
Heliyon 10 (2024) e26843

Available online 24 February 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

Pyrazole-based and N,N-diethylcarbamate functionalized some 
novel aurone analogs: Design, synthesis, cytotoxic evaluation, 
docking and SAR studies, against AGS cancer cell line 

Ekta Lathwal a,b, Sanjeev Kumar a,c, Pranab Kumar Sahoo d, Sushmita Ghosh d, 
Sutapa Mahata d, Vilas D. Nasare d, Ravikumar Kapavarapu e, Suresh Kumar a,* 

a Department of Chemistry, Kurukshetra University, Kurukshetra, 136119, Haryana, India 
b Govt. College, Tigaon, Faridabad, 121101, Haryana, India 
c PGT Chemistry, KendriyaVidyalaya Kokrajhar, Assam, 783370, India 
d Department of Pathology and Cancer Screening, Chittaranjan National Cancer Institute, 37, S.P. Mukherjee Road, Kolkata, India 
e Department of Pharmaceutical Chemistry and Phytochemistry, Nirmala College of Pharmacy, Atmakur, Mangalagiri, Andhra Pradesh, India   

A R T I C L E  I N F O   

Keywords: 
Aurone 
Diethylcarbamate 
Pyrazole 
Synthesis 
AGS cell line 
Molecular docking 

A B S T R A C T   

The present study involves the design, synthesis, and biological evaluation of a series of thirty- 
three, pyrazole-based and N,N-diethylcarbamate functionalized, novel aurone analogs, against 
AGS cancer cell line. These novel aurone analogs are obtained from the reaction of pyrazole-based 
6-hydroxyaurones with diethyl carbamoyl chloride using mild basic reagent. The cytotoxic ac-
tivities of these compounds were evaluated against a human gastric adenocarcinoma cell line 
(AGS) and disclosed some potential outcomes as several analogs were found to have cytotoxicity 
better than the reference drugs Oxaliplatin and Leucovorin. The structure-activity relationship 
(SAR) study further unveiled the critical role of replacing the hydroxyl group in ring A with a 
carbamoyl group for cytotoxic activity. Among these aurone analogs, 8e and 8f, with IC50 values 
of 6.5 ± 0.024 μM and 6.6 ± 0.035 μM, respectively, are identified as the most active com-
pounds. Molecular docking studies were conducted against HER2, a human epidermal growth 
factor involved in gastric and ovarian cancer, to investigate the binding interactions between the 
compounds and the protein HER2, where7e and 8e exhibited maximum interactions.   

1. Introduction 

Heterocyclic compounds or heterocycles are widely spread in all living and non-living organisms and is the most prominent class of 
organic compounds contributing to medicinal and biological chemistry. Heterocycles possess a broad spectrum of applications in 
different fields [1–6] and pyrazole containing heterocyclic compounds with a wide variety of biological applications is one of them 
[7–15] that have played an important role in the design and synthesis of many natural and synthetic medicines [16,17]. Pyrazole-based 
compounds are found to be associated with diverse biological activities [18,19], like anti-inflammatory [20], analgesic [21,22], COX-2 
inhibitor [23–25], tyrosine phosphatase 1B (PTP1B) inhibitors [26], antipyretic [27], antiobesity [28], CB1 cannabinoid receptor 
antagonists [29,30], anticancer [31], antibacterial [32], antiviral [33], antichagasic [34], lesishmanicidal [35], pesticidal [36] and 
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antitumoral [37,38] activities. Some of the prominent pyrazole based drugs [39] are ramifenazone [40], deracoxib [41], celecoxib 
[42], rimonabant [43], pyrazofurin [44], difenamizole [45], tartrazine [46] and sulfaphenazole [47](Fig. 1). 

Aurone, a minor class of flavonoids, are secondary metabolites widespread among the higher plants and serving many physiological 
functions [48,49]. Besides this flavone, flavonol, flavanone, flavanonol, anthocyanin, catechin and chalcone are the other subclasses of 
flavonoids [50]. Aurone, chemically known as 2-benzylidenebenzofuran-3(2H)-one [51], are tricyclic compounds that consist of 
heterocyclic benzofuranone moiety bridging with phenyl ring by carbon-carbon exo-cyclic double bond and are structural isomers of 
flavones [52] (Fig. 2). Aurones impart a golden yellow color to some fruits and flower petals [53], do photoprotection, and as phy-
toalexins protect plants from rot, insect, and various other microbial infections [54]. Natural aurones, and their semisynthetic and 
synthetic analogs have shown some significant and versatile biological activities, including anti-tumor/anti-cancer [55,56], 
anti-diabetic [57], antioxidant [58], antiparasitic [59], antibacterial [60], insect antifeedant [61], antitubercular [62], neuro-
protective [63], anti-inflammatory [64], antiviral [64], antimalarial [65], antioxidant [66], antibiofim activities [67], alleviating 
allergic manifestation [68], inhibitors of enzymes such as monoamine oxidase A and B [69,70], cyclin-dependent kinase [71], 
acetylcholinesterase [72], tyrosinase in melanin-related disorders [73], as antiobesity agents [74,75] in living organisms ranging from 
protozoans to mammals [76]. 

Aurones have been identified as newer and potential therapeutic agents for treating cancer because of their interactions at the 
different molecular levels including modulation of drug efflux pumps such as P-gp/ABCB1 and BCRP/ABCG2 [77], modifiers of 
adenosine-receptor interactions [78], inhibition of cyclin-dependent kinase (CDK), inhibition of human sphingosine kinase (SphK) and 
interaction with tubulin binding site leading to arrest in cell cycle progression [75,79], cancer chemoprevention by antioxidant 
mechanisms such as inducers of cytoprotective NAD(P)H:quinone oxidoreductase 1 (NQO1) activity, CTSB inhibition activity [80] and 
exhibited potent DNA strand-scission activity [81]. A literature study has confirmed that introducing the selected group at C-6 (ring A) 
in place of the hydroxyl group of aurone molecule can enhance their biological profile [82–85]. The significance of heterocycles in the 
treatment of gastric cancer inspired us to explore some potential outcomes from aurone by introducing N,N-diethyl carbamate group in 
place of the hydroxyl group at C-6 position of previously reported pyrazole-based aurones from our lab [86]. Incorporation of the N, 

Fig. 1. Some pyrazole-based market available drugs.  
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N-diethylcarbamate group enhances the alignment of drug molecules within the active sites of various enzymes, ultimately improving 
their therapeutic potential. N,N-Diethyl carbamate scaffold has frequently been used by the medicinal chemists to increase the bio-
logical potency of many compounds [87,88] and therefore we used here in designing for these novel aurone analogs. 

2. Results and discussion 

2.1. Chemistry 

In continuation of our ongoing research on synthesizing and exploring novel aurones or aurone-based heterocycles for their bio-
logical or medicinal significance, we synthesized thirty-three pyrazole-based novel aurone analogs 7(a–k), 8(a–k), 9(a–k), bearing N, 
N-dietylcarbamate functionality at the 6th position in ring A, in 88–97% of yield. These novel aurones were obtained by function-
alizing the hydroxyl group at C-6 position of previously reported pyrazole-based aurones from our lab 4(a–k), 5(a–k), 6(a–k)(Scheme 
1), with N,N-diethylcarbamate. As we functionalized the previously reported Z-aurones [86] therefore Z-configuration is also assigned 
to these novel aurone analogs. 

Structures of all these compounds were confirmed based on their IR, 1H NMR, 13C NMR, and HRMS data. In 1H NMR spectra of all 
the synthesized analogs 7–9(a–k), a distinct singlet peak in the δ 7.17–6.63 ppm region appeared confirming the presence of olefinic 
proton of exocyclic double bond. Additionally, the proton present in the pyrazole moiety resonated in the range of δ 9.23–8.65 ppm. 
The 13C NMR spectra showed a downfield peak in the δ 184.52–181.71 ppm region for carbonyl carbon. The structures of the hybrid 
compounds were further confirmed by analysing their HRMS data, which showed corresponding protonated [M+H]+ molecular ion 
peaks. 

After successful characterization, all the newly synthesized aurone analogs were screened for their cytotoxic activity against human 
gastric adenocarcinoma cell line, and some compounds exhibited a significant cytotoxic activity even better than the reference drugs 
oxaliplatin and leucovorin (Table 1). A structure-activity relationship study for cytotoxic activity against the AGS cell line was also 

Fig. 2. Stereoisomeric forms of aurone.  

Scheme 1. Synthetic protocol for Pyrazole-based and N,N-diethylcarbamate functionalized novel aurones; Reagents and Conditions: (i) chloro 
acetylchloride, AlCl3, ethyl acetate, r.t., 6 h then 50 0C, 2 h; (ii) activated Ba(OH)2, DMSO, 80 0C, 5–6 h; (iii) K2CO3, acetone, reflux, 3–4 h. 

E. Lathwal et al.                                                                                                                                                                                                        



Heliyon 10 (2024) e26843

4

made considering novel analogs and their corresponding pyrazole-based hydroxy aurone derivatives, reported previously. Molecular 
docking, is a key computational tool for predicting the binding mode of small molecules to a protein in terms of interaction energies 
and has frequently been used in drug designing and development [89]. Recent studies have confirmed the involvement of HER2 
protein, a human epidermal growth factor in gastric and gastroesophageal cancer [90,91]. We performed the Swiss Target prediction 
studies and from this study we came to know that the designed Pyrazole-based and N,N-diethylcarbamate functionalized novel aurone 
analogs find structural similarity with known active human epidermal growth factor (HER2). As the designed molecules were found 
very active against AGS cancer cell line based on in-vitro studies, therefore molecular docking studies were conducted against HER2 
receptor to investigate the binding interactions between the compounds and the receptor protein to have some useful insight and to 
correlate the in-silico results with the in-vitro results. 

2.2. Structure-activity relationship (SAR) study 

All the aurone analogs were evaluated for their antiproliferative activity against AGS cancer cell line using oxaliplatin and leu-
covorin as the reference drugs. This study was aimed to find the impact of replacing the hydroxyl group at the 6th position with the 
carbamate group in the pyrazole-based aurone towards cytotoxic activity against the AGS cell line for all the compounds and to have a 
systematic structure-activity relationship for the cytotoxic activity against AGS cancer cell line of these newly synthesized 6-O- 
functionalized N,N-diethycarbamates of pyrazole-based 6-hydroxyaurones 7(a–k), 8(a–k) and 9(a–k) in comparison with the pre-
viously reported pyrazole-based 6-hydroxyaurones 4(a–k), 5(a–k) and 6(a–k) (Table 1). Most of the synthesized compounds with 
carbamate group displayed stronger activity than the corresponding compounds 4(a–k), 5(a–k) and 6(a-k)with a hydroxyl group at 
ring A of the scaffold with few exceptions as shown in Table 1. All the compounds with the carbamate group and having p-methyl 
phenyl functionality on 1st position of pyrazole moiety showed better activity when compared with the corresponding hydroxy group- 
containing pyrazoleaurones i.e. 8(a–k)>5(a–k) and carbamate functionalized aurone analogs of other two series i.e. 8(a–k)>7(a–k)>
9(a–k). However, carbamate-functionalized aurones having phenyl functionality on the 1st position of pyrazole moiety also showed 
better cytotoxic activity compared with the corresponding hydroxy group-containing pyrazole aurones (7(a–k)>4(a–k)) but have few 
exceptions. In contrast for all the compounds of series having p-nitrophenyl functionality on the 1st position of pyrazole moiety, the 
functionalization of the hydroxyl group with carbamate functional group leads to a substantial decrease in cytotoxic activity i.e. 6 
(a–l)>9(a–l)(Fig. 3). Thus we may conclude that carbamate functionality on ring A and the p-methyl phenyl group on the 1st position 
of the pyrazole ring is favorable for the cytotoxic activity against the AGS cancer cell line. Among all compounds, tested for cytotoxic 
activity, the majority of compounds exhibited moderate to strong activity but 7(e,f), 8a, 8(d–f), and 8(i–k) showed stronger cytotoxic 
activity even better than all previously reported compounds 4(a–k), 5(a–k), and 6(a–k), and reference drugs oxaliplatin and leuco-
vorin (Table 1). Whereas compounds with the p-nitrophenyl group at 1st position of the pyrazole ring showed moderate to weak 
anticancer activity. Thus an electron-donating group at the p-position of the phenyl ring linked to the 1st position of the pyrazole ring 
leads to an increase in antiproliferative activity than the corresponding electron-withdrawing group. For the halogen group at the p- 
position the order of activity is Br > Cl > F i.e. for Br (8d > 7d > 9d) > for Cl (8c > 7c > 9c) > for F (8b > 7b > 9b) (Fig. 3). Compound 
8e, which contain methyl group at p-position of both the phenyl ring of pyrazole nucleus, emerged out the most potent cytotoxic agent 
in this study. Moreover, substituting the hydroxy group in 4e with a carbamate group (7e) significantly enhances the antiproliferative 
activity to around nearly five times. Similar observations were noted from 5e to 8e, where activity enhancement was approximately 
four times. Aurone analogs bearing an electron-releasing group, such as p-methyl and p-methoxy on the phenyl ring at the 3-position of 
the pyrazole ring, exhibited activity in the order of 8e > 8f > 7e > 7f > 9e > 9f, in which 8(e, f) and 7(e, f) showed highest activity (see 
Table 1). 

Table 1 
Cytotoxic activity against AGS cancer cell line.  

Compounds a4 a5 a6 b7 b8 b9 
cIC50 (μM) cIC50 (μM) 

a 54.4 ± 0.165 33.9 ± 0.083 36.0 ± 0.058 34.5 ± 0.020 23.5 ± 0.070 49.3 ± 0.016 
b 53.1 ± 0.023 36.3 ± 0.050 44.2 ± 0.494 39.4 ± 0.040 30.6 ± 0.027 66.8 ± 0.035 
c 54.6 ± 0.066 33.4 ± 0.135 42.8 ± 0.120 38.6 ± 0.048 29.7 ± 0.040 62.3 ± 0.035 
d 53.1 ± 0.023 32.7 ± 0.032 34.9 ± 0.057 37.9 ± 0.070 24.9 ± 0.021 61.3 ± 0.017 
e 48.5 ± 0.016 25.0 ± 0.025 40.1 ± 0.039 10.3 ± 0.022 6.5 ± 0.024 42.7 ± 0.037 
f 61.1 ± 0.032 28.3 ± 0.022 43.7 ± 0.018 17.8 ± 0.026 6.6 ± 0.035 44.6 ± 0.026 
g 42.1 ± 0.029 33.6 ± 0.014 25.1 ± 0.102 41.5 ± 0.070 32.0 ± 0.019 74.7 ± 0.081 
h 80.7 ± 0.063 43.3 ± 0.066 60.1 ± 0.039 42.8 ± 0.014 30.7 ± 0.017 71.6 ± 0.047 
i 39.4 ± 0.040 27.0 ± 0.049 33.6 ± 0.062 33.6 ± 0.062 21.3 ± 0.034 47.7 ± 0.020 
j 61.9 ± 0.023 38.2 ± 0.029 45.7 ± 0.090 35.5 ± 0.031 24.3 ± 0.077 50.6 ± 0.040 
k 60.9 ± 0.033 34.3 ± 0.055 44.9 ± 0.022 36.7 ± 0.082 24.4 ± 0.082 52.9 ± 0.022 
Oxaliplatin 29.8 ± 0.010 
Leucovorin 30.8 ± 0.096 

aPreviously reported compounds 4(a–k), 5(a–k) and 6(a–k). 
bNewly synthesized compounds 7(a–k), 8(a–k) and 9(a–k). 
cIC50: Each data point represents the mean from three different experiments performed in triplicates. AGS cancer cell line was used. 
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2.3. Assessment of morphological changes 

AGS cells, either untreated or treated with N,N-diethylcarbamate-functionalized, pyrazole-based novel aurone analogs at various 
concentrations for 24 hours, were examined and images were captured with an inverted phase contrast microscope (Leica DMi1, Leica 
Microsystems, India) (Fig. 4). Remarkably, the treated cells exhibited significant alterations in their morphologies.. Fig. 4, illustrates 
the effects of treating AGS cell lines with different concentrations (0, 5, 10, 25, 50, and 100 µM) of the most active compound 8e. 

3. Conclusion 

In this study, we have synthesized a total of thirty-three novel carbamate derivatives of pyrazole-based 6-hydroxyaurones under 
milder reaction conditions and evaluated them for their antiproliferative activity against human gastric adenocarcinoma (AGS) cell 
line. All the compounds exhibited moderate to very good cytotoxic activity with some significant outcomes in SAR studies. The 
structure-activity relationship analysis revealed that the carbamoyl group in place of the hydroxyl group in ring A is crucial for 
cytotoxic activity. Notably, compounds 7(e,f), 8(c–f), and 8(i–k) demonstrated some outstanding antiproliferative activity towards 
the AGS cell line even better than the reference drugs oxaliplatin and leucovorin. Compound 8e, containing methyl group at the p- 
position of both the phenyl ring of pyrazole nucleus emerged as the best cytotoxic agent in this study, thus emphasizing the significance 
of having an electron-releasing p-methyl group for enhancing anticancer activity. Additionally, molecular docking studies demon-
strated that 7e, 8e, and 9c exhibited significant binding interactions with HER2 human protein, involved in gastric cancer. The in-silico 
and in-vitro results of these compoundssupport each other. Thus these compounds may be further explored for their potential use as 
anticancer agents for gastric cancer. 

Fig. 3. SAR studies of pyrazole-based 6-hydroxyaurones and their 6-O-functionalized N,N-diethycarbamate analogs for the cytotoxic activity.  
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4. Experimental 

4.1. Chemistry 

4.1.1. General 
The solvents used were initially dried using the reported standard procedures and then used. The chemicals obtained from com-

mercial sources were used as such without further purification available. A mixture of chloroform and methanol was used as eluent, to 
monitor the reactions by thin layer chromatography (TLC). For TLC, silica gel on F 254 aluminium plates was used and visualized in U. 
V lamp. Melting points were determined by an electrical melting point apparatus in open glass capillaries and may be uncorrected. IR 
spectra were recorded on ABB MB 3000 DTGS IR instrument using the KBr pellet techniques. 1H NMR spectra were recorded at 400 
MHz or 500 MHz, and 13C NMR spectra were registered at 100 MHz or 125 MHz, using deuterated dimethyl sulfoxide (DMSO‑d6) or 
deuterated chloroform (CDCl3) as solvent, and tetramethylsilane (TMS) as internal standard. Chemical shifts, δ are reported in parts 
per million (ppm) and coupling constant, J in hertz (Hz). High-resolution mass spectra (HRMS) were obtained from a MicroMass ESI- 
TOF MS spectrometer. Multiplicities of the NMR spectrum are described as singlet (s), doublet (d), doublet of doublet (dd), triplet (t), 
quartet (q), multiplet (m), and for IR the peaks are assigned as strong (s), medium (m), broad (br), symmetric (sym.) and asymmetric 
(asym.). Pyrazole-based aurones 4(a–k), 5(a–k) and 6(a-k) used in the reaction were synthesized in the laboratory as mentioned in our 
previous publication using suitable pyrazole aldehydes [86,92,93]. 

4.1.2. Synthesis of 6-O-functionalized N,N-diethycarbamate of pyrazole-based 6-hydroxyaurones 7(a-k), 8(a-k), and 9(a–k) 
General procedure: pyrazole-based 6-hydroxyaurone (1.00 mmol) and acetone (15 mL) were mixed in a 100 mL round bottom 

flask. Then K2CO3 (2.00 mmol) and diethylcarbamoyl chloride (1.50 mmol) were added to the reaction mixture and refluxed for 3–4 h. 
The progress of the reaction was monitored by TLC. After the completion of the reaction, the solvent was removed by distillation, and 
the concentrated reaction mixture was poured on ice-cold water. The precipitates formed were filtered off using the suction machine, 
washed with water, and recrystallized from ethanol if required. 

4.2. Spectral data 

4.2.1. (Z)-2-((1,3-diphenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7a) 
Yield: 94 %; Yellow solid; mp: 196–198 ◦C; IR (KBr), ν (cm− 1): 1728 and 1643 (C=O), 1597 (C=C), 1535 (C=N); 1H NMR (400 

MHz, CDCl3) δ (ppm): 8.74 (s, 1H, pyrazole), 7.87 (d, J = 7.6 Hz, 2H, Ar), 7.79 (d, J = 8.4 Hz, 1H, Ar), 7.74–7.72 (m, 2H, Ar), 7.55–7.47 
(m, 5H, Ar), 7.37 (t, J = 7.2 Hz, 1H, Ar), 7.32 (d, J = 1.8 Hz, 1H, Ar), 7.06 (s, 1H, =CH), 6.98 (dd, J = 1.8 Hz, J = 8.4 Hz, 1H, Ar), 3.45 
(q, J = 7.2 Hz, 4H, CH2), 1.42–1.29 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.43, 166.13, 158.42, 154.78, 152.99, 
147.19, 139.61, 132.00, 130.29, 129.67, 129.01, 128.99, 128.91, 127.40, 125.38, 119.64, 119.35, 117.38, 113.99, 106.40, 104.70, 
42.64, 42.26, 14.40, 13.42. 

4.2.2. (Z)-2-((3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7b) 
Yield: 90 %; Yellow solid; mp: 193–195 ◦C; IR (KBr) ν (cm− 1): 1714 and 1647 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (500 MHz, 

CDCl3) δ (ppm): 8.71 (s, 1H, pyrazole), 7.84 (d, J = 8.5 Hz, 2H, Ar), 7.77 (d, J = 8.5 Hz, 1H, Ar), 7.71–7.68 (m, 2H, Ar), 7.52 (t, J = 7.5 

Fig. 4. Representative cell morphology of human gastric adenocarcinoma cell line after 24h drug treatment with 8e. *UT: Untreated cell line.  

E. Lathwal et al.                                                                                                                                                                                                        



Heliyon 10 (2024) e26843

7

Hz, 2H, Ar), 7.37 (t, J = 7.5 Hz, 1H, Ar), 7.31 (s, 1H, Ar), 7.20 (t, J = 8.5 Hz, 2H, Ar), 6.97–6.96 (m, 2H, Ar, =CH), 3.48–3.41 (m, 4H, 
CH2), 1.29–1.27 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.43, 166.13, 163.32 (d, J = 248.5 Hz), 158.46, 153.74, 152.98, 
147.23, 139.50, 130.79, 130.72, 130.30, 129.70, 127.49, 125.40, 119.60, 117.45, 116.15, 115.98, 113.87, 106.42, 104.24, 42.65, 
42.26, 14.41, 13.43. 

4.2.3. (Z)-2-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7c) 
Yield: 95 %; Yellow solid; mp: 199–201 ◦C; IR (KBr) ν (cm− 1): 1720 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.70 (s, 1H, pyrazole), 7.84–7.83 (m, 2H, Ar), 7.77 (d, J = 8.5 Hz, 1H, Ar), 7.66 (d, J = 8.0 Hz, 2H, Ar), 7.53–7.47 (m, 
4H, Ar), 7.39–7.36 (m, 1H, Ar), 7.31 (d, J = 2.0 Hz, 1H, Ar), 6.97–6.95 (m, 2H, Ar, =CH), 3.48–3.40 (m, 4H, CH2), 1.29–1.26 (m, 6H, 
CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.41, 166.14, 158.48, 153.44, 152.97, 147.26, 139.47, 135.02, 130.52, 130.38, 130.18, 
129.72, 129.24, 127.55, 125.42, 119.63, 119.23, 117.47, 113.92, 106.43, 104.03, 42.65, 42.27, 14.41, 13.44. 

4.2.4. (Z)-2-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7d) 
Yield: 91 %; Yellow solid; mp: 224–226 ◦C; IR (KBr) ν (cm− 1): 1720 and 1643 (C=O), 1597 (C=C), 1520 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.74 (s, 1H, pyrazole), 7.87 (d, J = 8.0 Hz, 2H, Ar), 7.80 (d, J = 8.0 Hz, 1H, Ar), 7.67 (d, J = 8.0 Hz, 2H, Ar), 7.63 (d, J 
= 8.0 Hz, 2H, Ar), 7.55 (t, J = 7.6 Hz, 2H, Ar), 7.40 (t, J = 7.6 Hz, 1H, Ar), 7.34 (s, 1H, Ar), 6.99–7.00 (m, 2H, Ar, =CH), 3.47 (q, J =
7.2 Hz, 4H, CH2), 1.33–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.30, 166.08, 158.41, 153.39, 152.87, 147.21, 
139.42, 132.10, 130.91, 130.36, 130.30, 129.62, 127.47, 125.34, 123.20, 119.57, 119.15, 117.36, 113.83, 106.30, 103.88, 42.57, 
42.18, 14.31, 13.33. 

4.2.5. (Z)-2-((1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7e) 
Yield: 94 %; Yellow solid; mp: 195–197 ◦C; IR (KBr) ν (cm− 1): 1720 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.70 (s, 1H, pyrazole), 7.78 (d, J = 8.4Hz, 1H, Ar), 7.75–7.71 (m, 4H, Ar), 7.52–7.50 (m, 2H, Ar), 7.48–7.46 (m, 1H, 
Ar), 7.32–7.30 (m, 3H, Ar), 7.06 (s, 1H, =CH), 6.97 (dd, J = 2.0 Hz, J = 8.4 Hz, 1H, Ar), 3.50–3.41 (m, 4H, CH2), 2.43 (s, 3H, CH3), 
1.42–1.29 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.46, 166.09, 158.37, 154.62, 153.02, 147.08, 137.36, 137.35, 
132.06, 130.18, 129.02, 129.00, 128.86, 125.37, 119.55, 119.54, 119.39, 117.37, 113.74, 106.42, 104.92, 42.64, 42.26, 21.17, 14.41, 
13.44. 

4.2.6. (Z)-2-((3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7f) 
Yield: 96 %; Yellow solid; mp: 196–198 ◦C; IR (KBr) ν (cm− 1): 1720 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.73 (s, 1H, pyrazole), 7.87 (d, J = 7.6 Hz, 2H, Ar), 7.80 (d, J = 8.4 Hz, 1H, Ar), 7.68 (d, J = 8.4 Hz, 2H, Ar), 7.54 (t, J 
= 7.6 Hz, 2H, Ar), 7.38 (t, J = 7.6 Hz, 1H, Ar), 7.34 (d, J = 1.6 Hz, 1H, Ar), 7.08–7.06 (m, 3H, Ar, =CH), 6.99 (dd, J = 1.6 Hz, J = 8.4 
Hz, 1H, Ar), 3.91 (s, 3H, OCH3), 3.47 (q, J = 7.2 Hz, 4H, CH2), 1.32–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.31, 
166.00, 160.19, 158.29, 154.53, 152.92, 147.01, 139.55, 130.14, 130.12, 129.55, 127.20, 125.26, 124.40, 119.50, 119.30, 117.26, 
114.41, 113.74, 106.30, 104.88, 55.42, 42.56, 42.18, 14.30, 13.33. 

4.2.7. (Z)-2-((3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7g) 
Yield: 90 %; Yellow solid; mp: 249–251 ◦C; IR (KBr) ν (cm− 1): 1720 and 1651 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.77 (s, 1H, pyrazole), 8.40 (d, J = 8.0 Hz, 2H, Ar), 7.96 (d, J = 8.4 Hz, 2H, Ar), 7.88 (d, J = 7.6 Hz, 2H, Ar), 7.81 (d, J 
= 8.4 Hz, 1H, Ar), 7.57 (t, J = 7.2 Hz, 2H, Ar), 7.44 (t, J = 7.2 Hz, 1H, Ar), 7.36 (s, 1H, Ar), 7.02–6.98 (m, 2H, Ar, =CH), 3.48 (q, J =
6.8 Hz, 4H, CH2), 1.33–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.29, 166.18, 158.57, 152.83, 151.80, 147.86, 
147.50, 139.24, 138.51, 130.60, 129.71, 129.46, 127.83, 125.43, 124.16, 119.65, 118.95, 117.52, 114.24, 106.34, 102.83, 42.59, 
42.20, 14.31, 13.32. 

4.2.8. (Z)-2-((3-(naphthalen-1-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7h) 
Yield: 93 %; Yellow solid; mp: 209–211 ◦C; IR (KBr) ν (cm− 1): 1715 and 1644 (C=O), 1595 (C=C), 1527 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.81 (s, 1H, pyrazole), 8.22 (s, 1H, Ar), 8.03–7.98 (m, 2H, Ar), 7.94–7.89 (m, 4H, Ar), 7.82 (d, J = 8.4 Hz, 1H, Ar), 
7.59–7.55 (m, 4H, Ar), 7.43–7.40 (m, 1H, Ar), 7.36 (d, J = 1.6 Hz, 1H, Ar), 7.17 (s, 1H, =CH), 7.01 (dd, J = 1.6 Hz, J = 8.4 Hz, 1H, Ar), 
3.53–3.43 (m, 4H, CH2), 1.42–1.30 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.26, 166.05, 158.30, 154.59, 152.91, 
147.19, 139.56, 133.37, 133.35, 130.33, 129.61, 129.38, 128.67, 128.54, 128.23, 127.78, 127.37, 126.59, 126.45, 126.41, 125.30, 
119.64, 119.27, 117.30, 114.15, 106.31, 104.60, 42.56, 42.18, 14.31, 13.33; HRMS (ESI-MS) m/z calcd. for [C33H27N3O4]+ [M+H]+: 
530.2080; found: 530.2010. 

4.2.9. (Z)-2-((3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7i) 
Yield: 95 %; Yellow solid; mp: 202–204 ◦C; IR (KBr) ν (cm− 1) 1716 and 1643 (C=O), 1592 (C=C), 1525 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.78 (m, 1H, pyrazole), 8.20–8.19 (m, 1H, Ar), 8.00–7.96 (m, 2H, Ar), 7.92–7.86 (m, 4H, Ar), 7.79 (d, J = 8.4 Hz, 1H, 
Ar), 7.57–7.52 (m, 4H, Ar), 7.41–7.37 (m, 1H, Ar), 7.33 (d, J = 2.0 Hz, 1H, Ar), 7.15 (s, 1H, =CH), 6.98 (dd, J = 2.0 Hz, J = 8.4 Hz, 1H, 
Ar), 3.50–3.41 (m, 4H, CH2), 1.37–1.27 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.33, 166.06, 158.34, 154.62, 152.91, 
147.20, 139.57, 133.39, 133.36, 130.34, 129.61, 129.40, 128.68, 128.55, 128.24, 127.78, 127.37, 126.60, 126.45, 126.42, 125.31, 
119.64, 119.28, 117.30, 114.16, 106.31, 104.61, 42.57, 42.19, 14.31, 13.33. 
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4.2.10. (Z)-2-((3-([1,1′-biphenyl]-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7j) 
Yield: 95 %; Yellow solid; mp: 231–233 ◦C; IR(KBr) ν (cm− 1): 1728 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.76 (s, 1H, pyrazole), 7.88 (d, J = 7.6 Hz, 2H, Ar), 7.83–7.74 (m, 5H, Ar), 7.69–7.67 (m, 2H, Ar), 7.56–7.47 (m, 4H, 
Ar), 7.41–7.37 (m, 2H, Ar), 7.33 (d, J = 1.8 Hz, 1H, Ar), 7.12 (s, 1H, =CH), 6.98 (dd, J = 1.8 Hz, J = 8.4 Hz, 1H, Ar), 3.50–3.41 (m, 4H, 
CH2), 1.42–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.32, 166.07, 158.36, 154.31, 152.90, 147.15, 141.64, 140.66, 
139.56, 130.89, 130.24, 129.58, 129.24, 128.86, 127.64, 127.55, 127.32, 127.20, 125.30, 119.57, 119.27, 117.29, 113.98, 106.29, 
104.55, 42.57, 42.18, 14.30, 13.32. 

4.2.11. (Z)-2-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (7k) 
Yield: 92 %; Yellow solid; mp: 211–213 ◦C; IR (KBr) ν (cm− 1): 1744 and 1631 (C=O), 1600 (C=C), 1509 (C=N); 1H NMR (500 MHz, 

CDCl3) δ (ppm): 8.68 (s, 1H, pyrazole), 7.83 (d, J = 8.0 Hz, 2H, Ar), 7.78 (d, J = 8.2 Hz, 1H, Ar), 7.52–7.49 (m, 3H, Ar), 7.43 (d, J = 5.0 
Hz, 1H, Ar), 7.38–7.35 (m, 1H, Ar), 7.31 (s, 1H, Ar), 7.19–7.17 (m, 2H, Ar, =CH), 6.97 (d, J = 8.2 Hz, 1H, Ar), 3.46–3.42 (m, 4H, CH2), 
1.34–1.25 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.40, 166.14, 158.45, 152.97, 148.60, 147.35, 139.36, 133.67, 
130.36, 129.67, 128.02, 127.51, 127.26, 126.81, 125.40, 119.60, 119.26, 117.44, 113.82, 106.43, 103.96, 42.64, 42.26, 14.41, 13.43. 

4.2.12. (Z)-3-oxo-2-((3-phenyl-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8a) 
Yield: 95 %; Bright yellow solid; mp: 190–192 ◦C; IR (KBr) ν (cm− 1): 1713 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.73 (s, 1H, pyrazole), 7.81 (d, J = 8.4 Hz, 1H, Ar), 7.77–7.73 (m, 4H, Ar), 7.56–7.52 (m, 2H, Ar), 7.48 (t, J 
= 7.2 Hz, 1H, Ar), 7.35–7.34 (m, 3H, Ar), 7.09 (s, 1H, =CH), 6.70 (dd, J = 1.6 Hz, J = 8.4 Hz, 1H, Ar), 3.52–3.43 (m, 4H, CH2), 2.45 (s, 
3H, CH3), 1.37–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.34, 166.00, 158.27, 154.53, 152.91, 150.04, 147.97, 
146.99, 137.27, 131.96, 130.08, 128.90, 128.75, 125.27, 124.91, 119.48, 119.30, 117.25, 113.65, 106.30, 104.81, 42.55, 42.17, 
21.07, 14.31, 13.34. 

4.2.13. (Z)-2-((3-(4-fluorophenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8b) 
Yield: 89 %; Bright yellow solid; mp: 215–217 ◦C; IR (KBr) ν (cm− 1): 1721 and 1643 (C=O), 1600 (C=C), 1520 (C=N); 1H NMR 

(500 MHz, CDCl3) δ (ppm): 8.67 (s, 1H, pyrazole), 7.78 (d, J = 8.5 Hz, 1H, Ar), 7.72–7.68 (m, 4H, Ar), 7.32–7.30 (m, 3H, Ar), 7.20 (t, J 
= 8.5 Hz, 2H, Ar), 6.98–6.96 (m, 2H, Ar, =CH), 3.49–3.41 (m, 4H, CH2), 2.42 (s, 3H, CH3), 1.30–1.26 (m, 6H, CH3); 13C NMR (125 
MHz, CDCl3) δ (ppm): 182.45, 166.12, 163.29 (d, J = 248.3 Hz), 158.42, 153.59, 153.00, 147.14, 137.48, 137.27, 130.80, 130.73, 
130.21, 125.40, 119.54, 119.31, 117.43, 116.14, 115.96, 113.64, 106.42, 104.47, 42.65, 42.26, 21.17, 14.40, 13.43. 

4.2.14. (Z)-2-((3-(4-chlorophenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8c) 
Yield: 96 %; Bright yellow solid; mp: 218–220 ◦C; IR (KBr) ν (cm− 1): 1723 and 1646 (C=O), 1604 (C=C), 1530 (C=N); 1H NMR 

(500 MHz, CDCl3) δ (ppm): 8.65 (s, 1H, pyrazole), 7.76 (d, J = 8.3 Hz, 1H, Ar), 7.70 (d, J = 8.0 Hz, 2H, Ar), 7.65 (d, J = 8.0 Hz, 2H, Ar), 
7.47 (d, J = 8.0 Hz, 2H, Ar), 7.31–7.29 (m, 3H, Ar), 6.96–6.95 (m, 2H, Ar, =CH), 3.47–3.41 (m, 4H, CH2), 2.42 (s, 3H, CH3), 1.40–1.28 
(m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.42, 166.11, 158.44, 153.24, 152.99, 147.16, 143.87, 137.53, 137.21, 134.94, 
130.59, 130.26, 130.21, 130.18, 129.21, 119.52, 119.26, 117.44, 113.66, 106.43, 104.23, 42.64, 42.26, 21.17, 14.41, 13.43. 

4.2.15. (Z)-2-((3-(4-bromophenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8d) 
Yield: 94 %; Bright yellow solid; mp: 207–209 ◦C; IR (KBr) ν (cm− 1): 1720 and 1643 (C=O), 1597 (C=C), 1528 (C=N); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.71 (s, 1H, pyrazole), 7.81 (d, J = 8.4 Hz, 1H, Ar), 7.74 (d, J = 8.4 Hz, 2H, Ar), 7.69–7.62 (m, 4H, Ar), 
7.35–7.34 (m, 3H, Ar), 7.01–6.98 (m, 2H, Ar, =CH), 3.52–3.43 (m, 4H, CH2), 2.46 (s, 3H, CH3), 1.33–1.29 (m, 6H, CH3); 13C NMR 
(100 MHz, CDCl3) δ (ppm): 182.31, 166.06, 158.37, 153.21, 152.89, 147.12, 137.46, 137.18, 132.08, 130.98, 130.37, 130.21, 130.12, 
125.32, 123.12, 119.50, 119.19, 117.34, 113.59, 106.31, 104.08, 42.57, 42.18, 21.07, 14.30, 13.32. 

4.2.16. (Z)-2-((1,3-di-p-tolyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8e) 
Yield: 96 %; Bright yellow solid; mp: 203–205 ◦C; IR (KBr) ν (cm− 1): 1728 and 1643 (C=O), 1605 (C=C), 1528 (C=N); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.71 (s, 1H, pyrazole), 7.81 (d, J = 8.4 Hz, 1H, Ar), 7.76 (d, J = 8.4 Hz, 2H, Ar), 7.63 (d, J = 8.0 Hz, 2H, Ar), 
7.35–7.33 (m, 5H, Ar), 7.09 (s, 1H, =CH), 7.00–6.98 (m, 1H, Ar), 3.52–3.43 (m, 4H, CH2), 2.46 (s, 3H, CH3), 2.45 (s, 3H, CH3), 
1.36–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.32, 165.97, 158.23, 154.62, 152.92, 146.92, 138.67, 137.31, 
137.17, 136.61, 130.05, 129.58, 129.05, 128.76, 125.24, 119.46, 119.34, 117.22, 113.60, 106.29, 105.03, 42.54, 42.17, 21.38, 21.06, 
14.31, 13.33. 

4.2.17. (Z)-2-((3-(4-methoxyphenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8f) 
Yield: 97 %; Bright yellow solid; mp: 191–193 ◦C; IR (KBr) ν (cm− 1): 1718 and 1645 (C=O), 1604 (C=C), 1522 (C=N); 1H NMR 

(500 MHz, CDCl3) δ (ppm): 8.66 (s, 1H, pyrazole), 7.77 (d, J = 8.3 Hz, 1H, Ar), 7.72 (d, J = 8.4 Hz, 2H, Ar), 7.65–7.64 (m, 2H, Ar), 
7.30–7.29 (m, 3H, Ar), 7.04–7.03 (m, 3H, Ar, =CH), 6.96 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, Ar), 3.88 (s, 3H, OCH3), 3.48–3.40 (m, 4H, 
CH2), 2.41 (s, 3H, CH3), 1.29–1.26 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.40, 166.05, 160.22, 158.33, 154.43, 
153.02, 146.99, 137.38, 137.23, 130.23, 130.14, 130.09, 125.31, 124.56, 119.49, 119.43, 117.33, 114.46, 113.57, 106.41, 105.14, 
55.49, 42.63, 42.24, 21.14, 14.39, 13.42; HRMS (ESI-MS) m/z calcd. for [C31H29N3O5]+ [M+H]+: 524.2185; found: 524.2353. 
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4.2.18. (Z)-2-((3-(4-nitrophenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8g) 
Yield: 96 %; Bright yellow solid; mp: 252–254 ◦C; IR (KBr) ν (cm− 1): 1713 and 1643 (C=O), 1597 (C=C), 1520 (C=N); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.74 (s, 1H, pyrazole), 8.40 (d, J = 8.8 Hz, 2H, Ar), 7.96 (d, J = 8.8 Hz, 2H, Ar), 7.82 (d, J = 8.4 Hz, 1H, Ar), 
7.75 (d, J = 8.4 Hz, 2H, Ar), 7.37–7.35 (m, 3H, Ar), 7.02–6.99 (m, 2H, Ar, =CH), 3.52–3.43 (m, 4H, CH2), 2.47 (s, 3H, CH3), 1.33–1.29 
(m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.32, 166.16, 158.52, 152.84, 151.63, 147.81, 147.41, 142.52, 138.60, 137.88, 
137.00, 130.51, 130.22, 129.47, 125.43, 124.16, 119.57, 117.49, 114.02, 106.35, 103.02, 42.58, 42.19, 21.10, 14.31, 13.33; HRMS 
(ESI-MS) m/z calcd. for [C30H26N4O6]+ [M+H]+: 539.1930; found: 539.2106. 

4.2.19. (Z)-2-((3-(naphthalen-1-yl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8h) 
Yield: 92 %; Bright yellow solid; mp: 185–187 ◦C; IR (KBr) ν (cm− 1): 1713 and 1645 (C=O), 1595 (C=C), 1529 (C=N); 1H NMR 

(500 MHz, CDCl3) δ (ppm): 8.73 (s, 1H, pyrazole), 8.19 (s, 1H, Ar), 7.99–7.90 (m, 4H, Ar), 7.86 (d, J = 8.5 Hz, 1H, Ar), 7.77 (t, J = 8.0 
Hz, 3H, Ar), 7.55–7.53 (m, 2H, Ar), 7.33–7.32 (m, 2H, Ar), 7.14 (s, 1H, =CH), 6.98–6.96 (m, 1H, Ar), 3.49–3.41 (m, 4H, CH2), 2.43 (s, 
3H, CH3), 1.30–1.26 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.44, 166.11, 158.38, 154.51, 153.02, 147.18, 137.43, 
137.38, 133.48, 133.41, 130.33, 130.21, 129.55, 128.76, 128.64, 128.31, 127.87, 126.66, 126.56, 126.52, 125.38, 119.62, 119.40, 
117.39, 113.99, 106.42, 104.89, 42.64, 42.25, 21.19, 14.41, 13.44. 

4.2.20. (Z)-2-((3-(naphthalen-2-yl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8i) 
Yield: 96 %; Bright yellow solid; mp: 200–202 ◦C; IR (KBr) ν (cm− 1): 1713 and 1646 (C=O), 1599 (C=C), 1526 (C=N); 1H NMR 

(500 MHz, CDCl3) δ (ppm): 8.73 (s, 1H, pyrazole), 8.18 (s, 1H, Ar), 7.99–7.89 (m, 4H, Ar), 7.87–7.85 (m, 1H, Ar), 7.77 (t, J = 8.0 Hz, 
3H, Ar), 7.55–7.53 (m, 2H, Ar), 7.33–7.32 (m, 2H, Ar), 7.14 (s, 1H, =CH), 6.97 (dd, J = 2.0 Hz, J = 8.5 Hz, 1H, Ar), 3.48–3.41 (m, 4H, 
CH2), 2.43 (s, 3H, CH3), 1.30–1.26 (m, 6H, CH3); 13C NMR (125 MHz, CDCl3) δ (ppm): 182.44, 166.10, 158.37, 154.50, 153.02, 
147.17, 137.42, 137.38, 133.47, 133.41, 130.33, 130.21, 129.55, 128.75, 128.64, 128.30, 127.87, 126.65, 126.55, 126.52, 125.37, 
119.61, 119.40, 117.38, 113.99, 106.44, 104.88, 42.65, 42.26, 21.18, 14.41, 13.44. 

4.2.21. (Z)-2-((3-([1,1′-biphenyl]-4-yl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8j) 
Yield: 97 %; Bright yellow solid; mp: 225–227 ◦C; IR (KBr) ν (cm− 1): 1730 and 1642 (C=O), 1599 (C=C), 1507 (C=N); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.74 (s, 1H, pyrazole), 7.85–7.81 (m, 3H, Ar), 7.79–7.76 (m, 4H, Ar), 7.70 (d, J = 7.3 Hz, 2H, Ar), 7.51 (t, J 
= 7.2 Hz, 2H, Ar), 7.41 (t, J = 7.2 Hz, 1H, Ar), 7.36–7.34 (m, 3H, Ar), 7.14 (s, 1H, =CH), 7.00 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, Ar), 
3.52–3.44 (m, 4H, CH2), 2.46 (s, 3H, CH3), 1.33–1.30 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.34, 166.03, 158.31, 
154.13, 152.91, 147.05, 141.57, 141.17, 140.69, 137.29, 130.96, 130.14, 130.09, 129.25, 128.86, 127.64, 127.53, 127.21, 125.29, 
119.49, 119.31, 117.27, 113.74, 106.30, 104.75, 42.56, 42.17, 21.07, 14.31, 13.34. 

4.2.22. (Z)-3-oxo-2-((3-(thiophen-2-yl)-1-(p-tolyl)-1H-pyrazol-4-yl)methylene)-2,3-dihydrobenzofuran-6-yl diethylcarbamate (8k) 
Yield: 93 %; Brown solid; mp: 143–145 ◦C; IR (KBr) ν (cm− 1): 1718 and 1645 (C=O), 1601 (C=C), 1527 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.68 (s, 1H, pyrazole), 7.82 (d, J = 8.4 Hz, 1H, Ar), 7.74 (d, J = 8.4 Hz, 2H, Ar), 7.52–7.51 (m, 1H, Ar), 7.46–7.45 (m, 
1H, Ar), 7.34–7.32 (m, 3H, Ar), 7.21–7.20 (m, 2H, Ar, =CH), 7.00 (dd, J = 2.0 Hz, J = 8.4 Hz, 1H, Ar), 3.52–3.43 (m, 4H, CH2), 2.45 (s, 
3H, CH3), 1.29–1.26 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.30, 166.05, 158.34, 152.89, 148.35, 147.19, 137.39, 
137.09, 133.66, 130.17, 130.08, 127.89, 127.11, 126.64, 125.30, 119.47, 119.24, 117.30, 113.54, 106.29, 104.05, 42.56, 42.18, 
21.06, 14.30, 13.32. 

4.2.23. (Z)-2-((1-(4-nitrophenyl)-3-phenyl-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (9a) 
Yield: 92 %; Brown solid; mp: 274–276 ◦C; IR (KBr) ν (cm− 1): 1713 and 1643 (C=O), 1589 (C=C), 1512 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.85 (s, 1H, pyrazole), 0.8.43 (d, J = 8.8 Hz, 2H, Ar), 8.09 (d, J = 9.2 Hz, 2H, Ar), 7.82 (d, J = 8.4 Hz, 1H, Ar), 7.74 (d, 
J = 6.8 Hz, 2H, Ar), 7.59–7.53 (m, 3H, Ar), 7.40 (s, 1H, Ar), 7.03–7.01 (m, 2H, Ar, =CH), 3.49 (q, J = 7.6 Hz, 4H, CH2), 1.34–1.30 (m, 
6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.26, 166.15, 158.56, 155.88, 152.83, 150.71, 147.70, 145.96, 143.73, 131.20, 
130.05, 129.33, 129.05, 128.83, 125.47, 119.03, 118.98, 117.49, 115.55, 106.33, 103.21, 42.61, 42.21, 14.32, 13.33. 

4.2.24. (Z)-2-((3-(4-fluorophenyl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9b) 

Yield: 88 %; Dark brown solid; mp: 283–285 ◦C; IR (KBr) ν (cm− 1): 1712 and 1643 (C=O), 1599 (C=C), 1519 (C=N); 1H NMR (400 
MHz, CDCl3) δ (ppm): 8.84 (s, 1H, pyrazole), 8.43 (d, J = 9.2 Hz, 2H, Ar), 8.08 (d, J = 8.8 Hz, 2H, Ar), 7.82 (d, J = 8.4 Hz, 1H, Ar), 
7.75–7.72 (m, 2H, Ar), 7.40 (d, J = 1.6 Hz, 1H, Ar), 7.25 (d, J = 8.4 Hz, 2H, Ar), 7.02 (dd, J = 1.6 Hz, J = 8.4 Hz, 1H, Ar), 6.96 (s, 1H, 
=CH), 3.48 (q, J = 7.6 Hz, 4H, CH2), 1.34–1.30 (m, 6H, CH3); HRMS (ESI-MS) m/z calcd. for [C29H23FN4O6]+ [M+H]+: 543.1680; 
found: 543.1863. 

4.2.25. (Z)-2-((3-(4-chlorophenyl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9c) 

Yield: 93 %; Brown solid; mp: 301–303 ◦C; IR (KBr) ν (cm− 1): 1705 and 1651 (C=O), 1597 (C=C), 1504 (C=N); 1H NMR (500 MHz, 
CDCl3) δ (ppm): 9.12–9.11 (m, 1H, pyrazole), 8.73–8.70 (m, 1H, Ar), 8.38–8.36 (m, 1H, Ar), 8.12–8.09 (m, 1H, Ar), 7.99–7.96 (m, 2H, 
Ar), 7.84–7.81 (m, 2H, Ar), 7.68–7.67 (m, 1H, Ar), 7.57–7.56 (m, 2H, Ar), 7.31–7.28 (m, 1H, Ar), 7.24–7.23 (m, 1H, =CH), 3.80–3.73 
(m, 4H, CH2), 1.20–1.16 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.22, 166.19, 158.62, 154.59, 152.81, 147.80, 146.07, 
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143.60, 135.55, 130.14, 130.05, 129.72, 129.32, 125.52, 125.50, 119.07, 118.89, 117.56, 115.47, 106.34, 102.59, 42.62, 42.21, 
14.31, 13.32. 

4.2.26. (Z)-2-((3-(4-bromophenyl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9d) 

Yield: 90 %; Brown solid; mp: 310–312 ◦C; IR (KBr) ν (cm− 1): 1705 and 1651 (C=O), 1597 (C=C), 1512 (C=N); 1H NMR (500 MHz, 
CDCl3) δ (ppm): 8.82 (s, 1H, pyrazole), 8.42–8.41 (m, 2H, Ar), 8.07–8.05 (m, 2H, Ar), 7.80 (d, J = 8.3 Hz, 1H, Ar), 7.70–7.68 (m, 2H, 
Ar), 7.62–7.60 (m, 2H, Ar), 7.38 (d, J = 1.8 Hz, 1H, Ar), 7.00 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, Ar), 6.93 (s, 1H, =CH), 3.49–3.43 (m, 4H, 
CH2), 1.32–1.29 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 187.67, 166.19, 158.63, 154.62, 152.81, 147.81, 146.08, 143.60, 
132.27, 131.29, 130.31, 130.18, 130.15, 125.52, 125.50, 119.08, 118.88, 117.57, 115.45, 106.35, 102.55, 42.62, 42.22, 14.31, 13.32. 

4.2.27. (Z)-2-((1-(4-nitrophenyl)-3-(p-tolyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (9e) 
Yield: 95 %; Yellow solid; mp: 309–311 ◦C; IR (KBr) ν (cm− 1): 1705 and 1651 (C=O), 1597 (C=C), 1512 (C=N); 1H NMR (500 MHz, 

CDCl3) δ (ppm): 8.81 (s, 1H, pyrazole), 8.41–8.39 (m, 2H, Ar), 8.07–8.05 (m, 2H, Ar), 7.79 (d, J = 8.3 Hz, 1H, Ar), 7.61 (d, J = 8.0 Hz, 
2H, Ar), 7.36 (d, J = 1.8 Hz, 1H, Ar), 7.35 (d, J = 7.8 Hz, 2H, Ar), 7.00 (s, 1H, =CH), 6.98 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, Ar), 
3.50–3.42 (m, 4H, CH2), 2.45 (s, 3H, CH3), 1.31–1.26 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.25, 166.13, 158.52, 
155.97, 152.84, 147.64, 145.88, 143.76, 139.39, 129.99, 129.74, 128.70, 128.28, 125.46, 125.44, 119.02, 118.97, 117.46, 115.52, 
106.33, 103.43, 42.61, 42.21, 21.42, 14.32, 13.32. 

4.2.28. (Z)-2-((3-(4-methoxyphenyl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9f) 

Yield: 94 %; Yellow solid; mp: 260–262 ◦C; IR (KBr) ν (cm− 1): 1713 and 1644 (C=O), 1598 (C=C), 1520 (C=N); 1H NMR (400 MHz, 
CDCl3) δ (ppm): 9.04 (s, 1H, pyrazole), 7.88 (d, J = 8.4 Hz, 2H, Ar), 7.77–7.75 (m, 2H, Ar), 7.61–7.58 (m, 2H, Ar), 7.34 (d, J = 8.4 Hz, 
2H, Ar), 7.12–7.10 (m, 2H, Ar), 7.04 (dd, J = 2.0 Hz, J = 8.4 Hz, 1H, Ar), 6.74 (s, 1H, =CH), 3.81 (s, 3H, OCH3), 3.43–3.39 (m, 4H, 
CH2), 1.20–1.17 (m, 6H, CH3). 

4.2.29. (Z)-2-((1,3-bis(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (9g) 
Yield: 96 %; Brown solid; mp: 227–229 ◦C; IR (KBr) ν (cm− 1): 1720 and 1659 (C=O), 1597 (C=C), 1512 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.88 (s, 1H, pyrazole), 8.48–8.43 (m, 4H, Ar), 8.11 (d, J = 9.2 Hz, 2H, Ar), 7.97 (d, J = 8.8 Hz, 2H, Ar), 7.84 (d, J = 8.4 
Hz, 1H, Ar), 7.42 (s, 1H, Ar), 7.05–7.02 (m, 1H, Ar), 6.95 (s, 1H, =CH), 3.49 (q, J = 7.6 Hz, 4H, CH2), 1.34–1.32 (m, 6H, CH3); 13C NMR 
(125 MHz, CDCl3) δ (ppm): 182.52, 168.14, 157.47, 153.15, 148.25, 148.15, 137.79, 130.57, 129.66, 129.08, 129.07, 125.74, 125.66, 
125.60, 124.37, 119.36, 117.82, 115.82, 114.60, 106.50, 104.16, 42.72, 42.03, 14.25, 13.42. 

4.2.30. (Z)-2-((3-(naphthalen-1-yl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9h) 

Yield: 90 %; Brown solid; mp: 196–198 ◦C; IR (KBr) ν (cm− 1): 1719 and 1645 (C=O), 1598 (C=C), 1526 (C=N); 1H NMR (400 MHz, 
CDCl3) δ (ppm): 8.96 (s, 1H, pyrazole), 8.46–8.44 (m, 2H, Ar), 8.14–8.12 (m, 2H, Ar), 8.05–8.04 (m, 1H, Ar), 7.99–7.94 (m, 4H, Ar), 
7.77 (d, J = 8.3 Hz, 1H, Ar), 7.65–7.63 (m, 2H, Ar), 7.41 (d, J = 1.8 Hz, 1H, Ar), 7.00 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, Ar), 6.63 (s, 1H, 
=CH), 3.51–3.46 (m, 4H, CH2), 1.32–1.30 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.87, 166.61, 159.98, 151.95, 143.77, 
142.29, 136.89, 134.77, 133.94, 133.81, 129.98, 129.01, 128.77, 128.52, 128.17, 126.95, 126.35, 125.51, 125.46, 125.43, 125.31, 
119.10, 117.59, 115.33, 113.22, 106.29, 103.23, 42.96, 42.22, 14.13, 13.33. 

4.2.31. (Z)-2-((3-(naphthalen-2-yl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate 
(9i) 

Yield: 92 %; Brown solid; mp: 274–276 ◦C; IR (KBr) ν (cm− 1): 1711 and 1647 (C=O), 1601 (C=C), 1519 (C=N); 1H NMR (400 MHz, 
CDCl3) δ (ppm): 8.88 (s, 1H, pyrazole), 8.44 (d, J = 8.8 Hz, 2H, Ar), 8.22 (s, 1H, Ar), 8.12 (d, J = 9.2 Hz, 2H, Ar), 8.03 (d, J = 8.4 Hz, 
1H, Ar), 7.96–7.94 (m, 2H, Ar), 7.89–7.86 (m, 1H, Ar), 7.82 (d, J = 8.4 Hz, 1H, Ar), 7.60–6.58 (m, 2H, Ar), 7.41 (d, J = 1.2 Hz, 1H, Ar), 
7.12 (s, 1H, =CH), 7.02 (dd, J = 1.2 Hz, J = 8.4 Hz, 1H, Ar), 3.52–3.46 (m, 4H, CH2), 1.34–1.31 (m, 6H, CH3); 13C NMR (100 MHz, 
CDCl3) δ (ppm): 182.05, 166.16, 163.83, 160.16, 158.56, 147.79, 145.98, 143.74, 133.54, 133.31, 130.15, 129.97, 128.87, 128.65, 
128.57, 128.39, 127.83, 126.67, 126.08, 125.49, 125.46, 119.07, 117.50, 115.78, 113.70, 106.34, 103.21, 42.60, 42.21, 14.12, 13.32. 

4.2.32. (Z)-2-((3-([1,1′-biphenyl]-4-yl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl 
diethylcarbamate (9j) 

Yield: 93 %; Brown solid; mp: 200–202 ◦C; IR (KBr) ν (cm− 1): 1713 and 1644 (C=O), 1597 (C=C), 1520 (C=N); 1H NMR (400 MHz, 
CDCl3) δ (ppm): 8.86 (s, 1H, pyrazole), 8.44 (d, J = 9.2 Hz, 2H, Ar), 8.10 (d, J = 9.2 Hz, 2H, Ar), 7.98–7.95 (m, 1H, Ar), 7.82–7.80 (m, 
4H, Ar), 7.71–7.69 (m, 2H, Ar), 7.52 (t, J = 7.2 Hz, 3H, Ar), 7.40 (d, J = 1.6 Hz, 1H, Ar), 7.08 (s, 1H, =CH), 7.02 (dd, J = 1.6 Hz, 8.0 Hz, 
1H, Ar), 3.54–3.50 (m, 2H, CH2), 3.48–3.44 (m, 2H, CH2), 1.34–1.30 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.25, 
166.16, 158.57, 147.73, 145.96, 143.71, 142.17, 140.43, 130.10, 129.48, 129.19, 129.04, 128.93, 127.76, 127.38, 127.30, 127.20, 
125.48, 119.68, 119.02, 117.50, 115.60, 112.89, 106.35, 103.17, 42.62, 42.22, 14.32, 13.33; HRMS (ESI-MS) m/z calcd. for 
[C35H28N4O6]+ [M+H]+: 601.2087; found: 601.2315. 
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4.2.33. (Z)-2-((1-(4-nitrophenyl)-3-(thiophen-2-yl)-1H-pyrazol-4-yl)methylene)-3-oxo-2,3-dihydrobenzofuran-6-yl diethylcarbamate (9k) 
Yield: 91 %; Yellow solid; mp: 285–287 ◦C; IR (KBr) ν (cm− 1): 1704 and 1645 (C=O), 1593 (C=C), 1513 (C=N); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.81 (s, 1H, pyrazole), 8.44–8.42 (m, 2H, Ar), 8.08–8.06 (m, 2H, Ar), 7.83 (d, J = 8.3 Hz, 1H, Ar), 7.57–7.55 (m, 1H, 
Ar), 7.52–7.50 (m, 1H, Ar), 7.39 (d, J = 1.8 Hz, 1H, Ar), 7.25–7.23 (m, 1H, Ar), 7.17 (s, 1H, =CH), 7.02 (dd, J = 1.8 Hz, J = 8.3 Hz, 1H, 
Ar), 3.48 (q, J = 7.2 Hz, 4H, CH2), 1.36–1.30 (m, 6H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 182.21, 166.18, 158.60, 152.80, 
147.89, 146.02, 143.47, 132.80, 130.15, 128.09, 127.73, 127.38, 125.50, 125.47, 124.75, 119.04, 118.91, 117.54, 115.30, 106.33, 
102.50, 42.60, 42.21, 14.32, 13.32. 

4.3. Anticancer studies 

4.3.1. General 
The in vitro anticancer or cell inhibition activities were estimated against the gastric adenocarcinoma cell line, AGS. IC50 values 

(μM) of these compounds were determined using MTT method. 

4.3.1.1. Cell culture. AGS cells (CRL-1739) were allowed to grow in Ham’s F12–K medium supplemented with 10 % fetal bovine 
serum and 1 % penicillin/streptomycin cocktail in an optimal CO2 incubator condition having a humidified atmosphere of 95 % air and 
5 % CO2 at 37 0C. Cell were washed using sterile phosphate buffer saline (PBS), pH 7.4. Cells that reached 70–80 % confluence were 
used for MTT assay. 

4.3.1.2. MTT assay. Cells were trypsinized and counted to get a final concentration of 1 × 105 cells/mL and seeded evenly (100 μL/ 
well) in 96 well micro-titer plates in F12–K medium supplemented with 10% FBS. Next, cells were subjected to increasing drug 
concentrations in triplicates alongside the untreated cells for the compounds and incubated at 37 0C for 24 h. Thereafter, the cells in 
each well were treated with 0.020 ml of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) solution (5 mg/ml 
dissolved in PBS) for 2 h at 37 0C. Addition of DMSO dissolved the insoluble formazan crystals formed by MTT. The absorbance was 
measured at 570 nm in ELISA Reader (Tecan, Austria) using i-control 1.8 SP1 software. The untreated cells were reference negative 
control and lysis buffer was used as blank to calculate the % cell viability with the formula: 

% cell viability=(OD of the experiment samples /OD of the negative control) × 100 

The IC50 was evaluated by plotting triplicate data sets for each drug concentration. Cytotoxicity was expressed as the drug con-
centration of the compound that reduces the viability of the cells by 50 % (IC50). The IC50 value of the cells was calculated using 
Microsoft Excel. 

4.3.2. In-vitro anticancer studies 
The in vitro study indicates that many of these newly synthesized carbamates of pyrazole-based 6-hydroxyaurones possess sig-

nificant anti-proliferative activity. The IC50 values of all the tested compounds are summarized in Table 1. Among these aurone analogs 
7(e,f), 8a, 8c, 8(d–f), and 8(i–k) exhibited some highly potential cytotoxic activities whereas compounds 9g (IC50 = 74.7 μM), and 9h 
(IC50 = 71.6 μM) shows very weak anti-proliferative/cytotoxic activities in comparison to the standard reference drugs, Oxaliplatin 
(IC50 = 29.8 μM) and Leucovorin ((IC50 = 30.8 μM) against AGS cell line. Among the compounds, 8e (IC50 = 6.5 μM), 8f (IC50 = 6.6 
μM), and 7e (IC50 = 10.3 μM) displayed remarkable results as significantly inhibited cell proliferation even better than the reference 
drugs. Compound 8e was found to have IC50 = 6.5 μM and thus emerged as the most promising cytotoxic agent among this library of 
compounds. Cancer cells treated with 8e showed some significant morphological changes at different concentrations compared to the 
untreated cells (Fig. 4). Most of the cells became smaller, and round and lost their elongated or dendritic projection [76,94]. 

Table 2 
Molecular interaction profile of 7(a-k)compounds with HER2 kinase domain.  

Ligands Docking energy (K.cal/mol) *Interacting residues 

7a − 110.30 LEU852, VAL734, ALA751, LEU796, CYS805, GLY729, GLY804, LYS753, THR862 
7b − 114.38 MET801, LEU852, ALA751, LYS753, THR862, LEU796, VAL734, GLY729, CYS805 
7c − 111.83 LEU852, MET801, ALA751, LEU800, THR762, LYS753, LEU796, VAL734, CYS805, GLY729 
7d − 112.40 LEU852, MET801, ALA751, LEU800, ASP863, THR862, LEU796, VAL734, GLY729, CYS805, LYS753 
7e − 121.91 MET801, LYS753, CYS805, LEU726, LEU785, LEU796, ASP863, LEU852, VAL734, ALA751 
7f − 118.15 MET801, GLY804, LEU726, LEU852, VAL734, ALA751, LYS753, LEU796, SER728, LEU800 
7g − 117.05 MET801, ASP863, LYS753, LEU726, LEU852, THR798, ALA751, LEU796, VAL734, LEU785, GLY729, 
7h − 108.73 LYS724, CYS805, LEU852, GLY804, LEU726, LEU800, MET801, ALA751, ALA730, ARG849 
7i − 110.65 CYS805, VAL734, LEU726, LEU852, LEU800, ALA751, LYS753, MET801, LEU796 
7j − 113.12 CYS805, VAL734, SER728, LEU726, LEU852, ASP863, ALA751, LYS753, ASP808, THR862 
7k − 116.32 MET801, ASP808, LEU726, LEU852, CYS805, THR862, LEU785, LEU796, LYS753, ALA751, VAL734 

*Molecular interaction profile of compounds with the H-bond forming residues highlighted in green colour.. 
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4.4. Molecular docking 

Docking simulations for the assessment of binding affinities and molecular interactions were done for the synthesized compounds. 
It was done through the iGEMDOCK version2.1 software (http://gemdock.life.nctu.edu.tw/dock/). GEMDOCK stands for Genetic 
Evolutionary Method for molecular Docking [95]. iGEMDOCK is a graphical automatic drug design system for docking, screening and 
analysis. In-silico docking simulation studies were performed to evaluate the molecular interactions of three series of 33 compounds, 7 
(a–k), 8(a–k) and 9(a–k) (Tables 2, 3 and 4) with the Human Epidermal Growth Factor Receptor kinase domain, HER2 (PDB: 3PP0) 
protein with a co-crystallized ligand (SYR127063) [96]. The 2D structure of the ligands was drawn through BIOVIA Draw software 
and saved in mol format. The ligand structures were optimized and minimized through Avogadro software. The macromoleculewas 
cleaned from water residues and protein preparation done with Maestro [97]. The ligand interactions were visualized and analysed 
through Discovery Visualizer (Biovia). 

The scoring function estimates fitness by combining van der Waal energy, hydrogen bonding energy and electro statistic energy. 
The scoring function includes the following parameters of intermolecular and intramolecular energies and penalty if the ligand is out of 
range of the search box Etot = Einter + Eintra + Epenal. 

In the present docking study HER2 was chosen as the target to explore the molecular interactions due to the evaluation of in-vitro 
activity with these compounds on the gastro cell line and also having understand the role of HER2 in the pathology of gastric cancer 
[98]. The inhibition of HER2 with novel compounds could yield promising anti-cancer agents. Top one compound from each series 
with better binding energy and molecular interaction profile was chosen for post docking analysis of interactions (Figs 5, 6, 7, 8, 9 and 
10). 

4.4.1. Compound 7e interactions with HER2 
Compound 7e exhibits two hydrogen bonding interactions with the active site residues (Table 2) . The two –C=O functionalities on 

the aurone ring and carbamate were displaying H-bonds with MET801 (3.43 Å) and LYS753 (3.22 Å) amino acids. It has alkyl and 
π-alkyl interactions with LEU726, VAL734, ALA751, LEU852, LEU796, LEU785 and CYS805 residues. It also shows van der Waals 
interactions with LEU800, ASN850, GLY729, THR862, THR798, PHE864, ASP808, GLY804, GLY727 and SER728 amino acids in the 
binding site (Fig. 5). 

4.4.2. Compound 8e interactions with HER2 
Compound 8e is also displaying two hydrogen bonds with the similar active site residues like 7e (Table 3). The two –C=O groups on 

the aurone ring and carbamate were displaying H-bonds with MET801 (3.24 Å) and LYS753 (3.13 Å) amino acids. ASP863, ALA751, 
VAL734, LEU852, LEU726 were involved in the pi-alkyl interactions with the aromatic rings of the scaffold and then LEU785, LEU796 
are showing alkyl interactions diethyl carbamate moiety and the remaining residues like GLN799, ASN850, LEU800, GLY729, SER728, 
CYS805, GLY727, GLY804, ASP808, PHE864, THR798 and THR862 had Vander Waal’s interactions with the compound(Fig. 6). 

4.4.3. Compound 9c interactions with HER2 
9c is also displaying two hydrogen bonds with the similar active site residues like 7e and 8e (Table 4). The two –C=O functional 

groups on the aurone ring and carbamate were displaying H-bonds with MET801 (3.29 Å) and LYS753 (3.24 Å) amino acids. The other 
major contributor for the binding energy is from the pi-alkyl interactions of aromatic rings of the scaffold and ALA751, LEU852, 
VAL734 and LEU726 active site residues and then a similar alkyl interaction of LEU785, LEU796 residues with diethyl carbamate 
moiety were observed and the remaining amino acid residues of binding site had Vander Waal’s interactions with the compound 
(Fig. 7). 

The similar binding modes of compounds in the active site can be viewed from their pocket surface images (Fig. 8).The C=O groups 
present in the aurone ring and carbamate groups in all the compounds are presented in deeply seated orientations and displaying 
similar interactions with the amino acid residues MET801 and LYS753. MET801 residue had a specific H-bond interaction with aurone 
ring carbonyl group whereas the carbamate carbonyl group interacting with LYS753 in the active site. 

Table 3 
Molecular interaction profile of 8(a–k) compounds with HER2 kinase domain.  

Ligands Docking energy (K.cal/mol) *Interacting residues 

8a − 111.85 MET801, LYS753, LEU726, LEU796, LEU785, ASP863, LEU852, ALA751, VAL734 
8b − 110.59 CYS805, LEU800, LEU726, VAL734, GLY729, ASP863, ARG849, ALA730 
8c − 117.72 LEU852, MET801, ALA751, LEU800, LYS753, LEU785, PHE864, MET774, GLY727, CYS805, VAL734, THR862 
8d − 114.96 PHE864, MET774, LEU785, ASP863, LYS753, LEU800, ALA751, MET801, LEU852, VAL734, CYS805 
8e − 124.85 MET801, LYS753, LEU785, LEU796, ASP863, ALA751, VAL734, LEU852, LEU726 
8f − 114.50 CYS805, ALA751, ASP863, THR862, LYS753, MET774, LEU785, VAL734, GLY727, LEU852 
8g − 120.49 MET801, ALA751, GLY804, LEU785, MET774, LEU796, LYS753, VAL734, GLY727, CYS805, ASP863 
8h − 113.12 CYS805, LYS724, LEU852, LEU726, LEU800, MET801, ALA751, ARG849, ALA730 
8i − 112.23 MET801, LEU726, LEU852, VAL734, ASP808, ALA751 
8j − 109.25 CYS805, SER728, ASP808, LEU785, LYS753, ALA751, ASP863, VAL734, LEU852, LEU726 
8k − 114.72 MET801, LEU726, LEU852, LEU796, LEU785, LYS753, THR862, ALA751, VAL734 

*Molecular interaction profile of compounds with the H-bond forming residues highlighted in green colour. 
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The comparison of molecular interactions and binding poses of all the docked compounds with the co-crystallized ligand indicates 
that these compounds had comparable and similar H-bonds (MET801), pi-sigma (LEU852, LEU726), pi-alkyl (LEU785, VAL734, 
LYS753) interactions and pi-pi stacked interaction with PHE864 active site residues in the binding pocket (Figs. 9 and 10). 

Table 4 
Molecular interaction profile of 9(a-k)compounds with HER2 kinase domain.  

Ligands Docking energy (K.cal/mol) *Interacting residues 

9a − 102.12 CYS805, LEU726, GLY804, ALA751, LEU852, VAL734, LYS753 
9b − 109.04 MET801, LEU852, ALA751, VAL734, ASP863, CYS805, LEU785, LYS753 
9c − 120.46 MET801, LYS753, LEU726, LEU852, ALA751, ASP863, VAL734, LEU785, LEU796 
9d − 106.28 MET801, LEU800, LEU800, LEU852, ALA751, GLY727, CYS805, ASP808, VAL734, GLY729 
9e − 116.36 MET801, GLU770, GLY804, LEU800, LEU726, LEU852, ALA751, VAL734, LYS753 
9f − 112.78 CYS805, LYS724, LYS736, LEU726, VAL734, ASP863, ARG849, GLY729, PRO802 
9g − 116.33 MET801, ASP808, ASP863, LYS753, LEU785, LEU796, LEU852, LEU726, LEU800, ALA751 
9h − 111.59 ASP863, ARG849, LYS753, VAL734, SER728, CYS805, LEU726, PRO802 
9i − 110.24 MET801, ASP808, LEU726, ALA751, VAL734, LEU852 
9j − 119.26 ASP863, CYS805, THR862, LEU726, MET801, ALA751, LEU852, LEU800, LEU796, GLU770 
9k − 115.82 MET801, GLY804, GLU770, LYS753, VAL734, LEU852, LEU880, LEU726, ALA751 

*Molecular interaction profile of compounds with the H-bond forming residues highlighted in green colour. 

Fig. 5. 2D plot of 7e HER2 interactions (Left side) 3D graphical image with H-bonds denoted as dashed green lines (right side).  

Fig. 6. 2D plot of 8eHER2 interactions (left side),3D graphical image with H-bonds denoted as dashed green lines (right side)  
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4.5. ADME properties 

The potential anti-cancer compounds identified and predicted through the in vitro and in silico screenings, were assessed for their 
ADME properties through the SWISS ADME webserver (http://www.swissadme.ch/) [99]. The Lipinkski Drug likeness of the com-
pounds are good with slight deviations in the molecular weight in 8e and 9c compounds. No BBB permeation and P-gp substrate 
activity for these compounds. Regarding the metabolism, CYP2C9 and CYP2C19 isoforms are inhibited by all the compounds whereas 
CYP3A4 inhibition was predicted for 9c. Pharmacokinetic properties like GI absorption is low for 9c compound and further optimi-
zation to enhance the pharmaceutical properties could be considered in the future studies(Table 5). 

In all the potential compounds carbonyl substituents on the scaffold are mainly involved in the H-bond interactions with the critical 
amino acid residues in HER2 protein. From the molecular docking studies, it was observed that there is a better co-relation between the 
in silico binding energies and the in vitro activity of 7e and 8e compounds. These compounds could be further explored as a promising 

Fig. 7. 2D plot of 9c HER2 interactions (left side),3D graphical image with H-bonds denoted as dashed green lines (right side)  

Fig. 8. Active site pocket surface and binding modes of 7e, 8e and 9c compounds with the HER2 Protein.  

Fig. 9. 7e, 8e, 9c and SYR127063 [96](Co-crystallized ligand in gold colour) molecular alignment in theHER2 kinase domain active site pocket  
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lead compound for the anti-cancer activity. 
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Fig. 10. Molecular interaction profile of SYR127063 [96] (Co-crystallized ligand) with HER2.  

Table 5 
Physico-chemical properties and drug-likeness prediction of compounds with better invitro and insilico performance using SWISS ADME [99].  

Parameters 7e 8e 9c 

Molecular Weight (g/mol) 493.55 507.58 558.97 
Log P o/w 5.22 5.55 4.72 
No.of. H-bond Donors 0 0 0 
No.of H-bond Acceptors 5 5 7 
Solubility Poor Poor Poor 
TPSA 73.66 Å2 73.66 Å2 62.58 Å2 

GI absorption High High Low 
BBB permeation No No Yes 
P-gp substrate No Yes No 
Drug likeness (Lipinski) Yes Yes Yes 
Bioavailability score 0.55 0.55 0.55 
CYP450 isoforms inhibition 2C9, 2C19 2C9, 2C19 2C9, 2C19, 3A4  
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diaryl-2-(1,2,3)triazol-1-yl-ethanol derivatives as antifungal compounds flutriafol analogues, J. Chem. Sci. 131 (4) (2019) 1–10. 
[4] N. Shah, N.M. Shah, M.P. Patel, R.G. Patel, Synthesis of 2-amino-4H-chromene derivatives under microwave irradiation and their antimicrobial activity, 

ChemInform 44 (2013). 
[5] J.C. Jeyaveeran, C. Praveen, Y. Arun, A.A. M Prince, P.T. Perumal, Cycloisomerization of acetylenic oximes and hydrazones under gold catalysis: synthesis and 

cytotoxic evaluation of isoxazoles and pyrazoles, J. Chem. Sci. 128 (1) (2016) 73–83. 
[6] P. Yadav, N.V. Purohit, Synthesis and evaluation of some bioactive compounds having oxygen and nitrogen heteroatom, J. Chem. Sci. 125 (1) (2013) 165–173. 
[7] J. Burschka, A. Dualeh, F. Kessler, E. Baranoff, N.-L. Cevey-Ha, C. Yi, M.K. Nazeeruddin, M. Grätzel, Tris(2-(1H-pyrazol-1-yl)pyridine)cobalt(III) as p-type 

dopant for organic semiconductors and its application in highly efficient solid-state dye-sensitized solar cells, J. Am. Chem. Soc. 133 (45) (2011) 18042–18045. 
[8] F. Giornal, S. Pazenok, L. Rodefeld, N. Lui, J.-P. Vors, F.R. Leroux, Synthesis of diversely fluorinated pyrazoles as novel active agrochemical ingredients, J. Fluor. 

Chem. 152 (2013) 2–11. 
[9] A. Romero, E. Ramos, I. Ares, V. Castellano, M. Martínez, M.R. Martínez-Larrañaga, A. Anadón, M.A. Martínez, Fipronil sulfone induced higher cytotoxicity than 
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