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INTRODUCTION:

‘No scientific discipline is currently as hotly pursued as chemistry, if one not
compelled, therefore, to apply its astounding results to man?...... Chemists concentrate
the fragrance of cinnamon into a few drops and distill from treacherous poison and
innoéent plants---- the amazing medications. Yet there is more to come. If chemistry
keeps its promises.... whatever is alive, will be perfect; and, in the end man will live for
centuries, free from pain and sufferings, in indestructible health, until he dissolves

serenely, in peace.’
-- JOHANNES GAUB (1734).

Drug discovery has its roots in the beginning of mankind. Even our polygenetic
cousins, the chimpanzees have been obsvered to chew certain leaves to alleiviate
gastrointestinal distress. Likewise, in the evolution of early hunter gatherer communities, it
was only a short step from gathering vegetation to be eaten to assuage the hunger pangs,
to gathering rriaten'al to be ingested to diminish the pain and discomfort from illness and
injury.

Medicinal chemistry concerns the discovery, the development, the identification
and the interpretation of mode of action of biologically active compounds at molecular
level. Thus medicinal chemistry covers the following three critical steps.'

1) A discovery step which consists of identification and production of new active
substances usually called lead compounds. The lead compound can originate from
synthetic organic chemistry, from natural sources or from bietechnological processes.

2) An optimisation step which deals with the synthetic modifications of the lead
compound in order to improve potency, selectivity and to decrease toxicity. Its
characteristics are the establishments of Structure Activity Relationship (SAR).

3) A development step which consists of the optimisation of the synthetic route for bulk
production and the modifications of pharmacokinetic and pharmaceutical properties of the

active substance to render it suitable for clinical use.



To identify the lead molecule, several approaches are undertaken.

1) Random Approach:
Although the search for new entities is being increasingly governed by rational and

high throughput techniques, serendipitous discoveries do still occur , as in old days of
medieval herbs.

2) Non-Random Approach:
Compounds uncovered under random screening or compounds containing

functional groups other than than the lead molecule are tested selectively.

a)Drug Metabolism studies:

7 Drug metabolites are isolated and screened in order to determine if the activity
observed is derived from the drug molecule or from a metabolite .
b)Clinical Observations:

When a drug exhibits more than one pharmacological actions i.e. side-effects , then
the compound can be used as a lead for secondary activity.
¢)Lead Modification:

Synthetlc derivatives and structural analogues of biologically interesting substances
are tested for activities associated with the ‘lead’. Such programs include the branching,
lengthening or shortening of chain structure, the variation of the kind and position of
substituents and othef empirical molecular modifications within the framework of
reasonably close analogy.
d)Structure Activity Relationship(SAR):

Structurally specific drugs act on specific receptor sites. Their activity and potency
are very susceptible to small changes in chemical structure. Compounds with each type of

-activity eventually possess certain structural features in common.

Quantitative Structure Activity Relationship(QSAR): The concept of Quantitative drug
design is based on the fact that biological properties of a compound are a function of its



physicochemical properties such as solubility, lipophilicity, electronic effect, ionization and
stereochemistry etc.

Different methods used to correlate physicochemical properties with biological
activity include
1)Hansch Analysis or Linear Multiple Regression Analysis.
2)Free Wilson or de Novo method.
3)Topliss orientation scheme.
4)Enhancement factor.
5)Batch selection method, Batchwise Topliss Operation Scheme, Cluster analysis etc.

e) Computer based QSAR:

Free binding energy of compounds with the receptor is determined experimentally.
Distance between various atoms in the molecule, its conformation and rotation about a
single bond causing change in conformation and in distance are studied. Possible binding
sites in terms of geometry and chemical characteristics of the site are deduced by
computerised method with the help of above studies.
f)Molecular Graphics:

The rationale for identifying a lead compound has been based on a molecular
understanding of the drug and its receptor. This is frequently accomplished by the use of

three dimensional compufer graphics representation to model the drug itself or the drug

receptor complex.
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Antibacterial agents:

Bacterial infections have always remained a serious problem worldwide.The use of
antimicrobial agents to control these infections is almost entirely a development of this
century.

Topical antibacterial agents include disinfectants, antiseptics and preservatives.
Topical agents show selective toxicity between the microbes and the host.

Systemic antibacterials include a number of classes as described below.

Sulfonamides:

Sulfonamides were discovered in the middle 1930s. Protonsil rubrum(l), a red dye
was observed by Domagk® to be take up selectively by bacterial cells in case of
streptococcal infection in mice and staphylococcal infection in rabbit. The dye killed the
bacteria. Fractionation led to identification of an active substance known as  amino
benzene sulphonic acid(sulfanilamide)(II)’, a colourless cleavage product formed by liver
metabolism of the drug which is responsible for the activity.

_ NH2@SOzNH2
NH

N=N SO2NH>

H2

¢y In

Sulfonamides are predominantly bacteriostatic in nature. They inhibit the enzyme
dihydropteroate synthetase, an important biocatalyst needed for the biosynthesis of folic
acid derivatives and ultimately DNA. They do this by competitive inhibition of p- amino
benzoic acid(PABA) at the active site due to structural resemblance. Sulfonamide is
incorporated into tetrahydrofolic acid molecule by condensation with a dihydropteroate
diphosphate precursor under the influence of dihydropteroate synthetase. Sulphonamides

also act as antimetabolites by preventing the synthesis of purine nucleotide and thymidine.
6



also act as antimetabolites by preventing the synthesis of purine nucleotide and thymidine.
In human beings, folic acid is directly supplied in diet and is synthesized. Thus,
sulfonamides are safe for human cells.

Bacteria which are capable of taking up performed folic acid are intrinsically

resistant to sulfonamides.

0—=N

CH3 |
| C ~SO2NH ‘%\( CH3
HoN

(1ID)

Sulfisoxazole(I1T)" is one of the most popular sulfonamide in present use which has
a pKa of 5.0. It has a broad antimicrobial spectrum and is clinically used for urinary tract
infection and as a backup to other more preferred agents.

It is well absorbed after oral administration, get distributed fairly widely and is
excreted by the kidneys. It maintains adequate blood levels for prolonged period.

Plasmid mediated resistance is commonly developed, particularly among gram
negative organisms, due to decreased sensiﬁvity to dihydropteroate synthetase.

Superinfections, allergic rashes, photosensitivity and drug fever are common side
effects. Hemolytic anaemia, liver and kidney damage, Steven-Johnson syndrome and ulcer

of mucous membrane of eye, mouth,ureter occur occasionally.

N
7\
Qe
HoN

Iv)
Sulphadiazine(IV) has retained the preeminence because of its broad spectrum of

activity, low toxicity and high tissue penetration. It can be used for meningococcal



meningitis provided the strains of Neisseria meningitis involved is sulfonamide sensitive’,

CH3
N
i
N=—
Ho CH3
V)
H
N \C 8
SOQNH~</
ST
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(VD

Sulphamethazine(V) and Sulphamerazine(VI)*'® have greater tolerance and high
solubility. Multiple(triple) sulfas are 1:1:1 combination of three sulphapyrimidines, namely,

sulphadiazine, sulphamethazine and sulphamerazine is a very potent combination.

H N=NOSOQNH@
"
Hoozjg/

(VII)

Sulphasalazine(VII) is absorbed in duodenum and converted to para amino

salicylic acid (PAS) which is used for ulcerative colitis and Crohn’s disease because of its

antiinflammatory effect.

NH2

O
HoN H:.

(VIII)



Sulphaguanidine(VIII) was extensively used for intestinal infections. Now it has

been withdrawn in many countries'! due to poor absorption and toxicity.

/\
SO2NH
oY -
HoN
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Sulphapyridine(IX)"?, reported in 193 8, was in use for the treatment of pneumonia

and remained as a drug of choice until it was replaced by sulphathiazole(X)".

R=—0CH3z(XI)

N
SOQNH—</ }R
/O/ N== R=—¢I (xI)
HoN

Long acting sulfonamides include Sulphamethoxypyridazine(XI)"®, which has a half
life of about 37 hours. Thus, it needs to be administered only once a day.
Sulphachlorpyridazine(XII) has a half life of 7 hours and is useful for urinary tract
infection (UTI).

Other  sulfonamides include Sulphacytin(XIII), Sulphamethizole(XIV),
Sulphamethoxazole(XV) etc.

NiN/\
X



Sulphones:

The parent sulphone, Dapsone (4,4’-sulphonyl dianiline)(XVI), is a prototype for a
variety of analogues that have been studied widely. Dapsone' is effective against
Mycobacterium leprae at low concentration. Its mode of action is similar to that of
sulfonamides. p.p’- diamino diphenyl sulphone (DDS) has some unique beneficial effect on
some dermal inflammatory conditions, especially dermatological and it is likely that this

activity may contribute to its activity against M, leprae.

Blocking the biosynthesis of folate coenzyme, at more than one point i.e. using
two drugs will result in a Synergistic antimicrobial effect'® and microbes will not be able to
develop resistance!® a5 quickly as that with a single agent. This approach has been used
widely in antibacterial therapy and has resulted in the combine;ion of sulphamethoxazole

and tﬁmethoprim (XVID), i.e. Cotrimoxazole, which is widely used for several indications.

Ho
AN OCHg
ng\/’U\ Z OCHg

OCHs | ‘ (XvIn)
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It can be used for urinary tract infections, gonorrhoea,chest infections caused by
Pneumococci,Haemophylis influenzae and enteric Salmonella infections.

Side effects include megaloblastosis,leukopenia, thrombocytopenia, etc.

Quinolones:

Quinolone antimicrobials comprise of a group of synthetic substances possessing in

common an N-alkylated-3-carboxypyrid-4-one ring, fused with a second aromatic ring that

carries other substituents

: ‘ COOH
H3 |

CoHs
(XVIII)

The first quinolone to be marketed in 1965 was Nalidixic acid(XVIII). It is
primarily effective against gram negative organisms and its clinical spectrum is reserved
for oral treatment of noncomplicated urinary tract intections caused by susceptible
microbes, usually Escherichia coli.

Over the following vears, the remaining first generation quinolones were
introduced'”. These compounds consists of more potent agents with a better spectrum of

activity, such as oxalinic acid (XX), cinnoxin (XXI) etc.

< | COOH
N)( X=— CHOxalinic acid (XIX)
K X=""N—Cinnoxine (XX)
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-
Eventhough well absorbed on oral administration, they get highly bound to serum
proteins and hence, are less potent.

Gastro intestinal upset, skin rashes, visual disturbances and occasionally

convulsions and photosensitivity are the adverse reactions observed.

Fluoroquinolones:

COOH

|

(XXI)

Norfloxacin(XXT) was the first fluoroquinolone to be observed in 1986. It has a
broad spectrum of activity with potency equivalent to many of the fermentation derived

antibiotics. It is usually used for the treatment of urinary tract infections.

F OOH

g

(XXII)

Ciprofloxacin(XXII)'* is the most widely used fluoroquinolone because of its
improved pharmacokinetic properties and a broader spectrum.

These drugs cause inhibition of enzyme DNA-gyrase that unwinds the supercoiled
DNA helix prior. to replication and transcription.This inhibition makes the cell DNA

inaccessible and leads to cell death.

12



Resistance is observed more frequently and it develops due to lesser cellular
uptake or lesser sensitivity to DNA-gyrase.

Convulsions, especially in epileptics, CNS 'problems like hallucinations, insomnia,
visual disturbances, diarrhoea, vomiting, abdominal pain, anorexia etc. are among the

adverse reactions observed.

Ciprofloxacin is used in prostatis, upper respiratory tract infections, bone
infections, septicemia, Staphylococcal and Pseudomonal endocarditis, meningitis, chronic ,
ear infections, purulent osteoarthritis and in gonorrhoea, in combination with
Cephalosporins .

Lomefloxacin(XXIII),Ofloxacin etc. are the other agents in use.

COOH

Nitrofurans:;

The first nitroheterocyclic compound to be introduced in chemotherapy were the

nitrofurans. Nitrofurantoin(XXIV) is used widely for urinary tract infections(UTT).

7

S,
O2 0~ “CH= N*—N\/l\

0

(XXIV)

Nitrofurazine”® and Furazolidone® are other broad spectrum nitrofurans in clinical

13



use for prophylactic treatment of UTI, and they impair kidney stone growth. Nausea and

vomiting are common side effects.

)
O2N NH CHg
OH
(XXV)

Nitroimidazoles include Metronidazole(XXV) (antiamoebic), Nifutimox
(antiprotozooal) etc. Metronidazole® is a drug of choice for the treatment of anaerobic
infections. |
Methanamine:

(XXVI)

Methanamine(XXVI) is internally used as an urinary antiseptic for chronic UTL
Structurally it is a polymer of ammonia and formaldehyde. Formaldehyde is responsible for

the activity.

The Antibiotics:

B- lactum antibiotics:

The 1990 worldwide commerce in antibiotics was measured in tonnages and its
value is in excess of seven billion. About half of this is associated with B-lactum antibiotics

alone.

14



Mode of action:

B-lactum antibiotics are believed to act by selectively inhibiting the cell wall
synthe81s Specifically, they inhibit the biosynthesis of the dipeptidoglycan that is needed
to provide strength and rigidity to the cell wall. Penicillin and Cephalosporin acylate
specific bacterial D-alanine transpeptidase® , thereby rendering it inactive for crosslinking
of peptides.

Penicillins:

- In 1929 , Alexander Fleming for the first time discovered Penicllium notatum
causing partial lysis of Staphylococcal colonies. Later on, Penicillin was isolated and
gradually large scale production also took place. The penicillin field was then expanded to
include orally active penicillins, broad spectrum and enzymatically stable penicillins etc.

6-Amino penicillamic acid(XXVII), i.e. the fundamental nucleus, is prepared by
using naturally occurring fungal enzyme that causes selective side chain cleavage of
penicillins without breaking the B-lactum bond. More recently, selective chemical

processes have been devised for accomplishing biosynthetic analogues.

(XXVID)

In the presence of phenyl acetic acid , benzyl penicillin (penicillin G ) XXVIII)
and with phenoxy acetic acid ,phenoxy methyl (penicillin V)(XXIX) were synthesized by

Ho ™
ﬁ) = Penicillin G (XXVII)

R—C—H S

CHs™

Penicillin  (XXIX)

fennentatlon
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Resistance:
Resistance develop in the bacteria that produce the enzyme which deactivates

penicillin, namely B-lactamase and acylase. B-lactamase catalyses hydrolysis of B-lactum
ring whereas acylase is responsible for hydrolysis of acylamino side chain. In gram
negative organisms, the resistance develops due to poor penetrability.
Penicillinase resistant Penicillins:

Substitution at ortho position of a phenyl ring, i.e. methicillin(XXX)* or at 2-
position of 4-naphthyl system i.e. Nafeillin(XXXI)*® increases steric hindrance of the acyl

group and confers increased B-lactamase resistance.

ﬁ )

R—C-H
H3
OOH
OMe
R = }

“OMe Methicillin(XXX;

OCoHs .
i Nafcillin(XXX)

Bulkier substituents are more beneficial among five membered heterocyclic ring
derivatives” .e.g. Oxacillin(XXXII)*, Cloxacillin(XXXIIT)*, Dicloxacillin(XXXIV)* and
Flucloxacillin(XXXV)*'.

R'=R“=H  Oxacillin (XXXII)
R'=H, R"=Cl Cloxacillin (XXXIII)
R'=R"=Cl  Dicloxacillin (XXXIV)
R'=F.R"=Cl Flucloxacillin (XXXV)

16



Extended Spectrum Pencillins:
Introduction of highly polar substituents, e.g. amino group at a-carbon of benzyl
side chain group, confers activity against gram-negative genera such as Klebsiella,

Escherichia, Haemophylis, Salmonella, Shigella and Proteus. e.g. Ampicillin(XXXVI)*,

Amoxicillin (XXXVII)* etc.
Doy ™ {
- H
R OHN\_{ CH:; OOXVI)
4-—
OH

0 COOH g -

(XXXVII)

Introduction of acidic substituents at a-carbon of benzyl group of Penicillin G,
extends the spectrum of activity against Ampicillin resistant strains in addition to the
sensitive ones such as Pseudomonas, Enterobacter, Serratia, Providencia and also Pen.G

sensitive gram-positive organisms. e.g. Carbenicillin(XXXVII)**, Sulbenicillin(XXXIX)*

T H—
R—|C—H H3
'V;j/ CHa COOH. (XXXVII
o) OOH oH— |
R = |
COOH (XXXIX)

Allergic reactions include from skin rashes to drug fever and anaphylaxis, cross

sensitivity*®. Allergy occurs due to production of antigenic penicilloyl proteins®’.

Cephalosporins:

Cephalosporins were discovered by Brotuz and were isolated by Abraham and
Newton. They have a wide range of activity against gram positive and gram negative

organisms.

17



7-amino cephalosporinic acid (XXXX) is a key intermediate for the synthesis of

number of synthetic and semisynthetic cephalosporins.

HoNN

7

COOH  (xxxx)

Cephalosporins have a broad spectrum of activity with high potency against gram-
positive organisms and moderate potency against gram negative organisms.
Cephalothin(XXXXI)*®* and Cephaloridine (XXXXII) are administered

parenterally, whereas Cephaloglycin (XXXXIII) and Cephalexin (XXXXIV)* are active
orally.

7
L

QA

R1

J\' J\ —CH20COCH3 (XXXXI)
g~ “CHo—

[ | —H2C—N \> (XXXXII)

g~ “CHo—

@?H— —CHpOCOCH3 (XXXXIIl)
Q?H_ —CH3 (XXXXIV)

NHo2
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Resistance:

With consistent use resistance develops among several bacteria which produce
cephalosporinase and thus hydrolyse the B-lactum ring. The semisynthetic agents with
plaSmid mediated cephalosporinase resistance* and acid stability were developed later on. |
These include Cephamandol(XXXXV)*, Cephonacid(XXXXVI),
(XXXXVID*¥, Cefataxime(XXXXVII)**

Cephuroxime

7

RT—C—

7

_(

S
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2
COOH

R‘] Ro
N
H—_
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Q?H_ SJ\_— ! (XXXXVI)
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NHo
CHo2COOH
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N
\OCH3

P

N
SOCH3
B-lactamase inhibitors:

Many substances have been found to inhibit the B-lactamase enzyme, directly or by

acting synergistically with some of the antibiotics. UTR-830 (L), clavulonic acid (LI) and
sulbactum (LII) are the examples.
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Aminoglycosides:
Aminoglycosides contain amino sugar linked glycosidally to a highly substituted

1,3-diaminocyclohexane central ring. They are broad spectrum antibiotics with special

usefulness in serious systemic infections caused by aerobic gram negative organisms. e.g.

Kanamycin®’, Gentamycin*®, Tobramycin®’, Netlimycin*®, Amikacin®.

Streptomycin*>***! (LIIT) is the most effective of the group for the chemotherapy

of tuberculosis, brucellosis, tularemia, yerssinia infections.

NHCH
H H 3 rl\lHQ
?:NH
OHH2C oy o
2 HO 3 i
HOH ~ NH—C— NHo
OH
OH
(LIII)

Paramomycin®>** is used primarily for amoebic dysentery.

20



Mode of action:

Aminoglycosides bind to the 30S ribosomal subunit to form a complex and thus
inhibit proper amino acid polymerization. The binding causes misreading leading to
mutation of genetic code, This causes incorporation of improper amino acids into the
peptide chain. Thus, they inhibit initiation of protein synthesis.

Resistance gets transferred from one bacterium to another and is attributed to
extrachromosomal R-factor(DNA) which is self replicating and transferable by
conjugation. These strains synthesize enzymes that are capable of acetylating,
phosphorylating or adenylating key amino hydroxy group of the amino glycoside. The
most significant antibiotic resistant to bacterial enzyme is Amikacin.

Tetracyclines:

Tetarcyclines(LIV)™* are derived from Streptomyces species or semisynthetically.
The basic nucleus is octahydrophenanthrene. Tetacyclines have a broad spectrum of any
known antibacterial agent. They are active against a wide range of gram positive and
gram- negative bacteria, Spirochetes, Mycoplasmas, Rikettsiae, Clamydiae.

But incomplete absorption and activity against natural intestinal flora causes
superinfections. Resistance on persistant use is common. Parenteral tetracyclines may

cause liver damage, especially in pregnancy, or impaired renal function.

Ry R2R3 B4  N(CH
=70 Ty (CHg)2

OH O OH O
(LIV)

In 1938, Duggar™ isolated Chlortetracycline. Electron withdrawing groups, e.g. in
chlortetracycline®®(LV) as well as electron donating groups as in Minocycline(LVI)

enhance the activity of the parent molecule.
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R2 R3 R4
CH3  OH H (LV)
H H H (LVI)

Oxytetracycline’’(LVII) has similar activity as that of Chlortetracycline.

Doxycycline®® (LVII) and Methacycline®®(LIX) are more active in viro than
Oxytetracycline.

In 1957, MaCormik®et. al. isolated Demechlocycline(LX) with similar spectrum
of activity as that of other tetracyclines, but slightly greater activity.

R1 R2R3 R4
=/ H -

R1 Ro R3 R4

H CH3 OH OH (LVh)
H H CH3 OH (LVII)
H CHy  — H (LIX)
Cl H OH H (LX)

Tetracycline and chlortetracycline are available as topical ointments for Acne
vulgaris and are also used in opthalmic solutions. Oxytetracycilne is used parenterally
while Doxycycline is available in capsule and aqueous suspension form. Minocycline is

active against bacteria resistant to Methacycline and other Tetracyclines.

22



Macrolides:

Macrolide compounds have been derived from the Actinomyces species. They
contain highly substituted lactone ring® aglycon to which amino and neutral deoxy sugars
are attached. In 1950, Picromycin was reported. MeGuire®” in 1952, first reported the
isolation of Erythromycin from Strptococcus erythreus.

It is well tolerated and useful for infections of upper respiratory tract, skin, soft
tissue and genital tract. More recently, its activity against Mycoplasma pneumoniae® has
been shown.

Erythromycin acts by binding selectively to 50S ribosomal subunit and thus
prevents translocation in protein synthesis®*.

Non-specific resistance among gram negative bacilli is related to poor
penetrability®’.

Modifications in Erythromycin gave Cclarithromycin, Flurithromycin etc.
Clarithromycin is effective against Mycobacterium avium - intercellulariae complex®*®.

Olendomycin is one more important agent of the macrolide family.

Lincomycins:

Lincomycins are sulphur containing antibiotics isolated from S. lincilnensis.
Spectrum and mode of action is similar to that of macrolides. Lincomycin, which was
isolated by Manson et. al.®®, is useful for the treatment of infection by gram positive
organisms notably Staphylococci, B-haemolytic Streptococci and Pneumococci.
Clindamycin® is superior to lincomycin because of greater penetrability and is used in
upper respiratory tract, skin and soft tissue infections.

Adverse effects include gastrointestinal toxicity, from distress to

pseudomembranous colitis

Chloramphenicol:
Ehrlich et. al.™ in 1947, isolated Chloramphenicol, a broad spectrum antibiotic,
from Streptomyces venezuelae. Its structure was established in 1949 by Constroulis,

Rebstock and Crooks’".
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NHCOCHC!
OQNO?H—CH“CHQOH
OH
(LX)

Chloramphenicol(LXI) is active against Penicillin G and Ampicillin resistant
species of Salmonella, Haemophylus influenzae, Streptococcus pneumoniae, Bacillus
fragilis, N.meningitidis. It is used in urinary tract infections and rikettsial infections. It is
administered orally as Chloramphenicol capsule or in the form of the palmitate ester.

Bacteria producing Chloramphenicol acetyl transferase enzyme are resistant to the
drug
Adverse effects include serious blood dyscrasias and toxic reactions.

Any substitution on the ring gives rise to the compounds that are active but are

- less potent than Chloramphenicol.

Novobiosin: .
| Novobiosin was isolated from Streptomyces species and was first reported in 1955.
It acts by binding to DNA-gyrase subunit and interfering with DNA supercoiling and
energy transduction in bacteria. It is active against gram-positive bacteria and a few strains
of P. vulgaris. Low activity against gram negative organisms is due to poor absorption.
Cross resistance is not developed especially in S. aureus infections. Therefore, it is
in Staphylococcal infections resistant to other antibiotics and sulfas, and patients allergic

to these drugs.

* Urticaria, allergic rashes, hepatotoxicity and blood dyscrasias are the major side

effects.

Vancomycin:
Vancomycin, isolated from S. orientalis, is a glycopeptide. It acts by inhibiting the

cell-wall synthesis. No cross resistance to B-lactum, Cycloserin, Bacitracin etc. is
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observed. It is used in systemic infections such as Staphylococcal enterocolitis and

pseudomembranous colitis associated with Clindamycin therapy.

Polypeptides:
Polypeptide class of antibiotics include Gramicidine, Polymixin, Bacitracin,

Colistine etc. Severe renal toxicity limits their use in therapeutics.
Antitubercular agents:

Mycobacterium tuberculosis was identified by Koch in 1882 as a causative
bacteria for chronic infections like tuberculosis. It is estimated that 1.7 billion people
harbour the pathogen and every year 8 million individuals develop new clinical disease’.
One third to half of the world’s population is infected by M. tuberculosis. 6% of the
deaths occuring worldwide”™. Patients with Human Immunodeficiency Virus(HIV) are
highly susceptible to tubercular infection.

Introduction of chemotherapy of Mycobacterial infections over the past five
decades has brought about a dramatic decrease in mortality and morbidity due to the
illness. Multiple drug resistance within the organisms makes the treatment more
challenging. Drug toxicity and patient compliance are the other problems. Research is
needed to be carried out to find the best therapeutic regimen.

Antitubercular drugs are classified majorly as ‘primary’ or frontline drugs, and
secondary or second line drugs. Frontline drugs are used in standard therapeutic regimen
due to their high level of efficacy and acceptable degree of toxicity. These drugs include
Isoniazide, Rifampicin, Ethambutol and Streptomycin. ‘Secondary’ or second line drugs
are used occasionally because of bacterial resistance or certain patient related factors.
These drugs include Pyrizinamide, Ethionamide, Para amino salicylic acid, Cycloserin,

Viomycin, Kanamycin, Amikacin, Capreomycin, Thioacetazone, Thiocarlide etc.
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Isoniazide(INH):

ONHNHp

(LXID)

Isonicotinyl hydrazide(Isoniazid)(LXII), described in 19127 was prepared as an -
intermediate in the synthesis of isonicotinyl aldehyde. Outstanding activity of INH in
experimental infection was also confirmed by clinical trials. N-alkylated derivative
(Iproniazide) was also found to be active.

INH has both bacteriostatic and bactericidal activity against various strains of
Mycobacterium tuberculosis which are resistant to other drugs. The MIC is about 0.04
ug/ml. Bactericidal action is exhibited against replicating organisms, whereas in case of
non-replicating organisms, it is only bacteriostatic’.

Mode of action is believed to be the inhibition of the synthesis of mycolic acid, a
vital component of cell wall. Another hypothesis suggests that isonicotinic acid is formed
enzymatically by oxidation of INH and it competes with the natural coenzyme nicotinic
acid to alter the lipid metabolism.

INH is rapidly absorbed orally. Food and antacids containing aluminium interferes
with its absorption. Drug is to be taken on empty stomach. It gets metabolized by
acetylation.

More recently it has been shown that the activity of INH results from peroxidative
reaction catalysed by peroxidase which is encoded by Kat G Genc”. M. tuberculosis
which lacks this gene are resistant to INH®. |

INH is used in combination with other agents to delay the resistance. It is generally
suitable for long term treatment. Side effects range from hepatic abnormalities to severe
hepatitis. Interference with pyridoxin metabolism inhibits formation of active form and

causes peripheral neuritis.
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Rifampicin:
The Rifampicin antibiotics were discovered as metabolites of Streptomyces
mediterranei. Recently it has been stated to be Amycolatopsis mediterranei” .
Several chemical modifications have been carried out on the parent moiety. The

hydrazone of 3-formyl rifamycin with N-amino-N’methyl piperazine(Rifampicin)(LXIIT)*

was the most active in vivo at concentration 1 pg/ml and is useful clinically.

CHz CH3

CH=N— U—CH(;

OH

O (LXIII)

Rifampicin inhibits specifically the activity of the enzyme DNA dependent RNA
polymerase and is active against rapidly dividing intra and extracellular organisms.

Resistance is rare and occurs spontaneously in strains not exposed previously to
the antibiotic. The mechanism of resistance is through mutation in rpoL gene which
encodes B-subunit of RNA-polymerase. |

Rifampicin is readily absorbed from the intestine. Food interferes with its
absorption, therefore it is preferred to be taken on empty stomach. It gets metabolized by
deacetylation and desacetylation.

The therapeutic efficacy of Rifampicin is comparable to that of INH and is
superior to all other drugs.

It possesses low toxicity with gastrointestinal disturbances and cutaneous reaction

as the side effects.
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Ethambutol:

(H0H - OHeOH
H5C2—CH—NHCHZCH2NH—CH—C2Hs (1 x1v)

Among the randomly screened compounds, Ethambutol(+)(LXIV) is found to be
very active, both in vitro and in vivo against M. tuberculosis at 1pg/ml. Organisms
resistant to other drugs are susceptibie to Ethambutol.

The bacteriostatic action of Ethambutol is not understood and is independent of
concentration, being more related to the time of exposure.

Ethambutol is believed to interfere with the role of polymerase and divalent cations
in ribonucleic acid metabolism®"**. Another hypothesis states that it causes an inhibitory
effect on phosphorylation®.

Tt is absorbed 75-80% when given orally. Side effects mainly include ocular

toxicity, i.e. retrobulber neuritis causing visual impairment.

Streptomycin:

Streptomycin is both bacteriostatic and bactericidal for the tubercle bacilli in vitro,
depending upon its concentration. Its MIC is lug/ml against HssRv strain of M.
tuberculosis.

In mycobacteria, mutation in the rspL gene which encodes the ribosomal protein
S12, have been shown to confer resistance to Streptomycin®*

It gets moderately absorbed on intramuscular administration, which is painful.

The most important toxic effect of Streptomycin is damage to the 8" cranial
(vestibulo-cochlear) nerve in particularly in the vestibular portion, causing equilibrium
disturbances. Renal damage and hypersensitivity are other side effects.

Other aminoglycosides such as Kanamycin, Amikacin are used secondarily.
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Pyrazinamide:

7 ONH2
AN

LXV)

The best activity of pyrazinamide(LXV) is against intracellular Mycobacteria
causing sterilizing effect in acidic conditions. Susceptible bacteria -produce deaminase
which converts Pyrazinamide to pyrazinoic acid, an active form.

It gets readily absorbed orally and is metabolized to pyrazinoic acid which gets
oxidised to its 3-hydroxy derivative.

Hepatotoxicity is the most common and serious side effect. Other effects include
artralgia.

1t is useful in short term chemotherapeutic regimen. Treatment for longer than two

mQ'nths is not recommended®.
Ethionamide:

S=C—NHp
Z | R="C2H5 (LXVI)

R="n—CgH7 (LXVII)

2-ethyl  thioisonicotinamide(Ethionamide)(LXVI) and 2-n-propyl analog
(Prothionamide) (LXVII) were selected for clinical use against tubercular infections.
Ethionamide is active at a concentration of 0.6-2.5 pg/ml in vitro against strains of M.
tuberculosis which are resistant to INH, Streptomycin and PAS.

Ethionamide inhibits protein synthesis by blocking the incorporation of amino acids
Cysteine and Methionine. It is active orally, but large dose(>500mg) is not well tolerated.
It gets metabolized to give the sulfoxide.

Side effects include GI irritation, hepatitis, CNS effects and hypersensittvity.
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Para amino salicylic acid(PAS):

OOH
OH

NHo
(LXVIII)

Among the various compounds related to benzoic acid, PAS(LXVIII) is believed
to be the most active agent®® against growing cells of M. tuberculosis.

The mode of action of PAS is believed to be competitive blocking of the synthesis
of dihydrofolic acid. On the other hand, the formation of mycobactin, an ionophore for
iron transport is also blocked, which impairs iron uptake®’.

10-12gm/day is required to be taken orally in 2-3 divided doses. It is no longer in

use. GI toxicity is a major side effect.

Thioacetazone:

HoN—CNHN= Ha\O\N
\NHCOCHg

(LXIX)

Thioacetazone(LXIX) is the most active thiosemicarbazone against M.
tuberculosis. Lack of cross resistance to INH and Streptomycin indicate the use of
thioacetazone in combination with these drugs to delay bacterial resistance.

Severe side effects such as GI disturbances liver damage and anemia limits its use

in therapy.
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Drug Initial phase(2months) Continuation phase(4months)

Standard regimen:

Rifampicin 10mg/kg/day(450-600mg/day) | 10mg/kg/day(450-600mg/day)

INH Smg/kg/day(200-300mg/day) 5Smg/kg/day(200-300mg/day)
Pyrizinamide 30mg/kg/day(1.5-2gm/day) o

Ethambutol* 15-25mg/kg/day

Intermittent regimen:

Rifampicin 10mg/kg(3times weekly) 10mg/kg(3times weekly)
INH 15mg/kg(3times weekly) 15mg/kg(3times weekly)
Pyrazinamide 50mg/kg(3times weekly) 50mg/kg(3times weekly)

*or Streptomycin(15mg/kg or 0.71-1gm/day).

Clophazimine, Capreomycin, Cycloserin and Viomycin are other second line drugs.
Antifungal agents:

Most of the fungal infections (mycoses) involve superficial invasion of the skin or
the mucous membranes of body orifices. These diseases which can usually be controlled
by local application of an antifungal agent, are conveniently divided into two etiological
groups.
1)Dermatophytosis(Tinea infections), which are contagious superficial epidermal .
infections caused by various Epidermophyton, Microsporum and Trichophyton species,
and
2)Mycosis, caused by pathogenic saprophytic yeasts, which are contagious involving
Aspergillosis, Blastomycosis, Candidiasis, Cryptococcosis, Histoplasmosis etc. Under
certain conditions, some of these species are capable of invading deep body cavities and
causing systemic mycosis which are less contagious. Such infections may become serious
and occasionally life threatening and are difficult to treat.

During the earlier decades of the 20™ century, the synthetic agents employed
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topically included fatty acids such as zinc undecylenate, salicylates such as N-phenyl salicyl
amide, aniline dyes such as malachite green, gentian violet, quinolones such as 5-chloro-7-
10do-8-quinolinol, phenols like cresol, phenyl mercuric nitrate, chelating agents like
biguanides etc. These were later replaced by Amphotericin B, Flucytosin and then more

recently by two substituted imidazoles, Miconazole and Ketoconazole.

Tolnaftate:

Ha

The o-2-naphthyl ester of N-dimethyl thiocarbanilic acid was found in 1960 to
have good activity against dermatophytes when applied topically. Poor permeability of
Tolnaftate (LXIV) limits its use. It is available in a number of dosage forms for the
treatment of ringworm, athletes foot etc.

In susceptible fungi, Tolnaftate supresses squalene epoxidase which converts

squalene to ergosterol.

Substituted azoles:

Substituted imidazoles represent a versatile group of antiungal agents with a
unique mechanism of action. The early members reported were Cotrimazole(LXV)* and
Miconazole (LXVI)*in 1969 These agents are active against dermatophytes such as
Trichophyton, Epidermophyton, Microsporum and yeasts like Candida albicans. They are

also active systemically in infections caused by Cryptococci, Blastomyces, Histoplasma,

Paracoccioides.

The mechanism of action of the drug is elucidated® extensively. At high
concentration (micromolar), they are fungicidal; at low concentration (nanomolar), they

are fungistatic. The fungicidal effect is associated with damage to the cell wall with the
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loss of essential cell components such as potassium ion and amino acids. Imidazole inhibits

the cytochrome P-450 oxidase enzyme that catalyses the 14-o-demethylation of lanosterol

to ergosterol.

Cotrimazole:

N=\N—C

_/

Cl
(LXXI)

Cotrimazole (LXXT) is a broad spectrum antifungal agent used topically for the

treatment of tinea infection and Candidiasis.

As it causes severe gastric disturbances, it is not suitable for systemic use.

N=‘\
N—CHOC Cl
Cl

C

Miconazole:

Cl
(LXXII)

Miconazole is intended for the treatment of serious systemic fungal infections like

Candidiasis, Cryptococcisis, Petriellidiasis and Paracoccididomycosis.
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Adverse reactions include thrombophlebitis, pruritis, fever and G.I. disturbances.

~ Miconazole is solubilised with polyethylene glycol and castor oil to facilitate

adequate intestinal absorption.

Ketoconazole:

i
N:\—CH 2—<O———CHQO‘©—©‘—C—CH3

_/ ol

(LXXIII)

Ketoconazole(LXXIII) is administered orally for the treatment of systemic
mycosis. It requires gastric acidity for absorption. Antacids and drugs like Hy-histamine
antagonists, anticholinergics, that inhibit gastric secretion, interfere with its absorption. It

is metabolised to the inactive form and is excreted by the enterohepatic route.

Ketoconazole is recommended for systemic mycosis such as Coccididomycosis,
Blastomycosis, Histoplasmosis, chromomycosis, paracoccidiodomycosis and severe

cutaneous infections.

Hepatotoxicity is a major adverse effect. Also, levels of testosterone and

corticosterone are lowered at high doses of Ketoconazole.
Fluconazole:
F TH
F C—

|
yd
M)
(LXXIV)
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The absorption of Fluconazole(LXXIV) does not depend upon gastric acidity;
moreover, the drug can be administered intravenously. It readily crosses the blood-brain

barrier and thus, is useful for fungal meningitis.

Other azoles include Econazole, Butaconazole, Fenticonazole, Oxiconazole,

Sulconazole, Tioconzole, Itraconazole and Terconazole.

Flucytosine:

NH2

A

(LXXV)

This fluorinated pyrimidine was first synthesized in the 1950s as an antileukemic
drug. Flucytosine(LXXV) has limited antifungal activity and sensitive strains of
Aspergillus, Candida, Cladosporium and Cryptococcus are inhibited.

Incorporation of fluorinated pyrimidine into RNA, following selective deamination
to 5-fluoro uracil in the fungus appears to be required for activity. 5-fluoro uracil gets
metabolised to 5-fluoro-2’-deoxyuredilic acid which suppresses DNA synthesis by
inhibiting thymidylate synthetase.

Due to the chance of development of resistance, it is used in combination with

Amphoterecin B(polyene antibiotic), which lowers the risk.

Other active compounds include alkyl amines like Naftifine and Terbinafine,

Triacetin, Acrisorcin, Haloprogin etc.

Antifungal antibiotics:

Polyene antibiotics:
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The polyene antibiotics contain conjugate double bonds in large lactone rings.
They differ from macrolides in the size of the lactone ring and the presence of conjugated-

‘ene’ system.

They have a broad spectrum of activity against a number of species of pathogenic
yeasts, molds and dermatophytes. Their low water solubility, low stability and toxicity are

the major problems.

The mode of action involves binding with sterols in cell membrane to cause
disorganisation and loss of cell constituents, especially potassium ion. The action is

bacteriostatic at low concentrations and bactericidal at the higher doses.

Amphoterecin B:

A potent antifungal agent with a polyene structure was isolated in 1956 by Gold
etal” from Streptomyces nodosum, found in the soil from Venezuela. The antibiotic

material was a mixture of two closely related compounds, Amphoterecin A and B of -

which B is more active.

H NH2 o
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‘Amphoterecin B (LXXVI) contains primary amino group in the sugar moiety,

mycosamine and a carboxyl group attached to the macrolide ring.

Parenterally, Amohoterecin B is indicated for the treatment of serious, potentially
life threatening fungal infections including disseminated forms of coccidiodomycosis,

mucormycosis, aspergillosis, North American blastomycosis and cryptococcisis.

A high prevalence of adverse reactions limits its use. Nephrotoxicity occurs in 80%
of the patients. General toxicity includes hypokalemia, distal tubular acidosis, fever,
headache, anorexia, G.I. disturbances, muscle and joint pain, malaise etc. Pain at the site
of injection and thrombophlebitis occurs on intravenous administration. It should not be
administered intramuscularly. Amphoterecin is also used topically to treat cutaneous and

mucocutaneous infections.

Nystatin:

H NH2 oy

(LXXVII)

A polyene antibiotic first isolated in 1951 from a strain of Stréptomyces noursei by

Hazen and Brown?, Nystatin (LXXVII) is a valuable agent for the treatment of local and
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gastrointestinal monolial infections caused by Candida albicans and other Candida
species. It is also recommended for thrush or esophagitis by C. albicans in patients with
AIDS. It is available in cream, ointment or powder form for topical use, whereas tablets or

troches are used systemically.

Griseoﬁllvin:

Griseofulvin (LXXVIII) was first reported in 1939 by Oxford et.al®® as an
antibiotic obtained from the mold Penicillium griseofulvum. Dierckx. Its structure has

been determined by Grove et al

Griseofulvin is recommended for systemic treatment of refractory ring worm

infection of the body, nails, hair and feet caused by various species of Epidermophyton,

Trichophyton and Microsporum.

CH3 CHs3
=0
HaCO
Cl CHsg

(LXXVIII)

Relatively few adverse reactions have been reported. The most common are mild
allerglc reactions such as skin rashes and urtlcarla Occasionally GIupset headache,

dizziness Or insomnia may occur.

Griseofulvin causes rapid, reversible dissolution of the mitotic spindle apparatus

apparently by binding with the tubulin dimer required for microtubular assembly’

The bioavailability of Griseofulvin may be enhanced by administration with fatty

meal. It gets metabolised by methylation.

Several other antibiotics in use include Candidicin, Natamycin etc.
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Novel approaches:

Out of the novel approaches to a fungal chemotherapy, one approach might be to
persist the infected host to withhold growth essential iron from the fungi and not the
host.”® Poorly soluble iron chelators such as hydroxy pyridon, rilopyrox are being

developed for topical use in dermatophytosis.

Diamidines, hydroxy stildamide and isothionate have been found to be possess

activity against Pneumocytosis, but have severe side-effects.
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Plan of Work
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PLAN OF WORK:

Pharmaceutical research particularly in medicinal chemistry provides a basis for the
development of new approaches to combat human diseases. The biomedical research can
be basic (seeking an understanding of biological phenomenon which are unknown) or
applied (using principles which are known to produce desired new product or cfiect). In
cither case the rescarch has the cffect of obviating the established therapies in favour of

new modalities which would be safer and more effective.

As the abilities of the chemist to synthesize, isolate and characterize new
compounds grew and as biologists learnt more about the actions of drugs and about
biological mechanisms in health and diseases, the search for new drugs gradually began on
a more rational basis. Today, useful drugs arise from natural products, chemical synthesis
or combination of both sources by means of approaches that vary in a complete spectrum

between serendipitous discovery and rational synthesis.

Organic chemists in pharma industry synthesize hundreds of new compounds every
week. In most cases, the chemist has a specific reason for synthesizing a particular
compound; usually based on theoretical considerations, medicinal chemistry, biological
mechanisms or a combination of all these three. In the past three decades, the biological
sciences have undergone a major redirection towards molecular understanding of

biological systems.

The search for chemical structures that which exhibit pharmacological activity is a
difficult goal for the organic chemists. Compounds are submitted for screeming for
numerous types of biological and pharmacological action. Observations on interesting and
repeatable biological activity opens new pathways for additional chemical research efforts
in the expansion of the series and often leads to significant new medicinal products.
Organic chemist has succeeded in the deliberate chemical alteration of the natural drugs
and produces derivatives which are either more potent or superior in some other respect.
Such modification of known pharmacodynamic compounds, both natural and synthetic,

constitutes one of the main kind of research efforts in the field of chemotherapy.
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An important aspect of medicinal chemistry has been to establish a relationship
between chemical structure and biological action. An increased consideration in recent
years has been to correlate the chemical structure with reactivity or physical properties and

these correlations in turn, be related to therapeutic action.

The logic supporting the work presented in this thesis was formulated bearing in
mind the biological activities of known moieties and attempting certain structural
modifications or adaptation in light of the recent trends in drug research in incorporating

newly emerged pharmacophores on existing moieties.

Chapter 1I: Synthesis of 1H-3(2-alkyl/aryl, 4-substituted thiazolo)-6-chloro-

cinnoline-4-ones:

N

M

Cinnoline (I), a member of the heterocyclic family, has been documented in the

literature for its appreciable antibacterial activity™.

COOH

R2 R, = alkyl
(I

1-alkyl-3-carboxy-4-cinnolones (IT) also show good antibacterial activity®**.
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RO COCH3

\
N==N—Ph
(111

3-acetyl-phenylazo-6-substituted cinnoline-4-ones (III) have been reported to

exhibit potential antibacterial, but low antifungal activity®”.

AN\
|

O NHR'
R—
N
R, R'= alkyl / aryl
(Iv)

Similarly, 4-arylamino pyrimido(5,4-c) cinnolines™® (IV) have been reported to
possess activity from 03 pg/ml to 0.05 pg/ml against gram positive Bacillus
cirroflagelus, from 021 pg/ml to 0.025 ng/ml against gram positive Staphylococcus

aureus, and 3.16 pg/ml against gram negative Luscherichia coli.

R, R, R"= alkyl/aryl (v)
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Pyrimido (5,4-c)cinnolines-2,4(1H,3H) diones®(V), are known to possess
moderate activity, i.e. upto 100 pg/ml against a number of gram positive and gram

negative organisms and fungi like Aspergillus niger and Candida albicans.

Relatively less work has been carried out on the cinnoline ring. Hence, we decided
to emphasize on this ring system and carry out studies on compounds bearing a
combination of cinnoline and other heterocyclic systems, in the hope of developing a

prospective antimicrobial agent.

Electron-withdrawing substituents like halogens and nitro are believed to impart
stability to the ring and thereby contribute to the activity. e.g. Cloxacillin (Antibacterial)
(VY), Flucloxacillin (antibacterial) (VII), Miconazole (antifungal) (VIII) etc.

—E— H S H3
e

O COOH
R' _
R = R'=H, R=Cl (V1)
CH3
| R'=F,R"=Cl (VI
R N—0O
N=\
N— HOCHQ—f >—Cl
g
o] l = Cl
A
Cl
(VIII)

Hence, we selected 6-chloro-(3-halocetyl)-1H-cinnoline-4-one (IX) as our parent

moiety.
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|
Cl ‘ COCH2Br
N

H
(IX)
Thiazole:

Thiazole moiety is well established as a biologically active moiety, especially for it:

209

antibacterial effect’®®. Russian research workers®” showed that amino substitution at 2

_position of thiazole ring along with alkyl/aryl group at 4-position (X) impart

bacteriostatic activity to the molecule.

NU o

(X) (X1)

Similarly, vast synthetic work carried out in our laboratory on 2,4-disubstitute
thiazoles (XI) also revealed”' that many thiazoles of such types are active against HjR

strain of Mycobacterium tuberculosis at concentrations ranging from 5 pg/ml to 0.0

pg/ml.

These properties of thiazole nucleus as antitubercular agent strongly suggest the

this nucleus should be explored further in order to achieve good antitubercular activity.

Keeping in mind the good antibacterial activity of 2,4-disubstituted thiazole, w

decided to combine cinnoline with thiazole.

In order to form a thiazole, we decided to condense the 3-bromoacetyl-6-chlor

cinnoline-4-one with various substituted thioamides.
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The thioamides were synthesized using established literature procedure.

The final compounds in this series will have the following common structure (XII).

LI,

|
H

(X11)
R = aminomethy! phenyl, pyridyl, benzyl, phenyl etc.

A total of ten compounds were synthesized in this series which were confirmed by

elemental and spectral analysis.

Chapter II: Synthesis of 1H-3(2-alkyl/aryl, 4-substituted thiazolo)-6-fluoro-

cinnoline-4-ones:

Extensive work has been reported on the advantages of organo fluorine

compounds. Fluonine molecule itself has numerous advantages, like-

1) Fluorine, the second smallest atom as measured by atomic radius and internuclear
distance to carbon, would most closely resemble bioactive hydrogen analogucs witl:

respect to steric requirements at enzyme receptor sites.

2) Fluorine atom imparts increased oxidative and thermal stability because of its high

binding energy which exceeds that of chlorine by 17 Kcal/mole.

3) Fluorine atom leads to increased lipid solubility which enhances the rate of absorptior

and in vivo transport.
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Numerous fluorinated compounds are known e.g. Ciprofloxacin (antibacterial)

(XI1I), Flucytosine (antifungal) (XIV), Flucloxaxillin (antibacterial) (XV)etc.

F OOH

HQ ).,\ (X1

O (XIV)

F
CON CHz
CHg
N
cl CHa COOH  yv)

Thus, we decided to replace chlorine at the 6-position with fluorine to check it
effect on activity. The fluorinated compounds were synthesized by a similar procedur

using 4-fluoro aniline as the starting compound.

The final structure is as follows-

(XVID)

R = alkyl/ aryl/ substituted aryl etc.
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Ten compounds with similar substitutions as that in series I were synthesized anc
confirmed by elemental and spectroscopic analysis. Comparison will be carried ou

between the activity of both the series in order to establish a structure activity relationship

Chapter II1: Synthesis of Intermediate for Letrozole:

(A

(XVIT)

Letrozole (XV1I) is a relatively new drug, used as an antineoplastic agent. Using
modified nude mouse model of post-menopausal breast cancer, CGS(20267) was show
to have a marked antitumor effect and to significantly supress plasma estrogen'".

Letrozole is currently undergoing phase 1l and phase III clinical trials for brea

cancer in U.S.A.

Pharmacological action:

Letrozole is a highly potent and selective non-steroidal aromatase inhibito
Aromatase catalyses the conversion of androgens to estrogens which leads to an increa:
in plasma estrogen level. Letrozole was shown to inhibit aromatase in peripheral tissues

doses of 0.5 to 2.5 mg/day for 6 weeks'".

The synthetic route of Letrozole is as follows 212,
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CN

N ]CN

A number of antineoplastic drugs can be synthesized using 4(1,2,4-triazolyl

methyl) benzonitrile (XVIII) e.g. MPV-2213ad 28 Letrozole etc.

(XVIID)

The intermediate 4(1,2,4-triazolyl methyl) benzonitrile is prepared by
condensation of 1H-1,2 4- triazole (XIX) with 4-cyano benzyl bromide (XX) by different

routes enumerated as follows:

1) 1H-1,2,4-triazole and 4-cyano benzyl bromide are dissolved in dry acetone. To the
mixture is then added potassium carbonate and potassium iodide and refluxed for 8

hours®™.

HoBr LN/N
N[[_ﬂ . dryacetone# (|3H2

KoCOg, Ki
-
H

CN

CN

(XIX) (XX)
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2) 4-cyano benzyl bromide was dissolved in a mixture of chloroform and acetonitrile. 1H-:
1,2,4-triazole dissolved in the same system is added to the former and refluxed for [
hours. Then it is neutralized with 3% sodium bicarbonate and passed on a silica ge

column for separation of the product™*.

(A

HoBr

'H\‘J [ i chloroform

N acetonitriler
"
H

CN

CN

Thus, 1H-1,2,4-triazole is a key intermediate for the synthesis of Letrozole. 1TH

1,2,4-triazole can be prepared by various routes’”” which are summarized as follows:
1) By oxidation of substituted 1,2,4-triazoles.

2) By treating urazole with phosphorus pentasulphide.

3) By heating equimolar quantities of formyl hydrazine and formamide.

4) By removal of amino function of 4-amino-1,2, 4-triazole.

5) By oxidation of 1,2,4-triazole-3(5)-thiol with hydrogen peroxide.

6) By decarboxylation of 1,2,4-triazole-3(5)-carboxylic acid.

7)By heating hydrazide salt with formamide®'®.

8) By rapid distillation of hydrazine hydrate with 2M equivalent of formamide?'”.

9) By heating N,N” diformyl hydrazine with excess ammonia in an autoclave at 200°C

for 2-4 hours*'®,
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10) By the reaction of 1,3,5-triazine and hydrazine monohydrochloride®'”.

11) By oxidation of 1,2,4-triazole-3(5)-thiol in conc. HNO;*".

We planned to carry out the oxidation of 1,2,4-triazole-3(5)-thiol for a better yield

applying certain modifications to the literature procedure.

Modifications:

1) During work up of oxidation of 1,2,4-triazole-3(5)-thiol, the mixture will be neutralised

with liquid ammonia in order to minimise inorganic bulk.

2) Instead of hectic and multiple extraction procedure, the triazole wwill be extracted in

ethyl acetate with recovery of the solvent to maximum.

3) The use of large quantity of ethyl alcohol will be avoided which will make the

procedure cost effective.

4) Also, use of benzene will be avoided. Benzene, being highly carcinogenic may cause

health hazards to the workers, when used on industrial scale.

The triazole and benzonitrile will be subjected to elemental and spectroscopic

analysis for confirmation.
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Diazotization of amines:

The reaction of amino salt with nitrous acid is known as diazotization. Pelercriess

in 1858, carried out this reaction for the first time with an aromatic amine.

The kinetics of diazotization involve a nucleophilic attack by amine on dinitroxide;

which is in equilibrium with nitrous acid .

~ |
o=n=2o )|

= O—N=0+H®

SN
O=N—OH+ H®

O—N—0O+Hp

O=N—0 + N—0O&

O=—N—"0—"N—/O
O

Ar-——NH2 + N—O AN®Ho—N=—O

O—N=—/D

The free amine, although present in a very small concentration, is highly reactive in
the acidic solution used. The conjugate acid of the primary nitroso amine, by a series of

proton transfer and loss of water, gives a diazonium salt.

Ar—N‘BH:N—OH

Ar— NH o
r lIN 0]
H

H

Ar—N= N—0®H,
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AF—N,‘: N-(;O"BHQ'—"~ Ar—NP=N + Ho0

Recently, the intermediate step of a primary amine has been shown to be isolated”’
in the course of the diazotization of an appropriate amine.

Since most of the diazotizations are performed in aqueous solutiohs, protonated
nitrous acid (from sodium nitrate and hydrochloric acid)”® is usually used. Free NO
should only appear in concentrated acid and in the course of conversion with complex
NO" salts.

The sequence of reactivity is shown as below-

NO" > H,0"--NO > NCS--NO > Br--NO > Cl--NO > NO,--NO.

1] Aqueous solution:

Normal diazotization of aromatic amines with nitrous acid is carried out in dilute
aqueous mineral acid and usually yields the diazonium salt in solution. The direct method
starts from solution or suspension of the amines in dilute hydrochloric acid (approximately
2.5 mole acid / mole amine), which is treated with the molar quantity of concentrated
aqueous sodium nitrite solution at 0°-10°C. The conversion proceeds rapidly and almost
quantitatively”. The end point can be determined by numerous methods and an excess of
nitrous acid can easily be removed by adding urea which reacts with nitrous acid to form
nitrogen, carbon dioxide and water or sulphamic acid'®.

Since nitrous acid is unstable, it is generated in the presence of the amine by the
reaction between sodium nitrite and a mineral acid, usually hydrochloric or sulphuric acid.
Excess acid serves to keep the mixture strongly acidic, which is necessary to avoid

undesirable side reactions.

101,

I1] Concentrated acids

Weakly basic amines bearing strongly electron-attracting substituents on the

aromatic or heteroaromatic nucleus are diazotized preferentially in concentrated acids,
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since hydrolysis'®* of the generated diazonium compound occurs in aqueous solution with

increasing dilution. Good results have been obtained with conc. sulphuric acid'®.

IIT] Organic solvents'”*:

In order to prepare a solid diazonium salt, diazotization of aromatic amines is
carried out in organic solvents (glacial acetic acid'”, methanol, ethanol, formamide, DMF,
acetone) by means of nitrous acid esters (preferably pentyl nitrile).

N-diazonium salt will couple with an aliphatic compound containing an activated
-carbon-hydrogen bond. This is limited to those reactions in which both nitrogen atoms of
the diazonium salt are retained in the resulting molecule.

Victor Meyer reported the coupling of diazonium salt with an activated aliphatic
carbon atom.
| It is generally assumed that the hydrazone is a stable form when coupling occurs at
a methyl or methylene carbon and azo structure is formed when coupling occurs at a
methinyl carbon without climination of the group.

The reaction of B-keto ester with a diazonium salt has been studied extensively.
Products from ethyl acetoacetate and over fifty different diazonium salts have been
reported. Good yields of the hydrazones of o,B-esters are obtained if 1mole of the
diazonium salt is employed. A

Diethyl oxaloacetate reacts with 1mole of benzene diazonium chloride. If only

Imole of the salt is used, the product obtained is dioxosuccinate phenyl
106,107,108 '

hydrazone(I)

CoH502CHCOCORCoHs + CgHENoCH— CgHsoQCﬁocozCQHs
NNHCgHs
M
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For diazotization, aqueous solution of sodium nitrite is added to mineral acid salt
of aryl amine at temperature 0°-5°C. If the reaction is carried out in aqueous solution,
sodium acetate is used as a buffer. Occasionally, alcohol, pyridine or acetic acid are also

used as solvents for water- insoluble reactants.

Reactant ratio:

Equivalent amount of diazonium salt and reactant are commonly employed. Excess
of diazonium salt should be avoided as it can couple again with the product such as
hydrazone to form a formazan derivative. This reaction is favoured by strongly acidic
solution.

Reactions are usually rapid and the product can soon be isolated after the addition

of diazonium salt. However, the reactions that involve intramolecular coupling need more

time to complete.

Preparation of ethyl 2-(aryl phenyl hydrazone)-3-oxybutyrate:

To the aryl amine (0.039mole) dissolved in.a 1:1 mixture of conc. HCI and water

(10ml) and cooled at 0°-5°C on an ice bath. A cold aqueous solution of sodium nitrite
(0.078mole) was added. The diazonium salt solﬁtion was filtered into a cooled solution of
ethyl acetoacetate (0.039mole) and sodium acetate (0.58mole) in ethanol (30ml). The
resulting solid was filtered, washed with water and recrystallised in ethanol.

M.P.=94°C. Lit. M.P. = 94°C

Yield = 83%.
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Chemistry of hydrazones:

Aliphatic compounds containing an activated methylene group couple with
diazonium salt to form aryl hydrazone'®'®. The reaction is an electrophilic attack of the
diazonium ion on the carbanion derivative from the methylene compound, forming an

unstable azo compound which spontaneously tautomerises to a hydrazone.

X
Ar—“N=N—CH< '
Y

Ar—N—N® CeH/X
Ny

The reaction is usually carried out in cold aqueous solution buffered with sodium
acetate. The pH of the medium can be lowered for strongly activated methylene
compounds. Hunig and Boes''' suggested the sequence of activating effect of the
substituents (X and Y) as follows.

NO, > CHO > COCH; > CN > COOEt >CONH, >COOH > SO,CH; > SOCH; > C4Hs.
Other activating groups include the tertiary sulphonium and quarternary pyridinium
ions and heterocyclics such as 2-pyridyl and 2-quinolyl.

When one of the activating group is a carboxyl, coupling is accompanied by

decarboxylation.
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CHaCOOCH2COOH + ArNE —> CH30073HJ—C€/\2
A
AL

l

CH3COCH—N=NHAr +COp

Compounds carrying active methyl group at the 2 or 4-position to the ring |
nitrogen such as 2-picoline''* and 9-methyl acridine ', yield a tetrahydrazone on coupling
with a diazonium salt. The activity of methyl group increases if the hetero atom is
quarternized to onium salt prior to the attack of diazonium ion.

A methinyl group bearing at least two activating groups reacts with diazonium salt
to give an aryl hydrazone by hydrolytic cleavage of one of the electron attracting groups

on the intermediate unstable azo compound.

X _
R—CH< + AIN8 — R—C—N=N—Ar H—20—>R—C:NNHAr
Y
+YOH
110,114

The reaction is described as Japp- Klingemann reaction . Groups that usually

undergo splitting are carboxyl, acyl and alkoxy carbonyl. etc. e.g.

R“"‘CO?H—COOH + ArNE —— ArNNsz:OR +CO9
R R

R‘"CO?H*‘COOEt + ArN8 —— ArNNH=(fOOEt+ ROOOH
R R
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In diacylacetic ester, the acyl group is more rapidly cleaved which corresponds to

the weaker acid'” e.g.
CH3—COCHODOEt +Ar|\g~——-—> ANHN= COOEt +CH3COOH

C(v).Ph _ COCH3

CHa—COCHOOOE! *+ATNS —— ArNHN—COOE! + E{COOH

COPh COCH3

In case of 2-substituted cyclohexanones, various activating groups undergo
splitting relative to the ring carboxyl. It is either side chain splitting, e.g. 2-carboxyl and 2-

formyl or is a ring opening, e.g. ethoxycarbonyl and acetyl, which are bound more

strongly'' 4!,

| ? i
coortﬂ @NNHAr <o,
0

~NNHAr
CHO Ar
——’\E' + HCOOH

NNHAr
Ar@ I
COOEt EtOCOCCHy CHQCHZCH2COOH
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Frcedel - Onafts acylation to form betone,

Cennoline and (Zinnolone.
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Friedel-Crafts acylation:

Many acid chlorides can easily be induced to eliminate hydrogen chloride
intramolecularly.

The cyclization is carried out in a suitable solvent alongwith a cyclizing agent. The
cyclization agents or catalysts include''” AICI;, Stannic chloride, hydrogen fluoride etc.
The yield of the reactions varies from 40-90 % depending upon the reaction conditions
like temperature, pressure and the reactants''®.

The catalyst which is employed most frequently is AlCL.

The most common solvents used are benzene and carbon disulfide, Others such as

petroleum ether, sym- tetrachloroethane, monochlorobenzene etc. are also employed.

Stannic chloride:

Cyclization with stannic chloride is generally effective in bringing about ring
closure into polycyclic nuclei.

The acid is reacted first with reagents like phosphorus pentachloride'”®, thionyl
chloride etc. to form acid chloride, which is then reacted with stannic chloride under

anhydrous conditions.

Aluminium chloride:

The most widely used agent for cyclization is aluminium chloride. Several types of -
aryl phosphoric acids and aryl butyric acids have been cyclized by this method. The
reagents used include phosphorus pentachloride, thionyl chloride etc. and the reaction
occurs under anhydrous conditions.

The mechanism of the reaction is same as that of acid chloride and can be

explained as follows'?:

?I ~ /TN /CI

R—C—0: Alciz R—c\) _Bics
%
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(3]
[R__ — P R—@=p] " AlCk
ﬁﬁ H
O boe — St
R complex

H20

Y

I

~R
+ 4HCI + Al(OH)

To ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate (30gm,0.112mole) was
added anhydrous AICI; (29.83gm,0.223mole). Chlorobenzene (360ml) was added in order

Formation of cinnolone:

to dissolve the solids and then the mixture was refluxed for 12 hours. It was cooled and
dilute HCI (200ml) was added to it and was heated on a water bath. Further it was cooled,
filtered and washed twice with dil. NaOH soln. and filtered. Then the product was

recrystallized from methanol.

M.P.=197C
Yield =19.05gm,63.5%
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Other methods for cyclic ketones:

1) From hydrogen fluoride:

In 1939, Fieser and Hershberg', cyclized B-phenyl propionic acid (I) using

anhydrous liquid hydrogen fluoride to yield 73 % of ketone by intramolecular acylation.

QOOH
©\C/C 2 ;

Ho

@ (1D

2) From sulphuric acid:

v-aryl butyric and B-aryl propionic acid (IIT) get cyclized to ketone (IV) in the
presence of sulphuric acid'%.

QOOH
oCHCH2COOH —————>

Fio H2COOH
(1) 1v)

Methods for cinnoline:

1) The cinnoline ring system was discovered in 1883 by Richter'”, who converted

diazotized o-nitro phenyl
(VD).

propionic acid (V) into 4-hydroxycinnoline-3-carboxylic acid

H

==CCOOH x-COOH
CE: _*+H0 + HCI
oCl

V) , (VD)
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2) Brosche and Herbert'** found that diazotized 5-nitro-2-amino actophenone (VII)

slowly on standing, yields 6-nitro-4-hydroxy cinnoline (VIII).

O2 CO\C Ha 05 §
—_—_— + HX
NoX

(VID) (VIID

3) Widman'®prepared 4-methyl cinnoline-7-carboxylic acid (X) by diazotization of 1-
methyl-1,2’-amino-4’-carbo phenyl ethylene (IX).
Xy y

e

’ C=CHo AN
—_— + HCI
HOO 2Cl :

HOOC
(IX) (X)

4) Methylation of 4- -hydroxy cinnoline (XI) with methyl sulphate and alkali gives 1-
methyl-1,4-dehydro cinnoline-4-one (XIn)**s,

R
MeSOq4 R
—
alkali
|
Me

(XI) (XID)

5) Aminocinnoline carboxamide (X1 was prepared by cyclization of aryl hydrazono

(cyano) acetamide (XIV) with anhydrous AICl; in chlorobenzene.
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AIClR

chlorobenzene

(XIV)

'\ CONHo

>
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Halogenation of betoncs
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Halogenation of ketones:
Ketones that possess o-hydrogen can readily be replaced by halogen in the

presence of acidic as well as basic. medium.

X
| # |
'—C—ﬁ~X+XzﬂJ£9ﬁ>-—C—ﬁ~R+HX
| |
O o
X=Cl, Br, |

Base-promoted halogenation of ketones:

A base strongly abstracts a proton from a ketone to form carbanion (I) which then

rapidly reacts to yield bromoketone(II).

P e | e oo |

H O (_) 0 Oe
fast| Br-Br
: :
—C—C— + HB
A
Br O

The generation of carbanion determines the overall rate of the reaction. As fast as

the carbanions are generated, they are snapped by the bromine molecule.

Acid-catalysed halogenation:

Acids also catalyse the halogenation of ketones.
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|
—?~ﬁ;_+ B fast _‘f—.ﬁ:“ -

The rate determining step is the formation of enol, which involves two steps.
1Rapid reversible protonation step of the carboxyl oxygen, followed by
ii)Slow loss of an o-hydrogen. Once formed, the enol rapidly reacts with halogen to give
the haloketone.

Solvents qs_e;d include chloroform, acetic acid, carbon tetrachloride, diethyl ether.
When diethyl ethér is used as the solvent, aluminium chloride is used to promote
enolization.

Cupric halides have occasionally been used to halogenate aromatic ketones,
particularly if the use of free halogen causes nuclear halogenation, e.g. with phenolic
ketones. The copper II halide presumably catalyses enol formation and then the halogen

gets transferred to the enol to give a-haloketone.
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Bromination:

In case of bromination, presence of sunlight (UV) or slight heating (60°-65°C)
facilitates the initiation of the reaction. It helps bromine to get polarized as the Br. radical,
which favours the attack of polarized Br, molecule or Br- on the enol form of the ketone.

Synthesis of 6-chloro-3bromoacetyl-1H-cinnoline-4-one:

6-chloro-3-acetyl-1H-cinnoline-4-one ( 25gm,0.112 mole) was dissolved in acetic
acid(150 ml) and bromine (13.48 gm, 0.16 mole) dissolved in acetic acid(15 ml) was
added dropwise. The reaction was provided with slight heating (60°-65°C) and a source of
light. The reaction was continued for 6-7 hours with constant stirring.

Dry air was passed to remove HBr vapours. It was then dumped on ice cold water
and the solid was filtered, dried and recrystallized from methanol,
MP= 115°C.
Yield = 63.91%
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Chemistry of nitriles:
Synthesis:
1] From halides:
Aliphatic halides:

Metal cyanide reacts with alkyl or aryl halide (IIT) to form aliphatic nitrile(IV). The
order of reactivity of the halide is -I1 > -Br > -Cl. Sodium iodide, when used as a promoter,
converts chloride to iodide in the primary halide by exchange and this in turn gives nitrile

with metal cyanide.

CHoOHCHLCI + Ngj ———> CHy;—OHCHol + Nag|
(1) lNaCN

CHy—OHCHoCN +Nagl
(V)

Other metal cyanides which form nitriles are potassium and cuprous cyanide.

The yield varies from 75-90%. The solvents like ethylene glycol'®®, methyl
cellosolve'”, tetrahydrofurfuryl alcohol'® and DMF improve the yield as compared to
alcohol which causes slow reaction. Secondary halides give lower yield and tertiary halides
give a little or no nitrile. The conversion of alkyl halide(V) into nitrile is accomplished best
with sodium or cuprous nitrile with pyridine, quinoline, DMF or N-methyl pyrrolidine as
solvent™'. The reaction can be accelerated by addition of small amount of a nitrile and

traces of copper sulphate as a catalyst.

Halide, like anisyl chloride (V1) yields 75% of nitrile'>2
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CH,Cl HaC=N
+Nal+NaCl+ cucn 37y acetone
H3CO H3CO

(V)

B)From heterocyclic halides:

Halides of pyridine’, quinoline'* give nitrile in satisfactory yields with cuprous

cyanide'.

2] From amide:
Amide (VII) gives nitrile in 60-70% yields with a dehydrating agent like

phosphorous pentoxide' or phosphorous pentachloride!®

P20Os5

R—CONH,
(VII)

R—C=N

Sometimes dehydrating agents like carbonyl chloride’, benzene, p-toluene
sulphony! chloride™*", phosphorous oxychloride are used in the nucleophilic solvent
such as pyridine or tertiary amine. Even addition of salt like sodium chloride'® or sodium

metabisulphite’*!

to phosphorous oxychloride enhances the effectiveness of the reagent.
Recently, a more convenient method employing trifluoroacetic anhydride/pyridine

system'“* was found to lead a rapid reaction with 85-95% yield.

(CF3CO)g, pyridine

R—CONH, R—C=N

R=-CH3, p-MeO-CgHg, P-NO2-CgHg4, pyridy! etc.
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With excellent yield and mild reaction conditions, the method is especially suitable

for thermolabile nitriles.

3] From diazonium salts: (Sandmever’s reaction)

Diazonium compounds (VII) with cuprous cyanide give 65-85% of nitrile.

HCI/NaN
Ar-NHz 2o AN CIOCUCN,. 5 oy
(VII)
Complex salt of cuprous cyanide such as Na3Cu(CN)sNH;'* has also been used to
a great extent. Prior neutralization of diazonium salt is necessary in order to avoid escape

of halogencyanide o-tolunitrile!**,

4] From aldehyde:;

Several methods have been reported for conversion of an aldehyde to nitrile. e.g.
A) dehydration of aldoxime using carbodimide'®’, carbonyl biimidazole'*® or phosgene
imino chloride'*’. |
B)1,2 elimination of o-substituted aldoxime'*'** and

C)1,2 elimination of R-CH=N-N-(CH); and R-CH-N-tosyl by base'™,

A] Dehydration of aldoxime:

F*“ﬁf“—"\‘—OH R—C=N + Hy0
H

A large number of dehydrating agents have been employed for this preparative
method ™", €.g. acetic anhydride, phosphorous oxide, thionyl chloride, acetyl chloride
etc.The dehydrating agent forms a reactive complex (VIII), which renders the aldoxime

easily with the loss of water molecule.

75



H

ACO — » R—C=N—0A¢

AcCl

base
RTCH=N—OH +—p—C=N
POCI3

(VIII)

Relatively new dehydrating agents have been introduced. e. g. dicylohexyl carbonyl

biimidazole'“and phosgene immonium chloride'*’.

Kilagawa, T. etal.™ described a new dehydrating agent, 2-2’-oxalyldi (o-

sulfobenzimide) (ODS)IX), for convenient synthesis. The possible mechanism proposed

is as follows-

R C——-N\
O\

=0 B-cH=n—oH

NH
4%S<fq//<>::C) 0 4¢$<:

o) O
O\O
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NH
—CO
O \\\\O
Y
R—C=N (X)

.. The reaction is carried out at room temperature or in cold.

B] 1.2-elimination of o-substituted aldoxime:
Miller e.al.'*described this method which does not need to isolate the

intermediate oxime.

The development of efficient amino protecting groups has facilitated the synthesis
of a variety of sensitive compounds including o-substituted hydroxyl amine'*. Although a
number of these are unstable'™, others have significant synthetic utility. Their electrophilic
character has been exploited in their increasing use as aminating agents'> %, Tlfeir
nucleophilicity has been demonstrated by their reaction with ketones to form substituted
oximes. This 2,4-dinitrophenyl hydroxyl amine (XI) can be reacted with aromatic or aryl

aldehyde (XII) to form corresponding o-substituted aldoxime.

R—CH—0O+ NHp-O NO2
0 O2N (X11)
H

ool Y
O2N
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lbase (B)eGB

(BPH@oe—Q—Noe +R-C=N
N

Nitriles can be prepared from these o-substituted aldoximes by 1,2-elimination
reaction using excess base as shown above. The development of deep yellow to red colour ’

of the 2 4-dinitrophenolate ion indicates the extent of completion of the reaction.

C] Method C:
This is a one step reaction involving the use of o—N—bis(triﬂubroacetyl) hydroxyl

amine (XII) as one of the reagents.

R=CH=0 + F3C—C—N H—o—&CFg

l Cs Hg/ pyridine

Reflux / room temp

(R—E—_—-N— O—C— CF3)

R—C=N + CF3COOPYPH® in situ

The reaction conditions are very mild and directly afford the nitrile, eliminating the

'8 The yields are in the range of 70-90%. The reagent could be obtained

intermediate step
by reacting trifluoro acetic anhydride with hydroxyl amine hydrochloride in suitable
solvent. The aldoxime is unstable and hence, cannot be isolated. It instantly decomposes to

furnish the nitrile.
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Synthesis of 4-N.N-domethyl amino phenyl benzonitrile:

4-N,N-dimethyl amino benzaldehyde (10gm,0.067mole) was dissolved in warm
ethanol (30ml) and stirred for 15 min. To it was added hydroxylamine hydrochloride
(5.59gm,0.0804mole) in water (20ml) and stirred for 20 min. at room temp. Sodium
hydroxide (4.13gm,0.1mole) dissolved in water (20ml) was added dropwise to this soln.
and it was stirred for 4 hrs. Ethanol was removed to half the quantity under reduced
pressure and the reaction mixture was dumped on cruéhed ice. The solid obtained after
filteration was oxime.

Aldoxime (6gm,0.036mole) was dissolved in acetic anhydride (7.5gm,6.93ml) and
- refluxed for 4 hrs. using dry conditions. It was then cooled and poured on crushed ice.

The solid was filtered and washed with cold water. It was recrystallized from methanol.

M.P.=212%213°C Lit M P.=215%216"C*"
Yield = 77.48%.
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Thcoamides
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Chemistry of Thioamides:

Liberman and coworkers in 1955, observed the in vivo activity of Ethionamide
(XII) against M. tuberculosis and it exhibited low toxicity. Later on therapeutically

effective agents such as substituted thiobenzamide (XIII), salicylic acid thioamide (XIV)

were found.
=z N@/
N/\ Et
(X1 (X1I1) (X1v)
Synthetic methods:

11 From nitriles:
Nitriles in the presence of excess of hydrogen sulphide and a catalyst base yield
t}ﬁocarB;)xidelsg’lso.
Water soluble sulphides or polysulphides can be used instead of hydrogen
sulphide'®!

The reaction occurs as follows-

(S]
A-C=N =—= R-c&no-_*B, n AN

H281 eB”
NH
RCq, ° r—cZ™"
s N\sH
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Catalysts used include ammonia, aliphatic amine, pyridine, alkoxide, potassium
hydrogen sulphide’*>'®etc. Fairfull ez.al.'®* obtained very good yields by addition of H,S
to nitrile in presence of pyridine and triethylamine.

Aliphatic nitriles need elevate temperature and pressure'®.

Kindler'®? and Hanford'® extended the method by addition of primary amine.

H NHR'
R—C=N + R—NHp—> R—C//N H2S . R—C/\
\NHR' S

+ NH4SH

Reactions of nitriles with thioacetamide (XV) appeared more frequently in

literature than with H,S'¢71%®

R—C=N + CHg—é—NHQ T R-CI—S—'E—CH;«;

u

__/NH2
R C\S + CH3CN

(XV)

(XVI)

Removal of acetonitrile leads to the formation of thiocarboxamide (XVI) and thus

is important for preparation of thiocarboxamide from a-cyanobenzaldoximes (XVII).
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' ‘ i
ﬁ—CN ﬁ — ﬁ_é—NHQ
NOH | CT8TCTNH NOH

(XVI) (XVIID)
+ CHaCN

If the nitrile contains hydroxyl group, it must be protected by acylation'*>'”". The
keto group such as that in (XIX) if present is readily concerted to thioxo in acidic

solution'”!,

i

R—COCHy—CONHR' + HoS ———> R—C—NHz—CONHR'+ Ho0O
(XIX)

Mayer et.al. explained the base-catalyzed conversion of ketone to thiones'’

] 173

Recently Casser e.al.””, introduced aqueous sodium sulphide as a phase transfer catalyst

in the general procedure to get high yields of thioamide.

R—C=N + HQS NagS / HQO R_C—NHQ

This system consists of three phases such as aqueous, organic and H,S gas.

2] From amides:
Replacement of oxygen of carboxamide by sulphur is mostly used to obtain N-
monosubstituted and N-disubstituted compounds in presence of P,Ss'™. Potassium

thiophosphate alongwith P,Ss enhances the yield further'”.
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5 R—C—NHz2 +P2S5 — 5 R—C—NHo + PoOs

Solvents such as benzene, xylene, toluene, tetrahydrofuran, dioxane, diethylene
176-179

glycol and diethyl ether are commonly used and these should be dry and inert in
order to avoid undesirable side reactions and to reduce time.

Reactions in pyridine give pure thioamide in higher yields'**'*'. Reactions of liquid
amides are carried out in an excess of amide as solvent'®>'®’  Thermally unstable amides

are not suitable for this reaction. Hydroxyl group must be protected by acylation before

sulphurization'**'*¥*.

3] From isothiocyanates:

Sachs and Loevy'® described the reaction of isothiocyanates with Grignarld’s

reagent and subsequent hydrolysis under mild conditions to lead thiocarboxamide.

HoO
AMgX + R'NCS—> Rc(NR)SMg—>—>RCSNHR'+MgOHX

4] Single step synthesis of aromatic thioamides:

a)From ethoxy carbonyl isothiocyanate:

Ethoxy carbonyl isothiocyanate'*’reacts with aromatic compounds in the presence
of anhydrous AICl; (Fridel-Craft isothiocyanation). However, depending upon the

conditions, it either yields the N-ethoxy carboxy thioamide or thioamide itself.

A+ SEN—COOE AICI Ar— C— NHCOOEt
r HzO\ HCI \ i
Ar— C— NH2

For thioamide to be a major product, the molar ratio of AlCl; to isothiocyanate

should be 2:1. Thioamide takes a long period to form.
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Reactions at a low temperature lead to N-ethoxy carbonyl thioamide.

B)Thioamides can also be prepared by heating anise (0.01N) or veratrol at 60°C in the
presence of polyphosphoric acid or 80% H,SO, with potassium thiocyanate (0.01N)"**

H3C kscn  HaC
PDA\ 80% I"‘bSO4 ﬁ_ NH2
. 5

50%yield in PPA can be increased by 5-10% with 80%H,SO..

Solution of aromatic nitrile (6gm,0.0582 mole) in pyridine ( 30 ml) was taken in a
three necked round bottom flask. Dry gaseous H,S was bubbled through the reaction
mixture containing triethylamine (4ml) as catalyst. H,S was generated by the action of

conc.HCI on ferrous sulphide. The reaction took 8-12 hours to complete, with yields of
70-80% at alkaline pH.

@\ HoS /pyridine @
c=N TEA — NHp

S

M.P. =116"C Lit. M.P. = 116"-118°C**!

Yield=78%.
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Chemistry of Thiazoles:

The thiazole heterocycle (XX) was first delineated by Hantzch and Weber'.

Further, they have described it as ‘the pyroline of the thiophene series’.
M
(XX)
The thiazole moiety exists in two different configurations as (XX) and (XXI).
/
-
(XX) (XXI)

The high reactivity of the thiazole molecule is due to the group attached to the
carbon between sulphur and nitrogen.

Large number of thiazoles occur naturally. They include Vitamin B (thiamine),
Penicillin etc. Their origin has often been related to that of a peptide chain at cysteine

residue with formation of a thiazole.

General methods for synthesis:

1] Synthesis of 2-substituted amino thiazoles:

The cyclization of N-monosubstituted thiourea (XXII) with halocarbonyl
compound gives 2-monosubstituted (XXIII) thiazole'*"'*?

R
Ri—C=0 S=C—NHR
T I
CHoX NHo NHR

(XXII) (XXIII)
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2] 2.4-disubstituted thiazoles:

These were prepared in 1950 by Erylenmeyer et al ' from thiobenzamide
(XXIV) and bromoacetophenone (XXV) in alcohol as a solvent which yielded 50-80% of
thiazole (XXVI).

S 0
| I R~
R—C—NH2 + R—C—CHoBr —> |

(XXIV) (XXV) (XXVI)

-

Mechanism:

The first step involves formation of an acyclic intermediate by nucleophilic attack
of the S-atom by one of its lone pair of electrons on the halogen carrying C-atom to form
C-S-C bond.

In step ILthe lone electron pair of N-atom attacks the carbon carrying the carbonyl
function, giving rise to a new cyclic intermediate that reacts with acid leading to the

thiazole molecule’****.

NH

0 G Refo

~
H—C Br R—GC C— R1
H H
R
R H H® H
| SJ‘\R ™ J
1 H~~S” R4 H SRy
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Svnthesis of 3(2-alkyl/ aryl-4-substituted)-6-chloro-cinnoline-4-one:

3-Bromoacetyl-6-chloro cinnoline 4-one (2 gm, 0.066 mole) and thiobenzamide
( 1.49 gm,0.099 mole) were dissolved separately in ethyl alcohol and then mixed. This
mixture was then refluxed for 48-50 hours to yield a thiazole with a characteristic odour.
Alcohol was then removed under reduced pressure and the product was recrystallized
using methanol as the solvent.
MP= 110°C
Yield= 70.66%

Other synthetic methods for thiazole:

1]a-amino nitrile (XX VII) reacts with dithioformic acid (XXVIII) at room temperature

to give an intermediate which cyclizes to yield 5-amino thiazole derivative'”®

:T—:l:

P

|
el

NH2 HCSSH—>
=N

(XXVII) (XXVIII)

2]Potassium thiocyanate reacts with halocarbonyl compound (XXIX) to give 2-amino

thiazole hydrochloride'’.

R— C=0 R—GC=0
| +KSCN —> | — |
HaC—X HpC— SCN NHg. HCI
(XXIX)

3]4-Methyl thiazole (XXX) on heating with sodamide for 15 hours at 150°C yields 2-

amino-4-methyl thiazole'.
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H3C
3 NaNH2 H3 |
: SJ] 1500C SJ\NHZ

(XXX)

4]Reaction of substituted thiourea (XXXI) with ketone in the presence of N-

bromosuccinimide furnishes 2-aminothiazole derivative'®

—B
R‘|C: o NH2 —K r
+ |

(XXXI)

5]1-chloro 1,2 epoxide (XXXII) when condensed with thioamide leads to 2,4,5-

trisubstituted thiazole®®,

6]0Oxazole (XXXIII) when heated with P,Ss gives a thiazole®".

) sl Ty
R3 O O2 sensitizer R3 S

(XXXIII)
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7]Enolized ketone (XXXIV) reacts with thioamide or substituted thioamide in acetonitrile

in the presence of thallium p-tolyl sulphonate (TTS) to give 2,4,6-trisubstituted thiazole®”.

HoR' TsO— ?HR'
? TLOTS), g—d—0 = KZCO3 I )\R"

R—C™O

(XXX1V)
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Schematic representation
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Schematic representation of the compounds synthesised:
Scheme I: Synthesis of 3(2-alkyl/ aryl,4-substituted thiazolo)-6-chloro-cinnoline-4-

ones:

Step I: Synthesis of ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate(l).

C NaNOg/HCl  ©
ethyl acetoacetate _/CO0C2Hs
N—N—C

H2  Sod. acetate :
00Cto-H¢ H \COCHS
@)
J

Step I1: Synthesis of 3-acetyl-6-chloro-cinnoline-4-one(ll):

C
Cl H
: @\ /CO0C2H5 A gy COCHa
N"’"N:C\
!

chirobenzene

)
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Step I11: Synthesis of 3-bromoacetyl-6-chloro-cinnoline-4-one(Ill):

c COCHg Cl COCHpBr
Bro / light

AcOH

T

(1)

Scheme II: Synthesis of nitriles:

1) Synthesis of 4-amino benzonitrile(VI):

CHoBr HoBr-N4(CHo)g
(CHo)eN4  + -
CN CN
l ethanol
HoNHo Hp NH2 . HCI

lig. ammonia
-

CN CN

V1) V)
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11) Synthesis of N N-dimethyl amino benzonitrile(1X):

HO ' H= N— OH
NH2oNHg2 . HCI :
N
/
H3C  CHga H3C CH3
(VI (VIII)
(CH3CO)20
=N
H3C CH3
1x)

Scheme III: Synthesis of thioamides (XI):

R o
pyridine / HoS
triethyl amine
CN C
7\
S NH2
2¢ X1
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Scheme IV: Synthesis of thiazoles (XII):

Cl OCHoBr

alcohol

\J

(11 (XD)

(X1I)
R = phenyl, benzyl, pyridyl, aminomethyl phenyl etc.

Scheme V: Synthesis of 3(2-alkyl/ aryl,4-substituted thiazolo)-6-fluoro-cinnoline-
4-ones:

Step I: Synthesis of ethyl 2(4-fluorophenyl hvdrazono)-3-0pruyrate()(YII) :

F NaNOp/HCl
ethyl acetoacetate /CO0C2H5
H2 N—N=C

Sod. acetate
00Cto-50¢ H \COCFB

(XI1I)
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Step I1: Synthesis of 3-acetyl-6-fluoro-cinnoline-4-ones(X1X):

F CH
F\O\N—N—C/ CO0C2M5_acy - octe

H \ mono
COCH3 chlrobenzene |

H
(X1v)

Step I11: Synthesis of 3-bromoacetyl-6-fluoro-cinnoline-4-ones(XV):

0
OCH3 E OCHpBr
Bro / light -
AcOH
I !

(XV)

Step IV: Synthesis of thiazoles(XVI1):

R
COCHzBr
| alcohol
I +
AN

\J

H
S NH2
XV) (X1)

97



r\IJ R
H
(XVI)

R = alkyl /aryl/ substituted aryl etc.

SchemeVI: Synthesis of intermediate for Letrozole:

Step I: Synthesis of formyl thiosemicarbazide(XVIII):

NHoNHCSNHp + HCOOH —*> HCONHNHCSNH
+ H20

(Xvil) (XVIII)

Step II: Cyclisation to 1.2, 4-triazole-3(5)-thiol(XIX).

HCONHNHCSN NaOH .
! E
™ SH

H
(XIX)

Step 111; Synthesis of 1H-1,2 4-triazole(XX):

HNO3 o
N\; mSH mrj

l

l
H H

\
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Step IV: Synthesis of 4(1H-1,2,4-triazolyl methyl) benzonitrile(XXI):

TL—”

HoBr N N
N——u chloroform
U\ %
'I\I/N acetomtrnle
H CN
(XX1)
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Part -9: Syauthesis of 3 [2-albyllaryl, 4-
cbotituted  thiagole]- 6 - chlons  cinnoline-4-

ouwed.
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Part -I: Synthesis of 3[2-alkyl/aryl,4-substituted thiazolo]-6-chloro cinnoline-4-ones:

Synthesis of ethyl 2(4-chlorophenyl hydrazono)-3-oxobutyrate:

To 4-chloro aniline (50gm,0.39mole) dissolved in a mixture of conc. HCI (15ml),

water (15ml) and cooled at 0° to -5°C in an ice bath, a cold solution of sodium nitrite

(40.02gm,0.58mole) was added with stirring. The diazonium salt was filtered into a cooled

solution of ethyl acetoacetate (50.78gm,0.39mole) in ethanol (60ml) and sodium acetate

(640gm,7.8mole) in water (700ml). The solid was collected and recrystallised from

methanol.

M.P.=94°C.
Yield =32.66gm,65.32%

Elemental analysis:

Calculated Found

C 53.63 % 54.03 %
4.84 % 5.16 %

N 10.42 % 10.73 %

Synthesis of 3-acetyl-6-chloro cinnoline-4-one:

Lit. M.P.=94°C

To ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate (30gm,0.112mole) was
added anhydrous AICk (29.83gm,0.223mole). Chlorobenzene (360ml) was added in order

to dissolve the solids and then refluxed for 12 hours. The mixture was cooled and dilute

HCI (200ml) was added to it. It was then heated on a water bath. It was cooled, filtered

and washed twice with dil. NaOH soln. and ﬁ]tered. The product was recrystallised from

methanol:

M.P.=197°C
Yield =19.05gm,63.5%
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Elemental analysis

Calculated Found
C 5393 % 53.85%
H 3.14% 339%
N 12.58 % 12.44 %

Synthesis of 3-bromoacetyl-6-chloro cinnoline-4-one:

3-acetyl-6-chloro-cinnoline-4-one (25gm,0.112mole) was dissolved in chloroform
(40ml). Bromine (13.48gm,0.16mole) dissolved in 15ml of chloroform was added
>dropwise with stirring in the presence of light. The mixture was stirred at 70°-75°C for 10
hrs. Dry air was passed through the solution and then the mixture was dumped on ice cold

water. The solid was filtered and dried. It was recrystallized from methanol.

M.P=115C
Yield = 15.97gm,63.91%

Elemental analysis:

Calculated Found
C 39.86 % 40.04 %
H 1.99 % 228 %
N 9.28% 9.58 %
Synthesis of nitriles:

1]Synthesis of 4-amino methyl benzonitrile .HCL[Delepine reaction]:

Hexamine (12.5gm,0.0892 mole) was dissolved in 25ml of chloroform. To it was
added 4-cyanobendyl Bromitde (15gm,0.0765 mole) and the mixture was stirred for 6 hrs,

to get a solid adduct. It was then filtered, washed with chloroform and dried.
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To this adduct a 1:1 mixture of ethanol (20ml) and conc.HCl (20ml) was added
and refluxed for 3 hrs. And cooled. Needles of amine HCl, obtained were filtered and
dried.

M.P.=220°C Lit M.P.= 222°C
Yield = 82.5%

2]4-N.N-dimethyl amino benzonitrile:

Step-I: Synthesis of aldoxime of N.N-dimethyl amino benzaldehyde-

4-N,N-dimethyl amino benzaldehyde (10gm,0.067mole) was dissolved in warm
ethanol (30ml) and stirred for 15 min. To it was added hydroxylamine hydrochloride
(5.59gm,0.0804mole) in water (20ml) and stirred for 20 min. at room temparature.
Sodjum hydroxide (4.13gm,0.1mole) dissolved in water (20ml) was added to this solution
drqf;wise. It was stirred for 4 hrs. Ethanol was removed under reduced pressure to half the
qu;htity and the reaction mixture was dumped on ice. The solid obtained filtered was
oxirr;e.

Step-II: Synthesis of 4-N.N-dimethyl amino benzonitrile:

Aldoxime (6gm,0.036mole) was dissolved in acetic anhydride (7.5gm,6.93ml) and
refluxed for 4 hrs. under dry conditions. It was then cooled and poured on crushed ice.

The solid was filtered and washed with cold water and recrystallized from methanol.

M.P=212°213°C Lit M.P=215%216°C*
Yield = 77.48%.

104



Synthesis of thioamides:
1]Thiobenzamide:

Benzonitrile (6gm,0.0582mole) was dissolved in pyridine (30ml) in a three necked
round bottom flask. Triethylamine (4ml) was added to it and placed in an ice bath. H,S gas
was bubbled through this solution continuously for 10 hrs. Then the reaction mixture was
poured on ice bath and the solid was filtered. It was then recrystallised from benzene.

H,S gas was generated by action of conc. HCI on ferrous sulfide.

MP.=116C Lit M.P =116%118°C*!
Yield = 78%

2]4-pyridyl thioamide:

4-cyanopyridine (6gm,0.0576mole) was dissolved in pyridine (20mi) and
triethylamine (4ml) was added to it. It was then placed in an ice bath and H,S gas was
bubbled through the solution for 8 hrs. Then the reaction mixture was poured on ice and

solid was collected. It was recrystallized from benzene.

M.P.=202°-205°C Lit. M.P.=203%205°C**#
Yield = 73%.
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Substituted Thioamides:

I

R—C— Nk

R = alkyl/aryl/substituted aryl etc

Sr.No | Substitution M.P.’C M.P.°C Yield | Reference
| (obtained) (reported) | %
1. Methyl 112-114 113-115 74 221
2. Phenyl 116 116 82 223
3. Benzyl 98 97 89 223
4. | Amio methyl phenyLHCI | 222 2 |-
5. 4-pyridyl 202-205 203-204 69 222
6. 2-Amino-5-nitro phenyl 164 165-166 77 224
7. N,N-dimethyl amino | 215-217 215-216 80 225
phenyl
8. 4-Amino phenyl 185-186 182 83 226
2. 4-Chloro phenyl anilino 204-205 | 201-201.5 | 77 227
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Synthesis of thiazoles:
1]2-benzyl-4[(6-chloro,3-substituted) cinnoline-4-one] thiazole. HBr:

3-bromoacetyl-6-chloro cinnoline-4-one (2gm,0.0066mole) and benzyl thioamide
(1.49 gm,0.0099mole) were dissolved separately, each in 20ml of ethanol. Then both the
solutions were mixed and refluxed for 20hrs. Alcohol was removed under reduced
pressure. It was then recrystallized from methanol.
MP.=110°C
Yield = 70.66%

Elemental analysis:

Calculated Found
C 61.10 % 61.42 %
H 3.39% 3.64%
N 11.88 % 12.08 %

2]Synthesis of 2[(4-aminomethyl phenvl). 4(3-substituted,6-chloro cinnoline-4-one]
thiazole HBr.

3-Bromoacetyl-6¢hloro  cinnoline-4-one (1.5gm,0.0049mole) was dissolved in

15ml of benzene. 4-Aminomethyl benzothioamide (0.82gm,0.0099mole) was dissolved in
20ml of benzene. Both the reactants were mixed and refluxed for 22hrs. Benzene was
remO\./ed and recrystallised from methanol.

M.P.=98°C

Yield = 68.29%

Elemental analysis:

Calculated Found
C 48.05 % 48.04 %
311 % 3.19%

N 12.45% 1233 %
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3-(2alkyl/aryl-4-substituted thiazolo)-6-chloro-cinnoline-4-ones:

Cl S
N R
'
Sr.No. | Substitution Molecular formula M.P.°C | Yield % | Elemental analysis% (obtd) | Elemental analysis%(Calc)
| C H N C H N

| 1. | amino C,0HsCIN,OS HBr 98 66 51.08 2.71 23.0 52.11 . 2.82 22.63
2. | methyl C1,HsCIN;OS 111 74 38.08 2.29 11.28 39.11 241 11.61
3. | phenyl C17H;0CIN;OS . HBr 115 19 59.0 2. 13.0 59.18 2.94 12.57
4. | benzyl Ci1sH,>CIN;OS HBr 110 85 61.42 3.64 12.08 61.1 339 11.88
5. | 4-pyridyl C1sHsCIN,OS.HBr 112 68 5518 | 264 |17.04 | 5638 [264 | 16.64
6. | Amino methyl phenyl CysH;3CIN,OS HBr 98 88 48.04 3.19 12.33 48.05 3.11 12.45
7. | Amino phenyl C,7H,,CIN,OS .HBr 116 82 56.07 3.14 15.94 57.34 3.10 15.79
8. | 2-Amino-5-nitro phenyl C1sH1CINsOS . HBr 78 91 50.76 2.38 17.41 51.06 2.50 17.52
9. | N,N-dimethylamino phenyl | C1oH;sCIN;OS. HBr 129 82 57.2 35 13.92 | 576 [3.92 | 1434
10. | 4-Chloro phenyl anilino C,7H10C1,N,OS HBr 104 63 43.95 2.87 12.9 43.5 2.34 12.22
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Spectral studies of 3[2(4-pyridyl), 4-substituted thiazolo]-6-chloro-cinnoline-4-

one.(Compound no. 5)

IR (KBr) cm™ 1676 cyclised ketone (C = O), 3234 -NH-, 1587pyridine, 1457, 1024
thiazole, 736 C-Cl.

Spectral studies of 3[2(4-amino phenyl), 4-substituted thiazolo]-6-chloro-cinnoline-4-

one.(Compound no. 7)

IR (KBr) cm™ 1681 (C = 0), 3301-NH-, 1600, 1417, 1018 thiazole, 830 aromatic

PMR spectral analysis of compoumd no.7

PMR (CDCl;) : 66.74 (s, 2H, NH2)
6 7.11 -8.22 (s, H, NH)
(s, H, thiazole Cs - H)
(thiazole, 7H, Ar - H).
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File # 1 = C-AMP

Sample Description: s-9

Scans= 10 Slow

Res=4 cm-1
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Part-77: Syuthescs of 5(2-allyllargt, -
subotitated thiazolo) -6 - Yluone cinnoline - &-

oned .
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Part-1I: Synthesis of 3(2-alkyl/aryl,4-substituted thiazolo)-6-fluoro cinnoline-4-ones:

11Synthesis of ethyl-2-[4-fluorophenyl hydrazono)-3-oxybutyrate:

To 4-fluoro aniline (50gm,42.62ml,0.45mole), a mixture of conc. HCI (17ml) and
water (17ml) was added. This was then kept in an ice bath and the temparature was
maintained at 0° to -5°C. A cold aqueous solution of sodium nitrite (62.1gm,0.9mole) was
added to form the diazonium salt. The salt was then filtered into a cooled solution of ethyl
acetoacetate (58.56gm,57.41ml,0.45mole) in ethanol (60ml) and a large excess of sodium

acetate was added. The solid was filtered and recrystallised from methanol.

M.P.=170°C Lit MP =172°C
Yield =35.16gm,70.32%

Elemental analysis:

Calculated Found
C 57.14 % 57.48 %
H 3.15% 3.48 %
N 11.11 % 10.76 %

2]Synthesis of 3-acetyl-6-fluoro cinnoline-4-one:

To ethyl-2 (4-fluorophenyl hydrazono)-3-oxybutyrate (32gm,0.1333mole)
dissolved in monochlorobenzene (350ml) was added. AICl; (35.59gm,0.266mole) was
added to it and dissolved. The mixture was then refluxed for 14 hrs. It was cooled and
dilLHCI (250ml) was added. The solid obtained was then filtered and washed with
dil. NaOH soln. It was recrystallised from methanol.

M.P = 158°C
Yield =20.24gm,63.28%

110



Elemental analysis:

Calculated Found
C 58.25 % 58.68 %
339% 3.59 %
N 13.59 % 13.18 %

31Synthesis of 3-bromoacetyl-6-fluoro cinnoline-4-one:

3-acetyl-6-fluoro cinnoline-4-one (20gm,0.097mole) was dissolved in chloroform
(300ml). Bromine (9.6gm, 0.12mole) was dissolved in CHCl; (40ml) was added to it at
temparature 60°C. The mixture was then stirred in the presence of light for 10 hrs. Dry air

was passed through the solution and then it was dumped on ice. The solid was filtered and

recrystallised from methanol.

M.P.= 89°C
Yield = 15.2gm,76.0%

Elemental analysis:

Calculated Found'
C 42.10% 42.45 %
2.10% 2.42 %
N 9.82 % 9.58 %

Synthesis of thiazoles:

112-phenyl-4-[(6-fluoro-3-substituted) cinnoline-4-one] thiazole:

3-bromoacetyl-6-fluoro cinnoline-4-one (2gm,0.0071mole) and thiobenzamide
(1.44 gm,0.0105mole) were dissolved separately in alcohol (each in 20ml) and mixed.
Then this mixture was refluxed for 19 hrs. Alcohol was removed under reduced pressure

and the solid was recrystallised from methanol.
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HAFFKINE INSTITUT.’E
MUMBAL



M.P.= 183°C
Yield = 83.39 %

Elemental analysis:

Calculated Found
C 50.49 % 50.40 %
H 2.72 % 271 %
N 10.39% 9.96 %

2] Synthesis of 2(5-nitro-2-amino phenyl)., 4-[(6-fluoro.3-substituted) cinnoline-4-one]

thiazole:

3-bromoacetyl-6-fluoro cinnoline-4-one (2gm.0.0071mole) was dissolved in 20ml

of ethanol. 5-nitro-2-amino phenyl thioamide ( 2.098 gm,0.0106 mole)was dissolved in

30ml of ethanol.

Both the reactants were mixed and refluxed for 20 hrs. Alcohol was then removed

and the solid was recrystallised from methanol.

M.P.=205°C .
Yield = 78.78 %

Elemental analysis:

Calculated Found

C 43.99 % 44.04 %
237 % 2.42 %
N 15.08 % 15.35 %
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3-2(alkyl/aryl,-4-substituted thiazolo)-6-fluoro-cinnoline-4-ones:

0
F e =
N R
!
Sr.No. | Substitution Molecular formula MP.C | Yield % | Elemental analysis%(obtd) | Elemental analysis%(Calc)

| | C H N C H N
1. | amino C.,H,FN,OS HBr 98 62 39.56 2.43 17.1 39.48—] 2.33 | 16.82
2. | methyl C12HsFN;OS 207-209 75 53,7 3.17 16.6 5417 | 317 | 16.49
3. | phenyl C,7H10FN;OS HBr 183 81 50.40 |2.71 9.96 50.49 | 2. 10.39
4. | benzyl CisHi2FN;OS HBr 87 89 48.72 2.62 9.28 49.07 2.74 | 9.65
5. | 4-pyridyl C1sHoFN,OS HBr 117 64 49.11 [034 |14.66 4860 | 024 | 13.82
6. | Amino methyl phenyl CisHi3sFN,OS HBr 90-93 64 50‘72 3.34 12.68 49.88 3.23 | 12.93
7. | Amino phenyl C7H1 FN,OS HBr 133 80 60.95 3.29 | 17.06 60.35 | 3.25 | 16.56
8. | 2-Amino-5-nitro phenyl C17H10FNsO;S . HBr . 205 77 44.04 242 | 1535 4399 | 237 | 15.08
9. | N,N-dimethylamino phenyl C1oH;sFN,OS HBr 157-161 68 52.89 329 }12.08 53.19 | 3.58 | 12.52
10. | 4-Chloro phenyl anilino Cy7H;0 CIFN,OS HBr 124-126 71 4527 2.74 113.03 4498 | 242 | 12.74
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Spectral studies of 3[2(phenyl), 4-substituted thiazolo]-6-fluoro-cinnoline-4-

one.(Compound no. 3)

IR (KBr) cm™ 1685 cyclised ketone (C=0), 3229 -NH-, 1479, 1019 thiazole, 1361,
1323 C-F

Spectral studies of 3[2(2-nitro, 5-amino phenyl), 4-substituted thiazolo]-6-fluoro-

cinnoline-4-one.(Compound no. 3).

IR (KBr) cm™ 1650 cyclised ketone (C = 0), 3240-NH-, 3334, primary amine - NH,,
1500, 1321 - NO,, 1606, 1569,1024 thiazole, 1262, 1149 C - F.

PMR spectral analysis of compoumd no.3

PMR (CDCl) : 8 6.38 (s, 2H, - NH,)
6.84 (s, H, - NH)
6.88 (s, H, thiazole Cs -H)
511-8.27 (thiazole, 6H, Ar -H).
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Pant -977: Squthescs of 1,2, 4-

tréiazolyl- methyl bengonitnile as an
cuternmediate for Letnogole:
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Part -III: Synthesis of 1,2,4-triazolyl-methyl benzonitrile as an intermediate for
Letrozole:

Step-1: Synthesis of 1-formyl-3-thiosemicarbazide:

90% formic acid (25.97 ml, 0.689mole) was taken in a round bottom flask and
heated for 15 min. To it was added thiosemicarbazide (12 gm,0.13 mole) and dissolved. It
was heated for 30 min. and cooled. To this mixture 100 ml of boiling water was added.
This milky solution was then filtered cooled on an ice bath for 2 hours and filtered to get

1-formyl-3-thiosemicarbazide.

M.P.=175°-177°C Lit M.P.=177°-178°C**
Yield = 72.28%

Step-1I: Synthesis of 1-H.1.2 4-triaozole-3(5)-thiol:

A solution of 1-formyl-3-thiosemicarbazide (10gm,0.0952 mole) and sodium
hydroxide (3.80 gm,0.0952 mole) in water (120ml) was heated for 1 hour. Then it was
cooled on an ice bath for 30 min. Conc. HCI (50 ml) was added with stirring. Then the
reaction mixture was cooled in an ice bath for 2hrs. and filtered to get crud 1-H,1,2,4-

triazole-3(5)-thiol. It was then dissolved in boiling water, filtered and cooled on ice.

M P.=222°-224°C Lit. M.P.=220°-222°C*"
Yield =66%

Step-111: Synthesis of 1-H.1.2 4-triazole:

A mixture of water (11ml), conc. nitric acid ( 22 ml) and sodium nitrite (0.014
gm) was taken in a three necked flask and stirred at 45-50°C. To it a small portion of 1-
H,1,2,4-triazole-3-(5)-thiol was added. Brown fumes of NO, were observed which
evolved during oxidation. 1H,1,2 4-triazole-3(5)-thiol (7gm,0.0693 mole) was added in
small portions over 30 min. During the addition, the temparature was maintained between
45-50°C with occasional cooling in a water bath. Then the water bath was removed and

the mixture was stirred for 2 hrs. until the reaction mixture comes to room temparature
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Then it was neutralised with liquid ammonia and the solvent was removed under reduced

pressure. Solid was extracted in ethyl acetate. The solvent was removed to get crude 1-

H,1,2,4-triazole. It was then recrystallised from ethanol.

M.P.=121%123°C
Yield =52.08%
Elemental analysis:

Lit M.P.=119%-120°C**

Calculated Found
C 3478 % 34.46 %
H " 434% 4.61 %
N 60.86 % 60.76 %

Step-IV: Synthesis of 1.2.4-triazolyl methyl benzonitrile:

4-cyano benzyl bromide (6 gm,0.0306 mole) was dissolved in a mixture of

chloroform (20ml) and acetonitrile (4ml). 1H-1,2,4-triazole (9.27 gm,0.1344 mole) was
dissolved in a mixture of CHCl; (160 ml) and acetonitrile (32ml) and added to the 4-cyano

benzyl bromide solution with stirring. Then it was refluxed for 12 hours and it was

neutralized with 3% sodium bicarbonate solution. The organic content was then extracted

in chloroform and the solvent was reduced to half the quantity. It was then passed through

silica gel column in order to separate the product. The system used was CHCls-

isopropanol (9:1). It was then recrystalliaed from methanol.

M.P.=77°-79°C
Yield =57.58%

Elemental analysis:

Lit M.P.=77°-79°C**#

Calculated Found

C 65.21 % 65.51 %
434 % 4.70 %

N 30.43 % 30.35%
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Spectral studies of 1H, 1,2 4- triazole.

3 2=

IR (KBr) cm™ 3120 N - H, 980 1,24 - triazole.

Spectral studies of 4-(1,2,4- triazoly! methyl) benzonitrile.

IR (KBr) cm™ 3103 N - H, 961 1,2,4 - triazole, 2229 nitrile, 1010 1,4- disubstituted

aromatic ring.

PMR spectral analysis of 4-(1,2,4- triazolyl methyl) benzonitrile.

PMR (CDCls) : d 5.42 (s, 2H, -CH,-)
7.30 - 7.38 (8, 2H, Ar-H / ortho to nitrile)
7.65 -7.73 (5, 2H, Ar-H / ortho to -CH,-)
8.0 (s, H, triazole-H)
8.15 (s,H, triazole-H)
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Biological Screening and

Conclusions
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Biological Screening and Conclusions:

All the compounds synthesized in the present work were subjected to antimicrobial
screening programs.

The various screening programs carried out include the in vitro study of against Gram
positive Staphylococcus aureus ATCC 3750 and Gram negative Salmonella typhi NCTC
786 and in vitro study of activity against H3; Rv strain of Mycobacterium tuberculosis.
Also, in vitro study against fungal strains such as Candida albicans, Trichophyton

mentagrophytes and Trichophyton rubrum was carried out.

Drug Stock Solution :

The test compound (10mg ) was dissolved in a suitable solvent ( 10ml ) such as DMF,
ethanol, dil HCL as the case may be, so as to prepare a stock solutions of 1000pug/mg.
From this solution , the drug concentration viz. 200, 100, 40 and 20 pug/ml were made.
For lower dilutions the stock solution was diluted to prepare concentrations such as 20,

10, 5,2 pg/ml
Controls:
1. Media Control: Sterilized medium was kept as a control so as to assure sterility of the

medium. If this control shows growth, it shows that the medium is not properly sterilized

and hence in that case results are not valid.

2. Culture Control: It contains sterilised medium and culture of the organism. It should
show growth in the medium which assures optimum pH and sufficient nutrients to
promote growth . If no growth is observed , then the medium is considered to be faulty

and results are not reliable.
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3. Solvent Control: It contains sterilized medium solvent used to dissolve the drug and the

suspended culture in it. Organism should show growth in the quality of solvent used to
prepare dry stock solution . If the growth is not observed it can be concluded that the

solvent inhibits the growth of organisms and the results are not valid.

4. Turbidity Control: It contains medium and drug stock solution. The turbidity is
observed against the growth in different drug dilutions. It assures reliability against

misinterpretation between growth and turbidity due to the drug.

5. Standard Control: It contains medium, organism culture and dilution of similar order of

standard drug corresponding to that of the drugs under test. The inhibition of growth was

observed against that in standard.

Antibacterial screening:

The test compounds have been subjected to in vitro screening against gram positive
S. aureus and gram negative S.typhi using tube dilution technique.

Meuller Hinton broth was used as a culture medium. Sterilized medium was
dispensed in each borosilicate glass test tube (150+20mm). The drug solution was added
in order to attain final drug concentrations as 200,100,40,20, 10,5,2,1 pg/ml etc.

Innoculum of standard suspension, (0.1ml of the test organism strain which contains
10° bacill/ml) was added. The tubes were incubated at 37°C for 48 hours and then
examined for the presence or absence of growth of the organism. The lowest
concentration which showed no visible growth was taken as an end point (MIC).
Ampicillin  (MIC=0.01ug/ml against gram positive S.aureus) and Trimethoprim
(MIC=1pg/ml against gram negative S.#yphi) were used as the standard drugs.

Antitubercular Screening:
The test compounds were subjected to in vitro screening by tube dilution method
employing the human virulent Hy;Rv strain of Mycobacterium tuberculosis.

Kirchner’s medium containing Tween 80 as described by Rake et.al.*®® was used.
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The sterile medium was dispensed in each borosilicate test tube to attain final
dilutions as 200,100,40,20,10,5,2,1,0.5pg/ml. Innoculum of standard suspension, i.e.0.1m!
of H3;Rv strain of M.tuberculosis containing 10° bacilli/ml, was added. 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. Isoniazide (MIC=OZO4ug/ml) was used as a standard.

Antifungal Screening:
The organisms employed for test were Candida albicans, Trichophyton
mentagrophytes and Trichophyton rubrum.

Scraufataller’s medium was employed for growth and the pH of the medium was
adjusted to 5.2. The sterile medium was dispensed in each borosilicate test tube. The drug
solution was added in order to get final drug concentrations of 200,100,40,20, 10, 5,2 etc.
pg/ml etc.

The tubes were incubated at room temperature (28-30°C) in a dark place. Candida
albicans was incubated for 7 days while I'mentagrophytes and T.rubrum were incubated
for 14 days. The presence or absence of growth was observed visually. The lowest conc.
which showed no visible growth was taken as an end point.

Miconazole (MIC=6.25ug/ml against C.albicans, and 1.56pg/ml  against

I mentagrophytes and T.rubrum) was used as a standard.
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Results and conclusion:

Table I: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-chloro cinnoline-4-ones:

Ct l
I’TI ; R
H
Sr.No Substitution Antibacterial activity in ptg/ml
R) Hi7Rv strain of | S.aureus S.typhi
M. tuberculosis
1. methyl 100 100 100
Z, phenyl 100 40 10
3. benzyl 40 4 4
4. Pyridyl 40 10 10
5. ~ Amino 100 100 10
6. Amino phenyl 100 4 10
7. Amino methhyl phenyl 40 4 100
8. 2-Amino-5-nitro phenyl 100 10 100
9, N,N-dimethyl amino phenyl 40 100 4
10. 4-Chloro phenyl anilino 100 100 100
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Table IL: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-chloro-cinnoline-4-ones:

C W
N R
;
Sr.No Substitution Antifungal activity in pg/ml.
R) C.albicans | T.mentagrophytes T.rubrum
1. methyl N.A. N.A. N.A.
2. phenyl N.A 100 N.A
3. benzyl N.A. 100 200
4. Pyridyl 200 100 N.A
5. - Amino N.A. N.A 40
6. Amino phenyl N.A. 40 100
7. Amino methyl phenyl 20 40 40
8. 2-Amino-5-nitro phenyl N.A. N.A. 40
9. N,N-dimethyl amino phenyl 100 40 200
10. 4-Chloro phenyl anilino N.A. 40 100

where N.A. = inactive at 200 pg/ml.
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Table INI: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-fluoro-cinnoline-4-ones:

F T
N R
)
Sr.No Substitution Antibacterial activity in pg/ml
(R) HisRv strain of | S.aureus S.typhi
M. tuberculosis
1. methyl 100 100 100
2, phenyl 100 100 100
3. benzyl 100 10 10
4. Pyridyl 100 10 100
5. Amino 100 10 | 10
6. Amino phenyl 100 10 10
7. Amino methyl phenyl 40 100 100
8. 2-Amino-5-nitro phenyl 100 [ 40 40
9. N,N-dimethyl amino phenyl 40 100 100
10. 4-Chloro phenyl anilino 100 40 100
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Table IV: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-fluoro-cinnoline-4-ones:

E S
N R
!
Sr.No Substitution Antifungal activity in pg/ml.
R) | C.albicans | T.mentagrophyted T.rubrum
L. methyl N.A. 40 100
2. phenyl N.A. 40 40
3. benzyl NA. 200 . 20
4. Pyridyl N.A. N.A. N.A.
5. Amino NA. 40 100
6. Amino phenyl 100 40 100
7. Amino methyl phenyl N.A. ‘ 40 N.A.
8. 2-Amino-5-nitro phenyl N.A. ' 40 40
9. N,N-dimethyl amino phenyl NA. 40 200
10. 4-Chloro pheny! anilino N.A. 40 100

where N.A. = not active at 200 ug/ml.
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Conclusion:

1) Out of all the ten substitutions made, 3(2-benzyl,4-substituted thiazolo)-6-chloro-
cinnoline-4-one is found to be the most active against both the organisms, Staphylococcus
- aureus and Salmonella typhi i.e. 4 pug/ml. The activity was retained for the fluorinated
compound and is 10 pug/ml against both S.aureus and S. lyphi respectively.

2) Amino phenyl substituted compound have shown very good activity against S.aureus
and S.fyphi i.e. 4 ug/ml and 10 pg/ml respectively, which is retained for the fluorinated
compounds as 10 pg/ml and 10 pg/ml respectively.

3) N,N-dimethyl amino phenyl and amino methyl phenyl substituted compounds have
shown good activity i.e. upto 4 ug/ml against S.aureus and S.typhi. Corresponding
fluorinated compounds have shown moderate activity.

4) Phenyl substifuted compound is moderately active i.e. 40ug/ml and 10 pg/ml
respectively against S.aureus and S.#yphi. Fluorinated compound is equipotent.

5) 4-chloro anilino, methyl, 4-pyridyl substituted compounds have shown moderate
activity upto 100ug/ml in both the series.

6) In case of 5-nitro-2-amino phenyl substitution, improved antibacterial activity upto 40
ug/ml is observed for fluorinated compound than 100pg/ml of chloro analague.

7) Moderate antitubercular activity upto 40 pg/ml is observed for amino methyl phenyl,
benzyl, N,N-dimethyl amino phenyl, phenyl and 4-pyridyl substituted compounds from
both the series. It is concluded that cinnoline does not have any markable effect on
antitubercular activity of thiazole.

8) Overall markable improvement in antifungal activity is observed in case of fluoro _
compounds. This may be because of the contribution of fluorine atom as many of the
standard antifungal agents are contain fluorine atom which enhances the activity. e.g.
fluconazole, flucytosine etc.

9) Against Candida albicans amino methyl phenyl compound is very active upto 20
ng/ml. Activity is moderate upto 100pg/ml and 200 pg/ml for different compounds. N,N-

dimethyl amino phenyl compound from the chlorinated series and amino phenyl compound
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from the fluorinated series are active upto 100 ug/ml. All the remaining compounds are
active at 200 pg/ml.

10) In case of Trichophyton mentagrophytes, eight of the ten fluorinated compounds have
shown good_ activity upto 40 pg/ml. Chloro compounds like N,N-dimethyl amino phenyl,
amino methyl phenyl and amino phenyl are active upto 40 ng/ml and compounds with 4-
pyridyl, phenyl, benzyl, 4-chloro anilino substitutions are moderately active upto 100
pg/ml.

11) Also, increase in activity for fluoro compounds is observed against Trichophyton
rubrum. Compound with benzyl substitution is the most active with MIC of 20 pg/ml.
Amino, 5-nitro-2-amino phenyl substituted compounds have good activity upto 40 pg/ml.
From the chlorinated series, S5-nitro-2-amino phenyl, amino methyl phenyl, amino
substituted compounds are active upto 40 pig/ml. All the remaining compounds are active

at 100 ug/ml and 200 pug/ml.
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:APPENDIX:

1. The melting points have been determined in Open capillaries in a veego VMP-1 melting
point apparatus.

2. The TLC of the vcompounds have been run of on Eastman Kodak precoated silica gel
plates of type K301 R and E.Merck precoated silica gel plates of type 60F 254.

3. The Infrared spectras were recorded on a BOMEN MB-104 Fourier Transmission Infra

Spectrometer.

4. The PMR spectras were recorded on Varian 300MHz Spectrometer using TMS as
internal reference at RSIC, IIT, Powai.
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:SYNOPSIS:

Among the several characteristics unique to Homo sapiens is our propensity

to treat ailments, physical and mental, with medicines. From archaeological

evidence, this urge to sooth the burdens of disease is as old asg humanity’s

search for other tools, Drugs have been used to gain increased control over our

lives and to make them longer, healthier and happier.

In the 19* century, the developments in synthetic and analytical chemistry

led to the isolation and structural elucidation of medicinally active compounds

such as, alkaloids, flavones, steroids etc. from natural origin. Today, useful

drugs arise from natural  products, fermentation broth, chemical synthesis or

a combination of both the sources using rational/ empirical approaches.

However, there is a constant need to develop better drugs with higher efficacy and

lower toxicity than those cur"rently in use. A successfu] chemotherapeutic

agent should have following properties.

1) It must exert an antimicrobial action at high dilution and in the complex

chemical environment of the body.

A medicinal chemist deals with the incorporation-of newly emerged

pharmacophores op an established biologically active moiety. One such genuine

effort has been made and wil] be documen'ted in the thesis

The thesis will consjst of the two parts- Part | and Part II and will be divided into

five chapters.

PART-1

1) Introduction, Review of Literature and Plap of Work



PART-II
i1) Synthesis of 1H-3(2-alkyl\aryl 4-substituted thiazolo)-6-chloro-cinnoline-4-ones.
ti) Synthesis of 1H-3(2-alkyl\aryl,4-substituted thiazolo)-6-fluoro-cinnoline-4-ones.
1v) Synthesis of intermediate for Letrozole..

v) Biological screening and results.

PART-II: Chapter-ii;

Synthesis of 1H-3(2-alkyl\aryl, 4-substituted thiazolo)-6-chloro-cinnoline-
4-ones.

N

(M
Cinnoline(I), a member of the heterocyclic family, has been documented in

the literature for its appreciable antibacterial activity'.

@)
R _COOH
|
N
R N~
il? R/R1=H, electron donor grp.
(n "2

Ro2= C1-galkyl

1-alkyl-3-carboxy-4-cinnolones(1I) also show good antibacterial activity®.

N=N—ph

(111)
R= —OH,—NH2 —NH



3-acetyl-phenylazo-6-substituted cinnoline-4-ones(IIT) have been reported
to exhibit potential antibacterial, but low antifungal activity’.

/§

)

N NHR'
N7N R,R1=Alkyl / AryA

(Iv)

Similarly, 4-arylamino pyrimido(5,4-c) cinnolines*(IV) have been reported
~ to possess activity from 0.3pg/ml to 0.05pg/ml against gram positive Bacillus
cirroflagelus, from 0.21pg/ml to 0.025 pg/ml against gram positive

Staphylococcus aureus, and 3.16ug/ml against gram negative Escherichia coli.

R1,R2,Ra3=Alkyl / Aryl
(V)

Pyrimido (5,4-c) cinnoline-2,4(1H,3H) diones’ (V) are known to possess
moderate activity i.e. upto 100pg/ml against a number of gram positive and
Gram-negative organisms and fu'ngi like Aspergillus niger and Candida
albicans.

Relatively less work has been carried out on the cinnoline ring. Hence, we

decided to emphasize on this ring system and carry out studies on compounds



bearing a combination of cinnoline and other heterocyclic systems, in the hope
of developing a prospective antimicrobial agent.
Electron withdrawing substituents like halogens and nitro are believed to
impart stability to the ring and thereby contribute to the activity. Hence, we

selected 6-chloro-(3-haloacetyl) -1H-cinnoline -4-one(VI) as our parent moiety.

Thiazole:'

Thiazole moiety is well established as a biologically active moiety
especially for its antibacterial activity6. Russian research workers’ showed
that amino substitution at 2-position 6fthiazole ring along with alkyl/aryl

substitution at 4-position(VII) imparts bacteriostatic activity to the molecule.

R RN
\Cl__lN C|—|N
‘\S)\NH2 KS)\ Ry
R=Alkyl/Aryl R,R1=AlkyVAryl
(VH) (VIH)

Similarly, vast synthetic work carried outin our laboratory on 2.4-
disubstituted thiazoles (VII1) also revealed® that many thiazoles of such types are

active against HysRv strain of Mycobacterium tuberculosis at concentrations



ranging from Spg/ml to 0.01pg/ml.
These properties of thiazole nucleus as antitubercular agent strongly

suggest that this nucleus should be explored further in order to achieve good

anti tubercular activity.

Keeping in mind the good antibacterial activity of 2,4-disubstituted thiazole,
we decided to combine cinnoline with thiazole.

In order to obtain the t‘hiazole, the 3-bromoacetyl-6-chloro-1H-cinnoline-
4-one was condensed with various substituted thioamides.

The final compounds in this series have the following substitutions-

0
)
I
H
(IX)

R= aminomethylphenyl, pyridyl, benzyl etc.
All the ten compounds synthesised in this series were confirmed by

elemental and spectroscopic analysis.

Chapter-ii;

Synthesis of 1H-3(2-alkyl/aryl 4-substituted thiagolo)-6-fluoro-cinnoline-

4-ones.
Extensive work has been reported on the advantages of organo fluorine
compounds. Fluorine atom itself has numerous advantages, like-
1) Fluorine, the second smalleét atom as measured by atomic radius and
internuclear distance to carbon, would most closely resemble bioactive

hydrogen analogues with respect to steric requirements at enzyme receptor

©



sites.
2.) Fluorine atom imparts increased oxidative and thermal stability because of
high binding energy.
3.) Fluorine atom leads to increased lipid solubility which enhances the rate

of absorption and in vivo transport.

Numerous fluorinated compounds are known €.g. Ciprofloxacin(X)

(antibacterial)>F1ucytosine(XI)(antifungal),Flucloxacillin (XII)(antibacterial),etc.

OO0
& A

Ciprofloxacin (X)

COOH

NH2
N

Ao
»‘4

Flucytosine (X1)

N

F | g ,CH3
ONH (
T ?N CH3
c N\O OO0OH
Filucloxacillin
(XT1)

Thus, we decided to replace chlorine at 6-position by fluorine to check its effect
on activity. The fluorinated compounds were synthesized by a similar procedure

using 4-fluoro aniline as the starting compound.



The final structure is as follows-

0
F
R
" A ks)\R
v
R = AKKyl/Aryl.
(XI11)

R= alkyl /aryl/ substituted aryl

All the ten compounds synthesised in series II were confirmed by elemental and

spect‘roscopic analysis.
Chapter-iii;

&nthésis of intermediate for Letrozole:

S

Letrozole

CN

CGS(20267) (X1V)
Letrozole(XIV) is a relatively new drug used as an antineoplastic agent. Using a
modified nude mouse model of post-menopausal breast cancer, CGS(20267) was
shown to have a marked antitumor effect and to significantly suppress plasma

estrogen’.

Letrozole is currently undergoing phase II and phase III clinical trials for

breast cancer in U.S.A.



Pharmacological action:

Letrozole is a highly potent and selective non-steroidal aromatase inhibitor.
Aromatase catalyses the conversion of androgens to estrogens which leads to an
increase in plasma estrogen level . Letrozole was shown to inhibit aromatase in

peribheral tissues at concentrations of 0.5 -2.5 mg/day for 6 weeks’ .

The synthetic route of Letrozole is as follows'’:

N N
I |
”\N/N kN/N

| F
-9 o
© G NCQ CN

p-ﬂﬂoro
CN benzonitrile
(XV)

Number of antineoplastic drugs can be synthesized using 4(1,2,4 triazoly!
methyl ) benzonitrile(XV) e.g. MPV-2213ad'', Letrozole etc.
The intermediate 4(1,2,4 -triazolyl methyl ) benzonitrile is prepared by

condensation of 1 H-1,2,4 —triazole(XVI) with cyanobenzyl bromide(XV11)'%.

N CHo2Br N
m\j dry acetone CIDHZ
N + —_—
L KI, KoCO3
CN
(XVID) (XVII)



Thus, 1,2,4 -triazole is a key intermediate for the synthesis of Letrozole 1,24 -

3 3 13 ] g .
triazole can be prepared by various routes ~ which are summarized as follows:

1.) By the oxidation of substituted 1,2,4 -triézoles.

2.) By treating urazole with phosphorus pentasulfide.

3.) By heating equimolar quantities of formyl hydrazine and formamide.

4.) By removal of the amino functions of 4-—amino- 1,24 -triazole.

5.) By oxidation of 1,2,4 -triazole-3(5) thiol with hydrogen peroxide.

6.) By decarboxylation of 1,2,4 -triazole-3(5) carboxylic acid.

7.) By heating hydrazide salt with formamide'*.

8.) By rapid distillation of hydrazine hydrate with 2M equivalent of formamide'’.

9.) By heating N,N’ diformy! hydrazine with excess ammonia in an autoclave at
200 °C for 2-4 hrs.'¢.

10.) By the reaction of 1,3,5—triazine and hydrazine monohydrochloride'”.

11)By oxidation:0£1,2 4 -triazole-3(5) thiol in conc. HNO5".
We've carried out the oxidation of 1,2,4-triazole-3(5) thiol for better yield by

applying certain modifications to the literature procedure.

MODIFICATIONS:

1.) During the work u'p of oxidation of 1,2,4 -triazole —3(5) thio! ,we neutralized the
reaction mixture with liquid ammonia in order to minimize the inorganic bulk.
2.) Instead of hectic and multiple extraction procedure , we extr-acted the triazole

in ethyl acetate and recovered the solvent upto 90%.
3.) The use of large quantity of ethyl alcohol was avoided and this makes the
process cost effective.
4.) Also, use o_f;_t;cnz,ene was avoided. Benzene being highly carcinogenic may cause

health hazards to the workers, when used at industrial scale.



The triazole and the benzonitrile were subjected to elemental analysis and

spectroscopic studies for confirmation.

Chapter-v:

Biological Screening:

All the coumpounds synthesised were subjected to antibacterial, antifungal and
antitubercular screening.

For antibacterial screening, the organisms used were Staphylococcus aureus
ATCC3750 and Salmonella typhi NCTC786. The medium used was Mueller Hinton
Broth. Standard drugs used were Trimethoprim(MIC1ug/ml) against S. typhi and
Ampicillin(MIC0.01pg/ml) against S. aureus.

Si'x,compounds have shown good antibacterial activity upto 4pg/ml while five
compounds have shown activity upto 10ug/mi.

For antifungal screening, the organisms used were Candida albicans,
Tricophyton mentagrophyles and Tricophyton rubrum. The medium used for growth
was Scraufataller medium. Micenazole(MIC1.56ug/ml) was used as the standard
drug.

Four compounds have exhibited activity upto 100pg/ml.

For antitubercular screening. Hy;Rv strain of Micobacterium tuberculosis was
grown on Kirchner medium and the activity was compared with standard drug
Isoniazide(MICO.04pg/ml).

Five compounds have show- activity upto 40ug/ml while one compound is

below 20ug/ml.

10
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INTRODUCTION:

‘No scientific discipline is currently as hotly pursued as chemistry; if one not
compelled, therefore, to apply its astounding results to man?...... Chemists concentrate
the fragrance of cinnamon into a few drops and distill from treacherous poison and
innocent plants---- the amazing medications. Yet there is more to come. If chemistry
keeps its promises.... whatever is alive, will be perfect; and, in the end man will live for
centuries, free from pain and sufferings, in indestructible health, until he dissolves

serenely, in peace.’
-- JOHANNES GAUB (1734).

Drug discovery has its roots in the beginning of mankind. Even our polygenetic
cousins, the chimpanzees have been obsvered to chew certain leaves to alleiviate
gastrointestinal distress. Likewise, in the evolution of early hunter gatherer communities, it
was only a short step from gathering vegetation to be eaten to assuage the hunger pangs,
to gathering material to be ingested to diminish the pain and discomfort from illness and
injury.

Medicinal chemistry concerns the discovery, the development, the identification
and the interpretation of mode of action of biologically active compounds at molecular
level. Thus medicinal chemistry covers the following three critical steps.’

1) A discovery step which consists of identification and production of new active
substances usually called lead compounds. The lead compound can originate from
synthetic organic chemistry, from natural sources or from bietechnological processes.

2) An optimisation step which deals with the synthetic modifications of the lead
compound in order to improve potency, selectivity and to decrease toxicity. Its
characteristics are the establishments of Structure Activity Relationship (SAR).

3) A development step which consists of the optimisation of the synthetic route for bulk
production and the modifications of pharmacokinetic and pharmaceutical properties of the

active substance to render it suitable for clinical use.



To identify the lead molecule, several approaches are undertaken.

1) Random Approach:
Although the search for new entities is being increasingly governed by rational and
high throughput techniques, serendipitous discoveries do still occur , as in old days of

medieval herbs.

2) Non-Random Approach:
Compounds uncovered under random screening oOr compounds containing

functional groups other than than the lead molecule are tested selectively.

a)Drug Metabolism studies:
| Drug metabolites are isolated and screened in order to determine if the activity
observed is derived from the drug molecule or from a metabolite .
b)Clinical Observations:

When a drug exhibits more than one pharmacological actions i.e. side-effects , then
the compound can be used as a lead for secondary activity.
¢)Lead Modification:

Synthetlc derivatives and structural analogues of biologically interesting substances
are tested for activities associated with the ‘lead’. Such programs include the branching,
lengthening or shortening of chain structure, the variation of the kind and position of
substituents and other empirical molecular modifications within the framework of
reasonably close analogy.
d)Structure Activity Relationship(SAR):

Structurally specific drugs act on specific receptor sites. Their activity and potency
are very susceptible to small changes in chemical structure. Compounds with each type of
activity eventually possess certain structural features in common.

uantitative Structure Activity Relationship(QSAR): The concept of Quantitative drug

design is based on the fact that biological properties of a compound are a function of its



physicochemical properties such as solubility, lipophilicity, electronic effect, ionization and
stereochemistry etc.

Different methods used to correlate physicochemical properties with biological
activity include
1)Hansch Analysis or Linear Multiple Regression Analysis.
2)Free Wilson or de Novo method.
3)Topliss orientation scheme.
4)Enhancement factor.
5)Batch selection method, Batchwise Topliss Operation Scheme, Cluster analysis etc.

e) Computer based OSAR:

Free binding energy of compounds with the receptor is determined experimentally.
Distance between various atoms in the molecule, its conformation and rotation about a
single bond causing change in conformation and in distance are studied. Possible binding
sites in terms of geometry and chemical characteristics of the site are deduced by
computerised method with the help of above studies.
f)Molecular Graphics:

The rationale for identifying a lead compound has been based on a molecular
understanding of the drug and its receptor. This is frequently accomplished by the use of

three dimensional compufer graphics representation to model the drug itself or the drug

receptor complex.
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Antibacterial agents:

Bacterial infections have always remained a serious problem worldwide.The use of
antimicrobial agents to control these infections is almost entirely a development of this
century.

Topical antibacterial agents include disinfectants, antiseptics and preservatives.
Topical agents show selective toxicity between the microbes and the host.

Systemic antibacterials include a number of classes as described below.

Sulfonamides:

Sulfonamides were discovered in the middle 1930s. Protonsil rubrum(I), a red dye
was observed by Domagk® to be take up selectively by bacterial cells in case of
streptococcal infection in mice and staphylococcal infection in rabbit. The dye killed the
bacteria. Fractionation led to identification of an active substance known as  amino
benzene sulphonic acid(sulfanilamide)(IT)’, a colourless cleavage product formed by liver
metabolism of the drug which is responsible for the activity.

_— NH2~QSOzNH2
NH

N=N SO2NH2

H2

M (D

Sulfonamides are predominantly bacteriostatic in nature. They inhibit the enzyme
dihydropteroate synthetase, an important biocatalyst needed for the biosynthesis of folic
acid derivatives and ultimately DNA. They do this by competitive inhibition of p- amino
benzoic acid(PABA) at the active site due to structural resemblance. Sulfonamide is
incorporated into tetrahydrofolic acid molecule by condensation with a dihydropteroate
diphosphate precursor under the influence of dihydropteroate synthetase. Sulphonamides
also act as antimetabolites by preventing the synthesis of purine nucleotide and thymidine.

6



also act as antimetabolites by preventing the synthesis of purine nucleotide and thymidine.
In human beings, folic acid is directly supplied in diet and is synthesized. Thus,
sulfonamides are safe for human cells.

Bacteria which are capable of taking up performed folic acid are intrinsically

resistant to sulfonamides.

CH3

SO2NH {\'/ CH3
e
HoN

(1)

Sulfisoxazole(IIT)* is one of the most popular sulfonamide in present use which has
a pKa of 5.0. It has a broad antimicrobial spectrum and is clinically used for urinary tract
infection and as a backup to other more preferred agents.

It 1s well absorbed after oral administration, get distributed fairly widely and is
excreted by the kidneys. It maintains adequate blood levels for prolonged period.

Plasmid mediated resistance is commonly developed, particularly among gram
negative organisms, due to decreased sensiﬁvity to dihydropteroate synthetase.

Superinfections, allergic rashes, photosensitivity and drug fever are common side
effects. Hemolytic anaemia, liver and kidney damage, Steven-Johnson syndrome and ulcer

of mucous membrane of eye, mouth,ureter occur occasionally.

N
/ \
Qo
HoN

Iv)
Sulphadiazine(IV) has retained the preeminence because of its broad spectrum of

activity, low toxicity and high tissue penetration. It can be used for meningococcal



menngitis provided the strains of Neisseria meningitis involved is sulfonamide sensitive’.

CH3
N
C ~SONH—{ A
N—
V)
H
N \C 3
SOQNH‘</
ST
Ha
(V)

Sulphamethazine(V) and Sulphamerazine(VI)*'® have greater tolerance and high
solubility. Multiple(triple) sulfas are 1:1:1 combination of three sulphapyrimidines, namely,

sulphadiazine, sulphamethazine and sulphamerazine is a very potent combination.

HOC:O/N=N—©-802NH@
N—
HOO

(VID)

Sulphasalazine(VII) is absorbed in duodenum and converted to para amino

salicylic acid (PAS) which is used for ulcerative colitis and Crohn’s disease because of its

antiinflammatory effect.

NH2

HoN H:.

(VIII)



Sulphaguanidine(VIII) was extensively used for intestinal infections. Now it has

been withdrawn in many countries'’ due to poor absorption and toxicity.
y p Yy

SOZNH@
™
HoN

(IX)
/O/SOQNH—I\”; f]] '
HoN ‘
X)

Sulphapyridine(TX)'?, reported in 1938, was in use for the treatment of pneumonia

and remained as a drug of choice until it was replaced by sulphathiazole(X)".

R=—0QCHs (XI)
\ . 3

N
SOSNH— }
O _<N =—ClI (XIl)
HoN

Long acting sulfonamides include Sulphamethoxypyridazine(XI)"*, which has a half

life of about 37 hours. Thus, it needs to be administered only once a day.

Sulphachlorpyridazine(XII) has a half life of 7 hours and is useful for urinary tract
infection (UTI).

Other  sulfonamides  include Sulphacytin(XIII),  Sulphamethizole(XIV),
Sulphamethoxazole(XV) etc.

o~
HQNQ—SOQNHR R:U
N



Sulphones:
The parent sulphone, Dapsone (4,4’-sulphonyl dianiline)(X V1), is a prototype for a
variety of analogues that have been studied widely. Dapsone™ is effective against

OCHg | - (XVID)
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It can be used for urinary tract infections, gonorrhoea,chest infections caused by
Preumococci,Haemophylis influenzae and enteric Salmonella infections.

Side effects include megaloblastosis,leukopenia, thrombocytopenia, etc.

Quinolones:

Quinolone antimicrobials comprise of a group of synthetic substances possessing in
common an N-alkylated-3-carboxypyrid-4-one ring, fused with a second aromatic ring that

carries other substituents.

®
COOH

H3
CoHs
(XVIII)

The first quinolone to be marketed in 1965 was Nalidixic acid(XVII). It is
primarily effective against gram negative organisms and its clinical spectrum is reserved
for oral treatment of noncomplicated urinary tract intections caused by susceptible
microbes, usually Escherichia coli

Over the following years, the remaining first generation quinolones were
introduced'’. These compounds consists of more potent agents with a better spectrum of

activity, such as oxalinic acid (XX), cinnoxin (XXI) etc.

< | COOH
N)( X'= " CHOxalinic acid (XIX)
K X=—N—Cinnoxine (XX)
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-
Eventhough well absorbed on oral administration, they get highly bound to serum
proteins and hence, are less potent.

Gastro intestinal upset, skin rashes, visual disturbances and occasionally

convulsions and photosensitivity are the adverse reactions observed.

Fluoroquinolones:

(XXI)

Norfloxacin(XXT) was the first fluoroquinolone to be observed in 1986. It has a
broad spectrum of activity with potency equivalent to many of the fermentation derived

antibiotics. It is usually used for the treatment of urinary tract infections.

OOH

H

9

Ciprofloxacin(XXII)"® is the most widely used fluoroquinolone because of its
improved pharmacokinetic properties and a broader spectrum.

These drugs cause inhibition of enzyme DNA-gyrase that unwinds the supercoiled
DNA helix prior to replication and transcription. This inhibition makes the cell DNA

inaccessible and leads to cell death.

12



Resistance is observed more frequently and it develops due to lesser cellular
uptake or lesser sensitivity to DNA-gyrase.

Convulsions, especially in epileptics, CNS Vproblems like hallucinations, insomnia,
visual disturbances, diarrhoea, vomiting, abdominal pain, anorexia etc. are among the
adverse reactions observed.

Ciprofloxacin is used in prostatis, upper respiratory tract infections, bone
infections, septicemia, Staphylococcal and Pseudomonal endocarditis, meningitis, chronic 7
ear infections, purulent osteoarthritis and in gonorrhoea, in combination with
Cephalosporins.

Lomefloxacin(XXIII),Ofloxacin etc. are the other agents in use.

COOH

CoHs
(XXIIT)

Nitrofurans:

The first nitroheterocyclic compound to be introduced in chemotherapy were the

nitrofurans. Nitrofurantoin(XXIV) is used widely for urinary tract infections(UTI).

] %
O2 O CH‘—“N—U\

0

(XXIV)

Nitrofurazine® and Furazolidone® are other broad spectrum nitrofurans in clinical

13



use for prophylactic treatment of UTI, and they impair kidney stone growth. Nausea and

vomiting are common side effects.

ozN’qJN\CHS
H

OH
(XXV)
Nitroimidazoles include Metronidazole(XXV) (antiamoebic), Nifutimox

(antiprotozooal) etc. Metronidazole™ is a drug of choice for the treatment of anaerobic

infections.

Methanamine:

(

(XXVI)
Methanamine(XXVI) 1s internally used as an urinary antiseptic for chronic UTL
Structurally it is a polymer of ammonia and formaldehyde. Formaldehyde is responsible for

the activity.

The Antibiotics:

- lactum antibiotics:

The 1990 worldwide commerce in antibiotics was measured in tonnages and its
value is in excess of seven billion. About half of this is associated with B-lactum antibiotics

alone.
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Mode of action:

B-lactum antibiotics are believed to act by selectively inhibiting the cell wall
syntheﬁisB, Specifically, they inhibit the biosynthesis of the dipeptidoglycan that is needed
to provide strength and rigidity to the cell wall. Penicillin and Cephalosporin acylate
specific bacterial D-alanine transpeptidase®® | thereby rendering it inactive for crosslinking
of peptides.

Penicillins:

In 1929 , Alexander Fleming for the first time discovered Penicllium notatum
causing partial lysis of Staphylococcal colonies. Later on, Penicillin was isolated and
gradually large scale production also took place. The penicillin field was then expanded to
include orally active penicillins, broad spectrum and enzymatically stable penicillins etc,

6-Amino penicillamic acid(XXVII), i.e. the fundamental nucleus, is prepared by
using naturally occurring fungal enzyme that causes selective side chain cleavage of
penicillins without breaking the B-lactum bond. More recently, selective chemical

processes have been devised for accomplishing biosynthetic analogues.

(XXVID)

In the presence of phenyl acetic acid , benzyl penicillin (penicillin G (XX VIII)
and with phenoxy acetic acid ,phenoxy methyl (penicillin V)XXIX) were synthesized by

fermentation.

Ho
ﬁ) R= Penicillin G (XXVIII)
R—C—H H3 _
H3 R= CH>
OOH Penicillin  (XXIX)

15



Resistance:

Resistance develop in the bacteria that produce the enzyme which deactivates
penicillin, namely B-lactamase and acylase. B-lactamase catalyses hydrolysis of B-lactum
ring whereas acylase is responsible for hydrolysis of acylamino side chain. In gram
negative organisms, the resistance develops due to poor penetrability.

Penicillinase resistant Penicillins:

Substitution at ortho position of a phenyl ring, i.e. methicillin(XXX)* or at 2-

position of 4-naphthyl system i.e. Nafeillin(XXXI)? increases steric hindrance of the acyl

group and confers increased B-lactamase resistance.

R—C-H H3
H3

OOH
OMe
}
_‘OMe Methicillin( XXX

OC2Hs '
R= Nafcillin(XXX1)

Bulkier substituents are more beneficial among five membered heterocyclic ring

derivatives”’.e.g. Oxacillin(XXXII)*, Cloxacillin(XXXIII)**, Dicloxacillin(XXXIV)* and
Flucloxacillin(XXXV)*!.

R=R"=H  Oxacillin (XXXII)
R'=H, R"=Cl Cloxacillin (XXXIll)
R=R"=Cl  Dicloxacillin (XXXIV)
R'=F, R"=Cl Flucloxacillin (XXXV)
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Extended Spectrum Pencillins:
Introduction of highly polar substituents, e.g. amino group at o-carbon of benzyl
side chain group, confers activity against gram-negative genera such as Klebsiella,

Escherichia, Haemophylis, Salmonella, Shigella and Proteus. e.g. Ampicillin(XXXVI)*,

Amoxicillin (XXXVII)® etc.
Doy ™ )
— H
R C“HN\,_( CH:; OXVI)
ér—-
OH

COOH R-

(XXXVII)
Introduction of acidic substituents at a-carbon of benzyl group of Penicillin G,
extends the spectrum of activity against Ampicillin resistant strains in addition to the
sensitive ones such as Pseudomonas, Enterobacter, Serratia, Providencia and also Pen.G

sensitive gram-positive organisms. e.g. Carbenicillin(XXXVIII)*, Sulbenicillin(XXXIX)**

i = { e
R=C-H H3 COOH (XXXVIII
o OOH CH— |
R = |
COOH (XXXIX)

Allergic reactions include from skin rashes to drug fever and anaphylaxis, cross

sensitivity™®. Allergy occurs due to production of antigenic penicilloyl proteins®’.

Cephalosporins;

Cephalosporins were discovered by Brotuz and were isolated by Abraham and
Newton. They have a wide range of activity against gram positive and gram negative

organisms.

17



7-amino cephalosporinic acid (XXXX) is a key intermediate for the synthesis of

number of synthetic and semisynthetic cephalosporins.

HoN~

o

COOH  (xxxx)

Cephalosporins have a broad spectrum of activity with high potency against gram-
positive organisms and moderate potency against gram negative organisms.

Cephalothin(XXXXI)® and Cephaloridine (XXXXII) are administered
parenterally, whereas Cephaloglycin (XXXXIII) and Cephalexin (XXXXIV)* are active
orally.

T
C-

QA

R1

J\' J\ —CH20COCH3 (XXXXI)
g~ ~CHo—

L | —H2C—N \> (XXXXI)

\CHQ_

©_$W —CHOCOCH3 (XXXXIll)
Q?H_ —CH3 (XXXXIV)

NH2
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Resistance:

With consistent use resistance develops among several bacteria which produce
cephalosporinase and thus hydrolyse the B-lactum ring. The semisynthetic agents with
pla'smid mediated cephalosporinase resistance’® and acid stability were developed later on.
These include Cephamandol(XXXXV)", Cephonacid(XXXXVI), Cephuroxime
(XXXXVID*, Cefataxime(XXXXVIIN)**.

7

R1—C—

?——I

_r

,

QA

2
COOH

R1

R2
N
QE:_ . ﬂ ;N(XXXXV)
2
Q?H" ’ m (XXXXVI)
NHo 2C— |
Ni

CH2COOCH

TCH2OC—NHa (xxxxvii

“OCH3

_W/[;iNH2 — CH20C—NH2 (IL)
N

SOCH3

B-lactamase inhibitors:

Many substances have been found to inhibit the B-lactamase enzyme, directly or by
acting synergistically with some of the antibiotics. UTR-830 (L), clavulonic acid (LI) and
sulbactum (LII) are the examples.
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CH=CH—CH20OH

:
o 4 COOH
(L) (LI)
O
‘ CHs3
H3
¢ COOH

Aminoglycosides:
Aminoglycosides contain amino sugar linked glycosidally to a highly substituted

1,3-diaminocyclohexane central ring. They are broad spectrum antibiotics with special
usefulness in serious systemic infections caused by aerobic gram negative organisms. e.g.

Kanamycin®’, Gentamycin*, Tobramycin®’, Netlimycin*, Amikacin®,

Streptomycin*>***' | (LIII) is the most effective of the group for the chemotherapy

of tuberculosis, brucellosis, tularemia, yerssinia infections.

H NHCH
H 3 THQ
i)—_-— NH
HN OH
OHH
2C HO 3 HH
HOH ~ NH—C— NHo
OH
OH
(LII)
Paramomycin’>* is used primarily for amoebic dysentery.
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Mode of action:

Aminoglycosides bind to the 30S ribosomal subunit to form a complex and thus
inhibit proper amino acid polymerization. The binding causes misreading leading to
mutation of genetic code, This causes incorporation of improper amino acids into the
peptide chain. Thus, they inhibit initiation of protein synthesis.

Resistance gets transferred from one bacterium to another and is attributed to
extrachromosomal R-factor(DNA) which is self replicating and transferable by
conjugation. These strains synthesize enzymes that are capable of acetylating,
phosphorylating or adenylating key amino hydroxy group of the amino glycoside. The

most significant antibiotic resistant to bacterial enzyme is Amikacin.

Tetracyclines:

Tetarcyclines(LIV)™ are derived from Streptomyces species or semisynthetically.
The basic nucleus is octahydrophenanthrene. Tetacyclines have a broad spectrum of any
known antibacterial agent. They are active against a wide range of gram positive and
gram- negative bacteria, Spirochetes, Mycoplasmas, Rikettsiae, Clamydiae.

But incomplete absorption and activity against natural intestinal flora causes
superinfections. Resistance on persistant use is common. Parenteral tetracyclines may

cause liver damage, especially in pregnancy, or impaired renal function.

Ry F2 73 B4 NCHal

OH O OH O
(LIV)

In 1938, Duggar’ isolated Chlortetracycline. Electron withdrawing groups, e.g. in
chlortetracycline®®(LV) as well as electron donating groups as in Minocycline(LVI)

enhance the activity of the parent molecule.
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R3 R4
OH H (LV)
H H (LVI)

Oxytetracycline’’(LVII) has similar activity as that of Chlortetracycline.

Doxycycline” (LVIII) and Methacycline®(LIX) are more active in vitro than

Oxytetracycline.

In 1957, MaCormik®et. al. isolated Demechlocycline(LX) with similar spectrum

of activity as that of other tetracyclines, but slightly greater activity.

R1 R2
H CH3
H H
H CHg
Ci H

R3 R4

OH OH (LVII)

CHz  OH (LvI)

— H (LX)
H

OH (LX)

Tetracycline and chlortetracycline are available as topical ointments for Acne

vulgaris and are also used in opthalmic solutions. Oxytetracycilne is used parenterally

while Doxycycline is available in capsule and aqueous suspension form. Minocycline is

active against bacteria resistant to Methacycline and other Tetracyclines.
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Macrolides:

Macrolide compounds have been derived from the Actinomyces species. They
contain highly substituted lactone ring®' aglycon to which amino and neutral deoxy sugars
are attached. In 1950, Picromycin was reported. MeGuire® in 1952, first reported the
isolation of Erythromycin from Strptococcus erythreus.

It is well tolerated and useful for infections of upper respiratory tract, skin, soft
tissue and genital tract. More recently, its activity against Mycoplasma pneumoniae® has
been shown.

Erythromycin acts by binding selectively to 508 ribosomal subunit and thus
prevents translocation in protein synthesis®*.

Non-specific resistance among gram negative bacilli is related to poor
penetrability®’. |

Modifications in Erythromycin gave Cclarithromycin, Flurithromycin etc.
Clarithromycin is effective against Mycobacterium avium - intercellulariae complex®>®.

Olendomycin is one more important agent of the macrolide family.

Lincomycins:
Lincomycins are sulphur containing antibiotics isolated from S. lincilnensis.
Spectrum and mode of action is similar to that of macrolides. Lincomycin, which was

1%

isolated by Manson et. al®, is useful for the treatment of infection by gram positive

organisms notably Staphylococci, B-haemolytic Streptococci and Pneumococci.
Clindamycin® is superior to lincomycin because of greater penetrability and is used in
upper respiratory tract, skin and soft tissue infections.

Adverse effects include gastrointestinal toxicity, from distress to

pseudomembranous colitis

Chioramphenicol:

Ehrlich et. al.” in 1947, isolated Chloramphenicol, a broad spectrum antibiotic,
from Streptomyces venezuelae. Its structure was established in 1949 by Constroulis,

Rebstock and Crooks’”.
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NHCOCHCI

|
OQNO?H—CH“CHQOH

OH
(LXD)

Chloramphenicol(LXI) is active against Penicillin G and Ampicillin resistant
species of Salmonella, Haemophylus influenzae, Streptococcus pneumoniae, Bacillus
fragilis, N.meningitidis. It is used in urinary tract infections and rikettsial infections. It is
administered orally as Chloramphenicol capsule or in the form of the palmitate ester.

Bacteria producing Chloramphenicol acetyl transferase enzyme are resistant to the
drug
Adverse effects include serious blood dyscrasias and toxic reactions.

Any substitution on the ring gives rise to the compounds that are active but are

- less potent than Chloramphenicol.

Novobiosin:
Novobiosin was isolated from Streptomyces species and was first reported in 1955.
It acts by binding to DNA-gyrase subunit and interfering with DNA supercoiling and
energy transduction in bacteria. It is active against gram-positive bacteria and a few strains
of P. vulgaris. Low activity against gram negative organisms is due to poor absorption.
Cross resistance is not developed especially in S. aureus infections. Therefore, it is
in Staphylococcal infections resistant to other antibiotics and sulfas, and patients allergic

to these drugs.

" Urticaria, allergic rashes, hepatotoxicity and blood dyscrasias are the major side

effects.

Vancomycin:
Vancomycin, isolated from S. orientalis, is a glycopeptide. It acts by inhibiting the

cell-wall synthesis. No cross resistance to B-lactum, Cycloserin, Bacitracin etc. is
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observed. It is used in systemic infections such as Staphylococcal enterocolitis and

pseudomembranous colitis associated with Clindamycin therapy.

Polypeptides:
Polypeptide class of antibiotics include Gramicidine, Polymixin, Bacitracin,

Colistine etc. Severe renal toxicity limits their use in therapeutics.
Antitubercular agents:

Mycobacterium tuberculosis was identified by Koch in 1882 as a causative
bacteria for chronic infections like tuberculosis. It is estimated that 1.7 billion people
harbour the pathogen and every year 8 million individuals develop new clinical disease”.
One third to half of the world’s population is infected by M. tuberculosis. 6% of the
deaths occuring worldwide’™"*. Patients with Human Immunodeficiency Virus(HIV) are
highly susceptible to tubercular infection.

Introduction of chemotherapy of Mycobacterial infections over the past five
decades has brought about a dramatic decrease in mortality and morbidity due to the
illness. Multiple drug resistance within the organisms makes the treatment more
challenging. Drug toxicity and patient compliance are the other problems. Research is
needed to be carried out to find the best therapeutic regimen.

Antitubercular drugs are classified majorly as ‘primary’ or frontline drugs, and
secondary or second line drugs. Frontline drugs are used in standard therapeutic regimen
due to their high level of efficacy and acceptable degree of toxicity. These drugs include
Isoniazide, Rifampicin, Ethambutol and Streptomycin. ‘Secondary’ or second line drugs
are used occasionally because of bacterial resistance or certain patient related factors.
These drugs include Pyrizinamide, Ethionamide, Para amino salicylic acid, Cycloserin,

Viomycin, Kanamycin, Amikacin, Capreomycin, Thioacetazone, Thiocarlide etc.
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Isoniazide(INH):

ONHNHp
“ )
N

(LXII)

Isonicotinyl hydrazide(Isoniazid)(LXII), described in 1912 was prepared as an
intermediate in the synthesis of isonicotinyl aldehyde. Outstanding activity of INH in
experimental infection was also confirmed by clinical trials. N-alkylated derivative
(Iproniazide) was also found to be active.

INH has both bacteriostatic and bactericidal activity against various strains of
Mycobacterium tuberculosis which are resistant to other drugs. The MIC is about 0.04
pg/ml. Bactericidal action is exhibited against replicating organisms, whereas in case of
non-replicating organisms, it is only bacteriostatic’®.

Mode of action is believed to be the inhibition of the synthesis of mycolic acid, a
vital component of cell wall. Another hypothesis suggests that isonicotinic acid is formed
enzymatically by oxidation of INH and it competes with the natural coenzyme nicotinic
acid to alter the lipid metabolism.

INH is rapidly absorbed orally. Food and antacids containing aluminium interferes
with its absorption. Drug is to be taken on empty stomach. It gets metabolized by
acetylation.

More recently it has been shown that the activity of INH results from peroxidative
reaction catalysed by peroxidase which is encoded by Kat G Gene”’. M. tuberculosis
which lacks this gene are resistant to INH"®, |

INH is used in combination with other agents to delay the resistance. It is generally
suitable for long term treatment. Side effects range from hepatic abnormalities to severe
hepatitis. Interference with pyridoxin metabolism inhibits formation of active form and

causes peripheral neuritis.
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Rifampicin:
The Rifampicin antibiotics were discovered as metabolites of Streptomyces
mediterranei. Recently it has been stated to be Amycolatopsis mediterranei’” .
Several chemical modifications have been carried out on the parent moiety. The

hydrazone of 3-formyl rifamycin with N-amino-N’methyl piperazine(Rifampicin)(LXIII)*

was the most active in vivo at concentration 1 pg/ml and is useful clinically.

CHg GHa

CH:N—U—CH3

OH

O (LXIII)

Rifampicin inhibits specifically the activity of the enzyme DNA dependent RNA
polymerase and is active against rapidly dividing intra and extracellular organisms.

Resistance is rare and occurs spontaneously in strains not exposed previously to
the antibiotic. The mechanism of resistance is through mutation in rpoL gene which
encodes B-subunit of RNA-polymerase.

Rifampicin is readily absorbed from the intestine. Food interferes with its
absorption, therefore it is preferred to be taken on empty stomach. It gets metabolized by
deacetylation and desacetylation.

The therapeutic efficacy of Rifampicin is comparable to that of INH and is
superior to all other drugs.

It possesses low toxicity with gastrointestinal disturbances and cutaneous reaction

as the side effects.
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Ethambutol:

?HQOH ?HQOH
H5Co—CH—NHCH2CH2 NH—CH—CoHs (LXIV)

Among the randomly screened compounds, Ethambutol(+)(LXIV) is found to be
very active, both in vitro and in vivo against M. tuberculosis at 1pg/ml. Organisms
resistant to other drugs are susceptible to Ethambutol.

The bacteriostatic action of Ethambutol is not understood and is independent of
concentration, being more related to the time of exposure.

Ethambutol is believed to interfere with the role of polymerase and divalent cations
in ribonucleic acid metabolism®"*”. Another hypothesis states that it causes an inhibitory
effect on phosphorylation®.

It is absorbed 75-80% when given orally. Side effects mainly include ocular

toxicity, 1.e. retrobulber neuritis causing visual impairment.

Streptomyecin:

Streptomycin is both bacteriostatic and bactericidal for the tubercle bacilli in vitro,
depending upon its concentration. Its MIC is lpg/ml against Hs7Rv strain of M.
tuberculosis.

In mycobacteria, mutation in the rspL gene which encodes the ribosomal protein
S12, have been shown to confer resistance to Streptomycin®*,

It gets moderately absorbed on intramuscular administration, which is painful.

The most important toxic effect of Streptomycin is damage to the 8" cranial
(vestibulo-cochlear) nerve in particularly in the vestibular portion, causing equilibrium
disturbances. Renal damage and hypersensitivity are other side effects.

Other aminoglycosides such as Kanamycin, Amikacin are used secondarily.
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Pyrazinamide:

/ ONHg

(LXV)

AN

The best activity of pyrazinamide(LXV) is against intracellular Mycobacteria
causing sterilizing effect in acidic conditions. Susceptible bacteria‘produce deaminase
which converts Pyrazinamide to pyrazinoic acid, an active form.

It gets readily absorbed orally and is metabolized to pyrazinoic acid which gets
oxidised to its 3-hydroxy derivative.

Hepatotoxicity is the most common and serious side effect. Other effects include
artralgia.

1t is useful in short term chemotherapeutic regimen. Treatment for longer than two

months is not recommended® .

Ethionamide:

R="CaHs5 (LXVI)

R=—"n—CaH7 (LXVI)

2-ethyl  thioisonicotinamide(Ethionamide)(LXVI) and 2-n-propyl analog
(Prothionamide) (LXVII) were selected for clinical use against tubercular infections.
Ethionamide is active at a concentration of 0.6-2.5 ug/ml in vifro against strains of M.
tuberculosis which are resistant to INH, Streptomycin and PAS.

Ethionamide inhibits protein synthesis by blocking the incorporation of amino acids
Cysteine and Methionine. It is active orally, but large dose(>500mg) is not well tolerated.
It gets metabolized to give the sulfoxide.

Side effects include GI irritation, hepatitis, CNS effects and hypersensitivity.
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Para amino salicylic acid(PAS):

OOH
OH

NH2
(LXVIII)

Among the various compounds related to benzoic acid, PAS(LXVIII) is believed
to be the most active agent® against growing cells of M. tuberculosis.

The mode of action of PAS is believed to be competitive blocking of the synthesis
of dihydrofolic acid. On the other hand, the formation of mycobactin, an ionophore for
iron transport is also blocked, which impairs iron uptake®’.

10-12gm/day is required to be taken orally in 2-3 divided doses. It is no longer in

use. GI toxicity is a major side effect.

Thioacetazone:

HoN—CNHN=H

HCOCHg
(LXTX)

Thioacetazone(LXIX) is the most active thiosemicarbazone against M.
tuberculosis. Lack of cross resistance to INH and Streptomycin indicate the use of
thioacetazone in combination with these drugs to delay bacterial resistance.

Severe side effects such as GI disturbances liver damage and anemia limits its use

in therapy.

30



Drug Initial phase(2months) Continuation phase(4months)

Standard regimen:

Rifampicin 10mg/kg/day(450-600mg/day) | 10mg/kg/day(450-600mg/day)

INH Smg/kg/day(200-300mg/day) Smg/kg/day(200-300mg/day)
Pyrizinamide 30mg/kg/day(1.5-2gm/day) _

Ethambutol* 15-25mg/kg/day

Intermittent regimen:

Rifampicin 10mg/kg(3times weekly) 10mg/kg(3times weekly)
INH 15mg/kg(3times weekly) 15mg/kg(3times weekly)
Pyrazinamide 50mg/kg(3times weekly) 50mg/kg(3times weekly)

*or Streptomycin(15mg/kg or 0.71-1gm/day).

Clophazimine, Capreomycin, Cycloserin and Viomycin are other second line drugs.
Antifungal agents:

Most of the fungal infections (mycoses) involve superficial invasion of the skin or
the mucous membranes of body orifices. These diseases which can usually be controlled
by local application of an antifungal agent, are conveniently divided into two etiological
groups.
1)Dermatophytosis(Tinea infections), which are contagious superficial epidermal
infections caused by various Epidermophyton, Microsporum and Trichophyton species,
and
2)Mycosis, caused by pathogenic saprophytic yeasts, which are contagious involving
Aspergillosis, Blastomycosis, Candidiasis, Cryptococcosis, Histoplasmosis etc. Under
certain conditions, some of these species are capable of invading deep body cavities and
causing systemic mycosis which are less contagious. Such infections may become serious
and occasionally life threatening and are difficult to treat.

During the earlier decades of the 20" century, the synthetic agents employed
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topically included fatty acids such as zinc undecylenate, salicylates such as N-phenyl salicyl
amide, aniline dyes such as malachite green, gentian violet, quinolones such as 5-chloro-7-
iodo-8-quinolinol, phenols like cresol, phenyl mercuric nitrate, chelating agents like
biguanides etc. These were later replaced by Amphotericin B, Flucytosin and then more

recently by two substituted imidazoles, Miconazole and Ketoconazole.

Tolnafiate:

Ha

The o-2-naphthyl ester of N-dimethyl thiocarbanilic acid was found in 1960 to
have good activity against dermatophytes when applied topically. Poor permeability of
Tolnaftate (LXIV) limits its use. It is available in a number of dosage forms for the
treatment of ringworm, athletes foot etc.

In susceptible fungi, Tolnaftate supresses squalene epoxidase which converts

squalene to ergosterol.
Substituted azoles:

Substituted imidazoles represent a versatile group of antiungal agents with a
unique mechanism of action. The early members reported were Cotrimazole(LXV)* and
Miconazole (LXVI)¥in 1969.These agents are active against dermatophytes such as
Trichophyton, Epidermophyton, Microsporum and vyeasts like Candida albicans. They are

also active systemically in infections caused by Cryptococei, Blastomyces, Histoplasma,

Faracoccioides.

The mechanism of action of the drug is elucidated™ extensively. At high
concentration (micromolar), they are fungicidal; at low concentration (nanomolar), they

are fungistatic. The fungicidal effect is associated with damage to the cell wall with the
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loss of essential cell components such as potassium ion and amino acids. Imidazole inhibits

the cytochrome P-450 oxidase enzyme that catalyses the 14-a-demethylation of lanosterol

to ergosterol.

Cotrnimazole:

I h

_/

Cl
(LXXI)

Cotrimazole (LXXT) is a broad spectrum antifungal agent used topically for the

treatment of tinea infection and Candidiasis.

As it causes severe gastric disturbances, it is not suitable for systemic use.

N=\
N—CHOC _f >—ClI
Cl

C

Miconazole:

o]
(LXXII)

Miconazole is intended for the treatment of serious systemic fungal infections like

Candidiasis, Cryptococcisis, Petriellidiasis and Paracoccididomycosis.
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Adverse reactions include thrombophlebitis, pruritis, fever and G.L disturbances,

~ Miconazole is solubilised with polyethylene glycol and castor oil to facilitate

adequate intestinal absorption.

Ketoconazole:

i
r¢=\N_CH 2_<o——CHgo©~©-c—CH3

_/ ol

(LXXTII)

Ketoconazole(LXXIII) is administered orally for the treatment of systemic
mycosis. It requires gastric acidity for absorption. Antacids and drugs like H-histamine
antagonists, anticholinergics, that inhibit gastric secretion, interfere with its absorption. It

is metabolised to the inactive form and is excreted by the enterohepatic route.

Ketoconazole is recommended for systemic mycosis such as Coccididomycosis,
Blastomycosis, Histoplasmosis, chromomycosis, paracoccidiodomycosis and severe

cutaneous infections.

Hepatotoxicity is a major adverse effect. Also, levels of testosterone and

corticosterone are lowered at high doses of Ketoconazole.

-0
)

(LXXTV)

Fluconazole:
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The absorption of Fluconazole(LXXIV) does not depend upon gastric acidity;
moreover, the drug can be administered intravenously. It readily crosses the blood-brain

barrier and thus, is useful for fungal meningitis.

Other azoles include Econazole, Butaconazole, Fenticonazole, Oxiconazole,

Sulconazole, Tioconzole, Itraconazole and Terconazole.

Flucytosine:

(LXXV)

This fluorinated pyrimidine was first synthesized in the 1950s as an antileukemic
drug. Flucytosine(LXXV) has limited antifungal activity and sensitive strains of
Aspergillus, Candida, Cladosporium and Cryptococcus are inhibited.

Incorporation of fluorinated pyrimidine into RNA, following selective deamination
to 5-fluoro uracil in the fungus appears to be required for activity. 5-fluoro uracil gets
metabolised to 5-fluoro-2’-deoxyuredilic acid which suppresses DNA synthesis by
inhibiting thymidylate synthetase.

Due to the chance of development of resistance, it is used in combination with

Amphoterecin B(polyene antibiotic), which lowers the risk.

Other active compounds include alkyl amines like Naftifine and Terbinafine,

Triacetin, Acrisorcin, Haloprogin etc.

Antifungal antibiotics:

Polyene antibiotics:
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The polyene antibiotics contain conjugate double bonds in large lactone rings.
They differ from macrolides in the size of the lactone ring and the presence of conjugated-

‘ene’ system.

They have a broad spectrum of activity against a number of species of pathogenic
yeasts, molds and dermatophytes. Their low water solubility, low stability and toxicity are

the major problems.

The mode of action involves binding with sterols in cell membrane to cause
disorganisation and loss of cell constituents, especially potassium ion. The action is

bacteriostatic at low concentrations and bactericidal at the higher doses.

Amphoterecin B:

A potent antifungal agent with a polyene structure was isolated in 1956 by Gold
etal’ from Streptomyces nodosum, found in the soil from Venezuela. The antibiotic
material was a mixture of two closely related compounds, Amphoterecin A and B of -

which B is more active.

o NH2 o

CHs

0
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‘Amphoterecin B (LXXVI) contains primary amino group in the sugar moiety,

mycosamine and a carboxyl group attached to the macrolide ring.

Parenterally, Amohoterecin B is indicated for the treatment of serious, potentially
life threatening fungal infections including disseminated forms of coccidiodomycosis,

mucormycosis, aspergillosis, North American blastomycosis and cryptococcisis.

A high prevalence of adverse reactions limits its use. Nephrotoxicity occurs in 80%
of the patients. General toxicity includes hypokalemia, distal tubular acidosis, fever,
headache, anorexia, G.I. disturbances, muscle and joint pain, malaise etc. Pain at the site
of injection and thrombophlebitis occurs on intravenous administration. It should not be
administered intramuscularly. Amphoterecin is also used topically to treat cutaneous and

mucocutaneous infections.

Nystatin;

H NH2 5y

O CH3

(LXXVII)

A polyene antibiotic first isolated in 1951 from a strain of Stréptomyces noursei by

Hazen and Brown’”, Nystatin (LXXVII) is a valuable agent for the treatment of local and
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gastrointestinal monolial infections caused by Candida albicans and other Candida
species. It is also recommended for thrush or esophagitis by C. albicans in patients with
AIDS. It is available in cream, ointment or powder form for topical use, whereas tablets or

troches are used systemically.
Griseofulvin:

Griseofulvin (LXXVIII) was first reported in 1939 by Oxford eral® as an
antibiotic obtained from the mold Penicillium griseofulvum. Dierckx. Its structure has

been determined by Grove et.al

Griseofulvin is recommended for systemic treatment of refractory ring worm
infection of the body, nails, hair and feet caused by various species of Epidermophyton,

Trichophyton and Microsporum.
CHs CHs
=0

HaCO
Cl CH3

(LXXVIII)

Relatively few adverse reactions have been reported. The most common are mild
allergic reactions such as skin rashes and urticaria. Occasionally G.I.upset, headache,

dizziness or insomnia may occur.

Griseofulvin causes rapid, reversible dissolution of the mitotic spindle apparatus,

appareﬁtly by binding with the tubulin dimer required for microtubular assembly”.

The bioavailability of Griseofulvin may be enhanced by administration with fatty

meal. It gets metabolised by methylation.

Several other antibiotics in use include Candidicin, Natamycin etc.
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Novel approaches:

Out of the novel approaches to a fungal chemotherapy, one approach might be to
persist the infected host to withhold growth essential iron from the fungi and not the
host.”® Poorly soluble iron chelators such as hydroxy pyridon, rilopyrox are being

developed for topical use in dermatophytosis.

Diamidines, hydroxy stildamide and isothionate have been found to be possess

activity against Pneumocytosis, but have severe side-effects.
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Plan of Work
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PLAN OF WORK:

Pharmaceutical research particularly in medicinal chemistry provides a basis for the
development of new approaches to combat human diseases. The biomedical research can
be basic (seeking an understanding of biological phenomenon which are unknown) or
applied (using principles which are known to produce desired new product or cfiect). In
cither case the rescarch has the cffect of obviating the established therapies in favour of

new modalities which would be safer and more effective.

As the abilities of the chemist to synthesize, isolate and characterize new
compounds grew and as biologists learnt more about the actions of drugs and about
biological mechanisms in health and diseases, the search for new drugs gradually began on
a more rational basis. Today, useful drugs arise from natural products, chemical synthesis
or combination of both sources by means of approaches that vary in a complete spectrum

between serendipitous discovery and rational synthesis.

Organic chemists in pharma industry synthesize hundreds of new compounds every
week. In most cases, the chemist has a specific reason for synthesizing a particular
compound; usually based on theoretical considerations, medicinal chemistry, biological
mechanisms or a combination of all these three. In the past three decades, the biological
sciences have undergone a major redirection towards molecular understanding of

biological systems.

The search for chemical structures that which exhibit pharmacological activity i1s a
difficult goal for the organic chemists. Compounds are submitted for screening for
numerous types of biological and pharmacological action. Observations on interesting and
repeatable biological activity opens new pathways for additional chemical research efforts
in the expansion of the series and often leads to significant new medicinal products.
Organic chemist has succeeded in the deliberate chemical alteration of the natural drugs
and produces derivatives which are either more potent or superior in some other respect.
Such modification of known pharmacodynamic compounds, both natural and synthetic,

constitutes one of the main kind of research efforts in the field of chemotherapy.
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An important aspect of medicinal chemistry has been to establish a relationship
between chemical structure and biological action. An increased consideration in recent
years has been to correlate the chemical structure with reactivity or physical properties and

these correlations in turn, be related to therapeutic action.

The logic supporting the work presented in this thesis was formulated bearing in
mind the biological activities of known moieties and attempting certain structural
modifications or adaptation in light of the recent trends in drug research in incorporating

newly emerged pharmacophores on existing moieties.

Chapter II: Synthesis of 1H-3(2-alkyl/aryl, 4-substituted thiazolo)-6-chloro-

cinnoline-4-ones:

N

@)

Cinnoline (I), a member of the heterocyclic family, has been documented in the

literature for its appreciable antibacterial activity™”.
COOH

R2 R, = alkyl
)

1-alkyl-3-carboxy-4-cinnolones (II) also show good antibacterial activity>™*.
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RO2 COCH3

)
N=N—~Ph
R= -OH,—‘NHQ,—NH—@ etc.
(IIT)

3-acetyl-phenylazo-6-substituted cinnoline-4-ones (III) have been reported to

exhibit potential antibacterial, but low antifungal activity™”.

A\
)

O NHR'
R
N
R, R'= alkyl / aryl
(V)

Similarly, 4-arylamino pyrimido(5,4-c) cinnolines® (IV) have been reported to
possess activity from 03 pg/ml to 0.05 pg/ml against gram positive Bacillus
cirroflagelus, from 0.21 pg/ml to 0.025 pg/ml against gram positive Staphylococcis

aureus, and 3.16 pg/ml against gram negative Lscherichia coli.

R N

R RRR= alkyl / aryl (V)
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Pyrimido (5,4-c)cinnolines-2,4(1H,3H) diones™’(V), are known to possess
moderate activity, i.e. upto 100 pg/ml against a number of gram positive and gram

negative organisms and fungi like Aspergillus niger and Candida albicans.

* Relatively less work has been carried out on the cinnoline ring. Hence, we decided
to emphasize on this ring system and carry out studies on compounds bearing a
combination of cinnoline and other heterocyclic systems, in the hope of developing a

prospective antimicrobial agent.

Electron-withdrawing substituents like halogens and nitro are believed to impart
stability to the ring and thereby contribute to the activity. e.g. Cloxacillin (Antibacterial)
(V1), Flucloxacillin (antibacterial) (VII), Miconazole (antifungal) (VIII) etc.

|
R—C—H H3

H3
COOH
R' .
R= R'=H, R=Cl (v
CH3
| R'=F,R'=Cl (VI
R N—20O
N\
N—CHOCHp Cl
:/
Ct Cl
Cl
(VIII)

Hence, we selected 6-chloro-(3-halocetyl)-1H-cinnoline-4-one (IX) as our parent

moiety.
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I
Cl ‘ COCH2Br
N

H
(IX)
Thiazole:

Thiazole moiety is well established as a biologically active moiety, especially for it:
antibacterial effect’®. Russian research workers®” showed that amino substitution at 2
_position of thiazole ring along with alkyl/aryl group at 4-position (X) impart

bacteriostatic activity to the molecule.

N (e

(X) (X1)

Similarly, vast synthetic work carried out in our laboratory on 2,4-disubstitute
thiazoles (X1) also revealed*" that many thiazoles of such types are active against Hj7R

strain of Mycobacterium tuberculosis at concentrations ranging from 5 pg/ml to 0.0

pg/ml.

These properties of thiazole nucleus as antitubercular agent strongly suggest th

this nucleus should be explored further in order to achieve good antitubercular activity.

Keeping in mind the good antibacterial activity of 2,4-disubstituted thiazole, w

decided to combine cinnoline with thiazole.

In order to form a thiazole, we decided to condense the 3-bromoacetyl-6-chlor

cinnoline-4-one with various substituted thioamides.

45



The thioamides were synthesized using established literature procedure.

The final compounds in this series will have the following common structure (XII).

Cl

(XID)
R = aminomethy! phenyl, pyridyl, benzyl, phenyl etc.

A total of ten compounds were synthesized in this series which were confirmed by

elemental and spectral analysis.

Chapter II: Synthesis of 1H-3(2-alkyl/aryl, 4-substituted thiazolo)-6-fluoro-

cinnoline-4-ones:

Extensive work has been reported on the advantages of organo fluorine

compounds. Fluonine molecule itself has numerous advantages, like-

1) Fluorine, the second smallest atom as measured by atomic radius and internuclear
distance to carbon, would most closely resemble bioactive hydrogen analogucs witl

respect to steric requirements at enzyme receptor sites.

2) Fluorine atom imparts increased oxidative and thermal stability because of its higk

binding energy which exceeds that of chlorine by 17 Kcal/mole.

3) Fluorine atom leads to increased lipid solubility which enhances the rate of absorptior

and in vivo transport.
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Numerous fluorinated compounds are known e.g. Ciprofloxacin (antibacterial)

(XI1I), Flucytosine (antifungal) (XIV), Flucloxaxillin (antibacterial) (XV)etc.

F OOH

H@ )—\ (X1l

CONFh_ cg;g |
] : 3
NNg” NCHz COOH

Thus, we decided to replace chlorine at the 6-position with fluorine to check it

Cl (XV)

effect on activity. The fluorinated compounds were synthesized by a similar procedur

using 4-fluoro aniline as the starting compound.

The final structure is as follows-

(XVD)

R = alkyl/ aryl/ substituted aryl etc.
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Ten compounds with similar substitutions as that in series I were synthesized anc
confirmed by elemental and spectroscopic analysis. Comparison will be carried ou

between the activity of both the series in order to establish a structure activity relationship

Chapter III: Synthesis of Intermediate for Letrozole:

.

N/N

(XVIT)

Letrozole (XV1I) is a relatively new drug, used as an antineoplastic agent. Using
modified nude mouse model of post-menopausal breast cancer, CGS(20267) was show
to have a marked antitumor effect and to significantly supress plasma estrogen”'.

Letrozole is currently undergoing phase Il and phase III clinical trials for brea

cancer in U.S A

Pharmacological action:

Letrozole is a highly potent and selective non-steroidal aromatase inhibitc
Aromatase catalyses the conversion of androgens to estrogens which leads to an increa:
~in plasma estrogen level. Letrozole was shown to inhibit aromatase in peripheral tissues

doses of 0.5 to 2.5 mg/day for 6 weeks”'".

The synthetic route of Letrozole is as follows '
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.

!

CHo N Q
S8
CN

o

N

N .CN

A number of antineoplastic drugs can be synthesized using 4(1,2,4-triazolyl

methyl) benzonitrile (XVIII) e.g. MPV-2213ad *", Letrozole etc.

(XVII)

The intermediate 4(1,2,4-triazolyl methyl) benzonitrile is prepared by
condensation of 1H-1,2,4- triazole (XIX) with 4-cyano benzyl bromide (XX) by different

routes enumerated as follows:

1) 1H-1,2,4-triazole and 4-cyano benzyl bromide are dissolved in dry acetone. To the
mixture is then added potassium carbonate and potassium iodide and refluxed for 8

hours™",
N

; -
N“\—“ . ry acetone CHo

K2CQOg3, Ki
IP/N
H

HoBr

CN

CN

(XIX) (XX)

49



2) 4-cyano benzyl bromide was dissolved in a mixture of chloroform and acetonitrile. 1H.
1,2,4-triazole dissolved in the same system is added to the former and relluxed for 1
hours. Then it is neutralized with 3% sodium bicarbonate and passed on a silica ge

column for separation of the product®"*.

(A

HoBr

‘lt [ + chloroform

N acetonitrile "
!|\,/
H

CN

CN

Thus, 1H-1,2,4-triazole is a key intermediate for the synthesis of Letrozole. TH

1,2,4-triazole can be prepared by various routes’”” which are summarized as follows:
1) By oxidation of substituted 1,2,4-triazoles.

2) By treating urazole with phosphorus pentasulphide.

3) By heating equimolar quantities of formyl hydrazine and formamide.

4) By removal of amino function of 4-amino-1,2 4-triazole.

5) By oxidation of 1,2,4-triazole-3(5)-thiol with hydrogen peroxide.

6) By decarboxylation of 1,2,4-triazole-3(5)-carboxylic acid.

216

7)By heating hydrazide salt with formamide

8) By rapid distillation of hydrazine hydrate with 2M equivalent of formamide®'’

9) By heating N,N’ diformyl hydrazine with excess ammonia in an autoclave at 200°(

for 2-4 hours*'®,
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10) By the reaction of 1,3,5-triazine and hydrazine monohydrochloride®"’.
11) By oxidation of 1,2 4-triazole-3(5)-thiol in conc. HNO;*".

We planned to carry out the oxidation of 1,2,4-triazole-3(5)-thiol for a better yield

applying certain modifications to the literature procedure.

Modifications:

1) During work up of oxidation of 1,2 4-triazole-3(5)-thiol, the mixture will be neutralised

with liquid ammonia in order to minimise inorganic bulk.

2) Instead of heetic and multiple extraction procedure, the triazole wwill be extracted in

ethyl acetate with recovery of the solvent to maximum.

3) The use of large quantity of ethyl alcohol will be avoided which will make the

procedure cost effective.

4) Also, use of benzene will be avoided. Benzene, being highly carcinogenic may cause

health hazards to the workers, when used on industrial scale. ~

The triazole and benzonitrile will be subjected to elemental and spectroscopic

analysis for confirmation.
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Diazotization of amines:

The reaction of amino salt with nitrous acid is known as diazotization. Pelercriess

in 1858, carried out this reaction for the first time with an aromatic amine.

The kinetics of diazotization involve a nucleophilic attack by amine on dinitroxide;

which is in equilibrium with nitrous acid .

. .

O:N——-%\—H O—N=0 + H®
SN

O=N—0H+ H® O—N—0+Ho

O=N—0Q + N— O®HQ

|
0

Ar—NHp + N—0 AN®Ho—N=—0

O—N=0

O=—N—"0—N—/O0

The free amine, although present in a very small concentration, is highly reactive in
the acidic solution used. The conjugate acid of the primary nitroso amine, by a series of

proton transfer and loss of water, gives a diazonium salt.

Ar—NBH=N—O0H

Ar— NH —
r I\J_N O
H

Ar*—l,\@——- N—OH === A—R=N—0%,
H
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AN NGOPH, Ar—NP=N + Hy0

Recently, the intermediate step of a primary amine has been shown to be isolated”’
in the course of the diazotization of an appropriate amine.

Since most of the diazotizations are performed in aqueous solutions, protonated
nitrous acid (from sodium nitrate and hydrochloric acid)”® is usually used. Free NO*
should only appear in concentrated acid and in the course of conversion with complex
NO® salts. _

The sequence of reactivity is shown as below-

NO™ > H,0"--NO > NCS--NO > Br--NO > CI--NO > NO,--NO.

I]_Aqueous solution:

Normal diazotization of aromatic amines with nitrous acid is carried out in dilute
aqueous mineral acid and usually yields the diazonium salt in solution. The direct method
starts from solution or suspension of the amines in dilute hydrochloric acid (approximately
2.5 mole acid / mole amine), which is treated with the molar quantity of concentrated
aqueous sodium nitrite solution at 0°-10°C. The conversion proceeds rapidly and almost
quantitatively””. The end point can be determined by numerous methods and an excess of
nitrous acid can easily be removed by adding urea which reacts with nitrous acid to form
nitrogen, carbon dioxide and water or sulphamic acid'®.

Since nitrous acid is unstable, it is generated in the presence of the amine by the
reaction between sodium nitrite and a mineral acid, usually hydrochloric or sulphuric acid.
Excess acid serves to keep the mixture strongly acidic, which is necessary to avoid

undesirable side reactions.

101,

IT] Concentrated acids

Weakly basic amines bearing strongly electron-attracting substituents on the

aromatic or heteroaromatic nucleus are diazotized preferentially in concentrated acids,
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since hydrolysis'* of the generated diazonium compound occurs in aqueous solution with

increasing dilution. Good results have been obtained with conc. sulphuric acid'®.

I11] Organic solvents'*:

In order to prepare a solid diazonium salt, diazotization of aromatic amines is
carried out in organic solvents (glacial acetic acid'®’, methanol, ethanol, formamide, DMF,
acetone) by means of nitrous acid esters (preferably pentyl nitrile).

N-diazonium salt will couple with an aliphatic compound containing an activated
carbon-hydrogen bond. This is limited to those reactions in which both nitrogen atoms of
the diazonium salt are retained in the resulting molecule.

Victor Meyer reported the coupling of diazonium salt with an activated aliphatic
carbon atom.

It is generally assumed that the hydrazone is a stable form when coupling occurs at
a methyl or methylene carbon and azo structure is formed when coupling occurs at a
methinyl carbon without climination of the group.

The reaction of B-keto ester with a diazonium salt has been studied extensively.
Products from ethyl acetoacetate and over fifty different diazonium salts have been
reported. Good vyields of the hydrazones of o B-esters are obtained if 1mole of the
diazonium salt is employed. '

Diethyl oxaloacetate reacts with 1mole of benzene diazonium chloride. If only

Imole of the salt is used, the product obtained is dioxosuccinate phenyl
106,107,108 '

hydrazone(I)

CoH502CH2COCO2C2HE + CgHyNoCH——> CgHsOgCﬁOCOQCQH5
NNHCgHs5
ey
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For diazotization, aqueous solution of sodium nitrite is added to mineral acid salt
of aryl amine at temperature 0°-5°C. If the reaction is carried out in aqueous solution,
sodium acetate is used as a buffer. Occasionally, alcohol, pyridine or acetic acid are also

used as solvents for water- insoluble reactants.

Reactant ratio:

Equivalent amount of diazonium salt and reactant are commonly employed. Excess
of diazonium salt should be avoided as it can couple again with the product such as
hydrazone to form a formazan derivative. This reaction is favoured by strongly acidic
solution.

Reactions are usually rapid and the product can soon be isolated after the addition
of diazonium salt. However, the reactions that involve intramolecular coupling need more

time to complete.

Preparation of ethyl 2-(aryl phenyl hydrazone)-3-oxybutyrate:

To the aryl amine (0.039mole) dissolved in.a 1:1 mixture of conc. HCI and water
(10ml) and cooled at 0°-5°C on an ice bath. A cold aqueous solution of sodium nitrite
(0.078mole) was added. The diazonium salt solﬁtion was filtered into a cooled solution of
ethyl acetoacetate (0.039mole) and sodium acetate (0.58mole) in ethanol (30ml). The
resulting solid was filtered, washed with water and recrystallised in ethanol.
M.P.=94°C. Lit. M.P. = 94°C
Yield = 83%.

57



58



Chemistry of hydrazones:

Aliphatic compounds containing an activated methylene group couple with
diazonium salt to form aryl hydrazone'*'"’. The reaction is an electrophilic attack of the
diazonium ion on the carbanion derivative from the methylene compound, forming an

unstable azo compound which spontaneously tautomerises to a hydrazone.

Ar——N—N@+ CeH/X
Ny

The reaction is usually carried out in cold aqueous solution buffered with sodium
acetate. The pH of the medium can be lowered for strongly activated methylene
compounds. Hunig and Boes''' suggested the sequence of activating effect of the
substituents (X and Y) as follows.

NO, > CHO > COCH; > CN > COOEt >CONH, >COOH > SO,CH; > SOCH; > CsHs.

Other activating groups include the tertiary sulphonium and quarternary pyridinium
ions and heterocyclics such as 2-pyridyl and 2-quinolyl.

When one of the activating group is a carboxyl, coupling is accompanied by

decarboxylation.
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—cy—cA°
<

N

l

CH3COCH—N=NHAr +C0y

CHaCOOCH2COO0H + ArNB —* [CH3CO

Compounds carrying active methyl group at the 2 or 4-position to the ring
nitrogen such as 2-picoline''? and 9-methyl acridine ', yield a tetrahydrazone on coupling
with a diazonium salt. The activity of methyl group increases if the hetero atom is
quarternized to onium salt prior to the attack of diazonium ion.

A methinyl group bearing at least two activating groups reacts with diazonium salt
to give an aryl hydrazone by hydrolytic cleavage of one of the electron attracting groups

on the intermediate unstable azo compound.

X _
FI—-CH< + ArN8 —> [R—C—N=N—Ar —-H—29+H—c:NNHAr
Y
+YOH
110,114

The reaction is described as Japp- Klingemann reaction . Groups that usually

undergo splitting are carboxyl, acyl and alkoxy carbonyl. etc. e.g.
R“‘CO?H“COOH + AN —— ArNNH==(]:OF1 +C0»
R R

H"CO?H‘"COOEt + AIN8 —— ArNNH=?OOEt+ RCOOH
R R

60



In diacylacetic ester, the acyl group is more rapidly cleaved which corresponds to

the weaker acid'” e.g.
CHS_?OCHCDOEt +Ar f\g“—“" ArNHN— COOEt +CH3COOH

COPh | COCH3

CH3—COCHODOEt +Arl\g — ArNHN—COOQEt + EtCOOH

COPh COCH3

In case of 2-substituted cyclohexanones, various activating groups undergo
splitting relative to the ring carboxyl. It is either side chain splitting, €.g. 2-carboxyl and 2-

formyl or is a ring opening, e.g. ethoxycarbonyl and acetyl, which are bound more

114
strongly' !¢,

| ? i
OOOHﬂ UNNHN o,
0

»~NNHAr
CHO Ar
i + HCOOH

NNHAr
Arﬁ l
COCEt EtOCOCCHp CH, CHo CH2COOH
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Frcedel- Orafts acylation to form betone,
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Friedel-Crafts acylation:

Many acid chlorides can easily be induced to eliminate hydrogen chloride
intramolecularly.

The cyclization is carried out in a suitable solvent alongwith a cyclizing agent. The
cyclization agents or catalysts include''” AICl;, Stannic chloride, hydrogen fluoride etc.
The yield of the reactions varies from 40-90 % depending upon the reaction conditions
like temperature, pressure and the reactants''®.

The catalyst which is employed most frequently is AlCL.

The most common solvents used are benzene and carbon disulfide. Others such as

petroleum ether, sym- tetrachloroethane, monochlorobenzene etc. are also employed.

Stannic chlonide:

Cyclization with stannic chloride is generally effective in bringing about ring
closure into polycyclic nuclei.

The acid is reacted first with reagents like phosphorus pentachloride'", thionyl
chloride etc. to form acid chloride, which is then reacted with stannic chloride under

anhydrous conditions.

Aluminium chloride:

The most widely used agent for cyclization is aluminium chloride. Several types of -
aryl phosphoric acids and aryl butyric acids have been cyclized by this method. The
reagents used include phosphorus pentachloride, thionyl chloride etc. and the reaction
occurs under anhydrous conditions.

The mechanism of the reaction is same as that of acid chloride and can be

explained as follows'?:

|
¥ c
rR—C—6 Alck H—C/\\? _Bici
%
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2
[R_ =P R—®=0p| AICl
ﬁ# H
D Fret e (St
R complex

H20

]

™R

+ 4HCI + Al(OH)3

Formation of cinnolone:

To ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate (30gm,0.112mole) was
added anhydrous AICl; (29.83gm,0.223 mole). Chlorobenzene (360ml) was added in order
to dissolve the solids and then the mixture was refluxed for 12 hours. It was cooled and
dilute HCI (200ml) was added to it and was heated on a water bath. Further it was cooled,
filtered and washed twice with dil. NaOH soln. and filtered. Then the product was

recrystallized from methanol.

M.P.=197°C
Yield =19.05gm,63.5%
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Other methods for cyclic ketones:

1) From hydrogen fluoride:

In 1939, Fieser and Hershberg'', cyclized B-phenyl propionic acid (I) using

anhydrous liquid hydrogen fluoride to yield 73 % of ketone by intramolecular acylation.

QOOH
OS5 —

Ho

@ 11

2) From sulphuric acid:

y-aryl butyric and B-aryl propionic acid (III) get cyclized to ketone (IV) in the
presence of sulphuric acid'%.

({OOH
o~CHCHaCOOH —————>

(IID) Iv)

Methods for cinnoline:

1) The cinnoline ring system was discovered in 1883 by Richter'”, who converted

diazotized o-nitro phenyl propionic acid (V) into 4-hydroxycinnoline-3-carboxylic acid
(VI).

H

=CCOOH ~-COOH
@: —FH0O + HCI
oCl

(V) ‘ (VD)
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2) Brosche and Herbert' found that diazotized 5-nitro-2-amino actophenone (VII)

slowly on standing, yields 6-nitro-4-hydroxy cinnoline (VIII).

O2 CO\C Hg 05 N
—_— + HX
NoX

(VID) (VIII)

3) Widman'®prepared 4-methyl cinnoline-7-carboxylic acid (X) by diazotization of 1-
methyl-1,2’-amino-4’-carboxy phenyl ethylene (IX).

e

’ C=CHo N
_—_ . + HCI
HOO 2Cl

HOOC
(IX) X)

4) Methylation of 4-hydroxy cinnoline (XI) with methyl sulphate and alkali gives 1-

methyl-1,4-dehydro cinnoline-4-one (XIn'e,

R
MeSO4 R
—P
alkali
!
Me

(XI) (XID)

5) Aminocinnoline carboxamide A" was prepared by cyclization of aryl hydrazono

(cyano) acetamide (XIV) with anhydrous AICI; in chlorobenzene.
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N=N—CH

(XIII)

AiCla

/
\CONHp

chlorobenzene

3 -

dn o - .
N e
i, L’.f’f;‘v.

s,
o ey
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Halogenation of ketones:
Ketones that possess o-hydrogen can readily be replaced by halogen in the

presence of acidic as well as basic medium.

X
| + |
—eTpX + X Or O, TOTpR HhX
| |
0 0
X = Cl, Br, |

Base-promoted halogenation of ketones:

A base strongly abstracts a proton from a ketone to form carbanion (I) which then

rapidly reacts to yield bromoketone(II).

H O (_) @) O@
fast| Br-Br
; .
—C—C— + HB
Y
Br O

The generation of carbanion determines the overall rate of the reaction. As fast as

the carbanions are generated, they are snapped by the bromine molecule.

Acid-catalysed halogenation:
Acids also catalyse the halogenation of ketones.
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The rate determining step is the formation of enol, which involves two steps.
i)Rapid reversible protonation step of the carboxyl oxygen, followed by
ii)Slow loss of an o-hydrogen. Once formed, the enol rapidly reacts with halogen to give
the haloketone.

Solvents used include chloroform, acetic acid, carbon tetrachloride, diethyl ether.
When diethyl ethér is used as the solvent, aluminium chloride is used to promote
enolization.

Cupric halides have occasionally been used to halogenate aromatic ketones,
particularly if the use of free halogen causes nuclear halogenation, e.g. with phenolic
ketones. The copper II halide presumably catalyses enol formation and then the halogen

gets transferred to the enol to give o-haloketone.
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Bromination:

In case of bromination, presence of sunlight (UV) or slight heating (60°-65°C)
facilitates the initiation of the reaction. It helps bromine to get polarized as the Br. radical,
which favours the attack of polarized Br, molecule or Br- on the enol form of the ketone.

Synthesis of 6-chloro-3bromoacetyl-1H-cinnoline-4-one:

6-chloro-3-acetyl-1H-cinnoline-4-one ( 25gm,0.112 mole) was dissolved in acetic
acid(150 ml) and bromine (13.48 gm, 0.16 mole) dissolved in acetic acid(1S ml) was
added dropwise. The reaction was provided with slight heating (60°-65°C) and a source of
light. The reaction was continued for 6-7 hours with constant stirring.

Dry air was passed to remove HBr vapours. It was then dumped on ice cold water
and the solid was filtered, dried and recrystallized from methanol.
MP= 115°C.
Yield = 63.91%
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Chemistry of nitriles:
Synthesis:
1] From halides:
Aliphatic halides:
Metal cyanide reacts with alky! or aryl halide (IIT) to form aliphatic nitrile(IV). The
order of reactivity of the halide is -1 > -Br > -CI. Sodium iodide, when used as a promoter,
converts chloride to iodide in the primary halide by exchange and this in turn gives nitrile

with metal cyanide.

CHoOHCHLCI + Ng| —— CHs—OHCHal + Nag)
(1 lNaC N

CHQ“ OHCHQCN +Ngl
(V)

Other metal cyanides which form nitriles are potassium and cuprous cyanide.

The yield varies from 75-90%. The solvents like ethylene glycol', methyl
cellosolve'®, tetrahydrofurfuryl alcohol'™ and DMF improve the yield as compared to
alcohol which causes slow reaction, Secondary halides give lower yield and tertiary halides
give a little or no nitrile. The conversion of alkyl halide(V) into nitrile is accomplished best
with sodium or cuprous nitrile with pyridine, quinoline, DMF or N-methyl pyrrolidine as
solvent™!. The reaction can be accelerated by addition of small amount of a nitrile and

traces of copper sulphate as a catalyst.

CHoCl CHoC=N
O + CuCN +CuS0q4 DMF O

V)

Halide, like anisyl chloride (V1) yields 75% of nitrile'*.
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CH,Cl drv acet HaC=N
+Nal+NaCl+ cycn Sy acetone
H3CO H3CO

(VD)

B)From heterocyclic halides:

Halides of pyridine'’, quinoline'** give nitrile in satisfactory yields with cuprous

cyanide',

2] From amide:
Amide (VI) gives nitrile in 60-70% yields with a dehydrating agent like

phosphorous pentoxide' or phosphorous pentachloride!*

P20s5

R—CONH,
(VID)

R—C=N

Sometimes dehydrating agents like carbonyl chloride"”’, benzene, p-toluene
138,139

sulphonyl chloride » phosphorous oxychloride are used in the nucleophilic solvent

such as pyridine or tertiary amine. Even addition of salt like sodium chloride!® or sodium

metabisulphite’*' to phosphorous oxychloride enhances the effectiveness of the reagent.
Recently, a more convenient method employing trifluoroacetic anhydride/pyridine

system'“ was found to lead a rapid reaction with 85-95% yield.

(CF3CQ)s2, pyridine

R—CONH, R—C=N

R=-CH3, p-MeO-GsH4, p-NO2-CgHa, pyridyl etc.
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With excellent yield and mild reaction conditions, the method is especially suitable

for thermolabile nitriles.

3] From diazonium salts: (Sandmever’s reaction)

Diazonium compounds (VII) with cuprous cyanide give 65-85% of nitrile.

HCI/NaN
Ar-NHg 2o A COCUCN, oy

(VII)

Complex salt of cuprous cyanide such as Na;Cu(CN)sNH;'* has also been used to
a great extent. Prior neutralization of diazonium salt is necessary in order to avoid escape

of halogencyanide o-tolunitrile'**,

4] From aldehyde:

Several methods have been reported for conversion of an aldehyde to nitrile. e.g.
A) dehydration of aldoxime using carbodimide'®, carbonyl biimidazole'*® or phosgene
imino chloride'®’. |
B)1,2 elimination of o-substituted aldoxime'**'* and

C)1,2 elimination of R-CH=N-N-(CHj); and R-CH-N-tosyl by base'™.

A] Dehydration of aldoxime:

R‘TZ N—0OH R—C=N + Ho0
H

A large number of dehydrating agents have been employed for this preparative
method'®!. e.g. acetic anhydride, phosphorous oxide, thionyl chloride, acetyl chloride
etc.The dehydrating agent forms a reactive complex (VIII), which renders the aldoxime

easily with the loss of water molecule.
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H

AcO — 5 R—C=N—0Ac

AcCl

b
R—CH—N—OH +[ = p—C=n
POCH3

SOC|2“__> R—CH=N—C|

(VIID)

Relatively new dehydrating agents have been introduced. e. g. dicylohexyl carbonyl

biimidazole'“and phosgene immonium chloride!’.

Kilagawa, T. etal."™ described a new dehydrating agent, 2-2’-oxalyldi (o-

sulfobenzimide) (ODSKIX), for convenient synthesis. The possible mechanism proposed

o 1100

(x)
R C—Ny
N 0
/jijo B-CH=n—0H "
N : 4;y/
4;§: o

@) 0O

76



.. The reaction is carried out at room temperature or in cold,

B] 1.2-elimination of o-substituted aldoxime:
Miller et.al.'*described this method which does not need to isolate the

intermediate oxime.
The development of efficient amino protecting groups has facilitated the synthesis
of a variety of sensitive compounds including o-substituted hydroxyl amine'**. Although a

number of these are unstable!>*

, others have significant synthetic utility. Their electrophilic
character has been exploited in their increasing use as aminating agents'™"" Their
nucleophilicity has been demonstrated by their reaction with ketones to form substituted
oximes. This 2,4-dinitrophenyl hydroxyl amine (XI) can be reacted with aromatic or aryl

aldehyde (XII) to form corresponding o-substituted aldoxime.

R—CH—O+ NHpO NC2

(XI) O2N (XIh)

L
R- HCZN“*O‘Q*NQB
O2N
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lbase (8)9@

(BPW@—QN@ + R—C=N
N

Nitriles can be prepared from these o-substituted aldoximes by 1,2-elimination
reaction using excess base as shown above. The development of deep yellow to red colour |

of the 2,4-dinitrophenolate ion indicates the extent of completion of the reaction.

C] Method C:
This is a one step reaction involving the use of o-N-bis(trifluoroacetyl) hydroxyl

amine (XII) as one of the reagents.

R=CH=0 + F3C—C—N H-O-"iCFa

l CBW pyridine

Reflux / room temp

(R_E:N—O_C_CFS)

R—C=N + CF3COOPYPH® in situ

The reaction conditions are very mild and directly afford the nitrile, eliminating the

'8 The yields are in the range of 70-90%. The reagent could be obtained

intermediate step
by reacting trifluoro acetic anhydride with hydroxyl amine hydrochloride in suitable
solvent. The aldoxime is unstable and hence, cannot be isolated. It instantly decomposes to

furnish the nitrile.
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Synthesis of 4-N N-domethyl amino phenyl benzonitrile:

4-N,N-dimethyl amino benzaldehyde (10gm,0.067mole) was dissolved in warm
ethanol (30ml) and stirred for 15 min. To it was added hydroxylamine hydrochloride
(5.59gm,0.0804mole) in water (20ml) and stirred for 20 min. at room temp. Sodium
hydroxide (4.13gm,0.1mole) dissolved in water (20ml) was added dropwise to this soln.
and it was stirred for 4 hrs. Ethanol was removed to half the quantity under reduced
pressure and the reaction mixture was dumped on cru;shed ice. The solid obtained after
filteration was oxime.

Aldoxime (6gm,0.036mole) was dissolved in acetic anhydride (7.5gm,6.93ml) and
refluxed for 4 hrs. using dry- conditions. It was then cooled and poured on crushed ice.

The solid was filtered and washed with cold water. It was recrystallized from methanol.

M.P.=212°-213°C Lit M.P.=215%216°C*!
Yield = 77.48%.
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Chemistry of Thioamides:

Liberman and coworkers in 1955, observed the in vivo activity of Ethionamide
(XII) against M. tuberculosis and it exhibited low toxicity. Later on therapeutically
effective agents such as substituted thiobenzamide (XIIT), salicylic acid thioamide (XIV)

were found.
SNHQ @—c NH@
. “@ i)
(X1 (XIID) (X1V)

Synthetic methods:

1] From nitriles:

Nitriles in the presence of excess of hydrogen sulphide and a catalyst base yield
thiocarboxide! '

Water soluble sulphides or polysulphides can be used instead of hydrogen
sulphide'®

The reaction occurs as follows-

- &
R—C=N R-@ o *B , p_ AN
HoS| 6eB™
NH NH
F%*—C/\ 2 r—c?
S \sH
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Catalysts used include ammonia, aliphatic amine, pyridine, alkoxide, potassium
hydrogen sulphide'*>'®etc. Fairfull et.al.'®* obtained very good yields by addition of H,S
to nitrile in presence of pyridine and triethylamine.

Aliphatic nitriles need elevate temperature and pressure'®’.

Kindler'®? and Hanford'®® extended the method by addition of primary amine.

H NHR'
R—C=N + R—NHo—> R—C//N H2S R—C/\
\NHR Ns

+ NH4SH

Reactions of nitriles with thioacetamide (XV) appeared more frequently in

literature than with H,S"¢7'%®

R=C=N + CHB—é—NHQ

R—?—Sw ﬁ—CHa

li

/NH2
R—C + CH3CN
\g *CH

(XV)

(XVI)

Removal of acetonitrile leads to the formation of thiocarboxamide (XVI) and thus

is important for preparation of thiocarboxamide from o-cyanobenzaldoximes (X VII).
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Gen ﬁ —— ﬁ—i“‘NHg
NOH  C8TCTNHe NOH

(XVI) (XVIII)
+ CHaCN

If the nitrile contains hydroxyl group, it must be protected by acylation'™'”" The
keto group such as that in (XIX) if present is readily concerted to thioxo in acidic

solution'”".

R—COCHp—CONHR' + HoS ~—~—> R—C—NHz—CONHR'+ H20
(XIX)

Mayer er.al. explained the base-catalyzed conversion of ketone to thiones'”.
Recently Casser et.al.'” introduced aqueous sodium sulphide as a phase transfer catalyst

in the general procedure to get high yields of thioamide.

This system consists of three phases such as aqueous, organic and H,S gas.

2] From amides:
Replacement of oxygen of carboxamide by sulphur is mostly used to obtain N-
monosubstituted and N-disubstituted compounds in presence of P,Ss'™. Potassium

thiophosphate alongwith P,Ss enhances the yield further'”.
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57 RTC—NH2 +P2S5 — > 5 R C—NHo + P205

Solvents such as benzene, xylene, toluene, tetrahydrofuran, dioxane, diethylene

glycol and diethyl ether'’®'”

are commonly used and these should be dry and inert in
order to avoid undesirable side reactions and to reduce time.

Reactions in pyridine give pure thioamide in higher yields'**'*'. Reactions of liquid
amides are carried out in an excess of amide as solvent'*>'* Thermally unstable amides

are not suitable for this reaction. Hydroxyl group must be protected by acylation before

sulphurization'**'®.

3] From isothiocyanates:

Sachs and Loevy'®® described the reaction of isothiocyanates with Grignarld’s

reagent and subsequent hydrolysis under mild conditions to lead thiocarboxamide.

Ho0
RMgX + R'NCS—> Rc(NR)SMg—=—>RCSNHR"+MgOHX

4] Single step synthesis of aromatic thioamides:

a)From ethoxy carbonyl isothiocyanate:

Ethoxy carbonyl isothiocyanate'®'reacts with aromatic compounds in the presence
of anhydrous AICl; (Fridel-Craft isothiocyanation). However, depending upon the

conditions, it either yields the N-ethoxy carboxy thioamide or thioamide itself.

AlCI Ar— C— NHCOOEt

+SCN-
ArH + SCN—COOEt - T3

Ar——i— NH2

For thioamide to be a major product, the molar ratio of AlCl; to isothiocyanate

should be 2:1. Thioamide takes a long period to form.
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Reactions at a low temperature lead to N-ethoxy carbonyl thioamide.

B)Thioamides can also be prepared by heating anise (0.01N) or veratrol at 60°C in the
presence of polyphosphoric acid or 80% H,SO, with potassium thiocyanate (0.01N)'*®

H3C KScN  18C
o
‘PDA\ 80% I“QSOLL ﬁ__ NH2
, S

50%yield in PPA can be increased by 5-10% with 80%H,S0,.

Solution of aromatic nitrile (6gm,0.0582 mole) in pyridine ( 30 ml) was taken in a
three necked round bottom flask. Dry gaseous H,S was bubbled through the reaction
mixture containing triethylamine (4ml) as catalyst. H,S was generated by the action of

conc.HCI on ferrous sulphide. The reaction took 8-12 hours to complete, with yields of
70-80% at alkaline pH.

@ HoS /pyridine ©
c=N TEA — NHp

S

M.P. =116"C Lit. MP. = 116°-118°C**!

Yield=78%.
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Chemistry of Thiazoles:

The thiazole heterocycle (XX) was first delineated by Hantzch and Weber'®.
Further, they have described it as ‘the pyroline of the thiophene series’.

M

(XX)

The thiazole moiety exists in two different configurations as (XX) and (XXI).

- )

(XX) (XXD)

The high reactivity of the thiazole molecule is due to the group attached to the
carbon between sulphur and nitrogen.

Large number of thiazoles occur naturally. They include Vitamin B (thiamine),
Penicillin etc. Their origin has often been related to that of a peptide chain at cysteine

residue with formation of a thiazole.

General methods for synthesis:

1] Synthesis of 2-substituted amino thiazoles:

The cyclization of N-monosubstituted thiourea (XXII) with halocarbonyl
compound gives 2-monosubstituted (XXIII) thiazole'*'*?,

R1-?=O . S=$—NHR R}\F{\I
CHaX NHp2 S/LNHR

(XXII) (XXIII)
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2] 2,4-disubstituted thiazoles:

These were prepared in 1950 by Erylenmeyer et. al'” from thiobenzamide
(XXIV) and bromoacetophenone (XXV) in alcohol as a solvent which yielded 50-80% of
thiazole (XXVI).

0
ﬁ I R
R—C—NHo + R—C—CHoBr — || |

(XXIV) (XXV) (XXVI)

-

Mechanism:

The first step involves formation of an acyclic intermediate by nucleophilic attack
of the S-atom by one of its lone pair of electrons on the halogen carrying C-atom to form
C-S-C bond.

In step IIthe lone electron pair of N-atom attacks the carbon carrying the carbonyl
function, giving rise to a new cyclic intermediate that reacts with acid leading to the

thiazole molecule'®*'.

N
Ro—C=0 + Q‘C— Rt —> Ro— (G0 H
| A ! | |

H—CQ B — —
j}—\_r/s R E\S/C R1
H® R@,—~

19, H
S/W\FH H SJ\R1
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Svnthesis of 3(2-alkyl/ aryl-4-substituted)-6-chloro-cinnoline-4-one:

3-Bromoacetyl-6-chloro cinnoline 4-one ( 2 gm, 0.066 mole) and thiobenzamide
( 1.49 gm,0.099 mole) were dissolved separately in ethyl alcohol and then mixed. This
mixture was then refluxed for 48-50 hours to yield a thiazole with a characteristic odour.
Alcohol was then removed under reduced pressure and the product was recrystallized
using methanol as the solvent.
MP= 110°C
Yield= 70.66%

Other svnthetic methods for thiazole:

1]a-amino nitrile (XXVII) reacts with dithioformic acid (XXVIII) at room temperature

to give an intermediate which cyclizes to yield 5-amino thiazole derivative'”®.

H H
l |
R-—|c-— NH2 HCSSH——> R—CG— % — 1 QJJ

4

(XXVID) (XXVIII)

if
o

2]Potassium thiocyanate reacts with halocarbonyl compound (XXIX) to give 2-amino
197

thiazole hydrochloride ™.
R— C=0 R—GC=0
| +kseN —> | —
HoC—X HoC— SCN NH2, HCI
(XXIX)

3]4-Methyl thiazole (XXX) on heating with sodamide for 15 hours at 150°C vyields 2-

amino-4-methyl thiazole'”.

89



H
3C NaNH2 H3 I
: J 1500C EJ\NHZ

(XXX)

4]Reaction of substituted thiourea (XXXI) with ketone in the presence of N-

bromosuccinimide furnishes 2-aminothiazole derivative'”®

—Br
L |

(XXXT)

5]1-chloro 1,2 epoxide (XXXII) when condensed with thioamide leads to 2,4,5-

trisubstituted thiazole?.

6]0xazole (XXXIIT) when heated with P,S;s gives a thiazole®'.

B
R3 O Og2 sensitizer R5 NS

(XXXIII)
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7]Enolized ketone (XXXIV) reacts with thioamide or substituted thioamide in acetonitrile

in the presence of thallium p-tolyl sulphonate (TTS) to give 2,4,6-trisubstituted thiazole®”.

W"HQ
HaR' TSO—?HR' R]_\—
i 1o ORI G- nie S () O

R—C—0O

(XXXIV)
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Schematic representation
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Schematic representation of the compounds synthesised:

Scheme I: Synthesis of 3(2-alkyl/ aryl,4-substituted thiazolo)-6-chloro-cinnoline-4-

ones.

Step I: Synthesis of ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate(l):

C NaNOp/HCI _ © |
ethyl acetoacetate 4 COOC2H5
H2 N—N=C

Sod. acetate ,
00 Cto-H ¢ H \COCHS
1)
___/

Step II: Synthesis of 3-acetyl-6-chloro-cinnoline-4-one(Il):

CU
¢ OCH
: COOC2H5 a0 3
n—n=o A%
COCHg chirobenzene |
H
11
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Step 111: Synthesis of 3-bromoacetyl-6-chloro-cinnoline-4-one(1ll):

C COCH3 Cl OCHoBr
Bro / light
AcOH
m L
(1)

Scheme II: Synthesis of nitriles:

1) Synthesis of 4-amino benzonitrile(VI):

H2Br HoBr-N4(CHp)g
(CH2)gNg  + —_—
CN CN
ethanol
Ho NHo2 Ho NHo . HCI

lig. ammonia
-

CN CN

VD) )
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11) Synthesis of N N-dimethyl amino benzonitrile(IX):

HO ' H= N— OH
NHoNH2 . HC
L.
N
AN AN
H3 CH3 H3aC CHg3
VII) (VIII)
(CH3CO)0
=N
H3aC CH3a
1X)

Scheme III: Synthesis of thioamides (XI):

R R
pyridine/HpS
triethyl amine
CN c
7\
S NH2
(X) (XI)
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Scheme IV: Synthesis of thiazoles (XII):

Cl OCHgBr

alcohol

J

(1) (Xl)

(X11)

R = phenyl, benzyl, pyridyl, aminomethy! phenyl etc.

Scheme V: Synthesis of 3(2-alkyl/ aryl.4-substituted thiazolo)-6-fluoro-cinnoline-

4-ones:

Step I: Synthesis of ethyl 2(- 4-fluorophenyl hydrazono) -3-oszbuvrate (X111):

NaNOp/HCI F
ethyl acetoacetate N COOCoH5
H2  Sod. acetate N—N=C N
00Cto-0¢ H COCHg
o

96



Step I1: Synthesis of 3-acetyl-6-fluoro-cinnoline-4-ones(XI1X):

F OCH

H C\COCI-k; mono
chlrobenzene ‘

H
(X1V)

Step I1I: Synthesis of 3-bromoacetyl-6-fluoro-cinnoline-4-ones(XV):

0
OCHz F OCHpBr
Bra /light
AcOH
| |

XV)

Step IV: Synthesis of thiazoles(XVI):

R
COCHBr
| alcohol _
-+
/N

S NH2
(XV) XD

l
H
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I\Il R
H
Xvi)

R = alkyl /aryl/ substituted aryl etc.

SchemeVI: Synthesis of intermediate for Letrozole:

Step I: Synthesis of formyl thiosemicarbazide(XVIII):

NHoNHCSNHp + HCOOH —> HCONHNHCSNH
+ H20

Xvil) (XVIII)

Step II: Cyclisation to 1.2, 4-triazole-3(5)-thiol(XIX):

HCONHNHCSN NaOB .
! ]Ii
™ SH

H
(XIX)

Step I11: Synthesis of 1H-1,2, 4-triazole(XX):

” “‘l HNO3
SH

Z/\Zvl

98



Step IV: Synthesis of 4(1H-1,2 4-triazolyl methyl) benzonitrile(XXI):

HoBr N N
hloroform l
“\ + _,_S_L_,, CHo
rlq/N acetonitrile
H CN
CN
(XX1)
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Experimental
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Part -9: Syuthesis of 3 [2-albyllaryt, 4-
subotituted thiagolo]-6-chlone  cinnoline- 4 -

ouned.
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Part -I: Synthesis of 3[2-alkyl/aryl,4-substituted thiazolo]-6-chloro cinnoline-4-ones:

Synthesis of ethyl 2(4-chlorophenyl hydrazono)-3-oxobutyrate:

To 4-chloro aniline (50gm,0.39mole) dissolved in a mixture of conc. HCI (15ml),

water (15ml) and cooled at 0° to -5°C in an ice bath, a cold solution of sodium nitrite

(40.02gm,0.58mole) was added with stirring. The diazonium salt was filtered into a cooled

solution of ethyl acetoacetate (50.78gm,0.39mole) in ethanol (60ml) and sodium acetate

(640gm,7.8mole) in water (700ml). The solid was collected and recrystallised from

methanol.

M.P.=94°C.
Yield =32.66gm,65.32%

Elemental analysis:

Calculated Found

C 53.63 % 54.03 %
4.84 % 516 %

N 10.42 % 10.73 %

Synthesis of 3-acetyl-6-chloro cinnoline-4-one:

Lit. M.P.=94°C

To ethyl-2(4-chlorophenyl hydrazono)-3-oxybutyrate (30gm,0.112mole) was
added anhydrous AICl; (29.83gm,0.223mole). Chlorobenzene (360ml) was added in order

to dissolve the solids and then refluxed for 12 hours. The mixture was cooled and dilute

HCI (200ml) was added to it. It was then heated on a water bath. It was cooled, filtered

and washed twice with dil. NaOH soln. and ﬁ]tered. The product was recrystallised from

methanol:

M.P.=197°C
Yield =19.05gm,63.5%
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Elemental analysis

Calculated Found
C 53.93 % 53.85%
H 3.14% 339%
N 12.58 % 12.44 %

Synthesis of 3-bromoacetyl-6-chloro cinnoline-4-one:

3-acetyl-6-chloro-cinnoline-4-one (25gm,0.112mole) was dissolved in chloroform
(40ml). Bromine (13.48gm,0.16mole) dissolved in 15ml of chloroform was added
-dropwise with stirring in the presence of light. The mixture was stirred at 70°-75°C for 10
hrs. Dry air was passed through the solution and then the mixture was dumped on ice cold

water. The solid was filtered and dried. It was recrystallized from methanol.

MP=115°C
Yield = 15.97gm,63.91%
Elemental analysis:

Calculated Found
C 39.86 % 40.04 %
H 1.99 % 228 %
N 9.28 % 9.58 %
Synthesis of nitriles:

1]Synthesis of 4-amino methyl benzonitrile HCl.fDelenine reaction]:

Hexamine (12.5gm,0.0892 mole) was dissolved in 25ml of chloroform. To it was
added 4-cyanobenzyl Biomitde (15gm,0.0765 mole) and the mixture was stirred for 6 hrs,

to get a solid adduct. It was then filtered, washed with chloroform and dried.
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To this adduct a 1:1 mixture of ethanol (20ml) and conc.HCI (20ml) was added
and refluxed for 3 hrs. And cooled. Needles of amine HCI, obtained were filtered and
dried.

M.P.=220°C Lit MP.= 222°C
Yield = 82.5%

2]}4-N,N-dimethyl amino benzonitrile: |
Step-I. Synthesis of aldoxime of N.N-dimethyl amino benzaldehyde-

4-N,N-dimethyl amino benzaldehyde (10gm,0.067mole) was dissolved in warm
ethanol (30ml) and stirred for 15 min. To it was added hydroxylamine hydrochloride
(5.59gm,0.0804mole) in water (20ml) and stirred for 20 min. at room temparature.
Sodium hydroxide (4.13gm,0.1mole) dissolved in water (20ml) was added to this solution
drqf;wise. It was stirred for 4 hrs. Ethanol was removed under reduced pressure to half the
qu;i_ltity and the reaction mixture was dumped on ice. The solid obtained filtered was
oleﬁe.
Step-II: Synthesis of 4-N,N-dimethyl amino benzonitrile:

Aldoxime (6gm,0.036mole) was dissolved in acetic anhydride (7.5gm,6.93ml) and

refluxed for 4 hrs. under dry conditions. It was then cooled and poured on crushed ice.

The solid was filtered and washed with cold water and recrystallized from methanol.

M.P.=212%213°C Lit M.P.=215%216°C%*®
Yield = 77.48%.
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Synthesis of thioamides:
1]Thiobenzamide:

Benzonitrile (6gm,0.0582mole) was dissolved in pyridine (30ml) in a three necked
round bottom flask. Triethylamine (4ml) was added to it and placed in an ice bath. H,S gas
was bubbled through this solution continuously for 10 hrs. Then the reaction mixture was
poured on ice bath and the solid was filtered. It was then recrystallised from benzene.

H,S gas was generated by action of conc. HCI on ferrous sulfide.

MP.=116"C Lit M.P=116"-118°C*!
Yield = 78%

2]4-pyridyl thioamide:

4-cyanopyridine (6gm,0.0576mole) was dissolved in pyridine (20ml) and
triethylamine (4ml) was added to it. It was then placed in an ice bath and H,S gas was
bubbled through the solution for 8 hrs. Then the reaction mixture was poured on ice and

solid was collected. It was recrystallized from benzene.

M.P.=202°-205°C Lit M.P.=203%205°C*®
Yield = 73%.
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Substituted Thioamides:

I

R—C— Nk

R = alkyl/aryl/substituted aryl etc

Sr.No | Substitution MP’C  [MP°C | Yield |Reference
| (obtained) (reported) | %

1. Methyl 112-114 113-115 74 221
2. Phenyl 116 116 82 223
3. Benzyl 98 97 89 223
4. Amio methyl phenyl HCI | 222 222 74 -

5. 4-pyridyl 202-205 | 203-204 69 222
6. 2-Amino-5-nitro phenyl 164 165-166 77 224
7. N,N-dimethyl amino | 215-217 | 215-216 80 225

phenyl

8. 4-Amino phenyl 185-186 182 83 226
9. 4-Chloro phenyl anilino 204-205 | 201-201.5 |77 227
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Synthesis of thiazoles:
1]2-benzyl-4[(6-chloro.3-substituted) cinnoline-4-one] thiazole. HBr:

3-bromoacetyl-6-chloro cinnoline-4-one (2gm,0.0066mole) and benzyl thioamide
(1.49 gm,0.0099mole) were dissolved separately, each in 20ml of ethanol. Then both the
solutions were mixed and refluxed for 20hrs. Alcohol was removed under reduced
pressure. It was then recrystallized from methanol.
M.P.=110°C
Yield = 70.66%

Elemental analysis:

Calculated Found
C 61.10 % 61.42 %
339% | 364%
N 11.88 % 12.08 %

2]Synthesis _of 2[(4-aminomethyl phenyl). 4(3-substituted.6-chloro cinnoline-4-one]

thiazole HBr.

3-Bromoacetyl-6¢hloro  cinnoline-4-one (1.5gm,0.0049mole) was dissolved in

15ml of benzene. 4-Aminomethyl benzothioamide (0.82gm,0.0099mole) was dissolved in
20ml of benzene. Both the reactants were mixed and refluxed for 22hrs. Benzene was
remO\;ed and recrystallised from methanol.

M.P.=98°C

Yield = 68.29%

Elemental analysis:

Calculated Found

C 48.05 % 48.04 %
3.11% 3.19%
N 12.45 % 1233 %
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3-(2alkyl/aryl-4-substituted thiazolo)-6-chloro-cinnoline-4-ones:

Cl .
N R
!
Sr.No. | Substitution Molecular formula M.P.°C | Yield% | Elemental analysis% (obtd) | Elemental analysis%(Calc)
| C H N C H N

| 1. | amino C10HsCIN,OS . HBr 98 66 51.08 2,71 23.0 5211 2.82 22.63
2. | methyl C,HCIN;0S 111 74 38.08 2.29 11.28 39.11 241 11.61
3. | phenyl C,7H;oCIN;OS . HBr 115 79 59.0 2.7 13.0 59.18 2.94 12.57
4. | benzyl C1sH2CIN;OS HBr 110 85 61.42 3.64 12.08 61.1 3.39 11.88
5. | 4-pyridyl C16HoCIN,OS. HBr 112 68 5518 | 264 |17.04 | 5638 |264 | 16.64
6. | Amino methyl phenyl CsH;CIN,OS HBr 98 88 48.04 3.19 12.33 48.05 3.11 12.45
7. | Amino phenyl C17H,0CIN,OS.HBr 116 82 56.07 3.14 15.94 5734 |[3.10 15.79
8. | 2-Amino-5-nitro phenyl Ci1sHiCINsOS . HBr 78 91 50.76 2.38 17.41 51.06 2.50 17.52
9. | N,N-dimethylamino phenyl C1oH;sCIN,OS HBr 129 82 572 3.5 13.92 57.6 3.92 14.34
10. | 4-Chloro phenyl anilino C,7H;0C,N;OS HBr 104 63 43.95 2.87 12.9 43.5 2.34 12.22
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Spectral studies of 3[2(4-pyridyl), 4-substituted thiazolo]-6-chloro-cinnoline-4-

one.(Compound no. 5)

IR (KBr) cm™ 1676 cyclised ketone (C = O), 3234 -NH-, 1587pyridine, 1457, 1024
thiazole, 736 C-Cl.

Spectral studies of 3[2(4-amino phenyl), 4-substituted thiazolo]-6-chloro-cinnoline-4-

one.(Compound no. 7)
IR (KBr) cm™ 1681 (C = 0), 3301-NH-, 1600, 1417, 1018 thiazole, 830 aromatic
PMR spectral analysis of compoumd no.7

PMR (CDCl) : 86.74 (s, 2H, NH2)
8 7.11 -8.22 (s, H, NH)
(s, H, thiazole Cs - H)
(thiazole, 7H, Ar - H).
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File #1 = C-AMP Mode= 2 (Mid-IR)
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Part-77: Syathescs of 5(2-allyllaryl, &-
\oabotituted thiazolo) -6 - fluone cinnoline-4-

ouned.’
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Part-II: Synthesis of 3(2-alkyl/aryl,4-substituted thiazolo)-6-fluoro cinnoline-4-ones:

1]Synthesis of ethyl-2-[4-fluorophenyl hydrazono)-3-oxybutyrate:

To 4-fluoro aniline (50gm,42.62ml,0.45mole), a mixture of conc.HCI (17ml) and
water (17ml) was added. This was then kept in an ice bath and the temparature was
maintained at 0° to -5°C. A cold aqueous solution of sodium nitrite (62.1gm,0.9mole) was
added to form the diazonium salt. The salt was then filtered into a cooled solution of ethyl
acetoacetate (58.56gm,57.41ml,0.45mole) in ethanol (60ml) and a large excess of sodium

acetate was added. The solid was filtered and recrystallised from methanol.

MP.=170°C Lit M.P.=172°C
Yield =35.16gm,70.32%

Elemental analysis:

Calculated Found
C 57.14 % 57.48 %
H 3.15% 3.48%
N 11.11 % 10.76 %

2]Synthesis of 3-acetyl-6-fluoro cinnoline-4-one:

To ethyl-2 (4-fluorophenyl hydrazono)-3-oxybutyrate (32gm,0.1333mole)
dissolved in monochlorobenzene (350ml) was added. AICl; (35.59gm,0.266mole) was
added to it and dissolved. The mixture was then refluxed for 14 hrs. It was cooled and
dilL. HCl (250ml) was added. The solid obtained was then filtered and washed with
dil. NaOH soln. It was recrystallised from methanol.

M.P = 158°C
Yield =20.24gm,63.28%
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Elemental analysis:

Calculated Found
C 58.25% 58.68 %
H 339% 3.59%
N 13.59 % 13.18 %

31Svynthesis of 3-bromoacetyl-6-fluoro cinnoline-4-one:

3-acetyl-6-fluoro cinnoline-4-one (20gm,0.097mole) was dissolved in chloroform
(300ml). Bromine (9.6gm, 0.12mole) was dissolved in CHCl; (40ml) was added to it at
temparature 60°C. The mixture was then stirred in the presence of light for 10 hrs. Dry air
was passed through the solution and then it was dumped on ice. The solid was filtered and

recrystallised from methanol.

M.P.= 89°C
Yield = 15.2gm,76.0%

Elemental analysis:

Calculated Found'
C 42.10% 42.45 %
H 2.10% 242 %
N 9.82 % 9.58 %

Synthesis of thiazoles:

6-fluoro-3-substituted) cinnoline-4-one] thiazole:

3-bromoacetyl-6-fluoro cinnoline-4-one (2gm,0.0071mole) and thiobenzamide
(1.44 gm,0.0105mole) were dissolved separately in alcohol (each in 20ml) and mixed.
Then this mixture was refluxed for 19 hrs. Alcohol was removed under reduced pressure

and the solid was recrystallised from methanol.
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M.P.=183°C
Yield = 83.39 %

Elemental analysis:

Calculated Found
C 50.49 % 50.40 %
H 272 % 271 %
N 10.39 % 9.96 %

2] Synthesis of 2(5

thiazole:

-nitro-2-amino _phenyl

3-bromoacetyl-6-fluoro cinnoline-4-one (2gm.0.0071mole) was dissolved in 20ml

of ethanol. 5-nitro-2-amino phenyl thioamide ( 2.098 gm,0.0106 mole)was dissolved in

30ml of ethanol.

Both the reactants were mixed and refluxed for 20 hrs. Alcohol was then removed

and the solid was recrystallised from methanol.

M.P.=205C .
Yield = 78.78 %

Elemental analysis:

Calculated Found

C 43.99 % 44.04 %
237 % 2.42%
N 15.08 % 15.35%
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3-2(alkyl/aryl,-4-substituted thiazolo)-6-fluoro-cinnoline-4-ones:

0
F -
N R
!
Sr.No. | Substitution Molecular formula M.P.C Yield % | Elemental analysis%(obtd) | Elemental analysis%(Calc)

| | C H N C H N
1. | amino C1;H7;FN,OS . HBr 98 62 39.56 2.43 17.1 39.48— 233 | 16.82
2. | methyl C 1 HgFN;OS 207-209 75 53.7 3.17 16.6 54.17 317 | 16.49
3. | phenyl C17HoFN;OS . HBr 183 81 5040 271 | 9.96 5049 | 2. 1039
4. | benzyl CisH12,FN;OS HBr 87 89 4872 262 |9.28 49.07 | 2.74 | 9.65
5. | 4-pyridyl C1sHoFN4OS HBr 117 64 49.11 0.34 14.66 48.60 | 0.24 | 13.82
6. | Amino methyl phenyl C,sH3FN,OS HBr 90-93 64 50.72 3.34 12.68 49.88 323 | 1293
7. | Amino phenyl C7H; ) FN4OS . HBr 133 80 60.95 3.29 |17.06 60.35 3.25 | 16.56
8. | 2-Amino-5-nitro phenyl C17H10FNsOsS . HBr . 205 77 44.04 242 |1535 4399 | 237 | 15.08
9. | N,N-dimethylamino phenyl C19HsFN,OS HBr 157-161 68 52.89 329 |12.08 53.19 | 3.58 | 12,52
10. | 4-Chloro phenyl anilino Cy7H;0 CIFN,OS .HBr 124-126 71 45.27 274 |13.03 4498 | 242 | 12.74
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Spectral studies of 3[2(phenyl), 4-substituted thiazolo]-6-fluoro-cinnoline-4-

one.(Compound no. 3)

IR (KBr) cm™ 1685 cyclised ketone (C=0), 3229 -NH-, 1479, 1019 thiazole, 1361,
1323 C-F

Spectral studies of 3[2(2-nitro, 5-amino phenyl), 4-substituted thiazolo]-6-fluoro-

cinnoline-4-one.(Compound no. 3).

IR (KBr) cm™ 1650 cyclised ketone (C = O), 3240-NH-, 3334,  primary amine - NH,,
1500, 1321 - NO,, 1606, 1569,1024 thiazole, 1262, 1149 C - F.

PMR spectral analysis of compoumd no.3

PMR (CDCl) : & 6.38 (s, 2H, - NH;)
6.84 (s, H, - NH)
0.88 (s, H, thiazole Cs -H)
811-8.27 (thiazole, 6H, Ar -H).
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File # 1 = F-AN1 Mode= 2 (Mid-IR) 1/4/80 12:14 PM
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Dart -999: Syuthesis of 1,2,4-

triayolyl- methyl bengonitnile as axn
cutermediate for Letrogole:
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Part -III: Synthesis of 1,2,4-triazolyl-methyl benzonitrile as an intermediate for
Letrozole:

Step-1: Synthesis of 1-formyl-3-thiosemicarbazide:

90% formic acid (25.97 ml, 0.689mole) was taken in a round bottom flask and
heated for 15 min. To it was added thiosemicarbazide (12 gm,0.13 mole) and dissolved. It
was heated for 30 min. and cooled. To this mixture 100 ml of boiling water was added.
This milky solution was then filtered cooled on an ice bath for 2 hours and filtered to get

1-formyl-3-thiosemicarbazide.

M.P.=175%177°C Lit M.P.=177%-178°C?"
Yield = 72.28%

Step-I1: Synthesis of 1-H.1.2.4-triaozole-3(5)-thiol:

A solution of 1-formyl-3-thiosemicarbazide (10gm,0.0952 mole) and sodium
hydroxide (3.80 gm,0.0952 mole) in water (120ml) was heated for 1 hour. Then it was
cooled on an ice bath for 30 min. Conc. HCI (50 ml) was added with stirring. Then the
reaction mixture was cooled in an ice bath for 2hrs. and filtered to get crud 1-H,1,2,4-

triazole-3(5)-thiol. It was then dissolved in boiling water, filtered and cooled on ice.

M P.=222°224°C Lit. M.P.=220°-222°C?"
Yield =66%

Step-I11: Synthesis of 1-H.1.2 4-triazole:

A mixture of water (11ml), conc. nitric acid ( 22 ml) and sodium nitrite (0.014
gm) was taken in a three necked flask and stirred at 45-50°C. To it a small portion of 1-
H, 1,2, 4-triazole-3-(5)-thiol was added. Brown fumes of NO, were observed which
evolved during oxidation. 1H,1,2,4-triazole-3(5)-thiol (7gm,0.0693 mole) was added in
small portions over 30 min. During the addition, the temparature was maintained between
45-50°C with occasional cooling in a water bath. Then the water bath was removed and

the mixture was stirred for 2 hrs. until the reaction mixture comes to room temparature
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Then it was neutralised with liquid ammonia and the solvent was removed under reduced

pressure. Solid was extracted in ethyl acetate. The solvent was removed to get crude 1-

H,1,2,4-triazole. It was then recrystallised from ethanol.

M.P.=121°-123°C
Yield =52.08%

Elemental analysis:

Lit M.P.=119%-120°C**

Calculated Found
C 34,78 % 34.46 %
H 4.34 % 4.61 %
N 60.86 % 60.76 %

Step-I'V: Synthesis of 1.2.4-triazolyl methyl benzonitrile:

4-cyano benzyl bromide (6 gm,0.0306 mole) was dissolved in a mixture of

chloroform (20ml) and acetonitrile (4ml). 1H-1,2,4-triazole (9.27 gm,0.1344 mole) was

dissolved in a mixture of CHCl; (160 m!) and acetonitrile (32ml) and added to the 4-cyano

benzyl bromide solution with stirring. Then it was refluxed for 12 hours and it was

neutralized with 3% sodium bicarbonate solution. The organic content was then extracted

in chloroform and the solvent was reduced to half the quantity. It was then passed through

silica gel column in order to separate the product. The system used was CHCls-

isopropanol (9:1). It was then recrystalliaed from methanol.

M.P.=77°-79°C
Yield =57.58%

Elemental analysis:

Lit M.P.=77°-79°C**®

Calculated Found
C 65.21 % 65.51 %
H 434 % 4.70 %
N 30.43 % 3035 %
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Spectral studies of 1H, 1,2,4- triazole.

IR (KBr) cm™ 3120 N - H, 980 1,24 - triazole.

Spectral studies of 4-(1,2,4- triazolyl methyl) benzonitrile.

IR (KBr) cm™ 3103 N - H, 961 1,2,4 - triazole, 2229 nitrile, 1010 1,4- disubstituted

aromatic ring,

PMR spectral analysis of 4-(1,2,4- triazolyl methyl) benzonitrile.

PMR (CDCl3) : d 5.42 (s, 2H, -CH,-)
7.30 - 7.38 (8, 2H, Ar-H / ortho to nitrile)
7.65-7.73 (5, 2H, Ar-H / ortho to -CH,-)
8.0 (s, H, triazole-H)
8.15 (s,H, triazole-H)



File #1 = TRZ-S
Sampie Description: trz-s

|Scans= 10 Slow Res=4 cm-1

Mode= 2 (Mid-IR)

Apod= Cosine

10/8/99 10:43 AM

Zero Filling= 1 x

70+

50+

30

9e'8ct

N

212086

T
4000 3000

Transmittance / Wavenumber (cm-1)

T
2000

|
1000




-
t

File # 1'= I-BN ' ' Mode= 2 (Mid-IR) 12/14/99 5:22 PM

Sample Description: i-bn

Scans= 10 Slow Res=16 cm-1 Apod= Cosine Zero Filling= 1 x
1
L
2 CH2
/ —
[\*]
N ~J
B &
CN o
& 5
14 o &
w
3
0_
f [ I T
4000 3000 2000 1000

Arbitrary SB / Wavenumber {¢cm-1)



uQ-I

ERCEL

€1909 o5
2,5380 300 usy

wa g0 Ny

LHIWIH3dX3

W THETEES T S WOl HETREGE WM

Tasn 30U PO S04

000 ®Pgsn o MOT 0 a1

T

wuaspy |2 B AT ]
5
S
3 wooe tuy won
a
2 @ge g '} apop
 pEEATOT N o HETTYYE R0 T TH T TR

114N0230

—pnE T ey
- —
LR T TA SR

2NHEFEEEE M

JAHISED

SHINID HOILY LNIWNLLSTH UILVIILLSIHAOS TYNOID3Y

G0 000 IVEWNIN LI




Biological Screening and

Conclusions
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Biological Screening and Conclusions:

All the compounds synthesized in the present work were subjected to antimicrobial

screening programs.

The various screening programs carried out include the in vitro study of against Gram
positive Staphylococcus aureus ATCC 3750 and Gram negative Salmonella typhi NCTC
786 and in vitro study of activity against Hy; Rv strain of Mycobacterium tuberculosis.
Also, in vitro study against fungal strains such as Candida albicans, Trichophyton

mentagrophytes and Trichophyton rubrum was carried out.

Drug Stock Solution :

The test compound (10mg ) was dissolved in a suitable solvent ( 10ml ) such as DMF,
ethanol, dil HCL as the case may be, so as to prepare a stock solutions of 1000pg/mg.
From this solution , the drug concentration viz. 200, 100, 40 and 20 pg/ml were made.
For lower dilutions the stock solution was diluted to prepare concentrations such as 20,

10,5,2 pg/ml.

Controls:

1. Media Control: Sterilized medium was kept as a control so as to assure sterility of the
medium. If this control shows growth, it shows that the medium is not properly sterilized

and hence in that case results are not valid.

2. Culture Control: It contains sterilised medium and culture of the organism. It should
show growth in the medium which assures optimum pH and sufficient nutrients to
promote growth . If no growth is observed , then the medium is considered to be faulty

and results are not reliable.
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3. Solvent Control: It contains sterilized medium solvent used to dissolve the drug and the
suspended culture in it. Organism should show growth in the quality of solvent used to
prepare dry stock solution . If the growth is not observed it can be concluded that the

solvent inhibits the growth of organisms and the results are not valid.

4. Turbidity Control: It contains medium and drug stock solution. The turbidity is
observed against the growth in different drug dilutions. It assures reliability against

misinterpretation between growth and turbidity due to the drug.

5. Standard Control: It contains medium, organism culture and dilution of similar order of
standard drug corresponding to that of the drugs under test. The inhibition of growth was

observed against that in standard.

Antibacterial screening:

The test compounds have been subjected to in vitro screening against gram positive
S. aureus and gram negative S.#yphi using tube dilution technique.

Meuller Hinton broth was used as a culture medium. Sterilized medium was
dispensed in each borosilicate glass test tube (150+20mm). The drug solution was added
in order to attain final drug concentrations as 200,]00,40,20,10,5,2,i pg/ml etc.

Innoculum of standard suspension, (0.1ml of the test organism strain which contains
10° bacilli/ml) was added. The tubes were incubated at 37°C for 48 hours and then
examined for the presence or absence of growth of the organism. The lowest
concentration which showed no visible growth was taken as an end point (MIC).
Ampicillin  (MIC=0.01pg/ml against gram positive S.aureus) and Trimethoprim
(MIC=1pg/ml against gram negative S.#yphi) were used as the standard drugs.

Antitubercular Screening:
The test compounds were subjected to in vitro screening by tube dilution method
employing the human virulent H3/Rv strain of Mycobacterium tuberculosis.

Kirchner’s medium containing Tween 80 as described by Rake et.al.®® was used.
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The sterile medium was dispensed in each borosilicate test tube to attain final
dilutions as 200,100,40,20,10,5,2,1,0.5 pg/ml. Innoculum of standard suspension, i.e.0. 1ml
of Hi;Rv strain of M. tuberculosis containing 10° bacilli/ml, was added. 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. Isoniazide (I\HC=0:04ug/m]) was used as a standard.

Antifungal Screening:
The organisms employed for test were Candida albicans, Trichophyton
mentagrophytes and Trichophyton rubrum.

Scraufataller’s medium was employed for growth and the pH of the medium was
adjusted to 5.2. The sterile medium was dispensed in each borosilicate test tube. The drug
solution was added in order to get final drug concentrations of 200,100,40,20, 10, 5,2 etc.
ug/ml ete.

The tubes were incubated at room temperature (28-30°C) in a dark place. Candida
albicans was incubated for 7 days while Imentagrophytes and T.rubrum were incubated
for 14 days. The presence or absence of growth was observed visually. The lowest conc.
which showed no visible growth was taken as an end point.

Miconazole (MIC=6.25ug/ml against C.albicans, and 1.56pg/ml  against

I mentagrophytes and T rubrum) was used as a standard.
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Results and conclusion:

Table I: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-chloro cinnoline-4-ones:

’ Y
WI R
H
Sr.No Substitution Antibactenial activity in pug/ml
R) Hi;Rv strain of | S.aureus S.typhi
M tuberculosis
1. methyl 100 100 100
2. phenyl 100 40 10
3. benzyl 40 4 4
4, Pyridyl 40 10 10
5. ~ Amino 100 100 10
6. Amino phenyl 100 4 10
7. Amino methhyl phenyl 40 4 100
8. 2-Amino-5-nitro phenyl 100 10 100
9. N,N-dimethyl amino phenyl 40 100 4
10. 4-Chloro phenyl anilino 100 100 100
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Table II: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-chloro-cinnoline-4-ones:

C _
N R
!
Sr.No Substitution Antifungal activity in pg/ml.
®R) C.albicans | T.mentagrophytes T.rubrum
1. methyl N.A. N.A. N.A.
2. phenyl N.A 100 N.A.
3. benzyl N.A 100 200
4. Pyridyl 200 100 N.A.
5. Amino N.A. N.A. 40
6. Amino phenyl N.A. 40 100
7. Amino methyl phenyl 20 40 40
8. 2-Amino-5-nitro phenyl N.A. N.A. 40
9. N,N-dimethyl amino phenyl 100 40 200
10. 4-Chloro phenyl anilino N.A. 40 100

where N.A. = inactive at 200 pg/ml.
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Table IL: 3(2-alkyl/ aryl, 4-substituted thiazolo)-6-fluoro-cinnoline-d-ones:

F S
N R
}
Sr.No Substitution Antibacterial activity in ug/ml
(R) Hz7Rv strain of | S.aureus S.typhi
M. tuberculosis
L. methyl 100 100 100
2. phenyl 100 100 100
3. benzyl 100 10 10
4. Pyridyl 100 10 100
5. Amino 100 10 10
6. Amino phenyl 100 10 10
7. Amino methyl phenyl 40 100 100
8. 2-Amino-5-nitro phenyl 100 40 40
9. N,N-dimethyl amino phenyl 40 100 100
10. 4-Chloro phenyl anilino 100 40 100
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Table IV: 3(2-alkyV/ aryl, 4-substituted thiazolo)-6-fluoro-cinnoline-4-ones:

Sr.No Substitution Antifungal activity in pg/ml.
(R) C.albicans | T.mentagrophyted T.rubrum

1. methyl NA. 40 100
2. phenyl N.A. 40 40
3. benzyl N.A. 200 .20
4. Pyridyl N.A. N.A. N.A.
5. Amino N.A. 40 100
6. Amino phenyl 100 40 100
7. Amino methyl phenyl N.A. 40 N.A.
8. 2-Amino-5-nitro phenyl N.A. 40 40
9. N,N-dimethyl amino phenyl N.A. 40 200

10. 4-Chloro phenyl anilino N.A. 40 100

where N.A. = not active at 200 pg/mi.
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Conclusion:

1) Out of all the ten substitutions made, 3(2-benzyl,4-substituted thiazolo)-6-chloro-
cinnoline-4-one is found to be the most active against both the organisms, Staphylococcus
- aureus and Salmonella typhi ie. 4 ug/ml. The activity was retained for the fluorinated
compound and is 10 pg/ml against both S.aureus and S. lyphi respectively.

2) Amino phenyl substituted compound have shown very good activity against S.aureus
and S.typhi i.e. 4 ug/ml and 10 pg/ml respectively, which is retained for the fluorinated
compounds as 10 pg/ml and 10 pg/ml respectively.

3) N,N-dimethyl amino phenyl and amino methyl phenyl substituted compounds have
shown good activity i.e. upto 4 ug/ml against S.aureus and S.typhi. Corresponding
fluorinated compounds have shown moderate activity.

4) Phenyl substifuted compound is moderately active ie. 40ug/ml and 10 pg/ml
respectively against .S.aureus and S.#phi. Fluorinated compound is equipotent.

5) 4-chloro anilino, methyl, 4-pyridyl substituted compounds have shown moderate
activity upto 100ug/ml in both the series.

6) In case of 5-nitro-2-amino phenyl substitution, improved antibacterial activity upto 40
ug/ml is observed for fluorinated compound than 100pg/ml of chloro analague.

7) Moderate antitubercular activity upto 40 ug/ml is observed for amino methyl phenyl,
benzyl, N,N-dimethyl amino phenyl, phenyl and 4-pyridyl substituted compounds from
both the series. It is concluded that cinnoline does not have any markable effect on
antitubercular activity of thiazole.

8) Overall markable improvement in antifungal activity is observed in case of fluoro
compounds. This may be because of the contribution of fluorine atom as many of the
standard antifungal agents are contain fluorine atom which enhances the activity. e.g.
fluconazole, flucytosine etc.

9) Against Candida albicans amino methyl phenyl compound is very active upto 20
ng/ml. Activity is moderate upto 100ug/ml and 200 pg/ml for different compounds. N, N-

dimethyl amino phenyl compound from the chlorinated series and amino phenyl compound
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from the fluorinated series are active upto 100 pg/ml. All the remaining compounds are
active at 200 pg/ml.

10) In case of Trichophyton mentagrophytes, eight of the ten fluorinated compounds have
shown gobd activity upto 40 pg/ml. Chloro compounds like N,N-dimethyl amino phenyl,
amino methyl phenyl and amino phenyl are active upto 40 pg/ml and compounds with 4-
pyridyl, phenyl, benzyl, 4-chloro anilino substitutions are moderately active upto 100
pg/ml.

11) Also, increase in activity for fluoro compounds is observed against Trichophyton
rubrum. Compound with benzyl substitution is the most active with MIC of 20 pg/ml.
Amino, 5-nitro-2-amino pheny! substituted compounds have good activity upto 40 pg/ml.
From the chlorinated series, S5-nitro-2-amino phenyl, amino methyl phenyl, amino
substituted compounds are active upto 40 pg/ml. All the remaining compounds are active

at 100 pg/ml and 200 pg/ml.
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:APPENDIX:

1. The melting points have been determined in Open capillaries in a veego VMP-1 melting
point apparatus.

2. The TLC of the 'compounds have been run of on Eastman Kodak precoated silica gel
plates of type K301 R and E.Merck precoated silica gel plates of type 60F 254.

3. The Infrared spectras were recorded on a BOMEN MB-104 Fourier Transmission Infra

Spectrometer.

4. The PMR spectras were recorded on Varian 300MHz Spectrometer using TMS as
internal reference at RSIC, IIT, Powai.
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'SYNOPSIS:

Among the severa] characteristics unique to Homo sapiens is our propensity

to treat ailments, physical and mental, with medicines From archaeological

evidence, this urge to sooth the burdens of disease is as old ag humanity’s

search for other tools. Drugs have been used to gain increased control over our

lives and to make them longer, healthier and happier.

led to the isolation and structural elucidation of medicinally active compounds
such as, alkaloids, flavones, steroids etc. from natural origin. Today, useful

drugs arise from natural  products, fermentation broth, chemical synthesis or

However, there is a constant need to develop better drugs with higher efficacy and

lower toxicity than those cur'rently in use. A successful chemotherapeutic

agent should have following properties.

1) It must exert an antimicrobial action at high dilution and in the complex

chemical environment of the body.

3)

A medicinal chemist deals with the incorporation of newly emerged

pharmacophores on an established biologically active moiety. One such genuine

effort has been made and wil] be documen'ted in the thesis

The thesis wil] consist of the two parts- Part I and Part IT and wi|] be divided into

five chapters.

PART-]

1) Introduction, Review of Literature and Plap of Work.



PART-II
i1) Synthesis of 1H-3(2-alkyl\aryl ,4-substituted thiazolo)-6-chloro-cinnoline-4-ones.
tit) Synthesis of 1H-3(2-alkyl\aryl 4-substituted thiazolo)-6-fluoro-cinnoline-4-ones.
1v) Synthesis of intermediate for Letrozole..

v) Biological screening and results.

PART-II: Chapter-ii;

Synthesis of 1H-3(2-alkyl\aryl 4-substituted thiazolo)-6-chloro-cinnoline-
4-ones.

AN

N

(M
Cinnoline(I), a member of the héterocyclic family, has been documented in

the literature for its appreciable antibacterial activity'.

0
R ' COOH
|
N
R4 N~
‘ R/R1= H, electron donor grp.
an "2
R2= C1-palkyl

1-alkyl-3-carboxy-4-cinnolones(1I) also show good antibacterial activity®.

|
N=N—ph

)
RS —OH,-—NH2 —NH



3-acetyl-phenylazo-6-substituted cinnoline-4-ones(III) have been reported

to exhibit potential antibacterial, but low antifungal activity3.

l\ X NHR!
R—

ZNNF R,R1=Alkyl / Anyt

(IV)

Similarly, 4-arylamino pyrimido(5,4-c) cinnolines*(IV) have been reported
~ to possess activity from 0.3ug/ml to 0.05pg/ml against gram positive Bacillus
cirroflagelus, from 0.21pg/ml to 0.025 pg/ml against gram positive

Staphylococcus aureus, and 3.16ug/ml against gram negative Escherichia coli.

R1,R2,R3=Alkyl / Aryl
(V)

Pyrimido (5,4-c) cinnoline-2,4(1H,3H) diones’ (V) are known to possess
moderate activity i.e. upto 100pug/ml against a number of gram positive and
Gram-negative organisms and fﬁngi like Aspergillus niger and Candida
albicans.

Relatively less work has been carried out on the cinnoline ring. Hence, we

decided to emphasize on this ring system and carry out studies on compounds



bearing a combination of cinnoline and other heterocyclic systems, in the hope
of developing a prospective antimicrobial agent.
Electron withdrawing substituents like halogens and nitro are believed to
impart stability to the ring and thereby contribute to the activity. Hence, we

selected 6-chloro-(3-haloacety!) -1H-cinnoline -4-one(VI) as our parent moiety.

Ci __COCH2Br

Thiazole:.

Thiazole moiety is well established asa biologically active moiety
especially for its antibacterial activity® Russian research workers’ showed
that amino substitution at 2-position bfthiazole ring along with alkyl/aryl

substitution at 4-position(VI1I) imparts bacteriostatic activity to the molecule.

R\CWN R\Ct_lN
L, N
R=AkylAY! R.R1=AlkyVAryl
(VID) (VIII)
Similarly, vast synthetic work carried outin our laboratory on 2.4-

disubstituted thiazoles (VII1) also revealed® that many thiazoles of such types are

active against HysRv strain of Mycobacterium tuberculosis at concentrations



ranging from Spg/ml to 0.01pg/ml.
These properties of thiazole nucleus as antitubercular agent strongly

suggest that this nucleus should be explored further in order to achieve good

anti tubercular activity.

Keeping in mind the good antibacterial activity of 2,4-disubstituted thiazole,

we decided to combine cinnoline with thiazole.

In order to obtain the thiazole, the 3-bromoacetyl-6-chloro-1H-cinnoline-
4-one was condensed with various substituted thioamides.

The final compounds in this series have the following substitutions-

0
)
r?l/N S/kR
H
(IX)

R= aminomethyiphenyl, pyridyl, benzyl etc.

All the ten compounds synthesised in this series were confirmed by

elemental and spectroscopic analysis.

Chapter-ii;

Synthesis of 1H-3(2-alkyl/aryl 4-substituted thiagolo)-6-fluoro-cinnoline-

4-ones.
Extensive work has been reported onthe advantages of organo fluorine
compounds. Fluorine atom itself has numerous advantages, like-
1) Fluorine, the second smallest atom as measured by atomic radius and
internuclear distance to carbon, would most closely resemble bioactive

hydrogen analogues with respect to steric requirements at enzyme receptor



sites.
2} Fluorine atom imparts increased oxidative and thermal stability because of
high binding energy.
3.) Fluorine atom leads to increased lipid solubility which enhances the rate
of absorption and in vivo transport.

Numerous fluorinated compounds are known e.g. Ciprofloxacin(X)

(antibacterial),Flucytosine(XI)(antifungal),Fluc]oxacillin (XII)(antibactefial),etc.

OO0
9 A

Ciprofloxacin (X)

COOH

NH2
SN
|/ko
H

Flucytosine (X1)

N

CH3

" ONH S
| | I/ CH3
I N\o) T NCooH

Flucloxacillin

(XI1)

Thus, we decided to replace chlorine at 6-position by fluorine to check its effect
on activity. The fluorinated compounds were synthesized by a similar procedure

using 4-fluoro aniline as the starting compound.



The final structure is as follows-

O
F

| C—N
RS

N~ S R

[

H

R = Alkyl/Aryl.
(XI1I)

R= alkyl /aryl/ substituted aryl

All the ten compounds synthesised in series II were confirmed by elemental and

spectroscopic analysis.

Chapter-iii;

Synthesis of intermediate for Letrozole:

NC-~ : CN

Letrozole

CGS(20267) (X1V)
Letrozole(XIV) is a relatively new drug used as an antineoplastic agent. Using a
modified nude mouse model of post-menopausal breast cancer, CGS(20267) was
shown to have a marked antitumor effect and to significantly suppress plasma

estrogen’.

Letrozole is currently undergoing phase II and phase III clinical trials for

breast cancer in U.S.A.



Pharmacological action:

Letrozole i1s a highly potent and selective non-steroidal aromatase inhibitor.
Aromatase catalyses the conversion of androgens to estrogens which leads to an
increase in plasma estrogen level . Letrozole was shown to inhibit aromatase in

peripheral tissues at concentrations of 0.5 —2.5 mg/day for 6 weeks’ .

The synthetic route of Letrozole is as follows'":

N

N/N , E _
‘ ‘
CH2 —
CN NC- Il CN
p—ﬁt&oro
CN benzonitrile

(XV)

Number of antineoplastic drugs can be synthesized using 4(1,2,4 triazolyl
methyl ) benzonitrile(XV) e g MPV-2213ad'', Letrozole etc.
The intermediate 4(1,2,4 -triazolyl methyl ) benzonitrile is prepared by

condensation of 1 H-1,2,4 —triazole(XVI) with cyanobenzyl bromide(XVI1I)'"

\ CH2Br N
| |
K _N + 7~ l dry acetone CH2
N —
L N Kl, KoCOa
CN

(XVI) (XVII) I
N



Thus, 1,2,4 -triazole 1s a key intermediate for the synthesis of Letrozole 1,24 -
triazole can be prepared by various routes'’ which are summarized as follows:
1.) By the oxidation of substituted 1,24 -tri-azoles‘

2.) By treating urazole with phosphorus pentasulfide.

3.) By heating equimolar quantities of formyl hydrazine and formamide.

4.) By removal of the amino functions of 4-—amino- 1,2 4 -triazole.

5.) By oxidation of 1,2,4 -triazole-3(5) thiol with hydrogen peroxide.

6.) By decarboxylation of 1,2,4 -triazole-3(5) carboxylic acid.

7.) By heating hydrazide salt with formamide'®.

8.) By rapid distillation of hydrazine hydrate with 2M equivalent of formamide'’.

9.) By heating N N’ diformyl hydrazine with excess ammonia in an autoclave at
200 °C for 2-4 hrs.'®.

10.) By the reaction of 1,3,5-triazine and hydrazine monohydrochloride”.

11)By oxidation:0£1,2,4 -triazole-3(5) thiol in conc. HNO;",
We’ve carried out the oxidation of 1,2,4-triazole-3(5) thiol for better yield by

applying certain modifications to the literature procedure.

MODIFICATIONS:

1.) During the work up of oxidation of 1,2,4 -triazole —3(5) thiol ,we neutralized the
reaction mixture with liquid ammonia in order to minimize the inorganic bulk.

2.) Instead of hectic and multiple extraction procedure , we extracted the triazole

in ethyl acetate and recovered the solvent upto 90%

3.) The use of large quantity of ethyl alcohol was avoided and this makes the

process cost effective.

4.) Also, use of benzene was avoided. Benzene being highly carcinogenic may cause

health hazazds to the workers, when used at industrial scale.



The triazole and the benzonitrile were subjected to elemental analysis and

spectroscopic studies for confirmation.

Chapter-v:

Biological Screening:

All the coumpounds synthesised were subjected to antibacterial, antifungal and
antitubercular screening,.

For antibacterial screening, the organisms used were Staphylococcus aureus
ATCC3750 and Salmonella typhi NCTC786. The medium used was Mueller Hinton
Broth. Standard drugs used were Trimethoprim(MIC1ug/ml) against S. typhi and
Ampicillin(MlC0.0luglmi) against S. aureus.

Six compounds have shown good antibacterial activity upto 4pg/ml while five
compounds have shown activity upto 10pg/mi.

For antifungal screening, ths organisms used were Candida albicans,
Tricophyton mentagrophytes and Tricophyton rubrum. The medium used for growth
was Scraufataller medium. Micc-nazo]e(MICl‘Séug/ml) was used as the standard
drug.

Four compounds have exhibited activity upto 100pg/ml.

For antitubercular screening. Hy;Rv strain of Micobacterium tuberculosis was
grown on Kirchner medium and the activity was compared with standard drug
Isoniazide(MICO,O4u'g/ml)A

Five compounds have showr activity upto 40pg/ml while one compound is

below 20pg/mi.
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