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Abstract 

Pyrazolopyrimidines are composed of a pyrazole ring fused with pyrimidine 

moiety, unlike the imidazole moiety in purines; they are initially reported as adenosine 

receptor antagonists. Different methods of synthesis of substituted pyrazolo[3,4-

d]pyrimidines and pyrazolo[1,5-a]pyrimidines have been reported with a survey of their 

biological activities especially anti-cancer activity. During the last two decades, 

pyrazolopyrimidines have gained great attention as biologically active compounds; they 

are reported to have anti-cancer activity, anti-microbial, anti-inflammatory, anti-

hyperuricemia, anti-viral and anti-hypertensive activities. Researchers paid great 

attention to pyrazolopyrimidines due to their high anti-cancer activity, so they tried to 

prepare new derivatives and examine their anti-cancer activity. In this review we are 

going to focus on the different methods used for the synthesis of pyrazolopyrimidines, 

their anticancer activities as well as their reported mode of action.  
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1. Introduction 

Cancer is a disease in which a group of cells displays uncontrolled growth, 

sometimes invasion which destroys adjacent tissues and sometimes metastasizes to 

lymph nodes or other body sites via the lymphatic system or through the bloodstream. 

These properties differentiate malignant tumors from benign cancer (Mandour et al., 

2022; Upadhyay, 2021). 

Pyrimidines and fused pyrimidines, being an integral part of DNA and RNA, 

play an essential role in several biological processes and have significant chemical and 

pharmacological prominence (Ali, 2004; Fatahala et al., 2017; Fatahala et al., 2018; 

Mohamed et al., 2015; Mohamed et al., 2017; Nasr et al., 2007; Nasr et al., 2009; 

Nasr et al., 2012; Pramanik et al., 2023; Abbas et al., 2021). 

Similarly, the pyrazole nucleus is a highly multipurpose drug-like template that 

is widely used in the design of anticancer therapies (Abd El-Karim et al., 2015; 

Ameziane El Hassani et al., 2023; Bondock et al., 2013; Elgemeie et al., 2005; Nasr 

et al., 2014; Nitulescu et al., 2015; Yadav et al., 2022). The synthesis and study of 

pyrazole-fused compounds have emerged as an important heterocyclic system due to 

their wide range of biological activities (Akbar et al., 2024; Elgemeie et al., 2009; 

Nasr et al., 2017; Shi et al., 2015).  

As there is no big difference in the basic structures of pyrazolopyrimidines and 

purine structure (Elbakry et al., 2024; Hassaballah et al., 2024; Holla et al., 2006), 

pyrazolopyrimidine is an interesting bioactive core used for developing molecules of 

biological interest (Abbas et al., 2015; Kurban et al., 2023) and plays a critical role in 

treating numerous disease conditions (Chauhan et al., 2013). Pyrazolo[3,4-

d]pyrimidines have different biological activities (Laamari et al., 2024)  like, anti-

inflammatory (Yewale et al., 2012), antimicrobial (Abdallah et al., 2018; Mohamed et 

al., 2018; Rostamizadeh et al., 2013), xanthine oxidase inhibition (Gupta et al., 2008; 

Khadri et al., 2023) and antiviral (Rashad et al., 2009; Youssef et al., 2023). Also, 

they could exhibit anticancer activity by inhibiting different types of enzymes and 

receptors (Chauhan et al., 2013) such as cyclin-dependent kinase (Azmy et al., 2023; 

Kim et al., 2003) Src and Abl tyrosine kinase (Ismail et al., 2016; Schenone et al., 

2008), glycogen synthase kinase-3 (Dessalew et al., 2007; Peat et al., 2004), insulin-

like growth factor receptor protein tyrosine kinase (Hubbard et al., 2007; Nitulescu et 

al., 2023) and they are an important starting material for many heterocyclic systems 

(Jismy et al., 2020).  

Both pyrazolo[1,5-a]pyrimidines and pyrazolo[3,4-d]pyrimidines are of 

considerable chemical and pharmacological importance as purine analogs, and many 

derivatives have been reported to exhibit cytotoxic activity (Abd El Hamid et al., 2012; 

Akbar et al., 2024; Hassan et al., 2015; Metwally et al., 2016), In most purine 

biochemical reactions, a number of these ring structure derivatives are thought to be 

significant as antimetabolic agents (Asati et al., 2021; Hebishy et al., 2020). Many 

researchers noted that many pyrazolo[3,4-d]pyrimidines possessed cytotoxic activity as 

Src kinase inhibitors against human ovarian adenocarcinoma (SK-Ov-3) (Halim et al., 

2023), breast carcinoma (MDA-MB-361) (Alharthy et al., 2023), liver carcinoma cell 
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line (Hep-G2) and colon adenocarcinoma (HT-29) (Kumar et al., 2013; Poonia et al., 

2016). This review is going to focus on the different methods used for the synthesis of 

pyrazolopyrimidines, their anticancer activities as well as their reported mode of action. 

2. Synthesis of pyrazolo[3,4-d]pyrimidine as anticancer agents 

2.1. Starting with 5-aminopyrazole-4-carboxylate 

Schmidt et al. reacted ethyl-5-aminopyrazole-4-carboxylate derivative 1 with 

formamide to give the 4-hydroxy-pyrazolo[3,4-d]pyrimidine derivative 2 (Schmidt and 

Druey, 1956). While, Holla et al. have synthesized the pyrazolo[3,4-d]pyrimidine-4,6-

(5H,7H)-dione derivative 3 and 6,7-dihydro-6-thioxo-pyrazolo[3,4-d]pyrimidin-4(5H)-

onederivative 5 by reaction of 1 with urea and thiourea respectively (Holla et al., 2006). 

Alternatively, derivative 3 could be synthesized by the reaction of compound 1 with 

chlorosulfonyl isocyanate in the presence of potassium hydroxide (Wamhoff, 1985) 

(Fig. 1). Alternatively, compound 5 could be prepared by refluxing compound 1 with 

potassium thiocyanate and benzoyl chloride in acetone to obtain the benzoylthioureido 

substituted pyrazole carboxylate derivative 4 which then was cyclized with methanolic 

sodium hydroxide to produce compound 5 (Kasibhatla et al., 2008) (Fig. 1).  

Wang et al. obtained the substituted 6-(phenylamino)-pyrazolo[3,4-d]pyrimidin-

4(7H)-one 7 via reaction of compound 1 with triphenylphosphine and bromine to afford 

the iminophosphorane intermediate 6 which was reacted with phenylisocyanate and 

alkylamine (Wang et al., 2004). Also, compound 1 was reacted under reflux with acetic 

anhydride, and then reacted with ammonium hydroxide to give the 5-acetamido-4-

carboxylate-pyrazole derivative 8. Compound 8 was then condensed with the 

appropriate amine in the presence of phosphorus oxychloride to afford the 

corresponding pyrazolopyrimidinone derivatives 9 (Wang et al., 2007). 
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 Fig. 1: General procedures for the synthesis of various pyrazolo[3,4-d]pyrimidines 

starting with 5-aminopyrazole-4-carboxylate 

2.2. Starting with 5-amino-1-substituted-1H-pyrazole-4-carbonitrile derivatives  

Monosubstituted hydrazine derivatives were refluxed with ethoxymethylene 

malononitrile 10 to afford 5-amino-1-substituted-1H-pyrazole-4-carbonitrile derivatives 

11 which are used as starting materials for the synthesis of pyrazolo[3,4-d]pyrimidine 

derivatives (Fig. 2). Pyrazole derivatives 11 were then reacted with formic acid, 

formamide, urea or thiourea to obtain the target 1-substituted-1H-pyrazolo[3,4-

d]pyrimidin-4(5H)-one derivatives 12, 4-amino-pyrazolo[3,4-d]pyrimidine derivatives 

13, 4-amino-1-substituted-1H-pyrazolo[3,4-d]pyrimidin-6-ol 14 and 4-amino-1-

substituted-1H-pyrazolo[3,4-d]pyrimidine-6-thiol 15; respectively (Abdelazeem et al., 

2014). 
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Moreover, Gupta et. al. have synthesized different derivatives of the target compounds 

13 by reacting 11 with triethyl orthoformate in acetic anhydride to give intermediates 

which were then cyclized with ammonia in methanol (Gupta et al., 2008). Also, 

Quintela et. al. have synthesized the chloroamidine derivatives 16 by the reaction of 

compound 11 with phosogeneiminium chloride. The latter derivatives were then 

cyclized by hydrochloric acid gas at room temperature in 1,2-dichloroethane to afford 4-

chloro-N,N-dimethyl-substituted-1H- pyrazolo[3,4-d]pyrimidine-6-amine derivatives 17 

(Quintela et al., 2001). Finally, 6-methyl-1-substituted-1H-pyrazolo[3,4-d]pyrimidin-

4(5H)-one derivatives 18 were easily synthesized by refluxing the starting material 11 in 

acetic anhydride and acetic acid (Ali et al., 2009). 

 

 Fig. 2: General procedure for the synthesis of different substituted pyrazolo[3,4-

d]pyrimidine starting with 5-amino-s1-substituted-1H-pyrazole-4-carbonitrile  

2.3. Starting with 5-aminopyrazole-4-carbohydrazide derivatives 

Wamhoff synthesized the target compound 1-substituted-1H-pyrazolo[3,4-

d]pyrimidine-4,6(5H,7H)-dione derivatives 21b (Fig. 3) by the reaction of 5-

aminopyrazole-4-carbohydrazide derivatives 19 with urea (Wamhoff, 1985). 

Furthermore, Baviskar et al. reacted compounds 19 under reflux with different 

benzaldehyde derivatives in methanol to afford the intermediate compounds 20 which 

were then reacted with triethylorthoformate under reflux for 4 hours to obtain the 
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targeted 5-(benzylideneamino)-1-substituted-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one 

21b (Baviskar et al., 2013). 

 Fig. 3: General procedure for the synthesis of substituted different pyrazolo[3,4-

d]pyrimidine derivatives starting with 5-aminopyrazole-4-carbohydrazide derivatives. 

2.4. Starting with 5-aminopyrazole derivatives 

In 2012, Huang et al. have synthesized 1-substitued-1H-pyrazolo[3,4-

d]pyrimidine 23 in a good yield by the reaction of compound 22 with formamide and 

phosphorous bromide (Huang et al., 2012) or phosphorous oxychloride (Chang et al., 

2013). Furthermore, in 2014 Ryabukhin et al. prepared the urea derivatives 24 by the 

reaction of compound 22 with the corresponding isocyanate derivatives. The 

compounds 24 were allowed to undergo cyclocondensation reaction with different 

aldehydes in the presence of chlorotrimethylsilane to yield the corresponding 

pyrazolo[3,4-d]-4,5-dihydropyrimidin-6-ones 25. While the reaction between isatin and 

the urea derivatives 24 in the presence of chlorotrimethylsilane gave the target 

compounds 5',7'-dihydrospiroindoline-3,4'-pyrazolo[3,4-d]pyrimidine-2,6'-diones 

derivatives 26 (Fig. 4) in good yields (Ryabukhin et al., 2014).  

 

Fig. 4: General procedure for the synthesis of substituted pyrazolo[3,4-d]pyrimidine 

derivatives from 5-amino-pyrazole derivatives 
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2.5. Starting with 5-amino-4-cyano-pyrazole derivatives 

In 2016, Liu et al. synthesized 1-(2,4-dichlorophenyl)-1H-pyrazolo[3,4-

d]pyrimidin-4-amine (28) via the reaction of 5-amino-1-(2,4-dichlorophenyl)-1H-

pyrazole-4-carbonitrile (27) with triethylorthoformate in acetic anhydride followed by 

treating the formed intermediate pyrazol-5-yl-formimidate derivative with ammonium 

hydroxide solution (Fig. 5) (Liu et al., 2016). 
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Fig. 5: Synthesis of pyrazolo[3,4-d]pyrimidine derivatives from 5-amino-4-cyano-

pyrazole derivatives 

2.6. Starting with pyrimidine derivatives 

In 2013, Rostamizadeh et al. prepared 3-amino-4-aryl-6-phenyl-pyrazolo[3,4-

d]pyrimidine derivatives 30 by reacting 4-amino-6-aryl-2-phenyl-pyrimidine-5-

carbonitrile derivatives 29 and hydrazine hydrate in ethanol under reflux 

(Rostamizadeh et al., 2013). In a promising procedure, Rostamizadeh et al. debuted a 

one-pot (Fig. 6) procedure for the synthesis of compounds 30, through the reaction of 

different aldehydes 31, 2-hydroxysuccinonitrile 32, benzamidine hydrochloride 33 and 

hydrazine hydrate in the presence of basic alumina-supported sodium acetate 

(AcONa/Al2O3) under refluxing conditions. This protocol offers several advantages 

over the previously reported methods such as excellent yields of the products, simple 

workup, straightforward synthesis of pyrazolo[3,4-d]pyrimidine derivatives via 

available starting materials (Rostamizadeh et al., 2013). 
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Fig. 6: Different methods for the synthesis of 3-amino-4-aryl-6-phenyl-pyrazolo[3,4-

d]pyrimidine derivatives. 

Finally, Soth et al. carried out the reaction of tert-butyl carbazate with 4-chloro-5-

cyano-pyrimidine 34 in ethylamine to afford the target N-substituted pyrazolo[3,4-

d]pyrimidine derivative 35 (Soth et al., 2011) (Fig. 7). 

 

 Fig. 7: Synthesis of pyrazolo[3,4-d]pyrimidine derivativesusing4-chloro-5-cyano-

pyrimidine derivatives as a starting compound 

3. Anticancer activities of pyrazolo[3,4-d]pyrimidine derivatives 

Baviskar et al. showed that the 5-(benzylideneamino)-6,7-dihydro-1H-

pyrazolo[3,4-d]pyrimidin-4(5H)-one derivatives 36-38 are potent antitumor agents 

against prostate cancer, breast cancer and liver cancer (Baviskar et al., 2013) (Fig. 8). 

In 2011, Abd El-Razik et al. showed that 7-(4-chlorophenyl)-N-(4-fluorophenyl)-7H-

pyrazolo[4,3-e][1,2,4]triazolo[4,3-c]pyrimidin-3-amine (39) is a potent inhibitor for 

hepatocellular carcinoma Hep-G2 and cervical carcinoma Hela-S3 cell lines (Abd El 

Razik et al., 2011). Ghorab et al. have synthesized the pyrazolo[3,4-d]pyrimidine 

derivative 40 which showed potent activity against Ehrlich Ascites carcinoma (EAC) 

cell line in comparison to the referenced drug doxorubicin (Ghorab et al., 2010). In 

2013, Kandeel et al. showed that 2-[3-methyl-4-oxo-1-phenyl-5-(p-

tolylcarbamoylmethyl)-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-6-

ylmethylsulphanyl]-N-p-tolyl-acetamide (41) has high activity against breast cancer cell 

line MCF7. Moreover, Kandeel et al. have synthesized pyrazolopyrimidine derivatives 
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42-44 which showed promising in vitro cytotoxic activity against different cancer cell 

lines in comparison to the referenced drug olomoucine (Kandeel et al., 2013). 

 

Fig. 8: Examples of different pyrazolo[3,4-d]pyrimidine derivatives producing 

anticancer activity. 

Additionally, 1-phenyl-1H-pyrazolo[3,4-d]pyrimidine derivatives  45-47 tagged 

on position 4 with the 5-cyano-4-(4-substitutedphenyl)-6-oxopyrimidine moiety through 

a sulfanyl linker emerged promising anticancer activity. Interestingly, compound 45 was 

the most active (Abbas et al., 2015) with IC50 less than 0.08 μM/mL (Fig. 9). In 2012, 

Abd El Hamid et al. have synthesized 4-[2-(4-fluorobenzylidene)hydrazinyl]-3-

(methylsulphanyl)-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine 48 which demonstrated high 

anticancer activity against human breast carcinoma cell line MCF (Abd El Hamid et 

al., 2012). In 2016, Hassan et al. have synthesized a pyrazolo[3,4-d]pyrimidine 

derivative 49 fused to 1,2,4-triazole ring which displayed potent anticancer activity 

against HCT-116, PC-3 and Hep-G2 human cancer cell lines (Hassan et al., 2017). 

Pyrazolotriazolopyrimidine derivatives 50 and pyrazolopyrimidin-hydrazono-butyric 

acid ethyl ester 51 were synthesized by Kandeel et al. and were screened for their 

anticancer activity against MCF-7 cell line. They showed very potent in-vitro activity 

with IC50 = 0.013 μM (Kandeel et al., 2012). Moreover, Rashad et al. reported that 6-

(2,2-dihydroxyethylthio)-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one (52) was 

very potent against Hep-G2 human cancer cell line and its activity was similar to that of 

doxorubicin against the same cell line (Rashad et al., 2015). In 2014, Lamie has 

synthesized 3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-ones 53, 54 linked 

at position 6 to arylidene-1-methyl-hydrazine moiety and their corresponding tricyclic 

derivative 55 and the three compounds displayed very potent in-vitro activity against 

human breast adenocarcinoma cell line (MCF7) with IC50 values in the range 0.032 µM- 

0.035 µM (Phoebe, 2014). Two years ago, Rahmouni et. al. had synthesized 3-methyl-

5-(5-methyl-2-oxohexyl)-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one 56 and its 

corresponding 2-oxoheptyl analogue 57 which possessed excellent and promising in-



71                              Az. J. Pharm Sci. Vol. 69, March, 2024.  
 

71 
 

vitro anticancer activity against HCT-116 cancer cell line. Finally, the percent inhibition 

of MCF-7 cancer cell line by (Z)-3,6-dimethyl-1-phenyl-5-((1-(1-p-tolyl-1H-1,2,3-

triazol-4(5H)-ylidene)methyl)-1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one (58) and its 

chloro-analogue (59) were 67.3% and 72.0%, respectively (Rahmouni et al., 2016). 
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Fig. 9: Different examples for pyrazolo[3,4-d]pyrimidine derivatives exhibiting 

anticancer activity. 
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4. Reported anticancer mode of action for pyrazolo[3,4-d]pyrimidines 

4.1. Tyrosine kinase inhibition 

The tyrosine kinase enzymes (TK) regulate several physiological mechanisms, 

including cell proliferation, differentiation, migration and metabolism by transferring 

the ATP terminal phosphate to the tyrosine residues of protein substrates (Carmi et al., 

2012; Ebrahimi et al., 2023; Roskoski, 2023).  

4.1.1. Src tyrosine kinase inhibition 

The Src family of tyrosine kinases (SFKs) is constituted of nine members: Src, 

Lck, Fyn, Yes, Hck, Blk, Fgr, Lyn and Yrk. SFKs play an important role in signalling 

pathways that control a diverse spectrum of biological activities, such as cell division, 

growth factor signalling, differentiation, survival, adhesion, migration, invasion and so 

on (Ghossoub et al., 2023; Dang et al., 2024; Bußmann et al., 2021). 

Manetti et al. explored the antiproliferative and proapoptopic activities of 

pyrazolo[3,4-d]pyrimidines as Src kinase inhibitors in human osteosarcoma cells 

(Manetti et al., 2007). In 2007, Tatton et al. showed that 1-tert-butyl-3-p-tolyl-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (60) is a selective and potent inhibitor for Src family 

tyrosine kinases. It inhibited two cell lines RET/PTC oncoproteins in mouse embryonic 

fibroblasts (NIH3T3) leading to suppression of papillary thyroid carcinoma. 

Interestingly, its corresponding chloro-derivative 61 was a selective inhibitor for Src 

kinase family Lck and Fyn and played an essential role for suppression of human 

glioma (Tatton et al., 2003). In 2013, Kumar et al. have synthesized different 

pyrazolo[3,4-d]pyrimidin-4-amines as 62, 63 and 64 evaluated their activity against Src 

kinase enzymes. The compounds exhibited promising Src kinase inhibition (Kumar et 

al., 2013) (Fig. 10).  

N

N
N

N

NH2

N

N
N

N

NH2

Cl

N

N
N

N

NH2

N

N
N

N

NH2

N

N
N

N

NH2

HO

60 61 62

63 64

  

Fig. 10: Different examples for pyrazolo[3,4-d]pyrimidine-4-amine derivatives having 

Src tyrosine kinase inhibitory activity. 

4.1.2. Inhibition of urokinase plasminogen activator (uPA) 

Urokinase plasminogen activator (uPA) is a serine protease enzyme that 

functions in the conversion of the circulating plasminogen to the active, broad-spectrum 

serine protease, plasmin (Chu et al., 2024; Kumar et al., 2022). 
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 uPA is secreted as an inactive single-chain proenzyme by many different cell types and 

exists in a soluble or cell associated forms by binding to a specific membrane uPA 

receptor (uPAR) (Lin et al., 2013). Elevated expression levels of urokinase is implicated 

in a large number of malignancies e.g. Lung cancer (Chu et al., 2014), prostate (Vyas 

and Singh, 2014) and thyroid carcinoma (Horvatic Herceg et al., 2013). Different 

mechanisms account for the cytotoxic effect of this class of compounds; they have been 

reported to act as vascular endothelial growth factor receptor inhibitors (Manley et al., 

2003) and cyclin dependent kinase inhibitors (Dwyer et al., 2007). 

It has been reported that the 6-methyl-1-p-tolyl-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-

one 65 was synthesized and evaluated in-vitro for its anticancer activity against MCF-7 

breast cancer and Hep-G2 liver cancer cell lines (Fig. 11). It showed 77% inhibition for 

MCF-7 breast cancer cell line and 63% inhibition for Hep-G2 liver cancer cell line 

relative to 91% ,88% produced by Doxorubicin, respectively, this antiproliferative 

activity was considered due to uPA inhibition (Shamroukh et al., 2014). 

                                                           

N

NH
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N CH3
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65
 

                             Fig. 11: Pyrazolo[3,4-d]pyrimidine derivative as uPA inhibitor 

 

4.1.3. ATP competitive inhibition of tyrosine kinases 

Antonelli et al. have synthesized 1-phenethyl-N-(1-phenylethyl)-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (66)  and its corresponding N-phenyl-derivative (67)  

and showed that they were potent candidates in suppression of papillary thyroid cancer 

(PTC) (Fig. 12). Compounds 66 and 67 exerted their effects through ATP competitive 

inhibition of the tyrosine kinases RET, VEGFR-1, VEGFR-2 and VEGFR-3 and 

antiangiogenic activity (Antonelli et al., 2011). Also, it was reported that the naphthyl 

compound 68 is an ATP competitive inhibitor with high selectivity for protein kinase D 

(PKD) with little or no inhibitory activity for protein kinase C (PKC) and 

Ca
2+

/calmodulin-dependent protein kinase class of enzymes (CAMK). It showed 

inhibition of prostate cancer cell proliferation as it induces G2/M arrest leading to cell 

death (Kulkarni et al., 2014). 
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Fig. 12: Pyrazolo[3,4-d]pyrimidine derivatives as ATP competitive inhibitors of tyrosine 

kinases 

4.1.4. Merkinase inhibition 

It was reported by Zhang et al. that 4-(6-(butylamino)-3-(4-((4-methylpiperazin-

1-yl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)cyclohexanol 69a could be used 

selectively and effectively to supress bone marrow leukaemia (Fig. 13). It acts as a dual 

inhibitor for both Mer and Flt3 tyrosine kinase enzymes. It has the advantages of good 

oral bioavailability, improved solubility, drug metabolism and pharmacokinetics (Zhang 

et al., 2014). In 2016, Myers et al. showed that both 69 (b,c) were potent and active 

AXL and Mer kinase family inhibitors leading to suppression of leukaemia (Myers et 

al., 2016).  
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Fig. 13: Pyrazolo[3,4-d]pyrimidine derivatives as Mer kinase inhibitors 
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4.1.5. Glycogen Synthase Kinase (GSK-3) inhibition 

Peat et al. reported the synthesis and biological evaluation of the pyrazolo[3,4-

d]pyrimidin-4-yl-aryl hydrazine 70 as GSK-3 inhibitor (Fig. 14). It was proved that 

compound 70 could bind in a competitive manner with ATP (Peat et al., 2004). 
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Fig. 14: Pyrazolo[3,4-d]pyrimidine derivative acting as glycogen synthase kinase 

(GSK-3) inhibitor 

4.1.6. EGFR-TK inhibition 

The derivative 4-(4-fluorophenyl)-6-oxo-2-((1-phenyl-1H-pyrazolo[3,4-

d]pyrimidin-4-yl)thio)-1,6-dihydropyrimidine-5-carbonitrile (71) was synthesized and 

screened for its antiproliferative activity against breast (MCF-7) and lung (A-549) 

cancer cell lines (Fig. 15). This compound was able to inhibit epidermal growth factor 

receptor-tyrosine kinase enzyme (EGFR-TK) (Abbas et al., 2015). 
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Fig. 15: Pyrazolo[3,4-d]pyrimidine compound acting as EFGR-TK inhibitor 
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4.1.7. Akt/p70S6K inhibition 

In 2012, Rice et al. have evaluated the role of different pyrazolo[3,4-

d]pyrimidine derivatives as dual Akt/p70S6K inhibitors (Fig. 16). Compounds having 

bromine on C-3 position as compound 72 exhibited high inhibitory activity against this 

target. Furthermore, the inhibition of the serine/threonine protein kinases ribosomal 

protein S6 Kinase (p70S6K) and Akt (protein kinase B) was enhanced by the presence 

of larger lipophilic groups at position-5 which resulted in potent and metabolically 

stable candidates with good pharmacokinetic profiles (Rice et al., 2012). 
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Fig. 16: Pyrazolo[3,4-d]pyrimidine derivativeacting asAkt/p70S6K inhibitor 

4.1.8. Mammalian target of rapamycin (mTOR) inhibition 

It has reported that compound 73 is a potent and selective mTOR inhibitor 

leading to inhibition of leukaemia (Hayman et al., 2013) (Fig. 17). Similarly, Yu et al. 

showed that compound 74 is an ATP competitive inhibitor producing inhibition of 

mTOR kinase family. The later compound can also inhibit the phosphorylation of 

p70SK1 and Akt and induces apoptosis (Yu et al., 2009). 
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     Fig. 17: Pyrazolo[3,4-d]pyrimidine derivatives as mTOR inhibitors 
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4.2. Androgen receptor antagonist: 

In 2014, Bahashwan et al. showed that 1-(naphtho[1,2-d]thiazol-2-yl)-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (75) is an androgen receptor antagonist which could 

suppress prostate cancer disease (Bahashwan et al., 2014) (Fig. 18). 
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Fig. 18: Pyrazolo[3,4-d]pyrimidine acting as an androgen receptor antagonist 

4.3. Purine antagonism 

In 1956, Cheng and Robins have synthesized different pyrazolo[3,4-

d]pyrimidines 76-77 which showed activity as purine antagonists (Fig. 19). The N,N,1-

trimethyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (77) displayed potent antitumor 

activity against adenocarcinoma and leukaemia cell lines (Cheng and Robins, 

1956)[109]. 
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Fig. 19: Pyrazolo[3,4-d]pyrimidine derivatives acting as purines antagonists 

5. Synthesis of pyrazolo[1,5-a]pyrimidine derivatives as anticancer agents 

5.1. Starting with 5-amino-1H-pyrazole derivatives 

Literature is enriched with bidentate reagents reaction with 5-amino-1H-pyrazoles; as 

the most common starting agents to afford pyrazolo[1,5-a]pyrimidine.  

In 2016, Fadda et al. have synthesized pyrazolo[1,5-a]pyrimidine derivatives, by 

the reaction of 5-amino-1H-pyrazole derivatives 78 with either acetylacetone or 

acetoacetanilide in boiling acetic acid to afford compounds 79 and 80; respectively 
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(Fadda et al., 2017). Similarly, Soliman et al., have synthesized pyrazolo[1,5-

a]pyrimidine derivatives 79-81 by refluxing the 5-amino-1H-pyrazole derivative 78 

with different dicarbonyl reagents, namely; acetyl acetone, ethyl acetoacetate, 

diethymalonate or ethyl 3-oxo-3-phenylpropanoate (Fig. 20) (Soliman et al., 2014). 

 

Fig. 20: Synthesis of pyrazolo[1,5-a]pyrimidine derivatives 79-81 starting with 5-

amino-1H-pyrazoles. 

Literature survey also showed that cyclization reaction of 5-amino-1H-pyrazole 

derivatives 78 with diethyl ethoxymethylene malonate in the presence of acetic acid 

afforded the pyrazolo[1,5-a]pyrimidine derivatives 82 in good yield as reported by 

Tabrizi et al. in 2013 (Fig. 21) (Aghazadeh Tabrizi et al., 2013). In 2003, Selleri et al., 

obtained the pyrazolo[1,5-a]pyrimidine derivatives 83 by the one pot reaction of 5-

amino-1H-pyrazole derivatives 78 with ethyl-3-hydroxy-2-(thiophen-3-yl)acrylate 

(Selleri et al., 2003). Moreover, the microwave aided condensation reaction of 5-amino-

1H-pyrazole derivatives 78 and2-(4-methoxyphenyl) malonaldehyde afforded the 

pyrazolo[1,5-a]pyrimidine derivatives 84 (Engers et al., 2013). In 2005, Selleri et al., 

have synthesized pyrazolo[1,5-a]pyrimidine derivatives 85 by condensation reaction of 

the starting compounds 78 with 4,4-dimethoxy-2-butanone in ethanol (Selleri et al., 

2005). 



79                              Az. J. Pharm Sci. Vol. 69, March, 2024.  
 

79 
 

 

Fig.21: Synthesis of various pyrazolo[1,5-a]pyrimidine derivatives 82-85 starting with 

5-amino-1H-pyrazoles 

In 2009, Wang et. al. have synthesized the pyrazolo[1,5-a]pyrimidine derivatives 

86 (Fig. 22) by refluxing 5-amino-1H-pyrazole derivatives 78 with methyl (E)-

3(3(dimethylamino)-acryloyl)benzoate in the presence of acetic acid (Wang et al., 

2009). Also, Fraley et al. have synthesized pyrazolo[1,5-a]pyrimidine derivatives 87 by 

refluxing 5-amino-1H-pyrazole derivatives 78 with 3-hydroxy-2-phenylacrylaldehyde in 

ethanol and a catalytic amount of acetic acid (Fraley et al., 2002).  

Interestingly, Aggarwal et al. have synthesized the bi(pyrazolo[1,5-

a]pyrimidinyl)-7-ones 88 by refluxing 5-amino-1H-pyrazole derivatives 78 with 3-

acetyl-4-hydroxy-6-methyl-2H-pyran-2-one in ethanol in the presence of the catalytic 

amount of acetic acid (Aggarwal et al., 2014). While the pyrazolo[1,5-a]pyrimidine 

derivatives 89 have been synthesized by refluxing 5-amino-1H-pyrazole derivatives 78 

with 3-(dimethylamino)-2-(4-nitrophenyl)acrylonitrile in the presence of catalytic 

amount of hydrochloric acid (Gommermann et al., 2010). 
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Fig.22: Synthesis of pyrazolo[1,5-a]pyrimidine derivatives 86-89 from 5-amino-1H-

pyrazoles 

Kosugi et al. have synthesized the pyrazolo[1,5-a]pyrimidine derivatives 90 

(Fig. 23) by condensation reaction of 5-amino-1H-pyrazole derivatives 78  with two 

substituted malonic acid diester in ethanolic sodium ethoxide under reflux conditions 

(Kosugi et al., 2012). Xu et al. have synthesized pyrazolo[1,5-a]pyrimidine derivatives 

91 by refluxing  N-methyluracilwith5-amino-1H-pyrazole derivatives 78 in the presence 

of sodium ethoxide for 3 hours (Xu et al., 2015). On other hand Dwyer et al. have 

synthesized pyrazolo[1,5-a]pyrimidine derivatives 92 by condensation reaction of 5-

amino-1H-pyrazole derivatives 78 with 1,3-dimethyluracil in the presence of sodium 

methoxide followed by reaction with phosphorous oxychloridethen N-iodo-succinimide 

(NIS) (Dwyer et al., 2013). El-Enany et al. have made reaction between 5-amino-1H-

pyrazole derivatives 78 and malanonitrile, arylidene malononitrile or ethylcyano acetate 
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in ethanol and catalytic amount of triethylamine to afford pyrazolo[1,5-a]pyrimidine 

derivatives 93 (El-Enany et al., 2011). Paruch et al. have obtained pyrazolo[1,5-

a]pyrimidine derivatives 94 through the reaction of methyl-3-oxobutanoate in toluene 

followed by reaction with phosphorus oxychloride in N,N dimethylaniline (Paruch et 

al., 2007). Pyrazolo[1,5-a]pyrimidine derivatives 95 have been synthesized by the 

reaction of 5-amino-1H-pyrazole derivatives 78 andethyl-4-chloroacetoacetate in 

acetone and few drops of acetic acid under reflux (Li et al., 2006). 

Fig.23: Synthesis of pyrazolo[1,5-a]pyrimidine derivatives 90-95 from 5-amino-1H-

pyrazoles. 

Elsaman et al. have synthesized pyrazolo[1,5-a]pyrimidine derivatives 97, 99-

100 (Fig. 24). A mixture of the aminopyrazole derivative 96 and ethyl cyanoacetate in 

ethanol was refluxed for 15 min to afford pyrazolo[1,5-a]pyrimidine derivative 97. 

Also, upon reaction of the same starting material 96 with ethyl acetoacetate or 

acetylacetone in glacial acetic acid to afford the intermediate products 98 which without 

separation were cyclized under reflux to afford the target pyrido[2,3:3,4]pyrazolo[1,5-

a]pyrimidines 99 and 100, respectively (Elsaman et al., 2013).  
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               Fig. 24: Synthesis of pyrido[2,3:3,4]pyrazolo[1,5-a]pyrimidine derivatives. 

 

In 2012, Chobe et al. have synthesized the tricyclic structure containing 

pyrazolo[1,5-a]pyrimidine unit 103 by reacting 4-(2-(4-chlorophenyl)diazenyl)-1H-

pyrazole-3,5-diamine 102 with 4-substituted benzylidene-3-methyl-1H-pyrazol-5(4H)-

one 101 and sodium hydroxide in polyethylene glycol (PEG-400) as green reaction 

solvent (Fig. 25) (Chobe et al., 2012).  

Fig. 25: Synthesis of dipyrazolo[1,5-a:3',4'-d]pyrimidine derivative using polyethylene 

glycol (PEG-400) as a green reaction solvent 
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In 2014, Shekarrao et al. reported that steroidal β-bromovinyl aldehydes can be reacted 

with pyrazoloamines to afford steroidal D-ring fused pyrazolo[1,5-a]pyrimidines (106-

109) via a microwave mediated reaction using palladium (II) catalyst (Shekarrao et al., 

2014) (Fig. 26). 

 
Fig 26: Synthesis of steroidal pyrazolo[1,5-a]pyrimidine derivatives under microwave 

mediated reaction 

5.2. Anticancer activity of pyrazolo[1,5-a]pyrimidine 

Pyrazolo[1,5-a]pyrimidine derivatives are well known for their anticancer 

activity (Fig. 27). For example, Abdelall et al. showed that compound 108was able to 

inhibit human breast adenocarcinoma (MCF-7) and BT474 cell lines as well as the non-

small lung cancer cell line (A549) with IC50 = 1.98, 2.20 and 2.61 μM, respectively 

(Abdelall et al., 2016).  
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Fig. 27: Examples for pyrazolo[1,5-a]pyrimidine derivatives with anticancer activity. 

Furthermore, Hassan et al. showed that compounds 109-110 were highly potent 

against Ehrlich Ascites Carcinoma (EAC) cells with IC50 values 10, 25 μg/ml 

respectively (Hassan et al., 2015). Moreover, Hafez et al. reported that compounds 111-

113 inhibited the growth activity of breast cancer (MCF-7), ovarian carcinoma (SKOV-

3), leukemia (K562) and cervical HeLa human cancer cell lines. The pyrazolo[1,5-

a]pyrimidine derivative 113 displayed higher antiproliferative activity against MCF-7 

cell line than doxorubicin (IC50 =0.085 μMvs 96.41 μM; respectively) (Hafez et al., 

2013). In 2016, Metwally et al. have synthesized pyrazolo[1,5-a]pyrimidine derivatives 

which showed promising antitumor activity against human Hep-G2 and MCF-6 cell 

lines. Their results showed that compound 114 was very potent against Hep-G2 (IC50 

3.53 μM ), while, compound 115 was the most active candidate against MCF-7 cell line 

(IC50 4.5 μM) (Metwally et al., 2016). 

Also, Hassan et al. have synthesized some pyrazolo[1,5-a]pyrimidine 

derivatives with different methods and screened them for their anti-cancer activity. The 
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results showed that compounds 116-118 showed promising antitumor activity against 

HCT-135 11 6 carcinoma cells (IC50 values; 58.44, 59.18 and 62.11 μg/ml compared to 

that of doxorubicin 73.50 μg/ml) (Hassan et al., 2017)[79]. 

6. Reported anticancer mode of actions for pyrazolo[1,5-a]pyrimidine 

6.1. Kinase inhibition 

6.1.1. Kinase inserts domain-containing receptor tyrosine kinase (KDR) inhibitor 

In 2002, Fraley et al. have synthesized and evaluated the 3,6-

disubstitutedpyrazolo[1,5-a]pyrimidine derivatives 119-120 (Fig. 28) as a class of KDR 

kinase inhibitors. The IC50 for compound 119 as KDR inhibitor was 224 nM. Upon 

substitution of the parent pyrazolo[1,5-a]pyrimidine core at the 3 and 6 positions with 3-

thienyl and 4-methoxy phenyl moieties, compound 120, greatly increased the potency 

(IC50 = 19 nM) (Bußmann et al., 2021). Later on, Frey et al. succeeded to synthesize 

compound 121 which was proofed to be a potent inhibitor of KDR (IC50= 0.7nM) (Frey 

et al., 2008).  

N

N N
N

N

119

N

N N
H3CO

120

N

N N

H
N

121

S N N

NH2H
N

O

F3C

 

Fig. 28: Reported pyrazolo[1,5-a]pyrimidine derivatives acting as KDR inhibitors. 

6.1.2. Mitogen-Activated Protein Kinase-Activated Protein-Kinase 2 (MAPKAP-K2) 

inhibitors 

In 2014, Kosugi et al. have evaluated the anti-cancer activity of the 

pyrazolo[1,5-a]pyrimidine derivatives 122-123 (Fig. 29). These compounds inhibited 

both MAPKAP-K2 (IC50 = 0.13 µM and 0.054 µM; respectively) and CDK2 (IC50 = 23 

µM and 25 µM; respectively) (Kosugi et al., 2012). 

                         

Fig. 29: Reported pyrazolo[1,5-a]pyrimidine derivatives acting as MAPKAP-K2 

inhibitors. 



Az. J. Pharm Sci. Vol. 69, March, 2024.                                 86 
 

6.1.3. Cyclin-dependent kinase (CDK) inhibitor 

During the last two decades, there are many promising drugs available for the 

treatment of cancer diseases. For example, Dinaciclib 124 was synthesized by Paruch et 

al. (Fig. 30) as a potent and selective cyclin-dependent kinase (CDK) inhibitor that 

currently undergoing clinical evaluation (Paruch et al., 2007).  

                                               

                                Fig. 30: The chemical structure of Dinaciclib 

Furthermore, in 2015, Phillipson et al. have synthesized some pyrazolo[1,5-

a]pyrimidine derivatives and evaluated them as CDK9 inhibitors (Fig. 31) which is a 

target of emerging interest for the development of anti-cancer drugs. The results showed 

that the ethylamino compounds 125 and 126 represented significant activities. Both 

compounds displayed promising CDK9 affinity (IC50 about 200 nM). Moreover, 

compound 126 possessed excellent selectivity to CDK9 over PI3Ka and CDK7. There 

are multiple lines of evidence linking CDK9 activity to cancer, the results showed that 

compound 126 is the most potent one as it showed IC50 = 203 nM for CDK9 

(Phillipson et al., 2015). 

                  

Fig. 31: Reported pyrazolo[1,5-a]pyrimidine derivatives acting as CDK9 inhibitors. 

In 2007, Paruch et al. have synthesized the pyrazolo[1,5-a]pyrimidine derivative 

127 which was potent and selective CDK2 inhibitor (Fig. 32) (IC50 = 0.013 μM) 

(Paruch et al., 2007). Moreover, it was also reported that the anticancer activity of 

compound 128 was due to the inhibition of CDK 2 (IC50 = 3 nmol/L) (Heathcote et al., 

2010).  
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 Fig. 32: Reported pyrazolo[1,5-a]pyrimidine derivatives as CDK 2 inhibitors. 

6.1.4. Lymphocyte-specific kinase (Lck) inhibitors 

Gommermann et al. have synthesized different pyrazolopyrimidine derivatives 

129 from a series of pyrazolo[1,5-a]pyrimidines and were optimized to target 

lymphocyte-specific kinase (Lck) (Fig. 33). These derivatives exhibited significant 

potency against LCK cell line with IC50 =7 nM. Compound 129a showed very potent 

inhibition of Lck and displayed very good selectivity against cSrc, Hck and KDR, while 

its acylation with glycine led to the highly active compound 129b that demonstrated a 

low clearance and long half-life (Gommermann et al., 2010). 

                                       

Fig. 33: Reported pyrazolo[1,5-a]pyrimidine derivatives as Lck inhibitor. 

6.1.5. B-Raf kinase inhibitors 

In 2009, Gopalsamy et al. have synthesized the lead compound 130 which 

produced enhanced inhibition of a number of B-Raf kinases with good selectivity with 

IC50= 0.032 (Gopalsamy et al., 2009) (Fig. 34). 

                                                

Fig. 34: Reported pyrazolo[1,5-a]pyrimidine derivative as B-Raf kinase inhibitor. 
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6.2. Selective bone morphogenetic protein receptor (BMP) inhibitor 

In 2013, Engers et al. have synthesized the pyrazolo[1,5-a]pyrimidine derivative 

131 which showed most potent derivative with IC50 less than 1nMfor Bone 

Morphogenetic Protein 4 human cell line (BMP-4) (Fig. 35) (Engers et al., 2013). 

                                           

Fig. 35: Reported pyrazolo[1,5-a]pyrimidine derivative as BMP inhibitor. 

6.3. Allosteric agonists for the high affinity nicotinic acid receptor GPR109A 

Shen et al. have synthesized pyrazolopyrimidine derivatives and they were discovered 

as the first class of allosteric agonists for the high affinity nicotinic acid receptor 

GPR109A. In addition to its intrinsic activity, compound 132 significantly enhances 

nicotinic acid binding to the receptor, thereby potentiating the functional efficacy of 

nicotinic acid (Fig. 36) (Shen et al., 2008). 

                                   

Fig. 36: Reported pyrazolo [1,5-a]pyrimidine derivative as an allosteric agonist for the 

high affinity nicotinic acid receptor GPR109A 

6.4. HT6 receptor blocker 

In 2012, Ivachtchenko et al. have synthesized a series of 3-

(phenylsulfonyl)pyrazolo[1,5-a]pyrido[4,3-d]pyrimidine derivatives which were highly 

potent and selective blockers of 5-HT6 receptors. Compound 133 was considered most 

agent producing 5-HT2B blocking activity (IC50 = 6.16 nM as compared with IC50 = 1.8 

nM for 5-HT6 receptors) and very low hERG potassium channel blocking potency (IC50 

= 54.2 nM) (Ivachtchenko et al., 2012) (Fig. 37). 
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Fig. 37: Reported pyrazolo[1,5-a]pyrimidine derivative as HT6 receptor blocker 

6.5. 18 kDatranslocator protein (TSPO) 

In 2017, Werry et al. have synthesized pyrazolopyrimidine derivatives and 

screened them for TSPO as it is a target for human glioblastoma. The results showed 

that compound 134 was the most potent derivative with IC50 = 4.3 nM for TSPO cell 

line (Werry et al., 2017) (Fig. 38). 

                              

Fig. 38: Reported pyrazolo[1,5-a]pyrimidine derivative targeting the TSPO protein 

6.6. Histone lysine demethylase 5 (KDM5) inhibitors 

In 2016, Horton et al. have synthesized pyrazolopyrimidine derivatives which 

have histone lysine demethylase inhibitory effect. The results showed that compound 

135 exhibited the highest potency (IC50 values of ~1 µM for KDM5A and KDM5B) 

(Horton et al., 2016) (Fig. 39). 

                                      

Fig. 39: Reported pyrazolo[1,5-a]pyrimidine derivative as KDM5D inhibitor 

7. Interaction between the pyrazolopyrimidine nucleus and the corresponding 

anticancer target proteins  
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Literature is rich with several studies which illustrate the importance of the heterocyclic 

pyrazolopyrimidine ring systems in interaction with the corresponding anti-cancer target 

proteins. 

7.1.Binding modes of pyrazolo[1,5-a]pyrimidines with different anticancer target 

enzymes 

We have found many molecular docking studies and x-ray co-crystal structures of 

different pyrazolo[1,5-a]pyrimidine derivatives with their corresponding anticancer 

target enzymes (Dass, 2022).  

Below are some examples which demonstrates the importance of the pyrazolo[1,5-

a]pyrimidine ring system in the development of anticancer agents.  

In 2019, Wood et al. reported that Dinaciclib 136 interacts with the ATP binding 

pocket of CDK1-Cks2 through a series of hydrogen bonds and hydrophobic 

interactions. The N1 of the pyrazole ring acts as a hydrogen bond acceptor and involved 

in a hydrogen bond interaction with the leu 83 (Wood et al., 2019) (Fig. 40). 

 

Fig. 40: 2D interaction between Dinaciclib 136 and the target protein CDK1-Cks2 

retrieved from reference (Engers et al., 2013). 

In 2017, McCoull et al. identified a pyrazolo[1,5-a]pyrimidine series as selective 

B-cell lymphoma 6 (BCL6) inhibitors from which compound 137 showed the best 

binding affinity. The N1 of the pyrazole ring acts as a hydrogen bond acceptor and 

forms a hydrogen bond with the amino acid val116 (McCoull et al., 2017) (Fig. 41). 
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Fig. 41: 2D interaction between compound 137 and the target protein BCL6 (PDB 

5N1Z) retrieved from reference (Selleri et al., 2005). 

In 2016, Sack et al. reported the molecular modeling study of 

pyrazolopyrimidine derivative 138 with ATP-binding site of MARK4. They showed that 

the N1 of the pyrazole ring is able to form a hydrogen bond with the amino acid Ala135 

in the hinge region of the target enzyme (Sack et al., 2016) (Fig. 42). 

 

Fig. 42: 2D interaction between compound 138 and the ATP-binding site of MARK4 

retrieved from reference (Wang et al., 2009). 
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Dwyer et al. reported the binding mode of pyrazolopyrimidine 139 with the 

proto-oncogene serine/threonine-protein kinase (Pim1). The N1 of the pyrazolo[1,5-

a]pyrimidine acts as a hydrogen bond acceptor for Lys67A with the C3 napthyl group 

oriented parallel to the hinge region of the protein. In addition, the primary amine on the 

cyclohexyl ring makes a hydrogen bond with the oxygen of Glu171A (Dwyer et al., 

2013) (Fig. 43). 

 

Fig. 43: 2D interaction between compound 139 and Pim1 (PDB: 4MBL) 

7.2.Binding modes of pyrazolo[3,4-d]pyrimidines with different anticancer target 

enzymes 

              Literature survey is rich with the molecular docking studies as well as x-ray co-

crystal structures of different pyrazolo[3,4-d]pyrimidine derivatives with their 

corresponding target proteins. Below are some examples which demonstrates the 

importance of the pyrazolo[3,4-d]pyrimidine ring system in the development of 

anticancer agents.  

            In 2017, Wang et al. discovered pyrazolo[3,4-d]pyrimidine 140 as epidermal 

growth factor receptor (EGFR) inhibitor which displayed strong anti-proliferative effect 

against EGFR mutant-driven non-small cell lung cancer (NSCLC) cell lines such as 

H1975, PC9, HCC827, and H3255. Its molecular docking study revealed that the 4-

amino-pyrazolo[3,4-d]pyrimidine moiety formed two hydrogen bonds with Met793 and 

Gln791 in the hinge area, respectively. Additionally, the N2 and the N7 of the 

pyrazolo[3,4-d]pyrimidine moiety were involved in another two hydrogen bonds with 

Lys 745 and Gly 796, respectively through water bridges. Moreover, the pyrazole part of 

the pyrazolo[3,4-d]pyrimidine moiety was involved in a hydrophobic interaction with 
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the Val726. As expected, the acrylamide formed a covalent bond with the Cys797 

residue (Wang et al., 2017) (Fig. 44). 

 

 

Fig. 44: 2D interaction between compound 140 and EFGR retrieved from (Fraley et al., 

2002) 

Tintori et al. reported the x-ray co-crystal structure of the 4-amino-pyrazolo[3,4-

d]pyrimidine derivative 141 with the Src enzyme [PDB: 4O2P]. Within the Src binding 

pocket, the pyrazolo[3,4-d]pyrimidine nucleus accommodated the adenine region. The 

C4 substituent was located in hydrophobic region I, while hydrophobic region II hosted 

the N1 side chain. Two hydrogen bond interactions were also found, one involving the 

C4 amino group and the side chain of Thr338A and the other between the N2 of the 

pyrazolo[3,4-d]pyrimidine nucleus and the NH-backbone of Met341A (Fig. 45) 

(Tintori et al., 2015). 

 

Fig. 45: 2D binding mode of compound 141 within the ATP pocket of Src retrieved 

from [PDB: 4O2P] 
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Yang et al. reported co-crystal structures of a complex of truncated mammalian target of 

rapamycin  

(mTOR) and Torkinib (PP242, 142). Torkinib consists of the adenine-mimetic 

pyrazolopyrimidine scaffold common to tyrosine kinase inhibitors, with a 

hydroxyindole substituent at a position that often points to the inner hydrophobic 

pocket. The 4-amino group was involved in hydrogen bond with the Gly2238A. 

Additionally, the N5 of the pyrazolo[3,4-d]pyrimidine nucleus acts as hydrogen bond 

acceptor and formed a hydrogen bond with Val2240A. Moreover the pyrazolo[3,4-

d]pyrimidine nucleus showed a hydrophobic interaction with Trp2239A (Fig. 46). These 

interactions explain the obtained potent anticancer activity of Torkinib (Yang et al., 

2013). 

 

Fig. 46: 2D binding mode of Torkinib (PP242) 142 within the mTOR kinase enzyme 

retrieved from [PDB: 4JT5] 

8. Conclusion      
            This review article seeks to provide an up-to-date overview of the latest 

advances in the development of the synthetic approaches to construct pyrazolo[1,5-

a]pyrimidine and pyrazolo[3,4-d]pyrimidine skeletons which have always been of a 

paramount chemical significance in pharmaceutical and synthetic chemistry field. This 

review presented a broad range of simple and efficient synthetic methods to access a 

wide range of functionalized pyrazolo[1,5-a]pyrimidine and pyrazolo[3,4-d]pyrimidine 

scaffolds through several strategies. Also, this article clearly showed that these ring 

systems play an important role in medicinal chemistry being evaluated against 

numerous biological targets. Many studies revealed that different pyrazolopyrimidine 

derivatives possess extensive potential applications as antitumor agents and kinase 
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inhibitors and have been successfully developed, marketed, and extensively used in the 

clinic in treating various types of cancer diseases with low toxicity, high bioavailability, 

and good curative effects. 

Much effort contributed to structural modification of clinical pyrazolopyrimidine drugs 

are needed to retain the advantages of these drugs and overcome their shortcomings. 

One significant strategy is to employ some functionality that are helpful for improving 

the physicochemical properties and affinity with the target sites to modify clinical drugs. 

This intention is to increase their biological activities and overcome drug resistances. 
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وفبء صخبسٌ
1

، ربٍش ّصش
1

، ساُّب ػجذ اىحَُذ
2

، ربٍش صقش
3

، دَْب ػبده ػضَبُ
4

، خبىذ اىؼذه
5،6

*  

1
 .قسٌ اىنَُُبء اىصُذىُخ، ميُخ اىصُذىخ، جبٍؼخ حيىاُ، حيىاُ، اىقبهشح، ٍصش

2
 .قسٌ اىنَُُبء اىؼعىَخ اىصُذىُخ، ميُخ اىصُذىخ، جبٍؼخ حيىاُ، حيىاُ، اىقبهشح، ٍصش 

3
 .، اىقبهشح، ٍصش13751قسٌ اىْظبئش اىَشؼخ واىَىىذاد، ٍشمض اىَؼبٍو اىسبخْخ، هُئخ اىطبقخ اىزسَخ اىَصشَخ،  

4
 .، اىجُضح، ٍصش(MSA)قسٌ اىنَُُبء اىصُذلاُّخ، ميُخ اىصُذىخ، جبٍؼخ أمزىثش ىيؼيىً اىحذَضخ واِداة  

5
 زَُْخ اىَسزذاٍخ، اىقبهشح، ٍصشقسٌ اىنَُُبء اىصُذىُخ، ميُخ اىصُذىخ، جبٍؼخ هيُىثىىُس ىي 

6
 قسٌ اىنَُُبء اىصُذىُخ، ميُخ اىصُذىخ، جبٍؼخ الأصهش، اىقبهشح، ٍصش 

 khaled.eladl@hu.edu.egاىجشَذ الاىنزشوٍّ ىيجبحش اىشئُسٍ : 

أحذس اىزطىساد فٍ رطىَش الأسبىُت َقبىخ اىَشجؼُخ هزٓ إىً رقذٌَ ّظشح ػبٍخ ٍحذصخ ػِ اىرسؼً 

ب راد أهَُخ -3،4أ[ثُشََُذَِ وثُشاصوىى]-1،5اىنَُُبئُخ ىزشُُذ هُبمو ثُشاصوىى] ًَ د[ثُشََُذَِ واىزٍ مبّذ دائ

مَُُبئُخ قصىي فٍ ٍجبه اىنَُُبء اىصُذلاُّخ واىزخيُقُخ. قذٍذ هزٓ اىَشجؼُخ ٍجَىػخ واسؼخ ٍِ اىطشق اىنَُُبئُخ 

أ[ ثُشََُذَِ وثُشاصوىى -1،5واىفؼبىخ ىيىصىه إىً ٍجَىػخ واسؼخ ٍِ ٍشزقبد ثُشاصوىى ] اىجذَذح واىجسُطخ

د[ ثُشََُذَِ ٍِ خلاه ػذح اسزشارُجُبد. مَب أظهشد هزٓ اىَقبىخ ثىظىح أُ هزٓ الأّظَخ اىحيقُخ ريؼت -3،4]

ب فٍ اىنَُُبء اىطجُخ اىزٍ َزٌ رقَُُهب ٍقبثو اىؼذَذ ٍِ الأهذاف اىجُ ًَ ىىىجُخ. مشفذ اىؼذَذ ٍِ اىذساسبد أُ دوسًا ٍه

ٍشزقبد اىجُشاصوىىثُشََُذَِ اىَخزيفخ رَزيل رطجُقبد ٍحزَيخ واسؼخ اىْطبق مؼىاٍو ٍعبدح ىلأوساً وٍضجطبد 

ىيجشورُِ مُْبص وقذ رٌ رطىَشهب ورسىَقهب واسزخذاٍهب ػيً ّطبق واسغ ثْجبح فٍ ػلاط أّىاع ٍخزيفخ ٍِ أٍشاض 

 .خ ٍْخفعخ ورىافش حُىٌ ٍشرفغ ورأصُشاد ػلاجُخ جُذحاىسشغبُ و مبّذ راد سَُ

هْبك حبجخ إىً اىنضُش ٍِ اىجهىد اىزٍ سبهَذ فٍ اىزؼذَو اىهُنيٍ لأدوَخ اىجُشاصوىىثُشََُذَِ اىسشَشَخ 

ىلاحزفبظ ثَضاَب هزٓ الأدوَخ واىزغيت ػيً ػُىثهب. رزَضو إحذي الإسزشارُجُبد اىَهَخ فٍ اسزخذاً ثؼط 

فُخ اىزٍ رسبػذ فٍ رحسُِ اىخىاص اىفُضَبئُخ واىنَُُبئُخ واىزقبسة ٍغ اىَىاقغ اىَسزهذفخ ىزؼذَو اىَجَىػبد اىىظُ

 الأدوَخ اىسشَشَخ. ورهذف هزٓ اىُْخ إىً صَبدح أّشطزهب اىجُىىىجُخ واىزغيت ػيً ٍقبوٍخ الأدوَخ.

  غشَقخ اىزأصُشثُشاصوىىثُشََُذَِ،  ٍعبد ىيسشغبُ، رشُُذ،  :المفتاحية  الكلمات
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