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Development of structurally diverse antitubercular molecules

with pyridazine ring

Abstract

There has been considerable interest in the development of new molecule with antibacterial activities particularly
against tuberculosis because mycobacterium species have developed resistance against currently used drugs,
their toxic effect, and longer duration of therapy. The pyridazine derivatives are an important class of compound
for new drugs research and development. Therefore, many researchers have synthesized these compounds
as target structures and evaluated their antitubercular activity. These observations have been guiding in the
development of new molecules that possess potent antitubercular activity with minimum side effects or effective
against multidrug-resistant, extensively drug-resistant mycobacterium strains, and also in patient co-infected with

HIV/AIDS.
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Introduction

Infectious microbial diseases remain a pressing problem
worldwide because microbes have resisted prophylaxis
or therapy longer than any other form of life. Infectious
diseases have increased dramatically in recent years. In spite
of much significant progress in antibacterial therapy, the
widespread use and misuse of antibiotics have resulted in
the emergence of resistance to antibiotics, a serious threat
for therapy. In particular, the emergence of multidrug-
resistant (MDR) bacteria has become a major problem in the
treatment of bacterial diseases. Various infections are more
common because their causative agents or microbes have a
tendency to develop new strainsunder any circumstancesand
develop resistance against the available drugs. In addition
to the development of new and effective antibacterial
agents against MDR bacteria, recently attention has been
focused on the treatment of tuberculosis (TB). Although,
there is an increasing resistance to antimicrobial drugs, to
overcome the development of drug resistance it is necessary
to synthesize a new class of drugs possessing different
chemical properties.™¥ Therefore, the development of new
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drugs to deal with bacterial resistance has become one of the
most important areas of research today. Therefore, recent
efforts have been directed toward exploring new, potent
anti-TB agents with low toxicity profiles when compared
with currently used anti-TB drugs. Based on this finding,
new anti-TB agents having the pyridazine system have
been studied. However, some pyridazine or phthalazine
compounds have been reported to have anti-TB activity.”

Pyridazines are diazines containing two nitrogen atoms
at adjacent position, in place of two carbon atoms in the
benzene ring, in their cyclic structures. Pyridazine and
its derivatives are noteworthy for their physiological and
biological importance.®® Recently, there have been a
subject of intensive research owing to their wide spectrum
of pharmacological activities. Differently substituted
pyridazines have been found to have potential antibacterial,
antifungal, antiviral activities including anti-HIV activities,
anticancer, analgesic, anti-inflammatory, anticonvulsant,
cardio tonic activity, anti-ulcer, antihypertensive, and
anti-asthmatic activities, etc. In view of above facts, there is
an ongoing research on pyridazine compounds, particularly
in relation to microbial infections.
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Tuberculosis an Overview

TB is a chronic infectious disease caused by mycobacterium
species of the “TB complex”, including primarily M. tuberculosis,
that divides every 16-20 h, an extremely slow rate compared
with other bacteria, which usually divide in less than an hour,
but M. bovis, M. africanum, M. canetti, and M. microti can also
cause TB, but these species do not usually infect healthy
adults. TB is an air-borne communicable disease caused by
transmission of aerosolized droplets of M. tuberculosis. The
primarysource of infection isviable tubercular bacilli, expelled in
the environment by a patient with active TB."? Mycobacterium
grows slowly under aerobic conditions and is distinguished
by acid-fast staining. They are Gram positive, non-motile,
rod-shaped, obligate aerobic bacteria that belong to the order
actinomycetales, family Mycobacteriaceae. Several species,
including M. tuberculosis, M. bovis, M. africanum, M. microti,
M. canetti, M. kansasii, M. avium, and M. leprae are intracellular
pathogens of higher vertebrates. On the other hand although
M. microti is not usually pathogenic, it is possible that the
prevalence of M. microti infections has been underestimated.
Other known pathogenic mycobacteria includes M. leprae,
M. avium, and M. kansasii. The last two are part of the
non-tuberculous mycobacterium group. Non-tuberculous
mycobacteria cause neither TB nor leprosy, but they do cause
pulmonary diseases resembling TB.'*1*) TB requires much
longer periods of treatment to entirely eliminate mycobacteria
from the body. Resistance of M. tuberculosis strains to anti-TB
agents is an increasing problem worldwide. However, potent
new anti-TB drugs with new mechanism of action have not
been developed in the last four decades. TB is considered to
be the most important chronic communicable disease and
about 32% of the world’s population is currently infected with
TB. The emergence of acquired immunodeficiency syndrome
(AIDS), decline of socio-economic standards, and a reduced
emphasis on TB control programs contribute to the resurgence
of disease. Now, research effort towards the development of
novel anti-TB agents is in the direction of discovering new
classes of compounds which are structurally different from
known anti-TB drugs."®

TB is one of the oldest and most pervasive, respiratory
transmitted or contagious disease infecting one-third of the
world’s population, killing 2 to 3 million people each year.
According World Health Organization (WHO) report, TB has
spread toevery corner of theglobe. Theincreasein TBincidence
during recent years is largely due to the prevalence of TB in
synergy with human immunodeficiency virus (HIV/AIDS)
epidemic, which augments the risk of developing the disease
100-fold where 31% of new TB cases were attributable to HIV
co-infection and emergence of MDR-TB and extensively drug
resistance (XDR-TB) strains. The treatment of MDR-TB and
XDR-TB has become a major concern worldwide. However,
the total number of new TB cases is still rising slowly. The
occurrence of this disease is linked to dense population, poor
nutrition, and poor sanitation. Direct observed treatment,
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short-course (DOTS) strategy, constitutes the cornerstone
of the current protocol for control of TB. Despite the success
of DOTS strategy, the emergence of MDR-TB strains,
recurrently isolated from patient’s sputum, darken the
future.” In addition to this, the increase in M. tuberculosis
strains resistant to front line anti-TB drugs such as rifampin
and INH has further complicated the problem, which clearly
indicates the need for more effective drugs for the efficient
management of TB. As per WHO reports, approximately 90%
of the patients having both TB and HIV died within a few
months after clinical symptoms. Therefore, WHO warned
the world for “even greater TB-HIV crisis” and called for wide
availability of free anti-TB drugs to those living with HIV. As
per WHO, HIV is spreading rapidly in India with the largest
number of TB cases in the world.!¢1¢!

Chemotherapy of TB

First line anti-tubercular agents

Chemotherapy of TB mainly depends on first-line anti-TB
drugs, which include streptomycin, isoniazid, rifampicin,
ethambutol, and pyrazinamide, as they are more effective
andless toxic when compared with second-line anti-TB drugs.

Second line anti-TB drugs

There are six classes of second line anti-TB drugs for the
treatment of TB."'% A drug may be classified as a second-line
because of one of two possible reasons: It may be less effective
than the first-line drugs or it may have toxic side-effects.
These comprise different classes, namely, aminoglycosides
(amikacin, kanamycin), polypeptides (capreomycin,
viomycin), fluoroquinolones (ciprofloxacin, moxifloxacin,
etc.), thioamides (ethionamides, prothioamide), cycloserine,
and p-aminosalicylic acid.™®

Toxic effects of current therapy

The currently available first line anti-TB drugs are showing
serious side effects like severe damage to the eighth cranial
nerve, inducing irreversible impairment of auditory
function, hypersensitivity reactions (streptomycin),
hepatotoxicity which may lead to drug-associated hepatitis
(isoniazid, pyrazinamide, and rifampicin (rifampicin,
rifabutin, rifapentine)), and thrombocytopenic purpura
(rifampicin).®? Second line anti-TB drugs are more toxic
than first-line drugs, amikacin and kanamycin causes kidney
damage as well as hearing loss, viomycin and capreomycin
causes nephrotoxicity and eighth cranial nerve toxicity.
Fluoroquinolones are increasingly contra-indicated in
patients due to growing prevalence of antibiotic resistance.
Ethionamide and prothionamide (analogs of isoniazid) cause
git disorders (anorexia, salivation, nausea, abdominal pain,
and diarrhea), diverse mental disturbances (depression,
anxiety psychosis, dizziness, drowsiness, and headache), and
hypersensitivity. Cycloserine causes mainly centre nervous
system manifestations such as headache, irritability,
depression, and convulsions. p-Amino salicyclic acid causes
gastrointestinal tract problems including anorexia, nausea,
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epigastric pain, abdominal distress, diarrhea, peptic ulcers,
and hypersensitivity reactions.!5”

Drug-resistant TB

Drug resistant M. tuberculosis is an important obstacle for
the treatment and control of TB. This resistance has usually
been attributed to the unusual multi-layer cell envelope
and active multi-drug efflux pumps. Recent investigations
about mechanisms that neutralize the toxicity of antibiotics
in the cytoplasm have revealed other systems that function
in synergy with the permeability barrier and efflux systems
to provide natural resistance. Drugs inhibiting these
intrinsic systems would enable many antibiotics, which are
already available but have not been used for TB, to gain new
activities against M. tuberculosis. 161821

Multidrug-resistant TB

Multi-drugs resistance (MDR) TB refers to simultaneous
resistance to at least two or more of the five first-line anti-TB
drugs (isoniazid, rifampicin, pyrazinamide, ethambutol,
and streptomycin). MDR arises from sharing of genes
between different species or genera, generally mediated by
small pieces of extra-chromosomal deoxyribonucleic acid
(DNA) known as transposons or plasmids. Treatment for
multidrug-resistant TB is long-lasting, less effective, costly,
and poorly tolerated.6-18:21

Extensively drug resistant TB

XDR TB by definition is resistance to at least isoniazid
and rifampicin in addition to any quinolone and at least
one injectable second-line agent (capreomycin, amikacin,
kanamycin). The principles of treatment for MDR-TB and
XDR-TB are the same. The main difference is that XDR-TB is
associated with a much higher mortality rate than MDR-TB,
because of reduced number of effective treatment options.
Hence there is an urgent need for novel drugs that are
active against M. tuberculosis to shorten the duration of TB
therapy. 161821

Available molecular targets

The anti-TB drugs are known to target the biosynthetic
pathways that involve the production of macromolecules
like proteins, nucleic acids, or cell-wall components. In
selecting targets for anti-TB agents, it is valuable to avoid
targets that are close to the counterparts in mammalian
cells. The new targets should be specific to mycobacterium to
limit the resistance factors from other bacteria. New drugs
must act on a target essential for bacterial survival and active
against mycobacterium both inside and outside the patient
cells during infection. The serious efforts of researchers are
to develop anti-TB agents based on inhibition of protein
synthesis. Many of the inhibitors of protein synthesis
like tetracycline, chloramphenicol, and macrolides do not
show activity against M. tuberculosis, this showed that the
ribosome may not be an efficient target for novel anti-TB
drugs. Aminoglycoside and streptomycin which are being
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used for treatment of TB disrupt bacterial protein synthesis.
However, mutation altering the 16s ribosomal sub-unit in
RNA, results in drug resistance to M. tuberculosis.161921]

A detailed study of enzymes involved in tetrahydrofolate
biosynthesis may lead to a design of new and effective anti-
TB drugs. The anti-TB drug p-amino salicylic acid act on the
tetrahydrofolate pathway as well as salicylate-dependent
biosynthesis of mycobactins, required for iron transport.
Sulphonamides inhibit biosynthesis of tetrahydrofolic acid
and block the production of purine and pyrimidine bases
of nucleic acid in microbes. A type II topoisomerase, DNA
gyrase, involved in ATP-dependent negative supercoiling
of double-stranded DNA, ATP-independent relaxation
of negatively supercoiled DNA is a potential target for
development of potent anti-TB drugs. Recently, gyr A
and gyr B have been cloned from M. tuberculosis and
M. smegmatis. Any drug acting against gyr B would be
specific to Mycobacteria. Inhibition of its activity prevents
supercoiling, as subsequent process such as replication
and transcription are topologically dependent on DNA.
Nucleotide biosynthesis has been reported to be a good
target particularly for TB in HIV cases. In this regard,
thymidine monophosphate kinase (dTMKase) has been
suggested as target to develop new anti-TB agents for the
treatment of MDR-TB and TB in HIV-infected patients. This
enzyme is an essential enzyme of nucleotide metabolism
that catalyzes the reversible phosphorylation of thymidine
monophosphate (dTMP) to thymidine diphosphate (dTDP).
This has led to the design of more potent nucleoside
analogs to develop new anti-TB agents.”?>?®! Based on recent
advances in ultra structure and biochemistry, the three
basic structural components of the M. tuberculosis cell,
the cell wall, the plasma membrane, and the capsule have
been identified as the important target to develop new
anti-TB drugs. The two-layered cell wall in mycobacterium
is very complex and poorly permeable. The peptidoglycan,
the arabinogalactan (AG), and the mycolic acids are the
main structural components of the M. tuberculosis cell
wall. Beyond the membrane peptidoglycan (PG) layer is
covalently linked to AG, which in turn, is attached to large
mycolic acids with their long meromycolate and short
o-chains. These three constitute the cell wall core, the
mycolyl arabinogalactan-peptidoglycan (mAGP) complex.
Moreover, D-amino acids are important constituents of the
mycobacterial cell wall. A cytoplasmic enzyme D-alanine
racemase is required in the initial step of peptidoglycan
biosynthesis to convert natural L- to D-alanine and has been
identified as a novel target for anti-TB drug development.
The ability of M. tuberculosis has been attributed to its
robust cell wall that comprises complex glycolipids including
mAGP and lipoarabinomannan (LAM). LAM facilitates the
entry of bacterium into macrophages, prevents macrophage
activation, and protects M. tuberculosis from damage by
superoxide and hydroxyl radicals. Many other extractable
lipids including glycolipids (glycopeptididolipids (GPL);
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lipo-oligosachharide (LOS)), phenolic glycolipids (PGL), and
other classes of free lipids (sulpholipids (SL); phthiocerol
dimycocerosate (PDM)) are very important in pathogenesis
and survival of M. tuberculosis in the host macrophages.?%34

Recently discovered antitubercular agents

The unpleasant side effects, relatively long duration of
treatment, and non-compliance to treatment regimen are
drawbacks of current TB therapy. Such non-adherence with
the course of treatment leads to treatment failure and the
development of drug resistance. The goal now is to develop
anti-TB drugs in a cost-effective manner, which efficaciously
treats infectious MDR/XDR-TB strains and latent infections
with shortened treatment periods as well as reduced
frequency of dosage. 161821

Antitubercular activity of pyridazines

As series of 6-substituted-3(2H)-pyridazinone-2-acetyl-
2-(substituted/nonsubstituted acetophenone) hydrazone
derivatives la-l were tested for in vitro anti-TB activities
against M. tuberculosis H37Rv [Table 1]. Among the target
compounds, 1b and 1f exhibited the best anti-TB activity
[Table 1], with a minimum inhibitory concentration (MIC)
value of 5 ug/ml."

Two series of pyridazinone derivatives (19-34) were
evaluated for anti-TB activities against M. tuberculosis
H37Rv strain [Table 2]. The compound 2g, 5-(4-hydroxy-
3-methoxybenzyl)-3-(4-chloro-phenyl)-1,6-dihydro-6-
pyridazinone, emerged as a lead compound with good anti-
TB activity [Table 2]. Four more compounds, (2c, 2d, 3c,
3g, 21, 22, 29, and 33) were significant in their anti-TB
action.%8!

Some 3(2H)-pyridazinone and 1(2H)-phthalazinone
derivatives (4a-e, 5a-e and 6a-e) were evaluated for their
anti-TB activity against M. tuberculosis H37Rv [Table 3]. The
results showed [Table 3] that compound 6e had the highest

antimycobacterial activity.®”

A series of 6-substituted phenyl-2-(3i-substituted phenyl
pyridazin-6i-yl)-2,3,4,5-tetrahydropyridazin-3-ones  (7a-
e, 8a-d, 9a-c, 10 a-c, and 11a-e) were investigated for their
in vitro anti-TB activities. All the compounds (7a-e, 8a-d,
9a-c, 10 a-c, and 11a-e) were screened against M. tuberculosis
H37Rv at a concentration of 6.25 ug/ml [Table 4]. The
results indicated that the all compounds have mild to potent
activities with reference to their appropriate reference
standards [Table 4].138

A series of 5-(3i-oxo-6i-[substituted aryl]-2’,3’,4’,5-
tetrahydropyridazin-2i-ylmethyl)-2-substituted
1,3,4-oxadiazole (12a-e, 13a-e, and 14a-e) were screened
for anti-TB activity at concentration of 6.25 ug/ml. All the
synthesized compounds, screened against M. tuberculosis
H37Rv, were comparable with that of standard drugs
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Table 1: Antitubercular activity of 6-substituted-3
(2H)-pyridazinone-2-acetyl-2-(acetophenone)
hydrazone derivatives

Compounds #, R, MIC
(ugimL)

o CH3 18 H H 20

Ne L< }R b HBr 05

N ? It HC 40

o N/_\N«i%R1 4 HF 20
\__/

Te F H 20
1f F Br 05
Compounds 1a-l 1g F Cl  NA

1h F F N/A
1i Cl H N/A
1j Cl Br 40
1k Cl Cl 40
1 Cl F N/A
Isoniazid - - 0.2
Ethambutol - 01

Table 2: Antitubercular activity of 5-(substituted
benzyl)-3-aryl-1,6-dihydro-6-pyridazinones

Structure Compounds R R’ Mic
(ngimL)

= 2a 4-Cl H 50

\/ 2b 4-Cl 4-Cl 50

¢ Y o R 2 4C1  4ND, 25
R™=" N-NH 2d 4-Cl 4-0H 25
Compounds 2e 4.Cl 4-CH, 100

(2a-h) and (3a-h)

2f 4-Cl 4-0CH, 50

2 4-Cl 4-0H,4-0CH, 125

2h 4-Cl 4-F 50

3a 4-CH, H 50

3b 4-CH, 4-Cl 50

3c 4-CH, 4-NO, 25

3d 4-CH, 4-0H 50

3e 4-CH, 4-CH, 50

3f 4-CH,  4-0CH, 50

3g 4-CH, 4-0H, 4-0CH, 25

3h 4-CH, 4-F 50

Reference drug Streptomycin - - 10

[Table 5]. The results indicated that the all compounds had
mild to potent anti-TB activities [Table 5].5%

A seriesofalkyl1-heteroaryl-1H-1,2,3-triazole-4-carboxylates
were tested for their anti-TB activity against M. tuberculosis
H37Rv. Among all, the best potency was shown by n-pentyl
1-(6-phenylpyridazin-3-yl)-1H-1,2,3-triazole-4-carboxylate
(15) with a MIC of 3.13 pg/mL.“ In search of potential
anti-TB agents, pyridazinoindole analogs and screened them
for inhibition of the growth of M. tuberculosis. The most active
compound (16) exhibited a MIC, | of 1.42 pg/mL against
M. tuberculosis H37Rv.*! 1,2 3 4-tetrahydro-6-substituted-
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Table 3: Antitubercular activity of

benzenesulfonohydrazide bearing 3 (2H)-pyridazinone

or 1 (2H)- phthalazinone rings

Structure Compounds  R1
Ri 4a H
R\)OLN’H‘,SQ ab CH,
H do
4c cl
44 OCH,
Componds 4a-e, 4e NHCOCH,
5a-e and Ba-e
O ba H
5b CH
N e o
’ 5d OCH,
be NHCOCH,
6a H
el GQN- 6b CH,
L ) Bc cl
6d OCH,
Be NHCOCH,
Reference drugs Isiniazid -
Isiniazid -
Rifampicin -

(ng/ml)

20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
0.2
1.0
1.0

%

52.70
62.83
47.29
82.43
92.56

60.81
97.97
72.29
64.84
81.08
74.32
75.67
47.97
74.32
43.24

2,5,7-trimethyl-6H-pyrrolo

[3,4-d] pyridazin-1,4-ones

displayed moderate activity against M. tuberculosis. On the
basis of these findings, we will synthesize new pyridazine
derivatives to investigate their anti-TB activities.

Concentration Resistance

COOCgH1 1
15

In vitro

anti-TB  activities

16

of 6-substituted-3(2H)-

pyridazinone-2-acetyl-2-(substituted/non-substituted
acetophenone) hydrazone derivatives la-l, compound
1b and 1f exhibited the best activity, with a MIC value of
5 ug/ml.B Compounds 1a, 1d, and le showed MIC value
of 20 ug/ml and Compounds 1g, 1h, 1i, and 1l did not
show any MIC Value. In series (2a-h and 3a-h), compound

2g,  5-(4-hydroxy-3-methoxybenzyl)-3-(4-chloro-phenyl)-

Table 4: Antitubercular activity of 6-substituted phenyl-2-(3'-substituted phenyl

pyridazin-6'-yl)-tetrahydropyridazin-3-ones

Structure Compounds R R Concentration (pg/mL) Inhibition %
7a C.H; H 6.25 48
R' | 7b C.H, 3,5-(CH,), 6.25 89
N‘N o 7c C.H; 4-Cl 6.25 60
7d C.H, 4-Br 6.25 62
| \r}l 7e C.H, C.H, 6.25 51
_N 8a 4-CH,-CH, H 6.25 70
8b 4-CH,-CH, 3,5+(CH,), 6.25 92
R 8 4-CHCH, C,H, 6.25 62
8d 4-CH,-CH, 4-Br 6.25 64
Conpounds 7a-e, 8a-d, 9a-c, 10a-c and 11a-e 9a 3,5-(CH,),-C.H, H 6.25 89
9b 3,5-(CH,),-C.H, 4-Cl 6.25 95
9 3,5-(CH,),-CH, C.H, 6.25 72
10a C,H,0 H 6.25 47
10b C, H,0 3,5+(CH,), 6.25 54
10c C,H,0 4-Cl 6.25 32
11a (CHy), H 6.25 38
11b (C6H,), p-CH, 6.25 41
11c (CH,), CH,0 6.25 34
11d (C,Hy), C.H, 6.25 39
11e (CH,), 4-Cl 6.25 40
Reference drugs Rifampicin - - 0.25 98
Isoniazid - - 0.031 95
Tobramycin - - 10.0 99
Clarithromycin - - 26.0 99
Ethionamide - - 1.17 99
PAS - - 2.31 99
Ethambutol - - 1.17 99
Gentamycin - - 6.0 99
Doxycyclin - - 12.0 99
. Vol. 4 | Issuel | Jan-Jun 2013 «5)>»
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Table 5: Antitubercular activity of 1,3,4-oxadiazole bearing 3 (2H)-pyridazinone derivatives

Structure Compounds
0 12a
o} 12b
N7 )—NH 12
N N-N 12d
R 12e
Compounds 12a-e 13a
o 13b
e} 13c
N7 )—sH 13d
N N-N 13e
R 14a
Compounds 13a-e 14b
o) 14¢
H 144
O,
N7 N 14e
N N-N Rifampicin
R Isoniazid
Compounds 14a-e Tobramycin
Rereference drugs Clarithromycin
Ethionamide
PAS
Ethambutol
Gentamycin
Doxycyclin

R Concentration (pg/mL) Inhibition %
C.H, 6.25 86
3,4-(CH,)-CH,- 6.25 52
4-CH,-CH,- 6.25 56
4-C.H.0-CH, 6.25 48
4-CI-CH,- 6.25 84
C.H, 6.25 88
3,4-(CH,)-CH,- 6.25 48
4-CH,-CH,- 6.25 51
4-C.H,0-CH, 6.25 45
4-CI-CH, 6.25 87
C.H, 6.25 91
3,4-(CH,)-CH,- 6.25 52
4-CH,-CH, 6.25 55
4-C.H,0-CH, 6.25 49
4-CI.CH, 6.25 89
- 0.25 98
- 0.031 95
- 10.0 99
- 26.0 99
- 1.17 99
- 2.31 99
- 1.17 99
- 6.0 99
- 12.0 99

1,6-dihydro-6-pyridazinone showed the highest anti-TB
activity. Compounds 2¢, 2d, 3¢, and 3g showed significant
activity. Compounds 2e showed maximum MIC value
of 12.5 pg/ml and compound 2e showed lowest MIC
value 100 pug/ml. Compounds 2c and 2d showed MIC value
of 25 ug/mlL and compounds 3c and 3g showed MIC value
of 25 ug/mL.5% Some pyridazinone or phthalazinone
compounds (4a-e, 5a-e, and 6a-e) were active against M.
tuberculosis H37Rv. Compounds 4e and 5b showed 92.56%
and 97.97% resistance, respectively. Compound 4c, 6c,
and 6e showed 47.29%, 47.97%, and 43.24% resistance,
respectively, at a concentration of 20 Ug/mL.5” In a series
of 6-substituted phenyl-2-(3’-substituted phenyl pyridazin-
6’-y1)-2,3,4,5-tetrahydropyridazin-3-ones (7a-e, 8a-d, 9a-c,
10 a-c and 11a-e)®® and a series of 5-{3’-oxo0-6’-(substituted
aryl)-2’,3’,4’,5’-tetrahydropyridazin-2’-ylmethyl}-2-
substituted 1,3,4-oxadiazole (12a-e, 13a-e and 14a-e)®, the
results indicated that the compounds (7a-e, 8a-d, 9a-c, 10
a-c, and 1la-e) have mild to potent activities. Compounds
7b, 8b, 9a, and 9b showed good percentage inhibition 89,
92, 89, and 95, respectively, against TB at 6.25 ug/mL
concentration. Compounds 10c¢, 11a, 11c, 11d, and 1le
showed weak percentage inhibition 32, 38, 34, 39, and
40, respectively, against TB at 6.25 ug/mL concentration.
Compounds 12e, 13a, 13e, 14a, and 14e showed good
percentage inhibition 84, 88, 87, 91, and 89, respectively,
against TB at 6.25 ug/mL concentration. Compounds 12d,
13b, 13d, and 14d showed weak percentage inhibition
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48, 48, 45, and 49, respectively, against TB at 6.25 ug/mL
concentrations. All compounds (7a-e, 8a-d, 9a-c, 10a-c,
and 1la-e) showed the percentage inhibition ranging from
32 to 95% and compounds 12a-e, 13a-e, and 14a-e showed
percentage inhibition ranging from 48 to 91% against M.
tuberculosis H37 Rv comparable with those of standard
rifampicin and isoniazid. The results indicated that the
pyridazine with chloro group and dimethyl group showed
comparable activity with the reference drugs. Compound 15
and 16 showed MIC value of 3.13 ug/mL"” and MIC, value
of 1.42 pug/mL against M. tuberculosis H37Rv respectively.*!

Discussion

Development of new anti-TB drugs is the need of the hour
to control TB. In the last 40 years, no new anti-TB drug has
been brought into the market. However, in recent years there
is an enhanced activity in the research and development
of new anti-TB drugs. Presently, some compounds are in
clinical development, whereas others are being investigated
preclinically in an attempt to explore new anti-TB molecules.
This review provides an overview of the pyridazines against
M. tuberculosis. In view of the persistent drug-resistant TB
problem of currently used anti-TB agents, it is important
that new anti-TB molecules or drugs should address
different targets, as those of currently used drugs including
the shortening of TB therapy. The unique structure of the
mycobacterial cell wall makes it a useful target for drug
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development, and studies can be directed to specific sites like

cell wall biosynthetic pathways.**¢! Although one possible 2.
long-term solution to the problem is a better vaccine, in
the short term, the major reliance will be on chemotherapy
requiring the development of novel, effective, and non-
toxic anti-TB agents. The identification of novel target sites 4.
will also be needed to circumvent the problems associated
with the increasing occurrence of MDR-TB and XDR-TB 5
strains.'347°% One of these attractive targets for the rational
design of new anti-TB agents are the mycolic acids, themajor
components of the cell wall of M. tuberculosis.
Conclusion 7.
The difficulty in managing TB includes the prolonged
duration of the treatment, the emergence of drug s.
resistance, and co-infection with HIV/AIDS. TB control
program requires new drugs that act on novel drug targets .
to help in combating resistant forms of M. tuberculosis and '
reduce the treatment duration. Despite the availability
of the various chemotherapeutic agents, TB remains a 10
leading killer worldwide. This is mainly due to the lack of
new drugs, particularly, for effective treatment against 1%
MDR-TB, XDR-TB, and patients co-infected with HIV/AIDS.
Therefore, there is an urgent need for the development of ;.
new and effective anti-TB drugs particularly against resistant
strains with lesser side-effects.'34%%) More importantly,  13.
newly developed drugs are required to reduce the duration
of treatment. The newer anti-TB compounds need to be 14.
developed by understanding the molecular mechanisms of s
drug action and drug resistance. Focusing on the existing ’
anti-TB targets for drug development may be of limited
value because chances of resistance by mutation in the 16
protein target may render the drugs ineffective. Precisely,
because of this observed drug resistance by the bacterium, it .
is necessary to develop new drugs that inhibit novel targets '
and are structurally and functionally different from those 18.
currently known.**%? Medicinal chemists will be interested
to work on pyridazine molecules due to their wide range of ~ 19.
biological activities particularly against microbes. In view
of above facts, there is an ongoing research on pyridazine
derivatives, particularly against mycobacterium. Different g
new pyridazines will be synthesized in the future for
development of new anti-TB molecules.

21.
Acknowledgment

22.
The authors are thankful to GRD (PG) Institute of Management
and Technology Dehradun, and Uttarakhand Technical University, 23.
Dehradun, Uttarakhand, India for providing assistance and
facilities to carry out this work. 2.

25.
References

26.
1. Faidallah HM, Khan KA, Makki MS. Synthesis and biological evaluation of

new fused isoxazolo [4,5-d] pyridazine derivatives. J Chinese Chem Soc

. Vol.4 | Issuel | Jan-Jun 2013 <7 >

2011;58:191-8.

Bisht SS, Ajay A, Sinha SK, Chaturvedi V, Tripathi RP. Synthesis and
antitubercular activity of 5-benzyl-3-phenyl dihydroisoxazoles. Inter J drug
desing and discov 2010;1:11-8.

Omar A, Ahmed MA. Synthesis of some new 3H-quinazolin-4-one
derivatives as potential antitubercular agents. World App SciJ 2008;5:94-9.

Tripathi RP, Tewari N, Dwivedi N, Tiwari VK. Fighting tuberculosis: An old
disease with new challenges. Med Res Rev 2005;25:93-131.

Husain A, Drabu S, Kumar N, Alam MM, Ahmad A. Synthesis and biological
evaluation of some new pyridazinone derivatives. J Enzyme Inhib Med
Chem 2011;26:742-8.

Abouzid K, Abdel Hakeem M, Khalil O, Maklad Y. Pyridazinone derivatives:
Design, synthesis, and in vitro vasorelaxant activity. Bioorg Med Chem
2008;16:382-9.

Gokge M, Utku S, Kiipeli E. Synthesis and analgesic and anti-inflammatory
activities 6-substituted-3(2H)-pyridazinone-2-acetyl-2-(p-substituted/
nonsubstituted benzal) hydrazone derivatives. Eur J Med Chem
2009;44:3760-4.

Kumar D, Carron R, La Calle CD, Jindal DP, Bansal R. Synthesis and evaluation
of 2-substituted-6-phenyl-4,5-dihydropyridazin-3(2H)-ones as potent
inodilators. Acta Pharm 2008;58:393-405.

Siddiqui AA, Mishra R, Shaharyar M. Synthesis, characterization and
antihypertensive activity of pyridazinone derivatives. Eur J Med Chem
2010;45:2283-90.

Asif M. Some Recent Approaches of Biologically Active Substituted
Pyridazine and Phthalazine Drugs. Curr Med Chem 2012;19:2984-91.

Allerton CM, Andrews MD, Blagg J, Ellis D, Evrard E, Green MP, et al. Design
and synthesis of pyridazinone-based 5-HT (2C) agonists. Bioorg Med Chem
Lett 2009;19:5791-5.

Donald PR, van Helden PD. The global burden of tuberculosis—combating
drug resistance in difficult times. N Engl J Med 2009;360:2393-5.

Asif M. Study of currently used antimycobacterials, their analogoues and
recently developed agents. Indian drugs 2012;49:5-19.

Asif M. Study of clinically used and recently developed antimycobacterial
agents. Orient Pharm Exp Med 2012;12:15-34.

Shafii B, Amini M, Akbarzadeh T, Shafiee A. Synthesis and antitubercular
activity of N3, N5-Diaryl-4-(5-arylisoxazol-3-yl)-1,4-dihydropyridine-3,5-
dicarboxamide. J Sci 2008;19:323-8.

Kamal A, Azeeza S, Malik MS, Shaik AA, Rao MV. Efforts towards the
development of new antitubercular agents: Potential for thiolactomycin
based compounds. J Pharm Pharm Sci 2008;11:56-80s.

Asif M. Study of clinically used and recently developed antimycobacterial
agents. Orient Pharm Exp Med 2012;12:15-34.

Okada M, Kobayashi K. Recent progress in mycobacteriology. Kekkaku
2007;82:783-99.

Centers for Disease Control and Prevention (CDC). Emergence of
Mycobacterium tuberculosis with extensive resistance to second-
line drugs—worldwide, 2000-2004. MMWR Morb Mortal Wkly
Rep 2006;55:301-5.

Alangaden GJ, Manavathu EK, Vakulenko SB, Zvonok NM, Lerner SA.
Characterization of fluoroquinolone-resistant mutant strains of
Mycobacterium tuberculosis selected in the laboratory and isolated from
patients. Antimicrob Agents Chemother 1995;39:1700-3.

Tomioka H, Namba K. Development of antituberculous drugs: Current
status and future prospects. Kekkaku 2006;81:753-74.

Grosset JH. Treatment of tuberculosis in HIV infection. Tuber Lung Dis
1992;73:378-83.

Jones PB, Parrish NM, Houston TA, Stapon A, Bansal NP, Dick JD, et al. A new
class of antituberculosis agents. J Med Chem 2000;43:3304-14.

O’Brien RJ, Nunn PP. The need for new drugs against tuberculosis. Obstacles,
opportunities, and next steps. Am J Respir Crit Care Med 2001;163:1055-8.

Khasnobis S, Escuyer VE, Chatterjee D. Emerging therapeutic targets in
tuberculosis: Post-genomic era. Expert Opin Ther Targets 2002;6:21-40.

Pestova E, Millichap JJ, Noskin GA, Peterson LR. Intracellular targets of
moxifloxacin: A comparison with other fluoroquinolones. J Antimicrob
Chemother 2000;45:583-90.

Chronicles of Young Scientists .




Asif, et al.: Pyridazine compounds as antitubercular

27. Pasqualoto KF, Ferreira El. An approach for the rational design of new 41. Velezheva VS, Brennan PJ, Marshakov VY, Gusev DV, Lisichkina IN,
antituberculosis agents. Curr Drug Targets 2001;2:427-37. Peregudov AS, et al. Novel pyridazino[4,3-b] indoles with dual inhibitory
activity against Mycobacterium tuberculosis and monoamine oxidase. J

28. Onodera Y, Tanaka M, Sato K. Inhibitory activity of quinolones against
Med Chem 2004,;47:3455-61.

DNA gyrase of Mycobacterium tuberculosis. J Antimicrob Chemother

2001;47:447-50. 42. Cooper C. Experiences, successes, and challenges in developing
29. Kaufmann SH, Cole ST, Mizrahi V, Rubin E, Nathan C. Mycobacterium mycobacterium tuberculosis whole cell screening hits as potential
tuberculosis and the host response. J Exp Med 2005;201:1693-7. antituberculosis agents. Division of Medicinal Chemistry Scientific Abstracts
for the 243 National Meeting and Exposition, March 25-29, 2012, San
30. Gratraud P, Surolia N, Besra GS, Surolia A, Kremer L. Antimycobacterial Diego, CA. Publication date: February 10, 2012.

activity and mechanism of action of NAS-91. Antimicrob Agents Chemother

2008;52:1162-6. 43. Jaso A, Zarranz B, Aldana I, Monge A. Synthesis of new quinoxaline-2-

carboxylate 1,4-dioxide derivatives as anti-Mycobacterium tuberculosis
31. Asif M, Singh A, Ratnakar L. Antimicrobial Agents: Brief Study of Pyridazine agents. J Med Chem 2005;48:2019-25.

Derivatives against Some Phathogenic Microrganisms. J Pharm Res
2011;4:664-7.
32. Aubry A, Pan XS, Fisher LM, Jarlier V, Cambau E. Mycobacterium . . .
. . R . . . 45. Farmer P, Bayona J, Becerra M, Furin J, Henry C, Hiatt H, et al. The dilemma
tuberculosis DNA gyrase: Interaction with quinolones and correlation £ MDR-TB in the elobal it | Tubere L Dis 1998.2:869-76
with antimycobacterial drug activity. Antimicrob Agents Chemother ° -8 1n the global era. Int J fuberc Lung Dis r £ ERIT I
2004;48:1281-8. 46. Telenti A, Iseman M. Drug-resistant tuberculosis: What do we do now?

33. Kishore N, Mishra BB, Tripathi V, Tiwari VK. Alkaloids as potential Drugs 2000;59:171-9.
anti-tubercular agents. Fitoterapia 2009;80:149-63. 47. Espinal MA. The global situation of MDR-TB. Tuberculosis (Edinb)

34. Asif M, Siddiqui AA, Husain A. Quinolone derivatives as antitubercular 2003;83:44-51.
drugs. Med Chem Res 2012. 48. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus statement.

35. Utku S, Gokce M, Aslan G, Bayram G, Ulger M, Emekdas G, et al. Synthesis G|Oba||_ bukr’den of tul::l:_(l:;l%s;sg F]sgmate.zltli |nC|der:ici;l prevz{lencpe, .and
and in vitro antimycobacterial activities of novel 6-substituted-3(2H)- mortality by country. obal surveilance an onitoring Project.

pyridazinone-2-acetyl-2-(substituted/nonsubstituted acetophenone) JAMA 1999;282:677-86.
Hydrazone. Turk J Chem 2011;35:331-9. 49. Dony JF, Ahmad J, Khen Tiong Y. Epidemiology of tuberculosis and leprosy,

36. Husain A, Ahmad A, Bhandari A, Ram V. Synthesis and antitubercular Sabah, Malaysia. Tuberculosis (Edinb) 2004;84:8-18.

activity of pyridazinone derivatives. J Chil Chem Soc 2011;56:778-80. 50. World Health Organization. Strategic framework to decrease the burden
of TB/HIV documents WHO/CDS/TB2002, 296, WHO/HIVAIDS/2002, 2.
Geneva, Switzerland: World Health Organization; 2002.

44. Moran N. WHO issues another gloomy tuberculosis report. Nat Med
1996;2:377.

37. Dogruer DS, Onkol T, 0zkan S, Ozgen S, Sahin MF. Synthesis and antimicrobial
activity of some 3 (2H)-pyridazinone and 1 (2H)-phthalazinone derivatives.
Turk J Chem 2008;32:469-79. 51. Clatworthy AE, Pierson E, Hung DT. Targeting virulence: A new paradigm for

38. Islam M, Siddiqui AA, Rajesh R. Synthesis, antitubercular, antifungal and antimicrobial therapy. Nat Chem Biol 2007;3:541-8.
antibacterial activities of 6-substituted phenyl-2-(3’-substituted phenyl 52. Asif M. A Review of Antimycobacterial Drugs in Development. Mini rev Med
pyridazin-6-yl)-2,3,4,5-tetrahydropyridazin-3-one.  Acta Pol Pharm Chem 2012;12:1404-18.
2008;65:353-62.

39. Islam M, Siddiqui AA, Rajesh R, Bakht A, Goyal S. Synthesis and antimicrobial
activity of some novel oxadiazole derivatives. Acta Pol Pharm 2008;65:441-7.

40. Japelj B, Recnik S, Cebasek P, Stanovnik B, Svete J. Synthesis and
antimycobacterial activity of alkyl 1-heteroaryl-1H-1,2,3-triazole-4-
carboxylates. J Heterocyclic Chem 2005;42:1167-73.

How to cite this article: Asif M, Singh A, L. Development of structurally diverse
antitubercular molecules with pyridazine ring. Chron Young Sci 2013;4:1-8.

Source of Support: Nil, Conflict of Interest: None declared

Announcement

Android App

A free application to browse and search the journal’s content is now available for Android based
P Download mobiles and devices. The application provides “Table of Contents” of the latest issues, which
X & are stored on the device for future offline browsing. Internet connection is required to access the
( Andf()ld_ back issues and search facility. The application is compatible with all the versions of Android. The
— appllcathn application can be downloaded from https://market.android.com/details?id=comm.app.medknow.
For suggestions and comments do write back to us.

. Chronicles of Young Scientists «8>» Vol. 4 | Issue1 | Jan-Jun 2013 .




