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Abstract
Pyrazolo[3,4-b]pyridins and its derivatives have been focused on
for their broadly chemical and biological importance in a
previous couple of years. In this review, the Different synthetic
method and biological activities of Pyrazolo[3,4-b]pyridins have
been summarized from 2003-2018. This review focused on the
progress in the preparation of Pyrazolo[3,4-b]pyridins with
advanced ring closing method analysis of placed on ring closing
methodologies and analysis of various synthons. It also contains
the current green chemistry and multi-component reaction
approaches. The most of the preparation
methods and
modifications are analyzed.

Many researchers developed a new approach to synthetic
methodologies for Pyrazolo[3,4-b]pyridines by using different
catalysts, solvent, medium or physical conditions. Synthesis
of different Pyrazolo[3,4-b]pyridines moiety has been
established for new and innovative strategies of the novel
compound. A ring closing approach is a very convenient
method for the synthesis of Pyrazolo[3,4-b]pyridines
derivatives. green synthesis and multi component reaction are
also a better approach for Pyrazolo[3,4-b]pyridines[9].

Keywords: Pyrazolo[3,4-b]pyridins, Synthesis, Biological activity
etc.

Hardy classified and studied the approach of synthesis of
Pyrazolo[3,4-b]pyridines in various modules depended on the
preliminary compounds used. The synthetic methods of
Pyrazolo[3,4-b]pyridines divide into two main parts. (A)
Suitably substituted pyridines onto which a pyrazole ring
annealed. (B) Suitably substituted pyrazoles onto which a
pyridines ring is annealed.

INTRODUCTION
In the heterocyclic compound, most of the heterocycles
contain a nitrogen atom. Nitrogen covering heterocycles are
very useful important components in natural drug and
pharmaceuticals. Pyrazolo[3,4-b]pyridins ring structure shows
a variety of biological activities such as antimicrobial[1],
hypnotic[2], inhibitors of xanthine oxidases, analgesic[3],
antiviral[4], Anticancer[5][6], Antioxidant[7][8], Anti
HIV[4],Alzheimer’s disease, drug addiction, infertility, drug,
and alcohol withdrawal symptoms[9].
Pyrazolo[3,4-b]pyridins have also been evaluated as effective
and selective inhibitors of CDK(cyclin dependent kinase)[10],
A1 adenosine receptors[11], phosphodiesterase-4 (PDE4)
inhibitors in inflammatory cells and immune[12], GSK3(glycogen synthase kinase-3) inhibitors[13], anti- antiplatelet
and inflammatory agents[14]. That also developed as
inhibitors of interleukin-6(IL-6) and tumor necrosis factoralpha (TNF-α) which are two multifunctional proinflammatory cytokines complex in the pathogenesis of
cardiovascular and neurodegenerative viruses and cancer[15].

Fig. 1. Graphical abstract of Pyrazolo[3,4-b]pyridins
derivatives.

Annulation of Pyridine ring onto pyrazole

In 1984, Hardy studied the chemistry of Pyrazolo[3,4b]pyridins which included an interaction of Pyrazolo[3,4-b]pyridines accompanied by additional two isomers
Pyrazolo[4,3-c]pyridins and Pyrazolo[3,4-c]pyridins[16].
There is no longer studies are available on Pyrazolo[4,3b]pyridins. The biology and chemistry of Pyrazolo[3,4b]pyridins have undergone substantial developments since the
mid-1990s. In recreation to improve easy and applied methods

Most Pyrazolo[3,4-b]pyridines are developed by condensation
of aminopyrazole with α, β-unsaturated reagents. This method
extremely useful for the formation of Pyrazolo[3,4-b]pyridins
pharmacore with different substitutes. Example of
Pyrazolo[3,4-b]pyridins synthesis are itemized in Figure 2.
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Figure 2. Examples of Pyrazolo[3,4-b]pyridins synthesis from 3-methyl-1-phenyl-1H-pyrazol-5-amine
by using α, β-unsaturated reagents. Compounds 1[17], 2[18], 3[19],[20], 4[21], 5[22], 6[21],7[17].
other examples of Pyrazolo[3,4-b]pyridins 8[23], 9[23], 10[24] and 11[25] synthesis from other reagents

Scheme 1
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Kommuri have reported a palladium catalyzed solvent free reaction of Pyrazolo[3,4-b]pyridins 12 using aryl aldehyde and
aminopyrazole under microwave irradiation in good yield. The synthesized compounds were evaluated for cytotoxic activities
against Cervical Hela cancer cell line and prostate Du 205 cancer cell line[26].

Scheme 2

Pedrosa and coworkers synthesized a new 1H-pyrazolo [3,4-b]pyridin phosphoramidate derivatives 13 under mild conditions[27].

Scheme 3

Jiang and coworkers synthesized a pyrazolo[3,4-b]pyridine derivatives 14 under microwave irradiation in presence of p-TsOH
catalyst and DMF.[28]

Scheme 4

An efficient one pot synthesis in multicomponent approaches for the preparation of pyrazolo[3,4-b]pyridine derivatives 15 from
the reaction of 5-amino-1-phenyl-3-(pyridin-3-yl)-1H-pyrazole 16 with 4-anisaldehyde 17 and p-substituted b-ketonitriles or with
pyruvic acid and some aromatic aldehydes in acetic acid medium were developed by El-borai and coworkers. The entire
compound screened for the antitumor activity and antimicrobial activity.[29]

Scheme 5
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The microwave stimulated synthesis of aroyl-pyrazolo[3,4-b]pyridins 18 from
N-[(dimethylamino)methylene]-3-methyl-1phenyl-5-pyrazolamine and β-dimethyl amino propiophenones by hetero-diels-Alder reaction by Quiroga and coworkers.[30]

R= Me, Phenyl
Scheme 6

In recent times, many reagents with aminopyrazoles have illustrated significant attention for the complexity-generating synthesis
of Pyrazolo[3,4-b]pyridins bearing different substituted. Synthesis of Pyrazolo[3,4-b]pyridins derivatives 21 with hydroxyl and
carbonyl groups was reported by lacova and coworkers. This moiety was achieved from amino pyrazole 19 and 3-formyl
chromane 20 via opening of pyrone ring.chlorotrimethylsilane was used as a catalyst[31][32][33].

R= alkyl or aryl or Halogen

R1 = H or alkyl or aryl

Scheme 7

Lee and park reported a synthesis of compound 22 using acid catalyzed ring opening rection of indole-3-carboxaldehyde 23 with
diversity of amino-pyrazoles[34].

R= Alkyl, aryl
Scheme 8

Lavrard and popowycz used a Gould- Jacob reaction for pyrazolo[3,4-b]pyridin 24 scaffold[35].

Scheme 9
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Cappelli et al. have reported synthesis of 3-oxo-pyrazolo [3,4b]pyridins derivatives 30 from 2-chloro-nicotinic acid in
three step[38].

Annulation of pyrazole ring onto pyridine
Annulation of pyridine onto pyrazole ring is the best usually
active procedure and deals a degree of flexibility in terms of
substitution about the pyridine ring. In contrast, annulations of
pyrazole onto pyridine cycle has remained moderately
unfamiliar and has been curbed to pyrazoles bearing a methyl,
aryl, hydroxyl or an amino group at the third position.
Annulations of pyrazole ring onto pyridine involve the
formation of pyrazole ring from a 3-acetyl, 3-carboxy or 3cynopyridines containing leaving group in second position.
2-chloro-3-cynopyridine 25 and hydrazine based reaction is
very widely used method in literature furnishing 3-aminopyrazolo [3,4-b]pyridins 26. Generally reaction carried out in
reflux of 2-chloro-3-cynopyridine and hydrazine hydrate in
organic solvent like DMF, EtOH, methanol BuOH etc.
Lavecchia et al has used base Cesium carbonate in DMF for
cyclization[36].

Scheme13

Pharmacological activity of pyrazolo [3,4-b]pyridines
Salem et al. have reported a novel series of pyrazolo [3,4b]pyridins derivatives 31 and evaluated for antimicrobial and
antitoxic agent[39].

R1 = R2= R3 =H, Br, Aryl, NH2, Me
Scheme 10
Tuckeret al reported a new series of pyrazolo [3,4-b]pyridins
moieties and evaluated for antiviral activity. Among all
compound, compound 32 and 33 below compound exhibited
potent activity against WT and the key mutant viruses in the
presence of 10% FBS (fetal bovine serum; WT and
mutants)[4].

Usama fathy et al was developed a powerful and green
method of Ultrasonic assisted synthesis for pyrazolo[3,4b]pyridins derivatives 27[8].

Scheme 11

Liu et al synthesized a novel pyrazolo [3,4-b]pyridins 29
compound by using hydrazine hydrate from pyridine based
compound 28[37].

Scheme 12
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Ochiai et al. was designed and synthesized new PDE4
inhibitors 34 with an improved therapeutic potential.
Compound showed good therapeutic activity[40].

involving reactions of 3(5)-aminopyrazole with variety of
reagents such as α-β unsaturated compounds, 1,3-dicarbonyl
compounds, dimethyl amino propiophenones etc. have been
reported. The Gould-Jacobs reactions and ring opening
reactions with 3(5)-aminopyrazoles are also fairly popular.
Also, the other pyrazole synthons viz. pyrazolones, 5-aminopyrazole-4-carboxaldehydes and 4-cyano-5-amino pyrazoles
have been widely employed too. First part of Literature
review contains a number of synthetic method for the
synthesis of pyrazolo[3,4-b]pyridines from different 2substituted 3- cyano pyridines. Also, few of the recent
approaches also describe use of substituted pyridine synthons
other than 3-cyano pyridines. Other part contains a broad
spectrum of pharmacological activity. Different reported study
showed a various activity like antimicrobial, antitoxic,
inflammatory, analgesic, anti-tubercular etc. Many researchers
can also achieve an improvement in activity by minor
modification on pyrazollo(3,4-b)pyridine ring. This has been
remarked that minor modification on pyrazollo(3,4-b)pyridine
ring exhibited a potent biological activity. Future researchers
can develop a new compound as novel therapeutic agent.

Gaston reported the synthesis and the analgesic activity of the
novel series of aryl carbaldehyde 4-( 1-phenyl-3methylpyrazolo[3,4-blpyridin) hydrazone derivatives 35[41].
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