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Abstract 
 

A series of novel 1,5-diarylpyrazole carboxamide derivatives was designed and synthesized. All the synthesized compounds were 

biologically evaluated for their in vitro cytotoxic activities against a panel of five cancer cell lines namely, DLD, Hela, K-562, SUIT 

and HepG-2. The results revealed that compound 5c exhibited the most prominent cytotoxic effect against four tested cell lines with 

growth inhibition percentages ranged from 75.95 to 123 % and IC50 values of 17.20 and 21.20 μM comparable to that of daunorubicin 

as a control drug (IC50 values of 13.30 and 22 μM) against K-562 and Hep-G2 cell lines, respectively. Molecular docking study 

suggested the ability of the tested compounds to inhibit EGFR-TK. Data showed that 5c possess the ability to bind to erlotinib binding 

site forming a stable complex with energy scores -7.73 compared to -7.63 for erlotinib. It potentially forms three hydrogen bonds 

with LYS 721 and GLU 638 residues. Data suggests that compound 5c is a promising lead in the design of further EGFR inhibitors. 
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1. Introduction 

Globally, cancer is the second leading cause of death 

after cardiovascular diseases [1, 2]. Moreover, cancer morbidity 

and mortality are expected to increase for a long time [3, 4]. In 

2018, 18.1 million new cancer cases with 9.6 million deaths were 

recorded all over the world [5].  

Furthermore, the development of cancer therapy is a pressing 

issue, chemotherapy remains the cornerstone of cancer 

elimination, but drug resistance and side effects have already 

become the major challenges for effective cancer chemotherapy. 
Therefore, it’s urgent to develop novel anticancer agents with 

prominent in vivo efficacy against drug-resistant with low side 

effects [6]. One current area of development in cancer therapy is 

development of tyrosine kinase inhibitors as targeted anticancer 

therapeutics.  

Epidermal growth factor receptor (EGFR), a transmembrane-

bound protein involved in cellular signal transduction processes 

that has important regulatory functions affecting tumor growth 

and progression. These include cell proliferation, differentiation, 

migration, apoptosis, and angiogenesis [7]. 

EGFR, has been extensively studied and clinically validated as a 

target for cancer treatment, being over-expressed in a wide 
number of human tumors and associated with cancer 

proliferation, angiogenesis, and metastasis [8, 9]. EGFR pathway 

is dysregulated in multiple cancers. For example, it is 

overexpressed in ~80% of non-small cell lung cancer (NSCLC) 

[10, 11] and mutated in 20% of NSCLC [12]. In addition to it is 

overexpression in breast cancer.[9] FDA approved several drugs 

targeting EGFR such as sorafenib I [13], sunitinib II [14], 

erlotinib [15] III (Figure 1), lapatinib [16], gefitinib [17] and 

osimertinib [18].  

Most of these developed drugs usually binds to ATP active site 

of EGFR-TK. The design of such drugs was introduced based 
upon the structural analysis of reported examples of tyrosine 

kinase anticancer drugs; sorafenib I, sunitinib II and erlotinib III 

(Figure 1). The ATP-binding site of EGFR-TK has the following 

features: Adenine binding region which is involved in two key 

hydrogen bonds formed by the interaction of N1 and N6 of 

adenine ring with the corresponding amino acids, many potent 

inhibitors usually utilize one of these hydrogen bonds. 

Additionally, there is a sugar pocket which is a hydrophilic region 

and a hydrophobic binding region though not utilized by ATP but 

they have significant role in binding affinity and inhibitor 

selectivity. Phosphate region which is largely solvent exposed 

and can be utilized for enhancing inhibitor selectivity. The 
majority of EGFR-TKIs do not exploit the sugar pocket and 

phosphate region. For a proper inhibitor to fit into the ATP active 

site, the basic structure usually constitutes (a) Central 

heteroaromatic ring system that contains at least one hydrogen 

bond acceptor, and it occupies the adenine binding region. (b) 

Terminal hydrophobic head that interacts with the hydrophobic 

binding region. (c) A spacer corresponding to the linker region 

between the adenine binding region and the hydrophobic binding 

region. (d) Hydrophobic tail which is directly attached to the 

heteroaromatic ring system and it occupies another hydrophobic 

binding region of the ATP- binding site of EGFR. [19-23] A 
design model for EGFR inhibitors structural features was 

constructed based on these analyses (Figure 1). 

The current study uses this design model and fragment-based lead 

generation strategy in the design of new EGFR-TK inhibitors. 

Fragments are scaffolds that usually form part of drugs that are 

responsible of biological activities. These fragments are then 

combined to generate lead compounds [24, 25].  

 
 

The central heteroatomic group used is pyrazole. The choice of 

pyrazole was done as pyrazole and its derivatives represent one 

of the most active classes of compounds, which exhibit broad 

spectrum of pharmacological activities such as antitumor [26, 

27], anti-inflammatory [28], antitubercular [29], antibacterial 

[30], antifungal [31], antimalarial [32], antiviral [33], 

antioxidant[34], and analgesic properties [35] as well as 

antihyperglycemic activity [36]. 

Pyrazole is one of many significant scaffolds that have been 

studied and reported for their antitumor activity in vitro and in 
vivo against a broad range of cancers. Recently, a series of 

diarylpyrazole containing compounds (IV, Figure 1) synthesized 

and evaluated for their anticancer activity in vitro for five human 

cancer cell lines involving MCF-7, HaCaT, MDA-MB23, 

HepG2, and A549 have been reported as EGFR receptor 

inhibitors with low IC50s values [37].  

Furthermore, Tao et al reported the activity of 1H-pyrazole-1-

carboxamide analogues as an EGFR/HER-2 tyrosine kinase 

inhibitor [38]. Additionally, several computational analyses for 

pyrazole derivatives have been reported, including quantitative 

structure activity relationship (QSAR) and molecular docking 

studies. Sunayana et al. studied the two-dimensional (2D) and 
three-dimensional (3D) group-based quantitative structure 

activity relationship (G-QSAR) for evaluating the activity of a set 

of thiazolyl-pyrazole derivatives as potent EGFR inhibitors [39].  

N-benzyl group is employed as a spacer. N-benzyl has been 

reported in many biologically active compounds such as 

anticancer [40, 41] and antileishmanial activity [42]. Importantly,  

Yan Ren et al [43] reported the  RIP1 kinase inhibitory activity 

with improved in vitro and in vivo profile of compound V with 

IC50 of 13 nM (Figure 1).  Additionally, the amide functionality 

is a common feature in small or complex synthetic or natural 

molecules. For example, proteins play a crucial role in all 
biological processes such as enzymatic catalysis (nearly all 

known enzymes are proteins) [44]. Moreover, amidation is 

extensively used in the synthesis of natural products, polymers, 

active pharmaceutical ingredients, and other biological 

molecules [45]. 

Furthermore, an in-depth analysis of the Comprehensive 

Medicinal Chemistry database revealed that the carboxamide 

group appears in more than 25 % of known drugs [46, 47]. This 

can be expected, since carboxamides are neutral, stable and have 

both hydrogen-bond accepting and donating properties [44], 

which may participate in hydrogen bonding to the residues of 
amino acids in the active site of different enzymes. By doing so, 

the amide moiety can improve the binding site of the entire 

molecule. 

Based on the aforementioned studies, the objective of this work 

is to collect the mentioned fragments in one lead compound as 

potential EGFR with potent anti-cancer activity. The potential 

inhibitors (5a-c, Figure 1) are designed by hybridizing both 

compound IV and V in one compact structure. It connects 1,5-

diarylpyrazole derivatives as the main heteroatomic fragment 

linked to N-benzyl hydrophobic head using a N-hydroxy 

carboxamide spacer.  

 
 

 

 

 

 

 

153 



 
 

 

Soltan et al . 

 

J. Adv. Biomed. & Pharm. Sci . 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

2. Result and discussion 

2.1. .Chemistry 

The synthetic protocol for compounds 5a-c is illustrated in 

Scheme 1. Claisen condensation [48] of substituted 

acetophenone derivative 1a-c with diethyl oxalate in the presence 

of sodium ethoxide (NaOEt) in dried ethanol gave β-diketones 

derivatives 2a-c. β-Diketones derivatives 2a-c were heated at 

reflux for 6 h with phenylhydrazine in ethanol to  afford ethyl 

1,5-diaryl-1H-pyrazole-3-carboxylates 3a-c. [49-51] Heating 

pyrazole derivatives 3a-c with potassium hydroxide at 60 °C for 

4 h gave acid derivatives 4a-c [52]. 

The carboxylic acid derivatives 4a-c were then activated by 1-[3-

(dimethylamino)-propyl]-3-ethylcarbodiimide (EDCI) and 1-

hydroxybenztriazole (HOBT) as coupling agents in the presence 

of diisopropylethylamine.HCl as base at 0 °C, the target 

compounds 5a-c synthesis were carried out by coupling with N-

benzylhydroxylamine.HCl to obtain the novel products 5a-c 

(Scheme 1). 
 

 
 

 

 
Scheme 1. Synthesis of target compounds 5a-c. Reagent and condition: 

a) Diethyl oxalate, NaOEt, absolute ethanol, reflux 6 h; b) 

phenylhydrazine, absolute ethanol, reflux 6 h; c) KOH aq. (10-20 %), 

ethanol, 60 °C 4h; d) N-benzylhydroxylamine.HCl, dried DMF, DIPEA, 

EDCI/HOBT, stirring 12-18h, rt. 

 

The prepared compounds were purified by subsequent column 

Chromatography. All targeted compounds were first reported and 

characterized by melting points, IR spectroscopy, 1H NMR 

spectroscopy, 13C NMR spectroscopy, and HRESI-MS, in 

accordance with their depicted structures. 

The carboxamide derivatives 5a-c IR spectra characterized by the 

appearance of significant intense broad band at 3246-2764 cm-1 

related to (OH) group, the carbonyl group (NC=O) of 

carboxamide spacer appears at 1664-1589 cm-1 and (C=N) 

stretching band at 1585-1482 cm-1. 
1H NMR spectra of compounds 5a-c denoted by the appearance 

of three common signals at δ 4.89-5.58 ppm related to (CH2) 

protons, δ 6.81-7.39 ppm related to pyrazole proton and singlet 

broad peaks of the amidic (-N-OH) proton at δ 8.12-8.76 ppm. 

Moreover, compound 5a showed a characteristic single peak at δ 

2.34 ppm which related to (CH3) protons at para position of the 

phenyl ring. Furthermore, the di-methoxy derivative 5c showed 

two singlet peaks at δ 3.93 and 3.94 ppm related to the dimethoxy 

protons. In addition, the doublet of doublet pattern in the aromatic 

proton’s appears at region δ 7.26, 7.42 and 7.43, 7.49 ppm, 

respectively. 
The 13C NMR spectra of compounds 5a-c showed characteristic 

aromatic carbons at their expected absorption, also, the 13C NMR 

spectra of these derivatives showed three common characteristic 

 

Figure 1. FDA approved EGFR inhibitor drugs I-III, reported EGFR 

inhibitor compound IV, reported RIP 1 kinase inhibitor compound V, 

design model for expected EGFR inhibitor compounds and the 

designed structure of novel 1,5-diarylpyrazole carboxamide 5a-c as 

anticancer and EGFR inhibitors. 

                77-81 %                                                      69-71 % 
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signals at δ 36.61-36.75 ppm related to (CH2), at δ 110.46-110.70 
ppm due to pyrazole ring carbon and at δ 158.28-163.04 ppm for 

(C=O) of the amide bond. Moreover, compounds 5a showed 

characteristic signal at δ 20.87 ppm related to (CH3) and 

compound 5c showed characteristic carbon signals at δ 56.02 and 

56.14 ppm for methoxy group carbons.  

The structures of compounds 5a-c were also ascertained by 

HRESI-MS. Molecular ion peaks (m/z) observed in positive 

ionization mode mostly bound to sodium atom and were 

consistent with their perceived molecular formulas. Compound 

5a showed HRESI-MS m/z  of 406.1515 compared to that 

calculated for [M+Na]+ C24H21N3O2: 406.1531.  
 

2.2. Biological evaluation 

2.2.1. In vitro antiproliferative activities 

The synthesized compounds 5a-c were first screened at a single 

concentration of 100 µM against five human cancer cell lines 

including colon cancer cell line (DLD), cervical cancer cell line 

(Hela), myelogenous leukemia cell line (K-562), pancreatic 

cancer cell line (SUIT) and liver cancer cell line (Hep-G2) using 
a standard water soluble tetrazolium-8 (WST-8) assay [53, 54] 

and daunorubicin was used as the reference compound. Screening 

results for each compound were represented as the growth 

inhibition percent as shown in Table 1 and Figure 2.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Compound 5a with para-methyl group showed moderate to 

excellent cytotoxicity with growth inhibition percentages ranged 

from 49 % to 93 %, the most significant cell growth inhibition 

was observed against pancreatic cancer cell line with 93 % 

inhibition. 

Compound 5b with para-Chloro group displayed weak to mild 

growth inhibition against four cancer cell lines with remarkable 

cytotoxicity toward pancreatic cancer cell line with growth 
inhibition percentage of 90 %. 

Moreover, compound 5c with 3,4-di-methoxy group 

demonstrated significant antiproliferative activities against four 

cancer cell lines with growth inhibition percentages ranged from 

75.95 % to 123 % with superior cytotoxicity than the positive 

control drug daunorubicin on pancreatic and hepatic cancer cell 

lines and similar growth inhibition with daunorubicin on both 
leukemia and colon cancer cell line (Table 1). 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Consequently, Minimum concentration required to inhibit half of 

cell growth (IC50) of compounds that revealed superior or 

comparable antiproliferative activity to the positive controls were 

further investigated towards human cancer cell lines: Hela, K-562 

and Hep-G2. As depicted in Table 2, compound 5a exhibited 

excellent antiproliferative activities with IC50 values of 55 µM 
and 16.40 µM against Hela and K-562 cell lines, respectively. 

Moreover, compound 5c showed higher inhibitory activity 

against K-562 cell line comparable to daunorubicin with IC50 

value of 17.20 µM (daunorubicin IC50 = 13.30 µM), on liver 

cancer cell line 5c displayed superior activity relative to 

daunorubicin itself with IC50 value of 21.20 µM (daunorubicin 

IC50 = 22 µM). 

These data indicated that compound 5c (R = 3,4-dimethoxy 

group) demonstrated the greatest active among this series and 

was considered for further evaluations. 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

2.2.2. Molecular docking 

Molecular docking were conducted to support the potential role 

of the target compounds in inhibiting EGFR-TK and to better 

understand the binding interactions of the active antitumor agent 

5a and 5c with EGFR-TK. Molecular docking studies were 

executed using the crystal structure of EGFR-TK in complex with 
erlotinib [55, 56] (PDB ID: 1M17). The molecular docking setup 

was validated by performing re-docking of erlotinib with the 

active site of EGFR-TK. 

Compounds 5a and 5c could potentially fit in erlotinib binding 

site. They could form stable complexes with the active site of 

EGFR-TK with energy scores -7.01 and -7.73, respectively 

Figure 2. Percentage growth inhibition of DLD, Hela, K-562, SUIT 

and Hep-G2 cell lines treated with compounds 5a-c or daunorubicin 

at concentration 100 µM. 

 

Table 1. In vitro antiproliferative activity of compounds 5a-c. 

% cell growth inhibition at 100 µM 

Compound DLD-1 
 

Hela 
 

K-562 
 

SUIT 
 

Hep.G2 
 

5a 54.56 % 84 % 69 % 93 % 49 % 

5b 58.65 % 38 % 52 % 90 % 22 % 

5c 75.95 % -92 % 77 % 93 % 123 % 

Daunorubicin 84.2 % 101 % 100 % 92 % 105 % 

 

Table 2. In vitro antiproliferative activity of compounds 5a-c as IC50 

values. 

Compound Hela 

IC50(µM)a 
K-562 

IC50(µM) 
HEP-G2 

IC50(µM) 

5a 55 16.40 NT 

5c NTb 17.20 21.20 

Daunorubicin NDc 13.30 22 

 a; IC50 values are the mean of three separate experiments, b; not tested, c; not 

detected. 
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compared to -7.63 for erlotinib, the standard ligand for EGFR 

enzyme.   

Erlotinib showed two hydrogen bonds (3.38 and 3.17 Å) towards 

ATP-binding site of EGFR with Gln767 and Met769 (Figure 

3A). However, the most stable complex was observed with 

compound 5c showing three hydrogen bonding interactions, two 

formed between N2 of pyrazole ring and O atom of amide with 

Lys721 residue and one bond between OH with Glu 738 residue 

with bond length 3.78, 2.77 and 3.28 Å respectively, (Figure 3B).  

The obtained results proved that 5c can bind to the active site of 

EGFR-TK to a good extent, and it occupied the active site 
similarly to erlotinib (Figure 3); thus, it might exert its antitumor 

activity via EGFR-TK inhibition. 

Furthermore, compound 5a displayed two hydrogen bonding 

towards EGFR binding site, one of them between O atom of 

carbonyl of amide with Lys721 residue and the second one is 

formed between and OH and Asp831 residue, as well as a 

hydrophobic interaction with Val702 residue with bond length 

3.00, 3.30 and 4.18 Å, respectively (Figure 3C).   

The presence of an electron donating groups in 5c might 

contribute to higher electron density on nitrogen atom thus 

contributing in the strength of the hydrogen bond formed with 

LYS 721 (2.7 Ao) and this might explain the higher activity 
observed with 5c. 

Collectively, anti-cancer screening data together with docking 

study supported the design of compound 5c as a potential lead for 

the development of new pyrazole containing EGFR-TK 

inhibitors with potent cytotoxic effects. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

3.Experimental 

3.1. Chemistry 

All chemicals used for the preparation of the target compounds 

are of analytical grade and used without further purification. 
Solvents were purified and freshly distilled prior to use according 

to the standard procedures. Column chromatographic separations 

were carried out on silica gel 60 N (63–210 mesh; Kanto 

chemical company, Tokyo, Japan). Precoated silica gel 60 F254 

plates (E. Merck Darmstadt, Germany; 0.25 mm thick) were used 

for TLC analyses and the spots were detected by exposure to UV 

lamp at λ 254 nm. Melting points were determined using ATM-

02 (AS ONE, Tokyo, Japan) apparatus and are uncorrected, 

Faculty of engineering, Yamagata University, Yonezawa, Japan. 

IR spectra were recorded as KBr disks on Horiba FT-IR-720 

spectrophotometer, Faculty of engineering, Yamagata 
University, Yonezawa, Japan. 1H NMR (400 MHz) and 13C-

NMR (MHz) spectra were run on JNM-ECZ 400R/S1 MHz 

spectrometer, Faculty of engineering, Yamagata University, 

Yonezawa, Japan. TMS was used as an internal standard and 

CDCl3 or DMSO-d6 as a solvent. Chemical shift (δ) values are 

expressed in parts per million (ppm).  HRMS spectra (ESI-MS) 

were obtained using an AccuTOF JMS-T100LC (JEOL, Tokyo, 

Japan) and performed in Faculty of engineering, Yamagata 

University, Yonezawa, Japan. 

 

3.1.1.General procedure for the synthesis of (Z)-ethyl 2-

hydroxy-4-oxo-4- substituted phenylbut-2-enoate derivatives 

(2a-c). 

A mixture of diethyl oxalate (1.46 g, 10 mmol) and appropriate 

acetophenones (10 mmol) was added drop wise to a stirred 

solution of freshly prepared NaOEt (0.23 g, 10 mmol sodium in 

10 mL dried ethanol). The reaction mixture was heated under 

reflux for 2-3 h. After cooling the solvent was removed and the 

residue was taken up in water (200 mL) and acidified with 
concentrated HCl (1 mL). The aqueous mixture was extracted 

with dichloromethane (3x50 mL). The combined extracts were 

washed with brine (100 mL), dried over anhydrous Na2SO4, and 

concentrated. The obtained solid was crystallized from methanol 

to obtain pure compounds 2a-c [57, 58]. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Table 3. Docking scores, interactions formed between compounds 5a, 5c 

and erlotinib with amino acid residues of EGFR-TK active site.  

Compound Energy score Interactions 

Bond 
type 

Residue Length (Ao) 

5a -7.01 H-bond 

H-bond 
Pi-H 

Asp 831 

Lys 721 
Val 702 

3.30 

3.00 
4.18 

5c -7.73 H-bond 
H-bond 
H-bond 

Glu 738 
Lys 721 
Lys 721 

3.28 
3.78 
2.77 

Erlotinib -7.63 H-bond 
H-bond 

Gln 767 
Met 769 

3.38 
3.14 

 

Figure 3. (A) 2D Diagram illustrating erlotinib docking pose interactions with the amino acids in the active site of EGFR-TK. (B) 2D 

Interaction of 5c with the active site of EGFR-TK. (C) 2D Interaction of 5a with the active site of EGFR-TK. 
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3.1.1.1. (Z)-Ethyl 2-hydroxy-4-oxo-4-(p-tolyl)but-2-enoate 

(2a). 

Yellow crystal (1.82 g, 78 % yield); mp: 37-39 °C (reported: 37-

39 °C) [58]. 

3.1.1.2. (Z)-Ethyl 4-(4-chlorophenyl)-2-hydroxy-4-oxobut-2-

enoate (2b). 

Yellow crystal (2.03 g, 80 % yield); mp: 190-191 °C (reported: 

189-191 °C) [59]. 

3.1.1.3. (Z)-Ethyl-4-(3,4-dimethoxyphenyl)-2-hydroxy-4-

oxobut-2-enoate (2c). 

Yellow crystal (2.15 g, 77 % yield); mp: 99-100 °C (reported: 99-

101 °C) [60]. 

3.1.2. General procedure for the synthesis of ethyl substituted 

1,5- diphenyl-1H-pyrazole-3-carboxylate derivatives (3a-c). 

A suitable diketoester 2a-c (10 mmol) was dissolved in ethanol 

(50 mL) by heating and then appropriate hydrazine (10 mmol) 

was added onto the mixture. The reaction process was monitored 

by TLC using dichloromethane:  methanol (9.5:0.5) solvent 

system. The orange color reaction mixture was refluxed for 6 h. 

The content of the reaction mixture was concentrated to half of 
its volume under vacuum and then kept at room temperature. The 

formed precipitate was filtered, dried and crystallized from 

ethanol. All spectral data confirmed the chemical structure of the 

compounds as reported [61]. 

3.1.2.1.Ethyl 1-phenyl-5-(p-tolyl)-1H-pyrazole-3-carboxylate 

(3a). 

White solid (2.32 g, 76 % yield); mp: 84-86 °C (reported: 84-86 
°C) [62]. 

3.1.2.2.Ethyl 5-(4-chlorophenyl)-1-phenyl-1H-pyrazole-3-

carboxylate (3b). 

Yellowish solid (2.34 g, 72 % yield); mp: 94 °C (reported: 94-95 
°C) [52, 63]. 

3.1.2.3.Ethyl5-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazole-

3-carboxylate (3c). 

Brownish powder (2.74 g, 78 % yield); mp: 177-179 °C (reported: 

177-178°C) [57]. 

3.1.3. General procedure for the synthesis of substituted 1,5-

diphenyl-1H-pyrazole-3-carboxylic acids (4a-c). 

To a solution of compounds 3a-c (4 mmol) in methanol (20 mL), 
potassium hydroxide (KOH) (20%, 10 mL) was added with a few 

drops of distilled water and the mixture was stirred at 60 °C for 4 

h. The mixture was allowed to cool, poured into water and 

acidified with the hydrochloric acid solution (1M) to PH = 3. The 

aqueous solution was extracted using ethyl acetate (3×50 mL) 

and the organic layer was collected, dried over anhydrous 

Na2SO4. Solvent was evaporated under reduced pressure to afford 

4a-c [64].  

3.1.3.1. 1-Phenyl-5-(p-tolyl)-1H-pyrazole-3-carboxylic acid 

(4a).  

Yellowish solid (0.89 g, 80 % yield); mp: 171-173 °C [64]. 

3.1.3.2. 5-(4-Chlorophenyl)-1-phenyl-1H-pyrazole-3-

carboxylic acid (4b). 

White solid (0.96 g, 81 % yield); mp: >300 °C (reported:  >300 
°C) [52]. 

3.1.3.3. 5-(3,4-Dimethoxyphenyl)-1-phenyl-1H-pyrazole-3-

carboxylic acid (4c). 

brown powder, (0.28 g, 77 % yield); mp: 213-214 °C; 1H NMR 
(400 MHz, DMSO-d6) δ 3.77 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 

6.68-6.94 (m, 3H, Ar-H),  7.39 (s, 1H, pyrazole-H), 7.52-7.94 (m, 

5H, Ar-H);13C NMR (100 MHz, DMSO-d6) δ 56.12, 56.23, 

110.45, 115.26, 120.40, 122.05, 125.40, 126.47, 127.45, 128.76, 

130.71, 142.55, 144.09, 145.81, 160.36, 163.60; ESI-MS m/z 

[M+H]+ for C18H16N2O4: 325.256. 

3.1.4. General procedure for the synthesis of N-benzyl-N-

hydroxy-1-aryl-5-(substituted phenyl)-1H-pyrazole-3-

carboxamide (5a-c). 

A mixture of 1,5-diphenyl pyrazole-3-carboxylic acids 4a-c (1 

mmol), 1-[3-(dimethylamino)-propyl]-3-ethylcarbodiimide 

(EDCI, 0.286 g, 1.5 mmol), 1-hydroxybenztriazole (HOBT, 0.20 

g, 1.5 mmol.), and diisopropylethylamine.HCl (DIPEA, 0.258 g, 

2 mmol)  in dried DMF (10 mL) was stirred for 10 min at rt before 

addition of N-benzylhydroxylamine.HCl (0.19 g, 1.2 mmol). The 

resulting reaction mixture was stirred for 12-18 h at rt. The 

solvent was evaporated under reduced pressure, the residue was 

extracted ethyl acetate (2 X 50 mL), washed with 5% HCl, 

saturated NaHCO3 (10 mL) solution, brine (10 mL), dried over 
anhydrous MgSO4, and evaporated under reduced pressure to 

give a crude product which was purified by silica gel column 

chromatography using mixture of chloroform and methanol 

(99.5: 0.5) as eluent. 

3.1.4.1. N-Benzyl-N-hydroxy-1-phenyl-5-(p-tolyl)-1H-

pyrazole-3-carboxamide (5a). 

Brownish solid, (0.27 g, 71 % yield); mp: 151-152 °C; IR (ν, cm-

1): 3246-2764 (br, OH), 1634 (C=O, amide), 1491 (C=N), 1412 

(C=C); 1H NMR (400 MHz, CDCl3) δ 2.34 (s, 3H, CH3), 5.58 (s, 

2H, CH2), 7.06-7.15 (m, 6H, 5Ar-H, pyrazole-H), 7.26 (d, 2H, J 

= 8.00 Hz, Ar-H), 7.30-7.35 (m, 5H, Ar-H), 7.43 (d, 2H, J = 8.00 
Hz, Ar-H), 8.76 (s, br, 1H, OH); 13C NMR (100 MHz, CDCl3) δ 

20.87, 36.61, 110.59, 124.90, 125.55, 125.70, 126.61, 127.37, 

127.84, 128.36, 128.77, 128.97, 129.46, 136.18, 139.02, 139.64, 

144.64, 158.28; HRESI-MS m/z calcd for [M+Na]+ C24H21N3O2: 

406.1531, found: 406.1515. 

3.1.4.2. N-Benzyl-5-(4-chlorophenyl)-N-hydroxy-1-phenyl-

1H-pyrazole-3-carboxamide (5b). 

Brownish solid, (0.28 g, 69 % yield); mp: 121-122 °C; IR (ν, cm-

1): 3023-2759 (br, OH), 1589 (C=O, amide), 1482 (C=N), 1353 

(C=C); 1H NMR (400 MHz, CDCl3) δ 5.57 (s, 2H, CH2), 7.12 (s, 

1H, pyrazole-H) 7.23-7.36 (m, 10H, Ar-H), 7.42 (d, 2H, J = 8.00 

Hz, Ar-H), 7.49 (d, 2H, J = 8.00 Hz, Ar-H), 8.10 (s br, 1H, OH); 
13C NMR (100 MHz, CDCl3) δ 36.75, 110.70, 121.05, 124.36, 

125.76, 127.48, 128.62, 130.12, 131.39, 131.98, 132.85, 134.91, 

136.58, 139.05, 143.62, 150.44, 162.67; HRESI-MS m/z calcd 

for [M+Na]+ C23H18ClN3O2: 426.0985, found: 426.0956. 

3.1.4.3. N-Benzyl-5-(3,4-dimethoxyphenyl)-N-hydroxy-1-

phenyl-1H-pyrazole-3-carboxamide (5c). 

Brownish solid, (0.30 g, 70 % yield); mp: 62-63 °C; IR (ν, cm-1): 
2917-2832 (OH), 1664 (C=O, amide), 1585 (C=N), 1498 (C=C),  
1H NMR (400 MHz, CDCl3) δ 3.93 (s, 3H, OCH3), 3.94 (s, 3H, 

OCH3),  4.89 (s, 2H, CH2), 6.81 (s, 1H, pyrazole-H), 6.86-6.90 

(m, 1H, Ar-H), 7.19-7.41 (m, 10H, Ar-H), 7.49-7.58 (m, 2H, Ar-

H), 8.12 (s br, 1H, OH); 13C NMR (100 MHz, CDCl3) δ 36.62,  
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56.02, 56.14, 108.88, 110.46, 111.88, 120.94, 121.60, 123.04, 

124.80, 125.94, 126.64, 127.80, 129.14, 130.47, 132.07, 135.89, 

144.29, 147.73, 149.26, 153.08, 163.04; HRESI-MS m/z calcd 

for [M+Na]+ C25H23N3O4: 452.1586, found: 452.1570. 

3.2. Biological Activities Screening  

3.2.1. In vitro antiproliferative activities 

The current synthesized compounds have been tested for their 
anticancer activities against five different cancer cell lines; DLD, 

Hela, K-562, SUIT and Hep-G2 and daunorubicin was used as 

the reference compound by a standard water-soluble tetrazolium-

8 (WST-8) assay, the five cells were maintained in a suspension 

culture, (DMEM for Hela, SUIT and Hep-G2 or PRIM for DLD 

and K-562), supplemented with 5% FBS (Fetal Bovine Serum) 

containing 1% of a penicillin-streptomycin (1:1) mixture. A 100 

μL aliquot of cells (10000 cells/mL) was added to a 96 well plate 

and incubated for 24 h at 37°C in a humidified incubator 

containing 5% CO2 in air. After 24 h, a 10 μL aliquot of 

compound (concentrations varying in the range of 10 - 150 µM) 

was added to each of the 96 wells and incubated for 24 h. Then 
A 10 μL WST-8 solution (mixture of WST-8 and 1-Methoxy 

PMS) was added to each well and the incubation continued for 3 

h. The visible absorbance at 450 nm and 630 nm as the reference 

wavelength of each well was quantified using MTP-310 

absorbance microplate reader. Daunorubicin was used as a 

positive control. The results of cytotoxicity were reported as 

growth inhibition percentages and as IC50 values [53, 54]. 

3.2.1.1.Molecular docking 

The crystal structure of EGFR enzyme ((PDB ID: 1M17; 2.6 Å) 

was downloaded from the Protein Data Bank at 

https://www.rcsb.org. The structure was identified by X-ray 

diffraction as the crystal structure of EGFR in complex with 

erlotinib with resolution of 2.6 Å. 

The ligand was removed and the active site was selected using 

site finder. Hydrogen atoms were added and the structure was 

subjected to automatic correction to check for any errors in the 

atom's connection and type. Both the potential and charges were 

fixed and dummy atoms were added instead of ligand atoms. 

The 2D structures of the target compounds and erlotinib were 
built using builder interface. Energy minimization was run to a 

RMSD gradient of 0.01 kcal/mol and 0.1 Å. A database was built 

using these 2D structures and saved as a MDB file.  

The dock tool of Molecular Operating Environment (MOE) 

2019.0102 software was used for fitting of the isolated 

compoundsꞌ database into the active site of EGFR-TK enzyme. 

Docking site was selected as dummy atoms, alpha triangle as the 
placement methodology, and London dG as the scoring 

methodology. The docking process was run followed by 

evaluation for poses. Poses with the highest energy scores and 

best ligand-enzyme interactions were selected and recorded [55, 

56]. 

4. Conclusion  

This research reported the use of fragment-based drug design in 

the development of a pyrazole carrying EGFR inhibitor. 1,5-

Diarylpyrazole were synthesized using simple synthetic 

procedure. Three compounds were synthesized and evaluated for 

in vitro against a panel of five cancer cell lines, DLD, Hela, K-

562, SIUT and HepG-2. The anticancer activity revealed that 

compound 5c displayed the most active member among this 

series against four cancer cell lines with cytotoxicity percentages 

ranged from 75.95 % to 123 % with superior cytotoxicity than 

daunorubicin on SUIT and Hep-G2 cancer cell lines. Also, 

compound 5c showed higher inhibitory activity against K-562 

cell line comparable to daunorubicin with IC50 value of 17.20 µM 

on Hep-G2 cancer cell line and displayed outstanding activity 

relative to daunorubicin itself with IC50 value of 21.20 µM 

(daunorubicin IC50 = 22 µM). Moreover, the docking studies 

were also performed to suggest possible explanation of the results 

obtained from antiproliferative activities which confirmed the 
exact binding interactions of 5c with the active site of EGFR-TK. 

Based on that, the most active compound 5c could be used as a 

lead for future design, optimization and investigation for further 

evaluations and to produce more effective analogs as potent 

anticancer agents. 
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