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PREFACE

Hydrazones are a versatle class of compounds with a broad,
spectrum  of applications. Hydrazone derivatives possess  antiHIV,
antimicrobial, antitubercular, antconvulsant and anti inflammatory activities.
The transiton metal complexes of aroylhydrazones have been invesugated
extensively because of their biological, especially as potent inhibitors for
many enzymes, NILO and magnetic activities. They are also proved to have
potential applications as catalysts, analyucal agents, luminescent probes and

molecular sensors.

Supra molecular architectures of coordination complexes of hydrazones
through non covalent interactions have been explored. Molecular self-assembly
driven by weak interactions such as hydrogen- bonding, n ---n, C-H--*x, van
der Waals interactions, and so forth are currently of tremendous research
interest in the fields of molecule based matenals. The directional properties of
the hydrogen-bonding interaction associate discrete molecules into aggregate
structures that arc sufficiently stable to be considered as independent chemical
species. Chemistry can borrow nature’s strategy to utilize hydrogen-bonding as
well as other noncovalent intcractions as found in secondary and tertiary
structures of proteins such as the double helix folding of DNA, hydrophobic
self-organization of phospholipids in cell membrane etc. In supramolecular
chemistry hydrogen bonding plays an important role in forming a variety of
architectures. Thus, the wise modulation and tuning of the complementary sites

responsible for hydrogen-bond formation have led to its application in



supramolecular clectronics, host-guest chemistry, self-assembly of molecular

capsules, nanotubes etc.

‘The work presented in ‘this thesis describes the synthesis and
characterization of metal complexes derived from some substituted
aroylhydrazones. The thesis is divided into seven chapters. Chapter 1 gives a
brief outhine of aroylhydrazones, diversity in their chelating behavior and
their applications. ‘This chapter also describes different physicochemical
techniques employed for the characterization of aroylhydrazones and their

metal complexcs.

Chapter 2 includes the synthesis and characterization of five different
aroylhydrazones and their characterization by elemental analyses, FTIR, 'H
NMR, UV-Vis spectral studies and single crystal X-ray diffracuon studies.
Chapters 3-7 discuss the synthesis and characterizaton of some transition

mctal complexes derived from the aroylhydrazones under study.
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AROYLHYDRAZONES: A BRIEF OUTLINE

1.1 Intreduction

1.2 Aroylhydrazones

1.3 Coordination modes of hydrazones
1.4 Applications of hydrazones

1.5 Scape and objectives of the work
1.6 Physical measurements

Cantents

1.1 Introduction

The research interest in inorganic chemistry has steadily evolved over
hundreds of years and has been flourished by the versatile development in the area of
coordination chemistry. Widespread interest in the chemistry of coordination
compounds is associated with their broad spectrum of applications in different areas
such as catalysis, molecular sensors nonlinear optics, bioinorganic, biomimetic,
magnetic and medicinal chemistry. The design and synthesis of multifunctional
molecules combining in their structure several active moieties, sensitive towards
different external influences have attracted significant interest recently. Coordination
chemistry has greatly contributed to the rational design of new classes of host
molecules. For instance, crystal structure of a copper complex which resembles a
‘wheel and axle’ may belong to a new category of host molecules [1]. Molecules with
this shape is not suitable for close packing but tend to accommodate other molecules
thus serving as adsorbents, sensors and catalysts. The architectural beauty of
coordination compounds is due to the interesting ligand systems containing different
donor sites say ONO, NNO, NO and NNS. [t provides many new directions in

research such as, in molecular magnetism, supramolecular chemistry, non-silicon-
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based devices, precursors for vapor phase deposition and single molecule-based
photonic devices and sensors [2]. Schiff bases play an important role in inorganic
chemistry as they easily form stable complexes with most transition metal ions in the
periodic table. The development of the field of bioinorganic chemistry has increased
the interest in Schiff base complexes, since it has been recognized that many of these

complexes may serve as models for biologically important species.

Transition metal complexes derived from hydrazone Schiff bases can
form diverse supramolecular networks as reported by various research groups
[3-5]. Blending supramolecular chemistry with materials science defines a field
of supramolecular materials that rests on the explicit implementation of
intermolecular interactions in the design and synthesis of novel materials
presenting novel properties. Slight steric and electronic modifications in the
ligand backbone provoke differences in the supramolecular architectures of the
complexes, leading to a variety of one, two and three-dimensional hydrogen

bonded networks in complexes.

It is well established that aroylhydrazones form stable chelate complex
with transition metal cations by utilizing both their oxygen and imine nitrogen
as donor atoms [6]. Among nitrogen-oxygen donor ligands, hydrazones occupy
an important position due to their widespread applications and versatile

coordination capability with transition metal ions [7].
1.2 Aroylhydrazones

Hydrazones which belong to a class of azomethines having the group
—C=N-N- are interesting ligands in coordination chemistry. Introduction of a
—C=0 group in the hydrazide part increases the electron delocalization and
denticity of the hydrazone and the resulting compound is known as an

aroylhydrazone. N-aroylhydrazones are usually obtained by condensation of

El —————Department of Agplied Chemisiry; Cochin University of Science ard Technologyssme = -



Aroythydrazones: a brief outline

aldehydes or ketones with aroylhydrazines, in the presence of an acid catalyst, in
reaction times varying from 30 minutes to several hours [8,9]. Their purification
«can be accomplished by simple recrystallization and they are stable at ambient
temperature. Recently a variety of N-aroylhydrazones were synthesized by
another method i.e., under microwave irradiation within 2.5-10 minutes, starting
from benzo, salicyloyl and isonicotinic hydrazides. The protocol developed
employs microwave irradiation in the absence of solvents and catalysts, leading
to high yields [10]. Fig. 1.1 represents the general formulae of a hydrazone and

an aroylhydrazone.

R NH R, NH R;
j/\N/ \R Y\N/ \”/
R, 0

R;

Hydrazone Aroylhydrazone

Fig. 1.1. Hydrazones, a class of azomethines with triatomic >C=N-N< linkage

Aroyl hydrazones allow additional donor sites to be introduced (via R,
R’ and R?, Fig.1.1) inorder to increase the denticity of the resulting ligands. In
an aroylhydrazone the basic coordination sites are carbonyl oxygen and the
azomethine nitrogen. It is interesting to note that aroythydrazones can
potentially form amido/iminol tautomers and sym/anti forms as indicated in

Figs.1.2 and 1.3.

Ry NH Rs R, N R3
o) R, OH

R

amido form imino! form

Fig. 1.2. Tautomerism in aroylhydrazone.

=Depariment of Applied Chemistry; Cochi




Chapter }

Recent studies have shown that sym/anti isomerisation and
tautomerisation processes affect the metal chelating properties of these ligands
[11]. In solid state amido form predominates while in solution state iminol form
(Fig. 1.2). This property offers the formation of a variety of complexes, i.e., the
hydrazones can coordinate to the metal either in neutral amido form or in
deprotonated iminolate form. The mn conjugation over the hydrazone moiety is
increased by the enolization of the ligand which improves the electron

delocalization.
R1 %
>:N O R1 NH‘{
R2 \NH% >:N/ R3
R3 R2

Syn form Anti form

Fig. 1.3. Geometrical isomers of aroylhydrazone.

1.3 Coordination modes of hydrazones

The high efficacy, selectivity and specificity of the coordination of
aroylhydrazones towards transition metal ions has rendered these Schiff bases
prime candidates in the formation of coordination compounds. Hydrazones can
act as potential multifunctional ligands with interesting coordination modes.
The coordination mode adopted by a hydrazone depends on different factors like
tautomerism, reaction conditions, stability of the complex formed, number and
nature of the substituent on hydrazone skeleton. Number of coordination sites

can be increased by introducing suitable substituents on the hydrazide part as

pariment of Appiied Chemmistry, Cothin University of Science and Téchiology-— s




Aroylhydrazones: a brief outline

well as on the carbonyl part. For example if a hetero atom is present on the
carbonyl part of a hydrazone, it can coordinate to the central metal by adopting
an NNO coordination mode, either through the deprotonated iminolate form

(Structure [} or through neutral amido form (Structure II) [12,13].

T )
M /M\O
\N/ \ N | "IN \ /H\
l > /N\N/J\R = /N\T R
CHj CHs H
Structure 1 Structure 11

Another mmode is the formation of a six coordinated metal complex with
two deprotonated ligands. Stable metal chelates of distorted octahedral

geometry are expected in this case (Structure LII) [14].

Structure 111

Bridged complexes are formed by another mode of coordination. In this

case anions (like halogens, azide or thiocyanate) present in the metal salt, an

= Department of Applied Chemistry; Co ce ond Technology o™ B
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atom or group of atoms can act as a bridging ligand which results in the

formation of a dimeric structure (Structure IV) [15,16].

Structure IV

If the hydrazone possesses a phenolic group in the aldehyde/ketone part
which is in suitable position for coordination, it leads to an ONO coordination
mode, resulting in the formation of dimeric complexes with phenolate oxygen

bridges (Structure V) [17].

Structure V

In the case of complexes with ONO donor hydrazones we can
incorporate heterocyclic bases to the central metal (Structure VI) resulting in a

distorted square pyramidal structure [18].

< Depariment of Applied Chmishy, Cocin Univsity of Sceric and Tecbnology= "




Aroylhydrazones: a brief outline

AN
= 0 N| P
\N/,,__-\M/
/ /\N X
N

Structure VI

If the hydrazone possesses an electron donating group like methoxy
group in the carbonyl part it may also take part in coordination to the central
metal (Structure VII) [19]. Here the methoxy group can act as a chelating group

and as a bridging group resulting in a multinuclear complex.

/M
O/M 0\
B i
N o)
H |

Structure VII
1.4 Applications of hydrazones

The 1nterest in the design, syntheses and characterization of aroythydrazones
and their metal complexes has come from their applications in various fields. Their
ease of syntheses, easily tunable steric and electronic properties and good solubility
in common solvents has enhanced research interest in this area. They have wide

applications in biology, medicine, optics, catalysis and analytical chemistry.

———————Départment of Applied Chemistry, Cochin Universiry of Science ond Tecknology—=———



Chapter 1

1.4.1 Hydrazones in magnetochemistry

Variable temperature magnetic susceptibility measurements reveal that
moderate antiferromagnetic interactions operate between phenoxo bridged Ni(I!)
dimers  whereas very weak antiferromagnetic exchange occurs through
hydrogen bonding and n---n stacking interactions. All complexes are proved to
be efficient catalysts for the epoxidation of alkenes by NaOCIl under phase

transfer condition [20].

Several coordination complexes derived from aroylhydrazones were
reported for their pharmacological activity and magnetic properties [21] but such
complexes were devoid of any hydrogen-bonding interactions that could
generate supramolecular architectures with intriguing structures. The
interactions of hydrogen bonds play vital roles for molecular recognition in a
wide variety of biological systems and have also been applied in the synthesis of
molecular magnetic materials [22]. Supramolecular architectures of singly
phenoxo-bridged copper(ll) and doubly phenoxo-bridged manganese(1[)
complexes derived from an unusual ONOO donor hydrazone ligand were
reported and cryomagnetic, DFT and EPR studies were done [23]. The
chemistry of multinuclear coordination metal complexes, especially of couple
systems is of special interest because the phenomenon of interaction between
metal centers lies at the crossover point of the two areas, namely the physics of
the magnetic materials and the role of polymer-clear reaction sites in biological
processes [24]. Manoj ef al. investigated temperature dependence of magnetic
susceptibility and EPR characteristics which appeared relevant to the

coordination chemistry of potential class of carbohydrazone ligands [25].

Y —————Departweai of Applied Chiemistry, Cochin University of Sciencs and Technolog



Aroylhydrazones: a brief outline

1.4.2 Hydrazones in nonlinear optics

Aromatic hydrazones are known to exhibit good NLO activity.
Hydrazones and their metal complexes have been studied with regard to their
physical properties, reactivity patterns and application in a variety of processes,

inctuding non linear optics and molecular sensing [26].

Electronic materials, which have been at the heart of the
telecommunication industry, are fast approaching their limitations, and soon,
photonics will be the key in revolutionizing the telecommunication industry. The
area of nonlinear optics (NLO) is a rapidly progressing field of science and
technology that has the potential to offer unparalleled switching speed and
bandwidth for optical signal processing. One of the major hurdles to the
realization of second-order NLO polymer devices, has been overcoming the loss
of noncentrosymmetric order at elevated manufacturing and operating

temperatures.

Hydrazone derivatives are an attractive class of non-linear optical (NLO)
crystalline materials because of their large molecular nonlinearities and their
remarkable propensity to form non-centrosymmetric crystal systems [27]. The
current approach to the development of practical NLO materials has focused on
the use of a dihydroxy —functionalised hydrazone chromophore that can be
easily synthesized and subsequently incorporated into a commercial epoxy

polymer system

The synthesis and properties of six hydrazone-functionalized crosslinked
polymers possessing stable nonlinear optics (NLO) properties were presented
[28]. The NLO activity of hydrazone derivatives has been investigated in detail

as crystals and as Langmuir-Blodgett films, as characterized by Kurtz and Perry

epariment of Applied Chemistsy; Cochin University.of Science and Technology————-" B}
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[29]. Second-order nonlinear optical properties of copper and palladium
complexes of N-salicylidene-N -aroylhydrazones were studied and the results

showed that the complexes have considerable nonlinearity [30].
1.4.3 Hydrazones in supramolecular chemistry

Supramolecular chemistry is by nature a dynamic chemistry in view of
the lability of the noncovalent interactions connecting the molecular components
of a supramolecular entity [31]. Supramolecular architectures of the coordination
complexes through hydrazone ligand-based hydrogen-bonding interactions are
explored [32]. Chattopadhyay and his group have shown how the
supramolecular architecture of manganese(ll) aroylhydrazone complexes can be
controlled by slight modification of the substituents attached to the ligand
framework [33]. The self-assembly of multimetallic assemblies held together by
intermolecular forces (hydrogen bonds, van der Waals forces etc.) is greatly
dependent on the metal ions [34]. Metal ions can read the information coded in
the organic ligands according to their coordination algorithm [35] and thereby
give rise to metal-organic ligand complex species that are simultaneously
assembled via complementary interligand hydrogen bonding forming
supramolecular multimetallic assemblies. Quinolyl hydrazones are known to

function as chelating agents and have versatile modes of bonding [36].
1.4.4 Metal complexes of hydrazones as catalysts

Hydrazones are able to change their coordination behaviour depending
on the starting reagents, pH of the medium and reaction conditions. Metal-
organic frameworks containing channels or pores with various sizes and shapes
have attracted much attention because of their potential applications in catalysis,
separation and gas sorption and storage [37,38]. According to Mahmudov et al.,
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a copper(ll) dimer with 3-(2-hydroxy-4-mtrophenylhydrazo)pentane-2,4-dione
exhibits a good catalytic activity in the peroxidative oxidation of cyclohexane by
aqueous H.Os, under mild conditions. to afford cyclohexanol, cyclohexanonc
and cyclohexy! hydroperoxide [39]. Transition metal complexes derived from
hydrazones are proved to be efficient catalysts for the epoxidation of alkenes by
NaOC]I under phase transfer condition. Hydrazone complexes show remarkable
catalytic activity in various organic reactions. Monfared et af. studied the
catalytic abilities of some oxo- and dioxovanadium(V) complexes of tridentate
hydrazones towards the oxidation of various hydrocarbons and found that the

complexes are cllective catalysts [40].
1.4.5 Hydrazones: Biological and Medicinal studies

Aroylhydrazones of various aldehydes and ketones occupy a special
place among the biologically important organic ligands containing a variety of
donor groups. N-aroylhydrazones which include the fragment (-CO-NH-
N—CH-), have attracted much attention in the last 20 years because of their
biological propertics as wcll as thcir chelating properties toward metal ions.
Many of them have been reported to possess a broad spectrum of biological
activities, such as antifungal [41], antimalamal [42]. antitubercular [43].
antiplatelet [44] activities and have been studied extensively as potential
therapeutic agents in a number of pharmaceutical contexts. Some hydrazone
analogues such as pyridoxal isonicotinoyl hydrazonc derivatives have been
investigated as potential iron chelating drugs in vivo and in vitro and could be

used in the treatment of iron overload [45].

The search for new HIV-l1 CA assembly inhibitors has led to the
synthesis and antiviral evaluation of new N-acylhvdrazones containing glycine

residue which show potent antiviral activities. They can bind 111V-1 capsid
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1.4.6 Other applications

Aromatic hydrazones dispersed in a binder polymer possess hole-
transporting properties and are used in electro photographic photoreceptors of
laser printers [S1]. Some of the arylhydrazones can act as herbicides,
insecticides, nematocides, rodenticides and plant-growth regulators.
Hydramethylnon is an amidinohydrazone insecticide which is used against
cockroaches [52]. Metal complexes of hydrazones proved to have potential
applications as luminescent probes [53] and molecular sensors [54]. Hydrazones
of 2-methylphthalazone are effective sterilants for houseflies [55]. Many
hydrazones are found to be effective corrosion inhibitors of metals. The effect
of 2-hydroxyacetophenone aroylhydrazone derivatives on the inhibition of
copper was studied and found that the corrosion is significantly decreased in

presence of the investigated compounds [56].
1.5 Scope and objectives of the work

The ability of aroylhydrazones to engage in coordination to transition
metals is a developing area of research interest and a great variety of complexes
can be attained by attaching different donor groups to the hydrazone.
Aroylhydrazones have continued to attract extensive attention from chemists
because of their widespread uses in biology, pharmacology, catalysis, analytical
chemistry and optics. Hydrazones, a member of the Schiff base family with
triatomic >C=N-N< linkage, takes the forefront position among other organic
ligands. Also these compounds contain the basic unit of peptide linkage

[-C(=0)-NH] group closely related to the primary structure of proteins.

The coordination chemistry of transition metal complexes that contain

polydentate ligand moieties including heterocyclic bases and anions is of current
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research interest. Syntheses, spectral and structural studies of mixed-ligand
metal complexes based on heterocyclic bases like 1,10-phenanthroline, 2,2°-
bipyridine (the classical N,N donor ligands) and 4-picoline (the N donor ligand)
can reveal different bonding modes, spectral properties and geometries in
coordination compounds. Incorporation of anions like azide, thiocyanate and
perchiorate in the complexes may demonstrate coordination modes of various

combinations of the coligands.

The coordination properties of hydrazones can be tuned by the
appropriate choice of parent aldehyde or ketone and hydrazide and the
substituents attached to them. So in the present investigation we selected five
different ONO/NO donor hydrazones as principal ligands. We selected 2-
hydroxy-3-methoxybenzophenone and 5-bromo-3-methoxy-salycilaldehyde as
the carbonyl part as it can provide an additional binding site for metal cation and

thus increase the denticity.

The importance of aroylhydrazones and their transiton metal complexes
in the application level and their interesting coordination abilities kindle our
interest in the investigation of transition metal complexes with ONO/NO donor

hydrazones with the following objectives.

» To synthesize some ONO/NO donor aroylhydrazones by the
condenzation  of  2-hydroxy-4-methoxybenzophenone,  furan-2-
carboxaldehyde and 5-bromo-3-methoxysalicylaldehyde with nicotinic

acid hydrazide, N’-4-nitrobenzhydrazide and benzhydrazide.

» To characterize the synthesized hydrazones by different
physicochemical techniques like partial elemental analysis and

spectroscopic techniques like UV, IR and NMR.
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» To analyse the crystal structures of aroylhydrazones. A systematic
crystal structure analysis of the compounds may provide further
information concerning the structural characteristics required - for

different applications.

» To synthesize different transition metal complexes using the synthesized
hydrazones as principal ligands and some heterocyclic bases and anions
as coligands. Oxido/dioxidovanadium(IV/V), manganese(1[/IV),
cobalt(11/11), copper(ll), zinc(I) and cadmium(Il) complexes are to be

synthesized.

» To analyse the crystal structures of metal complexes by single crystal

XRD studies.

» To study the coordination modes of different hydrazones in metal
complexes by using physicochemical methods like molar conductance
measurements, magnetic  susceptibility = measurements, cyclic
voltammetry, thermogravimetry and by different spectroscopic

techniques like UV, IR and EPR.
1.6 Physical measurements

Details of physicochemical techniques employed for the present study is

discussed below.
1.6.1 Elemental analyses

Microanalysis for carbon, hydrogen and nitrogen in the synthesized
aroylhydrazones and in their metal complexes were carried out on an Elementar
model Vario EL Il CHNS analyzer at the Sophisticated Analytical Instrument
Facility (SAIF), Sophisticated Test and Instrumentation Centre (STIC), Kochi.
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1.6.2 Conductivity measurements

Molar conductivities of the complexes in dimethylformamide (DMF)
solutions (10 M) were measured ‘at room temperature using a Systronic model
303 direct-reading conductivity bridge at the Department of Applied Chemistry,
CUSAT, Kochi, India.

1.6.3 Magnetic susceptibility measurements

The magnetic susceptibility measurements of the powdered samples
were done at room temperature using a Sherwood Scientific Magnetic
Susceptibility Balance (M.S.B.) at the Department of Applied Chemistry,
CUSAT, Kochi, India. The compound used as calibrant was HgCo(SCN),

1.6.4 Thermogravimetric analysis

TG-DTG analyses of the complexes were carried out in a Perkin Elmer Pyris
Diamond TG / DTA analyzer at a heating rate of 10 °C per minute in an atmosphere of
nitrogen, at the Department of Applied Chemistry, CUSAT, Kochi, India.

1.6.5 Cyclic voltammetric analysis

Cyclic voltammograms were recorded on a CHI 608D electrochemical
analyzer at Bharathiar University, Coimbatore, India. Electrochemical properties
of complexes were studied in DMF/ DMSO medium with tetrabutylammonium
phosphate as supporting electrolyte at a scan rate of 100 mV s with platinum

wires as working and counter electrodes and Ag/Ag" as a reference electrode.
1.6.6 Infrared spectroscopy

Infrared spectra of the compounds were recorded on a JASCO FT IR-
4100 Fourier Transform Infrared Spectrometer using KBr pellets in the range of
4000-400 cm™’ at the Department of Applied Chemistry, CUSAT, Kochi, India
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and also on a Thermo Nicolet AVATAR 370 DTGS model FT IR Spectrometer
using KBr pellets in the range of 4000-400 cm” and ATR technique at
Sophisticated Analytical Instrument Facility (SAIF), Sophisticated Test and

Instrumentation Centre (STIC), Kochi.
1.6.7 Electronic spectroscopy

Electronic spectra of all the compounds were taken on a Spectro UV-vis
Double Beam UVD-3500 spectrometer in the 200-900 nm range at the
Department of Applied Chemistry, CUSAT, Kochi, India. The solvents used

were dimethylformamide and acetonitrile.
1.6.8 NMR spectroscopy

'H NMR spectra of the hydrazones and some complexes were recorded
using Bruker AMX 400 FT-NMR Spectrometer with DMSO-d; as the solvent
and TMS as internal standard at the Sophisticated Analytical Instrument Facility
(SAIF), Indian Institute of Science, Bangalore, India and also on a Bruker

Avance DPX-300 MHz NMR Spectrometer at NIIST Trivandrum.
1.6.9 EPR spectroscopy

The EPR spectra of the complexes in the solid state at 298 K, in DMF at
298 K and at 77 K were recorded on a Varian E-112 spectrometer using TCNE
as the standard, with 100 kHz modulation frequency, modulation amplitude 2 G

and 9.1 GHz microwave frequency at the SAIF, IIT Bombay, India.
1.6.10 Mass spectroscopy

Mass spectra were recorded by direct injection on Waters 3100 mass
detector using electron spray ionization technique at the Department of Applied

Chemistry, CUSAT, Kochi, India. Mass spectroscopy is used to measure relative
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molecular masses. A mass spectrum is a plot of relative abundance against the

ratio mass/charge.
1.6.11 Single crystal XRD

The Single crystal X-ray diffraction data of six of the compounds, say
two aroylhydrazones, two vanadium complexes, copper and cobalt complexes
one each were collected on an Oxford Xcalibur Eos (Mova) Diffractometer at
100 K using Mo Ka radiation (A=0.7107 A)with X-ray generator operating at 50
kV and 1 mA [57]. The structures were solved and refined using SHELX97 [58]
module in the program suite WinGX [59]. The molecular diagrams were
generated using ORTEP-3 [60] and the packing diagrams were generated using
Mercury 2.3. The geometric calculations were carried out by PARST9S and

PLATON [61] and all the hydrogen atoms were fixed in calculated positions.

Single crystal X-ray diffraction data of one of the aroylhydrazones,
Furan-2-carboxaldehyde nicotinoylhydrazone was collected on a CrysAlis CCD,
Oxford Diffraction Ltd. diffractometer, equipped with a graphite crystal,
incident-beam monochromator, and a fine focus sealed tube, Mo Ko (A =
0.71073 A) X-ray source at the National Single Crystal X-ray diffraction
Facility, lIT, Bombay, India. The tnal structure was solved using SHELXS-97
and refinement was carried out by full-matrix least squares on F’ using

SHELXL.-97 [58], and all the hydrogen atoms were fixed in calculated position

Single crystal X-ray diffraction analyses of two copper complexes were
performed with a Bruker SMART APEX CCD X-ray diffractometer at the
University of Hyderabad, using graphite monochromated Mo Ka radiation
(A=0.71073 A, ¢ and ® scans). The data was reduced using SAINTPLUS [62].

The structure was solved using SHELXS-97 and full matrix least squares
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refinement against F? was carried out using SHELXL-97 in anisotropic
approximation for non-hydrogen atoms {63]. All hydrogen atoms were assigned
on the basis of geometrical considerations and were allowed to ride upon the

respective carbon atoms.

The single crystal X-ray diffraction data of two aroylhydrazones and
two copper complexes, were collected were collected using Bruker SMART
APEX diffractometer, equipped with graphite —crystal, incident-beam
monochromator, and a fine focus sealed tube with Mo Ka (A = 0.71073 A ) as
the X-ray source at SAIF, Kochi, India. Single crystal X-ray diffraction data
were collected at 296(2) K. The Bruker SAINT software was used for data
reduction and Bruker SMART software for data acquisition [64]. The structure
was solved using SHELXL-97 by direct methods and refined by full-matrix
least- squares calculations with the SHELXL-97 software package. All non-
hydrogen atoms were refined anisotropically, and all hydrogen atoms on carbon
were placed in calculated positions, guided by difference maps and refined
isotropically. The molecular diagrams were generated using ORTEP-3 [60] and
the packing diagrams were generated using Mercury 2.3. and DIAMOND
version 4.2¢g [65].
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SYNTHESIS, CRYSTAL STRUCTURES AND SPECTRAL
CHARACTERIZATION OF SOME AROYLHYDRAZONES

2.1 Introduction

2.2 2-Hydroxy-4-methoxybenzophenone benzoythydrazone (H:BB)

2.3 2-Hydroxy-4-methoxybenzophenone nicotinoylhydrazone (H:BN)

2.4 N-2-hydroxy-4-methoxybenzophenone-N'-4-nitrobenzoylhydrazone (H:BF)
2.5 Furan-2-carboxaldehyde nicotinoylhydrazone (HFN)

2.6 5-Bromo-3-methoxysalicylaldehyde benzoylhydrazone (H.SB)

Centents

2.1. Introduction

Aroylhydrazones are known to be a class of versatile ligands, capable of
generating varied molecular architectures and coordination polyhedra.
Aroylhydrazones with ONO donor atoms are most noteworthy for their excellent
fungicidal [1], bactericidal [2,3], anticonvulsant [4], analgesic and anti-
inflammatory activities [5,6]. A series of aroylhydrazones have displayed
modest antitumor activity both in vitro and in vivo [7-9]. Hydrazones,
RR’C=N-NR”R”’, are used as intermediates in syntheses [10], as functional
groups in metal carbonyls [11], in organic compounds [12,13] and are employed
as catalysts [14]. Furthermore, hydrazones exhibit physiological activities in the
treatment of several diseases such as tuberculosis [15,16], which is attributed to
the formation of stable chelate complexes with transition metals which then
catalyze physiological processes [17,18]. Aroylhydrazones exhibit interesting
electric and magnetic properties [19-21]. They can act as effective catalysts in

alkene epoxidation reaction [22].
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Hydrazides condense with aromatic aldehydes or ketones to form
hydrazones which belong to the general family of Schiff bases. Condenzation
results in an extended electron delocalization along the azometfiine bond. Also
these compounds contain the basic unit of peptide linkage [-C(=0) -NH-] group
closely related to the primary structure of proteins. So research interest in the
biological properties of their metal complexes has been growing in recent years
[23] and were widely investigated with regards to their function as model

compounds for biological enzymes [24-25].

Many of their properties are a function of the parent aldehyde or ketone and
hydrazide and these properties can therefore be elegantly tuned by the appropriate
choice of parent. The flexible design and synthesis of aroylhydrazine or
aroylhydrazone type ligands with an appropriate nature is crucial for the synthesis

of N-arylazoles by copper-catalyzed Ullmann reaction [26].

From a structural perspective, aroylhydrazones attract attention as
interesting ligands due to their tendency to undergo tautomerism and form
planar, highly rigid hydrazine systems capable of imposing a variety of mixed

donor coordination environments about metal cations [27].

We are particularly interested in the ability of the aroylhydrazone of 2-
hydroxy-4-methoxybenzophenone to form complexes of high coordination
number, mono and dinuclear structures. We have synthesised five
aroylhydrazones for investigating their structural chemistry and for assessing
their performance as chelating ligands in metal complexes. Fortunately crystals
suitable for single crystal XRD studies were obtained for all the five compounds.
A systematic crystal structure analysis and other spectrochemical

characterisation of the compounds may provide further information concerning
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the structural characteristics required for their antitumor, cytotoxic, catalytic,

magnetic, nonlinear optical activities and chelating behavior.

Aroylhydrazones from 2-hydroxy-3-methoxybenzophenone are not
reported and that from furan-2-carboxaldehyde and S-bromo-3-methoxy-
salicylaldehyde are not studied much. Benzophenone based hydrazone systems
have a special structure constituted with a larger t-bond conjugated system [28].
In this chapter the crystal structure and spectral perspectives of the
aroylhydrazones are discussed. The newly synthesised dynamic ligand systems
consist of ONO and NO donor acylhydrazones. The ligand systems of our interest

and their abbreviations are as follows
1. 2-Hydroxy-4-methoxybenzophenone benzoylhydrazone (H,BB)
2. 2-Hydroxy-4-methoxybenzophenone nicotinoylhydrazone (H,BN)
3. N-2-hydroxy-4-methoxybenzophenone-N -4-nitrobenzoylhydrazone (H,BF)
4. Furan-2-carboxaldehyde nicotinoylhydrazone (HFN)
5. 5-Bromo-3-methoxysalicylaldehyde benzoylhydrazone [H;SB]
2.2. 2-Hydroxy-4-methoxybenzophenone benzoylhydrazone (H,BB)

The compound 2-hydroxy-4-methoxybenzophenone benzoyl hydrazone was
prepared from 2-hydroxy-4-methoxybenzophenone and benzhydrazide.

X N+
N \I
o]
(o) OH

CHy

2-Hydroxy-4-methoxybenzophenone benzoylhydrazone
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2.2.1.Experimental
2.2.1.1. Materials

2-Hydroxy-4-methoxybenzophenone (Aldrich), benzhydrazide (Aldrich)
and DMF (S.D.Fine) were used as received. Solvents were purified by standard

procedures before use.
2.2.1.2. Synthesis

The compound was synthesized by the reported procedure [29]. 2-
Hydroxy-4-methoxybenzophenone (0.228 g, | mmol) and benzhydrazide (0.136
g, | mmol) were dissolved in 50 mL of absolute EtOH. Three drops of conc.
HCI were added and the resulting solution was refluxed for 3 h. The compound
precipitated upon cooling to room temperature, was collected by filtration and
recrystallized from EtOH. Colorless block shaped crystals suitable for single
crystal X-ray diffraction studies were obtained by slow evaporation of its
solution in ethanol and carefully separated. The scheme for the reaction is
shown below (Scheme 1). Yield: 45%, M. P.: 205" C. Elemental Anal. Found
(Caled.) (%): C: 72.42 (72.82) H: 5.56 (5.24) N: 8.07 (8.09).

l x
F
>__® reﬂux 3h
YT H'_ ethanol \N/””\|
[+
(o) OH
L,

2-hydroxy-4-methoxy  benzhydrazide 2-hydroxy-4-methoxybenzophenone
benzophenone benzoylhydrazone

Scheme 1. Synthesis of 2-hydroxy-4-methoxybenzophenone benzoylhydrazone
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2.2.2. Single crystal XRD studies

The Single crystal X-ray diffraction data of H-BB were collected on an
Oxford Xcalibur Fos (Mova) Diffractometer at 100 K using Mo Ka radiation
(2=0.7107 A) with X-ray generator operating at 50 kV and | mA. The structures
were solved and refined using SHELX97 module in the program suite WinGX.
The molecular diagrams were generated using ORTEP-3 and the packing
diagrams were generated using Mercury 2.3. The geometric calculations were
carried out by PARST9S and PLATON and all the hydrogen atoms werc fixed in

calculated positions.
2.2.2.1. Crystal structure of H,BB

H.BB crystallizes in space group P-1 with Z=2. Colorless block shaped
crystals suitable for diffraction analyses were grown by slow evaporation of a
saturated solution of 1LBB in ethanol. A view of the molecule showing the
atom labeling scheme is shown in Fig. 2.1 and selected structural refinement

parameters are given in Table 2.1,

The C15-03 bond (1.2196(19) A) has a double bond character [30] which
shows that the molecule exists in amido form in the solid state. The torsion angle of -
8.8(2)° percerved by NI-C8C5-C6 maoiety supports the ¢is configuration with
respect to C8-C5 bond in the ligand. So the potential donors O2 and N1 are found in
syn disposition.  This arrangement enables the O(2)}-H to involve in H-bonding (Fig.
2.2) with azomethine N1 atom of the aroylhydrazone resulting in a six membered
pseudo-aromatic nng (N|-C&C5-C6- O2-H) which s enhanced by electron
delocalization as 1t is seen casily from the bond lengths within the ning (Table 2.2).
Such resonance assisted hydrogen bonds seem to be the gencral feature of the crystal

structures of Schiff bases derived from salicylaldehyde [31].
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