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INTRODUCTION AND REVIEW OF LITERATURE

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

contribute to a healthier and happier life."

ALFRED BURGER!

In the prospective sense medicinal chemistry relates to the design and
production of compounds those can be used in medicine for the prevention, treatment
or cure of human and animal diseases. An early definition of Medicinal Chemistry was
given by a IUPAC specialized commission “Medicinal chemistry concerns the
discovery, tixe development, the identification and the interpretation of the mode of
action of biologically active compounds at the molecular level. Emphasis is put on
drugs but the interests of medicinal chemistry are not only restricted to drugs but

also include bioactive compounds in general.”

Medicinal chemistry can be said to have taken birth with the advent of man on
earth, probably, precisely at the moment he realized he had been afflicted by certain
abnormal feelings (now termed as diseases/ ailments) which he had to counteract for
his normal being. Since then he has been testing himself with herbs, berries and
various other substances gathered from his environment. Ever since the use of natural
medicine elaborated and proliferated and it has been documented in the records of
various civilizations.

For many centuries the search for chemotherapeutic substances focused on the
investigation of herbs. In the nineteenth century the advent of analytical and synthetic
chemistry triggered important chénges when alkaloids were isolated in pure forms

and simple  molecules such as acetyl salicylic acid were synthesized.

414



However the true era of medicinal chemistry really began in the 1930's with the
preparation and use of antibacterial sulfonamide drugs. From that time the history of
medicine was dominated by medicinal therapeutics.

Today a large number of diseases are cured or at least controlled by drug
therapy. The fight against bacterial and fungal infections has been largely won and
significant progress has been made in treating disturbed mental, cardiovascular,
gastrointestinal conditions. To boast, it can be claimed that certain forms of cancers
can be cured by chemotherapy.

The work presented in this thesis is yet another humble effort in the field of
medicinal chemistry though very minute even to be regarded as a small step in
offering a practical solution to the innumerable problems, nevertheless, a devoted
effort to sincerely contribute to a healthier and happier human life . The work deals
with some of the commonest ailments viz. helminthiasis, tuberculosis,other bacterial
and fungal infections though not considered fatal by and large. But even today these
irritate physicians at times, when coupled with other chronic conditions and also due

to the resistance offered by infecting organisms to various forms of therapy

HELMINTHIASIS

Since prehistoric times, helminthiasis - a disease caused by worms (helminths)
has posed severe hazards to man and animals. It is a problem of considerable
importance, both to the medical practitioner and the veterinary  surgeon. The
helminths as parasites of human and livestock, constitute the single most important

group of infections, although many separate species are involved.

Dr. Stoll's estimate of global parasitism in 1947 20 appears to have altered little
till the middle of the last decade 2*. The various forms of helminth infections merely

seem to have grown in proportion with respect to the growth of the human population

(Table 1).



Table1: Global intestinal helminth prevalence
1947 1989
(in_million) (in billion)
Ascariasis 650 1.26
Hookworm 450 932
Trichuris _ - 350 687

All helminths infections 4.5 billion.

The wide prevalence of parasitic diseases are essentially due to distinctive
climatic conditions, poor environmental sanitation, low socioeconomic status, lack of

health education and other related factors.

Types of infections

Among the various helminth parasites which infect man, livestock and poultry,
the intestinal helminths pose the most serious threat. The hookworm is considered to
be an important intestinal nematode whose presence causes severe disorders in the
body functions. It'is responsible for continued blood loss and the vitality of the patient
is seriously impaired long before the diseases diagnosed. Infections due to two species
of hookworm, Ancylostoma duodenale and Necator americanus continue to be major causes

of iron deficiency anaemia and associated ill-health.

Filariasis or élephantiasis (a common term describing its final stage) is a group
of infections that causes disability and severe disfiéurement of the legs. It is
transmitted by the bite of a mosquito. The filariae migrate to the lymphatic system
wherein they matufe. The pathology is caused essentially by continuous blockade of
lymph flow, the resultant damming up of this fluid stretches and distorts the tissue

into horrendous disfigurement.



Among soil-transmitted parasitic infections, ascariasis is a major public health
problem in the developing world, primarily affecting children. It contributes
significantly to the widespread menace of malnutrition and remains undiminished.

Stronyloides strecoralis has a direct effect in causing intractable diarrhoea. Heavy
infections of trichuriasis causes colitis and diarrhoea that can be sufficiently severe so
as to cause rectal prolapse. Schistosomiasis is another serious malady which causes

liver, gut, and bladder fibrosis from schistosome eggs, deposited by worms.

Agents effective against Helminth lnfecliorls

Halogenated hydrocarbons

The anthelmintic activity of halogenated hydrocarbons have been known for
quite some time now 34 . Several chlorinated hydrocarbons such as carbon tetrachloride,
ethyl chloride, n-butyl chloride and 2-chlorobutane are reported to possess varying
degrees of antihookworm activity. However, very few of these compounds find use in

human clinical treatment due to adverse side effects caused.

Tetrachloroethylene (Cl,C = CCl,) has been used since 1925 as an anthelmintic
agent and probably still finds use in some quarters. It is reported to induce nasuea,
vomiting, headache, dizziness and abdominal cramps. Patients with severe anaemia

have been known to collapse during therapy.

At a dose of 2 ml/adult, carbon tetrachloride (CCl;) is capable of eliminating
hookworms. However, prolonged use may lead to jaundice and cirrhosis and thus it

was replaced by the more active tetrachloroethylene.

Chloroform (CHCIl3) too has been used in the treatment of human hookworm
infections® and have shown good response against N. anmericanus and A. duodenale.
Nevertheless the drug should be given under strict medical supervision while children

and pregnant women are recommended to abstain.



Quarlerly ammonium compounds

Copp and his co-workers at Wellcome Laboratories reported in 1958, the potent
anthelmintic activity associated with phenoxyethylammonium salts (I) of which

bephenium hydroxynaphthoate (11) (Alcopar R) had the highest activity.

R

| o/ e
@-o-c Ha=CHy—N—R, X
R2
(1)

CH;
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—CHZ_CHZ_ N\——CH3
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OH
&4
(11)

Bephenium is effective against N. aniericanus and A. duodenale in man. It is also
found to give 95-100% cure rates in dogs and cats carrying hookworms. The main side

effects accompanying this compounds are nausea and vomiting.

Thenium (llI) (Canopar R) is a thiophene analog of bephenium used
extensively to control canine and feline hookworm diseases due to its lesser property to

cause vomiting than bephenium.
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Organophosphates

A large number of organophosphates have been claimed to possess activity
against different helminths, but few have found uses in human clinical treatment
essentially due to their high toxicity and narrow margin of safety.

Largely due to its unique formulation, dichlorovos (1V) has a broader margin of
safety and high efficiency compared to other organophosphates. It is given in polyvinyl
chloride resin pellets which reieases the drug slowly by evaporation, thus saving the
patient from sudden toxicity of concentrated dose. The body detoxifies the low

concentrations released from the pellets which are ultimately excreted in 2-3 days.

| Haco\p%o
HacO™ O—CH=CCL,

(IV)

Naphthalophos (V) and coumaphos (VI) are other organophosphates which
merit mentjon. The former is capable of removing 90-95 % of the hookworm at a dose

of 50 mg/kg, while the latter clears Bunostomum in calves at a dose of 2 mg/kg.
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NNl
520 )

o)

(V)
H5C20\

H5C20/

=0

—0 0 0

7

Cl

(VI) CHy



Organophosphates are potent inhibitors of acetylcholinaterases and it is
believed that they exert their toxic effects in the worms in a more or less similar

fashion as they are toxic to insects and vertebrates.

Benzimidazoles :

Modern parasitologic research has given birth to a series of benzimidazoles
exhibiting marketed activity against différent intestinal nematodes. Thiabendazole
(VI), the first truly modern anthelmintic was introduced in 1961 by Merck 6. This was
quickly followed by a generation of various benzimidazoles, several of which are

currently used in the treatment of human helminth infections.

A
(VI )

Thiabendazole is a very good agent for the treatment of hookworm infections
and is most effective in multiple dose therapy achieving cure rates to the order of 75-
83%. It also shows anti-inflammatory activity which may be advantageous in the
treatment of human hookworm infections. However, it suffers a disadvantage of being
readily deactivated in sheep due to hydroxylation at its 5-position 7.

Parbendazole (VIII) was introduced by Smith, Kline & French Laboratories
which exhibited significant activity against different helminth parasites, although .its
action‘ is .rather limited against hookWorms. It shows about 66-88 % clearance of A.

caninum infection in dogs at an oral dose of 20 mg/kg.
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Parbendazole was soon followed by mebendazole (IX) , marketed by Janssen
Pharmaceutica 8 which is a powerful anthelmintic agent possessing strong efficacy
against different species of nematodes and cestodes. Mice infected with N. brasiliensis
show 100 % clearance when treated with mebendazole which also shows high activity
against A. ceylanicum in hamsters and A. caninum in dogs. 1t is also equally effective
against human hookworm infections and shows about 95 % clearance of N. americanus

at a dose of 100 mg/kg when given twice a day for three days 9.

C N
[ |
0 :
b HCOOCH,

(IX)

Fenbendazole (X) was introduced by Hoechst which exhibits marketed activity

against different species of lung worms and intestinal nematodes.

O~
| N/l\NHCOOCH3
(X) :

Two more compounds in this class were introduced by Janssen Pharmaceutica -

Albendazole (X!) in 1976 and Flubendazole (XII) in 1978.
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Albendazole exhibits high efficacy against A. canium in dogs at a dose of 50
mg/kg given for three days while it shows relatively weak activity if a single dose of
250 mg/ kg is administered.

Flubendazole shows a high level of activity against a variety of nematode and
cestode infections, either natural or induced in experimental animals. It exhibits
excellent activity at a dose of 10 mg/ kg against a number of intestinal nematodes.

Thus it can be seen that benzimidazoles represent the only class of truly broad
spectrum anthelmintics. However, poor drug absorption and lack of water solubility are

problems that are characteristic of these compounds which limit their usage.

Benzothiazoles and related compounds

Attempts to extend the functional chhaharcteristics of the benzothiazole class of
compounds to the benzothiazoles with a view to develop possible anthelmintics have
met with some success. Several substituted benzothiazoles have been synthesized of
which methyl 6-propoxy benzothiazole-2-carbamate (XI1I) (Tioxidiazole) has emerged
as a potent anthelmintic.compound for intestinal worms 19. At a dose of 50 mg/ kg for

five days it shows excellent activity against N. dubius in mice.
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Another benzothiazole of similar structure, ethyl 6-ethoxybenzothiazole-2-

carbamate (XIV) exhibits over 90 % clearance of H. contortus and B. trigonocephalum in

lambs at a dose of 200 mg/kg 10.

N

S/L\NHCOOCH3

H:C

572
(XIV)

A few pyridothiazoles (XV - XVII) have been reported to possess anthelmintic
activity 11-13 of which caused 90 % mortality of adult N. dubius worms at a dose of 1
mg/kg. The other two compounds (XVI) and (XVII), exhibited moderate activity

against N. dubiius in mice.

- N
\Nl SJL\NH—{<::>%:H:—TN
, 1,

(XV)
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(XVII)

Imidazothiazoles

In the 1960's, Janssen Pharmaceutica while engaged in the search for a broad

spectrum anthelmintic discovered that thiazothienol (XV1ll) showed promising activity

in chickens 4,

While (XVI1I1) also exhibited activity against sheep nematodes, it was ineffective
in rats or mice suggesting that the active principle was probably a metabolite.
Thereafter, chickens were dosed with (XVIII) and thiazothielite (XIX) (among other
metabolites) was isolated from the faces. (XIX) was far more potent than its precursor

and is also active in both mice and rats 4.

With the imidaothiazole as the lead compound, other such molecules were
synthesized of which Tetramisole (XX) represents a broad spectrum anthelmintic. It is
actually a racemic mixture of R- Iand S- 2,3,4,6-tetrahydro’-6-phenylimidazo(2,l-b)
thiazole which have been resolved and their absolute configurations established. The

anthelmintic activity is only due to its s(-) isomer, termed Levamisole.
LIBRARY
HAFFKINE (NSTITUTB
MUMBAL
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(XX)

Tetramisole is also used for veterinary purposes and exhibits high activity
against various gastrointestinal nematodes of sheep, dogs, fow], cattle and horses. In
humans it gives a 27-75 % cure rates against hookworm infections at a single dose of
2.5-5 mg/kg given for a period of three days.

Several other structural analogs of Tetramisole have been synthesized but none

have matched the potency of the parent drug.

TUBERCULOSIS

Tuberculosis, a disease largely caused by Mycobacterium tuberculosis, an 'acid-

fast' bacilli, is known to mankind since vedic times. It occurs throughout the world and
is a significant contributor to the morbidity and mortality in several developing
countries. Approximately one-third of the worlds population is infected by
M.Tuberculosis. 1t is estimated!s» that in 1995 alone 8.8 million people were infected out
of which 3 million died and 3.1 million ill. While it has been largely contained in the
industrialized countries, it has reemerged among patients infected with the human

immunodeficiency virus (HIV) 15k,

In India, as per reports, nearly 5,00,000 persons die of tuberculosis annually. The
number of patients at any given time has been estimated to be atleast 9-10 million of
which one-fourth (2-2.5 million ) are likely to bear the infectious type 16.

Apart from M. tuberculosis which iv‘s the principle mycobacteria responsible for
causing tuberculosis, other causative mycobacteria include M. bovis and M. africanum

While M. tuberculosis is generally transmitted in airborne droplets dispersed by patients
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with infectious pulmonary or laryngeal disease, M. bovis is transmitted in milk from
diseased cows. .

Mycobacterial and common bac_teriél infections differ in their host-parasite
relationship. The common bacteria multiply rapidly and induce a quick, defensive
response from the host. If the defence mechanism of the host is adequate to deal with
the invasion, then the bacterig are eliminated and if not, then the bacteria emerge the
victor by overwhelming the host. In either case the process is usually of short duration
and the outcome of the contest is decided in a short time.

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

Tuberculosis is characterized i)y the formation of nodular bodies or tubercles in
the tissues, from which the disease derives its name. In most cases the primary area of
infection is the lungs but other vulnerable areas include lymph nodes, kidneys, bones
the genetic tract, the brain and the meninges. In case of infections of the lungs, the
lesions often liquify and drain into the bronchial tree giving rise to a persistent cough
accompanied by sputum.

Tuberculosis causes extensive tissue destruction and virulent bacilli reside in the
cavities and debris of the tissue thus being relatively immune to any drug action. The
tubercle formation,even though serving a useful purpose of Wallmg off the infection,
thus preventing them from spreading also protects walled off colonjes from
chemotheraapeutic attack.

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

they become transiently active, thus evading chemotherapeutic agents. Another
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difficulty is in the existence of drug resistant mutants in populations of bacilli hitherto

unexposed to antibiotics.

A truly effective drug should therefore be capable of penetrating the tubercle
and the debris, enter the phagocytes within which the bacilli are growing and finally
destroy them. It should possess potent bactericidal/sterilizing activity against
metabolically active and semidormant bacilli- while also preventing the emergence of
resistant strains throughout the normally prolonged period of treatment.

There is no known drug individually self-sufficient, possessing all the listed
properties in its entirely. Hence a combination of two or more drugs are used for the
treatment which may stretch to several months before a reasonable cure is effected.

Five drugs are currently considered essential in the control of tuberculosis -
isoniazide, rifampicin, streptomycin, ethambutol and pyrazinamide. Thiacetazone too is
widely used to supplement isoniazide in many developing countries due to its low cost.
Other drugs of value in treating patients with multiple-drug-resistant disease include p-
amino salicylic acid (PAS), kanamycin, cycloserine, capreomycin, viomycin and
ethionamide but generally they are more toxic and expensive.

A review of all the known antitubercular agents would be voluminous and are
in any gasé well recorded in other sources of information. Hence a brief description of
the essential drugs used for the control of the disease would be within the scope of this

work.

Isoniazide(INH)

Isoniazide (XXI), the hydrazide of isonicotinic acid was first described in 1912,

but its action against the tubercle bacillus was only discovered in 1952. It is unrivaled in
its bactericidal action and ensures the destruction of the bacilli within a few days of
starting treatment. It is highly effective against replicating tubercle bacilli but does not
affect the semidormant species 17 which resume multiplication after removal of contact

with the drug. ’
’ CONHNH

<
~N (XXI)
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INH is rapidly absorbed and diffuses readily into all fluids and tissues. It is a
component of all antitubercular chemotherapeutic regimens currently recommended by
the World Health Organisation (WHO). It is normally taken orally but may also
administered intramuscularly in case of critically ill patients.

INH is generally well tolerated at recommended doses which is approximately 5
mg/kg (max. 300 mg) daily for adults and children. The most common toxic
manifestation of INH therapy is peripheral neuropathy which if left untreated may
cause distress to the patient. This can be prevented by daily supplements of pyridoxine,
the naturally occurring form of vitamin Bs.

Hepatitis is not a so common but nevertheless a serious side effect associated
with INH therapy. This is mostly prevented by a prompt withdrawal of treatment. A
sharp rise in the serum concentrations of hepatic transaminases at the onset of
treatment is usually not of clinical significance. If the enzyme levels normalise on
suspension of dosage then there is a less likelihood of them rising once again when

treatment is resumed.

Rifampicin

It is a semisynthetic derivative of rifamycin, a complex antibiotic which inhibits
the synthesis of ribonucleic acid (RNA) in a broad range of microbial pathogens. It
exhibits potent bactericidal and sterilizing action against tubercle bacilli in both cellular
and extra-cellular locations.

The effectiveness of rifampicin in the treatment of patients with drug-resistant
tuberculosis was considered 'extraordinary' when it was first introduced 18.

Rifampicin is believed to inhibit the synthesis of RNA by inactivating the
deoxyribonucleic acid (DNA) dependent RNA polymerase thus terminating the process
of bacterial gene expression. Since resistance to rifampicin developﬁ rapidly it is always

administered in combination with other effective antimycobacterial agents.
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As absorption of the drug is reduced when taken with food, it is preferably

giyén about 30 minutes before meals at a dosage of 10 mg/kg (max. 600 mg) daily in
both adults and children. It is usually well tolerated at recommended doses although

there are reports of severe gastrointestinal disturbances. Other adverse effects include

skin rashes, fever and influenza-like syndrome.

Pyrazinamide

Pyrazinamide (XXII) is a synthetic pyrazine analogue of nicotinamide and was
successfully used against human tuberculosis in 1952 19, It is only weakly bactericidal
against M. tuberculosis but has a potent sterilizing activity on organisms that exhibit
slow growth owing to an acidic pH of the environment such as inside macrophages.
Thus, it is able to destroy tubercle bacilli which is otherwise left relatively untouched by
other drugs. It is highly effective during the first two months of treatment and is

administered at a dosage of 30 mg/ kg daily in both adults and children.
CONH»
N

P

(XXIL)

It is usually well tolerated but there have been complaints of slight flushing of
the skin. An excessive exposure of the skin to sunshine may occasionally cause a
reddish brown colouration of the exposed areas resembling sunburn. Other adverse

effects are pain in the joints and sometimes attacks of gout necessitating treatment.

Streptomycin

The antitubercular action of streptomycin, an antibiotic isolated from a culture of
Streptomyces griseus was first demonstrated by Schatz and Waksman in 1944. Tt is not
absorbed from the intestinal tract but after intramuscular administration, it diffuses
readily into most body tissues and attains bactericidal concentrations in tuberculous
cavities. This drug is of particular use when primary resistance to other drug is

suspected.
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The normal dosage for adults and children are 15 mg/kg daily while in patients
over 60 years of age it should be used with caution. In case of children’ too it is
preferably avoided since the injections are painful and may also lead to irreversible
auditory nerve damage. it also should not be used in pregnancy as it crosses the
placenta thus causing the same effect in the foetus.

Hypersensitivity reactions due to the use of streptomycin are common and can
be severe. vestibular damage, earlier considered a high risk factor is uncommon with

currently recommended dosages. If there are complaints of headache, vomiting or

vertigo, then the dosage is reduced.

Ethambutol _
Ethambutol (XXIII) has been classified as a bacteriostatic drug 20. It has been

developed as a synthetic congener of related ethanediamines is bactericidal against M.
tuberculosis, M. bovis and some non-specific mycobacteria. It is used in combination with
other antitubercular drugs to prevent or delay the emergence of resistant strains.
Approximately 75 % of strains of the human type are sensitive to ethambutol at a
concentration of 1 pg/ml. Bacterial resistance to the drug develops in vivo when it is

given alone.

CH,O0H CH,O0H

H3CH,CCHNHCH,CH,NHCHCH,CH,

(XXIII)

‘ It is administered orally and is readily absorbed from the gastrointestinal tract.
The normal dosage for adults and children ranges from 15-25 mg/ kg daily to 40 myg/ kg
three times weekly. The dosage is carefully calculated on a weight basis to avoid
toxicity and is reduced in patients with impaired renal function.

Ethambutol can bring about dose-dependent optic neuritis readily resulting in
impairment of visual acuity and color vision. If detected early, then this effect is usually

reversible, but blindness can occur if treatment is not discontinued promptly. Patients
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who are too young or who are otherwise unable to comprehend early this effect on

vision, should not receive this drug.

OTHER BACTERIAL INFECTIONS

The development of resistance to current antibacterial therapy continues to drive
the search for more effective agents. Bacteria are commonly responsible for many
diseases which were considered until recently to be resistant to chemotherapy. The
bacteria were thought to be primitive in structure to be influence by chemicals which
are not highly toxic to the host. Many attempts have been made to combat bacterial
infections in animals by the use of drugs, but most of them have met with little or no
success with the exception of Morgenroth and Levy’s partial success in the year 1911, in
combating bacterial infections of the blood stream. They found that
ethyldihydrocuprein (Opthocin) a quinine derivative, would cure pneumonococcal
infections in mice. Heidelberger and Jacobs, coupled diazotised p-amino benzene
sulphonamide with dihydrocuprein and found that the resultant compound had only
mild activity and was not further investigated.

However, Dogmagk 21, Mietzsch and Klarer 22 in 1935 first dispelled the failure
of earlier scientists by discovering prontosil, and reported that this compound cures
streptococcal infections in mice and staphylococcal infections in rabbits. This period was
considered to be a brilliant era in chemotherapy of microbial infections.

The history of antibacterials has thus been dynamic, characterized by the
constant emergence of new challenges followed by investigation, discovery and the
production of new drugs. A complete review of the various agents employed as
antibacterials would be beyond the scope of this work and hence is not attempted.
The following pages present a brief summary of the important classes of compounds

used for this purpose.

Sulfonamides

The term 'sulfonamide' is usually employed as a generic name for derivatives of
p -amino benzenesulfonamide (sulfanilamide). These drugs were the first, systemic

chemotherapeutic agents employed to prevent and cure bacterial infections in man and
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were quite effective in bringing about a sharp decline in the morbidity and mortality
figures for the treatable infections diseases. Important members of this class include
Sulfanilamide (XXIV), Sulfamethoxazole (XXV), sulfacetamide (XXVI), sulfadiazine
(XXVII) and sulfisoxazole (XXVIII).

HoN ~S0,NH,

(XX1V) | .
HZN—@‘SOZN” "\l

(XXV)

T,

HoN SO,NHCOCH3

(XXVII)

NH SOZ@

(XXVIII)

(XXVI)

The sulfonamides have a wide range of antibacterial activity against both Gram-
positive and Gram-negative bacteria. They are usually rapidly absorbed from the
gastrointestinal tract except in the.bowel. Approximately about 70-100 % of an oral dose
is absorbed and are finally eliminated from the body partly as the unchanged drug
and partly as metabolic products, the largest fraction being excreted in the urine.

Resistant strains of bacteria to the sulfonamide have become common during
recent years. Also the advent of penicillins and other antibiotics has diminished the role

of sulfonamides as antibacterial agents. However, the introduction of the combination
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of trimethoprim and sulfamethoxazole, known popularly as cotrimoxazole, has resulted

in increased use of sulfonamides for the treatment of specific bacterial infections.

Penicillins and Cephalosporins

Since Alexander Fleming's serendipitous discovery of penicillin in 1928 it has
remained one of the most important group of antibiotics. Despite the discovery of
several other antibacterial agents, the penicillins are widely used with new derivatives
being produced every year. Due to their unique advantages, members of this group of
antibiotics are presently the drugs of choice for treatment of large number of infections
diseases.

The basic structures of penicillin (XXIX) consists of thiazolidine ring (A)
connected to a f}-lactum ring (B) which is attached to a side chain (R) through amide
carbonyl. The penicillin nucleus is an important requirement for biological activity
alteration of which causes loss of all significant activity. Many of the bacterial and
pharmacological characteristics of penicillins are determined by its side chain which

can also alter the susceptibility of the resultant compounds to inactivating enzymes (f3-

lactamases). , ,
o H H

I S. CH, :

R—C—NH- :
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The penicillins are classified according to their spectrum of antibacterial activity.
While the pharmacological propertics of the individual drugs in the various. classes
would constitute a lengthy discussion, certain generalizations can however be made.
Following absorption, penicillins are widely disturbed throughout the body.
Therapeutic concentrations of these agents are quite rapidly achieved in tissues but
comparatively much lower levels are found in parasitic secretions brain tissues and
intraocular fluid.

The penicillins do not penetrate the living phagocytic cells to a great extent. This

class of compounds are quite rapidly eliminated particularly by glomerular filtration
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and renal tubular filtration, as a result of which high concentrations of the drug are
found in the urine. Therefore they exhibit short half-lives, approximately 30-60 minutes.

No sooner was the fact established that penicillins are capable of eradicating
microorganisms than , it was practically administered in every situation where these
was a risk of bacterial infection. But after the investigation of prophylaxis under
controlled conditions, it is now understood that penicillin is highly efficient in some
situations, quite the contrary in others and of questionable value in still others.

The commonly cited adverse effects in the usage of penicillins, which are
probably the most common cause of drug allergy, has been the hypersensitivity
reactions. Such reactions could occur with any dosage form of penicillin, but as the drug
is rapidly eliminated the allergic reactions usually subside. In some cases the symptoms
may persist for one to two weeks after withdrawal of treatment while in other cases the
reaction is mild and disappears during therapy with the drug. At the worst of
circumstances an extreme allergic reaction may even result in death of the patient.

The cephalosporins (XXX) have shown tremendous growth over the past decade
and are usually classified by the "generations" system which is based on the general

features of antibacterial activity. 0
Ry—C—NH._

.
= .
> .
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~—N
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The first generation cephalosporins exhibit good activity against Gram-positive
and relatively lower activity against Gram-negative bacteria. The second generation
cephalosporins exhibit better activity against, Gram-negative microorganism but are
inferior to the third generation cephalosporins. The third generation cephalosporins are
generally less active against Gram-positive bacteria as compared to first geiiemtion
agents, but are much more active against B-lactamase producing strains.

The cephalosporins are widely used antibiotics ,perhaps over used for
conditions, where much less expensive antibiotics could provide relief. Nevertheless
they are indeed useful as alternatives to peniciilins for a variety of infections in patients

who suffer allergic reactions to penicillins.
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The cephalosporins also find wide use in prophylaxis during and after surgery,
wherein the first generation agents have been shown to be safe and effective. A few of
the third generation cephalosporinsg are the dreug of choice for meningitis and in some
cases superior to a combination of ampicillin and chloramphenicol.

The P-lactum antibiotics (penicillins and cephalosporins) suffer bacterial
resistance due to variety of factors. It may be caused by the inability of the agents to
enter the site of action 2. Also it is possible for a sensitive strain to acquire resistance by
mutation and has been described for Gram-positive cocci 24,

Bacteria can also destroy the B-lactum antibiotics enzymatically. B-lactamases are
capable of inactivating certain of these antibiotics and is the major form of this enzyme
although different microorganisms synthesize a number of distinct B-lactamases.
Depending on substrate specificities these are often described as either penicillinases or
cephalosporinases. Individual penicillins and cephalosporins vary in their susceptibility

to these enzymes.

Tetracyclines
The Tetracyclines (XXXI) exhibit a wide range of activity against Gram-positive

and Gram-negative bacteria. In general Gram-positive bacteria are affected by lower
concentration of tetracycline than the Gram-negative species. However, they are
recommended for infections caused by Gram-positive bacteria due to problems of

resistance and availability of superior antibacterial agents.
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Microorganisms that have become resistant to one type of tetracycline frequently
exhibit resistance to the other members of the famiiy. The bacterial species possib'ly
exhibit resistance only after exposure to the drug. The tetracyclines were initially useful
for treatment of infections with aerobic Gram-negative bacteria but most species are
now relatively resistant. Nevertheless, more tl1an|" 90% of strains of Haemophilus
influenzae may still be sensitive to either tetracycline or doxycycline. '

All the tetracyclines produce gastrointestinal irritation to varying degrees in
some individuals and is more common after oral adm:inistration. Diarrhoea may also be
a side effect, which though frequent and fluid, does| not contain blood or leukocytes.
Dox'ycyc]ine and to a lesser extent other derivatives may produce mild-to - severe
reactions in the skin of treated individuals exposed to 'sunlight.

Other important antibacterial agents includt; chloramphenicol and the furan
derivatives such as nitrofurantoin, nitrofurazone, fuylalidone etc. Several of the drugs

active against M. tuberculosis discussed earlier are also active against various species of

Gram-positive and Gram-negative microorganisms besides mycobacteria.
|

\
Quinolones |

The quinolone carboxylic acids, or 4-qumé>lones are a group of synthetic
|

antibacterial agents structurally related to nalidixic acid (XXXII). Nalidixic acid is active
|

against Gram-negative bacteria but has little activity jagainst pseudomonas and Gram-
positive organisms, because of which bactericidal use has generally been limited to the

|
treatment of urinary tract infections. ‘

Modification of the structure of nalidixic acid has produced related antibacterial
. . :
agents such as oxolinic acid, piromidic acid, cinoxacin, and acrosoxacin. None has been

considered to represent a significant clinical advance dver nalidixic acid.

|

ész |

|

(XXX1I)
|

|
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|

|

Addition of the 7-piperazinyl group and a fluorine atom at position 6 has
produced a group of fluoroquinolones with a broad spectrum of activity than nalidixic
acid, and are more useful for the treatment of systémic infections. They include
norfloxacin (XXXIII), ciprofloxacin (XXXIV), Enoxacin ()!(XXV), ofloxacin (XXXVI]) and
lomefloxacin (XXXVII ). One disadvantage of all the qu?inolone antibacterial agents is
that they are generally not recommended for use in chilgren, adolescent, pregnant and
breast feeding women, because of their propensity to c?use joint erosion in immature
animals.

|
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Teﬂoxacm (XXXVIII) was demonstrated by Y L Chen et al 5 for activity versus

penicillin- resnstant staphylococcus, streptococcus and haemophilus. It was itself a p-

lactamase inhibitor and displayed synergy with amp;cnllm.

. |
Miscellaneous |

!
Activity against anaerobic organisms was reported for a series of 2-substituted 5-

|
nitroimidazoles. Compound (XXXIX) was unique in this series, and was found to be

more potent both in vitro and in vivo than metronidazole.

N ?

| g
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Quinolones "

Use of N-cyclopropyl and C-8 heteroatom substituents continued to provide

potent antibacterial agents. AM-1155 and AM-'1'174,:11ew quinolones bearing an 8-
|

(XXXIX)

methoxy group, outperformed ciprofloxacin against anaerobes and range of Gram-
|

positive bacteria with potency upto 16-62 fold greater tﬂxan ciprofloxacin 26.
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Me

AM-1174

Ru-67829 (a compound in benzonaphtyridine series) was found to be more

active against Gram-positive organisms that ciprofloxacin 7.

0
OO >
Me -

Ry-67829

In penicillins, the catechol-containing compound (XL) had outstanding activity
against Pseudomonas, and stability to Gram-negative B-lactamases, but not to the

lactamases of S. aurcus 28,

H.C=N  N—COHN._ _COHN__ S
52\__/ — \,<oco ‘ Ac
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The stability to Gram-positive B-lactamases could be achieved through the use of

0 (benzimidazol-2-yl)-hydroxy methy! group at the R-position (XLI).

CH
/3H

N 3

(XLI)

AM-1174 exhibited activity 128 fold that of ciprofloxacin against ciprofloxacin-
resistant strains of S. aureus 2.

New B-lactum-quinolone hybrids have been reported. The carbamate-linked
Ro 24-4383( XLII) showed broad spectrum activity and exhibited aqueous solubility

much greater than that of the quinolone component alone 0.
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FUNGAL INFECTIONS

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

The incidence of systemic mycoses continues to rise steadily. This increase is due
in part to improved recognition and diagnosis of fungi. Infections, but also to the
prolonged survival of patients with global defects in their host defence mechanism
including patients with neoplastic diseases, organ transplant recipients, diabetics and
patients with AIDS. These patients are susceptible to an ever growing list of
opportunistic fungi. From the data collected by centre for Disease Control, it is known
that among the 1 and 2 million healthy americans who have already been infected with
AIDS, a significant number of these cases are associated with various fungal
infections?l. One yeast-like fungus, Cryptococcus neoformans, is reported to be the
common of debilitating and life-threatening infections in AIDS patients 32.

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

below :
Allylamine Triazoles
Naftisine 4 Fluconazole
Terbinafine Itraconazole

Terconazole
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Imidazoles Polyene macrolides
Bifconazole Amphotericin
Butoconazole Candicidin
Chlormidazole Hachimycin
Clotrimazole Hamycin

Econazole Klatamycin
Enilconazole Nystatin

Fenticonazole
Isoconazole
Ketoconazole
Miconazole
Oxiconazole
Sulconazole

Tioconazole

Pentamycin

Most of the antifungal agents in the Table are applied topically in the treatment

of infections of hair, mucous membranes, nails and skin by Candida (Candidiasis),

dermatophyte fungi including Epidcrmophyton, Microsporum, Trichophyton (tinea,

ringworm) and Malassezia furfur. The main agents which are used in treating these

infections are listed below :

Superfacial Fungal

Infections

Main Topical antifungal
Agents

Candid infections

Tinea

Pityriasis versicolor

Azoles, Polyene antifungals
Azoles, Ciclopirox, Olamine
haloprogin, Tolnaftate

Azoles, Ciclopirox, Olamine

haloprogin, Tolnaftate
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Systemic fungal infections tend to occur in immunocompromised patients and
include infections due to Aspergillus, Blastomyces, Candida, Coccidioides, Cryptococcus,

Histoplasma. The principal drugs which are used in such infections are listed below :

Systemic Fungal Infections Main antifungal agents
Aspergillosis Amphotericin
Blastomycosis Amphotericin, Ketoconazole

Candidal infections :

Oesophageal Fluconazole, Ketoconazole

disseminated Amphotericin with or without Flucytosine

Coccidioidomycosis Amphotericin, Ketoconazole

Cryptococcosis Amphotericin with or without Flucytosine,
Fluconazole.

Histoplasmosis Amphotericin, Ketoconazole

Paracoccidioidomycosis Amphotericin, Ketoconazole

The following pages represent a brief description about major principal drugs

which are used in treating fungal infections.

Amphotericin B

It is the first commercially available systemic antifungal drugs, and remains the
cornerstone for therapy in critically ill patients witﬁ systemic fungal infections. It was
first isolated in the 1950's from Streptomyces nodosus. It is a polyene macrolide that
consists of seven conjugated double bonds, an internal ester, a free carboxylic group
and a glycoside chain with a primary amino group (XLIII). It is amphoteric, forming,
soluble salts in both basic and acidic environments.

The primary mechanism of action of the polyenes in general and amphotericin B
in particular, is due to binding to ergosterol, the principal sterol present in the cell

membrane of sensitive fungi 33,
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(XL111) o

The formidable effectiveness of amphotericin B is tempered by the variety and
frequency of adverse effects. The most significant adverse effect is nephrotoxicity.
Inspite of the adverse effects, it is still the drug of choice for treating most deeply
invasive mycoses, including both endemic mycoses and opportunistic mycoses.
Flucytosine

It is a fluorine analogue of cytosine (XLIV) , was synthesized in the 1950’s as a
potential antineoplastic agent. 1t was found to have in vitro and in vivo antifungal

activity 34, It has been increasing in usage as an adjunct to amphotericin B therapy.

NH»>

0 H (XLIV)

-

The mechanism of acltion of Flucylosine are the disruption of protein synthesis
by inhibition of DNA synthesis, and alteration of the amino acid pool by inhibition of
RNA synthesis. It combines with amphotericin B to exhibit synergistic action in both in
vitro and in vivo systems. It has few side effects. However, it is still in use for treating

the infections caused by Candida albicans, Cryptococcus neofurmens and Torulopsis glabrata.
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Nystatin
Nystatin (XLV) is produced by Streptomyces noursei. It was discovered by Hazen

and Brown * and possesses good antifungal aclivity. Toxicity after parental

administration to animals has led to its use only topically or orally.

(XLV) OH

The minimum inhibitory concentration of this drug for Candida species,
Cryptococcus neoformans and the dimophic fungi causing systemic mucoses is in the
range of 1.56- 12.6 pg/mL. |
Griseofulvin _

| Griseofulvin (XLVI) was discovered by Oxford et al in 1939 as a metabolic

product of penicillin griseofulvin. Grove predicted its chemical structure in 1950 36 .
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As a "cell-wall antibiotic" particularly active on dermatophytes, griseofulvin
interferes with biosynthesis of the chitinous elements of the hyphal wall. It has no
activity against bacteria, yeasts or actinomycetes and its activity against the fermentous
fungi is selective and particularly limited to all species of dermatophytes. No resistant

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

The synthetic antifungal agents

Metal containing molecules

Heavy metal ions such as Ag*, Hg?*, Cu?>* and Zn?* have long been used as
fungitoxicants in agriculture and also in topical ointments for dermatophytoses. A
combination of a heavy metal atom with an organic molecule increases the activity and

more important is the selective toxicity of the metal.

Examples of antifungal compounds that are metal complexes are given below:

Zinc dimethyldithiocarbamate (XLVII), metal complex of 5-chloro -7-iodo-8-
hydroxyquinoline (XLVII), sodium ethyl mercurithio salicylate (XLIX), Zinc caprylate
(L) and pyrithone( L1) L

[(CH3)2NC32]2_Zn _
(XLVII) N | [
\

OONa
‘ (XLVIII)
SHgCHZCH3

(XLIX)

~
|
[CH3(CH,)5CO, | Zn il
0

(L)
(LI)
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Chelating agents

Among chelating agents with considerable in vitro antifungal potency are
substituted biguanides as N1, Ns-bis -(3,4-dichlorobenzyl) biguanide (LI1I) Nt-Y-
lauroxypropyl biguanide (L111),1,6-bis-(5-p-chlorpphenyl biguanidine) hexane ( L1V) %7,

cl 2 CHZ—NH—%’—NH—C”:—NH—CHZ*Q‘Cl
- NH NH ==

(LI1)

H3C (CHz) 10 CH,-0-(CH,) 3'NH—$—NH-C&—NH2
: NH NH

(LI1I)

Cl«@‘NH—(&—NH—(“T—NH—(CHZ) G—NH—E—NH—(II‘—NH-O‘Cl
"\— NH

NH NH NH

(LIV)

Aniline Dyes

Aniline dyes, such as malachite green (LV), gentian violet (LVI), methyl
rosaniline chloride (LVI1l) have been employed in topical therapy of dermatdphyles as

well as of Candidiasis of skin and mucous membranes.
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Phenolics and Diamides

Phenolic compounds were known for their antifungal potency. Among the
numerous phenolic compounds that have been used externally for mycotic infections
are phenol, phenyl mercuric nitrate, cresol, m-cresyl acetate, benzoic acid, 4-
hydroxybenzoic acid, salicylic acid, salicylanilide, 3,5-dibromo salicylaldehyde (LVI1II),
ethyl vanillate (LIX), pyrogallol triacetate (LX), 3-iodo-2-propynyl-2'4'5'-
trichlorophenyl  ether (LX), =~ Halorpogin 1,8-hydroxyanthranol  (LXIl) and

tetrachlorobenzoquinone (LXI11I).
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OH

NH NH
(LXIV)

Several biamidines ( e.g. stibamidine, propamidine, pentamidine) are antifungal
in vitro . 2-Hydroxysfilbimidiné diisothionate (LX1V) has been successfully employed in

patients with blastomycosis. It is less toxic than amphotericin B 38,

Sulfur containing molecules as antifungal agents

A variety of organic compounds that contain divalent sulfur attached to carbon
atom have in vitro fungistatic action, and many of these have been employed in topical
therapy of dermatophytoses. Among these, are dithiocarbamates (LXV),
tetraethylthiuram  disulfide (LXVI) and benzothiazoles such as 6-(b-
diethylaminoethoxy)-2-dimethyl amino derivatives (LXVII)39.40,

. s S
[ (CH3) 3NCS,) 2n (CHy) ,N-C—5-S—C-N(CH,;) ,
(LXV) | (LXvr)

S
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A widely used compounds with unusually high in vitro and in vivo activity
against the dermatophytes is 0-2 naphthyl ester of m-N-dimethylthiocarbanilic acid
(LXVIII) (Tolnaftate). 1t is also effective against candidal lesions 41.

Imidazole Antifungals

Among all the imidazole compounds, three distinct compounds are actually

therapeutic antifungals with very wide spectra against yeast and filamentous fungi.

They are clotrimazole (LXIX ), Miconazole (LXX) and econazole (LXXI).
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Clotrimazole (LXIX) was developed by investigators of the Bayer Laboratories in
1969, and is utilized topically in superficial mycoses or orally in clinical trials in deep
myfosesﬁ

Miconazole®® (LXX) is a well known antifungal drug developed by the
investigators of Janssen Pharmaceuticals in 1969. It is utilized topically in superficial
mycoses and by oral, intravenous routes in deep mycoses in clinical experimental trials .

Econazole (LXXI) is a phenethyl imidazole derivative. Like Miconazole, it is
utilized as topical agent in superficial mycoses and as a systemic antifungal by oral and
intravenous routes in deep mycoses 4.

The mode of action studied by Preusser 45 on Candida albicans and Trichoplyton
rubrum shows that at concentration as low as 1.1 X 107 M alterations on the cellular

membranes and lysis of the intracytoplasmic organelles, occurred with decomposition

of ribosomes .

Miscellaneous

Some pyridotriazines, Triafungin (LXXIl) and oxyfungin (LXXII) have been

described as antifungal agents by Wright 4647,

~ Y
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TRIAZOLES
The substitution of the triazole ring for the imidazole ring offers may advantages

to these newer azoles 48,
1) ltallows for greater polarity, which may improve solubility and reduce
_ protein binding.
2) The triazole ring is less nucleophillic and more resistant to metabolic attack.
There are a number of these compounds that are recently been licensed or are
currently being developed and tested.

Itraconazole

Itraconazole (LXXIV) is water soluble, lipophillic triazole analogue that exhibits

excellent activity against most fungal pathogens.

(LXXIV)

When compared with ketoconazole, its p'otential advantages include a broader
spectrum of activity (inclu_ding Aspergillus spp. and sporothrix sclienckii), a more desirable
pharmacokinetic profile and less toxicity 4.

Most of the adverse reactions reported are transient and include gastrointestinal
disturbances, dizziness headache, depressed libido (with normal testosterone levels)
and leucopenia 0. |
Fluconazole

Fluconazole (LXXV) is a water soluble fluorine substituted bis-triazole that has

been shown to be effective against a variety of fungal infections in immunocompetent
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and immunocompromised hosts. Fluconazole has comparable activity to that of

ketoconazole in inhibition of fungal C-14 demethylase.

—N_ C" N—
[/N—Hzc——c—CHZ—— Nj

(LXXV)

A major point of confusion during the development of this drug, however, has
been its relatively low activity in vitro compared with its high in vivo activity.

It possess pharmacokinetic properties that are distinct from the previously
discussed azole derivatives. It has been well tolerated with very few dose limiting side
effects. Nausea, other G.I. symptoms and elevation in hepatic transaminases have been
reported in 5 % of patients receiving the drug 5. Fluconazole is also a potential
candidate for prevention and early treatment of disseminated Candidiasis in
granulocytopenic patients 52.

Finally, Fluconazole is also currently being studied for primary treatment of
histoplasmosis and sporotrichosis.

Saperconazole

Saperconazole (LXXVI) is waler soluble, lipophilic fluorinated triazole with

similar chemical structures to itraconazole, with two chlorine atoms replaced by

fluorine.

O  CH,
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It has a broad spectrum of antifungal activity including the dimorphic fungi,

Phacohyphomycetes, cryptococcus spp. and Aspergillus spp. 5.

OTHER AZOLES

SCH 39304
SCH 39304 (LXXVII) is a N- substituted triazole with broad spectrum antifungal

activity. It is active orally, parenterally and topically.

(LXXVII)

The potent broad spectrum in vivo activity of SCH 39304 against Candida,

Aspergillus, Cryplococcus, Blastomyces, Coccidioides and dematiaceous - moulds held
exceptional promise as a valuable agent. SCH 39304 has been shown to cause
hepatocellular carcinoma in animals andprobably became an orphan drug only

available to patients who fail to respond to all other antifungal drugs.

1C1 195739
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ICI 195739 (LXXVIIl) is an orally active bis-triazole with broad spectrum

antifungal activity. 54,
Like other antifungal azoles, it is a potent inhibitor of fungal C-14 sterol

demethylation. However, 1CI 195739 is more freely permeable than ketoconazole and
fluconazole, and therefore, organisms that are resistant due to reduced azole uptake are

more sensitive to this drug 55.

SDZ 89-845
SDZ 890845 (LXXIX) is a triazole antifungal agent that has shown activity in a

number of animal models of superficial and systemic fungal infections 56.

OH CHj
Y=\ ||
L_}%—CH[—O—C
=N

Cl

(LXXIX)

LY-121019 (Cilofungin)
Cilofungin (LXXX) is a semisynthetic lipopeptide derived from Echinocandin B

by the enzymatic removal of its linoleoyl side chain and chemical replacement with a 4-

n-octyloxy-benzoyl group 57.




43

It has a narrow spectrum of antifungal activity limited to Candida spps. Specially
C. albicans and C. tropicalis 58 .
Unfortunately LY-121019 has been withdrawn from clinical trials because of

related toxicities. The carrier for the drug is polyethylene glycol which has been shown

to cause metabolic acidosis 59.
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PLAN OF WORK

Successive discoveries in the field of Medicinal chemistry have added to the
list of infections which can be cured or curbed by chemotherapy . Still some of the drugs
which are necessary to use are far from being ideal , either because of toxicity or
unsatisfactory pharmacological properties and some forms of treatment being
consequently less often successful than others. Moreover , microbic resistance remains
a constant threat to the future usefulness of almost any drug.

All  successful chemotherapeutic agents should have certain properties in
common :

1. They must exert an antimicrobic action whether inhibitory or lethal in high
dilutions and in the com_blex chemical environment which they encounter in
the body.

2. Also since they are brought into contact with every tissue in the body.
They must possibly , act witho‘ut any disrupting or harmful effect on the
normal function of any organ .

To these two essential qualities may be added the others. viz., stability, free
solubility, a slow rate of excretion and diffusibility into remote areas etc. which ,
desirable , sometimes lack in useful drugs.

Subsequently , there have been immense advances in knowledge of the
anatomy, chemical composition and metabolism of various microbial cells. This new
knowledge has been helpful in understanding what drugs do to the infecting
organisms. Discoveries have continued to result only from random trials ,purely
empirical , in the field of ¢hemotherapy although sometimes based on reasonable
theoretical expectation.

A line of advance other than the discovery of new dfugs is the adaptation of
old ones. An outstanding example of what can be achieved in this way is presented by
the sulfamides . Similar efforts in the field of antibiotics have given fruitful and
encouraging results. Most of these changes are produced by additions to the
drug molecule . But it is observed that modifications in  essential structure of
the drug molecule alters its antimicrobial properties usually for the worse, but

sometimes to an advantage.
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The logic supporting the work presented in this thesis was formulated , bearing
in mind the biological activities of known moieties and attempting certain structural
modifications or adaptations in light of the recent trends in drug research in
incorporating newly emerged pharmacophores on existing moieties.

Extensive biological investigations of organo fluorine compounds during
the past few decades have been rapidly translated into useful applications in the
field of medicinal chemistry €. The interest in the fluorine containing compounds
which hopes to alter the pharmacological properties of drugs for the better is based
primarily in the following considerations. ' |

1. Fluorine, the second smallest 'atom' as measured by atomic radius and

internuclear distance to carbon would most closely resemble bioactive

hydrogen analogues with respect to steric requirements at enzyme receptor
site#.

2. Fluorine imparts increased oxidative and thermal stability because the

binding energy of the carbon - fluorine bond exceeds that of the carbon-

hydrogen bond by over 17 Kcal/mol.

3. Fluorine leads to increased lipid solubility in membranes that would enhance

the rate of absorption and in vivo transport. In this regard, the trifluoromethyl

group is amongst the most lipophilic of all substituents.

Numerous fluorinated compounds are presently in therapeutic use viz.
Ciprofloxacin (antibacterial) ( I ) , Fluconazole (antifungal) ( 1l ) , Flubendazole

(anthelmintic) (I11), Flucloxacillin (antibacterial) (1V ).

- F COOH

N

A =M\ 4 M=
N=H>C—C—CH»—N
(1) —/ ° 2 \—
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O~y
— ”J\NHCOOCH:;

(III)

Cl

7 N —reon -
— F N\OJ\CH:; (f/ N OOH

(IV)

Considering the biological importance of fluoro compounds and various
bioactive moieties, few series of compounds have been synthesized with fluorine
incorporated substituents/moieties as mentioned below.

PART-II '
Synthesis of 5,6 - Disubstituted 2 - (alkyl/substituted aryl ) amino

Benzothiazoles

Among the various types of known heterocyclic ring system, benzothiazole
nucleus was found to be present in various medicinally important compounds
having antiparasiticé!. 62, antibacterialé 64, antiviralé5, antitubercularét 67 and antifungal 68
activity.

2-Amino-6-substituted benzothiazoles are known to exhibit excellent
antibacterial activity. According to Mayer's hypothesis 6 " a morphological relationship
between mycobacteria and fungi may be parallel by a biochemical relationship" i.e.
substances acting as antifungal agents are likely to exhibit antitubercular
activity also.

Zarapakar and Nargund 70 reported that some benzothiazole derivatives
possess excellent antitubercular activity which range upto 0.1 to 0.04 pg/ml in-vitro.

During the investigation of the effect of various heterocyclic ring system

on mice infected with various influenza virus strains, it was found that the 2-
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amino-6-substituted benzothiazoles of the type (V) when administered
intraperitoneally to the mice gave protection to the mice quite comparable to the

aminoadamantane ¢ when substituents in the above benzothiazole moiety are (R =

Cl, Br), they exhibit activity at a dose level of 0.5 pg/mice.

|N
R SJ\NHZ

(V)
R = CL,Me,Br

2-Butoxy-6-amino benzothiazole (V1) showed anti-tuberculosis activity at 0.02
pg/ ml in-vitro 7! testing. Similarly, 2-amino-6-substituted benzothiazoles of the type

(VII) showed minimum inhibitory concentration at 2.5 pg in-vitro 72.

N

|
s/l\ocL,Hg(n)
| 'N
R S)\NHz

(VII)
R = NOp, NH>

HoN
(V1)

Literature search revealed that 2-mercapto-5,6-disubstituted. benzothiazoles
(VIII) exhibited in-vitro antituberculosis activity at the concentration of 0.2 to 0.4

pg/ml on testing 73.

Also 2-alkylthio-6-amino benzothiazole (1X) were also reported to have good

antituberculosis activity 71,
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ol N

/ll\
R S~ SSH @:—N
D\
(VIII) | HAN S S-R

(LX)

R = N02, NH2 R = alkyl.

Mackie et al 74 screened large number of 2 and 6-substituted benzothiazoles
against liver flukes and they have concluded that 2-chloro and 2-mercapto-6-nitro

benzothiazole of type (X) were most effective.

R <:>L\5J1\R |

(X)

R=NO> R =SH,Cl

Remarkable advances had been achieved in bactericidal and fungicidal field
by introducing an anilino linkage in the benzothiazole derivatives, e.g., 2-
substituted anilino benzothiazoles (XI) are useful as bactericides and

fungicides 75.

N

: |
R S/J\\NH—R

(XI)
R=HClL R =phenyl, p-MeCgH,,,etc.

Among the various heterocyclic benzothiazolyl carbamates , Panitz et al 76
have reported significant anthelmintic activity for Tioxidiazole (6- propoxybenzo-

thiazole-2-methyl carbamate) (XIl). Particularly, it is active against Syphacia obevclate
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and Nematospiroides dubins in mice ot the dose level of 75 mg/kg. It is also active

against hookworm and Trichuris trichiura in dog at the dose level of 200 mg/ kg,

JN
H,Cy NH-C OO0 CH3
(XI1)

2-Substituted anilino and 2-alkylamine benzothiazoles (X11l) reported from our

laboratory, showed promising in vitro 77 activity against M. tuberculosis at the dose level

Horn

(XIII)

of 3.12 pg/ml.

R= alkyl,substituted aryl

Recently Mikulasek S. et al 78 have reported some 2-substituted amino
benzothiazoles (XIV) as antimycobacterial agents. The activity of these compounds is

comparable to that of isoniazide with lower toxicity.

NH—CH-—NH-—COR

(XIV)
R = CL,Br R =H, Me,Ph etc.

Taking lead from these known facts, it was proposed to synthesize -the 5-
chloro,  6-fluoro-2-substituted amino benzothiazoles (XV) which were studied for
their antifungal , antibacterial and antituberculosis activity. These compounds were

synthesized by refluxing the substituted o - amino thiophenol with substituted aryl
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and alkyl isothiocyanates in non-polar high boiling solvents. They have the following

general structure .

CL |N
F s)\NH—R

(XV)
R=alkyl,substituted aryl.

PART - I1I _
Synthesis of 5, 6 - Disubstituted 2 - { substituted phenyl carboxamido)

Benzothiazoles.

Moderate activity was claimed for 5-chloro-salicylanilide derivative as
anthelmintic and antibacterial agent 7. The acid amido linkage was found to be
responsible for various kinds of activity as seen from the following examples,
Niclosamide 8 (XVI) a 5-chlorosalicylanilide derivative, is a drug of choice in  the
treatment of cestodes. Another salicylanilide derivative (XVIl) was found to be

effective against penicillin resistant S. aureus at minimum inhibitory concentration

of 0.00609 pg/ml 79.

- CONH @—NOZ
cl

(XVI1)
0,

0CgHs
(XVII)

The third compound substituted pyridylamide (XVIlI) showed activity

against F. hepatica 8! . M 23 H e
;i jz—cowd( ) —NO2
OoN e

(XVIII)
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The 6-substituted-2-substituted benzothiazolyl amido derivative (X1X) showed

good activity against streplococcus S-86 at 25 pg/ ml concentration 82,

| |
R \ s)\NH—R'

(XIX)
R:CL,NOZ

R= 4-CHj ; CgHL SO, 5 3,5(NOR) CgH3CO

D.A. Denham et. al 8 reported the excellent antifilarial activity of 5-

benzamido-2-(4-thiazolyl) benzimidazole (XX).

|O|
N
H |

N
(XX) SJ

2-Substituted benzamido benzothiazoles are wuseful as bacteriocides and
fungicides. Benzothiazole is a well known established antifungal as well as
bactericidal moiety in fat, paraffin and rubber industries 75. The amido linkage is much

important for retaining the activity in the lead molecule (XXI).

N
|
R S/I\NH~R
(XX1)
R=CLH R = 4-Cl CgH,CO -

a g LTBRARY
AFFXING [VSTITUTR
L 417
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Lacova M et al 8 have reported compounds of type (XXIl) as having good

biological activity.

SO
R S)\NH—I(:| —CH»>—0
| 0

(XXI1)
R =Me,Cl R =H,Cl

Very recently, Mantripragada Narayenu Sambaiah Thote 8 have reported a lead
compound (XXIll) containing the benzothiazole moieéy and having benzamido

substitution in position -2.

(XXILI)

All the above examples indicate the importance of the amido linkage in
biologically active moieties. Taking into account above facts and the biological
importance  of  fluorine substitution in molecule it was thought worthwhile to
synthesize molecule where the active benzothiazole moiety is substituted in position -2
with various fluorine substituted benzamido group . The general structure of the
compounds is given below (XX1V). The compounds were studied for antifungal,

antibacterial, antitubercular and anthelmintic activity.
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N
R 1
Ko

(XXIV)
R=H;5-CL,6-F; 56-DiCl
Rz=2-F; 3F,; 2,6DiF; etc

PART - IV
Svnthesis of 2- substituted arylidine hydrazino 4 - aryl Thaizoles.

In 1965, Romanian research workers Carp et al 8 showed that amino
substituent at 2-position of the thiazole molecule (XXV) along with alkyl or

substituted aryl group at 4-position imparts bacteriostatic activity to the thiazole.

molecule.
R
N
e
S~ SNH
(XXV)

R = 4-CH3CgHy, , 4-NH> CeHy 5
4-CLCgHy , etc.

S.P. Gupta et al 8 have reported that fungitoxicity of 2-
aminohalogenonitrophenyl thiazole (XXVI) depends on both thiazole ring as well as
on the presence of the phenyl ring. Both halogen and nitro group increases the
fungitoxicity when placed in either ortho or para position of the phenyl ring. The
phenyl group substituted at 4-position of thiazole ring increases the fungitoxicity
in comparison to methyl group. Some of the compounds are found to be active

against Helminthosporium satirum, Alternaria tenuis, Aspergillus niger and Fuscarium

oxysporium.
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o

(XXVI)
R =Halogeno,Me,NOp.  (n=23or 4 )
R'= CHj, CgHs

Malvankar et al 8 found that thiazole compound (XXVII) incorporating

aryl, substituted aryl group at 4 and 2-position show good antitubercular activity.

HoN
ue
(XXVII) S

R=alkyl,aryl,
substituted aryl

D. B.Ingle et al # have synthesized thiazole derivatives of the following types

(XXVIII) . However, no biological activity results have been reported by the authors.

HoN N

l sJ\N H-R

(XXVII)

R=Phenyl , 2-Pyridinyl ,etc.
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S. K. Singh and associates 9 have prepared 2-amino-4-(4-chlorophenyl)

thiazole (XXIX) and reported it to inhibit growth of Trichopliyton mentagrophytes at 25
pg/ml.

NH»>

(XXIX)

In 1993 Zhou et al 91 have reported compounds of type (XXX) which are active

against S. aurcus.

N

R C>\s/u\lxu—i—r\l::c/R

R

( XX X)

In the same year Likhate et al 92 have reported 2-substituted thiazolyl
hydrazones (XXXI) which are active against Salmonella typhosa, Gram positive and

Gram negative bacteria.

/L\NH N=CH |
: )\N(Ac) R

(XXXI)

R,R" = H,Cl
R'=H,Cl,Me,etc.

R,R, R"' = aryl.
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Recently, Hydrazones of type (XXXII) have been reported by Shah R.G. et.al. 9

as possessing antimicrobial activity.

I
=

(XXXIT) NH—N=CXR
R = (un)substituted phenyl, 1 naphthyl

Careful study of above compounds exemplifies the pharmacophoric
importance of the 2,4-disubstituted thiazole moiety and also the presence of the
hydrazine linkage in various antimicrobial agents. In view of the above findings a
series of 2-substituted arylidine hydrazino 4 - aryl Thiazoles were synthesized having
following general structure (XXXIIl) and screened for their antifungal, antitubercular

and antibacterial activity.

F
e
S H—N:?
e

(XX XIII)
R =2-F, 3-F, 4-F,etc.
R=H,CHj-
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PART -V '
Synthesis of 3/4 [ (Subtituted phenyl) 1 - methyl - ene ] amino 1,2,4

Triazole
The presence of azomethine linkage in compounds has been known to
decrease their toxicity considerably 9.9 Schiff bases from 5-chlorosalicylaldehyde, 5-
bromosalicylaldehyde, and 4-N,N-dimethylamino benzaldehyde have  shown

encouraging antituberculosis activity in vitro %. 97,

The thiosemicarbazone of . 4-acetamido benzaldehyde ,Thiacetazone

(XXXIV) was introduced for the treatment of tuberculosis in 1950.

H,CCONH CH=N—NHCSNH>

(XXXIV)

This was the first synthesized drug that approached the activity of streptomycin

in experimental infection in animals 98. 99. 100,

Some schiff bases in the benzothiazole series (XXXV) have been synthesized

and their physico-chemical properties were so far studied 101,

|N |
S/I\N:CH
(XXXV) H R

R=0OMe,H
| R.: H,Br,N02
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Takahiro Yabuchi et al 102 reported the synthesis of N-(p-chlorobenzylidine)-2-

amino-6-chlorobenzothiazole (XXXVI) and it has got antimicrobial activity.

‘N
Cl s/l\N:CH L

(XXXVI)

Recently, R. Fioravanti et al 193 have reported antimicrobial properties of some

new hetero aryl benzyl amines (XXXVIl) and their schiff bases (XXXVI111).

R HoNH-Het

(XXXV1I)
R H-N—-Het

(XXXVIII)
R =H, CHs, Br,etc

The azomethine linkage is known to impart biological activity to various
heterocyclic moieties e.g. Straukas ]. et al 14 have reported anti-inflamatory activity of

triazole schiff bases (XXXIX) .

R HC:«FL‘JlNH
N 2

(XXXIX) H

R = 2-CL, 4-F, 4-OMe,etc.
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Taking into account the pharmacophoric importance of triazole in  various
recent line of antifungal drugs, fluconazole, itraconazole, saperconazole and the
importance of azomethine linkage that imparts . antimicrobial activity , Schiff bases
of 3/4 amino triazoles were synthesize which have following structures (L , LI).

They were tested for their antifungal, antibacterial antitubercular activity.

J

N—=CH
(LI)
R=2-F, 3-F, 4-F, etc.

PART - VI
Synthesis of 4( p - chloro phenoxy) 3 - chloro phenyl substituted phenyl

Thiocarbanilide.

The discovery of definite in-vitro antitubercular activity-of thiourea, its phenyl
and sulphanyl derivatives ¢ and the outstanding tuberculostatic properties of N,N'-
di(p-n-butoxy phenyl) thiourea 105107 revived the interest in thiourea derivatives.

Of several hundreds of thioureas synthesized and tested some bearing alkoxy
phenyl group have shown promising activity e.g. Thiambutasine 198 ( LII) well known

antileprotic agent.

H3
HaC 0—< :FHN—C—NH—.—N/C
| S H3

(LII)
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Thioureas not only contribute antitubercular or antileprotic activity but are
also reported to posses antifungal as well as antiviral properties. Madan A. G.

reported Fluonilid (LIIl) as an antifungal agent.

\

(LIII)

Mayer et al 10 have reported 4-(p-alkoxy phenyl) 4-substituted
thiocarbanilides of general structure (LIV). The antimycobacterial activity of which

exceeds the activity of streptomycin.

Qb

(LIV)
R'= OCH; CH(CH3), N(CH3)5

Rafoxanide is a widely used veterinary anthelmintic drug which bears 4-(4 -

chlorophenoxy)-3-chlorophenyl substitutent which is responsible for its enhanced

-0~

(Lv)

Recently , Khonkarov et.al. 111 reported salicylanilido of following structure

activity.

having good anthelmintic properties and having low toxicity in nematodes.

B-c-g-

(LVI)
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Considering the importance of the thioureas and that of 4(p-chlorophenoxy) 3-
chlorophenyl group , substituted thiourea derivatives (LVIl) have been synthesized
incorporating 4(p-chlorophenoxy) 3-chloro-phenyl substitution which were expected
to - give better antimicrobial properties. They were screened for antifungal,

antitubercular and antibacterial activity.

DO

(LVID)
R = atkyl, substitutedaryl
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CHEMISTRY OF 2-AMINO BENZOTHIAZOLES

Various benzothiazoles are known for their manifold medicinal activity
particularly as antiparasitic 662 and antibacterial agents 6364, 2-substituted amino
benzothiazole derivatives are not studied in much detail in literature for their potential
biological activities probably due to the difficulties encountered during the preparation
of various intermediates. Earlier studies on benzothiazole derivatives reveal the
antitubercular activity of 2-substituted alkyl and aryl amino benzothiazoles 77. It is now
well understood that the various fluorine substituted groups confer good antimicrobial
activity to various bioactive molecules. . |

With this in view it was thought worthwhile to establish a structure-activity

relationship among these derivatives.
General Methods For The Synthesis Of 2-Amino Benzothiazoles.

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 ié often classified as pseudohalogenation and
the reagent as pseudohalogén. 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)2 is commonly referred to as thiocyanation.

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

Due to the extreme sensitivity of thiocyanogen towards hydrolysis and

polymerization, it is employed in solution and more commonly is produced in situ.
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Method for the use of thiocyanogen in substitution reactions

Two general methods, which can be practically applicable have been described
for the use of thiocyanogen in substitution reactions-
i) free thiocyanogen in organic solvents.
ii) thiocyanogen liberated gradually in organic solvents from a metal

thiocyanate by various reagents.

i) Free Thiocyanogen

This method was the first to be employed and is still a useful procedure when
the reaction involved is slow, as in addition reactions or when the product is difficult
" to purify. Usually the only contaminant of the product material is polythiocyanogen,
which is entirely insoluble ‘in water and in organic solvents.

The reagent is prepared by the action of an oxidising agent upon thiocyanic
acid or a metal thiocyanate. The oxidation of thiocyanic acid in an organic solvent is
accomplished by means of such reagents as lead tetra acetate, lead peroxide or
manganese dioxide 112, but the yield is so low that the preparation of metal thiocyanate
is much to be preferred. Lead thiocyanate reacts rapidly and quantitatively with
bromine to form thiocyanogen and lead bromide, which is removed rapidly by
- filtration. Halogen carriers such as phenyliodo chloride 113, sulfuryl chloride 114 or
certain N-chloroamides 115 116. 117 can also be used but do not appear to possess any
advantage over bromine or chlorine.

Solvents that have been used with thiocyanogen include benzene,
bromobenzene, carbon tetrachloride, chloroform, ether, ethylene bromide, carbon
disulfide, petroleum ether, methyl acetate, nitromethane, anhydrous formic acid and
acetic acid. At low temperatures such solvents as saturated solution of alkali
thiocyanates in methanol 118119 or acetone 120 can be used. The yield in the
thiocyanation of amine is 20-30 % higher when the reaction is carried out in a neutral
medium like methanol rather than in acetic acid. The formation of a thiazole is
also inhibited in a neutral solvent. Ether is usually not satisfactory because the solvent is

attacked and because some of the amine is precipitated as the thiocyanate121122,
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Moisture must be excluded from thiocyanation solution in order to prevent
hydrolysis. Another troublesome side reaction, particularly in concentrated solutions
is polymerisation, whichis induced by light, heat and the presence of hydrolysis
products. Polymerisation is reported to be depehdent upon the dielectric constant of
ihe solvents121123.124, Stirring is said to retard polymerisation. For the usual synthetic
reaction the preferred procedure is to generate thiocyanogen in a solution of the
substance to be thiocyanated at a rate equal to the rate of the removal by reaction.
The low concentration of reagent, maintained in this way minimizes polymerisation.

The reagent is generated from the thiocyanate salts by a chemical reaction.

ii) Thiocyanogen Generated From Salts By Chemical Reagents.

In this method the alkali metal thiocyanate (I) is dissolved in acetic acid or
formic acid122125 or better in neutral solvent like methyl acetate, acetone or
methanol!18126 and then the compound to be thiocyanated is introduced to the above
solution. Bromine or chlorine is added to the cooled solution at such a rate that the
thiocyanogen reacts as fast as it is liberated. The neutral solvent that is susceptible to
attack by halogen is protected by saturating the solution with an appropriate alkali
metal halide or by using a large excess of an alkali metal thiocyanate in the reaction
mixture. Other reagent for producing thiocyanogen from ammonium thiocyanate have
been described -N,N-dichlorourea 177, N-chloro-acetamide 115, The chemical
transformation can be written as below :

Neutral solvent

2KSCN + Bn » 2KBr + (SCN),

) . or acetic acid
(0°C)

Cupric thiocyanate 128, the use of which may be considered still another
modification of this general procedure, shows promise of being very effective. It
releases thiocyanogen merely by the dissociation of the cupric (1) to cuprous salt (111).

2Cu(SCN); ---------------P 2 CuSCN + (SCN),
(Black) (1) (White) (111)
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‘Cupric thiocyanate (1), prepared in advance, or a paste of copper sulfate and
sodium thiocyanate in equivalent proportions is added to a solution of the compound
in methanol or acetic acid and the mixture is warmea‘to 350C - 809 C, until the black
cupric thiocyanate has changed completely to the white cuprous thiocyanate.

| CuSO; + 2 NaSCN ----eceeeeee » Na;5O; + Cu(SCN),
(Black) (1I)
This procedure has the advantage. over the others of permitting higher

temperatures for thiocyanation.

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 (IV) is converted to 4-thiocyano-o-toluidine (V) (80 % yield) 115.

(SCN)>
—— <y

CH, ' | NCS CHj
(Iv) . (V)

When thiocyanation takes place in the position ortho to the primary amino
group as in p-toluidine, p-chloroaniline, p-nitroaniline, the final product in such
cases is often an amino benzothiazole (VI) 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 6-substituted benzothiazole.

NH> NHo
(SCN)Q /‘-\—
CL | S—C=N cl Hp
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* Mechanism:
The mechanism of thiocyanation reaction probably consists of the initial attack
of thiocyanogen (1X) to the activated site of 4-substituted aniline (V1I) where, due to the

mesomeric effect of amino group; the ortho position (VI1ll) contains surplus electrons
which renders the site to act as a good electron rich centre, so as to form an

intermediate (V1i1) as shown below :-

s @
- [\"‘Hz | NH>
d —_—
)/@ — Jij; (VILI)
R R )

S
%2 (’%Hz SCN
b) S — - (X)
- CN
R —\NSCN R Y

(V1) Sen | ”

| NH>
(XI) + HSCN
R SCN

The unstable intermediate species (X) immediately loses a proton to retain
the aromatic character of the molecule (XI) which gives higher stability.
(IX), under the influence of acid and heat, adds the NH, function to the

adjacent thiocyano group as shown below :

c) i?-iN _"POV_A., O ji\H—H
R S R NN
(XI) J :

N ___~ N7H
JOK, = Ol
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2. 2-Amino benzothiazoles (X11I) have been prepared also from the o - thiocyano
nitro compounds of the type of (XII) by chemical reduction (stannous chloride in HCI

and FeSOj4 in ammonia 129130, The yields are 60-85%.

_NH>
@ i)NaNO, @E SnClp @:j\
NO, n)KSCN HCI. H,
(XII) (XIII)

3.. Hugerschoff Synthesis

In the Hugerschoff synthesis 131132 bromine in chloroform smoothly converts
aryl thioureas into the corresponding 2-amino benzothiazoles in high yields. In this
way, N-alkyl (XIV) and N,N-diethyl (XVI) give the corresponding 2-alkylamino (XV)
and 2-dialkyl amino (XVIl) benzothiazoles 133-137,

IH BrZ/CHcl3 @\" /I\

X

(X1V) XV
NH ' |
I Bl’?_/CHCl3 R @\‘/lNk
& >

(XVI) (XVII)

R,= dialkyl



~ When the alkyl group is attached to the same nitrogen that holds the aryl
group as in the arylthioureas of the type (XVIll) and (XX). Cyclisation produces the 2-
amino benzothiazolines (XIX) and (XXI) derived from the tautomeric form. of the

2-amino benzothiazoles 138-141,

—R N—R
| Br,/ CHCL3 ' /l>
| ’ 57 NH

(XVIII) (XIX

—R
Q f'\l R sz/CHCla- @:/L
/C\NH : N—R

—R
S | (XX1)

N,N'-Diary!l thioureas readily undergo cyclisation 131132 142. 143, However, when
the two aryl groups are dissimilar (XXII and XXIII) there are two possible directions
for ring closure as depicted in Scheme I . Generally, the reaction follows only one
course and a éir\gle product results. The ring closure occurs on the aryl group that is
unsubstituted 142144 or when both aryl groups are substituted in the para position, the
group that holds the least inactivating substituent is involved in the ring closure. Aryl
groups that are substituted particularly with substituents such as bromine, cyano,
carbethoxy or nitro groups, participate in. ring closure less readily 134 142 145 146, The

following reactions are illustrated 145.
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SCHEME -1

~O)—- c—-w—@

( XXII)

| o l

- NH NH
| R (ll - F -
| &S~ S//C\NH_@_R

lBrz / CHCl lerz/ CHCl3
| N
h |
’©\_:D\N FmNH—©—R
R=H,CHy,Br etc R=NOp
HgCp0— ﬁ—@_ ﬁ —@‘R
J ( XXIII)
O e
l Bra/CHCl Br,/ CHCl3

Hsceo-g/@ﬁ\m—@—p R/©:;ﬁ\NH-@—§-O CoMs
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4. In 1962, Frederick Kurzer 147 reported that, 2-substituted amino
benzothiazoles are synthesized from cyclisation of isothioureas derived from o-
amino thiophenol (XXIV) and diaryl carbodiimides (XXV). The reaction can be written

as below :

NH2
-+ R—N=C=N-R

. SH (XXV)
(XX1V)

NH2
S—-ﬁ—NH—R
N—R
HCL

| H
N |

/JL\ +  R-N.HCL
::::::; NH-R H

R =aryl
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The exact reaction path may be involving the initial addition of thiol group to
the -C=N group of diaryl carbodiimide (XXV) to give S-(0o-aminophenyl)-N,N'-bis aryl
isothioureas (XXVI1) which instantly loses a mole of arylamine hydrochloride by the
action of HCL '

cZN-R H=H
i - p, -
N N
CNR
(XXIV) XXV (XXVI)

HCL
RNH3CI. + @I‘)\N @NHR

5. In 1964, Bertran Anders 148 patented the preparation of 2-substituted
benzothiazole by the cyclisation of o-amino thiophenol (XX1V) and substituted

phenyl isocyanide dichloride (XXVII) in the presence of triethylamine at ambient

temperature. The reaction can be represented as below :-

- EtsN N
. 3
+ /C§ Benzene /”\

R
(XXIV) (XXVII)
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Recently, 2-substituted amino benzothiazoles are synthesized by treating

6.
alkyl thiourea (XXVIII) with

N-(o-mercaptophenyl)-N'-substituted phenyl or
dicyclohexyl carbodiimide (XXIX) in boiling benzene 149,

/ + >
SH S/\*"ﬁ:N_O
R

|C
NH N
( XXVIII) XXIX
; ( )
benzene

[: :["” o - ‘
SJ\NH'R D " g(xiil)o

The probable explanation that may be given for such type of ring closure is as
follows. Initially, the enol form of diaryl thiourea was added to the -C=N groups
of dicyclohexyl carbodiimide to give an intermediate species (XXX) which

instantly loses a molecule of dicyclohexyl thiourea (XXXI) accomplishing cyclization
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to give required benzothiazole. This new type of reaction will not have any
further synthetic applicability since the reactants used are not available easily in a

laboratory.

In the present study, the raw material namely, 2-amino-5,6-disubstituted
benzothiazoles are synthesized by thiocyanating 3,4-disubstituted anilines with
potassium thiocyanate and bromine in acetic acid at cold temperature, according to

the literature methods.
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CHEMISTRY OF O-AMINO THIOPHENOLS

General methods for the preparation of o-aminophenols :
1) Reduction of di-(o-nitro phenyl) disulfide (I) by sodium sulfide or by zinc

gives the sodium or zinc salt of the o - aminothiophenol (11) which is then employed
directly in the benzothiazole synthesis 150159, The reaction of o-nitrophenyl halides
with an excess of sodium polysulfide yields .solution of sodium salts of o-

aminothiophenols that are satisfactory for the preparation _of some benzothiazoles.

X - S— SH
Na,S
@i 3S7 Zn/AcOH
NO ' NO> NH>

2
I O I (1)

ii) The Herz process :

The Herz process for the preparation of o-aminothiophenols from aromatic
amines has been applied extensively to the synthesis of benzothiazole
intermediates 160165, The term Herz reaction is used to describe the overall reaction
leading to the preparation of o-amino benzene thiols by the condensation of aromatic
amines (XV) with sulfur chloride and hydrolysis of the condensation product. There
are three discernible steps. )

In the first step the amine (e.g. p-chloroaniline) reacts with sulfur chloride to

give a thiazathiolium chloride (111).

-+ 3HCL

cL Ct SNl



75

Hydrolysis of thiazathiolium chloride (11I) (which is called as Herz compound)
proceeds through the replacement of chlorine by hydroxyl group to give a

thiazathiolium hydroxide (1V). This replacement can usually be carried out in neutral
solution, but the hydroxy compound is not always isolated. Aqueous or aqueous

alcoholic alkali then opens the five membered ring to give the Na-salt of o-amino

thiophenols (V) and sodium hydrogen sulphite.

| lw OR /I::::[:——NH 2 NaOH
S S
CL S” \0OH Ct SN

-+ NaHSO;

Cl SNa
(V)

" The reaction mixture containing the hydrolysis product can be used directly in
many s'yntheses,' but the thiol can be precipitated and collected, if required as the free
base or as zinc mercaptide.

The reaction is limited to the preparation of o-amino thiophenols containing as
substituents in the SlpositianCl or a group which is not replaced by Cl (bromine,
diethylamino, ethoxyl, methoxyl or methyl). Because nitro groups are replaced, it is not
possible to protect 5-position with a nitro group and subsequently reduce and remove
or alter the protecting group in the usual way. This is a severe limitation to the
aromatic amines that are unsubstituted in the para position to undergo chlorination

by sulfur mono chloride!59.160. 161, 164,

iii) The alkaline cleavage of benzothiazoles also constitutes a valuable
source of o-amino thiophenols.. In this manner many nuclear substituted amino
thiophenols are obtainable from benzothiazoles such as 2-mercapto and 2-amino
derivatives that are readily prepared by methods that do not require an o-amino

thiophenol 164,
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Mechanism for the alkaline hydrolysis of 2-amino-5,6-disubstitued benzothiazoles :

The probable mechanism of hydrolysis may involve the initial attack of OH
ion to the imino C-atom of the 2-amino benzothiazoles to give the intermediate
which instantaneously gets protonated by the action of water through elimination of
OH- ion giving (VI). This intermediate being highly unstable, results into opening
of the thiazole nucleus which on further eliminating a molecule of water gives urea

derivative (VI1I). This urea derivative is finally hydrolysed in usual manner as shown

below.
©
| N
oL, — Oghe
S t% Fr;JHZ S” “oH
oH |H20

NH |  ______>'
Hy | | P/’NHZ
X 41“8“ R o
(V1D 04 —NH5 l 0
Q pj/ 0 D O o L OH

NH> L

Cco

O+
K ‘



77

CHEMISTRY OF ISOTHIOCYANATES

In the past century many sulfur compounds of plant origin attracted attention
by their pungent and irritant properties and their abilities to prevent the spoilage of
food and fermentation of fruit juices. Two of these substances were revealed to be allyl
isothiocyanates and benzyl isothiocyanates. These discoveries marked the beginning of
the chemistry of isothiocyanétes. Organic isothiocyanates are very interesting and an
important class of compounds having general formula R-NCS. It goes without saying
that our knowledge of isothiocyanates has progressed rapidly both in the chemistry
of isothiocyanates and in specialized fields such as the knowledge of interesting
biological effects of naturally occurring and synthetic isothiocyanates.

At present many methods are available for the preparation of isothiocyanates
but none of them are generally applicable. The choice of method of the preparation of
the isothiocyanate will depend upon starting compound which is suitable for the
required type isothiocyanaté. Organohalides with a reactive halogen and a primary
amines serve most frequently as the starting substances. In the case of organohalides
a substitution reaction with inorganic thiocyanates is followed by rearrangements,
of the resulting th‘iocyanates into corresponding isothiocyanates. From primary
amines, isothliocyanates can be obtained either directly by the action of some sulfur
compounds (e.g., thiophosgene, dithiocarbamoyl chloride, trichloromethyl sulfide,
etc.) or by converting them into suitable intermediates (dithiocarbamates,
dithiocarbazetes, thioureas, etc.) which are then decomposed into isothiocyanates by

reaction with various agents.-

1. Reactions of amines with sulfur compounds :

a) Thiophosgene:

The most generally used method for the preparation of isothiocyanates is
based on the direct treatment of the primary amine 16 (I) with thiophosgene (II). The
first product of the reaction is an unstable thiocarbamoyl chloride (I11I) which splits off
hydrogen chloride| yielding isothiocyanates 165, The course of the reaction can be

illustrated by the following addition - elimination mechanism.
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H d H Cl H (c

s w1 e LY ~HCL
—N:22 L% RN=C--8 == R-N-C—=S5H| -7 >
. I / GI i I I

H d H Ci cl

@ .an

5 S
. / -
R—NH-—C/('"“ R—N=CJH HELy, roNn-c-s

) a (\,c1

(1)

In the case of aromatic amines, especially with electron accepting substituents,

N,N1-disubstituted thioureas (IV) may be formed as by-products '¢6.

. “HCL |
Ar—NH—C + ArNH, ——?Ar—-NH-ﬁ——NH—Ar

\
Ct S
(1V)

The formation of thioureas can be prevented by the use of a small excess of
thiophosgene. Since isothiocyanates as well as thiophosgene are relatively insensitive
to water they can also be prepared in an aqueous medium €7, Not only frée amines but
also their salts, particularly hydrochlorides, react with thiophosgene to produce
isothiocyanates 168, '

Reaction with free amines is most frequently performed in such a way that
chloroform 169, dichloroethane 170 or toluene 17! solution of amine is added to the
water emulsion of thiophbsgene. Hydrogen chloride released in the course of the
reaction combines with the strongly basic amine hydrochloride which is very
difficult to hydrolyse in water and thus complicates the reaction of thiophosgene
with the amine. For this reason, bases are frequently added to the reaction mixture for
the binding of hydrochlorides e.g., calcium carbonate 179, sodium carbonate and sodium
bicarbonate 172 173 or triethylamine 174, It is not advisable to use strong base\ for this

purpose since isothiocyanates are easily hydrolysed in an alkaline medium.
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During the preparation of isothiocyanates from the hydrochlorides of
primary amines, an aqueous solution of amine hydrochloride is used, maintaining
similar reaction conditions as employed with free amines 179, The addition of CaCOj or
alkali carbonates keep the reaction mixture neutral and assist in the slight hydrolysis of
Hydrochloride. This modified thiophosgene method is used primarily for the
preparation of aliphatic isothiocyanates and for amines that are sensitive to
atmospheric carbon dioxide and oxidation (benzyl amines , some diamines, etc.)

The thiophosgene method, thanks to its versatility and mild reaction
conditions, is being used in the synthesis of isothiocyanates of very varied
structures.

This is the simplest and most universal method for the preparation of
isothiocyanates. It gives high yield and is suitable for the preparation of aliphatic as
well as aromatic isothiocyanates. Its importance has increased due to the fact that
thiophosgene has become a commercially available reageht, though some authors
object to its unpleasant odor and toxicity.

b) Thiocarbamoyl derivatives :

Sayigh and co-workers 175 have proposéd N,N-diethyl thiocarbamoyl
chloride (V) as a new reagent which could replace the toxic thiophosgene. It is
universally accessible and is suitable for the preparation of aromatic isothiocyanates
with electron Withdfawing substituents. It is a one-step method and consists in the
heating of the aromatic amine with N,N-diethyl thiocarbamoyl chloride (V) in an

inert solvent such as chlorobenzene, benzene, toluene or ethylene dichloride.

S

L .
X NH, + Cl—C—N(CHg), [Ellux X@—NCS

(V)
+ (CoH5),NH. HCL
X = NO2,CN_CL,etc.

The yields decreases with the increasing basicity of amines. The limiting pKa

value of the reaction medium is 4.6. Under these conditions phenyl isothiocyanate is
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formed from aniline in a very poor yield. Reaction probably takes place via SN2

mechanism. :
T‘ C{ R | N
C N + C

o e
R—N: -+ C—N —C L
[ N
S R

lo
SN — R-—N
| $ R b
H 1

'r A
R-N=C=S + HT.HCI. <4—— R— KNO{

R ?-/'

2. Decomposition of dithiocarbamic acid and its salts or esters:

a) Decomposition by heavy metal salts :

Synthesis takes place in two steps. In the first step the corresponding salts
of dithiocarbamic acid (V1) are prepared by the action of carbon disulfide and alkali
176177 or ammonia !78 on the aqueous or organic (alcohol, methylene chloride, toluene,
etc.) solution of the primary amine. Aliphatic amines reacts with carbon disulfide in the

absence of other bases yielding alkyl ammonium dithiocarbamates 179.

Il e &
RNH; + CS; + NaOH ——# RNH-G-S—Na + H,0
V1)
o9
2RNH; +CS; —— RNH~C-S NH:R +
S

Where R = alkyl

Obviously, amines whose basicity is so low that they do not form
dithiocarbamates, cannot be used (e.g.,nitroanilines).

In the second step, heating of alkaline dithiocarbamates with heavy metal salts
(V1l) in an aqueous medium produces unstable heavy metal dithiocarbamates which
decomposes easily into isothiocyanates and metal sulfides. i

RNH——ﬁ—é—gH.; + Pb(NO3), —# RNCS + PbS + NH4NO; + HNO;

(viD)
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For the decomposition of dithiocarbamates, mercury saltsi 179,180, lead nitrate 18
182,18  cupric sulfate 180, ferric chloride 18, etc. were used.

b) Decomposition of chlorine containing compounds :

Some aromatic isothiocyanates are advantageously prepared by the

decomposition of dithiocarbamates with phosgene (VI11) 185,

NH—(i——Se [n, + cocl, Qene, TO[UE”G + NH,CL

(VIII)
+ COS + HCL

The phosgene method failed to succeed in the preparation of some
isothiocyanates with electron withdrawing substituents (4-bromophenyl
isothiocyanate, nitrophenyl isothiocyanates etc.). It furnished very good yields in case
of 4-hydroxyphenyl isothiocyanate which could not be managed by the thiophosgene
method.

The decomposition of dithiocarbamates with ethyl 18619  or methyl 19
chloroformates (IX) produces aliphatic isothiocyanates in very good yields. Reaction
takes place via the unstable carbethoxy dithiocarbamate (X) which decomposes into
isothiocyanate, carbonyl sulfide and ethanol. Bases, like alkali and triethylamine, have
a catalytic effect on the decomposition of carbethogy dithiocarbamate 192.193.194,

R—NH-—ﬁ-g NH4 + CICOOC:H:s

—NHL’Cl

5 (1X)
S -H®
Y
R—-ITJ} C—SCOOCsz _
H Et:N

(s (5)COOC;Hs <> R— <) CooCHH;
Y
R—N=C

[}
i
1 .
| .
v \
Q
RNCS + C,HsOCOS (COS + C2HsOH)
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Aliphatic and aromatic isothiocyanates can be also prepared by the oxidative
decomposition of dithiocarbamates by sodium hypochloride (XI) in an alkaline
medium 19519,

© &
N

RNH——-| —S Hs +4 NaOCl + NaOH ----9 RNCS + Na3;SO;4 + 3NaCl + NH,Cl + H,0

S ' (XI)

¢) Decomposition by hydrogen peroxide : .
Treatment of a mixture of primary amine and carbon disulfide with hydrogen
peroxide (Xll) in the presence of secondary aliphatic amine produces a rapid

exothermic reaction which gives isothiocyanates 197,

S S
| 'l oo ”rﬁ
RNH> + CS; --------p»R NH —-C —~ SH = R-- N+ C=SH o
Pg -~

E\—NH(Et)z

® ©
R-NCS + [(E):NHz + SH ——a (EtjNH + H;S] + H,0, ——#2 H:0 + S
(X1D) +( Et)zNH

This  one-step  reaction is suitable for the ‘preparation of aliphatic
isothiocyanates. Thioureas are produced as by-products.

d) Decomposition’s involving carbodiimides :

Primary amines react with carbon disulfide and dicyclohexyl carbodiimides
(XIII) in a suitable organic solvent at temperatures below 0C, forming isothiocyanate
and 1,3-dicyclohexyl thioureas (XIV). For the preparation of aliphatic isothiocyanates ,
ether or tetrahydrofurélf 198 proved to be a good solvent. Aromatic amines react
under identical conditions only with a one-half molar equivalent of carbodiimide
yielding quantitatively, symmetrical diaryl dithioureas. If, however, the reaction is
carried out in pyridine, and in some cases in the presence of the molar equivalent
of triethylamine, then isothiocyanates are also formed from aromatic primary amines in

very good yields 19.
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'S| R'N=C=NR R—
R NH; + CS; ---p R NH-C-SH >

N
(X111) (/5

1
.............. » RNCS + R-NH—C —NH-R'
(X1V) :

3. Decomposition of thioureas :

Aromatic amines can be prepared by the decomposition of sym-diarylthioureas
(XV) with acids such as hydrochloric acid 20-202, sulfuric acid 203204 and phosphoric

acid. The salt of the corresponding arylamine is formed as by-product 205,

NCS
OO = O *
S

Isothiocyanates are also obtained by the decomposition of N-monoarylthioureas

NH,HCL

during prolonged heating in chlorobenzene 206207,
In the present work for the preperation of isothiocynates thiophosgene was
used for final reaction, so as to minimize the side reactions, and to effect a clean work-

up of reactions, which gives a desired product of high purity.



CHEMISTRY OF ACID CHLORIDES

Acid chlorides are used primarily as intermediates in synthesis. They are
fairly reactive compounds and are usually liquids. Acid chlorides are obtained from
acids through the replacement of the hydroxyl group with chloride. This exchange
may be accomplished by the use of a number of inorganic chlorine compounds,
among these, thinly chloride, phosphorous pentachloride, sulphuryl chloride and
phosgene gas are most imporfant.

Phosphorous pentachloride is a highly reactive compound and its use offers a
general method for the preparation of acid chlorides. The products of the reaction
are phosphorous oxychloride and hydrogen chloride, in addition to the acid
chloride.

R - COOH + PCJs -----%» R - COC] + POCl; + HCI
The use of thionyl chloride 210 for the preparation of acid chlorides presents many
advantages in a large number of cases. The reaction results in the formation of sulfur
dioxide and hydrogen chloride in addition to the acid chloride, and the isolation of
the chloride, is for this reason, a simple matter.
R - COOH + SOCl; ---- R - COCl + SO, + HCl

The thionyl chloride must be pure, as the impure product has been known to
cause somewhat explosive decomposition in some instances. The procedure consists
in mixing the chlorinating agent with acid and heating the mixture, if necessary.
The product may be isolated by fractional distillation or if solid, by crystallization.

Phosphorous “oxychloride, reacting with the sodium salt of carboxylic acid
gives acid chlorides. This method is of importance with acids which undergo
decomposition with other chlorides of phosphorous.

2 R - COONa + POCls ----9-2 R - COCI + NaPO; + NaCl

The reaction of phosgene *'' with carboxyl acids, and p-toluene sulfochloride
or of sodium chlorosulfonate with salts of carboxylic acids are also used for the
preparation of acid chlorides.

R-COOH + COCl, - R-COCI+CO, + HC
R - COONa + NaOSO:(CI ----9 R - COCI + Na;SO4
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The acid chlorides are obtained readily through the reaction of sulfuryl
chlorides with anhydrous salts of organic acids. The reagents are well mixed and

subjected to distillation.
Thus, in the present work all the benzoyl chlorides were prepared by

reacting thionyl chloride, with corresponding benzoic acids.

O0H + S0Cly, —— @_coc[ + S0,+ HCL
R R

R=2F,3F,etc.

Reaction mechanism :

R - COOH + SOCl; ----4 R - COCl + SO, + HCl
Acids and their salts are the only common starting materials for the synthesis
of acid chlorides and several reagents are utilized as sources of nucleophilic chloride.
All the reagents form reactive intermediate (V), so that the leaving group in the

substitution is not hydroxy group.

O H 1 0 0
R|c|(|)‘+‘so ->R|CIO R|CC1
— _._: = ———— — -—)  mmmeand] » Y g

| -\
Cl —0 + SO,



86

CHEMISTRY OF 2-SUBSTITUTE
BENZOTHIAZOLES:

Simple substituted benzanilides are reported for various types of biological
activities e.g., as antifungal 208, anthelmintic 7 and antimicrobial agents 79. Also ,
the amino derivatives of substituted benzothiazoles are reported to possess marginal
bactericidal activity 209. In view of this, few 2-substituted benzamido-5,6-disubstituted
benzothiazoles (11l) were synthesized by condensing substituted benzoyl chlorides
(1I) with 2-amino-5,6-disubstituted benzothiazole (I) in non-polar solvent at elevated

temperature. The synthetic route can be represented as below :-

R

Dioxane
TEA.

I
R SJ\NHCO
( III) ' R

Since the amino group at 2-position of benzothiazole nucleus is in the imino

form due to mesomeric effect of cyclic -C=N- linkage, it is obviously less reactive than
usual aromatic amino group. 2-Amino-5,6-disubstituted benzothiazole reacts with
- acid chlorides in benzene at reflux temperature 102, Since the 2-amino-5,6-disubstituted
benzothiazoles are absolutely insoluble in benzene, a above procedure could not be

adopted, and therefore, other inert solvents were tried.



87

Dioxane was a better solvent to dissolve the reactants. When 2-amino-5,6-
disubstituted benzothiazole was reacted with acid chloride in dioxane at reflux
temperature in the presence of triethylamine as catalyst, on work up directly gave the

pure product.

Mechanism of reaction :

The acid chlorides are readily attacked by nucleophile at the carbonyl carbon. The

resulting adduct (IV) eliminates chloride ion. So, although, each step of the reaction
is theoretically reversible, the reaction by-product is hydrogen chloride gas, which

was usually abstracted by the base from the reaction mixture; shifting the

equilibrium to the side of the product.

I@\—l /\l 1

l

:
\

R o
N

I: :l |59

NN

N

R’ )l\NHCO
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CHEMISTRY OF THIOSEMICARBAZONES AND SCHIFF BASES

Schiff bases and thiosemicarbazones share very similar chemistry the reason
being that, both these classes of compounds are formed by the condensation of amino
and carbonyl function of aldehyde or ketone.

The presence of azomethine linkage in compounds has been shown to decrease
their toxicity considerably 9.95. Schiff bases of various aldehydes have shown
encouraging antituberculosis aétivity in vitro in our laboratory 236237,

Schiff 238, for the first time, reported the condensation of primary amines with
carbonyl compounds. Hence, the condensation products are referred to as 'Schiff bases'.

R—CHO + H;N=R' - R—CH=N-R'
Aromatic amines and aldehydes can be condensed as above to give Schiff

bases. The literature describes many procedures to prepare Schiff bases. The important

methods are listed below :

1) The simplest method appears to be the one in which condensation of
equimolecular quantities of an amine and an aldehyde is effected in boiling
methanol.

2) . In 1946, Tipson and Clapp. 239, obtained Schiff bases by refluxing the
amine and aldehyde in toluene with a few drops of piperidine. The. water
formed during the course of the reaction was removed by employing a Dean-
Stark trap. .

3) In 1950, Hayes et al. 240 prepared Schiff bases by heating a mixture of an
aldehyde and amine in benzene and removing water formed during the
reaction using Dean-Stark apparatus.

4) In 1953, Giovambettista and Rabassa 241 suggested acetic acid as a

catalyst for the synthesis of Schiff bases in good yields.

As the first method was found to give Schiff bases in good yields, it was
followed initially during the course of this investigation. Later on, it was found that

the use of a few drops of acetic acid improved the yield.



Reaction mechanism :

R=CHO + HN=R' weeeeeemee- » R—CH = N—R'+ 1,0
Addition of amines to aldehydes under mild acid catalysis. The acid catalyst

protonates the carbonyl oxygen and promotes the attack of nucleophilic amines.

R _ H R ® },‘l
\C =0: + XP —_— \C = J <---p- \: -0
/ ~ / A

R H H ITI H:
L R -
R R— Cf — OH
N ® .
/(|Z —OH -<4------ l-E ---- H tITJH—R
H NH-R H
(Adduct)

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

eliminate water and form a carbon nitrogen double bond.

R
\C =N —R'
u
The overall reaction :
R D R
\C =0 + HoN—-R' :-'j——‘ N =N-R'+ H,O
S — S

H ' H

Hence, the combination of modified first and the fourth method was used

during the synthesis of the schiff bases and thiosemicarbazones.
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CHEMISTRY OF HALOGENTION OF KETONES

Ketones that have an a-hydrogen can readily halogenated with bromine,

chlorine or iodine in presence of acidic as well as basic medium.

Base -promoted halogenation of ketones

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

bromoketone (11)

| I l
] ~3 e *—|
H O B o o©

M

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

snapped by the bromine molecule.

Acid- catalysed halogenation of ketones

Acids like bases speedup the halogenation of ketones. Since the acids are not

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

| |
Step (1) o +mp. At L o 4§
I ] ~ | X
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o | slow -
- - = HB + —C=—7/C—
Step(1) B + CI:T (|j|} ‘ i
H OH —H
®
| I
Step (11I) X— X + -—C-_-—’?— @—S—t——y Xe+ _.(lj__ﬁ._
O-H X @O"H
| l
Step (IV) —C':—ﬁ—— + :? — —?——ﬁ—- + H:B
X QO--H X (@]

The rate determining reaction here is the formation of the enol which involves 2
steps : rapid reversible protonation step (I) of the carbonyl oxygen , followed by the
slow loss of an a- hydrogen step (lI) . Once formed the enol reacts rapidly with
halogen to give the haloketone.

Solvents like chloroform, carbon tetra chloride, diethyl ether can be used
conveniently with better results. When diethyl ether is used as a solvent, aluminum
chloride is often added to prompt enolization.

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

Cupric halide have occasionally being used to halogenate aromatic ketones
particularly if the used of free halogen caused nuclear halogenation e.g. with phenolic
ketones. The copper Il halide presumably catalyses enol formation then transfers

halogen to enol giving a-haloketone.
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CHEMISTRY OF THIAZOLES

The thiazole heterocycle (I) was first delineated by Hantzsch and Weber 212,
Further they have rightly described it as “ the pyridine of the thiophene series “.
Since it closely resembles both the heterocycles viz. pyridine and thiophene. Despite

this the reactivity of thiazole by and large is similar to that of pyridine.

4 N 3

iy}

i
(1)
The thiazole moiety exists in two different configurations (I) and (ll) as

thiazole and isothiazole respectively.

W W

(1) (11)

The thiazole derivatives have been more extensively studied as compared to
the isothiazole derivatives, since they appear as important structural requirement in
innumerable naturally occurring compounds possessing diverse properties.

The thiazole derivatives appear in the composition of Vitamin Bl (thiamine)
and in the penicillins. Many fungicides, pesticides and bacteriocides are
derivatives of 2-amino thiazoles. Other thiazole derivatives possess mito-depressive
and mito-static properties 213, Certain Schiff bases derived from 2-amino/2-phenyl
thiazoles and their derivatives show diuretic properties 214, Mercapto thiazole
derivatives are used to accelerate the vulcanization of rubber while alkyl and acyl
thiazoles are known to be flavouring agents. Several thiazole derivatives have been

isolated from natural products.
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General Methods For The Synthesis Of Thiazole Derivatives.

A) Methods of preparation of amino thiazoles and its derivatives.

i) The most common method employed for the synthesis of substituted
thiazole has been the one described by Hantzsch 215, The reaction between a - halo
carbonyl compound (II) and thiourea / substituted thiourea (11I) yields the respective

2-amino thiazole or its derivatives (IV).

R 0

HoN
- — /L
Holsy  SZ R | NHR'

(11) (111)
X =CL,Br

ii) Potassium thiocyanate reacts with a - halo carbonyl compound (Il) to yield
a - thiocyanato ketone (V) which on treatment with ammonium chloride obtains the

hydrochloride of 2-amino thiazole (VI) 21,

R | R
| 4+ KSCN —> | NH"Cl
H Ho
2° X “\SCN NH.

iii) o - Aminonitrile (VII) reacts with dithioformic acid (VIII) at room
temperature to obtain an intermediate (1X) which cyclises to yield the 5-amino thiazole

(X) derivatives 217,

H
l

| |
R—lc———NHz + HCSSH ~ ———— R— (li—-NH
C

C
N7 (Vi) (VD) 7 &
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iv) 2-Amino 4-ﬁ1ethyl thiazole (XII) is formed by heating 4-methyl thiazole (XI)
with sodamide for 15 hours at 1500C 218, This reaction is extensively studied for the
preparation of 2-amino pyridine but has received less attention in the case of
thiazole nucleus.

H3C H4C y

I/IT ~ NaNH, I /H\
S 1500(.: NH>

(X1I) (XII)

v) Recently, Maria, T. C. ¢t al. have reported 2! an improved procedure for
the preparation of 2,4-diamino thiazoles (X1lI) by reacting 3-amino 3-(dialkylamino)-
propene nitriles (XIV) with sodium thiocyanate in presence of bromine and acetic

acid. The intermediate (XV) formed cyclises rapidly to form the thiazole (XIIl)

o —

derivatives.
NaSCN/Br,/AcOH NC SCN
. CHCl3-5 ——%fc |
Method ‘A “~-..
S 4 D S NH2 :
N / (XV)
X NH2 ,/’ x N |
(Xv) S | /lL\N
Method B / NC~ ™5 Ho
gclonr.RT2uhrs!
NaSCN/Br, /AcOH - (XIIT)

x = Pyrrolidino, piperidino, morpholino, 4-methy! piperazino,

benzylamino etc.
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vi) The reaction of substituted thiourea (XVI) with ketones (XVII) in

presence of N-bromosuccinamide furnishes the 2-amino thiazole derivatives (XV1ll) 220,

-Br
R
R HN | N
. )\ T I ”\ |
R & NH-R' R ST SNH-R

(XVI1) (XVI) , (XVIII)

vii) 1-Chloro-1,2 epoxides (XIX) condensed with thioamides leads to 24,5
trisubstituted thiazoles (XX) 22t,

i \ /C l NH2
R3 Ro S N R3 S Ry

(XIX) | | | (XX)

viii) Thiazoles from oxazoles were also reported 222. Oxazoles (XXI) heated with

P2Ss can be converted to thiazoles.

. |
::O/' ), Sensitizer /|
Rj ‘02 | \

(XX1)
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ix) Enolisable ketones (XXII) react with thicamides / substituted thioamides in
acetonitrile in presence of thallium (lII) p- tolyl sulphonate (TTS) to yield 2-substituted
thiazoles (XXIII) 223, '

0 0
1 \ .
R—C—CH>-R IK—O% R—-—C—-(|IH—R

(XXII) OTs

i N
B
R; Ru
(XXIII)

B) Methods for the synthesis of 2-hydrazino thiazoles and its derivatives.

i) Thiosemicarbazides (XXIV)R;= H, yield the 2-hydrazino thiazoles (XXV)
on reaction with a - halocarbonyl compounds and several derivatives of this type have

been reported with 224225 R; = Ra = H and Ra = CHa, Ph.

0
RZ—C—(lj—-—R3 o+ R,NHNHﬁNHZ
X S
(XX1IV)
R
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ii) With chloroacetone in neutral medium acyclic intermediate (XXVI) gives

thiazoles analogous to those obtained 226227 with thiourea and thioamides.

Me 0
NP NH - Me
| alcohol N
H heat | /H\
278 O NHNH, S~ NHNH,
(XXVI) '

iii) Under acidic conditions, thiosemicarbazone intermediate (XXVII) has been
isolated, this can be cyclised in alcohol into the corresponding 2-hydrazino thiazole

(XXVII]) in the presence of benzaldehyde 228229 230,

\ ek . N
';_Nm+@§s — | JL\

Ry Ry NHNHR;
(XXVII) | O (XXVIL)

iv) Disubstituted thiosemicarbazide such .as (XXIX) gave « - hydrazino
derivatives (XXX), Ri = CHs and C¢Hs and Ry = H, CHs, C¢Hs the yield ranges
between 60-90% 231,

R 0 : R
'\C¢ T‘HZ ! N
e T — A I
,R//CHBr S~ S NHN(Ph), Rs™ 57 NHN(Ph);
2

(XXIX) (XXX)



v) Thiosemicarbazones of general formula (XXXI) react either with a - halo

carbonyl compounds 232 2 23 to yield the corresponding 2-hydrazino thiazoles
XXXII). R 0
( ) 3\ C -~

H,N CHX

\ &*
/C /R1 - /'\NH N_.C

S/ \NH N:C\
(xxX])  R2 (XXXI1)

vi) The interaction of sym-dichloroacetone  with thiosemicarbazones
' similarly yields 2- arylidene hydrazino-4-chloro methyl thiazoles 25 which can be

further acylated and brominated .

i, /9

A Wy G
W
HoC ., / NHN=CHAr

Ncl €7 “NHN=CHAr
lACzO

/kN(Ac)N —CHAr

B r2

IN
S/I\N(AC) N—CHAr

In our course of synthetic work , we used the fifth method for the preperation of

ClHC

CLH,C

the 2-arylidene hydrazino 4-aryl thiazoles. In this method the a - haloketone was

condensed with various substituted thiosemicarbazones to yield title thiazoles.
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CHEMISTRY OF TRIAZOLES

General Methods of the syntheses of Amino Triazole derivatives

A) Methods of preparation of 3-amino triazoles and its derivatives.
i) The preparation of 3-amino triazole. (I) was readily accomplished by
heating a mixture of an amino guanidine (Il) salt of ( H2COs, HCI, HNO;, H2SO4) and

formic acid in toluene and separating the water formed in reaction 242,243,

H2N NH B

H AN NH
\&  HCOAH AN,
| —H,0 ¢
NHNH NHNHCHO
(11) ‘ L _
-H20
HN——N (1)

ii) Pure 3-amino triazole has also been claimed to result from the interaction

of an equimolar mixture of cyanamide (IIl) and hydrazine (IV) with formic acid 244.

HoNCN + HoNNHy + HCOOH
(m ()
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iii) The conversion of N-acylamino guanidines (VI) to 3-amino -5-alkyl
triazoles (VII) has been effected by azeotropic removal of water in hot toluene 245 and

by treatment with dilute base either at room temperature 246297 or at reflux 248249,

NH2
H2N—-C/ Tolwene . HN~ \>——CH3
NNNHCOMe
N—acylamino-
guanidine - (Vi)

iv) Excellent yields of perfluoroalkyl 3-amino triazole (VIlI) were obtained by
the thermal dehydration of the hydrazides of perfluoro carboxylic acids (I1X). The

cyclisation of this type of hydride in basic medium was unsuccessful.

NH

HoN—C \/ —— HN \w—c Fy
NHNHCOCF, \\_NH
(Ix) (VIII)

v) The 3-amino-5-aryl triazoles (X) are prepared by treatment of aroyl

hydrazines (XI) with cyanamide (l11) in acetic acid under reflux 248,

HoNCN + HoNNHCOPh ———_»fiN
AcOH Q\Ph
(111) (XI)

(X)
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Various 3-amino-5-aryl triazoles are reported to be prepared by various
methods including the cyclisation of N -aroylamino guanidines either in hot base or
fusion of solid at temperatures greater than 1000 C 248.250-252, '

vi) The simple 3-substituted amino triazoles (X11) and (XIll) are easily prepared
in high yields by amination of 3-bromo or 3-chloro triazoles (XIV) with alkyl and aryl

amines at temperatures greater than 1300 C 253255,

A\
N__NH

(x11)

PhN

/~/ | )
' 2CQCI~/
(X1V) o, %
N

(X111)

vii) Excellent yields of 3-arylamino 5-alkyl triazoles (XV) were produced by

X =8r,CL.

the cyclisation of preformed N-aryl-N'-acylamino guanidines with aqueous sodium
hydroxide 252 2. This method is illustrated by the conversion of (XVI) to (XV) in

which cyclisation occurred between the carbonyl function and the unsubstituted amino

group.
A L-CLCRHLNH
-ClCgHy
L4 - CLCgH, NH—C ﬂ?ﬂﬂ__> 6 \
I AN e
(XVI) (XV)

47
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viii) 3-Aryl-1-benzoylthioureas (XVII) react with hydrazine in hot toluene to
give 3-arylamino-5-phenyl triazoles (XVI11) 257,

N
Ph NH-—é: cpp 22 H\(\B\p

(XVII) ﬁ | (xvm)

Under similar conditions the conversion of 3-alkyl-1-benzoyl thioureas to
triazoles was unsuccessful. In contrast the 1,3- dibenzoyl 5-methyl isothiouronium
compound (XIX) and hydrazine hydrate in refluxing ethanol gave 85% yield of 3-
benzamide 5-phenyl triazole (XX) 258,

pnconn_c? Scorn N, P“CONH\<}>~%
\ .
| SMe N
(XIX) (XX)
B) Methods of preparation of 4-amino triazoles and its derivatives.

i), 4-Amino triazole (XXI) has been prepared 259.260 by reaction of ethyl formate

(XX1I) with hydrazine (IV) to give formhydrazide , which was heated at 150 to 200°C

to effect self condensation to give (XXI).

HCOOC2Hs  + HNNH;  ——  OHCNHNH,
(XXI1) (1v) Al

”\?,/H (XXI)

Hp
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Similar interaction of formic acid and hydrazine gave good yield of 4-amino

triazole (XXI) 261-263,

NH2
HCOOH -+ HZNNHQ —_—> ‘/N\‘

(XX1)

if) Other carboxylic acids and their functional derivatives have also been used
to prepare alkyl and substituted alkyl-4-amino triazoles e.g. acetic acid and hydrazine

hydrate at a high temperature gave 3,5-dimethyl-4-amino triazole (XXIII) 261,262,264,

NH2
NoH Me\l/v\l/M
My
2 MeCO-H
2 N

N—N
(XXI1I)

iii) Similar reactions have been reported for the preparatibn of 4-amino-3,5-bis
(aminoalkyl) triazoles 265268 which is prepared by reaction of glycine (XXV) with
hydrazine to give (XXIV).

NH>

|
H2NH2C CHoNH3

N
HoNCHaCOMH 2% o ]
(XXV)
(XX1V)
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iv) Sulfur or sulfur containing compounds catalyze the formation of 4-amino
triazoles e.g. 4-amino triazole (XXVI) substituted at 3,5 position with different
substituents was prepared by the reaction of equimolar amounts of acetonitrile

(XXVII]) and propionitrile (XXVIII) with a mixture of hydrazine (IV) and sulfur 269.

NH>

| | S M | Et
MeCN + EtCN + HoNNH ——> jl/NT(
—N

(XXVID) (XXVIID) (IV)
(XXVI)

v) The preparation of 4-amino 3,5 diaryltriazolés (XXIX) are usually effected by
the acidic rearrangement of 1,2 dihydrotetrazines (XXX) which are . obtained by the

reactions of equimolar amounts of arylnitriles (XXXI) and hydrazine (IV) in refluxing

benzene or toluene 279,

R—CE)HL.,CN + N2H[+ EE— R-CeHu /->%HER
(XXXI) (1v) I H

( XXX)
HCL

ke
i

(XXIX)
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vi) Perfluoroalkyl triazoles (XXXII) are prepared by various methods e.g. per
fluoro acetonitrile (XXXIll) with hydrazine (IV) in a sealed tube at room temperature

gave (XXXII) 271,

§
| F3Ce_N~_~CF3
2CF3CN + 2 NpH,  ——» T \|r
| N—N
(XXXIII) (1V) (XXX11)

vii) 4-Amino 3,5-diphenyl triazoles (XXXIV) are also formed from the
decomposition of other hetero aromatic ring system e.g. reaction of oxo pyrimidine
(XXXV) with hydrazine 272 and also the thermolysis of 5-phenyl tetrazole (XXXVI) in

various solvents 273 give (XXXIV).
Me

I N

Y 0 Noy

H DN - A

(XXXV) Ph h
o

; | N N——N
N\\ N (XXXIV)
A

‘N——t\/

H
(XX XVI)
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CHEMISTRY OF THIOUREAS

Since the first syntheses of thiourea and its derivatives were made in about 1870,
‘a vast literature on these compounds has accumulated. In fact an extensive knowledge
of the properties and principles of syntheses and reactivity of thioureas was available at
a relatively early stage in the history of thiocarbonyl chemistry.‘A main reason for this
situation is that thioureas in general are well defined, crystalline compounds of high
stability and being further more easily accessible by relatively simple synthetic

procedures.
Thioureas have found wide application as pharmaceuticals, insecticides,

preservatives, rodenticides and otherwise are of commercial use in dyes, photographic

films plastics, textiles etc.

Thioureas in common practice are represented by the structure (1).

R, /Rs
\/N ——-.c—- N\
Ry s' R

(1)

4

Rn = H, Alkyl, Ary], etc.

Summary of general synthetic methods

As a synthetic route to thioureas the direct thionation of the carbonyl group of
ureas by means of phosphorous pentasulfide is of minor significance. Apparently, it
applies to the synthesis of tetra substituted thioureas and certain heterocycles having an
incorporated thiourea moiety 274.275,

However several other well established methods are available for the syntheses
of thioureas. One of the cheapest methods of preparing symmetrical thioureas is based

on the reaction of primary amines (I) with carbon disulfide 274.275. 276,
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The mechanism of this is not quiet clear, but apparently an intermediate
ammonium dithiocarbamate (1) is involved as the reaction, when carried out in the
presence of ammonia or another amine, afforded by mduch derived from the latler.

2R{NH, + CS; —[R- NH-C— RiNH3]
(11)

NH3

NHCSNR;R;
RiNH‘CTNHRi R1 g

S
Rp=alkyl,aryl,etc.

The reaction is influenced by catalysts such as elemental sulfur, hydrogen
peroxide, hydroxide ions, iodine and pyridine and is applicable also to the syntheses of

cyclic thioureas as exemplified by the preparation of (Ill) from (1V) 277,

R

I
H
N

NH, C /&
NH)

(111)
R =H,Me. (IV)

An interesting variation involves the reaction of the tributyltin- substituted

ethylene diamine (V) with carbon disulfide affording the cyclic thiourea (V1) 278,

I*lde
CH2 N—Sn BU3

| _C_Sz__’ E >_S
CH2~?|4—5”BU3 |

\Me
Me (V1)
(V)



108

Perhaps the most important standard method of synthesizing thiourea is based
on the reaction of alky! and aryl isothiocyanates with ammonia or amines?”9. By this

reaction monosubstituted 1,3-disubstituted,and 1,1,3-tri substituted thioureas can be

obtained.

RI—N:C:S + R2R3NH — RyNH CSNR2R3

R],Rz,R3 =H ;alkyl,aryl,etc. '

The broad scope of the reaction is most clearly demonstrated by the large variety
of thioureas that have been synthesized on the basis of active participation of aliphatic,
aromatic, open chain and cyclic amines as well as of amine derivatives such as
ketimines by hydroxylamines, imino esters and amidines 274.275.276, The same reaction is

used to synthesize the various thioureas and have been tabulated in Table no. 10.
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SCHEME 11

Synthesis of 5,6 - Disubstituted 2 - ( alkyl/substituted aryl } amino

Benzothiazoles

H .
@/N 2 KSCN - _@:-'N
R R M,
T Brp S Ho

(1) () KOH(50%)
lReflux
H?
0L
SH
(111)
' CSClz B
R—NH, —t R—NCS
CHCl3
(1v) (V)

xylene N
o+ (V) R@\_/II\ |
S NH-R

- (VI)
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SCHEME 111

Synthesis of 5, 6 - Disubstituted 2 - ( substituted phenyl carboxamido)

Benzothiazoles.

Ho ‘
KSCN ‘
R | —> R 8
8ry S~ NH,

(1) (11)
-0OH —) —Cl
R R
(II1) (IV)
11+ 1V Eﬂ%g%gg,. R—{ggii[:;]jLN
- HCO
(V)



SCHEME 1V

Synthesis of 2- substituted arylidine hydrazino 4 - aryl Thaizoles.

OCH3 OCHzaf
_2_,
(1 (II)
HZNCSNHNH + MoOR HZNC—NHN_(':"@R
R
(111) - (1V)
1+ v C | /T\N
| EtOH H- N“C—<§i§ng
(VI)
SCHEME V
Synthesis of 3/4 [ (Subtituted phenyl) 1 - methyl - ene ] amino 1,24
Triazole
N—-——N
L, 0@, — T
" (1) H (111)
| N-NH, + OHC@R — ) N_N“C@R
(IV) | LIBRARY . (V)

HAS™ 17 1 STITUTE



SCHEME VI 112

Synthesis of 4( p - chloro phenoxy) 3 - chloro phenyl substituted phenyl

Thiocarbanilide.

H 02
+
L
L |
(1) (11) | (111)
Cl
Fe/FeCl3
e G «XOpeAOm
(1V)
cscl,
CHCl3
| (v) C
V  + R—NH2

~O)= CNH R

‘ Cl
(V1)
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SYNTHESIS OF
5, 6 - DISUBSTITUTED 2 - (SUBSTITUTED
ARYL /ALKYL ) AMINO BENZOTHIAZOLES
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This part deals with the syntheses of 5,6-disubstituted 2-(substituted aryl/alkyl)

amino benzothiazoles which involves the following steps.

1)

2)

3)

4)

Synthesis of 5,6-disubstituted 2-amino benzothiazoles.
Synthesis of 2-amino -4-chloro-5fluoro thiophenol.
Synthesis of substituted aryl/alkyl isothiocynates.

Synthesis of title compounds by condensation of 2-amino -4-chloro-5-fluoro

thiophenol with various substituted aryl/alkyl isothiocynates.
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1) Synthesis of 2- amino 5-chloro-6-fluoro benzothiazole:

In a 2 It. three necked round bottomed flask equipped with water condenser,
mechanical stirrer and dropping funnel was placed 3-chloro-4-fluoro aniline (30 gm, 0.2
m), potassium thiocyanate (40 gm, 0.412 m) and 500 ml acetic acid. To this Bromine (48
g 0.3 m) in 500 ml acetic acid was added dropwise maintaining the temperature
between 30-35 OC. After the addtion was over, the reaction mixture was stirred for 1
hour. The reaction mass was filtered and basified with liq. ammonia and the
precipitated solid was filtered and washed with water. To yield 20 gm ( 47.9 % ) of
product .The two isomers viz. 5-chloro-6-fluoro 2-amino benzothiazole and 6-fluoro 7-
chloro 2-amino benzothiazole were separafed by column chromatography using

benzene-ethyl acetate (1:1) mixture.

5-chloro-6-fluoro 2-amino benzothiazole : M.P. 216-218 °C
Lit 280 M.P. = 217- 220 °C

6-fluoro 7- chloro 2-amino benzothiazole : M.P. 187-189 oC.
Lit200 M.P. = 189-1920C.

Similarly other substituted benzothiazoles have been prepared and their

physical constants have been given in TABLE NO. 2.



TABLE 2

S.6-DISUBSTITUTED 2-AMINO BENZOTHIAZOLES

H2
SR R YIELD M.P./B.P. REFERENCES
NG. _ % Observed Reported ;
1. S-Cl,.6-F 47 .9 216-18°C 217-220°C 280

2. 9+6-DiClo 52.0 188°C 1185-90°C . ' 289
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2) Synthesis of 2-amino -4-chloro-5-fluoro thiophenol.

In a 100ml round bottomed flask equipped with water condenser was placed 2-
amino 5-chloro 6-fluoro benzothiazole ( 10.125 gm, 0.05 m) and freshly prepared 50 %
KOH solution (40 ml). The flask was heated on an oil bath with occasional shaking till
evolution of ammonia ceases. The reaction mixture was allowed to cool down to room
temperature. It was then diluted with water and made acidic with 4N acetic acid at
0-5 oC. The solid separated was filtered and washed with water. It was then

recrystallised from chloroform.

Yield : 3.73 gms (42%) M.P. =140 0C
Lit 280 M.P. = 140 -142 oC
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3) General method of synthesis of substituted aryl / alkyl isothiocynates .

Synthesis of p-chloro phenyl isothiocynate :

In a 250 ml three necked round bottomed flask equipped with water condenser,
mechanical stirrer and dropping funnel was placed p-chloro aniline ( 5.00 gm, 0.039m )
in solution of aqueous acetic acid and dilute hydrochloric acid ( 20 ml).The mixture was
stirred at 15 oC for 20-30 min. A solution of thiophosgene ( 6.12 gm, 0.0532 ) in
chloroform 20 ml was added dropwise maintaining the temperature at 0°C. The
reaction mixture was further stirred for 4 hrs. The chloroform layer was seperated,
washed with water till neutral pH, dried on anhydrous sodium sulfate. The chloroform

was evaporated to dryness to give the resultant product.

Yield :3.12 gm (48 %) M.P. = 45-46 °C
Lit 19% M.P. =46.5°0C

Similarly other substituted aryl/alkyl isothiocanates have been prepared and

their physical constants have been given in TABLE NO. 3.




TABLE 3
SUBSTITUTED ARYL/ALKYL ISOTHIOCYANATES

R—N=C=S
SR R YIELD M.P./B.P. °C REFERENCES
NO. OBSERVED REPORTED
1. p-Cl-Cey 8 45-46  46.8 194
2.  p-0CoHg-CgHy 73 58-61  53-54 290
3. Allyl 70 ~ B.P.149-151 151 291
4. Butyl 69 B.P.166-168 167 292
§. 3,5-DiCly, 4-OH-CgHy 53  96-98 98 293
6. 3,4-DiOCH3, 6-CN-CgHp 58 115-20 120 303
7. 3-Cl, 4F-CgHgz 61 01l - x
8. 3,4-DiCl-CgHj 64 39-40 40 294
% = Obtained from Laboratory.
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4) General method for synthesis of 5,6-disubstituted 2-(substituted aryl/alkyl)

amino benzothiazoles .

Svnthesis of 2-(4-chloro phenyl amino) -5-chloro-6 fluoro benzothiazole

In a 100ml round bottomed flask equipped with water condenser was placed a
mixture of 2-amino-4-chloro-5fluoro thiophenol (0.4438 gm, 0.0025m) and
p-chlorophenyl isothiocyanate (0.424 gm, 0.0025 m) in 15 ml o-xylene. It was refluxed

on an oil bath for 4 hrs till evolution of H1S ceases. The reaction mixture was allowed to °*

cool to room temperature and filtered. It was then .recrystallised from alcohol.

Yield : 0.563 gms (72% ) M.P. : 239 oC.
Elemental analysis of C13HsCIFN,S : C% H% N%
Calculated 49.84 224 895
Found 50.23 264 8.32

All the anilino derivatives were synthesized by the similar procedure and are

reported along with their physical datain TABLE NO. 4.



TABLE 4

5,6-DISUBSTITUTED 2—(SUBSTITUT- ARYL/ALKYL) AMINO BENZOTHIAZOLES

J@JNH_R

SR R MOLECULAR FORMULA  MOL. _P. YIELD ELEMENTAL ANALYSIS
NO. WT. % CALCULATED FOUND
c H W C H N

1. 4-Cl-CeHa o ClaH7ClaFNgS 313 233 72 49.84 2.24 8.95 50.23 2.64 8.32
2.  0CyHg-CgHy Cy5B1 2C1FN,08 322.6 206 59 55.79 3.71 8.68 55.21 3.95 8.14
3. Ayl Cy oHgC1FNoS 242.5 118 52 49.48 3.30 11.55 49.62 2.94 11.04
4.  CgHg Cy1H12C1FN5S 2586.6 130 63 51.04 4.64 10.82 49.84 4.96 10.35
5.  3,5-DiCl,4-OH-CgHy Cy 3HgC1 3FNZ0S 363.5 260 65 42.92 1.65 7.70 42.68 1.13 7.22
6.  2-CN,4,5-DiOCH3-CgHo CygH11C1FN302S 363.5 135 38 §2.82 3.03 11.55 52.38 2.89 11.35
7.  3,C1,4-F-Cgls Cy 3HgC12FaNoS 331 231 T 47.13 1.82 6.46 46.86 1.47 8.23
8.  3,4-DiC1-CgHs C13H6C15FN2S 347.5 228 58 1.73 8.06 44.351.48 7.85

-t G — . B — . " -

44.89

otl
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- Spectral Studies of 5,6-disubstituted 2-(substituted aryl/alkyl) amino
benzothiazoles [TABLE No. 4]

2-(4-chloro phenyl amino) -5-chloro-6 fluoro benzothiazole (compd.no 1)

Cl ©

IR (KBr) cm : 3230 (-NH-); 1620, 1449 (Aromatic) ; 1569, 1494 , 1070 ( Thiazole);
1324 ( Aromatic -NH-) ; 867 (benzene with 2 adjacent H atoms);
820, 742 ( C-Halo)"

PMR (DMSO) &: 7.39-7.45 (d, 2H,b); 7.75-7.81 [m,3H (2H, a; 1H, d)];
7.96-7.99 (d, 1H, c) ; 10.75 (s, 1H, e).

Ms : m/z 313 (M +)

2-(4-ethoxy phenyl amino) -5-chloro-6 fluoro benzothiazole (compd.no.2)

IR (KBr) cm ¢ 3236 (-‘NH-) ;2924 (Alkyl); 1628, 1448 (Aromatic) ;

1567, 1513, 1047 ( Thiazole ) ;1327 ( Aromatic -NH-) ;

1250 (Ar-O-R) ; 871 (benzene with 2 adjacent H atoms);
818, 714 ( C-Halo). '

2-(3-chloro,4-fluoro phenyl amino) -5-chloro-6 fluoro benzothiazole (compd.no.7)

CL

® ©

IR (KBr) ecm : 3193 (-NH-); 1621, 1455 (Aromatic) ; 1561, 1504 , 1072 ( Thiazole);
1325 ( Aromatic -NH-) ; 858 (benzene with 2 adjacent H atoms);
823, 750 ( C-Halo). )
PMR (CDCls) &: 7.39-7.45 (t, 1H,a) ; 7.54-7.60 (m,1H ,b);
7.818-7.848 (d, 1H, e); 7.969-7.999 (d, 1H, d); 8.12-8.15(q, 1H, ¢);
- 10.818 (s, 111, f).
Ms : m/z 331 (M+)
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PART 1l

SYNTHESIS OF
5, 6 - DISUBSTITUTED 2 - (SUBSTITUTED
- PHENYL CARBOXAMIDO)
BENZOTHIAZOLES
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This part deals with the syntheses of 5,6-disubstituted 2-(substituted phenyl

carboxamido ) benzothiazoles which involves the following steps.
1) Synthesis of 5,6-disubstituted 2-amino benzothiazoles.
2) Synthesis of substituted benzoyl chlorides.

3) Synthesis of title compounds by condensation of 5,6-disubstituted 2-amino

benzothiazoles with various substituted benzoyl chlorides.
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1) Synthesis of 5,6-disubstituted 2-amino benzothiazoles.

The synthesis of benzothiazoles used in the synthesis of the title compounds has
been described in Part II and the benzothiazoles are represented with their physical

data in TABLE NO. 2.

2) Synthesis of substituted Benzoyl Chlorides.

Synthesis of 2,6-difluoro benzovl chioride.

A mixture of 2,6 difluoro benzoic acid (3.16 gm, 0.02 m) and freshly distilled
thionyl chloride (3.57 gm, 0.03 m) in 25 ml dry benzene was taken in 100 ml round
bottomed flask equipped with reflux condenser and a guard tube. The reaction mixture
was refluxed on steam bath with occasional shaking till evolution of HCI gas ceases.
Excess of thionyl chloride was distilled out along with benzene. The residual oil was

distilled under vacuum at 15 mm.

Yield : 2.75 gm (78%) B.P.1smm = 77 OC
‘ | Lit 281 B.P.1smm = 76 - 79 OC

Similarly other substituted benzoy! chlorides have been prepared and their

physical constants have been given in TABLE NO. 5.



TABLE 5
SUBSTITUTED BENZOYL CHLORIDES

OCl

SR R YIELD BOILING POINT REFERENCES
NO. OBSERVED REPORTED

. g 12 194-98 194-98 295
2 2-F 68 73(20mm) 66-67(15mm) 296

3 3-F ’ 71 75(25mm) 68-69(15mm) 296

4. 4-F 74 72(20mm) 69-70(15mm) 296

5 2,6-DiFg 78 T7(15mm) 76-79(15mm) 281

6 2-CF3 70.5 105(25mm) 90(16mm) 297

7 3-CF3 62 89(25mm) 89(23mm) 298

- — — T S " S - D W - D D G G T Y S e T —— —— - — . ———— N . ——— P  ——— — ——— — G — TV = - ——  — G —— = > ———y =

174!
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3) General method for synthesis of 5,6 Disubstituted 2-( substituted phenyl

carboxamido) Benzothiazoles.

Synthesis of 5,6 Disubstituted 2-( 2,6 difluoro phenyl carboxamido)

Benzothiazole.

In a 100 ml three necked flat bottomed flask equipped with a dropping funnel,

reflux condenser with guard tube was placed a mixture of triethylamine (0.101gm,

0.001 m) and 2-amino, 5-chloro 6-fluoro benzothiazole ( 0.203 gm, 0.001 m) and 10 ml

dry 1,4 dioxane. The reaction mixture was stirred on a magnetic stirrer at 50-60 °C for

30 min. To this is added dropwise a solution of 2,6 difluoro benzoy! chloride (0.177gm,

0.001 m) in 10 ml dry 1,4-dioxane at the same temperature. After the addition, the

reaction mass was stirred for 2 hrs. It was then poured onto crushed ice. The solid

separated out was filtered-and washed with 1 % potassium bicarbonate and water. It

was then recrystallised from ethanol.
Yield: 0.216 gm (63%)

Elemental analysis of C14H¢CIFaN2OS : C% H%

Calculated 49.05 1.75
Found 4852 1.34

M.P. : 266 °C.

N%
8.17
8.64

In a similar manner all the other 5,6 disubstituted 2-( substituted phenyl

carboxamido) Benzothiazoles have been synthesized and whose physical data has been

represented in TABLE NO. 6.



TABLE 6

5,6-DISUBSTITUTED 2-(SUBSTITUTED PHENYL CARBOXAMIDO) BENZOTHIAZOLES

N
Rh—"<E::> srli\\NF1C()

SR R R MOLECULAR FORMULA MOL.  M.P. YIELD ELEHENTAL ANALYSIS
KO. WT. -C X CALCULATED FOUND

C H N cC H N
1. s-c1, sF g CL4HgCLEN,0S  306.5 263 54  54.81 2.61 9.13 54.53 2.57 9.42
2. 5-Cl, 6-F 2-F Cq 4H7C1F2N90S 324.5 262 61 §1.77 2.15 8.63 51.53 2.25 8.37
3. 5,6-DiCl 2-F Cq 4H7C12FNo0S 341.56 240 63 49.19 2.05 8.20 49.39 2.27 8.25
4, 5-Cl, 6-F 3-F C14H7C1F2N20S 324.5 259 58 51.77 2.15 8.63 51.47 2.06 8.77T
5. 5,6-DiCl 3-F B Cy 4H7C12FNoOS 341.56 245 62 49.19 2.05 8.20 49.09 1.97 7.89
§. 5-Cl, 5-F 4-F C1 4H7C1FoNo0S 324.5 258 60 51.77 2.15 8.63 51.85 2.37 8.95
7. 5,6-DiCl 4-F. Cy4H7C12FN,0S 341.56 >270 55 49.19 2.05 8.20 49.58 2.34 8.43
8. 5-Cl, 6-F 2,6-DiF Cq4HgC1F3N208 342.5 266 63 49.05 1.75 8.17 48.52 1.34 8.64
9. 5,6-DiCl 2,6-DiF Cy 4HgC12FoN20S 359 251 60 46.79 1.67 7.80 46.47 1.88 7.65
10. 5-Cl, 6-F 2-CF3 C15H7C1F 4N50S 374.5 215 67 48.06 1.87 7.47 48.37 1.63 7.23
11. 5,8-DiCl 2-C71 C15H7C12F 3008 391.5 225 48 45.98 1.79 7.15 46.35 1.91 7.35
12. 5-Cl, 6-F 3-C73 . C15H7C1F 4N00S 374.5 248 58 48.06 1.87 7.47 47.77 2.01 7.68
13. 5,6-DiCl 3-CF3 C15H7C12F3N20S 391.5 258 47 45.98 1.79 7.15 45.75 1.51 5.84

At = o = A o e . S S S o T T - VO - G G - S A S T — —— . - " — > D WP — = — ——— ————— - —— —— —— > = — — o —— " D — T  — _————— — — —— —
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Spectral studies of 5,6-disubstituted 2-(substituted phenyl carboxamido )
benzothiazoles [TABLE No. 6].

5-chloro,6-fluoro 2-( phenyl carboxamido) Benzothiazole. (compd.no.1)

IR (KBr) cm :3230 (-NH-); 1671 (-CONH); 1602, 1453 (Aromatic) ;
1559 (Aromatic-NH-) ; 714 (C-halo) .

PMR (CDCls) &:7.50-8.20 [ (m, 7H, Ar-H ; 1H, -NH- )]

5-chloro,6-fluoro 2-(2-fluoro phenyl carboxamido) Benzothiazole. (compd.no.2)

IR (KBr) cm :3398 (-NH-); 1681 (-CONH); 1619, 1450 (Aromatic) ;
1538 (Aromatic-NH-) ; 716 (C-halo) .

5-chloro,6-fluoro  2-(2,6 difluoro  phenyl carboxamido) benzothiazole.

(compd.no.8)

IR (KBr) ecm :3200 (-NH-); 1686 ((CONH); 1624, 1466 (Aromatic) ;
1559 (Aromatic-NH-) ; 715 (C-halo) .

PMR (CDCL) 6:7.00-7.70 (m, 5H, Ar-H ) ; 12.8 (s, 1H, -NH-).

Ms : m/z 342 (M +)
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PART IV

- SYNTHESIS OF
2 - ARYLIDENE HYDRAZINO 4 - ARYL

THIAZOLES
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This part deals with the synthesis of 2-arylidine hydrazino 4-(p-fluorophenyl)

thiazoles which involves the following steps :
1) Preparation of p-fluoro phenacyl bromide.
2) Preparation of substituted benzaldehyde/acetophenone thiosemicarbazones.

3) Synthesis of title compounds by condensation of p-fluoro phenacyl bromide

with various substituted benzaldehyde/acetophenone thiosemicarbazones .
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1) Preparation of p-fluoro phenacyl bromide.

In a dry 100 ml three necked round bottom flask equippped with a dropping
funnel and calcium chloride guard tube and one of the necks were connected to the trap
for absorbing hydrogen bromide gas evolved during the reaction was placed in a ice-
salt bath over a magnetic stirrer unit. p-Fluoroacetophenone 6.91gm (0.05m) in 20 ml
carbontetrachloride was placed in the flask and cooled to 0 ©C. When 9.9 gms (0.05m)
of bromine is added dropwisé through dropping funnel with constant stirring. After a
short induction period the bromine drops reacted immediately to give pale yellow
solution. After complete addition of bromine the mixture was stirred for half an hour.
The reaction mixture is then washed with water and 5% sodiumthiosulfate followed by
water washings. It is dried over anhydrous sodium sulfate. After removal of
carbontetrachloride under vacuum an oil is obtained. Which quickly crystalized. The

product was further recrystalized in hexane.

Yield 9.7 gms (89%) M.P. = 49 0C
Lit 282 M.P, = 48-50 0C
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2) Preparation of substituted benzaldehyde/acetophenone thiosemicarbazones.

Preparation of 4-trifluoromethyl benzaldehyde thiosemicarbazone -

In a 50 ml round bottomed flask equipped with reflux condenser was taken
thiosemicarbazide ( 0.456 gm, 0.005m ) in 10 ml methanol it is slightly warmed to obtain
a clear solution . To this is added one drop of acetic acid and p - trifluoromethyl
benzaldehyde ( 0.871 gm, 0.005m ) in 5ml methanol . The mixture was refluxed on a

water bath 3 - 4 hrs. The solid obtained was filtered and recrystalized from ethanol.

Yield : 0.952 gms (77%) M.P. =167 oC
Lit 283 M.P. = 167-168 °C
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3) General method for the preperation of 2- substituted arylidene hydrazino -

4-(p-fluoro phenyl ) thiazoles .

Preparation of 2- [ (p - trifluoromethyl phenyl) - 1 - methyl-ene ] hydrazino-

4 -(p- fluoro phenyl )thiazole.

In a 50 ml round bottomed flask equipped with a condenser and a guard tube
was placed p-fluorophenacyl bromide (217 mg, 0,001 mole) and p - trifluoromethyl
benzaldehyde thiosemicarbazone (0.247 gm, 0.001 mole) in 20 ml of dry ethanol. The
reaction mixture was refluxed for four hours. The solvent was concentrated and the
hydrobromide salt was treated with liq. ammonia to obtain the free base which was
filtered and washed with water till free from ammonia. The crude product was

recrystalised from methanol.

Yield : 0.234gm ( 64% ) M.P. 220 0C
Elemental analysis of Ci7H11FaNaS C% H% N%
Calculated 55.83 3.01 11.49
Found 56.34 286 11.72

In a similar manner all the other 2-arylidine hydrazino 4-(p-fluorophenyl)
thiazoles have been synthesized and whose physical data has been represented in

TABLE NO. 7.

All the fluorinated aldehydes /ketones used in the synthetic work were obtained
from FLUKA Chemie AG.



TABLE 7

2-ARYLIDINE HYDRAZINO 4-ARYL THIAZOLES

SR R R M.P.  YIELD ELEMENTAL ANALYSIS
NO. -C % CALCULATED FOUND
. C H N C H N

1. 2-F H  CigHiiFgNss  315.39 205 58  60.88 3.49 13.32 61.47 3.67 13.12
2. . 3-F H C16H11F2N3S 315.39 214 60 60.88 3.49 13.32 60.87 3.14 13.68
3. 4-F H C16B11F2N3S 315.39 209 60 60.88 3.50 13.32 61.25 3.28 13.53
4. 4-CP3 H Cy7H11F4N3S 365.4 220 64  55.83 3.01 11.49 55.34 2.86 11.72
5. 2-CFj3 H C17H11F4N3S 365.4 215 - 54 55.83 3.01 11.49 56.34 3.23 11.67
8. 3-CFs H Cy17H11F4N3S 365.4 195 50 55.83 3.01 11.49 56.28 2.87 11.39
7. 2-F CH3 C17H13F2N3s 329.42 163 55 62.00 3.95 12.76 62.37 3.59 12.48
8. 3-F CHj3 Cy7Hy3FgN3S 329.42 165 54 62.00 3.95 12.76 61.73 4.12 12.84
9. 4-F CH3 C17H13F2N3S 329.42 251 46 62.00 3.95 12.76 62.28 3.68 12.57
10. 3-CF3 CH3 C1gH13F2N3S 379.43 245 51 56.93 3.43 11.07 57.23 3.78 11.23
11. H CF3 C17H11F4N3S 365.4 248 55 55.83 3.01 11.49 55.78 3.37 11.86
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Spectral Studies of 2-arylidine hydrazino 4-(p-fluorophenyl) thiazoles
[TABLE No. 7]. '

2- [ (p - trifluoromethyl phenyl ) - 1 - methyl-ene ] hydrazino-

4 -(p- fluoro phenyl Jthiazole. (compd.no.4)

IR (KBr) cm:1638 (C=N); 1597,1512,1066 ( Thiazole) ; 1014 (monofluorination);
834 (1,4.substituted aromatic ).

PMR (CDCls) &: 6.74 (s, 1H, -NH-) ; 8.36 (s, 1H, -N=CH-) ;
7.08-7.83 [m, 9H, (8H, Ar-H; 1H, thiazole-Cs-H) ]

2-[ (v -fluoro phenyl) - 1 - methyl(methyl-ene ] hydrazino-

4 -(p- fluoro phenyl )thiazole. (compd.no.9)

IR (KBr) cm :2924 (alkyl); 1620 (C=N); 1599,1507,1050 ( Thiazole) ;
1105 (monofluorination); 840 (1,4 substituted aromatic ).

PMR (CDCl3) &: 2.44 (s,3H, -CHa-); 6.75 (s, 1H, -NH-) ;
7.00-7.87 [m, 9H, (8H, Ar-H; 1H, thiazole-Cs-H) ]
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PART V

SYNTHESIS OF
3/4 [ (SUBSTITUTED PHENYL) 1 -

METHYL - ENE] AMINO 1, 2, 4
TRIAZOLES
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This part deals with the synthesis of which 3 / 4 - [ ( substituted phenyl)-1 -

methyl-ene ] amino 1,2,4 triazoles involves the following steps :
1) Preparation of 3 / 4 - amino 1,2,4 triazoles.

2) Synthesis of title compounds by condensation of 3/ 4 - amino 1,24

triazoles with various substituted benzaldehydes .
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1) a. Synthesis of 3 amino 1H, 1,24 triazole

In a 100 ml round bottomed flask equipped with a reflux condenser was placed
(10 gm, 0.074m) of finely powdered aminoguanidine bicarbonate. To this was added
(3.55 gm, 2.96 ml , 0.077m) 98-100% formic acid gradually in 0.5 ml portion in 15-20
minutes with gentle swirling the flask. When the gas evolution ceases and the mass is
dissolved the aminoguanidine .formate is held at a temperature of 120 ©C for 5 hrs. The
solution was then cooled and 37.5 ml (95%) ethanol was added the product is
dissolved by heating and the solution is filtered hot. The product is obtained by

evaporation of ethanol at 100 ©C. The product was recrystallised from ethanol

Yield: 5.72 gms (92%) o M.P. = 152-154 oC
Lit.224 M.P. = 152-156 oC.
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1) b. Synthesis of 4 amino 1H, 1,2,4 triazole

In a 250 ml round bottomed flask fitted with a reflux condenser was placed
(10 gm, 0.135m) ethyl formate in 10 ml ethanol . To this was added ( 6.8gm, 0.136m)
99% hydrazine hydrate in 15-20 mins with gentle stirring. When reaction has subsided
the reaction mixture was heated on a steam bath for 18-20 hrs. The reaction mass was
concentrated to about 5-7 ml u>nder vacuum and further heated to 200 ©C for 3 to 4 hrs.
It was then cooled to room temperature and treated with charcoal in 10 ml ethanol.
After filtration it was diluted with 5 ml pet. ether and cooled to 10 ©C. 1t is filtered and
washed with 5 ml (1: 2 ethanol:pet. ether). It was further crystalised from 20 ml

(1:1,ethanol: pet. ether)

Yiled : 7.35 gms ( 65%) M.P. = 80-81 oC
' Lit. 285 M.P. = 82 oC.
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2) General method for the preperation of 3/4-[ (substituted phenyl) - 1 - methyl-

ene | amino 1,24 triazoles.

Svynthesis of 3- [ ( 2- fluoro, 4- trifluoromethyl phenyl ) - 1 - methyl-ene ]

aminol,2,4 triazole.

In a 50 ml round bottomed flask equipped with a reflux condenser was placed 3-
amino 1,2,4 -triazole ( 0.420 glﬁs, 0.005 m) in 5 ml dry methanol it is slightly warmed if
in order to obtain a clear solution. To this was added 2- fluoro, 4- trifluoromethyl
benzaldehyde ( 0.960 gms, 0.005 m) dissolved in 5 ml methanol and refluxed on a water
bath for 3-4 hrs. It was then cooled to room temperature. The solid separated was

filtered and recrystalized from ethanol.

Yield : 1.01 gm (78%) M.P. =116 oC
Elemental analysis of CjoHgF4N4 : C% H% N%
Calculated 46.51 233 21.71
Found 4594 186 21.03

In a similar manner all the other 3 / 4 - [ ( substituted phenyl ) - 1 - methyl-ene ]
amino 1,2,4 triazoles have been synthesized and whose physical data has been

represented in TABLE NOS. 8 and 9 respectively .




TABLE 8
3-({ (SUBSTITUTED) PHENYL) 1-METHYL-ENE] AMINO 1,2,4-TRIAZOLES

B ©)

SR R MOLECULAR FORMULA  MOL. M.P. YIELD ELEMENTAL ANALYSIS
NO. WT. “C % CALCULATED FOUND

C B N c H N
1. ar Coli7FNs  190.11 185 54 56.81 3.68 29.48 57.03 3.87 29.12
2 2-F CgH7FN4 180.11 135 60 56.81 3.68 29.46 56.67 3.43 29.52
3 3-F csa7tn4 180.11 138 72 56.81 3.68 29.46 57.19 3.95 28.08
4.  2-CF3 CyoH7F3N4 240.12 131 58 49.98 2.81 23.32 49.75 2.68 23.18
5 3-CF3 C10H7F3N4 240.12 202 64 49.98 2.91 23.32 50.34 3.28 23.68
6 4-CF3 . CyoH7F3Ng 240.12 146 T1 49.98 2.91 23.32 49.87 2.85 23.25
7 2-Cl, 6-F CgHgC1FN4 224.5 168 65 48.10 2.67 24.94 47.86 2.89 24.79
8. 2-F, 4-CF3 CyoHgF4N4 258 116 78 46.51 2.32 21.70 45.94 1.86 21.03
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TABLE 9

4-[{ (SUBSTITUTED) PHENYL) 1-METHYL-ENE] AMINO 1,2,4-TRIAZOLES

W)

SR R MOLECULAR FORMULA  MOL. M.P. YIELD ELEMENTAL ANALYSIS
NO. WT. C % CALCULATED FOUND
C H N C H N

1. 4F Coli7FNy  190.11 184 52  56.81 3.68 29.46 56.53 3.57 29.52
2 2-F CoH7FNy4 190.11 134 63 56.81 3.68 29.46 57.06 3.85 29.12
3. 3-F CgH7FNg 190.11 137 68 56.81 3.68 29.46 56.48 3.35 29.68
4 2-CF3 CyoH7F3Ng 240.12 130 54 49.98 2.91 23.32 50.43 3.07 23.52
5 3-CF3 CyoH7F3Ng 240.12 184 68 49.98 2.91 23.32 49.73 2.77 23.12
6. 4-CF3 CyoH7F3Ng 240.12 148 67 49.98 2.91 23.32 50.23 3.15 23.68
7 2-C1, 6-F CgHgC1FNy4 224.5 166 61 48.10 2.67 24.94 48.43 2.48 25.02
8. 2-F, 4-CF3 CyoHgF4N4 258 113 65 4651 2.32 21.70 46.84 2.07 21.52
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Spectral studies of 3 / 4 [ ( substituted phenyl) - 1 - methyl-ene ] amino
1,2,4 triazoles [TABLE No. 8 & 9].

3- [ (2-chloro-6 -fluoro phenyl) - 1 - methyl-ene ] amino 1,2,4 triazole.

[Table No. 8, compd.no.7]

IR (KBr) cm :1613 (schiff base, C=N);1569 (N-heterocycles conjugated C=C & C=N)
920 (C-N); 776 (C-Cl).

PMR (CDCls) 6:7.27-7.31 [m, 5H (3H, Ar-H ; 1H, triazole - Cs-H ;

1H, triazole - NH-) ] ; 8.92 (s, 1H, -N=CH-).

3- [ ( 2- fluoro, 4- trifluoromethyl phenyl) - 1 - methyl-ene ] amino 1,2,4 triazole.

[Table No. 8 ,compd.no.8]

IR (KBr) em :1625 (schiff base, C=N);1578 (N-heterocycles conjugated C=C & C=N)
; 1051 (polyfluorination) ; 916 (C-N); 743 (C-Cl).

PMR (CDCls) 6:7.25-8.36 [m, 5H ( 3H, Ar-H ; 1H, triazole - Cs-H ;
1H, triazole - NH-) ]; 9.20 (s, 1H, -N=CH-).

Ms : m/z 258 (M ¥)
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- PART VI

SYNTHESIS OF
4 ( p-CHLOROPHENOXY ) 3 -
CHLOROPHENYL, SUBSTITUTED PHENYL
THIOCARBANILIDES
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This part deals with the syntheses of 4-(p-chloro phenoxy) -3-chloro phenyl,

substituted phenyl thiocarbanilides which involves the following steps.

1) Synthesis of 2-chloro -4-nitro phenyl 4’-chloro phenyl ether.

2) Synthesis of 3-chloro -4-(p-chloro phenoxy) aniline .

3) Synthesis of 3-chloro-4-(p-chloro phenoxy) phenyl isothiocynate.

4) Synthesis of title compounds by condensation of 3-chloro-4-(p-chloro

phenoxy) phenyl isothiocynate with various substituted amines.
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1) Synthesis of _g-chloro -4-nitro phenyl 4’-chloro phenyl ether.

In a 250 ml three necked round bottomed flask equipped with water
condenser, mechanical stirrer and dropping funnel was dissolved (6.7 gm, 0.0521 m) of
p-chlorophenol in 10 ml dry dimethyl formamide. To this was added ( 8.'64 gm, 0.0625
m) of anhydrous potassium carbonate. The mixture was heated to 100-110 °C in oil
bath. To this was added 3,4-dichloro nitrobenzene (10 gm, 0.0521 m) in 10 ml dimethy!l
formamide . After the addition reactioﬁ mixture was refluxed for 6-8 hrs. Excess of
dimethyl formamide was removed under reduced pressure. The residue was poured
onto 100 gms of crushed ice. Resultant solid was filtered, washed with water. It was

then recrystallised from methanol.

Yield : 12.4 gms (83.7 %) M.P. =110°C.
Lit 286  M.P.=108-110°0C
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2) Synthesis of 3-chloro -4- ( p-chloro phenoxy ) aniline .

In a 250 ml 3 necked round bottomed flask equipped with water condenser,
mechanical stirrer and dropping funnel was dissolved ( 10gm, 0.0352m) of 2-chloro -4-
nitro phenyl 4’-chloro phenyl ether in 10 ml of sprit. To this is added 8 gm of iron
powder . The mixture is refluxed for 2 hr. A solution of FeCls 0.6 gm in 10 ml of 50 %
spirit is added to this under reflux slowly in %2 hr. The reactiox; mixture is refluxed for
8-10 hrs . It is then filtered on hyflo bed filterate is concentrated to give amiﬁe which is

crystalized from alcohol.

Yield :7.24 (81% ) M.P.=800°C
Lit 287 M.P. = 80-81 °C
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3) Synthesis of 3-chloro-4-(p-chloro phenoxy) phenyl isothiocyanate.

In a 100 ml three necked round bottomed flask equipped with water condenser,
mechanical stirrer and dropping funnel was placed 3-chloro-4- ( p-chloro phenoxy )
aniline (4.5 gm, 0.018m ) in a solution of acetic acid and hydrochloric acid (10 ml) . The
mixture was stirred at 15 ©C for 20-30 min. A solution of thiophosgene ( 3.06 gm,
203 ml , 0.027m ) in 20 ml chloroform was added dropwise maintaining the
temperature at 0 ©C. The reaction mixture was further stirred for 4 hrs. The chloroform
later was seperated washed with water till pH is neutral , dried on anhyd, sodium

sulfate. The chloroform was evaporated to dryness to give the product.

Yield : 3.43 gm ( 64.4%) : M.P. =134 0C
' Lit 288 M.P. = 136 °C
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4) General method of synthesis of 4-(p-chloro phenoxy) -3-chloro phenyl,

substituted phenyl thiocarbanilide.

Synthesis of 4-( p-chloro phenoxy ) -3- chloro phenyl, 4’-( p-chloro phenoxy ) -3’-

chloro phenyl thiocarbanilide.

Ina 50 ml round bottomed flask equipped with a reflux condenser are placed
3- chloro - 4- (p- chloro phenoxy ) phenyl isothiocyanate ( 0.250 gm, 0.000845m) and
3- chloro - 4- (p- chloro phenoxy ) aniline ( 0.215 gm, 0.000845m ) , Both previously
dissolved in 8 ml of toluene. The reaction mixture is refluxed for 6-8 hrs. After cooling
to room temperature added 8 ml hexane , white solid seperates which is filtered and

recrystalized from alcohol.

Yield : 0.325 gm ( 70%) M.P. = 157 °C
Elemental analysis of CasHsCliN20O,S : C% H% N%
Calculated  54.55 291 5.09
Found 5406 234 542

In a similar manner all the other 4-( p-chloro phenoxy ) -3- chloro phenyl],

substituted phenyl thiocarbanilides have been synthesized and whose physical data has

been represented in TABLE NO. 10.



TABLE 10

4 (p-CHLOROPHENOXY ) 3-CHLOROPHENYL , SUBSTITUTED PHENYL THIOCARBANILIDES

ADo-{Drwgs
c S

SR R MOLECULAR FORMULA MOL.  M.P. YIELD ELEMENTAL ANALYSIS
NO. | WT. “C % CALCULATED FOUND

H N |
1. 3-Cl, 4-F-CgHs CigH12Cl3FNz0S  441.5 134 62 51.64 2.72 6.34 51.23 2.57 6.52
2 3-C1-CgH3-0-CgHyq-3-C1 CosHygCl4N2025 550 157 70 54.55 2.91 5.09 54.06 2.34 5.42
3 3,4-Cly clgnlzcl4ﬁzos 458 122 58 49.78 2.62 6.11 49.39 2.47 6.25
4 C4Hg C17H18C12N208 369 130 64 55.28 4.88 7.59 55.51 4.67 7.67
5.  OCoHgs-CgHy C21H18C12N2058 433 118 73 58.20 4.16 6.46 58.37 4.28 6.23
6 p-C1-CgHy C19H13C13N208 423.5 126 61 53.83 3.07 6.61 53.56 3.25 6.46
7 2,4-F-CgHa C1gH12C12F2N208 425 138 53 53.64 2.82 6.59 53.3T7 2.58 6.23
8 2-F-CgH3-0-CgH3-2-C1,4-CF3  CgH15C13F4N208  601.5 142 48 51.87 2.49 4.66 52.40 2.32 4.89
9 3-CF3,4-C1-CgH3 CpoH12C13F3N20S 491.5 148 58 48.83 2.44 5.69 49.19 2.75 5.48
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Spectral studies of 4-(p-chloro phenoxy) -3-chloro phenyl, substituted phenyl
thiocarbanilides [TABLE No. 10].

4-( p-chloro phenoxy ) -3- chloro phenyl, 4'-( p-chloro phenoxy ) -3’- chloro
pheny! thiocarbanilide. [TABLE No. 10 ,compd.no.2]

IR (KBr) cm :3180 (aromatic sym. ether) ; 1588 (aromatic) ;
1482 (polysubstituted benzene); 1332 (-C=S) ;
1250 (ether); 845 (benzene ring with 2-adjacent -H atoms) ;
752 (C-Halo) .

PMR (CDCly) 6:6.65-7.52 (m, 14H, Ar-H); 7.71 (s, 2H, -NH-) .

4-( p-chloro phenoxy ) -3- chloro phenvl, 3’,4’-dichloro phenyl thiocarbanilide.

[TABLE No. 10 compd. no. 3}

IR (KBr) cm :3186 (aromatic sym. ether) ; 1583 (aromatic) ;
1482 (po]ysubstituted benzene ) ; 1333 (-C=S) ;
1244 (ether); 845 (benzene ring with 2 adjacent -H atoms) ;
757 (C-Halo) .

PMR (CDCI3) §:6.65-7.50 (im, 10H, Ar-H); 7.87 (s, 2H, -NH-) .
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BIOLOGICAL RESULTS AND DISCUSSION

The compounds synthesized in the present investigation have been subjected to
various biological screening programmes based on their structural features so as to
ascertain their suitability as potential chemotherapeutic agents.

The various screening programmes carried out have been in the in vitro study
against Hs;Rv strain of Mycobacterium tuberculosis for estimating antitubercular activity
and the in vitro study against sf)ecies of Gram-positive and Gram-negative bacteria. viz.
Staphylococcus aureus ATCC 3750 ( S.aureus) and Salmonella typhi NCTC 786 ( S.typhi)for
estimating antimicrobial activity.

Similarly various screening programmes conducted have been in the in vitro
study against various strains of fungi, viz. Candida albicans, Trichophyton rubrum and
Trichophyton mentagroplyltes.

In the anthelmintic screening the test compounds have been subjected to in vivo
Screening against Hymenolepis nana in the mice.

The methodology adopted for the various biological screening programmes

undertaken in this study has been described in the following section.

Antitubercular Screening

The test compounds have been subjected to in vitro screening by the tube
dilution technique employing the human virulent H3;Rv strain of M. tuberculosis. In this
method, using a Kirchner's medium containing Tween-80 as described by Rake et al 29,
dispersed growth of M. tubcrculosis was obtained.

Screening Procedure

Sterile Kirchner's media (4.35 ml) was dispensed in each borosilicate test tube
(150 x 20 mm). The test compounds (20 ng) were dissolved in a suitable solvent ( 10 ml)
such as dimethyl formamide (DMF) dilute HC], ethanol as the case may be.

The serial drug dilutions were made in such a way as to give various final drug
concentrations of 200, 100, 50, 25, 12.5, 6.25 mg/ml. Sterile normal bovine serum (0.5
ml) was added to each test tube. The innoculum of standard suspension (0.1 ml) of M.
tuberculosis (H37Rv strain) 106 bacilli/ml was added at the end. The tubes were

-incubated at 37° C for ten days and then examined for the presence or absence of
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growth of the test organisms. The lowest concentration which showed no visible growth
was taken as an end point i.e. minimum inhibitory concentration (MIC) .

Control tubes with ethambutol as standard drug and tubes without any drug
were kept for comparison. Also the solvents used for dissolving the substances under
study were similarly tested to see that they did not affect the growth of the culture at
the concentrations used under these experimental conditions. Ethambutol ir;hibited the

growth of M. Tuberculosis at a concentration of 0.04 ng/ml.

Screening against other bacterial infections

The test compounds have been subjected to in vitro screening by the tube
dilution technique 3% against various species of Gram positive and Gram negative
bacteria viz. S. aurcus, and S. typhi using Muellar-Hinton broth as the culture medium.

Screening Procedure

Sterile Muellar-Hinton broth (4.35 ml) was dispersed in each borosilicate test
tube (150 X 20 mm). The test compounds (20 pg) were dissolved in a suitable solvent
(10 ml) such as dimethyl Formamide (DMF), dilute HCI, ethanol as the case may be.

The serial drug dilution were mad-e in such a way as to give various final drug
concentrations of 200, 100, 50, 25, 12.5, 6.25. The innoculum of standard suspension (0.1
ml) of the desired bacterial strain ( S. aureus or S. typhi) containing 10¢ bacilli/ ml was
added at the end. The tubes were incubated at 379C for 24 hrs. and then examined for
the presence or absence of growth of the test organisms. The lowest concentration
which showed no visible growth was taken as an end point (MIC) .

Control tubes with ampicillin as standard drug and tubes without any drug
were kept for comparison. Also the solvents used for dissolving the substances under
study were similarly tested to see that they did not affect the growth of the culture at
the concentrations used under these experimental conditions Ampicillin inhibited the

growth of S. aureus and S. typhi at concentrations of 0.5 and 0.4 pg/ml respectively.

Antifungal Screening

~

The organisms employed in the test were 1) Candida albicans 2) Trichophyton

rubrum 3) Trichophyton mentagrophytes. These organisms were maintained on
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Sabouraud's agar slants by regular subculturing. C albicans was cultured every week
and the rest of the organisms at the interval of 12 days.

Test Medium

The liquid medium described by E. Joan Stokes et.al 301 was used for screening
the compounds for their antifungal activity. The final pH of the medium was adjusted
to 5.2. This test medium was dispensed in requisite amounts varying from 4.4 to 4.85 ml
in sterile tubes. To these were added the requisite test solution in graded concentrations
varying from 200 to 6.25 mg/ml

Preparation of innoculum

Candida albicans

A 48 hours old growth on Sabouraud's agar slant was suspended in 4-5 ml of the
test medium with the help of platinum loop. The cell count of suspension (yeast phase)
was carried out using Neubaur chamber and then diluted with requisite volume of the
medium to give a final concentration of 5 x 106 cells per ml.

T. rubrunm and T. mentagrophytes

To a 12 to 14 days old growth on Sabouraud's agar slant, 5 ml of sterile test
medium and 3-4 sterile glass beads (3 mm diameter) were added and gently shaken for
10 minutes. The supernatant was decanted into another sterile tube and the count of
spores in the suspension was carried out using Neubauer chamber. Final strength of the
innoculum was adjusted to 5 x 10¢ spores per ml, using test medium.

Screening Procedure

To each test tube was then added 0.1 ml of standardized innoculum of the test
organism. The tubes were then incubated at room temperature ( 28-30°C) in a dark
place. The presence or absence of growth was noted visually after 7 days in case of
Candida albicans and after 14 days in case of T. rubrum and T. mentagrophytes.

Miconazole was used as standard drug for control and also tubes without any

drug were kept for comparison.
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Anthelmintic Screening

The compounds mentioned in Table no. (13 ) were screened for their in vivo
anthelmintic activity against Hymenolepis nana in mice. The method used is the one
described by Agarwal, Alka. et al 302,

Screening Procedure

Each male mouse (18-20 gms, 4 weeks old) of the total 95 mice given an oral
innoculum of 100 mature eggs collected from mature worm of H. nana. The infected
mice were divided into 19 groups of 5 mice each. 2 groups of mice were used for each of
the 9 test compound§ The two groups were treated on the 17t or 18t daily with either
single dose of 100 mg or repeated dose of 50 mg of each compound. One group of mice
was kept as control. The mice were sacrificed on the 5t post treatment day.

At autopsy the entire small intestine was removed and laid on a background of
black glass and contents were removed by expression. The number heads of H. nana
worm was counted.

The drug action is expressed in terms of percentage efficacy ( % efficacy) on the
basis of reduction of worms following treatment. The drug response was calculated on

the mice cleared of the infection as compared to the untreated control group.

RESULTS AND DISCUSSION

PartII : 5,6-disubstituted 2-(alkyl/substituted aryl) amino benzothiazoles

In this series 8 compounds have been synthesized. The Screening results exhibit
the minimum inhibitory concentration (MIC) against Gram positive bacteria in the
range of 25-100 pug/ml. Table no 11 Compound no. 3, 4, 5 and 6.

Table no. 11 Compound no. 3 where the substitution is allylamino at the 2-
position of benzothiazole moiety has shown activity against S typhi at the concentration
of 25 ug/ml and 50 ug/ml for S aurcus.

For antifungal screening it is observed that Table no. 11 compound no. 3,456

and 8 are active in the range of 50-200 ug/ml.

419
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Here also Table no. 11 compound no. 3 has shown activity at 50 ug/ml against
T. mentagrophytes and T. rubrum.

Table no. 11 Compound no. 6 is active against all the species of fungi at 200
pug/ml.

The most active compound in this series for antifungal activity is Table no. 11
compound no. 8 where electron withdrawing chlorine group is present at 3 and 4
position on the phenyl ring in the anilino substituent .

All the compounds of this series have been evaluated for their in vitro

antitubercular activity against HsRv strain of mycobacterium Tuberculosis but

unfortunately none of the compounds have shown activity upto 200 pg/ml.

Part I11: 5,6- disubstituted 2- (substituted phenyl carboxamido) benzothiazoles

In this series totally 13 compounds were screened against the bacterial species of
‘S. typhi and S. aurcus. The results once again were very discouraging. None of the
compounds have shown significant activity. Only Table no. 12 compound no. 11 and 13
has shown activity at 100 pg/ml for both species.

All these compounds were subjected for antifungal activity and the results were
some what encouraging as compared to the antibacterial screening. Eight compounds
have shown activity against three species at 100 pg/ml.

In Table no. 12 compound no. 11 which is the most active compound the
trifluoromethyl substituent is present at o-position of phenyl ring of phenyl
carboxamido linkage.

Out of thirteen compounds, three compounds viz. (5, 10 and 13 of Table no. 12)
have exhibited MIC at 50 pg/ml against H3;Rv strain of mycobacterium tuberculosis which
are having electron withdrawing trifluoromethyl substituent in various position of
phenyl ring. Rest of compounds have not shown activity upto 200 pg/ml.

Above results show that electron withdrawing group enhances the activity of

the parent moiety remarkably against M tuberculosis.
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In this series total nine compounds have been screened for in vivo anthelmintic
activity against Hymenolepis nana in mice.

The percentage efficacy of the compounds has been shown in the Table 13.
compound no. 1 and 2 are having percentage efficacy greater than 75'% for double
dose treatment indicating that the compounds are active. Both these compounds have
the chlorine and fluorine substituents in position 5 and 6 of benzothiazole moiety and
fluorine substituted in o- and - position in the benzamido linkage . This indicates that
the presence.of fluorine substitution in benzothiazole moiety enhances the anthelmintic
activity as compared to their chlorine substituted analogues. Since rest of the

compounds have shown moderate activity.

Part IV : 2- arylidine hydrazino 4- substituted aryl thiazoles.

In this series total eleven compounds have been synthesized and screened for
their in vitro antitubercular, antifungal and antibacterial activity and the screening
results exhibit the minimum inhibitory concentration (MIC) against Gram positive
bacteria in the range of 100-200 ng/ml viz. (compound nos. 1, 6, 9 and 11 of Table no.
14). The antibacterial activity is not much encouraging.

Similar results were observed in the antifungal screening. Seven compounds
have shown antifungal activity ranging from 100-200 pg/ml. Compdund no. 2,3, 7 and
11 of Table no. 14 have shown activity at 100 pg/ml against both the species T.
mentagrophytes and T. rubrum Compound no. 11 is the most active compound which has
shown activity against S typhi, S aurcus, T mcntagrbphytes, T rubrum C albicans and Hs;Rv
strain of miycobacteriun tuberculosis where the trifluoromethyl group is present in the
aliphatic linkage.

Antitubercular activity in ‘this series is appeared to be governed by the
trifluoromethyl group which is present in the phenyl ring and plays a vital role in the
antitubercular activity.

In general the activity exhibited by these compounds against bacterial, fungal

and tubercular micro-organisms is not much significant.
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PartV: 3/ 4 [(Substituted phenyl)1-methyl-ene] amino 1,2 4-triazoles.

3-[(Substituted phenyl)1-methyl-ene] amino 1,2,4-triazoles

The compounds synthesized in this series too have proven inactive against
Gram positive bacteria taken for testing.

The antitubercular testing results once again reveal a distinct preference for
presence of fluoro substitueﬁt at the o-position of the phenyl ring (Table no. 15
compound no. 2) rest of the compounds have not shown any antitubercular activity.

Similar results were observed when they were tested for antifungal activity for
all the species. Only compound no 5 [Table no. 15] has shown activity against T. rubrum
at 100 pg/ml.

In general it can be inferred from the biological results that the compounds do

not possess any significant biological activity.

4-[{Substituted phenyl) 1- methyl-ene] amino 1,2 4- triazole.

After studying the effect of azomethine linkage at 3-position of triazole it was
thought that activity may enhance if azomethine linkage is substituted at 4- position of
triazole. |

In this series total of eight compounds were synthesized and screened against
S. aureus, S. typhi. Only compound no. 4 of Table no. 16 has shown activity against
S. typhi at 100 ug/ml and S. aureus at 200 pg/ml. Rest of the compounds have not
shown any antibacterial activity.

In all eight compounds of this series have been screened against C. albicans, T.
rubrum and T. mentagropliytes for in vitro antifungal activity. Only compound no. 3, 5
and 6 of Table no. 16 have shown MIC at 100 pg/ml for T. mentagrophytes and T. rubrum
rest of the compounds have not demonstrated any activity.

These compoimds were found to be inactive when screened for antitubercular

activity.
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Part VI : 4(p-Chlorophenoxv)3- chloro phenyl substituted phenyl thiocarbanilide

‘The compounds in this series exhibit a very low level of antifungal activity when
screened against various species of fungi viz.,, T. mentagrophytes, T. rubrum and C.
albicans. Total of nine compounds were synthesized and screened for antifungal activity.
compound nos. 3, 4, 5, 6 and 7 of Table no. 17 have shown antifungal activity ranging
from 50-200 pg/ml.

Compound no. 4 [Table no. 17] is the most active compound against
T.mentagrophytes and T. rubrum which shows the activity at 50 pg/ml and 200 pg/ml
against C albicans where the aliphatic linkage is present at the one nitrogen of the
thiourea.

The com pounds when screened for antitubercular activity have shown moderate
activity. Table no. 17 Compound nos. 3, 4, 5, 6 and 7 have shown activity ranging from
100-200 pg/ ml against Hs7Rv strain of mycobacterium tuberculosis.

The compounds have once again exhibited very marginal activity.

While investigating the in vitro antibacterial activity of the compounds it was
observed that the compounds have shown meagre antibacterial activity against
S. aureus and S. typhi . Table no. 17 compound nos. 3, 4, 5, 6 and 7 have shown activity
ranging from 50-200 pg/ml against both the organisms

It can be inferred that the antibacterial activity of these compounds is favoured
by presence of the chlorine substituents i.e. Table no. 17 compound nos. 3 and 6 have
shown activity ranging from 50-100 pug/ml as compared to the activity of compound
nos. 4,5, and 7 ( Table no. 17 ) which have shown activity ranging from 100-200 pg/ml
and contain substituents viz. Allyl, p-ethoxy phenyl and 2,4 difluoro phenyl

Thus it can be said that though the activity is marginal it is favoured by presence

of chlorine substituents on the phenyl ring.



TABLE 11
5,5-DISUBSTITUTED 2-(SUBSTITUOTED ARYL/ALKYL) AMINO BENZOTHIAZOLES

Cl

F S 1 H"‘R
SR. R ANTIBACTERIAL ANTIFUNGAL ANTITUBERCULAR
NO. S. typhi =~ S. aureus T. mentagrophytes T. rubrum C. albicans Ha7Rv
1. p-Cl-CgHyg ' - - - - - -
2 p-0CoHg5-CgHy - - - - - -
3 Allyl 25 50 50 50 - -
4 n~Butyl 100 100 - 200 20 -
5. 3,5-DiClp,4-OH-CgHo 100 100 50 100 - -
6 2-CN, 4,5-DiOCH3-CgH2 50 25 200 200 200 -
7 3-Cl,4-F-CgHy - - - - - -
8. 3,4-DiClo~-CgH3 - ‘ - 50 50 200 -

- = Inactive at 200 ug/ml
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TABLE 12
5,6-DISUBSTITUTED 2~(SUBSTITUTED PHENYL CARBOXAMIDO) BENZOTHIAZOLES

. —— W TE - T P G S e T T el G G ERS e W G P G AP GED A G G G M G VAR G TTR S S GRS G S Ve WS M A D AR S Y TN T S G . G D G Ga Ga GeT T S = A GE G G S G R T S G e T W M A S G S SR S R S A S S L S W S W o -

SR. R R ANTIBACTERIAL ~ ANTIFUNGAL \ ANTITUBERCULAR
NO. S. typhi S. aureus T. mentagrophytes T. rubrum C. aldbicans Ha7Rv

1. 5-Cl, 6-F H - - - - - -

2. 5-C1, 6-F 2-F - - - - - -

3. 5,6-Clp 2-F - - - - - -

4. 5-Cl1, 6-F 3-F - - - : - - -

5. 5,6-Cly 3-F - - 100 100 100 50

6. 5-Cl, 5-F 4-F - - 100 100 200 -

7. §5,6-Clg 4-F - - - - - -

8. 5-C1, 6-F 2,6-Fo - - 100 - 200 -

8. 5,6-Clg 2,6-Fg - - 100 - - -

10. 5-C1, 6-F 2-CF3 - - 100 - - 50

11. 5,6-Clp 2-CF3 100 100 100 100 100 -

12. 5-C1, 6-F 3-CF3 - - 100 - - -

13. 5,6-Clp 3-CF3 100 100 100 100 - 50

- = Inactive at 200 ug/ml 9



TABLE 13

S,6-DISUBSTITUTED 2-(SUBSTITUTED PHENYL CARBOXAMIDO) BENZOTHIAZOLES

Loy

SR. R R’ SINGLE DOSE 100 mg DOUBLE DOSE S0 mg

No. Percentage Efficacy Drug Response Percentage Efficacy Drug Response
1. 5-C1l, 6-F 2-F 69.70 40 77.27 &0
2. S-C1l, &—-F 3-F 73.74 20 73.76 &0
3. S5.6-DiCl 3-F 51.52 - 67.17 20
4, 5-C1, &6-F 4-F 48.48 ~ S6.56 20
S. 3,6-DiCl 4-F 36.36 20 65.15 40
6. S-Cl,6-F 2.,6-DiF 28.28 - - 52.02 20
7. S,6-DiCl 2,6-DiF 47 .98 ' - S5.05 _ 20
8. §-Cl, 6&~F 3-CF3 17 .67 - 45.45 -
9. 9,6-DiCl 3-CFzx Toxic Toxic Toxic Toxic

8S1



TABLE 14
2-ARYLIDINE HYDRAZINO 4-ARYL THIAZOLES

Ot Lg

SR. ‘R R” ANTIBACTERIAL ANTIFUNGAL - ‘ ” ANTITUBERCULAR
NO. S. typhi S. aureus T. mentagrophytes T. rubrum C. albicans H37Rv
1 2-F H 100 200 200 200 - -
2 3-F H - - 100 100 - -
3 4-F H - - 100 ‘ 100 - -
4. 4-CF3 H - - - - - -
5 2-CF3 i - - | 200 200 - 50
6 3-CF3 H 100 200 - - - 50
7 2-F CH3 - T - 100 100 - 200
8 3-F CH3 - - - - - -
9. 4-F CHj 200 100 200 . 200 - 50
10 3-F CH3 - - - - - -
11. H CF3 200 200 | 100 100 | 100 100
3

- = Inactive at 200 ug/ml



TABLE 15
3-[(SUBSTITUTED) PHENYL) 1-METHYL-ENE] AMINO 1,2,4-TRIAZOLES

H

s,. R ANTIBACTERIAL ANTIFUNGAL ANTITUBERCULAR
NO. S. typhi S. aureus T. mentagrophytes T. rubrum C. albicans H37Rv
1 4-F - - - - - -

2 2-F - - - - - -

3 3-F - - 100 100 - -

4 2-CF3 100 200 - - - -

5 3-CF3 - - 100 100 - -

6 4-CF3 - - 100 100 - -

7 2-Cl, 6-F - - - - - -

8 2-F, 4-CF3 - - - - - -

- - —— T . P - - P P G T > D S W G G P G D GHS S EE G S L S W AP SE e G e M G . WD GED M Y Y S T WSS GED e W GER S S G W A e S A G D S - - D . G = - G - . — . —— —— — — —— ——— =

- = Inactive at 200 ug/ml
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TABLE 16

. S S - — —— — —— —— — - —— —— — —— —— — ——— T S " - — G > o — ———— T ——— G —— M — —— — —— S — — —— A — — G — - ———— — — ——— -~ i — ——— —————— ——— -

SR. R ANTIBACTERIAL ANTIFUNGAL ANTITUBERCULAR
NO. S. typhi S. aureus T. mentagrophytes T. rubrum C. albicans H37Rv

1 4-F - - - - - -

2 2-F - - - - - - 200

3 3-F - 200 - - - -

4 2-CF3 - - - - - -

5. 3-CF3 - 200 - 100 - -

6 4-CF3 - - - - - -

7 2-Cl, 6-F ~ - - - - -

8 2-F, 4-CF3 - - - - - -

G - e . T S - S T S G G —  — - T S — - T Y - —— G . — T P> —— T — - — ————— . — Y ——— Y e Y - S —— . — — ——— T w—— — — > —— — > =

- = Inactive at 200 ug/ml
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‘TABLE 17
4 (p-CHLOROPHENOXY ) 3-CHLOROPHENYL , SUBSTITUTED PHENYL THIOCARBANILIDES

CL . @ NH-C—NH—R

S

Cl
s,. R © ANTIBACTERIAL ANTIFONGAL ANTITUBERCULAR
NO. S. typhi S. aureus T. mentagrophytes 'T. rubrum C. albicans  H37Rv
1. 3-Cl, 4-F-Cgly - - | - - , -
2.  3-Cl-CgH3-0-CgHg-3-Cl - - - - - -
3 3,4-Clp 100 200 100 100 200 200
4.  Cg4Hg 200 200 500 50 200 100
5 0CoHg-CaHy 200 - 200 200 - 100
6 p-C1-CgHy 50 200 200 200 | - 200
7 2,4-F-CgH3 200 - 200 200 - 200
8. 2-F-Cgli3-0-CgHg-2-Cl1,4-CF3 - - - - - -
9. 3-CF3,4-C1-CgHg - - - - - -

- = Inactive at 200 ug/ml
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CONCLUSION

The present investigation was focused on the synthesis of novel organic
compounds of possible therapeutic value. To evaluate their efficacy, they were screened
for their in vitro antitubercular, antifungal and antibacterial activity and also in vivo

anthelmintic activity.

In Part II the synthesis of 5,6- disubstituted -2-(alkyl/substituted aryl) amino
benzothiazoles has been described. The anti-microbial activity of the series

(Table no.11) reveals following points.

1) The presence of fluorine substituent in aryl amino side chain and in the
benzothiazole moiety has shown unexpected meagerness in imparting anti

microbial property to benzothiazole nucleus.

2) Itis also observed that multisubstituted arylamino linkage having chlorine,
hydroxy, methoxy, and nitrile, substituent impart antifungal and

antibacterial properties to the compound.
3) All the compounds are inactive in antitubercular screening.

In Part III the syntheses of 5,6 disubstituted 2-(substituted phenyl carboxamido )
benzothiazoles has been described. From the antimicrobial screening results (Table no

12) following observations are made,
1) All compounds are almost in active against S. typhi and S. aureus.

2) The antifungal activity is imparted to some compounds as an effect of
disubstitution of Fluorine in phenyl carboxamido linkage and also the
presence of trifluoromethyl substituent in pheny! carboxamido linkage is

responsible for the antitubercular activity.
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3) The anthelmintic screening gives encouraging results (Table no. 13 ). The
presence of fluorine in the phenyl carboxamido side chain and also in the
benzothiazole moiety imparts good anthelmintic activity to compounds with

percentage efficacy greater than 75 % and drug response of 60%.

Part IV describes the synthesis of 2-arylidine hydrazino 4-substituted aryl
thiazoles. The antimicrobial activity results indicate that the presence of the trifluoro
methyl group in the arylidine ring and also in the hydrazino side chain is contributing
more to the activity imparted to the compounds as compared to the fluorine substituted

analogues.

Part V describes the synthesis of 3/4[( substituted phenyl)-1-methyl-ene} amino
triazole The compound have not shown any encouraging activity in antimicrobial
screening despite the presence of triazole nucleus and fluorine substituted aryl side

chain.

In Part VI the synthesis of 4(p-chloro phenoxy)3-chlorophenyl substituted
phenyl thiocarbanilides is described. The compounds in this series exhibit very low
level of antimicrobial activity. It is observed that the presence of the aliphatic

substitution in one of the nitrogen of thiourea illicits better antimicrobial activity.

Though it may be concluded that the present investigation is not successful in
rendering any new organic compound more active than the existing drugs, in the class
of infections for which these compounds were screened. It may be worth while to
pursue further investigations with related compounds bearing in mind certain trends
observed in the present investigation as a part of the efforts to discover novel and

potent drugs.
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APPENDIX

. The melting points have been determined in open capillaries in a

Veego VMP- 1 melting point apparatus and are uncorrected.

The TLC of the compounds has been run on Eastman Kodak pre-coated
silica gel plates of type K 301 R and E.Merck pre-coated silica gel plates of
type 60 F 254.

The Infrared specfra were recorded on a BOMEM MB-104 Fourier
Transform Infrared Spectrometer

The PMR spectra were recorded on Brucker AC 80 MHz. Spectrometer and
Varian 300 MHz. Spectrometer using TMS as internal reference .

The mass spectra have been recorded on a HEWLETT PACKARD

HP G1800 A GCD spectrometer. -
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SYNOPSIS

- Mankind has always been afflicted by diseases and ailments and it is
evident from ancient reports that he has attempted to control these afflictions
from time immemorial by testing himself with herbs, berries and other
substances gathered from his environment . The earliest of such reports
appears on a sumerian clay tablet from 2100 B.C. which lists a number of
recipies but unfortunately without indicating their proper usage . Since then the
use of natural medicine elaborated and proliferated for several thousand years
in various civilizations and has been well  documented in their respective
records.

Sometime in the 18th century the situation in Europe was one where
physicians were realizing the limitations of these natural products. With the
founding of organic chemistry as a science and the realization of the restrictions
of natural products, the scene was set for a systemic investigation into the
active ingredients present in therapeutic herbs. This coupled with the potential
of organic chemistry to synthesize hitherto unknown compounds gave birth to
the field of Medicinal Chemistry.

Medicinal Chemistry is the study of those chemicals which have
anticipated benificial effects on disordered living systems. At its heart is
chemistry , organic chemistry ,but no medicinal chemist is merely interested in
the chemical properties of the molecule under investigation . The entire logic
and all the efforts towards the synthesis of any new compound are for an
anticipated biological activity. But it happens most frequently that they result in
its lack of activity. R

- Amidst the frequent, but much needed failures and seldom occuring
breakthroughs the strife of medicinal chemistry continues for various reasons ,
more saliently for

1. Higher efficacy and lower toxicity.
2. Drug resistance of various micro-organisms.



One aspect of medicinal chemistry deals with the incorporation of newly
emerged pharmacophores on already existing biologically active moieties to
produce newer molecules with higher efficacy. Based on this aspect efforts
have been made to synthesize molecules with incorporation of  fluonnated
substituents on various active moieties such as thiazoles , benzothiazoles ,
triazoles , thioureas, etc and will be documented in the thesis .

The thesis will consist of the following parts...

PART 1 :-Introduction, Review of literature & Plan of Work.

PART 2 :- Synthesis of 5,6 - disubstituted 2 - ( substituted alkyl / aryl )
amino benzothiazoles.

PART 3 :- Synthesis of 5,6 - disubstituted 2 - ( substituted phenyl
carboxamido ) benzothiazoles.

PART '4 :- Synthesis of 2- arylidene hydrazino 4-aryl thiazoles.

PART 5 :- Synthesis of 3/4 [ ( substituted phenyl ) 1- methyl - ene]
amino 1,24 triazole. |

PART 6 :- Synthesis of 4( p-chlorophenoxy)3- chlorophenyl ,
substituted phenyl thiocarbanilide.

PART 7 :- Biological screening .

i



PART 2:-SYNTHESIS OF 56 - DISUBSTITUTED 2-( SUBSTITUTED -
ALKYL/ARYL ) AMINO BENZOTHIAZOLES.

The 2 - substituted amino benzothiazole derivatives have been studied
extensively in literature for various types of biological activities . In our laboratory
it has been reported earlier 1 that 6-chloro, 2 - substituted alkyl/aryl amino
benzothiazoles (| ) have promising antitubercular activity .

pos

Where R = Alkyl or substituted aryl.
Some 2 - substituted amino benzothiazoles (ll) have also been reported
by Mikulaseck S . et al.2 as antimycobacterial agents. The biological activity of

these compounds is similar to that of Isoniazide with lower toxicity .
| R s NH—CH—NH—COR'

Y CCly

N

()

Where R =Cl, Br, etc. R' = H, Me, Ph, CH,ClI , etc.

Based on the above facts a series of compounds of 2 - substituted
alkyl / aryl amino benzothiazoles (lll) were synthesized with the incorporation of
chlorine and fluorine on the position 5 and 6 of benzothiazole respectively with
an aim to obtain compounds with enhanced activities .

C
N
N
' F S7 “NH—R

(mj

Where R = Alkyl, subsiituted Aryl.

ces



PART 3 :- SYNTHESIS OF 5.6 - DISUBSTITUTED 2- (SUBSTITUTED
PHENYL CARBOXAMIDO) BENZOTHIAZOLES .

The importance of 2 - substituted amino benzothiazole moiety in
imparting biological activity to various compounds has already been mentioned
above .

Lacova M. et al.3 have reported compounds of type (IV) as having good
biological activity.

R NH— ﬁ~cnz~o—x@a
m 0 '

—N

(v)
Where R=Me, Cletc R' = H, Cl.
Also literature study shows that Oxyclozanide (V) and Clioxanide (V1)
have very good anthelmintic properties.4.5

Cl OH Cl
% %—CONH—?E g
Cl Cl H Cl

(V)
| 00CCH4
CON;-I——Q-CI
|
(vi)



Compounds of type (VII) have been reported to posses antifungal and
antitubercular activities.®
cl NO,

CONH OR'

0
Ho v

Where R = aryl, ethyl.
* From the above literature findings and taking into consideration the
importance of 2 - substituted amino benzothiazole moiety , compounds of type
(Vi) were synthesised and tested for their antifungal, antibacterial, and
antitubercular activities . Some compounds of this series have also been

screened for their in-vivo anthelmintic activity against H. nana.

TN

Where R=H; 5-Cl,6-F ; 5,6- Di Cl ;etc
R'=2-F;3-F;4-F; 2,6-DiF; etc.

PART 4 :- SYNTHESIS OF 2-SUBSTITUTED ARYLIDENE
HYDRAZINO 4 - ARYL THIAZOLES.
The thiazole moiety is one of the most exploited moieties as
antimicrobial agents. Sabnis et. al. 7 have reported thiazoles of type (IX) as

having good antitubercular activity.

OCH3.HCI

N
1
R’ \g N:HC-O— R,
(1X]

Where R' = phenyl, benzyl ;R = NHCOOCH5., N(CH3)y



Recently some new thiazoles (X) with the hydrazino linkage have been

; A
'I‘./&N—N—_:(I:—cuz/

R

reported to possess antimicrobial properties 8,

Me
(X)
Where R=Me, Etetc. ; R'=substituted Phenyl, Phenyl.
Saranga et al.9 have reported a series of compounds (XI) which have
the hydrazino linkage which is responsible for the antimicrobial activity.

O LT,

(X1)
Where R =H, 5-Br, 7-Cletc. ; R’ =H, Me, Et, etc.
In view of the above findings and the importance of 2,4 - disubstituted
thiazole moiety, a new series of 2,4 - disubstituted thiazoles (XIl) was

synthesised with a hydrazino linkage in 2 - position to yield compounds with
good antimicrobial activity.

<o LA, i)

(XH)
Where R = 2-F, 3-F, 4-F etc. R'=H, CHj,

Vi



PART 5 :- 3/4 [ (SUBSTITUTED PHENYL )1 - METHYL - ENE ]
AMINO 1.2.4 TRIAZOLE .

The importance of 1,2,4 Triazole moiety as a major pharmacophoric
requirement to possess enhanced antifungal activity is well manifested by its
inevitable presence in the most recent class of antifungal drugs viz.

Fluconazole (XVil) 10

' H
N— T —]
N—CHy—C—CHz—N
F =N

F

(Xm)

Recently R. Fioravanti et al.11 have reported antimicrobial activity of
some new heteroaryl benzylamines (XIV) and their schiff bases (XV).

R R
CH—N— Het CH3—NH—Het
v (XV) (XIV)

Where R =H, CH3, Br, F, etc.

Thus taking into consideration the importance of the triazole nucleus and
the pharmocophoric importance of schiff bases as mentioned above , schiff
bases of 3/4 amino - 1,2,4 triazoles (XVI) & (XVIl) were synthesized and
screened for their antifungal, antibacterial and antitubercular activity.

I I
. L)
N N_CH@ |
R N—CH
' R
(XVi) (XVi)
Where R = 2-F, 3-F, 4-F etc.

vii
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PART 6 :-SYNTHESIS OF 4( p-CHLORO PHENOXY)3- CHLORO
PHENYL SUBSTITUTED PHENYL THIOCARBANILIDE.

1,3 - Disubstituted thioureas are well documented in literature for their
biological activity eg. Thiambutasine 12 (XVIII).

CH3
Hg c,,o—@—mﬂ c—nn——@—
\CH3

[xwu ]

Fluonilide (X1X)13 is a well known antifungal agent which is a simple
substituted thiourea .

F‘-@—NH—Q—NH

(XIX)
Rafoxanide (XX) is a widely used veterinary antheimentic .

' HO |
m—@—o@nu—ﬁ%}é
cl ¢ |

(XX)
Mayer et.al.14 have reported few diphenyl thioureas derivatives

( thiocarbanalides ) of general structure (XXI) the activity of which exceeds
the activity of streptomycin.

S
(3X1)

Where
R = OCyHg , CH3[ CHg)30 ; R* = OCH2CH (CH3l,, N [ CH3)s

Vil



Taking all the above facts into account the synthesis of following series of
compounds (XXIl) was effected and their biological screening was carried out .

m—@o NH—ﬁ—NH—-R
g
cl
(XXIl)

Where R = C4Hg, p-OCoHg CgHy, p-Cl CgHs etc.

PART 7 :- BIOLOGICAL SCREENING .
The compounds reported herein have been subjected to elemental and

spectroscopic analysis and the results were found to be satisfactory.

The compounds reported inparts 2,3,4,5 & 6 have been screened
for their in vitro. antitubercular, antibacterial,antifungal and anthelmintic activity.

ANTITUBERCULAR SCREENING.

The in vitro . antitubercular screening of the compounds was carried out
by the tube dilution technique employing the human virulent H37Rv strain of
M. Tuberculosis . By this method using Kirchners medium containing Tween-
80 as described by Rake et al. 15 dispersed growth of M . Tuberculosis was
obtained.

ANTIBACTERIAL SCREENING .

The compounds described in parts 2 to 6 were also subjected to in vitro
tests against other bacteria viz. S.aureus,S.typhi. The culture medium employed
in the screening was Mueller-Hinton broth76 .

ANTIFUNGAL SCREENING .

The compounds have also been screened for their antifungal activity in
vitro. by the Tube Dilution techniquel7 against fungal strains viz. C. albicans
T. rubrum and T. mentagrophytes .

ANTHELMINTIC SCREENING.

Some of the compounds described in part 3 have also been screened

for their in vivo anthelmintic activity'® against H. nana. The results are awaited

The standard drugs used were ETHAMBUTOL for antitubercular

screening, AMPICILLIN for antibacterial screening , MICONAZOLE for
antifungal screening and MEBENDAZOLE for anthelmintic screening.
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