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PREFACE

Coordination chemistry enjoys a prominent place in inorganic chemistry.

Werner’s coordination theory was the first attempt to explain the bonding in

coordination complexes, and he concluded that in complexes the metal shows two

different sorts of valencies viz primary and secondary valency. Primary valencies

are non-directional and are the number of charges on the complex ion. In

compounds, this charge is matched by the same number of charges from negative

ions. Secondary valencies are directional. ln modern terms the number of

secondary valencies equals the number of ligand atoms coordinated to the metal.

This is now called the coordination number.

In the quest of exploring the chelating behaviour of some ONS and NNS

donor thiosemicarbazones in several metal complexes, we could get hold of more

information about their nature of coordination and related structural, spectral and

biological properties. The term “dinucleating ligands” was first introduced in 1970

by Robinson to portray the class of polydentate chelating ligands, and to bind

simultaneously two metal ions. The possible applications of the complexes with

this type of ligands vary from modeling the active sites of many metalloenzymes, to

hosting and carrying small molecules or catalysis.

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

Department of Applied Chemistry during 2004—2007. The thesis is only an

introduction to our attempts to evaluate the coordination behaviour of a few

compounds of our interest. The crucial aim of these investigations Was to

synthesize and characterize some transition metal complexes using the ligands

benzaldehyde, 2-hydroxybenzaldehyde and 4-methoxybenzaldehyde N(4)-ring

incorporated thiosemicarbazones.



The work is divided into seven chapters and the last section deals with

summary and conclusion. Chapter 1 involves a brief foreword of the metal

complexes of thiosemicarbazones including their bonding, stereochemistry and

biological activities. The different analytical and spectroscopic techniques used for

the analysis of the ligands and their complexes are discussed in this chapter.

Chapter 2 deals with the synthesis and spectral characterization of the

thiosemicarbazones and single crystal X-ray diffraction study of one of them.

Chapter 3 describes the synthesis, spectral characterization, single crystal X-ray

diffraction studies of copper(ll) complexes with ONS/NS donor
thiosemicarbazones. Chapter 4 deals with the synthesis, spectral characterization

and single crystal X-ray diffraction studies of nickel(II) complexes. Chapter 5

contains the synthesis, structural and spectral characterization of the cobalt(III)

complexes. Chapters 6 and 7 include the synthesis, structural and spectral

characterization of zinc(II) and cadmium(ll) complexes with ONS/NS donor
thiosemicarbazones.
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Abbreviation

HL‘

HZL2

HL3

HZL4

DMF

DMSO

CHCI3

h

L

B

ph

TMS

5

PY

bipy

pic

phen

TSC

SC

BM

(12

B2

CT

benzaldehyde 3-hexamethyleneiminylthiosemicarbazone

2-hydroxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone

4-methoxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone

2-hydroxybenzaldehyde 3-tetramethyleneiminylthiosemicarbazone

N, N-dimethyl formamide

dimethyl sulfoxide

chloroform

hours

ligand

base

phenyl

tetramethyl silane

isomer shift

pyridine

bipyridine

picoline

phenanthroline

thiosemicarbazone

semicarbazone

bohr magneton

in-plane 0 bonding parameter

in-plane 1: bonding parameter

charge transfer
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CHAPTER

Thiosemicarbazones and their transition metal complexes:
a brief prologue

1.1. General introduction

The coordination chemistry of thiosemicarbazones (TSCs) with transition

metals [1-7], which began with Jensen’s work [8], has been more intensively

investigated as compared to that of main group elements [9-ll].
Thiosemicarbazones are thiourea derivatives and the studies on their chemical and

structural properties have received much attention due to the widespread

application in the chemotherapeutic field [1, 4]. Thiosemicarbazones have been a

subject of interest to researchers of different profiles. ln view of the fact that these

compounds form complexes with many metals are of diverse chemical, physical

and structural characteristics, they are of special interest to coordination chemists

[1, 2]. Thiosemicarbazones, with the general formula R'R2C=N—Nl-l—CS—NR3R4

usually react as chelating ligands with transition metal ions by bonding through the

sulfur and hydrazinic nitrogen atom. The group N—-C=S is of considerable

chemotherapeutic interest and is responsible for the pharmacological activity.

Thiosemicarbazones of or-(N)-heterocyclic aldehydes and ketones possess a broad

spectrum of potentiallyiuseful chemotherapeutic activities such as antimalarial,

antibacterial, antiviral activities [12, 13].

Heterocyclic thiones and thiosemicarbazones, which contain chemically

active N(H)C(S) or =NN(H)C(S) chromophores, are useful model compounds for

sulfur containing analogous of purine and pyrimidine bases, and thus have invited

considerable interest in their coordination behavior [l-4, 14, 15]. Chemically
l
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heterocyclic thiosemicarbazones are of interest because of their great versality as

ligands, which derives from the presence of several potential donor atoms, their

flexibility and their ability to coordinate in their neutral or deprotonated forms.

The chemistry of transition metal complexes of thiosemicarbazones have

been receiving considerable attention largely because of their phamiacological

properties. Moreover, metal complexes of thiosemicarbazones often display

enhanced activities when compared to the uncomplexed thiosemicarbazones.

Thiosemicarbazones (TSCs) are prepared by the condensation of

thiosemicarbazides with aldehydes or ketones. Among the different NS donors,

thiosemicarbazides and thiosemicarbazones, as well as their metal complexes have

been studied because of the large number of potentially useful biological properties,

particularly the antitumor activity [16].

Thiosemicarbazides and thiosemicarbazones are well known ligands,

coordinating through the sulfur and one of the hydrazinic nitrogen atoms [17].

Coordination through hydrazinic nitrogen atom results in a five-membered chelate

ring.

>2,/'"\S“Nit
Thiosemicarbazones are versatile ligands in both neutral (HL) and anionic

2

(L ) forms (Scheme 1).

2
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R1 S /R3 R1\  /R3
>iNiNH—-H—N —'*—“_—-- /—N N——>+ N\': H2 \R4 R2 R

R HL L"
Scheme 1

3 R4 theThe R‘ and R2 groups may provide additional donor atoms and R and are

N(4)-substituents.

Although the proton lost by the anions formally belongs to the hydrazinic —

NH group, the anion is usually presented in the canonical form I, II and Ill and

usually in the Z-configuration [17].

H /x NH2 ><'\ < NR1 /N__< R1 fi_ /Ni R1 iN/W NH2 N X‘ NH2R2 I R2 H R, Ill
The IUPAC numbering scheme of the ligand is shown in Figure l.l.

1 2 3

22Q\/IL

Z

ZI
Em

“Z
/ \m21 Q,

Figure 1.1. IUPAC numbering scheme of the ligand

1.2 Bonding and stereochemistry

The thiosemicarbazone moiety acts as a chelating agent for metal ions by

bonding through the S atom and the hydrazine N atom. The thiosemicarbazones
3
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exist in the thione form (IV) in the solid state and in solution, they are known to

tautomerize to exist in a mixture of thione (IV) and thiol (V) forms.

c/1:0

mI

R2c:N_N[_[__ __NH2 i R2C=N—N=lC—NH2

(Thione) (IV) (Thiol) (V)
IV acts as a neutral bidentate ligand, while the loss of the thiol proton from V

yields a singly charged bidentate ligand due to the loss of its proton. Therefore

depending upon the preparative conditions (especially pH), the complex unit can be

cationic, neutral or anionic. However, most investigations of metal
thiosemicarbazone complexes have involved ligands in the uncharged (IV) or

thiolate form, while definitive data on the complexes containing thiosemicarbazone

in the thiol form (V) are generally lacking. Furthennore, it is possible to isolate

complexes containing both tautomeric forms of the ligand. For e. g. Garg er al. [18]

have prepared a copper(lI) chelate of 2-acetylpyridine thiosemicarbazone

containing neutral and anionic forms of the ligand.

When an additional donor site D is incorporated in such ligands, linked to

the carbonylic carbon via one or two intervening atoms D, N, S tricoordination

usually takes place.

1/1
Z" \,/

\
ml-12

If the additional functionality can also lose a proton (e.g. phenolic group),

anions of greater negative charge are formed. There are instances reported,

4
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however, where the heterocyclic atom and the azomethine nitrogen are involved in

bidentate coordination [19], and the sulfur atom is considered not to be coordinated,

weakly coordinated to the same metal center, or coordinated to an adjacent metal

center [20].

The thiosemicarbazone moiety (Figure 1.1) without substituents attached to

the thione sulfur coordinates as either a neutral or anionic NS bidentate ligand,

depending on the method of complex preparation [21], a third coordinating atom

often gives ONS (e.g. 2-hydroxybenzaldehyde thiosemicarbazones) [22] or NNS

(e.g. 2-acetylpyridine thiosemicarbazones) [20] donor tridentate ligands. A few

examples of higher denticity involving one or more thiosemicarbazone moieties, as

well as monodentate coordination have been reported [20].

Due to the presence of C=N bond, the thiosemicarbazones can exist in three

isomeric forms Z, E, and E’ [23]. The TSC may generally exist in the E form

(trans) but in such situation the compound may act as a unidentate ligand, by

bonding through sulfur only [24]. In case the sulfur center is substituted, the

bonding may occur through the hydrazine nitrogen and the amide nitrogen [25]. Z,

E and E ’ isomeric forms of 2-formylpyridine thiosemicarbazone are shown below.

E’ is the bifurcated E-hydrogen bonded ring isomer.\ \ \' / H H“ H " I ‘*7! I
H /IN N\N/H ‘|-|" N H‘~ /K ~4l\ /<5 S ~/5 n”' H \H

..I _\
\\

:_
I

I
/I--Z

Z isomer E isomer E ’ isomer

5
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Thiosemicarbazones can coordinate to the metal either as a neutral

ligand or as _a deprotonated ligand through the NNS [20], ONS [22] or through the

NNO atoms [17, 24, 26].

Thiosemicarbazones obtained by condensation of thiosemicarbazides with

benzaldehyde, salicylaldehyde and substituted salicylaldehydes [4, 27, 28] form a

class of versatile N S/NSO chelating ligands. They also stabilize uncommon

oxidation states [29, 30], generate unfamiliar coordination numbers in the resultant

transition metal complexes and participate in various types of redox reactions [31­

34]. These ligands can act in a dianionic tridentate manner by deprotonation of

both the phenol and the thioamide functions. They can also behave as monoanionic

tridentate ligands coordinating to a metal centre through the deprotonated phenolic

oxygen, thione sulfur and the azomethine nitrogen [29]. The importance of the

coordination chemistry of such ONS donors increased markedly after the presence

of ONS donor environment was detected at the active sites of some metalloenzymes

[31-33]. West et al. [35] have shown that the nature of substituents attached at 4N

of 2-fonnyl- and 2-acetylpyridine thiosemicarbazones can influence the

stereochemistry and stoichiometry of metal complexes. An important feature in the

chemistry of thiosemicarbazones and their metal complexes is the acid character of

the 2NH; this allows _f0r either neutral or anionic ligands. When coordinated as

anionic ligands, the conjugation is extended to include the thiosemicarbazone

moiety (z'.e. CIN-N=C(S_)-N). If ZN is alkylated, the thiosemicarbazone will

function as the thione isomer without extended conjugation. Earlier reports suggest

that stereochemistries adopted by 2-heterocyclic thiosemicarbazones of transition

metal complexes often depend upon the anion of the metal salt used and the nature

of the 4N-substituents. Further, as indicated previously, the charge on the ligand is

dictated by the thione-thiol equilibrium which in tum is influenced by the solvent

and pH of the preparative medium.

6
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Common stoichiometries encountered with 2-heterocyclic

thiosemicarbazones are six coordinate having the general formula ML2“, where

M=Cr(lII), Fe(IlI), Co(IIl) and Ni(II); L‘=tridentate, anionic ligand and n=O, 1 and

planar with the stoichiometry of MLX, where M=Ni(II) or Cu(II), L=tridentate,

anionic ligand and X is generally a halo or pseudohalo ligand.

The stereochemistries adopted by thiosemicarbazone ligands while

interacting with transition metal ions depend essentially upon the presence of

additional coordination centre in the ligand moiety and the charge on the ligand,

which in turn is influenced by the thione <"—_—‘ thiol equilibrium. For e.g.

benzaldehyde thiosemicarbazone is generally found to act as neutral bidentate

ligand, depending upon the pH of the synthetic medium yielding complexes of the

type [MLQXQ] (where M=Co(II), Ni(II), Cu(lI), Fe(Il); L= the ligand in the thione

form and X= the monoanionic ligand where as salicylaldehyde thiosemicarbazone

is found to act as a tridentate uninegative ligand yielding compounds of type

[M(HL)2], which may be spin - free or spin - paired. As a result of the above

considerations, the most common stereochemistries encountered in

thiosemicarbazone complexes are tetrahedral and square planar. On rare occasions

five coordinated structures also obtained, as in the case of Co(ll), Pe(II) and Ni(lI)

complexes of acetone thiosemicarbazone [36-38] and the Fe(lI) complex of

2-acetylpyridine thiosemicarbazone [39].

HSAB considerations dictate that the degree of softness character of the

metal depends upon the oxidation state of the metal, and it is found to be stronger

for transition metals in low oxidation states. Thus the low spin d8 ions Pd(ll), Pt(II)

and Au(III) and d‘° ions CLl(I)_, Ag(l), Au(I) and Hg(II) exhibit higher stability

constants with this class of sulfur ligands because of the formation of strong 0

bonds as well as d,,—d,, bonds by donation of a pair of electrons to ligands [40].

7
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Thiols but not thioethers cause spin-pairing of Co and Ni. Thiosemicarbazones are

not capable of spin-pairing of Fe(llI) ions, unlike other soft bases such as CN_,

diarsine and certain charged sulfur ligands [41]. Consequently, intermediate spin

states are found to be stabilized [39]. This potential of the class of
thiosemicarbazone ligands has not been recognized to the extend as for

diethyldithiocarbamate ligands.

1.3. Characterization techniques

1.3.1. Estimation of carbon, hydrogen and nitrogen

Elemental analyses of C, H and N were done on a Vario EL Ill CHN

elemental analyzer at the SAIF, Cochin University of Science and Technology,

Kochi 22, India.

1.3.2. Magnetic susceptibility measurements

When a substance is placed in a magnetic field of strength H, the intensity

of magnetic field in the substance is greater than H. If the field of the substance is

greater than H, the substance is paramagnetic and if it is less than H, the substance

is diamagnetic. Paramagnetism arises as a result of unpaired electron spins in the

atom.

The mass magnetic susceptibility in cm3-g'1 (X or Xg) and the molar magnetic

susceptibility (Xm) in cm3mol" are defined as follows where p is the density in

g-cm'3 and M is molar mass in g-mol".

X8 = X» / P

Xm = Mtg = Mxv / P

If X is positive, then (l+x) > 1 and the material is called paramagnetic. In

this case, the magnetic field is strengthened by the presence of the material.

8
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Altematively, if X is negative, then (l+X) < l, and the material is diamagnetic. As a

result, the magnetic field is weakened in thepresence of the material.

The magnetic susceptibility value calculated from magnetic measurements

is the sum of paramagnetic and diamagnetic susceptibilities. To calculate the exact

paramagnetic susceptibility (/1017), the value of diamagnetic susceptibility is

subtracted from the susceptibility calculated from observed results [42]. When the

structural formula of the complexes is correctly known, diamagnetic correction can

be calculated from Pascal’s constants.

Z M°°"' = Z M — (Diamagnetic corrections)

From classical theory, the corrected paramagnetic molar susceptibility is

related to the permanent paramagnetic moment of a molecule, /J eff , by :

Q

X __,_;_cc1::. _   Hafl 7
BRT

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

temperature and flcfi is the effective magnetic moment and is expressed in

Bohr magnetons (B.M). Solving the above expression, the effective magnetic

moment is given by,

peff =  HCOGT =  -cf "z’H,;0I-|_-‘T

But, the field strength (H) used for the measurement is 5 k Oe. Then,

-“ea:  l'1_'mc01I_T
3

5><lU

9
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1.3.3. IR spectroscopy

Infrared spectroscopy (IR spectroscopy) is the subset of spectroscopy that

deals with the Infrared part of the electromagnetic spectrum. As with all

spectroscopic techniques, it can be used to identify a compound and to investigate

the composition of a sample.

Infrared spectroscopy works because chemical bonds have specific

frequencies at which they vibrate corresponding to energy levels. The resonant

frequencies or vibrational frequencies are determined by the shape of the molecular

potential energy surfaces, the masses of the atoms and, eventually by the associated

vibronic coupling. In order for a vibrational mode in a molecule to be IR active, it

must be associated with changes in the permanent dipole [43].

Sample preparation method is to grind a quantity of the sample with a

specially purified salt (usually potassium bromide) finely (to remove scattering

effects from large crystals). This powder mixture is then crushed in a mechanical

die press to form a translucent pellet through which the beam of the spectrometer

can pass.

1.3.4. Electronic spectroscopy

Electronic spectroscopy is an analytical technique to study the electronic

structure and its dynamics in atoms and molecules. In general an excitation source

such as X-rays, electrons, or synchrotron radiation will eject an electron from an

inner-shell orbital of an atom.

The Beer-Lambert law states that the absorbance of a solution is due to the

solution's concentration. Thus UV/vis spectroscopy can be used to determine the

concentration of a solution. It is necessary to know how quickly the absorbance

changes with concentration.

10
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The method is most often used in a quantitative way to detennine

concentrations of an absorbing species in solution, using the Beer-Lambert law:

A= —log(I /10):  c. I

where A is the measured absorbance, 10 is the intensity of the incident light

at a given wavelength, 1 is the transmitted intensity, I is the path length through the

sample, and c is the concentration of the absorbing species.

Samples for UV/vis spectrophotomehy are most often liquids, although the

absorbance of gases and even of solids can also be measured. Samples are typically

placed in a transparent cell, known as a cuvette. Cuvettes are typically rectangular

in shape, commonly with an internal width of l cm. (This width becomes the path

length, l, in the Beer-Lambert law). Test tubes can also be used as cuvettes in some

instruments. The best cuvettes are made of high quality quartz, although glass or

plastic cuvettes are common. (Glass and most plastics absorb in the UV, which

limits their usefulness to visible wavelengths.)

An ultraviolet-visible spectrum is essentially a graph of light absorbance

versus wavelength in a range of ultraviolet or visible regions. Such a spectrum can

often be produced by a more sophisticated spectrophotometer. Wavelength is often

represented by the symbol K. For the given substance, the wavelength at which

maximum absorption in the spectrum occurs is called km“, pronounced "Lambda­

max".

1.3.5. EPR spectroscopy

Electron Paramagnetic Resonance (EPR) is a spectroscopic technique which

detects species that have unpaired electrons, generally meaning that the molecule in

question is a free radical, if it is an organic molecule, or that it has transition metal

ions if it is an inorganic complex. The basic physical concepts of the technique are

ll
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analogous to those of NMR, but instead of the spins of the atom's nuclei, electron

spins are excited. Because of the difference in mass between nuclei and electrons,

weaker magnetic fields and higher frequencies are used.

An electron has a magnetic moment. When placed in an extemal magnetic

field of strength B0, this magnetic moment can align itself parallel or antiparallel to

the extemal field. The former is at lower energy state than the latter (this is the

Zeeman effect), and the energy separation between the two is AE = gepBB0, where

ge is the gyromagnetic ratio of the electron, the ratio of its magnetic dipole moment

to its angular momentum, and #3 is the Bohr magneton. To move between the two

energy levels, the electron can absorb electromagnetic radiation of the correct

energy:

AE=hV=g¢/.lBB()

where hv is the microwave energy, and this is the fundamental equation of EPR

spectroscopy. The paramagnetic centre is placed in a magnetic field and the

electron caused to resonate between the two states; the energy absorbed as it does

so is monitored, and converted into the EPR spectrum.
l,i’2

I hv:E,~£,
A

-1, Q

8

EPR signals can be generated by resonant energy absorption measurements

made at different electromagnetic radiation frequencies v in a constant extemal

magnetic field. Measurements can be provided by changing the magnetic field B

and using a constant frequency radiation. This means that an EPR spectrum is

normally plotted with the magnetic field along the X-axis, with peaks at the field

12
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that cause resonance.

1.3.6. NMR spectroscopy

Nuclear Magnetic Resonance is a physical phenomenon based upon the

magnetic properties of an atom's nucleus. All nuclei that contain odd numbers of

nucleons and some that contain even numbers of nucleons have an intrinsic

magnetic moment. The most commonly used nuclei are hydrogen-l and carbon-13,

although certain isotopes of many other elements nuclei can also be observed.

1.3. 7. X-ray crystallography

Crystallography is the experimental science of determining the arrangement

of atoms in solids. In order for an object to be seen, its size needs to be at least half

the wavelength of the light being used to see it. Since visible light has a

wavelength much longer than the distance between atoms, it is useless to see

molecules. In order to see molecules it is necessary to use a form of

electromagnetic radiation with a wavelength on the order of bond lengths, such as

X-rays. When X-rays are beamed at the crystal, electrons diffract the X-rays,

which cause a diffraction pattem. Using the mathematical Fourier transform, these

patterns can convert into electron density maps. These maps show contour lines of

electron density. Since electrons more or less surround atoms uniformly, it is

possible to determine where atoms are located. Unfortunately since hydrogen has

only one electron, it is difficult to map hydrogens. To get a three dimensional

picture, the crystal is rotated while a computerized detector produces two

dimensional electron density maps for each angle of rotation. The third dimension

comes from comparing the rotation of the crystal with the series of images.

Computer programs use this method to come up with three dimensional spatial

coordinates.

13
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Single crystal X-ray crystallographic analyses of the compounds were

carried out using Siemens SMART CCD area—detector diffractometer at the

Analytical Science Division, Bhavanagar, Gujarat, India and the Argus (Nonius,

MACH3 software) at Single Crystal X-Ray Diffraction Facility, IIT, Bombay. The

structures were solved by direct methods and refined by least-square on F02 using

the SHELXL software package [44].

1.4. Significance of thiosemicarbazones and their metal complexes

Thiosemicarbazones are an important group of multidentate ligands with

potential binding sites available for a wide variety of metal ions. These thiourea

derivatives find substantial applications in different facets of different

contemporary scientific research. Their biological activity depends on the parent

aldehyde or ketone [45], and their potential use as antimalarial agents was first

recognized with N(4)-substituted 2-acetylpyridine thiosemicarbazones [46]. The

versatile antimicrobial nature of thiosemicarbazones and their metal complexes has

been the focus of our research for the past decade [47, 48]. The metal complexes

show more activities as compared to the free thiosemicarbazones and

semicarbazones. It may have numerous applications e. g. anticancer [49],

fungicides, antibacterial [50, 51], antiviral [52], antifungal [53], anti HIV [54, 55],

antitumor activity [56, 57] and other biological activities [58-60]. Particularly first

row of transition metal complexes with such ligands have a wide range of

biological activities [61-63].

Base adducts of Cu(ll) complexes have been prepared with N(4)-phenyl

salicylaldehyde thiosemicarbazones. The thiosemicarbazones and its complexes

showed growth inhibitory activity against the human pathogenic bacteria,

Salmonella typhi, Shigella dysentariae, Staphylococcus, Photobacterium sp. and S.

aureus and the complexes against plant pathogenic fungi. An increase in the
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coordination number from 4 to 5 in the complexes led to higher activity, probably

due to increase in lipophilicity [64].

As early as 1946, Demagle reported that some thiosemicarbazones of cyclic

aldehydes or ketones possessed antitubercular activity in vitro [65]. Screening

revealed that only certain substituted benzaldehyde and heterocyclic

thiosemicarbazones possess antitubercular activity [66, 67]. In some instances

activity in vivo was also shown in animals and some compounds have been used in

the treatment of lupus and pulmonary tuberculosis with encouraging results [68].

The antitubercular activity of a series of semi and thiosemicarbazones has been

tested by Hoggarth ez al. [66] namely a) thiosemicarbazones of variously

substituted benzaldehydes b) thiosemicarbazones of heterocyclic aldehydes and c)

ketone thiosemicarbazones.

The literature I‘6pOI'tS many studies on the antifungal activity of

thiosemicarbazones and their metal complexes. Early in 1960, forty

thiosemicarbazones derived from aliphatic and aromatic aldehydes and ketones

together with many of their metal complexes were examined for toxicity against

chaetomuim glohosum. Some of the ligands showed activity while the complexes

were inactive [69]. Also metal complexes of p-anisaldehyde thiosemicarbazones

have been screened for antifungal activity on Allernarai sp., Paecilomyces sp. and

Pestalotia sp. In some cases the complexes were more active than the free ligand

[70].

The antiviral activity of thiosemicarbazones was first demonstrated by

Hamre et al. [71, 72], who showed that p-acetamidobenzaldehyde-3­

thiosemicarbazone and several of its derivatives were active against vaccine virus

in mice. These studies were extended to include thiosemicarbazones of isatin,

benzene, thiophene, pyridine and quinoline derivatives, which also showed activity

15
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against vaccine-induced encephalitis. The nature of the aldehyde/ketone moiety

was not as significant as the presence of the thiosemicarbazide side chain; the later

was deemed essential for antiviral activity. The thiosemicarbazones have also been

tested against a variety of other viral infections including herpesvirus, adnovirus,

poliovirus, rhinovinis and RNA tumor virus with mixed results [73]. For example,

the isatin thiosemicarbazones were found to be less active against herpes simplex

virus (HSV) [74-76]; the heterocyclic thiosemicarbazone derivatives were active

against HSV-1 and HSV-2 types [77].

Thiosemicarbazones exhibit antimalarial activities. An extensive series of

thiosemicarbazones obtained from 2-acetylpyridine was tested by Klayman er al.

[46] for antimalarial activity against Plasmodium berghei in mice. The molecular

features essential for activity were found to be a 2-pyridylethylidene moiety, the

presence of the thiocarbonyl sulfiir, and, certain, bulky or cyclic substituents at the

terminal N(4)- atom. The most active 2-acetylpyridine thiosemicarbazones were

N(4)-phenyl and those with azacyclic substituents.

Thiosemicarbazone’s complexes of certain radionuclides have demonstrated

their potentially as radiophannaceuticals for diagnosis purposes as well as for

radiotherapy. 62Cu-ATSM (ASTSM- diacetyl-bis(N(4)-methyl thiosemicarbazone)

is a promising PET tracer for noninvasive hypoxic tumor imaging [78-80].

Thiosemicarbazones shows antitumor activity also.
Bis(thiosemicarbaz0nes) [81-84] and N-heterocyclic thiosemicarbazones comprise

two interesting series of experimental chemotherapeutic agents. 2-fonnylpyridine

thiosemicarbazone, the first of the latter series to be examined for biological

activity, showed mild antileukemic activity against l-1210 tumor in mice [84].

However, it was found to be toxic at the therapeutic dose levels which led to

synthesis of other aromatic and heterocyclic thiosemicarbazones as potential agents

l6
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[84]. However, the only active anticancer compounds besides glyoxal

bis(thiosemicarbazones) were the N-heterocyclic thiosemicarbazones [85], 2­

formyl-3-hydroxypyridine thiosemicarbazone [86] and 2-formyl-5-hydroxypyridine

thiosemicarbazone [87]. All of the active 2-heterocyclic thiosemicarbazones are

potent inhibitors of the biosynthesis of DNA in mammalian cells [88].

1.5. Objective and scope of the present work

Thiosemicarbazones constitute an important class of nitrogen sulfur donor

ligands, because of the highly interesting chemical, biological and medicinal

properties [1, 89]. The coordination chemistry of ONS donor ligands has been of

considerable interest due to their remarkable structural and biological properties

[17, 47]. The biological activity of certain thiosemicarbazones is due to the ability

to form terdentate chelates with transition metal ions bonding through oxygen,

nitrogen and sulfur atoms O-N-S. In some cases, lowering of the
thiosemicarbazone’s denticity leads to a decrease of activity [89] but the literature

reports examples of biologically significant bidentate thiosemicarbazones.

Thiosemicarbazones of salicylaldehyde [90, 91] and its derivatives are a class of

versatile tridentate ONS donors capable of stabilizing both higher and lower

oxidation states of transition metal ions [29, 30, 92]. Although capable of

deprotonation at both the phenol and thioamide functions to give a dianionic ligand,

they can also act as monoanionic chelating ligands, coordinating to a metal center

through the deprotonated phenolic oxygen, the thione sulfur and the azomethine

nitrogen [29]. The dianionic form of the ligand is favored at higher pH, whereas

the monoanionic form is promoted at low pH.

Transition metal ions like Cu(ll), Ni(ll), Co(lIl), Zn(ll) and Cd(ll) were

used for the synthesis of complexes. We have undertaken the work along the

following lines:

17
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' To synthesize the following N(4)-ring incorporated NS/ONS donor ligands :

0 benzaldehyde 3-hexamethyleneiminylthiosemicarbazone (1-IL‘)

0 2-hydroxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone

(H20)

0 4-methoxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone

(HL3)

0 2-hydroxybenzaldehyde 3-tetramethyleneiminylthiosemicarbazone

(HM)

' To characterize these ligands using elemental analyses, IR, electronic and

‘H NMR spectral studies.

I To synthesize Cu(ll), Ni(11), Co(111), Zn(1I), and Cd(I1) complexes and

characterization of these complexes using elemental analyses, magnetic

susceptibility measurements, IR, electronic, EPR and ‘H NMR spectral

studies.

" To isolate single crystals of the ligand and metal complexes and determine

their structures using X-ray diffraction studies.
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CHAPTER
TWO

Synthesis and characterization of thiosemicarbazone
ligands

2.1. Introduction

The coordinating ability of thiosemicarbazones to both transition and main

group metallic cations is attributed to the extended delocalization of electron

density over the thiosemicarbazone skeleton, which is enhanced by substitution at

N(4)-position. Condensation of thiosemicarbazides with aldehydes or ketones

extends the electron delocalization along azomethine bond.
2-hydroxybenzaldehyde N(4)-substituted thiosemicarbazones, as well as

heterocyclic thiosemicarbazones, which derives from the presence of several

potential donor atoms, their flexibility, and their ability to coordinate in either

neutral or deprotonated fonns, have been the subject of extensive investigations [1],

because of their ability to strongly coordinate metal ions as tridentate ligands and

their wide spectrum of biological applications [2]. Due to their good complexing

properties, biological activity, and analytical application, semi-/thiosemi­

/isothiosemicarbazides and their Schiff bases of different denticity, as well as their

metal complexes, have been the subject of many studies. Apparently, the most

numerous among them are the complexes with tridentate salicylaldehyde semi­

/thiosemi-/isothiosemicarbazones [3].

Thiosemicarbazone of salicylaldehyde [4, 5] and its derivatives are a class

of versatile tridentate ONS donors capable of stabilizing both higher and lower

oxidation states of transition metal ions [6-8]. Although capable of deprotonation at
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both the phenol and thioamide functions to give a dianionic ligand, they can also

act as monoanionic chelating ligands, coordinating to a metal centre through the

deprotonated phenolic oxygen, the thione sulfur and azomethine nitrogen [6]. The

dianionic form of the ligand is favored at higher pH, whereas the monoanionic form

is promoted at low pH. However, the coordination chemistry of substituted or

unsubstituted thiosemicarbazones of salicylaldehyde is quite unexplored with a few

previous reports [9-12]. This prompted our study into the synthesis and

characterization of substituted thiosemicarbazones using aromatic aldehydes and its

metal complexes. Here we have synthesized the following four new ligands using

benzaldehyde, 2—hydroxybenzaldehyde, 4-methoxybenzaldehyde,

3-hexamethyleneiminyl thiosemicarbazide and 3-tetramethyleneiminyl
thiosemicarbazide.

0 Benzaldehyde 3-hexamethyleneiminylthiosemicarbazone [HLI]

0 2-Hydroxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone [HZL2]

0 4-Methoxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone [HL3]

0 2-Hydroxybenzaldehyde 3-tetramethyleneiminylthiosemicarbazone [HZL4]

This chapter deals with the synthesis and spectral characterization of

thiosemicarbazone ligands. lt also deals with X-ray diffraction studies of H_-41.2.

The IUPAC numbering scheme is not very appropriate for describing the structural

data of thiosemicarbazones because the numbering of C and N atoms on the

thiosemicarbazone chain does not run 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 four

ligands, except in X-ray diffraction studies. The structure and numbering schemes

are given in Figure 2.1
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Figure 2.1. Structures and numbering schemes of the thiosemicarbazones

2.2. Experimental

2. 2.1 Materials

The reagent grade benzaldehyde (Merck), 4-methoxybenzaldehyde (SRL

chemicals), 2-hydroxybenzaldehyde (SRL chemicals), carbon disulfide (Merck), N­

methylaniline (Merck), sodium chloroacetate (Merck) and hydrazine hydrate 98%

(Glaxo—Fine Chemicals) were used as received. Hexamethyleneimine (Fluka) and

tetramethyleneimine (Fluka) were used as received. The solvents were purified and

dried by using standard methods and procedures.

2.2.2 Synthesis of ligand precursors

Step 1:­

Prergtration of carbony methyl-(N-methyl-N-phenyl dithiocarbamate

A mixture consisting of 12 ml CS; (15.2 g, 0.2 mol) and 21.6 ml (21.2 g, 0.2

mol) of N-methylaniline were stirred with a solution of 8.4 g (0.21 mol) of NaOH

in 250 ml water for 4 h. When the organic layer had disappeared, the straw-colored

solution was treated with 23.2 g of sodium chloroacetate and allowed to stand
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overnight (17 h). The solution was acidified with cone. HCI (25 ml) and the solid

that separated was washed with water, filtered and dried. This afforded 39.7 g

(82%) of the pale buff colored carboxymethyl-N-methyl-N-phenyl dithiocarbamate

(m.p 197-198 °C). (Scheme 2.1).

Step 2:­

Preparation of N-methyl-N-phenyl-3-thiosemicarbazide

A mixture of 17.8 g of carboxymethyl-N-methyl-N-phenyl dithiocarbamate,

20 ml of hydrazine hydrate and 10 ml of water was heated on the rings of the water

bath for 22 minutes. The compound separated was filtered, washed with water,

dried and recrystallized from 2:1 alcohol. Yield 78%. m.p. 124-125 °C (Scheme

2.2) [13].

HN/LHG

S \\ Ia CH
Cl/W}/Oahla -|- €-|- ' lg» 3 Q-.NaO S /, H30

4£H3
S%%/,\T|/on

O

/ ix

Scheme 2.1

/ /1"; \~ HSQ
Sf|\//"\\,/-OH HO \“OH ,}\N/NH?O S H

Scheme2.2
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2.2.3 Synthesis of ligands

i) Benzaldehyde 3-hexamethyleneiminyl thiosemicarbazone [HLI]

A solution of 1 g (5.52 mmol) of 4-methyl-4- phenyl-3-thiosemicarbazide in

5 ml acetonitrile was treated with 0.586 g (5.52 mmol) of benzaldehyde and 0.547 g

(5.52 mmol) of hexamethyleneimine and refluxed for 40 minutes. The solution was

chilled (overnight) and fine colorless needles of the compound separated out. The

solution was filtered, washed well with cold acetonitrile. The compound was

recrystallized from ethanol and dried in vacuo over P4010 (Scheme 2.3) [14].CH3 CH3I INH NH N/NH N reflux \N/+ 2 i _______'_ + H20MGCN S
S

CH3
HN/

CH3

NH N

j *2 reflux \N/ \// ++HN -inMeCN 5
HL‘

Q; Q.:§ °
G

Scheme 2.3

ii) 2-Hydroxybenzaldehyde 3-hexamethyleneiminyl thiosemicarbazone [HQLZJ

A solution of l g (5.52 mmol) of 4-methyl-4- phenyl-3-thiosemicarbazide in

5 ml acetonitrile was treated with 0.674 g (5.52 mmol) of 2-hydroxybenzaldehyde

and 0.547 g (5.52 mmol) of hexamethyleneimine and refluxed for 40 minutes. The

solution was chilled (ovemight) and the crystals that separated were filtered and

washed well with cold acetonitrile. The compound was recrystallized from ethanol

and dried in vacuo over P4010 (Scheme 2.4).
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cu-13 t|:|-13I NH NX0 H N/NH N reflux \N/MGCN SOH S on

CH3
HN/

‘|‘““NH N \ /NH N\ / reflux N
ow r r> ~~@m@€ rO­OH OH

H21]

Scheme 2.4

iii) 4-Methoxybenzaldehyde 3-hexamethyleneiminyl thiosemicarbazone [H L3]

A solution of l g (5.52 mmol) of 4-methyl-4- phenyl-3-thiosemicarbazide in

5 ml acetonitrile was treated with 0.752 g (5.52 mmol) of 4-methoxybenzaldehyde

and 0.547 g (5.52 mmol) of hexamethyleneimine and refluxed for 40 minutes. The

solution was chilled (ovemight) and colorless needles of the compound separated

out. The solution was filtered, washed well with cold acetonitrile. The compound

was recrystallized from ethanol and dried in vacuo over P4010 (Scheme 2.5).

WIH3 (EH3NH N NH N
&O+H2N/ Y reflux \N/ T + H Oii» 2I MGCN S1’ S 5’ CHZ 3CH3 CH3 HN

‘reNH N /NH N
\N/ \fl/ HN reflux \N \H/ '+ MeCN 5S ol’ H J;or-:3 3

HL3

Scheme 2.5
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iii) 2-Hydroxybenzaldehyde 3-tetramethyleneiminyl thiosemicarbazone [HQL4]

A solution of l g (5.52 mmol) of 4-methyl-4- phenyl-3-thiosemicarbazide in

5 ml acetonitrile was treated with 0.674 g (5.52 mmol) of 2-hydroxybenzaldehyde

and 0.393 g (5.52 mmol) of pyrrolidine and refluxed for 40 minutes. The solution

was chilled (overnight) and fine colorless needles of the compound separated out.

The solution was filtered, washed well with cold acetonitrile. The compound was

recrystallized from ethanol and dried in vacuo over P4010 (Scheme 2.6).CH3 ct-13I INH N\O H N/NH N reflux \N/.|. 2 \H/ 1 + H20MGCN S0H S on
HN/CH3

INH N NH N\N/ reflux \N/ Q‘!­+ HN ) -in lS MGCN S0|-| OH
H21.‘

Scheme 2.6

2.3. Characterization techniques

The ligands were characterized by using partial elemental analyses, IR

spectra, electronic spectra, 'H NMR spectra and single crystal X-ray diffraction.

The details regarding these techniques are given in Chapter l.

2.3.1. X-ray crystallography

The colorless block crystals of HQLZ, suitable for X-ray diffraction studies

were obtained by slow evaporation of its solution in ethanol. A crystal having

approximate dimensions 0.35 x 0.30 x 0.25 1nm3 was sealed in a glass capillary and

intensity data was measured at room temperature (293 K). The crystal structure

data and structure refinement parameters for the compound are given in Table 2.1.
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The X-ray diffraction data was measured at room temperature and data acquisition

and cell refinement was done using the Argus (Nonius, MACH3 software) [15].

The Maxus (Nonius software) were used for data reduction [16]. The structure was

solved by direct methods with the program SHELXS-97 and refined by full matrix

least squares on F2 using SHELXL-97 [17]. The graphical tool used was

DIAMOND version 3.ld [18] and PLATON [19]. All C-bound H atoms were

positioned geometrically and treated riding on their parent C atoms, with C—H

distances of 0.93 and 0.97 /31). All non-hydrogen atoms were refined

anisotropically, atom H101 {on O1} atom HZN (on N2) were located from

different maps and were refined with isotropic displacement parameters.

Table 2.]. Crystal data and structure refinement parameters for I-12L
2

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(0O0)
Crystal size
6 range for data collection
Index ranges
Reflections collected
Independent reflections
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [l>2o(l)]
R indices (all data)
Largest diff. peak and hole

Cl4Hl9N3OS
277.38

293(2) K
0.71073 A
Monoclinic
P2]/n
a= 6.448 (I1) A or = 90°
b = 14.099(2) A B= 94.617(12)°
C = 15.92412) A y = 90°
1443.0(4) A3
4

1.277 g/cm3
0.221 mm‘
592
0.35 >1 0.30 X 0.25 mm3
1.93 10 24.98 O

-751150,-16§'1<s0,_1s~:1s 18
2764

2524 mam) = 0.0203]
Full»matrix least-squares on F2
2524 / 0 /180
0.981

R, = 0.0444, WR2 = 0.0892
R, = 0.1402, WR2 = 0.1106
0.144 and -0.162 e.A'3
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2.4. Results and discussion

The preparation of the thiosemicarbazones from 4-methyl-4-phenyl

thiosemicarbazide in a single step involves a simultaneous occurrence of

condensation between aromatic aldehyde and NH; of the thiosemicarbazide moiety

and transamination in which the N-methylaniline from 4-methyl-4-phenyl

thiosemicarbazide is replaced by the amine present in the solution. Since, the

reaction depends on the strength of the bases, and hence N-methylaniline acts as a

good leaving group in the reaction. The solvent also plays an important role in the

reaction. Here, acetonitrile is used as solvent and mild refluxing condition is

adopted. The ligand HL‘, HL3 and H;L4 are pale yellow in color and H213 is

colorless. The analytical data of the ligands are presented in Table 2.2.

Table 2.2. Analytical data

Compound" Empirical formula} g_ _Found(Calcd._)%i Uc H N
H1.‘ C14H,<,N3S 64.14(64.33) 7.69033) l6.0l(l6.08)
H213 C,4H,9N3OS 60.2s(60.62) 7.37(6.90) l5.09(l5.l5)
ill.’ C15H2,N3S 61.69 (61.82) 7490.26) l4.34(14.42)
H2134 C121-l,5N3OS 57.69 (57.81) 6.29(6.06) 16.89(l6.85)

2.4.1. Crystal structure of H 2L2

The molecular structure of HQLZ along with the atom numbering scheme is

given in Figure 2.2. Selected bond lengths and bond angles are listed in Table 2.3.

HZL2 crystallizes with one molecule per asymmetric unit into triclinic crystal

system with a space group of P21/n. It adopts an E configuration about the N2—C8

and C7—Nl bonds relative to the Nl-N2 bond. The Nl—N2—C8—Sl torsion angle

of —6.0(3)° indicates that the thione Sl and hydrazine N1 atoms are in the Z

configuration with respect to the C8—N2 bond, similar to 2-pyridineforrnamide 3­
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hexamethyleneiminyl thiosemicarbazone [20] but in contrast to the parent

salicylaldehyde thiosemicarbazone [21], where an E configuration exists. The Z

configuration eliminates the possibility of any steric repulsion between the bulky

rings. As a result, atom N1 lies trans to N3, with an Nl—N2—C8—N3 torsion angle

of 174.1 (2)°. The C8-Sl and C8—N2 bond distances are similar to the C=S double

and C*N single bonds in thiosemicarbazones [21-23] and suggest the thione fonn

for H2L2. It is implicit from the literature that the delocalization of electron density

along the thioseinicarbazide moiety is a characteristic of thiosemicarbazones. For

instance, the C—S distance is always an intermediate between a C—S single and a

C=S double bond (1.82 and 1.56 A, respectively) [24]. It was pointed out that

apparently the parent aldehyde or ketone moiety has a strong influence on the C—S

bond distance [24]. The cs—s1 bond length H21} is in agreement with values in

salicylaldehyde thiosemicarbazone [21] and does not differ significantly from the

corresponding lengths in the thiosemicarbazones of some different aldehydes and

ketones [25-31]. The presence of electron density delocalization is again confirmed

by the Nl—N2, N2—C8 and C8—N3 bond lengths. Of the two C8—N bonds, C8—N3

is significantly shorter than C8—N2, suggesting greater double-bond character for

the former bond and indicating increased electron localization at this substituted

end. This is confirmed by the typical double-bond nature [l.269(3) A] of the

C7=Nl bond.
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Figure 2.2. Molecular structure of I-IZLZ. Intramolecular hydrogen bonding

interactions are shown as dashed lines

The salicylaldehyde thiosemicarbazone moiety, excluding atom N3, is

almost planar, with a maximum deviation from the mean plane of 0.151(1) A for

atom S1. The hexamethyleneiminyl ring adopts a chair conformation [the

puckering parameters [32] are QT=0.799(3) A, 02=38.4(3)°, 1|/2=45.6(3)° and

\|13=73.95(3)°]. The Cg(l) plane [comprising atoms C1-C6, with a maximum

deviation of 0.003(2) A for atom C5] makes an angle of 40.59(13)° with a mean

plane through the hexamethyleneiminyl ring (atoms N3/C9—C 14).

Table 2.3. Selected bond lengths (A) and bond angles (°) for the ligand (HZLZ)

Bond lengths (A) Bond angles (°)
S l—C8

N2-C8
N2—N1

N2—H2N

N3-C8
N3—C9

C7-Nl
C7-C6
()1-Cl
Ol-H101

1.684(3)
1.362(3)
1.356(3)
078(2)
1.336(3)
1.454(3)
1.269(3)
1.442(3)
1.344(3)
092(3)

C8—N2—Nl 119.3(3)
C8-N2—I—I2N 121.1(17)
N l—N2—H2N 119.4(17)
C8—N3—C9 120.0(2)
N 1-c7-c6 119.4(2)
c1-o1-11101 110(2)
C7—Nl—N2 120.0(2)
N3—C8—N2 115.4(2)

There are two intramolecular and two intermolecular hydrogen bonds

(Table 2.4 and Figure 2.3) in HZLZ. The packing of the molecules in the crystal

lattice is given in Figure 2.4. The intramolecular N1----H101-O1 hydrogen bond is
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very strong, as indicated by the bond length of l.76(3) A, which is shorter than the

value of l.96(3) A seen in salicylaldehyde thiosemicarbazone [20] and similar to

the values in some hydrazones [33, 34]. Simultaneously, atom H101 is involved in

a weaker hydrogen bond with atom S1, forming a five-membered ring,

N1/l-I101/S1/C8/N2. The intermolecular hydrogen bonds involving atoms H5 and

H7 with atoms O1‘ and S1‘ [symmetry code: (i) x+l, y, z], respectively, form

infinite one-dimensional chains of molecules along the a axis. The strengths of

these four hydrogen bonds have a direct influence on the angles subtended at atoms

Cl and C8 (Table 2.4). The weak C9—H9B-~--1: interaction with Cg(l) reinforces the

packing stability along c axis.
I- Q* \* 1.‘ \"‘ 2'A - '3 C41 I ' " ‘ .\ '- N] ‘ 1

‘I, G C7 ". . uD.  3 .'v u .
Q Cl

C1
|. l ‘ Y. C! it H101’ 5'1' -' '.-~‘ ‘Q1 1s1  ‘* “BaI‘ am ‘1, . C5:C7:I I' . 0I -1| Il. |

I
I\ .

C'@1"’ '.
Figure 2.3. Intra and intermolecular hydrogen bonding interactions of HZLZ
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Table 2.4. Hydrogen-bond geometly (A,°)

T hiosemicarbazone ligands

D—H---A D-I-I 1+-~A
O1-H101---N 1_‘ 092(3)
Ol—HlOl'--__Sl' 0.92(3)
cs-115-~01_f' 0.93
c7-117--~s1"  0.93
C9—H9B---Cg(l)'" 0.97

176(3)
2.s2(3)

2.42
2.87
2.96

2.562(3)
3.600(3)
3.239(4)
3.106(6)
3.753(1)

144(3)
143(3)

147
150
141

Symmetry Codes: (i) x, y, z; (ii) x+l, y, z; (iii) —x+l, —y+l, -z.
Cg(l)= Cl, C2, C3, C4, C5, C6
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Y
-_fr~_

. 1

L
Q­

A}?

""- g -4

) . 7: 1 »
. ‘\ '

‘ /'

I
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Figure 2.4. Unit cell packing diagram of HZLZ
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2. 4.2. IR spectra

The characteristic 1R bands for the ligands '(1—1Ll, H;L2, HL3 and HQL4)

provide significant indications regarding the geometry are listed in Table 2.5. IR

spectra of H2132 and HZL4 show bands at 3315 and 3232 cm“ region due to

intennolecular hydrogen bonded phenolic —OH groups. All the ligands have bands

in the range of 3050-3160 cm‘ due to ~—NH groups present in the molecule.

Absence of any bands in the range 2500-2800 cm" points towards the lack of —SH

stretching absorptions in the molecule. It reveals the presence of only the thione

tautomer in the solid state. The azomethine stretching vibrations, C=NaZ0,

characteristics of a Schiff base, are observed at ~ 1615 cm” [35-37]. The

thiocarbonyl group shows stretching and bending vibrations at ~ 1320 and

840 cm", while additional bands in the broad region of 1500-700 cmil are due to

vibrations involving interactions between C=S stretching and C—N stretching of the

C=S group attached to a nitrogen atom [38]. Medium bands observed in the range

1030-1070 ear‘ are assigned to hydrazinic N—N bonds [39]. The 1600-1400 em"

region of the spectra is complicated by the presence of thioamide bands and ring

breathing vibrations of the phenyl rings. IR spectra of the ligands HL3 and H;L4 are

presented in Figure 2.5.

Table 2.5. Selected IR bands (em"*) of the ligands (111J, r1,L2, H133 and HQL4)

Ligands v(O—H) v(N—H) v(C=N) \/(N-N) v/5(C=S) v(C—O) T 1I(c—c—o)

HL‘“T*”  3091
int? 3315 3050
11L3 3154
int? 3232 3072

1624

1612

1607

1622

1064

1037

1064

1034

1334,83?

1324,s61

1312,821

1338,839

nno run
1271 1100

1288 1108
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Figure 2.5. 1R spectra of the 1i gands HL3 and HZL4
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2.4.3. Electronic spectra

In contrast to the infrared spectrum, the electronic spectrum is not used

primarily for the identification of individual functional groups, but rather to show

the relationship between functional groups, chiefly conjugation [40]. The

electronic spectral data of the ligands HL', HZLZ, HL3 and HZL4 in DMF solution

are presented in Table 2.6. The rz—>n* transitions of the phenyl ring are observed in

the 35300-36500 cm” region. The n—>rt* transitions of the imine function of the

thiosemicarbazone moiety are observed in the region of 28700-3 1200 cm" [41, 42].

Electronic spectra of the ligands are presented in Figure 2.6.

Table 2.6. Electronic spectral assignments for the ligands

lngands TE-H*_F Ii-n* W
HL‘

H21]

HL3

HQL4

32150

36110

35340

36490

28730

29500

31150

30210
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Figure 2.6. Electronic spectra of the ligands

2.4.4. IH NMR spectra

Proton Magnetic Resonance spectroscopy is a helpful tool for the

preparation of organic compounds in conjugation with other spectrometric

infonnations. The ‘H NMR spectra of the ligands recorded in CDCI3 are given in

Table 2.7. The ligands do not show any peak attributable to —SH proton but they

show peaks assignable to the secondary N—H protons.

In the spectra of l—lL' and HL3, sharp singlets at 5 = 7.96 (HL') and 8.25

ppm (HL3) corresponds to 7CH= proton. Absence of any coupling interactions by
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2NH due to the unavailability of protons on neighboring atoms render singlet peak

for the imine proton at 5=8.77 (HLI) and 8.66 ppm (HL3) are assigned to the ZNH

protons. The aCH; protons adjacent to the ring nitrogen produces a triplet at 6=4.02

(HLI) and 4.01 ppm (HL3) due to coupling with nearby bCHg protons. The bCH2

protons due to coupling with “CH; and °CH2 protons resonate as the multiplet

observed at 6=1.94 (HL1) and 1.93 ppm (HL3). °CH2 protons also resonate as the

multiplet at 5=l.64 (HL1) and 1.62 ppm (HL3). In the case of HL1, the 0rth0

protons of the phenyl ring viz. ZCH and 6CH are observed at 5=7.28 ppm. The meta

positioned protons of the aromatic ring 3CH and 5CH are observed at 5=7.57 ppm.

The para positioned proton 4C1.-I resonate as triplet at 5=7.65 ppm. For HL3, the

phenyl group is disubstituted and the ortho protons of the phenyl ring viz. QCH and

6CH are observed at 5=7.53 ppm and the meta positioned protons 3CH and SCH

resonate at 6.92 ppm. The —OCH3 protons in HL3 appear as a singlet at 5=3.83

The spectra of diprotic ligands (HZL) show sharp singlets, which integrates

as one hydrogen at 6 ~ 10.08 ppm is assigned to the proton attached to the oxygen

atom. The downfield shift of this proton is assigned to its intra and intermolecular

hydrogen-bonding interactions. The hydrogen bonding decreases the electron

density around the proton, and thus moves the proton absorption to a lower field

[36]. Absence of any coupling interactions by QNH due to the unavailability of

protons on neighboring atoms render singlet peak for the imine proton at 5=8.89

(H2L2) and 8.58 ppm (HZL4). The presence of electron withdrawing azomethine

group near to the 7CH proton leads to its resonance as a singlet at 6=7.99 (HZL4)

and 8.00 ppm (HQL4). Aromatic protons 4CH, 6C1-I, 3CH, SCH appear as a multiplet

in the range of 6.67-7.30 ppm [12]. Aliphatic protons of hexamethyleneiminyl and

tetramethyleneiminyl rings were observed as three signals at 5 ~ 3.60, 1.70 and 1.52
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ppm assigned to positions a, b and c respectively. NMR assignments are in

agreement with values already reported [41, 43-45]. ‘H NMR spectra of the ligands

are presented in Figures 2.7-2.10.
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CHAPTER
THREE

Synthesis, spectral and structural studies of Cu(II)
complexes of N(4)-ring incorporated thiosemicarbazones
of aromatic aldehydes

3.1. Introduction

Copper is one of the most abundant (25'h in order of abundance) element in

the earth’s crust. lt occurs to the extent of 68 ppm by weight. The metal is used in

the electrical industry because of its high conductivity. It is also used for water

pipes because of its ineitness.

The coordination chemistry of heterocyclic thiones containing

—N(H)—C=(S)* <—+ —N=C—(Sl-l)-— functional group is of immense interest because

such compounds (a) mimic cystane sulfur coordination in metalloenzymes (b) show

electronic and structural properties of the active sites in copper blue proteins

involving S, N coordination. Similarly, thiosemicarbazones containing the

=N—NH—C=(S)—- <—> =N—N=C—(SH)— group are important ligands due to

coordination with a variety of donor atoms and their numerous biochemical

properties [1-3].

Thiosemicarbazide and thiosemicarbazone complexes of copper have

attracted particular attention over the past decade in the context of their wide

spectrum of biological activity and applications as radiopharmaceuticals [4]. The

Cu(II) complex of thiosemicarbazone of salicylaldehyde can exist both in a

monomeric solvated 4-coordinate form and as a phenolic oxygen bridged dimer

where each copper is 5-coordinate. The thiosemicarbazone ligand is SNO bound
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via 5- and 6-membered chelate rings [5]. The common oxidation states of copper

are I (dm), II (d9), and lll (ds). The most common oxidation state of Cu is (ll), and

Cu(Il) complexes have been extensively studied. These complexes have

tetrahedral, octahedral, square planar and trigonal bipyramidal geometries [6]. Due

to the presence of unpaired electron, all the copper(lI) complexes are paramagnetic.

This chapter deals with the synthesis and characterization of mononuclear

and binuclear Cu(lI) complexes with different N(4)-ring incorporated

thiosemicarbazone ligands. The structure of one of the compounds has been solved

by single crystal X-ray diffraction studies and was found to be distorted square

pyramidal in geometry.

3.2. Experimental

3.2.1. Materials

The thiosemicarbazone ligands were synthesized as discussed in Chapter 2

and solvents were purified by distillation. Pyridine, y-picoline, 1,10-phenanthroline

(Ranbaxy fine chemicals), 2,2’-bipyridine (Central dmg house chemicals) and

Cu(OAc)2-H20 (Fluka) were used as received.

3.2.2. Synthesis of the complexes

[CuL'2]-H20 (1): This complex was synthesized by refluxing an ethanolic solution

of HL1 (2 mmol, 0.522 g) with an aqueous solution of Cu(OAc)2-H20 (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.

[(CuL2);] (2): This complex was synthesized by refluxing an ethanolic solution of

H;;L2 (1 mmol, 0.277 g) with an aqueous solution of Cu(OAc)2-H20 (1 mmol,

0.199 g) for 4 h in an alkaline medium. The brown colored product formed was

filtered, washed with ethanol and finally with ether and dried over P4010271 vacuo.
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[Cu(HL2);] (3): Ethanolic solution of the ligand HQL2 (2 mmol, 0.554 g) and an

aqueous solution of Cu(0Ac)2-H20 (1 mmol, 0.199 g) in 2:1 ratio was refluxed for

2-3 h. The complex formed was filtered, washed with ethanol and finally with

ether and dried over P4011) in vacuo.

[CuL2bipy] (4): To a solution of HZLZ (1 mmol, 0.277 g) in hot ethanol was added

heterocyclic base 2,2’-bipyridine (1 mrnol, 0.156 g) with constant stirring. To this

was added an aqueous solution of Cu(0Ac);-H20 (1 mmol, 0.199 g) and the

resulting solution was then refluxed for 3 h. The product fonned was filtered,

washed with ethanol and finally with ether and dried over P40111z'n vacuo.

|CuL2pl1en] (5): Solutions of HQL2 (1 mmol, 0.277 g) and heterocyclic base

1,10-phenanthroline (1 mmol, 0.198 g) were mixed and to this was added an

aqueous solution of Cu(0Ac)2-H20 (1 lnmol, 0.199 g) and refluxed for 2-3 h. The

green colored product formed was filtered, washed with ethanol and finally with

ether and dried over P4010 in vacuo.

[CuL27-pic]-2H;0 (6); The HQLZ (1 mmol, 0.277 g) was dissolved in ethanol, to

which was added a slight excess of heterocyclic base 7-picoline (3 lnmol, 0.279 g)

with constant stirring. This was followed by the addition of an aqueous solution of

Cu(OAc)2-H20 (1 mmol, 0.199 g) and then refluxed for 4h. The resulting solution

was then concentrated on a water bath and cooled at room temperature, filtered and

kept overnight. The brown colored product fonned was filtered, washed with

ethanol and ether and dried in vacuo over P40111.

[CuL32]-0.5H;O (7); Ethanolic solutions of the ligand HL3 (2 mmol, 0.582 g) and

Cu(0Ac);-H20 (1 mlnol, 0.199 g) in 2:1 ratio was refluxed for 2 h. The complex

formed was filtered, washed with ethanol and finally with ether and dried over

P4010 in vacuo.

[Cu(HL4)2] (8): This complex was synthesized by refluxing an ethanolic solution
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of HQL4 (2 mmol, 0.498 g) with an aqueous solution of Cu(OAc)2-H20 (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.

[CuL4py]-3H;O (9): To a hot ethanolic solution of the ligand HZL4 (1 mmol,

0.249 g), added an aqueous solution of Cu(OAc)2-H20 (l mmol, 0.199 g) with

constant stirring. This was followed by the addition of slight excess of the base

pyridine (3 mmol, 0.237 g). The above brown solution was then refluxed for about

3 h. The complex formed was filtered, washed with ethanol and ether and dried in

vacuo over P4010.

[CuL4bipy] (10); All ethanolic Solution of 1121.3 (1 mmol, 0.249 g) was mixed with

an aqueous solution of Cu(OAc)2~H2O (1 mmol, 0.199 g) and this was followed by

the addition of the base bipy (1 mmol, 0.156 g) in the solid form. The resulting

solution was then refluxed for 2h, when green shining crystals began to separate.

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

3.2.3. Physical measurements

Elemental analyses were carried out using a Vario EL 111 CHN analyzer at

SAlF, Kochi, India. Magnetic susceptibility measurements were carried out at IIT,

Roorkee, at room temperature in the polycrystalline state on a PAR model 155

Vibrating Sample Magnetometer (VSM) at 5 k Oe. field strength using

Hg[Co(SCN)4] as a calibrant. Diamagnetic corrections were made using Pasca1’s

constants. The FT-IR spectra were recorded on a Thermo Nicolet AVATAR 370

DTGS FTIR Spectrometer using KBr pellets in the range 500-4000 em‘ at SAIF,

Cochin University of Science and Technology, Kochi 22, India and Far-IR spectra

were recorded in the range 50-500 cm" on a Nicolet Magna 550 FT-IR

spectrophotometer using polyethylene pellets at SAIF, IIT, Bombay, India.

Electronic spectra were recorded on a UVD-3500 UV-VIS-Double beam
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Spectrophotometer from solutions in DMF. The EPR spectra were recorded on a

Varian E-112 Spectrometer using TCNE as the standard at SAIF, IIT, Bombay,

India.

3.2.4. X-ray crystallography

A dark green crystal of the compound 10 having approximate dimensions

0.35 x 0.20 x 0.15 mm3 was sealed in a glass capillary and intensity data were

measured at room temperature (293 K). The crystallographic data and structure

refinement parameters for the compound are given in Table 3.1.

Table 3.1. Crystal data and experimental parameters for compound 10

Empirical formula
Temperature
Formula weight
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Calculated density
Absorption coefficient
F(000)
Crystal size
0 range for data collection
Index ranges
Reflections collected
Independent reflections
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2o(I)]

C22 H21Cu N5 O S
293(2) K
467.06
0.71073 A
Monoclinic
P21/H
a = 9.0400(5) A
b = 19.773(2) A

= 12.613(3) A
= 90°
=10s.590(12)°
= 90°

2136.9(6) A3
4

‘<'@Q<'7

1.452 g/cm}
1.143 mm‘
964
0.35 X 0.20 X 0.15 mm3
1.99 to 24.99°
-10$ h $10, -23 sk g 0, -14$ 15 0
3914
3736 [R(int) = 0.0298]
Full-matrix least-squares on F2
3736 / 0 / 271
1.024
R1 = 0.0428, WR2 = 0.0914

__R indices(all data) g  R1 =pg0_1023, 6/R2 = 0,1053 g
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The X-ray diffraction data were measured at room temperature and data

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

software) [7]. The Maxus (Nonius software) were used for data reduction [8]. The

structure was solved by direct methods with the program SHELXS-97 and refined

by full matrix least squares on F2 using SHELXL-97 [9]. The graphical tool used

was DIAMOND version 3.ld [10]. All non-hydrogen atoms were refined

anisotropically and all hydrogen atoms were geometrically fixed at calculated

positions.

3.3. Results and discussion

The ligands gave complexes more readily under reflux in the aqueous­

ethanol/methanol medium. Complexes 1, 6, 7 and 9 contain uncoordinated water

molecules. The complexes 1, 3, 7 and 8 were readily formed by refluxing their

respective ligands and Cu(OAc)2-H20 in 2:1 ratio and have the general formula

[ML/2] (for complexes 1 and 7) and [M(HL)2] (for complexes 3, and 8). The

complex 2 was prepared using HZL2 ligand and Cu(OAc);;-H20 in 1:1 ratio in

alkaline medium and has the general formula [(ML);]. The complexes 4, 5, 6, 9

and 10 were assigned the general formula MLB, where B are heterocyclic bases,

pyridine, 2,2’-bipyridine, 1,10-phenanthroline or 7-picoline and were prepared by

refluxing their respective ligands with Cu(OAc)2-H20 and heterocyclic bases in the

1:l:l ratio. From the structural, elemental and spectral studies, the compounds

1-10 were assigned the empirical formula [CuL];] (_l), [(CuL2)2] (2), [Cu(HL2);]

(3), [CuL2bipy] (4), [CuL2phen] (5), [CuL2y-pic]-2H;;O (6), [CuL32]-0.5H2O (7),

[Cu(HL4)2)] (8), [CuL4py]~3H2O (9), [CuL4bipy] (10) respectively and X-ray

quality single crystals of the complex 10 were obtained from its solution in

methanol by slow evaporation over a period of 8 days. The analytical data of the

complexes are presented in Table 3.2.
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Table 3.2. Analytical data

g g C 0pper(II) complexes

Compound color p..ff(B.M) A1151; Found (ca1¢d.)% 5
C in N

“l:CuL12]‘H2O (1)

1;(<1uI3)11 <2)

iCu(HIf)21 <3)

iCuL2bi1>y] (4)

lIC11(HL“)2] (8)

):CuL2phen] (5)

:CuL27-pic]'2l-120 (6)

1jcuL’,]-0.51120 (7)

jcufipy]-3i12o (9)

1CuL“bipy1 (10)

brown

brown

brown

green

green

brown

brown

brown

brown

green

2.02

1.25

2.04

1.64

1.59

1.54

1.62

1.92

1.65

1.52

56.00(55.s3)

50.0s(49.60)

54.35(s4.57)

57.99(ss.22)

60.05(60.16)

51.74(51.32)

55.3s(55.15)

51.44(51.46)

4s.36(45.99)

56.42(56.5s)

6.20(6.36)

4.73(5.06)

6.12(5.s9)

s.12(5.09)

4.90(4.s5)

5.6o(6.03)

e.s2(6.33)

4.91(5.04)

4.62(5.15)

4.45(4.s3)

13.97(13.9s)

12.25(12.40)

13.63(13.64)

14.1o(14.15)

13.43(13.49)

12.34(11.97)

12.91(12.s6)

14.s9(15.00)

13.1o(12.62)

14.ss(14.99)

Magnetic moments of the complexes were calculated from magnetic

susceptibility measurements. Mononuclear Cu(ll) complexes exhibit magnetic

moments in the range 1.5-2.05 B.M, which are close to their spin-only value.

Magnetic moment of binuclear Cu(ll) complex 2 is 1.25 B.M which was in the

range of 1.15-1.40 B.M, found for binuclear complexes. This low magnetic

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

interaction involving an oxygen-bridged binuclear structure similar to those

proposed for the Cu(ll) complexes of analogous tridentate ligands [11].

3.3.1. CWSIQI structure of [CuL4bipy]

The molecular structure of the compound along with atom numbering

scheme is given in Figure 3.1 and selected bond lengths and bond angles are
summarized in Table 3.3.

The compound crystallized with one monomer per asymmetric unit into

monoclinic crystal system with a space group P21/n. The copper in the
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mononuclear complex is five coordinated and is having an approximate square

pyramid (SPY) geometry around the copper(ll) ion. The copper centre is

coordinated by the phenolato oxygen, O1, azomethine nitrogen N1, and the thiolato

sulphur Sl, of the thiosemicarbazone and the pyridine nitrogens N5 and N4, of

bipyridine. The donor atoms O], Nl, Sl of the thiosemicarbazone and N5 of the

bipyridine occupy the equatorial position and the other bipyridine nitrogen N4

occupies the axial position at a larger distance. The large bond distance at the axial

Cul—N4 position supports the lack of out of plane 2r—bonding. This fact is in

accordance with the absence of superhyperfine splitting due to N4 in the EPR

spectrum of the compound. The Cu—N and Cu—O bond lengths vary in the range

1.951(4) to 2.016(4) A. The C7—Nl and N2—C8 bond lengths are comparable to

that for C=N bond length. Of these two, N2—C8 bond length is larger due to

enolization of the ligand in complex fonnation. The Ol-Cul—N4 and Sl—Cul-N4

bond angles indicate a slight tilting of the axial Cul—N4 bond in the direction of

Ol—Cul bond and away from the Sl—Cul bond. The N4—Cul—Sl bond angle is

shorter compared to our previous reports [12, 13]. The Cul—Nl bond length is

shorter compared to the Cu—N bond lengths of bipyridine indicates that the

thiosemicarbazone moiety dominates equatorial bonding. The rather small bite

angle [Nl—Cu1—Sl= 85.27(9)° and O1~Cul—Sl= l64.44(9)°] defines largest

distortion of the geometry. One of the reasons for the deviation from an ideal

stereochemistry is the restricted bite angle imposed by both the L2' and bipy

ligands. The bite angle around the metal via N4—Cul—N5 of 76.95(l2)°- may be

considered normal, when compared with an average value of 77° cited in the

literature [12, 14-16]. In a five-coordinated system, the angular structural

parameter (r) is used to propose an index of trigonality. The r is defined by 1=(a—

B)/60, (VVhere r=0 for a square pyramidal geometry and l for trigonal bipyramidal

geometry), and or and [3 are the trans angles [17]. The 1: value for the complex is
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0.15, indicates that the coordination around Cu(II) is best described as distorted

square pyramid with copper displaced by 0.1921(5) A from the plane containing the

four donor atoms N5, S1, N1 and O1 towards the pyridyl nitrogen N4, which is

evident from the bond angles of Nl—Cu1--N5: 173.28(l3)°, and Ol—~Cul—S1=

164.44(9)°.

Table 3.3. Selected bond lengths (A) and bond angles (9) for [CuL4bipy]

Bond lengths (A) _g A W130nd angle (°)S

Cul—Ol 1-954(3) 01- Cu1—Nl 9289112)
Cul-N1
Cul—N5

Cu]-N4
Cu1*S1

S1"'C8

Ol—Cl

Nl*"C7

Nl—N2

N2-C8
N3—C8

1.952(3)

2.050(3)

2.227(3)

2.273(11)

1.743(4)

1.314(5)

1.296(5)

1.396(4)

1.317(5)

1.348(5)

O1—Cul—N5

N1-Cul—N5
O1—Cu1—N4

Nl"Cu1—N4
N4-Cu1—N5

Ol"Cu1—S1
N1-Cul-"S1
N5-Cu 1 -‘S1

N4*Cu1—S 1

s9.66(11)

173.2s(13)

95.43(11)

10s.96(12)

76.95(12)

164.44(9)

8527(9)
9060(9)
9979(8)

The dihedral angle formed by the least square plane Cg(l) and Cg(4) 1s

ll.l2°[Cg(1)= Cul, N1, N2, C8, S1 and Cg(4)= Cul, O1, C1, C6, C7, N1]. This

small deviation from coplanarity would certainly not hinder the delocalization of

electrons in the coordination sphere, and the stability of the complex is sustained.

Ring puckering analysis indicates that Cg(3) ring comprising of N3, C9,

C10, C11 and C12 adopts an envelop confonnation on C11. [0(2)= 0.1955 A and

<p(2)=103.5615°)
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Cu,‘ ~QS1

Figure 3.1. Structure and labeling scheme for [CuL4bipy] (10)

The unit cell is viewed along the c axis and four molecules are arranged in

the unit volume cell (Figure 3.2). The packing of the molecules is stabilized by

intermolecular hydrogen bonding, 1:-1: and CH...1r interactions. These interactions

are given in Table 3.4. The centroid Cg(5) is involved in 1:-1: interactions with

pyridyl ring of the neighbouring unit at a distance of 3.5912 A. The intermolecular

hydrogen bonding involving atoms H13 and H14 with N2, H15 with S1 and H16,

H19, H21 and H22 with O1 respectively, reinforce crystal structure cohesion in the

close packing. In addition to the intermolecular hydrogen bonding, the CH...1t

interactions of the pyridyl hydrogen of the bipyridine with the metal chelate rings

of the neighbouring molecules contributes to the stability of the unit cell packing.
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Table 3.4. Interaction parameters of the compotmd 10

11- at interactions

C0pper(ID complexes

C8(l)—R¢$(1)"'C8(J) Cg-Cg (A) <1" 13°
Cg(5) [1] -> Cg(6)° 3.5912 3.72 21.17Cg(6) [1] -> Cg(5)’ 3.5912 3.72 23.11
Equivalent position code: a= - x, — y, — z
Cg(5)= N4, C13, C14, C15, C16, C17; Cg(6)= N5, C18, C19, C20, C21, C22
CH- 1: interactions

X—H(I)----Cg(J) H. . .Cg (A) X-H...Cg (°) X...Cg (A)Cl5—Hl5 [1] -> Cg(l)° 2.73 146 3.5377

Equivalent position code: a= -l+x, y, z
Cg(l)= Cul, N1, N2, C8, S1

H-bonding

1)-11...». 1)...11 (A) 11...». (A) D...A (A) D-H...A (0)
Cl3—Hl3
Cl4—I-114

Cl5—Hl5

Cl6—Hl6
Cl9—Hl9
C21-H21
C22—H22

N2“ 0.930 '
N2”

s1”
01°
01°
o1"
01°

0.930

0.930
0.930
0.930
0.930
0.930

2.649(1)
2.927

2.785

2.855(1)
2.739
2.876
2.671

3.555(1)
3.616

3.699

3.690(1)
3.587
3.443
3.360

164.88(1)
132(2)

167.70(1)
15o.12(2)
152.07(2)
120.60(2)
131.50(2)

D=donor, A=acceptor, Equivalent position code: a= —x+1, —y, —z+l; b= x—l, +y,+z; c= —x,-y,-z
d= —x+l ,—y,—z
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Figure 3.2. Unit cell packing diagram of the compound 10

3.3.2. IR spectra

The significant IR bands of the complexes 1-10 with their tentative

assigmnents are presented in Table 3.5.

The IR spectra of the ligands HZLZ and I-IZL4 showed an intermolecular

hydrogen bonded v(OH) vibrations at 3315 and 3232 cm"! respectively, which

disappeared in the spectra of complexes except in 1 and 7. It is further corroborated

with the downward shifi of 60-80 cm'l for v(CO) as well as an appearance of a

band at 390-430 cm" region due to a v(Cu—O) stretch in the spectra of complexes

[18, 19, 20]. It indicates coordination via phenolic oxygen.

Azomethine nitrogen bands ~l600 cm“ in the uncomplexed
thiosemicarbazones undergo a shift towards the lower energy side by 10-40 cm" in

the spectra of complexes [13] due to the conjugation of the p-orbital on the double
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bond with the d-orbital on the metal ion with the reduction of force constant, but

with loss of proton from N, another strong band is found in the region of 1530­

1555 cmil which may be due to the newly formed v(C=2N) bond, resulting from

enolization of the principal thiosemicarbazone ligands in the spectra for these

complexes except 3 and 8. Coordination of azomethine nitrogen is consistent with

the presence of a band in the 430—480 cm" region, assignable to v(Cu—N) for these

complexes [21, 22]. The increase in \/(NN) in the spectra of complexes is due to

enhanced double bond character through chelation, thus offsetting the loss of

electron density via donation to the metal ion, and is supportive of azomethine

coordination.

The spectral band v(N H) of thiosemicarbazones disappeared in the

complexes except in 3 and 8, indicating the deprotonation of the —NH proton and

coordination via thiolate sulfur is indicated by a decrease in stretching and bending

frequencies (30-80 cm'1) of the thioamide band, which is partly \/(CS), and found at

~1320 and 840 cm" in the uncomplexed thiosemicarbazones to ~l27O and 750 cm'l

in the spectra of complexes. In complexes 3 and 8, coordination takes place via

thione sulfur atom. The negative shift of \/(CS) in the complexes is already

indicated by Campbell [2]. The v(CuS) vibration in the range 340—380 cm" further

corroborates the sulfur bonding [23-25]. IR spectra of the complexes 4, 5, 6, 9 and

10 exhibit bands characteristic of coordinated heterocyclic bases [26].

IR spectra of the complexes 2, 5, 6 and 9 are presented in Figures_3.3-3.6.
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Figure 3.3. IR spectrum of the compound [(CuL2)2] (2)
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3.3.3. Electronic spectra

The significant electronic spectral bands for all the ligands and complexes

in DMF are depicted in Table 3.6. The electronic spectra of thiosemicarbazones

and its complexes show bands in the ranges 35000—-37000 and 28000—32000 cm'1

assignable to 7r—>rc* and n—>1r* transitions respectively [25]. These bands are

slightly shifted upon complexation. The shift of the n'—>2r* bands to longer

wavelength region in complexes is the result of the C=S bond being weakened and

the conjugation system enhanced on complexation [27, 28]. The n—>rr* bands in

the complexes have shown a blue shift due to donation of lone pair of electrons to

the metal and hence the coordination of azomethine with a reduction of intensity.

ln the case of complexes having ONS donor ligands, the shift of two ligand to

metal charge transfer bands are found in the 25000-27000 and 23000-24500 cm_l

ranges. In accordance with studies of previous copper(II) thiosemicarbazone

complexes [29], the higher energy band is assigned to S—>Cu(lI) transitions.

Complexes having NS donor ligands show only S—>Cu(ll) transitions. Its position

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. In most of the dianionic complexes, LMCT maxima of the

phenolato complexes show line broadening With a tail running into the visible part

of the spectrum. This may result from a phenolate to M(II) LMCT band being

superimposed on the low energy side of S—>M(II) LMCT. The band in the 2l000—

23000 cm" range involves bridging phenoxy O—>Cu(II) transitions [30]. Each

complex has a broad d-d combination band in the range 15000-17000 cm'] and

appears as a shoulder on the intraligand and charge transfer bands. For a square

planar complex with dx2_y2 ground state, three transitions are possible viz,

d,._y. —>d_,_,,,d,: and dx._y.. —>d,...d,,. (2A.g<-2B1g, 2B2g<JB,g and 25,;-2B,g)
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and square pyramidal complexes have the dx2_y~> "> dwdyz and d_T2-}'2 _>

transitions [31, 32]. Representative spectra of the complexes 2, 3 and 5 are

presented in Figure 3.7.

Table 3.6. Electronic spectral assignments (cm"') of the ligands and its Cu(1I) complexes

9 Compound n-n* 77 n-1t*_ LMCT and-<1

HL‘

1Cl1Ll21'H20 (1)

H213

1i(CuL’)2] (2)

:Cu<HL2)21 <3)

1C\1L’bipy] (4)

|:CuL2phen] (5)

1:CuL2y-pic]-2H2O (6)

HL3

[CUL32]‘0.5H2O (1)

1-12L"'

[Cu<HL“)21 (8)

[cufipy]-31120 (9)

[CuL4bipy] (10)

36900

36360

36110

35210

35970

35090

35120

35210

35340

35250

36490

36100

35590

35560

28250

30490

29500

29670,31450

29670,31850

29850,31250

29670,31200

29790,31250

31150

31210

30210

31460

31450

31640

26170

22330,25910

2433 0,25970

24330,25640

24330,25770

24270,25990

25900

@—|--­

25380

25320

25250

15180

15820

15630

17420

17120

17300

16640

14160

17510

17180
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Figure 3.7. Electronic spectra of the compounds 2, 3 and 5 in DMF solutions
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3.3.4. EPR spectra

EPR spectra of the complexes in the polycrystalline state at 298 K and in

DMF at 77 K were recorded in the X-band and the g factors were quoted relative to

the standard marker TCNE (g=2.00277). The EPR parameters of Cu(Il) complexes

obtained for the polycrystalline state at 298 K and in DMF at 77 K are presented in

Tables 3.7 and 3.8.

EPR spectra of the complexes recorded in polycrystalline state at room

temperature also provide information about the coordination environment around

Cu(Il) in these complexes. EPR studies of Cu(ll) complexes of some
salicylaldehyde thiosemicarbazones were reported earlier [25, 33]. The EPR

spectra of compounds 2, 3, 6, 9 and 10 in the polycrystalline state (298 K) show

only one broad signal, which is attributable to enhanced spin lattice relaxation due

to dipolar interaction. These type of spectra do not give any information on the

electronic ground state of Cu(ll) ion present in the complexes. The spectrum of

compound 4 gave three g values viz. g1_ g; and g3, which indicate rhombic distortion

in their geometry. The values g1 and gg are very close to each other in the

compounds, which mean that rhombic distortion is very small. The lowest g value

(g1) is >2.04 indicating a rhombic, distorted square based pyramidal geometry. The

spectra of compounds 1, 5, 7 and 8 show typical axial spectra with well-defined g||

and g L values. The geometric parameter G, which is a measure of the exchange

interaction between the copper centers in the polycrystalline compound is

calculated using the equation, G= gn—2.0023_/gi-2.0023 for axial spectra and for

rhombic spectra G=g3—2.0023_/gi—2.0023, where g i=(g|+g;)/2. If G>4.4,exchange

interaction is negligible and if it is less than 4.4, considerable exchange interaction

is indicated in the solid complex [33, 34]. In all the Cu(ll) complexes

g;>gi>2.0023 and G value within the range 2.5-3.5 are consistent with a
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dx’-y’ ground state [35, 36]. The parameter R {R = (g;—g1)/(g3—g2) for rhombic

systems} calculated for the compound 4 is around 0.326, z'.e., R< l, indicating a

dxz-yz ground state of the copper(ll) ion [37, 38].

Table 3.7. EPR spectral assignments for Cu(ll) complexes in polycrystalline state at 298 K and in
DMF at 77 K

Compound Polycrystalline state (298 K) DMF solution (77 K)
811 gr 80 A113 Ala A4»-a

[cuL*,]-1120 (ii 2.141/2.050(g,,, gl)” 2.113 2.04'0l2.064 164.4 25.43707
[(CuL2)2](2) 2.040 (gm) 2.162 2.045 2.084 191.8 22.2 76.9
[Cu(HL2)2](3) 2.053 (81.0) 2.134 2.037 2.069 179.3 22.2 72.9
[CuL2bipy] (4) 2.177/2.079/2.047(g3/g2/g]) 2.168 2.045 2.086 190.6 14.2 70.9

[CuL2phen] (5) 2.192/2.059(g,,,g1) 2.184 2.059 2.101
[CuL2y-pic]-2H2O(6) 2.067(81a) 2.169 2.047 2.088 202.5 22.3 80.1
[CUL32]-()_5[-12Q (7) 2_199/2_061(g“,g,) 2.194 2.055 2.107 196.2 15.9 73.7

[Cu(HL4)2](8) 2.141/2.053(g|1.7-81) 2.117 2.047 2.070 174.6
[cufipy]-31120 (9) 2.047 (3166) 2.155 2.042 2.080 194.5 27.0 80.9
[CuL4bipy](l0) 2.053 (gm) 2.170 2.052 2.091 189.1 20.7 74.8

5Expressed in ur1its—ofcm" multiplied by a factor of 163. 3 3 T T T 3

The spectra of all the complexes in DMF at 77 K are axial. The solution

spectra of complexes except 5, at 77 K in DMF show four hyperfine lines

characteristic of monomeric Cu(ll) complexes corresponding to -3/2,-1/2,1/2 and

3/2 transitions, which arise from the coupling of the odd electron with Cu nuclei

(65Cu, l=3/2) and spectrum of compound 5 is axial without any super or hyperfine

lines. The third copper hyperfine line is expected to overlap with the high field

component (gi) in 1 and 8. However, the half field signal corresponding to the

dimer was not obsen/ed for the compound 2 [39]. The spectra of compounds 1, 3

and 7 gave five superhyperfine lines, which arise from the coupling of the electron

spin with the nuclear spin of the two nitrogen atoms in the g|| features indicating the
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coordination of two coplanar nitrogen atoms i.e. in each complex two azomethine

nitrogens coordinate to the metal centre. The spectrum of complex 2 gave three

superhyperfine lines, indicating that only azomethine nitrogen is involved in

bonding in the monomer unit. This confirms the binuclear nature of the complex.

In the spectra of compounds 6 and 9, all the signals show five superhyperfine lines

in the low field and five splittings in the high field region. This splitting may be

due to the presence of heterocyclic bases present in the molecule z'.e. two nitrogens

involved are coplanar. The gu values in all these complexes are less than 2.3 is an

indication of significant covalent bonding in these complexes [40, 41]. The gn > g 1

values accounts to the distorted square based pyramid structure in five coordinated

complexes and rules out the possibility of a trigonal bipyramidal structure, which

would be expected to have g" < gi. For complexes 4 and 10 having bipyridine as

coligand, g" value of 4 is smaller compared to 10 indicating that HZLZ is stronger

ligand than HZL4.

Table 3.8. EPR bonding parameters for compounds 1-10

Compound it  go LR  TDMF 561011611 (77K)
1 (2981<) 62 0’ Y2 1<. 1<,, xi fa P

[CuLl2]-H2O(li) ;2.94 ---- 0.62 0.81 0.94 0.32 0.50 0.58 128 0.0183
[(CuL2)2] (2) ---- ---- .0.76 0.81 0.83 0.37 0.62 0.63 112.7 0.0239
[Cu(l'lL2);] (3) ---- ---- 0.68 0.81 0.83 0.33 0.55 0.57 119 0.0213
[CuL2bipy](4) 2.89 0.326 0.75 0.88 0.89 0.32 0.66 0.67 113.7 0.0253[CuL2phcn](5) 3.31
[CuL2}'-pic]-2H2O(6)   0.79 0.83 0.86 0.36 0.66 0.68 107 0.0256
[CuL32]-0.51-130(7)   0.69 0.83 0.86 0.30 0.57 0.59 116.8 0.0214
[Cu(1-lL4);](8) 2.50  0.66 0.77 0.95  0.51 0.63 121.3
[CuL4py]-3]-120(9)   0.75 0.85 0.86 0.35 0.63 0.64 110.8 0.0236
[CuL4bipy] (10)   0.75 0.88 0.95 0.34 0.66 0.72 114.8 0.0239

' Expressed in units of cm.
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The EPR parameters g“, g L, gav, A||(Cu), A )(Cu) and energies of d-d

transitions were used to evaluate the bonding parameters 0. 2, [32 and 7'2, which may

be regarded as measures of covalency of the in-plane o—bonds, in-plane rc—bonds

and out-of-plane 71:-bonds respectively [40].

The value of in-plane o—bonding parameter 0:2 was estimated from the

8XpI'€SSlOTl,

<1 2 = » A 1|/0.036 +( g||— 2.00277) + 3/7 (gi— 2.00277) + 0.04

The orbital reduction factors, KH2 = 0t 202 and K )2 = a 212 were calculated

using the following expressions [40, 42],

KHZ = (_g|| - 2.00277) EM/820

Kf = (g.1.— 2.00277) EM/2x0

Where M is the spin orbit coupling constant with a value of -828 cm'l for

Cu(Il) d9 system.

According to Hathaway [43], for pure 0- bonding K“ Z K L Q 0.77, and for

in-plane 7t- bonding, K" < K L ; while for out-of—plane 7t- bonding K i < K“ . In all

the complexes it is observed that K|| < K L, which indicates the presence of

significant in-plane 7t- bonding. The values of the bonding parameters 01 2, B2 and 72

< 1.0 (value of 1.0 for 100% ionic character) indicate significant in-plane 7:»­

bonding and in-plane o—bonding.

The Fermicontact hyperfine interaction term K, which is a dimensionless

quantity and is generally found to have a value of 0.36, which is a measure of the

contribution of ‘s’ electrons to the hyperfine interaction can be calculated from the

expression [43],

K = Am /PB2 + (g,,,- 2.00277) / B’
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Where P is the free ion dipolar term and its value is 0.036. 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 = g|| /A|| (cm") is

an index of tetragonal distortion. The value may vary from 105-135 for small to

extreme distortion and that depends on the nature of the coordinated atom. In all

the compounds except 1 and 8, f falls in the range 105-135 corresponding to a

copper(II) center with medium distortion [12]. High distortion occurs for the

complexes 1 and 8 which are evidenced from the f value. Representative EPR

spectra of the compounds 3, 4 and 5 in polycrystalline state at 298 K (Figures 3.8­

3.10) and 2, 3, 6 and 9 in DMF at 77 K are presented in Figures 3.ll~3.l4.

l

'1“ I I   I I "I I "W
33003 3000 G 32006 34009 36006

H (Gauss) —€>
Figure 3.8. EPR spectrum of the compound [Cu(HL2)2] (3) in polycrystalline state at 298 K
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Figure 3.9. EPR spectrum of the compound [CuL2bipy] (4) in polycrystalline state at 298 K
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Figure 3.10.-EPR spectrum of the compound [CuL2phen] (5) in polycrystalline state at 298 K
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Figure 3.11. EPR spectrum of the compound [(CuL2);] (2) in DMF at 77 K
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Figure 3.12. EPR spectrum of the compound [Cu(HL2)2] (3) in DMF at 77 K
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Figure 3.13. EPR spectrum of the compound [CuL2y-pic]'2H;O (6) in DMF at 77 K
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Figure 3.14. EPR spectrum of the compound [CuL4py]-3H;O (9) in DMF at 77 K
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Based on the elemental analyses and spectral investigations, following tentative

structures were assigned for the complexes for which, single Crystals suitable for

crystallographic studies could not be isolated (Figure 3.15).

\N/NN .Y  i \>€NS F’ S o/0&8
N / N N < =Y  Y s<?

Compounds '1 and 7 (Y = H, -OCH3) Compound 2H B
N/N\"” 1 O:'| S Y /s-.____ v' /.0 \Cu

(3.---"(‘:U~4--___S R \ glk ~/~\/N\N R
H Compounds 4, 5, 6 (R = N(CH;;)6, B = bipy,

phen and 7-pic)
COI'l1pOUI]dS 3 and 8  : N(CH2)6,  Compound 9  =  B =

z

/

Figure 3.15. Tentative structures of the compounds
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CHAPTERi FOUR
Synthesis, spectral and structural studies of Ni(II)
complexes of N(4)-ring incorporated thiosemicarbazones
of aromatic aldehydes

4.1. Introduction

Nickel is the twenty-second most abundant element by weight in the earth’s

crust. Nickel is one of the most toxic metals among transition metals. It shows the

toxicity even in low doses to both plants and animals [1, 2]. Excess nasal and lung

cancers are known to be associated with the refining of nickel. Epidemiological

data and animal study confirm that crystalline nickel compounds are carcinogenic,

while amorphous nickel compounds are weak or non-carcinogenic. Nickel is also

involved in transport of metal in eukaiyotic algae.

Nickel shows a range of oxidation states from (+1) to (+lV), but its

chemistry is predominantly that of the (+11) state. It is predominantly divalent and

ionic in simple compounds, and exists as Ni(lI) in most of its complexes. Nickel

forms four, five and six coordinate complexes viz, square planar, tetrahedral,

trigonal bipyramidal, square pyramidal and octahedral geometries. Five coordinate

nickel complexes are rather unusual.

Ni(Il) complexes derived from the thiosemicarbazones of aromatic

o-hydroxyaldehydes, in particular salicylaldehyde, have recently attracted

considerable attention as homogeneous catalysts. Complexes between metals and

thiosemicarbazone ligands exhibit a broad spectrum of biological properties,

including antibacterial, antimalarial, antiviral and antineoplastic activities [3]. In
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the last few years, nickel(ll) complexes containing sulfur donors have received

considerable attention due to the identification of a sulfur rich coordination

environment in biological nickel centers such as at the active sites of certain

ureases, methyl-S-coenzyme-M-methyl reductase, hydrogenases and may play a

role in the supposed mutagenicity of nickel compounds. Several aspects of the

chemistry of these biological nickel ions are unusual in the context of the known

coordination chemistry of nickel [4].

This chapter deals with the synthesis, structural and spectral characterization

of Ni(II) complexes with different N(4)-ring incorporated thiosemicarbazone

ligands. The structures of four of the compounds have been solved by single

crystal X-ray crystallography.

4.2. Experimental

4.2.1. Materials

The synthesis of ligands l-IL‘, HZL2, HL3 and H2L4 are discussed in Chapter

2. Ni(OAc);-4H2O (Central drug house), pyridine, a/B/-y-picoline, 2,2’-bipyridine

(bipy) (Central drug house) and 1,10-phenanthroline (phen) (Ranbaxy fine

chemicals) were used as received. The reagents used were of Analar grade and

used without further purification.

4.2.2. Synthesis of the complexes

[NiLl2] (11): This complex was synthesized by refluxing an ethanolic solution of

HL' (2 mmol, 0.522 g) with methanolic solution of Ni(OAc)2-4H2O (1 mmol,

0.248 g) for 4 h. The brown colored complex fomied was filtered, washed with

ethanol and finally with ether and dried over P40“, in vacuo.

[Ni(HL2);] (12); Ethanolic solution of the ligand HZL2 (2 mmol, 0.554 g) and hot

methanolic solution of Ni(OAc);;-4H2O (1 mmol, 0.248 g) in 2:1 ratio was refluxed
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for 2 h. The brown colored product formed was filtered, washed with ethanol and

finally with ether and dried over P4010 in vacuo.

[NiL2py] (13): To a hot ethanolic solution of the ligand HZL2 (1 mmol, 0.277 g),

added hot methanolic solution of Ni(0Ac);;-4H;0 (1 mmol, 0.248 g) with constant

stirring. This was followed by the addition of slight excess of the base pyridine

(2 mmol, 0.158 g). The above brown solution was refluxed for about 4 h and

allowed to cool, when reddish brown crystals were formed. The complex formed

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

[NiL2u-pic] (14): Ni(0Ac);~4H20 (1 mmol, 0.248 g) dissolved in methanol was

added to a solution of HZLZ (1 mmol, 0.277 g) in hot ethanol and slight excess of

heterocyclic base o.-picoline (2 mmol, 0.186 g) with constant stirring. The solution

was then refluxed for 2 h. The reddish brown crystals formed was filtered, washed

with ethanol and finally with ether and dried over P4010 in vacuo.

[NiL2[1-pic] (15): An ethanolic solution of HQLZ (1 mmol, 0.277 g) was mixed with

hot methanolic solution of Ni(0Ac)2-4H20 (1 mmol, 0.248 g) and this was

followed by the addition of the base B-picoline (2 mmol, 0.186 g). The resulting

solution was then refluxed for 3h, when reddish brown shining crystals began to

separate. This was filtered, washed with ethanol and ether and dried in vacuo over

P4010­

|NiL27-pic]-H2O (16): Solutions of HZLZ (1 mmol, 0.277 g) in ethanol and

heterocyclio base 7-picoline (2 mmol, 0.186 g) were mixed and to this was added

hot methanolic solution of Ni(0Ac)2-41-110 (1 mmol, 0.248 g). The solution was

then refluxed for 3-4 h and allowed to cool, when reddish brown crystalline

compound was formed. The complex fonned was filtered, washed with ethanol and

finally with ether and dried over P4010 in vacuo.
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|Ni;L22phen] (17): To a hot ethanolic solution of the ligand HZL2 (2 mmol,

0.554 g), added hot methanolic solution of Ni(OAc)2-4H2O (2 mmol, 0.496 g) with

constant stirring. This was followed by the addition of the base
1,10-phenanthroline (1 mmol, 0.198 g). The above brown solution was refluxed for

about 4 h and allowed to cool, when brown crystals were formed. The complex

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

[NiL3;] (18): This complex was synthesized by refluxing an ethanolic solution of

HL3 (2 mmol, 0.582 g) with hot methanolic solution of Ni(OAc)2-4H2O (1 mmol,

0.248 g) for 4 h. The brown colored complex formed was filtered, washed with

ethanol and finally with ether and dried over P4010 in vacuo.

|NiL4py] (19): The HQL4 (1 mmol, 0.249 g) was dissolved in ethanol, to which was

added hot methanolic solution of Ni(OAc)2-41.-I20 (1 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 form. The stirring was continued for about an hour when

reddish brown compound began to separate. This was filtered, washed with ethanol

and ether and dried in vacuo over P4010.

[NiL4y-pic] (20): To a hot ethanolic solution of the ligand HQL4 (1 mmol, 0.249 g),

added hot methanolic solution of Ni(OAc)2-4H;;O (1 mmol, 0.248 g) with constant

stirring. This was followed by the addition of slight excess of the base 7-picoline

(2 mmol, 0.186 g) and the resulting solution was then refluxed for about 2-3 h and

allowed to cool when reddish brown crystalline compound was formed. The

complex formed was filtered, washed with ethanol and ether and dried in vacuo

over P4010.

4.2.3. Physical measurements

Details regarding physical measurements are presented in Chapter 3.
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4.2.4. X-ray crystallography

Reddish brown crystals of the compounds 13, 14, 15 and a brown block

crystal of the compound 17 having approximate dimensions of 0.26 x 0.21 x 0.17,

0.35 X 0.30X 0.20, 0.24 X 0.18 X 0.10 and 0.33 X 0.16 X 0.11 mm} respectively were

selected. Compounds 13, 14 and l7 were diffracted by CrysAlis CCD, Oxford

Diffraction Ltd. with graphite-monochromated Mo K01 (X=0.7l073 A) radiation. In

compound 13, the atom C10 in the ring containing N3 is disordered as this carbon

splits over two sets of positions. The ratio of major to minor disorder component is

54: 46. In compounds 13 and 14, restraints were applied to assist the geometry of

the disordered atom. The data of 15 was collected using a Bruker Smart Apex CCD

diffractometer equipped with graphite-monochromated Mo K0. (k=0.7l073 A)

radiation. The trial structure was solved using SHELXS-97 [5] and refinement was

carried out by full-matrix least squares on F2 (SHELXL) [5]. The graphical tool

used was DIAMOND version 3.1d [6], and MERCURY [7]. All non-hydrogen

atoms were refined anisotropically and hydrogen atoms were geometrically fixed at

calculated positions. X-ray quality single crystals of the complex 13 were obtained

fiom its solution in DMF over a period of 14 days and single crystals of the

complexes 14, 15 and 17 were obtained from the reaction mixture. The

crystallographic data and structure refinement parameters for the complexes 13, 14,

15 are given in Table 4.1 and 17 in Table 4.2.
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Table 4.2. Crystal data and experimental parameters for compound l7

Empirical formula C40 H42 N3 Ni; O2 S2Temperature 150(2) KFormula weight 848.35Wavelength 0.71073 ACrystal system TriclinicSpace group P1
Unit cell dimensions = 12.3730(l2) A

= 12.573(2) A
= 14.181(2) A
= 73.639(15)°
= 79.832(11)°

7 = 63.324(14)°Volume 1888.2(5) A 3Z 2
Calculated density 1.492 g/cm3
Absorption coefficient 1.156 mm“F(000) 884
Crystal size 0.33 x 0.16 x 0.11 mm3
0 range for data collection 2.9995 to 32.0746°
lndexranges -145h514,-145k$14,-1651516Reflections collected 14670
Independent reflections 6350 [R(int) = 0.0423]
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 6350/ 0 / 487Goodness~of-fit on F2 1.110
Final R indices [I>2o(l)] R1 = 0.0565, wR2 = 0.1341
R indices (all data) R1 = 0.0773, wR2 = 0.1425

'@Q('>U"Q>

4.3. Results and discussion

The analytical data of the complexes are presented in Table 4.3. The

elemental analyses data are consistent with the general empirical formula ML; for

11 and 18, [M(HL)2] for 12, MLB for the 13, 14, 15 ‘and 16 and [M;L2B] for the

compound 17, where M is the nickel atom, L is the doubly deprotonated

thiosemicarbazone ligand and B are the heterocyclic bases viz, py, phen and on/B/"y

pic. All the nickel complexes are brown or reddish brown colored, which are

common to the complexes involving thiosemicarbazone coordination, resulting
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from the sulfur to metal charge transfer bands [8, 9]. The complexes are soluble in

DMF, CHCI3 and DMSO.

Table 4.3. Analytical data

csmpousa color i1qy(B-M) Anal: Found (Calcd.i)i%

__C -­ N

|NiL‘?1(i1>* 2”
lNi(HI3)2] <12)

mifipyi <13)

[NiL2a-pic] (14)

[NiL2B-pic] (15)

[uiify-pic]-H20 (16)

iNi2L22Phen] (17)

[W21 (18)
[NiL4py] (19)

[NiL47-pic] (20)

brown
brown

reddish
brown
reddish
brown
reddish
brown
reddish
brown
brown
brown
reddish
brown

reddish
brown

diamagnetic
diamagnetic

diamagnetic

diamagnetic

diamagnetic

diamagnetic

2.25

diamagnetic
diamagnetic

diamagnetic

s7.30(ss.04)
s5.9(ss.30)

55.20(55.23)

56.21(56.23)

56.09(s6.23)

54.1 1(53.90)

56.32(56.63)
56.09(56.34)
s3.12(53.02)

s4.02(s4.16)

6.s3(6.26)
6.36(5.93)

s.35(5.37)

5.63(5.66)

6.12(5.66)

6.02(5.s9)

5.29(4.99)
6.62(6.30)
4.57(4.71)

5.70(5.05)

14.2s(14.s0)
14.04(13.74)

13.55(13.56)

13.11(13.12)

13.04(13.12)

12.59(12.5s)

13.16(13.64)
13.01(13.14)
14.42(14.55)

14.16(14.04)

Magnetic susceptibility measurements at 293 K suggest that all the

compounds except 17 are diamagnetic. The diamagnetism of the Ni(ll) complex is

strong evidence that coordination occurs through the thiolato sulfur atom and not

through the thioether sulfur, since thiols but not thioethers cause spin pairing in

complexes of Ni(ll). lts diamagnetism and the presence of a single band at 600 nm

in its electronic spectrum suggest that it has a square planar structure [10]. The

magnetic susceptibility of 17 is 2.25 B.M, which is lower than that found for

octahedral Ni(ll) complexes (2.94—3.04 B.M). Some of the magnetic moments may

be cancelled due to low spin Ni(ll) coordination in the binuclear complex.
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4.3.1. Crystal structures of the compounds [NiL2py], [NiL2a-pic] and [NiL2fi-pic]

The molecular structures of [NiL2py] (13), [NiL2ot-pic] (14) and [NiL2[3-pic]

(15) along with atom labeling schemes are shown in Figures 4.1, 4.2 and 4.3, and

selected bond lengths and bond angles are summarized in Table 4.4. The ligand

H2]./2 gets double deprotonated to behave as ONS tridentate, coordinating via its

phenolato oxygen, azomethine nitrogen and thiolate sulfur atom of the deprotonated

form after thiol formation giving a distorted square planar geometry around the

nickel atom. The fourth coordination site is occupied by the nitrogen atom from the

heterocyclic bases. The E configuration of the thiosemicarbazone chain about

C7-N1 bond retains to facilitate the coordination of the thiolate sulfur to Ni in all

of the three complexes. This reveals that no rotation has occurred about the

azomethine bond for coordination. The coordination results one five membered

and one six membered chelate rings in all the three complexes.

The compound l3 crystallized with two monomers per asymmetric unit into

orthorhombic crystal system. The two molecules in the asymmetric unit are almost

identical. So the discussion can be limited to one of the molecule. The Ni(lI) ion is

found to be displaced by 0.0022 A from the plane constituted by the atoms O1, N1,

S1, N4 with the maximum least square plane deviation at N4 by 0.010(3) A. The

thiosemicarbazonato moiety, C7—Nl—N2—C8—Sl—N3, also is almost planar has a

maximum least square plane deviation of 0.037(4) A and is at an angle of 2.86(6)°

to the plane of the four donor atoms, while the phenyl ring has an angle of 6._29(10)°

to the donor plane of the compound 13 indicating that the thiosemicarbazone

moieties are close to coplanar with the nickel’s coordination plane. Ring puckering

analysis and least-square plane calculations show that the Cg(5) ring comprising of

N3, C9, C10, C11, C12, C13 and C14 and Cg(l0) ring comprising atoms
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N7, C28, C29, C30, C31, C32 and C33 adopts chair conformation [QT = 0.696(6)

A, Cg(5) and QT = 0.650(6) A, Cg(l0)].

C23

cg‘/\¢¥c22cz  1 3
czs “>21cu

cakgfcas fie‘.

O33 C2

°3 ca:Oil O C3
C13' ca ,\c1 - '°“ 3 c4* C1 O5_ N2O11 - 3
c1 0 °'

Figure 4.1. Structure and labeling diagram of the compound 13

The bond angles, O1—Ni1—N1 [96.l6(l2)°], O1-Nil—N4 [85.35(ll)°] and

Nl—Nil—Sl [87.08(l0)°] also reveal the distortion of the square planes comprising

of Nil, O1, S1, N1 and N4. The dihedral angle formed by the least square planes

Cg(l) comprising atoms [Nil, S1, N1, N2, C8] and Cg(2) comprising atoms

[Nil, O1, N1, Cl, C6, C7] is 3.47(l2)°. The C7—Nl bond distance observed at

1.305(4) A lengthens compared to the corresponding C7—Nl [1.269(3) A] bond

distance in the ligand. The delocalization of electron density from the coordinating

nitrogen onto the central metal atom gives rise to an elongated N l—N2 bond length

[1.406(3) A] compared to the uncomplexed thiosemicarbazone [1.356(3) A]. Also,

C7-Nl—N2 bond angle decreased considerably compared to the ligand H2L'. The
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loss of the proton bound to N2 in HZLI produces a negative charge, which is

delocalized on the N1-N2—C8 system. This is indicated by the lengthening of the

bond C8—Sl, 1.753(4) A compared to the value of 1.684(3) A in the ligand. This

thiolate formation is also supported by the decrease in bond length of N2—C8,

1.304(4) A from the value of 1.362(3) A found in uncomplexed thiosemicarbazone.

The bond angles Ol—Nil—N4 [85.35(11)°] and Sl—Nil—Nl [87.08(l0)°] are also

analogous, as expected on the basis of the similar square planar nature for all

complexes. Coordination of O1 results in O1—Cl decreasing by approximately

0.04-0.05 A.

The compound 14 crystallized with only one monomer per asymmetric unit

into monoclinic crystal system. The bond angles N1—Nil—O1 [96.5(2)°],

Ol—Nil—N4 [87.56(l9)°] and N1—Nil-S1 [86.77(19)°] reveal the distortion of the

square planar geometry. The dihedral angle fonned by the least square planes

Cg(l) comprising atoms [Nil, S1, N1, N2, C8] and Cg(2) comprising atoms [Ni1,

O1, N1, C1, C6, C7] is 0.6(2)°. Similar to compound 13, the C7—Nl bond length

increases compared to the ligand. Thus on complexation, the azomethine C=N

bond lengthens, because of coordination of the azomethine nitrogen. Coordination

lengthens the thiosemicarbazone moiety’s C8—Sl bond length to 1.759(6) A and

shortens the N2—C(8) to 1.302(7) A.

The maximum deviation from the least square coordination planes around

the Ni(II) ion is —0.026(5) A at N1 for compound 14. The thiosemicarbazonato

moiety, C7—Nl—N2—C8—Sl—N3, is almost planar with a maximum mean deviation

of 0.029(8) A for N2 and are at an angle of l.46(8)° to the plane of the four donor

atoms, while the dihedral angle formed by the phenyl ring is 1.95° to the donor

plane. The hexamethyleneiminyl ring adopts chair conformation [QT = 0.7269 A].
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Figure 4.2. Structure and labeling diagram of the compound 14

In compound 15, the asymmetric unit contains only one molecule and is

having a triclinic crystal system. In this complex also the environment around the

Ni(ll) ion is distorted square planar which is evident from the bond angles given in

Table 4.4. The dihedral angles formed by the least square planes Cg(1) and Cg(2)

is 2.ll°. This supports the distorted square planar conformation for these

complexes where greater distortion is observed for compound 13. This small

deviation from coplanarity would certainly not hinder the delocalization of

electrons in the coordination sphere, and the stability of the complex is sustained.

The increase in bond length of C7—Nl to 1.305(4) A, confirms the coordination of

azomethine nitrogen. Similar to compounds 13 and 14, there occurs elongation of

the C8—Sl and compression of the N2—C8 bond length. The Ni(II) ion is found to

be displaced by —0.007(2) A from the plane constituting atoms N1, S1, O1, N4

with a maximum least square plane deviation at O1 by 0.045(2) A. The dihedral

angle formed by the thiosemicarbazonato moiety with the plane containing

coordinating atoms is 3. 14° while the phenyl ring has an angle of 4.38° to the donor

plane indicating that the thiosemicarbazone moieties are close to coplanar with the
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nickel’s coordination plane. The bond lengths and bond angles indicates

distortion from the square planar geometry.

- &;17C 1 . ié Z7T: C20_-I‘GT i'O1I
N4
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T‘-h_ _ N1 _‘ M y1:11 . .a N2 c ~ 8Q;-' ¢ ' 66co E  =O10 OI C4' 5

Figure 4.3. Structure and labeling diagram of the compound 15

Ring puckering and least square plane calculations indicates that the

hexamethyleneiminyl ring adopts chair conformation [QT = 0.7957 A]. The

adjacent molecules are packed in an opposite manner within the unit cell.

The Ni—NaZ0m¢thi,,e bond lengths are shorter compared to Ni—Nbase bond

lengths, indicating the greater strength of former bonds compared to the latter in all

the three complexes. The Ol—Nil—Nl bond angles are slightly greater compared to

similar Ni(II) ONS donor complexes of [Ni(PTSC)(PPh3), 95.32(9)°] and

[Ni(PTSC)(PPh3)].CHC|3, 95.4(l)°] [ll] and Nl—Nil—Sl bond angles are

comparable. Nl—Nil—Sl bond angles are greater compared to [Ni(Et-fbt);,

85.35(ll)], [Ni(fbt)2, 84.90(lO)] [12] and [Ni(NQTS)2]-2DMS() 8l.47(l6)] [13].

The C—Na,o bond length is shorter compared to other C—Npy bond lengths in the

complexes. This indicates that the bonding is dominated by thiosemicarbazone

moiety.
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In compound 13, the adjacent molecules are arranged in an offset mamier

within the unit cell when viewed along the a axis, as seen in Figure 4.4, as a result

of diverse rr—rr stacking, CH. . .1: and hydrogen bonding interactions (Table 4.5).
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Figure 4.4. Unit cell packing diagram of the compound 13

The molecules of 14 are COl1l1€Cl;6d by various hydrogen bonding

interactions and are packed in the lattice in an offset manner (Figure 4.5). Though

1:-rr interactions exist in the lattice of this compound, they are observed at distances

greater than 4.0 A also no effective CH...rr interactions (Table 4.6). The adjacent

molecules are arranged in an opposite direction within the unit cell.

In compound 15, the assemblage of molecules in the respective manner in

the unit cell (Figure 4.6) is resulted by the diverse rr—rr stacking, CH. . .1r, hydrogen

bonding and ring-metal interactions are depicted in Table 4.7. Short ring-metal

interaction of the chelate ring Cg(l) is observed at a distance of 3.994 A from the
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Ni centre. These interactions point out the possibility for metalloaromaticity, a

classic concept recently reviewed by Masui [14].
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Figure 4.5. Unit cell packing diagram of the compound 14
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Table 4.4. Selected bond lengths (A) and bond angles (°) for 13, 14 and 15

13
Bond lengths (A)
Ni 1-01
Ni 1—Nl

Nil—N4
Ni PS 1
Ni2—O2

Ni2—N5

Ni2—N8

Ni2—S2

S1-C8
S2—C27

N l—C7

N 1-N2
N2—C8

N3—C8

N4-C19
N4—C l 5

N5—C26

N5—N6

N6—C27

N7—C27

N8—C34

N8—C38

Bond angles
O1—Nil—Nl

O1—Ni1-N4
N1-Ni1—N4
O 1 —Ni 1—Sl

N 1 —Ni1-S1

N4—Ni1—Sl

O2—Ni2—N5

O2—Ni2—N8

N5—Ni2—N8

O2—Ni2-S2
N5—Ni2-S2
'N8—1~112—s2

C 8—S l—Ni1

C27—S2—Ni2

C7-N 1 —N2

N2—N1—Nil

C26-N5—N6
C26-N5—Ni2
C26—N5—N6

1.837(2)
1.848(3)
1.907(3)

:z.134(11)
1.848(2)
1.859(3)
1.925(3)

2.132(1 1)
1.753(4)
1.752(4)
1.305(4)
1.406(3)
1.304(4)
1.350(4)
1.326(4)
1.327(4)
1.302(4)
1.400(4)
1.293(4)
1.357(4)
1.340(4)
1.343(4)

(°)
96.56(12)
85.35(11)
177.87(12)
176.35(8)
87.08(10)
91.01(8)
95.75(12)
86.96(11)
177.26(14)
176.83(8)
87.15(1 1)
90.16(9)

96.57(13)
96.11(16)
113.3(3)
122.8(2)
113.6(3)
124.0(3)
1 136(3)

514

1.859(4)
1.847(5)
1.906(4)
2.151(2)

1.759(6)

1.320(7)
1.393(6)
1.302(7)
1.362(7)

1.388
1.392

96.5(2)
87.56(19)
174.4(2)

176.71(14)
86.77(19)
89.17(15)

958(3)

112.4(5)
123.8(4)

15
1.845(2)
1.85 1 (3)

1.915(3)
2.131(10)

1.750(3)

1.305(4)
1.397(4)
1.313(5)
1.353(5)
1.337(5)
1.343(4)

96.83(1 1)
86.28(11)
175.49(11)
175.24(8)
8739(9)
89.64(9)

96.44(12)

113.1(3)
122.6(2)



Table 4.5. Interaction parameters of the compound 13

1!-1'! interactions

Nickel(II) complexes

C8(l%R9s(1)---C80) C8-C8 (A) uh B.

08(1) [1] -> C8(9)”
C80) [1] -> C8(9)“
C813) 111 -> C8181’

@8181 111 -> C8131’

68(9) [1] -> C80)‘
Cg(9) [1] -> cg(2)° , W 3.6244 6.74 H 24.30

3.7468
3.6244
3.8557
3.8557
3.7468

3.28
6.74
17.19
17.19
3.28

25.77
24.05
27.64
12.31
22.53

_ Equivalent position eode: a= 1/2-x, ‘/§+y, z; b= 1/2+x, )7, l/2-2; c= 1/2—x,—1/2+y, 2
Cg(l)= Nil, Sl, C8, N2, N1; Cg(2) =Nil, O1, C1, C6, C7, N1; Cg(3)= N4, C15, C16, C17, C18,
C19; Cg(8)= N8, C34, C35, C36, C37, C38; Cg(9)== C20, C21, C22, C23, C24, C25
CH- 1r interactions

x-11(1);--~cg(J)   ._Cg (A) X-H...Cg (°) 2g. . .Cg (A)C17—H17 [1] -i> cg(6)“ ' 144 7
C18-H18 [1] -> cg(1)"
C35—H35 [1] -> cg(9)”

C37-H37 [1] -> cg(4)“

2.69
2.69
2.67
2.90

139
153

141

3.4857
3.4420
3.5223
3.6669

Equivalent position code: a- , "
Cg(1)= Nil , S1, C8, N2, N1; Cg(4)= Cl, C2, C3,C4, C5, C6; Cg(6)= N12, S2, C27, N6, N5; Cg(9)=
C20, C21, C22, C23, C24, C25
H-bonding

1/2+x y, 1/2-2

_* D—H...A W D...H (A) 11...,/§._(A) D---AU‘) ._P‘H- - -AC’)
‘C15-H15..T.o(2)”
C16-H16....O(2)“
C3—H3....N7b
C17-Hl7....
C18-H18....
C18-H] 8..
C36—H36..

C19—H19..

N5°
N1“

N2°
01°
N2°

0.930
0.930
0.930
0.930
0.930
0.930
0.930
0.930

2.967(2)
2.827(2)
2.895(3)
2.755(3)
2.962(3)
2.859(3)
2.863(2)
2.699(3)

3.539(5)
3.460(5)
3.589(5)
3.530(6)
3.445(5)
3.424(5)
3.723(5)
3.358(5)

121 .23(25)
126.33(26)
132.41,(26)
141.42(29)
113.90(27)
120.36(28)
154.33(25)
128.52(24)

D=cion0r, A=acceptor, 13c]uiva1ent position code: a="1t, y, z; b= x, 1/2—y, 1/2-1821;?
c= 1/2+x, +y, —z+1/2+1
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Table 4.6. Interaction parameters of the compound 14

11- 1: interactions

C8(I)—R@$(1)-~-08(1) -1 08-68(6), 9° _ B”Cg(1) [1] -> cg(4)“ 4.0511 3.48 28.16Cg(4) [1] -> cg(1)" 4.0511 3.48 31.41
CEquiva1ent position code: 21-? -19/i2+x, 1/2-y, 2; b= 1/2+x, 1/2-y, 2999*?
Cg(1)= Nil, S1, C8, N2, N1; Cg(4)= C1, Cl, C2, C3, C4, C5, C6
H-bonding

D-H...A D...H (A)7 H...A(151) D.-.A (A) D-H...A (°)
C014-111413.

C14-I-114A.
C17-H17...
c18-1118...

...s1“ 0.970 2.517(2)

...N2*’ 0.970 2.867(6)

.142“ 0.930 2.858(5)

.01“ 0.930 2.732(5)

3.021(8) 112.25(47)
3.540(11) 127.27(48)
3.771(7) 167.25(27)
3.596(9) 154.94(47)

i D=donor, A
d= x—1/2, -y-1/2, +2

Table 4.7. Interaction parameters of the compound 15

r|:- 1: interactions

acceptor, Equivalent position code: a= x, y, 2; b= x-1/2, -y+l/2, +2; c= x, y-1, 2;

Cg(l)-Res(1 1--@8111 ‘  cg-cgA<A1 A G0 . 5° ..-_
Cg(1)[l]-> Cg(1)a 3.7819
Cg(1) [1] -> Cg(2)° 3.6927
Cg(2) [1] ~> cg(1)“ 3.6927
Cg(3) [1] -> cg(3)‘" 3.9463

0.00
2.11
2.11
0.02

26.39
21.69
22.65
23.88

Equivalent position code: a= -x, 1-y, 2-2; b= 1-x,  2-2
Cg(l)= Nil, S1, C8, N2, N1; Cg(2)= Nil, O1, C1, C6, C7, N1; Cg(3)= N4, C15, C16, C17, C18,
C19
CH- 71’ interactions

X-H(1)---~Cg(J) H. . .Cg (A) X-I-1. . .Cg (°) X. . .Cg (A)
c14-1114.4 [1] -> cg(4)" 2.81 147 3.6597

“C18 1118[1}->cg(2Y” A  2.95 137 A 3.6826
‘Equivalent position ¢6<1@;a= -x, 1-y, 2-2; b= -xi,-y,2-2 A W  A 99 fi
Cg(4)= C1,

H-bonding

C2, C3,C4, C5, C6

D-H...A D...H (A) 11.../1 (A) D...A (A) D-H...A (0)
C15-Hl5....N2“ 0.930 2.979(1) 3.832(1)
C9-H9A....O1“ 0.970 2.865 3.420(1)c19-1119....o1*’ 0.970 2.772 3.466

153.25(2)
1 17.35(2)

132.19(2)
CD=doni0r, A-acceptor, Equivalent position code: ;5= -x+2, —y+ 1, -2; ib­ _*+2, __y+2, -2
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4.3.2. Crystal structure of the compound [Ni2L22phen}

The molecular structure of the compound along with atom numbering

scheme is given in Figure 4.7 and selected bond lengths and bond angles are

summarized in Table 4.8. In this complex, nickel centers adopt two different

coordination environments. Nil adopts octahedral geometry defined by the

tridentate ON S donor dianionic ligand, neutral bidentate phenanthroline ligand and

one of the oxygen O2 coordinated to a second nickel centre, which bridge to

occupy the sixth coordination site. The Ni—O, Ni-N and Ni—S bond lengths

[Nil—Ol, 2.006(3); Nil-O2, 2.236(3); Ni1—N1, 2.214(4); Ni1—N2, 2.082(4);

Nil—N3, 2.006(4); Nil-S1, 2.388(l3)] are in agreement with those found in the

related Ni(1I) complex [15, 16]. The Nil-O1 bond length is shorter than Nil—O2

indicates that the phenoxy oxygen O1 coordinates more strongly to the Nil center

than the bridging phenoxy oxygen O2. Ni2—Sl distance is shorter compared to

Nil—Sl, indicating that the bridging Sl atom is near to the Ni2 atom in this

complex, whereas the bridging O2 atom is at a greater distance from the Nil atom.

The high spin nature of Nil is nicely reflected by its comparatively long bond

distances to O1, S1 and N3. For example, the “intramolecular” distance Nil—S1

[2.3876(l3)131] even exceeds the ‘intermolecular’ distance Ni2—Sl [2.2424(13)/K].

These values are in agreement with the trimeric nickel thiosemicarbazone complex

[17] but compared to the previous reports [17, 18], the complex shows

paramagnetism lower than that found for octahedral complexes. The
paramagnetism may be due to the presence of phenanthroline coligand present in

the molecule. Nil—O2 distance is larger compared to the previous binuclear Ni(II)

complexes [18, 19].
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Figure 4.7. Structure and labeling diagram of the compound 17

The planes defined by atoms Nil—O2—Ni2 and Nil—Sl—Ni2 intersect at an

angle of l56.54(l0)°. This structural feature is due to the greater steric effect

between the phenyl rings of the monomeric subunit bound to Nil, sp3 like character

of O2 and S1 and also due to the coordination of the bulkier phenanthroline

coligand. The C=N bond distances in the complex are observed to be at 1.300(6) A

and compared to the ligand [20], the bond distance of C=N lengthens. Thus on

complexation the azomethine C=N bond lengthens, because of coordination of the

azomethine nitrogen. The delocalization of electron density from the coordinating

nitrogen onto the central metal atom gives rise to an elongated N—N bond length

[N3—N4 = 1.404(5) A, and N6—N7 = 1.411(5) A, and 1.356(3)/31 for compound and

HZLI] compared to the uncomplexed thiosemicarbazone. The loss of protons bound

to N4 and N7 in the ligand produces a negative charge, which is delocalized on the

N3—N4—C2O and N6-N7—C34 system. This is indicated by the lengthening of the
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bond C-S, 1.801(5) [C20—S1] and 1.773(4) A [C34—S2] in the complex, compared

to the value of 1.684(3) A seen in the thiosemicarbazone ligand. The C20—S1 bond

length is larger and almost equal to the C—S single bond length. This is due to the

bridging nature of the S1 atom compared to S2. This thiolate formation is also

supported by the decrease in bond length of N4—C20, 1.308(6) A and N7-C34,

1.307(6) A in the Ni(Il) binuclear complex, from the value of 1.362(3) A of the

thiosemicarbazone. The Ni—Nb,py,idyi bonds are longer than Ni—NaZOmeihim bonds,

denoting the strength of the azomethine nitrogen coordination. The N—N—C bond

angle of the ligand (H2132) [Nl—N2-C8, 119.3(3)°] is reduced by few degrees

[N3—N4—C20, l 15.8(4)° and N6—N7—C34, 1l2.7(4)°] on complex formation. These

changes are directly due to coordination of the ligand to the Ni(11) moiety when it

becomes a delocalized system. The bond angles O1—Ni1-S1 = 174.51(l0)° and

O1—Ni1—N2 = 88.05(14)° indicate distortion from octahedral geometry. The Ni2

adopts a square-planar geometry in which coordination occurs through

deprotonated ligand and the fourth position by bridging sulfur S1. The Ni2

deviates from the basal plane N6—O2—S2-S1 by 0.056(7) A. The Ni2—S2 bond

length is 2.1520(14) A, which is slightly shorter than Ni2—S1 suggests the

weakening of sulfur bridging. The O2~Ni2—S2 bond angle in [Ni2L22phen],

l74.88(l 1)° is a measure of distortion from regular stereochemistry for complexes

with tridentate thiosemicarbazonato ligands. These angles are comparable to

[Ni(Ap4DM)]2, 174.3(l)° [17], [Ni(DMAp4DM)]2, 173.5(1)°, 173.1(1)° [21] found

for nickel(II) complexes with ONS tridentate thiosemicarbazones.

The distance between the Ni—N i atoms in the complex is 3.247 A, which is

greater than the 2.721(1) A found for [Ni(Ap4DM)]2 [19], 2.728(1) A found for

[Ni(5Map4DM)]2 [21] and 2.729 A found for [Ni(tmtssA)]2 [19]. The four

membered metal chelate ring Cg(1) [Nil-S1—Ni2—O2] having maximum deviation

of 0.451(3) A at O2. This indicates large tetrahedral distortion in this complex.
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Table 4.8. Selected bond lengths (A) and bond angles (°) of 17

Nil—N3
1911- 01
Nil-N2
Ni1—Nl
Nil—O2
Nil—Sl
Ni2—N6
N12-O2
Ni2—S2

Ni2-S1
c20—s1
(:34-s2

2.006(4)
2.006(3)
2.082(4)
2.124(4)
2.236(3)

2.3876(13)
1.882(4)
1.910(3)

2.1520(14)
2.2424(13)

1.801(5)
1.773(4)

C 1 9—N 3

N3"N4
C2O—N4

C20-N5
C26—N5

C21 "N5
C33-N6
N6—N7

C34-N7
O l —C 1 3

O2—C27

\_1"'>-ix .,/'  ( ‘_...‘..  4

Bond lengths (A)   ~j.;;'__ 1. ~:\
1.300(6). 1_gT..?' ‘
1.404(5)
1.308(6)
1.371(6).
1.468(7)
1.482(7)
1.300(6)
1.411(5)
1.307(6)
1.302(6)
1.343(5)

Bond angles (°)
N3—Ni1—O1 ‘
1\13- 1~111—1~12

Ol—Nil—N2
1\13-1911-111

O1-Ni1—Nl
N2—Nil—Nl
N3—Nil—O2

Ol—Nil—O2
N2—Nil—O2
Nl—Ni1—O2

N3—Nil—S1

o1-N11-s1
N2—Ni1—Sl

Nl~Nil—S1
O2-Ni1—S1
N6—Ni2—O2

N6-Ni2—S2
N6—Ni2—S2

O2—Ni2—S2

91.91(14)
173.28(14)
88.05(14)
93.93(15)
92.47(13)
79.36(14)
95.32(13)
100.59(12)
91.29(13)
163.70(13)
83.62(11)
174.51(10)
96.77(11)
91.03(10)
76.73(9)
95.80(15)
87.18(13)

.87.18(13)
174.88(11)

N6-Ni2—Sl
O2—Ni2—Sl

S2—Ni2—Sl

Ni2—S1—C20

Ni1—S1-C20
Nil—S1—Ni2

Ni2-S2—C34
Cl9—N3~N4
Cl 9—N3—Ni l

N4—N3-Nil
N3—N4—C20

C33-N6—N7
C33—N6—Ni2

N7-N6—Ni2
N6—N7—C34

C 1 3—O l —Nil

C2"/—O2-Ni2
C27-O2—Nil
Ni2—O2—Nil

176.54(13)
87.14(9)
8974(5)

105.64(15)
93.78(16)
8902(5)

96.49(17)
113.4(4)
123.7(3)
122.1(3)
115.8(4)
113.3(4)
124.6(3)
122.0(3)
112.7(4)
126.8(3)
125.9(3)
130.7(3)

102.86(13)

v­

1'

The molecules are packed in an opposite manner within the unit cell when

viewed along the a axis (Figure 4.8). The assemblage of molecules in the

respective manner within the unit cell is resulted by the diverse 7r—7r stacking,

CH. . .7: and ring metal interactions included in Table 4.9. The metal chelate ring

Cg(2) comprising atoms Nil, Sl, C20, N4 and N3 is involved in 7r—7c interactions
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Nickel(II) complexes

with metal chelate ring Cg(6) comprising of atoms Ni2, O2, C27, C32, C33 and N6

of the neighbouring unit with an average distance of 3.9967 A. In addition to this,

the CH...rr interactions of the bipyridyl and phenyl hydrogens with the metal

chelate rings of the neighbouring molecules and also other CH...rr interactions

contribute to the stability of the unit cell packing. Ring- metal interaction of the

chelate ring Cg(1l) is at a distance of 3.969 A from the nickel centre in the packed

molecules. These interactions point out the possibility for metalloaromaticity, a

classic concept recently reviewed by Masui [14].
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Figure 4.8. Unit cell packing diagram of the compound 17
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Table 4.9. Interaction parameters of the compound 17

n- at interactions

08(1)-R¢S(l)'"Cg(J) C8-"Cg (A) ab 60
C612) 111 -> <Ig(6r
C616) 111 -> C801)"
08(7) [1] -> C8(7)°
96(7) 111 -> Cg(9>°
96(9) 111 -> 08(7)“
C6111) 111 -> Cg<6)"

3.9967
3.4932
3.7002
3.7934
3.7934
3.4932

73.81
4.42
0.00
1.29
1.29
4.42

30.66

25.03

27.77
10.29

Equivalent position code‘ a. - x, y, 2; b= —x, 1-y, -2; c= l—x, -y, l—z
Cg(2)= Nil, S1, C20, N4, N3; Cg(6)= Ni2, O2, C27, C32, C33, N6; Cg(7)= N1, C1, C2, C3, C4
C5; Cg(9)= C4, C5, C12, C8, C7, C6; Cg(l1)= C27, C28, C29, C30, C31, C32
CH— 1r interactions

“X-11(1)~~--cg(J)  3 H...cg (A) X—H...Cg (°) X...Cg (A)
C6—H6[ 1] -> cg(10)“
c9-119] 1] -> Cg(4)b
Cl l—H1 1[ 1] -> Cg(6)°
C25-H25A[ 1] -> Cg(7)d
C25—H25A[ 1] -> cg(9)“
c28-1~128[ 1] -> cg(5)°

C36-H36A[ 1] ->_cg(8)“

2.53
2.68
2.99
2.77
2.98
2.65

2._96

172

167
142
156

143

148
155

3.4513
3.5895
3.7657
3.6795
3.8031
3.4753
3.8633

Equivalent position code: a— 1—x, 1 z; b— ' ' d 1

l~l—bonding

—y, — - —x, 1-y, 1-2, c= x, y, 2, =-x, —y, -2; e=-l+x, y, 2
Cg(4)= Ni2, S2, C34, N7, N6; Cg(5)= Nil, O1, C13, C18, C19, N3; Cg(6)= Ni2, O2, C27, C32,
C33, N6; Cg(7)= N1, C1, C2, C3, C4, C5; Cg(8)== N2, C11, C10, C9, C8, C12; Cg(9)= C4, C5 C12,
C8, C7, C6; and Cg(10)= C13, C14, C15, C16, C17, C18

D—H...A D...I-I (A) .- E-~-A (4). D...A (A) D—H...A()
Cl—H1...N3“

c11-1~111...o2='

C25—-H25B. . .s1"

C26—H26B...S2“

c28-1128.201“
C3—H3...Ol"

C9—H9...S2°

C7—H7. . .N7°

C30-—H30...N5"

C31—H31 . . .144“

C37-H37A...01°

0.930(6)

0.930(5)
0.970(8)

0.970(6)
0.930(4)
0.930(4)
0.930(7)

0.930(6)
0.930(5)
0.930(4)
0.970(8)

2.765(3)

2.678(4)

2.931(1)
2.763(1)

2.377(3)

2.860(4)
2.947(2)
2.612(5)
2.829(4)
2.931(4)

2.878(3)

3.255(6)”

3.224(8)
3.457(8)

3.705(6)
3.126(5)
3.675(6)
3.798(7)

3.487(8)
3.574(6)
3.757(6)
3.656(8)

1713.99

118.26

115.16

164.02

137.52

146.98

152.66

157.02

137.86

148.67

137.95

=D=don0r,
d= —x, —y+l, —z; e= x—1, y, 2

A—acceptor, Equivalent position code: a= 11, y, Z; b= —x+1,-y, —z+l; 0= —x, §y+1, —2+l
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4.3.3. IR spectra

The characteristic IR bands (50—4000 ehr‘) for the four free ligands differ

from those of their complexes and provide significant indications regarding the

bonding sites ofthe ligands. IR spectral assignments of the ligands and the

complexes are listed in Table 4.10. A medium band in the range
3070-3160 cm'1 in the free ligands due to the v(2NH) vibration disappeared in the

spectra of complexes providing strong evidence for ligand coordination around the

Ni(Il) ion in its deprotonated form.

The IR spectra of the ligands HQLZ and HZL4 exhibit an intermolecular

hydrogen bonded \/(OH) vibrations at 3315 [20] and 3232 cm'1 respectively, which

disappeared in the spectra of complexes having ON S donor ligands (except in 12).

It is further corroborated with the decrease in frequency of 60-80 cm" for v(CO) as

well as an appearance of a band at 410-430 cm" region due to a \/(Ni-O) stretch in

the spectra of complexes [22]. It indicates coordination via phenolic oxygen. It

means that in complex 12, the phenolic group of the ligand is not coordinated to the

metal. On coordination of azomethine nitrogen, v(C=N,,Z0) shifts to lower

wavenumbers by l0-20 cm'1, as the band shifts from ~ l6l3 cm‘l in the

uncomplexed thiosemicarbazone to ~ 1596 cm‘! in the spectra of complexes.

Coordination of azomethine nitrogen is confinned with the presence of new band in

the range 450—490 cm'l, assignable to v(Ni—N) for these complexes [23, 24]. The

v(N-N) of the thiosemicarbazone is found in the 10354066 em‘ fangfi. 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 bands in the ranges I310-1340 and 820-865 cm" due to thioamide
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stretching and bending vibrations, respectively, of the free ligands are shifted to

lower values, indicating coordination of the thiolate sulfur to the Ni(II) ion. This

decrease in frequency can be attributed to a change of bond order and strong

electron delocalization upon chelation [25]. This negative shift of v(CS) in the

complexes is already indicated by Campbell [26]. Coordination via thiolato sulfur

is confirmed with the presence of new band in the range 320-350 cm'1, assignable

to v(Ni—S) for these complexes [27, 28]. In all the Ni(Il) complexes, another strong

band is found in the range 1530-1550 cm", which may be due to the newly formed

v(C=2N) bond as a result of enolization. The IR spectra of the complexes 13, 14,

15, 16, 17, 19 and 20 display bands characteristics of coordinated heterocyclic

bases [29].

IR spectra of the complexes 12, 13, 14 and 17 are presented in Figures 4.9-4. 12
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4. 3. 4. ‘H NMR Spectra

‘H NMR spectra of the thiosemicarbazones are already discussed in Chapter

2. ‘H NMR spectral assignments of HQL2 and its Ni(lI) complexes 12, 15 and 16

are given in Table 4.11. The signals for ZNH are absent from the spectra of these

complexes as expected and the phenolic OH is absent in the spectra of complexes

15 and 16, because of their loss on complex formation, which is an evidence for the

coordination of the ligand as doubly deprotonated anion. The spectra of the

complexes 12, 15 and 16 show sharp singlets which integrates as one hydrogen at

5=7.44, 7.84 and 7.83 ppm respectively, corresponds to 7CH= present in the

thiosemicarbazone moiety. Complex 12 shows a peak at 6=12.5l ppm due to the

presence of the uncoordinated hydroxyl group. The more downfield shift of OH

protons compared to the uncomplexed thiosemicarbazone may be due to the overall

loss of electron density and hydrogen bonding interactions. A small downfield shift

occurs to aliphatic protons in complexes due to the overall loss of electron density.

‘H NMR spectrum of 12 shows a multiplet, which integrates as two hydrogens at 5

~ 6.82 ppm is assigned to the protons attached to the 3C and 5 C of the phenyl ring.

4CH and 6CH protons of the phenyl ring appear at 8=7.l3 and 7.31 ppm

respectively.

In complex 15, the aromatic protons 6CH and 3CH resonate as doublets at

5=7.53 and 6.81 ppm and 5 CH proton appears as triplet at 5=6.58 ppm respectively.

The spectrum shows a multiplet, which integrates as three hydrogens at 8 ~ 7.16

ppm corresponds to 4CH and the base protons H2’ and H3’. The base protons Hrand

H4’ integrates as two hydrogens at 6 ~ 8.68 ppm. The downfield shift of these

protons is the result of the withdrawal of electron density from the
thiosemicarbazone moiety and the heterocyclic base, due to coordination with the

metal atom [30]. Methyl protons resonate as a singlet at 6=2.37 ppm
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In complex 16, the protons of the aromatic ring 3 CH and 5 CH appear at 6.81

and 6.58 ppm respectively. The spectrum shows a multiplet which integrates as

four hydrogens at 5 ~ 7.15 ppm corresponds to 4CH, 6CH and the base protons H2,

and H2”. The upfield shift of these base protons may be due to the presence of

electron releasing methyl group present in the pyridine ring. The heterocyclic base

protons (HP and Hl") resonate as doublet, which integrates as two hydrogens, at

5=8.66 ppm. Methyl protons appears as a singlet at 6=2.38 ppm.

‘H NMR spectra of the compounds 12, 15 and 16 are given in Figures 4.13-4.15.

Table 4.11. 'H NMR (CDCI3) assignments of ligand HZLZ and its Ni(Il) complexes (5 in ppm)

Aromatic Protons

Compound 6 4 3 5 7 a b cOH H Ph H Ph H Ph H Ph CH= CH2 CH2 C H2

H2L2 1 1.3
[Ni(HL2)2] (12) 12.51

[NiL2l?>-pic] (15)
[NiL2'y-pic]'H2O (16)

7.09

7.31

7.53

7.l5

6.97

7.13

7.16

7.15

6.80

6.82

6.81

6.81

6.67

6.82

6.58

6.58

7.99

7.45

7.84

7.83

3.63

3.67

3.64

3.61

1.66

1.79

1.75

1.74

1.42

1.56

1.56

1.55
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Figure 4.13. ‘H NMR spectrum of [Ni(_HL2)2] (12)
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4.3. 5. Electronic spectra

The electronic spectral assignments of the ligands and their complexes are

given in Table 4.12. Each thiosemicarbazone and its nickel(II) complex shows a

ring 7c—>7r* band in the range 35000-37000 cm" and an n—+1t* band in the range

28000-32000 cm'l, involving transitions within the thiosemicarbazone moiety

[mainly, C(7)=N(l) and C(8)§S groups] [31]. These bands are slightly shifted upon

complexation. The shift of the 7:-+rc* bands to longer wavelength region in

complexes is the result of the C=S bond being weakened and the conjugation

system enhanced on complexation [32, 33]. The n—~>7r* bands in the complex have

shown a blue shift due to donation of lone pair of electrons to the metal and hence

the coordination of azomethine with a reduction of intensity [32].

In the case of complexes having ONS donor ligands, the shift of two ligand

to metal charge transfer bands are observed in the 25000-28000 cm" and
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23000-24500 cm_] ranges. In most of the dianionic complexes, LMCT maxima of

the phenolate complexes show line broadening with a tail running into the visible

part of the spectrum. This may result from a phenolate to Ni(II) LMCT band being

superimposed on the low energy side of S—+Ni(II) LMCT. Each complex has a

broad d—d combination band that appears as a shoulder on the intraligand and

charge-transfer bands. For a square planar complex, these transitions can be

assigned to 'Eg<~——lA1g, 'A;g<—'A1g and lB1g<——1Ag in the order of decreasing

energy [34]. These nickel complexes show a trend of increasing size of the N(4)­

substituent and lower energy of the d—d band maximum, presumably due to

weakening of the coordinate bonding with increased bulkiness of the ligands. The

absence of bands below 10000 cm'l confirms the square planar nature of the

complexes.

Representative spectra of the complexes 16, 19 and 20 are presented in Figure 4.16.
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Table 4.12. Electronic spectral assignments (cm' ) of the ligands and its Ni(11) complexes

Compound n-n* an-n* 1 1 LMCT 11 d-d

HL'

1NiL‘21 (11)

HZLZ

[Ni(HL2)2] 12

[NiL2py] 13

[NiL2a-pic] 14

[NiL2[3-pic] 15

[NiL2y-pic]'HgO 16

[Ni2L22phen] 17

HL3

[NiL32] 18

HZL‘

[NiL4py] 19

[NiL4y-pic] 20

36900

36500

36110

35340

34840

35420

35570

35580

35580

35340

35210

36490

36020

36230

28250

29940

29500

30210

30400

30920,33000

30940,32690

30960,33330

31250

31150

30120

30210

32680

30210,33780

26740

26190

26450

23640,26700

238l0,26880

23980,26740

23010,26810

27470

23790,26040

23980,26380

17610

17240

16980

17060

17270

17070

16530

17730

0----_

18480

18520
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CHAPTER_ L  FIVE
Synthesis and spectral studies of Co(III) complexes of
salicylaldehyde N(4)-ring incorporated
thiosemicarbazones: crystal structure of a sulfenato
complex

5.1. Introduction

Cobalt compounds have been used for centuries to impart a rich blue color

to glass, glazes, and ceramics. lt is a hard, lustrous, silver-gray metal and is

ferromagnetic. Cobalt-60, an artificial isotope, is an important qr ray source, and is

extensively used as a tracer and a radiotherapeutic agent. Single compact sources

of 60Co are readily available. Cobalt salts in small amounts are essential to many

life forms, including humans. It is at the core of a vitamin called vitamin-B12.

Cobalt was announced to be an element by Georg Brandt about 1739 (or possibly

1735). He had been trying to demonstrate that the blue color of glass was because

of a new element, cobalt, rather than bismuth, an element often found in the same

locations as cobalt.

Cobalt(lIl) complexes derived from symmetrical and unsymmetrical schiff

bases have also attracted considerable attention in the past for their relevance as

biologically active compounds [1, 2]. Many model complexes of cobalt in both +2

and +3 oxidation states have been prepared and investigated, which emphasis on

the reactivity of the metal ions in the trans methylation reaction and reversible

absorption of molecular oxygen [3, 4].

Controlled oxidation of thiols which are coordinated to cobalt(III) leads to

coordinated, S-bonded sulfenic acids. Since the resultant sulfenato complexes are
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considerably more stable than the corresponding free sulfenic acid ligands, these

complexes provide a means of investigating the chemistry of sulfenic acids. The

nucleophilicity of coordinated sulfur seems to be very important in governing the

chemistry and reactivity of sulfur-containing complexes [5, 6, 7, 8], just as the

nucleophilicity of noncoordinated sulfiir molecules is crucial to the chemistry and

reactivity of these species.

This chapter deals with the synthesis, structural and spectral characterization

of Co(llI) complexes with different N(4)-ring incorporated thiosemicarbazone

ligands. The structure of one of the compounds has been solved by single crystal

X-ray crystallography.

5.2. Experimental

5.2.1. Materials

The syntheses of ligands are discussed in Chapter 2. The Co(ll) acetate

tetrahydrate (BDH), sodium azide (Merck), potassium thiocyanate and heterocyclic

bases, viz, 2,2’-bipyridine (Central drug house) and l,l0-phenanthroline (Ranbaxy

fine chemicals) were of reagent grade and were used as such. The reagents used

were of Analar grade and used without further purification.

5.2.2. Synthesis of the complexes

[C0L2phenNCS]-0.5H2O (21): The HZLZ (0.5 mmol, 0.138 g) was dissolved in

methanol, to which was added 1,10-phenanthroline (0.5 mmol, 0.099 g) in the solid

form. The mixture was slightly warmed to ensure complete dissolution of the

ligands. To the above mixture was added methanolic solution of Co(OAc);;-4H;O

(0.5 mmol, 0.124 g) with stirring. When a deep brown solution resulted, solid

potassium thiocyanate (0.75 mmol, 0.728 g) was added. Stirring was continued for
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about an hour. The product forrned was filtered, washed with ethanol and ether and

dried in vacuo over P4O10.

[C0L4bipyN3]-CH3OH (z2)= Co(OAc)2-4H2O (0.5 mmol, 0.124 g) dissolved in

methanol was added to hot methanolic solution of HQL4 (0.5 mmol, 0.124 g) and

2,2’-bipyridine (0.5 mmol, 0.078 g) and stirred for 15 minutes. Solid sodium azide

(0.75 mmol, 0.048 g) was then added to the resulting solution followed by a further

stirring of 2-3 h. The brown colored complex formed was filtered, washed with

ethanol and ether and dried in vacuo over P4010.

[CoL4bipyNCS]-H20 (23): To a solution of HQL4 (0.5 mmol, 0.124 g) in methanol,

2,2’-bipyridine (0.5 mmol, 0.078 g) in the solid form was added. The mixture was

slightly warmed to ensure complete dissolution of the ligands. Methanolic solution

of C0(OAc)2~4H2O (0.5 mmol, 0.124 g) was then added to the above mixture with

stirring. To the resulting solution, solid potassium thiocyanate (0.75 mmol,

0.728 g) was added and stirring was continued for about an hour. A brown colored

product formed was filtered, washed with ethanol and ether and dried in vacuo over

P4010.

[Co(L4O)phenN3] (24): To a solution of HZL4 (0.5 mmol, 0.124 g) and 1,10­

phenanthroline (0.5 mmol, 0.099 g) in methanol, C0(OAc)2~4H2O (0.5 mmol,

0.124 g) dissolved in methanol was added with stirring. To the resulting brown

colored solution, solid sodium azide was added and further stirred for 3-4 h. The

product was then concentrated on a water bath and cooled at room temperature,

filtered and kept overnight. Brown shining crystals separated out, which was

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

[CoL4phenNCS]'l.5H;O (25): Solutions of 1121.“ (0.5 mmol, 0.124 g) and 1,10­

phenanthroline (0.5 mmol, 0.099 g) in methanol were mixed and to this was added

methanolic solution of Co(OAc)2'4H;1O (0.5 mmol, 0.124 g) with stirring. The
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stirring was continued for about 20 minutes. When a deep brown solution resulted,

solid potassium thiocyanate (0.75 mmol, 0.728 g) was added. Stirring was

continued for about an hour. A brown colored complex formed was filtered,

washed with ethanol and ether and dried in vacuo over P4010.

5.2.3. Physical measurements

Details regarding physical measurements are presented in Chapter 3.

5.2.4. X-ray crystallography

X-ray quality single crystals of the complex 24 were obtained from its

solution in methanol by slow evaporation over a period of 10 days. Brown crystal

of the compound 24 having approximate dimensions of 0.33 x 0.28 x 0.21 mm3 was

selected. The compound was diffracted by C1ysAlis CCD, Oxford Diffraction Ltd,

with graphite-monochromated Mo Kot (7t=0.7l073 A) radiation. The trial structure

was solved using SHELXS-97 [9] and refinement was carried out by full-matrix

least squares on F2 (SHELXL) [9]. The graphical tool used was DIAMOND

(version 3.1d) [10], PLATON [1 l] and MERCURY. All non-hydrogen atoms were

refined anisotropically and hydrogen atoms were geometrically fixed at calculated

positions. The crystallographic data and structure refinement parameters for the

complex 24 are given in Table 5.1.
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Table5.l. Crystal data and experimental parameters of compound 24

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)
Crystal size
9 range for data collection
lndex ranges

Reflections collected

Independent reflections
Refinement method

Data / restraints/parameters
Goodness-of-fit on F2

Final R indices [l>2o(l)]
R indices (all data)
Largest diff. peak and hole

C24 H22 CO N3 O28
528.47

100(2) K
0.71073 131

Monoclinic

P2]/n
a =10.4512(12)A

= 18.877(4)/X
= 11.9526(12)A
= 90°

= 90.858(9)°
7 = 90°
2357.8(0) A’
4

‘CDQQCT

1.537 g/cm3
0.857 mm"
1124
0.33 X 0.28 >1 0.21 mm3
3.3610 25.000
-12 5 11 5 12,
-22 5 1< $22,
-14 $15 14
20583

4100 11111111) = 0.0555]
Full-matrix on F2
4100 / 0 / 325
1.070

R1 = 0.0392,wR2 = 0.1110
R1 = 0.0403, WR2 = 0.1162
0.440 and -0.391 e A‘

5.3. Results and discussion

The analytical data of the complexes are presented in Table 5.2. The Co(II)

ion undergoes oxidation in the presence of methanol or chloroform unlike in

ethanol [12]. All the complexes are brown in color. HQL2 was found to give the
4

products more easily, while compounds of H2L gave crystalline products on

keeping. The elemental analyses data are consistent with the general empirical

fomiula [MLBX] for all the complexes except 24, where X are coligands like N3
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and NCS groups, and M is the cobalt metal atom, L is the doubly deprotonated

thiosemicarbazone ligand and B are the heterocyclic bases viz, bipy and phen.

Compounds 21-25 were prepared by a mathematical displacement of the acetate

anion of the cobalt acetate by the addition of 0.75 mmol of the KSCN or NaN3 to

the reaction mixture of the principal ligand, cobalt acetate and heterocyclic base. In

complex 24, during the course of the synthetic reaction, the thiosemicarbazone may

undergoes oxidation at the sulfur center whereby it is converted into sulfenate, and

the transformed thiosemicarbazone is coordinated to cobalt as a dianionic tridentate

ONS donor. The rate of oxidation of a coordinated thiol is relatively insensitive to

the nature of the thiolate complex (thiolate chelate ring size or steric requirements,

ancillary ligands, etc.). However, the rate of oxidation of a coordinated sulfur atom

is very sensitive to the steric requirements of the sulfur atom, two coordinate sulfur

being oxidized more than 103 times faster than three coordinate sulfur. Thus the

sulfenato complex formed is stable. The oxidation at sulfur depends on the

nucleophilicity of the sulfur atom and it is assumed that there is at least some

11:—baclc bonding character in the M—S bond. Since cobalt(lll) has six tzg electrons,

metal to sulfur 1:-bonding places more electron density on the sulfur atom

coordinated to cobalt(lll) and consequently causes this species to be the more

effective nucleophile [13]. One molecule of 1,10-phenanthroline and one molecule

of azide are also coordinated to cobalt(Ill). It is notable that azido coordination is

unidentate and non-bridging where in most of the reported cases it is bridging [14].

Caution! Azide complexes of metals with organic ligands are potentially

explosive and should be handled with care.
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Table 5.2. Analytical data

M Compound it  Anal:WFound (Calcd.)%

.  C H _ . __ N
[CoL2pihenNCS]-0.5H2iO (21)

[CoL4bipyN3]-CH3OH (22)

[CoL4bipyNCS]-H20 (23)

[Co(L4O)phenN3] (24)

[CoL4phenNCS]'l.5H2O (25)

55.99(55.v6)

51.67(51.49)

s1.17(51.30)

53.50(52.94)

52.24(52.53)

4.37(4.51)

4.94(4.70)

4.25(4.30)

4.13(3.s9)

4.05(4.23)

i.-4-_ _

14.5s(14.45)

20.91(20.s9)

15.s1(15.61)

20.s5(20.5s)

15.57(14.9s)

_C0baIt(III) complexes

Magnetic susceptibility measurements at 293 K suggest that the compounds

are diamagnetic indicating the oxidation of cobalt(11) to cobalt(II1) and hence

corresponds to all ion in a strong field.

5.3.1. Crystal structure of the compound [Co(L4O)phenN3]

The molecular structure of [Co(L4O)phenN3] (24) along with atom labeling

scheme is shown in Figure 5.1 and selected bond lengths and bond angles are

summarized in Table 5.3. Dark brown X-ray quality single crystals of the

compound 24 were grown by slow evaporation of its solution in methanol. Earlier

reports have shown that controlled oxidation of thiols which are coordinated to

coba1t(1II) gave sulfenato complexes [6, 15-17]. The salient structural

characteristic of the compound is that the coordinated sulfur atom is bonded to one

and only one, oxygen atom. This conclusively establishes that the isolated complex

does indeed contain a coordinated sulfenic acid, and thus oxidation of the

[COL4ph6nN3] occurs without disruption of the primary coordination sphere of the

cobalt center. The oxidized tridentate ligand provides one azomethine nitrogen, a

sulfur from the sulfenato group and phenolic oxygen, while two nitrogens from the

phenanthroline and terminal azide group complete the coordination geometry.
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Figure 5.1. Structure and labeling diagram of the compound 24

The molecular structure of the compound was found to be distorted

octahedral, fully expected from the known structures of the analogous thiolate [18],

sulfenato [5] and sulfinato [14] complexes. The bond angles N6—Co1—N4

[l73.4l(lO)°] and N5—Col-N4 [83.56(l0)°] define largest distortion of the

geometry. Figure 5.1 shows that the L40 ligand is functioning as an ONS donor

ligand like the parent HZL4 and it is coordinated in a meridonal arrangement along

with phen and terminal azido group. This coordination results in two five

membered and one six membered rings in this complex. The bond angles indicate 2

distorted octahedral geometry in this complex. The azido group is coordinated tc

metal as a terminal ligand with a bond distance of 1.942(3) A (Col—N6). This

value is comparable with that of bipyridine analog of thiosemicarbazone and

phenanthroline analog of semicarbazone reported elsewhere [18, 19]. The sulfenatc

sulfur atom is three coordinated (the cobalt atom, the carbon atom of the chelatc

ring and the oxygen atom) in an approximately tetrahedral (counting the sulfur lone

pair of electrons as occupying the fourth site) configuration.
12¢
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The Co—S bond length in the compound [2.l952(8) A] is significantly

shorter than the analogous thiolate {[CoL4bipyN3]; 2.2126(7) A [18] and

[(en)2CoSCH;CH2NH2)]2+; 2.226(2) A [5]} and greater than the sulfinato

[(en);CoS(O)2CH2NH2)]2+; 2.191(2) A] [5] cobalt complexes. The Co—S bond

length is shorter compared to that for [(en)2CoS(O)CH2NH2)]2+; 2.253(1) A] [5].

This means that the 1|:- bonding in the cobalt(IlI) system increases the bond order of

the cobalt-sulfur linkage. The S-0 bond length in 24 [l.49l(3) A] is longer than

the S-0 bond lengths observed in sulfinato complex
[(en)2C0S(O)2CH2CH2NH2)]2+; l.456(4)—l.476(4) A] [5] but shorter compared to

sulfenato complex reported earlier [(en)2CoS(O)CH2CH2NH2)]2+ 1.552(3) A [5].

The oxidation state three of cobalt is shown by its coordination bond lengths Co—S,

Co—N(mm¢thin¢) and Co—Oph¢m,|i¢ (Table 5.3) which are in the expected ranges of

2.201—2.230, 1.882—l.901, 1.866—1.9373 A respectively. The coordination

lengthens the oxidized thiosemicarbazone moiety’s C8—S1 bond (1.8l1(3)°) and

shortens C8—N2 bond (1.298(3) A) compared to salicylaldehyde with a seven

membered ring rather than five in the present case [salicylaldehyde
3—hexamethyleiminyl thiosemicarbazone C8—S1= 1.684(3) A, C8—N2= 1.362(3) A]

[20]. Strong coordination of azomethine nitrogen is indicated by much shorter

Co1—N1 (l.882(2) A) bond length.

In the cobalt-thiol system discussed here, two oxidation reactions occur in

the presence of air. The cobaltous ion is oxidized to the +3 state; the thiol is
oxidized to sulfenate.

The azide anions which are nearly linear [N6—N7—N8=l75.2(3)°] is

coordinated with a N7—N6—Col angle of l22.2(2)°. The N—N bond lengths in the

azide group are not equal. The longer N—N bonds involve the N atoms coordinated

to the metal centre [N6—N7 = 1.204(3) A, N7—N8 = 1.143(4) A] and these values

are comparable { 1 . 199(7) and 1 . 163(7) A respectively for
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Table 5.3. Selected bond lengths (A) and bond angles (°) for 24

Bond lengths (A)
Co1—Nl

Col—Ol

Col—N6

Col—N5

Col—N4

Col—Sl

S1—O2

N7—N8

1.882(2)

1.9373(19)

1.942(3)

1.947(2)

1.948(2)

2.1952(8)

1.491(3)

1.143(4)

Sl—C8

O1—Cl

Nl—C7

Nl—N2

N2—C8

N3—C8

N6—N7

1.81 1(3)

1.298(3)

1.292(3)

1.397(3)

1.298(3)

1.331(3)

1.204(3)

Bond angles (°)
Nl—Col—N6

Ol—Col—N6

Nl—Col—N5

Ol—Co—N5

N6—Col—N5

Nl—Co1—N4

O1—Col—N4

N6—Col-N4
N5—Col—N4

N1—Co1—Sl

Ol—Col—Sl
Col—Sl—O2

91.30(10)

92.05(1 1)

177.51(9)

8802(9)
90.81(10)

94.25(9)

90.98(10)

173.41(10)

83.56(10)

88.15(7)

176.60(6)

1 13.19(12)

N5—Col—Sl

N4—Co l—Sl

C8—S l—Col

C l—O l—Col

C7—N l—N2

C7—N l—Co1

N2—N l—Col

C8—N2—Nl

N7—N6—Col

N8—N7—N6

N2—Nl—Co1
C8—S l—O2

90.62(7)

8914(8)
93.54(9)

125.64(17)

1 13.9(2)

124.55(18)

121.51(16)

1 136(2)

122.2(2)

175.2(3)

121.51(16)

106.39(15)

mteractions depicted in Table 5.4.

Chapter 5

[CoLN3{o-(CH3C=O)C6H4O}] [2l]; 1.196(3) and 1.151(3) A respectively for

[CoL4b1pyN3] [18] and 1.214(6) and 1.147(7) A for [CoLphenN3] [19]} to the

corresponding values in other Co(IIl) azido complexes.

The molecules of 24 are packed in an ‘offset’ manner within the unit cell

(F1gure 5 2) The assemblage of molecules in the respective manner within the unit

cell IS resulted by the diverse 7r—7r stacking, CH and hydrogen bonding (Figure 5.3)
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Table 5.4. Interaction parameters of the compound 24

1r- 1: interactions

cg<1+R@s<1)-~-cgri) Cg~<1g (A1 <1" 7 B”
Cg(1) [1] -> cg(s)“ 3.8169 C C 84.04 28.65
Cg(3) [1] _> cg(7)" 3.9326 13.16 16.04
Cg(7) (11 -> Cg(3)° 3.9326 13.16 18.45
Eqtiivalent position code: a= x, y, z; b= 1723-‘x, l/27-937, -1/2+2; c= -1/2+x, 1/2—y, —l/2+izC C
Cg(l)= Col, S1, C8, N1, N2; Cg(3)= N3, C9, C10, Cll, C12; Cg(5)= N4, C13, C14, C15, C16,
C17; Cg(7)= Cl, C2, C3, C4, C5, C6

CH- 1: interactions

X—H(I)----Cg(]) H...Cg (A) X—H...Cg (°) X...Cg (A)_ Y—X (I)-~Cg(J)p __,_ _  pp p A A   pCl3—Hl3 [1] -> Cg(l)" 2.69 144 3.4857
N7—N8 [1] -> Cg(4)“ _p p 2.69 139 _ 3.4420
Equivalent position code: a= x, y, -2
Cg(4)= Col, O1, N1, Cl, C6, C7

H-bonding

W D-H...A W _D...pH(pA)  D...A (A) D-H...Am(5)i
C3—H3...N7° 0.930 2.620(2) 3.476(4)77 1 153.21(21)i C
C5-H5...O2b 0.930 2.498(3) 3.148(4) 127.15(18)
c4-_11,_4,,.o2" 0.930 2.64093)  3.208(4) 120.02(21)
D= donor, A= acceptor, (91;-flDihedral angle between planes l and J (°) C 1
[3 = Angle Cg(l)-->Cg(J) or Cg(l)-->Me vector and normal to plane I (°)
Equivalent position code: a= x—1/2, —y+l/2, +z+1/2; b= —x+l/2+1, y+1/2, —z+1/2
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5.3.2. IR spectra

Assignments of selected characteristic IR bands (4000-200 cm“) for the

free ligands (H213 and HZL4) and its cobalt(lll) complexes, compiled in Table 5.5,

indicate the bonding sites of the primary ligand molecule when complexed with the

cobalt(llI) ion. A medium band at 3050 cm'l (HZLZ) and 3072 em-‘ (H;L4) in the

free ligands due to the v(2Nl-I) vibration disappeared in the spectra of complexes

providing strong evidence for ligand coordination around the Co(lll) ion in its

deprotonated form.

IR spectra of H2L2 and HZL4 show broad bands at 3315 and 3232 cm'1,

respectively, due to intermolecular hydrogen bonded phenolic —OH groups. These

bands disappeared in the spectra of the complexes. lt is fLlI‘Il'1€I‘ corroborated with

the downward shift of 60-80 cm" for v(CO) as well as an appearance of a band at

510-565 cm‘; region due to a v(Co—O) band in the spectra of complexes resulting

from coordination of phenolic oxygen [18]. Absence of any bands in the 2800­

2550 cm'] region points towards the lack of -—SH stretching frequencies in the

molecule. It reveals the presence of only the thione tautomer in the solid state.

Compounds 21, 22, 23 and 25 show broad IR bands at ~ 3400 cm", which are due

to the 0-H stretching modes of uncoordinated water molecules.

The infrared spectrum of compound 24 exhibits an intense band which is

not present in the spectra of corresponding thiolate complexes. This band is

therefore assigned as arising from the expected sulfur-oxygen stretch of the

S—bonded sulfenato moiety. The frequency observed for this band is 997 cm‘! is in

agreement with the frequencies reported earlier
{[(en);>Co(S(O)CH;CH2NH2)](SCN)2, 986cm_‘[l8];
[(en)2Co(S(O)CH2CH;NH2)](NO3)2, 993 em"‘ [I8];
[(en)2Co(S(O)CH;CH2NH;)](NO3)(ClO4), 998 cnfl [l8];
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[(en)2Co(S(O)CH2CH(COOH)NH2)]I2, 953 cm_' [16]} for the S-bonded sulfenato

moiety.

Negative shift of bands assigned to v(C=Nm) of the free ligands at

~ 1615 cm'1 to 1592~l597 cm'1 in its complexes, is consistent with coordination of

azomethine nitrogen to the central cobalt(IIl) ion; the bands at 460-473 cm"! in the

complexes are then assigned to v(Co—N) [18, 22-26]. The v(N—N) of the

thiosemicarbazone is found at ~ 1035 cm"' region. The increase in frequency of this

band in the spectra of complexes is due to the increase in bond strength, again

confirmed the coordination via the azomethine nitrogen.

The presence of the azide group in the coordination sphere is evidenced

from the very strong and sharp absorption peak at ~ 2020 cm"1. The azido group is

bound to cobalt as a terminal one is indicated by a strong absorption at 2030 cm”

characteristic of a terminal azido group [21, 26]. The slight lowering in values is

assumed to the result of its coordination to the metal [27]. ln the thiocyanato

complexes, the very strong band observed at ~ 2090 cm'] corresponds to v(C=N) of

NCS [21]. Bands at ~ 714 em" is assigned to 5(1\1cs). These facts indicate that

thiocyanate group is N-coordinated to Co(lll) [18], since the characteristic bands

formed due to sulfur coordination are observed at ~ 2150 cm'1 [27].

In the uncomplexed thiosemicarbazones, strong bands at 1324, 861 cm"

(HZL2) and 1338, 839 enr‘ (HQL4) due to thioamide stretching and bending

vibrations, respectively, are shifted to lower frequencies in the ranges

12704290 and 750-soo enr‘. This negative shift of the v(C=S) band in the

complexes are indicated by the coordination via the thiolato sulfur atom. In all the

Co(Ill) complexes, another strong band is found in the range 1530-1550 cm",

which may be due to the newly formed v(C=2N) bond as a result of enolization.

Strong bands observed in the 340-353 cm" region have been assigned to the
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v(Co—S) band [23]. The IR spectra of the complexes display bands characteristics

of coordinated heterocyclic bases [18].

IR spectra of the complexes 21-24 are presented in Figures 5.4-5.7.
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Figure 5.4. IR spectrum of the compound [CoL2phenNCS]-0.5H;O (21)
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5.3.3. Electronic spectra

The electronic spectral assignments of the ligands and their complexes are

given in Table 5.6. Both the thiosemicarbazones and their cobalt(llI.) complexes

show a ring 7: —> 75* band in the range 35500-36500 cm'1 and an n -—> 1t* band in

the range 29500-34000 cm'1 (involving transitions within the thiosemicarbazone

moiety mainly, C(7)=N(l), C(8)—S groups), is of reduced intensity in the spectra of

the complexes [28]. In the case of complexes having ON S donor ligands, the shift

of two ligand to metal charge transfer bands are found in the 24500~28000 and

2300t»24000 cm r‘ ranges. The higher energy band is assigned to s->ch(n)
transitions.

The electronic spectra of spin paired trivalent cobalt complexes of

approximate 0;, symmetry have the following assignments of d—d bands: two spin

allowed transitions at relatively low energy, 'T1g<—'Arg, 'T2g<—]A|g. There are

additional spin-forbidden transitions 3T]g<__]A]g and 3T2g<—'A1g at higher energies

and these are usually complicated by the overlap of intraligand and charge transfer

transitions [18]. In all the complexes, only one broad band is observed for the d-d

band.

Representative spectra of the complexes 23, 24 and 25 are presented in

Figure 5.8.
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1

Table 5.6. Electronic spectral assignments (cm' ) of the ligands and its Co(_ I11) complexes

Compound H-fl* n-ni LMCT d-(1

HQLZ

[CoL2phenNCS]-0.5H2O (21)

H21.‘

[C0L4bipyN3]-CH3OH (22)

[CoL4bipyNCS]-H20 (23)

[Co(L4O)phenN3] (24)

[C0L4p1'|enNCS 1- 1 51120 (25)

36110

36010

36490

35620

36310

36110

36100

29500

30250

30210

30940

33220

33780

30480

26190

23510,25880

23360,24510

23040,24880

23250,24690

17360

16390

17250

17510

16180

Based on the elemental analyses and spectral studies following tentative structures

were assigned for the complexes (Figure 5.9).

jin­\\
-i-—.\,T,\~/ ° 3/S__,

Compounds 22, 23 and 25 (B = bipy

J\ f

Co

0/ s‘ £3

Compound 21

\>- +94\"'w2/ ><

phen; X = N3, NCS)

Figure 5.9. Tentative structures of the complexes
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CHAPTERg _ SIX
Synthesis, spectral and structural studies of Zn(Il)
complexes of salicylaldehyde N(4)-ring incorporated
thiosemicarbazones

6.1. Introduction

Zinc occurs in the ea1th’s crust to the extent of 132 ppm by weight. It is the

twenty-fourth most abundant element. Zinc atom has an important role in several

enzymes, both as metallo-enzyme and enzyme-activator, as well as filling a

structural role [1]. Zinc(lI)- sulfur interactions are of great interest in biochemical

systems, due to the presence of sulfur at the active sites of several enzymes,

vitamins and proteins [2]. Biologically it is the second most important transition

metal. Its most vital function may be concerned with the synthesis of DNA and

RNA. Zinc deficiency leads to impaired DNA synthesis, delayed wound healing

and decrease in collagen synthesis [3]. Z-inc is a critical component of more than

300 proteins including farnesyltransferase, matrix metalloproteinases and

endostatin that are involved in the front-line cancer research, and a host of proteins

termed zinc fingers that mediate protein-protein and protein-nucleic acid

interactions. Thiosemicarbazones usually react as ligands with metal cations by

bonding through the sulfur and the azomethine nitrogen atoms, although in some

cases they behave as terdentate ligands bonded through the sulfiir and azomethine

nitrogen and another donor atom (O or N) [4-9].

Zinc element has a dmsz electronic arrangement and they typically fonn M2+

ion. However, many of their compounds are appreciably covalent. The most stable

oxidation state of Zn is +2. The Zn(ll) complex of thiosemicarbazones can exist
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both in a monomeric solvated 4-coordinate form and as a phenolic oxygen bridged

dimer. They have tetrahedral, square pyramidal, trigonal bipyramidal and

octahedral geometries.

This chapter describes the synthesis and characterization of ten Zn(II)

complexes of salicylaldehyde N(4)-ring incorporated thiosemicarbazones using

infrared, electronic and 1H NMR studies. The structure of one of the compound has

been solved by single crystal X-ray crystallography and was found to be distorted

tetrahedral in geometry.

6.2. Experimental

6.2.1. Materials

The syntheses of ligands are already discussed in Chapter 2.
Zn(OAc)2-2H2O (S.D.Fine chemicals), pyridine, a/7 picoline, 2,2’~bipyridine (bipy)

(Central drug house) and 1,10-phenanthroline (phen) (Ranbaxy fine chemicals)

were used. The reagents used were of Analar grade and used without further

purification.

6.2.2. Synthesis of the complexes

[Zn(HL2);] (26): This complex was synthesized by refluxing an ethanolic solution

of HQLZ (2 mmol, 0.554 g) with an ethanolic solution of Zn(OAc)2'2H;O (l mmol,

0.219 g) for 2 h. The yellow shining crystals formed was filtered, washed with

ethanol and finally with ether and dried over P4010171 vacuo.

[Znlfpy] (27): To a solution of HZLZ (1 mmol, 0.277 g) in hot ethanol was added

slight excess of heterocyclic base pyridine (3 mmol, 0.237 g) with constant stirring.

To this was added a hot ethanolic solution of Zn(OAc)2~2H2O (1 mmol, 0.219 g).

The solution was then refluxed for an hour. The yellow complex formed was

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

140



W ,_  1 ,1 0 ,1 1 in Zinc(H) complexes
[ZnL2o.-pic]-4H2O (2s)= Zn(0Ac)2-2H20 (1 mmol, 0.219 g) dissolved in ethanol

was added to a solution of H2L2 (1 mmol, 0.277 g) in hot ethanol and slight excess

of heterocyclic base (1—piC0lin6 (3 mmol, 0.279 g) with constant stirring. The

solution is then refluxed for 2 h. The yellow complex formed was filtered, washed

with ethanol and finally with ether and dried over P4010 in vacuo.

[ZnL2y-pic] (29); Solutions of HZL2 (1 mmol, 0.277 g) and slight excess of

heterocyclic base Y-picoline (3 mmol, 0.279 g) in ethanol were mixed and to this

was added a hot ethanolic solution of Zn(0Ac);-2.H20 (1 mmol, 0.219 g) and

refluxed for 30 minutes. The yellow colored product formed was filtered, washed

with ethanol and finally with ether and dried over P4010 in vacuo.

[ZnL2bipy] (30): The H21} (1 mmol, 0.277 g) was dissolved in ethanol, to which

was added an ethanolic solution of Zn(0Ac)2-2H20 (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 compound began to separate. This was filtered, washed with ethanol

and ether and dried in vacuo over P4010.

[ZnL2phen]~H;0 (31): An ethanolic solution of ZH(0AC)2'2H2O (l mmol, 0.219 g)

was added to a solution of HZLZ (1 mmol, 0.277 g) in hot ethanol with stirring. To

this was added 1,10-phenanthroline (1 mmol, 0.198 g) in the solid form. The

stirring was continued for about 2 h, when yellow compound began to separate.

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

[Zn(HL4);] (32); Ethanolic solutions of the ligand HZL4 (2 mmol, 0.498 g) and

Zn(0Ac);-2H20 (1 mmol, 0.219 g) in 2:1 ratio was refluxed for 2 h. The yellow

complex formed was filtered, washed with ethanol and finally with ether and dried

over P4010 in vacuo.
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[ZnL4py]-3H2O (33); Zn(OAc);-2H2O (1 mmol, 0.219 g) dissolved in ethanol was

added to a hot ethanolic solution of HQL4 (1 mmol, 0.249 g) and slight excess of

heterocyclic base pyridine (3 mmol, 0.237 g) with constant stirring. The stirring

was then continued for 2-3 h. The product formed was filtered, washed with

ethanol and finally with ether and dried over P4010 in vacuo.

[ZnL4'y-pic] (34): Solutions of H;L4 (1 mmol, 0.249 g) and heterocyclic base "y­

picoline (3 mmol, 0.279 g) in ethanol were mixed and to this was added a hot

ethanolic solution of Zn(OAc)2-2H;O (1 mmol, 0.219 g). The solution was then

refluxed for 2 h. The yellow complex formed was filtered, washed with ethanol

and finally with ether and dried over P4010 in vacuo.

[ZIlL4bipy]'5H2O (35); An ethanolic solution of HQL4 (1 mmol, 0.249 g) was

mixed with an ethanolic solution of Zn(OAc)2-2H2O (l mmol, 0.219 g) and this

was followed by the addition of the base 2,2’-bipyridine (1 mmol, 0.156 g) in the

solid form. 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 P4010.

6.2.3. Physical measurements

Details regarding physical measurements are presented in Chapter 3. ‘H

NMR spectra were recorded on a Brucker AMX 300 in CDCI3 with TMS as internal

standard.

6.2.4. X-ray crystallography

The molecular structure of compound [Zn(HL2);] (26) was determined by

single crystal X-ray diffraction method. Intensity data and cell refinement

parameters were recorded at room temperature (293 K) on a Nonius, MACH3

diffractometer equipped with graphite monochromated Mo Ka (?.=0.7l073 A)

radiation. Crystallographic and experimental details for the structure are
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summarized in Table 6.1. The Maxus (Nonius software) were used for data

reduction [10]. Two atoms Cll and C12 in the ring containing N3 are disordered

as two carbons split over two sets of positions. Restraints were applied to assist the

geometry of the disordered atoms. The ratio of major to minor disorder component

is 56.8:43.2. The trial structure was solved using SHELXS-97 [l l] and refinement

was carried out by full- matrix least squares on F2 (SHELXL-97) [12]. The non­

hydrogen atoms were refined by anisotropic thermal parameters. All hydrogen

atoms were geometrically fixed and refined using riding model. The intensity data

were collected by the 0)-scan mode within l.59°<9<24.99° for hkl (-l25hSl2,

-l35k§l3, -153150) on a triclinic system. Molecular graphics employed were

DIAMOND version 3.10 [13] and PLATON [14].

Table 6.1. Crystal data and structure refinement parameters for 26

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected / unique
Completeness to 29
Absorption correction
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [l>2o(l)]
R indices (all data) _

C33 H36 N6 O2 S3 Z11
618.12

293(2) 1<
0.71073 A
Triclinic, P 1
11 = 10.3390(8) A or = 82.641(8)°
b = 11.0940(10) A /7 = 82.662(7)°
6 = 13.0270(14) A }/= 79.174(7)°
1447.3(2) A3
2, 1.418 g/cm}
1.030 mm"

648
0.30 >1 0.15 >1 0.15 mm’
1.5910 24.99°.

-12211512, -13 iké 13, -15 5150
5298/5053 [R(int) = 0.0260]
24.99 :6 99-2%
‘P-scan
0.8609 and 0.7476

Full-matrix least-squares on F2
5053 / 0 / 371
1.012

R, 1 0.0417, 0/R2 = 0.0891
13. = 0.1122, WR2 = 0.1049
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6.3. Results and discussion

The analytical data of all the complexes are listed in Table 6.2. All the

complexes except 26 and 32 were assigned the general formula MLB, where B are

heterocyclic bases, pyridine, a/y-picoline, 2,2’-bipyridine and 1,10-phenanthroline.

The analytical data indicate that the ligands behave as monoprotic (in complexes 26

and 32) as well as biprotic molecules (all complexes except 26 and 32) and forms

both bisligated [M(HL)2] and base adducts [MLB] with bivalent metal ions. As

expected, all the complexes are diamagnetic. The complexes 28, 30, 31, 33 and 35

contain uncoordinated water molecules also. Mononuclear Zn(Il) complexes are

formed in all the complexes. All the complexes are found to be diamagnetic as

expected due to the dw configuration of the metal ion.

Table 6.2. Analytical data

Compound color 2 TAnal;Found—(Calcd._i)% w M
‘T C Z ll T Tlil 2

[zo(Hl})2]*(2o) T 2 T yellow 54.27(54.4) s.9s(5.s7) l3.60(l3.60)
[ZnL2py] (27) yellow 54.23(54.35) 5.30(s.2s) l3.26(l3.34)
[ZnL2(1-pic]-4H2O (28) yellow 47.24(47.4s) o.39(o.37) 10.85(l 1.07)

[ZnL2y-pic] (29) yellow 54.so(55.3o) 5.7o(5.5s) l2.8l(l2.9l)
[ZnL2bipy]'3.5H2O (30) yellow 51.67(5l.47) 5."/7(5.7o) l2.54(12.51)

[ZnL2phen]'H;O (31) yellow 52.s7(5v.94) 5.27(s.05) l 3.43(12.99)

[Zn(HL4)2] (32) yellow 51.25(5l .29) 5.3s(5.02) l4.93(l4.95)
[ZnL4py]-3H2O (33) yellow 4s.75(4s.79) 5.os(5.43) l2.04(l2.57)
[ZnL4y-pic] (34) yellow 52.9s(s3.27) 4.o4(4.97) l3.67(13.8l)
[ZnL4bipy]'5H2O (35) yellow 47.l4(47.27) 5.l4(5.59) 13.2"/(12.53)
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6.3.1. Crystal structure of the compound [Zn(HL2);]

The molecular structure of the compound [Zn(HL2)2] (26) along with atom

numbering scheme is given in Figure 6.1 and selected bond lengths and bond

angles are summarized in Table 6.3. The ligands coordinate to the Zn(II) ion,

through azomethine nitrogen and thiolate sulfur atoms of the deprotonated form

after thiolation, to form a highly distorted tetrahedral geometry. The phenolic

group of the ligand is retained as such and is placed away from the metal centre.

This is because of the change of conformation of the ligand from E form to Z form

about the azomethine bond. The free ligand HZLZ in its solid form is in a position to

bond the metal in a tridentate ONS manner which we discussed in Chapter 2. The

conformation change of a ligand from bidentate to tridentate manner on

coordination is known, but this reverse case is seen for the first time for

thiosemicarbazone ligands in Zn(lI) complexes. However, a CSD search shows a

similar conformation in Zn(Il) hydrazones [15].

‘:162 T ’ * 913.. . 0: e10 611~ w "6 cu
625 '. r° 3 N0 if ' ca cu. 1:24 '_ m ‘

was N2 ~~ G14ozl >C7 Q3
Gll

L2

Q‘ 665
‘IO

Figure 6.1. Molecular structure of [Zn(HL2)2]. Minor disorder components at C l l/C12 removed

for clarity. Intramolecular hydrogen bonding interactions are shown as dashed lines
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The NS chelation results in two five membered planar rings Znl, N1, N2,

C8, S1 having a maximum deviation of —0.053(4) A for C8 and Znl, S2, N4, N5,

C22 with a maximum deviation of 0.002(3) A for N4. The dihedral angle between

these planar rings is 89.28(9)°. The smaller angles around Zn(ll) are 86.29(9)° for

N4—Znl-S2 and 86.57(10)° for Nl—Zn1—S1. These factors clearly point out the

rigidity of core thiosemicarbazone moiety even after coordination and the highly

distorted tetrahedral coordination. The other angles around zinc are in between

l10.90(l2)° and l34.39(5)°.

The Zn—N distances in the complex are smaller compared to
[Zn(Acehexim)2], {Zn-N12 2.044(9) and Zn—N22 2.068(10)/K} E16}9

:Zn(PzAm4M)2]‘2CH3CN], {Znl—Nl2 2.072(2) and Znl—N22 2.071(2) A} :17:;

[ZnL'2MeOH], {Zn—N3 2.114(2) A and Zn—Nl3 2.108(2)} 118;
':Zn(Am4m)(OAc)2]2], {Znl-N2 2.050(2) A and zni‘-N2‘ 2.227(2)} j19j;

1Zn(HAm4E)I2] {Zn—Nl2 2.120(7) A} [20] indicates stronger coordination of

azomethine nitrogen in compound 26 and the Zn—S distances are comparable. The

coordination results in the changes of bond lengths and angles of the

thiosemicarbazone moiety, as expected. The C—S bond length increases from

1.684(3) A to 1.744(4) and 1.749(4) A. Similarly C8—N2 {and C22—N5} suffers

significant decrease from 1.362(3) A seen in the free ligand. These changes

indicate the coordination of deprotonated sulfur after enolization. .The other bond

lengths and angles also suffer some changes, but not significantly. The chair

conformation of hexamethyleneiminyl rings are retained in this complex.
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Table 6.3. Selected bond lengths (A) and bond angles (0) 161 [zn(11L’)2] (26)

Bond lengths (A) Bond angles (°)

Zn1—Nl 2.026(3) Nl—Znl-N4 110.90(12)
Zn1—N4 2.040(3) Nl—Znl—S2 123.53(10)
Z111-s1 2.259703) 1944261-s2 86.29(9)
Znl—S2 2.2462(12) N1—Znl—Sl 86.57(10)
Cl—Nl 1.293(5) N4-Znl-S1 116.4000)
C15-N4 1.296(5) S2-Znl—Sl 134.39(5)
N l—N2

N4—N5

N2—C8

N5-C22
C8-—S1

C22~S2

1.385(4)
1.383(4)
1.332(5)
1.329(4)
1.744(4)
1.749(4)

C 1 5—N4~N5

Cl 5—N4~Znl
N 5-N-4—Znl

C l—Nl—N2

Cl—N 1-Znl
N2-N1—Zn 1

N 2—C8—N 3

N2-C8—S1
N3—C8—Sl

N5—C22—N6

N5-C22—S2
N6 C22--S2

119.6(3)
121.9(3)
118.5(2)
119.5(3)
122.2(3)
118.1(2)
117.2(3)
125.8(3)
117.0(3)
115.9(3)
126.3(3)
117 8(3

The intramolecular hydrogen bond O—H...NaZ0,nc,h;n¢ seen in the free ligand

is retained in the compound 26, but the O—H...S bond disappears. Relevant

hydrogen bonding interactions are given in Table 6.4. However no significant 71- rt

or C—H. . .7: interactions are found in the packing. In the unit cell, the molecules are

packed in a ‘face to face’ manner and the weak intermolecular hydrogen bond

Cl8—H18...O1 link the molecules into one-dimensional sheets along the c axis

(Figure 6.2). Intra and intermolecular hydrogen bonding interactions are shown in

Figure 6.3.
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Figure 6.2. Unit cell packing diagram of the compound 26 viewed along the c axis
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Figure 6.3. Intra and intennolecular hydrogen bonding interactions for 26
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Table 6.4. H-bonding interactions in compound 26

D—H...A D...H (A) H...A (A) D...A (A) D-H...A (°)
01-111o1...N1**  0.79(5) '2 2.57(5) 3.232(5) 143(4)
01-mo1...r\12“ 0.79(5) 177(5) 2.556(5) 174(5)
02411102. . .N4" 085(6) 2.54(6) 3.249(5) 142(6)
O2—H102...N5“ 0.85(6) 173(6) 2.568(5) 172(6)
Cl4~H14B...O1“ 0.97 2.44 3.207(6) 136
C23—H23B. . .025 0.97 2.57 3.081(6) 113
C9—H9A. . .s1“ 0.97 2.58 2.963(4) 104
C28—H28A. . .s2“ 0.97 2.42 2.977(4) 116
C18-H18_...o1° g 0.93  2.51 fl_ 3.365(6) _[ 153

D=don0r, A=acceptor, Equivalent position code: a x, y, z,“b=i x, +y, +2-l--1  if

6.3.2. IR spectra

The IR spectral bands are most useful for the determination of the mode of

coordination is given in Table 6.5. None of these compounds have any bands

between 2500-2800 cm" suggesting that the ligands are not in the thiol form either

before or after coordination. The bands corresponding to v(N—H) appear at

~ 3100 cm" for the ligands, disappeared in the spectra of all the complexes. The

band at ~ 1620 cm" due to v(C=N,,ZO) of the thiosemicarbazone moiety shifts to

~ 1590 cm] upon coordination [21]. This confirms the coordination via

azomethine nitrogen. Coordination of azomethine nitrogen is also consistent with

the presence of a band at ~ 405-420 cm], assignable to v(Zn—N) for these

complexes [22, 23]. A small shift in the absorption bands due to the v(N—N)

stretching vibrations from ~ 1030 cm'! to higher region is due to the increase in

double bond character off-setting the loss of electron density via donation to the

metal and is a confirmation of the coordination of the ligand through the

azomethine nitrogen atom [24]. Coordination via thiolate sulfur is indicated by a

decrease in the frequency of the thioamide band, which is partly v(C=S), and found

at 1330 and 850 cm" in the uncomplexed thiosemicarbazone by 20-100 cm" in the

complexes [25]. This decrease in stretching frequency of thiolate sulfur in the
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complexes is indicated by Campbell [26]. Another strong band is found in the

region of 1535-1545 cm" is due to the newly fonned v(C=2N) bond in the spectra

for these complexes. The bands at 325-360 cm" assignable to v(Zn—S) in the

complexes are consistent with sulfur coordination [22]. The new peaks observed in

the range 520—540 cm‘! are due to the Zn—O(phcnO1i¢) bond [27]. Except in

complexes 26 and 32, coordination via phenolic oxygen is indicated by a decrease

in frequency of the \/(CO), and found at 1271 cm'1 in the uncomplexed

thiosemicarbazone by 60-80 cm'1 in the spectra of complexes. ln complexes 26

and 32, the \/(CO) does not shift to much lower numbers indicating that the

coordination not occur through phenolic oxygen. Representative spectra of 26, 30

and 31 are given in Figures 6.4-6.6.

"ii it 1» ii
.q , I

ttance

60- i'1 '  L; ll40-»20  ; I

THUS Tl°/T

0_

1 + | - | ‘+**i- * | - | +*"‘ "i * 14000 3500 3000 2500 2000 1500 1000 500
Wavenumbcr (cmil)

Figure 6.4. IR spectrum of [Zn(HL2)2] (26)
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Figure 6.5. IR spectrum of [ZnL2bipy]-3.5H;O (30)
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Figure 6.6. IR spectrum of [Znlfphen]-H20 (31)

151



@©©“®NW_§©©“N@W_©V©“@m¢_©¢©“@@w_V©©r¢@w_¢@©_@Nw_%©©_©_V_@%©fiHN¢HXwfi©©@X@@@@@N@@§W@O@@@€@@¢@O@@§_Vw_¢ON?%@Q©®V@HW©_Ww_¢§H¢¢©¢I'lloa__©m__“®__x§N_XIN_ooN_@©N_X%___O__©@___©®__§N_%@§°%%N_@©Wfi@@@_@@§“§N@_@@§bxW@_@@%n%@TH@@§_§X@_@@§r@XN_@@W“%m®_%@§_@@N_@@§fi©§NHv@§fl@%N_fi©%‘¢N@H©@©_X%@fi©%©_¢§©_vm©_@@©_@%@_@@@_@@©_H@@fi§@©_W@©~@@@_@V@M>@@_o%@"llll§@@_vq@~Ov@_@¢@_©@@_@¢@Mo@@_@X@_@O©_®X@_@®©_@©@_w%@Ha%@__@@_N@@M@%@_N_©_Q6 ON§__§i§3 Fa|f_]_cN_Q O£@_£_1_§mg gEVcN_Hmany ON:_6__&N1_CNH:5 ON_*_:gEN1_CNHas E;N1_§Ag O£%EéN]_§AhNVfi%QmHqNQ3 HN§:VcN_WAJA2_%o§2_ 316% gig} 61% \%"wMmM\> 2'2: AzN“UV> E2“? _o___6%_8w®mMDOHO3UwUGNmw86_QEoO EVEN wt E8 wngws Us ‘Ho 8§§w§_w ggag HE; ATEOV $55 E _v88_Dw ‘W6 Q_p_:L“_:§D§:fiv



i H g W g g Zinc(II) complexes
6.3.3. Electronic spectra

The electronic absorption bands of the Zn(lI) complexes, recorded in DMF

solution, are given in Table 6.6 and representative spectra are in Figure 6.7. The

electronic spectra of the ligands recorded in DMF show bands at ~ 35000 and

31500 cm" assignable to rt-—>rt* transitions of the phenyl ring [28-30] and n-—>1t*

transitions of the azomethine and thioamide functions respectively [31, 32]. The

energy of these bands slightly shifted upon complexation. The shift of the rt-—>rr*

bands to longer wavelength region in complexes is the result of the C=S bond

being weakened and the conjugation system enhanced on complexation [33, 34].

The n—>rr* bands in the complexes have shown a blue shift due to donation of lone

pair of electrons to the metal and hence the coordination of azomethine with a

reduction of intensity.

A moderately intense broad band for the complex in the region 25000—

27000 cm" is assigned to Zn(II)~>S transitions. MLCT maxima of the phenolate

complexes show line broadening with a tail running into the visible part of the

spectrum. This may result from a Zn(_l.l) to phenolate MLCT band being

superimposed on the low energy side of Zn(II)—>S transitions [35]. Zn(II) to

phenolate absorption is not obtained in compounds 26 and 32. No appreciable

absorptions occurred above 500 nm in DMF solution indicating the absence of d—d

bands which is in accordance with the dw configuration of the Zn(II) ion.
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Table 6.6. Electronic spectral assignments (cm' ) of the ligands and its Zn(II) complexes

Cknnpound n-n* 8 - * M11 TI MLCT

I-IZLZ

[Z11(HL2)2] (26)

{znL2py1 <21)

[ZnL2a-pic]-4H;O (28)

[ZnL2y-pic] (29)

[ZnL2bipy]-3.5H2O (30)

[ZnL2phen]'H;O (31)

HZL4

1Zn<H1f)21 <32)

[ZnL4py]-3H2O (33)

[ZnL4)'-pic] (34)

[ZnL4bipy]'51-120 (35)

36110

35340

35580

36010

35580

35330

35560

36490

35460

36400

36100

36370

29500

30210

31750,30300

319s0,30350

31s50,30210

32150,30210

31s50,303s0

30210

3l850,30210

31850,30490

3l850,30210

32680,30030

25980

26740

25770

26530

25780

25380

25380

25840

25780

25130



_ H _  Zinc(II) complexes
2.5 ­

.\

2.0-‘

Abmrba cc

8

.­_

_A

Q
I

Mi

U.D ­

-.61

1.4­

'i
1.24

T

1.0

Absorbance

P $3O1 W_ I 1

aai

0.2
1

0.0 ­

2.5

2.0

1.5­

Absorbance

0.5 -‘r
I

O0

T ' I ' — ' I “ ‘ I I —ZUD 300 4B0 5UU 500

2.5? 20
20­

15­

Absorbance8 J

0.5

‘I  | - ~ I - 1 1
20

\

4­

:.o~'

o0_ 00

'0-1’ 1 cc’ **1—- -o o I | ' . c' * -1200 3(X) -{CK} 500 600
Wavelength {nm)

0 300 400 500 $00
Wavelength [um]

[Zn<HL2)21 <26) [Znfipn (21)
1.6­

1
1.4-;

11­

1.6

LO ­

H09Absorba

.¢=C
l_:

.0
cn

-I

' 4
0.4 —~

D.20.0-' _ _-. - _
-0-1 1 *1 - '— ~1—~ - - "“ |ZUU 300 400 500 GOD

Wavelength (nm)Wavelength (nm)

[ZnL2a-pic]-4H2O (28) [ZHLZY-Pic] (29)

­
\

1'

I

_1

Absorba mcc

.­

_L

¢
i_ I__

- {
iw“rwJ/// 057

i{ ""*l - 1 | 1"" - 1-" r - ‘I  |200 300 400 '§0U  300 CDO SQQ 600
W3V9|9"9lh ("Y") Wavelength {urn}

[ZnL2Ph@n1~H20 (31) [ZnL4py]-3H2O (33)

Figure 6.7. Electronic spectra of the compounds 26, 27, 28, 29, 31 and 33
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6.3.4. IH NMR spectra

Proton Magnetic Resonance spectroscopy is a helpful tool for the

identification of organic compounds in conjugation with other spectroscopic

informations. IH NMR spectra of HZL2 and HQL4 show sharp singlets, which

integrates as one hydrogen at 6 ~ 10.8 ppm (s, 1H) is assigned to the proton

attached to the oxygen atom. Absence of any coupling interactions by 2NH due to

the unavailability of protons on neighbouring atoms render singlet peak for the

imine proton at 6 ~ 8.7 ppm (s, IH). A sharp singlet at 6 ~ 8 ppm (s, lH)

corresponds to 7CH== proton. Aromatic protons 3 CH, 4CH, SCH and 6CH appear in

the range of 6.67—7.26 ppm. Aliphatic protons were observed as three signals at ~

3.36 (s, 4H), 1.66 (s, 4H) and 1.42 ppm (s, 4H) assigned to positions a, b and c

respectively. ‘H NMR assignments are in agreement with values already reported

[24,2s,29,36y

‘H NMR assignments for the ligands and its Zn(lI) complexes are included

in Table 6.7. The signals for phenolic OH (except in 26 and 32) and ZNH are

absent from the spectra of complexes as expected because of their loss on complex

formation, which is an evidence for the coordination of the ligand as doubly

deprotonated anion. This confirms the coordination through phenolic oxygen and

also via thiolate sulfur atom in those complexes. The 7CH= proton also shifted to

downfield region. This may be due to the loss of electron density via coordination

through azomethine nitrogen atom. Complexes 26 and 32 show peaks at 6 ~ 13

ppm due to the presence of uncoordinated hydroxyl group. The more downfield

shift of OH protons compared to uncomplexed thiosemicarbazone is due to overall

loss of electron density and intra and intermolecular hydrogen bonding interactions.

In compound 26, the downfield shift of OH proton is more compared to 32,

suggesting greater hydrogen bonding in compound 26. This is confirmed from

crystal structure of 26. There is downfield shifting of the signals for the ring
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protons in the spectra of complexes compared to the uncomplexed
thiosemicarbazones. This is due to the loss of electron density via coordination of

the ligand to the metal centre. More downfield shift for the ring protons for

compounds 26 and 32 may be due to the intra and intermolecular hydrogen bonding

interactions. Protons due to heterocyclic bases appear in the region of 7.15­

8.50ppm. The downfield shift of proton peaks corresponding to heterocyclic bases

are the result of the withdrawal of electron density from the thiosemicarbazone

moiety and the hetcrocyclic bases, due to coordination with the metal atom [37].

Compounds 28, 29 and 34 show sharp peaks at 5 ~ 2.1 ppm attributable for the

—CH3 protons present in the molecule. A small downfield shift occurs to aliphatic

protons in complexes due to the overall loss of electron density. ‘H NMR spectra

of compounds 26, 27 and 3] are given in Figures 6.8-6.10.

Table 6.7. 1H NMR (CDCI3) assignments of the ligands and its Zn(II) complexes (5 in ppm)

*‘CH2 bCI—1; “CH2Compound NW7 8 OH it Aromatic 7—7Clll Heterociyclic
protons base protons

7HZL" 1 1.3
[Zn(HL2)2] (26) 13.36
iznlfpyi (22)
[ZnL-20t~pic]-4H;O (28)
[ZnL2y-pic] (29)

[ZnL2bipy]-3.51130 (30)

[ZnL2phen]'H;O (31)

H2134 10.3
[Zn(HL4);] (32) 12.85
[Z-nL4py]-3H2O (33)
[ZnL4}'-pic] (34)
[ZnL4bipy]‘5l-120 (35)

6.67 - 7.12

6.82 — 7.34

6.68 — 7.27

6.74— 7.17

6.81 — 7.15

6.82 — 7.25

6.83 — 7.22

6.87 — 7.26

6.92 — 7.46

6.96 — 7.36

6.91 - 7.27

6.89 - 7.38

7.99

8.20

8.41

8.42

8.52

8.44

8.86

8.00

8.45

8.49

8.48

8.45

7.31 — 8.62

7.20 — 8.20

7.17— 8.50

7.35 — 8.12

7.65 — 8.49

7.62 — 8.38

7.28 — 8.41

7.40 — 8.16

3.63

3.89

3.83

3.82

3.75

3.85

3.65

3.65

3.62

3.55

3.66

3.67
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Based on the elemental analyses and spectral studies following tentative structures

were assigned for the complexes (Figure 6.11).\ /N El1 l'\t '1 N l\%\ 1 3 4 :QSH/§"/Ho \N//N\
R»<\N/N\ Compounds 27-31 (B = py, 0./7-pic, bipy,

Compounds 26 and 32 (R : N(CH2)6, phen)
N(CH2)4)

P?

s\'vZn/O

N~—< 1\ /~\N

Compounds 33-35 (B = py, 7-pic, bipy)

Figure 6.11. Tentative structures of the compounds
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CHAPTER

SEVEN

Synthesis and spectral studies of Cd(II) complexes of
N(4)-ring incorporated thiosemicarbazones

7.1. Introduction

Cadmiun (Latin cadmia, Greek kadmeia meaning "ca1amine) was

discovered in Germany in 1817 by Friedrich Strohmeyer. Cadmium-containing

ores are rare and when found they occur in small quantities. Greenockite (CdS), the

only cadmium mineral of importance, is nearly always associated with sphalerite

(ZnS).

Cadmium element has a dw s2 electronic arrangement and they typically

form M2+ ions. However, many of their compounds are appreciably covalent. The

most stable oxidation state of Cd is +2. They have tetrahedral, square pyramidal,

trigonal bipyramidal and octahedral geometries.

In a tridentate ONS donor ligands, the coordination takes place through the

azomethine nitrogen, thione/thiol sulphur and phenolic oxygen. The ability to

coordinate via sulphur is enhanced for cadmium (compared to zinc), whose toxic

properties could be related to strong cadmium(ll)-sulfur bond [1]. Moreover,

chelating sulphur donors are actually under study as antidotes in cadmium(II)

poisoning [2, 3]. The enhancement of antitumor activity in presence of Cd(Il) [4]

ions has been reported.

llB group metal complexes of thiosemicarbazones are pale in color and

quite thermally stable [5]. It has also been reported that some cadmium complexes

of thiosemicarbazides and thiosemicarbazones can show quite large SHG efficiency

163



g  WM M g g g g p   g Chapter7
[6]. It could be possible that the design and synthesis of IIB metal complexes

derived from thiosemicarbazones might be possible way to obtain the potential non

linear optical materials.

This chapter describes the synthesis and characterization of six Cd(ll)

complexes of N(4)-ring incorporated thiosemicarbazones using infrared, electronic

and ‘H NMR studies.

7.2. Experimental

7.2.1. Materials

The syntheses of ligands are discussed in Chapter 2. Cd(OAc)2-2]-I20 (S.D.

Fine chemicals), pyridine, oi-picoline, 2,2’-bipyridine (bipy) (Central drug house)

were used. The reagents used were of Analar grade and used without further

purification.

7.2.2. Synthesis of the complexes

[cam] (36): This complex was synthesized by refluxing an ethanolic solution of

HL] (2 mmol, 0.522 g) with an ethanolic solution of Cd(OAc);-2H;O (1 mmol,

0.266 g) for 2-3 h. The yellow colored complex formed was filtered, washed with

ethanol and finally with ether and dried over P4010 in vacuo.

[CdL2py]-3H;O (37): To a hot ethanolic solution of the ligand HZLZ (1 mmol,

0.277 g), added a hot ethanolic solution of Cd(OAc);~2H;O (l mmol, 0.266 g) with

constant stirring. This was followed by the addition of slight excess of the base

pyridine (2 mmol, 0.158 g). The above yellow solution was refluxed for about

2-3 h. The complex formed was filtered, washed with ethanol and ether and dried

in vacuo over P4010.

|CdL2a-pic]~4H;O (38): Cd(OAc)2~2H2O (1 mmol, 0.266 g) dissolved in ethanol

was added to a solution of HZL2 (1 mmol, 0.277 g) in hot ethanol and slight excess
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of heterocyclic base on-picoline (3 mmol, 0.279 g) with constant stirring. The

solution was then refluxed for 2 h. The yellow complex fonned was filtered,

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

[CdL2bipy]-2H;O (39): The HZLZ (1 mmol, 0.277 g) was dissolved in ethanol, to

which was added an ethanolic solution of Cd(OAc);-2H;O (1 mmol, 0.266 g) with

constant stirring. This was followed by the addition of the base 2,2’-bipyridine

(1 mmol, 0.156 g) in the solid form. 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 P4010.

[CdL3;] (40): E-thanolic solutions of the ligand HL3 (2 mmol, 0.582 g) and

Cd(OAc)2-21-I20 (1 mmol, 0.266 g) in 2:1 ratio was refluxed for 2 h. The yellow

complex formed was filtered, washed with ethanol and finally with ether and dried

over P4010 in vacuo.

7.2.3. Physical measurements

Details regarding physical measurements are presented in Chapter 3.

7.3. Results and discussion

The analytical data of all the complexes are listed in Table 7.1. The

complexes 36 and 40 have the general formula ML2. The complexes 37, 38 and 39

were assigned the general formula MLB, where B are heterocyclic bases, pyridine,

u-picoline and 2,2’-bipyridine. The complexes 37, 38 and 39 contain

uncoordinated water molecules also. All the six complexes are found to be

diamagnetic as expected.

165



g_  g_ Chapter 7
Table 7.1. Analytical data

Compound color Anal: Found (Calcd.) %T‘ c C C C ll  N
icdvgi <36)

[CdL2py]-31-l;O (37)

[CdL2a-pic]-41-120 (38)

[CdL2bipy]-21-I30 (39)

[CdL32] (49)

yellow

yellow

yellow

yellow

yellow

53.10(s3.11)

43.21(43.s1)

43.22(43.44)

49.74(-49.70)

5l.79(5l.98)

s.97(s.73)

5.61(5.42)

5.24(s.s3)

4.72(s.04)

5.66(5.s2)

13.24(13.27)

10.s0(10.76)

101800.13)

12.34(12.07)

12.030212)

7.3.1. IR spectra

The IR spectral bands most useful for the determination of the mode of

coordination are given in Table 7.2. None of these compounds have any bands

between 2500-2800 cm‘1 suggesting that the ligands are not in the thiol form either

before or after coordination. The bands corresponding to v(N—H) appear at

~ 3100 cm'1 for the ligands, disappeared in the spectra of all the complexes

suggesting the deprotonation of the thiosemicarbazone ligand during complexation.

The strong bands observed at ~ 1610 cm'l due to V(C=Naz0) of the

thiosemicarbazone moiety shifts to ~ 1590 cm" upon complexation [7]. This

lowering of frequencies confirms the coordination via azomethine nitrogen.

Coordination of azomethine nitrogen is also consistent with the presence of a new

band in the range 420-440 cm", assignable to v(Cd—N) for these complexes [8]. A

small shift in the absorption bands due to the v(N~N) stretching vibrations from

~ 1055 cm" to higher region is due to the increase in double bond character off­

setting the loss of electron density via donation to the metal and is a confirmation of

the coordination of the ligand through the azomethine nitrogen atom [9].

Coordination via thiolate sulfur is indicated by a decrease in the frequency of the

thioamide band, which is partly v(C=S), and found at ~ 1300 and 840 cm" in the
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uncomplexed thiosemicarbazone by 30-110 cm" in the spectra of complexes [10,

ll]. This confirms the change of the carbon—sulphur bond order from two in the

ligands to one in the complexes. This decrease in stretching frequency of thiolate

sulfur in the complexes is indicated by Campbell [12]. Another strong band found

in the region of 1530-1555 cm'l is due to the newly formed v(C=2N) band in the

spectra for these complexes. The bands at 320—350 cm'l assignable to v(Cd—-S) in

the complexes are consistent with sulfur coordination [8, 13]. The new peaks

observed in the range 480—490 cm"! are due to the v (Cd—O) band [l4—17]. In all

the complexes, coordination via phenolic oxygen is indicated by a decrease in

frequency of the \/(CO), and found at 1271 cm" in the uncomplexed

thiosemicarbazone by 60-85 cm‘ in the spectra of complexes. The complexes 37,

38 and 39 contain broad peak at ~ 3400 cm'1 corresponding to uncoordinated water

molecules. Representative spectra of 36, 37 and 38 are given in Figures 7.1-7.3

167



%©_N tagsllllllll@©©“o@q_€“8“_“E53MW:©T@@V@@®@llllNmm©Nq©@¢Qfifimm?NmqNO__om%+omi?_“N_@©FfiOX®__N%“NM@_©@§“@EN_@©§“@W@H@@W“PWN__©x_fi@%_%©FA©@@_§@XnvT@HI§o_w©@_@W®_@©©fi%©©~§@©_©@©_©©@_£2©w@_@@mM@¢@_omW_@%@_W©©H@@@_W@@#@@@_N_©_v@@_¢N©H33 _£_UU_55Ag ON:N__;n_N%U_as ON:iOa_aN]__U2Cb Ommwgflégbfas F%U_D:WOWNDo_0ZUwU:flm2_O_89_8o_* Gig? Azéog 6'0?) E 2'2? AZNHUY’ Aézuog Eégou86_QE8 Evtu ma Ea ggws 2: ‘MO wEgEmmww_w gagcg fig fl__EOV “EB IE BBUEW _N.N_ Q_H__“H



_ _ ?___ Cadmium (II) complexes

0.-q

I-1

% Trans n ttance

100

% Tra1sm trance

Iii

i

.,~..

­so -I ¢
60_ W40¢ w
20­

f

9-| -**‘1‘ * | * r~-""_| * | - ":7 ' l—4000 3500 3000 2500 2000 1500 1000 500
Wavenumer (cm'I)

Figure 7.1. IR spectrum ofcompound [CdL'2] (36)
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Figure 7.3. IR spectrum of compound [CdL2u-pic]-41-130 (38)

7.3.2. Electronic spectra

The electronic absorption bands of the Cd(Il) complexes, recorded in DMF

solution, are given in Table 7.3 and representative spectra are in Figure 7.4. The

electronic spectra of the ligands recorded in DMF show bands at ~ 35000 and

29600 cm'l assignable to rc—>rc* transitions of the phenyl ring [18-20] and n—>1r*

transitions of the azomethine and thioamide functions respectively [21, 22]. The

energy of these bands is slightly shifted upon complexation. The shift of the rr—>n'*

bands to longer wavelength region in complexes is the result of the C=S bond

being weakened and the conjugation system enhanced on complexation [23, 24].

The n-—>rr* bands in the complexes have shown a blue shift due to donation of lone

pair of electrons to the metal and hence the coordination of azomethine with a

reduction of intensity.
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A moderately intense broad band for the complexes in the region

25000427000 an-‘ is assigned to c6(11)->s transitions. MLCT maxima 6f the

phenolate complexes show line broadening with a tail running into the visible part

of the spectrum. This may result from Cd(ll) to a phenolate MLCT band being

superimposed on the low energy side of Cd(lI)—->S transitions. No appreciable

absorptions occurred above 500 nm in DMF solution indicating the absence of d~d

bands which is in accordance with the dm configuration of the Cd(ll) ion.

Table 7.3. Electronic spectral assignments (cm") of the ligands and its Cd(ll) complexes

Compound 7: - n* n - T[* MLCT

HI.‘ 36900 28250
[CdL‘2] (36) 36100 30960 25580

HZL-2 36110 29500
[CdL2py]-3H2O (37) 35970 30400, 32150 27100, 24870

[CdL2(1-pic]-41-I20 (38) 35840 29940, 31760 25780

{CdL2bipy]-2H2O (39) 35340 29500, 30960 25190

[1113] 35340 31150
[cat-*2] (40) 35270 30120 26110
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Figure 7.4. Electronic spectra of the compounds 3'7, 38, 39 and 40

7. 3. 3. ‘H NMR spectra

‘H NMR spectrum of l-IZL2 shows a sharp singlet, which integrates as one

hydrogen at 6= 11.3 ppm (s, 1H) is assigned to the proton attached to the oxygen

atom. Absence of any coupling interactions by 2NH due to the unavailability of

protons on neighboring atoms render singlet peak for the imine proton at 5 ~ 8.8
7 __ppm (s, IH). A sharp singlet at 6 ~ 8 ppm (s, 1H) corresponds to CH— proton.

Aromatic protons appear in the range of 6.67-7.85 ppm. Aliphatic protons were
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observed as three signals at ~ 3.80 (s, 4H), 1.70 (s, 4H) and 1.50 ppm (s, 4H)

assigned to positions a, b and c respectively.

‘H NMR assignments for the Cd(II) complexes are included in Table 7.4.

The signals for phenolic OH (except in 36 and 40) and ZNH are absent from the

spectra of complexes as expected because of their loss on complex formation show

that the anionic form of the ligands are present. This confirms the coordination

through phenolic oxygen and also via thiolate sulfur atom in these complexes. The

downfield shift of 7CH= protons in the complexes may be due to the loss of

electron density via coordination of azomethine nitrogen to the metal atom. There

is downfield shifting of the signals for the ring protons in the spectra of complexes

compared to the uncomplexed thiosemicarbazone. This may be due to the loss of

electron density via coordination of the ligand to metal centre. The compound 38

shows a sharp peak at 6=2.2 ppm attributable for the —CH3 protons present in the

molecule. The compound 40 shows a sharp peak at 5:4 ppm attributable for the

—OCH3 protons present in the molecule. A small downfield shift occurs to aliphatic

protons in complexes due to the overall loss of electron density. ‘H NMR spectra

of compounds 38 and 40 are given in Figures 7.5 and 7.6.
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Table 7.4. H NMR (CDC13) assignments of the ligands and its C d(l1) complexes (6 in ppm)

Compollnd  on Aromatic

protons

Heterocychc

base protons

._   _ 7 _. _ B.CH—- “CH2 CH2 CH2

H1.‘
[CdL'21(36)
H21}

[C(lL-Zpy]-31130 (37)

11.3

[CdL20.-pic}~4H2O(38)
[CdL2bipy]-2H3O(39)

[H131
[Cm] (40)

7.26 — 7.65

7.28 — 7.85

6.67 — 7.12

6.69 — 7.20

6.68 — 7.17

6.80 — 7.25

6.89  7.60

6.92 — 7.72

7.60 — 7.74

7.27 — 7.54

7.33 -- 7.60

.,.,,._ .­

-.-nun-I

7.96

8.25

7.99

8.38

8.32

8.44

8.12

8.25

4.02

4.06

3.63

3.84

3.76

3.86

3.83

3.86

1.94

1.98

1.66

1.82

1.74

1.74

1.93

1.98

1.64

1.78

1.42

1.57

1.52

1.61

1.62

1.66
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Based on the elemental analyses and spectral investigations, following tentative

structures were assigned for the complexes (Figure 7.7).

N%N\N." N__.<s$CEd-18 R \

\

ll /"’
Z--*' 8* --- [13/ \O

“N
/ Compounds 37, 38 and 39 (B = py, (1-pic, bipy)

Compounds 36 and 40 (R I H, -OCH3)

Figure 7.7. Tentative structures of the compounds 36-40
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Summary and conclusion

This thesis describes the synthesis, structural and spectral characterization

of four N(4)-ring incorporated thiosemicarbazones of benzaldehyde,

2-hydroxybenzaldehyde and 4-methoxybenzaldehyde and their metal complexes.

Chapter _l gives a prologue of the bonding and stereochemistry of the

thiosemicarbazones. The different analytical and spectroscopic techniques used for

the analysis of the ligands and metal complexes are discussed.

Chapter 2 deals with the synthesis of four thiosemicarbazone ligands. The

ligands synthesized are:

' benzaldehyde 3-hexamethyleneiminylthiosemicarbazone [HLI]

I 2-hydroxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone

[H213]

" 4-methoxybenzaldehyde 3-hexamethyleneiminylthiosemicarbazone [HL3]

" 2-hydroxybenzaldehyde 3-tetramethyleneiminylthiosemicarbazone [HZL4]

Crystal and molecular structure of the ligand HQLZ was described in detail.

Thiosemicarbazones are synthesized by adapting a three step procedure reported

elsewhere. The ligands are characterized by elemental analyses, IR, UV and ‘H

NMR techniques. HQL2 crystallizes with one molecule per asymmetric unit into

triclinic crystal system with a space group of P2;/n. The molecule adopts E

configuration about azomethine bond. The crystal structure data indicated that the

ligand exists in the thione form.

Chapter 3 describes the synthesis of ten copper(Il) complexes (1-10) using

the four types of ligands. These are characterized by partial elemental analyses, IR,

UV—vis and EPR spectra. Single crystal X-ray diffraction studies of one of the
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complexes [CuL4bipy] (10) were carried out. The copper in the mononuclear

complex is five coordinated and is having an approximate square pyramidal (SPY)

geometry. The copper centre is coordinated by the phenolato oxygen, O1,

azomethine nitrogen, N1, and the thiolato sulphur, S1, of the thiosemicarbazone

and the pyridine nitrogens, N5 and N4, of bipyridine. Magnetic moments of the

complexes were calculated from magnetic susceptibility measurements.

Mononuclear Cu(ll) complexes exhibit magnetic moments in the range 1.5-2.05

B.M, which are close to their spin-only value. Magnetic moment of binuclear

Cl.1(ll) complex [(CLlL2)3] (2) is 1.25 BM which is in the range of 1.15-1.40 BM,

found for binuclear complexes. The EPR spectra of all the Cu(ll) complexes were

recorded both in polycrystalline state at 298 K and in DMF at 77 K. The g values

and the various EPR spectral parameters were calculated. The g values calculated

indicate that in all the complexes the unpaired electron is present in the

dx2—y2 orbital. ln the electronic spectral studies, the d-d transitions are found to be

broad. So the three d-d transitions could not be resolved. IR spectral data indicates

that the complexes with ONS donor ligands are tridentate coordinated through

phenolic oxygen, azomethine nitrogen and thione/thiolate sulfur atoms and with NS

donor ligands through azomethine nitrogen and thiolate sulfur atoms.

Chapter 4 includes the synthesis of ten nickel(ll) complexes (ll-20) using

the four types of ligands. It also describes the X-ray diffraction studies of [NiL2py]

(13), [NiL2ot-pic] (14), [NiL2B-pic] (15) aha [Ni2L22phen] (11) of the complexes.

The complexes 13, 14 and 15 have distorted square planar structure and compound

17 is a typical binuclear complex having two types of coordination centers and also

having different spin states. It is discussed in detail in this chapter. All the

complexes except 17 are diamagnetic due to square planar nature of the complexes.

The reason for paramagnetism in the compound 17 may be due to the presence of

phenanthroline coligand present in the molecule. But the magnetic moment is
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lower compared to the octahedral Ni(Il) complexes. Some of the magnetic

moments may be cancelled due to square planar coordination. IR, NMR and

electronic spectral studies are also done.

Chapter 5 represents the synthesis, structural and spectral characterization of

five Co(III) complexes (21-25). The thiosemicarbazones, heterocyclic bases viz.,

phenanthroline/bipyridine and azide/potassium thiocyanate ion act as ligands.

Magnetic susceptibility measurements at 293 K suggest that the compounds are

diamagnetic indicating the oxidation of cobalt(II) to cobalt(III) and hence

corresponds to d6 ion in strong field. Attempts to prepare the single crystals of the

Co(IIl) compounds resulted in a sulfenato complex due to oxidation of thiol in the

thiosemicarbazone moiety. In complex [Co(L4O)phenN3]"(24), during the course of

the synthetic reaction, the thiosemicarbazone may undergo oxidation at the sulfur

center whereby it is converted into sulfenate, and the transformed
thiosemicarbazone is coordinated to cobalt as a dianionic tridentate ONS donor.

The oxidation at sulfur depends on the nucleophilieity of the sulfur atom and it is

assumed that there is at least some 11- back bonding character in the M—S bond.

The coordination around the cobalt metal centre is found to be distorted octahedral.

IR and electronic spectral studies are also done.

Chapters 6 and 7 portray the synthesis and characterization of ten zinc (26­

35) and five cadmium metal complexes (36-40) of thiosemicarbazones. All the

zinc complexes are prepared from ONS donor thiosemicarbazones and cadmium

complexes are prepared from ONS/N S donor thiosemicarbazones. It was possible

to isolate single crystals of [Zn(HL-2);] (26) and it is studied in detail. The ligands

coordinate to the Zn(Il) ion, through azomethine nitrogen and thiolate sulfur atoms

of the deprotonated form after thiolation, to form a highly distorted tetrahedral

geometry. The phenolic group of the ligand is retained as such and is placed away
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from the metal centre. All the complexes are diamagnetic as expected. These are

characterized by elemental analysis, lR, electronic and ‘H NMR spectra.
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