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ABSTRACT

SYMMETRIC AZO-SCHIFF BASE CONTAINING PYRIDINE RING AND ITS
TRANSITION METAL COMPLEXES: SYNTHESIS, DEFINITION,
THEORETICAL CALCULATIONS, ANTIOXIDANT PROPERTIES AND DNA
INTERACTIONS

BASHA SYAN, Ranjdar Hamad
M.Sc.Thesis, Chemistry Science
Supervisor: Assoc. Prof. Dr. Mehmet GULCAN
March 2017, 58 page

In this work, a new azo-Schiff base ligand (E)-2,2'-((1E,1'E)-(pyridine-2,6-
diylbis (azanylylidene))bis(methanylylidene))bis(4-((E)-phenyldiazenyl)phenol, H-L,
synthesized by condensation reaction of 2,6-diaminopyridine with (E)-2-hydroxy-5-
phenyldiazenyl)benzaldehyde. Then, metal complexes of azo-Shiff base ligand with
Cu(ll), Co(l1), Ni(1l) and Pd(II) metal ions were prepared. The synthesized ligand and
its transition metal complexes characterized by elemental and thermal analysis, FT-IR,
'H and C-NMR, electronic and mass spectra as well as conductivity and magnetic
susceptibility measurement at room temperature. The antimicrobial activity of the azo-
Schiff base ligand and its transition metal complexes tested against selected kind of
bacteria and fungi. Moreover, antioxidant activities such as free radical (DPPH)
scavenging ability, iron chelating ability, reducing power activity and pBR322 plasmid
DNA cleavage activity of the synthesized compounds were tested. Finally, after
achieving the initial geometry optimizations by using molecular mechanics method,
followed by the semi-empirical PM3 self-consistent fields molecular orbital (SCF MO)
method at the restricted level, then STO, RHF and Density Functional Theory (DFT-
B3LYP) type quantum chemical calculations have been consecutively performed for the
geometry optimizations with 6-31+G(d,p) basis set to obtain energetically the most

favorable structures of the presently considered species.

Keywords: Antioxidant, DNA interaction, Metal complex, Pyridine, Schiff base,

Theoretical calculation.






OZET

PIRIDIN HALKALI SIMETRIK AZO-SCHIFF BAZI VE GECIiS METAL
KOMPLEKSLERI: SENTEZ, TANIMLAMA, TEORIK HESAPLAMALAR,
ANTIOKSIDAN OZELLIKLER VE DNA ETKILESIMLERI

BASHA SYAN, Ranjdar Hamad
Yiiksek Lisans Tezi, Kimya Boliimii
Danisman: Dog. Dr. Mehmet GULCAN
Mart 2017, 58 sayfa

Bu yiiksek lisans ¢alismasinda yeni bir azo-Schiff baz ligandi, (E)-2,2'-((1E,1'E)-
(piridin-2,6-diilbis(azaniliden))bis(methanililidene))bis(4-((E)-fenildiazenil)fenol, HaL.
2,6-diaminopiridin  ile  (E)-2-hidroksi-5-fenildiazenil)benzaldehit  bilesiklerinin
kondenzasyon tepkimesi sonucunda sentezlenmistir. Daha sonra, bu azo-Schiff baz
ligandinin Cu(II), Co(I), Ni(II) ve Pd(II) metal iyonlariyla kompleksleri hazirlanmistir.
Sentezlenen ligand ve gegis metal komplekslerinin yapilar1 elementel ve termal analiz,
FT-IR, 'H ve BC-NMR, elektronik spektroskopi, kiitle spektroskopisi, elektriksel
iletkenlik ve magnetik hassasiyet 6l¢timleri kullanilarak aydmlatilmistir. Azo-Schiff baz
ligand1 ve ge¢is metal komplekslerinin antimikrobiyal 6zellikleri segilen bakteri ve
mantar tiirlerine karsi incelendi. Bununla birlikte tiim bilesiklerin serbest radikal
(DPPH) giderme etkinligi, demir selatlama etkinligi ve indirgeyici gii¢ etkinligi olmak
tizere Ui¢ farkli yontem ile antioksidant 6zellikleri ve pBR322 plasmid DNA yarici
ozellikleri test edildi. Son olarak, tiim bilesiklerin geometri optimizasyonlar1 dncelikle
molekiiler mekanik yontemi ve onu takip eden yar1 ampirik PM3 kendi i¢inde tutarl
molekiiler orbital (SCFMO) metodu kullanilarak gergeklestirildi. Daha sonra daha ileri
geometri optimizasyonlar1 RHF ve B3LYP/6-31+G(d,p) diizeyleri kullanilarak elde
edildi.

Anahtar kelimeler: Antioksidan, DNA etkilesim, Metal kompleks, Piridin, Schiff bazi,

Teorik hesaplama.
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SYMBOLS AND ABBREVIATIONS

Some symbols and abbreviations used in this study are presented below, along with

descriptions.

Symbols Description
Cu Copper

Ni Nickel

Pd Palladium

Co Cobalt

R Alkyl

Ph Phenyl

NaNO:2 Sodium nitrite
HNO:2 Nitrous acid
HCI Hydrochloric acid
NaCl Sodium chloride
-CH=N- Azomethine
-NH:2 Amino group
C=0 Carbonyl group
-N=N- Azo group

Mn Manganese

Cr Chromium

Fe Iron

N Nitrogen

@] Oxygen

K Potassium

Na Sodium

Mg Magnesium

Zn Zinc

-COOH Carboxyl group
CI Chloride ion
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CHsCOO
M(CH3COO)2:xH20
Cu(CH3COO0O)2-xH20
Ni(CH3COO)2:xH20
Co(CH3C0OO0)2:xH20
Pd(CH3COO)2:xH20
MeOH

CHCIs

mL

\%

°C

ng

pL

mM

DMSO

DMF

mg

Mp

nm

Ar-
Hz
KBr
m/z
eff
mol

cm

Ag

Nitrate ion
Acetate ion

Metal acetate
Copper acetate
Nickel acetate
Cobalt acetate
Palladium acetate
Methanol
Chloroform
Milliliter

Volume

Celsius
Microgram
Microliter
Milimole
Dimethylsulfoxide
Dimethylformamide
Milligram

Melting point
Carbon
Nanometer
Wavelength

Aryl group

Hertz

Potassium bromide
Mass/charge ratio
Magnetic Susceptibility
Mole
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RNA
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Anti-HIV
pH

ROS
DPPH
LC-MC
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Description

Fourier Transform Infrared Spectroscopy
Nuclear Magnetic Resonance

Highest Occupied Molecular Orbital
Lowest Unoccupied Molecular Orbital
Three-dimensional

Deoxyribonucleic Acid
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International Union of Pure and Applied
Chemistry

Anti-Human Immunodeficiency Virus
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Reactive Oxygen Species
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Liquid Chromatography Mass
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1. INTRODUCTION

Azo Schiff bases are usually synthesized by coupling an aromatic aldehyde with
a diazonium reagent to produce an azo-aldehyde. The azomethine group possesses good
donor properties and azomethine group can form stable complexes with transition metal
ions. Azo-Schiff base complexes have both azomethine and azo groups. The azo group
has excellent donor properties and it is very important in coordination chemistry
(Ahmadi et al., 2012).

Schiff bases derived from the reaction of aliphatic or aromatic amines with
aldehydes represented in important series of widely-studied organic ligands. A variety
of applications such as biological, clinical, analytical, industrial and catalytic of Schiff
bases and its metal complexes have been reported. The derivatives of Schiff base attract
significant interest and take an important role in the development of coordination
chemistry. Moreover, Schiff base complexes containing transition metals have been
studied in several research areas such as structural chemistry. By an azo bond azo
compounds with two phenyl rings are separated and it is very important in fundamental
research area and applications. In addition, the derivatives of azo-Schiff base are known
to be important in several classes of medicinal and pharmaceutical fields. Furthermore,
some of them show biological activities such as anticancer, antibacterial, antifungal and
herbicidal activities. However, the light induced interconversion allows systems
incorporating azo group to be used as reversible control over a variety of mechanical,
electronic and chemical applications. The metal complexes azo compounds have also
been attracting much attention because of their dyes, pigment, functional materials and
optical computing applications (Yahyazadeh, 2013).

Azo dyes constitute an important class of organic pigments, which consists of at
least conjugated azo (-N=N-) chromophore, the largest and most diverse class of dyes.
Azo compounds have received considerable attention because of their fascinating and
useful chemical and physical properties. These compounds belong to one of the groups
studied most intensively for non-linear optics, optical information storage, optical
switch. Azo azomethines have been used widely as dyes wool, leather, synthetic fabrics
because of its unusual coloring properties in optical devices, optical modulators
electrical, components and optical communication systems because of second-class non-

linear optical properties of their own (Bal et al., 2014).



The aim of the work is to synthesize a new symmetric azo-Schiff base ligand by
condensation of 2,6-diaminopyridine with 2-hydroxy-5-(phenyldiazenyl)benzaldehyde
and its metal complexes with Cu(I1), Co(ll), Ni(Il) and Pd(Il) ions, and characterization
of the ligand and its metal complexes were identified by elemental and thermal
analyses, FT-IR, H and 3C-NMR, electronic, and mass spectra as well as conductivity
and magnetic susceptibility measurements at room temperature. Moreover, theoretical
studies of the compound obtained in working with 3D geometry and electronic structure
of the HOMO / LUMO energy values were calculated. Finally, the biochemical
applications such as antioxidant, antibacterial and DNA interactions were examined for

azo-Schiff base ligand and its transition metal complexes.



2. LITERATURE REVIEWS

2.1. General Knowledge on Azo Compounds

Azo compounds are bear the functional group R'-N=N-R when R' and R is aryl
or alkyl group. IUPAC defines of azo compound is derivatives of diimide (diazene)
HN=NH for example Ph-N=N-Ph azobenzen or diphenyldiazene formed when both two
hydrogenes of diazene substituted by hydrocarbyl groups. Commonly aryl azo
compounds are stable, crystalling type. Example of the prototypical aromatic azo
compound is azobenzene that be mainly as the trans isomers but can convert to cis-
isomers by photolysis (Clarke, 2009).

In 1958, Griss developed the azo coupling reaction and obtained first azo dye,
aniline yellow. Nowadays about more than 2000’s of this compounds are applied to
color different materials and 10000 are described. By the presence of an azo (-N=N-)
bond in their structure, conjugated with two special or conformable mono or polycyclic
systems. Most of azo compounds have one azo group, and some azo compounds have
two (bis-azo), three (tris-azo) or more than three azo groups. Azo compounds have a
wide application in food, cosmetic, pharmaceutical, dyeing woof industry and analytical
chemistry because of their private and excellent biological activities and physico-
chemical properties. Azo compounds are the biggest and the most versatile type of dyes.

Azo dyes have strong bright color, in particular oranges, reds and yellows. In
addition, azo dyes show a big interest biological activities by medical importance
properties as antifungal, antibiotic and anti-HIV. On the other hand, azo dyes bring a
certain danger for health and environment because of cancero and mutagenicity
(Gorecki, 2012). Azo compounds are known to be take part in some biological reactions
like fixation of nitrogen, DNA and RNA inhibition, synthesis of protein and
carcinogenesis. Azo compounds were the topic of numerous spectral studies for purpose
of identification or structure elucidation. Azo compounds are capable to form metal
chelates with transition metal ions (Mahmoud, 2016a). The pharmacological use of azo
compounds originates from the discovery of the antibacterial action of Prontosil on
streptococcal infections by Dogmagk. Furthermore, azo compounds were reported to

show a variety of biological activities including antibacterial, antifungal, pesticidal,



antiviral and anti-inflammatory activities (Zareil 2011). Compounds serve as important
analytical tools by providing a strongly chromophoric label, the concentration of which
is easily determined by colorimetric, spectrophotometric or spectrofluorimetric
methods. Besides, azo compounds are important analytical aid compounds serving as
pH indicators, complexometric indicators and to a lesser extent, pre-concentration
reagents (Ahmad, 2015). Aromatic azo compounds can be synthesized by using an azo
coupling reaction, which entails an electrophilic substitution reaction where a aryl
diazonium cation attacks another aryl ring, especially those substituted with electron-
releasing (Clarke, 2009).

The first step for preparation of azo group is the reaction between sodium nitrate

with acid to form unstable nitrous acid:
NaNO, (ag) + HCI —— HNO; (aq) + NaCl (aq)

Second step is the reaction between nitrous acid with the arylamine to produce

diazonium salt (Figure 2.1).

<j>—r\u—«2 + HNO, + H* —» @—N*EN + H,0

Figure 2.1. Preparation reaction of diazonium salt.

Diazonium salt are unstable at near room temperature, and near ice temperature
typically azo coupling reaction conducted. Benzendiazoniumchloride, decomposes to
produce nitrogen gas and phenol if the rise of tempreture is allowed above 5 °C ( March,
1992).

If the benzene diazonium chloride is reacted with another compound containing a
benzene ring, called a coupling agent, an azo compound is produced. The diazonium
salt acts as an electrophile and is capable of reacting with other compounds containing
benzene and similar ring structures. When the ice-cold solution of the diazonium salt is
added to a solution containing the coupling agent, a coloured precipitate of an azo
compound is formed; many of these compounds are dyes. The coupling agent always
reacts in the two or four position of the benzene ring (where one position is the

functional group). The reaction produces an azo linkage in the new compound. Phenols



and amines are used as coupling agents and many are important colours both as soluble
dyes and insoluble pigments (Aljamadi, 2015).
The yellow/orange azo compounds are formed when the dizonium salt react with

the phenols (Figure 2.2).

ol o
N'=N + OH — 2 N

Figure 2.2. Reaction of benzene diazonium salt and phenol.

When diazonium salt react with arylamines a yellow azo compounds are form
(Figure 2.3).

N*=N + NH, ———— 3 N

Figure 2.3. Reaction of benzene diazonium salt and aniline.

The first azo dye is a yellow-orange shade, the second azo dye is bright yellow,
and many azo dyes are colored in the range from red through to yellow. Some azo dye
blue, green or even purple. The color of azo compounds depend on the coupling agent
that react with diazonium salt (Aljamadi, 2015).

Diazonium  salt coupled with salicylaldehyde to  form 5-

phenyldiazenylsalicylaldehyde azo compound (Figure 2.4).

—Q0
—0
O oo Oy
Nt=N + OH —m— N

Figure 2.4. Production reaction of azo compound.



2.2. General Knowledge on Schiff Base Ligands

Schiff bases known as a compounds containing an azomethine group (-CH=N-)
and generally prepared from condensation of active carbonyl compound (-C=0) like
ketones and aldehyde with a primary amine (-NH>). Schiff bases also known as imines,
anils and they have general structure (RCH=NR') where R and R’ is alkyl or aryl group.
The German chemist Hugo Schiff in 1964 who first reported it (Schiff, 1864; Sebastian,
2015).

The general reaction of formation Schiff base can be represented as :
o) H
+ H,0
=

The Schiff base formation mechanism is another alteration on the theme of

R H

addition of neucleophilic to carbonyl group. In this state the neucleophilic group is
amine. The first portion of the mechanism the aldehyde or ketone interact with amine to
form unstable addition compound named carbinolamine. Then by either base or acid
catalyzed routes the carbinolamine loses water. When the carbinolamine is an alcohol, it
go through acid catalyzed dehydration (Figure 2.5).

OH
o) | NR
Joe e i = ]
R R N R R
R~ H

Figure 2.5. The mechanism of Schiff base formation with carbinolamine intermediate.

The condensation reaction affects by a large number of factors like the electronic
or steric effect of the amine and carbonyl compound as well as the pH of the solution.
The amine is protonated in acidic solution, thus cannot function as a nucleophile and the
reaction cannot proceed. Moreover, in very fundamental condition reactions the reaction
is prohibit as sufficiently protons are not able to be used to catalyze the removal of the

carbinolamine hydroxyl group (Bader, 2010).



Schiff base ligands with ketone are formed more difficultly than with aldehyde.
A great range of Schiff base compounds and their behaviors studied because of their
different and flexible structure. Generally, Schiff bases are bi, tri, tetra, or polydentate

chelate ligands (Figure 2.6) and capable to form vary stable complexes with transition

% OH
N

metal ions (Xavier, 2014).

OH R

C
\N
C—N Ri
R Y
Bidentate

Tridentate

OH  Ho
R R
¢ o
c=N N= | |

R/ \R N N
: ;OH HO: :

Tetradentate Pentadentate

CHy
OH

Figure 2.6. Examples of different multidentate Schiff base ligands.

Azo-compounds and Schiff base have the dual functional groups at nitrogen
atom with non-bonding electron pair [(-N=C-) and (-N=N-)] that owned it special
chemical and physical properties. Azo-Schiff compounds can coordinate in many ways,
first of them; it can coordinate via azomethine nitrogen, secondly by using the two type
of nitrogen atoms and finally by the utilizing of azo nitrogen only. This coordination’s
with ions varies according to (type of ligand via; number of donating atoms that
competence it's to coordinate, position against to the azo and azomethene groups.
indeed, that the two functional groups can coordinates (Mahdi, 2015 ).

Schiff bases form an important type of the most widely used organic compounds
and possess a great set of application in many area contain biological, analytical and



inorganic chemistry. Schiff bases are also utilized as catalysts, intermediate in organic
synthesis, polymer stabilizer, deys, pigments and corrosion inhibitors. Schiff bases
played an impact role of development of coordination chemistry and were engaged as
key point in the development of visual materials and inorganic biochemistry (Kajal,
2013). The Schiff bases constitute one of the most active classes of the compounds
possessing diversified biological applications such as antitubercular, anticancer,
antibacterial, anti-inflammatory, antifungal, antitumor,diuretic,insecticidal, herbicidal,
anthelmintic, anti-HIV, antiproliferative, anticonvulsant, antihypertensive and
antiparasitic activities. The Schiff base derivatives have been extensively investigated
for more than a century and employed in different aspects including magneto chemistry,
non-linear optics, photo physical studies, catalysis, materials chemistry, chemical
analysis, absorption and transport of oxygen (Yadav, 2015). Schiff bases are also
applied as cycloaddition reaction and nucleophilic addition with organometallic
chemistry (Jadhav, 2012).

2.3. Schiff Base Complexes

Transition metals are known to form Schiff base complexes and Schiff bases
have often been used as chelating ligands in the field of coordination chemistry. Their
metal complexes have been of great interest for many years. It is well known that N, O
and S atoms play a key role in the coordination of metals at the active sites of numerous
metallobiomolecules. There are certain metallo-elements without which the normal
functioning of living organism is inconceivable. Among these metallo elements so
called, metals of life, four members form an island. These are Na, Mg, K and Ca, the
transition elements are V, Cr, Mn, Fe, Co, Ni, Cu and Zn. These elements are present at
trace and ultra trace quantities and play vital roles at the molecular level in a living
system. These transition elements are known to form Schiff base complexes. Azo Schiff
base metal complexes have been studied extensively for years due to the synthetic
flexibilities of these Schiff base ligands and their selectivity as well as sensitivity
towards the transition metal ions (Abdullah et al., 2013).

Coordination chemistry of the transition metal complexes with azo ligands is an

important and fascinating branch of chemistry. The coordination compounds including



azo ligands are of significant importance and play a pivotal role in industry, technology
and life processes (El-Ajaily, 2015). Transition metal complexes with Schiff-bases have
expanded enormously and embraced wide and diversified subjects comprising vast areas
of organometallic compounds and various aspects of biocoordination chemistry. The
design and synthesis of symmetrical Schiff-bases, derived from the 1:2 stepwise
condensation of carbonyl compounds, with alkyl or aryl diamines, and a wide range of
aldehyde or ketone functionalities, as well as their metal(ll) complexes have been of
interest due to their preparative accessibility, structural variability and tunable electronic
properties allowing to carry out systematic reactivity studies based on ancillary ligand
modifications. In recent years much effort has been put in synthesis and characterization
of mono- and bi-nuclear transition—metal complexes. Schiff-base ligands that are able to
form binuclear transition metal complexes are useful to study the relation between
structures and magnetic exchange interactions, and to mimic bimetallic biosites in
various proteins and enzymes (Geetaa, 2010).

A great number of organic chelating ligands have been extensively used to
synthesize metal complexes. Schiff bases are important class of ligands and since the
discovery of these ligands, they are ubiquitous in coordination chemistry—regarded as
privileged ligands. Due to great ease of preparation and structural varieties, they have
been widely used as chelating ligands in the synthesis of a large variety of metal
complexes. They are able to coordinate metals through imine nitrogen and another
group usually linked to aldehyde or ketone. Preparation of new ligands is a major issue
in inorganic chemistry as they may allow to control the structures of metal complexes.
This superabundant interestcomes from the numerous and various applications of Schiff
base metal complexes. Schiff bases and their metal complexes have large potential
applications in various areas such as catalysis, luminescent probes, agriculture,
analytical chemistry, dye and polymer industry, food industry, magneto-structural
chemistry, agrochemical, biological fields and several miscellaneous applications
(Salehi, 2016).

During recent years coordination compounds of biologically active ligands have
received much attention. Chelation causes drastic change in the biological properties of
the ligands and also the metal moiety. It has been reported that chelation is the cause

and cure of many diseases including cancer. A number of Schiff base complexes have
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been tested for antibacterial activities and they have been found antibacterial,
antifungal, anticancer, and herbicidal activities. However, for the period of antibiotics
using in clinical practice, steady growth ofclinically significant bacteria tolerance to

these preparations has been observed (Alaghaz, 2015).

2.4. Biological Activities of Schiff Bases and Their Metal Complexes

Schiff bases are engage biochemist, they are known to be medicinally important
and utilized to design medicinal compounds. It has been reported that the biological
active compounds show greater activity when administered as metal complexes than as
free organic compound. The azomethine linkage in Schiff bases imports in clarify
mechanism of resamination and transamination reactions in biological system.

The free organic molecule biomedicinal properties upon chelation with suitable
metal ion led to the implementation of metal complexes for many biomedical
applications (Kumar, 2010). The biological and chemotherapeutic investigations on
Schiff base compounds have received in creasing attention due to their antitumor,
antimicrobial and antioxidant activities in last decades. Free radicals including reactive
oxygen species (ROS) create oxidative stress in living systems. Antioxidants have been
shown to perform a significant act in defending humans against a great deal of lethal
illnesses. Antioxidants have been widely utilized in medicine and various areas (Alam,
2012).

The deoxyribonucleic acid (DNA) plays a significant act in the life duration, as
it delivers genetic knowledge and instructs the biological synthesis in living organisms.
DNA especially presents an extensive diversity of potential metal binding sites
(Gopinathan et al., 2014). Metal-based compounds can promote the DNA cleavage by
targeting its primary constituents by an oxidative pathway or by hydrolysis of phospho
diester linkages (Garcia-Giménez et al., 2013). Many beneficial medicines have metal-
binding sites that may vary their physiologic property when in their metal free form
(Afrasiabi et al., 2004). The new chemical properties of Schiff base metal complexes

can be used for pharmacologic usages (Alam, 2012).
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2.5. Recent Studies on Schiff Bases and Their Metal Complexes

Azo Schiff base and their metal complexes have more important recently due to their
application as biochemical, analytical, biological. Schiff base has been studied as a kind of
ligands are able to coordinate with metal ions to form complexes through nitrogen atom of
azomethine group. Synthesis of Schiff base and their transition metal complexes have been
studied because of their selectivity, sensitivity and synthetic flexibility with metal atoms the.
They are used anticorrosion in industry, as a catalyst and in medicine like anti-inflammatory
and antibiotics (Gupta, 2012).

One of the most important coupling reactions with azo compounds synthesized by
diazo coupling reactions in organic chemistry, azo compounds engaged much interest as
applied and academic research for that they are very important compounds. Azo compounds
and their metal complexes are able to engage in a numerous of biological reactions like RNA,
DNA inhibition, carcinogenesis, fixation of nitrogen and synthesis of protein. This
compounds are also used a lot as dyes and data storage (Hoda A. Bayoumi, 2013). Also
studies of DNA-binding take a great role in promotion and development of DNA molecular
probes and new therapeutic reagents. Because of DNA reaction with transition metal
complexes and small organic compounds in-vitro DNA is primary intracellular aim of
anticancer drugs. DNA bonding is necessary step for design effective chemotherapeutic
agents and anticancer drugs (Behnamfar et al., 2015 ).

By the presence of azo group (-N=N-) which bind with carbon sp? hybridized atoms
azo compounds are characterized. These carbon atoms are often part of an extended
delocalized electron system involving the aromatic ring, called a chromophore. They are
highly colored that enjoy widespread applied as pigments and dyes in a variety of applications
that include textile dyeing, also nonlinear and photo electronics, especially in optical
information storage (Al-Hasani and Almaliky, 2015 ).

In this study, we prepared the azo-Schiff base ligand from 2,6-diaminopyridine and its
metal complexes with Cu(ll), Co(ll), Ni(ll) and Pd(Il). The synthesized ligand and its metal
complexes were characterized by elemental and thermal analysis, FT-IR, *C-NMR, H-
NMR, mass and electronic spectra as well as conductivity and magnetic susceptibility
measurement. Furthermore, the free radical scavenging (DPPH), reducing power, ferrous

chelating and DNA-cleavage abilities of azo-Schiff base and its metal complexes were tested.
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The structure of 2,6-diaminopyridine has a symmetrical feature, have three nitrogen ion pairs.
Pyridine is one of the common heterocyclic compounds in different therapeutic agents
Pyridine-based Schiff base systems are very necessary at metal chelation, enzyme mimics,
extraction, host-guest systems, antibiotics and natural products like marine alkaloids
(Bassyouni et al., 2012).

Some Schiff bases can prepared by condensation of 2,6-diaminopyridine with other
compounds like 1,4-bis(2-carboxyaldehyde phenoxy) butane, 1,7-bis(2-formylphenyl)-1,4,7-
trioxaheptane, 1,2-bis(2-carboxy aldehyde phenoxy) ethane and 1,3-bis(2-carboxy aldehyde
phenoxy)propane (Mahmoud, 2016b).

Novel azo Schiff bases were prepared from condensation of 3-formyl-1,4-hydroxy
phenyl azo benzene with 1,3-diamino xylene, 2,6-diaminopyridine and diamino-2-methyl
pentane. The Schiff bases were characterized by using different spectral techniques such as
IR, *H-NMR, LC-MC and GC-MS. The antibacterial activities of the new azo Schiff bases
were tested with gram negative (Escherichia coli and Salmonellatyphi) and gram positive
(Staphylococcus aurous and Bacillus subtili). The azo compound ligand showed a changeable
activity of inhibition on the growth of bacteria (Eissa, 2013).

A new Schiff base ligand was synthesized 2,2'-(pyridine-2,6-diylbis[nitrolo(E)
methylene)bis(4-bromophenol) by condensation of 5-bromosalicylaldehyde with 2,6-
diaminopyridine under reflux in ethanol solvent. The Schiff base was characterized by using
elemental analysis and UV, *HNMR, mass and IR spectroscopy (Payehghadr et al. 2015).

In another study, Schiff base ligand was prepared by condensation of o-benzyl benzoic
acid with 2,6-diaminopyridine in a 2:1 molar ratio. By using spectroscopic and elemental
analysis the Schiff base was characterized. Then, the metal complexes of this ligand with
Cr(11), Fe(l1), Cu(ll), Mn(lII), Ni(l1), Co(ll), Cd(Il) and Zn(ll) were prepared. The metal
complexes were characterized by using spectroscopy (UV-visible, mass, *H-NMR, *C-NMR,
ESR, FT-IR), elemental analysis, molar conductivity, thermal analysis, magnetic
susceptibility and X-ray powder diffraction. The geometry of all metal complexes are trigonal
bipyramidal except ligand complexes with Fe(lll), Cr(lll) and Mn(ll) have octahedral
geometry depend on reflectance measurement and magnetic moment. The infrared spectral
detect that the ligand is neutral bidentate and coordinate with metal ions through the nitrogen
atoms of two azomethine groups. The *H-NMR assures that the proton of carboxylic acid (-

COOH) is non-involvement in complex formation. The thermogravimetric studies supported
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presence of water in all mentioned complexes. By using Horowitz-metzger and Coats-Red
fern equation kinetic and thermodynamic were determined. The antimicrobial activities of
synthesized ligand and its metal complexes tested against two gram negative bacteria
(Escherichia and Neisseria gonorrhea), two gram-positive bacreria (Bacillus subtilis and
Staphylococcus aureus) and one fungus (Candida albicans). The ligand and its metal
complexes anticancer activities were investigated with human breast cancer cell line (MCF7)
(Mahmoud, 2016c).

The  Schiff base, 4,4-(1E,1E)-(3,3-(1E,1'E)-(pyridine-2,6-diylbis(azan-1-yl-1-
ylidene))bis(methan-1-yi-1-ylidene)bis(4-hydroxy-3,1-phenylene))bis(diazene-2,1-diyl)
dibezoicacid, by the condensation reaction of 2,6-diaminopyridine with 4-((3-formul-4-
hydroxyphenyl) diazenyl)benzoicacid in methanol solvent was prepared. The Schiff base is
possibly an NO bi-dentate ligand and can coordinate with metals to produce stable metal
complexes as in 1:1 to 1:3 molar ratio metal to ligand. By the condensation reaction between
Schiff base and suitable metal ion salts were synthesized 1:1 molar ratio Schiff base
complexes with Pd(II), Zn(1l), Cd(Il) and Pb(Il). The synthesized Schiff base ligand and its
metal complexes were characterized by using elemental analysis, IR, UV-vis, mass, *C
NMR, 'H-NMR spectroscopy (Kakanejadifard, 2013).

Pyridine based Schiff base ligand was synthesized and prepared its metal complexes with
Co(11), Cu(ll), Ni(1) and Mn(1I). Schiff base and its metal complexes characterized by using
different spectroscopic studies such as UV-vis, 'HNMR, IR, TGA/DTA, P-XRD,
photoluminescence and molar conductance were examined. Antibacterial activities of free
Schiff base ligand and its metal complexes have been tested by using disc diffusion method,
and the result shows that the ligand exhibited less activity than metal complexes
(Jayalakshmi, 2015).

Schiff base ligand, 2,6-diaminopyridine-2-acetyl-chlorothiophine, in the presence of
concentrated acid. The Schiff base was characterized by using *H-NMR, FT-IR, 3C-NMR
analysis and elemental analysis. Biological activity of the Schiff base ligand screened and
found that the compound with halo (-X) group less biological activity than the compound
with (-SH) group. Ligand chelate with metal as 1:1 mol ratio, by chelation of the metals
Zn(I1) with pentadentate complexes were synthesized (Mohammed, 2014).

By condensation reaction between 1,2-bis(2-carboxyaldehyde phenoxy)ethane with

2,6-diaminopyridine was prepared a new mycrocyclic ligand, 1,3,5-triaza-2,4,7,8,13,14-
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tribanzo-9-12-dioksa-cyclopentadeca-1,5-diene.  Template effect by the reaction
Ni(NO3)2:6H20, Co(NOz3)2:6H.0, Cu(NO3)2:6H20, Pb(NOs)2, La(NO3)2:6H.0 with 1,2-
bis(2-carboxyaldehyde phenoxy)ethane with 2,6-diaminopyridine were synthesized metal
complexes with Ni(ll), Co(ll), Cu(ll), Pb(ll) and La(lll). By using elemental analysis, :3C
NMR, 'H NMR, IR, UV-Vis and mass spectra, conductivity measurement, thermal
gravimetric analysis and cyclic spectra the synthesized ligand and their metal complex have
been characterized. All metal complexes are diamagnetic and Cu(ll) complex is binuclear.
The Co(Il) was oxidized to Co(lll). The electrochemical studies comparative show that the
cobalt and copper complexes gave irreversible reduction processes in DMSO solution and
nickel complex showed a quasi-reversible one-electro reduction process (llhan, 2007).

By condensation between 2,6-diaminopyridine and salicylaldehyde in ethanol was
prepared the Schiff base ligand, 2-{(E)-[(6-{[(1E)-(2-hydroxyphenyl)methylene]amino}-
pyridine-2-yl)imino]-methyl} phenol (H2PySAL). The Schiff base ligand was checked by
using elemental analysis, >*C-NMR, *H-NMR, UV-Vis, IR, mass spectral studies. Three new
Schiff base ligand complexes with copper(ll) prepared and the complexes were mono-, di-
and tri-nuclear and their formula are [Cu(H2PySAL)]Clz, [Cuz(H2PySAL)(Phen)]Cl> and
[Cus(H2PYSAL).]Cl> and the metal complexes was characterized by magnetic moment,
elemental analysis, mass spectral and IR, UV-Vis studies. The spectroscopy of complexes
data showed that the copper(Il) ions coordinate with oxygen and nitrogen atoms of the ligand.
The first Cu(ll) ion coordinated via nitrogen and oxygen atoms of ligand, the second Cu(ll)
ions are bridged by di-anionic oxygen atom of the phenolate groups and are bonded to the
nitrogen atom of 1,10-phenanthroline and the data support the suggested structure of
HoPYSAL and their complexes (Karabocek et al., 2007).

A tetra-dentate N2O> acyclic Schiff base ligand complexes were prepared by template
method by condensation of 1,4-dihydro-quinoxalin-2,3-dione and 2,6-diaminopyridine and
the complexes type is [M(L)X2]Xn where L is tetra dentate acyclic Schiff base, M is Cd(ll),
Mn(Il), Fe(lll) and Cr(lll), X is CI" and n=1. The formula of Schiff base complexes was
[M(L)CI]CI where M = Cr(lll) and Fe(111) and [MLCI2] where M = Mn(ll) and Cd(II). The
new template metal complexes have been characterized by using the different spectral
techniques FTIR, **C and H-NMR, electronic spectra, molar conductivity measurement,
magnetic susceptibilities and elemental analysis. The proposed geometies of the Cd(ll),

Mn(ll), Fe(lll) and Cr(lIl) were octahedral while vanadyl complex was square pyramid
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configuration. Molar conductance, elemental analysis and spectal data showed the organic
moiety formed up on template condensation conduct as tetra-dentate N>O2 system through the
nitrogen atoms of two azomethine and the participation of oxygen atoms of (-C=0) in 2-
position of pyrazine ring. However by FTIR, UV-vis and *H-NMR assured that the nitrogen
atoms of pyridine doesn't take part in coordination (Al-Jiburi, 2014).

By the coupling reaction between p-methoxybenzaldehyde with 2,6-diaminopyridine
was synthesized the new azo dye with N2Os donor set of atoms. The electronic and molecular
structure of the azo dye ligand was optimized theoretically and chemical parameters were
calculated. Molecular docking was used to predict the binding between ligand and the
receptors of crystal structure of Staphylococcus aureus (3g8u), breast cancer mutant 3hb5-
oxidoreductase and crystal structure of Escherichia coli (3 T88). The new ligand used to
prepare metal complexes with Cr(111), Fe(111), Cu(ll), Mn(I1), Ni(I1), Co(ll), Cd(Il) and Zn(II)
ions. By using different techniques like spectroscopic, elemental analysis, molar conductance,
magnetic susceptibility, electron spin resonance and thermogravimetric analysis and powder
X-ray diffraction the nature of bonding and stoichiometry of ligand and its complexes were
characterized. The elemental analysis data explain that the complexes have structure of ML
type with an octahedral geometry. The activation thermodynamic parameters were calculated.
The biological activity of azo dye and its metal complexes were tested against different Gram-
negative and Gram-positive bacteria and fungus. Most of complexes showed antifungal and
antibacterial activity against their organism. Anticancer evaluation studies against standard
breast cancer cell line were performed by using various concentrations (Mahmoud, 2016a).

New symmetrical Schiff base ligand was synthesized from reaction of 2-hydroxy-
benzaldehyde, 2,6-diaminopyridine and benzene-1,4-dicarbaldehyde after that binuclear
Schiff base complexes were prepared with some metal salts. The synthesized Schiff base and
its metal complexes have been characterized by UV, IR, ESR, H-NMR, elemental analysis,
magnetic moment, molar conductance, cyclic voltammetry and TGA. The formation of ligand
was assured by 'H-NMR spectroscopy. The ESR measurement and electronic spectra
detected that the complexes of Cu(Il), Mn(l1), Ni(ll) and Co(ll) are octahedral geometry by
using molar conductance detected that the chelates are electrolytes. By IR spectrum detected
that the Schiff base ligand coordinate with metal ions in a manner with oxygen of phenolic
group, NNN donor sites of the pyridine ring and NN donor sites of bipyridyl group. Thermal

stability of the complexes were also evaluated to assess the compatibility of the donating



16

moieties. The cyclic voltammetric studies of these complexes in DMF indicate the structural
changes during the course of redox reaction and quasi-reversible nature of the Schiff base
binuclear complexes. The antibacterial activities of synthesized ligand and its metal
complexes tested against bacterial species Bacilluse subtilis, Escherichia coli, Klebsilla
pneumonia and Staphylococcus aureus. The resultant data showed that the activity of metal
complexes are more than ligands against one or more bacteria species. DNA cleavage ability
of binuclear ligand and its metal complexes were also preformed by gel electrophoresis
(Usharani, 2013).

By condensation of 2,6-diaminopyridine with 2-pyridine carboxaldehyde synthesized
the Schiff base ligand, 2-[(pyridine-2-ylmethylidene)amino]-6-aminopyrdine  was
synthesized. The ligand and its metal complexes were characterized by using various
physicochemical studies. The analytical and spectral data detected that the synthesized metal
complexes have those general formulas [M(L)Cl.]-2H20 where M is Co(l1), Ni(Il) and Cu(ll),
[La(L)3](NOs3)3-3H20 and [Sm(L)(CIO4)3]-3H20. Vibrational spectra detect that the ligand
coordinate with metal ions through its pyridyl and nitrogen atoms of azomethine group.
TGA/DTA studied supported the presence of water molecule in all reported complexes. The
synthesized ligand and its metal complexes exhibited intraligand (m—m*) fluorescence and can
potentially serv as photoactive materials. The antibacterial activities of both of ligand and its
metal complexes have been screened. The catalytic activity of the metal complexes toward
the hydrogen peroxide decomposition were investigated (Ali, 2015).

The mycrocyclic metal complexes of the type [M(C2sH16NgX2] were prepared where the
M is Co(ll), Ni(ll) Zn(lIl), Cd(ll) and Cu(ll), the X is CI, NOs", CH3COO" by condensation
reaction of isatin with 2,6-diaminopyridine in the presence of metal(ll) ions. The resultant
complexes characterized by using different technique like conductivity measurement,
elemental analysis, electronic, NMR, IR and EPR spectral studies. The complexes are
indicated as non-electrolyte by lower values of molar conductance. On the basis of these
studies, a six coordinate distorted octahedral geometry in which four nitrogen atoms are
suitably placed for coordination towards metal ion, has been proposed for all the complexes.
Biological activities of the metal complexes were tested, and some metal complexes show

good bacterial activity against some selected bacterial strains (Singha et al., 2010).



3. MATERIALS AND METHODS

3.1. Apparatus

Elemental Analysis

FT-IR

UV-vis (Electronic Absorption)

Magnetic Susceptibility

NMR

TGA/DTA

LC/MS-ESI

Conductivity Measurement

Heating and Mixing System

Melting Point
Evaporation System

Criyostat

e lLeco CHNS model 932 automatic elemental

analyzer

e Bio-Rad-Win-IR spectrophotometer applying KBr
discs in the range of 4000-400 cm™!

e Shimadzu 1601 PC spectrophotometer (Tokyo,
Japan) (in 10 M DMF solution)

e 436 Devon Park Drive (USA) using Hg[Co(SCN)4]

as a calibrant

e Bruker 300 MHz Ultrashield TM NMR instrument

using deuterated chloroform (CDCl3) as a solvent

e SlI Exstar TG/DTA 6300 in the temperature range 25-
1000 °C with a heating rate of 40 °C min™ under flowing
nitrogen atmosphere (30 ml min)

Agilent model 1100 MSD mass spectrophotometer

IQ Scientific Instruments Multimeter

Magnetic stirrer (Heidolph MR 3002)
Magnet (Spinb VM)

Stuart SMP3

Heidolph laborota 4011 digital mark

Julabo FT402
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TLC Plates DC Alufolien kieselgen 60 F 254 Merck

Oven Niive FN 300 (0-2500 °C)

Different sizes of pyrex® pipettes, beakers, flasks and glass tubes.



3.2. Chemicals and Solutions

3.2.1. Chemicals

Name of chemicals
Benzaldehyde

Ethanol

Methanol
N,N’-Dimethylformamide
Ethyl acetate

Sodium nitrite

Aniline

2,6-diaminopyridine

Calcium chloride

Acetic acid

n-Butanol

Copper(ll) acetate monohydrate
Cobalt(ll) acetate tetrahydrate
Nickel(Il) acetate tetrahydrate
Palladium(ll) acetate
Chloroform-d

Acetonitrile
Dichloromethane

Sodium hydroxide
1,1-Diphenyl-2-picryl hydrazyl
Ferrozine

Trichloroacetic acid

Ascorbic acid

Trolox

Ferrous chloride

Manufacturer name
Merck
Merck
Merck
Sigma
Merck
Merck
Sigma
Merck
Merck
Merck
Merck
Merck
Merck
Across
Merck
Merck
Merck
Merck
Merck
Sigma
Sigma
Sigma
Sigma
Sigma

Sigma
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3.2.2. Synthesis of the Compounds

3.2.2.1. Synthesis of azo-Schiff base ligand

The azo-aldehyde (2-hydroxy-5-(phenyldiazenyl)benzaldehyde) used for the synthesis of
the ligand (H2L) was prepared by the diazo-coupling reaction (Figure 3.1) between aniline and
salicylaldehyde in alkaline medium under cold conditions by the method described in the

literature (Sarma et al., 1993).

OH
N
2 N o
NaNo, X &
Hel 59
o

Figure 3.1. Diazo-coupling reaction between aniline and salicylaldehyde.

OH

Immol (109 mg) of 2,6-diaminopyridine was mixed with 2 mmol (452 mg) of azo-
aldehyde (2-hydroxy-5-(phenyldiazenyl)benzaldehyde) in 60 ml of ethanol then the resulting
mixture was left under reflux for 2h and the precipitate pyridine based symmetrical azo-Schiff
base ligand, HoL, ((E)-2,2'-((1E,1'E)-(pyridine-2,6-diylbis(azanylylidene))bis(methanylylidene))
bis(4-((E)-phenyldiazenyl)phenol)) formed. then separated by filtaration and washed with

ethanol and diethyleter then dried in vacuo over P.Os (Figure 3.2).

OH o | \
/
OH i\l N N| OH
X
| A EtOH
—_—
= &N 2h, reflux
H,N N NH, N
N%N NéN

(E)-2,2'-((1E 1'E)-(pyridine-2,6-
diylbis(azanylylidene))bis(methanylylidene))bis(4-((E)-
phenyldiazenyl)phenol)

Figure 3.2. Synthetic protocol of pyridine based symmetrical azo-Schiff base ligand.
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3.2.2.2. General procedure for the synthesis of transition metal complexes

A solution of 0.5 mmol metal salt M(CH3COO)2-xH20 [100 mg, Cu(CH3COQ)2-H20;
125 mg, Ni(CH:COO)24H0; 125 mg, Co(CH3COO)24H,0; 113 mg, Pd(CH3COO),] in
MeOH (20 mL) was added drop-wise to a stirred solution of 0.25 mmol (132 mg) of ligand,
H.L, in mixture of MeOH/CHCIs 1:1 (30 mL, V:V) as a solvent at room temperature. Next the
solution mixture was stirred and refluxed for 1 h at 80 °C. Then the solution was concentrated in
a rotary evaporator to a volume of ca. 15 mL. After that The precipitate filtered and washed
with hot methanol and diethylether. The obtained solid was dried under vacuum at 80 °C

overnight (Figure 3.3).

X

OAc ,o;—i2 Hzo\

AcO: Acetate (CH;C00")

N

M: Cu, Ni, Co, Pd

Figure 3.3. Suggested general structure of the metal complexes.

"N

3.3. Computational Aspects

In the present work, after achieving the initial geometry optimizations by using
molecular mechanics method, followed by the semi-empirical PM3 self-consistent fields
molecular orbital (SCF MO) method at the restricted level, then STO, RHF and Density
Functional Theory (DFT-B3LYP) type quantum chemical calculations have been
consecutively performed for the geometry optimizations with 6-31+G(d,p) basis set to
obtain energetically the most favorable structures of the presently considered species.
The exchange term of B3LYP consists of hybrid Hartree-Fock and local spin density
(LSD) exchange functions with Becke’s gradient correlation to LSD exchange. The
correlation term of B3LYP consists of Vosko, Wilk, Nusair (VWN3) local correlation

functional and Lee, Yang, Parr (LYP) correlation functional. However, the metal atoms
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are not defined for the above basis set. Therefore, we applied LanL2DZ method for the
metals. For each set of calculations, vibrational analyses were done (using the same
basis set employed in the corresponding geometry optimizations). The normal mode
analysis for each structure yielded no imaginary frequencies for the 3N-6 vibrational
degrees of freedom, where N is the number of atoms in the system. It indicates that the
structure of each molecule corresponds at least to a local minimum on the potential
energy surface. Gaussian 09 package program has been used for all computations,
which is one of the most prefered code for the application of computational chemistry
calculations for years now. The results of the calculations have been visualized and
analyzed by using the interface Gaussview 5.0 program. A workstation with Intel Xeon
CPU and 48 GB RAM has been used for all computations. The calculations were
applied on LINUX operating system with high performance server system. It was

possible to use multiple processor and RAM memory.

3.4. The Biological Activities of Ligand and Its Metal Complexes

In this experimental study, DPPH free radical scavenging activity, reducing
power and ferrous chelating activity were studied according to method of (Agirtas et al.
2013). The antimicrobial activities of DMSO solution of ligand and its metal complexes
were utilized against to Staphylococcus aureus (ATCC 6538), Enterococcus hirae
(ATCC 10541), Escherichia coli (ATCC 10536), Legionella pneumophila subsp.
pneumophila (ATCC 33152), Bacillus cereus, Pseudomonas aeruginosa (ATCC 9027)

and Candida albicans by disc diffusion assay.

3.5. The DNA Cleavage Studies of Synthesized Ligand and Its Metal Complexes

The super coiled pBR322 DNA cleavage tests were studied by agarose gel
electrophoresis. The plasmid DNA (0.1 ug/uL) was treated with various concentration
of compounds in Tris-HCI (50 mM) and NaCl buffer, (pH 7.4) and incubated at 37 °C
for 240 min in a incubator. The mixture were then subjected to electrophorese for 2 h at
50 V using a 0.8% agarose gel in Tris-boric acid-EDTA (TAE) buffer. After
electrophoresis studies, the gel was photographed by Bio-Rad Gel Doc EZ imager.



4. RESULTS AND DISCUSSION

4.1. Synthesis and Solubility

The results of the condensation reaction between an azo-aldehyde with 2,6-
diaminopyridine in EtOH solvent is tetradentate Schiff base (H2L) ligand containing azo
chromophore group. Then the reaction of prepared ligand with metal acetate salt in as
1:2 mol ratio in CHCIs/MeOH solvent produced binuclear corrdination compounds of
ML (H20)2(AcO). type where M is Cu(ll), Ni(Il), Co(ll) and Pd(II).

The colour is yellow for azo-Schiff base ligand, while the colour is red, yellow
and orange for metal complexes. The ligand and all complexes are dissolved in DMF
and DMSO solvents and they are stable in air. The physical properties and analytical
data of naovel azo Schiff base ligand and its metal(ll) complexes with calculated values
in a good agreement. The molar conductance of metal complexes reveal that the all
complexes are non-electrolytes (Geary, 1971). By spectroscopic and analytical data we

can predict the possible structure of compounds that showed in Figure 3.3.

4.1.1. Ligand (HzL)

(E)-2,2'-((1E,1'E)-(pyridine-2,6-diylbis(azanylylidene))bis(methanylylidene))bis(4((E)-
phenyldiazenyl)phenol) (H:L): Yield 380 mg (72%); Mp: 228 °C. Analytical
Calculation for CaiH23N702 (525,56 g/mol): C, 70.84; N, 18.66, H, 4.41; Found: C,
70.23; N, 19.94 H, 4.36; % Selected. The IR data (KBr, v cm-1): 3387 v(OH/H20),
3055 v(C-Haromatic), 1604 v(C=Nazomethine), 1477 v(N=N), 1103 v(C-Opnenolic) (Figure
4.2.); UV-Vis [A (nm)]: 470, 440, 370, 354, 262, 258, 252, 240, 228. *H NMR (400
MHz, DMSO-ds): 6 = 11.60 (bs, 2H), 10.36 (s, 2H), 8.16 ppm (d, 2H, J = 2.5 Hz), 8.07
ppm (dd, 2H, J = 2.5, 8.8 Hz), 7.84-7.86 ppm (m, 3H, Ar-H), 7.58-7.50 ppm (m, 10H,
Ar-H) and 7.23 ppm (d, 2H, J = 8.8 Hz) (Figure 4.3). 3C NMR (75 MHz, DMSO-ds): &
= 118.9-145.04 (Aromatic C), 163.8 (-HC=N-), 152.3 (C-Npyridine ring) ppm (Figure 4.4).
ESI-MS (m/z): 527.4 [M+2H] (Figure 4.5).



24

OH N N OH
J {

Figure 4.1. Chemical structure of azo-Sciff base ligand (HL).

120

_ Ligand (HZL)

Transmittance (% T)

1604- -

70

60 % J L4 L L v L L) » J
4000 3500 3000 2500 2000 1500

L ] ' L]
1000 500
Wavenumber (cm ')

Figure 4.2. FT-IR spectrum of the azo-Schiff base ligand.
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Figure 4.3. 'H-NMR spectrum of the azo-Schiff base ligand.
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Figure 4.4. 13C-NMR spectrum of the azo-Schiff base ligand.
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Figure 4.5. LC-MS spectrum of the azo-Schiff base ligand.

4.1.2. [Cuz2L(H20)2(AcO):]

The yellow product (Figure 4.6) is dissolve in dimethylsulfoxide and N,N’-
dimethylformamide. Yield 110 mg (54%); Mp: >300 °C. Analytical Calculation for
CasH31Cuz2N7Og (804,75 g/mol): C, 52.24; H, 3.88; N, 12.18, Found: C, 52.31; H, 3.96;
N, 12.48 %. Selected IR data (KBr, v cm-1): 3433 v(OH/H20), 3066 v(C-Haromatic), 1608
V(C=Nazomethine), 1469 v(N=N), 1114 v(C-Ophenolic), 520 (Cu-O), 447 (Cu-N) (Figure
4.7), UV-Vis [A (nm)]: 466, 436, 394, 258, 246, 242, 238, 230, 226; pet, 2.04 BM, Ao
(S cm? mol™?) 5.21. ESI-MS (m/z): 805.8 [M+H] (Figure 4.8).

0Ac OH, o~ Hzo\ /OCA
AcO: Acetate (CH3CO0") N
/

N

3

Figure 4.6. Possible structure of [CuzL(H20)2(AcO)2] complex.
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Figure 4.7. FT-IR spectrum of the [CuzL(H20)2(Ac0O)2] complex.

3,0 4 ’[CUZL(HZO)Z(ACO)z]I
MW: 804,75 g/mol
2,5
0"
=
x 2,04
=
2
S 1,5 -
=
-
1.0-
0,5 [M+H]: 805,8
0,0 1 L].JJII[J”.U.
d ) L} v ) v L} v
200 400 wiz 900 800 1000

Figure 4.8. LC-MS spectrum of the [Cu2L(H20)2(AcQO).] complex.

4.1.3. [Ni2L(H20)2(AcO)z]

The red product (Figure 4.9) is dissolve in dimethylsulfoxide and N,N’-
dimethylformamide. Yield 95 mg (48%); Mp: >300 °C. Analytical Calculation for
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CasH31Ni2N7Og (795,05 g/mol): C, 52.87; H, 3.93; N, 12.33, Found: C, 53.91; H, 3.85;
N, 12.59%. Selected IR data (KBr, v cm™): 3394 v(OH/H20), 3063 v(C-Haromatic), 1608
V(C=Nazomethine), 1469 v(N=N) 1111 v(C-Opnenotic); 509 v(Ni-O), 440 v(Ni-N) (Figure
4.10); UV-Vis [A (nm)]: 494, 450, 416, 262, 258, 242, 238, 230, 220; yf, Dia, Ao (S
cm? mol?) 5.44. ESI-MS (m/z): 795.8 [M+H] (Figure 4.11)

OAc I,OHZ o~ Hzo\ OcA
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Figure 4.9. Possible structure of [NizL(H20)2(AcO)2] complex.
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Figure 4.10. FT-IR spectrum of the [Ni2L(H20)2(AcO)2] complex.
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Figure 4.11. LC-MS spectrum of the [Ni2L(H20)2(Ac0O)2] complex.

4.1.4. [Co2L(H20)2(AcO)z]

The dark red product (Figure 4.12) is also dissolve in dimethylsulfoxide and N,N’-
dimethylformamide. Yield 120 mg (60%); Mp: >300 °C. Analytical Calculation for
CssH31C02N70s (795,53 g/mol): C, 52.84; H, 3.93; N, 12.32, Found: C, 53.12; H, 3.82;
N, 12.54%. Selected IR data (KBr, v cm™): 3398 v(OH/H20), 3066 v(C-Haromatic), 1608
V(C=Nazomethine), 1469 v(N=N) 1114 v(C-Opnenaiic); 505 v(Co-0O), 426 v(Co-N) (Figure
4.13); UV-Vis [A (nm)]: 564, 462, 406, 258, 252, 244, 238, 230, 220; pet, 2.58 BM, Ao
(S cm? mol™) 4.72. ESI-MS (m/z): 796.6 [M+H] (Figure 4.14).
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Figure 4.12. Possible structure of [CozL(H20)2(AcO)2] complex.
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Figure 4.14. LC-MS spectrum of the [CozL(H20)2(Ac0O).] complex.

4.15. [Pd2L(H20)2(AcO)2]

The orange product (Figure 4.15) is also dissolve in dimethylsulfoxide and N,N’-
dimethylformamide. Yield 115 mg (51%); Mp: >300 °C. Analytical Calculation for
CasH31Pd2N7Os (890,50 g/mol): C, 47.21; H, 3.51; N, 11.01, Found: C, 46.56; H, 3.56;
N, 11.69 %. Selected IR data (KBr, v cm™): 3452 v(OH/H20), 3070 (C-Haromatic), 1608
(C=Nazomethine), 1469 v(N=N) 1111 v(C-Ophenalic); 524 (Pd-0O), 436 (Pd-N) (Figure 4.16);
UV-Vis [ (nm)]: 466, 440, 382, 258, 252, 242, 238, 230, 220; pefr, Dia, Ao (S cm? mol-
1y 3.93. ESI-MS (m/z): 891.3 [M+H] (Figure 4.17).
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Figure 4.15. Possible structure of [Pd2L(H20)2(AcO)2] complex.
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Figure 4.16. FT-IR spectrum of the [Pd2L(H20)2(AcO).] complex.
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Figure 4.17. LC-MS spectrum of the [Pd2L(H20)2(AcO).] complex.

4.2. Infrared Spectroscopy

The IR spectra showed much bands as region 400-4000 cm™ for the free ligand
and its metal complexes. Then, infrared spectra of the Schiff base ligand and its metal
complexes compared to study the binding of multidentate Schiff base ligand and its
metal complexes. The detected IR bands for ligand and its complexes are listed in
experimental section.

At the 1604 cm™ in the IR spectra of azo-Schiff base ligand appears the basic
stretching mode of azomethine moiety. Also the IR spectra of all azo Schiff base
complexes are show a very strong bond about 1608 cm™, and they are shifted higher
wavenumbers in comparison with free ligand. This shift help the involvment the
nitrogen of the azomethine in coordination (Nakamoto, 1997). The phenolic groups of
free ligand strecthing vibration shifted from 1103 cm™ to higher wavenumbers (1111-
1114 cm™) in the specta of complexes suggesting cordination of this group (Bal et al.,
2014). Furthermore, in the Schiff base spectrum appear a strong band at 3387 cm™
show deprotonation of phenolic group and this peak desappear as spectra of the metal
complexes. Instead of, in the spestrum of the complexes appears a broad band about

3394-3452 cm™ can be assigned to water molecules v(OH) stretching mode, also
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assured by thermal and elemental analysis (Nakamoto, 1997; Giilcan and Sénmez,
2011). In the IR spectra of metal complexes can observed the two supplimentary bands
at the ranges 426447 and 505-524 cm™ temporarily assigned to stretching vibrations
v(M—N) and v(M-0). At the region 3055-3070 cm™ of the IR spectra of all complexes
showed a band corresponding to aromatic ring characteristic stretching absorption band
(Giilcan et. al., 2014). The other detected IR spectrum of the ligand at 1477 cm™ appear
to (N=N) stretching frequency band. These data are well in accordance with those of
reported studies (Giilcan et. al., 2014; Rezvani et. al., 2009).

4.3.1H and 3C NMR Spectroscopy

'H- and ¥C-NMR spectra of the azo-Schiff base ligand was carried out in
DMSO-ds at room temperature and the 'H- and *C-NMR data are listed in the
experimental section. *H- and *C-NMR spectra of the ligand are shown in Figure 3.3
and 4.4, respectively. 'H-NMR spectra of the azo-Schiff base ligand shows singlet
signal in the 11.60 ppm that is attributed to the phenolic proton (-OH). Another singlet
singal at 10.36 ppm is considered as the signal of the proton related to the protons of
azomethine group (-CH=N-) (Anupama, 2014; Gulcan and Sénmez 2011). *H-NMR
spectra of the ligand display other signals at 8.16 ppm (d, 2H), 8.07 ppm (dd, 2H), 7.86-
7.84 ppm (m, 3H), 7.58-7.50 ppm (m, 10H), 7.23 ppm (d, 2H) for aromatic protons
(Anupama 2014; Gulcan et al., 2014). Moreover, there is also solvents ((CD3).S=0)
water proton observed at 3.38 ppm (Gottlieb et al., 1997). 3C NMR spectra of the azo-
Schiff bases ligands showed characteristic signals at 163.8 and 152.3 ppm respectively
due to the (-CH=N-), and (C-N, pyridine ring). Furthermore, the spectrum exhibit peaks
in the region of 145.04-118.96 ppm (145.04, 131.26, 130.08, 129.85, 124.21, 122.87,
122.41 and 118.96 ppm) due to aromatic carbons.

4.4. Molar Conductance

Molar conductance of the azo Schiff base complexes measured in DMF for
0.001 M solutions and they were given in experimental section. The values fall in the
range of 3.93-5.44 Q' cm? mol?, that is the expecting range for the complexes to
behave as non-electrolytes (Geary, 1971).
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4.5. Magnetic Susceptibility and Absorption Spectral Studies

General formula of the complexes is shown in the Figure 3.3. It was determined
that the azo-Schiff base complexes with Cu(ll) and Co(ll) are paramagnetic. At room
temperature, magnetic moment values of the the complexes are (uerr) 2.04 and 2.58
B.M., respectively. Also excepted that the complexes with Pd(ll) and Ni(ll) did not
show any magnetism. At the room temperature, electronic absorption spectra all of the
compounds were recorded 102 M DMF solution over the range 200-800 nm (Figure
4.18).

Ligand (H,L)

[Pd,L(Ace),(H,0),]
[NijL(Ace),(H,0),]
[Cu,L(Ace),(H,0),]
[CopL(Ace)>(H,0),]

Absorbance

3(')0 400 500 600 700
Wavelength (nm)
Figure 4.18. UV-vis spectra of he ligand and it's metal complexes.

The electronic absorption spectra provides dependable information about the
ligand arrangement in the metal complexes. The free ligands electronic spectra show
absorption bands at 228 and 262 nm, due to interligands n-* transition and nearly these
bands remained unchanged in the complexes spectra (Lever 1984). Absorptions in the
354 and 370 nm are attributed to the n-t* transition associated with azomethine and the
bathochromic shift of this absorption upon complexation is due to the donation of a lone
pair of electrons to the metal ion, indicating the coordination of azomethine nitrogen of
azo-Schiff base ligand (Alaghaz et al., 2013). The band at 470 nm can be assigned to the

transition with in the molecule, essentially an interamolecular charge transfer interaction
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(Bitmez et al., 2014; Alaghaz et al., 2013). The metal complexes with Co(ll) exhibit a
magnetic moment of 2.58 B.M. which is in good agreement with spin only value. This
is further evidenced by the electronic spectral data, which shows absorption in the
region 564 nm corresponding to Ay — A1 transitions which also supports square
planar geometry (Giilcan and S6nmez, 2010). UV-vis spectra of Ni(ll) complex shows
three d—d bands at 494, 450 and 416 nm. These bands can be assigned to “T1g — *Azg
(F) and Az — 3Tig (F), respectively. Transitions are characteristic of square planar
configuration for Ni(Il) complex. Palladium is a d® system and three spin allowed
singlet-singlet d—d transitions are predicted. The ground state is *A1q and exited states
corresponding to the above transitions are 1Az, Big and 'Eq in order of increasing
energy. Three d—d bands are observed in the region 466, 440 and 382 nm, respectively.
These bands are attributed to 1Aig — Az, 1A1g — B1g and to 'A1q — 1Eq transitions,

respectively (Lever, 1984; Gulcan ve Sonmez 2010).

4.6. Thermal Analysis

Differential thermal analysis (DTA) and thermogravimetric analysis (TGA)
were tested by using a SIl Exstar TG/DTA 6300 in the 25-1000 °C temperature range
with a heating rate of 40 °C min™! under nitrogen atmosphere flowing (30 mL min).
The analyses were completed in order to investigate the content and nature of the H20O
molecules in the complexes, as well as their thermal stabilities. Generally, two types of
water molecules (coordinated H>O and lattice H2O) are linked with the complexes viz.
At high temperatures (150-200 °C) the coordinated H.O is lost, when in low
temperature (60-120 °C) The lattice H2O is lost (Nikolaev et al., 1969). On heating,
mass losses corresponded to water and the other organic moieties in the first, second,
third, fourth, and fifth stages of decomposition. In the first stage the Cu(ll), Co(ll),
Ni(ll) and Pd(Il) complexes suffered loss of H.O. The complexes contained 2 moles of
H20 of coordination per complex molecule. It is estimated that the water molecules in
the complex molecules are about 5% by weight. These water molecules contained in the
complexes were calculated approximately from the following thermograms and a

content of waters of 5% by weight were determined between 0 and 200 °C.
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Figure 4.19. Thermog}g\;}metric curveé of [CuzL(H20)2(Ac0O)] (a),
[Ni2L(H20)2(Ac0O)2] (b), [Co2L(H20)2(AcO)2] (c) [Pd2L(H20)2(AcO)2] (d) complexes.

4.7. Mass Spectra

Mass spectra of synthesized compounds provides an important clue for
elucidating the structure of azo-azomethine Schiff bases ligand and its metal complexes.
At the room temperature the mass spectra of the azo-azomethine ligand and its
transition metal(11) complexes were used to compare their stoichiometry. Mass spectrum
of azo- Schiff bases ligands shows a molecular ion peak at m/z: 527.4 [M+2H] that agrees
to its suggest molecular formula. For metal complexes with Ni(ll), Co(ll), Cu(ll) and
Pd(ll), the following peaks were attributable to the molecular ions;, m/z:805.8 [M+H],
m/z:795.8 [M+H], m/z: 796.6 [M+H], m/z:891.3 [M+H].

4.8. Antioxidant and Antimicrobial Activities of Schiff Base and Its Metal
Complexes

The DPPH radical has been utilized to examine the capability of compound as

hydrogen donors or free radical scavengers to determine the antioxidant activity
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(Murugesan et al., 2015). Figure 4.20 demonstrates the influences of the free radical
scavenging ability of the various concentrations of ligand and their metal complexes on
DPPH radical. All tested compounds were not showed good DPPH scavenging ability.
The highest obtained free radical scavenging activity was with Cu(ll) complex as 39.1%
at 100 mg/L. Ferrous can induce lipid peroxidation by Haber—Weiss and Fenton-type
reactions in biological organisms and hydroxyl radicals (OH) is realised after these
reactions. As a result these toxic metals must be removed in cells by the metal ion
possessing chelating ability (Guo et al. 2011). As it is presented in Figure 4.21, at
concentration of 10 mg/L azo Schiff base ligand and their metal complexes with Cu(ll),
Co(Il), Ni(I1) and Pd(Il) complexes were exhibited 44.3%, 54.7%, 70.2%, 69.3% and
69.9% chelating activity, respectively, while Figure 4.21 at concentration of 100 mg/L
ligand and its Co(ll), Cu(ll), Ni(Il) and Pd(Il) complexes were exhibited 51.5%, 72.4%,
78.3%, 75.1%, and 73.7% chelating activity, respectively. It is indicated that the
reducing power of a compound is belong to its electron transfer capability and may also
serve as an important reflection of the antioxidant activity (Jayanthi and Lalitha, 2011).
The order of reducing power of ligand and their metal complexes from minimum to
maximum was found to be Co(ll) < Ligand < Pd(Il) < Ni(ll) < Cu(ll) < Alpha-
tocopherol at concentration of 50 mg/L. As depicted in Figure 4.22, the highest reducing
power was achieved with Cu(ll) complex as 0.207 at concentration of 100 mg/L.
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Figure 4.20. DPPH scavenging activity of ligand and its metal complexes.
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Figure 4.22. Reducing power activity of ligand and its metal complexes.

4.9. Antimicrobial Activities of Ligand and Its Metal Complexes

All tested compounds were examined for their in vitro antimicrobial activity by
using zone inhibition test against S. aureus, E. hirae (ATCC 10541), E. coli (ATCC
10536), L. pneumophila subsp. pneumophiia (ATCC 33152), B. cereus, P. aeruginosa
(ATCC 9027) and C. albicans. All studied compounds did not show any antimicrobial
activities against E. hirae, E. coli, L. pneumophila subsp. pneumophiia, and C. albicans.
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Ligand and its Cu(ll) complex also exhibited weak antibacterial activity against B.
cereus and S. aureus respectivly. However, ligand also exhibited the highest

antibacterial activity against P. aeruginosa with inhibition zone range of 12 mm.

4.10. DNA Cleavage Studies

The DNA cleavage activity of compounds was examined by agarose gel
electrophoresis using super coiled pBR322 DNA in Tris—HCI (50 mM) and NaCl
buffer, (pH 7.4). The super coiled pBR322 DNA was exposed to 12.5, 25, 50 and 100
pg/mL of compounds. Results were given in Fig. 4.23. As represented in Fig. 4.23 all
compounds were DNA cleavage active. Super coiled DNA (Form I) was converted to
Nicked Circular DNA (Form II) and Linear DNA (Form IlI) at all tested concentration
of the complexes. With the increase in concentration of compounds, the cleavage
activity was concentration independent except Pd(Il) complex at all tested

concentration.
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Figure 4.23. DNA cleavage of Schiff base and its metal complexes (Lane 1, pBR 322
DNA,; Lane 2, pBR 322 DNA + DMSO; Lane 3, pBR 322 DNA + 25 pg/mL of Ligand;
Lane 4, pBR 322 DNA + 50 pg/mL of Ligand; Lane 5, pBR 322 DNA + 25 pg/mL of
Ligand; Lane 6, pBR 322 DNA + 50 pg/mL of Ligand; Lane 7, pBR 322 DNA + 12.5
ug/mL of Co; Lane 8, pBR 322 DNA + 25 pg/mL of Co; Lane 9, pBR 322 DNA + 50
pg/mL of Co; Lane 10, pBR 322 DNA + 100 pg/mL of Co; Lane 11, pBR 322 DNA +
12.5 ug/mL of Cu; Lane 12, pBR 322 DNA + 25 pg/mL of Cu; Lane 13, pBR 322
DNA + 50 pg/mL of Cu; Lane 14, pBR 322 DNA + 100 ug/mL of Cu; Lane 15, pBR
322 DNA + 12.5 ug/mL of Ni; Lane 16, pBR 322 DNA + 25 pg/mL of Ni; Lane 17,
pPBR 322 DNA + 50 pg/mL of Ni; Lane 18, pBR 322 DNA + 100 pg/mL of Ni; Lane
19, pBR 322 DNA + 12.5 pg/mL of Pd; Lane 20, pBR 322 DNA + 25 pg/mL of Pd;
Lane 21, pBR 322 DNA + 50 pg/mL of Pd; Lane 22, pBR 322 DNA +100pg/mL of Pd)
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4.11. Computational Analysis

The geometry optimized structures for the Co(ll) and Cu(ll) complexes have
been shown in Figure 4.24. The pyridine part of the complex structure deviated from
planarity which allowed hydrogen bonding between the water and acetyl ligands. The

formation of hydrogen bonding leaded a more stable geometry.
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Figure 4.24. Ground state geometries of [CozL(H20)2(AcO),] (a) and
[Cu2L(H20)2(AcO)2] (b) complexes.

In Figure 4.25, the 3D-frontier molecular orbital energy schemes have been
given together with the frontier molecular orbital energies (HOMO and LUMO) and
interfrontier molecular orbital energy gap (Ag) for all complexes. The schemes of the
HOMO and LUMO give information about the reactivity of the compounds. HOMO
provides basicity, on the other hand, LUMO shows Lewis acidity property of the
corresponding system. Thus, investigation of frontier molecular orbitals are very
important. It is also important which atoms have contribution to these orbitals because

the reactivity centers are determined by these schemes.
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Figure 4.25. 3D-Frontier molecular orbital schemes for [NizL(H20)2(AcO).] (a) and
[CuzL(H20)2(Ac0)2] (b) complexes.

Table 4.1. HOMO and LUMO energy levels of the transition metal complexes.

Compound HOMO LUMO Ag
[CuzL(H20)2(AcO),] -5.40 eV -2.73 eV 2.67 eV
[Ni2L(H20)2(AcO).] -5.72 eV -2.91eV 2.81eV
[Co.L(H20)2(AcO).] -5.35eV -2.81eV 2.54 eV
[Pd2L(H20)2(AcO):] -4.99 eV -3.05 eV 1.94 eV

In Ni(Il) complex HOMO and LUMO schemes have been formed by two
different wings of the structure but two wings contribute to these orbitals at the same
time for Cu(ll) complex (Figure 4.25). The interfrontier molecular orbital energy gap
(Ag) provides information about the conductivity of the system. If the Ag < 0.1 eV
conductors, Ae = 0.5-3.5 eV semiconductors and Ag > 4.0 eV insulator. The A values
of the present systems vary between 1.94 eV ile 2.81 eV. Semiconductor organic or
metal organic compounds can be used in the screens of many electronic equipment.

Therefore, synthesis of semiconductor complex systems are very important.



5. CONCLUSIONS

In this study, we described the azo-Schiff base ligand, obtained by condensation
of 2,6-diaminopyridine with 2-hydroxy-5-(phenyldiazenyl)benzaldehyde. The reactions
of the azo-azomethine ligand with Co(ll), Ni(ll), Cu(ll) and Pd(ll) metal acetates
yielded colored complexes. The synthesized compounds have been defined on the basis
of Elemental analysis, FT-IR, NMR, UV-Vis, mass spectroscopy and thermal analysis
(TGA/DTA) as well as the magnetic susceptibility and molar conductivity
measurements suggesting NO bidentate donors. The proposed structures of the
complexes are shown in Figure 3.3. On the basis of physico-chemical and spectroscopic
data presented and discussed previous section, the complexes may be tentatively
suggested to have square planar geometry around Cu(ll), Ni(ll), Co(Il) and Pd(ll)
complexes. All the synthesized metal complexes were found to be binuclear.

After synthesis and structural characterization of azo-Schiff base ligand and its
metal complexes, achieving the initial geometry optimizations by using molecular
mechanics method, followed by the semi-empirical PM3 self-consistent fields molecular
orbital (SCF MO) method at the restricted level, then STO, RHF and Density Functional
Theory (DFT-B3LYP) type quantum chemical calculations have been consecutively
performed for the geometry optimizations with 6-31+G(d,p) basis set to obtain
energetically the most favorable structures of the presently considered species.
However, the metal atoms are not defined for the above basis set, therefore, we applied
LanL2DZ method for the metals.

The antibacterial activity of the compounds were tested and antioxidant
activities such as free radical (DPPH) scavenging ability, iron chelating ability and
reducing power activities. In addition to, pBR322 plasmid DNA cleavage activity was
examined. All studied compounds did not show any antimicrobial activities against E.
hirae, E. coli, L. pneumophila subsp. pneumophiia, and C. albicans. Ligand and its
complex with Cu(ll) also exhibited weak antibacterial activity against B. cereus and S.
aureus respectivly. However, ligand also exhibited the highest antibacterial activity
against P. aeruginosa with inhibition zone range of 12 mm. All tested compounds were
not showed good DPPH scavenging ability. The highest free radical scavenging activity
was obtained with Cu(ll) complex as 39.1% at 100 mg/L. Ferrous can induce lipid
peroxidation by Haber—Weiss and Fenton-type reactions in biological organisms and
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hydroxyl radicals (OH-) is realised after these reactions. As a result these toxic metals
must be removed in cells by the metal ion possessing chelating ability. As it is presented
in Figure 4.21, at concentration of 10 mg/L Schiff basees ligand and their complexes
with Co(Il), Cu(ll), Ni(Il) and Pd(Il) were exhibited 44.3%, 54.7%, 70.2%, 69.3% and
69.9% chelating activity, respectively, while Figure 4.21 at 100 mg/L concentration
Schiff basees ligand and their complexes with Co(ll), Cu(ll), Ni(Il) and Pd(Il) were
exhibited 51.5%, 72.4%, 78.3%, 75.1%, and 73.7% chelating activity, respectively. It
is indicated that the reducing power of a compound is belong to its electron transfer
capability and may also serve as an important reflection of the antioxidant activity. The
order of reducing power of ligand and their metal complexes from minimum to
maximum was found to be Co(ll) < Ligand < Pd(Il) < Ni(ll) < Cu(ll) < Alpha-
tocopherol at concentration of 50 mg/L. As depicted in Figure 4.22, the highest reducing
power was achieved with Cu(ll) complex as 0.207 at concentration of 100 mg/L.
According to DNA cleavage results, all compounds were DNA cleavage active. Super
coiled DNA (Form 1) was converted to Nicked Circular DNA (Form I1) and Linear
DNA (Form 11I) at all tested concentration of the complexes. With the increase in
concentration of compounds, the cleavage activity was concentration independent
except Pd(I1) complex at all tested concentration. When an evaluation is made in terms
of these results the present study proposes Cu(ll) complex as a metal chelator. In
addition, ligand and their metal complexes can be used as a novel DNA-cleaving agents
for target DNA.
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EXTENDED TURKISH SUMMARY
(GENISLETILMIS TURKCE OZET)

PIRIDIN HALKALI SIMETRIK AZO-SCHIFF BAZI VE GECIiS METAL
KOMPLEKSLERI: SENTEZ, TANIMLAMA, TEORIK HESAPLAMALAR,
ANTIOKSIDAN OZELLIKLER VE DNA ETKILESIMLERI

BASHA SYAN, Ranjdar Hamad
Yiiksek Lisans Tezi, Kimya Boliimii
Danisman: Dog. Dr. Mehmet GULCAN
Mart 2017, 58 sayfa

OZET

Azo boyar maddeleri, organik bilesiklerde bulunan ve renklilige sebep olan azo
(-N=N-) kromofor grubu igeren en genis ve ¢ok yonlii boyalar olarak tanimlanir. Bu
bilesikler i¢erdikleri -N=N- grubu sayisina gore; monoazo, diazo veya trisazo boyalar
olarak nitelendirilirler. Azo boyalarin hazirlanmasinda oncelikli olarak diazonyum
tuzlarinin hazirlanmasi gerekmektedir. Diazonyum tuzlari; ¢ok sayida organik bilesigin
sentezlenmesinde kullanilan ve ¢ok 6nemli baglanma tepkimelerden biri olan diazolama
tepkimesi sonucu elde edilen kimyasal ara tirindir. En az bir azo grubu igeren Schiff
bazlar1 olarak adlandirabilen azo-azometin ligandlart ve onlarin gecis metal
kompleksleri, son yillarda iizerinde yogun olarak calisilan bilesiklerdir. Azo-azometin
tiirevi bilesikler olaganiistii boyama ozelliklerinden dolay1 yaygin olarak yiin, deri ve
sentetik iiriinlerin elde edilmesinde kullanilir.

Azometin grubu (-CH=N) iceren bilesikler Schiff bazlar1 olarak adlandirilir. Schiff
bazlar1 aldehit veya ketonlar ile primer aminler arasindaki tepkime {irlinleri olarak da
ifade edilebilir. Kondenzasyon tepkimesi olarak da adlandirilan bu tepkime ilk olarak
1864 yilinda Alman kimyager Hugo Schiff tarafindan gelistirilmistir. Schiff bazlari,
koordinasyon kimyasinda ligand olarak kullanilan ve biiyiilk bir O6neme sahip
bilesiklerdendir. Azometin ve fenolik gruplar iizerinden cok sayida metal iyonuyla
koordine baglar kurabilen Schiff bazlari, giiclii metal baglayabilme o6zelliklerinden
dolayr geg¢is metal komplekslerinin sentezlerinde kullanilirlar. Cok ¢esitli Schiff baz1 ve
onlardan tiireyen metal kompleksleri biyolojik modellemede, dogrusal olmayan optik

malzemelerde, c¢esitli organik tepkimelerde katalizor olarak ve liiminesans
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malzemelerde kullanilmis ve kullanilmaya da devam edilmektedir. Bununla birlikte bu
bilesikler antikanser, antifungal, antibakteriyel, antiviral ve antiparazit ajanlar olarak
biyolojik etkinlik gdsterirler. Bu bilesikler ayn1 zamanda kimya biliminin gelismesinde
¢ok onemli bir role sahiptirler.

Bu yiiksek lisans calismasinda oncelikle, ¢esitli kimyasal yontemler kullanilarak azo
grubu igeren, 6énemli bir aldehit tiirevi olan 2-hidroksi-5-(fenildiazenil)benzaldehit ile
2,6-diaminopiridin bilesiklerinin etanol varliginda tepkimesinden yeni piridin bazli
simetrik azo-Schiff baz ligandi ve bu ligandin bazi birinci ve ikinci sira gegis metal
katyonlartyla kompleksleri sentezlenmistir. Calismada elde edilen ligand ve gecis metal
komplekslerinin yapilart spektroskopik ve analitik yontemler kullanilarak karakterize
edilmistir. Calismada elde edilen bilesiklerin teorik calismalar1 yapilarak 3D
geometrileri ile elektronik yapilart ve HOMO/LUMO enerji degerleri de hesaplanmuigtir.
Sonraki asamada ise sentezlenmis olan ligand ve gecis metal komplekslerinin
antioksidan ozellikleri ve DNA etkilesimleri basta olmak {izere biyokimyasal

parametreleri aragtirilmistir.

Anahtar kelimeler: Azo-Schiff bazi, Metal kompleks, Piridin, Teorik hesaplama,
Antioksidan, DNA etkilesim.

MATERYAL VE YONTEM

Bu yiiksek lisans c¢alismasi kapsaminda gerceklestirilen islemler asagida maddeler
halinde sunulmustur:

(a) Web of Science veya Scopus veritabanlari kullanilarak azo-Schiff bazlari ve
onlardan tiireyen gecis metal kompleksleri ile ilgili ulusal veya uluslararasi ¢alismalarin
genel bir taramas1 yapilmis, bulunan ¢alismalarda spektroskopik, teorik, antimikrobiyal,
antioksidan ve DNA etkilesimleri ile ilgili c¢alismalar ayrintili bir bigimde
degerlendirilerek bu yiiksek lisans ¢alismasi sonucunda elde edilen gerek deneysel

gerekse teorik sonuglarin kaynakg¢aya olan katkilari ayrintili bir sekilde irdelenmistir.

(b) Calismada ¢ikis maddesi olarak kullanilan ve azo grubu igeren aldehit tiirevi (2-
hidroksi-5-(fenildiazenil)benzaldehit) bilesik kaynakgada 1iyi bilinen yoOntemler
kullanilmak suretiyle sentezlenmis ve safsizliklardan arindirilmistir. Calismada yine

diger bir ¢ikis maddesi olarak kullanilan primer diamin yapisindaki 2,6-diaminopiridin
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bilesigi ticari olarak temin edilmistir. 2-Hidroksi-5-(fenildiazenil)benzaldehit ve 2,6-
diaminopiridin bilesiklerinin uygun sicaklik ve etanol varliginda (2:1 sitokiyometrik
oranlarda) tepkimesinden simetrik yapida azo-Schiff baz ligandi ve bu ligandin bazi
birinci ve ikinci sira gegis metal katyonlariyla kompleksleri sentezlenmistir. Elde edilen
tiim bilesikler Elementel Analiz (EA), Fourier Doniisiimlii Infrared Spektroskopisi (FT-
IR), Proton ve Karbon NMR Spektroskopisi, Sivi Kromatografi-Kiitle Spektroskopisi
(LC-MS), Ultraviyole ve Goriiniir Bolge Spektroskopisi (UV-vis) ile magnetik
susseptibilite ve molar iletkenlik gibi analitik ve spektral yontemler kullanilarak
karakterize edilmistir. Ayrica sentezlenen kompleks bilesiklerin termal 6zellikleri de
degerlendirilmistir.

(c) Analitik ve spektral yontemler kullanilarak yapilari aydinlatilan ligand ve metal
komplekslerinin biyokimyasal Ozellikleri incelenmistir. Ligand ve gecis metal
komplekslerinin antimikrobiyal etkileri Staphylococcus aureus (ATCC 6538),
Enterococcus hirae (ATCC 10541), Escherichia coli (ATCC 10536), Legionella
pneumophila subsp. pneumophila (ATCC 33152), Bacillus cereus, Pseudomonas
aeruginosa (ATCC 9027) ve Candida albicans tiirlerine kars1 disk difiizyon metodu
kullanilarak incelenmistir. Antioksidan 6zelliklerin incelenmesi amaciyla serbest radikal
(DPPH) giderme etkinligi, demir selatlama etkinligi ve indirgeyici gii¢ etkinligi olmak
tizere Ui¢ farkli yontem kullanilmis ve kaynakg¢ada uygulanan metotlar denenmistir. Son
olarak sentezlenen azo-Schiff baz ligandi ve gegis metal komplekslerinin DNA
etkilesimleri pBR322 DNA plazmid kullanilarak elektroforez ~ yontemiyle
gergeklestirilmistir.

(d) Calismanin son asamasinda sentezlenen tiim bilesiklerin geometri optimizasyonlari,
molekiiler mekanik yontemi ve onu takip eden yar1 ampirik PM3 kendi i¢inde tutarh
molekiiler orbital (SCFMO) metodu kullanilmak suretiyle ortaya konulmustur. Ileri
geometrik optimizasyonlar ise RHF ve B3LYP/6-31+G(d,p) diizeyleri kullanilarak
tespit edilmistir. B3LYP hibrit fonksiyoneli Hartree—Fock ve yerel spin yogunligu
(LSD) degisim fonksiyonlarinin, Becke egimiyle LSD degisimlerinin korelasyonundan
olusur. B3LYP korelasyon terimi, Vosko, Wilk, Nusair yerel korelasyon fonksiyonlar
ve Lee, Yang, Parr korelasyon diizeltme fonksiyonlarindan olusur. Ancak metal
atomlar1 i¢in bu temel kiimeler tanimli olmadigindan metal atomlar1 i¢in ayrica

LanL2DZ temel kiimesinde islem yapilmistir. Herbir yap1 i¢in titresimsel frekans
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analizleri hi¢bir negatif frekansla sonuglanmamistir. Bu durum komplekler i¢in elde
edilen yapilarin potansiyel enerji diagraminda en azindan bir minimum noktasini ifade
ediyor demektir. Calismalar sirasinda Gaussian09 molekiiler modelleme programi ve
hem yapilan hesaplamalar1 analiz etmek hem de sonuglar i¢in goriintiileme yapmak
amaciyla GaussView5.0 grafiksel arayiiz programi kullanilmistir. Hesaplamalarda Intel
Xeon CPU ve 48 GB Ram bellek kullanim imkanina sahip is istasyonu kullanilmistir.
Hesaplama islemleri LINUX igletim sistemi iizerinde, yiiksek performansli server
sistemleri ile gergeklestirilmistir. LINUX isletim sistemi kullanilmasi, yiiksek RAM ve

islemci sayis1 kullanilabilmesine olanak saglamaktadir.

SONUC

Bu yiksek lisans c¢aligmasinda, azo grubu igeren  2-hidroksi-5-
(fenildiazenil)benzaldehit ile 2,6-diaminopiridin bilesiklerinin kondenzasyon tepkimesi
sonucu yeni bir di-azo Schiff baz ligandi sentezlenmis ve kaynakcaya kazandirilmistir.
Azo-Schiff baz ligandi FT-IR ve NMR spektroskopik yontemleriyle yapisal
karakterizasyonu gergeklestirildikten sonra bakir, nikel, kobalt ve palladyum gibi birinci
ve ikinci sira geg¢is metal katyonlariyla kompleksleri hazirlanmistir. Hazirlanan ligand
ve gecgis metal kompleklerinin yapilari spektroskopik ve analitik yontemlerle ortaya
konulmustur. Gec¢is metal komplekslerinin molar iletkenlik 6l¢limleri incelendiginde
biitiin bilesiklerin iletken olmadiklari, dolayisiyla koordinasyon kiiresi digsinda herhangi
bir anyonun bulunmadigi sonucuna varilmistir. Elementel analiz, magnetik hassasiyet
ve UV olclimleri sonucunda elde edilen veriler kompleks bilesiklerin diniikleer yapida
oldugunu ve diizlem muhtemel geometrilere sahip oldugunu gdstermistir. Kompleks
bilesiklerin muhtemel yapilarinda bulunduklar1 ifade edilen su molekiillerinin varligi
infrared spektrumlarindan anlasildigi gibi TGA egrilerindeki 0-200 °C araliginda
gerceklesen kiitle kayiplarindan da (yaklasik % 5) anlagilmaktadir.

Ligand ve gecis metal komplekslerinin antimikrobiyal etkileri Staphylococcus
aureus (ATCC 6538), Enterococcus hirae (ATCC 10541), Escherichia coli (ATCC
10536), Legionella pneumophila subsp. pneumophila (ATCC 33152), Bacillus cereus,
Pseudomonas aeruginosa (ATCC 9027) ve Candida albicans tiirlerine karsi disk
difiizyon metodu kullanilarak incelendiginde tiim bilesiklerin E. hirae, E. coli, L.

pneumophila subsp. pneumophiia ve C. albicans tiirlerine karsi herhangi bir
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antimikrobiyal etkinlik gostermedikleri goriilmiistiir. Ligand ve Cu(Il) kompleksinin
sirasiyla B. cereus ve S. aureus tiirlerine karst zayif etkin olduklar1 ve ligandin en
yiiksek antibakteriyel etkiyi P. aeruginosa tiiriine karst gosterdigi gorilmiistiir.
Antioksidan 06zelliklerin incelenmesi amaciyla serbest radikal (DPPH) giderme
etkinligi, demir gelatlama etkinligi ve indirgeyici gii¢ etkinligi olmak ftizere ii¢ farkli
yontem kullanilmis ve tiim bilesiklerin 6nemli derecede antioksidan etkinlik tasidiklari
anlagilmistir. Bununla birlikte en yiiksek demir selatlama etkinligine Cu(Il)
kompleksinin sahip oldugu (78.3%) tespit edilmistir. Son olarak sentezlenen azo-Schiff
baz ligandi ve gecis metal komplekslerinin DNA etkilesimleri pBR322 DNA plazmid
kullanilarak elektroforez yontemiyle gergeklestirilmis, tiim bilesiklerin iki fazli DNA
yarici etki tasidiklart goriilmiistiir.

Gecis metal kompleks molekiilleri i¢in geometri optimizasyonu sonucunda elde
edilen yapilar tartisma kisminda verilmistir. Kompleks yapinin piridin boliimiinde genel
diizlemsel yapiya gore bir biikiilme gozlemlenmektedir. Diizlemsellikten bu sapma
sayesinde su ve asetil ligandlar1 arasinda bir hidrojen bagi olusumuna ihtimal dogmakta
ve yap1 daha kararl bir hal almaktadir. Diger taraftan Ni(ll) ve Cu(ll) komplekleri i¢in
onciil orbital semalar: ile birlikte tiim kompleks yapilar i¢in onciil orbital enerjileri
verilmistir. Ayrica HOMO ve LUMO enerji farki da Ae ile ifade edilmistir. Onciil
molekiiler orbital sekilleri yapinin reaktivitesi konusunda fikir verir. HOMO yapinin
bazik 6zelligini ifade ederken LUMO ise Lewis asidik 6zelliginin bir gostergesi olabilir.
Diisiik enerjili LUMO asidik 6zellik gosterebilmeyi igaret ederken, yliksek HOMO ise
bazlik gostergesidir. Bu baglamda onciil molekiiler orbitallerin incelenmesi son derece
onemlidir. Ayrica HOMO ve LUMO 'nun molekiil i¢indeki konumu ve katkida bulunan
atomlar bu komplekslerin nereden tepkime verecegini de isaret eder. Ni(ll)
kompleksinde HOMO ve LUMO farkli kanatlarda yer alan atomalarin katkistyla
olusurken Cu(ll) kompleksinde her iki kanattan da katki saglanmaktadir. Onciil
molekiiler orbitaller arasindaki enerji farki (Ag) yapmin iletkenlik ya da yalitkanlik
gostergesidir. eger Ae < 0.1 eV iletken, Ag = 0.5-3.5 eV yarn iletken ve Ag > 4.0 eV
yalitkan olarak degerlendirilmektedir. Bu c¢alismada sentezlenen kompleks
malzemelerin Ae degerleri 1.99 eV ile 2.81 eV arasinda degismektedir. Yar1 iletken

organik ya da metal organik yapilar giiniimiizde bir¢ok elektronik cihazin ekranlarinda
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kullanilmaktadir. Bu baglamda yar1 iletken ozelligi gosteren kompleks yapilarin

uretilmesi son derece dnemlidir.
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