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Introduction




Introduction

“Medicinal Chemistry remains a challenging science which provides
profound satisfaction to its practitioners. It intrigues those of us who like to
solve problems posed by nature. It verges increasingly on biochemistry and on
all the physical, genetic and chemical riddles in animal physiology, which
bear on medicine. Medicinal chemist have a chance to participate in the
fundamentals of prevention, therapy and understanding of diseases and

thereby to contribute to a healthier and happier life.”
ALFRED BURGER'

Pasteur and Joubert were among the first to recognize the potential of
microbial products as therapeutic agents. In 1877, they published their observations
that common microorganisms could inhibit growth of anthrax bacilli in urine. The
modern era of antimicrobial chemotherapy date to 1936, with the introduction of
sulfanilamide into clinical practice. Penicillin became available in quantities sufficient
for clinical use in 1941. Streptomycin, chloramphenicol and chlortetracycline were
identified towards the end of or soon after World War II. Since then, numerous
classes of antimicrobial agents have been discovered and are most commonly used.
For example, 30% or more of all hospitalized patients are treated with one or more
course of antimicrobial therapy. The inevitable consequence of the widespread use of
antimicrobial agents has been the emergence of antibiotic-resistant pathogens, fueling
an ever-increasing need for new drugs and contributing to the rising cost of medical
care. Moreover, the pace of antimicrobial drug development has dramatically slowed
during the last decade, with only a handful of new agents, few of which are really
novel, being introduced in clinical practice each year.

In the strictest sense, antibiotics are substances produced by various species of
microorganisms (bacteria, fungi, actinomycetes) that suppress the growth of other
microorganisms. Common usage often extends the term antibiotics to include
synthetic antimicrobial agents, such as sulfonamides and quinolones. Antibiotics
differ markedly in physical, chemical and pharmacological properties, in antibacterial
spectrum and in mechanisms of action. Knowledge of molecular mechanisms of
bacterial, fungal and viral replication has greatly facilitated rational development of

compounds that can interfere with the life cycles of microorganisms.



Historically, the most common classification of antimicrobial agents has been
based on chemical structure and proposed mechanism of action?, as follows: 1) agents
that inhibit synthesis of bacterial cell walls; these includes the penicillins and
cephalosporins, which are structurally similar, and dissimilar agents such as
cycloserine, vancomycin, bacitracin and the azole antifungal agents (e.g. clotrimazole,
fluconazole and itraconazole); 2) agents that act directly on the cell membrane of the
microorganisms, affecting permeability and leading to leakage of intracellular
compounds; these include the detergents such as polymyxin and the polyene
antifungal agents nystatin and amphotericin B , which bind to cell-wall sterols; 3)
agents that affect the function of 30S or 50S ribosomal subunits to cause a reversible
inhibition of protein synthesis; these bacteriostatic drugs include chloramphenicol, the
tetracyclines, erythromycin, clindamycin and pristinamycins; 4) agents that bind to the
30S ribosomal subunit and alter protein synthesis, which eventually leads to cell
death; these includes the aminoglycosides; 5) agents that affect bacterial nucleic acid
metabolism, such as rifamycins (e.g. rifampin) which inhibit RNA polymerase, and
the quinolones, which inhibit topoisomerases; 6) the antimetabolites including
trimethéprim and the sulfonamides, which block essential enzymes of folate
metabolism; and 7) antiviral agents, which are of several classes including; a) nucleic
acid analogs, such as acyclovir or ganciclovir, that selectively inhibit viral DNA
polymerase, and zidovudine or lamivudine, which inhibit reverse transcriptase; b)
nonnucleoside reverse transciptase inhibitors, such as nevirapine or efavirenz; and c)
inhibitors of other essential viral enzymes, e.g. inhibitors of HIV protease or influenza
neuraminidase. Additional categories likely will emerge as more complex
mechanisms are elucidated. The precise mechanism of action of some antimicrobial
agents is unknown. The achievable concentration for an antibiotic in serum typically
guides selection of the breakpoint for designating a microorganism as either
susceptible or resistant by in vitro susceptibility testing. If an inhibitory or bactericidal
concentration cannot be achieved safely, then the microorganism is considered
resistant to that drug. Thus, the drug may be only marginally effective or ineffective
in such cases even though standardized in vitro test would likely report the
microorganism as “sensitive”. For an antibiotic to be effective, it must reach its target,
bind to it, and interfere with its function. Bacterial resistance to an antimicrobial
agents falls into three general categories: 1) the drug does not reach its target; 2) the

drug is not active; or 3) the target is altered.



Azole antifungal agents have dominated drug development and clinical use for
nearly three decades. While the antifungal spectrum, physical properties and
pharmacology differ among compounds; azoles are remarkable as a drug class for
their broad spectrum, oral bioavailbility and low toxicity. New compounds are still
being developed, though the innovations are becoming more marginal, and resistance
to azoles is slowly emerging in species that formerly were susceptible, particularly
Candida albicans®. Determination of blood concentrations of antifungal drugs
remains a research procedure except in the case of flucytosine. The toxicity of
flucytosine clearly depends on drug concentration; azotemia readily increases
flucytosine to toxic levels. For the azoles and amphotericin B formulations, blood
levels have not predicted either toxic or efficacy. The advance of systemic antifungal
agents into common medicinal practice has made it important to define their efficacy,
toxicity and interaction with other drugs.

Medicinal chemistry is a stream of science that has been devoted to field of
drug discovery. Medicinal chemistry can be seen as an extension of organic
chemistry, existing in the boundary between chemistry and biology. Taken in the
prospective sense Medicinal Chemistry relates to the design and production of
compounds that can be used in medicine for prevention, treatment or cure of human
and animal diseases. Taken into retrospective sense, Medicinal Chemistry covers
three critical steps®:

e A discovery step, consisting of identification and production of new active
substances usually called “Lead” compounds, which can originate from synthetic
organic chemistry, from natural sources or from biotechnological processes.

e An optimization step, that deals with the synthetic modification of the lead
compound in order to improve potency, selectivity and to decrease toxicity. Its
characteristics are the establishments of Structure Activity Relationship (SAR).

e A development step, which involves the optimization of the synthetic route for
bulk production, and the modification of pharmacokinetic and pharmaceutical
properties of the active substances to render it suitable for clinical use.

The battle against infections is not fully won and continues due to the emergence
of multi-drug resistant strains of microorganisms, which has rendered many
treatments ineffective.

The present work is a positive effort in this direction.
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REVIEW OF LITERATURE

Chemotherapy is the practice of administering chemical preparations to a
diseased or an infected person with the aim of relieving the disease symptoms or
eliminating the infection. This particular section, review of literature specifically deals
with various chemotherapeutic agents used in the treatment of infectious diseases.

They are listed as below.

Antibacterial agents:

The essence of antimicrobial chemotherapy is selective toxicity to kill or
inhibit the microbes without harming the patient. The early 1940’s saw the
appearance of potent, non-toxic chemotherapeutic agents selectively active against
bacteria, and thus revolutionized the treatment of bacterial infections. The discovery
of “miracle drugs”- Sulfonamide, Penicillin and Streptomycin provided respite from
many infections, thus reducing the morbidity and mortality among humans and their
domestic hands. But the advantage was short-lived because of the quite emergence of
mutidrug resistant bacteria. Hence, intense research in this field has become all the
more important.

Review of literature gives the major developments in the field of antimicrobial
chemotherapy.

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

Systematic antibacterials include a number of classes, which are enlisted

below-

Sulfonamides:

Sulfonamides were discovered in the mid 1930’s. Protonsil rubrum (I), a red
dye was observed by Domagk5 to be taken up selectively by bacterial cells in case of
Streptococcal infections in mice and Staphylococcal infections in rabbits. The dye

killed the bacteria. Fractionation led to identification of an active substance known as

4



amino benzene sulfonamide (sulfanilamide) (ID°%, a colorless cleavage product formed

by liver metabolism of the drug, which is responsible for the activity.

NH,

in vivo
HoN SO,NH,
NH,

N=—=N— SO,NH,
o b

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. Sulfonamides 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 may be
considered safe for human cells.

Bacteria, which are capable of taking up preformed folic acid, are intrinsically
resistant to sulfonamides.

CHa

CHs

SO,NH 7 /
0—N

HoN )

Sulfisoxazole (IIT)’ is one of the most popular sulfonamides 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 for other more preferred agents.

It is well absorbed after oral administration, widely distributed and 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 sensitivity to dihydropteroate synthetase.
Super infections, allergic rashes, photosensitivity and drug fever are some of the

common side effects of the drug.

N—=
SOZNH4<\ /
N
HyN av)

Sulphadiazine (IV) has retained pre-eminence 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 meningitides involved are sulfonamide

CH3
N—
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HoN W)
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Sulphamethazine (V) and Sulphamerazine (VD' have greater tolerance and

sensitive®.

high solubility. Multiple (triple) sulfas, a 1:1:1 combination of three
sulphapyrimidines, namely, sulphadiazine, sulphamethazine and sulphamerazine, is a

very potent combination.



(Vi

Sulphasalazine (VII) is absorbed in the duodenum and is converted to Para
amino salicylic acid (PAS) which is used for ulcerative colitis and Crohn’s disease

because of its anti-inflammatory effect.

HoN VI

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

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

SRS
HoN (IX)
S
SO,NH
T
N

HoN X)

Sulphapyridine (IX)", 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)'.
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Long-acting sulfonamides include Sulphamethoxypyridazine (X1)'®, which has
a half-life of about 37 hours. Thus, it needs to be administered only once a day.
Sulphachloropyridazine (XII), a related sulphonamide, has a half-life of 7 hours and is
useful for urinary tract infections (UTI).

Other sulfonamides include Sulphacytine (XIII), Sulphametiazole (XIV),
Sulphamethoxazole (XV), etc.

o}
H,N SO,NHR
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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 concentrations. Its mode of action is similar to
that of sulfonamides. p,p-diamino diphenyl sulphone (DDS) has unique beneficial
effects on some dermal inflammatory conditions, especially dermatologic, and it is

likely that this activity may contribute to its activity against M. leprae.
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Synergism with Dihydrofolate Reductase Inhibitors:

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'®

as quickly as that with a single agent. This
approach has been used widely in antibacterial therapy and has resulted in the
combination of sulphamethoxazole and trimethoprim (XVII), i.e. Cotrimoxazole,

which is widely used for several indications.

NH,

N OCHj

HZNJ\ I

N OCHs

OCH,
(XVII)

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 substituent.

\
CoHs 9

F COOH
AN
HqC N

(XVIIT)



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 infections caused by
susceptible microbes, usually Escherichia coli.

Over the years, the remaining first generation quinolones were introduced®.
These compounds consisted of more potent agents with a better spectrum of activity,
such as oxolinic acid (XIX), cinoxacin (XX) etc.

o
o} COOH
X
l\ X=-CH Oxolinic acid (XIX)

X= -N- Cinoxacin (XX)

Although well absorbed on oral administration, they get highly bound to
serum proteins and hence, are less potent.
Gastrointestinal upset, skin rashes, visual disturbances and occasionally

convulsions and photosensitivity are the adverse reactions observed.

Fluoroquinolones:
o]
F COOH
N
|
HN CaHs

(XXT)

Norfloxacin (XXI) was the first fluoroquinolone to be introduced 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 COOH

N

LK

XXID

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

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

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, dirrhoea, vomiting, abdominal pain, anorexia, etc. are
among the adverse reactions observed.

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

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

(0]
F. COOH

h )
F CoHs
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CH,
(XXIII)



Nitrofurans:

The first nitroheterocyclic compounds to be introduced in chemotherapy were

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

(UT).
| I 07/ NH
O,N 0 CH=N—N \}o

XXIV)

Nitrofurazone® and furazolidone* are other broad-spectrum nitrofurans in
clinical use for the prophylactic treatment of UTI, and they also impair kidney stone

growth. Nausea and vomiting are common side effects.

OH
(XXV)

Nitroimidazoles include Metronidazole (XXV) (antiamoebic), Nifurtimox
(antiprotozoal) etc. Metronidazole® is a drug of choice for the treatment of anaerobic

infections.

Methenamine:

(XXVI)
Methenamine (XXVI) is internally used as a urinary antiseptic for chronic

UTL Structurally, it is a polymer of ammonia and formaldehyde. Formaldehyde,

which is strongly bactericidal, is responsible for the activity.



The Antibiotics:

Plactam 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-lactam
antibiotics alone.

B-lactam antibiotics are believed to act by selectively inhibiting the cell wall
synthesis”, specifically, by inhibiting 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

cross-linking of peptides.
Penicillins:

In 1929, Alexander Fleming for the first time discovered Penicillium 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.

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 with out breaking the f-lactam bond. More recently, selective chemical

processes have been devised for accomplishing biosynthetic analogues.

HZN ~ _T/ S CH3
CHs

/———-N

Hix
I

COOH
(XXVII)
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In the presence of phenyl acetic acid, benzyl penicillin (penicillin G) (XXVIII)
and with phenoxy acetic acid, phenoxy methyl penicillin (penicillin V) (XXIX) was

synthesized by fermentation.

o}
Il
R—C—HN\_T/S CHs
CHs

/—N
O CH,—
COOH 2
R= Penicillin G (XX VII)
OCH,—
R= Penicillin V (XXIX)

Resistance develops in the bacteria by the deactivation of the penicillin by the
enzymes namely B-lactamase catalyses hydrolysis of B-lactam 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- napthyl system, i.e. Naficillin (XXXI)*, increases steric hindrance of

the acyl group and confers increased B-lactamase resistance.
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Methicillin (XXX)
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R=
Nafcillin (XXXI)

Bulkier substitutents are more beneficial among five membered heterocyclic
ring derivatives®® e.g. Oxacillin (XXXI)*', Cloxacillin (XXXIII)*2, Dicloxacillin
(XXXIV)* and Flucoxacillin (XXXV)*.

R=R"=H  Oxacillin (XXXII)
R'=H,R"=Cl Cloxacillin (XXXHI)
R=R"=Cl  Dicloxacillin (XXXIV)

R'=F, R"=Cl " Fycloxacillin (XXXV)

Extended Spectrum Penicillins:

The introduction of highly polar substitutents, e.g. amino group at oi—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 (XXXVID* etc.
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The introduction of acidic substituent at o—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 Penicillin G sensitive Gram-positive organism e.g. Carbenicillin

XXXV, Sulbenicillin (XXXIX)*®.

Coo SOaH

XXXVIID (XXXIX)

The allergic reactions include from skin rashes to drug fever, anaphylaxis and
cross sensitivity”®. Allergy occurs due to production of antigenic penicilloyl

protiens™.
Cephalosporins:

Cephalosporins were discovered by Brotuz and were isolated and
characterized by Abraham and Newton*'. They have a wide range of activity against
Gram-positive and Gram-negative organisms.

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

of a number of synthetic and semi-synthetic Cephalosporins.



N
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Cephalosporins have 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.
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With consistent use, resistance develops among several bacteria, which
produce cephalosporinase, and thus hydrolyses the f—lactam ring. The semi-synthetic
agents with plasmid-mediat(;,d cephalosporinase resistance* and acid stability were
developed later on. These include Cephamandol (XXXXV)*, Cephonacid
(XXXXVI), Cephuroxime (XXXXVII)*, Cefatoxime (XXXXVII)** etc.
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Blactamase inhibitors:

Many substances have been found to inhibit the f—lactamase enzyme, directly
or by synergistic action along with some of the antibiotics. UTR-830 (IL), Clavulanic

acid (L) and Sulbactum (LI) are some of the examples.

N |
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Aminoglycosides:

Aminoglycosides contain an amino sugar linked glycosidally to a highly
substituted 1,3-diaminocuclohexane 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® etc.

53,54,55

Streptomycin (LII) is the most effective of the group for the

chemotherapy of tuberculosis, brucellosis, tularemia, Yerssinia infections etc.
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5657 is used primarily for amoebic dysentery.

Parmomycin

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 the genetic code. This causes incorporation of improper amino acids
into the peptide chain. Thus, they inhibit initiation of protein synthesis.

The resistance gets transferred from one bacterium to another and is attributed
to the 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 groups of the amino glycosides.

The most significant antibiotic resistant to bacterial enzymes is Amikacin.
Tetracyclines:
Tetracyclines (LII® are derived semisynthetically or from Streptomyces

species. The basic nucleus is octahydrophenanthrene. Tetracyclines have a broad

spectrum of activity as compared to any known antibacterial agent. They are active

20



against a wide range of Gram-positive and Gram-negative bacteria, Spirochetes,

Mycoplasmas, Rikettsiae, Clamydiae etc.
But incomplete absorption and activity against natural intestinal flora causes
superinfections. The development of resistance on persistent use is common. Parentral

Tetracyclines may cause liver damage, especially in pregnancy, or impaired renal

function.

(L)

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

Minocycline (LV), enhance the activity of the parent molecule.
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N(CH3), H

Oxytetracycline®® (LVI) has similar activity as that of Chlortetracycline.

Doxycycline62 (LVII) and Methacyc]ine63 (LVIII) are more active in vitro than
Oxytetracycline.
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In 1957, MaCormik® er al isolated Demeclocycline (LIX) with similar

spectrum of activity as that of other tetracyclines, but of slightly greater activity.

R4
=
-

N(CHz),

CONH,
OH (0] OH (o}
R, R, R; R,
H CH; OH OH (LV]
H H CH, OH (LVID)
. CH, . OH (LVIN)
al H OH H LX)

Tetracycline and chlortetracycliné are available as topical ointments for Acne
vulgaris and are also used in ophthalmic solutions. Oxytetracycline is used
parenterally; while Doxycycline is available in capsules and aqueous suspension
forms. Minocycline is active against bacteria resistant to Methacycline and other

Tetracyclines.

Macrolides:

Macrolide antibiotics 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 the first to be reported. MeGuire®, in
1952, first reported the isolation of Erythromycin from Streptococcus erythreus.

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

Erythromycin acts by binding selectively to 50S ribosomal subunit and thus

prevents translocation in protein synthesis®.
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Non-specific resistance among Gram-negative bacilli is related to poor
penetrabi]ity69 of the drug.

The structural modifications in Erythromycin gave Clarithromycin,
Flurithromycin etc. Clarithromycin is effective against Mycobacterium avium —

70,71

intercellulariae complex’”’'. Olendomycin is one more important agent of the

macrolide family.
Lincomycins:

Lincomycins are Sulphur-containing antibiotics isolated from S. lincolnensis.
Its spectrum and mode of action are similar to that of the 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. Clindamycin73 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 1974, isolated Chloramphenicol (LX), a broad spectrum

antibiotic, from Streptomyces venezuelae. Constroulis, Rebstock and Crooks”

established its structure in 1949.

rizHcoch2
H
O.N (|:—CH—CH20H
OH
LX)

Chloramphenicol is active against Penicillin G and Ampicillin resistant
species of Salmonella, Haemophylus influenzae, Streptococcus pneumoniae, Bacillus
fragilis, N. meningitides etc. 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.
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Bacteria, producing Chloramphenicol acetyl transferase enzyme, are resistant
to the drug. Adverse effects include serious blood dyscrasias and toxic reactions.
Any substitution on the phenyl ring gives rise to 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 useful in Staphylococcal infections resistant to other antibiotics and
sulfas, and patients allergic to these drugs.

Urticaria, allergic rashes, heptotoxicity and blood dyscrasias are the major side

effects.
Vancomycin:

Vancomycin, isolated from S. orientialis, is a glycopeptide, which acts by
inhibiting the cell wall synthesis. No cross-resistance to B-lactam, Cycloserin,
Bacitracin etc. has been observed. It is used in systemic infections such as
Staphylococcal enterocolitis and pseudomembranous colitis associated with
Clindamycin therapy.

Polypeptides:

The polypeptide class of antibiotics includes Gramicidine, Polymixin,

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

Tuberculosis is a disease largely caused by Mycobacterium tuberculosis, acid-
fast bacilli. Today, as it has been for centuries, tuberculosis remains the leading cause
of deaths in the world from infectious diseases. Globally, tuberculosis accounts for
almost 3 million deaths and 8 million new cases emerging each year76‘77'78.
Tuberculosis is a reemerging problem in many industrialized countries. In the modern
world of global interdependency, wide network of communication and changes in
social and cultural patterns, tuberculosis in any country is a threat to the people in
every other country. The present problem is further aggravated by the emergence of
multidrug resistant strain of bacteria and HIV pandemic. This is further compounded
by, drug toxicity and patient incompliance. Thus, the chemotherapy in this field has
become more challenging, leading to further research in this particular field.

Antitubercular drugs that are currently used are generally classified as-

i) Primary or frontline drugs.
ii) Secondary or Second line drugs.

‘Primary’ or frontline drugs are used as a standard therapeutic regimen due to
their high level of efficacy and acceptable degree of toxicity. Front-line drugs include
Isonazide, Rifampacin, Ethambutol and Streptomycin. ‘Secondary’ or second line
drugs are used occasionally in case of bacterial resistance or certain patient related
factors. These drugs include Pyrazinamide, Ethionamide, Para amino salicylic acid,
Cycloserin, Viomycin, Kanamycin, Amikacin, Capreomycin, Thioacetazone,

Tiocarlide, etc.

Isoniazide (INH):

CONHNH,

X
 a

N
(LXI)

Isonicotinyl hydrazide (Isoniazid) (LXI), described in 19127°, was prepared as

an intermediate in the synthesis of isonicotinyl aldehyde. Outstanding activity of INH
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in experimental infection was also confirmed by clinical trials. The 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; it is only
bacteriostatic®® in nature.

The mode of action of INH is believed to be the inhibition of the synthesis of
mycolic acid, a vital component of the cell wall. Another hypothesis suggest 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, interfere
with its absorption. The drug is to be taken on empty stomach. Acetylation
metabolizes it.

More recently it has been shown that the activity of INH results from
peroxidative reaction catalyzed by peroxidase, which is encoded by Kat G Gene®'. M.
tuberculosis, which lacks this gene, is resistant to INH®.,

INH is used in combination with other agents to delay the development of
resistance. It is generally suitable for long-term treatment. The side effects range from
hepatic abnormalities to severe hepatitis. The interference with pyridoxin metabolism

inhibits formation of the active form and causes peripheral neuritis.
Rifampicin:

The Rifampicin antibiotics were discovered as metabolites of Streptomyces
mediterranei. Recently, it has been stated to be Amycolaptopsis mediterranie®.

Several chemical modifications have been carried out on the parent moiety.
The hydrazone of 3-formyl rifamycin with N-amino-N-methyl piperazine
(Rifampicin) (LXII* was the most active form in vivo, at a concentration of 1

pug/ml, and is useful clinically.
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Rifampicin inhibits specifically the activity of the enzyme DNA-dependent

RNA polymerase and is active against rapidly dividing intra and extra cellular
organisms.

Resistance is rare and occurs spontaneously in strains exposed previously to
the antibiotic. The mechanism of resistance is through mutation in rpoL gene, which
encodes the B—subunit of the RNA-polymerase.

Rifampicin is readily absorbed from the intestine. Food interferes with its
absorption, and therefore, it is preferred to be taken on empty stomach. Deacetylation
and desacetylation metabolize it.

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 side effects.

Ethambutol:
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Among the randomly screened compounds, (+)-2,2’-(Ethylenediamino)-di-1-
butanol (Ethambutol) (LXIII) is found to be very active, both in vitro and in vivo
against M. tuberculosis at 1 pg/ml. The organism resistant to other drugs are found to
be 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. The side effects mainly include

ocular toxicity, i.e. retrobular neuritis, causing visual impairment.
Streptomycin:

Streptomycin is both bacteriostatic and bactericidal for the tubercle bacilli in
vitro, depending upon its concentration. Its MIC is 1 pg/ml against H3;Rv strain of M.
tuberculosis.

In mycobacteria, mutation in the rspL gene, which encodes the ribosomal
protein S12, has 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
(vestibulocochlear) nerve, particularly in the vestibular portion, causing equilibrium
disturbances. Renal damage and hypersensitivity are the other side effects.

Other aminoglycosides such as Kanamycin, Amikacin are used secondarily.

/N CONH,
]
N

(LXIV)

Pyrazinamide:
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The best activity of Pyrazinamide (LXIV) is against intracellular
Mycobacteria causing sterilizing effect in acidic conditions. The susceptible bacteria
produce deaminase, which converts Pyrazinamide to Pyrazinoic acid, an active form.

Pyrazinamide gets readily absorbed orally and is metabolized to Pyrazinoic
acid, which gets oxidized to its 3-hydroxy derivative.

Hepatotoxicity is the most common and serious side effect of this drug. Other
effects include arthralgia.

It is useful in short-term chemotherapeutic regimens. Treatment for longer

than two months is not recommended®.

Ethionamide:
S=C—NH,

A

N R

R= -C2H5 (LXV)
R= -N‘C3H7 (LXVI)

2-ethylthioisonicotinamide (Ethionamide) (LXV) and its 2-N-propyl analogue
(Prothionamide) (LXVI) 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 a large dose (<500mg) is not
well tolerated. It gets metabolized to give the sulfoxide.

The side effects include GI irritation, hepatitis, CNS effects and
hypersensitivity.

Para amino salicylic acid (PAS):

COOH
OH

NH
2 29
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Among the various compounds related to benzoic acid, PAS (LXVID) 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, thus bacteriostatic activity may be due to
the blocking of metabolic pathway of iron uptake®'.

10-12gm/day of PAS is required to be taken orally in 2-3 divided doses.

However, it is no longer in use due to GI toxicity, which is a major side effect.

Thioacetazone:

HoN—CHNN==HC,

NHCOCH,
(LXVII)

Thioacetazone (LXVIII) is the most active thiosemicarbazone effective against
M. tuberculosis. A lack of cross-resistance to INH and Streptomycin indicates the use
of thioacetazone in combination with these drugs to delay bacterial resistance.

Severs side effects such as GI disturbances, liver damage and anemia limits its

use in therapy.



Drug Regimens followed in the treatment of Tuberculosis:

Drug Initial phase(2 months) Continuation phase(4 months)
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)
Pyrazinamide 30mg/kg/day(1.5-2gm/day) -

Ethambutol* 15-20mg/kg/day -

Intermittent regimen:

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

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

Clofazimine, Capreomycin, Cycloserin and Viomycin are the 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 is contagious superficial epidermal
infections, caused by various Epidermophyton, Microsporum and
Trichophyton species.

2) Mycosis caused by pathogenic saprophytic yeasts, which are contagious and
include  Aspergillosis, Bldstomycosis, 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
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.

Tolnaftate:

N—C-0
HsC I
CH,

(LXIX)

In 1960, the o-2-napthyl ester of N-dimethyl thiocarbanilic acid (Tolnaftate)

was found to have good activity against dermatophytes when applied topically. Poor

32



permeability of Tolnaftate (LXIX) limits its use in therapy. It is available in a number
of dosage forms for the treatment of ringworm, athletes foot etc.
In susceptible fungi, Tolnaftate suppresses squalene epoxidase, which converts

squalene to egrosterol and thereby affects cell wall formation.
Substituted azoles:

The substituted imidazoles represent a versatile group of antifungal agents
with a unique mechanism of action. The earlier members reported were Clotrimazole
(LXX)”? and Miconazole (LXXD®, in 1969. These agents are active against
dermatophytes such as Trichophyton, Epidermophyton, Microsporum and yeasts like
Candida albicans. They are also active systematically in infections caused by
Crytococci, Blastomyces, Histoplasma, Paracoccidioides etc.

The mechanism of action of the drug is elucidated® extensively. At high
concentrations (micromolar), they are fungicidal, while at low concentrations
(nanomolar), they are fungistatic. The fungicidal effect is associated with damage to
the cell wall with the loss of essential cell components, such as potassium ions and
amino acids. The imidazole inhibits the cytochrome P-450 oxidase enzyme that

catalyses the 14-o-demethylation of lanosterol to ergosterol.

Clotrimazole:

B
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Clotrimazole (LXX) is a broad-spectrum antifungal agent use topically for the
treatment of tinea infection and Candidiasis. As it causes severe gastric disturbances,

it is not suitable for systemic use.

Miconazole:
Cl

N—CH,CHOCH; Cl

Cl

cl
(LXXD)

Miconazole (LXXI) is intended for the treatment of serious systemic fungal
infections like Candidiasis, Crytococcosis, Petriellidiasis and Paracoccididomycosis.
The 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:
Ne—— / \
H,  o——cH :
N-C / z N—C—CHj
AN
Cl o—

cl
(LXXI)

Ketoconazole (LXXII) is administered orally for the treatment of systemic
mycosis. It requires gastric acidity for absorption. Antacids and drugs like H,-

histamine antagonists and anticholinergics that inhibit gastric secretion, interfere with
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its absorption. It is metabolized 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:

(LXX1I)

The absorption of Fluconazole (LXXIII) does not depend upon gastric acidity;
more over, 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, Ticonazole, Itraconazole and Terconazole.

Flucytosine:

(LXXIV)



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

The incorporation of fluorinated pyrimidine into RNA, following selective
deamination to 5-fluorouracil in the fungus, appears to be required for activity. 5-
fluorouracil . (5-Fu) gets metabolized to 5-fluoro-2’-deoxyuredilic acid, which
suppresses DNA synthesis by inhibiting thymidylate synthetase. 5-Fu is extensively
used in the treatment of various human cancers.

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

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, moulds 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
disorganization and loss of cell constituents, especially potassium ions. The action is

becteriostatic at low concentrations and bactericidal at the higher doses.

Amphotericin B:

NH; _OH
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(LXXV)
A potent antifungal agent with a polyene structure was isolated in 1956 by

Gold et al”® from Streptomyces nodosum, found in the soil from Venezuela. The
antibiotic material was a mixture of two closely related compounds, Amphotericin A

and B, of which B is more active.

Amphotericin B (LXXV) contains a primary amino group in the sugar moiety,
mycosamine and a carboxyl group attached to the macrolide ring.
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Parenterally, Amphotericin B is indicated for the treatment of serious,
potentially life threatening fungal infections, including disseminated forms of
coccidiodomycosis, mucormycosis, aspergillosis, North American blastomycosis and
cryptococcosis.

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 the injection and thrombophlebitis occurs on intravenous administration.
It should not be administered intramuscularly. Amphotrocin is also used topically to

treat cutaneous and mucocutaneous infections.

Nystatin:

NHy _OH
HO,

CH3

(LXXVI)

A polyene antibiotic first isolated in 1951 from a strain of Streptomyces
noursei by Hazen and Brown®®, Nystatin (LXXVI) is a valuable agent for the
treatment of local and gastrointestinal monolial infections caused by Candida
albicans and other Candida species. It is also recommended for thrush or esophagitis
caused by C. albicans in the patients with AIDS. It is available in cream, ointment or

powder form of topical use, whereas tablets or troches are used systemically.
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Griseofulvin:

Griseofulvin (LXXVII) was first reported in 1939 by Oxford et al’’ as an
antibiotic obtained from the mould Penicillium grisofulvum Direckx. Its structure has
been determined by Grove et al’®.

Griseofulvin is recommended for systemic treatment of refractory ringworm
infections of the body, nails, hair and feet caused by various species of
Epidermophyton, Trichophyton and Microsporum.

OCH,

e
H3CO (0]

cl HiC

(LXXVID

Relatively few adverse reactions have been reported. The most common are
mild allergic reactions such as skin rashes and "utricaria. Occasionally, G. 1. upset,
headache, dizziness or insomnia may occur.

Griseofulvin causes rapid, reversible dissolution of the mitotic spindle
apparatus, apparently by binding with the tubulin dimmer required for microtubular
assembly”.

The bioavailability of Griseofulvin may be enhanced by administration with
fatty meal. Methylation metabolizes it.

Several other antibiotics in use include Candidicin, Natamycin etc.

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 fungiloo. Poorly
soluble iron chelators such as hydroxy pyridon, rilopyrox are being developed for
topical use in dermatophytosis.

Diamidines, hydroxy stilbamide and isethionate have been found to possess

activity against Pneumocytosis, but have severe side effects.

39



Plan of Work




PLAN OF WORK

Tropical diseases such as bacterial infections, helminthiasis, etc. affects hundreds
of millions of people every year, causing immense suffering and hindering
development. This has been hard fact even though considerable advances have been
made in the field of chemotherapy of microbial diseases. The major problems such as
fast emergence of resistance among the microorganisms and adverse effects that
prevail along with the drug, further hampers the development in the field. Hence, the

quest for ideal novel drug becomes mandatory. The requisite for the ideal drug being-

i) Broad spectrum of activity.

ii) Increased potency and decreased side effects.

The present work is an effort directed towards the discovery and development of
newer and better molecules as chemotherapeutic agents. It involves the synthesis of
novel heterocyclic molecules and their evaluation as possible chemotherapeutic

agents.

This research project involves the synthesis of 4 series of compounds, the details

of which will be discussed in Part II, Part III, Part IV and Part V of the thesis.

PARTII :-

Synthesis of 2{4’-[1-(1,2,4-triazolyl) methyl] phenyl}-4-(substituted) thiazoles.
Thiazole derivatives have been reported to exhibit significant

chemotherapeutic activities'®'. Various therapeutically established compounds viz.

Aminitrazole, Tetramisole, Thiabendazole, Niridazole, Sulphathiazole, etc. all contain

thiazole ring (I), in one form or another which is the pharmacophore responsible for

I

()

the activity.
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Several, literature reports further strengthened this observation.
Burmistov et al '®, reported the synthesis of substituted thiazole derivatives

(), possessing antibacterial and antifungal activities.

R= Substituted aryl
R1=NO,
R;= Heteroaryl

Prabhu et al ' further reported good activity of 2,4-disubstituted thiazoles
(III) against tubercle bacilli.

Rl

R= alkyl (1)
R’= 2-pyrazinyl; 5-nitro-2’-furyl

In 1965, Romanian- research workers, Carp et al 104" showed that an alkyl or
substituted aryl group at the 4-position and amino group at 2-position of the thiazole

imparts bacteriostatic activity to the thiazole molecule (IV).

R

NH2

R= -C6H5CH3, -C6H5C1, etc. ( v )

Likewise, Gupta et al '® reported that the presence of phenyl group at the 4-
position of thiazole ring (V) system increases the fungi toxicity in comparison to the
methyl group. This activity is further enhanced by the presence of both halogen and

nitro group at ortho or para position of the phenyl ring.

4]



Rn
¥

(V)
R’= methyl, phenyl
R= halogen, nitro, methyl (n=2,3 or 4)

It has also been reported that thiazoles (VI) bearing other ring systems possess

good antifungal activity'%®,

=H
R;=H, -OCH;
R,=H

The above-mentioned reports encouraged us to choose 2,4-disubstitued

thiazole as the lead molecule of the series and further modifications were planned.

Introduction of 1,2,4-triazole was considered in the thiazole moiety as regards
to its good antifungal activity. The fact ascertained by its presence in the recently

developed broad-spectrum antifungal drug, Fluconazole'"” (VII).

r OH
— |
N—CHp—C—CHp —

F

(VII)
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Several references indicating the activity of thiazolo triazoles were also
obtained from the literature survey.
Jagmohan e al '® have synthesized pyrazolo [3’,47:4,5] thiazolo  [3,2-b]-s-

triazoles (VIII), which were found to exhibit both antibacterial and antifungal activity.

R= OCHj3;,Cl, etc.
(VII)
Boulton et al '® synthesized 2-benzyl-4-(4’-pyridyl) thiazole (IX) with methyl
phenyl substituent at 2-position of the thiazole ring and reported its immunoregulatory
activity. Hence, we decided to introduce the methyl phenyl group at 1-position of

1,2,4-triazole and check for its pharmacological activity.

(IX)

Thus it was planned to select 2,4-disubstituted thiazole as the parent moiety

with 1,2,4-triazolyl-1-benzyl substitution at its 2-position and various substituted
phenyl/heterocyclic substituent at its 4-position. Thus, a series of 2{4’-[1-(1,2,4-
triazolyl) methyl] phenyl}-4-(substituted) thiazoles (X) synthesized and.screened for

possible antibacterial and antifungal activity.

(X)

R= Substituted phenyl / heterocycle
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PART 3 :- Synthesis of 2-(1H- Benzimidazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-

Pyrazol-4-yl) acyl amine.

Pyrazoles are an important class of heteroaromatic ring systems that find
extensive use in the agrochemical industry'’® and pharmaceutical industries'''. After
the discovery of the antipyretic action of salicylic acid in 1875, many phenol and
aniline derivatives were tried. Antipyrine (antifebrine) was among first of this group,
later came acetanilide, acetophenetidin (phenacetin), acetyl salicylic acid (aspirin),
aminopyrine (pyramidon), cinchophen (atophan) and neocinchophen (tolysin). The

formulas disclose the structure of the important compounds.

Salicylates
OH OCOCHs
COOH COCH
Salicylic acid Acetyl salicylic acid
OH
COo0

Phenyl salicylate (Salol)
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OC2Hs

NH—C—CHs
Tl NH—C—CHs
I
Acetanilide Acetophenetidin
Pyrazolon derivatives
NS NN
o=C I]l—CHa Has o:cI; N—CHS3
3
H—CI:——— C—CHs >N—o—— C—CHs
H3C
Antipyrine Aminopyrine

Quinoline derivatives

H—0—C=0 COOC2Hs
0“ QO™
Cinchophen Neocinchophen
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Benzimidazole is one of the oldest and chemically well studied nitrogen
heterocycles, it has quietly recognized as the versatile nucleus for building molecules
possessing broad spectrum of biological activities such as powerful antihelmintic,
antimicrobial, pesticidal, antimalarial, anticancer and pharmacological activities.

During the literature survey, it was found that 2-mercapto benzimidazole (XI)

112 also its derivatives'!? namely 5(6)-

itself is a bacteriostatic and antifungal agent
chloro-2-(benzylthio) benzimidazole (XII) posses antifungal activity against
Trichophyton interdigitale, at a dilution 1:290,900 or 3.4ug/ml. Similarly,

bacteriostatic activity was also reported for 2-mercapto benzimidazole against S.

aureusl 14.
k cl
O )=
| S—CHZ—@
H b
(XI) (X11)

Hence, taking into considerations above all facts mentioned above the fusion
of 2-mercapto benzimidazole and pyrazolone derivative ie. Antipyrine containing
different substitutents in phenyl ring of it was planned and synthesized. The
compounds were synthesized as per the method outlined in Scheme-II (page: 76). The

final compound from this series will have the following structure (XIII).

1
\ S—CH2—C—NH
CHs
H 5 CHs
o N
R
R= 3-chloro, 2,4-dichloro, etc. (XIII)
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PART 4 :- Synthesis of 2-(1,3- Benzothiazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-

Pyrazol-4-yl) acyl amine.

Variety of benzothiazole derivatives are known in the literature for their
prodigious range of activities, particularly they are more valuable as antiparasitic’'?,
anti-inflamatory'"S, fungicidal'"’, herbicidal''® and antibacterial''® agents. A mercapto

120 Therefore, in

group is an important toxophore responsible for pesticidal activity
this series a combination of 2-mercapto benzothiazole (XIV) with pyrazolone

derivative mentioned in part-3 was planned.

W

e

(XIV)
Thus the final compound (XV) from this series will have the structure
mentioned below and the method used for synthesis is outlined in Scheme-1II (page:

7).

I
N>—5—CH2—C—NH

CHs
CHs
v
o N
R
R= 3-chloro, 2,4-dichloro, etc. (XV)

47



PART 5 :- Synthesis of 2-(1,3- Benzothiazolyl-2-amino) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo0-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

The literature survey revealed that 2-amino-6- substituted benzothiazole are
known to exhibit excellent antitubercular activity. For example, some 6- substituted-
2- amino benzothiazoles show antitubercular activity at the dose level of 0.025 to 1.0
ug/ml in vitro testing'”'.

The fact mentioned in part-3 about pyrazolone derivative and as discussed
above the activity of substituted 2- amino benzothiazole the fusion of 2-amino
benzothiazole (XVI) and pyrazolone derivative was planned and compounds were
synthesized. The final compound was synthesized using the method outlined in
Scheme IV (page: 78). The final compound (XVII) synthesized will have the

following structure.

(XVI)
O
N>yt
—CH2—C—
| CHa
H ——
CHs
vl
© N
R
R= 3-chloro, 2,4-dichloro, etc. (XVII)
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CHEMISTRY

This part deals with the chemistry of the following compounds / intermediates

involved in the project.

¢ Thioamide

¢+ Halogenation of ketones

¢ Thiazoles

¢ Benzimidazoles

¢ Benzothiazoles

¢ Diazonium salts

¢ 2-Pyrazolin-5-ones

¢ Nitration



Thioamide

Chemistry of thioamides:

Liberman and co-workers, in 1955, observed the in vivo activity of
Ethoinamide (I) against M. tuberculosis and it was found to exhibit low toxicity. Later
on, therapeutically effective agents such as substituted thiobenzamide (II), salicylic

acid thioamide (IIT) were found.

CS—NH@—CI CS—NH@
Br. OH OH
Et

) (ID) (III)

CSNH,

General synthetic methods:
1. From nitriles:

Nitriles in the presence of excess of hydrogen sulphide and a catalyst based

. . <o 122
yields thiocarboxamides'?*'%,

Water-soluble sulphides or polysulphides can be used instead of hydrogen
124

sulphide .
The reaction occurs as follows —
S
H,S Il
R—CN ———» R—C—NH,
Pyridine

Catalyst used include ammonia, aliphatic amine, pyridine, alkoxide and
potassium hydrogen sulphidelzs’m. Fairfull et al'”’ obtained very good yeild by
addition of H5S to the nitrile in the presence of pyridine and triethylamine.

Aliphatic nitriles need elevated temperature and pressurem, as they react

slowly and give poor yield.
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Kindler'” and Hanford'® extended the method by addition of primary amine.

sNH HS /NHR'
R—C=N + R—NH7—=R—¢,_ ———>R—C(__ + NHSH
NHR' s 4

The reaction of nitriles with thioacetamide(IV) have appeared more frequently

in literature, than with Hp$"*"".

Il
R—C=N+CH; C—NHy==—==R—0—S-G—CH,
v NH ] N

The removal of acetonitrile leads to the formation of thiocarboxamide(V) and
thus is an important method for preparation of thiocarboxamide(VII) from a-

cyanobenzaldoximes(VI).

X

X s

C—C—CN 8 )

1 Il C—C—NH

NOH  +CH;C—NH, ——»@T&OH 24 CHON
Y X

Y X
D) VI

X,Y=-Cl,-F,etc.

If the nitrile contains a hydroxyl group, it must be protected by acylation'¥"%,

The ketogroup, such as that in (VIII) if present, is readily converted to thioxo in acidic

solution'>*.
i
R—COCHz—CONHR'+H28 e R—C—CHZ—CONHR' + H20
VI
VL RARY
By IR B I:U'l‘ﬁ
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Mayer et al'** explained the base catalysed conversion of ketone to thiones.
Recently, Casser et al'*® modified it and introduced aqueous sodium sulphide as phase

transfer catalyst in the general procedure to get high yields of thioamide.

Na2S/H Il
R—C=N+ Hes 22o/H20 o O NHe

This system consists of three phases, aqueous, organic and H,S gas, providing

higher yield of the aromatic thioamide.

2. Sulphurization of amides:

The replacement of oxygen of the carboxamide by Sulphur is mostly used to
obtain N- monosubstituted and N- disubstituted copounds in the presence of P,Ss'>".

Potassium thiophosphate, along with P,Ss , enhances the yield further'®,

O S

I . I + PO
5R—C—nNHy T+ P255 5R— C—NH2 205

R = alkyV/aryl.

Solvents such as benzene, xylene, toluene, tetrahydrofuran, dioxane,

139142 are commonly used. They should be dry and

diethylene glycol and diethyl ether
inert in nature to avoid undesirable side reactions and to reduce the time.

The reactions in pyridine are reported to give pure thioamide in higher yields
143143 The reactions of liquid amides are carried out in an excess of amide as a
solvent 14146, Thermally unstable amides are not suitable for this reaction. Hydroxyl

group must be protected by acylation before sulphurization 147-148

3. From isothiocynates:

Sach and Loevy'® described the reaction of isothiocynates with Grignard’s
reagent and subsequently hydrolysis under mild conditions, to yield the

thiocarboxamide.
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. H20
RMgX + RNCS —» RC(NR)SMgX —2—» RCSNHR' + MgOHX

Where R, R’= alkyl/aryl.

4 Single step synthesis of aromatic thioamides:

a) From ethoxy carbonyl isothiocynate:

Ethoxy carbonyl isothiocyanate'™

reacts with aromatic compounds in the
presence of anhydrous AICl; (Fridel- Crafts isothiocynation). However, depending
upon the conditions, it either yields the N- ethoxy carbonyl thioamide or thioamide

itself.
S

Ar——C——NHCOOEt
AICI

+ NCS—COOE
A H,O/HCI

Ar——C——NH,

S

For thioamide to be a major product, the major ratio of AICl; to isothiocyanate
should be 2:1. Thioamide takes a long period to form.

The reaction at a low temperature leads to N-ethoxy carbonyl thioamide.

b) Thioamides can also be prepared by heating anisole (0.01M) or veratrol at
60°c in the presence of polyphosphoric acid or 80% H,SO4 with potassium
thiocyanate (0.01M) ',

50% yield in PPA can be increased by 5-10% with 80% H,SO4.

HaCO, H4CO,
KSCN

PPA / 80%H,S0,
C—NH,
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In the present work, thioamide was prepared by dissolving aromatic nitrile in

pyridine and H2S gas was bubbled in the reaction mixture using triethylamine as a
catalyst.

H,S / Pyridine
TEA
C=N ﬁ—NHz
S
Mechanism:
©
®O0 B N
R— Cmm=x\ R—C=N R—C{
B
H,S
NH
NH z .
R—c == R  +B
Ng SH

Halogenation of ketones

Ketones that posses an o- hydrogen can readily be converted to the

corresponding halides by replacing the hydrogen with halogen, in the presence of
acidic as well as basic medium.

_(I!:—ﬁ—ﬁ + X, H®0r OH@

—-(I:—C—R + HX
o

I
0

X=Cl, Br, 1
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General methods for synthesis:

1) Base-promoted halogenation of ketones:
A base strongly abstracts a proton from a ketone to form the carbanion (I),

which then rapidly reacts to yield the bromoketone (II).

Cl: Slow @l !: c
—C-c— =———==|Oc—¢c— === C=C— | , HB
[ © |1 [
H O M %
I
0 ——F—a-St——-> HC—C— 4+ HBre
Br-Br

an

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

soon as the carbanions are generated, the bromine molecule snaps them.

2) Acid catalysed halogenation:
Acids also catalyses the halogenation of ketones.

| Fast |
—?-ﬁ— + HB 2 —?—ﬁ— + B@
H O " et
©) | Slow |
B~ + —CC— HB + C=C—
) I ]
H H O—H
Fast
X-X + C=Cl)-———————> X@+—C—C—
ol
O—H Xé)_H
©)

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

Solvents used include chloroform, acetic acid, carbon tetrachloride, diethyl
ether, etc. When diethyl ether was used as a solvent, aluminium chloride is used to
promote enolization.

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

halogen get transffered to the enol to give the o-haloketone.

3) Bromination:

In the case of bromination, the 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 favors the attack of polarized Br, molecule or Br on the enol

form of the ketone.

Dissolving them in chloroform and adding equimolar quantity of bromine
dropwise with constant stirring carried out bromination of various substituted
acetophenones in the present work. The reaction was carried out in the presence of

light and the temperature was maintained at 50°c.

COCH;Z COCH,Br

N Br,/ CHCly N
l/ uv, 50 I
/ ’ /
R H/
where R= 3-F, 4-F, 3-Cl etc

+ HBrT
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Chemistry of thiazoles

The thiazole heterocycle (I) was first delineated by Hantzch and Weber

Further, they described it as “the pyroline of the thiophene series”.

S

(]

N
@

The thiazole moiety exists in two different configurations (II) and (III).

152

The reactivity of the thiazole molecule is due to the group attached to the

carbon between Sulphur and nitrogen.

Large number of thiazoles occurs naturally. They include vitamin B

(thiamine), Penicillin, etc.

General methods for synthesis:

1) Synthesis of 2-substituted amino thiazoles:

The cyclization of N- monosubstituted thiourea (IV) with halo carbonyl

compound gives 2- monosubstituted (V) thiazoles 153155,
R
R——C=—0 §——=C——NHR' N
e
H,C——X NH,
s NHR'
X= halogen aIv) )
R= alkyV/aryl
R'= alkyVaryl
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2) 24- disubstituted thiazoles:

These were prepared in 1950 by Erylenmeyer e al'*® from thiobenzamide (VI)
and bromoacetaphenone (VII) in alcohol as a solvent, which yielded 50-80% of the
thiazole (VIII).

R
§=—=C-—R' R—C=—0 N
e
NH2 CH28I'
(VD (VI S NHR'

R= substituted aryl
R'= substituted aryl

Other synthetic methods for thiazole:

1) o- Amino nitrile (IX) reacts with dithioformic acid (X) at room temperature to

give an intermediate, which cyclizes to yield 5- amino thiazole derivative'’.

H i R \
R—clz-NH2 + HCSSH ——> R—?-NH—IrI:H _— II /“
| C=N S
HzN S
X)

C=N

(IX)
R= alkyl/ substituted aryl

2) Potassium thiocyanate reacts with halocarbonyl compound (XI) to give 2-

R
R—C=—=0 R—C—0 N
+ KSCN ———> _ \ |
CH,—X CH,—SCN
S
X=Cl, Br NH 2.HX
R= alkyV/ substituted aryl
amino thiazole hydrochloride'*®.
(X1)
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3) 4-methyl thiazole (XII) on heating with sodamide for 15hrs. at 150°C yields 2-

amino-4-methy] thiazole'.

I IN NaNH,
) 150° /L
S NH,

(X1

Hyf

4) The reaction of substituted thiourea (XIII) with ketone in the presence of N-

bromosuccinimide furnishes 2-amino thiazole derivative'®

JpE T el

(X1In)

R=R'=R"= Substituted aryl / alkyl

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

trisubstituted thiazole''.

H ci N

N ]\—

/c\ /c\ + A
X1V)

R,=R,=R;= Substituted aryl / alkyl

6) Oxazole (XV) when heated with P,Ss, gives thiazole'®?.

Ry
[ ==
) 0, Sensmzer /I
Hz O

Xv)

R,=R,= alkyl/ substituted aryl
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7) Enolized ketone (XVI) reacts with thioamide or substituted thioamide in

acetonitrile in the presence of thallium p-tolyl sulphonate (TTS) to give 2,4,5-

trisubstituted thiazole'®>.

't R
CHR' TI(OTs) TsO—CHR' S=C—nR" | IN
e — >
R—C=—0 R—C— aqK,CO;y
R’ R
(XVD

In the present work, 2,4-disubstituted thiazole has been prepared by refluxing
a mixture of 1H-1,2,4-triazolyl methyl benzonitrile with various o-bromo

phenyl/heterocyclic acetaphenones (1:1) in dry alcohol.

L\ T

N N y i
+
N R n\ |
CSNH, )

(Vip (VI

R= alkyl / substituted aryl

Mechanism:

The first step involves the 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 the second step, the 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'®*®.
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Chemistry of benzimidazoles

Many benzimidazole derivatives posses antiparasitic'®, antibacterial'®’ and
antiviral'®® activities.

These are relatively non-toxic and have fewer side effects.
General methods for synthesis:

In general all synthetic routs for benzimidazole derivatives starts from
o-phenylene diamine.
Following are the various methods reported in the literature for the synthesis of
benzimidazole.
a) By reacting o-phenylene diamine with carboxylic acid'®*"".

171-172

b) By reacting o-phenylene diamine with acid chlorides , esters'” or acid

anhydridem.

175 or ketone' 8.

c) By reacting o-phenylene diamine with aldehyde
d) By reacting o-phenylene diamine with urea'”’ or thiourea'’®.

e) By reacting o-phenylene diamine with isotiocyanate”g.

The benzimidazole nucleus is very stable in character. It does not get easily
oxidized or reduced. Benzimidazole is weakly basic, but somewhat less than
imidazoles. They are in general soluble in dilute acids. Benzimidazole is sufficiently

acidic to be soluble in aqueous alkali and form N-metallic compounds.
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The acidic properties of benzimidazole like those of imidazoles'® seem to be
due to stabilization of ions by resonance. The solubility of benzimidazole in alkaline
solution depends on the particular compound in reaction. The more acidic
benzimidazole may be soluble in less basic solution, such as K,COs solution.

Benzimidazole form salt with acid readily.

The benzimidazole contains a phenyl ring fused to an imidazole ring indicated in

the structure (I).

(I

2-Mercapto benzimidazole

2-(3H)-benzimidazole thione (II) and 2-mercapto benzimidazole (III) are

tautomeric forms, analogous to 2-(3H)-benzimidazolone and 2-hydroxy

P ]
N N
|
H

J19)] (1)

benzimidazole.

Methods of preparation of 2-mercapto benzimidazole:

a) Synthesis form o-phenylene diamine and carbon disulphide:

2-mercapto benzimidazole, in general may be prepared very conveniently by this
method. The reaction is carried usually by heating the reactant in alcoholic solution
with or without the addition of alkali to the reaction mixture.

2-mercapto benzimidazole (III) itself has been prepared by this method'® 1%,

o-
phenylene diamine having substituent in the phenyl ring have been used, including

those with alkylm3 , halogen'®*, phenyl'gs, aniline'® and sulphonamidoI87 group.
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NH
? + cs, 2kali, + Hps
2 ethanol _ SH 2

NH2
H

(III)

b) From o-phenylene diamine and thiourea:

The reaction is analogous to the preparation of 2-hydroxy benzimidazole from o-
phenylene diamine and urea. 2-mercapto benzimidazoles may be prepared by this
method by heating o-phenylene diamine dihydrochloride and thiourea to 170-
180°C'®, Excellent yield have been obtained by carrying out the reaction in amyl

alcohol and heating under reflux until solution of ammonia becomes negligible.

R NH2 R
HoN—C—NH2
C[ * i U sn * NHal
8 q
H

NH2

¢) From o-phenylene diamine and thiophosgene:

Billester and Steiner'®® obtained 2-mercapto benzimidazole and 5- methyl-2-
metrcapto benzimidazole by action of thiophosgene on o-phenylene diamine and 3,4-
diamino toluene respectively. 3,4-diamino benzene arsenic acid and thiophosgene

gave 70per cent 2-mercapto-5-arsenic acid benzimidazole'®.

R NH2 R
NH2 [
H
(IV)
d) Miscellaneous methods:

2-mercapto benzimidazole can be prepared in 84-86% yield by the action of

potassium ethyl xanthate on o-phenylene diamine'®".
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2-mercapto benzimidazole have also been prepared from o-phenylene diamine
dihydrochloride and ammonium thiocyanate. A solution of two substances is usually
evaporated to dryness on steam bath and then heated for short time. By this method,
2-mercapto benzimidazole and 5-chloro'®, 4-methy1192, 5-methyl derivatives of 2-

mercapto benzimidazole have been prepared.

R NH2 |) alkali / ethanol ‘
‘o5 u
D( 2 ) acidiication SH
R NH2 V1)

V) H

C2Hs50Na
Ethanol

R _
hereR= -tz , R=ClI
where O e = ‘U SNa*

(VI H



Probable reaction mechanism:

Simple nucleophilic addition to the carbon atom of reactive carbon disulphide.

7 N C2H50Na i
- T I
\

I-Z

65



Chemistry of Benzothiazoles
General methods for the synthesis of 2-amino benzothiazole:

1. Thiocyanation reaction:

Thiocyanation is one of the many organic reactions useful to synthetic organic
chemist. It is a simple electrophilic reaction showing close similarity with
halogenation. Therefore, the reaction is often classified as pseudohalogenation and the
reagent as pseudohalogen. As far as chemical reactivity is concerned the thiocyanogen
behaves exactly similar as halogen.

The direct substitution of hydrogen atom by a thiocyano group (-SCN)
through the use of thiocyanogen (SCN), is commonly referred to as thiocyanation.

Since the reagent is extremely unstable, certain precautions must be observed
for its use in the reactions. Thiocyanogen is a liquid which on cooling forms a
colorless crystalline solid melting between —3°C to —2°C. At room temperature it
polymerizes rapidly to a reddish orange amorphous mass of indefinite composition
known as pseudocyanogen. Although, relatively stable in inert dry solvents,
thiocyanogen may polymerize in solution, especially under the catalytic effect,

influence of heat, light and moisture.

Thiocyanation of aromatic amines:
The thiocyano group (-SCN) is introduced into aromatic amines with rapidity.

It enters preferentially at a free para position if available otherwise at ortho position.

For example, o-toluidine (I) is conver6ted to 4-thiocyano-o-toludine (II) (80% yield).

NH, NH,
(SCN),

CHa NCS CHy
@O @

When thiocyanation takes place in the position ortho to the primary amino
group as in p-toluidine, p-chloro aniline, p-nitro aniline, the final product in such
cases is often an amino benzothiazole (III) formed by a secondary reaction between

the amino group and the adjacent thiocyano group. In this secondary reaction, since



the amino group is having lone pair of electrons, it will be added to the C=N bond of

—SCN group to give resultant 2-amino benzothiazole.
NH2 NH2 N
Q = I /lL
—_— _—
cl a S-C=N ¢l s NH,
(I

Mechanism:

The mechanism of thiocyanation reaction probably consists of the initial attack
of thiocyanogen (VI) to the activated site of 4-substituted aniline (IV) where due to
mesomeric effect of amino group; the ortho position (V) contains a surplus electrons
which renders the site to act as a good electron rich centre, so-as to form an

intermediate (V) as shown below:

®
N, NH,
D Q
R H
) ($%)]
® ® O
/NH2 /NH2 SCN
Gq SCN
R H R
TCN (Vi)
(SCN
()]
NH,
+ HSCN
R SCN
(Vi)

The unstable intermediate species (VII) immediately losses a proton to retain

the aromatic character of the molecule (VIII) which gives higher stability.
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(VII) Under the influence of acid and heat, add the NH, function to the

adjacent thiocyano group as shown below:

NH, H®or A = _“@&’_H
c==N l l_
R s XN
(VI R

S

o — IR
| CT—NH
. S)\NHZ . s s

2. 2-amino benzothiazoles (X) have been prepared also from the o-thiocyano nitro

compounds of the type of (IX) by chemical reduction (stannous chloride in HCI and
FeSOy in ammonia). The yields are 60-85%.

NH, SCN
1. NaNO, SnCl, N
. L
2. K(S)CN HCl NH,
No, 0C NO,
(X) X)

Chemistry of Diazonium salts

Formation of aromatic diazonium salts from the corresponding amines by

diazotization.

The reaction of amino salt with nitrous acid is known as diazotization.
Diazonium salts were prepared first by Petercriess in 1858 by the action of nitrous

acid on the salt of aromatic amine.

68



A detail study of kinetics of diazotization has shown that it involves

nucleophilic attack by amine on dinitrotrioxide, which is in equilibrium with nitrous
acid.

AN W

—

+
=————= O—N—/70 + H

o +
O=—=N—-oO0OH + H

+
O——N——0H,

- +
O=—=N—-20 + Nt OH,
||D

(o)

0=—=N—0—N=—0 + H,0

N=—0 Slow

—_—

o— Nﬁ

Ar—NH, 4

+
Ar—NH,——N=—/7=0

Normally, the free amine is the reactive species even though its concentration

may be very small in the acidic solutions used. The conjugate acids of the primary

nitroso amine by a series of proton transfer and loss of water, gives this diazonium
ion.

Y

o +
Ar——N==N-—0H,

+
Ar—N=N + H,0

Recently, the intermediate step of primary nitroso amine could be isolated in
the course'®® of the diazotization of an appropriate amine.

Since most diazotizations are performed in aqueous medium, protonated
nitrous acid (from sodium nitrite and acid)194 is usually used, free NO* should only
appear in concentrated acid and in the course of conversions with complex NO* salts.

Reactivity decreases under normal conditions in the following sequence:

NO* > H,0*-NO > NCS-NO > Br-NO > CI-NO > O,N-NO.

1. In aqueous medium:

Normal diazotization of aromatic amines with nitrous acid is carried out in
dilute aqueous mineral acids and usually yields the diazonium salts in the solution.
The direct method starts from solution or suspension of amines in dil. HCI (approx.

2.5 mol. acid per mol. amine), which are treated with molar amount of conc. aqueous
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sodium nitrite solution at 0-10°. The conversion proceeds rapidly and almost

195

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 an unstable compound, it is generated in the presence of
the amine by reaction between sodium nitrite and a mineral acid, usually hydrochloric
acid or sulphuric acid. Excess, acids serve to keep the mixture strongly acidic, which

is necessary to prevent undesirable side reactions.

2. In concentrated acids'":

Weakly basic amines bearing strongly electron attracting substitutents on the
aromatic (or hetero aromatic) nucleus are diazotized preferentially in conc. acids,
since hydrolysis'® of the generated diazonium compounds occurs in aqueous
solutions with rising dilution. Good results have been described with conc. sulphuric

acid'®’.

3. Inorganic solvents’:
Usually, in order to prepare solid diazonium salts, diazotization of aromatic

amines is carried out in organic solvents (glacial acetic acid®!, methanol, ethanol,
formamide, DMF, acetone) by means of nitrous acid esters (preferentially pentyl

nitrile).

Diazotization of substituted aniline:

100m! of concentrated HCl was stirred into a solution of 10ml/gm of
substituted aniline in 40ml of glacial acetic acid at room temperature and then was
cooled at 0°c. The mixture was then treated with the solution of 5.38gms of sodium
nitrite in 15ml of cold water. After completion of the diazotization, the diazonium salt
solution gives a positive starch iodide paper test. The cold solution of diazonium salt
was treated rapidly with a cold solution of stannous chloride (i.e. 44.368gms of SnCl,
in 50ml conc. HCI). The insoluble complex salt is collected by filtration. The salt is
dried and dissolved in aqueous NaOH and toluene is added to the same solution. Two
layers of toluene and aqueous NaOH separates. Separate the upper layer of organic

solvent (i.e. toluene) in large evaporating dish and keep overnight.

70



Chenmistry of 2-Pyrazolin-5-ones

A number of syntheses of 2-pyrazolin-5-ones depend on the reaction of
compounds other than B-ketoesters, substituted in the B-position of o,B-unsaturated
acids, esters and amides. The most frequently used unsaturated compounds are those

having a triple bond in the o.,B-position®®> 2,

R
RC==C—CO—R" ; H,NNH, —>
N
o
\N :§
!
H

The reaction of ketone with aryl hydrazines forms 2-pyrazolin-5-ones®® 2%,

R

RC——CHCOOC,Hs
| + HNNH, —— |
XR" ~yv o
|
H

Synthesis of 3-methyl-1-phenyl pyrazol-5-one:

CHs CHa

CH,—HC

o=—¢ O  C¢H;NH.NH, NH
2, 7

OC;Hs N
CeHs

Mix together 50gm (49ml, 0.384mol.) of redistilled ethyl aceto acetate and
40gm (36.5ml, 0.37mol.) of phenyl hydrazine in a large evaporating dish. Heat the
mixture on a boiling water bath in a fume cupboard for about 2hrs. and stir from time
to time with glass rod. Allow the heavy reddish syrup to cool somewhat, add about
100m] of ether and stir vigorously. The syrup, which is insoluble in ether, will solidify
within 15mins. Filter the solid at the pump and wash it thoroughly with ether to
remove colored impurities. Recrystallize it from hot water or from a mixture of equal
volumes of ethanol and water. The yield of methyl phenyl pyrazolone is 80%°%.

In the similar manner different substituted phenyl hydrazines were prepared.
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Chemistry of nitration

Nitration of organic substances, a reaction discovered in 1834 (Mitcherlich,
synthesis of nitrobenzene) is one of the most common and important reaction in
organic chemistry. The aim of nitration is to substitute one or several hydrogen atoms
in the aromatic or heteroaromatic nucleus by one or several nitro groups.

The number of nitro groups entering the organic molecules depends on the
conc. of the acid used, on temperature and the duration of the process, on the nature of
the substance being nitrated and on other factors. In the course of nitration, the main
reaction is accompanied by side reactions, which diminish the yield of main product
i.e. the nitro compound. The oxidizing effect of nitric acid is responsible for one of
these undesirable side reactions. The oxidizi'ng effect of nitric acid is enhanced by rise
in temperature due to water content of reaction mixture and in the amount of nitrogen
oxides in the nitric acid. The introduction of nitro group into an organic molecule is
accompanied by formation of molecule of water. The accumulation of water in the
reaction mixture lowers the concentration of nitric acid. If nitric acid alone is used as
a nitrating agent, the lowering of its conc. below a certain limit leads to practical
ceasing of the reaction and complete utilization of the nitric acid becomes impossible.
Hence in practice a mixture of nitric acid and sulphuric acid is used for nitration. This
is the so called the nitrating mixture.

The temperature at which nitration is carried out is another very important
factor affecting the course of process. Nitration is an exothermic reaction and when a
mixture of nitric acid and sulphuric acid is used in the nitration of aromatic
compounds a large amount of additional heat is given off by the dilution of sulphuric
acid with water formed in reaction. Hence it is usually necessary to use external
cooling and to mix the reagents gradually. Variation in temperature not only affects
the number of nitro groups entering the molecule but also the position, which the nitro
group enters. It is self-evident therefore, that for each particular nitration there is an
optimal temperature. The introduction of nitro groups into aromatic or heterocyclic
compounds exhibiting aromatic properties is always affected by means of nitric acid
or nitrating mixture. It has also been possible to obtain nitro compounds by the action
of nitric acid alone, although better results are commonly obtained by using nitrating

mixtures and other nitrating agents. Even when anhydrous nitric acid is used for
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nitrating aromatic and heterocyclic compounds its dilution by the water formed during

the reaction raises its oxidizing properties at the expense of its nitrating properties.

Nitration with a mixture of nitric acid and sulphuric acid.

The most wide spread method for nitrating aromatic compound, uses a mixture
of nitric acid with sulphuric acid (nitrating mixture). The mixture is more powerful
nitrating agent than nitric acid alone. The presence of sulphuric acid not only
contributes its dehydrating properties but also enhances the nitrating action of nitric
acid, whilst diminishing its oxidizing properties. However sulphuric acid serves as a
good solvent for many compounds, which is another favorable factor in nitration

processes.

Mechanism:

It is now accepted that nitration is due to the action of positively charged ion
(i.e. a cation) NO,*. Therefore a nitration by ionic substitution (or displacement) is an
electrophilic substitution, according to the well-known nomenclature introduced by
Ingold®®’. There was overwhelming evidence that in all of the nitrating systemé (i.e.
HNO; in mineral acids) the nitronium ion (NO,") was effective electrophile. The
process involved could be written as follows, in the first case heterolysis of nitric acid
being dependent upon autoprotonation and the second being dependant upon the

action of stronger acid (HX).

® ©
2 HNO, H,NO, + NO,

HNO; + HX

NGy 4

®
H2N(@3 —_— N02 + H2O

In electrophilic substitution, the two electrons which form the new covalent
bond (i.e. the bond between the aromatic compound and the electrophilic reagent) are

both supplied by the aromatic compound (I).
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At first, two free electrons are supplied by the aromatic system (Electron sextet). The
addition of the elecrophilic agent NO," results in the formation of the intermediate
compounds (II) (Whel and intermediate)*%.

According to Melander’”

the formation of II constitutes the rate-determining
step. The overall reaction is of second order and follows the sp® mechanism i.e.

bimolecular electrophilic substitution.
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Scheme 11
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Scheme 111

NH2 NaNOz/ HCI NHNH2 £
o thyl aceto
_0%c R acetate CHs
R SnCl2 { NaOH T’ O
Toluene

R

Reflux (CH3)2804
3hrs. | NaOH
CH3

3-4hrs. |[NH.NH2 H20

Reflux iRaney Ni
H2N CHs

CHs
O

R

Reflux
O 3-4hrs.

CICH2COCI
Alcohol

CI~CH2—|(£—NH CHs

» @] 3
O -s-ontom_on (O3

CH3
O Alcohol

Reflux
@R 3-4hrs.

-

CHs

<

R

9

R= 3-chloro, 2,4-dichloro, etc.

77



Scheme IV
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EXPERIMENTAL

This section of the thesis deals with the synthetic details of the compounds
synthesized. The purity of the raw materials used in various synthetic reactions was
ascertained by melting point (Confirmed by the literature M.P.) and TLC. The
completion of the reaction was monitored by TLC and reaction continued until both
the reactants were consumed or largely consumed. Product isolated, purified and
recrystallised using suitable solvent system. The product obtained was then

characterized by elemental and spectral analysis.

Part II:
Synthesis of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl)— 4-(substituted) thiazoles (V).

Step-I: Synthesis of 4-[1-(1,2,4- triazolyl) methyl] benzonitrile (111):

4- cyanobenzylbromide (6g, 0.0306 M) and 1,2,4- triazole (9.27g, 0.1344 M),
both dissolved in a mixture of chloroform (180ml) and acetonitrile (36ml), were
stirred and refluxed for 15 hours. The solution was cooled and neutralized with 3%
aqueous Sodium bicarbonate solution. The organic solution was dried (over
anhydrous sodium sulphate) and evaporated. The residue was then chromatographed
on silica gel (80-120 mesh). Elution with chloroform/isopropanol (9:1) gave the

product, which was then recrystallised from methanol.

M.P = 77-79°C.
Lit. M.P.20 = 77-79°C.
Yield = 57.6 %.

Elemental analysis: CjoHgN4

C% |H% |{N%

Calculated 65.21 | 4.34 | 30.34
Found 65.51 1 4.70 | 30.35
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Step-I1: Synthesis of 4’-[1-(1,2,4-triazolyl) methyl] benzothioamide (1v):

4-[1-(1,2,4-triazolyl) methyl] benzonitrile (5g, 0.0271M) was dissolved in
pyridine (25ml) in a three-necked round-bottomed flask. Triethylamine (4ml) was
added to it and the reaction mixture was placed in an ice bath. H,S gas was bubbled
through the solution continuously for 10 hours. The reaction mixture was then poured
on crushed ice and the solid obtained was filtered and recrystallised from ethanol.

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

M.P =187-189°C.
Yield = 68.5%.
Elemental analysis: CjoH;oN4S

C% |H% |N%

Calculated 55.04 | 4.58 | 25.68
Found 54.64 | 4.31 | 25.96

Synthesis of 2,4-dihydroxy phenacyl bromide:

2,4-dihydroxy acetaphenone (3g, 0.022 M) dissolved in a dry chloroform in a
100ml 3-necked round bottom flask, equipped with a dropping funnel and a water
condenser fitted with a guard tube (anhydrous CaCl,). The reaction mixture was then
exposed to a light source of 200 watts. Bromine (3.5g, 0.022M) dissolved in 10ml dry
chloroform was added dropwise with continuous stirring into the reaction mixture.
Addition of the next drop of bromine was done only after the previous drop was
consumed, marked by the disappearance of the brown color. The reaction mixture was
warmed to 50°C for half an hour. Then a stream of a dry air was passed through the
reaction mixture to sweep out HBr. The reaction mixture was diluted with petroleum
ether and refluxed to dissolve the syrupy mass. The solution was then purified and
concentrated to obtain an oily liquid, which solidify on cooling. The product was

further recrystallised from ethanol.

80



M.P =172-173°C.
Yield = 82%

Rest of the phenacyl bromides used in the reactions were synthesized in

similar manner and obtained from the laboratory.

Step HII: Synthesis of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl}-4-(2,4-dihydroxy
phenyl) thiazole (V).

4-[1-(1,2,4-triazolyl) methyl] benzothioamide (0.5g, 0.0023M) and 24-
dihydroxy phenacyl bromide (0.53g, 0.0023M) were both dissolved separately in a
dry alcohol (25ml), mixed in a 50ml round bottom flask fitted with a reflux condenser
and refluxed for 8 hours. The excess alcohol was removed under reduced pressure and

the solid product was isolated and recrystallised from methanol.

M.P =122-124°C.
Yield = 50.29%

Elemental analysis: C;3H;4N4O,S.HBr

C% |H% |N%

Calculated 61.71 | 4.0 16.0
Found 62.02 | 4.31 | 15.78

Spectral Characterization:

Serries I (2) i.e. 1B:

IR (KBr) cm™: 1522, 1414, 1144 (thiazole); 3149, 1450 (-CH,); 1040 (1H, -1,2,4-
triazole); 3252, 3384 (OH).

PMR (DMSO): 65.7 (s, -CHy), 86.9-8.9 [m, 10H (7H, ArH) (2H, triazoleH) (1H,
thiazole 3H)].

81



H
Y

CH2Br

CN
{n

Scheme I

CHCI3, CH3CN U
—_—
Reflux, 15hrs. L‘<__j__>‘CN
(I
Hag | Pyridine,

TEA

U@

av)
R- COCH2Br | Dry Alcohol

R=Substituted phenyl/heterocycle.

82



Table I: Physical constants of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl}-4- (substituted) thiazoles.

R= Substituted phenyl / heterocycle

Elemental Analysis
Sr.No. R Molecular Formula M.P (°C) Yield (%) Calculated (%) Obtained (%)
C H | N C H | N
1. | 4-amino phenyl C1sH1sNsS.HBr 255-256 56 5217 | 362 | 169 | 5236 | 344 | 1672
2. zi’t:;:‘ydmxy C1sH14NO,S . HBr 122-124 52 5012 | 345 | 12.99 | 5026 | 3.64 | 12.71
3. ig:;?ydmxy C1sH,4N.O,S HBr 133-135 59 5012 | 345 | 12.99 | 5031 | 3.52 | 12.68
4. ihse :;*]‘ydw"y C15H,4N40,S.HBr 162-164 60 50.12 | 3.45 | 1299 | 5021 | 3.58 | 12.80
5. | 2-hydroxy phenyl | CigH,aN,OS.HBr 124-126 58 5205 | 337 | 1349 | 5222 | 3.17 | 13.66
6. f)gtg;l‘ ihydroxy CiHN,OSHBr | 235238 58 4832 | 313 | 12.53 | 48.02 | 325 | 12.46
7. | 6-chloro Ca0H13N¢OS HBr 159-160 55 4786 | 259 | 1675 | 47.94 | 2.48 | 16.49
cinnolin-4-one




2/11/09 11:48 AM

‘ile# 1 : SERIES1B Mode= 2 (Mid-IR)

;ample Description: air

icans= 20 Slow Res=8 cm-1 Apod= Cosine . Zero Filling= 1 x

120

100

60

40-

20

T T
4000 3000 2000 1000

mittance / Wavenumber (cm-1)



D312 0MHAFFVINE-INSTITUTE-A-S-80 BAD E-AM E'(*.-'(ADAV-GERI&-!—."-D MSO-PMP
HAFEE ﬂ’U 2= ¢ ADAV-S 1-2-DNSD-p

—9266

—8 922
—8751
—8814
—7984}
—_—7 330

~N
T

—7119

—85736
504
530
400

§ %

—8.125 3

PPM




Part I1I:
Synthesis of 2-(1H-Benzimidazol-2-yl mercapto)-N- [1,5-dimethyl-2- (substituted)
phényl-3-oxo-2,3-dihydro-IH-pyrazol-4-yl] acyl amine (IX).

Step I: Synthesis of 3-chloro phenyl hydrazine®"’ (II).

100ml of concentrated HCI was stirred into a solution of 3-chloro aniline
(10ml, 0.078M) in 40ml of glacial acetic acid at room temperature and then was
cooled at 0-5°C in 250ml round bottom flask equipped with mechanical stirrer. To the
cold mixture Sodium nitrite (Sgm) dissolved in 15ml cold water was added with
continuous stirring. The cold mixture of diazonium salt was treated rapidly with the
cold solution of Stannous chloride (i.e. 35gm of SnCl, dissolved in 50ml HCI). The
insoluble complex salt was collected by filtration. The salt is dried and dissolved in
aqueous NaOH solution. Toluene is added to the same solution. Two layers of NaOH
and Toluene separate out. The upper layer in separating funnel is organic layer of
toluene and is collected in large evaporating dish and kept at room temperature. After
few hours toluene gets evaporated and oily liquid of 3-chloro phenyl hydrazine
remains. The residue was then chromatographed on silica gel (80-120 mesh). Elution

with chloroform/isopropanol (9:1) gave the product. Product is purified by distillation.

B.P.= 165°C
Lit. B.P.?"'= 165°C
Yield = 72.8%

Elemental Analysis: CsH;N,Cl

C% |H% |N%

Calculated 50.53 1491 | 19.65

Found 50.40 | 4.61 | 19.78
LuRARY

e NS TITUTS

ﬂﬁ%i‘ v e
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Step II: Synthesis of 3-methyl-1- (3-chloro) phenyl pyrazol-5-one (I1I).

Mix together redistilled ethyl aceto acetate (5ml, 0.035M) and 3-chloro phenyl
hydrazine (5ml, 0.035M) in a large evaporating dish. Heat the mixture on a water bath
in fume cupboard for 2hrs. and stir from time to time with a glass rod. Allow the
heavy reddish liquid to cool somewhat. Add about 25ml of ether and stir vigoursly.
The syrup, which is insoluble in ether, will solidify within 15mins. Filter at the pump
and wash with ether to remove colored impurities. The residue was then
chromatographed on silica gel (80-120 mesh). Elution with ethyl acetate/pet. ether
(1:3) gave the product. Recrystallise the product from 50% alcohol.

M.P.=128°C
Yield = 73.14%
Elemental Analysis: C;oHgN,OCl

C% |[H% |N%

Calculated 57.5514.32 {1343
Found 57.44 451 | 13.28

Step III: Synthesis of 2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (IV).

In a 100ml three necked round bottom flask equipped with a dropping funnel,
sealed stirrer and a condenser mix a solution of 7gm of NaOH in a little water and a
solution of 3-methyl-1-(3-chloro) phenyl pyrazol-5-one (2gm, 0.0096M) in 10ml
methanol. Warm the mixture on water bath and add Dimethyl sulphate (0.92ml,
0.0096M). Reflux the mixture for 1hour with continuous stirring. Distill off methanol.
Add hot water to the residue and filter from impurities. Extract the product with
benzene and evaporate the solvent. The residue was then chromatographed on silica
gel (80-120 mesh). Elution with carbon tetrachloride/ethy! acetate (3:2) gave the
product. Recrystallise from benzene or benzene light petroleum.
M.P.=151°C
Yield =52.1%
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Elemental Analysis: C11H;1N,0Cl

C% |H% |N%

Calculated 59.3314.94 |12.58
Found 59.49 | 471 | 12.37

Step 1V: Synthesis of 4-amino-2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (VI).

2,3-Dimethyl-1-(3-chloro) phenyl pyrazol-5-one (3gm, 0.014M) was dissolved
in an alcohol in conical flask. The solution was warmed to dissolve the compound
completely. Then slowly 7-8ml of concentrated HNO; was added to the solution with
constant stirring. Heat the flask till no more brown fumes evolve from it. Cool the
flask by keeping in it ice bath. Filter the product obtained and dry it.

In a single necked round bottom flask in an alcohol a paste of Raney Nickel in
small quantity and excess of hydrazine hydrate solution was refluxed for 1hr. To this
solution while refluxing add slowly solution of nitrated compound dissolved in
alcohol through the condenser and reflux for 4-Shrs. Filter the Raney Nickel and
collect the filtrate in an evaporating dish and evaporate the solvent. The solid obtained

is dried and purified from alcohol.

M.P=172°C
Yield = 59.8%
Elemental Analysis: C;1H;,N50Cl

C% |[H% |N%

Calculated 55.58 {5.05 | 17.68
Found 55.39 1491 | 17.57

Preparation of 2-mercapto benzimidazole (VIII) has been discussed in the

Part I Chemistry section under the title ‘Chemistry of Benzimidazoles’ page no — 61.

85



Step V: Synthesis of 2-(1H-Benzimidazol-2-yl mercapto)-N- [1,5-dimethyl-2-(3-
chloro) phenyl-3-oxo0-2,3-dihydro-1H-pyrazol-4-yl] acyl amine (IX).

4-amino-2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (0.005M) dissolved
in alcohol in an round bottom flask was placed in ice bath. Then slowly equimolar
quantity of chloro acetyl chloride (0.005M) was added which resulted in the solid
product. The product obtained is unstable and treated rapidly for further reaction.

To an ethanolic solution of 4-(o/B-halogenoacyl amino)-1,5-dimethyl-2-(3-
chloro) phenyl-2,3-dihydro-1H-pyrazol-3-one (0.005M), 2-mercapto-1H-
benzimidazole (0.00SM) was added and the reaction mixture was refluxed for 4hrs.
After cooling the solution was evaporated to dryness under reduced pressure. The
product was precipitated with sat. NaHCO; and purified by recrystallisation from

ethanol.

M.P.=150-151°C
Yield = 59.2%
Elemental Analysis: C,0H13N50,SCl

C% |H% |N%

Calculated 56.14 { 421 | 16.37
Found 56.19 [ 442 | 16.14

Spectral Characterization:

Serries IT (3) i.e. 2C:

IR (KBr) cm™: 3415(-NH), 2943(-CH3), 1719(C=0), 1624 (CONH); 1445(-Cl), 773
(-CHz-S-)

PMR (DMSO): 2.9 (s, 3H, C-CH3), 7.1-7.6 [m, 9H (8H, ArH) (1H, NH), 88.3(s,
1H, -CONH), 83.6(s, 3H, N-CH3)
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Scheme 11
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Table II: Physical constants of 2-[1H-Benzimidazol-2-yl mercapto]-N- [1,5-dimethyl-2- (substituted phenyl)-3-ox0-2, 3-dihydro-1H-

N,

| >—s—cu1—c—un
. u
H o

pyrazol-4-yl] acyl amine.

N——CHj,
(e} N/
< |
T—-R
AN
R= 3-chloro, 2,4-dichloro etc.
Elemental Analysis
Sr.No. R Molecular Formula M.P (°C) Yield (%) Calculated (%) Obtained (%)
C H N C H N
1. 4-chloro C20H,3Ns0,SCl 117-118 56 56.14 | 4.21 | 16.37 | 56.23 | 4.36 | 16.19
2. 2,4-difluoro Cy0H17N50,SF, 126-128 52 5594 | 3.96 | 16.32 | 55.83 | 3.87 | 16.44
3. 3-chloro C0H3NsO,SCl 150-151 59 56.14 | 4.21 | 16.37 | 56.19 | 442 | 16.14
4. 2,4-dichloro C0H,7N50,SCl, 186-188 60 5195 3.68 | 15.15 | 51.73 | 3.44 | 15.38
5. 3,4-dichloro C20H7N50,SCl, 82-84 58 51.95| 3.68 | 15.15 | 51.82 | 3.51 | 15.27
6. | 3-chloro-4-fluoro | Cz0H;7NsO,SCIF 60-61 58 53.87 | 3.82 | 15.71 | 53.67 | 3.78 | 15.60
7. 2,5-dimethof(y CyH23N504S 175-176 55 58.28 | 5.07 | 15.45 [ 58.39 | 4.93 | 15.66
8. 2-methoxy C21H21N5038 170-171 54 59.57 | 496 | 16.55|59.24 | 4.71 | 16.38
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PartIV:
Synthesis of 2-[1,3-Benzothiazol-2-yl mercapto]-N- [1,5-dimethyl-2- (substituted
phenyl)-3-oxo0-2, 3-dihydro-1H-pyrazol-4-yl] acyl amine (IX).

Step I: Synthesis of 3-chloro phenyl hydrazine®" (11).

100ml of concentrated HCl was stirred into a solution of 3-chloro aniline
(10ml, 0.078M) in 40ml of glacial acetic acid at room temperature and then was
cooled at 0-5°C in 250ml round bottom flask equipped with mechanical stirrer. To the
cold mixture Sodium nitrite (5gm) dissolved in 15ml cold water was added with
continuous stirring. The cold mixture of diazonium salt was treated rapidly with the
cold solution of Stannous chloride (i.e. 35gm of SnCl, dissolved in 50ml HCl). The
insoluble complex salt was collected by filtration. The salt is dried and dissolved in
aqueous NaOH solution. Toluene is added to the same solution. Two layers of NaOH
and Toluene separate out. The upper layer in separating funnel is organic layer of
toluene and is collected in large evaporating dish and kept at room temperature. After
few hours toluene gets evaporated and oily liquid of 3-chloro phenyl hydrazine
remains. The residue was then chromatographed on silica gel (80-120 mesh). Elution

with chloroform/isopropanol (9:1) gave the product. Product is purified by distillation.

B.P.= 165°C
Lit. B.P.2"'= 165°C
Yield = 72.8%

Elemental Analysis: C¢H;N,Cl

C% |H% |N%

Calculated 50.53 1491 | 19.65
Found 5040 | 4.61 | 19.78
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Step II: Synthesis of 3-methyl-1- (3-chloro) phenyl pyrazol-5-one (111).

Mix together redistilled ethyl aceto acetate (Sml, 0.035M) and 3-chloro phenyl
hydrazine (5ml, 0.035M) in a large evaporating dish. Heat the mixture on a water bath
in fume cupboard for 2hrs. and stir from time to time with a glass rod. Allow the
heavy reddish liquid to cool somewhat. Add about 25ml of ether and stir vigoursly.
The syrup, which is insoluble in ether, will solidify within 15mins. Filter at the pump
and wash with ether to remove colored impurities. The residue was then
chromatographed on silica gel (80-120 mesh). Elution with ethyl acetate/pet. ether
(1:3) gave the product. Recrystallise the product from 50% alcohol.

M.P.=128°C
Yield = 73.14%
Elemental Analysis: C;0HgN,OCl

C% |H% |N%

Calculated 57.5514.32 | 13.43
Found 57.4414.51 | 13.28

Step III: Synthesis of 2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (IV).

In a 100ml three necked round bottom flask equipped with a dropping funnel,
sealed stirrer and a condenser mix a solution of 7gm of NaOH in a little water and a
solution of 3-methyl-1-(3-chloro) phenyl pyrazol-5-one (2gm, 0.0096M) in 10ml
methanol. Warm the mixture on water bath and add Dimethyl sulphate (0.92ml,
0.0096M). Reflux the mixture for Thour with continuous stirring. Distill off methanol.
Add hot water to the residue and filter from impurities. Extract the product with
benzene and evaporate the solvent. The residue was then chromatographed on silica
gel (80-120 mesh). Elution with carbon tetrachloride/ethyl acetate (3:2) gave the

product. Recrystallise from benzene or benzene light petroleum.
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M.P.=151°C
Yield =52.1%
Elemental Analysis: C;;H;;N,OCl

C% |H% |N%
Calculated 59.33 {494 | 12.58
Found 59.49 | 4.71 | 12.37

Step IV: Synthesis of 4-amino-2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (VI).

2,3-Dimethyl-1-(3-chloro) phenyl pyrazol-5-one (3gm, 0.014M) was dissolved

in an alcohol in conical flask. The solution was warmed to dissolve the compound

completely. Then slowly 7-8ml of concentrated HNO; was added to the solution with

constant stirring. Heat the flask till no more brown fumes evolve from it. Cool the

flask by keeping in it ice bath. Filter the product obtained and dry it.

In a single necked round bottom flask in an alcohol a paste of Raney Nickel in

small quantity and excess of hydrazine hydrate solution was refluxed for 1hr. To this

solution while refluxing add slowly solution of nitrated compound dissolved in

alcohol through the condenser and reflux for 4-5hrs. Filter the Raney Nickel and

collect the filtrate in an evaporating dish and evaporate the solvent. The solid obtained

is dried and purified from alcohol.

M.P.= 172°C
Yield = 59.8%
Elemental Analysis: Cy;H;,N;0Cl

C% |H% |N%
Calculated 55.58 | 5.05 [17.68
Found 55.39 (491 | 17.57
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Step V: Synthesis of 2-mercapto benzothiazole (VIII).

Potassium hydroxide (9.6gm, 0.17 mole) was dissolved in the mixture of
150ml ethanol (95%) and 30ml water. To this, 13.8gm CS; (10.71ml, 0.17 mole) was
added with stirring. This solution at boiling temperature was added dropwise to a
solution of 26gm (0.17 mole) of 2-aminothiophenol in 100ml of ethanol, after 6hrs of
reflux the ethanol was distilled off, the white residue was dissolved in water and the
product was precipitated by addition of 50m] dilute acetic acid (50%) to get 86% yield

of 2-mercapto benzothiazole.

M.P.=177-179°C
Yield = 86%

Step VI: Synthesis of 2-(1,3-Benzothiazol-2-yl mercapto)-N- [1,5-dimethyl-2-(3-
chloro) phenyl-3-oxo-2,3-dihydro-1H-pyrazol-4-yl] acyl amine (IX).

4-amino-2,3-dimethyl-1-(3-chloro) phenyl pyrazol-5-one (0.005M) dissolved
in alcohol in an round bottom flask was placed in ice bath. Then slowly equimolar
quantity of chloro acetyl chloride (0.005M) was added which resulted in the solid
product. The product obtained is unstable and treated rapidly for further reaction.

To an ethanolic solution of 4-(o/B-halogenoacyl amino)-1,5-dimethyl-2-(3-
chloro) phenyl-2,3-dihydro-1H-pyrazol-3-one (0.005M), 2-mercapto-1,3-
benzothiazole (0.005M) was added and the reaction mixture was refluxed for 4hrs.
After cooling the solution was evaporated to dryness under reduced pressure. The
product was precipitated with sat. NaHCO3 and purified by recrystallisation from

ethanol.
M.P.=129-130°C

Yield = 60.0%
Elemental Analysis: CyoH;7N40,S,Cl
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C% |H% |N%

Calculated 53.99 [ 3.82 | 12.60
Found 53.8113.77 | 1271
Spectral Characterization:

Serries III (4) i.e. 3D:

IR (KBr) cm™: 3268(-NH), 3118(-CHs), 1706(C=0), 1660 (CONH); 1417(-Cl), 745
(-CH2-S-)

PMR (DMSO): 52.76 (s, 3H, C-CH3), §7.11-7.98[m, 8H ArH] (1H, NH), 88.29(s,
1H, -CONH), 64.22(s, 2H, S-CHy).
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Table III: Physical constants of 2-[1,3-Benzothiazol-2-yl mercapto]-N- [1,5-dimethyl-2- (substituted phenyl)-3-ox0-2, 3-dihydro-1H-
pyrazol-4-yl] acyl amine.

N,

| \>—s—cnz———c
¢ l

o

NH
CHy

R= 3-chloro, 2,4-dichloro etc.

Elemental Analysis

Sr.No. R Molecular Formula M.P (°C) Yield (%) Calculated (%) Obtained (%)
C H N C H N
1. 4-fluoro Ca0H7N4O,S,F 166-168 56 56.07 | 3.97 | 13.08 | 55.87 | 3.84 | 13.18
2. 4-chloro C20H,7N40,S:Cl 160-162 52 5399 | 3.82 | 12.60 | 53.69 | 3.75 | 12.88
3. 2,4-difluoro C20H6N40,S;F; 132-134 59 53.81 | 3.59 | 12.56 | 53.97 | 3.34 | 12.72
4. 3-chloro C20H17N40,S,Cl 129-130 60 5399 | 3.82 | 12.60 | 53.81 | 3.77 | 12.71
5. 3,4-dichloro C30H6N40,5:Cl, 90-91 58 50.10 | 3.34 | 11.69 | 50.22 | 3.08 | 11.53
6. | 3-chloro-4-fluoro | C20H;6N4O2S:CIF 126-127 58 51.89 | 3.46 | 12.11 | 51.98 | 3.33 | 12.36
7. 2,5-dimethoxy C3:H2:N404S, 144-145 55 56.17 | 4.68 | 11.91 | 55.89 [ 4.55 | 11.83
8. 2,4-dichloro C30H6N40,2S:Cl; 138-139 51 50.10 | 3.34 | 11.69 | 50.34 | 3.10 | 11.77
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PartV:
Synthesis of 2-[1,3-Benzothiazol-2-yl amino]-N- [1,5-dimethyl-2- (substituted
phenyl)-3-o0xo0-2, 3-dihydro-1H-pyrazol-4-yl] acyl amine (IX).

Step I: Synthesis of 2,4-dichloro phenyl hydrazine“ 2(1).

100ml of concentrated HC1 was stirred into a solution of 2,4-dichloro aniline
(10gm, 0.06M) in 40ml of glacial acetic acid at room temperature and then was
cooled at 0-5°C in 250ml round bottom flask equipped with mechanical stirrer. To the
cold mixture Sodium nitrite (5gm) dissolved in 15ml cold water was added with
continuous stirring. The cold mixture of diazonium salt was treated rapidly with the
cold solution of Stannous chloride (i.e. 35gm of SnCl, dissolved in 50m] HCI). The
insoluble complex salt was collected by filtration. The salt is dried and dissolved in
aqueous NaOH solution. Toluene is added to the same solution. Two layers of NaOH
and Toluene separate out. The upper layer in separating funnel is organic layer of
toluene and is collected in large evaporating dish and kept at room temperature. After
few hours toluene gets evaporated and oily liquid of 3-chloro phenyl hydrazine
remains. The residue was then chromatographed on silica gel (80-120 mesh). Elution

with chloroform/isopropanol (9:1) gave the product. Product is purified by distillation.

M.P.=94°C
Lit. M.P.*?= 93.94.5°C
Yield = 77.48%

Elemental Analysis: CcHgN,Cl,

C% [(H% |N%

Calculated 40.68 | 3.39 | 15.82
Found 40.40 | 3.61 | 15.58
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Step II: Synthesis of 3-methyl-1- (2,4-dichloro) phenyl pyrazol-5-one (III).

Mix together redistilled ethyl aceto acetate (Sml, 0.035M) and 2,4-dichloro
phenyl hydrazine (6.2gm, 0.035M) in a large evaporating dish. Heat the mixture on a
water bath in fume cupboard for 2hrs. and stir from time to time with a glass rod.
Allow the heavy reddish liquid to cool somewhat. Add about 25ml of ether and stir
vigoursly. The syrup, which is insoluble in ether, will solidify within 15mins. Filter at
the pump and wash with ether to remove colored impurities. The residue was then
chromatographed on silica gel (80-120 mesh). Elution with ethyl acetate/pet. ether
(1:3) gave the product. Recrystallise the product from 50% alcohol.

M.P.=124°C
Yield =78.19%
Elemental Analysis: C;0HsN,OCl,

C% |H% |N%

Calculated 49.38 | 3.29 | 11.52
Found 49.64 | 347 | 11.28

Step III: Synthesis of 2,3-dimethyl-1-(2,4-dichloro) phenyl pyrazol-5-one (IV).

In a 100ml three necked round bottom flask equipped with a dropping funnel,
sealed stirrer and a condenser mix a solution of 7gm of NaOH in a little water and a
solution of 3-methyl-1-(2,4-dichloro) phenyl pyrazol-5-one (6gm, 0.025M) in 10ml
methanol. Warm the mixture on water bath and add Dimethyl sulphate
4.16gm(3.15ml, 0.025M). Reflux the mixture for Thour with continuous stirring.
Distill off methanol. Add hot water to the residue and filter from impurities. Extract
the product with benzene and evaporate the solvent. The residue was then
chromatographed on silica gel (80-120 mesh). Elution with carbon tetrachloride/ethyl

acetate (3:2) gave the product. Recrystallise from benzene or benzene light petroleum.
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M.P.=146°C
Yield = 57.04%
Elemental Analysis: C;,H,oN,0Cl,

C% [{H% |N%

Calculated 51.36 [ 3.89 | 10.89
Found 51.49 | 3.61 | 10.65

Step 1V: Synthesis of 4-amino-2,3-dimethyl-1-(2,4-dichloro) phenyl pyrazol-5-one
(VI).

2,3-Dimethyl-1-(2,4-dichloro) phenyl pyrazol-5-one (3gm, 0.012M) was
dissolved in an alcohol in conical flask. The solution was warmed to dissolve the
compound completely. Then slowly 7-8ml of concentrated HNO3; was added to the
solution with constant stirring. Heat the flask till no more brown fumes evolve from it.
Cool the flask by keeping in it ice bath. Filter the product obtained and dry it.

In a single necked round bottom flask in an alcohol a paste of Raney Nickel in
small quantity and excess of hydrazine hydrate solution was refluxed for 1hr. To this
solution while refluxing add slowly solution of nitrated compound dissolved in
alcohol through the condenser and reflux for 4-5hrs. Filter the Raney Nickel and
collect the filtrate in an evaporating dish and evaporate the solvent. The solid obtained

is dried and purified from alcohol.

M.P.=158°C
Yield = 65.7%
Elemental Analysis: C;;H;;N30Cl,

C% |H% |N%

Calculated 48.53 1 4.04 | 15.44
Found 48.39 | 3.88 | 15.67
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Preparation of 2-amino benzothiazole (VIII) has been discussed in the Part I
Chemistry section under the title ‘Chemistry of Benzothiazoles’ page no — 66 as per

the procedure mentioned in literature?'>,

Step V: Synthesis of 2-[1,3-Benzothiazol-2-yl amino]-N- [1,5-dimethyl-2- (2,4-
dichloro) phenyl-3-oxo-2, 3-dihydro-1H-pyrazol-4-yl] acyl amine (IX).

4-amino-2,3-dimethyl-1-(2,4-dichloro)  phenyl pyrazol-5-one  (0.005M)
dissolved in alcohol in an round bottom flask was placed in ice bath. Then slowly
equimolar quantity of chloro acetyl chloride (0.005M) was added which resulted in
the solid product. The product obtained is unstable and treated rapidly for further
reaction.

To an ethanolic solution of 4-(o/B-halogenoacyl amino)-1,5-dimethyl-2-(2,4-
dichloro) phenyl-2,3-dihydro-1H-pyrazol-3-one (0.005M), 2-amino-1,3-benzothiazole
(0.005M) was added and the reaction mixture was refluxed for 4hrs. After cooling the
solution was evaporated to dryness under reduced pressure. The product was

precipitated with sat. NaHCO3 émd purified by recrystallisation from ethanol.

M.P.=235-236°C
Yield = 72.4%
Elemental Analysis: C20H;7N50,SCl,

C% [H% |N%

Calculated 51.95}3.68 | 15.15
Found 51.69 | 3.79 | 14.97

Spectral Characterization:

Serries IV (4) i.e. 4D:

IR (KBr) em™: 3414(-NH), 2988(-CH3), 1783(C=0), 1649(CONH); 1461(-Cl)
PMR (DMSO): 84.79(d, 2H, CH,), 67.25-7.88[m, 7H ArH], 39.89(s, 1H, -CONH)
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Scheme IV
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Table IV: Physical constants of 2-[1,3-Benzothiazol-2-yl amino]-N- [1,5-dimethyl-2- (substituted phenyl)-3-oxo-2, 3-dihydro-1H-

pyrazol-4-yl] acyl amine.
N
I \>—ﬂ——cuz—c NH
i
s’ 5 —

N——CH,
o) N/
/
|
—r—R
X
R= 3-chloro, 2,4-dichloro etc.
Elemental Analysis
Sr.No. R Molecular Formula M.P (°C) Yield (%) Calculated (%) Obtained (%)
C H N C H N
1. 4-chloro C,0H,3NsO,SCl 230-232 64 56.14 | 4.21 | 16.37 | 55.89 | 4.04 | 16.26
2. 2,4-difluoro C,0H7N50,SF, 218-220 60 55.94 | 396 | 16.32 |55.68 | 3.76 | 16.12
3. 3-chloro Cy0H3Ns0,SCl 195-197 68 56.14 | 4.21 | 16.37 | 56.01 | 4.35 | 16.49
4. 2,4-dichloro C20H17N50,SCl, 235-236 72 51.95| 3.68 | 15.15|51.69 | 3.79 | 14.97
S. 3,4-dichloro C30H7N50,SCl, 198-200 58 5195 | 3.68 | 15.15 | 52.15| 3.60 | 15.20
6. 3-chloro-4-fluoro | C0H7NsO,SCIF 97-98 55 53.87 | 3.82 | 15.71 | 53.80 | 3.75 | 16.04
7. 2,5-dimethoxy C22H23N504S 202-203 56 58.28 | 5.07 | 1545 |58.13 | 4.87 | 15.33
8. 4-fluoro C20H;sNsO,SF 122-123 70 58.39 | 438 | 17.03 |58.26 | 4.16 | 16.84
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Biological Screening, Results
and
Conclusions




BIOLOGICAL SCREENING

All the compounds synthesized during the course of work were subjected to a
biological screening program in order to determine their antibacterial and antifungal
activities and thus to establish their therapeutic value.

The screening program involved an in vitro study against Gram-positive
Staphylococcus aureus ATCC 3750 and Gram-negative Salmonella typhi NCTC 786
for antibacterial activity. Also, in vitro study against fungal strains such as Candida
albicans ATCC 10231 and Aspergillus niger ATCC 16404 was carried out.

Details involved in the screening program is elaborated in the following section:

Drug Stock Solution:

The test compound (10mg) was dissolved in a suitable solvent (10ml) such as
DMF, ethanol, dil. HCI, DMSO as the case may be, so as to prepare a stock solution
of 1000ug/ml. From this solution, the drug concentration viz. 200, 100, 50 and
20pg/ml were made. For lower dilutions the stock solution was diluted to prepare

concentrations such as 20, 10, 5, 2ug/ml.

Controls:

1. Media Control: Sterilized medium was kept as a control so as to assure the
sterility of the medium. If this control shows growth of any type then results

are considered invalid.

2. Culture Control: It contains sterilized 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.
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

solvent used for preparation of the drug stock solution. If the growth is not
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observed, it can be concluded that solvent inhibits the growth of the organism

and hence in that case results are considered invalid.

4. Turbidity Control: 1t contains medium and the 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: 1t contains medium, organism culture and dilution of the
standard drug stock solution 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.

Muller Hinton broth was used as a culture medium. DMSO was used as a
solvent for the preparation of drug stock solution. 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 200,100,50,20,10,5,2,1pg/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 the growth of the organism. The
lowest concentration, which showed no visible growth, was taken as the Minimum
Inhibitory Coefficient (MIC). Ampicillin (MIC= 0.01pg/ml against Gram-positive
S.aureus) and Trimethoprim (MIC= 1.0pg/ml against Gram-negative S.typhi) were

used as the standard drugs.
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Antifungal Screening:

The organisms used for the test were Candida albicans and Aspergillus niger.
Again the method employed was the tube dilution method.

Sabraoud’s medium was used as the growth media (pH=5.6). The sterile
media was dispensed in a sterile borosilicate test tube. The drug solution was added in
order to get the final drug concentrations of 200, 100, 50, 20, 10, 5, 2 pg/ml etc.

The tubes were incubated at room temperature (28-30°C) in a dark place.
C. albicans and A. niger were incubated for 7 days. The presence or absence of the
growth was observed visually. The lowest concentration at which no growth was

observed was taken as the end point (MIC).

Miconazole (MIC= 6.25 pg/ml against C. albicans and A. niger) was used as a
standard drug.



RESULTS:

Table I: Antibacterial activity of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl}-4-

(substituted) thiazoles.

N "
R
MIC (pg/ml)
Sr.No. Substitutions (R)
. aureus S. typhi
1. 4-amino phenyl 200 200
2. 2,4-dihydroxy phenyl 10 200
3. 2,6-dihydroxy phenyl 10 200
4. 2,5-dihydroxy phenyl 50 100
5. 2-hydroxy phenyl 200 N.A
6. 2,4,6-trihydroxy phenyl 200 200
7. 6-chloro cinnolin-4-one 100 100

e Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
e Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

e Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.

® N.A - Inactive at 200 pg/ml.
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Table II: Antifungal activity of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl}-4-

[

(substituted) thiazoles.

N/N R
“|
@
MIC (ug/ml)
Sr.No. Substitutions (R)
C. albicans A. niger

1. 4-amino phenyl 50 100
2. 2,4-dihydroxy phenyl 50 100
3. 2,6-dihydroxy phenyl 50 100
4. 2,5-dihydroxy phenyl 50 100
5. 2-hydroxy phenyl 50 100
6. 2,4,6-trihydroxy phenyl 50 100
7. 6-chloro cinnolin-4-one 50 50

Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.
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Table III: Antibacterial activity of 2-[1H-Benzimidazol-2-yl mercapto]-N-[1,5-
dimethyl-2-(substituted phenyl)-3-0xo0-2,3-dihydro-1H-pyrazol-4-yl] acyl

amine.
N
| \>73—-CH2—C—NH
" CHs
N 0 —
N——CH,
o N/
7 I
|—R
X
MIC (ug/ml)
Sr.No. Substitutions (R)
S. aureus S. typhi
1. 4-chloro 200 100
2. 2,4-difluoro 200 200
3. 3-chloro 200 200
4, 2,4-dichloro 100 200
5. 3,4-dichloro 100 200
6. 3-chloro-4-fluoro 100 100
7. 2,5-dimethoxy 100 100
8. 2-methoxy 200 200

e Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
e Trimethoprim (MIC 0.01 ug/ml) used as standard against S. typhi.
e Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.
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Table IV: Antifungal activity of 2-[1H-Benzimidazol-2-yl mercapto]-N-[1,5-

dimethyl-2-(substituted

phenyl)-3-ox0-2,3-dihydro-1H-pyrazol-4-yl]

acyl amine.
N
I \>—S—CH2——-C——NH
|| CHs
N o =
N——CHs
o N/
7z |
’—R
AN
MIC (ug/ml)
Sr.No. Substitutions (R)
C. albicans A. niger
1. 4-chloro 100 200
2. 2,4-difluoro 100 100
3. 3-chloro 100 200
4, 2,4-dichloro 100 200
5. 3,4-dichloro 100 200
6. 3-chloro-4-fluoro 100 100
7. 2,5-dimethoxy 100 200
8. 2-methoxy 200 200

e Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
e Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

e Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.

LAY

CATTTUTS
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Table V: Antibacterial activity of 2-[1,3-Benzothiazol-2-yl mercapto]-N-[1,5-

dimethyl-2-(substituted phenyl)-3-ox0-2,3-dihydro-1H-pyrazol-4-yl] acyl

amine.
N
| \>‘S-—CH2——C-——NH
|| CHs
S —
N——CHj
N/
7z I
|—R
AN
MIC (pg/ml)
Sr.No. Substitutions (R)
S. aureus S. typhi
1. 4-fluoro 200 100
2. 4-chloro 200 100
3. 2,4-difluoro 200 100
4. 3-chloro 100 100
5. 3,4-dichloro 200 100
6. 3-chloro-4-fluoro 200 200
7. 2,5-dimethoxy 100 200
8. 2,4-dichloro 200 100

Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.

Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.
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Table VI: Antifungal activity of 2-[1,3-Benzothiazol-2-yl mercapto}-N-[1,5-

dimethyl-2-(substituted phenyl)-3-ox0-2,3-dihydro-1H-pyrazol-4-yl] acyl

amine.
N,
| N\ S——CH,——C——NH
i
o —
N——CH,
o N
7z
4
|
x
MIC (ug/ml)
Sr.No. Substitutions (R)
C. albicans A. niger
1. 4-fluoro 100 100
2. 4-chloro 100 100
3. 2,4-difluoro 100 100
4. 3-chloro 50 50
5. 3,4-dichloro 200 200
6. 3-chloro-4-fluoro 100 100
7. 2,5-dimethoxy 100 200
8. 2,4-dichloro 100 100

e Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
e Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

e Miconazole (MIC 6.25 ng/ml) as standard against C. albicans and A. niger.
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Table VII: Antibacterial activity of 2-[1,3-Benzothiazol-2-yl amino}-N-[1,5-
dimethyl-2-(substituted phenyl)-3-ox0-2,3-dihydro-1H-pyrazol-4-yl] acyl

amine.
N
l \>—n——CHz—C—NH
" CHa
g o _
N——CHjq
o N
=z ]
-‘—H
N
MIC (pg/ml)
Sr.No. Substitutions (R)
S. aureus S. typhi
1. 4-chloro 200 100
2. 2,4-difluoro 200 200
3. 3-chloro 200 100
4, 2,4-dichloro 200 100
5. 3,4-dichloro 200 200
6. 3-chloro-4-fluoro 200 100
7. 2,5-dimethoxy 200 100
8. 4-fluoro 200 100

= Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
* Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.
® Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.
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Table VIII: Antifungal activity of 2-[1,3-Benzothiazol-2-yl amino]-N-{1,5- dimethyl-
2-(substituted phenyl)-3-ox0-2,3-dihydro-1H-pyrazol-4-yl] acyl amine.

N
| \>——n—cn,—c—————NH
||
S —
N—CH,
N/
7z l
I—'FI
X
MIC (ug/ml)
Sr.No. Substitutions (R)
C. albicans A. niger

1. 4-chloro 100 100
2. 2,4-difluoro 100 100
3. 3-chloro N.A 100
4. 2,4-dichloro 100 200
5. 3,4-dichloro 100 200
6. 3-chloro-4-fluoro 100 100
7. 2,5-dimethoxy 100 100
8. 4-fluoro 100 100

® Ampicillin (MIC-0.04 pg/ml) used as standard against S. aureus.
® Trimethoprim (MIC 0.01 pg/ml) used as standard against S. typhi.

® Miconazole (MIC 6.25 pg/ml) as standard against C. albicans and A. niger.
*= N.A.- Inactive at 200 pg/ml.
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CONCLUSIONS:

The present research project deals with the synthesis of several novel

heterocyclic moieties and assessment of their possible therapeutic value. In order to

evaluate their efficacy and relate structural aspects with biological activity, these

compounds were screened for in vitro antibacterial and antifungal activities.

Part II of the thesis involves with the synthesis of 2-{4’-[1-(1,2,4-triazolyl)

methyl] phenyl}-4- (substituted) thiazoles. In this series seven compounds had been

synthesized and screened for their biological activities (Table I & II).

1.

All the seven compounds screened for antibacterial activity against S.aureus
and S.typhi, exhibited moderate to good activity. The compounds 2,4-
dihydroxy phenyl, 2,6-dihydroxy phenyl and 2,5-dihydroxy phenyl
substitutions exhibited good activity upto 10pg/ml, 10pg/ml and 50pug/ml
respectively against S.aureus and moderate activity upto 200pg/mi, 200ug/ml
and 100pg/ml against S.typhi respectively. The compounds 4-amino phenyl, 2-
hydroxy phenyl and 2,4,6-trihydroxy phenyl substitutions showed activity
upto 200ug/ml against S.aureus and upto 200pg/ml against S.typhi with
exception of 2-hydroxy phenyl substitution which was found to be inactive at
200pg/ml against S.typhi. The 6-chloro cinnolin-4-one showed moderate

activity upto 100pg/ml against S.aureus and S.typhi.

All the compounds synthesized exhibited good antifungal activity upto
50pg/ml against C.albicans and moderate activity upto 100pg/ml against
A.niger except for 6-chloro cinnolin-4-one phenyl substitutions, which

exhibited good activity upto S0pg/ml.

It could be concluded from the above data that the activity which was

expected to be achieved by combination of two biologically significant moieties 1H-

1,2,4-triazole and substituted thiazole was however not satisfactorily observed. As

few dihydroxy substituted derivatives exhibited activity against S.aureus. All the

seven compounds exhibited significant activity against the fungal species. Therefore,
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by introducing suitable substitutions on the thiazole ring, further investigations could
be pursued on the triazolo thiazolyl moiety to reach upon a therapeutically potent

agent, which could be at par with standard drugs.

Part III involves the synthesis of 2-[1H-Benzimidazol-2-yl mercapto]-N-
[1,5-dimethyl-2- (substituted phenyl)-3-oxo0-2, 3-dihydro-1H-pyrazol-4-yl] acyl
amine. In this series seven compounds had been synthesized and screened for their

biological activities (Table Il & IV).

1. All the eight compounds in the series exhibited moderate activity against
S.aureus. The compound with 4-chloro, 2,4-difluoro, 3-chloro and 2-methoxy
substitution exhibited activity upto 200ug/ml, while the compound with
substitutions 2,4-dichloro, 3,4-dichloro, 3-chloro-4-fluoro and 2,5-dimethoxy
exhibited activity upto 100pg/ml against S.aureus. The compounds with
substitution 4-chloro, 3-chloro-4-fluoro and 2,5-dimethoxy exhibited activity
upto 100pug/ml, while the compounds 2,4-difluoro, 3-chloro, 2,4-dichloro,
3,4-dichloro and 2-methoxy substitution exhibited activity upto 200pg/ml
against S.typhi.

2. All the compounds showed moderate activity upto 100pg/ml against fungal
species of C.albicans upto 100pug/ml exceptional of 2-methoxy substitutions
with activity at 200pg/ml. The compounds 2,4-difluoro and 3-chloro-4-fluoro
substitution showed activity at 100ug/m] while remaining others at 200pg/ml

against A.niger species.

It could be concluded from the above data that substituted pyrazolin
derivatives did not exhibit encouraging results as expected from the combination of
biologically active moieties of benzimidazolyl ring with pyrazolin ring system. The
molecule shows moderate activity against bacterial and fungal strains, which lead us
to believe, that by making suitable changes on the pyrazolin moiety or benzimidazolyl

moiety possibly a molecule with promising activity could be arrived at.
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Part IV involves the synthesis of 2-[1,3-Benzothiazol-2-yl mercapto]-N- [1,5;

dimethyl-2- (substituted phenyl)-3-0xo0-2, 3-dihydro-1H-pyrazol-4-yl] acyl amine. In

this series seven compounds had been synthesized and screened for their biological
activities (Table V & VI).
'

1.

All the eight synthesized compounds showed moderate activity upto 200pg/ml
among which 3-chloro and 2,5-dimethoxy showed activity upto 100pg/ml
against S.aureus. The compounds 3-chloro-4-fluoro and exhibited activity at
200pg/m! while the other remaining compounds exhibited activity upto
100pg/ml against S.typhi.

All the compounds exhibited moderate antifungal activity upto 100pg/ml
against C.albicans except the 3-chloro substituted compounds, which
exhibited good antifungal activity upto50pg/ml against both C.albicans and
A.niger. The compounds 3,4-dichloro and 2,5-dimethoxy substituted exhibited
activity upto 200pg/ml while rest of the compounds exhibited activity against
A.niger at 100pg/ml.

From the above data it can be concluded that all the compounds showed

moderate activity against bacterial strains and the fungal strains. The 3-chloro

substituted compounds showed significant antifungal activity. Therefore, by

introducing certain suitable substitutions in possibly both the moieties may lead to the

compounds with promising activity.

Part V involves the synthesis of 2-[1,3-Benzothiazol-2-yl amino]-N- [1,5-

dimethyl-2- (substituted phenyl)-3-oxo0-2, 3-dihydro-1H-pyrazol-4-yl] acyl amine. In

this series seven compounds had been synthesized and screened for their biological
activities (Table VII & VIII).

1.

All the eight synthesized compounds exhibited activity upto 200ug/ml against
S.aureus. The compounds with 2,4-difluoro and 3,4-difluoro substitutions
exhibited activity upto 200pg/ml whereas rest of the compounds exhibited
moderate activity upto 100pg/ml against S.typhi.

All the eight synthesized compounds exhibited moderate activity upto

100pg/ml against C.albicans except the 2,4-dichloro and 3,4-dichloro which
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showed activity upto 200ug/ml. Rest all the compounds showed activity upto

100pug/ml against A.niger.

It could be concluded from the above data that the activity, which was
expected to achieve by combining two moieties pyrazolin and 2-amino benzothiazole
was not observed against S.aureus. As can be seen the substitutions gave moderate
activity against fungal species, introducing a suitable substitution in any one of the

moiety or possibly both the moieties can enhance the activity.
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APPENDIX

. The melting points have been determined in open capillaries on a Thermonik
Melting Point Apparatus (Campbell Electronics, Mumbai, India) and are
uncorrected.

. Thin Layer Chromatography of the compounds have been run on E. Merck per
coated silica gel plates of type 60 F 254.

. Elemental Analysis of the compounds was carried out at SAIF (Sophisticated
Analytical Instruments Facility), IIT, Powai, Mumbai.

. Infrared spectra were recorded on a BOMEM MB-104 Fourier Transform Infrared
Spectrometer.

. PMR was recorded on JEOL 300 MHz spectrometer using TMS as internal

reference at Institute of Science, Mumbai.



Synopsis




SYNOPSIS

OF THE THESIS TO BE SUBMITTED TO

THE UNIVERSITY OF MUMBAI

FOR THE DEGREE OF

MASTERS OF SCIENCE

IN THE FACULTY OF ORGANIC CHEMISTRY.

TITLE OF THE THESIS

NAME OF THE CANDIDATE
QUALIFICATION

NAME AND DESIGNATION
OF THE RESEARCH
SUPERVISIOR

PLACE OF RESEARCH

NUMBER AND DATE OF
REGISTRATION

DATE OF SUBMISSION

SIG@T%:{E OF

STUDENT

: Synthesis and study of substituted

pyrazoles and triazolo thiazoles
as possible antimicrobial agents.

: Mr. Ameya Gajanan Yadav.
: B.Sc. Chemistry (March 2005).

: Dr. Anil S. Bobade.

(Scientific Officer)

: Department of Chemotherapy

Haffkine Institute for Training,
Research and Testing.
Parel, Mumbai-12.

+ 19, Dec. 07, 2006.

: 5/13 Jzs 0

SIGNATURE OF THE
RESEARCH SUPERVISOR



Introduction

Van Leeuwen Hoek, following his experiments with the microscope,
first identified bacteria in the 1870s. However, it was not until the 19"
century that their link with disease was appreciated. During the later half
of the 19" century scientist such as Koch were able to identify the
microorganisms responsible for communicable disease such as
tuberculosis, cholera and typhoid. However, Paul Ehrlich switched the
direction and entered the field, which he defined as “Chemotherapy”.
This change introduced a number of antitubercular and antimicrobial
agents, which are being used today. However, there is a constant need for
new drugs due to resistance exhibited by various organisms.

Bacteria are evolving and acquiring resistance hence, antimicrobials
with greater efficacy, lesser side effects and broad spectrum of activities
is a challenge. Medicinal chemistry, an extension of organic chemistry,
not only deals with the synthetic aspect of drug but also the biological
aspect of it. One aspect of medicinal chemistry deals with the
incorporation of newly emerged pharmacophore on already existing
biologically active moieties to produce newer molecules with higher
efficacy. These and other reasons inspired the present research work to
synthesize certain novel heterocyclic compounds.

Heterocyclic compounds have been proved as invaluable in the field of
medicinal chemistry. Several heterocyclic derivatives find important
applications in the compounds of therapeutic value. The benzimidazoles
are synonymous with antihelmintic agents; thiazoles are useful for several
purposes ranging from antibacterial to immunosuppressive agents.
Pyridines are found in antiulcer and antitubercular compounds, while
isoxazoles find application in penicillin’s and semi synthetic antibiotics.

The semi synthetic pharmaceutical product such as antibiotics of the

1



cephalosporin series like ceftizoxime contains thiazole molecule. The list
could be endless.

Microbial infections have tormented mankind in various forms since
ancient times. Tuberculosis and leprosy are well documented since the
biblical era. As discussed above heterocyclic derivatives play an
important role in control of various microbial diseases and hence, in this
present study a new series of heterocyclic agents have been synthesized

and studied for their properties as antibacterial agents.

The thesis will consist of the following parts :-

PART 1 :- Introduction, Review of Literature and Plan of Work.

PART 2 :- Synthesis of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl} -4-
(substituted) thiazoles.

PART 3 :- Synthesis of 2-(1H- Benzimidazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

PART 4 :- Synthesis of 2-(1,3- Benzothiazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo0-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

PART 5 :- Synthesis of 2-(1,3- Benzothiazolyl-2-amino) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

PART 6 :- Biological screening, Results and Discussion.

PART 1 :- This part will give general introduction covering salient
aspects of the research project and will also include Review of
Literature,  Plan of Work and will highlight the objectives involved

in the synthetic work.



PART 2 :- Synthesis of 2-{4’-[1-(1,2,4-triazolyl) methyl] phenyl} -4-
(substituted) thiazoles.
Sulphur and nitrogen containing heterocycles in general are shown to

possess various biological activities '

. The thiazole ring was first
described by Hantzsch and Waber has been recognized as an important
pharmacophore for its various applications in the field of medicinal
chemistry. The potentialities of the thiazole molecule as well as versatile
use of it in therapeutically important compounds have resulted in several
outstanding pharmaceutical products, such as sulphathiazole, tetramisole,
promizole and semi-synthetic antibiotics of the cephalosporin series like
ceftizoxime.

Burmistov et_al have reported substituted thiazole derivatives with

antibacterial and antifungal activities %. Also, 2,4-disubstituted thiazoles

(I) are known for their antitubercular activity 3,

R
R2
-
87 ™R

(1)
R= Subs. Aryl, R;= NO,, R3= Heteroaryl.

In 1992, Shell Research Centre * reported thiazole derivative (II) with a

fluoro substituent possessing excellent anti fungal activity.

N | F3 Br.
I ﬁCONH—% »—CF
H3C>/L S 3
Br

(1)



It has also been reported that thiazoles (III) bearing other heterocyclic

ring systems possess good antifungal activity .

R=R,=H, R;= CH;0.

These reports were reason enough to include the thiazole nucleus as a
part of the series to be designed with the hope of achieving antimicrobial
activity.

Boulton, D et al 6 synthesized 2-(benzyl)-4-(4’-pyridyl) thiazole (IV)
with methyl phenyl substituent at 2-position of thiazole and reported its
pharmacological activity. Hence, we decided to introduce the methyl
phenyl group at 1-position of 1,2,4-triazole and check for its

pharmacological activity.

g

(IV)
1,2,4-triazole is well known moiety exhibiting antifungal activity the
facts ascertained by its presence in the recently developed broad-

spectrum antifungal drug, Fluconazole T(V).



OH

N= | 9:
:>FCH2——C——CH2—-
= —

F

(V)

Taking into view the above reports a fusion of the thiazoles and 1,2,4-
triazole was thus planned. Several references indicating the activity of
thiazole triazoles were also found which further encouraged the selection
and fusion of two biological active moieties.

Jagmohan et al have synthesized pyrazolo [3’,4’ : 4,5] thiazolo [3,2-b]-
s-triazoles (VI) which were found to exhibit both antibacterial and

antifungal activity®.

NQO2

NO2

R=OCH;, Cl (VD)



Hence, taking into considerations above all given facts it was planned to
synthesize, 2,4-disubstituted thiazole as the parent moiety with 1,2,4-
triazolyl-1-benzyl-substitution at its 2-position and various substituted
phenyl substituents would be introduced at its 4-position. A total of seven
compounds were synthesized as per the method outlined in scheme I. The

final compounds in the series will have the following structure (VII).

(VII)
R= Substituted phenyl / heterocycle.



Scheme I

CH2Br
CHCl, CH3CN U
—_—
Reflux, 15hrs. ‘—@—cw

H2S Pyridine,

TEA
LQ—CSN Ha

R- COCHz2Br | Dry Alcohol

R=Substituted phenyl/heterocycle.

CN



PART 3 :- Synthesis of 2-(1H- Benzimidazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

Pyrazoles are an important class of heteroaromatic ring systems that
find extensive use in the agrochemical industry’ and pharmaceutical
industries'. After the discovery of the antipyretic action of salicylic acid
in 1875, many phenol and aniline derivatives were tried. Antipyrine
(antifebrine) was among first of this group, later came acetanilide,
acetophenetidin (phenacetin), acetyl salicylic acid (aspirin), aminopyrine
(pyramidon), cinchophen (atophan) and neocinchophen (tolysin). The

formulas disclose the structure of the important compounds.

Salicylates
OH QCOCHs
COOH COOH
Salicylic acid Acetyl salicylic acid
OH

coo@

Phenyl salicylate (Salol)



Aniline derivatives

OC2Hs
NH—C—CH
T NH—C—CHs
1]
Acetanilide Acetophenetidin
Pyrazolon derivatives
~
o=C~ N—CHs o=C~ N—CHs
| H3C\ | CH
H—C—=C—CHs3 /N—C —C—Ls
H3C
Antipyrine Aminopyrine

Quinoline derivatives

COOC2Hs

H—O0—C=0
.”@ Q“
Cinchophen Neocinchophen



Benzimidazole is one of the oldest and chemically well studied nitrogen
heterocycles, it has quietly recognized as the versatile nucleus for
building molecules possessing broad spectrum of biological activities
such as powerful antihelmintic, antimicrobial, pesticidal, antimalarial,
anticancer and pharmacological activities.

During the literature survey, it was found that 2-mercapto
benzimidazole (VIII) itself is a bacteriostatic and antifungal agent'’, also
its derivatives' namely 5(6)-chloro-2-(benzylthio) benzimidazole (IX)
posses antifungal activity against Trichophyton interdigitale, at a dilution
1:290,900 or 3.4pg/ml. Similarly, bacteriostatic activity was also reported

for 2-mercapto benzimidazole against S. aureus".

L8 CI A
O~ U tew(
4 |
! H
( VIII) (IX)

Hence, taking into considerations above all facts mentioned above the
fusion of 2-mercapto benzimidazole and pyrazolone derivative ie.
Antipyrine containing different substitutents in phenyl ring of it was
planned and synthesized. The compounds were synthesized as per the

method outlined in Scheme-II. The final compound from this series will

have the following structure (X).

i
\ S—CH2—C—NH

! o7 CHs

R= 3-chloro, 2,4-dichloro, etc. (X)



Scheme 11

. NH2 NaNOz/ HCI NHNH2 Etrwl
° vl aceto
_0__5(:__,. R acetate CHs
R 8SnClk / NaOH - ~ 0O
Toluene

R

Reflux | (CH3)2S04

3hrs. | NaOH

CH3

3-4hrs. |[NH.NH2 H20

Reflux lRaney Ni
H2N C

I

3

CHs
O

R

Reflux
O 3-dhrs.

CICH2CQOCI
Alcohol

|
CcI-C H2—é—NH CHs3

h 0] >
4
S—CH2—C—NH CHs SH 5
it CH3 ¢ HI
o] Alcohol R
Reflux
@R 3-4hrs.

R= 3-chloro, 2,4-dichloro, etc.

-

CHs

2t
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PART 4 :- Synthesis of 2-(1,3- Benzothiazol-2-yl mercapto) -N- (1,5-
Dimethyl-2- substituted phenyl-3- oxo-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

Variety of benzothiazole derivatives are known in the literature for their
prodigious range of activities, particularly they are more valuable as
antiparasitic'*,  anti-inflamatory’®, fungicidal'®, herbicidal’’  and
antibacterial'® agents. A mercapto group is an important toxophore
responsible for pesticidal activity'®. Therefore, in this series a
combination of 2-mercapto benzothiazole (XI) with pyrazolone derivative

mentioned in part-3 was planned.

@5

(XI)
Thus the final compound (XII) from this series will have the structure
mentioned below and the method used for synthesis is outlined in

Scheme-III.

o
g-ln NH
CHs
i
o N

R

N S—CH2—

R= 3-chloro, 2,4-dichloro, etc. (XII)



H2 NaNO2/ HCI

0-5%
—_—
R SnCk / NaOH
Toluene

o

O

Scheme III

NHNH:2

R

O 3
&
S—CH2—C—NH CHs SH 5

CHs

@R

R= 3-chloro, 2,4-dichloro, etc.

-

Ethyl aceto
acetate CHs
-~ O
R
Reflux [(CH3)2804
3hrs. | NaOH

CHs

b7 CHs
0]

Reflux 1Raney Ni

3-4hrs. |NH.NH2 H20
H2N CHs3
CHs
O
R

Reflux [CICH2COCI
0 3-4hrs.| Alcohol

|
CI—CHz—(JJ——NH CHs

-

CHs

<

Alcohol
Reflux

3-4hrs.
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PART 5 :- Synthesis of 2-(1,3- Benzothiazolyl-2-amino) -N- (1,5-
Dimethyl-2- substituted phenyl-3- o0x0-2,3- dihydro-1H-
Pyrazol-4-yl) acyl amine.

The literature survey revealed that 2-amino-6- substituted benzothiazole
are known to exhibit excellent antitubercular activity. For example, some
6- substituted- 2- amino benzothiazoles show antitubercular activity at the
dose level of 0.025 to 1.0 pg/ml in vitro testing™.

The fact mentioned in part-3 about pyrazolone derivative and as
discussed above the activity of substituted 2- amino benzothiazole the
fusion of 2-amino benzothiazole (XIII) and pyrazolone derivative was
planned and compounds were synthesized. The final compound was
synthesized using the method outlined in Scheme IV. The final

compound (XIV) synthesized will have the following structure.

QL

( X1 )

I
\ I}I—CHz-—C—NH

H CHs

CHs
=
© N

R= 3-chloro, 2,4-dichloro, etc. ( XIV)
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R= 3-chloro, 2,4-dichloro, etc.

-

15



PART 6 :- Biological screening, Results and Discussion.

All the compounds from series I, II, III and IV were synthesized and
were confirmed by Thin Layer Chromatography (TLC), Carbon
Hydrogen Nitrogen (CHN) analysis, Nuclear Magnetic Resonance
(NMR) Spectroscopy, Infra-Red (IR) Spectroscopy and same compounds
were subjected to microbiological screening, which involves anti-

bacterial and anti-fungal screening.

Anti-bacterial screening:
The compounds synthesized were subjected to invitro test against

Staphylococcus aureus ATCC 3750 and Salmonella typhi NCTC 786.
The method used was that of tube dilution and the medium employed in
the screening was Mueller- Hinton Broth®'. The standard drugs used were
Ampicillin (MIC 0.1ug /ml) against S. aureus and Trimethoprim (MIC
0.1pg/ ml) against S. typhi.

Anti-fungal screening:
Compounds reported in series I, II, III and IV were also screened for

their anti-fungal activity by tube dilution technique” against fungal
strains viz. Candida albicans.

In different screening methods, the standard drugs employed were
trimethoprim as general anti-bacterial agent and miconazole as an anti-
fungal agent.

An attempt has been made to obtain some promising leads for anti-
microbial compounds. The synthetic and microbiological evaluation of

the compounds will be dealt in the thesis.

16



REFERENCES

. S.S.Tiwari, K.Sengupta and Kumar.J. Indian Pharm. 1970, 32, 91.
cited from C.A: vol: 44, 59191 (1950).

. Burmistov and Tabovasky, R.G (To Ben Venue Lab Inc.) U.S
Patent 3,278,372, Feb. 26, (1965); cited through C.A: vol: 65,
20068e (1966).

. Prabhu, S.R., Lokhande, S.R., Bhamaria, R.P. and Khadse, B.G.,
Indian Journal of Chemistry 26(B) 856 (1987).

. Shell Research; Chem. and Ind., 7, 893 (1992).

5. Ayer, William, A. et al; Tetrahedron, 48(14), 2929-34 (1992).

. Boulton, D. et al; Eur. Pat. Appl. EP, 1,69,502 (1986) cited through
C.A: vol. 105, 60595a (1986).

. Richardson, K., Brammer, K. W., Harriot, M. S. and Troke, P. F.;
antimicrobial Agents Chemotherapy, 27, 832 (1985).

. Mohan, J.,, Kataria, S. and Anupama; Indian Journal Of
Heterocyclic Chemistry, 8, 237-238 (1999).

. Elguero, J. in Comprehensive Heterocyclic Chemistry; Katritzky,
A. Ed.; Pergamon Press: Oxford 1984; vol. 5 pg. 291.

10.Elguero, J. in Comprehensive Heterocyclic Chemistry; Katritzky,

A., Rees, C. W., Scriven, E. F. V. Eds.; Elsevier Science Ltd.:
Oxford, 1996; vol. 3 pp 1-75.

11.Allan, V.; Deacon; Organic Synthesis vol. 9, 569 (1963).
12.Nakajima, Shotaro; Tonak Ichivo; Seki Teniya; Anmo Toxhlo;

Yakugaka Zasshi 78, 1378-82 (1958), cited from C.A: vol. 53,
8124b (1959).

13.Balio; Alessandro; Ricerca Sci.; 20, 1268 (1950).
14.Dunn, B. G., Actor, P. and Dipasquo, V. J. Journal of Medicinal

Chemistry, 19, 751-53 (1966).

17



15.Wada, Jin, Suzuki, Tadayuki, Miyamatsu, Hiroki, Ueno, Shinji,
Shimizu, Mitsuhiro. Ger. Offen Japan Pat. 2,238,761 (1973) cited
through C. A: vol. 78, 136265h (1973).

16.Popoff, Ivanc. , Buchholz, Bernard. , Miller. , Harold J. , U.S Pat.
3,519,630 (Jul. 1970) cited through C.A: vol. 73, 76154f (1970).

17.Tsoi, Z. 1., Loi, N. P., Umarov, A. A., Ananeva, K. V., Zavyalova,
L. V., C.A: vol. 85, 172661n (1976).

18.Sutoris, V., Foltinova, P. and Blockinger, G., Chem. Zvesty. ,
1977, 31(1), 92-7 (Eng.); Cited through C.A: vol. 88, 89573b
(1978).

19.Cited through C.A: vol. 94, 12152f (1981).

20.Freelanders, B. L. and French, F. A. Proc. Soc. Exptl. Bio. Med.,
66, 362-5(1947).

21.Konemann E.V; Janda W.M; Allen S. D; Sommers K. M; Dowell
V. R; Winn W. C; ‘Color Atlas and Textbook of Diagnostic
Microbiology’. J.B. Lippincott company, Third Edtn. 487 (1988).

22.E. Joan Stokes, Clinical Bacteriology Fourth Edtn. 226 (1955).

sk sk sk skskosk kskok sk






