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ABSTRACT

Heterocyclic moieties can be found in a large number of compounds
which display biological activity. The biological activity of the
compounds is mainly dependent on their molecular structures.1, 3, 4
thiadiazoles are very intesting compounds due to their important
applications in many pharmaceutical, biological and analytical fields.
Thiadiazole exhibit number of activities like antimicrobial, anticancer,
antrinflammatory, antliabetic, anti convulsant etcThe aim and
objecive of present study was to develop novel thiadiazole analogues
in favour of the molecular docking studies and to evaluate their
cytotoxic activities. The molecular docking studies of the proposed

derivatives were carried out using softwar&sgus lab, Mdegro

molecular viewer. The antcancer targets used is EGFR and those with better scores were

selected and subjected for the wet lab synthesis. In this study, 7 novel thiadiazole thiourea

Sch f f 6s

bases

Ruzity &f thes newlyt spnthesidezoenpounds was ascertained

by consistency in the TLC as well as melting point determination and was characterized by

means of FTIR, *HNMR, and MASS spectral analysi8ytotoxicity studies dona-vitro by

MTT assay on MCH cell lines. Among this T2C, Tland T4Fshow significant activity on

the cell line. Finally it was concluded that novel thiadiazole derivatives hybrid analogues can

be considered as the future lead molecule for drug discovery process.

WWW.W[PPS.CcOm

Vol 7, Issue 22018 851



Revasreeet al. World Journal of Pharmacy and Pharmaceutical Sciences

KEYWORDS
ADME/T | Absorption, Distribution, Metiaolism, Elimination, Toxicity
PDB Protein Data Bank
HTS High Throughput Screening
MCE-7 Michigan Cancer Foundatien
ICeo Inhibitory concentrtion50%
MTT 3-(4,5Dimethylthiazoi2yl)-2,5diphenyltetrazolium bromidi
DMSO Dimethyl Sulfoxide
EGFRTK | Epidermal growth factor receptor tyrosine kinase

1. INTRODUCTION

Medicinal chemistry is a discipline at the intersection of chemistry, especially synthetic
organic chemistry, and pharmacology and various other biological specialties, involved with
design, chemical synthesis and development for market of pharmaceutical agents (drugs).
Compounds used in medical applications are most often organic compounds, which are often
divided into the broad classes of small organic molecules and biologics, theofattleich

are most often medicinal preparations of proteins. Inorganic and organometallic compounds
are also useful as drugs. In the recent years discovery of specific enzyme inhibitors has

received great attention due to their potential to be used in phalogical applications.

Drug design is the inventive process of finding new medications based on the knowledge of a
biological target. A drug is most commonly an organic small molecule that activates or
inhibits the function of a biomolecule such asrat@in, which in turn results in a therapeutic
benefit to the organism. In the most basic sense, drug design involves the design of small
molecules that are complementary in shape and charge to the biomolecular target with which
they interact and thereforell bind to it. Although extensive research has been performed on
medicinal chemistry or drug design for many years, there is still deep need of understanding

the interactions of drug candidates with biomolecules.

Medicinal chemistry is the science thdeals with the discovery and dgsi of new
therapeutic chemicalsnd their development into useful medicindsstorically, drugs were
discovered through identifying the active ingredient from traditional remedies or by
serendipitous discovery. More retly proteomics and genomics help to determine the

structure or function often by comparison with known proteins, have become increasingly
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important approach to identify new drug targets. Curremtiya-high throughput screening,
very rapid and sensitivie vitro screening approach should provide a number of leads.

An important aspect of medicinal chemistry has been to establish a relationship between
chemical structure and biological activity. An increased consideration in recent years has
been to corrate the chemical structure with chemical reactivity or physical properties and

these correlations can, in turn, be related to their therapeutic actions.

Current trends in the drug design are to develop new clinically effective agents through the
structual modifications of lead molecules. The lead is a prototype compound that has the
desired biological or pharmacological activity, but many have many undesirable
characteristics, like high toxicity, other biological activity, and insolubility or metabolism
problems. Such organic compound once identified, are easy to exploit.

There are mainly two types of drug design. They are ligand based drug design and structure
based drug design. Ligand based drug design is based on the knowledge of molecules which
bind to the target. Based on the structure of the molecule the pharmacophore model which
determines the structural needs of molecule in order to bind the target can be derived.
Structure based drug design is based on the knowledge of three dimensional structure
target which is obtained through NMR spectroscopy -@aycrystallography. If the structure

of the target is not known, then the homology model of the target which is based on the
structure of protein of related structure can be created. By usirsgrtisture of the target the

molecules that are predicted to bind with high affinity can be designed.

Drug Discovery and development

In the field of medicine, biotechnology and pharmacology, drug discovery is the process by
which drugs are discovered orsigned. In the past, most drugs have been discovered either

by identifying the active ingredient from traditional remedies or by serendipitous discovery.
The understanding of disease has increased to the extent that we are able to control disease
and infetion at the molecular and physiological level. This enabled scientists to try to find
compounds that specifically modulate those molecules, for instance via high throughput
screening. Even more recently, scientists have been able to understand the bludpgicH|

molecules at the atomic level, and to use that knowledge to design drug candidates.
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The process of drug discovery involves the identification of candidates, synthesis,
characterization, screening, and assays for therapeutic efficacy. Onc@aucanhas shown
its value in these tests, it will begin the process of drug development prior to clinical trials

Information on the human genome, its sequence and what it encodes has been hailed as a
potential windfall for drug discovery, promising tortually eliminate the bottleneck in
therapeutic targets that has been one limiting factor on the rate of therapeutic discovery.
However, data indicates that fAnew targetso
to drug discovery project failur@ general. This data corroborates some thinking underlying

a pharmaceutical industry trend beginning at the turn of the twenty first century and
continuing today which finds more risk aversion in target selection among-matitnal

pharmaceutical compé&s

- ientify-Validste  Klentify Optimize Preclinical Clinical Approval &
';';",’:?, Pharmsceutical Lesd Lesd Trisis Trials Circulstion
Targel Molecules Molecules

Fig 1. Drug discovery and development process

Drug design is a time consuming and expensive process. The first stages of this process are
lead discovery and lead optimisation. Traditionally, lead compounds have been discovered
serendipitously, ¥ chemically modifying and improving existing drugs or by isolating the
active ingredients in herbal remedies. More recently, pharmacewdapanies have
focussed on HTSThis involves screening a large chemical library against a protein target.
However,large scale HTS is expensive and it is beneficial to restrict the size of a chemical
library to compounds that are more likely to be successful. Screening of a virtual library is
one way in which potentially successful compounds can be identified. HT Sidndl
screening are limited by the size of the library they use. De novo drug design attempts to
overcome this limitation by increasing the exploration of chemical search space. Both virtual
screening and de novo drug design require a {lthegensionakrepresentation of the protein

target and are therefore reddrto as structurdased drug design methods.
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Modern drug discovery involves the identification of screening hits, medicinal chemistry and
optimization of those hits to increase the affinitylestvity, efficacy/potency, metabolic
stability, and oral bioavailability. Once a compound that fulfils all these requirements has
been identified, it will begin the process of drug development prior to clinical trials. One or
more of these steps may, bt necessarily, involve computer aided drug design. Modern
drug discovery is thus usually a capitaiensive process that involves large investments by
pharmaceutical industry corporation as well as national governments. Despite advances in
technology ad understanding of biological systems, drug discovery is still a lengthy,
expensive, difficult and inefficient process with low rate of therapeutic discovery.

The use of computers and computational methods permeates all aspects of drug discovery
today aud forms the core of structutmsed drug design. High performance computing data
management software and internet are facilitating the access of huge amount of data
generated and transforming the massive complex biological data into workable knowledge in
modern day drug discovery process. The use of complementary experimental and informatics
techniques increases the chance of success in many stages of the discovery process, from the
identification of novel targets and elucidation of their functions to tlseodlery and
development of lead compounds with desired properties and delivering new drugs.
Computational tools offer the advantage of delivering new drug candidates more quickly and

at a lower cost. Major roles of computation in drug discovery are;

Virtual screening & de novo design.
In siliccoADME/T prediction
Advanced methods for determining protégand binding

As structures of more and more protein targets become available through crystallography,
NMR and bioinformatics methods, there is aareasing demand for computational tools that

can identify and analyze active sites and suggest potential drug molecules that can bind to
these sites specifically. Also to combat Hifeeatening diseases such as AIDS, Tuberculosis,
Malaria etc., a globglush is essential. Millions for Viagra and pennies for the diseases of the
poor is the current situation of investment RarmaR&D. Time and cost required for
designing a new drug are immense and at an unacceptable level. According to some estimates
it costs about $880 million and 14 years of research to develop a new drug before it is

introduced in the markeinterventionof computers at some plausible steps is imperative to
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bring down the cost and time required in the drug discovery process. The phtaskuigk e 0
generally means molecules which contain functional groups and/or have properties consistent
with the majority of known drugsin silico prediction of drugikeness at an early stage
involves evaluation of various ADMET properties using companal approaches like
QSAR or molecular modelling. A number of studies have been performed to find out the
properties which make a drug distinct from other chemicals. Availability of large databases of
drug or druglike molecules, e.g. CMC (Comprehensiveeditinal Chemistry), MDDR
(MACCS-II Drug Data Report), and WDI (World Drug Index) provides useful information

about the properties of drugs.

A number of studies have been performed to find out the properties which make a drug
distinct from other chemical#\vailability of large databases of drug or dililge molecules,
e.g. CMC (Comprehensive Medicinal Chemistry), MDDR (MAGE®rug Data Report),
and WDI (World Drug Index) provides useful information about the properties of drugs.

The most influential stdy o f ALiI-g-i ine&kd 6sdemt iefi es sever a
that should be considered for compounds with oral delivery as concern. A deeper
understanding of the relationships between important ADME parameters and molecular
structure and propees is needed to develop betiersilico models to predict ADMET

properties. Some of the ADME properties evaluated usirglico models are; intestinal
permeability, aqueous solubility, human intestinal absorption, human oral bioavailability,
active transport, efflux by Rglycoprotein, blooebrain barrier permeation, plasma protein

binding, metabolic stability, interactions with cytochronZb8s and toxicity.

There are five irsilico methods in drug discovery. They are;
a) Molecular docking

b) Virtual High throughput screening

c) QSAR (Quantitative structuractivity relationship)

d) Pharmacophore mapping

e) Fragment based screening

a. Molecular docking
Molecular modelling provides an array of valuable tools for drug design and analysis. Simple

visualization of moleculesnd easy access to structural data bases have become essential
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components on the desktop of the medicinal chemist. Molecular dockingelt-@stablished
computational technique which predicts the interaction energy between two molecules.

Molecular doclng studies are used to determine the interaction of two molecules and to find

the best orientation of ligand which would form a complex with overall minimum
energyT he s mal | mol ecul e, known as | igand wusua
predictel by the search algorithm. These protein cavities become active when come in
contact with any external compounds and are thus called as active sites.

The results are analyzed by a statistical scoring function which converts interacting energy
into numeri@al values called as the docking score; and also the interacting energy is
calculated. The 3D pose of the bound ligand can be visualized using different visualizing
tools like Pymol, Rasmoletc which could help in inference of the best fit of ligand.
Predcting the mode of proteifigand interaction can assume the active site of the protein
molecule and further help in protein annotation. Moreover molecular docking has major

application in drug discovery and designing.

The association between biologicaliglevant molecules such as proteins, nucleic acids,
carbohydrates and lipids play a central role in signal transduction. Furthermore, the relative
orientation of two interacting partners may affect the signal produced. Therefore, docking is

useful for preatting both the strength and type of signal produced.

Molecular docking is one of the most frequently used methods in strimieesl drug design,
due to its ability to predict the bindirgpnformation of small molecule ligands to the
appropriate targetibding site. Characterization of the binding behavior plays an important

role in rational design of drugs as well as to elucidate fundamental biochemical processes.

Molecular docking has a wide variety of uses and applications in drug discovery including
structure activity studies, lead optimization, finding potential lead by virtual screening,
providing binding hypothesis to facilitate predictions for mutagenesis studies, assigtiyg X
crystallography in the fitting of substrates and inhibitors to mdectdensity, chemical

mechanism studies and combinatorial library design.
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9 Target identification and retrieval
1 Crystallographic structures of the target of interest were obtained from PDB (Protein data

bank) and saved in standard 3D coordinatenft.

9 Active site identification

All the targets were possessing natural ligand and so active site residue identification was
carried out taking advantage of same. The protein was loaded in SWISS PDB viewer.
Proteins which had many chains were cleanadl @single chain of interest was selected.
Using the control panel of this staatbne software, natural ligand molecules were selected.

91 Preparation of active site
Explicit hydrogen atoms missing in the PDB structure were added using Argustdad,
alore docking software. Furthermore, the atom list of the molecules were prepared, which

represents numbers of all the atoms of the active site residues involved.

1 Ligand preparation

The smiles formulas of the drug molecules were obtained from Chemsketcéculdol
network software packages provide CORINA, which was used for the generation of 3D
coordinates from smiles. Again using converter of this same server PDB structure of the
drugs was converted into MOL MOL format which is an applicable form for amgate
docking software. Finally using Argus lab ligand molecules were prepared by the addition of

hydrogen atoms.

1 Molecular docking

Docking studies were carried out using GOLD (Genetic Optimization and Ligand Docking)
commercialstandalone software develped by CCDC. Entire process was carried out with
minimum speed and maximum accuracy. Fold score for each drug molecules against all the
targets were saved and analyzed. A binding interaction between a small molecule ligand and
an enzyme protein may resirtactivation or inhibition of the enzyme. If the receptor, ligand
binding may result in agonism or antagonism. Docking is most commonly used in the field of

drug desigrmost drugs are small organic molecules, and docking may be applied to

U Hit identification — docking combined with a scoring function can be used to quickly
screen large data bases of potential dingsico to identify molecules that are likely to bind

to protein target of interest.
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U Lead optimization— docking can be used to predict irhere and in which relative
orientation a ligand binds to a protein. This information may in turn be used to design more
potent and selective anagoges.

U Bioremediation— protein ligand docking can also be used to predict pollutants that can
degraded by enzyes.

Fig 2: Drug receptor interaction.

b. Virtual High throughput screening

Virtual screening is a computational method where large libraries of compounds are assessed

for their potential to bind specific sites on target molecules such as proteins, #nd we
matched compound tested. Virtual screening (VS) is a computational technique used in drug
discovery research. By using computers, it deals with the quick search of large libraries of
chemical structures in order to identify those structures which ast likely to bind to a

drug target,typically a protein receptor or enzyme .Virtual screening has become an integral

part of the drug discovery process. Related to the more general and long pursued concept of
dat abase searching, gt hest eeimafiivvee dl.yDafinee w c r &Va
virtual screening as fAautomatically evaluat
computer progratmAs this definition suggests, M&as largely been a numbers game focusing

on questions like how can we téf down the enormous chemical space of over 10
conceivable compounds to a manageable number that can be synthesised, purchased, and
tested. Although filtering the entire chemical universe might be a fascinating question, more
practical VS scenarios focas designing and optimizing targeted combinatorial libraries and

enriching libraries of available compounds frorrhimuse compound repositories or vendor
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offerings. It is less expensive than High Throughput screening, faster than conventional
screening, snning a large number of potential drugs like molecules in very less time. HTS
itself is a trial and error approach but can be better complemented by virtual screening.

c. QSAR (Quantitative structure-activity relationship)

QSAR is statistical approach thattempts to relate physical and chemical properties of
molecules to their biological activities. The aim of QSAR is the prediction of molecular
properties from their structure without the need to perform the experiment using invitro or in
vivo. It saves itnes and resourcgVarious descriptors like molecular weight, number of
rotatable bonds Logy etc. are commonly used. Many QSAR approaches are in practice based
on the data dimensions. It ranges from ID QSAR to 6D QSAR. The methods called
guantitative strotureactivity relationship (QSAR) are based on the assumption that the
activity of certain chemical compound is related to its structure. More precisady,
approachsays that the activity, or the property, for instance the toxic effect, is relatbd to t
chemical structure through a certain mathematical algorithm, or rule. It is considered the
presence of a particular characteristic in the chemical compound there are certain groups, like
an aromatic amine, or an epoxide, there is a higher probabaitytd chemical compound is

genotoxic.

d. Pharmacophore mapping

It is the process of deriving a 3D pharmacophore. A pharmacophore is a set of features
together with their relative spatial orientation that are thought to be capable of interaction
with a paricular biological target such as Hydrogen bond donors and acceptors, positively
and negatively charged groups, hydrophobic regions and aromatic rings. It depends on atomic
properties rather than element types; it does not depend on specific chemicaticibtyine
Pharmacophore mapping is developed by specifying the nature of the key pharmacophoric
features and the 3Ddistance map among all the key features. It has conformational flexibility
and mapping the different combinations of pharmacophoric grougbeinmolecule. A
pharmacophore map can be generated by superposition of active compounds to identify their
common features. Based on the pharmacophore map either de novo design or 3D database
searching can be carried out. Frequently small molecules withdiferent 2D structures
displace each other from a binding site on the macromolecules. Even more often, mono
modification of the structure of an active molecule renders it inactive. Such structure

bioactivity relationships are an indirect probe of thes3iicture and chemical properties of
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the macromolecular recognition site for flgands.The goal of the pharmacophore mapping

is to transform such 2D structure activity information into 3Drequirements for binding to the

target biomolecule. This allowse to search 3D databases for other molecules that match

these 3D properties or to design new active molecules. A pharmacophore map identifies the

bioactive confirmation of each active molecule and indicates how to superimpose, compare in

3D, the various etive compounds. The map identifies which types of points match in what

conformation of the compounds. The decisions as to the required points and the bioactive

conformations are independent. l.e. the choice of one affects the choices available for the

other. A pharmacophore features include hydrogen bond acceptor atoms, hydrogen bond

donor site , hydrogen bond acceptor site, and hydrophobic centers.

Table 1. List of Protein- Ligand Docking Software

Program Country of orgin | Year published
AADS India 2011
ADAM Japan 1994
AutoDock USA 1990
BetaDock South Korea 2011
DIVALI USA 1995
eHiTS UK 2006
EUDOC USA 2001
FLOG USA 1994
FRED UK 2003
FTDOCK UK 1997
GEMDOCK [ Taiwan 2004
GOLD UK 1995
Hammerhead USA 1995
LIGIN Germany 1996
LUDI Germany 1992
MolDock Denmark 2006
MS-DOCK | France 2008
ParDOCK India 2007
PLANTS Germany 2006
Q-Dock USA 2008
SANDOCK | UK 1998
SODOCK Taiwan 2007

Importanceof heterocyclic chemistry

Heterocyclic chemistry is the branch of chemistry which deals with synthesis, tspand

applications of heterocyclics. The history of heterocyclic chemistry began in the year of

1800. The chemistry and biological study of heterocyclic compounds has been studied a long

time in medicinal chemistry. Heterocyclic compounds and theiivaleres has been an
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interesting field in medicinal chemistry because of their biological and pharmacological
properties. Heterocyclic compounds are cyclic compounds in which the ring contains carbon,
one or more atoms of other elements; commonly calledhedsro atoms. Heterocyclic
compounds usually contain hetero atoms like nitrogen, sulphur and oxygen. Some of
heterocyclic compounds having lesser common atoms like phosphorous, tin, boron, silicon,
bromine. The heterocyclic compounds with five or six at@me important.

The heterocyclic nucleus ione of the most important amitegral feature of a variety of
natural products and medicinal agents. Heterocycles nucleus is present as a core structural
component in an array of drug categories such as amtial, anti inflammatory
,analgesic, antiepileptic, antiviral, antineoplastiantinypertensive, antimalariallocal
anesthetics antianxiety, antidepressantantihistaminic, antioxidant, antituberculaant

Par ki, ,nataiabéte, antiobesity andnmune modulatory agents, etc. This review
reflects the contribution of heterocycles to the development of society from a biological point
of view as well as to the understanding of life processes and to the efforts to improve the
quality of life. Heterocytes plays an important role in biochemical processes because of the
side groups of the most typical and essential constituents of living cells, DNA and RNA, are
based on aromatic heterocycles. The presence of heterocycles in all types of organic
compound®f interest in biology, pharmacology, optics, electronics, material sciences, and so
on is very well known. Between them, sulphur and nitregmmtaining heterocyclic
compounds have maintained the interest of researchers through decades of historical
devebpment of organic synthesis. The grounds of this interest were their biological activities
and unique structures that led to several applications in the different areas of pharmaceutical
and agrochemical research, or more recently, in material scient@sdmesearch in diverse

heterocyclic derivatives continues to yield new medicinal agents.

Thiadiazole as lead

Thiadiazole containghe fivemembered diunsaturated ring structure having molecular
structure formula C2H2N2S containing a two carbon atwuo, hydrogentwo nitrogenand

one sulphur. Thiadiazole and its derivatives are used for biological activities such as antiviral,
antibacterial,antifungal, antitubercular etclt is soluble in alcohol and ether and slightly
soluble in water. It is parent taial for numerous chemicatompounds including sulfur
drugs, biocides, fungicides, dyes, chemical reaction accelerafbradiazoles carrying

mer capt o, hydr oxyl and amino substituentoés
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property is being intemngely studied using modern instrumental methods. Sdere/atives

have many industrial applications and surprising chemical properties among which are
included their capacity of forming complexes with metals. One derivative which merits
special mention i2-aminc-5-mercaptel, 3, 4thiodiazole due to its properties in forming
well-known azo dyes. These compounds will be used to evaluate their potential for coating

metal surfaces in processes of corrosion inhibition.

The antileukemic action and host tokycof the thiadiazoles were blocked by administration
of nicotinamide. 1, 3, 4Thiadiazole have diversified biocidal activities probably by virtue of

a toxophorici N=C-S- Grouping. A large number ofthiazolidinones have been reported to
be antifungal, atibacterial and antileukemicproperties. These observations prompted to
synthesis the title compound with a presumption that it may have deshaibbgical

activity.

Chemistry.

Thiadiazole is an important five membered heterocyclic ring containingnitnagen atoms
and a sulphur atom as hetero atoms i generaformula of C2ZH2N2S. They occur in
four isomeric formshamely 1, 2, dhiadiazole 1, 2, 4thiadiazole, 12, 5- thiadiazole, 13, 4-

thiadiazole. Among them 1, 3, 4 thiadiazole ring exhibibre versatile activities.

S

S 7

N—N

Fig 3: structure of 1, 3, 4thiadiazole.

The ring system is less aromatic than benzene, thiophene, and pyridine. The aromatic
character i's measur ed by detreased in the ordenl, 8, &1 oc al
thiadiazole>thiophene> thiazole >1, 3,thiadiazole. The electron withdrawing nature of the

nitrogen atoms ensures that electrophilic attack at carbon is very rare and nucleophilic
substitution reactions are common. Eleptiilic attack at the sulphur atom has been

observed. 1, 3, 4 thiadiazoles are weak base due to the inductive effects of extra hetero
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atoms and are readily alkylated and acylated at N3 ,The ring is relatively stable in aqueous
acid solutions but the ringets cleaved in aqueous basic solutions. 1-tBjatliazole core
skeletons are subjected to various substitution reactions with alkyl halides, acid chlorides, and
sulfonyl chlorides to afford various drug like-aZnino-substituted 1, 3, 4thiadiazole
dernvatives. Whensubstituentar e i ntroduced into 26 or 50
highly reactive and forms different derivatives of thiadiazole easily.

The reactivity of ring nitrogen atom arises from electrophilic reactions depending on
tautameric equilibrium of thionghiol or amineimine. In thione oimine form deprotonation

of ring N-H can take place and ring nitrogen atom becomes vulnerable to alkylation or
maculation or transformation to 1, 3j thiadiazolium salt. The reactions are donted with
electrophiles such as alkyl halides, trimethgilylmethyl trifluoro methanesulfonate,
formaldehydeetc.

Thiourea derivatives
Urea is the first organic compound that was synthesized in lab in 1928 which became the
important synthesis step imé history of synthetic organichemistry, playedmportant

physiological and biological roles in animal kingdom.

Thiourea is the analogue compoutmureawith replacement of oxygen in urea with sulphur
atom, also thiourea have considerably wide rangappfications. The properties of urea and
thiourea differ synthetically because of the difference in electro negativities between sulphur
and oxygen.Thiourea derivatives work as building blocks in the synthesis of hetdiocyc
compounds; substituted thieeas have recently gained much importance in the preparation of

wide variety of biologically active compounds.

Thioureas have high biological activity, act as corrosion inhibitansioxidant and are
polymer componentEhioureaandurea derivatives shoa wide range of biological activities
such as amntiHIV, antiviral, HDL-elevating, antibacterial analgesic etc. Acyl thirea
derivatives are well known for wide range of biological activities like bactericidal, fungicidal,

insecticidal& regulating aatity for plant growth.
Schiff’'s bases.
Schiff basesre condensation products of primary amines with carbonyl compounds gaining

importance day by day in present scenario. Schiff bases are the compounds carrying imine or
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azomethine i(C=Ni) functional groupand are found to be a versatile pharmacophore for
design and development of various bioactive lead compounds. Schiff bases exhibit useful
biological activities such anthflammatory, analgesic,antimicrobial, anticonvulsant,
antitubercular, anticancer, ndoxidant, anthelmintic, antiglycation, and antidepressant
activities. Schiff bases are also used as catalysts, pigments and dyes, intermediates in organic
synthesis, polymer stabilizers, and corrosion inhibitors.

Schiff bases are the compounds carryimgne or azomethinei C=Ni) functional group.

These are the condensation products of primary amines with carbonyl compounds and were
first reported by Hugdchiff. Schiff bases fornan important class of the most widely used
organic compounds and hasvide variety of applications in many fields including analytical,
biological, and inorganic chemistry. Schiff bases have gained importance in medicinal and
pharmaceutical fields due #broadspectrum obiological activities like animflammatory,
analgesicantimicrobial,anticonvulsantantitubercularanticancer, antioxidapanthelmintic,

and so on. The nitrogen atom of azomethine may be involved in the formation of a hydrogen
bond with the active centers of cell constituents and interferes in normpt@stssesipart

from biological activities, Schiff bases are also used as catalysts, intermediates in organic
synthesis, dyes, pigments, polymer stabilizers, and corrosion inhibitors. Studies enlightened
that metal complexes show greater biological vétgtithan free organic compounds.
Augmentation of biadgical activity wageportedby implementationof transition metals into

Schiff bases.Schiff bases played an influencing role in development of coordination
chemistry and were involved as key pointhe development of inorganic biochemistry and
optical materials.Schiff bases have been utilized as synthons in the preparation of a number
of industrial and biologically active compounds like formazansthiazolidinines,
benzoxazines, and so forth, viag closure, cycloaddition, and replacement reactions. Schiff
base derivatives in various processes promoted the researchers for designing of novel

heterocyclic/aryl Schiff bases for development of new environménmaldly technology.

Cancer

Cancer isa class of diseases characterized byafutontrol cell growth There are over 100
different types of cancer, and each is classified by the type of cell that is initially affected.
Cancer harms the body when altered cells divide uncontrollably to fonpslor masses of
tissue called tumours (except in the case of leukaemia where cancer prohibits normal blood

function by abnormal cell division in the blood stream).
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Tumours can grow and interfere with the digestive, nervous, and circulatory systerneyand t

can release harones that alter body functiohumours that stay in one spot and demonstrate
limited growth are generally considered to be benig8Gancer also known

asa malignanttumouror malignantneoplasmis a group of diseases involving abnoricell
growthwith the potential to invade or spread to other parts of the béatyall tumours are
cancerousbenign tumourslo not spread to other parts of the bdegssiblesigns and
symptomsnclude: a new lump, abnormal bleeding, a prolonged cougixplainedweight

loss, and a change lmowel movementamong othersihile these symptoms may indicate
cancer, they may also occur due to other issues. There are over 100 different known cancers

that affect humans.

On gaining access to the circulatorylpmphatic systems, tumours can migrate throughout

the body, seeding in distant areas (a process known as metastasis). Tumours that grow and
spread aggressively in this manner as designated malignant, little risk to health are called
benign. They are not ggessive and do not invade surrounding tissues or spread to distant

sites.

The important characteristics of the cancer cells are
1 Uncontrolled growth rate
1 Ability to metastasis

9 Differentiation and loss of function invasiveness

Cancer is fundamentally dsgase of tissue growth regulation failure. In order for a normal
cell totransforminto a cancer cell, thgeneghat regulate cell growth and differentiation
must be alteredThe affected genes are divided into two broad categ@iesogenesre
genes hat promote cell growth and reproductidiumor suppressor genage genes that
inhibit cell division and survival. Malignant transformation can occur through the formation
of novel oncogenes, the inappropriate eegpression of normal oncogenes, or by timder
expression or disabling of tumor suppressor genes. Typically, chang&mnygenes are
required to transform a normal cell into a cancer cell. Genetic changes can occur at different
levels and by different mechanisms. The gain or loss of an ehtioenosome&an occur
through errors in mitosis. More common amatations, which are changes in
the nucleotidesequence of genomic DNA. Largeale mutations involve the deletion or gain

of a portion of a chromosom&enomic amplificatioroccurs when a dlegains many copies
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(often 20 or more) of a small chromosomal locus, usually containing one or more oncogenes
and adjacent genetic materiadtanslocatioroccurs when two separate chromosomal regions
become abnormally fused, often at a characteristicditmtaSmaliscale mutations include

point mutations, deletions, and insertions, which may occur iprdmoterregion of a gene

and affect itexpression, or may occur in the ger@ding sequencand alter the function or
stability of itsproteinprodud. Disruption of a single gene may also result from integration of
genomic materigfrom aDNA virusorretrovirus, leading to the expression

of viral oncogenes in the affected cell and its descendants.

Classically, cancer has been viewed as a set odisbsethat are driven by progressive genetic
abnormalities that include mutations in tuRsmppressor genes and oncogenes, and
chromosomal abnormalities. However, it has become apparent that cancer is also driven by

epigenetic alterations.

Epigenetic alteations refer to functionally relevant modifications to the genome that do not
involve a change in the nucleotide sequeB@eh of these epigenetic alterations serves to
regulate gene expression without altering the underBiNg sequence. These changeaym
remain througltell divisions, last for multiple generations, and can be considered to be
epimutations (equivalent to mutation$)hile large numbers of epigenetic alterations are
found in cancers, the epigenetic alterations in DNA repair genes, caadinged expression

of DNA repair proteins, may be of particular importance. Such alterations are thought to
occur early in progression to cancer and to be a likely cause afetigticinstability

characteristic of cancers.

Cancer can be detected in ammher of ways, including the presence of certain signs and
symptoms, screening tests, or medical imaging. Once a possible cancer is detected it is
diagnosed by microscopic examination of a tissue sample. Cancer is usually treated with
chemotherapy, radiatiotherapy and surgery. The chances of surviving the disease vary
greatly by the type and location of the cancer and the extend of the disease at the start of
treatment. While cancer can affect people of all ages, and a few types of cancer are more
common n children, the risk of developing cancer generally increases with age. In 2007,
cancer caused about 13% of all human deaths worldwide (7.9 million). Rates are rising as

more people live to an old age and as mass life style changes occur in the dewvatoloing
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Types of cancer
There are five broad groups that are used to classify cancer;

1 Carcinoma: The malignant tumors that begin from the epithelial dsksn or tissue that
line or cover internal organs). Ereast, prostate, lung and colon cancer.

1 Sarcoma The malignant tumors that begins in bone, cartilage, fat, muscle, blood vessel,
or other connective or supportive tissue.

1 Leukemia: Cancers that starts in blood forming tissue such as the bone marrow and
causes large number of abnormal cells tptoeluced and enter the blood.

Lymphoma and Myeloma Thecancer that begins in the cells of the immune system.
Central nervous system cancerThe malignant tumors derived from the tissues of the
brain and spinal cord.

1 Germ cell tumor: Are the tumors derivedrom totipotent cells, most often, found in
adults in the testule and ovary; on body midline, particularly at the tip of the tailbone, in
fetuses, babies and young children.

1 Blastic tumor or blastoma Are the tumors that resemble an immature or embryonic

tissue. Many of these tumors are most common in children

Signs and symptoms

Cancer is a group of diseases that can cause almost any signs or symptoms. The signs and
symptoms will depend on where the cancer is, how big it is, and how much it affects the
organs or tissues. If a cancer has spread, signs or symptoms may appear in different parts of
the body. As a cancer grows, it can begin to push on nearby organs, blood vessels, and
nerves. This pressure causes some of the signs and symptoms of caneeraficr is in a

critical area, such as certain parts of the brain, even the smallest tumor can cause symptoms.

But sometimes cancer starts in places where
grown quite large. Cancers of the pancreas usulallnot cause symptoms until they grow

large enough to press on nearby nerves or organs. Others may grow around the bile duct and
block the flow of the bile. This causes the eyes and skin to look yellow. By the time a
pancreatic cancer causes signsorgymo ms | i ke t hese, itdés wuswuall

means it has grown and spread beyond the places it stiagt@dncreas.

A cancer may also cause symptoms like fever, extreme tiredness, or weight loss. This may be

because cancer cells use up muxH t he bodyods energy supply
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substances that change the way the body makes energy from food. Cancer can also cause the
immune system to react in way that produces these signs and symtimetimes, cancer
cells release substancesoirthe blood stream that cause a symptoms that are not usually

linked to cancer

Cancer symptoms can be divided into thregroups

x Local symptoms

Are restricted to the site of the primary cancer. They can include lumps or swelling (tumor),
hemorrhage (blekng from the skin, mouth or anus), ulceration and pain. Although local pain

commonly occurs in advanced cancer, the initial swelling is often painless.

x Metastatic symptoms

Are due to the spread of cancer to other locations in the body. They can inoladged

lymph nodes (which can be felt or sometimes seen under the skin), hepatomegaly (enlarged
liver), or splenomegaly (enlarged spleen) which can be felt in the abdomen, pain or fracture

of affected bones, and neurological symptoms.

x Systemic symptoms

occur due to distant effects of the cancer that are not related to direct or metastatic spread.
Some of these effects can include weight loss (poor appetite and cachexia), fatigue, excessive
sweating (especially night sweats), anemia (low red blood celhtfand other specific
conditions termed paraneoplastic phenomena. These may be mediated by immunological or

hormonal signals from the cancer cells.

None of these neapecific symptoms is helpful in determining if a patient has cancer, as

many of theseyanptoms commonly occur in individuals who do not have cancer.

Causes of cancer

Cancers are caused by a series of mutations. Each mutation alters the behavior of the cell
somewhat. Cancer is fundamentally a disease of failure of regulation of tissué.ghowt

order for a normal cell to transform into a cancer cell, the genes, which regulate cell growth
and differentiation, must be altered. The affected genes are divided into two broad categories.
Oncogenes are genes, which promote cell growth and repi@uutumor suppressor genes

are genes, which inhibit cell division and survival. Malignant transformation can occur

through the formation of novel oncogenes, the inappropriate-exygession of normal
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oncogenes, or by the uneexpression or disabling dimor suppressor genes. Typically,

changes in many genes are required to transform a normal cell into a cancer cell.

Cancer is caused by damage of the genetic material in the cell, that is deoxyribonucleic acid
(DNA) found in the chromosomes. Such a dgmdhat arises during cell division, can be
induced by environmental agents, or be inherited. These genetic changes and the abnormal
growth pattern that they promote are passed
cell divides. The causes adiacer are grouped into two types:

1 Environmental causes

1 Hereditary causes

Environmental causes: Environmental causes, which is a primary causes thattmichobe

use poor diet and obesity, infection, radiation, lack of physical activity and enviroament
pollutants. Cancer is primarily an environmental disease witB330 of cases attributed to
environmental factors and-B)% due to genetics. Environmental, as used by cancer
researchers, means any cause that is not genetic, not merely pollution. Common
environmental factors that contribute to cancer death include tobace®0%2p diet and

obesity (3635%), infection (15820%), radiation (both ionizing and nawnizing, up to 10%),

stress, lack of physical activity, and environmental pollutants. Theeincelof lung cancer is

highly correlated with smoking. Tobacco smoking is associated with many forms of cancer,
and causes 90% of lung cancer. Alcohol is an example of a chemical carcinogen that
attributes 10% of cancers in males and 3% of cancers indenmalWestern Europe.Decades

of research has demonstrated the link between tobacco use and cancer in the lung, larynx,
head, neck, stomach, bladder, kidney, esophagus and pancreas.Hereditary causes: Hereditary
or acquired abnormalities, in the cell reprotion regulating genes, including oncogenes and
tumor suppressor genes can lead to the development of cancer. A small percentage of cancers
approximately 510% are entirely hereditary. The vast majority of cancers ardhamaditary,

which are called spodic cancers. Hereditary cancers that are primarily caused by an
inherited genetic defect. Less than 0.3% of the population is carriers of genetic mutation
which has a large effect on cancer risk. They cause less tha# 3f all cancerSome of

these synbbmes include;

1 Certain inherited mutations in the genes BRCA1 and BRCA2 with a more than 75% risk

of breast cancer and ovarian cancer.
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91 Li-Fraumeni syndrome (various tumors such as osteo sarcoma, breast cancer, soft tissue
sarcoma, brain tumors) due to mtbns of p53.
Turcot syndrome (brain tumors and colonic polyposis).
Familial adenomatous polyposis an inherited mutation of the APC gene that leads to early
onset of colon carcinoma.

1 Hereditary nonpolyposis colorectal cancer (HNPCC, also known as Lyndhosge) can
include familial cases of colon cancer, uterine cancer, gastric cancer, and ovarian cancetr,
without a preponderance of colon polyps.

1 Retinoblastoma, when occurring in young children, is due to a hereditary mutation in the

retinoblastoma gene.

Risk factors include the following

1 Age

The older you become, the more likely that you will develop a cancer. This is probably due to
an accumul ation of damage to cells over ti
against abnormal cells may becorees good as you become. So, eventually one damaged

cell may manage to survive and multiply out of control into a cancer.

1 Life style factors
Diet and other life style factors (and, as mentioned, smoking) can increase or decrease the

risk of developing care, for example.

1 If you eat a lot of fruit and vegetables you have a reduced rislevdlaping certain
cancers. Thexact way in which they protect against cancer is not fully understood. These
foods are rich in vitamins and minerals, and also contamaals that get into the body. We

should all eat at least five portions of fruit and vegetables per day.

1 Eating too much fatty food possibly increases theafdeveloping certain cancers
1 The risk of developing certain cancers is increased by: obéaity of regular exercise,

drinking too much alcohol and eating a lot of red meat.

1 Radiation
Radiation is a carcinogen. For example, exposure to radioactive materials and nuclear fallout

can increase the risk of leukemia and other cancers. Too muchgosus and sunburn
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(radiation from UVA and UVB) increase your risk of developing skin cancer. The larger the
dose of radiation, the greater the risk of developing cancer.

9 Infection

Some viruses and bacteria are linked to certain cancers. For exangple, weéh persistent
infection with the hepatitis B virus or the hepatitis C virus have an increased risk of
developingcancerof the liver. Another example is the link between the human papilloma
virus (HPV) and cervical cancer. Most women who develoicar cancer have been
infected witha strain Of HPV at some point in their life. One research study estimated that
about one in six canceteo million a year globalhare caused by largely treatable or
preventable infectionslPV, H. pylori, and hepatis B and C viruseaccounted for 1.9
million cases of cervical, stomach and liver cancers in 2008.Most of these were in the
developing world. Initiatives such as immunization against HPV and hepatitis B are helping

combat these infections. But, most viruaed viral infections are not linked to cancer.

1 Immune system
People with a poor immune system have an increased risk of developing certain cancers. For

example, people with AIDS, or people in immunosuppressive therapy.

1 Genetic makaip

Some cancers hawe strong genetic link. For example, in certain child hood cancers the
abnormal gene or genes which may trigger a cell to become abnormal and cancerous are
inherited. Other types of cancer may have some genetic factor which is lessutldamay

be thatin some people their genetic malke means that they are less resistant to the effect of

carcinogens or other factors such as diet

Treatment of cancer

Cancer treatment depends on the type of cancer, the stage of the cancer (how much it has
spread), agehealth status, and additional personal characteristics. There is no single
treatment for cancer, and patients often receive a combination of therapies and palliative care.
Treatments usually fall into one of the following categories: surgery, radiation,

chemotherapy, immunotherapy, hormone therapy, or gene therapy.
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Surgery

Surgeryis the oldest known treatment for cancer. If a cancer has not metastasized, it is
possible to completely cure a patient by surgically removing the cancer from the bodg. This i
often seen in the removal of the prostate or a breast or testicle. After the disease has spread,
however, it is nearly impossible to remove all of the cancer cells. Surgery may also be
instrumental in helping to control symptoms such as bowel obstructiogpinal cord

compression.

Radiation
Radiation treatment, also known as radiotherapy, destroys cancer by focusirendrigi
rays on the cancer cells. This causes damage to the molecules that make up the cancer cells

and leads them to commit suicide.

Radiotherapy utilizes higanergy gammaays that are emitted from metals such as radium

or high-energy xrays that are created in a special machine. Early radiation treatments caused
severe sideffects because the energy beams would damage normal,yhasdie, but
technologies have improved so that beams can be more accurately targeted. Radiotherapy is
used as a standalone treatment to shrink a tumor or destroy cancer cells (including those
associated with leukemia and lymphoma), and it is also usemrimbination with other

cancer treatments.

Chemotherapy

Chemotherapy utilizes chemicals that interfere with the cell division precdasnaging

proteins or DNA- so that cancer cells will commit suicide. These treatments target any
rapidly dividing cels (not necessarily just cancer cells), but normal cells usually can recover
from any chemicainduced damage while cancer cells cannot. Chemotherapy is generally
used to treat cancer that has spread or metastasized because the medicines travel throughout
the entire body. It is a necessary treatment for some forms of leukemia and lymphoma.
Chemotherapy treatment occurs in cycles so the body has time to heal between doses.
However, there are still common side effects such as hair loss, nausea, fatiguaning.vo
Combination therapies often include multiple types of chemotherapy or chemotherapy

combined with other treatment options.
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Immunotherapy

Immunotherapy aims to get the body's immune system to fight the tumor. Local
immunotherapy injects a treadmt into an affected area, for example, to cause inflammation
that causes a tumor to shrink. Systemic immunotherapy treats the whole body by
administering an agent such as the protein interferon alpha that can shrink tumors.
Immunotherapy can also be caesied norspecific if it improves canceighting abilities by
stimulating the entire immune system, and it can be considered targeted if the treatment
specifically tells the immune system to destroy cancer cells. These therapies are relatively
young, butresearchers have had success with treatments that introduce antibodies to the body
that inhibit the growth of breast cancer cells. Bone marrow transplantation (hematopoietic
stem cell transplantation) can also be considered immunotherapy because tlseimiomone

cells will often attack the tumor or cancer cells that are present in the host.

Hormone therapy

Several cancers have been linked to some types of hormones, most notably breast and
prostate cancer. Hormone therapy is designed to alter hormongpoadn the body so that
cancer cells stop growing or are killed completely. Breast cancer hormone therapies often
focus on reducing estrogen levels (a common drug for this is tamoxifen) and prostate cancer
hormone therapies often focus on reducing stetone levels. In addition, some leukemia

and lymphoma cases can be treated with the hormone cortisone.

Gene therapy

The goal of gene therapy is to replace damaged genes with ones that work to address a root
cause of cancer: damage to DNA. For exampsearchers are trying to replace the damaged
gene that signals cells to stop dividing (the p53 gene) with a copy of a working gene. Other
genebased therapies focus on further damaging cancer cell DNA to the point where the cell
commits suicide. Gene thema is a very young field and has not yet resulted in any

successful treatments.
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Breast cancer

In women, the breasts are made up of fileducingglands [obuleg, milk ducts and
connective tissel (stroma). Milk is produced by cells in the lobules and moves from these
sacs, through the mammary ducts, to the nipple. Mresst cancersriginate in mammary

ducts.

Types of breast cancer
There are several different kinds of breast cancer. Howewermiajority of breast cancer

cases are classified as eithesituor invasive.

Invasive Breast Carcinoma (IBC)

Invasive breast cancer is cancer that spreads outside the membrane of the lobule or duct into
the breast tissue. The cancer can then sprdadhe lymph nodes in the armpit or beyond.
When breast cancer cells are found in other parts of the body, the cancer is called metastatic

breast cancer.

The two most common types oinvasive breast cancer include

1 Lobular carcinoma insitu (LCIS)

Lobularcarcinoman situdescribes breast cancer that is confined tartitle-producingylands
(lobules) of the breast.umorsclassified as LCIS amnade up of small uniform cells thate

similar to cells found in breast lobules. LCIS will not progressnt@asive reast cancer
therefore it is considered a risk factor for the development of invasive cancer rather than a
true precursor. It is also referred to as lobular neoplasia (LN), a more inclusive description

that also includes a typical lobular hyperplasfd H), another abnormal breast finding.
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Lobular carcinoman situ is most commonly found in pmmenopausal womebetween the
ages 40 and 50. It is not usually found omammogramand generallydoes not produce a
lump. These tumors are usually HER2 negatiy@and ER/PR positive (+) and therefore may
be treated witthormonetherapytamoxifer). Overall LCIS is highly treatable and in many

cases continued observation is enough.

1 Ductal carcinoma insitu (DCIS)

Ductal carcinoman situ describes breast cancdrat is confined to thenilk ducts of the

breast. Tumors classified as DCIS are made up of irregular cells that resemble cells found in
the ductal system of the breast. Unlike LCIS, DCIS can be detected on a mammogram and
usuallydoesproduce a lump. DCIS aounts for 20% of all breast cancers detected with
mammographyand about 85% oh situ cancersdiagnosedeach year in thénited States

Most cases of DCIS (~98%ill not becomemetastaticbut around 50% progress to invasive
breast cancer (IBC). The mession of DCIS to IBC is not completely understood and
because of this treatment recommendations vary. The most cotreatment plarior DCIS

is breastconserving surgery with or withouadiation Recurrence of DCIS is a possibility;
therefore prognost factors are calculated based mnclear gradémost importantfactor),

cell necrosis, and cell and tumor architecture75% of DCIS lesions are ER/PR positive

and 3050% of the time (more often in higirade lesions) HER2 is ovexpressed. DCIS
thatover express HER are associated with a negative prognosis. However, these biological
markers cannot fully predict recurrence risk, but may be helpful in follow up\at®e and

treatment planning.
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fig 5. Images of invasive breast cancer

Left
Patlology slide image of cancerous breast tissue, Right: Tumor (white area) in fatty breast

tissue.
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Novel Anticancer Targets

The pathogenesis of cancer is very complex. Currentlyt gffarts have been put tihe
identification of novel anticancer targetdattie discovery of anticancer drugs following the
progress of chemogenomics. Accordingly, the targets for anticancer drugs studies now are
focused on some biological macromolecular targets associated with cancer and several
interactive mechanisms involved the growth and metastasis of cancer cells as well as

tumour angiogenesis.

Targetsfor Breast Cancer

Hsp90

Hsp90 is an abundant protein in mammalian cells. It forms several discrete complexes, each
containing distinct groups of echaperones that assistotein folding and refolding during
stress, protein transport and degradation. It interacts with a variety of proteins that play key
roles in breast neoplasia including estrogen receptors, tumor suppressor p53 anotein,
angiogenesidranscription faar HIF-1alpha, antiapoptotic kinase Akt, RRfMAP kinase

and a variety of receptor tyrosine kinases of the erbB family. Elevated Hsp90 expression has
been documented in breast ductal carcinomas contributing to the proliferative activity of
breast canceredls; whilst a significantly decreased Hsp90 expression has been shown in
infiltrative lobular carcinomas and lobular neoplasia. Hsp90 over expression has been
proposed as a component of a mechanism through which breast cancer cells become resistant
to varnous stress stimuli. Therefore, pharmacological inhibition of HSPs can provide
therapeutic opportunities in the field of cancer treatmerdlifamino,17
demethoxygeldanamycin is the first Hsp90 inhibitor that has clinically been investigated in
phase lltrial, yielding promising results in patients with HERZerexpressing metastatic
breast cancer, whilst other Hsp90 inhibitors (retaspimycin HCL, {UR922, NVP-
BEP800, CNF2024/BIIB021, SNX422, STA9090, etc) are currently under
evaluationP13K: The cefral role of phosphoinositide-Bnase (PI3K) activation in tumour

cell biology has prompted a sizeable effort to target PI3K and/or downstream kinases such as
AKT and mammalian target of rapamycin (mTOR) in cancer. However, emerging clinical
data show linted singleagent activity of inhibitors targeting PI3K, AKT or mTOR at
tolerated doses. One exception is the respo
leukaemia, where a combination of emlirinsic and extrinsic activities drive efficacy. Here

we review key challenges and opportunities for the clinical development of inhibitors

targeting the PISKAKTTi mTOR pathway. Through a greater focus on patient selection,
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increased understanding of immune modulation and strategic application of rational
combinations, it should be possible to realize the potential of this promising class of targeted

anticancer agents.

Epidermal growth factor receptor

Theepidermal growth factor recept(EGFR ErbB-1; HER1in humans) is &ransmembrane
proteinthat is areceptorfor members of thepidermal growth factdiamily (EGF family)
of extracellulamproteinligands

The epidermal growth factor receptor is a member ofEdd family of receptorsa
subfamily of four closely relateckceptor tyrosine kinasesEGFR (ErbB
1), HER2/neuErbB-2), Her 3(ErbB-3) andHer 4(ErbB-4). Mutations affecting EGFR
expression or activity could result agancer Epidermal growth factor receptor (EGFR) is
atransmembraneprotethat is activated by binding of its specifigands
including epidermal growth facteandtransforming growth factod( T GE U)

3. AIM AND OBJECTIVES

The thiadiazole is one of the most important heterocyclic compound, having varied biological
activities and still of great scientific interest now a days. They are widely found in bioorganic

and medicinal chemistry withpalication in drug discovery. It is one of the most important
heterocyclic that has received much attention due to its remarkable propEnigdiazole

moi ety acts as fAhydma geadne cbtirnodni ndgo ndoor masi ynsot eamnod

constraind pharmacophore

The present study is under taken to synthesize some new derivatives of thiadiazole nucleus
which are expected to possess enhanced biological activity based up on the literature survey
reports. Review shows that thiadiazoles possess anticar act i vi ty. Al so S

versatile pharmacophore exhibiting a wide rangeia@bgical activities.

The present work is aimed to synthesize thiadiazoles from thiosemicarbazide- and p
nitrobenzoic acid to which ammonium thiocyanate is madesamtrwith forming thiourea
derivative. From this Schiffds bases are fo

with amino group of thiadiazole derivative.
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These derivatives will be subjected to docking studies and based upon the good docking score
those derivatives will be selected for the wet lab synthesis. The synthesized derivatives will
be subjected to spectral characterization and for further anticancer screening.

The main objective of the present wik can be summarized as follows

Insilico modeling

Insilico modeling of different derivatives will be carried out by using software such as
Chemsketch and Molinspiration. Compounds having drug likeness and molecular descriptors,
resembling those of standard molecules, and which obeys the Lipinslafréile will be
selected for wet lab synthesis.

Computer aided drug designs

The docking studies will be performed by using ARGUS LAB 4.0.1 software. The protein or
enzyme targets for anticancer studies needed to be selected into which the ligands will be
docked and the docking scores will be calculated. A standard inhibitor also will be docked
and the scores are correlated with ligand scores. The ligand showing higher docking scores

than that of the standard will be identified and will be synthesizdukifaboratory

Synthesis of novel analogues

Compounds showing better docking results will be planned to synthesize in the wet lab

characterization

The purity of the compounds will be checked by thin layer chromatography and will be
characterized by meitg point analysis. The structure of synthesized compounds will be
assigned by spectral analy$i®, *"HNMR, MASS,

Biological analysis

a. Cytotoxicity studies

Invitro cytotoxicity studies of the synthesized compounds will be screened using MTT assay
on MCF7 cell lines.
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4. MATERIALS AND METHODS
CHEMICALS
All chemicals and reagents used in this research work were of analytical or synthetic grade.

Compounds procured were purified and dried using standard methods before use, wherever

necessary.
1 Thiosemicabazide(HIMEDIA)

1 P-nitro benzoic acid(LOBA CHEMIE)

1 Ammonium thiocyanate(LOBA CHEMIE)

1 Sulphuric acid(NICE)

91 Hydrochloric acidNICE)

1 P-chlorobenzaldehyde(LOBA CHEMIE)

1 2-chlorobenzaldehyde(JOHN BAKER INC)

1 P-nitrobenzaldehyde(LOBA CHEMIE)

1 P-fluorobenzaldehyde(LBA CHEMIE)

1 O-methoxy,phydroxybenzaldehyde(vanillin)

1 4-hydroxy benzaldehyde(LOBA CHEMIE)

1 P-di methyl amino benzaldehyde(LOBA CHEMIE)
1 methanol

1 Chloroform(MERCK)

1 Silica gel G(SRL)

1 lodine(CHEMIND)

1 Ethanol(MERCK)

1 Glacial acetic acid(NICE)

SOFTWARE

1 ACD Chemske&h
1 Molinspiration

1 Arguslab4.0.1
1

Molegro molecular viewer

INSTRUMENTS
1 Melting point apparatus(NAVYUG)

1 Heating mantle
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T Burner

1 Vacuum oven(ROTEK)

METHODS

Methods of purification

i TLC

Purity of the compound is esrtained by TLC over precoatquteactivaed glass plates with
appropriate solvent systems. Purity of the compounds is confirmed by single spot in TLC and
consistency in the Ralue.

1 Melting point determination
Purity of the compounds is checked by the consistency in melting point using ogdimycap
method and are presented uncorrected.

1 Recrystallisation

The products in each synthetic step were purified by recrystallisation using ethanol

Methods of characterisation

The newly synthesised compounds are characterised by IR spectral analysis.

1 IR spectra
The synthesized compounds were characterized by IR spectra using KBr pellets in-JASCO
FT-IR4600TYPE

T 'HNMR
'H NMR of the synthesised compound were recorded in DMSO on Bruker Ultra Shield DPX
500. Chemi cal shi ft wer e to Tatrp MethyleSdanei (TMS)ldas ( pp m

internal standard.

1 MASS spectra
MASS spectra of the synthesised compound were recorded using- FE&MS\Shimadzu.

Methods of biological evaluation
1 Cytotoxic studies: MTT assay

Cell lines used: MCF 7 cell lines

WWW.W|ppS.com Vol 7, Issue 22018 881




Revasreeet al. World Journal of Pharmacy and Pharmaceutical Sciences

5. EXPERIMENTAL SECTION

Insilico Molecular Modeling Method

a. Quantitative Structure Activity Relationships

QSAR attempts to relate the physicochemical properties of the compounds to their biological
activity in a quantitative fashion by the use of equations. Intivadl QSAR, this typically
involves studying a series of analogues wi f
activities of the analogues. With the advent of computers and suitable software programme,
traditional QSAR studies have been largelpenseded by three dimensional quantitative
structural activity relationships (3D QSAR), where the physicochemical properties of the
complete molecules are calculated and then related to biological activity. QSAR is an
important tool in drug design technejgio achieve different objectives like elucidation of the
mechanism of action, classification of the compounds into various classes, optimization of

the lead compound and refinement of a synthetic target.

Typically, the electronic, steric and hydrophoproperties of each substituent are considered
when setting up a QSAR equation. Li pophilic
membranes. This is usually an important factor in determining how easily the drug passes
through lipid membranes. Theeetronic effects of the groups within the molecule will affect

its electronic distribution, which in turn has a direct effect bearing on how easily and
permanently the molecule binds to its target molecules. Drug size and shape will determine

whether the dig is able to get close enough to its target site in order to bind that site.

Determination of the molecular and drug likeness properties is one of the important aspects of
QSAR. Drug likeness properties are defined as a complex balance of variousilanolec
properties and structural features, which determine whether a particular molecule is a drug or
nontdrug. These properties are mainly hydrophobicity, electronic distribution, hydrogen
bonding characteristics such as transport affinity, reactivitycitgximetabolic stability etc.

These properties can be assessed by calculating molecular weight, log p, number of hydrogen

donors/acceptors or calculating important drug targets.

B. Important Molecular Descriptors

Log P

Octanoiwater system partition cffeeient log P is used in QSAR studies and the rational
drug design as a measure of molecular hydrophobicity, which affects the drug absorption,

bioavailability, hydrophobic drug interaction and metabolism of molecule as well as toxicity.
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According to this definition high value of log P denotes hydrophobic character and low value
denotes hydrophilic character. The biological activity is normally expressed as 1/c, where C
is the concentration of the drug required to achieve a defined biological activity.

9 Electronic Effects

The electronic effects of various substitue
polarity. This in turn may have an effect on how easily a dtag pass through cell
membranes or how strongly it can bind to a receptor. The electronic effects of a molecule can
be determined by Hammet constant ().

9 Steric Factors
For a drug to interact with an enzyme or a receptor, it has to first approach amihteto a
binding site. The bulk, size and shape of a drug may have an influence on this process. It is

usually expressed as Taft;Mteric constant.

1 Molecular Volume

Molecular volume determines transport characteristics of molecules, such as ihtestina
absorption or blood brain barrier penetration Volume is therefore often used in QSAR studies
to model molecular properties and biological activity. Various methods may be used to

calculate molecular volume, including methods requiring generation of 3&cuhar

| Log P = Concentt#n of drug in octanol/ Concentration of drug in aqueous sy

geometrics, or fragment contribution methods such as McGowan volume approximation.

Calculated volume is expressed in cubic Angstroms.

1 Number of rotatable bonds (n rotb)

This biological parameter is a measure of molecular flexibility. It hasvsho be a good
descriptor of oral bioavailability of drugs. Rotatable bond is defined as any singlégitbn
bond bounded to neterminal heavy (i.e. heahydrogen) atoms. Amine-@ bonds are not

considered because of their high rotational energy barrier.

Methodology of Docking
i Target Identification and Retrieval

Crystallographic structures of the targets of interest were obtained from PDB.
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Table 2: Target used for Docking and PDB 1D

Target PDB ID
EGFRTYROSINE KINSE| 1M14

1 Docking SoftwareArgus Lab

Docking, the computational simulation of a candidate ligand and binding to a receptor helps
to predict the binding orientation of small molecule drug candidates to their protein targets in
order to predict the affinity and activity of the small molecule. Kdag has an important role

in the rational design of drugs.

1 Preparing a Working Directory

A working directory is created to keep all the input and output files. The commands include
a. Defining the receptor

Defining the active site

Receptor grid generation

Importing the prepared structures

Starting and monitoring grid calculation

-~ ® o 0 o

Ligand docking

Specifying a set of grid files and basic options

> @

Specifying ligands to dock

Starting ligand docking job
j.  Examining the output file
k. Importing pose data

I.  Viewing poses

m. Displaying atoms by proximity.

Procedure for Docking
1 Preparation of Protein Molecule
The experimental structure of EGFR retrieved from the RCSB protein data bank as a PDB

file. The protein molecules were prepared mamhusingargus bb &ft site server

1 Preparation of Ligand
The ligand compounds were drawn using ACD/Chemsketch (12.0) and saved in MDL Mol

format. It is then loaded into Argus Lab
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1 Docking

The generated structure of various conformations of drug like molecules was then docked
into bindingsite of the receptor after generating a receptor grid around the site using argus
lab. Then docking was conducted.

SYNTHETIC SCHEME

OH

N/N
f [
Xo reflux NH,
HN-NH + 2 hour S
2 ethanol
=S O,N —
2
H,N CONC.H,S0, O,N
thiosemicarbazide 4-nitrobenzoic acid 5-(4-nitrophenyl)-1,3,4-thiadiazol-2-amine
N
N/
NH,SCN R I \ ethanol
o 1 NH glacial acetic acid
90 C S )\NH —
— / 2
S
7 hours o>
dil.HCI O2N /\©
1-[5-(4-nitrophenyl)-1,3,4-thiadiazol-2-ylthiourea Substituted benzaldehyde
N NH
/ S
N Y
]?
O,N R’

(Substituted)-3-[5(4-nitrophenyl) -1,3,4thiadiazol-2-yl]thiourea

Mechanism of schiffs base formation
Mechanistically, the formation of an imine involves two steps. First, the amine nitrogen acts
as a nucleophile, attacking the carbonyl carb®his is closely analogous to hemiacetal and

hemiketal formation.

HLA
<ﬁ? OH
C. —Cc—
=~ C~r R—C—R
K B R”NiH
H
T
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Based on kawledge of the mechanism of acetal and ketal formation, it is expected that the
next step would be attack by a second amine to form a compound with a carbon bound to two
amine groupisthe nitrogen version of a ketalnstead, what happens next is thatriieogen

is deprotonated, and the electrons fromthisiN bond O6pushdé the oxygen
leaving us with a C=N double bond (an imine) and a displaced water molecule.

HLA
OM
| R. R
R—C|3—R |<|3 +  H0
R—N) N
l R
H

\«:B

The conversion of an imine back to an aldehyde or ketone is a hydrodysis,

mechanistically is simply the reverse of imine fotima.

SYNTHETIC PROCEDURE

Step 1: synthesis of thiadiazole

A mixture of thiosemicarbazide (0.1 mol,9.11 g) anditdobenzoic acid (0.1 mol,16.7 Q)

and conc. Sulphuric acid (5 ml ,as catalyst) 08l ethanol was refluxed for 2 hours(reaction
completion monitored by TLC)and poured on to crushed ice. The solid separated was

filtered, washed with cold water and recrystallized from ethanol to obtain pure white crystals

Step .2.synthesis of-[5-(4-nitrophenyl) -1, 3, 4thiadiazol-2-yl] thiourea

To a solution of thiadiazole derivative (0.005 mol) in dil. hydrochloric acid, ammonium
thiocyanate (0.01 mol) was added. The reaction mixture refluxed for 7 hour at 90 °C .The
resulting solution cooled, ddl obtained filtered recrystallized from ethanol. White solid

obtained.

Step. 3: Synt hesi s d9-(4-ni8aphrenyh -1, 3s 4thindiszd-2yl] o f 1
thiourea 3a) Preparation of 4chlorophenyl methylidene3-[5-(4-nitrophenyl)-1, 3, 4
thiadiazol-2-yl] thiourea (T4C).

Mix aminothiadiazole thiourea derivative (0.1 mol, 2.81 g) arthgdrobenzaldehyde (0.1

mol) in ethanol, add few drops of glacial acetic acid. The mixture is refluxed fordmix t

hours (monitored by TLC). The reaction mixtusgoued on tocrushed ice with stirring. The
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solid separated is filtered, washed with water,driedand recrystallized from ethanol. Off white,

shining crystals were formed.

3b)preparation of -Z2hlorophenyl methyliden8-[5-(4-nitrophenyl}1, 3, 4thiadiazoi2-yl]
thiourea(T2C)

Mixaminothiadiazole thiourea derivative (0.1 mol, 2.8 g)ang&hd@ro benzaldehyde (0.1
mol) in ethanol, add few drops of glacial acetic acid. The mixture is refluxed for four to six
hours (monitored by TLC). The reaction mixture is pourexh to crushed ice with stirring.
The solid precipitated is filtered, washed with water, drematd recrystallized from ethanol.
Light brown crystals formed

3c) preparation of 4luorophenyl methyliden@-[5-(4-nitrophenyl}1, 3, 4thiadiazol2-yl]
thiourea (T4F).

Mixaminothiadiazole thiourea derivative (0.1 mol, 2.81 g) anflucto benzaldehyde (0.1

mol) in ethanol, add few drops of glacial acetic acid. The mixture is refluxed for four to six
hours (monitored by TLC). The reaction mixtureis poured orto crushed ice with stirring.

The solid separated is filtered, washed with water, dried and recrystallized from ethanol. Pure

white crystals obtained.

3d) preparation of qlimethyl amino methyliden8-[5-(4-nitrophenyl}1, 3, 4thiadiazoi2-

yl] thiouregT4DA)

Mixaminothiadiazole thiourea derivative (0.1 mol, 2.81 ¢g) anddi 4methyl
aminobenzaldehyde (0.1mol) in ethanol, add few drops of glacial acetic acid. The mixture is
refluxed for four to six hours (monitored by TLC)The reaction mixtureis poured on
tocrushed ice with stirring. The solid separated is filtered, washed with water, dried and

recrystallized from ethanol. Orange crystals obtained.

3e) preparationof -4hydroxy, 3methoxyphenyl methylidene-[5-(4-nitrophenyl}1, 3, 4
thiadiazoi2-yl] thiourea(T4HM) .

Mixaminothiadiazole thiourea deative (0.1mol, 2.83) and 4-hydroxy 3methoy
benzaldehyde (vanillin) (Orol) in ethanol, add few drops of glacial acetic acid. The mixture

is refluxed for four to six hours (monitored by TLC).The reactiontone is poured on to
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crushed ice with stirring. The solid precipitated is filtered, washed with watied and
recrystallized fronmethanol. Off white crystals obtained

3f) preparation of <itro-phenyl methyliden&-[5-(4-nitrophenyl}1, 3, 4thiadiazoi2-yl]
thiouregT4N)

Mixaminothiadiazole thiourea derivative (0.1 mol, 2.81 -g)td-benzaldehyde (0.1 mol) in
ethanol, add few drops of glacial acetic acid. The mixture is refluxed for four to six hours
(monitored by TLC). The reaction mixtureis poued on tocrushed ice with stirring. The
solid precipitated is filtered, washed with wateiriedand recrystallized from ethanol.
Yellowish crystals obtained

3g) preparation of 4ydroxy-phenyl methylidend-[5-(4-nitrophenyl}1, 3, 4thiadiazol2-
yl] thiourea(T4H)

Mix amino thiadazole thiourea derivative (0.1mol, 2d@)14-hydroxy-benzaldehyde (0.1
mol) in ethanol; add few drops of glacial acetic acid. The mixture is refluxed for four to six
hours (monitoed by TLC).The reaction mixturés poured on tawished ice with stirring. The
solid separated is filtered, washed with water, dried and recrystallized from ethanol. Light

brown crystals obtained.

Table 3: List of Derivatives.

compound
code

name structure

7

N NYN%/N\
1-[(4chlorophenyl)methylidene}-[5-(4- s S
T4C nitrophenyl}1,3,4thiadiazoi2-ylJthiourea

ON al

. S

1-[(2-chlorophenyl)methylidene3-[5-(4- s S o

T2C nitrophenyl}1,3,4thiadiazoi2-ylJthiourea
O,N
N NH
N/ N N\

1-[ 4-fluorophenyl)methylideneB-[5-(4- T 75’/

T4F nitrophenyl}1,3,4thiadiazoi2-ylJthiourea

O,N F
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1{4(dimethylamino)phenyl]methylidene3-[5-

T4DA (4-nitrophenyl}1,3,4thiadiazoi2-yl]thiourea

1[4nitrophenyl)methylidene}-[5-(4-

T4N nitrophenyl}1,3,4thiadiazoi2-ylJthiourea

1-[(4hydroxyphenyl)methylidene}-[5-(4-

T4H nitrophenyl}1,3,4thiadiazoi2-ylJthiourea

T4HM yl]thiourea

1(4-hydroxy-3-methoxyphenyl)methylidened-
[5-(4-nitrophenyl}1,3,4thiadiazoi2-

INVITRO ANTI CANCER ACTIVITY

Methodology

The derivatives were studied for their cytotoxic effects on human breast carcinoma (MCF 7).

MCF 7 was

bovine serum. All cells were maintained at®875% CQ 95% air and 100% relative

grown in Dulbeccods modified

eagl

humidity. Maintenance cultures were passaged weekly, and the culture medium was changed

twice a week.

Cell Treatment Procedure

Cells were detached with trypsinethylenediarnme tetra acetic acid (EDTA) to make single

cell suspensions and viable cells were counted using a haemocytometer and diluted with

medium with 5% FBS to give final density of 1Xi@lls/ml. One hundred microliters per
well of cell suspension were seedatb 96 well plates at plating density of 10,000 cells/well
and incubated to allow for cell attachment afc375%CQ 95% air and 100% relative

humidity. After 24hr the cells were treated with serial concentrations. They were initially

dissolved in neatithethyl sulfoxide (DMSO) and further diluted in serum free medium to

produce five concentrations. One hundred microliters per well of each concentration was

added to plates to obtain final concentrations. The final volume in each well was 200ul and

the pldes were incubated at 27 5%CQ 95% air and 100% relative humidity for 48 hr. The

medium containing without samples were saved as control. Triplicate was maintained for all

concentrations.

MTT assay
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MTT is a yellow water soluble tetrazolium salt. A aghondrial enzyme in living cells,
succinate dehydrogenase, cleaves the tetrazolium ring, converting the MTT to an insoluble
purple formazan. Therefore the amount of formazan produced is directly proportional to the

number of viable cells.

After 48hr of hcubation, 15 pl of MTT (5mg/ml) in phosphate buffered saline (PBS) was
added to each well and incubated dlc¥ar 4hr. The medium with MTT was then flicked off

and the formed formazan crystals were solubilized in 100ul of DMSO and then measured the
absabance at 570nm using micro plate reader. The percentage cell inhibition was determined
using the following formula and the IC 50 was calculated using Graph Pad Prism software.
%Cell Inhibition = 100AbSsampld AbScontro<100

6. RESULTS AND DISCUSSIONS

Insilico molecular modeling

Insilico molecular analysis of different analogues of thiadiazole has been done. None of the
compound violate OLipinski rule of fiveod.

activity by various drug design softwares weedected for wet lab synthesis.

Table 4. Molecular properties of proposed derivatives
Sl. no: Compound TPSA | No of atoms| Mol weight
Code
1 TAC 96 26 403.88
2 T2C 96 26 403.88
3 TAF 96 26 387.42
4 TADA 99.24 28 412.5
5 T4HM 125.46 28 41546
6 T4N 141.82 28 414.43
7 T4H 116.23 26 385.43
Table 5: Lipinski rule analysis of proposed derivatives by molinspiration
sino Compound | Mi Molar n[|C_|)N N OHNH-H r(r)]t ~n
' code log P | volume d acceptors violations
onors] b
1 TAC 493 | 309.65 7 1 6 0
2 T2C 4.89 | 309.65 7 1 6 0
3 TAF 4.42 | 301.05 7 1 6 0
4 TADA 4.36 | 342.02 8 1 7 0
5 T4HM 3.6 | 329.68 9 2 7 0
6 T4H 3.78 | 304.14 8 2 6 0
7 T4N 421 | 319.45 10 1 7 0

Table 6: Best ligand poses energy for proposed derivatives
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Compound cod¢ Best ligam pose energy(K cal/mo| BEST POSE
T4H -9.87 43
T4C -10.29 51
T4F -10.09 48
TADA -6.93 33
T3F -6.37 20
T4N -7.16 39
T4HM -7.88 40
T3N -6.85 25
T3C -6.55 23
T2C -10.65 55

L3y8 f 76S Pro 770
Threso‘v ahy ¥ ¢in
i°he £32

A [ —
r
e 1766

Leu 768

AN Ala719

Lys 704
64 Leu 694

LyS 75 2

Fig 10: hydrophobic interaction of T2C.

Fig 11: electrostatic interaction of T2C.

Characterization
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Analogues designed by insilico studies were selected for wet lab synthesis based on the
better scores obtained by docking. The reaction sequence leading to the formation of titled

compound is shown on the scheme.

Purity of the compound was checked by TLC and consistency in melting points. Chloroform:
methanol (9:1) system was found to be ideal system. The characterizations of the derivatives
were carried out by various spectroscopic methods such as EANMR, **CNMR and

MASS.

Table-7-Preliminary characterization of newly synthesized compounds

Compound cod¢ Mol. formula | Mol. weight | Melting point| % yield | Rf value
TAC Ci16H10CIN5O,S, 403.86 208 65 0.72
T2C C16H10CIN5O2S, 403.86 238 76 0.76
T4F Ci6H10FN5O2S, 387.4 228 74 0.79
T4N C16H10Ns04S, 414.41 140 88 0.84
TADA C18H16Ns02S, 412.48 120 92 0.78
T4H C16H11N503S, 385.42 201 62 0.68
T4HM Ci17H13Ns04S, 415.44 218 84 0.76

IR spectral analysis
IR spectra of the synthesized compound were recorded using FTIR mange of 3500
500cn* on JASCO FTIR 4600 Spectrophotometer darthe functional groups of the

compounds were determined from the IR spectra

Table 8: IR spectral analysis

gganepound IR peaks (cri)

T4N 3112 (ArH); 1595(C=C); 718(€S); 2982(CGH stretching asym);
2852(CGH stretching, sym); 1055@Nl); 1277(CN); 1524(C=N).

TAC C=N(1493);C=C(1630);N(1347);NN(1107);GS(767);GCI(73)

T2C C=N(1478);C=C(1456);N(1350);GS(762);GCI(697)

TAF Ar-H (3110); AFNO2 (1525); GF (1105); GS (718).

T4DA N-Hstr(3434);ArH(3113);GHasymstr(2831);cH
symstr(2360);C=C(1578);Ai02(1523);EN(1418);CS(721)

T4H 0O-H(3652);ArH(3120);ArN0O2(1597);GS(714)

T4HM Ar-H(3116);C=N(1579);C=C(1460):NI(1176);CN(1420);Ar
NO2(1544);CS(718).
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'H NMR spectral analysitH NMR of the synthesised compound was recorded in DMSO on
Bruker Ultra Shield DPX 500. Chemical shift w

Silane (TMS) as internal standard.

Table 9: NMR spectra.

Compound code 'HNMR ( DMSQ)) 35
T4C U 7.7 _8:H)5 ( SuHh,. Ar( 1
8.1-( H; CH)-7.6(4H,AZH) 3

Mass spectral analysis
Mass spectra were obtained withIMSD TrapSL 2010 AShimadzu.

Molecular mass of T4C is 403.86 and a peak is obtained at 405.

Invitro anticancer screenng
The anticancer activity of the selected novel analogues were screened using MTT assay on
MCF-7(Michigan Cancer Foundatief)

Table 10: IC50 values of tested compounds on MCF

% viability

Compound code ICso

50 100 150 200 250 | [Mg/mi]

CONTROL | i g/mi] | [ug/mi) | [ug/mi] | [ug/mi] | [ug/mi)

T2C 99.8 65.8 | 40.4 | 345 | 30.3 | 25.0 65
T4C 99.8 62.44 | 50.8 | 4225 | 3545 | 3055 | 99
TAF 99.8 77.65 | 70.45 | 4055 | 3455 | 31.44 | 134
T4H 99.8 82.45 | 78.45 | 51.85 | 44.34 | 4265 | 144
T4HM 99.8 84.45 | 76.34 | 67.23 | 56.97 | 55.66 | 158
T4N 99.8 77.25 | 7055 | 65.34 | 50 45.5 200
T4ADA 99.8 88.09 | 77.8 | 70.0 65 49 249

TABLE 11: STRUCTURE AND ACTIVITY OF DERIVATIVES.

Slno| code structure Docking score Anticancer 1Go pug/ml

/\ S

1 |T4ac d é -10.29 99
S

2 |T2C d é/ -10.65 65
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FIG 12: Conc. [xaxis] Vs % viability [y -axis] of derivatives
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NMR-T4N

N/NYNHZ
N\

S

OLN

5-(4-nitrophenyl ) thiadiazol2-amineNMR
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FSMS-1010A DATA REPORT

SHIMADZU
User : Admin
Sample : RV-C-1
Solubility : Alcohol
Data Name : C:\FSMSsolution\User\Data\LNE-1 . ESIL.POSI.qld
Method Name : C:A\FSMSsolution\User\Method\esi.qlm
FSMS Spectrum
1

The preliminary insilico screening of various thiadiazole analogues were performest$s as

the drug like properties using Molinspiratigoftware. Molecular structusere drawn using
Chemsketch and various molecular properties like Molar volume, Polarizability etc were
generated. Drug likeness properties of the proposed analogues weaed sindi calculated.
Properties like Partition coefficient value, number of H donor atoms, number of H acceptor
atoms, number of rotatable bonds, and number of violations involved in each were studied.

All the compounds obeyed the Lipinski rule of five.

Docking studies of 7 different analogues were carried out against cancer targets like EGFR
TK using softwares Argus lab and Molegro molecular viewer. Various interactions like
hydrogen bonding, hydrophobic, electrostatic interaction of the docked moleceles w
viewed using Molegro molecular viewer. The docking scores were tabulated. Among the
docked molecules, seven different analogues with better docking score were selected for the

wet lab synthesis.

The synthesis done by following way’thiosemicarbade was allowed to react withmitro
benzoic acid forming nitro phenyl amino thiadiazole; secondigutea derivative was
obtainedThe amino group is next treated with aromatic aldehyde forming the imines (C=N)
group. Literature review also revealed thatcorporation of amino groups showed a wide

range of altered pharmacological activities.
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In-vitro cytotoxicity studies of the synthesized compounds were carried out by MTT assay on
MCF-7 cell lines. The values obtained were plotted against % Growthitiohi and
Concentration gives a ndimear graph which results in the d@alues of each compound.
Results revealed T2C, T4C and T4F have significant activity among the analogues.

7. CONCLUSION
This work was aimed at the rational approach in designdawelopment of some novel
thiadiazolethiourea analogues which possess altered cytotoxic activities.

The results of preliminary insilic@creening and molecular docking of various analogs
showed that all candidates obey Lipinski rule of five and goodptecenteraction with

cancer targets EGFRK.

Docking studies revealed that hydrogen bond interaction played a major role in the anticancer
activity of the derivatives. Hydrophobic interaction of the synthesized derivatives with
hydrophobic centers in theceptors also studied and found that the interaction is also very

effective for excellent drugeceptor binding.

The compounds which showed better docking scores were screeneeviimo anticancer
activity carried out by MTT assay on M&Fcell lines. Among this T4C and T4F exhibited
significant activity on the cell lines. Thus it was observed that T2C,T4C and T4F contain
strong electron withdrawing atoms (Cl and F) at the ortho and para position enhance the

potency of drugs.

So in future, by incomrating more electronegative atoms on ring systems into these
derivatives, their activity can be enhanced and can be marketed as a good anticancer drug. So
it can be concluded that novel thiadiazti@urea hybrid analogues were considered as the

future kad molecule for drug discovery.
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