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ABSTRACT

Coordination chemistry is the chemistry of metal complexes where ligand is
coordinated to the metal atom through coordinate covalent bond. Metal complexes are
generally known for their easy preparation, extreme stability and chelating properties.
Therefore they have attracted the attention of chemists all over the globe which resulted
in the appearance of new branches of chemistry in recent past viz. biochemistry,
organometallic chemistry and bioinorganic chemistry. These are fast developing fields as
they help to understanding the role and structure of metal ions in living systems. Among
them, Schiff bases and mixed ligand complexes with metal ions have shown fascinating
results. Millions of people lost their lives every year due to microbial infections viz.
bacterial and fungal infections. So there is dire need to develop promising medicines
those can cure these infectious diseases. Schiff bases if designed with proper structural

relationships can give potential compounds which can show potential therapeutic activity.

It is observed from literature that —C=N- based Schiff bases can be used in wide
variety of therapeutic drug activities. The possibility of mixed ligand synthesis by the
combination of Schiff bases with 2,2'-bipyridine and 1,10-phenonthroline provide a new
platform to prepare better complexes with transition metal complexes. The ligands are
synthesized with a new strategy of funtionalization of diketones rather than the usual
approach of diamines as starting materials. The ligands should be able to provide a
different coordination approach from the existing ones due to different stereo-chemical
positioning of the ligating atoms. Also very few reports are available that check the
interactions of mixed ligand complexes of this category with serum proteins. As per gap
in literature it is expected that there is a good scope to prepare new combinations of
mixed ligand complexes with Schiff bases and dinitrogen donor ligands (2,2'-bipyridine
and 1,10-phenonthroline) with selected transition metals and they will show promising

results in the directions of therapeutics activity and binding with serum albumin protein.



This work focused on the synthesis of new as well as previously reported mixed
ligand complexes of copper and zinc (1- 40) with either Schiff bases (Li- Lsg) as primary
ligands and diimines (1,10- phenanthroline or 2,2'-bipyridine) as secondary ligands or as
simple mixed ligand chelates. The reactions were carried out between metal (11) chloride,
synthesized Schiff base and diimines in the molar ratio 1:1:1 using methanol as solvent.
The precipitates obtained were washed with methanol and dried in desiccator. The whole

work was carried out in four series:

A) Synthesis of Schiff base of glyoxal and ortho / para - anisidine and their
metal complexes with Cu(ll) or Zn(11) and diimines
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B) Synthesis of Schiff base of benzil and ortho / meta / para - anisidine and their
metal complexes with Cu(ll) or Zn(11) and diimines
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C) Synthesis of Schiff base of o-aminophenol and glyoxal / diacetyl / benzil and
their metal complexes with Cu(ll) or Zn(I1) and diimines

Q) Scheme for the synthesis Schiff base of o-aminophenol and glyoxal / diacetyl
and their metal complexes with Cu(ll) or Zn(11) and diimines
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(i) Scheme for the synthesis Schiff base of o-aminophenol and benzil and their
metal complexes with Cu(ll) or Zn(I1) and diimines
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D) Scheme for the synthesis of mixed ligand complexes of copper and zinc with
salicylic acid / 3,5-dinitrosalicylic acid as primary ligand and diimines as
secondary ligand.
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All the synthesized ligands and their metal complexes were characterized using
different spectroscopic techniques i.e UV-vis, FTIR, 'H NMR and Mass spectral
techniques. Shifting in the peaks of the ligands in the UV-vis spectroscopy indicates
coordination of ligand to metal ions. The analysis of IR spectrum further supports binding
of ligand to metal ions through nitrogen and oxygen donor atoms. The formation of
ligands and metal complexes were also confirmed by m/z values obtained by mass

spectroscopy.

In vitro analysis of binding constants of ligands and their metal chelates were
done with bovine serum albumin using UV-vis spectral technique. For analysis, the
solutions of metal chelates (50 pM) and BSA (1000 uM) were prepared in tris buffer of
pH 7.4. The UV-vis spectra were recorded by taking static concentration of metal
complex (50 uM) vs. dynamic [BSA] concentrations in the array of 0 - 3 uM. The values
of binding constants thus calculated come out in the range of 10* - 10°. The moderate
values of binding constants are consistent in determining the role of serum proteins as

transporter for effective delivery of drugs to their target sites.



The antimicrobial assays of the ligands and their metal chelates were determined
by agar well diffusion method against two bacterial species i.e Escherichia coli and
Staphylococcus aureus and two fungal species i.e. Aspergillus niger and Aspergillus
fumigatus. Antimicrobial activity of standard antibiotic drug amikacin against test
bacteria and fluconazole against test fungi was evaluated by agar disc diffusion method.
The results of antimicrobial assays indicate that mixed ligand metal chelates are more
biologically active as compared to their Schiff base ligand.
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GENERAL INSTRUMENTATION AND MATERIAL USED
|

A) Materials

(i) Chemicals from Loba chemie: o-anisidine, m-anisidine, p-anisidine, benzil, diacetyl,
o- aminophenol, salicylic acid, 3,5-dinitrosalicylic acid, potassium hydroxide, zinc
chloride, copper chloride, 2,2'-bipyridine, 1,10-phenanthroline, tris buffer.

(if) Chemicals from CDH: Glyoxal
(iii) Chemicals from SDFCL: BSA

(iv) Preparation of Tris buffer (pH-7.4): In double distilled water.

B) General Instrumentation

(i) UV-vis spectroscopy: SHIMADZU UV-1800 spectrophotometer has been used for
recording UV-vis absorption spectra at Department of Chemistry, Lovely Professional

University, Punjab.

(i1) Infra-red spectroscopy: SHIMADZU FTIR 8400S, Fourier Transform Infrared
spectrophotometer has been used for recording Infra-red spectra at Department of

Chemistry, Lovely Professional University, Punjab.

(iii) 'H NMR: BRUCKER ADVANCE 1.1 400 NMR Spectrometer has been used for
recording *"H NMR spectra using d® — DMSO / CDCl; as solvents with TMS as the

internal reference at Panjab University, Chandigarh.

(iv) Mass spectroscopy: XEVO G2-XS QTOF Mass Spectrometer has been used for

recording mass spectra using DMSO / Chloroform as solvent at 11T Ropar.



(v) Antibacterial and antifungal activity: The anti - microbial tests were conducted on
two bacterial species i.e. Staphylococcus aureus (gram positive) and Escherichia coli
(gram negative) and two fungal strains i.e. Aspergillus niger and Aspergillus fumigatus
by well diffusion method at Department of Biotechnology, Lovely Professional
University, Punjab.



CHAPTER 1

Introduction and Review of Literature

1.1 Introduction

Coordination complexes have been used and are known since olden times. Now
days it is a fast growing branch of chemistry. In 1869, Christian Wilhelm Blomstrand
tried to explain the structure of coordination complexes through his complex ion chain
theory [1]. Later on Danish scientist, Sophus Mads Jorgensen made certain
amendments but the most accepted theory was by Alfred Werner (a Swiss chemist) in
1893 [2]. He got noble prize in 1913, for his commendable work on coordination
compounds [3].

In coordination complexes, a ligand is attached to the metal ion through
coordinate covalent bond [4]. The thermodynamic and Kinetic properties of the metal
complexes can be altered by varying the coordination number, design of ligand and
steric environment around central metal ion [5]. Thus chelation brings radical changes
both in metal and ligand moieties. Metal complexes which are redox active and have
labile ligands interacts easily with biological systems and extensively taking part in
biological reactions [6]. This makes them suitable and reliable candidates for
numerous biological applications and lead to the development of new branch of

chemistry known as bioinorganic chemistry [7].

1.2 Chemistry and biological importance of metal ions and ligands

1.2.1 Copper

Copper is a soft and ductile reddish metal with atomic number 29. It shows
two biologically accessible oxidation states i.e. Cu(l) and Cu(ll). Cu(l) is less stable
and is readily oxidized to Cu(ll) but further oxidation to Cu(lll) is relatively difficult
[8 — 10]. The lack of cubic symmetry, due to Jahn- Teller distortions, in 3d° electronic
configuration of Cu(ll) makes it less prone to adopt regular tetrahedral and octahedral
geometries [11]. A variety of applications of copper and its compounds ranging from

industry to biological systems can be viewed historically. Around 3000 BC it was



used by Egyptians to sterilize water and around 400 BC it was used by Hippocrats to
cure leg ulcers allied with varicose veins [12].

Being one of the essential trace elements, copper is present in most of the
tissues of the body. A large number of copper dependent enzymes are found in
biological systems e.g. Cytochrome C oxidase is required for cellular utilization of
oxygen, Angigenin for stimulation of blood vessels construction etc. [13]. It also
plays a key role in the normal functioning of liver, triggers vitamin C to synthesize a
connective tissue called elastin [14, 15]. Its deficiency in blood can lead to pregnancy
disorders, heart diseases in children and improper absorption of iron in the body [12].

1.2.2 Zinc

The element with atomic number 30 i.e. zinc exists as five isotopes i.e.”°Zn
(0.62%), ®7Zn (4.90%), ®®Zn (18.75%), ®°Zn (27.90%) and **Zn (48.63%). It is a redox
stable metal as it mainly shows +2 oxidation state in most of its compounds. It acts as
a Lewis acid and owing to its small radius to charge ratio it forms quite strong
coordinate covalent bonds with ligands containing nitrogen and oxygen as donor atom
[16, 17].

Zinc, next to iron, is essentially required to human body. It is present as an
essential structural component in enzymes and can also be located at their active sites
[18]. Nearly eighty Zn - containing metalloenzymes have been known so far which
are known to cure tissue injury, inflammatory diseases etc. [14]. It plays an essential
role in cell division, cell growth, wound healing, breakdown of carbohydrate, nucleic
acid synthesis, glycolysis etc. [19, 20]. Its deficiency has severely affected
approximately two billion people globally and leads to many diseases like growth
retardation in children, hair loss, delayed sexual maturation, infection susceptibility
etc. [21, 22]. Various skin ointment creams used for curing minor burns, diaper rash
and other minor skin ailments contain zinc oxide [12]. The studies have shown Zn(Il)
complexes as suppressants in elimination of histaminic parts from extra cellular fluids
or base cells. Thus they can be used in the treatment of anafilactidic shocks. Hence

they are the subject of demanding biological evaluation [23].



1.2.3 1,10-phenanthroline and 2,2'-bipyridine

Diimines i.e 2,2"-bipyridine and 1,10-phenanthroline are biochemically active
but 7 - electron deficient nitrogen containing chiral bidentate ligands [24]. They are
rigid, hydrophobic, planar and heteroaromatic chelating ligands and act as powerful c-
donors and & - acceptors due to the presence of low energy n* antibonding orbitals
[25 — 27]. These ligands can stabilize low oxidation state transition metal ions and
endow complexes with hydrophobic properties with inbuilt M-N bond strength
complemented by the chelate effect [28, 29]. Australian chemist Francis P. Dwyer
first studied the complexes of ruthenium with 2,2'-bipyridine and 1,10-phenanthroline
having considerable biological activity [30]. The specific pharmacological activity of
transition metal complexes with these N, N' donor ligands can be characterized by
their enhanced antibacterial, antiviral, antitumor, antifungal activities [18, 31 — 33].
These type of complexes are gaining great interest as they can act as catalytic ligands,
stabilizing agents in the synthesis of nanoparticles, luminescent devices, potential
probe for DNA interactive and cleavage studies and show enormous pharmacological

activity.
1.2.4 Serum albumins

Albumin is the most copious and comprehensively studied protein in the blood
serum of ample assortment of organisms. It is the chief soluble protein in circulatory
system and performs several physiological functions like maintenance of blood pH
and regulation of osmotic pressure. By reversible mode of binding it transports and
delivers large number of exogenous and endogenous compounds like bilirubin,
hormones, fatty acids, porphyrins, amino acids, drugs etc. [34 — 36]. Researches on
the study of interaction of these serum proteins with drugs can help to attain
pharmodynamic and pharmokinetic information [37 — 39]. Human Serum Albumin
(HSA) is the most copious protein in human plasma. Since BSA not only closely
resembles Human Serum Albumin (HSA) but is cost effective, readily available,

extensively characterized and helps in many vitro studies [40].
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Fig. 1: Comparative structure of BSA and HSA [38]

Bovine serum albumin (BSA or Fraction V) is a large globular
nonglycoprotein (65000 Daltons) having 583 amino acid residues in a single
polypeptide chain in its primary structure while its secondary structure has 17
disulfide bridges and 67% a - helix which provides remarkable stability to the protein.
It is alienated into three homologous, linear but structurally distinct domains (I - 111),
each of which is subsequently divided into two subdomains (A and B). There are
mainly two binding regions namely Sudlow site | and site Il located in subdomias 1A
and 1A which largely determines the binding capacity of serum albumin to
heteroaromatic systems [23, 41 — 43]. BSA has two tryptophan residues i.e. Trp-212
(buried deep in hydrophobic pocket of domain I1A) and Trp-134 (on the surface of
domain IB) which act as fluorophores and make the protein competent to fluorescence
quenching [44, 45].

Fig. 2: A ribbon representation of BSA [41]



Fig. 3: Structure of Bovine Serum Albumin with tryptophan residues [45]

Albumin can swiftly acquire various configurations under the influence of a
ligand. It can expand and contract rapidly owing to its flexibility. This rapid
expansion and contraction of its major domains along with numerous amino acids is
the root of its transport system as they facilitate the binding and release of
transporting material. There are four metal binding sites on albumin have been

identified so far and these are as follows:

e Multi - metal Binding Site (MBS) or Site A which binds primarily to M(II)
ions particularly Zn*2.

e The N - terminus or ATCUN motif (Copper and Nickel binding site).

e Platinum and gold complexes binding site on reduced thiol of Cys-34.

e Site B which binds primarily to Cd(Il) and secondarily to Zn(I1) [46].

Fig. 4: Modeled structure of BSA representing inter-domain zinc site formed by
His - 67 (N¢) and Asn - 99 (Oamide) from domain | and His — 247 (Nd) and
Asp - 249 (Ocarboxylate) from domain 11 [46]



1.2.5 Antimicrobial activity

Antimicrobials have been used around 2000 years back by ancient Egyptians
and Greeks using molds and plant extracts to cure infections [47, 48]. They are the
agents that can either kill (biostatic agent) or stop (microbiocidal agent) the growth of
various microorganisms. These antimicrobial agents are categorized broadly on the
basis of microorganisms on which they act e.g. antibiotics used for the treatment of
bacteria and antifungals used for the treatment of fungi.

The era of antibiotics started in the year 1928 after the discovery of pencillin
by Alexander Fleming but the term antibiotic was first used by Selman Waksman
(discoverer of streptomycin) in the year 1941 [48 — 50]. The indiscriminate and hasty
use of antibiotics not only poses a threat to human race across the globe by these
single cell microorganisms but also put the mankind back to square. Gradually the
bacteria are becoming more resistant to such antibiotics [51, 52]. The contest for their
survival is making them more adaptive and powerful against the developments in the
field of medicines. Keeping in mind the possible worst future scenario numerous
alternate strategies are being kept handy. One of the possible alternatives is the
production of metal based drugs as it has been demonstrated that antimicrobial
activities of several compounds like Schiff bases have been enhanced on interaction

with metal ions [53].
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It is, therefore, considered worthwhile not only to synthesize, characterized new metal
based mixed ligand complexes but also to determine the biological activity of these

new complexes.

1.3 Schiff bases

Imines or Schiff bases were named after Italian naturalized chemist Hugo Schiff
who first synthesized them in 1864 [55]. They are nitrogen analogs of aldehyde or
ketone containing —C=N- group where nitrogen is attached to aryl or alkyl group and
not to hydrogen atom. They are synthesized following condensation reaction amid a
carbonyl compound (aldehyde or ketone) and a primary amine under varied solvents
and reaction conditions [40, 56 — 58]. The reaction can be carried out either with or
without acidic or basic conditions. In these reactions, hydrogen from amine and
oxygen from carbonyl group react leading to formation of water molecule and another
product known as Schiff base (Fig. 6) [59 — 61].
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Fig. 6: Scheme for the synthesis of Schiff base [60]

This —C=N- imine bond is the main factor accountable for wide applicability of these
azomethine compounds. There are generally three synthetic routes for their
preparation:

e Direct synthesis of ligand followed by complexation [63]

e Template synthesis [62]

e Rearrangement of heterocycles [63]

Owing to their greater flexibility, sensitivity and selectivity, they appear as
enzyme models and proved as effective reagents in trace analysis. There is also
certain possibility of using Schiff bases as Acid - Base indicators. They have large
number of widely accepted applications in the area of biological, analytical, nuclear,
pharmacological, radio immunotherapy, clinical and biochemical fields [64, 65].

Their major applications are as follows:

e Biological models to elucidate the composition of biomolecules and biological
procedures [66, 67]

e Electroluminescent materials owing to their good thermal stability and film
forming capabilities [25]

e Fluorometric analytical reagents [68]

e Catalysts [69]

e Enzymatic intermediates having capability of providing synthetic models in
metalloproteins [70]

e Medical substrates and fine chemicals [71]

e Organic blockers [72]

e Corrosion inhibitors [73]



e Tumor radio imaging agents [74]

e Optical, electrochemical and chemosensors [75, 76]

e Insecticides, herbicides, nematocides and rodenticides [77]

e Antibacterial, antifungal, antimalarial, anti-inflammatory, anticancerous and
antidiabetic [13, 78 — 86]

e They also play significant role in transammination (transaminases are found in
mitochondria), chemistry of vision and biosynthesis of porphyrins [78]

Schiff bases are also known to form complexes with “Metals of Life” like Zn, Cu, Ni,
Co, Fe, Mn, Cr, V, Ca, Mg and Na [87, 88].

1.3.1 Types of Schiff bases

Extensive survey of literature makes us familiar with galaxy of Schiff bases
and different methods either classical or others i.e. water suspension medium [89],
infrared irradiation and no solvent [90, 91], ultrasound irradiation [92], one pot
template synthesis [93], solvent free etc. [94] which are available today for their
synthesis. The water produced during the reaction can be eliminated by dehydrating
agents viz. MgSO,, Na,SO,4 or molecular sieves or by Dean Stark apparatus (while
using benzene or toluene as a solvent) [74]. Schiff bases can be categorized as Salen,

Salophen, Hydrazone, Semicarbazone or Thiosemicarbazone and Heterocyclic type.
1.3.2 Salen type ligand

The term salen refers to the N,O, tetradentate ligand obtained by the
condensation reaction between salicyladehyde and its derivatives with

ethylenediamine in the molar ratio 2:1 (Fig.7) [95].

CHO — =N N=
@ T OHN o NH T * 20
OH OH HO

Fig. 7: General methodology for preparation of salen ligand [95]



A large variety of salen type ligands have been synthesized till date and they
find large applications due to their convenient preparation, varied denticities and
structural varieties [96 — 99].

2 N N=
H H
@ OCH, H,CO

[96] [98]

OCH;

Fig. 8: Some examples of salen type ligands
1.3.3 Salophen type ligand

Like salen they are also tetradentate ligands with four donor atoms i.e. O, N,
N, O synthesized by the reaction between salicyladehyde and its derivatives with 1,2-

phenylenediamines.

L s S &

+ — _ +  2H,0
OH HN  NH, N N=
OH HO

Fig. 9: General scheme for the synthesis of salophen type ligand

The captivating properties of these ligands can be unfolded from the huge
content of literature. An enormous variety of their multimetallic complexes is
available in literature to determine their coordination pattern with different metal ions
[100 — 104].
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Fig. 10: Some examples of salophen type ligands
1.3.4 Hydrazone type ligand

These are another important class of ligands having general formula
R:R2C=NNHR; having donor groups on R" (where n ranges from 1 - 3) and are
obtained by condensation reaction between carbonyl compounds (aldehyde or ketone)
and hydrazine or its derivatives. They have engrossed the due consideration of
chemists due to their large number of biological and pharmaceutical applications.
These ligands have varied denticities ranging from monodentate to multidentate
ligands [105 — 108].

R R H
R N Sy NH2 N \N'NYO
R,)\\N,NHZ | . | R
— \ = \
Mn Mn*

where R or R' = H, alkyl or aryl
X=0H,N,SorO
Fig. 11: General formula of hydrazone type ligands

H
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Fig. 12: Some examples of hydrazone type ligands
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1.3.5 Thiosemicarbazone / Carbazone type ligand

Thiosemicarbazone ligands are an important class of nitrogen / sulphur
compound which made their first emergence in literature in 1800 [62]. They form a
novel class of biologically active compounds owing to their enhanced chelating
capability and lipophilicity. They are obtained by the typical condensation reaction
between an aliphatic, aromatic or heterocyclic aldehyde or ketone with

thiosemicarbazide or carbazide.

R § R~ N
R A i

R' Y R' Y

NH,

where R or R' = alkyl or aryl group
Y = Oxygen or Sulphur

Fig. 13: General scheme for the synthesis of thiosemicarbazone / carbazone type

ligand

Large number of metal complexes with thiosemicarbazones has been recorded
in the literature due to the presence of heteroatoms like nitrogen, oxygen and sulphur
which shows remarkable chelating properties. Thus they can act either as bidentate or
tridentate ligand by bonding metal ions both through the thiol sulfur atom (in
thiosemicarbazones) or oxygen atom (in semicarbazones) or both and the hydrazine
nitrogen atom [100, 109 — 113].

Fig. 14: Some examples of thiosemicarbazone / carbazone type ligands
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1.3.6 Heterocyclic Schiff bases

Metal complexes with heterocyclic Schiff base are of substantial curiosity for
the chemists. Ligand modifications are easily accessible due to preparative simplicity,
structural variability and tunable electronic properties. Hetero atoms like N, O and S
when incorporated in Schiff bases play a key role at binding sites in
metallobiomolecules. Millions of people have to lose their lives every year owing to
microbial infections. Moreover toxicity, side effects and drug resistance has strained
the researchers to develop more compounds so as to reduce these drawbacks tethered
with better efficiency. As transition metals form an integral part of biological system
and become easily soluble in biological fluids, so they have been used in medicines
for centuries [114, 115]. An overview of some of the Schiff bases containing N, O and
S as heteroatom along with their metal complexes and activities has been listed below
(Tablel):
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Table 1: List of some metal complexes of heterocyclic Schiff bases along with their biological activity

Antimicrobial | Reference
Compound 1 Compound 2 Schiff base Metalion
Activity No.
H Zn(I1)
H, XN C=N
~CHO Cop 2 | CH-COOH I
| P oo Nl Cu(ll) Antibacterial
N N ' [116]
©j Ni(ll) Antifungal
Pyridine-3-aldehyde Tryptophan N
H Co(Ill)
X | N =
| P Jd % NN % \N/Q Co(Il) Antibacterial
H,N™ N7 “NH, . N" N [117]
Glyoxal <\ j Cu(ln Antifungal
2,6-Diaminopyridine o] ©
N
- ~o —\ Ni(I1)
C[\ r /A ~N N=
N OH HoN NH, N N )
/ OH HO / \ CO(“) CatalytIC [118]
3-Hydroxyquinoxaline-2- Ethylenediamine N N=
Cu(ll)

carboxyaldehyde
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N
LI &
NS
N OH =N N=
HN  NH, N{ }N Co(ll) Catalytic [118]
3-Hydroxyquinoxaline-2- @—ﬁ OH HO NZ@ _
carboxyaldehyde 0-Phenylenediamine Ni(I1)
N
O
42_\ >—& co(ll) Catalytic [118]
. = N-NH
3-Hydroxyquinoxaline-2- Hydrazine hydrate
Ni(ll
carboxyaldehyde (I
N
C[/ ]\AO H,b H H, Co(ll)
X .C...N___C.
N~ “OH HaN" e N, N /Nj _ _
Q r Q Cu(ll Catalytic [118]
- i inaLo. SN HO™ "N
3-Hydroxyquinoxaline-2 Diethylenetriamine .
Ni(11)
carboxyaldehyde
HO NH,
ZOC @ Co(ll)
H,C NH> Antibacterial | [101]
’ Cu(ll)

2-Hydroxyacetophenone

o-Phenylenediamine

=¢ “CHs
@
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C Ol 5
= S\n/N\NH2 P -
o) s Ni(l) - [119]
H
S\H/N\N/
Phenyl(pyridine-4-yl)methanone Benzylhydrazinecarbodithioate S Zn(l)
Cu(ll
~CHO o N
| P NH Ni(ll) Antibacterial
N a . [120]
SN |(—|:_N Co(ll) Antifungal
Pyridine-2 aldehyde . .
Vinyl aniline Mn(Il)
N Cu(ln
@\CHO EJ/NHZ Ej Ni(ll) Antibacterial
¥ - 2o
s
s” §N Co(Il) Antifungal
Thiophene-2-carboxyaldehyde
Vinyl alanine Mn(Il)
A cu(ll)
@\CHO NH; > Antibacterial
0 @\ y Ni(11) [120]
C=N .
O H Antifungal
Furfuraldehyde Co(ll)

Vinyl alanine
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U011

COOH Zn(II)
@\CHO NHz COOH Antibacterial
S [y cu(l [121]
Thiophene-2-carboxyaldehyd S Antifungal
1opnene-c-carhoxyaldenyce 2-Aminobenzoic acid Ni(lr)
Fe(l11)
Zn(Il)
Cu(ln
_ Ni(11)
CHO N
S N NFe @\C:N/ g Antibacterial | [122]
H Co(ll)
Thiophene-2-carboxyaldehyde 2-Aminopyridine
Fe(ll)
Cd(ln
Zn(Il)
@\CHO H,N N\ Cu(ln
S SH Q\CH= @ Antibacterial [123]
S Ni(ll)
Thiophene-2-carboxyaldehyde
2-Aminothiophenol cd(in
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Cu(ll)

X
@\CHO NHZ_CHZ_CT_NHZ =S cd(i
2 S CHy a HC Antibacterial | [71]
S , Ni(11)
Thiophene-2-carboxyaldehyde Propane-1,2-diamine CH=N—CH,"CH
CH
3 Zn(l)
NH,
Q\CHO (I cudin
NH; HC=N N=CH Anticancerous | [124]
Thiophene-2-carboxyaldehyd — @ Salts
iophene-2-carboxyaldehyde
P B 4 1,2-Diaminocyclohexane P N
HeC_ / NH2
/\ H3C><:NH Br cu(ll
—N S u(in
2 H
g~ ~CHO 3C><\: />_<\/\|( Anticancerous | [72]
- H3C N Salts
Thiophene-2-carboxyaldehyde 2:2-Dimethyl-1,3
propanediamine
Cu(ln
H,;C /\_/ j\ CHO § §
st g HN""C7 O NH, ) ‘?\C NH, cd(ln Antibacterial
o) / N-y N [125]
5-Methyl thiophene-2- HsC S g H Ni(I1) Antifungal
carboxyaldehyde Carbohydrazide -
n
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Mn(I1)

Co(Il)
Ni(I1)
(IDI Antibacterial
0N\ .C.NH, cu(i
o~ CHO HyN g Q%:C% Antifungal [126]
CHO Zn(I)
Furan-2-carbaldehyde . Anticancerous
Oxamide cd(in)
cr(l)
Fe(l11)
Co(ll)
Ni(11)
BN >, cuty
o~ CHO o) NH, //(H: o Antibacterial [127]
o N @ Zn(Iy
Furan-2-carbaldehyde 3-Aminodibenzofuran
cd(in)
Hg(11)
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)

Furan-2-carbaldehyde

H,N  NH,

0-Phenylenediamine

Pt(I1)

Antibacterial

Antifungal

@)

Furan-2-carbaldehyde

HZNQNHZ

p-phenylenediamine

Pt(l1)

Antibacterial

Antifungal

)

Furan-2-carbaldehyde

s
H, 1 H
@c -5-C-N—NH,
S-

Benzyldithiocarbazic acid

Ni(I1)
Co(ll)
Cu(ln

Rh(I1)




1.4 Mixed ligand metal complexes

Mixed ligand complexes are an important area of interesting metal based drug
chemistry, where they are known for their extreme stability. Complexes of zinc and
nickel with L-cysteine and D-pencilamine were the first mixed ligand complexes to be
reported by Szazuchin O in 1965. These complexes showed noticeable therapeutical
and biological activity [129, 130]. Due to their enormous bioinorganic applications,
they have become the backbone in the progress of coordination, pharmaceutical and
medicinal chemistry in the past few years [8, 131]. Several factors including radii,
electronic structure and coordination geometry of central metal atom and donor
properties of ligand determine the structure and geometry of complexes. They have
the tendency to stabilize central metal atom in certain oxidation state in which
otherwise it is unstable [5, 132]. Mixed ligand complexes which contain groups like
aldehyde group are particularly of interest as after binding with metal ion these groups
not only gets activated but also can undergo various transformations [133]. Many of
these complexes are polymeric in nature and show high thermal stability and
processibility [25]. They serve as models for metalloenzymes and act as novel
reagents [134]. They not only possess the property of binding to DNA but these can
also cause its cleavage by electrochemical and photochemical reactions. These
complexes show numerous applications in biological, medicinal fields (like
toxicology, pharmacology, biotechnology and biochemistry) and industries

[130, 135, 136]. Some of the important applications of mixed ligand complexes are as

e In DNA foot printing studies [137]

e As sequence specific DNA binding agents [138, 139]

e As antibacterial, antifungal, antiviral, antidiabetic, anticancerous agents
[90, 140 — 142]
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1.4.1 Mixed ligand complexes as antimicrobial agents

A series of complexes of Cu with bidentate ligands i.e. acetylacetone and
different derivatives of salicylic acids (5-chloro-, 3,5-dinitro-, 3,5-dibromo-, salicylic,
thio- and acetylsalicylic acids) have been reported, characterized and assessed for
their activities against selected strains of fungi and bacteria [143]. Results of the
studies concluded that ternary complexes show enhanced antimicrobial activities with

respect to their binary complexes (Fig. 15) (Table 2):

/7
\ - O\C
cC—oO
// \Cu/
HC TN
\ _© X Y
CI:H R
H,C z

where X=0,R=H;Y =Z=H,CIl, Br, I, NO, SH, COCHj3

Fig. 15: Structure of Cu(ll) complexes
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Table 2: Antibacterial assays of Cu(ll) complexes with acetylacetone and derivatives of salicylic acid

Antibacterial Activity (MIC in p gm/ml)

Gram positive

Gram negative

Compl

e S.albus | S. aureus | S.schmitzi | S.sonnei | P.pyrogens | S.sorrei | K.aerogenes | S. flexeneri | V.cholorae | S. typhii | S. paratyphii B | E. coli
A 25.00 25.00 50.00 50.00 50.00 12.50 25.00 50.00 50.00 100.00 | 50.00 25.00
B 3.10 6.20 25.00 6.20 12.50 25.00 12.50 12.50 25.00 25.00 25.00 12.50
C 3.10 12.50 25.00 12.50 12.50 12.50 25.00 12.50 25.00 12.50 25.00 6.20
D 6.20 25.00 25.00 25.00 50.00 6.20 12.50 50.00 50.00 12.50 50.00 12.50
E 6.20 12.50 25.00 12.50 25.00 12.50 25.00 25.00 50.00 12.50 25.00 6.20
F 1.60 6.20 12.50 3.10 3.10 12.50 25.0 6.20 12.50 6.20 3.10 1.60
G 25.00 50.00 50.00 25.00 50.00 25.00 50.00 50.00 12.50 25.00 6.20 12.50
H 50.00 100.00 12.50 25.00 100.00 50.00 100.00 100.00 12.50 25.00 50.00 25.00

where complexes are numbered as A. Bis(acetylacetonato)copper(ll), B. [Cu(acetylacetonato)(salicylato)],

C. [Cu(acetylacetonato)(5-chlorosalicylato)], D.[Cu(acetylacetonato)(3,5-dibromosalicylato)],

E. [Cu(acetylacetonato)(3,5diiodosalicylato], F.[Cu(acetylacetonato)(3,5-dinitrosalicylato)],

G. [Cu(acetylacetonato)(thiosalicylato)], H. [Cu(acetylacetonato)(acetylsalicylato)].
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The physiochemical studies of Zn(Il) complex with 8-hydroxyquinoline and
salicylic acid and its different derivatives (3,5-dinitro-, 3,5-dibromo-, 5-chloro-, 3,5-
diiodo-, thio-, acetyl-) showed the ternary nature of the complexes (Fig. 16):

i
O
N o
N/Zn/\ Y
N\ /, X

R 7z

where X =0, S;R=Hor COCHgz; Y =Z=H, Br, I, NOy; Y =CI
Fig. 16: Structure of Zn(I1) complexes

In vitro, antimicrobial assays of complexes anticipatory to different strains of bacteria
and fungi had shown that the activities were comparable to bis(8-
hydroxyquinolinato)Zn(I1) (Table 3) [144]:
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Table 3: Antimicrobial activities of Zn (11) complexes with 8-hydroxyquinoline and different derivatives of salicylic acid

Antibacterial Activity (MIC in p gm/ml) Antifungal Activity
Gram positive Gram negative Average zone of inhibition (mm)
Complex
S.albus | S.aureus | S.schmitzi | S.sonnei | P.morganii | V.cholerae | E. coli P. spp A. niger | T.rubrum | A. fumigatus
I 25.00 50.00 50.00 25.00 50.00 100.00 50.00 8.00 8.00 9.00 8.00
J 12.50 25.00 50.00 50.00 50.00 25.00 50.00 10.00 12.00 12.00 12.00
K 25.00 50.00 50.00 25.00 50.00 50.00 50.00 10.00 12.00 10.00 10.00
L 25.00 50.00 50.00 50.00 50.00 50.00 50.00 8.00 10.00 7.00 8.00
M 25.00 50.00 50.00 50.00 50.00 50.00 50.00 8.00 10.00 7.00 7.00
N 6.25 12.50 25.00 12.50 25.00 25.00 50.00 12.00 14.00 14.00 13.00
o) 12.50 12.50 25.00 12.50 25.00 50.00 12.50 10.00 13.00 10.00 12.00
P 25.00 50.00 50.00 25.00 50.00 25.00 50.00 7.00 8.00 - 7.00

where complexes are numbered as 1. Bis(8-hydroxyquinolinato)Zn(ll), J. (8- hydroxyquinolinato)(salicylato)Zn(ll),
K. (8-hydroxyquinolinato)(5-chlorosalicylato)zn(Il), L. (8-hydroxyquinolinato)(3,5-dibromo-salicylato)Zn(ll),

M. (8-hydroxyquinolinato)(3,5-diiodosalicylato)Zn(ll), N. (8-hydroxyquinolinato)(3,5-dinitrosalicylato)Zn(ll),

O. (8- hydroxyquinolinato)(thiosalicylato)Zn(ll), P. (8-hydroxyquinolinato)(acetylsalicylate)Zn(lI).
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The antimicrobial evaluation of mixed ligand complexes of Co(ll), Cu(ll) and

Zn(I1) with ligands viz. 2,2'-bipyridine and 1,10-phenanthroline have been determined

against nine different stains i.e. Salmonella typhi, Enterobacter choacae, Shigella

flexneri, Citrobacter freundii, Klebsiella pneumonia, Escherichia coli, Morganella

morganii, Pseudomonas aeruginosa and Staphylococcus aureus (Table 4):

Table 4: Antibacterial activities of zinc, copper and cobalt mixed ligand

complexes

Bacterial Strains

Antibacterial Assays

Diameter of Inhibition Zone (mm)

Q R S T U \% W X RA
E. choacae 32.00 |- 11.00 | 22.00 |- 30.00 | 9.00 18.00 | 28.00
S. aureus 31.00 |9.00 | 10.00 |24.00 |7.00 | 30.00 |8.00 20.00 | 30.00
E. coli 31.00 | 14.00 | 13.00 | 22.00 |8.00 | 29.00 |9.00 22.00 | 22.00
M. morganii 30.00 |- 11.00 |23.00 |- 29.00 | - 20.00 | 27.00
S. typhi 3200 |9.00 |12.00 |25.00 |- 31.00 | 9.00 17.00 | 30.00
K. pneumonia 28.00 |- 11.00 |20.00 |7.00 |26.00 |10.00 |17.00 | 29.00
S. flexneri 31.00 | 13.00 | 13.00 | 22.00 | 8.00 | 30.00 |10.00 | 20.00 | 22.00
C. freundii 30.00 | 10.00 | - 16.00 | - 26.00 | - 16.00 | 21.00
P. aeruginosa 31.00 |7.00 |11.00 |23.00 |- 30.00 | 10.00 | 19.00 | 25.00

where 1Z represents inhibition zone, Q. 1,10-phenanthroline, R. 2,2'-bipyridine,

S. CO(N03)3.6H20, T[Co(bpy)(phen)g](Nog)g2H20, U. CuCl,.2H,0,

V. [Cu(bpy)(phen)]Cl,.2H,0, W. ZnCl,, X. [Zn(bpy)2(phen)]Cl,.6H,0,

RA = reference antibiotics (gentamycin)
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The studies have concluded that the antibacterial assays of these water soluble
complexes are elevated w.r.t. uncoordinated metals ions and 2,2'-bipyridine but lower
than those of free 1,10-phenanthroline while Cu-mixed ligand show higher activity
than Zn - mixed ligand complexes. The increasing order of activity is as
[Cu(bpy)(phen)H,0]Cl, 2H,0 > [Co(bpy)(phen);](NO3)..2H,0 >
[Zn(bpy).(phen)]Cl, 6H,O with inhibition zone (1Z) values in the range 16 - 31 mm
[57].

The antimicrobial activities and spectrochemical studies have been done [145]
on seven transition metal series viz. Zn(lI1), Cu(ll), Ni(11), Co(ll), Mn(I1), Fe(l1l) and
Cr(111) with 2-aminophenol as primary and 2-chloroaniline as secondary ligand. The
characterized complexes were reported octahedral geometry having general formula
[M(C12H1,Cl5N,0)] for M(11) ions i.e. M = Mn?*, Co?*, Ni**, Cu** and Zn** and
[M(C1,H12Cl5N,0)].X for M(I11) ions i.e. M = Cr®**, Fe®* and X is CI. They were
assessed for their antibacterial activity against Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, Salmonella typhi and antifungal activity against Fusarium
monilifore, Peniclilium chrysogenum, Aspergilllus niger, Aspergillus flavus with

Ni(Il) complexes reportedly not showing any antifungal activity (Table 5 and 6):
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Table 5: Antibacterial assessment of all the mixed ligand chelates of transition

metal ions
Zone of inhibition (in mm)

Complex

E. coli S. typhi S. aureus B. subtilis
C12H1,Cl,CrN,O | Negative 14.00 19.00 13.00
C12H1,CIzMnN,O | 12.00 16.00 19.00 16.00
C1oH1,Cl4FeN,O | 14.00 19.00 20.00 19.00
C12H1,Cl3CoN,0O | 22.00 20.00 30.00 19.00
C12H1,CI3N,NIO | 15.00 15.00 13.00 11.00
C12H1,CI3CuN,O | 17.00 20.00 17.00 30.00
C12H1,Cl3ZnN,O | 17.00 19.00 25.00 20.00
Penicillin 11.00 24.00 36.00 30.00
DMSO Nil Nil Nil Nil

Table 6: Antifungal activity of synthesized mixed ligand complexes of transition

metal ions

Complex A. flavus F. moneliforme P. chrysogenum A. niger
C1oH1Cl,CrN,O | Less Activity Less Activity Highest Activity Less Activity
C1oH1,ClsMnN,O | Less Activity Less Activity Highest Activity Less Activity
C1oH1,ClFeN,O | No Activity Less Activity Less Activity No Activity
C1,H1,CI3CoN,O | Less Activity Less Activity Less Activity Less Activity
C1,H1,CIsNoNIiO | No Activity No Activity No Activity No Activity

C12H12C|3CUN20

Less Activity

Less Activity

Less Activity

Less Activity

C12H12Cl3ZnN,O | Less Activity Highest Activity Highest Activity Reduced Growth
Griseofulvin Highest Activity | Highest Activity Highest Activity Highest Activity
DMSO No Activity No Activity No Activity No Activity
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To analyze the biological profile another mixed ligand complexes of Mn*",
Co*, Ni**, Cu** Zn?*and Cr** ions using oxalic acid and trimethoprim as primary and
secondary ligands have been prepared [146]. The scheme for the synthesis of
complexes is as follows (Fig.17).

O o]
> o
2 %O"H 4KOH — E)J\ow + 4,0
OH oK*

H,

o)

o)

.0

HsC J

NH, -
(0N

NI X CHs

~ OH _CH

N i o "

\C/

n+

O N
O NI “CHjs .
oK )I\ CH + Metal Chloride
- — -
oK* H,N~ N :
H

o)
K CHs,
O>/M \
O~ \C
=0
-0 o/

Fig. 17: Schematic procedure for the synthesis of various transition metal

complexes

The characterized complexes were then analyzed for their antibacterial activities
against four bacterial variety namely Enterobacter cloacae, Staphylococcus aureus,
Bacillus subtilis and Escherichia coli where all the complexes had shown less activity

as compared to trimethoprim but more than oxalic acid (Table 7):



Table 7: Antibacterial activity of different transition metal complexes

Ligand / Complex E. cloacae B. subtilis S. aureus E.coli
DMSO (Control) 5.00 4.00 4.00 5.00
Oxalic Acid 5.00 5.00 4.00 4.00
Trimethoprim (TM) 37.00 5.00 58.00 29.00
K,[Cr(C,0,)2(TM)(H,0)] | 5.00 5.00 4.00 4.00
K3 [Mn(C,04)2(TM)(H,0)] | 5.00 5.00 22.00 4.00
K2[Co(C,04),(TM)(H,0)] | 5.00 5.00 33.00 4.00
K3[Ni(C20,)2(TM)(H,0)] | 5.00 5.00 44.00 4.00
Ko[Cu(C;04),(TM)(H,0)] | 5.00 5.00 33.00 15.00
K2[Zn(C,04)2(TM)(H,0)] | 5.00 5.00 23.00 4.00

Another series of the mixed ligand complexes of Co?* Ni** and Cu®* with 2,2'-
bipyridine and hydroxybenzalidine anthranillic acid (HBAA) with general formula
ML;L, (ligand is synthesized by the amalgamation amid anthranillic acid and
salicyladehyde in the molar ratio 1:1) have been characterized by IR spectra,
elemental technique, electronic spectral analysis and conductance measurements. The

proposed structure of the complex is as follows (Fig. 18):

H
i JoN
0 o)
\/o
H O—» Hzo
TN
&0
where M = Co?* Ni**and Cu?®*

Fig. 18: General representation of complexes of Co?* Ni?* and Cu**
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The complexes were then monitored for their antimicrobial properties against
Escherichia coli, Staphylococcus aureus, Aspergillus fumigatus, Aspergillus niger,
Aspergillus flavus (Table 8) [147]:

Table 8: Antimicrobial evaluation of ligands and their mixed ligand metal
chelates

Bacteria Fungi
Ligand / Complex
S. aureus E. coli A. flavus | A. fumigatus A. niger

2,2"-bipyridine Nil Nil Nil Nil Nil
HBAA Highest Growth | Moderate | Moderate | Highest Growth | High
Cu(bpy)HBAA(H;0), | Nil Nil Nil Nil Nil
Ni(bpy)HBAA(H,0), | Nil Nil Nil Nil Poor
Co(bpy)HBAA(H,0), | Nil Nil Nil Nil Nil

Two novel mixed ligand complexes of Co and Fe with 8-hydroxyquinoline
and 1,10-phenanthroline were prepared and characterized by sophisticated spectral
techniques. The complexes have been assigned the formula [Co(HQ)(phen)](PFs)s and
[Fe(HQ)(phen)](PFe). where HQ

phenanthroline. The suggested structure of the complexes is as follows (Fig.19):

e

where M = Co(ll) and Fe(l1)

8-hydroxyquinoline and phen = 1,10-

Fig. 19: General structure of mixed ligand complexes
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Experimental results show that these complexes can intercalate DNA having K
values of 26.64 x 10° M™ (for Co complex) and 23.65 x 10° M™ (for Fe complex)
respectively. Their antimicrobial properties evaluated against four bacterial strains
viz. Proteus vulgaris, Staphylococcus aureus, Pseudomonas aeruginosa and
Escherichia coli and one fungal strain viz. Aspergillus niger show that complex
[Co(HQ)(phen)](PFe)s do not show any antimicrobial activity while the complex
[Fe(HQ)(phen)](PFes). shows moderate antibacterial activity than the free ligand
(Table 9) [148]:

Table 9: Antimicrobial activity of Co and Fe with 8-hydroxyquinoline and 1,10-
phenanthroline

Ligand / Complex Concenteration | P. . E. . P. ' S. A..
( mg/ml) aeruginosa | coli vulgaris aureus niger
0.50 8.00 0.00 | 0.00 0.00 0.00
1.00 15.00 0.00 | 0.00 0.00 0.00
8-hydroxyquinoline 1.50 16.00 0.00 | 0.00 0.00 0.00
2.00 17.00 0.00 | 0.00 12.00 0.00
2.50 19.00 0.00 | 0.00 15.00 0.00
0.50 0.00 0.00 | 12.00 0.00 0.00
1.00 10.00 0.00 | 15.00 10.00 0.00
1,10-phenanthroline 1.50 12.00 15.00 | 16.00 16.00 0.00
2.00 15.00 22.00 | 21.00 19.00 0.00
2.50 22.00 24.00 | 22.00 23.00 0.00
0.50 0.00 0.00 | 0.00 0.00 0.00
1.00 0.00 0.00 | 0.00 0.00 0.00
[Co(HQ)(phen)](PFs)s
1.50 0.00 0.00 | 0.00 0.00 0.00
2.00 0.00 0.00 | 0.00 0.00 0.00
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2.50 0.00 0.00 |0.00 0.00 0.00
0.50 0.00 0.00 | 0.00 0.00 0.00
1.00 10.00 0.00 |0.00 0.0 0.00
[Fe(HQ)(phen)](PFs), | 1.50 11.00 0.00 |0.00 0.00 0.00
2.00 15.00 0.00 | 0.00 16.00 0.00
2.50 17.00 0.00 |0.00 18.00 0.00
0.50 24.00 21.00 | 21.00. 21.0 0.00
1.00 22.00 21.00 | 22.00 20.00 0.00
Antibiotic 1.50 22.00 22.00 | 22.00 21.00 0.00
2.00 24.00 24.00 | 24.00 24.00 0.00
2.50 24.00 22.00 | 24.00 25.00 0.00
0.50 0.00 0.00 | 0.00 0.00 0.00
1.00 0.00 0.00 | 0.00 0.00 0.00
DMSO 1.50 0.00 0.00 | 0.00 0.00 0.00
2.00 0.00 0.00 | 0.00 0.00 0.00
2.50 0.00 0.00 | 0.00 0.00 0.00

Zn(11) and Cu(Il) ternary complexes in slightly acidic media using glycine as
primary and various hydroxy acids viz. salicylic acid, lactic acid and glycolic acid, as
a secondary ligand have been characterized using UV-vis, IR, mass, thermal,
magnetic measurements and ESR techniques. The complexes were then investigated
for their antibacterial activities against various bacterial strains with inhibition zone
range of 16.3 mm — 33.3 mm while ligands show inhibition zone range of 12.3 mm —
16.5 mm (Table 10) [149]:
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Table 10: Antibacterial activity of Cu(ll) complexes

Inhibition Zone diameter (mm)

Ligand / Complex S. aureus P. aeruginosa E. coli
Mean+ RSD Mean+ RSD Mean+ RSD

[Cu (L) (Gly)] 16.90 + 0.23 17.10+0.10 21.50+ 0.08
[Cu (Lo)(Gly)] 17.60+ 0.04 20.50+ 0.03 21.10+ 0.04
[Cu (L3)(Gly)] 20.40+ 0.05 20.80+ 0.04 23.40+0.05
[Zn (L)( Gly)] 33.30+0.05 23.10+ 0.10 29.50+ 0.04
[Zn (L,)(Gly)] 31.20+ 0.06 25.80+ 0.03 19.80+ 0.04
[Zn (Ls)(Gly)] 28.70+ 0.16 19.60+ 0.05 26.00+ 0.10
HL; 15.00+ 0.16 14.30+ 0.09 16.50+ 0.11
HL, 12.30+ 0.05 13.60+ 0.08 14.20+ 0.07
HL; 13.60+ 0.04 14.10+ 0.03 14,70+ 0.17
Glycine |- | e
Tetracycline HCI 35.50+0.01 37.20+0.03 36.50+0.02

where L; = Salicylate, L, = Lactate, L3 = Glycolate, HL; = Salicylic acid, HL, = Lactic

acid, HL; = Glycolic acid
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Cu(Il) complexes with twelve Schiff bases were synthesized followed by
condensation between isoniazid, pyrazinamide, benzhydrazide, nicotinohydrazide
with benzaldehyde, 2,3-dimethoxybenzaldehyde and 3,4-dimethoxybenzaldehyde.
The scheme for the synthesis of the ligands is as follows (Fig. 20):

o}

R
‘ X N y N A 3R
N H N
= ‘ H
N~

where R, R' = benzaldehyde, 2,3-dimethoxybenzaldehyde and
3,4- dimethoxybenzaldehyde.

Fig. 20: Scheme for the synthesis of different Schiff bases

The characterized complexes were then evaluated for their biological assays. All the
tested complexes have been reportedly shown no antifungal activity while

antibacterial activity was relatively comparable and antitubercular activity was less as
compared to the standards (Table 11 and 12) [150]:
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Table 11: Antibacterial assays of Cu(ll) complexes

Zone of inhibition = SD

Cu(Il) complexes Gram positive Gram negative
B. subtilis S. aureus S. pyogenes E. faecalis E. coli K. pneumoniae

[(C13H11N303),CuClO4]CIO, 15.00+0.63 15.00+0.27 11.40+1.60 17.00£3.10 16.20+2.00 13.00+0.18
[(C15H15N303),CuClO4]CIO, 13.00+0.18 14.00+0.44 12.00+0.18 14.00£2.00 16.00+1.40 16.50+1.02
[(C15H15N303),CuClO,4]CIO, 14.00+0.66 12.00+1.88 14.00+0.50 18.00+2.11 10.00+2.44 17.00+0.11
[(C12HgN30) ,CuClO,4]CIO, 15.3042.70 13.00+1.64 15.00+0.30 18.00+2.40 13.00+0.10 18.00+3.20
[(C14H13N305),CuClO,4]CIO, 16.00+1.77 19.00+2.90 22.0010.42 15.4042.40 19.00+1.03 16.00+2.90
[(C14H13N305),CuClO,] CIO, 10.00+1.60 16.00+1.95 14.00+0.54 18.00+1.30 15.40+3.00 17.00£2.40
[(C14HsN,0),CuClO,] CIO, 15.00+0.29 14.30+0.30 15.50+1.50 18.00+1.32 18.00+0.16 18.00+0.10
[(C16H13N205),CuClO,] CIO, 14.00+0.82 18.00+0.16 13.00+0.10 16.40+1.39 15.50+1.30 16.50+1.30
[(C16H13N205),CuClO,4] CIO, 11.00+0.38 15.00+0.52 15.00+2.50 17.00+0.10 14.00+0.13 16.00+1.30
[(C13H11N30),CuClO,] CIO, 19.00+0.02 20.0040.33 20.50+2.60 10.00+1.22 15.00+0.22 20.50+2.60
[(C15H15N305),CuClO,4] CIO, 13.00+0.18 12.00+0.62 14.40+0.20 18.50+1.20 17.00+0.98 15.30+1.20
[(C15H15N305),CuClO,4] CIO, 10.00+0.24 10.50+0.50 13.00+0.21 15.30+1.25 16.00+0.27 18.00+0.10
Cu salt 12.00+1.62 16.00+1.12 11.00+0.31 17.00+0.10 16.00+1.30 11.00+0.31
Tetracycline 20.00+0.01 20.00+1.00 18.00+2.90 18.00+2.10 19.50+1.33 18.00+2.10

where zone of inhibition is in mm and SD is Standard Deviation




Table 12: Anti-tuberculosis activity of Cu?* complexes against M. tuberculosis

Minimum Inhibitory Concenteration
Complex % Inhibition
(ng/mL)
[(C15H15N303),CuClO,]CIO, 250 93
[(C14H13N303),CuCl0,]CIO, 250 68
[(C16H13N,03),CuClO,4] CIO, 250 49
[(C15H15N303),CuClO,]CIO, 250 79

Various complexes of Ni**, Cu** and Zn*" with three Schiff bases (amalgamated
by condensation between diphenylglyoxal and 1-amino-4-nitrobenzene / o-methoxy
aniline / 1-amino-4-chlorobenzene) as primary and 1,10- phenanthroline as secondary
ligand were prepared and characterized by sophisticated spectral methods. The scheme

for the synthesis is as follows (Fig. 21):

R
R

o — N

+2 —_—
(g -y
Y, g ©
R
2 7 N MCl3

—N N=

NN>M’N; %
3

where M = Ni?*, Cu?* and Zn**

Fig. 21: Scheme for the synthesis of metal ligand complexes
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The binding constant values (Kp) were analyzed to find mode of binding with calf thymus
DNA and were found to be in the range of 2.8 - 7.5 x 10> M™. The minimum inhibitory
concentration (MIC) was determined against various strains of bacteria and fungi whose
results show better antifungal activities of the complexes than antibacterial activities.
DNA cleavage studies were also demonstrated on pUC19DNA by gel electrophoresis
techniques which confirm metal complexes as better cleavage agents [151].

1.4.2. DNA binding studies of mixed ligand complexes

Mixed ligand complexes having general formula [M(phen),L]™ (where M = Ni**.
Co* or Ru*. L = phenanthroline - dione (phen - dione), 1,10-phenanthroline and
dipyridophenazine (dppz) and n = 3 or 2) were synthesized having general structure (Fig.
22):

YW
| L
_N /M<L>
=N~ \
\ Y N

where M = Ni?* Co®" or Ru**.and n+ = 2 or 3, L = phen - dione, phen or dppz
Fig. 22: General structure of mixed ligand complexes

Photocleavage and binding studies on DNA of these complexes have been analyzed by
various physiochemical (UV-vis, fluorescence and viscometric titrations) and
biochemical (thermal denaturation, and differential pulse voltametry) methods. The
studies have been conducted by considering the effect of change of metal ion on ligand
system and vice versa. Results of the studies have revealed that Ru(ll) and Co(ll)
complexes in particular with dppz are better DNA intercalators while Ni(lIl) complexes

are inactive. The better intercalation of dppz may be due to extended conjugation [152]
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A novel Cr (I11) mixed ligand complex having formula [CrCl(sal-gly)phen] 0.5H,0 with
Schiff base (sal-gly) and 1,10-phenanthroline as different ligands. The composition of
complex was characterized with UV, IR and crystallographic studies. CT - DNA and
BSA binding studies of the complex had shown that it binds to DNA moderately by an
intercalative mode and strongly to BSA with K;, and n values as 1.13 x 10° M™ and 1.13
respectively. Approximately 1 value of n proposed that complex binds to BSA through
one binding site only [40].

Eight new Ni(ll) mixed ligand complexes with different Schiff bases
(amalgamated by the fusion of 3-amino-5-methyl isoxazole with different
salicylaldehydes) and 1,10-phenanthroline as ligands have been reported. The
spectrochemical analysis proposed the octahedral geometries for the complexes

(Fig. 23):

N\’T/N =
OH,

Fig. 23: Mixed ligand complexes of Ni(ll)

where R = CH3 2hd R'= H, CI. -OC,Hs, -NO,, -CHs, Br, -OCHs, -OH

The synthesized complexes were then monitored for antibacterial and antifungal assays
against some known drugs. The high value of Ky = 2.5 + 0.2 x 10° M* suggests that
complexes bind to DNA through groove binding or stacking. The complexes also show
positive anticancerous activity against human promyelocytic leukemia (HL60 cells) with
highest 1Cs, value of 82.30 + 0.24 shown by [Ni(phen)(BMIIMP)(H,0),]CI [67].

Various mixed ligand copper complexes having primary ligand as Schiff bases
and secondary ligand as 1,10-phenanthroline have been reported in different reports like
synthesis of [Cu(o-van-ile)(phen)]1.5H,0 (where van-ile is obtained by the condensation

of o-vanilline and L-isoleucine) [82], [Cu(naph-val)phen] (where naph-val is synthesized
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by condensation of L-valine and 2-hydroxy-1-naphthaldehyde) [153] and of [Cu(sal-
ala)(phen)(DA)] (where sal-ala = salicylalanine, DA = dodecylamine) [66]. All these
complexes have shown binding to DNA through with Ky value of 2.13 x 10*M™, 5.66 x
10° M™ and 2 x 10° M ™! respectively.

DNA binding and anticancerous studies have been reported on two ternary Cu(ll)
complexes with DL- threonine and polypyridyl ligand (1,10-phenanthroline or 2,2'-
bipyridine) having the formula [Cu(thr)(bpy)CI].H,O and [Cu(thr)(phen)H,O]CI .2H,0
and structure. Each complex depicts square pyramidal (4+1) geometry with slight
distortion. The metal complexes with phenanthroline shows intercalation mode of
binding with DNA and higher binding affinity than bipyridine metal complex which
shows groove binding. This may be due to extended ring conjugation in phenanthroline.
Ky values have been calculated as 5.55 x 10 M™ for [Cu(thr)(bpy)CI].H-O and 4.413 x
10°> M for [Cu(thr)(phen)H,0]Cl.2H,0. Dose dependent mild cytotoxicity against cell
lines (HCT-116 and MCF-7) was shown by both complexes with bipyridine complex
having relatively better cytotoxic effect [83].

The characterized ternary Cu(ll) complexes with glycine and methylated glycine
derivatives having formula [Cu(phen)(aa)(H,O)]NO3.XH,0 where (aa) are amino acids
i.e. sarcosine (sar), 2-dimethylglycine (c-dmg), DL-alanine (DL-ala), glycine (gly) and X
= 0, 1.5, 2.5 were reported. On the basis of EPR, fluorescence quenching, gel
electrophoresis and restriction enzyme assay they show that these complexes can bind to
various B - forms of DNA duplexes and G-quadruplex. These complexes do not show
any cell fatality in NP69 cells but cause apoptotic cell fatality in HK1 cells within
percentage range of 41 - 60%. 1Cso values for the complexes at 5 uM were in the range
of 2.2 - 5.2 uM as compared to normal cell line NP69 where it is > 13.0 pM[86].

A copper(l1) mixed ligand binuclear complex i.e. [Cu(MS)(bpy)]..(ClO4)2 having
square bipyramidal geometry (where MS and bpy is 5-methylsalicylaldehyde and 2,2'-
bipyridine) is confirmed by crystal structure determination, IR, EPR and magnetic

moment studies. Binding studies have revealed the binding of complex binds to DNA
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through intercalative mode with binding constant value of 5.2 + 1.7 x 10* M™. This value
is lower than the reported values of classic intercalators (10°- 10" M™) [8].

Another series of mixed ligand complexes of copper i.e. [Cu(L)(ClO4)],
[Cu(L)(diimine)]ClO4, (where L is 4-chloro-2-((2-
(phenylthio)phenylimino)methyl)phenol and diimine is 1,10-phenanthroline / 4,4’-
dimethyl-2,2'-bipyridine / 2,2'-bipyridine). Spectral analysis of the complexes was
evaluated using UV-vis, IR, ESI-mass, -electrochemical studies and X-Ray
crystallographic technique. The complexes depicted significant DNA cleavage activities
in presence of ascorbic acid (reducing agent) and antitumor activity against A549 and
Huh7 against lines of human tumor cell. Molecular docking techniques further supported
the analysis [154]

The ternary complexes of Cr?*, Mn?* Fe?*, Co®*, Ni**, zn** and Fe** with
lornoxicam as primary and 1,10 phenanthroline as primary and secondary ligands
respectively. They have been proposed octahedral geometry. The proposed formula of the
metal chelates is [M(LOR)(phen)Cl,]Xn.yH-O where [M is (Ni**; n is 0 and y is 1) or
(Cr*; n is 1and y is 2); [M(LOR)(phen)(H20).](BF.); where [M is Fe**; Co**, Ni** or
Zn**] and [M(LOR)2(phen)]Xn».yH20 where [M is (Mn**; nand y is 2) or (Fe**; nis 3; y
is 0]. The ternary complexes show enhanced activity than parent ligand but reduced
activity as compared to 1,10-phenanthroline. Cu** and Co?* complexes do not show any
anticancer activity while other complexes show ICs values for anticancerous activities in
the range of 9 - 23.1 ug/ml (Table 13) [5]:
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Table 13: Anticancerous activity of lornoxicam ligand and its binary complexes

Complex / Ligand Concenteration (mg/ml) 1Cs0 (ng/ml)
0.00 5.00 12.50 | 25.00 | 50.00

LOR 1.00 1.00 1.00 1.00 1.00 0.00
1,10-phenanthroline 1.00 0.48 0.32 0.32 0.30 4.73
[Cr(LOR)(phen)Cl,]CI.2H,0 1.00 0.76 0.51 0.43 0.35 13.70
[Mn(LOR)2(phen)]Cl,-2H,0 1.00 0.52 0.51 0.35 0.35 12.70
[Fe(LOR),(phen)]Cl; 1.00 078 |059 [037 [034 [17.20
[Fe(LOR)(phen)2H,0](BF.) 2 1.00 0.59 0.59 0.36 0.34 17.20
[Ni(LOR)(phen)Cl,].H,O 1.00 0.86 0.75 0.60 0.52 23.10
[Zn(LOR)(phen)(H.0) ;1(BF4) , 1.00 0.62 0.40 0.34 0.37 9.00
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Chapter 2

Synthesis, characterization and biological evaluation studies of Cu(ll) and Zn(l1)
complexes with Schiff base formed by reaction between glyoxal and ortho /
para - anisidine and N, N* donor ligands

2.1 Introduction

The present chapter concerns with the aim to synthesize metal complexes of zinc
and copper with Schiff base (obtained by the condensation of glyoxal with ortho and
para anisidine) as primary and N, N' donor molecules as secondary ligands. The
ligand and their complexes were characterized with the help of various spectroscopic
techniques viz. UV-vis, FTIR, NMR and mass spectral techniques. They were then
analyzed for their antimicrobial activities against two bacterial strains i.e.
Staphylococcus aureus (gram positive) and Escherichia coli (gram negative) and two
fungal strains i.e. Aspergillus niger and Aspergillus fumigatus by agar well diffusion
method. The complexes were also analyzed for their interaction with BSA by UV

titration method.
2.2 Methodology
2.2.1 Methodology for the synthesis of (gly-o-andn) Schiff base (L)

In hot methanolic solution (35 ml) of glyoxal (4 mmol, 0.232 g) was added
drop wise a hot methanolic solution (35 ml) of o-anisidine (8 mmol, 0.985 g or 0.9
ml). The whole set up was placed into an oil bath for 5 h at 70°C. The clear solution
thus obtained was allowed to evaporate slowly. After 82 h, brown colored crystalline
product separates out; this was filtered and dried in desiccators. Yield: 79 %, Color:
Brown, M.P. 72°C, UV (Ama): 239 nm, 284 nm, MS: [M]* 268, Main IR peaks (cm™):
v(CeHs stretch) 3045, v(C=N) 1599, v(C-C) 1506, *H NMR (400 MHz, CDCls), § =
8.15 (s, 2H, -CH=N), 7.66 (d, 4H, Ar-H), 7.53 (d, 4H, Ar-H), 3.85 (s, 6H, -OCHj3).
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Fig. 24: Scheme for synthesis of Schiff base (L,)
2.2.2 Methodology for the synthesis of [Zn(L1)phen]Cl; (1)

In hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L1) was
added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 1,10-
phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. White precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 54 %, Color: White, M.P.
Above 280°C, UV (Ana): 221 nm, 265 nm, MS: [M]* 620, Main IR peaks (cm™):
v(OH) 3200 - 3400, v(CgHs stretch) 3047, v(C=N) 1581, v(C-C) 1516, v(M-N) 426.

OCH; HsCO

Zn Cl,

Fig. 25: Proposed geometry of [Zn(L1)phen]Cl, (1)

2.2.3 Methodology for the synthesis of [Zn(L1)bpy]Cl, (2)

In hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L1) was
added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with further
refluxing for 8 h. White precipitates were collected after filtration. Several washings
were made with cold methanol. Yield: 52 %, Color: White, M.P. Above 280°C, UV

2



(Ama): 239 nm, 291 nm, MS: [M]" 578, Main IR peaks (cm™): o(OH) 3200-
3400, v(CeHs stretch) 3061, v(C=N) + v(C-C) 1595, v(M-N) 412.

OCH; HsCO

7n Cl,

Fig. 26: Proposed geometry of [Zn(L1)bpy]Cl. (2)
2.2.4 Methodology for the synthesis of [Cu(L)phen]ClI; (3)

In hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L1) was
added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of
1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Green precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 49 %, Color: Green, M.P.
Starts decomposing at 262°C, UV (Amax): 269 nm, MS: [M]" 602, Main IR peaks
(cm™):  v(OH) 3200-3400, v(CsHs stretch) 3048, o(C=N) 1581, v(C-C) 1512,
v(M-N) 428.

Cl,

Fig. 27: Proposed geometry of [Cu(L,)phen]Cl; (3)



2.2.5 Methodology for the synthesis of [Cu(L1)bpy]Cl. (4)

In hot methanolic solution (30ml) of Schiff base (1 mmol, 0.268 g) (L) was
added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with refluxing
continuing for further 8 h. Green precipitates were collected after filtration. Several
washings were made with cold methanol. Yield: 55 %, Color: Green, M.P. Starts
decomposing at 248°C, UV (An): 292 nm, MS: [M]* 558, Main IR peaks (cm™):
v(OH) 3200-3400, v(CsHs stretch) 3051, v(C=N) 1595, v(C-C) 1510, v(M-N) 416.
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Fig. 28: Proposed geometry of [Cu(L1)bpy]Cl, (4)
2.2.6 Methodology for the synthesis of (gly-p-andn) Schiff base (L.)

To a stirred and refluxed solution of glyoxal (4 mmol, 0.232 g) in hot
methanol (35 ml) was added drop wise a hot methanolic solution (35 ml) of
p-anisidine (8 mmol, 0.985 g or 0.9 ml). The whole set up was placed into an oil bath
for 5 hat 70°C. Yellow colored precipitates were formed immediately. The solution is
further refluxed for 3 h to ensure complete precipitation. The precipitates thus
obtained were filtered, washed many times with methanol. They were recrystallized
using hot methanol as solvent. Yield: 80 %, Color: Yellow, M.P. 125°C, UV (Anay):
236 nm, 373 nm, Main IR peaks (cm™): v(OH) 3300-3400, v(CsHs stretch) 3062,
v(C=N) 1600, (C-C) 1583. 'H NMR (400 MHz, d® - DMSO) & = 8.39
(s, 2H, -CH=N), 7.36 (d, 4H, Ar-H), 6.95 (d, 4H, Ar-H), 3.79 (s, 6H, -OCHj).



7\

p-anisidine Glyoxal

Fig. 29: Scheme for synthesis of Schiff base (L>)
2.2.7 Methodology for the synthesis of [Zn(L;)phen]Cl; (5)

In hot methanolic (30ml) of Schiff base (1mmol, 0.268g) (L,) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 1,10-phenanthroline
(2 mmol or 0.198 g) was added drop wise to above solution with refluxing continuing
for further 8 h. White precipitates were collected after filtration. Several washings
were made with cold methanol. Yield: 63 %, Color: White, M.P. Above 280°C, UV
(Amax): 223 nm, 267 nm, MS: [M]* 566, Main IR peaks (cm™): v(CsHs stretch) 3049,
v(C=N) 1583, v(C-C) 1512, v(M-N) 405.

am\
Cl,

Fig. 30: Proposed geometry of [Zn(L;)phen]Cl; (5)
2.2.8 Methodology for the synthesis of [Zn(L,)bpy]Cl, (6)

In hot methanolic (30ml) of Schiff base (1mmol, 0.268g) (L,) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-bipyridine
(2 mmol or 0.156 g) was added drop wise to above solution with refluxing continuing

for further 8 h. White precipitates were collected after filtration. Several washings



were made with cold methanol. Yield: 62 %, Color: White, M.P. Above 280°C, UV
(Amax): 222 nm, 267 nm, MS: [M]* 542, Main IR peaks (cm™): v(CeHs stretch) 3064,
v(C=N) 1589, v(C-C) 1491, v(M-N) 414.

7\
cl,

Fig. 31: Proposed geometry of [Zn(L;)bpy]Cl, (6)
2.2.9 Methodology for the synthesis of [Cu(L,)phen]ClI, (7)

In hot methanolic (30 ml) of Schiff base (1 mmol, 0.268 g) (L,) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 1,10-
phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Green precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 55 %, Color: Green, M.P.
Starts decomposing at 264°C, UV (Ama): 296 nm, MS: [M]* 600, Main IR peaks
(cm™): v(CgHs stretch) 3041, v(C=N) 1577, v(C-C) 1514, v(M-N) 430.

7\
/ cl,

Fig. 32: Proposed geometry of [Cu(L,)phen]Cl; (7)
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2.2.10 Methodology for the synthesis of [Cu(L2)bpy]Cl; (8)

In hot methanolic (30ml) of Schiff base (1 mmol, 0.268 g) (L) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with further
refluxing for 8 h. Green precipitates were collected after filtration. Several washings
were made with cold methanol. Yield: 54 %, Color: Green, M.P. Starts decomposing
at 254°C, UV (Amax): 296 nm, MS: [M]* 541, Main IR peaks (cm™): o(OH) 3200-
3400, v(Cg¢Hs stretch) 3034, v(C=N) 1566, v(C-C) 1491, v(M-N) 416.

O
H co—@—N N OCHs
; s o,

Fig. 33: Proposed geometry of [Cu(L,)bpy]Cl, (8)

2.3 Results and discussions

The ligands and Cu®* mixed ligand chelates appear as colored precipitates while
Zn** complexes appear as white precipitates. All of them were found to be thermally
stable and were non hygroscopic solids. They do not show any signs of decomposition
in air and moisture even after months and were having fair solubility in water, DMSO,
DMF and Tris buffer (pH 7.4).

2.3.1 UV-vis analysis

The UV-vis absorption spectroscopic results of Schiff bases and metal
complexes were recorded in the range of 200 - 800 nm at low concentrations using

water as solvent. The bands observed indicates © to n* transitions confirming binding



of metal centers with Schiff base, 1,10-phenanthroline / 2,2'-bipyridine. The UV-vis
spectral peaks of the ligands and their chelates have been shown in Table 14.

2.3.2 FTIR analysis

In the uncoordinated ligand a strong band appears at 1599 cm™ for L and
1600 cm™ for L, attributing to free azomethine group, but a negative shift up to 1566
cm™ in metal chelates proposes coordination of the imine nitrogen to metal centers.
This may occurs due to decrease in bond strength of imine bond and simultaneous
increase in bond strength between azomethine nitrogen and metal centre. All the
metal complexes show absorption peaks at 414 - 429 cm™ region corresponding to
M-N vibrations confirming the bond formation between azomethine nitrogen and
metal ion. Absorption bands at 3200 - 3400 cm™ range in some complexes marks the
existence of coordinated or lattice water. IR analysis with selected bond frequencies
of all Schiff bases and their corresponding mixed ligand chelates are as follows
(Table14):

Table 14: Selected bond frequencies (cm™) and UV-vis values of ligand and
Zn(I1) and Cu(Il) mixed ligand chelates

Complex V(M-N) CeHs stretch | v(-C=N-) Lattice 7 to w* transition
(cm™) (cm™) stretch (cm™) | water (nm)

(Ly) - 3045 1599 - 239, 284
[Zn(Ly)phen]Cl, (1) | 426 3047 1581 3200-3300 | 221, 265
[Zn(L)bpyIChL (2) | 412 3061 1595 3200-3300 | 239, 291
[Cu(Ly)phen]Cl, (3) | 428 3048 1581 3200-3400 | 269
[Cu(L)bpylCL, (@) | 416 3051 1595 3200-3400 | 292

(Ly) - 3062 1600 3300-3400 236, 373
[Zn(L;)phen]Cl, (5) | 405 3049 1583 - 223, 267
[Zn(L,)bpyICl, (6) | 414 3064 1589 - 222, 267
[Cu(Ly)phen]Cl, (7) | 430 3041 1577 - 296
[Cu(L)bpyICL,(8) | 416 3034 1566 32003400 | 296




2.3.3 Mass spectral analysis

The molecular ion peaks in mass spectra of ligands (L; and L) was observed
at m/z 269 which is the parent ion peak of both ortho and para isomers, thus

confirming there formation. The mass fragmentation pattern of the complexes has

been tabulated as follows:
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Fig. 34: Mass spectra of L; (Mol. Mass = 268 g)
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Fig. 35: Mass spectra of [Zn(L;)phen]Cl, (1)

m/z Loss of Fragment

620 [Zn(L,)phen]ClI,.2H,0
602 H,O [Zn(L,)phen]Cl,.H,O
460 [Zn(phen),ClI]

281 L, Cl [Zn(phen)CI]

245 Cl [Zn(phen)]

181 Zn Free phen
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Fig. 36: Mass spectra of [Zn(L1)bpy]Cl; (2)

m/z Loss of Fragment

578 [Zn(L41)bpy]Cl2.H,O
256 Ly, Cl, H,0 [Zn(bpy)Cl]

223 cl [Zn(bpy)]

157 Zn Free bpy
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Fig. 37: Mass spectra of [Cu(L1)phen]ClI; (3)

m/z Loss of Fragment

602 [Cu(Ly)phen]Cl,.H,0O
279 Ly, Cl, H,O [Cu(phen)CI]

243 Cl [Cu(phen)]
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Fig. 38: Mass spectra of [Cu(L1)bpy]Cl (4)

m/z Loss of Fragment

558 (Not recorded) - [Cu(Ly)bpy]Cl,
332 bpy, Cl [Cu(L)]

255 [Cu(bpy)Cl]
219 Cl [Cu bpy]
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Fig. 39: Mass spectra of L, (Mol. Mass = 268 g)

14



121.m

100
i
31205 278.99
780 08
13 .05
2oz 98
14,05 56205
182.10
16102
450 00
. 23001
N 21455J24?02 201,01 4108
357.00
15351 o JHse al i z6am0 #2309 asag  |pe6 08 .
100 125 150 175 200 225 250 275 300 325 380 378 400 435 450 475 SO0 535 550 575 GO0 G625 650 675
Fig. 40: Mass spectra of [Zn(L,)phen]Cl; (5)
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Fig. 41: Mass spectra of [Zn(L,)bpy]Cl; (6)
m/z Loss of Fragment
542 - [Cu(L,)bpy]CILH,0O
256 L, [Cu(bpy)Cl]
157 Cu, Cl Free bpy
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Fig. 42: Mass spectra of [Cu(L,)phen]ClI; (7)
m/z Loss of Fragment
600 - [Cu(L,)phen]Cl,.H,0O
460 L,, Cl [Cu(phen),Cl]
423 Cl [Cu(phen),]
280 phen [Cu(phen)CI]
243 Cl [Cu(phen)]
180 Cu Free phen
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2.3.4 'H NMR spectrum analysis

The *H NMR of the L; was recorded in chloroform while that of L, was
recorded in d°- DMSO. TMS was used as internal reference. A signal at 8.1 - 8.4 ppm
in ligand spectra was due to azomethine protons. The multiplet in the range of 6.9 -
7.6 was assigned to protons of aromatic protons of benzene rings while a singlet at
3.7 - 3.8 was due to methoxy group. The *H NMR spectra of the Schiff bases is as
follows:

'H NMR of Ly: (400 MHz, CDCls), § = 8.15 (s, 2H, -CH=N), 7.66 (d, 4H, Ar-H),
7.53 (d, 4H, Ar-H), 3.85 (s, 6H, -OCHs)

'H NMR of L,: (400 MHz, d®- DMSO) & = 8.39 (s, 2H, -CH=N), 7.36 (d, 4H, Ar-H),
6.95 (d, 4H, Ar-H), 3.79 (s, 6H, -OCH).

2.4 UV-vis absorption studies of BSA

UV-vis absorption spectroscopy acts as quite handy and reliable technique to
scrutinize the interactive behaviour and structural changes of metal complexes with
serum albumins. Firstly the solution of tris buffer (0.1 M) was prepared using doubly
distilled water. Then BSA solution of 1000 uM concentration and metal complexes of
50 uM concentrations were prepared using tris buffer as solvent. The UV-vis spectra
were recorded by taking static concentration of metal complex (50 uM) vs. dynamic
[BSA] concentrations in the array of 0 - 3 uM. There is a direct proportional
relationship between the concentration of [BSA] and the intensity of band. Then their
binding constants were calculated:

(A) By UV-vis titration graphs of metal complexes (50 pM) with incremental

[BSA] concentration in the range of 0 - 3 puM,

(B) By plotting graph of BSA complex with metal chelates subtracting

corresponding signal for different concentrations of [BSA],

(C) By plotting graph of 1 / [BSA] (on X - axis) vs. 1 / (A-Ay) (on Y - axis)

concentration, where A is the absorption signal of bounded complex at variant
complex — [BSA] concentrations while Ay is an absorption signal of unbound

complex.
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Then the values of binding constants for each metal complex were determined. The
interaction between substrate (S) and BSA concenteration (L) is presumed to be of
ratio 1:1, resulting into formation of a single complex (S.).

The relationship amid the pragmatic absorbance (cm™) alteration, different parameters

and system variables can be calculated as follows:

AA - SiKqyA€q[L] (1)
b 1+K11 [L]

where S;is total concenteration of substrate,
AA=A- Ao,
Ag11 = €11- €s5- €L
Where €15 signifies molar absorptivity of BSA - metal complex,
&s signifies molar absorptivity of unbound metal complex,
gL signifies molar absorptivity of the BSA.
From the mass balance expression S;= [S] + [SL],
And [S] =S: / (1 + Kyg [L]).
Where [S] signifies concentration of unbound metal complex,
[L] signifies concentration of unbound BSA,
[SL] signifies concentration of BSA — metal complex
Equation (1) shows that there is hyberbolic dependence on the concenteration of
unbound BSA, thus it signifies binding isotherms.
Therefore double reciprocal plot of 1 / (A—Ao) vs. 1 / [BSA] comes out to be linear

and the values of binding constant (Kyin M™) can be calculated as:

__ Intercept
b Slope
where A: absorption signal at variant complex - [BSA] concentrations

Ay: absorption signal of unbound metal chelate.
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Tablel5: Values of Binding constant values (K, M™)

Complex K, M
[Zn(Ly)phen]Cl, (1) 4.46 x 10°
[Zn(L1)bpy]ICl2 (2) -
[Cu(Ly)phen]CI (3) -
[Cu(Ly)bpy]Cl, (4) 6.9 x 10°
[Zn(L2)phen]Cl2 (5) -
[Zn(L,)bpy]Cl, (6) 1.20 x 10°
[Cu(L,)phen]Cl, (7) 1.08 x 10°
[Cu(L,)bpy]Cl, (8) 4.18 x 10°
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Fig. 44: (A) UV-vis titration graphs of complex [Zn(L;)phen]Cl; (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Zn(L;)phen]Cl,] — [Variant concentrations of
[BSA]},

(C) Graphof 1/ (A-Ap) vs. 1/ [BSA] concentration
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Fig. 45: (A) UV-vis titration graphs of [Cu(L;)bpy]Cl, complex (50 uM) with
incremental [BSA] concentration in the range of 0 — 3uM,

(B) Graph of {[BSA complex with [Cu(L1)bpy]Cl,] — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 46: (A) UV-vis titration graphs of complex [Zn(L,)bpy]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3uM,

(B) Graph of {[BSA complex with [Zn(L2)bpy]Cl,] — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 47: (A) UV-vis titration graphs of complex [Cu(L2)phen]Cl; (50 uM) with
incremental [BSA] concentration in the range of 0 — 3uM,

(B) Graph of {[BSA complex with [Cu(L,)phen]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 48: (A) UV-vis titration graphs of complex [Cu(Lz)bpy]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3uM,

(B) Graph of {[BSA complex with [Cu(L,)bpy]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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2.5 Antimicrobial Assays

Agar well diffusion process is used to evaluate the antimicrobial behaviour of
ligands along with their metal chelates. The concentrations of the solutions were made
by dissolving 5 mg of sample in 1 ml of solvent (DMSQO). The bacterial and fungal
cultures were homogeneously applied with sterile cotton swabs on mueller hinton
agar (MHA) and potato dextrose agar (PDA) respectively. Sterilized cork borer of
7mm diameter was employed for cutting of wells in agar plates. Micropipette was
used to add 100 pl of each sample to the wells. The plates were incubated at 37°C for
24 h and 48 h for bacteria and fungi respectively. DMSO was used as negative control
in well diffusion method. Antimicrobial activity of standard antibiotic drug amikacin
against test bacteria and fluconazole against test fungi was evaluated by agar disc
diffusion method. Zone of inhibition surrounding each well / disc was measured to
determine the antimicrobial activities. Each experiment was performed three times to
minimize the deviations (Table 16).
Test Organisms: A) Bacteria: Escherichia coli and Staphylococcus aureus

B) Fungi: Aspergillus niger and Aspergillus fumigatus
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Table 16: Antimicrobial activity of ligand and complexes (Concentration of 5 mg ml™)

Average Inhibition Zone in diameter (mm) £ SD
Complex Antibacterial Activity Antifungal Activity
E. coli S. aureus A. niger A. fumigatus
(A) (B) (©) (D)

(Ly) - - 10.330.29 -
[Zn(Ly)phen]CI, (1) - 16.66+0.58 35.16+0.29 -
[Zn(Ly)bpy]Cl, (2) 11.00+0.58 25.33+0.58 22.50+0.50 -
[Cu(L;)phen]Cl, (3) 18.33+0.58 28.50+0.50 38.16+0.29 30.33+0.29
[Cu(L,)bpy]Cl, (4) R 17.6620.58 21.50 +0.50 10.16+0.29
(Ly) 10.66+0.58 - 11.50+0. 29 -
[Zn(Ly)phen]CI; (5) 10.33+0.58 15.33+0.58 37.30+0.57 -
[Zn(Ly)bpy]Cl; (6) 12.6610.58 - - -
[Cu(L,)phen]Cl, (7) 22.00+0.36 30.40+0.36 38.16+0.29 33.50+0.50
[Cu(L,)bpyICl; (8) 14.00+0.50 15.33+0.29 18.500+0.50 21.50+0.50
Amikacin 21.50+0.50 24.83+0.76 - -
Fluconazole - - 23.66+0.57 22.66+0.29
DMSO Nil Nil Nil Nil

where SD is Standard Deviation
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Fig. 49: Antimicrobial assay of Schiff base ligand (L1) and its metal chelate (1 - 4)
(Alphabet levels are according to table 16)

Fig. 50: Antimicrobial assay of Schiff base ligand (L,) and its metal chelate (5 - 8)
(Alphabet levels are according to table 16)

2.6 Conclusion

This chapter details about the synthesis of two Schiff bases (L;) and (L) as
primary ligand and their mixed ligand complexes with zinc(ll) and copper(Il) metal
ions and 1,10-phenanthroline or 2,2'-bipyridine as the secondary ligand. The reactants
for the synthesis of ligands are selected as dialdehydes with different isomers of
primary amine instead of conventional method of reaction between diamines and
aldehyde or ketone. Schiff base of para isomer of primary amine precipitates readily
while ortho isomer precipitates in a longer time span. The reaction with meta isomer
resulted in a tar and the product could not be isolated despite several attempts. Both
the ligands appear as bidentate, coordinating to metal centers through imine nitrogen.
Absence of peaks in the 500 cm™ suggests the absence of M-O bond. Molecular mass
of ligand and metal complexes are in consistence with their mass spectral data.
Octahedral geometry has been proposed for all the complexes on the basis of
evidences shown by their spectral studies with primary and secondary ligands at their
equatorial position while axial positions may be occupied by weak coordinating
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anions or water molecules. Serum protein interactions of complexes were studied by
determining the values of binding constants using UV-vis titration technique. The
complexes show binding constants in the range of 10* - 10° M™. It is worth
mentioning that moderate values of binding constants further strengthen the task of
serum proteins in drug delivery at targeted sites as carrier molecules. In antimicrobial
assays, pure ligands show least activity while metal complexes show moderate to high
activity as compared to standard drug. The zone of inhibition with Staphylococcus
aureus and Aspergillus fumigatus is the highest. The better activities of metal
complexes as compared to ligands could be due to the manipulation of the
hydrophobicity of the metal complexes over the hydrated metal ions by different
ligands. This change in polarity of metal on coordination with the ligand may result in
easy penetration of the complexes through the cell membrane of the microbes.
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Annexure 2h: IR of (L,)

Annexure 2i: IR of [Zn(L;)phen]ClI, Annexure 2j: IR of [Zn(L,)bpy]Cl,
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CHAPTER 3

Synthesis, characterization and biological evaluation studies of Cu(l1) and Zn(Il)
complexes with Schiff base formed by reaction between benzil and ortho / meta /
para - anisidine and N, N* donor ligands

3.1 Introduction

This chapter concerns with the aim to synthesize metal complexes of zinc and
copper with Schiff base (obtained by the condensation of benzil with ortho, meta and
para anisidine) as primary and N, N' donor molecules as secondary ligands. The
ligand and their complexes were then characterized with the help of various
spectroscopic techniques viz. UV-vis, FTIR, NMR and mass spectral techniques.
They were then analyzed for their biological activities against two bacterial strains i.e.
Staphylococcus aureus (gram positive) and Escherichia coli (gram negative) and two
fungal strains i.e. Aspergillus niger and Aspergillus fumigatus by agar well diffusion
method. The complexes were also analyzed for their interaction with BSA by UV

titration method.
3.2 Methodology
3.2.1 Methodology for the synthesis of Schiff base (benzil-o-andn) (L3)

To a stirred and refluxed solution of benzil (4 mmol, 0.232 g) in hot methanol
(35 ml) was added dropwise a hot methanolic solution (35 ml) of o-anisidine (4
mmol, 0.493 g or 0.45 ml. The whole set up was kept in an oil bath for 5 h at 70°C.
The clear solution thus obtained was allowed to evaporate slowly. After 82 hours,
brown colored crystalline product separates out, this was filtered and dried in a
dessicator. Yield: 82 %, Color: Light yellow, M.P. 60°C, UV (Ama): 256 nm, MS:
[M]* 316, Main IR peaks (cm™): v(CsHs stretch) 3061, v(C=N) 1656, v(C=0) 1577,
'H NMR (400 MHz, CDCls), & = 7.28 (d, 1H, Ar-H), 7.15(d, 1H, Ar-H), 6.99 (t, 2H,
Ar-H), 6.86 - 6.72 (m, 9H, Ar-H), 3.86 (s, 3H, -OCH3).
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Fig. 51: Scheme for synthesis of benzil-o-andn Schiff base (L3)
3.2.2 Methodology for the synthesis of [Zn(Ls)phen]Cl; (9)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (Ls)
was added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. White precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 79 %, Color: White, M.P.
Above 280°C, UV (Amax): 223, 267 nm, MS: [M]* 316, Main IR peaks (cm™): v(CgHs
stretch) 3055, v(C=N) 1579, v(C=0) 1514, v(M-0) 642, v(M-N) 422.

aTeY%
\ N/i‘Zn\N Cl,

Fig. 52: Proposed geometry of [Zn(L3)phen]Cl, (9)
3.2.3 Methodology for the synthesis of [Zn(L3)bpy]Cl, (10)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268g) (L3) was
added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of 2,2'-
bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with refluxing

continuing for further 8 h. White precipitates were collected after filtration. Several



washings were made with cold methanol. Yield: 80 %, Color: White, M.P. Above
280°C, UV (Amax): 237, 291 nm, MS: [M]* 316, Main IR peaks (cm™): v(OH) 3200-
3400, v(CeHs stretch) 3057, vo(C=N) 1600, v(C=0) 1514, v(M-0O) 655, v(M-N) 414.

/

QN
ad cl
O \N/>Zn\ 2
N

Fig. 53: Proposed geometry of [Zn(L3)bpy]Cl, (10)
3.2.4 Methodology for the synthesis of [Cu(L3)phen]Cl, (11)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268g) (L3) was
added methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Green precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 84 %, Color: Green, M.P.
Decomposes at 260°C, UV (Amax): 270 nm, MS: [M]* 316, Main IR peaks (cm™):
v(CgHs stretch) 3041, »(C=N) 1581, v(C=0) 1512, v(M-0) 642, v(M-N) 428.

O~
N N/i‘CU\N Cl,

Fig. 54: Proposed geometry of [Cu(L3)phen]Cl, (11)



3.2.5 Methodology for the synthesis of [Cu(L3)bpy]Cl. (12)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268g) (L3) was
added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
2,2"-bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Green precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 82 %, Color: Green, M.P.
Decomposes at 250°C, UV (Ama): 296 nm, MS: [M]* 316, Main IR peaks (cm™):
v(OH) 3200-3400, v(CsHs stretch) 3034, v(C=N) 1600, v(C=0) 1566, v(M-O) 632,
v(M-N) 416.
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Fig. 55: Proposed geometry of [Cu(L3)bpy]Cl, (12)
3.2.6 Methodology for the synthesis of Schiff base (benzil-m-andn) (L)

To a stirred and refluxed solution of benzil (4 mmol, 0.232 g) in hot methanol
(35 ml) was added drop wise a hot methanolic solution (35 ml) of m-anisidine
(4 mmol, 0.493 g or 0.45 ml). The whole set up was kept in an oil bath for 5 hat 70°C.
The clear solution thus obtained was allowed to evaporate slowly. After 82 h, brown
colored crystalline product separates out, this was filtered and dried in dessicator.
Yield: 83 %, Color: Light yellow, M.P. 58°C, UV (Ama): 255 nm, MS: [M]" 316,
Main IR peaks (cm™): v(CeHs stretch) 3061, v(C=N) 1658, v(C=0) 1597, 'H NMR
(400 MHz, CDCly), 6 = 7.86 (d, 2H, Ar-H), 7.78 (d, 2H, Ar-H), 7.48 (m, 4H, Ar-H),
7.37 (t, 2H, Ar-H), 7.02 (t, 1H, Ar-H), 6.47 (t, 3H, Ar-H), 3.65 (s, 3H, -OCHy).
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Fig. 56: Scheme for synthesis of benzil-m-andn Schiff base (L4)
3.2.7 Methodology for the synthesis of [Zn(L4)phen]Cl; (13)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L)
was added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. White precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 80 %, Color: White, M.P.
Above 280°C, UV (Ama): 223, 267 nm, MS: [M]" 316, Main IR peaks (cm™): o(C¢Hs
stretch) 3059, v(C=N) 1600, v(C=0) 1570, v(M-0) 640, v(M-N) 416.

aTeY%
\ N/>Zn\ C'z

Fig. 57: Proposed geometry of Zn(L4)phen]Cl, (13)
3.2.8 Methodology for the synthesis of [Zn(L4)bpy]Cl, (14)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L)
was added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
2,2'-bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with

refluxing continuing for further 8 h. White precipitates were collected after filtration.
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Several washings were made with cold methanol. Yield: 80 %, Color: White, M.P.
Above 280°C, UV (Ama): 237, 291 nm, MS: [M]" 316, Main IR peaks (cm™):
v(OH) 3200-3400, v(CeHs stretch) 3061, v(C=N) 1597, v(C=0) 1570, v(M-O) 644,
v(M-N) 428.
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Fig. 58: Proposed geometry of [Zn(L4)bpy]Cl, (14)
3.2.9 Methodology for the synthesis of [Cu(L4)phen]Cl, (15)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L)
was added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with
constant stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic
solution of 1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above
solution with refluxing continuing for further 8 h. Dark green precipitates were
collected after filtration. Several washings were made with cold methanol. Yield:
75 %, Color: Dark green, M.P. Above 280°C, M.P. Decomposes at 263°C, UV (Amax):
270 nm, MS: [M]* 316, Main IR peaks (cm™): t(CgHs stretch) 3055, v(C=N) 1582,
v(C=0) 1515, v(M-0) 644, v(M-N) 428.

O~
N N/>CU\ Cl,

Fig. 59: Proposed geometry of [Cu(L4)phen]CI; (15)



3.2.10 Methodology for the synthesis of [Cu(L4)bpy]Cl, (16)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (L)
was added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with
constant stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic
solution of 2,2'-bipyridine (1 mmol or 0.156 g) was added drop wise to above solution
with refluxing continuing for further 8 h. Light green precipitates were collected after
filtration. Several washings were made with cold methanol. Yield: 79 %, Color: Light
green, M.P. Starts decomposing at 273°C, UV (Amax): 296 nm, MS: [M]" 316, Main IR
peaks (cm™): v(OH) 3200-3400, v(CsHs stretch) 3053, v(C=N) 1600, v(C=0) 1564,
v(M-0) 632, (M-N) 416.
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Fig. 60: Proposed geometry of [Cu(L4)bpy]Cl, (16)
3.2.11 Methodology for the synthesis of Schiff base (benzil-p-andn) (Ls)

To a stirred and refluxed solution of benzil (4 mmol, 0.232 g) in hot methanol
(35ml) was added drop wise a hot methanolic solution (35 ml) of p-anisidine
(4 mmol, 0.493 g or 0.45 ml). The whole set up was kept in an oil bath for 5 hat 70°C.
Immediately yellow colored precipitates were formed. The solution is further refluxed
for 3 h. The precipitates thus obtained were filtered, washed many times with cold
methanol. They were recrystallized using hot methanol as solvent. Yield: 83 %,
Color: Yellow, M.P. 80°C, UV (Amx): 247 nm, MS: [M]* 316, Main IR peaks (cm™):
v(CeHs stretch) 3053, v(C=N) 1664, v(C=0) 1595, *H NMR (400 MHz, CDCls), 7.99
(d, 2H, Ar-H), 7.78 (d, 2H, Ar-H), 7.47 (m, 6H, Ar-H), 6.88 (d, 2H, Ar-H), 6.65 (d,
2H, Ar-H), 3.68 (s, 3H, -OCHj3).
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Fig. 61: Scheme for synthesis of benzil-p-andn Schiff base (Ls)
3.2.12 Methodology for the synthesis of [Zn(Ls)phen]Cl, (17)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (Ls)
was added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. White precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 80 %, Color: White, M.P.
Above 280°C, UV (Ana): 223 nm, 267 nm, MS: [M]" 316, Main IR peaks (cm™):
v(CgHs stretch) 3047, »(C=N) 1581, v(C=0) 1514, v(M-0) 646, v(M-N) 426.
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Fig. 62: Proposed geometry of [Zn(Ls)phen]Cl, (17)
3.2.13 Methodology for the synthesis of [Zn(Ls)bpy]Cl, (18)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (Ls)
was added methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant
stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic solution of
2,2"-bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with
refluxing continuing for further 8 h. White precipitates were collected after filtration.

Several washings were made with cold methanol. Yield: 80 %, Color: White, M.P.
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Above 280°C, UV (Ama): 230 nm, 282 nm, MS: [M]" 316, Main IR peaks
(cm™): v(OH) 3300, v(CeHs stretch) 3061, v(C=N) 1595, v(C=0) 1570, v(M-O) 636,

o(M-N) 412.
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Fig. 63: Proposed geometry of [Zn(Ls)bpy]Cl, (18)

3.2.14 Methodology for the synthesis of [Cu(Ls)phen]Cl, (19)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (Ls)
was added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with

constant stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic

solution of 1,10-phenanthroline (1 mmol or 0.198 g) was added drop wise to above

solution with refluxing continuing for further 8 h. Green precipitates were collected

after filtration. Several washings were made with cold methanol. Yield: 79 %, Color:
Green, M.P. Above Decomposes at 260°C, UV (Ama): 270 nm, MS: [M]" 316, Main
IR peaks (cm™): v(CgHs stretch) 3061, v(C=N) 1602, v(C=0) 1570, v(M-O) 642,

v(M-N) 428.

H,CO

Cl,

Fig. 64: Proposed geometry of [Cu(Ls)phen]Cl, (19)



3.2.15 Methodology for the synthesis of [Cu(Ls)bpy]Cl, (20)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol, 0.268 g) (Ls)
was added methanolic solution (30 ml) of CuCl,.2H,O (1 mmol, 0.170 g) with
constant stirring at 70°C. The solution was refluxed for 10 h. Then a hot methanolic
solution of 2,2'-bipyridine (1 mmol or 0.156 g) was added drop wise to above solution
with refluxing continuing for further 8 h. Dark green precipitates were collected after
filtration. Several washings were made with cold methanol. Yield: 78 %, Color: Dark
green, M.P. Decomposes at 248°C, UV (Ama): 296 nm, MS: [M]* 316, Main IR peaks
(cm™): v(CeHs stretch) 3034, v(C=N) 1600, v(C=0) 1566, v(M-0) 634, t(M-N) 416.

Y

\

L HsCO _
Fig. 65: Proposed geometry of [Cu(Ls)bpy]Cl, (20)
3.3 Results and discussions

The ligands and Cu?* mixed ligand chelates appear as colored precipitates
while Zn** complexes appear as white precipitates. All of them were found to be
thermally stable, non hygroscopic solids which do not decomposes even after months
of their synthesis and under varied conditions of temperature. They were having fair
solubility in water, DMSO, DMF and Tris buffer (pH 7.4).

3.3.1. UV-vis analysis

The results of the UV-vis absorption studies of Schiff base ligands and their
complexes were recorded in the range of 200 - 800 nm at low concentrations using
water as solvent. The bands observed indicates 7 to n* transitions confirming binding
of metal centers with Schiff base, 1,10-phenanthroline / 2,2"-bipyridine. The UV-vis

spectral data of the Schiff base along with its chelates are tabulated in table 17.
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3.3.2 FTIR analysis

In the uncoordinated ligand a strong band appears at 1656 cm™ for Ls, 1658
cm™ for Ly and 1664 cm™ for Ls attributing to free azomethine group, but in metal
complexes a negative shift up to 1579 cm™ suggests coordination of the imine
nitrogen to metal centers. This may occurs due to decrease in bond strength of imine
bond and simultaneous increase in bond strength between azomethine nitrogen and
metal center. Another absorption bands in the region of 1575 - 1595 cm™ are due to
(-C=0-) stretch of free carbonyl group in the ligand and shows negative up to 60 cm™
in metal complexes suggesting coordination in metal complexes. All the metal
complexes show absorption peaks in the region 414 - 429 cm™ corresponding to M-N
and 637 - 659 cm™ corresponding to M-O vibrations confirming the bond formation
between azomethine nitrogen, carbonyl oxygen and metal ion. Another absorption
bands in the range of 3200 - 3400 cm™ in some complexes marks the presence of
coordinated or lattice water. The IR spectra of all Schiff base ligand and their

complexes are as follows (Table 17):
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Table 17: Selected bond frequencies (cm™) and UV-vis values of ligands, Zn(I1) and Cu(11) mixed ligand chelates

Complex VM-N)) V(M-0) C¢Hs stretch v(-C=N-) stretch | »(-C=0-) stretch | Coordinated / 7 to * transition
(cm™) (cm™) (cm™) (cm™) (cm™) Lattice Water (nm)

(Ls) - - 3061 1656 1577 - 256
[Zn(Ls)phen]Cl, (9) 422 642 3055 1579 1514 - 223, 267
[Zn(Ls)bpy]Cl, (10) 414 655 3057 1600 1514 3200-3400 237, 291
[Cu(Ls)phen]Cl, (11) | 428 642 3041 1581 1512 428 270
[Cu(L3)bpy]Cl, (12) 416 632 3034 1600 1566 3200-3400 296

) - - 3061 1658 1597 - 255
[Zn(Ls)phen]Cl,(13) | 416 640 3059 1600 1570 - 223, 267
[Zn(Ls)bpy]Cl, (14) 414 636 3061 1597 1570 3200-3400 237, 291
[Cu(Ls)phen]Cl, (15) | 428 644 3055 1582 1515 - 270
[Cu(L4)bpy]Cl, (16) 416 632 3053 1600 1564 3200-3400 296

(Ls) - - 3053 1664 1595 - 247
[Zn(Ls)phen]Cl, (17) | 426 646 3047 1581 1514 - 223, 267
[Zn(Ls)bpy]Cl, (18) 412 636 3061 1595 1570 3300 230, 282
[Cu(Ls)phen]Cl, (19) | 428 642 3061 1602 1570 - 270
[Cu(Ls)bpy]Cl, (20) 416 634 3034 1600 1566 - 296
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3.3.3 Mass spectral analysis

The molecular ion peaks in mass spectra of ligands (L3, Ls and Ls) was
observed at m/z 316 corresponds to the parent ion peak of all the three isomers thus
confirming there formation. The mass fragmentation pattern of the complexes has
been tabulated as follows:

100~ 316,16
.
317.16
66348
33847 kit
21011 266,13
167 .00 195,00 N #®e 30.37 41524 6156 58758 60742 08547
@12
i I l.] bl y agaps [ 7 49530 R Jssre T resss

T | PARSS T 4 T | PARSS TrTT T T T T T T T T T T T T T T T mi2
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 &S50 575 600 625 650 675 700 725 7S50 775 800

Fig. 66: Mass spectra of (L3) (Mol. Mass = 315 g)
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Fig. 67: Mass spectra of [Zn(L3)phen]Cl; (9)
m/z Loss of Fragment
595 [Zn(Ls)phen]CI
459 CsHsCO, -OCHj3
280 [Zn(phen)ClI]
180 Zn, Cl Free phen
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Fig. 68: Mass spectra of [Zn(L3)bpy]Cl, (10)

m/z Loss of Molecular lon
571 [Zn(Ls)bpy] Cl
410 CsHsCO, -OCH;

256 [Zn(bpy)Cl]
156 Zn, Cl Free bpy
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Fig. 69: Mass spectra of [Cu(L3)phen]Cl, (11)
m/z Loss of Fragment
594 [Cu(Ls)phen]CI
458 CsHsCO, -OCH;
270 [Cu(phen)CI]
180 Cu, Cl Free phen
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Fig. 70: Mass spectra of [Cu(L3)bpy]Cl, (12)

m/z Loss of Fragment

623 [Cu(Ls)bpy]Cl».H,O
255 Ls [Cu(bpy)Cl]

219 Cl [Cu(bpy)]

156 Cu Free bpy
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Fig. 71: Mass spectra of (L) (Mol. Mass = 315 g)
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Fig. 72: Mass spectra of [Zn(L4)phen]Cl;, (13)

m/z Loss of Fragment

596 [Zn(Ls)phen]CI
461 CsHsCO, -OCH;

281 L, [Zn(phen)ClI]
246 cl [Zn(phen)]

180 Zn Free phen
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Fig. 73: Mass spectra of [Zn(L4)bpy]Cl, (14)

m/z Loss of Fragment

625(Not recorded) [Zn(L4)bpy]Cl,.H,0O
554 [Zn(L4)bpy]H,O
411 CsHsCO, -OCH,

257 Ly [zn(bpy)CI]

222 cl [Zn(bpy)]

156 Zn Free bpy
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Fig. 74: Mass spectra of [Cu(L4)phen]Cl; (15)

m/z Loss of Fragment

594 [Cu(L4)phen]CI
460 CsHsCO, -OCHj

280 L, [Cu(phen)CI]
243 cl [Cu(phen)]

180 Cu Free phen
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Fig. 75: Mass spectra of [Cu(L4)bpy]Cl, (16)

m/z Loss of Fragment

623(Not recorded) [Cu(L4)bpy]Cl,.H,O
553 2Cl [Cu(L4)bpy]H,O
255 L, [Cu(bpy)Cl]

220 Cl [Cu(bpy)]

156 Cu Free bpy
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Fig. 76: Mass spectra of (Ls) (Mol. Mass = 315 g)
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Fig. 77: Mass Spectra of [Zn(Ls)phen]Cl, (17)
m/z Loss of Fragment
595 [Zn(Ls)phen]ClI
460 C¢HsCO, -OCH;,
281 Ls [Zn(phen)CI]
246 Cl [Zn(phen)]
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Fig. 78: Mass Spectra of [Zn(Ls)bpy]Cl, (18)

m/z Loss of Fragment

625(Not seen) [Zn(Ls)bpy]Cl,.H,0O
554 2CI [Zn(Ls)bpy].H,O
256 Ls [Zn(bpy)CI]

221 cl [Zn(bpy)]

156 Zn Free bpy
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Fig. 79: Mass spectra of [Cu(Ls)phen]Cl; (19)

m/z Loss of Fragment

596 [Cu(Ls)phen]CI
460 CsHsCO, -OCHj

280 Ls [Cu(phen)CI]
243 Cl [Cu(phen)]

180 Cu Free phen

26




5347

100
355 06
]
2900
54400
26002
543,90
£42.80
543289
554.03
WE06 41003 _
137.00 . st SR
i 43616 18500 93 5392 g o 61621

100 136 150 175 200 735 280 276 00 35 380 378 400 435 450 o475 500 528 KAD 6TH GO0 615

Fig. 80: Mass spectra of [Cu(Ls)bpy]Cl, (20)

m/z Loss of Fragment

623(Not Recorded) [Cu(Ls)bpy]Cl,.H,O
552 [Cu(Ls)bpy]H,O
255 Ls [Cu(bpy)Cl]

220 cl [Cu(bpy)]

156 Cu Free bpy
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3.3.4. '"H NMR spectrum

The *H NMR of the Schiff base ligands was recorded in CDCls. TMS was
used as internal reference. The *H NMR spectra of the ligands is as follows:

'H NMR of (Ls) (400 MHz, CDCl3): 7.28 (d, 1H, Ar-H), 7.15 (d, 1H, Ar-H), 6.99
(t, 2H, Ar-H), 6.86 - 6.72 (m, 9H, Ar-H), 3.86 (s, 3H, -OCH)

'H NMR of (L4) (400 MHz, CDCl3): 7.86 (d, 2H, Ar-H), 7.78 (d, 2H, Ar-H), 7.48
(M, 4H, Ar-H), 7.37 (t, 2H, Ar-H), 7.02 (t, 1H, Ar-H), 6.47 (t, 3H, Ar-H), 3.65
(s, 3H, -OCHs).

'H NMR of (Ls) (400 MHz, CDCls): 7.99 (d, 2H, Ar-H), 7.78 (d, 2H, Ar-H), 7.47
(m, 6H, Ar-H), 6.88 (d, 2H, Ar-H), 6.65 (d, 2H, Ar-H), 3.68 (s, 3H, -OCH3).

28



3.4 UV-vis absorption studies of BSA
The same procedure is followed as in section 2.5 of Chapter 2.

Table 18: Values of binding constant (K, M™)

Complex K, M
[Zn(Ls)phen]Cl2 (9) -
[Zn(Ls)bpy]Cl2 (10) -
[Cu(Ls)phen]Cl, (11) 1.02 x 10°
[Cu(L3)bpy]Cl, (12) 4.35x 10°
[Zn(L4)phen]Cl, (13) 2.50 x 10°
[Zn(L4)bpy]Cl, (14) 1.14 x 10°
[Cu(L4)phen]Cl, (15) -
[Cu(L4)bpy]Cl, (16) 5.60 x 10°
[Zn(Ls)phen]Cl, (17) 2.15x 10°
[Zn(Ls)bpy]Cl, (18) 1.13 x 10°
[Cu(Ls)phen]CI, (19) 2.06 x 10°
[Cu(Ls)bpy]Cl, (20) 2.70 x 10°

29




Comrgtes + 10 e

§
Absorbance

Complen + 500
Cormgins + 60 taa

s Corrgton + 70 baa
Carglus

v v y
Wavelangtihnm)

. L]
00 0s 19 t5

Fig. 81: (A) UV-vis titration graphs of complex [Cu(Ls)(phen)]Cl, (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Cu(L3)(phen)]Cl, — [Variant concentrations of

[BSA]},
(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 82: (A) UV-vis titration graphs of complex [Cu(Ls3)(bpy)]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Cu(Ls)(bpy)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 83: (A) UV-vis titration graphs of complex [Zn(Ls)phen]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Zn(L4)phen]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 84: (A) UV-vis titration graphs of complex [Zn(L4)bpy]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,
(B) Graph of {[BSA complex with [Zn(L4)bpy]Cl, — [Variant concentrations of

[BSA]},
(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 85: (A) UV-vis titration graphs of complex [Cu(L4)(bpy)]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Cu(L4)(bpy)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 86: (A) UV-vis titration graphs of complex [Zn(Ls)(phen)]Cl; (50 uM)with
incremental [BSA] concentration in the range of 0 — 3 uM,
(B) Graph of {[BSA complex with [Zn(Ls)(phen)]Cl, — [Variant concentrations of

[BSA]},
(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 87: (A) UV-vis titration graphs of complex [Zn(Ls)bpy]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 - 3uM,

(B) Graph of {[BSA complex with [Zn(Ls)bpy]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 88: (A) UV-vis titration graphs of complex [Cu(Ls)(phen)]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Cu(Ls)(phen)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 89: (A) UV-vis titration graphs of complex [Cu(Ls)bpy]Cl, (50 uM) with
incremental [BSA] concentration in the range of 0 - 3uM,
(B) Graph of {[BSA complex with [Cu(Ls)bpy]Cl, — [Variant concentrations of

[BSA]},
(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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3.5 Antimicrobial Assays
The same procedure is followed as in section 2.6 of Chapter 2.

Table 19: Antimicrobial activity of ligand and complexes (Concentration of 5 mg mi™)

Average Inhibition Zone in diameter (mm) £ SD

Complex Antibacterial Activity Antifungal Activity

E. coli S. aureus A. niger A. fumigatus

(A) (B) (©) (D)
(L) - - - -
[Zn(L3)phen]Cl, (9) 20.16+0.29 - 18.16+0.29 43.10+0.23
[Zn(L3)bpy]Cl, (10) - - - 18.16+0.29
[Cu(Ls)phen]Cl; (11) 23.66+0.29 - 32.23+0.25 41.1610.29
[Cu(Ls)bpy]Cl, (12) 11.06+0.12 - 19.1610.29 18.06+0.12
(Ls) - - 5.36+0.56 10.0540.25
[Zn(L4)phen]CI; (13) 20.0+0.10 13.0+0.20 16.90+0.36 38.10+0.26
[Zn(L4)bpy]Cl;, (14) - 13.160.29 22.96+0.06 32.03+0.25
[Cu(L4)phen]Cl, (15) 21.23+0.25 11.83+0.21 36.10+0.36 35.06+0.31
[Cu(L4)bpy]Cl, (16) - 11.23+0.25 20.20+0.20 18.0+.0.50
(Ls) - - - -
[Zn(Ls)phen]Cl; (17) - 18.261+0.25 38.10+0.36 20.23+.25
[Zn(Ls)bpy]Cl, (18) - 12.13+0.32 25.90+0.36 17.80+0.26
[Cu(Ls)phen]Cl, (19) 16.50+0.50 29.33+0.29 37.30+0.61 36.06+0.40
[Cu(Ls)bpy]Cl, (20) 18.33+0.29 20.16+0.29 27.10+0.36 23.23+0.25
Amikacin 21.50+0.50 24.83+0.76 - -
Fluconazole - - 23.66+0.57 22.66+0.29
DMSO Nil Nil Nil Nil
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Fig. 90: Antimicrobial assay of Schiff base ligand (L3) and its metal chelate
(9 - 12) (Alphabet levels are according to table 19.

Fig. 91: Antimicrobial assay of Schiff base ligand (L) and its metal chelate
(13 - 16) (Alphabet levels are according to table 19.

Fig. 92: Antimicrobial assay of Schiff base ligand (Ls) and its metal chelate
(17 - 20) (Alphabet levels are according to table 19).

3.6 Conclusion

This chapter details about the synthesis of three Schiff bases (L3), (L4) and (Ls) and
their mixed ligand complexes with zinc(Il) and copper(ll) metal ions and 1,10-
phenanthroline or 2,2' bipyridine as secondary ligand. The reactant for the synthesis
of ligands was selected as diketone with different isomers of primary amines. The
Schiff base of para isomer precipitates readily while ortho and meta isomer
precipitates in a longer time span. In all the reactions, benzil reacted with amine
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through one carbonyl group while the second carbonyl group remains unreacted. The
reason for the same may be due to steric hindrance caused by bulkier benzyl ring or
due to conversion of benzil to benzoin. All the three ligands appear as bidentate
coordinating to metal centers through imine nitrogen and carbonyl oxygen. This is
supported by presence of peaks in the 400 cm™ region for M-N bond and 600 cm™
region for M-O bond. The decrease and lower shift in band intensity of imine bond
and carbonyl bond (up to 60 cm™) further supports their coordination. Molecular mass
of ligand and metal complexes are in consistence with their mass spectral data.
Octahedral geometry has been proposed for all the complexes on the basis of
evidences shown by their spectral studies where the primary and secondary ligands
may occupy equatorial position while weak coordinated anion or water molecule may
have occupied the axial position. Serum protein interactions of complexes were then
studied by determining the values of binding constants using UV-vis titration
technique. The complexes show binding constants in the range of 10*- 10> M which
indicates moderate level of binding between the complex and serum proteins. These
moderate values of binding constants represent the effectiveness of serum proteins as
carrier molecules in delivery of drug at targeted sites. In antimicrobial assays, ligands
show least activity while metal complexes show better antifungal activity than
antibacterial activity and their antifungal activity against Aspergillus niger is the
highest. The better activity of metal complexes over ligands may be due to chelation
effect.
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CHAPTER 4

Synthesis, characterization and biological evaluation studies of Cu(l1) and Zn(Il)
complexes with Schiff base formed by reaction between o-aminophenol and
glyoxal / diacetyl / benzil and N, N* donor ligands

4.1 Introduction

The aim of the work in this chapter is to synthesize metal complexes of zinc and
copper with Schiff base (obtained by the condensation of o-aminophenol with glyoxal
/ diacetyl / benzil) as primary and N, N' donor molecules (1,10-phenanthroline or 2,2'-
bipyridine) as secondary ligands. The synthesized complexes were then characterized
by various spectroscopic techniques viz. UV-vis, IR, NMR and mass spectral
techniques. They were then analyzed for their biological activities against two
bacterial species i.e. Staphylococcus aureus (gram positive) and Escherichia coli
(gram negative) and two fungal species i.e. Aspergillus niger and Aspergillus
fumigatus by well diffusion method. The complexes were also analyzed for their
interaction with BSA by UV titration method.

4.2 Methodology

4.2.1 Methodology for the synthesis of o-aminophenol and glyoxal Schiff base
(Le)

To a stirred and refluxed solution of o-aminophenol (4 mmol, 4.37 g) in hot
methanol (35 ml) was added drop wise a hot methanolic solution (35 ml) of glyoxal
(2 mmol, 2.902 ml). The whole set up was kept in an oil bath for 5 h at 70°C.
Precipitates were formed immediately. The solution is further refluxed for 3 h to
ensure complete precipitation. The precipitates thus obtained were filtered, washed
many times with cold methanol. They were recrystallized using hot methanol as
solvent. Yield: 65 %, Color: White, M.P. 165°C, UV (Ama): 231 nm, 290 nm, MS:
[M]* 241, Main IR peaks (cm™): (OH) 3373, v(CsHs stretch) 3047, v(C=N) 1608,
v(C-0)1251, 'H NMR (500 MHz, CDCl3) & = 6.83 (m, 3H, Ar-H), 6.72 (d, 1H,
Ar-H), 5.36 (s, 1H, -OH).



H H

NH —
@ 2 N H; ;H methanol ,\1 }\l
OH o o) reflux

o-Aminophenol  Glyoxal OH HO

Fig. 93: Scheme for synthesis Schiff base (Lg)
4.2.2 Methodology for the synthesis of [Zn(Ls)(phen)]Cl, (21)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Ls) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 1,10-phenanthroline
(2 mmol or 0.198 g) was added drop wise to above solution with refluxing continuing
for further 8 h. Pink precipitates were collected after filtration. Several washings were
made with cold methanol. Yield: 80 %, Color: Pink, M.P. Above 280°C, UV (Amax):
221 nm, 265 nm, MS: [M]* 538, Main IR peaks (cm™): o(OH) 3381, v(CgHs stretch)
3047, v(C=N) 1583, v(C-0) 1222, ,(M-0) 648, ,(M-N) 426.
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Fig. 94: Proposed geometry of [Zn(Lg)(phen)]Cl, (21)

cl,

4.2.3 Methodology for the synthesis of [Zn(Ls)(bpy)]Cl, (22)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Ls) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-bipyridine
(2 mmol or 0.156 g) was added drop wise to above solution with refluxing continuing
for further 8 h. Pink precipitates were collected after filtration. Several washings were
made with cold methanol. Yield: 82 %, Color: Pink, M.P. Above 280°C, UV (Amax):



238 nm, 290 nm, MS: [M]" 550, Main IR peaks (cm™): v(CgHs stretch) 3061, v(C=N)
1597, 1(C-0) 1251, u(M-0) 636, v(M-N) 412.
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Fig. 95: Proposed geometry of [Zn(Ls)(bpy)]Cl, (22)
4.2.4 Methodology for the synthesis of [Cu(Ls)(phen)]Cl, (23)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Ls) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 1,10-
phenanthroline (Lmmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Brownish black precipitates were collected after
filtration. Several washings were made with cold methanol. Yield: 65 %, Color:
Brownish black, M.P. Starts decomposing at 254°C, UV (Amax): 280 nm, MS:
[M]* 572, Main IR peaks (cm™): o(CgHs stretch) 3057, v(C=N) 1566, uv(C-O)
1245, v(M-0) 658, v(M-N) 417.
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Fig. 96: Proposed geometry of [Cu(Ls)(phen)]Cl, (23)
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4.2.5 Methodology for the synthesis of [Cu(Ls)(bpy)]Cl. (24)

To a hot methanolic solution (30 ml) of Schiff base (Immol) (Ls) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridine (1mmol or 0.156 g) was added drop wise to above solution with refluxing
continuing for further 8 h. Brownish black precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 63 %, Color: Brownish
black, M.P. Starts decomposing at 258°C, UV (Amax): 301 nm, MS: [M]* 549, Main IR
peaks (cm™): o(CgHs stretch) 3053, (C=N) 1589, u(C-O) 1220, v(M-O) 650,
v(M-N) 426.

9
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Fig. 97: Proposed geometry of [Cu(Ls)(bpy)]Cl. (24)

4.2.6 Methodology for the synthesis of o-aminophenol and diacetyl Schiff base
(L7)

To a stirred and refluxed solution of o-aminophenol (4 mmol, 4.37 g) in hot
methanol (35 ml) was added drop wise a hot methanolic solution (35 ml) of diacetyl
(2 mmol or 1.72 g or 1.75 ml) the whole set up was kept in an oil bath for 5 h at 70°C.
Precipitates were formed immediately. The solution is further refluxed for 3 h to
ensure complete precipitation. The precipitates thus obtained were filtered, washed
many times with cold methanol. They were recrystallized using hot methanol as
solvent. Yield: 72 %, Color: White, M.P. 210°C, UV (Amax): 233 nm, 291 nm, MS:
[M]* 269, Main IR peaks (cm™): v(OH) 3340, v(CsHs stretch) 3047, v(C=N) 1604,
v(C-0) 1222. *H NMR (500 MHz, CDCls) & = 6.83 (s, 1H, Ar-H), 6.77 (s, 2H, Ar-
H), 6.69(d, 1H, Ar-H), 4.71 (s, 1H, -OH).
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Fig. 98: Scheme for synthesis of diacetyl-o-amp Schiff base (L)
4.2.7 Methodology for the synthesis of [Zn(L7)(phen)]Cl, (25)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (L;) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 1,10-phenanthroline
(2 mmol or 0.198 g) was added drop wise to above solution with refluxing continuing
for further 8 h. White precipitates were collected after filtration. Several washings
were made with cold methanol. Yield: 80 %, Color: White, M.P. Above 280°C, UV
(Amax): 221 nm, 266 nm, MS: [M]* 602, Main IR peaks (cm™): v(OH) 3342, 1CsHs
stretch) 3047, v(C=N) 1581, v(C-0) 1220, v(M-0) 643, v(M-N) 426.
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Fig. 99: Proposed geometry of [Zn(L;)(phen)]Cl, (25)

4.2.8 Methodology for the synthesis of [Zn(L7)(bpy)]Cl. (26)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (L;) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-bipyridine
(2 mmol or 0.156 g) was added drop wise to above solution with refluxing continuing
for further 8 h. White precipitates were collected after filtration. Several washings
were made with cold methanol. Yield: 81 %, Color: White, M.P. Above 280°C,



UV (Ama): 237 nm, 291 nm, MS: [M]" 543, Main IR peaks (cm™):
(OH) 3200-3400, v(CeHs stretch) 3061, v(C=N) 1595, v(C-O) 1220, v(M-O) 655,
o(M-N) 414,
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Fig. 100: Proposed geometry of [Zn(L7)(bpy)]Cl, (26)

4.2.9 Methodology for the synthesis of [Cu(L7)(phen)]Cl, (27)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (L;) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 1,10-
phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Brown precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 64 %, Color: Brown, M.P.
Above 280°C, UV (Amax): 264 nm, 437 nm, MS: [M]" 672, Main IR peaks
(cm™): v(OH) 3200-3400, o(CgHs stretch) 3045, o(C=N) 1583, (M-O) 645,
v(M-N) 426.
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Fig. 101: Proposed geometry of [Cu(L7)(phen)]Cl, (27)




4.2.10 Methodology for the synthesis of [Cu(L7)(bpy)]Cl. (28)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (L;) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridyine (1 mmol or 0.156 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Brown precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 66 %, Color: Brown, M.P.
Above 280°C, UV (Ama): 288 nm, 440 nm, MS: [M]* 566, Main IR peaks (cm™):
v (CeHs stretch) 3036, v(C=N) 1600, v(M-0) 634, v(M-N) 416.
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Fig. 102: Proposed geometry of [Cu(L7)(bpy)]Cl, (28)

4.2.11 Methodology for the synthesis of o-aminophenol and benzil Schiff base
(Le)

To a stirred and refluxed solution of o-aminophenol (4 mmol, 4.37 g) in hot
methanol (35 ml) was added drop wise a hot methanolic solution (35 ml) of benzil
(2 mmol or 4.20 g). The whole set up was kept in an oil bath for 5 h at 70°C. The clear
solution thus obtained is poured over ice cold water. Immediately light brown
precipitates were obtained. The precipitates thus obtained were filtered, washed
several times with water and recrystallized from hot chloroform. Yield: 87 %, Color:
Brown, M.P. 90°C, UV (Amax): 228 nm, 283 nm, MS: [M]" 302, Main IR peaks
(cm™): (OH) 3200-3400, v(CeHs stretch) 3061, o(C=0) 1697, uv(C=N) 1612,
v(C-0) 1234. 'H NMR (500 MHz, CDCl;) & = 7.86 (m, 1H, Ar-H), 7.72
(d, 1H, Ar-H), 7.65 — 7.52 (m, 3H, Ar-H), 7.44 (m, 1H, Ar-H), 7.36 — 7.16
(m, 5H, Ar-H), 7.11 (t, 1H, Ar-H), 6.99 (d, 1H, Ar-H), 6.93 — 6.82 (m, 1H, Ar-H),
6.62 (s, 1H, Ar-H), 4.00 (s, 1H, -OH).
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Fig. 103: Scheme for synthesis of Schiff base (Ls)
4.2.12 Methodology for the synthesis of [Zn(Ls)(phen)]Cl, (29)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Lg) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. Then a hot methanolic solution of 1,10-
phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Light brown precipitates were collected after
filtration. Several washings were made with cold methanol. Yield: 81 %, Color: Light
brown, M.P. Above 280°C, UV (Ama): 237 nm, 291 nm, MS: [M]" 599,
Main IR peaks (cm™): v(CgHs stretch) 3055, 1(C=0) 1622, v(C=N) 1591, v(C-O)
1220, v(M-0) 646, v(M-N) 428.

\ N ) |

Fig. 104: Proposed geometry of [Zn(Ls)(phen)]Cl, (29)
4.2.13 Methodology for the synthesis of [Zn(Lsg)(bpy)]Cl, (30)

To a hot methanolic solution (30 ml) of Schiff base (Immol) (Lsg) was added
methanolic solution (30 ml) of ZnCl, (1 mmol, 0.136 g) with constant stirring at 70°C.
The solution was refluxed for 10 h. Then a hot methanolic solution of 2,2'-bipyridine

(Immol or 0.156 g) was added drop wise to above solution with refluxing continuing



for further 8 h. Light brown precipitates were collected after filtration. Several
washings were made with cold methanol.Yield: 80 %, Color: Light brown, M.P.
Above 280°C, UV (Ams): 237 nm, 291 nm, MS: [M]" 557, Main IR peaks
(cm™): o(CgHs stretch) 3061, v(C=0) 1625, (C=N) 1597, (C-O) 1225, v(M-O)
646, u(M-N) 428.

O
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Fig. 105: Proposed geometry of [Zn(Lsg)(bpy)]Cl, (30)
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4.2.14 Methodology for the synthesis of [Cu(Lsg)(phen)]Cl, (31)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Lg) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 1,10-
phenanthroline (1 mmol or 0.198 g) was added drop wise to above solution with
refluxing continuing for further 8 h. Dark brown precipitates were collected after
filtration. Several washings were made with cold methanol. Yield: 68 %, Color: Dark
brown, M.P. Starts decomposing at 258°C, UV (Amax): 270 nm, MS: [M]" 598, Main
IR peaks (cm™): o(OH) 3200-3400, v(CeHs stretch) 3039, v(C=0) 1615, v(C=N)
1597, v(C-0) 1220, v(M-0) 644, v(M-N) 414.
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Fig. 106: Proposed geometry of [Cu(Ls)(phen)]Cl, (31)



4.2.15 Methodology for the synthesis of [Cu(Lsg)(bpy)]Cl. (32)

To a hot methanolic solution (30 ml) of Schiff base (1 mmol) (Lg) was added
methanolic solution (30 ml) of CuCl,.2H,0 (1 mmol, 0.170 g) with constant stirring
at 70°C. The solution was refluxed for 10 h. A hot methanolic solution of 2,2'-
bipyridine (1 mmol or 0.156 g) was added drop wise to above solution with refluxing
continuing further for 8 h. Dark brown precipitates were collected after filtration.
Several washings were made with cold methanol. Yield: 65 %, Color: Dark brown,
M.P. Starts decomposing at 258°C, UV (Ama): 296 nm, MS: [M]® 556,
Main IR peaks (cm™): v(CgHs stretch) 3051, v(C=0) 1625, v(C=N) 1566, v(C-O)
1222, v(M-0) 634, v(M-N) 410.

v
Q = cl,

\
\N/i
OH

Fig. 107: Proposed geometry of [Cu(Lsg)(bpy)]Cl, (32)

4.3 Results and discussions

The Zn?* and Cu®* mixed ligand chelates appear as colored precipitates while
ligand (Lg) and (L;) appear as white precipitates. All of them were found to be
thermally stable and of non hygroscopic nature. They were having fair solubility in
water, DMSO, DMF and Tris buffer (pH 7.4).

4.3.1 UV-vis analysis

The UV absorptions occur in the range of 200 - 800 nm at low concentration
in water / DMSO. These bands indicates 7 to 7* transitions which confirm binding of
2,2'-bipyridine and 1,10-phenonthroline with metal center of Zn(ll) and Cu(ll). The

UV-vis data of the Schiff base and complexes are as follows (Table 20):
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4.3.2 FTIR analysis

In the uncoordinated ligand a strong band appears at 1606 cm™ (L), 1604 cm™
(L;), 1612 cm™ (L) attributing to free azomethine group, but in metal complexes a
negative shift up to 1566 cm™ suggests coordination of the imine nitrogen to metal
centers. This may occurs due to decrease in bond strength of imine bond and
simultaneous increase in bond strength between azomethine nitrogen and metal
centre. All the metal complexes show absorption peaks in the region 410 - 428 cm™
corresponding to M-N and 634 - 658 cm™ corresponding to M-O vibrations
confirming the bond formation between azomethine nitrogen, phenolic oxygen and
metal ion. The ligand formed by condensation of benzil and o-aminophenol is half
ligand as benzil reacted from one side only. This is further supported by the presence
of —C=0- stretch in the region of 1685 cm™ and its shifting to lower values in the
metal complexes. Another absorption bands in the range of 3200 - 3400 cm™ in some
complexes marks the presence of coordinated or lattice water. IR analyses with
selected bond frequencies of all Schiff bases and their corresponding mixed ligand

chelates are as follows (Table 20):

11



Table 20: Selected bond frequencies (cm™) and UV-vis values of ligands, Zn(I1) and Cu(11) mixed ligand chelates

Complex V(M-N) V(M-0) v(-CgHs) v(-C=N-) v(-C-0) OH stretch 7 to * transition
P (cm™) (cm™) stretch (cm™) | stretch (cm™) | stretch (cm™) (cm™) (nm)
(L) - - 3047 1606 1251 3373 231, 290
[Zn(Ls)(phen)]Cl, (21) 426 648 3047 1583 1222 3381 221, 265
[Zn( Le)(bpy)ICl, (22) 412 636 3061 1597 1251 238, 290

u( Le)(PNen 2
[Cu( Ls)(phen)ICl, (23) 417 658 3057 1566 1245 280
[Cu( Le)(bpy)ICl, (24) 426 650 3053 1589 1220 301
(Ly) - - 3047 1604 1222 3340 233,291
n( Ly)(phen)]Cl :
[Zn( L,)(phen)]Cl, (25) 426 646 3047 1581 1220 3342 221, 266
[Zn( L,)(bpy)ICl, (26) 414 655 3061 1595 1220 3200-3400 237, 291
[Cu( Ly)(phen)ICl, (27) 426 645 3045 1583 - 3200-3400 264, 437
[Cu( Ly)(bpy)ICl, (28) 416 634 3036 1600 - ; 288, 440
(Lg) - - 3061 1612 1234 3200-3400 228, 283
[Zn( Ls)(phen)]Cl, (29) 428 646 3055 1581 1220 ; 236, 290
[Zn( Ls)(bpy)ICl, (30) 412 655 3061 1597 1220 ; 237,201
[Cu( Ls)(phen)]Cl, (31) 414 644 3039 1581 1220 3200-3400 270
[Cu( Ls)(bpy)ICl (32) 410 634 3051 1566 1220 - 296

12




4.3.3 Mass spectral analysis

The molecular ion peaks in mass spectra of ligands was observed at m/z 241
for Lg, 269 for L7 and 302 for Lg which is the parent ion peak of all the three ligands.

— 241 10

04

100 150 200 250 200 a0 <00 <50 S00 a0

Fig. 108: Mass spectra of (Lg) (Mol. Mass = 240 g)
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Fig. 109: Mass spectra of [Zn(L¢)phen]Cl, (21)
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Fig. 111: Mass spectra of [Cu(Ls)phen]Cl, (23)
m/z Loss of Molecular lon
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Fig. 112: Mass spectra of [Cu(Lg)bpy]Cl, (24)
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Fig. 113: Mass spectra of (L7) (Mol. Mass = 268 g)
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Fig. 114: Mass spectra of [Zn(L7)phen]Cl, (25)
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Fig. 115: Mass spectra of [Zn(L7)bpy]Cl, (26)
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Fig. 116: Mass spectra of [Cu(L;)phen]Cl, (27)
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Fig. 117: Mass spectra of [Cu(L;)bpy]Cl, (28)
m/z Loss of Molecular lon
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Fig. 118: Mass spectra of (Lg) (Mol. Mass = 301 g)
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Fig. 119: Mass spectra of [Zn(Lsg)(phen)]Cl, (29)
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Fig. 120: Mass spectra of [Zn(Lsg)(bpy)]Cl, (30)
m/z Loss of Molecular lon
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Fig. 121: Mass spectra of [Cu(Lsg)(phen)]Cl, (31)
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Fig. 122: Mass spectra of [Cu(Lsg)(bpy)]Cl, (32)

m/z Loss of Molecular lon
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4.3.4. *H NMR spectrum

The *H NMR of the Schiff base ligands was recorded in chloroform. TMS was
used as reference. A signal around 4.0 - 5.36 is assigned to phenolic group. The
multiplet in the range of 6.9 - 7.3 was assigned to protons of aromatic rings. The H
NMR spectral assignments of the ligands is as follows:

NMR of (Lg) (500 MHz, CDCls): *H NMR (500 MHz, CDCls) & 6.83 (m, 3H, Ar-H),
6.72 (d, 1H, Ar-H), 5.36 (s, 1H, -OH).

NMR of (L7) (500 MHz, CDCls): *H NMR (500 MHz, CDCls) § 6.83 (s, 1H, Ar-H),
6.77 (s, 2H, Ar-H), 6.69 (d, 1H, Ar-H), 4.71 (s, 1H, -OH).

NMR of (Lg) (500 MHz, CDCls): *H NMR (500 MHz, CDCls) & 7.86 (m, 1H, Ar-H),
7.72 (d, 1H, Ar-H), 7.65 — 7.52 (m, 3H, Ar-H), 7.44 (m, 1H, Ar-H), 7.36 — 7.16 (m,
5H, Ar-H), 7.11 (t, 1H, Ar-H), 6.99 (d, 1H, Ar-H), 6.93 — 6.82 (m, 1H, Ar-H), 6.62 (s,
1H, Ar-H), 4.00 (s, 1H, -OH).
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4.4 UV-vis absorption studies of BSA
The same procedure is followed as in section 2.5 of Chapter 2 (Table 21).

Table 21: Values of binding constant (K, M™)

Complex K, M7
[Zn(Le)(phen)]Cl, (21) 35x10°
[Zn(Le)(bpy)]Cl, (22) 1.1x 10"
[Cu(Le)(phen)]Cl> (23)

[Cu(Le)(bpy)ICI2 (24)

[Zn(L;)(phen)]Cl, (25) 5.8 x 107
[Zn(L;)(bpy)]Cl, (26) 5.1 x 10°
[Cu(L7)(phen)]Cl2 (27)

[Cu(L7)(bpy)ICI2 (28)

[Zn(Lg)(phen)]Cl, (29) 4.9 x 10"
[Zn(Le)(bpy)ICl (30) 12x10°
[Cu(Le)(phen)]Cl> (31)

[Cu(Le)(bpy)ICI2 (32)
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Fig. 123: (A) UV-vis titration graphs of complex [Zn(Lg)(phen)]Cl; (50 uM) with
incremental [BSA] concentration in the range of 0 - 3 uM,

(B) Graph of {|[BSA complex with [Zn(Lg)(phen)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 124: (A) UV-vis titration graphs of complex [Zn(Ls)(bpy)]Cl. (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {|[BSA complex with [Zn(Lg)(bpy)]Cl,— [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig.125: (A) UV-vis titration graphs of complex [Zn(L7)(phen)]Cl, (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 uM,

(B)Graph of {[BSA complex with [Zn(L7)(phen)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration

32

\
L0c



e Cotrpex + 1.0 bt
— Cormglex + 2.0 bsa
s COMpiax + 3.0 Do

Complex « 4 0 bma

Absorbance

Compiax + 5.0 bsa
Complex + 8.0 bsa
— Complax + 7.0 bsa

——— Comglax
Ll v L2 L La |
300 400 500 Ly oo 500 60
Wavelength{nm)
100 4
-
098 4
096 +
-
S 0944
<
s
- 0u
090 4
.
088
086 T T J T T T T T T
04 0s oe or 08 Q9 10 " 12 L&

1[BSA]

Fig. 126: (A) UV-vis titration graphs of complex [Zn(L7)(bpy)]Cl, (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {|[BSA complex with [Zn(L7)(bpy)]Cl,— [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 127: (A) UV-vis titration graphs of complex [Zn(Lsg)(phen)]Cl, (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {|BSA complex with [Zn(Lg)(phen)]Cl, — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 128: (A) UV-vis titration graphs of complex [Zn(Lg)(bpy)]Cl. (50 uM) with

incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {|[BSA complex with [Zn(Lsg)(bpy)]Cl,— [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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4.5 Antimicrobial assays

The same procedure is followed as in section 2.6 of Chapter 2.

Table 22: Antimicrobial activity of ligand and complexes (Concentration of 5 mg mi™)

Average Inhibition Zone in diameter (mm) £ SD

Complex Antibacterial Activity Antifungal Activity

E. coli S.aureus | A. niger A. fumigatus

(A (B) © (%)
(glyoxal-0-aminophenol) (L) 04.16+£0.29 | 7.33x0.15 | - -
[Zn(Ls)(phen)]Cl, (21) 26.10+0.36 | 18.1+0.36 | 18.33+0.29 | 11.9+0.17
[Zn( Le)(bpy)ICl (22) 11.7640.25 | 32.33+0.29 | 15.66+0.29 | 28.16+0.29
[Cu( Lg)(phen)]Cl, (23) 13.33£0.29 | 19.87+0.23 | - 32.1610.29
[Cu( Le)(bpy)ICl, (24) 22.23+0.25 | 14.9+0.36 | 05.06+0.11 | 20.16+0.29

(diacetyl-0-aminophenol) (L) - - - -

[Zn( L7)(phen)]Cl, (25) - 31.8340.29 | 20.5+0.50 37.830.29
[Zn( L;)(bpy)]Cl, (26) - 11.66+0.29 | 12.06+0.40 | 26.060.11
[Cu( Ly)(phen)]Cl, (27) - 28.33+0.29 | 31.0+0.50 33.33+0.29
[Cu( L) (bpy)ICl, (28) - 12.06+0.40 | 22.16+0.29 | -
(benzil-o-aminophenol) (Lsg) - - 17.9+0.17 11.16+0.76
[Zn( Lg)(phen)]Cl, (29) 18.1740.29 | 27.83+0.29 | 18.33+0.29 | 35.161+0.29
[Zn( Lg)(bpy)]Cl, (30) - 14.940.40 | - 21.66+0.58
[Cu( Lg)(phen)]Cl, (31) 26.06£0.40 | 30.33+0.29 | 33.76+0.25 | 38.15+0.21
[Cu( Lg)(bpy)]Cl, (32) - 11.66+0.29 | 23.83+0.29 | 15.33+0.29
Amikacin 21.5+0.50 24.83+0.76 | - -
Fluconazole - - 23.66+0.57 22.66+0.29
DMSO Nil Nil Nil Nil
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Fig. 129: Antimicrobial assay of Schiff base ligand (Ls) and its metal chelate
(21 - 24) (Alphabet levels are according to table 22)

Fig. 130: Antimicrobial assay of Schiff base ligand (L;) and its metal chelate
(25 - 28) (Alphabet levels are according to table 22)

Fig. 131: Antimicrobial assay of Schiff base ligand (Lg) and its metal chelate
(29 - 32) (Alphabet levels are according to table 22)
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4.6 Conclusion

This chapter details about the synthesis of three Schiff bases (Lg), (L7), (Ls)
and their mixed ligand complexes with zinc(Il) and copper(Il) metal ions. The ligands
are synthesized with a new strategy of funtionalization of diketones rather than the
usual approach of diamines as starting materials. The ligands should be able to
provide a different coordination approach from the existing ones due to different
stereo-chemical positioning of the ligating atoms. Although the approach was to
create symmetrically disubstituted ligands but in case of benzil the substitution
occurred only from one side only creating a unsymmetrical ligand. The steric bulk of
the phenyl ring over methyl or hydrogen could be the reason for substitution from one
side only. Both ligand and complexes were found to be stable thermally and are of
non- hygroscopic nature. The ligands (Ls), (L7) appear as tetradentate coordinating to
metal centers through imine nitrogen and hydroxyl group while the ligand (Ls)
appears as tridentate ligand coordinating the metal through imine nitrogen, hydroxyl
group and carbonyl oxygen. This is supported by shifting in the peaks of imine
nitrogen, carbonyl group [in case of (Lg)] and appearance of new peaks in the
400 cm™ region for M-N bond and 600 cm™ region for M-O bond. Molecular mass of
ligand and metal complexes are in consistence with their mass fragmentation data.
Octahedral geometry has been proposed for all the complexes on the basis of
evidences shown by their spectral studies. Serum protein interactions of complexes
were then studied by determining the values of binding constants using UV-vis
titration technique. All the Zn(11) complexes show binding constants in the range of
10* - 10° M while no Cu(Il) complex shows solubility in tris buffer. These values
indicate that they bind to serum proteins in a modest manner. The results of
antimicrobial assays indicate that mixed ligand metal chelates are more biologically
active as compared to their Schiff base ligand where ligands show least activity while
the antibacterial activities of (21), (23) and (25) are greater as compared to standard
drug amikacin and antifungal activity of (31) was highest as compared to standard

drug fluconazole.
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4.9 Annexure
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Chapter 5

Synthesis, characterization and biological activity of mixed ligand complexes of
Zn(l1) and Cu(ll) metal ions with salicylic acid / 3,5-dinitrosalicylic acid as
primary ligand and N, N* donor as secondary ligands

5.1 Introduction

The aim of the work in this chapter is to synthesize mixed ligand metal complexes
of zinc and copper with salicylic acid / 3,5-dinitrosalicylic acid as primary and N, N'
donor molecules (1,10- phenanthroline or 2,2'-bipyridine) as secondary ligands. The
synthesized complexes were then characterized by various spectroscopic techniques
viz. UV-vis, IR, NMR and mass spectral techniques. They were then analyzed for
their biological activities against two bacterial species i.e. Staphylococcus aureus
(gram positive) and Escherichia coli (gram negative) and two fungal species i.e.
Aspergillus niger and Aspergillus fumigatus by well diffusion method. The complexes

were also analyzed for their interaction with BSA by UV titration method.
5.2 Methodology
5.2.1 General scheme for the synthesis of metal complexes

The complexes were prepared by the following methodology:

O
R
+ KOH —> . _MCL 9_ cl
R oH R O 11 ratio o M\CI
OH O O O R
N
1:1 ratio >
N’
O
N N' = 1,10-phen or 2,2' bpy R O/’éo
R =HorNO, ,\',,/_N
M = ZnZ*or Cu®* O//
R c N

Fig. 132: General scheme for the preparation of the complexes



5.2.2 Methodology for the synthesis of [Zn(sal)(phen)]CI (33)

0.552 g (0.004 mol) of salicylic acid and 0.22 g (0.004 mol) of KOH was
dissolved separately in methanol (25 ml), two solutions were mixed and allowed to
stir for 15 minutes. To this solution was added 0.545 g (0.004 mol) of ZnCl, in 25 ml
methanol. The reaction mixture was refluxed for 2 h with constant stirring at 50°C. A
20 ml methanolic solution of 0.792 g (0.004 mol) of 1,10-phenanthroline was added
to reaction mixture and the solution mixture was refluxed for 3 h with constant
stirring. The precipitates formed were filtered, washed with cold methanol and dried
in desiccator for 3 - 4 days. Yield: 79 %, Color: Dull white, M.P. 175 - 177°C, UV
(Ama): 264 nm, MS: [M]" 436, Main IR peaks (cm™): v(CgHs stretch) 3057, v(C-O)
1625, (M-0) 503, o(M-N) 472.

o) HziJ |
O\ /N
O/TL\N X
Ho o I

Fig. 133: Proposed geometry of [Zn(sal)(phen)]CI (33)
5.2.3 Methodology for the synthesis of [Zn(sal)(bpy)]ClI (34)

0.552 g (0.004 mol) of salicylic acid and 0.22 g (0.004 mol) of KOH was
dissolved separately in methanol (25 ml), two solutions were mixed and allowed to
stir for 15 minutes. To this solution was added 0.545 g (0.004 mol) of ZnCl; in 25 ml
methanol. The reaction mixture was refluxed for 2 h with constant stirring at 50°C. A
20 ml methanolic solution of 0.625 g (0.004 mol) of 2,2'-bipyridine was added to
reaction mixture and the solution mixture was refluxed for 3 h with constant stirring.
The precipitates formed were filtered, washed with cold methanol and dried in
desiccator for 3 - 4 days. Yield: 84 %, Color: White, M.P. Starts decomposing at
230°C, UV (Amax): 245 nm, MS: [M]" 567, Main IR peaks (cm™): v(C¢Hs stretch)
3031, v(C-0) 1627, v(M-0) 560, v(M-N) 412.



I

)
O

/

0
W

Fig. 134: Proposed geometry of [Zn(sal)(bpy)]Cl (34)
5.2.4 Methodology for the synthesis of [Zn(DNSA)(phen)]ClI (35)

0.912 g (0.004 mol) of 3,5-dinitrosalicylic acid and 0.22 g (0.004 mol) of
KOH separately in methanol (25 ml), two solutions were mixed and allowed to stir
for 15 minutes. To this solution was added 0.545 g (0.004 mol) of ZnCl; in 25 ml
methanol. The reaction mixture was refluxed for 3 h with constant stirring at 50°C. A
20 ml methanolic solution of 0.792 g (0.004 mol) of 1,10-phenanthroline was added
to reaction mixture and the solution mixture was refluxed for 3 h with constant
stirring. The precipitates formed were filtered, washed with cold methanol and dried
in desiccator for 3 - 4 days. Yield: 81 %, Color: Brownish yellow, M.P. 198 - 200°C,
UV (Amax): 280 nm, 364 nm, MS: [M]" 545, Main IR peaks (cm™): u(CeHs stretch)
3051, v(C-0) 1622, (NO,) 1518, v(M-0) 507, v(M-N) 490.

HO Hzf |
N
O\ /
O,N (F)I/?L\N S
c
NO,

Fig. 135: Proposed geometry of [Zn(DNSA)(phen)]CI (35)
5.2.5 Methodology for the synthesis of [Zn(DNSA)(bpy)]ClI (36)

0.912 g (0.004 mol) of 3,5-dinitrosalicylic acid and 0.22 g (0.004 mol) of
KOH separately in methanol (25 ml), two solutions were mixed and allowed to stir
for 15 minutes. To this solution was added 0.545 g (0.004 mol) of ZnCl, in 25 ml
methanol. The reaction mixture was refluxed for 3 h with constant stirring at 50°C. A

20 ml methanolic solution of 0.625 g (0.004 mol) of 2,2'-bipyridine was added to



reaction mixture and the solution mixture was refluxed for 3 h with constant stirring.
The precipitates formed were filtered, washed and dried in desiccator for 3 - 4 days.
Yield: 86 %, Color: Brownish yellow, M.P. 220 - 222°C, UV (Amax): 276 nm, 363 nm,
MS: [M]" 658, Main IR peaks (cm™): u(CgHs stretch) 3071, v(C-O) 1656, u(NO,)
1525, (M-0) 544, vo(M-N) 493.

HO Hzi) ;S
N
O\ ~ =
O,N O/TL\N X
H oo
=
NO,

Fig. 136: Proposed geometry of [Zn(DNSA)(bpy)]ClI (36)
5.2.6 Methodology for the synthesis of [Cu(sal)(phen)]ClI (37)

0.552 g (0.004 mol) of salicylic acid and 0.22 g (0.004 mol) of KOH was
dissolved separately in methanol (25 ml), two solutions were mixed and allowed to
stir for 15 minutes. To this solution was added 0.682g (0.004 mol) of CuCl,.2H,0 in
25 ml methanol. The reaction mixture was refluxed for 2 h with constant stirring at
50°C. A 20 ml methanolic solution of 0.792 g (0.004 mol) of 1,10-phenanthroline was
added to reaction mixture and the solution mixture was refluxed for 3 h with constant
stirring. The precipitates formed were filtered, washed with cold methanol and dried
in desiccator for 3 - 4 days. Yield: 82 %, Color: Green, M.P. 235 - 236°C, UV (Amax):
294 nm, MS: [M]* 613, Main IR peaks (cm™): (OH) 3200-3400; v(CsHs stretch)
3053, v(C-0) 1600, v(M-0) 642, v(M-N) 440.

HO HZT P

O\ /N
O/(TKLL\N X
Hoo I

Fig. 137: Proposed geometry of [Cu(sal)(phen)]ClI (37)



5.2.7 Methodology for the synthesis of [Cu(sal)(bpy)]CI (38)

0.552 g (0.004 mol) of salicylic acid and 0.22 g (0.004 mol) of KOH was
dissolved separately in methanol (25 ml), two solutions were mixed and allowed to
stir for 15 minutes. To this solution was added 0.682g (0.004 mol) of CuCl,.2H,0 in
25 ml methanol. The reaction mixture was refluxed for 2 h with constant stirring at
50°C. A 20 ml methanolic solution of 0.625 g (0.004 mol) of 2,2'-bipyridine was
added to reaction mixture and the solution mixture was refluxed for 3 h with constant
stirring. The precipitates formed were filtered, washed and dried in desiccator for 3 - 4
days. Yield: 80 %, Color: Green, M.P. 220 - 222°C, UV (Ama): 268 nm, MS: [M]"
548, Main IR peaks (cm™): v(OH) 3200-3400, v(CsHs stretch) 3057, v(C-O) 1624,
(NO,) 1514, v(M-0) 646, v(M-N) 430.

HO HZT | o
O\ /N =
T
Hoao 1

Fig. 138: Proposed geometry of [Cu(sal)(bpy)]Cl (38)

5.2.8 Methodology for the synthesis of [Cu(DNSA)(phen)]ClI (39)

0.912 g (0.004 mol) of 3,5-dinitrosalicylic acid and 0.22 g (0.004 mol) of
KOH separately in methanol (25 ml), two solutions were mixed and allowed to stir
for 15 minutes. To this solution was added 0.682g (0.004 mol) of CuCl,.2H,0 in
25 ml methanol. The reaction mixture was refluxed for 3 h with constant stirring at
50°C. A 20 ml methanolic solution of 0.792 g (0.004 mol) of 1,10-phenanthroline was
added to reaction mixture and the solution mixture was refluxed for 3 h with constant
stirring. The precipitates formed were filtered, washed with cold methanol and dried
in desiccator for 3 - 4 days. Yield: 80 %, Color: Green, M.P. 244 - 245°C, UV (Amax):
271 nm, 367 nm, MS: [M]* 596, Main IR peaks (cm™): v(OH) 3200-3400, v(CeHs
stretch) 3032, v(C-0) 1599, u(NO;) 1514, v(M-0) 636, v(M-N) 416.
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Fig. 139: Proposed geometry of [Cu(DNSA)(phen)]ClI (39)
5.2.9 Methodology for the synthesis of [Cu(DNSA)(bpy)]ClI (40)

0.912 g (0.004 mol) of 3,5-dinitrosalicylic acid and 0.22 g (0.004 mol) of
KOH separately in methanol (25 ml), two solutions were mixed and allowed to stir
for 15 minutes. To this solution was added 0.682g (0.004 mol) of CuCl,.2H,0 in
20 ml methanol and 5 ml water solvent mixture. The reaction mixture was refluxed
for 3 h with constant stirring at 50°C. A 20 ml methanolic solution of 0.625 g (0.004
mol) of 2,2'-bipyridine was added to reaction mixture and the solution mixture was
refluxed for 3 h with constant stirring. The precipitates formed were filtered, washed
with cold methanol and dried in desiccator for 3 - 4 days. Yield: 81 %, Color: Green,
M.P. 228 - 230°C, UV (Ama): 301 nm, 356 nm, MS: [M]* 554, Main IR peaks (cm™):
v(OH) 32003400, v(CsHs stretch) 3034, «(C-0) 1645, v(NO,) 1521, v(M-0O) 661,
v(M-N) 416.

HO Hzi) |
N
O\ e =
O,N o/?U'\N X
Ho oo
=
NO,

Fig. 140: Proposed geometry of [Cu(DNSA)(bpy)]CI (40)
5.3 Results and discussions

The Cu®* mixed ligand chelates appear as colored precipitates while Zn?*
complexes appear as white precipitates. All of them were found to be thermally stable
and of non hygroscopic nature. They were having fair solubility in water, DMSO,
DMF and Tris buffer (pH 7.4).



5.3.1 UV-vis analysis

The results of the UV-vis absorption studies of metal complexes were
recorded in the range of 200 - 800 nm at low concentrations using water / DMSO as
solvent. The bands observed indicates  to ©* and n to w* transitions which confirm

binding of 1,10-phenanthroline or 2,2'-bipyridine with metal centers.

5.3.2 FTIR analysis

The significant peak of carbonyl stretch in the range of 1599 - 1656 cm™ as
compared to 1670 cm™ in the free salicylic acid molecule showed the bonding nature
of carboxylic acid group. Another absorption peaks in the 1510 cm™ region of metal
complexes are due to -NO; stretching vibrations. The characteristic absorption bands
at 410 - 490 cm™ suggest coordination of M-N bond and at 500 - 650 cm™ represents
M-O bonds in the complexes. A broad band in the region of 3200 - 3400 cm™ suggests

presence of coordinated or lattice water (Table 23).



Table 23: Selected bond frequencies (cm™) of synthesized complexes

Complex reo o owomnt | Call treteh ;SE.NISI\ZI)S(: Lattice / Coordinated :r::w;:ion '?r::w:i:ion
(cm™) em? | em? | (em? (cm™) water (nm) (nm)

[Zn(sal)(phen)]CI (33) 1625 472 503 3057 - - 264 -
[Zn(sal)(bpy)]CI (34) 1627 412 560 3031 - - 245 -
[Zn(DNSA)(phen)]CI (35) | 1622 490 507 3051 1518 - 280 364
[Zn(DNSA)(bpy)ICI (36) | 1656 493 544 3071 1525 - 276 363
[Cu(sal)(phen)]CI (37) 1600 440 642 3053 - 3200-3400 294 -
[Cu(sal)(bpy)]CI (38) 1624 430 646 3057 1514 3200-3400 268 -
[Cu(DNSA)(phen)]CI (39) | 1599 416 636 3032 - 3200-3400 271 367
[Cu(DNSA)(bpy)ICI (40) | 1645 416 661 3034 1521 3200-3400 301 356




5.3.3 Mass spectral analysis

The mass fragmentation pattern of the complexes has been tabulated as follows:
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ig. 141: Mass spectra of [Zn(sal)(phen)]CI (33)

m/z Loss of Fragment
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Fig.142: Mass spectra of [Zn(sal)(bpy)]CI (34)

m/z Loss of Fragment

567 [Zn(sal)(bpy),CI].H,O
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Fig. 143: Mass spectra of [Zn(DNSA)(phen)]CI (35)

m/z Loss of Fragment
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Fig. 144: Mass spectra of [Zn(DNSA)(bpy)]CI (36)

m/z Loss of Fragment

483 [Zn(DNSA)(bpy)Cl]
401 Cl, NO, [Zn(DNSA)(bpy)]
377 DNSA [Zn(bpy).]

221 bpy [Zn(bpy)]

12




FTaT

100+
27008
2402
243.00
502 80
]
28602 anna8
24400 5707 5040
G0080) B02.93
B04.02
1 18050 1810 IR || N 45300
14498 - 38002 B12.95 g ag
o4 L 29499 ¥4 E'Sfﬂgll.]g? o ¢ o Sl ] s |07 .99495?153}2
190 105 Z00 z38 280 T35 GO0 3% 0 375 4O0 A 4R0 4VR B0 G5 B0 515 BUD GRR BAD BT8 7LD 735
Fig. 145: Mass spectra of [Cu(sal)(phen)]ClI (37)
m/z Loss of Fragment
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Fig. 146: Mass spectra of [Cu(sal)(bpy)]CI (38)
m/z Loss of Fragment
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Fig. 147: Mass spectra of [Cu(DNSA)(phen)CI] (39)
m/z Loss of Fragment
506 [Cu(DNSA)(phen)CI]
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Fig. 148: Mass spectra of [Cu(DNSA)(bpy)]CI (40)
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5.4 UV-vis absorption studies of BSA
The same procedure is followed as in section 2.5 of Chapter 2.

Table 24: Values of binding constant (K, M™)

Complex K, M
[Zn(sal)(phen)]CI (33) -
[Zn(sal)(bpy)ICI (34) 2.35%x10°
[Zn(DNSA)(phen)]CI (35) 2.46 x 10°
[Zn(DNSA)(bpy)ICI (36) 3.80 x 10°
[Cu(sal)(phen)]CI (37) 3.60 x 10°
[Cu(sal)(bpy)]CI (38) 1.25x 10°
[Cu(DNSA)(phen)]CI (39) 4.80 x 10
[Cu(DNSA)(bpy)]Cl (40) 9.60 x 10*
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Fig. 149: A) UV-vis titration graphs of complex [Zn(sal)(bpy)]Cl (50 uM) with
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incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {[BSA complex with [Zn(DNSA)(phen)]CI — [Variant concentrations of
[BSA]},

(C) Graphof 1/ (A-Ap) vs. 1/ [BSA] concentration
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Fig. 151: (A) UV-vis titration graphs of complex [Zn(DNSA)(bpy)]Cl (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {[BSA complex with [Zn(DNSA)(bpy)]CI — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 152: (A) UV-vis titration graphs of complex [Cu(sal)(phen)]CI (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 puM,

(B) Graph of {[BSA complex with [Cu(sal)(phen)]CI — [Variant concentrations of
[BSA]},

(C) Graphof 1/ (A-Ap) vs. 1/ [BSA] concentration
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Fig. 153: (A) UV-vis titration graphs of complex [Cu(sal)(bpy)]CI (50 uM) with
incremental [BSA] concentration in the range of 0 - 3 uM,

(B) Graph of {[BSA complex with [Cu(sal)(bpy)]CI — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 154: (A) UV-vis titration graphs of complex [Cu(DNSA)(phen)]CI (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {[BSA complex with [Cu(DNSA)(phen)]CI — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration
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Fig. 155: (A) UV-vis titration graphs of complex [Cu(DNSA)(bpy)]CI (50 uM) with
incremental [BSA] concentration in the range of 0 — 3 uM,

(B) Graph of {[BSA complex with [Cu(DNSA)(bpy)]CI — [Variant concentrations of
[BSA]},

(C) Graph of 1/ (A-Ao) vs. 1/ [BSA] concentration.
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5.5 Antimicrobial Activity

The same procedure is followed as in section 2.6 of Chapter 2.

Table 25: Antimicrobial activity of mixed ligand complexes(Concentration of 5 mg ml™)

Average Inhibition Zone in diameter (mm) £ SD

Antibacterial Activity

Antifungal Activity

Complex

E. coli S. aureus A. niger A. fumigatus

(A) (B) (©) (D)
[Zn(sal)(phen)]CI (33) 8.16+0.29 30.33+0.29 7.66+0.29 34.83+0.29
[Zn(sal)(bpy)]CI (34) 11.83+0.57 | 31.16%0.29 8.80+0.50 38.16+0.29
[Zn(DNSA)(phen)]CI (35) - 11.83+0.29 13.66+0.29 21.33+0.29
[Zn(DNSA)(bpy)]CI (36) - 11.66+0.57 14.83+0.76 19.33+0.29
[Cu(sal)(phen)]CI (37) 25.10+0.36 | 32.16+0.29 40.33+0.29 33.33+0.29
[Cu(sal)(bpy)]CI (38) 19.83+0.29 | 30.0+0.50 20.16+0.29 16.0+0.50
[Cu(DNSA)(phen)]CI (39) 11.50+0.50 | 8.33+0.50 19.6620.29 33.0£0.50
[Cu(DNSA)(bpy)ICI (40) - 22.16+0.29 24.83+0.29 12.1610.29
Amikacin 21.50+0.50 24.83+0.76 - -
Fluconazole - - 23.66+0.57 22.66+0.29
DMSO Nil Nil Nil Nil
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Fig. 156: Antimicrobial activity of mixed ligand complexes of zinc (33 - 36)

(Alphabetical levels are according to table 25)

Fig. 157: Antimicrobial activity of mixed ligand complexes of copper (37 - 40)
(Alphabetical levels are according to table 25)

5.6 Conclusion

In the present study, eight complexes of zinc / copper with salicylic acid or
3,5-dinitrosalicylic acid as primary ligand and 1,10-phenanthroline / 2,2'-bipyridine as
secondary ligands have been reported. These complexes are characterized by UV-vis,
FTIR and mass analysis to determine the mode of binding between metal and ligand.
The C-H, C=0, M-N and M-O peaks in the IR spectra confirmed the synthesis of the
complexes. The binding of phenanthroline and 2,2'-bipyridine to the metal complex is
supported by n to n* and © to ©* transitions in the UV spectra. On the basis of spectral
studies, octahedral geometries have been proposed for all the complexes where
salicylic acid / 3,5-dinitrosalicylic acid and secondary ligands i.e. diimine occupy the
equatorial positions and axial positions may be occupied weekly by either anion or
water molecules. Serum protein interaction of these complexes was studied by
determining the values of binding constants using UV-vis titration techniques. The
complexes bind moderately with binding constant value in the range of 10*- 10°M™,
It is important to note here that the moderate affinity binding is consistent with the
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role of serum proteins as carrier molecules for the delivery of the parent drug and its
derivatives to target tissues. The antimicrobial activities of complex with salicylic
acid as ligand are better as compared to complexes with 3,5-dinitrosalicylic acid as
primary ligand. This may be due to — I effect of NO, group which decrease the charge
density on ligand resulting in less charge transfer to free d - orbitals of metal ions.
Thus polarity of the metal ion is reduced to a lesser extent which further decreases its

antimicrobial activities.
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5.9 Annexure
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Annexure 5a: UV spectra of mixed ligand complexes of zinc

29



Absorbance

Absorbance

—— [Cu(sal)(bpy)]C

T T
300 400 500
Wavelength (nm)

——[Cu(3,5-DNSA)(phen)]CI|

T T
300 400 500
Wavelength (nm)

Absorbance

08
—— [Cu(sal)(phen)]CI|
06
0.4
02
0.0 T T
200 300 400 500
Wavelength (nm)
24 —— [Cu(3,5-DNSA)(bpy)ICI|

Q

o

c

©

2

8

Q

<

T T
300 400 500
Wavelength (nm)

Annexure 5b: UV spectra of mixed ligand complexes of copper
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Annexure 5c¢: IR spectra of [Zn(sal)(phen)]CI Annexure 5d: IR spectra of [Zn(DNSA)(phen)]CI

Annexure 5e: IR spectra of [Zn(sal)(bpy)]CI Annexure 5f: IR spectra of [Zn(DNSA)(bpy)]Cl
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Annexure 5¢: IR spectra of [Cu(DNSA)(bpy)]Cl Annexure 5h: IR spectra of [Cu(sal)(phen)]CI
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Annexure 5i: IR spectra of [Cu(DNSA)(phen)]ClI Annexure 5j: IR spectra of [Cu(DNSA)(bpy)]ClI
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