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Preface 

The work embodied in this thesis was carried out by the author in the Department 

of Applied Chemistry during 2003-2006. The primary aim of these investigations was to 

probe the spectroscopic and single crystal X-ray diffraction studies of some selected 

transition metal complexes of N(4)-substituted thiosemicarbazones. 

The chemistry of thiosemicarbazones has received considerable attention due to 

their proliferate applications. The transition metal complexes of them found applications 

in biology, medicine and industry. The present investigation is confined to the spectral 

and structural studies of Cu(II), Ni(lI), Mn(lI), Zn(II), oxovanadium(lV) and 

dioxomolybdenum(VI) complexes of dianionic tridentate thiosemicarbazones with ONS 

donor atoms. 

The work embodied in the thesis is divided into eight chapters. Chapter I gives a 

brief introduction about metal complexes of thiosemicarbazones, including their 

structural and bonding properties. Chapter 2 deals with the synthesis and single crystal 

X-ray diffraction studies of various thiosemicarbazones used up for the present 

investigations and various characterization techniques. Chapter 3 deals with synthesis, 

spectral and structural studies of Cu(U) complexes with ONS donor thiosemicarbazones. 

Chapter 4 deals with synthesis and spectral studies of Ni(II) complexes \vith 

2-hydroxyacetophenone N(4)-cyclohexyl thiosemicarbazone as the ligand. Chapter 5 

includes synthesis and spectral studies of Mn(II) complexes. Chapter 6 deals with 

synthesis, spectral and structural studies of Zn(II) complexes. Chapter 7 includes 

synthesis and spectral studies of oxovanadium(IV) complexes. Chapter 8 deals with 

synthesis, spectral and single crystal X-ray diffraction studies of dioxomolybdenum(VI) 

complexes. 
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_____________________________ Chapter J 

A BRIEF INTRODUCTION OF THIOSEMICARBAZONES 

AND THEIR TRANSITION METAL COMPLEXES 

1.1. General introduction 

Thiosemicarbazones are a class of compounds possessing a broad spectrum of 

biological activity including anti tumour, antibacterial, antimalarial and anti fungal 

activities [1]. Moreover, metal complexes of thiosemicarbazoncs often display 

enhanced activities when compared to the uncomplexed thiosemicarbazoncs. 

Thiosemicarbazones are prepared by the condensation of thiosemicarbazides with 

aldehydes or ketones in the presence of a few drops of glacial acetic acid [2]. 

According to the IUPAC recommendations for the nomenclature of organic 

compounds [3], derivatives of semicarbazides of the types R-CH=N-NH-C(X)-NH2 

and R1R2C=N-NH-C(X)-NH2 which are usually obtained by condensation of 

semicarbazide with suitable aldehydes and ketones, may be named by adding the 

class name 'semicarbazone' (X=O) or 'thiosemicarbazone' (X=S) after the name of 

the condensed aldehyde RCHO or ketone R 1 R2C=O. It is also usual to include in this 

class derivatives with substituents on the amide or thioarnide nitrogen, 

R1R2C=N-NH-C(X)-NR3R4
; on the X atom, RIR2C=N-N=CXR3_NH2; or on the 

'hydrazinic' nitrogen, R1R2C=N-NR3-C(X)-NH2. These classes of compounds 

usually react with metallic cations giving complexes in which the semicarbazones 

(SCs) and thiosemicarbazones CTSCs) behave as cheiating ligands. 

Thiosemicarbazones are versatile ligands which can coordinate as neutral 

ligands or in their deprotonated form. They are extensively delocalized systems, 

especially when aromatic radicals are bound to the azomethine carbon atom. Ligands 

with additional donor groups at the substituent R I or R 2 are of special interest since 

they can coordinate in a tridentate fashion which results in a significant increase of 



_____________________________ Chllpter I 

the stability of the complexes [4]. 

1.2. Bonding in metal complexes of thiosemicarbazones 

Thiosemicarbazones can exist in thione fonn in the solid state and in solution, 

they tend to exist as an equilibrium mixture of thione and thiol fOlms. 

R2C=N NH-C- NH2 
II 
S 

(Thione) 

R C=N N----:C--NH 
2 I 2 

SH 

(Thiol) 

Bonding in metal complexes of thiosemicarbazones is the ability to locate 

various group frequencies corresponding to typical linkages. Domiano et al 

explained that the thiosemicarbazide molecule itself exists in the trans configuration 

(l), and while complexing in this configuration, it behaves as a monodentate ligand, 

bonding only through the sulfur atom (5]. Gerbeleu et al have shown that bonding 

may also occur through the hydrazine nitrogen and the amide nitrogen (II) if the 

sulfur centre is substituted [6]. Coghi et af explained these confonnational changes 

on the basis of protonated ~ deprotonated isomeric forms and steric effects [7]. In 

most of the complexes studied, the thiosemicarbazone function coordinates to the 

metal ion in the cis configuration (III), as a bidentate ligand bonding both through the 

thione I thiol sulfur atom (or oxygen atom in the case of the semicarbazone moiety) 

and the hydrazine nitrogen atom in a bidentate manner. 

------------------------------------------------------- 2 
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When an additional coordinating functionality is present in the proximity of 

the SN donating centres, the ligands are found to act as tridentate species (IV). 

(IV) 

1.3. Stereochemistries and oxidation states of metal complexes 

The stereochemistries adopted by thiosemicarbazone ligands while interacting 

with transition metal ions depend essentially upon the presence of an additional 

coordination center in the ligand moiety and the charge on the ligand, which in tum, 

is influenced by the thione +--* thiol equilibrium. Besides the dentacity variation, 

consideration of the charge distribution is complicated in thiosemicarbazones due to 

the existence of thionc and thiol tautomers. Although the thione form predominates 

in the solid state, solutions of thiosemicarbazone molecules show a mixture of both 

tautomers. As a result depending upon preparative conditions (particularly solvent 

and pH), the metal complexes can be cationic, neutral or anionic. For example, 

----------------------------------------------------------- 3 
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benzaldehyde thiosemicarbazone is generally found to act as a neutral bidentate 

ligand, yielding complexes or the type [ML2X2] (where M:= Co(lI), Ni(Il), Cu(II) and 

Fe(II), L = ligand in the thione form and X = monoanionic ligand), whereas 

salicylaldehyde thiosemicarbazone is found to act as a tridentate uninegative ligand 

yielding compounds of the type ML2, which may be spin-free or spin paired. 

Most of the earlier investigations of metal complexes of thiosemicarbazones 

have involved ligands in the uncharged thione form, but a number of recent reports 

have featured complexes in which the 2N-hydrogen is lost, and bonding within the 

thiosemicarbazone moiety is closer to that of the thiol form. Furthermore, it is 

possible to isolate complexes containing both the neutral and anionic forms of the 

ligand bonded to the same metal ion [8]. Ablov and Gerbe1eu suggested that the 

formation of these mixed "tautomer" complexes is promoted by trivalent central 

metal ions like Cr(lll), Fe(III) and Co(m) [9]. 

The structural studies on Fe(llI) complexes of substituted salicylaldehyde 

thiosemicarbazone ligands have shown that the ligands are tridentate and the iron 

atoms are octahedrally coordinated with S, 0 and trans N atoms. Although no 

substantial differences are observed between bond lengths and bond angles in the 

ligands of high-spin and low-spin compounds, the high-spin complexes have a highly 

distorted octahedral configuration [10]. Octahedral complexes are reported in the 

case of manganese(II) ions with thiosemicarbazide and acetone thiosemicarbazone 

ligands [ll]. Reaction MnCh with 2-acetylpyridine N( 4 )-phenylthiosemicarbazone 

also gives a bis(ligand) complex possessing an octahedral structure [12]. 

The influence of the parent ligand moiety on the final geometry of the 

coordination complex derived from the interaction of metal salt with potentially 

bidentate or tridentate thiosemicarbazone ligands of the type 

R1R2C=N-NH-C(S}--NH2• The complex [Co(AcTSchCl]Cl'H20 (V), where 

---------------------------------------------------- 4 
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(AcTSc = acetone thiosemicarbazone) was found to possess a trigonal bipyramidal 

configuration with two sulfur atoms and one of the chlorine atoms lying 

approximately in a plane, while the azomethine nitrogen atoms are situated trans to 

each other [ 13]. The transition mctal complexes of 2-heterocyclic 

thiosemiearbazones suggest that stereochemistry adopted by these complcxes often 

depend upon the anion of the metal salt used and nature of the N(4)-substituents [14]. 

(V) 

The most common stereochemistries encountered with 2-heterocyc1ic 

thiosemicarbazones are six coordinated having the general formula ML2"+ where M 

is Fe(JII), Co(llI) and Ni(II), L is tridentate anionic ligand and n = 0,1 and planar with 

the stereochemistry of MLX, where M = Ni(lJ) or eu(IT), L = tridentate anionic 

ligand and X is ge~erally a halo or pseudohalo ligand. In addition to this, there are 

reports on the mixed ligand complexes of Mn(l)), eu(II), Ni(II) etc and even homo 

and hetero bimetallic complexes [15]. Moreover it is also possible to isolate 

complexes containing two nonequivalent ligands - one protonated and the other 

deprotonated within the same coordination sphere. Recently there are reports on 

complexes with tetra and pentadentate N2S2, N2SO and N3S2 donor ligand in the 

mono anionic or dianionic states [16]. 

----------------------------------------------------------- 5 
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As a result of the above considerations, the most common stereochemistries 

encountered in metal complexes of thiosemicarbazones are octahedral and square 

planar. On rare occasions five coordinate structures are also obtained, as in the case 

of Co(II), Fe(ll) and Ni(II) complexes of acetone thiosemicarbazone [17-19] and the 

Fe(III) complex of2-acetylpyridine thiosemicarbazone [20]. 

The tautomeric forms Z and E and the resonance polar forms of 

2-acelylpyridine thiosemicarbazone [21] are as follows: 

~ 
N 

(Z) 

~---' :> 

( E') 

~ 
N 

(£) 
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HSAB considerations dictate that the oxidation state of a metal affects the 

degree of its "softness" character, and it is found to be stronger for transition metals 

in low oxidation states. Thus the low spin cf' ions Pd(lI), Pt(I1) and Au(lII) and dlO 

ions Cu(I), Ag(l), Au(l) and Hg(II) exhibit higher stability constants with this class of 

sulfur ligands because of the formation of strong () bonds as well as dcdrt bonds by 

donation of a pair of electrons to ligands [22]. Thiols but not thioethers cause spin­

pairing of Co and Ni. Thiosemicarbazones are not capable of spin-pairing of Fe(IlI) 

ions, unlike other soft bases such as CN-, diarsinc and certain charged sulfur ligands 

[23]. Consequently, intermediate spin states are found to be stabilized [24]. This 

potential of the class of thiosemicarbazone ligands has not been recognized to the 

extend as for dicthyldithiocarbamate ligands. 

1.4. Structural characterization techniques 

1.4.1. Estimation of carbon, hydrogen and nitrogen 

Elemental analyses of C, H and N were done on a Vario EL III elemental analyzer 

at SAIF, Cochin University of Science and Technology, Kochi 22, India. 

1.4.2. Magnetic susceptibility measurements 

Magnetic susceptibility measurements were carried out at lIT, Roorkee, in the 

polycrystalline state at room temperature on a Par model 155 Vibrating Sample 

Magnetometer at 5 k Oersted field strength. Diamagnetic corrections were made 

using Pascal's constants. 

The effective magnetic moment of a compound (jJ efT) is related to the corrected 

paramagnetic molar susceptibility (X M COIT). The quantity that is most frequently 

obtained from experimental measurements of magnetism is the gram susceptibility 

(X g). It is obtained by dividing the experimental magnetic moment value to the 

------------------------------------------------------------- 7 
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weight of the sample. By mUltiplying the gram susceptibility of a compound by its 

molecular weight (MW), we can obtain the molar susceptibility, X ~I' 

X M= X g'MW 

Once the experimental value of X M has been obtained for a paramagnetic 

substance, it can be used to detennine how many unpaired electrons are there per 

molecule or ion. lnorder to translate the experimental result into the number of 

unpaired spins, it must first be recognized that a measured susceptibility will include 

contributions from both paramagnetism and diamagnetism in the sample. The 

common procedure is to conect a measured susceptibility for the diamagnetic 

contribution. The diamagnetic susceptibility for a particular substance can be 

obtained as a sum of contributions from its constituent units: atoms, ions, bonds etc. 

To obtain the exact value of the paramagnetic susceptibility, the value of diamagnetic 

susceptibility must be subtracted from the susceptibility calculated from the observed 

results [25]. 

X MC01T 
.. = X ~l - (Diamagnetic corrections) 

The next step is to connect the macroscopic susceptibility to individual molecular 

moments and finally to the number of unpaired electrons. From classical theory, the 

corrected paramagnetic molar susceptibility is related to the permanent paramagnetic 

moment of a molecule, J.L eff, by : 

where, N is Avogadro's number, R is the ideal gas constant, T is the absolute 

temperature and J.1 elf is the effective magnetic moment and is expressed in 

8 
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Bohr magnetons (B.M.). Solving the above expreSSlOn, the efTective magnetic 

moment is given by 

But, the field strength (H) produced by the Vibrating sample magnetometer is 

5 k Oersted. Then, 

1.4.3. Infrared spectroscopy 

FT-IR spectra were recorded on a Thenno Nicolet AVATAR 370 DTGS FT-IR 

spectrophotometer instrument using KBr pellets, in 4000-400 em-' region at SAIF, 

Cochin University of Science and Technology, Kochi 22, India. The infrared 

radiation involves the class of electromagnetic (EM) radiation with frequencies 

between 4000 and 400 em-I (wavenumbers). The interpretation of infrared spectra 

involves the correlation of absorption bands in the spectrum of an unknown 

compound with the known absorption frequencies for types of bonds. 

1.4.4. Electronic spectroscopy 

Electronic spectra in solutions were recorded on a GENESYS IM 10 series 

spectrophotometer at the Department of Chemical Oceanography, CUSAT, Kochi-16 

and Spectro UV-VIS Double Beam UVD-3500 spectrophotometer at Department of 

Applied Chemistry, CUSAT, Kochi-22 in the 200-900 nm range. Electronic spectra 

mainly involves ultraviolet region and visible region. The ultraviolet (UV) region 

scanned is nonnally from 200 to 400 nm, and the visible portion is from 400 to 800 

nm. It works in the following procedure: A beam of light from a visible and / or UV 

---------------------------------------------------- 9 
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light source (colored red) is separated into its component wavelengths by a prism or 

diffraction grating. Each monochromatic (single wavelength) beam in tum is split 

into two equal intensity beams by a half-minured device. One beam, the sample 

beam (colored magenta), passes through a small transparent container (cuvette) 

containing a solution of the compound being studied in a transparent solvent. The 

other beam, the reference (colored blue), passes through an identical cuvette 

containing only the solvent. The intensities of these light beams are then measured 

by electronic detectors and compared. The intensity of the reference beam is defined 

as 10 and the intensity of the sample beam is defined as 1. 

1.4.5. EPR spectroscopy 

EPR spectral measurements were canied out on a Varian E-112 X-band 

spectrometer using TCNE as standard. One of the fundamental roles of any 

spectroscopic technique is identification of the chemical species being studied. EPR 

is a spectroscopic technique that detects chemical species that have unpaired 

electrons. EPR spectroscopy is capable of providing molecular structural details 

inaccessible by any other analytical tool. It worked as follows: By application of a 

strong magnetic field 'B' to material containing paramagnetic species, the individual 

magnetic moment arising via the electron "spin" of the unpaired electron can be 

oriented either parallel or anti-parallel to the applied field. This creates distinct 

energy levels for the unpaired electrons, making it possible for net absorption of 

electromagnetic radiation (in the fonn of microwaves) to occur. The situation 

referred to as the resonance condition takes place when the magnetic field and the 

microwave frequency are "just right" (i. e., the energy of the microwaves corresponds 

to the energy difference ~E of the pair of involved spin states). The equation 

describing the absorption (or emission) of microwave energy between two spin states 

is ~E = hv = gPH, where: 

10 
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~E is the energy difference between the two spin states 

h is Plancks constant 

v is the microwave frequency 

g is the Zeeman splitting factor 

J3 is the Bohr magneton 

H is the applied magnetic field. 

1.4.6. NMR spectroscopy 

For diamagnetic complexes, NMR spectroscopy is an essential tool for 

establishing their structural characterizations. There are several NMR techniques like 

iH NMR, I3C NMR, HMQC and COSY. The iH NMR spectra were recorded on a 

Brucker DRX 500 instrument using CDCh as the solvent and TMS as the intemnl 

reference at Sophisticated instruments facility, Indian Institute of Science, Bangalore. 

1.4.7. X-Ray crystallography 

Single crystal X-ray crystallographic analysis of the compounds were carried 

out using a Siemens SMART CCD area-detector diffractometer at Analytical Science 

Division, Bhavnagar, Gujarat, India and the Argus (Nonius, MACH3 software) at 

Single Crystal X-Ray Diffraction Facil ity, lIT, Bombay. The structures were solved 

by direct methods and refined by least-square on F(? using the SHELXTL software 

package [26]. The collected data were reduced using SAINT program [27]. Graphics 

quality plots were made by using the package Diamond Version 3.0 and PLATON 

[28,29]. 

1.5. Significance of thiosemicarbazones and their metal complexes 

Thiosemicarbazones are a large group of organic molecules whose biological 

activity was first reported in 1946 [30]. The biological properties of 

thiosemicarbazones are often related to metal ion coordination. The metal complex 
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can be more active than the free ligand, and some side effects may decrease upon 

complexation. In addition, the complex can exhibit bioactivities which are not shown 

by the free ligand. The mechanism of action can involve binding to a metal ill vivo or 

the metal complex may be a vehicle for activation of the ligand as the cytotoxic 

agent. Moreover, coordination may lead to significant reduction of drug-resistance 

[1 ]. 

Thiosemicarbazones and their metal complexes exhibit wide spectrum of 

antimicrobial activity. The antibacterial activity of a variety of 2-acetylpyridine 

thiosemicarbazones was determined in clinical isolates of bacteria. The compounds 

tested were able to inhibit Neisseria gOl1orrhoeae, Neisseria meningitides, 

Staphylococcus fa eca lis, Streptococcus /aecalis and D Enterococcus. Poor 

antibacterial activity was shown toward the Gram-negative bacilli, ie, Pseudomonas, 

Klebsiella-Enterobacter, Shigella, Escherichia Coli and Proteus [31]. 

Base adducts of Cu(II) complexes have been prepared with N(4)-phcnyl 

salicylaldehyde thiosemicarbazone. The thiosemicarbazone and its complexes 

showed growth inhibitory activity against the human pathogenic bacteria Salmonella 

typhi, Shigella dysentariae, NOI1-coagulace staphylococcus, Photobacterium sp. and 

S. aureus and the complexes against plant pathogenic fungi [32]. 

Many other thiosemicarbazones and metal complexes were screened for 

antibacterial and antifungal activity. For example, 2-fonnylpyridine 

thios~micarbazones and their oxovanadium(lV) complexes exhibited powerful in 

vitro antibacterial activities towards E Coli [33], and aryl thiosemicarbazones showed 

good activity against Aeromonas hydrophilia and Salmonella typhimurium [34]. 

Collins et al reported a study of structure antimicrobial activity in a series of 

N(4)-substituted 2-acetylpyridine thiosemicarbazones [35]. The work reveals that 

antimicrobial activity occurs for compounds having partition coefficients (log P) 

12 
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between 3.0 and 4.0, which suggests that the activity of these compounds depends on 

their possessing an optimum hydrophobicity, which in tum controls their rate of entry 

into the bacterial cell. 

The antitumor properties of many thiosemicarbazones and their metal 

complexes have been investigated. The antitumor activity of bis(thiosemicarbazones) 

was widely investigated after the discovery of the strong antineoplastic activity of 

3-ethoxy-2-oxobutyraldehyde bis(thiosemicarbazone) in solid animal tumors [36]. 

5-Hydroxy-2-formylpyridine thiosemicarbazone (5-HP) was the only member of the 

a(N)-heterocyclic thiosemicarbazone series to be clinically evaluated in man [37]. 

The antiviral activity of thiosemicarbazones was first reported in 1950 by 

Hamre et af [38]. They found that benzaldehyde thiosemicarbazone derivatives were 

active against neurovaccinial infection in mice. The isatin-thiosemicarbazones were 

found to be very active and a clinical trial of N-methyl-isatin-p-thiosemicarbazone 

(methisazone) against small pox was carried out in India [39-41]. The drug has also 

been used to treat patients with herpes simplex virus (HSV) [42]. Its 4',4'-diethyl 

derivatives have shown to inhibit Moloney leukemia virus [43] and human 

immunodeficiency virus (HIV) [44]. 

1.6. Objective and scope of the present work 

Thiosemicarbazones and their metal complexes have been subject of interest 

in numerous studies because of their chemical and biological properties [45,46]. The 

coordination chemistry of tridentate ONS donor ligands is a highly interesting field. 

Their importance increased markedly after the presence of ONS donor environment 

was detected at the active sites of some metalloenzymes [47]. 

Thiosemicarbazones obtained by condensation of N(4)-substituted 

thiosemicarbazides with salicylaldehyde [48-50] or with 2-hydroxyacetophenone 

13 
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[5\ ,52] fonn a class of versatile NS / NSO chelating ligands and are known to exhibit 

diverse biological activities. They also stabilize uncommon oxidation states [53]. A 

number of studies dealing with the complex fonnation properties of this class of 

compounds exist [54,55]. Transition metal ions like Cu(II), Ni(II), Mn(H), Zn(II), 

oxovanadium(IV) and dioxomolybdenum(VI) were used for the synthesis of 

complexes. We have undertaken the work along the following lines 

To synthesize interesting N(4)-substituted ONS donor ligands 

Salicylaldehyde N(4)-cyclohexylthiosemicarbazone (H2LI) 

2-H ydrox yacetophenone N (4 )-c yclohexylthiosemicarbazone (H2L 2) 

Salicylaldehyde N(4)-phenylthiosemicarbazone (H2L
3
) 

2-Hydroxyacetophenone N( 4 )-phenylthiosemicarbazone (H2L 4) 

To characterize these ligands using elemental analyses, JR, electronic and 

IH NMR spectral studies. 

To synthesize Cu(II), Ni(II), Mn(IT), Zn(II), oxovanadium(lV) and 

dioxomolybdenum(VI) complexes and characterize these complexes using 

elemental analyses, magnetic susceptibility measurements, JR, electronic, 

EPR and [H NMR spectral studies. 

To carry out single crystal X-ray diffraction studies of the ligands H2L 2, H2L 3 

and H2L 4 and some of their Cu(II), Zn(IJ), dioxomolybdenum(VI) complexes. 

To find out the EPR parameters of Cu(II), Mn(IJ) and oxovanadium(IV) 

complexes of thiosemicarbazone. 

To carry out single crystal X-ray diffraction study of an unusual compound 

2-[ 5-( cyclohexylamino )-1 ,3,4-thiadiazol-2-yl]phenol (TDZ). 

14 
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SYNTHESIS, SPECTRAL AND STRUCTURAL STUDIES OF 

THIOSEMICARBAZONE LIGANDS 

2.1. Introduction 

Thiosemicarbazones of aromatic o-hydroxyaldehydes and ketones have 

recently attracted considerable attention because of their potential biological 

properties [I] and catalytic activity [2]. Recent studies of thiosemicarbazone 

complexes have centered on tridentate ligands containing an oxygen atom besides the 

thiosemicarbazone moiety ie, nitrogen and sulfur atom. The later two atoms are 

considered the sites of coordination in both neutral and anionic thiosemicarbazone 

ligands [3]. These aromatic thiosemicarbazones most often coordinate as the dianion 

on loss of the phenoxy hydrogen and thiosemicarbazone moiety to form mononuclear 

[M(ONS)B]{ONS represents the dianionic thiosemicarbazone ligand coordinated via 

the phenoxy oxygen, azomethine nitrogen and thiolate sulfur and B represents any 

neutral heterocyclic base} or dinuclear [M(ONS)h have isolated on deprotonation of 

the ring hydroxy group and loss of the N(2) hydrogen of the thiosemicarbazone 

moiety [4J. 

Here, we prepared four tridentate ONS donor ligands and IS used for the 

preparation of metal complexes. 

\. Salicylaldehyde N(4)-cyclohexylthiosemicarbazone (H2LI) 

2. 2-Hydroxyacetophenone N(4)-cyc1ohexylthiosemicarbazone (H2L2) 

3. Salicylaldehyde N( 4)-phenylthiosemicarbazone (H2L3) 

4. 2-Hydroxyacetophenone N(4)-phenylthiosemicarbazone (H2L4) 

This chapter deals with the synthesis and spectral characterization of ligands. It 

also deals with X-ray diffraction studies of H2L
2, H2L3 and H2L 4 The IUPAC 

numbering scheme is not very appropriate for describing the structural data of 
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semicarbazones and thiosemicarbazones because the numbering of C and N atoms on 

the semicarbazonc or thiosemicarbazone chain does not run on into the numbering of 

substituted groups. This is probably why a variety of different numbering schemes 

have been used in the literature. In this chapter, the following numbering scheme is 

used for the above four ligands throughout the entire work, except in X-ray 

diffraction studies. The structures and the numbering schemes are given in 

Figure 2.1. 
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2.2. Synthesis of thiosemicarbazone ligands 

These ligands are prepared by adapting the reported procedure of Klayman et af 

[5] and also others [6,7]. 

2.2.1. Materials 

Cyclohexylisothiocyanate (Fluka), hydrazine hydrate (Lancaster), salicylaldehyde 

(SRL chemicals), 2-hydroxyacetophenone (SRL chemicals), phenylisothiocyanate 

(Fluka), ethanol! methanol and glacial acetic acid. 

2.2.2. Synthesis of the ligands HzL' and H2L2 

Step-l 

Preparation of N (4 )-cyc1ohex ylthiosemicarbazide 

Cyc1ohexylisothiocyanate (15 mmol, 2 rul) In 15 ml ethanol and hydrazine 

hydrate (90 mmol, 4.3 ml) in 15 ml ethanol were mixed with constant stirring. The 

resulting solution was kept in a stirred condition for 12 an hour. The white product, 

N(4)-cyclohexylthiosemicarbazide formed was filtered, washed with ethanol and 

ether and dried ill vacuo over P 4010. m.p. = 140 "C. 

Step-2 :-

Synthesis of salicylaldehyde N (4 )-cyclohexylthiosemicarbazone (H2L I) 

To a hot solution of 0.866 g (5 mmol) ofN(4)-cyc1ohexylthiosemicarbazide in 

25 ml of ethanol, added 0.5235 ml (5 mmol) of salicylaldehyde in 25 ml of ethanol 

with constant stirring. One or two drops of glacial acetic acid was added to the above 

solution an~ the mixture was slowly refluxed for 3 h. After cooling, the compound 

was obtained as white crystalline solids, which was filtered, washed with ethanol and 

ether and dried in vacuo over P40 JO • 

Synthesis of 2-hydroxyacetophenone N(4)-cyclohexylthiosemicarbazone (HzL2) 

H2e is also prepared according to the above procedure. In the above mentioned 

procedure, instead of salicylaldehyde, 2-hydroxyacetophenone (5 mmol, 0.6 ml) was 

used. The compound was obtained as pale yellow parellelopiped crystals. 

------------------------------------------------------ 21 



________________________________________________________ Chapter2 

.Nes 
/ 

Stirred 

2.2.3. Synthesis of H2L 3 and H2L 4 

Step-I :-

..• 

Preparation of N( 4 )-phenylthiosemicarbazide 

Phenylisothiocyanate (l00 mmol, 11.94 ml) in 25 ml ethanol and hydrazine 

hydrate (100 mrnol, 4.86 ml) in 25 ml ethanol were mixed with constant stirring. The 

resulting solution was kept in a stirred condition for 12 an hour. The white product, 

N(4)-phenylthiosemicarbazide formed was filtered, washed with ethanol and ether 

and dried in vacuo over P40to. m.p. = 135 "c. 

Step-2:-

Synthesis of salicylaldehyde N( 4)-phenylthiosemicarbazone (H2L3
) 

To a hot solution of 0.83615 g (5 mmol) of phenylthiosemicarbazide in 25 ml of 

ethanol, added 0.5235 rnl (5 mmol) of salicylaldehyde in 25 ml of ethanoi with 

constant stirring. The above mixture was slowly refluxed for 3 h. After cooling, the 

compound was obtained as pale yellow crystalline solids, which was filtered, washed 

with ethanol and ether and dried in vacuo over P 4010. 
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Synthesis of 2-hyqro~yacetophenone N( 4 )-phenylJhi9semicarbazone (H2L 4) 

H2L 4 is also prepared according to the above procedure. In the above mentioned 

procedure, instead of salicylaldehyde, 2-hydroxyacetophenone (5 mmol, 0.6 ml) was 

used. The compound was obtained as yellow solids . 

. NCS 

+ ILN-:-,JR 
Stirred 

-----::: 

inCH3C~OH 

Reflux 

/0 in CH3C~OH 
/./ 

) 

I 
R 

Scheme for the synthesis of~L' and I~L~ 

2.3. Characterization techniques 

R 

Details regarding the analytical measurements and various spectral techniques are 

gi yen in Chapter 1. 

2.3.1. X-Ray crystallography 

(i) X-Ray crystallography ofH2L2 and H2LJ 

The pale yellow parellelopiped crystals of H2L2 and pale yellow plates of 

H2L3 suitable for X-ray diffraction studies were obtained by slow evaporation of their 

solutions in ethanol. The crystal structure data (Table 2.1) collection for these two 

crystals were done on a BRUKER SMART APEX CCD diffractometer using graphite 

monochromated MoKa radiation (A = 0.71073 A) at 293(2) and 295(2) K 
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respectively. Crystals with dimensions 0.42 x 0.31 x 0.28 mm for HzL2 and 

0.20 x 0.12 x 0.08 mm for H2L J were used. The collected data were reduced by using 

SAINT [8]. The structure were solved by direct methods with the program 

SHELXTL-97 [9]. The positions of all the non-hydrogen atoms were included in the 

full-matrix least-squares refinement using SHELXTL-97 program and all the 

hydrogen atoms were fixed in calculated positions. The structure of the compound 

H2L2 and H2LJ were plotted using the programs Diamond Version 3.0 [10] and 

PLATON [11]. 

(ii) X-Ray crystallography of H2L 4 

Yellow block crystals suitable for X-ray analysis were obtained by slow 

evaporation from its solution in a mixture of methanol-diethylether after one week. A 

crystal having approximate dimensions 0.30 x 0.25 x 0.20 mm was sealed in a glass 

capillary. The X-ray diffraction data (Table 2.1) was measured at 293(2) K, data 

acquisition and cell refinement were done using the Argus (Nonius, MACH3 

software) [12]. The Maxus software package (Nonius) was used for data reduction 

[13]. The structure was solved by direct methods and fuJI-matrix least-squares 

refinement using SHELXL-97 [14] package. The positions of all the non-hydrogen 

atoms were included in the full-matrix least-squares refinement using SHELXL-97 

program and alJ the hydrogen atoms were fixed in calculated positions. The structure 

of the compound H2L 4 was plotted using the programs Diamond Version 3.0 [10] and 

PLATON [11]. 
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2.4. Results and discussion 

2.4.1. Synthesis 

The empirical formulas, melting points and partial elemental analyses of the 

ligands are presented in Table 2.2. The four ligands I-bLI, H2L
2

, H2L
3 and H2L 4 are 

white, pale yellow, pale yellow and yellow in color respectively. Single crystals of 

HzL2 and H2LJ suitable for X-ray difrraction studies were obtained by slow 

evaporation of their ethanol solutions. Similarly, single crystals of H2L 4 were 

obtained from a mixture of methanol-diethylether solution. In spite of many 

attempts, we were unsuccessful in isolating single crystals of H2L I suitable for single 

crystal XRD. 

Table 2.2. Analytical data 

Compound Empirical formula Melting point Found (Calculated) 'Yo 
("C) C H N 

HeLl C I4HI9N)OS IR4 59.48 (59.65) 7.06 (6.97) 14.95 (14.91) 

H2L" CI5H21N30S 154 61.15 (61.82) 7.56 (7.26) 14.30 (14.42) 

H:LJ CI4HlJNJOS In 62.21 (61.97) 5.13(4.83) 15.57 (15.49) 

II:L 
4 

CISHI5NJOS 195 62.61 (63.13) 5.35 (5.30) 14.57 (14.73) 

2.4.2. Cry,~tal structure of H2L 2 

The molecular structure of H2L2 along with the atom numbering scheme, 

H bonding and its packing in the crystal lattice are given in Figures 2.2, 2.3 and 2.4 

respectively. Selected bond lengths and bond angles are listed in Table 2.3. H2L2 

crystallizes with two molecules per asymmetric unit into triclinic crystal system with 

a space group of PI. According to the crystal structure, the compound exists in the 

thione form with S(I) and N(t) are at E configuration with respect to N(2}-C(8) 

bond. This is confirmed by the torsion angle of 167.13(15)" at N(l)-N(2)--C(8}-S(l) 

moiety [15]. The existence of H2L 2 in the thione form in the solid state is confirmed 
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by the observed bond lengths C(8}-S(l) [1.688(2) A] and C(8}-N(2) [1.351(3) A]. 

The C(8}-S( 1) bond length [1.688(2) A] is close to C-S double bond length [ 1.60 A] 

than to C-S single bond [1.81 A] and C(8}-N(2) bond length [1.351(3) A] is 

intennediate between C-N single bond [1.45 A] and C-N double bond [1.25 A] [16]. 

The shorter length of C-N and longer length of C=S points out the extended 

conjugation in the molecule similar to other thiosemicarbazones. 

Figure 2.2. Structure and labeling diagram for H2L 2 

The mean plane deviation calculations show that the central 

thiosemicarbazone bridge C(7}-N( 1 }-N(2}-C(8}-S( 1) itself is nearly planar with a 

maximum mean plane deviation of 0.1760 A for S( I) and C(7}-N(l }-N(2}-C(8}­

N(3) with a maximum deviation of 0.2807 A for N(3). The centroid Cg(l) consists of 
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atoms C(1}-C(2)-C(3}-C(4}-C(5)-C(6) and Cg(2) comprising of the cyclohexyl 

ring, themselves are puckered, makes a dihedral angle of 74.88° with each other and 

27.84(1r and 59.32° respectively with the first bridge C(7)-N(1)-N(2)-C(8)-S(l). 

The ring puckering analysis and least square calculations show that the cyclohexyl 

ring is in chair conformation (QT = 0.5828(28) A) with the equatorial substitution at 

C(9) for N(3) [17]. 

Table 2.3. Selected bond lengths (A) and bond angles ( 0 ) for the ligand (H2L\ 

Bond lel/glhs 
S(l }-C(8) 
N(2}-C(S) 
N(2)--N(l) 
N(2)-H(2N) 
N(3}-C(8) 
N(3)-C(9) 
N(3)-H(3N) 
C(7)-N(l) 
C(7)--C(6) 
C(7)--C(lS) 
O(l)-C(I) 
O(I}-H(IA) 

1.688(2) 
1.3SI(3) 
1.392(2) 
0.90(2) 
1.329(3) 
I.4S6(3) 
0.80(2) 
1.284(2) 
1.475(3) 
I.S04(3) 
1.3SI(3) 
0.8200 

Bond angles 
C(8}-N(2}-N( I) 
C(8}-N(2}-H(2N) 
N( 1 )-N(2)-H(2N) 
C(8}-N(3}-C(9} 
C(8}-N(3}-H(3N) 
C(9}-N(3}-H(3N) 
N(I )-C(7}-C(6) 
N( I )--c(7}-C(lS) 
C(6)-C(7)-C(15) 
C( 1 }-O( I }-H( I) 
C(7}-N( I }-N(2) 
N(3)-C(8}-N(2) 

119.95(17) 
IIS.3(14) 
117.1 (IS) 
123.51(18) 
119.6(17) 
114.3(17) 
116.69(17) 
123.33( 19) 
119.98( 17) 
109.5 
117.67(17) 
117.90(18) 

Two intramolecular hydrogen bonding interactions are observed within each 

molecule of the asymmetric unit. One between N(3)-H(3N) ... N(l) [N(3) ... N(l) = 

2.686(3), N(3)---H(3N) = 0.81(3), H(3N) ... N(1) = 2.39(2), N(3)---H(3N) ... N(I) = 

102.9(lSf] and other between O(l}-H(l) ... N(l) [O(l) ... N(l) = 2.559(2), 

O(l)---H(l) = 0.82. H(I) ... N(l) = 1.85, O(I)---H(l) ... N(l) = 144°]. Similarly in the 

second molecule of the asymmetric unit also. The first one forces the molecule to 

exist in such a configuration that S(l) and N (1) are trans to each other with respect to 

N(2)-C(8) bond. 

In the crystal lattice, the two dimensional packing of the molecules IS 

stabilized by intermolecular hydrogen bonding interactions. These interactions 
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observed are N(2}-H(2N) ... S(1)i [(i) = 2-x. I-y, I-z; N(2) .... S(1) = 3.319(2), 

N(2)---H(2N) = 0.90(2), N(2)---H(2N) ... S(I) = 163.2(19)"] and N(3}-H(3N) ... O(2)ii 

[(ii) = I-x, I-y, I-z; N(3) ... O(2) = 3.175(2), N(3)---H(3N) = 0.81(3), 

N(3)---H(3N) ... O(2) = 165(2)"] of another unit. Similarly N(5}-H(5N) ... S(2)iii 

[(iii) = I-x, -y, -z; N(5) ... S(2) = 3.414(2), N(5)---H(5N) = 0.86(3), 

N(5)---H(5N) ... S(2) = 167(2)"] and N(6}-H(6N) ... 0(1)ii [(ii) = I-x, I-y, I-z; 

N(6) ... O(l) = 3.063(3), N(6)---H(6N) = 0.83(2), N(6)---H(6N) ... O(I) = 150(2)"] are 

also observed. 

, .. . . r .. 

Figure 2.3. Hydrogen bonding interactions for H2L2 

b 

L c 

Figure 2.4. Unit cell packing diagram for H2L2 viewed along the a axis 
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2.4.3. Crystal structure of H2L3 

The molecular structure of H2L3 along with atom numbering scheme is given 

in Figure 2.5 and selected bond lengths and bond angles are given in Table 2.4. The 

compound crystallizes with three molecules per asymmetric unit into triclinic crystal 

system with a space group of PI. From Table 2.4, it is clear that three molecules in 

the asymmetric unit are almost identical. So the discussion can be limited to one of 

the molecules. According to the crystal structure, the compound exists in the thione 

fOlm with S(l) and N(3) in the E configuration with respect to the N(2)-C(7) bond as 

in the case of H2L2 This is confirmed by the torsion angle of 179.49" of the 

N(3)-N(2)-C(7}-S(1) moiety [15]. Its existence in the thione form in the solid state 

is also supported by the observed bond lengths C(7)-S( I) [1.680(2) A] and 

C(7)-N(2) [ 1.353(3) A]. The C(7}-S(l) bond length is closer to C=S bond length 

[1.60 A] than to C-S bond length [1.81 A] [16]. However, the N(3)-N(2) [1.378(3) 

A] and N(2)-C(7) [1.353(3) A] bond distances observed are intermediate between the 

ideal values of corresponding single [N-N, 1.45 A; C-N, 1.47 A] and double bonds 

[N=N. 1.25 A; C=N, 1.28 A] [18], which are in support of an extended 

TC delocalization along the thiosemicarbazone chain. Similar trend is observed in the 

second and third molecules ofthc asymmetric unit also. 

Table 2.4. Selected bond lengths (A) and bond angles ( 0) for the ligand (H~L \ 

Bond lellgths 
S( l}--e(7) 
N(3}--C(8) 
N(3}-N(2) 
N(2}--C(7) 
O( 1 }--C(l4) 
N(l}-C(6) 
N(I}-H(IA) 
C(7}-N(I) 
N(2}-H(2A) 

1.680(2) 
1.276(3) 
1.378(3) 
1.353(3) 
1.358(3) 
1.417(3) 
0.78(3) 
1.324(3) 
0.89(3) 

Bond angles 
C(8}--N(3)-N(2) 
C(7}--N(2)-N(3) 
N(3)-N(2)-H(2A) 
N( I }--C(7)-N(2) 
N(I)-C(7}-S(I) 
N(2}--C(7)-S(I ) 
C(7)-N( I }--C(6) 
0(1 }--C(l4)-C( 13) 
0(I}--C(14}--C(9) 

117.4(2) 
120.1(2) 
116.1(18) 
115.7(2) 
124.9(2) 
119.45(19) 
129.2(2) 
118.0(3) 
121.8(2) 
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Figure 2.S. Structure and labeling diagram for H2L3 

The mean plane deviation calculations show that the central 

thiosemicarbazone moiety C(S}-N(3}-N(2}--C(7}-S(l }-N(l) itself is nearly planar 

with a maximum mean plane deviation of 0.0140 A at C(S) and 0.01S0 A at N(2). 

Ring puckering analysis and least square plane calculations show that the rings Cg( I) 

comprising of atoms C(l}--C(2}--C(3}--C(4}--C(5}--C(6) and Cg(2) comprising of 

atoms C(9}--C(lO}--C(lI}--C(l2}--C(13}--C(l4), themselves are puckered, makes a 

dihedral angle of 54.9So with each other and they are deviated from the central 

thiosemicarbazone moiety C(S}-N(3}-N(2}--C(7}-S(l }-N(l) at angles 55.13° and 

O.ISo respectively. In the second molecule of the asymmetric unit, the rings Cg(3) 

comprising of atoms C(l5}--C(l6}--C(l7}--C(lS}--C(l9}--C(20) and Cg(4) comprising 

of atoms C(23}--C(24}--C(25}--C(26}--C(27}--C(2S), themselves are puckered, makes a 

dihedral angle of 67.33° with each other and in the third molecule, the rings Cg(5) 

comprising of atoms C(29}--C(30}--C(31 }--C(32}--C(33}--C(34) and Cg(6) comprising 

of atoms C(37}--C(3S}--C(39}--C(40}--C(41}--C(42), both are puckered and makes a 
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dihedral angle of 68.25' with each other. 

In each molecule of the asymmetric unit, two intramolecular and one 

intennolecular hydrogen-bonding interactions are seen (Figure 2.6). In first molecule 

of the asymmetlic unit, the prominent intramolecular hydrogen-bonding interactions, 

viz. N(l)-H(IA) ... N(3) [N(I) ... N(3) = 2.6170, N(I)---H(IA) = 0.78, H(lA) ... N(3) = 

2.19, N(l)---H(lA) ... N(3) = 115'] and O(l)-H(18) ... N(3) [0(1) ... N(3) = 2.6656, 

0(l)---H(18) = 0.82, H(lB) ... N(3) = \.95, 0(1)---H(J8) ... N(3) = 146°] leads to the 

formation of one five membered and one six memberd rings comprising of atoms 

N(3), N(2), C(7), N(I), H(lA)N and N(3), C(8), C(9), C(14), 0(1), H(lB)O 

respectively. Similarly, in the second and third molecules, intramolecular hydrogen­

bonding interactions are N(4)-H(4A) ... N(6) [N(4) ... N(6) = 2.6452, N(4)---H(4A) = 

0.80, H(4A) ... N(6) = 2.29, N(4)---H(4A) ... N(6) = lOS'], 0(2)-H(2B) ... N(6) 

[0(2) ... N(6) 2.6493, 0(2)---H(2B) = 0.82, H(28) ... N(6) 2.00, 

0(2)---H(28) ... N(6) = 136'] and N(7)-H(7 A) ... N(9) [N(7) ... N(9) = 2.6410, 

N(7)---H(7A) = 0.72, H(7A) ... N(9) = 2.29, N(7)---H(7A) ... N(9) = 112°], 

0(3}-H(3B) ... N(9) [0(3) ... N(9) = 2.6567, 0(3)---H(38) = 0.S2, H(3B) ... N(9) = 

1.96, 0(3)---H(38) ... N(9) = 143'] respectively. The short interatomic contact, 

N(2}-H(2A) ... S(3) [N(2) ... S(3) = 3.4524, N(2)---H(2A) = 0.89, H(2A) ... S(3).= 2.57, 

N(2)---H(2A) ... S(3) = 168']; N(5)-H(5A) ... S(2) [N(5) ... S(2) = 3.4155, 

N(5)---H(5A) = 0.85, H(5A) ... S(2) = 2.62, N(2)---H(2A) ... S(3) = 1ST]; 

N(8)-H(8A) ... S(l) [N(8) ... S(1) = 3.496S, N(S)---H(SA) = 0.82, H(8A) ... S(l) = 2.69, 

N(S)---H(SA) ... S(1) = 170'] respectively for the three molecules, also help to 

stabilize the present confonnation of the thiosemicarbazone. The packing of the 

molecules of H2L3 is shown in Figure 2.7, where the unit cell is viewed along the 

c axis. The molecules in the unit cell are arranged in opposite manner, which are the 

repeating units of the packing in the crystal lattice. 
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Figure 2.6. Hydrogen bonding interactions for H2L3 

a 

b:Y 
Figure 2.7. Unit cell packing diagram for H2LJ viewed along the c axis 
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2.4.4. Crystal stl'uctUlY! of HzL <I 

The molecular structure of the compound H2L 4 with atom numbering scheme 

is given in Figure 2.S and the relevant bond lengths and angles are given in Table 2.5. 

In the compound H2L \ sulfur S(1) is in the Z form with azomethine N(1) with respect 

to the N(2}-C(S) bond {S(1}-C(S}-N(2}-N(1) torsion angle, 10.3 (2) A}, unlike the E 

configuration seen in the compounds H2L2 and H2L3 (section 2.4.2 and 2.4.3). 

Figure 2.8. Structure and labeling diagram for H2L 4 

Again, the E conformation of the S(1) atom with the C(9) atom of the phenyl 

ring in compound H2L 4 about the C(S}-N(3) bond {S(1 }-C(S}-N(3}-C(9) torsion 

angle, -179.S3(14) A}is different from the Z conformation seen between those atoms 

in H2L2. The N-H ... S dimer ring involving intermolecular hydrogen bonds in the 

compound H2L 4 utilizes N(3) instead of N(2) in H2L2 may be attributed to this 

conformation changes. The C(S}-S(1) and C(8}-N(2) and C(S}-N(3) bond distances 

(Table 2.5) are close to a C-S double bond and a C-N single bond in 

thiosemicarbazones [19,20,21] and suggest the thione form for H2L 4. The C(S}-S( I) 
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bond length of H2L 4 is in agreement with its di-2-pyridyl [16J, 2-acetylpyridine [22J 

and acetophenone [23J counterparts, but less than the 1.688(2) A value in H2L2 The 

decrease of 0.016(3) A for the C(8)-N(3) bond distance compared to C(8}-N(2) 

suggests greater double bond to the fonner and increased electron localization at this 

substituted end. This is continned by the somewhat typical double bond nature of 

N(I)-C(7) [1.289(2) A] and considerable decrease from single bond length for 

N(3}-C(9) [1.422(2) A). 

Table 2.5. Selected bond lengths (A) and bond angles ( 0) for the ligand (H"L \ 

Bond lengths 
S(I }-C(8) 
N{l )-C(7) 
N(1}-N(2) 
N(2}-C(8) 
N(2}-H(2N2) 
N(3}-C(8) 
N(3}· C(9) 
N(3}-H(3N) 
0(1 )-C(I) 
O(I)-·H(IOI) 

1.6659(16) 
1.2905(19) 
l.3736(19) 
1.3631 (19) 
O.864( 19) 
1.346(2) 
1.422(2) 
0.829( 19) 
1.352(2) 
0.82(2) 

Bond angif.>s 
C(7)-N( I )-N( 2) 
C(8 )-N(2)·-N( 1 ) 
C(8}-N(2}-H(2N2) 
N( 1 }-N(2}-H(2N2) 
C(8}-N(3 )-C(9) 
C(8}-N(3)-H(3N) 
C(9)-N(3)-H(3N) 
C(I}-O( I)-H(1 01) 
O( 1}-C( 1 )-C(2) 
O( 1 )-C( 1 }-C( 6 ) 

118.85(14) 
118.64(14) 
117.2(12) 
119.6(12) 
128.99(13) 
114.4(13) 
115.9(13) 
108.4(17) 
1 Hi.49(19) 
123.24(16) 

On complexation, the coordination occurs through thiolate fonn and the C-S 

bond length increases to 1.734(3) A and 1.754(8) A in Sn(IV) complexes [SnMe2(L)] 

and [SnBu2(L)] respectively [7], where L is the doubly deprotonated fonn of 

compound H2L 4 The enolization on coordination leads to changes in the bond 

lengths of N(2}-C(8), N(1)-N(2) and N(3)-C(8) though the confonnation of the 

compound H2L 4 is retained. 

The 2-hydroxyacetophenone thiosemicarbazone moiety excluding S(I) and 

N(3) atoms lies in a plane with a maximum deviation of 0.0726( 15) A for atom N(2). 

The planarity is associated with the six membered ring O( 1), H( 101), N( 1), C(7), 

C(6), C(1) fonnation via the intramolecular hydrogen bond O(1}-H(IOI) ... N(l) 
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[O(I) ... N(l) = 2.533(2), O(l)---H(I01) = 0.84(3), H(IOI) ... N(I) = \.80(3), 

O(l)---H(lOl) ... N(1) = 145 (2f] [21]. As a result, the exocyc1ic angles around atom 

C( I) and angles subtended at C(7) show considerable asymmetry. The core 

thioscmicarbazone moiety C(7), N(I), N(2), C(8), N(3), C(9) is in a plane, with a 

maximum deviation of 0.0844(14) A for N(l) atom from the mean plane, makes a 

dihedral angle of 15.77(7)" with the plane comprising atoms 0(1), C(l) and C(6). 

The phenyl substituent is twisted away from this thiosemicarbazone plane as 

evidenced by the C(8)-N(3)-C(9)-C( I 0) torsion angle of -48.3 (3)" 

Two kinds of intermolecular hydrogen bonding are seen in the Figure 2.9. 

First, the molecules are paired using N(3)-H(1N3) ... S(1)i interactions [(i) = -x, y, 

~-z; N(3) ... S(1) = 3.4141(18), N(3)---H(1N3) = 0.84(2), H(lN3) ... S(1) = 2.60(2), 

N(3)-(1N3) ... S(1) = 165.7(l7rJ and a three-dimensional motif is formed using 

second intermolecular hydrogen bond C(lI}-H(lI) ... O(I)ii [(ii) = x-lh, y-~, z; 

C(ll) ... O(l) = 3.473(3), C(ll)---H{ll) = 0.93, H(lI) ... O(l) = 2.56, 

C(ll}-H(ll) ... O(l) = 168"] with the help of the C(1O)-H(lO) ... Cg(l)iii interaction 

with Cg(l) [C(lO) ... Cg(l) = 3.681(2), C(10)---H(l0) = 0.93, H(lO) ... Cg(1) = 2.83, 

C(lO)-H(lO) ... Cg(l) = 152"]{Cg(l) = C(l), C(2), C(3), C(4), C(5), C(6) at 

(iii) ~ +x, J/c+Y, 1 +z}. The unit cell packing diagram of the molecules are seen in the 

Figure 2.10, where the molecules are arranged in a zig-zag manner. 
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Figure 2.9. Hydrogen bonding interactions for H2L 4 

Figure 2.10. Unit cell packing diagram for H2L 4 viewed along the a axis 
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2.4.5. Spectral studies 

The IR spectra of H2L (H2Ll, H2L2
, H2L3 and H2L4) show broad bands at 

ca. 3371 and 3100 em-I which are due to phenolic -OH groups and -NH groups 

respectively. The absence ofv(S-H) band around 2600 cm- l suggests the existence of 

these thiosemicarbazone ligands in the thione form in the solid state. The other bands 

observed in the spectra are at ca. 853 and 1344 em-I, which are due to v(C=S) 

stretching vibrations and a sharp peak at ca. 1608 cm· l is due to v(C=N) bonds 

[24,25]. Table 2.6 lists the main IR bands of the ligands H2Ll, H2L2, H2L3 and H2L 4 

and Figure 2.11 presents theIR spectrum of the ligand H2LI 

Table 2.6. Selected IR bands (em-I) of the ligands (H~LI, HcL2. H~Ll and H2L4) 

Ligands v(O-H) v(N·II) v(C=N) v(N--N) v(C=S) v(C-o) v(C-CO) 
H21.1 3402 3137 1613 1111 1328.856 1263 1027 

H2L2 3308 3109 1613 1111 1358,846 1263 1045 

H2Ll 3336 3146 1613 1149 132R,874 1255 1027 

H2L4 3440 3011 1604 1126 1365,837 1245 1034 

'00 

00 

00 

40 

2' 

4000 3500 3000 .2500 2000 1500 1000 500 

Wavenumber (em
d

) 

Figure 2.11. IR spectrum of the ligand H2LI 
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The electronic spectral data of the ligands H2LI, H2L2
, H2L3 and l-bL4 in DMF 

solution are presented in Table 2.7 and their representative spectra are presented in 

Figure 2.12. Each ligand has a ring n - n* band of the aromatic ring are observed in 

the range 32000 - 38000 cm- I and n - n* bands associated with the azomethine 

linkage are observed in the range 28500 - 31500 em' I respectively [26,27]. 

Table 2.7. Electronic spectral assignments ror the ligands 

Ligands 71 - R* n - R* 

H2LI 32150 28730 

H2L" 36900 30860 

H2L3 32250 29060 

H2L 4 36490 31250 

! ",' ! ~ 
"" ~ 
~ 2 

~:J 
", IO. ----.. -, --"'~-7-00~ .;. ., 

'" 
Waveknglh (Illll) Wa\"elenglh (nm) 

1l 
<::' 

'" -e 
~' r\ 
<C 2 \. 

JOI) '00 600 700 '00 '" 

Wavelenglh (nm) Wavelength (Ilrn) 

H2L
3 H2L4 
Figure 2.12. Electronic spectra of the ligands 
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The IH NMR spectrum of the ligand H2L3 recorded in CDCh is given in 

Figure 2.13. This ligand has signals at 8 = 11.36, 9.5j.and 8.37 ppm, which are due 

to -OH, -2NH and -CH=N 1 respectively. The high 8 values observed for -OH 

and -2NH proton for H2e ligand is assumed to be due to hydrogen bonding 

interactions. The low field position of - 4NH (8 = 7.26 ppm) could be attributable to 

the deshielding caused by the phenyl group and the adjacent -N=C< of the system 

-N=C(SH)-NH-Cc,Hs. The presence of -2NH proton signal suggests enolization of 

-2NH-C=S group to -2N=C-SH, but, H2L 3 does not show any peak attributable to 

-SH proton. Aromatic protons appear as multiplet at <5 = 6.84 - 7.60 ppm range [28]. 

'0X,-,:: H -CI;- I I!. 
// 4 .~ h 
~----==' NH ~-"-

~\I, J 
CH " ..-c 

NH ~ 
2 S 

----"---;.t.-.-- .'-.--- ,.-rt .• -.---....... =;---.----;;;-._ .. ~-,.,..~.--.. ---~~--"-... -;:. 
"",. .. 

Figure 2.13. IHNMR spectrum of the ligand H2L3 
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2.5. Unusual isolation of the compound 2-(5-(cyclohexylamino)-1,3,4-thiadiazol-

2-yl]phenol (TDZ) 

The compound (TDZ) is obtained by the reaction of salicylaldehyde N(4)­

cyclohexylthiosemicarbazone (l mmol, 0.277 g) with Mn(OAch'4H20 (l mrnol, 

0.29\ g) in methanol solution. Golden-yellow block crystals suitable for single 

crystal X-ray analysis were obtained from the mixture of CH3CN and DMF solution. 

It is repOlted that thiosemicarbazones were subjected to ring closure by means of 

acetylating agents to obtain the corresponding 1,3,4-thiadiazolines with good yields 

[29]. The reaction scheme for the above compound (TDZ) is given below: 

ct' OH S 
- NH II -./ \NHD 

OH 

.. 
Reflux 3 hr in CHpH 

N--N 

1 J---NH So 
Scheme for the synthesis of 2-[5-(cyclohexylamino )-1 ,3,4-thiadiazol-2-yl]phenol 

The structure and Jabeling diagram for the compound 

2-[5-(cyclohexylamino)-1,3,4-thiadiazol-2-yl]phenol (TDZ) is shown in Figure 2.14. 

The compound (TDZ) crystallizes with monoclinic crystal system with a space group 

Pll/c. A crystal having dimensions 0.33 x 0.26 x 0.21 mm was sealed in a glass 

capillary. The X-ray difTraction data were measured at 293(2) K, data acquisition and 

cell refinement were done using the Argus (Nonius, MACH3 software) [11]. The 

Maxus software package (Nonius) was used for data reduction [12]. The structure 

was solved by direct methods and full-matrix least-squares refinement using 

SHELXL-97 [13] package. The positions of all the non-hydrogen atoms were 
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included in the full-matrix least-squares refinement using SHELXL-97 program and 

all the hydrogen atoms were fixed in calculated positions. The structure of the 

compound TDZ were plotted using the program Diamond Version 3.0 [10] and 

PLATON [11]. 

Figure 2.14. Structure and labeling diagram for TDZ 

According to the crystal structure, the compound exist in the E configuration 

with respect to the C(2}-N(3) and C( I }-N(2) bonds. This is confirmed by the torsion 

angles of 179.76° and 178.24° respectively for C(3}-C(2}-N(3}-N(2) and 

N(I}-C(I}-N(2}-N(3) moieties [30]. In the thiadiazoline ring, S(I}-C(I}-N(2}­

N(3}-C(2), the observed bond lengths are C(1}-S(1) [1.7431(17) A], C(2}-S(1) 

[1.7369(17) A], C(1}-N(2) [1.313(2) A], C(2}-N(3) [1.298(2) A] and N(2}-N(3) 

[1.376(2) A]. The C(1}-S(1) and C(2}-S(1) bond lengths are closer to C-S single 

bond length [ 1.81 A] than to C=S double bond length [ 1.60 A] [16]. However, the 

C(1}-N(2) and C(2}-N(3) bond distances are closer to C=N double bond distance 

[1.28 A]. The N(2}-N(3) bond distance is closer to N-N single bond length [N-N, 

1.45 A] [18]. This supports the ring consisting of atoms S(1}-C(1 }-N(2}-N(3}-C(2) 
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is thiadiazolinc. The selected bond lengths and bond angles are presented in 

Table 2.8. 

Table 2.8. Selected bond lengths (A) and bond angles ( 0) for TDZ. 

BOlld lellRlhs 
C(I )-N(2) 
C(I )-N( I) 
C( I )-S( I) 
C(2}-N(3) 
C(2)·-C(3 ) 
e(2)"SO) 
N(2}-N(3) 
C(3}-C(4) 
C(4)-o(l) 

1.313(2) 
1.334(2) 
1.7431(17) 
1.29R(2) 
1.461 (2) 
1 7369(17) 
1.376(2) 
1.399(2) 
1.353(2) 

BO/ld angles 
N(2}-C(1 }-N( I) 
N(2}-C(l }-S(l) 
N( 1 )-C(I}-S(I) 
N(3}-C(2)·('(3) 
N(3}-C(2}-S( I) 
C(3)-C(2}-S( I) 
C( R )-C( 3 )-C( 4 ) 
C(8)-C(3 )-C(2) 
C(4}C(3)-C(2) 

122.97(16) 
113.91(13) 
123.10(13) 
123.54(15) 
113.09(13) 
123.37(12) 
118.16(16) 
121.74(16 ) 
120.09(15) 

Bond angles 
O( 1 }-C(4}-C(5) 
O( 1 }-C(4}-C(3) 
C(1)-N(I}-C(9) 
C( 1 )-N( 1 }-H( IN) 
C(9)· N(I)II(lN) 
C(l )-N(2}-N(3) 
C(2)-N(3}-N(2) 
C(4)-O(I}-H(I) 
C(2)-S( 1 )-C( 1 ) 

117.94(17) 
122.12( 16) 
125.20( 15) 
115.5(14) 
117.3(14) 
111.52(14) 
1 14.4R(l4) 
109.5 
86.98(8) 

The cyclohexyl ring Cg(3) consists of atoms C(9), C(lO), C(ll), C(12), C(13), 

C(14), itself is puckered, makes a dihedral angle of 64.04° with the neighbouring 

thiadiazoline ling S(I), C(l), N(2), N(3), C(2). The ring puckering analysis and least 

square calculations show that the cyclohexyl ring is in chair conformation (QT = 

0.5621 A) with the equatorial substitution at C(9) for N(l). One intra and one 

intermolecular hydrogen bonding interactions are observed in the case of this 

compound TDZ (Figure 2.15). Intramolecular hydrogen bonding interactions, viz. 

O(l}-H(\) ... N(3) (O(l) ... N(3) = 2.6223, O(l)---H(l) == 0.82, H(l) ... N(3) = 1.89, 

O(l)---H(l) ... N(3) = 148°] leads to the formation of six membered ring comprising 

of atoms 0(1), C(4), C(3), C(2), N(3) and H(l)O and intenllolecular hydrogen 

bonding interactions are between N(I)-H(IN) and N(2) (N(l) ... N(2) = 2.9672, 

N(1)---H(IN) = 0.85, H(1N) ... N(2) = 2.12, N(l)---H(lN) ... N(2) = 175"]. The unit 

cell packing diagram for the compound (TDZ) viewed along the a axis is shown in 

Figure 2.16. 
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Figure 2.15. Hydrogen bonding interactions for TDZ 

Figure 2.16. Unit cell packing diagram for H2L 4 viewed along the a axis 

44 



___________________________ Cllupter 2 

References 

1. D.X. West, S.B. Padhyc, P.B. Sonawane, R.C. Chi kate, Asian J.Chcm.Rev. I 

(1990) 125. 

2. D.E. Barber, Z. Lu, T. Richardson, R.H. Crabtree, Inorg. Chem. 31 (1992) 

4709. 

3. M.B. Ferrari, G. Fava, C. Pelizzi, P. Tarasani, 1. Chem. Soc., Dalton Trans. 

(1992) 2153. 

4. M. Soriano-Garcia, R.A. Toscano, J. Valdes-Martinez, 1.M. Fernandez, Acta 

Cryst. C41 (1985) 498. 

5. D.L. Klayman, J.E Bartosevich, T.S. Griffin, C..T. Mason, 1.P. Scovill, 1. 

Med. Chem. 22 (1979) 855. 

6. P. Bindu, M.R.P. Kurup, Trans. Met. Chcm. 22 (1997) 578. 

7. G. F. de Sousa, R. H. P. Francisco, M. 1. P. Gambardella, R. H. de A. Santos, 

A. Abras, 1. Braz. Chem. Soc. 12 (2001) 722. 

8. Siemens, SMART and SAINT, Area Detector Control and Integration 

Software, Siemens Analytical X-ray Instruments Inc.Madison, Wisconsin, 

USA,1996. 

9. G.M. Sheldrick, SHELXTL Version 5.1, Software Reference Manual, Bruker 

AXS Inc, Madison, Wisconsin, USA, 1997. 

10. K. Brandenburg, Diamond Version 3.0, Crystal Impact GbR, Bonn, Germany, 

1997-2004. 

11. A. L. Spek, ORTEP-Ill and PLATON, a Multipurpose Crystallographic Tool, 

Utrecht University, Utrecht, The Netherlands, 1999. 

12. B.V. Nonius, Nonius, MACH3 software, Delft, The Netherlands, 1997. 

13. a.M. Sheldrick, Acta Cryst. A46 (1990) 467. 

---------------------------------------------------- 45 



__________________________ ClJapter 2 

14. G.M. Shcldrick, SHELXL97 and SHELXS97, University of Gottingen, 

Germany, 1997. 

15. D. Chattopadhyay, T. Banerjee, S. K. Mazumdar, S. Ghosh, R. Kuroda, Acta 

Cryst. C43 (1987) 974. 

16. V. Suni, M.R.P. Kurup, M. Nethaji, Spectrochim. Acta 63A (2006) 174. 

17. M. Joseph, V. Suni, C.R. Nayar, M.R.P. Kurup, H.-K. Fun, J. Mol. Struct. 705 

(2004) 63. 

18. GJ. Palenik, D.F. Rcndle, W.S. Cru1er,ActaCryst. 830 (1974) 2390. 

19. E.B. Sccna, B.N. Bessy Raj, M.R.P. Kurup, E. Suresh, J. Chern. Cryst. 

(2006), in press. 

20. A. Usman, LA. Razak, S. Chantraprornma, H.-K. Fun, V. Philip, A. 

Sreekanth, M.R.P. Kurup, Acta Cryst. C68 (2002) 0652. 

21. L. Latheef, E. Manoj, M.R.P. Kurup, Acta Cryst. C62 (2006) 016. 

22. E. Bermejo, A. Castinciras, R. Dominguez, R. Carballo, C. Maichle­

Mossmer, J. Strahle, D.X. West, Z. Anorg. Allg. Chern. 625 (1999) 961. 

23. F. Jian, Y. Li, H. Xiao, Acta Cryst. E61 (2005) 02219. 

24. S.K. Jain, B.S. Garg, Y.K. Bhoon, D.L. Klayman, J.P. Scovill, Spectrochim. 

Acta 41A (1985) 407. 

25. R.M. Silverstein, G.e. Bassler, T.e. Morrill, Spectrometric Identification of 

Organic Compounds, 4th edn, Wiley, New York, 1981. 

26. R.P. John, A. Sreekanth, M.R.P. Kurup, A. Usman, A.R. Ibrahim, H.-K. Fun, 

Spectrochirn. Acta 59A (2003) 1349. 

27. D.X. West, I.S. Billeh, J.P. Jasinski, J.M. Jasinski, R.J. Butcher, Trans. Met. 

Chern. 23 (1998) 209. 

28. P. Bindu, M.R.P. Kurup, Indian J. Chern. 36A (1997) 1094. 

--------------------------------------------------- 46 



____________________________________________________ Chapter2 

29. M.A. Mm1ins Alho, A.G. Moglioni, B. Brousse, G. Y. Moltrasio, N.B. 

D'Accorso, ARKIVOC, 1 (2000) 627. 

30. Y. Nagao, T. Hirata, S. Goto, S. Sano, A. Kakehi, K. Iizuka, M. Shiro, J. Am. 

Chern. Soc. 120 (1998) 3104. 

-----------------------------------------------------47 



CHAPTER 3 



____________________________ Chupler3 

SYNTHESIS, SPECTRAL AND STRUCTURAL STUDIES OF Cu(I1) 
COMPLEXES OF N(4)-SUBSTITUTED THIOSEMICARBAZONES 

OFSALICYLALDEHYDEAND2-HYDROXYACETOPHENONE 

3.1. Introduction 

The growing interest m copper complexes of thiosemicarbazone ligands 

containing phenolic group is due to the presence of such moieties in a number of 

mono- and binuclear copper proteins. In recent years, a number of binuclear and to a 

lesser extent mononuclear copper complexes containing the phenolate ion have been 

investigated as models of copper proteins. 

Copper fOlms a variety of octahedral, square planar, square pyramidal and 

trigonal bipyramidal complexes with thiosemicarbazones [I]. Copper generally 

shows the + I and +2 oxidation states. The +2 oxidation state is the most common 

one. Copper fonns mononuclear as well as binuclear complexes with 

thiosemicarbazones. Binuclear copper(ll) complexes display interesting and varied 

magnetic behaviour. Copper(lI) shows the 3cf configuration. Because of the 

presence of one unpaired electron in the d orbital, all the copper(lI) complexes are 

paramagnetic. 

This chapter describes the synthesis and characterization of mononuclear and 

binuclear Cu(ll) complexes with different N(4)-substituted ONS donor ligands. It 

also reports single crystal X-ray diffraction studies of two of the synthesized 

complexes. 

3.2. Experimental 

3.2.1. Materials 

The reagents used for the synthesis of the thiosemicarbazone ligands were 

discussed in Chapter 2 and were purified by standard methods and solvents were 
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purified by distillation. 2,2' -Bipyridine (bipy) (Central drug house chemicals), 

1,10-phenanthroline (phen) (Ranboxy fine chemicals) and 4,4'-dimethyl 

2,2' -bipyridine (dmbipy) (Sigma Aldrich), Cu(OAch'HzO (Fluka), CuCh'2HzO 

(E-Merck), CuBrz (Sigma Aldrich) and CU(N03)z'3HzO (S.D. fine-chemicals Ltd) 

were used as received. 

3.2.2. Synthesis of the complexes 

[(CULI)z] (1) 

This complex was synthesized by refluxing an ethanolic solution of HzLI 

(1 mmol, 0.277 g) with an aqueous solution ofCu(OAc)z'H20 (l mmol, 0.199 g) for 

4 h. The complex formed was filtered, washed with ethanol and finally with ether 

and dried over P4010 in vacuo. 

[CuL1dmbipy] (2) 

This complex was synthesized by refluxing an ethanolic solution of H2L I 

(1 nunol, 0.277 g) and heterocyclic base dmbipy (1 mmol, 0.184 g) with an aqueous 

solution of Cu(OAc)z'H20 (l nunol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P4010 in vacuo. 

[(CUL2)z] (3) 

This complex was synthesized by refluxing an ethanolic solution of H2L 2 

(l mmol, 0.291 g) with an aqueous solution of Cu(OAch'HzO (l mrnol, 0.199 g) for 

4 h. The complex formed was filtered, washed with ethanol and finally with ether 

and dried over P40 lO in vacuo. 

[CuL2dmbipy] (4) 

This complex was synthesized by refluxing an ethanolic solution of HzL 2 

(l mrnol, 0.291 g) and heterocyclic base dmbipy (1 mmol, 0.184 g) with an aqueous 

solution of Cu(OAc)z'HzO (1 mmol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P4010 in vacuo. 
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[Cu(HL2)CI]-2H20 (5) 

This complex was synthesized by refluxing an ethanolic solution of H2L2 

(0.250 g) with an aqueous solution of CuCh·2H20 (0.250 g) for 4 h. The complex 

formed was filtered, washed with ethanol and finally with ether and dlied ovcr P 4010 

in vacuo. 

[Cu(HL2)Br]-4H20 (6) 

This complex was synthesized by refluxing an ethanolic solution of H2L2 

(0.50 g) with an aqueous solution of CuBr2 (0.50 g) for 4 h. The complex formed 

was filtered, washed with ethanol and finally with ether and dried over P40 lO 111 

vacuo. 

[Cu(HL2)N03lC2HsOH(HzO) (7) 

This complex was synthesized by refluxing an ethanolic solution of H2L2 

(0.50 g) with an aqueous solution of CU(N03h" H20 (0.50 g) for 4 h. The complex 

fonned was filtered, washed with ethanol and finally with ether and dried over P 4010 

in vacuo. 

[(CuL3hll/2H20 (8) 

This complex was synthesized by refluxing an ethanolic solution of H2L3 

(l mmol, 0.271 g) with an aqueous solution ofCu(OAc)2·H20 (l mmol, 0.199 g) for 

4 h. The complex formed was filtered, washed with ethanol and finally with ether 

and dried over P4010 in vacuo. 

[Cu(HL
3
hlH20 (9) 

This complex was synthesized by refluxing an ethanolic solution of H2L3 

(2 mrnol, 0.542 g) with an aqueous solution of CU(OAC)2·H20 (l mrnol, 0.199 g) for 

4 h. The complex fonned was filtered, washed with ethanol and finally with ether 

and dried over P40lO in vacuo. 

[CuL3dmbipy]-H20 (10) 

This complex was synthesized by refluxing an ethanolic solution of H2L3 
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(l mmol, 0.271 g) and heterocyclic base dmbipy (I mmol, 0.184 g) with an aqueous 

solution of Cu(OAch·H20 (I mmol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P40JO ill vacuo. 

[(CuL4hli/2H20 (11) 

This complex was synthesized by refluxing an ethanolic solution of H2L 4 

(l mmol, 0.285 g) with an aqueous solution of Cu(OAc)yH20 (l mmol, 0.199 g) for 

4 h. The complex formed was filtered, washed with ethanol and finally with ether 

and dried over P40 JO in vacuo. 

[CuL 4bipy}H20 (12) 

This complex was synthesized by refluxing an ethanolic solution of H2L 4 

(l mmol, 0.285 g) and heterocyclic base bipy (l mmol, 0.156 g) with an aqueous 

solution of Cu(OAch·H20 (l mmol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P4010 in vaCllO. 

[CuL 4phen PC2HSOH (13) 

This complex was synthesized by refluxing an ethanolic solution of H2L 4 

(l mmol, 0.285 g) and heterocyclic base phen (I mmol, 0.198 g) with an aqueous 

solution of Cu(OAc )2· H20 (l mmol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P4010 ill vacuo. 

[CuL 4dmbipy}3H20 (14) 

This complex was synthesized by refluxing an ethanolic solution of H2L 4 

(I mmol, 0.285 g) and heterocyclic base dmbipy (I mmol, 0.184 g) with an aqueous 

solution of Cu(OAch·H20 (1 mmol, 0.199 g) for 4 h. The complex formed was 

filtered, washed with ethanol and finally with ether and dried over P40iO in vacuo. 

3.2.3. X-Ray crystallography 

A dark green crystal of the compound 2 and a brown block crystal of the 

compound 3 having approximate dimensions of 0.32 x 0.30 x 0.30 and 0.35 x 0.30 x 

0.30 mm respectively were sealed in glass capillaries. The crystallographic data and 
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structure refinement parameters for the complexes 2 and 3 at 293(2) K are given in 

Table 3.1. 

Table 3.1. Crystal Data and Structure refinement parameters for [CuL'dmbipy] (2) and [(CuL2)2] (3). 

Empirical formula 
Formula weight 

Temperature 
Wavelength 

Crystal system 
Space group 
Unit cell dimensions 

Volume 

Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 

9 range for data collection 

Index ranges 

Reflections collected 
Independent reflections 
Refinement method 
Data I restraints I parameters 
Goodness-of-fit on F2 

Final R indices [1>20(1)] 
R indices (all data) 

Largest diff. peak and hole 

(2) 
C2(,H 29CU N5 0 S 
523.14 
293(2) K 
0.71073 A 
Monoclinic 
(,2/c 

a = 25.6690(19) A 
b = 14.4860(8) A 
c'" 15.6400(10) A 
a = 900 

~ = 95.678(6)0 

Y = 90 0 

5787.1(7) A> 
8 
1.201 MgI m3 

0.851 mm·' 

2184 
0.35 x 0.30 x 0.30 mm 

2.03 to 24.98° 
0<=h<=30, 
0<=k<=17, 
-18<=1<= 18 

5160 
5041 [R(int) = 0.0361] 
Full-matrix least-squares on Fe 
5041 10 I 313 

0.981 
R, = 0.0586, wR] = 0.1291 
R, = 0.1830, wR2 = 0.1619 
0.401 and -0.320 e.A·) 

(3) 

C6oH76CU4N J20 4S4 

1411.73 
293(2) K 
0.71073 A 
Triclinic 
pf 
a = 13.0420(14) A 

b= 14.182(3)A 
c = 18.865(2) A 
a = 103.689(12)° 

~ = 107.098(10)° 

Y = 96.896(13)" 
3172.1(9) A3 

2 
1.478 Mg/m3 

1.510mm·J 

1464 
0.35 x 0.30 x 0.30 mm 

1.51 to 24.99° 
-15<=h<= 15, 
-16<=k<=0, 

-21<=1<=22 
11599' 

11109 [R(int) = 0.0464] 
Full-matrix least-squares on F2 
11109 I 0 /769 

1.013 
RJ = 0.0602, wR2 = 0.1301 

RJ = 0.1997, wR2 = 0.1704 
0.677 and -0.514 eA3 

The X-ray diffraction data for the two compounds were measured at 293(2) K, 

data acquisition and cell refinement were done using the Argus (Nonius, MACH3 

software) [2]. The Maxus software package (Nonius) was used for data reduction [3]. 
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The structure was solved by direct methods and full-matrix least-squares refinement 

using SHELX97 [4] package. The positions of all the non-hydrogen atoms were 

included in the full-matrix least-squares refinement using SHELX97 program and all 

the hydrogen atoms were fixed in calculated positions for compounds 2 and 3. The 

structures of the compounds 2 and 3 were plotted using the program Diamond 

Version 3.0 [5] and PLATON [6]. 

3.3. Results and discussion 

3.3.1. Physical measurements 

The complexes 1, 3, 8 and 11 were readily formed by refluxing their 

respective ligands and Cu(OAc h' H20 in 1: 1 ratio and the complex 9 in 2: 1 ratio. The 

complexes 2, 4, 10, 12, 13 and 14 were prepared by using their respective ligands, 

polypyridyl bases like bipy, phen or dmbipy and Cu(OAc)2·H20 in 1: 1: I ratio. The 

complexes 5, 6 and 7 were prepared by retluxing equal grams of the ligand H2L2 with 

CuX2'nH20 [X = CI, Br and NO) respectively] for the compounds 5, 6 and 7. 

After double deprotonation, thiosemicarbazones coordinate as tridentate 

ligands in the thiolate form (L 2-) in majority of the complexes, except in complexes 5, 

6, 7 and 9. In complexes 5, 6, 7 and 9, the ligands were coordinated as mono anionic 

(HL-) forms. The elemental analyses of the complexes are in agreement with the 

general formula [(ML)2] (for complexes 1,3,8 and 11); [MLB] (for complexes 2, 4, 

10, 12, 13 and 14); [M(HL)X] (for complexes 5, 6 and 7) and [M(HLh] (for complex 

9). X-Ray quality single crystals of the compound 2 were obtained by slow 

evaporation of its ethanol solution over a period of 7 days and single crystals for the 

compound 3 were obtained by slow evaporation of its solution in CH)CN / CH2Ch 

mixture over a period of 2 weeks. The colors, partial elemental analyses and 

magnetic moments of the complexes are presented in Table 3.2. 
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Table 3.2. Analytical data 

Compound Color Found {Calculated) % J.l(B.M.) 

C H N 

[(CULl):,] (I) Brown 49.43(49.61) 5.23(5.06) 12.22( 12.40) 1.25 

[CuLldmbipy] (2) Green 60.57(59.69) 6.12(5.59) 12. 72( 13.39) 1.82 

[(CuL 2h] (3) Brown 51.09(51.05) 5.39(5.43) 11.80(11.91) 1.15 
, . I 

[CuL-dmblpy]' /2H20 (4) Green 59.23(59.37) 5.88(5.91) 12.95(12.82) 1.56 

[Cu(HL2)CI]'2H20 (5) Green 42.03( 42.35) 6.00(5.69) 9.37 ( 9.88 ) 1.68 

[Cu(HL2)Brl4H20 (6) Brown 36.15(35.61 ) 5.43(5.58) 8.44(8.31) 1.51 

[Cu(HL 2)NO}]'C2HsOH(H 20) (7) Green 42.07(42.53) 5.69(5.88) 11.69( 11.(7) 1.64 

[(CuL Jhl l/,H 20 (8) Brown 49.80(50.36) 3.32(3.62) 13.06(12.59) 1.24 

[Cu(HL1)2lH20 (9) Brown 54.54(54.05) 4.20(4.21) 13.50(13.51) 1.51 

[CuL1dmbipy]-H,O (10) Brown 58.08(58.36) 4.79(4.71) 12.98(13.09) 1.72 

[(CuL 4hll/:H20 (11) Brown 51.46( 51.27) 4.00(3.87) 11.73(11.96) 1.39 

[CuL 4bipylHzO (12) Brown 57.20(57.62) 4.28( 4.45) 13.26(13.44) 1.77 

[CuL 4phen12C2HsOH (13) Green 59.83(60.13) 5.07(5.37) 11.90(11.31) 1.82 

{CuL 4dmbipY]'3H20 (14) Brown 55.02(55.42) 4.62(5.34) 12.34( 11.97) 191 

Magnetic moments of the complexes were calculated from magnetic 

susceptibility measurements using diamagnetic corrections. Mononuclear eu(II) 

complexes exhibit magnetic moments in the range 1.5-1.9 B.M., which are close to 

the spin-only value [7]. The magnetic moments of the binuclear Cu(II) complexes (1, 

3, 8 and 11) were found to be in the range 1.15-1.40 B.M. This low magnetic 

moment may be attributed to the presence of a strong anti ferromagnetic spin-spin 

interaction involving an oxygen-bridged binuclear structure similar to those proposed 

for the Cu(II) complexes of analogous tridentate ligands [8]. 
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3.3.2. Crystal structure of the compound {CULl dmbipy] (2) 

The molecular structure of the compound 2 along with atom numbering 

scheme is given in Figure 3.1 and selected bond lengths and bond angles are 

summarized in Table 3.3. Compound 2 crystallizes in the monoclinic space group 

C2/c. The copper atom in [CuL1dmbipy] (2) is coordinated by phenolato oxygen, 

0(1), azomethine nitrogen, N(l), thiolato sulfur, S(I) of the thiosemicarbazone and 

the pyridine nitrogens, N(4) and N(5) of bipyridine derivative and is having an 

approximately trigonal bipyramidal geometry in which the equatorial positions are 

occupied by S(l), 0(1) and N(5) and the axial positions by N(l) and N(4) 

[Cu(l)-N(I), 1.951(4) A, Cu(1}-N(4), 2.016(4) A] with the N(1)-Cu(l)-N(4) angle 

of 177. 94(l6t being close to the 'ideal' value of 1800 which is usual for such 

systems. 

In a five-coordinate system, the angular structural parameter (r) is used to 

propose an index of trigonality. The value of r is defined by an equation represented 

by r = (j3 - a)/60, where f3 is the greatest basal angle and a is the second greatest 

angle; r is 0 for rectangular pyramidal forms and 1 for trigonal bipyramidal forms 

[9,10). However, in the case of five-coordinate systems, the structure varies from 

near regular trigonal bipyramidal (RTB) to near square based pyramidal (SBP). The 

value of r for the compound 2 is 0.35, indicates that the coordination geometry 

around Cu(II) is best described as trigonal bipyramidal distorted square based 

pyramidal (TBDSBP) [11] with copper displaced 0.2174 A above the N(l), N(4), 

S(I) and 0(1) coordination plane and towards the elongated apical N(5) atom, at a 

larger distance of 2.226(5) A. This value is larger than the normal Cu-N bond 

lengths reported [12,13]. One of the reasons for the deviation from an ideal 

stereochemistry is the restricted bite angle imposed by both the L2
- and dmbipy 

ligands. The bite angle around the metal viz, N(4}-Cu(1}-N(5) of 77.23(18t may be 
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considered nonnal, when compared with an average value of 77u cited in the 

literature [14,15]. The O(l)-Cu(l)-N(5) bond angle, 96.36(16), and S(1)-Cu(l)­

N(5) bond angle, 106.84(12), indicate a slight tilting of the apical Cu(1)--N(5) bond 

in the direction of the O( 1 )-Cu( I) bond and away from S( 1 )-Cu( I) bond. The 

dihedral angle fonned by the least square planes Cg(4) and Cg(5) is 6.13(1 for the 

compound 2. Ring puckering analyses and least-square plane calculations show that 

the Cg(3) ring comprising of atoms Cu(l), 0(1), C(1), C(6), C(7) and N(J) adopts a 

screw-boat confonnation and Cg(7) ring comprising of atoms C(9), C( 1 0), C( 11), 

C(12), C(13) and C(14) adopts a chair confonnation. 

Table 3.3. Selected bond lengths (A) and bond angles ( " ) for (CuL Idmbipy] 

Bond lengths 
Cu( I}--N (l ) 
0(1 )-C(I) 
N(I}--N(2) 
N(4}--C(l5) 
N(5}-C(26) 
Cu(l}--N(5) 
N(2}-C(8) 

1.951(4) 
1.301(6) 
1.387(5) 
1.330(7) 
1.315(8) 
2.226(5) 
1.325(6) 

BOlld angle.\' 
N (I )--Cu( I }--O( 1 ) 

O( 1 }--Cu( 1 }--N(5) 
N( 4 }--Cu(l }--S( I) 
C(7)-N( 1 )-N(2) 
C(8)-N(3}--C(9) 
C(26)-N(5)-C(21) 
O( 1 }--C( 1 )-C( 6} 
N(3)-C(9)-C(14) 
N (I )-Cu( 1 )-N( 5) 
O( 1 )--Cu( 1 }--S( 1 ) 
C( I}-D( 1 )-·Cu( I) 

C(8}-N(2)-N( 1) 
C(20}--N(4)-Cu( 1) 
O( 1)-C( 1 )-C(2) 
N(3)-C(8)-S(I) 

92.28(16) 
96.36(16) 
93.41(12) 
113.5(4) 
124.2(5) 
117.5(5) 
124.0(5) 
109.9(5) 
102.14(18) 
156.71(12) 
125.6(3) 
112.2(4) 
119.1(4) 
119.6(5) 
117.4(4) 

Cu( 1 }--S( 1) 
Cu(I}--N(4) 

Cu(l)-O(l) 
N(3}-C(8) 
S( I }--C(8) 
N( 1}-C(7) 
N(3}-C(9) 

2.272(15) 
2.016(4) 
1.965(3) 
1.343(7) 
1.732(6) 
1.291(6) 
1.467(7) 

O( 1 }--{'u(l)-N(4) 
N( 1 )-Cu( I }--S( I) 
C( 8 }-S( 1 )-Cu(l) 

N(2}--N(l )-Cu( \) 
C( IS}-N( 4 )---Cu( 1 ) 
C(21}-N(5)-Cu(l) 
N(2)-C(8)-S(I ) 
N( 1 )-Cu(l )-N(4) 
N(4)-Cu( \ )-N(5) 
N (5 )-Cu( I )-S(I) 
C(7)-N( 1 )-Cu{1) 
C( 15)-N( 4)-C(20) 

C(26)-N(5}·-Cu( I) 
N(I}--C(7}-C(6) 
N(3)-C(9)-C( 10) 

89_94(15) 

84.88(13) 
94.53(19) 
122.3(3) 
124.5(4) 
112.5(4) 
125.6(4) 
177.94(16) 
71.23(\8) 
106.84(12) 
124.0(4) 

116.4(4) 
130.1(4) 
126.3(5) 
111.1(6) 
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Figure 3.1. Structure and labeling scheme for [CuL1dmbipy] (2) 

Figure 3.2 shows the contents of the unit cell along the a axis. The 

assemblage of molecules in the respective manner in the unit cell is resulted by the 

H- bonding, x-x and CH-x interactions as depicted in Table 3.4. The centroid Cg(4) 

is involved in x-x interaction with pyridyl ring of the neighbouring unit at the 

distance of 3.7197 A, the CH-x interactions of the rings Cg(6) and Cg(l) with the 

neighbouring molecules and also intermolecular hydrogen bonding interactions 

between N(3}-H(3N) and S(l) contribute stability to the unit cell packing 

(Figure 3.3). 
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Table 3.4. Interaction parameters of the compound [CuL'dmbipy] 

7r--1t interactions 

Cg(I)-Res( 1 )---Cg(J) Cg-cg(A) aO 

Cg(4) [I] -> Cg(5)" 3.7197 6.13 22.51 

Cg( 4)=N( 4),C( 15),C( 16),C(17),C(19),C(20) ; Cg(5)=N(5),C(21 ),C(22),C(23),C(25),C(26) 

CH-7r interactions 

XH(I}---Cg(J) H .. Cg(A) X-H .. Cg n x .. Cg(A) 

C(I8)-H(18)[ I] -> Cg(6)b 2.90 176 3.8605 
C( 18)-H(18) [ I] ->Cg(1)" 2.96 138 3.7250 
C(25)-H(25) [ I] _>cg(6)d 2.97 165 3.8788 

H bonding 

D---H---A D-H (A) H--A (A) D-A(A) D-H--Ae) 

N(3)--H(3N)--S(I) 0.94 2.62 3.5310 165 

(D=Donor, A=acceptor, Cg=Centroid, a=dihedral angles between planes I & J, p= angle Cg(I)-Cg(J) 

r 
Figure 3.2. Unit cell packing diagram of the compound 2 viewed along the a axis 
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Figure 3.3. Hydrogen bonding interactions for the compound 2 

3.3.3. Crystal structure of the compound {(CuL2hl (3) 

The molecular structure of the compound 3 along with atom numbering 

scheme is given in Figure 3.4. In the asymmetric unit two molecules are present and 

bond lengths and bond angles of these two are approximately the same. So the 

discussion is limited to one of the molecule. The selected bond lengths and bond 

angles of one of the molecule in the asymmetric unit is summarized in Table 3.5. 

Compound 3 crystallizes in the tric1inic space group PI. The copper atom in 

[(CuL2h] (3) is coordinated by azomethine nitrogen, N(1), thiolato sulfur, S(1), and 

the phenolato oxygen atoms, 0(1) and 0(1'), which bridge to occupy the fourth 

coordination site. There are no acetate counterions, indicating loss of both the ~H 

and -2NH hydrogens. The Cu(I~(I)--Cu(2~(I') (plane I) bridging portion of the 

molecule shows a tetrahedral distortion with a mean plane deviation of 0.7551 A, 

with Cu(l) above the mean plane. The two Cu~ bond distances of [(CuL2h] are 

different[Cu(1~(1), 1.911(5) A; Cu(2~(1 ,), 1.968(5) A]. It is reported that a 
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series of binuclear copper(lI) complexes involving methoxy and phenoxy bridging 

oxygens of a macrocyclic ligand have bond lengths from the two copper atoms to the 

phenoxy oxygen of 1.954 and 1.962 A [16]. The Cu-O bond distances are shorter 

than other binuclear Cu(II) thiosemicarbazone complexes reported [17]. Also, the 

Cu-S and Cu-N bond lengths [Cu( 1 }-S( 1), 2.210(2) A; Cu(2}-S( 1 '), 2.213(2) A; 

Cu(l}-N(l), 1.930(6) A; Cu(2}-N(l '), 1.939(6) A] are shorter for the compound 3 

than is found in the monomeric thiosemicarbazone complexes [18]. 

Figure 3.4. Structure and labeling scheme for [(CuL2)Z1 (3) 

The non-bonding Cu-Cu distance [Cu(1)--Cu(2), 2.9399(13) A] in the 

compound 3 is approximately the same as that reported for the similar binuclear 

Cu(II) thiosemicarbazone complexes [19] and greater than the distance found for 

acetato type bridging of Cu(II) centres [20]. The geometry about each copper atom is 
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not planar. The mean plane deviation from the Cu(J)-O(I}-N(I)-S(I}-O(l') plane 

(plane 2) is 0.0184 A, with O( 1 ')above the mean plane. The dihedral angle formed by 

the least square planes / planes I and 2 are 31.32° and 148.68° respectively. 

Table 3.5. Selected bond lengths (A) and bond angles ( 0) for the compound (3). 

Bond 1~I/Rfhs 

Cu( I)- Of I) 1.911(5) 
Cu(I)-N(I) 1.930(6) 
Cu( I )--O( 1 ') 1.968(5) 
Cu( 1)-S( I) 2.210(2) 
Cu( I )--Cu(2) 2.9399(\3) 
Cu(2)-O( I ' ) 1.906(5) 
Cu(2)-N(l ') 1.939(6) 
Cu(2)-O( I) 1.999(5) 

BOlld angles 

O(l)-Cu(1)-N(I) 94.8(2) 
O(I)-Cu(J)-O(I') 77.1(2) 
N(l )-Cu(l )-0(1') 171.5(2) 
O(I}-Cu(I)-S(l) 176.75(16) 
N( I )-Cu(l )-S(l) 88.38( 19) 
OO')-Cu(I)-S(1) 99 .70(5) 
O( I )-Cu(1 )-Cu(2) 42,38( 15) 
N( 1 )-Cu( 1 } ·Cu(2) 111.65( IS) 
0(I ' )-Cu(l)-Cu(2) 39.86(13) 
S( I )-Cu( I )-Cu(2) 134.47(7) 
O( 1' )-Cu(2)-N( I') 93 .2(2) 
0(1 ' )-Cu(2)--D(l) 76.4(2) 
N(l ' )-Cu(2)-O(l) 168.6(2) 
0(1')-Cu(2)-S(l ') 17S.56( 17) 

Cu(2)-S( 1') 2.213(2) 
0(1 )-C(I) 1.301(6) 
S(I)-C(8) 1.758(8 ) 
S(1')-C(8') 1.739(S) 
N(I )C(7) 1.303{9) 
N(I)- N(2) 1.394(8) 
N(2)-C(8) 1.306(9) 

N(1')-Cu(2)-S(I') 8790(17) 
0(1 )-Cu(2)--S(I') 102.51 (15) 
O( I '}-Cu(2)-Cu(l) 41.42(14) 
N(I')-Cu(2)-Cu(l) 12S.51(17) 
O( J)-Cu(2)-Cu(J) 40.11 (13) 
S( 1')-Cu(2)-Cu(l) I3S .00(6) 
C(S)-S(1 )-·Cu( I) 92.S(3) 
C(S ' )-S(\')-Cu(2) 93 .3(3) 
C(I}-D(I)-Cu(l) 125 .6(4) 
C(1)-O(I)-·Cu(2) 136.1(4) 
Cu( I}-D(I)-Cu(2) 97 .5(2) 
Cu(2)-O(l')-Cu(l) 98 .7(2) 
C(7)-N(l)-N(2) 115.4(6) 
C(7)-N(\)--Cu(l) 125.7(5) 

N(3)-C(8) 1.331 (9) 
N(3)-C(9) 1.455(10) 
N( I')--C(n 1.315(9) 
N(I')-N(2') 1.401(S) 
N(2')-C(8') 1.302(9) 
N(3'}-C(S') 1.346(9) 
N(3')-C(9') 1.458(9) 

N(2)--N(I)-Cu(l) 118.9(5) 
C(8)-N(2)--N(I) 113.4(6) 
C(8)--N(3)--C(9) 126.2(7) 
C(T)-N()')-N(2') 114.3(6) 
C(T)-N( I ')-Cu(2) 126.4(5) 
N(2')--N(I')-Cu(2) 119.1(4) 
C(S')--N(2 ' )-N(l ') 112.7(6) 
C(8')--N(3')--C(9 ' ) 125 .1(6) 
N(2}-C(S}-N(3) 1\9.7(7) 
N(2)-C(8)-S(I) 125 .9(6) 
N(J)-C(S)-S(l) 114.4(6) 
N(2')-C(8')-N(3') 117.2(7) 
N(2')--C(S')-S(l') 126.8(6) 
N(3')-C(8')--S(I') 116.0(6) 

A comparison of the thiosemicarbazone moiety bond distances of [(CuL 2h] to 

those of the uncoordinated thiosemicarbazone ligand (H2L 2) shows that coordination 

lengthens the C=N bond slightly [C(7}-N(l}, 1.303(9} A; C(T}-N(l'), 1.315(9) A; in 

H2L 2, 1.284(2) A], as would be expected on coordination of the azomethine nitrogen. 

The delocalization of electron density of the thiosemicarbazone moiety in the 

complex gives rise to an increase in the N-N bond length (N(1 )-N(2), 1.394(8) A; 
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N(]')-N(2'), 1.401(8) A; in H2L
2, 1.392(2) A] as compared to the uncomplexed 

thiosemicarbazone ligand. The enolization and deprotonation on complexation is 

also confirmed by the lengthening of bonds C-S [C(8}-S(I), 1.758(8) A; C(8')-S(l '), 

1.739(8) A] from the value of 1.688(2) A in the uncomplexed thiosemicarbazone 

H2L2 The decrease in the bond length of C-N [C(8)-N(2), 1.306(9) A; C(8')-N(2'), 

1.302(9) A] from the value of 1.351(3) A of the free ligand also supports thiolate 

formation [21]. Similar trend is observed in the second molecule of the asymmetric 

unit also. 

Ring puckering analyses and least-square plane calculations show that the ring 

Cg(2) comprising of atoms Cu( I), NO), N(2), C(8), and S(l) adopts an envelope on 

Cu(l) and Cg(8) and Cg(9) rings comprising of atoms C(9), C(IO), C(ll), C(l2), 

C(13), C(14) and C(9'), C(lO'), C(lI'), C(l2'), C(l3'), C(14') adopt chair 

confonnations. 

Figure 3.5 shows the contents of the unit cell along the a axIS. The 

assemblage of molecules in the respective manner in the unit cell is resulted by the H 

bonding, l!-1t, CH-1t and ring-metal interactions as depicted in Table 3.6. The centroid 

Cg(3) is involved in 1t-1t interaction with Cg( 11) of the neighbouring unit (second 

molecule of the asymmetric unit) at a distance of 3.5383 A, the CH-1t interactions 

C(29)-H(29)-Cg(7) (C(29)-H(29) from the second molecule of the asymmetric 

unit) at a distance of 2.88 A, the ring-metal interactions of Cg(3)-Cu(3) (Cu(3) from 

the second molecule of the asymmetric unit), Cg(7)-Cu(2) and Cg(1l)-Cu(2) and 

intermolecular hydrogen bonding interactions N(3)-H(3N) ..... S(2') and 

N(6)-H(6) ..... S(l) also contribute stability to the unit cell packing {S(2') and 

N(6}-H(6) from the second molecule of the asymmetric unit}. 
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Table 3.6. Interaction parameters of the compound [(CuLl):] 

7r----7r interactions 

Cg(l)- Rcs( 1 )----Cg(1) Cg-Cg(A) aU 

Cg(3) [I] -> Cg(II)" 3.S3R3 10.89 16.16 

Equivalent position codes a = x, Y,Z 

Cg(3) = Cu(2).S(l '),C( 8' ),N(2' ),N( I'); Cg( II) = Cu(J).S(2),C(23),X(5).N( 4) 

CH----7r interactions 

XH(I )---CgO) H.Cg(A) 

C(29)-H(29A) r 2J -> Cg(7)' 2.88 

Equivalent position codes a = x.y,z 
Cg(7) = C( I ').C(2'),(,(3 ').C( 4 '),C(5' ),C(6 ') 

Ring-Metal interactions 

Cg(I)-Res( 1)----Me(J) 

Cg(3) [I] -> Cu(3)' 
eg(7) [l]->Cu(2)b 
Cg(ll) [2]->Cu(2)' 

Cg(l)-Mc(1) 

3.485 
3.970 
3.538 

X-H .. Cg n 
145 

Mc(Jt perp 

3.265 
2.975 
3.124 

Equivalent position codes a = x,y,z , b = -x,-y,-z 

H bonding 

O---H---A 

N(3 )--H(3N )--S(2') < 

N(6)--H(6)--S(l ) 

Equivalent position codes 

O-H H---A O---A 

0.78 2.80 3.4627 
0,86 2.R 1 3.5979 

c = x,-I +y,z 

x .. Cg(A) 

3.71 R8 

~o 

20.43 
41.45 
27.97 

O-H---A 

145 
154 

(O=Oonor, A=acceptor, Cg"Centroid, a=dihedral angles between planes I & J, p= angle Cg(I)-Cg(1) 
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b 

c-1 

Figure 3.5. Unit cell packing diagram of the compound 3 viewed along the a axis 

3.3.4. In/rared spectra 

The infrared spectral data of the complexes 1-14 are presented in Table 3.7 

with their tentative assignments. On coordination of azomethine nitrogen, v(C=N) 

shifts to lower wavenumbers by 10-20 em-I, as the band shifts from ca. 1610 em-I in 

the uncomplexed thiosemicarbazone spectrum to ca. 1588 em-I in the spectra of the 

complexes. Except in complexes 5, 6, 7 and 9, in all other Cu(II) complexes, another 

strong band is found at ca. 1525-1555 em-I, which may be due to the newly formed 

v(N=C) bond, resulting from enolization of the principal thiosemicarbazone ligands. 

In complexes 5, 6, 7 and 9, the principal ligand is coordinated as keto form. 

Coordination of azomethine nitrogen is confirmed with the presence of new bands in 

the range 420-470 cm· l
, assignable to v(Cu-N) for these fourteen complexes. The 

v(N-N) band of the thiosemicarbazones was found at ca. 1140 em-I. The increase in 

the frequency of this band in the spectra of the complexes, due to the increase in the 

bond strength, again confirms the coordination via the azomethine nitrogen [22]. 
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In all the complexes, phenolic oxygen is coordinated to copper by loss of the 

-OH proton. The v(OH) band (3402 cm" for H2L', 3308 cm-' for H2L2, 3336 cm-' 

for H2L
3 and 3440 cm-' for H2L 4) of the free ligands disappears on complex 

formation and points to coordination from the deprotonated phenolic oxygen. The 

ligand band at ca. 1269 cm-' due to v(C-O) is shifted to ca. 1229 em-' in the 

complexes, indicating the coordination of 0 A new band in the range 380-395 cm-' 

in the spectra of the complexes is assignable to v(Cu-O). The IR spectra of the 

complexes 2, 4, 10, 12, 13 and 14 display bands characteristic or coordinated 

hetcrocyclic bases [23]. 

Upon complexation, the stretching frequency ofv(CS) band from ca. 852 em-' 

in the thiosemicarbazone ligands decreases. This indicates that coordination via 
-

thiolato sulfur takes place. In complexes 5-7, anions like CI ,Br and N03 were 

coordinated to the metal, while in complex 9, two ligand molecules were coordinated 
-

as monoanionic (HL ) forms. In chloro complex (5), the strong band observed at 

297 cm-' have been assigned to the terminal v(Cu-CI) band. The v(Cu-Br) frequency 

is observcd at 256 em-', which is consistent with the tcnninal (Cu-Br) band in the 

bromo complex (6) [24]. According to Gatehouse et ai, for nitrato complexes, the 

unidentate and bidentate NO) groups exhibit three NO stretching bands. The 

separation of the two highest-frequency bands is 115 cm-' for the unidentate complex, 

whereas it is 186 cm-! for the bidentate complex. Here, in the nitrato complex (7), the 

three bands observed at 1503, 1386 and 1079 cm-1 indicates the bands of the nitrato 

group. The fact that the nitrato group is terminally bonded is understood from the 

separation of 117 cm-! between the two highest frequency bands just mentioned 

above and it is unidentate in nature [25]. Besides, from the far IR spectrum of the 

complex, the band observed at 258 cm-! can be assigned to v(Cu-ONOz) 111 

consistence with the bands at 253-280 cm-!, reported earlier for Cu-ON02 in metal 
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complexes (26]. The presence of a new band in the 320-340 em-I range, assignable to 

v(Cu-S), IS another indication of the involvement of sulfur coordination_ 

Representative IR spectra of the complexes 1, 7, 9 and 13 are presenteu in 

Figure 3_6_ 
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3.3.5. Electronic spectra 

The electronic spectra of the complexes in DMF solution are presented in 

Table 3.8. Each thiosemicarbazones and its coppcr(JI) complexes have a ring 71: -+ 71:* 

bands in the range 32000 - 38000 cm-I and n -+ 71:* hands in the range 28000 - 32000 

cm-1 Two ligand to metal charge transfer bands are found in 21000 - 28000 em-I 

range. In accordance with previous studies of copper(JI) thiosemicarbazone 

complexes [27,28], the higher energy bands in the range 25000 28000 cm- I are 

assigned to S -+ CUll transitions. The bands in the 21000 - 25000 cm-I range are 

assignable to phenoxy 0 -+ CUll transitions [29]. Each complex has a dd band in 

the range 14000 18000 cm-1
, which appears as a weak shoulder on the intraligand 

and charge transfer bands. Representative spectra of the complexes 2, 10 and 12 are 

presented in Figure 3.7. 

Table 3.8. Electronic spectral assignments (cm- I) for the ligands and their Cu(II) complexes 

Compound 1[ - 1[* n - 1[* LMCT d-d 

H~LI 32150 28730 
[(CuL'hl 33000 31250 263 I 0,24630 16180 
[CuL1dmbipy] 34010 3 I 050,30 120 25900,25 120 15430 

H"L~ 36900 30860 
[(CuL!)c] 35710 28980 25830,24690 17540 
[CuL2dmbipy]-I/: H20 35210 32050,30670 26520,25 I 80 15570 
[Cu(HL2)Cl]'2H2O 35970 28980 25060 16180 
[Cu(HL")Br]-4H2O 34480 29850 26100 17660 
[Cu(HL")NO,j'C2HsOH(H2O) 34360 28980 25770,248 I ° 17730 

H2L
J 

32250 29060 
[(CUL.1)2j·I/2H2O 33110 31050 27240,26240 15520 
[Cu(HLJ h]-H2O 33780 30950,30300 25970 15540 
[CuL.1dmbipy]-H2O 37730 30950,30120 25380,24690 14160 

H2L4 36490 31250 
((CuL 4)2l'/2H!O 35460 30030 25830,23980 17420 
(CuL 4bipyj'H2O 34600 30760 25770,24440 16150 
[CuL 4phenj-2C2HsOH 33780 30950 26040 17530 
[CuL 4dmbipy]-3H20 34240 29940 25640,24270 15920 
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3.3.6. EPR spectra 

The EPR parameters obtained for the compounds in the polycrystalline state 

at 298 K and in DMF solution at 77 K are presented in Tables 3.9 and 3.10. 

The EPR spectra of compounds 1-14 in the polycrystalline state at room 

temperature shows different types of geometrical species. The compounds 1,3,8, 10, 

11 and 14 gave isotropic spectra with only one broad signal at around g = 2.080. The 

spectra of the compounds 2, 5, 6, 7, 12 and 13 showed typical axial spectra with 

well-defined gil and gl values at around 2. J 62 and 2.055 respectively. The spectra of 

the compounds 4 and 9 gave three g values indicating rhombic distortion in its 

geometry. The values gl and g2 are very close to each other in the compounds, which 

means that the rhombic distortion is very small. The geometric parameter G, which is 

a measure of the exchange interaction between the copper centers in the 

polyerystalline compound, is calculated using the equation: G = (gil - 2.0023)/(g.l -

2.0023) for axial spccra and for rhombic spectra G = (g3 - 2.0023)/(g.l - 2.0023), 

where g.l = (gl + g2)/2. If G < 4.0 considerable exchange interaction is indicated in 

the solid complex [30,31]. The G value for the compounds 2,5,6,7,12 and 13 (for 

axial spectra) and 4, 6 and 9 (rhombic spectra) in polycrystalline state at 298 K are ::;:,; 

2.9\, indicating considerable exchange interaction for the parent complexes. In all 

the copper(lI) complexes gil > g.l > 2.0023 and G values within the range 2.5 - 3.5 are 

consistent with a d./-} ground state. The parameter R {R = (g2-gl)/(g3-g2) for 

rhombic systems} calculated for the compounds 4 and 9 are at around 0.53, ie, R< I, 

indicating a d/./ ground state of the copper(ll) ion [32,33]. From the g value of a 

transition metal complex, we can obtain very important information about the 

structure of the complex. 

The EPR spectra of all the compounds in frozen DMF solution at 77 K are 

axial. Moreover, they show well-defined four hyperfme lines in the parallel region 
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corresponding to the electron spin nuclear spin interaction (6).65Cu, I = 3/2)_ The 

fourth copper hypcrfine line is expected to overlap with the high field component 

(gl)- However. the half field signal corresponding to the dimer was not observed for 

the compounds 1, 3, 8 and 11. In all these compounds, gil> g.l > 2 corresponding to 

the presence of an unpaired electron in the d/} orbital [34,35]. For a CU(lI) 

complex, gil is a parameter sensitive enough to indicate covalence. For a covalent 

complex, gil < 2.3. Here also, all the fourteen complexes arc covalent in nature. In 

solution at 77 K, gil values (2.16-2.19) are almost the same for all the compounds, 

which indicate similar bonding nature in all of them (36]. The gav and Aav values for 

the compounds in DMF solution at 77 K are calculated using the equations 

gay = If.,l~11 + 2g.l) and Aav = Ih(A!1 + 2A1 ). In compound 1, well resolved spectra with 

four copper hyperfine lines and three superhyperfine lines due to the azomethine 

nitrogen are observed in DMF. 

The EPR parameters gil, gl, gaY, AII(Cu) and A.l(Cu) and energIes of d-d 

transitions were used to evaluate the bonding parameters if, Ii and ;, which may be 

regarded as measures of covalency of the in-plane () bonds, in-plane 1t bonds and 

out-of-plane 7t bonds respectively [37]. 

The value of in-plane () bonding parameter if was estimated from the 

expression [38,39], 

if = -AII/0.036 + (gil - 2.00277) + 317 (gl - 2.00277) + 0.04 

The following simplified expressions were used to calculate the bonding 

parameters [40,41]: 
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where KII = ci tf and Kl- == cil, KII and K.l are orbital reduction factors and ~ 

represents the one electron spin orbit coupling constant which equals -828 cm- I 

Hathaway [42] pointed out that, for pure (J bonding, KI!::::: Kl--::::: 0.77, and for 

in-plane 7t bonding, K!I< Kl-; while for out-of-plane 7t bonding Kl-< KII. In all the 

complexes it is observed that KII< Kl- which indicates the presence of significant 

in-plane 7t bonding. The values of the bonding parameters cJ, tf and 1< 1.0 (value 

of 1.0 for 100% ionic character) indicate significant in-plane a bonding and in-plane 

11: bonding. Representative EPR spectra of the compounds 4, 6 and 14 in 

polycrystalline state at 298 K and 3, 9 and 10 in DMF solution at 77 K are presented 

in Figure 3.8. 

Table 3.9. EPR spectral assignments for Cu(JI) complexes in polycrystallinc stale at 298 K and DMF 
solution at 77 K 

Compound 

[(CuLl),] 

[CuL1dmbipy] 

[(CuL"h] 

[CuL 2dmbipy]·I/:H20 

[Cu(HL ")CI]·2H20 

[Cu(HL')Br]-4H20 

[Cu(HL2)NO~1·C2H50H(H20) 

[(CuL ):].I/:H:O 

[Cu(HL Jh]-H:O 

[CuLJdmbipY]'H20 

[(CuL 4),j.1/2H:O 

lCuL 4bipy]-H20 

[CuL 4phen]-2C2HsOH 

[CuL 4dmbipy13H20 

Polycrystalline state (298 K) 

2.129 (g i"') 

2.195/2.063 (gill g.1) 

2.080 (giso) 

2.194/2.1 17/2.045 (g/g,lg l ) 

2.173/2.053 (g III g.1) 

2.162/2.058 (gil; g.1) 

2.19912.061 (gll/g.1) 

2.059 (gi,o) 

2.120/2.040/2.030 (gh2 Ig I ) 

2.070 (g iso) 

2.064 (g iso) 

2.18612.060 (gIll g.1) 

2.066/2.030 (gill g.1) 

2.079 (g ISO) 

a Expressed in units of cm·1 multiplied by a factor of 10-4 

DMF solution (77 K) 

gil g.1 g., All' A.1a Aav' 
2.177 2.045 2.089 182.3 14.3 68.1 

2.167 2.056 2.093 190.5 

2.167 2.046 2.086 187.8 20.3 74.1 

2.176 2.061 2.099 189.5 35.2 84.9 

2.181 2.059 2.100 193.4 19.2 75.1 

2.193 2.040 2.091 196.2 36.5 87.3 

2.194 2.055 2.107 196.2 15.9 73.7 

2.195 2.053 2.100 184.5 19.1 71.9 

2.191 2.053 2.099 184.1 14.4 68.6 

2.169 2.063 2.098 189.0 

2.174 2.052 2.092 188.1 20.4 74.2 

2.196 2.059 2.104 203.2 

2.171 2.092 2.118 192.5 25.8 80.1 

2.168 2.050 2.089 183.8 26.3 76.9 
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Thc Fermi contact hypcrfine interaction tenn K may be obtained from [43] 

K = Aiso IP If + (gav - 2.00277) Iii 

whcre P is the free ion dipolar tenn amI its value is 0.036. K is a dimensionless 

quantity, which is a measure of the contribution of's' electrons to the hyperfine 

interaction and is generally found to have a value in the range 0.30 - 0.40. The K 

values obtained for all the complexes are in good agreement with those estimated by 

Assour [44] and Abragam and Pryce [45]. The empirical factor f = gil IAII ( cm-') is an 

index of tetragonal distortion, is calculated and falls in the range 108 - 119 em. The 

value may vary from 105 - 135 em for small to extreme distortion. The value here 

indicates medium distortion from the geometry [46]. 

Table 3.10. EPR bonding parameters ror compounds 1-14 

-----
Compound G 1 R DMF solution (77 K) 

(29& K) 
1 pl , 

K KII Kl fa P u- y-

[(CuLl):] 0.73 0.87 0.&6 0.31 0.65 0.64 119.4 0.0236 

[CuLldmhipy] 3.09 0.75 0.81 0.93 0.61 0.70 114 

[(CuL"):] 0.74 0.83 0.86 0.34 0.62 0.64 115.3 0.0237 

[CuL2dmbipyj·'/J1l 0 2.39 0.935 0.76 0.84 0.94 0.39 0.63 0.73 114.7 0.0219 

[Cu(HL")Clj'2H2O 3.26 0.77 0.84 0.96 0.36 0.65 0.74 112.7 0.0250 

[Cu(HL2)BrjAH 2O 2.84 0.79 0.&9 0.79 0.37 0.71 0.63 111.8 0.0232 

(Cu(HL)NOJ-C2H,OH(H2O) 3.26 0.79 0.89 0.92 0.34 0.71 0.73 111.7 0.0264 

[(CuL3):j.I/:H,O 0.76 0.8& 0.89 0.33 0.67 0.68 119.0 0.0235 

[Cu(HL3HH 2O 3.42 0.125 0.76 0.86 0.90 0.33 0.66 0.69 119 0.0240 

[CuLJdmbipy]-H:O 0.75 0.78 0.94 0.59 0.71 114.8 

[(CuL 4H'/2H:O 0.75 0.89 0.95 0.33 0.67 0.72 115.5 0.0238 

[CuL 4bipyj-H20 3.10 0.&2 0.83 0.90 0.68 0.74 108.1 

[CuL 4phenj-2C2HsOH 2.20 0.78 0.84 1.24 0.40 0.66 0.97 112.7 0.0230 

[CuL 4dmbipy]-3H2O 0.73 0.86 0.92 0.34 0.63 0.67 117.9 0.0220 

a Expressed in units of (cm). 
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SYNTHESIS AND SPECTRAL STUDIES OF Ni(II) COMPLEXES OF 

2-HYDROXYACETOPHENONE N(4)-CYCLOHEXYL 

THIOSEMICARBAZONE 

4.1. Introduction 

Nickel commonly shows only the +2 oxidation state in aqueous solution. The 

maximum coordination number shown by Ni(II) complexes is six corresponding to 

octahedral and dist0l1cd octahedral stmctures. NickcJ(lI) also forms five coordinate 

(square pyramidal and lligonaJ bipyramidaJ) and four coordinate (tetrahedral and 

square planar) complexes. Five coordinate geometry is quite unusual in Ni(ll) 

complexes however, there arc reports on such complexes (I]. One of the most 

remarkable facts about the stereochemistry of Ni(Il) complexes is that equilibrium 

between different structural types exist in solution and these equilibria are 

temperature dependent also. 

Nickcl(lI) is used as a spectroscopic probe in metal replacement studies of 

metalloenzyme systems. Nickel atom present in the active sites of several 

dehydrogenases and the chemistry of divalent and trivalent nickel complexes with 

nitrogen-sulfur donor ligands have received much attention [2]. 

This chapter describes the synthesis and characterization of three heterocyclic 

base adducts ofNi(II) complexes using spectral studies. 

4.2. Experimental 

4.2.1. Materials 

The reagents used for the synthesis of 2-hydroxyacetophenone 

N(4)-cyclohexylthiosemicarbazone (Hze) IS discussed III Chapter 2. 

Ni(OAc)z'4HzO (Central drug house), 2,2' -bipyridine (bipy) (Central drug house), 

------------------------------------------------------- 81 



_________ Clrapter 4 

1,1O-phenanthroline (phen) (Ranbaxy fine chemicals) and 4,4'-dimelhyl 

2,2' -bipyridine (dmbipy) (E-Merck) were used. The reagents used were analar grade 

and used without further purification. 

4.2.2. Sylttltes;s of the complexes 

[Nil2bipy]-H20 (15) 

To a hot ethanolic solution of the ligand H2L2 (I mmol, 0.291 g), added hot 

methanolic solution ofNi(OAc)2·4H20 (I mmol, 0.248 g) with constant stirring. This 

was followed by the addition of the base 2,2'-bipyridine (1 mmol, 0.156 g) in the 

solid fonn. The above brown solution was refluxed for about 3 h and allowed to 

cool, when brown crystalline compound was fonned. The complex fonned was 

filtered, washed with ethanol and ether and dlied il1 vacuo over P401O. 

[Nil2phen]·2H20 (16) 

To a hot ethanolic solution of the ligand H2L2 (l mmol, 0.291 g), added hot 

methanolic solution ofNi(OAchAH20 (1 mmo!' 0.248 g) with constant stirring. This 

was followed by the addition of the base 1,1 O-phenanthroline (1 mmol, 0.198 g) in 

the solid fonn. The above brown solution was refluxed for about 3 h and allowed to 

cool, when brown crystalline compound was formed . The complex fonned was 

filtered, washed with ethanol and ether and dried in vaCliO over P401O. 

[NiL2dmbipy]-CH30H (17) 

To a hot ethanolic solution of the ligand H2L 2 (I mmol, 0.291 g), added hot 

methanolic solution of Ni(OAch-4H20 (\ mmol, 0.248 g) with constant stilTing. This 

was followed by the addition of the base 4,4' -dimethyl 2,2' -bipyridine (l mmol, 

0.184 g) in the solid fonn. The above brown solution was retluxed for about 3 h and 

allowed to cool, when yellowish brown compound was fonned. The complex fonned 

was filtered, washed with ethanol and ether and dried in vacuo over P 4010 • 
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4.3. Results and discussion 

4.3.1. Physical measurements 

The colors, partial elemental analyses and magnetic moments of the 

complexes are presented in Table 4.1. The elemental analyses data are consistent 

with the general empirical formula MLB, where M is the nickel metal atom, L is the 

doubly deprotonated thiosemicarbazone ligand and B is the bidentate heterocyclic 

bases viz. bipy, phen and dmbipy. Among the three nickel complexes, one is 

yellowish brown and the other two are brown in color. The complexes are insoluble 

in most of the common polar and non-polar solvents. They are soluble in DMF, 

CHCh and DMSO. 

Table 4.1. Analytical data 

Compound Color Found <Calculated) % 
J.l (B.M.) 

C H N 

[NiL2bipYlH~O (15) Brown 57.49(57.06) 5.60(6.21) 13.41 (12.32) 2.75 

[NiL2phenj'2H20 (16) Brown 57.95(57.46) 6.01 (5.54) 12.43(12.41) 2.56 

[NiL"dmbipyj-CH30H (17) Yellowish 59.14(59.59) 6.71\(6.25) 12.01(12.41) 2.01 

brown 

Magnetic susceptibility measurements at 293 K suggest that the compounds 

15-17 have magnetic moment values 2.75, 2.56 and 2.01 B.M. respectively. 

Nonnally five-coordinate high spin Ni(JI) complexes have magnetic moment values 

in the range of 3.0-3.4 B.M, which are expected for a triplet spin ground state (S=l) 

of such complexes. But, in complexes 15-17, the lower values suggest the anomalous 
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magnetic moment of the Ni(JI) complexes. Anomalous magnetic moment for a metal 

ion is the one which falls outside the range of magnetic moment values predicted on 

the basis of the spin angular and orbital angular moment of the electrons in the metal 

ion [3,4]. Low magnetic moment values have already been reported for high spin 

pentacoordillate Ni(l1) complexes with trigonal bip)'Tamidal configuration [5], which 

is thought to arise from quenching of the orbital contribution to the magnetic moment 

due to distortion ofD3i1 symmetry [6] 

4.3.2. Infi'ared spectra 

Table 4.2 lists the tentative assignments of main IR bands of Ni(I1) complexes 

for the ligand H2L2 in 4000-50 cm- l region. The spectrum of free ligand exhibits a 

medium band at ca. 3109 em-I, which is assigned to v(N-H) vibration. The absence 

ofv(N-H) band in the spectra of complexes provides a strong evidence for the ligand 

coordination around Ni(lI) ion in its deprotonated fonn. On coordination of 

azomethine nitrogen, v(C=N) shifts to lower wavenumbers by 10-20 em-I, as the 

band shifts from 1613 cm- l in the uncomplexed thiosemicarbazone spectrum to 

ca. 1596 cm-! in the spectra of the three Ni(II) complexes. Coordination of 

azomethine nitrogen is confirmed with the presence of new band in the range 450-

490 cm-!, assignable to v(Ni-N) for these complexes [7,8]. The v(N-N) of the 

thiosemicarbazone is found at 1111 cm-! The increase in the frequency of this band 

in the spectra of the complexes, due to the increase in the bond strength, again 

confirms the coordination via the azomethine nitrogen. 

The decrease in the stretching frequency of v(CS) band from 846 cm-! in the 

thiosemicarbazone by 80-90 em-I upon complexation indicates coordination via its 

thiolato sulfur. Coordination of thiolato sulfur is con finned with the presence of new 

band in the range 320-350 cm-I, assignable to v(Ni-S) for these complexes [9, I 0]. In 

all the three Ni(II) complexes, another strong band is found in the range 1530-1550 
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em-I, which may be due to the newly fonned v(N=C) bond fonned as a result of 

enolization_ From this, it is clear that coordination via its thiolato sulfur takes place. 

In all the three Ni(lI) complexes, phenolic oxygen is coordinated to nickel by loss of 

the -OH proton. A new band at ca. 418 cm- I in the spectra of the complexes is 

assignable to v(Ni-O) [II]. The IR spectra of the complexes IS, 16 and 17 display 

bands characteristics of coordinated heterocyclic bases [12]. 

In the spectrum of the H2L2 ligand, there is a broad band at 3308 em-I, which 

may be due to the presence of phenolic group. But. in the complexes 15-17, there are 

broad bands in the region 3200-3500. [n complexes 15 and 16, water molecules and 

in complex 17, methanol are present in non-stoichiometric proportions. In general, 

lattice water absorbs at 3200-3550 cm- I (antisymmetric and symmetric OH 

stretchings) and at 1600-1630 cm- I (HOH bending) [13]. It is clear from the spectra 

that the bands at 3430 em-I (in complex 15) and at 3426 em-I (in complex 16) are due 

to the presence of lattice water in these complexes. Compared to H2L2 ligand, the 

complex 17 shows a broad band at 3388 em-I From the far IR spectrum, it is clear 

that phenolic oxygen is coordinated to the nickel atom in all the three complexes_ 

Hence, in complex 17, the broad band at 3388 em-I is due to the presence of 

methanolic -OH group in that complex [14]. Representative _ spectra of the 

complexes 16 and 17 arc presented in Figure 4.1. 
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Figure 4.1. IR spectra of the compounds 16 and 17 
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4.3.3. Electronic .'ipectra 

The electronic absorption bands of the Ni(II) complexes, recorded in DMF 

solution, are given in Table 4.3. The thiosemicarbazone (H2L2) has ring n ~ n* 

bands at 36900 and 34120 cm-' and a band at 30860 cm-' due to n ~ n* transition 

associated with the azomethine linkage. These bands suffer marginal shifts on 

complexation. The broad bands at ca. 31380 cm- i in the spectra of the Ni(Il) 

complexes are assigned for 11 ~ n* transitions [t 5]. The shift of the n -----+ n* band to 

the longer wavclength region in the complexes is the result of the C=S band being 

weakened and conjugation system being enhanced after the fonnation of the complex 

[ 16]. 

Two ligand to metal charge transfer bands are found in the 27000 - 28000 cm-I 

and 23000 - 24000 em-I ranges. In accordance with studies of previous Cu(JI) and 

Ni(ll) thiosemicarbazone complexcs [17,18], higher energy band at ca. 27470 cm-I is 

assigned to S ~ Ni ll transitions and its energy is dependent on the steric 

requirements of the N(4)-substituents. That is, thiosemicarbazones with bulkier 

N(4)-substituents have this band at somewhat higher energies. The band at ca. 23520 

cm-' is assignable to phenoxy 0 ~ Ni" transitions. Each complex has ad - d band 

in the range 14000 18000 cm- I Because of the presence of intense n ~ n* and 

n ~ n* transitions, these d-d bands appear as weak shoulders on the intraligand and 

charge transfer bands [19]. The electronic spectra of the complexes 15-17 are very 

similar and show bands in the 14700 - 17240 cm- i regions and at ca. 27470 cm- I
, 

which could be assigned to 3B ,(F) ~ 3E(F) and 3B,(F) ~ 3A2, 3E(P) transitions 

respectively. It has already been reported that these Amax values are consistent with a 

distorted pentacoordinate environment around nickel(II) [20,21]. Representative 

spectra of the complexes 15-17 are presented in Figure 4.2. 
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Table 4.3. Electronic spectral assignments (em-I) for the ligand (HcL2) and its Ni(JI) complexes 

Compound )J: - )J:* 

, 
H"L

c 36900,34129 

[NiL2bipylH 2O 32786 

[NiL"phenJ-2H2O 32894 

lNiL"dmbipY]'CH,OH 33003 

~5i ;"" 
~o 

;-, 
'\ 

I , 
I , 

1.5 I \ 

I \ 
1.0 I 

I, 

/ ., I 

// 
" 0.5 
\ , 
'----0.0 

DI Dl .m !;XI 1m 700 

Wil\'dt','t!Ih(JII~) 

[NiL2bipyj-l-120 (15) 

n - )J:* 

30864 

31250 

31545 

31347 

~ 15 

" -e 
1- 1.0 
< 

0.5 

0.0 

LMCT d-d 

27397,23474 17182 

27548,23584 14749 

27472,23529 17211,16778 

{~ 

/ \ 
i \ 
I 

JL 

Figure 4.2. Electronic spectra of the compounds 15-17 
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[NiL"dmbipy]-CH,OH (17) 

Figure 4.3. Tentative structure of the compounds 15-17 
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SYNTHESIS AND SPECTRAL STUDIES OF Mn(JI) COMPLEXES OF 

N(4)-SUBSTITUTED THIOSEMICARBAZONES 

5.1. Introduction 

Manganese plays an important role in biological redox enzymes of many 

microorganisms, plants and animals and are exemplified by oxygen-evolving centres 

of photosystem II, superoxide dismutase (SOD) and catalases [1,2]. One of the most 

outstanding traits of manganese is its ability to adopt thc widest variety of oxidation 

states among the 3d elements. The metal oxidation state is generally believed to lie in 

the range +2 to +4. 

The (+2) oxidation state is the most common for manganese and it exists in 

the solid as well as in solution as complexes. In the presence of air, manganese(II) 

starting compounds reacted with primary hydroxamic acids producing hydroximato 

complexes of Mnlll or Mnlv which invariably possess conjugated metal-ligand ring 

structure, but the secondary hydroxamic acids, which are incapable of fonning such 

conjugation, produced only hydroxamato mangancsc(Il) complexes. Manganese(III) 

occurs in superoxide dismutase, transferrin and catalase [3]. A sulfur function is 

implicated besides oxygen and nitrogen in the coordination sphere of manganese(III) 

in acid phosphatase [4]. 

Manganese(lV) IS an enigmatic oxidation state. It is uncommon in 

coordination chemistry and is believed to be active in one of the most common 

reactions of nature namely photosynthetic oxygen evolution [5]. The use of 

mononuclear manganese(lV) complexes in the stoichiometric and catalytic oxidation 

of organic compounds makes the investigation of mononuclear manganese(lV) 

chemistry still meaningful. 
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This chapter describes the synthesis and characterization of two Mn(II) 

complexes using magnetic moment values, IR, electronic and EPR spectral studies. 

5.2. Experimental 

5.2.1. Materials 

The reagents used for the synthesis of the ligands are discussed in Chapter 2 

and were purified by standard methods and solvents were purified by distillation. 

Analar grade Mn(OAchAH20 (E-Merck) is used for the synthesis of complexes 

without ft1l1her purification. 

5.2.2. Synthesis o/the complexes 

[Mn(HL 2)2]·l-hO (IS) 

To a hot ethanolic solution of the ligand H2L2 (2 mmoI, 0.582 g), added hot 

ethanolic solution of Mn(OAch"4H20 (l mmo!, 0.245 g) with constant stirring. The 

above brown solution was refluxed for about 3 h and allowed to cool. The yellow 

crystalline compound formed wa<; filtered, washed with ethanol and ether and dried in 

[Mn(HL3h] (19) 

To a hot ethanolic solution of the ligand H2LJ (2 mmol, 0.542 g), added hot 

ethanolic solution of Mn(OAch·4H20 (I mmol, 0.245 g) with constant stirring. The 

above brown solution was refluxed for about 3 h and allowed to cool. The brown 

compound formed was filtered, washed with ethanol and ether and dried in vacuo 

over P401O. 

5.3. Results and discussion 

5.3.1. Physical measurements 

The colors, partial elemental analyses and magnetic moments values of the two 

------------------------------------------------------- 93 



____________________________ Cltapter5 

Mn(I1) complexes are presented in Table 5.1. The two complexes synthesized using 

the two ligands have the same composition, Mn(HLh, ie, a structure in which two 

monoanionic ligands are coordinated to the Mn(II) ion. Compound 18 is yellow and 

the compound 19 is brown in color. All the compounds are soluble in polar organic 

solvents like CH2Ch, CHCb, DMF and DMSO. 

The magnetic moments of the two Mn(II) complexes at 296 K were calculated 

from the magnetic susceptibility measurements. The diamagnetic corrections were 

applied using Pascals' constants. It is reported that for high spin Mn(II) compounds 

with d5 configuration, the magnetic moment values are in the range 5.65 - 6.10 B.M 

[6]. The magnetic moments for the compounds 18 and 19 are 5.92 and 5.67 B.M 

respectively, indicating the presence of five unpaired electrons and hence these are 

high spin complexes [7]. 

Table 5.1. Analy1ical data 

Compound 

rMn(HL~hl·H:O (18) 

!Mn(lIL.1)~l (19) 

5.3.2. Infrared spectra 

Color 

Yellow 

Brown 

Found (Calculated) % 
f.l(B.M.) 

c H N 

54.96(55 .. 11) 6.46(6.48) 12.70(12.85) 5.92 

56.11(56.46) 3.71(4.06) 13.92(14.11) 5.67 

The infrared spectral assignments (em-I) of ligands H2L2 and H2L3 and their 

Mn(lI) complexes are given in Table 5.2. The v(C=N) band of thiosemicarbazones 

are found to be shifted to lower wavenumbers by 10-20 em-I, as the band shifts from 

ca. 1613 em-I in the uncomplexed thiosemicarbazone spectrum to ca_ 1596 em-I in 

the spectra of the two Mn(II) complexes suggesting the coordination of the 
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azomethine nitrogen to the Mn(I1) ion. The involvement of this nitrogen in bonding 

is also supported by a shift in v(N-N) to higher frequencies. Coordination of 

azomethine nitrogen is confirmed with the presence of new band in the range 

450-470 cm- t
, assignable to v(Mn-N) for these complexes [8,9]. 

Upon complexation, the v(C=S) band shifts to lower wavenumbers and that 

may be due to the formation of strong metal-sulfur bonds [10]. The IR spectra of the 

thiosemicarbazone ligands display strong bands at ca. 860 cm-), which may be due to 

v(C=S). In complexes 18 and 19, the v(C=S) band was found to be shifted to lower 

wavcnumbers compared to that in the ligands. The absence of a second v(N=C) band 

is due to lack of enolization of the ligands. This supports that coordination takes place 

through the thioketo sulfur atom. 

Table 5.2. Selected IR bands (em· l
) with tentative assignments of ligands and Mn(lI) complexes 

Compound v(C=N) v(N-N) v(C=S) v(C-O) v(Mn-O) v(Mn-N) 

IIcL 2 1613 1111 1358,846 1263 

[Mn(HL:HH20 (I8) 1599 1154 1362,748 1295 554 463 

H2L' 16]] 1149 1328.874 1255 

[Mn(HL3U (19) 1594 1185 1354,744 1265 584 456 

In the spectra of the ligands H2L2 and R2L3
, there are broad bands at 3308 and 

3336 ern-I respectively, which may be due to the presence of v(OR) of the phenolic 

group. The disappearance of these bands in the spectra of the complexes 18 and 19 

indicates that the phenolic proton is lost upon complexation with metal ion. In 

thiosernicarbazone ligands, the band at ca. 1259 crn-! is due to v(C-O), which is 

shifted to ca. 1280 em-I in the complexes, indicating the coordination of 0-
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Coordination of phenoxy oxygen is confillned with the presence of a new band in the 

range 550-570 em-I, assignable to v(Mn-O) for these two Mn(II) complexes [11). 

Representative spectra of the complexes 18 and 19 are shown in Figure 5.1. 
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Figure 5.1. IR spectra of the compounds 18 and 19 
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5.3.3. Electronic spectra 

The electronic absorption bands and ligand field parameters of the Mn(II) 

complexes, recorded in DMF solution, are given in Table 5.3 and representative 

spectra are in Figure 5.2. The Mn(n) belongs to the 3d5 system. The ground state 

term for high spin d5 configuration is 6S. In the Tanabe-Sugano diagram for d5 

octahedral Mn(II), the notation for ground state changes to 6A 1g, which is taken as the 

abscissa, with the energies of the other states being plotted relative to it. Since there 

is no excited state with the spin multiplicity 6, all electronic transitions in a high-spin 

J complexes are doubly forbidden, ie, Laporte as well as spin forbidden [12]. 

The absorption bands observed at ca. 29960 and 34570 cm-) are due to 

1/ -l- 7r* and 7r -l- 7r* transitions of the ligands which suffer marginal shifts on 

complexation. The intense band at ca. 23250 cm- I is assignable to the S(PJt) -l- l'v1n(dJt) 

LMCT transition, while the broad high intensity peak at ca. 25390 cm-) is assignable 

to the phenolato oxygen -+ Mn charge transfer band, which is identical to octahedral 

Mn2+ complexes [13,14,15]. 

For octahedral Mn(Il) complexes, the electronic spectra were expected to 

show bands at ca. 17930, 23250 and 25400 cm-1 represents three spin-allowed d-d 

transitions ie, 6A )g -l-4T1g(G), 6A )g -+4T2g(G) and 6A1g _4Eg , 4A1g(G) transitions 

respectively. These bands tit the Tanabe-Sugano diagram for d5 octahedral at 

Dq/8 = 1.1. At this Dqffi, the ratio of the first transition energy and B ( ie, E/B) is 

found to be 24.0. The electronic repulsion p.arameter (Racah parameter) 'B' is a 

function of the ligand and the metal ion and is a built in feature of these Tanabe­

Sugano diagrams [12]. The extent of covalence in the metal ligand bond may be 

evaluated from the electronic spectrum by estimating the nephelauxetic ratio (~) = 

Bffio. The free ion value of Bo for Mn2+ is 860 cm-' The value of ~ is always less 

than one and it decreases with increasing delocalization [16]. 
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Figure 5.2. Electronic spectra of the compounds 18 and 19 

5.3.4. EPR .\pectra 

,--
IlOO goo 

The high spin Mn(JI) has fi SY2 ground state which should not interact with the 

electric field in the first order case. Consider a system with S = 5 h, I = 5/2, the spin 

Hamiltonian 

fI = gBH.S + D[S}- 11.1 S(S+I)] +AS.J ---------- (I) 

where H is the magnetic field vector, g is the spectroscopic splitting factor, ~ is the 

Bohr magneton, 0 is the axial zero field splitting tenTI, S is the electron spin vector 

and A is the nuclear hyperfine splitting telID [17]. The nuclear hyperfirie splitting 

term (A) from the spin Hamiltonian (Eq.l) is usually applicable to high-spin 

manganous ion and can be detennined directly from the spectra. The interpretation of 

the spectra in Figure 5.3 are basically the same as that proposed earlier by Allen and 

Nebert [18], in which both allowed and forbidden hyperfine lines occured in the 

observed spectrum and were supposed to be due to a mixing of the hyperfine levels 
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by an axial zero-field splitting term D in the spin Hamiltonian. The same basic 

interpretation of the spectra is used here in the two Mn(1I) complexes, but attention is 

centered upon the allowed transitions only. The hyperfine spectrum consists of six 

allowed lines corresponding to m = +5/2, +3h +Ih, _5/2 and ~ml = 0 in the 

transition, in between each of which is a forbidden doublet, corresponding to 

~mI = ±l. Such forbidden transitions are brought about according to Bleaney and 

Low [19,20] by a mixing of the nuclear hyperfine levels by the zero-field splitting 

parameter D of (1). 

The EPR spectra of the Mn(II) compounds 18 and 19 in the polycrystalline 

state at 298 K gave broad signal with g values 1.993 and 2.004 respectively. In 

polycrystalline samples at 298 K, Mn(ll) complexes give very broad signals, which 

are due to dipolar interactions and enhanced spin lattice relaxation [21]. 

The EPR spectra of the compounds 18 and 19 in frozen DMF solution at 77 K 

are almost similar exhibiting six-line hyperfine splitting for 55Mn (l = 5/2) and is 

centered at g = 2.00 I and 1.999 respectively. At 77 K, the electron paramagnetic 

resonances are at 480 and 486 G respectively for compounds 18 and 19 with an 

average hyperfine coupling constant (Aiso) of 96 G (89.76 x 10'4 em'l) and 97.2 G 

(90.73 xl 0-4 cm'l) respectively. 

The obsereved g values are very close to the free-spin value of 2.0, indicating 

the absence of spin-orbit coupling in the ground state 6AI . The Aiso values are 

consistent with an octahedral environment. The Aiso values are somewhat lower than 

for pure ionic compounds and effect the covalent nature of the metal-ligand bonds 

[22]. 
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1-

4000 

[Mn(HL 3h1 (19) 

Figure 5.3. EPR spectra ofthe compounds ]8 and ]9 in DMF at 77 K 
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[Mn(HLJh] (19) 

Figure 5.4. Tentative structure of the compounds 18 and 19 
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SYNTHESIS, SPECTRAL AND STRUCTURAL STUDIES OF 

Zn(II) COMPLEXES OF SALICYLALDEHYDE 

N(4)-PHENYL THIOSEMICARBAZONE 

6.1. Introduction 

Zinc atom has either a structural or analytical role in several proteins. It has been 

recognized as an important cofactor in biological molecules, either as a structural 

template in protein folding or as a Lewis acid catalyst that can readily adopt 4-, 5- or 6-

coordination [1]. Zinc is able to play a catalytic role in the activation of thiols as 

nucleophiles at physiological pH. Mononuclear zinc complexes may serve as model 

compounds for zinc enzymes such as phospholipase C, bovine lens leucine 

aminopeptidase, A TPascs, carbonic anhydrases and peptide deformylase. Binuclear 

cores are versatile at active sites of many metalloenzymes and play essential role in 

biological systems. 

The Zn2
+ ion having iO configuration and display a variety of coordination 

numbers and geometries based on the interplay of electrostatic forces, covalence and the 

size factor. The zinc(II) ion is known to have a high affinity towards nitrogen and sulfur 

donor ligands. Perkin and co-workers investigated zinc(II) complexes with mixed N, 0 

and S coordination to understand the reactivity of the pseudotetrahedral zinc center in 

proteins [2]. 

CompTexes of Group 12 metals, mainly zinc, can provide an interesting range of 

stoichiometries depending on the preparative salt. This chapter describes the synthesis 

and characterization of five Zn(H) complexes of salicylaldehyde N(4)­

phenylthiosemicarbazone using infrared, electronic and IH NMR studies. It also 

describes the single crystal X-ray diffraction studies of one of the prepared compound, 

that is the first heterocyclic base adduct Zn(II) complex with five coordinated geometry. 
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6.2. Experimental 

6.2.1. Materials 

The reagents used for the synthesis of salicylaldehyde 

N(4)-phenylthiosemicarbazone (H2e) arc discussed in chapter 2. Zn(OAch·2H20 

(S.D.Fine chemicals), 2,2' -bipyridine (bipy) (Central drug house), I, I O-phenanthroline 

(phen) (Ranboxy fine chemicals) and 4,4'-dimethyl 2,2'-bipyridine (dmbipy) (E-Merck) 

were used. The reagents used were of analar grade and used without fl.l11her purification. 

The ligands were recrystallized from ethanol and dried in vacuo before complexation. 

6.2.2. Synthesis of the complexes 

(ZnL3)2l3C2H50H (20) 

To a solution of HzL3 (1 mmol, 0.271 g) in hot ethanol was added an ethanolic 

solution of Zn(OAc h·2H20 (1 mmo!, 0.219 g) with constant stirring. The stining was 

continued for about an hour when yellow compound which got separated were filtered, 

washed with ethanol and ether and dried in vacuo over P40JO. 

[Zn(HL3hlC2H50H (21) 

A solution ofZn(OAch'2H20 (l mmol, 0.219 g) in ethanol and a solution ofH2L3 

(2 mmol, 0.542 g) in hot ethanol were mixed and refluxed for 4 h. On cooling, yellow 

solid separated was filtered, washed with ethanol and ether and dried in vacuo over 

P40 JO. 

[ZnL3bipyll/zH20 (22) 

To a solution of H2L3 (1 mmol, 0.271 g) in hot ethanol was added an ethanolic 

solution of Zn(OAc h·2HzO (1 mmol, 0.219 g) with constant stirring. This was followed 

by the addition of the base 2,2' -bipyridine (1 mmol, 0.156 g) in the solid fonn. The 

stirring was continued for about an hour when yellow crystalline compound was fonned, 

which were filtered, washed with ethanol and ether and dried in vacuo over P40JO. 

[ZnL3phenlH20 (23) 

To a solution of HzL3 (I mmol, 0.271 g) in hot ethanol was added an ethanolic 
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solution of Zn(OAc h· 2H20 (1 mmol, 0.219 g) with constant stirring. This was followed 

by the addition of the base I, lO-phenanthroline (I mmol, 0.198 g) in the solid fonn. The 

stirring was continued for about an hour when yellow compound began to separate. This 

was filtered, washed with ethanol and ether and dried in vacuo over P 4010. 

[ZnL3dmbipy] (24) 

To a solution of H2L 3 (I nunol, 0.271 g) in hot ethanol was added an ethanolic 

solution of Zn(OAch·2H20 (1 mmol, 0.219 g) with constant stirring. This was followed 

by the addition of the base 4A' -dimethyl 2,2' -bipyridine (l mmol, 0.184 g) in the solid 

fonn. The stirring was continued for about an hour when yellow compound began to 

separate. This was filtered, washed with ethanol and ether and dried in vacuo over P40 IO • 

6.2.3. X-Ray crystallography 

A yellow block crystal of the compound [ZnL3bipy] having approximate 

dimensions OAO x 0.35 x 0.20 mm was sealed in a glass capillary and intensity data were 

measured at 293(2) K. The data acquisition and cell refinement were done using the 

Argus (Nonius, MACH3 software) [3]. The Maxus (Non ius software) were used for data 

reduction [4]. The structure was solved by direct methods and full-matrix least-squares 

refinement using SHELX97 [5] package. The positions of all the non-hydrogen atoms 

were included in the full-matrix least-squares refinement using SHELX97 program and 

all the hydrogen atoms were fixed in calculated positions. The structure of the compound 

22 was plotted using the program Diamond Version 3.0 [6] and PLATON [7]. The crystal 

data and structure refinement parameters for [ZnL3bipyJ are given in Table 6.1. 
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Table 6.1. Crystal Data and Structure refinement parameters for [ZnL Jbipy) 

Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 
8 range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Refinement method 
Data / restraints / parameters 
Goodness-of-tit on F" 
Final R indices [1>20(1)] 
R indices (all data) 
Largest diff. peak and hole 

6.3. Results and discussion 

6.3.1. Physical measurements 

Cl~ H 19 N 50S Zn 
490.87 
293(2) K 
0.71073 A 
Orthorhombic 
P2 1en 
a = 9.R250(l6) A 
b = 10.55RO(6) A 
c = 20.7990(12) A 
a = 90° 
~=9W 
v = 90° 
2157.5(4)N 
4 
1.511 Mg/ m' 
1.263 mm·1 

1008 
OAO x 0.35 x 0.20 mm 
1.% - 24.96° 
-11 <c~h<~' 0, -12<"·k<."'0, -24<='1<"°0 
2012 
2012 [R(int) ~ 0.0000) 
Full-matrix least-squares on F2 
2012/1 /293 
1.017 
RI = 0.0383, WR2 = 0.0681 
RI = 0.0923, wRl = 0.0795 
0.324 and -0.380 e.A'3 

The colors and partial elemental analyses of the complexes are presented in 

Table 6.2. The elemental analyses data are consistent with the general composition 

(MLh, M(HLh and MLB, where M is the zinc atom, L is the doubly deprotonated 

thiosemicarbazone ligand and B is the bidentate heterocyclic bases viz. bipy, phen and 

dmbipy. All the zinc complexes are yellow in color. Elemental analyses data shows both 

compounds 20 and 21 having ethanol molecules and compounds 22 and 23 having water 

molecules present as solvents of crystallization. In compound 24, there is neither ethanol 

nor water of crystallization present in it. Compound 20 is binuclear and the others are 
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mononuclear in nature. The complexes are insoluble in most of the common polar and 

non-polar solvents. They are soluble in DMF, CHCI3 and DMSO. 

Table 6.2. Analytical data 

Compound Color Found (Calculated} % 

C H N 

[(ZnL1H3C:H)OH (20) Yellow 50.14(50.56) 5.08(4.99) 10.55(10.41 ) 

[Zn(HL l):lC:HsOH (21) Yellow 54.77(55.25) 4.49(4.64) 13.35(12.89) 

(ZnL}bipy]·I/:H:O (22) Yellow 57.92(57.66) 3.88(4.03) 14.02(14.01) 

[ZnL3phcn]'H"O (23) Yellow 5S.63(58.60) 3.96(3.97) 13.13(13.14) 

[ZnL1dmbipy] (24) Yellow 59.90{60.IS) 4.58(4.47) 13.38( 13.50) 

6.3.2. Crywtal structure of the compound [ZnLJbipy] 

The molecular structure of the compound 22 along with the atom numbering 

scheme is represented in Figure 6.1 and selected bond lengths and bond angles are 

summarized in Table 6.3. Suitable pale yellow crystals were obtained by recrystallization 

from a mixture of CH 30H and CH3CN solutions. The compound 22 is orthorhombic 

with a space group P2 l cn. The zinc atom in 22 is mononuclear and five coordinated. In 

the complex [ZnL3bipy], Zn(II) is located in an approximately trigonal bipyramidal 

geometry in which the equatorial positions are occupied by the S(1), 0(1), 

N(2) and the axial positions by N(1) and N(3) [Zn(1)-N(l), 2.164(5), Zn(1)-N(3), 

2.098(5) A] with the N(3)-Zn(l)-N(l) angle of 177.5(2)' being close to the 'ideal'value 

of 180' which is usual for such systems [8]. In a five-coordinate system, the angular 
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structural parameter (I) is used to propose an index oftrigonality. The trigonality index T 

of 0.53 [According to Addison et ai, T = (P - a)/60, where p = N(3}-Zn(1}-N(I) = 

177.5(2)· and a = O(I}-Zn(I}-S(1) = 145.18(16)·; for perfect square pyramidal and 

trigonal bipyramidal geometries the values of t are zero and unity respectively] indicates 

that the coordination geometry around zinc is intermediate between trigonal bipyramidal 

and square pyramidal geometries and is better described as trigonal bipyramidal distorted 

square based pyramid (TBDSBP) with zinc displaced 0.3225 A above the N(1), N(3), 

0(1) and S(I) coordination plane and towards the elongated apical N(2) atom [9]. 

Figure 6.1. Structure and labeling diagram of the compound 22 

One of the reasons for the deviation from an ideal stereochemistry is the restricted 

bite angle imposed by both the L3- and bipy ligands. The bite angle around the metal viz. 

N(2}-Zn(1}-N(1) of77.1(2)· may be considered normal, when compared with an average 
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value of 77 cited in the literature [10,11). The variation in Zn-N bond distances, 

Zn(I)-N(2), 2.097(5), Zn(1)-N(3), 2.098(5) and Zn(1)-N(l), 2.164(5) indicate 

differences in the strengths of the bonds formed by each of the coordinating nitrogen 

atoms. The Zn-N bond lengths are shorter than those reported for mononuclear zinc(II) 

complexes, while there is no significant variation in the Zn-S bond lengths reported [12]. 

The dihedral angle fonned by the least square plane Cg(5) and Cg(7) is 4.78 for the 

compound 22. 

Ring puckering analyses shows that the ring Cg(3) comprising of atoms Zn(l), 

0(1), C(1I), C(l6), C(17) and N(3) with puckering amplitude (QT) = 0.1714 A and the 

ring Cg(l) comprising of atoms Zn(I), S(l), C(18), N(4) and N(3) with puckering 

amplitude (Qr) = 0.3742 A. The ring Cg(l) adopts an envelope on Zn(l) [P = 159.1 ,'t = 

28.1 for reference bond Zn(l)-S(\)]. 

Table 6.3. Selected bond lengths (A) and bond angles (0) for [ZnL.1bipy] 

Bond lengths O(l)---C( II) 1.31S(7) 
Zn(I)-O( I) 1.958(5) N(3}-q17) 1.276(7) 
Zn( I }-N(2) 2.097(5) N(J}-N(4 ) 1.396(7) 
Zn(I)-N(3) 2.098(5) N(4}-qlR) 1.308(7) 
Zn(I)-N(I) 2.164(5) N(S}-C(IR) 1.393(9) 
Zn(1 )-S( I) 2.3435( 19) N(5}-qI9) 1.414(9) 
S( I )-C( 18) 1. 73R(7) N(S} ·H(105) 0.81 (8) 

Bond angle.l· q I R )-S( I }- Zn( 1 ) 92.S(2) 
0(1 )-Zn( I }-N(2) 104.3(2) q 11 }-O( 1}- Zn( I ) 129.0(4) 
0(1 )-Zn( 1 }-N(3) R9.19(19) q5)-N( 1 )-Zn( I) 114.0(4) 
N(2)-Zn( I )-N(3) 100.8(2) C( I )-N ( I}-Zn( 1 ) 126.9(4) 
O( I )-Zn( 1 )-N( I ) 92.68( 19) q6)-N(2}-Zn(1) 117.1(4) 
N(2)-Zn(l )-N(I) 77.1(2) q I 0}-N(2}-Zn( I) 125.0(5) 
N(3}-Zn(1 )-N(l) 177 .5(2) C( 17}-N(3)-N(4) 115.5(5) 
O( 1 )-Zn( 1 }-S( I ) 14S.IR(16) qI7}-N(3)-Zn(l) 126.2(5) 
N(2}-Zn(1 )-S(l) 110.34(15) N(4)-N(J)-Zn(l) 118.0(4) 
N(3)-Zn( I }-S(l) 81.30( 15) C(18)-N(4}-N(3) 11O.9(S) 
N( 1 )-Zn( 1 )-S( I) 98.10(14) C{l8}-N(5)--C(l9) 126.5(7) 
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Figure 6.2 shows the contcnts of the unit cell along the a axis. The assemblage of 

molecules in the respective manner in the unit cell is resulted by the 1[-1[ and CH-1[ 

interactions as dcpicted in Table 6.4. One intermolecular hydrogen bonding is observed, 

ie, [C(9)-H(9) and 0(1)] (Figure 6.3), but no classic hydrogen bonds were found. The 

centroid Cg(4) is involved in 1[-71: interactions with pyridyl ring of the neighbouring unit 

at a distance of 3.8418 A and the centroid Cg(5) with phenyl ring at a distance of 3.7274 

A, the CH-1[ interactions of the ring Cg(6) with the neighbouring molecules also 

contribute stability to the unit ceJl packing. 

Table 6.4. Interaction parameters of the compound [ZnL'bipy] 

7t----7t interactions 

Cg(l)-Rcs( I )----Cg(J) 
Cg(4) [ I]·> Cg(5)" 
Cg(5) [ I] -> Cg(4)b 
Cg(5) [ I J -> Cg(7t 

_\~(7) [ I] -> Cg(5)d 
Eqivalent position codes 

CH----7t interactions 

XH(I)---Cg(J) 

C(4)-H(4) (1]-> Cg(6)a 

Equivalent position codes 

H bonding 

D---H---A 

C(9)---H(9)---O( 1) 

Cg-Cg(A) a 0 po 
3.8418 23.58 5.95 
3.8418 23.58 29.44 
3.7274 4.7R 18.80 
3.7274 4.7R 19.81 

.. _-,.----,--,-,.----,---:--::--::-::-:---::-:----
Cg(4) = N(1),C(1),C(2),C(3),C(4),C(5) 

a .... -Ir?+\.-y.-z 

b -. l.!2+x.-y.-

('" ;;: -I/l ..... x,-I!~I y,li2-z 

d·'" 1/~'x.li~··y.1/2.7. 

H .. Cg(A) 

2.75 

a = ·112+x,-y,-z 

Cg(5) = N(2),C(6),C(7),C(8),C(9),C(1 0) 

Cg(7) = C( 19),C(20),C(21 ),C(22),C(23),C(24) 

X-H .. Cg n x .. Cg(A) 

153 3.6078 

D-H (A) H---A (A) D ---A (A) D-H---A n 
0.93 2.41 3.2456 149 

(D=Donor, A=acceptor, Cg=CentToid, a=dihedral angles between planes 1& J, p= angle Cg(l)-Cg(J) 
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Figure 6.2. Unit cell packing diagram of the compound 22 viewed along the a axis 

Figure 6.3. Hydrogen bonding interactions for the compound 22 
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6.3.3. Infrared spectra 

Table 6.5 lists the tentative assignments of main IR bands of Zn(lI) complexes for 

the ligand H2L3 in 4000-50 em-I region. The spectra of free ligand exhibit a medium 

band at 3146 em-I, which is assigned to v(N-H) vibration. The absence ofv(N-H) band in 

the spectra of complexes provides a strong evidence for the ligand coordination around 

Zn(lI) ion in its deprotonated form. On coordination of azomethine nitrogen, v(C=N) 

shifts to lower wavenumbcrs by 10-20 em-I as the band shifts from 1613 em-I in the 

uncomplexed thiosemicarbazone spectrum to ca. 1598 cm'l in the spectra of all the five 

Zn(lI) complexes. Coordination of azomethine nitrogen is confirmed with the presence 

of new bands in the range 410-420 cm,l, assignable to v(Zn-N) for these complexes [13]. 

The v(N-N) of the thiosemicarbazone is found at 1149 em-I The increase in the 

frequency of this band in the spectra of the complexes, due to the increase in the bond 

strength, again confirms the coordination via the azomethinc nitrogen. 

The decrease in the stretching frequency of v(CS) bond from 874 cm-I in the 

thiosemicarbazone by 10-50 cm'l upon complexation indicates coordination via its 

thiolato sulfur. In all the five Zn(JI) complexes, another strong band is found at ca. 1530-

1550 cm,l, which may be due to the newly formed v(N=C) band. From this, it is clear that 

coordination via its thiolato sulfur takes place. In all the five complexes, except in 21, 

phenolic oxygen is coordinated to copper by loss of the -OH proton. A new band in the 

range 570-590 cm'l in the spectra of the complexes is assignable to v(Zn-O) [14]. The 

IR spectra of the complexes 22, 23 and 24 display bands characteristic of coordinated 

heterocyclic bases [15]. In the spectrum of the thiosemicarbazone ligand, there is a sharp 

peak at 3336 em-I, which may be due to the presence of phenolic group. But, in the 

complexes 20-23, no sharp peaks were observed at - 3336 cm-', but there were broad 

bands in the 3200-3500 region, This is because of the presence of either the alcoholic 

group or the lattice water present in these complexes [16]. Representative spectra of the 

complexes 21 and 22 are presented in Figure 6.4. 

113 



T
ab

le
 6

.5
. 

S
el

ec
te

d 
IR

 b
an

ds
 (

em
-I

) 
w

it
h 

te
nt

at
iv

e 
as

si
gn

m
en

ts
 o

fZ
n

(I
l)

 c
om

pl
ex

es
 

C
om

po
un

d 
v(

C
=

N
) 

v(
N

=
C

) 
v

(N
-N

) 
v

(C
-S

) 
v

(C
-O

) 
v

(Z
n

-O
) 

v
(Z

n
-N

) 

H
2L

J 
16

13
 

11
49

 
13

28
,8

74
 

12
55

 

[(
Z

nL
J )z

]-
2C

zH
sO

H
 

15
97

 
15

48
 

11
54

 
13

16
,8

24
 

12
04

 
57

3 
41

7 

[Z
n(

H
L

J )z
]·

C
2H

sO
H

 
15

96
 

15
42

 
11

54
 

13
27

,8
64

 
12

04
 

42
1 

[Z
nL

3 bi
py

]·
1/

2H
2O

 
15

97
 

15
34

 
11

75
 

13
16

,8
24

 
12

45
 

58
7 

41
1 

[Z
nL

Jp
he

n)
-H

1O
 

16
04

 
15

34
 

11
69

 
13

09
,8

52
 

12
39

 
58

8 
42

0 

[Z
nL

Jd
m

bi
py

] 
15

97
 

15
41

 
11

69
 

13
09

,8
37

 
12

39
 

58
3 

41
6 

- - ... 

B
an

ds
 d

ue
 to

 
he

te
ro

cy
cl

ic
 

ba
se

 

14
29

,7
58

,6
90

 

14
26

,7
51

,6
93

 

14
32

,7
52

,6
94

 

Q
 

{i
 ~ 0
\ 



_____________________________________________________________________ Chapter6 

100 

<1> 
80 

u 
c 
co 
:::: 
·E 60 
<J) 

c 
~ ..-

40 
?f!-

20 

0 

4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber (em·') 

100 

80 

fl 
c 60 
~ 
·E 
<J) 

c 40 ~ ..-
~ 0 

20 

0 

4000 3500 3000 2500 2000 1500 1000 SOD 

Wavenumber (em·') 

[ZnL 3bipy]- I12H~O (22) 

Figure 6.4. IR spectra of the compounds 21 and 22 

6.3.4. Electronic spectra 
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The electronic absorption bands of the Zn(II) complexes, recorded in DMF 

solution, are given in Table 6.6 and representative spectra are in Figure 6.5. The 

thioscmicarbazone (H2L 3) has a ring If ~ If* band at 32250 cm· 1 and a band at 29060 cm- I 

due to 11 ~ If* transition associated with the azomethine linkage. This band in the 

complexes have shmvn a bathochromic shift due to the donation of a lone pair of 

electrons to the metal and hence the coordination of azomethine nitrogen [17]. The 

absorption band centered around 29060 cm- I in the ligand was assigned to n ~ If* of the 

thioamide chromophorc which suffers a blue shift in the complexes due to 

thiocnolization. 

The moderately intense broad bands for the complexes in the region 28500-23500 

cm- I are assigned to Zn(ll) ~ S metal to ligand charge transfer transition (MLCT). The 

MLCT maxima f()r the phenolato complexes show line broadening, with a tail running 

into the visible part of the spectrum. This may result from Zn(IJ) to phenolate MLCT 

band being superimposed on the low energy side of Zn(Il) - S MLCT (18]. Except this, 

the complexes show no appreciable absorptions in the region below 22000 cm- I in DMF 

solution, in accordance with the dlO electronic configuration of the Zn(lI) ion. 

Table 6.6. Electronic spectra) assignments (cm· l
) of the ligand H2L' and their Zn(lI) complexes 

Compound rc - rc* n - rc* LMCT 

H,L" 32250 29060 

[(ZnL3)2J'3CJI 5OH 33670 31440,30300 27240,26240 

[Zn(HL 'hJ'C2HsOH 33330 31540,30300 27470,26240 

[ZnL3bipy)·1/2H,O 33110 31540.30300 27390,26240 

[ZnL 3phen ]'H2O 33440 31940 26170,25640 

[ZnL3dmbipyJ 33440 31740,30300 27390,26240 
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Figure 6.5. Electronic spectra of the compounds 20-24 
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6.3.5. I H NMR spectra 

The I H NMR signals of the ligand H2L 3 and their Zn( II) complexes 

recorded in CDCh are listed in Table 6.7. The ligand has signals at 6 = 11.36 , i5 = 9.54 

and () = 8.37 ppm, which are due to -OH, -2NH and -CH=N 1 respectively (describded in 

Chapter 2, section 2.4.5). In the Zn(II) complexes, signal due to -2NH is absent 

supporting thioenolization [19]. The low field position of -4NH (6 = 7.26 ppm) could be 

attributable to the deshielding caused by the phenyl group and the adjacent -N=C< of the 

system -N=C(SH)-NH-C6HS. In all the complexes, except in the spectrum of the 

complex [Zn(HL3hlC2HSOH (21), the -OH proton signals are absent. But in complex 

21, the -OH signal appears at 6 = 11.38 ppm which supports for the existence of the 

phenoxy (-OH) group in the neutral fom1 in this complex. Considerable shift of 

characteristic signals occurs on complexation [20,21]. Representative spectra of the 

complexes 21, 23 and 24 are presented in Figure 6.6. 

Table 6.7 I H NMR signals of H~L) and their Zn(II) complexes (0. ppm) 

Compound -CH=N 1 _4NH Aromatic 

[(ZnL·\j·3C2H,OH 

[Zn(HL 1hj·C ~HsOH 

[ZnL'bipyj·I/2H20 

[ZnL3phen]·H:O 

[ZnL3dmbipy] 

8.37 

8.72 

8.7 

8.74 

8.67 

7.26 6.84 -7.60 

7.26 

7.26 6.85 -7.9 

7.26 6.5 - 7.6 

7.26 6.5 -7.9 

7.26 6.S - 7.9 
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SYNTHESIS AND SPECTRAL STUDIES OF OXOVANADIUM(lV) 

COMPLEXES OF N(4)-SUBSTITUTED THIOSEMICARBAZONES 

7.1. Introduction 

Vanadium is an essential trace element and has generated increasing interest in 

the structure and function of its metal complexes found in the living organisms (1,2]. 

Many vanadium(IV) compounds contain the V02+ group. The oxovanadium(IV) ion, 

V02
+ is considered to be the most stable oxocation of the first row transition metal 

ion (3]. It fonns stable anionic, cationic and neutral complexes with various types of 

ligands. The common geometries of vanadium in VOIV complexes are the square 

pyramid, distorted octahedron and trigonal bipyramid. Among the five coordinated 

VOIV complexes, those with square-pyramidal geometry are the most common [4]. 

Vanadium(lV) species containing the V=O grouping have spectra which are 

quite distinct from other vanadium(lV) derivatives and present several controversial 

features. Evidently the strong axial perturbation by the axial V=O group plays an 

important role in dctennining the spectrum. All oxovanadium(JV) complexes are 

paramagnetic due to the presence of pne unpaired d electron. 

Design and synthesis of heterochelate complexes are generally intended to 

study the effect of unsymmetrical ligand fields on transition metal acceptor centres. 

This chapter describes the synthesis of six oxovanadium(IV) complexes of two 

tridentate (ONS) ligands, viz, salicylaldehyde N(4)-substituted thiosemicarbazones 

(H2L I and H2l 3
) and intrinsic interest because of the fonnation of a basic VO(l) core 

having one or more vacant coordination sites to potentially bind an ancillary ligands. 

These are characterized by magnetic moment values, infrared, electronic and EPR 

spectral studies. 
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7.2. Experimental 

7.2.1. Materials 

Chapter 7 

The reagents used for the synthesis of the ligands (H2L J and H2L3) are 

discussed in Chapter 2. VOS04·H20 (Sigma aldrich), 2,2'-bipyridine (bipy) (Central 

drug house chemicals), 1,10-phenanthroline (phen) (Ranbaxy fine chemicals) and 

4,4' -dimethyl 2,2' -bipyridine (dmbipy) (E-Mcrck) were of analar grade and used 

without further purification. The ligands were recrystallized from ethanol and dried 

in vacuo before complexation. 

7.2.2. Synthesis of the complexes 

[VOLJbipy] (25) 

To a hot ethanolic solution of the ligand H2LJ (I mmol, 0.277 g) was added 

aqueous solution of VOS04·H20 (1 mmol, 0.163 g) with con.stant stirring. This was 

followed by the addition of the base 2,2'-bipyridine (l mmol, 0.156 g) in the solid 

fonn. The above brown solution was refluxed for about 3 h and allowed to cool. The 

reddish orange compound fonned was filtered, washed with ethanol and ether and 

dried in vacuo over P40JO. 

[VOLJphen]·J/2H 20 (26) 

To a hot cthanolic solution of the ligand I-bLJ (l mmol, 0.277 g) was added 

aqueous solution of VOS04·H20 (1 mmol, 0.163 g) with constant stirring. This was 

followed by the addition of the base I, 10-phenanthroline (l mmol, 0.198 g) in the 

solid fonn. The above brown solution was refluxed for about 3 h and allowed to cool. 

The reddish orange crystalline compound fonned was filtered, washed with ethanol 

and ether and dried in vacuo over P40 JO. 

[VOLJdmbipy] (27) 

To a hot ethanolic solution of the ligand H2L J (1 mmol, 0.277 g) was added 

aqueous solution ofVOS04·H20 (1 mmol, 0.163 g) with constant stirring. This was 
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followed by the addition of the base 4,4' -dimethyl 2,2' -bipyridinc (I mmol, 0.184 g) 

in the solid fom1. The above brown solution was refluxed for about 3 h and allowed 

to cool. The reddish orange compound formed was filtered, washed with ethanol and 

ether and dried in vacuo over P401O. 

[YOL3bipy] (28) 

To a hot ethanolic solution of the ligand H2L 3 (1 mmol, 0.271 g) was added 

aqueous solution of VOS04· H20 (l mmol, 0.163 g) with constant stirring. This was 

followed by the addition of the base 2,2' -bipyridine (I mmol, 0.156 g) in the solid 

form. The above brown solution was retluxed for about 3 hand aJlowed to cool. The 

reddish orange compound fonned was filtered, washed with ethanol and ether and 

dried ill vacuo over P 40 10• 

[YOL3phen] (29) 

To a hot ethanolic solution of the ligand H2L3 (I mmol, 0.271 g) was added 

aqueous solution ofYOS04'H20 (1 mmol, 0.163 g) with constant stirring. This was 

followed by the addition of the ba<;e I, 10-phenanthroline (I mmol, 0.198 g) in the 

solid form. The above brown solution was retluxed for about 3 h and allowed to cool. 

The reddish orange compound fOlmed was filtered, washed with ethanol and ether 

and dried in vacuo over P40IO. 

[YOL3dmbipy]·1/2H20 (30) 

To a hot ethanolic solution of the ligand H2L3 (I mmol, 0.271 g) was added 

aqueous sQlution of YOS04· H20 (1 mmol, 0.163 g) with constant stirring. This was 

followed by the addition of the base 4,4' -dimethyl 2,2' -bipyridine (1 mmol, 0.184 g) 

in the solid form. The above brown solution was refluxed for about 3 h and allowed 

to cool. The yellowish orange compound formed was filtered, washed with ethanol 

and ether and dried in vacuo over P40IO. 
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7.3. Results and discussion 

7.3.1. Physical measurements 

The colors, partial elemental analyses and magnetic moments of the 

complexes (25-30) are presented in Table 7.1. Reactions of tridentate ONS donor 

ligands H2L (H2L I and H2L3
) and heterocyclic bases (B) {B = bipy, phen and 

dmbipy} with VOS04·H20 in ethanol I water mixture afforded oxovanadium(IV) 

complexes of the type VOL(B). The mononuclear complexes 25-30 are soluble in 

CH2Cb. DMF and DMSO. All the six complexes are orange colored. In complexes 

26 and 30, small fraction of water molecules present in nonstoichiometric 

proportions. 

Table 7.1. Analytical data 

Compound Color Found (Calculated) % ~I (8.M.) 

c H N 

[VOLlbipy] (25) Reddish 57.63(57.83) 5.10(5.05) 13.117( 14.05) 1.70 

orange 

[VOL ' phen]·'/2H20 (26) Reddish 58.74(58.75) 4.70(4.93) 13.11(13.18) \.511 

orange 

[VOL1dmbipy] (27) Reddish 58.73(59.31 ) 5.69(5.55) 13.15(13.30) I.!\3 

orange 

[VOL3bipy] (28) Reddish 5R.35(58.54) 3.93(3.89) 13.96(14.22) UW 

orange 

[VOL3phen] (29) Reddish 60.16(60.46) 3.28(3.71 ) 13.39(13.56) 1.69 

orange 

[VOL3dmbipy]·1/2H20 (30) Yellowish 59.20(58.98) 4.57(4.57) 13.25(13.23) 1.73 

orange 
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The magnetic moment obtained at 297 K for the complexes 25-30 are in the 

range of 1.58-1.83 B.M. The values correspond to the spin only value of systems 

having one electron. These are magnetically diluted complexes in which metal ion is 

not involved in magnetic exchange with the neighbouring metal ion [5]. The 

oxovanadium(IV) complexes are paramagnetic and the expected magnetic moment 

values for a i system are - I. 73 B.M. [6), 

7.3.2. Infrared .~pectra 

Table 7.2 lists the tentative assignments of mam IR bands of 

oxovanadium(IV) complexes for the ligands H2LI and H2L3 in the 4000-50 cm'l 

region. The frce ligands H2LI and H2L3 show bands at ca. 3369 and 3141 cm,l, 

which are due to -OH stretching mode and -NH groups respectively. These bands 

are absent in complexes, which suggests deprotonation of the phenolic group 

indicating the coordination through phenolic oxygen and enolization of the thione 

sulfur followed by deprotonation, On coordination of azomethine nitrogen, v(C=N) 

shifts to lower wavenumbers by 10-20 cm'l as the band shifts from ca.1613 to 1600 

em't in the spectra of the six oxovanadium(IV) complexes. Coordination of 

azomethinc nitrogen is confirmed with the presence of new band in the range 

430-460 em'l assignable to v(V-N) for these complexes [7]. The v(N-N) of the 

thiosemicarbazone is found at ca. 1154 cm'l The increase in the frequency of this 

band in the spectra of the complexes, due to the increase in the bond strength, again 

confinns the coordination via the azomethine nitrogen. 

The decrease in the stretching frequency of C-S band from ca. 865 cm· 1 in the 

thiosemicarbazones by 80-90 cm'l upon complexation indicates coordination via 

thiolato sulfur. In the far IR spectrum of the compound 28, a band is found at 

335 cm,t, which is due to v(V-S) and the coordination of thiolato sulfur is confinned 

[8]. IR spectra of the complexes 25-30 show sharp bands at ca. 1538 em't due to 
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newly fonned v(N=C) band indicating the coordination of sulfur in the enol tonn 

rather than as keto fOHn [9]. In all the complexes, phenolic oxygen coordinated to 

vanadium by loss of the -OH proton. A new band in the range 510-545 cm- I in the 

spectra of the complexes was assignable to v(V-O), resulting from the coordination 

of phenolic oxygen [10]. All these indicate ONS mode of chelation by the thioenol 

form of the ligands in the present series of complexes. The complexes display a 

strong V=O tennina! stretch appearing at ca. 960 cm- I
, similar to that observed with 

the octahedral vanadium(lV} complexes [II). Representative spectra of the 

complexes 26, 29 and 30 are presented in Figure 7.1. 
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Figure 7.1. IR spectra of the compounds 26, 29 and 30 
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7.3.3. Electronic spectra 

The electronic absorption bands of the oxovanadium(lV) complexes recorded 

in DMF solution, are given in Table 7.3 and their representative spectra in Figure 7.2. 

The thiosemicarbazones (H2L 'and H2L3
) have ring 7r - 7r* band at ca. 36640 em'l and 

a band at ca. 32520 em'l due to II - 7r* transitions associated with the azomethine 

linkage. These bands suffer marginal shifts on complexation. Visible spectra of 

oxovanadium(IV) complexes are known to exhibit mainly three bands lying in the 

range 11000-15000 cm,l (band I), 15000-20000 em' I (band II) and 2 I 000-30000 

(band III), corresponding to d-d transitions 28 2 -+ 2E, 
282 -+ 

28 I and 28 2 --+ 2 A I 

respectively. These are followed by one or many high intensity bands in the 

ultraviolet region [12]. In the electronic spectra of the present complexes the first 

absorption band at ca. 14440 cm,l can be assigned to the electronic transition 

28 2 --+ 2E (drl' --+ de , dd, the second absorption band at ca. 17890 cm'l due to 
28 2 -+ 2B!(dw -- d/_/) and the third absorption band at ca. 20710 em'l are due to 
28 2 --+ 2AI(dxy --+ d/). In all the complexes an intense band at ca. 24940 em'! is 

assignable to the phenolic oxygen --+ V(dll) ligand to metal charge transfer (LMCT) 

band [13]. Two additional bands appearing in the UV region are due to intraligand 

transitions. The band due to LMCT may have merged with the third band in all the 

complexes. 

Table 7.3. Electronic spectral assignments (cm· l) of oxovanadium(lV) complexes 

Compound ~B2->1E 1B2->281 lSr->l AI LMCT n - n* n - n* 

[VOLlbipy] 14340 17790 21390 25570 30580 35080 

[VOLlphen}I/2H2O 14850 18140 20870 23980 30480 35330 

[VOL I dmbipy] 15120 17330 20660 24150 30760 35410 

[VOL3bipy] 13960 17510 20490 25250 34120 38020 

[VOL )phen] 14100 18310 20440 25310 34480 37870 

[VOL Jdmbipy]·1/2H2O 14260 18240 20400 25380 34720 38160 
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7.3.4. EPR spectra 

The EPR spectra of all the complexes were recorded in polycrystalline state at 

298 K and in frozen DMF solution at 77 K. The EPR parameters of the complexes 

25-30 are presented in Table 7.4. 

The EPR spectra of all the compounds in polycrystaIIine state of 298 K have 

essentially identical fcatures. The complexes 26-30 showed an isotropic signal 

centered at g = 1.987 cOlTesponding to ilMs = ± 1. The EPR specttUm of the 

compound 25 in polycrystalline state of 298 K is not good and its interpretation is 

difficult. 

In frozen DMF solution at 77 K, nonnal eight line spectra showing hyperfinc 

splitting for the 51V nucleus (I = 7/2) are obtained in all the cases. All the compounds 

show well-resolved axial anisotropy with two sets of eight line pattern with gil < gJ. 

and All » AJ. relationship characteristic of an axially compressed i x)' configuration 

[14]. Ligand nitrogen or hydrogen superhypcrfine splittings are not observed on the 

vanadium line. This indicates that the unpaired electron to be in b2g (d,y , 282 ground 

state) orbital localized on metal, thus excluding the possibility of its direct interaction 

with the ligand [\5, 16]. 

The EPR spectra show signals characteristic of mononuclear V02
+ species. 

The isotropic parameters are calculated using the equations giso = 1/3(g1l + 2gJ.) and 

Aiso = 1/3(A II + 2AJ.) respectively. In the above complexes, the isotropic parameters 

giso and Aiso are - 1.976 and 95.6 G respectively. These values are in range for 

typical distorted octahedral V02
+ complexes [17,18]. 

The molecular orbital coefficients rJ and Ii were also calculated for the 

complexes by using the following equations: 

d = (2.00277 - gil )ilEll -d IS'AP-

P-= 7/6 [( -AII/P) + (AJ./P) + (gll- 5/14 gJ.) - 9/14ge] 
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where, P = 128 x 10-4 cm- I
, A = 135 cm- I and E is the electronic transition energy of 

2B2 ---+ 2E. The lower values for cl- compared to ;i indicate that in-plane (J bonding is 

more covalent than in-plane 'IT bonding [19]. The in-plane 'IT bonding parameter ;i 
observed are consistent with those observed for McGarvey and Kivelson for vanadyl 

complexes of acetyl acetone [20,16]. 

Table 7.4. EPR spectral assignments for oxovanadium(lV) complexes In polyerystal!ine state 
at (29R K) and frozen DMF solution at (77 K) 

Compound Polyerystalline DMF solution (77 K) 
state (298 K) gil gl. All" Al. a 2 p2 

( gisJ 
(VOLlbipy] 1.963 I.nI 185.5 57.3 0.53 0.99 
[VOL lphen]·1/2H2O 1.984 1.956 1.982 182.2 60.9 0.66 0.96 
[VOLldmhipy] 1.993 1.964 1981 186.1 54.1 0.52 1.04 
[VOL1bipy] 1.990 1.972 1.987 183.0 5:).9 0.57 1.01 
[VOL3phcn] 1.984 1.965 l.n5 178.2 56.1 0.52 0.96 
[VOL) dmbipy]-I /2H20 1.989 1.962 1.984 149.7 46.3 0.54 0.98 

a Expressed in units of em·1 multiplied by a factor of 10"'" 

1 J~~. ---....,~.,..~" .. ~~-.... ,-~ ... ~.....,.,., .. -."'" .... ~ ... "~ .. "'.,..,,.~ . .,"-... ~.-~~-"~'i 
! I 

~. I /-\ I 
d I j !\' j 
~~ I I : ... i ,1 

'5 I / \ j 

~ oj ~ .. _. ~--- .... ---.. -.--- .. ~/ g •• -4~//_~-" · .... 1 

-11--_r----._-,._.-.-.. ...-_.--.-.. -J 
2000 2250 2500 27503000 3150 :3500 3750 4000 

~ F"J~Jd(G) 

(i) [VOL3dmbipy1.1hH20 (30) 
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Figure 7.3. EPR spectra of the compounds 26, 28 and 30 
(i) Compound 30 in the polycrystalline state at 298 K 
(ii) Compounds 26 and 28 in DMF solution at 77 K 
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SYNTH F ,sIS, SPECTRAL AND STRUCTURAL STU DIES OF 

r,lOXOMOLYBDENUM(VI) COMPLEXES OF 

2-H'iDROXYACETOPHENONE N(4)-SUBSTITUTED 

TH IOSEMICARBAZONES 

8.1. Introduc' ion 

Molyrdenum is a biologically important trace element that occurs in the 

redox-active sites of molybdoenzymes involved in nitrogen, sulfur or carbon 

metabolism [1]. The 'oxo-type' molybdocnzymes, which possess a common 

molybdenup l cofactor, catalyze biological two electron reactions that involve a 

change in he number of oxygen atoms in the substrate [2]. The mononuclear 

molybdoeJ'Lymes contained terminal oxo-group(s), believed to be obligatory for the 

oxotranstc case activity of these enzymes. 

M )lybdenum is a versatile transition element because it possesses a large 

number If stable and accessible oxidation states as well as coordination numbers. 

The fom Lal oxidation state of molybdenum fluctuates between +6 and +4 via +5 

intelmcdiate during turnover [3]. Complexes containing the molybdenum-oxo group 

domina.:! the higher oxidation state of molybdenum. Most simple 

dioxon olybdenum(VI) coordination complexes contain the cis-MoO/+ cation. 

Thiose~icarbazones obtained by condensing ring substituted aromatic 

thiosc nicarbazides with o-hydroxy carbonyl compounds like salicylaldehyde and 

o-hyJroxyacetophenone have rarely been used in molybdenum chemistry. The 

ligan js are of particular interest because their complexes of the type Mo02L or 

Mo()L possess one or two "open" coordination sites that can be utilized for substrate 

bill jingo This chapter describes synthesis and spectral characterization of 

dicxomolybdenum(VI) complexes ofN(4)-substituted ONS donor ligands. It also 
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____________________________ ClUlpter 8 

desclibes single crystal X-ray diffraction studies of three of the synthesized 

complexes. 

8.2. Experimental 

8.2.1. Materials 

The reagents used for the synthesis of the ligands (H2 L 2 and H2L 4) are 

discussed in Chapter 2. Mo02(acac)2 (Sigma aldrich) and pyridine (S.D. Fine 

Chemicals) were analar grade and used without further purification. The ligands 

were recrystallized from ethanol/methanol and dried ill vacuo before complexation. 

8.2.2. Synthesis of the complexes 

[(Mo02L
2)2] (31) 

To a hot methanolic solution of the ligand H2L 2 (2 mmol, 0.582 g), added 

methanolic solution of Mo02(acac)2 (2 mmol, 0.652 g) with constant stirring. The 

above orange solution was refluxed for about 3 h and allowed to cool. The orange 

crystals formed were separated and dried. 

[M002L2py] (32) 

To a hot mcthanolic solution of complex 31 (0.5 mmol, 0.417 g), added 2 mL 

of pyridine and the mixture was heated until a clear deep yellow solution was 

produced. The above solution was refluxed for about 3 h and allowed to cool. Slow 

evaporation of the reaction mixture over 3 days produced yellow crystals. 

[Mo02L 4) (33) 

To a hot ethanolic solution of the ligand H2L 4 (1.5 mmol, 0.428 g), added 

ethanolic solution of Mo02(acach (1.5 mmol, 0.489 g) with constant stirring. The 

above orange solution was refluxed for about 3 h and the orange compound formed 

was filtered, washed with ethanol and ether and dried in vacuo over P401O. 
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[Mo02L 4py] (34) 

To a hot ethanolic solution of complex 33 (0.5 mmol, 0.205 g), added 2 mL of 

pyridine and the mixture was heated until a clear deep yellow solution was produced. 

The above solution was retluxed for about 3 h and allowed to cool. Slow evaporation 

of the reaction mixture over 5 days produced yellow crystals. 

8.3. Results and discussion 

8.3.1. Synthesis 

The colors, partial elemental analyses and magnetic moments of the 

complexes'(31-34) are presented in Table 8.1. 

Table 8.1. Analytical data 

Compound Color Found (Calculated) % !l (B.M.) 

C H N 

[(Mo021})2] (31) Orange 43.05(43.17) 4.52( 4.59) 10.04(10.07) Diamagnetic 

[MoO:L"py] (32) Yellow 48.16( 48.39) 4.70(4.87) 11.12(11.29) Diamagnetic 

[MoO:L 4] (33) Orange 43.69(43.80) 3.02{3.19) 10.13(10.22) Diamagnetic 

[MoO:L4py] (34) Yellow 48.82(48.98) 3.65(3.70) 11.24(11.43 ) Diamagnetic 

For the preparation of complexes (31-34), the ligands HzL2 and H2L4 (as 

described in Chapter 2) were used. The stoichiometric reaction of 

bis(acetylacetonato)dioxomolybdenum(VI) with H2L in refluxing methanol/ethanol 

afforded the orange six and five-coordinate complexes of the type [(M002L)2] and 

[MoOzL] (31 and 33) in excellent yield. The [M002L(B)] complexes (32 and 34) 

were prepared by reaction of [(Mo02e)z] (for 32) and M002L 4 (for 34) with 
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heterocyclic base {B = pyridine (py)} in methanol! ethanol. All these complexes are 

diamagnetic, indicating the presence of molybdenum in the +6 oxidation state. These 

complexes are soluble in DMF and DMSO. 

8.3.2. Spectral studies 

Selected spectroscopic data of the complexes are summarized in Tables 8.2 

and 8.3. Table 8.2 lists the tentative assignments of main IR bands of 

dioxomolybdenum(VI) complexes for the ligands H2L2 and H2L4 in 4000-50 cm" 

region. The free ligands H2e and H2L4 show bands at ca. 3374 and 3060 em-I, 

which are due to -OH stretching mode and -NH groups respectively. These bands 

are absent in complexes, which suggests deprotonation of the phenolic group 

indicating the coordination through phenolic oxygen and enolization of the thione 

sulfur followed by deprotonation. On coordination of azomethine nitrogen, v(C=N) 

shifts to lower wavenumbers by 10-20 em-' as the band shifts from ca.1608 to 1592 

cm-' in the spectra of the four dioxomolybdenum(VI) complexes. The v(N-N) of the 

thiosemicarbazone is found at ca. 1118 cm- l The increase in the frequency of this 

band in the spectra of the complexes, due to the increase in the bond strength, again 

confinns the coordination via the azomethine nitrogen [4]. 

The decrease in the stretching frequency of v(CS) band from ca. 841 cm- l in 

the thiosemicarbazoncs by 80-90 cm-' upon complexation indicates coordination via 

the thiolato sulfur [5]. IR spectra of the complexes 31-34 show sharp bands at ca. 

1540 cm- l due to newly fonned v(N=C) bond indicating the coordination of sulfur in 

the enolate fonn rather than as keto fonn [6]. In all the complexes, phenolic oxygen 

is coordinated to molybdenum by loss of the OH proton. The ligands having band at 

ca. 1279 cm- l
, which is due to v(C-O). This band is shifted to ca. 1244 cm-) in the 

complexes, indicating the coordination of O~ [7]. It was reported that structurally 

characterized polymeric dioxomolybdenum(VI)-tridentate complexes have sharp 
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bands in 810-820 em-I region [8]. Here, in the complexes 3 J and 33, a strong band is 

observed at 821 and 810 cm- I respectively, suggesting the presence of Mo=O ... Mo 

bridging in their structures [9]. All complexes (31-34) exhibit two bands at ca. 891 

and 927 em-I, assigned to symmetric and antisymmetIic vibrations respectively, of the 

cis-MoO/+ core [10,11]. Representative IR spectra of the complexes 31 and 34 are 

presented in Figure 8.1. 

Table 8.2. Selected IR bands (em-I) wilh tentative assignments of dioxomolybdenum(YI) complexes 

Compound v(C=N) \'(N~'C) v(N-N) v(C-S) v(C-O) v(Mo=O) 

H2L 1613 IIII 1358.846 1263 

[(MoOele)e] 1585 1549 1142 1352.768 1240 897,943 

[MoO:l"py] 1596 1543 1136 1357,757 1252 886,926 

H2L4 1603 1160 1362.835 1295 

[MoO:l4] 1590 1538 1136 1311,751 1246 886,914 

[MoO:L 4py] 1597 1532 1130 1316,751 1240 898,926 
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Figure 8.1. IR spectra of the compounds 31and 34 
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The electronic absorption bands of the dioxomolybdcnum(VI) complexes 

recorded in DMF solution, are given in Table 8.3 and their representative spectra arc 

in Figure 8.2. The thiosemicarbazones (H2L 2 and H2L 4) have ring 7r: ~ 7r:* band at 

ca. 36690 cm- I and a band at ca. 31050 cm- I due to n ~ 7r:* transitions associated with 

the azomethine linkage (described in Chapter 2)_ These bands suffer marginal shifts 

on complexation_ The complexes (31-34) display a shoulder in the 

25000 23250 em-I region and two strong absorptions are located in the 

30300 - 27020 and 35710-33890 cm- I regions, which arc assignable to L ~ Mo(drr) 

LMCT and intraligand transitions respectively [12,13]. 

Table 8.3. Electronic spectral assignments (cm-I) of the dioxomolybdenum(VI) complexes 

Compound 

L~Mo LMCT 
34240 

27020 

23310 

33890 

28010 

23750 

34360 

29940 

24270 

34120 

28320 

24150 
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Figure 8.2. Electronic spectra of the compounds 31-34 

8.3.3. Description of the crystal structures of the compounds f(Mo02ehJ (31), 

[Mo02L
2pyJ (32) and IMo02L4pyJ (34) 

An orange block crystal of the compound 31 crystallizes into a monoclinic 

lattice with space group nile. The single crystals of 32 and 34, are golden yellow 

and yellow in color respectively, crystallizes into triclinic lattice with space group pI 

in both cases. The crystallographic data and structure refinement parameters for the 

complexes at 293(2) K are given in Table 8.4. 
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The X-ray diffraction data were measured at 293(2) K, data acquisition and 

cell refinement were done using the Argus (Nonius, MACH3 software) [14]. The 

Maxus software package (Nonius) was used for data reduction [15]. The structure 

was solved by direct methods and full-matrix least-squares refinement using 

SHELXL97 [16] package. The positions of all the non-hydrogen atoms were 

included in the full-matrix least-squares refinement using SHELXL97 program and 

all the hydrogen atoms were fixed in calculated positions. The structures of the 

compounds 31,32 and 34 were plotted using the program Diamond Version 3.0 [17]. 

The molecular structure and the atom numbering scheme for complexes 31, 

32 and 34 are shown in Figures 8.3-8.5, respectively with relevant bond distances and 

angles are presented in Tables 8.5 and 8.6. The coordination geometry around 

molybdenum can be described as distorted octahedral III the three 

dioxomolybdenum(VI) complexes (31, 32 and 34), the ligands H2e (for complexes 

31 and 32) and H2L 4 (for complex 34) acting in a planar tridentate manner fOlming 

six membered mctallocycle involving the Mool+ moiety. In complex 31, the ligand 

H2L 2 is bonded to cis- Mool+ in a planar fashion, coordinating through one nitrogen, 

one sulfur and four oxygen atoms. 

The compound 31 is a binuclear dioxomolybdenum(VI) complex, in which 

the structure evidence for the achievement of hexacoordination through Mo=O ... Mo 

bridging is observed. Three atoms 0(1), N(l) and S(l) (from the H2L2 ligand) and 

one telminal oxo atom, 0(3), occupying the meridional plane and lie at 0.0599, 

0.0983, 0.0105 and 0.0720 A respectively out of the least squares plane through them 

and the Mo atom lies 0.4164 A out of this plane in the direction of the 0(2) atom, the 

other terminal oxygen. Both oxygen atoms 0(2) and 0(1') occupy the axial positions 

and form an 0(2}--Mo(l}--0(1') angle of 166.97(5}" The Mo(I}--O(1') bond 

[2.4241 (12) A] is significantly longer than the other Mo--O bonds [Mo(] )--0(2), 

1.6845(13) A; Mo(1)--0(3), 1.7075(12) A; Mo(l)-O(1), 1.9977(11) A] indicates that 
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the 0(1') is weakly bonded to the Mo( I )--Ol+ moiety. The Mo( I )--0(2) and 

Mo(l)--O(3) bond distances of the Mo022+ group are unexceptional and almost equal 

[Mo(1)--O(2), 1.6845(13) A; Mo(1)--O(3), 1.7075(12) A]. Similar trend is observed 

in the second molybdenum atom (Mo I') and its coordinated atoms of the same 

compound. 

Figure 8.3. Structure and labeling diagram of the compound 31 

From comparison of the bond distances and angles of the ligand (H2L 2) and 

compound 31, it is clear that the ligand coordinates to the Mool+ core in the 

deprotonated thiolate form because in compound 31, the C-S bond distance 

[C(9}-S(1)] exhibits the value of 1.7632(16) A and is nearer to a C-S single bond 

[1.81 A] than to a C-S double bond distance [1.60 A] [18]. However, it falls short of 

the pure C-S single bond distance. The reason for such shortening may be attributed 
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to electron delocalization in the coordinated ligand [19]. The adjacent C(9)-N(2) 

bond now display a typical double bond distance [1.299(2) A] and the N( 1 )-N(2) 

bond distance of 1.3851 (19) A are also apparent for the compound 31. But in the 

uncomplexed H2L2 ligand, the similar bonds C(8)-N(2) and N(l)-N(2) are 1.351(2) A 

and 1.392(2) A respectively. The C(7)-N(1) bond distance in compound 31 is close 

to the usual C=N bond length [C(7)-N( 1), l.3078(19) A]. The N-N-C bond angle of 

the ligand (HzLz) [N( J )-N(2)-C(8), 119.95(17)°] is reduced by few degrees 

[N(J)--N(2)-C(9), 113.28(13)° in 31] on complex formation. These changes are 

directly due to coordination of the ligand to the MOO/I. moiety when it becomes a 

delocalized system [20). 

In complexes 32 and 34, the sixth coordination position is occupied by the 

heterocyclic base pyridine coordinating through its nitrogen N(4). The large 

Mo--N(4) distances [2.433(3) A in 32; 2.4380(19) A in 34] reveal that the pyridine 

moiety is also rather weakly coordinated to the MoO/+ core. In complexes 32 and 

34, the Mo--O bond distances of the MoO/+ core are almost equal [Mo--O(2), 

1.688(3) and Mo-O(3), 1.713(3) in 32 and Mo--O(2), 1.7070(15) and Mo--O(l), 

1.7121 (15) in 34]. These observations raise an interesting point about the suspected 

inherent weakness of the sixth position in the coordination octahedron of the MoOz 2+ 

core, trans to the Mo=O(2) bond [21,22]. 

By comparing the bond distances and angles of ligands (HzL 2 and HzL 4) with 

their respective complexes 32 and 34, it is clear that the ligands coordinate to the 

MoO/+ core in the deprotonated enol fonn [C(8)--S(l), 1.688(2) A in HzL2 and 

1.6653(17) A in H2L4; C(9)--S{l), 1.746(4) A in 32 and 1.766(2) A in 34; C(8)-N(2), 

1.351 (2) A in HzL 2 and 1.363(2) A in H2L 4; C(9)-N(2), 1.299(5) A in 32 and 1.304(3) 

A in 34; N(l)--N(2)--C(8), 119.95(17)° in HzL2 and 118.60(15)° in H2L4; 

N(1)-N(2)--C(9), 113.4(3)° in 32 and 113.35(16)° in 34]. 
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Table 8.S. Selected bond lengths (A) for the compounds 31, 32 and 34. 

Bond lengths 
Mo(I)-O(2) 
Mo( 1 )-0(3) 
Mo(I}-O(I) 
Mo(I}-N(I) 
Mo( 1 )-·S(l) 
Mo( 1 }-O( 1 ') 
S(l }-C(9) 
N(I)--C(7) 
N(l)-N(2) 
N(2}-C(9) 
O( I }-C(I) 
O( 1 )-·Mo( I ') 

(31) 
1.6R45( 13) 
1.7075(12) 
1.9977(11) 
2.2801(13) 
2.4090(5) 
2.4241(12) 
1.7632( (6) 

1.307R( 19) 
1.3851(19) 
1.299(2) 
L3R4l(l7) 
2.4241(12) 

(32) 
Mo(l)-0(2) \.68R(3) 
Mo(1 }-O(3) 1.7 13(3) 
Mo(I)--O(l) \.939(3) 
Mo(I}-N(I) 2.294(3) 
Mo(1}-S(I) 2.4258(12) 
Mo(I}-·N(4) 2.433(3) 
S(I}-C(9) 1746(4) 
N( 1 }-C(7) 1.300(5) 
N(l}-N(2) 1.387(4) 
N(2}-C(9) 1.299(5) 
N(3}-C(9) 1.344(5) 

(34) 
Mo( I }-0(2) 1.7070(15) 
Mo(l}-O(I) 1.7121(15) 
Mo(J}-0(3) 1.9479(15) 
Mo(l )-N( I) 2.3094(17) 
Mo(1 }--S( l) 2.4257(8) 
Mo(l}-N(4) 2.4380(19) 
S(1 }-C(9) 1.766(2) 
N(t}-C(7) 1.312(3) 
N( 1 }-N(2) 1.397(2) 
N(2}-C(9) 1.304(3) 
N(3}-C(9) 1.356(3) 

Table 8.6. Selected bond angles (0) for the compounds 3l, 32 and 34. 

BO/ld a/lgles (31) 
0(2}-Mo(l)-0(3) 105.45(6) 
0(2)-·Mo( 1)-0(1) 99.41 (6) 
0(3}-Mo(I)-O(l) 105.79(5) 
0(2)-Mo(l }-·N( I) 94.74(6) 
0(3 }-Mo(l )-·N( J) 158.27(5) 
O(I)-Mo(l)--N(I) 78.10(5) 
0(2}-Mo(I)--S(1) 103.18(5) 
0(3}-Mo(l )-S(1) 91.75(4) 
O(l )-Mo( I }-S(l) 146.45(4) 
N(J}-Mo(l)·-S(l) 75.62(3) 
0(2)-Mo(l}-O(I') 166.97(5) 
0(3}-Mo(l ).-0(1') 84.55(5) 
O(l}-Mo(l)-O(1 ') 69.39(5) 
N(I)-Mo(l)-O(l') 76.79(4) 
S(J}-Mo(I)-O(I') 84.50(3) 
C(9)--S( I )-Mo( 1) I 00.04( 5) 
C(7)-N(l}-N(2) 114.74(13) 
C(7}-N(l}-Mo(l) 123.09(11) 
N(2}-N(l }-Mo(l) 122.16(9) 
C(9)-N(2}-N(I) 113.28(13) 

(32) 
O(2}-Mo( 1)- 0(3) 105.79(l5) 
0(2}-Mo(I)-O(l) 96.23(13) 
0(3 }--Mo( 1 )-O(I} 107.72(13) 
0(2}-Mo(l)-N(l) 92.25(13) 
0(3)--Mo(I}-N(J) 159.03(13) 
O(I}-Mo(I)-N(I) 80.20(10) 
0(2}-Mo(l)--S(l) 99.85(11) 
0(3}-Mo(I)--S(l) 90.94(11) 
O( 1 )--Mo( 1 )-S( 1) 150.99(8) 
N(I}-Mo(I}-S(I) 75.22(8) 
0(2}-Mo(l}-N(4) 169.42(13) 
0(3}-Mo(I)-N(4) 84.1 R(l3) 
0(I}-Mo(I)--N(4) 77.02(11) 
N(1}-Mo(l)-N(4) 78.68(10) 
S(I)-Mo(I}-N(4) 83.21(8) 
C(9}-S(1}-Mo(I) 100.57( 12) 
C(7}-N(I}-N(2) 114.4(3) 
C(7}-N(1 }-Mo(l) 123.5(2) 
N(2}-N(I}-Mo(l) 122.0(2) 
C(9}-N(2)--N(I) 113.4(3) 

(34) 

0(2}-Mo( I )·-O( I) J 06.05(7) 
0(2)-Mo(I)-O(3) 96.63(7) 
0(l}-Mo(l)--0(3) 107.45(7) 
0(2}-Mo( 1 )--N( I) 91.11 (7) 
O(I}-Mo(I)-N(l) 160.00(7) 
0(3)-·Mo(I)-N(1) 80.02(6) 
O(2)-Mo(l )-S(I) J 00.86(6) 
O(J}-Mo(l}--S(l) 90.64(6) 
0(3}-Mo( I )--S( I) 150.25(5) 
N(I}-Mo(I)-S(1) 75.79(5) 
O(2}-Mo(I)-N(4) 168.87(6) 
0(I}-Mo(I)-N(4) 84.30(7) 
0(3}-Mo(l)--N(4) 75.96(6) 
N(I}-Mo(I)-N(4) 79.53(6) 
S(I}-Mo(\}-N(4) 82.78(5) 
C(9}-S( I }-Mo( I) 100.63(8) 
C(7}-N(I}-N(2) 115.17(16) 
C(7}-N(I}-Mo(l) \22.68(14) 
N(2}-N(1}-Mo(l) 122.06(12) 
C(9}-N(2}-N(I) 1\3.35(16) 
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Figure 8.4. Structure and labeling diagram of the compound 32 

Figure 8.5. Structure and labeling diagram of the compound 34 
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Ring puckering analyses and least-square plane calculations shows that the 

rings Cg(2) in complex 31 and Cg(l) in complex 32 and Cg(1) in complex 34 

comprising of atoms Mo(l), S(l), C(9), N(2) and N(1) adopts an envelope on Mo(l) 

and the ring Cg(5) in complexes 31 and 32 comprising of atoms C(10), C(1I), C(12), 

C(13), C(14) and C(15) adopt chair conformations. Figure 8.6, 8.7 and 8.8 show the 

contents of the unit cell for the complexes 31, 32 and 34. 

• b 

1-c 

Figure 8.6. Unit cell packing diagram of the compound 31 viewed along the a axis 

Figure 8.7. Unit cell packing diagram of the compound 32 viewed along the b axis 
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Figure 8.8. Unit cell packing diagram of the compound 34 viewed along the b axis 
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SUMMARY AND CONCLUSION 

The thesis deals with synthesis, spectral and structural studies of mono- and 

binuclear transition metal complexes of N(4)-substituted thiosemicarbazones derived 

from salicylaldehyde and 2-hydroxyacetophenonc. The entire thesis is divided into 

eight chapters. 

Chapter I embodies a brief introduction of thiosemicarbazones and their 

transition metal complexes. It includes bonding, stereochemistries, oxidation states 

and biological applications of metal complexes of thiosemicarbazones, various 

instrumental techniques adopted in the characterization process and also objective 

and scope of the present work outlined in this thesis. 

Chapter 2 describes synthesis, spectral and structural studies of various 

N(4)-substituted ONS donor ligands. It includes salicylaldehyde 

N(4)-cyclohexyllphenyl thiosemicarbazones and 2-hydroxyacetophenone 

N(4)-cyclohexyllphenyl thiosemicarbazones. Out of the four ligands, single crystals 

of three of them were obtained. Structural studies of these three ligands were done 

using X-ray diffraction techniques. It also deals with spectral characterization of the 

above four thiosemicarbazone ligands using IR, electronic and IH NMR 

spectroscopy. Single crystal X-ray diflraction study of an unusual compound 

2-[5-( cyclohexylamino )-1 ,3,4-thiadiazol-2-yIJphenol was also reported in this 

chapter. 

Chapter 3 describes the synthesis, spectral and structural studies of eu(II) 

complexes of N(4)-substituted thiosemicarbazones of salicylaldehyde and 

2-hydroxyacetophenone. Fourteen Cu(II) complexes were synthesized. It includes 

mononuclear as wel1 as binuclear complexes. Some of the mononuclear complexes 



are heterocyclic base adduct complexes, while others are monoanionic complexes. 

Characterizations were done using elemental analyses, magnetic susceptibility 

measurements, JR, electronic and EPR studies. The EPR spectra of all the compounds 

in polycrystalline state at 298 K and in DMF solution at 77 K were recorded. The 

information obtained from the spectra were used for calculating the EPR bonding 

parameters of the compounds. Single crystals of two of the Cu(lI) complexes were 

obtained. One was mononuclear five coordinated heterocyclic base adduct complex 

and the other was binuclear Cu(ll) complex with each copper atom is four 

coordinated. 

Chapter 4 descJibes synthesis and spectral studies of Ni(II) complexes of 

2-hydroxyacetophenone N(4)-cyclohexylthiosemicarbazone. Three Ni(U) complexes 

were synthesized and their structural characterizations were done using elemental 

analyses, magnetic susceptibility measurements, IR and electronic spectral studies. 

The magnetic moment values for these three compounds are in the range 

2.00-2.75 B.M., which is closer to the magnetic moment value for the five 

coordinated high spin Ni(lI) complexes. 

Chapter 5 deals with the synthesis and spectral studies of Mn(lI) complexes of 

N(4)-substituted ONS donor ligands. Two Mn(JI) complexes were synthesized and 

their structural characterizations were done using elemental analyses, magnetic 

susceptibility measurements, JR, electronic and EPR spectral studies. The magnetic 

moment values Jor these two compounds are in the range 5.65-5.95 B.M., which is in 

agreement with the magnetic moment value for the high spin Mn(II) compounds with 

cf configuration. Electronic spectral bands observed for these two Mn(lI) complexes 

fit the Tanabe-Sugano diagram for octahedral Mn(lI) complexes with d5 configuration 

and comparing with this, the ligand field parameters for Mn(II) complexes were 

calculated. The EPR spectra of the two Mn(II) compounds in polycrystalline state at 



RT and in frozen DMF solution at 77 K are isotropic. Both the spectra in 

polycrystalline state at RT gave broad signals, while in DMF solution at 77 K exhibit 

six-line hyperfine splitting for 55Mn (I == 5/2). 

Chapter 6 describes the synthesis, spectral and structural studies of Zn(II) 

complexes of salicylaldehyde N(4)-phenylthiosemicarbazone. Five Zn(JI) complexes 

were synthesized and their structural characterizations were done using elemental 

analyses, magnetic susceptibility measurements, JR, electronic and IH NMR spectral 

studies. Single crystals of one of the compound was obtained by X-ray diffraction 

studies and that was a five coordinated heterocyclic base adduct complex having 

approximately trigonal bipyramidal geometry with distortion from the square based 

pyramidal geometry. 

Chapter 7 deals with the synthesis and spectral studies of oxovanadium(lY) 

complexes of N(4)-substituted thiosemicarbazone ligands. Six oxovanadium(lY) 

complexes were synthesized and their structural characterizations were done using 

elemental analyses, magnetic susceptibility measurements, IR, electronic and EPR 

spectral studies. The magnetic moment values for these compounds are in the range 

1.58-1.83 B.M. These values correspond to the spin only value of the systems having 

one electron. The EPR spectra of all the compounds in polycrystalline state at RT 

showed isotropic spectra and in frozen DMF solution at 77 K, all the six compounds 

showed axial spectra ie, normal eight line spectra with hyperfine splitting for the 

Sly nucleus (I == 7h) and these EPR signals are characteristic of mononuclear YOH 

specIes. 

Chapter 8 describes the synthesis, spectral and structural studies of 

dioxomolybdenum(VI) complexes of 2-hydroxyacetophenone N(4)-substituted 

thiosemicarbazones. Four dioxomolybdenum(YI) complexes were synthesized and 

their structural characterizations were done using elemental analyses, magnetic 



susceptibility measurements, IR and electronic spectral studies. All the four 

dioxomolybdenum(VI) complexes are diamagnetic. Out of the four complexes, single 

crystals of three of the complexes were obtained by X-ray diffraction studies. 
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