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Abstract 

In our attempt to develop effective EGFR-TKIs, two series of 1H-pyrazolo[3,4-

d]pyrimidine derivatives were designed and synthesized. All the newly synthesized 

compounds were evaluated in vitro for their inhibitory activities against EGFR
WT

. 

Compounds 15b, 15j, and 18d potently inhibited EGFR
WT 

at sub-micro molar IC50 values 

comparable to that of erlotinib. Moreover, thirteen compounds that showed promising 

IC50 values against EGFR
WT 

were tested in vitro for their inhibitory activities against 

mutant EGFR
T790M

. Compounds 17d and 17f exhibited potent inhibitory activities towards 

EGFR
T790M

 comparable to osimertinib. Compounds that showed promising IC50 values 

against EGFR
WT

 were further tested for their anti-proliferative activities against three 

cancer cell lines bearing EGFR
WT

 (MCF-7, HepG2, A549), and two cancer cell lines 

bearing EGFR
T790M

 (H1975 and HCC827). Compounds 15g, 15j, 15n, 18d and 18e were 

the most potent anticancer agents against the EGFR
WT 

containing cells, while 

compounds15e, 17d and 17f showed promising anti-proliferative activities against 

EGFR
T790M 

containing cells. Furthermore, the most active compound 18d was selected for 

further studies regarding to its effects on cell cycle progression and induction of 

apoptosis in the HepG2 cell line. The results indicated that this compound is good 

apoptotic agent and arrests G0/ G1and G2/M phases of cell cycle. Finally, molecular 

docking studies were performed to investigate binding pattern of the synthesized 

compounds with the prospective targets, EGFR
WT

 (PDB: 4HJO) and EGFR
T790M 

(PDB:
 

3W2O). 

Key words: Anticancer; EGFR-TKIs; Docking; NSCLC; 1H-Pyrazolo[3,4-

d]pyrimidine; EGFR
WT

; EGFR
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1. Introduction  

 Although there have been great advances in the detection and treatment of cancer, it 

remains one of the greatest medical challenges. Cancer is a huge global health burden, 

touching every region and socio-economic level. It is the second major cause of death 

worldwide, exceeded only by heart diseases [1]. When normal cells lose their regulatory 

mechanisms that control the growth and multiplication, cancer cells are produced. Cancer 

is caused by gene mutations or interfering with normal cell differentiation which initiated 

by drugs, viruses, smoking or diet [2]. 
 

 It has been known that protein kinases (PKs) play a vital role in regulation of 

almost all major cellular functions, such as cell proliferation, growth, metabolism, 

survival, differentiation and apoptosis [3].
 
These enzymes catalyze the transfer of the 

gamma phosphate group from ATP to specific serine, threonine or tyrosine hydroxyl 

groups on target protein substrates involved in a number of cell signaling pathways [4].
 

The disruption of cell signaling cascades through kinase alterations (especially hyper-

activation, hyper-production, or mutations) leads to several diseases, including cancer [5], 

inflammation [6], neurological disorders [7], autoimmune, cardiovascular disorders [8] 

and diabetes [9].
 

Epidermal growth factor receptor (EGFR) is one of the protein kinases family. It 

is a key mediator having a crucial role in cell growth, proliferation, survival, and 

migration [10, 11].  Overexpression of EGFR-tyrosine kinase (EGFR-TK) is a common 

feature in many human solid tumors as [12]. breast cancer [3] and hepatocellular 

carcinoma (HCC) [13]. Therefore, EGFR-TK is considered as a rational target for the 

design of new anticancer agents [14-16].  

The discovery and development of novel therapeutic anti-EGFR-TK drugs for 

treatment of malignancy are some of the most important goals in modern medicinal 

chemistry. First-generation EGFR-tyrosine kinase inhibitors (EGFR-TKIs), erlotinib 1 

[17] and gefitinib 2 [18, 19], provide significant clinical benefits in cases of non-small-

cell lung cancer (NSCLC). However, disease progression develops ultimately after 9-14 

months of treatment in most patients who respond to therapy. In addition, resistance due 

to EGFR-TK mutations affects about 50% of NSCLC patients [20, 21]. Second 

generation EGFR-TKIs as afatinib 3[22] and canertinib 4 [23] have been developed to 



  

overcome EGFR-TK mutation-related resistance and used clinically in treatment of 

NSCLC patients with actively mutated EGFR-TK. Unfortunately, these agents showed a 

relatively low maximal-tolerated-dose (MTD) due to the nonselective inhibition against 

wild-type EGFR-TK (EGFR
WT

) and/or other kinases, leading to poor clinical patient 

outcomes [24, 25]. Third-generation EGFR-TKIs, rociletinib 5 [26] and avitinib 6 [27] 

showed advantageous properties in terms of residence times and toxicity profiles. Both 

rociletinib and avitinib were designated to treat mutant NSCLC. Rociletinib in phase III 

clinical trials exhibited serious hyperglycemia problem in NSCLC patients [28] (Fig. 1).     

1H-Pyrazolo[3,4-d]pyrimidine nucleus is an important pharmacophore, presented 

in a number of anticancer agents
 
[29-31], including EGFR-TKIs [32]. In 1997, compound 

7 was generated by Novartis co-workers, using a pharmacophore model for ATP-

competitive inhibitors interacting with the active site of the EGFR-TK. This compound 

showed low nanomolar efficacy for inhibiting the targeted enzyme, EGFR-TK [33]. 

Compound 8 is another example of 1H-pyrazolo [3,4-d]pyrimidines with anti EGFR-TK 

activity, having IC50 value of 5 nM against the BT474C cell line [34] (Fig. 1).   

For several years, our research group has designed and synthesized many new 

anticancer derivatives [35-39]. Based on our previous researches and attractiveness of 

tyrosine kinases  as promising targets for the design of new cancer agents, it was decided 

to introduce new 1H-pyrazolo[3,4-d]pyrimidine derivatives having inhibitory activities 

against wild-type EGFR-TK (EGFR
WT) 

and mutant EGFR-TK (EGFR
T790M

).  Besides, the 

most active members were examined for their anti-proliferative activities against a 

number of cancer cell lines in which these types of enzyme exist. Moreover, the most 

active compound 18d was investigated for its apoptosis induction potential in HepG2 cell 

line. Cell cycle assay was performed to determine the cell phase which may be arrested 

by 1H-pyrazolo[3,4-d]pyrimidine derivatives. Finally, a molecular docking of the tested 

compounds was carried out to investigate their binding patterns with the prospective 

target.   



  

 

Fig. 1: Basic pharmacophoric features of EGFR-TK inhibitors. 

 



  

1.1. Rational drug design 

The ATP binding pocket of EGFR-TK consists of five main parts; adenine 

pocket, hydrophilic ribose pocket, hydrophobic region I, hydrophobic region II and 

phosphate binding region. (Fig. 2) [40-42]. The majority of EGFR-TKIs do not exploit 

the ribose and phosphate binding site [42]. Accordingly, structure-activity relationships 

(SAR) of  EGFR-TKIs revealed that they have a Y shape [43] and share four common 

pharmacophoric features  as shown in Fig. 1 and Fig. 3 [44].    

i) The core structure of most inhibitors consists of a flat hetero aromatic ring 

system that contains at least one H-bond acceptor. It occupies the adenine binding pocket 

(hinge segment) and can form hydrogen bonding interactions with the key amino acid 

residues; Met793, Thr790 and Thr854 [45]. ii) Terminal hydrophobic head interacting 

with the hydrophobic region I. This hydrophobic head is a phenyl ring with different 

extra hydrophobic substitutions [44].  iii) Imino group (NH, spacer), occupying the linker 

region between the adenine binding region and the hydrophobic region I [46]. iv) 

Hydrophobic tail directly attached to the flat hetero aromatic ring system which occupies 

the hydrophobic region II [40, 47].  

The main target of this work was synthesis of new 1H-pyrazolo[3,4-d]pyrimidines 

having the same essential pharmacophoric features of the reported and clinically used 

EGFR-TKIs as erlotinib 1 . The core of our molecular design rational comprised 

bioisosteric modification strategies of EGFR-TKIs at four different positions (Fig. 4).    

The first position was the flat hetero aromatic ring system, where 1H-

pyrazolo[3,4-d]pyrimidine nucleus was used as a bioisostere for quinazoline moiety of 

erlotinib 1 . The choice of this moiety was based on an important bio-isoeteric 

considerations. Frist of all, the bicyclic structure of 1H-pyrazolo[3,4-d]pyrimidine core is 

convenient to the large size space of the adenine binding region [43, 48]. Moreover, the 

heterocyclic nitrogen atoms serve as hydrogen-bond acceptors conferring excellent 

EGFR-TK potency [48]. The second position was the terminal hydrophobic head. 

Different hydrophobic moieties including (substituted) phenyl, aromatic heterocyclic, 

fused aromatic or aliphatic structures were selected. The third position was the linker 

(spacer) region, where the linker length as well as number of its hydrogen acceptor and/or 

hydrogen acceptor groups were modified. The different linkers may be one atom (e.g. 

https://www.nature.com/articles/srep16750#f1


  

imino group as compound 19), two atoms (e.g. hydrazono group as compound 16), three 

atoms (e.g. ketohydrazinyl group as compounds 18a-e, methylenehydrazinyl group as 

compounds 15a-g,i,j and acetohydrazonoyl group as compounds 15k-o), four atoms (e.g. 

thiosemicarbazide moiety as compounds 17a,c,e and semicarbazide moiety as compounds 

17b,d,f), five atoms (e.g. allylidenehydrazinyl moiety as compound 15h) or cyclic structure 

(e.g. pyrazole ring as compound 20). The fourth position was the hydrophobic tail. 

Phenyl ring was incorporated at position-6 of 1H-pyrazolo[3,4-d]pyrimidine nucleus to 

occupy the hydrophobic region II of ATP binding site.  

The wide variety of modifications enabled us to study the SAR of these 

compounds as effective anti-cancer agents with potential EGFR-TK inhibitory activity 

which is considered as a crucial objective of our work. All modification pathways and 

molecular design rationale were illustrated and summarized in fig. 4 & 5.  

 

Fig. 2: ATP binding site of EGFR-TK cavity composed of five main parts [41].  

 

 

 



  

 

Fig. 3: The basic structural requirements for erlotinib as reported EGFR-TK inhibitor 

 

 

Fig. 4: Summary for the possible modifications of EGFR-TK inhibitors. 

    



  

 

Fig. 5: Rational of molecular design of the new proposed EGFR-TK inhibitors 

2. Results and discussion 

2.1.Chemistry  

The designed compounds were synthesized as outlined in Schemes 1 & 2.   

Ethoxymethylene malononitrile 9 [49] was allowed to react with phenyl hydrazine to 

produce 5-amino-1-phenyl-1H-pyrazole-4-carbonitrile 10 [29]. Compound 10 was 

underwent  a partial hydrolysis using alcoholic NaOH to produce carboxamide derivative 

11 [50]. 1,6-Diphenyl pyrazolo[3,4-d]pyrimidine core 12 [51] was formed from the 



  

reaction of 11 with methyl benzoate with subsequent chlorination using phosphoryl 

trichloride to afford compound 13 [52]. The obtained compound 13 was heated with 

hydrazine hydrate to afford 4-hydrazinyl-1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidine 14. 

The IR spectrum of 14 demonstrated stretching bands at 3444, 3352 and 3190 cm-
1
 

corresponding to NH2 and NH, respectively. Moreover, 
1
H NMR of this compound 

showed two exchangeable signals at δ  4.73 and 9.89  ppm corresponding to NH2 and 

NH, respectively. Refluxing of 14 with commercially available aromatic aldehydes or 

acetophenones in the presence of glacial acetic acid afforded the target compounds 15a-o. 

In addition, refluxing of 14 with commercially available isatin in the presence of glacial 

acetic acid afforded the target compound 16 (Scheme 1). 

Reaction of compound 14 with appropriate isocyanates and/or isothiocyanates 

namely, ethyl isothiocyanates, ethyl isocyanates, cyclohexyl isothiocyanates, cyclohexyl 

isocyanates, phenyl isothiocyanates, and phenyl isocyanates, afforded the target 

thiosemicarbazide and semicarbazide derivatives 17a-f, respectively, depending on the 

reported procedure of thiosemicarbazide and semicarbazide syntheses [53-57].  
1
H NMR 

spectra of these compounds showed characteristic three D2O exchangeable signals 

corresponding to three NH groups. The IR spectra of these compounds demonstrated 

stretching bands around 3320 cm
-1

 corresponding to the three NH groups, and other 

bands around 1666 cm
-1

 corresponding to C=O groups in compounds 17b, 17d and 17f. 

On the other hand, compound 14 was allowed to react with commercially available 

benzoyl chloride derivatives namely, benzoyl chloride, 4-methoxybenzoyl chloride, 4-

methyl benzoyl chloride, 4-fluorobenzoyl chloride and 4-chlorobenzoyl chloride in 

presence of catalytic amount of TEA to produce the target benzohydrazide derivatives 

18a-e, respectively. 
1
H NMR spectra of compounds 18a-e exhibited two D2O exchangeable 

signals corresponding to two NH groups. The IR spectra of these compounds 

demonstrated stretching bands ranging from 3320 to 3341 cm
-1

 corresponding to the two 

NH groups, and other bands ranging from 1672 to 1688 cm
-1

 corresponding to C=O 

groups Additionally, phthalimide derivative 19 was prepared by the reaction of 

compound 14 with commercially available phthalic anhydride, depending on the reported 

procedure [58]. The produced compound showed a characteristic D2O exchangeable 

signal corresponding to the NH group. The IR spectrum of this compound demonstrated 



  

stretching band at 3218 cm
-1

 corresponding to the NH group, and other band at 1713 cm
-1

 

corresponding to the two C=O groups. Finally, treatment of compound 14 with 

acetylacetone yielded a pyrazolo derivative 20 (cyclized product). Compound 20 was 

characterized by 
1
H NMR spectrum with absence of the D2O exchangeable signal of NH 

proton. The IR spectrum of this compound demonstrated disappearance of stretching 

band of NH group due to the cyclization of the final compound (Scheme 2). 

 

Scheme 1. Reagents and conditions of reaction; (a) phenyl hydrazine, absolute ethanol, 

reflux, 2 h; (b) sodium hydroxide, absolute ethanol, reflux, 5 h; (c) methyl benzoate, 



  

sodium ethoxide, absolute ethanol, HCl, reflux, 14 h; (d) phosphoryl trichloride,  reflux, 6 

h; (e)  hydrazine hydrate 99%, reflux, 8 h; (f)   app. aromatic aldehydes or acetophenones, 

absolute ethanol, glacial acetic acid,  reflux.; (g) isatin, glacial acetic acid,   reflux, 24 h. 

 

 

Scheme 2. Reagents and conditions of reaction: (a) app. isothiocyanates or isocyanates, 

butanol, RT; (b) app. benzoyl chlorides, DMF, RT.; (c) phthalic anhydride, glacial acetic 

acid, reflux 16 h; (d) acetyl acetone, glacial acetic acid, reflux 48 h. 

 

 

 

 

 

 



  

 

 

 

2.2. Biological evaluation 

2.2.1. EGFR
WT

 kinase inhibitory assay  

According to the rational drug design, a series of novel EGFR
WT

 inhibitors bearing 

1H-pyrazolo[3,4-d]pyrimidine scaffold were designed and synthesized. The kinase 

inhibitory activities of the synthesized compounds were evaluated according to 

Homogeneous time resolved fluorescence (HTRF) assay [59] against EGFR
WT

. Erlotinib 

as one of the most potent EGFR
WT 

inhibitors was used as a positive control (Table 1). 

In general, most of the synthesized compounds could interfere with the EGFR
WT

 

activity exhibiting stronger activities than erlotinib as compounds 15b, 15e, 15g, 15h, 15j, 

15n, 15o, 17a, 17b, 17d, 17f, 18d and 18e, with IC50 values ranging from 0.09 ± 0.11 to 0.44 

± 0.21 µM.  While compounds 15c, 15f, 15i, 15l, 17c and 17e showed comparable 

inhibitory activities to erlotinib with IC50 values ranging from 0.44 ± 0.24 to 0.73 ± 0.31 

µM.  . On the other hand, compounds 14, 15a, 15d, 15k, 15m, 16, 18a, 18b, 18c and 19 

showed weaker activities than erlotinib with IC50 values ranging from 0.92 ± 0.43 to 4.91 

± 0.61 µM. Compound 20 was inactive against EGFR
WT

.    

The most active inhibitor was 18d (IC50 = 0.09 ± 0.11 µM), bearing a 

ketohydrazinyl linker between the phenyl group of the side chain and the 1H-

pyrazolo[3,4-d]pyrimidine moiety. This compound was 4.5 times more active than 

erlotinib (IC50 = 0.42 ± 1.80 µM).  However, replacing the chlorine atom with a fluorine 

one at the para position of phenyl moiety, the produced compound 18e showed a 

decreased inhibitory activity (IC50 = 0.44 ± 0.21 µM). Moreover, 4-methoxy and 4-methy 

substituted derivatives as compounds 18b (IC50 = 4.01 ± 0.28 µM), and 18c (IC50 = 4..4  ± 

0.19 µM), respectively,  showed lower activities than the 4-flouro and 4-chloro analogs 

indicating that grafting a large electron withdrawing substituents, as fluorine and 

chlorine, at the 4-positions is beneficial for the activity. With regard to the un-substituted 

derivative 18a (IC50 = 4..1 ± 0.32 µM), had a lower activity than the substituted ones. 



  

When the ketohydrazinyl linker was replaced by a methylenehydrazinyl or 

acetohydrazonoyl ones, the yielded compounds 15a-g,i,j and 15k-o exhibited variable 

activities depending on the type of hydrophobic head. Compounds 15b ( 4-hydroxy 

phenyl derivative) and 15j (naphthyl derivative) were found to be the most potent 

counterparts in this two groups, as they were 2.2 and 2.6 times more active than erlotinib 

with IC50 values of 0.19 ± 0.13 and 0.16 ± 0.11 µM, respectively. Besides, compounds 

15e (4-nitro phenyl derivative), 15g (2,6-dichloro phenyl derivative), 15i (thiophenyl 

derivative), 15n (4-flouro phenyl derivative) and 15o (4-bromo phenyl derivative), 

possessed excellent activities (IC50 = 0.23 ± 0.31, 0.28 ± 0.22, 0.51 ± 0.23, 0.34 ± 0.25 

and 0.39 ± 0.17 µM, respectively). On the other hand, compounds 15c (4-methoxy phenyl 

derivative), 15f (4-chloro phenyl derivative), and 15l (4-aminophenyl derivative), showed 

almost equipotent activities with that of erlotinib with IC50 values of 0.49 ± 0.10, 0.44 ± 

0.29 and 0.73 ± 0.31 µM, respectively. In addition, compounds 15a (phenyl derivative), 

15d (4-methyl phenyl derivative), 15k (phenyl derivative) and 15m (4-methyl phenyl 

derivative), exhibited weaker anti EGFR
WT

 activities with IC50 of 4.91 ± 0.61, 1.84 ± 

0.19, 1.02 ± 0.41 and 0.92 ± 0.43 µM, respectively.    

The addition of a long linker of four carbon atoms (thiosemicarbazide and 

semicarbazide moieties) between the hydrophobic head and the pyrazolo [3,4-

d]pyrimidine moiety was beneficial. The majority of the produced compounds 17a, 17b, 

17d, and 17f had inhibitory activities higher than that of erlotinib with IC50 values of 0.35 

± 0.21, 0.29 ± 0.14, 0.26 ± 0.14 and 0.32 ± 0.20 µM, respectively.  While the other 

compounds 17c and 17e showed comparable inhibitory activities to erlotinib with IC50 

values of 0.44 ± 0.24 and 0.56 ± 0.19 µM, respectively.       

When linker extended to be five carbon atoms (allylidenehydrazinyl moiety), the 

yielded compound 15h exhibited strong activity with IC50 value of 0.32 ± 0.18 µM. 

Finally, compound 20 incorporating a cyclic structure linker (pyrazole ring), was 

found to be inactive against EGFR
WT

. The absence of suitable size of the hydrophobic 

head (e.g. phenyl ring) as a pharmacophoric feature in designing compound 20 may be 

the cause of its inactivity against EGFR
WT

.  

 

2.2.2. EGFR
T790M

 kinase inhibitory assay  



  

Thirteen compounds (15b, 15e, 15g, 15h, 15j, 15n, 15o, 17a, 17b, 17d, 17f, 18d and 18e) 

that showed promising IC50 values against EGFR
WT 

were further evaluated for their 

inhibitory activities against mutant EGFR
T790M

. Osimertinib was tested as a positive 

control. The results revealed that compounds 17d (IC50 = 2.72 ± 0.21 nM) and 17f (IC50 = 

3.90 ± 0.331nM) exhibited potent inhibitory activities towards EGFR
T790M

 comparable to 

osimertinib (IC50 = 2.81 ± 1.6 nM). While compounds 15j and 18d possessed moderate 

activities with IC50 values of 4.81 ± 0.43 and 5.30 ± 0.52 nM, respectively. On the other 

hand, compounds 15b, 15g, 15h, 15n, 15o, 17a, 17b and 18e showed weak activities when 

compared with the reference drug, with IC50 values ranging from 6.54 ± 0.64 to 11.80 ± 

1.13 nM (Table 1). 

  

2.2.3. In vitro anti-proliferative activities  

Thirteen compounds (15b, 15e, 15g, 15h, 15j, 15n, 15o, 17a, 17b, 17d, 17f, 18d and 

18e)  that showed promising IC50 values against EGFR
WT

 were further tested for their 

anti-proliferative activities against five cancer cell lines (human breast adenocarcinoma 

(MCF-7), hepatocellular carcinoma (HepG2) and non-small cell lung cancer cells (A549, 

H1975 and HCC827)) using on MTT assay [60]. MCF-7, HepG2 and A549 cells have the 

overexpressed EGFR
WT

 [61-63], while H1975 and HCC827 cells harbor different EGFR 

mutations (H1975 harboring EGFR
L858R/T790M 

mutation, and HCC827 harboring EGFR
del 

E746-A750 
mutation) [64, 65]. Four commercially available drugs (lapatinib, sorafinib, 

erlotinib and osimertinib) were used in this test as positive controls.   

As shown in Table 2, the obtained results revealed that most of the synthesized 

compounds showed excellent, moderate to weak anti-proliferative activities against the 

tested cell lines. For the activity against human breast adenocarcinoma cell line (MCF-7), 

compounds 15b, 15e, 15g, 15h, 15j, 15n, 18d and 18e  were found to be more potent than 

lapatinib (IC50 = 6.60 ± 0.30 µM ) with IC50 values ranging from 0.50 ± 1.90 to 4.90 ± 

0.21 µM. While compounds 15o, 17a, 17b, 17d and 17f, were less potent than lapatinib 

with IC50 values ranging from 6.74 ± 1.92 to 12.07 ± 2.30 µM. For hepatocellular 

carcinoma cell line (HepG2), all the tested compounds were more potent than sorafenib 

(IC50 = 4.00 ± 0.4 µM) with IC50 values ranging from 0.01 ± 0.71 to 1.53 ± 0.72 µM.   



  

For the activity against the wild-type non-small cell lung cancer cell line (A549), 

compounds 15g, 15j, 15n, 15o, 17d, 17f, 18d and 18e were more potent than erlotinib (IC50 

= 1.80 ± 0.91 µM ) with IC50 values ranging from 0.62 ± 1.70 to 1.70 ± 0.21 µM. While 

compounds 15b, 15e, 15h, 17a and 17b were less potent than erlotinib with IC50 values 

ranging from 1.95 ± 1.01 to 4.16 ± 0.71 µM.   

For the activity against the mutant-type non-small cell lung cancer cell line 

(H1975), compounds 15e, 17d and 17f  were more potent than osimertinib (IC50 = 0.03 ± 

0.08 µM ) with IC50 values ranging from 0.02 ± 0.08 to 0.03 ± 0.07 µM. While 

compounds 15b, 15j, 15n, 17b and 18d showed moderate anti-proliferative activities with 

IC50 values ranging from 0.04 ± 0.01 to 0.06 ± 0.01µM. Moreover, compounds 15g, 15h, 

15o, 17a, and 18e exhibited weak activities with IC50 values ranging from 0.07 ± 0.10 to 

0.09 ± 0.27µM.    

For the activity against the mutant-type non-small cell lung cancer cell line 

(HCC827), only compound 15e (IC50 = 0.04 ± 0.03 µM) was more potent than osimertinib 

(IC50 = 0.05 ± 0.01µM). While compounds 17d and 17f showed moderate anti-

proliferative activities with IC50 values of 0.06 ± 0.24 and 0.09 ± 0.08 µM, respectively. 

Moreover, compounds 15b, 15g, 15h, 15j, 15n, 15o, 17a, 17b, 18d and 18e exhibited weak 

activities with IC50 values ranging from 0.11 ± 0.01 to 0.27 ± 0.49 µM.    

Table 1: In vitro enzymatic inhibitory activities of the target of 1H-pyrazolo[3,4-

d]pyrimidines against EGFR
WT

 and EGFR
790M

. 

Comp. 
EGFR

WT
 

IC50 (µM)
a
 

EGFR
T790M

 

IC50 (nM)
a
 

Comp. 
EGFR

WT
 

IC50 (µM)
a
 

EGFR
T790M

 

IC50 (nM)
a
 

14 3.59 ± 0.30 NT
b
 16 3.85 ± 0.38 NT

b
 

15a 4.91 ± 0.61 NT
b
 17a 0.35 ± 0.21 8.52 ± 0.80 

15b 0.19 ± 0.13 7.81 ± 0.71 17b 0.29 ± 0.14 6.54 ± 0.64 

15c 0.49 ± 0.10 NT
b
 17c 0.44 ± 0.24 NT

b
 

15d 1.84 ± 0.19 NT
b
 17d 0.26 ± 0.14 2.72 ± 0.21 

15e 0.23 ± 0.31 3.20 ± 0.25 17e 0.56 ± 0.19 NT
b
 

15f 0.44 ± 0.29 NT
b
 17f 0.32 ± 0.20 3.90 ± 0.33 



  

15g 0.28 ± 0.22 10.32 ± 0.91 18a 4..1 ± 0.32 NT
b
 

15h 0.32 ± 0.18 9.63 ± 0.90 18b 4.01 ± 0.28 NT
b
 

15i 0.51 ± 0.23 NT
b
 18c 4..4 ± 0.19 NT

b
 

15j 0.16 ± 0.11 4.81 ± 0.43 18d 0.09 ± 0.11 5.30 ± 0.52 

15k 1.02 ± 0.41 NT
b
 18e 0.14 ± 0.21 8.41 ± 0.80 

15l 0.73 ± 0.31 NT
b
 49 2.78 ± 0.31 NT

b
 

15m 0.92 ± 0.43 NT
b
 20 NA

c
 NT

b
 

15n 0.34 ± 0.25 6.80 ± 0.62 Erlotinib 0.42 ± 1.80 NT
b
 

15o 0.39 ± 0.17 11.80 ± 1.13 Osimertinib NT
b
 2.81 ± 1.6 

a
 Data were expressed as Mean ± Standard error (S.E.) of three independent experiments. 

b
 NT: Compounds not tested. 

c
 NA: Compounds having IC50 value >50 µM. 

d
 Bold figures indicate superior potency than erlotinib 

 

Table 2: In vitro anti-proliferative activities towards MCF7, A549, HepG2, H1975 and 

HCC827 cell lines 

Comp. 
IC50 ( µM )

a
 

MCF7 HepG2 A549 H1975 HCC827 

15b 2.36 ± 1.80 0.35 ± 1.61 1.95 ± 1.01 0.06 ± 0.01 0.18 ± 0.01 

15e 3.90 ± 0.80 0.01 ± 1.01 2.90 ± 1.61 0.03 ± 0.02 0.04 ± 0.03 

15g 1.89 ± 1.71 0.06 ± 1.71 1.07 ± 1.70 0.08 ± 0.09 0.23 ± 0.09 

15h 4.65 ± 0.30 0.44 ± 1.00   4.16 ± 0.71   0.08 ± 0.03 0.22 ± 0.02 

15j 0.81 ± 1.00 0.00 ± 0.21 1.70 ± 0.21 0.04 ± 0.01 0.11 ± 0.01 

15n 4.90 ± 0.21 0..0 ± 0.30 0.81 ± 1.01 0.05 ± 0.47 0.15 ± 0.10 

15o 6.74 ± 1.92 0.74 ± 1.62 1.22 ± 0.40 0.09 ± 0.27 0.27 ± 0.49 

17a 12.07 ± 2.30 1.53 ± 0.72 2.64 ± 0.40 0.07 ± 0.10 0.19 ± 0.13 

17b 11.57 ± 2.51 1.12 ± 1.71 3.34 ± 1.61 0.05 ± 0.13 0.15 ± 0.08 



  

17d 9.10 ± 1.22 0.01 ± 1.01 1.10 ± 0.21 0.02 ± 0.08 0.06 ± 0.24 

17f 7.72 ± 1.21 0.36 ± 0.33 0.96 ± 1.01 0.03 ± 0.07 0.09 ± 0.08 

18d 0.50 ± 1.90 0.01 ± 0.71 0.62 ± 1.70 0.04 ± 0.33 0.12 ± 0.07 

18e 1.61 ± 0.40 4.11 ± 1.04 0.85 ± 0.21 0.07 ± 0.04 0.19 ± 0.05 

Lapatinib 6.60 ± 0.30 NT
b
 NT

b
 NT

b
 NT

b
 

Sorafenib NT
b
 4.00 ± 0.42 NT

b
 NT

b
 NT

b
 

Erlotinib NT
b
 NT

b
 1.80 ± 0.91 NT

b
 NT

b
 

Osimertinib NT
b
 NT

b
 NT

b
 0.03 ± 0.08 0.05 ± 0.01 

a
 IC50 values are the mean ± S.D. of three separate experiments. 

b
 NT: Compounds not tested for their anti-proliferative activities. 

c
 Bold figures indicate superior potency than positive controls.  

 

2.2.4. In-vitro DNA-flow cytometric (cell cycle) analysis. 

The most active compound 18d was selected for further studies regarding to its 

effect on cell cycle progression and induction of apoptosis in the HepG2 cell line. DMSO 

was used as a negative control. Cell cycle stages were being recognized through flow 

cytometry after PI staining followed by RNAse treatment. The HepG2 cells were 

incubated with 1 µM of this compound for 24 h, then its effect on the cell cycle profile 

was analyzed. 

The results revealed that exposure of HepG2 cells to compound 18d leaded to an 

interference with the normal cell cycle distribution of this cell line. This compound 

induced a significant increase in the percentage of cells at phases of pre-G1, which could 

be indicative of apoptosis, G0/G1 and G2/M by 12, 1.7 and 1.2 folds respectively, 

comparing to the control. Such increase was accompanied by a significant decrease in the 

percentage of cells at the S-phase of the cell cycle. These result clearly indicated that 

compound 18d arrests G0/ G1and G2/M phases of cell cycle (Fig. 6. & Fig. 7 & Table 3).  



  

 

Fig. 6: Cell cycle analysis of HepG2 cells treated with DMSO. 



  

 

Fig. 7: Cell cycle analysis of HepG2 cells treated with compound 18d at 1 µM 

concentration  

Table 3:  Effect of compound 18d and DMSO on cell cycle of HepG2 cell line 

Sample 
Conc. 

(μM) 

pre-G1 

(%) 

G0/G1 

(%) 

S 

(%) 

G2/M 

(%) 

18d / HepG2 1  12.42 46.38 15.94 25.26 

DMSO / HepG2 - 0.59 27.34 51.80 20.27 

 

2.2.5. Annexin V-FITC apoptosis assay 

In order to confirm the apoptosis induction, Annexin V binding studies by flow 

cytometer was carried out. To determine early and late apoptosis, Annexin V conjugated 

with FITC is used to stain cells in combination with Propidium Iodide (PI). As 

phosphatidyl serine externalization is the hallmark of apoptotic cells, Annexin V binds to 

the membrane and gives fluorescence. Thus, Annexin V stained cells represent cells with 

intact membranes and externalized phosphatidyl serine. Cells that stained positive for 

Annexin V/PI represents the cells in the late apoptotic stage that have lost membrane 

integrity [66].  



  

 

As EGFR-TK inhibitors can induce cancer cell apoptosis [67], the apoptotic 

nature of compound 18d against HepG2 cells was evaluated via flow cytometry detection 

using AnnexinV-FITC and propidium iodide (PI) double staining. The results revealed 

that application of compound 18d on HepG2 cells for 48 h with increasing its 

concentration from 0 μM to 1 μM, increases the early apoptosis ratio (lower right 

quadrant of the cytogram) from 0.21% to 15.61%, and increases the late apoptosis ratio 

(higher right quadrant of the cytogram) from 0.12 % to 45.45%. This means that 

compound 18d induced almost up to 185 folds both early and late cellular apoptosis when 

compared with the control. These data suggest that compound 18d is good apoptotic agent 

(Fig. 8 & Table 4). 

  

Fig. 8: Effect of compound 18d and DMSO on the percentage of annexin V-FITC-

positive staining in HepG2 cells 

 

Table 4: Effect of compound 18d and DMSO on the percentage of annexin V-FITC-

positive staining in HepG2 cells. 

Sample/ cell line 
Concentration 

(μM) 

Early apoptosis 

(%) 

Late apoptosis 

(%) 



  

18d/HepG2 1 15.61 45.48 

DMSO/HepG2 - 0.21 0.12 

2.3.Docking studies  

Additionally, the synthesized compounds were docked into the ATP binding 

pockets of Wild-type EGFR-TK (EGFR
WT

,
 
PDB:  4HJO) [68] and mutant EGFR-TK 

(EGFR
T790M

,
 
PDB:

 
3W2O)[69] to investigate the putative interaction mechanism with the 

EGFR-TK target. 

The cavities of EGFR
WT

 and EGFR
T790M

 consist of five main parts; adenine binding 

pocket, hydrophilic ribose pocket, hydrophobic region I, hydrophobic region II and 

phosphate binding region. The adenine binding pocket is of mostly hydrophobic 

character. The N1 and N6 nitrogen atoms of the adenine ring of ATP are involved in a 

hydrogen bonding interaction with two amino acids, Gln767 and Met769, of the hinge 

region. The hydrophilic ribose pocket contains Cys773 residue, which is unique to the 

EGFR-TK and provides both potency and selectivity. The hydrophobic region I 

comprises Thr766 and Thr860 residues, playing a crucial role in inhibitor selectivity. The 

hydrophobic region II is formed by Leu694 and Gly772 residues. The phosphate binding 

region has high solvent exposure and is not of primary importance with respect to binding 

affinity [41, 42]. (Fig. 1).   

To date, several EGFR
T790M

 inhibitors have been developed to target Cys797 

residue located at the lip of the adenosine triphosphate (ATP)-binding cleft and Met793 

of the hinge region. These compounds were rationally designed to make a covalent bond 

with C797, which provides the potential to inhibit EGFR
T790M

 mutation [69].  

The results of docking studies against the EGFR
WT

 revealed that the synthesized 

compounds have similar orientations inside the ATP binding site. The designed 

compounds gave good binding energies ranging from - 16.90 to - 26.96 kcal/mol (Table 

5).   

The binding mode of the co-crystallized ligand, erlotinib, exhibited an energy 

binding of - 25.17 kcal/mol. Quinazoline nucleus was oriented in the adenine pocket of 

the receptor, The N1 atom of pyrimidine ring formed a hydrogen bond with Met769 with 

a distance of 7.41A˚. The phenyl ring formed pi-sigma interaction with Lue694. The 

ethynylphenyl moiety occupied the hydrophobic pocket I forming pi-cation interaction 



  

with Lys721, and hydrophobic interaction with Thr766, Thr830, Ala719, Lue764, Ile720 

and Ile765 residues. Besides, the bis (2-methoxyethoxy) groups occupied the 

hydrophobic region II forming hydrophobic interaction with Leu694 and Gly772 residues 

(Fig 9). 

 

Fig. 9: Erlotinib docked into the active site of EGFR
WT

 formed one hydrogen bond 

(green) with Met769 residue. The hydrophobic interactions are represented in orange 

lines. 

 

Compound 15b as a representative example showed a binding mode as like as that 

of erlotinib, with affinity value of - 24.78 kcal/mol. The 1H-pyrazolo[3,4-d]pyrimidine 

moiety was oriented in the adenine pocket of the receptor. The two nitrogen atoms of 

hydrazone moiety formed two hydrogen bonds with Met769 with a distance of 1.58 and 

2.19 A˚. The hydroxyphenyl moiety occupied the hydrophobic pocket I forming 

hydrophobic interactions with Ala719, Lue820 and Val 702 residues, while the hydroxyl 

group formed two hydrogen bonds with Thr766 and Thr830 with a distance of 2.32 and 

2.04A˚, respectively. Moreover, the phenyl group at position-6 occupied the hydrophobic 



  

region II forming pi-cation interaction with Lys704, and hydrophobic interaction with 

Leu694 Gly772 and Pro770 residues (Fig 10 & 11). 

 

Fig. 10: Compound 15b docked into the active site of EGFR
WT

 formed four hydrogen 

bonds (green) with Met769, Thr766, Thr766 and Thr830, residues. The pi interactions are 

represented in orange lines. 

 

 

 

 



  

 

Fig. 11: Mapping surface showing compound 15b occupying the active pocket of 

EGFR
WT

. 

 

The binding mode of compound 18d was as like as that of erlotinib, with affinity 

value of - 24.93 kcal/mol. The 1H-pyrazolo[3,4-d]pyrimidine moiety occupied the 

adenine binding site forming a hydrogen bond with Lys721 with a distance of 1.64 A˚. 

The two nitrogen atoms of ketohydrazinyl group moiety formed two hydrogen bonds 

with Asp831 and Thr830 with a distance of 1.56 and 1.87A˚, respectively. The fluoro 

phenyl moiety occupied the hydrophobic pocket I forming hydrophobic interactions with 

Phe832, Lue843, Lue764, Lue753 and Thr766 residues. In addition, the phenyl group at 

position-6 occupied the hydrophobic region II (Fig 12 & 13).  

 

 



  

 

Fig. 12: Compound 18d docked into the active site of EGFR
WT

 formed three hydrogen 

bonds (green) with Lys721, Asp831 and Thr830 residues. The pi interactions are 

represented in orange lines. 

 

 



  

 

Fig. 13: Mapping surface showing compound 18d occupying the active pocket of 

EGFR
WT

. 

The results of docking studies against the mutant EGFR-TK (EGFR
T790M

) 

revealed that the synthesized compounds have similar orientations inside the ATP 

binding site. Osimertinib and TAK-285(co-crystallized ligand) were used as reference 

ligands. The designed compounds gave good binding energies ranging from - 19.27 to - 

27.46 kcal/mol (Table 5). 

The binding mode of the co-crystallized ligand, TAK-285, showed an energy 

binding of - 27.35 kcal/mol. Pyrrolo[3,2-d]pyrimidine moiety was oriented in the adenine 

pocket of the receptor forming pi-sigma interaction with Leu844 and Ala743. The N1 

atom of pyrimidine ring formed a hydrogen bond with Met793 with a distance of 2.23 A˚. 

The 3-(trifluoromethyl)phenoxy group occupied the hydrophobic region I forming 

hydrophobic interaction with Ile759 and Lys745. One fluoro atom of trifluoromethane 

moiety formed one hydrogen bond with Lys745 with a distance of 1.41 A˚. The N-ethyl-

3-hydroxy-3-methylbutanamide moiety occupied the hydrophobic pocket II. The 

hydroxyl group formed a hydrogen bond with Ser720 with a distance of 1.79 A˚. The 

central phenyl moiety formed pi-sigma interaction with Lys745, Val726 and Met790 (Fig 

14).    

 



  

 

   

 

 

Fig. 14: Co-crystallized ligand (TAK-285) docked into the active site of EGFR
T790M

, the 

hydrogen bonds are represented in green dashed lines and the pi interactions are 

represented in orange dashed lines 

Compound 17d as a representative example showed a binding mode as like as that 

of co-crystalized ligand, TAK-285, with affinity value of - 26.50 kcal/mol. The 1H-

pyrazolo [3,4-d]pyrimidine moiety was oriented in the adenine binding pocket forming 

pi-sigma interactions with Leu844, Met793, Leu718 and Ala743. Also, N2 atom of 

pyrazole moiety formed one hydrogen bond with Met793 with a distance of 1.95 A˚. The 

cyclohexyl moiety occupied the hydrophobic pocket I forming hydrophobic interactions 

with Lys745. Moreover, the phenyl group at position-6 occupied the hydrophobic region 

II forming pi-sigma interactions with Cys797 and Leu844 (Fig 15).   



  

  

 

 

Fig. 15: Binding of compound 17d with EGFR
T790M

, the hydrogen bonds are represented 

in green dashed lines and the pi interactions are represented in orange dashed lines. 

 

The binding mode of compound 18d was as like as that of TAK-285, with affinity 

value of - 27.13 kcal/mol. The 1H-pyrazolo[3,4-d]pyrimidine moiety occupied the 

adenine binding site forming pi-sigma interactions with Leu844, Leu718, Met793 and 

Ala743. N2 atom of pyrazole moiety formed one hydrogen bond with Met793 with a 

distance of 2.21 A˚. The 4-fluorophenyl moiety occupied the hydrophobic pocket I 

forming hydrophobic interactions with Lys745. Moreover, the phenyl group at position-6 

occupied the hydrophobic region II forming pi-sigma interaction with Cys797 (Fig 16).   

 



  

 

Fig. 16: Binding of compound 18d with EGFR
T790M

, the hydrogen bonds are represented 

in green dashed lines and the pi interactions are represented in orange dashed lines. 

Table 5: The docking binding free energies of the synthesized compounds against 

EGFR
WT

 and EGFR
T790M

  

Comp. 
Binding free energy (kcal/mol) 

EGFR
WT

 EGFR
T790M

 

14 - 16.90 - 19.27 

15a - 25.48 - 22.30 

15b - 24.78 - 22.43 

15c - 22.87 - 26.49 

15d - 21.70 - 22.61 

15e - 22.13 - 26.51 

15f - 24.37 - 22.77 

15g - 23.04 - 26.89 

15h - 25.33 - 24.21 

15i - 22.01 - 21.50 



  

15j - 23.53 - 26.81 

15k - 20.48 - 24.60 

15l - 23.51 - 25.15 

15m - 22.90 - 23.36 

15n - 25.19 - 22.01 

15o - 24.33 - 23.70 

16 - 25.63 - 23.44 

17a - 22.98 - 21.37 

17b - 24.32 - 24.21 

17c - 19.06 - 22.30 

17d - 20.67 - 26.50 

17e - 19.40 - 23.26 

17f - 20.86 - 26.95 

18a - 20.03 - 26.86 

18b - 25.03 - 27.20 

18c - 26.96 - 27.46 

18d - 24.93 - 27.13 

18e - 24.89 - 26.68 

19 - 20.55 - 24.13 

20 - 17.09 - 21.55 

Erlotinib - 25.17 - 

TAK-285 - - 27.35 

Osimertinib - - 27.01 

 

3. Structure-activity relationships (SAR)  

Observing the results of biological tests, valuable data about the structure-activity 

relationships of 1H-pyrazolo[3,4-d]pyrimidine derivatives as potential EGFR-TK 

inhibitors could be deduced.   

Initially, the effect of linker lengths on the activity against EGFR
WT

 was explored. 

It was found that a linker with three atoms is advantageous. Comparing the activities of 



  

compounds 18a (ketohydrazinyl linker, IC50 = 1.87 ± 0.32 µM), 15k (acetohydrazonoyl 

linker, IC50 = 1.02 ± 0.41 µM) and 15a (methylenehydrazinyl linker, IC50 = 4.91 ± 0.61 

µM) with incorporated unsubstituted phenyl moiety, indicated that the ketohydrazinyl 

linker was more active than acetohydrazonoyl linker, and the latter was more active than 

methylenehydrazinyl one.  

With regard to the four atoms linker, the decreased IC50 values of derivatives 

incorporating semicarbazide linker as compounds 17b,d,f (IC50 = 0.29 ± 0.14, 0.26 ± 0.14 

and 0.32 ± 0.20 µM, respectively) than the corresponding members of  thiosemicarbazide 

one as compounds 17a,c,e (IC50 = 0.35 ± 0.21, 0.44 ± 0.24 and 0.56 ± 0.19 µM, 

respectively), indicated that semicarbazide linker is more advantageous than 

thiosemicarbazide one.    

Then, the impact of the substitution on the terminal hydrophobic head was 

investigated. The increased IC50 value of compounds 15a (IC50 = 4.91 ± 0.61 µM) with 

incorporated unsubstituted phenyl moiety, than those of their corresponding members     

15b-g (IC50 = 0.19 ± 0.13, 0.49 ± 0.10, 1.84 ± 0.19, 0.23 ± 0.31, 0.44 ± 0.29 and 0.28 ± 

0.22 µM) with 4- substituted phenyl moiety, indicated that substitution on phenyl group 

is advantageous.  

With regard to the effect of substitution in these members, the activities were 

decreased in the order of 4-OH > 4-NO2 > 2,6-Cl > 4-Cl > 4-OCH3 > 4-CH3. 

Interestingly, the introduction of thiophenyl and naphthyl functionalities afforded 

compounds 15i (IC50 = 0.51 ± 0.23) and 15j (IC50 = 0.16 ± 0.11), respectively, with 

superior inhibitory activities comparable to compound 15a (IC50 = 4.91 ± 0.61) with 

unsubstituted phenyl moiety.    

 

4. Conclusion   

In summary, thirty 1H-pyrazolo[3,4-d]pyrimidine derivatives (15a-o, 16, 17, a-f, 

18a-e, 19 and 20) were designed and synthesized. The synthesized compounds were 

evaluated for their inhibitory action against EGFR
WT

, and compared with erlotinib as a 

positive control.  In this study, most of the synthesized compounds showed EGFR
WT

 

inhibitory effect higher than erlotinib as compounds 15b, 15e, 15g, 15h, 15j, 15n, 15o, 17a, 

17b, 17d, 17f, 18d and 18e with IC50 values ranging from 0.09 ± 0.11 to 0.44 ± 0.21 µM. 



  

The SAR studies pointed that, substitution on the terminal hydrophobic head seems to be 

preferred. Also,   it was found that the linker with three atoms is advantageous. Thirteen 

compounds that exhibited promising IC50 values against EGFR
WT

 were further evaluated 

in vitro for their inhibitory activities against mutant EGFR
T790M

. Compounds 17d (IC50 = 

2.72 ± 0.21 nM) and 17f (IC50 = 3.90 ± 0.33 nM) showed excellent inhibitory activities 

towards EGFR
T790M

. Also, these compounds were tested for their anti-proliferative 

activities against three cancer cell lines bearing EGFR
WT

 (MCF-7, HepG2, A549), and 

two cancer cell lines bearing EGFR
T790M

 (H1975 and HCC827). Compounds 15g, 15j, 

15n, 18d and 18e were the most potent anticancer agents against the EGFR
WT 

containing 

cells, while compounds15e, 17d and 17f showed promising anti-proliferative activities 

against EGFR
T790M 

containing cells. In addition, the most active compound 18d was 

tested for its effect on cell cycle progression and induction of apoptosis in the HepG2 cell 

line. It was found that it has apoptotic effect and can arrest G0/ G1and G2/M phases of cell 

cycle. Also, molecular docking studies was carried out to recognize the binding pattern of 

the synthesized compounds EGFR
WT

 and EGFR
T790M

. The synthesized compounds 

showed good binding energies and correct binding modes. Therefore, compounds 15b, 17d 

and 18d can be considered as interesting candidates for further development of more 

potent anticancer agents.  

 

5. Experimental 

5.1. Chemistry  

5.1.1. General 

Melting points were measured on a Gallen-kamp melting point apparatus and were 

uncorrected. The IR spectra were recorded on Nikolet IR 200 FT IR spectrophotometer 

using KBr discs (λ max in cm
-1

). 
1
H NMR and 

13
C NMR spectra were performed on 

Gemini 300BB spectrometer at 300 MHz and Bruker spectrometer at 100 MHz, 

respectively. TMS was used as internal standard and DMSO-d6 as solvent. The chemical 

shifts were reported in ppm (δ) and coupling constant (J) values were given in Hertz 

(Hz). Signal multiplicities were represented by s (singlet), d (doublet), t (triplet), q 

(quadruplet), and m (multiplet). All of the new compounds were analyzed for C, H and N 



  

and agreed with the proposed structures within ± 0.4% of the theoretical values by the 

automated CHN analyzer. Mass spectra were recorded on a unit of Shimadzu GCMS-

QP/MS-QP5050A spectrometer operating at 70 ev. The purity of the compounds was 

checked by thin layer chromatography (TLC) using Merck silica gel 60 F254 recoated 

sheets. Compounds 9, 10, 11, 12 and 13 were prepared according to the reported 

procedures [29, 49-52]. 

 

 

 

 

5.1.2. 4-Hydrazinyl-1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidine 14 

A mixture of 4-chloro-1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidine 13 (3.06 g, 

0.01 mol) and hydrazine hydrate (99%, 5 mL, 0. 1 mol) were heated under  reflux for 8 h.  

After cooling, the formed solid was collected by filtration, washed with hot ethanol (95%, 

10 mL), and crystallized from isopropanol to yield the desired product 14. 

Yellow solid (2.2 g, 73%); m.p. 236 - 238 °C;  IR (KBr, ν, cm
-1

): 3320 - 3310 (NH2), 

3190 (NH), 3082 (Ar-H); 
1
H NMR (DMSO-d6, 300 MHz): 4.73 (s, 2H, NH2, exchanged 

with D2O), 7.44 (t, 1H, J = 7.50 Hz, Ar-H), 7.69 (t, 1H, J = 6.40 Hz, Ar-H), 7.83 (t, 2H, J 

= 7.50 Hz, Ar-H), 8.11 (t, 2H, J = 6.40 Hz, Ar-H), 8.26 (d, 2H, J = 8.80 Hz, Ar-H), 8.48 

(d, 2H, J = 9.20 Hz, Ar-H),  8.83 (s, 1H, Ar-H C3-H pyrazole), 9.89 (s, 1H, NH, 

exchanged with D2O); MS (m/z): 302 (M
+
, ..95%), 271 (100%); Anal. Calcd. for 

C17H14N6 (302): C, 67.54; H, 4.67; N, 27.80.  Found: C, 67.51; H, 4.65; N, 27.78. 

5.1.3. General procedure for preparation of compounds15a-o  

A mixture of hydrazide derivative 14 (0.30 g, 0.001 mol), appropriate  aromatic 

aldehydes or acetophenones (0.001 mol) and catalytic amount of glacial acetic acid (0.5 

mL) was heated under reflux in absolute ethanol (20 mL) for specific time. The 

precipitate that formed on hot was filtered and crystallized from ethanol to yield the title 

compounds 15a-o. 

5.1.3.1. 4-(2-Benzylidenehydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidine 15a 



  

Yellowish white solid; reaction time:1 h, yield 90% (0.35 g), m.p. 230 - 232°C; IR (KBr, 

ν, cm
-1

):  3210 (NH), 3052 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.44 (t, 1H, J = 7.20 

Hz, Ar-H), 7.59 (t, 1H, J = 5.50 Hz, Ar-H), 7.60 (t, 1H, J = 8.10 Hz, Ar-H), 7.63 (t, 2H, J 

= 7.20 Hz, Ar-H), 7.69 (t, 2H, J = 5.50 Hz, Ar-H), 8.30 (t, 2H, J = 8.10 Hz, Ar-H), 8.33 

(d, 2H, J = 6.30 Hz, Ar-H), 8.48 (d, 2H, J = 9.20 Hz, Ar-H), 8.51 (d, 2H, J = 7.80 Hz, Ar-

H), 8.61 (s, 1H, CH=N), 8.73 (s, 1H, Ar-H, C3–H pyrazole), 11.80 (s, 1H, NH, 

exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 102.63, 119.54, 120.04, 121.21, 

123.14, 124.07, 125.09, 127.44, 128.81, 129.72, 131.66, 133.57, 135.09, 138.50, 145.96, 

152.82, 154.90, 156.59; MS (m/z): 390 (M
+
, 5.24%), 313 (100%); Anal. Calcd. for 

C24H18N6 (390): C, 73.83; H, 4.65; N, 21.52. Found: C, 73.85; H, 4.68; N, 21.49. 

5.1.3.2. 4-[2-(4-Hydroxybenzylidene)hydrazinyl]-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15b 

White powder; reaction time: 1.5 h; yield 92% (0.37 g), m.p. 222 - 224°C. IR (KBr, ν, 

cm
-1

): 3420 (br, OH), 3205 (NH), 3077 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.41 (d, 

2H, J = 7.20 Hz, Ar-H),  7.61 (t, 1H, J = 7.50 Hz, Ar-H), 7.66 (t, 1H, J = 8.10 Hz, Ar-H), 

8.00 (t, 2H, J = 7.50 Hz, Ar-H), 8.10 (t, 2H, J = 8.10 Hz, Ar-H), 8.11 (d, 2H, J = 7.20 Hz, 

Ar-H), 8.12 (d, 2H, J = 8.60 Hz, Ar-H), 8.28 (d, 2H, J = 6.10 Hz, Ar-H), 8.57 (s, 1H, 

CH=N), 8.79 (s, 1H, Ar-H, C3–H pyrazole), 9.89 (s, 1H, OH, exchanged with D2O), 

11.55 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 104.78, 115.28, 

121.13, 123.14, 124.07, 125.09, 127.44, 128.81, 129.72, 131.66, 133.57, 135.09, 138.50, 

145.96, 152.82, 154.90, 156.59, 158.70; MS (m/z): 406 (M
+
, 11.91%), 286 (100%). Anal. 

Calcd. for C24H18N6O (406): C, 70.92; H, 4.46; N, 20.68. Found: C, 70.89; H, 4.47; N, 

20.66. 

5.1.3.3.  4-(2-(4-Methoxybenzylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15c  

Green solid; reaction time: 1 h; yield 93% (0.39 g); m.p. 226 - 228°C; IR (KBr, ν, cm
-1

):  

3195 (NH), 3068 (Ar-H), 2952 (aliph-CH); 
1
H NMR (DMSO-d6, 300 MHz): 3.80 (s, 3H, 

CH3), 7.10 (d, 2H, J = 6.90 Hz, Ar-H),  7.21 (t, 1H, J =7.80 Hz, Ar-H), 7.43 (t, 1H, J = 

7.20 Hz, Ar-H), 7.57 (t, 2H, J = 7.80 Hz, Ar-H), 7.68 (t, 2H, J = 7.20 Hz, Ar-H), 8.32 (d, 



  

2H, J = 6.90 Hz, Ar-H), 8.48 (d, 2H, J = 5.80 Hz, Ar-H), 8.51 (d, 2H, J = 9.10 Hz, Ar-H), 

8.60 (s, 1H, CH=N), 8.80 (s, 1H, Ar-H, C3–H pyrazole), 11.53 (s, 1H, NH, exchanged 

with D2O); 
13

C NMR (DMSO, 100 MHz): 55.88, 104.99, 115.28, 121.82, 122.05, 127.44, 

128.67, 128.83, 128.99, 129.67, 129.73, 132.44, 135.09, 138.50, 145.96, 152.82, 154.90, 

156.99, 161.83; MS (m/z): 420 (M
+
, 18.24%), 405 (100%); Anal. Calcd. for 

C25H20N6O(420): C, 71.41; H, 4.79; N, 19.99.  Found:  C, 71.37; H, 4.75; N, 20.01. 

5.1.3.4. 4-(2-(4-Methylbenzylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15d 

Yellow solid; reaction time: 2 h; yield 87% (0.35 g); m.p. 216 - 218°C; IR (KBr, ν, cm
-1

): 

3192 (NH), 3081 (Ar-H), 2971 (aliph-CH). 
1
H NMR (DMSO-d6, 300 MHz): 2.30 (s, 3H, 

CH3), 7.40 (d, 2H, J = 7.50 Hz, Ar-H),  7.55 (t, 1H, J = 6.90 Hz, Ar-H), 7.62 (t, 1H, J = 

8.40 Hz, Ar-H), 7.67 (t, 2H, J = 6.90 Hz, Ar-H), 8.27 (t, 2H, J = 8.40 Hz, Ar-H), 8.30 (d, 

2H, J = 7.50 Hz, Ar-H), 8.42 (d, 2H, J = 9.10 Hz, Ar-H), 8.44 (d, 2H, J = 6.30 Hz, Ar-H), 

8.55 (s, 1H, CH=N),  8.67 (s, 1H, Ar-H, C3–H pyrazole), 11.69 (s, 1H, NH, exchanged 

with D2O); 
13

C NMR (DMSO, 100 MHz): 27.67, 102.63, 121.21, 121.32, 123.14, 124.07, 

125.09, 127.44, 128.81, 129.72, 131.66, 133.57, 135.09, 138.50, 140.79, 145.96, 152.80, 

154.62, 156.04; MS (m/z): 404 (M
+
, 9.64%), 313 (100%). Anal. Calcd. for C25H20N6 

(404): C, 74.24; H, 4.98; N, 20.78. Found: C, 74.22; H, 4.95; N, 20.82. 

5.1.3.5.4-(2-(4-Nitrobenzylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15e 

Orange solid; reaction time: 9 h; yield 81% (0.35 g); m.p. 243-245°C; IR (KBr, ν, cm
-1

): 

3199 (NH), 3091 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz):  7.40 (t, 1H, J =6.30 Hz, Ar-

H), 7.54 (t, 1H, J =7.50 Hz, Ar-H), 7.57 (t, 2H, J = 6.30 Hz, Ar-H), 7.62 (t, 2H, J = 7.50 

Hz, Ar-H), 7.67 (d, 2H, J = 8.70 Hz, Ar-H),  8.27 (d, 2H, J = 8.70 Hz, Ar-H), 8.42 (d, 

2H, J = 8.40 Hz, Ar-H), 8.55 (d, 2H, J = 9.40 Hz, Ar-H), 8.58 (s, 1H, CH=N),  8.67 (s, 

1H, Ar-H, C3–H pyrazole), 11.92 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 

100 MHz): 97.87, 121.13, 122.71, 123.14, 126.77, 128.87, 129.60, 131.22, 131.66, 

132.44, 133.57, 135.09, 138.50, 145.96, 150.13, 153.53, 155.04, 157.59; MS (m/z): 435 



  

(M
+
, 3.64%), 77 (100%); Anal. Calcd. for C24H17N7O2 (435): C, 66.20; H, 3.94; N, 22.52. 

Found: C, 66.24; H, 3.91; N, 22.56. 

5.1.3.6. 4-(2-(4-Chlorobenzylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15f 

White solid; reaction time: 4 h; yield 79% (0.33 g); m.p. 233 - 235°C; IR (KBr, ν, cm
-1

): 

3222 (NH), 3081 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.43 (d, 2H, J = 7.50 Hz, Ar-

H),  7.50 (t, 1H, J =11.40 Hz, Ar-H), 7.55 (t, 1H, J =5.70 Hz, Ar-H), 7.62 (t, 2H, J = 

11.40 Hz, Ar-H), 8.17 (t, 2H, J = 5.70 Hz, Ar-H), 8.29 (d, 2H, J = 7.50 Hz, Ar-H), 8.41 

(d, 2H, J = 7.20 Hz, Ar-H), 8.55 (d, 2H, J = 8.10 Hz, Ar-H), (s, 1H, CH=N),  8.77 (s, 1H, 

Ar-H, C3–H pyrazole), 11.78 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 

MHz): 102.99, 116.95, 121.47, 123.14, 124.66, 125.87, 127.44, 128.88, 129.70, 131.68, 

133.53, 135.08, 138.52, 145.96, 152.81, 154.95, 156.57, 159.13; MS (m/z): 426 (M
+
+2, 

5.01%), 424 (M
+
, 15.04%), 153 (100%); Anal. Calcd. for C24H17ClN6 (424): C, 67.84; H, 

4.03; N, 19.78. Found: C, 67.81; H, 4.07; N, 19.75. 

5.1.3.7. 4-(2-(2,6-Dichlorobenzylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15g 

Red solid; reaction time: 6 h; yield 83% (0.38 g); m.p.: 255-257°C; IR (KBr, ν, cm
-1

):  

3232 (NH), 3088 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.10 (t, 1H, J = 6.00 Hz, Ar-

H),  7.21 (d, 2H, J =6.00 Hz, Ar-H), 7.43 (t, 1H, J =7.50 Hz, Ar-H), 7.54 (t, 1H, J = 8.10 

Hz, Ar-H), 7.59 (t, 2H, J = 7.50 Hz, Ar-H), 8.28 (t, 2H, J = 8.10 Hz, Ar-H), 8.31 (d, 2H, 

J = 9.50 Hz, Ar-H), 8.49 (d, 2H, J = 5.10 Hz, Ar-H), (s, 1H, CH=N), 8.80 (s, 1H, Ar-H, 

C3–H pyrazole), 12.03 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 

105.16, 113.54, 120.04, 120.63, 120.94, 125.09, 126.44, 128.12, 129.77, 131.66, 133.57, 

135.09, 139.80, 144.58, 151.92, 154.91, 155.96, 158.16; MS (m/z): 462 (M
+
+4, 0.30%), 

460 (M
+
+2, 1.82%), 458 (M

+
, 2.72%), 186 (100%); Anal. Calcd. for C24H16Cl2N6 (458): 

C, 62.76; H, 3.51; N, 18.30. Found: C, 62.72; H, 3.54; N, 18.33. 

5.1.3.8. 4-(2-(Cinnamylidene)hydrazinyl)- 1,6-diphenyl- 1H-pyrazolo[3,4-d] pyrimidine  

15h 



  

Orange needle, reaction time: 5 h; yield 95% (0.39 g); m.p.: 241- 243°C; IR (KBr, ν, cm
-

1
): 3189 (NH), 3083 (Ar-H). 

1
H NMR (DMSO-d6, 300 MHz): 7.50 (t, 1H, J = 8.40 Hz, 

Ar-H), 7.76 (t, 2H, J = 8.40 Hz, Ar-H), 7.89 (t, 1H, J = 7.30 Hz, Ar-H), 7.92 (t, 1H, J = 

7.20 Hz, Ar-H), 8.06 (t, 2H, J = 7.30 Hz, Ar-H), 8.11 (t, 2H, J = 7.20 Hz, Ar-H), 8.23 (d, 

2H, J = 5.40 Hz, Ar-H), 8.34 (d, 2H, J = 9.30 Hz, Ar-H), 8.40 (d, 2H, J = 9.50 Hz, Ar-H), 

8.45 (d, 1H, J = 7.5 Hz, CH=CH-ph), 8.54 (d, 1H, J = 7.5 Hz, N=CH-CH=CH) 8.69 (s, 

1H, N=CH),  8.84 (s, 1H, Ar-H, C3–H pyrazole), 11.78 (s, 1H, NH, exchanged with 

D2O). 
13

C NMR (DMSO, 100 MHz): 100.30, 119.50, 120.07, 121.22, 123.18, 124.05, 

125.09, 126.67, 127.47, 128.80, 129.75, 131.61, 133.58, 134.44, 135.08, 138.52, 145.96, 

152.82, 154.90, 156.59. MS (m/z): 416 (M
+
, 16.81%), 145 (100%). Anal. Calcd. for 

C26H20N6 (416): C, 74.98; H, 4.84; N, 20.18. Found: C, 74.95; H, 4.87; N, 20.15 

5.1.3.9. 4-(2-(Thiophen-2-ylmethylene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-

d]pyrimidine 15i 

White solid; reaction time: 3 h yield 88% (0.34 g); m.p.: 233-235°C; IR (KBr, ν, cm
-1

): 

3195 (NH), 3087 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.38 (t, 1H, J = 8.40 Hz, Ar-

H),  7.59 (t, 1H, J = 5.80 Hz, Ar-H), 7.61 (t, 1H, J = 6.20 Hz, Ar-H), 7.64 (t, 2H, J = 5.80 

Hz, Ar-H), 7.70 (t, 2H, J = 6.20 Hz, Ar-H), 7.98 (d, 1H, J = 6.50 Hz, Ar-H), 8.09 (d, 2H, 

J = 8.80 Hz, Ar-H), 8.65 (d, 2H, J = 9.10 Hz, Ar-H), 8.77 (d, 1H, J = 8.40 Hz, Ar-H), 

8.84 (s, 1H, CH=N), 9.43 (s, 1H, Ar-H, C3–H pyrazole), 11.82 (s, 1H, NH, exchanged 

with D2O); 
13

C NMR (DMSO, 100 MHz): 102.69, 120.54, 121.91, 124.74, 125.63, 

127.41, 128.81, 129.23, 130.02, 131.66, 133.51, 135.90, 138.05, 145.91, 147.96, 152.81, 

154.90, 156.59. MS (m/z): 396 (M
+
, 5.09%), 125 (100%). Anal. Calcd. for C22H16N6S 

(396): C, 66.65; H, 4.07; N, 21.20. Found: C, 66.62; H, 4.04; N, 21.17.  

5.1.3.10. 4-(2-(Naphthalen-1-ylmethylene)hydrazinyl)-1,6-diphenyl-1H-

pyrazolo[3,4-d] pyrimidine 15j 

Light brown solid; reaction time: 8 h; yield 91% (0.40 g); m.p.: 251 - 253°C; IR (KBr, ν, 

cm
-1

): 3233 (NH), 3095 (Ar-H). 
1
H NMR (DMSO-d6, 300 MHz): 7.13 (t, 1H, J = 5.40 

Hz, Ar-H),  7.16 (t, 1H, J = 9.30 Hz, Ar-H), 7.29 (t, 2H, J = 5.40 Hz, Ar-H), 7.33 (t, 2H, 

J = 9.30 Hz, Ar-H), 7.36 (t, 1H, J = 8.50 Hz, Ar-H), 7.48 (t, 1H, J = 8.50 Hz, Ar-H), 7.66 



  

(t, 1H, J = 5.80 Hz, Ar-H), 7.69 (d, 2H, J = 6.50 Hz, Ar-H),  8.27 (d, 2H, J = 9.50 Hz, Ar-

H), 8.37 (d, 2H, J = 7.50 Hz, Ar-H), 8.55 (d, 1H, J = 8.60 Hz, Ar-H), 8.61 (d, 1H, J = 

5.80 Hz, Ar-H), 8.71 (s, 1H, CH=N), 8.91 (s, 1H, Ar-H, C3–H pyrazole), 11.68 (s, 1H, 

NH, exchanged with D2O). 
13

C NMR (DMSO, 100 MHz): 105.44, 119.54, 120.04, 

121.21, 122.90, 123.14, 124.07, 125.09, 126.09, 127.44, 128.81, 129.72, 130.62, 131.66, 

132.66, 133.57, 134.50, 135.09, 138.50, 145.96, 152.82, 154.90, 156.69. MS (m/z): 440 

(M
+
, 9.65%), 169 (100%). Anal. Calcd. for C28H20N6 (440): C, 76.35; H, 4.58; N, 19.08. 

Found: C, 76.31; H, 4.55; N, 19.13. 

5.1.3.11. 4-(2-(1-Phenylethylidene)hydrazinyl)- 1,6-Diphenyl-1H-pyrazolo[3,4-d] 

pyrimidine 15k 

White solid; reaction time: 4 h yield 91% (0.37 g); m.p. 241 - 243°C. IR (KBr, ν, cm
-1

): 

3202 (NH), 3075 (Ar-H), 2971 (aliph-CH). 
1
H NMR (DMSO-d6, 300 MHz): 2.96 (s, 3H, 

CH3),  7.32 (t, 1H, J = 6.00 Hz, Ar-H), 7.35 (t, 1H, J = 9.00 Hz, Ar-H), 7.41 (t, 1H, J = 

8.20 Hz, Ar-H), 7.54 (t, 2H, J = 6.00 Hz, Ar-H), 7.60 (t, 2H, J = 9.00 Hz, Ar-H), 7.97 (t, 

2H, J = 8.20 Hz, Ar-H), 8.19 (d, 2H, J = 8.20 Hz, Ar-H), 8.34 (d, 2H, J = 5.90 Hz, Ar-H), 

8.37 (d, 2H, J = 6.90 Hz, Ar-H), 8.58 (s, 1H, Ar-H, C3–H pyrazole), 11.17 (s, 1H, NH, 

exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 17.88, 102.63, 119.78, 120.82, 

121.05, 123.44, 124.67, 125.20, 127.44, 128.83, 129.72, 131.67, 133.31, 135.09, 138.50, 

149.99, 152.82, 154.90, 156.59.  MS (m/z): 404 (M
+
, 13.09%), 327 (100%); Anal. Calcd. 

for C25H20N6 (404): C, 74.24; H, 4.98; N, 20.78. Found: C, 74.20; H, 4.94; N, 20.75. 

5.1.3.12. 4-(2-(1-(4-Aminophenyl)ethylidene)hydrazinyl)-1,6-diphenyl-1H-

pyrazolo[3,4-d]pyrimidine 15l 

White solid; reaction time was 4 h; yield 86% (0.36 g); m.p. 221 - 223°C; IR (KBr, ν, cm
-

1
): 3320 - 3330 (NH2), 3197 (NH), 3069 (Ar-H), 2968 (aliph-CH); 

1
H NMR (DMSO-d6, 

300 MHz): 2.85 (s, 3H, CH3), 5.49 (s, 2H, NH2, exchanged with D2O), 7.40 (d, 2H, J = 

7.20 Hz, Ar-H),  7.58 (t, 1H, J =8.60 Hz, Ar-H), 7.61 (t, 1H, J = 6.80 Hz, Ar-H), 8.01 (t, 

2H, J = 8.60 Hz, Ar-H), 8.13 (t, 2H, J = 6.80 Hz, Ar-H), 8.22 (d, 2H, J = 7.20 Hz, Ar-H), 

8.23 (d, 2H, J = 5.40 Hz, Ar-H), 8.28 (d, 2H, J = 9.10 Hz, Ar-H),  8.58 (s, 1H, Ar-H, C3–

H pyrazole), 11.36 (s, 1H, NH, exchanged with D2O). 
13

C NMR (DMSO, 100 MHz): 



  

18.77, 103.32, 113.99, 121.03, 122.44, 123.88, 124.88, 125.04, 127.51, 129.75, 130.60, 

132.55, 134.09, 138.50, 148.95, 150.14, 151.88, 153.98, 155.58. MS (m/z): 419 (M
+
, 

7.27%), 148 (100%). Anal. Calcd. for C25H21N7 (419): C, 71.58; H, 5.05; N, 23.37. 

Found: C, 71.55; H, 5.02; N, 23.34. 

5.1.3.13. 4-(2-(1-(p-Tolyl)ethylidene)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-d] 

pyrimidine 15m 

Yellowish white solid; reaction time: 3 h yield 84% (0.35 g); m.p.: 232 - 234°C; IR (KBr, 

ν, cm
-1

): 3191 (NH), 3087 (Ar-H), 2969 (aliph-CH). 
1
H NMR (DMSO-d6, 300 MHz): 

2.49 (s, 3H, CH3-ph), 2.99 (s, 3H, CH3-imine) 7.24 (d, 2H, J = 5.70 Hz, Ar-H),  7.25 (t, 

1H, J = 8.10 Hz, Ar-H), 7.30 (t, 1H, J = 7.50 Hz, Ar-H), 7.32 (t, 2H, J = 8.10 Hz, Ar-H), 

7.57 (t, 2H, J = 7.50 Hz, Ar-H), 7.66 (d, 2H, J = 5.70 Hz, Ar-H), 8.10 (d, 2H, J = 6.10 

Hz, Ar-H), 8.34 (d, 2H, J = 9.30 Hz, Ar-H), 8.58 (s, 1H, Ar-H, C3–H pyrazole), 11.69 (s, 

1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 17.47, 22.78, 105.67, 

120.87, 121.03, 123.44, 124.67, 125.20, 127.40, 128.83, 129.72, 131.67, 133.67, 135.09, 

138.50, 141.78, 149.63, 151.89, 153.99, 155.59. MS (m/z): 418 (M
+
, 15.49%), 91 

(100%); Anal. Calcd. for C26H22N6 (418): C, 74.62; H, 5.30; N, 20.08. Found: C, 74.66; 

H, 5.27; N, 20.04. 

5.1.3.14. 4-(2-(1-(4-Fluorophenyl)ethylidene)hydrazinyl)-1,6-diphenyl-1H-

pyrazolo[3,4-d] pyrimidine 15n 

Green powder; reaction time: 4 h yield 80% (0.34 g); m.p.: 258 - 260°C; IR (KBr, ν, cm
-

1
): 3213 (NH), 3089 (Ar-H), 2972 (aliph-CH). 

1
H NMR (DMSO-d6, 300 MHz): 2.50 (s, 

3H, CH3), 7.32 (d, 2H, J = 8.70 Hz, Ar-H),  7.35 (t, 1H, J =9.00 Hz, Ar-H), 7.41 (t, 1H, J 

=10.80 Hz, Ar-H), 7.60 (t, 2H, J = 9.00 Hz, Ar-H), 7.62 (t, 2H, J = 10.80 Hz, Ar-H), 7.99 

(d, 2H, J = 8.70 Hz, Ar-H), 8.34 (d, 2H, J = 6.10 Hz, Ar-H), 8.37 (d, 2H, J = 7.30 Hz, Ar-

H),  8.52 (s, 1H, Ar-H, C3–H pyrazole), 11.17 (s, 1H, NH, exchanged with D2O). 
13

C 

NMR (DMSO, 100 MHz): 17.14, 105.81, 121.03, 121.87, 123.44, 124.67, 125.20, 

127.40, 128.03, 128.83, 130.67, 133.63, 135.12, 138.50, 149.63, 151.89, 153.41, 155.59, 

157.57. MS (m/z): 422 (M
+
, 18.25%), 151 (100%). Anal. Calcd. for C25H19FN6 (422): C, 

71.08; H, 4.53; N, 19.89. Found: C, 71.13; H, 4.57; N, 19.86. 



  

5.1.3.15. 4-(2-(1-(4-Bromophenyl)ethylidene)hydrazinyl)-1,6-diphenyl-1H-

pyrazolo[3,4-d]pyrimidine 15o 

Orange crystal; reaction time: 8 h yield 77% (0.37 g); m.p. 267 - 269°C; IR (KBr, ν, cm
-

1
): 3218 (NH), 3085 (Ar-H), 2972 (aliph-CH). 

1
H NMR (DMSO-d6, 300 MHz): 2.95 (s, 

3H, CH3), 7.33 (t, 1H, J = 7.80 Hz, Ar-H), 7.41 (t, 1H, J = 6.90 Hz, Ar-H), 7.46 (t, 2H, J 

= 7.80 Hz, Ar-H), 7.52 (t, 2H, J = 6.90 Hz, Ar-H), 7.57 (d, 2H, J = 8.10 Hz, Ar-H), 8.14 

(d, 2H, J = 8.10 Hz, Ar-H), 8.35 (d, 2H, J = 6.30 Hz, Ar-H), 8.57 (d, 2H, J = 8.30 Hz, Ar-

H),   8.61 (s, 1H, Ar-H, C3–H pyrazole), 11.26 (s, 1H, NH, exchanged with D2O). 
13

C 

NMR (DMSO, 100 MHz): 17.78, 106.66, 115.77, 121.03, 122.44, 124.07, 124.67, 

127.04, 127.81, 129.72, 130.67, 132.67, 134.09, 137.50, 148.93, 151.88, 153.98, 155.58, 

158.14. MS (m/z): 484 (M
+
+2, 8.55%), 482 (M

+
, 8.51%), 210 (100%). Anal. Calcd. for 

C25H19BrN6 (482): C, 62.12; H, 3.96; N, 17.39. Found: C, 62.14; H, 3.99; N, 17.42. 

5.1.4. 4-(2-(Indolin-2-on-3-yl)hydrazinyl)-1,6-diphenyl-1H-pyrazolo[3,4-d] pyrimidine 

16  

  To a solution of 14 (0.3, 0.001 mol) in glacial acetic acid (20 mL), isatin (0.14 g, 

0.001 mol) was added. Then, the mixture was heated under reflux for 24 h. The reaction 

mixture was concentrated and allowed to cool. The separated solid was filtered and 

recrystallized from glacial acetic acid to give the target compound 16. 

Orange crystal (0.32 g, 74%); m.p. 271- 273 °C;  IR (KBr, ν, cm
-1

): 3225 (NH), 3076 

(Ar-H), 1715 (C=O). 
1
H NMR (DMSO-d6, 300 MHz): 7.40 (t, 1H, J =7.50 Hz, Ar-H), 

7.54 (t, 1H, J = 5.40 Hz, Ar-H), 7.57 (t, 1H, J = 12.00 Hz, Ar-H), 7.62 (t, 2H, J = 5.40 

Hz, Ar-H), 7.67 (t, 2H, J = 12.00 Hz, Ar-H), 8.27 (t, 1H, J =7.50 Hz, Ar-H), 8.30 (d, 1H, 

J = 9.50 Hz, Ar-H), 8.41 (d, 1H, J = 8.80 Hz, Ar-H),  8.43 (d, 2H, J = 8.40 Hz, Ar-H), 

8.44 (d, 2H, J =7.90 Hz, Ar-H), 8.59 (s, 1H, Ar-H, C3–H pyrazole), 11.35 (s, 1H, NH, 

exchanged with D2O imine), 13.29 (s, 1H, NH exchanged with D2O). 
13

C NMR (DMSO, 

100 MHz): 102.31, 116.51, 119.54, 120.04, 122.94, 124.07, 125.09, 127.44, 128.81, 

129.66, 129.72, 133.06, 133.57, 135.09, 138.50, 140.69, 145.92, 152.89, 154.96, 156.56, 

159.61. MS (m/z): 431 (M
+
, 22.51%), 160 (100%). Anal. Calcd. for C25H17N7O (431): C, 

69.60; H, 3.97; N, 22.72. Found: C, 69.65; H, 3.93; N, 22.68. 



  

5.1.5. General procedure for preparation of compounds17a-f    

To a solution of compound 14 (0.3, 0.001 mol) in butanol (20 ml), appropriate 

isocyanates or isothiocyanates (0.001 mol) namely, ethyl isothiocyanates, ethyl 

isocyanates, cyclohexyl isothiocyanates, cyclohexyl isocyanates, phenyl isothiocyanates, 

and/or phenyl isocyanates was added drop wise at 0
o
C. The mixture was stirred for 

specific time at room temperature. Then, the solvent was evaporated under reduced 

pressure and crude product was purified by crystallization from methanol to yield the 

corresponding compounds 17a-f, respectively . 

5.1.5.1. 2-(1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-ethylhydrazine-1-

carbothioamide 17a 

  Grayish-white solid; reaction time: 8 h; yield 74% (0.29 g); m.p. 280 - 282°C; IR 

(KBr, ν, cm
-1

): 3320 (NH), 3080 (Ar-H), 2970 (aliph-CH); 
1
H NMR (DMSO-d6, 300 

MHz): 1.17 (t, 3H, J = 6.9 Hz, -CH2CH3), 4.16 (q, 2H, J = 7.2 Hz, -CH2CH3), 7.40 (t, 

1H, J = 7.50 Hz, Ar-H), 7.54 (t, 1H, J =10.50 Hz, Ar-H), 7.62 (t, 2H, J = 7.50 Hz, Ar-H), 

7.67 (t, 2H, J = 10.50 Hz, Ar-H), 8.29 (d, 2H, J = 9.80 Hz, Ar-H), 8.59 (d, 2H, J = 6.20 

Hz, Ar-H), 8. 69 (s, 1H, Ar-H, C3–H pyrazole), 9.77 (s, 1H, NH exchanged with D2O), 

10.51 (s, 1H, NH exchanged with D2O), 12.09 (s, 1H, NH exchanged with D2O); 
13

C 

NMR (DMSO, 100 MHz): 15.91, 42.41, 102.19, 120.54, 121.14, 124.44, 125.66, 128.96, 

129.31, 133.45, 135.27, 138.51, 152.82, 154.90, 156.59, 179.52; MS (m/z): 389 (M
+
, 

15.14%), 271 (100%). Anal. Calcd. for C20H19N7S (389): C, 61.68; H, 4.92; N, 25.17. 

Found: C, 61.65; H, 4.94; N, 25.12. 

5.1.5.2.2-(1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-ethylhydrazine-1-

carboxamide 17b 

Brownish solid; reaction time: 6 h; yield 78% (0.29 g); m.p. 274 - 276°C; IR (KBr, ν, cm
-

1
): 3335 (NH), 3084 (Ar-H), 2970 (aliph-CH), 1666 (C=O); 

1
H NMR (DMSO-d6, 300 

MHz): 1.16 (t, 3H, J = 7.2 Hz, -CH2CH3), 4.05 (q, 2H, J = 7.2 Hz,  -CH2CH3 ), 7.38 (t, 

1H, J = 7.80 Hz, Ar-H), 7.57 (t, 1H, J =7.50 Hz, Ar-H), 7.62 (t, 2H, J = 7.80 Hz, Ar-H), 

8.13 (t, 2H, J = 7.50 Hz, Ar-H), 8.26 (d, 2H, J = 5.70 Hz, Ar-H), 8.55 (d, 2H, J = 9.20 

Hz, Ar-H), 8. 63 (s, 1H, Ar-H, C3–H pyrazole), 9.50 (s, 1H, NH exchanged with D2O), 



  

10.14 (s, 1H, NH exchanged with D2O), 11.92 (s, 1H, NH exchanged with D2O); 
13

C 

NMR (DMSO, 100 MHz): 14.62, 35.91, 105.16, 120.28, 121.56, 124.98, 125.32, 128.90, 

129.20, 133.24, 135.99, 138.61, 152.07, 154.94, 156.51, 169.16; MS (m/z): 373 (M
+
, 

15.14%), 102 (100%). Anal. Calcd. for C20H19N7O (373): C, 64.33; H, 5.13; N, 26.26. 

Found: C, 64.36; H, 5.16; N, 26.29. 

5.1.5.3. N-cyclohexyl-2-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)hydrazine-1-

carbothioamide 17c 

White solid; reaction time: 9 h; yield 70% (0.31 g); m.p. 265 - 267°C; IR (KBr, ν, cm
-1

): 

3313 (NH), 3089 (Ar-H), 2976 (aliph-CH); 
1
H NMR (DMSO-d6, 300 MHz): 1.63 - 2.18 

(m, 10H, Cyclohexyl), 3.78 (m, 1H, -NHCH-Cyclohexyl), 7.38 (t, 1H, J = 8.40 Hz, Ar-

H), 7.57 (t, 1H, J = 7.50 Hz, Ar-H), 7.66 (t, 2H, J = 8.40 Hz, Ar-H), 8.13 (t, 2H, J = 7.50 

Hz, Ar-H), 8.35 (d, 2H, J = 5.80 Hz, Ar-H), 8.48 (d, 2H, J = 9.20 Hz, Ar-H), 8. 69 (s, 1H, 

Ar-H, C3–H pyrazole), 9.80 (s, 1H, NH exchanged with D2O), 10.81 (s, 1H, NH 

exchanged with D2O), 11.93 (s, 1H, NH exchanged with D2O); 
13

C NMR (DMSO, 100 

MHz): 25.21, 25.67, 33.45, 35.27, 104.99, 121.76, 124.07, 124.44, 125.35, 128.24, 

129.29, 133.47, 135.23, 138.51, 152.82, 154.90, 156.59, 180.10; MS (m/z): 443 (M
+
, 

12.12%), 172 (100%). Anal. Calcd. for C24H25N7S (443): C, 64.99; H, 5.68; N, 22.10. 

Found: C, 64.95; H, 5.65; N, 22.14. 

5.1.5.4. N-cyclohexyl-2-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)hydrazine-1-

carboxamide 17d 

White solid; reaction time: 7 h; yield 68% (0.29 g); m.p. 255 - 257°C. IR (KBr, ν, cm
-1

): 

3318 (NH), 3091 (Ar-H), 2976 (aliph-CH), 1678 (C=O); 
1
H NMR (DMSO-d6, 300 

MHz): 1.14 - 1.75 (m, 10H, Cyclohexyl), 3.56 (m, 1H, -NHCH-Cyclohexyl), 7.41 (t, 1H, 

J = 7.20 Hz, Ar-H), 7.59 (t, 1H, J =8.10 Hz, Ar-H), 7.67 (t, 2H, J = 7.20 Hz, Ar-H), 8.32 

(t, 2H, J = 8.10 Hz, Ar-H), 8.46 (d, 2H, J = 10.80 Hz, Ar-H), 8.52 (d, 2H, J = 6.20 Hz, 

Ar-H), 8. 74 (s, 1H, Ar-H, C3–H pyrazole), 9.67 (s, 1H, NH exchanged with D2O), 10.70 

(s, 1H, NH exchanged with D2O), 11. 81 (s, 1H, NH exchanged with D2O); 
13

C NMR 

(DMSO, 100 MHz): 13.49, 15.67, 30.45, 31.73, 104.80, 121.13, 122.71, 123.14, 126.77, 

128.87, 129.60, 132.58, 136.51, 139.51, 152.73, 154.24, 156.27, 170.15; MS m/z (%): 



  

427 (M
+
, 22.12%), 330 (100%). Anal. Calcd. for C24H25N7O (427): C, 67.43; H, 5.89; N, 

22.93. Found: C, 67.45; H, 5.85; N, 22.91. 

5.1.5.5. 2-(1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-phenylhydrazine-1-

carbothioamide 17e 

Green crystal; reaction time: 15 h; yield 64% (0.28 g); m.p. 295 - 297°C; IR (KBr, ν, cm
-

1
): 3324 (NH), 3067 (Ar-H); 

1
H NMR (DMSO-d6, 300 MHz): 7.10 (t, 1H, J = 6.90 Hz, 

Ar-H), 7.21 (t, 2H, J =6.90 Hz, Ar-H), 7.54 (t, 1H, J =7.80 Hz, Ar-H), 7.65 (t, 1H, J 

=8.40 Hz, Ar-H), 7.67 (t, 2H, J = 7.80 Hz, Ar-H), 8.28 (t, 2H, J = 8.40 Hz, Ar-H), 8.31 

(d, 2H, J = 9.30 Hz, Ar-H), 8.48 (d, 2H, J = 10.20 Hz, Ar-H), 8.50 (d, 2H, J = 11.80 Hz, 

Ar-H), 8.61 (s, 1H, Ar-H, C3–H pyrazole), 10.23 (s, 1H, NH, exchanged with D2O), 

11.38 (s, 1H, NH, exchanged with D2O), 12.60 (s, 1H, NH, exchanged with D2O); 
13

C 

NMR (DMSO, 100 MHz): 102.87, 121.13, 122.71, 123.14, 124.44, 125.35, 126.74, 

127.44, 128.81, 129.72, 131.24, 133.27, 136.49, 138.50, 152.92, 153.22, 154.59, 181.90. 

MS (m/z): 437 (M
+
, 15.84%), 166 (100.00). Anal. Calcd. for C24H19N7S (437): C, 65.89; 

H, 4.38; N, 22.41. Found: C, 65.85; H, 4.34; N, 22.45. 

5.1.5.6. 2-(1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-phenylhydrazine-1-

carboxamide 17f 

Orange needle; reaction time: 13 h yield 71% (0.30 g); m.p. 285 - 287°C; IR (KBr, ν, cm
-

1
): 3309 (NH), 3059 (Ar-H), 1675 (C=O); 

1
H NMR (DMSO-d6, 300 MHz): 7.24 (t, 1H, J 

= 5.40 Hz, Ar-H), 7.25 (t, 2H, J = 8.10 Hz, Ar-H), 7.32 (d, 2H, J = 5.40 Hz, Ar-H), 7.35 

(t, 1H, J = 6.60 Hz, Ar-H), 7.63 (t, 1H, J = 8.10 Hz, Ar-H), 7.71 (t, 2H, J = 7.80 Hz, Ar-

H), 8.14 (t, 2H, J = 10.10 Hz, Ar-H), 8.38 (d, 2H, J = 6.60 Hz, Ar-H), 8.50 (d, 2H, J = 

8.10 Hz, Ar-H), 8.63 (s, 1H, Ar-H, C3–H pyrazole), 9.57 (s, 1H, NH, exchanged with 

D2O), 10.39 (s, 1H, NH, exchanged with D2O), 11.69 (s, 1H, NH, exchanged with D2O); 

13
C NMR (DMSO, 100 MHz): 102.70, 121.13, 121.71, 123.14, 123.44, 127.09, 127.44, 

127.74, 128.72, 129.81, 130.24, 133.49, 136.27, 139.50, 151.92, 153.59, 154.22, 171.59. 

MS (m/z): 421 (M
+
, 14.37%), 301 (100%). Anal. Calcd. for C24H19N7O (421): C, 68.40; 

H, 4.54; N, 23.26. Found: C, 68.405; H, 4.49; N, 23.22, 

5.1.6. General procedure for preparation of compounds18a-e 



  

A solution of compound 14 (0.3, 0.001 mol) and the appropriate benzoyl chloride 

derivatives (0.001 mol) namely, benzoyl chloride, 4-methoxybenzoyl chloride, 4-methyl 

benzoyl chloride, 4-fluorobenzoyl chloride and 4-chlorobenzoyl chloride in DMF (20 ml) 

in presence of catalytic amount of TEA (0.5 ml) was stirred at room temperature for 

specific time then poured onto ice-cold water. The obtained precipitate was filtered, 

washed with water, dried and crystallized from glacial acetic acid to afford compounds 

18a-e, respectively. 

5.1.6.1. N'-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)benzohydrazide 18a 

White solid; reaction time: 3 h; yield 69% (0.28 g); m.p. 256 - 258°C; IR (KBr, ν, cm
-1

): 

3320 (NH), 3091 (Ar-H), 1681 (C=O); 
1
H NMR (DMSO-d6, 300 MHz): 7.32 (t, 1H, J = 

8.70 Hz, Ar-H), 7.35 (t, 1H, J = 9.30 Hz, Ar-H), 7.38 (t, 2H, J =8.10 Hz, Ar-H), 7.60 (t, 

2H, J = 8.70 Hz, Ar-H), 7.65 (t, 2H, J = 9.30 Hz, Ar-H), 7.95 (t, 1H, J = 8.10 Hz, Ar-H), 

7.99 (d, 2H, J = 6.30 Hz, Ar-H), 8.34 (d, 2H, J = 6.20 Hz, Ar-H), 8.37 (d, 2H, J = 6.80 

Hz, Ar-H), 8.52 (s, 1H, Ar-H, C3–H pyrazole), 11.17 (s, 1H, NH, exchanged with D2O), 

11.96 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 106.47, 120.54, 

121.21, 122.14, 124.70, 125.00, 127.23, 128.18, 129.54, 130.60, 131.66, 132.57, 135.02, 

138.52, 152.82, 154.90, 156.59, 170.09. MS (m/z): 406 (M
+
, 5.29%), 77 (100%). Anal. 

Calcd. for C24H18N6O (406): C, 70.92; H, 4.46; N, 20.68. Found: C, 70.96; H, 4.49; N, 

20.63. 

5.1.6.2. N'-(1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-4-methoxybenzohydrazide 

18b 

White solid; reaction time: 4 h yield 76% (0.33 g); m.p. 262 - 264°C; IR (KBr, ν, cm
-1

): 

3339 (NH), 3094 (Ar-H), 2980 (aliph-CH), 1688 (C=O); 
1
H NMR (DMSO-d6, 300 

MHz): 3.95 (s, 3H, OCH3), 7.33 (d, 2H, J = 8.10 Hz, Ar-H),  7.41 (t, 1H, J =6.90 Hz, Ar-

H), 7.46 (t, 1H, J = 12.00 Hz, Ar-H), 7.50 (t, 2H, J = 6.90 Hz, Ar-H), 7.57 (t, 2H, J = 

12.00 Hz, Ar-H), 8.17 (d, 2H, J = 8.10 Hz, Ar-H), 8.35 (d, 2H, J = 9.80 Hz, Ar-H), 8.57 

(d, 2H, J = 7.10 Hz, Ar-H), 8.61 (s, 1H, Ar-H, C3–H pyrazole), 10.26 (s, 1H, NH, 

exchanged with D2O), 11.62 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 

MHz): 56.59, 106.96, 115.82, 121.28, 122.44, 127.05, 128.61, 128.81, 128.91, 129.44, 



  

129. 61, 132.73, 135.09, 138.91, 152.82, 154.91, 156.59, 161.45, 170.09. MS (m/z): 436 

(M
+
, 8.46%), 165 (100%). Anal. Calcd. for C25H20N6O2 (436): C, 68.80; H, 4.62; N, 

19.25. Found: C, 68.85; H, 4.67; N, 19.20. 

5.1.6.3. N'-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-4-methylbenzohydrazide 

18c 

White solid; reaction time: 4 h yield 74% (0.31 g); m.p. 245 - 247°C; IR (KBr, ν, cm
-1

): 

3341 (NH), 3062 (Ar-H), 2989 (aliph-CH), 1672 (C=O); 
1
H NMR (DMSO-d6, 300 

MHz): 2.50 (s, 3H, CH3), 7.40 (d, 2H, J = 7.50 Hz, Ar-H),  7.56 (t, 1H, J =5.70 Hz, Ar-

H), 7.60 (t, 1H, J = 8.40 Hz, Ar-H), 7.62 (t, 2H, J = 5.70 Hz, Ar-H), 7.65 (t, 2H, J = 8.40 

Hz, Ar-H), 8.30 (d, 2H, J = 7.50 Hz, Ar-H), 8.44 (d, 2H, J = 9.80 Hz, Ar-H), 8.49 (d, 2H, 

J = 6.10 Hz, Ar-H), 8.59 (s, 1H, Ar-H, C3–H pyrazole), 10.41 (s, 1H, NH, exchanged 

with D2O), 11.44 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 

21.01, 102.36, 121.11, 121.33, 123.16, 124.70, 125.09, 127.41, 128.84, 129.76, 131.62, 

133.55, 135.05, 138.59, 140.70, 152.20, 154.68, 156.04, 170.04. MS (m/z): 420 (M
+
, 

6.18%), 286 (100%). Anal. Calcd. for C25H20N6O (420): C, 71.41; H, 4.79; N, 19.99. 

Found: C, 71.44; H, 4.75; N, 19.93. 

5.1.6.4.N'-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-4-fluorobenzohydrazide 18d 

Orange crystal; reaction time: 3 h yield 75% (0.32 g); m.p. 306 - 308°C; IR (KBr, ν, cm
-

1
): 3334 (NH), 3091 (Ar-H), 1684 (C=O); 

1
H NMR (DMSO-d6, 300 MHz): 7.40 (d, 2H, J 

= 7.50 Hz, Ar-H),  7.43 (t, 1H, J = 7.50 Hz, Ar-H), 7.55 (t, 1H, J = 6.00 Hz, Ar-H), 7.67 

(t, 2H, J = 7.50 Hz, Ar-H), 8.29 (t, 2H, J = 6.00 Hz, Ar-H), 8.41 (d, 2H, J = 7.50 Hz, Ar-

H), 8.43 (d, 2H, J = 10.80 Hz, Ar-H), 8.44 (d, 2H, J = 9.10 Hz, Ar-H), 8.59 (s, 1H, Ar-H, 

C3–H pyrazole), 10.39 (s, 1H, NH, exchanged with D2O), 11.38 (s, 1H, NH, exchanged 

with D2O); 
13

C NMR (DMSO, 100 MHz): 106.47, 123.14, 123.81, 125.00, 125.70, 

128.18, 128.52, 130.06, 130.30, 131.66, 133.57, 136.02, 137.52, 152.62, 154.10, 156.30, 

158.92, 171.82. MS (m/z): 424 (M
+
, 13.65%), 153 (100%). Anal. Calcd. for C24H17FN6O 

(424): C, 67.92; H, 4.04; N, 19.80. Found: C, 67.72; H, 4.14; N, 19.65. 

5.1.6.5. 4-Chloro-N'-(1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)benzohydrazide 

18e 



  

Brown solid; reaction time: 7 h yield 66% (0.29 g); m.p. 281 - 282°C; IR (KBr, ν, cm
-1

): 

3345 (NH), 3082 (Ar-H), 1678 (C=O); 
1
H NMR (DMSO-d6, 300 MHz):  7.10 (t, 1H, J = 

6.90 Hz, Ar-H), 7.21 (t, 1H, J = 7.80 Hz, Ar-H), 7.43 (d, 2H, J = 7.20 Hz, Ar-H),  7.55 (t, 

2H, J = 6.90 Hz, Ar-H), 7.68 (t, 2H, J = 7.80 Hz, Ar-H), 8.29 (d, 2H, J = 7.20 Hz, Ar-H), 

8.32 (d, 2H, J = 10.80 Hz, Ar-H), 8.48 (d, 2H, J = 9.10 Hz, Ar-H), 8.60 (s, 1H, Ar-H, 

C3–H pyrazole), 9.88 (s, 1H, NH, exchanged with D2O), 10.84 (s, 1H, NH, exchanged 

with D2O); 
13

C NMR (DMSO, 100 MHz): 106.48, 123.21, 127.07, 127.18, 127.57, 

129.21, 129.68, 129.74, 130.18, 131.29, 132.51, 135.12, 138.22, 152.88, 154.98, 156.58, 

157.12, 171.52. MS (m/z): 440 (M
+
, 9.18%), 169 (100%). Anal. Calcd. for C24H17ClN6O 

(440): C, 65.38; H, 3.89; N, 19.06. Found: C, 65.33; H, 3.84; N, N, 19.44. 

5.1.7. 2-((1,6-Diphenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino)isoindoline-1,3-dione 

19 

To a solution of 14 (0.3, 0.001 mol) in glacial acetic acid (20 mL), phthalic anhydride 

(0.15 g, 0.001 mol) was added. The mixture was heated under reflux for 16 h. After 

completion of the reaction mixture, it was concentrated and allowed to cool. The 

separated solid was filtered and crystallized from methanol to produce the target 

compound 19. 

  Blue solid; yield72% (0.31 g), m.p. 279 - 281 °C; IR (KBr, ν, cm
-1

): 3218 (NH), 

3079 (Ar-H), 1713 (2C=O). 
1
H NMR (DMSO-d6, 300 MHz): 7.28 (t, 1H, J =6.90 Hz, Ar-

H), 7.41 (t, 1H, J = 9.00 Hz, Ar-H),  7.61 (t, 2H, J = 6.90 Hz, Ar-H), 7.99 (t, 2H, J = 9.00 

Hz, Ar-H), 8.13 (d, 2H, J = 7.20 Hz, Ar-H), 8.25 (d, 2H, J = 7.20 Hz, Ar-H), 8.46 (d, 2H, 

J = 10.30 Hz, Ar-H), 8.58 (d, 2H, J = 7.10 Hz, Ar-H), 8.85 (s, 1H, Ar-H, C3–H 

pyrazole), 11.36 (s, 1H, NH, exchanged with D2O); 
13

C NMR (DMSO, 100 MHz): 

102.43, 174.71, 173.44, 124.47, 12..00, 121.04, 12..17, 120..4, 134..1, 137.11, 13...1, 

131.00, 130..0, 152.47, 154.40, 156.56, 15..4.. MS (m/z): 432 (M
+
, 9.51%), 286 

(100%). Anal. Calcd. for   C25H16N6O2 (432): C, 69.44; H, 3.73; N, 19.43. Found: C, 

69.40; H, 3.78; N, 19.48. 

5.1.8. 4-(3,5-Dimethyl-1H-pyrazol-1-yl)-1,6-diphenyl-1H-pyrazolo[3,4-d]pyrimidine 

20 



  

A mixture of compound 14 (0.3, 0.001 mol) and acetyl acetone (0.1 g, 0.01 mol)   in 

glacial acetic acid (20 mL) was heated under reflux for 48 h. Then, the reaction mixture 

was poured onto crushed ice with continuous stirring and filtered. The obtained solid was 

crystallized from ethanol to yield the targeted compound 20. 

White solid; yield 66% (0.24 g); m.p.  244 - 246°C; IR (KBr, ν, cm
-1

): 3069 (Ar-H), 2985 

(aliph-CH). 
1
H NMR (DMSO-d6, 300 MHz): 2.50 (s, 3H, -CH3), 2.80 (s, 3H, CH3), 6.25 

(s, 1H, free pyrazole), 7.40 (t, 1H, J = 7.20 Hz, Ar-H), 7.58 (t, 1H, J =7.50 Hz, Ar-H), 

7.60 (t, 2H, J = 10.50 Hz, Ar-H), 8.19 (t, 2H, J = 9.40 Hz, Ar-H), 8.21 (d, 2H, J = 7.20 

Hz, Ar-H), 8.37 (d, 2H, J = 7.50 Hz, Ar-H), 8.67 (s, 1H, Ar-H, C3–H pyrazole); 
13

C 

NMR (DMSO, 100 MHz): 13.24, 14.48, 104.78, 109.78, 124.07, 125.21, 126.11, 127.41, 

128.13, 129.79, 133.09, 135.57, 138.50, 140.96, 150.66, 152.82, 154.90, 156.59. MS 

(m/z): 366 (M
+
, 18.18%), 271(100%). Anal. Calcd. for   C22H18N6 (366): C, 72.11; H, 

4.95; N, 22.94. Found: C, 72.16; H, 4.99; N, 22.97. 

 

 

 

 

 

5.2. Biological evaluation 

5.2.1. EGFR
WT

 and EGFR
T790M

 kinase inhibitory assay 

The in vitro inhibitory activities of the synthesized compounds against EGFR
WT

 

and EGFR
T790M

 were carried out using homogeneous time resolved fluorescence (HTRF) 

assay [59]. EGFR
WT

, EGFR
T790M 

and ATP were purchased from Sigma. At first, the 

EGFR
WT

 and/or EGFR
T790M

 and their substrates were incubated with the synthesized 

compounds in enzymatic buffer for 5 min. in order to start the enzymatic reaction, ATP 

(1.65 µM) was added into the reaction mixture. The assay were conducted for 30 min at 

room temperature. The reaction was stopped by addition of detection reagents which 

contain EDTA. The detection step continued for 1 h, then the IC50 values were 



  

determined by GraphPad Prism 5.0. Three independent experiments were performed for 

each concentration. 

5.2.2. In vitro anti-proliferative activities 

Thirteen compounds (15b, 15e, 15g, 15i, 15h, 15n, 15o, 17a, 17b, 17d, 17f, 18d and 

18e) that exhibited promising IC50 values against EGFR-TK were tested for their anti-

proliferative activities against three types of human cancer cell lines (breast 

adenocarcinoma MCF-7, hepatocellular carcinoma (HepG2), and non-small cell lung 

cancer cells (A549,  H1975 and HCC827). four commercially available drugs (lapatinib, 

sorafinib, erlotinib and  osimertinib)  were used as positive controls. 

Anti-proliferative activities of the synthesized compounds were carried out based 

on MTT assay [60]. Briefly, human cancer cell lines were dropped in 96-well plates at a 

density of 3-8 × 10
3
 cells/well. Next, the wells were incubated for 12 h in a 5% CO2 

incubator at 37 °C. Then, for each well, the growth medium was exchanged with 0.1 ml 

of fresh medium containing graded concentrations of the test compounds to be or equal 

DMSO and incubated for two days. Then 10 μl MTT solution (5 μg/ml) was added to 

each well, and the cells were incubated for additional 4 h. The crystals of MTT-formazan 

were dissolved in 100 μl of DMSO; the absorbance of each well was measured at 490 nm 

using an automatic ELISA reader system (TECAN, CHE). The IC50 values were 

calculated using the nonlinear regression fitting models (Graph Pad, Prism Version 5). 

The means of at least three separate experiments gave the reported results. Statistical 

differences were analyzed according to one way ANOVA test wherein the differences 

were considered to be significant at p < 0.05.  

 

5.2.3. In-vitro DNA-Flow cytometric (cell cycle) analysis. 

HepG2 cells were exposed to the most active member 18d for 24 h. Then, the 

tested cells were collected by trypsinization and washed in PBS. Ice-cold absolute 

ethanol was used for fixation of the collected cells. The cells were stained with Cycle 

TESTTM PLUS DNA Reagent Kit (BD Biosciences, San Jose, CA) according to the 

manufacturer's instructions. Cell-cycle distribution was evaluated using a flow cytometer. 

5.2.4. Annexin V-FITC apoptosis assay.  



  

As described above, HepG2 cells were seeded and incubated with compound 18d 

for 24 h. Then, the cells were collected and washed with PBS two successive times. The 

cells were exposed to centrifugation. Thereafter, the cells were treated with Annexin V-

FITC and propidium iodide (PI) using the apoptosis detection kit (BD Biosciences, San 

Jose, CA) according to the manufacturer's protocol. Annexin V-FITC and PI binding 

were analyzed by a flow cytometer.   

 

5.3. Molecular modeling   

5.3.1. Docking studies  

Crystallographic structures of EGFR
WT

 and EGFR
T790M

 were retrieved from 

Protein Data Bank [PDB ID: 4HJO, resolution 2.75 Å and PDB ID: 3W2O, resolution 

2.35 Å, respectively] (http://www.pdb.org), and considered as targets for docking 

simulations. The docking analysis was performed using MOE [70] software to evaluate 

the free energies and binding mode of the designed molecules against EGFR
WT 

and 

EGFR
T790M

. At first, the crystal structures of EGFR
WT 

and EGFR
T790M

 were prepared by 

removing water molecules and retaining only one chain and their co-crystallized ligands, 

erlotinib and TAK-285, respectively. Then, the protein structures were protonated and the 

hydrogen atoms were hided. Next, the energy was minimized and the binding pockets of 

the protein were defined. 

The 2D structures of the synthesized compounds and the co-crystallized ligands, 

erlotinib and TAK-285 were sketched using ChemBioDraw Ultra 14.0 and saved as 

MDL-SD format. Then, the saved files were opened using MOE and 3D structures were 

protonated. Next, energy minimization was applied. Before docking the synthesized 

compounds, validation of the docking protocol was carried out by running the simulation 

only using the co-crystallized ligands and low RMSD between docked and crystal 

conformations. The molecular docking of the synthesized compounds and the co-

crystallized ligands was performed using a default protocol. In each case, 30 docked 

structures were generated using genetic algorithm searches. The output from of MOE was 

further analyzed and visualized using Discovery Studio 2.5 software. 

Appendix A. Supplementary data 

Supplementary data related to this manuscript is found in separated file. 

http://www.pdb.org/
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 Thirty compounds of novel 1H-pyrazolo[3,4-d]pyrimidine derivatives were 

designed and synthesized. 

 In vitro anti EGFR
WT

 and EGFR
T790M

 activity were evaluated.  

 Anti-proliferative activity were tested against five cancel cell lines.  

 Molecular docking studies were carried out against EGFR
WT

 and EGFR
T790M
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