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(Ni, Cu, AND Zn) COMPLEXES

By
SYAHIRAH BINTI RAMLI

November 2016

Chairman : Thahira Begum, PhD
Faculty . Science

Three series of dithiocarbazate  Schiff bases derived from S-2-
methylbenzyldithiocarbazate, S-3-methylbenzyldithiocarbazate and S-4-
methylbenzyldithiocarbazate were synthesised using thiophene-2-carboxaldehyde,
methyl-2-thienylketone, 3-methylthiophene-2-carboxaldehyde, and 5-
methylthiophene-2-carboxaldehyde via condensation. The Schiff bases were then
complexed with respective metal salts to produce transition metal complexes. The
metal complexes formed are expected to have general formula of [M(NS):],
[M(NS)2.H20], [M(NS)2.2H20],and [M(NS)(H20)(OAc?)] where M = Cu?*, Ni?*,
dan Zn**.These compounds were characterised by elemental analysis, molar
conductivity, magnetic susceptibility and various spectroscopy techniques including
Fourier-Transform Infrared (FT-IR), Nuclear Magnetic Resonance (NMR), Mass
Spectroscopy (MS), UltraViolet/Visible (UV/Vis) and Inductively Coupled Plasma-
Atomic Emission Spectroscopy(ICP-AES) analyses. The elemental data obtained are
in good agreement with the proposed molecular formula of the Schiff bases and
metal complexes. The magnetic susceptibility measurements and spectral results
support the coordination geometry in which the Schiff bases behave as bidentate NS
donor ligand coordinating via azomethine nitrogen and thiolo sulphur atom. The
Schiff bases and metal complexes have been evaluated for their biological activities
against two bladder cancer cell lines, RT-112 (non invasive) and EJ-28 (invasive).
Only [Cu(S2T2C)(H20)(OAC)], [Cu(S2M2TK)2], [Cu(S4T2C)2], [Cu(S4MB5MT):]
and[ Ni(S4M2TK)(H20)(OAc")] showed remarkable anticancer properties while the
other compounds were inactive against both bladder cancer cell lines. A series of
Schiff bases derived from S-4-methylbenzyldithiocarbazate were developed as self
assembled monolayers (SAMs) and were tested for the detection of Zn?* ion in water.
All the Schiff base modified electrodes showed better response for the detection of
Zn?*ion compared with the conventional electrode, indium tin oxide.
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SINTESIS, ELEKTRO DAN SITOTOSIK BAGI BES SCHIFF
DITIOKARBAZATMULTIDENTATDAN LOGAM (Ni, Cu, DAN Zn)
KOMPLEKS

Oleh
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Tiga siri Schiff bes yang diterbitkan daripada S-2-metilbenzildithiokarbazat
(S2MBDTC), S-3-metilbenzilditiokarbazat (S3MBDTC) and S-4-
metilbenzilditiokarbazat (S4MBDTC) telah disentesis menggunakan thiofin-2-
karboksaldehid, metil-2-thienilketon, 3-metil-thiofin-karboksaldehid dan 5-metil-
tiofin-karboksaldehid melalui tindak balas kondensasi. Seterusnya bes Schiff telah
dikomplekkan dengan garam logam masing-masing untuk menghasilkan kompleks
logam peralihan. Kompleks logam yang dihasilkan adalah dianggarkan mempunyai
formula umum [M(NS)2], [M(NS)2.H.0], [M(NS)(H20)(OAc)] dimana M = Cu?",
Ni%*, dan Zn?*. Sebatian-sebatian itu dicirikan dengan analisis unsur, kekonduksian
molar, kerentanan magnetic dan pelbagai teknik-teknik spektroskopi termasuklah
analisis spektroskopi Transformasi Fourier Inframerah (FT-IR), Resonans Magnetik
Nuklear (NMR), Mass spektroskopi (MS), Ultra Lembayung/Boleh Nampak
(UV/Vis) dan Spektroskopi Pancaran Pasangan Plasma-Atom secara Induktif (ICP-
AES). Analisis menunjukkan unsur yang diperolehi sejajar dengan formula molekul
yang dicadangkan bagi bes Schiff dan kompleks logam. Ukuran kerentenan magnetic
dan keputusan analisisspectra menyokong geometri berkoordinat yang mana bes
Schiff bertindak sebagai ligan penderma bidentat NS yang berkoordinat melalui
atom-atom nitrogen azomethin dan sulfur tiolo. Bes Schiff dan logam kompleksnya
telah dinilai untuk aktiviti biologi mereka terhadap sel pundi kencing, RT-112 dan
EJ-28. Hanya kompleks [Cu(S2T2C)(H20)(0Ac)], [Cu(S2M2TK):], [Cu(S4T2C)2],
[Cu(S4MB5MT)2] and[ Ni(S4M2TK)(H20)(OAc’)] menunjukkan potensi sebagai
agen antikanser manakala bes-bes Schiff dan kompleks yang lain tidak aktif terhadap
kedua-dua sel. Satu siri bes Schiff daripada S-4-metilbenzildithiokarbazat
diaplikasikan sebagai bahan pengubah suai untuk elektrod tercetak terpakai buang
yang diaplikasi ke untuk mengesan ion zink.. Semua elektro terubah suai bes Schiff
menunjukkan sifat selektiviti dan sensitiviti yang tinggi untuk pengesanan Zn%*ion
berbanding elektrod yang konvensional, indium tin oksida. berat.
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CHAPTER 1

INTRODUCTION

1.1 Dithiocarbazate derivatives and their Schiff bases.

Dithiocarbazic acid is a primary amine that is synthesised by the reaction of
hydrazine hydrate and carbon disulphide in the presence of potassium hydroxide.

NH2NH2.H20 + CS; + KOH — K"NH:NHCS" + 2H,0

Scheme 1: Formation of dithiocarbazate ion

Dithiocarbazate derivatives can chelate to metals through the sulfur and nitrogen
atom and generally behave as bidentate ligands with sulfur and nitrogen donor atoms
that react with the metal ion (Ameram et.al., 2013). A wide series of dithiocarbazate
derivatives with interesting chemical properties and biological activities can be
derived by substituting the -R group with alkyl or aryl substituents (Ameram et al.,
2013).

Dithiocarbazate actually has four potential donor atoms, which of two are sterically
available at a time to bind with metal ions. Normally, dithiocarbazic esters with NS
donor atoms would form five membered chelate rings (Rakha et al., 2000 and Bera
et al., 2008) while SS chelate complexes are feasible with four membered ring
complexes (Rakha et al., 2000).

R NH,
\S

Figure 1.1: General Structure of dithiocarbazate with potential donor atoms

However, a modification of the dithiocarbazic moiety with change of suitable
groups, gives rise to complexes with different coordination geometries (Ravoof et
al., 2007).

The condensation of primary amines with aldehydes or ketones will form Schiff
bases. Schiff bases are aldehyde- or ketone-like compounds in which the carbonyl
group is replaced by an imine or azomethine group (Bera et al., 2008). The common
structural feature of these compounds is the azomethine group with the general
formula,



RHC=N-R;,

where R and Ry are alkyl, aryl, cyclo alkyl or heterocyclic groups.

Schiff bases that contain aryl substituents are substantially more stable and more
readily synthesized compared to alkyl substituents. Aromatic Schiff bases are stable
due to the conjugation effect of the cyclic compound while Schiff bases synthesized
by the condensation of amine and aliphatic aldehydes are relatively unstable and
easily undergoes polymerization. The formation of a Schiff base is favourable in the
presence of acid or base or upon heating. The reaction is reversible and in some
cases, Schiff bases can be hydrolyzed back to their aldehydes or ketones and amines
(Rakha et al., 2000)

Imine or azomethine groups are present in various natural, natural-derived, and non-
natural compounds. The imine group present in such compounds has been shown to
be critical to their biological activities (Kumar et al., 2009). The azomethine linkage
may be involved in the formation of a hydrogen bond with the active centers of cell
constituents and interferes in normal cell processes. Schiff bases appear to be
important intermediates in a number of enzymatic reactions involving the interaction
of an enzyme with an amino or a carbonyl group of the substrate (Amanullah et al.,
2011)

Schiff bases are studied widely due to their synthetic flexibility, selectivity and
sensitivity towards the central metal atom. Schiff bases with with oxygen, nitrogen
and sulfur donors and their complexes have been used as drugs and are important
medicinal and chemotherapic agents that have been reported to possess a wide
variety of biological activities against bacteria, fungi and cancer cells (Golcu et al.,
2005). Besides, Schiff bases are some of the most widely used organic compounds.
They are used as pigment and dyes, catalysts, intermediates in organic synthesis, and
as polymer stabilizers (Gaertner et al., 2011).

The presence of sp? hybridized orbital of nitrogen atom of on the azomethine makes
it easier for a Schiff base to react by covalent bonding with hard nitrogen and soft
sulphur atom nature and able to form a variety of metal complexes with unique
properties (Etorki et al., 2013).

There are many industrial and biologically active compounds that have been
prepared and derived from Schiff bases like formazans, 4-thiazolidinines,
benzoxazines, and so forth, via ring closure, cycloaddition, and replacement
reactions (Chen et al., 2009).



1.2 Thiophene Derivatives.
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Figurel.2: Structure of Thiophene

Thiophenes are a class of heterocyclic compounds also commonly called
thiacyclopentadiene with the general formula CiHai. Thiophene is a sulphur
containing heterocycle that has been used as a therapeutic agents in medicinal
chemistry (Mishra et al., 2011) especially thiazolidinone, trizolo and imidazo
moieties.

Thiophenes are widely used as building blocks in many agrochemicals. Thiophene
possesses antimicrobial, analgesic and antinflammatory, antihypertensive,
antidiabetic, gonadotropin releasing hormone antagonist, cholesterol inhibition,
antiallergic and, antitumor properties (Mishra et al., 2011). Thiophene based
compounds have been used in modern drug design due to their biologically active
properties. Ketones of a thiophene series containing a nitro group possess the ability
to suppress the growth of Staphylococcus Aureus and Escherichia Coli. It has been
observed that the thienyl ring mimics the phenyl group of phenylalanine and is a
peptidomimetic in many drugs (Spherry et al., 2005).

The benzene ring of biologically active compounds may be replaced with thiophene
without loss of its activity like the NSAID Lornoxicam which is the thiophene
analog of piroxicam as anticancer agents.

O\ C‘\ @
f?*:m
(a) Figure 1.3: PerX|cam (b) Flgure 1.4. Lornoxicam

Thiophenes also have applications as metal complexing agents and in the
development of insecticides (Mishra et al., 2011).

1.3 Properties of ligands with nitrogen-sulfur donor atoms.

Nitrogen and sulfur have the nucleophilic character and have particular bonding
properties and coordination modes. They can behave as monodentate or bidentate
chelates or bridging species and they can be used as chiral auxiliary reagents. The
presence of sulphur in the ligand molecules with the m orbital does improve the
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activity of the ligand to react with another molecule. Similarly heterocyclic-N donor
ligands are deficient molecules. The ligands of sp? -n-donor and & hybrid N-donor
centers stem from their acceptor properties, their versatile coordination behaviour,
easy synthesis, photophysical, photochemical and catalytic activity (Afanas'ev et
al.,1989)

1.4 Transition metal complexes of heterocyclic thiones

The coordination chemistry of heterocyclic thione derivatives containing
~N(H)-C(=S) <> N=C(-SH)—

(@ mimic cysteine sulphur coordination in metalloenzymes (Shalini et al.,
2010.)

(b) show electronic and structural properties of the active sites in copper blue
proteins involving S,N-coordination and (Vessieres et al., 2006)

(c) comprise purine and pyrimidine bases (Akrivos et al., 2001).

It is evident that thione-thiol equilibrium is dependent on environmental factors with
the thiol form favored in the gas phase and non-polar solvents, and the thione form
favored in the solid state and polar solvents (Al Zoubi et al., 2013).

N and S donor atoms of heterocyclic thiones will coordinate to metal ions and
chelate by short strong metal-nitrogen bonds, relatively long metal-sulphur bonds,
small chelating angles and normally behave as bidentate ligands and form square
planar complexes. In the absence of extraneous structural effects, the metal-sulphur
bonds formed by S,N-chelating heterocyclic thionates are invariably slightly longer
than those formed by the monodentate ligands (Chen et al., 2009).

So in this context, it can be concluded that the design of ligands with the thioether-S
donor centre in a chelated environment with additional heterocyclic-N donor
backbone i,e, N,S donor environment are interesting and have unique properties.

1.5 Schiff Bases and Metal Complexes in Medicinal Chemistry

Metal compounds have been used as medicine for many diseases since ancient times .
In traditional Chinese medicine, arsenic drugs, like arsenic trioxide (ATO), were
used as antiseptic agents or in the treatment of rheumatoid diseases, syphilis, and
psoriasis (Chen et al., 2011). Inorganic elements like metal complexes play an
important role in biological and medical processes, and it is evident that many
organic compounds used in medicine do not have a purely organic mode of action,
some are activated or bio-transformed by metal ion metabolism (Chen et al., 2009).



Metal ions can modify electron flow in a substrate or enzyme, thus effectively
controlling an enzyme catalyzed reaction (Fricker et al., 2007).

Metal complexes can interact in the body by binding to DNA, affecting cellular
equilibrium and inhibiting protein function. Besides, transition metal complexes can
alter cellular equilibrium involving reactive oxygen species (ROS) and can act as
protein kinase inhibitors (Gianferrara et al., 2009).

The discovery of the antiproliferative effects of cis-diamine-dichloro-platinum(Il)
(cisplatin) in 1965 by Rosenberg and coworkers, has interested researchers to
develop new metal-based drugs as radiation therapeutic, diagnostic and imaging
agents, and as small molecule drugs with less toxicity and better activity (Gianferrara
et al., 2009).

The biological activities of metal complexes are affected by the molecular structure
and stereochemistry of metal complexes. The presence of different functional
groups will also affect the biological activities of metal complexes. Metal complexes
have been known to accelerate drug action. It was reported that the efficiency of
metal complexes as therapeutic agents could often be enhanced upon coordination
with a metal ion and biological activity depended on the identity of the metal ions
(\Vessieres et al., 2006).

1.6 Zinc toxicity

Heavy metals are elements that persist in the environment (waters and soils), that
cannot be degraded and come from anthropic activities like mining, smelting or
different kind of wastes (Roesijadi et al., 1996). Although these elements are
necessary for life, (iron, selenium, cobalt, copper, manganese, molybdenum, zinc)
the abundance and excess of these elements from mining or industrial waste can
come environmental pollution and health problems to society.

Zn(ll) is a main component in the production of synthetic fibres. Industrial
wastewaters containing Zn(l1) ions are the most toxic of all that are developed in this
process (Ngah et al., 2008). According to World Health Organization, a daily dietary
requirement of zinc is 0.3 mg/kg of body weight and a provisional maximum
tolerable daily intake of 1.0 mg/kg of body weight. The daily requirement for adult
humans is 15-22 mg/day. The disposal of Zn to rivers can cause abdominal pain,
nausea, vomiting, and diarrhea and serious disease in humans with high intake of the
river water (Pereira et al., 2010).

Drinking water containing zinc at levels above 3 mg/litre tends to be opalescent,
develops a greasy film when boiled, and has an undesirable astringent taste. There
are many analytical methods had been reported on the determination of zinc content
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in water. The detection limit zinc by Atomic Absorption Spectrophotometry
(AAS)of the direct air—acetylene flame method is 50 pg/litre (Geneva et al., 1986).
Low concentrations can be measured by chelating zinc with ammonium pyrrolidine
dithiocarbamate and extracting it with methylisobutyl ketone (detection limit 0.5-1
ug/litre)(Haase et al., 1954).

This project investigates the use of cyclic voltammetry techniques and the
development of Schiff bases as self assembled monolayers on modified ITO as well
as the detection of Zn?* ion by electrochemical methods.

1.7 Schiff Bases for the detection of Heavy Metal lons.

Schiff bases can accommodate different metal centres involving various coordination
modes thereby allowing successful synthesis of homo- and heterometallic complexes
with varied stereochemistry (Silva et al., 2011). Transition metal complexes with
oxygen and nitrogen donor Schiff base ligands are of particular interest because of
their ability to possess unusual configuration, being structurally labile and their
sensitivity to the molecular environment (Golcu et al., 2005). Generally, pyrrole, —
OH, —NHz, urea, thiourea, -CONH centers etc., act as binding sites for cations.

There has been much research related to Schiff bases and their applications in
biological studies but few have reported the development of Schiff bases as
electrocatalytic sensors.

Electrochemical detection is one of the most selective and sensitive methods
compared to other detection methods as this method has short time duration, is cost
effective, has low detection limits and is easy to handle (Janata et al., 2002).

1.7.1 Self Assembled Monolayers (SAMS).

A self assembled monolayer (SAM) is formed by arrangement of molecules or atoms
adsorbed on solid surface by intermolecular forces, that forms from solution or
vapour phase. Formation of SAMs involves a spontaneous reaction between an
interface and an electron donor functional group (Politi et al., 2007) that organise
spontaneously into crystalline(or semicrystalline) structures.

Self assembled monolayers constitute building blocks that can be divided into three
different parts: the headgroup (linking group), the backbone (main chain), and the
specific terminal (active) group. The headgroup guides the self-assembly process on
each type of substrate, linking the hydrocarbon chain (of variable length) to the
substrate through a strong bond.
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Figure 1.5: General structure of self assembled monolayer (SAM)
(Love et al., 2005)

The molecules or ligands that form SAMs have a chemical functionality or
“headgroup”, with a specific affinity for a substrate; in many cases, the headgroup
has a high affinity for the surface and displaces adsorbed organic materials from the
surface (Love et al., 2005).

Generally, a self assembled monolayer would consist of important functional
groups like thiols, disulfides and sulfides on gold (Chidsey et al., 1990), silanes on
silicon dioxides, fatty acids on metal oxide surfaces, phosphonates on phosphonate
surfaces, and isocyanides on platinum (Ticha et al., 2007) that adsorb on the surface
of the substrate.

There are two types of self-assembled monolayers that are commonly used which is
the adsorption of organosulfur compounds on noble metals such as gold,silver and
reaction of alkyltrichlorosilanes with silicon or glass. These type of SAMs have been
well known for providing an organic surface with a uniform chemical structure
(Hickman et al.,1989 and Allara et al., 1985)

Sulfur-based compounds like alkanethiols have the affinity to bind strongly to
different metal surfaces such as iron, silver, gold, copper and a diverse range of
nanomaterials such gold and carbon nanoparticles (Tien et al., 1997 and Tachibana
et al., 2002)

Short-chain alkanethiols are preferred in biosensor development because they have
fewer cohesive interactions between adsorbed species, resulting in a less packed
surface (Poirier et al., 1997 and Rowe et al., 1994) thus inducing less stress and
improving the formation of high ordered monolayers (Pathrima et al., 2005).



The three dimensional self-assembled monolayers (SAMs) constructed on various
nanostructures by chemisorption of bifunctional organic compounds have emerged
as versatile tools of surface modification (Jadhav et al., 2012) to perform
electrochemical study and direct measurement.

SAMs can be prepared by immersing a desired substrate in a dilute solution of
alkanethiol (mM) at ambient temperature followed by washing with the same solvent
and drying with gas such argon or nitrogen to remove impurities.. The formation of
the monolayer can be affected by several factors such as nature and roughness of
substrate, solvent used, nature of the adsorbate, temperature and concentration of
adsorbate.

\ r\/
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Figure 1.6: Schematic diagram showing preparation of Monolayer (Tien et al.,
1997)

1.8 Gold nanoparticles (AuNPs) containing functional thiol ligands in a self
assembled monolayers (SAMs).

Gold nanoparticles are the most stable metal for nanomaterials and have been used
for self assembled monolayer construction. Gold nanoparticles (AuNPs) have
attracted substantial attention for their potent application in drug delivery (Ruan et
al., 2015) magnetic resonance imaging (MRI) (Deboutti'ere et al., 2006), X-ray
computed tomography (X-ray CT) (Qian et al., 2015), catalysis (Wu et al., 2015),
biosensing (Mohammed et al., 2014) and so forth because their size, shape, and
surface functionalization are easily controlled through the ligands and corresponding
metal complexes. Nowadays, AuNPs have been widely used for colorimetric
detection of metal ions in the environment as well as in physiological systems due to
its excellent optical properties, such as high extinction coefficients and distance-
dependent plasmonic absorption (Daniel and Astruc, 2004) ( Burda et al.,2005).
Covalent binding between thiol ligands with gold makes the monolayer more stable
and they can be repeatedly dried and redispersed in solvents. There are several
studies on sulphur donor atoms — gold that have had significant sensor applications.
Therefore, the use of Schiff bases that contain sulphur donor atom as in this work, is
hoped to produce new self assembled monolayers (SAMs) with potential sensing
properties.



1.9 Problem Statements

Most natural drugs isolated from wild-growing materials causes a shortened the life
span of nature and thus need to be changed to more potent materials. Nowadays,
microbial resistance to antibiotics is of much attention, leading to finding of novel
active compounds against new targets. Many of the crude drugs, which are sources
of medicinal preparations, still originate from wild-growing material. Transition
metals are expected to be highly toxic and unstable in aqueous media. However,
since the discovery of the antiproliferative effects of cis-diamine-dichloro-
platinum(I1) (cisplatin) in 1965 by Rosenberg and coworkers, a new field of research
emerged. Since then, transition metal complexes have been used for medicinal
applications like radiation therapeutics, diagnostics and imaging agents, and as small
molecule drugs.

On the other hand, the development of heavy metal ions detection and quantification
in the environment is crucial to our present society. There is an increasing need for
analytical systems that deliver fast and reliable data in the development of novel
Sensors.

The monolayer self- assembly technique could yield a very simple, and yet highly
versatile, controllable and stable approach for tailoring electrode surfaces (Ding et
al., 2002).The Self assembled monolayers have already been proven to be extremely
useful for development of highly sensitive and more sophisticated sensors and
biosensors for trace analysis studying (Zohreh et al., 2013)

The interesting properties of Schiff bases that provide binding sites for the
interaction for metal ions and form stable metal complexes gave a wide spectrum of
promising activities in coordination chemistry and analytical chemistry for the
detection of heavy metal ions. Furthermore, it was reported that transition metal
complexes of bidentate NS Schiff bases derived from dithiocarbazate have shown
promising activity as anticancer agents. Thus, it is hoped that these Schiff bases and
their metal complexes would possess promising activity against bladder cancer cell
lines and have a good potential as a new sensor for detection of heavy metal ions.

1.9.1 Objectives

The objectives of this project were:

1.  To synthesis and characterise Schiff bases derived from S-substituted
dithiocarbazates and their divalent Cu, Ni and Zn complexes.

2. To study the cytotoxicity of the Schiff bases and their metal complexes
against two bladder cancer cell lines, RT-112 and EJ-28.

3. To develop new Schiff base based self assembled monolayers (SAMS)
using selected Schiff bases for the detection of Zn?* ion.
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