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Abstract 

There is undeniable evidence that many N-heterocycles exhibit a wide range of biological functions. Recently, derivatives 
with better bioactivities have been generated by condensing the different heterocycles. 
Pyrazolopyridines have been able to pique the interest of many researchers among many other condensed heterocycles due to    
the wide range of actions they exhibit. Furthermore, each type of condensed heterocycle has been specifically highlighted in 
this review in terms of design and biological activities. In silico methods and structure-activity relationship have also been 
discussed wherever reported. 
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1. Introduction 

 It was discovered that heterocyclic motifs play a 
significant role in both natural and synthetic 
compounds. Most natural products contain 
heterocycles that are involved in biological 
activity.(1) Pyrazolopyridine is a class of nitrogen-
containing heterocycles. Researchers have been 
paying more attention to pyrazolopyridines for many 
years due to their great biological potential and wide 
range of synthetic applications.(2)Pyrazolopyridines 
consist of pyrazole ring and pyridine ring fused 
together to form 5 different isomers which are 
Pyrazolo[1,5-a]pyridine, Pyrazolo[4,3-c]pyridine, 
Pyrazolo[3,4-c]pyridine, Pyrazolo[4,3-b]pyridine, 
and Pyrazolo[3,4-b]pyridine (Fig. 1)(3) Some of the 
marketed drugs containing pyrazolopyridine scaffold 
such as Cartazolate(4,5), Etazolate(6,7) and 
Tracazolate(8) (Fig. 2) which are used as anxiolytics, 
while Riociguat is used in treatment of pulmonary 
hypertension. (9,10) BMS-986236 is also being 
investigated as a potential treatment candidate after 
being identified as a kinase inhibitor.(11) 

 

Pyrazolopyridines exhibited a variety of 
pharmacological impacts such as anti-cancer(12,13), 
antimicrobial(14,15), anti-biofilm(16), anti-TB(17), 
anti-Trypanosoma(18,19), antimalarial(20,21), anti-
viral(22,23),  analgesic(24), anti-
hyperlipidemic(25,26), anti-Alzheimer(27,28), anti-
leishmanial(29,30), antiplatelet(31), prevention the 
programmed 

 
Figure 1: Different types of pyrazolopyridine isomers. 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

593 

 



 Samar M. Mogheith et. al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 12 (2024)  
 
 

514

death of cell (PD-1) signaling pathway(32), A2A 
adenosine receptor antagonist(33), phosphoinositide-
3-kinases (PI3 kinases) inhibitor(34), treatment of 
insomnia(35), chronic obstructive pulmonary disease 
COPD(36), parkinson’s disease(37), pulmonary 
hypertension(38) and overactive bladder.(39) The 
most biologically active isomer of the 
pyrazolopyridine scaffold is Pyrazolo[4,3-b] pyridine. 
It exhibits several kinase inhibitory activities (Fig. 3) 
such as anaplastic lymphoma kinase (ALK)(40), B-
RafV600E kinase(41), protein kinase B (Akt)(42), 
ataxia-telangiectasia and Rad3-related kinase 
(ATR)(43), TASK3 Kinase(44), mitogen-activated 
protein kinase (MAPK)(45), epidermal growth factor 
receptor (EGFR)(46), cyclin-dependent kinase1(47) 
and 2 (CDK1/CDK2)(48), cyclin-dependent kinase 

5(CDK5)(49), cyclin-dependent kinase 8 
(CDK8)(50), hepatocyte growth factor receptor 
(HGFR)(51), fibroblast growth factor receptor 
(FGFR)(52), Aurora-A kinase(53), cAMP-dependent 
protein kinase and cGMP-dependent protein kinase 
pathways(54), glycogen synthase kinase-3 (GSK-
3)(55,56), activin-like kinase 5 (ALK5)(57), also, 
activation of adenosine 5'‐monophosphate‐activated 
protein kinase (AMPK).(58) 
The current advancements of compounds involving 
the pyrazolopyridine ring, including the various 
synthetic pathways, the inhibition of different targets 
and structure activity relationship (SAR) of 
medications to produce potentially active molecules, 
were summarized in this review. 

 
  

 
 
 
 
 
 
 
 
 

 
 

Figure 2: Biologically active pyrazolopyridine scaffold-baseddrugs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Different biological targets for pyrazolopyridine derivatives. 
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2. Synthetic strategies for pyrazolopyridines 
        Numerous synthetic approaches for the effective 
synthesis of pyrazolo[3,4-b] pyridines have been 
reported, including:  

a) In 2003, Witherington et al. (59) synthesized 
pyrazolo[3,4-b] pyridines by halogenation of 3-
cyano-2-pyridone followed by reaction with 
hydrazine hydrate. 

 

 

 

b) In 2022, Barghasgh et al.(60)established the 
preparation of penta-substituted pyrazolo[3,4-b] 
pyridines by reaction of 1,3-diphenyl-1H-

pyrazol-5-amine with aldehydes and 2-cyano 
ketones. 

 

 

 
c) In 2016, Hill(61) isolated a tetra-substituted 
pyrazole[3,4-b] pyridines from the reaction of 3-

amino-5-arylpyrazoles with aldehydes and 2-cyano 
ketones. 
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d) Pedro Martín-Acosta (62)and his colleagues 
carried out three component reaction via 
Knoevenagel condensation of aldehyde and embelin, 

followed by subsequent 1,4-michael addition of 
aminopyrazole under microwave. 
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3. Biomedical applications of pyrazolopyridine 

scaffold  

Scientists have been interested in the 
pyrazolopyridine scaffold for a long time due to its 
numerous medicinal benefits. For example, it serves 
as a scaffold for the synthesis of several compounds 
that have a variety of therapeutic effects on various 
disorders including anticancer, anti-inflammatory, 
and nervous system drugs. 
 
3.1. Pyrazolopyridines as anti-tumor agents 
3.1.1.  Cell line studies 

       The antiproliferative activity of dihydro-1H-
pyrazolo[1,3-b] pyridine embelin derivatives (Fig. 4) 

were assessed againstthree hematologic and five 
breast cancer cell lines. Leukemia cell lines generally 
exhibited the best results when compared to breast 
cancer cell lines, with IC50 values between 0.7 and 
7.5 µM. Regarding leukemia cell lines, compound 1, 
with a nitro group in para position, demonstrated the 
greatest cytotoxic effect against HL60 (IC50= 0.70 ± 
0.14 µM). Additionally, it displayed favorable 
inhibitory activity on HEL (IC50= 1.05 ± 0.35 µM) 
and K-562 (IC50= 1.25 ± 0.35 µM).  Moreover, 
compound 2 with 4-CF3 substituent exhibited the 
greatest IC50value (IC50 = 1.00 ± 0.42 µM) on (HEL) 
while compound 3 (4-CN)displayed IC50 value of 
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0.92 ± 0.32 µM on K-562cell line, that was the best. Investigations were done on how structural 
variations affected the antiproliferative activity (Fig. 

5). Phenyl substitution was crucial to the anti-tumor 
activity. Substitution at para position with electron 

withdrawing substituents was found to possess higher 
activity.(62) 

 
 

 

 

 

 

 

 

 

Figure 4: Dihydro-1H-pyrazolo[1,3-b]pyridinesas anticancer agents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5: SAR study of 1H-pyrazolo[1,3-b]pyridinesas anti-cancer drugs. 

Conversely, a library of tetra-phenyl substituted 
pyrazolo[3,4-b] pyridine derivative 4 was synthesized 
via one-pot three component reaction of aldehyde, 
cyano ketone, and 5-amino pyrazole (Fig. 6). Then, it 
was screened against NCI 60 cell lines and 
demonstrated superior growth suppression effects on 
breast cancer (HS 578T and MCF7), prostate cancer 
(PC-3), renal cancer (786-0), colon cancer (SW-620), 
non-small cell lung cancer (NCIeH460 and 
NCIeH522) and leukemia (RPMI-8226) cell lines 

with GI% equal 86, 85, 96, 97, 84, 99, 91 and 87%. 
respectively. Additionally, Compound 4 was found to 
be efficient against a wide range of cell lines. Hence, 
it is regarded as having a broad spectrum of 
antiproliferative action. Besides, it was evaluated for 
its inhibitory effect on CDK2 and Abl kinases and the 
results revealed a weak inhibitory activity against 
both kinases, hence, their mechanism of action are 
still unknown.(60) 

 

 

 

 

 

 

 

 

 
 

 

Figure 6: Synthesis of tetra phenyl-substituted pyrazolo[3,4-b]pyridine derivative4. 
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Some pyrazolo[4,3-c] pyridine derivatives have been 
synthesized and investigated on HepG2, MCF-7 and 
HCT-116 cell lines. Compound 5 (Fig. 7) was the 
most effective drug against both liver and breast 
cancer cell lines (IC50 = 3.695 and 1.937 μg/mL, 
respectively), compared to that of doxorubicin (IC50 = 
4.749 and 2.527 μg /mL, respectively). While 
compound 6 (Fig. 7) demonstrated promising colon 
cancer (HCT116) inhibitory activity (IC50 = 2.914 μg 
/ml) relative to doxorubicin (IC50 = 3.641 μg/ml). 
SAR studies proved that the aryl group’s substitution 

with electron donating or withdrawing groups, 
exhibited considerable antiproliferative activity 
against many different types of cancer cell lines. To 
determine the pattern of receptor binding, most of the 
series members were docked with the ERK2 
enzyme’s crystal structure (PDB ID: 5buj), and 
thedocking results have shown that these compounds 
are well bound with the active site. It showed that the 
compound 5 was the most active derivative, which 
may contribute, at least partially, to their antitumor 
activity.(63)

 
 

 

 

 

 

 

 

 

 

 

 
Figure 7: Pyrazolo[4,3-c] pyridine derivatives as anticancer agents 

 
3.1.2. Tubulin polymerization inhibitors 
     Weige Zhang et al. adopted ring tethering strategy 
to develop novel series of 3,5-aryl-1H-pyrazolo[3,4-
b] pyridine derivatives with enhanced conformational 
stability over precursor derivatives (Fig. 8). The 
compounds were evaluated for their antiproliferative 
activity against human gastric carcinoma (SGC-
7901), lung carcinoma (A549) and cervical 
carcinoma (HeLa) cell lines using MTT assay. The 
majority of the reported compounds displayed 
promising inhibitory action. Compound 7 (Fig. 8) 

was found to be the most potent with IC50 = 0.013 ± 
0.005, 0.082 ± 0.016, 0.045 ± 0.008 μM respectively. 
So, it was chosen to conduct a cell cycle analysis and 
a tubulin polymerization experiment to clarify the 
biological mechanism. Results revealed that 
compound 7 induced G2/M phase cell cycle arrest 
and could effectively inhibit tubulin in vitro and 
destroying the microtubule skeleton. M. Zhai et al 
synthesized the target compounds through the 
procedure that is depicted in Fig. 9.  (64) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 8: 3,5-Aryl-1H-pyrazolo[3,4-b] pyridine derivative 7 as tubulin polymerization inhibitor from ring tethering strategy. 
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Figure 9: Synthesis of 3,5-aryl-1H-pyrazolo[3,4-b] pyridine derivative7. 

 
Another molecular rigidification strategy has been 

adopted by Pei-Liang Zhao et al in the development 
of a series of 1,3-diarylpyrazolo[3,4-b] 
pyridineanalogues utilizing combretastatin A48and 
other reported inhibitors7 and 9 of tubulin 
polymerization (Fig. 10). The whole series were 
screened in vitro to figure out their antiproliferative 
activities towards various cancer cell lines, which 
include mammary adenocarcinoma cells (MCF-7), 
breast cancer (MDA-MB-231), cervical cancer 
(HeLa), and esophageal squamous (Kyse150) cell 
lines. Compound 10 (Fig. 10) that had3,4,5-
trimethoxyphenyl substituent at the core’s position-1 
was compared with its analogue 11 that was 
substituted at the 3-position of the pyrazolo[3,4-b] 
pyridine ring, to investigate the impact of the 3,4,5-

trimethoxyphenyl group's position on the activity 
(Fig. 11). Compound 10 exhibited IC50 values = 
62.82 ± 2.52, 27.04 ± 6.42, 18.08 ± 1.48, 27.22 ± 
2.31 μM against Kyse150, MDA-MB-231, HeLa and 
MCF-7, respectively. While compound 11 exhibited 
less antiproliferative activities than its analogue 10 
(IC50 = 65.23 ± 1.75, > 100, 29.66 ± 0.57 and > 100, 
respectively), showing that the position of 
trimethoxyphenyl substituent was beneficial for 
activity. Compound 10, one of the series' most potent 
antiproliferative agents was chosen to be tested for its 
ability to inhibit tubulin polymerization in vitro. 
Compound 10 was shown to have a significant anti-
tubulin activity, with inhibition of 31%, 
suggestingthat this analogue was probably targeted 
against tubulin.(65) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Development of a series of 1,3-diarylpyrazolo[3,4-b] pyridine by molecular rigidification strategy. 
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Figure 11: SAR study of 1,3-diarylpyrazolo[3,4-b] pyridine derivatives as tubulin polymerization inhibitors. 

3.1.3. Anaplastic lymphoma kinase (ALK) 

inhibitors 

       A novel series of 3,6-diaryl-1H-pyrazolo[3,4-b] 
pyridineshave been designed and synthesized as 
inhibitors to ALK kinase. They demonstrated 
considerable potency against cellular proliferation 

and enzymatic assays. Compound 12 (Fig. 12) was 
the most effective ALK antagonist with IC50= 1.58 
nM (Fig. 13). In addition, compounds 13 exhibited 
good ALK inhibitory activity with IC50= 47.40 nM 
(Fig. 13).(66) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12:  3,6-Diaryl-1H-pyrazolo[3,4-b] pyridinesas inhibitors of ALK kinase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
             Figure 13: Figure 10: SAR of3,6-diaryl-1H-pyrazolo[3,4-b] pyridines as anticancer agents. 
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3.1.4. PIM-1 kinase inhibitors 

  Pyrazolo[3,4-b] pyridine derivatives have been 
synthesized as by Nafie and his co-workers by 
reaction of aminopyrazolo[3,4-b]pyridine-3,5-
dicarbonitrile derivatives with hydrazinehydrate to 
give an intermediate, which is underwent 
diazotization reaction followed by reaction with 
either malononitrile or diethyl malonate as shown in 
Fig. 14. The whole series was subjected to cytotoxic 
screening against cell lines regarding breast cancer 
MDA-MB-231, MCF-7 and non-cancerous MCF-
10A cells. Compounds 12, 13, 14, 15 and 16 (Fig. 

15) exhibited cytotoxicity against MCF-7 (IC50 below 

10 µM). These compounds were more selective to the 
estrogen dependent (MCF-7) rather than the non-
estrogen dependent cell line (MDA-MB-231) or 
normal cells MCF-10A. The previous compounds 
were screened for their PIM-1 kinase inhibitory 
activity in comparison to staurosporin as a reference 
(IC50 = 17 nM) and the results revealed that the most 
efficient PIM-1 inhibitors were both compounds 15 

and 16 with IC50 = 26 and 43 nM, respectively. The 
PIM-1 kinase was moderately inhibited by 
compounds 12 and 14, whose IC50 values were 87 
and 95 nM, respectively.(67) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 14: Synthesis of pyrazolo[3,4-b] pyridine by reaction of aminopyrazolo[3,4-b]pyridine-3,5-dicarbonitrile derivatives with hydrazine 

hydrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 15: Pyrazolo[3,4-b] pyridine derivatives as PIM-1 kinase inhibitors. 
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3.1.5. Dual-specificity tyrosine 
phosphorylation-regulated kinase (DYRK) inhibitors 
        A series of mono and disubstituted 1H-
pyrazolo[3,4-b] pyridine derivatives was synthesized 
as shown in Fig. 16 by Park and his co-workers. The 
synthesized compounds were screened for their 
cytotoxicity against colorectal cancer cell lines. Most 
of the monosubstituted compounds showed moderate 
inhibitory activity. Compound 17 (Fig. 17) was the 
most effective compound from the monosubstituted 
series with DYRK-1B inhibitory effect (IC50 = 54 
nM). Conversely, the inhibitory effect against 
DYRK1B was improved in the disubstituted series. 
The disubstituted derivative 18 demonstrated the 
strongest inhibitory effect with IC50 = 5 and 3 nM 

against DYRK1A and DYRK1B, respectively. The 
cytotoxic effect of compound 18 on colon cancer was 
measured on ten colon cancer cell lines. Compound 
18 displayed significant effect against DLD-1, 
SW6205, RKO, SW480 and HCT116 cell lines. 3D 
spheroid model was used to assess the cell growth 
inhibition effect. After treatment with compound 18 
for 10 days cancer cell size was reduced, the nuclei 
size got smaller, the number of viable cells decreased, 
and the number of dead cells increased.(68) 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16: Synthesis of mono and disubstituted 1H-pyrazolo[3,4-b] pyridine derivatives. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 17: Figure 10: 1H-pyrazolo[3,4-b] pyridine derivatives as DYRK1A/1B inhibitors. 

 
3.1.6. Cyclin-Dependent Kinase (CDK) inhibitors 

      Cyclin-Dependent Kinases (CDKs) are believed 
to be among the most promising cancer therapeutic 
targets. Compound 19 (Fig. 18) is an example of 
pyrazolo[3,4-b] pyridine derivative that demonstrated 
good CDK2inhibitory actions but poor cell line 
performance. The inability to enter the cells may be 
the cause of its poor activity. With some structural 

improvement, compound 20 was synthesized and 
demonstrated the highest potency against HCT-116 
(Colon carcinoma), HepG2 (Liver carcinoma) and A-
549 (lung carcinoma) cell lines with IC50 = 2.3, 2.6 
and 2.9 μg/mL respectively. But compound 19 still 
has the upper hand on inhibition of the isolated 
enzyme. (69) 
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Compound 21 (Fig. 19) is another promising CDK2 
inhibitor that showed a remarkablepotential activity 
against HepG2 and MCF7 cell lines with IC50 = 1.33 
± 0.06 and 2.65 ± 0.10 µM, respectively. Besides, 

compound 21 increased activation of caspase-3 in 
HepG2 by around 10 times when compared to the 
control and considered as an apoptotic inducer.(70) 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 18: Pyrazolo[3,4-b] pyridine derivatives as CDK inhibitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 19: A pyrazolo[3,4-b] pyridine derivative as CDK inhibitor. 

 
3.1.7. FMS-like tyrosine kinase-3 (FLT3) / CDK4 

inhibitors 

      A novel family of FLT3 and CDK4 kinase-
inhibiting 6-(pyrimidin-4-yl)-1H-pyrazolo[4,3-b] 
pyridine derivatives were synthesized by X. Li et al.  
The one with the best results on FLT3 and CDK4 in 
the nanomolar range was compound 22 (Fig. 20) 

(IC50 = 7 and 11 nM, respectively). In addition, 
compound 22 was chosen to be tested against a panel 
of key kinases from the CMGC and TK families and 
demonstrated excellent selectivity over FLT3 and 
CDK4. The series was synthesized as illustrated in 
Fig. 21. (71) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 20: 6-(Pyrimidin-4-yl)-1H-pyrazolo[4,3-b] pyridine derivative as FLT3/CDK4 inhibitor. 
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Figure 21: Synthesis of 6-(pyrimidin-4-yl)-1H-pyrazolo[4,3-b] pyridine derivatives. 

 
 
3.1.8. Polo-like kinase 4 (PLK4) inhibitors  

       Polo-like kinases (PLKs) have been found as 
critical targets for treatment of multiple cancers. They 
play a major regulating role in different functions 
within the cell including cell mitosis, cellular stress 
response and maintenance of cell integrity. 
Researchers are mostly interested in PLK4 as it is 
overexpressed in lung, breast, pancreatic, colorectal 
cancer, and many others. PLK4 inhibitors having a 
1H-pyrazolo[3,4-b] pyridinescaffold were assessed. 
Compound 23 (Fig. 22) is an example of potent 
PLK4 inhibitor (IC50 = 0.026 µM) that markedly 
reduced the breast cancer (MCF-7) cell line’s 

growing (IC50 = 1.52 µM), although it had no 
repressive impact on normal cell. Moreover, it has 
been screened against 47 kinases, however only three 
kinases (PAK4, DDR2, and PLK4) were inhibited 
and showed > 90% inhibition against PLK4. 
Furthermore, the thorough biological analysis 
showed that compound 23 could inhibit PLK4 to 
cease cell division in the S/G2 phase, which would 
then have an impact on the production of proteins in 
the PLK4-regulated downstream signaling pathway. 
Compound 23 was synthesized as shown in Fig. 23. 
(72) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 22: 1H-pyrazolo[4,3-b] pyridine as PLKs inhibitor. 
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Figure 23: Synthesis of 1H-pyrazolo[3,4-b] pyridine derivatives as polo-like kinase 4 (PLK4) inhibitors. 

 
 
3.1.9. Sphingosine-1-phosphate receptor 2 

(S1PR2) inhibitors 

           In HCT116 DPD cells, 5-fluorouracil (5-FU) 
resistance was reported to be effectively reversed by 
sphingosine-1-phosphate receptor 2 (S1PR2). SAR 
studies were performed to design novel ligands to act 
as (S1PR2) antagonists. Compound 24 (Fig. 24) was 
the most efficient S1PR2 inhibitor among the 
synthesized compounds. By preventing 

dihydropyrimidine dehydrogenase’s expression in 
SW620/5-FU and HCT116 DPD xenografts, it reverses 
5-FU resistance. In presence of compound 24, the 
percentage of 5-FU inhibition was raised from 
23.97% to 65.29% and 27.23% to 60.81%, 
respectively, without any toxicity on normal cells. 
Compound 24 was synthesized as illustrated in Fig 

25.(73) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 24: Pyrazolo[4,3-b] pyridinederivative as S1PR2 inhibitor. 
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Figure 25: Synthesis of 1H-pyrazolo[3,4-b] pyridine derivatives as sphingosine-1-phosphate receptor 2 (S1PR2) inhibitors. 

3.1.10. Mitogen-activated protein kinase 4 (MKK4) 

inhibitors 

        Bent Pfaffenrot et al were able to synthesize new 
1H-pyrazolo[3,4-b] pyridine derivatives with 
significant MKK4 selectivity.Compounds 25 and 26 
were the first members of 1H-pyrazolo[2,3-b] 
pyridine class (Fig. 26) that demonstrated a great 
affinity in the low nanomolar concentrations to 

MKK4 and a superb selectivity profile. Fig. 27 
describes the synthesis of the most potent compounds 
25 and 26 from the Weinreb-amide start Y. The 
authors used a combination of the classical Suzuki 
coupling conditions.(74) In Fig. 28, several of the 
significant SARs are highlighted. 

 

 
 

 

 

 

 

 

 

 

Figure 26: 1H-pyrazolo[3,4-b] pyridine derivatives as MKK4 inhibitors. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
Figure 27: Synthesis of 1H-pyrazolo[3,4-b] pyridine derivatives as (MKK4) inhibitors. 
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Figure 28: SAR of 1H-pyrazolo[3,4-b] pyridine derivatives as MKK4 inhibitors. 

3.1.11. P38 mitogen‐activated protein kinase 

(MAPK) inhibitors 

        A novel series of pyrazolo[3,4‐b] pyridines was 
synthesized by Farahat et al and assessed for their 
antiproliferative activities against cervical HeLa, 
hepatocellular HepG2 carcinoma and NCI 60 cell 
lines. Compound 27 (Fig. 29) was found to be the 
most effective antiproliferative agent with a mean 
GI% of 60.3 that targets the NCI 60 cell lines. 
Additionally, it remarkably revealed excellent 
leukaemia growth suppression capabilities. 
(CCRFCEM, K562, and MOLT4), NSCLC 
(NCIH460), colon cancer (HCT116), melanoma 
(LOX IMVI), renal cancer (7860) with 85 to 90 % 

inhibition. Then, for a five-dose assay, drugs that 
demonstrated greater than 50% growth inhibition 
were chosen. The most effective analogues were 
compounds 28, 29, and 31, with IC50 values of 5.5, 
4.2, and 5.1 µM, respectively, which are comparable 
to doxorubicin's (IC50 = 1.7 µM). Moreover, 
compounds 27, 28, 29, and 30 demonstrated effective 
inhibition of p38 kinase, with corresponding IC50 
values ranges between 0.13 to 0.64 μM. Also, 
compounds 30, 31 and 32 demonstrated good 
anticancer activity against most cell types (Fig. 29). 
Additionally, these compounds were synthesized 
with the general procedure using either aldehyde or 
isatin derivatives. (75) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 29: Pyrazolo[3,4-b] pyridine derivatives as p38α MAPK inhibitors. 
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3.1.12. The adenosine monophosphate‐activated 

protein kinase (AMPK) activators 

           Novel pyrazolo[3,4-b] pyridinecompounds 
were synthesized and tested for lung cancer 
prevention potential. Compound 33 (Fig. 30) was 
tested for its ability in vitro to inhibit cell 
proliferation against small-cell and non-small-cell 
lung cancer cell lines. It demonstrated effective 
cytotoxicity (Fig. 31) with IC50 values less than 10 
μM on five lung cancer cell lines. Moreover, it 
revealed more potency than reference A-769662 
(IC50= 45.29 ± 2.14 µM) at inhibiting the cell growth 
of A549 cells (IC50= 3.06 ± 0.05 µM). To determine 

the compound’s 33 influence on AMPK activation, 
Western blot analysis was employed to quantify the 
AMPK phosphorylation levels and ACC substrate, 
which was extensively utilized as an AMPK 
activation marker. Comparable to A-769662 
reference’s activity at 20 µM, compound 33 can 
decrease the phosphorylated ribosomal S6 kinase’s 
(p70S6K) levels while increasing the AMPK 
phosphorylation levels.(76)Fig. 32 describes the 
synthesis of the most potent compound 33 from the 
substituted 5-azido-1H-pyrazole-4-carbaldehyde 
start. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 30: Pyrazolo [3,4-b] pyridine derivative as AMPK activator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 31: SAR of pyrazolo [3,4-b] pyridine derivatives as AMPK activators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 32: Synthesis of pyrazolo[3,4-b] pyridine derivatives as (AMPK) activators. 
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In addition, Bifeng Zheng et al synthesized novel 
pyrazolo[3,4‐b] pyridine derivatives. The new 
derivatives were biologically estimated for their 
activation activity toward AMPK and the NRK‐49F 
cell’s antiproliferative activity. It was noteworthy that 
compound 34 (Fig. 33) demonstrated almost identical 
activation in comparison to A769662 (EC50 = 0.28 
µM). Studies using the NRK-49F cell line revealed 

that strong enzyme activators might successfully 
limit cell growth, particularly for 34 (EC50 [AMPK-
II] = 0.42 µM, effectiveness = 79%; IC50 [NRK-49F 
cell line] = 0.78 µM). Docking experiments for 34 
with AMPK showed a promising binding profile, 
which offered knowledge for designing new AMPK 
activators.(77) In Fig. 34, several of the significant 
SARs are highlighted. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 33: Pyrazolo[3,4‐b] pyridine derivatives as AMPK activator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 34: SAR of pyrazolo[3,4‐b] pyridine derivatives as AMPK activators. 

 
3.1.13. Dual human EGFR-related receptor 2 

(HER2) / epidermal growth factor receptor (EGFR) 

Inhibitors 

           It was discovered that most antitumor 
quinazoline-based medications which specifically 
block overexpression of EGFR/HER2, lose their 
effectiveness over an extended period of time. In 
order to replace this quinazoline core while 
maintaining the benefit of having two nitrogen atoms 
required for interaction with important kinase active 
sites’ amino acids, new scaffolds needed to be 
developed. Literature revealed that it is necessary for 
the EGFR/HER2 dual inhibitory activity to have a 
hydrophobic head, whereas hydrophobic tail at the 
bottom, is crucial for the kinase inhibition potency. 

Motivated by these findings, Ranza Elrayess et al 

synthesized a novel series of 1H-Pyrazolo[3,4-b] 
pyridin-3-ylamino derivatives in order to find 
powerful EGFR/HER2 dual inhibitors targeting non-
small cell lung cancer cell line (H1299).  
      In comparison to gefitinib (IC50 = 40 µm), the 
synthesized compounds displayed IC50 values 
between 12 and 54 nM. In addition, all compounds 
demonstrated significant T790M EGFR’s affinity, 
one of the primary mutations causing acquired drug 
resistance. Synthetic compound 35 (Fig. 35) had the 
greatest in vitro cytotoxicity against H1299 (IC50 
=12.5 nM). As well, EGFR and HER2 were 
respectively inhibited by 0.47 and 0.14 nM values 
which are equivalent to the IC50 of the authorized 
medication imatinib.(78) 
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Figure 35: Pyrazolo[3,4‐b] pyridine derivative as dual EGFR and HER2 inhibitor. 

 

3.1.14. TANK-binding kinase 1 (TBK1) inhibitors 

 All tissues highly express TBK1, which is 
known as NF-kB-activating kinase (NAK). and has 
become acknowledged as a potential therapeutic 
target due to its significant roles in cancer, 
autoimmune disorders, and metabolic diseases. By 
analyzing the binding mechanisms of compound 
TBK1 and URMC-099, Yin Sun and his group 
developed a series of 1H-pyrazolo[3,4-b] pyridine 
derivatives using the bioisostere technique with aid of 
computer-aided drug design (CADD). Optimized 
compound 36 (Fig. 36) exhibited an IC50 value of 0.2 

nM and picomolar inhibition of TBK1as suggested 
by the in vitro enzyme activity experiments. To 
further assess the selectivity, the most potent 
inhibitor 36 at a dosage of 1.0 µM, underwent 
profiling of kinase selectivity against a panel of 31 
kinases. The outcomes showed that compound 36 
only generated less than 20% of kinase activity in 
TBK1. On the cell lines Panc0504, U87MG, A172, 
A2058 and A375, compound 36 had a powerful 
antiproliferative impact with an IC50 of micromole 
level.(79) 

 

 

 

 

 

 

 

 

 
Figure 36: 1H-pyrazolo[3,4‐b] pyridine derivative as TBK1 inhibitor. 

3.2. Anti-inflammatory agents 
3.2.1. Sphingosine 1-phosphate receptor 2 

(S1PR2) inhibitors 

            Multiple sclerosis is an inflammatory disease 
accompanied by demyelination of neurons, resulting 
in damage to myelin and axons. Sphingosine 1-
phosphate receptors (S1PRs) play acritical role in the 
regulation of the biological function throughout the 
cell. It is considered asignificant biological target in 
multiple sclerosis (MS). FTY720 was the first FDA 
approved drug to be used orally in the treatment of 
MS. Studies proved that it was inactive against 
S1PR2 but active against other four S1PR1 isoforms. 

So, there was an urgent need for discovering a drug 
with high selectivity to S1PR2. JTE-013 
(pyrazolopyridine derivative) 37 (Fig. 37) was the 
first discovered S1PR2 antagonist with IC50 58.4 ± 
7.4 nM. JTE-013 was used as a lead and with further 
optimization to obtain additional S1PR2 ligands. 
Comparable to JTE-013 37, both pyrazolopyridine 
derivatives 38 and 39 exhibited S1PR2 binding 
affinities with IC50 values of 29.1 2.6 and 56.5 4.0 
nM, respectively.(80) 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 37: Pyrazolo[3,4‐b] pyridine derivatives as S1PR2 inhibitors. 
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3.2.2. Cyclooxygenase 2 (COX-2) inhibitors 

             A novel series of 2H-pyrazolo[4,3-c] 
pyridine derivatives was designed and synthesized to 
be exploited as anti-inflammatory agents. TNF-, IL-1, 
and IL-6, as well as the anti-inflammatory TNF-ά, 
IL-1β and IL-6 were measured in presence of 
indomethacin and compounds 40 and 41 (Fig. 38). 
The results revealed that TNF- ά, IL-1β, and IL6 
were all significantly reduced by compounds 40 and 
41, and their effects were comparable to one another 

and superior to those of indomethacin. Additionally, 
at a 2 nM concentration, compounds 40 and 41 

boosted IL-10 levels in comparison to the control 
group, and this increase was greater than that 
observed in the indomethacin-treated group.(81) It 
was also observed that the most potent inhibitors can 
be obtained from substituted thiophene rings (Fig. 

39). 

 

 

 

 

 

 

 

 

 

 

 
Figure 38: 2H-pyrazolo[4,3-c] pyridine derivatives as COX-2 inhibitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 39: SAR of 2H-pyrazolo[4,3-c] pyridine derivatives as COX-2 inhibitors. 

 

 

Nervous system agents 
3.3.1. Metabotropic Glutamate Receptor 5 (mGluR5) 

Positive Allosteric Modulators (PAM) 

          The metabotropic glutamate receptor 5 
(mGluR5) is a desirable target for schizophrenia 
treatment because it regulates glutamatergic signaling 
in combination with the N-methyl-D-aspartate 
receptor (NMDAR). Upon endogenous glutamate 
binding with mGluR5 receptor, neuronal signal 
transmission and N-methyl-D-aspartate receptor 

(NMDAR) activation are enhanced. Matthew D. Hill 
et al elucidated the synthesis of 1H-pyrazolo[3,4-b] 
pyridines, which lack intrinsic agonist activity, to 
serve as mGluR5 PAMs. 1H-pyrazolo[3,4-b] 
pyridine42 (BMT-145027) (Fig. 40), was the first 
developed PAM as a result of SAR research. 
Compound 42 displayed good potency (EC50 = 47 
nM), strong MsLM stability (85% surviving) and was 
able toenhance awareness in a mouse learning and 
memory preclinical paradigm.(82)  
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Figure 40: 1H-pyrazolo[3,4‐b] pyridine derivative as mGluR5 

PAM. 

 
3.3.2. Acetylcholine esterase (AChE) inhibitors                 

        The brain's acetylcholine (ACh) levels are 
remarkably decreased in Alzheimer’s disease brains. 
Subsequently, acetylcholine esterase (AChE) 
inhibition is the most successful strategy that is 
frequently utilized in disease therapy. A new series of 
multitargeted pyrazolopyridine derivatives were 
synthesized. Compound 43 (Fig. 41) was the most 
efficient AChE inhibitors in the series with IC50 = 
0.034 ± 0.002 µM. Furthermore, it inhibited Aβ1-42 

self-aggregation and inhibiting reactive oxygen 
species (ROS) (cause severe damage in AD patients’ 
brain areas) and is considered as bio-metals chelators. 
Additionally, it demonstrated BBB penetration in 

vivo with extensive safety (LD50 > 120 mg/kg).(83) 
 

 
 
 
 
 

 

 

 

 

 

 

 
 

Figure 41: 1H-pyrazolo[3,4‐b]pyridine derivative as AChE 

inhibitor. 

4. Conclusions 
    A vital heterocyclic moiety for the discovery of 
potential inhibitors against a variety of targets is 
pyrazolopyridine. Each class of compounds 
possessed a broad range of therapeutic benefits 
encompassing anticancer, anti-inflammatory, nervous 

system modulators and others. For the discovery of 
target-based prospective drugs, multiple research 
projects are still required. Studies on the relationships 
between structure and activity may be useful in 
promising compounds’ synthesis within a short time. 
In order to develop these promising compounds, we 
tried to study the structural characteristics of 
pyrazolopyridine along with its relation to numerous 
targets via the present review.  
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