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Abstract

Pyridopyridazine compounds are important nitrogen atom containing heterocyclic compounds due to their pharmacological
versatility. This heterocycle system characterized a structural feature for different types of bioactive compounds that
exhibiting various types of biological activities which make it an attractive scaffold for the design and development of new
drug molecules. This article provided information about the pharmacological properties of pyridopyridazines derivatives.
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1. Introduction

Heterocyclic compounds are playing key role in the drug
discovery and design because of their different types of
biological properties. Several heterocyclic compounds are
vital for life of plants and animals. Medicinal Chemistry
point of view, the aza-heterocycles are more interesting
because it may modify the electron distribution inside
the scaffold leading to an alteration of the physical and
chemical properties of the compounds. In addition to
modification of the scaffold reactivity towards metabolic
pathways, along with is its capacity to cross biological
barriers'. Among the nitrogen containing six-member
heterocylic compounds, the pyridine or piperidine
structural is often found in naturally occurring bioactive
compounds such as alkaloids®. Piperidinone derivatives
are used as precursors for the synthesis of anti-malarial,
febrifugine, and isofebrifugine®. Piperidinones display
varied and potent biological properties like antiviral,
antitumour, analgesic, local anaesthetic, antimicrobial,
fungicidal, herbicidal, insecticidal, antihistaminic, anti-
inflammatory, anticancer, CNS stimulant, and depressant
properties*®. Compounds containing the piperidin-
4-one moiety elicit excellent biological activities when

* Author for correspondence

aromatic substitutions are present at 2 and/or 6 positions”.
Pharmacologically important of pyridazin-3(2H)-
one has been found to inhibit the activities of cGMP-
phosphodiesterase (PDE-3) and cAMP-PDE-4 enzymes®.
Pyridazine formally derived from benzene by the
replacement of two of the ring carbon atom by nitrogen
(diazines). Pyridazine is the important class of compounds
due to their diverse pharmacological activities. This
privileged structure attracts the interest of medicinal
chemists as a nucleus of potential therapeutic utility®!.
The easy functionalization at various ring positions
makes them an attractive synthetic building block for
designing and synthesis of new drugs. Pyridazines are
widely recognized as versatile scaffolds with a diverse set
of biological activities'*"**. Among pyridazine derivatives,
pyridazinones is an important class of compounds mainly
due to their diverse biological activities like analgesic,
anti-inflammatory, antibacterial, herbicidal, antifungal,
antituberculotic, anti-AIDs, antitumour, antihypertensive,
anticonvulsant, anticancer, and antiviral activities'®?. In
pyridazinones the amine group (NH) is suitably placed
with the carbonyl group and most of the pyridazinones
exhibit tautomerism. Pyridazinones exist mainly in
the oxo form. Pyridazinones are also important class
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of heterocycles that are encountered in various natural
products. Some pyridazinone containing drugs are
Chloridazon, Emorfazone, Zardaverine, Pyridaphenthion,
Dimidazon etc. Pyridopyridazines are structurally
related to phthalazines and extensively described in
the medicinal chemistry as an interesting scaffold. The
introduction of a nitrogen atom into the benzo ring of
phthalazines leads to pyridopyridazines. This scaffold
can be easily functionalized at different ring positions,
which makes it attractive compound for designing and
development of the new pyridopyridazine drugs*-*2. The
pyridopyridazine ring attracted many pharmaceutical
industries for their sensible biological activities.
Clinically used antihypertensive drugs Endralazine
Mesylate as active ingredient with pyridopyridazine core
moiety”*. Great work on pyridopyridazine nucleus in
CNS related diseases®. Some pyridopyridazines have
antihistaminic activities®. Some pyrido[2,3-d]- and
pyrido[3,4-d]pyridazines are protein kinase, mainly
p38 kinase inhibitors for treating inflammation and
related states including rheumatoid arthritis, psoriasis,
and other inflammation disorders*?. Various pyrido-
pyridazinones have been examined as potential analgesic
agents®”. Some pyridopyridazine derivatives were
exhibited antitumor activities*. Pyridopyridazine nucleus
showed antiasthmatic®, antidiabetic®?, antituberculosis®
and antimicrobial activities*.

2. Pharmacological Activities

The wide spectrum of biological activities for pyridine/
piperidine and pyridazine/pyridazinone moieties,
the combination of these two different moieties into
a single structural scaffold would confer synergistic
activities on the molecule. Increasing attention in the
synthesis and activities of pyridazines, pyridazinones,
pyridopyridazines, and pyridopyridazinones has been
observed. Pyridopyridazines and pyridopyridazinones
showed wide spectrum of biological activities. Recently
the pyridazinone ring has been extensively studied in
the search for new and selective drug molecules”*. In
contrast to the phthalazinones, their aza derivatives,
pyridopyridazinones are relatively little studied. The
reasons for this are the complication related with the
formation of pyridine starting materials which can easily
be transformed into pyridopyridazinones®. In spite
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of various pyridopyridazinones attached to thiazole,
oxadiazole, thiadiazole and triazole moieties having
been prepared and studied. However, pyridopyridazine
is a versatile scaffold which provides derivatives able to
interact with different types of biological targets and
divers activities. This review summarizes the current
information about the pharmacological activites of
pyridopyridazine derivatives.

2.1 Anti-Inflammatory and Analgesic
Activity

Protein kinases are a family of enzymes, which trigger the
phosphorylation of target protein substrates. Among these
kinases, P38 kinase which is mediated in the regulation
of Interleukin-I (IL-1) and Tumor Necrosis factor «
(TNF-a) as pro-inflammatory cytokines secreted by
macrophage and monocytes in response of inflammatory
stimuli as Lipo Poly Saccharide (LPS). High expression
of TNF-«a is concerned in triggering various diseases like
Rheumatoid Arthritis (RA), inflammatory bowel disease
and osteoarthritis”. Some pyrido[2,3-d]pyridazine-
2(1H)-ones are useful in prophylaxis and management
of protein kinase mediated inflammation and related
diseases like rheumatoid arthritis, pulmonary diseases
and pain. Compounds 1a, 1b and 2 were showed the most
potent activity in management of P38-kinase mediated
diseases”. A class of p38a selective pyridopyridazin-6-
ones from the p38 a/f dual inhibitor with high selectivity,
potency and suppressing Lipo-Poly Saccharide (LPS)
induced TNF-« production (pro-inflammatory cytokines)
which resulting in efficient treatment response against
autoimmune driven diseases (like RA). Compound 3
is a most active in suppressing TNF-a levels in LPS%.
The compound 4 has subnanomolar p38« activity with
moderate p38f isoform selectivity® (Figure 1). Pain is
an unpleasant sensory and emotional incident connected
with tissue damage?’. Pain differentiated a major symptom
of many pathological conditions and use analgesics to
treat pain. The 4-aminosubstituted-2,6,7-trimethyl-1,5-
dioxo-1,2,5,6-tetrahydropyrido[3,4-d]pyridazines  were
significantly inhibit the locomotors activity and decrease
the excitatory activity of amphetamine and exhibited
analgesic effects. Compounds 5a-c was showed strong
analgesic effects. While compounds 5a and 5b was
suppressed locomotors activity®. The N-(dimethylamino)
ethylpyridopyridazinones have analgesic effect. Among
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them, compounds 6a and 6b were exhibited potent
analgesic activity”. Compound 7 was showed potent
analgesic and anti-inflammatory activity® (Figure 2).

Figure 1. Pyridopyridazine derivatives as anti-
inflammatory agents.
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Figure 2. Pyridopyridazine derivatives as analgesic agents.

2.2 Antihypertensive Activity

Hypertension is a main factor for cardiovascular disorders
like coronary disease, Myocardial Infarction (MI) or
stroke as well as to Congestive Heart Failure (CHF) and
renal insufficiency. The antihypertensive drugs are critical
importance in order to control of Blood Pressure (B.P). A
series of substituted-pyridopyridazines, some compounds
have excellent diuretic activity and different characters
from known diuretics like thiazides, carbonic anhydrase
inhibitors or furosemide. Among these compounds,
compound 8 was showed an outstanding diuretic
activity”. Endralazine (9) is direct acting vasodilator
which resembles Hydralazine. Endralazine is about five
times more potent than Hydralazine and that allowing
lower dosage usage. Thus, less immunological response
would be achieved.”** (Figure 3).

Figure 3. Pyridopyridazine derivatives as antihypertensive
agents.
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2.3 Central Nervous System Activities

A series of pyrido[2,3-d]pyridazines were a selective
ligands for GABA-A receptors and they are used in
treatment a various central nervous system (CNS)
disorders like, anxiety, panic, phobia, psychoses
(schizophrenia). Compound 10 was showed the highest
activity®. A class of substituted pyrido[2,3-c] pyridazines
were useful in the treatment of neorolgical disorders. A
series of pyrido[2,3-c]pyridazine, compound 11*, and
2,3,8-trisubstituted pyrido[2,3-d]pyridazine, compounds
10 and 12 revealed high affinity ligands for the GABAA
receptor benzodiazepine binding sit** (Figure 4).

Figure 4. Pyridopyridazine derivatives useful in treatment
of neurological disorders.

2.4 Antihistaminic Activity

Allergic rhinitis is mediated by histamine (intracellular
chemical messenger) which is released from several
cells and particularly by mast cells. Some substituted
pyrido[3,4-d]pyridazines 13a-c were found to have
antihistaminic action and could be useful in treatment
of allergic and inflammatory diseases of the respiratory
tract like asthma, bronchitis, allergic rhinitis, chronic
Obstructive Pulmonary Disease (OPD). Compound 13a
was showed a potent H, receptor antagonist. It exhibited
a longer duration of action than Azelastine? (Figure 5).
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Figure 5. Pyridopyridazine derivatives as antihistaminic

agents.

2.5 Antiasthmatic Activity

Bronchial asthma is a lung disease described by airway
obstruction, inflammation and hyper responsiveness®.
The pyrido-[2,3-d]pyridazinones were act as potent and
selective Type-IV Phosphodiesterase (PDE) Inhibitors
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(14a-c). These PDE-inhibitors are promising drugs
in the management of asthma and inflammation®.
Heterocyclic-fused pyridazinones were act as selective
PDE-IV inhibitors, among these, compound 15,
pyrido[2,3-d]pyridazinone was exhibited a good potency
and selectivity versus PDE IV and it showed an affinity
for Rolipram binding site by 2 orders of magnitude lower
than Rolipram* (Figure 6).
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Figure 6. Pyridopyridazine derivatives as antiasthmatic
agents.

2.6 Antidiabetic Activity

Diabetes Mellitus (DM) is a chronic multifactorial disease
differentiated by a high blood glucose level. Diabetes
is resulting from insulin deficiency (type-I diabetes)
or insulin resistance (type-II diabetes), disturbs the
metabolism giving rise to not only acute but also long term
complications. More than 90% of diabetic patients suffer
from type-1II diabetes®. Increased glucose flux through
the sorbitol pathway, which is mediated by the enzyme
aldose reductase, has been concerned in the pathogenesis
of diabetic complications. So, the developments of Aldose
Reductase Inhibitors (ARIs) act as potential agents
for reducing these complications. The pyrido[2,3-d]
pyridazin-5-yl)acetic acids, its esters 16a-c and 17a,b were
tested for their activity for inhibition of aldose reductase.
Compound 16b was showed potent aldose reductase
inhibitory activity* (Figure 7).

HODC 16a=5-F-2- HODC 17a=4-Br-1-F-
benzothiazolyl phenyd
l”mﬁ Sy 16b=3-CF:-2- | S oy 17b=3-CF:-2-
! benznthiazolyi ! benznthia=nlyi
MR 65 1P N N._.R
o] benznthiazolyl o]
16a-c 17ab
Figure 7. Pyridopyridazine derivatives as antidiabetic

agents.

2.7 Antituberculosis

Tuberculosis (TB) is an infectious disease that chiefly
affects lungs. Some pyrido[2,3-d]pyridazines have potent
anti-TB. A compound 18 was showed the best activity
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against M. tuberculosis bacilli than other aza-phthlazine
derivatives*. Other pyrido[3,4-d] pyridazines have anti-
TB activity. Compound 19 was showed the strongest anti-
TB activity® (Figure 8).
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Figure 8. Pyridopyridazine derivatives as antituberculosis
agents.

2.8 Anticancer Activity

Cancer in an uncontrolled proliferation of abnormal cells.
These mutated cells attack adjoining tissues and sometimes
transfer through the blood or lymph distribution to other
body organs causing metastases, which are the main cause
of death from cancer. A considerable fraction of cancers
can be cured by surgery combined with radiotherapy or
chemotherapy, particularly if they are detected early®.
Some pyrido-pyridazines were showed anticancer
activity. The pyridopyridazine derivatives inhibited
cascade of signals which regulate proliferation. Inhibition
of proliferation could be achieved by inhibition of cyclin-
dependent kinases. Huge majority of kinase inhibitor
scaffolds consist of heterocycles, compounds 20a-d were
showed strong anticancer activity®.

The4,4a,5, 6,7, 8 - Hexahydro-5, 7 -diphenylpyrido[4,
3-c]pyridazin-3(2H)-ones (21a-f) and 2-Phenyl-5,7-
diarylpyrido[4,3-c]pyridazin-3(2H)-ones (22a-f) were
tested for anticancer activity in-vitro against MCF-
7 breast cancer cells. The MTT assay showed that
pyridopyridazin-3(2H)-one derivatives 21a-f and 22a-f
were possessed moderate cytotoxic activity. Compounds
22e (~810 puM) and 22f (~473 uM) was exhibited weak
activity against the cancer cell line. The anticancer
activities of 2la-f and 22a-f revealed that only the
three compounds 21d-f bearing electron withdrawing
substituent in the aromatic ring showed the maximum
activity. The hydrazine incorporated derivatives 21d-f
and not phenylhydrazine incorporated compounds
22d-f were showed the high activity against MCF-7
breast cancer cell line. The aryl ring at position 3 appears
unimportant and reduces the activity against MCEF-7
cells. The inhibitory activity of compounds against MCEF-
7 human breast adenocarcinoma cells, the importance of
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functional groups for the higher levels of activity shown
by 21d, 21e and 21*. This elaborated potential anticancer
agents against breast cancer (Figure 9).
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Figure 9. Pyridopyridazine derivatives as anticancer agents.

2.9 Antimicrobial Activities

Infectious diseases caused by microbes like bacteria, fungi
and viruses. The purpose of microorganisms is to survive
and many of them have determinants of resistance®.
The anti-microbial effects of some fused pyridazine
derivatives, compound 22 showed potential antimicrobial
activity* (Figure 10).
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Figure 10. Pyridopyridazine derivatives as antimicrobial
agent.

3. Discussion

In the search for new biologically active compounds,
extensive research is based on the synthesis of
heterocyclic molecules. The privileged scaffolds, which
can interact with high affinity to broad range of receptors,
provide new insights and hope for the formation of new
biological active compounds. They are able to orient
various substituents in these scaffolds. Because these
moieties provides divers activities towards different
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receptors and considered as excellent lead molecule.
Increasing the chemical diversity is a great interest for the
medicinal chemistry industries. The pyridazine moiety
is a versatile scaffold to develop new biological active
compounds with wide varieties of biological activities
and also be used to link other pharmacophoric groups.
Pyridazine derivatives have various biological properties
like anti-viral, anti-cancer, anti-hypertensive, anti-
inflammatory, anti-microbial, anti-depressant, anti-HIV
and other biological activities®*. The polyfunctional
2H-pyrano(3,2-c]pyridazin-3(6H)-ones were exhibited
potent anticancer agents®. The 3-Arylpyrimido[4,5-c]
pyridazine-5,7(6H,8H)-diones  possess Monoamine
Oxidase (MAO) inhibitory activity and used for the
treatment of depression and Alzheimer disease®” >

4, Conclusion

Increasing interest in the pyridazines, pyridazinones,
pyridopyridazines, and pyridopyridazinones has been
observed. These pyridazinne derivatives are showing
wide spectrum of biological activities. Recently the
pyridazinone moiety has been comprehensively studied in
the search for novel and selective drugs. Several biological
activities of pyridopyridazines derivatives and may act as
important biological active pharmacophores in medicinal
chemistry. This moiety may help in exploring new
pathways to discover new drugs of potential therapeutic
value.
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