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The discovery of effective agents to prevent and treat infections caused by
bacteria and other pathogenic microorganisms is one of the most important
developments of modern medicines, the use of such agents has not been limited
to the present era. Substances with antiinfective potential have been applied
medically for thousands of years. Indeed, more than 2500 years ago the Chinese
.were aware of the therapeutic properties of moldy soyabean curd applied to
carbencles, boils, and other infections1, and the ancient Greek physicians,
including Hyppocrates, routinely used substances with antimicrobial activity
including wine, myrrh and inorganic salts in the treatment.of wounds®. Until the
discovery of the microbiologic basis of infections in the nineteenth century,
however, the therapy for infections remained strictly empiric. Heavy metals such
as arsenic and bismuth were found to be useful against a number of infections,
including. syphilis, in the early 1900s, but the modern era of chemotherapy did not
really begin until the discovery and initial clinical use of the sulfonamides in 1936
This was followed in the 1940s by the discovery of the therapeutic valus of
Penicillin and Streptomycin and by 1950 the “Golden age” of antimicrobial
chemotherapy was well underway. Though the battle against various infections
has largely been won, infectious diseases are still the major health hazards to
mankind.

The growing prevalence of cancer, cardiovascular diseases and other chronic
conditions in addition to the long standing problem of communicable diseases
such as cholera, malaria and tuberculosis impose a double burden on healthcare
systems in the developing countries. In addition, there is the pandemic of Human
Immuno Deficiency Virus (HIV) infections and Acquired Immuno Deficiency
Syndrome (AIDS), which impose a particularly heavy burden on developing
countries.

To add to this, there is emergence of bacterial resistance to a number of
antimicrobial agents such as macrolides, quinolines, vancomycin and p-lactam

antibiotics. Many of these strains are also resistant to macrolides, tetracyclines,



aminoglycosides and fluoroquinolones. Multidrug resistant strains  of

Mycobactenium tuberculosis have emerged in several countries including United
States’. The resistance of Bacteriocides fragilis to p-lactum ranges from 3 to 30%,
nearly all of them being resistant to tetracyclines. This rapid and extensive

emergence of resistant bacteria has resulted in a clear-cut need to discover new

chemotherapeutic agents.

The present investigation is an attempt in this direction for obtaining possible
solutions to some of the persistent health problems that affect human life,

especially bacterial and fungal infections.

Tuberculosis :

Tuberculosis is one of the most widespréad infections known to man. This disease
is largely caused by Mycobacterium tuberculosis, an ‘acid fast’ bacilli. It has been
estimated that 1.7 billion people or a third of the world’s population, harbor the
pathogen and every year 8 million individuals develop new clinical disease,

causing 3 million deaths”.

It attacks both humans and animals, affects all ages and‘ évery Iorgan in the béd."y,
and ranges in its stage from latent to hyperacute. ‘ Infection with human
immunodeficiency virus (HIV) is the most potent risk factor-for development of
tuberculosis (TB) and by 1995, 3.1 million people were expectéd to be co-infected
with HIV and TB according to the World Health Organisation.

Tuberculosis is sometimes an acute but more frequently a chronic communicable

disease that derives its character from several preperties of tubercle bacilli. Like

other chronic infections, tuberculosis is a rather difficult disease to treat. The major

reasons for this are

1. Caseation necrosis, a unique feature of tuberculosis, allows the bacilli to
remain in a dormant condition by sealing off the communication of the

necrotic area with the communicating channels like the bronchus and



ureter. When the communication channel opens, the solid cecious material
is autolysed and the liquid contents are expelled, resulting in the
development of a cavity with a caseous lining. When the dormant bacilli get
an access to the atmospheric oxygen, they multiply rapidly, producing a
spread of the infection and an increase in the size of the cavity. Bronchial
stenosis or ureteric constriction, which may occur as sequelae,Aprevent

adequate drainage of the caseous materials®.

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.

The cavity formation tends to block the blood vessels supplying the necrotic
area making penetration by antitubercular drugs difficult. The caseated
material itself is also impenetrable to majority of the chemotherapeutic
agents.

Tubercle bacilli remain viable and multiply even when ingested by
macrophages. Also the chemotherapeutic agents, with few exceptions,

penetrate poorly into the macrophages.

The tubercle bacilli are vulnerable to bactericidal drugs only when they are
metabolically active and replicating. Here, the problem lies in the fact that a
small subpopulation of the bacilli can remain dormant indefinitely, except for
short periods when they become transiently active, thus evading
chemotherapeutic agents. Another difficulty is in the existence of drug

resistant mutants in populations of bacilli hitherto unexposed to antibodies.



A truly efféctive drug should, therefore, be capable of penetiating the tubercle and
the cavities, enter the phagocytes within which the bacilli are growing and finally
destroy them. it should possess potent bactericidal/sterilizing activity against
metabolically active and semi dormant bacilli while also preventing the emergence

of resistant strains throughout the normally prolonged period of treatment.

No effective chemotherapeutic agent was available for treating till as iate as 1240.
The treatment then mainly consisted of rest, fresh air and good food. In addition,
surgical methods like phrenic nerve avuision; artificial pneumothorax and
pneumoperitoneum were widely employeds. The discovery of effective para-

aminosalicylic acid by Bernheim in 1941 was the first step in the development of
effective therapeutic agents. The other two commonly used agents, Streptomycin
and isoniazid, were discovered in 1944 and 1952, respectively.

After the fast progress in the understanding of the epidemiclogy, prevention and
treatment of TB, although far from eradication, this age-cid killer of man has
become a preventable and curable disease. Disturbing new problems have risen
with the treatment of co-existing infection of HIV and TB.

Following are the currently used drugs in the treatment of tuberculosis.

1. Standard drugs — (used in the initial treatment)
Streptomycin, Simonized, Rifampicin, Ethambutol, Thiacetazone

2, Rescue drugs — (used in resistant cases) ’
Pyrazinamide, p-amino salicylic acid (PAS), Kanamycin, Cycloserine,
Capreomycin, VioAmycin and Ethionamide.

There is no known individually seif-sufficient drug, possessing all the required
antitubercular properties. Hence, a combination of two or mere drugs is used for
the treatment, which may stretch to several months before a reasonable cure is

affected. A combination of drugs also helps to prevent the development of
resistance.



Isoniazid (INH)

Isoniazid (1), the hydrazide of isonicotinic acid, was first described in 1912, but its
action against the tubercle bacilli was only discovered in 1952 It is unrivalled in its
bactericidal action and ensures the destruction of the bacilli within a few days of

starting the treatment. It is hig‘hly active against replicating tubercle bacilli, but
does not affect the semidormant speciese, which resume multiplication after

removal of contact with the drug.
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(1) Isoniazid

Though the exact mechanism of action of Isoniazid is not known, it has been

suggested that the drug inhibits phospholipid synthesis and damages cell
membrane of the tubercle bacilli.

INH is rapidly absorbed when administered either orally or parenterally and
diffuses readily into all fluids and tissues. INH is the member of all antitubercular

chemotherapeutic combinations currently recommended by—-the World Health
Organisation (WHO).

INH is generally well tolérated at the recommended dose, which is approximately
5 mg/kg (maximum 300mg) daily for adults and children. Hypersensitivity to
Isoniazid is rare. The most important side effects of the drug are related to its
toxicity, especially affecting the peripheral and central nervous system. Peripheral
neuritis is the most common reaction and is said to occur in 17% of the patients
receiving 6mg/kg of Isoniazid daily. Administrating 100mg of Pyridoxine, a

naturally occurring form of Vitamin B6. Hepatitis is a not so common but
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nevertheless a serious side effect associated with INH therapy. This is mostly
prevented by a prompt withdrawal of the treatment. A sharp rise in the serum
concentrations of hepatic transaminases at the onset of treatment is usually not
clinically significant. If the enzyme levels normalise on suspension of dosage, then

there is less chance of them rising once again when treatment is resumed”.

Rifampicin :

Rifampicin is a semi-synthetic derivative of Rifamycin B, isolated from
Streptomyces mediterranei. 1t is one of the most exciting and potentially valuable
antitubercular drugs. Active against a Wide range of other bacteria, it has also
proved to be the most potent drug against human tuberculosis, both in primary
treatment and treatment of relapses, given daily or intermittently. However, it has
not yet become a universally used standard drug in developing countries because
it is expensive, and it has troublesome side effects requiring special supervision
and care. Once a week regimen shows more toxicity than twice weekly, and with
daily regimen side effects are also uncommon and trivial. The side effects are
normally mild, and can usually be controlled by reducing either the dose size or
interval between the doses’. However the occurrence of purpura is an indication to
stop the drug and should it not be given again.

Primary resistance of tubercle bacilli to Rifampin is rare (less than 1 percent). It is
believed to act by inhibiting DNA-dependent RNA polymerase, thus stopping the
expression of bacterial genes. It is bactericidal and acts against both intra-cellular
and extra-cellular organisms. '

Streptomycin -
This was the first effective drug against tuberculosis in humans. This -
aminoglycoside antibiotic was isolated from a cuiture of Streptomyces griseus by.
Schatz and Waksman in 1944. Like all aminoglycosides, it is not absorbed when
given orally, and must be administered as an intramuscular injection. Once

administered, it diffuses readily into various tissues of the body and attains



bactericidal concentrations in tuberculous cavities. The drug is of particular use

when primary resistance to other drugs is suspected.

It is more actively bactericidal in proliferative than in the resting phase of bacterial
growth. The normal dosage for adults and children is 15 mg/kg daily, while in
patients over 60 years of age it should be used with caution. It should be avoided
during pregnancy as it crosses the placenta, thus causing the same effect in the
foetus. The injections are very painful and must be administered by deep
intramuscular route; One injection with approximate dosage per day is sufficient

but barely tolerable. The duration of treatment is 1-2 months®.

Pyrazinamide :

N
E ]—CONHZ
\N
(1Y) Pyrazinamide

Pyrazinamide (lI), a synthetic analogue of nicotinamide, is only'weakly bactericidal
against M. tuberculosis, but it has a special sterilizing effect on intraceliular
tubercle bacilli in acidic condition. It has, therefore, found an important piace in
short course chemotherapy, in which the important and troublesome factor is the
incidence of relapse, after cessation of treatment’. It is adminiStered in the dose of
30mg/kg daily, in both adults and children. '

When given orally, it produces high serum levels, and penetrates freely into the
CSF. It is usually well tolerated but there have been reports of slight flushing of
skin. The dose of Pyrazinamide should be reduced in cases of renal impairment
and avoided in patients with gout and severe liver damage.



Ethambutol :

Ethambutol (lla), developed as a synthetic congener of related ethanediamines,
primarily has a bacteriostatic action on proliferating bacteria. It is now accepted as
a replacement for PAS. In combination with other antituberculous drugs, it is active

against M. tuberculosis and many of the atypical mycobacteria’.

CH,OH (|:H20H
CH;CH,CHNHCH,CH,NHCHCH,CHj

(11a) Ethambutol

Approximately 75% of strains of the human type are sensitive to Ethambutcl at a
concentration of 1ug/ml. 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 or 40mg/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. Resistance develops slowly during therapy, with primary resistance
occurring in less than 4 percent strains of M. tuberculosis’.

Ethambutol -can bring about dose dependent optic neuritis, readily resulting in
impairment of the use of the drug. This is usually reversible, but blindness can

occur if treatment is not discontinued promptly.

Thiacetazone :

Thiacetazone (lll), a thiosemicarbazone derivative, is one of the oldest
antifuberculaf drugs known since before 1950. Thiacetazone is bacteriostatic
against M. tuberculosis and is often used in combination with Isoniazid to inhibit
the emergence of resistance to Isoniazid, particularly in the continuation phase of
the long-term regimens®.
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The drug is satisfactorily absorbed from the gastrointestinal tract. It rapidly diffuses
into various body tissues and also crosses the placental barrier. The side effects
of the drug include anorexia, nausea and vomiting, while drug fever, skin rashes,
jaundice, bone marrow depression etc. appear rarely.

Other bacterial infections:
Man’s search for effective rémedies is as old as mankind itself: But before the
aetiological agents of infectious disease were identified and made amenable to

laboratory investigation, progress had to rely entirely on the vagaries of chance
and empirical observation.

Not surprisingly, therefore, mankind's earliést therapeutic successes against
infecting organisms are in the form of plant exiracts. Observaﬁons that natural
substances controlled the spectacular symptoms of certain diseases led to the
initial recognition of two other ancient remedies : Quinine, obtained from the bark
of the Cinchona tree, and Emetine, an alkaloid obtained from Ipecacuanha root.
Both of these are active against protozoa'(the parasites of malaria and amoebic
dysentery, respectively).

The history of antibacterials has been dynamic, characterised 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-aminobenezenesulfonamide. Domagkm, Mietzsch and Kiarer'' in 1935
discovered Prontosil, and reported that this compound cures Streptococcal
infections in mice and Staphylococcal infections in rabbits. After this success,
sulfonamides were the first synthetic chemotherapeutic agents employed to
prevent and cure bacterial infections in man and were quite effective in bringing
about a sharp decline in the morbidity and mortality figures for the treatable
infectious diseases. Important members of this class include Sulfanilamide (1V),

Sulfamethoxazole (V), Sulfacetamide (VI), Sulfadiazine (VIl) and Sulfisoxazole

(V).
w~(O)som mn—(O)—so T

(IV) Sulfanilamide V) Sulfametl‘oxazole
. . N \
H2N—@502NHCOCH3 HZN—@—SOzNH~</ )
W=
(VI) Sulfacetamide (VII) Suifadiazine

CH;
:ENHsoz—@)>—NH2
(VIII) Sulfisoxazole
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 finally eliminated from body, partly as metabolic products;
the largest fraction being excreted in the urine'2
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Strains of bacteria resistant to the sulfonamides have become commoh during
recent years. Also, the advent of Penicillin and other antibiotics has diminished the
role of sulfonamides as antibacterial agents. However, the introduction of the
combination of Trimethoprim and Sulfamethoxazole, known popularly as
Cotrimoxazole, has resulted in increased use of Sulfonamides for the treatment of
Speciﬁc bacterial infections.

Sulfonamides normally act by inhibiting the enzyme folic acid synthetase, which is
involved in the conversion of p-aminobenzoic acid to folic acid. This causes folic
acid deficiency, which is important in bacterial metabolism'. This results in injury
to the bacterial cell and such cells can be easily phagocytosised.

Penicillins and Cephalosporins :

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

The basic structure 6f Penicillin (1X), also known as 6-amino penicillinic acid (6-
APA), consists of thiazolidine ring (A) connected t6 B-Iactu;ﬁ ring (B) which is
attached to a side chain(R) through amide carbonyl. The penicillin nucleus is an
important réquirement for biological activity, alteration of which causes loss of all
significant activity. Many of the bacterial and pharmacological characteristics of
penicillins are determined by the side chain attached, which can also alter the

susceptibility of the resultant compounds to inactivating enzymes (B-lactamases)'.

11
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The penicillins are classified on the basis of their spectrum of antibacterial activity.
While the pharmacological properties of the individual drug in the various classes
would constitute a lengthy discussion, certain generalisations can, however, be
made. Following absorption, penicillins are widely distributed throughout the body.
The therapeutic concentrations of these agents are quite rapidly achieved in
tissues but'comparatively much lower levels are found in brain tissues and in infra-
occular fluids.

The penicillins do not penetrate the living phagocytic cells to a great extent. This
class 6f compounds is quite rapidly eliminated, particularly by glomerular filtration
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 there
was a risk of bacterial infection. But after the invesﬁgations 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 penicillin, which are probably
the most common causes of drug allergy, have 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,
12



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 batient.

The Cephalosporins (X) 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.
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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
microorganismé, but are inferior to the third generation cephalosporins. The third
generation cephalosporins.are generally less active against gram-positive bacteria
as compared to first generation agents, but are much more active against -
lactamase producing strains'®.

The Cephalosporins are widely used as antibiotics, and perhaps overused for
conditions whére much less expensive . antibiotic could not provide relief.
Nevertheless, they are indeed useful as alternatives to penicillins for a variety of
infections in patients who suffer allergic reactions to penicillins.

The Cephalosporins also find wide use in the prophylaxis during and after surgery,
wherein the first generation agents have been shown to be safe and effective. A
few of the third generation Cephalosporins are the drugs of choice for meningitis

and are in some cases superior to a combination of Ampicilin and
Chloramphenicol.

13



The p-lactam antibiotics (Penicilins and Cephalosporins) suffer bacterial
resistance due to a variety of factors. it may be caused by the inability of the

agents to enter the site of action"’. Aliso, it is possible for a sensitive strain to

acquire resistance by mutation and has been described for gram-positive cocci ',

Bacteria can also destroy the B-lactam antibiotics enzymatically. $-lactamases are
capable of inactivating certain of these antibiotics and is the major term of this
enzyme although different microorganisms synthesise a number of distinct 8-
lactamases. Depending on substrate specifications these are often described as
either penicillinases or cephalosporinases. Individual penicillins and

cephalosporins vary in their susceptibility to these enzymes'’.

‘Tetracyclines :

Tetracyclines (XI) exhibit a wide range of activity against gram-positive and gram-
negative bacteria. In general, gram-positive bacteria are affected by lower
concentrations of Tetracycline than the gram-negative species. However, they are
rarely recommended for infections caused by gram-positive bacteria due to

problems of resistance and availability of superior antibacterial agents'®.

H;:C OH HH N(CH;)

(XI)

Microorganisms that have become resistant to one Fetraecycline frequently exhibit
resistance to other members of the family. The bacterial species possibly 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

14



are now relatively resistant. Nevertheless, more than 90% strains of Haemophilus

influenzae may still be sensitive to either Tetracycline or Doxycycline.

All Tetracyclines produce gastrointestinal irritation to varying degrees in some
individuals and this is more common after oral administration. Diarrhoea may also
be a side effect, which though frequent and fluid, does not contain blood or
leukocytes. Doxycycline, and to a lesser extent other derivatives, rﬁay produce

mild to severe reactions in the skin of treated individuals exposed to sunlight.

Other important antibacterial agents include Chloramphenicol and furan
derivatives such as Nitrofurantoin, Nitrofurazones, Furazolidone etc. Several of
these drugs are active against various species of gram-positive and gram-negative

microorganisms besides mycobacteria.

Quinolones :

The quinolohe carboxylic acids, (or) 4-quinolones are a group of synthetic
antibacterial agents 'struct-ur'ally related to Nélidixic acid (XI1). Nalidixic acid is
active against gram-negative bacteria but has little activity against Pseudomonas
and gram-positive organisms, because of which bactericidal use of this class has
generally béen limited to the treatment of urinary tract infections.

Modifications in 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 over Nalidixic acid'.

4 O
/ ‘ I COOH
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H¢” N lel/
C,H;s
(X1I) Nalidixic acid

15



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 as compaired to
Nalidixic acid, and are more useful for the treatment of systemic infections. They
include Norfloxacin (XHI), Ciprofloxacin (XIV), Enoxacin (XV), Ofloxacin (XVI) and
Lomefloxacin (XVIl). One disadvantage of all the quinolone antibacterial agents is
that they are generally not recommended for use in children, adolescents,

pregnant and breast feeding women, because of their propensity to cause joint
erosions in immature animals.

0 0
F COOH F COOH
l
HN N N HN N N
\/ | _/
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(X1m) Norﬂoxacin - (X1V) Ciproﬂoxacin
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(XV) Enoxacin -, (XVI) Ofloxacin
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(XVII) Lomefloxacin (XVIII) Tefloxacin
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Tefloxacin (XVIII) was demonstrated by J. L. Chen et a° to possess activity

against penicillin resistant Staphyllococcus, Streptococcus and Haemophilus

species. It was itself a B-lactamase inhibitor and displayed synergy with Ampicillin.

Miscellaneous : Activity against anaerobic organisms was reported for a series of
2-substituted-5-nitroimidazoles®'. Compound (XIX) was unique in this series, and

was found to be more potent both in vitro and in vivo than Metronidazole.

(XIX)
Quinolones :
Use of N-cyclopropyl and C-8 hetero atom substituents continued to provide
potent antibacterial agents. AM - 1155 and AM — 1174, new quinolones bearing 8-
méthoxy group, outperformed Ciprofioxacin against anaerobes and a range of
gram-positive bacteria with potency upto 16 to 62 - fold greater than

Ciproﬂoxacin”.

0o 0
F - _COOH F COOH
N N N N N
= OCH; A OCH3A |
H;C H;C
AM - 1155 NH
( ) 2 (AM-1174)

RU -67829 (a compound in benzonaphthyridine series) was found to be more

active against gram-positive organisms than Ciproﬂoxacin23.
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F N COOH
— J
N N N 1\II

CHs

(RU - 67829)

In penicillins, the catechol containing compounds (XX) had outstanding activity

against Pseudomonas, and stability against gram-negative B-lactamases, but not

. 4
against the lactamases of S. aureus™*.

0
/Nl
HC,—N  N—C—HN

0 0 ~oC OAc
N- I
0 G

COOH
OH

(XX)

The stability to gram-positive B-lactamases could be achieved through the use of a

(benzimidazole-2yl) hydroxymethyl group at R-position (XX e

CHs
N oH
O e
N | CH;
/r-—N
0 COOH
(XXT)

AM - 1174 exhibited activity 128-fold that of Ciprofloxacin against Ciprofloxacin-

resistant strains of S. aureuszs.
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A class of new B-lactam quinolone hybrids have been reported. The carbamate
linked R0-24-4383 (XXH) showed broad spectrum activity and exhibited aqueous

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

O
F COOH
/\ |
R'N N N
\_/ )

|
2

N—OCH, Re= 0

l
G

. HzN\S‘rj \CONHTI\]I/WSJ\/O
had

(XX1D)
COONa O

Antifungal agents:

Most of the fungal infections (mycoses) involve superficial invasion of the skin or
the mucous membranes of body orifices. These diseases, which can usually be
controlled by local application of an antifungal agent, are conveniently divided into
two etiological groups.

1)Dermatophytosis(Tinea infections), which are contagious superficial epidermal
infections caused by varicus Epidermophyton, Microépor&h and Tn’éhophyton
species; and |
2)Mycosis, caused by pathogenic saprophytic yeasts, which are contagious
_involving Aspergillosis, Blastomycosis, Candidiasis, Cryptococcosis,
Histoplasmosis®’ etc. Under certain conditions, some of these species are capéble
of invading deep body cavities and causing systemic mycoses, which are less
contagious. Such infections may become serious, and occasionally life
threatening, and are difficult to treat.
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During the earlier decades of the 20™ century, the synthetic agents employed
topically included fatty acids such as zinc undecylenate, salicylates such as N-
phenyl salicyl amide, aniline dyes such as malachite green, gentian violet,
quinolones such as 5-chloro-7-iodo-8-quinolinol, phenols like cresol, phenyl
mercuric nitrate, chelating agents like biguanides etc. These were later replaced
by Amphotericin B, Flucytosin and then more récent!y by two substituted

imidazoles, Miconazole and Ketoconazole®,

Tolnaftate:

(XXIH)
The 0O-2-naphthyl ester of N-dimethyl thiocarbanilic acid was found in 1960 to

have good activity against dermatophytes when applied topically. Poor
permeability of Tolnaftate (XXII) limits its use. It is available in a number of

dosage forms for the treatment of ringworm, athletes foot etc.

In suséeptible fungi, Tolnaftate suppresses squalene epoxidase, which converts
squalene to ergosteral, thereby preventing cell-wall formation.

Substituted azoles:

Substituted imidazoles represent a versatile group of antifungal agents with a
unique mechanism of action. The early members reported were Cotrimazole
(XXIV)*® and Miconazole (XXV)® in 1969.These agents are active against
dermatophytes such as Trichophyton, Epidermophyton, Microsporum and yeasts
like Candida albicans. They are also active systemically, in infections caused by

Cryptococci, Blastomyces, Histoplasma, and Paracoccidioidomycosis..
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The mechanism of action of the drug is elucidated® extensively. At high
concentrations (micromolar), they are fungicidal, at low concentrations
(nanomolar), they are fungistatic. The fungicidal effect is associated with damage
to the cell wall leading to a loss of essential cell components such as potassium
ions and amino acids. Imidazole inhibits the cytochrome P-450 oxidase enzyme
that catalyses the 14-c-demethylation of lanosterol to ergosterol and thus

interferes in the formation of cell wall.

Cotrimazole:

N“\

(XXIV)

Cotrimazole (XXIV) is a broad spectrum antifungal agent used topically for the
treatment of tinea infection and Candidiasis. '

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

Miconazole:

N:":\
N—CH2—CHOCH2 Cl
Cl
Cl
Cl
(XXV)
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Miconazole(XXV) is intended for the treatment of serious systemic fungal
infections like Candidiasis, Cryptococcosis, Petriellidiasis and

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

Miconazole is solubilised with polyethylene glycol and castor oil to facilitate

adequate intestinal absorption.

Ketoconazole:

Cl
C

| 0]
/ N\
N:\ O CH20 ON meslGmaGHS
N—CH?2 T i \———)\l
o__

(XXVI)

» Ketoconazole®™(XXVI) 'is administered orally for the treatment of systemic
" mycoses. It requires gastric acidity for absorption. Antacids and drugs like Haz-
histamine antagonists, anticholinergics, that inhibit gastric secretion, interfere with
its absorption. It is metabolised to the inactive form and is excreted by the

enterohepatic route.

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

severe cutaneous infections.

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

and corticosterone are lowered at high doses of Ketoconazole™.
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Fluconazole:

r (I)H
N—
e
| \=n
N
N
)
(XXVia)

The absorption of Fluconazole®(XXVia)does not depend upon gastric acidity;
moreover, the drug can be administered intravenously. It readily crosses the

blood-brain barrier and thus, is useful for fungal meningitis.

Other azoles include Econazole, Butaconazole, Fenticonazole, Oxiconazole,

Sulconazole, Tioconzole, ltraconazole and Terconazole.

Flucytosine:
NH2
NZ l F
(%\N
H
(XXVi)

This fluorinated pyrimidine was first synthesized in the 1950s as an antileukemic
drug. Flucytosine (XXVII) has limited antifungal activity and inhibits sensitive

strains of Aspergillus, Candida, Cladosporium and Cryptococcus.

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

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

Amphotericin B(polyene antibiotic), which lowers the risk.
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Other active compounds include alkyl amines like Naftifine and Terbinafine,

Triacetin, Acrisorcin, Haloprogin etc.

Antifunqal antibiotics:

Polyene antibiotics:

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

conjugated- ‘ene’ system.

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

toxicity are the major problem with polyene antibiotics.

The mode of action of this class involves binding with sterols in cell membrane to
cause disorganisation and loss of cell constituents, especially potassium ions>*.

The action is bactetiostatic at low concentrétions, and bactericidal at higher doses.

Amphotericin B:

A potent antifungal agent wifh a polyene structure was isolated in 1956 by Gold
et af® from Streptomyces nodosum, found in the soil from Venezuela. The
antibiotic material was a mixture of two closely related compounds, Amphotericin
A and B of which B is more active.
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(XXVII)

Amphoterecin B (XXVIll) contains a primary amino group in the sugar moiety,

mycosamine and a carboxyl group attached to the macrolide ring.

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

coccidiodomycosis, mucormycosis, aspergillosis, North American blastomycosis
and cryptococcisis.

A high prevalence of adverse reactions limits the use of Amphotericin B.
Nephrotoxicity occurs in 80% of the patients. General- toxicity includes
hypokalemia, distal tubular acidosis, fever, headache, anorexia, G.I. disturbances,
muscle and joint pain, malaise etc. Pain at the site of injection and
thrombophlebitis occurs on intravenous administration. It should not be

administered intramuscularly. Amphoterecin is also used topically to treat
cutaneous and mucocutaneous infections™.
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Nystatin:

Ho NH2 o

¢

CH3

OH
(XXIX)

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

use, whereas tablets or troches are used systemically.
Griseofulvin:

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

determined by Grove et af®.

Griseofulvin is recommended for systemic treatment of refractory ring worm
infection of the body, nails, hair and feet caused by various species of

Epidermophyton, Trichophyton and Microsporum™.
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(XXX)

Relatively few adverse reactions have been reported. The most common are mild
allergic reactions such as skin rashes and urticaria. Occasionally G.l.upset,

headache, dizziness or insomnia may occur.

Griseofulvin causes rapid, reversible dissolution of the mitotic spindle apparatus,

apparently by binding with the tubulin dimer required for microtubular assembly39.

The bioavailability of Griseofulvin may be enhanced by administration with fatty
meal. It gets metabolised by methylation.

Several other antibiotics in use include Candidicin, Natamycin etc.

Novel approaches:

Of the novel approaches to a fungal chemotherapy, one approach might be to
persist the infected host to withhold growth essential iron from the fungi and not
the host.® Poorly soluble iron chelators suéh as hydroxy pyridon, rilopyrox are
being developed for topical use in dermatophytosis.

Diamidines, hydroxystilbamide and isethionate have been found to be possess

activity against Pneumocytosis, but have severe side-effects.
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Medicinal chemistry is the science that deals with the discovery and design of
new therapeutic chemicals and their development into useful medicines. it may
involve synthesis of new compounds, investigations of the relationships between
the structure of natural and/or synthetic compounds and their biological activities,
elucidation of their interactions with receptors of various kinds, including enzymes
and DNA, determination of their absorption, transportation and distribution
properties and studies of the metabolic transformations of these chemicals into

other chemicals.

Voltair (1694-1774) stated, “Therapeutics is the pouring of a drug of which one

knows nothing, into a patient of whom one knows less.”

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 te use, are far from being ideal, either because of
toxicity or unsatisfactory pharmacological properties, and some forms of tréatment
being consequently less often successful than others. Moreover, microbial

resistance remains a constant threat to the future usefulness of almost any drug.

All successful chemotherapeutic agents should have certain properties in
common: |
They must exert antimicrobial action, whether inhibitory or lethal, in high dilutions

and in the complex chemica! environment, which they encounter in the body.

Also, since they are brought into contact with every tissue in the body, they must

exert their action without any disrupting or harmful effects on the normal functions
of any organ.

To these essential qualities may be added the others, viz., stability, slow rate of

excretion, diffusibility into remote areas etc.
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Over the years, there have been immense advances in the 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

organism, i.e. the mechanism of action of the drug.

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

for the worse, and rarely to an advantage.

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 the light of the recent trends in drug research, in

incorporating newly emerged pharmacophores on existing moieties.

Synthesis of N-[acetamido(2-hydroxy pyrazine)]-N’{substituted aryl/alkyl)
thiourea: | -

The literature search shows that 2-substituted pyrazine derivatives(l) exhibit
antitubercular activity”', of which Pyrazinamide () is the clinically used, first line

antitubercular agent.

o)
N

0
I I
N CONH—C—CH3 _N__C— NH2
Ny LT
N

N
0 Cm
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Isoniazide (lll) is the most commonly used drug for the treatment of tuberculosis
and it contains nicotinic acid as the pharmacophore. Also, Nicotinamide(IV)
contains nicotinic acid group, which is responsible for its anti-tubercular activity.
As a result, Pyrazinamide and Nicotinic acid are considered bioisosters of each
other®. This was the reason for selecting the: pyrazine moiety as the lead

structure in our work

0
i n
A ~_-C— NHNH2 A~ C— NH2

N ™

N N
() (IV)

Thiosemicarbazones are reported to exhibit antitubercular activity Which is
retained even if the benzene nucleus is substituted by a pyridine ring*®. The
thiosemicarbazone of 4-acetyl pyridine and 3- acetyl pyridine are also found to be
active against M. tuberculosis. Eithauer and co-workers have synthesized a series

of 2- alkyl—#-aéylpyridine thiosemicarbazone having pronounced antitubercular
activity.

- N . N ,
4-Acetylpyridine Isonicotinaldehyde
thiosemicarbazone thiosemicarbazone

=N—NHCSNH2

Nicotinaldehyde
thiosemicarbazone
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In an attempt to achieve anti-tubercular activity it was decided to introduce a

thiosemicarbazone on the selected pyrazine moiety.

Cuong et al have reported the antitubercular activity of halogenated derivatives of
alkoxythiocarbanilides™ (V). These compounds have exhibited antitubercular

activity in the range of Sug/mi.

S
Il
H5CQO©~NH——C—NH-QOCQH5

2-chloro 4, 4'-diethoxythiocarbanilide

iso H11050—®—NH—C—NHQ 0OCsH11is0

2-chloro 4, 4'-diisoamyloxythiocarbanilide
(V)

Buu-Hoi** and associates claim that the tuberculostatic activity of thiocarbanilides
is due to their ability to form stable complexes with heavy metals. The thiourea
portion is.responsible for this ability. To achieve this activity the compound must
. have physical characteristics such that the partition coefficient between aqueous
'. ahd fatty phases is favorable for the penetration of compound into the tissues of
the host and into the bacilli.

These compounds contain (-NH-C=S) group, which acts as the pharmacophore.
Also,1,3-disubstituted thioureas are well documented in literature for their
biological activity. e.g.thiambutasine* (V1), Fluonilide® (VIl) is a well-known
antifungal agent which is a simple disubstituted thiourea.
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I /CH3
HgC40 NH—C—NH N\
' CH3
(Vi)
ﬁ Cl
F—QNH—C_—NH
Cl

(V1)

Fox et. al. showed that 4,4-disubstituted dipheny! thioureas (VIIl) have in vitro

antitubercular activity.*®

'R=Cl, F, OCH, etc.
(Vi)

One of the most effective compounds enccuntered among the thiocarbanilides is

p-isobutoxy-p’-(2-pyridyl) thiocarbaniIide(théocarbénidin). But in clinical trials it

was not found to be very effective due to poor absorptio“ﬁ from the human

)

Thiocarbanilides

intestinal tract.

These references reveled the significance of thé thiourea group and prompted us
to include it.
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The presence of -CONH- linkage also plays an important role in imparting

antifungal and antitubercular activity” to the molecules, which is reiterated by the
Gl NO2
QCONHGOR
H
(IX)

R=C¢Hs, C;Hs etc.

The interesting example of substituted pyridylamide (X) showed activity against

following compounds (I1X).

F.hepatica and the contribution of -CONH- linkage to the activity is good.
| Me3 OH Me
CONH@NOZ
N=
O2N H
X)

Considering‘all these factors, a (-NH-C=8) group and a (-CONH-) group was
incorporated on the pyrazine nucleus to obtain the title compounds (Xa). A total
of 13 such compounds were synthesized.

S
{

N CHzCONHNHr-—C*rl\JH
N

R=Substituted aryl/alkyl etc
(Xa)
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Synthesis of [3{(4’-chlorophenyl)-4-(aryl substituted)]thiazoline-(2-methoxy

carbonyl pyrazine) hydrazones.

Thiazoline (XI) and its derivatives were found to exhibit a wide variety of biological
activities such as antimicrobial *® antiinflammatory, antihistaminic etc. This

prompted us to include the pyridine and the thiazoline nucleus.

N_—S
NS

(X1)

Karali et al “synthesized derivatives of 3-[3,4-disubstituted-4-thiazoline - 2-
ylidiene hydrazino}-1H-2-indolinones(XIl) as potent antitubercular agents having
MIC <12.5 /ml against M. tuberculosis Hs; RV strain .

S
gese
|
"o R “R3
R

R=H

R1=H,Br
R2=CH3,C2H5
R3=H,Br,NO2 etc.

' (X1
Thiazoline ring prepared by cyclization of thiourea was found to impart

antimicrobial activity to the compounds.
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CE&)\NMj

R1 =Allyl,C6H5NH2 etc.
Ro =Allyl,C6H5NH2 etc.
R3 =CeH5,4-CeH5CI ete.

In the above structure, the activity of the parent quinazoline was enhanced on
converting it to its thiazoline derivative. These derivatives exhibited significant in
vitro antibacterial activity against gram-positive organisms. The activity of some of

the products was found to be equivalent to that of Penicillin.*®

Hassan ef af' observed moderate antimicrobial activity in the compounds(Xili)

bearing a thiazoline ring on the parent pyridine moiety.
AT
| N
Hac” S =
S

o)

X

X=Br,Cl,OCH3 etc.
R=CH3,C2H5,C6H5 etc.

The activity of the thiazoline ring prompted us to introduce this moiety on the
parent pyrazine molecule (significance discussed in part 1) in an attempt to

achieve anti-microbial activity for the title compounds (XIV).
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Cl

ENI(OCHQCONHN=<:]/R

N R= 4-CgHsCl, 4-CeHsF etc

(XIV)

All the compounds synthesized in series-1 and series-2 are subjected to

antifungal, antitubercular and antibacterial screening

Synthesis of 4-[N-(4-Bromobenzyt)-N-(1,2,4-triazole-4-yl)benzonitrile
(YM-511)>.

At present there is no drug in the market with good anticancer (breast and ovarian
cancer) activity. Hence we decided to prepare the drug YM-511, which is in phase

2 clinical trial and has shown some promising results.

The enzymes required for the formation of biologically active estrogens
(aromatase, estrone, sulfatase and estradiol dehydrogenase) are present in both
normal and malignant tissues. These enzymes are rational targets for the
development of drugs to treat breast cancer and other diseases in which female

hormones are known to be a contributing factor.
YM-511 (XV) is a new non-steroidal aromatase inhibitor with high potency and

selectiVity. It inhibits the enzyme from ovarian microsomes and human placenta

with 1Cso of 0.4nM and 0.12 nM, respectively. It is found to be more potent than
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Fadrazole hydrochloride (XVI)(ICs, 1.5nM and 0.37 nM, respectively)®, which is a

new drug developed by Ciba-Geigy for similar indications.

) =
N
kN) Br N\//
'LVO ™
NG CN
(XV) (XV1)

In addition, YM-511 was found to be more selective than Fadrazole.

The route of synthesis of YM-511 has been reported in literature®.
However, we thought of synthesizing this compound by alternate route in an

attempt to avoid use of toxic and hazardous chemicals like NaH and also to make

the process cost effective.
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Literature scheme Modified scheme

Cl
) '
T + ‘kNJ +
NaH 1400C TEA
DMSO Dry DMF
)
T)
NH NH
NC NC
a1 | BFCH2PhBr 4o BrCH2PhB
Acetomtnleleco3 Acetonitrile leC 023 r
N—N - —

(/) L

T Br N B
N ,L\ | P

NC NC

As shown in the above scheme, we avoided the use of p- fluoro benzonitrile which
is expensive as compaired to p- chloro benzonitrile. We also avoided the use of

NaH, which is a very toxic and explosive chemical.
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CHEMISTRY OF ISOTHIOCYANATES

In the past centufy, many sulfur compounds of plant origin attracted attention due
to their pungent and irritant properties and their abilities to prevent the spoilage of
food and fermentation of fruit juices. Two of these substances were found to be
allyl isothiocyanate and benzyl isothiocyanate. These discoveries marked the
beginning of an important class of compounds having the 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 the isothiocyanates
but none of them are generally applicable. The choice of a method for the
preparation of the isothiocyanate will depend upon the starting compound which is
selected for the required type of isothiocyanates. Organohalides with a reactive
halogen and primary amines serve most frequently as the starting substances. In
the case of the organohalides, a substitution reaction with inorganic thiocyanates
is followed by rearrangements of the resulting thiocyanates into corresponding
isothiocynates. These can be obtained either directly by the action of some
sulphur compounds (e.g., thiophosgene, dithiocarbamoyl chloride, trichloromethyl
sulphide, etc.) on amines cr by converting them.into. suitable intermediates
(dithiocarbamates, dithiocarbazates, thiourea, etc.), which are then decomposed
into isothiocyanates by reaction with various agents.

1) Reaction of amines with sulfur compounds:

a) Thiophosgene:
The most generally used method for the preparation of isothiocyanates is based
on the direct treatment of primary amine™ (1) with thiophosgene (lI). The first

product of the reaction is an unstable thiocarbamoyl- chloride (lif), which
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releases hydrogen chloride, yielding isothiocyanatesse’. The course of the reaction

can be illustrated by the following addition-elimination mechanism.

T ? T ?l T (I;D

S | Y @

R-—N:————C:S R—N ----C---§ R—N "'_‘C—S_—H
| | | Y%
H Cl H Cl Ci

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

N,N -disubstituted thioureas(lV) may be formed as by-productss“.

S
—HCl
Ar—NH—C< + ArNHo ,__H_,, Ar—NH—C—NH—Ar
Cl S
(IV)

The formation of thioureas can be prevented by using a of srhall excess of
thiophosgene. Since isothiocyanates as well as thiophosgene are relatively
insensitive to water, they can be prepared in an aqueous medium®. Not only free

amines but also their salts, particularly hydrochlorides, react with thiophosgene to
produce isothiocyanates™.

The free amine is frequently reacted by adding its chloroform®, dichloromethane™
or toluene™ solution to the water emulsion of thiophosgene. Hydrogen chloride
released in the course of the reaction combines with the strongly basic amine

hydrochloride, which is very difficult to hydroiyze in water and thus complicates the
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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™, sodium carbonate®™ ®'

, and triethylamine®. It is not advisable to use a
strong base for this purpose since isothiocyanates are easily hydrolyzed in an

alkaline medium.

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™. The addition of CaCOs; or
alkali carbonates keeps the reaction mixture neutral and assists in the slight
hydrolysis of the 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 (benzylamine, 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 reagent, though some
authors object its unpleasant odor and toxicity.

b) Thiocarbamoyl derivatives:
Sayigh and co-workers® have proposed the use of N,N- diethyl thiocarbamoyl
chloride (V) as a new reagent which could replace the toxic thiophosgene. It is
easily avaliable and is suitable for the preparation of aromatic isothiocyanates with
electron-withdrawing substituents. It is a one-step method and involves the heating

of the aromatic amine with N,N- diethyl thiocarbamoy! chloride(V) in an inert
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solvent such as chlorobenzene, benzene, toluene, or ethylene dichloride.

NH2 + ClI —ﬁ—N(C2H5)2M> X NCS

+ (C2H5)2NH.HCI
X =NO,, CN, Ci

The yield decreases with the increasing basicity of amines. The limiting pka value
of the reaction medium is 4.6. Under these conditions, phenyl isothiocyanates is

obtained from aniline in a very poor yield. Reaction takes place via SN?

mechanism.
H H
B N R @  -./R
R—N: + cC—N. ——> R—N-—C—N y o
H H S R
? ] l’ ’
R
R—N=C=S + HNHCI <«——— R—N —C-CqN/@
| o J4A N
R . C~H 8§ R

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

a) Decomposition of heavy metal salts:

This method of synthesis involves two steps. In the first step the corresponding
salts of dithiocarbamic acid (Vi) are prepared by the action of carbon disulphide
and alkali®* ® (or ammonia®) on the aqueous or organic (alcohol, methylene
chloride, toluene , etc.) solution of the primary‘ amine. Aliphatic amines react with

carbon disulphide in the absence of other bases yielding alkyl ammonium
dithiocarbamates®’. ‘
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| o @
RNH2 + CSp + NaOH ——> RNH—C—S—Na + H20

|

S
(V1)
1)
2RNH2 + CS2 ——» RNH—C—S NH3R
| S
Where R = alkyl.

Obviously, amines whose basicity is so low that they do not form dithiocarbamates

cannot be used (e.g., nitroanilines).

In second step, heating of alkaline dithiocarbamates with heavy metal salts (VII) in
an aqueous medium produces unstable heavy metai dithiocarbamates, which

decompose easily into isothiocyanates and metal sulphides.

@
RNH——ﬁ—?—NH4 + Pp(NO3)2 — RNCS + PbS + NH4NO3 + HNO3
S
(Vi)

For the decomposition of dithiocarbamates, mercury salts® ®, lead nitrate® ™ ',
cupric sulphate®, ferric chloride™, etc. have been used.

b) Decomposition of chlorine éontaining compounds:

Some aromatic isothiocyanates are advantageously prepared by the
decomposition of dithiocarbamates with phosgene (VII))™.

NCS
e o Toluene
NH—C—S NH4 + COCl '”OO—C> + NH4ClI
g Vil
+ COS + HCI

The phosgene method failed to succeed in the preparation of some
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isothiocyanates with electron  withdrawing substituents  (4-bromophenyl!
isothiocyanates, nitro phenyl isothiocyanates etc). It has furnished very good yield
in the case of 4-hydroxyphenyl isothiocyanate, which could be managed by
thiophosgene method.

The decomposition of dithiocarbamates with ethyl”™ " or methyl chloroformates™
(IX) produces aliphatic isothiocyanates in very good yields. The reaction takes
place via the unstable carbethoxy dithiocarbamate (X), which decomposes into
isothiocyanate, carbony! sulfide and ethanol. Bases, like alkali and triethylamine,

have a catalytic effect on the decomposition of carbethoxy dithiocarbamate® 2%

@D — NH4C!
RNH—%—Q—NH4 + CICOOCoH5 4
! (1X)
_®

R— IJ —SCOOCoH5 —
A Il » 3

B e/} ]
» (SjCCOCHE <—= R—N (S)COOC2Hs5
R—N=C H

- I
o |

W
Q
RNCS + C2H50C0S (COS + CoH50H)

Aliphatic and aromatic isothiocyanates can also be prepared by the oxidative

decomposition of dithiccarbamates using sodium hypochloride (XI) in an alkaline
medium® 8
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@
RNH—C—S8—NHg + 4NaOC! + NaOH ----- > RNCS + Na2S04 +3NaCl
g (Xl) | + NH4CI +H20

¢) Decomposition by hydrogen peroxide:
The treatment of a mixture of primary amine and carbon disulphide with hydrogen
peroxide (XII) in the presence of a secondary aliphatic amine produces a rapid

exothermic reaction, giving rise to isothiocyanates%.

RNHp + CSp ------- ~ RNH—C—SH= R—N4C-—SH
I ]

H S

VNH(Et)z

S

®@ o
RNCS +|:(Et)NH2 + SH———— (Et)oNH + H2§ + H202—— 2H20 + S
(Xit) + (Et)oNH

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

d) Decomposition involving carbodiimides:
Primary amines react with carbon disulphide and dicyclohexy! carbodiimides (XIi)
in a suitable organic solvent at a temperature below 0°C, forming isothiocyanate
‘and 1,3-dicyclohexyl thioureas (XIV). For the preparation of aliphatic
isothiocyanates, ether or tetrahydrofuran® proved to be good solvents. 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 a molar
equivalent of triethylamine, then isothiocyanates are also formed from aromatic
primary amines in very good yields®’.
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R—N-—4-
R'N = C=NR' 4_| \
RNH2 + CS2----- +» RNH—C—SH -------------- > l S
1 () |
S !
R—N=—=C—NH—R
A)
—————————— > RNCS + R'NH—ﬁ——NHR'
S
(XIV)

3) Decomposition of thioureas:
Aromatic amines can be prepared by the decomposition of sym-diaryi thioureas
(XV) with acids such as hydrochloric acid®%®, sulfuric acid® ** and phosphoric

acid. The salt of the corresponding aryl amine is formed as a by—productga.

NH2HCI

(XV)

Isothiocyanates are also obtained by the decomposition of N-monoaryl thioureas
during prolonged heating in chiorobenzene® %

in the present work for the preparation of isothiocyanates, thiophosgene was used

in the final reaction so as to minimize the side reactions, and to effect a clean
workup of reactions. This gives a desired product of high purity.
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CHEMISTRY OF THIOUREAS

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

simple synthetic procedures.

Thioureas have found wide application as pharmaceutical, insecticides,
preservatives, and rodenticides They are also of commercial value use in dyes,

photographic films, elastic, textiles etc.

Thicureas in common practice are represented by the following structure .

AN /R
—N

N__
R’ Dra
S
)
Rn = H, Alkyl, Aryl, etc.

Summary of general synthetic methods:

As a synthetic route to thioureas, the direct thiocyanation of the carbonyi group of
urea by means of phosphorous pentasulphide, is of minor significance. Apparently,
i{ applies to the synthesis of tetra-substituted thioureas and certain heterocycles
having a thiourea moiety®™ ¥’ incorporated in it.

However, several other well-established methods are available for the synthesis of
thioureas. One of the cheapest method of preparing symmetrical thioureas is
based on the reaction of primary amines (1) with carbon disulphide®®"%
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The mechanism of this is not quiet clear, but apparently an intermediate
ammonium dithiocarbamate (I} is involved in the reaction, when carried out in the

presence of ammonia or another amine, afforded by products derived from the
latter.

2R4—NH2 +* CSp —> R1——NH—ﬁ—-SR1NH3

S
—Hs (n YRWH
¥

R1NHl(lINHR1 J,NH?’ R1NHﬁNR2R3.
S S
R1NHﬁNH2
S

Rn= Alkyl, aryi etc.
The reaction is influenced by catalysts such as elemental sulphur, hydrogen
peroxide, hydrogen ion, iodine and pyridine, and is also applicable to the
synthesis of cyclic thioureas as exemplified by the preparation of (V) from (.

CH
cs NH
N\ NH2 2
NH2 NT
() | H

(V)
R=H, Me etc.

‘An interesting variation involves the reaction of the tributyl tin- substituted ethylene
diamine (V) with carbon disulphide affording the cyclic thiourea (V1) '®.
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Me

/Me
| N
CHo—N—SnBu3 CSy
| —2- 1 =
CH2—N—SnBu3
l N
Me \Me
(V) vh

Perhaps the most important standard method of synthesizing thiourea is based on
the reaction of alkyl and ary! isothiocyanates with ammonia or amines''. By this
reaction, monosubstituted, 1,3-disubstituted and 1,1,3-tri substituted thioureas can
be obtained.

R1—N—C=—S + RoR3NH ——> R{NHCNR2R3

S
R1,R2,Rz=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 ketoam'ines, hydroxylamine, imino esters and amidines®°"®. The same
reaction is used to synthesize the various thioureas and have been tabulated in
table no-
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CHEMISTRY OF THIAZOLE

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

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

The thiazole moiety exits in two different configurations as shown in (1) and (lt), as

the thiazole and isothiazole, respectively.

| |
W (A
() )

The thiazcle derivatives have been more extensively studied as compared to the
isothiazole derivatives, since they appear as an important structural requirement in

innumerable naturally occurring compounds possessing diverse properties.

The thiazole derivatives appear in the composition of vitamin B1 (thiamine) and in
the penicillins. Many fungicides, pesticides and bactericides are derivatives of 2-
‘amino thiazoie. Other thiazole derivatives possess mito-depressive and mito-static
properties'®. Certain Schiff bases derived from 2-amino/2-phenyi thiazoles and
their derivatives show diuretic properties'™. Mercapto thiazole derivatives are
used to accelerate the vulcanization of rubber, while alkyl and acyl thiazoles are

known to be flavoring agents. Several thiazole derivatives have been isolated from
products.
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General Methods For The Synthesis Of Thiazole Derivatives:

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 Hantzsh'®. The reaction between «-halo carbonyl

compound (i) and thiourea /substituted thiourea (lil) yields the respective 2-amino

thiazole or its derivative (1V).

0 HON N
o — UL
C NHR!
H2C 7 SNHR S
\X

(i) () (V)

ii) Potassium thiocyanate reacts with oc-halo carbonyl compound(ll) to yield oc-
thiocyahato ketone(V), which on treatment with ammonium chloride yields the
hydrochloride of 2-amino thiazole (V1)'®.

0
| NHaCl ' N
+ KSCN ——» N | /|k
s~ NHo.HCI

H2C H2C
N S
) X V) SCN )

iii) «c- aminonitrile (VHI) reacts with dithioformic acid (VIIl) at room temperature to

give an intermediate (IX), which cyclises to yield the 5-amino thiazole (X)
derivative'®”.
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3 o

R—C—NHp + HCSSH —> R-—C——N{i
C (VD) :
N// N// s7

(Vi) / (IX)
R
N

iv) 2- amino 4- methyl thiazole {Xil) is formed by heating 4- methy! thiazole (XI)
with sodamide for 15 hours at 150°C'®. This reaction has been extensively
studied for the preparation of 2- amino pyridine, but has received less attention in

the case of thiazole nucleus.

H3C : HaC

l IN NaNH2 I

) "1s00c J\

S NH2
(X1) Xll)

v) Recently, Maria, T.C. et al have reported'® an improved procedure for the
preparation of 2,4 diamino thiazoles(XIill) by reacting 3-amino 3-(dialkylamino)-
propene nitriles (XIV) with sodium thiocyanate in the presence of bromine and
acetic acid. The intermediate (XV) formed cyclises rapidly to form the thiazole
(XII1) derivative.
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NaSCN/Brp/AcOH NC
CHClI3 -5-00C
Method ‘A’ \“‘\_m
/
X NH2
NC /, L (XV) ]
X NH2 Ill X N
V) Method 'B' | /lL "
00C,1/2hr,R.T.,24hrs. NC S 2

NaSCN/Bro/AcOH (X1

X = Pyrrohidino, piperidino,' morpholino, 4-methyl piperazino,

benzyl amine etc.

vi) The reaction of substituted thiourea (XVI) with ketones (XVII) in presence of N-

bromosuccinimide furnishes the 2-amino thiazole derivative (XVIi1)'".

0)

" I A
NHR" NHR"

(xvn) (Xvi) ' (XVilN)

vii) 1-chloro —1,2-epoxides (XIX) condensed with thioamides leads to 2,4,5 -
trisubstitued thiazoles (XX)'"".

H HoN
\ l
/ \ / \R2 2\ /LR1

(XIX)
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viii) Thiazoles from oxazole have also been reported''>. Oxazole (XXI) heated with

P,Ss can be converted ti thiazoles.

R N Heat P2S5 R N
R l 5 /lkR102 Sensitizer R l s /lk R1
) .

(XXI

ix) Enolisable ketones (XXIl) react with thioamides / substituted thioamides
in acetonitrile, in the presence of thallium (llf) p-tolyl sulphonate (TTS), to yield 2-
substituted thiazoles (XXIii)'".

0 0
i TI(OTS) I ,
R—C—CHy—R ——> R-C—?H—R
(XXIi) - OTs
Ho—C—R"
aqKoCOo3| 2 i R
S
R
‘ /‘hlk
R' S Ru
(XX

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

i) Thiosemicarbazides (XXIV) R;=H, yield the 2-hydrazino thiazoles(XXV) on
reaction with oc-halo-carbonyl compounds and several derivatives of this type have
been reported with''*''®> R;=Rs=H and R;= CH3z,CsHs.
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i
Ro—C—C—R3 + R1NHNHCNH2
)l( |

S
l (XXIV)
R
|l
R3 S)\NHNH—R1
(XXV)

ii) With chloroacetone in neutral medium, acyclic intermediate (XXVI) gives

thiazoles analogous to those obtained'*®''” with thiourea and thioamides.
(0]
Me ~
C NH _Alcohol
H (l; (i.':l ~Heal )\
2
(XXVI)

iif) Under acidic conditions, thiosemicarbazone intermediate (XXVIl) has been
isolated, and cyclised in alcohol to the corresponding 2-hydrazino thiazole {XXVill)

in the presence of benzaldehyde''8'19120

XCH(R2) NH R B
"
C=NNH—C, —> | J\
R1/ \s _ R 5~ “NHNHR1
(XXVI) (XXVII)

iv) Disubstituted thiosemicarbazides such as (XXIX) gave «<--hydrazino derivatives

(XXX) R=CH3 and Ce¢Hs and R,=H, CHs, CsHs the yield ranges between 60-
90(%)121 '
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RING A° NH2 R1 "
l * )\ T I /ik
| CHBr S NHN(Ph)2 sz :s NHN(Ph)2

(XXIX) (XXX)

v) Thiosemicarbazones of general formula (XXXI) react with oc-halo carbonyl

compounds to yield the corresponding 2-hydrazino thiazole(XXXI1)'#12>124,
Ra_ O
HQQ 3\<l:’/
/C /R1 R4/CHX R3 N
S/ \NHN:C\ > I /H\N sR1
R2 R4 S HN:C\
(XXXI) OO R2

vi) The interaction of sym-dichloroacetone with thicsemicarbazones similarly yields
2-aryliidene hydrazine-4-chioro methyl thiazoles'?, which can be further acylated

and bromihated
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CICH2
\C /0 NH> C'Hz‘\[_'lN
+ — )\
‘ )\ S NHN=CHAr

HoC S NHNCHAr
|

Ac20

H
ClH2 N

gt
N(AC)N—CHAr

S

L
Br N(AC)N—CHAr

S

in our course of synthetic work, we have condensed the o«- haloketones with

Nfacetamido(2-hydroxy pyrazine)]-N’-(p-chioro phenyl) thiourea.
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MECHANISM

)
7y N—H
.

R— C:O
+ S=— NHNHCOCH?2
H—C H—Br I j

R
o

—C=O0H  H|-
I I

CH C=NNHCOCH?20
NgAs”

—H20
—HBr

” ll T /SI:NNHCOCHQO—ENJ
\N

R




CHEMISTRY OF TRIAZOLES

General Method for the synthesis of amino triazole derivatives:

A) Method for the preparation of 3-amino triazole and its derivatives.
i) The preparation of 3-amino triazole (1) is readily accomplished by' heating a
mixture of an amino guanidine (I1) salt of (Ho,CO3,HCI,HNO3,H>SO4)and formic acid

in toluene and separating the water formed in the reaction '**'%

2N NH HoN NH
\C/ HCOOH \C//

\J

—H20
NHNH> NHNHCHO
()
l-—HgO
HN N

(1)

i) Pure 3-amino triazole has been claimed to result from the interaction of an

equimolar mixture qf cyanamide (iff) and 'hydrazine (V) with formic acid "%,
H2NCN + HoNNH2 + HCOOH—— k )\
() (V) NH2

iit) The conversion 'of N-acylamino guanidines (V1) to 3-amino —5-alky! triazoles

(VHl) has been effected by azeotropic removal of water in hot toluene'® and by

treatment with dilute base, either at room temperature™ *'or at reflux, 2%
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N

NH2
/
HoN—C _Toluene _ 11N S>——CH3
N\ \

NHNHCOCH3 N——ﬁ

N-acylamino guanidine (Vi)

iv) Excellent yields of perfluroalkyl triazole (Viil) were obtained by the thermal
dehydration of the hydrazides of perfiuoro carboxylic acids (IX). The cyclisation of

this type of hydride in basic medium was unsuccessful.

NH
Y
H2N——C/ . H2N4(\>_\CF3
\\NHNHCOCF3

N——~—N

(IX) (i)

v) The 3-amino-5-aryl triazoles (X) are prepared by the treatment of aryl
hydrazines (X!) with cyanamide (i) in acetic acid under reflux'>

HoNCN + H2NNHCOPh—-—é——>H N \ Ph
an AcOH ‘

(X1) N——N
(X)
Various 3- amino-5-aryl triazoles are reported to be prepared by various methods

including the cyclisation of N-arylamino guanidines either in hot base or fusion of
~ solid at temperatures greater than 100 © C'3213+13¢,

vi) The simple 3-substituted amino triazoles (XII) and (XIli) are easily prepared in

high yields by amination of 3-bromo triazoles (XIV) with alkyl and aryl amines at
temperatures greater than 130°C"3""%,
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‘( > PhNHg (xil)
N——N \HXCCxHCHzNHQ
(XIV) \
HoC=CHCH2NH >

N——N
X=Br, Cl. (XiH)

vii) Excellent yields of 3- arylamino-5-alky! triazoles (XV) were produced by the
cyclisation of N-aryl-N'-acylamino guanidine (XIV) with aqueous sodium
hydroxide'®'“. This method is illustrated by the conversion of (XIV) to (XV) in
which cyclisation occurs between the carbonyl function and the unsubstituted
amino group.

4 N

NH2 NaOH \
4—CICgH4NH—C —_— 4—CI06H4NH Me

-

NNHCOMe
(XIV) (XV)

viii) 3-aryl-1-benzoyithiourea (XVII) reacts with hydrazine in hot toluene to give 3-
arylamino-5-phenyl triazole (XVIll)'*!.

. H N
N
PhNH——C/ \C—Ph _Nofa PhNH—( \>7Ph
[T -
oxviy ' (XVilt)
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Under similar conditions the conversion of 3-alkyl-1-benzoyl thiourea to the triazole
was unsuccessful. In contrast, the 1,3-dibenzoyl 5-methyl isothiouronium
compound (XIX) and hydrazine hydrate in refluxing ethanol gave 85% vyield of 3-

benzamide 5-phenyl triazole (XX)'*

\ N
. ONH__C/ Ncopn _N2He PhCONN——( \>‘Ph
\SMe \

N—N
(XIX) (XX)

B) Methods for the preparation of 4-amino triazole and its derivatives:

i) 4-amino triazole (XX!) has been prepared'®'* by the reaction of ethyl formate
(XX11) with hydrazine (IV) to give formhydrazide, which was heated at 150 to
200°C to effect self condensation to give (XXI).

N N
HCOOCoH5 + H2NNHy——> OHCNHNHy —=» M J

NH2
(XXI)

Similar interaction of formic acid and hydrazine gave good yield of 4-amino
triazole(XX1) 114" ”

N———N
HCOOH + HoNNH) ———» H\ J

NH2
(XX1)

i) Other carboxylic acids and their functional derivatives have also been used to
prepare alkyl and substituted alkyi-4-amino triazoles e.g. acetic acid and hydrazine
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hydrate at high temperature gave 3,5-dimethyl-4-amino triazole (XXII) "146.14,

N2H4
2MeCOO

NH2
(XXIl)

iii) Similar reactions have been reported for the preparation of 4-amino-3,5-
bis(amino alkyl) triazoles™™>' which are prepared by the reaction of glycine
(XXIV) with hydrazine to give (XXV).

HoNCH2COOH B /L )\
HoNH2C CH2NH2

(XXIV)

NHz
(XXV)

iv) Sulphur or sulphur containing compounds catalyze the formaticni of 4-amino
triazoles e.g.-4-amino triazole (XXVI) substituted at 3- and 5- position wiih differert
substituents was prepared by the reaction of equimolar amount of

acetonitrile(XXVIl) and propionitrile (XXVIIl) with a mixture of hydrazine (V) and

sulfur'?,

oxviy - xxvay - (V)
NH2
(XXVI)

v)The preparation of 4-amino- 3,5-diaryltriazoles(XXIX) is uSually effected by the
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acidic rearrangement of 1,2-dihydrotetrazines(XXIX) which are obtained by the

reaction of equimolar amounts of arylnitriles(XXXl) and hydrazine, refluxed in
benzene/ toluene'.

H H
N—N
R—CgH4CN + NoHq4 ——> R-CeH4‘<\ >_CGH4-R
(XXX1) (IV) NN (xxx)
N N

g
RH4Cg T, CeH4R

NHo
(XXIX)

vi) Perfluoroalkyi triazoles (XXXIl) are prepared by various methods e.g. perfluoro

acetonitrile (XXXIII) with hydrazine (IV) in sealed tube at room temperature gave
OOXX) >4,

N——"N
2CF3CN + 2NpH4 ———> | -
(XXX (V) F3C T; CF3
N NH2
(XXXIH)

vii) 4-amino-3,5-diphenyl triazoles (XXXIV) are also formed from the
decomposition of other hetero aromatic ring systems, e.g. reaction of oxo
pyrimidine (XXXV) with hydrazine'®. And also, the thermolysis of 5-phenyl .
tetrazole (XXXVI) in various solvents'® gives (XXXiV).'
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Ph N\\ % j:Hz

N
(XXXIV)
N——N/
H
OOV
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CHEMISTRY OF NITRILE

Nitriles are prepared by the classical methods described in literature and are listed
below:
1) From halides:

a) From aliphatic halides:

The metal cyanides react with alkyl (1) or aryl halides to provide mainly aliphatic
nitriles (I1). The reactivity of the halides in decreasing order is —| > -Br >-Cf.
Therefore, the yields of nitriles obtained from primary halides are increased by the
introduction of promotors such as sodium iodide, which by exchange, converts the
“chloride first into the iodide. This in turn, reacts with the metallic cyanide to form
the nitrile.

CH2—CH2Cl + Nal ——— CH2—CHol + NaCl
OH (1) OH

CHo>—CH2CN + Nal
OH (i)

Other metallic cyanides used to form nitriles are potassium cyanide or cuprous
cyanide. ) '

CHo== CHCHCl CHo = CHCH2CN

CuCN

The yields in such cases vary from 75-9G%. The solvent alcohol accelerates the
reaction very slowly and higher solvents like ethylene glycol'>’, methylcellulose'®,
tetrahydrofuryl alcéholﬁg and DMF improve yields; but with secondary halides the
yields are low and tertiary halides give little or no nitriles. The conversion of alkyl

halides (lll) into nitriles is accomplished best with sodium or cuprous cyanide with
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pyridine, quinoline, dimethyl formamide'® or N-methyi pyrrolidine’' as solvents.
The reaction time can be shortened by the addition of small amount of nitrile and

traces of copper sulphate as catalyst.

DMF
CH2Cl + NaOH —— CHo—C=N

(1)
Anisyl chioride (IV) gives its nitrile in 75% yield when it is treated with sodium

iodide and sodium cyanide in dry acetone'®.

Acetone
H3CO CH2C!l + Nal + NaCl—H3CO CH2CN

b) From heterocyclic halides:

The halides of pyridine'®, quinoline'® yield nitriles satisfactorily with cuprous

cyanide alone'®".

2) From amides:

The preparation of nitrile from the amide (V) can be performed in 60-70%
yield. The water is removed by using usual dehydrating agent, like phcsphorous
pentoxide'® or phosphorous pentachloride'®.

P205
R—CONH2 — R—C=N
(V)

‘Sometimes, dehydrating agents like carbonyl chloride'®, benzene, p-toiuene

sulphonyl chloride®1%

, phosphorous oxychloride are used in the nuc!éophilic
solvents such as pyridine and tertiary amines. Even addition of salts like sodium
chioride'® or sodium metabisulphite'® to phosphorous oxychloride, enhances the

effectiveness of the reagents.

The recently reported convenient . synthesis of nitriles'™ under mild
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conditions, makes use of the trifluoroacetic anhydride/ ‘pyridine system, which
leads to rapid conversion of amide (V1) to nitrile with 85-95% vyields.

//O (F3CCO)20, Pyridine, Dioxane
» R—C=N

(V1) Where, R=CHg, p-MeO-CgH4,
p-NO2-CgHg4, Pyridyl, etc.

The excellent yields and mild reaction conditions of the new method are especially
useful for thermally labile nitriles.

3) From diazonium salts(Sandmeyer’s reaction)

The replacement of aromatic amino groups with cyanide is obtained in 65-85%

yields by the action of cuprous cyanide diazonium compounds (VII)

HCI/NaNO2 @ @
ArNH2 » ArN2 ClI '—CH@——’ ArC=N

The double or complex salt of cuprous cyanide such as NaaCu(CN)sNH5'"' has
also been employed to a great extent. While carrying out the reaction, it is
important to neutralize the diazonium salt before addition to the cyanide solution,

in order to avoid the escape of hydrogén cyanide. o-tolunitrile' can be obtained
by this procedure in 64-70% yield. | .

4) From aldehydes:
Many methods have been reported for the conversicn of aldehydes to nitriles, e.g.
(a) dehydration of aldoximes using dicyclohexyi carbodiimides'™, carbonyi

74 or phosgene immonium chioride'™, (b) 1,2-elimination of o-

biimidazole
substituted aldoxime'™®'”” and (c) 1,2-elimination of R-CH=N-N-(CHz)s and R-
CH=N- OTs by base'™.

Method “A” is discussed under the title “dehydration of aldoximes” and Method “B’
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and “C” are discussed under the headings “ 1,2-elimination of o-substituted
aldoximes.

Method-A (Dehydration of aldoximes)

R—C=N—0H

|
H

R—C=N + H20

The dehydration of aldoxirnes represents one of the method for preparation of
nitriles from corresponding aldehydes. A large number of dehydrating agents are
employed to accomplish the dehydration of aldoximes'”. e.g. acetic anhydride,
phosphorous oxides, thiony! chloride, acety! chloride, etc. In all these cases, the
dehydrating agent forms a reactive complex (Vill), which renders the aldoximes to

lose a water molecule easily.

Ac20 R—C=N—0Ac
N |
AcCl H
Base

R—CH—N—OH + | > R—C=N

POCI3 R—C==N—Cl
> |

Recently, new dehydrating agents have been introduced, e.g.dicyclohexyl
carbodiimide’”, carbonyl biimidazole'™ and phosgene immonium chioride’”.

Very recently, Kitagawa, T. ef a/'® described a new dehydrating agent, 2-2'-

oxalyldi(o-suiphobenzimide)(ODS)(IX) for a convenient one-pot synthesis of

nitriles from aldoximes. The possible mechanism proposed was as follows-
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AT
S
C/% O O (//S\\O
0DS (IX)
R—CH—N—OH R—C=N—0_
+ > O (I::O
0 : _
N/C——o
/NH S/
7o s
0
—CO2
—CO S/N
| 4
R—C=N

These reagents are highly reactive and involve a very clean reaction at room
temperature or cold temperature:

Method-B & C (1 ,2-Eliminat'ion of o-substituted aldoximes)- -

Method B:

This is the method recently developed method by Milie'r et. al'”". for accomplishing
the conversion of aldehyde to nitriles. This method differs from other routine
methods in the fact that the chemist need not isolate and purify the intermediate
oximes or related aldehyde derivatives, although he may do so, if he wishes. This

method, therefore, saves one step in the aldehyde to nitrile conversion.

The development of efficient amino protecting groups as facilitate the synthesis of

a variety of sensitive compounds, including o-substituted hydroxylamines’®’,
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Although a number of these are highly unstable’®?

, others have significant
synthetic utility. Their electrophilic character has been exploited in their increasing
use as aminating agents'®"®. Their nucleophilicity has been demonstrated by
their reaction with ketones to form substituted oximes. Thus, 2,4-dinitrophenyl
hydrOxyl amine (X) can be reacted with aromatic or alkyl aldehydes(XI) to form

corresponding o-substituted aldoximes.

RCHO + HoN—O NO2

O2N

R—CH=N—O NO2

R—C=N + (B) H O NO2

Nitriles can be prepared from these o-substituted aldoximes by 1,2- elimination
reaction using excess base [KOH or N(C,Hs)3], as shown above. The development

of deep yellow to red color of the 2 4-dinitrophenolate ion indicates the extent of
completion of the reaction.

NMethod C:

This method is one-step reaction involving the use of O-N-bis (trifluoroscetyt)

hydroxyl amine (XIi) as one of the ‘reagent as follows-
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0
I
R—CH=0 + Fsc—g—-NH—o—C——CFs
(X1

Benzene/Pyridine
Reflux or room temperature

R— C:N——O_‘C‘—CFQB

l
H

2 @
R—C=N + CF3COO PY H

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

intermediate step'®. The yields are in the range of 70-90 %.

The reagent couid be obtained by reacting trifluroacetic anhydride with hydroxyl
amine hydrochloride in suitable solvents. The intermediate aldoxime is so unstable
that it could not be isolated and instantly decomposed to furnish nitrile; thus,

efiminating the intermediate step.
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SCHEME-I

T

| ClCHzCOOCsz ﬁ
1:4 Dioxan
iﬂ)ﬂ—ﬁooC R—NHp HCI + el
EN OCH2CO0C2H5 hloroform| g0
J
N

R—NCS

Reflux

Ele/ocnchNHNHz
N B -

-

Alcohol l NHoNHg HCI

\_-—————-———

AlcohollR——NCS -
S

|
ENJ/ OCHQCONHNH—C—I\IJH -
SN . R

R=Substituted aryl/alkyl
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SCHEME-11

[iN:]/OCHQCONHNHQ
|

N

Alcohol l CL@-NCS

|
(N]/OCHZCONHNH——C—NH
-
Y
CH3COCNa COCHoBr
Alcoho! Cl
Na OCHQCONEE\
| N H@*Cl

R

S

R = Substituted Axgl
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Preparation of ethyl ester of 2- methoxy Pyrazine:

in a 500 m! three necked round bottomed flask equipped with a reflux condenser,
dropping funnel and guard tube, was placed a mixture of triethylamine (26.35g;
0.26M), hydroxy pyrazine (20g; 0.21M) and 200 ml dry 1,4-dioxane. The reaction
mixture was stirred with a mechanical stirrer for 10-15 min. To this was added
drop wise a solution of chloroethyl acetate (43.48g, 0.26M). During addition the
temp was maintained at 90°% for one hour. Then the reaction mixture was stirred
for 7-8 hrs. at 100°C. The excess dioxane was then removed under vacuum. The
sticky solid mass thus obtained was dumped in ice-cold water and extracted with

chloroform. The chloroform layer was evaporated to dryness under vacuum and

the product obtained.

Yield: 72% M.P. :68-69°C
Elemental analysis of CgH1oN203
% C % H % N
Calculated |52.74 5.49 15.38
Found 5261 5.31 15.26
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Synthesis of 2- methoxy hydrazino pyrazine:

A mixture of ethyl ester of 2- hydroxy pyrazine (15g; 0.08M), hydrazine hydrate
(94.12g, 0.08M) and absolute alcohol (100ml) was refluxed for 12 hrs. The
excess solvent was distilled off. The reaction mixture was cooled to 4-5°C and
solid crystals that separated were filtered, washed with cold water, dried and

recrystallized from ethanol.

Yield: 62% M.P. - 170-171°C

Elemental analysis of CsHgN4O>

% C % H % N
Caiculated 42.85 4.76 33.33
Found 42.62 4.51 33.28
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Synthesis of 2,5- dimethoxy phenyl isothiocynate:

in a 200 ml three necked flask equipped with mercury sealed mechanical stirrer,
water condenser and dropping funnel, was taken thiobhosgene (4.24g; 0.04M) in
100 m! chloroform. To it was added a solution of 25 dimethoxy aniline
hydrochloride (7.58. 0.04M) in water, drop wise, maintaining the temperature at
0°C. The reaction mixturé was stirred further at this temperature for 4 hrs. The
chloroform layer was separated and washed with water till it was neutral. The
chloroform layer was dried over sodium sulphate. The chloroform was removed

under vacuum. The solid obtained was recrystallized from hexane.

Yield: 63% M.P. (Lit)'®®*33-36°C
MP. - 33-35°C

All the required isothiocyanates were similarly prepared and are listed in
table- |

TABLE NO.I
R
. o Reported
Molecular - Found (O°C) |
SN (0°C)
R formula Ref.
M.P. |B.P. M.P. |B.P
1 2,4-Cl, C/H:NCLS | 35-38 - 36-37 - 187
2 4-F C7H4FNS 27-29 - 26-28 - 188
3 2-NO,, 4-Cl | C7H3NoCISO; 102 - 103 - 189
4 4-Cl C7H4CINS 45 - 46-47 - 190
5 |35CL4-OH |CHNSCLO | 9798 | - | 98 - 191
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Synthesis of N- [acetamido (2-hydroxy pyrazine)]-N- [p-chiorophenyl]
thiourea:

In a 50 ml round bottomed flask was taken p-chlorophenyl isothiocyanate (0.6g;
0.0035M) in alcohol (20ml). To it was added 2-methoxy hydrazino pyrazine (0.3g;
0.004M). The mixture was refluxed it on water bath for 3 hrs. The alcohol was
removed under vacuum. The solid thus obtained was recrystallized using a

solvent system containing alcohol: acetonitrile (1:1).
Yield: 77.55% M.P. :220-222°C

Elemental analysis of C13H12Ns0,SCl

% C % H % N
Calculated 46.22 3.55 20.74
Found 45.85 3.68 21.38

All the other thioureas were similarly prepared and are listed in table- II.
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TABLE NO-II

S
(- R
B Elemental Analysis (%)
SR. R Molecular Mol. M.P. Yield Calculated Found
NO. Formula Wt | (0°C) | (%) ¢ w N c H N
1 4-Fluoro phenyl C1aH12NsO2SF 321 >260 6858 | 4859 | 3.73 | 21.80 | 48.32 3.56 | 21.73
2 | 4-Chloro phenyl C1aH12Ns028Ci | 337.5 220-222 | 77.55 | 46.22 | 3.55 20.74 | 46.02 | 3.39 | 20.54
3 | Allyl C1oH14Ns028 268 >250 5857 | 44.77 | 522 | 26.12 | 4492 545 | 26.53
4 Isopropyl C11H17Ns028 283 233234 | 55.43 | 46.64 | 6.00 2473 | 46.45 | 6.25 | 24.93
5 | n-Butyl C11H47Ns028 283 152-154 |63.34 | 4664 | 6.00 2473 | 46.47 | 591 | 24.86
6 | Ethyl C1oH1aNs02S 255 182-184 | 4891 | 42.35 | 5.09 | 27.45 4259 | 532 | 27.37
7 | 2,4-Dichloro phenyl C1aH11NsO2CI2S | 372 214-215 |59.32 | 41.93 | 2.95 18.82 | 41.73 | 289 | 18.55
8 | 2,5-Dimethoxy phenyl C1sH17Ns04S 363 245 6066 | 4058 | 468 | 19.28 | 49.35 | 443 | 1945
9 | 2-Nitro,4-chloro phenyl C1sH13Ns04SCI | 382.5 591-222 | 51.29 | 40.78 | 2.87 | 21 96 | 4039 | 2.72 | 21.79
10 | 4-carboxyethyl pheny! C1eH17Ns04S 375 225.027 |66.21 | 51.20 | 453 | 1866 | 51 42 | 476 | 18.45
11 | 4-Carboxy, 3-ethyl phenyl C1eH17Ns04S 375 215216 |68.21 | 51.20 | 4.53 1867 | 51.39 | 4.76 | 18.86
12 | 2-Fluoro phenyl C1aH12Ns02SCl | 337.5 | 192-1 94 |59.78 | 4859 | 3.73 | 21.80 48.75 | 3.57 |21.68
13 | 2-Chloro phenyl C1aH12NsO2SF 321 210-212 | 64.27 | 46.22 | 3.55 20.74 | 46.43 | 3.76 | 20.56




Synthesis of [3-(4’-chlorophenyl)-4-(p-chiorophenyl)] thiazoline-(2—methoxy
carbonyl pyrazine) hydrazones.

A mixture of N- [acetamido (2-hydroxy pyrazine)]-N- [p-chlorophenyl] thiourea
(0.6g; 0.002M), p-chloro phenacyl bromide (0.41g; 0.002M) and sodium acetate
(0.6g; 0.01M) was refluxed for 4-5 hrs. The solvent was evaporated under
vacuum and the product obtained was washed with water. It was then

recrystallized it from methanol.

Yield: 67.32 % , M.P.: 205-207°C

Elemental analysis of C21HsNs0,SCl;

% C Yo H % N
Calculated 53.38 3.17 t14.83
Found 53.59 3.25 14.64

All the other compounds were sirﬁilarly prepared and are listed in table- lll.
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TABLE--lI

Ny~ OCH2CONHN
T O

R

Elemental Analysis (%)

S. R Molecular Mol. M.P. Yield Calculated Found

N. Formula . Wt (0°C) (%) c ™ N c a N

1 | 4-Fluoro phenyl Co1H1sNsO2SCIF | 455.5 | 210-211 | 66.43 | 5532 | 3.29 | 1536 | 55.45 | 3.36 | 16.57
2 | 4-Chloro phenyl C21H1sNsO,SCl2; | 472 205-207 |67.32 | 5338 | 3.17 | 14.83 | 53.59 | 3.25 | 14.64
3 | 2,4-Dichloro, 5-Fluro phenyl | C21H1aNsO2SCIsF | 524.5 | 233-234 | 62.43 | 48.05 | 2.47 | 13.34 | 48.23 | 2.61 | 13.73
4 | 2-Fluoro phenyl C21HisNsO.SCIF | 4555 [ 185-186 | 70.18 | 5532 | 3.29 | 1536 | 5565 | 3.32 | 15.54
5 | 2-Chloro phenyl C21HisNs0O2SCl, | 472 >245 6189 | 563.38 | 3.17 | 1483 | 53.18 | 3.26 | 14.62
6 | 2,4-Dichloro, 6-Fluro phenyl | C21H1aNsO.SClaF | 524.5 | 217-218 | 59.72 | 48.05 | 2.47 | 13.34 | 48.39 | 2.52 | 13.42




Synthesis of 4-chloro benzonitrile
STEP-1:
Synthesis of aldoxime of 4-chlorobenzaldehyde.

4-chlorobenzaldehyde (10g; 0.07M) was dissolved in warm ethanol
(30 ml) and stirred for 15 min. To it was added hydroxylamine hydrochloride
(4.90g; 0.07M) in water (30ml) and stirred for 20 min at room temperature.
Sodium hydroxide (2.8g; 0.07M) dissolved in water (30ml) was added to this
solution dropwise. It was stirred for 4 hrs. Ethanol was removed under reduced
pressure to half the quantity and the reaction mixture was dumped on ice. The
solid obtained was filtered off to obtain the oxime.
STEP-2:
Synthesis of 4- chlorobenzonitrile:

Aldoxime (5g; 0.032M) was dissolved in acetic anhydride (6.95g; 0.064M)
and refluxed for 4hrs under anhydrous condition. It was then cooled and poured
on crushed ice. The solid was thus obtained was filtered, washed with cold water

dried and recrystallized from methanol.

Yield: 65% M.P. (Lit)'**: 91-93°C
M.P. : 90-91°C.

éynthesis of 4-amino-1,2,4 triazole:
In a 500 mi round bottomed flask equipped with an efficient water condenser,
were placed (14.8g; 0.2M) of ethyl formate and 15ml of 95% alcohol. To this was
added (12g; 0.2M) hydrazine hydrate with shaking, over a period of 10 min. After
the reaction subsided, the solution was refluxed on a steam bath for 18 hrs. The
bulk of the water and alcohol were then removed by evaporation under reduced
pressure until the volume in the flask was about 15 ml. The resulting syrup, crude
formhydrazide was heated at atmospheric pressure for 3 hrs, during which time
the temperature of the bath was raised from 150-200°C. After cooling to about
100°C, the oil was taken up in 5 ml of 95% ethanol and 0.5g of Norite was
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The filtered solution was then diluted with 7.5 ml of ether and placed in an icebox

to cool. The crystalline product was filtered, washed with 5 mi of 1:2 alcohol-ether

mixture and dried.

Yield: 65% | M.P. (Lit)'®}: 76-78°C
M.P. 1 77-78°C.

Synthesis of 4(N-1,2,4 triazole-4-yl) benzonitrile:

. 4- amino.1,2,4 triazole (7g; 0.083M) was dissolved in minimum quantity of
dry DMF and stirred for 5 min. To it was added TEA (8.41g; 0.083M) and again
stirred for 5 min. Then by using dropping funnel, 4- chioro benzonitrile(11.45g;
0.083M) was added and refluxed and reflux it at 160°C for 8 hrs. The mixture
was then filtered to separate TEA hydrochloride crystals. The mother liquor was
dumped in ice-cold water, filtered and recrystallized from alcohol to obtain the

title compound.
Yield: 60.2% ' M.P 107-102°C

Elemental analysis of CoH7Ns

% C T % H % N
Calculated 58.37 3.78 37.83
Found 58.09 ~ 3.63 37.77

Synthesis of 4-[N- (4-bromobenzyl)-N- (1,2,4- triazole-4-yl) benzonitrile.
4-(N-1,2,4 triazole-4-yl) benzonitrile (5g; 0.027M) was dissolved in dry

50ml acetonitrile. To it was added potassium carbonate (3.72g; 0.027M) and

stirred it for 1 hr. Then bromobenzyl bromide(6.75g; 0.027M) solution in 20m|

acetonitrile was added by using dropping funnel. The mixture was refluxed for 8-
¢
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refluxed for 8-9 hrs. The reaction mixture was dumped in ice-cold water to get a

white product, which was filtered and recrystallized from acetonitrile.

Yield: 68% ' M.P. (Lit)** 200°C
M.P. - 200-201°C.
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N-{acetamido(2-hydroxy pyrazine)-N’-( n-butyl) Thiourea:

. S
I
/N OCH2CONHNH—C— Il\lH
E j/ n-butyl
N -—
IR (Kbr) cm”
3328.68, 3203.45 (NH stretching,).
2965.46, 2927.8, 2871.54 (alkyl groups).
1706.81 (C=0 stretching)
1338.27 (C=S stretching)
1187.31 (C-O stretching of ether).

N-{acetamido{2-hydroxy pyrazine)-N’-( carboxy ethyl phenyl) Thiourea:

S
18
_N<_OCH2CONHNH —C—NH
E j/
N
COOC2Hs
IR (Kbr) cm”
3228.39 (NH stretching,).
2984.30,2921.68 (alkyl groups).
1698.97 ‘ (C=0 stretching)
1355.04 _ (C=S stretching)
1188.88 (C-O stretching of ether)
1H-nmr (DMSO) &: ‘
: (7.3-8.2) (7H, pheny! & het protons).
(9.60) (s, 1H, -CONH).
(10.04, 10.639) (s. 2H, 2NH of thiourea).
(4.314) (q, 2H, -CH,).
(1.317) (t, 3H, -CHa).
(4.702) (s, 2H, -O CHy).
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[3-(4 -chlorophenyl)-4’-(4-fluro phenyl)]thiazoline-2-(methoxy carbonyl
pyrazine)hydrazones:
Cl

Sos
_N._/OCH2CONHN=( |
CyeeT

N
IR (Kbr) cm
3247.23 (NH stretching,).
3065.74 (alkyl group ).
1663.03 (C=0 stretching).
1119.53 (C-O stretching of ether).
1619.25 (C-N stretching of thiazoline).
1042.39, 1286.73 (thiazoline ring).
1H-nmr (DMSO) 6:
(7.34-8.12) (8H,3H phenyl & het. protons).
(6.4) (1H, thiazoline protons).
(10.59) (s, 1H, -CONH).
(4.69) (s, 2H, -O CHy).

4-( N-1,2,4 triazole-4-yl ) benzonitrile

=N

IR (Kbr) cm™
3103.17 ( NH- stretching ).
. 22296 (-CN group ).

1010.3, 961.798 ( C-N stretching of triazole ).
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BIOLOGICAL SCREENING,
RESULTS AND
DISCUSSION



Biological Screening, Results and Disscussion:

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

The screening program involved an in vitro study against Gram-positive
Staphylococcus aureus ATCC 3750 and Gram-negative Salmonella typhi NCTC
786 for antibacterial activity and Hs;Rv strain of Mycobacterium tuberculosis for
establishing antitubercular activity. Also, in vitro study against fungal strains
such as Candida albicans, Trychophyton mentagrophyts and Trichophyton

rubrum was carried out.
Details involved in the screening are recorded as below:

Drug Stock Solution:

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

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

Contiols:

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

considered invalid.

2. Culture Control : It contains sterilized medium and culture of the organism. It
should
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nutrients to promote growth. If no growth is observed, then the medium is

considered to be faulty and results are not reliable.

3. Solvent Control : It contains sterilized medium, solvent used to dissolve the

drug and the suspended culture in it. Organism should show growth in the
solvent used for preparation of the drug stock solution. If the growth is not
observed, it can be concluded that solvent inhibits the growth of the ofganism '

and hence in that case results are considered invalid.

4. Turbidity Control : It contains medium and the drug stock solution. The

turbidity is observed against the growth in different drug dilutions. It assures

reliability against misinterpretation between growth and turbidity due to the drug.

4. Standard Control : It contains medium, organism culture and dilution of
standard drug stock solution corresponding to that of the drugs under test. The
inhibition of growth was observed against that in standard.

~ Antibacterial Screening :

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

‘Mueller Hinton broth was usedA as a culture medium. .DMF was used as
solvent for the preparation of drug stock solution. Sterilized medium was
dispensed in each borosilicate glass test tube (150+ 20mm). The drug solution
was added in-order to attain final drug concentrations as 200, 100, 40, 20, 10, 4,
2,1ug/ml etc.

Innoculum of standard suspension (0.1ml of the test organism strain which
contains 10° bacilli/ml) was added. The tubes were incubated at 37° C for 48
hours and then examined for the presence or absence of the growth of the
organism. The lowest concentration which showed no visible growth was taken

as the end point (MIC). Ampicillin (MIC = 0.01ug/ml against Gram- positive
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S.aureus) and Trimethoprim ( MIC = 1.0 ug/ml! against Gram- negative S.typhi)
were used asthe standard drugs.
Antitubercular Screening :

Hs7Rv strain of Mycobacterium tuberbculosis was used for the in vitro
screening of the compounds and the method employed was tube dilution
method.

Middle Brook with ADC growth supplement was used as the medium for
the growth of the culture.

The sterile medium was dispensed in a borosilicate test tube. Horse
serum (0.5ml) was added in all the tubes and then to it, drug stock solution was
added to attain the different dilutions such as 200, 100, 40, 20, 10, 4, 2ug/m! etc.
Innoculam of standard suspension i.e. 0.1ml of Hz7 Rv strain of M. tuberculosis
containing 106 bacilli/imi, was added. Tubes were incubated for ten days and
then examined for the presence or absence of growth of the test organism. The
lowest concentration which showed no visible growth was taken as the end point.
Isoniazide (MIC= 0.04ug/ml ) was used as the standard.

Antifungal Screening :

The organisms used for the test were Candida albicans, Trichophyton
mentagrophytes and Trichophyton rubrum. Again, the method employed was the
tube dilution method.

Scraufataller's medium was used as the growth media (pH=5.2). The
sterile media was dispensed in a sterile borosilicate test tube. The drug solution
was added in order to get the final drug concentrations of 200, 100, 40, 20, 10, 4,
2 ug/ml etc.

The tubes were incubated at room temperature (28-30° C) ina dark place.
C.albicans was incubated for 7 days while 7. mentagrophytes and T. rubrum
were incubated for 14 days. The presence or absence of growth was observed
visually. The lowest concentration at which no growth was observed was taken
as the end point(MIC ).

Miconazole (MIC= 6.25 ug/m! agginst C.albicans, 1.56 pg/ml against 7.

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

Table | : Antimicrobial activity of N-[acetamido(2-hydroxy pyrazine)]-N-

(substituted alkyl/aryl) thiourea.

S
: I
ENJ'/OCHzcoNHNH—C—— NH
\N R

S.No. Substitutions Antibacterial activity (ug/ml)
(R)

Hs7Rv strain of S. aureus S. typhi

M. tuberculosis
1. 4-fluorophenyl 40 100 40
2. 4-chlorophenyl 100 N.A. N.A.
8, allyl 40 N.A. 100
4. isopropy! 40 N.A. 100
5. n-butyi 40 N.A. 40
6. ethyl NA. N.A. 100 |
7. 2,4-dichiloropheny! 100 100 N.A :
8. 2,5-dimethoxy phenyl 20 40 20 J‘
9. 2-nitro, 4-chloro phenyl 20 100 40 |
10. 4-carboxyethyl phenyl N.A. 100 100
11. 4-carboxy, 3-ethyl phenyl N.A. N.A. N.A.
12. . 2-fluoro phenyl 40 100 100
13, 2-chioro phenyl NA NA. NA.

* N.A.- Inactive at 200 pg/ml.

* |soniazide (MIC= 0.04 ug/ml) as standard against Ha7Rv strain of

M.tuberculosis.

* Ampicillin (MIC= 0.01 pg/ml) as standard against S.aureus.

* Trimethoprim (MIC= 1.0 pug/ml) as standard against S.typhi.

85



Table-ll : Antimicrobial activity of 3-(4’-chlor6phenyl)-4-(ary| substituted)]
thiazoline<{2- methoxy carbonyl pyrazine)hydrazones

N OCHQCONHN:<
Y S
N

N

R

Sr.No. Substitutions Antibacterial activity (pg/mi)
(R)
o Hs7Rv strain of S. aureus S. typhi
M. tuberculosis

1 4-fluorophenyl! 20 100 100

2. 4-chlorophenyl 100 N.A. N.A.

3. 2,4-dichloro, 5-fluro 40 100 40
phenyl

2-fluorophenyl 40 100 100

2-chlorophenyl N.A N.A. N.A.

2,4-dichloro, 6-fluro 40 40 40
phenyl

* N.A - Inactive at 2Q0 ug/ml.

+ |soniazide (MIC= 0.04 pg/ml) as standard against Hz7Rv strain of

M.tuberculosis.

« Ampicillin (MiC= 0.01 ug/ml) as standard against S.aureus.

* Trimethoprim (MIC= 1.0 pg/ml) as sténdard against S.typhi.
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Table Hl : Antifungal activity of N-[acetamido(2-hydroxy pyrazine)]-N-
(substituted alkyl/aryl) thiourea.

: S
N OCHzCONHNH——,‘(I)-— NH
9l L
S.No. Substitutions Antifungal activity (ug/mi)
(R)
C.albicans | T. mentagrophytes | T. rubrum
1. 4-fluorophenyl 100 1 OO. 100
2. 4-chlorophenyl N.A. 40 N.A. {
3. allyl “NA N.A. N.A. E
4. isopropyl N.A. N.A. N.A. g
5 -buty] NA NA NA |
6. ethyl N.A. N.A. N.A.
7. 2,4-dichlorophenyl 100 | 100 100
8 2 5-dimethoxy phenyl 40 ' 100 100
9. 2-nitro, 4-chloro phenyl 100 40 100
10. 4-carboxyethyl phe_anyl 100 N.A 40
1. 4-carboxy, 3-ethyl phenyl 100 100 100
12. 2-fluoro phenyl . 100 40 100
13. 2-chloro phenyl 100 100 N.A.

* Miconazole (MIC= 6.25 ug/mi) as standard for C. albicans.

* Miconazole (MIC= 1.56 ug/ml) as standard for T.mentagrophytes and
T.rubrum.
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Table-lV: Antifungal activity of 3{4’-chlorophenyi)-4-(aryl substituted)]

thiazoline{2- methoxy carbonyl pyrazine)hydrazones

Cl

N _R
N OCHZCONHNJ< ]/
g s
Y
N

Sr.No. Substitutions Antifungal activity (ug/mt)
(R) |
C.albicans | T. mentagrophytes | T. rubrum
1. - 4-fluorophenyl 100 100 N.A.
2. 4-chlorophenyt - NA N.A 100
3. 2,4-dichloro, S5-fluro 100 N.A. N.A.
phenyl
2-fluorophenyl 100 100 100
2-chlorophenyl N.A. 100 N.A.
2 ,4-dichloro, 6-fluro NA N.A. 100
phenyl “

_* Miconazole (MIC= 6.25 pg/ml) as standard for C. albicans.

* Miconazole (MIC= 1.56 ug/mi) as.standa_rd for T.mentagrophytes and

T.rubrum.
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Discussion:

Part-ll : N-[acetamido(2-hydroxy pyrazine)]-N-(substituted alkyl/aryl)
thiourea:
All the 13 compounds in this series were screened for their antimicrobial and

antifungal activity (Table No.1 and 3)

Of the 13 compounds screened for antibacterial activity, one compound(i.e.
compound no.8) exhibited activity at 40 ug/mi against gram positive bacteria, five
compounds exhibited activity at 100 pg/mi against gram positive bacteria, while

others are inactive.

Also one compound (i.e compound no. 8) exhibited activity at 20 ug/ml, three
compounds {i.e. compound no. 1,59) exhibited activity at 40 ug/ml, five
compounds (i.e. compound no. 3,4,6,10,12) exhibited activity of 100 ug/mi

against gram negative bacteria, while others are inactive.

In antitubercular screening two compounds (i.e compound no. 8,9) exhibited
antitubercular activity at 20 pug/ml while five compounds (i.e. compound no.
1,3,4,5,12) exhibited antitubercular activity at 40 ug/ml and two compounds (i.e.'
compound no. 2,7) exhibited antituberéular activity at 160 ug/ml, against

tubercular bacilli, while rest are inactive.

In antifungal screening ohe compound was active at conc. of 40ug/mi, seven
cdmpouhds were active at conc. of 100ug/ml against C. albicans while rest were
found inactive (Table no. 1il). |

Three compounds were active at conc. of 40ug/ml, five compounds were active

at conc. of 100ug/ml against 7. mentagrophytes while others are inactive (Table

no. 11l).
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one compound was active at conc. of 40ug/ml, six compounds were active at

conc. of 100ug/ml against 7. rubrum, while others are inactive (Table no. Il).

Part-lll: 3-(4’-chlorophenyl)-4-(aryl substifuted)] thiazoline-(2- methoxy
carbonyl pyrazine)hydrazones.
All the 6 compounds in this series were screened for their antimicrobial and

antifungal activity (Table No.2 and 4).

Of the 6 compounds screened for antibacterial activity, one compound(i.e.
compound no.6) exhibited activity at 40 ug/ml, three compounds exhibited activity

at 100 pg/ml against gram positive bacteria, while others were found inactive.

Also two compounds (i.e compound no. 3,6) exhibited activity at 40 pg/mi, two
compounds (i.e. compound no. 1,4 ) exhibited activity at 100 pg/mi against gram

negative bacteria, while the rest were found inactive.

In case of, antitubercular screening one compounds (i.e compound no. 1)
exhibited antitubercular activity at 20 ug/ml, three compdunds (i.e. compound no.
3,46 ) exhibited antitubercular activity at 40 pg/ml, one compound (i.e.
compound no.2) exhibited antitubercular activity at 100 pg/ml, against Ha7Rv

strain of tubercular bacilli while compound no. 5 was inactive.

None of t'he' compounds from this series exhibited antifungal activity at conc.of 20

or 40 pg/ml against all the three fungal strains.(Table no.lV)
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CONCLUSION



CONCLUSION:

The present investigation was focused on the synthesis of novel heterocyclic

compounds of possible therapeutic value. To evaluate their efficacy, they were

screened for their in vitro antibacterial , antifungal and antitubercular activity.

In experimental section , synthesis of N-[acetamido(2-hydroxy pyrazine)]-N-

(substituted alkyl/aryl) thiourea has been described. Antimicrobial activity of the

series reveals the following points.

1.

Electronegative groups like methoxy, nitro on the phenyl ring imparted the
antitubercular activity to the compound (20 pg/mt).

Alkyl substitution on the one side of the thiourea (more than two carbon
atoms) shows antitubercular activity at 40ug/mi.

Alkyl substitution on the one side of the thiourea gives inactive compounds
against gram positive organism . | '

Electronegative groups like 'methoxy,k nitro on the phenyl ring impart the
antibacterial activity to the compound. _

Alkyl substitution on the one side of the thicurea gives inactive antifungal
compound . - B

Substituted phenyl on one side of thiourea shows moderate antifungal
activity. - s |

- In the experimental section, 3—(4’-ch'lorbphenyl)-4—(aryl substituted)] thiazoline -

(2- methoxy carbonyi pyrazine)hydrazones has been described. Antimicrobial

activity of the series reveals the following poinfs.

L

Compound with 4-fluro group at thej phényl ring gives the activity at 20 pg/mi
against M. tuberculosis. : ‘
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2. Halogenated phenyl ring were not given the satisfactory result against gram
~ positive and gram negative organism. _

3. Halogenated phenyl ring were not given the satisfactory resuit against all
three strains of fungus.

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 infection for which these compounds were screened. It may be worth
while to pursue further investigation with related compounds bearing in mind
certain trends observed in the present investigation as a part of efforts to

discover novel and potent drugs.
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SYNOPSIS

Bacteria were first identified in the 1870s by Van Leeuwen Hoek,
following his experiments with the microscope. However, it was not until the 19th
century that their link with disease was appreciated. During the latter half of the
>19th century scientists such as Koch were able to identify the microorganisms
responsible for communicable diseases such as tuberculosis, cholera and
typhoid. However, Paul Ehrlich switched the direction and entered a field which
he defined as “chemotherapy”. This change introduced a number of anti-
tubercular and anti-microbial agents, which are being used to date. However,
there is a constant need for new drugs due to the resistance exhibited by various
organisms.

The WHO has estimated that within the next ten years 30 million people
worldwide will die of tuberculosis’. At present Isoniazide, Streptomycin, Rifampin
etc. are the drugs of choice and are used in different combinations in the
treatment of tuberculosis. Now a days because of multidrug resistant strain of
Mycobacterium tuberculosis and also due to AIDS, tuberculosis has once again
become a major health problem worldwide. Therefore, there is an urgent need
for new approaches to combat the spread of tuberculosis and other microbial
infections.

Medicinal chemistry is the study of those chemicals whicg are expected to
have beneficial effects on the infected living systems. At its heart is synthetic
organic chemistry. But no medicinal chemist is merely interested in the chemical
properties of the molecule under investigation .The entire logic and all efforts
towards the synthesis of any new compound are for an anticipated biological
activity. But it happens most frequently that the joint efforts result in compounds
with a lack of activity.

Amidst the frequent, but much needed failures and seldom occurring
breakthroughs, the strife in medicinal chemistry continues for various reasons;

more silently for -
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1. Obtaining compounds with higher efficacy and lower toxicity.
2.  To hit upon moieties that tackle drug resistance of various

microorganisms.

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. These and other reasons inspired
the present research work to synthesize certain novel heterocyclic compounds.

A total of 20 compounds have been synthesized and characterized by
TLC, M.P. (recorded in open capillaries and are uncorrected), FT-IR(recorded
on Hartmann-Braun, MB-104 series), NMR (recorded at RSIC, lIT, Mumbai), and
carbon, nitrogen and hydrogen analysis (recorded on Heraeus C,H,N Elemental

Anaiyzer, Haffkine Institute).
The thesis will consist of the following parts:

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

PART 2: Synthesis of N—[acefamido(Z-hydroxy pyrazine)]-N’-(substituted
aryl/alkyl) thiourea.

PART 3: Synthesis of [3-(4 -chlorophenyl)-4’-(substituted aryl)]thiazoline-2-
(methoxy carbonyl pyrazine) hydrazones. -

PART 4: Synthesis of 4-[N-(4-Bromobenzyl)-N-(1,2,4-triazole-4-yl)
benzonitrile.(YM511)

PART 5: Biological screening, results and discussion.
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PART 1: introduction, Review of Literature and Plan of Work.

This part of the thesis will be devoted to the general Introduction which
will briefly highlight the background of current research project. This will also
cover a modestest review of literature with reference to the selected
heterocycles and the plan of work executed during the period.

PART-2 : Synthesis of N-facetamido(2-hydroxy pyrazine)]-N’-(substituted
aryl/alkyl) thioureas:

The literature search shows that 2-substituted pyrazine derivatives(l)
exhibit antitubercular activity’, of which Pyrazinamide (ll) is the clinically used,

first line antitubercular agent.

E:TCONH—E—CH?’ ENIC— NH2

N

(1 {0
Isoniazide (iil) is the most commonly used drug for the treatment of
tuberculosis and it contains nicotinic acid as the pharmacopiiore. Also,
Nicotinamide(lV) contains nicotinic acid group, which is responsible for its anti-
tubercular activity’. However, Pyrazinamide and Nicotinic acid are ccrisidered

bioisosters of each other.

0 0
| I

x CONH—'C,—CHg N C—NH2
(1) (V)
Hence, it was decided to use pyrazine as the parent moiety.
Cuong et al. have reported the antitubercular activity of haiogenated
derivatives of alkoxythiocarbanilides*(V). These compounds have exhibited

promising antitubercular activity in the range of 5pg/mi..
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S
fl
HSCZOONH—C_NHQ OCoHs
| ci

2-Chloro 4, 4'-diethoxythiocarbanilide

S
Il
isoH11 C5NH~C— NHQ OCsH14iso

2-Chloro 4, 4'-diisoamyloxythiocarbanilide
(V)

These compounds contain (-NH-C=S) group which acts as the
pharmacophore. Also,1,3-disubstituted thioureas are well documented in
literature for their biological activity. e.g.thiambutasine®(Vi). Fluonilide®(Vll) is a
well-known antifungal agent which is a simple disubstituted thiourea.

S
l CHs3
==/ CH3

(V1)

(VID)
Fox et al showed that 4 4'-disubstituted diphenyl thioureas(VIll) have in

vitro antitubercular activity.”

R=Cl, F, OCH; etc.
(Vi)

107



These references prompted us to include the thiourea group in our study.
The presence of -CONH- linkage also plays an important role in imparting
antifungal and antitubercular activity® to the molecules, which is reiterated by the

following compounds(1X).

' NO2
CONH OR

OH
R=CsHs, C.Hs etc.
(1X)

Considering all these factors, a (-NH-C=S) group and a (-CONH-) group
was incorporated on the pyrazine nucleus to obtain the title compounds. A total
of 13 compounds were synthesized as per the method outlined in scheme 1.

SCHEME-I

N )
~ OH Dry Dioxane /T\. _~OCH2C00C2Hs
[+ ClCH2C00CHs . |
NN TEAS0-12000

NH>NHo .H20
i Aicohol
l Reflux
S ¥
N

I
N CHaCONHNH— C=NH 7 _ncs Ej/OCIj_zCQNHNHz
-
EN , R Alcohol,Refluxiy

N

R=Substituted aryl/alkyl
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PART-3: Synthesis of [3-(4’-chlorophenyl)-4-(aryl substituted)]thiazoline-
(2- methoxy carbonyl pyrazine) hydrazones.
Thiazoline ring prepared by cyclization of thiourea was found to impart

antimicrobial activity to the compounds.
R R2
Kf Ll ("
N 9
NANHN<K
S

R1=Allyl,CeHsNH2 etc.
R2=Allyl,CeHsNHz2 etc.
R3=CgHs 4-CeH5Cl etc.

In the above structure, the activity of the parent quinazoline was
enhanced on converting it to its thiazoline derivatives. These derivatives
exhibited significant in vifro antibacterial activity against gram-positive
organisms. The activity of some of the products was found to be equivalent to
that of Penicillin.® |

Hassan et al'® observed moderate antimicrobial activity in the

compounds(X) bearing a thiazoline ring on the parent pyridine moiety.
X
HaC~ SN N=( \
S

(X)

The activity of thiazoline ring prompted us to introduce this moiety on the

X=Br,C],OCHz3 etc.
R=CH3,C2Hs,CeHs etc.

parent pyrazine molecule{significance discussed in part 1) in an attempt to

achieve anti-microbial activity for the title compounds(X!).
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N

ENE(OCHZCONHN<S]/R

N R= 4-CsHs5Cl, 4-CsH5F etc

(X1)
This was achieved by cyclising a halosubstituted thiourea with various
substituted phenacy! bromides, as mentioned in scheme . A total of seven

such compounds were obtained.
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SCHEME-Il

N
g or Dry Dioxane = OCH2C0O0C2Hs5
|+ CICH2c00C2Hs o
N TEA,90-120 0c \N

NH>NH2.H-0
Alcohol
Reflux

S

[l N
OCH2CONHNH2
CH2CONHNH—C—NH ACICsHsNCS |
Alcohol Refluxi_

N

RCOCH»-Br Cl
Alcohal,
Reflux.

Cl

N _R
N. ,OCH>CONHN j
\{/ ‘ %s |

N/

7\

R= Substituted ary|

@RT-4 :Synthesis of 4-[N-(4—Bromobenzyl )-N-{1,2,4-triazole-4-yl)

benzonitrile.(YM-511).

The enzymes required for the formation of biclogically active

estrogens(aromatase, estrone, sulfatase and estradiol dehydrogenase) are

present in both normal and malignant tissues. These enzymes are rational

targets for the development of drugs to treat breast cancer and other related

diseases in which female hormones are known to be a contributing factor.
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YM-511(Xll) is a new non-steroidal aromatase inhibitor having high
potency and selectivity. It inhibits the enzyme from ovarian microsomes and
human placenta with ICsq of 0.4nM and 0.12 nM, respectively. It is found to be
more potent than Fadrazole p;@rochloride(Xlll)(leo 1.5nM and 0.37 nM,

respectively)'’ | which is a new drug developed by Ciba-Geigy for similar

indications.
L) 9
SolrS
Nl N HCl

NG CN
(X1h) (XI11)

in addition, YM-511 was found to be more selective than Fadrazole. The
route of synthesis of YM-511 has been reported in literature'”,
However, we thought of synthesizing this compound by alternate route in

an attempt to avoid use of toxic and hazardous chemicals like NaH and aiso to

make it cost effective.
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Literature scheme

SCHEME il

Modified scheme

N N F Cl
- N—N
| |
kfl\') + T/I +
NH2 NaH CN NH2 e CN
DMSO 140°C! bry DMF
N— N ' N
| B
kT) L
NH f‘\iH
NC S
Acetonitrileli;%tg;h& Acetomtrileis;(ggzsphBr
N——N N——N
L L
'I\j ~Br ‘[\j Br
N N -
| / |
\\
NC NC

Part - 5 : Biological screening:
Al the 20 compounds synthesized herein have been screened for their in
vitro antitubercular, antibacterial and antifungal activities.

Antitubercular screening:- The in vitrc antitubercular screening of the

compounds was carried out by the tube dilution technique employing H3,RV
strain of Mycobacterium tuberculosis . This method uses Kirchner's medium

containing Tween 80 as described by Rake et a1'> . The standard drug used
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was Isoniazide. The MIC of Isoniazide is 0.04 pug /ml against H3,RV strain of M.
tuberculosis.

Antibacterial screening:- The compounds synthesized were also subjected to

in vitro test against Staphylococcus aureus ATCC 3750 and Salmonella typhi
NCTC 786 by using the tube dilution method. The medium employed in the
screening was Mueller Hinton Broth. The standard drugs used were Ampicillin
Sodium(MIC=0.01ug/ml) against S. aureus and Trimethoprim{MIC=0.1ug/ml)
against S. typhi.

Antifungal screening.- The compounds have also been screened for their

antifungal activity against Candida albicans, Trichophyton mentagrophytes and
Trichophyton rubrum. The standard drug used was Fluconazole. The MIC of
Miconazole is 6.25 pg /m! against C.albicans and 1.56 g /mi against
T.mentagrophytes and T. rubrum.
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