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PREFACE 

 

The synthesis and structural study of the complexes of dithiocarbamates, oxadiazoles, 

thiadiazoles, triazoles and substituted carbodithioic esters belong at present to one of the most 

fascinating field in coordination chemistry. Such types of compounds are promising molecules 

from the view point of coordination chemistry because of their ability towards their involvement 

in wide range of biological and non-biological processes. The coordination chemistry associated 

with nitrogen-sulfur donor ligands of the type described above has grown with prolific speed on 

account of the variety of stereochemistry exhibited in their coordination compounds. Apart from 

extensive growth in the field of synthetic and structural coordination chemistry of this class of 

metal complexes show biological activity such as bactericidal, antitubercular, analgesic, 

antiinflammatory, anticonvulsant, antiviral, insecticidal, antidepressant, pesticides, fungicides 

and also show remarkable antineoplastic activity against a variety of tumors which has added 

interesting dimension to it. In view of the above Mn(II), Co(II), Co(III), Ni(II), Cu(II), Zn(II), 

Cd(II) and Hg(II) complexes of 4-ethoxycarbonyl-piperazine-1-carbodithioate, N′-(2-methyl-

benzoyl)-hydrazinecarbodithioate,phenyl-(5-pyridin-4-yl-1,3,4-thiadiazol-2-yl)-amine,4-phenyl-

5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione, N′-(2-methyl-benzoyl)-hydrazine-carbodi-

thioic acid methyl ester having nitrogen and sulfur donor atoms have been prepared and 

characterized by various physicochemical methods and X-ray crystallography.  

The introductory chapterincludes a brief over view of nitrogen-sulfur ligands and their 

transition metal complexes. Literature shows that several papers are available on the metal 

complexes of 1,3,4-oxadiazole-2-thione, but scanty of information is available on their 

complexes and no work  have been done on the mixed ligand complexes of carbodithioate, 

thiadiazoles, triazoles, carbodithioic acid methyl esters, therefore it will be of interest to 

investigate the mixed ligand complexes of 1,3,4-oxadiazole, thiadiazole and 1,2,4-triazole-3-

thiones, in order to study the bonding mode of the ligands  and structural properties of the 

complexes. The structure of the ligands and complexes have been studied with the help of 

magnetic susceptibility, IR, UV-Vis, 
1
H and 

13
C NMR, ESR, and single crystal X-ray studies. 

Redox behaviour of some complexes has also been studied by cyclic voltammetry. 
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The first chapterdetails the specifications of the commercially available starting 

materials, methods of syntheses of new ligands mentioned above, procedures employed for 

analyses, specifications of the equipment used for the physico-chemical studies and the 

techniques used for single crystal structure determination.   

Chapter 2 deals with the synthesis, spectral and structural studies of 1-ethoxycarbonyl-

piperazine-4-carbodithioate and its Co(III), Zn(II) and Cd(II) complexes. It was observed that in 

the presence of dithio ligand Co(II) is converted to Co(III) by aerial oxidation forming a tris 

carbodithioate Co(III) complex. The four coordinate bis complexes of Zn(II) and Cd(II) 

carbodithioates further reacted with pyridine forming five coordinate ternary complexes.  The X-

ray studies show that the cobalt complex has a distorted octahedral geometry; the zinc complex 

is almost between trigonal bipyramidal and square pyramidal whereas the cadmium complex is 

square pyramidal. 

Chapter 3 reports the syntheses, spectral, and structural characterization of Ni(II) and 

Cu(II) complexes of 5-o-tolyl-1,3,4-oxadiazole-2-thione containing ethylenediamine. o-Toluic 

acid hydrazide on reaction with CS2 in the presence of alc. KOH forms potassium N-aroyl 

dithiocarbazates, which got cyclized to give 1,3,4-oxadiazole-2-thione during complexation in 

the presence of en via loss of H2S yielding complexes [Ni(en)2(tot)2] and [Cu(en)2 ](tot)2. X-ray 

studies show that [Ni(en)2(tot)2] is octahedral while [Cu(en)2 ](tot)2 is square planar. 

Chapter 4 presents the syntheses, spectral and crystallographic studies of novel 

monometallic Co(II) and Zn(II) complexes with phenyl-(5-pyridin-4-yl-1,3,4-thiadiazol-2-yl)-

amine (ppt). The molecular structure of [Co(ppt)(SO4)(H2O)4]∙H2Oreveals the presence of four 

water molecules, monodentate sulphate and a ppt ligand coordinated to Co(II), resulting in a 

distorted octahedral geometry. The coordination environment of [Zn(ppt)2(CH3COO)2(H2O)2]is 

fulfilled by two axial ppt ligands at trans positions and four equatorial sites are occupied by two 

acetates and two water molecules.  

Chapter 5 reports the syntheses, spectral and X-ray crystallographic characterization of 

mononuclear mixed-ligand complexes with 4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-

3-thione and ethylenediamine.The molecular structures of [Ni(en)2(ppdtt)2]∙2H2O 
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and[Cu(en)2(ppdtt)2]∙2H2Oreveal the presence of two bidentate ethylenediamine as co-ligands 

and two (ppdtt)
-
 as ligands coordinated to the metal, resulting in a distorted octahedral geometry. 

Chapter 6 highlightsthe synthesis, spectral and structural characterization of polymeric 

Hg(II) and dimeric oxo-bridged Mn(II) complexes derived from N′-(2-methyl-benzoyl)-

hydrazinecarbodithioic acid methyl ester. The crystallographic studies reveal that in [Hg3(tot)2(µ-

SCH3)4]n, Hg(II) adopts two types of geometry viz. tetrahedral and linear. The tetrahedral 

geometry of Hg(1) is fulfilled by bonding through an exocyclic sulfur (tot)and three sulfur from -

SCH3 group, whereas the linear geometry of Hg(2) by two -SCH3 sulfur and the overall molecule 

forms a polymeric structure. The crystallographic unit of [Mn2(Hmbhe)2(µ-

mbmst)2]CHCl3consists of two Mn(II) ions, two Hmbhe and two mbmst where each Mn(II) 

adopts a distorted octahedral geometry. Two metal centers are interconnected with two oxo-

bridging resulting in a dimeric structure. 

Some important findings of the present investigations are: 

[1] In the presence of dithio ligand Co(II) is converted to Co(III) by aerial oxidation forming 

a tris carbodithioate Co(III) complex. Four coordinate bis complexes of Zn(II) and Cd(II) 

further reacted with pyridine forming five coordinate ternary complexes. 

[2] N-aroyl dithiocarbazates and 1-Isonicotinoyl-4-phenylthiosemicarbazide cyclized to give 

corresponding 1,3,4-oxadiazole/thiadiazole/triazole-3-thiones ligand in the presence of 

acid or base  via loss of H2O/H2S. 

[3] The ESR spectrum of the [Cu(en)2(ppdtt)2]∙2H2O follows the trend gg ge indicates 

that the unpaired electron is present in the dx2-y2orbital of Cu(II). 

[4] The [Ni(en)2(ppdtt)2]∙2H2O exhibits a quasi-reversible ill-defined peak while 

[Cu(en)2(ppdtt)2]∙2H2O shows a quasi-reversible redox process. 

[5] The X-ray studies show that the ligand (H2mbhe) underwent cyclization on reaction with 

HgCl2 and formed 1,3,4-oxadiazole-2-thiol which is bonded to which is bonded to Hg(II) 

through an exocyclic thiol sulfur. The fragmented methanethiolate (-SCH3) formed from 

H2mbhe during cyclization links two Hg(II) via sulfur in a bridging fashion. 
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[6] H2mbhe also formed a novel dimeric [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 containing 

thiadiazolyl hydrazide moiety (mbmst) formed from H2mbhe under thermal condition 

having two oxo-bridged metal centers. 

[7] Single crystal X-ray data revealed that [Hg3(tot)2(µ-SCH3)4]n contains linear and 

tetrahedral Hg(II) while [Cu(en)2](tot)2  is square planar. [Zn(ecpzdtc)2(py)] is almost 

between trigonal bipyramidal and square pyramidal   whereas [Cd(ecpzdtc)2(py)]·H2O is 

square pyramidal.[Co(ecpzdtc)3], 

[Ni(en)2(tot)2],[Co(ppt)(SO4)(H2O)4)]∙H2O,[Zn(ppt)2(CH3COO)2(H2O)2],[Ni(en)2(ppdtt)2]

∙2H2O, [Cu(en)2(ppdtt)2]∙2H2O, and [Mn2(Hmbhe)2(µ-mbmst)2] CHCl3 are octahedral. 

[8] The π-π and C-H···π stacking play important role along with intermolecular and 

intramolecular hydrogen bonding interactions leading to the overall supramolecular 

architectures.  

 

 

 

 

 

 

 

 

 

 

 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

1 

 

INTRODUCTION 

 

The coordination chemistry of nitrogen-sulfur donor ligands continues to be a vigorous 

and diverse area of recent research. Among the nitrogen-sulfur ligands, those having a common 

thiohydrazide -N-(C=S) moiety, such as thiosemicarbazides, substituted dithiocarbazates, 

dithiocarbamates, oxadiazoles-2-thiones, thiadiazoles, triazole-3-thiones act as neutral or 

deprotonated ligandsin their transition metal complexes and have been exhaustively reviewed. In 

the deprotonated complexes these ligands bind to the metal ions through either sulfur or 

nitrogenatoms or through both. Apart from the extensive growth in the field of synthetic and 

structural coordination chemistry of this class of metal complexes, they find applications as 

fungicides, pesticides and show remarkable antineoplastic activity against a variety of tumors [1-

4], which has added interesting dimension to it.  

A number of papers and review articles have appeared on the binary complexes of 

dithiocarbamates, oxadiazoles, thiadiazoles, triazoles, dithiocarbazates and their esters. Since the 

present work abounds the synthesis, spectral  and structural investigations of 1-ethoxycarbonyl-

piperazine-4-carbodithioate, N′-(2-methyl-benzoyl)-hydrazinecarbodithioate,phenyl-(5-pyridin-

4-yl-1,3,4-thiadiazol-2-yl)-amine,4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione, 

N′-(2-methyl-benzoyl)-hydrazine-carbodithioic acid methyl ester, and their  transition metal 

complexes,it will be worthwhile to include in the introductory chapter a brief account of the 

available literature on dithiocarbamates, 5-aryl-1,3,4-oxadiazole-2-thiones, 5-aryl-1,3,4-

thiadiazoles, 1,2,4-triazole-3-thiones and substituted N′-(aroyl)-hydrazinecarbodithioic acid 

esters and their transition metal complexes. 

Dithiocarbamates and their transition metal complexes 

Dithiocarbamates represent an interesting class of dithio ligand. With regard to structural 

studies, dithiocarbamate ligands often display unsymmetrical bidentate coordination 

patterns.Besides this, the ability of dithiocarbamate ligands to bind to metals has been known for 

many years, forming chelates with virtually all transition elements. Dithiocarbamates and related 

ligandsas well as transition-metal complexes in which a 1,1-dithio ligand forms a four-membered 
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ring with the metal ion have been extensively investigated and thoroughly reviewed [5]. Most 

aliphatic and aromatic dithiocarbamate complexes synthesized till now have only the dithio 

group as a ligand, so that they exhibit only uninegative bidentate possibility. On the other hand, 

dithiocarbamates with up to three ligating residues have rarely been reported in the literature. 

These materials are used in a wide number of diverse applications which include their role as 

additives to pavement asphalt, in analytical determinations [6] and as potent biological pesticides 

and pharmaceuticals. Some dialkyl-substituted dithiocarbamate salts have also shown interesting 

biological effects which include anti-alkylation or anti-HIV properties [7,8]. A number of tetra, 

penta and hexacoordinate adducts of metal dithiocarbamates have been prepared and structurally 

characterized. Some of them are highlighted below:   

Hogarth et al. [9] have prepared and characterized [M{S2CN(CH2CH2OMe)2}2] (M = Ni, 

Cu, Zn, Pd) complexes. Disproportionation of [Cu{S2CN(CH2CH2OMe)2}2] upon addition of 

Cu(ClO4)2·6H2O affords [Cu{S2CN (CH2CH2OMe)2}2][ClO4] copper(III) complex and there are 

no intermolecular cation-cation or cation-anion interactions. 

Further, they have also prepared amine-functionalized dithiocarbamate salts 

K[S2CN(CH2CH2NEt2)2] and K[S2CN(CH2CH2NMe2)2] and used them for the synthesis of a 

number of bis and tris-dithiocarbamate complexes. The molecular structures of five of these 

namely, [M{S2CN(CH2CH2NEt2)2}2], [M{S2CN(CH2CH2 NMe2)2}2] (M = Ni, Cu, Pd) and 

[Co{S2CN(CH2CH2CH2N Me2)2}3] (Fig.1), have been elucidated by X-ray crystallography [10]. 

 

Fig.1.Molecular structure of [Co{S2CN(CH2CH2CH2NMe2)2}3] 
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[M(S2CNHC10H15)2]  (M = Ni, Zn, Cd, and Hg) complexes have been prepared and 

characterized by Halimehjani et al. [11] from K[S2CNHC10H15]. Characterization of the prepared 

complexes showed the presence of only one band around 1000 cm
-1

 in IR spectra, attributed to a 

completely symmetrical bonding of the dithiocarbamate ligand, acting in a symmetrical bidentate 

mode. Also the short thioureide C-N distance in X-ray analysis of Ni complex confirms the 

delocalization of the π electrons over the S2CN moiety and strong double bond character. 

Pokhrel et al. [12] have investigated the accidental formation of bis(N,N-

diethyldithiocarbamate)Zn(II) and bis(N,N-diethyldithiocarbamate)Cd(II) during the synthesis of 

the target heterobinuclear Mo-Cd-dithiocarbamate. Interestingly the doublet EPR signals of 
63

Cu 

and 
65

Cu patterns were observed. Single crystals of Zn2(Et2dtc)4 containing approximately 2% of 

Cu
2+

 in the host lattice showed the doublet spectral characteristic of the Cu
2+

 ions (S = 1/2, I = 

3/2). Bis(N,N-diethyldithiocarbamato)Zn(II) and bis(N,N diethyldithiocarbamate)Cd(II) have 

identical dimeric structure.  

Rodina et al. [13] have prepared crystalline bis(N,N-di-iso-butyldithiocarbamato-

S,S')(pyridine)cadmium(II) adduct (1) (Fig.2) and studied it by means of multinuclear 
13

C, 
15

N, 

113
Cd CP/MAS NMR spectroscopy, single-crystal X-ray diffraction and simultaneous thermal 

analysis (STA). In molecular structure of 1, the cadmium atom coordinates with four sulphur 

atoms and one nitrogen atom of pyridine, forming a coordination polyhedron [CdS4N], with an 

almost ideal tetragonal pyramidal (C4v) geometry.  

 

Fig.2.Molecular structure of [Cd(C5H5N){S2CN(iso-C4H9)2}2] 
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The coordinated pyridine molecule is in the apical position, while two structurally non-

equivalent di-iso-butyldithiocarbamate ligands, playing the same terminal S,S'-chelating 

function, define the basal plane. To characterize additionally the structural state of the cadmium 

atom in this fivefold coordination, 
113

Cd chemical shift anisotropy (CSA) parameters, δaniso and η, 

were calculated from experimental MAS NMR spectra that revealed an almost axially symmetric 

113
Cd chemical shift tensor.  

As separated by Ivanov et al. [14] the structure of polycrystalline adduct 

bis(diethyldithiocarbamato)-pyridinezinc(II) depends on the pathway of physicochemical 

conditions during the preparation procedure, as was revealed by solid state 
15

N CP/MAS 

spectroscopy in good correlation with known single crystal X-ray diffraction structures of this 

adduct. Two isomorphs of the adduct, namely α-[Zn(Py)(S2CNEt2)2] and β-[Zn(Py)(S2CNEt2)2], 

are the two molecules in the asymmetric unit of a single crystal obtained by recrystallization 

from toluene of the equimolar solution of the initial bis(diethyldithiocarbamato)zinc(II) complex 

and pyridine. The third isomorph, γ-[Zn(Py)(S2CNEt2)2], obtained by recrystallization from pure 

pyridine of the bis(diethyldithiocarbamato)zinc(II) complex or by its equimolar absorption of 

pyridine or by desorption of pyridine from the clathrated adduct, [Zn(Py)(S2CNEt2)2]·Py. 

Finally, the γ-[Zn(Py)(S2CNEt2)2] isomorph recrystallized from the melt into α/β isomorphs of 

the adduct. 

 

Fig.3.Ortep diagram of (3,5-di-t-butyl-4-hydroxybenzene-

dithiocarboxylato)2(pyridine)Zn(II) 
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Darensbourg et al. [15] have reported the reaction of Zn(CH3CN)4(BF4)2 with sodium 

3,5-di-t-butyl-4-hydroxybenzene-dithiocarboxylate which yielded Zn(3,5-di-t-butyl-4-hydroxy-

benzene-dithiocarboxylate)2(pyridine) (Fig.3) after recrystallization from pyridine. The salt was 

prepared by the deprotonation of 2,6-di-t-butylphenol with NaH in THF, followed by reaction 

with carbon disulfide at ambient temperature. The geometry of the complex is distorted trigonal 

bipyramidal with one sulfur atom from each of the dithiocarboxylate ligands occupying the axial 

sites.  

Malik et al. [16] have reported that the N,N,N',N'-tetramethylethylenediamine (TMED) 

adduct of the asymmetric dithiocarbamate species Zn(S2CNMe
i
Pr)2 gives the first example of a 

bridging TMED molecule in a 1:2 adduct of a 3d
10

 metal bis-(dialkyldithiocarbamate) (1). The 

more common 1:1 adduct stoichiometry is exemplified by the pyridine adduct of 

Zn(S2CNMe
i
Pr)2 (2).  

Decken et al. [17] have reported the synthesis and characterization of a series of zinc 

dialkyldithiocarbamato complexes incorporating a monodentate oxazoline ligand. These 

compounds represent the first known examples of oxazolines that are bound to a [Zn(S2CNR2)2] 

fragment (Fig.4). The complexes contain two chelating dialkyldithiocarbamato groups and a 

single oxazoline ligand bound through the N-atom. In case of the common commercial 

oxazoline, viz. 4,4-dimethyl-2-phenyl-2-oxazoline, none of the zinc compounds tested forms a 

stable complex. Some aspects of the steric and electronic effects on oxazoline adduct formation 

within this series of complexes is discussed.  

 

Fig.4. Ortep diagram of [Zn(S2CNMe 2-κ
2
S)2(L)] 
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Ivanov et al. [18] have synthesized six forms of both non-solvated and solvated adducts 

of bis(diethyldithiocarbamato)zinc(II) and copper(II) with morpholine, of general formulae 

[M{O(CH2)4NH}{S2CN(C2H5)2}2] and [M{O(CH2)4NH} {S2CN(C2H5)2}2]·L (M = Zn(II) (1): L 

= O(CH2)4NH (2), C6H6 (3); M = Cu(II) (4); L = O(CH2)4NH (5), C6H6 (6)). The type of 

geometry of the coordination polyhedrons in the solvated forms of the adducts correlates with the 

fact that the ground state of the unpaired Cu(II) electron is a mixture of 3dz
2
 and 3dx2−y2 AOs. 

Further, they have also synthesized adduct Zn(EDtc)·Py and characterized by ESR 

(
63

Cu
2+

, 
65

Cu
2+

) solid-state natural abundance 
13

C and 
15

N CP/MAS NMR spectroscopy and 

single crystal X-ray [19]. Two rotation isomers of the adduct were unambiguously determined by 

these three independent methods and these two isomers have different orientations of the 

pyridine ring about the N(Py)-Zn axis. The acute angles of the plane of the pyridine molecules 

relative to the weakest Zn-S bond are equal to 45.6 and 52.78° in the different isomers. Adduct 

molecules adopt a geometry which is intermediate between the square pyramidal (C4v) and the 

trigonal bipyramidal (D3h).  

Srinivasan et al. [20] have reported synthesis of [Zn(thqdtc)2(py)] and [Zn(thiqdtc)2(py)] 

from [Zn(thqdtc)2] and [Zn(thiqdtc)2], respectively. Single crystal X-ray analysis of 

([Zn(thqdtc)2(py)] (Fig.5) and [Zn(thiqdtc)2(py)] showed that the zinc atom is pentacoordinated 

with four sulfur atoms from the dithiocarbamate ligands and one nitrogen atom from the 

pyridine.  

 

Fig.5. Ortep diagram of [Zn(thqdtc)2(py)] 
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Srinivasan et al. [21] have synthesized Zn(II)dithiocarbamates with ZnS4N chromophores 

[Zn(thqdtc)2(py)] (1) and [Zn(thiqdtc)2(py)] (2) from [Zn(thqdtc)2] (3) and [Zn(thiqdtc)2] (4). 

Their structures and properties have been characterized by IR and NMR spectra. The structures 

of both the complexes were determined by single crystal X-ray crystallography. The observed 

desheilding of the H-2 protons for 1 and 3 and H-1 and H-3 protons for 2 and 4 in the 
1
H NMR 

spectra is attributed to the drift of electrons from the nitrogen of the NR2 group, forcing a high 

electron density towards sulfur via the thioureide π-system. In the 
13

C NMR spectra, the most 

important thioureide (N13CS2) carbon signals are observed in the region of 204-207 ppm. Single 

crystal X-ray structural analysis of 1 and 2 showed that the zinc atom is pentacoordinated with 

four sulfur atoms from the dithiocarbamate ligands and one nitrogen atom from the pyridine.  

Onwudiwe and Ajibade [22] have extensively studied on ammonium N-ethyl-N-phenyl 

dithiocarbamate (L
1
) and N-butyl-N-phenyl dithiocarbamate (L

2
), and their group 3d

10
 metal 

complexes formulated as Zn2L
1

4, CdL
1

2, HgL
1

2, Zn2L
2

4, CdL
2

2, HgL
2

2. Single crystal analyses of 

the two complexes revealed the presence of distorted trigonal bipyramidal and tetrahedral 

coordination geometry about the metal ions. The apparent substitution of the ethyl substituents in 

L
1 

by the butyl groups in L
2
 results in profound change in structure. 

Airoldi et al. [23] have reported adducts of Cd(S2CNEt2)2 with 1,10-phenanthroline and 

2,2′-bipyridine. Thermogravimetric studies show that the 2,2′-bipyridine adduct initiates 

decomposition by loss of the neutral ligand whereas the 1,10-phenanthroline adduct undergoes a 

more complex decomposition. The crystal structures of the adducts show their monomeric nature 

with hexacoordination of the metal in a distorted octahedral geometry. 

Prakasamet al. [24] have described the synthesis and characterization of the adducts: 

[Zn(4-mpzdtc)2(1,10-phen)]·H2O (1) (Fig.6), [Zn(4-mpzdtc)2(2,2'-bipy)] (2), [Cd(4-

mpzdtc)2(1,10-phen)] (3), [Cd(4-mpzdtc)2(2,2'-bipy)] (4), [Zn(padtc)2(1,10-phen)] (5) and 

[Cd(padtc)2(1,10-phen)] (6). All the synthesized complexes were characterized by UV-Vis, IR, 

NMR and fluorescence spectra. IR spectra of the complexes show the contribution of the 

thioureide form to the structures. The observed deshielding of the α-protons for 1-6 in the 
1
H 

NMR spectra is attributed to the drift of electrons from the nitrogen of the NR2 groups, forcing a 

high electron density towards sulfur via the thioureide π-system. In the 
13

C NMR spectra, the 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

8 

 

most important thioureide (N13CS2) carbon signals are observed in the region of 206-208 ppm. 

Valance Bond Sum equivalent to 1.81 supports the correctness of the determined structure. The 

piperazine ring in the dithiocarbamate fragment is in the normal chair conformation. 

 

Fig.6.Ortep diagram of [Zn(4-mpzdtc)2(1,10-phen)]·H2O 

Travnicek et al. [25] have synthesized a novel series of [Ni(bzmetdtc)(phen)2]ClO4, 

[Ni(pe2dtc)(phen)2]ClO4, [Ni(bzppzdtc)(phen)2]ClO4·CHCl3, [Ni(bzppzdtc)(phen)2](SCN), 

[Ni(bzmetdtc)(bpy)2]ClO4·2H2O, [Ni(pe2dtc)(cyclam)]ClO4, [Ni(bzmetdtc)2(cyclam)], 

[Ni(bz2dtc)2(cyclam)] and [Ni(bz2dtc)2(phen)] complexes. The spectroscopic, magnetic moment, 

molar conductivity and thermal behaviour of the complexes are discussed. Single crystal X-ray 

analysis confirmed a distorted octahedral arrangement in the vicinity of the nickel atom with a 

N4S2 donor set. The catalytic influence of complexes on graphite oxidation was studied and 

discussed. 

Lu et al. [26] have described the synthesized of Ruthenium(II) carboxylate and 

dithiocarbamate complexes containing 1,1'-bis(diphenylphosphino)ferrocene (dppf) by 

displacement of triphenylphosphine in Ru(RCOO)2(PPh3)2 (R = Me, Et, Ph) and 

Ru(SC(S)NEt2)2(PPh3)2 with dppf. The crystal structures of these complexes show coordination 

of the phosphorus atoms of dppf and four oxygen/sulphur atoms of carboxylate/dithiocarbamate 

ligands to a Ru(II) centre with distorted octahedral geometry. 
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Thirumaran et al. [27] have reported the crystal structure of [Zn(pipdtc)2(1,10-phen)] and 

[Zn(pipdtc)2(bipy)] (Fig.7). The presence of an additional neutral ligand causes an increase of the 

Zn-S bond lengths. The cyclic voltammetric study on the complexes also show an increase of 

electron density on zinc in the adducts compared to Zn(pipdtc)2 .  

 

Fig.7. Ortep plot of [Zn(pipdtc)2(bipy)] 

Subha et al. [28] have isolated the isomorphous complexes [Zn(S2CN(Me)Cy)2(bpy)] and 

[Cd(S2CN(Me)Cy)2(bpy)] (Cy(Me)NCS
2-

 = N-cyclohexyl-N-methyldithiocarbamate anion, bpy = 

2,2'-bipyridine). Both complexes have distorted octahedral geometry. The presence of added 

2,2'-bipyridine ligand in the coordination sphere of M(S2CN(Me)Cy)2 increases Zn-S distances 

and decreases S-Zn-S angles in [Zn(S2CN(Me)Cy)2(bpy)] and slightly increases Cd-S distances 

in [Cd(S2CN(Me)Cy)2 (bpy)]. 

Macias et al. [29] have studied in considerable details the reaction of Cu(II) salts with 

dithiocarbamates derived from the amino acids asparagine, glutamine, serine, threonine and 

tyrosine leads to reduction of the metallic cation and formation of Cu(I) complexes, whereas 

reaction with proline dithiocarbamate takes place without reduction, leading to formation of a 

Cu(II) coordination compound. Simultaneous reaction of prolinedithiocarbamate and 

ethylenediamine with Cu(II) leads to the formation of the mixed complex 

[Cu(en)(EtOH)(H2O)3][Cu(dtcpro)2].  
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5-Aryl-1,3,4-oxadiazole-2-thiones and their transition metal complexes 

1,3,4-oxadiazole-2-thiones  represent an important class of compounds in the field of 

coordination chemistry because of their potential multifunctional donor sites viz. exocyclic sulfur 

and endocyclic nitrogen.Oxadiazoles are an important group of heterocyclic compounds due to 

which their chemistry and uses have been highlighted in numerous reports [30-38]. The 1,3,4-

oxadiazoles have found applications in medicine as anti-tuberculostatic, anti-inflammatory, anti-

bacterial, anti-microbial, analgesic, anti-pyretic, anti-cancer, anti-fungal, anti-HIV and anti-

convulsant [39-43] agents. They have been found to display mesogenic properties [44].The 

design and assembly of supramolecular architectures with variable cavities or channels are 

currently of great interest owing to their novel topologies [45]. Several methods have been 

reported for the synthesis of 1,3,4-oxadiazole-2-thiones [46-48].The cyclization of the salts of 3-

acyldithiocarbazates into the corresponding 1,3,4-oxadiazole-2-thiol was first reported 

byHoggarth [49].The cyclization of 3-acyldithiocarbazate esters, N-aroyldithiocarbazates and 

their salts to 1,3,4-oxadiazoles in the presence of a base is also reported in the literature [50]. A 

lot of work has been done on the transition metal complexes of 2,5-bis(3-/4-pyridyl)-1,3,4-

oxadiazoles [51-56], S-bis(pyrazinyl)-1,3,4-oxadiazole, bis(cyanophenyl)-1,3,4-oxadiazole [57] 

and 2,5-bis(N-salicylidene-3-amino -phenyl)-1,3,4-oxadizole [58] which yielded interesting 

complexes because of the presence of pyridyl substituents. They have capacity to act as building 

blocks for the generation of supramolecular architectures and their diverse biological activities 

have made them useful in many ways [59-61]. A series of 1,3,4-oxadiazole-2-thiones  ligands 

have been prepared and structurally characterized. Some of them are highlighted below: 

Singh et al. [62] have synthesized tetrabutyl-N-ammonium 5-(2-hydroxyphenyl)-1,3,4-

oxadizole-2-thiolate, which crystallized with two formula units in the asymmetric unit. In both 

anions, the oxadiazole ring is almost coplanar with the 2-hydroxyphenyl ring. The anion 

structure is influenced by intramolecular O-H···N hydrogen bonding. The crystal packing is 

stabilized by intermolecular C-H···S, C-H···O, C-H···N and C-H···π interactions.  

Ozturk et al. [63] have reported the synthesis and single crystal X-ray structure of a new 

ligand 5-(furan)2-yl)-1,3,4-oxadiazole-2(3H)-thione (C6H4N2O2S) which is planar. An 

intermolecular N-H···S hydrogen bond is formed between the oxadiazole group and the S atom 

of a neighbouring molecule; the pair of molecules involve a twofold screw axis along the [001] 
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direction. 

Wang et al. [64] have synthesized 5-(3-pyridyl)-1,3,4-oxadiazole-2-thione by the reaction 

of nicotinoylhydrazide and carbon disulfide in the presence of alcoholic KOH. In the crystal 

structure, a combination of intermolecular N-H···N hydrogen bonds and π···πstacking interactions form a 

two dimensional network. The π···π stacking interactions Cg1···Cg2 = 3.591 (2) Å connect one 

dimensional chains into a two dimension network. 

Du et al.[65] have synthesized 5-(4-pyridyl)-1,3,4-oxadizole-2-thione and characterized. 

The H atom of the thiol group is transferred to the neighboring N atom of the five-membered 

oxadiazole ring. Intermolecular N-H···N hydrogen bond exists between adjacent molecules, 

resulting in 1 D supramolecular structure; π···π stacking interactions also exist between these 1 

D motifs. 

Rutaricius et al. [66] have reported 5-(4-pyridyl)-1,3,4-oxadizole-2-thiol synthesized by 

the ring closure reaction of isoniazide with carbon disulfide. The thermal and analytical data 

indicated that the compound decomposes completely at the temperature of 506°C. Substituted 2-

mercapto-5-(4-pyridyl)-1,3,4-oxadiazoles have been also investigated. The direction of 

substitution depends on the structure of the initial reactants and the reaction conditions. 

Zareef et al. [67]haveinvestigated the structure of N-1-(5-benzylsulfanyl)-l,3,4-oxadiazol-

2-yl-ethyl-4-chlorobenzenesulfonamide. The oxadiazole ring is essentially planar and the 

benzene rings lie approximately perpendicular to its mean plane, the angle between the mean 

planes of the oxadiazole and chlorophenyl rings is 71.61(10)°, while that between the oxadiazole 

and benzyl ring is 84.10 (9)°.  

Zheng etal.[68] have synthesized 5-(quinoline-8-yl-oxymethyl)-1,3,4oxadiazole-2(3H)-

thione by the addition of carbon disulfide to a solution of 2-(quinolin-8-yloxy) acetohydrazide in 

alcoholic KOH. The ligand crystallized as a thione tautomer. In the crystal structure, 

intermolecular NH···N hydrogen bonds link the molecules into centrosymmetric dimmers. A 

number of literatures are available on simple ligand complexes of 1,3,4-oxadiazole-2-thione and 

their uses are summarized below:  

Balakrishan et al. [69] have synthesized complexes of Fe(III), Co(II), Ni(II), Cu(II), 

Zn(II), Cd(II), Hg(II), Pb(II) and Ag(I) with 3-diphenylaminomethyl-5-o-chlorophenyl-l,3,4-

oxadiazole-2-thione and characterized by various physicochemical techniques. Though the 
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ligand is potentially polydentate, in the complexes studied, it behaves both as a monodentate 

ligand bonding either through N(4) of the oxadiazole moiety or through S of the thione group or 

as a bidentate bridging ligand. Tetrahedral structures for the Co(II), Zn(II), Cd(II), Hg(II), Pb(II) 

and Fe(III) complexes, square planar structures for Ni(II) and Cu(II) complexes and linear 

structure for the Ag(I) complex have been proposed.  

N
2
-[bis(benzylsulfanyl)methylene]-2-methoxybenzohydrazide (Fig.8.1) on reaction with 

CuCl2·2H2O yielded the mononuclear complex [Cu(bzsmp)2Cl2] (Fig.8.2). X-ray study of 

complex reveals that the cyclized ligand 2-benzylsulfanyl-5-(2-methoxyphenyl)-1,3,4-oxadiazole 

acts as a neutral bidentate ligand, coordinating through oxadiazole nitrogen and methoxy oxygen 

to form a six membered chelate ring. The presence of C-H···π and C-H···S and two type of C-

H···Cl weak interactions have stabilized the molecular structure [70,71]. 

 

Fig.8.1.Molecular structure of N
2
-[Bis(benzylsulfanyl)  

methylene]-2-methoxybenzo-hydrazide 

Fig.8.2.Molecular structure of 

[Cu(bzsmp)2Cl2] 

Wang et al. [72] have synthesized and characterized two [Mn(pot)2(H2O)4].2H2O, 

[Ni(pot)2(H2O)4] complexes and 2D  coordination polymer {(Ni(pot)2(H2O)2].6H2O}n, based on 

a versatile and unsymmetrical ligands. [Mn(pot)2 (H2O)4]2·H2O exhibits 3D supramolecular 

structure through versatile intermolecular O-H···X (X = O,N and S) hydrogen bond interactions, 

while [Ni(pot)2(H2O)4] does not exhibit such interactions. {[Ni(pot)2(H2O)2].6H2O}n [73] 

possesses large rectangular channels to trap water molecules. 
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Wang et al. [74] further, synthesized and characterized {[Co(pot)2].6H2O}n and 

[Cd2(pot)4]n complexes by reaction of Co(NO3)2.6H2O with Hpot . The versatile nature of this 

rigid unsymmetrical ligand, together with the coordination preferences of the metal centers, plays 

a critical role in construction of novel coordination polymers.  

Zhang et al. [75] synthesized an unique Cd(II)   coordination polymer {[Cd2(pyt)2 

(chdc)(H2O)](H2O)2}n (H2chcd = 1,4-cyclohexane and Hpyt = 5-(4-pyridyl)-1,3,4-oxadiazole-2-

thiol) by hydrothermal reaction and also studied its thermal stability. It has an unusual bilayer 

coordination framework with mixed-connected network topology, in which two adjacent 

[Cd(pyt)]n layers are spaced by 1,4-cyclohexane pillars. They have thoroughly studied the 

reactions of 5-(4-pyridyl)-1,3,4-oxadiazole-2-thiol with Co(II) and Ni(II) under different 

conditions which generated porous coordination polymers [76].  

Duet al. [77] studied in considerable details [Zn3(pyt)4(OH)2]n and 

[Cd(pyt)(HCOO)]n. Discrepancy of the synthetic routes and metal-coordination preference 

facilitates the production of the final crystalline materials with distinct network structures, 

including a 1D zig-zag array of [Zn3(pyt)4(OH)2]nwith dangling arms, a common 2D (4,4) 

coordination layer of {[Zn(pyt)2(H2O)2].(DMF)2}2}n, a decorated 3D α-Po network of 

[Cd(pyt)(HCOO)]n, and an unprecedented (3,6)-connected 3D framework of 

{[Cd(pyt)2].CHCl3}n with a (4
2
.6)2(4

2
.6

2
.8

7
.10

2
) topology.  

A number of mixed ligands complexes have also been synthesized and structurally 

characterized. A few of them with their applications are highlighted below:   

Singh et al. [78] have synthesized mixed ligand complexes of 5-phenyl-1,3,4-oxadiazole-

2(3H)-thione, containing ethylenediamine as co-ligand. In the centrosymmetric unit of 

[Cu(en)2](pot)2 the metal ion has a square planar arrangement of four symmetry related N-atoms 

of two en groups and is ionically bonded to two pot anions. This strategy offers an easy and 

facile route to complex the unstable 1,3,4-oxadiazole as its stable metal complexes. 

Further, they have also synthesized and structurally characterized two novel 

[Ni(en)2(pot)2]0.5CHCl3 and [Ni(en)2](3-pytol)2 complexes using en as co-ligand [79]. 

[Ni(en)2(pot)2]0.5CHCl3has a slightly distorted octahedral geometry with trans (pot)
-
 ligands 

while [Ni(en)2](3-pytol)2 has a square planar geometry around the centrosymmetric Ni(II) centre 
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with ionically linked trans (3-pytol) ligands. The π···π interaction plays an important role along 

with hydrogen bondings to form supramolecular architecture in both complexes. 

Al-Obaidi et al. [80] have synthesized mono and dinuclear Cu(I) and Cu(II) complexes of 

4-mercapto-2-phenyl-1,3,4-oxadiazole. The complexes were formulated as Cu(G-OX)2, Cu2(G-

OX)4(H2O), Cu(G-OX)2L2 and Cu2(G-OX)2(PPh3)2; (G = H,  MeO, Cl; L = Ph3P, Ph3As). The 

microbiological activities of the complexes were investigated against bacteria and fungi. All the 

complexes were active against Candida albicans, while the reactivity against bacteria varied. 

The antimicrobial activity of the [Cu(MeO-OX)2(H2O)2] was exceptionally better than that 

observed for any other metal complexes against both bacteria and fungi. 

Singh et al. [81] have synthesized mixed-ligand complexes [Ni(en)2(3-pyt)2]  and 

[Cu(en)2](3-pyt)2 derived from potassium [N′-(pyridine-3-carbonyl)-hydrazine carbodithioate 

containing en as co-ligand. The single crystal X-ray studies of both complexes indicated that the 

(3-pyt)
-
 adopts a thione form in [Ni(en)2(3-pyt)2] but is present as thiolato form in [Cu(en)2](3-

pyt)2. Both complexes contain extended hydrogen bonding, providing a three-dimensional 

supramolecular framework. [Cu(en)2](3-pyt)2 shows weak π···π interactions. Beside this, 

coordination polymer {[Mn(3-pyt)2(H2O)2] [N(n-Bu)4]
+
[3-pyt]

-
}n has been synthesized from the 

reaction of {[N(n-Bu)4]
+
[3-pyt]

-
} and Mn(OAc)2∙4H2O [82]. 

Further, they have also reported the synthesis and crystal structure of new [Ni(en)2(4-

pytone)2] and [Cu(en)2](4-pytol)2·H2O complexes of 5-(4-pyridyl)-1,3,4-oxadiazole-2-

thione/thiol having ethylenediamine as the coligand [83]. Different bonding behavior of the 

ligand is clearly seen in complexes. The structure of the complex [Ni(en)2(4-pytone)2]  is 

stabilized through weak intermolecular N-H···S, and N-H···N, hydrogen bonding and 

[Cu(en)2](4-pytol)2·H2O is stabilized via weak O-H···S, N-H···N and a π···π stacking between 

the pyridine ring centroids. Beside this, they have reported synthesis and characterization of 

[Ni(en)2(mot)2] (Fig.9) and [Cu(en)2(mot)2] complexes derived from potassium N′-(4-methoxy-

benzoyl)hydrazine dithiocarbazates, containing en as the coligand in which [Cu(en)2(mot)2] have 

octahedral geometry rather than square planar [84].   
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Fig. 9.Molecular structure of [Ni(en)2(mot)2] 

1.3.4-thiadiazoles and their transition metal complexes 

Derivatives of 1.3.4-thiadiazoles were synthesized by intramolecular cyclization of 

substituted thiosemicarbazides under acidic condition. 5-Aryl-1,3,4-thiadiazole containing (-N-

C=S) moiety and  several bonding sites are expected to form metal organic framework with 

supramolecular architecture as in the case with similar oxadiazoles. The derivatives of 2-amino-

1,3,4-thiadiazole, depending on the nature of substituents can be found as a structural fragment 

of drugs and herbicides with a wide spectrum of activity due to the presence of the toxiphocic -

N=C-S- linkage [85]. They are known as the carbonicanhydrase inhibitors and some of them 

possess anti-mycobacterial, anasthetic, anti-depressant, anxiolytic [86, 87], anti-inflammatory 

[88], anti-convulsant [89, 90], anti-hypertensive [91] and anti-cancer [92] activities. The 

characterization, synthetic routes and their potent application of 1,3,4-thiadiazoles  are 

highlighted. 

Aryanasab et.al [93] observed a new and facile protocol for the synthesis of 2-amino-

1,3,4-thiadiazoles in water. Reaction of acid hydrazides with easily prepared dithiocarbamates 

gave the corresponding thiadiazoles in moderate to excellent yields. The 2-amino-1,3,4-

oxadiazoles were not observed as side products using this procedure.   

Khan et al. [94] have synthesized 4,5-disubstituted-2,4-dihydro-3H-1,2,4-triazole-3-

thiones and 2,5-disubstituted-1,3,4-thiadiazoles. N-(2,4-Dimethylphenyl)-5-(4-nitrophenyl)-

1,3,4-thiadiazol-2-amine showed excellent antioxidant activity more than the standard drug 

whereas 4-(2,4-dimethylphenyl)-5-(3-nitrophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione and 4-
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(2,3-dimethylphenyl)-5-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione exhibited potent urease 

inhibitory activities.  

Matysiak et al. [95] have synthesized a number of N-substituted 2-amino-5-(2,4-

dihydroxyphenyl)-1,3,4-thiadiazoles were synthesized and evaluated for their antiproliferative 

activities. The highest antiproliferative activity was found for 2-(2,4-dichlorophenylamino)-5-

(2,4-dihydroxyphenyl)-1,3,4-thiadiazole, with ID50 two times lower (SW707, T47D) than for 

cisplatin studied comparatively as the control compound. 

Anticancer activity have been  studied by Rzeski et al. [96] of 2-(4-fluorophenylamino)-

5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole, as one of the most promising derivatives from the N-

substituted 2-amino-5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole set, have been continued. The 

tested compound inhibited proliferation of tumor cells derived from cancers of nervous system 

and peripheral cancers including colon adenocarcinoma and lung carcinoma.  

A series of new 5-substituted 2-(2,4-dihydroxyphenyl)-1,3,4-thiadiazoles have been 

synthesized and evaluated for their antiproliferative activity by Matysiak et al. [97]. The 

compounds were prepared by the reaction of the sulphinyl-bis(2,4-dihydroxythiobenzoyl) with 

hydrazides or carbazates. The panel substitution included alkyl, alkoxy, aryl and heteroaryl 

derivatives. The influence of 5-substiution type of 2-(2,4-dihydroxyphenyl)-1,3,4-thiadiazoles on 

antiproliferative activity is discussed. 

A novel series of 1,4-bis(6-(substituted phenyl)-[1,2,4]-triazolo[3,4-b]-1,3,4-thiadiazoles 

and 4-bis(substituted phenyl)-4-thiazolidinone derivatives have been synthesized from 

terephthalic dihydrazide through multistep reaction sequence [98]. Several of these compounds 

showed potential antibacterial activity. Further studies are being conducted to acquire more 

information about quantitative structure activity relationships.  

Farshoriet al. [99] have  reported the long chain alkenoic acid hydrazides on reaction 

with phenylisocyanate and phenylthiocyanate gave their corresponding semicarbazides and 

thiosemicarbazides, which on further refluxing with POCl3 and Ac2O yielded corresponding 

1,3,4-oxadiazoles and thiadiazoles. The investigation of antimicrobial screening revealed that 

compounds, showed good antibacterial and antifungal activities.  
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Pedregosa et al. [100]have prepared acetazolamide derivative, 5-tertbutyloxy- 

carbonylamido-l,3,4-thiadiazole-2-sulfonamide (B-H2ats) and examined as a chelating agent 

towards copper(II) ion. The coordination polyhedron around the copper is intermediate between 

a square pyramid and a trigonal bipyramidal.  

Foks  et al.[101]  synthesized a series of 2-aminopyrazinyl-, 2-pyrdine-2-/3-/4-yl and 1-

oxy-isonicotine-1,3,4-thiadiazole-5-sulfides, sulfoxides, and amines and evaluated  their  in vitro 

antituberculosis activity. They have also synthesized a series of new thiosemicarbazide 

derivatives which on reaction with carbon disulphide in DMF produced 5-substituted-1,3,4-

thiadiazole-2-thiol derivatives. The dithioacids were cyclized on reaction with hydrazine in to the 

4-amino-1,2,4-triazolo-1,3,4-thiadiazine derivatives [102]. 

The synthesis and characterization of a Zn(II) complex with 5-ethyl-2-amino-1,3,4-

thiadiazole have described [103]. The crystal system of distorted tetrahedron complex is 

monoclinic. The thermal decomposition kinetic analysis of the title complex indicates that the 

first transition is a double-step reaction with the main reaction being an nth auto-catalysis one.  

Maekawaet al. [104] have prepared [Cu4(atdz)6](ClO4)4·2CH3OH and 

[Ag4(atdz)6](ClO4)4, using 2-amino-1,3,4-thiadiazole. On each tetranuclear complex, two Cu or 

Ag atoms (M) are bridged by two atdz ligands to form a six-membered N2M2N2 framework. The 

four Cu or Ag atoms possess trigonal-square geometry. On both tetranuclear complexes there are 

two species of hydrogen bonds between the ClO
4-

 anions and the NH2 group of atdz ligands. It is 

proposed that the hydrogen bonds are related to the stabilization of the tetranuclear structure 

during the crystallization process.  

Complexes [Co(HL)(H2L)](ClO4)2(Fig.10.1) and [Co(HL)2(Py)2](ClO4)·CH3CN 

(Fig.10.2) have been characterized and the reaction mechanism has been discussed by Deng et 

al. [105]. In conclusion, the coupling addition of 2-amino-1,3,4-thiadiazole with acetonitrile 

occurs easily to give a novelamidine ligand, which can be stabilized by metal ionssuch as copper, 

cobalt and nickel in metal complex form.This work may provide aconvenient way to obtain some 

novel amidine and its complexes.  
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Fig.10.1. The structure of  

Co(HL)(H2L)](ClO4)2 

Fig.10.2. The structureof[Co(HL)2(Py)2] 

(ClO4)·CH3CN 

Wen et al. [106] are currently stretching the work to synthesize new polymeric (Fig.11) 

materials based upon bpt and other polycarboxylate acids by using the analogous synthetic 

strategy and investigation of their various properties is also under way.  

 

Fig. 11. (a) Ortep diagram of [Co(bpt)(pydc)]n ·2nCHCl3 ·nH2O, (b) 1D zig-zag chain along the 

b axis, (c) view of the parallel offset layers, and(d) 3-D supramolecular network 

5-ARYL-1,2,4-TRIAZOLE-3-THIONES AND THEIR TRANSITION METAL 

COMPLEXES 

Derivatives of 1,2,4-triazole were synthesized by intramolecular cyclization of 

substituted thiosemicarbazides [107]. 1,2,4-Triazoles and their derivatives represent an 
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interesting class of heterocyclic compounds possessing a wide spectrum of biological activities. 

For compounds, two tautomeric forms may exist in the solid state or gas phase [108]. Triazoles, 

in particular, substituted-1,2,4-triazoles and the open-chain thiosemicarbazide counterparts of 

1,2,4-triazole, are among the various heterocycles that have received the most attention during 

the last two decades as potential antimicrobial agents. The ligands 1,2,4-triazole and its 4-N-

substituted derivatives are of current interest as bridging ligands between transition metal ions 

for the preparation of coordination polymers, and a wide variety of polynuclear complexes. A 

large number of 1,2,4-triazoles are known to exhibit bactericidal, fungicidal, antitubercular, 

analgesic, antiinflammatory, antitumor, anticonvulsant, antiviral, insecticidal, antidepressant and 

central nervous system [109-117] activities. A number of triazole ligands have been prepared and 

structurally characterized and their application are highlighted below:  

Yildirim et al. [118] reported the 4-Phenyl-3-(pyridin-4-yl)-1H-1,2,4-triazole-5(4H)-

thione (Fig.12) which have almost ideally planar triazole ring forms dihedral angles of 58.5 (1) 

and 36.9 (1)° with the phenyl and pyridine planes, respectively. The planes of the phenyl and 

pyridyl substituents form a dihedral angle of 58.5 (1)° with each other. The crystal packing is 

stabilized by intermolecular N-H···N hydrogen bonding. 

 

Fig.12.Ortep diagram of 4-Phenyl-3-(pyridin-4-yl)-1H-1,2,4-triazole-5(4H)-thione 

Khan et al. [119] have synthesized series of 4,5-disubstituted-2,4-dihydro-3H-1,2,4-

triazole-3-thiones and 2,5-disubstituted-1,3,4-thiadiazoles by dehydrative cyclization of 

hydrazinecarbothioamide derivatives by refluxing in 4 N aqueous sodium hydroxide and by 

overnight stirring with polyphosphoric acid, respectively. N-(2,4-dimethylphenyl)-5-(4-

http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Yildirim,%20S.%26Ouml;.
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nitrophenyl)-1,3,4-thiadiazol-2-amine showed excellent antioxidant activity more than the 

standard drug whereas, 4-(2,4-dimethylphenyl)-5-(3-nitrophenyl)-2,4-dihydro-3H-1,2,4-triazole-

3-thione and 4-(2,3-dimethylphenyl)-5-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione exhibited 

potent urease inhibitory activities. 

Mavrova et al. [120] have synthesized derivatives of 4,5-substituted-1,2,4-triazole-3-

thiones and 2,5-substituted-1,3,4-thiadiazoles and evaluated for their cytotoxicity. The biological 

study indicated that compounds 4-ethyl-5-(4,5,6,7-tetrahydro-1-benzothien-2-yl)-2,4-dihydro-

3H-1,2,4-triazole-3-thione, N-ethyl-5-(4,5,6,7-tetrahydro-1-benzothien-2-yl)-1,3,4-thiadiazol-2-

amine, 4-amino-5-(4,5,6,7-tetrahydro-1-benzothien-2-yl)-2, 4-dihydro-3H-1,2,4-triazole-3-thione 

and 4-amino-5-(5-phenyl-thien-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione possessed high 

cytotoxicity in vitro against thymocytes.  

Guzeldemirci et al. [121] have synthesized a series of 4-alkyl/aryl-2,4-dihydro-5-((6-(4-

bromophenyl)imidazol-2,1-thiazol-3-yl)methyl)-3H-1,2,4-triazole-3-thiones and 2-alkyl/aryl-

amino-5-((6-(4-bromophenyl)imidazo-2,1-thiazol-3-yl)methyl)-1,3,4-thiadi- azoles from 6-(4-

bromophenyl)imidazo-2,1-thiazole-3-acetic acid hydrazide. All compounds were tested for 

antibacterial and antifungal activities. The antimicrobial activities of the compounds were 

assessed by the microbroth dilution technique. The preliminary results revealed that some of the 

compounds exhibited promising antimicrobial activities. 

Isloor et al. [122] have reported a series of new 4-(3-substituted-1H-pyrazol-4-

yl)methyleneamino-5-substituted-2-(4-methylpiperzaine-1-yl)methyl-2H-1,2,4-triazole-3-(4H)-

thiones were synthesized by the aminomethylation of 4-(3-substituted-1H-pyrazol-3-

yl)methyleneamino-5-substituted-4H-1,2,4-triazole-3-thiols with formaldeh- yde and N-

methylpiperazine. These compounds were screened for their antibacterial and antifungal activity. 

Some of the compounds were found to exhibit significant antimicrobial activity. 

Salgın-Goksen et al. [123] have synthesized and characterized thiosemicarbazide 

derivatives afforded by the reaction of correspondingcompoundwith substituted isothiocyanates. 

The cyclization of compounds in the presence of triethylamineresulted in the formation of 

compounds containing 1,2,4-triazole ring (Fig.13). On the other hand, the treatment of 

compoundswith orthophosphoric acid caused the conversion of side chain of compounds into 
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1,3,4-thiadiazole ring. While most compounds were exhibiting high activity in the analgesic-anti-

inflammatory field, most of them were found to be inactive against bacteria and fungi. 

 

Fig.13. Ortep view of 3-(5-Methyl-2-benzoxazolinone-3-yl)methyl-4-ethyl-1H-1,2,4-

triazole-5(4H)-thione 

Crystal structure and spectroscopic characterization of a large number of triazole 

complexes has been extensively examined. Liu  et al. [124] have synthesized  a novel triazole-

bridging polynuclear silver(I) complex, [Ag4(ptr)6](NO3)4·4H2O from (m-phenol)-1,2,4-triazole 

(ptr), which is the first discrete tetranuclear complex containing 4-substituted triazoles. The 

compound features blue fluorescence with a broad emission at 432 nm excited at 363 nm, 

possibly originating from the π···π* transition of the triazole ring.  

 

Fig.14.The coordination environment of Cd(II) and the 2D layered framework in [Cd2(3-

abpt)(N3)4]n 

[Cd2(3-abpt)(N3)4]n and [Cu(3-abpt)2(N3)2] complexes of 4-amino-3,5-bis(3-pyridyl)-

1,2,4-triazole have been prepared and structurally characterized by Liu et al.[125]. [Cd2(3-

abpt)(N3)4]n displays an interesting 2D polymeric structure with rarely reported 3,7-connected 
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) network in the Schafli notation. [Cu(3-abpt)2(N3)2] contains mononuclear 

pieces, and they are linked each other through weak Cu∙∙∙N interaction to form a 2D sheet with 

(4, 4) topology. The thermal stability and fluorescent property of [Cd2(3-abpt)(N3)4]n  

(Fig.14)have also been investigated. 

Zhang et al. [126]  have synthesized and characterized a new 1D ladder-like chain, 

{[Ag2(aptr)2](SiF6)}n·5nH2O (aptr = 4-amino-3-(pyrid-4-yl)-1,2,4-triazole) (Fig.15). The 

skeleton chain based on a fundamental repeating unit [Ag(aptr)] comprises of two kinds of 6- 

and 14-membered rings. The overlapping of two sets of ladders along a + b and a - b vectors 

produces elliptic channels with SiF6
2-

 anchoring in. A 3D supramolecular architecture is formed 

by hydrogen bondings between SiF6
2-

 and aptr. Three lattice water molecules are connected into 

a water chain through the hydrogen bondings among them.  

 

Fig.15. Molecular diagram of {[Ag2(aptr)2](SiF6)}n·5nH2O 

Maa et al. [127] have synthesized and characterized  [Mn3(N3)6(admtrz)4]n and 

[Co3(NCS)6(admtrz)4(H2O)2]·2H2O with mixed ligands. In [Mn3(N3)6(admtrz)4]n, the Mn(II) ions 

are six-coordinated and lie in distorted octahedron coordination environments. Complex 

[Mn3(N3)6(admtrz)4]n is connected into a 2D layer structure with (6,3) topology. The Co(II) ions 

are in slightly distorted octahedron coordination geometries. [Mn3(N3)6(admtrz)4]n are weakly 

antiferromagnetically coupled with g = 1.98(1), J
1
 = -6.31(5) cm

-1
 and J

2
 = -1.88(1) cm

-1
. Both 

trinuclear complexes of 4-amino-3,5-dimethyl-1,2,4-triazole with Mn(II) and Co(II) have 

different structural features in the presence of N
3-

 and SCN
-
, respectively and are weakly 

antiferromagnetic. 
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Based on the versatile ligand 3,5-bis(4-pyridyl)-1H-1,2,4-triazole derived from an in situ 

metal/ligand reaction, a series of coordination compounds CoCl4(H3bpt)(H2O) (Fig.16.1) 

Cu(H2bpt)2(SO4)2(H2O)6, [Ag(bpt)]n (Fig.16.2), [Co(Hbpt)(pa)]n, [Co(Hbpt)(pda)]n and 

[Cu(Hbpt)(pda)(H2O)]n have reported [128]. The supramolecular organization through hydrogen 

bonds is analyzed for these complexes and thermal stability of these crystalline materials has 

been explored by TG-DTG.  

 

Fig.16.1. Ortep diagrams of CoCl4(H3bpt)(H2O) Fig.16.2. Ortep diagrams of [Ag(bpt)]n 

Zhai et al. [129] generated an unprecedented three-dimensional coordination polymer 

{[Ag2(BPT)]·NO3}n. by hydrothermal reaction of AgNO3 and 4-amino-3,5-bis(3-pyridyl)-1,2,4-

triazole (NH2-BPT). The crystal structure reveals that two independent Ag(I) centers are linked 

via cisoid µ5-BPT anions to form a unique tetranuclear cluster, which is further interconnected to 

four neighbors to give a 3D cationic framework with diatopology. 

Tahli  et al. [130] have observed  the reaction of  4-(pyrid-4-yl)-1,2,4-triazole (pytz) with 

Cd(NO3)2·4H2O and sodium dicyanamide yields [Cd(dca)2(κNpy-pytz)2 (H2O)2] (Fig.17.1)  

complex. The molecular complexes are connected to a 3D supramolecular network by O-H∙∙∙Ndca 

and O–H∙∙∙Ntriazole hydrogen bonds. From zinc(II) bromide and pytz the compound 1D-[ZnBr2(l-

κNpy,Ntz-pytz)](Fig.17.2)  is obtained where the pytz-ligand bridges between the tetracoordinated 

zinc(II) atoms through coordination of its Npyridine and Ntriazole atoms. Adjacent chains are 

connected through C-H∙∙∙Br and C-H∙∙∙N hydrogen bonds to form a 3D supramolecular structure. 
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Fig.17.1. Molecular structure 

ofCd(dca)2(pytz)2(H2O)2] 

Fig. 17.2. Molecular structure of [ZnBr2(l- 

pytz)] 

Klingele et al. [131] have reported 3-phenyl-5-(2-pyridyl)-4-(4-pyridyl)-4H-1,2,4-triazole 

with Cu(ClO4)2·6H2O in a 2:1 molar ratio in EtOH affords the complex 

[Cu(pyppt)2(ClO4)2]·H2O. Recrystallisation of [Cu(pyppt)2(ClO4)2]·H2O from MeCN by vapour 

diffusion of Et2O gives blue crystals of the monomeric octahedral complex 

[Cu(pyppt)2(ClO4)2]·MeCN. In contrast, addition of EtOH to a solution of 

[Cu(pyppt)2(ClO4)2]·H2O in MeCN followed by slow evaporation yields blue crystals of the five-

coordinate polymeric complex [Cu(pyppt)2(ClO4)2]·EtOH (Fig.18).  

 

Fig.18. Molecular structure of Cu(pyppt)2(ClO4)2]·MeCN 

Singh et al. [132] have also reported the reaction of Mn(OAc)2·4H2O with bis(5-phenyl-

2H-1,2,4-triazole)-3-yl-disulfane (H2ptds·2H2O) yielded the new complex [Mn(ptds)(o-phen)2] 

(Fig.19.1). It is observed that under similar conditions the reaction of Co(OAc)2 with 

H2ptds·2H2O leads to thermolysis of the S-Sbond of the disulfane to yield  [Co(pts)(o-

phen)2]·H2O·0.5C2H5OH, with the newly generated organic ligand 5-phenyl-2H-1,2,4-triazole-3-

sulfinate (pts)
2-

. A S-S bond cleavage and aerial oxidation of sulfur was observed in [Co(pts)(o-
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phen)2]·H2O·0.5C2H5OH (Fig.19.2), whereas such cleavage did not occur in the case of 

[Mn(ptds)(o-phen)2].  

 

Fig.19.1. Ortep plot of [Mn(ptds)(o-phen)2] Fig.19.2. Ortep plot of [Co(pts)(o-  

phen)2]•H2O•0.5C2H5OH 

 

DITHIOCARBAZATES AND THEIR TRANSITION METAL COMPLEXES 

The S-alkyl/aryl dithicarbazates have a well acclaimed important class of nitrogen -sulfur 

donor atoms in their structural backbones [133]. Dithiocarbazates and their N and S substituted 

derivatives have been widely investigated for the past few decades. The dithicarbazates and 

dithiocarbazones may exist in two forms i.e thione and thiol. Among the various methods, the 

condensation reactions have generally been used to yield substituted dithiocarbazates which 

behave as bidentate, tridentate or multidentate [134] chelating agents with hetero donor atoms. 

The properties of these ligands can be greatly modified by the introduction of different organic 

substituents. The number and diversity of this type of compounds synthesized continue to 

increase because of the intriguing observation that different ligands show different properties, 

although they may differ only slightly in their molecular structures. Transition metal complexes 

of these ligands are widely studied because of their potential biological properties [135-138]. 

They find applications as antioxidant, health and skin care products and in paint manufacturing 

[139, 140]. Some of these compounds have tunable electronic behavior which may result in 

nonlinear optical materials with unique magnetic and electrochemical properties [141, 142]. 
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A series of alkyl dithiocarbazates, alkyl-3-picolinoyldithiocarbazates, alkyl-3-

nicotinoyldithiocarbazates, alkyl-3-isonicotinoyldithiocarbazates, and alkyl-3-picolinoyl-2-

methyldithiocarbazates were prepared. These alkyl pyridinecarbonyl-dithiocarbazates were 

shown to be uncouplers of oxidative phosphorylation in mitochondria. The finding that 

uncoupling activity increased with increase in the length of the alkyl chains of the compounds 

indicates that hydrophobicity influences the activity [143]. A lot of simple transition metal of 

dithiocarbazates analogous to Schiff base ligand has been prepared, characterized and their 

applications are described below:   

Bera et al. [144] synthesized and characterized [Cd(SMDTC)3].(NO3)2 and 

[Cd((SBDTC)2]·(NO3)2 (SMDTC = S-methyl dithiocarbazate, SBDTC = S-benzyl 

dithiocarbazate) complexes. The Cd(II) has an octahedral geometry with three five membered 

chelate rings formed by SMDTC ligand. The crystal structure consists of parallel layers of 

cations and anions. The SMDTC molecules in Cd(II) cation are arranged with their N donor 

groups directed towards the anion layer in an alternating fashion and form hydrogen bonds with 

the O atoms of the anion.  

Two new palladium(II)bis(NS) chelates, bis(benzyldithiocarbazato) palladium(II) and 

bis(S-benzyl-3-isopropylidenedithiocarbazato)palladium(II), were prepared and characterized by 

single-crystal X-ray diffraction and various spectroscopictechniques. Complex 

bis(benzyldithiocarbazato)palladium(II) has a perfectly square planar trans configuration, while 

the complex bis(S-benzyl-3-isopropylidenedithiocarbazato) palladium(II) has a distorted square 

planar cis configuration [145]. 

New cobalt(II) complexes of dithiocarbazates with different mononegative and 

dinegative counter anions of the general formulae [Co(IN-DtezH)2]Xn (IN-DtezH = 

isonicotinoyldithiocarbazic acid; n = 2 for X=CI, Br, NO3, ClO4, CH3COO and n = 1 for X= SO4 

and C2O4 for Zwitter ionic complexes and [Co(In-Dtez)2] for a normal complex, have been  

obtained and characterized. The complexes [Co(IN-DtezH)2]Xn (X = Cl, Br, NO3, CIO4, 

CH3COO for n = 2; X = SO4 for n = 1) and [Co(IN-Dtez)2] have NS linkage while the [Co(IN-

DtezH)2]C2O4 complex has ONS bonded ligand. The mononegaltive ions, i.e. nitrate, perchlorate 

and acetate are acting as counter anions [146]. 
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New  mixed-ligand  complexes of  general empirical formula, [Cu(NNS)(sac)  (H2O)] 

(NNS' = S-methyl-β- N-( 6-methylpyrid-2-yl)methylene dithiocarbazate, NNS" = S-methyl-β-N-

[2-(2-pyridyl)ethylene]dithiocarbazate and NNS'" = S-methyl-β-N-[(2-

pyridyl)phenylmethylene]dithiocarbazate, sac = saccharinate anion) were synthesized by 

reacting [Cu(sac)2(H2O)4].2H2O with the appropriate ligands in water-EtOH mixture. The 

[Cu(NNS')(sac)(H2O)] have distorted square pyramidal geometry. The complexes exhibit 

marked cytotoxicity against leukemic cell lines and display moderate activity against pathogenic 

bacteria and fungi [147].        

Ni(II) complexes of  tridentate NNS Schiff base ligands, derived by condensing 2-acetyl 

and 2-benzoylpyridine with S-methyl and S-benzyl dithiocarbazate, were prepared and 

characterized. [Ni(NNS)X] (X = Cl, Br, NCS, I) are diamagnetic and square-planar, whereas 

[Ni(NNS)2] are paramagnetic and tetragonal. The Schiff bases arc fungitoxic towards A. solani, 

F. equisetti and M. phaseolina, but the Ni(II) complexes are less fungitoxic than the free ligands 

[148].  

Ali et al. [149] have studied condensation of di-2-pyridyl ketone with S-methyl 

dithiocarbazate or S-benzyl dithiocarbazate yields potentially bridging ligands of the form 

Py2C=NNHC(S)SR; Hdpksme and Hdpksbz (Fig.20). Complexation of these ligands with Cu(II) 

in a 1:1 M ratio leads to the formation of dinuclear complexes of the general formula 

[Cu(NNNS)X]2 (X = Cl
-
, NO3

-
, H2O).  

 

Fig.20. Ortep view of Hdpksbz 

Further, they have also synthesized [M(isa-sme)2].n(solvate) [M = Ni
2+

, Cu
2+

, Zn
2+

, Cd
2+

; 
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isa-sme = monoanionic form of the Schiff base formed by condensation of isatin with S-

methyldithiocarbazate; n = 1 or 1.5; solvate =  MeCN, DMSO, MeOH or H2O] [150]. The two 

uninegatively charged, tridentate Schiff base ligands are coordinated to the Ni(II) ion 

meridionally via the amide O-atoms, the azomethine N-atoms and the thiolate S-atoms. By 

contrast, the crystal structure of Zn(isa-sme)2.MeOH shows a four-coordinate distorted 

tetrahedral geometry. The two dithiocarbazate ligands are coordinated as N,S bidentate chelates 

with the amide O-atom not coordinated.  

Roy et al. [151] studied two new pyrimidine based NNS tridentate Schiff base ligands S-

methyl-3-(2-S-methyl- 6-methyl-4-pyrimidyl)methyldithiocarbazate [HL
1
] and S-benzyl- 3-(2-S-

methyl-6-methyl-4-pyrimidyl)methyldithiocarbazate [HL
2
] by the 1:1 condensation of 2-S-

methylmercapto-6-methylpyrimidine-4-carbaldehyde and S-methyl/S-benzyl dithiocarbazate. A 

Ni(II) complex of HL
1
and Co(III) and Fe(III) complexes of HL

2
were prepared and characterized 

by elemental analyses, molar conductivities, magnetic susceptibilities and spectroscopic studies. 

All the bis-chelate complexes have a distorted octahedral arrangement with an N4S2 

chromophore around the central metal ion.  

Ali et al. [152] have reported Cu(II) complexes of general empirical formula,  

Cu(mpsme)X.xCH3COCH3 (mpsme = 6-methyl-2-formylpyridine Schiff base of S-Me 

dithiocarbazate; (X = Cl,N3, NCS, NO3; x = 0, 0.5) which were characterized by IR, electronic, 

EPR and magnetic susceptibility measurements. Room temperature μeff values for the complexes 

are in the range 1.75-2.1 BM, typical of uncoupled or weakly coupled Cu(II) center. The EPR 

spectra of the [Cu(mpsme)X] (X=Cl,N3, NO3, NCS) complexes reveal a tetragonally distorted 

coordination sphere around the mononuclear  Cu(II) center.  

S-Benzyl-β-(benzoyl) dithiocarbazate a new disubstituted dithiocarbazate oxygen-sulfur 

donor ligand derived from the reaction of S-benzyl dithiocarbazate with benzoyl chloride, 

formed bis-chelated complexes of general formula [M(OS)2] where M is Cu
2+

, Ni
2+

, Cd
2+

, Co
2+

 

or Pb
2+

 and OS is a uninegative bidentate ligand. The ligand and its metal complexes have been 

characterized by a crystallized with Z' = 2 in its thione form in cis-cis conformation, with the N-

N bond adopting a cis geometry with respect to C=S, while the S-benzyl group adopts a cis 

geometry with respect to the thione sulfur atom across the C-S bond. The compounds showed 
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moderate but selective activity towards targeted pathogens [153]. Several papers are also 

available on mixed ligand complexes of dithiocarbazate and their esters. A few of them are 

summarized below:   

Singh et al. [154] have synthesized new N'-(pyridine-3-carbonyl)-hydrazinecarbodithioic 

acid ethyl ester (Fig.21.1 & 21.2) by two different methods. The complex [Mn(Hpchc)2(o-phen)] 

forming five membered chelate ring. In the [Mn(Hpchc)2(o-phen)], ortho C-H from o-phen ring 

leads to unusual intramolecular C-H···π interaction with Mn(II) chelate ring which provided 

structural support for metalloaromaticity. 

 

Fig.21.1. Crystal structure of H2pchc (a) Fig.21.2. Crystal structure of H2pchc (b) 

Singh et al. [155] have further, reported synthesis of  benzyl N'-(2-

methoxybenzoyl)hydrazine carbodithioate having a NOS donor sequence which formed a series 

of complexes [M(Hmbhcd)2]n, [Mn(Hmbhcd)2(o-phen)]DMSO and [Mn2(Hmbhcd)2 (2,2'-

bpy)2(µ-OAc)2]. The (N,O) donor sites of the uninegative bidentate ligand chelates the Mn(II) 

center to form a five-membered MnOCN2 ring in both complexes [Mn(Hmbhcd)2 (o-

phen)]DMSO and [Mn2(Hmbhcd)2(2,2'-bpy)2(µ-OAc)2]. 

 

Fig.22. Thermal ellipsoidal view of [Mn(Hmbhce)2]n 
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Singh et al. [156] have synthesized a new dithio ligand [N'(2-methoxybenzoyl) hydrazine 

carbodithioate] ethyl ester and its complexes [M(Hmbhce)2]n {M = Mn(II), Cd(II)}(Fig.22). The 

intermediate bond lengths for O(1)-C(2) = 1.241(3), N(2)-C(2) = 1.325(3), N(1)-N(2) = 1.393(2), 

N(1)-C(8) = 1.311(3) and C(8)-S(3) = 1.704(2) Å suggest considerable delocalization of charge 

which develops slightly aromatic character in the chelate ring of [M(Hmbhce)2]n. 

Singh et al. [157] have reported the complexes [Mn(Hpchce)2(o-phen)], 

{2[Mn(pchcm)(o-phen)2]}·7H2O and [Ni(Hpchcm)(o-phen)2]Cl·CH3OH with [N'-(pyridine-4-

carbonyl)-hydrazine]-carbodithioic acid ethyl ester and [N'-(pyridine-4-carbonyl)-hydrazine]-

carbodithioic acid methyl ester. The complexes are paramagnetic and have a distorted octahedral 

geometry. They have further, reported [Ni(Hbstbh)2(en)] (Fig.23.1) and [Ni(Hpchce)(o-

phen)2]Cl·CH3OH·H2O (Fig.23.2), with N'-benzoyl- hydrazinecarbodithioic acid benzyl ester 

and [N'-(pyridine-4-carbonyl)-hydrazine]-carbodithioic acid ethyl ester [158]. The complexes are 

paramagnetic and have a distorted octahedral geometry.  

 

Fig.23.1. Ortep diagram of 

[Ni(Hbstbh)2(en)] 

Fig.23.2. Ortep diagram of Ni(Hpchce)(o-

phen)2]Cl·CH3OH·H2O 

The complexation behaviors of dithiocarbamate have been investigated with virtually 

every metal and metalloid in the periodic table. However, the chemistry of dithiocarbamate 

complexes with pyridine has been scarcely studied. A few reports have appeared on the 

syntheses of five and six coordinatecomplexes in which thedithiocarbamato as well as 

pyridine/2,2'-bipyridine/1,10-phenonthroline ligands are found to bind in a 

monodentate/bidentate fashion. 
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5-Aryl-1,3,4-oxadiazole-2-thiones, 5-Aryl-1,3,4-thiadiazole and 5-aryl-1,2,4-triazole-3-

thiones containing H-N-C=S moiety and  several bonding sites are expected to form metal 

organic framework  with supramolecular architecture. Some work have been reported on the 

metal complexes of 5-aryl-1,3,4-oxadiazole-2-thione, but scanty of information is available on 

their mixed ligand complexes and no work  has been done on the mixed ligand complexes of 

1,3,4-oxadiazole-2-thiones, 1,3,4-thiadiazoles and 1,2,4-triazole-3-thiones, therefore it was of 

our interest to investigate the mixed ligand complexes of 1,3,4-oxadiazole, 1,3,4-thiadiazoles and 

1,2,4-triazole-3-thiones and in order to study the bonding mode of the ligands  and structure of 

the complexes.  

A survey of literature shows that several papers are available on the syntheses and 

spectral characterization of metal complexes of substituted dithiocarbazates but  there is very 

little work on the dithioester of N-acyl hydrazide, RC(O)NH-NH-C(S)SR which contain a 

similar -NH-C(=S) moiety as the S-alkyl esters of dithiocarbazic acid. 

In view of the interesting coordination behavior of ligands containing the H-N-C=S 

moiety viz. 4-ethoxycarbonyl-piperazine-1-carbodithioate, [N′-(2-methyl-benzoyl)-hydrazine]-

carbodithioate,phenyl-(5-pyridin-4-yl-1,3,4-thiadiazol-2-yl)-amine,4-phenyl -5-pyridin-4-yl-2,4-

dihydro-1,2,4-triazole-3-thione, N′-(2-methyl-benzoyl)-hydrazine carbodithioic acid methyl ester 

and their  transition metal complexes have been synthesized and characterized by  spectroscopic 

methods including single crystal X-ray. 
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CHAPTER 1 

Experimental 

 

The present chapter includes the experimental details pertaining to the syntheses of 

starting materials and the ligands, methods of analyses and the physicochemical techniques 

employed for the structural investigation  of the ligands and complexes described in chapters 2 to 

6. The experimental details about the syntheses of complexes are, however, described in the 

respective chapter. 

1. MATERIALS AND MANIPULATIONS   

Metal salts, isonicotinic acid hydrazide, o-toluic acid, phenyl isothiocyanate, ethyl-1-

piperazinecarboxylate (Sigma Aldrich), carbon disulfide, potassium hydroxide and methyl iodide 

were of analytical or equivalent grade and used as such without further purification.  

The solvents ethanol, methanol, chloroform were purified and distilled following 

standard literature procedure [1]. The diethyl ether, dimethylsulfoxide, dimethylformamide, 

pyridine and other solvents were of analytical or equivalent grade and used as such without 

further purification.  

2. PREPARATION OF STARTING MATERIALS 

(i)  o-Toluic acid hydrazide 

It was prepared by mixing methyl-2-methyl-benzoate with hydrazine hydrate in a 1:1 

molar ratio and refluxing the reaction mixture for 5 h. The solid product obtained on cooling the 

above solution, was filtered off and recrystallized from ethanol. Yield (65%), M.p.124°C. 

Analyses: 

Found (%): C = 63.95, H = 6.66, N = 18.62, S = 10.63 

Calcd (%): C = 63.98, H = 6.71, N = 18.65, S = 10.65 for C8H10N2O 
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(ii)  1-Isonicotinoyl-4-phenyl thiosemicarbazide 

A mixture of isonicotinic acid hydrazide (2.74 g, 20 mmol) and phenyl isothiocyanate 

(2.4 mL, 20 mmol) in absolute ethanol was refluxed for 8 h at 65 ºC. The solid 1-isonicotinoyl-4-

phenyl thiosemicarbazide obtained upon cooling was filtered off, washed successively with 

water and diethyl ether, dried and crystallized from ethanol. Yield (90%), M.p.120°C [2]. 

Analyses: 

Found (%): C = 57.37, H = 4.48, N = 20.52, S = 11.75 

Calcd (%): C = 57.34, H = 4.44, N = 20.57, S = 11.77 for C13H12N4OS 

3.  PREPARATION OF LIGANDS 

(i) Synthesis ofsodium 1-ethoxycarbonyl-piperazine-4-carbodithioate [(Na
+
(ecpzdtc)

-
] 

Carbon disulfide (1.5 mL, 20 mmol) was added dropwise to a methanolic solution of 

ethyl-1-piperazinecarboxylate (3 mL, 20 mmol) of methanolic NaOH (0.8 g, 20 mmol) and the 

solution was stirred continuously for 2 h. The solid product obtained was filtered off, washed 

with water and dried under reduced pressure. Yield: 85 %, M.p.140ºC.  

Analyses: 

Found (%): C = 37.45, H = 5.10, N = 10.90, S = 25.0  

Calcd (%): C = 37.49, H = 5.11, N = 10.93, S = 25.02 for C8H13N2S2O2Na 

(ii)  Potassium [N′-(2-methyl-benzoyl)-hydrazine]-carbodithioate [K
+
(H2L)

-
] 

[K
+
(H2L)

-
] was prepared by the reaction of CS2 (1.5 mL, 20 mmol) with a solution of o-

toluic acid hydrazide (3.0g, 20 mmol) in EtOH (25 mL) in the presence of KOH (1.12g, 20 

mmol). The precipitated white product obtained after continuous stirring for 2 h at room 

temperature was filtered off and washed with a mixture of EtOH-ether (50:50 v/v).Yield (68%), 

M.p.242 ºC.  
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Analyses: 

Found (%): C = 40.70, H = 3.41, N = 10.54, S = 24.12 

Calcd (%): C = 40.89, H = 3.43, N = 10.60, S = 24.21 for C9H9N2OS2K 

(iii)  Synthesis of 4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione (Hppdtt) 

The ligand was prepared following the reported method [3]. A mixture of isonicotinic 

acid hydrazide (2.74 g, 20 mmol) and phenyl isothiocyanate (2.4 mL, 20 mmol) in absolute 

ethanol was refluxed for 8 h at 65 °C. The solid 1-isonicotinoyl-4-phenyl thiosemicarbazide 

obtained upon cooling was filtered off and washed successively with water and ether. A stirring 

mixture of 1-isonicotinoyl-4-phenyl thiosemicarbazide (2.72 g, 10 mmol) and NaOH (0.4 g, 10 

mmol) was refluxed for 6 h. After cooling, the solution was acidified with dil. HCl (6 mL, 30%, 

v/v) and the precipitate was filtered off. Yield (75%), M.p.85°C. 

Analyses: 

Found (%): C = 61.43, H = 4.01, N = 21.98, S = 12.58 

Calcd (%): C = 61.40, H = 3.96, N = 22.03, S = 12.60 for C13H10N4S 

(iv)Synthesis of phenyl-(5-pyridin-4-yl[1,3,4]thiadiazol-2-yl)-amine (ppt) 

A mixture of isonicotinic acid hydrazide (2.74 g, 20 mmol) and phenyl isothiocyanate 

(2.4 mL, 20 mmol) in absolute ethanol was refluxed for 8 h at 65 °C. The solid 1-isonicotinoyl-

4-phenyl thiosemicarbazide obtained upon cooling was filtered off, washed successively with 

water and diethyl ether, dried and crystallized from ethanol. 1-Isonicotinoyl-4-phenyl 

thiosemicarbazide (2.72 g, 10 mmol) was added portion wise in 10 mL conc. H2SO4 and stirred 

for 2 h with cooling. The mixture was poured over crushed ice and the precipitated solid was 

filtered off, washed twice with cold water (50 mL) and dried. The yellow crystals of ppt suitable 

for X-ray analysis were obtained by slow crystallization of its methanol solution for 15 days. 

Yield (85%), M.p.140 °C.  

Analyses: 
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Found (%): C = 61.35, H = 3.93, N = 21.95, S = 12.58 

Calcd (%): C = 61.40, H = 3.96, N = 12.60, S = 20.60 for C13H10N4S 

(v) Synthesis of N′-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester(H2mbhe) 

The H2mbhe was synthesized by the drop wise addition of methyl iodide (1 mL, 8 mmol) 

to a suspension of freshly prepared potassium [N′-(2-methyl-benzoyl)-hydrazine]-carbodithioate 

[K
+
(H2L)

-
] (2.65 g, 8 mmol) in methanol (25 mL) and the reaction mixture was stirred 

continuously for 10 h at room temperature. On evaporation of the solvent and acidification of the 

product with CH3COOH (20 %, v/v), a white precipitate was obtained, which was filtered off, 

washed with water and dried. The white crystals of H2mbhesuitable for X-ray analyses were 

obtained by slow evaporation of a methanol solutionover a period of 5 days. Yield (75%), 

M.p.170 °C. 

Analyses: 

Found (%): C = 49.61, H = 4.93, N = 11.33  

Calcd (%):C = 49.97, H = 5.03, N = 11.65  for C10H12N2OS2 

4. ANALYTICAL PROCEDURE 

The complexes were analyzed for their metal content, after destroying the organic matter 

first with aqua regia, and then with concentrated sulfuric acid. Manganese, cobalt, nickel, copper 

and zinc were estimated gravimetrically as MnNH4PO4∙H2O, Co(anthranilate)2, 

Ni(dimethylglyoximate)2, Cu(salicylaldoximate)2 and ZnNH4PO4, respectively following the 

standard procedure recommended by Vogel [4]. The analytical results are given in the respective 

chapters. Carbon, hydrogen and nitrogen were determined microanalytically on a CHN Model 

CE-400 Analyzer and on Elementor Vario ELIII Carlo Erba 1108. 

5. PHYSIOCOCHEMICAL MEASUREMENTS 

5.1 Magnetic susceptibility  
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Room temperature magnetic susceptibility measurements were made on a Cahn-Faraday 

electrobalance using cobalt mercury tetrathiocyanate as a calibrant and the experimental 

magnetic susceptibility were corrected for diamagnetism by using the procedures of Figgis and 

Lewis [5].  

5.2 Electronic Spectra 

The electronic spectra of the ligands and complexes were recorded on a SHIMADZU 

UV-1700 Pharmaspec spectrophotometer in organic polar solvents MeOH or DMSO [6]. 

 5.3 Nuclear Magnetic Resonance Spectra 

The 
1
H and 

13
C NMR spectra of the ligands and their diamagnetic metal complexes were 

recorded on a JEOL AL300 FT-NMR spectrometer. NMR spectra of the compounds were run in 

deuterated chloroform/dimethylsulfoxide using tetra methyl silane (TMS) as an internal 

reference. 

5.4 Infrared spectra 

The infrared spectra of the ligand and the complexes were recorded on a Varian 

Excalibur 3100 FT-IR spectrophotometer in the 4000 - 400 cm
-1

 region as KBr pellets. 

5.5 Electron Spin Resonance Spectra 

The ESR spectrum of Cu(II) complex was recorded on an X-band spectrometer model 

Varian E-112 using TCNE  as the internal standard . The gav value deduced from the spectrum is 

given in chapter 5. 

5.6 Electrochemical Analyses 

The electrochemical experiments were performed with a CHI-660C (CH Instruments, 

USA), using three-electrode system with Glassy Carbon (CH Instruments, area = 0.07 cm
2
) or 

modified Glassy Carbon as working electrode, platinum wire as counter electrode and TBAP was 

used as the supporting electrolyte in 0.1 M DMF solution. All electrochemical experiments were 

carried out at 25 °C after purging with N2 for 10 min before the electrochemical experiments. 
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5.7 Single Crystal X-ray Analyses 

Single crystal X-ray diffraction data collection for the ligands and complexes were 

performed using a Bruker three-circle/ Oxford Gemini,  SMART 6000 CCD /CrysAlis Pro.,  

CCD diffractometer at room temperature or below room temperature as mentioned in the 

crystallographic data tables with a graphite monochromated Mo Kα (λ = 0.71073 Å) radiation 

source. 

The structures were solved by direct methods (SHELXL-2008) and refined against all 

data by full matrix least-square on F
2
 using anisotropic displacement parameters for all non-

hydrogen atoms. All hydrogen atoms were included in the refinement at geometrically ideal 

position and refined with a riding model [7]. MERCURYand DIAMONDpackages were used for 

molecular graphics [8, 9]. Crystal structure diagrams were generated by use of the ORTEP-3 for 

windows program [10]. 
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CHAPTER-2 

Synthesis, spectral and structural studies of 1-ethoxy carbonyl-

piperazine-4-carbodithioate and its Co(III), Zn(II) and Cd(II) 

complexes 

 

Introduction 

Dithiocarbamates are versatile ligands capable of forming complexes with most of the 

elements and are able to stabilize transition metals in a variety of oxidation states [1]. 

Dithiocarbamates have a wide range of applications in medicine, industry, rubber vulcanization 

[2-5] and can serve as antioxidants for increasing the longevity and photo-stability of a variety of 

polymers, oils and other materials [6]. Several dithiocarbamates and N-substituted 

dithiocarbamato complexes and salts have been used as agrochemicals mainly due to their high 

efficiency in controlling plant fungal diseases, and relatively low toxicity [7-10]. A recent work 

has established that dithiocarbamates of zinc and cadmium are useful precursors for the synthesis 

of ZnS and CdS nanoparticles [11, 12] and have application as non-linear optical materials [13]. 

The treatment of zinc and cadmium dithiocarbamato complexes with nitrogen donor ligands 

generally results in the isolation of adducts which are usually dimeric in the solid-state [14]. The 

presence of bulky substituents in the dithiocarbamate ligand results in the formation of 

monomeric complexes. Cadmium is relatively readily substituted for zinc in metalloproteins and 

blocks zinc-containing enzymes. When taken up into the organism, cadmium accumulates in the 

liver and kidneys and forms stable complexes with intracellular proteins. The latter circumstance 

causes the cumulative effect and extremely slow removal of cadmium from the organism. 

Cadmium (even in extremely low concentrations) is able to trigger some forms of tumors and 

inhibit the DNA mismatch repair mechanism [15]. Therefore, the synthesis and study of 

complexes of cadmium with ligands such as dithiocarbamate that firmly fix cadmium can be 

important in the context of the search for efficient antidotes for cadmium intoxication [15, 16]. 

The efficiency of dithiocarbamate to bind transition metal ions  and ability of the complexes for 

further reaction with nitrogen bases have prompted us to undertake the synthesis and structural 
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characterization of [Co(ecpzdtc)3], [Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O  which are 

hitherto un-investigated.  

N N

S

S Na

O

C2H5O  

Fig.2.1 Sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate [Na
+
(ecpzdtc)

-
] 

Experimental 

Preparation of sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate [(Na
+
(ecpzdtc)

-
]:  

The ligand sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate(Fig.2.1) was prepared 

as described in Chapter 1. 

Synthesis of complexes: 

Syntheses of [Co(ecpzdtc)3] (2)     

Co(OAc)2 (0.177 g, 1 mmol) and [Na
+
(ecpzdtc)

-
]  (1) (0.500 g, 2 mmol) were dissolved 

separately in 20 mL methanol, mixed together and stirred for 1h. The green solid which 

separated was filtered, washed successively with ethanol-water mixture (50:50) and air dried. 

The solid compound was dissolved in warm pyridine.The resulting clear green solution was 

filtered off and kept for crystallization. Green single crystals of 2 suitable for X-ray analyses 

were obtained by slow crystallization of the above solution over a period of 15 days. Yield: 65 

%, M.p. 200 ºC. 

Syntheses of [Zn(ecpzdtc)2(py)] (3)  

A solution of [Na
+
(ecpzdtc)

-
] (1) (0.5 g, 2 mmol) in MeOH (20 mL) was added to a 

MeOH solution (10 mL) of Zn(OAc)2∙2H2O (0.220 g, 1 mmol). This mixture was magnetically 

stirred for 3 h at room temperature. The resulting precipitate was filtered off, washed thoroughly 

with aqueous methanol solutions (20 mL, 50:50, v/v) and air dried. The resulting solid was 

dissolved in minimum amount of warm pyridine. The solution was filtered off and kept for 
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crystallization. Colourless single crystals of 3 suitable for X-ray analyses were obtained by slow 

crystallization of the above solution over a period of 25 days. Yield: 58 %, M.p. 285 ºC. 

Syntheses of [Cd(ecpzdtc)2(py)]·H2O (4) 

Cd(OAc)2∙2H2O (0.266 g, 1 mmol) and [Na
+
(ecpzdtc)

-
]  (1) (0.5 g, 2 mmol) were 

dissolved separately in 20 mL methanol, mixed together and stirred for 1h. The white solid 

which separated was filtered, washed successively with methanol-water mixture (50:50 v/v) and 

air dried. The resulting solid was dissolved in minimum amount of warm pyridine. The resulting 

clear colourless solution was filtered and kept for crystallization. White single crystals of 4 

suitable for X-ray analyses were obtained by slow crystallization of the above solution over a 

period of 13 days. Yield: 50 %, M.p. 245ºC. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.1 Preparation of ligand and complexes 
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Analyses and physical measurements 

 The details about the analyses and physical measurements are described in Chapter 1. 

Crystal structure determination and structure refinement: 

The crystal data were collected on an Oxford Gemini diffractometer equipped with a 

CrysAlis CCD software using a graphite mono-chromated Mo Kα (λ= 0.71073 Å) radiation 

sourceat 293 K for 2, 3 and 4. The structure was solved by direct methods (SHELXL-08) and 

refined against all data by full matrix least-square on F
2
 using anisotropic displacement 

parameters for all non-hydrogen atoms. All hydrogen atoms were included in the refinement at 

geometrically ideal position and refined with a riding model [17]. The MERCURY packageand 

ORTEP-3 for Windows programwere used for generating structures [18, 19].  

Results and discussion 

A new ligand sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate [Na
+
(ecpzdtc)

-
] and 

its complexes [Co(ecpzdtc)3] (2), [Zn(ecpzdtc)2(py)] (3) and [Cd(ecpzdtc)2(py)]·H2O (4) have 

been synthesized (Scheme 2.1).  It is observed that Co(II) is converted to Co(III) by aerial 

oxidation in the presence of the dithio ligand forming a tris carbodithioate Co(III) complex. 

Zn(II) and Cd(II) form four coordinate bis complexes which further react with pyridine forming 

five coordinate ternary complexes. The complex 2 has an octahedral geometry, whereas 3 and 4 

adopt a geometry which is distorted trigonal bipyramidal geometry. The crystals structures of all 

complexes are stabilized by various types of inter and intramolecular hydrogen bonding 

Analytical data and physical properties of ligands and complexes are given in Table 2.1.  
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Table 2.1Analytical data and physical properties of ligands and complexes. 

Compound F.W Color/ 

Yield (%) 

M.p.(ºC) Found (Calcd) % 

C H N 

[Na
+
(ecpzdtc)

-
] 256.32 White/85 140 37.45(37.49) 5.10(5.11) 10.90(10.93) 

[Co(ecpzdtc)3] 758.96 Red/65 200 37.95(37.98) 5.15(5.17) 11.00(11.07) 

[Zn(ecpzdtc)2(py)] 611.18 White/58 285 41.25(41.27) 5.10(5.11) 11.40(11.45) 

[Cd(ecpzdtc)2(py)]·H2O 676.21 White/50 245 37.28(37.30) 4.88(4.91) 10.33(10.36) 

 

IR spectra: 

The IR spectrum of the ligand sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate 

[Na
+
(ecpzdtc)

-
] (1) shows absorptions due to the stretching modes of C=O (1662 cm

-1
), C=N 

(1485 cm
-1

) and C=S (1006 cm
-1

). In the present study, the complexes 2, 3 and 4 show ν(C=N) 

(thioureide) band at higher frequencies viz.1427, 1433 and 1471 cm
-1

, respectively, indicating the 

partial-double-bond character in ν(-CH2)2N-CS2) bond  in the complexes as compared to the 

parent  ligand (1406 cm
-1

) (Table 2.2.1-2.2.4). The ν(C=N) has been used as a measure of the 

contribution of the thioureide form of the ligand in the complexes [20].The IR spectra of 

complexes 2, 3, and 4 are nearly superimposable suggesting that the metal complexes behave in 

the same way. The ν(C=S) band observed at 1006 cm
-1

 in the ligand suffers a negative shift of 

10-21 cm
-1

 in the complexes 2, 3 and 4 indicating bonding through sulfur with metal ions. The 

characteristic band due to pyridine ring appears at 771 and 763 cm
-1

 in complexes 3 and 4, 

respectively.  

Table 2.2IR spectral bands and their assignments for [Na
+
(ecpzdtc)

-
], complexes 2, 3 and 

4. 

Compound ν(C=O) ν(C=N) ν(C=S) Pyridine 

[Na
+
(ecpzdtc)

-
] 1662 1485 1006 - 

[Co(ecpzdtc)3] 1699 1485 996 - 

[Zn(ecpzdtc)2(py)] 1661 1433 991 763 

[Cd(ecpzdtc)2(py)]·H2O 1689 1471 985 771 
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Fig.2.2.1 IR spectrum of [Na
+
(ecpzdtc)

-
] 

Fig.2.2.2 IR spectrum of [Co(ecpzdtc)3] 
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Fig.2.2.3IR spectrum of [Zn(ecpzdtc)2(py)] 

 

Fig.2.2.4 IR spectrum of [Cd(ecpzdtc)2(py)]·H2O 
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1
Hand 

13
C NMR spectra:  

The 
1
H NMR spectrum of sodium 1-ethoxycarbonyl-piperazine-4-carbodithioate 

[Na
+
(ecpzdtc)

-
] (1) exhibits two signals at  δ 3.56 and 2.50 ppm for the CH2 protons of 

piperazine ring and two signals at 4.31 and 1.18 ppm due to  ethyl protons (Table 2.3.1). The 
13

C 

NMR spectrum of 1 shows three signals for three carbon atoms, of which the signals at δ 213.6, 

154.8 and 154.5 ppm are due to the >C=S, >C=O and >C-N carbons, respectively (Table 2.3.2). 

The signal for CH2 and CH3 carbons are observed at δ 61.32 and 14.70 ppm. The piperazine ring 

carbons appear at 48.81 and 43.24 ppm. The signals observed at 7.45-8.60 and 7.45-8.62 ppm for 

complexes 3 and 4 are assigned to the protons of the pyridine. Complexes 2, 3 and 4 show NCS2 

carbon signals at  203, 206 and 207 ppm respectively, indicating metal sulfur bonding  and 

electron delocalization in the four membered chelate ring CS2M [21]. The 
1
H &

13
C NMR spectra 

of of [Na
+
(ecpzdtc)

-
], [Co(ecpzdtc)3] [Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O are given 

in Fig.2.3.1-2.3.8. 

 

Fig. 2.3.1
1
H NMR spectrum of [Na

+
(ecpzdtc)

-
](δ, ppm) 
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Fig.2.3.2
 13

C NMR spectrum of [Na
+
(ecpzdtc)

-
] 

 

Fig. 2.3.3
1
H NMR spectrum of [Co(ecpzdtc)3] (δ, ppm) 
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Fig.2.3.4
13

C NMR spectrum of[Co(ecpzdtc)3] (δ, ppm)

 

Fig.2.3.5
1
H NMR spectrum of [Zn(ecpzdtc)2(py)] (δ, ppm) 
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Fig.2.3.6
13

C NMR spectrum of[Zn(ecpzdtc)2(py)] 

 

Fig.2.3.7
1 
H NMR spectrum of[Cd(ecpzdtc)2(py)]·H2O 
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Fig.2.3.8
13

C NMR spectrum of [Cd(ecpzdtc)2(py)]·H2O 

Table 2.3.1 
1
H NMR spectral data (δ, ppm) of [Na

+
(ecpzdtc)

-
], [Co(ecpzdtc)3] 

[Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O 

Compounds CH2 CH2 CH3 Py 

[Na
+
(ecpzdtc)

-
] 4.30 (2H) 3.56, 3.31 (8H) 1.18 (3H) - 

[Co(ecpzdtc)3] 4.09 (2H) 3.79, 3.32 (8H) 1.21 (3H) - 

[Zn(ecpzdtc)2(py)] 4.05 (2H) 3.65, 3.33 (8H) 1.19 (3H) 8.60, 7.83, 7.43 (3H) 

[Cd(ecpzdtc)2(py)]·H2O 4.05 (2H) 3.65, 3.33 (8H) 1.19 (3H)  8.60, 7.85, 7.45 (3H) 

 

Table 2.3.2 
13

C NMR spectral data (δ, ppm) of [Na
+
(ecpzdtc)

-
], [Co(ecpzdtc)3] 

[Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O 

Compounds C=S C=O CH2 -N-(CH2-CH2)2-N- CH3 Py 

[Na
+
(ecpzdtc)

-
] 213.58   154.8 61.32 48.81, 43.24 14.70 - 

[Co(ecpzdtc)3] 203 154.3 61.10 44.42, 42.34 14.47 - 

[Zn(ecpzdtc)2(py)] 206 154.9 61.26 50.74, 43.24 14.45 149.60, 136.83, 124.31 
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[Cd(ecpzdtc)2(py)]·H2O 207 154.7 61.04 48.75, 43.15 14.56 149.33, 136.50, 124.52 

 

Magnetic moment and electronic spectra 

[Co(ecpzdtc)3] (2) is diamagnetic suggesting the presence of Co(III) in low spin 

octahedral geometry. It shows a band at 645 nm assigned to the 
1
A1g → 

1
T1g transitions in 

octahedral geometry of Co(III). Other high energy bands at 378, 353, 309 and 281 nm may be 

due to charge transfer/intraligand transitions [22]. The complexes 3and 4show no d-d bandsdue 

to their diamagnetic nature but they exhibit high energy bands at 367, 310, 303 and 291-243 nm 

due to charge transfer/intraligand transitions. Magnetic moments and their assignments for 

complexes 2, 3 and 4 aregiven in Table 2.4. 

Table 2.4 Magnetic moments, electronic spectral bands and their assignments for 

complexes 2, 3and 4 

Compound µeff (B.M) Band maxima (nm) Assignment Geometry 

[Co(ecpzdtc)3] 5.20 645, 378, 353, 333, 309, 281 
4
T1g (F) → 

4
T2g (F) Oh 

[Zn(ecpzdtc))2(py)] Diamag. 303, 291, 243 CT/Intraligands Tbp & sq.py.    

[Cd(ecpzdtc))2(py)]·H2O Diamag. 367, 310, 283, 243 CT/Intraligands sq.py.  

 

Crystal structure description of[Co(ecpzdtc)3](2)  

Fig.2.4.1 shows an ORTEP diagram of complex 2 with the atom numbering scheme. The 

structural refinement data related to complex 2 are listed in Table 2.5.1 and the selected bond 

distances and bond angles are given in Table 2.5.2.The elements of the structure are joint to each 

other in the crystal packing by means of an extended system of H-bonds where hydrogen 

belonging to the piperazine ring is participating in the structure. The coordination sphere of 

complex 2 is fulfilled by three bidentate carbodithioate moieties. The formation of a four 

membered chelate ring CS2Co with a bite angle of 76.42(5)º represents deviation from an 

octahedral geometry. The Co-S bond distances for the three CS2Co chelate rings are 2.2732(15), 

2.2766(15) and2.2645(15) Å, which are comparable to the bond lengthsreported for 

[Co{S2CN(CH2CH2CH2NMe2)2}3] [23]. The carbon-sulfur distances within the chelate rings are 

intermediate between single and double bond lengths. The average bond lengths C1-S1= 
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1.713(5), C1-S2= 1.718(5), C9-S4= 1.722 (5), C9-S3 = 1.703(5), C17-S5 = 1.704(6), C17-S6 = 

1.710(5) Å, suggest considerable delocalization of charge [24]. In the complex, the chelate rings 

and the piperazine ring lie nearly in the same plane. The piperazine ring thus makes an extended 

coplanar system with two chelate rings. In the solid state the complex is stabilized via 

intermolecular C-H···S interaction between dithio sulfur atoms and hydrogen atoms of 

piperazine ring and C-H···O interaction between carbonyl oxygen and piperazine ring hydrogen 

leading to the formation of symmetrical linear chain structure (Fig.2.4.2). 

 

Fig.2.4.1 Ortep plot of [Co(ecpzdtc)3] (2) showing atomic numbering scheme with 

ellipsoid of 30 % probability 

 

Fig.2.4.2 C-H···S and C-H···O interaction leading to a linear chain structure in 

[Co(ecpzdtc)3] 
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Crystal structure description of[Zn(ecpzdtc)2(py)](3) 

The crystallographic data and structural refinement details are given in Table 2.5.1 and 

selected bond distances and bond angles are listed in Table 2.5.2. Fig.2.4.3 shows an ORTEP 

diagram of complex 3 with the atom numbering scheme. The five coordination number of 

complex 3 is fulfilled by four sulfur atoms from two carbodithioate ligand and one nitrogen atom 

from pyridine ring. The geometric parameter tau as calculated from the angles S4-Zn-S1(166.94) 

and S2-Zn-S3 (137.59) (Table 2.5.2) comes out to be 0.489 which is almost half way between 

trigonal bipyramidal and square pyramidal geometry for the Zn complex [25]. The S, S'-

anisobidentate coordination mode of the carbodithioate ligands lead to the formation of four-

membered chelate rings (ZnS2C). In complex 3, there are considerable differences between the 

pairs of Zn-S and S-C bonds and it is interesting to note that the shorter Zn-S bonds are 

associated with the longer S-C bonds.This is due to the combined effects of the steric constraints 

induced by the carbodithioate ligands, electron pair repulsion and the presence of pyridine. The 

stronger -N-C(=S)S- bonds reflect the contribution of double bonding to the formally ordinary 

single bond (due to the mixing of the sp
2
 and sp

3
 hybrid states of the nitrogen atom).All six 

membered piperazine heterocycles adopt a „chair conformation‟ in carbodithioate compounds. 

The Zn-N(py) distance 2.069(4) Å  in 3 is shorter than that found in a six coordinate 

[Zn(pipdtc)2(1-10-phen)] and [Zn(pipdtc)2(bipy)] complexes (2.196(3) Å) [26] due to change in 

coordination number but similar to five coordinate [Zn(thqdtc)2(py)], [Zn(thiqdtc)2(py)] [27] and 

[Zn(3,5-di-t-butyl-4-hydroxybenzene-dithiocarboxylate)2 (py)] [28].In the complex the chelate 

rings and the piperazine rings lie nearly in the same plane forming adihedral angle of 13.59º. In 

the solid state the complex is stabilized via intermolecular C-H···S interaction between dithio 

sulfur atoms and hydrogen atoms of piperazine ring and C-H···O interactions between carbonyl 

oxygen and piperazine ring hydrogen leading to a sheet structure. It is observed that if an active 

electron delocalization within a chelate ring is present it would exhibit some degree 

ofmetalloaromaticity [29]. The delocalized charge in the chelate ring forms an unusual 

intramolecular C-H···π interaction with the hydrogen of the pyridine ring (Fig.2.4.4) having 

distances of 3.592 and 2.481 Å [30-32].  
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Fig.2.4.3 Ortep plot of [Zn(ecpzdtc)2(py)](3) showing atomic numbering scheme 

with ellipsoid of 30 % probability 

 

Fig.2.4.4C-H···S and C-H···π interaction in complex 3 

Crystal structure description of[Cd(ecpzdtc)2(py)]·H2O (4) 

Fig.2.4.5 shows an ORTEP diagram of the complex [Cd(ecpzdtc)2(py)]·H2O (4)together 

with the atom numbering scheme which contains a pair of ligands coordinated by four sulfur and 

one pyridine.The structural refinement data related to complex 4 are listed in Table 2.5.1 and the 

selected bond distances and bond angles are listed in Table 2.5.2.The sulfur donor sites of the 

two mononegative bidentate carbodithioate ligands chelate the Cd(II) center to form a four-

membered CS2Cd ring. Since the geometric parameter tau is 0.03, therefore the environment 

around the metal atoms may be described as a square pyramidal with bond  angles; S(2)-Cd-N(5) 

(97.84°),  S(2)-Cd-S(3) (163.88°), S(3)-Cd-N(5) (98.27°) and S(1)-Cd-S(4) (165.47°). The 

average bond lengths C1-S1= 1.712(7), C1-S2= 1.728(10), C9-S3 = 1.699(9) and C9-S4= 1.715 

(8) Å, are normal as found for carbodithioate complexes. The bond distances forCd-S are 2.615 
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(3), 2.616(19), 2.672(2) and2.567(2) Å, which are comparable to the bond lengthsreported for 

[Cd2{S2CN(CH2)5}4] [33], [Cd(pipdtc)2(bipy)] and  [Cd(pipdtc)2(1,10-phen)] [34]. In the 

complex the chelate rings and the piperazine rings make adihedral angle of 28.31º. Both metal 

chelate rings present in complex 4 exhibit some degree ofmetalloaromaticity [29] as indicated by 

C-H···π interactions between the hydrogen atom of pyridine and π electron of the chelate ring 

(Fig.2.4.6). The H···Cg and C···Cg distances found for the complex 4 are 3.745-3.757 and 

3.800-3.966 Å, respectively supporting C-H···π interactions which is playing a role in stabilizing 

the structure of the complex 4. Further stabilization of the complex is provided by C-H···S 

interaction between dithio sulfur atoms and hydrogen atoms of piperazine ring and also by C-

H···O interactions between carbonyl oxygen and piperazine ring hydrogen which lead to the 

formation of symmetrical linear chain structure (Fig.2.4.7). 

Table 2.5.1 Crystallographic data and structure refinement for 2, 3 and 4 

Parameters 2 3 4 

Empirical Formula C24H39N6CoO6S6 C21H31N5ZnO4S4 C21H33N5CdO5S4 

Formula weight 758.96 611.18 676.21 

Temp, K 293(2) 293(2) 293(2) 

λ (Å) 0.71073 0.71073 0.71073 

Crystal system Monoclinic Triclinic Triclinic 

Space group C 2/c P-1 P-1 

a (Å) 26.4195(18) 8.953(5) 9.7139(12) 

b (Å) 12.1386(5) 12.630(5) 11.790(2) 

c (Å) 25.3035(16) 14.116(5) 14.5390(14) 

 (º) 90 100.541(5) 98.427(11) 

β (º) 113.444(8) 106.637(5) 98.291(9) 

 (º) 90 108.116(5) 111.370(15) 

V (Å
3
) 7444.8(8) 1387.2(11) 1498.1(4) 

Z 8 2 2 

ρ calcd (g/cm
3
) 1.354 1.463 1.499 

μ (mm
-1

) 0.840 1.222 1.045 

F(000) 3168 696.0 692 

Crystal size (mm) 0.30 x 0.27 x 0.25 0.27 x 0.25 x 0.23 0.25 x 0.23 x 0.21 

θ range for data collection  (º) 2.21 - 28.81 2.48 –29.00 2.34 – 29.01 

Index ranges -35 ≤ h ≤ 29 
-16 ≤ k ≤ 15 
-34 ≤ l ≤ 34 

-12 ≤ h ≤ 8 
-17 ≤ k ≤ 16 
-19 ≤  l ≤ 18 

-13 ≤  h ≤  13 
-16 ≤  h  ≤  8 
-19 ≤  h  ≤ 14 

No of reflections collected 16075 10510 7968 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

74 

 

No of independent reflections(Rint) 16075 (0.0287) 4276 7968(0.0205) 

Number  of data/ restraints/parameters 9736/ 0/ 389 6198/ 2/ 297 7968 / 0/ 328 

Goodness-of-fit on F
2
 1.090 1.076 1.047 

R1, wR2
 a,b

[(I>2σ(I))] 0.0703, 0.2041 0.0640, 0.1987 0.0710, 0.2385 

R1, wR2
a,b 

(all data) 0.1115, 0.2270 0.0860, 0.2107 0.1011, 0.2575 

Largest difference in peak and hole (e.Å
-3

) 2.685 and -0.341 2.033 and -0.887 2.394 and -0.878 
a
 R1 = Σ||Fo| – |Fc||Σ|Fo|.    

b
R2 = [Σw(|F

2
o| – |F

2
c|)

2
/Σw|F

2
o|

2
]

1/2 
. 

 

Fig.2.4.5 Ortep plot of [Cd(ecpzdtc)2(py)]·H2O showing atomic numbering scheme 

with ellipsoid of 30 % probability 

 

 

Fig.2.4.6C-H···S and C-H···π interactions in complex 4 
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Fig.2.4.7C-H···S and C-H···O interaction leading a supramolecular architecture in 

complex 4 

Table 2.5.2 Selected bond lengths (Å) and angles (
o
) for complexes 2,3 and4 

2 3 4 

Co-S(1) 2.2732(15) Zn-N(5) 2.069(4) Cd-N(5) 2.385(9) 

Co-S(2) 2.2766(15) Zn-S(1) 2.5251(13) Cd-S(1) 2.615(3) 

Co-S(3) 2.2645(15) Zn-S(2) 2.3770(15) Cd-S(2) 2.6160(19) 

Co-S(4) 2.2880(14) Zn-S(3) 2.4080(16) Cd-S(3) 2.672(2) 

Co-S(5) 2.2692(15) Zn-S(4) 2.4924(15) Cd-S(4) 2.567(2) 

Co-S(6) 2.2835(16) C(8)-N(2) 1.313(6) C(1)-N(1) 1.354(11) 

N(1)-C(1) 1.319(7) C(16)-N(3) 1.326(7) C(9)-N(3) 1.343(10) 

N(3)-C(9) 1.329(6) C(8)-S(1) 1.722(5) C(1)-S(1) 1.712(7) 

N(5)-C(17) 1.337(7) C(8)-S(2) 1.731(4) C(1)-S(2) 1.728(10) 

C(1)-S(1) 1.713(5) C(16)-S(3) 1.695(5) C(9)-S(3) 1.699(9) 

C(1)-S(2) 1.718(6) C(16)-S(4) 1.707(6) C(9)-S(4) 1.715(8) 

C(9)-S(3) 1.703(5)     

C(9)-S(4) 1.722(5) N(5)-Zn-S(1) 95.59(10) N(5)-Cd-S(1) 91.5(2) 

C(17)-S(5) 1.704(6) N(5)-Zn-S(2) 110.98(11) N(5)-Cd-S(2) 97.84(18) 

C(17)-S(6) 1.710(5) N(5)-Zn-S(3) 111.38(11) N(5)-Cd-S(3) 98.26(18) 

  N(5)-Zn-S(4) 97.37(11) N(5)-Cd-S(4) 103.0(2) 

S(1)-Co-S(2) 76.55(5) S(2)-Zn-S(3) 137.59(6) S(2)-Cd-S(3) 163.88(9) 

S(3)-Co-S(4) 76.42(5) S(2)-Zn-S(4) 103.05(6) S(2)-Cd-S(4) 107.78(7) 

S(5)-Co-S(6) 76.44(5) S(3)-Zn-S(4) 73.48(5) S(3)-Cd-S(4) 68.91(7) 

S(1)-Co-S(3) 92.44(6) S(2)-Zn-S(1) 73.68(5) S(2)-Cd-S(1) 69.36(7) 
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S(1)-Co-S(4) 165.74(6) S(3)-Zn-S(1) 100.15(5) S(3)-Cd-S(1) 109.65(8) 

S(1)-Co-S(5) 96.76(6) S(4)-Zn-S(1) 166.94(5) S(4)-Cd-S(1) 165.47(9) 

S(1)-Co-S(6) 94.78(6) C(8)-S(1)-Zn 82.44(15) C(1)-S(1)-Cd 85.6(3) 

S(2)-Co-S(3) 98.04(6) C(8)-S(2)-Zn 86.88(16) C(1)-S(2)-Cd 85.2(2) 

S(2)-Co-S(4) 95.96(5) C(16)-S(4)-Zn 82.19(18) C(9)-S(4)-Cd 86.6(3) 

S(2)-Co-S(5) 167.81(6) C(16)-S(3)-Zn 85.07(19) C(9)-S(3)-Cd 83.6(2) 

S(2)-Co-S(6) 93.79(6) S(3)-C(16)-S(4) 119.1(3) S(3)-C(9)-S(4) 120.6(4) 

S(3)-Co-S(5) 92.36(6) S(1)-C(8)-S(2) 116.8(3) S(1)-C(1)-S(2) 119.8(5) 

S(3)-Co-S(6) 167.30(6) N(3)-C(16)-S(3) 120.6(4) N(3)-C(9)-S(3) 119.8(6) 

S(4)-Co-S(5) 92.64(6) N(3)-C(16)-S(4) 120.2(4) N(3)-C(9)-S(4) 119.6(7) 

S(4)-Co-S(6) 97.84(6)     

 

Conclusion 

This chapter report the synthesis of a new ligand sodium 1-ethoxycarbonyl-piperazine-4-

carbodithioate [Na
+
(ecpzdtc)

-
] (1)and its [Co(ecpzdtc)3] (2) [Zn(ecpzdtc)2(py)] (2) and 

[Cd(ecpzdtc)2(py)]·H2O (4) complexes.  In the presence of carbodithioate ligand, Co(II) is 

converted to Co(III) by aerial oxidation forming a distorted octahedral tris carbodithioate Co(III) 

complex. Four coordinate bis carbodithioate complexes of Zn(II) and Cd(II) further react with 

pyridine forming five coordinate ternary complexes. The zinc complex is almost half way 

between trigonal bipyramidal and square pyramidal, whereas the cadmium complex is square 

pyramidal.The crystal structures of complexes 2, 3, and 4 are stabilized by various types of 

intermolecular and intramolecular hydrogen bonding. Furthermore, the complexes 3 and 4 are 

also stabilized by C-H···π interactions between the hydrogen atom of pyridine and π electron of 

the chelate ring. 

 

 

 

 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

77 

 

References 

[1] Hogarth, G., Transition metal dithiocarbamates,Prog. Inorg. Chem., 53, 71-561, 2005. 

[2] Fujii, S. and Yoshimura, T., A new trend in iron-dithiocarbamate complexes: as an 

endogenous NO trapping agent, Coord. Chem. Rev., 198, 89-99, 2000. 

[3] Cox, M.J. and Tiekink, E.R.T., The diverse coordination patterns in the structures of zinc, 

cadmium and mercury bis-(1,1-dithiolates), Rev. Inorg. Chem., 17, 1-23, 1997.  

[4] Marcheselli, L.,  Preti, C.,  Tagliazucchi, M., Cherchi, V., Sindellari, L., Furlani, A., 

Papaioannou, A. and Scarcia, V.,Synthesis, characterization and evaluation of biological 

activity of palladium (II) and platinum (II) complexes with dithiocarbamic acids and their 

derivatives as ligands,Eur. J. Med. Chem., 28, 347-352, 1993. 

[5] Becker, R. and Knorr, A., An evaluation of antioxidants for vegetable oils at elevated 

temperatures, Lubr. Sci., 8, 95-117, 1996. 

[6] Lishaut, H. V. and Schwack, W., Selective Trace Determination of Dithiocarbamate 

Fungicides in Fruits and Vegetables by Reversed-Phase Ion-Pair Liquid Chromatography 

with Ultraviolet and Electrochemical Detection, J. AOAC Int., 83, 720-727, 2000. 

[7] Dogheim, S.M.,  Alla, S.A.G.,  El-Marsafy, A.M. and Fahmy, S., Monitoring pesticide 

residues in Egyptian fruits and vegetables in 1995, J. AOAC Int. 82 , 948-955, 1999. 

[8] Malik, A.K. and Faubel, W., Methods of analysis of dithiocarbamate pesticides: a review, 

Pestic. Sci., 55, 965-970, 1999. 

[9] Humeres, E., Debacher, N.A. and Sierra, M.M. de S., Mechanisms of Acid 

Decomposition of Dithiocarbamates. 2. Efficiency of the Intramolecular General Acid 

Catalysis, J. Org. Chem., 64, 1807-1813, 1999. 

[10] O‟Brien, P. and Nomura, R., Single-molecule precursor chemistry for the deposition of 

chalcogenide (S or Se)-containing compound semiconductors by MOCVD and related 

methods, J. Mater. Chem., 5, 1761-1773, 1995. 

[11] Yan, P., Xie, Y., Qian, Y. and Liu, X., A cluster growth route to quantum-confined CdS 

nanowires, Chem. Commun., 1293-1294, 1999. 

[12] Tomlin, D.W., Cooper, T.M., Zelmon, D.E., Gebeyehu, Z. and Hughes, Cadmium 

isopropylxanthate, J.M., Acta Cryst.Sect., C55, 717-719, 1999. 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

78 

 

[13] Ivanov, A.V., Lutsenko, I.A. and Forsling, W., Bis(dimethyldithio carbamato)(pyridine) 

zinc(II) and copper(II)and Their Benzene Solvates: EPR and Solid-State Natural 

Abundance (
13

C, 
15

N) CP/MAS NMR, Russ. J. Coord. Chem., 28, 57-63, 2002. 

[14] McMurray, C.T. and Tainer, J.A., Cancer, cadmium and genome integrity, Nat. Genet., 

34, 239- 241, 2003. 

[15] Shinobu, L.A., Jones, S.G. and Jones, M.M., Sodium N-methyl-D-glucamine 

dithiocarbamate and cadmium intoxication, Acta Pharmacol. Et.Toxicol., 54, 189, 1984. 

[16] Jones, M.M. and Cherian, M.G., The search for chelate antagonists for chronic cadmium 

intoxication, Toxicology 62, 1-25, 1990. 

[17] Sheldrick, G.M., A short history of SHELX, Acta Cryst., A64, 112-122, 2008. 

[18] Farrugia, L.J., ORTEP-3 for Windows, a version of ORTEP-III with a graphical user 

interface (GUI), J. Appl. Cryst. 30, 565, 1997. 

[19] Bruno, I.J., Cole, J.C., Edgington, P.R., Kessler, M., Macrae, C.F., McCabe, P., Pearson, 

J. and Taylor, R., New software for searching the Cambridge Structural Database and 

visualizing crystal structure, Acta Cryst., Sec., B58, 389-397, 2002. 

[20] Nakamoto, K., Infrared and Raman Spectra of Inorganic and Coordination Compounds, 

fourth ed., Wiley Inter Science, New York, 1986. 

[21] Srinivasan, N., Thirumaran, S. and Ciattini, S., Effect of position of methyl substituent 

in piperidinedithiocarbamate on the ZnS4N chromophore: Synthesis, spectral, valence-

bond parameters and single crystal X-ray structural studies on bis-(2-

methylpiperidinecarbodithioato-S,S')-(pyridine)zinc(II) and bis-(4-

methylpiperidinecarbodithioato-S,S')(pyridine)zinc(II)., J. Mol.Struct., 936, 234-238, 

2009. 

[22] Lever, A.B.P., Inorganic Electronic Spectroscopy, second ed., Elsevier, Amsterdam, 

862, 1984. 

[23] Hogarth, G., Rainford-Brent, E.-J.C.-R.C.R., Kabir, S.E., Richards, I., Wilton-Ely, 

J.D.E.T. and Zhang, Q., Functionalised dithiocarbamate complexes: Synthesis and 

molecular structures of 2-diethylaminoethyl and 3-dimethylaminopropyl dithiocarbamate 

complexes [M{S2CN(CH2CH2NEt2)2}n] and [M{S2CN(CH2CH2CH2NMe2)2}n] (n = 2, 

M = Ni, Cu, Zn, Pd; n = 3, M= Co), Inorg.Chim.Acta, 362, 2020-2026, 2009. 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

79 

 

[24] Dilworth, J. R., Hyde, J., Lyford, P., Vella, P., Venkatasubramaman, K. and Zubieta, 

Preparation and Crystal and Molecular Structure of atris-(thiobenzoy1diazene) 

molybdenum Complex: An Example of DistortedTrigonal-Prismatic Coordination, J.A., 

Inorg. Chem., 18, 268-274, 1979. 

[25] Addison, A.W. and Rao, T.N., Reedijk, J., Rijn, J.V. and Verschoor, G. C.,Synthesis, 

structure, and spectroscopic properties of copper(II) compounds containing nitrogen-

sulfur donor ligands; the crystal and molecular structure of aqua[1,7-bis(N-

methylbenzimidazol-2′-yl)-2,6-dithiaheptane]copper(II) perchlorate, J. Chem.Soc. Dalton 

Trans., 1349-1356, 1984. 

[26] Thirumaran, S., Ramalingam, K., Bocelli, G. and Cantoni, A., Electron density 

distribution studies on ZnS4N2 chromophore in solution and solid phases: XPS and cyclic 

voltammetric studies on 1,10-phenanthroline and 2,2'-bipyridine adducts of 

bis(piperidinecarbodithioato-S,S')zinc(II), Single crystal X-ray structure of (2,2'-

bipyridine)bis-(piperidinecarbodithioato-S,S')zinc(II), Polyhedron,18, 925-930, 1999. 

[27] Srinivasan, N., Thirumaran, S. and Ciattini, S., Effect of phenyl and benzyl group in 

heterocyclic dithiocarbamates on the ZnS4Nchromophore: Synthesis, spectral, valence-

bond parameters and single crystal X-raystructural studies on (pyridine)bis(1,2,3,4-

tetrahydroquinolinedithiocarbamato)-zinc(II) and (pyridine)bis(1,2,3,4-

tetrahydroisoquinolinedithiocarbamato)zinc(II), J.Mol. Struct.,  921, 63-67, 2009. 

[28] Darensbourg, D. J., Adams, M. J. and Yarbrough, J. C., Synthesis, characterization and 

crystal structure of a zinc bis-dithiocarboxylate derivative, Inorg. Chem. Commun., 5, 38-

41, 2002. 

[29] Masui, H., Metalloaromaticity, Coord. Chem. Rev., 219, 957-992, 2001. 

[30] Bogdanovic, G. A.,  Bire, A. S.-De and Zaric, S. D., Evidence Based on Crystal 

Structures and Calculations of a C-H···π Interaction Between an Organic Moiety and a 

Chelate Ring in Transition Metal Complexes,  Eur. J. Inorg. Chem., 1599-1602, 2002. 

[31] Tomic, Z. D. , Leovac, V.M. , Pokorni, S.V., Zobel, D. and Zaric, S.D., Crystal 

Structure of Bis [acetone-1-naphthoylhydrazinato(-1)]copper(II) andInvestigations of 

Intermolecular Interactions, Eur. J.Inorg. Chem., 1222-1226,  2003. 

[32] Zaric, S.D., Metal Ligand Aromatic Cation-π Interactions,  Eur. J. Inorg. Chem., 2197-

2209, 2003. 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

80 

 

[33] Ivanov, A.V., Gerasimenko, A.V., Konzelko, A.A., Ivanov, M.A., Antzutkin, O. N. and 

Forsling, W., Conformational isomerism of the binuclearN,N-

pentamethylenedithiocarbamate cadmium(II)complex, [Cd2{S2CN(CH2)5}4] on 

multinuclear (
15

N,
113

Cd)CP/MAS NMR and single-crystal X-ray diffraction data, Inorg. 

Chimi. Acta, 359, 3855-3864, 2006. 

[34] Thirumaran, S., Ramalingam, K., Bocelli, G. and  Righi, L., XPS, single crystal X-ray 

diffraction and cyclic voltammetricstudies on 1,10-phenanthroline and 2,2'-bipyridine 

adducts ofbis(piperidinecarbodithioato-S,S')cadmium(II) with CdS4N2 environment-A 

stereochemical and electronic distribution investigation, Polyhedron, 28, 263-268, 2009 

 

 

 

 

 

 

 

 

 

 

 

 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

81 

 

 

CHAPTER- 3 

Syntheses, spectral and structural characterization of Ni(II) and 

Cu(II) complexes of 5-o-tolyl-1,3,4-oxadiazole-2-thione containing 

ethylenediamine 

 

Introduction 

1,3,4-Oxadiazoles and their complexes have attracted much attention because of their 

biological applications. Several 1,3,4-oxadiazole derivatives exhibit analgesic [1],muscle 

relaxant [2], tranquilizing [3],antiproteolytic, anticonvulsive, anti-inflammatory [4] and 

antifungal activities [5]. The cyclization of N-aroyldithiocarbazates and their esters to 1,3,4-

oxadiazoles in the presence of a base is reported in the literature [6-7]. Several other methods are 

also available for the synthesis of oxadiazoles from acyclic precursors which include oxidative 

cyclization of acylhydrazones [8], acylthiourea [9-11], and acylthiosemicarbazides [12-15]. 

1,3,4-Oxadiazole-2-thiones represent an important type of compounds in the field of 

coordination chemistry because of their potential multifunctional donar sites viz either exocyclic 

sulfur or endocyclic nitrogen. There has been a considerable interest in the coordination 

polymers of 1,3,4-oxadiazole-2-thiones due to their interesting role in supramolecular chemistry 

and crystal engineering [16]. These types of metal-organic framework with intriguing network 

structures find potential applications in gas storage [17] and photoluminescence [18]. Recently, 

pyridyl oxadiazoles have been systematically explored for their potentials as promising bridging 

ligands in coordination polymer chemistry [19,20]. Because of the presence of electronegative 

elements viz O, N and S in 5-aryl-1,3,4-oxadiazole-2-thiones and amine  of methylene hydrogens 

in ethylenediamine, the mixed ligands complexes of this system are expected to form extensive 

intermolecular and intramolecular hydrogen bonding leading to supramolecular architecture 

[21,22]. Aromatic-aromatic or π-π interactions are important non-covalent intermolecular forces 
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similar to hydrogen bonding. They can contribute self-assembly or molecular recognition 

processes when extended structures are formed from building blocks with aromatic moieties. The 

π-π interactions range from large biological systems to relatively small molecules and the π-π 

stacking is of fundamental importance for the further development of inorganic supramolecular 

chemistry and the tuning and prediction of crystal structures. Due to the presence of aromatic 

ring in the ligand under investigation, such π-π stacking is envisaged in the present system [23]. 

The design and assembly of supramolecular architectures with variable cavities or channels are 

currently of great interest owing to their novel topologies [20]. A few papers are available on the 

metal complexes of 5-phenyl-1,3,4-oxadiazole-2-thione [24,21], 5-(4-pyridyl)-1,3,4-oxadiazole-

2-thione [16,17,19,20, 25,26], 5-(3-pyridyl)-1,3,4-oxadiazole-2-thione [22]  and 5-(2-pyridyl)-

1,3,4-oxadiazole-2-thione [18]. 

 

 

 

 

Fig. 3.1PotassiumN'-(2-methyl-benzoyl)-hydrazine-carbodithioate 

Experimental 

Preparation of potassium N'-(2-methyl-benzoyl)-hydrazine-carbodithioate [K
+
(H2L)

-
] 

The preparations of potassiumN'-(2-methyl-benzoyl)-hydrazine-carbodithioate (Fig.3.1) 

is described in Chapter 1. 

 Preparation of the complexes: 

Synthesis of [Ni(en)2(tot)2] (1) 

A solution of [K
+
(H2L)

-
] (0.264g, 1 mmol) in EtOH (15 mL) was added to a methanolic 

solution (10 mL) of Ni(OAc)2·4H2O (0.124g, 0.5 mmol). After stirring the mixture magnetically 

for 2 h at room temperature the precipitated product was filtered off, washed twice with MeOH 
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and dried. The above precipitate was added to the ethanolic solution of ethylenediamine and 

stirred for 1h.The solution was filtered off and kept for crystallization. After 10 days, pink 

crystals suitable for X-ray crystallographic study were obtained.Yield: 62%, M.p. 241ºC.  

Synthesis of [Cu(en)2](tot)2 (2) 

A solution of [K
+
(H2L)

-
] (0.264 g, 1 mmol) in EtOH (10 mL) was added to a methanolic 

solution (10 mL) of Cu(OAc)2·H2O (0.100g, 0.5 mmol). After stirring the mixture magnetically 

for 2 h at room temperature the precipitated product was filtered off, washed twice with MeOH 

and dried. The above precipitate was added to the ethanolic solution of ethylenediamine and 

stirred for 1h. The resulting clear solution of 2 was filtered off and kept for crystallization. After 

15 days, green crystals suitable for X-ray crystallographic study were obtained. Yield: 75%, M.p. 

175 ºC.  A simple Scheme 3.1 for the syntheses of Ni(II) and Cu(II) complexes with [K
+
(H2L)

-
] 

is given below: 

N
H

O

NH2

N
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N SK

S

N

N
O
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[Cu(en)2](tot)2 (2)

 

Scheme 3.1 Preparation of the ligand and the complexes 
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Analyses and physical measurements 

The details about the analyses and physical measurements are given in Chapter 1. 

Crystal structure determination and structure refinement 

Crystals suitable for  X-ray analyses of the complexes [Ni(en)2(tot)2] (1) and 

[Cu(en)2](tot)2 (2) were grown at room temperature. Preliminary examination and intensity data 

were collected on an Oxford Gemini diffractometer equipped with a CrysAlis CCD software 

using a graphite mono-chromated Mo Kα (λ= 0.71073 Å) radiation sourceat 150(2) and 120(2) K 

for 1 and 2, respectively [27]. The MERCURYpackage was used for molecular graphics [28]. 

The structure was solved by direct methods (SHELXL-08) and refined against all data by full 

matrix least-square on F
2
 using anisotropic displacement parameters for all non-hydrogen atoms. 

All hydrogen atoms were included in the refinement at geometrically ideal position and refined 

with a riding model [29]. Crystal structure diagrams were generated by use of the ORTEP-3 for 

windows program [30]. 

Results and discussion 

Ethanolic solutions of  Ni(OAc)2·4H2O and Cu(OAc)2·H2O react with  [K
+
(H2L)

-
] to give 

yellow and brown precipitates respectively which dissolved in ethanolic solutions of  en to form 

[Ni(en)2(tot)2] and [Cu(en)2](tot)2 in good yield. The complexes are air stable, non-hygroscopic 

shiny crystalline solids, which are insoluble in common organic solvents but soluble in DMF and 

DMSO. Analytical data and physical properties of the ligand and complexes are given in Table 

3.1. 

Table 3.1Analytical data and physical properties of the ligand and complexes 

Compound F.W Color/ 

Yield (%) 

M.p. 

(ºC) 

Found (Calcd) % 

C H N 

[K
+
(H2L)

-
] 264.40 White/68 242 40.70 (40.89) 3.41 (3.43) 10.54 (10.60) 

[Ni(en)2(tot)2] 561.37 Pink/62 241 46.95 (47.02) 5.29 (5.38) 20.05 (19.95) 
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[Cu(en)2](tot)2 566.20 Green/75 175 46.48 (46.62) 5.25 (5.34) 19.85 (19.78) 

IR spectra 

The IR spectrum of K
+
(H2L)

-
 is expected to give rise to characteristic bands due to 

ν(NH), ν(C=O), thioamide I, thioamide II, ν(C=S) and ν(N-N), which occur at 3256, 1638, 1472, 

943 and 1053 cm
-1

respectively. A comparative study of the IR spectra of compounds 1 and 2 

with that of [K
+
(H2L)

-
]  indicates  that the characteristic bands due to the -C(O)NHNHC(S)- 

moiety, mainly ν(N-H) (hydrazinic) and ν(C=O), are  found absent [Table 3.2]. Further the 

disappearance of above bands related to ν(N-H) and ν(C=O) and appearance of new bands at 

1597-1591 cm
-1 

(endocyclic C=N), 1408-1379 cm
-1 

 for νas(C-O-C) and 1333-1276 cm
-1 

 for νs(C-

O-C) cm
-1

, suggest cyclization of the acyclic dithiocarbazate moiety. The IR data are thus 

consisted with the presence of a 1,3,4-oxadiazole moiety [31]. A negative shift of 77 cm
-1 

in 

ν(C=S) in complex (2) indicates conversion of C=S bond to C-S.  In the complex (1), ν(C=S) 

shows a very little negative shift showing that the exocyclic sulfur is not participating in bonding 

but can be attributed to the involvement of sulfur in hydrogen bonding with NH2 hydrogen of 

ethylenediamine (Figs.3.2.1 - 3.2.3). The absorptions appearing in the region 3330-3135 cm
-1

due 

to NH stretching vibrations of en are found to be shifted to lower frequency than those 

encountered in free en due to the presence of N-H···S and N-H···N hydrogen bonding in 1 and 2 

[32]. The appearance of a new band at 538 and 596 cm
-1 

in complexes 1 and 2, respectively, 

suggests the formation of a metal-nitrogen bond in both complexes. 

Table 3.2 IR spectral bands (cm
-1

) and their assignments for [K
+
(H2L)

-
] and 

complexes 1 and 2 

Compound ν(N-H) ν(C=N) ν(N-N) ν(C=S) ν (M-N) 

[K
+
(H2L)

-
] 3256 1565 1119 1015 - 

[Ni(en)2(tot)2] 3330 1591 1126 990 517 

[Cu(en)2](tot)2 3259 1597 1114 938 538 
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Fig. 3.2.2IR spectrum of Ni(en)2(tot)2 

Electronic spectra and magnetic moments:  

[Ni(en)2(tot)2] shows a magnetic moment of 2.83 B.M., which indicates the presence of 

two unpaired electrons. The presence of two broad d-d bands at 769 and 514 nm assigned to the 

3
A2g(F) →

 3
T2g(F), 

3
T1g(F) transitions respectively suggests an octahedral geometry for the 

complex  [33]. Two other high energy bands observed at 326 and 262 nm may be due to charge 

transfer/intraligand transitions. The magnetic moment of 1.78 B.M. for [Cu(en)2](tot)2 shows the 

presence of  one unpaired electron. A broad band around 540 nm assigned to the envelope of the 

2
B1g → 

2
A1g, 

2
B2g, 

2
Eg transitions suggests a square planar geometry for the complex 2 [36]. 

Other two high energy bands at 253 and 222 nm may be due to charge transfer/ intraligand 

transition [Table 3.3]. 
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Fig. 3.2.3IR spectrum of [Cu(en)2](tot)2 

Table 3.3Magnetic moments, electronic spectral bands and their assignments for 

complexes 1 and 2 

Compound µeff (B.M) Band maxima(nm) Assignment Geometry 

[Ni(en)2(tot)2] 2.83 769, 514, 402, 326, 262 
3
A2g(F) →

 3
T2g(F), 

3
T1g(F) Oh 

[Cu(en)2](tot)2 1.78 540, 253, 222 
2
B1g → 

2
A1g,

2
B2g,

2
Eg Oh 

 

1
H and 

13
C NMR spectra:    

The 
1
H NMRspectrum of [K

+
(H2L)

-
]  in DMSO-d6 shows signals at δ 9.98 and δ 2.4 for 

two NH  and three CH3 protons respectively [Fig.3.4.1]. The toluene ring protons appear at 7.20, 

7.30, 7.43, 7.60 (4H toluene ring).
13

C NMR (DMSO-d6; δ ppm) signals at 204 (C=S), 170.83 

(C=O), 134.93 (C3), 136.18 (C4), 19.54 (C5), 129.62 (C6), 130.47 (C7), 125.37 (C8) and 127.62 

(C9) ppm suggest the presence of dithiocarbazate moiety in the [K
+
(H2L)

-
] [Fig.3.4.2]. 

Crystal structure descriptions of complexes 1 and 2  
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Molecular structures of 1 and 2 were determined crystallographically. The details of data 

collection, structure solution and refinement are listed in Table 3.4.The Ortep diagram of 

complex 1 with atomic numbering scheme is shown in Fig.3.5.1. The important geometrical 

parameters are presented in Table 3.5. The crystal structure of 1 shows a distorted octahedral 

geometry due to the coordination of two (tot)
-
 ligand units and two bidentate ethylenediamine 

which act as co-ligand. The monomeric unit of [Ni(en)2(tot)2] is centrosymmetric around nickel 

atom situated on the inversion center.  

In complex 1 the coordination environment is fulfilled by two axial (tot)
- 
anions at trans 

positions bonded through nitrogen of oxadiazole ring and the four equatorial sites are occupied 

by two bidentate N, N'-ethylenediamine coligands. The bonding of the en ligands through Ni-

N(3) and Ni-N(4) have distances of 2.093(3) and 2.079(3) Å respectively. The formation of two 

five membered chelate rings C2N2Ni with bite angle of 83.41(11) º, represent a slight deviation 

from the octahedral geometry.The geometry and bonding parameters within the en molecule 

agree with those of related compounds, e.g. Ni [trans (L)2 (en)2] {L= N- (5-chlorouracilato)} 

[34], isothiocyanato [35] and salicylato [36]. Almost planar (tot
−
) ligands in complex 1 bonded to 

Ni(II) and designated as Ni-N(1)#1 = Ni-N(1) 2.091(3) Å are significantly lengthened in 

comparison to the Ni-N bond lengths of 1.907(3) and 1.895(4) Å reported for [Ni{ŋ
5
-(2-

dimethylaminoethyl) cyclopentadienyl} (pti)]0.5(C7H8) [37], [Ni{ŋ
5
-1-methylindene)(pti)(PPh3)] 

[38], {pti = phthalimidate} respectively, but comparable to those of ca. 2.1090(14) and 2.1150 Å 

encountered in the related compounds [Ni(en)2(3-pyt)2] {(3-pyt) = 5-(3-pyridyl)-1,3,4-

oxadiazole-2-thione} [22].The hydrogen bonding parameters of complexes 1 and 2 are given in 

Table 3.6 and 3.7. Weak intermolecular N-H···S interaction [Fig.3.5.2] between thione sulfur 

and NH2 hydrogen atoms of en and weak intra molecular N-H···N interactions between 

oxadiazole nitrogen and NH2 hydrogen atoms of en molecule   stabilize the structure of 

compound 1. 

The arrangement of monomeric [Ni(en)2(tot)2] units in three dimensional architecture 

along a axis provide  supramolecular network (Fig.3.5.2).  In addition, the monomeric 

[Ni(en)2(tot)2]units are held together through N-H···S intermolecular hydrogen bonding, leading 

to the formation of wave-like metal-organic chains along the c axis (Fig.3.5.3). 
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Fig.3.4.1
1
H NMR spectrum of [K

+
(H2L)

-
] 

 

Fig.3.4.2
13

C NMR spectrum of [K
+
(H2L)

-
] 
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The Ortep diagram of complex 2 with atomic numbering scheme is shown in Fig.3.6.1. 

The molecular structure of 2 shows thatin the centrosymmetric unit of [Cu(en)2](tot)2, metal ion 

has a square planar geometry where each Cu(II) is bonded with four symmetry related N-atoms 

of two en molecules and is ionically linked via thiolato sulfur atoms of two (tot)
−
 anions. Thus 

the complex consists of two ethylenediamine molecules which chelate Cu(II) and two ionically 

bonded 1,3,4-oxadiazole-2-thiolato anions. The Cu-N distances of 2.014(4) and 2.031(4) Å are 

normal for the Cu-N amine coordination [39,40].  

The bite angle for the CuC2N4 five membered ring is 84.49(15) º indicating distortion 

from a regular square planar geometry.Similar geometrical parameters for the coordination 

sphere have been reported for other diaquabis(ethylenediamine)Cu(II) salts [39-40]. Each 

[Cu(en)2]
2+

 forms a pair of  intermolecular Cu···S interaction with a distance of 2.961Å which is 

well within the distance of 3.2 Å for the sum of van der Waals' radii of Cu and S [41] and greater 

than Cu-S covalent bond [42]. The different bonding behavior of nickel(II) and copper(II) may 

be related to the Jahn-Teller distortion in [Cu(en)2] (tot)2 which leads to a square planar 

geometry.The Cu(II) in D2h symmetry is bonded to four nitrogen atoms of two en molecules. The 

hydrogen atoms of en are involved in the formation of hydrogen bonding with oxadiazole 

nitrogen atoms. The elements of the structure are joined to each other in the crystal packing by 

means of an extended system of H-bonding and weak π-π interactions (between toluene rings 

(Cgtol) of adjacent layers with a distance of 3.678 Å) (Fig.3.6.2). In the solid state the complex is 

stabilized via intermolecular N-H···N and N-H···S interactions between oxadiazole nitrogens, 

thiol sulfur and NH2 hydrogen atoms of en. The above observed π-π interactions, intermolecular 

and intramolecular hydrogen bondings have stabilized the molecular crystal packing. 

Table 3.4 Crystallographic and structure refinement data for 1 and 2 

Compound 1 2 

Empirical formula C22H30N8NiO2S2 C22H30N8CuO2S2 

Formula weight 561.37 566.20 

T ( K) 150(2) 120(2) 

λ (Mo Kα) (Å) 0.71073 0.71073 
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Crystal System Monoclinic  Triclinic 

Space group P 21/c P -1 

a (Å) 11.157(3) 6.9792(17) 

b (Å) 10.3194(18) 7.221(2) 

c (Å) 12.127(3) 13.356(3) 

α (º) 90 92.21(2) 

β (º) 115.74(3) 93.223(18) 

γ (º) 90 112.48(3) 

V, (Å
3
) 1257.7(5) 619.7(3) 

Z 2   1 

ρ calcd (g/cm
3
) 1.482 1.517 

μ (mm
-1

) 0.974 1.087 

Crystal size (mm
3
) 0.23 x 0.18 x 0.15 0.23 x 0.18 x 0.15 

No. of reflections collected 9280 5207 

No. of independent reflections 2207 2187 

Goodness-of-fit on F
2
 1.039 1.124 

R1,
a
 wR2

b
 [(I>2σ(I))] 0.0431, 0.0882 0.0564, 0.1548 

R1,
a
 wR2

b 
(all data) 0.0642, 0.0941 0.0796, 0.1733  

a
R1 = Σ||Fo| – |Fc||Σ|Fo|    

b
R2 = [Σw(|F

2
o| – |F

2
c|)

2
/Σw|F

2
o|

2
]

1/2 

 

 

 

Fig.3.5.1. Ortep plot of Ni(en)2(tot)2 
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Fig.3.5.2. Crystal packing of [Ni(en)2(tot)2] showing N-H···S intermolecular 

hydrogen bonding 

Table 3.5 Selected bond lengths (Å) and bond angles (º) for 1 and 2 

Ni(1)-N(4)#1                   2.079(3) Cu(1)-N(1)#1                   2.014(4) 

Ni(1)-N(1)#1                                     2.091(3) Cu(1)-N(2)#1                   2.031(4) 

Ni(1)-N(3)#1                   2.093(3) N(1)-C(1) 1.488(6) 

N(3)-C(10)                1.464(4) N(2)-C(2) 1.473(6) 

S(1)-C(1)                      1.679(3) S(1)-C(3)                      1.699(5) 

O(1)-C(1)                      1.388(4) O(1)-C(3) 1.383(5) 

N(1)-N(2)                      1.400(3) N(1)#1-Cu(1)-N(2)             95.51(15) 

N(4)-Ni(1)-N(1)           88.82(12) N(1)-Cu(1)-N(2)               84.49(15) 

N(4)#1-Ni(1)-N(1)                  91.18(12) O(1)-C(3)-S(1)               119.4(3) 
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N(4)-Ni(1)-N(3) 96.59(11) O(1)-C(4)-C(5)               116.2(4) 

N(4)-Ni(1)-N(3) #1               83.41(11) C(1)-N(1)-Cu(1)               108.3(3) 

N(1)-Ni(1)-N(3)             90.23(10) C(2)-N(2)-Cu(1)               108.2(3) 

C(1)-N(1)-Ni(1) 133.8(2)   

O(1)-C(1)-S(1)               121.5(2)   

N(1)-C(1)-S(1)               129.7(2)   

 

 

Fig.3.5.3. The metal organic framework of Ni(en)2(tot)2 down the c axis leading to 

the wave-like supramolecular architecture 

Table 3.6Hydrogen bond parameters for 1 and 2 (Å and º) 

D---H....A d(D–H) d(H...A) d(D...A) (D - H...A) 

N(3A)-H(3A)..S(1) 0.92 2.77 3.5199 140 

N(3)-H(3B)..N(2)#1 0.92 2.62 3.1878 121 

N(4)-H(4A)..S(1)#1 0.92 2.61 3.4081 145 

N(4)-H(4B)..N(2) 0.92 2.50 3.1040 123 

C(5)-H(5C)..O(1) 0.98 2.46 2.9226 109 

 

Table 3.6 Hydrogen bond parameters for 2 (Å and º) 

D---H....A d(D–H) d(H...A) d(D...A) (D - H...A) 
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N(1)-H(1AI)..N(3)#1 0.92 2.19 3.0757 161 

N(1)-H(1BI)..N(3)#2 0.92 2.32 3.1116 145 

N(2)-H(2AI)..S(1) 0.92 2.83 3.6038 143 

N(2)-H(2BI)..N(4)#3 0.92 2.31 3.1911 162 

C(6)-H(6)..O(1) 0.95 2.41 2.7557 101 

 

 

 

Fig.3.6.1. Ortep diagram of [Cu(en)2](tot)2 with the atomic numbering scheme 

 

 

Fig.3.6.2. π···π stacking and weak   N-H···N interactions in [Cu(en)2](tot)2 
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Conclusion   

This chapter reports the synthesis and characterization of Ni(II) and Cu(II) complexes 

with 5-o-tolyl-[1,3,4]-oxadiazole-2-thione/thiol (tot)
-
, containing en as coligand. The 

desulphurization of -C(O)-NHNH-C(S)- moiety of  [N'-(2-methyl-benzoyl)-

hydrazinecarbodithioate was observed during complexation. Both complexes are stabilized by 

extended weak intermolecular and intramolecular hydrogen bonding providing supramolecular 

framework. In addition, [Cu(en)2](tot)2 shows  π-π interactions between the toluene rings of 

adjacent layers.  
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CHAPTER 4 

Syntheses, spectral and crystallographic studies of novel 

monometallic Co(II) and Zn(II) complexes with phenyl-(5-pyridin-4-

yl-1,3,4-thiadiazol-2-yl)-amine 

 

Introduction 

The derivatives of 2-amino-[1,3,4]thiadiazole, depending on the nature of substituents 

can be found as a structural fragment of drugs and herbicides with a wide spectrum of activity 

due to the presence of the toxiphocic –N=C-S- linkage [1]. They are known as the carbonic 

anhydrase inhibitors and some of them possess antimycobacterial, anasthetic, antidepressant, 

anxiolytic [2-4], antiinflammatory [5], anticonvulsant [6,7], antihypertensive [8] and anticancer 

[9] activities. Derivatives of 1,3,4-thiadiazoles were synthesized by intramolecular cyclization of 

substituted thiosemicarbazides under acidic condition. Due to the presence of aromatic pyridine, 

phenyl and 1,3,4-thiadiazole ring in the ligand under investigation, π…π stacking is envisaged in 

the present system [10]. The bent organic compounds such as 2,5-bis(4-pyridyl)-

[1,3,4]thiadiazole, a member of crystal engineering family, has recently focused interest because 

of several characteristics: (i) the bent ligand has flexible coordination modes and (ii) longer 

ligand will lead to larger voids. The phenyl-(5-pyridin-4-yl[1,3,4]thiadiazol-2-yl)-amine (ppt) 

being investigated here is longer than those containing planar centers and has potential biological 

activities due to the presence of thiadiazole ring [11]. With an aim of obtaining information 

about the chemical and structural properties of the metal complexes, especially in reference to 

stereochemistry and the effects of coordination on the conformation of the thiadiazole, this 

chapter have undertaken thestudies of two new complexes of Co(II) and Zn(II) obtained from 

anew ligand phenyl-(5-pyridin-4-yl[1,3,4]thiadiazol-2-yl)-amine(ppt). 
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Fig. 4.1 Phenyl-(5-pyridin-4-yl-[1,3,4]thiadiazole-2-yl)-amine (ppt) 

 

Experimental 

Preparation of phenyl-(5-pyridin-4-yl[1,3,4]thiadiazol-2-yl)-amine(ppt) 

Phenyl-(5-pyridin-4-yl [1,3,4]thiadiazol-2-yl)-amine (Fig.4.1) was prepared as described 

in Chapter 1. 

Preparation of the complexes: 

Synthesis of[Co(ppt)(SO4)(H2O)4]∙H2O (1) 

A methanol solution (15 mL) of CoSO4∙7H2O (0.281 g, 1 mmol) was stirred with a 

methanol solution (15 mL) of ppt (0.250 g, 1 mmol). The resulting clear brown solution was 

filtered off, where upon the single crystals of 1 suitable for X-ray analyses were obtained by 

slow evaporation of the solution over a period of 15 days. Yield: 55%,M.p. 235 ºC.  

Synthesis of [Zn(ppt)2(CH3COO)2(H2O)2](2) 

A solution of ppt (0.5 g, 2 mmol) in MeOH (15 mL) was added to a solution of 

Zn(OAc)2∙2H2O (0.110 g, 1 mmol) in MeOH (15 mL) and the mixture was stirred for 4 h at 

room temperature. The resulting clear solution was filtered off and kept for crystallization. 

Colorless crystals of 2 suitable for X-ray analyses were obtained by slow evaporation of its 

solution over a period of 21 days. Yield: 57%, M.p. 250 ºC. Scheme 4.1gives a general method 

of synthesis of the ligand and its complexes. 
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Analyses and physical measurements 

The details about the analyses and physical measurements are given in Chapter 1. 

Crystal structure determination and structure refinement 

The X-ray data collection for 1 and 2 were performed on Oxford Xcaliber diffractometer 

equipped with a Crys Alis Pro, using graphite monochromated Mo Kα radiation (λ= 0.71073 Å) 

source. The structures were solved by direct methods (SHELXL-2008) and refined against all 

data by full matrix least-squareson F
2
 using anisotropic displacement parameters for all non-

hydrogenatoms. All the hydrogen atoms were included in the refinementat geometrically ideal 

positions and refined with a ridingmodel [12]. The MERCURY package, DIAMOND program 

and ORTEP-3 for windows program were used for generating molecular structures [13-15]. 
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Scheme 4.1Preparation of ppt and Co(II) and Zn(II) complexes 
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Results and discussion 

A methanol solution of Co(II) and Zn(II) salts react with ppt and yielded complexes 1 

and 2, respectively. The single crystal X-ray diffraction studies indicate that the ligand (ppt) 

adopts the monodentate binding nature in both complexes.All the complexes are air stable, non-

hygroscopic crystalline solids, which are partially soluble in common organic solvents but 

soluble in DMF and DMSO and can be kept in desiccator over a prolonged period without any 

sign of decomposition. Analytical data and physical properties of ligands and complexes are 

given in Table 4.1. 

Table 4.1Analytical data and physical properties of ligands and complexes 

Compound FM.W. Color/Yield 

(%) 

M.p.(ºC) Found (Calcd) % 

C H N 

ppt 54.31 White/85 140 53.83(53.80) 3.23(3.26) 22.42(22.13) 

[Co(ppt)(SO4)(H2O)4]∙H2O 491.34 Brown/45 235 31.75(31.77) 2.43(2.46) 11.38(11.40) 

[Zn(ppt)2(CH3COO)2(H2O)2] 724.12 Colorless/57 250 49.75(49.76) 3.60(3.61) 15.46(15.47) 

 

IR spectra 

The bands at 3003 and 1484 cm
-1

in the free ligand (Fig.4.2.1) may be assigned to the 

ν(NH) of the imine group adjacent to the thiadiazole moiety and ν(C=N) of thiadiazole group, 

respectively. The spectrum (Table 4.2) of compound 1 reveals the characteristic bands due to 

ν(S=O) sulphate, ν(C=N) thiadiazole and pyridine rings at 1564, 1433 and 677 cm
-1

, 

respectively, suggesting bonding of sulphate and pyridine nitrogen to metal ion. The compound 2 

shows a negative shift of 22 cm
-1 

in the pyridine ring vibration on complexation in comparison to 

the free ligand suggesting bonding via pyridine nitrogen with Zn(II). A band at 1691 cm
-1 

corresponding to ν(C=O) of acetate indicates the presence of monodentate acetate in the 

complex. The persistence of a band due to ν(NH) in the spectra of both the complexes indicates 

the non-involvement of this group in coordination (Fig.4.2.2 & 4.2.3). A broad band in the 

region 3622-3607 cm
-1 

indicates the presence of coordinated/uncoordinated water molecule in 

the complexes 1 and 2. 
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Fig.4.2.2IR spectrum of [Co(ppt)(SO4)(H2O)4]∙H2O 

 

Fig.4.2.3IR spectrum of [Zn(ppt)2(CH3COO)2(H2O)2] 

Table 4.2 Important IR bands (nm) and their assignments for ppt, complexes 1 and 2 
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Compound ν(N-H)/ν(OH) ν(S=O)/ν(C=O) ν(C=N) pyridine phenyl 

ppt 3003 - 1484 685 826 

[Co(ppt)(SO4)(H2O)4]∙H2O 2985, 3622 1564 1433 677 818 

[Zn(ppt)2(CH3COO)2(H2O)2] 2963, 3607 1691 1429 663 825 

 

Electronic spectra and magnetic moment   

Complex 1 shows a magnetic moment of 5.2 BM and the presence of a broad d-d band 

around 867 nm assigned to the 
4
T1g (F) → 

4
T2g (F) transition, suggest its octahedral geometry. 

Other high energy bands observed at 441, 388, 358 and 332 nm may be due to charge 

transfer/intraligand transitions [16]. The higher energy bands at 396, 354, 329 and 313 nm in 

compound 2arise because of the charge transfer/intraligand transitions from coordinated and 

uncoordinated nitrogen atoms to the aromatic ring and imine of the ppt (Table 4.3). 

Table 4.3 Magnetic moments, electronic spectral bands and their assignments for 

complexes 1 and 2 

Compound µeff (B.M) Band maxima (nm) Assignment Geometry 

[Co(ppt)(SO4)(H2O)4)]∙H2O 5.2 867, 441, 388 
4
T1g(F)→

4
T2g F) Oh 

[Zn(ppt)2(CH3COO)2(H2O)2] Diamagnetic 396,354,329 MLCT/Intraligand Oh 

 

1
H and 

13
C NMR spectra 

The 
1
H NMR spectrum of ppt in DMSO-d6 shows a signal at 4.84 ppm for NH proton. 

The phenyl ring protons are observed at 7.60, 7.37 and 7.11 ppm and pyridine rings protons 

signals at 8.86 and 8.19 ppm, respectively (Fig.4.4.1). 
13

C NMR (DMSO-d6, ppm): [146.42 

C(4,5), 140.01 C(2), 122.93 C(3,6)] pyridine; [141.58 C(8), 129.30 C(10,12), 122.93 C(11), 

122.07 C(9,13)] phenyl and [166.60 C(7), 153.88 C(1)] thiadiazole carbons of ppt (Fig.4.4.2).    



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

107 

 

 

Fig. 4.4.1
1
H NMR spectrum of ppt 
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Fig. 4.4.2
 13

C NMR spectrum of ppt 

Crystal structure description of complexes 1 and 2 

Crystallographic data and structural refinement details related to complexes 1 and 2 are 

given in Table 4.4.1 and selected bond lengths and angles in Table 4.4.2. The X-ray analysis of 1 

reveals the presence of four water molecules, monodentate sulphate and a ppt ligand coordinated 

to Co(II), resulting in a distorted octahedral geometry (Fig.4.5.1). There is one uncoordinated 

interstitial water molecule in every unit of structure 1. The crystallographic unit (Fig.4.5.2) of 

compound 2 consists of one Zn(II) ion, two acetates, two ppt and two water molecules and 

adopts an octahedral geometry in which Zn atom and basal atoms are coplanar. The X-ray 

structure of complex 2 shows the presence of three independent complexes in the asymmetric 

unit and in each unit the Zn atom is on a centre of inversion. 

 

Fig.4.5.1.ORTEP diagram of complex 1 with 50% probability level 

 

Fig.4.5.2.ORTEP diagram of complex 2 with 30% probability level 
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A nitrogen bonded ppt and a water molecule are present at the axial positions of complex 

1 bonded through Co(1)-N(4) and Co(1)-O(3w) at distances of 2.133(7) and 2.066(6) Å, 

respectively. The four equatorial sites are occupied by the oxygen of three water molecules and 

remaining coordination site by one oxygen atom of sulphate group. Three Co-O bond lengths 

occupied by H2O molecules Co(1)-O(1w), Co(1)-O(2w) and Co(1)-O(4w) are nearly equal being 

2.102(5), 2.087(6) and 2.186(5) Å, respectively and fourth one Co(1)-O(1) (sulphate) is found to 

be 2.080(5) Å. The shortest inter chain Co···Co and Zn···Zn separations between almost 

superimposable pairs are 6.248 and 5.613 Å, respectively. The coordination environment of 2 is 

fulfilled by two axial ppt ligands at trans positions bonded through Zn-N(4) and Zn-N(5) at 

distances of 2.190(5) and 2.187(5) Å, respectively; two out of four equatorial sites Zn-O(1) and 

Zn-O(3) are occupied by two acetates at distances of 2.072(4) and 2.084(4) Å, so is the case with 

other two units. The remaining two equatorial sites are occupied by Zn-O(1w1) and Zn-O(1w2) 

at distances of 2.147(5) and 2.132(4) Å , respectively. 

Table 4.4.1 Crystallographic data and structure refinement for 1 and 2 

Empirical Formula C13H12CoN4O9S2 C30H26N8O6S2Zn 

Formula weight 491.34 724.12 

Colour , habit Brown, block White, block 

Crystal system, 

space group 

Monoclinic, 

P 21/c 

Triclinic, 

P -1 

T (K) 296(2) 293(2) 

λ (Mo Kα) (Å) 0.71073 0.71073 

a (Å) 7.602(5) 11.2262(4) 

b(Å) 11.780(5) 16.3673(5) 

c(Å) 21.614(5) 17.9275(6) 

α (º) 90 72.973(3) 

β (º) 99.241(5) 80.980(3) 

γ (º) 90 89.970(3) 

V (Å
3
) 1910.4(16) 3107.11(19) 

Z 4 4 
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ρcalc (Mg/m
3
) 1.708 1.548 

µ / mm
-1

 1.173 0.983 

F(000) 996.0 1488.0 

Sample size/mm 0.25 x 0.23 x 0.21 0.27 x 0.25 x 0.22 

θrange/ 
0
 1.91-32.08 2.02-28.88 

Index ranges -11 ≤ 10 

-17 ≤ 16 

-32 ≤ 31 

-15 ≤ 11 

-22 ≤ 21 

-24 ≤ 22 

Reflection collected 18444 22155 

Independent reflections 3762 16325 

Data/restraints/parameters 3762/0/262 16325/0/850 

Final R indices 

wR2[I>2σ(I)](Rint) 

0.0804 

0.0970 

0.0372 

0.1056 

Final R indices (all data)wR2 0.2368 

0.2482 

0.0926 

0.1134 

Goodness-of-fit on F
2
 1.243 0.879 

aR1 = Σ||Fo| – |Fc||Σ|Fo|,bR2 = [Σw(|F2
o| – |F2

c|)2/Σw|F2
o|2]1/2 

 

The pyridine and phenyl rings of two different molecules in 1 and 2 are approximately 

parallel (ABC = 89.21° and 84.24°) but displaced with respect to each other (Figs.4.5.3 and 

4.5.4). The displacement as measured by the angle formed between the ring centroids BC and the 

ring normal BA to the pyridine plane are 0.79 and 5.76 Å, with a displacement angle of 20.74° 

and 22.23°, respectively. The dihedral angles between the planes formed by the thiadiazole and 

pyridine ring and between thiadiazole and phenyl ring are 33.78° and 26.98°, respectively. The 

face to face interactions of rings C(4) ···C(13) or π···π and edge to edge C(5)-H(5)···C(7) 

contacts at distances of 3.374 and 2.824 Å are well within the reported range affording extra 

stability to the complex 1. The shortest centroids-centroid separation found between the two 

parallel phenyl and pyridine rings of nearby molecules is 3.704 Å. The face to face interactions 

of rings C(12)···C(24) or π···π contacts at distance of 3.383 Å and edge to edge 

C(8)AH(8)···C(14B) are well within the reported range [10] affording extra stability to the 

molecule structure. 
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Fig.4.5.3.Mercury view of complex 1 showing π…π, O-H…N interactions between 

pyridine rings along with relative shifts 

 

 

Fig.4.5.4.Mercury view of complex 2 showing π…π, C-H…π interactions between 

thiadiazole and phenyl rings along with relative shifts 

Crystal packing of complexes 1 and 2 

The hydrogen bonding parameters and intermolecular interactions of 1 and 2 are 

compiled in Tables 4.4.3 and 4.4.4. The molecular structure of 1 is stabilized by means of 

extended H-bonds O(5w)-H(2w)···S(2), O(5w)-H(1w)···S(1), O(5w)-H(2w)···O(2), C(10)-

H(10)···O(3), C(11)-H(11)···O(4) and C(7)-H(7)···O(1). In addition to this, the most noteworthy 

structural feature of 1 is the formation of host-guest model and cavities by O(5w)-H(2w)···S(1), 

O(5w)-H(2w)···S(2), O(5w)-H(1w)···N(2), O(5w)-H(2w)···O(2) and C(7)AH(7)···O(1) by 

weak interactions in which the lattice water molecule is held as a guest (Fig.4.5.5). Guest size 
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and the effectiveness of space filling by the guest are likely toplay the main role in stability of 

compound 1. 

Table 4.4.2 Interatomic distances (Å) and bond angles (º) for 1 and 2 

Co(1)-O(1) 2.080(5) Zn-O(1) 2.072(4) 

Co(1)-N(4) 2.133(7) Zn-O(3) 2.084(4) 

S(2)-O(1) 1.471(5) Zn-N(4) 2.190(5) 

S(2)-O(2) 1.466(6) Zn-N(5) 2.187(5) 

S(2)-O(3) 1.476(6) Zn-O(1w1) 2.147(5) 

S(2)-O(4) 1.469(6) Zn-O(1w2) 2.132(4) 

Co(1)-O(1w) 2.102(5) O(1)-C(2) 1.275(7) 

Co(1)-O(2w) 2.087(6) O(3)-C(3) 1.290(6) 

Co(1)-O(3w) 2.066(6) C(2)-O(2) 1.219(8) 

Co(1)-O(4w) 2.186(5) C(3)-O(4) 1.234(7) 

O(1)-Co(1)-N(4) 89.7(2) O(1)-Zn-O(3) 179.5(2) 

O(3w)-Co(1)-O(1) 89.5(2) O(1)-Zn-O(1w2) 89.34(18) 

O(3w)-Co(1)-O(1w) 90.1(2) O(3)-Zn-O(1w1) 90.43(16) 

O(3w)-Co(1)-O(2w) 91.9(2) O(3)-Zn-O(1w2) 90.96(18) 

O(1)-Co(1)-O(1w) 82.5(2) O(1w2)-Zn-(1w1) 178.4(2) 

O(2w)-Co(1)-O(1w) 94.2(2) O(1)-Zn-N(4) 90.83(19) 

O(2w)- Co(1)- N(4) 89.1(3) O(3)-Zn-N(5) 92.08(18) 

O(1w)- Co(1)-N(4) 92.0(2) N(5)-Zn-N(4) 179.2(3) 

O(3w)-Co(1)- O(4w) 86.9(2)   

O(1)-Co(1)-O(4w) 94.4(2)   

O(2w)-Co(1)- O(4w) 89.0(2)   

N(4)-Co(1)-O(4w) 90.8(2)   

 

Additionally, the elements of the structure are joint to each other in the packing diagram 

of 2 by means of extended C(26)-H(26)···N(6), N(8)-H(20)···N(7), C(1A)-H(1AB) ···O(2B), 

C(1A)-H(1AB)···O(3w1), O(3w1)-H(1AB)···N(2), O(1)-H(18)···N(4) and N(5)-H(10)···O(1) 

H-bonds which plays an important role in contributing to the stability of 3D network of the 

complex.In addition to this, the most noteworthy structural feature of complex2 is the formation 

of close cavities [17-19] formed by C(11B)-H(11B)···N(2B), N(4B)-H(10B)···N(3B), N(1)-

H(10)···N(2), C(4)-H(2C)···O(2), C(1A)-H(1AB)···O(3W1), C(1A)-H(1AB)···O(2B) 
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interactions (Fig.4.5.6). As a result of all these interactions, each chain is linked to other chains 

by hydrogen bond interactions, forming a three dimensional network in 1 and 2. The 

supramolecular association of thiadiazole and water in arrays is presumably enforced by the size 

and the orientation of the interior of the host‟s channel. 

 

Fig.4.5.5.Host-guest model of complex 1 due to N(2)…H(1w) and S(1)…H(1w) 

interactions with water molecule inside the close cavity 

 

 

Fig.4.5.6.Packing diagram of complex 2 along b axis 

 

Table 4.4.3 Hydrogen bond parameters for 1 (Å and º) 

D-H···A d(D-H) d(H···A) d(D···A) (D-H···A) 
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O(5W)-H(1W)···N(2)#2 0.97 2.08 2.9054 143 

O(5W)-H(1W)···O(4)#1 0.97 1.82 2.7559 162 

N(1)-H(8)···O(2)#1 0.86 1.99 2.8381 168 

C(7)-H(7)···O(1) #3 0.93 2.46 3.3813 169 

C(10)-H(10)···O(3)#2 0.93 2.53 3.3347 144 

C(11)-H(11)···O(2)#2 0.93 2.55 3.3785 149 

#1 = x,3/2-y,-1/2+z; #2 = 1-x,1-y,-z; #3 = 2-x,-1/2+y,1/2-z 

Table 4.4.4 Hydrogen bond parameters for 2 (Å and º) 

D-H···A d(D-H) d(H···A) d(D···A) (D-H···A) 

N(1)-H(10)···N(2)#1 0.86 2.09 2.9488 172 

N(4A)-H(10A)···N(3A)#2 0.86 2.09 2.9472 171 

N(4B)-H(10B)···N(3B)#3 0.86 2.05 2.9040 172 

N(8)-H(20)···(N(7)#4 0.86 2.06 2.9087 169 

#1 = 1-x,-y,1-z; #2 = -x,1-y,1-z; #3 = 1-x,1-y,1-z; #4 = 2-x,2-y,-1-z 

 

Conclusions      

This chapter reports the syntheses, characterization and crystal structure investigation of 

two novel complexes [Co(ppt)(SO4)(H2O)4)]∙H2O and [Zn(ppt)2(CH3COO)2(H2O)2] containing a 

new ligand phenyl-(5-pyridin-4-yl[1,3,4]thiadiazol-2-yl)-amine (ppt). In the crystalline state both 

complexes involve π-π and C-H···π interactions, which play important role along with hydrogen 

bonding to form host-guest cavity. The hydrogen-bonding interactions between adjacent layers 

extend the structures of the complexes to overall 3D supramolecular architectures. 
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CHAPTER 5 

Syntheses, spectral and X-ray crystallographic characterization of 

mononuclear mixed-ligand complexes with 4-phenyl-5-pyridin-4-yl-

2,4-dihydro-1,2,4-triazole-3-thione and ethylenediamine 

 

INTRODUCTION          

1,2,4-Triazoles and their derivatives represent an interesting class of heterocyclic 

compounds possessing a wide spectrum of biological activities. A large number of 1,2,4-triazoles 

are known to exhibit bactericidal, fungicidal, antitubercular, analgesic, anti-inflammatory, 

antitumor, anticonvulsant, antiviral, insecticidal, antidepressant and central nervous system 

(CNS) [1-11] activities. Derivatives of 1,2,4-triazole were synthesized by intramolecular 

cyclization of substituted thiosemicarbazides [12]. The electronic structures and thiol-thione 

tautomerism of triazole derivatives have been studied previously [13]. A series of alkyl/aryl-2,4-

dihydro-5-(2-furyl)-3H-1,2,4-triazole-3-thione have been reported [14] and the thione form was 

proposed as the most stable form in solid state. Because of the presence of electronegative 

elements viz. N and S in 4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione and amine 

and methylene hydrogens in ethylenediamine, the mixed ligand complexes of this system are 

expected to form extensive intermolecular and intramolecular hydrogen bonding leading to 

supramolecular architecture [15,16]. Furthermore, due to the presence of aromatic pyridine ring 

in the present ligand may lead to the π-π stacking and may contribute to self assembly. In 

continuation of our studies on metal complexes of substituted 1,3,4-oxadiazole-2-thione with 

ethylenediamine [17], this chapter reports first time metal complexes based on 4-phenyl-5-

pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione with ethylenediamine and their crystallographic 

structures. 
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Fig.4.14-Phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione (Hppdtt) 

Experimental 

Preparation of 4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione (Hppdtt): 

 The synthesis of 4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione (Fig.5.1) is 

described in Chapter 1. 

Preparation of the complexes: 

Synthesis of[Ni(en)2(ppdtt)2]∙2H2O (1) 

A methanol solution (20 mL) of Ni(OAc)2∙4H2O (0.248 g, 1 mmol) was stirred with an 

aqueous methanol solution (20 mL, 50:50, v/v) of Hppdtt (0.5 g, 2 mmol). The resulting green 

precipitate was filtered off, washed with mixture of methanol-water (50:50, v/v) and then 

suspended in methanol to which an excess (0.30 mL, 5 mmol) of ethylenediamine was added and 

the mixture was stirred until total dissolution of the precipitate was observed. The resulting 

brown solution was filtered off. Brown crystals of 1 suitable for X-ray analysis were obtained by 

slow evaporation of the solution over a period of 10 days. Yield: 52%, M.p. 260
o
C 

Synthesis of [Cu(en)2(ppdtt)2]∙2H2O (2) 

Cu(OAc)2∙H2O (0.200 g, 1 mmol) and Hppdtt (0.5 g, 2 mmol) were dissolved separately 

in 20 mL methanol, mixed together and stirred for 1h. The yellow precipitate was filtered off, 

washed successively with methanol-water mixture (50:50, v/v) and finally with methanol. A 

methanolic solution of (10 mL) of ethylenediamine (0.30 mL, 5 mmol) was added to the 
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suspension of the above compound and stirred for 1h. A clear dark blue solution was obtained 

which was filtered and kept for crystallization. Dark blue crystals of 2 suitable for X-ray analysis 

were obtained by slow evaporation of the solution over a period of 5 days. Yield: 62%, 

M.p.180
o
C.  

Analyses and physical measurements 

 The details about the analyses and physical measurements are described in Chapter 1. 

Crystal structure determination and structure refinement 

Preliminary examination and intensity data for the structures  1 and 2  were obtained at 

293(2) K on Oxford diffraction Xcaliber Eros diffractometer equipped with a CrysAlis Pro., 

using graphite mono-chromated Mo Kα (λ=0.71073 Å)radiation. The structures of compounds 1 

and 2 were solved by direct methods (SHELXL-2008) and refined against all data by full matrix 

least-squareson F
2
 using anisotropic displacement parameters for all non-hydrogenatoms. All the 

hydrogen atoms were included in the refinementat geometrically ideal positions and refined with 

a riding model [18, 19].The MERCURY package, DIAMOND program and ORTEP-3 for 

windows program were used for generating molecular structure [20-22]. 

Results and discussion 

In continuation of our studies on metal complexes of substituted 1,3,4-oxadiazole-2-

thione with ethylenediamine, this chapter reports herein synthesis, spectroscopic and X-ray 

studies of two new Ni(II) and Cu(II) complexes based on a new heterocyclic ligand 4-phenyl-5-

pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione (Scheme 1). Analytical data and physical 

properties of Hppdtt and complexes are given in Table 5.1. 
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Scheme 1 Preparation of Hppdtt and complexes 1 and 2 

Table 5.1 Analytical data and physical properties of the Hppdtt and complexes 

Compound F.W Color/Yield 

(%) 

M.p. 

(ºC) 

Found (Calcd) % 

C H N 

Hppdtt 254.31 Green/65 52 61.43 (61.40) 4.01 (3.96) 21.98 (22.03) 

[Ni(en)2(ppdtt)2]∙2H2O 721.55 Brown/52 60 49.98 (49.93) 5.29 (5.30) 23.37 (23.29) 

[Cu(en)2(ppdtt)2]∙2H2O 726.41 Blue/62 80 49.50(49.60) 5.30 (5.27) 23.15 (23.13) 
 

 

1
H and 

13
C NMR spectra 

The 
1
H NMR spectrum of Hppdtt in DMSO-d6 shows a signal at 7.28 ppm for one NH 

proton. The phenyl ring protons are observed at 7.26, 7.15 and 7.13 ppm while the pyridine rings 
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protons at 8.46 and 7.46 ppm (Table 5.2.1, Fig.5.2.1). The occurrence of 
13

C NMR  signals at 

147.92 C(5,6); 120.71 C(4,7); 135.93 C(3) for  pyridine ring; 134.54 C(8); 128.49 C(9); 128.99 

C(10,12); 128.26 C(11) ppm for phenyl ring and 148.24 C(1); 169.91 C(2) ppm for triazole 

carbon suggest the presence of a 1,2,4-triazole moiety in Hppdtt (Table 5.2.2, Fig. 5.2.2). 

Table 5.2.1
1
H NMR spectral data (δ, ppm) of Hppdtt 

Compound NH Pyridine ring Phenyl ring 

Hppdtt 7.28 (1H) 8.46 (2H), 7.46 (2H) 7.26 (2H), 7.15 (1H), 7.13 (2H) 

 

Table 5.2.2
13

C NMR spectral data (δ, ppm) of Hppdtt 

Compound Pyridine ring Phenyl ring Triazole ring 

Hppdtt 147.92 C(5,6), 120.71 C(4,7), 

135.93 C(3) 

134.54 C(8), 128.49 C(9), 128.99 

C(10,12), 128.26 C(11) 

148.24 C(1), 

169.91 C(2) 

 

 

Fig. 5.2.1
1
H NMR spectrum of Hppdtt 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

122 

 

 

Fig. 5.2.2
 13

C NMR spectrum of Hppdtt 

 

IR spectra: 

The absorptions in the region of 3300-3200 cm
-1

 are due to the NH stretching vibrations 

of en.  This band occurs at a lower frequency than that reported for other en complexes [23] and 

indicates the involvement of NH2 hydrogen in hydrogen bonding. The spectrum of free Hppdtt in 

thione form is expected to give rise to characteristic bands due to ν(NH), ν(C=N) and ν(C=S) 

which occur at 3122, 1606 and 1003 cm
-1

, respectively. The bands at 771 and 692 cm
-1 

are due to 

the pyridine and phenyl rings, respectively [24]. The absence of ν(NH) and presence of ν(C=S) at 

almost the same position suggests bonding of triazole nitrogen and the uncoordinated nature of 

triazole sulfur in complexes 1 and 2 (Table 5.3, Fig.5.3.1-5.3.2). 

Table 5.3IR bands (nm) and their assignments for Hppdtt and complexes 1 and 2 

Compound ν(N-H) ν(C=S) ν(C=N) Pyridine ring Phenyl ring 

Hppdtt 3032 - 1606 771 692 

[Ni(en)2(ppdtt)2]∙2H2O - 1003 1600 772 698 

[Cu(en)2(ppdtt)2]∙2H2O - 1003 1600 772 696 
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Fig.5.3.1.IR spectrum of [Ni(en)2(ppdtt)2]∙2H2O 

 

Fig.5.3.2 IR spectrum of [Cu(en)2(ppdtt)2]∙2H2O 
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Electronic spectra and magnetic moments 

The magnetic moment of 2.86 BM for complex 1 suggests two unpaired electrons and the 

presence of  two low intensity d-d bands at 847 and 510 nm assigned to the 
3
A2g(F) → 

3
T2g(F) 

and 
3
T1g(F) transitions, respectively, suggest an octahedral geometry around Ni(II). Other high 

intensity bands (more than 10 times intense) at 307, 295 and 276 nm may be due to charge 

transfer/intraligand transitions. Complex 2shows a magnetic moment of 1.89 BM., indicating the 

presence of one unpaired electron. The presence of a low intensity broad band around 591 nm 

assigned to the 
2
T2g → 

2
Eg transition suggests an octahedral geometry for the complex [25]. 

Other high intensity bands observed at 368, 342 and 296 nm may be due to charge 

transfer/intraligand transitions (Table 5.4) 

Table 5.4 Magnetic moment, electronic bands for complexes 1 and 2 

Compound µeff. (BM) Band maxima (nm) Assignment Geometry 

[Ni(en)2(ppdtt)2]∙2H2O 2.86 684, 504, 307, 295, 276 
3
A2g(F) → 

3
T1g(F), 

3
T1g(P) Oh 

[Cu(en)2(ppdtt)2]∙2H2O 1.89 795, 591, 368, 342, 296 
2
T2g → 

2
Eg Oh 

 

ESR Spectra: 

The ESR spectrum of the copper complex provides information regarding the metal ion 

environment. The ESR spectrum of the crystalline monomeric complex [Cu(en)2(ppdtt)2]∙2H2O 

(Fig.5.4)  at LNT shows a signal at 2950 G in the parallel region and another signal at 3130 G in 

the perpendicular region which are typical of Cu(II) complexes with axial symmetry. The 

analysis of the spectrum yields g= 2.273, g= 2.058 and gav = 2.130 and the trend gg ge 

(2.0023) indicates that the unpaired electron is present in the dx2-y2orbital of Cu(II) [26].In 

octahedral field of Ni(II), g and A (hyperfine splitting) values are close to isotropic. As the field 

becomes distorted, the zero fields splitting become larger and ESR signals are difficult to 

observe. Therefore ESR spectrum of the complex 1 was silent.  
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Fig.5.4ESR spectrum of [Cu(en)2(ppdtt)2]∙2H2O at LNT 

 

Electrochemical studies of complexes 1 and 2 

The cyclic voltammogram obtained at a platinum electrode in the potential range of + 1.5 

V to -1.5 V with a scan rate of 100 mVs
-1

, characterizing the redox behaviour of metal complex 1 

is shown in Fig.5.5.1. The complex 1exhibit a quasi-reversible ill-defined oxidation wave at 

0.990V and a well define reduction wave at -0.843 V. The cathodic and anodic peaks observed at 

0.359 and 0.609 V, respectively indicates the presence of a reversible redox process and can 

possibly be assigned to the nickel(II)/ nickel(III) couple with the formal redox potential E = (Epa 

+ Epc)/2 = 0.534V. However, it is to be noted that the peak separation (ΔEp = Epa- Epc) is quite 

large as compared to that expected for one electron process and hence it can be concluded that 

this quasi-reversible redox process is coupled with some chemical reaction. The complex 2 

possess a cathodic peak at Epc = 0.190 V and the associated anodic peak at Epa = 0.460 V with 

respect to Ag/AgCl reference. The separation between the cathodic and anodic peak potentials     

(ΔEp = Epa - Epc) of 0.250 V indicates a quasi-reversible redox process assignable to the 

Cu(II)/Cu(III) couple with redox potential of 0.320 V (Fig.5.5.2) [27]. An additional reduction 

wave observed at -0.3 V may be due to the ligand moiety. 
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Fig.5.5.1 Cyclic voltammogram of [Ni(en)2(ppdtt)2]∙2H2O 

 

Fig.5.5.2 Cyclic voltammogram of [Cu(en)2(ppdtt)2]∙2H2O 
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Crystal structure description of compounds 1 and 2 

The crystal structure refinement data related to complexes 1 and 2 are given in Table 

5.5and selected bond lengths and angles in Table 5.6. Compound 1 and 2 reveal the presence of 

two bidentate ethylenediamine as co-ligands and two (ppdtt)
-
 as ligands coordinated to the metal, 

resulting in a distorted octahedral geometry (Figs.5.6 and 5.7). The monomeric unit of 1 and 2 

are centrosymmetric around the metal atom situated on the inversion centre. Both metal ions 

have MN6 core with octahedral arrangement from four N atoms of two en and two N atoms from 

two (ppdtt)
-
anions. There are two interstitial/lattice water molecules in the structures of 

complexes 1 and 2. 

 

Fig.5.6Molecular structure of [Ni(en)2(ppdtt)2]∙2H2O 

 

Fig.5.7Molecular structure of [Cu(en)2(ppdtt)2]∙2H2O 

In complex 1 two axial (ppdtt)
-
 anions are present at trans positions bonded through 

Ni(1)-N(1) and Ni(1)-N(1)#, at an equal distance of 2.158(3) Å, and the four equatorial sites are 
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occupied by the two bidentate N,N'-ethylenediamine coligands. Two of the four Ni-N bond 

lengths Ni(1)-N(5) and Ni(1)-N(5)# are equal being 2.101(4) Å,  so is the case with other two 

Ni(1)-N(6) = Ni(1)-N(6)# = 2.120(3) Å. The C=S bond distances in both complexes are larger 

(1.708 - 1.710 Å) than reported for the ligand (1.661 Å) because of weakening of C=S bond due 

to intramolecular hydrogen bonding between thione sulfur and NH2 hydrogen of en. This is in 

accordance with the IR results discussed earlier. The geometry and bonding parameters within 

the en molecule agree with those of related compounds, e.g. [Ni(en)2(4-pyt)2], 

[Ni(en)2(tot)2],[Ni(en)2(mot)2], [Ni(en)2(pot)2]0.5CHCl3, [17, 28-30].  Although all the N(5), 

N(6), N(5)# and N(6)# atoms of en involved in bonding lie in one plane but the [Ni(en)2]
2+

 core 

is non-planar due to typical out of plane deviation of the methylene groups. Two axial Cu-

N(ppdtt) distances in complex 2 are found to be 2.614 (16) Å bonded in trans manner, whereas 

the equatorial distances for the Cu-N(en) are 2.012(17) and 2.019(18) Å, respectively which are 

almost normal for Cu-N (amine) bonds. Similar geometrical parameters for the coordination 

sphere have been reported for other [Cu(en)2(mot)2] [29] and diaquabis(ethylenediamine) Cu(II) 

salts [31, 32]. The soft donor site of the ligand Hppdtt shows no tendency for coordination with 

Ni(II) and Cu(II) as they are hard metal ions and prefer to bind with comparatively hard nitrogen 

site of the ligand. Similar coordination behaviour of 1,2,4-triazole-3-thione and 1,3,4-oxadiazole-

2-thione derived from isonicotinic acid hydrazide has been observed in the case of nickel 

complexes, whereas the present ligand bonds to Cu(II) through the triazole nitrogen and the later 

shows ionic behaviour towards Cu(II) [17]. 

The bite angles for the five membered C2N2M chelating rings are 82.61(14)º and 

85.47(8)º in the complexes 1 and 2. The greater difference in bite angle as compared to the 

expected value for a regular geometry represents a minor deviation from the octahedral 

geometry. The separations between two planes formed by the triazole rings in the same 

complexes of 1 and 2 are found to be 0.425 and 1.779 Å. The shortest inter chain Ni···Ni and 

Cu···Cu separations are 10.141 and 10.721 Å, respectively, which shows comparable packing of 

the lattices in their crystal structures. The π-π contacts (3.270 and 3.281 Å) are well within the 

reported range and the shortest centroid-centroid separation between the two parallel pyridine 

rings of nearby molecules are 4.376 and 4.371 Å, with additional edge to face CH···π 

interactions affording extra stability to the complexes 1 and 2, respectively.  
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Fig.5.8Enclosure of guest molecules in the cavities formed by hydrogen bonding 

interaction complex 1 

The crystals packing are stabilised by means of extended system of hydrogen bonds 

O(1)-H(19)···N(2), O(1)-H(18)···N(4), N(5)-H(10)···O(1) and  O(1)-H(2w)···N(4), N(5)-

H(10)···O(1), C(13)-H(9)···O(1) and C(6)-H(3)···S(1) in complexes 1 and 2, respectively,  

leading to the formation of a supramolecular architectures (Fig.5.8). 

 

Fig.5.9 Packing diagram of 2 showing the presence of guest molecules in the cavities 

formed by hydrogen bonding interaction 
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The hydrogen bonding parameters are listed in Tables 5.6 and 5.8.In addition to this, the 

most noteworthy structural feature of complexes are the formation of close cavities due to O(1)-

H(18)···N(2), O(1)-H(19)···N(4), N(5)-H(10)···O(1) in 1 and O(1)-H(1)w···N(2), O(1)-

H(2)w···N(4), N(5)-H(10)···O(1), N(6)#-H(17)···O(1), C(6)-H(3)···S(1) and C(13)-H(9)···O(1) 

interactions in 2, in which water molecule is held (Fig.5.9).The specific arrangement of 

molecules gives rise to the sheet motif by strong hydrogen bonds formed between the water 

molecules occluded in ppdtt moieties, resulting in supramolecular architectures. 

Table 5.5 Crystallgraphic data for complexes 1 and 2 

Empirical Formula C30H38N12NiO2S2 C30H38N12CuO2S2 

Formula weight 721.55 726.41 

Colour , habit Brown, Block Blue, Block 

Crystal system Orthorhombic Monoclinic 

Space group P b c a P 21/n 

T (K) 293(2) 293(2) 

λ (Å) 0.71073 0.71073 

a (Å) 14.4686(7) 9.8674(3) 

b(Å) 14.2129(10) 16.3255(5) 

c(Å) 16.5498(10) 10.1865(3) 

α (º) 90 90 

β (º) 90 92.257(3) 

γ (º) 90 90 

V (Å
3
) 3403.3(4) 1639.67(9) 

Z 4 2 

Dcalc /Mg m
-3

 1.408 1.471 

µ / mm
-1

 0.741 0.843 

F(000) 1512.0 758.0 

Crystal size (mm) 0.27 x 0.22 x 0.21 0.27 x 0.22 x 0.21 

θrange/ 
0
 2.36 - 28.67 2.36 - 28.77 

Index ranges -19 ≤ 17 

-13 ≤ 19 

-22 ≤ 10 

-13 ≤ 12 

 -8 ≤ 22 

-13 ≤ 7 

Reflection collected 3503 3695 

Independent reflections 2392 2996 

Data/restraints/parameters 2392 /0/239 2996/0/222 

Final R indices [I>2σ(I)](Rint) 0.0668 0.0468 

Final R indices (all data)  R1 = 0.1402 

wR2 = 0.1279 

 R1 = 0.1085 

wR2 = 0.1058 

Goodness-of-fit on F
2
 1.054 1.132 
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Largest diff. peak /hole (e.Å
-3

) 0.506, -0.382 1.157, -0.545 
a R1 = Σ||Fo| – |Fc||Σ|Fo|.    bR2 = [Σw(|F2

o| – |F2
c|)2/Σw|F2

o|2]1/2 .  

 

Table 5.6 Hydrogen bond parameters for complex 1 (Å and º) 

D-H···A d(D–H) d(H···A) d(D···A) (D-H···A) 

N(5)-H(11)···S(1)#1 0.90 2.78 3.5484 144 

N(6)-H(16)···S(1) 0.90 2.56 3.3463 146 

O(1)-H(18)···N(2)#2 0.82 2.09 2.9019 167 

O(1)-H(19)···N(4)#3 0.83 2.05 2.8699 171 

#1= 1-x,1-y,1-z ; #2= ½+x,y,½-z ; #3= ½-x,1-y,-½+z
 

Table 5.7 Interatomic distances (Å) and angles (º) for complexes 1 and 2 

        1                                        2 

Ni(1)-N(5) 2.101(4) Cu(1)-N(6) 2.0120(17) 

Ni(1)-N(6) 2.120(3) Cu(1)-N(5) 2.0190(18) 

Ni(1)-N(1) 2.158(3) Cu(1)-N(1) 2.614 ca. 

N(5)-C(14) 1.487(6) N(5)-C(14) 1.465(3) 

N(6)-C(15) 1.474(6) N(6)-C(15) 1.496(3) 

C(14)-C(15) 1.501(7) C(15)-C(14) 1.479(4) 

S(1)-C(1) 1.710(4) S(1)-C(1)#1 1.708(2) 

N(1)-N(2) 1.404(4) N(2)-N(1) 1.389(2) 

    

N(1)-Ni(1)-N(1)#1 180.00(16) C(14)-N(5)-Cu(1) 108.14(15) 

N(5)-Ni(1)-N(6) 82.61(14) N(6)-Cu(1)-N(5) 85.47(8) 

C(15)-N(6)-Ni(1) 107.4(3) C(15)-N(6)-Cu(1) 107.00(15) 

N(5)-C(14)-C(15) 109.3(4) C(14)-C(15)-N(6) 108.9(2) 

N(6)-C(15)-C(14) 109.6(4) N(5)-C(14)-C(15) 109.5(2) 

C(14)-N(5)-Ni(1) 108.7(3) N(1)-C(1)-S(1) 127.30(14) 

N(1)-C(1)-S(1) 128.7(3) N(3)-C(1)-S(1) 124.76(15) 

  N(3)-C(1)-S(1) 124.1(3) 

 #1= -x,-y,-z+1                                              #1= -x,-y,-z 
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Table 5.8 Hydrogen bond parameters for complex 2 (Å and º) 

D-H···A d(D–H) d(H···A) d(D···A) (D-H···A) 

O(1)-H(1W)···N(2)#1 0.80 1.99 2.7864 175 

O(1)-H(2W)···N(4) 0.80 1.97 2.8393 168 

N(5)-H(10)···O(1)#2 0.90 2.40 3.0915 133 

N(6)-H(16)···S(1) 0.90 2.50 3.3540 157 

N(6)-H(17)···O(1)#2 0.90 2.43 3.0874 130 

#1= 1+x,y,-1+z ; #2= 1-x,-y,-z 

Conclusion 

This chapter reports the synthesis and crystal structure investigation of two new 

complexes [Ni(en)2(ppdtt)2]∙2H2O and [Cu(en)2(ppdtt)2]∙2H2Ocontaining a ligand 4-phenyl-5-

pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione and ethylenediamine. Complexes 1 and 2 show 

quasi-reversible redox behaviour due to one electron transfer oxidation reduction. In the 

crystalline state both complexes involve π-π and C-H···π interactions and display layering and 

stacking upon each other. Various types of extended hydrogen bonding provide cavities for the 

enclosure of lattice water in the three dimensional supramolecular framework of complexes 1 

and 2. 
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CHAPTER 6  

Synthesis, spectral and structural characterization of polymeric 

Hg(II) and dimeric oxo-bridged Mn(II) complexes derived from N′-

(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester 

 

Introduction 

Metal complexes of sulfur-nitrogen ligands derived from S-alkyl esters of dithiocarbazic 

acid have been studied over the past few decades, not only because of their intriguing 

coordination chemistry, but also because of their pronounced biological activities against 

microbes, viruses, cancer cells, fungi and bacteria [1-4]. The cyclization of 3-acyldithiocarbazic 

acid esters, N-aroyldithiocarbazates and their salts to 1,3,4-oxadiazole/thiadiazole-2-thiones in 

the presence of a acid/base or during complexation is reported in the literature [5, 6]. Several 

other methods are also available for the synthesis of oxadiazoles from acyclic precursor which 

include oxidative cyclization of acylhydrazones [7], acylthiourea [8, 9] and 

acylthiosemicarbazides[10]. The cyclization of N
2
-[bis(benzyl-sulfanyl)methylene]-2-

methoxybenzohydrazide to 2-benzylsulfanyl-5-(2-methoxyphenyl)-1,3,4-oxadiazole has been 

carried out under normal condition without the use of any other reagents viz. base or acid as 

already described in the case of other oxadiazoles [11]. Platinum assisted cyclization of S-methyl 

3-acyl-2-methyldithiocarbazates under mild conditions was reported by Bergamini and co-

workers [12]. A few papers are available on the syntheses and X-ray studies of 

bis(benzylsulfanyl)methylene-2-acidhydrazide [13,14] and (benzylsulfanyl)-1,3,4-oxadiazole 

[15,16]. This chapter report first time fragmentation and cyclization of 

aroylhydrazinecarbodithio ic acid ester during complexation and characterization of the resulting 

complexes [Hg3(tot)2(µ-SCH3)4]n (1) and [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 (2). 

Experimental 

Preparation of N′-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester(H2mbhe) 
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The ligand N′-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester(H2mbhe) 

(Fig.6.1) was prepared as described in Chapter 1. 

 

Fig.6.1 Ortep diagram of H2mbhe with 30% probability level 

Synthesis of Hg3(tot)2(µ-SCH3)4]n 

A methanol suspension (15 mL) of HgCl2 (0.281 g, 10 mmol) was stirred with a 

methanol solution of H2mbhe (0.250 g, 10 mmol).  The precipitate obtained was dissolvedin 

methanol (15 mL), the resulting clear yellow solution was filtered off and kept for crystallization 

where upon the single crystals of 1 suitable for X-ray analyses were obtained by slow 

evaporation of the solution over a period of 25 days. The possible pathway for the formation of 

new ligand (tot) and complex 1 is depicted in Scheme 6.1.Yield: 55%, M.p. 190°C. 
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Scheme 6.1Possible pathway for the formationof Hg3(tot)2(µ-SCH3)4]n from H2mbhe 

 

Synthesis of [Mn2(Hmbhe)2(µmbmst)2]CHCl3 

A methanol solution (15 mL) of Mn(OAc)2·4H2O (0.125 g, 1 mmol) was stirred with a 

methanol solution (15 mL) of H2mbhe (0.250 g, 2 mmol) and refluxed for 1 h at 80 ºC. The 

precipitate obtained was further stirred with H2mbhe (0.250 g, 2 mmol). The resulting clear 

solution was filtered off, where upon the single crystals of 2 suitable for X-ray analyses were 

obtained by slow evaporation of the solution over a period of 10 days. The 2-methyl benzoic acid 

(5,5′-bis-methylsufanyl-[2,3′]bi[[1,3,4]thiadiazolyl]-2'-ylidene)-hydrazide (mbmst) generated   

during the reaction could not be isolated and analyzed. The possible pathway for the formation of 

complex 2 is given in Scheme 6.2. Yield: 75%, M.p. 216ºC. 
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Scheme 6.2 Possible pathway for the formation of mbmst and 

[Mn2(Hmbhe)2(µmbmst)2]CHCl3 from H2mbhe 

Analyses and physical measurements 

 The details about the analyses and physical measurements are described in Chapter 1. 

Crystal structure determination and structure refinement 

The X-ray data collection forH2mbhe, 1 and 2 were performed on  Oxford Diffraction 

Gemini diffractometer equipped with CrysAlis Pro., using a graphite mono-chromated Mo Kα (λ 

= 0.71073 Å) radiation source. The structures were solved by direct methods (SHELXL-2008) 
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and refined against all data by full matrix least-squares on F
2
 using anisotropic displacement 

parameters for all non-hydrogen atoms. All the hydrogen atoms were included in the refinement 

at geometrically ideal positions and refined with a riding model [17]. TheMERCURY package 

and ORTEP-3 programs were used for generating molecular structures [18, 19]. 

Results and discussion 

A solution of HgCl2 and Mn(OAc)2·4H2O in methanol react with H2mbhe to yield 

[Hg3(tot)2(µ-SCH3)4]n and [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3, respectively. The single crystal X-

ray diffraction studies indicate that the ligand (H2mbhe) underwent cyclization on reaction with 

HgCl2 and formed 1,3,4-oxadiazole-2-thiol (tot
-
) which is bonded to Hg(II) through exocyclic 

thiol sulfur. The fragmented methanethiolate (-SCH3) formed from N′-(2-methyl-benzoyl)-

hydrazine carbodithioic acid methyl ester during cyclization links two Hg(II) via sulfur in a 

bridged fashion. The novel feature of dimeric complex 2 is the formation of thiadiazolyl 

hydrazide moiety (mbmst) from H2mbhe under thermal condition and the presence of two oxo-

bridged metal centers having distorted octahedral geometry. Thus, complex 2 contains a 

bidentate non-cyclized Hmbhe and a oxo-bridged tetradentate cyclized 1,3,4-thiadiazolyl 

hydrazide (mbmst) from the newly generated cyclized ligand which are bonded to Mn(II). The 

complexes are air stable and non-hygroscopic crystalline solids. Analytical data and physical 

properties of the ligand and complexes are given in Table 6.1. 
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Table 6.1 Analytical data and physical properties of the ligand and complexes 

Compound F.W Color/Yield 

(%) 

M.p.(ºC) Found (Calcd) % 

C H N 

H2mbhe 240.36 white /75 70 49.61(49.97) 4.93(5.03) 11.33(11.65) 

Hg3(tot)2(µ-SCH3)4]n 1172.66 yellow /55 90 22.48(22.53) 2.20(2.23) 4.72(4.77) 

[Mn2(Hmbhe)2(µmbmst)2]CHCl3 1527.12 Blue/62 16 38.54(38.50) 3.00(3.20) 14.64(14.66) 

 

1
H and 

13
C NMR spectra 

The 
1
H NMR spectrum of H2mbhe shows signals at 9.85, 2.68 and 2.45 ppm due to the 

hydrazinic, Ar-CH3 and -SCH3 protons, respectively (Table 6.2.1,Fig.6.2.1). The protons due to 

the toluene ring appeared as multiplets between 7.86-7.36 ppm. The peaks at 204 and 167.8 ppm 

in the 
13

C NMR spectrum are attributed to the >C=S and >C=O carbons, respectively (Table 

6.2.2, Fig.6.2.2). The 
1
H NMR spectrum of complex 1 shows loss of hydrazinic protons slightly 

downfield shift in aromatic protons. Additionally, the disappearance of >C=S and >C=O carbon 

suggest the cyclization of H2mbhe. 

 

Fig. 6.2.1
 1
H NMR spectrum ofH2mbhe 
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Table 6.2.1 
1
H NMR spectral data (δ, ppm) of H2mbhe 

Compound NH Aromatic ring Ar-CH3 -CH3 

H2mbhe 9.85 7.56, 7.35, 7.27, 7.24 2.68 2.44 

 

Table 6.2.2 
13

C NMR spectral data (δ, ppm) of H2mbhe 

Compound C=S C=O C (6), C(1), C(4), C(5), C(2), C(3), C(7), C(10) 

H2mbhe 04 167.8 136.1, 133.7, 130.6, 129.6, 127.3, 125.5, 14.4, 19.5 

 

 

Fig.6.2.2
 13

C NMR spectrum ofH2mbhe 

IR spectra 

The bands at 3225 and 3143 cm
-1

 in the free ligand may be assigned to the ν(NH) of the 

hydrazide group, and the bands at 1677 and 1051 assignable to the ν(C=O) and ν(C=S) 

vibrations, respectively (Table 6.3). The disappearance of bands due to ν(C=O) and ν(NH) 
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vibrations  in the spectrum of complex 1 indicates cyclization of the free ligand to oxadiazole 

and a negative shift of 80 cm
-1

 in the ν(C=S) on complexation in comparison to the free ligand 

suggest bonding via exocyclic thiol sulfur with Hg(II) (Fig.6.3.1). The persistence of a band due 

to ν(C=S) in the spectrum of the complex 2 indicates the non-involvement of this group in 

coordination (Fig.6.3.2). The presence of a band at 1627 cm
-1 

corresponding to ν(C=O) in 

complex 2 with a negative shift of 50 cm
-1

 indicates coordination of carbonyl group [20]. 

Disappearance of one ν(NH) shows bonding through hydrazinic nitrogen after loss of a proton.  

 

 

Fig.6.3.1 IR spectrum of Hg3(tot)2(µ-SCH3)4]n 
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Fig.6.3.2 IR spectrum of [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 

Table 6.3 IR spectral bands (nm) and their assignments for H2mbhe, complexes 1 and 2 

Compound ν(N-H) ν(C=O)/ν(C=N) ν(N-N) ν(C=S) 

H2mbhe 3225,3143 1677,1513,1419 1167 1051 

Hg3(tot)2(µ-SCH3)4]n  557, 1441 1156 992 

[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3  1627,1518,1408 1116 1048 

 

Electronic spectra and magnetic moments 

The occurrence of three bands at 387, 367 and 256 nmin the polymeric Hg(II) complex 

are due to intra ligand/ charge transfer transitions. The magnetic moment of 6.00 B.M. for 

[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 (2) suggests a high spin Mn(II) with five unpaired electrons. 

Its electronic spectrum shows bands at 311, 291 and 267 nm which may be assigned to the intra 

ligand/ charge transfer transitions. [21].  
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Crystal structure description of H2mbhe 

Fig.6.1 shows an ORTEP diagram of the ligand H2mbhe,together with the atomic 

numbering scheme. The crystallographic data and structural refinement details are given in Table 

6.4 and selected bond distances and bond angles are presented in Table 6.5. The structure of 

H2mbheis stabilized by intermolecular N-H···S and N-H···O hydrogen bonding interactions 

present between thioether sulfur and hydrazinic hydrogen and carbonyl oxygen and hydrazinic 

hydrogen leading to a sheet like structure (Fig.6.4). The distances and angles for H2mbheare 

close to those reported earlier [22, 23]. The C-S bond distances of 1.7457(17) and 1.6625(17) Å  

in H2mbhe agrees well with those in related compounds, being  intermediate between 1.82 for a 

C-S single bond and 1.56 Å for a C=S double bond [24].  

 

Fig.6.4 N-H···S and N-H···O hydrogen bonding leading to sheet like structure in 

H2mbhe 

 

Crystal structure description of [Hg3(tot)2(µ-SCH3)4]n 

Fig.6.5 shows an molecular structure of [Hg3(tot)2(µ-SCH3)4]n,together with the atomic 

numbering scheme. The crystallographic data and structural refinement details are given in Table 

6.4 and selected bond distances and bond angles are presented in Table 6.6. The crystallographic 

studies reveal that in complex 1, Hg(II) adopts two types of geometry viz tetrahedral and linear. 

The tetrahedral geometry of Hg(1) is fulfilled by bonding through a exocyclic sulfur (tot)and 
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three sulfur from -SCH3 group, whereas the linear geometry of Hg(II) by two -SCH3 sulfur with 

S(3)-Hg(2)-S(3)#1 angle of 180.00(14), and the overall molecules forms a polymeric structure.  

Table 6.4 Data collection and structure refinement parameters for H2mbhe, 1 and 2 

Parameters H2mbhe 1 2 

Formula C10H12N2OS2 C22H26Hg3N4O2S6 C49H49Mn2N16O4S12Cl3 

M/ g mol
-1 

240.36 1172.66 1527.12 

T / K 100(2) K 293(2) K 293(2) K 

λ /Å 0.71073 0.71073 0.71073 

Crystal System Orthorhombic Monoclinic Monoclinic 

Space Group P b c a P 21/c P 21/n 

a/ Å 10.638(2) 12.6744(9) 23.634(9) 

b/ Å 9.7172(18) 15.2330(19) 12.556(4) 

c/ Å 22.854(5) 7.8262(6) 23.865(9) 

α/ 
0
 90.00 90 90 

β/ 
0 

90.00 92.660(6) 115.727(6) 

γ /
 0

 90.00 90 90 

V / Å
3
 2362.5(8) 1509.4(2) 6380(4) 

Z 8 2 4 

Dc /Mg m
-3

) 1.352 2.580 1.590 

µ / mm
-1

 0.426 15.662 0.972 

F(000) 1008.0 1076.0 3120.0 

Sample size/mm 0.25x0.25x0.25 0.25x0.23x0.21 0.25x0.23x0.21 

θrange/ 
0
 1.78-28.30 3.22-28.97 2.03-28.33 

hkl Collected -14 ≥ 14 
-14 ≥ 12 

-30 ≥ 30 

-14 ≥ 17 
-17 ≥ 20 

-10 ≥ 10 

-31 ≥ 29 
-9 ≥ 16 

-31 ≥ 31 

Reflections measured 2928 4009 39356 

Reflections used 2394 2015 15918 

Parameters 138 169 744 

R (I>2σ(I)) R1 

wR2 

0.0360 

0.1163 

0.0426 

0.0935 

0.0731 

0.1343 

R (all data) R1 
wR2 

0.0491 
0.1360 

0.0678 
0.0989 

0.2744 
0.3500 

Goodness of Fit. 1.027 0.927 1.040 
aR1 = Σ||Fo| – |Fc||Σ|Fo|bR2 = [Σw(|F2

o| – |F2
c|)2/Σw|F2

o|2]1/2 

 

Table 6.5 Selected bond lengths (Å) and angles (
o
) for H2mbhe 

Bond length (Å) Bond angle (
o
) 

N(2)-C(9) 1.339(2) C(8)-N(1)-N(2) 120.62(12) 

N(2)-N(1) 1.389(18) C(9)-N(2)-N(1) 121.31(14) 



Airo | Publication 2019                                      ISBN: 978-93-88136-23-5 
 

148 

 

S(2)-C(9) 1.662(17) C(9)-S(1)-C(10) 101.78(8) 

S(1)-C(9) 1.745(17) N(1)-C(8)-C(1) 112.87(13) 

S(1)-C(10) 1.792(2) O(1)-C(8)-C(1) 123.95(14) 

C(8)-O(1) 1.217(18) O(1)-C(8)-N(1) 123.17(15) 

C(8)-N(1) 1.354(2) N(2)-C(9)-S(2) 121.34(13) 

C(1)-C(8) 1.502(2) S(2)-C(9)-S(1) 125.16(10) 

C(7)-C(6) 1.504(2) N(2)-C(9)-S(1) 113.48(12) 

 

Table 6.6 Selected bond lengths (Å) and angles (
o
) for [Hg3(tot)2(µ-SCH3)4]n (1) 

Bond length (Å) Bond angle (
o
) 

Hg(1)-S(1) 2.442(3) S(3)-Hg(2)-S(3)#1 180.00(14) 

Hg(1)-S(2) 2.452(2) S(1)-Hg(1)-S(2) 133.78(9) 

Hg(1)-S(3) 2.694(3) S(1)-Hg(1)-S(3) 109.98(9) 

Hg(2)-S(3) 2.348(2) S(2)-Hg(1)-S(3) 103.85(8) 

Hg(1)-S(2) 2.725(2) S(1)-Hg(1)-S(2) 103.92(8) 

S(1)-C(9) 1.701(10) S(2)-Hg(1)-S(2) 105.91(9) 

S(2)-C(10) 1.815(11) S(3)-Hg(1)-S(2) 91.22(8) 

S(3)-C(11) 1.815(11) Hg(2)-S(3)-Hg(1) 100.14(9) 

O(1)-C(8) 1.360(11) Hg(1)-S(2)-Hg(1) 99.75(8) 

O(1)- C(9) 1.402(11) C(11)-S(3)-Hg(2) 102.2(4) 

N(1)-C(9) 1.297(11) C(11)-S(3)-Hg(1) 103.9(4) 

N(1)-N(2) 1.424(11) N(1)-C(9)-O(1) 110.9(8) 

N(2)-C(8) 1.284(12) N(1)-C(9)-S(1) 132.3(8) 

C(6)-C(7) 1.494(16) O(1)-C(9)-S(1) 116.7(6) 

C(1)-C(8) 1.464(13) C(8)-N(2)-N(1) 106.8(8) 

C(1)-C(6) 1.395(14) N(2)-C(8)-O(1) 112.7(9) 

 

The exocyclic C(9)-S(1) bond distance of 1.701 (10) Å is smaller as compared toH2mbhe 

(1.745 Å) and earlier reported value of 1.82 Åshowing strong Hg-S bonding[25]. The Hg-S bond 

distances occur in the range of 2.348-2.694 Å which is not similar to that reported for 

[Hg(C6H5)(C5H4NS)] [26]. In the case of four coordinate Hg(II), the exocylic Hg-S (2.442 Å) is 

the shortest one than those of terminal Hg-SCH3 (2.725 Å) and two other unequally bridged Hg-
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SCH3 (2.452 and 2.694 Å) (Table 6.6).  For two coordinate Hg(II), both Hg-S bonds are equal to 

2.348 Å which are shortest among all Hg-S bonds. The intra-chain Hg···N (oxadiazole) contact 

occur at 2.932 and 2.990 Å (Fig.6.6) which is greater than the Hg-N covalent bond distance 

reported earlier (2.164-2.222) for other Hg(II) complxes [27]. The C-S distances in -SCH3 and 

C-S (exocyclic) are slightly different due to steric reason. The C-S bond distances of 1.701(10) Å 

and 1.815(11) Å are intermediate between single C-S (1.82 Å) and double C=S (1.56 Å) bond 

distances [24]. The C-O, C-N and N-N bond distances are 1.402(11) Å, 1.297(11) Å and 

1.424(2) Å, respectively, which are also intermediate between single and double bond character 

[28]. The packing diagram of the complex is stabilised by the C(11)-H(11A)···C(9) (oxadiazole) 

and C(11)-H(11A)···O(1)(oxadiazole) hydrogen bonding interaction leading the formation of 

two dimensional sheet motifs along c axis (Fig.  

 

Fig.6.5 Molecular structure of complex 1 showing two different coordination around 

Hg(II) 
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Fig.6.6 Packing diagram of complex 1 showing 2D sheet motifs along c axis 

In addition, there occurs a C-H···π interaction between π electron of oxadiazole ring and 

H11A hydrogen of -SCH3 which also participate in the stabilization of crystal packing 

(Fig.6.7).Due to cyclization of N′-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl esterto 

1,3,4-oxadiazole-2-thione during complexation, N-H···O intermolecular hydrogen bonding 

present between the hydrazinic hydrogen and carbonyl oxygen and N-H···S intermolecular 

hydrogen bonding present between the hydrazinic hydrogen and thioether sulfur in the free 

ligand disappear in complex 1. Thecomplex 1 is quite stable in solid state due to weak 

intermolecular C-H···S interaction between thioether bridge sulfur and hydrogen atom of phenyl 

ring forming a supramolecular architecture (Fig.6.7). 

 

Fig.6.7 Intra-chain Hg···N(oxadiazole) contact, C-H···π interaction and C-H···S 

hydrogen bonding leading to supramolecular architecture 

Crystal structure description of [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3  

Fig.6.8 shows an ORTEP diagram of the complex [Mn2(Hmbhe)2(µ-

mbmst)2]CHCl3together with the atomic numbering scheme. The crystallographic data and 

structural refinement details are given in Table 6.4 and selected bond distances and bond angles 

are presented in Table 6.7.  The crystallographic unit of complex 2 consists of two Mn(II) ions, 

two Hmbhe, two mbmst and each Mn(II) adopts a distorted octahedral geometry. Two metal 

centers are interconnected with two oxo-bridging resulting in a dimeric structure [29, 30]. One 

interstitial chloroform molecule is associated with complex 2 via C(49)-H(49)···S(3) 
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intermolecular interaction with H(49)···S(3) distance of  2.955 Å (cald.).The equatorial plane of  

each Mn(II) ion is defined by two nitrogen atoms (mbhe and mbmst) and two oxygen atoms of 

the mbmst ligands with bond distances of Mn(1)-O(3) 2.178(6), Mn(1)-O(4) 2.225(5), Mn(1)-

N(2) 2.209(7), Mn(1)-N(9) 2.271(7), Mn(2)-O(3) 2.220(6), Mn(2)-O(4) 2.199(6), Mn(2)-N(4) 

2.221(8), Mn(2)-N(15) 2.257(7) Å. The bond length for Mn(1)-O(3) 2.178(6) Å is shorter than 

that of  Mn(2)-O(3) 2.220(6) whereas,  Mn(1)-O(4) 2.225(5) Å is longer than Mn(2)-O(4) 

2.199(6), showing stronger Mn-O bonding in Mn(1) as compared to Mn(2). 

Table 6.7 Selected bond lengths (Å) and angles (
o
) for [Mn2(Hmbhe)2(µ-

mbmst)2]CHCl3 

Bond length (Å) Bond length (Å) 

Mn(1)-O(4) 2.225(5) N(7)-C(29) 1.372(11) 

Mn(2)-O(4) 2.199(6) N(13)-C(45) 1.370(11) 

Mn(1)-N(2) 2.209(7) N(13)-N(14) 1.397(10) 

Mn(2)-N(4) 2.221(8) N(4)-N(3) 1.399(10) 

Mn(1)-N(6) 2.218(7) S(2)-C(10) 1.796(9) 

Mn(2)-N(12) 2.193(7) S(2)-C(9) 1.802(10) 

Mn(1)-N(9) 2.271(7) S(1)-C(9) 1.685(10) 

Mn(2)-N(15) 2.257(7) C(9)-N(2) 1.309(11) 

C(28)-O(3) 1.318(10) N(7)-C(31) 1.401(11) 

N(9)-N(10) 1.408(10) N(5)-C(28) 1.292(11) 

N(5)-N(6) 1.407(9) N(10)-(N9) 1.408(10) 

N(2)-N(1) 1.368(9) O(1)-C(8) 1.258(10) 

N(15)-C(45) 1.293(11) N(1)-C(8) 1.373(11) 

C(43)-N(12) 1.269(10) N(13)-C(43) 1.359(11) 

Bond Angle (
o
) 

N(2)-Mn(1)-O(1) 74.4(2) C(28)-O(3)-Mn(2) 122.4(5) 

N(4)-Mn(2)-O(2) 74.23(3) C(42)-O(4)-Mn(2) 112.7(5) 

N(2)-Mn(1)-N(9) 93.3(2) C(42)-O(4)-Mn(1) 121.4(5) 

N(4)-Mn(2)-N(15) 93.8(3) C(9)-N(2)-N(1) 113.4(7) . 

N(6)-Mn(1)-N(9) 78.3 (3) C(9)-N(2)-Mn(1) 135.0(6) 

N(12)-Mn(2)-N(15) 78.8(3) C(45)-N(15)-N(16) 112.6(7) 
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N(6)-Mn(1)-O(3) 72.5(2) N(3)-N(4)-Mn(2) 109.8(5) 

N(12)-Mn(2)-O(4) 72.7(2) N(2)-N(1)-C(8) 118.4(7) 

Mn(1)-O(3)-Mn(2) 95.2(2) S(10)-C(44)-S(9) 118.0(6) 

Mn(1)-O(4)-Mn(2) 94.4(2) O(3)-Mn(2)-N(15) 101.2(2) 

N(2)-C(9)-S(1) 127.9(7) N(4)-Mn(2)-N(15) 93.8(3) 

N(2)-C(9)-S(2) 108.3(7) . N(16)-N(15)-Mn(2) 116.4(5) 

S(1)-C(9)-S(2) 123.6(5) N(14)-C(44)-S(9) 117.8 (7) 

C(45)-N(15)-Mn(2) 131.0(6) N(10)-N(9)-Mn(1) 116.0(5) 

 

The two axial positions are occupied by one oxygen atom from the Hmbhe and one 

nitrogen atom from the mbmst with bond distances of Mn(1)-O(1) 2.141(6), Mn(1)-N(6) 

2.218(7), Mn(2)-O(2) 2.148(6), Mn(2)-N(12) 2.193(7) Å. The axial Mn-O distances are 

significantly longer than those observed in the equatorial planes, suggesting distortion in the 

octahedral geometry. The two oxo bridged (M-O2-M) bonds are observed with bond distances of 

2.178-2.225 Å and bite angle of Mn-O-Mn   94.4-95.2º  (Table 6.7) which are in good agreement 

with the reported values [31]. The shortest centroid-centroid separation found between the 

toluene and thiadiazole ring is 3.658 Å, which is well within the reported range for - (face). 

 

 

Fig.6.8 Ortep diagram of [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 with 30% probability level 
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Fig.6.9 Chlorine of CHCl3 showing N···Cl contact and C-H···Cl hydrogen bonding 

in complex 2. (Chlorine atoms are shown as ball and sticks) 

 

The C-N (1.293-1.373 Å) and N-N (1.368-1.408 Å) bond lengths in the complex 2 show 

intermediate character between single and double bond (Table 6.7), which is indicative of 

considerable delocalization of charge in the chelate ring formed by the coordination of the 

deprotonated hydrazinic nitrogen and carbonyl oxygen in complex 2. In the solid state the 

complex is stabilized via intermolecular C-H···Cl interaction between methyl hydrogen atom of 

nearby molecule and chlorine atoms of chloroform molecule and N···Cl interaction between 

cyclized nitrogen of mbmst and chlorine of chloroform, leading to the formation of a 

supramolecular structure (Fig.6.9).  

Conclusion 

This chapter reports the syntheses, characterization and crystal structure investigation of 

N′-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester (H2mbhe) and its two novel 

complexes [Hg3(tot)2(µ-SCH3)4]n and [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 .The fragmented SCH3 

during cyclization of H2mbhe links two Hg(II) via sulfur in a bridged and terminal fashion in 

complex 1. One unit of the polymeric complex 1 shows the presence of two tetrahedral as well as 

a linear arrangement of Hg(II) in the same molecule. The novel feature of dimeric complex 2 is 

the formation of thiadiazolyl hydrazide moiety (mbmst) formed from H2mbhe under thermal 
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condition and the presence of two oxo-bridged metal centers having distorted octahedral 

geometry.  In the solid state both complexes are stabilized by intermolecular hydrogen bonding 

and form supramolecular architecture. 
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SUMMARY 

 

Nitrogen-sulfur donor ligands are promising molecules from the view point of 

coordination chemistry because of their ability towards complexation and their involvement in a 

wide range of biological and non biological applications. In the transition metal complexes 

dithiocarbazates, dithiocarbamates, oxadiazoles-2-thiones, thiadiazoles, triazole-3-thiones act as 

neutral or deprotonated ligands. The nitrogen-sulfur donor ligands and their complexes show 

various type of biological activity such as bactericidal, antitubercular, analgesic, 

antiinflammatory, antitumor, anticonvulsant, antiviral, insecticidal and  antidepressant and have 

also been suggested as pesticides and fungicides. The antitumor activities exhibited by such type 

of ligands are due to the presence of -NCS moeity. The introductory part of the thesis includes a 

brief discussion on the ligational behaviour of ligands having a common functional group -

NC(=S) such as dithiocarbamates, oxadiazoles-2-thiones, thiadiazoles, triazole-3-thiones, 

dithiocarbazates along with the earlier work reported in the literature on their complexes.  A 

survey of literature shows that several papers are available on the syntheses and spectral 

characterization of metal complexes of dithiocarbamates, oxadiazoles-2-thiones, thiadiazoles, 

triazole-3-thiones, dithiocarbazates, but scanty of information is available on their mixed ligand 

complexes.  

The present thesis is concerned with the synthesis, spectral  and structural investigations 

of 4-ethoxycarbonyl-piperazine-1-carbodithioate, [N′-(2-methyl-benzoyl)-hydrazine]-

carbodithioate,phenyl-(5-pyridin-4-yl-1,3,4-thiadiazol-2-yl)-amine,4-phenyl-5-pyridin-4-yl-2,4-

dihydro-1,2,4-triazole-3-thione, N′-(2-methyl-benzoyl)-hydrazine-carbodithioic acid methyl ester 

and their  transition metal complexes. The structure of the ligands and complexes have been 

studied with the help of magnetic susceptibility, IR, UV-Vis, 
1
H and 

13
C NMR, ESR, and single 

crystal X-ray studies. Redox behaviour of some complexes has also been studied by cyclic 

voltammetry. 
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Apart from the introductory chapter, the thesis has been divided into six chapters. The 

following ligands and their transition metal complexes have been undertaken. 

 

NN

S

SC2H5O

O

Na

 

 

a. Sodium 1-ethoxycarbonyl-piperazine- 

4-carbodithioate [(Na
+
(ecpzdtc)

-
] 

N
H

H
N

O

SK

3

4

56

7

8

9
1

2

S

 

b.Potassium N'-(2-methyl-benzoyl)-

hydrazine-carbodithioate [K
+
(H2L)

-
] 

 

H
N

N N

S
N

1
2

3

4 5

67

8

9

10

11

12

13

 

c.Phenyl-(5-pyridin-4-yl-

[1,3,4]thiadiazole-2-yl)-amine (ppt) 

N N

NHN

S

12
3

4
5

6
7 8

9

10

11

12

13

1 2

1

 

d.4-Phenyl-5-pyridin-4-yl-2,4-

dihydro-1,2,4-triazole-3-thione (Hppdtt) 

CH3

N
H

H
N

O

S

3

4

5
6

7

8

9
1

2

S

CH3
10

1
2

1

2

 

e.  N'-(2-methyl-benzoyl)-hydrazinecarbodithioic acid methyl ester (H2mbhe) 

Fig.1 Structure of the ligands 
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Experimental: Synthesis of ligands and complexes 

RC(O)NHNH2
RC(=O)OC2H5

NH2NH2

Reflux

CS2 + KOH

EtOH, stirring
RC(=O)NHNHC(S)SK

Potassium [N'-(2-methyl-benzoyl)
-hydrazine-carbodithioate]

C2H5O(O=)CN(CH2CH2)2NH
EtOH

CS2 + NaOH
C2H5O(O=)CN(CH2CH2)2NC(S)SNa

[K+(H2L)-]

Sodium 1-ethoxycarbonyl-piperazine

-4-carbodithioate  [Na+(ecpzdtc)-]

 

C6H5NCS + RC(O)NHNH2

conc. H2SO4 ,

NaOH, MeOH

Reflux
RC=N-N=CNHC6H5

R= 4-pyridyl Phenyl-(5-pyridin-4-yl-1,3,4-
thiadiazole-2-yl)-amine (ppt)

S

 

C6H5NCS + RC(O)NHNH2

R= 4-pyridyl
dil.HCl

NaOH, MeOH

Reflux, RC=N-NHC=S

4-Phenyl-5-pyridin-4-yl-2,4-dihydro-
1,2,4-triazole-3-thione (Hppdtt)

N

C6H5
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RC(O)NHNHC(S)SCH3
RC(O)NHNHC(S)SK

CH3I

dil.acetic acid
 KI+

R= 2-methyl benzene N'-(2-methyl-benzoyl)-hydrazine 
carbodithioic acid methyl ester (H2mbhe)

[Co(ecpzdtc)3]

[Zn(ecpzdtc)2(py)]

Co(OAc)2 +

+ 2[Na+(ecpzdtc)-]

3[Na+(ecpzdtc)-]
Pyridine

stirring

stirring
M(OAc)2.2H2O

M = Zn, Cd

Pyridine + 2AcONa

3AcONa

2H2O+

+ 2AcONa H2O+[Cd(ecpzdtc)2(py)]·H2O

+

[Ni(en)2(tot)2],

[Cu(en)2](tot)2
2[K+(H2L)-] [M(H2L)2]Ni(OAc)2·4H2O/ Cu(OAc)2·H2O MeOH

stirring

MeOH
en

tot = 5-o-tolyl-[1,3,4]-oxadiazole-2-thione/thiol

+

CoSO4.7H2O

Zn(OAc)2.2H2O

+ +ppt
MeOH

stirring
[Co(ppt)(SO4)(H2O)4].H2O 2H2O

2ppt+
MeOH

stirring
[Zn(ppt)2(CH3COO)2(H2O)2]

Ni(OAc)2·4H2O/ Cu(OAc)H2O
[Ni(en)2(ppdtt)2]·2H2O

2Hppdtt+
MeOH

en

2AcOH+ 2H2O+

[Cu(en)2(ppdtt)2]·2H2O 2AcOH+

Hg3(tot)2(µ-SCH3)4]n

[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3

2H2mbheHgCl2 +

+

MeOH

stirring
tot = 5-o-tolyl-[1,3,4]-oxadiazole-2-thiol

Mn(OAc)2·4H2O
MeOH

Yellow ppt
Reflux

2H2mbhe
Mn(OAc)2·4H2O

2H2mbhe,

stirring

CHCl3

mbmst = 2-Methyl-benzoic acid (5,5'-bis-methylsulfanyl-2,3'-
bi-1,3,4-thiadiazolyl-2'-ylidene)-hydrazide

 The analytical data, spectroscopic and single crystal X-ray studies of the complexes show 

the formation of the following types of complexes: 

1. Monomeric complex:[Co(ecpzdtc)3] 

2. Monomeric mixed ligand complexes: [Cd(ecpzdtc)2(py)]·H2O,  

[Zn(ecpzdtc)2(py)] ,[Ni(en)2(tot)2], [Cu(en)2] (tot)2,  [Co(ppt)(SO4)(H2O)4)]∙H2O, 

[Zn(ppt)2(CH3COO)2 (H2O)2] , [Ni(en)2(ppdtt)2]∙2H2O, [Cu(en)2(ppdtt)2]∙2H2O  

3. Dimeric mixed ligand complex:[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3  

4. Polymeric complex:[Hg3(tot)2(µ-SCH3)4]n. 
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Results and discussion 

Acid hydrazides on reaction with CS2 in the presence of alc. KOH form potassium N-

aroyl dithiocarbazates, which got cyclized to gave 1,3,4-oxadiazole-2-thione during 

complexation in the presence of en via loss of H2S.  N-aroyl thiosemicarbazide also cyclized to 

gave corresponding 1,3,4-thiadiazole/triazole-3-thiones in the presence of either strong acid or 

base via loss of H2O/H2S. It is observed that in the presence of dithio ligand Co(II) is converted 

to Co(III) by aerial oxidation forming a tris carbodithioate Co(III) complex.  The four coordinate 

bis complexes of Zn(II) and Cd(II) carbodithioate further reacted with pyridine forming five 

coordinate ternary complexes with distorted tbp geometry.The single crystal X-ray diffraction 

studies indicate that the ligand (H2mbhe) underwent cyclization on reaction with HgCl2 and 

formed 1,3,4-oxadiazole-2-thiol (tot
-
) which is bonded to Hg(II) through exocyclic thiol sulfur. 

The fragmented methanethiolate (-SCH3) formed from N′-(2-methyl-benzoyl)-hydrazine 

carbodithioic acid methyl ester (H2mbhe) during cyclization links two Hg(II) via sulfur in a 

bridged fashion. H2mbhe also formed a novel dimeric [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 

containing thiadiazolyl hydrazide moiety (mbmst) formed from H2mbhe under thermal condition 

having two oxo-bridged metal centers.  Single crystal X-ray data revealed that [Hg3(tot)2(µ-

SCH3)4]n contains linear and tetrahedral Hg(II). [Cu(en)2](tot)2  is square planar whereas 

[Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O are distorted trigonal bipyramidal. 

[Co(ecpzdtc)3], [Ni(en)2(tot)2],[Co(ppt)(SO4) (H2O)4)]∙H2O, [Zn(ppt)2(CH3COO)2 (H2O)2], 

[Ni(en)2(ppdtt)2]∙2H2O, [Cu(en)2(ppdtt)2]∙2H2O, and [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 are 

octahedral. The π-π and C-H···π stacking play important role along with intermolecular and 

intramolecular hydrogen bonding interactions leading to the overall supramolecular architecture. 

 Electronic spectra and magnetic moment  

The magnetic moment of 6.00 B.M. for [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3 suggests a 

high spin Mn(II) with five unpaired electrons. Its electronic spectrum shows bands at 311, 291, 

and 267 nm which may be assigned to the intra ligand/ charge transfer transitions. 
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[Co(ppt)(SO4)(H2O)4]∙H2O shows a magnetic moment of 5.2 BM and the presence of a 

broad d-d band around 867 nm assigned to the 
4
T1g (F) → 

4
T2g (F) transition, suggest its 

octahedral geometry. Other high energy bands observed at 441, 388, 358 and 332 nm may be due 

to charge transfer/intraligand transitions. [Co(ecpzdtc)3] is diamagnetic suggesting the presence 

of Co(III) in low spin octahedral geometry. It shows a band at 645 nm assigned to the 
1
A1g → 

1
T1g transitions in octahedral geometry of Co(III).  

[Ni(en)2(tot)2] shows a magnetic moment of 2.83 B.M., which indicates the presence of 

two unpaired electrons. The occurrence of two broad d-d bands at 769 and 514 nm assigned to 

the 
3
A2g(F) →

 3
T2g(F), 

3
T1g(F) transitions respectively suggests an octahedral geometry for the 

complex. The magnetic moment of 2.86 BM for [Ni(en)2(ppdtt)2]∙2H2O suggests two unpaired 

electrons and the presence of  two low intensity d-d bands at 847 and 510 nm assigned to the 

3
A2g(F) → 

3
T2g(F) and 

3
T1g(F) transitions, respectively, suggest an octahedral geometry around 

Ni(II).  

The magnetic moment of 1.78 B.M. for [Cu(en)2](tot)2 shows the presence of  one 

unpaired electron. A broad band around 540 nm assigned to the envelope of the 
2
B1g → 

2
A1g, 

2
B2g, 

2
Eg transitions suggests a square planar geometry for the complex. [Cu(en)2(ppdtt)2]∙2H2O 

shows a magnetic moment of 1.89 BM., indicating the presence of one unpaired electron. The 

presence of a low intensity broad band around 591 nm assigned to the 
2
T2g → 

2
Eg transition 

suggests an octahedral geometry for the complex. 

I.R. spectra: 

The IR spectrum of the [(Na
+
(ecpzdtc)

-
] shows absorptions due to the stretching modes of 

C=O (1662 cm
-1

), C=N (1485 cm
-1

) and C=S (1006 cm
-1

). [Co(ecpzdtc)3], [Zn(ecpzdtc)2(py)] 

and [Cd(ecpzdtc)2(py)]·H2O show ν(C=N) (thioureide) band at higher frequencies viz.1427, 1433 

and 1471 cm
-1

, respectively, indicating the partial-double-bond character in ν(-CH2)2N-CS2) 

bond  in the complexes as compared to the parent  ligand (1406 cm
-1

). The ν(C=S) band 

observed at 1006 cm
-1

 in the ligand suffers a negative shift of 10-21 cm
-1

 in the [Co(ecpzdtc)3], 

[Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O indicating bonding through sulfur with metal 

ions. The characteristic band due to pyridine ring appears at 771 and 763 cm
-1

 in 

[Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O, respectively.  
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The IR spectra of potassium N-aroyl carbodithioates [K
+
(H2L)

-
] are expected to give rise 

to characteristic bands due to ν(NH), ν(C=O), thioamide I, thioamide II, ν(C=S) and ν(N-

N),which occur around 3256, 1638, 1472, 943 and 1053 cm
-1

respectively. A comparative study 

of the IR spectra of [Ni(en)2(tot)2] and [Cu(en)2](tot)2 with that of [K
+
(H2L)

-
]  indicates  that the 

characteristic bands due to the -C(O)NHNHC(S)- moiety, mainly ν(N-H) (hydrazinic) and 

ν(C=O), are  found absent. Further the disappearance of above bands related to ν(N-H) and 

ν(C=O) and appearance of new bands at 1597-1591 cm
-1 

(endocyclic C=N), 1408-1379 cm
-1 

 for 

νas(C-O-C) and 1333-1276 cm
-1 

 for νs(C-O-C) cm
-1

, suggest cyclization of the acyclic 

dithiocarbazate moiety. The IR data are thus consisted with the presence of a 1,3,4-oxadiazole 

moiety. In the [Ni(en)2(tot)2], ν(C=S) shows a very little negative shift showing that the 

exocyclic sulfur is not participating in bonding but can be attributed to the involvement of sulfur 

in hydrogen bonding with NH2 hydrogen of ethylenediamine. The absorptions appearing in the 

region 3330-3135 cm
-1

due to NH stretching vibrations of en are found to be shifted to lower 

frequency than those encountered in free en due to the presence of N-H···S and N-H···N 

hydrogen bonding in [Ni(en)2(tot)2] and [Cu(en)2](tot)2.  

The bands at 3003 and 1484 cm
-1

in the free ligand ppt (Fig. 1c) may be assigned to the 

ν(NH) of the imine group adjacent to the thiadiazole moiety and ν(C=N) of thiadiazole group, 

respectively. The spectrum of [Co(ppt)(SO4)(H2O)4]∙H2O reveals the characteristic bands due to 

ν(S=O) sulphate, ν(C=N) thiadiazole and pyridine rings at 1564, 1433 and 677 cm
-1

, 

respectively, suggesting bonding of sulphate and pyridine nitrogen to metal ion. 

[Zn(ppt)2(CH3COO)2(H2O)2] shows a negative shift of 22 cm
-1 

in the pyridine ring vibration on 

complexation in comparison to the free ppp suggesting bonding via pyridine nitrogen with 

Zn(II). A band at 1691 cm
-1 

corresponding to ν(C=O) of acetate indicates the presence of 

monodentate acetate in the complex. The persistence of a band due to ν(NH) in the spectra of 

both the complexes indicates the non-involvement of this group in coordination. A broad band in 

the region 3622-3607 cm
-1 

indicates the presence of coordinated/uncoordinated water molecule 

in the  [Co(ppt)(SO4)(H2O)4]∙H2O and [Zn(ppt)2(CH3COO)2(H2O)2]. 

The absorptions in the region of 3300-3200 cm
-1

 are due to the NH stretching vibrations 

of en.  This band occurs at a lower frequency than that reported for other en complexes and 

indicates the involvement of NH2 hydrogen in hydrogen bonding. The spectrum of free Hppdtt in 
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thione form is expected to give rise to characteristic bands due to ν(NH), ν(C=N) and ν(C=S) 

which occur at 3122, 1606 and 1003 cm
-1

, respectively. The bands at 771 and 692 cm
-1 

are due to 

the pyridine and phenyl rings, respectively. The absence of ν(NH) and presence of ν(C=S) at 

almost the same position suggests bonding of triazole nitrogen and the uncoordinated nature of 

triazole sulfur in [Ni(en)2(ppdtt)2]∙2H2Oand [Cu(en)2(ppdtt)2]∙2H2O. 

The bands at 3225 and 3143 cm
-1

 in the free H2mbhe (Fig. 1e) may be assigned to the 

ν(NH) of the hydrazide group, and those at 1677 and 1051 to the ν(C=O) and ν(C=S) vibrations, 

respectively. The disappearance of bands due to ν(C=O) and ν(NH)  in the spectrum of 

[Hg3(tot)2(µ-SCH3)4]nindicates cyclization of the free ligand to oxadiazole and a negative shift of 

80 cm
-1

 in the ν(C=S) on complexation in comparison to the free ligand suggest bonding via 

exocyclic thiol sulfur with Hg(II). The persistence of a band due to ν(C=S) in the spectrum of the 

[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3indicates the non-involvement of this group in coordination. 

The presence of a band at 1627 cm
-1 

corresponding to ν(C=O) in [Mn2(Hmbhe)2(µ-

mbmst)2]CHCl3with a negative shift of 50 cm
-1

 indicates coordination of carbonyl group. 

Disappearance of one ν(NH) shows bonding through hydrazinic nitrogen after loss of a proton.  

NMR spectra: 

The 
1
H NMR spectrum of [(Na

+
(ecpzdtc)

-
] exhibits two signals at  δ 3.56 and 2.50 ppm 

for the CH2 protons of piperazine ring and two signals at 4.31 and 1.18 ppm due to  ethyl 

protons. The 
13

C NMR spectrum of [(Na
+
(ecpzdtc)

-
]shows three signals for three carbon atoms, 

of which the signals at δ 213.6, 154.8 and 154.5 ppm are due to the >C=S, >C=O and >C-N 

carbons, respectively. The signal for CH2 and CH3 carbons are observed at δ 61.32 and 14.70 

ppm. The piperazine ring carbons appear at 48.81 and 43.24 ppm.The signals observed at 7.45-

8.60 and 7.45-8.62 ppm for [Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2Oare assigned to the 

protons of the pyridine. [Co(ecpzdtc)3], [Zn(ecpzdtc)2(py)] and [Cd(ecpzdtc)2(py)]·H2O show 

NCS2 carbon signals at  203, 206 and 207 ppm respectively, indicating metal sulfur bonding  and 

electron delocalization in the four membered chelate ring CS2M. The signals of methyl carbon 

are shielded due to twisting/ conformational change in [Co(ecpzdtc)3], [Zn(ecpzdtc)2(py)] and 

[Cd(ecpzdtc)2(py)]·H2O than the ligand.  
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The 
1
H NMRspectrum of [K

+
(H2L)

-
] (Fig. 1b) in DMSO-d6 shows signals at δ 9.98 and  

2.4 ppm for two NH  and three CH3 protons respectively. The toluene ring protons appear at 

7.20, 7.30, 7.43, 7.60 (4H toluene ring).
13

C NMR signals at 204 (C=S), 170.83 (C=O), 134.93 

(C3), 136.18 (C4), 19.54 (C5), 129.62 (C6), 130.47 (C7), 125.37 (C8) and 127.62 (C9) ppm 

suggest the presence of dithiocarbazate moiety in the [K
+
(H2L)

-
]. 

The 
1
H NMR spectrum of ppt in DMSO-d6 shows a signal at 4.84 ppm for NH proton. 

The phenyl ring protons are observed at 7.60, 7.37 and 7.11 ppm and pyridine rings protons 

signals at 8.86 and 8.19 ppm. 
13

C NMR signals appear at 146.42 C(4,5), 140.01 C(2), 122.93 

C(3,6), pyridine; 141.58 C(8), 129.30 C(10,12), 122.93 C(11), 122.07 C(9,13) for phenyl and 

166.60 C(7), 153.88 C(1)] for thiadiazole carbons of ppt. 

The 
1
H NMR spectrum of Hppdtt in DMSO-d6 shows a signal at 7.28 ppm for one NH 

proton. The phenyl ring protons are observed at 7.26, 7.15 and 7.13 ppm while the pyridine rings 

protons at 8.46 and 7.46 ppm. The occurrence of 
13

C NMR  signals at 147.92 C(5,6); 120.71 

C(4,7); 135.93 C(3) for  pyridine ring; 134.54 C(8); 128.49 C(9); 128.99 C(10,12); 128.26 C(11) 

ppm for phenyl ring and 148.24 C(1); 169.91 C(2) ppm for triazole carbon suggest the presence 

of a 1,2,4-triazole moiety in Hppdtt. 

The 
1
H NMR spectrum of H2mbhe shows signals at 9.85, 2.68 and 2.45 ppm due to the 

hydrazinic, Ar-CH3 and -SCH3 protons, respectively. The protons due to the toluene ring 

appeared as multiplets between 7.86-7.36 ppm. The peaks at 204 and 167.8 ppm in the 
13

C NMR 

spectrum are attributed to the >C=S and >C=O carbons, respectively. The 
1
H NMR spectrum of 

[Hg3(tot)2(µ-SCH3)4]nshows loss of hydrazinic protons and slightly downfield shift in aromatic 

protons. Additionally, the disappearance of >C=S and >C=O carbon suggest the cyclization of 

H2mbhe.The NMR spectra of the complexes could not be studied due to the paramagnetic nature 

of the complexes. 

ESR spectra: 

The ESR spectrum of the copper complex provides information regarding the metal ion 

environment. The ESR spectrum of the crystalline monomeric complex [Cu(en)2(ppdtt)2]∙2H2O 

at LNT shows a signal at 2950 G in the parallel region and another signal at 3130 G in the 
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perpendicular region which are typical of Cu(II) complexes with axial symmetry. The analysis of 

the spectrum yields g= 2.273, g= 2.058 and gav = 2.130 and the trend gg ge 

(2.0023) indicates that the unpaired electron is present in the dx2-y2   orbital of Cu(II). 

Electrochemical studies: 

The cyclic voltammogram of [Ni(en)2(ppdtt)2]∙2H2O was obtained at a platinum electrode 

in the potential range of + 1.5 V to -1.5 V with a scan rate of 100 mVs
-1

 for characterizing the 

redox behaviour of the complex. The [Ni(en)2(ppdtt)2]∙2H2O exhibits a quasi-reversible ill-

defined oxidation wave at 0.990V and a well defined reduction wave at -0.843 V. The cathodic 

and anodic peaks observed at 0.359 and 0.609 V, respectively indicates the presence of a 

reversible redox process and can possibly be assigned to the nickel(II)/ nickel(III) couple with 

the formal redox potential E = (Epa + Epc)/2 = 0.534V. However, it is to be noted that the peak 

separation (ΔEp = Epa- Epc) is quite large as compared to that expected for one electron process 

and hence it can be concluded that this quasi-reversible redox process is coupled with some 

chemical reaction. [Cu(en)2(ppdtt)2]∙2H2O possess a cathodic peak at Epc = 0.190 V and the 

associated anodic peak at Epa = 0.460 V with respect to Ag/AgCl reference. The separation 

between the cathodic and anodic peak potentials     (ΔEp = Epa - Epc) of 0.250 V indicates a quasi-

reversible redox process assignable to the Cu(II)/Cu(III) couple with redox potential of 0.320 V. 

An additional reduction wave observed at -0.3 V may be due to the ligand moiety. 

Crystal structure description 

1. The crystal structure of [Co(ecpzdtc)3] (Fig.2) shows that the six coordination 

number of the complex is fulfilled by three bidentate carbodithioate moieties. The Co-S bond 

distances for the three CS2Co chelate rings are 2.2732(15), 2.2766(15) and2.2645(15) Å, which 

are comparable to the bond lengthsreported for [Co{S2CN(CH2CH2CH2NMe2)2}3]. The carbon-

sulfur distances within the chelate rings are intermediate between single and double bond lengths 

and suggesting considerable delocalization of charge.The five coordination number of 

[Zn(ecpzdtc)2(py)] (Fig.3)is fulfilled by four sulfur atoms from two carbodithioate ligand and 

one nitrogen atom from pyridine ring. The geometric parameter tau as calculated from the angles 

S4-Zn-S1(166.94) and S2-Zn-S3 (137.59) comes out to be 0.489 which is almost half way 

between trigonal bipyramidal and square pyramidal geometry for the Zn complex. The axial Zn-
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S bonds (2.5251 and 2.4924 Å) are significantly longer than the equatorial bonds (2.3770and 

2.4080 Å). In [Zn(ecpzdtc)2(py)], there are considerable differences between the pairs of Zn-S 

and S-C bonds and it is interesting to note that the shorter Zn-S bonds are associated with the 

longer S-C bonds.All six membered piperazine heterocycles adopt a „chair conformation‟ in 

dithioate compounds. The environment around the metal atoms in [Cd(ecpzdtc)2 (py)]·H2O 

(Fig.4)may be described as a square pyramidal. The average bond lengths C1-S1= 1.712(7), C1-

S2= 1.728(10), C9-S3 = 1.699(9) and C9-S4= 1.715 (8) Å, are normal as found for dithioate 

complexes. The bond distances forCd-S are 2.615 (3), 2.616(19), 2.672(2) and2.567(2) Å, which 

are comparable to the bond lengthsreported for [Cd2{S2CN(CH2)5}4], [Cd(pipdtc)2(bipy)] and  

[Cd(pipdtc)2(1,10-phen)]. 

 

Fig.2 Ortepplot of [Co(ecpzdtc)3] (2) showing atomic numbering scheme. 
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Fig.3 Ortep plot of [Zn(ecpzdtc)2(py)] showing atomic numbering scheme. 

 

Fig.4Ortep plot of [Cd(ecpzdtc)2(py)]·H2O showing atomic numbering scheme. 

2. In [Ni(en)2(tot)2]  (Fig 5) the coordination environment is fulfilled by two axial 

(tot)
- 
anions at trans positions bonded through nitrogen of oxadiazole ring and the four equatorial 

sites are occupied by two bidentate N, N'-ethylenediamine coligands. In the centrosymmetric unit 

of [Cu(en)2](tot)2 (Fig. 6)metal ion has a square planar geometry where each Cu(II) is bonded 

with four symmetry related N-atoms of two en molecules and is ionically linked via thiolato 

sulfur atoms of two (tot)
−
 anions. The Cu-N distances of 2.014(4) and 2.031(4) Å are normal for 

the Cu-N amine coordination. The different bonding behavior of nickel(II) and copper(II) may be 

related to the Jahn-Teller distortion in [Cu(en)2] (tot)2 which leads to a square planar geometry 

with D2h symmetry bonded to four nitrogen atoms of two en molecules. 

 

Fig.5Ortep plot of [Ni(en)2(tot)2] 
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Fig.6.Ortep diagram of [Cu(en)2](tot)2 

3. The molecular structure of [Co(ppt)(SO4)(H2O)4]∙H2O (Fig.7)reveals the presence 

of four water molecules, monodentate sulphate and a ppt ligand coordinated to Co(II), resulting 

in a distorted octahedral geometry. A nitrogen bonded ppt and a water molecule are present at 

the axial positions of [Co(ppt)(SO4)(H2O)4]∙H2Obonded through Co(1)-N(4) and Co(1)-O(3w) at 

distances of 2.133(7) and 2.066(6) Å, respectively. The four equatorial sites are occupied by the 

oxygen of three water molecules and remaining coordination site by one oxygen atom of 

sulphate group. Three Co-O bond lengths occupied by H2O molecules Co(1)-O(1w), Co(1)-

O(2w) and Co(1)-O(4w) are nearly equal being 2.102(5), 2.087(6) and 2.186(5) Å, respectively 

and fourth one Co(1)-O(1) (sulphate) is found to be 2.080(5) Å. The coordination environment of 

[Zn(ppt)2(CH3COO)2(H2O)2] (Fig.8) is fulfilled by two axial ppt ligands at trans positions 

bonded through Zn-N(4) and Zn-N(5) and two out of four equatorial sites Zn-O(1) and Zn-O(3) 

are occupied by two acetates, so is the case with other two units. The remaining two equatorial 

sites are occupied by Zn-O(1w1) and Zn-O(1w2).  

 

Fig. 7Ortep diagram of [Co(ppt)(SO4)(H2O)4)]∙H2O 
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Fig.8ORTEP diagram of Zn(ppt)2(CH3COO)2(H2O)2] 

4. The molecular structures of [Ni(en)2(ppdtt)2]∙2H2O 

(Fig.9)and[Cu(en)2(ppdtt)2]∙2H2O (Fig.10)reveal the presence of two bidentate ethylenediamine 

as co-ligands and two (ppdtt)
-
 as ligands coordinated to the metal, resulting in a distorted 

octahedral geometry. In [Ni(en)2(ppdtt)2]∙2H2Otwo axial (ppdtt)
-
 anions are present at trans 

positions bonded through Ni(1)-N(1) and Ni(1)-N(1)#, at an equal distance of 2.158(3) Å, and 

the four equatorial sites are occupied by the two bidentate N,N'-ethylenediamine coligands. Two 

of the four Ni-N bond lengths Ni(1)-N(5) and Ni(1)-N(5)# are equal being 2.101(4) Å,  so is the 

case with other two Ni(1)-N(6) = Ni(1)-N(6)# = 2.120(3) Å. The C=S bond distances in both 

complexes are longer (1.708 - 1.710 Å) than reported for the ligand (1.661 Å) because of 

weakening of C=S bond due to intramolecular hydrogen bonding between thione sulfur and NH2 

hydrogen of en. The soft donor site of the ligand Hppdtt shows no tendency for coordination 

with Ni(II) and Cu(II) as they are hard metal ions and prefer to bind with comparatively hard 

nitrogen site of the ligand. Similar coordination behaviour of 1,2,4-triazole-3-thione and 1,3,4-

oxadiazole-2-thione derived from isonicotinic acid hydrazide has been observed in the case of 

nickel complexes, whereas the present ligand bonds to Cu(II) through the triazole nitrogen and 

the later shows ionic behavior towards Cu(II). 
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Fig.9 Molecular structure of 1 [Ni(en)2(ppdtt)2]∙2H2O 

 

Fig.10Molecular structure of [Cu(en)2(ppdtt)2]∙2H2O 

5. The crystallographic studies reveal that in [Hg3(tot)2(µ-SCH3)4]n, Hg(II) adopts 

two types of geometry viz. tetrahedral and linear. The tetrahedral geometry of Hg(1) is fulfilled 

by bonding through a exocyclic sulfur (tot)and three sulfur from -SCH3 group, whereas the linear 

geometry of Hg(II) by two -SCH3 sulfur with S(3)-Hg(2)-S(3)#1 angle of 180.00(14), and the 

overall molecules forms a polymeric structure. In the case of four coordinate Hg(II), the exocylic 

Hg-S (2.442 Å) is the shortest one than those of terminal Hg-SCH3 (2.725 Å) and two other 

unequally bridged Hg-SCH3 (2.452 and 2.694 Å).  For two coordinate Hg(II), both Hg-S bonds 

are equal to 2.348 Å which are shortest among all Hg-S bonds. The crystallographic unit of 

[Mn2(Hmbhe)2(µ-mbmst)2]CHCl3consists of two Mn(II) ions, two Hmbhe and two mbmst where 

each Mn(II) adopts a distorted octahedral geometry. Two metal centers are interconnected with 

two oxo-bridging resulting in a dimeric structure. One interstitial chloroform molecule is 

associated with [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3via C(49)-H(49)···S(3) intermolecular 
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interaction. The equatorial plane of each Mn(II) ion is defined by two nitrogen atoms from mbhe 

and mbmst and two oxygen atoms of the mbmst ligands. The bond length for Mn(1)-O(3) is 

shorter than that of  Mn(2)-O(3) whereas,  Mn(1)-O(4) is longer than Mn(2)-O(4), showing 

stronger Mn-O bonding in Mn(1) as compared to Mn(2). The two axial positions are occupied by 

one oxygen atom from the Hmbhe and one nitrogen atom from the mbmst. 

 

Fig. 11 Molecular structure of [Hg3(tot)2(µ-SCH3)4]n showing two different 

coordination around Hg(II) 

 

Fig.12Ortep diagram of [Mn2(Hmbhe)2(µ-mbmst)2]CHCl3with the atomic 

numbering scheme. 
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Future work 

The observation show that N′-(2-methyl-benzoyl)-hydrazinecarbodithioate and 

substituted thiosemicarbazide are converted to 1,3,4-oxadiazole/thiadiazoles/triazoles during 

metal complexation either in presence of acid or base via loss of H2S/H2O. They have great 

impact in the construction of supramolecules due to presence of potential binding sites i.e. Npy, 

Nox, Ntri and thiolato sulfur which can produce homo/ heterometallic complexes by employing 

the above binding sites. 

The complexes have a free donor site i.e. thione sulfur -(C=S) which can participate in 

bonding with soft metal ions e.g. Cu(I), Ag(I), Cd(II) and Hg(II) etc. or their 

triphenylphosphine/1,10-phenonthroline/2,2'-bipyridyl compounds to produce heterobimetallic 

complexes. This type of complexes may prove to be a landmark in the transition metal chemistry 

of heterobimetallic complexes. 

It has been reported that the antitumor activity display by  substituted dithiocarbamates, 

dithiocarbazates, oxadiazoles, thiadiazoles and triazoles is due to presence of  -N-(C=S)- moiety. 

The -N-(C=S)- moiety is also present in 1-ethoxycarbonyl-piperazine-4-carbodithioate, N′-(2-

methyl-benzoyl)-hydrazine- carbodithioate,phenyl-(5-pyridin-4-yl-1,3,4-thiadiazol-2-yl)-

amine,4-phenyl-5-pyridin-4-yl-2,4-dihydro-1,2,4-triazole-3-thione, N′-(2-methyl-benzoyl)-

hydrazine carbodithioic acid methyl ester and their transition metal complexes of Mn(II), Ni(II), 

Co(II), Co(III), Cu(II), Cd(II) and Hg(II), therefore they can also be exploited as potential 

antitumor agents.  
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