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44)
INTRODUCTION AND REVIEW OF LITERATURE

Medicinal chemistry remains a challenging science, which provides profound
satisfaction to its practitioners. It intrigues those of us who like to solve problems
posed by nature. It verges increasingly on biochemist by and on all the physical,
genetic and chemical riddles in animal physiology, which bears on medicine.
Medicinal chemists have a chance to participate in the fundamentals of prevention,
therapy and understanding of diseases and thereby to contribute to a healthier and
happier life.
A. Burger

Taken in the prospective sense, medicinal chemistry relates to the design and
production of compounds that can be used in medicine for the prevention, treatment
or care of human and animal diseases. Medicinal chemistry includes the study of
existing drugs for their biological properties and structure-activity relationships.

An early definition of medicinal chemistry was given by an IUPAC specialised
commission. ‘Medicinal chemistry concerns the discovery, the development, the
identification, and the interpretation of the mode of action of biologically active
compounds at the molecular level. It may involve synthesis of new compounds,
investigations of the relationships between the structure of natural and / or synthetic
compounds and their biological activities, elucidations of their interactions with
receptors of various kinds, including enzymes and DNA, the determination of their
absorption, transport and distribution properties, and studies of the metabolic

transformations of these compounds into other chemicals.

Medicinal chemistry covers three critical steps’

e A discovery step, consisting of identification and production of new active

substances, usually called ‘lead’ compounds. The lead compounds can
originate from synthetic organic chemistry, from natural sources or from

biotechnological processes.

e An optimization step, dealing mainly with the synthetic modification of the iead

structure in order to improve potency, selectivity and to lessen toxicity.

e A development step, consisting of optimization of the synthetic route for bulk

products and the modification of the pharmacokinetics and the pharmaceuticél
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properties of the active substance, to render it suitable for clinical use. This
process can involve the preparation of chemical formulations that are better
absorbed, or are more water-soluble, or have sustained release properties.

Drug Discovery

The lead is a prototype compound that has the desired biological or pharmacological
activity, but may have many other undesirable characteristics, for example, high
toxicity, other biological activities, insolubility or metabolism problems. The structure
of the lead compound is then modified by synthesis to amplify the desired activity
and to minimize or eliminate the unwanted properties. Thus, the paramount duty of
medicinal chemist is to prepare compounds which possess significant biological
activity by modifying the structure and to see whether the modification results in the
enhancement of biological activity. Since the biological properties of a compound are
determined by its chemical structure, one ought to be able to change them by
varying it?.

Choice of lead structure

1. From biological concepts
Three such sources are —

a. Endogenous compounds governing physiochemical functions. e.g.
R-blocker propranolol is a molecular modification of noradrenaline.

b. Compounds, with activity proven clinically

C. Compounds, active in pharmacological or biochemical models, but
have not been tested clinically.

2. From Biomolecular structures or processes

a. From resolution of 3-D molecular structures of binding sites
3-D structure of renin and its substrate was proposed from the study of
related aspartyl protease®, Inhibition of renin thus developed as a new
concept in the therapy of hypertension.

b. From binding models derived from QSAR
Hansch provided evidence for the feasibility of this approach, whereby
it was concluded that the phenyl ring partly enters the hydrophobic part
and partly remains exposed to the surrounding aqueous medium, thus,



its tipophilicity can be tailored to the desired result by suitable
substitution(s).
C. From biochemical mechanisms related to drug action

3. From chemical concepts

Search is made on the basis of chemical structure that has been discovered

but not pharmacologically investigated, e.g. discovery of benzodiazepine®.

4. From natural source

A number of antibiotics, peptides, steroids and several bioactive compounds

have been developed from naturally occurring ‘lead’ compounds.

5. From targeted screening

Various materials like plant extracts, fermentation broth, chemicals, prepared
test compounds etc. are subjected to targeted screening.

Lead Discovery .
In general, the difficulty arises in the discovery of the lead compound. There are
several approaches that can be taken to identify a lead. The first requirement for all

of the approaches is to have a means to assay compounds for a particular biological
activity.

1) Random Screening

Random screening hardly involves intellectualization; all compounds are tested in
the bioassay without regard to their structures. Prior to 1935, random screening was
essentially the only approach; today, this method is used to a lesser degree.
However, random screening programs are still very important in order to discover
drugs for various targets. The two major classes of materials screened for biological
activities are synthetic chemicals and natural products.

2) Non-random Screening

It is a slightly narrow approach when compared with random screening. In this case,
compounds having a vague resemblance to weakly active compounds, uncovered in

a random screen, or compounds containing different functional groups than leads
may be tested selectively. S



3) Drug Metabolism Studies

During metabolic studies, drug metabolites that are isolated are screened in order to
determine if the activity observed is derived from the drug candidate or from a
metabolite. For example, the anti inflammatory drug Sulindac (1) is not the active
agent; the metabolic reduction product (ll) is responsible for the activity®.

COOH COOH

F F
o o

| |

S
l
(|3H3 (1) CH; (1)

4) Clinical Observations

Often a drug candidate, during animal testing or clinical trials, will exhibit more than
one pharmacological activity, that is, it may produce a side effect. This compound,
then can be used as a ‘lead’ for the secondary activity.

An antibacterial agent, Carbutamide (lll, R = NH; ) was found to have an antidiabetic
side effect. However, it could not be used as an antidiabetic drug because of its
antibacterial activity. Carbutamide, then, was a lead for the discovery of Tolbutamide
(Ifl, R = CHa), an antidiabetic drug without antibacterial activity.

0
|
R~®-502NHCNHCH2CHZCHZCH3

(1)

5) Rational Approaches to Lead Discovery

Rational approaches to drug design have now became the major routes to lead
discovery. The first step is to identify the cause for the disease state. Most diseases,

or at least the symptoms of diseases, arise from an imbalance of particular



chemicals in the body, from the invasion of a foreign organism or from aberrant cell
growth.

Once the relevant biochemical system is identified, lead compounds then become
the natural receptor agonists or enzyme substrates. For example, it was believed
that Serotonin (IV) was a possible mediator of inflammation and consequently,
Serotonin was used as a lead for anti-inflammatory agents. From this lead, the anti-
inflammatory drug Indomethacin (V) was developed®.

OH
H;CO

HO
N CH;3;

N
H (0]

(1v) - (V)

Drug Development : Lead Modification
Once your lead compound is in hand, how do you know what to rhodify in order to
improve the desired pharmacological properties?

A) Identification of the active part : The Pharmacophore

Interactions of drugs with receptors have been very specific. Therefore, only a small
part of the lead compound may be involved in the appropriate interactions. The
relevant groups on a molecule that interact with a receptor and are responsible for
the activity are collectively known as the pharmacophore. If the lead compound has
additional groups, they may interfere with the appropriate interactions. One approach
to lead modification is to cut away sections of the molecules in order to determine

which parts are essential and which are superfluous.

B) Functional Group Modification

The amino group of Carbutamide (lll, R = NH2) was replaced by a methyl group to
give Tolbutamide (lll, R = CH3), and in doing so the antibacterial activity was
separated away from the diabetic activity. In some cases, an experienced medicinal

chemist knows what functional group will elicit a particular effect. Chlorothiazole (Vi)
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is an anti-hypertensive agent that has a strong diuretic effect as well. This was
predictable because it was known from the work on sulfonamide that the
sulfonamides side chain can give diuretic activity.

Cl N
ﬁ
S,N\H
NH,SO, Oé 0
(V1)

C) Structure Activity Relationships (SAR)

Drugs can be classified as being structurally specific or structurally-non-specific.
Structurally specific drugs, which most drugs are, act at specific sites, such as a
receptor or an enzyme. Their activity and potency is very susceptible to small

changes in chemical structure. Structurally-nonspecific drugs have no specific site of

action and usually have lower potency. Similar biological activities may occur with a

variety of structures. e.g. gaseous anesthetics, sedatives and hypnotics.

Even though only a part of the molecule may be associated with the activity, there

are a multitude of molecular modifications that could be made for drug development.

Early SAR studies (Prior to the 1960s) simply involved the syntheses of as many
analogs as possible of the lead compound and their testing to determine the effect of
structure on activity (or potency). Once enough analogues were prepared and

sufficient data accumulated, conclusions could be made regarding structure- activity
relationships.

D) Structure modification to increase potency and therapeutic index

After years of structure activity relationship studies, various molecular modification
approaches have been developed for the systemic improvement of the therapeutic
index, which is a measure of the ratio of undesirable to desirable drug effects. The
larger the therapeutic index, the greater the margin of safety of the compound. A
number of these structural modification methodologies follow

1. Homologation

A homologous series is a group of compounds that differ by a constant unit,

generally a CH» group for many series of compounds. The lengthening of a saturated
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carbon side chain from one methyl to five to nine atoms (pentyl to nonyl) produces
an increase in pharmacological activity. Further lengthening results in a sudden
decrease in potency. A study by Dohme ef al’ on a 4-alkyl-substituted resorcinol
derivative showed that the peak antibacterial activity occurred with 4-n-
hexylresorcinol, a compound now used as a topical anesthetic in a variety of throat
lozenges.

2) Chain Branching

When a simple liphophilic relationship is important then chain branching lowers the
potency of a compound. Chain branching can also interfere with receptor binding.
Major pharmacological changes can occur with chain branching and homologation.
For example, the antimalarial drug Primaquine (VIl) is more potent than any of its
secondary or tertiary amine homologue.

H;CO N

S

N
NH-—-(I:H(CH2)3NH2

CH;
(VIl)

3) Ring Chain Transformations

Another modification that can be made is the transformation of alkyl substituents ihto
cylic analogs. Consider Promazine (VHI, X = H, R = (CH2)sN(CHs), and
Chlorpromazine [VIII, X = Cl, R = (CH2)sN(CHas);] which differ in the substituent X, but
are equivalent as tranquilizers in animal tests.

SOSN

l
R

(VIII)
4) Bioisosterism

Bioisosters are substituents or groups that have chemical or physical similarities, and
which broadly produce similar biological properties®. Bioisosterism is a lead



modification approach that has been shown to be useful to attenuate toxicity or to
modify the activity of a lead, and it may have a significant role in the alteration of the
metabolism of a lead.

There are classical isosters®'®

and nonclassical isosters''. Erlenmeyer'? later
redefined isosters as atoms, ions or molecules in which the peripheral layers of
electrons can be considered to be identical. It is, actually, quite surprising that
bioisosterism should be such a successful approach to lead modification. On making
a bioisosteric replacement, one or more of the following parameters will change-size
shape electronic distribution, lipid solubility, water solubility, pka, chemical reactivity
and hydrogen bonding. The modifications made to a molecule may affect one or
more of the following -

1) Receptor interaction

2) Pharmacokinetic

3) Metabolism

E) Quantitative Structure — Activity Relationships (QSAR)

The concept of quantitative drug design is based on the fact that the biological
properties of a compound are a function of its physicochemical parameters, that is
physical properties, such as solubility, lipophilicity, electronic effects, ionization and
stereochemistry, which have a profound influence on the chemistry of the compound.
The first attempt to relate a physicochemical parameter to pharmacological effect
was reported in 1893 by Ricket'>. He observed that the narcotic, action of a group of
organic compounds was inversely related to their water solubility. Overton'* and
Meyer'® related tadpole narcosis induced by a series of non-ionized compounds
added to the water in which the tadpoles were swimming, to the ability of the
compounds to partition between oil and water. In 1951 Hansch et a/'® noted a

correlation between the plant growth activity of phenoxyacetic acid derivatives and
the electron density at the ortho position.

A number of reviews have documented the history, strategy and successes of
quantitative drug design, i.e. design using QSAR method'”%. The impact of QSAR
methods on drug discovery and lead optimization may be manifold(figure 1)%* |
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Physicochemical Parameters

I) Electronic Effects : The Hammett Equation.

The electronic effects of various substitutents clearly have an effect on a drug's
ionization or polarity. This in turn may have an effect on how easily a drug can pass
through cell membranes or how strongly it can bind to a receptor. It is, therefore,
useful to have some measure for the electronic effect a substituent can have on a
molecule. As far as substituents on an aromatic ring are concerned, the measure

used is known as the Hammett substitution constant, denoted by the symbol c.

The Hammett substitution constant (c) is a measure of the electron withdrawing or
electron-donating ability of a substituent and has been determined by measuring the
dissociation of a series of substituted benzoic acid derivatives and corhparing them
with the dissociation of benzoic acid itself.

The Hammett substituent constant (ox) for a particular substituent (x) is defined by
the following equation.

o X = log Kx / Ky = logKx — log Ky

i) Lipophilicity effects : The basis for the Hansch Equation.
The crucial breakthrough in QSAR came when Hansch and co-workers®?®

conceptualized the action of a drug as depending on two processes. The first

process is the journey of the drug from its point of entry into the body to the site of



action (Pharmacokinetics), and the second process is the interaction of the drug with

the specific site (Pharmacodynamics).

However, the biological activity of most drugs is related to a combination of
physicochemical properties. In such cases, simple equations involving only one
parameter are relevant, only if the other parameters are kept constant. In reality, this
is not easy to achieve and equations which relate biological activity to more than one
parameter are more common. These equations are known as Hansch equations and
they usually relate biological activity to the most commonly used physicochemical

properties. (p and / or &, o, and a steric factor).

The Hansch group®?’ suggested that a reasonable model for the first step in drug
action (transport to the site of action) would be the ability of a compound to partition
between 1-octanol, which would simulate a lipid membrane, and water (the aqueous
phase). Hansch believed that there should be a linear free energy relationship
between liphophilicity and biological activity. As a suitable measure of lipophilicity,
the partition coefficient, P, between 1-octanol and water was proposed®?’ and P
was determined by following equations, where «a is the degree of dissociation of the

compound in water, calculated from ionization constants.
P = [Compound]o« / [Compound]aq (1 - a)]]

If the range of hydrophobicity values is limited to a small range then the equation will
be linear as follows -

Log (1/c) = KilogP + Koo + KaEs + K4

If P values are spread over a range, then the equation will be parabolic for the same
reasons.

Log (1/c) = -K:(logP)? + KalogP + Kso + K4Es + Ks

The constants K — Ks are determined by computer in order to get the best fitting line.
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i) Steric Effects : The Taft Equation
Since interaction of a drug with a receptor involves the mutual approach of two
molecules, another important parameter for QSAR is the steric effect. Es constant,

defined by the following equation (acid-catalyzed hydrolysis of RCOOR' Vs
CH3sCOOR’) 2, was the first parameter, which was used to describe steric effects in
QSAR studies

Es = log (K/ Ko)a

Two other steric parameters worth mentioning are molar refractivity (MR) and
Verloop parameter. Molar refractivity”® is defined by the Lorenz-Loren z equation
given below, where n is the index of refraction at the sodium D line, MW is the
molecular weight of the compound and d is the density of the compound. The greater
the positive MR value of a substituent, the larger is its steric or bulk effect. This
parameter also measures the electronic effects and, therefore, may reflect dipole-
dipole interactions at the receptor site.

MW =[(n°-=1)/(n’+2)] [ MW/d ]

The Verloop Steric Parameters® are used in a program called STERIMOL to
calculate the steric substituent values from standard bond angles, van der Waals
radii, bond lengths and user-determined reasonable conformations. Five parameters
are involved. The length(L) of the substituent along the axis of the bond between the
substituent and the parent molecule and four width parameters (B-B,) are measured
perpendicular to the bond axis, are used.

Method used to correlate physicochemical parameters with biological activities

a) Hansch analysis: A linear multiple regression analysis

b) Free and Wilson or de novo method

c) Enhancement factor

d) Manual stepwise methods. Topliss operational schemes and others.

e) Batch selection methods. Batchwise Topliss operational scheme, cluster analysis

a) Hansch Analysis; A Linear Multiple Regression Analysis

With the realization that there are (at least) two considerations for biological activity

namely, lipophilicity (required for the journey of the drug to the site of action) and
11 LY mes
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electronic factors (required for drug interaction with the site of action), Hansch and
Fujita gave an equation known as the Hansch equation. Here C is ‘the molar
concentration (or dose) that elicits a standard biological response, the terms K K', p,
and K" are the regression coefficients derived from the statistical curve and r and o

are the lipophilicity and electronic substituent constants, respectively.
Log (1/c) = -Kn? + K'n + po + K’
Log (1/c) = -K(log P)* + K'(log P) + po + K’

Because of the importance of steric effects and other shape factors of molecules for
receptor interactions, an Es term and a variety of other shape, size, or topography
terms (S) have been added to the Hansch equation.

Log (1/c) = -an’+br + po+ cEs +dS + e
Hansch analysis, is also called the extrathermodynamic method

The advantages of this method are

1) The use of descriptors (rn, o, Es, MR) permits data collected from simple organic
chemical model systems to be utilized for the prediction of biological activity in
complex systems.

2) The predictions are quantitative with statistical confidence limits.

3) The method is easy to use and is inexpensive.

4) The conclusions that are reached may have applications beyond the substituents
included in the particular analysis.

The disadvantages of this method are
1) There must be parameter values available for the substituents in the data set.

2) A large number of compounds must be included in the analysis in order to have
confidence in the derived equations.

3) An expertise in statistics and computer use is essential.

4) Small molecule interactions are imperfect models for biological systems.

12



5) Since QSAR study is empirical, it is a retrospective technique that depends on
the pharmacological activity of compounds belonging to the same structural type,

and, therefore, new types of active compounds are not discovered.

b) Free and Wilson or de Novo Method

Free and Wilson® reported a general mathematical method for assessing the

occurrence of additive substituent effects, and for quantitatively estimating their
magnitude. It is a method for the optimization of substituents within a given
molecular framework that is based on the assumption that the introduction of a
particular substituent(s) at any one position in a molecule always changes the
relative potency by the same amount, regardless of what other substituents are
present in the molecule. A series of linear equations have been constructed on the
form shown in the equation below -

BA =Zax +

Where

- BA is the magnitude of the biological activity

- xi is the i™ substituent with a value of 1, if present, and 0, if not
- ai is the contribution of the i™ substituent to the BA

- M is the overall average activity of the parent skeleton. These equations are solved
by the method of least squares for g, and p.

c) Enhancement Factor

One of the earliest QSAR observations resulted from a retrospective analysis of a
large number of synthetic corticosteroids®. The examination of the biological
properties of steroids prepared by the introduction of halogen, hydroxyl, alkyl, or
double bond groups revealed that each substituent affects the aétivity of the

molecule in a quantitative sense, and almost independently of other groups.

The effect (whether positive or negative) of each substituent was assigned a
numerical value termed as the enhancement factor.

d) Manual stepwise methods : Topliss operational schemes and others

Topliss® developed a non-mathematical, non-statistical, and non-computerized

13



guide to the use of the Hansch principle. This method is most useful when the
synthesis of a large number of compounds is difficult and when biological testing of
the compounds is readily available. It is an approach for the efficient optimization of
the potency of a lead compound with minimization of the number of compounds
needed to be synthesized. The only prerequisite for the technique is that the lead
compound must contain an unfused benzene ring. This approach relies heavily on n

and p values and to a much lesser degree on Es values.

The Topliss scheme for aromatic substituents assumes that the lead compound has
been screened for biological activity and contains a mono-substituted aromatic ring.
The first analogue in the scheme is a 4-chloro derivative, since this derivative is
usually synthesized. The chloro substituent is more hydrophobic and electron-
withdrawing than hydrogen, and therefore, n and p are positive. Once the chloro
analogue has been synthesized, the biological activity is measured. There are three
possibilities. The analogue will have less activity (L), equal activity (E), or more
activity (M). The type of activity observed will determine which branch of the Topliss
scheme is followed next.

If the biological activity increases, then the (M) branch is followed and the next
analogue to be synthesized is the 3,4 dichloro- substituted analogue. If on the other
hand, the activity stays the same then the (E) branch is followed and the 4- methyl
analogue is synthesized. Finally, if activity drops, the (L) branch is followed and the
next analogue is the 4-methoxy analogue.

e) Batch selection methods : Batchwise Topliss operational scheme, cluster analysis
and others.

The inherent problem with the Topliss operational scheme is its stepwise nature.
Topliss>* proposed an alternative scheme that uses batch-wise analysis of small
groups of compounds. The substituents were grouped by Topliss according to =, p,
n° and a variety of xt and yo weighted combinations. The approach starts with the
synthesis of five derivatives-the unsubstituted (4-H), 4-chloro, 3,4 dichloro, 4-methyl
and 4-methoxy compounds.

The major weakness of this approach is that it is difficult to extend the method to

additional parameters, unless computers are utilized.
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A computer-based batch selection method, known as cluster analysis, was
introduced by Hansch et af®. The substituents were grouped into clusters with
similar properties according to their o, =, n% Es, F (field constant), R (resonance
constant) MR (Molar refractivity) and MW (molecular weight) values. One member of
each cluster would be selected for substitution into the lead compound, and the
compound would be synthesized and tested. If a substituent showed dominant
potency, then other substituents from that cluster would be selected for further
investigations. The important advantage of the batch selection method is that the
initial batch of analogues prepared is derived from the widest range of parameters
possible so that the dominant physicochemical property can be revealed early in the
lead modification process.

Computer Based methods of QSAR related to Receptor Binding

There are a variety of computer based methods that have been used to correlate
molecular structure with receptor binding and therefore, activity. Crippen and co-
workers®*° devised a linear free energy model, termed the distance geometry
approach, for calculating QSAR from receptor binding data.

The distance geometry approach was extended by Sheriden et af*’ to treat two or
more molecules as a single ensemble. The ensemble approach to distance
geometry can be used to find a common pharmacophore for a receptor with

unknown structure from a small set of a biologically active molecules.

Hopfinger® has developed a set of computational procedures termed molecular
shape analysis for the determination of the active conformation and, thereby,
molecular shapes during receptor-binding. The common pairwise overlap steric
volumes calculated from low-energy conformations of molecules are used to obtain
three dimensional molecular shape descriptors, which can be treated quantitatively

and used with other physicochemical parameters.

Two other descriptors for substructure re-presentation, the atom pair® and the
topological torsion® have been described by Venkataraghavan and co-workers.
These descriptors characterize molecules in fundamental ways that are useful for the

selection of potentially active compounds from hundreds of thousands of structures
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in the database.

The atom pair method can select compounds from diverse structural classes that
have atoms within the entire molecule similar to those of a particular active structure.
The topological torsion descriptor is complementary to the atom pair descriptor and it
focuses on a local environment of a molecule for comparison with active structures.

f) Molecular Graphics Based Drug Design

The quantitative structure activity relationship studies have relied heavily on the use
of computers from the beginning for statistical calculations involving multiparameter
equations. It was soon realized that drug design could be aided significantly if
structures of receptors and drugs could be displayed on a terminal and molecular
processes could be visualized. Molecular graphics is the use of computer graphics to
represent and manipulate molecular structures. The origin of molecular graphics has
been traced by Hassall*' to the project MAC (Multiple Access Computer)®, which
produced computer graphic models of macromolecules for the first time.

Medicinal chemists saw the potential of this approach in drug design as well. A three
dimensional computer graphics representation that can be manipulated in three
dimensions allow the opérator to visualize the interactions of small molecules with
biologically important macromolecules. The superimposition of structures, which is
cumbersome at best with manual models, can be performed easily by molecular
graphics. Also, some systems have the capability to synthesize graphically new
structures by the assembly of appropriate molecular fragments from a fragments file.

There are numerous molecular graphic systems available®*®® but the typical
system consists of a mainframe or supermini computer linked to a high resolution
graphics terminal with local intelligence. The basic premise in the utilization of
molecular graphics is that the better the complementary fit of the drug to the
receptor, the more potent the drug will be. In order to apply this concept it would
appear that the structure of the receptor would have to be known, so that different
drug analogs could be docked into the receptor. Docking is a molecular graphics
term for the computer-assisted movement of a terminal displayed molecule into its

receptor.
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There are relatively few receptors with known X-ray structures. Consequently, it
would appear that the approach of receptor-fitting is of little importance to drug
design. However, because of the great advances in computer technology and
software development, it is possible to use molecular graphics to obtain information

about the ligand binding site of an unknown receptor.

The third important molecular graphics technique useful for identification of the
pharmacophore geometry is called receptor mapping. This method utilizes data from
known ligand binding studies to an unknown receptor. An approach termed steric
mapping® uses molecular graphics to combine the volumes of compounds known to
bind to the desired receptor. This composite volume generates an enzyme-excluded
volume map which defines that region of the binding site available for binding by
drug analog and therefore, not occupied by the receptor itself.

A concise review of some of the promising and therapeutically useful antitubercular,
antibacterial, antifungal and antimalarial agents is presented in the following pages.

Tuberculosis

Tuberculosis, a disease largely caused by Mycobaterium tuberculosis, an acid — fast
bacilli, is known to mankind since Vedic times. It occurs throughout the world and is
a significant contributor to the morbidity and mortality in several developing
countries. Approximately one third of the world’s population is infected by M.
tuberculosis. The spread of human immunodeficiency virus (HIV) into populations in
which the incidence of tuberculosis is already high because of socioeconomic factors
and malnutrition, has resulted in resurgence of tuberculosis all over the world**
The World Health Organization suggests that at least 5.6 million persons worldwide,
mostly in the developing countries carry, dual infection, and >1.4 million cases of HIV
related tuberculosis will occur by the year 2000%.

In India, as per reports nearly 50,000 persons die of tuberculosis, annually. The
number of patients at any given time has been estimated to be at least 9-10 million
of which one fourth (2-2.5 million) are likely to bear the infectious type5_°.

Apart from M. tuberculosis, which is the principle mycobateria responsible for

causing tuberculosis, other causative mycobacteria include M. bovis and M.
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africanum. While M. tuberculosis is generally transmitted in airborne droplets
dispersed by patients with infectious pulmonary or laryngeal disease, M. bovis is
transmitted in milk from diseased cows.

Mycobacterial infection such as tuberculosis are chronic diseases which do not elicit
a rapid response from the host. After initial infection and multiplication, the bacilli
may lie dormant for a long time without giving rise to any of the clinical symptoms.
Often, however, the bacili may be reactivated due to malnutrition,
immunosuppressive drugs and diseases including HIV infection. As the human
system is endowed with a relatively high resistance through years of natural
selection, particularly in our urban communities, the effect of this invasion by a slow
growing but persistent organism is to prolong the struggle, thus making the disease
chronic.

Tuberculosis is characterized by the formation of nodular bodies or tubercles in the
tissues, from which the disease derives its name. In most cases the primary area of
infection is the lungs, but other vulnerable areas include lymph nodes, kidneys,
bones, the genetic tract, the brain and the meninges. In case of infections of the
lungs, the lesions often liquify and drain into the bronchial tree giving rise to a
persistent cough accompanied by sputum. Tuberculosis causes extensive tissue
destruction and virulent bacilli reside in the cavities and debris of the tissue, this
being relatively immune to any drug action. The tubercle formation, even though
serving a useful purpose of walling off the infection, thus preventing them from
spreading, also protects walled off colonies from chemotherapeutic attack.

Also, tubercle bacilli are vulnerable to batericidal drugs only when they are
metabolically effective and replicating. Here, the problem lies in the fact that small
subpopulations of bacilli can remain dormant indefinitely, except for short periods

when they become transiently active, thus evading chemotherapeutic agents.

Another difficulty is in the existence of drug resistant mutants in populations of bacilli
hitherto unexposed to antibiotics.

A truly effective drug should therefore be capable of penetrating the tubercle and the
debris, enter the phagocytes within which the bacilli are growing and finally destroy
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them. It should possess potent bactericidal / sterilizing activity against metabolically
active and semidormant bacilli, while also preventing the emergence of resistant
strains throughout the normally prolonged period of time. There is no known drug
individually self sufficient, possessing all the listed properties. Hence a combination
of two or more drugs is used for the treatment which may stretch to several months
before a reasonable cure is effected.

Drugs used for the treatment of tuberculosis

Drugs used in the treatment of tuberculosis can be divided into two major classes.
“First line” agents combine the greatest level of efficacy with an acceptable degree of
toxicity; these include Isoniazid, Rifampin, Ethambutol, Streptomycin and
Pyrazinamide. A large majority of batients with tuberculosis can be treated
successfully with these drugs. Excellent results can be obtained with a 6 month
course of the treatment. The schedule for the first 2 months consists of Isoniazid,
Rifampin, and Pyrazinamide, followed by Isoniazid and Rifampin for the remaining 4
months. The administration of Rifampin in combination with Isoniazid for 9 months is
also effective therapy for all forms of the disease caused by strains of
Mycobacterium tuberculosis susceptible to both agents. In areas where primary
resistance to Isoniazid occurs, therapy usually is initiated with four drugs- Rifampin,
Isoniazid, Pyrazinamide and Ethambutol (or Streptomycin)-until sensitivity tests are
completed. Occasionally, however, because of microbial resistance or patient-related
factors such as HIV infection or AIDS, it may be necessary to resort to “second line”
drugs, in addition, so that the treatment may be initiated with 5 to 6 drugs. This
category of agents includes Ofloxacin, Ciprofloxacin, Ethionamide, para
aminosalicylic acid, Cycloserine, Amikacin, Kanomycin and Capreomycin

Isoniazid (INH)

Isoniazid (IX), the hydrazide of isonicotinic acid, was first described in 1912, but its
action against the tubercle bacillus was only discovered in 1952. It is unrivalled in its
bactericidal action and ensures the destruction of the bacilli within few days of
starting treatment. It is highly effective against replicating tubercle bacilli but does not

affect the semidormant species®, which resumes multiplication after removal of
contact with the drug.
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Isoniazid is bacteriostatic for 'resting’ bacilli, but is bactericidal for rapidly dividing
microorganisms. The minimal tuberculostatic concentration is 0.025 to 0.05 pg/mL.
The bacteria undergoes one or two divisions before multiplication is arrested.

Although the mechanism of action of Isoniazid is unknown, several hypotheses have
been proposed. These include effect on lipids, nucleic acid biosynthesis and
glycolysis. Takayama et aP? have suggested a primary action of Isoniazid to inhibit
the biosynthesis of mycotic acid, an important constituent of the mycobacterial cell
wall. Because mycotic acid is unique to mycobacteria, this action would explain the

high degree of selectivity of the antimicrobial activity of Isoniazid.

Isoniazid is readily absorbed when administered either orally or parenterally.
Aluminium containing antacids may interfere with absorption of the drug. The peak
plasma concentrations of 3 to 5 ug/mL are developed 1 to 2 hours after oral
ingestion of usual doses. Isoniazid diffuses readily into all body fluids and cells. From
75% to a 95% dose of Isoniazid is excreted in the urine within 24 hrs, mostly as the

metabolites.

Isoniazid is available for oral and parenteral administration. The commonly used total
daily does of Isoniazid is 5 mg/kg, with a maximum of 300 mg.

Pyridoxine (15 to 50 mg per day) should be administered with Isoniazid to minimize

adverse reactions in malnourished patients, and those predisposed to neuropathy.

The incidence of adverse reactions to Isoniazid was estimated to be 5.4 % among
more than 2000 patients treated with the drug. The most prominent of these
reactions were rash (2%), fever (1.2 %), jaundice (0.6%) and peripheral neuritis(0.2
%). Among miscellaneous reactions associated with Isoniazid therapy are dryness of

the mouth, epigastric distress, methemogliobinemia and urinary retention.
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Cross-resistance between Isoniazid and other agents used to treat tuberculosis does
not occur. Current evidence suggests that one mechanism of resistance is related to
a missense mutation within the mycobacterial inhA gene involved in mycolic acid

biosynthesis™.

Rifampin

The rifamycins are a group of structurally similar, complex macrocyclic antibiotics
produced by Streptomyces mediterranei. Rifampin is a semisynthetic derivative of
one of these rifamycin B antibiotics.
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Rifampin inhibits the growth of most gram positive bacteria as well as gram negative
microorganisms. Rifampin is very active against Staphylococcus aureus. Rifampin in
concentrations of 0.05 to 0.2 ug/mL inhibits the growth of M. tuberculosis in vitro. It
increases the in vitro activity of Streptomycin and lIsoniazid, but not that of
Ethambutol, against M. tuberculosis™*.

Rifampin inhibits DNA-dependent RNA polymerase of the mycobacteria and other
microorganisms by forming a stable drug-enzyme complex leading to the
suppression of initiation of chain formation in RNA synthesis. More specifically, the B
subunit of this complex enzyme is the site of action of the drug, although Rifampin
binds only to the holoenzymes. Rifampin is bactericidal for both intracellular and
extracellular microorganisms.

The effectiveness of Rifampin in the treatment of patients with drug resistant
tuberculosis was considered ‘extraordinary' when it was first introduced™.

The oral administration of Rifampin produces peak plasma concentrations of about
7ug/mL in 2 to 4 hours, after ingestion of 600 mg, but there is a considerable
variability. Following absorption from the Gi tract, Rifampin is eliminated rapidly in
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the bile, and enterohepatic circulation ensues. The t¥z of Rifampin varies from 1.5 to
5 hours and it increases in the presence of hepatic dysfunction.

Rifampin is available alone and as a fixed dose combination with Isoniazid. Rifampin
and Isoniazid are the most effective drugs available for the treatment of tuberculosis
in adults (600 mg, given once daily, either 1 hour before or 2 hours after a meal).
Rifampin (like Isoniazid) should never be used alone for this disease because of the
rapidity with which resistance may develop.

The most common adverse reactions are rash (0.8 %), fever (0.5%), nausea and
vomiting (1.5 %) and hepatitis™.

Mycobacteria may develop resistance to Rifampin rapidly in vifro as a one step
process, and one of every 107 to 10® tubercle may be resistant to the drug. Among
the many other rifampicin derivatives prepared and tested as antimycobacterial
agents, Rifapentine (XlI) shows interesting characteristics that have been recently
exploited for therapeutic use.

OH
CH=N—N N—N
o /U
(X1)

Ethambutol

Ethambutol(XIl) has been classified as a bacteriostatic drug®. It has been developed
as a synthetic congener of related ethane diamines and is bactericidal against M.
bovis and some non-specific mycobacteria. It is used in combination with other
antitubercular drugs to prevent or delay the emergence of resistant strains.

(I:Hon CH,OH
H3C—H,C—HCNHCH,CH;NH—CH—CH;—CHj;

(X11)
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Ethambutol has no appreciable effects on other bacteria. It suppresses the growth of
most Isoniazid and Streptomycin resistant tubercle bacilli. Resistance to Ethambutol
develops very slowly in vitro. The drug has been shown to inhibit the incorporation of

mycolic acid into the mycobacterial cell wall*®,

About 75 % to 80% of an orally administered dose of Ethambutol is absorbed from
the gastrointestinal tract. A single dose of 25 mg/kg produces a plasma
concentration of 2 to 5 pg/mL at 2 to 4 hours. The drug has a t'z of 3 to 4 hours.

Within 24 hours, three-fourth of an ingested dose of Ethambutol is excreted
unchanged in the urine. Ethambutol has been used with notable success in the

therapy of tuberculosis of various forms when given concurrently with Isoniazid.

The oral dose of Ethambutol is 15 mg /kg, given once a day. Ethambutol
accumulates in patients with impaired renal function, and adjustment of the dosage
is necessary. The side effects that have been observed are decrease in visual
acuity, rash, drug fever, etc.. The most important side effect is optic neuritis, resulting

in decrease of visual acuity and loss of ability to differentiate red from green.

Streptomycin

Streptomycin was the first clinically effective drug to become available for the
treatment of tuberculosis. The antitubercular action of Streptomycin (isolated from
Streptomyces griseus) was first demonstrated by Schatz and Waksman in 1944.
Streptomycin is bactericidal in an alkaline environment. Because the drug is not
absorbed from the gut, it must be given parenterally. A peak serum concentration
occurs approximately within 1 hour, after an intramuscular dose. Most strains of M.
tuberculosis are inhibited in vitro at a concentration of 8 ug / mL. The half-life in

blood is approximately 5 hours and the excretion is entirely renal.

Since other effective agents have become available, the use of Streptomycin for the
treatment of pulmonary tuberculosis has been sharply reduced. Many clinicians
prefer to give a three drug combination, of which Streptomycin may be one, for the
most serious forms of tuberculosis, such as disseminated disease or meningitis. For
tuberculosis, adults should be given 15 mg/kg per day in divided doses given every
12 hours, not to exceed 2 g per day.
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The therapy is usually discontinued after 2 to 3 months, or sooner if the culture
becomes negative.

One of the most common serious adverse effects of Streptomycin is ototoxicity,

which usually results in vertigo, but hearing loss may also occur.

Pyrazinamide

Pyrazinamide(XIll) is the synthetic pyrazine analog of nicotinamide. It has following

(Y

(XII)

structural formula

CONH;

Pyrazinamide was successfully used against human tuberculosis in 1952%.
Pyrazinamide exhibits bactericidal activity in vitro at a slightly acidic pH. The tubercle
bacilli within monocytes in vitro are killed by the drug at a concentration of 12.5
Hg/mL. Resistance develops rapidly if Pyrazinamide is used alone. Pyrazinamide is
well absorbed from the gastrointestinal tract, and it is widely distributed throughout
the body. The oral administration of 1 gm produces a plasma concentration of about
45 ug/mL at 2 hours and 10 ug/mL at 15 hours.

Pyrazinamide has become an important component of short term (6 month) multi
drug therapy for tuberculosis. The daily dose for adults is 15 to 30 mg/kg given
orally.

Injury to the liver is the most common and serious side effect of Pyrazinamide. High
rates of serious hepatotoxicity were seen when the drug was first introduced in the
United States in the 1950s and given in doses of 50 mg/kg/ day.

Cycloserine
Cycloserine(XIV), a broad-spectrum antibiotic produced by strain of Streptomyces
orchidaceus, is used almost exclusively for the treatment of drug resistant

tuberculosis and susceptible strains of non Tuberculus mycobacteria. Cycloserine is
D-4-amino-3-isoxazolidone.

24



[ “N—H '

H,;N 0
( XI1V)
Cycloserine is inhibitory for M. tuberculosis in concentrations of 5 to 20 pg/mL in
vitro. There is no cross resistance between Cycloserine and other tuberculostatic

agents. Cycloserine inhibits reactions in which D-alanine is involved in bacterial cell
wall synthesis.

When given orally, 70% to 90% of Cycloserine is rapidly absorbed. Peak
concentrations are reached 3 to 4 hours after a single dose. Cycloserine should be
used only when retreatment is necessary or when microorganisms are resistant to
other drugs. When Cycloserine is employed to treat tuberculosis, it must be given
together with other effective agents. The usual doses for adults are 250 to 500 mg
given twice daily.

Reactions to Cycloserine most commonly involve the central nervous system.
Among the central manifestations are somnolence, headache, tremor, dysarthia,
vertigo, confusion, nervousness, irritability. Cycloserine is contraindicated in
individuals with history of epilepsy.

Ethionamide

The synthesis and study of a variety of congeners of thioisonicotinamide revealed

that an alpha-ethyl derivative is considerably more effective than the parent
compound.
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Ethionamide(XV) is bacteriostatic against M. tuberculosis and is used for the
treatment of the drug resistant disease. The multiplication of M. tuberculosis is
suppressed by concentrations of Ethionamide ranging from 0.6 to 2.5 pg/mL.

Resistance can develop rapidly in vitro. The oral administration of 1 g of Ethionamide
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yields peak plasma concentration of about 20 pg/mL in 3 hours and the
concentration at 9 hours is 3 ug /mL. The half-life of the drug is about 2 hours.

Ethionamide is a secondary agent, to be used concurrently with other drugs only
when therapy with primary agents is ineffective or contraindicated. The initial dose of
Ethionamide for adults is 250 mg twice daily. It is increased by 125 mg per day every
5 days until a dose of 15 to 20 mg / kg per day is achieved. The most common
reactions to ethionamide are anorexia, nausea and vomiting. A metallic taste also
may be noted.

Hepatitis has been associated with the use of the drug in about 5 % of the cases®™.

The concomitant use of Pyridoxine is recommended for patients being treated with
Ethionamide.

P-Amino Salicylic Acid (PAS)
PAS(XVI) was the first drug used orally for the treatment of tuberculosis. It is

bacteriostatic. In vitro, most strains of M. tuberculosis are sensitive to a
concentration of 1 pg/mL.

COOH
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PAS is readily absorbed from the Gl tract. A single oral dose of 4 g of the free acid
produces maximal concentrations in plasma of about 75 pg/mL within 1.5 to 2 hours.

The drug has a half-life of about 1 hour Probenecid decreases the renal excretion of
this agent.

PAS is a 'second-line’ agent. It is important in the management of pulmonary and
other forms of tuberculosis. However, the use of this drug has markedl.y decreased

since more active and better- tolerated drugs have been developed.

Gastrointestinal problems, including anorexia, nausea, epigastric pain, abdominal
distress and diarrhoea are the side effects.
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Kanamycin :
Kanamycin is an aminoglycoide antibiotic produced by Streptomyces kanamyceticus.
It has quite a broad spectrum of activity, including positive cocci and negative
bacteria, as well as M. tuberculosis. Its activity against M. tuberculosis is weaker
than that of Streptomycin®. The mechanism of action of Kanamycin is similar to that
of Streptomycin, since it produces a misreading of genetic code. It interacts with the
30s ribosomal subunit in more than one site (whereas Streptomycin is bound only to
one site) and inhibits protein synthesis®*®!. Resistance to Kanamycin can be
acquired by conjugation through the transfer of an extra chromosomal DNA, the so-
called R-factors or plasmids, coding aminoglycoside — inactivating enzymes. It is not
absorbed when given by the oral route, but it is rapidly absorbed after intramuscular
administration, reaching high peak serum levels 2-3 h after administration®. It has
been used in the therapy of tuberculosis in combination with other antituberculous
drugs. The common dose is 15 mg/kg per day. Drawbacks of Kanamycin use are its
otoxicity and nephrotoxicity®.

Amikacin
It is a semisynthetic analog of Kanamycin. Amikacin is not used for the initial
treatment of susceptible tuberculosis, mainly due to its cost, but appears to have

merit as an alternative drug for the treatment of resistant M. tuberculosis infections.

Capreomycin

It is a polypeptide complex isolated from Streptomycin capreolus® . It is active only
against M. tuberculosis. The bacterial resistance to Capreomycin develops when it is
given alone. Capreomycin is used in conjugation with other appropriate
antitubercular drugs in the treatment of pulmonary tuberculosis. It must be given
intramuscularly. The recommended daily dose is 15 to 30 mg/kg/day. It should be
administered together with other effective agents. It has proven to be of value in the

therapy of “resistant” or treatment failure tuberculosis, when given with Ethambutol
or Isoniazid®.

The reactions associated with the use of Capreomycin are hearing loss and renal
functions damage.
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Thioacetazone )
The synthesis of a series of thiosemicarbazones as intermediates in the preparation
of analogs of sulfathiazole lead to the discovery at Thioacetazone (XVII)
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Its good activity in vitro and in vivo, and the lack of cross-resistance to Isoniazid and
Streptomycin, indicate the use of Thioacetazone as a drug in combination with other

drugs to delay bacterial resistance. The mechanism of action of Thioacetazone is not

known.

Thioacetazone has limitations in clinical use because of serious side effects (such as

Gl tract disorders, liver damage, and anemia) when administered to humans at the
initially proposed daily dose of 300 mg.

Thiocarlide and Thiambutosine

Several thioureas that are structurally related to thiosemicarbazones have been
found to be active in vitro and in vivo against M. tuberculosis. Of these, Thiocarlide
(XVIll) and Thiambutosine (XIX) have been introduced in clinical use.

S
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Thiocarlide shows some efficacy against experimental tuberculosis in mice® and is
active against tubercle bacilli resistant to PAS, Streptomycin, and Isoniazid™"'. But
several clinical trials have indicated little or no usefulness of the drug in the treatment
of human tuberculosis, even in combination with other drugs™. Thiocarlide acts
through inhibition of mycolic acid synthesis of M. tuberculosis™.
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Thiambutosine has given disappointing results in clinical use for tuberculosis, but it

was found to be active in the treatment of leprosy””.

Clofazimine and its analogs

Clofazimine (XX) belongs to a peculiar class of phenazines. Its in vitro inhibitory
activity against M. tuberculosis is at concentrations of 0.1-0.5 pg/mL. The strain of
microorganisms resistant to Isoniazid and/or Streptomycin, PAS and Thioacetazone

are susceptible to the drug.

N NCH(CHs),
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Clofazimine is not only bacteriostatic but also bactericidal and acts only on

multiplying mycobacteria.

Other anti-tubercular agents under investigation

In recent years, the need for new drugs to meet the problems connected with the
emergence of muitidrug resistant tuberculosis and mycobacteriosis, particularly in
AIDS patients, in the absence of any really new antituberculous compound, has led
to the careful evaluation of the antituberculous activity of antimicrobial agents
developed for their activity against common Gram positive and Gram negative
bacteria. Some promising drugs have been found among the fluoro quinolones,
macrolides, and R-lactams (in combination with 3-lactamase inhibitors).

Fluoroquinolones
Fluoroquinolones represent an improvement of the earlier analogs (Nalidixic acid,
oxolinic acid, pipemidic and cinoxacin) in being more potent in vitro and in having a
broader antibacterial spectrum. The derivatives so far recognized with activity
against Mycobacteria are Ofloxacin (XXI) and Ciprofloxacin (XXII), which have been
studied broadly™"".
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MIC of Ofloxacin and Ciprofloxacin for M. tuberculosis range from 0.12 to 2ug/mL.
Both the drugs are bactericidal. Levofloxacin, the levoisomer of Ofloxacin, is twice as
active as the parent drug. The main effects of Fluoroquinolones are the inhibition of
DNA supercoiling and damage to DNA, whose synthesis is rapidly interrupted™. At
high quinolone concentrations, RNA and protein synthesis are also inhibited and cell
filamentation occurs. In vitro combinations of fluoroquinolones with other
antitubercular drugs have given variable results. The combination of Ciprofloxacin
with major antitubercular drugs did not show any synergistic effects but only
difference against M. tuberculosis. A triple combination of Sparfloxacin with

Ethambutol and Rifampin resulted in synergism™®'

The triple combination
comprising Rifabutine and either Ciprofloxacin, Ofloxacin or Norfloxacin and
Isoniazid, Refapentine and either Pefloxcecin or Ciprofloxacin were the most active

ones against resistant strains of M. tuberculosis.

The daily dosage varies according to the different derivatives as follows®%°.
Ofloxacin - 400 mg twice daily

Ciprofloxacin - 200-400 mg once daily

Sparfloxacin - 200-400 mg once daily

Fluoroquinolones are usually well tolerated. The most common side effects are
gastrointestinal reactions, central nervous system disturbances and skin and
hypersensitivity reactions.

Macrolides

Clarithromycin, as well as its hydroxy metabolite (4 hydroxy — clarithromycin), are
therapeutically active. In vitro combination of Clarithromycin with Amikacin,

Ethambutol or Rifampicin did not result in activity superior to that of Clarithromycin
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alone, while a combination of Clofazimine and Rifabutin was more active than
Clarithromycin alone.

The triple combinations of Clarithromycin-Rifampicin- Clofazimine and Clarithromycin

-Clofazimine-Ethambutol were significantly more active than the macrolide alone®.

Among the new macrolide derivatives, Azithromycin has a peculiar place due to its
chemical structure and its pharmacokinetics.

Nitroimidazoles

Metronidazole (XXIIl), a nitroimidazole, was initially shown to be active against
Trichomonas vaginalis, Giardia lamblia and Entamoeba histolytica. An interesting
finding reported recently®” was that it is highly active in vitro, and more importantly,
on dormant and slow-growing tubercle bacilli, in conditions simulating those existing
in host lesions. After a dose of 250-500 mg/kg, its bactericidal activity against
dormant bacilli is seen with 8 ug/mL. Since no antagonism was seen with other

antitubercular drugs, it would be of great value to see its action in combination with
other drugs.

CH,—CH,0H
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Oxazolidinones
Oxazolidinones (XXIV, XXV) are a relatively new class of drugs unrelated to other
agents, with activities against gram-positive and anaerobic bacteria and M.
tuberculosis®. They have similar MIC against MDR(Multi Drug Resistant) tubercle
bacilli as with susceptible strains.

( XXIV)
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One compound, DUP 721(CGP17341)(XXV!), has a MIC of 0.1-0.3 pg/mL, with no
cross resistance with antituberculosis drugs, and more importantly, has been shown

to be highly protective against experimental tuberculosis infection in mice®,

— 1

N 0O

A
N (xxvI)

These compounds were earlier referred to as "defense stimulators” several years

C,Hs

0,N

Poloxamer surfactants

ago. Conforth et af* attempted to modify the susceptibility of mice to experimental
tuberculosis using some surface active agents (now called poloxamers) by
condensing p-tetra-octylphenol with formaldehyde to give polynuclear compounds,
which have either a linear or macrocyclic structure.

Subsequently, it was shown that tyloxpol, an important member in this series, was
one-sixth as active in vitro as dihydrostreptomycin, and it acted synergistically with
that drug”. Another surface active agent, alpha- methyl-alpha-n- dodecy! succinic
acid (called B-53) was also found to be active in guinea pig tuberculosis. However, it
was soon found that its activity was antagonized by serum and other body fluids and
was toxic on long-term usage. Chinnaswamy and associates™ have evaluated the in
vitro intracellular and in vivo activity of CRL 8131. It was shown to have dose related

in vitro activity with a MIC of 6.25 ug/mL, and on intracellular bacilli the MIC was 1.25
Hg/mL

Plant Sources

Considering the seriousness of the disease, several attempts were made to discover
antituberculosis drugs from plant sources. In many developing countries, the

indigenous system and traditional folk medicines are flourishing very well in close
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competition with Western medicine. Allicin, a compound isolated from Allium sativum
(common name : Garlic), which was shown a long time ago to possess powerful
antituberculosis activity by Rao et af°® is being reinvestigated recently by in vitro

studies®

Moxifloxacin HCI (BAY-12-8039)%®
Bay-12-8039 (XXVIl) efficiently reduced M. tuberculosis infection in mice, with an
activity comparable to that of Isoniazid. A combination of the two compounds shows

superior antibacterial efficacy than either compound alone.
O

H F COOH
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Drug resistance in Tuberculosis

Correct application of several powerful drugs in the various types of regimens that
have evolved from well-planned clinical trials, could offer a potentially 100 %
successful treatment of the disease. Several reasons have been cited for the failure
of tuberculosis treatment, chief among them being drug resistance of the tubercle
bacilli. From a microbiological standpoint, resistance and susceptibility are relative
terms, since practically all populations of drug susceptible bacilli will contain a certain
proportion of resistant mutants. According to Mitchison® clinically meaningful
resistance is indicated by a decrease of susceptibility to a drug of a sufficient degree
to be reasonably certain that the strain concerned is different from a sample of wild
strains of tubercle bacilli that had never come into contact with the drug.

Epidemiologically, drug resistance in tuberculosis is classified into three types.

1) Primary drug resistance, where previously untreated patients are found to have
drug resistant organisms, presumably because they have been infected from an
outside source of resistant bacilli.

2) Acquired drug resistance, where the patients who initially have drug susceptible

tubercle bacilli later become drug resistant due to noncompliance in drug taking.
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3) Initial drug resistance denotes drug resistance in patients who deny history of
previous chemotherapy.

Theoretical Aspects Of Drug Resistance
A) Origin of Drug Resistance

All available evidence shows that drug resistance in M. tuberculosis occurs only by

mutation, the drug acting merely as a selective agent.

B) Mechanism of drug resistance.

Among the several theories postulated to explain the mechanisms by which a drug
resistance develops in microorganisms, only three are not relevant to
mycobacteria®’.

1) Development of insusceptible metabolic pathways

2) Interference in uptake or penetration of the drug into the bacterial cell, and
3) Destruction of drugs.

C) Emergence of Drug resistance

The emergence of drug resistance is due to the selection of preexisting resistant

mutant in the original bacterial population.

Special aspects of Drug Resistance

A) Natural Resistance

Natural resistance of the tubercle bacilli was found to exist only against two
bacteriostatic drugs, PAS and Thiacetazone. Contrary to the experience with PAS, it
was found that the natural resistance to Thiacetazone was associated with the

likelihood of an unfavourable response of treatment with Isoniazid plus
Thiacetazone.

B) Cross resistance

Cross-resistance normally occurs between drugs that have some chemical

relationships, and has been observed among several antituberculous drugs with the
available knowledge.

Other Bacterial Infections
There is a continuing need for new antibacterial agents as infectious bacteria have
proved to be incredibly adaptable in their fight for survival. Bacteria are mutating and
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evolving in ways that make them resistant in commonly occurring bacterial infections
and hence, better drugs are needed for emerging diseases®, such as thoée caused
by invasive Streptococci, as well as drug resistant Enterococci and Mycobacteria. To
meet this challenge, research has focused on -

1) New analogs of existing classes of antibacterial agents,

2) Novel classes lacking cross-resistance, and

3) Novel antibacterial screening targets.

The history of antibacterials has thus been dynamic, characterized by the constant
emergence of new challenges, followed by investigations, discovery and the
production of new drugs. A complete review of the various agents employed as
antibacterials would be beyond the scope of this work and hence, is not attempted. A
brief summary of the important classes of compounds concerned with this subject
matter is presented below.

Sulfonamides

The development of Sulfonamides is one of the most fascinating and informative
chapter in the field of medicinal chemistry. Although the word chemotherapy was
coined by Ehrlich to articulate the concept of the selective inhibition of microbes by
chemicals in the early years of the century, the discovery of the antibacterial activity
of Prontosil in the early 1930s was the beginning of the present era of
chemotherapy. The story of sulfonamides goes back to the early years of this
century when Horlein, Dressel and Kethe found that introduction of a sulfamy! group
imparted fastness to acid wool dyes, thus indicating affinity for protein molecules™.
Mietzch and Klarer synthesized a variety of azo dyes as antibacterials. They

synthesized a group of such dyes containing sulfonamide radical, which included
Prontosil(XXVIII).

NH,

HQN N=N OSOzNHz

( XXVIII)
Domagk observed in 1932 that Prontosil protected mice against Streptococcal

infections and rabbits against Staphylococcal infections.
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These discoveries have a tremendous impact not only on the development of
sulfonamides as antimicrobials, but also as developments in chemotherapy, in
general.

In an effort to improve the efficacy of sulfanilamide, more than 5000 derivatives and
analogues were investigated in the first decade of research in this field. By variation
of N'-substituent, a variety of N'-substituted sulfonamides having antimicrobial
activity have been obtained, all acting by PABA antagonism, and include most of the
sulfonamides used in clinical practice today. These developments are discussed
below briefly according to the type of the N’-substitution introduced.

A) N-acyl derivatives

N’-acyl substitution leads to compounds with enhanced biological activity and useful
physicochemical properties which are required for special pharmaceutical
formulations. The most important member of this group, widely used in ophthalmic
practice, is Sulfacetamide (XXIX). It is quickly absorbed and rapidly excreted without
the danger of crystallization in the kidney.

0]

Il
H,N —QSOQNH—C—CH3

( XXIX)

N*-carboxyacy! derivatives of Sulfacetamide such as N*phthalyl and N*succinyl
Sulfacetamides (XXX) and (XXXI)'® and of certain N'-heterocyclic sulfonamides
such as N’phthalyl and N*succinyl-sulfathiazole (XXXII), and (XXXII)'®', were
developed for parenteral administration.

0
I
R—HN O—SOQNH-—C——CH3
CH,COOH COOH
R= | ) R =
CH,CO _
Co

(XXX) ( XXX1)
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These agents have been extensively used for presurgical sterilization of the gut and

for intestinal infections.
Among the N'-carbamoyl derivatives, sulfacarbamide (XXXIV) and sulfaguanidine
(XXXV) have been clinically used.

NH

O
I

( XXXIV) (XXXV)

B) N'-heteroaromatic sulfanilamides

Most of the therapeutically used sulfonamides belong to this class and are obtained
by varying the N'-heterocyclic residue. It has been possible to greatly increase the
usefulness of sulfonamides by widening their antimicrobial spectrum, increasing the
inhibition index, and modifying their pharmacokinetic properties.

Sulfapyridine(XXXVI) was one of the earliest of the new sulfonamides to be used in
clinical practice for the treatment of pneumonia, and remained the drug of choice
until it was replaced by Sulfathiazole.

X

H,N —®~802NH | ~
N

( XXXVI)

The derivatives of pyrimidine have received the maximum attention and have
provided a large number of clinically useful drugs. A sulfonamide linkage at either the
2- or the 4- position gives active compounds. Sulfadiazine (XXXVII) was the first of

these derivatives of pyrimidine to be introduced in clinical practice. Two methylated
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derivatives of Sulfadiazine, Sulfamerazine (XXXVIIl) and Sulfamethazine(XXXIX),
were soon introduced in therapeutics.

0 N
| / N\
H,N S|—NH—<
5 N
( XXXVII)
N7 _f\/l\
HzN—Q—sozNH—J'\N/ HaN SONH—N# ~CH;,

( XXXVIII ) (XXXIX)

Since the quantitative differences in the properties of three pyrimidine derivatives

seem to complement one another, these have been used in combination as “triple

sulfa”. This made it possible to -

1) Lower the dose of each individual component, thus reducing the toxicity of each
and significantly reducing the tendency of crystalluriea.

2) Maintain higher concentration of the sulfa in plasma and tissue, over a long

period.

Among the 4-sulfapyrimidine derivatives, sulfasomidine(XL) was shown to possess
useful activity'® Its main advantage was high solubility and low tendency to

crystalluriea. A useful “disulfa” used was a combination of Sulfasomidine and
Sulfadiazine.

CH;,

A

mN—<C:>—SONH—L\/L\

(XL)
Clinically used sulfas containing five membered heterocyles and have two or more
hetero atoms in the rings. The more active compounds belong to the thiazole,
oxazole, isoxazole, 1,3,4-thiadiaiole and pyrazole groups. Most of the clinically used

five- membered heterocyclic compounds possess one or two CHs groups, which
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must increase their hydrophobicity and impart favourable properties for binding to
proteins, and perhaps to the folate enzymes.

Sulfathiazole(XLI) replaced Sulfapyridine because of its wider antibacterial spectrum
and higher therapeutic index. Methyl substituent in the 5-position gave
sulfamethizole(XLIl), which exhibited an increased antibacterial activity.

N |
N .
]
H,N —@—SOQNH—“\S ]‘ HaN ‘Q'SOQNH s” CH;

(XUI) ( XLII)

Another sulfonamide introduced during this period was Sulfisoxazole(XLIIl). Its
significant activity against Proteus vulgaris and Escherichia coli makes it useful in
urinary tract infections'®.

CH; CH;

l
HzN—Q—sozNH | O,N

( XLIII )

C) 4- substituted derivatives

Mefenide (XLIV) is active against anaerobic bacteria and, therefore, finds use for
topical application in burn infected wounds and gas gangrene. It does not act

through the PABA mechanism and can be used against organisms resistant to other

HzNHgC*@‘SOgNHQ

(XLIV)

sulfonamides'®

The era of newer long acting sulfonamides started in 1956 with the introduction of
sulfamethoxy pyridiazine'® (XLV) having half-life of around 37 hours. Sulfachlor-
pyridiazine (XLVI) has been found to have a half-life of about 7 hours and is useful in
urinary tract infections.
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In 1959 Sulfadimethoxine(XLVIl) was introduced, with a half-life of approximately 40
hours. The related Sulfamethoxine(XLVIII) having the two methoxyl radicals in 5,6-
positions, has by far the longest half life of about 150 hours and needs administration
only once a week. Sulfamethyldiazine(XLIX) and Sulfamethoxy-diazine(L)'® each
having a half-life of 36 hours, and Sulfamethoxy-pyrazine(L)'®” with a half life of 65

hours, were the other long acting sulfonamides introduced during this period.
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A new broad-spectrum sulfonamide, Sulfaclomide (LIl), was reported in 1970. It is
relatively non-toxic and gives higher serum levels than other sulfonamides.
Sulfacytine, N Sulfanilyl-1-ethylcytosine(LIl), is 3-10 times more potent in vivo than
Sulfisoxazole, Sulfachlorpyridazine and Sulfasomidine, and it was suited for urinary
tract infections.

CH;

Cl S

HoN SO,NH | )\
N~ CH;

(LI )
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Naturally occurring sulfonamides

Nucleocidine (LIV) and Ascamycin (LV) were obtained from Streptomyces species
and were isolated from soil samples'®'®. Nucleocidine was shown to exhibit a
rather broad antibacterial spectrum and a high order of activity against

Trypanosomes. Ascamycin showed a very selective action as compared to desalanyl

- ascamycin.
NH,
N7 N
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Mechanism of action

Sulfonamides are structural analogs and competitive antagonists of PABA and thus
prevent normal bacterial utilization of PABA for the synthesis of folic acid. More
specifically, sulfonamides are competitive inhibitors of dihydropteroate synthetase,
the bacterial enzyme responsible for the incorporation of PABA into dihydropteroic
acid, the immediate precursor of folic acid.

Acquired Bacterial Resistance to Sulfonamides

Bacterial resistances to sulfonamides are presumed to originate by random mutation
and selection or by transfer of resistance to plasmids. The resistance to
sulfonamides is probably the consequence of an altered enzymatic constitution of

the bacterial cell and the alteration may be characterized by -
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. An alteration in the enzyme that utilizes PABA dihydropteroate synthetase.
i.  An alternative metabolic pathway for synthesis of the essential metabolite
ii.  An increased capacity to destroy or inactivate the drugs.

iv.  Anincreased production of an essential metabolite or drug antagonist.

Trimethoprim- Sulfamethoxazole

The introduction of Trimethoprim(LVI) in combination with Sulfamethoxazole
(Combination known as co-trimoxazole) constitutes an important progress in the
developmént of clinically effective antimicrobial agents. These two drugs act on
sequential steps in the pathway of an obligate enzymatic reaction in the bacteria; the

result of their combination is synergistic''°.

Y
HyCO H,c—_ _N
H;CO NH;
(LVI)

The antimicrobial activity of the combination of Trimethoprim and Sulfamethoxazole
results from its action on two steps of the enzymatic pathways for the synthesis of
tetrahydrofolic acid. Sulfonamide inhibits the incorporation of PABA into folic acid
and Trimethoprim prevents the reduction of dihydrofolate to tetrahydrofolate

Therapeutic uses

1) Urinary tract infections
2) Bacterial respiratory tract infections caused by bacteria

3) Gastrointestinal infections

4) Infection by Pneumocystis carinii, a high dose therapy is effective for this severe
infection in patients with AIDS.

ANTIBIOTICS

In 1942, Waksman''' proposed the widely cited definition that an antibiotic or
antibiotic substance is a substance produced by microorganiéms, which has the
capacity of inhibiting the growth and even of 'destroying other micro organisms. With
the advances made by medicinal chemists to modify naturally occurring antibiotics

and to prepare synthetic analogues, it has become necessary to permit the inclusion
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of semi-synthetic and synthetic derivatives in the definition. Therefore, a substance is

classified as an antibiotic if -

1) Itis a product of metabolism.

2) Itis a synthetic product produced as a structural analogue of a naturally occurring
antibiotic.

3) It antagonizes the growth or the survival of one or more species of
microorganisms

4) |t is effective at low concentrations

R-Lactam Antibiotics

Antibiotics that contain B-lactam (a four membered cyclic amide) ring structure
constitute the dominant class of agents currently employed for the chemotherapy of
bacterial infections. The R- lactam antibiotics are broadly divided into two classes

1) Penicillins

2) Cephalosporins

1) The Penicillins

Since Alexander Fleming's serendipitous discovery of Penicillin in 1928, it has

remained one of the most important group of antibiotics. Despite the discovery of
several other antibacterial agents, the Penicillins are widely used with new
derivatives being produced every year. Due to their unique advantages, members of

this group of antibiotics are presently the drugs of choice for the treatment of a large
number of infectious diseases.

The basic structure of Penicillins(LVIl) consists of a thiazolidine ring (A) connected to
a B-lactam ring (B) to which is attached a side chain(R). The Penicillin nucleus itself
is the chief structural requirement for biological activity; metabolic transformation or

chemical alteration of this portion of the molecule causes loss of all significant anti-
bacterial activity.

HoH s ch,
R—C—HN ——f/
J B A\f CHj
7 >Scoon
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Many of the antibacterial and pharmacological characteristics of Penicillins are
determined by the side chain, which can also alter the susceptibility of the resultant
compound to inactivating enzymes (R- lactamases). The discovery that 6-amino
penicillanic acid could be obtained from a culture of P. chrysogenum that was

depleted of the side chain precursors led to the development of the semi-synthetic
Penicillin.

The examples of semi-synthetic Penicillins used in the treatment of bacterial

infections are listed below''2.

- H O H o cp,
R—C—HN—
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Structure of Penicillins

Penicillins R No.

Penicillin G @—CHz (LVIII

Penicillin V @O—CH:' (LIX)
OCH;,

Methicillin Q (LX)
OCHj

Nofcillin (LX)

OC;H;s
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Oxacillin

Cloxacillin

Dicloxacillin

Ampicillin

Amoxicillin

Cyclacillin

Ticarcillin

Pipercicillin

45
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2) Cephalosporins

The second major group of RB-lactam antibiotics to be discovered was the
Cephalosporins(LXXV). The Cephalosporins have shown tremendous growth over
the past decade and are usually classified by the “generations” system, which is

based on the general features of antimicrobial activity.
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Cephalosporium acremonium, the first source of the Cephalosporins, was isolated in
1948 by Brotzu from the sea. Most of the antibiotics introduced since 1965 have
been semi-synthetic Cephalosporins. Cephalosporin C contains a side chain derived
from D-a-aminoadipic acid, which is condensed with a dihydrothiazine R-lactam ring
system. It appears that modifications with alteration in antibacterial activity and
substitutions at position 3 of the dihydrothiazine ring, are associated with change in
metabolism and pharmacokinetic properties of the drugs''>.

Cephalosporins are traditionally divided into first, second, third and forth generation
agents depending on their stability to R-lactamases and spectrum of activity.
Generally, the first, and some second generation agents, maintain excellent activity
against Streptococci and Staphylococci, while third generation compounds such as
Ceftazidime and Cefoperazone have extended Gram-negative coverage. The
Cephamycins are similar to the Cephalosporins but have a methoxy group at 7-
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position of the B-lactam ring. A list of different Cephalosporins which are in clinical
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use is mentioned below -
Name R!
Cephalexin @—({H—
NH,
Cephardine @—CIH—
NH;
Cefadroxil @‘?H—
NH,
Cefaclor Q?H—— |
NH,
Cephalothin i S /I——CHz—
Cephapirin

Cefamandole

COOH

Structure of Cephalosporins
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(LXXVI)

(LXXVII)

(LXXVINN)

(LXXIX)

(LXXXI)
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Cefanacid

Cefanarid

Cefuroxime

Cefotaxime

Ceftizoxime

Ceftrixone

Ceftazidime

CH,—NH,
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Cefoperazone

Cefsulodin

Cefixime

Cefpirame

Cefepime
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The most recent cephalosporin derivatives, which are under clinical trials are listed

below
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Cephalosporins - Generations and Biological Spectrum

Generation | Examples Useful spectrum

First Cefazolin Streptococci, S. aureus, No activity against
Cephalothin Enterococci
Cephalexin

Second Cefuoxime cofactor | E.coli, Klebsiella, Proteus, H. Influenza. Not
Cefoxitin active against gram-positive organisms
. Cefotetan

Third Cefotaxime Enterobacteriaceae, Pseudomonas aeruginosa,
Ceffriazone Neisseria, Gonorrhoeae, S. aureus
Ceffazidine

Fourth Cetepime Comparable to third generation, but more

resistant to 3-lactamases.

Mechanisms of Bacterial Resistance to Penicillins and Cephalosporins

The microorganisms may be intrinsically resistant because of the structural
differences in the PBPS which that are the targets of these drugs. Furthermore, it is
possible for a sensitive strain to acquire resistance of this type by development of
high molecular weight PBPs, which have decreased affinity for the antibiotics.

Other instances of bacterial resistance to the B-lactam antibiotics are caused by the
inability of the agent to penetrate to its site of action'?.

Most of the Gram-positive bacteria produce a large amount of B-lactamase, which is

secreted extracellularly. The enzymes may hydrolyze Penicillins, Cephalosporins or
both.

Other promising Antibiotics

Carbapenems

The general structure of carbapenems is referred to as 1-carbapen-2-em-3-
carboxylic acid (LLIV) and it has been isolated as a natural product from certain
species of Serratia or Erwinia.

COOH
(LLIV)
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The discovery of this novel series of highly active bicyclic compounds, so markedly
different from Penicillins and Cephalosporins, revitalized ideas concérning the
structural and stereochemical features required for biological activity and stability
amongst the R-lactams.

Imipenem (LLV) is the most active agent available against a wide variety of bacteria.
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CH; N_ / 2=
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Based on the high stability of its metabolites to penicillinases and its low
susceptibility to R-lactamases, it appears that CS 834(LLLVI) would be more
effective than other penem antibiotics in treating infections caused by R3-lactamases-

producing organisms'?'.

0 :
¢} k CH;j
0
(LLVI)
Lenapenem HCI - H,O (LLVII)

In vitro studies showed that Lenapenem was 4 to 8 fold more active than

Meropenem, Imipenem and Blapenem against Methicillin- resistant Staphylococcus
aereus'?.
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These agents displayed higher in vitro activity against MRSA and Streptococci (MIC
< 0.39ug/mL)

Tetracyclines

The Tetracyclines (LLX) exhibit a wide range of activity against Gram-positive and
Gram-negative bacteria. In general, Gram-positive bacteria are affected by lower
concentrations of tetracyline than the Gram-negative organisms. However, they are
recommended for infections caused by Gram-positive bacteria due to problems of

resistance and non-availability of superior antibacterial agents.

OH O OH O 0O
OH i

Microorganisms that have become resistant to one type of Tetracyclines frequently
become resistant to the other members of the family. All the Tetracyclines produce
gastrointestinal irritation to varying degrees in some individuals, and this is more

common after oral administration.
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Mechanism of action

Tetracylines are thought to inhibit bacterial protein synthesis by binding to the 30s
subunit of the bacterial ribosome and preventing access of aminoacy! t-RNA to the
acceptor (A) site on the m RNA ribosome complex.

There are two major mechanisms associated with bacterial resistance to
Tetracyclines.

1) The presence of membrane bound reflux proteins (tet A-tet D-tet L) that
constantly remove the antibiotic from the cytoplasm in an energy-dependent
manner, and

2) The presence of proteins (let M — let O) that interact with the ribosome and

allow bacterial protein synthesis even in the presence of Tetracyclines'%.

Tetracycline with an improved antibacterial spectrum
N,N-Dimethyglycylamidominocycline  (DMG-MINO)(LLXI]) and  6-dimethyl-6-
deoxytetracycline (DMG-DMDOT) (LLXIl) proved to be very active against strains

carrying efflux and ribosomal protection resistant determinants. Moreover, the recent

identification of the first effective inhibitors of Tet protein efflux in everted vesicles,
such as Tetracycline(LLXII1)'*® opened new avenues for future application of this
approach to overcome bacterial resistance.
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Macrolides

The macrolide antibiotics have three common chemical characteristics
1) alarge lactone ring

2) A ketone group

3) A glycosidically-linked amino group.

The spectrurp of antibacterial activity of the more potent macrolides resembles that
of Penicillins. They are frequently active against bacterial strains that are resistant to
the Penicillins. The macrolides are generally effective against most species of Gram-

positive bacteria and also exhibit useful effectiveness against Gram-negative cocci.

14 membered Ring macrolides

Erythromycin has become the most widely used macrolide antibiotic isolated from
Streptomyces erythreus. Erythromycin has a moderately broad spectrum of activity
against Gram-positive bacteria and Gram-negative cocci, and is orally absorbed and
safe. |

Oleandomycin has different 14 membered aglycone. The various semisynthetic
derivatives of 14 membered ring macrolides are listed below -

1) Roxithromycin

2) Dirithromycin

3) Flurithromycin

4) Azithromycin

5) A-69334

6) Clarithromycin

16- membered Ring macrolides

They exhibit a wide diversity of structural variations and are generally subdivided into
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Leucomycin and Tylosin.

‘QUINOLONES
The 4 —quinolone antibacterial compounds have a number of advantages over other
classes of antibacterials. They are effective against many organisms, well absorbed

orally, well distributed in tissues and they have relatively long serum half-lives and
minimal toxicity.

The quinolone carboxylic acid, or 4 quinolones, are a group of synthetic antibacterial
agents structurally related to Nalidixic acid (LLXIV). Nalidixic acid is active against
Gram-negative bacteria but has little activity against Pseudomonas and Gram-
positive organisms, because of which its bactericidal use has generally been limited

to the treatment of urinary tract infections.
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The addition of a 7-piperazinyl group and a fluorine atom at position 6 has produced
a group of fluoroquinolones with a broad-spectrum of activity as compared to

Nalidixic acid and are more useful for the treatment of systemic infections. They
include -
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Sparfloxacin

Lomefloxacin

Fleroxacin

Pefloxacin

Amifloxacin

Enoxacin

Tefloxacin

Gatifloxacin
(AM-1155)

AM -1174

SB-265805
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Alafrofloxacin

Tosulfloxacin

Trovafloxacin

Ecenofloxacin

Clinafloxacin

Sitafloxacin

Pazufloxacin
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Prulifioxacin C—S F \_/ -CH- (LLXXXIHI)
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Tefloxacin(LLXXIl) was demonstrated by Chen et al'*’ to exhibit activity against
Penicillin- resistant Staphylococcus, Stireptococcus"and Hiaemophilus. It is itseif a B-
lactamase inhibitor and displayed synergy with Amipicillin. AM - 1155 and AM 1174,
new quinolones bearing an 8 methoxy group, outperformed Ciprofloxacin against
anaerobes and a range of Gram-positive bacteria, with potency upto 16-62 fold

greater than Ciprofioxacin'®

Recently new R-lactam quinolone hybrids have been reported. The carbamate-linked
Ro 24-4383 (LLXXXIV) showed a broad-spectrum of activity and exhibited aqueous

solubility much greater than that of the quinolone component alone'®

COOH
Ri—

—)

(LLXXXIV)
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Flluoronapthyridones and Naphthyridines (LLXXIV-LLXXIX)'® are newer analogs
currently in clinical trials. These are important for the oral treatment of serious
infections specially for Gram-positive cocci. Clinafloxacin'> was found to be active
against Pseudomonas aeruginosa, while Sitafloxacin'®* was active against Klebsiella

pneumoniae and Enterobacter coacae. it has 16 to 256 fold greater activity than
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other quinolones currently in clinical use. Pazufloxacin' and Prulifloxacin'* showed

broad bactericidal activity against Gram-positive and Gram-negative bacteria.

Therapeutic uses

1) Urinary Tract ihfections.

2) Prostatitis

3) Sexually transmitted diseases

4) Gastrointestinal and abdominal infections
5) Respiratory tract infections

6) Bone, joint and self tissue infections

Arthralgias and joint swelling have been reported in children receiving
Fluoroquinolones. Therefore, these drugs are not generally recommended for use in

pre-pubertal children or pregnant woman.

Nitrofurans

Nitrofurans are used for the prevention and treatment of infections of the urinary
tract. Nitrofurantoin (LLXXXV) is active against many Gram-positive and Gram-
negative bacteria at a concentration ranging between of 5-10 ug/mL. Nitrofurazone
(LLXXXVI) is a semicarbazone of 5 nitro-2-furaldelyde. It is used topically in the
treatment of burns and prevention of bacterial infections. Furazolidone (LLXXXVII)

has a broad spectrum of bactericidal activity against intestinal pathogens including
Salmonella, Shigella and Proteus.
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FUNGAL INFECTIONS

Fungi, like the human host, are eukaryotic organisms, and thus the ﬁumber of
suitable targets for therapeutic attack are limited. Nonetheless considerable progress
in treating fungal infections has been achieved through better application of
established antifungal agents and the development of promising new investigational
agents. This ever expanding battery of antifungal agents exhibits a wide variety of

pharmacokinetic profile mechanisms of action and toxicities.

The incidence of systemic mycoses continues to rise steadily. This increase is due in
part to improved recognition and diagnosis of fungal infections, and also due to the
prolonged survival of patients with global defects in their host defense mechanism,
including patients with neoplastic diseases, organ-transplant recipients, diabetics
and patients with AIDS. These patients are susceptible to an ever growing list of
opportunistic fungi. From the data collected by the Center for Disease Control, it is
known that among the 1 and 2 million healthy Americans who have already been
infected with AIDS, a significant number of these cases are associated with various
fungal infections'®. One yeast-like fungus, Cryptococcus neoformans, is reported to
be the most common reason of debilitating and life-threatening infections in AIDS
patients'®.

The agents which are currently in use as antifungals are classified and listed below:

A) Alaylamines B) Triazoles
Naftifine Fluconazole
Terbinafine ltraconazole

Terconazole

C) Imidazoles D) Polyene macrolides
Butaconazole Amphotericin
Chlormidazole Candicidin
Clofrimazole Hachimycin
Econazole Klatamycin
Enilconazole Nystatin
Fenticonazole Pentamycin
Isoconazole
Ketoconazole
Niconazole
Oxiconazole
Sulconazole
Tioconazole

63



Most of the antifungals given above are applied in the treatment of infectipns of hair
mucous membranes, nails and skin caused by Candida dermatophytes and other
fungi including Epidermophyton, Microsporum, Trichophyton and Malassezia furfur.

The main agents, which are used in treating these infections, are listed below.

Superficial fungal Infection Main topical antifungal agents

Candida infections Azoles, Polyene antifungals
Tinea Olamine, Haloprogin, Tolnaftate, Azoles, Ciclopirox,
Pityriasis Versicolor Azoles, Ciclopirox, Olamine, Haloprogin, Tolnaftate

Systemic fungal infections tend to occur in immuno-compromised patients and
include infections due to Aspergillus, Blastomyces, Candida, Coccidioides,
Cryptococcus, Histoplasma. The principle drugs, which are used in such infections,

are listed below:

Systemic fungal infections  Main antifungal agents

Aspergillosis Amphotericin

Blastomycosis Amphotericin, Ketoconazole

Candidal infections:

Oesophageal Fluconazole, Ketoconazole

Disseminated Amphotericin with or without Fucytosine
Coccidiodomycosis . Amphotericin, Ketoconazole

Cryptococcosis Amphotericin with or without Elucytosine, Fluconazole
Histoplasmosis Amphotericin, Ketoconazole

Paracoccidio mycosis Amphofericin, Ketoconacole

A brief description about major principal drugs, which are used in treating fungal
infections, is presented in the following pages.

Amphotericin B

It was the first commercially available systemic antifungal drug. It was first isolated in
the 1950's from Streptomyces nodosus. It is a polyene macrolide that consists of
seven conjugated double bonds, an internal ester, a free carboxylic group and a

glycoside chain with a primary amino group. It is amphoteric in nature forming
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soluble salts in both basic and acidic environments. The primary mechanism of
action of the polyenes in general, and Amphotericin B in particular, is due io binding
to ergosterol, the principle sterol present in the cell membrane of sensitive fungi'®’.
The most significant adverse effect is nephrotoxicity. Inspite of the adverse effects, it
is still the drug of choice for treating most deeply invasive mycoses, including both

endemic mycoses and opportunistic mycoses.

Flucytosine
It is a fluorine analogue of Cytosine (LLXXXVIII). It was found to have in vitro and in

vivo antifungal activity'®. The drug is being used as an adjunct to Amphotericin B

therapy
NH,
N "
O)\N
H
( LLXXXVII

The mechanism of action of Flucytosine is the disruption of protein synthesis by
inhibition of DNA synthesis, and alteration of the amino acid pool by inhibition of
RNA synthesis. It is used for treating the infections caused by Candido albicans,
Cryptococcus neoformans and Torulopsis glabrata.

Nystatin

Nystatin is produced by Streptomyces noursei. It was discovered by Hazen and
Brown'® and possesses good antifungal activity. The toxicity after parenteral
administration to animals has led to its use only topically or orally. The MIC of this

drug for Candida species Cryptococcus neoformans is in the range of 1.56-1.26

pg/mL.

Griseofulvin

Griseofulvin (LLXXXIX) was discovered by Oxford et al in 1939 as a metabolic
product of Penicillium griseofulvun. Grove predicted its chemical structure in 1950'%°.

65



( LLXXXIX)

As a “cell-wall antibiotic” particularly active on dermatophytes, Griseofulvin interferes
with the biosynthesis of the chitinous elements of the hyphal wall. No resistant

strains are observed among dermatophytes during the treatment with this drug.

Synthetic Antifungal Agents

Among all the imidazole compounds, three distinct compounds are actually
therapeutic antifungals with very wide spectra against yeast and filamentous fungi.
They are Clotrimazole(LLXXXX), Miconazole(LLXXXX!) and Econazole (LLXXXXII)
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Clotrimazole was developed by investigators at the Bayer Laboratories in 1969, and

is utilized topically in superficial mycoses, or orally in clinical trials in deep
mycoses''.
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Miconazole ™ is a well known antifungal drug developed by the investigators at

Janssen Pharmaceutica in 1969. It is utilized in superficial mycoses and by oral or
intravenous routes in deep mycoses, in clinical experimental trials.

Econazole is a phenethyl imidazole derivative. Like Miconazole, it is utilized as a
topical agent in superficial mycoses and as a systemic antifungal, by oral or
intravenous routes, in deep mycoses'*®

Triazoles

The replacement of imidazole ring with the triazole ring offers many advantages to

the newer azoles'*

1) It allows for greater polarity, which may improve solubility and reduce protein
binding.

2) The triazole ring is less nucleophillic and more resistant to metabolic attack.

There are a number of such compounds that have recently been licensed, or are

currently being developed and tested.

ltraconazole

Itraconazole (LLXXXXII) is water-soluble, a liphophillic triazole analogue that
exhibits excellent activity against most fungal pathogens. When compared with
Ketoconazole, its potential advantages include a broader spectrum of activity
(including Aspergillus species) a more desirable pharmacokinetic profile and lower

toxicity '
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Fluconazole
Fluconazole (LLXXXXIV) is a water-soluble fluorine substituted bis-triazole that has
been shown to be effective against a variety of fungal infections in immuno

competent and immuno compromised hosts. A major point of confusion during the
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development of this drug, however, has been its relatively low activity in vitro
compared with its high in vivo activity. Fluconazole is a potential candidate for

prevention and early treatment of disseminated candidiasis in granulocytopenic

patients'®
—N ?H N—=
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Saperconazole

Sperconazole (LLXXXXV) is a water-soluble, liphophilic fluorinated triazole with
chemical structure similar to Itraconazole, with two chlorine atoms replaced by
fluorine.
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It has a broad spectrum of antifungal activity, including the diamorphic fungi,
phacohyphomycetes, Cryptococcus species and Aspergillus species'’

In vitro evaluation of the antifungal activity of SCH 56592 (LLXXXXVI) against clinical
isolates of Candida albicans demonstrated good antifungal activity at a concentration
of <0.03 - 0.06ug/mL'®,
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Syn-2869 (LLXXXXVII) is a new orally active antifungal triazole derivative that has
broad spectrum and potent activity against a variety of pathogenic fungi, particularly
against Aspergillius species. This compound is among the most recent antifungal

triazole derivatives being investigated as potential candidates for development'“.
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ER 30346 (LLXXXXVIIl) is found to be more potent than Fluconazole'™.
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F
D-0870 (LLXXXXIX) is maore effective than Fluconazole in treating Candida albicans,

including Fluconazole susceptible and resistant strains'®".
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MALARIA

Malaria is one of the most serious complex and refractory health probléms facing
humanity this century. It is a serious endemic disease in more than 100 countries in
Africa, Asia, Oceania, Latin and South America. Some 300-500 million of the world's
people are infected by the disease, presenting over 120 million clinical cases
annually. It is estimated that between 1.2 and 1.7 million people die of malaria every
year, either directly or in association with acute respiratory infections and anemia,
and upto 1 million of those deaths are among children younger than five years. More
people have died of malaria than have died from AIDS in the last seventeen years.
Malaria is a leading cause of morbidity and mortality in the developing countries,

particularly in tropical Africa, and it remains the single outstanding tropical disease
priority.

Human malaria is caused by four species of protozoan parasites of the Plasmodium
genus. These are

1) Plasmodium falciparum
2) Plasmodium vivax
3) Plasmodium ovale

4) Plasmodium malavae

Plasmodium falciparum is the most widespread of the four, geographically, and most

pernicious, causing the majority of malaria related morbidity and mortality.

Malaria is mainly transmitted by the female Anopheline mosquito, and in rare cases

by transfusion of infected blood. The life cycle of Plasmodia involves two stages

1) A sexual reproductive stage with multiplication (sporogony), which occurs in the
gut of the mosquito.

2) An asexual reproduction phase with multiplication (schizogony), which takes
place in the human host. Sporozoites, the infective stages, are injected during
blood meal from the mosquito and circulate to the liver, where there is a period of
pre-erythrocytic development into tissue schizonts. Once the tissue schizonts
rupture, each rupture releases thousands of merozoites, which enter the
circulation and invade the erythrocytes.
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Practical, effective and safe drugs, insecticides and vaccines are needed to combat
malaria. Since 1960, transmission of malaria has risen in most regions where the
infection is endemic. Chloroquine-resistant and multidrug resistant strains of P.

falciparum have spread, and the degree of drug resistance has increased.

Most of the antimalarial drugs were developed on the basis of their action against
asexual erythrocytic forms of malaria parasites. Highly effective chemotherapeutic
agents in this category are Chloroquine, Quinine, Quinidine, Mefloquine and
Halofantrine, Pyrimethamine, Sulfonamides, Sulfones and Tetracyclines. These are
slower acting, less effective, and nearly always used in combination with other
antimalarial compounds Primaquine is the only antimalarial used clinically to
eradicate latent tissue forms responsible for relapses in P. vivax and P. ovale
malarias. Artemisinin derivatives are one of the several novel antimalarial
endoperoxides currently being evaluted for use against Chloroquine-resistant and
multidrug resistant strains of P. falciparum.

Antimalarial Drugs

Quinine (LLL) and Quinidine (LLLI) have been used for centuries in treating malarial
fevers, and they are still used to control P. falciparum malaria. Quinine is the chief
alkaloid of Cinchona bark which contains a mixture of more than 20 alkaloids. The
most important of these are two pairs of optical isomers, Quinine and Quinidine, and
Cinchonidine and Cinchonine. Quinine contains a quinoline group attached through a
secondary alcohol linkage to quinuclidine ring. Quinidine has the same structure as
quinine except for the steric configuration of the secondary alcohol group. Quinidine
is two to three fold more active than Quinine in both Chloroquine-sensitive and
Chloroquine-resistant strains of P. falciparum'>?

Quinine acts primarily as a blood schizontocide and it has little effect on sporozoites
or pre-erythrocytic forms of the malarial parasite.

71



T T.
C—CH, C=CH,
N
HO—CH HO-CH
H;CO
H;CO X
X
_ Z
N N
(LLL) (LLLI)

Chloroquine

Chloroquine (LLLII) is one of the most successful antimicrobial agents ever produced
and it has had an enormous positive impact on human health. Chioroquine is highly
effective against erythrocytic forms and chloroquine-sensitive strains of P.
falciparum. The mechanism of action of Chloroquine consists of (a) DNA
intercalation, (b) the weak base hypothesis. Malaria parasites possess a food
vacuole in which haemoglobin is degraded into aminoacids, peptides, and free
heme. The environment of the vacuole is acidic. The weak base hypothesis suggests
that it is the dibasic nature of Chloroquine and its interactions with acidic vacuole of

the parasite that results in the antimalarial action.
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Mefloquine

Mefloquine (LLLHI), a 4-quinoline methanol structurally related to Quinine, is an
orally active agent effective against the intra-erythrocytic stages of the Plasmodium
life cycle. It is a relatively slow-acting drug with greatest activity against the more
mature blood stages. In order to delay the development of resistance to Mefloquine,
it was recommended that Mefloquine be used only in combination with
Pyrimethamine and Sulfadoxine. Mefloquine exerts its action by 1) DNA

intercalation, 2) weak base hypothesis, or 3). It may interfere with the parasite’s
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ability to detoxify heme. The drug binds with high affinity to red cell membranes.
Mefloquine is given in combination with a variety of Artemisinin-derived agénts, such
as Artesunate. Mefloquine and Artemether / Mefloquine are the most promising new
drugs. Mefloquine is the only newer antimalarial that is recommended for use as a
prophylactic agent.

CF,
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Halofantrine

Halofantrine (LLLIV) a phenanthrene methanol analogue is a recent addition to the

anti-malarials to treat MDR P. falciparum. In vitro it is more active than Mefloquine.

Halofantrine is mainly used or indicated for treating mild to moderate acute malaria in
sensitive strains of P. falcipuram and P. vivax. Halofantrine is schizotocidal with
selective activity against the erythrocytic stages of Plasmodia. One drawback of
Halofantrine is its poor and variable absorption. W.R 33063 (LLLV) and WR 122455
(LLLVI) analogs of Halofantrine displayed good activity in Chloroquine-resistant
strains, but high cure rates required multiple dose over several days.
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Primaquine destroys late hepatic stages and latent tissue forms of P. vivax and P.
ovale. The standard treatment often involves a combined regimen of Chloroquine
and Primaquine. The usual dose of Primaquine is 15 mg. Primaquine is used mainly
to prevent relapses caused by the exoerythrocytic forms of the parasites. Primaquine
is readily absorbed from the gastrointestinal tract after administration. The most

serious adverse effect associated with Primaquine is intravascular hemolysis.

The action of pamaquine is clearly different from that of quinine, especially in its

ability to prevent relapses. The therapy for vivax malaria involved a combination of
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Pamaquine with Quinine or Quinacrine. Due to human toxicity the use of Pamaquine
was discontinued.

In order to reduce the toxicity associated with Primaquine several fluorine-containing
analogs of Primaquine have been discovered. Among these are WR 225448 (LLLX),
WR 242 511 (LLLXI) and WR 238 605 (LLLXIl)
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WR 238605 is effective against pre-erythrocytic stages, drug-sensitive and
multiresistant erythrocytic stages gametocytes with activity significantly better than
Primaquine.

S-trifluoroacetyl Primaquine (M 8506) (LLLXIII) was shown to be a causal prophylatic
agent, equivalent in activity to Primaquine.
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A prodrug of Primaquine, CDRI compound 80/53 (LLLXIV), has been shown to
possess radial curative and causal prophylactic action against P. cynomolgi in
rhesus monkey'™. This compound caused less methemoflobinemia than did

Primaquine.
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Diamino Pyrimidines

Several 2,4-diaminopyrimidines, including Pyrimethamine (LLLXV) and the
antibacterial, Trimethoprim, exhibited significant antimalarial activity in animal
models. Pyrimethamine and Sulfadoxine, a long acting sulfonamide, have been used
extensively for the prophylaxis and suppression of human malarias, especially those
caused by Chloroquine resistant strains of P. falciparum.
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Pyrimethamine is a slow acting blood schizontocide and it acts by inhibiting
dihydrofolate reductase of Plasmodia. However, resistance to Pyrimethamine may

develop because of prolonged or extensive drug use.
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Artemisinin and its derivatives _

The weed Artemisia annua has been used for many centuries in Chinese herbal
medicine as a treatment for fever and malaria. In 1971, Chinese chemists isolated
from the leafy portions of the plant, the substance responsible for its reputed
medicinal action'™. Artemisinin (LLLXVI) is a sesquiterpene lactone bearing an
endoperoxide

( LLLXV1)

Several thousand malaria patients including those with Chloroquine-resistant strains

of Plasmodium falciparum were successfully treated with Artemisinin.

First Generation Artemisinin

Artemisin

Artemisinin (LLLXVI) has rapid action on all erythrocytic stages of the parasite',
The Gametocytes are the targets for the drug. It is poorly absorbed after oral
administration. The combination of Artemisinin with Mefloquine produced a rapid
clearance of parasitemia than Artemisinin alone. It has a high rate of recrudescence,
poor oral activity with high dose required and a short plasma half-life.

Dihydroartemisinin

Dihydroartemisinin (LLLXVII) is more active in vitro and in vivo than Artemisinin and
Artesunate. It has low solubility and instability. The treatment is effective and well
tolerated in acute uncomplicated falciparum malaria'®. It is more bioavailable than
Artemisinin.

( LLLXVII)
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Artesunate

In vivo, Artesunate (LLLXVIII) has higher activity than Artemisinin, and si.gnificantly
higher parasite clearance and fever clearance times. It is well tolerated. Artesunate
was found to inhibit cytoadherence, the pathological process that contributes to
microvascular obstruction in severe falciparum malaria'. A combination of

Artesunate with Mefloquine appears to be the most active regimen for use against
multidrug resistant falciparum malaria.

(LLLXVIID)

Artemether

Artemether (LLLXIX) is the methyl acetal derivative of dihydroartemisinin. This oil
soluble derivative has high blood schizonticidal activity comparable to that of
Arteether, in vitro and in vivo. A single dose of artemether resulted in complete
sterilization of the gametocytes 18-20 hours after administration. It inhibits

cytoadherence. Artemether was highly effective, especially against Chloroquine and
Pyrimethamine resistant infections.

( LLLXI

>

Arteether

Arteether (LLLXIX) is the ethyl acetal of dihydroartemisinin. It has greater lipophilicity
than Artemether, leading to better penetration into the brain. Arteether is comparable
in activity to artmether in vitro and in vivo. A strain of P. yoelli that was highly

resistant to Chloroquine, Mefloquine and Quinine was completely susceptible to
Arteether'®,
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Artelinic Acid

Artelinic acid (LLLXXI) was developed as a water soluble alternative to Artesunate,
which was found to have limited stability in aqueous solutions. The drug posseses
superior activity against P. berghei in vitro when compared with either Artemisinin or
Artesunate.

( LLLXXI )
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Second Generation Artemisinins

Two synthetic agents (LLLXXIl) and LLLXXIIl), clearly based on the artemisinin
structure, have been evaluated for activity in mice and in monekys'®. The potency of
the compounds was comparable to that of Artemether.
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Yingzhaosu A, Yingzhaosu C., and Arteflene

Yingzhaosu A (LLLXXIV) and Yingzhaosu C (LLLXXV) are cyclic compounds,
containing a bisabolene, skeleton have been isolated from the roots of the plant
Yingzhao (Artabotrys uncinatus), which has been used in the folk treatment of
malaria.

.
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Arteflene (LLLXXVI) is a synthetic antimalarial agent developed as an analog of
Yingzhaosua'®. The central core ring structure (2,3 dioxabicyclo [3.3.1] nonane) was
shown to have inherent antimalarial activity. It is as active as Artemisinin and has
better chemical stability. Arteflene may find use both, in treatment and as a
prophylactic agent.
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PLAN OF WORK |
Bacteria, fungi and viruses are the common causative organisms responsible for the
infectious diseases of microbial origin. It was Paul Ehrlich, the pioneer of
chemotherapy, who used the term “Chemotherapy” to mean the study and use of
agents, which are relatively more toxic to the invading organism than the host. The
modern era of chemotherapy of microbial diseases started with clinical use of
Sulfonamide in 1936. The introduction of Penicillin brought antimicrobial therapy to
‘golden age. This was followed by discovery of Streptomycin, PAS and INH. Also new
kind of drugs will be needed to combat various diseases, widely prevalent in tropical
countries like India. Malaria, helminths, tuberculosis, fungal, viral and bacterial
infections are some of the major ilinesses. Hence, intensive research in development

of new agents for combating the communicable diseases is essential.

A considerable progress has been made in the past 30 years in the chemotherapy of
microbial diseases. The seemingly uncontrollable phenomenon of drug resistance
has become one of the main driving forces behind the search for new therapies and
development of new antimicrobials. Although resistance was observed soon after the
introduction of the earliest antimicrobials into the market, it was only quite recently
that this problem was recognized as a serious threat for the continuing therapeutic
utility of antimicrobial in the treatment of infectious diseases. The worldwide
emergence of Methiallin resistant Staphylococcus aureus (MRSA), Streptococcus
pneumoniae, multiresistant Mycobacterium tuberculosis, and Vancomycin-resistant
enterocci strains are among the major problems currently plaguing the medical
community. The continued use/misuse of antimicrobial agents exerts a strong
selective pressure on bacterial populations favouring the survival of those organism
that are capable of resisting them. The knowledge of the mechanism of bacterial
resistance, the study of induction routes as well as the factors responsible for the
changes in antimicrobial resistance patterns is of primary importance for predicting
future medical needs and preventing the emergence of resistant pathogens.

In order to prevent or control the emergence of bacterial resistance, the discovery of
new broad-spectrum antimicrobials, especially those against which the
microorganisms have little chénce of developing resistance, is necessary. The newer
compounds should have the following properties.
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1) Potent activity
2) Good tolerance
3) Lesser side effects

4) Efficacy against microbial resistant strains.

The discovery and development of pharmacologically active molecules has been
guided not only by classical medicinal chemistry but also by the use of sophisticated
mechanistic approaches and new biochemical assay. New concepts of therapy such
as the use of enzyme inhibitors to control diseased state has increased the scope of

medicinal chemistry research.

The electron-rich properties as well as the slightly smaller steric volume of thiophene
as compared to benzene may play an important role in fitting the necessary
biological receptor sites. The thiophene moiety has been incorporated into
biologically active molecules in two manners. The most chemically interesting of
these is the synthesis of molecules containing thiophene as part of the central ring.
In such system, synthesis of three possible 2,3- 3,4 and 3,2 isomeric substitution

patterns may be possible. Such synthesis targets provide the greatest insight into the
effect of thiophene

Many reviews clearly emphasise the importance of heterocycles in naturally
occurring as well as synthetic agents, and are an important class itself possessing
many pharmacological actions such as antimicrobial, antifungal, antitubercular,
antiviral and antimalarial. This points out the need for further investigation in this
field. The logic supporting the work presented in this thesis was formulated, bearing
in mind the biological activities of known moieties and attempting certain structural
modification or adaptations in light of the recent trends in drug research in

incorporating newly emerged pharmacophores on existing moieties.

Different biological activities of condensed pyrimidines are well known in the
literature. The isosteric properties of benzene and thiophene'®' are in general of
interest to medicinal chemists. The thienopyrimidine structure (a Purine analogue)
has recently received considerable attention. Many of its substituted derivatives

including thienotriazolopyrimidines'®, thienotetrazolopyrimidine'®, thienothiadiazolo
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pyrimidine'™ and others have pronounced antibacterial'® %’ |'%8,

antiviral'®,  anti-inflammatory'™'”' antitubercular'’?,  antimalarial'™  and

antifunga

phosphodiesterase inhibition activities' ™.

In the present studies, thieno [2,3-d] pyrimidione moiety has been chosen as the
basic nucleus. Recently, Hozien, et al'™ synthesized and evaluated some
derivatives of 4- substituted-5-phenyl-thieno [2,3-d] pyrimidine, as a potential
antibacterial and antifungal agents. By introducing different biologically active
heterocycles such as 2- furyl, 2-thienyl, 4-pyridinyl, 3-pyridinyl, at 5-position and the
halogenated aryl / heteroaryl substituent by different pharamacophoric side chains at
2,3-position of thieno [2,3-d] pyrimidin-4(3H)-one nucleus, it may expected to get
potent compounds of desired biological activity as these heterocycles and
pharmacophoric side chain play an important role in enhancing the activity spectrum
of most of the clinically used drugs.
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Partll-A:  Synthesis of methyl-3N-[(substituted aryl/heteroaryl)-methylene]-
amino+{2-furyl/2-thienyl)-thieno [2,3-d] pyrimidin- 4(3H)-ones

Woitun et al'”® have synthesized some derivatives of 4- substituted amino -2(5-
nitrofuryl)- thieno [3,2-d] pyrimidine (1) and 4 substituted amino — 2 (5-nitrofuryl) -
thieno [2,3-d] pyridimine (II) and evaluated in vitro against Staphylococcus aureus
and Trichomonas vaginalis (1) was found to be active at a concentration of < 3 pug/mi
and < 0.1 ug/ml against the above two organism, respectively.

0,>N o NH—R

(1) (1)
Similarly, Bourguignon et a/'’’ also prepared 4-substituted amino 2- furyl-thieno [2,3-
d] pyrimidine (lll) and 4-substituted amino-2 thienyl-thieno [2,3-d] pyrimidine (V)

X =0 (11l
X =S (V)

R = substituted amine

Hozien et a/'™ have synthesized various derivatives of 5-phenyl-4-substituted-thieno

[2,3-d] pyrimidine, out of which 4-hydrazino-5-phenyl-thieno [2,3-d] pyrimidine (V)
and Schiff bases (VI) of 5- phenyl-thieno [2,3-d] pyrimidine have shown high activity
against most of fungi and bacteria.

NHNH, NH—N=CH—R
| | SN SN
J ]
s >N S N)
(V) (VI)
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Recently, Desai et al'™

synthesized 3 N-substituted-thiouredo-2 methyl-6-phenyl
thieno [3,2-d] pyrimidin-4-(3H)-one (VII) derivatives which showed good antibacterial

activity against various types of bacteria

(VIl)

R = substituted aryl

I17O

Vega et al'™ had prepared the Schiff bases (VIll) of 2-thioxo-4-phenyi-benzothieno

[2,3-d] pyrimidine and tested for analgesic and anti-inflammatory activity.

( VI )

Schiff bases from substituted benzaldehyde have also been reported to have
encouraging tuberculostatic action'™. The presence of azomethine linkage in the
variety of biologically active compounds such as Nitrofurantoin and also in the field of
antibiotics such as Rifampicin has been proved to be very essential.

Fioravanti et a/'® have reported antimicrobial activity of some new heteroraryi
benzylamines and their Schiff bases (IX)

R

CH=N —Het
(IX)
R=C|F
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Bousquest et al'®' prepared a number of Schiff bases of pyrido-thieno [3,2-d]
pyrimidione (X). They were found to have interesting analgesic activity without Gl
complications.

(x) O

Kharizomenova et al'® synthesized 3-substituted-2,6 diethyl-thieno [2,3-d] pyrimidin-
4(3H)-one derivatives and screened for their antiviral activity. Out of these 3-(p-
benzoquinonylimino-2,6-diethyl-thieno [2,3-d] pyrimidin-4(3H)-one (XI) was found to
be the most active antiviral agent.

C2H5
(XT)
Thus, based on the above data two series of 2-methyl-3N-[(substituted aryl /
heteroaryl) methylene]-amino-5-(2-furyl/2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones
(Xil) have been synthesized and screened for their possible antibacterial, antifungal,
antitubercular, and antimalarial activities.

O
Rv
P~
7 N7 e,
(XI1)

R = substituted aryl/heteroaryl
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Part II-B : Synthesis Of 2 - methyl - 3N - [(substituted aryl / heteroaryl)
carboxamido] - 5-(2-furyl/2-thienyl) —thieno [2,3-d] pyrimidin-4
(3H)-ones

Moderate activity was claimed for 5-chloro salicylanilide derivatives as anthelminitic
and antibacterial agentm. The acid amido linkage was found to be responsible for
various kinds of activities as seen from the following examples. Niclosamide (XIIl), a
S-chloro salicylénilide derivative, is a drug of choice in the treatment of cestodes.
Another salicylanilide derivatives (XIV) was found to be effective against penicillin

resistant S. aureus at a minimum inhibitory concentration (MIC) of 0.00609 pg/mi'®.

( X111) (XIV)

Lacova ef a/*® reported compounds of type (XV) having good biological activities.

N
IOuaN ‘
R S NH—C—CH,—O0

(XV)
The basic structure of Penicillin (XV1) and Cephalosporin(XVII) antibiotics consist of
a thiazolidine and dihydrothiazine ring respectively, connected to a R-lactam ring
which is attached to a side chain through amidocarbonyl linkage. Many
pharmacological characteristics of Penicillin and Cephalosporine antibiotics are
determined by its side chain, which plays an important role in antimicrobial activity

o 0
I S CH;3 I S

R—C—HN—:'/ ECH3 RI—C—HN——]/

N —N OAc
0 COOH 0” -

(XV1) (XVI)  ¢cooH
R, R; = substituted benzyl

Also, in our laboratory, a number of carbamido linkages of 5-nitro-2,1-
benzoisothiazole (XVIll) have been synthesized and evaluated for their

.
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antitubercular and antifungal activity. Most of the compounds have shown significant
antitubercular and antifungal activity'®.

NH-—%
(xvir) O
R =Cl, F, Br, CF;etc
Vaga'”® prepared 3-acylamino-4-phenyl-2-thioxobenzothieno [2,3-d] pyrimidine (XIX)

derivatives and tested for their analgesic and anti-inflammatory activities.

] N—NH—C—R
s~ N7 s
H
( XIX)

R = substituted aryl

Thieno [2,3-d] pyrimidin-4 (3H)-one ring system, joined to the dihydrothiazine ring
through CONH- linkage(XX), was found to be very active against Gram-positive
organism'®. The structure of (XX) is given below

0
H;C
] NH
HsC S N/l\s
3
“\——CONH S
;—_Nr y OAc
0
(XX) COOH

Heterocycles such as thienyl and furyl attached at C, position of thienopyrimidine

ring system (part ll-a) are reported to have significant antibacterial and antifungal
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activity. Also, a number of R-lactam antibiotics bearing these (furyl/thienyl)

heterocycles through acylamino side chain have a broad-spectrum of activity.

All the above examples indicate the importance of the amido linkage in biologically
active moieties. Taking into account the above facts and the biological importance of
different heteroaryl substituents in molecules, it was thought worthwhile to
synthesize molecules where the active thienopyrimidione is substituted at Cs-
position with a heterocycles (furyl/thienyl), and at 3-position with various substituted
aryl / heteroraryl substituents. The general structure of the compounds(XXl) is given
below. The compounds were studied for antibacterial, antifungal, antitubercular, and
antimalarial activities.

R = substituted aryl/heteroaryl
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PartlI-C: Synthesis of 2-methyl-3-[3-ethyl-4 (substituted aryllheter_oaryl)-2,3
dihydrothiazolidine amino] - § - (2-furyl/2-thienyl) - thieno [2,3-d]
pyrimidin-4 (3 H) - ones

Thiazole nucleus first described by Arthur Hantzch in 1887 is an important member
of the heterocyclic family. Over the period of years, it has underwent intensive

research and finds several applications in the field of medicinal chemistry. In 1965

187

Romanian research workers ™' showed the bacteriostatic activity of thiazole with

amino substitutents at 2 position and alkyl or substituted alky! at 4 position.

Our laboratory reported a number of 2,4 —disubstituted thiazole derivatives with good
antitubercular activity. Of that 2-[(morpholin-|-yl)-Acetamido]-4(3,4dichloro benzoyl)-
thiazole (XX!I) showed antitubercular activity at the concentration of 0.2 pg/ml'®.

7
Ci C N
| 0
[l / \
cl $” “NH—C—CH,—N 0
__/

(XX11)

Recently, Karali et a/'® synthesized derivatives of 3- [3,4-disubstituted-4-thiazolin- 2

ylidine) hydrazono-]-1H-2 indolinones (XXIIl) as potent antitubercular agents having
MIC <12.5 pg/ml

Rv S"‘_‘_l N
N —N:k R"
Ao &
NI O R!l
R (xxi)
R=H
R'=H, Br
R" = CHj3, C;Hs

R" = H, Br, NO,, OCH;

Ahmad and Farghaly190 synthesized 4(3H)-quinazolinone derivatives having
substituted thiazoline moiety at the 3-position (XXIV), which exhibited good
antibacterial and antifungal activities.
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S

Q —_—
=

|
N~ SCH; R

( XXIV)
R = C4H9, AHYI, C 6Hl 1> C()HS, C(,H4Br

Hence, on the basis of the above evidence, a series of 5-(2-furyl/2-thienyl)-thieno
[2,3-d] pyrimidin-4(3H)-one derivatives (XXV) having substituted thiazoline moiety at
3-position have been synthesized and tested for their antibacterial, antifungal,

antitubercular, and antimalarial activities.
0
R' j\ ”
N—N
| | )\ N R
P |

S~ "N CH; CoHs
(XXV)

R = substituted aryl/heteroaryl
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Partll-D: Synthesis of 2-[(substituted aryl / heteroaryl)-thioketomethylene]-
3- phenyl - 5 - (3-pyridinyl / 4-pyridinyl)-thieno [2,3-d] pyrimidin -
4(3H)-ones

The pyridinyl moiety has played important role in active antitubercular drugs viz.
Isoniazid, Ethionamide, and antibacterial Cephapirin. Rosoxacin (XXVI), the first
quinolone having 4-pyridinyl moiety at C; position proposed for treatment of systemic
infection, demonstrated activity against both Gram-positive and Gram-negative
bacteria and is marketed for the treatment of gonorrhea'®"

( XXV1)

Edward et al'® synthesized compound (XXVII), which is structurally related to the
known antimicrobial (XXVIiI), an analogue of Nalidixic acid reported to have a similar
antibacterial profile of activity'®,

C,Hs

(XXVI) ( XXVIII )

Also Bourguignon et al'”’ prepared 2-(2-pyridinyl)-thieno [2,3-d] pyrimidione (XXIX)

for their biological activity.

( XXIX)
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Badaway et a/'** synthesized 3,6—diéryl-2—thioxothiazolo-[4,5—d] pyrimidin-7(6H)-ones

(XXX) having mercapto group at C, position which showed pronounced antibacterial

and antifungal activity.

R, N_ _SH
N \T/
)\ l N ~
S S R'
O
( XXX)
R, R' = phenyl

/195

Lozanosa et al'™ synthesized the following types of 2-phenacyl thiobenzimidazoles

(XXXI) which are known for their diverse biological activity.

R
N
g
N~ >SCH,—C—R!
H

( XXXI)

R= NOQ, Cl
R' = substituted aryl
Muraveva et al'*®® have reported significant antitubercular activity of 2-thioquinazoles

(XXXII).
0] /©/0C2H5
A

( XXXII )
Devani et al'®'® have reported the antitubercular, antibacterial, and antifungal

activity of 2-mercapto-thieno-[2,3-d] pyrimidin-4 (3 H) ones (XXXIII) and thieno [2,3-
d] pyrimidin- 4(3 H) — one-2-mercaptoacetic acid and ethyl ester (XXXIV).

N SH
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o OCHs 0
R; /©, 2 N/R3
N |

P

| )\ R» 7 >N SH,COOR,

( XXXIV)
( XXXIIT )

R, Ry = CHj
R3 = CH3, C2H5
R4 =H, CyHs

Recently Guccione et al'® have prepared 3-methyl-4-oxo-6-(phenacyl! thio)-pyrazolo
(3,4-d) pyrimidin (XXXV) by condensation of a-haloketones and 3-methyl-4-0x0-6-
mercapto pyrazolo (3,4-d) pyrimidine and screened it for anti-inflammatory and
analgesic activity.

( XXXV)
Careful study of the literature exempilifies the pharmacophoric importance of the

pyridine ring and thieno [2,3-d] pyrimidine moiety in various antimicrobial agents. In
view of the above findings two series of 2- [(substituted aryl/heteroary)-thioketo
methylenel]-3 phenyI:5-(3-pyridiny|/ 4-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3 H) ones
were synthesized having the following general structure (XXXVI), and screened for
their antibacterial, antifungal, antitubercular, and antimalarial activity.

0

R _Ph
N

L

I
S N SCH,—C—R

( XXXVI)

=N ==

R = substitured aryl/heteroary!
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Partll-E: Synthesis of 2-[(substituted benzyl)-thio]-3-phenyl-5-(3-pyridinyl [
4-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3 H)-ones

Vishnu et aP® have synthesized and studied the biological activity of 2-
benzylmercapto-3-phenyl-5, 6 tetramethyleno-thieno [2,3-d] pyrimidin-4 (3H)-one
(XXXVII)

( XXXVII)

OO

Our laboratory reported a number of sulfide linkage of benzimidazole derivatives
having good antitubercular activity, out of which 5-(benzyl thio)-6-chloro-2-(3,4-
dichloro benzyl)-thio-benzimidazole (XXXVIII) showed antitubercular activity at a
concentration of 0.32 ug/ mi®".

Cl
CH,—S N
| S—CH, Ci
Ci

( XXX VI

Yamamoto et a”* have reported thienamycin analogue (XXXIX) having antimicrobial

activity superior or comparable to that of thienamycin.

HsC, -
SCH,— ]
2 \S
0
CO,PNB
( XXXIX )

As mentioned in part II-D the importance of pyridinyl moiety attached to
thienopyrimidine ring system and based on the above literature finding, we plan to
synthesize thieno [2,3-d] pyrimidin- 4(3H)-ones having the following structure (XL)
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bearing substituted aryl moiety at Cs position. All the compounds were subjected for
their in vitro antibacterial, antitubercular, antifungal and antimalarial activiiy.

R = substituted aryl
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Partll-F: Synthesis of 2-[(substituted aryl / heteroaryl)-sulfonamido]-5-(3-
pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H) —ones

Desai®® synthesized substituted thieno [3,2-d] pyrimidin- 4(3H)-one derivatives (XLI)
by joining the sulfonamido group at 3-position and pheny! group at Ce position of
thienopyrimidicne moiety. These derivatives showed significant antimicrobial activity.

(XLI)

R= 4MCC()H5,C6H5
AcNHCgHL,, etc.

Thus considering the importance of the sulfonamido linkage as effective sytnhons in
preparing compounds of medicinal value, several aryl/heteroryl amines have been
attached at C, position and 3-pyridinyl group at Cs position of thieno [2,3-d]
pyrimidin-4 (3H)-one moiety in order to get potent compounds of following types

(XLIl) and screened for their antibacterial, antifungal antitubercular, and antimalarial
activity.

( XLII)
R = substituted aryl
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THIS PART DEALS WITH THE CHEMISTRY OF ALL
COMPOUNDS / INTERMEDIATES INVOLVED IN THE WORK
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This part deals with the chemistry of all the compounds / intermediates involved in
the work

1) Chemistry of butenoic acid-2- cyano -3- (2-furyl/2-thienyl)-ethyl ester

The recent studies of Cope and his associates”™**® have introduced a number of
alkylidenecyano acetates that may be prepared from ketones by the Knoevenagel
reaction. The condensation of cyanoacetic acid and its esters with simple ketones
has been reported by a number of earlier investigators. In general, the usual
conditions of the Knoevenagel reaction, employing basic catalysts such as
piperidine®®, diethylamine®’ or other amines, were effective. Cope recently found

that with simple ketones better yields could be obtained using catalysts such as
acotamide or the aceolate salls of amines, such as piperidine, diethyl amine or

ammonia.
The Knoevenagel reaction is shown below -

R CN R CN

‘c=0 + HyC] — /\C=Ci + Hy0
R COOC,Hs R COOC,H;
(1) (11) (1)

The maximum yield was obtained when the reaction was carried out in the presence
of acetic acid and in an inert, water-insoluble solvent (benzene), which was added to
remove water. Cope and his associates condensed a variety of ketones, including

aliphatic, alicyclic or mixed aromatic aliphatic types, with cyano acetic esters.

Many salts catalyze the condensation of 1-ketones with cyanoacetic esters and that
‘the ammonium and amine salts of organic acids are better catalysts than the free
bases. Knoevenagel has employed amine salts in several condensation reactions of
aldehydes and in the condensation of ketones with acids.

Several different solvents have been reported to be useful in aiding the removal of

water by distillation from the reaction mixtures. Among these are toluene’®, benzene
and chloroform®®.

At higher temperatures, ammonium acetate dehydrates very rapidly to acetamide,

which is not a catalyst for the reaction. In a reaction, the catalyst must completely
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decompose, long before the reaction is completed. Therefore, it is necessary to add
the ammonium acetate catalyst in smaller portions at frequent intervals, until further
addition gives no more reaction.

Better yields were obtained by using acetic acid as a solvent and removing the water
formed by distillation during the reaction.

‘The Knoevenagel reaction is supposed to take place by aldol-like mechanism, which

was first postulated by Hann and Lapworth?'°

211

, and later supported by Kohler and

Corson“’ . According to this mechanism, the reaction involves the following steps.

i) Enolization of the adding methylene compound, probably through dissociation

of hydrogen ion.

CH,(CN)YCOOC,H;s H' + [CHCN)COOC,Hs]
(1) (1V)

ii)  Addition of the enol, probably through its ions, to the carbonyl compound.

R
R
i |
/\C=O + [CH(CN)YCOOC,Hs] +H' R—C—CH(CN)COOC,Hs
R (1) (1V) OH

(V)
ii)  Elimination of water from the aldol-like intermediate.

R R
I + - N\ /7
R'—(IZ——CH(CN)COOC2H5 H" +OH (or H0) + C=C_
OH R (11l) COOC;,Hs

(V)

The following facts are known in general about the above types of equilibria. The

enolization equilibria is catalyzed by both acids and bases. Bases produce higher

CN

concentration of the enolate anion by removing the hydrogen ion. The rate of
addition reaction as such depends upon the degree to which the addition to carbonyl
group is hindered, or upon the size of the alkyl group. Reactions similar to (iii) in
which water is eliminated are catalyzed by both acids and bases, but in general more
powerfully by acids.
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Acetic acid was chosen as an ionizing solvent which itself catalyzes enolization, and
which by distillation allows the continuous removal of water, thus preventing reversal
of equilibria. Acetamide acetate, ammonium acetate and ethylene diamine diacetate

were the most active catalysts.

2) Chemistry of 2-amino-3-carboethoxy - 4 - heteroaryl-thiophene
The substituted thiophenes could easily be synthesized by the well known Gewald?'?
procedure which involves-
i.  The reaction of ethy! heteroarylidene cyano acetate with elemental sulphur in
the presence of diethyl amine using absolute alcohol as the solvent.
ii.  The reaction of aryl/heteroarylketone, ethyl cyano acetate, and elemental
sulphur in the presence of morpholine using absolute alcohol as the solvent.

iii.  The reaction of a-oxo-mercaptan with ethylcyano acetate.

“e=c?™ 4
CHY  COOC,Hs
b ® ™R COOC,Hs R
] 2121? ¢—0 . CH;—COOC,Hs
) S~ “NH, (|:Hz CN
(ii) fo SH  (vim

R—%_CHz + Hzﬁ:—COOCsz + S

O CN
ViD

In our synthesis of substituted thiophenes, we chose route (i) and (ii). 2- acetyl furan
and 2- acetyl thiophene react only through route (i), while 3 — acetyl pyridine and 4

acety| pyridine react through route (ii) with ethylcyano acetate.
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The probable mechanism for route (i)

R _COOC:H;s _COOC,Hs
c=c{ S — » ¢~
+
cHy  “CN H ¢ §=N
H 12 6
Sx—S
R COOC,Hs
s” > NH,

The probable mechanism for route (ii)

R—C=0 & H,C—COOCH;  + S
CH; CN

EJCH—C 0OO0C,H;5

Sx—
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3)  Chemistry of 2 - methyl - 3 - amino - 5 - (heteroaryl) - thieno [2,3-d]
pyrimidin - 4(3H) - one

In literature various procedures are reported for the preparation of 2-methyl-3-amino

5,6 disubstituted-thieno [2,3-d] pyrimidin-4 (3H)-ones, which involves the reaction of

2- acetamido —3-carbethoxy 4-(heteroaryl) thiophene with hydrazine hydrate (80 %)

under reflux?'®. For preparation of 2 methyl 3 amino 5 (heteroaryl) thieno [2,3-d]

pyrimidin-4 (3H)-ones, we reacted 2 acetamido-3-carbethoxy-4 (heteroaryl)

thiophene with excess of hydrazine hydrate using alcohol as a solvent under reflux.

R COOC;,H;s

“ |l +  NHy'NH2'H,0

S NH—%—CH3
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Reaction Mechanism

R COOC,H;s

“ || + NHy»NH; - H,0

S NH—(ﬁ —CH;j;

l A
& OC,Hs

R C—NH,~-NH,

S N H—ﬁ —CH;

<
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4) Chemistry of Schiff bases

Schiff bases are formed by the condensation of amino group and carbonyl functional
group of aldehyde or ketone.

The presence of azomethine linkage in compounds has been shown to decrease
their toxicity considerably®'“?'>. In our laboratory, Schiff bases of various aldehydes

have shown encouraging antitubercular activity in vitro.

Schiff?'®, for the first time, reported the condensation of primary amine with carbony!
compounds and hence, condensation products are referred to as “Schiff bases”.

R—CHO + H,N—R' ——>» R—CH=N—R

Aromatic, as well as heterocyclic amines and aldehydes can be condensed as above

to give Schiff bases. The literature describes many procedures to prepare Schiff
bases. The important methods are listed below:

1) The simplest method appears to be one in which condensation of equimolar

quantities of amine and an aldehyde is effected in boiling methanol.

2) In 1946, Tipson and Clapp?®"’, obtained Schiff bases by refluxing the amine and
aldehyde in toluene, with a few drops of piperidine. The water formed during the
course of the reaction was removed by employing a Dean-Stark’s trap.

3) In 1950, Hayes et af'® prepared Schiff bases by heating a mixture of an

aldehyde and amine in benzene and removing water formed during the reaction
using Dean Stark apparatus.

4) In 1953, Giovambettista and Rabassa®'® suggested the use of acetic acid as a

catalyst for the synthesis of Schiff bases in good yields.

As the first method was found to give Schiff bases in good yields, it was followed
initially during the course of this investigation. Later on, it was found that the use of a
few drops of acetic acid improved the yields.

Reaction Mechanism

R—CHO + H,N—R' —» R—CH=N—R +H0
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The addition of amines to aldehydes under mild acid catalysis causes. The acid
catalyst to protonate the carbonyl oxygen and promote the attack of nucleophilic

amine.

N R /H R @ /H
_C= >C=O® -—> >C—0
H (& 1
e
L R
R R
,-CoH H® SC—OH
| -— o
NH—R' '(NH—W
Adduct H

The adduct that is formed in this reaction undergoes a further reaction to eliminate

water, and form a carbon nitrogen double bond.

R . = R @ H
H | SC=N—R
NH—R' C%H*w H
R\
C=N—R'
H/

Hence, a combination of modified first and the fourth method was used during the
synthesis of the Schiff bases of 2 methyl-3-amino-5 (2 furyl/2 thienyl) —thieno [2,3-d]
pyrimidin-4(3H)-ones, which were condensed with various substituted
benzaldehydes.

5) Chemistry of amide

Aromatic or hetero amines condense with benzoyl chloride in solvent at elevated
temperature to form amide linkage. Various solvents such as benzene, dioxane etc.
can be used.

The synthetic route can be represented as below:
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I
R—NH, + CI—CO—R' —» R—NH—C—R

The heterocyclic amines are in general less reactive than the aromatic amines. The
refluxing of the amine with substituted acid chloride in dioxane, in the presence of
triethylamine, was found to be the best method. Hydrogen chloride liberated in the
reaction is trapped by triethylamine, forming its hydrochloride salt. Triethylamine
hydrochloride [(C2Hs)N'HCI)] is highly soluble in water, the product being insoluble

in water. The productis isolated easily by dumping the reaction mixture in water.

The use of pyridine in place of triethylamine is also very common. Other methods of
synthesis of amide include.

i) action of amine on ester

i) action of acetic anhydride on amine

R—CO_ I
_0 + R—NH, —> R—C—NH—R' + R—COOH
R—CO ,
iii) hydrolysis of alkali nitriles
R—C=N —> R—CO—NH,

Mechanism of reaction

The acid chlorides are readily attacked by the nucleophile at the carbonyl carbon.
The resulting adduct eliminates chloride ion. So although each step of the reaction is
theoretically reversible, the reaction by-product is hydrogen chloride gas, which is

usually abstracted by base from the reaction mixture, shifting the equilibrium to the
right side. -

/\‘ H SD
R—NH, + cl/ —R' — - R.__]J]_(:j_R-
Y&l
(Adduct)
0]
R—NH—g——R'
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6) Chemistry of halogenation of ketones
Ketones that have an (a)-hydrogen can readily be halogenated with Bromine,

Chlorine or lodine in an acidic, as well as basic medium.

@ X
| |
_Cl_ﬁ_H X HorOile (E__lc__ + HX
H O H O
X=Cl,Brl

Base-promoted halogenation of ketones:

When basic catalysts are used, the base slowly abstracts a proton from the ketone to
form the carbanion (l), which then rapidly reacts with Bromine to yield the

bromoketone(il).

—C—C— —C—C C=C—
Ll BO I [P
H O 0 H O
Fast ] Br-Br
D
Br O

Since the rate of generation of carbanion determines the overall rate of the reaction,
it is the rate determining step. As fast as the carbanions are generated, they are
snapped by the Bromine molecule.

Acid-catalysed halogenation of ketones

Acids, like bases, speed up the halogenation of ketones. Since the acids are not

consumed, the reaction may be called acid-catalysed halogenation of ketones.

Step 1 —?——C + HB
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| I ICI
X O—H
OH ol
Step IV —c—(”:— +fP ——(I:—(ﬂ‘— + H:B
X Q—H X O

The rate-determining step here is the formation of the enol, which itseif involves 2
steps : rapid reversible protonation step (1) of the carbonyl oxygen, followed by the
slow loss of an a-hydrogen step (lll). Once formed, the enol reacts rapidly with

halogen to give the halokétone.

Solvents like chloroform, carbon ' tertrachloride, diethyl ether can be used
conveniently with better results. When diethyl ether is used as a solvent, aluminium
chloride is often added for prompt enolization.

It is observed during bromination that the presence of sunlight or slight heating
during the initial stages facilitates the initiation of the reaction. Heat or light may help
bromine molecule to get polarized to Br radical, which would favour attack on the
enol form of the ketone.

7) Chemistry of 2- mercapto-3-phenyl-5-(3-pyridinyl/4-pyridinyl)-thieno [2,3-
d] pyrimidin- 4(3H) -ones

For the preparation of 56 disubstituted 2-mercapto-3(aryl/alkyl)-thieno[2,3-d]

pyrimidione, various methods are reported. First method involves the reaction of 2-

amino-2,3-carbethoxy-4,5-disubstituted-thiophene and substituted aryl / alkyl

isothiocynate in the ethanol saturated with dry hydrochloric acid, under reflux
conditions'®’.
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Ry COOC;Hs Ry COOC,Hs
[ ] — = ] s
3 —
R S

> NH, |SI R, S NH—C—NH—R;
M) (I
. lEthanolic HCI
O
R R

] I I N/ 3
2\

R, S N SH

( 111)
in the second procedure, a mixtuie of 2-amino-3-carbuthoxy-4,5-disubstituted

thiophene and phenyl isothiocynate in ethanol was heated for 15 to 20 hrs'®,

Q)
R COOC,H;s
— R, P
PhNCS | /I\
R2 S NHZ RZ S N Z SH

(111)
Also, 3-aryl-4-amino-2,3-dihydro-2 thioxothiazole-5-carboxylate was cyclized to 3,6
diaryl-5-mercapto-2-thioxothiazole [4,5-d] pyrimidin-7(6H)-one by using phenyl

isothiocyanate, dry K2CO3 and acetonitrile as solvent, under reflux conditions'®*.

H,N _R HS._ _N R
oY N R'NCS Y ‘ N
HsC,0_ K xco; N P
C S S R S S
0
(V)

I
o

(1V)
Therefore, we decided to cyclize 2-amino-3-carbethoxy-5-(3-pyridinyl / 4-pyridinyl)-
thiophene with phenyl isothiocyanate using K,CO3 and acetonitrile as solvent, under
reflux conditions, to give 2-mercapto 3-phenyl-5(3-pyridimnyl / 4-pyridinyl)-thieno
[2,3-d] pyrimidin- 4 (3H) ones.
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R (:00(:2H5
[ K2 04 )\
S NH

8) Chemistry of 2-[(substituted aryl / heteroaryl) - thioketomethylene]-3-
phenyl-5«(3 —pyridinyl /4-pyridinyl)-thieno [2,3-d] pyrimidin- 4 (3H) -ones
In the literature, 3-methyl-6-[(substituted aryl)-thioketomethylene)] pyrazolo [3,4,-d]
pyrimidin-4(3H)-ones have been prepared by stirring 3-methyl 6-mercapto pyrazolo
[3,4-d] pyrimidin-4(3H)-one with the pertinent a-haloketone in anhydrous acetone

and sodium carbonate at room temperature for 24 hours.

(I11)

In our course of synthetic work, we used this method for the preparation of 2-
[(substituted aryl/heteroaryl)-thioketomethylene]-3-phenyl-5-(3 pyridinyl / 4-pyridinyl)
-thieno [2,3-d] pyrimidin- 4 (3 H)-ones.

In this method the a-haloketone was condensed with 2-mercapto-3-phenyl-5-(3-
pyridinyl / 4-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones.
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0
R Ph 0
N7 I
| )\ +  R—C—CH,—Br
Z
s N s

r j\ 0
SCHz——(HI —R'
9) Chemistry of 2-[(substituted benzyl)-thio]- 3-phenyl-5{3-pyridinyl / 4-
pyridinyl) - thieno [2,3-d] pyrimidin-4 (3H)-ones
2-mercapto-3-phenyl-5-(3-pyridinyl/4-pyridinyl)-thieno  [2,3-d] pyrimidin-4(3H)-one
was refluxed with various substituted benzyl chlorides in equimolar quantities in dry

1,4, dioxane and triethylamine, yielding the title compounds.

0]
R N/Ph R'
¥ x v o
p
N SH

Dioxane, Triethylamine

t_fkkm Q

10) Chemistry of thiourea

Since the first synthesis of thiourea and its derivatives was made in about 1870, a
vast literature on these compounds has accumulated. In fact, an extensive
knowledge of the properties and principles of synthesis and reactivity of thiourea was

available at a relatively early stage in the history of thiocarbony! chemistry. The main
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reason for this situation is that thioureas are of high stability and are more easily

accessible by relatively simple synthetic procedures.

Thioureas have found wide applications in pharmaceutical, insecticides,
preservatives, rodenticides and are of commercial use in dyes, photographic films,
plastics, textiles etc.

Thioureas in common practice are represented by the following structure:

Rn = H, Alkyl, Aryl, etc
The most important standard method of synthesis is based on the reaction of alkyl or

ary! isothiocyanates with ammonia or amine®®. By this reaction, mono substituted,
1,3 disubstituted, and 1,1,3 — trisubstituted thioureas can be obtained.

R,—N=C=S + RyRzNH —> Rl—-NH-—(”:—NRzRg,

Ry, Ry,R3 =H, akyl, aryl, etc.
The broad scope of the reaction is most clearly demonstrated by a large variety of
thioureas that have been synthesized on the basis of active participation of aliphatic,
aromatic, open chain and cyclic amines, as well as of amine derivatives such as
ketimines, hydroxylamines, iminoesters and amidines®'?%.

The same reaction is used to synthesize 2-methyl-3N-ethy! thioureido-5-(2-furyl / 2-
thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-one.

it S
R [
N—NH, N—NH—C—NH—C;H;s
| )\ + CHsNes — || /k
S N CH; S N CH;

In the course of our synthetic work, for the preparation of 2- methyl-3-[3-ethyl-4
(substituted aryl / heteroaryl)-2,3 dihydrothiazolidene amino)}-5- (2-furyl / 2-thienytl)-
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thieno[2,3-d] pyrimidin-4(3H)-ones, a-haloketones was condensed with 2-methyl-3
N-ethyl thioureido-5-(2-furyl / 2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-one.
7 S
0]
R | |
N—NH—C—NH—C;Hs + R'—C—CH,—Br

s N7 CH; l

_ Reaction Mechanism

C,H;s
R'—CQj HN
| M
H-CH—Br l SR
C’)HS

R—C—OH H—N

H—C—Br HS—C=N—R

ll*:t
R'—(ﬁ—-N

11. Chemistry of Sulfonyl chloride

The preparation of Sulfonamide from sulfonyl chloride is a nucleophilic substitution at
RSO.Cl, in a manner similar to the attack of R-COCI, but the mechanism is not the
same because a ‘tetrahydral’ intermediate(l) in this case would have five groups on

the central atom®*
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Y--S--X
0 OO0
(1)

This mechanism more closely resembles the SN? mechanism, but the reaction of the

substrate, which carries a a-hydrogen, is a strong evidence that the reaction takes

place by an elimination addition mechanism going through sulfene intermediate, e.g.

reaction of methane sulfony! chloride and aniline gives sulfonamide as follows

Ph-NH,
CH;80,Cl ————»  CH3S0,—NH—Ph

Preparation of sulfonyl chloride :

The sulfony! chlorides are prepared by various methods —

1.

By reacting sodium sulfonate with PCls or POCls at 180°C. In this reaction,
benzene sulfonate reacts with the PCls or POCIs to yield benzene sulfony!

chloride.

R—C¢H4SO3Na + PCls/POCl; ———» R—CzH4S0O-,Cl

Chlorosulfonic acid is utilized for the conversion of aromatic hydrocarbon to
sulfony! derivatives®®. In this, chlorosulfony! chloride is used to provide the
sulfonyl chloride (-SOCI;) group to the aromatic hydrocarbon. Thus, the
sulfonyl chloride group is introduced to the aromatic nucleus by treatment with
an excess of chiorosulfonic acid in chloroform??.

CHCI
R—Ce¢Hs +CISO3H ——3 R—CqHSO,Cl

By reaction of Grignard reagent first with SO», and then with chlorine gas®?’.
Cl
R—MgCl +80; ——» R—SO0,MgCl —>—» R—S0,Cl

Mercaptans or disulfides on reaction with chlorine in aqueous hydrochloric
acid can be converted to sulfony! chioride®®.

Thus, methane mercaptan is converted into methane sulfonyl chloride by
simultaneous hydrolysis and chiorination at 40-70°C in saturated HCI.

RSH+3Cl, +H,0 —— RSO,Cl + SHCI
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Disulfides can also be converted to sulfonyl chloride by simultaneous

hydrolysis and chlorination.
R—S§—S—R +5Cl; +4H0 —— 2RS0,Cl + 8 HCI

There are relatively few the heterocyclic sulfonamides in which the sulfur atom is
joined directly to a carbon of heterocyclic ring. In such a case, sulfonyl chloride
(Sulfonamide) are usually prepared by chlorosulfonation or conversion to sulfonic
acid chloride, followed by the amidation to get sulfonamide. The oxidative
chlorination, at low temperature, of such heterocycles has been found to be quite
widely applicable to the preparation of these compounds.

In the course of our synthetic work, we used the oxidative chlorination method
(Method 4) for the preparation of 2-(aryl/heteroaryl)-sulfonamido]-3-phenyl-5-(3-
pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-one. In this method, mercaptan compound
was converted into sulfonyl chloride in the presence of Cl, and water at low

temperature, followed by the amidation to get sulfonamide.

$” N7 50,01

SO;—NH—R
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Part 1-D

Sechematie

Series of Compounds
Synthesised




SCHEME |

Synthesis of 2-methyl-3N-[(substituted aryl /heteroaryl)- methylene]-amino-5-
(2-furyl / 2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones

COOC,H
CH3;COONH, RO 213

R—C—CH; + NCCH,COOC,Hs; —~—rarc—> Cc=C
2 "5 CH,COOH N
I 3 CHY C=N
(1) (I 4
l SU]phUl’, (C2H5)2N H,(
R COOC,H;
:S: lNHz
(Iv)
l (CH5C0),0, Zn dust
R COOC,H;s
S NH—(HI——CH3
(V)
NH,NH,H,0
0
0 R
N—NH
R H H 2
N—N=CH—R' ¢ 4_3390_ | | P
S NT Ci, Vi)

(V1)

R' = substituted aryl/heteroaryl aldehyde
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SCHEME i

Synithesis of 2-methyl-3N-[(substituted aryl / heteroaryl)-carboxamido)]-5-(2-
furyl / 2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones

R COOC,H;
H NH /
R—C’—CH} + NCCHQCOOC2H5 C_ﬂ?_"; \C=C
I CH;COOH / \
o) CH; C=N
M () (1)
Sulphur,
(C,Hs5)oNH, CoHsOH
R COOC,H;
S NH,
(Iv)

l (CH3C0),0, Zn dust
COOC;,H;s

S NH—% —CH;
o

O

R — N--NH _,___(”* - R (Czi"lﬂ)\N. Dioxane
Pt <
Z R'—COCI

S N CH;

(VI

- L)

R' = substituted aryl/heteroaryl aldehyde
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SCHEME Il
Synthesis of 2-methyl-3-[3-ethyl-4-(substituted aryl / heteroaryl)-2,3 dihydro
thiazolidine aminoj-5-(2-furyl / 2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones

R_  COOC:Hs
"H3;COONH
R—C—CH; + NCCH,COOCHs ol cOONE So=c’
! CH,COOH p
M (1 (1)
Sulfur,
(CaHs)oNH,
Alcohol
R COOC,H;
57 NH,
(1v)
l (CH3CO0),0, Zn Dust
R COOC,Hs
S NH—%—CH3
(V) o)
NH;NH,H,0
(0)
> R
" ” N—NH;,
N-NH—C—NH—CHs C,HsNCS, ]
9 “Dry alcohol ~
P ry alcoho s N CH,
S N CH;
(V)
(Vi)
+
0 .
R_C_‘CHZ—BT CHC] 3
(1X) ‘ (VIII)
CH3;COONa
Dry alcohol l
R
] ”4—1 I J o1
S N CH, Hs = substituted aryl / heteroaryl

(X)
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SCHEME IV

Synthesis of 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-phenyl-5-(3-
pyridinyl / 4-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones

R—ﬁ_—CIh + NCCH,COOC,Hs + S
0
(1) (1)

Morpholine
Abs. alcohol

COOC;H;

o

a1
lPhNCS

K>CQOs5, Acetonitrile

(V)

0
| Bry, CHCI4
R—C—CH: 277, R C—CH,Br

(V) (VD)
0

R _Ph
sodium carbonate l ’ N

(VD) dry acetone )\

(Vi)

(tv)y =+ T
S N SCH,—C—R'

R:\/‘\/N

—N

R substituted aryvlfheteroanyl
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SCHEME Vv
Synthesis of 2-[(substituted benzyl)-thio]-3-phenyl-543-pyridinyl / 4-pyridinyl)-
thieno [2,3-d] pyrimidin-4 (3H)-ones

R (Ol NCOHCO0C, 1 s
0
(hH (1)

Morpholine
Dry alcohol

R COOC,H;

S~ “NH,
(111

PhNCS
K,COs5, Acetonitrile
0

R P
|

A

S °N
(1v)

@»cmcn + (IV)
R

(V)

SH

Trethylamine
Dioxane

R"= substituted aryl/heteroaryl
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SCHEME VI

Synthesis of 2-[(substituted aryl / heteroaryl)-sulfonamido]-5«(3-pyridinyl)-
thieno [2,3-d] pyrimidin-4 (3H)-ones

R*—(l'l‘,—(‘.H_} + NCCH,COOC;Hs  +5S
0O
() (h)

Morpholinc
Dry alcohol

R COOC;H;

$” “NH,
(11l

PhNCS
K,CO3, Acctonitrile

0
R _Ph

(v)
lcnz, CH3COOH, HCI, H ,0

V)

R'NH,
Dry acctone, (C 2Hs)3N

o)

R Ph
N/

L1

S N

- ___C/> |

R'= substituted arvl/heteroaryl

SO,—NH—R'

(V1)

121



Part Il

Experimental




Part I1-A.i

Synthesis of 2-methyl-3N-
[(substituted aryl / hetero
aryl)-methylene]-amino-5-(2-
furyl)-thieno [2,3-d]
pyrimidin-4 (3H)-ones




This part of the thesis deals with the synthesis of 2-methyl-3N-[(substituted aryl /
heteroaryl)-methylene]-amino-5-(2-furyl)-thieno [2,3-d] pyrimidin-4(3H)-ones which

involves the following steps -

Synthesis of 2-butenoic acid-2-cyano-3-(2-furyl)-ethyl ester
Synthesis of 2-amino-3-carbethoxy-4-(2-furyl) thiophene

Synthesis of 2-methyl-3-amino-5-(2-furyl)-thieno [2,3-d] pyrimidin-4 (3H)-one

)
)
3) Synthesis of 2-acetamido-3-carbethoxy-4-(2-furyl)- thiophene
)
) Synthesis of the title compounds by condensation of 2-methyl-3-amino-5-(2-

furyl)- thieno [2,3-d] pyrimidin-4(3H)-ones with various substituted aldehydes

44
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1) Synthesis of 2-butenoic acid- 2-cyano- 3-(2- furyl)- ethy! ester

Ethyl cyanoacetate (10.66 mL, 0.1 M), 2-acety! furan (10.09 mL, 0.1 M), anhydrous
ammonium acetate (6.16 g, 0.08 M), glacial acetic acid (4.61 mL, 0.08 M), and dry
benzene (150 mL) were placed in a 250 mL round bottom flask attached to a
modified Dean - Stark constant water-separator and double walled water condenser.
The reaction mixture was boiled under reflux for 7 to 9 hours with constant stirring.
Refluxing continued for one hour after which water ceased to separate. On cooling to
room temperature, it was diluted with benzene (150 mL) and washed with water (3 x
100 mL) and dried over sodium sulfate. The solvent was removed in vacuo. The
solid obtained was recrystallized from methano! to give a yellow coloured crystalline
product.

Yield = 80 %

M.P =75-76°C

Elemental analysis of C11H11NO3

C% H% N%
Calculated 64.39 536 6.82
Found 64.70 527 6.93

2) Synthesis of 2-amino-3-carbethoxy-4-(2-furyl)- thiophene

In a 100 mL round bottomed flask equipped with water condenser was placed a
suspension of 2-butenoic acid -2-cyano-3-(2-furyl)-ethyl ester (6 g, 0.029 M) in
absolute ethanol (15 mL), diethylamine (1.35 mL, 0.013 M) and sulphur (0.92 g,
0.029 M). The mixture was warmed on a steam bath for 30 minutes when most of
the reactants dissolved. The solution was further warmed on the steam bath below
60°C for 2 hours. On cooling to 10 °C, a red coloured crystalline product was formed.
This was filtered and recrystallized from methanol.

Yield =4.85 g (70 %)

M.P. = 86-87°C

Elemental analysis of C11H{1NOaS

C% H% N%

Calculated 55.69 464 590
Found 55.41 4 51 568
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3) Synthesis of 2-acetamido-3-carbethoxy-4-(2-furyl)- thiophene

In a 100 mL round bottom flask was placed a mixture of 2-amino-3-carbethoxy- 4- (2-
furyl)- thiophene (10 g, 0.04 M), acetic anhydride (12.14 mL, 0.12 M) and zinc dust
(2.85g) This mixture was stirred and warmed on a water bath at 70-75°C, when the
solid dissolved after 10 minutes. The reaction mixture was then cooled and the
resulting solid was filtered, washed with water and crystallized from methanol.

Yield = 9.41 g (80 %)

MP =103-104°C

Elemental analysis of C13H13NO3S

C% H% N%
Calculated 59.31 494 532
Found | 59.45 487 5.50

4) Synthesis of 2- methyl- 3- amino-5-(2-furyl)-thieno [2,3-d] pyrimidin - 4
(3H)- ones

In a 100 mL round bottom flask equipped with water condenser was placed a

solution of 2-acetamido-3-carbethoxy-4-(2-fury!)-thiophene (4 gm 0.014 M) in alcohol

(20 mL).To it hydrazine hydrate (14 mL) was added. The reaction mixture was

heated under reflux for 1 hour. Aftervcooling, the isolated product was recrystallized

from acetone to obtain a white crystalline product.

Yield =2 g (57%)

M.P.= 174-175°C

Elemental analysis of C11HgN30,S

C% H% N%
Calculated 53.44 3.64 17.00
Found 53.28 3.78 17.08
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5) General method for the synthesis of 2- methyl-3N-[(substituted aryl/
heteroaryl)-methylehe]-amino-5-(2-furyl)-thieno [2,3-d] pyrimidin4 (3H)-
ones :

Synthesis of 2-methyl-3N-[4-fluorophenyl)-methylene]-amino-5-(2-furyl)-thieno [2,3-d]

pyrimidin-4 (3H)-one

In a 25 mL round bottomed flask equipped with water condenser was placed a
mixture of 2-methyl-3-amino-5-(2-furyl)-thieno [2,3-d] pyrimidin4 (3H)-one (0.5 g,
0.002 M) and 4 - fluorobenzaldehyde (0.24g, 0.002 M) in 5 mL of acetic acid. It was
refluxed on oil bath for 4 hours. The reaction mixture was then allowed to cool to
room temperature. The solid separated was filtered and washed with water. It was

then recrystallized from dichloromethane.

Yield = 0.45 g (63 %)
M.P. = 234-36°C

Elemental analysis of C1gH12FN302S

C% H% N%
Calculated 61.18 3.39 11.89
Found 61.00 3.49 12.19

In a similar manner, all the other 2 - methyl - 3N - [(substituted aryl / heteroaryl)
methylene] - amino - 5 - (2-furyl) - thieno [2,3-d] pyrimidin - 4 (3H) -ones have been
synthesized and their physical data has been recorded in Table 1
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Table 1

: 2-methyl - 3N - [(substituted aryl / heteroary!) - methylene]-amino-5-2- furyl-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. |

R Molecular formula | Molecular | M.P. Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N
1 CeHs C18H13N30,S 335 160-61 60 6447 | 3.86 | 1253 | 6470 | 3.97 | 1248
2 | 4-Cl-CeH4 C18H12CIN302S 369 218-19 75 5853 | 325 | 1138 | 5836 | 3.40 | 11.57
3 | 4-F-CgHa C18H12FN30,S 353 234-35 63 | 6118 | 339 | 1185 | 61.00 | 3.49 | 12.19
4 | 4-NO2-CeH4 C18H12N404S 380 225-26 65 56.84 | 315 | 1473 | 57.20 ! 2.91 15.00
5 | 4-CFa-CeHa C1oH12FaN302S 403 150-53 50 56.57 | 2.97 | 1042 | 56.68 | 3.02 | 10.67
6 | 2-CF3-CeH4 CioH12 FaN30,S 403 113-15 58 56.57 | 297 | 1042 ' 5663 | 3.10 | 10.62
7 | 2-F, 4-CF3-CeHa CigH11 FaN302S 421 155-56 58 5415 | 2.61 997 | 5418 ;| 287 | 10.10
8 | 4-OH-CeH4 C18H13N30,S 351 248-50 42 6150 | 370 | 11.96 | 61.80 | 400 | 1220
9 | 3-Pyridine C17H12N402S 336 199-200 | 41 60.71 357 | 1666 | 6091 | 379 | 16.51
10 | N-Methyl-pyrrole C17H1aN4O,S 338 209-10 73 6053 | 414 | 1810 { 60.79 | 405 | 17.96
11 | 2-Thieny! C16H11N30,S, 341 148-50 57 56.30 | 320 | 1231 | 56596 | 365 | 12.60
12 | 5-Bromo-thienyl C16H10BrN30,S; 419 250-51 70 4582 | 238 | 1002 | 4588 | 248 9.98
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Spectral data of 2- methyl- 3N-[(4-fluoro phenyl)-methylene]-amino-5-(2-furyl)-thieno
[2,3-d] pyrimidin- 4 (3H) - one (Compound No. 3, Table 1) has been given below

IR(KBr)em™  : 1686 (-CO-); 1603 (C=N), 3009, 1383 (-CHa) ; 1480, 1239,
1139, 1002 (Furyl); 3122, 1156, 1097, 1588, 1449 (Aromatic);
/70, 748, 730 (C-H Aromatic) ; 1021 (C-Halo)

PMR (CDCl3) 8 : 261 (s, 3H, CHg); 6.46 (s, 1H, Furyl); 7.20 — 7.9 [m,8H (4H,
Aromatic ; 1H, Thienyl ; 1TH, N=CH, 2H, Furyl]
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Part 11-A.ii

Synthesis of 2-methyl-3N-
[(substituted arylheteroaryl)-

methylene]-amino-5-(2-thienyl)-
thieno [2,2-d] pyrimidin-4(3H)-
ones




This part of the thesis deals with the synthesis of 2-methyl-3N-[(substituted
aryl/heteroaryl)-methylene]-amino-5-(2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones
which involves the following steps

1) Synthesis of 2-butenoic acid-2-cyano-3-(2-thienyl)-ethyl ester
2) Synthesis of 2-amino-3-carbethoxy-4-(2-thienyl) thiophene

3) Synthesis of 2-acetamido-3-carbethoxy-4-(2-thienyl)-thiophene

4) Synthesis of 2-methyl-3-amino-5-(2-thienyl)-thieno[2,3-d] pyrimidin- 4 (3H) —~one
5) Synthesis of the title compounds by condensation of 2-methyl-3-amino-5-(2-
thieny!)- thieno[2,3-d]pyrimidin- 4(3H) - ones with various substituted aldehydes
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1) Synthesis of 2-butenoic acid-2-cyano- 3-(2-thienyl)- ethyl ester

In a three necked 250 mL round bottomed flask equipped with a modified Dean -
Stark constant water separator and double walled water condenser was placed ethyl
Cyanoacetate (10.66 mL, 0.1 M), 2 - acetyl thiophene (10.86 mL. 0.1 M), anhydrous
ammonium acetate (6.16 g, 0.08m), glacial acetic acid (461 mL, 0.08 M), and dry
benzene (150 mL). The reaction mixture was boiled under reflux for 15 hours with
constant stirring. The refluxing was continued for one hour, after which water ceased
to separate. On cooling to room temperature, it was diluted with benzene (150 mL)
and washed with water (3 x 100 mL) and dried over anhydrous sodium sulphate. The
solvent was removed in vacuo. A dark yellow coloured liquid was obtained, which
was distilled under reduced pressure.

Yield = 67 %

B.P2omm = 210 °C

Elemental analysis of C11H1;NO,S

C% H% N%
Calculated 59.72 497 6.33
Found 59.40 4.86 6.66

2) Synthesis of 2-amino-3-carbethoxy-4-{2-thienyl)-thiophene

In a 100 mL round bottomed flask equipped with water condenser was placed a
suspension of 2-butenoic acid-2-cyano-3-(2-thienyl)- ethyl ester (6.43 g, 0.029 M) in
absolute ethanol(15 mL), diethylamine (1.35 mL 0.013 M) and sulphur (0.92 g, 0.029
M). Mixture was warmed on a steam bath for 30 minutes when most of the reactants
dissolved. The solution was further warmed on a steam bath below 60°C for 2 hours.
On cooling to 10°C for 4 to 5 hours, a crystalline product was formed. This was
filtered and recrystallized from methanol.

Yield = 6.40 g (87 %)

M.P = 83-84 °C

Elemental analysis of C11H{1NO>S

C% H% N%
Calculated 52.17 4.34 5.53
Found 51.89 410 542
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3) Synthesis of 2- acetamido - 3- carbethoxy — 4-(2-thienyl)-thiophene

In a 100 mL round bottomed flask was placed a mixture of 2-amino-3-carbethoxy-
4(2-thienyl)-thiophene (10.12 g, 0.04 M), acetic anhydride (12.41 mL, 0.12 M), and
Zinc dust (2.85 g). This mixture was stirred and warmed on a water bath at 70-75°C,
when the solid dissolved after 10 minutes. The reaction mixture was then cooled and
the resulting solid was filtered, washed with water and recrystallized from methanol.
Yield = 8.26 (70 %)

M.P. = 96-97 °C

Elemental analysis of C13H13NO3S:

C% H% N%
Calculated 52.88 4.40 474
Found 52.76 435 4.80

4) Synthesis of 2-methyl-3-amino-5-2-thienyl)-thieno[2,3-d] pyrimidin-4(3H)
one

In a 100 mL round bottomed flask equipped with water condenser was placed a

solution of 2—acetamido-3-carbethoxy -4-(2-thienyl)- thiophene (4.13 g, 0.014 M) in

alcohol (20 mL). To it hydrazine hydrate (14 mL) was added. The reaction mixture

was heated under reflux for 1 hour. After cooling, the isolated product was

recrystallized from acetone to obtain a white crystalline product.

Yield = 1.47 g (40%)

M.P. = 142-43°C

Elemental analysis of C11HgN30S;

C% H% N%
Calculated 50.19 3.42 15.96
Found 4995 3.34 15.91
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5) General method for the synthesis of 2-methyl-3N-[(substituted aryl /
heteroaryl)-methylene]-amino-5-(2-thienyl)-thieno[2,3-d] pyrimidin-4 (3H)-
ones

Synthesis of 2-methyl-3N-[(4-nitrophenyl)-methylene]-amino- 5-(2-thienyl)- thieno[2,3

~-d] pyrimidin-4 (3H)-one

In a 25 mL round bottomed flask equipped with water condenser was placed a
mixture of 2-methyl-3-amino-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-one
(0.5g,.0019 M) and 4 -nitrobenzaldehyde(0.28 g, 0.0019m) in 5 mL of acetic acid. it
was refluxed on oil bath for 4 hours. The reaction mixture was then allowed to cool to
room temperature. The solid separated was filtered and washed with water. It was

then recrystallized from ethyl acetate.

Yield = 0.58 g (78 %)
M.P. = 198-99°C

Elemental analysis of C1gH12N403S;

C% | H% N%
Calculated 54.50 3.39 14.10
Found 54.74 3.39 14.10

In a similar manner, all the other 2-methyl-3N-[(substituted aryl / heteroaryl)-
methylene]-amino-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones have been
synthesized and their physical data has been recorded in Table 2
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Table 2 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - methylene] - amino - 5-(2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-
ones '

Sr. R Molecular formula | Molecular M.P. Yield Elemental Analysis
No. ' weight (°C) (%) % Calculated % Found
C H N C H N

1 | 4-Cl-CeH4 C1gH12CIN3OS; 385 184-85 67 56.10 | 3.10 | 10.90 | 56.40 | 296 | 11.20
2 | 4-NOx-CeH4 C18H12N403S; 396 198-99 78 5450 | 339 | 1410 | 5474 | 339 | 14.10
3 | 4-F-CeHq C18H12FN3OS; 369 179-80 73 5888 | 3.25 | 1138 | 5896 | 3.16 | 11.63
4 | 4-CF3-CeH4 C1gH12FaN30S; 419 173-74 63 54.41 286 | 1002 | 5468 | 3.10 | 10.20
5 | 4-OH-CeHa4 C18H13N302S; 367 24043 | 82 5885 | 3.54 | 1144 | 5996 | 322 | 1164
6 |2-F, 4-CF3-CeH3 C19H11N30S; 437 159-60 57 5217 | 2.%1 961 | 5198 | 274 9.90
7 | 2-OH, 5-Br-CeH3 C18H12BrN30-S, 445 250-53 65 | 4853 | 264 943 | 4882 | 278 9.60
8 | 3-Pyridine C17H12N4OS, 352 190-92 52 5795 | 3.40 | 1590 { 5821 | 3.55 | 16.20
9 | 2-Thienyl C16H11N30S3 357 200-01 69 5370 | 3.08 { 11.76 | 53.70 | 3.08 | 11.76
10 | N-Methyl-pyrrole C47H1aN4OS;, 354 194-95 72 5762 | 395 | 1581 | 5779 | 3.88 | 16.10
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Spectral data of 2-methyl-3N-[(4-nitro phenyl) methylene]-amino- 5-(2-thienyl)- thieno
[2,3-d] pyrimidin-4 (3H)-one (Compound No. 2, Table 2) is given below..

IR(KBryem" ;1678 (-CO-); 1591 (C=N), 3007, 1367 (-CHs) ; 1491, 1404,
1367, 1034, 824 (Thienyl): 3104, 1168, 1137, 1445, 1457
(Aromatic); 769, 748 (C-H Aromatic) ; 1571, 1288 (Nitro)

PMR (CDCls) & : 2.67 (s, 3H, CHs); 7 — 8.35 [m, 9H (4H, Aromatic ; 1H, N=CH;
4H, Thienyl]
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Part 11-8.i

Synthesis of 2-methyl-3N-
[(substituted arylheteroaryl)-

earboxamido]-5-(2-furyl)-thieno
[2,2-d] pyrimidin-4(32H)-ones




This part of the thesis deals with the synthesis of 2-methyl-3N-[(substituted aryl /
heteroaryl)-carboxamido]-5-(2-furyl)-thieno [2,3-d] pyrimidin- 4 (3H) - ones which
involves the following steps '

1) Synthesis of 2-butenoic acid - 2-cyano- 3-(2- furyl)-ethyl ester*

2) Synthesis of 2-amino - 3- carbethoxy- 4-(2-furyl)- thiophene*

3) Synthesis of 2-acetamido- 3-carbethoxy — 4-(2-furyl)-thiophene*

4) Synthesis of 2-methyl- 3-amino-5-(2-furyl)- thieno (2,3 -d] pyrimidin-4 (3H)-one*

5) Synthesis of the title compounds by condensation of 2-methyl-3-amino-5-(2-
furyl)-thieno [2,3-d] pyrimidin-4(3H)-ones with various substituted benzoyl /

heteroaryl! acid chlorides.

* Synthesis has been described in Part lI-A./
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5) General method for the synthesis of 2- methyl- 3N-[(substituted aryl /
heteraryl) - carboxamido]-5-(2-furyl) — thieno [2,3—d] pyrimidin-4 (3H)-

ones

Synthesis of 2-methyl-3N-[(4-chlorophenyl)-carboxamido]-5-(2-furyl)-thieno [2,3-d]
pyrimidin- 4 (3 H)-one

In a three necked round bottomed flask equipped with a dropping funnel and reflux
condenser with guard tube was placed a mixture of triethylamine (0.2g, 0.002 M), 2-
methyl- 3 — amino-5-(2-furyl)-thieno [2,3-d] pyrimidin4 (3 H)-one (0.5 g, 0.002 M)
and 10 mL dry 1,4-dioxane. The reaction mixture was stirred on a magnetic stirrer at
70 - 80 °C for 30 min. To this was added dropwise a solution of 4 - chlorobenzoyl
chloride (0.35 g, 0.002 M) in 10 mL dry 1,4 - dioxane at the same temperature. After
the addition, the reaction mass was stirred for 4 hours at 100-110°C. It was then
poured on crushed ice. The solid separated out was filtered and washed with 1 %

potassium bicarbonate and water. It was then recrystallized from methanol.

Yield = 0.64 g (83 %)
M.P. = 264-66°C

Elemental analysis of C1gH12CIN303S

C% H% N%
Calculated 56.10 3.11 10.07
Found 56.29 3.21 10.18

In a similar manner all the other 2-methyl-3N-[(substituted aryl / heteroaryl
carboxamido] -5-(2-furyl)-thieno [2,3-d] pyrimidin 4-(3H)-ones have been synthesized

and their physical data has been recorded in Table 3.
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Table 3: 2-methy! - 3N - [(substituted aryl / heteroaryl) - carboxamido] - 5-(2-furyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

CHj
Sr. R Molecular formula | Molecular | M.P. Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
: C H N C H N

1 | 4-Cl-CeH4q C18H12CIN303S 385 264-66 83 | 56.10 | 3.1 10.07 | 56.29 | 3.21 10.18
2 | 2-F, 6-F-CeH3 C1sH11F2N303S 387 190-92 62 | 55.81 284 | 1085 | 55686 | 3.00 | 11.00
3 | 3,4di-Cl-CeHa C18H12CI2N303S 419 230-33 72 5142 | 261 10.00 | 51.26 | 2.78 9.72
4 | 2-F-CeH4 C18H12FN303S 369 229-30 96 | 5853 | 3.25 | 11.38 | 5863 | 3.34 | 11.28
5 | 4-OCH3-CeH4 C1gH1sN304S 381 235-36 65 | 58.53 4.0 11.38 | 58.74 | 3.88 | 11.46
6 | 4-F, CeHq C18H12FN303S 369 223-24 47 | 5853 | 325 | 1138 | 5863 | 3.57 | 11.14
7 | 3-F, CeHa C1aH12FN3O3S 369 167-70 70 | 5853 | 325 | 1138 | 68.73 | 335 | 11.15
8 | Cyclohexane C18H18N303S 357 269-70 65 | 6067 | 505 | 11.79 | 60.54 | 513 | 11.65
9 | Cyclopropane C1sH13aN30O3S 315 238-40 36 | 5714 | 412 | 13.33 | 67.36 | 4.27 | 13.04
10 | 2-Furyl C16H11N304S 341 210-11 63 | 56.30 | 3.22 | 1231 | 5647 | 3.59 | 12.28
11 | 2-Thienyl C16H11N303S, 357 269-70 58 | 63.78 | 3.08 | 11.76 | 5402 | 3.23 | 12.00
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Spectral data of 2- methyl - 3N- [ (4-chloro phenyl)-carboxamido] — 5-(2-furyl)-thieno
[2,3-d] pyrimidin - 4 (3H)-one (Compound No. 1, Table 3) has been given below

IR (KBr) cm’ . 3284 (-NH-); 1698 (-CO-); 1574 (C=N), 1670 (-NH-CO-); 1296
(C-N) : 2970, 1382 (-CH3) ; 1479, 1227, 1012 (Furyl); 3112,
1150, 1093, 1434 (Aromatic); 778, 755 (C-H Aromatic) ; 818,
736 (C-Halo)

PMR (CDCls) 8 : 2.52 (s, 3H, CHa); 6.44 (s, 1H, furyl); 7.2 — 7.9 [m, 7H (4H,
Aromatic : 1H, Thienyl, 2H, Furyl)]; 9.1 (s, 1H, -NH)
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Part 11-8.ii
Synthesis of 2-methyl-3N-

[(substituted aryl/heteroaryl)-
carboxamido]-5-(2-thieny/)-thieno
[2,3-d] pyrimidin-4(3H)-ones




This part of the thesis deals with the synthesis of 2-methyl-3N-[(substituted aryl /
hetero aryl)-carboxamido]-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones which

involves the following steps

) Synthesis of 2-butenoic acid-2 cyano-3-(2-thienyl)- ethy! ester.*
2) Synthesis of 2-amino — 3-carbethoxy-4-(2-thienyl)- thiophene.*

) Synthesis of 2-acetamido-3-carbethoxy-4-(2-thienyl)- thiophene.*
4) Synthesis of 2-methyl-3-amino-5-(2-thienyl)-thieno (2,3-d] pyrimidin-4(3 H)-one.*
5) Synthesis of the title compounds by condensation of 2-methyl-3-amino-5-(2-
thienyl)- thieno [2,3-d] pyrimidin-4(3H)-ones with various substituted benzoyl/
heteroaryl acid chlorides.

* Synthesis has been described in Part | — A.iji
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5) General method for the synthesis of 2- methyi-3N-[ (substituted aryl /
heteroaryl)-carboxamido] - 5- (2-thienyl) - thieno [ 2,3 -d ] pyrimidin-
4(3H)-ones

Synthesis of 2 methyl - 3N—[(cyclohexane)-carboxamido] -5-(2-thienyl)-thieno [2,3-d]
pyrimidin - 4 (3H)-one
"

In a three necked round bottomed flask equipped with a dropping funnel and reflux
condenser with guard tube was placed a mixture of triethyl amine (0.2 g. 0.002 M), 2-
methyl-3-amino-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-one (0.5 g, 0.002 M) and
10 mL of dry 1,4- dioxane. The reaction mixture was stirred on a magnetic stirrer at
70-80°C for 30 min. To this was added dropwise a solution of 4-cyclohexyl carbony!
chloride (0.24 g, 0.002 M) in 10 mL dry 1,4 dioxane at the same temperature. After
the addition the reaction mass was stirred for 4 hours at 100-110°C. It was then
poured on crushed ice. The solid separated out was filtered and washed with 1 %
potassium bicarbonate and water. It was then recrystallized from methanol.

Yield = 0.21 g (50 %)
M.P = 218-20°C

Elemental analysis of C1gH1sCIN30O2S2

C% H% N%
Calculated 58.06 4.83 11.29
Found 58.21 4.86 11.48

In a similar manner, all the other 2-methyl-3N-[ (substituted aryl / hetero aryl)
carboxamido]- 5-(2-thienyl)- thieno [2,3-d] pyrimidin — 4 (3H) -ones have been

synthesized and their physical data has been recorded in Table 4
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Table 4 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - carboxamido] - 5{2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

N-NH-C—R
A
CH;
Sr. R Molecular formula | Molecular | M.P. Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N

1 | 4-Cl-CeHs C18H12CIN30,S, 401 24042 80 | 5386 | 299 | 1047 | 5400 | 3.09 | 10.60
2 | 3-Cl, 4-Ci-CeH4 C18H11CI2N302S, 435 256-58 | 66 | 4965 | 2.52 9.65 | 4963 | 247 9.75
3 | 4-F-CeHa C18H12FN30,S, 385 190-93 51 56.26 | 3.12 | 1193 | 5598 | 3.42 | 12.10
4 | 2-F, 6-F-CeH3 C18H12FN302S2 402 207-09 51 5373 | 248 | 1044 | 5400 | 266 | 10.60
5 | 4-OH3-CeH4 C18H11F2N30,S, 397 224-26 52 | 5743 | 3.77 | 1357 | 5764 | 365 [ 1375
6 | 2-F-CeH4 C18H12FN302S2 385 180-83 49 | 5625 | 312 | 1093 | 5645 | 326 | 10.87
7 | Cyclohexane C18H18N30,S, 372 218-20 50 | 58.06 | 483 | 11.29 | 5821 | 486 | 11.48
8 | Cyclopropane C1sH13N3GLS; 331 157-59 45 | 5438 | 392 | 1268 | 5441 | 403 | 1273
9 | 4-Morphine C16H16N4O3S, 376 227-28 35 | 51.06 4.2 14.89 | 51.02 | 431 | 1489
10 | 2-Furyl C16H11N303S, 357 204-06 65 | 57.78 3.0 11.76 | 6800 | 311 | 1145
11 | 2-Thienyl Ci16H11N302S3 373 229-31 73 | 5147 | 294 | 11.26 { 5188 | 294 | 1145
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Spectral data of 2- methyl - 3N-[(cyclohexane) carboxamido]-5-(2-thienyl)-thieno
[2,3-d] pyrimidin - 4 (3H) one (Compound no. 7, Table 4) has been given below.

IR (KBr) cm™ 3266 (-NH-); 1690 (-CO-); 1574 (C=N), 1670 (-NH-CO-), 1288
(C-N) ; 3097, 1375 (-CHs) ; 1500, 1443, 1100, 1042, 833
(Thienyl); 2940, 2885 (Cyclohexane)

PMR (CDCl3) 6 1v.2 — 2 (m, 11H, Cyclohexane); 2.5 (s, 3H, CHa); 7 = 7.5 (m,
4H, Thienyl) ; 8.4 (s, 1H, -NH-)
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Part 11-C.i

Synthesis of 2-methyl-3-[3-ethyl-4
-(substituted arylheteroaryl)-2,3

dihkydrothiazolidine amino]-5-(2-
furyl)-thieno [2,3-d] pyrimidin-
4(2H)-ones




This part deals with the synthesis of 2-methyl-3-[3-ethyl-4 (substituted ary! / hetero
aryl)-2,3 dihydrothiazolidine amino]-5-(2-furyl)-thieno (2,3-d] pyrimidin-4(3H)-ones
which involves the following steps

Synthesis of 2-butenoic acid-2 cyano-3-(2-furyl)-ethyl-ester*

)
2) Synthesis of 2-amino-3-carbethoxy -4-(2-furyl)- thiophene*

) Synthesis of 2-acetamido-3-carbethoxy-4-(2-furyl)- thiophene*

) Synthesis of 2-methyl-3-amino-5-(2-furyl)-thieno [2,3-d] pyrimidin-4 (3H)-one*
5) Synthesis of 2-methyl-3N-ethy! thioureido-5-(2-furyl)-thieno[2,3-d] pyrimidin-4(3H)
one

6) Synthesis of the title compounds by condensation of 2-methyi-3N-ethyl thiouredo-
5-(2-furyl)-thieno [2,3-d] pyrimidin-4(3H)-ones with various substituted ao-

haloketones

* Synthesis has been described in Part ll-A.i
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5) Synthesis of 2-methyl-3N-ethyl thiouredo-5-(2-furyl)-thieno [2,3-d]
pyrimidin-4 (3H)-one

in a 100 mL round bottomed flask equipped with water condenser and guard tube
was placed a mixture of 2-methy!-3-amino-5-(fury!)-thieno[2,3-d] pyrimidin-4(3H)-one
(1g, 0.004 M), ethyl isothiocyanate (0.34 g, 0.004 M), and absolute alcohol (20 mL).
The reaction mixture was heated under reflux for 9- 10 hours, partially concentrated
and cooled. The separated white coloured solid was filtered and crystallized from
methanol.

Yield = 0.82 g (61 %)

M.P. = 219-20°C

Elemental analysis of C;4H14N402S2

C% H% N%
Calculated 50.99 419 16.76
Found 50.89 4 41 17.01
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6) General method for the synthesis of 2-methyl- 3-[3-ethyl-4-(substituted
aryl/heteroaryl)- 2,3 dihydrothiazolidine amino]- § - (2-furyl) - thieno [2,3-
d] pyrimidin4(3H)-ones

Synthesis of 2- methy! — 3-[3-ethyl-4-(3-nitro phenyl)-2,3 dihydrothiazolidine amino] -
5-(2-furyl)-thieno (2,3-d] pyrimidin - 4 (3H)-one

In a 50 mL round bottomed flask equipped with water condenser and guard tube was
placed a mixture of 2-methyl-3N-ethyl thioureido-5-(2-furyl)-thieno [2,3-d] pyrimidin-
4(3H)-one (0.5 g,0.0014 M), 3-nitro phenacyl bromide (0.34 g, 0.0014 M) and
anhydrous sodium acetate (0.45 g, 0.005 M) in absolute alcohol (15 mL). The
reaction mixture was heated under reflux for 6-8 hours. It was then partially
concentrated and left overnight. The precipitate thus obtained was filtered off and
crystallized from methanol.

Yield = 0.48 g (67 %)

M.P = 243-5°C

Elemental analysis of C;H1sCl.FN4O2S2

C% H% N%
Calculated 55.11 3.50 14.61
Found 55.32 3.31 14.80

In a similar manner all other 2-methyl-3-[3-ethyl-4-(substituted aryl/ hetero aryl) -2,3
dihydrothiazolidene amino]-5-(2-furyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones have been
synthesized and their physical data has been recorded in Table 5§
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Table 5 : 2-methyl - 3- [3-ethyl-4{substituted aryl / heteroaryl)-2,3 dihydrothiazolidine amino]-5-(2-furyl)-thieno [2,3-d}-
spyrimidin-4(3H)-ones

Sr. R Molecular formula | Molecular| M.P. | Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N

1 | 2,4-DiCl, 5-FCeH, | CxH1sCLFN4O,S, 521 229-31 55 | 5067 | 2.87 | 1074 | 50.40 | 259 | 10.84
2 | 3-NO»-CeHa4 C22H17Ns04S; 479 24345 | 67 55.11 3.50 | 1461 | 5532 | 3.11 | 1480
3 | 5-Ci-Thieny!l C20H15CIN4O2S3 442 190-91 45 | 5429 | 339 | 1266 | 5402 | 331 | 1248
4 | 4-OCHz3-CeHq C23H20N40,S, 424 215-17 | 51 65.09 | 4.71 1324 | 6483 | 461 | 13.11
5 | 3-CF3-CeHs CaaH17F3N402S, 503 16566 | 56 5487 | 337 | 1113 | 5463 | 314 | 10.88
6 | 4-F-CeH3 C22H12FN4O,S2 447 205-06 | 42 5906 | 268 | 1252 | 5893 | 245 | 12.34
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Spectral data of 2-methyi-3-[3-ethyl-4-(3-nitro phenyl)-2,3 dihydrothiazolidine amino]-
5-(2-furyl)-thieno [2,3-d] pyrimidin - 4 (3 H)-one (Compound No. 2, Table 5) has been

given below.

IR (KBr) cm’ . 1662 (-CO-); 1595 (C=N), 2973, 2935, 1369 (CHs and C2Hs) ;
1202, 1147, 1007 (Furyl) ; 3079, 1479, 1434, 1097 (Aromatic),
775, 760 (C-H Aromatic) ; 1519, 1067, 885, 865 (Thiazolidine)
1557, 1349 (NO,)

PMR (CDCl) 8 : 1.25(t, 3H, CHa); 2.59 (s, 3H, CHa); 3.61 (s, 2H, CH2) ; 6.4 (s,

1H, Furyl) ; 7.28 — 8.4 [m, 8H (4H, Aromatic ; 1H, Thiazolidine ;
1H, Thieny! ; 2H, Furyl)]
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Part 11-C.ii

Synthesis of 2-methyl-3-[3-ethyl-
4-(substituted arylheteroaryl)-2,3
dihydrothiazolidine amino]-5-(2-
thienyl)-thieno[2,3-d] pyrimidin-
4(32H)-ones




This part of the thesis deals with the synthesis of 2-methyl-3-[3-ethyl-4-(substituted
aryl / hetero ary!)-2,3 dihydrothiazolidine amino]-5-(2-thienyl)-thieno [2,3-d] pyrimidin-
4 (3H)-one which involves the following steps

1) Synthesis of 2- butenoic acid- 2 - cyano- 3 —(2-thienyl)- ethyl ester*
2) Synthesis of 2- amino - 3 - carbethoxy - 4-(2-thienyl) thiophene*
) Synthesis of 2- acetamido - 3 — carbethoxy-4-(2-thienyl)-thiophene*
4) Synthesis of 2-methyl-3-amino-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4 (3H)-one*
) Synthesis of 2-methyl-3N-ethyl thiouredo-5-(2-thienyl)-thieno[2,3-d] pyrimidin-4
(3H)-one
6) Synthesis of the title compounds by condensation of 2- methyl-3N-ethyl
thioureido-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-one with various substituted

a- haloketones

* Synthesis has been described in Part ll-A.ji
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5) Synthesis of 2- methyl - 3 N - ethyl thioureido-5-(2-thienyl) - thieno [2,3-d]
pyrimidin - 4 (3 H)-one -

In a 100 mL round bottomed flask equipped with water condenser and guard tube

was placed a mixture of 2-methyl-3-amino-5-(2-thienyl)-thieno [2,3-d]) pyrimidin-

4(3H)-one (1.5 g, 0.0055 M), ethyl isothiocyanate (0.47 g, 0.0055m) and absolute

alcohol (20 mL). The reaction mixture was heated under reflux for 9-10 hours,

partially concentrated and cooled. The separated solid was filtered and crystallized

from methanol.

Yield = 0.82 g (61%)
M.P. = 219-20°C
Elemental analysis of C14H14N4OS3

C% H% N%
Calculated 48.00 4.00 16.00
Found 48.07 415 15.81

148



6) General method for the synthesis of 2- methyl -3-[3-ethyl- 4- (substituted
aryl/heteroaryl)-2,3 dihydrothiazolidine amino] - 5- (2-thienyl)-thieno [2,3-
d] pyrimidin- 4 (3H)-ones

Synthesis of 2- methyl -3-[3-ethyl-4-(2,4-dichloro-5-fluoro phenyl)-2,3 dihydro
thiazolidine amino] - 5-(2-thienyl)-thieno [2,3,-d] pyrimidin - 4 (3H)-one

In 50 mL round bottomed flask equipped with water condenser and guard tube was
placed a mixture of 2-methyl-3N-ethyl thioureido-5-(2-thienyl)-thieno[2,3-d] pyrimidin-
4-(3H)-one (0.49 g,.0019m), 2,4 dichloro - 5-fluoro phenacyl bromide (0.42, 0.0014
M) and anhydrous sodium acetate (0.45 g, 0.005 M) in absolute alcohol (15 mL). The
reaction mixture was heated under reflux for 6-8 hours. It was partially concentrated
and left overnight. The precipi_tate thus obtained was filtered off and crystallized from

methanol.

Yield = 0.35 g, (47 %)
M.P. = 187-90°C

Elemental analysis of Co;H1sFCI2FN4OS4

C% H% N%
Calculated 49.16 279 10.42
Found 49.35 3.00 10.39

In a similar manner all other 2-methyl-3-[3-ethyl-4-(substituted aryl/ heteroaryl) -2,3
dihydrothiazolidine amino}-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones have
been synthesized and their physical data has been recorded in Table 6
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Table 6 : 2-methyl - 3- [3-ethyl-4-(substituted aryl / heteroaryl)-2,3-dihydrothiazolidine amino}-5- (2-thienyl)-thieno [2,3-d]-
pyrimidin-4(3H)-ones

Sr. R Molecular formula | Molecular| M.P. | Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
c | H N C H N

1 | 2,4-DiCl, 5-FCgH, | CxHisFCIoN4OS3 537 18790 | 47 | 4916 | 279 | 1042 | 4935 | 3.00 | 10.39
2 | 5CI-Thienyl C20H1sCINJOS4 490 147-50 | 61 4892 | 3.05 | 1141 | 4913 | 310 | 11.61
3 | 4-OCH3-CeH4 C23H20N402S3 480 195-98 | 53 | 56.50 | 416 | 1166 | 56.12 | 415 | 11.70
4 | 4-NO2-CeH4 C2H17NsO3S3 495 243-46 | 57 | 5333 | 343 | 1414 | 5355 | 322 | 14.50
5 | 4-CF3-CeH4 C=H17FaN4OS> 518 193-94 | 49 | 5323 | 328 | 10.81 | 5294 | 3.16 | 11.09
6 | 4-F-CeH4 C22H17FN4OS3 468 190-91 57 | 56.41 | 363 | 1198 | 5630 | 3.43 | 11.45
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Spectral data of 2- methyl- 3-[ 3- ethyl- 4- (2,4-dichloro-5-fluoro phenyl) -2,3 dihydro
thiazolidine amino}-5-(2-thienyl)-thieno [2,3-d] pyrimidin-4 (3 H)-one (Compound No.

1, Table 6) has been given below.

IR (KBr) cm”

PMR (CDCl3) &

1668 (-CO-); 1585 (C=N), 2977, 2937, 1375 (-CH3 and —-C,Hs),
1496, 1404, 1036 (Thienyl) ; 3084, 1496, 1173, 1098
(Aromatic); 775 (C-H Aromatic) ; 1542, 888, 811 (Thiazolidine),
726 (C-Cl) ; 997 (C-F)

1.28 (t, 3H, CHa3); 2.55 (s, 3H, CH3); 3.5 (s, 2H, CHy), 7 - 7.62
[m, 7H (2H, Aromatic; 1H, Thiazolidine; 4H, Thienyl)]
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Part 11-D.i

Synthesis of 2-[(substituted aryl
/heteroaryl)-thioketomethylene]-

3-phenyl-5-(3-pyridinyl)-thieno
[2,3-d] pyrimidin-4(3H)-ones




This part of the thesis deals with the synthesis of 2- [(substituted aryl / hetero aryl)
thioketomethylene]-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H)-ones,

which involves the following steps.

1) Synthesis of 2- amino - 3 - carbethoxy - 4- (3-pyridinyl) thiophene

2) Synthesis of 2-mercapto-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4
(3H)-one

3) Synthesis of substituted u-haloketones

4) Synthesis of the title compounds by condensation of 2-mercapto-3-phenyl-5-
(3-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H)-oné with various substituted a-

haloketones

162



1) Synthesis of 2 - amino - 3 - carbethoxy - 4-(3-pyridinyl)-thiophene

In a 250 mL round bottomed flask equipped with water condenser and a guard tube
was placed a mixture of 3 - acetyl pyridine (12.g, 0.1 M), ethyl cyano acetate (11.3 g,
0.1 M), sulphur (3.2 g 0.1 M) and morpholine (3 mL) in absolute alcohol (150mL).
The mixture was heated at 80-85°C for 6 hours and then chilled in ice. The resultant
crystals were collected, washed with hexane and recrystallized from ethanol.

Yield = 9.2 g (45%)

M.P. = 134-35°C

Elemental analysis of C14H14N4OS3

C% H% N%
Calculated 58.04 4.8 11.29
Found 58.28 4.98 11.56

2) Synthesis of 2-mercapto-3-phenyl-5«(3-pyridinyl)-thieno [2,3-d] pyrimidin
~4(3H)-one
In a 250 mL round bottomed flask equipped with a water condenser and a guard
tube was placed a mixture of 2-amino-3-carbethoxy-4-(3-pyridinyl)-thiophene (10 g,
0.048 M) and phenyl isothiocyanate(6. 48 g, 0.048 M) in acetonitrile (150 mL). The
reaction mixture was heated under reflux for 15 hours in the presence of anhydrous
potassium carbonate (6 g). The reaction mixture was filtered and, water was added
tp it, prior to its neutralization with hydrochloric acid (2 N). The solid product thus
obtained was filtered, washed with water, dried and recrystallized from acetone.
Yield = 8.14 g (60%)
M.P. = 303-5°C

Elemental analysis of C417H11N30S;

C% H% N%
Calculated 60.53 3.26 12.46
Found 60.79 3.20 12.70
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3) General method for the synthesis of substituted a-haloketones
Synthesis of 3-nitrophenacyl bromide

3-nitroacetophenone (3.465 g, 0.021 M) was dissolved in 21 mL of dry chioroform.
This solution was transferred to a 3- necked round bottomed flask, fitted with efficient
mechanical stirrer, a dropping funnel and a water condenser with a guard tube
(anhydrous CaCly). The reaction mixture was exposed to light from a the 200 watts
bulb while being warmed to 50°C. Bromine (1.075 mL, 0.042m) in 20 mL of dry
chloroform, was then added drop wise to the well stirred reaction mixture. This
stirring was continued at 50°C for half an hour. A stream of dry air was then passed
through the reaction mixture to sweep out the HBr gas evolved in the reaction. The
reaction mixture was then diluted with petroleum ether (40 : 80) and refluxed to
dissolve the syrupy mass. The clear petroleum ether solution was treated with

charcoal and filtered. It was concentrated to obtain crystalline product.

Yield = 3.58 g (70.0%)
M.P. = 94-95°C_ Lit. M.P.?® = 96°C

Similarly, the various other substituted a-haloketones have been prepared by the

above method and their physical constants have been recorded in Table 7

154



Table 7 : Substituted o-haloketones

Il
R—C—CH,—Br

Sr. R Yield M.P.°C/B.P. °C Reference
No. Observed Reported | -

1 12,4-DiCl, 5-F CgH, 78 64-65 * -
2 | 3-NO,-CgH4 70 94-95 96 229
3 | 4-OCH3-CeH4 78 74-75 75-76 230
4 | Cyclopropane 55 88-89/15mm 90/15mm 231
5 |4-F-CegH4 62 48-50 4749 232
6 | 5-chloro-thienyl 71 79-81 80-81 233
7 |3,4-DiCl-Ce¢Ha 81 54-56 * -
8 | Cyclohexane 53 70-71/15mm 71/15mm 234
9 | 3-F-CgHas 74 44-45 * -
10 | 3-CF3-CeH4 69 51-52 * -
11 | 2,3,4 trimethoxy CeH2 40 61-62 * -

* Confirmed by TLC & Elemental analyses
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4) General method for the synthesis of 2-[(substituted aryl / heteroaryl) -
thioketomethylene]-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d]pyrimidin-4(3H)

ones

Synthesis of 2-[(2,4-dichloro - 5 - fluoro phenyl)-thioketomethylene}-3-phenyl-5-(3-
pyridiny!) - thieno [2,3-d] pyrimidin- 4 (3 H)-one

In a 150 mL three necked round bottomed flask equipped with a condenser, guard
tube, and a dropping funnel, was placed a suspension of 2-mercapto-3-phenyl-5-(3-
pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-one (0.5 g, 0.001 M) and sodium carbonate
(0.2 g) in anhydrous acetone (40 mL). The suspension was stirred for 45 minutes on
a magnetic stirrer. A solution of 2 4 dichloro-5 fluorophenacyl bromide (0.285 g,
0.001 M) in 10 mL dry acetone was slowly added over a period of 2 hours. The
mixture was then stirred for an additional 24 hours and the solid obtained was
collected by filtration under reduced pressure. It was repeatedly washed with water,

dried and crystallized from methanol.

Yield = 0.48 (60 %)
M.P. = 194-96°C

Elemental analysis of C17H11N3OS;

C% H% N%
Calculated 55.35 2.58 7.74
Found 55.59 2.62 7.85

In a similar manner, all other 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-
phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones have been synthesized
and their physical data has been recorded in Table 8
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Table 8 : 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-phenyl-53-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. R Molecular formula | Molecular| M.P. | Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N

1 | 2,4-DiCl, 5-F-CeHz | CosH14ClF N3O2S; 542 194-96 | 60 | 55.35 | 2.58 774 | 5559 | 262 7.85
2 | CeHs CasH17N302S, 455 213-15 | 85 | 6593 | 3.73 9.23 | 6563 | 3.85 9.40
3 | 4-F-CeHs CasH1sFN302S2 473 225-27 | 57 | 6342 | 3.38 887 | 6364 | 352 9.13
4 | 3-CF3-CeH4 CasH16F3N302S, 523 124-27 | 40 | 59.65 | 3.05 8.03 | 59.41 | 3.17 7.96
5 | 3-F-CeH4 CasH16FN302S, 473 167-70 | 60 | 63.42 | 3.38 8.87 | 6344 | 350 8.69
6 | 3,4-DiCl-CeHa C2sH1sCIoN302S2 524 21011 | 59 | 67.25 | 2.86 8.03 | 5725 | 275 7.92
7 | 5-Ci-Thienyl C23H14CIN30O2S3 495 23942 | 40 | 55.75 | 2.82 848 | 56.00 | 2.71 8.35
8 | Cyclopropane C2H17N30,S, 419 16063 | 60 | 63.00 | 405 | 10.02 | 63.39 | 4.09 9.78
9 | Cyclohexane C2sHzN302S, 461 13942 | 63 | 65.00 | 490 9.10 | 6530 | 5.00 8.90
10 | 3-NO2-CeH4 C2sH16N4O4S2 500 202-05 | 55 | 60.00 | 320 | 1139 ] 5992 | 291 | 11.70
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Spectral data of 2- [(5-chloro-thienyl)-thioketomethylene]-3-phenyl-5-(3-pyridinyl)-
thieno [2,3-d] pyrimidin - 4 (3 H)-one (Compound No. 7, Table 8) has been shown

below

IR (KBr) cm” : 1689 (-CO-); 1591 (C=N), 2915, 1452 (-CHy); 1513, 1073, 816
(Thienyl) ; 3092, 1569, 1477, 1413, 665 (Aromatic); 1186,
1016 (Pyridine) ; 755 (C-Halo) ; 694 (S-C)

PMR (CDCl3) & 4.4 (s, 2H, -CHp); 7 - 8.7 [m, 12H (3H, Thienyl ; 5H, Aromatic ;

4H, Pyridinyl)]
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Part 11-D.ii

Synthesis of 2-[(substituted aryl/’ |
heteroaryl)-thioketomethylene]-3-

\ phenyl-5-(4-pyridinyl)-thieno [2,3-
d] pyrimidin-4(3H)-ones




This part of the thesis deals with the synthesis of 2-[(substituted ary! / heteroaryl)
thioketomethylene] -3- phenyl-5-(4-pyridinyl)-thieno (2,3-d] pyrimidin-4(3H)-ones

which involves the following steps

1) Synthesis of 2- amino- 3- carbethoxy - 4-(4-pyridinyl)- thiophene

2) Synthesis of 2-mercapto-3-phenyl-5-(4-pyridinyl)-thieno [2,3-d] pyrimidin-4
(3H)-one

3) Synthesis of the title compounds by condensation of 2-mercapto-3-phenyl-5-
(4-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-one with various substituted a-

haloketones .
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1) Synthesis of 2-amino-3-carbethoxy-4-(4-pyridinyl)-thiophene

In a 250 mL round bottomed flask equipped with a water condensor and a guard
tube was placed a mixture of 4-acetyl pyridine (12.1 g, 0.1m), ethyl cyanoacetate
(11.3 g, 0.1m), and morpholine (3 mL) in absolute alcohol (150 mL). The mixture was
heated at 80-85°C for 6 hours and then chilled in ice. The resulting yellow coloured
crystals were collected, washed with hexane and recrystallized from ethanol.

Yield = 18.6 (75 %)

M.P. = 200-01°C

Elemental analysis of C12H12N202S

C% H% N%
Calculated 58.04 4.83 11.29
Found 58.28 - 466 11.55

2) Synthesis of 2-mercapto-3-phenyl-5{(4-pyridinyl)-thieno [2,3-d] pyrimidin
- 4(3H)-one

In a 250 mL round bottomed flask equipped with a water condenser and a guard

tube was placed a mixture of 2-amino-3-carbethoxy-4-(4-pyridinyl)-thiophene (10 g,

0.048 M) and phenyl isothiocyanate (6.48g,0.048m) in acetonitrile (150 mL). The

reaction mixture was heated under reflux for 15 hours in the presence of anhydrous

potassium carbonaté (6 g). It was then filtered, and after the addition of water and

neutralization with hydrochloric acid (2N), a solid product was obtained. It was

filtered, washed with water, dried and recrystallized from acetone.

Yield= 9.1g (67 %)

M.P. = 288-90°C

Elemental analysis of C17H11N30S;

_ C% H% N%
Calculated 60.53 3.26 12.46
Found 60.75 3.26 12.54
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3) General method for the synthesis of 2- [(substituted aryl / heteroaryl) -
thiketomethylene]-3-phenyl-5{(4-pyridinyl)-thieno[ 2,3-d] pyrimidin-4(3H)-
ones |

Synthesis of 2-[(2,4-dichlorophenyl)-thioketomethylene}-3-phenyl-5-(4-pyridinyl) -
thieno [2,3-d] pyrimidin-4(3 H)-one

In a 150 mL three necked round bottomed flask equipped with a condenser, a guard
tube and a dropping funnel, was placed a suspension of 2-mercapto-3-phenyl|-5-(4-
pyridinyl) -thieno [2,3-d] pyrimidin-4 (3H)-one (0.5 g, 0.001 M) and sodium carbonate
(0.2 g)in anhydrdus acetone (40 mL). The suspension was stirred for 45 minutes on
a magnetic stirrer. A solution of 3, 4-dichlorophenacyl bromide (0.267 g, 0.001 M) in
10 mL dry acetone was slowly added over a period of 2 hours. The mixture was then
stirred for an additional 24 hours and the solid obtained was collected by filtration
under reduced pressure. It was repeatedly washed with water, dried and crystallized

from methanol.

Yield= 0.41g (61 %)
M.P. = 205-6°C

Elemental analysis of CosH15CI2N302S,

C% H% N%
Calculated 57.25 2.86 8.03
Found 57.49 2.90 7.93

In a similar manner, all other 2- [ (substituted aryl / heteroaryl)-thioketomethylene ] -
3-phenyl-5-(4- pyridiny!)-thieno [2,3-d] pyrimidin- 4(3H)-ones have been synthesized
and their physical data has been recoreded in Table 9
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Table 9 : 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-phenyi-5-(4-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. R Molecular formula | Molecular | M.P. Yield Elemental Analysis
No weight (°C) (%) % Calculated % Found
C H N C H N

1 | 2,4-DiCl, 5-F-CgH2 CasH14FCI2N30-2S, 542 153-55 51 | 6535 | 2.58 7.74 | 5527 | 275 8.00
2 | CeHs C2sH17N305S, 455 209-10 77 65.93 3.73 9.23 65.05 3.79 9.40
3 | 3,4-DiCl-CeHa CxsH1sClN302S, 524 205-06 60 | 57.25| 2.86 8.03 | 5749 | 290 7.93
4 | 4-F-CeH4 C2sHq6FN30,S; 473 221-22 50 | 6342 | 3.38 8.87 | 6342 | 3.31 8.70
5 | 3-CF3-CgH4 CosH16F3N202S2 523 204-06 55 | 5965 | 3.05 803 | 5943 | 3.26 8.03
6 | 3-F-CeHs4 C2sH1eFN302S, 473 147-50 62 |6342 | 3.38 8.87 | 63.30 | 3.15 9.00
7 |2,3,4-Tri OCHas-CeH2 C28H2N305S2 545 230-33 49 | 6165 | 422 7.70 | 61.81 424 7.05
8 | 5-CI-Thienyl C23H14CIN302S3 495 199-201 61 | 5575 | 282 848 | 5552 | 3.20 8.29
g | Cyclopropane C22H17N30,S, 419 181-84 54 |6300| 405 | 1002 |{ 6285 | 411 | 10.19
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Spectral data of 2- [(3,4-dichloro phenyl)-thioketo methylene]-3-phenyl-5-(4-pyridinyl)
- thieno [2,3-d] pyrimidin -4(3H)-one (Compound No. 3, Table 9) is given below

IR (KBr) cm™ © 1686 (-CO-); 1595 (C=N), 3912, 1429 (-CH-); 3096, 1569,
1473, 1096 (Aromatic); 775, 655 (C-H Aromatic) ; 1513
(Thienyl) ; 1225, 1028 (Pyridinyl), 752 (C-Halo) ; 694 (S-C)

PMR (CDCl3) 6 : 4.5 (s, 2H, -CHy-); 7.1 — 86 [m, 13H (8H, Aromatic ; 1H,
Thienyl, 4H, Pyridinyl)]
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Part I1-E.i

Synthesis of 2-[(substituted
benzyl)-thio]-3-phenyl-5-(3-

pyridinyl)-thieno [2,3-d]
pyrimidin-4(2H)-ones




This part of the thesis deals with the synthesis of 2-[(substituted benzyl)-thio]-3-
pheny|-5-(3-pyridinyl)-thieno[2,3-d] pyrimidin-4(3H)-ones which involves the following
steps-

1) Synthesis of 2-amino-3-carbethoxy-4-(3-pyridinyl)-thiophene*

2) Synthesis of 2-mercapto-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4
(3H)-one*

3) Synthesis of the title compounds by condensation of 2- mercapto - 3- phenyl-
5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H)-one with various substituted
benzyl chlorides

* Synthesis has been described in Part lI-D.i
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3) General method for the synthesis of 2-[(substituted benzyl)-thio]-3-
phenyl- 5-(3-pyridinyl)-thieno [2,3-d] pyrimidin -4(3H)-ones

Synthesis of 2-[(2-fluorobenzyl)-thio]-3-phenyl-5-(3-pyridinyl)-thieno- [2,3-d] pyrimidin
-4 (3H)-one o

In a 50 mL round bottomed flask equipped with a water condenser and guard tube
was placed a mixture of 2-mercapto-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-
4(3H)-ones (0.5 g, 0.0014 M), 2-fluoro benzyl chloride (0.20 g, 0.0014 M) and
triethylamine (0.25 mL) in 15 mL of dry 1,4-dioxane. The reaction mixture was
heated on water bath at 70-75°C for 3 to 4 hours, allowed to cool room temperature
and dumped into crushed ice. The solid compound separated out, was filtered,

washed with water, dried and recrystallized from methanol.

Yield = 0.39g (60 %)
M.P. = 170-72°C

Elemental analysis of C24H16FN3OS;

C% H% N%
Calculated 64.57 3.81 9.41
Found 64.23 3.99 9.66

in a similar manner, all other 2-[(substituted benzyl)-thio]- 3- phenyl- 5-(3-pyridinyl)
thieno [2,3-d] pyrimidin - 4 (3H)-ones have been synthesized and their physical data
has been recorded in Table 10
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Table 10 : 2-[(substituted benzyl)-thio]-3-phenyl-53-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. R - Molecular formula | Molecular | M.P. | Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N

1 | 4-Cl-CeH4 C24H16CIN30S2 461 190-93 | 85 |6247 | 3.47 9.11 | 62.55 | 3.63 9.40
2 | 4-OCH3-CeHa C2sH1gN30,S, 457 18687 | 73 | 6593 | 3.73 9.23 | 65.81 | 4.00 8.98
3 |3,4-DiCl2-CeHs C24H15CIN30,S2 496 19899 | 65 |58.06 | 3.02 846 | 58.28 | 3.28 8.43
4 | 2-F-CeHq C24H16FN3OS2 445 170-72 | 60 | 6457 | 3.81 941 | 64.23 | 3.99 9.66
5 | 4-F-CeHq C24H16F N3OS, 445 176-78 | 53 | 6457 | 3.81 941 | 6410 | 3.86 9.53
6 | 4-CF3-CeHqg C2sH16F3N30S, 495 183-85| 71 [6060 | 3.23 8.48 | 60.25 | 3.00 8.66
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Spectral data of 2-[(2-fluorobenzyl)-thio]-3-phenyl - 5 - (3-pyridinyl) -thieno [2,3-d]
pyrimidin -4 (3H)-one (Compound No. 4, Table 10) is given below

IR (KBr) cm™ . 1686 (-CO-); 1594 (C=N), 2925, 1453 (-CH3-); 1514 (Thienyl) ;
3090, 1571, 1490, 1427 (Aromatic); 757, 669 (C-H Aromatic) ;
1186, 1018 (Pyridine), 1072 (C-F) ; 700 (S-C)

PMR (CDCl3)§ : 4.43 (s, 2H, -CHy-); 7 — 87 [m, 14H (9H, Aromatic ; 1H,
Thienyl; 4H, Pyridinyl)]
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Part I1-E.ii

Synthesis of 2-(substituted
benzyl)-thio]-3-phenyl-5-(4-

pyridinyl)-thieno [2,3-d]
pyrimidin-4(3H)-ones




This part of the thesis deals with the synthesis of 2-[(substituted benzyl)-thio]-3-
phenyl-5-(4-pyridinyl)-thieno[2,3-d] pyrimidin-4(3H)-ones which involves the following
steps

1) Synthesis of 2-amino-3-carbethoxy-4-(4-pyridinyl)-thiophene*

2) Synthesis of 2-mercapto-3-phenyl-5-(4-pyridinyl)-thieno [2,3-d] pyrimidin-
4(3H)-one*

3) Synthesis of the title compounds by condensation of 2- mercapto-3-pheny!-5-
(4-pyridinyl)-thieno[2,3-d] pyrimidin-4(3H)-one with various substituted benzy|

chlorides

* Synthesis has been described in Part lI-D.ij
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3. General method for the synthesis of 2-[(substituted benzyl)-thio]- 3-
phenyl- 5{4-pyridinyl)-thieno [2,3-d] pyrimidin - 4 (3H)-ones

Synthesis of 2-[(4-fluorobenzyl)-thio]-3-phenyl-5-(4-pyridinyl)-thieno-[2,3-d] pyrimidin
-4 (3 H)-one

In a 50 mL round bottomed flask equipped with a water condenser and a guard tube
was placed a mixture of 2- mercapto-3-phenyl-5-(4-pyridinyl)-thieno [2,3-d] pyrimidin-
4(3H)-one (0.5 g, 0.0014m), 4-fluorobenzyl chloride (0.20 g, 0.0014 M) and triethy!
amine (0.25 mL) in 15 mL of dry 1,4 - dioxane. The reaction mixture was heated on a
water bath for 3 to 4 hours allowed to cool at room temperature and dumped into
crushed ice. The solid separated out was filtered, washed with water, dried and

recrystallized from methanol.

Yield = 0.43 g (67 %)
M.P. = 170-71°C

Elemental analysis of CxsH1eFN30S:

C% H% N%
Calculated 64.57 3.81 9.41
Found 64.40 4.10 9.15

In a similar manner, all other 2-[(substituted benzyl)-thio]-3-phenyl-5-(4-pyridinyl)-
thieno [2,3-d] pyrimidin- 4 (3H)-one have been synthesized and their physical data
has been recorded in Table 11
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Table 11 : 2-[(substituted benzyl)-thio]-3-phenyl-5-(4-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. R Molecular formula | Molecular | M.P. | Yield Elemental Analysis
No. weight (°C) (%) % Calculated % Found
C H N C H N
1 | 4-Cl-CeH4 C24H16CIN3OS; 461 185-86 | 59 |6258 | 3.47 9.11 | 6228 | 3.56 8.93
2 | 4-F-CeHs C24H16FN30S, 445 170-71 | 67 |6457 | 3.81 941 | 6420 | 4.18 9.25
3 |3,4-DiCl-CeHa C24H1sCIoN30S, 496 208-10| 48 [58.06 | 3.02 846 | 57.87 | 3.10 | 843
4 | 4-OCH3-CeH4 CosH1aN302S, 457 135-37 | 56 |[6593 | 3.73 923 | 6583 | 400 | 898
5 |2-F-CeH4 C24H16FN3OS, 445 167-59 | 49 6457 | 3.81 941 | 6421 | 379 922
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Spectral data of 2-[(4-fluorophenyl)-thio]-3-phenyl-5-(4-pyridinyl)-thieno [2,3-d]
pyrimidin-4 (3H)-one (Compound No. 2, Table 11) is given below.

IR (KBr) cm’ : 1684 (-CO-); 1603 (C=N), 2965, 1451 (-CH2-); 1510 (Thienyl) ;
3078, 1566, 1469, 1413 (Aromatic); 751, 670 (C-H Aromatic) ;
1160, 1019 (Pyridine), 1071 (C-F) ; 696 (S-C)

PMR (CDCls) 8 : 4.3 (s, 2H, -CHz-); 7 — 8.3 [m, 14H (9H, Aromatic; 1H, Thienyl;
4H, Pyridinyl)]
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Part Il-F

Synthesis of 2-[(substituted
arylheteroaryl)-Sulfonamido] -5-

(3-pyridiny()-thieno [2,3-d]
pyrimidin-4(3H)-ones




This part of the thesis deals with the synthesis of 2-[(substituted aryl/heteroaryl)-
sulfonamido]-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones which
involves the foliowing steps

1) Synthesis of 2- amino-3- carbethoxy - 4-(3-pyridinyl) — thiophene*

2) Synthesis of 2- mercapto - 3 - phenyl- 5- (3- pyridinyl)-thieno [2,3-d] pyrimidin-
4 (3H)-one*

3) Synthesis of the titte compounds by condensation of 2 - sulfonyl chloride - 3 -
phenyl- 5 (3- pyridinyl) thieno [2,3-d] pyrimidin-4 (3H)-ones with different

substituted ary! / heteroaryl amines

* Synthesis has been described in Part lI-D./
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3) General method for the synthesis of 2-[(substituted aryl/heteroaryl)-
sulfonamido]- 5- (3- pyridinyl) -thieno [2,3-d] pyrimidin- 4(3 H)-ones

Synthesis of 2-[(2-pyrimidine)-sulfonamido]-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4
(3H)-one

Step |

In a 150 mL three necked round bottomed flask equipped with air condensor,
chlorine gas inlet tube and stirrer, was placed a suspension of 2-mercapto-3- phenyl-
5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-one (1 g, 0.0028 M), concentrated
hydrochloric acid (4ml), acetic acid (1ml) and water 25 mL.

Chlorine gas was bubbled into the suspension by maintaining the temperature
between 8 to 10°C, with moderate stirring. Chlorine gas was passed for a period of
one and half hours and the reaction mixture was filtered. The solid obtained was

washed with ice cold water, dried and used immediately in the next step.

Step |l

In a 25 mL conical flask was placed a mixture of 2- sulfonyl chloride-3-phenyl-5-(3-
pyridinyl)-thieno [2,3-d] pyrimidin-4 (3H)-one (0.5 g, 0.0012 M), 2-amino-pyrimidine
(0.1 g. 0.001 M), and Triethylamine (0.1 mL) in dry acetone (25 mL). The mixture
was stirred in the flask for 15 to 20 minutes. It was kept overnight and then filtered off
to obtain a solid. The excess acetone was removed under reduced pressure to
obtain a sticky mass, which was dissolved in water. The water layer was extracted
with ethyl acetate, twice. The ethyl acetate layer was discarded and the water layer
was evaporated. The white solid obtained was crystallized from methanol.

Yield= 0.22 g (40 %)

M.P. = 194-96°C

Elemental analysis of C21H14NsO3S2

C% H% N%
Calculated 54 54 3.0 18.18
Found 54.21 3.3 18.18

In a similar manner, all other 2- [(substituted aryl/heteroaryl)-sulfonamido]-3- phenyi-
5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones have been synthesized and their

physical data has been recorded in Table 12
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Table 12 : 2-[(substituted aryl/heteroaryl)-sulfonamido]-3-phenyl-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

_Ph
A
SO,NH—R
Sr. R Molecular Molecular{ M.P. | Yield Elemental Analysis
No. formula weight (°C) (%) % Calculated % Found
C H N C H N

1 |H C17H12N403S; 384 249-50 | 45 | 5312 | 310 | 1458 | 53.04 | 3.13 | 1460
2 | 2-Pyrimidine C2iH14N60aS, 462 194-96 | 40 | 5454 | 300 | 1818 | 5421 | 330 | 18.18
3 | 3-methyl-2-pyrimidine CsH17Ns03S; 475 16568 | 41 | 5810 | 357 | 1473 | 57.85 | 349 | 1460
4 | 4-methyl-2-pyrimidine C2H17NsO3S, 475 196-99| 47 5810 | 357 | 1473 | 57.90 | 357 | 1450
5 | 2-CF3, 4-NO2-CeH3 C24H14F3NsOsS; 373 >300 50 |50.20| 240 | 1221 | 4996 | 212 | 1242
6 | 3,4-DiCi-CeH3 C23H14CIoN4O3S, 528 290-93 | 47 5227 | 265 | 1060 | 52.00 | 261 10.36
7 | 2,4-DiCl-CeH3 C2sH14C1N40O5S, 528 >300 50 [5227| 265 | 1060 | 5224 | 2.81 10.68
8 | 3,5-DiCI-CeHa C23H14CI2N4O3S, 528 >300 43 15227 | 265 | 1060 | 5240 | 290 | 10.48
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Spectral data of 2-suifonamido-5-(3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-one
(Compound No. 1, Table 12) have been shown below

IR (KBr) cm™ o 3473, 3291, 1640 (-NH,), 1697 (-CO-) 1692 (C=N), 1372,
‘ 1189, 1312, (-SOz-)ﬁ 3053, 1570, 1527, 1415 (Aromatic); 722,
664 (C-H Aromatic) ; 1189, 1017 (Pyridine) ; 698 (S-C) ; 1503

(Thienyl)

PMR (CDCls)8 : 4.8 (s, 2H, -NHp-); 7.3 — 86 [m, 10H (5H, Aromatic ; 1H,
Thienyl; 4H, Pyridinyl)]
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Part 111

Discussion




BIOLOGICAL RESULTS AND DISCUSSION
The compounds synthesized in the present investigation have been subjected to
various biological screening programmes, based on their structural features, so as to

ascertain their suitability as potential chemotherapeutic agents.

The various screening programmes carried out include the in vitro study against
Ha7Ry strain of Mycobacterium tuberculosis (M.T.) for estimating antitubercular
activity and the in vitro study against various species of Gram-positive and Gram-
negative bacteria, viz. Staphylococcus aureus ATCC 3750 and Salmonelia typhi
NCTC 786 for estimating antimicrobial activity.

Similarly, other screening programmes conducted have been in the in vitro study
against various strains of fungi, viz. Candida albicans, Trichophyton rubrum and

Trichophyton mentagrophytes.

In antimalarial screening, the test compounds have been subjected to in vivo

screening against P. berghei in albino mice.

The methodology adopted for the various biological screening programmes

undertaken in this study has been described in the following section.

The test compounds (10mg) were dissolved in a suitable solvent such as
dimethylformamide, ethanol, dilute HCI, as the case may be, so as to prepare a drug
stock solution (1000 pg/mL). From this stock solution, following drug concentrations
were made - 200, 100, 40, 20 and 10ug/mL. For lower drug concentrations, the drug
stock solution was further diluted to obtain dilutions such as 5, 2.5, 1.25, 0.5, 0.2, 0.1
and 0.05 pg/mL etc.

Controls
1) Media control : Sterilised medium was kept as control to assure sterility of the
medium. If this control shows growth, medium is not properly sterilised and in

that case results are not valid.
2) Organism Control : It contains medium and organism. Organism should grow

in the medium. If no growth is observed, it can be concluded that the medium

is unable to support the growth.
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3) Solvent control : This includes sterilised medium, solvent (used to dissolve the

drug) and the cuiture of the organism, which should be able to grow in the
quantity of solvent used in testing. If no growth is observed, it can be
concluded that the solvent used to solubilise the drug inhibits the growth of
the organism and in that case results of the test are not valid.

Antitubercular screening

The test compounds- have been subjected to in vitro screening by the tube dilution
technique employing the human virulent Hs7Ry strain of M. tuberculosis. In this
method, using Kirchner's medium containing Tween-80 as described by Rake et a>>

dispersed growth of M. tuberculosis was obtained.

Procedure

Sterile Kirchner's medium was dispensed in each borosilicate test tube (150 x 20
mm) and to this 0.5 mL of sterile horse serum was added. The drug solution was
added in each tube so as to attain a final drug concentration as 200, 100, 40, 20, 10,
5 ,2,1,05,0.25, 0.1, 0.05 pg/mL. Finally, the innoculum of standard suspension (0.1
mL) of M. tuberculosis (10° bacilli per mL) was added. The tubes were incubated at
37°C for ten days and then examined for the presence or absence of growth of the
test organism. The lowest concentration which showed no visible growth was taken
as the end point, i.e. minimum inhibitory concentration (MIC). Isoniazid (INH) was
used as a standard drug and was also subjected to similar screening pattern.

Minimum inhibitory concentratic_)n of Isoniazid is 0.02-0.05 pg/mL.

Antibacterial screening

The test compounds have been subjected to in vitro screening by the tube dilution
technique®® against various species of Gram-positive and Gram-negative bacteria
viz. S. aureus and S. typhi using Muller-Hinton broth as the culture medium. Muller
Hinton broth (sterilised) was dispensed in each borosilicate test tube (150 x 20 mm).
The drug solution was added in order to attain a final drug concentration of 200, 100,
40, 20, 10, 5, 2, 1, 0.5, 0.25, 0.1, 0.05 pg/mL etc. The innoculum of standard
suspension (0.1ml) of the desired bacterial strain (S. aureus or S. typhi) containing
10° bacilli per mL was added to the tube. The tubes were incubated at 37°C for 24

hrs. and then examined for the presence or absence of growth of the test organisms.
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The lowest concentration which showed no visible growth was taken as an end point
(MIC). |

Ampicillin and Trimethoprim were used as standard drugs against Gram -positive
and Gram-negative bacteria, respectively, and were subjected to similar screening

program.

MIC of Ampicillin is 0.01 ug/mL against S. aureus and that of Trimethoprim is 1
Hg/mL against S. typhi.

Antifungal screening

The organisms employed in the test were 1) Candida ablicans 2) Trichophyton
rubrum 3) Trichophyton mentagrophytes. These organisms were maintained on
Saborauds’s agar slants by regular subculturing. C. albicans was cultured every
week and the rest of the organisms at the interval of 12 days.

Test medium:

The liquid medium described by Stokes et a”’ was used for screening the
compounds for their antifungal activity. The final pH of the medium was adjusted to
5.2. The medium was dispensed in each borosilicate tube (150 x 20 mm) and to
these were added the requisite test solution in graded concentrations varying from
200 to 0.5 pg/mL.

Preparation of innoculum

Candida albicans

A 48 hours old growth on Sabouraud’s agar slant was suspended in 4-5 mL of the
test medium with the help of platinum loop. The cell count of the suspension (yeast
phase) was carried out using Neubaur chamber and then diluted with requisite
volume of the medium to give a final concentration of 5 x 10° cells per mL.

T. rubrum and T. mentagrophytes

To 12 to 19 days old growth on Sabouroud’s slant, 5 mL of sterile test medium and
3-4 sterile glass beads (3 mm diameters) were added and gently shaken for 10
minutes. The supernatant was decanted into another sterile tube and the count of
spores in the suspension was carried out using Neubaur chamber. The final strength

of the innoculum was adjusted to 5 x 108 spores per mL, using the test medium,
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Screening procedure:

To each test tube was then added 0.1 mL of standardised innoculum of the test
organism. The tubes were then incubated at room temperature (28-30°C) in a dark
place. The presence or absence of growth was noted visually after 7 days in case of

Candida albicans and after 14 days in case of T. rubrum and T. mentagrophytes.

Miconazole was used as the standard drug and was subjected to similar screening
pattern. MIC of Miconazole is 6.25 pg/mL against C. albicans and 1.56 pg/mL

against T. mentagrophytes and T. rubrum.

Antimalarial screening

The first isolation of the rodent malaria was reported by Vincke and Lips®™®.
Thereafter many species and subspecies of rodent malarias have been isolated and
divided into two groups, the Berghei group and the Vinckei group. The group used
for the majority of chemotherapy research projects is the berghei group.

Some compounds were screened for their antimalarial activity employing rodent
malaria strain of P. berghei in mice (Haffkine strain, weighing 22-25 gms) in vivo by
Rane’s preliminary rapid screening method®™. Pyrimethamine was used as the

standard drug for comparison.

The rodent Plasmodium model is considered to be the most important tool in the
primary phase of the search for better antimalarial drugs. Its unparalleled simplicity

and convenience helps in the screening of a large number of compounds.

To test the blood schizontocidal activity in the rodent malaria system, two tests were
mentioned in a report by WHO. Scientific Group?® (WHO 1973)

The tests were

a) Evaluation of activity by assessment of survival time : Rane test for blood
schiozontocidal screening®®.

b) Evaluation of activity by means of parasite counts : The 4-day suppressive

test using P. berghei (in Swiss mice) modified by Thurston®".

The P. berghei infection in laboratory mice is the most economically feasible

approach, since it acts as a primary and secondary screen before monkey malaria
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screens. Hence, the P. berghei strain maintained in Haffkine Institute was used for
this study. '

Materials and Methods

Strain
Plasmodium berghei used for the study was obtained from Hindustan Ciba-Geigy,

Mumbai. The strain was maintained by regular passage in mice.

Survival Time (A MST) :

This period was determined from the day the mouse was inoculated to the day it was

found dead. Mean survival time was calculated at each dose level by subtracting the
average mean survival time of control mice (MSTC) from the average mean survival
time of treated mice (MSTT) i.e.

MSTT — MSTC = A MST

Experimental Chemotherapy of Rodent Malarial Infection
Susceptibility of P. berghei strain to standard antimalarial agents :

This was confirmed by Rane’s single dose test and Peter's 4 days suppressive test.
Pyrimethamine was used to study the pathogenicity of the P. berghei maintained in
the laboratory.

Pyrimethamine at 20 mg/kg (of the body weight) gave curative results in a single
subcutaneous dose. The compounds were prepared and screened at the dose levels
of 160, 80, 40 and 20 mg/kg.

Methodology
Animal model : Rodent malaria, white Swiss male of Haffkine strain weighing 22.25

g, average.
Primary screen . involved the recording of survival time

Secondary screen : Involved the evaluation of activity by means of parasite count.
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Rane'’s test for blood Schizontocidal activity

Three to four week old male mice weighing 22-25gm were housed in plastic cages

with metal lids, and given pelleted food and water ad libitum. The animals were

infected with 0.1 mL of citrated heart blood, containing 1 million parasitized R.B.C.s.

The title compounds were suspended in distilled water by addition of 6-7 drops of

Tween-80. A single dose was given subcutaneously, 72 hours after infection. A

control group of 5 mice, which was not administered any drug, was kept as untreated

control. The dose range selected was 160, 80, 40 and 20 mg/kg. Pyrimethamine was

taken as the standard drug for comparison.

QObservations and Results

1.

Untreated infected animals died within 6 to 7 days (average). The survival
time of these control animals varied with every batch of experiment.

The animals administered with the drug and did not recover from infection
were observed till death.

The drug which enhanced the survival time (twice the period of untreated
control mice) was considered to be active.

The smallest dose at which the survival time was doubled was considered
minimum effective dose (MED)

Deaths within 48 hours after administration of compounds were considered
toxic(T).

In case of those compounds, which showed activity, the animals were found to be

normal and healthy, unlike untreated mice.
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RESULTS AND DISCUSSION

PART II-A
2-methyl - 3N - [(substituted aryl / heteroaryl) - methylene] - amino - 5 - (2-furyl /
2-thienyl) - thieno[2,3-d]pyrimidin-4(3H)-ones

In this series a total of 22 compounds have been synthesized. The screening results
exhibit the minimum inhibitory concentration (MIC) against Gram-positive bacteria in
the range of 0.1-100 ug/mL. Compounds no 6, 7 and 12 showed most significant
activity, while the rest of the compounds have shown activity upto 100ug/mL against
S. aureus (Table 13). Compound no 6 and 10 showed moderate activity against S.

aureus.

Against Gram-negative bacteria, most of the compounds have shown promising
activity in the range of 0.1 — 4 yg/mL. Compounds no. 3, 5, 7, 8, 9, 10 and 11 are the
most active agents against S. typhi at concentrations of 4, 1, 2, 0.1, 4, 4, and 0.4
pg/mL respectively (Table 13), while compounds no 1, 3, 4, 6 and 10 are active
against S. typhi at concentrations of 0.1, 1, 1, 0.1 and 1 pg/mL respectively (Table
14). Other compounds from Table 13 and 14 exhibit moderate activity against S.

typhi.

In anti-tubercular screening, it was observed that compounds (Table 13) are active
against HazR, strain of Mycobacterium tuberculosis at the concentration of 4-100
Hg/mL. Compound No. 12 is the most active agent (4 pg/mL). Similarly, compound
no. 6 and 10 (Table 14) showed anti-tubercular activity at a concentration of 4ug/mL.
The remaining compounds from Table 13 and 14 showed moderate activity against

Mycobacterium tuberculosis.

Twelve compounds from Part [I-A were screened for antimalarial activity against P.
berghei. Only compound no. 2 (Table 24) was found to be active at a concentration
of 160mg/kg. The rest of the compounds were found to be inactive.

All the compounds listed in Part li-A have been evaluated for their in vitro antifungal
activity against C. albicans, T. rubrum and T. mentagrophytes, but unfortunately

none of the compounds have shown activity even at 200ug/mL.
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Compound No. 6 (0.1 pg/mL) was the most active compound in this series for
antibacterial activity against Gram-positive bacteria (Table 13), where trifluromethyi
group is present at 2-position of the phenyl ring. A drastic reduction in antibacterial
activity against S. sureus has been observed when trifluromethy! group is present at
4-position of the phenyl ring (Table 13 compound no. 7).

Against gram-negative bacteria, Compound no. 8 (Table 13), where electron
releasing —OH group is present at 4-position of ihe phenyl ring, was found to be
active at a concentration of 0.1ug/mL. Compound no. 11 (Table 13), having 2-thienyl
group directly attached to the azomethine linkage, was found to be active at
0.4pg/mL, but introduction of Br atom on thienyl ring (compound no 12) reduced
antibacterial activity against S. typhi Compound no. § (Table 13) having
trifluoromethyl group at 4-position and compound no. 7 (Table 13) having fluoro
group at 2-position and trifluromethyl group at 4-position of phenyl ring exhibited
inhibiting activity at a concentration of 1ug/mL and 2ug/mL.

The antibacterial screening results of compounds listed in Table 14, against Gram-
negative bacteria, show an interesting trend based on the various substitutions
carried out on the phenyl ring. The 4-Ci substituted Compound no. 1 and 2-fluoro-4-
trifluromethyl substituted Compound no. 6, have exhibited highest activity at
0.1ug/mL, which is because of the electron withdrawing effect of the halogen. Also,
compound no. 3 and 4 (Table 14) having fluoro and trifluromethyi group at 4-position,
respectively exhibited highest activity at 1ug/mL. On this basis, an inference may be
drawn that an electron-withdrawing group, such as halogen at the 4-position, favours

activity.

Compound no. 10 (Table 14), in which electron releasing group is at 1-position of the
pyrole ring, exhibits good antibacterial activity against gram-negative bacteria. Also,

it has significant antitubercular activity at 4ug/mL.
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Part ii-B
2-methyl-3N- [(substituted aryl / heteroaryl)- carboxamido]-5{2-furyl / 2-thienyt)
- thieno [2,3-d] pyrimidin -4(3H)-ones

in this series, a total of 22 compounds have been synthesized and screened against
S. aureus and S. typhi. The results once again were very interesting. Compounds
no. 1, 2, 5, 7 were found to be active at a concentration of 0.1ug/mL against S.
aureus (Table 15), whereas Compounds no. 4, 8 and 10 were found to be active at
4ug/mL. The rest of the compounds are active upto 100ug/mL against the same
organism. In Table 15, 4-Cl| substituted compound (Compound no. 1) exhibited the
highest activity at 0.1ug/mL, while 3,4-dichloro-substituted compound (Compound
no. 3) showed moderate activity at 100pg/mL, which suggested that for activity
against S. aureus Cl-atom should be present at 4-position of the phenyl ring. In
Table 15, Compounds no. 2 and 7, have exhibited activity at a concentration of
0.1ug/mL against S. aureus, while compound no. 4 and 6 show less activity .at
4pg/mL and 100 ug/mL, respectively. This indicated that F-atom when present at 2,6
and 3 position of the phenyl ring enhances the activity of parent moiety, but when it
is introduced at 4-position, the compound shows drastic reduction in activity.

Also compound no. 5 (Table 15) having electron releasing group -OCHjs at 4-position
of the phenyl ring, shows highest activity against S. aureus at 0.1pg/mL. Other
heterocyclic substituents did not show any significant activity.

On this basis, an inference may be drawn that not only electron donating group, but
also electron releasing group favours the biological activity of the compound.

In Table 15, Compounds no. 3, 4 and 11, which are less active against S. aureus are
found to be most active against S. typhi at a concentration of 0.1, 0.1 and 0.4 pg/mL,
respectively. Other compounds no. 1, 2, 5, 6, 7, 9 and 10 are active at a
concentration of 4-10 ug/mL against S. typhi.

Out of 11 compounds, three compounds, viz. 6,7 and 11 (Table 15), have exhibited
MIC at 0.0Spg/mL against Ha7Ry strain of Mycobacterium tuberculosis, in which
compounds 6 and 7 have an electron-withdrawing F-substituent at their 4- and 3-

position, respectively. Compound no 11 contains an electron-rich thienyl moiety

184



directly attached to the amide linkage. Other compounds such as compound no. 5, in
which electron releasing ~OCH3; substituent is present at 4-position of the phenyl ring
was found to be active at 1ug/mL, and compound no 9 bearing a cyclopropane
moiety directly attached to the amide linkage was found to be active at 0.1 pug/mL
against M. tuberculosis. Compound no. 2 & 3 show activity at a concentration of
4ug/mL against M. tuberculosis. Hence, the antitubercular activity of the compounds
is mostly governed by the electron-withdrawing and releasing groups and

heterocycles such as thienyl and cyclopropane.

Out of 11 compounds (Table 15), 6 compounds were screened for their antimalarial
activity against P. berghei. Compounds no. 8, 9 and 10 (Table 25) were found to be
active at 160 mg/kg' and had an electron withdrawing or electron releasing group
substituted on the phenyl! ring. The rest of the compounds were inactive against P.
berghei.

In Table 16, Compounds no. 2, 3 and 8 were found to be active at a concentration of
0.1, 0.2 and 0.1 pg/mL, respectively, while compound no 1, 7 and 9 were found to be
active at a concentration of 4 pug/mL against S. aureus. The remaining compounds
were active at concentrations between 100-200 pg/mL against S. aureus.
Compounds having electron-withdrawing group at 3- and 4- position of the phenyl
ring and cyclohexane, cyclopropane, morpholine moiety attached to the amide
linkage were the active members against S. aureus. Against S. typhi, compound no.
4, 7 and 10 have highest activity at concentration of 0.1, 0.4 and 0.1 ug/mL,
respectively. Compounds no. 1, 2, 3, 6, 8, 9 and 11 have moderate activity in the
range of 1-10 ug/mL, but compound no. 5 which has an electron releasing group on
the pheny! ring, shows drastic reduction in the activity against S. typhi. The above
results indicate that electron-withdrawing group and heterocycles such as
cyclohexane, cyclopropane, morpholine, furyl and thienyl favour the antibacterial

effect, while electron-releasing groups reduce activity against S. typhi.

All the compounds listed in Table 16 were screened for their antitubercular activity
against HasR, strain of M. tuberculosis. Compound no. 9 and 10 having a morpholine
and furyl moiety attached to the amide linkage, respectively, were found to be the
most active compounds at a concentration of 0.05 ug/mL. Compound no. 7, having
cyclohexane moiety attached to the amide linkage showed activity at 4 pg/mL. All
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other compounds from Tabie 16 did not show any significant antitubercular activity. It
seems that antitubercular activity in this series appears to be governed by the
cyclopropane, morpholino and furyl heterocycles, which are attached through the
amide linkage to the parent moiety.

All the compounds listed in Table 16 were found to be inactive at a concentration of

200ug/mL against C. albicans, T. mentagrophytes and T. rubrum.

Out of 11 compounds (Table 16), 7 compounds were screened for their antimalarial
activity against P. berghei. In Table 25, compounds no 3,4 and 5 were found to be
active up to 80mg/kg. Compound no 3 has an electron-withdrawing group at 4-
position of the phenyl ring, while compounds no. 4 & 5 have cyclopropane and furyl
moiety attached through the amide linkage to the parent moiety.

In general, the activity exhibited by these compounds (Part lI-B) against S. aureus,
S. typhi and M. tuberculosis and against he malarial parasite, P. berghei, is of most

significant nature.

Part lI-C
2-methyl-3-[3-ethyl-4(substituted aryl/hetroaryl)-2,3 dihydrothiazolidine-amino]
—542-furyl/2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

In this series, a total of 12 compounds have been synthesized and screened against
S. aureus and S. typhi. The screening results (Table 17) exhibit that the minimum
inhibitory concentration (MIC) against S. aureus is in the range of 10-100 ug/mL.
Ohnly compound no. 5 (Table 17) showed the MIC upto 10 pg/mL, since it has a
trifluoromethyl group substituted on the phenyl ring. Other compounds showed
moderate activity against S. typhi, in the range of 2-40ug/mL. Compounds no. 1,2
and 5 (Table 17), which have electron-withdrawing group attached to the phenyl ring,

are the most active against S. typhi.

All the compounds listed in Table 17 were screened for their antitubercular activity
against Ha7R, strain of M. tuberculosis. None of the compounds showed promising
activity. Similarly, these compounds were screened for their antifungal activity
against C. albicans, T. mentagrophytes and T. rubrum, but they were found to be
inactive at a concentration of 200ug/mL.
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Compounds no. 56,7 and 8 (Table 26) were screened for their antimalarial activity
against P. berghei. None of these compounds were found to be active.

The antibacterial screening of compounds listed in Table 18 against S. aureus and
S. typhi showed that Compound no 2 is the only active member of the series against
S. aureus with MIC of 4ug/mL. Compound no. 1,2 and 4 (Table 18) showed activity
at concentration of 1ug/mL against S. typhi. All these compounds have an electron-
withdrawing group present on the phenyl ring. All the compounds were also
screened for their antitubercular activity against H37Rv strain of M. tuberculosis.
Only compound no. 1 (Table 18) was found to be active at a concentration of

10pg/mL.

Four compounds (Table 26) were screened for their antimalarial activity but all were
found to be inactive against P. berghei.

In general, it can be inferred from the biological screening results that these

compounds do not possess any significant biological activity.

Part lI-D
2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-phenyl-5-{3-pyridinyl/4-
pyridinyl) -thieno [2,3-d] pyrimidin-4(3H)-ones

In this series a total of 19 compounds have been synthesized and screened for their
biological activity. Among all the series, maximum compounds from this series
showed significant antitubercular activity against M. tuberculosis. Compounds no.1
and S (Table 19) showed activity at a concentration of 0.1and 4 ug/mL, respectively.
Other compounds from Table 19 are active only at 100 ug/mL against S. aureus.
However, against S. typhi, compounds from Table 19 show variable results.
Compounds no. 3,5,7 and 9 were found to be active at 0.1ug/mL, while compound
no. 8 was active at 1ug/mL. The remaining compounds from Table 19 showed
moderate activity. Against S. typhi, compounds bearing a halogen substituent on
phenyl ring and heterocycle exhibits enhanced activity. Compounds no. 4 and 10
(Table 19) having a trifluoromethy! group and nitro group at 3-position of the phenyl
ring, respectively, were found to be inactive against Gram-positive and Gram-
negative bacteria.
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All the ten compounds from Table 19 have been screened for in vitro antitubercular
activity against Ha;R, strain of M. tuberculosis. Compounds no. 2, 3, 5, 6, 7 and 9
were found to be the most active compounds at the concentration of 0.05ug/mL
against M. tuberculosis. These compounds bear a phenyl ring substituted by
electron-withdrawing group, unsubstituted pheny! ring, substituted thienyl ring, and
cyclohexane ring which is attached through thioketomethylene linkage to the parent
moiety. Other compounds showed moderate activity against M. tubercu/osis.

Four compounds from Table 19 have been screened for antimalarial activity. Only
compound no 4 (Table 27) was found to be active at 160mg/kg against P. berghei.
The rest of the compounds were inactive.

Compounds from Table 20 have been screened for their antibacterial activity against
S. aureus and S. typhi. Against S. aureus, none of the compounds, except
compound no. 9 (MIC 4pg/mL), have shown any significant acfivity. Against S. typhi,
compounds no. 4, 5 and 7 showed significant activity at a concentration of 1ug/mL,
while others were active at 10ug/mL. Here, compounds containing electron-
withdrawing as well as electron releasing group on the phenyl ring, appear to be

active against S. typhi.

All these compounds have been screened for their antitubercular activity against
Hs7R, strain of M. tuberculosis. Compounds no. 1, 2, 3 and 8 (Table 20) showed
most significant activity at a concentration of 0.05ug/mbL. These compounds contain
a substituted or unsubstituted phenyl ring and substituted thienyl ring attached
through thioketomethylene linkage to the parent moiety. The substituents are
electron-withdrawing halogen groups. Compounds no. 6 and 9 (Table 20) were

found to be active at 0.4pg/mL and 1ug/mL, respectively.

Antitubercular activity in this series (Part ll-D) appears to be governed by the
halogen groups, which are attached to the pheny! ring and /or thienyl ring and play a

vital role as regards antitubercular activity.

All the compounds from the series (Part li-D) were screened for their antifungal

activity against C. albicans, T. mentagrophytes and T. rubrum, but unfortunately all
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the compounds were found to be active at the concentration of 200ug/mL, which is

not really significant.

Eight compounds from Table 20 have been screened for their antimalarial activity.
Only compound no. 12 (Table 27) was found to be active at 160mg/kg, while the rest

of the compounds were inactive against P. berghei.

Part ll-E
2-[(substituted benzyl)-thio] — 3 - phenyl-5+3-pyridinyl/4-pyridinyl)-thieno[2,3-d]
pyrimidin-4(3H)-ones

In this series, a total of 11 compounds were synthesized (Table 21 & 22) and
evaluated for their antibacterial activity against Gram-positive and Gram-negative
bacteria. Compounds no. 1 and 3 (Table 21) have exhibited good activity against S.
aureus at a concentration of 2ug/mL and 0.1ug/mL, respectively. Both of these
compounds bear an electron-withdrawing group on the pheny! ring which is attached
to the parent moiety through a thio linkage. Compound No. 3 having two chlorine
atoms at 3- and 4- position of the pheny! ring, was found to be more potent than
compound no. 1 which has a single chlorine atom at 4-position of the phenyl ring.
This indicates that when two chlorine atoms are present on the phenyl ring instead of
one, there is an increase in activity against S. aureus. The rest of the compounds

from Table 21 have not shown significant antibacterial activity against S. aureus.

Against S. typhi, compounds from Table 21 have not shown any promising activity.
Here, compounds bearing an electron-withdrawing as well as electron-releasing
substitutent on the phenyl ring were found to be active up to 10ug/mL (Compound
no. 1, 2, 5 and 6).

All six compounds from Table 21 have been screened for their antitubercular activity
against Ha7R, strain of M. tuberculosis. Here, Compound no. 6 was found to be the
most active at a concentration of 1ug/mL. Compounds no. 3 and 4 were active at
4ug/mL, while Compounds no. 4 and 5 were found to be active at 100 and 10 pg/mL,
respectively. From the above results, it is clear that not only electron-withdrawing but
also electron-releasing substituents, present on the phenyi ring are important for

antitubercular activity.
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None of the compounds from Table 21 were found to be active at 200ug/mL against

C. albicans, T. mentagraphytes and T. rubrum.

Five compounds from Table 21 were screened for their antimalarial activity. Only
Compound no. § (Table 28) was found to be active at 160 mg/kg, while remaining
four compounds were found to be inactive against P. berghei. Compound no. 5
bears an electron-withdrawing trifluoromethyi group at 4-position of the pheny! ring.

Similarly, all the compounds from Table 22 have been screened against S. aureus
Compounds no. 3 and 5 have shown activity at 0.1ug/mL, while compounds no.1
and 4 have shown activity at 4 and 2 pg/mL and compound no. 2 has shown activity
at 100ug/mL.

Against S. typhi, four compounds from Table 22 have shown significant activity in the
range of 0.1 — 0.2 pg/mL, while only compound no. 1 was active at 10ug/mL. All
these four compounds (compound nos. 2 to 5) bear electron-withdrawing and

electron-releasing substituents on the phenyi ring.

All the compounds from Table 22 have been screened against Ha;R, strain of M.
tuberculosis. Compounds no. 1, 2, 3 and 5 have shown good activity at
concentrations of 10, 5, 2 and 2 ug/mL, respectively. All these four compounds bear
an electron-withdrawing substituents on the phenyl ring, which is attached to the
parent moiety through thio linkage. Only Compound no. 4, bearing an electron-
releasing substituent on the phenyl ring, has shown activity up to 20ug/mL, which is
ten times less as compared to compound nos. 3 and 5. It indicates that only electron-
withdrawing substituents on the phenyl ring favour the antitubercular activity against

M. tuberculosis.

All the five compounds from Table 22 were found to be inactive when screened for
their antifungal activity against C. albicans, T. mentagrophytes and T. rubrum.

Three compounds from Table 22 were screened for their antimalarial activity. Only
compound no. 7 (Table 28) was found to be active at 160mg/kg against P. berghei.
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Part lI-F
2-[(substituted aryl / heteroaryl)-suifonamido]-3-phenyl-5{3-pyridinyl)-thieno
[2,3-d] pyrimidin-4(3H)-ones

In this series a total of eight compounds have been synthesized (Table 23) and
screened for their antibacterial activity against S. aureus and S. typhi. Compound no.
1 (Table 23) was found to be active against S. aureus at a concentration of 4 ug/mL.
The rest of the compounds from Table 23 have not shown significant antibacterial

activity against S. aureus.

Against S. typhi, Compound no.2 (Table 23) has shown activity up to 0.1ug/mL,
while Compound no. 1 and 5 has shown activity at 10 and 4ug/mL, respectively. The
remaining five compounds were found to be active at 100ug/mL, which is not very

significant.

All the eight compounds (Table 23) have been screened for their antitubercular
activity against Ha7R, strain of M. tuberculosis. Amongst all, Compound no. 1 was
found to be the most active with MIC of 0.05 pg/mL. The remaining compounds from
Table 23 have not shown any significant activity against M. tuberculosis. This
indicates that a sulfonamido group at 2-position of the parent moiety is essential for
antitubercular activity; any modification of this group results in a drastic reduction in

antitubercular activity.

Two compounds from Table 29 were screened for antimalarial activity, but
unfortunately both were found to be inactive against P. berghei.
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Table 13 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - methylene] - amino — 5-(2- furyl)-thieno [2,3-d]
pyrimidin-4(3H)-ones

N—N=CH—R
CH;
Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (ug/mL) (pg/mL) activity
S. aureus S. typhi C. albicans | T. mentagrophytes | T. rubrum (Hg/mL)

1 C6H5 1 00 1 0 - - - 1 00

2 | 4-Cl-CeH4 100 40 - - - 10

3 | 4-F-CeHa 100 4 - - - 10

4 | 4-NO,-CeH4 100 10 - - - 10

5 | 4-CF3-CeH4 100 1 - - - 40

6 | 2-CF3-CeH4 0.1 10 - - - 40

7 | 2-F, 4-CF3-CgH3 10 2 - - - 10

8 | 4-OH-CeH4 100 0.1 - - - 10

9 | 3-Pyridine 100 4 - - - 40

10 | N-methyl-pyrrole 100 4 - - - 40

11 | 2-Thienyl 100 0.4 - - - 40

12 | 5-bromo-thienyi 4 10 - - - 4

- = inactive at 200 pg/mL
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Table 14 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - methylene] - amino - 5(2-thienyl)-thieno [2,3-d]
pyrimidin-4(3H)-ones

Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (pg/mL) activity
S. aureus S. typhi | C. albicans | T. mentagrophytes | T. rubrum (ng/mL)
1 | 4-Cl-CeH4 100 0.1 - - - 20
2 | 4-NO2-CeH4 100 40 - - - 40
3 | 4-F-CeHs 100 1 - - - 40
4 | 4-CF3-CeH4 100 1 - - - 40
5 | 4-OH-CeH4 100 10 - - - 20
6 2-F, 4-CF3-CgH3 10 0.1 - - - 4
7 | 2-OH, 5-Br-CeH3 100 100 - - - 40
8 | 3-pyridine 100 10 - - - 10
9 | 2-thienyl" 100 40 - - - 20
10 | N-methyl-pyrrole 20 1 - - - 4

- = inactive at 200 pg/mL
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Table 15 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - carboxamido] - 5{2-furyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

i
N-NH-C—R
CH;
Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (pg/mL) activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)

1 [ 4-Cl-CeH4 0.1 10 - - - 40

2 | 2-F, 6-F-CeHa 0.1 10 - - - 100

3 | 3-Cl, 4-Cl-CeHa 100 0.1 - - - 4

4 | 2-F-CeHs 4 0.1 - - - 4

5 4-OCHs-CgH4 0.1 10 - - - 1

6 |4-F, CeHa 100 10 - - - 0.05
7 | 3-F, CeH4 0.1 10 - - - 0.05
8 | Cyclohexane 4 100 - - - 100

9 | Cyclopropane 100 4 - - - 0.1
10 | 2-furyl 4 4 - - - 100
11 | 2-thienyl 100 0.4 - - - 0.05

- = inactive at 200 ug/mL
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Table 16 : 2-methyl - 3N - [(substituted aryl / heteroaryl) - carboxamido] - 5{2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

Sr. R Antibacterial activity Antifungal activity [ Antitubercular
No. (pg/mL) (ug/mL) activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)

1 | 4-Cl-CeH4 4 10 - - - 20

2 | 3-Cl, 4-CI-CeHa 0.1 4 - - - 40

3 | 4-F-CeHs 0.2 10 - - - 100

4 | 2-F, 6-F-CgH3 100 0.1 - - - 100

5 | 4-OCHs-CgH4 100 40 - - - 100

6 | 2-F-CeH4 200 4 - - - 200
7 | Cyclohexane 4 0.4 - - - 4

8 | Cyclopropane 0.1 1 - - - 10

9 | 4-morpholino 4 4 - - - 0.05
10 | 2-furyl 100 0.1 - - - 0.05
11 | 2-thienyl ~ 100 4 - - - 200

- = inactive at 200 ug/mL
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Table 17 : 2-methyl - 3- [3-ethyl-4(substituted aryl / heteroaryl)- 2,3-dihydrothiazolidene amino]- 5- (2-furyl)-thieno [2,3-d]
pyrimidin-4(3H)-ones

L

|
R

N—N
N
)\ '
S N CH; C,Hs
Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (ug/ml) activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)
1 | 2,4-DiCl, 5-F CeHy 100 4 - - - 100
2 | 3-NO2-CeH4 40 4 - - - 100
3 | 5-Cl-thienyl 100 10 - - - 100
4 | 4-OCHa3-CgH4 100 40 - - - 200
5 | 3-CF3-CeH4 10 2 - - - 100
6 | 4-F-CeHa 100 10 - - - 100

- = inactive at 200 pg/mL
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Table 18 : 2-methyl - 3- [3-ethyl-4(substituted aryl / heteroaryl)- 2,3-dihydro thiazolidene amino] 5- (2-thienyl)-thieno
[2,3-d] - pyrimidin-4(3H)-ones

I\ll R
CoHs
Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (ug/mL) (pg/mL) activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (Hg/mL)
1 | 2,4-DiCl, 5-FCeH2 100 1 - - - 10
2 | 5-Cl-Thienyl 4 1 - - - 200
3 | 4-OCH3-CeH4 100 100 - - - 100
4 4-NO,-CgH4 100 1 - - - 100
5 | 3-CF3-CgHa 100 100 - - - 200
6 | 4-F-CeH4 100 100 - - - 200

- = inactive at 200 pg/mL
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Table 19 : 2-[(substituted aryl / heteroaryl)-thioketomethylene]- 3-phenyl-5-(3-pyridinyl)-thieno-[2,3-d]-pyrimidin-4(3H)-
ones

Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (pg/mL) activity
S. aureus | S. typhi | C. albicans | T. mentagrophytes | T. rubrum (Mg/mL)
1 |2,4-DiCl, 5-F-CeH> 0.1 10 - - - 40
2 | CeHs 100 10 - - - 0.05
3 [ 4-F-CeHq 100 0.1 - - - 0.05
4 | 3-CF3-CeH4 100 100 - - - 100
5 | 3-F-CeH4 4 0.1 - - - 0.05
6 |3,4-DiCl-CeH3 100 10 - - - 0.056
7 | 5-Cl-thienyl 100 0.1 - - - 0.05
8 | Cyclopropane 100 1 - - - 100
9 | Cyclohexane 100 0.1 - - - 0.05
10 | 3-NO»-CeH4 100 100 - - ' - 100

- 2 inactive at 200 pg/mL
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Table 20 : 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-phenyl-5-{4-pyridinyl)-thieno[2,3-d])pyrimidin-4(3H)-ones

A

NZ >SCH,—C—R

Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (Hg/mL) (ug/mL) activity
S. aureus S. typhi C. albicans T. mentagrophytes | T. rubrum (pg/mL)
1 | 2,4-DiCl, 5-F-CeH2 100 10 - - - 0.05
2 | CeHs 100 10 - - - 0.05
3 |3,4-DiCl-CeHa 100 10 - - - 0.05
4 | 4-F-CgH4 100 1 - - - 100
5 | 3-CFa-CeH4 100 1 - - - 100
6 3-F-CeH4 100 10 - - - 04
7 12,3,4-Tri OCHs-CeH> 100 1 - - - 100
8 | 5-Cl-thienyl 100 10 - - - 0.05
9 | Cyclopropane 40 10 - - - 1

- = inactive at 200 pug/mL
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SCH,—R

Table 21 : 2-[(substituted benzyl)-thio]-3-phenyl- 5- (3-pyridinyl)-thieno[2,3-d]pyrimidin-4(3H)-ones

Sr. R Antibacterial activity Antifungal activity Antitubercular

No. (ug/mL) (ug/mL) , activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)

1 | 4-Cl-CeHa 2 10 - - - 10

2 [ 4-OCHa-CeH4 100 10 - - - 4

3 |[3,4-DiCl-CeH3 0.1 40 - - - 4

4 | 2-F-CeH4 100 100 - - - 100

5 | 4-F-CgHa 100 10 - - - 10

6 | 4-CF3-CeH4 100 10 - - - 1

- = inactive at 200 pg/mL
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Table 22 : 2-[(substituted benzyl)-thio]-3-phenyl-54{4-pyridinyl)-thieno[2,3-d]pyrimidin-4(3H)-ones

Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (ug/mL) activity
S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)

1 | 4-Cl-CeH4 4 10 - - - 10

2 | 4-F-CeHq 100 0.1 - - - 5

3 | 3,4-DiCl-CgH3 0.1 0.2 - - - 2

4 | 4-OCH3-CeH4 2 0.1 - - - 20

5 | 2-F-CeHq 0.1 0.1 - - - 2

- 2 inactive at 200 pyg/mL
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Table 23 : 2-[(substituted aryl/heteroaryl)-sulfonamido}-3-phenyl-5-(3-pyridinyl)-thieno[2,3-d]pyrimidin-4{3H)-ones

Sr. R Antibacterial activity Antifungal activity Antitubercular
No. (pg/mL) (ug/mL) activity
: S. aureus | S.typhi | C. albicans | T. mentagrophytes | T. rubrum (ug/mL)
1 |H 4 10 - - - 0.05
2 | 2-Pyrimidine 100 0.1 - - - 100
3 | 3-Methyl-2-pyrimidine 100 100 - - - 100
4 | 4-Methyl-2-pyrimidine 100 100 - - - 200
5 | 2-CF3, 4-NO,-CeH3 100 40 - - - 100
6 | 3,4-DiCI-CeHa 100 100 - - - 100
7 | 2,4-DiCl-CgH3 100 100 - - , - 200
8 | 3,5-DiCl-CeH3 200 100 - - - 200
- -» inactive at 200 ug/mL
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Table 24 : 2-methyl-3N-[(substituted aryl/heteroaryl)-methylene]-amino-54{2-thienyl / 2-furyl)-thieno[2,3-d]

pyrimidin-4(3H)-ones
0
R
l | N—N=CH—R'
P
S N CHs
No. R R’ Antimalarial activity
Mean Survival Time (Days) | Survival out of § Remarks
80mg | 160 mg | Control | 80 mg | 160 mg

1 | 2-Thienyl | 4-F-CeH4 13.4 15.8 8.8 0/5 /5 Inactive |
2 4-CF3-CeH4 14.2 17.8 8.8 0/5 1/5 Active at 160 mg/kg
3 2-F, 4CF3-CsH3 14.6 18.0 8.8 0/5 0/5 Inactive |
4 2-OH, 6-Br-CeH3 11.4 15.8 8.8 0/5 0/5 Inactive

5 2-Thienyl 13.4 16.4 8.8 0/5 0/5 Inactive

6 | 2-Fury! 4-Cl-CeH4 9.6 13.2 8.8 0/5 0/5 Inactive

7 4-F-CeH4 10.1 12.2 8.8 0/5 0/5 Inactive

8 4-CF3-CeH4 9.9 12.8 8.8 0/5 0/5 Inactive

S 2-CF3-CgH4 11.9 14.6 8.8 0/5 0/5 Inactive

10 2-Thienyl 10.8 11.9 8.8 0/5 0/5 Inactive

11 2-Pyridiny! 12.2 14.8 8.8 0/5 0/5 Inactive

12 5-Bromo-2-thienyl 12.2 14.8 8.8 0/5 0/5 Inactive

203



Table 25 : 2-methyl-3N-[(substituted aryl/heteroaryl)-carboxamido]-5+2-furyl / 2-thienyl)-thieno [2,3-d]
pyrimidin-4(3H)-ones

No. R R’ Antimalarial activity
Mean Survival Time (Days) | Survival out of 5 Remarks
80mg | 160 mg | Control | 80 mg | 160 mg
1 | 2-Thienyl | 4-Cl-CeH4 10.8 11.8 7.6 0/5 0/5 Inactive
2 3,4-DiCl-CeHs 11.4 13.6 7.6 0/5 0/5 Inactive
3 4-F-CeH4 19.4 206 7.6 1/5 2/5 | Active at 80 & 160 mg/kg
4 CaHs 15.8 16.2 7.6 1/5 2/5 | Active at 80 & 160 mg/k
5 2-furyl 15.2 18.2 7.6 1/5 2/5 | Active at 80 & 160 mg/kg
6 2,6-DiF-CsH3 13.2 16.8 9.6 0/5 0/5 Inactive
7 2-F-CeH4 13.2 16.4 9.6 0/5 0/5 Inactive
8 | 2-Furyl 3,4-DiCl-CeHs 11.5 16.0 7.6 0/5 1/5 [ Active at 160 mg/kg
9 2-F-CgH4 12.6 16.2 7.6 0/5 1/6 | Active at 160 mg/kg
10 4-OCH3-CeH4 12.8 17.2 7.6 0/5 1/5 | Active at 160 mg/kg
11 3-F-CeH4 1.0 12.8 9.6 0/5 0/5 | Inactive
12 2,6-DiF-CgH3 12.2 15.8 8.6 0/5 0/5 |lInactive
13 4-Cl-CeH4 12.4 14.6 8.8 0/5 0/5 | Inactive
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Table 26 : 2-methyl-3-[3-ethyl-4{substituted aryl/heteroaryl)-2,3 dihydrothiazolidine amino]- §«(2-furyl / 2-thienyl)thieno-
[2,3-d]pyrimidin-4(3H)-ones

S N CH; C,Hs
No R R’ Antimalarial activity
Mean Survival Time (Days) | Survival out of 5 | Remarks
: 80mg | 160 mg | Control | 80 mg | 160 mg
1 | 2-Thienyl |2,4-DiCl, 5-F-CeH> | 10.2 13.8 8.8 0/5 0/5 Inactive
2 3-CF3-CeH4 10.6 13.8 8.8 0/5 0/5 Inactive
3 4-F-CeH4 12.2 14.6 8.8 0/5 0/5 Inactive
4 5-Chlorothieny! 11.9 14.2 8.8 0/5 0/5 Inactive
5 | 2-furyl 2,4-DiCl, 5F-CeH> 14.2 17.4 9.6 0/5 0/5 Inactive
6 4-CF3-CeH4 11.6 16.9 9.6 0/5 0/5 Inactive
7 4-F-CeH4 11.9 17.1 9.6 0/5 0/5 Inactive
8 5-Chloro thienyl 13.8 16.8 9.6 0/5 0/5 Inactive
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Table 27 : 2-[(substituted aryl/heteroaryl)-thioketomethylen]- 3-phenyl-5-3-pyridinyl / 4-pyridinyl) —thieno {2,3-d]

pyrimidin-4(3H)-ones
0
N—Ph
. 0
p I}
S N S—CH,—C—R

No. R R’ Antimalarial activity
Mean Survival Time (Days) | Survival out of 5 | Remarks
80mg | 160mg | Control | 80 mg | 160 mg
1 | 3-Pyridinyl | 2,4-DiCl, 5-F-CeH> 10.2 16.1 9.6 0/5 0/5 Inactive
2 3-CF3-CsH4 10.0 15.6 9.6 0/5 0/5 Inactive
3 CaHs 9.8 14.8 9.6 0/5 0/5 Inactive
4 4-F-CeH4 16.2 20.0 9.4 1/5 1/5 Active at 160 mg/kg
5 | 4-Pyridinyl | 2,4-DiCl, 5F-CgH, 13.4 15.2 9.6 0/5 /5 inactive
6 3,4-DiCl-CeHa 9.6 12.4 9.6 0/5 0/5 Inactive
7 3-F-CsH4 10.4 13.4 9.6 0/5 0/5 Inactive
8 CaHs 10.8 13.4 9.6 0/5 0/5 Inactive
9 4-F-CgHg4 11.4 13.4 8.2 0/5 0/5 Inactive
10 3-CF3-CsH4 10.1 13.4 8.2 0/5 0/5 Inactive
11 5-Chloro thienyl 10.2 12.6 9.6 0/5 0/5 Inactive
12 2,3,4 TriOCH3-CeH> 12.9 17.4 8.2 0/5 0/5 Active at 160 mg/kg
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Table 28 : 2-[(substituted benzyl)-thio]- 3-phenyl-543-pyridinyl / 4-pyridinyl) —thieno [2,3-d] pyrimidin-4(3H)-ones

o
R
I ’ N—Ph
PN
S N S—CH,—R'
No. R R’ Antimalarial activity

Mean Survival Time (Days) | Survival out of 5 | Remarks

80mg | 160 mg | Control | 80 mg | 160 mg
1 | 3-Pyridinyl { 4-Cl-CgH4 14.2 16.4 9.4 0/5 - 0I5 Inactive
2 3,4DiCI-CeH3 13.6 16.4 9.4 0/5 0/5 Inactive
3 2F-CeH4 14.2 17.8 9.4 0/5 0/5 Inactive
4 4F-CeH4 10.4 12.8 9.4 0/5 0/5 Inactive
5 4CFa-CeHa 14.9 19.0 9.4 0/5 1/5 | Active at 160 mg/kg
6 | 4-Pyridinyl | 4F-CeH4 13.6 16.0 8.2 0/5 0/5 Inactive
7 3,4-DiCl-CeH3 14.2 17.2 8.2 0/5 0/5 | Active at 160 mg/kg |
8 2F-CgH4 12.4 13.8 8.2 0/5 0/5 Inactive
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Table 29 : 2-[(substituted aryl/heteroaryl)-sulfonamido]- 3-phenyl-5-3-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones

0]

N
LG

s N7 S50,—NH—R'

No. R R’ Antimalarial activity
Mean Survival Time (Days) | Survival out of 5§ | Remarks
80mg | 160 mg | Control | 80 mg | 160 mg
1 | 3-pyridinyl | H 12.8 15.8 9.4 0/5 0/5 Inactive
2 2-pyrimidine 13.8 16.6 9.4 0/5 0/5 Inactive
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Part IV

Conelusion




CONCLUSION

The present investigation was focused on the synthesis of novel organic compounds

of possible therapeutic value. To evaluate their biological efficacy, they were

screened for in vitro antibacterial, antifungal and antitubercular activity and also in

vivo antimalarial activity.

In Part lI-A, the synthesis of 2-methyl —3N-[(substituted aryl/heteroaryl)-methylene]-
amino-5-(2-furyl / 2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones has been described.

The antimicrobial and antimalarial activity of the series (Table 13) has revealed the

following points —

1)

4)
9)

The presence of azomethine linkage at 3-position and 2-furyl group at 5-
position of the thienopyrimidione moiety has shown good antimicrobial
property to thienopyrimidione nucleus.

All compounds seem to be active against S. aureus and S. typhi. The
presence of halogen substituent in aryl / hetero azomethine linkage is found to
be very essential for activity. Trifluoromethyl substituent imparts most
significant activity against S. aureus at concentration of 0.1 ug/mL.

Against S. typhi, all compounds have shown significant activity ranging
between 0.1-40 pg/mL. The presence of electron-withdrawing and electron-
donating groups on aryl / hetero aryl ring attached to a 5-furyl-thieno
pyrimidione ring system through azomethine linkage, is found to be
responsible for antibacterial activity against S. aureus.

All the compounds have moderate activity against M. tuberculosis.

All the compounds are inactive against P. berghei (Table 24, compound no. 6-
12)

The antimicrobial and antimalarial activity of the series (Table 14) has revealed the

following points -

1)

Introduction of 2-thienyl moiety at 5-position and substituted aryl / heterocyclic
azomethine linkage at 3-position of the thienopyrimidione nucleus does not
impart any significant activity against S. aureus, except compound no. 6,
which has a fluorine and trifluoromethy! substituent in phenyl azomethine

linkage.
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3)

Compounds containing electron-withdrawing substituents and heterocycles

such as N-methyl pyrrole attached to the basic thienopyrimidione nucleus,

exhibit good activity against S. typhi, ranging between 0.1 — 1 ug/mL, as

compared to Chloramphenicol (MIC 8ug/mL).

The antitubercular activity is imparted to Compound no. 6,8 and 10 as an

effect of

a) substitution of fluorine and trifluoromethyl group on the phenyl
azomethine linkage and substitution of 3-pyridinyl and N-methyl pyrrole
heterocycles in azomethine linkage.

b) introduction of 2-thienyl moiety at 5-position of thienopyrimidione
nucleus.

Compound no. 6,8 and 10 were found to be more potent than Pyrazinamide

(MIC 12 pg/mL) and Ethionamide (MIC 10 ug/mL) against M. tuberculosis in

vitro.

Compound containing a trifluoromethyl group in phenyl azomethine linkage

imparts a moderate antimalarial activity against P. berghei and was found to

be active at 160 mg/kg.

All the compounds from Part lI-A are inactive as antifungal agents, which indicates

that the introduction of 2-furyl / 2-thienyl group at 5-position and substituted pheny! /

heterocyclic azomethine linkage at 3-position of thienopyrimidone nucleus results in

the loss of antifungal activity.

In Part lI-B the synthesis of 2-methyl-3N-[(substituted aryl/heteroaryl)-carboxamido]-
5-(2-furyl/ 2-thienyl)-thieno [2,3-d] pyrimidin-4(3H)-ones has been described. The
antimicrobial and antimalarial activity of the series (Table 15) reveals the following

points —

1)

The presence of a 2-furyl group at 5-position and substituted aryl / heteroaryl
carboxamido linkage at 3-position of the thienopyrimidone nucleus seems to
be very essential for antibacterial, antitubercular and antimalarial activity.

The presence of electron-withdrawing or electron-releasing substituents in
phenyl carboxamido linkage favours high activity against S. aureus and S.

typhi. Compound no 1,25 and 7 have shown antibacterial activity upto
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0.1ug/mL, which is equivalent to the activity of Ciprofloxacin (0.1 — 1 pg/mL)
and greater than the MIC of aminoglycoside antibiotics (2 - 0.25 pg/mL). Also,
compound nos. 3,4,9,10 and 11 have been shown higher activity against S.
typhi than Chioramphenicol.

The antitubercular screening has given encouraging results. The presence of
halogens such as Cl, F, phenyl ring and heterocycles such as propane, thieny!
in the carboxamido side chains imparts good antitubercular activity to the
compounds and wa sfound to be between 0.05 - 4 pg/mL against HazR, strain

of M. tuberculosis.

Compounds no. 6, 7 and 11 were found to be as active as INH and Rifampin
against M. tuberculosis. Compounds no. 3 and 4 have higher activity than
Pyrazinamide and Ethionamide, while compound no. 5 has shown activity
equal to PAS against M. tuberculosis in vitro.

Substituents such as Cl, F and OCHg; substituted in phenyl carboxamido
linkage attached at 3-position, and 2-furyl group at 5-position of
thienopyrimidione nucleus, impart moderate antimalarial activity against P.
berghei.

The antimicrobial and antimalarial activity of the series (Table 16) has revealed the

following points —

1)

The antimicrobial and antimalarial activity results of all the compounds
indicate that the presence of electron-rich 2-thienyl moiety at 5-position and
substituted aryl / heterocyclic carboxamido linkage at 3-position of
thienopyrimidone nucleus favours the biological activity.

It is also observed that the presence of cyclohexane, cyclopropane and 4-
morpholine moieties, and electron withdrawing groups at 3- and 4- position of
the phenyl ring of carboxamido linkage favour good activity (0.1 — 4 pg/mL)
against S. aureus.

From antibacterial results against S. typhi, it was concluded that high activity
is exhibited by compound bearing an electron-withdrawing groups and
cyclohexane, cyclopropane, 4-morpholine, 2-furyl and 2-thienyl moieties,

while electron-releasing groups do not contribute significantly towards activity.
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4) The presence of cyclohexane, cyclopropane, 4-morpholine and 2-furyl
moieties in carboxamido linkage and 2-thienyl moiety at 5-position of
thienopyrimidione nucleus enhances antitubercular activity against M.
tuberculosis.

Two compounds have shown antitubercular activity equivalent to INH against
M. tuberculosis.

5) The presence of fluorine atom at 4-position on the phenyl ring, and propane

and 2-furyl moieties in the carboxamido linkage, imparts good antimalarial

activity.

All the compounds from Part iI-B were found to be inactive against C. albicans, T.
mentagrophytes and T. rubrum. From these results, it was concluded that the
presence of 2-furyl / 2-thienyl moiety at 5—position and substituted aryl / heterocyclic
carboxamide linkage at 3-position of thienopyrimidione nucleus is not very important

as regards antifungal activity.

In Part II-C the synthesis of 2-methyl-3-[3-ethyl-4-(substituted ary! / heteroaryl)-2,3
dihydrothiazolidine amino}-5-(2-furyl/2-thienyl) — thieno [2,3-d] pyrimidin- 4(3H) -ones

has been described.

The antimicrobial and antimalarial activities of this series (Table 17) has revealed the

following points :

1) From antimicrobial results of compounds, it is concluded that the introduction
of 2-furyl group at 5-position and substituted thiazolidine ring at 3-position of
thienopyrimidione nucleus has not shown encouraging activity against S.
aureus and M. tuberculosis.

2) It is also observed that against S. typhi, compounds containing only electron-
withdrawing substituents have shown activity ranging between 2-10 ug/mL,
while electron releasing substituents show a drastic reduction in activity.

The antimicrobial and antimalarial activity of the series (Table 18) has revealed the

following points -
1) The Introduction of 5-chlorothienyl group at 4-position of the thiazolidine side
chain is found to be essential for antibacterial activity against S. aureus and S.
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typhi, while introduction of trisubstituted phenyl and 3-nitro phenyl group at 4-
position of thiazolidine side chain is found to be essential for antibacterial
activity against S. typhi.

2) It is observed that 2-thienyl moiety at 5-position and 2,4-dichloro-5-fluoro
phenyl moiety at the 4-position of the thiazolidine side chain, which is
attached at 3-position of thienopyrimidione nucleus are responsible for

antitubercular activity.

All compounds from Part lI-C are inactive as antifungal agents against C. albicans,

T. mentagrophytes and T. rubrum and in antimalarial screening against P. berghei.

In Part ll-D the synthesis of 2-[(substituted aryl / heteroaryl)-thioketomethylene]-3-
phenyl-5-(3-pyridinyl / 4-pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones has been
described. From the antimicrobial and antimalarial screening results (Table no. 19)

following observations are made -

1) The presence of 3-pyridinyl moiety at 5-position and substituted aryl /
heteroaryl thioketomethylene linkage at 2-position of thienopyrimidione
nucleus are essential for potent activity against M. tuberculosis and S. typhi.
Six compounds have antitubercular activity equivalent to that of INH and
higher than Ethambutol, Pyrazinamide, Ethionamide and PAS against M.
tuberculosis, while four compounds have shown activity higher than
Chloramphenicol against S. typhi.

3) The compounds containing Thioketomethylene linkage substituted only with
2,4 dichloro-5-fluoro-phenyl and 3-fluoropheny! substituent has shown good
activity against S. aureus.

3) It is also observed that the compound, bearing a 3-pyridinyl group at 5-
position and thioketomethylene linkage substituted by 3-fluorophenyl group at
2-position of the thienopyrimidione nucleus has shown broad activity against

S. aureus, S. typhi, M. tuberculosis and P. berghei.

From the antimicrobial and antimalarial screening results (Table 20) following

observations are made - |

1) The presence of 4-pyridinyl moiety at 5-position and substituted aryl /
heteroaryl thioketomethylene linkage at 2-position of thienopyrimidione
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2)

3)

nucleus enhances the activity against M. tuberculosis and S. typhi, but not
against S. aureus.

Four compounds have been shown to exhibit antitubercular activity equivalent
to that of INH against M. tuberculosis. All the compounds are active in the
range of 1-10ug/mL against S. typhi.

The substituted and/or unsubstituted phenyl ring with electron withdrawing
substituent as well as heterocycles attached to the thioketomethylene linkage
mainly contributes towards antitubercular activity, while electron withdrawing
as well as electron releasing substituents, and heterocycles attached to the
thioketomethylene linkage favour activity against S. typhi.

Only electron releasing substituents on the phenyl thioketomethylene linkage

has been shown to exhibit moderate antimalarial activity against P. berghei.

All the compounds from Part II-D were found to be inactive as antifungal agents

against C. albicans, T. mentagrophytes and T. rubrum. It can be concluded that the

presence of 3-pyridiny! group at 5-position and substituted thioketomethylene linkage

at 2-position of the thienopyrimidione nucleus is not significant as regards antifungal

activity.

In Part lI-E synthesis of 2-[(substituted benzyl)-thio]-3-phenyl-5-(3-pyridinyl / 4-
pyridinyl)-thieno [2,3-d] pyrimidin-4(3H)-ones has been described.

The antimicrobial and antimalarial activities of the compounds in this series (Table

21) reveal the following points-

1)

3)

The antibacterial activity against S. aureus is because of the presence of the
chloro substituent on the benzyl thio linkage which is attached at 2-position
and 3-pyridinyl moiety present at 5-position of the thienopyrimidione nucleus.
Compounds with substituents such as fluoro and trifluoromethyl have not
shown significant activity against S. aureus.

Compounds have shown moderate activity against S. typhi.

The presence of trifluoromethyl substituent in benzyl thio linkage seems to be
responsible for the antitubercular activity against M. tuberculosis at a
concentration of 1 pg/mL and for the antimalarial activity against P. berghei at

a concentration of 160 mg/kg.
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The antimicrobial and antimalarial activities of the series (Table 22) reveal the

following points -

1) The presence of 4-pyridinyl moiety at Cs-position and substituted benzy! thio
linkage at 2-position of the thienopyrimidione nucleus have shown good
activity against S. aureus, S. typhi, and M. tuberculosis. Thus, it may be
concluded that the electron withdrawing and electron releasing groups favour
the antibacterial and antitubercular activity.

2. Only disubstituted benzyl thio-linkage has exhibited antimalarial activity

against P. berghei.

All the compounds from Part II-E were found to be inactive against C. albicans, T.
mentagrophytes and T. rubrum which indicates that 3-pyridinyl / 4-pyridinyl moiety at
5-position and substituted benzylthio linkage at 2-position of the thienopyrimidione

nucleus not favour antifungal activity at any level.

In Part lI-F synthesis of 2-[(substituted aryl / heteroaryl)-sulfonamido]-3- phenyl —5-
(3-pyridinyl)-thieno [2,3-d] pyrimidin4(3H)-ones has been described. The
antimicrobial and antimalarial results of the series (Table 23) reveal the following
points —

1) The introduction of SO,NH, linkage at 2-position and 3-pyridinyl group at 5-
position of the thienopyrimidione nucleus have contributed significantly
towards antitubercular and antibacterial activities.

2) Any modification or replacement of hydrogen atom from SO.NH, linkage by
another substituted heterocycle or substituted aryl group results in the drastic
reduction of antitubercular activity against M. tuberculosis and antibacterial
activity against S. aureus.

3) The presence of 2-pyrimidine heterocycles in sulfonamido linkage was found
to be essential for antibacterial activity against S. typhi.

4) All the compounds are inactive as antifungal and antimalarial agents.

In conclusion, it may be stated that the modification of thieno [2,3-d] pyrimidin-4(3H)-
one structure by introducing different heterocycles, viz. 2-furyl, 2-thienyl, 3-pyridiny!
and 4-pyridinyl at 5-position and pharmacologically active side chains such as

azomethine, carboxamide, thioketomethylene, benzyl thio and sulfonamido (bearing
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various electron releasing, electron withdrawing, and heterocyclic moieties) at 2 and
3 position resulted in the discovery of the new drug molecules which could be used
against Mycobacterium tuberculosis infection or infections caused by various Gram-
positive and Gram-negative bacteria. Several compounds have exhibited interesting
results when subjected to in vitro screening against Ha/R, strain of M. tuberculosis.
Fifteen compounds have shown activity equivalent to Isoniazid, two compounds
have exhibited activity at a concentration of 0.1 and 0.4 ug/mL (Table 15 and 20),
which makes them more active than Ethambutol. Most of the remaining compounds

are active at a concentration ranging between 1-200 pug/mL.

Eleven compounds have exhibited antibacterial activity at a concentration of
0.1ug/mL against S. aureus, which is equivalent to Ciprofloxacin. Fourty-three
compounds have shown antibacterial activity against S. typhi at concentration
ranging between 1-4ug/mlL, and are hence more active than Chloramphenicol (MIC
8ug/mL). Three compounds have exhibited antimalarial activity up to 80 mg/kg
against P. berghei.

Though it can be concluded that the present investigation has‘ been successful in
discovering new organic compounds, more active than or comparable to the existing
drugs in the class of infections for which these compounds were screened, it may be
worthwhile to pursue further investigations bearing in mind certain trends observed in

the present investigation.

A better understanding of the disease processes at a molecular level, as well as of
the role of proteins and genes in bacterial biology, will be essential in providing a
valuable basis for developing better antimicrobials to fight emerging resistant

microorganisms.
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APPENDIX

All the fine chemicals used in the synthetic work were obtained from
a. Fluka Chemie AG
b. Aldrich Chemical Company

c. Lancaster Ltd.

All the commercial solvents used in the synthetic work were redistilled and

dried before use.

The melting points have been determined in open capillaries in a Veego

VMP-1 melting point apparatus and are uncorrected.

The TLC of the synthesized compounds has been run on E. Merck pre-

coated silica gel plates of type 60 Fsa.

The infra-red spectra were recorded on a BOMEM MB-104 Fourier Transform

Infrared Spectrometer.

Elemental analysis (C,H,N) were performed on Heraeus elemental analyser.

The PMR spectra were recorded on Varian 300 MHz spectrophotometer
using TMS as internal reference. Chemical shifts were reported as §(ppm)

values.
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SYNOPSIS

A considerable progress has been made in the past 30 years in the chemotherapy of
microbial diseases. The seemingly uncontrollable phenomenon of drug resistance has
become one of the main driving forces behind the search for new therapies and
development ‘of new antimicrobials. Although resistance was observed soon after the
introduction of the earliest antimicrobials into the market, it was only quite recently that
this problem was recognised as a serious threat for the continuing therapeutic utility of
antimicrobials in the treatment of infectious diseases.

The worldwide emergence of Methicillin-Resistant  Staphylococcus
aureus(MRSA), Streptococcus pneumoniae, multi-resistant Mycobacterium tuberculosis,
and vancomycin- resistant Enterococci strains are among the major problems currently
plaguing the medical community. The knowledge of bacterial resistance and the study of
induction routes as well as the factors responsible for the changes in antimicrobial
resistance patterns are of primary importance for predicting the future medical need and
preventing the emergence of resistant pathogens. In order to prevent or control the
emergence of bacterial resistance the discovery of new broad spectrum antimicrobials,
especially those against which the microorgnisms have little chance of developing
resistance, 1s necessary. The newer compounds should have following properties -

1. Potent activity -

2. Good tolerance

3. Lesser side effects

4. Efficacy against microbial resistant strain.

Many reviews clearly emphasise the importance of heterocycles in naturally
occuring as well as synthetic agents which are an important class itself possessing
antimicrobial, antifungal, antitubercular, antiviral and antimalarial activity. This points out
the need for further investigations in this field. The logic supporting the work presented in
this investigation was formulated, bearing in mind the biological activities of known
moieties and attempting certain structural modifications or adaptations in the light of the
recent trends in drug research in incorporating newly emerged pharmacophore on existing
moieties.

Different biological properties of condensed pyrimidines as sedative, antibacterial
and antimalarial are well documented. The isosteric properties of benzene and thiophene in
general are of interest to medicinal chemists. The electron-rich properties as well as the
slightely ~smaller steric volume of thiophene as compared to benzene may play an
important role in fitting the necessary biological receptor sites. The thienopyrimidine(a
purine analogue) has recently received considerable attention. Many of its substituted
derivatives including thienotriazolopyrimidine, thienotetrazolopyrimidine,
thienothiadiazolopyrimidine, and .others have pronounced antibacterial' antifungal’,
antiviral’, anti-inflammatory®, antitubercular®, antimalarial® and phosphodiesterase-
inhibitor activity’.

In present studies, thieno(2,3-d)pyrimidin-4(3H)-one moiety has been chosen as
basic nucleus. Recently, Hozien et al® synthesized and evaluated some derivatives of 4-



substituted-S-phenyl-thieno(2,3-d)pyrimidine as potential antibacterial and antifungal
agents. By introducing different biologically active heterocycles such as 2-furyl, 2-thienyl,
3-pyridinyl, and 4-pyridinyl at Cs position and joining the halogenated arylVheteroaryl
substituents by different pharmacophoric side chain at 2 and 3 - position of thieno(2,3-
d)pyrimidin-4(3H)-one nucleus, it may be expected to get potent compounds of destred
biological activity as these heterocycles and pharmacophoric side chains play an important
role in activity of most of the clinically used drugs. All the compounds have been
characterized by elemental analysis and spectral data and screened for their antimicrobial,

antifungal and antimalarial activity.
Thesis will be conveniently presented into the four parts as follows :

Part ] : Introduction, Review of literature, and Plan of work

Part [I-a : Synthesis of 2-methyl-3N-[(substituted aryl/heteroaryl)-methylene]-amino-5(2
- furyl/2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones.

Part II-b : Synthesis of 2-methyl-3N-[(substituted aryl/heteroaryl)carboxamido ]-5(2-fur
yl/ 2-thienyl)-thieno([2,3-d]pyrimidin-4(3H)-ones.

Part II-c : Synthesis of 2-methyl-3[3-ethyl-4(substituted aryl/heteroaryl)-2,3 dihydro thia-
zolidene amino]-5(2-furyl/2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones.

Part II-d : Synthesis of 2-[(substituted aryl/heteroaryl)-thio keto methylene]-3 phenyl-5-
(3-pyridinyl/4-pyridinyl)-thieno[2,3-d] pyrimidin-4(3H)-ones.

Part II-e : Synthesis of 2-(substituted benzyl)-thio-3 phenyl-5(3-pyridinyl/4-pyridinyl)-
thieno[2,3-d]pyrimidin-4(3H)-ones.

Part II-f ; Synthesis of 2-(substituted aryVheteroaryl)-sulfonamido-5(3-pyridinyl)-thieno
[2,3-d]pyrimidin-4(3H)-ones.

Part III : Biological screening and results.

Part IV : Discussion and Conclusion.
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PART Il-a : Synthesis of 2-methyl-3N-[(substituted arylVheteroaryl)-methylene]-
amino-5-(2-furyl/2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones

Woitun ef al’ have synthesized some derivatives of 4-substituted amino-2-(5-nitrofuryl)-

thieno[3,2-d]pyrimidine(I) and 4-substituted amino-2(S-nitrofuryl)-thieno[2,3-

d]pyrimidine(IT) and evaluated in vitro against Staphylococcus aureus and Trichomonas
vagmalzs (I) was found to be active at concentration of <3ug/ml and <0.1pg/ml

¢J uﬁ

(1)

R = Substituted ammo

02

Bourguignon e al'® also prepared 4-substituted amino-2-furyl-thieno[2,3-d]pyrimidine
(IIT) and 4-substituted amino-2-thienyl-thieno[2,3-d]pyrimidine (IV)

X=0 ()
X=S(IV)

Hozien et al® have synthesized various derivatives of 5-phenyl-4-substituted-thieno[2,3-
d]pyrimidine, of which 4-hydrazino-5-phenyl-thieno[2,3-d]pyrimidine (V) and Schiff bases
(VI) of 5-phenyl-thieno[2,3-d]pyrimidine have showed high activity against most of fungi
and bacteria

III



NH-NR
SN

)

S N

R=H(V)
R==CH-R'( V1)
R'= Substituted aryl

Recently, Desai e a/ '' synthesized 3N-substituted-thiouredo-2-methyl-6-phenyl-
thieno[3,2-d]pyrimidin-4(3H)-one (VII) derivatives which showed good antibacterial
activity against various types of bacteria

(vi) R = Substituted aryl

Vega el al * had prepared the Schiff bases (VIII) of 2-thioxo-4-phenyl-benzothieno[2,3-
d]pyrimidine and tested for analgesic and anti-inflammatory activity

N—N=CH-R
L L
R
(VII) R =Substituted aryl

Schiff bases from substituted benzaldehyde have been reported to have encouraging
tuberculostatic action . The presence of azomethyl linkage in a variety of biologically
active compounds such as Nitrofurantoin and also in the field of antibiotics such as
Rifampicin has been proved to be very essential.

Bousquest ef al'? prepared a number of Schiff bases of pyrido-thieno[3,2-d]pyrimidione
(IX), they were found to have interésting analgesic activity without GI complications.

v



(IX)

Kharizomenova et al’ synthesized 3-substituted -2,6-diethyl-thieno[2,3-d]pyrimidin-
4(3H)-one derivatives and screened for their antiviral activity. Out of these 3-(p-
benzoquinonylimino-2,6-diethyl-thieno[2,3-d]pyrimidin-4(3H)-one (X) was found to be

the most active antiviral agent.
0O
(O

(X)

Hs5C2

Thus, based on the above data two series of 2-methyl-3N-[(substituted
aryl/heteroaryl)methylenelamino-5(2-furyl/2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones
(XI) have been synthesized and screened for their possible antibacterial, antifungal,
antitubercular, and antimalarial activities.

0
N N=CH—R'

ued
N~ ~CH3

(XI)

- 1] I

R' = Substituted aryl / heteroary!




PART II-b : Synthesis of 2-methyl-3N-[(substituted aryl/heteroaryl) carboxamido]-
5(2-furyl/2-thienyl)-thieno[2,3-d]pyrimidin-4(3H)-ones

The acid amido linkage was found to be responsible for various kinds of activity as seen
from the following examples. Niclosamide (XII), a 5-chloro salicylanilide derivative, is a
drug of choice in the treatment of cestodes. Another salicylanilide derivative (XIII) was
found to be effective against Penicillin-resistant S. aureus at a minimum inhibitory
concentration of 0.00609ug/ml"

I H NO2
0] 0]
—NH@NOZ -NH OCgHs
H Cl Cl

(XI1) (X1 )

The basic structure of Penicillin (XIV) and Cephalosporin (XV) antibiotics consist of a
thiazolidine and dihydrothiazine ring respectively connected to a B-lactam ring which is
attached to a side chain through amidocarbonyl. Many pharmacological characteristics of
Penicillin and Cephalosporin antibiotics are determined by its side chain which plays an
important role in antimicrobial activity.

0 (g) S
S H3 Nl
R-LHN P2 RCHN
,_\_[ I:N
o7 N OOH O Z Ac
OOH

(XIV) (XV)
R = Substituted benzyl

Vaga * prepared 3-acylamino-4-phenyl-2-thioxobenzothieno[2,3-d]pyrimidine (XVI)
derivatives and tested for their analgesic and anti-inflammatory activities.

(XV1) R =Substituted aryl



Thieno(2,3-d]pyrimidin-4(3H)-one ring system joined to dihydrothiazine ring through
-CONH- linkage was found to be very active against Gram-positive organisms'* The
structure of (XVII) is given below

0
Hj
NH
- )\s i S
H3 N \.—(I:-H
N_ _~ Ac
(XVII ) OOH

Heterocycles such as thienyl and furyl attached at C, position of thienopyrimidine ring
system (Part 11-a) reported to have significant antibacterial and antifungal activities. Also a
number of P-lactam antibiotics bearing these (furyl/thienyl) heterocycles through
acylamino side chain are broad-spectrum antibiotics.

All the above examples indicate the importance of the amido linkage in biologically active
moieties. Taking nto account the above facts and the biological importance of different
heteroaryl substitutents in molecules, it was thought worthwhile to synthesize molecules
where the active thienopyrimidione is substituted at Cs position with heterocycle
(furyl/thienyl) and at 3-position with various substituted aryl/heteroaryl substituents. The
general structure of the compounds is given below (XVIII). The compounds were studied
for antibacterial, antifungal, antitubercular, and antimalarial activities.

( XVII

)
Subw

R' = Substituted aryl / heteroaryl

Vi1



PART Ul-c: Synthesis of 2-methyl-3[3-ethyl-d4(substituted aryl/heteroaryl)-2,3dihy-
dro-thiazolidene-amino]-5(2-furyl/2-thienyl)-thieno(2,3-d] pyrimidin-4
(3H)-ones

The thiazole nucleus first described by Arther Hantzsch in 1887 is an important member of
the heterocyclic family. Over the period of years it has underwent intensive research and
finds several applications in the field of medicinal chemistry. In 1965, Rumanian research
workers showed the bacteriostatic activity of thiazole with amino substitutents at 2-
position and alkyl or substituted alky! at 4-position.

Recently, Karali et al'’ synthesized derivatives of 3-[(3,4-disubstituted-4-thiazolin-2-
ylidine)hydrazono-]-1H-2-indolinones (XIX) as potent antitubercular agents having
MIC<12.5pug/ml

S gy
S O

(XIX)
R = Allyl, CH3, nC4Hg etc.
R' =H
R" =H, Br

R" = H, Br, NO2, OCH3

Ahmad and Farghaly'® synthesized 4(3H)-quinazolinone derivatives having substituted
thiazoline moiety at the 3-position (XX), which exhibited good antibacterial and antifungal

activities
0 S
Séwae
A ]
N H3 k

(XX)
R = Allyl, CeH11, CH2CgHs, CeHs, CgHgE

VI



Hence on the basis of above evidence, a series of 5-(2-furyl/2-thienyl)-thieno[2,3-
d]pyrimidin-4(3H)-one derivatives (XXI) having substituted thiazoline moiety at 3-
position have been synthesized and tested for their antibacterial, antifungal,antitubercular,
and antimalarial activities. '

R' = Substituted aryl / heteroaryl

PART [I-d : Synthesis of 2-[(substituted arylVheteroaryl)thio keto methylene]-3-
phenyl-S(3-pyridinyl/4-pyridinyl)-thieno[2,3-d] pyridin-4(3H)-ones

The pyridinyl moiety has played important role in active antitubercular drugs viz.
Isoniazid, Ethionamide, and antibacterial Cepbapirin. Edward et al'’ synthesized
compound (XXII) which is structurally related to the known antimicrobial thiophene
(XXIII), an analog of nalidixic acid reported to have a similar antibacterial profile of
activity

OOH

N
é2H5

R = CH3 ( XXIII)

Also Bourguignon e al '° prepared 2-(2-pyridinyl)-thieno[2,3-d]pyrimidione (XXIV) and
evaluated its biological activity. ‘ '



( XXIV)

Lozanosa ef al'* synthesized the following types of 2-phenacyl thiobenzimidazoles (XXV)
which are known for their diverse biological activity

R

(XXV)

R =NO3,Cl
R'= Substituted aryl

Devani et al '* have reported the antitubercular, antibacterial, and antifungal activity of 2-
mercapto-thieno[2,3-d]pyrimidin-4(3H)-ones (XXVI) and thieno[2,3-d]pyrimuidin-4(3H)-
one-2-mercaptoacetic acid and ethyl ester (XXVII)

CHj3

XXV
(XXVI) RR' = CHs ( )
R" =CHs, CoHs
Rm — }L C2H5

Recently Guccione et al *° have prepared 3-methyl-4-0x0-6-(phenacyl thio)-pyrazolo[3,4-
d]pyrimidin (XXVIII) by condensation of a-haloketones with 3-methyl-4-oxo0-6-mercapto
pyrazolo[3,4-d]pyrimidine and screened for anti-inflammatory and analgesic activity



| 0
N\H /kS-CHz-& Br

Careful study of the literature exemplifies the pharmacophoric importance of the pyridine
ring and thieno[2,3-d]pyrimidine moiety in various antimicrobial agents. In view of the
above findings two series of 2-[(substituted aryl/heteroaryl)-thio keto methylene]-3-
phenyl-5(3-pyridinyl/4-pyridinyl)-thieno[2,3-d]pyrimidin-4(3H)-ones  were synthesized
having following general structure (XXIX) and screened for their antibacterial , antifungal,
antitubercular, and antimalarial activity.

0]

l S Né‘\S-CHz—@) —R'

(XXIX)

= Substituted aryl/heteroaryl

PART II-e: Synthesis of 2-(substituted benzyl)-thio-3-phenyl-5(3-pyridinyl/4-pyri-
dinyl)-thieno[2,3-d]pyrimidin-4(3H)-ones

Vishnu et al*' have synthesized and studied the biological activity of 2-benzylmercapto-3-
phenyl-5,6-tetramethylen-thieno[2,3-d]pyrimidin-4(3H)-one (XXX)

ol

(XXX
R = Substituted benzyl



Yamamoto er al*® have reported Thienamycin analogue (XXXI) having antimicrobial
activity superior or comparable to that of Thienamycin

HsCp
S-CH2~[| ]I
S

N
~ COOPNB
( XXXI)

As mentioned in part II-d the importance of pyridinyl moiety attached to thienopyrimidine
ring system and based on the above literature finding, we plan to synthesize thieno[2,3-
d]pyrimidin-4(3H)-ones of following structure (XXXII) bearing substituted aryl moiety at
C,-position through sulfide linkage and 3-pyridinyl/4-pyridinyl moiety at Cs position. All
the compounds were subjected for their in vitro antibacterial, antitubercular, antifungal,
and antimalarial activity.

0]

| )\g
S N -CH-R'

( XXXII)

R' = Substituted aryl

PART I-f: Synthesis of 2-(substituted aryl/heteroaryl)-sulfonamido-5(3-pyridinyl)
-thieno[2,3-d]pyrimidin-4(3H)-ones

Desai ** synthesized substituted thieno[3,2-d]pyrimidin-4(3H)-one derivatives (XXXIII)
by joining the sulfonamido group at 3-position and phenyl group at Cs position of
thienopyrimidione moiety. These derivatives showed significant antimicrobial activity

XII



NYCHS

N
"\NH-SO2—R

( XXX1T)
R =4MeCgHy, CeHs, AcNHCgH4
3HO72CCgH4 etc.

Thus considering the importance of sulfonamido linkage as effective synthons in
preparing compounds of medicinal value, several aryl/heteroaryl amines have been
attached at C, position and 3-pyridinyl group at Cs position of thieno(2,3-d]pyrimidin-
4(3H)-one moiety in order to get potent compounds of following types (XXXIV) and
screened for their antibacterial, antifungal, antitubercular, and antimalarial activity.

N-
)\S
S N 02-NH—R

(XXX1IV)
R = Substituted aryl/heteroaryl
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PART III : Biological Screening and Results

The compounds reported herein have been subjected to elemental and spectral analysis and
results have been found satisfactory. The purity of compounds has been checked by TLC.
The compounds reported in part II-a to II-f have been screened for their in vitro
antibacterial, antifungal, antitubercular and in vivo antimalarial activity.

Antibacterial activity :

All the compounds have been screened for their in vitro antibacterial activity using
tube-dilution technique against Staphylococcus aureus and Salmonella typhi. The culture
media used in screening was Muller-Hinton broth**. Ampicillin was used as standard drug.

Antitubercular activity :

The in vitro antitubercular screening of compounds was carried out by the tube-
dilution technique employing the human virulent H3RV strain of Mycobacterium
tuberculosis. By this method using Kirchners medium containing Tween 80 as described
by Rake ef al*’, dispersed growth of M.tuberculosis was obtained. Isoniazid was used as
standard drug.

Antifungal activity

The compounds have also been screened for their antifungal activity in vitro by
tube dilution technique’® against fungal strains viz. Candida albicans, Trichophyton
rubrum and Trichophyton mentagrophytes using Miconazole as standard drug,

Antimalarial activity :

Some compounds have been screened for their antimalarial activity employing
rodent malarial strain of P. Berghei in mice (Haffkine strain weighing 22-25g) in vivo by
Rane’s preliminary rapid screening method”’. Pyrimethamine was used as the standard
drug. The drug which enhanced the survival time (twise the period of untreated control
mice) was considered to be active. The dose at which the survival time was doubled was
considered minium effective dose(MED). The animals administered with the drug and did
not recover from the infection were observed till death.
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