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Chapterl

A BRIEF INTRODUCTION TO ACID
HYDRAZONES AND THEIR STRUCTURE AND
BONDING NATURE TO TRANSITION METALS

1.1.  Introduction

Intensive research on the physicochemical properties and molecular structure
of complexes with organic derivatives of hydrazine has provided essential new
results, which need to be surveyed and compared with previous knowledge. One of
the reasons for close attention paid to the formation of complexes of these ligands
with transition metals is their biological activity. They are very promising as ligands
in the formation of different coordination compounds, because there is a wide range
of possible substituents, R1, R2, and R3 (Fig. 1). The existence of tautomeric
equilibrium in acid hydrazide make it possible to obtain coordination compounds

containing either neutral keto form or deprotonated enol form [1].

Fig. 1. General formula of acid hydrazone

The chemical properties of hydrazones have been intensively investigated in
several research fields because of their chelating capability and their pharmacological
applications [2]. The antibacterial and antifungal properties of bis(acylhydrazone)

and their complexes with some first transition series metal ions was studied and
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reported by Carcelli et. al. The evaluation of in vitro antimicrobial properties
showed some compounds to exhibit good activity against Gram positive bacteria [3].
Copper(Il) complex of salicylaldehyde benzoylhydrazone was shown to be a potent
inhibitor of DNA synthesis and cell growth. This hydrazone also has mild
bacteriostatic activity and a range of analogues has been investigated as potential oral
iron chelating drugs for genetic disorders such as thalassemia [4-5]. This type of
diprotic ligand typically acts as tridentate planar chelating agents coordinating
through the phenolic and amide oxygen and imine nitrogen. The actual ionization
state is depending upon the condition and metal employed [6]. In base solution both
phenolic and amide protons ionized, whereas in neutral and acidic solutions the
ligands are monoanionic. However in strongly acidic condition the ligands will be
bonded to the metal ion in a neutral state. Synthesis and structural studies of
nickel(II) complexes of salicyloylhydrazone of picolinaldehyde and its chelating

properties were reported by Domiano et. al. [7].

The biological activities and chemical and industrial versatility of metal
hydrazone complexes continue to attract considerable attention. For example, Schiff
base hydrazones of pyridoxal phosphate and its analogues have been studied in an
attempt to better understand the mechanism of action for vitamin B¢ containing
enzymes [8-9]. Copper (II) complexes of antitumor ligand, salicyladehyde benzoyl
hydrazone have been studied by Ainscough et al. [6]. More recently the related
systems have been investigated for their ability to act as iron-chelating drugs. The
only agent currently in clinical use for the removal of excess iron from humans for
disorder such as thalassemia is desferrioxamine. This is a microbial derived
hexadentate trihyroxamic acid, which is given by parental injection or trip [10], but

the above type ligands had been evaluated as chelating agents for oral administration.

Binary and ternary complexes copper(ll) complexes of the ligand
salicylaldehyde acetyl hydrazone and its antitumor activities have been reported by
Chan et al. [11]. The studies showed that the monomeric units being bridged through

the phenoxy oxygen. The copper atom has a square pyramidal geometry, with the
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basal donor atoms coming from the tridentate ligand (ONO) and symmetry related to

phenolate.

Acyl hydrazones of salicylaldehyde subsequently attracted attention. It
displays radioprotective properties [12] and a range of acyl hydrazones have been

shown to be cytotoxic, the copper(1l) complexes again showing enhanced activity.
1.2.  Structure, bonding and stereochemistry of the acid hydrazones

Hydrazones have the general formula given below. The functional grouping
causes these compound to behave as bidentate ligands for metal ion and owing the
availability of -NH-C=0 group, acid hydrazones show keto- enol tautomerism (Fig.
2). In solid state they exist in keto form but in solution they exist as an equilibrium

mixture keto and enol forms.

R3 R3

H
/k\ N Rt /L
— - > N R1
R2” N \”/ s % Y
o)
Fig. 2. Tautomerism in acid hydrazone

These types of compounds expected to exist in a trans form, but such situation
the compound may act as a unidentate ligand, by bonding through enolate oxygen. It
is well evident that the stereochemistry of the ligand is much decided by the steric
effects of the various substituents in the hydrazone moiety. It is found that most of
the compound is in cis form, while coordinating to the metal ions. This phenomenon
is assumed to be due to chelate effect- increased stability due to better electron
delocalisation in chelated ring system- resulting from the coordination with the metal

atoms.
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_The composition and structure of the complexes are determined by the
electronic structure of complex forming metal as well as preparation condition [13-
14]. They form coordination compounds through the oxygen atom of either carbonyl
[15-16] or the enol group and through the imine nitrogen atom, a five membered ring

being produced. (Fig. 3)

Fig. 3. General mode of coordination of acid hydrazones

Neutral metal complexes can be formed. This type of hydrazones may behave
as a terdentate chelating agent. provided Rl residue provides a donor atom in a
adequate position, as it occurs in salicyloylhydrazide derivatives, although in these
cases, the compounds acts commonly as ON donor ligands if R2 and R3 do not show
chelating tendency [17-19] or in the pyridylhydrazide derivatives (NON) ligands.
Terdentate ligands may also be obtained if R2 and/or R3 residues are groups such as
o-hydroxyphenyl (ONO) ligands [19-21]. Chelating ligand with higher number of
coordination position may be prepared by convenient selection of the condensation
products: aroylhydrazide (R1-CONHNH2) and di or tri ketones [22 —30]. The
oxidation state of the metal ion determines the softness and hardness and hence plays
an important role in predicting the stability of the complexes of acid hydrazones. The
stability of the complexes also increases with the in crease in pi electron
delocalisation, size of the molecule and also the nature and size of the rings formed
[31].

Hydrazones obtained by condensing substituted acid hydrazide with aromatic
2-hydroxyaldehyde , B-diketones, and keto-acids of the pyruvic type are most

effective in complex formation. The systems of this type, which have been studied
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most, are benzoy! hydrazone 2-hydroxy aldehyde, which with transition metals ions

can give at least four type of coordination (Fig. 4-7).

M

= "'II\N)I\@
H

Fig. 4.

M
4

O
l’ \O
/N’\N)\©

Fig. 5.

?A\o
/N\N/
OH

Fig. 6.

Fig. 7.
Different modes of coordination of substituted acid hydrazones with metal
The reactions of VO(IV), Mn(ll), and Cu(Il) with these type of ligands in
neutral or weakly alkaline solution gives mainly complexes containing enol forms

[32-36]. The IR spectra of these complexes contain no bands due to -NH, -OH, or
Dept. of Applied Chemistry February 2004
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-C=0 groups and bands due to stretches of the -C=N-N=C- hydrazone grouping is
shifted to lower wavenumbers compared to the initial aroyl hydrazones, being found

in the ~1590 cm™ [1].

1.3. Objectives and scope of the work

<+ Preparation of different acid hydrazones and their structural studies and
studies on their antimicrobial activity.

%+ Synthesis and spectral characterization of the different complexes of
copper(ll), oxovanadium(IV), manganese(Il), nickel(Il), zinc(II), etc.

%+ Effect of incorporation of heterocyclic bases to the coordination sphere.

» Change in the biological activity of ligand upon coordination.

%+ Development of X-ray quality single crystals and its X-ray diffraction studies

+» Studies on the redox behavior of the coordinated metal ions.

% Correlation between the stereochemistry and biological activities.

1.4. Structural characterization techniques

Various techniques are used to elucidate the bonding, structure and
stereochemistry of the ligands and the complexes prepared. While the ligands are
characterized by usual methods such as elemental analysis, IR, UV-visible and NMR
spectral techniques, it differs for complexes depending on the nature of the ligands
and the metal ions involved. Ligands on complexation with some metal ions to form
complexes having paired or unpaired electrons give diamagnetic or paramagnetic
respectively. Some of the common physicochemical methods adopted by inorganic

chemists are discussed below.
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1.4.1. Magnetic measurements

In a magnetic field, the paramagnetic compounds will be attracted while the
diamagnetic compounds repelled. In paramagnetic complexes, often the magnetic
moment gives the spin only value corresponding to the number of unpaired electron.
The variation from the spin only value is attributed to the orbital contribution and it
varies with the nature of coordination and consequent delocalisation. In some cases
two magnetic centers may be coupled together and may result in extraordinary
increase or decrease in the magnetic moment of the complex. For example, a
mononuclear complex of copper of the formula [CuLX] where Cu is in the +2
oxidation state, the complex is expected to have magnetic moment of 1.73 BM -
corresponding to d° configuration, but in case of [Cu(OAc):); the value is lower than
1.73 BM. This is explained on the basis of the assumption that the individual
magnetic moments are aligned in opposite directions so that they cancel each other to
some extent or can be ascribed as due antiferromagnetic coupling. Thus the value of
magnetic moment of a complex would give valuable insights into its constitution and
structure. In some cases the variation in the magnetic moment can be explained on
the assumption that the compound may be an equilibrium mixture of tetrahedral and
square planar geometries- the number of unpaired electrons differ in either
geometries and hence the magnetic moment.  The magnetic susceptibility
measurements thus help to predict the oxidation state of the metal ion to a limited

extent and to establish the possible geometry of the compound.

The most widely adopted method for determining the magnetic moment of a
complex is by Gouy s Method in which the weight difference experienced by a giver;
amount of a substance in the presence and absence is measured. This is compared
with that of a standard substance and magnetic moment is determined with the help
of suitable equations. Faraday Balance and Vibration Susceptibility Magnetometer

are the other instruments used for the magnetic susceptibility measurements [37].
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[.4.2. Electronic spectroscopy

Electronic spectroscopy is an important and valuable tool for most chemists
to draw important information about the structural aspects of the complexes. The
ligands, which are mainly organic compounds, have absorption in the ultraviolet
region -hence do have bands in the region of the 200 to 350 nm of the
electromagnetic spectrum- and in some cases these bands extends over to higher
wavelength region due to conjugation. But upon complexation with transition metal
ions, due to interaction with the metal ion there will be an interesting change in the
electronic properties of the system. New features or bands in the visible region due
to d-d absorption and charge transfer spectra from metal to ligand (M—L) or ligand
to metal (L—>M) can be observed and this data can be processed to obtain

information regarding the structure and geometry of the compounds [38].

This technique along with other spectral techniques viz., EPR serves to find
out the structural features and to calculate the bonding parameters such (o, Bz, yl,

K. K, etc.) [39- 42] and Racah Parameters (B and C) [43].

The electronic spectroscopy is also widely used to explore the change in the
structural features with change in the pH of the medium. The electronic and
structural teatures of the complexes are widely utilized to investigate the kinetics and

mechanisms of the reactions involving transition metal complexes [44-45].

The kinetics of 4-nitrophenylacetate cleavages, by oxime in the presence of

Zn™" ions was investigated [46-47].
1.4.3. Infrared Spectroscopy

The IR spectroscopy is the widely used as a characterization technique for
metal complexes. The basic theory involved is that the stretching modes of the

ligands changes upon complexation due to weakening/strengthening of the bonds
Dept. of Applied Chemistry February 2004
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involved in the bond formation resulting in subsequent change in the position of the
bands appearing in the IR spectrum. The changes in the structural features of the
ligands are observed as changes in bands observed, mainly in the fingerprint region
ie., in the 1500 - 750 cm™. Nakamoto discusses at length the characterization of
metal complexes with the help of IR spectroscopy [48]. The bands due to the metal

ligand bonds are mainly observed in the far IR region i.e., 50 - 500 cm™.
1.4.4. EPR spectroscopy

Electronic structure is important concept in many area of chemistry such as
inorganic, physical, material and biological. Among the main techniques for
describing electronic structure, electron paramagnetic resonance spectroscopy is
unique in its ability to selectively probe paramagnetic molecules. In fact EPR
spectroscopy can provide a wealth of information about the electronic structure of
paramagnetic molecules including those involving metal ions. For complexes those
are paramagnetic, in addition to the elemental analysis, IR, and electronic
spectroscopic techniques, Electron Paramagnetic Resonance (EPR) spectroscopy acts
as an effective and valuable tool to explore the structural features and bonding
characteristics of metal complexes. The advances in the ESR spectroscopy have
benefited the inorganic chemists with the help of high field and high-resolution
spectrometers that helps to resolve the g and g, features of the paramagnetic species.
The information obtainable from a low temperature spectrum of diamagnetically
diluted paramagnetic species provides important clues to structural traits and bonding
properties of the complexes [49].

The single crystal EPR spectrum measurements are also widely employed
to derive more information about the geometry of the paramagnetic species formed
[50]. Hathaway had extensively surveyed the studies on complexes by using EPR
spectroscopy [51]. Various simulation packages are extensively used to simulate the
experimental spectrum and hence help to establish the absolute geometry and

accurate bonding and structural characteristics of the complexes [52-55]. However,
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for diamagnetic complexes, NMR spectroscopy still remains as a valuable tool for

establishing the structural characterizations.
1.4.5. X-Ray crystallography

The diffraction/scattering of X-ray radiations by array of atoms in a single
crystal of a compound is exploited to establish the structure and geometry of the
complexes. At present this versatile techniques is valued as the final word by many

chemists for establishing the accurate structure of the complex compounds.

1.4.6. NMR techniques

It is a technique used to characterize ligands and diamagnetic complexes. It
consists of four techniques, 'H NMR BC NMR, COSY (]H -'H correlation) and
HMQC ('H - "*C correlation).

The proton NMR (‘H NMR) spectrum was recorded at 500 MHz. The
assignment is done on the basis of chemical shifts, multiplicities and coupling

constants.

3C NMR technique is a relatively new one. There are considerable
differences between 'H NMR and C NMR spectra, both in modes of recording as
well as appearance. BC has a spin quantum number equal to 'z and its nuclear
magnetic resonance can be observeci in the magnetic field of 23,000 guass at 25.2
MHz. Whereas with the same magnetic field '"H NMR at 100 MHz. The insufficiency
of this method is clear from the fact that only one line can be observed at a given
point in time and hence to excite the whole band of frequency simultaneously. It is
done by using strong pulse of radio frequency covering a large band of frequencies,
which is capable to excite the whole, all resonance of interest at once. Each °C in
organic molecule is spin coupled not only to the directly attached proton, but also to

the protons. which are two to four bonds away. Because of this long range coupling
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B3C spectra appear as broad peaks. By using proton noise decoupling technique

simplified *C NMR spectra can be obtained.

Assignments of protonated carbons were made by two dimensional
heteronuclear-correlated experiment using delay values, which corresponds to
'J(C,H). The HMQC experiment provides correlation between protons and their
attached heteronuclei through the heteronuclear scalar coupling. Thus we can
determine the connectivity of each proton to the carbon. This sequence is very
sensitive, compare to the older HETCOR, as it is based on proton detection, instead

of the detection of the least sensitive low gamma heteronuclei.

1.4.7. Cyclic Voltammetry

Cyclic voltammetry is widely used to study the redox behavior of the
coordinated complexes. It gives an insight into the stability of the compound under
investigation against electrolytic oxidation and reduction in the solution. In this
technique, the potential of a small stationary working electrode is changed linearly
with the time starting from a potential where no electrode reaction occurs and
moving to potentials where reduction or oxidation of a solute (material being studied)
occurs. After traversing the potential region in which one or more electrode reaction
takes place, the direction of the linear sweep is reversed and the electrode reactions
of the intermediates and products formed during the forward scan, often can be
detected. The technique can be carried out using a suitable reference, working and
counter electrodes, the selection of which can be made depending on the nature of the
compound and the solvent used, in the presence of a supporting electrolyte [56]. The
supporting electrolyte is usually added to repress the migration of charged reactants
and products. For our systems measurements were made on degassed (N, bubbling
for 10 minutes) solution in DMF (10°M) containing 0.1 M tetrabutyl ammonium
tetrafluoroborates as supporting electrolyte. The three electrode system consists of a
glassy carbon (working) platinum wire (counter or auxillary) and Ag/AgCl
(reference) electrodes. Having knowledge of the species involved and an idea about
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the redox properties, one can select the range of voltages, and the variation in
voltammogram can be recorded at different sweep rates. The peaks in the forward
and reverse sweeps can be interpreted to assess the stability of the species.
Depending on the nature of the voltammogram obtained they may be termed as
reversible (ipa=ipc), quasi-reversible (i>i) and irreversible process. If some
chemical reaction occurs the return peak of the cyclic voltammogram will be reduced
in magnitude, and it will be completely absent if the reaction half-life is much less
than the scan duration [57]. The cyclic voltammetric techniques can also be utilized,
coupled with electronic spectroscopy, to obtain information about the presence of a
new species formed during the oxidation-reduction process and the related stereo

chemical and structural changes [58].

1.4.8. Biological studies

The biological activities or the therapeutical ability of any compound depends
on the minimum amount by which the chemical or substance is required to inhibit the
growth or to kill the micro organism that causes the disease, along with a minimum
cytotoxicity — a potential to act as a toxin that may generate undesirable symptoms
that are harmful to health of living organism and hence decides a drug value of the

same

The synthesized chemical ligands and complexes were tested for their.
antimicrobial activity. Antimicrobial activity is the ability of a compound to inhibit
the growth of a given microorganism. The antimicrobial agent may be either

bacteriostatic or bactericidal.

The effectiveness of an antimicrobial agent in sensitivity testing is based on
the size of the zones of inhibition. When the test substances are introduced on to a
lawn of bacterial culture by disc diffusion method, if the bacteria are sensitive, there
develops a zone of no growth around the disc, which is referred to as the zone of

inhibition. The diameter of the zone is measured to the nearest millimeter. Test
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substances which produce zone of inhibition of diameters, 9 mm or more are
regarded as positive, i.e. having antimicrobial activity; while those cases where the
diameter is below 9 mm, the bacteria are resistant to the sample tested and the sample
is said to have no antimicrobial activity.

Test organisms

The microorganisms used as test organisms were bacteria isolated from clinical
samples.

Two Gram positive bacteria and three Gram negative bacteria were used as test

organisms.
A) Gram Positive B) Gram Negative
1. Staphylococcus aureus 3. Escherichia coli
2. Bacillus sp 4. Salmonella paratyphi

5. Vibrio cholerae O1

The disc diffusion method was used for screening for the antimicrobial
property of the test samples. The MIC (minimum inhibitory concentration) of the
complexes showing a positive antimicrobial property was done using the same

method.

1. Preparation of discs
Discs of 4 mm diameter were cut out of Whatman No.l filter paper and
autoclaved at 15 psi for 15 minutes. 5 pL of each of the test chemical samples
were dispensed on to the discs under aseptic conditions. The discs were dried at

30°C and stored in sterile vials until further use.

2. Media
Unless otherwise specified, the medium used for growing the cultures was

nutrient agar.
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Disc diffusion method

A loopful of an overnight slant culture of the test organism was inoculated to
5 ml of sterile physiological saline to make a uniform suspension. This suspension
culture was surface spread on nutrient agar plate by swabbing with a sterile cotton

swab so as to get a uniform lawn culture.

The discs with the test complexes prepared as mentioned above, were placed

on the swabbed surfaces of the plates ( 4 discs per plate ) using sterile forceps.

The plates were incubated at 37°C for 24 hours and then checked for zones of

inhibition around the discs.
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Chapter 2

SYNTHESIS, SPECTRAL CHARACTERIZATION AND
X-RAY STRUCTURE OF SOME ACID HYDRAZONES

2.1. Introduction

Chemistry of Schiff bases has been intensively investigated in recent years,
owing their coordination properties and diverse applications. Schiff base hydrazones
are widely used in analytical chemistry as a selective metal extracting agent as well as

in spectroscopic determination of certain transition metals [1-4].

The synthesis and structural investigation and reaction of transition metal
Schiff bases have received a renewed attention in recent years, because of their
biological activities as antitumoral, antifungal and antiviral activities. But they usually
show an NNS coordinaung modes [5-6]. However very little information about ONO or
NNO coordinating mode hydrazones in the bibliography [7]. Copper(I) cbmplex of
salicylaldehvde benzoyvlhydrazone was shown to be a potent inhibitor of DNA
synthesis and cell growth. These hydrazones also have mild bacteriostatic activity and
a range of analogues have been investigated as potential oral iron chelating drugs for
genetic disorders such as thalassemia [8-11]. There are also some reports on the
catalytic activities their nickel complexes [12-15].

This type of diprotic ligand typically acts as tridentate planar chelating agents
coordinating through the phenolic and amide oxygen and imme nitrogen. The actual
lonization state is depend upon the condition and metal employed [10]. With copper(Il)
in basic medum, both the phenolic and amide protons are ionized; in neutral and acidic
solutions the ligands are monomeric, whereas strongly acidic conditions are necessary

to form compounds formulated with neutral ligands. In moderately acidic media or
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alkaline solution, the hydrogen atom of the -CONH- group can split off and neutral
metal complex can be formed [2]. Aroyl hydrazones behave as bidentate [16],
tridentate [17] and tetradentate [18] ligand forming colored complexes with transition

metal 10ns.

Hydrazones have been the subject of extensive investigation due to their
versatile chelating behavior in particular those derived from pyridoxal phosphate and
isonicotinic acid [19-20], but those having the side chain at 2- position of the
heteroaromatic ring have received much less attention.  Acyl hydrazones of
salicylaldehyde subsequently attracted attention. It displays radioprotective properties
[21] and a range of acyl hydrazones have been shown to be cytotoxic, the transition

metal complexes again showing enhanced activity.

2.2, Experimental

2.2.1. Materials

Salicylaldehyde (BDH), 2-hydroxyacetophenone (BDH), benzoic acid
hydrazide(Fluka), 4-hydroxybenzoic acid hydrazide (Fluka), nicotinic acid hydrazide
(Fluka) were of Analar grade and used with out further purification. All the solvents

were used after purification.

2.2.2. Physical measurements and Instrumentation

Elemental analyseés were carried out using a Heraeus Elemental Analyzer at
RSIC, CDRI, Lucknow, India. IR spectra, in the range of 4000-400 cm” were recorded
on a Shimadzu DR 8001 series FTIR instrument as KBr pellets. The 'H NMR, "C
NMR, COSY and HMQC spectra were recorded by using Bruker DRXS500, using
DMSO-ds as solvent and TMS as standard. Solid state reflectance was recorded on

Ocean Optics, Inc. SD2000 Fiber Optic Spectrometer.
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2.2.3. Syntheses of acid hydrazones

Acid hydrazide (1 mmol) dissolved in methanol and refluxed with methanolic
solutions of salicylaldehyde or 2-hydroxyacetophenone (I mmol), in presence of a
few drops of glacial acetic acid for 6 h. On cooling the reactant media, crystals of
hydrazones were separated out. All the compounds were recrystallised from
methanol and characterized by analytical and different spectral methods. Schemes

used for the synthesis of the ligands have been shown below.

OH
@[/ + H CH,COOH ©i/
0 N —HO o
HN
o

Fig. 1. Scheme of synthesis of HyL'

CH,COOH O
H o N
\N NN

Fig. 2. Scheme of the synthesis of H.L"

OMe
N X
H CH ;COO0H
-0 N N TH o
HNT
0]

Fig. 3. Scheme of synthesis of HL®
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OH OH OH
o CH,COOH o
) N o v N
H2N/ 2 ~ \H
0 c

CH H
3 : OH
Fig. 4. Scheme of synthesis of H,L*
OH N OH
Yy CH,COOH ©i/ 0
=0 N =N HO N
HNT 2 N A
H
O /
N
Fig. 5. Scheme of synthesis of H,L’
OH

ZT

OH
+ O
CH,COOH
@) o - N
H,NT 2 2N
H
o) CH,

Fig. 6. Scheme of synthesis of H,L°

CH

2.3. Result and discussion

2.3.1. Syntheses of the hydrazones

The hydrazones were synthesized by the direct condensation of the acid
hydrazide with aldehydes/ketones in the presence of glacial acetic acid. The

elemental analyses were in good agreement with the proposed empirical formulae.
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These hydrazones can exist in either keto or enol form or an equilibrium mixture of
the two since it has an amide ~NH-C=0 group. However IR and NMR spectra of
these compounds indicate that, in solid state they are in the keto forms. The physical

constants, color partial elemental analyses data are given in Table 1.

Table. 1. Physical constants , color and appearance and analytical data of ligands

Compound Melting  Colour and Analytical Data found (calculated)
pomnt °C  appearance C% H% N%
HL! 160-162  Pale yellow 69.74 5.19 (5.00) 11.51
(CLH1z2N:02) Prismatic  (70.00) (11.66)
HoL? 180-182  Pale yellow 66.12 66.12 16.95
(CiaH13N;02) Needles (65.85) (65.85) (16.46)
HL’ 174-176  Colourless 65.43 532(5.13) 1598
(CisH13N;02) needles (65.87) (16.46)
HoL* 182-184  Yellow 66.66 5.22 (5.26) 10.36
(CysH14N,03) (66.70) (10.43)
HL° 171-173  Pale yellow 60.70 4.83 (4.60) 16.55
(C1:H11N;02) (60.23) (16.21)
H,L 172-174  Colourless 71220 5.22 (5.55) 12.36
(C1sH1aN202) needles (70.85) (12.58)

2.3.2. Electronic spectral studies

Solid state reflectance data shows the 7— 7* transition is at 34274-31950 cm’

! n—7* of the azomethine is found at 29590-28571 cm™ and n—x* of carbonyl is at

27778-26110 cm™ [22]. Electronic spectral data are presented in Table 2.
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Table 2. Electronic spectral assignment of ligands (cm’™)

Compound n-n* n-t*
HoL' 26315, 22222 32259
H.L? 29590, 26110 31950
HL® 31237
H.L! 31746 31746
HiL’ 33333
H.L® 28571 34247
H,L"!
1.0 —
> 05 —\/M/
.‘5
c
[+)]
c
0.0 —
3(1)0 ' 4(1)0 ' SCI)O ' 6;0 ' 7C‘)0 ' BC')O ' 960

Wavelength (nm)

Fig. 7. Electronic spectrum of H,L'

23.3. IR spectral studies

Significant IR bands of the compound and their tentative assignments are

discussed here. A broad band obtained at ~3400 cm” is assigned to be due to the
Dept. of Applied Chemistry February 2004



25 Chapter 2

phenolic ~ -OH stretching. Other major bands are at ~3200, ~1670 and ~1610 cm”

which are attributed to v(NH), v(C=0)and v(C=N) respectively [10-11]. The IR spectra
assignments are presented in Table 3.

1w?
T
/ﬂ"/\"\'}
w‘!‘,t {v‘ § ﬂp{v\
\ AN ; A
’ i 4
(«‘1) H [‘ f\ ;\‘}ﬂl) ¥
I i
\J’ f\f 1 ﬂ H U‘ f d
! PoRE
i oo
;i *1 ; ‘:ih" L)
| v
1 /B
H HH
|
3 oy r AP ¥
000 kiciU] 154} r; mx) we-d

Fig. 8. IR spectrum of H,L*
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Fig. 9. IR spectrum of H,L?
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Fig. 10. IR spectrum of H,L*
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Table 3. IR spectral assignments of the hydrazones (cm™)

Compound v(OH) v(NH) v(C=N)
HoL' 3424 3160 1620
H,L? 3432 3208 1603
HL® - 3214 1608
HL* 3410 3124 1610
HL’ 3451 3052 1609
HL® 3429 3217 1615

2.3.4. 'H NMR spectral studies

The complete assignment of the 'H NMR spectra is given here. The spectrum
was recorded at S00 MHz. The assignment i1s done on the basis of chemical shifts,
multiplicities and coupling constants. The ligands do not show any peak attributed to

enolic —~OH proton indicating that they exist in keto forms.

H:L® (2-hydroxyacetophenone nicotinic acid hydrazone)

The signals at 6=13.28 ppm and 6=11.56 ppm represent OH and NH
respectively. Upon addition of DO the intensities of both OH and NH proions
significantly decrease, confirming the assignment. We got one more singlet at 6=9.1,
which is found to be coupled with a proton of H(12) (5=8.3) from the'H'H
correlation spectra. Hence it is assigned to be of H(13), for which a doublet 1s
expected. A singlet of three protons at §=2.5 was attributed to the methyl group
protons which are chemically and magnetically equivalent. At §=6.9 we got a quartet
which is assigned to be a merged form of one triplet and a doublet corresponding to
H(4) and H(2). OH 6=13.28(s), NH 5=11.56(s), H(13) 6=9.1(s), H(11) 6=8.8(d)

J=3.5 Hz, H (12) d 6=8.3(d) J=8 Hz, H(10) 6=7.6(dd) J=5 Hz, J=7.5 Hz, H(l)
Dept. of Applied Chemistry February 2004
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5=17(d) J=8 Hz, H(3) 5=7.3(t\/=8 Hz, J=7.5 Hz, H(2) 6=6.95(d) J=8.5 Hz, H(4)
5=6.90(d) J=7.5 Hz, H(14) 5=2.5(s).

H4
H, OH
O H,q
N H
H ~ \N \ 11
2 H
H, CH, =

Fig. 11. Formula ofH:L2

Fig. 12. "H NMR Spectrum of H,L?

HL' (2-methoxybenzaldehyde nicotinic acid hydrazone)

The 'H NMR spectrum of the compound gives four singlets. One is an
exchangeable proton at =12.0 ppm, whose intensity decreases significantly upon

adding D,0, which represents NH proton. The singlet at 8=3.8 ppm is assigned to
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the OMe. The other singlet at 6=9.1 and 6=8.8 ppm are assigned to be of H(13) and
H(7) respectively. OCH; 6=3.8(s), NH 6=12.0(s), H(13) 6=9.1(s), H(11) 6=8.75(d)
J=15Hz, H (12)d 6=8.3(d) J=7 Hz, H(10) 6=7.5(dd) J=7.9 Hz J=3.7 Hz, H(1)
6=79(d) J/=7.8 Hz, H(3) 6=7.45(d)/=8 Hz, /=78 Hz, H(2) 5=7.0 (t) /=7 Hz J=74
Hz, H(4) 6=7.0 (t) /=7 Hz J=7.4 Hz, H(7) 5=8.8 (s).

H4
H, OMe
O H‘IO
N H
H 7 \N AN 11
2 H
H, H, —

Fig. 13. Formula of HL®

BN

L, .J.j-‘,Jf,\&t l l e l
Fig. 14. "HNMR spectrum of HL?
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H.L' (2-hydroxyacetophenone 4-hydroxybenzoic acid liydrazone)

For this compound four singlet are observed. The singlet at 6=13.3 ppm and
6=11.1 ppm represent OH and NH respectively. The -OH i1s obtained at a down field
due to possibility of the formation of intramolecular hydrogen bonding with
azomethine nitrogen. Upon addition of DO the intensities of both OH and NH
protons significantly decrease. This supports the assignment. The peak at § =10.2
ppm 1s assigned to the OH attached to C(12), which also an exchangeable proton.
Another singlet i1s there at 6=2.5 ppm which represent the aliphatic CHs. OH
6=13.3(s), NH 86=11.1(s), H(13) 6=6.9(d) /=8 Hz,, H(11) &=6.9(d) /=8 Hz, H (14)
&=79(d) J=7.8 Hz, H(10) &7.9(d) J=7.8 Hz, H(1) &=7.6(d) /=75 Hz, H(3)
6=73(t}J=8 Hz, J/=7.8 Hz, H(2) 6=6.9 (t) /=74 Hz, /=7.8 Hz H(4) &6.9 (d) /=8
Hz, H(14) 6=7.9(d) /=7.9 Hz, H(15) 6=2.5(s) OH 6=10.2(s).

H4
H, OH
0 H10
N H
H2 ~~ \H 11
H,  CH,
H,; OH
H13

Fig. 15. Formula of H,L*
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al ! A
2.1 1©., i3 0 TR ' ¢ n

Fig. 16. '"H NMR spectrum of H,L*

H-L’ (salicylaldehyde nicotinic acid hydrazone)

The singlet at 6=12.3 ppm and &11.2 ppm represent OH and NH
respectively.  Upon addition of D;O the intensities of both OH and NH protons
significantly decrease, confirming the assignment. We got two more singlet at =9.1
ppm and &=8.6 ppm, are assigned to be of H(13), for which a doublet is expected as in
the previous case and H(7) respectively. OH 6=12.3(s), NH 8=11.2(s), H(13) §=9.1(s),
H(11) 6=8.8(d) J=3.8 Hz, H (12) d 8=8.3(d) J=7.9 Hz, H(10) &=7.6(dd) J=5.4 Hz,
J=17 Hz, H(1) 6=7.6(d) J=7.9 Hz, H(3) 6=7.3(t) J=8 Hz, J=7.5 Hz, H(2) §=6.9 (d)
J=8 Hz, H(4) 8=6.9 (d) J=7.5 Hz, H(7) 6=8.6(s).

Dept. of Applied Chemistry February 2004



Dept. of Applied Chemistry

32 Chapter 2
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0 H,o
N H
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H N H

Fig. 17. Formula of H,L*
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Fig. 18. '"H NMR of H,L®
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H,L® (2-lydroxyacetophenone benzoic acid hydrazone)

The singlet at 6=13.3 ppm and &11.3 ppm represent OH and NH
respectively. Upon addition of DO the intensities of both OH and NH protons
significantly decrease, confirming the assignment. One more singlet is there at 6=2.5
ppm which represent the aliphatic CHi;. OH 6=13.3(s), NH 6=11.3(s), H(14)
5=76(d), /=75 Hz H(13) 6=8.1(d) J=7Hz, H(l1) 5=8.1(d) /=7 Hz, H (12)
§=739(d) J=7.5 Hz, H(10) 8=7.65(d) J=7 Hz, H(l) =7.56(d) J=7.5 Hz, H(3)
§=735(t)J=7 Hz, J=7.5 Hz, H(2) §=6.95(t) J=7.5 Hz, J=7.5 Hz H(4) 6=6.95(t) J=7.5
Hz J=8 Hz, H(15) §=2.5(s).

H4
H, OH
01 Mo
N H
H2 7 \H 11
H,  CH,
H14 H12
H13

Fig.19. Formula of H,L®
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t
{
i
!

Fig. 20. "H NMR of H,L®

2.3.5. C NMR and 'H/PC correlation spectral studies of H,L*

Complete assignment of *C-{"H} NMR spectra, recorded at 125.76 MHz is
given below. Assignment of protonated carbons were made by two dimensional
heteronuclear-correlated experiment using delay values which corresponds to
'J(CH). The HMQC experiment provides correlation between protons and their
attached heteronuclei through the heteronuclear scalar coupling. This sequence i1s
very sensitive (compare to the older HETCOR) as it 1s based on proton detection,
instead of the detection of the least sensitive low gamma heteronuclei). From HMQC
it is evident that C(5), C(6), C(7), C(8) and C(9) are nonprotonated carbons. C(5)
5=159.6, C(4) 6=119, C(3) 6=133, C(2) 6=119, C(1) 6=129, C(6) 6=118, C(7)
§=1594, C(14) 6=15, C(8) 6=164, C(9) 6=120, C(10) &=129, C(11) =153, C(12)
5=137, C(13) 5=150."*C NMR of compound H:L*.
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Fig.22. '"H/'H coupling observed in COSY of H,L?
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Fig. 22. C- "H HMQC spectrum of H,L?

2.3.6. X-Raydata collection, structure solution and refinement

©pm

Single crystals of the H,ApNH were obtained by slow evaporation of a

methanol solution of the compound. A crystal, of size 0.18x0.42x0.52 mm°, was

mounted on glass fiber with epoxy cement for the X-ray crystallographic study. A

summary of the crystallographic data for the title complex at 213 K 1s gathered in
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Table 4. The data was collected with a 1-K SMART CCD diffractometer using
graphite-monochromated MoK, radiation with a detector distance of 4 ¢m and swing
angle of —=35°. A hemisphere of the reciprocal space was covered by combination of
three sets of exposures; each set had a different of angle (0, 88, 180°) and each
exposure of 30 sec covered 0.3° in w. The structures were solved by direct methods
and refined by least-square on F,’ using the SHELXTL [23] software package. The
selected bond lengths and bond angles of H,L?are listed in Table 5.

The molecule of H,L? crystallizes into an orthorhombic lattice with a non-
centrosymmetric space group Pca2;. There are two crystallographically unique
molecules of HoL? in the asymmetric unit. The molecular structure showing 30%
displacement ellipsoids with atomic-numbering scheme is shown in Fig. 24. The

molecular packing of the molecule in a unit cell 1s shown in Figure 25.

The C8-0O1 bond, which averages 1.242(6) A in H,L? is shorter than the C=0
bond 1.236(4) 1n 3-formylpyridine semicarbazone [24] indicating considerable amount
of the bond delocalisation with the pyndyl ring. As expected the C7-N1 bond length is
1.284(6) A is comparable to the corresponding bond length of 1.291 A reported for 2-
hvdroxyacetophenone thiosemicarbazone [25]. The O atom and the hydrazinic N1 atom
are trans with respect to C8-N2 bond. Structure of the compound reveals quasi
coplananty of the whole molecular skeleton with localization of the double bonds in the
central -C=N-N-C=0 which has an E- configuration with respect to the double bond of
the hydrazone bridge. A trans - cis configuration is fixed around the N2-N1 (1.382 A)
single bond [26]. The phenolic ring maintains coplanarity with the central chain. The
angle N2-C8-01 (123.9°) is significantly greater than C9-C8-O1 (121.4°) possibly in
order to relive repulsion between lone pairs of electrons on atoms N1 and Ol. The
central part of the molecule C7-N1-N2-C8-C9, adopts a completely extended
conformation. The bond lengths C7-N1 (1.284 A) and C8-O1 (1.242 A) are typical of
double bonds. So that the chain is likely correspond to C7=N1-N2-C8=01. A similar
observation was reported for a related molecule pyridoxal isonicotinoyl hydrazone [27].
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Table. 4. Summary of crystal data and structure refinement for HxApNH

Empirical Formula
Formula weight
Color; Shape
Measured temperature
Crystal system

Space group

Unit cell dimensions

Volume V [A?]

Z

D; [g . cm™]

u [mm™]

Absorption Correction
F(000)

0 range [°]
Completeness to 8

h k1

Reflections collected
Reflections unique
Tmax/Tmin '
Number of parameters
GoF

Final R indices [[>20(1)]
Residual highest peak and deepest hole

Ci1iH14N302

256.28

Greenish Brown; Block
213(2)K

Orthorhombic

Pca2,
a=8.2221(1)(5)A, a=90°
b=11.3743(1)A, B=90°
c=26.3962(4)A, y=90°
2468.59(5)

8

1.379

0.095

Empirical

1080

3.06t028.27°

92.2%
-10/10,-15/12,-31/34
14083

5588

0.9831 and 0.9540

345

1.004

R1 =0.0995, wR2 =0.2415
1.142 and -0.746 ¢. A
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Table 5. Selected bond lengths (A) and bond angles (deg) of H;ApNH

0(1)-C(8) 1.242(6)
0(2)-C(5) 1.355(6)
N(1)-C(7) 1.284(6)

N
N
N
N
C

(1)-N@2) 1.382(5)
2)-C(8) 1.339(6)
3)-C(13) 1.362(7)
3)-C(12) 1.374(7)

(
(
(
(1)-C(6) 1.387(6)

C(7)-N(1)-N(@2) 117.7(4)
C(8)-N(2)-N(1) 120.8(4)
C(13)-N(3)-C(12)122.7(5)
0(2)-C(5)-C(6) 124.1(4)
0(2)-C(5)-C(4) 115.8(4)
N(1)-C(7)-C(6) 116.3(4)
N(1)-C(7)-C(14) 123.6(5)
O(1)-C(8)-N(2) 123.9(5)
N(2)-C(8)-C(9) 114.7(5)
C(10)-C(9)-N(3) 119.8(6)
N(3)-C(9)-C(8) 120.5(5)
C(9)-C(8)-0(1) 121.4(6)

Fig. 24. Perspective view of one crystallographically unique molecule H,L? with

atom numbering scheme with atom numbering schemes and displacement ellipsoids

at 50% probability level. Hydrogen atoms are shown as small spheres of arbitrary

radit.
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Fig. 25. Packing diagram of the compound H,L’

Concluding remark

We had prepared five acid hyudrazones, in which four are new compounds and
studied and characterized by different physicochemical methods. Complete NMR
assignments for one hydrazone was made using COSY homonuclear and HMQC
heteronuclear correlation techniques. Solid state reflectance were also studied in
order to understand the electronic structure of the all compounds. The crystal and
molecular structures of one ligand was determined. The compound crystallizes into
an orthorhombic lattice with a non-centrosymmetric space group Pca2; with two
crystallographically unique molecules in an asymmetric unit. The geometry reveals
quasi co-planarity in the whole molecular skeleton with localization of the double

bonds in the C=N-N-C=0 with an E- configuration.
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Chapter 3

SYNTHESES, SPECTRAL CHARACTERIZATION, X-
RAY STRUCTURE, ELECTROCHEMICAL STUDIES
AND BIOLOGICAL INVESTIGATIONS OF COPPER(II)
TERNARY COMPLEXES 2-
HYDROXYACETOPHENONE 4-HYDROXYBENZOIC
ACID HYDRAZONE AND HETEROCY CLIC BASES

3.1. Introduction

Copper 1s the third most abundant transition metal element in the biological
systems, with an occurrence of 80-120 mg in the human body. The function of
copper in the biological systems is pnmarily in redox reactions associated with the
reduction of oxygen to water with transfer of oxygen to substrate. In attempt to
model the physical and chemical behavior of the biological copper system an
extensive effort was made to synthesis and characterize a plethora of coordination

compounds [1-5].

Copper(ll) complexes are outstanding as reagents or catalysts in the reaction
of organic compounds. The importance of copper(Il) species in oxygenation
reactions has been reviewed [6-7]. The question of copper promoted reactions in
aromatic chemistry and the role of organometallic compounds in organic reactions
has been widely investigated. In general the role of copper is intimately involved and

related to the presence of copper(l) and copper(Il) oxidation states, although there i1s
little or no information on the stereochemistry of the various copper(I) and copper(Il)

or of their mechanism of involvement.
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The chemical properties of hydrazones have been intensively investigated in
several research fields because of their chelating capability and their pharmacological
applications. The antibacterial and antifungal properties of bis(acylhydrazone) and
their complexes with some first transition series metal 1ons was studied and reported
by Carcelli er.al. The evaluation of vitro antimicrobial properties showed some
compounds to exhibit good activity against Gram positive bacteria [8]. Copper(Il)
complex of salicvlaldehvde benzoylhydrazone was shown to be a potent inhibitor of
DNA synthesis and cell growth. This hydrazone also has mild bacteriostatic activity
and a range of analogues has been investigated as potential oral iron chelating drugs
for genetic disorders such as thalassemia [9-11] Intriguingly, the copper(l)
complexes was shown to be significantly more potent than metal free chelate, leading
to the suggestion that the metal complex was biologically active species. Prior to this
the ligand found to possess mild bacteriostatic activity [12]. Because of the
biological interest in this type of chelate system, several structural studies have been
carried out in copper(Il) [13-14]. With salicylaldehyde and its analogue. This type
of diprotic ligand typically acts as tridentate planar chelating agents coordinating
through the phenolic and amide oxygen and imine nitrogen. The actual ionization
state 1s depend upon the condition and metal employed [13] with copper(Il) with
base, both the phenolic and amide protons are ionized; in neutral and acidic solutions
the ligands are monoanionic, whereas strongly acidic conditions are necessary to

form compounds formulated with neutral ligands.

In this chapter we report syntheses, analytical and spectral characterization
electrochemical and structural studies and biological investigation of two ternary
copper(ll) complexes of aroyl hydrazones, derived from 4-hydroxybenzoic acid
hydrazide and 2-hydroxyacetophenone (H,L"), and bidentate heterocyclic bases, 2
2’-bipyridine and 1, 10-phenanthroline.
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3.2. Experimental
3.2.1. Materials

Copper(ll) chloride dihydrate (BDH) was of Analar grade and used without

further purification. All the solvents were dried using standard methods before use.

3.2.2. Syntheses of complexes

Mixed ligand complexes CulLB, where L 1is the dianion of 2-
hydroxyacetophenone 4-hydroxybenzoic acid hydrazone, B is the heterocyclic base,
2, 2’ bipyridine or 1,10 phenanthroline were prepared as follows. To a hot ethanolic
solution of 1 mmo! of appropriate heterocyclic base, H,L* (0.25 g, 1 mmol) in hot
ethanol and filtered solution of copper(ll) chloride dihydrate (0.2 g, 1 mmol) in
ethanol was added. Resultant homogeneous green solution was stirred for 2 h. The
green product formed was filtered and washed with hot ethanol, followed by ether,
and dried in vacuo over P;O1o. The X-ray quality single crystal of CuL*phen was

obtained from DMF solution by slow evaporation over a period of 2 weeks.

blpyrldme I l
CuCl,H,0

7

. N—»Cu—o
~

~

Fig.1. Scheme of the synthesis of CuL4bipy
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3.2.3. Physical measurements and instrumentation

Cyclic votametric studies were carried out on a Cypress system model CS-
1090/model CS-1087 Computer controlled electroanalytical system. Measurements
were made on degassed (N2 bubbling for 10 minutes) solution in DMF (107 M)
containing 0.1 M tetrabutyl ammonium tetrafluoro borate supporting electrolyte. The
three electrode system consists of a glassy carbon (working) platinum wire (counter

or auxillary) and Ag/AgCl (reference) electrodes.

3.2.4. X-Ray data collection, structure solution and refinement

A dark green monoclinic crystal of CuL*phen having approximate dimensions
0.275 x 0.225 x 0.175 mm was sealed in glass capillary, and intensity data were
measured at 212 K, on an Enraf-Nonius CAD-4 diffractometer equipped with
graphit-monochromated Mo Ko (A = 0.70930 A) radiation. Unit cell dimensions were
obtained using 25 centered reflections in the 6 range 5.54° - 12.20°. The intensity
data were collected by w-scan mode within 1.75 <8 < 24.92° for hkl (0 <h <10, 0 <
k <18, -21 <1<21) 1n monoclinic system. The trial structure was obtained by direct
methods using SHELXS-97 [15]. And refinement by full matrix least square on F*
(SHELXL-97) [16]. The non hydrogen atoms were refined with anisotropic thermal
parameters. All hydrogen atoms were geometrically fixed and allowed to refine a
riding model. Absorption corrections were employed using y-scan (T = 1.000 and

Tin = 0.982).

3.3. Results and discussion
3.3.1. Syntheses of copper(ll) complexes

The colors, elemental analyses, stoichiometries of HoL* and its complexes are

presented in the Table 1. The elemental analyses data are consistent with 1:1:1 ratio
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of the metal ion : hydrazone : heterocyclic base for the complexes prepared. The
complexes are insoluble in most of the common polar and non polar solvents. They
are soluble in DMF and DMSO. The conductivity measurements in DMF showed

that the complexes are non electrolytes

The magnetic moment in the polycrystalline state at 300 K of the complexes
were found to be 1.85-1.93 BM, which are consistent with the spin only values for

mononuclear d* copper(I) systems {17].

Table 1. Colours, elemental analyses and magnetic susceptibilities of copper(Il)

complexes
Compound Formula Colour Found (calculated) % T
C H N BM
H,L* CisHisN2O;  yellow  66.70 (66.66) 5.26 (5.22) 10.43(10.36) -
CuL*bipy CuCysHoNsO;  green  61.92(61.53) 398 (4.13) 11.59(11.48) 1385
CuL‘phen  CuC»H»NiO: green 62.87(63.34) 4.04(3.94) 10.86(10.94) 1.93

3.3.2. EPR spectral studies

The EPR parameters obtained for the complexes in frozen DMF solution are
presented in Table 2. The copper(Il) ion, with ¢’ configuration, has an effective spin
of §=3/2 and associated with a spin angular momentum m; = +1//2 leading to a
doubly degenerate spin state in absence of magnetic field. In magnetic field this
degeneracy 1s lifted and the energy difference between these states i1s given by 4E =
hv = gBH, where h is the Planck’s constant, v is the frequency g is the Lande splitting
factor (equal to 2.0023 for free electron), B is the electronic Bohr magneton and H is
the magnetic field. For the case of 3d° copper(II) ion the appropnate spin

Hamiltonian assuming a By, ground state is given by
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H= ﬂ[g;. H.S:- g (HSx + H)Sy)] + AIS: + B (IS + 1,\5)”

The EPR spectra of the Cu(Il) complexes in frozen DMF solution (77 K) gave
axial spectra. The spectra of the compléxes consist of four well defined hyperfine
lines due to copper nuclei in the parallel region. However, for CulL’phen four
hyperfine splitting due to copper nucleus is observed in the perpendicular region also.
But the superhyperfine splitting due to coordinated nitrogen is not visible for both the

complexes.

The g >g_ value suggest a distorted square pyramidal structure and rules out
the possibility of triagonal bipyramidal structure which would b2 expected to have
g,> g . Thus the polyhedron consists of one phenanthroline / bipvridine nitrogen,
azomethine nitrogen, phenolate oxygen and enolate oxygen of hvdrazone form base
of the pyramid and the remaining nitrogen of the heterocyclic base occupies the

apical position of the square pyramid [18-19].

EPR spectra are simulated to get accurate values of various magnetic
parameters. The energies of d-d transitions were used to evaluated the bonding
parameters o, p* and v which may be regarded as measures of covalency of in plane

¢ bonds, in plane 7 bonds and out plane 7 bonds respectively.
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Fig. 2. Simulated best fits of CuL ‘phen (green-exp.)

The geometric parameter,
G=1(8-2/8r2),

For axial spectra measures the exchange interaction between copper(ll)
centers in polycrystalline state. If G > 4.0 exchange interaction is negligible and if it
is less than 4.0 considerable exchange interaction is indicated. In this complex & =
4.09 - 4.56 indicates exchange interaction is negligible. The observed g values in the
complex lie above 2.040 with G > 4.0 are consistent with a d,%,* ground state and
with square base pyramidal stereochemistry [20-21]. The relatively high values of 4,
(>150 x10™ cm’™"), suggests small axial interaction [22].

The value of in plane = bonding parameter &’ can be estimated from the
expression and found to be ~0.78.

o = -Ay/0.036 +( gy -2.0023) + 3/7 (g-2.0023) +0.04
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The orbital reduction factor Kj; = o f~and K, = & y° were calculated using

the following expressions
K\ = (8-2.0023) AE(dy—d..’) / 8ho
K. = (g:-2.0023) AE(dscymd ) / 20

Where Ao is the spin orbit coupling constant and is of the value of 828 cm’

for copper(Il) d° system.

According to Hathaway for pure o bonding K}, = K, = 0.77 for in plane =
bonding K|; < K, while for out plane 7« bonding K| > K, In this complex K; > K
stronger out of plane © bonding. . The metal-ligand in plane o bond 1s purely 1onic if
¢ is unity. The trend of #° value is opposite to that observed for ¢/, indicating the
competitive mechanism of in plane o and 7 bonding. The value of ° shows there is

appreciable out of plane 7 bonding, which is further supported by K, > K ;.

The Fermi contact hyperfine interaction term, which is the measure of
contribution of the s electron to the hyperfine interaction, can be estimated from the

expression:

Ko=Aiso/PB + (gay— 2.0023)/ B

Where P i1s the free ion dipolar term and its value 1s 0.036. K, is a
dimensionless quantity and 1s generally found to have a value of 0.30. The K, value
obtained 1s in good agreement with the theoretical one, indicating the mixing of the

4s orbital with d orbital possessing an unpaired electron.

The empinical factor f = gy / A, is an index of tetragonal distortion is
calculated as 120.24 and 126.70 cm. The value may vary from 105-135 for small to
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extreme distortion. The value here indicates medium distortion from the geometry
the greater tetrahedral distortion may be due to flexible structure or the in vivo
environment in which complex located in solvent system. Recent studies have
shown that the biological activity 1s related to geometry at the metal site in terms of
SOD like activity. The compounds with more tetrahedral distortion are reported to

display higher activity [23-25].

Table 2. EPR and bonding parameters of copper(Il) complexes

CuL‘phen CuL‘*bipy

gi 22402 22194
gL 2.0586 2.0481
gav/uo 21193 21052

Ay (em™) 186.0x10* 175.1x10%
Ay (em™) 13.6x10* 13.510*

Aavuo(cm)  68.1x10%  64.9x10™

G 4.09 4.562
o’ 0818  0.764
' 0936  0.955
¥ 0911 0882
K, 0313 0297
Ky 0.767  0.731
K, 0.74 0.674
f (em) 12024 12670
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166G 4
\

Fig. 3. Solution EPR spectra of CuL’bipy at 77 K
3.3.3. Electronic spectral studies

The significant electronic absorption bands in the spectra of the complexes
recorded in solid state, and are presented in the Table 3. The hydrazone ligands have
n—n* at 42553 and n—n* at 31746 cm™. A second n—n* band is found at 27778
cm”. There is a slight shift in these bands during complexation. The charge transfer

maxima range from 21978 to 28736 cm™ for complexes and may be assigned to an

Dept. Applied Chemistry February 2004



56 Chapter 3

O—Cu charge transfer transition, LMCT [26]. The d-d absorption maxima range

from 16394 to 11560 cm™ and tend to be indicative of tetragonal geometries [13, 27].

Table 3. Electronic spectral assignements (cm™ )

Compound d—d LMCT n—n* n—o*

H,L - - 31746, 27778 42553
CuL‘phen 18149, 16393, 14066 21978 30675, 28248 42545

CuL *bipy 16394, 15385, 13889 22875 31746, 28736 36364

CulL‘phen ;
. -//‘\\\
2
%]
c
2
=
0.0 * T T T T T d T d T d L v 1
200 300 400 500 600 700 800 900

wavelength

Fig. 4. electronic spectra of CuL‘phen
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3.3.4 IR spectral studies

The tentative infrared spectral assignments of H,L* and CuL‘'phen and
CuL*bipy are presented in the Table 4. The peak at 1610 cm™ corresponding to
v(C=N) in the IR spectrum of uncomplexed hydrazone shifts to ~1592 cm™ upon

complexation indicating azomethine nitrogen coordination [18-19, 28].

Further proof for the complexation for azomethine nitrogen 1s obtained from
the appearance of a new band ~ 423 cm™ which is assignable for the v(Cu-N) for the
complexes. The increase in V(N-N) in the spectra of complexes from 1001 to ~1020
cm”, is due to the increase in the double bond character off setting the loss of
electron density via donation to metal and is a further confirmation of coordination of
the ligand through the azomethine atom. The spectral band of v(N-H) of hvdrazone
disappears in the complexes indicating the deprotonation of N-H proton and
coordination via enol oxvgen. The IR spectra show a sharp band at ~1500 c¢m
indicates the newly formed N=C, confirming the coordination of hydrazone takes
place in the form of enol rather than as keto form. The loss of OH proton indicated
by the absence of the band at <3400 cm™ in the complexes. The v(C-0) also
decreased from 1279 to ~1240 cm™ when compared to the uncomplexed ligand. The
forth and fifth position are occupied by the nitrogen atoms of the heterocyclic bases,
these v(Cu-N) bands are assigned in 400-291 cm”  indicated by the heterocvclic ring
breathing in the finger print region of 1400-600 cm™. The second OH group in the
aromatic ring remains uncomplexed indicated by a band at ~3057 cm™ in the

complexes.
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Table 4. Selected IR frequencies of H,L and copper(I) complexes (cm™)

Compound C=N N=C Cu-N Cu-N N-N Heterocyclic Cu-O C-O
(Heterocyclic breathing
base)
H,L* 1610 - - - 1001. - - 1279
CuL4phen 1593 1499 423 419,304 1018 1430, 727 400 1243
CuL*bipy 1598 1503 420 422,310 1022 1432, 861 391 1237
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50
30
500

Fig. 6. Far IR Spectra of CuL‘phen (cm™)
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3.3.5. Crystal structure of CuL’phen

The molecular structure of the complex along with the selected bond angles
and bond lengths are summarized in the Table 6. The compound crystallized in a
monoclinic lattice with a space group P 21/c. the unit cell volume contains 4
molecules. The copper in the mononuclear complex 1s a five coordinate and is
having approximate square pyramidal geometry. The basal coordination positions
are occupied by the phenolato oxygen O(l), azomethine nitrogen N(3), enolate
oxygen O(2) of the hydrazone, and phen nitrogen N(1). The apical position occupied
by second nitrogen of phen N(2) 1s at a larger distance (2.241) than compared to N(1)
(2.047). The four base atoms are coplanar showing a significant distortion from
square geometry indicated by O(1)-Cu(1)-O(2) bond angle (162.76). The central
copper atom is displaced from basal plane in the direction of axial nitrogen, which is
evident from the bond angles of N(1)-Cu(1)-N(3) (176.31), O(1)-Cu(1)-N(3) (91.90).
The bond angles O(1)-Cu(1)-N(2) (101.34), N(1)-Cu(1)-N(2) (77.81), N(3)-Cu(1)-
N2 (102.55) indicate the distortion from the perfect square pyramidal geometry.
One of the reasons for the deviation from an ideal stereochemistry is the restricted
bite angle imposed by both the L and phen ligands. O(1)- Cu(1)- N(2) bond angle is
101.34 and O(2)- Cu(1)-N(2) bond angle 95.79 indicating that slight tilting of the
axial Cu(1)-N(2) bond in the direction of O(2)-Cu(1). Bond away from the O(1)-
Cu(1) bond. The variation in Cu(1)-N(1) (2.047), Cu(1)-N(2) (2.241), and Cu(1)-
N(3) (1.938) indicate the different strength of the bond formed by each of the
coordination nitrogen atoms. The difference in bond lengths can be attributed the
difference in extend of n back donating between the phen and hydrazone moieties
[19]. The packing of the complex is stabilized by intermolecular hydrogen bonding
interactions and C-H = interaction between the atoms. The H-bonding parameters are

listed in the Table 7 and 8.
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Table 5. Crystal data and structure refinement for CuL*phen

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 range

Reflections collected / unique
Completeness to 26
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F

Dept. Applied Chemistry

Ca7 Hyo CuN, 05

512.01

212Q)K

0.70930 A

monoclinic

P 2i/c

a=18424009) A
b=15.4330(14) A
c=17.8140(11) A

a = 90.000(7)°

B =95.190(7)°

y = 90.000(8)°

2306.5(4) A’

4, 1.474 Mg/m’

0.985 mm

1052

0.275 % 0.225 % 0.175 mm
1.75 to 24.92°
0<h<10,0<k<18,-21<1<21
3139 /3139 [R(int) = 0.0000]
2492 (74.8% )

y-scan

1.000 and 0.982

Full-matrix least-squares on F*
3139/0/396

1.050

February 2004



64 Chapter 3

Final R indices [I>20(1}] R, =0.0410, wR, = 0.0882
R indices (all data) R, =10.0628, wR,= 0.0985
Largest diff. peak and hole 0.383 and -0.276 (e.A™)

Table 6. Selected bond lengths(A) and bond angles(®) for the
compound CuL‘phen

Cu()-0(1)  1.926(3) O(1)-Cu(1)-N(3) 91.90(13)
Cu(l)-N@3)  1.938(3) O(1)-Cu(1)-0(2) 162.76(12)
Cu(1)-0Q2)  1.954(3) N(3)-Cu(1)-02) 82.39(13)
Cu(1)-N(1)  2.047(3)  O(1)-Cu(1)-N(1) 91.63(12)
Cu(1)-NQ@)  2241(3) N(3)-Cu(1)}-N(1) 176.31(14)
N(D-C(I)  1.321(5) O(2)-Cu(1)-N(1) 93.92(11)
N(D)-C(5)  1360(5) O(1)-Cu(1)-N(2) 101.34(12)
NQ)-C(12)  1.323(5) N(@3)-Cu(1)-N(Q2) 102.55(12)
NQ)-C(8)  1348(5) O(2)-Cu(1)-N(2) 95.79(12)
NG3)-C(19)  1297(5) N(1)-Cu(1)-N(2) 7781(12)
NG)N@)  1406@) C(1)-N(1)-C(5) 118.0(4)
N@)-CQ1)  131005) C(1)-N(1)-Cu(l) 126.003)
O(1)-C(13)  1336(5) C(5)-N(1)-Cu(l) 116.0(3)
0Q)-C21)  1300(4) C(12)-NQ2)-C(8) 117.7(4)

0B3)-C25)  1370(5) C(12)-N@)-Cu(l)  131.73)
0()-H(103) 091(6)  C(8)-N(2)-Cu(l) 110.7(2)
C(1-C2)  1401(6) C(19)-NG)-N(4) 117.73)
C(I}-H(1)  0984) C(19)-NG3)-Cu(l)  1286(3)
CQ)-C3)  1346(7) N(4)-N(3)-Cu(l) 11332)
CQ1)-N(#)-NQ3) 109.6(3)
C(13)-0(1)-Cu(l)  1243(3)
CQ-02)-Cu(l)  108.3(3)
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Table 7. n-n interaction

D-A Cg-Cg A a '3
Cg(6)-Cg(6)" 3.6243 0 2548
Cg(6)-Cg(8)" 3.5232 1.6 23.02

Cg(7)-Cg(8) 3.5479 212 19.89

Cg(8)-Cg(8)’ 3.7596 0 2818

X-H........ Cg Heg SXHCe X-Cg
A A

C(3)-H(3)-Cg(4)* 3257 101.54 3.5370

C(15)-H(15)-Cg(10y  3.120 177.88 4.0012

C(20)-H(20)-Cg(10)*  3.245 160.89 4.1621

Cg (6) N(1) C(1) C(2) C3)C(HC(5) 1 1-x, -y, 1-z

Cg(7) N()C(8) C(9) C(10)C(11)C(12) 2 2%, -y, 1z
Cg (8) C(4)C(5)C(8)C(9)C(7)C(6) 3: 1-x, Vity, Yz

Cg (10) C(22)C(23)C(24)C(25)C(26)CQ2T) 4:-1+x,y,z

Dept. Applied Chemistry February 2004



-~ oA PIVLE o

Fig. 7. A view of the compound CulL'phen with the atom numbering scheme.
Displacement ellipsoids are drawn at 50% probability level and hydrogen atoms are
shown as small spheres of arbitrary radii.
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Fig. 8. Packing diagram for the compound CuL‘Phen
3.3.6. Biological activity studies

The synthesized chemical ligands and complexes were tested for their
antimicrobial activity. The antimicrobial agent may be either bacteriostatic or

bactericidal.

The effectiveness of an antimicrobial agent in sensitivity testing is based on
the size of the zones of inhibition. When the test substances are introduced on to a
lawn of bacterial culture by disc diffusion method.
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Test organisms

The microorganisms used as test organisms were bacteria isolated from
clinical samples. Two Gram positive bacteria and three Gram negative bacteria were

used as test organisms.

A) Gram Positive B) Gram Negative
1. Staphylococcus aureus 3. Escherichia coli
2. Bacillus sp 4. Salmonella paratyphi

5. Vibrio cholerae 01

The disc diffusion method was used for screening for the antimicrobial

property of the test samples.

The free ligand showed no or little activity against both the Gram positive and
Gram negative bacteria. CuL‘bipy found to be active against Gram positive Bacillus
sp. but both are active against Gram negative Vibrio cholerae 01. CuL'phen is
found to be active against Staphylococcus aureus. The results of the antimicrobial

studies were given in the Table 9.

Table 9. The antimicrobial activities of H,L* and the complexes

Compound Microbial activity inhibition zone
Bacillus sp. Vibrio Escherichia  Staphylococcus  Salmonella
cholerae 01 coli aureus paratyphi
H,L* - - - . .
CuL‘bipy +9mm +11mm - -8mm -8mm
CuL*phen -8mm +10mm - +9mm -
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3.3.7. Electrochemical studies

The electrochemical properties of the metal complexes have been studies in

order to monitor spectral and structural changes accompanying electron transfer [29].

Examination of the experimental data shows that the reduction of copper(Il)
1s reversible . in this type of electron transfer process, the current is controlled by a
mixture diffusion and charge transfer kinetics and can be define by the following
criteria [30], (Epa-Epc) 1s greater than .59 mV and increases with increase in V. I/l
1s equal to unity indicates the chemical reversibility of the redox change and the
value of Ej-Epin 1s 56.5/n mV, is also an indication of the reversibility of the
reaction. The reversibility, associated with the reduction based on the E, value,
probably arises from the relaxation process involved in the stereochemical change
from copper(Il) to copper(I) [31]. The copper(Il) to copper (I) redox processes are
influenced by the coordination number, stereochemistry and the hard / soft character
of the ligand’s donor atoms. However due to inherent difficulties in relating
coordination number and strereochemistry of the species present in solution, redox

processes are generally described in terms of nature of the ligand present [32-33].

0.00002
0.00000 -

-0.00002 <

Current

-0.00004

~0.00006

T T T T T T M I A
-1500 -1000 -500 o 500 1000 1500

Potential{mV)

Fig. 8. Cyclic voltammogram for 10> M CuL*phen in DMF at 300 K
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Concluding remarks

This chapter deals with the detailed preparative and physicochemical studies
of two new heterocyclic base adducts of copper(Il) complexes of general formula
CuLB, where L is the dianion of 2-hydroxyacetophenone 4-hydroxybenzoic acid
hydrazone and B 1s the heterocyclic base, 2, 2’-bipyrnidine (bipy) or 1, 10-
phenanthroline (phen), have been synthesized and characterized by different
physicochemical methods. The molar conductivity measurements in DMF solution
indicate the non-electrolyte nature of both  complexes. The electronic and IR
spectroscopic data indicate that the complexes have square pyramidal geometry with
one dibasic tridentate ligand L*, and one bidentate heterocyclic base. The
coordination takes place through the deprotonated hydroxyl group, azomethine
nitrogen and oxygen from the hydrazide moiety. The magnetic susceptibility values
at room temperature are consistent with the spin only value for monomeric copper(Il)
species. EPR studies of all compounds gave axial spectra. Simulation EPR spectra
gave the correct values for g and A for each compound. The g values indicate that
the unpaired electron resides in the d..,? orbital. The crystal and molecular structure
of CuL“plien was determined by single crystal X-ray diffraction method. The
compound crystallizes into monoclinic lattice with space group P2,/c. Investigations
on antimictrobial activities showed that they are moderately active against Gram
negative bacteria. The electrochemical analysis showed that the Cu(II)/Cu(I) system

is reversible.
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SYNTHESIS, SPECTRAL CHARACTERIZATION,
AND BIOLOGICAL INVESTIGATIONS OF
TERNARY OXOVANADIUM(1V) COMPLEXES OF
SOME ACID HYDRAZONES AND 2, 2°- BIPYRIDINE

4.1. Introduction

The coordination chemistry of vanadium has received considerable
attention since the discovery of vanadium in enzyme like bromoperoxide and
azetobactorvinelandii [1]. Its biological significance is further exemplified by its
incorporation in natural products (amavadin in mushroom), in blood of sessile
marine organism and enzyme in potent inhibitor of phosphoryl transfer [2].
Several vanadium compounds have recently been investigated in animal model
systems as treatment for diabetes [3]. Studies are ongoing in clinical trial in
human beings with organic transition metal complexes [4]. In addition human

studies with vanadate have recently been reported [5].

The oxovanadium(IV) ion, VO** is considered to be the most stable oxo-
metal species known and probably the most stable diatomic 1on [6]. The ion forms
wide variety of stable complexes of which, the physico-chemical properties
notably electronic spectra, are of great interest. Most of this properties stem from
the ground state electronic configuration of vanadium atom, [Ar] 3d', which
shows similarities to Cu®", d” system. The ion also lends itself to study by EPR
because of the isotropic purity of the *'V isotope, its high nuclear spin 1=7/2, and
single unpaired outer electron [7]. It forms stable anionic, cationic and neutral

complexes with various types of ligands.
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Schiff bases contain reactive N=C sites which can be readily reduced to
produce N-H functionalities that have a rather extensive chemistry. This N-H
chemistry can be manipulated to produce potentially versatile chelate for vanadyl

species [8].

In chapter we report synthesis, analytical and spectral characterizations of
some oxovanadium(IV) complexes with four different aroyl hydrazones, derived
from acid hydrazides namely, benzoic acid hydrazide, nicotinic acid hydrazide
and 4-hydroxybenzoic acid hydrazides and salicylaldehyde and 2-
hydroxyacetophenone. A bidentate heterocyclic base 2, 2’ bipyridine was used as

auxiliary ligands for coordination with oxovanadium(IV).

4.2. Experimental

4.2.1 Materials

Vanadium(IV) oxide acetylacetonate (Merck) was of Analar grade and
used without further purification. All the solvents were dried using standard

methods before use

4.2.2. Syntheses of complexes

Vanadium(IV) oxide acetylacetonate (1 mmol) was dissolved in
dichloromethane. To a stirred ethanolic solution of hydrazones (1 mmol) and 2,2’
-bipyridine (1 mmol), under dinitrogen atmosphere vanadyl solution was added.
Resultant homogeneous brown solutions were continued to stirring for 3 hrs.
Reddish orange products formed were filtered and washed with cold ethanol,

followed by ether, and dried in vacuo.
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~
- ” N bipyridine (N, atmosphere)

~~ vanadium(IV) oxide acetylacetonate

Fig. 1. Scheme of the synthesis of the complexes

4.3. Results and discussion

4.3.1. Synthesis of the oxovanadium(IV) complexes

The ligand were found to coordinate as dianionic L*" on complexation to
oxovanadium(IV)  The complexes were found to be readily formed from
vanadium(IV) oxide acetylacetonate solution in ethanol by H,L in presence of
heterocyclic base, 2, 2’- bipyridine. The elemental analysis of the complexes is in
agreement with the formula VOLbipy. All the compound are found to be
sparingly soluble in water, ethanol and methanol and soluble in DMF and DMSO

Conductivity measurement in DMF shows the complexes to be nonconductors.
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4.3.2. Magnetic measurements

The magnetic moment obtained for the complexes are in the range of

1.57-1.91. The values are consistent with the spin only values of systems having

one electron. These are magnetically diluted complexes in which metal ion is not

- involved in magnetic exchange with the neighboring metal ion through exchange

force and orbital contribution to the magnetic moment is quenched [9].

Table 1. Colours and elemental analyses the ligands and complexes

Analytical data found (calculated)

Compound Colour C% H % N %

H,L' Pale yellow  69.74 (70.00) 5.19(5.00)  11.51(11.66)
(VO)L'(bipy) Reddish orange  63.17 (62.58)  4.06 (3.93) 12.19 (12.14)
H,L? Pale yellow 66.12 (65.85) 524 (5.13)  16.95 (16.46)
(VO)L(bipy) Reddish orange  60.47 (60.51)  4.13 (4.02)  14.55 (14.70)
H,L* Pale yellow 66.66 (66.70)  5.22 (5.26) 10.36 (10.43)
(VO) L* (bipy) Reddish orange  61.34 (61.11) 4.23 (4.10) 11.24(11.4)
H,L’ Pale yellow  60.70 (60.23) 4.83 (4.60) 16.55(16.21)
(VO)L’(bipy) Reddish orange  59.19 (59.79) 3.84(3.71) 14.64(15.15)

4.3.3. Electronic spectral analysis

The solid state visible spectra show the characteristic series of absorption

bands common to vanadyl systems. In terms of Ballhausen and Gray model for
the one electron transitions [10], accordingly, the first absorption band ~14300
cm’! region can be assigned to the electronic transition B,—>E (dy —dy, dy),
the second signal ~18200 cm”? due to *B,—°B; (dy—d’y?) and B,—A,

(dy—d?).
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Table 2. Electronic spectral assignements (cm™ )

Compound ’B,—*B, LMCT n—m * ’B,—~'E
(VO)L'(bipy) 18518 25125 33333 14705
20560
(VO)L*(bipy) 18450 23809 34722 14306
20408 31520
(VO)L*(bipy) 18398 25120 30769 14520
20320
(VO)L (bipy) 18248 24390 34482 14285
19230
VOL 'bipy
1.0 5
0.9
0.8
0.7 H
0.6
z -
‘w054
c
s |
£ 044
0.3
0.2
0.1
0.0 T v T g T T T T T T T T 1
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Wavelength(nm)

Fig. 2. Electronic spectrum of VOL'bipy
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4.3.4. Electron paramagnetic resonance spectral studies

Electron paramagnetic resonance spectroscopy examines the transition
between electron spin state separated by the presence of an external magnetic
field. These states are separated by an energy dependent g of the observed species
and magnetic field applied. The value g of vanadyl epr spectra is typically less
than free electron value. These electronic states are then split by spin of nucleus
termed hyperfine spitting. The spin value of IV is I =7/2, so the states are spit
into 2I +1 = 8 different energy levels, each separated by a hyperfine spitting
constant, A. further splitting of states by nearby nuclei, such as N referred to
superhyperfine coupling. For the vanadyl! case, due to electron residing in a sigma
non-bonding orbital pointing away from the ligands in the equatorial (xy) plane,
superfine coupling to nitrogen-containing ligands is not resolved in a typical X-
band EPR spectrum. Therefore there is no additional splitting of EPR absorption.
For oxovanadium, due to strong vanadium-oxygen interaction in vanadyl unit

axial or nearly EPR spectra are usually observed for vanadyl complexes.

In these cases, all spectra were recorded in DMF solution at liquid

nitrogen temperature (77 K) and axially anisotropic spectra are obtained with two
sets of eight line pattern with g// < g, and 4 //>~ A, relationship is characteristics

of an axially compressed dx,,l configuration [11-12].

The spectra show two type of resonance components, one set is due to
parallel features and other set due to perpendicular features, which indicate
axially symmetric anisotropy with sixteen line hyperfine splitting, characteristic
of interaction between the electron and vanadium nuclear spins, g, and 4, values
are remarkably constant for all complexes. Ligand nitrogen or hydrogen
superhyperfine splittings are not observed on vanadium line. This indicates the
unpaired electrons to be in b,g orbital (dyy,- B, ground state) localized in metal,

thus excluding the poésibility of its interaction with ligands [13-18].

The spectra signals are characteristic of mononuclear VO** species. The

1sotropic parameter g, and A, are ~1.9S and ~ 88 G respectively. These values are
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in range of typical for VO** octahedral complexes [19-20]. It is reported the g
and A values are very sensitive to the vanadium coordination environment and
may be used to distinguish between the species with different coordination
environment. In the present case 4 and g values for all the complexes are almost

same and therefore no appreciable change in the coordination environment.

The molecular orbital coefficients o’ and A° were also calculated for the

complexes by using the following equations.

o’ =[2.0023-g |JE/8\f°

B2 =T/6[(-A)/P) + (ALP) + (g} -5/148,) - 9/14 g. ]

where P = 128 x 10* cm™, 4 =135 cm' and E is the electronic transition energy
of B, — ’E. The lower values for a” compared to #~ indicated that in-plane o

bonding is more covalent than in-plane 7 bonding [21].

The in-plane = bonding parameter f° observed are consistent with those

observed for McGarvey and Kilvelson for vanadyl complexes of acetyl acetone.

Table 3. EPR and bonding parameters of oxovanadium complexes

(VO)L'(bipy) (VO)L*(bipy) (VO)L'(bipy) (VO)L’(bipy)

4 BM 1.90 1.67 1.60 1.61

gl 1.960 1.963 1.964 1.956
g 1.992 1.994 1.998 1.986
8av /150 1.981 1.981 1.986 1.979
Ay (cm™) 145.99x10*  147.65x10*  146.97x10*  141.54x10™
A, (cm™) 46.38x10%  49.13x10™ 52.51x10™ 50.99x10™
Aavislem™  79.96x10™ 82.2x10™ 84.34x10% 82.00x10™
o’ 0.616 0.589 0.578 0.869

# 0.947 0.939 0.903 0.704
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Fig. 3. EPR spectra of VOL*bipy and VOL’bipy
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4.3.5. Infrared spectral studics

Compound Hle, HZLZ, H,L* and H,L® show a band around 3400 and
3200 cm™, which are due to OH stretching mode and NH stretching mode of free
OH group and NH respectively. These bands are absent in complexes, which
suggests deprotonation of the phenolic group indicating the coordination though
phenolic oxygen, and enolisation of the carbonyl group, followed by
deprotonation. IR spectra of complexes show sharp band at 1536-1510 cm™ due
to newly formed N=C bond indicating the coordination of hydrazones take place
in the form of enol rather than as keto form. The lowering of the band
approximately 1610 cm” (C=N) by 20-13 cm™, is explicit evidence for
coordination of the hydrazone through the azomethine nitrogen. The spectrum of
the complexes exhibit a symmetric shift in the position of the band in the region
1600-1350 cm™ due to C=C and C=N vibrational modes and their mixing patterns
are different from those present in ligands spectra. Coordination of heterocyclic
base is indicated by weak bands in the region of 455-443 cm™, are due to (V-N)
stretching vibrations. Weak bands in the region 520-510 cm™ indicate V-O (aryl)
bond, resulting from the coordination of phenolic oxygen. A very sharp peak at
963-955 cm™ suggests the presence of V=0 bond in complexes. The frequency
range observed in complexes indicates V=0 bond is weakened by strong ¢ and ©
electron donation by enolate and phenoxy groups to the antibonding orbital of the
V=0 group [22-23]. The variations in frequency suggest that the dr -pm overlap
between vanadium and oxygen atom is influenced by substituents and co-ligands

[11,24-25].
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Table 4. Selected IR frequencies of

oJ

lapries v

ligands and oxovanadium(IV)

complexes
Compound V=N VN=C  VcC.0 Vyv=0 Vv.0 Vv.N Vbipy
H,L' 1620
(VO)LI(bipy) 1600 1536 1344, 1469 955 518 455,419 1438, 712,616
H,L? 1603
(VO)Lz(bipy) 1589 1528 1366, 1471 963 510 443 417 1436, 722, 628
H,L* 1610
(VO)L*(bipy) 1535 1347,1458 970 515 448,415 1440,718, 619
H,L’ 1609
(VO)Ls(bipy) 1595 1522 1352, 1469 957 520 458,418 1439, 722, 621
/1 A
] T | L i )
v . { 4 ‘1! N :(‘s.' g/
11 1
i r
o e na Lice (L33 Mo

Fig. 6. IR Spectra of (VO)L'(bipy)
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4.3.6. Biological activity studies

The synthesized chemical ligands and complexes were tested for their
antimicrobial activity. The antimicrobial agent may be either bacteriostatic or
bactericidal.

The effectiveness of an antimicrobial agent in sensitivity testing is based
on the size of the zones of inhibition. When the test substances are introduced on

to a lawn of bacterial culture by disc diffusion method.

Test organisms
The microorganisms used as test organisms were bacteria isolated from

clinical samples. Two Gram positive bacteria and three Gram negative bacteria

were used as test organisms.

A) Gram Positive B) Gram Negative
1. Staphylococcus aureus 3. Escherichia coli
2. Bacillus sp 4. Salmonella paratyphi

5. Vibrio cholerae Ol

The disc diffusion method was used for screening for the antimicrobial
property of the test samples.

The free ligands showed no or little activity against both the Gram
positive and gram negative bacteria. The results of the antimicrobial studies were
given in the Table 5. from the results the compounds (VO)L'(bipy) and
v O)Lz(bipy) are more active than (VO)L*(bipy) and (VO)L’(bipy)
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Table 5. The antimicrobial activities of H:L and the complexes

Compound Microbial activity inhibition zone
Bacillus sp. Vibrio Escherichia  Staphylococcus  Salmonella
cholerae Ol coli aureus paranphi
H,L' - - . - -
H,L? - - - - -
H,L* - - - - -
H,L’ - - - - -
(VO)L'(bipy) + + - + +
9 mm 10 mm 8 mm 8 mm
(VO)L*(bipy) + + - + -
8 mm 9 mm 8 mm
(VO)L*(bipy) - - - +
- & mm
(VO)L’(bipy) + - - - -
8 mm

Concluding remark

An interesting series of heterocyclic adduct of oxovanadium(IV)
complexes have been synthesized by the reaction of vanadium(IV) oxide
acetylacetonate with some hydrazones in presences of heterocyclic base, 2 2’
bipyridine and characterized by analytical and different spectral techniques, like
IR, far IR, EPR and UV-Vis spectral studies and magnetic studies. The EPR
spectra indicate the free electron resides in the dx, orbital. The coordination
geometry around oxovanadium(IV) in all complexes are octahedral with one
dibasic tridentate ligand L%, and one bidentate heterocyclic base. The
coordination takes place through the deprotonated hydroxyl group azomethine
nitrogen and oxygen from the hydrazide moiety. And the oxygen of the
oxovanadium species occupies the sixth position of the octahedron. All electronic
transitions were assigned. The values are consistent with distorted octahedral
structure. All the compounds are paramagnetic. EPR studies of all compounds
gave axial spectra and the bonding parameters are calculated for all the

compounds.
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SYNTHESES AND SPECTRAL
CHARACTERIZATION OF MANGANESE(II)
COMPLEXES OF SOME ACID HYDRAZONES

5.1. Introduction

The synthesis, structural investigation and reactions of transition metal
complexes of transition metal complexes of Schiff bases have received renewed
attention in recent years, because of their biological, analytical and catalytic
activities. Compounds of this type have biological activities as antitumor,
antiviral and antifungal agents. They usually show an NNS coordinating mode.
However there is very little information about ONO or NNO coordinating modes

in bibliography [1].

Manganese is an essential trace element typical deficiency symptoms in
human beings are growth disorder, bone deformations, abnormalities in
membrane formation and defects in connective tissues. The amount of manganese
in a grown man is only 10-20 mg, in comparison with 3-4 g of iron. Plants and
many bacteria also require minute amount of manganese for healthy existence. In
its divalent form manganese can be an enzyme activator or alternatively, the

active site of metalloprotein [2-3].

When manganese in relevant physiological oxidation state +2, +3, +4 with
normal coordination of oxygen and nitrogen atom from the protein, it forms
paramagnetic centers; Manganese(Il) high spin electronic configuration (five
unpaired electron), manganese(Ill) (h.s) (four unpaired electrons) and

manganese(IV) high spin with three unpaired electron. And hence these type
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systems can be easily studied by different physical methods like EPR, electronic
spectroscopy and magnetic studies. EPR spectroscopy is very sensitive and
informative for manganese(Il) and for polynuclear complexes in which the
manganese ion are in different oxidation state. Electronic spectroscopy
particularly informative in the case of manganese(IIl) and manganese(IV), where
charge transfer spectra are more important.[4]. The oxygen evolving complex
(OEC) of photosystem-II is a tetrameric manganese cluster with di(u-oxo)
dimanganese as its key structural feature. [5]. This mixture of tetrameric
manganese(IV) complexes has become one of the interesting research area in
coordination chemistry. In the course of investigation complexes of different

oxdation state and also mixed valence complexes were obtained [6].

In the present work we report four manganese(Il) complexes of different
acid hydrazones like 2-hydroxyacetophenone nicotinic acid hydrazone (H,L?), 2-
methoxybenzaldehyde nicotinic acid hydrazone(HL?), salicylaldehyde nicotinic
acid hydrazone (H,L’) and 2-hydroxyacetophenone benzoic acid hydrazone

(H,L®) and their spectral characterization and tentative structural assignments.
S.2.  Experimental
3.2.1. Materials

Manganese(Il) acetate dihydrate was Analar grade and used with .out
further purification. All the solvents were dried using standard methods before

use.
3.2.2. Synmthesis of Mn(HL?),

The complex Mn(HL?), was prepared by the following method.
Manganese(I]) acetate hydrate (1 mmol) was dissolved in ethanol. To the stirred
solution of hydrazone (1 mmol) and the heterocyclic base 1, 10-phenanthroline (1
mmol) in ethanol the metal salt solution was added. . Resultant homogeneous
brown solution was continued to stirring for 4 hrs. The product formed was

filtered and washed with hot ethanol, followed by ether, and dried in vacuo.
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| Mn(OAc), .H,O ; Tl
_— -

Fig. 1. Scheme of synthesis of Mn(HL?), complexes
5.2.3. Synthesis of MnL’,

The complex Mnl?,  was prepared by the following method.
Manganese(Il) acetate hydrate (1 mmol) was dissolved in ethanol. To the stirred
solution of hydrazone (2 mmol) in ethanol, the metal salt solution was added. . A
resultant homogeneous reddish brown solution was refluxed for 12 h. The product

formed was filtered and washed with hot ethanol, followed by ether, and dried in

vacuo.
| Mn(OAc), H,0 |
—_—
OMe N\NH N OI\V\N
o 4/ |
T O
N
NG ~n7 OMe N

Fig. 2. Scheme of synthesis oanL32
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5.2.4. Syntheses of Mn(HL’); and Mn(HL®),

The complexes Mn(HL’); and Mn(HL®), were prepared by the following
method. Manganese(I]) acetate hydrate (1 mmol) was dissolved in ethanol. To the
stirred solution of hydrazone (2 mmol) in ethanol the metal salt solution was
added. Resultant homogeneous brown solutions were continued to stirring for 4-
6 h. The products formed were filtered and washed with hot ethanol, followed by

ether, and dried in vacuo.

*@ Q*/L”\ 2%

Fig. 3. Scheme of synthesis of Mn(HL’),

5.3. Results and discussion

5.3.1. Syntheses of the complexes

The ligands were found to coordinate as monoanionic L™ on complexation
to manganese(Il) . The complex, Mn(HL?), was found to be readily formed from
manganese acetate solution in ethanol by the ligand in presence of heterocyclic
base, 1,10-phenanthroline. But the yield was very low and from the elemental
analysis the heterocyclic base was not present in the complexes. The elemental
analysis of the complexes, Mn(HL’), and Mn(HL?®), were in agreement with the

empirical formulas suggested for the compounds. The formation of MnL’>; was
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found to be difficult. All the compound are sparingly soluble in water, ethanol
and methanol and soluble in DMF and DMSO Conductivity measurement in

DMF shows the complexes to be nonconductors.

Table 1. Colours, empirical formula and elemental analyses of manganese(ll)

complexes
Analytical data found (calculated)
Compound Colour C% H % N %
H,L" Pale yellow 66.12 5.24 (5.13) 16.95
(65.85) (16.46)
Mn(HL?), Reddish orange 59.76 4.30 (4.29) 14.26
(59.68) (14.91)
MnlL*; Reddish orange 59.82 4.89 (4.29) 14.68
(59.62) (14.91)
Mn(HL’), C;HsOH Reddish orange 58.11 3.91 (4.51) 15.10
(57.83) (14.45)
Mn(HL®), Brown 63.62 4.51 (4.32) 9.53
(64.17) (10.01)

5.3.2. Magnetic moment measurements

The magnetic measurements were done using VSM, and calculations were
made using computed values for pascal constants for diamagnetic corrections.
The values suggested spin only values for mononuclear complexes having d°
configuration with poor orbital contribution. The room temperature magnetic
measurements were found to be ~ 5.8 BM corresponding to five unpaired
electrons. For manganese(I) d° systems it is orbitally single degenerate and

hence no orbital contribution to the magnetic moment is expected. However ueff
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us.0, some of the magnetic moment must have been quenched by field of the

ligand [7].
5.3.3. Electron paramagnetic resonance spectral studies

The spin Hamiltonian used to represent the EPR of the manganese(Il) is
given by Ingram [8].
H=gBH,+D{S - 1385(S+1)} +E(S’-5))

Where H is the magnetic field vector, D is the axial zero field splitting
term and E is the rhombic zero field splitting parameter. If D and E are very small
compared to g B H;five epr transitions are expected with a g value ~2.0 given by
Bra-ket notation

| +5/2 > +3/2 > | +3/2>| +1/2>, [+1/2>>|-1/2>) |-1/2>e| +-3/2> and |-
3/2>e-5/2>

If D is large, the only one transition between |[+1/2><|-1/2> will be
observed. If D or E is very large, the lowest doublet has effective g values g ~
20,8, ~60 forD#0and E=0), but for D=0 and E # 0, middle Kramer’s
doublet has anisotropic g values of 4.29. Depending upon the values of A and D,

the number of lines appear in the spectra are 6, 24, or 30 [9].

The EPR parameters observed for the frozen DMF solution are presented
in the Table 2. Electron paramagnetic resonance spectra of the complexes in
solution at liquid nitrogen temperature gave six peak correspond to +5/2, ....... -
5/2 correspond to m=0. in addition to this axial field spectrum a pair of low
intensity forbidden lines lying between each of the two main hyperfine line is
observed in solution spectra . These forbidden lines correspond to m=+1 or -1
due to the mixing of nuclear hyperfine levels by zero field splitting factor of the
Hamiltonian. The forbidden lines are themselves split by spin-spin interaction of
the sextuplet state [10]. The average separation of the forbidden hyperfine doublet
is ~24 G. The observed g values are very close to the free electron spin value,

2.0023 which is consistent with the typical manganese (II) and also suggestive of

the absence of spin orbital coupling in the ground state °A; without any sextet
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term of higher energy. The A, values are found to be ~ 96 G, which are
consistent with the distorted octahedral structure for manganese(lI) species.[9,11-

13]

Table 2. EPR parameters and magnetic susceptibility of manganese(1l) complexes

Compound Ziso Aiso Uer BM
Mn(HL®), 2.00169 95.0 5.78
Mn(L?), 2.00448 94.4 5.64
Mn(HL"),.C;HsOH 1.99767 94.4 5.92
Mn(HL®), 2.00448 96.0 5.88

A

oG

Fig. 4. Solution state EPR spectrum of MnL32 at 77 K
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5.3.4. Infrared spectral studies

The coordination sites of the ligands while complexation were assigned on
the basis of the comparative infrared spectral analyses of the ligand and the
complexes. The coordination takes place through the phenol oxygen or methoxy group,

azomcthine nitrogen and oxygen from the hydrazide moiety, by enolisation followed by

deprotonation.

Compound, H,L2 H,L* H,L’ and H,L® show a band 3100 cm™, which is
due NH stretching vibration. These bands are absent in complexes, which
suggests enolisation of the carbonyl group, followed by deprotonation. IR spectra
of complexes show sharp band around 1530 cm™ due to newly formed N=C bond
indicating the coordination of hydrazones take place in the form of enol rather
than as keto form Further proof for the complexation for enol oxygen is obtained
from the appearance of a new band ~ 439 cm™ which is assignable for the v(Mn-
N) for the complexes. The lowering of the band approximately 1610 cm™ (C=N)
by 15-10 cm™ is explicit evidence for coordination of the hydrazone through the
azomethine nitrogen. Which is supported by the new band at 523-501 cm™ in the
complexes, which are assigned to Mn-N. The increase in (N-N) in the spectra of
complexes is due to the increase in the double bond character off setting the loss
of electron density via donation to metal and is a confirmation of the coordination
of the ligand through azomethine nitrogen. On the coordination of the OH group
to the metal lowers the OH stretching frequency by 20-35cm™. The spectrum of
the complexes exhibit a symmetric shift in the position of the band in the region
1600-1350 cm™ due to C=C and C=N vibrational modes and their mixing patterns

are different from those present in ligands spectra [14-15].
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Table 3. Selected IR frequencies of ligands and manganese(ll) complexes (cm™)

Compound Ve=N VN=N VN=C  Vc.0 VMa-N VMO
H.L: 1603 1001 1523
Mn(HL?), 1594 1026 1530 1347, 515 443
1424
HL® 1611 998 1513
Mn(L), 1598 1027 1521 1363, 501 444
1422
H,L’ 1609 1010 1510
Mn(HL*),C,HsOH 1595 1037 1522 1352, 523 432
1469
H,L¢ 1620 1002 1530
Mn(HL®), 1600 1028 1536 1344, 518 437
1469
&1 8¢ 44

N
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Fig. 5. IR spectrum of Mn(HL?); and Mn(HL®),
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5.3.5. Electronic spectral analyses

The six coordinated high —spin manganese(1l) are d° system and the d-d
transitions for the complexes are doubly forbidden. Thus the intensities of the
transitions from the ground state to the state of four-fold multiplicity are very
weak and the peaks appear as shoulders. The significant absorption bands of the
spectra recorded in solid state are presented in the Table 4. The d-d bands are
correspond to ‘A1g-*Tig(*G), 6Alg-“Ezg(“G), *Aig-'Eg and “A,g-*T,g(P) are
observed with very weak intensities, suggest octahedral geometry for all the

compounds[9].

Table 4. Electronic spectral assignments of manganese(Il) complexes

Compound *Aig-"Tig('G)  °Ag-"Eg(*G) ‘A, g-'Eg  “Ag-"Tg(P)
Mn(HL%), 19088 23809 28974 32121
Mn(L?), 19494 22767 28833 31078
Mn(HL");.C,HsOH 18985 22987 28096 31445
Mn(HL"): 18115 23452 28974 31746
L MnHLY,
0.6 4
0.5
- 0.4 /
§ 0.3 —»'i
0.2
01

T T T T T v T T v
200 300 400 500 600 700 800 900
Wavelength (nm)

Fig. 6. Electronic spectrum of Mn(HL"),
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5.3.6. Biological activity studies

All the synthesized complexes were tested for their antimicrobial activity.
The antimicrobial agent may be either bacteriostatic or bactericidal. The
effectiveness of an antimicrobial agent in sensitivity testing is based on the size of
the zones of inhibition. When the test substances are introduced on to a lawn of
bacterial culture by disc diffusion method. The disc diffusion method was used
for screening for the antimicrobial property of the test samples. The active
diameter around the discs was below 8 mm. All the four manganese(1l)
complexes were showed no or little activity against both the Gram positive and
Gram negative bacteria. Surprisingly we observed enhanced growth of
microorganisms over the discs, instead of activity for two of the compounds

Mn(HL®); and Mn(L?), .

Concluding remark

An interesting series of binary complexes manganese(Il) have been
synthesized by the reaction of manganese(ll) acetate dihydrate and four different
acid hydrazones in approprate conditions and characterized by analytical and
different spectral techniques, like IR, far IR, EPR and UV-Vis spectral studies
and magnetic studies. All the compounds are paramagnetic. EPR studies of all
compounds gave axial spectra The spectra indicate all the complexes have a
distorted octahedral geometry The coordination takes place through the
phenolic/methoxy oxygen, azomethine nitrogen and oxygen from the hydrazide
moiety. All electronic transitions were assigned. The values are consistent with

distorted octahedral structure.
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Chapter 6

SYNTHESIS, SPECTRAL CHARACTERIZATION AND
MAGNETIC STUDIES OF STUDIES OF TERNARY
NICKEL(II) COMPLEXES WITH SOME ACID
HYDRAZONES AND HETEROCYCLIC BASES

6.1. Introduction

The synthesis, structural investigation and reaction of Schiff bases and their
transition metal complexes have received a renewed attention in recent years. The
real impetus towards the developing their coordination chemistry was their physico-
chemical properties. The discovery and development of new, more effective cancer
medicines 1s the one of the main goal of present day of medicine and chemical
investigation. Recently the discoveries of antitumor effects of inorganic and
particularly of metal complexes and their use to cure cancer disease have received
increasing attention. Metal chelation is very important process, useful both to
remove toxic metals from polluted environment and to afford new chemical features
to metal complexes in order to make them suitable for practical purposes, for

instance practical application.

Nickel(I1) has been chosen since its trace presence is now recognized to be
essential for bacteria, plants, animals and human [1], and 1t 1s also known that

many nicke! complexes, coordinately unsaturated, can behave as Lewis acids.

Dept. of Applicd Chemistry February 2004



105 Chapter 6

Nickel(1l) complexes with N;O, Schiff base ligands derived from

salicylaldehyde have long been used as homogeneous catalysts [2-5]

In this chapter we report the syntheses, spectral and magnetic
characterization of seven ternary nickel(II) with different acid hydrazones like 2-
hydroxyacetophenone nicotinic acid hydrazone (H,L?), 2-hydroxyacetophenone 4-
hydroxybenzoic acid hydrazone (H,L*), salicylaldehyde nicotinic acid
hydra.zone(HzLS) and 2-hydroxyacetophenone benzoic acid hydrazone (H,L®), and
heterocyclic bases like 2, 2’ bipyridine/ 1, 10 phenanthroline, and one binary

complexes of dianionic acid hydrazone.
6.2. Experimental

6.2.1 Materials

Nickel(II) acetate dihydrate (Merk) was of Analar grade and used without

further purification. All the solvents were dried using standard methods before use.
6.2.2. Syntheses of the complexes
6.2.2.1. Syntheses of NiL’bipy, NiL’bipy and NiL’phen

All the above-mentioned complexes were synthesized using the following
general method. Nickel(II) acetate dihvdrate (1 mmol) was dissolved in water. To
a stirred ethanolic solution of acid hvdrazones (2-hydroxyacetophenone nicotinic
acid hydrazone (H:L?) / salicylaldehyde nicotinic acid hydrazone (H,L*)) (1 mmol)
and 2, 2’-bipyridine / 1, 10 phenathroline (1 mmol), nickel solution was added.
Resultant homogeneous brown solutions was stirred for 3 h. The products formed
were filtered and washed with cold ethanol, followed by ether, and dried in vacuo
over P,0yp. Unfortunately we are unable to grow single crystals suitable for single

crystal XRD for anv of these complexes.
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| Ni(OAc), H,0

OH N\NH phenanthroline
o | N | N
P =
\ N

Fig. 1. Scheme of the synthesis of Nil’phen

6.2.2.2. Synthesis of NiL’H,O

Nickel(Il) acetate dihydrate (1 mmol) was dissolved in water. To a stirred
ethanolic solution of 2-hydroxyacetophenone nicotinic acid hydrazone (1 mmol)
nickel solution was added. Resultant homogeneous brown solutions were stirred for
3 h. The products formed were filtered and washed with cold ethanol, followed by

ether, and dried in vacuo over P4Oy,.

| Ni(OAc), H,0

_—_— (0]
OH  N_ phenanthroline N
NH |
—

|
Ni
A of, O o
N/ N

Fig. 2. Scheme of the synthesis of NiL? H,0
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6.2.2.3. Syntheses of NiL’bipy, NiL®bipy, Nil’phen and NiLdphen

All the above-mentioned complexes were synthesized using the following
general method. Nickel(II) acetate dihydrate (1 mmol) was suspended in ethanol.
This suspension was added to a stirred ethanolic solution of acid hydrazone (2-
hydroxyacetophenone 4-hydroxybenzoic acid hydrazone (HoL*y/
2-hydroxyacetophenone benzoic acid hydrazone (H,L®)), (1 mmol) and 2, 2’-
bipyridine / 1, 10-phenathroline (1 mmol) for 1h. Resultant solution was refluxed
for 6 h. The product formed was filtered and washed with cold ethanol, followed by
ether, and dried in vacuo over P4O1o . Unfortunately we are unable to grow single

crystals suitable for single crystal XRD for any of these complexes.

Ni(OAc), H,0

_
OH N bipyridine
“NH
o)
OH OH

Fig. 3. Scheme of the synthesis of NiL'bipy
6.3. Results and discussion

3.1.  Syntheses of the nickel(Il) complexes

The colors and partial elemental analyses complexes are presented in the
Table 1. The elemental analyses data are consistent with 1:1:1 ratio of the metal ion
: hydrazone : heterocyclic base for the complexes prepared except for NiL2.HO.
One or more molecules water are also present in the molecule. The ligand H,L gets

double deprotonated and coordinates as L*. The complexes are insoluble in most of
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the common polar and non polar solvents. They are partially soluble in DMF and
DMSO. The conductivity measurements in DMF showed that all the complexes are

non electrolytes.

Table 1. Color and partial elemental analyses nickel(II) complexes

Compound Color Analytical data found (calculated)
C% H% N%

NiL’bipy2H,0  Reddish orange  56.9(57.2)  3.99 (4.60)  13.92 (13.89)
NiL*H,0 Yellow 58.86 (59.02)  4.69 (4.45)  10.30 (10.56)
NiL*bipyH,0 Reddish orange 64.28 (64.64)  4.87 (4.98) 9.67 (10.01)
NiL'phenH,0  Reddish orange 65.70 (65.59)  4.68 (4.89)  9.29 (9.56)
NiL’bipy2H,0  Reddish orange  56.97 (56.36)  3.65(4.32)  14.50 (14.29)
NiL’phen2H,O Reddish orange 58.50 (58.43)  4.16(4.12)  13.26 (13.62)
NiL®bipyH,0 Orange 62.61 (61.89) 4.33(4.57) 11.50(11.55)
NiL’phen2H,O Reddish orange 61.33 (61.51)  3.99 (4.59)  10.45 (10.63)

6.3.2. Magnetic moment measurements

The magnetic measurements were done using vibrating sample

magnetometer, and calculations were made using computed values for Pascal
constants for diamagnetic corrections. The magnetic moment in the polycrystalline

state at 300 K of the complexes was found to be 1.18-3.2 BM.
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Nickel(II) complexes show diamagnetic behavior consistent with square
planar environment or paramagnetic behavior consistent with an octahedral
geometry and tetrahedral environment around the metal atom. Five coordinate
geometry is quite unusual among the nickel(I). Octahedral nickel(Il) has an
orbitally nondegenerate ? A, ground state and magnetic moments are in the range of
2.8-3.3 BM, which is very close to spin only value 2.8. Tetrahedral nickel(II) has a
T, ground state and magnetic moment are in the range of 4-4.3 BM. Both
tetrahedral and octahedral have two unpaired electrons, but tetrahedral having
higher magnetic moments. Nyholm had suggested an inverse relationship exists

between magnetic moments and the distortion from tetrahedral geometry.

The magnetic moment value of four coordinated NiL*H,O is 1.18 BM
which is very low compared to the reported values for the tetrahedral complexes.
Such low value exists in literature. Though square planar nickel(II) complexes are
diamagnetic, there are some reports on weakly paramagnetic nickel(Il) complexes
having low spin [6]. To explain this phenomenon equilibrium between spin free and
spin paired configuration 1s suggested. The anomalous low moments could be due to
equilibrium in the solid state between the square planar and tetrahedral structures [7]
or could be due to a partial population of spin triplet state close to the idealized
ground state 1Alg for Dsh symmetry [8-9]. The low values reported for nickel(II)
complexes, which are thought to be arises from quenching of orbital contribution to
the magnetic moment due to distortion D3h symmetry or due to strong in plane n

bonding and axial ligation as has been found in the some other nickel(I) complexes

[10-12].

As the consequences of interaction among nickel atom with the free electron
pairs of the heteroatoms of the neighboring molecules, which leads to extension of
coordination number can also leads to the paramagnetism of the square planar
nickel(II) complexes [13]. The paramagnetic property of four coordinate nickel(Il)
systems are also because of the spin cross over phenomenon. By molecular orbital

calculation, 1t has been found that for planar paramagnetic nickel(Il) splitting of the
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highest occupied molecular orbital is small and contribution of the spin free
configuration to ground state should be apparent [14]. This paramagnetic behavior 1s
because of the equilibrium between diamagnetic spin paired ground state and low
lying triplet state [15]. Unfortunately, our attempts to prepare single crystals of the
compound NiL*H,0 have so far been unsuccessful; hence the confirmation of the

geometry of the compound was based on the electronic spectra of the compound.

Table 2. The magnetic moment and predicted structure of the comopounds

Compound Hesr BM Proposed geometry
NiLzbi‘py.ZHzO 2.76 Pseudo octahedron
NiL% H,0 1.18 Square planar

NiL4bipy.HzO 3.10 Pseudo octahedron
NiL‘phen H,0 3.21 Pseudo octahedron
NiL’bipy.2H,0 2.91 Pseudo octahedron
NiL’phen. 2H0 3.04 Pseudo octahedron
NiL®bipy.H,0 2.71 Pseudo octahedron
NiL°phen.2H,0 2.57 Pseudo octahedron

6.3.3. Infrared spectral analyses

Coordination 1s expected through the phenolic oxygen, azomethine nitrogen
and enolated carbony! group. Compound H,L', H,L? H,L* H,L? and H,L®, show a
band around 3400 and 3100 cm™, which are due to -OH stretching mode and -NH

stretching mode of free -OH group and -NH respectively. These bands are absent in
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complexes, which suggests deprotonation of the phenolic group indicating the
coordination though phenolic oxygen, and enolisation of the carbonyl group,
followed by deprotonation. On coordination the azomethine nitrogen shifts to a
lower wavenumber by ~20 cm™. The mode of coordination of carbonyl oxygen is
expected upon deprotonation of the ligand. The spectral band of -NH disappears in
the complex, which indicates the enolisation followed by deprotonation and the
coordination through the carbonyl oxygen. Another band which 1s considered to be
sensitive to this coordination, i1s the -N-N which shifts to a higher wavenumber in
complex, due to the increase in the double bond character of -N-N bond. A newly
formed C-O bond as the result of the enolisation gives two bands at ~1360 and
~1470 cm™. The IR spectra show a sharp band at ~1500 cm™ indicates the newly
formed -N=C, confirming the coordination of hydrazone takes place in the form of
enolate rather than as keto form. The spectrum of the complexes exhibit a
symmetric shift in the position of the band in the region 1600-1350 cm™ due to -
C=C and -C=N vibrational modes and their mixing patterns are different from those

present 1n ligands spectra.

In the case of the octahedral complexes, the nitrogen atoms of the
heterocyclic bases occupy the fourth and fifth positions. The heterocyclic ring
breathing is observed in the finger print region, 1400-600 cm™. And the sixth
position is occupied by water molecule. A broad band at ~ 3500 cm™ conforms the

presence of water molecule in the coordination sphere [16].
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Table 3. Selected IR frequencies of ligands and nickel(I) complexes (cm™)

Compound V=N Vx=C vVeo VNi-O VNiN
H,L? 1603

NiL’bipy 1593 1526 1357, 1466 518 490, 247
NiL?H20 1597 1534 1344, 1470 353 -
H,L* 1610

NiL* bipyH20 1602 1497 1368, 1437 510,353 492,258
NiL‘phenH20 1599 1500 1367, 1437 353 248
H,L’® 1609

NiL’ bipyH20 1602 1520 1359, 1447 344 482,253
NiL’phenH20 1602 1517 1345, 1457 356 487, 254
H,L® 1609

NiL® bipyH20 1589 1508 1364, 1430 520,355 457,248
NiL’phenH20 1590 1504 1362, 1436
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Fig. 4. IR spectrum of NiL* bipy.H,0
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Fig. 7. IR spectrum of NiL® bipyH,0
6.3.4. Electronic spectral analyses

The electronic spectra of the complexes were recorded in solid state and in
DMEF solution. All the complexes show n—n* transition at 40000-35714 cm™ and
n—7* at ~ 30000 and ~ 27000 cm™. The slight shift observed in these values of the
complexes from the ligands is due to complexation. The bands observed in the range

of 25000-18000 cm™ are assignable to the charge transfer (CT) bands [17-18].

For the compound NiLz'HZO, absence of peaks at ~ 15000 cm’ indicate
absence of tetrahedral symmetry. For tetrahedral geometry the likely spin allowed
transitions for the 3d® nickel(II) complexes are *Ti(F) — "T, *Ty(F) — *Ay, *Ti(F)
— *T,(P). In most nickel(Il) complexes with this stereochemistry, the *T;(F) — A,
transition occurs in the range 7000-9000 ¢cm™, and the *Ty(F) —>T(P) transition is

found around 14000-16000 cm™ [20]. All these bands are absent in the case of
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NiL*-H,0 and there is no band at ~ 24000 cm"l, which rules out the possibility of
the tetrahedral — square planar equilibrium in this compound [8]. The low energy
band of this complex i1s broad and split in two components (at ~ 9000 and ~ 7200
cm’') indicating tetragonal distortion. The magnetic moment (~ 3 BM) lie in the
region expected for octahedral complexes. The electronic spectrum of the
compounds be assigned assuming that the stereochemistry pseudo-octahedral [16,

20].

Table 4.Electronic spectral assignment of the nickel(I) complexes (cm™)

Compound n—-n* non* CT 3T3g<—3A2g T, g<—3A2g T, (P)<—3A;g

NiL’bipy 40000 29850, 20000, 9009 - 13385
28571 18518

NiL?H,0 35741 28571, 18348 - -
26455

Nil* bipyH,O 37037 30303, 18415 7462 11765 -
28818

NiL‘phenH,0 35417 29418, 18518 10416 -
28985

NilL’bipyH,0 35714 30303, 18182 7692 11764 13166
28571

NiL’phenH,0 39804 30303, 19804, 7792 11740 13385

28571 18182

Nil? bipyH,O 37258 27027 25000, 7201 10926 12287
17857
NiLGphenHZO 37567 29980, 23580, 7320 11080 12342

27895 19345
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Fig. 8. The electronic spectrum of NiL*-H,0
6.3.5. Biological activity studies

All the synthesized complexes were tested for their antimicrobial activity.
The antimicrobial agent may be either bacteriostatic or bactericidal.  The
effectiveness of an antimicrobial agent in sensitivity testing is based on the size of
the zones of inhibition. When the test substances are introduced on to a lawn of
bacterial culture by disc diffusion method. The disc diffusion method was used for
screening for the antimicrobial property of the test samples. The active diameter
around the discs was below 8 mm. All the eight nickel(II) complexes were showed

no or little activity against both the Gram positive and Gram negative bacteria.
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Concluding remark

An interesting series of heterocyclic adduct of nickel(II) complexes have
been synthesized by the reaction of nickel(Il) acetate with some hydrazones in
presences of heterocyclic bases like 2 2’-bipyridine and 1, 10- phenanthroline and
characterized by analytical and different spectral techniques, like IR, far IR, and
UV-Vis spectral studies and magnetic studies. The coordination geometry around
nickel(Il) in all complexes except for NiL*H,O are octahedral with one dibasic
tridentate ligand L*, and one bidentate heterocyclic base. A water molecule
occupies the sixth position. The coordination takes place through the deprotonated
hydroxyl group azomethine nitrogen and oxygen from the hydrazide moiety. All
electronic transitions were assigned. The values are consistent with pseudo-
octahedral structure. All the compounds are paramagnetic The paramagnetic
property of four coordinated nickel(II) system is because of the spin cross over

phenomenon.
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Chapter 7

SYNTHESIS, SPECTRAL CHARACTERIZATION AND
BIOLOGICAL INVESTIGATIONS OF ZINC(I)
COMPLEXES OF SOME ACID HYDRAZONES

7.1. Introduction

Zinc 1s an essential element in all-living systems and plays a structural role in
many proteins and enzymes. It is recognized that transcription factors regulate gene
expression and essential features 1s binding to the regulatory protein in the
recognition sequence of gene. Many proteins have been found to have zinc
containing motif that serves to bind DNA embedded in their structure. In the
relevance of zinc to diabetic mellitus, zinc 1s known to present in insulin, coordinated
by three nitrogen atom from histidine and three water molecules in an irregular
octahedral environment. which 1s also believed to have a functional structure.
Surprisingly zinc 1s found to have important physiological and pharmaceutical
functions involving insulin mimetic activities. In 1980 Coulston and Dandona first
reported the insulin mimetic activity of zinc ions [1]. Current state of development of
insulin mimetic zinc complexes with different coordination sites and their possible
mechanism were reviewed by Sakurai et al. [2]. The analytical or structural role of

zinc atom in biological system 1s found to be connected with following features [3].

. The ready formation of low coordination number sites which are more

strongly acidic than high coordination number sites.

. The easy deformation of geometry of the ligand in the coordination sphere

with subsequent change in coordination number from four to five to six.

. Relatively rapid exchange of ligand in the complexes.
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. Absence of redox chemistry.

This chapter consists of the syntheses of four zinc(II) complexes of four
different acid hydra.zqnes and their characterization using different spectral
techniques, like electronic spectra, IR spectra and 'H NMR spectra. The hydrazones
used for the syntheses are H,L! H,L?% H,L® and H,L®,

7.2. Experimental

7.2.1 Materials

Zinc(II) acetate dihydrate (S. D. Fine) was of Analar grade and used without

further purification. All the solvents were dried using standard methods before use.

7.2.2. Syntheses of the complexes

The complexes ZnL-H;O, where L is the dianion of different acid hydrazone
were prepared as follows. To a hot ethanolic solution of H;L (1 mmol), hot ethanol
solution of zinc(Il) acetate dihydrate (I mmol) in ethanol was added. Resultant
homogeneous yellow solution was stirred for 2-6 h. The yellow product formed was

filtered and washed with hot ethanol, followed by ether, and dried in vacuo over
P4010.
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Fig. 1. Scheme of the synthesis of zinc(II) complexes

7.3. Results and discussion
7.3.1. Syntheses of the zinc(Il) complexes

The colors, elemental analyses, stoichiometries complexes are presented in
the Table 1. The elemental analyses data are consistent with the general empirical
formula ZnL-H;O for the all complexes. The ligand H,L gets deprotonated and
coordinated as L*. The fourth position is occupied by one molecule of water. The
complexes are insoluble in most of the common polar and non polar solvents. They
are partially soluble in DMF and DMSO. The conductivity measurements in DMF
showed that all the complexes are non-electrolytes. All the compounds are

diamagnetic in nature.
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Table 1.Colours, empirical formula and elemental analyses of zinc(II) complexes

Compound

ZnL'H,0

Znl.’H,0

ZnL’H,0

ZnL°H,0

Colour

Bright yellow

Bright yellow

Bright yellow

Bright yellow

Analytical data found (calculated)

C%
52.28
(51.87)
49.95
(50.33)
48.39
(48.95)
53.67

(54.02)

H %

3.76 (3.94)

3.89 (3.76)

3.44 (3.63)

4.20 (4.32)

N %

8.71 (9.21)

12.48
(12.87)
13.02
(12.85)

8.35 (8.20)

7.3.2. Electronic spectral studies

The electronic spectra of the all complexes were recorded in solid state. The spectra

showed m—n* transition and n—n* transitions at ~35000 and ~32000 cm™. The

complexes showed there is no appreciable absorption at ~21000 ¢cm” which is in

accordance with d'’ electronic configuration. The moderately intense bands at

~25000 cm™, are assigned to LMCT of zinc(Il) complexes [4].
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Table 2. Selected infrared frequencies of the zinc(Il) complexes.

Compound n—on* non* LMCT

ZnL'H.0 33300 26317 22222

ZnL*H.0 32459 29429, 26110 20000, 23122

ZnL’H,O 34210 25316 20480
Znl’H.0 31134 28166 21876
ZnL‘H,o]
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Fig. 2. Electronic spectrum of ZnL'H,0
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7.3.3. IR spectral studies

The coordination sites of the ligands while complexation were assigned on
the basis of the comparative infrared spectral analyses of the ligand and the
complexes. The coordination takes place through the deprotonated phenolic oxygen,
azomethine nitrogen and oxygen from the hydrazide moiety, by enolisation followed by
deprotonation. The presence of water molecule in the coordination sphere is confirmed by a

broad peak at ~ 3400 cm™', in the spectrum of the complexes.

Compound, H,L', H;L% H,L’ and H,L® show a sharp band ~3100 cm’,
which is due NH stretching vibration These bands are absent in complexes, which
suggests enolisation of the carbonyl group, followed by deprotonation. IR spectra of
complexes show sharp band ~1525 cm™ due to newly formed N=C bond indicating
the coordination of hydrazones take place in the form of enol rather than as keto form
Further proof for the complexation for enol oxygen is obtained from the appearance
of a new band ~ 565 c¢m™ which is assignable for the v(Zn-0) for the complexes.
The lowering of the band approximately 1610 cm™ (C=N) by ~20 cm’', is explicit
evidence for coordination of the hydrazone through the azomethine nitrogen, which
is supported by the new band at ~455 cm™ in the complexes which are assigned to
Zn-N. The increase in (N-N) in the spectra of complexes is due to the increase in the
double bond character offsetting the loss of electron density via donation to metal
and 1s a confirmation of the coordination of the ligand through azomethine nitrogen.
The loss of OH proton indicated by the absence of the band at ~3400 cm™ in the
complexes. The spectrum of the complexes exhibit a symmetric shift in the position
of the band in the region 1600-1350 cm™ due to C=C and C=N vibrational modes and
their mixing patterns are different from those present in ligands spectra. Presence of a
broad band at ~3450 cm’ confirms the presence  of water molecule in the

coordination sphere [5].
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Table 3. Selected IR frequencies of ligands and manganese(Il) complexes (em™)

Compound VeaN VR=N VW=Cc Vc.0 Zn-O Zn-N
HoL' 1620 1001 1523
ZnL'H.0 1594 1024 1534 1344, 1431 554 459
H,L* 1603 998 1513

ZnL’H.0 1598 1025 1524 1354,1431 572 467
H,L’ 1609 1010 1510

ZnL’H:0 1595 1034 1518 1348,1459 586 448
H,L® 1615 1002 1530

ZnL*H.0 1600 1033 1541 1343, 1449 556 454

7.3.4. 'H NMR spectral studies

The spectra were recorded at 500 MHz. The signals at 8~13 ppm and &~11

ppm which represent OH and NH respectively in uncomplexed ligands are absent in

complexes, which 1s an evidence for the coordination of the ligands as doubly

deprotonated anions.
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Fig. 3. "H NMR spectrum of ZnL’H,0
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Fig 4. '"H NMR spectrum of ZnL*H,0
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Fig. 5. "H NMR spectrum ZnL*H,0

7.3.6. Biological activity studies

All the synthesized complexes were tested for their antimicrobial activity.
The antimicrobial agent may be either bacteriostatic or bactericidal.  The
effectiveness of an antimicrobial agent in sensitivity testing is based on the size of the
zones of inhibition. When the test substances are introduced on to a lawn of bacterial

culture by disc diffusion method. The disc diffusion method was used for screening

Dept. of Applied Chemistry February 2004



131 Chapter 7

for the antimicrobial property of the test samples. The active diameter around the
discs was below 8 mm. All the four zinc(Il) complexes showed no or little activity

against both the Gram positive and Gram negative bacteria.

Concluding Remark

Four zinc(Il) complexes were synthesized using zinc(Il) acetate and four
different acid hydrazones namely salicylaldehyde benzoic acid hydrazone (H,L'), 2-
hydroxyacetophenone nicotinic acid hydrazone (H2L?), salicylaldehyde nicotinic acid
hydrazone (H,L’) and 2-hydroxyacetophenone benzoic acid hydrazone (H,L®) and
characterized by different spectral analyses like infrared, '"H NMR and electronic
spectral analyses. All the compounds were screened for biological activities and

found to be inactive against all the Gram Posirive and Gram Negative bacteria.
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SUMMARY AND CONCLUSION OF THE WORK

The thesis entitled “Synthesis, spectral characterization, structural studies
and biological investigations of transition metal complexes of some acid
hydrazones” deals with the syntheses and the spectral characterization of six
substituted acid hydrazones and their coordination compounds of different transition
metals like copper(Il), oxovanadium(IV), manganese(IT), nickel(II) and zinc(II). It
also discusses the biological screening tests for all the acid hydrazones and the

complexes with five microorganisms. The thesis is divided in to seven chapters.

Chapter 1.

This chapter deals with the brief review on acid hydrazones and their
structural and stereochemical properties and different coordination modes. This also
gives a brief account of their transition metal complexes and objectives of the
present studies. Various techniques used to elucidate the bonding structure and
stereochemistry of the ligands and the complexes prepared are also included in this

chapter.

Chapter 2.

This chapter deals with the syntheses and spectral characterization of
six acid hydrazones derived from different acid hydrazide and ketones/aldehydes,

namely
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Salicylaldehyde benzoic acid hydrazone (HiL')

2-Hydroxyacetophenone nicotinic acid hydrazone (HoL)

2-Methoxybenzaldehyde nicotinic acid hydrazone (HL:‘)

2-Hydroxyacetophenone 4-hydroxybenzoic acid hydrazone (H,L")

Salicylaldehyde nicotinic acid hydrazone (H:LS)

2-Hydroxyacetophenone benzoic acid hydrazone (H2L6)

All these acid hydrazones have substitution at the second position of the
ketonic/aldehydic part. Complete NN[R assignments for one hvdrazone was made
using COSY homonuclear and HMQC heteronuclear correlation techniques. Single
crystal X-ray crystal studies for H,L? were done, and the compound crystallizes
into an orthorhombic lattice with a non-centrosymmetric space group Pca2; with

two crystallographically unique molecules in an asymmetric unit.

Chapter 3.

This chapter deals with the detailed preparative and physicochemical studies
of two new heterocyclic base adducts of copper(Il) complexes of general formula
CuLB, where L 1s the dianion of 2-hydroxyacetophenone 4-hydroxybenzoic acid
hydrazone (H,L%) and B is the heterocyclic base, 2, 2° bipyridine (bipy) or 1, 10
phenanthroline (phen), have been synthesized and characterized by different
physicochemical methods. The molar conductivity measurements in DMF solution
indicate the non-electrolyte nature of both complexes. The electronic and IR
spectroscopic data indicate that the complexes have square pyramidal geometry with
one dibasic tridentate ligand L%, and one bidentate heterocyclic base. The
coordination takes place through the deprotonated hydroxyl group, azomethine
nitrogen and oxygen from the hydrazide moiety. The magnetic susceptibility values
at room temperature are consistent with the spin only value for monomeric
copper(Il) species without any copper-copper interactions. EPR studies of all
compounds gave axial spectra. Simulation of EPR spectra gave the correct values
for g and A for each compound. The g values indicate that the unpaired electron

resides in the d,’,? orbital. The crystal and molecular structure of CuL*phen was
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determined by single crystal X-ray diffraction method. The compound crystallizes
into monoclinic lattice with space group P2)/c. Investigations on antimictrobial
activities showed that they are moderately active against Gram negafive bacteria.

The electrochemical analysis showed that the Cu(I1)/Cu(l) system is reversible.

Chapter 4.

This chapter deals with syntheses, spectral characterization and biological
investigation of oxovanadium(IV) complexes. An interesting series of heterocyclic
adduct of oxovanadium(I'V) complexes have been synthesized by the reaction of
vanadium(IV) oxide acetylacetonate with some hydrazones in presences of
heterocyclic base, 2 2’-bipyridine and characterized by analytical and different
techniques, like IR, far IR, EPR and UV-Vis spectral studies and magnetic studies.
The acid hydrazones used for the syntheses are H,L', H;L?, H,L* and H,L’. the
magnetic measurement showed all the complexes are paramagnetic and the values
lie at ~1.7 BM, suggest mononuclear oxovanadium(I'V) with no vanadium vanadium
teractions. The EPR spectra indicate the presence of free electron in the d.y
orbital The coordination geometry around oxovanadium(IV) in all complexes are
octahedral with one dibasic tridentate ligand L*, and one bidentate heterocyclic
base. The coordination takes place through the deprotonated hydroxyl group,
azomethine nitrogen and oxygen from the hydrazide moiety. And the oxygen of the
oxovanadium species occupiles the sixth position of the octahedron. All electronic
transitions were assigned. The values are consistent with distorted octahedral
structure. All the compounds are paramagnetic. EPR studies of all compounds gave
axial spectra and the bonding parameters are calculated for all the compounds. The
antimicrobial studies showed all the complexes are moderately active against all the

microorganisms under study.
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Chapter S.

An interesting series of binary complexes manganese(I) have been
synthesized by the reaction of manganese(Il) acetate dihydrate and four different
acid hydrazones namely H,L% H,L?, HoL® and HoL°, in appropriate conditions and
characterized by analytical and different spectral techniques, like IR, far IR, EPR
and UV-Vis spectral studies and magnetic studies. All the compounds are
paramagnetic and the magnetic moment were ~5.9 BM, which are consistent with
the mononuclear high spin manganese(Il) central metal ion without any manganese
manganese interactions. EPR studies of all compounds gave axial spectra The
spectra indicate all the complexes have a distorted octahedral geometry The
coordination takes place through the phenolic/methoxy oxvgen, azomethine nitrogen
and oxygen from the hydrazide moiety. All electronic transitions were assigned.
The values are consistent with distorted octahedral structure. All the four
manganese(Il) complexes were showed no or little activity against both the Gram

positive and Gram negative bacteria.

Chapter 6.

An interesting series of heterocyclic adduct of nickel(II) complexes have
been synthesized by the reaction of nickel(Il) acetate with some hydrazones in
presences of heterocyclic bases like 2 2° -bipyridine and 1, 10- phenanthroline and
characterized by analytical and different spectral techniques, like IR, far IR, and
UV-Vis spectral studies and magnetic studies. The coordination geometry around
nickel(I) in all complexes except for Ni(II)L? H,O are octahedral with one dibasic
tridentate ligand L, and one bidentate heterocyclic base. A water molecule
occupies the sixth position. The coordination takes place through the deprotonated
hydroxyl group azomethine nitrogen and oxygen from the hydrazide moiety. All
electronic transitions were assigned. The values are consistent with pseudo-
octahedral structure. All the compounds are paramagnetic The paramagnetic

property of four coordinated nickel(II) system is because of the spin cross over
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phenomenon. Antimicrobial studies showed that all the eight nickel(II) complexes
were showed no or little activity against both the Gram positive and Gram negative

bacteria.

Chapter 7.

An interesting series zinc(II) complexes have been synthesized by the
reaction of zinc(Il) acetate with some hydrazones and characterized by analytical
and different spectral techniques, like 'H NMR, IR, far IR, and UV-Vis spectral
studies. All complexes square planar with one dibasic tridentate ligand L* and one
water molécule in the coordination sphere. The coordination takes place through the
deprotonated hydroxyl group azomethine nitrogen and oxygen from the hydrazide
moiety. All electronic transitions were assigned. Antimicrobial studies showed that
all the four zinc(Il) complexes were showed no or little activity against both the

Gram positive and Gram negative bacteria.
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