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INTRODUCT ION

Such has been the progress made in the'epidemiology,
the prevention and especially, the treafment of tuber-
culosis during the past three decades that this age-old
killer of man has at last become a preventable and curable

disease.

Through systematic research, it has, K been possible
to develop an effective and simple technology that is
inexpensive and amenable to standardization. As a result,
the control of tuberculosis has ceased to be a primarily
technical problem, requiring rare and highly specialized
skills for its solution. Instead of only the privileged
few who could be served in the past by the small number
of specialists available, anyone suffering from tuberculosis
or exposed to it may now enjoy the benefits of this
technology, provided that it has been adopted to the
requirements of a country's health programme. However,
even within such a frame'work, the efficient operation
of a tuberculosis programme may encounter many Qifficulties.
There is no uniform solution to existing or future
problem§. Each country will have to find the one that

will suit its own needs best.

Even in United States to-day, over 35 million

people have been infected with tubercle bacillus. Each



year 50,000 new cases of active disease, are diagnosed

and 8,000 to 9,000 Americans die of tuberculosis.

In most Asiatic countries, the prevalence of this
'disease ranges between 0.5 to 5 percent. In a survey
conducted by N.T.C.P., it was observed that about 1.5 ¥
~of the total population of the country is affected and

nearly 2.5 million new cases are reported every y.ear.1

Peculiarities of the Problem :

There exist many obstacles that confront the
_investigator in the chemotherapy of tuberculosis. These

difficulties are concerned with - \

1) the rugged viability of the tubercle bacillus
by virtue of its unique physical and chemical

make-up;

2) the nature of the tissue changes that follow

infection by tubercle bacilli;

3) the tendency of the disease to assume a chronic
course with granulomatous lesions that are
likely to persist regardless of the fate of the

batteria that induced them.

Tuberculosis, either acquired or produced experimentally,
differs from most infections that have been found to be

amenable to chemotherapeutic agents. In tuberculosis the



problem is not that of a simple septicemia or an acute
inflammatory proce;s but is instead that of an infection
caused by an agent of considerable tenacity. The organism
is harboured within the protection of a morbid anatomic

structure that is frequently extensive and of long

standing.

Critical Requirements for Effective

Drug Therapy :

For effective and safe application, an antituber-

cular drug should have the following qualifications :
1) Very low order of chronic toxicity in virtue of
the prolonged treatment required in this disease.

2) Capacity to penetrate all of the infectious

lesions of the disease, and

3) Ease of administration, whether by mouth or by

parenteral methods.

Chemotherapy of Tuberculosis :

It was found that no purpose was served by isola-
tion and hospitalization in so far as spread of the
disease to éontracts in concerned, also climate has no
role to play in the treatment. Dry climate or mountain
air is not necessary for cure. Only chemotherapy is the

keystone of management of all forms of tuberculosis in man.



After the identification of the cause of T. B.
in 1882 another attempt was followed in 1885 with the
discovery of X-rays by Roentgen. Even in spite of the
above édvances of the 19th century in a time log of
45 years no specific cure for the disease was obtained,
with the advent of enlightened scientific atmosphere in
20th century. Streptomycin was discovered by Walksman.
Then in rapid succession new drugs were added, namely,
PAS (1949), INH (1952), Thiacetazone, Ethambutol, Rifam-

picin (1970) amongst others.

These available drugs can be divided into two

broad categories - bactericidal and bacteriostatic.

Streptomycin and Viomycin Partly bactericidal.
Rifampicin and Kanamycin Fully bactericidal.
Isoniazid and Capreomycin Fully bactericidal.
Pyrazinamide ' Partly bacterial.
Ethambutol ' Bacteriostatic.
Ethiacetazine Bacteriostatic.
Cycloserin Bacteriostatic.

PAS _ Bacteriostatic.

L'IV




DOSAGE AND TOXICITY

1. Rifampicin

2. INH

3. Streptomycin

4, Pyrazinamide

5. Ethambutol

&

6. Thiacetazone

7. PAS Na or
Ca salt

8. Ethionamide

9. Cycloserin

10. Kanamycin

Dosage Route of
Administra-

o ___tion

450-600mg Oral

daily

5-8mg/kg Oral and
parenterally

30mg/ kg I.M.

1gm/day

. 75gm for

over 40

yrs. old.

1 to 1;59/ Oral

daily

25mg/ kg Oral

for 2

months,

then 15mg/

kg.

3.5mg/kg. Oral

150mg/daily

for adult

200mg/kg. Oral, can
be given
parenterally

500mg/ Oral

daily

500mg/ Oral

daily

1gm twice I.M.

a week

Toxicity

Fever GI usually well
tolerated. Flulike
syndrome. Hepatic renal.

Peripheral neuropathy,
psychosis Euphoria,
Dreams Hypersensitivity.
Hepatitis well tolerated.

Eighth nerve. Vertigo,
Ataxia Circumoral
Paraesthesia Renal.
Allergy-Drug Rash, Fever,
contact dermatitis.

Gl-Liver joint pains.
Increased uric acid.

‘Retrobulbar neuritis.

Gl Allergic-Rash, Fever.
Steven Johnson Syndrome

Exfoliative dermatitis,

Hepatotoxic.

Gynaecomastia, GI-
Nausea, Vomiting, Ano-~-
rexia, Hepatic hyper-
sensitivity, Goitre.

GI-Liver,
CNS-Epileptic fits
Psychotic~-Symptoms,
Renal.

Renal, Eighth nerve.

Cycloserine, Ethionamide and Kanamycin are used for re-treatment
of cases where bacilli are resistant to the standard drugs.
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REVIEW OF LITERATURE

Mycobécteria are Gram-positive acid fast bacilli.
There are several species of mycobacteria, but the most
important clinically are tﬁose responsible for tuberculosis
.and leprosy. Chemotherapy does not cure these diseases
in the strict sense of the word. Mycobacterial bacilli
are very difficult to kill and are eliminated from the
body extremely slowly after chemotherapeutic treatmént of
the infections. The success of chemotherapy depends upon
the duration of treatment, the more prolonged, the more
effective, Since it is so long (6 months to 4 years),
15 to 20 % of patients abandon it. Furthermore, although
several useful agents are presently available, fhe

chemotherapy of mycobacterial infections is still inadequate.

Antituberculous agents can be divided into the

following classes :

1) Aminosalicylates and derivatives : Aminosalicylic

acid, aminosalicylate calcium, amino salicylate potassium,
amino salicylate sodium, PAS resin (Rezipas), Fenamisal

(Tebamin), calcium benzamidosalicylate (Benzapas).

2) Hydrazides and derivatives : Isoniazid, Ftivazide,

Salinazid (Acozide), sulfoniazid (Isorilone), Verazide



‘(Isoverazide), Streptoniazide (Streptoidrazide, Strazide),

Glucazid, Menazone, Pasdrazide.

3) Thiosemicarbazone : Thioacetazone (Amithiozone,

Conteben, Tilblone).
4) Thicamide : Ethionamide, Protionamide (Trevintix).

5) Thioureas : Thiocarbanidin (Thioban), Thio-

carlide (Isoxyl).

6) Nicotinamides : Pyrazinamide, Morfozinamide.

7) Aliphatic diamines : Ethambutol.

8) Thiols : Ditophal (Etisul).

9) Surfactants : Macrocyclon.

10) Antibiotics : Streptomycin, Kanamycin, Viomycin,

Capreomycin, Cycloserine, Rifampin, Terizidone.

Isonicotinic Acid Hydrazide - INH (Isoniazide) :

Inv1951, Fox2 synthesized some pyridine analogues
of amthiozone and found that 5 and f isomers were active
but that the o ~isomer was not. An intermediate in the
synthesis of isomer was isonicotinic acid hydrazide, which
was tested against tuberculosis in mice and found to be

more effective than ahy other agent, It has been called



isoniazide (Rimifon) and its isopropyl derivative Ipro-

niazid (Morsilid).

N3§§§>»—c NH——NH2

INH is known to be effective against tubercle
bacillus., It is bacteriostatic and bactericidal in vitro.
It is bactericidal even at its MIC for growing bacilli

but do not affect resting cells.3

The 'resting' micro-
organisms resume normal multiplication when removed from

contact with theldrug.

Several different modes of action of INH have
been proposed, the primary one being the inhibition of
mycolic acid synthesis. Second suggestion is that the
drug chelates divalent metals and the copper, iron and
cobalt chelates may be more effective in vitro than the
parent drug. As the drug is a hydrazide, it can react
with aldehydes such as pyridoxal phosphate, the coenzyme
for decarboxylase and transaminases. It is unlikely that
inhibition of these enzymes in the tubercle bacillus

could do more than contribute to the bactericidal effect.



P-Amino Salicylic Acid (PAS) :

Bernheim4 shown in 1941 that benzoic acid and
salicylic acids increase in oxygen uptake of virulent
tubercletbacilli. Further, in 1946, Lehmann5 proposed
p-amino salicylic acid as a chemotherapeutic agent for
tuberculosis. This drug is useful only in tuberculosis
and not in other infections.6 This led Lehmann5 to test
a 1arge series of related compounds for antitubercular
activity, The most effective was PAS. "

OH

HoN COOH

PAS was found to be highly bacteriostatic in vitro
and also active orally against experimental infection in

148 It is effective against streptomycin

animals,
resistant straina, from 1 to 10 pg/ml PAS inhibit the
growth of virulent tubercle bacilli and certain strains
of the BCG organism, but the drug has little or no effect

on the growth of other bacteria, including saprophytic

mycobacteria. It is thus highly specific.

PAS acting presumably by interference with the
salicylate and benzoate utilization by virulent myco-
bacteria. Para-amino benzoic acid, however, is a better

antagonistg, and it is probable that PAS acts by interferring



with utilization of this by tubercle bacillus.

Ethambutol :

Ethambutol, d-(2,2'-(ethylene diamino)-di-1-

10

butanol) was synthesized by Wilkinson et al. ~ in 1961.

The 1-isomer and meso form are inactive.
CHQOH T2H5
H~—C-NH——CHQ-CH2——NH——C——H

02H5 - CH20H

It is, effective against drug resistant strain

of Mycobacterium tuberculosis and some other bacteria, e.qg.,

M. kansasii, but it is not effective against microbes or
fungi. Bacterial resistanbe‘to the drug develops in vitro
when it is given alone., It is primarily bacteriostatic

or weakly bactericidal.

The structural requirement suggest that chelation
of divalent metals may be important for some of the

therapeutic and toxic effects of drug. Magnesium and

10

also spermidine antagonize its action on strains of tubercle

bacilli in vitro and its inhibition of RNA synthesis
may be the result of magnesium chelation. DNA and protein

synthesis are not directly affected,.
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Pyrazinamide :

Pyrazinamide was usually given in combination
with other drugs. Such as Ethionamide and Cycloserine.
‘It hampered bacteriostatic activity in vitro only at
- a slightly acidic pH presumably affecting the nicotinamide
or nicotinic acid metabolism as a cofactor in dehydro-

genase.

CONH,,

O

Ethionamide :

Ethionamide is approximately twice as active as
Streptomycin and one-tenth as active as INH. It has got
limited scope because of rapid development of resist-

ance.11’12 P

CSNH,

SO

R}'is bactericidal and causes loss of acid fast-

ness also by inhibition of mycolic acid synthesis.

Thiacetazone :

Among the large number of thiosemicarbazones tested,



the compound 4-acetyl amino benzaldehyde thiosemicar-

bazone shoed to be most efficious.13

| I
H3c-c-NH@CH=N-NH-c—NH2
Il

o

Thiacetazone suppresses the growth of M. tuber-

culosis by an unknown action. Its therapeutical usefulness

is questionable,

/ANTIBIQTICS

The presently available antibiotics effective

against Mycobacterium tuberculosis make it possible to

virtually total success in the treatment of tuberculosis.

Streptomycin :

Streptomycin was first isolated from culture of

Streptomyces griseus by Schatz, Bugic and Waksman14 in

1944, The discovery of other tuberculostatic compound

that, given concurrently with antibiotic reduces the rate

12

at which the microorganisms became drug resistant, in spite

prolong exposure reached its full potential in the therapy

of tuberculosis.

The activity of Streptomycin is bactericidal and

bacteriostatic for the tubercle bacillus in vitro.
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The activity of Streptomycin 1is bactericidal and

bacteriostatic for the tubercle bacillus in vitro.
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It may be also given in combination with
penicillin in the treatment of resistant strain. It is

chiefly effective against Gram-negative organisms.

Fitzgerald et gi.15 showed that streptomycin .
inhibits enzyme induction in non-dividing cells of a
mycobacterium. This suggest inhibition of proiein
synthesis. Streptomycin penetrates into the cell body,
combines with 30s ribosomal particles but does not inter-
fere with the attachment of messenger RNA to the ribosomes,
and thus must alter the function of the ribosome after

16

the mRNA 1is attached. These effects probably contribute

to, but are not essential to the bactericidal action.

Viomycin, Kanamycin, Capreomycin :

Viomycin is a cyclic peptide. It was isolated

17

from Streptomyces puniceus in 1951 by Mayers et al. and

18

Bartz et al. It inhibits protein synthesis by binding

to ribosomes as to aminoglycosides. It shows cross

resistance with neomycin.

Kanamycin was isolated by Umezawa et gi.19 in

1952 from a soil organism named Streptomyces kanamycetis.

Its structural formula shows that it contains two amino
sugars in glucosidic linkage with deoxystreptamine, which

is also a component of neomycin. It inhibits enzyme
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induction in mycobacteria and reacts like Streptomycin

with nucleic acids.,

Capreomycin was isolated by Herr et ££.20 from

Streptomyces capreolus, It is a mixture of four peptides,

molecular weights of approximately 900. This antibiotic
is almost exclusively antimycobacterial. It is not
active orally., Cross resistance between the three drugs

has often been reported and seems to be rather complex.

Cycloserine

Cycloserine is D-4-amino iso-oxazolidine-3-one
means structurally resemblance to D-alanine. It is an
inhibitor of enzyme reactions involving D-alanine. It

inhibits the enzyme responsible for the synthesis of

AT
U\O NH

dipeptide. As a result, this unit of the cell wall

becomes defective and the cell lyse,

Rifampicin :

Rifampin is a characteristic group of individual
members such as Rifampicin AMP (Rifampin or Rifampicin),

Rifamycin, Rifamycin-0, Rifamycin-S, Rifamycin-SV,



Rifamycin-X and Rifamycin-AG, shown below related
2-acylamino-4,4'-naphthohydroquinone produced by Strepto-

myces mediterranei, are active against Gram-positive and

Gram-négative bacteria.

It is a semisynthetic antibiotic.,- It is active
against tubercle bacilli whether or not they are resistant

to other drugs.

It is now considered‘as primary drug in the
treatment of tuberculosis, Rifampicin-B has the unusual
property that in oxyggnated aqueous solution it tends to
change spontaneously into other products with greater
antibacterial activity. The structure of Rifamycin-B
out of thevrélated compounds involved in the activation
process have been elucidated by chemical and X-ray
crystallographic methods. Rifampicin exerts both
bactericidal and bacteriostatic action. It inactivates
the DNA-dependent RNA polymerase and thus, inhibits the

RNA synthesis.

.

The most widely used antituberculostatics along

with their structure are tabulated in Table 1.

15
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Table —-L Antituberculous Agents _
Official Name Proprietary Name Chemical Name Structure
! (0]
isoniazid * Hyzyd isonicotinic acid hvdrazide N
Niconyl Q N
_Nvdrazid h“"ll?
s N
pyrazinamide* pyrazinecarboxamide <O
N H,
ethionamide* 'l“f‘ecator-SC 2-ethylthioisonicotinamide N Q =
' NH,
0
aminosalicylic Pamisyl #$-aminosalicylic acid 1aN
acid’ r Parasal ou
(PAS) OoH
. Ot
benzoylpas calcium Benzapas calcium 4-benzamidosalicylate 0
(calcium benzamido- Hy Ca
salicylate) 0 (6}
2
ethambutol* Myambutol 1+1-2.2 «(ethylenediiminoy-di- 1 -butanol /T \ ;
N N
H H
on Ho
streptomycin 2 4-diguanidino-3.5,6-trihydroxycyclohexyl-
sulfate* S-deoxy-2-0-(2-decoxy-2-methylamino-g-1.- 7
glucopyranosyl)-3-formyl-3-L-/vxopentano- NI ;
furanoside sulfate ' OH i
WN!I -C Nt
0 I Y
H4C N TH
N, J
1o -J
3H;80.,
ClHi,
O™ Non
rifampin®* Rifadin 3([(4-methyl-1-piperazinyl}imino] methyi)- L.
(rifampicin) Rimactane rifamycin




Antituberculous Agents (continued)
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Table =,
Official Name Proprietary Name Chemical Name Structure -
H,N ¢
cycloserine* Seromycin R(+)-4-amino-3-isoxazolidinone
\0 /N“
= OH
kanamycin Kantrex 4 6-diamino-2-hydroxy-1,3-cyclohexene HO Oil
sulfate* 3,6'-diamino-3,6 -dideoxydi-a-n- e NH 0
< 2 .
glucoside sulfate ()mo Mif,
TRy H T Ol '
) -H,S0
HO 0 =
ou
viomycin Viocin !
I, O
sulfate* sulfate 0 1 (; ) txH;S804
H N N H‘C :
CH, Cll, N {( \,
CH, ¢ X7 \;( { .
} -
Cli, NH, O qnz CH—CH7 Ol{
[ HN =0
()/"A\(‘LL c” 4 ;\" )
N N—‘ ’ ~ 7
K H \} §:IT an,
H H™ Nn ) |
N O
H
NH
1
NYNII
N” '2“25()4
I /
(0] N—C=C
. . i NN YN CH
Clly (Al\lz‘,N {( -
capreomycin : Capastat (;ﬁ’ ﬁ# It C{l &" 0
sulfate* sulfate cH, NH2 O CH, )
‘ [} NH
N, IIN\ l/{
N SRy
07 FTRNTY NU
H< H g 3

HN—C —NH
T ?
0
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PLAN OF WORK

Tuberculosis is an infectious disease, caused by
several species of mycobacteria, collectively termed the
tubercle bacilli. The human pathogens of this class are

M. tuberculosis and M. bovis. This is one of the deadliest

disease which takes a heavy toll of human lives every
year and constitutes a major health problem in this

country,

Number of effective drugs like INH, sodium PAS,
thiacetazone, streptomycin, ethambutol, pyrazinamide and
rifamycin are available for long treatment of this disease.
However, the problem of resistance shown by the organisms
to these drugs individually are in combination pose a
great problem. Hence, the development of new chemothera-
‘peutic agent constitute a important step. With this
understanding efforts are planned to synthesise and study

new organic compounds.

2-Mercapto benzimidazole (I) and its derivatives

(II) are known for their antibacterial and antifungal

properties.21’22
Cl v
N N
1 Lo,
. v SH v
H " H

(1) ' (I1)
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The following types (III) of benzimidazoles are

reported from this laboratory for antitubercular and
23 '

N. R
JL”STCHQ{gigif/

I11)’

antifungal properties.

ci_

' YN

Cl !
H
(

-~

Taking into account the above evidences and
Mayer's h?pothesis which states that "a morphological
relationship between mycobacteria and fungi may be
paralleled by chemical relationship“ i.e., substances
showing antifungal activity are likely to show antituber-

cular activity also, the present synthetic work was

planned., R

Thus, the synthesis and biological study of various

types of benzimidazoles was planned,
PART - II ,

Section - A

6—Chloro-5—phenoxy—2-(substituted-penzyl thio, hetero-

aryl thio) benzimidazoles :

The cdmpoUnd having ether linkage, was synthesized

in our laboratory, namely, 4-(o-phenoxy anilino)-N-(o,n -
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propoxy phenyl) succinimide (IV) which inhibited the

growth of M. tuberculosis at a concentration of 0.06 lug/ml24

in in vitro testing.
@O ‘ O

(IV)

The efficacy of carbendazine (V) was found even

25

more than expected by substituting phenoxy group at the

S-position of the benzimidazole.

L Oy

! :

: E,/LNHCOOC% flﬁ/kﬁmcoocn3
H

H
(V)

Catbendazine

On the basis of the information given earlier, it
was proposed to prepare and test 6-chloro-5-phenoxy-2-

(substituted benzyl thio) benzimidazoles (VI) as shown

Cl |
(V1)

where, R = Substituted-benzyl, 7-chloro-4-quinolinyl.



Section - B

6-Chloro-5-biphenyloxy-2-{substituted benzyl-

thio) benzimidazoles :

Biphenyl derivatives are known in the literature
for their antitubercular2®, antimicrobial?’, antifungal®®
and anthelmintic29 properties. The ihcorporation of
phenoxy group at 5-position of the benzimidazole molecule
gave encouraging results. Hence, theAsynthesis of the.
following type (VII) of compounds having biphenyloxy

linkage was planned. The various substituents at

2-position of benzimidazole could be shown as below :
—
cf N
_ H

(Vi1)

where, R = Substituted benzyl, hetero arvyl.

PART - III

Synthesis of 6-chloro-5-(substituted phenoxy)-2-
(substituted benzylthio/heteroaryl thio)-

benzimidazoles

Halogens play an important role for the biological

activity. Due to their electrochemical nature halogens

21



22

\

exert a pronounced influence on the biological behaviour
of organic compounds. Halogeh substitution in non-

conjugated positions (negative halogen) usually increases
both useful and toxic properties of active compounds, but

»
30 The increase in toxicity is often

not at the same rate,.
negligible and many medicinal chemists_look on aromatic

halogen substitution, eséecially chlorine as a reasonable
ﬁeans of stepping up activity and widening the margin of

safety in a given series.

The drug triclabendazole (VIII) is well documented

in llterature for its anthelmintic actlvity31 having the

\’j/ SMe

- NH

structural formula as below :

(08} Cl C
O

(VIII)

The following types of compounds (IX) are found

to be active against helminths.32

@ e

Nh

(IX)

where, R = H or Cl; R = H, 2,3 or 4-Cl; 2,5 or

3,5—Cl2, etc.
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In the chemistry of benzimidazoles it was
observed that the biological activity is highly dependent
on the substituents at 2 and 5 position of the benzimi-

dazole moiety.

Thus, the synthesis of series of compounds (X)
type were planned and it was decided to screen them for

their antitubercular and antibacterial activities.

where, R = Various substituted benzyl, 7-chloro,
4-quinolinyl;

R,= p-Chloro; 2,4-Cl,; 2,5-Cl,; 2,3-Cl,.

2;

PART - 1V

In an attempt to extend the biological profile
of benzimidazoles, the synthesis of various 5-(substituted
quinoloxy/naphtholoxy)-6-chloro-2-( substituted benzyl thio)-

benzimidazoles were planned as described below :
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Section - A

Synthesis and study of 6-chloro-5-quinoloxy-2-
(substituted benzylthio/heteroaryl thio)-

benzimidazoles

‘8-Hydroxy quinoline (XI) and P -naphthol (XII)
are the true phenbls, in the series of quinolinols and
naphthols respectively. They show all the corresponding

reactions with each other.

D Qo

N

OH (XI1)
(XI)

OH

In Germany, 8-hydroxy quinoline (XI) was first
introduced in 1885 as an antiseptic and disinfectant.
It is also used as bactericidal. and fungicidal agent in

medicinal preparation.

8-Amino-6-methyl quinoline (XIII) was claimed to
possess antitubercular activity.33 Nitroxolines (XIV) and
its derivative with di-isopropyl amino as an amino

component exhibited very good antimicrobial activity.34

NHQ
_(XIII) (XIV)
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biological effects such as the drug 'tolnaftate',
introduced as an antifungal drug36 having structural

formula as shown below (XVII).

(XVII)

( B-Naphthoxy)-propionalide (XVIII) is a wide

spectrum herbicide for the paddfes.37

0. CHMeCONHPh
N

=

(XVIII)

This finding gave impetus to incorporate this mole-
cule in the benzihidazole moiety at fivé position. Thus,
the synthesis gnd biological studies of these 5—naphtholoxy-
6-chloro-2-(substituted benzylthio) benzimidazole types of

compounds was proposed.

' N
I ' S R
' N
Cl ‘
H

(XIX)

where, R = Substituted-benzyl, 7-chloro-4-quinolinyl.
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CHEMISTRY

Section-A

6-CHLORO-5~PHENOXY-2-( SUB~
STITUTED BENZYL THIO/HETERO-
. ARYL THIO)BENZIMIDAZOLES.
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CHEMISTRY

a) BENZIMIDAZOLE DERIVATIVES :

Biologiéal active benzimidazoles :

The pharmacological history of several thousands
of imidazole derivatives has been established over 30 years,
after the discovery of the antibacterial and antifungal
activity of benzimidazole by Wolley (1944)38 which later
led to the synthésis of behzimidazole derivatives with
strong antiprotozoai and anthelmintic properties. The
discovery of a new antibacterial (Azomycin), a trichomona-
cide (Metronidazole) and anthelmintic agents (Thiabéndazole
and Cambendazole) which contain prominently imidazole
nucleus, has added impetus to investigations in these areas
with particular emphasis oﬁ the synthesis of newer benzi-

midazole derivatives for pharmacological screening.

Chemistry of Benzimidazoles :

The benzimidazole contains a phenyl ring fused to

an imidazole ring as indicated in the structure (I)

y
.
:

(1)



Since compounds of this type were formed by the
loss of water, they are called " anhydro-bases " in the
very early literature, These compounds were formed only
by compounds in which the nitrogen containing groups were
ortho to each other. They were expressed as derivatives
of g-phenylene diamines. The numbering system for

benzimidazole (II) is as follows :

(1I)

Benzimidazole which contains a hydrogen atom

28
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attached to nitrogen in the 1-position readily tautamerise;
ED NyH
—_— S
T
- N.”f
H

Synthesis of 'benzimidazoles :

The last systematic reviews on benzimidazoles

2 and 195341, although subsequent

surveys have appeared in articles?®~44 covering the

were published in 19514

chemistry of both imidazoles and benzimidazoles. In-the



latest review45

and spectroscopic properties of benzimidazoles is

presented.

General Methods :

Synthesis of benzimidazoles' starts practically
with o-phenylene diamines, In the literature survey, we
have come across the following methods used for the

synthesis of benzimidazoles :

a) by reacting o-phenylene diamines with carboxylic

acids.46’47

b) by reacting o-phenylene diamines with acid

chlorideé,48’49 ester50 or acid anhydride.51
. : - . . < 3.92
c) by reacting o-phenylene diamine with amide”“ or
nitrile.53
: . - e 54
d) by reacting o-phenylene diamine with aldehyde~ or
ketoness,
, . . 56
e) by reacting o-phenylene diamine with urea or
thiourea,57 and

f) by reacting o-phenylene diamine with isothiocyanate.

Properties of benzimidazoles

The benzimidazole nucleus is very stable in

character. It does not get easily oxidised by reduction.

, a compliation of the synthesis, reactions

58

29
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Benzimidazoles are weakly basic, but somewhat less basic
then imidazoles. Accordingly, they are, in general,

soluble in dilute acids. Benzimidazoles are also suffi-
‘ciently'acidic to be soluble in aqueous alkali and form

N-metallic compounds.

2-Mercapto benzimidazole :

2-(3H)Vbenzimidazole thione (III) and 2-mercapto
benzimidazole (IV) are tautameric substances analogous to

2-(3H)-benzimidazolone and 2—hydroiy benzimidazole,

I::II:j—bJ H F
—_—
T‘é ASH

(I11) (1V)

< Iz

Different methods of preparation of

2*mercapt6 benzimidazole :

a) Synthesis from o-phenylene diamine and

carbon disulfide

2-Mercapto benzimidazole, in general, may be
prepared very conveniently by this method. The reaction
is carried out usually by heating the reactants in |
alcoholic solution with or without the addition of alkali
to the reaction mixture. 2-Mercapto benzimidazole (IV),

itself, has been prepared by this method.sg’60
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NH2 . Alkali
+ csz——————> )\ + H,S
SH
Hy

(IV)

o-Phenylene diamines containing substituents in
the phenyl ring have been used, including those containing

61 62 ) . B3 ... 64

alkyl, halogen, phenyl, aniline and sulfona-

mid065 groups.

b) From g-phenylene diamine and thiourea :

This reaction is analogous to the preparation of
2-hydroxy benzimidazole from g-phenylene diamine and urea.
Substituted-2-mercapto benzimidazoles (VI1) may be
prepared by this method by heating substituted g-phenylene‘
diamine dihydrochloride (V) and thiourea (VI) to

170-180°¢, ©©

Excellent yields have been obtained by
carrying out the reaction in amyl alcohol and heating

under reflux until the evolution of ammonia becomes

negligible.
R NH, R |
+ H2N—lC‘:—NH2 \@j\ + 2-NH, T
H, S N7 S
+HC1 (V1) ' ' H ,
(V) (VII)



c) From g-phenylene diamine and thiophosgene :

Billeter and Steiner67 obtained 2-mercapto benzi-
midazole and S5-methyl-2-mercapto benzimidazole by action
of thiophosgene on g-phenylene diamine and 3, 4-~diamino
toluene, respectively. 3,4-Diamino benzene arsenic acid
and thiophosgene gave 78 % yieid of 2-mercapt07§—afsenic

acid benzimidazole.68

R H : R
2 -2 HCl
, + CsCl, ——> /”\
H y SH
: H

2

(VII)

d) Miscellaneous methods :

2-Mercaptobenzimidazole can be prepared in 84-86.5%

yield by the action of potassium ethyl xanthate on

69 2-Mercapto benzimidazoles have

o-phenylene diamine.
also been prepared from o-phenylene diamine, dihydrochlo-
ride and ammonium thiocyanate. A solutién of the two
substances is usually evaporated to dryness on a steam-
bath and then heated for short time. By this method,
2-mercapto benzimidazole70 and 5-chloro71, 4-—methyl72

and 5-methyl derivatives of 2-mercapto benzimidazole have

been prepared.

32
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Synthesis of 2-mercapto benzimidazoles

and its Na salt :

5~-Substituted-6-chloro-2-mercapto benzimidazoles
were prepared by the general ahd convenient method, such
as refluxing 4,5-disubstituted-o-phenylene diamine (VIII)
with CS, in the presence of alkali (KOH) for 3-4 hours-:
in ethanol and neutralizing with aqueous AcOH. Then
sodium salt of 2-mercapto benzimidazole (IX) was prepared

by sodium ethoxide in ethanol.

R NH2 R
Alkali N
+ CS, ———> ‘JL\
Ethanol N SH
cl NH,, R l
(VIII) H

' R
C2H50Na N

> I
Ethanol : /J\\ +

ci v SNa
H

(1X)

wﬁere, R = Phenoxy, biphenoxy, halogenated phenoxy,
naphtholoxy, etc.



Probable reaction mechanism :

/

Simple nucleophilic addition to the carbon atom

of reactive carbon disulphide.

B o igj.H §H2
Z oLy v S R (\;
\ -SH =
T . NH—C~—SH
H .
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Reactions of 2-mercapto benzimidazoles :

In general, sulphur compounds show greater
nucleophilic reactivity than their oxygen analogs and
substitutions by sulphur containing nucleophiles often
occur under very mild conditions, and give high yields.
The common leaving groups include halide;'sulphonate ions,

as usual and water (from conjugate acids of alcohols) e.q.,

1) CHaSH + (CH4),CHCH,-Br ———» CH,=S-CH,-CH(CH;), + HBr

2) Nat-scN + (CHy) ,CH-Br ———> (CH;) ,CHSCN + NaBr.

2-Mercapto benzimidazoles are generally stable substances

and soluble in dilute alkali.

Alkylation occurs readily with replacement of the
'2-mercapto hydrogen to yield s-alkylated derivatives.72’73
2-Mercaptobenzimidazole may be treated with chloracetic

acid by refluxing in 2N sodium hydroxide solution. ?

N NaOH
Jl\ + ClCH,-COO0H ——> |
| T SH o ? SCH,COOH
H : H .

Similarly, 2-chlorobenzothiazole (IV) reacted with

2-mercapto benzimidazole yields 2-(benzothiazole-2'-mercapto)-
5

.

benzimidazole hydrochloride (V) in 86 % yield.7



/i\SH . S/l\'Cl

N
|
H (1V)
(1)
N
| .HC1
© NJ\S)\"/'_
|
H
(v)
b) CHEMISTRY OF BENZYL HALIDES : , p

Halogenation :

Halogenation is one of the most useful method for
introdﬁction of substituents in an aromatic system.
Reactive substrates are substituted very rapidly. The
carbon-halogen bond is a polar bond because of the high
electronegativity to halogen. In an alkyl chlorides, for
example, there is a slight posifive chérge on the carbon

and a slight negative charge on halogen.

é@l - da

e (B,

The carbon of“an alkyl halide is, therefore, a good

target for attack by a nucleophile.

36
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" Aromatic haldgen compounds

There are two types of halogen componnds - i) the
nuclear substitution products and ii) the side chain

substitution products.

i) Nuclear substitution products (aryl halides) :

These compounds may be prepared by the following

methods.

1) Direct halogenation : Low temperature and the

presence of a halogen carrier favour nuclear substitution.
Chlorination and bromination may be carried out at ordinary
temperature in the presence of an iron, e.g., chlorobenzene
is formed when benzene is treated with chlorine (1 mole)
in the presence of iron.
. Fe ‘.

C6H5 + Clz-———————> CéHSCl + HCl1

When toluene is brominated in the presence of iron
(using 1 mole Br,), a mixture of g and p-bromotoluenes

is obtained.

Brz/Pe .
C6H5CH2 4;=CH3C6H4Br + HBr

2) Treatment of nuclear hydroxy compounds with
phosphorus pentachloridé resulfs in the formation of nuclear

chlorinated compounds.
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C6H50H i PC15 ——————“%'CéﬂsCl + POCl3 + HCl.

3) Decomposition of diazonium salts under suitable

conditions is_generally the most saiisfactory method for
preparing nuclear derivatives in the presence of cuprous

chloride.

CuCl

4) The silver salts of many aromatic acid react

with bromine to form aryl bromides.

6 5COOAg + Br2——————9 CeHgBr + CO2 + AgBr.

ii) Side chain substituted compounds :

Side chain substitution is favoured by high
temperature and light and the absence of halogen carriers
e.g., when chlorinated at its boiling point in the presence

of light, toluene is converted into benzyl chlorides.

. hy
C6H5CH3 + C12-——;————>C6H5CH2C1 + HC1

It is generally believed that side chain substitu-

tion proceeds by a chain reaction.
cl, ——> 2-c1”
C6H5CH3 + c1*‘——————————> CeHgCH, "
CeHgCH,  + Cl, ———»CHCH 0L + CLF , etc.
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Similarly, bromination of p-chloro toluene at

120°C in the presence of light gives p-chlorobenzyl

bromides.

Br2

hy/1209:

P-C1C HgCH, -> p-C1CH ~CH,Br + HBr.

p~-Bromo, chloro, fluoro benzyl bromide :

These were prepared by bromination of p-bromo
toluene, p-chloro, and p-fluoro toluene as a side chain
substitution at 120°C in the presence of light to get

B-bromo76, p-fluoro, p-chloro benzyl bromides.

Br2/12O°C R
CH3 R 3 BrCH2
. , Light

4

where, R = Cl, F, Br.

2,4-Dichloro and 3,4-dichloro benzyl bromides

Bromination of 2,4-dichloro toluene at 120°C in the

presence of light gives side chain substitution product,

i.e., 2,4-dichloro benzyl bromide.77 )
Cl Cl
Br2/12O°C
Cl CH3 > Cl CHzBr
Light

Similarly, 3,4-dichloro benzyl bromide78 was obtained

from 3,4~dichloro toluene,
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2-Chloro-4~nitrobenzyl bromide :

It was prepared by bromination of 2-chloro-4-
nitro toluene with N-bromo succinamide by refluxiﬁg in
carbon tetrachloride in the presence of benzoyl peroxide
under illumination.79 IWhereas,.2—¢hloro-4-nitro toluene
was obtained by chlorination of p-nitro toluene by passing
chlorine gas at 50-60°C in the presence of SbCly and

80
FeCls.

Cl

C1,/50-60°C ' NBS/CCly4
0 CH > ON CH >
2 @ 3 o 3 Lignt

Cl

c) CHEMISTRY OF INTERMEDIATES :

4-Chloro-3-substituted-o-phenylene diamine is the
major intermediate required for the synthesis'of S5-phenoxy=-
6-chlofo-2-substituted benzyl or aryl thio benzimidazoles
in this section. The most convenient route adopted
here is that from’3,4—dichloroaniline (I). It was
acetylated and the acetyl derivative (II) was nitrated
with concentrated H,S0, and concentrated HNO; at 055°C,
exclﬁsively 2-nitro-4,5-dichloroacetanilide (III) is
obtained. It was hydrolysed with 10% HCl to 2-nitro-4,5-

dichloro aniline (IV) as shown below :



Rt

41
NH, NHCOCH3 NHCOCH,
Acetylation HNO3 + H2$04 02N
| d - —
Cl Cl Gl
Cl . Cl Cl
(1) (11) : (111)
Hydrolysis
NO2
Cl
Cl
(1V)

The purified 2-nitro-4,5-dichloro aniline (IV)
was further reacted in the presence of anhydrous potassium
carbonate with phenol, halogenated phenols, f;—naphthol
and 8-hydroxy quinoliné by using DMF as solvent to obtain
the corresponding phenoxy derivatives (V). The sequence

of reaction could be explainéd as below :

NH2 ¥ i
NO2 K2CO3 - R-O NH2
+ R-OH ——_ 3%
‘ DMF :
Cl cl NO,,
(1IV)

Where, R = Phenol, halogenated phenols, P—ﬂaphthol,
8-hydroxy quinoline.



The above (V) 2-nitro-4-chloro-5-phenoxy
derivatives were further converted to the corresponding
o-phenylene diamines by reduction with Raney nickel in

presence of hydrogen gas or with anhydrous sodium sulphide.

In the above set of reaction it could be noted
that, in spite of using 2-nitro;4,5—dichloro acetanilide,
its hydrolysed product i.e., 2=-nitro-4,5-dichloro aniline
reacts very smoothly and with high yield in the phenolic
compounds in the presence of potassium carbonate and
thus, there is no need of protecting the amino function
in this molecule. On the contrary, because of the nitro
and amino groups are in vicinity to each other probably
there comes the phenomenon of hydrogen bonding of the
vicinal amino and nitro groups and the electrowithdraw-
ing nature of nitro group’is more pronounced and to that

is reflected in giving good yield of the phenoxy compound.

The phenomenon of hydrogen bonding could be shown

as below : T
N edci
H/i @
i 74
g@be——(ﬂi Gl
0

The final compounds 6-chloro-5-phenoxy-2-(substi-
tuted benzyl thio) benzimidazoles were obtained, which are

shown in Scheme I.

42




c1 NHCOCH., - Cl HCOCH
3 MNOy/Hy80, 3 Hydro- cL NH2  R-OH/K,003
(o] Tt e
0~5"C 5 lysis v DMF
o1 Cl 2 Cl Oy
(11) (I1I1) (Iv) ,
R= Phenyl,
biphenyl.
R
1 0 NAOH/KOH/CS,
R'-CH,-Br + | R
2 E
(VIII) ! c1 N s Na/K
, : H
EEthanol (VII)

<

(IX)

R-

Various substituted aryl

7-chloro, 4-quinolinyl.

R-0 H

Cl

=
e
N

=

-, = > wp - —~

Reduc%ion by
Raney Ni/H2
¢ ]

'
A

R-0 :: vH2
c1 NH,
(V1)

£3
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EXPERIMENTAL

PREPARATION OF SUBSTITUTED BENZYL HALIDES :

2,4-Dichlorobenzyl bromide :

2,4-Dichloro toluene 16.1 g (0.1 mole) was taken
in 250 ml 3-necked round bottomed flask provided with
mercury sealed stirrer, a~dropping funnel and reflux
condenser with a guard tube, The flask was placed in a.
gas chamber in an oil-bath, at 120°C (bath temperature)
and exposed to light.of a 100 Watt lamp with constant
agitation. Then bromine 22.4 g'(0°14‘mole) was added
during 2 houfs and the stirring was continued for another
30 minutes., By this time, the evolution of hydrogen
bromide was ceased. The resulting oil as 2,4=-dichloro
benzyl bromide was vacuum distilled.

Yield : 20.0 g (83.3 %); b.p. 125-32°C/8 mm.

81

(Lit.”" b.p. 126-133°C/8 mm).

Similarly, 3,4-dichlorobenzyl bromide was prepared
from 3,4-dichloro toluene by taking the same quantities

and the resultant oil was vacuum distilled.

Yield : 19.2 g (80.0%); b.p. 115-120°C

Pyridinium salt m.p. 210°C.

82

(Lit.°“ b.p., m.p. 210-211°C).
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Q-Bromotoluene g

At first the hydrobromic acid -~ cuprous bromide
solution was prepared by taking a mixture of crystalline
copper sulphate 31.5 g (0.125 mole), copper turnings 10.0 g
(0.15 mole), sodium bromide dihydrate 77.0 g (0.55 mole),
conc. sulphuric acid 15:0 g (8.2 ml; 0.14 mole) and
water (500 ml) in 2-litre round bottomed flask and
refluxing over a flame for 3-4 hours until the colour

became yellowish,

-

Then the diazonium solution of E-tolhidine was
prepared as follows : A solution of p-toluidine 53.5 g
(0.5 mole) and conc. sulphuric acid 98.0 g (53.5 ml;

0.95 mole) in a 500 ml of water was cooled below 20°C

and diazotized'with a solution of sodium nitrite 35.0 g
(0.5 mole) in 60 ml of water. This required 20-30 minutes.
The temperature was maintained between 15 and 20°¢C by

means of ice-bath.

A three-litre round bottomed flask containing
hydrobromic acid~cuprous bromide soiution was arranged
for steam distillation. After this was heated, the
diazonium solution was gfadually added from a separatory
funnel and a current of steam was passed through the
reaction mixture at the same time. This process required

two hours. The aqueous steam distillate was made alkaline
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with sodium hydroxide solution and the crude product
Q;bromo‘toluene was separated from the water layer. This
product was purified by washing once with conc. H2SO4,
then with water. It was dried over a little calcium

chloride, filtered and distilled.,

Yield : 55.58 g (65.0 %); b.p. 183-185°C; m.p. 24-25°C.

83

(Lit.”” b.p. 183-185°C; m.p. 25-26°C).

s

p-Bromobenzyl bromide :

p-Bromotoluene 20.4 g (0.12 mole) was taken in-
250 ml 3-necked round bottomed flask equipped with mercury
sealed stirrer, a dropping funnel and a reflux condenser
with guard tube. It was then heated in an oil-bath at
120°C (bath temperature) and illuminated with the light
of a 100 Watt lamp. Then bromine 20.4 g (06.128 mole)
was added dropwise during the period of 2 hrs and stirring
was continued for further 30 minutes. By this time the
evolution of hydrogen bromide had ceased.. The product,
p-bromobenzyl bromide solidified upon standing and was

filtered and quhed three times with 10 ml of alcohol.

Yield : 19.38 g (65.0 %); m.p. 60°C.

76

(Lit.'® m.p. 61°C).



2-Chloro-4-nitrotoluene :

A mixture of p-nitrotoluene 50.0 g (0.36 mole),
antimony trichloride 5,0 g (0.02 mole) and ferric
chloride 5.0 g (0.03 mole) was taken in a 500 ml two-
necked round bottomed flask with guard tube and gas
passing tube, fhe mixture was melted on water-bath at

50-60°C, then dry chlorine gas was passed through the

47

mixture at 50-60°C for 1.5 hrs or till the weight increased

by 22 gms of chlorine., Then the mixture was quenched
with water and steam distilled. The product 2-chloro=4-
nitrotoluene was obtained by the filﬁration of distillate

and crystallized from ethanol.

Yield 58.6 g (93.6 %); m.p. 65-66°C.
(1:t.89 m.p. 65-67°C).

2-Chloro-4-nitrobenzyl bromide :

2-Chloro-4-nitrotoluene 17.15 g (0.1 mole) and
N-bromo succinamide 16.4 g (0.1 mole) were taken in
- 250 ml round bottomed flask with 1 g of benzoyl peroxide
in 100 ml carbén tetrachloride. Th;s mixture was refluxed
on water-bath under illumination of l{ght of 100 Watt
lamp for 2 hrs. Then the mixture ﬁas filtered to remove
'succinamide_and product, 2-chloro-4-nitro benzyl bromide
was obtained from the filtrate by removal of solvent and

cooling. It was crystallized from methanol.



Yield : 15.0 g (60.0 %); m.p. 45°C.

79

(Lit.'” m.p. 46°C).

p-Nitrobenzyl bromide :

In a 1 litre three-necked flask was placed
300 g (22 moles) of technical p-nitrotoluene (m.p. 51—52°C).
The flask was fitted with a liquid seéled stirrer,
reflux condenser and a separatory funnel arranged so
that the steam reaches nearly to the bottom of the flask.
The condedéer was attached to a glass trap. The flask
was heated in an o0il bath at 145-50°C and 365 g (188 cc;
2.3 moles) of bromine was added dropwise over a period
of 2 hours and heating and stirring was continued for
further 30 minutes. By this time the evolution of
hydrogen bromide had ceased. After cooling at 20°C the
crystals were filtered and washed three times with light

petroleum.

Yield : 315 g (66.0 %); m.p. 99°C.

84

(Lit.°" m.p. 98-99°C)..

%8



TABLE-II. Substituted-benzyl halides

R
{
CH,-X
No. R, R, X B.p.°C M.p.°cC. Reported Reported
b.p.°C m.p.OC
1. H 4-Bromo - Bromo - 60 - 61
2. 2-Chloro 4-Bromo . Bromo 125-32/8mm - 126~33/8mm -
3. 3-Chloro 4-Chloro Bromo 115-20/6mm 210" - 210-11
4, 2-Chloro 4-Nitro Bromo - 45 . .46
5, H 4-Nitro Bromo - 99 - 99-100
6. H 4-Fluoro Chloro 85-87/30mm - 87/30 mm -

* . ’
Characterised as Pyridium salt.

S



3,4-Dichloro acetanilide :

In a 500 ml round bottomed flask, equipped with
a reflux condenser, was placed 35.64 g (0.22 mole) of
3,4-dichloro aniline, 22,45 g (20.78 ml; 0.22 mole) of
acetic anhydride, 13.21 g (12.7 ml; 0.22 mole) of glacial
acetic acid and 0.1 g of zinc dust. The mixture was
boiled gently for 30 minutes and then the hot liquid was
poured in a thin stream into a gne-litre beaker contain-
ing 500 ml of cold water whilst stirring was continued.
It was cooled by using ice and the crude product was
filtered at the pump énd washed with a little cold water.
It was dried on filter paper in the air. It was recrysta-
llised and air-dried. i

Yield : 35.99 g (80.0 %); m.p. 120°C.

85

(Lit.%” m.p. 121°0).

4,5-Dichloro-2-nitro acetanilide :

A solution of 3,4-dichloro acetanilide 10.2 g
(0.05 mole) in 10 ml concentrated sulphuric acid was taken
into 50 ml three-necked round bottomed flask, equipped
with a mechanical stirrer, a thermometer and a dropping
funnel. It was stirred at 0 to 10°C. Nitrating mixture
(conc. H,50, 10 ml, d 1.84 and nitric acid 2.2 ml, d 1.42)
was added dropwise at 0°C to 10°C. The reaction mixture

was stirred for further 2 hours at this temperature. Then
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reaction mixture i.e., nitrating product was precipitated
by pouring the acid mixture on crushed -ice with viéorous
stirring, the temperature being maintained at 0°C. It

was neutralised by liquor ammonia, the crude 4,5-dichloro-
2-nitro acetanilide was filtered, washed with ice-cold
water, until neutral pH., The product was.recrystallized
from ethanol.

vield : 9.5 g (76.5 %); m.p. 123°C.

86

(Lit.°° m.p. 122-124°C).

4,5-Dichloro-2-nitro aniline :

To a solution of 24.9 g (0.1 mole) of 4,5-dichloro-
2-nitro acetanilide in 30.ml of boiling ethyl alcohol
added a solution of 5.6 g (0.1 mole) of KOH in 10 ml of
water. It was refluxed for 40 minutes, It was diluted
with 120 ml of water and distilled until 75 ml of distillate
(alcohol and water) was collected. The residue was
poured into 150 ml of cold water., The 4,5-dichlof0-2-
nitro aniline was separated out. It was filtered at the
pump and washed with cold water., The crude material was
purified from ethanol.

Yield : 15.69 g (75.80 %); m.p. 176°C.

87

(Lit.®’ m.p. 178.5-179°C).
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4-Chloro-2-nitro-5-phenoxy aniline :

A.mixture of 2.07 g (0.01 mole) of 4,5-dichloro-
2-nitro aniline and 0.94 g (1 ml; 0.01 mole) of phenol
with 0.99 g (0.01 mole) of potassium carbonate was
heated at 115-120°C for three and half hours in DME.

The reaction mixture was ground in a mortar with 300 ml of
warm water, The solid was removed by filtration, washed
with water and the product recrystallized twice from

ethanol.

vield : 1.88 g (71.5 ¥); m.p. 134°C.

Analysis for C12H901N2O2 :
% C % H % N

Calcd. 54,44 3.40 - 10.58
Found 54,71 3.28 10.39

Preparation of 4-phenoxy-5-chloro-

‘o=-phenylene diamine :

In a hydrogenation bottle was taken 4-phenoxy-5-
chloro-2-nitro aniline (3.174.g; 0.012 mole) in alcohol
(40 ml). The reaction mixture was heated on water-bath
to dissolve the nitro compound. Raney nickel (1.0 g)
added to reaction mixture. This reaction mixture was
hydrogeﬁated in a Parr hydrogenator. After complete
reduction, the content of the bottle was filtered through

flutted filter paper. The Raney nickel was decomposed with



dilute HCl (9 ¥). The filtrate was concentrated under
reduced pressure, The residue was recrystallized from

hot benzene-petroleum ether.

Yield : 1.82 g (65.0 %); m.p. 84-85°C).
Analysis for C12H11C1N2Q :
% C % H % N

Calcd. 61.40 4,69 11.94

Found 61.00 4,48 11.78

2-Mercapto-6-chloro=-5-phenoxy-

benzimidazole :

Potassium hydroxide (9;6 g; 0.17 mole) was
dissolved in the mixtufe-of 150 ml ethanol (95 %) and
30 ml water. To this, 13.5 g C52 (10.71 ml; 0.17 mole)
was added with stirring. This solution, at boiling
temperature was added dropwise to a solution of 39.74 g
(0.16 mole) of 3-phenoxy-5-chloro-g-phenylene diamine in
300 ml of ethanol, after 6 hrs, fhe EtOH was evaporated,
the white residue was dissolved in HZO and the product
precipitated by addition of 25 ml of EtOH to 76 ¥

S-phenoxy-6-chloro-2-mercapto benzimidazole, m.p. 230°C

(EtOH).
Yield : 32.29 g (73.0 %).
Analysis for C; 3HgCIN,OS : % C % H % N

Calcd. 56,52 3.26 10.14
Found 56.40 3.08 9.91
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6-Chloro-5~-phenoxy=-(3, 4-dichlorobenzyl) -

thiobenzimidazole :

A solution of sodium salt of 6-chloro-5-phenoxy-
2-mercapto benzimidazole 2.97 g (0.01 mole) and 3, 4-di-
chloro benzyl bromide 2.39 g (0.01 mole) in 30 ml of
ethanol was refluxed on water-bath for 3 hours. :Then
the solvent was removed under reduced pressure and some
water added to it. The 6-chloro-5-phenoxy (3,4-dichloro-

benzyl) thiobenzimidazole precipitated out and filtered.

Recrystallized from methanol.

Yield : 3.04 g (70.0 %); m.p. 182°C.
Analysis for C20H13C13N250 :
% C % H % N

Calcd. 55.10 2.98 6.42

Found 55.54 2.5 6.66

Similarly, other substituted benzyl derivatives
of 6-chloro-5-phenoxy-2-mercapto benzimidazole were
prepared and their physical data is summarised in

Table III.
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TABLE III. 6-Chloro-5-phenoxy-2-(substituted benzyl or heteroaryl thio)-

benzimidazoles.

o,

‘

Elemental Analysis

No. R Yield 'M.p.°C” Mol. formula
% Calcd. % Found %
C H N c H N
1. 4-Chlorobenzyl 59.52 275 ChoHi4CLN,0S  59.85 3.49  6.98 59.72 3.39  7.02
2. 4-Bromobenzyl 62.00 225 CooHy4CLBIN,OS  53.87 3.14  6.28 54.01 3.25 6.37
3. 4-Fluorobenzyl 65.00 238 CooHy 4FN0S 62.41 3.64 7.28 62.37 3.52 7.19
4. 4-Nitrobenzyl 58.00 110 CooHy4CINZ05S  58.32 3.40 10.20 58.43 3.38 10.35
5. 3,4-Dichlorobenzyl 70.00 182 CogHy3ClaN,0S  95.10 2.98  6.42 95.54 2.51  6.66
6. 2,4-Dichlorobenzyl 76.00 207 C,oHy3CL3N0S 55.10 2.98 6.42 55,37 2.85 6.39
7. 2-Chloro-4-nitro- 79.00 115 CooHy3CloNg05S  53.81 2,91  9.41 53.62 2.79  9.52
benzyl | 0
8. 7-Chloro-4-quino- 68,10 210 CopHy4CLNZ0S 6013 3.18  9.56 60.34 3.32  9.69

linyl

Melting points are capillary melting points and are uncorrected.
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CHEMISTRY

6-CHLORO-5-BIPHENYLOXY-2-(SUBSTITUTED BENZYLTHIO/
HETEROARYLTHIO) BENZIMIDAZOLES :

‘a) 2-Nitro-4-chloro-5-biphenyloxy aniline :

4-Hydroxy biphenyl was reacted with 2-nitro-4,5-
dichloro aniline to get 2-nitro-4-chloro-5-biphenyloxy
aniline (III). Thus, equimolar quantities of 2-nitro-
4,5=dichloro aniline (I) and 4-hydroxy biphenyl (II) in
dimethyl formamide were treated at 120°C in presence of
K,005. Title compound was isolated and crystallized from

ethanol.

CL__~_ . NH, ' |
DME
O + OH ——6——)
> No, 120°C

(1) (11)

b)v6—Chloro-5-biphenyloxy-2-mercapto-

benzimidazole :

The compound 2-nitro-~4-chloro=5-biphenyloxy aniline
(III1) was reduced over activated Raney Ni/H2 in Parr
hydrogenation apparatus to yield 4-chloro-5-biphenyléxy—o-
phenylene diamine (IV). This was then treated with carbon

disulfide in presence of alkali in ethanol. The compound
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thus obtained was neutralized with acetic acid to yield

the title compound (V). Recrystallized from ethanol.

@ @ 0 NH, Raney Ni/H,
N

) Reduction?
ci NO -
2 .
(I1I) (V)
OO
CS,/Alkali @:‘»_— sy
2 cl v
H |
) (V)

Sodium salt of 5-(biphenyloxy)~-6-chloro-2-

mercapto benzimidazole :

Equimolar quantities of 5-(biphenyloxy)—6—chloro—
- 2-mercapto benzimidazole (V) and sodium ethoxide were
refluxed in dry ethanol in anhydrous condition yielding

the sodium salt (VI). .
| - —N
OO~ @.,' O A
M+ NeOHgCy 4 - N SNa
el NooSH

(VI)
(V)

5-(Biphenyloxy)=-6-chloro-2-substituted benzyl
or heterocaryl thiobenzimidazoles :

Sodium salt of 5-biphenyloxy=-6-chloro-2-mercapto

benzimidazole (VI) was refluxed with various substituted



benzyl bromide (VII) in equimolar quantities in ethanol

yielding titled compounds (VIII).

H

(VIiI)

(V1)
Re flux

. o
|
H

(VIII)

Ethanol

R
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4~-Chloro=-2-nitro-5-biphenyloxy aniline :

In a 50 ml round bottomed flask a mixture of °
4, 5-dichloro-2-nitro aniline 2,07 g (0.01 mole),
4-hydroxy biphenoxy 1.7 g (0.01 mole) and potassium
carbonate 0.99 g (0.01 mole) was refluxed.in DMF for
6~8 hours. The hot reaction mixture was poured on crushed
ice. 5-Chloro-2<nitro-4-biphenoloxy aniline was separated

out, It was filtered and purified from ethanol.

Yield : 2.40 g (71.0 %); m.p. 120°C.
Analysis for C18H“C1N203 :
%C - %H % N

Calcd. 63.81 3.24 8.27
Found 64,01 3.31 8.38

Preparation of 4-biphenyloxy-5-chloro-

O-phenylene diamine :

Procedure as described in Part II, Section (A),

page'No-52.-

Yield : 2,097 g (68.0%); m.p. 115°C.

Analysis for C18H13ClN20 g

% C % H % N

Found 70.00 4,32 8.97
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3

2-Mercapto-6-chloro-5-biphenyloxy benzimidazole :
Procedure as described in Part II, Section (A)
page No.53 .

Yield : 2.29 g (65.0 %); m.p. 255°C.
Analysis for C,,H,,CIN.S :

1913 2
% C % H % N
Calcd, 67.73 3.86 8.31
Found 67.51 3.42 8.57

6-Chloro-5-biphenyloxy-(2',4'~dichlorobenzyl)thio-
benzimidazole

A solution of sodium salt of S5-biphenyloxy-6-
chloro-2-mercapto benzimidazole 3.74 g (0.01 mole) and
2, 4-dichlorobenzyl bromide 2.39 g (0,01 mole) in 30 ml of
ethanol was refluxed on water-bath for 3 hours. Then the
solvent was removed under reduced pressure and some water
added to it. The 6—chloro-5;biphenyloxy—(2,4-dichlorobenzyl)—
thiobenzimidazole precipitated out and filtered. Recrystall-

ized from chloroform and hexane,.

Yield : 3.57 g (70.0 %); m.p. 130°C.

Analysis for C26H17C13N2OS v

% C % H % N

Calcd. 60.99 3.32 5.47
Found  60.83  3.03 5.39

Similarly, other substituted benzyl derivatives of
6-chloro-5—biphenylbxy,2—mercapto benzimidazole were prepared

and their physical data is summarised in Table IV.



TABLE IV. 6-Chloro-5-biphenyloxy-2-(substituted benzyl or'heteroaryl
thio)benzimidazoles.

clL N
H
R vield + M.p.°C™ Mol. formula ‘ Elemental Analysis
% Calcd. % Found %
C H N c H N-

4-Chlorobenzyl ) 62.0 210-11 C26HiBCl2N208 65,40 3.77 5.87 65.39 3.78 5.69
4-Bromobenzyl 66.0 208 CogHygBTCINSOS 59.82 3.45 5.36 59.79 3.39 5.48
4-Fluorobenzyl 60.0 240 CogH gCLIN,0S 67.75 3.90 6.08 67.69 3.79 6.27
4-Nitrobenzyl 55.0 138 CogHigCIN;04,8 64.00 3.69 8.61 64,31 3.57 8.58
. 3,4-Dichlorobenzyl 65.0 257 CogHy7CLaN,0S  60.99 3.32 5.47  60.69 3.51 5.39
2,4-Dichlorobenzyl 70.0 130 CogHy7CLaNS0S  60.99 3.32 5.47  60.83 3.03 5.39
2-Chloro~4-nitrobenzyl 71.0 188 ’C26H17012N203s 61.41 3.34 5.51 61.39 3.09 5.60
7-Chloro-4-quinolinyl  73.0 205 CoghygCloN0S  65.24 3.49 8.15 65.39 3.38 8.25

Melting points are capillary melting points and are uncorrected.

1
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CHEMISTRY

6~CHLORO-5-(SUBSTITUTED PHENOXY)-2-(SUBSTITUTED-
BENZYL THIO/HETEROARYL THIO)BENZIMIDAZOLES :

This section deals with the preparation of 2-nitro-~
4-chloro-5-(substituted phenoxy) aniline (II). The
active nature of chlorine at position 5 takes part in the
substitution of phenoxy group in presence of anhydrous
.K2CO3 in DMF at 120°C. The desired product is obtained

in quantitative yield.

2-Nitro-4-chloro-5-(substituted phenoxy) aniline
(I1) is further reduced by using Raney Ni/Hz; The
feaction is very clean and gives good yield. This reduced
compound (III) was further reacted with CS2 in presence
of NaOH to obtain sodium salt of 2-mercapto-6-chloro=5-
substituted phenoxy)benzimidazole. It was further
neutralized by using aqueous acetic acid. This thio com-
pound (IV) was recrystallized from ethanol. It was
further converted into sodium salt with sodium ethoxide.
The corresponding Na salt derivative (V) was condensed
with substituted benzyl halides in ethanol at reflux
‘temperature. The final compound (VI) was recrystalliéed
in'ethanol. The sequence of reactions involved, are

described as below in ‘Scheme - II. , -

-
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SCHEME - II -

Cl NH -0 ' NH
. 2 DMF/KQCO3§3§E§> 2
. + HO 1200 7R . -

Cl No, R ¢ Cl 5

(11)
(1)
| !
Raney Ni/H2 ' Reduction
‘ i
N/
' NH

;<§;§>“0 . CS./Alkali 2
\ N 2
R l <
A i Ethanol R NH

af ‘ SH ot 5
| H
(1V) (I1I)
C,HONa g Ethanol
A v :
. ¢l ~i Sha
H
(V)
Reflux Ethanol

R.

Ed

=

R = 4-Chloro, 2,3-di

<-----<q-

J\]‘ R
i
H

chloro, 2,5-dichloro, 2,4-dichloro.

(VI)
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EXPERIMENTAL

Synthesis of 4-chloro-2-nitro-5-(2',3'-dichloro-

phenoxy)aniline

A mixture of 4,5-dichloro-2-nitro aniline 2.07 g
(C.01 mole), 2,3-dichlorophenol 1.63 g (0.01 mole) and
potassium carbonate 0.99 g (0.01 mole) was refluxed in
DMF for 6-8 hours, The hot reaction mixture was poured
on crushed ice. 5-Chloro-2-nitro-4-(2',3'-dichloro
phenoxy) aniline was separated out. It was filtered and

recrystallized from ethanol.

Yield : 2.29 g (69.0 %) m.p. 122°C.

Analysis for C12H7C13N203 3

% C - % H % N

Calcd. 45,07 2.19 7.43
Found 45.00 2.15 7.31

Preparation of 4-(2',3'-dichloro phenoxy)-5-chloro-

géphenylene diamine :

Method as described in Part II, Section - A,

page No. 52.

Yield : 1.96 g (65.0 %); m.p. 83-84°C.

Analysis for C12H9C13N20 :

%$C  %H % N
Calcd. 47.44 2.96 9.22

Found 47.09 2.82  9.43
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2-Mercapto-6-chloro-5-(2',3'~dichlorophenoxy) -

benzimidazole :

L]

Method as described in Part II, Section (A),

page No.53.

Yield : 2.34 g (68.0 %); m.p. 214-15°C.
Analysis for C,H,CLN,S : |
% C % H % N

Calcd. 47,33 2 12 8.49

. Found 47.58 2.37 8.62

6-Chloro-5-(2',3'-dichlorophenoxy)-2-(3, 4-dichloro-
benzyl thio) benzimidazole :

Sodium salt of 5-(2',3'-dichloro phenoxy)-6-chloro- .
2-mercapto benzimidazole 3.67 g (0.0t mole) and 2,4-dichloro
benzyl bromide 2,40 g (0.01 mole) were refluxed in ethanol
for 3-4 hours. The solvent was removed under reduced pressure
and some water added to it. The 6-chloro-5-(2',3'~dichloro
phenoxy)—2-(3,4-dichlo:obenzyl) thiobenzimidazole precipi=~

tated out and filtered. Recrystallised from chloroform.

Yield : 3.52 g (70.0 %); m.p. 110°C.

Analysis for 020H11Cl5N208 : % C % H % N

Calcd. 47.57 2.18 o3 Lo
Found 47,53 2.09 5.48
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Similarly, other substituted bénzyl derivatives of
6-chloro-5-( substituted phenoxy)-2-mercapto benzimidazoles
and 6-chloro-5-(4'-chlorophenoxy)-2-mercapto benzimidazoles

were synthesized and their physical data is summarised

in Tables V, VI, VII and VIII.



TABLE V. 6-Chloro-5-(4'-chloro-substituted phenoxy)-2-(substituted benzyl
or heteroaryl thio)benzimidazoles. :

Elemental analysis

‘No. R vield M.p.°C" Mol. formula calcd. % g 3
c H N c H N
1. 4-Chlorobenzyl 60.0 224 CppHy 3CLaN 08 55.10 2.98 9.42 55,21 2.62 9.79
2. 4-Bromobenzyl 65.0 185 CooHygBICLN,0S 50,00 2.70 5.83  50.21 2.52 5.83
3. 4-Fluorobenzyl 70.0 273 CooHy3ClMN,08  57.27 3.10 6.68  57.39 3.29 6.27
4. 4-Nitrobenzyl 65.0 360 CpoHy3ClNg058  53.81 2,91 9.41  53.69 2.79 9.69
5. 3,4-Dichlorobenzyl 72.0 111 CppHy nCIN,0S 51.06 2.55 5.95  51.37 2.69 5.89
6. 2,4-Dichlorobenzyl 60.0 122 CpgHy oCIN 08 51.06 2.55 5.95  51.12 2.67 5.79
7. 7-Chloro-4-quinolinyl 58.5 200 CypHy 3CLN 08 55.75 2.74 8.87  55.69 2.63 8.65

Melting points are capillary melting points and are uncorrected.



TABLE VI. 6-Chloro-5-(2',3'~dichloro substituted phenoxy)-2-(substituted-

benzyl or heterocaryl thio)benzimidazoles.

/L—sa

Elemental

No. R vield M.p.°c” Mol. formula Analysts
: % ’ Calcd. % Found %
c H N o H N

‘1. 4-Chlorobenzyl 69.0 120 C20H12C14N2QS 51.06 2.5 5.95 51.29 2,60 6.01
2. 4-Bromobenzyl 67.2 262 C20H1QBIC13N2OS 46,64 2.33 5.44 46.39 2.49 5.39
3. 4-Fluorobenzyl - 68.0 109-10 C20H12C13FN2QS 52.92 2.64 6.17 53.04 2,39 6.09
4, 4-Nitrobenzyl 63.0 180 C20H12C13N3O3S 49.94 2.49 9,98 49,69 2.38 9.69
5. 3,4-Dichlorobenzyl 70.0 110 C2OH11C15N2OS 47.57 2.18 5.55 47.53 2.09 5.48
6. 2,4-Dichlorobenzyl 13.0 130 C20H11C15N2OS 47.57 2.18 5.55 -47.68 2.39 5,29
7. 7-Chloro-4-quinolinyl 72.0 145-46 C22H12C14N305 51.96 2.36 8,26 51.87 2+:92 8,37

* Melting points are capillary melting points and are uncorrected.
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TABLE VII. 6-Chloro-5-(2',4'-dichloro substituted phenoxy)-2-(substituted

benzyl or hetero aryl thio)benzimidazoles.

. Gl
Cl . N
g,
Cl l
H

No. R Yield M.p.°C" Mol. formula Elemental Analysis
% Calcd. % Found % |
C H N C H N
1. 4-Chlorobenzyl 68.0 220 ’C20H12C14N20$ 51.06 2.55 5,95 51.07 2.59 5.79
2. 4-Bromobenzyl 60.0 275 C20H128rCl3N205 46,64 2.33 5.44 46.37 2,60 5.40.
3. 4-Fluorobenzyl 62.0 230 C20H12C13FN205 52.92 2,64 6,17 4/51.81 2.59 6.23
4. 4-Nitrobenzyl 55.0 200 CasH, ACL.N.O,S 49,94 2,49 9,98 49,87 2,37 9,79
Cophl1pChglizlys

* Melting points are capillary melting points and are uncorrected.



TABLE VIII. 6—Chloro-5-(2',5'fdichloro substituted phenoxy)-2-substituted-

benzyl or hetero aryl thio)benzimidazoles.

Cl

cl |{::’ ijl—-sa

|
H

Elemental Analysis

o 9 o0 0~ W N

R Yield M.p.°C* Mol. formula Taloo % Found %
c H | N C H N
4-Chlorobenzyl 65.0 235 c20H12614N205 51.06 2.55 3.95 51.02 2.49 3.72
4-Bromobenzyl 66.0 195 CooHyoBICLN,0S  46.64 2.33 5.44  46.37 2.42 5.72
4~Fluorobenzyl 68.0 240 C2OH12C13FN205 52.92 2.64 6.17 52.78 2.37 6.18
. 4-Nitrobenzyl 70.0 145 CooHypClaN5055  49.94 2.49 9.98 49.87 2.39 9.79
. 2,4-Dichlorobenzyl 71.0 Oily CpoH1CLgN0S 47,57 2.18 5.55 47.42 2,10 5.47
. 3,4-Dichlorobenzyl 69.0 205 CooH14CLgN,0S 1 47.57 2.18 5.55  47.41 2.17 5.37
« 2=Chloro-4-nitrobenzyl 71.0 140 C2OH11CI4N3O3S 46,60 2.13 8.15 46.39 2.09 8.09
. 7-Chloro-4-quinolinyl 75.0 120 - CypH,5CL,NS0S 51.96 2.96 8.26 51.87 2,79 8.19

* Melting points are capillary melting points and are uncorrected.
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CHEMISTRY

6-CHLORO-5—(8'~QUINOLOXY)-2-(SUBSTITUTED BENZYL THIO
OR HETEROARYL THIOQ)BENZIMIDAZOLES :

6-Chloro-5—(8{—quinoloxy)—2-(sUbstituted benzyl
thio)benzimidazole (VII) was synthesized by using usual
methods that consist of heating equimolar quantity of 4,5~
dichloro-2-nitro aniline (I) and 8-hydroxy gquinoline (I11),
in presence of K2CO3 and Cu powder, in DM? at 150°C for .
6-8 hours. Excess of DMF was removed under reduced pressure
and poured on ice-cold water, Solid nitro compound (I1I1)
precipitated out, filtered and recrystallized from aqueous
ethanol. This compound was further reduced in Parr
hydrogenation apparatus. The obtained g-phenylene diamine
(IV) was further reacted with CS, in presence of NaOH to
obtain Na salt of 2-mercapto-6-chloro-5-(8'-quinoloxy)-
benzimidazole. The compound was neutralized with acetic
acid, and purified 2-mercapto benzimidazole (V) again
converted into Na salt (VI) by using sodium ethoxide. It
Awas condensed with substituteq benzyl halides in ethanol.

The final compound (VII) was recrystallised from ethanol.

The sequence of chemical reactions involved could

be schematically represented as below :
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EXPERIMENTAL

Synthesis of 4-chloro-2-nitro-5-(8'-qﬁinoloxy)-

aniline :

A mixture of 4,5-dichloro-2-nitro aniline 2.07 g
(0.01 mole), 8-hydroxy quinoline 1.45 g (0.01 mole) and
potassium carbonate 0.99 g (0.01 mole) was refluxed in DMF
for 6-8 hours. After cooling the reaction mixture was
poured on crushed ice. 5-Chloro-2-nitro-5-(8-quinoloxy)=-
aniline was separated out. It was filtered and recrystalli-

zed from aqusous ethanol.

Yield : 2.07 g (66.0 %); m.p. 240°C.

‘Analysis for C15H10C1N303 s

% C % H % N

Calcd. 57.05  3.16 13.31
Found 57.25  3.02 13.52

Preparation of 4-(8'-quinoloxy)-5-chloro-go-phenylene-
diamine : '
Same method as described in Part II, Section (A),

page No. 52.

Yield : 1.81 g (646 (61.5 %) : m.p. 145°C.

Analysis for C,.H 2ClN 0

151 3

% C % H % N
Calcd. 60.91 4.06 14.2

Found 60.67 3.94 14.01
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2-Mercapto—6—chloro-5-(8'-quinoloxy)benzimidazole g

Method as described in Part II, Section (A),

page No. 53.

Yield : 2.19 g (67.0 %); m.p. 118°C.

Analysis for C16H1OClN3OS :
% C % H % N

Calcd. 58.60 3.05 12.82

Found 58.23 3.37 12,48

[}

6-Chloro-5-(8"'-quinoloxy)-2-(4'~fluorobenzyl-

thio)benzimidazole :

Sodium salt Qf 5-(8'-quinoloxy)-6-chloro-2-mercapto
benzimidazole 3.49 g (0.01 mole) and 4-fluorobenzyl chloride
1.44 g (0.01 mole) were refluxed in ethanol for 7-8 hours.
The selvent was removed under reduced pressure and some
water added to it. The 6-chloro-5-(8'~quinoloxy)-4'-fluoro-
benzyl thiobenzimidazole precipitated out and filtered.

Recrystallized from chloroform. } ' !
Yield : 3.07 g (70.7 %); m.p. 250°C.

Analysis for C,,H,.C1FN,OS :
23715 3 % C % H % N

Calcd. 63.37 3.44 9.64

Other substituted -benzyl. derivatives of 6-chloro-5-
(8'-quinoloxy)-2-mercapto benzimidazole were synthesized in
the same manner and their physical data is summarised in

Table IX.
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TABLE IX.

6-Chloro-5-(8'-quinoloxy)—2-substituted benzyl or heteroaryl

Thio benzimidazoles.

74
I

0

Gl

]
ll\I/L".SR
H

Elemental Analysis

No. R Yield M.p.oc* Mol. formula Calcd. % Found %
* c H N c H N

1. p-Chlorobenzyl 63.0 160 C23H15C1N3OS 61.06 3.31 9.29 61.02 3.29 9.35
2. p-Bromobenzyl 65.0 110 C23H158rClN3OS 55,58 3.02 8.45 55.31 3.15 8.35

3. p-Fluorobenzyl 70.7 250 C23Hi5ClFN3OS 63.37 3.44 9.64 63.43 3.19 9.80

4. p-Nitrobenzyl 67.0 95 C23H15ClN4Q3S 60.46 3.28 12.26 60.61 3.32 12,19

5. 2,4-Dichlorobenzyl 71.0 250 Co3Hy 4CLNS08 56.73 2.87 8.63 56.79‘ 2.6é 8.42

6. 3,4-Dichlorobenzyl 73.0 155 C23H14C13N3OS 56,73 2.87 8.63 56.70 2.62 8.81

7. 2-Chloro amino 72.0 150 Ch3Hy 4CLN 4045 56.21 2.85 11,40 56,32 2.69 11.29

2. 7-Chloro-4-guinolinyl 69.0 185 CoeHy 4CLoN 08 61.34 2.86 11.45 61.09 2.62 11.32

* Melting points are capillary meltihg points and are uncorrected.

S¢
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6~CHLORO~5-NAPHTHOLOXY-2-(SUBSTITUTED BENZYL THIO OR
HETERO ARYL THIO)BENZIMIDAZOLES :

5-Naphtholoxy-6-chloro-2-mercapto benzimidazole (V)
was prepared b; a general usual method which is already
mentioned in Part I1I, Section (A), page No. 53 and it is
most convenient'méthod. This mercapto compound (III) was
converted into its sodium salt (III) by ;odium ethoxide in

ethanol. Further it was reacted with different benzyl

halides (IV) in ethanol at reflux temperature.

: N
* CS2 Ethanoi 38

(11)
CHONa i Ethanol.
v
| | 0
R—_—J<§§§>*CH28r 2 + [i::]::::]/ /}—SNa
| '
(1v) 1EtOH (111)

v

Joepes

(V)

j—b {0

-z
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EXPERIMENT AL

5-Chloro~-2-nitro-4-naphtholoxy aniline :

In a 50 ml round bottomed flask, a mixture of
4,5-Dichloro-2-nitro éniline 2.07 g (0.01 mole), P-naphthol
1.44 g (0.01 mole) and potassium carbonate 0.99‘9 (0.01
mole) was refluxed in DMF for 6-8 hours. The hot reaction
mixture was poured on crushed ice. 5-chloro-2-nitro-4-
naphtholoxy aniline was separated out., It was filtered -

and purified from aqueous methanol.

Yield : 2.07 g (69.0 %); m.p. 165°C.

Analysis for C, H,,CINOg3:
% C % H % N

Calcd. 63.89 3.66 4,65

Found 63.49 3.42 4,82

Preparation of 4-naphtholoxy-5-chloro~o-

phenylene diamine

Procedure as described in Part II, Section (A),
page No.52.
vield : 1.75 g (65.0%); m.p. 145°C.

Analysis for C16H13C1N20

% C % W % N

Calcd., 70.97 4,80 5.17

Found 70.76 - 4.65  5.35
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2-Mercapto-6-chloro-5-naphtholoxy benzimidazole :

Procedure as described in Part 1I, Section (A),

page No. 53.

vield : 2.29 g (70.5 %); m.p. 230°C.

Analysis for C17H11C1N205 s

% C % H % N
Calcd, 62,67 3.07 8.60
Found 62.42 3.32 8.47

6~-Chloro~5-naphtholoxy-2-(4'-bromobenzyl thio-

benzymidazole :

Sodium salt of 5-naphtholoxy-6-chloro-2-mercapto
benzimidazole 3.48 g (0.01 mole) and 4-bromobenzyl bromide
2.5 g (0.01 mole) were refluxed in ethanol for 3-5 hours.
After completion of the reaction, the solvent was removed
under vacuum and some water added to it., The 6-chloro-5-
naphtholoxy=(4'-bromobenzyl thio)benzimidazole precipitated

out and filtered. Recrystallized from chloroform and hexane.

Yield : 3.41 g (69.0 %); m.p. 90°C.
Analysis for C24H168rC1N205 g
% C % H % N

Calcd. 58.12 '3.22 5.19
Found , 58.38 3.43 4,98

In the same way, other substituted benzyl derivatives
of 6b-chloro~5-naphtholoxy-2-mercapto benzimidazoles were
synthesized and their physical data is summarised in

Table X.



TABLE X.

6-Chloro-5-naphtholoxy-2-(substituted benzyl or heteroaryl-

thio)benzimidazoles.

Elemental Analysis

No. R vield M.p.°c” Mol., formula
% Calcd. % Found %
c H N c H N

1. p-Chlorobenzyl 62.0 99-100  Ch,H, (CLN,0S 58.12 3.54 6.20 58.29 3.29 .6.32
2. p-Bromobenzyl 69.0 90 Co4H1BICIN,0S 58.12 3.22 5.15 58.38 3.43 4.98
3. p-Fluorobenzyl 58.0 190 CosH1gCLEN,OS  66.28 3.68 6.44  66.19 3.60 6.30
4. p-Nitrobenzyl 57.0 CpgH1CINJOS  62.40 3.46 9.10 62.35 3.39 9.31
5. 2,4-Dichlorobenzyl 64.0 225 CogHysCLN0S 59,32 3.08 5.76 59.19 3.10 5.62
6. 3,4-Dichlorobenzyl 63.0 CoqH sCLN,0S  59.32 3,08 5.76  59.40 3.21 5.82
7. 7-Chloro=-4-quinolinyl  68.5 170 026H15CléN305 63.93 3.07 8.60 63.82 3.16 8.49

* Melting points are capillary melting points and are uncorrected.

C6L
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BIOLOGICAL RESULTS AND DISCUSSION

It was weil established that the gradual changes‘
in chemical moiety could lead to a change in biological
activity of drug. The actions of a drug are correlated
to its chemical structure. The relatively minor modifica-
tion in the drug molecule may result in major changes in

pharmacological properties, N

Taking into consideration the above fact, in our
present study, -various 2,5-disubstituted benzimidazoles
derived from different biologically important moieties,
were synthesized and screened for their in vitro anti-
microbial activitieg.S®

Among the S5-phenoxy~6-chloro-2-(substituted behzyl-
thio 'or hetercaryl thio) benzimidazoles from Part II,
Section (A) (Table XI), page 84 substitution of 2,4-di-

chlorobenzyl and p-bromobenzyl at 2 position of the thio-

benzimidazole inhibited the growth of M. tuberculosis at

the concentration of 0.39 Pg/ml in vitro but, on the other
side, they are not much effective against Gram-positive

and Gram-negative bacteria (S, aureus and E, ggil). 3,4~
Dichlorobenzyl substitution at 2 position of thiobenzimidazole
moiety shows inhibition at 3.12 Pg/ml against S. aureus
microorganisms. In all other substituted group no
satisfactory inhibition was observed against Gram-positive

and M. tuberculosis bacteria.
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Replacement of phenoxy group linkage by
biphenyloxy at 5 position does not enhance in vitro
antimicrdbial activity of the parent moiety. Thus, the
benzimidazole derivatives (Part II) , Section (B), namely,
6-chloro-5-biphenyloxy-2-(substituted benzylthio) benzimi-

dazoles (Table XII) inhibit the growth of M. tuberculosis

at the concentration ranging from 25 to 0.78 pg/ml. In
case of antibacterial results the activity ranging from

100 to 25 pg/ml for both the strains, E. coli and S. aureus.

Al

From this Part III, different 5-(chloro substituted
phenoxy)-6-chloro-2-(substituted benzylthio) benzimidazoles
(Table XIII) were screened for their antibacterial and
antituberculous activity. The compounds have not shown

much more significant anti T.B. activity.

When the 2,3-dichloro phenoxy substitution at
S5-position and 3,4-dichlorobenzyl substituted at 2 position
ha§ shown anti T.B. activity at 0.78 pg/ml. At the same
time it has inhibited the growth of S, aureus at 6.25 pg/ml
and that of E. coli at 50 pg/ml, respectivély. p-Bromo
and p-chloro benzylthio at 2-position of the benzimidazole
have shown good inhibition of growth of Gram-positive

bacteria (S, aureus 6.25 Fg/ml).

When the substitution at 5 position of the benzimidazole
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was 2,5-dichloro phenoxy and p-fluorobenzyl thio at

2 position the activity was increased upto 0.78 Hg/ml
for anti T.B. and 100 and 12.5 Fg/ml for E. coli and

S. aureus,respectively. From the 4-halogen substituted
phenyl derivatives at é position of the benzimidazole has

shown good response against M. tuberculosis and Gram-

positive bacteria. 2,4-Dichloro phenoxy and 4-chloro
phenoxy substitution at 4 position have not shown any

significant improvement in biological properties.

d

Among the various 6-chloro-5-(8'-quinoloxy)-2-(sub-
stituted benzylthio) benzimidazoles from Part IV, Section (A)
(Table XIV) p-chlorobenzyl thio, 2,4-dichlorobenzyl thio
group at 2 position in benzimidazole moiety imparted some
activity to the lead moiety, inhibiting the growth of
M. tuberculosis at concentration of 0.78 Fg/ml, respecti-

vely. While p-bromobenzyl thio .and 3,4-dichloro inhibited

the growth of M. tuberculosis at 1.56 and 3.12 Fg/ml,
respectively. At the same time these compounds have not
shown significant activity against Gram-positive and

Gram-negative bacteria (S. aureus and E. coli).

\

When in some above benzimidazoles, position 5 was
replaced with naphtholoxy group as in Part IV, Section (B3),
inhibition in the growth was found to be enhanced (Table XV)
at lower concentration, but when these compounds were

tested against S. aureus and E, coli, did not exhibited



remarkable activity. The activity was ranging from 100

to 50 ’.leg/ml (Gram-positive and Gram-negative).

83
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TABLE XI. 6-Chloro-5~phenoxy-2-{substituted benzyl thio

or heteroaryl thio)benzimidazoles.

H
No. R MIC for Hy, MIC for MIC for
Rv strain S.aureus E. coli
of M, tuber-
culosis pg/ml Fg/ml
pg/ml
1. p-Bromobenzyl 0.39 25 100
2. p-Chlorobenzyl 1,56 12.'9 -
3. p-Fluorobenzyl 0.78 - 50 50
4, p-Nitrobenzyl 3.12 23 30
5. 2,4~Dichlorobenzyl 0.39 50 -
6. 3,4-Dichlorobenzyl 6.25 3:12 50
7. 2-Chloro-4-nitro- 12.5 - -
benzyl '
8. 7-Chloro-4-quinolinyl 25 12.5 50




TABLE XII. 6-Chloro-5-biphenyloxy-2-(substituted benzyl-

thio or heterocaryl thio)benzimidazoles.

(OXOx vﬂ‘“‘

No. . R MIC for H3z7Rv MIC for MIC for

strain of S.aureus E.Coli
M.tuberculosis :

pg/ml pg/ml Mg/ml
1. pBromobenzyl 1.56 50 100
2. p-Chlorobenzyl 0.78 S0 100
3. p-Fluorobenzyl 1.56 25 50
4, p-Nitrobenzyl 0.78 100 100
5. 2,4-Dichlorobenzyl  1.56 50 100
6. 3,4-Dichlorobenzyl 12.95 50 100
7. 2-Chloro-4-nitro- 25 - -

benzyl

8. 7-Chloro-4-quino- 12.5 50 50

linyl
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TABLE XIII. 6-Chloro-5-(chloro substituted phenoxy)-2 (substltuted benzyl

thio or heteroaryl thio) ben21m1dazoles.

R

Cl

F
Wosw

|
H

MIC for Hi,Rv

MIC for

No. R R! strain of S. aureus
M.tuberculosis pg/ml
ug/ml
1. 4-Chlorophenyl p-Bromobenzyl 12.5 .. 50
2. 4-Chlorophenyl p-Chlorobenzyl 6«28 50
3. 4-Chlorophenyl . " p-Fluorobenzyl 25 25
4, 4-Chloropheny% p-Nitrobenzyl 50 50
5. 4-Chlorophenyl 2,4-Dichlorobenzyl 25 50
6. 4-Chloropheﬁyl '3,4-Dichlbrobenzyl 12,5 50-
7. 4-Chlorophenyl 7-Chloro—4-quinolinyl 50 50
8. 2,3-Dichlorophenyl p-Bromobenzyl 3.12 6.25
9. 2,3-Dichlorophenyl p-Chlorobenzyl 6.25 6.25
10. 2,3-Dichlorophenyl p~Fluorobenzyl 1.56 50
11. 2,3-Dichlorophenyl p-Nitrobenzyl 1.56 25
12. 2,3-Dichlorophenyl 2,4-Dichlorobenzyl 0.78 12.5

MIC for
E. coli

pg/ml

50
50
50
50

50
100
50
50

100
100
100

Contd--
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TABLE -XIII (contd..)
MiC for HazRv MIC for MIC for
No. R R! M. tuberculosis S. aureus E. coli
pg/ml pg/ml mg/ml
13. 2,3-Dichlorophenyl 3,4-Dichlorobenzyl 0,78 6.25 100
14. 2,3-Dichlorophenyl 2-ChloTo-4-nitrobenzyl 25 - -
15. 2,3-Dichlorophenyl 7-Chloro-4-quinolinyl 12.5 25 50
16. 2,4-Dichlorophenyl p-Bromobenzyl 25 100 50
17. 2,4~Dichlorophenyl p~Chlorobenzyl 12.5 - -
18. 2,4-Dichlorophenyl p-Fluorobenzyl 50 50 50
19. 2,4-Dichlorophenyl p-Nitrobenzyl - - -
20. 2,4-Dichlorophenyl 7-Chloro-4-quinonilyl - - -
21. 2,5-Dichlorobenzyl p-Bromobenzyl 1.56 6..25 100
22. 2,5-Dichlorobenzyl p-Chlorobenzyl 12.5 25 100
23. 2,5-Dichlorophenyl p-Fluorobenzyl 0.78 12.5 100
24, 2,5-Dichlorophenyl p-Nitrobenzyl ' 6.25 25 50
25. 2,5-Dichlorophenyl 2, 4-Dichlorobenzyl 12.5 25 100
26. 2,5-Dichlorophenyl 3,4-Dichlorobenzyl B 6.25 100
27. 2,5-Dichlorophenyl 2-Chloro-4-nitrobenzyl 50 6.25 100
28. 2,5-Dichlorophenyl 7-Chloro-4-quinolinyl 12.5 50 50

L8



TABLE XIV. 6-Chloro-5-(8'-quinoloxy)-2—-(substituted-

benzylthio or heteroaryl thio)benzimidazoles.

Cl

N/ﬂ—sa
-
H .

MIC for

Hy7Rv strain MIC for MIC for
No. R of M.tuber- S.aureus E. coli
culosis
pg/ml pg/ml pg/ml
1. p-Bromobenzyl 1.56 - =
2. p-Chlorobenzyl 0.78 100 100
3. p-Fluorobenzyl 12.5 - -
4., p-Nitrobenzyl 25 100 50
5. 2,4-Dichlorobenzyl 0.78 100 50
6. 3,4-Dichlorobenzyl 3.12 30 50
7. 2-Chloro-4-nitrobenzyl 25 - =
8. 7-Chloro-4-quinolinyl 12.5 100 100
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TABLE XV. 6-Chloro-5-(naphtholoxy)-2-(substituted benzylthio-

or heteroaryl thio)benzimidazoles.

O JOLL,
o1 ? SR
. H

MIC for Hz7RV MIC for

 MIC for
N R ’ strain of S.aureus E, coli
o8 M.tuberculosis

pg/ml pg/ml pg/ml
‘. p-Bromobenzyl 6.25 - -
2. p~Chlorobenzyl 1.56 100 100
- 3. p-Fluorobenzyl 6.25 50 -
4, 2,4-Dichlorobenzyl , Sl 50 100
5. 3,4-Dichlorobenzyl 1.56 50 50
6. 7-Chloro-4-quinolinyl 12.5 - -
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SPECTROSCOPIC ANALYSIS OF NEW COMPOUNDS

Infra-red Spectroscopy :

Infra-red spectroscopy is one of the most power-
ful analytical teéchniques used by thg modern chemist.
Its most important use has been for the identification
of -organic compounds, because their spectra are generally
complex and provide numerous maxima and minima that can
be employed for comparison purposes. The infra-red
technique has éeveral advantages over the other usual
methods of structural analyéis (X-Ray diffraction,
electron spin resonance, etc.). It provides useful
information about the structure of a molecule quickly,

without involving lengthy evaluation methods.

Perhaps, the most powerful function of infra-red
spectroscopy is of establishing conclusively the identity
of two samples that have identical spectra when determined
in the same medium. The region between 1430-910 em™! in
an infra-red spectrum is called the finger print region.
No two different molecules have the same set of absorption
bands in this region. Although similar molecules may show
very similar spectra in the region between 4000-1430 cm",

there will almost always be discernible differences in

the finger print region.

The compounds prepared in this present investiga-

tion have been characterized by their infra-red spectrum.
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The fundamental groups present in this class of compounds

are listed below :

i) 5-Substituted benzimidazole ring.
ii) Aromatic ether.
iii) C-S (sulphide) linkage.

iv) Imidazole ring.

v) Halogen linkage, C-X (X = halogen atom).

5-Substituted benzimidazole ring :

89 shows three absorption hands

"in the region between 900-800 cm-i. The bands are normally

differentiated into 3 regions of absorption : 900-870 cm"1,

' and 820-800 cm™ .

This ring structure

830-812 cm

Aromatic ether

90

The aromatic ethers are characterized by a

strong absorption band in the region between 1300-1175 cm'1.

A secondary absorption band of medium intensity appears in

the region between 1070-1000 cm™'.

C-S (sulphide linkage) :

All the compounds prepared, have been identified

by the absorption band which represents the sulphide

1 by an absorption hand

in the region between 1440-1415 cm™ ),

linkage. These are characterized
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A stretching vibration is assigned to the C-S

linkage which occur in the region 700-610 cm™'. But

this band is usually weak and sometimes may be absent.

Imidazole ring :

The ring stretching92 vibration of the imidazole
ring is obtained at 1550 cm~'. This is assigned to the

C =N stretching vibration.

Halogen compounds (C - X) :

Pe

Where X = chlorine atom.

23 are characterized

by absorption peaks in the region between 760-600 cm'1.

The C-Cl stretching vibrations

In addition to the data given above, zone of the

compounds are characterized by other functional groups.

Compound No.3 contains a --NO2 group. This is
characterized by a strong band’? in the 1661-1499 cm™"
region. Another band appears in the region between
1389-1259 cm™ ', Tﬁe exact position of the bands are
dependent upon substitution and unsaturation in the vicinity
of the NO, group. In the compound under discussion, these

bands appear at 1510 and 1340 cm-1, respectively
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Experimental Data :

The compounds synthesized in the present work
have been analysed by the KBr-pellet technique. Spectral
grade potassium bromide was used for this purpose. All
infra-red spectra were recorded on a Perkin Elmer 257

grating Infra-red Spectrophotometer.



5-Substituted benzami- Aromatic ether C~-S (sulphide midazolefR-Cl

t l. ] [) 1
1 1 ] ] 1
' 1 ! ' 't
: t [} [} R 1 .
Compd. ! E dazole i i linkage) 1C=N,C-N 1linka-
No. ! : : : E 19e
i) t
1 Reqd. 1900-870 !830-812} 820-800 !1300-117511070-1000 1440~ {700-600 | 1550  $800-600
s'cm"1 E' | f E E 5 ¢ 1415 i i 5
1 875 850 800 1200 1030 1450 710 1580 770
2 870 825 800 1250 1030 1440 710 1570 770
3 875 815 - 1205 1020 1450 700 1585 760
< 4. 870 840 - 1220° 1010 1465 710 1600 770
5 870 840 - 1215 1030 1470 710 1590 760
6 870 830 810 1225 1015 1460 720 1570 760
7 870 840 - 1210 1030 1460 710 1580 760
8 875 830 800 1245 1015 1450 - 1590 760
9 875 830 = 1210 1025 1465 690 1550 -
10 870 830 - 1210 1030 1460 710 1550 770

—
p—y

880 820 - - 1250 1025 1440 710 1570 780
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SUMMARY

Tuberculosis is by for the most frequently
encountered mycobacterial disease in the world and although
its incidence-has diminished significantly in the indust-
rially more developed countries, it remains a major public
health problem in mos? developing nations. Great progress
has been méde'in the deve;opment of tuberculosis drugs. At
present two potent substances are in common use (Rifampicin
and Streptomycin). Streptomycin and/or Isonicotinic acid
hydrazide combined with p-aminosalicylic acid are the
drugs of first choice because they are most effective and
least toxic. Following therapéutic failure with these,
cycloserine, viomycin, kanamycin, pyrazinamide, ethionamide,
capreomycin and ethambutol in a variety of combinations

are used.

In the present work, our ultimate goal was to
establish” the logical design of chemotherépeufic agent which
would'selectively act against the mycobacteria that are
infecting to the human being. The present study is the
collection of different views regarding chemital, experi-
mental and biological aspects enjoyed during the course
of the research work., The entire study carried out during

this course of study was divided into five parts.



107

Part I deals with the introductory aspect with
special references to the ways and means which are used
at present in combination td eliminate the tﬁberculosis
from society. This is followed by "Review of Literature".
incorporating the historical backgrqund of chemotherapy
as well as the brief account of current drugs utilization
and their characteristiés as antituberculosis agents.>
This part concludes with different bosting guide-lines

behind the proposed synthetic work.

Part II covers the synthetic aspects of chemistry
and various experimental procedures in the field of
S-substituted-6-chloro-2-mercapto benzimidazoles and

substituted benzyl bromides. 4 ’

In Section A, all the é-~chloro,5-phenoxy-2-
(mercapto)benzimidazoles were synthesized by known
literature method., Substituted benzyl bromides were also
prepared by known literature method. These reactants
were condensed in alcohol and isolated the final 6-chloro-
5-phenoxy-2-(substituted-benzylthio/heteroaryl thio)-

benzimidazoles.

In Part II, Section B, 6-chloro-5-biphenoloxy-
2-(substituted-benzyl thio) benzimidazoles were synthesized
by adopting the same synthetic route that was in Part II

Section A.
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. Part III1 describes the replacement of chloro
group with different substituted chlorophenols. Further,
this part describes the condensation of 6-chloro-5-
(chloro substituted phenoxy)-2-mercapto benzimidazoles
with various substituted benzyl bromides and 4,7-di-
chloro quinolines. They were synthesized in the same

manner as in Part II, Section A and characterized by

their elemental analysis, TLC and IR spectral studies.

Part IV divided into two secfions (Section A and
Section B). 1In Section.A, a series of heterocyclic
derivatives of 6-chloro-5-quinoloxy-2-(substituted benzyl
thio/heteroaryl thio) benzimidazoles were Synthesizedb

adopting the known literature method.

In Section A, 6-chloro-5-naphtholoxy-2-(substituted
benzyl thio/heterocaryl thio)benzimidazoles were prepared
in the same manner and studied for their biological acti-

vities.

Part V describes the method adopted in vitro

antituberculous screening against M. tuberculosis. INH

and sodium PAS were used as a standard drugs to compare

our screening results. Screening4data, while summarizing it
revealed that 6-chloro—5-phendxy—2—(g-bromobenzyl thio) -
benzimidazole and 6—chloro-5—phenoxy-2—(g-chlorobenzyl thio) -
benzimidazole have shown activity at 0.3 pg/ml and

1.25 pg/ml, respectively. In the case of biphenyloxy
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substitution, 6-chloro-5-biphenyloxy-2-(p-fluorobenzyl thio)
benzimidazole has shown the activity at 0.31 pg/ml. 1In
Part III two compounds from 2,3=-dichloro and 2,5-dichloro-
substitution at_five position of the benzimidazole moiety

have inhibited the growth of M. tuberculosis at the concent-

ration of 0.6 Pg/ml and 1.25 pg/ml respectively.

While, in part IV the compounds by substitution
of 8-hydroxy quinoline and B -naphthols at 5 position of
the benzimidazole did not show any significant biological

activity. This part ends with bibliography.

N\
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Human awareness to tuberculosis (known as T.B.),
the deadly dis?aée, is as ancient as its discovery. Since
the discovery of Tuberculosis Bacillus by Robert Koch in,
1882 there have been various attempts by scientisté of
_repute from all over the world to eradicate this disease.

Also various national and international health organiza-

tions are engaged in health programmes for a fight against

this disease.

This disease is found to be prevalent in Asiatic
conditions. 1In a survey conducted by N.T.C.P. it was
observed that about 1.5 % of the total population of the
country is affected and nearly 2.5 miliion new cases are

reported every year.1

Though this disease is found to be
less in percentage in the developed.countries, tuberculosis
nevertheless still remains one of the most prevalent

diseases in developing countries.

After the identification of the cause of T.B. in
1882 another attempt was followed in 1895 with the discovery
of X-fays by Roentgen. Even in spite of the above advances
of the 19th century in a time lag of 45 years no specific
cure for the disease was obtained, with the advent of

enlightened scientific atmosphere in the 20th century.
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Streptomycin was discovered by Waksman. Then in rapid
succession new drugs were added, namely, PAS (1949), INH
(1952), Thiacetazone, Ethambutol, Rifampicin (1970) amongst

others,

None of the above meniioned‘compounds used singly
or in a combination have produced complete satisfactory

therapeutic results..

Pulmonary tubérculosis still remains the commonest
form of the disease, but extrapulmonary disease is also
frequently reportéd; Of the latter nodal, ggstrointestinal,
bone and central nervous system tuberculosis are the

dominants forms.

The main objective of the present study was to
synthesize newer antitubercular chemotherapeutic agents,
so as to prevent the recurrence of sufferings, morbidity

and mortality.

One of the most significant advances mace- in the
various fields of Medicinal Chemistry is the evaluation of
a series of behzimidazolesz, especially a wide class of
2,5-disubstituted benzimidazoles3 for their marked

biological activity. -

Benzimidazole, 2-carboxylic acid hydrazide (1)

was reported to have activity against BCG in vitro at the

minimum inhibitory concentration of 15 Hg/ml.4
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@—bl:ﬂ—-'oom%

(1)

A very interesting development occurred in the
field of benzimidazoles with the emergence of broad
spectrum antimicrobial compounds (II), for their potential

antimicrobial activity.

@wt :
I SCH

N 2 g
T i

(I11)

-where, R, R‘, R2 = Cl.

The primary aim of our study was to synthesize
antitubercular and antibacterial compounds of higher
efficacy. Mayer's hypothesis6 suggests that " a morpho-
logical relationship between mycobacteria and fungi may
be paralleled by a biochemical relationship " i.e.,
substances acting as anti-fungal agents are likely to

exhibit antitubercular action also.

The antifungal activity7 of 2-mercapto benzimidazole

derivatives, namely, 5(6)-chloro, 2-(benzylthio) benzimida-
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zole (II1) against Trichophyton interdigitate at a

dilution 1:291, 900 or 3.4 Pg/ml has been reported.
C

(I1I)

Taking ihe initiative from Mayer's hypothesis a
series of different 5(6)-substitdted-2—(benzylthio) benzi-
midazole® (IV) compounds were synthesized for antitubercular
activity in our laboratory.

po

1

R2

(1V)

where, R = H, Cl, CHj, NO,;
" and R? = 3-4, 2-4-Cl,, p-Br, P-Cl, p-NO,,
2-C1, 4-NO,, etc.

R

A further §tudy was undertaken by substituting one
more chloro group at 6-position of the benzimidazolé. Thus,
different, 5,6-dichloro-2-(benzylthio)benzimidazoles (V)
were synthesized and tested f&r in vitro antitubercular

activity.9



fo! | N
mj@:}:ﬂ_s-c%@\ R
| H

(v)
where, R = 3,4; 2,3—Cl2;-g-N02; p-8r, etc.

Some of the above compounds were found to be
active,

However, to obtain compounds of marked activity,
more compounds of the series, 2,5-disubstituted-6-chloro
benzimidazole were synthesized and screened for antituber-

cular activity,

PART 1

Section ~ A :

6-CHLORO-5~PHENOXY-2-(SUBSTITUTED BENZYLTHIO)~
BENZIMIDAZOLES :

Studies in our laboratory revealed that 4-(o-
phenoxy anilino)-N-(g,n-propoxy phenyl) succinimide (VI)

inhibited the growth of M. tuberculosis, at a concentration
10

of 0.06 Pg/ml.
0
0 N V4
@@L T Opocsmn
S

(V1)

as observed in in vitro testing.
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The modification of compound'(VII) by substitut-

ing phenoxy group at position 5 has resulted in a new
1

compound (VIII) of a high efficacy value.

Cwil
) 3

(VII)
CARBENDAZINE

NHCOOCH4

Enhancement of biological activity of the benzimi-
dazole nucleus by substitution of phenoxy linkage at
S-position and the usefulness of chloro group in benzimi-
dazole group for biological activity, prompted us to
synthesize 6-chloro-5-phenoxy-2-(substituted benzylthio)-

benzimidazole derivatives (IX) of the following type.

OB
I@z}

(IX)

where, R = various substituted benzyl and
7-chloro, 4-quinolinyl.
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Section -~ B :

6-CHLORO-5-BIPHENYLOXY-2-(SUBSTITUTED BENZYLTHIO) -
BENZIMIDAZOLES :

From our laboratory some of p-substituted biphenyl

derivatives showed marked antitubercular activity.12

4,4'-Di-(substituted benzyldehyde-3-thiosemi-

carbazone)3,3'-dimethyl biphenyl (X) was reported as

tuberculostatic as well as antibacterial agent.13

H,.C
3 ' /CH3

R-HAC=NH~C-NH H=-C~NH=-CHA=R
2 i I 2

S S
(X))

It has been reported that biphenyl compounds

13, antimicrobial'®, anthelmintic!®,

17

exhibit antitubercular

antifunga116, antiinflammatory

and antiarthritic activity.
This account emphasized the importance of p-substituted
biphenyl derivatives. With this idea, series of compounds
having the benzimidazole nucleus along with biphenyloxy

‘linkage at 5 position were synthesized (XI).
| ‘ | V N
‘ ,U—~SR
cl T |
H

(XI)

R = Substituted-benzyl, 7-chloro-4-quinolinyl.
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PART 11

SYNTHESIS OF 6-CHLORO-5-(CHLORO-SUBSTITUTED PHENOXY) -
-2-(SUBSTITUTED BENZYL THIQ) BENZIMIDAZOLES :

In consideration with the promising antitubercular
activity of the compounds synthesised so far in Part-I
(Section-A), with the relation of halogen substitution to
biological activity, it was proposed to incorporate the
chloro substituted phenols at the 5-position of benzimi-

dazole.

The compounds of the type (XII) were found to be

biologically active against helminths.18

n ' NHQO Me
R

(XII)

where, R'= H or Cl; R"= H, 2,3 or 4-Cl, 2,5 or
3,5-Cl,, etc.

The drug Triclabendazole (XIII) is well documented |

19

for its anthelmintic activity'’ in veterinary medicine.

C1 c1 cCl Ne . SMe ‘

(XIII)
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Considering the importance of chloro substituted
phenoxy linkage at 5(6)-position of the benzimidazole
moiety (which is shown in the strucfures XII and XIII)
initiated to synthesize the following type of compounds

(XIV).

Procedure for synthesis :

The compounds were synthesised by the known
chemical routes and characterised by their analytical data
for carbon, hydrogen and nitrogen. The various substitu- -

tions taken'are shown below (XIV).

o553

| (XIV)
where, R"= 4-Cl; 2,3; 2,4; 2,5-Cl,.

R'= Various substituted benzyl, 7-chloro-
4-quinolinyl.

) PART 1III

Section - A :

SYNTHESIS AND STUDY OF 6-CHLORO~5-QUINOLOXY=2-
(SUBSTITUTED BENZYLTHIO) BENZIMIDAZOLE :

Quinoline derivatives are well known for their anti-

22

malarialzo, antifungalzl, and antibacterial effects.



Chloroquine and Pamaquine are well known quinoline
derivatives employed for the'successful treatment of

mal aria..

The antibacterial and antifungal properties of the
8-quinolinol (XV) have been attributed to the unique ability

ofthe isomeric quinolinols to chelate biochemically

23’24 The quinolines were also found to

25

important metals.

be active against Escherichia coli.

OH
(XV)

Other derivatives, 5—amino-6—chloro,8-thiocyanato

quinoline (a) were found to be active against Candida

l while 8-amino-6-methyl quinoline (b) was claimed

22

albicans

to possess antitubercular activity.

: : NH
SCN : o 2

(a) (b)
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Hence, it was thought worthwhile to synthesize newer
benzimidazole derivatives (XVI) by substituting 8-hydroxy
quinoline at 5-position and screen them for their-

biological activity.

[:;:I /J
N
U _sr
cl N
H

(XVI)
where, R = Substituted benzyl, 7-chloro-4-quinolinyl.

Section - B :

SYNTHESIS AND STUDY OF 6-CHLORO-5-NAPHTHOLCXY-
2-(SUBSTITUTED BENZYLTHIOQ)BENZIMIDAZOLES :

-Naphthol (XVI1) has been used as antiseptic and

anthelmintic'agent.26

H
AN O
o
(XVIiI)
The derivatives of -naphthol are well known for

their biological effects. -Naphthoxy propionanilide (XVIII)
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is a wide spectrum herbicide for rice paddies.27

: I OCHMe CONHPh

(XV1II)

Drug Tolnaftate (XIX) is known to possess moderate
28

antifungal activity. -
s
o__-N g
Q!
S
(XIX)

Hence, it was proposed to synthesise entirely new
naphtholoxy derivatives of benzimidazole nucleus having

the general formula as below :

Oy JOL -

(Xx)

where, R = Substituted benzyl, 7-chloro, 4-quinolinyl.

MICROBIAL TESTING/SCREENING :

Approximately, fifty new compounds have been

synthesized and analysed correctly during the course of the
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present work. The compounds described in the different

sections have been screened for their in vitro antimicro-

bial activity against Mycobacterium tuberculosis strain

of Hy,Rv by using Rake's method.

29

Most of the compounds have inhibited the growth

of M, tuberculosis at dilutions ranging from 50 Fg/ml to

0.31 Fg/ml.
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