
Arch. Pharm. 2021;354:e2100029. wileyonlinelibrary.com/journal/ardp © 2021 Deutsche Pharmazeutische Gesellschaft | 1 of 11

https://doi.org/10.1002/ardp.202100029

Received: 18 January 2021 | Revised: 18 March 2021 | Accepted: 25 March 2021

DOI: 10.1002/ardp.202100029

F U L L P A P E R

Synthesis and biological evaluation of new coumarin
derivatives as cytotoxic agents

Fatma A. Ragab1 | Amal A. M. Eissa1 | Samar H. Fahim1 |

Mohammad A. Salem2,3 | Mona A. Gamal1 | Yassin M. Nissan1,2

1Pharmaceutical Chemistry Department,

Faculty of Pharmacy, Cairo University,

Cairo, Egypt

2Pharmaceutical Chemistry Department,

Faculty of Pharmacy, October University for

Modern Sciences and Arts (MSA), Giza, Egypt

3School of Life and Medical Sciences,

University of Hertfordshire hosted by Global

Academic Foundation, Cairo, Egypt

Correspondence

Samar H. Fahim, Pharmaceutical Chemistry

Department, Faculty of Pharmacy, Cairo

University, El‐Kasr El‐Eini St, Cairo 11562,

Egypt.

Email: samarhfmy@hotmail.com

Abstract

New coumarin derivatives 9a–f, 10a–e, and 11a–f were synthesized and evaluated

for their cytotoxic activity against a human breast cancer cell line (MCF‐7). All
compounds exhibited good activity in the nanomolar range, using doxorubicin and

erlotinib as positive controls. The most active compound 9d with IC50 of 21 nM

was tested against the HCT‐116, HepG‐2, A549, and SGC‐7901 cell lines, with

IC50 values of 0.021, 0.170, 0.028, and 0.11 µM, respectively. Compound 9d was

further investigated for its ability to suppress the expression of epidermal growth

factor receptor (EGFR). Compound 9d decreased the concentration of EGFR by

87%, using erlotinib as a positive control. A docking study revealed similar or

higher scores than for erlotinib and similar binding poses providing interactions

with the hinge region of the tyrosine kinase (TK). Besides the effect on expression,

this in silico investigation predicts the possibility of direct binding between the

new coumarin derivatives and the EGFR TK. Moreover, computational calculation

for ADME properties for the most active compounds 9d, 9e, 10c, and 11c revealed

the expected high gastrointestinal tract absorption, moderate water solubility

with no central nervous system toxicity, and druglikeness.
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1 | INTRODUCTION

Cancer has been one of the most challenging cell disorders for

decades. The mortality rate is ranked on the second position among

all diseases.[1] Despite the continuous discovery of new strategies

and molecules for treatment, emerging resistance and dangerous

side effects are still the main barriers for radical cure.[2] Exploration

of new molecules based on scaffolds of natural compounds can

contribute in reducing such harmful side effects.[3] Among these

scaffolds, coumarins[4,5] have exhibited a wide range of biological

activity. These various activities were studied by medicinal chemists'

synthetic schemes and biological evaluations. Antibacterial,[6,7] an-

ticoagulant,[8–10] antioxidant,[11,12] anti‐inflammatory,[13,14] and an-

ticancer activities[15–18] have been exhibited by coumarin

derivatives. Several mechanisms of action have explained the cyto-

toxic activity for such derivatives. These mechanisms varied between

apoptosis induction,[19] cell cycle arrest,[20] inhibition of

telomerase,[21] and inhibition of tyrosine kinases (TKs).[22] Among

these TKs, some coumarin derivatives have exhibited a potent in-

hibitory effect toward epidermal growth factor receptor (EGFR).

Daphentin (I), a 7,8‐dihydroxycoumarin derivative, has been identi-

fied as an EGFR inhibitor[23] (Figure 1). A series of 3‐carboxamide

derivatives (II) was synthesized and evaluated as EGFR sup-

pressors.[24] Furthermore, the substitution of the coumarin scaffold

at position 3 has been reported in several investigations of new

anticancer coumarin derivatives with enhanced activity.[25] Position

8 of the coumarin ring was studied by Amin et al. by substituting with

pyrazoline moieties leading to good activity of the synthesized
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derivatives. They have reported that compound III (Figure 1) ex-

hibited good activity toward PI3K enzyme.[26] In addition to this

hybrid of coumarin–pyrazoline that was reported, several such hy-

brids were studied between these two moieties. Among these hy-

brids, one was introduced by Wu et al. The researchers in this

investigation have synthesized a coumarin–pyrazoline hybrid with

good activity toward several cancer cell lines. Compound IV

(Figure 1) has exhibited potent activity toward telomerase enzyme

with IC50 of 0.92 µM.[21] However, several reports examined the

cytotoxic activity of synthesized coumarin derivatives against a

variety of cell lines. Coumarin hybrids were tested against BT20

human breast carcinoma, SK‐Mel 128 melanoma, DU‐145 prostate

carcinoma, and A549 lung carcinoma with IC50 range of

3.1–36.7 µg/ml.[27] Other coumarin–pyrazole hybrids were tested

against MCF‐7 cell line with IC50 range of 7.9–31.2 µg/ml.[28] Many

coumarin derivatives had also been tested against other cell lines

with IC50 range of 30.7–500 µg/ml.[29] However, other

coumarin–triazole hybrids were tested against many cancer cell lines

with IC50 range of 0.26–50 µg/ml.[30]

On the basis of these findings and as a continuation for our

synthetic schemes[31–37] to explore the anticancer activity of new

small organic compounds, this current investigation describes the

synthesis and biological evaluation of new coumarin hybrids as cy-

totoxic agents. This investigation aimed to find new potent candi-

dates based on the natural scaffold (coumarin).

2 | RESULTS AND DISCUSSION

2.1 | Chemistry

The synthetic routes for the preparation of the target hybrids are

outlined in Schemes 1–4. Two key coumarin precursors, 8‐acetyl‐7‐
hydroxy‐4‐methylcoumarin 4 and 3‐acetylcoumarin 6, were required.

Precursor 4 was synthesized according to Pechmann reaction by

reacting resorcinol 1 and ethyl acetoacetate in the presence of acid

catalyst to give 7‐hydroxy‐4‐methylcoumarin 2, which upon acet-

ylation and Fries rearrangement gave 8‐acetyl‐7‐hydroxy‐4‐
methylcoumarin 4[38–40] (Scheme 1).

However, precursor 6 was obtained via Knoevenagel con-

densation of salicylaldehyde 5 and ethyl acetoacetate in the pre-

sence of piperidine[41] (Scheme 2).

F IGURE 1 Coumarin derivatives with a potent anticancer activity

SCHEME 1 Synthesis of compound 4. Reagents and conditions: (i) Ethyl acetoacetate, conc. H2SO4, room temperature overnight; (ii) acetic
anhydride, reflux, 1.5 h; (iii) AlCl3, heat 170°C, 2 h
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Acetyl derivatives 4 and 6 were converted to the corresponding

chalcones 7a–f and 8a–f, respectively, via Claisen–Schmidt con-

densation with various aromatic aldehydes in the presence of piper-

idine and acetic acid[42,43] (Scheme 3). These chalcones have been

utilized to synthesize different N1‐substituted pyrazolines. The new

coumarin–pyrazoline hybrids containing thiourea skeleton, 9a–f, have

been synthesized by reaction of 7a–f with thiosemicarbazide

under acidic condition (Scheme 3). 1H nuclear magnetic resonance

(NMR) of 9a–f revealed two doublets of doublets at 2.88–3.24 and

3.58–4.02 ppm, assigned to the two protons on the diastereotopic

center C4, and a third doublet of doublet at 5.30–5.88 ppm, assigned

to the C5‐HX. There are three coupling constants: Ja‐b = 16.3–18.5Hz,

Ja‐x cis 2.8–3.2Hz, Jb‐x trans 11.4–12.2Hz. In addition, singlet peaks

were observed at 6.22–6.90 ppm, assigned to C3 proton of chromene,

two doublet peaks at 6.99–7.43 and at 7.72–7.82 ppm, assigned to C5

and C6 protons, respectively. The protons of the phenyl substituents

were observed at the expected chemical shifts and integral values. In

addition, two exchangeable signals at 7.99–8.64 and 10.84–11.04 ppm

attributed to NH2 and OH protons, respectively, appeared. 13C NMR

of 9e exhibited signals at 31.86 and 76.14 ppm, assigned to C4 and C5

of pyrazoline, respectively, and at 180.07 ppm for (C═S), the aromatic

carbons appeared at the expected region.

The 1‐(4‐chlorophenyl)pyrazoline derivatives 10a–e were obtained

in high yields through the reaction of the appropriate chalcones 8a–e

with 4‐chlorophenylhydrazine hydrochloride ethanol in the presence of

acetic acid (Scheme 4). 1H NMR spectra of the obtained derivatives

exhibited three doublet of doublet signals at δ = 3.21–3.23, 3.96–4.01,

and 5.49–5.58 ppm, corresponding to the three protons of pyrazoline

CH2 and CH due to vicinal and geminal coupling showing a prominent

ABX system (JHa‐Hx = 5.1–5.96Hz, JHx‐Hb = 12.2–12.4Hz and

JHa‐Hb = 17.96–18.04Hz). In addition, chalcones 8a–f were cyclized to

the corresponding 4,5‐dihydro‐1H‐pyrazol‐1‐yl)benzenesulfonamide

derivatives 11a–f by refluxing the appropriate chalcones with

4‐hydrazinylbenzenesulfonamide hydrochloride in ethanol in the pre-

sence of acetic acid (Scheme 4). 1H NMR spectra exhibited three

doublet of doublet signals at δ = 3.27–3.30, 4.00–4.05, and

5.62–5.82 ppm, corresponding to the three protons of pyrazoline CH2

and CH, again showing a prominent ABX system. Also, an exchangeable

peak resonated at 7.06–7.07 ppm, corresponding to the NH2 protons.

2.2 | Biological evaluation

2.2.1 | Antiproliferative activity

Seventeen new derivatives were tested for their in vitro cytotoxic

activity against MCF‐7 breast cancer cell line. The most active de-

rivatives were further tested against four different cell lines (HCT‐
116 colon cancer cell line, HepG‐2 hepatic cancer cell line, A549 lung

cancer cell line, and SGC‐7901 gastric cancer cell line) using the

3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyl tetrazolium bromide (MTT)

assay.[44,45] Doxorubicin and erlotinib were used as a positive con-

trol. The activity was expressed by median growth inhibitory con-

centration (IC50), and it is presented in Tables 1 and 2. The results

revealed that, against MCF‐7, 8 compounds out of the 17 tested

compounds were more potent than doxorubicin with IC50 values in

the range of 0.021–8.300 μM (IC50 of doxorubicin: 0.800 μM).

However, compared with erlotinib, an EGFR inhibitor, 16 compounds

SCHEME 2 Synthesis of compound 6. Reagents and conditions:
(i) Ethyl acetoacetate, piperidine, room temperature, 20min

SCHEME 3 Synthesis of the target compounds 9a–f. Reagents and conditions: (i) Ar‐CHO, glacial acetic acid–piperidine/ethanol, reflux, 4 h;
(ii) thiosemicarbazide, conc. HCl/absolute ethanol, reflux, 8–12 h
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exhibited higher activity with IC50 range of 0.005–4.120 μM (IC50 of

erlotinib: 4.700 μM) (Table 1).

The coumarin derivatives carrying pyrazole‐1‐carbothioamide at

position 8 (9a–f) exhibited cytotoxicity (IC50 range: 0.02–0.99 μM). In

series 9a–f, the substituent at the 5th position of the pyrazoline

nucleus markedly affected the activity. The p‐chlorophenyl derivative
9d exhibited the greatest activity with IC50 0.02 μM, whereas its

bromophenyl isostere 9e possessed a diminished activity with

IC50 0.059 μM. The p‐fluorophenyl derivative 9f was the least active

one of the 3‐halo derivatives with IC50 0.15 μM. Also, the

p‐methoxyphenyl derivative 9b was the least active analog with IC50

0.99 μM, less active than the phenyl derivative 9a with IC50 0.37 μM,

whereas the p‐hydroxyphenyl derivative 9c showed greater activity

than its phenyl and the methoxy analogs with IC50 0.061 μM.

However, the series with a p‐chlorophenyl substituent at posi-

tion 1 of the pyrazoline nucleus, 10a–e, exihibited good cytotoxic

activity with IC50 range 0.42–1.7 μM. The presence of a second

p‐chlorophenyl moiety at the 5th position of the pyrazoline moiety

resulted in the most active congener 10c with IC50 0.42 μM. Its

isosteric congener with the p‐bromophenyl moiety, 10d, showed di-

minished activity with IC50 1.1 μM. The six coumarin–pyrazoline

hybrids containing benzenesulfonamide moiety, 11a–f, showed cy-

totoxic activity with IC50 range 0.4–8.3 μM. Two derivatives, 11a

with IC50 0.68 μM and 11c with IC50 0.4 μM, were more potent than

the standard drug. The most active compound was 11c, which carries

the p‐chlorophenyl moiety in the 5th position of the pyrazoline

SCHEME 4 Synthesis of the target
compounds 10a–e and 11a–f. Reagents and
conditions: (i) 4‐Chlorophenylhydrazine HCl,
glacial acetic acid/absolute ethanol, reflux, 8 h;
(ii) 4‐hydrazinylbenzenesulfonamide HCl, glacial
acetic acid/absolute ethanol, reflux, 12 h

TABLE 1 The IC50 (μM) values of the new synthesized coumarin
derivatives against MCF‐7 cells

Compound IC50 (µM)

9a 0.370

9b 0.990

9c 0.061

9d 0.021

9e 0.059

9f 0.150

10a 0.910

10b 1.620

10c 0.420

10d 1.100

10e 1.700

11a 0.680

11b 1.010

11c 0.400

11d 8.300

11e 1.810

11f 1.400

Doxorubicin 0.800

Erlotinib 4.670

Note: Results were obtained from the mean of measurements of three

different experiments.

TABLE 2 The IC50 values of the most active compound 9d
against the HCT‐116, HepG‐2, A549, and SGC‐7901 cell lines

Cell line; IC50 values (µM)

Compound

Colon

(HCT‐116)
Liver

(HepG‐2)
Lung

(A549)

Gastric cancer

cell (SGC‐7901)

9d 0.021 0.170 0.028 0.110

Doxorubicin 4.430 3.310 2.020 6.350

Erlotinib 2.820 3.900 3.110 20.350

Note: Results were obtained from the mean of measurements of three

different experiments.

4 of 11 | RAGAB ET AL.

 15214184, 2021, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ardp.202100029 by E

gyptian N
ational Sti. N

etw
ork (E

nstinet), W
iley O

nline L
ibrary on [14/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



nucleus. Replacement of this moiety with the isosteric group

p‐bromophenyl 11d greatly decreased the cytotoxic activity with

IC50 8.3 μM.

The most active compound 9d was further tested against the

HCT‐116, HepG‐2, A549, and SGC‐7901 cell lines by MTT assay, and

it showed very potent activity against the four tested cell lines. It was

more potent than the reference drugs.

2.2.2 | In vitro inhibition of EGFR expression level

The most active derivative 9d was tested for its ability to inhibit

EGFR expression levels, utilizing breast cancer cell line MCF‐7 ob-

tained from American Type Culture Collection, with erlotinib as a

reference drug.[46,47] The tested compound showed comparable ac-

tivity to that of erlotinib (Table 3).

2.3 | Molecular docking

Docking was performed to investigate the possibility of direct in-

teractions between the new coumarin derivatives, 9a–f, 10a–e, and

11a–f, and the EGFR TK. For each compound, eight conformers were

randomly generated and separately docked into the ATP‐binding site

of the enzyme. Clustering analysis was performed on the resulting

poses and the highest populated clusters were identified. From these

highly populated clusters, poses with the highest scores are provided

in Table 4. The co‐crystallized ligand, erlotinib, was also docked

starting from a two‐dimensional structure and using the same pro-

tocol for preparation and analysis. The score from this self‐docking is

also included in Table 4. As illustrated in Figure 2, the pose for

erlotinib was accurately predicted; however, the docking algorithm

does not consider explicit water molecules. As given in Table 4, the

predicted scores for the coumarin series are either similar to or

better than that of the self‐docked erlotinib. It is known that erlo-

tinib interacts with the gatekeeper threonine via a water‐bridged
hydrogen bond. This is not duly counted by the scoring function, and

thus the docking score for erlotinib might be underestimated.

Studying the predicted binding poses of the coumarin derivatives

further favors their hypothesized direct inhibitory role. The majority

of poses have the coumarin ring forming a hydrogen bond with the

backbone atom of Met769 in the hinge region. As depicted in

Figure 3, the carbonyl of the coumarin ring nearly overlaps with the

nitrogen of the quinazoline ring of erlotinib, which equivalently

serves to bind to Met769. The dihydropyrazol ring positions sub-

stituents at 1 and 5 to further interact with the Thr766 gatekeeper

and the activation loop, respectively. Interestingly, the phenyl ring at

position 5 is off the plane of the coumarin ring by an angle which

TABLE 3 EGFR inhibitory activity of the most active
synthesized compound

Compound no. % Inhibition of EGFR

9d 87.00

Erlotinib 95.68

Abbreviation: EGFR, epidermal growth factor receptor.

TABLE 4 Scoring results of the new coumarin derivatives in the
active site of EGFR TK (PDB ID: 1M17)

Ligand Docking score

9a −8.2

9b −8.2

9c −7.9

9d −8.0

9e −8.4

9f −7.9

10a −10.0

10b −9.9

10c −9.0

10d −9.8

10e −10.1

11a −9.6

11b −9.6

11c −10.2

11d −10.1

11e −9.6

11f −10

Erlotinib −7.8

F IGURE 2 Illustration of the overlap between the predicted pose
of erlotinib (red) and the actual co‐crystallized pose (blue)

RAGAB ET AL. | 5 of 11
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makes it occupy the same region as the ethynyl‐phenyl in erlotinib, as

shown in Figure 3.

2.4 | ADME (absorption, distribution, metabolism,
and excretion) properties

To understand the pharmacokinetic behavior of the most active

compounds from each class of the newly synthesized compounds

9d, 9e, 10c, and 11c, ADME calculations were performed using

swissadme.che platform. The obtained results are summarized in

Table 5.

According to the analysis of this table, we can assume that most of

the active drugs follow druglikeness behavior with moderate water

solubility, high gastrointestinal (GI) absorption, and no blood–brain

barrier passing except for compound 10c. These results can represent

a step toward further investigations.

3 | CONCLUSION

Novel series of coumarin–pyrazoline hybrids 9a–f, 10a–e, and

11a–f were synthesized and evaluated for their anticancer activ-

ity. All the synthesized compounds demonstrated potent activity

against the MCF‐7 cell line. The most active compound 9d was

further tested against HCT‐116, HepG‐2, A549, and SGC‐7901
cell lines and showed very potent activity against the four tested

cell lines, even more than the reference standard, doxorubicin.

Compound 9d possessed superior activity at low nanomolar levels,

with IC50 21 nM, against HCT‐116. The most active

compound 9d was studied for its ability to inhibit EGFR

expression levels where the percent reduction in EGFR reached

87%. On the molecular level, our docking study predicts favorable

binding poses between our new compounds and the EGFR TK,

suggesting that their antitumor mechanism might involve direct

inhibition.

4 | EXPERIMENTAL

4.1 | Chemistry

4.1.1 | General

Unless otherwise noted, all materials were obtained from com-

mercial suppliers and used without further purification. Reactions

were monitored on FLUKA silica gel thin‐layer chromatography

(TLC) aluminum cards (0.2 mm thickness) with fluorescent in-

dicator 254 nm using chloroform/methanol (9.5:0.5) as an eluent.

Melting points were determined on Electrothermal 9100 melting

point apparatus and were uncorrected. Elemental microanalyses

were performed at the Regional Center for Microbiology and

Biotechnology, Al‐Azhar University. NMR spectra were recorded

on Bruker spectrometer at 400 MHz for 1H NMR and at 100 MHz

for 13C NMR, and on Varian mercury 300BB at 300MHz for 1H

NMR and at 75.45 MHz for 13C NMR, using tetramethylsilane

as the internal reference. Chemical shift values were given in

ppm. Mass spectra were performed on Finnigan MAT, SSQ 7000

mass spectrophotometer at 70 eV. Infrared spectra (IR)

were recorded on Shimadzu FT‐IR 8400S spectrophotometer

(Shimadzu) and expressed in wavenumber (cm−1), using potassium

bromide discs.

F IGURE 3 The docked poses of the coumarin representatives: 9d
(yellow), 10c (red), and 11c (green) along with the co‐crystallized
erlotinib (blue) in the ATP‐binding site of the epidermal growth

factor receptor tyrosine kinase. Hydrogen bonds are shown as blue
lines

TABLE 5 ADME properties of compounds 9d, 9e, 10c, and 11c

Compound no. Log P (lipophilicity) Log S (water solubility) GI absorption BBB passing Lipinski's violation Druglikeness

9d 3.54 Moderate High No 0 Yes

9e 3.56 Moderate High No 0 Yes

10c 5.39 Poorly High Yes 1 Yes

11c 3.77 Moderate High No 0 Yes

Abbreviation: ADME, absorption, distribution, metabolism, and excretion; BBB, blood–brain barrier; GI, gastrointestinal.

6 of 11 | RAGAB ET AL.
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The InChI codes of the investigated compounds, together with

some biological activity data, are provided as Supporting Information.

7‐Hydroxy‐4‐methyl‐2H‐chromen‐2‐one (2)

Compound 2 was prepared according to the literature procedure.[38]

4‐Methyl‐2‐oxo‐2H‐chromen‐7‐yl acetate (3)

Compound 3 was prepared according to the literature procedure.[39]

8‐Acetyl‐7‐hydroxy‐4‐methyl‐2H‐chromen‐2‐one (4)

Compound 4 was prepared according to the literature procedure.[40]

3‐Acetyl‐2H‐chromen‐2‐one (6)

Compound 6 was prepared according to the literature procedure.[41]

4.1.2 | General procedure for the synthesis of
7‐hydroxy‐4‐methyl‐8‐(arylacryloyl)‐2H‐chromen‐2‐
one (7a–f)

Compounds of this series (7a–f) were prepared according to the

literature procedure.[42]

4.1.3 | General procedure for the synthesis of
3‐(arylacryloyl)‐2H‐chromen‐2‐one (8a–f)

Compounds of this series (8a–f) were prepared according to the

literature procedure.[43]

4.1.4 | General procedure for the synthesis of
3‐(7‐hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐yl)‐5‐(4‐
(un)substituted phenyl)‐4,5‐dihydro‐1H‐pyrazole‐1‐
carbothioamide (9a–f)

A mixture of the appropriate chalcones 7a–f (10mmol), thiosemi-

carbazide (0.91 g, 10mmol), and concentrated hydrochloric acid

(1 ml) was refluxed in ethanol for 8 h (TLC). The precipitate obtained

was collected, dried, and crystallized from dimethylformamide/

ethanol.

3‐(7‐Hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐yl)‐5‐phenyl‐4,5‐

dihydro‐1H‐pyrazole‐1‐carbothioamide (9a)

Yield: 80%, m.p. 239–241°C. IR υmax (cm−1): 3420 (OH), 3265,

3170 (CH aliphatic), 1730 (C═O), 1602, 1510 (C═C, C═N), 1220

(C═S). 1H NMR (dimethyl sulfoxide (DMSO)‐d6‐400MHz) δ ppm:

2.45 (s, 3H, CH3), 2.91 (dd, 1H, C4‐HB pyrazoline, JBX = 11.9 Hz,

JBA = 16.8 Hz), 3.66 (dd, 1H, C4‐HA pyrazoline, JAX = 2.8 Hz, JAB =

16.8 Hz), 5.40 (dd, 1H, C5‐HX pyrazoline, JXA = 2.8 Hz, JXB = 11.9

Hz), 6.34 (s, 1H, C3‐H chromene), 7.07 (d, 1H, C5‐H, J = 8.6 Hz),

7.30 (t, 3H, Ar‐H, J = 8.8 Hz), 7.60 (d, 2H, Ar‐H, J = 8.6 Hz), 7.82 (m,

2H, C6‐H chromene + SH, D2O exch.), 8.64 (s, 1H, NH, D2O exch.),

11.01 (s, 1H, OH, D2O exch.). Anal. calculated for C20H17N3O3S

(379.43): C, 63.31; H, 4.52; N, 11.07. Found: C, 63.57; H, 4.58; N,

11.22. Mass spectrometry (MS): m/z 379.1, M+ (16.37%),

284.97 (100%).

3‐(7‐Hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐yl)‐5‐

(4‐methoxyphenyl)‐4,5‐dihydro‐1H‐pyrazole‐1‐carbothioamide (9b)

Yield: 92%, m.p. 270–272°C. IR υmax (cm−1): 3420 (OH), 2927 (CH

aliphatic), 1730 (C═O), 1602, 1510 (C═C, C═N), 1200 (C═S). 1H

NMR (DMSO‐d6‐400MHz) δ ppm: 2.40 (s, 3H, CH3), 3.18 (dd, 1H,

C4‐HA pyrazoline, JAX = 3.2 Hz, JAB = 18.5 Hz), 3.74 (OCH3), 4.02

(dd, 1H, C4‐HB pyrazoline, JBX = 11.5 Hz, JBA = 18.5 Hz), 5.88 (dd,

1H, C5‐HX pyrazoline, JXA = 3.2 Hz, JXB = 11.5 Hz), 6.22 (s, 1H, C3‐H
chromene), 6.88 (d, 2H, Ar–H, J = 8.6 Hz), 6.99 (d, 1H, C5‐H chro-

mene, J = 8.8 Hz), 7.22 (d, 2H, Ar–H, J = 8.6 Hz), 7.72 (d, 1H, C6‐H
chromene + SH, D2O exch.), 7.99 (s, 1H, NH, D2O exch.), 11.04 (s,

1H, OH, D2O exch.). 13C NMR (DMSO‐d6): δ 18.83 (CH3), 46.75 (C‐
4 pyrazoline), 55.50 (OCH3), 61.94 (C‐5 pyrazoline), 106.46,

111.01, 112.71, 113.47, 114.20, 127.60, 128.26, 135.40, 152.92,

153.24, 154.14 (aromatic C), 158.75, 159.81, 160.07, 176.66 (C7

chromene, carbonyl and C═S). Anal. calculated for C21H19N3O4S

(409.46): C, 61.60; H, 4.68; N, 10.26. Found: C, 61.76; H, 4.73;

N, 10.39.

3‐(7‐Hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐yl)‐5‐(4‐

hydroxyphenyl)‐4,5‐dihydro‐1H‐pyrazole‐1‐carbothioamide (9c)

Yield: 80%, m.p. 244–246°C. IR υmax (cm−1): 3420 (OH), 3265, 3170

(NH2), 2927 (CH aliphatic), 1730 (C═O), 1600, 1480 (C═C, C═N),

1200 (C═S). 1H NMR (DMSO‐d6‐400MHz) δ ppm: 2.41 (s, 3H, CH3),

3.24 (dd, 1H, C4‐HB pyrazoline, JBX = 12.2 Hz, JBA = 16.3 Hz), 3.58

(dd, 1H, C4‐HA pyrazoline, JAX = 3.0 Hz, JAB = 16.8 Hz), 5.30 (dd, 1H,

C5‐HX pyrazoline, JXA = 2.8 Hz, JXB = 11.4 Hz), 6.85 (d, 2H, Ar–H,

J = 8.1 Hz), 6.9 (s, 1H, C3‐H chromene), 7.11 (d, 2H, Ar–H, J = 8.1 Hz),

7.43 (d, 1H, C5‐H chromene, J = 8.7 Hz), 7.80 (d, 1H, C6‐H chromene,

J = 8.7 Hz), 8.3 (s, 2H, NH2, D2O exch.), 10.9 (s, 1H, OH, D2O exch.).

Anal. calculated for C20H17N3O4S (395.43): C, 60.75; H, 4.33; N,

10.63. Found: C, 60.91; H, 4.39; N, 10.78. MS: m/z 395.47, M+,

105 (100%).

5‐(4‐Chlorophenyl)‐3‐(7‐hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐

yl)‐4,5‐dihydro‐1H‐pyrazole‐1‐carbothioamide (9d)

Yield: 80%, m.p. 265–267°C. IR υmax (cm−1): 3420 (OH), 3265,

3170 (NH2), 2927 (CH aliphatic), 1730 (C═O), 1602, 1508 (C═C,

C═N), 1200 (C═S). 1H NMR (DMSO‐d6‐400MHz), δ ppm: 2.50 (s,

3H, CH3), 2.88 (dd, 1H, C4‐HB pyrazoline, JBX = 12.0 Hz, JBA = 16.8

Hz), 3.62 (dd, 1H, C4‐HA pyrazoline, JAX = 2.8 Hz, JAB = 16.8 Hz),

5.37 (dd, 1H, C5‐HX pyrazoline, JXA = 2.8 Hz, JXB = 12.0 Hz), 6.31 (s,

1H, C3‐H chromene), 7.05 (d, 1H, C5‐H chromene, J = 8.6 Hz), 7.28

(d, 2H, Ar–H, J = 8.3 Hz), 7.60 (d, 2H, Ar–H, J = 8.3 Hz), 7.73 (m, 2H,

C6‐H chromene + SH, D2O exch.), 8.6 (s, 1H, NH, D2O exch.), 10.84

(s, 1H, OH, D2O exch.). Anal. calculated for C20H16ClN3O3S

(378.88): C, 58.04; H, 3.90; N, 10.15. Found: C, 58.12; H, 3.87;

N, 10.31.
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5‐(4‐Bromophenyl)‐3‐(7‐hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐

yl)‐4,5‐dihydro‐1H‐pyrazole‐1‐carbothioamide (9e)

Yield: 80%, m.p. 270–273°C. IR υmax (cm−1): 3420 (OH), 3265,

3170 (NH2), 2927 (CH aliphatic), 1730 (C═O), 1602, 1510 (C═C,

C═N), 1200 (C═S). 1H NMR (DMSO‐d6 400MHz), δ ppm: 2.50 (s,

3H, CH3), 2.89 (dd, 1H, C4‐HB pyrazoline, JBX = 11.8 Hz, JBA = 16.7

Hz), 4.01 (dd, 1H, C4‐HA pyrazoline, JAX = 2.8 Hz, JAB = 16.7 Hz),

5.40 (dd, 1H, C5‐HX pyrazoline, JXA = 2.8 Hz, JXB = 11.8 Hz), 6.32 (s,

1H, C3‐H chromene), 7.06 (d, 1H, C5‐H chromene, J = 8.8 Hz), 7.52

(d, 2H, Ar–H, J = 8.5 Hz), 7.58 (d, 2H, Ar–H, J = 8.5 Hz), 7.75 (d, 1H,

C6‐H chromene, J = 8.8 Hz), 8.61 (s, 2H, NH2, D2O exch.), 10.85 (s,

1H, OH, D2O exch.). 13C NMR (DMSO‐d6): δ 19.15 (CH3), 31.86 (C‐
4 pyrazoline), 76.14 (C‐5 pyrazoline), 108.72, 111.70, 114.68,

114.67, 128.98, 131.86, 138.85, 138.87, 139.56, 151.78, 154.41

(aromatic C), 160.32, 160.38 (C7 chromene and carbonyl), 180.07

(C═S). Anal. calculated for C20H16BrN3O3S (458.33): C, 52.41; H,

3.52; N, 9.17. Found: C, 52.49; H, 3.5; N, 9.26.

5‐(4‐Fluorophenyl)‐3‐(7‐hydroxy‐4‐methyl‐2‐oxo‐2H‐chromen‐8‐

yl)‐4,5‐dihydro‐1H‐pyrazole‐1‐carbothioamide (9f)

Yield: 75%, m.p. 241–243°C. IR υmax (cm−1): 3420 (OH), 3265,

3170 (NH2), 2927 (CH aliphatic), 1730 (C═O), 1602, 1510 (C═C,

C═N), 1200 (C═S). 1H NMR (DMSO‐d6‐400MHz) δ ppm: 2.50 (s,

3H, CH3), 2.89 (dd, 1H, C4‐HB pyrazoline, JBX = 11.7 Hz, JBA = 16.4

Hz), 3.67 (dd, 1H, C4‐HA pyrazoline, JAX = 3.0 Hz, JAB = 16.4 Hz),

5.41 (dd, 1H, C5‐HX pyrazoline, JXA = 3.0 Hz, JXB = 11.7 Hz), 6.34 (s,

1H, C3‐H chromene), 7.08 (d, 1H, C5‐H chromene, J = 8.8 Hz), 7.53

(d, 2H, Ar–H, J = 8.4 Hz), 7.67 (d, 2H, Ar–H, J = 8.4 Hz), 7.75 (d, 1H,

C6‐H chromene, J = 8.8 Hz), 8.64 (s, 2H, NH2, D2O exch.), 10.88 (s,

1H, OH, D2O exch.). 13C NMR (DMSO‐d6): δ 19.15 (CH3), 32.08 (C‐
4 pyrazoline), 76.29 (C‐5 pyrazoline), 108.75, 111.69, 114.71,

114.76, 115.77 (d, 2JF‐c = 22 Hz), 127.64, 129.09 (d, 3JF‐c = 8 Hz),

135.70, 151.84, 154.47 (aromatic C), 160.43, 160.52 (C7 chromene

and carbonyl), 162.48 (d, 1JF‐c = 247 Hz), 180.08 (C═S). Anal. cal-

culated for C20H16FN3O3S (397.42): C, 60.44; H, 4.06; N, 10.57.

Found: C, 60.57; H, 4.11; N, 10.69.

4.1.5 | General procedure for the synthesis of 3‐(1‐
(4‐chlorophenyl)‐5‐(4‐un(substituted)phenyl)‐4,5‐
dihydro‐1H‐pyrazol‐3‐yl)‐2H‐chromen‐2‐one (10a–e)

To a solution of the appropriate chalcones 8a–e (10mmol), 4‐
chlorophenylhydrazine (1.72 g, 10mmol) was added in absolute

ethanol (30ml) in the presence of glacial acetic acid (1 ml) and re-

fluxed for 8 h. The reaction mixture was filtered while hot, left to dry,

and crystallized from acetonitrile.

3‐(1‐(4‐Chlorophenyl)‐5‐phenyl‐4,5‐dihydro‐1H‐pyrazol‐3‐yl)‐2H‐

chromen‐2‐one (10a)

Yield: 83%, m.p. 202–204°C. IR υmax (cm−1): 2933 (CH aliphatic),

1726 (C═O), 1602, 1510 (C═C, C═N). 1H NMR (DMSO‐400MHz), δ

ppm: 3.24 (dd, 1H, C4‐HA pyrazoline, JAX = 5.96 Hz, JAB = 17.96 Hz),

4.01 (dd, 1H, C4‐HB pyrazoline, JBX = 12.4 Hz, JBA = 17.96 Hz), 5.55

(dd, 1H, C5‐HX pyrazoline, JXA = 5.96 Hz, JXB = 12.4 Hz), 7.03 (d, 2H,

Ar–H, J = 9.0 Hz), 7.22 (d, 2H, Ar–H, J = 9.0 Hz), 7.27 (t, 3H, Ar–H,

J = 7.56 Hz), 7.34–7.42 (m, 4H, C5‐H chromene, C6‐H chromene and

Ar–H), 7.61 (t, 1H, C7‐H chromene, J = 7.8 Hz), 7.82 (d, 1H, C8‐H
chromene, J = 7.76 Hz), 8.50 (s, 1H, C4‐H chromene). 13C NMR

(DMSO‐100.63MHz): 45.16 (C‐4 pyrazoline), 63.38 (C‐5 pyrazoline),

115.12, 116.36, 119.59, 120.15, 123.29, 125.24, 126.21, 128.07,

129.29, 129.55, 132.50, 139.43, 142.21, 142.82, 144.58, 153.44,

(aromatic C), 158.52 (carbonyl). Anal. calculated for C24H17ClN2O2

(400.86): C, 71.91; H, 4.27; N, 6.99. Found: C, 72.13; H, 4.35; N, 7.12.

3‐(1‐(4‐Chlorophenyl)‐5‐(4‐methoxyphenyl)‐4,5‐dihydro‐1H‐

pyrazol‐3‐yl)‐2H‐chromen‐2‐one (10b)

Yield: 89%, m.p. 219–222°C. IR υmax (cm−1): 3352, 3181 (NH2), 2932

(CH aliphatic), 1729 (C═O), 1659, 1533 (C═C, C═N). 1H NMR

(DMSO‐400MHz), δ ppm: 3.21 (dd, 1H, C4‐HA pyrazoline, JAX = 5.1

Hz, JAB = 18.2 Hz), 3.71 (s, 3H, OCH3), 3.96 (dd, 1H, C4‐HB pyrazo-

line, JBX = 12.2 Hz, JBA = 18.2 Hz), 5.49 (dd, 1H, C5‐HX pyrazoline,

JXA = 5.1 Hz, JXB = 12.2 Hz), 6.88 (d, 2H, Ar–H, J = 8.6 Hz), 7.04 (d, 2H,

Ar–H, J = 8.96 Hz), 7.18 (d, 2H, Ar–H, J = 8.6 Hz), 7.24 (d, 2H, Ar–H,

J = 8.96 Hz), 7.35–7.42 (m, 2H, C5‐H chromene and C6‐H chromene),

7.61 (t, 1H, C7‐H chromene, J = 8.1 Hz), 7.82 (d, 1H, C8‐H chromene,

J = 7.7 Hz), 8.48 (s, 1H, C4‐H chromene). 13C NMR (DMSO‐
100.63MHz): 45.15 (C‐4 pyrazoline), 55.50 (OCH3), 62.95 (C‐5
pyrazoline), 114.87, 115.19, 116.35, 119.34, 120.22, 123.42, 125.21,

127.48, 129.13, 132.43, 134.01, 139.27, 141.72, 142.71, 144.53,

153.42, 158.53 (aromatic C), 159.53 (carbonyl). Anal. calculated for

C25H19ClN2O3 (430.88): C, 69.69; H, 4.44; N, 6.50. Found: C, 69.85;

H, 4.49; N, 6.59. MS: m/z 430.10, M+, 110 (100%).

3‐(1,5‐Bis(4‐chlorophenyl)‐4,5‐dihydro‐1H‐pyrazol‐3‐yl)‐2H‐

chromen‐2‐one (10c)

Yield: 83%, m.p. 182–184°C. IR υmax (cm−1): 2933 (CH aliphatic),

1726 (C═O), 1602, 1495 (C═C, C═N). 1H NMR (DMSO‐400MHz), δ

ppm: 3.23 (dd, 1H, C4‐HA pyrazoline, JAX = 5.8 Hz, JAB = 18.0 Hz), 4.0

(dd, 1H, C4‐HB pyrazoline, JBX = 12.4 Hz, JBA = 18.0 Hz), 5.58 (dd, 1H,

C5‐HX pyrazoline, JXA = 5.8 Hz, JXB = 12.4 Hz), 7.02 (d, 2H, Ar–H,

J = 8.96 Hz), 7.21 (d, 2H, Ar–H, J = 8.4 Hz), 7.28 (d, 2H, Ar–H,

J = 8.4 Hz), 7.36 (d, 1H, C5‐H chromene, J = 7.7 Hz), 7.40–7.45 (m,

3H, Ar–H and C6‐H chromene), 7.65 (t, 1H, C7‐H chromene,

J = 7.5 Hz), 7.82 (d, 1H, C8‐H chromene, J = 7.7 Hz), 8.49 (s, 1H, C4‐H
chromene). Anal. calculated for C24H16Cl2N2O2 (435.30): C, 66.22;

H, 3.70; N, 6.44. Found: C, 66.40; H, 3.67; N, 6.85. MS: m/z 435.80,

437.66, M+ (3:1 ratio), 107.05 (100%).

3‐(5‐(4‐Bromophenyl)‐1‐(4‐chlorophenyl)‐4,5‐dihydro‐1H‐pyrazol‐

3‐yl)‐2H‐chromen‐2‐one (10d)

Yield: 83%, m.p. 188–190°C. IR υmax (cm−1): 2933 (CH aliphatic),

1726 (C═O), 1602, 1495 (C═C, C═N). 1H NMR (DMSO‐400MHz), δ

ppm: 3.23 (dd, 1H, C4‐HA pyrazoline, JAX = 5.76 Hz, JAB = 18.04 Hz),

4.00 (dd, 1H, C4‐HB pyrazoline, JBX = 12.4 Hz, JBA = 18.04 Hz), 5.56

(dd, 1H, C5‐HX pyrazoline, JXA = 5.76 Hz, JXB = 12.4 Hz), 7.01 (d, 2H,
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Ar–H, J = 8.92 Hz), 7.21 (d, 2H, Ar–H, J = 8.7 Hz), 7.22 (d, 2H, Ar–H,

J = 8.92 Hz), 7.39 (d, 2H, Ar–H, J = 8.7 Hz), 7.52 (m, 2H, C5‐H chro-

mene and C6‐H chromene), 7.62 (t, 1H, C7‐H chromene, J = 7.5 Hz),

7.81 (d, 1H, C8‐H chromene, J = 7.7 Hz), 8.49 (s, 1H, C4‐H chromene).

Anal. calculated for C24H16BrClN2O2 (479.7): C, 60.08; H, 3.36; N,

5.84. Found: C, 60.29; H, 3.40; N, 5.91.

3‐(1‐(4‐Chlorophenyl)‐5‐(4‐fluorophenyl)‐4,5‐dihydro‐1H‐pyrazol‐

3‐yl)‐2H‐chromen‐2‐one (10e)

Yield: 83%, m.p. 178–180°C. IR υmax (cm−1): 2933 (CH aliphatic),

1726 (C═O chromene), 1602, 1495 (C═C, C═N). 1H NMR (DMSO‐
400MHz), δ ppm: 3.23 (dd, 1H, C4‐HA pyrazoline, JAX = 5.8 Hz,

JAB = 18.0 Hz), 4.00 (dd, 1H, C4‐HB pyrazoline, JBX = 12.3 Hz, JBA =

18.0 Hz), 5.58 (dd, 1H, C5‐HX pyrazoline, JXA = 5.8 Hz, JXB = 12.3 Hz),

7.40 (d, 2H, Ar–H, J = 8.8 Hz), 7.03 (d, 2H, Ar–H, J = 8.8 Hz), 7.17 (d,

2H, Ar–H, J = 8.8 Hz), 7.23 (d, 2H, Ar–H, J = 8.96 Hz), 7.37 (d, 1H, C5‐
H chromene, J = 7.5 Hz), 7.47 (t, 1H, C6‐H chromene, J = 7.4 Hz), 7.62

(t, 1H, C7‐H chromene, J = 7.2 Hz), 7.82 (d, 1H, C8‐H chromene,

J = 7.5 Hz), 8.50 (s, 1H, C4‐H chromene). 13C NMR (DMSO‐
100.63MHz): 45.07 (C‐4 pyrazoline), 62.63 (C‐5 pyrazoline), 115.17,

115.81 (d, 2JF‐c = 22Hz), 119.59, 120.14, 122.12, 123.39, 125.27,

128.36 (d, 3JF‐c = 8 Hz), 129.24, 132.55, 138.32, 139.55, 141.59,

142.71, 144.68, 153.46, (aromatic C), 158.53 (carbonyl). 161.90 (d,
1JF‐c = 242 Hz); Anal. calculated for C24H16ClFN2O2 (418.85): C,

68.82; H, 3.85; N, 6.69. Found: C, 68.97; H, 3.94; N, 6.82.

4.1.6 | General procedure for the synthesis of
4‐(3‐(2‐oxo‐2H‐chromen‐3‐yl)‐5‐(3,4‐(un)substituted
phenyl)‐4,5‐dihydro‐1H‐pyrazol‐1‐yl)
benzenesulfonamide (11a–e)

4‐Hydrazinylbenzenesulfonamide (1.72 g, 10mmol) was added to a

solution of the appropriate chalcone derivatives 8a–e (2.50 g,

10mmol) in absolute ethanol (30ml) in the presence of glacial acetic

acid (1 ml) and heated under reflux for 12 h. The reaction mixture

was filtered while hot. The obtained solid was dried and crystallized

from acetonitrile.

4‐(3‐(2‐Oxo‐2H‐chromen‐3‐yl)‐5‐phenyl‐4,5‐dihydro‐1H‐pyrazol‐

1‐yl)benzenesulfonamide (11a)

Yield: 73%, m.p. 200–203°C. IR υmax (cm−1): 3249, 3170 (NH2), 2927

(CH aliphatic), 1728 (C═O), 1596, 1536 (C═C, C═N), 1304, 1078

(SO2).
1H NMR (DMSO‐d6‐400MHz, δ ppm): 3.30 (dd, 1H, C4‐HA

pyrazoline, JAX = 4.7 Hz, JAB = 18.1 Hz), 4.05 (dd, 1H, C4‐HB pyrazo-

line, JBX = 12.2 Hz, JBA = 18.1 Hz), 5.82 (dd, 1H, C5‐HX pyrazoline,

JXA = 4.7 Hz, JXB = 12.2 Hz), 7.06 (s, 2H, NH2, D2O exch.), 7.14 (d, 2H,

Ar–H, J = 8.6 Hz), 7.32 (t, 3H, Ar–H, J = 8.6 Hz), 7.44 (m, 2H, C5‐H
chromene and C6‐H chromene), 7.55 (d, 2H, Ar–H, J = 8.3 Hz),

7.36–7.45 (m, 3H, Ar–H and C7‐H chromene), 7.82 (d, 1H, C8‐H
chromene, J = 8.8 Hz), 8.55 (s, 1H, C4‐H chromene). Anal. calculated

for C24H19N3O4S (445.49): C, 64.71; H, 4.30; N, 9.43. Found: C,

64.97; H, 4.39; N, 9.58. MS: m/z 445.1, M+, 77 (100%).

4‐(5‐(4‐Methoxyphenyl)‐3‐(2‐oxo‐2H‐chromen‐3‐yl)‐4,5‐dihydro‐

1H‐pyrazol‐1‐yl)benzenesulfonamide (11b)

Yield: 89%, m.p. 222–224°C. IR υmax (cm−1): 3352, 3181(NH2), 2932 (CH

aliphatic), 1729 (C═O chromene), 1599, 1533 (C═C, C═N), 1303, 1145

(SO2).
1H NMR (DMSO‐d6‐400MHz), δ ppm: 3.27 (dd, 1H, C4‐HA pyr-

azoline, JAX =5.1Hz, JAB = 18.1Hz), 3.71 (s, 3H, OCH3), 4.00 (dd, 1H, C4‐
HB pyrazoline, JBX = 12.2Hz, JBA =18.1Hz), 5.62 (dd, 1H, C5‐HX pyr-

azoline, JXA = 5.1Hz, JXB =12.2Hz), 6.90 (d, 2H, Ar–H, J=8.8Hz), 7.06 (s,

2H, NH2, D2O exch.), 7.13 (d, 2H, Ar–H, J=8.7Hz), 7.18 (d, 2H, Ar–H,

J=8.7Hz), 7.40–7.44 (m, 2H, C5‐H chromene and C6‐H chromene), 7.61

(d, 2H, Ar–H, J=8.9Hz), 7.60 (t, 1H, C7‐H chromene, J=8.44Hz), 7.81 (d,

1H, C8‐H chromene, J=7.3Hz), 8.56 (s, 1H, C4‐H chromene). 13C NMR

(DMSO‐100.63MHz): 45.09 (C‐4 pyrazoline), 55.52 (OCH3), 62.32 (C‐5
pyrazoline), 112.92, 114.42, 116.43, 119.55, 120.06, 125.31, 127.45,

127.55, 129.42, 132.74, 133.73, 134.15, 140.13, 145.86, 146.22, 153.56,

158.52 (aromatic C), 159.11 (carbonyl). Anal. calculated for C25H21N3O5S

(475.52): C, 63.15; H, 4.45; N, 8.84. Found: C, 63.36; H, 4.53; N, 8.97.

4‐(5‐(4‐Chlorophenyl)‐3‐(2‐oxo‐2H‐chromen‐3‐yl)‐4,5‐dihydro‐1H‐

pyrazol‐1‐yl)benzenesulfonamide (11c)

Yield: 83%, m.p. 189–191°C. IR υmax (cm−1): 3350, 3178 (NH2), 2933

(CH aliphatic), 1726 (C═O chromene), 1602, 1510 (C═C, C═N), 1292,

1168 (SO2).
1H NMR (DMSO/D2O‐400MHz), δ ppm: 3.28 (dd, 1H, C4‐

HA pyrazoline, JAX =5.0Hz, JAB =18.1Hz), 4.04 (dd, 1H, C4‐HB pyrazo-

line, JBX = 12.3Hz, JBA =18.1Hz), 5.72 (dd, 1H, C5‐HX pyrazoline JXA =

5.0Hz, JXB =12.3Hz), 7.07 (s, 2H, NH2, D2O exch.) 7.12 (d, 2H, Ar–H,

J=8.6Hz), 7.28 (d, 2H, Ar–H, J=8.6Hz), 7.42 (d, 2H, Ar–H, J=8.3Hz),

7.53–7.59 (m, 2H, C5‐H chromene and C6‐H chromene), 7.63 (d, 2H,

Ar–H, J=8.3Hz), 7.74 (dd, 1H, C7‐H chromene, J=13.6Hz, J=8.7Hz),

7.82 (d, 1H, C8‐H chromene, J=7.4Hz), 8.64 (s, 1H, C4‐H chromene).

Calculated for C24H18ClN3O4S (479.94): C, 60.06; H, 3.78; N, 8.76.

Found: C, 60.27; H, 3.86; N, 8.95.

4‐(5‐(4‐Bromophenyl)‐3‐(2‐oxo‐2H‐chromen‐3‐yl)‐4,5‐dihydro‐1H‐

pyrazol‐1‐yl)benzenesulfonamide (11d)

Yield: 80%, m.p. 210°C. IR υmax (cm−1): 3350, 3178 (NH2), 2929

(CH aliphatic), 1723 (C═O chromene), 1596, 1566 (C═C, C═N),

1265, 1087 (SO2).
1H NMR (DMSO‐d6‐400MHz), δ ppm: 3.28 (dd,

1H, C4‐HA pyrazoline, JAX = 5.0 Hz, JAB = 18.1 Hz), 4.04 (dd, 1H,

C4‐HB pyrazoline, JBX = 12.2 Hz, JBA = 18.1 Hz), 5.70 (dd, 1H, C5‐
HX pyrazoline, JXA = 5.0 Hz, JXB = 12.2 Hz), 7.06 (s, 2H, NH2, D2O

exch.), 7.20 (d, 2H, Ar–H, J = 8.8 Hz), 7.22 (d, 2H, Ar–H,

J = 8.4 Hz), 7.39 (d, 2H, Ar–H, J = 7.7 Hz), 7.40–7.44 (m, 2H, C5‐
H chromene and C6‐H chromene), 7.56 (d, 2H, Ar–H, J = 8.4 Hz),

7.63 (t, 1H, C7‐H chromene, J = 7.6 Hz), 7.83 (d, 1H, C8‐H chro-

mene, J = 7.7 Hz), 8.57 (s, 1H, C4‐H chromene). Anal. calculated

for C24H18BrN3O4S (524.39): C, 54.97; H, 3.46; N, 8.01. Found: C,

55.01; H, 3.54; N, 8.23.

4‐(5‐(4‐Fluorophenyl)‐3‐(2‐oxo‐2H‐chromen‐3‐yl)‐4,5‐dihydro‐1H‐

pyrazol‐1‐yl)benzenesulfonamide (11e)

Yield: 85%, m.p. 217–220°C. IR (KBr, cm−1): 3350, 3178 (NH2), 3049

(CH aromatic), 2929 (CH aliphatic), 1723 (C═O), 1596, 1566 (C═C,
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C═N), 1265, 1087 (SO2).
1H NMR (DMSO‐d6‐400MHz), δ ppm: 3.29

(dd, 1H, C4‐HA pyrazoline, JAX = 5.0 Hz, JAB = 18.1 Hz), 4.04 (dd, 1H,

C4‐HB pyrazoline, JBX = 12.3 Hz, JBA = 18.08 Hz), 5.71 (dd, 1H, C5‐HX

pyrazoline, JXA = 5.0 Hz, JXB = 12.3 Hz), 7.07 (s, 2H, NH2, D2O exch.),

7.13 (d, 2H, Ar–H, J = 8.8 Hz), 7.21 (t, 2H, Ar–H, J = 8.8 Hz), 7.31 (dd,

2H, Ar–H, J = 8.7 Hz, J = 5.4 Hz), 7.38–7.44 (m, 2H, C5‐H chromene

and C6‐H chromene), 7.55–7.64 (m, 3H, Ar‐H and C7‐H chromene),

7.85 (d, 1H, C8‐H chromene, J = 7.8 Hz), 8.57 (s, 1H, C4‐H chromene).
13C NMR (DMSO‐100.63MHz): 45.02 (C‐4 pyrazoline), 62.09 (C‐5
pyrazoline), 112.91, 116.39 (d, 2JF‐c = 21Hz), 116.41, 119.29, 120.12,

125.30, 127.74, 128.31 (d, 3JF‐c = 8 Hz), 129.42, 132.77, 134.35,

138.01, 140.24, 145.75, 146.25, 153.38 (aromatic C), 158.50 (car-

bonyl), 161.94 (d, 1JF‐c = 242Hz). Anal. calculated for C24H18FN3O4S

(463.48): C, 62.19; H, 3.91; N, 9.07. Found: C, 62.38; H, 3.89; N, 9.28.

4.2 | Biological evaluation

4.2.1 | MTT assay for in vitro cytotoxic activity

Antiproliferative activity of the target compounds was determined in

cells treated with the different concentrations of the tested compounds

in comparison with untreated control using MTT assay as follows.

Cells were grown as a monolayer in media supplemented

with 10% inactivated fetal bovine serum. The monolayers of

10,000 cells were plated (104 cells/well) in a 96‐well tissue cul-

ture plate and incubated for 24 h at 37°C in a humidified in-

cubator with 5% CO2 before treatment with the compounds to

allow attachment of cell to the plate, except blank wells without

cells. Different concentrations of 100, 10, 1.0, 0.1, and 0.01 µM of

each compound were tested for cytotoxicity. Tetraplicate wells

were prepared for each concentration in addition to cell control

(cells only without compounds). Cells were incubated with the

tested compounds for 48 h in a CO2 incubator at 37°C and 5%

CO2. Culture media containing different concentrations of the

tested compounds and dead cells were decanted, leaving only

viable attached cells in the tissue culture plate. The plate was

washed twice with pre‐warmed phosphate‐buffered saline (PBS).

MTT reagent (40 μl) was added to each well including blank and

negative control wells. After addition of MTT reagent, the plates

were incubated in the dark for 4 h for the reduction of MTT into

formazan (purple color) by dehydrogenase activity in mitochon-

dria of viable cells. DMSO (150μl) was added to each well to

solubilize the purple crystals of formazan. Absorbance was

measured at 570 nm with a microplate reader (ROBONIK™

P2000 ELISA plate reader). The percentage of cell survival was

calculated as follows: [(absorbance of sample − absorbance of

blank)/(absorbance of control − absorbance of blank)] × 100. The

inhibitory concentration 50 (IC50) was calculated by plotting the

log molar concentration of the tested compounds against survival

rate percent.

4.2.2 | In vitro EGFR expression inhibition assay in
MCF‐7 cell line

The cells in culture mediumwere tested with 20 µl of IC50 values of the

tested compounds or the standard drug doxorubicin dissolved in

DMSO, and then they were incubated for 24 h at 37°C in a humidified

5% CO2 atmosphere. The cells were harvested and homogenates were

prepared in saline using a tight pestle homogenizer until complete cell

disruption. The kit uses a double‐antibody sandwich enzyme‐linked
immunosorbent assay (ELISA) to analyze the level of human EGFR in

samples. A monoclonal antibody for EGFR was precoated on 96‐well

plates. Standard and test samples were added to the wells, and a

biotinylated detection polyclonal antibody from goat, specific for

EGFR, was added subsequently, followed by washing with PBS.

Avidin–biotin–peroxidase complex was added and unbound conjugates

were washed away with PBS buffer. Horseradish peroxidase (HRP)

substrate TMB was used to visualize HRP enzymatic reaction. TMB

was catalyzed by HRP to produce a blue‐colored product that changed

to yellow after adding acidic stop solution. The density of yellow is

proportional to the human EGFR amount of sample captured in plate.

The chroma of color and the concentration of the human EGFR of

sample were positively correlated, and the optical density was de-

termined at 451 nm. The level of human EGFR was calculated (pg/ml)

as duplicate determinations from the standard curve.

4.3 | Molecular docking

Docking was performed via AutoDock4.[48] The crystal structure of

the target TK in complex with erlotinib, PDB ID: 1M17, was prepared

using UCSF Chimera[49] and AutoDock tools.[48] Gasteiger charges

were used for the protein and all ligands. A grid box of dimensions

42 × 40 × 40 grid points and spacing 0.375 was centered on erlotinib.

For each docking, 100 steps of genetic algorithm were run while

keeping all the default settings provided by AutoDock Tools. Eight

conformers were generated for each ligand using OpenBabel.[50]

4.4 | ADME properties

The properties were calculated through swissadme.che platfrom.[51]

Log P values were obtained as consensus log P o/w. Log S (ESOL) was

used to represent water solubility. GI absorption was represented

according to BOILED‐Egg.[52] Druglikeness was according to

Lipinski's rule.[53]
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