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Abstract: The effective methods have been developed for the preparation under mild conditions of novel
pyridazine derivatives from the easily accessible starting materials. All the synthesized compounds were fully
characterized. Various pyridazinone compounds were synthesized and tested for their antibacterial against

various Gram positive and Gram negative bacterial strains such as Staphylococcus aureus, Bacillus cereus, B.

subtilis, Staphylococcus epidermidis, Pseudomonas aeruginosa, Escherichia coli, Micrococcus luteus, S.
flexneri and Klebsiella pneumonia and antifungal activities on some fungal species, namely Candida albicans,

C. neoformans, Trichophyton rubrum, Aspergillus flavus, Aspergillus niger, G. zeae, F. oxysporum and C.
mandshurica and Penicillium citrinum. The results indicated that the synthesized pyridazine compounds have
mild to potent antibacterial and antifungalactivities with reference to their appropriate standard reference drugs.
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INTRODUCTION

Infectious diseases caused by bacteria have
increased dramatically in recent years. In spite of many
significant advances in antibacterial therapy, the
widespread use and misuse of antibiotics have caused the
emergence of bacterial resistance to antibiotics, which is
a serious threat to public health. In particular, the
emergence of multidrug resistant Gram-positive bacteria,
including methicillin-resistant =~ Staphylococcus aureus
(MRSA), vancomycin-resistant S. aureus (VRSA)and
vancomycin-resistant Enterococci (VRE), has become
a serious problem in the treatment of bacterial
diseases. Therefore, the development of new
compounds to deal with resistant bacteria has become
one of the most important areas of antibacterial research
today. The available antibacterial compounds still
have some of the disadvantages. These are microbial
resistance,
and dose required may be high [1-10].

In world up to 5% of all the infections are caused by
fungi. Fungal infections in such a high risk patients
progress rapidly and are difficult to diagnose and treat.

associated disorders like GIT disturbances

Especially in the developed countries fungal infections
have grown rapidly in last few decades. Although
antimicrobial agents having different structures are
frequently used in the treatment of fungal infections, there
is an increasing resistance to these drugs. To overcome
the development of drug resistance it is necessary to
synthesize a new class of antifungal compounds
possessing different chemical properties from those of
used commonly. Many human illnesses are caused by
infections with microbes like viruses or bacteria or fungi.
Amongst those various illnesses, certain bacterial, viral
and fungal infections are more common because of their
tendency to develop new strains under any circumstances
and developing resistance against the available drugs.
This stimulated the scientists for development of novel
molecules to combat these illnesses. Infectious microbial
disease remains a pressing problem worldwide, because
microbes have resisted prophylaxis or therapy longer than
any other form of life [8-12].

Pyridazine is an important compound of heterocyclic
compounds, containing two nitrogen atoms at 1 and 2
positions in a six membered ring. Pyridazin-3-one,
saturated or unsaturated form with carbonyl group on
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third carbon, has been considered as a magic moiety,
which possesses diverse set of biological activities
[12-15]. The pyridazine nucleus represents a versatile
scaffold to develop new pharmacologically active
compounds. Pyridazine and its derivatives are noteworthy
for their physiological and biological importance.
Medicinal chemists are working on pyridazines due to
their wide range of biological activities. Many pyridazine
and related analogue were found to possess valuable
properties such as antiangiogenic, anticancer, anti-
inflammatory, antimicrobial, analgesic, antidepressant,
antihypertensive, antithrombotic, antitubercular,
antifungal, phosphodiesterase-4 (PDE4) inhibitors are
effective anti-inflammatory, selective COX-2 inhibitors,
antipyretic,  antidiabetic, antifeedant, insecticidal
activities, antihypertensive, antiplatelet, diuretics and
anticonvulsant activities [16-22]. Besides they exhibit
antiviral activity against the replication of human
immunodeficiency virus, inhibit human picorna viruses,
protein kinase and acyl coenzyme A:
acyltransferase. Many pyridazine derivatives are well
known to possess a wide range of bioactivities and are
often employed as plant virucides, fungicides,
insecticides and herbicides. They have immense potential
in agricultural science as plant growth regulators and crop
protection agents. In addition, pyridazinones act as core
nucleus in various drugs like Sulmazole, Levosimendan,
Indolidan,
Emorfazone, Zardaverine, Milrinone etc. [23-30].Many
compounds carrying phthalazinone rings are known to
have different biological activities such as antimicrobial,
cardiotonic, molluscicidal and herbicidal, antiplatelet,

cholesterol

Amipizone, Imazodan,  Pimobendan,

antihypertensive, analgesic and anti-inflammatory actions.
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However, some compounds bearing pyridazinone or
phthalazinone rings have been reported to have
antimicrobial activity [31-35]. In view of above facts and
inspired by the research going on pyridazinone
derivatives, particularly in relation to microbial infections,
various pyridazines have been synthesized. These
observations contemplated us to synthesize some new
derivatives of pyridazinones with a view to discover,
design and explore their optimized biological activities
with desired structures.

Antimicrobial Activities of Pyridazinone Compounds:
The 6-substituted phenyl-2-[{(4’-substituted phenyl-5’-
thioxo)-1,2,4-triazol-3-yl}-methyl]-2,3,4,5-

tetrahydropyridazin-3-one compounds (la-11) were tested
for their in vitro antifungal activity on five fungal species,
namely Candida
Aspergillus flavus, Aspergillus niger and Penicillium
citrinum.  The6-Substituted-2- {[(4’-substituted-phenyl-
Sithioxo)-1,2,4-triazol-3-yl]-methyl]-2,3,4,5-tetrahydro-
pyridazin-3-one derivatives (la-11) were found to have
significant antifungal activities against C. albicans, T.
rubrum, A. flavus, A. niger and P. citrinium fungal
species. The chloro substituent derivative (1g) showed
the highest activity against all the fungal species. The
MIC of the standard drug voriconazole was between 0.10
and 0.50 ig/mL against all the fungal species. The two
electronegative groups of Cl were increasing the activity

albicans, Trichophyton rubrum,

of 1,2,4-triazole. As we increased the bulky group or
aromatic group on benzene ring, the activity was
decreased as in case of compound 11. These pyridazinone
compounds showed comparable results with standard
drug voriconazole [36].
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Various substituted pyridazinone derivatives (2a-2h), 6-substituted phenyl-2-(3’-substituted phenyl pyridazin-6’-yl)-
2,3.,4,5-tetrahydropyridazin-3-ones (3a-d, 4a-c, 5a-c and 6a-e) were investigated for their antifungal and antibacterial
activities. The synthesized compounds have mild to potent activities with reference to their appropriate reference
standards. The final synthesized compounds were evaluated for their antibacterial activity against E. coli, S. aureus,
Micrococcus luteus and Klebsiella pneumonia. The results of antibacterial evaluation show that all compounds have
comparable activity against the bacterial strains. Compounds 2e, 3b and 4a are the most active derivatives, which show
significant activity against the bacteria comparable to standard drug, ampicillin and chloramphenicol. All the final
compounds were evaluated for antifungal activity against C. albicans and C. neoformans by using cup-plate method
in the Sabouraud agar medium. The zone of inhibition (mm) of each compound was determined and compared with
standard drug @i fluconazole. The compounds 3b and 3b were found to be active derivatives of this series against the
microorganisms used. Compounds 2e, 3b and 4a are active against Gram positive and Gram negative bacteria.
Compounds 3b and 4b exhibited potent antifungal activity [37].
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A series of 5-{3’-0x0-6’-(Substitutedaryl)-2°,3’ 4’5 -tetrahydropyridazin-2’-ylmethyl } -2-substituted- 1,3,4-oxadiazole
compounds (7a-e, 8a-e and 9a-¢) were screened for antibacterial and antifungal activity. All the compounds are evaluated
for their antibacterial activity against E. coli, S. aureus, Micrococcus luteus and Klebsiella pneumoniae. All the final
compounds were evaluated for antifungal activity against C. albicans and C. neoformans and compared with standard
drug fluconazole.The synthesized compounds were evaluated for their antibacterial activity against E. coli, S. aureus,
M. luteus and K. pneumonia. Compound (7¢) and (9¢) are the most active derivatives as compared to that of standard
drugs ampicillin and chloramphenicol. All the synthesized final compounds were evaluated for antifungal activity against
C. albicans and C. neoformans and compared with standard drug fluconazole. Compounds 7b, 8b and 9b were found
to be highly active as compared with the standard drug, fluconazole. Compounds 7a and 9a are active against Gram
positive and Gram negative bacteria. Both the compounds are unsubstituted derivatives of the series and most potent
against the S. aureus and M. luteus. Compounds 7b, 8b and 9b are potent antifungal agents against the C. albicans [38].
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Compounds 4-(4-Nitrobenzyl)-6-phenylpyridazin-3(2H)-one (10a) and4-(4-Nitrobenzylidene)-1,2-dihydro-1,6-
diphenylpyridazin-3(4H)-one (10b) were screened for their antimicrobial activity against Gram positive bacteria; B.
subtilis, B. cereus and S. aureus and Gram negative bacteria; E. coli, P. aeruginosaand fungus C. albicans and results
were compared with the reference antibiotics. Both compounds have no antimicrobial activity against B. cereus, S.
typhimurium and P. aeruginosa. Both compounds were showed activity against E. coli (Gram negative) and S. aureus
(Gram positive). Both tested compounds have low antibacterial or antifungal activities [39].
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A series of 3-substituted phenyl-6-substituted phenyl(1,2,4)triazolo(4,3-b) pyridazine compounds (11a-b, 12a-b, 13a-
13b, 14a-b, 15a-b and 16a-b) were investigated for their in vitro antifungal and antibacterial activities. The results
indicated that the synthesized compounds have mild to potent activities with reference to their appropriate reference
standards. These compounds were evaluated for their antibacterial activity against E.coli, S.aureus, Micrococcus luteus
and Klebsiella pneumoniae. The results of antibacterial test exhibit that all compounds having comparable activity
against the bacterial strains. Compounds 11b, 12b and 13b are the most active derivatives, which show significant
activity against these bacteria comparable to standard drug, ampicillin and chloramphenicol. All the final compounds
were evaluated for antifungal activity against C. albicans and C. neoformans. The zone of inhibition (mm) of each
compound is determined and compared with standard drug fluconazole. The compounds 12a, 12b and 14b were found
to be active derivatives of this series against the microorganisms. Compounds 2b, 3b and 4b are active against Gram
positive and Gram negative bacteria. Compound 12a, 12b and 14b are potent antifungal drugs [40].
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Some 3(2H)-pyridazinone and 1(2H)-phthalazinone derivatives (17,18, 19a-¢, 20) were evaluated for their antibacterial
activity against various Gram-positive and Gram-negative strains of bacteria. The results showed that the synthesized
compounds were generally active against B. subtilis and its clinical isolate. Among the target compounds, compound
20c exhibited the best antibacterial activity, with a MIC value of 15.62ig/mL against B. subtilis. Compound 21e had the
highest antimycobacterial activity. These compounds were tested in vitro for antibacterial activity against Gram-positive
S. aureus, methicillin-resistant S. aureus (MRSA, clinical isolate), B. subtilis, B. subtilis (Clinical isolate), Gramne gative
E. coli and E. coli producing extended spectrum f-lactamase, P. aeruginosaand P. aeruginosa (Clinical isolate) bacteria
using broth microdilution. Sulfanilamide, sulfamethoxazole and ampicillin were used as references. None of the target
compounds had activity against Gram-negative bacteria. The target compounds were generally active against B. subtilis
and its clinical isolate. When the chemical structures of the active compounds were taken into consideration, it was
determined that 1(2H)-phthalazinone (21a-¢) and 4,5-dipheyl-3(2H)-pyridazinone derivatives (20a-e) were more active than
6-phenyl-3(2H)-pyridazinone derivatives (19a-19e) against B. subtilis and its clinical isolate. While compounds 20b, 20d,
20e, 21a, 21c and 21e were as active as sulfanilamide against B. subtilis clinical isolate, compounds 19d and 21b were as
active as sulfanilamide against both B. subtilis and its clinical isolate. Compounds 20a and 20c were 2 times as active as
sulfanilamide against B. subtilis clinical isolate and their antibacterial activity was 50% of that of sulfamethoxazole
against B. subtilis clinical isolate. Compound 21a was 2 times as active as sulfanilamide against B. subtilis and its activity
was equal to that of sulfamethoxazole against B. subtilis. Compound 21d was as active as sulfamethoxazole against B.
subtilis and its antibacterial activity was 50% of that of sulfamethoxazole against B. subtilis clinical isolate. Moreover,
this compound was 2 times as active as sulfanilamide against both B. subtilis and its clinical isolate. Among the target
compounds, compound 20c exhibited the best antibacterial activity, with a MIC value of 15.62ig/mL against B. subtilis.
Moreover, this derivative was the only compound that was active as ampicillin, with a MIC value of 31.2 ig/mL against
S. aureus[41].
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The 4-aryl furo pyridazines (22a-b), Based on these findings it was considered valuable to incorporate furan ring in
pyridazine framework as in 22a-b, which might enhance the biological activity. Herein we are reporting the conversion
of 1-aroyl-hydrazones 3a-b to the corresponding pyridazines 22a-b using PPE in good yield. The antibacterial screening
results have shown that chloro substituted compounds 22b exhibit, growth inhibitory activity more relevant than that
of the reference compound. Even in case of antifungal activity chloro substituted compounds showed growth inhibitory
activity more relevant than that of the reference drug. The compound 22a-b was screened for antimicrobial activity using
cup plate method. The activity was carried out against three pathogenic bacteria, B. Cereus, S. Aureus and E. Soli and
two fungal cultures, F. Solani, Aspergillus Favus. The standard drugs used were Chloromycetin and Griseofulvin. The
compound was tested in dimethyl formide. Further compounds with chloro group have shown more antibacterial and
antifungal activities [42].

An effective method has been developed for the preparation under mild conditions of novel pyridazine derivatives
exhibited antifungal activities and some of them displayed good antifungal activities against G. zeae, F. oxysporum and
C. mandshurica in preliminary antifungal activity tests. These synthesized compounds showed weak to good antifungal
activities against the tested fungi at 50ig/ml. Compounds 23d, 23e and 25b were shown to inhibit the growth of G. zeae
at45.1, 43.8 and 40.4%, respectively; compounds 23d, 23f and 26c exhibited good activities on F. oxysporum at 38.2, 44.2
and 43.1%, respectively while compounds 23d, 23e and 23h inhibited the growth of C. mandshurica at 43.5, 40.6 and
47.8%, respectively. These figures were slightly lower than those of hymexazol. It should be noted that compounds 23h,
26b and 26¢ showed good activities on G. zeae at 50.3, 57.9 and 60.5%, respectively; compounds 23e and 23h exhibited
the growth of F. oxysporum at 53.2 and 50.9% respectively and compound 7c¢ exhibited good activity on C. mandshurica.
Amongst the four compounds 23e, 23h, 26b and 26¢ that exhibited similar activities as that of hymexazol on their
corresponding fungi, the last two showed considerable promise. Although, a definite structure activity relationship could
not be established with the limited experimental data and available compounds, it appears that incorporation of oxadiazole
or thiadiazole unit through thiolinto parent pyridazine derivative and subsequent oxidation of the resulting product to
sulfone 26 might have a positive influence to enhance antifungal activity of the designed compounds. In this study, a
mild and effective method for the preparation of 21 novel pyridazine derivatives were undertaken by employing
mucochloric acid and benzene as the starting materials. The compounds were subjected to fungicidal activities in vitro
against G. zeae, F. oxysporum and C. mandshurica. The results showed that the synthesized pyridazine compounds
possessed weak to good antifungal activities against the tested fungi, among which, compounds 23e, 23h, 26b and 26¢
displayed good antifungal activities. Further studies are currently underway to establish a definite structure activity
relationship [43].
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Some derivatives of pyridazinone (27a-¢) were synthesized andtheir anti-bacterial activity wastested as antimicrobial
agents against S. aureus (MTCC 737), S. epidermidis (MTCC 3615), P. aeruginosa (MTCC 424) and E. coli (MTCC 1687).
The concentration of the test compound used was 50 mg/ml and ampicillin was taken as the standard drug. Compounds
27c and 27e showed excellent activity against E. coli and P. aeruginosa when tested at 50 mg/ml concentration taking
ampicillin as the standard. From the above results, it may be concluded that the derivatives of pyridazinone possess
moderate to potent antimicrobial activity when compared to standard, ampicillin [44].

(276)

The designing of selected 6-(4-methylphenyl)-4,5-dihydropyridazin-3(2H)-one, 6-(4-benzyl phenyl)-4,5-
dihydropyridazin-3(2H)-one and 6-(4-phenoxyphenyl)-4,5-dihydro-pyridazin-3(2H)-one derivatives were tested as in-vitro
anti-bacterial agents, compound no. III j was found to be most effective against Gram positive strainsS. aureus and B.
cereus whereas compound no. Il n» was found to be most effective against Gram negative strainsE. coli and S. flexneri.
Four microbial strains were selected on the basis of their clinical importance in causing diseases in humans. Two Gram-
positive bacteria (Staphylococcus aureus ATCC 6538 P) and Bacillus cereus ATCC 11770) and two Gram-negative
bacteria (Escherichia coli 01547 NCTC 12980 & Shigella flexneri ATCC 9199) were used for evaluation of antimicrobial
activity of the compounds. Levofloxacin, Meropenem and Vancomycin were used as a standard. The zone of inhibition
produced against the test bacterium, compound 28j was found to be most effective against S. aureus and B. cereus
(Gram-positive) showing the maximum zone of inhibition and 28n was found to be most effective against E. coli and S.
flexneri (Gram-negative) showing maximum zone of inhibition [45].
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Several substitute pyridazine compounds (29a-d) were screened for their antimicrobial activity. Most of the
compounds showed significant antibacterial and antifungal activities. All of the synthesized compounds were screened
for their antimicrobial activity against the Gram —ve bacteria Escherichia coli (ATCC 8739) and Gram +ve bacteria
Staphylococcus aureus (ATCC6538), in addition to their antifungal activity against Aspergillus Niger (ATCC16404)
and Candida albicans (ATCC10231). Compounds29a, 29¢ and 3i show highly efficient antibacterial activity against S.
aureus (ATCC 6538) more than Penicillin standard. Compounds 29g, 29h, 29i and 291 showed antifungal activities more
than reference antifungal. Many synthesized compounds werealso found to be efficient equivalent to standard, e. g.
Penicillin, Griseofulvin [46].

(29¢) (29d)

(29) (291)

(291) (29)
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Further optimization of the chemical synthesis can
possibly lead to more active molecules against fungal
infections. The pyridazinones have diverse potential,
further drew attention because of their easy
functionalization at various ring positions insisted us to
work on designing and development of novel pyridazine
as anti-microbial agents. Therefore, the experimental study
justifies the therapeutic application of the pyridazinone
moiety in the present era. Since all twelve compounds
showed promising results, studies to establish their in
vivo efficacy will be carried in the future.

DISCUSSION

Pyridazinone nucleus exhibited immense
pharmacological activities. The simple pyridazinone
nucleus is present in compounds which are evaluatedfor
new products that possess some remarkable
pharmacological activities, such as anti-inflammatory,
cardiotonic, antihypertensive, analgesic, anti-platelet
aggregation, vasodilatory, antidiabetic and
anticonvulsant. This review focuses on pyridazinones
which possess potential activities that are new in
development. The pyridazinones have diverse potential,
further drew attention because of their easy
functionalization at various ring positions insisted us to
work on designing and development of novel pyridazine
as anti-microbial agents [47-53]. The synthesized
compounds showed very encouraging results. As a part
of research project, the knowledge gained by various
literatures has suggested that substituted pyridazine
which possess good pharmacological activity with lower
toxicities.So substituting or adding a new moiety to the
parent lead compound thus by making gradual changes in
the structure of compound resulting gradual change in
physicochemical properties and biological activities of
drug.

CONCLUSIONS

From the literature review we find that pyridazine
derivatives was found to be having activity like anti-

154

(291)

hypertensive, antiproliferative,  anti-inflammatory
activity and anti-fungal activity. Therefore it was aimed to
synthesize the novel series of pyridazine and its
derivatives and to evaluate the biological activities of
newly synthesized compounds. Pyridazines occupy a
distinct and unique place in our life. This hetero
cyclic moiety has great biological and medicinal
significance. A large array of pyridazine drugs
possesses a variety of medicinal properties. Pyridazines
have been shown more importance properties in the field
of synthetic organic chemistry. The method used in the
synthesis of newer pyridazine was found good because
all products obtained have moderate to good percentage

yield. Many of newer pyridazines were shown
antimicrobial activities.
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