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Abstract

Three novel series of 1,2,4‐triazole derivatives were designed and synthesized as

potential adenosine A2B receptor antagonists. The design of the new compounds de-

pended on a virtual screening of a previously constructed library of compounds targeting

the human adenosine A2B protein. Spectroscopic techniques including 1H nuclear

magnetic resonance (NMR) and 13C NMR, and infrared and mass spectroscopy were

used to confirm the structures of the synthesized compounds. The in vitro cytotoxicity

evaluation was carried out against a human breast adenocarcinoma cell line (MDA‐MB‐
231) using the MTT assay, and the obtained results were compared with doxorubicin as a

reference anticancer agent. In addition, in silico studies to propose how the two most

active compounds interact with the adenosine A2B receptor as a potential target were

performed. Furthermore, a structure–activity relationship analysis was performed, and

the pharmacokinetic profile to predict the oral bioavailability and other pharmacokinetic

properties was also explained. Four of our designed derivatives showed promising

cytotoxic effects against the selected cancer cell line. Compound 15 showed the highest

activity with an IC50 value of 3.48 µM. Also, compound 20 revealed an equipotent

activity with the reference cytotoxic drug, with an IC50 value of 5.95 µM. The observed

IC50 values were consistent with the obtained in silico docking scores. The newly de-

signed compounds revealed promising pharmacokinetic profiles as compared with the

reference marketed drug.
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1 | INTRODUCTION

Extracellular adenosine is a nucleoside that regulates cell function via

binding to specific receptors on its surface.[1] The two main sources of

extracellular adenosine are the exocytosis of intracellular adenosine and

the enzymatic breakdown of extracellular adenosine triphosphate

(ATP).[2] Besides its importance in the production of ATP, adenosine

mediates various pharmacological effects, both in the peripheral and in

the central nervous system (CNS).[3] Under cellular stress, the elevation

of intracellular adenosine levels triggers a concomitant active transport

of adenosine into the extracellular space and subsequent activation of

different adenosine receptors.[4] To date, four subtypes of adenosine

receptors, termed A1, A2A, A2B, and A3, have been determined. Each

subtype of adenosine receptors has its unique pharmacological profile.[5]

Unlike A1, A2A, and A3 adenosine receptors, the A2B subtype binds with

a lower affinity to adenosine. So, a high level of adenosine is required for

the activation of A2B.[6] Thus, stimulation of A2B receptors participates

in several pathophysiological disorders as in the case of tumors and
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ischemia.[7,8] In addition, the adenosine A2B receptors are highly ex-

pressed in the microvascular endothelial cells, where they regulate the

angiogenic factors and subsequently angiogenesis, which is one of the

major approaches for regulation and control of tumor growth.[9] There-

fore, the management of cancer is one of the therapeutic profiles of the

adenosine A2B receptor subtype.[10]

A piece of evidence for the overexpression of A2B adenosine

receptors in the human breast adenocarcinoma (MDA‐MB‐231)[7,11,12]

has been proved. Consequently, a virtual screening of potential A2B

antagonistic ligands using the adenosine A2B receptor homology

model has been performed,[13] which led to the identification of a

library of antagonistic candidates for the adenosine A2B receptors.

However, potential hits suggested in this study need

further experimental analysis to confirm the results. Out of the 250

identified novel candidates, 20 ligands belong to the 3,4,5‐
trisubstituted‐1,2,4‐triazole scaffold. All are attached with two aryl

moieties at both N‐4 and C‐5, together with a hydrophilic linker in the

form of either an N‐(aryl)acetamide or N‐(aryl)propenamide at

C‐3. One of the most potent and potentially selective hits in this study

is the 2‐{[4‐(3‐chloro‐2‐methylphenyl)‐5‐(pyridin‐4‐yl)‐4H‐1,2,4‐triazol‐
3‐yl]thio}‐N‐(3‐methoxyphenyl)acetamide (1). Additionally, 1,2,4‐
triazoles have emerged in the last decade as therapeutic drugs due to

their diverse biological activities, particularly as an antiproliferative

agent.[14,15] The 1,2,4‐triazole ring has the advantage of providing

good water solubility, and the potential to interact with a number of

enzymes included in cancer gross through its ability to form hydrogen

bonds with receptors.[16] Compounds 2 and 3 (Figure 1) proved as a

potent cytotoxic agent against HCT116 and HepG2 cell lines with low

IC50 values.[17,18] Furthermore, a number of 1,2,4‐triazole incorporat-

ing derivatives have been reported recently as A2B receptor

antagonists.[19–21]

Furthermore, the S‐alkylated mercapto‐1,2,4‐triazoles attached

at C‐3 with hydrogen bond donor/acceptor atoms, like compounds

4–7 (Figure 2), were reported to exhibit a significant anticancer ac-

tivity against a panel of cancer cell lines.[22] Moreover, a lot of

compounds containing N‐arylacetamide and/or phenacyl moieties

have been reported as potent cytotoxic agents.[23–26]

1.1 | Rationale and structure‐based design

Pharmacophoric groups presented in the core structure of the above-

mentioned hit (compound 1) include a heterocyclic nucleus attached di-

rectly with aryl rings at N‐4 and C‐5, as well as a hydrophilic spacer

followed by a lipophilic tail at C‐3. Compound 1 consists of a 1,2,4‐
triazole ring system attached with phenyl and pyridyl substituents at N‐4
and C‐5, respectively. Also, there is a hydrophilic linker in the form of an

N‐arylacetamide moiety at C‐3, followed by a lipophilic tail. The proposed

binding mode of compound 1 with the active site of A2B receptor in-

volves three main interactions. The N‐1 of triazole and the pyridyl ni-

trogen are involved in hydrogen bonding interactions with Asn254 and

Thr89 residues, respectively. The pyridyl ring at C‐5 showed π–π stacking

with His280 and Ser279. The terminal N‐aryl moiety occupied the hy-

drophobic bucket composed of Val253 and Met179 amino acid residues

(Figure 3). Owing to these desirable interactions, compound 1 showed a

good affinity toward the human adenosine A2B receptor.

In light of the aforementioned facts and as a continuation of our

previous studies on identification of new anticancer agents,[21,27–29] the

main objective of the present work is to design and synthesize a new set

of 1,2,4‐triazole derivatives with the same structural features of the hit

compound 1 and almost the same binding mode with the A2B receptor.

Herein, inspired by the versatility of the 1,2,4‐triazole ring, three novel

series of analogous structures were designed and synthesized (Figure 4)

to evaluate their anticancer activity. Only three bioisosteric modifications

were achieved in the designed new triazole derivatives: (a) replacement

of the pyridyl group at C‐5 with the isosteric phenyl ring, which is either

unsubstituted or attached with an electron‐donating group at the para

position; (b) replacement of the methoxyphenyl attached to the terminal

hydrophilic tail with either monosubstituted phenyl or naphthyl ring

system; (c) replacement of the hydrophilic linker at C‐3 with another one

in which both the length and number of hydrogen bond donors/acceptors

decreased. Different substitution patterns were incorporated into phenyl

groups at both C‐5 of the triazole ring and the terminal hydrophilic tail to

investigate the effect of these structural modifications on the cytotoxicity

of the designed compounds. This variety of structural modifications en-

abled us to examine the structure–activity relationship (SAR) of the new

derivatives as potential anticancer agents. All the synthesized compounds

were evaluated for their in vitro cytotoxic activity against the human

breast adenocarcinoma (MDA‐MB‐231) cells as a proposed model for the

A2B adenosine receptor subtype.[7]

2 | RESULTS AND DISCUSSION

2.1 | Chemistry

In the present study, final target compounds of the 1,2,4‐triazole
scaffold were achieved in four consecutive steps, utilizing

F IGURE 1 Reported lead 1,2,4‐triazole
derivative as a potent A2B antagonist and
structures of selected potent 1,2,4‐triazole
anticancer agents
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commercially available unsubstituted or para‐substituted benzoic

acid. The general route for the synthesis of the designed 1,2,4‐
triazole derivatives is illustrated in Scheme 1. The appropriate acid

was converted to the corresponding ester by the action of absolute

ethanol in the presence of a catalytic amount of concentrated sulfuric

acid. The produced esters were treated with hydrazine hydrate in

ethanol[30] to yield the hydrazide derivatives 10a–c. The latter re-

acted under reflux with phenyl isothiocyanate[22,31] in an alcoholic

F IGURE 2 The S‐alkylated mercapto‐
1,2,4‐triazoles attached with hydrogen bond
donor/acceptor as potential anticancer agents

F IGURE 3 The predicted binding mode for
compound 1 with the homology model of the

human adenosine A2B receptor

F IGURE 4 The hit compound and
structure‐based design of the newly designed
derivatives
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solution of KOH to yield the potassium salts of 4‐phenyl‐5‐(aryl)‐4H‐
1,2,4‐triazole‐3‐thiol (11a–c), which readily converted into the parent

thioalcohol by the action of hydrochloric acid. Compounds 11a,b

were finally treated with the appropriate previously prepared 2‐
chloro‐N‐arylacetamide derivatives[32] in the presence of potassium

hydroxide to produce target compounds 12–21 in relatively good

yields and reasonable purities. Alternatively, treating 11c with the

appropriate 2‐bromo‐1‐arylethan‐1‐one derivative in the presence of

potassium hydroxide afforded target compounds 22 and 23.

Structures and purities of this new set of 2‐[(4,5‐diaryl‐4H‐1,2,4‐
triazol‐3‐yl)thio]‐N‐arylacetamide derivatives were confirmed on the

basis of spectral data and thin‐layer chromatography (TLC). In all

compounds, infrared (IR) spectra showed stretching bands between

3,416 and 3,452 cm−1, which represent the secondary amide NH

functionality. In addition, typical amide carbonyl stretching bands

between 1,670 and 1,682 cm−1 were observed in all spectra. Col-

lectively, these observations with the disappearance of the SH signals

in 1H nuclear magnetic resonance (NMR) spectra of compounds 11a,c

confirm tethering of the acetamide or ketone moiety with triazole

nucleus in the final compounds via S‐linkage. The NH groups revealed

singlet signals, which are D2O‐exchangeable, equivalent to one pro-

ton, around 10.40 ppm. Aliphatic (S–CH2) protons revealed singlet

signals around 4.16 ppm. Mass spectra of all compounds are

characterized by the presence of distinctive molecular ion peaks at

the expected m/z values.

2.2 | Evaluation of biological activity

2.2.1 | Cytotoxicity assay

The cytotoxic activity of the newly synthesized compounds was eval-

uated against human breast adenocarcinoma cancer cells (MDA‐MB‐231)
using the MTT (3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium bro-

mide) assay,[33] and doxorubicin was used as a reference anticancer

agent. Results of the preliminary antiproliferative evaluation are shown in

Table 1. Most of the synthesized compounds displayed mild‐to‐moderate

cytotoxic activity. Concentrations of target compounds needed to inhibit

50% of tumor cell proliferation were as low as 3.48 µM. Compounds 13,

15, 19, and 20 were the most potent derivatives. Compound 15 showed

a more powerful inhibitory effect than doxorubicin, with an IC50 value of

3.48 µM. Also, compound 20 revealed an equipotent activity with the

reference cytotoxic drug against the selected cancer cell line. Higher

doses (up to 17.37 µM) of derivatives 13 and 19 were needed to inhibit

50% of cell proliferation, indicating moderate activity of these two

derivatives.

SCHEME 1 The synthetic route of the

designed new 1,2,4‐triazole derivatives
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TABLE 1 In vitro anticancer activity of the designed 1,2,4‐triazoles against the human breast adenocarcinoma (MDA‐MB‐231) cancer
cell line

Compound Chemical structure IC50 (µM)a

12 32.73 ± 0.88

13 17.37 ± 1.01

14 >100

15 3.48 ± 0.34

16

 

57.50 ± 0.86

17

 

30.90 ± 0.88

18

 

27.50 ± 0.68

19

 

10.96 ± 0.74

(Continues)

TURKY ET AL. | 5 of 13



2.2.2 | SAR study

As outlined in the rationale structure‐based drug design, investiga-

tion of SAR of newly synthesized compounds as cytotoxic agents is a

major objective of the present work. Results of cytotoxicity evalua-

tion could be summarized as follows: (a) Ketone derivatives of series

C exhibited a lower activity, compared with the acetamide deriva-

tives of series A and B, which reflects the importance of NH in the

hydrophilic spacer for the activity. (b) The electronic nature of sub-

stituents attached to the terminal phenyl ring of hydrophilic tail in

series A and B had a considerable influence on the cytotoxic activity.

Compounds 12, 13, 15, 18, and 20 with hydrogen bond acceptor

groups attached to C‐4 of the terminal phenyl ring displayed re-

markable inhibitory effects, with IC50 values ranging from 3.44 to

32.73 µM. (c) Replacement of the terminal phenyl ring with naphthyl

moiety of the same scaffold, as in compounds 16 and 21, revealed a

negative impact on the cytotoxicity (IC50 values are more than

57 µM). These relatively lower activities of such derivatives may be

attributed to the presence of a bulky group, making these naphthyl

derivatives unable to accommodate the size‐limited binding pocket of

the A2B receptor. Also, replacing the hydrogen bond acceptor at-

tached to the terminal phenyl ring of hydrophilic linker with an alkyl

group, as in compounds 14, resulted in a sharp drop in the antitumor

activity, with IC50 values above 100 µM. Independently, compound

19 showed a moderate activity, with an IC50 value of 10.96 µM.

However, the nature of the substituents attached to the phenyl

group at C‐5 of the triazole ring had no or little impact on the cy-

totoxic activity. A summary of the structure–activity relationship of

the acetamide derivatives 12–23 is presented in Figure 5.

2.3 | Molecular docking studies

In the present work, molecular docking studies were conducted to

determine molecular binding modes of target compounds inside the

pocket of the adenosine A2B receptor. Docking studies were

TABLE 1 (Continued)

Compound Chemical structure IC50 (µM)a

20 5.95 ± 0.97

21

 

>100

22

 

39.53 ± 0.96

23 >100

Doxorubicin 4.50 ± 0.27

Note: Data here are presented as the means of five independent experiments ± standard deviation.
aCytotoxicity was assayed by treating cells with the test compound for 72 hr and expressed as the concentration needed to inhibit 50% of tumor cell

proliferation (IC50).
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conducted using AutoDock Vina program to determine the free en-

ergy and the virtual binding modes of the new triazoles with the

homology model of the human adenosine A2B receptor binding site.

Binding free energies of all compounds, together with that of the hit

compound, are presented in Table 2. The selection of the most pro-

mising molecules depended on the perfect binding mode and the

binding free energy.

The triazole ring and amino group of compound 15, as a re-

presentative example of triazoles with an HB acceptor at the para

position of the terminal benzene ring, are involved in a hydrogen

bonding interaction with Asn254 and Phe173 residues. Also, the

phenyl ring attached to C‐5 is anchored by aromatic stacking inter-

actions with Trp247 and His251 residues, and hydrophobic interac-

tions with Leu86, Val85, Val250, and Met182, a pocket that

contributes to an increase in the affinity of the compound (Figure 6).

In addition, the phenyl ring at the 4‐position showed aromatic

stacking interactions with His280 and Phe173, and hydrophobic in-

teractions with Ile276, Ile67, Ala64, Ala60, and Ala82. The methox-

yphenyl moiety is located in the hydrophobic bucket composed of

Val253 and Met179 (Figure 7). The carbonyl moiety is involved in a

water‐mediated interaction with Lys269. Due to the existence of

additional hydrogen bonding and desirable interactions, compounds

15 and 20 presented a higher affinity than other compounds toward

the receptor.

The obtained binding mode of compound 20 with the homology

model of the human adenosine A2B receptor follows the general

pattern observed for compound 15. As before, the hydrogen bonding

and aromatic stacking interactions are maintained. The C‐5 phenyl

ring showed π–π stacking with His280 and Phe173, and hydrophobic

interactions with Ile276, Ile67, Ala64, Ala60, and Ala82. The terminal

F IGURE 5 A summary of the

structure–activity relationship study of the
synthesized 1,2,4‐triazoles

TABLE 2 The binding free energies (ΔG, kcal/mol) of the target
new triazoles and the hit compound with the binding site of the
human adenosine A2B receptor

Compound ΔG (kcal/mol)

1 −11.28

12 −8.12

13 −9.18

14 −7.74

15 −11.17

16 −7.68

17 −8.04

18 −8.75

19 −10.48

20 −10.98

21 −7.83

22 −7.99

23 −7.43

Note: Values made bold for derivatives showing good binding free energy.

F IGURE 6 The predicted binding mode for
compound 15 with the homology model of the
human adenosine A2B receptor. Interactions

between H‐bonded atoms are indicated by
dotted lines. Hydrogen (white), nitrogen
(blue), oxygen (red), and sulfur (yellow)
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methoxyphenyl moiety occupied the hydrophobic bucket composed

of Val253 and Met179 amino acid residues. The carbonyl group

formed a hydrogen bond with Lys269 residue.

Collectively, the obtained results indicated that all the studied

compounds revealed a similar position and orientation inside the

putative binding site of the human adenosine A2B receptor. In ad-

dition, the results of the binding free energy (ΔG) explain that some

of these compounds have a good binding affinity to the receptor and

the computed values reflect the overall trend. Furthermore, the

present study has highlighted that the triazole moiety is an attractive

scaffold for obtaining potent human adenosine A2B receptor.

Moreover, the affinity of the ligands would increase if the compounds

have the hydrogen bond acceptors on the aromatic substituents

where these moieties are located inside the polar groups formed by

Asn254, His251, His280, and Glu174. The introduction of a

bulky aromatic ring, like naphthalene, decreases the affinity of the

compound for the human adenosine A2B receptor.

2.4 | Pharmacokinetic profiling study

The pharmacokinetic profile of a compound determines how it would

be absorbed, distributed, metabolized, and excreted (ADME). Opti-

mal binding of a new drug with a therapeutic target protein is crucial;

however, it is also essential to ensure that it reaches this target in a

satisfactory concentration to produce the physiological effect safely.

In the present study, absorption, distribution, metabolism, excretion,

and toxicity (ADMET) properties of the most active new synthesized

compounds were determined using the pkCSM ADMET descriptors

algorithm protocol.[34] Two main structural features correlate prop-

erly with pharmacokinetic properties, the two‐dimensional polar

surface area (PSA_2D) and the lipophilicity levels (logP). Absorption

of a drug depends on a number of factors, including membrane

permeability (Caco‐2), intestinal absorption, skin permeability levels,

and P‐glycoprotein substrate or inhibitor. Drug distribution depends

on the blood–brain barrier (logBB), CNS permeability, and the vo-

lume of distribution (VDss). Metabolism is predicted on the basis of

the CYP models for substrate or inhibition (CYP2D6, CYP3A4,

CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4). Excretion is

predicted on the basis of the total clearance and the renal OCT2

substrate. The toxicity of the drugs is predicted on the basis of Ames

toxicity, hERG inhibition, hepatotoxicity, and skin sensitization. These

parameters were calculated for the four most potent cytotoxic

compounds, 13, 15, 19, and 20, as well as for the marketed antic-

ancer drug doxorubicin, and checked for compliance with their

standard ranges.

After calculating the ADMET properties (Table 3), we can con-

firm that the highest potent four triazole derivatives have the ad-

vantage of better intestinal absorption in humans, as compared with

the reference doxorubicin (91.014, 93.492, 90.909, and 91.928, re-

spectively, compared with 62.372 in case of doxorubicin). This ad-

vantage may be attributed to the greater lipophilicity of the designed

compounds, which would make it easy to pass through the biological

membranes.[35] Accordingly, they may have good oral bioavailability

in experimental testing. The analysis of the CNS permeability re-

vealed that compounds 13 and 19 have a high ability to penetrate the

CNS (CNS permeability values are greater than −2.0), whereas dox-

orubicin is unable to penetrate the CNS (CNS permeability < −4.0).

These data, unfortunately, indicate that these compounds may pre-

sent higher side effects in the CNS and lower tolerability among

patients.[35] It was also possible to observe that in contrast to dox-

orubicin, compounds 13, 15, 19, and 20 have the potential to inhibit

the cytochrome P3A4, the main enzyme accountable for drug me-

tabolism, which is possibly due to the higher lipophilicity of these

ligands, thus favoring the inhibition of this CYP enzyme. Excretion

was assessed in terms of total clearance. This parameter is related to

F IGURE 7 The predicted binding mode for

compound 15, displaying how the compound
can accommodate the binding site
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the bioavailability and is significant in determining the dose intervals

to achieve the optimum blood level of drug concentrations. Our data

demonstrated that compounds 13 and 15, and doxorubicin reveal the

highest total clearance values (0.035, 0.199, and 0.987, respectively)

when compared with other ligands, especially 20, which showed the

lowest total clearance value (−0.135). Thus, compounds 13 and 15,

and doxorubicin could be excreted rapidly, hence requiring shorter

dosing intervals to maintain the desired drug concentrations. Unlike

doxorubicin, compound 19 showed a slow clearance rate, which

means the advantage of longer dosing intervals for the latter. The last

parameter analyzed in the pharmacokinetic profile of our newly

synthesized triazoles was hepatotoxicity. As shown in Table 3, we can

TABLE 3 ADMET profile of the four
most active compounds and doxorubicin

Parameter 13 15 19 20 Doxorubicin

Molecular properties

Molecular weight 420.925 416.502 434.95 450.951 543.525

LogP 5.3185 4.6737 5.62692 5.3271 0.0013

Rotatable bonds 6 7 6 7 5

H‐bond acceptors 5 6 5 6 12

H‐bond donors 1 1 1 1 6

Surface area 177.297 178.472 183.662 188.776 222.081

Absorption

Water solubility −5.034 −4.591 −5.158 −4.738 −2.915

Caco‐2 permeability 0.987 1.037 0.98 1.056 0.457

Intestinal absorption (human) 91.014 93.492 90.909 91.928 62.372

Skin permeability −2.736 93.492 −2.736 −2.736 −2.735

P‐glycoprotein substrate Yes Yes Yes Yes Yes

P‐glycoprotein I inhibitor Yes Yes Yes Yes No

P‐glycoprotein II inhibitor Yes Yes Yes Yes No

Distribution

VDss (human) −0.126 −0.235 −0.052 –0.158 1.647

Fraction unbound (human) 0.209 0.23 0.216 0.235 0.215

BBB permeability 0.332 −0.425 0.312 −0.595 −1.379

CNS permeability −1.832 −2.14 −1.752 −2.02 −4.307

Metabolism

CYP2D6 substrate No No No No No

CYP3A4 substrate Yes Yes Yes Yes No

CYP1A2 inhibitor Yes Yes Yes Yes No

CYP2C19 inhibitor Yes Yes Yes Yes No

CYP2C9 inhibitor Yes Yes Yes Yes No

CYP2D6 inhibitor No No No No No

CYP3A4 inhibitor Yes Yes Yes Yes No

Total clearance 0.035 0.199 −0.135 −0.045 0.987

Excretion

Renal OCT2 substrate No No No No No

Ames toxicity Yes No Yes No No

Toxicity

Max. tolerated dose (human) 0.895 0.881 0.892 0.887 0.081

hERG I inhibitor No No No No No

hERG II inhibitor Yes Yes Yes Yes Yes

Oral rat acute toxicity (LD50) 2.879 2.902 2.901 2.879 2.408

Oral rat chronic toxicity (LOAEL) 0.014 0.293 0.088 0.14 3.339

Hepatotoxicity Yes Yes Yes Yes Yes

Skin sensitization No No No No No

Tetrahymena pyriformis toxicity 0.286 0.286 0.286 0.286 0.285

Minnow toxicity 0.392 −0.05 −0.141 −0.801 4.412

Abbreviations: ADMET, absorption, distribution, metabolism, excretion, and toxicity; BBB,

blood–brain barrier; CNS, central nervous system; VDss, volume of distribution.
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recognize that all ligands shared the drawback of exhibiting hepatotoxic

effects, shown also by the reference drug doxorubicin. Distinguishably,

our designed compounds showed extreme better tolerability

(0.881–0.895), compared with 0.081 for doxorubicin. Finally, the mini-

mal oral doses needed from the designed compounds for acute rat

toxicity (LD50) are higher than that of the reference drug.

3 | CONCLUSION

In conclusion, we are reporting here the design, synthesis, in vitro

anticancer evaluation, SAR, in silico docking, and pharmacokinetic

profiling studies of three novel series of 1,2,4‐triazole derivatives as

potential adenosine A2B receptor antagonists. Our target triazole

derivatives were designed on the basis of the structure of previously

reported hit compounds as inhibitors of A2B with three main bioi-

sosteric modifications. Different substitution patterns were in-

troduced at the phenyl groups at both C‐5 of the triazole ring and the

terminal hydrophilic tail to study the effect of such substituents on

the cytotoxicity. Four of our designed derivatives showed good cy-

totoxicity effects against the human breast adenocarcinoma (MDA‐
MB‐231) cell line as a proven model for A2B adenosine receptor

subtype. Compounds 15 showed a more potent inhibitory effect than

doxorubicin, with an IC50 value of 3.48 µM. Also, compound 20 re-

vealed almost an equipotent activity with the reference cytotoxic

drug against selected cancer cells, with an IC50 value of 5.95 µM. In

addition, docking study was conducted to evaluate how the most

active compounds interacted with the binding pocket of the homol-

ogy model of A2B receptor. The observed IC50 values were con-

sistent with the obtained docking scores. Furthermore, SAR analysis

and the pharmacokinetic profiling of new compounds were per-

formed. The newly designed compounds revealed prominent phar-

macokinetic profiles as compared with the reference marketed drug.

4 | EXPERIMENTAL

4.1 | Chemistry

4.1.1 | General

Melting points were measured on an electrothermal (Stuart SMP30)

apparatus and were uncorrected. IR spectra were recorded on a Pye

Unicam SP 1000 IR spectrophotometer at the Pharmaceutical Ana-

lytical Unit, Faculty of Pharmacy, Al‐Azhar University. 1H NMR and
13C NMR spectra were recorded in dimethyl sulfoxide (DMSO)‐d6 at

300 and 100MHz, respectively, on a Varian Mercury VXR‐300 NMR

spectrometer at NMR Lab, Faculty of Science, Cairo University.

Chemical shifts were related to that of the solvent and tetra-

methylsilane was used as an internal standard. Mass spectra and

microanalyses were carried out at the Regional Center for Mycology

Biotechnology, Al‐Azhar University, Cairo, Egypt. The progress of

reactions was monitored with Merck silica gel IB2‐F plates (0.25‐mm

thickness) and was visualized under a UV lamp, using different sol-

vents as mobile phases. Starting reagents, benzoic acid and acid de-

rivatives, hydrazine hydrate, phenyl isothiocyanate, chloroacetyl

chloride, and substituted anilines, were purchased from the Sigma‐
Aldrich and were used as received. Compounds 11a–c were syn-

thesized according to directions of reported procedures.[22,36]

The original spectra of the investigated compounds are provided as

Supporting Information Data. Their InChI codes, together with some

biological activity data, are also provided as Supporting Information Data.

4.1.2 | General procedures for the synthesis of
N‐aryl‐2‐[(4,5‐diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐
acetamides (12–21)

The appropriate 5‐(4‐substituted‐phenyl)‐4‐phenyl‐4H‐1,2,4‐triazole‐
3‐thiol derivatives 11a,b (0.001mol) were suspended in a solution of

KOH (0.025mol) in ethanol (30ml). The appropriate 2‐chloro‐N‐
arylacetamide derivative (0.011mol) was added, and the mixture was

heated to 80°C with continuous stirring for 8 hr. After the comple-

tion of the reaction (monitored using TLC), the reaction mixture was

allowed to stand overnight. The produced solid products were se-

parated by filtration, washed with cold water to remove the inorganic

side products, dried, and crystallized from ethanol to obtain the

corresponding final compounds (12–21).

N‐(4‐Bromophenyl)‐2‐[(4,5‐diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐
acetamide (12)

White solid (0.32 g, 70%); mp: 264–266°C; IR (KBr) νmax cm
−1: 3,441

(NH), 3,072 (CH aromatic), 2,967 (CH aliphatic), 1,675 (C═O); 1H

NMR (DMSO‐d6) δ: 10.21 (brs, 1H, NH), 7.55 (d, J = 1.8 Hz, 2H), 7.46

(t, J = 1.8 Hz, 1H), 7.40 (d, J = 1.8 Hz, 2H), 7.23 (d, J = 1.8 Hz, 2H), 7.13

(t, J = 1.8 Hz, 2H), 6.89 (d, J = 1.8 Hz, 2H), 6.87 (d, J = 1.8 Hz, 2H), 4.14

(s, 2H, SCH2);
13C NMR (DMSO‐d6) δ: 166.59, (C═O), 154.44, (tria-

zole C‐5), 152.78, (triazole C‐3), 138.60, (N‐phenyl C‐1), 135.61, (NH‐
phenyl C‐1), 134.46, (phenyl C‐4, N‐phenyl C‐4), 131.21, (phenyl C‐1),
131.05, (NH‐phenyl C‐3, C‐5), 130.58, (phenyl C‐3, C‐5), 129.71, (N‐
phenyl C‐3, C‐5), 128.52, (N‐phenyl C‐4), 128.03, (N‐phenyl C‐2, C‐6),
126.36, (NH‐phenyl C‐2, C‐6), 119.60, (phenyl C‐2, C‐6), 37.70,

(SCH2); mass spectroscopy (MS; m/z, %): 465 (M+, 8.15%), 501 (M+2,

2.81%). Anal. calc. for C22H17BrN4OS (M.W. = 465): C, 56.78; H, 3.68;

N, 12.04; found: C, 56.80; H, 3.67; N, 12.14%.

N‐(4‐Chlorophenyl)‐2‐[(4,5‐diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐
acetamide (13)

White solid (0.29 g, 70%); mp: 232–234°C; IR (KBr) νmax cm
−1: 3,416

(NH), 3,062 (CH aromatic), 2,981 (CH aliphatic), 1,682 (C═O), 1,490

(C═C); 1H NMR (DMSO‐d6) δ: 10.2 (brs, 1H, NH), 832 (t, J = 1.8 Hz,

1H), 7.60–6.84 (m, J = 2.1 Hz, 13H), 3.98 (s, 2H, SCH2);
13C NMR

(DMSO‐d6) δ: 167.02, (C═O), 153.15, (triazole C‐5), 151.91, (triazole
C‐3), 137.76, (N‐phenyl C‐1), 134.68, (NH‐phenyl C‐1), 133.53,

(phenyl C‐4, N‐phenyl C‐4), 130.29, (phenyl C‐1), 130.12, (NH‐phenyl
C‐3, C‐5), 129.65, (phenyl C‐3, C‐5), 128.79, (N‐phenyl C‐3, C‐5),
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127.55, (N‐phenyl C‐4), 127.11, (N‐phenyl C‐2, C‐6), 125.44, (NH‐
phenyl C‐2, C‐6), 120.67, (phenyl C‐2, C‐6), 36.80, (SCH2); MS (m/z,

%): 420 (M+, 24.62%), 422 (M+2, 7.17%). Anal. calc. for

C22H17ClN4OS (M.W. = 420): C, 62.78; H, 4.07; N, 13.31; found: C,

62.80; H, 4.15; N, 13.50%.

2‐[(4,5‐Diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐N‐(p‐tolyl)‐
acetamide (14)

White solid (0.26 g, 66%); mp: 223–225°C; IR (KBr) νmax cm
−1: 3,452

(NH), 3,078 (CH aromatic), 2,979 (CH aliphatic), 1,672 (C═O), 1,454

(C═C); 1H NMR (DMSO‐d6) δ: 10.36 (brs, 1H, NH), 7.56–7.35 (m,

J = 1.8 Hz, 12H), 7.12 (d, J = 1.8 Hz, 2H), 4.18 (s, 2H, SCH2), 2.49 (s,

3H, CH3);
13C NMR (DMSO‐d6) δ: 166.51, (C═O), 154.42, (triazole C‐

5), 151.67, (triazole C‐3), 151.17, (N‐phenyl C‐1), 148.02, (NH‐phenyl
C‐1), 139.51, (phenyl C‐4, N‐phenyl C‐4), 138.26, (phenyl C‐1),
133.82, (NH‐phenyl C‐3, C‐5), 130.02, (phenyl C‐3, C‐5), 129.94, (N‐
phenyl C‐3, C‐5), 129.11, (N‐phenyl C‐4), 127.77, (N‐phenyl C‐2, C‐6),
127.63, (NH‐phenyl C‐2, C‐6), 123.69, (phenyl C‐6), 119.62, (phenyl
C‐2), 36.74, (SCH2), 20.78, (CH3), 18.02, (CH3); MS (m/z, %): 400 (M+,

6.15%). Anal. calc. for C23H20N4OS (M.W. = 400): C, 68.98; H, 5.03; N,

13.99; found: C, 79.98; H, 5.18; N, 14.16%.

2‐[(4,5‐Diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐N‐(4‐methoxyphenyl)‐
acetamide (15)

White solid (0.27 g, 66%); mp: 226–228°C; IR (KBr) νmax cm−1:

3,422 (NH), 3,072 (CH aromatic), 2,990 (CH aliphatic), 1,672

(C═O), 1,449 (C═C); 1H NMR (DMSO‐d6) δ: 10.19 (brs, 1H, NH),

7.58 (d, J = 1.8 Hz, 2H), 7.56 (t, J = 1.8 Hz, 1H), 7.46 (d, J = 1.8 Hz,

2H), 7.43 (d, J = 1.8 Hz, 2H), 7.36 (t, J = 1.8 Hz, 2H), 7.34

(d, J = 1.8 Hz, 2H), 6.90 (d, J = 1.8 Hz, 2H), 4.16 (s, 2H, SCH2), 3.72

(s, 3H, OCH3);
13C NMR (DMSO‐d6) δ: 164.90, (C═O), 155.36,

(triazole C‐5), 151.60, (triazole C‐3), 133.74, (N‐phenyl C‐1),
131.91, (NH‐phenyl C‐1), 130.09, (phenyl C‐4, N‐phenyl C‐4),
129.97, (phenyl C‐1), 129.74, (NH‐phenyl C‐3, C‐5), 128.55, (phe-
nyl C‐3, C‐5), 127.86, (N‐phenyl C‐3, C‐5), 127.61, (N‐phenyl C‐4),
126.53, (N‐phenyl C‐2, C‐6), 120.64, (NH‐phenyl C‐2, C‐6), 113.90,
(phenyl C‐2, C‐6), 55.14, (OCH3), 36.80, (SCH2); MS (m/z, %): 416

(M+, 14.12%). Anal. calc. for C23H20N4O2S (M.W. = 416): C, 66.33;

H, 4.84; N, 13.45; found: C, 66.38; H, 4.91; N, 13.37%.

2‐[(4,5‐Diphenyl‐4H‐1,2,4‐triazol‐3‐yl)thio]‐N‐(naphthalen‐1‐yl)‐
acetamide (16)

White solid (0.31 g, 72%); mp: 222–224°C; IR (KBr) νmax cm
−1: 3,451

(NH), 3,031 (CH aromatic), 2,924 (CH aliphatic), 1,674 (C═O), 1,553

(C═C); 1H NMR (DMSO‐d6) δ: 10.38 (brs, 1H, NH), 7.68–7.36 (m,

17H), 4.19 (s, 2H, SCH2);
13C NMR (DMSO‐d6) δ: 170.20, (C═O),

155.51, (triazole C‐5), 149.62, (triazole C‐3), 145.34, (N‐phenyl C‐1),
137.23, (N‐phenyl C‐1), 134.45, (phenyl C‐4), 134.37, (naphthyl C‐4a),
131.18, (phenyl C‐4), 129.24, (phenyl C‐3, C‐5), 128.74, (N‐phenyl C‐
3, C‐5), 128.55, (N‐phenyl C‐6), 127.65, (naphthyl C‐3), 127.54,

(phenyl C‐2, C‐6), 126.61, (N‐phenyl C‐2, C‐6), 126.10, (naphthyl C‐7),
125.70, (naphthyl C‐8), 124.64, (naphthyl C‐8a), 121.91, (naphthyl C‐
4), 107.13, (naphthyl C‐2), 40.84, (SCH2); MS (m/z, %): 436 (M+,

4.09%). Anal. calc. for C26H20N4OS (M.W. = 436): C, 71.54; H, 4.62; N,

12.83; found: C, 71.59; H, 4.70; N, 12.79%.

N‐(4‐Bromophenyl)‐2‐[(5‐(4‐chlorophenyl)‐4‐phenyl‐4H‐1,2,4‐
triazol‐3‐yl)thio]acetamide (17)

White solid (0.40 g, 84%); mp: 254–256°C; IR (KBr) νmax cm
−1: 3,438

(NH), 3,052 (CH aromatic), 2,987 (CH aliphatic), 1,675 (C═O), 1,490

(C═C); 1H NMR (DMSO‐d6) δ: 10.47 (brs, 1H, NH), 7.58 (d, J = 1.8 Hz,

2H), 7.56 (t, J = 1.8 Hz, 1H), 7.53 (d, J = 1.8 Hz, 2H), 7.48 (d, J = 1.8 Hz,

2H), 7.43 (t, J = 1.8 Hz, 2H), 7.41 (d, J = 1.8 Hz, 2H), 7.34 (d, J = 1.8 Hz,

2H), 4.19 (s, 2H, SCH2);
13C NMR (DMSO‐d6) δ: 165.59, (C═O),

153.44, (triazole C‐5), 151.78, (triazole C‐3), 137.69, (N‐phenyl C‐1),
134.61, (NH‐phenyl C‐1), 133.46, (phenyl C‐4, N‐phenyl C‐4), 130.22,
(phenyl C‐1), 130.05, (NH‐phenyl C‐3, C‐5), 129.58, (phenyl C‐3, C‐5),
128.71, (N‐phenyl C‐3, C‐5), 127.52, (N‐phenyl C‐4), 127.03, (N‐
phenyl C‐2, C‐6), 125.36, (NH‐phenyl C‐2, C‐6), 120.60, (phenyl C‐2,
C‐6), 36.74, (SCH2); MS (m/z, %): 499 (M+, 04.62%), 501 (M+2,

3.98%). Anal. calc. for C22H16BrClN4OS (M.W. = 499): C, 52.87; H,

3.23; N, 11.21; found: C, 52.80; H, 3.36; N, 11.30%.

N‐(4‐Chlorophenyl)‐2‐{[5‐(4‐chlorophenyl)‐4‐phenyl‐4H‐1,2,4‐
triazol‐3‐yl]thio}acetamide (18)

White solid (0.37 g, 82%); mp: 248–250°C; IR (KBr) νmax cm
−1: 3,444

(NH), 3,074 (CH aromatic), 2,984 (CH aliphatic), 1,674 (C═O), 1,488

(C═C); 1H NMR (DMSO‐d6) δ: 10.48 (brs, 1H, NH), 7.61 (d, J = 1.8 Hz,

2H), 7.58 (t, J = 1.8 Hz, 1H), 7.55 (d, J = 1.8 Hz, 2H), 7.45 (d, J = 1.8 Hz,

2H), 7.43 (t, J = 1.8 Hz, 2H), 7.39 (d, J = 1.8 Hz, 2H), 7.36 (d, J = 1.8 Hz,

2H), 4.20 (s, 2H, SCH2);
13C NMR (DMSO‐d6) δ: 165.61, (C═O),

153.46, (triazole C‐5), 151.80, (triazole C‐3), 137.71, (N‐phenyl C‐1),
134.63, (NH‐phenyl C‐1), 133.48, (phenyl C‐4, N‐phenyl C‐4), 130.24,
(phenyl C‐1), 130.07, (NH‐phenyl C‐3, C‐5), 129.60, (phenyl C‐3, C‐5),
128.73, (N‐phenyl C‐3, C‐5), 127.54, (N‐phenyl C‐4), 127.05, (N‐
phenyl C‐2, C‐6), 125.38, (NH‐phenyl C‐2, C‐6), 120.62, (phenyl C‐2,
C‐6), 36.76, (SCH2); MS (m/z, %): 454 (M+, 44.97%), 456 (M+2,

14.08%). Anal. calc. for C22H16Cl2N4OS (M.W. = 454): C, 58.03; H,

3.54; N, 12.30; Found: C, 58.12; H, 3.56; N, 12.36%.

2‐{[5‐(4‐Chlorophenyl)‐4‐phenyl‐4H‐1,2,4‐triazol‐3‐yl]thio}‐N‐(p‐
tolyl)acetamide (19)

White solid (0.29 g, 68%); mp: 235–37°C; IR (KBr) νmax cm−1: 3,439

(NH), 3,078 (CH aromatic), 2,979 (CH aliphatic), 1,672 (C═O), 1,507

(C═C); 1H NMR (DMSO‐d6) δ: 10.24 (brs, 1H, NH), 757 (d, J = 1.8 Hz,

2H), 7.54 (t, J = 1.8 Hz, 1H), 7.45 (d, J = 1.8 Hz, 2H), 7.42 (d, J = 1.8 Hz,

2H), 7.37 (t, J = 1.8 Hz, 2H), 7.34 (d, J = 1.8 Hz, 2H), 7.10 (d, J = 1.8 Hz,

2H), 4.18 (s, 2H, SCH2), 2.25 (s, 3H, CH3);
13C NMR (DMSO‐d6) δ:

170.23, (C═O), 155.49, (triazole C‐5), 149.60, (triazole C‐3), 145.33,
(N‐phenyl C‐1), 138.88, (NH‐phenyl C‐4), 137.57, (NH‐phenyl C‐1),
136.30, (phenyl C‐4), 134.52, (phenyl C‐1), 131.36, (phenyl C‐3, C‐5),
131.26, (NH‐phenyl C‐3, C‐5), 130.95, (phenyl C‐2, C‐6), 130.70, (N‐
phenyl C‐3, C‐5), 130.51, (N‐phenyl C‐4), 127.61, (N‐phenyl C‐2, C‐6),
123.54, (NH‐phenyl C‐2, C‐6), 38.80, (SCH2), 21.33, (CH3), 18.02,

(CH3). Anal. calc. for C23H19ClN4OS (M.W. = 434): C, 63.51; H, 4.40;

N, 12.88; found: C, 63.60; H, 4.52; N, 13.01%.
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2‐{[5‐(4‐Chlorophenyl)‐4‐phenyl‐4H‐1,2,4‐triazol‐3‐yl]thio}‐N‐(4‐
methoxyphenyl)acetamide (20)

White solid (0.34 g, 76%); mp: 238–240°C; IR (KBr) νmax cm−1: 3,443

(NH), 3,073 (CH aromatic), 2,983 (CH aliphatic), 1,670 (C═O), 1,490

(C═C); 1H NMR (DMSO‐d6) δ: 10.19 (brs, 1H, NH), 7.58 (d, J = 1.8Hz,

2H), 7.45 (t, J =3.0Hz, 1H), 7.34 (d, J = 3.0Hz, 2H), 6.90 (d, J = 3.0Hz,

2H), 7.43 (t, J =6.0Hz, 2H), 7.39 (d, J = 1.8Hz, 2H), 6.90 (d, J = 1.8Hz,

2H), 4.17 (s, 2H, SCH2), 3.29 (s, 3H, CH3);
13C NMR (DMSO‐d6) δ:

161.61, (C═O), 154.46, (triazole C‐5), 152.80, (triazole C‐3), 138.71, (N‐
phenyl C‐1), 135.63, (NH‐phenyl C‐1), 134.48, (phenyl C‐4, N‐phenyl C‐
4), 131.24, (phenyl C‐1), 131.07, (NH‐phenyl C‐3, C‐5), 130.60, (phenyl
C‐3, C‐5), 129.73, (N‐phenyl C‐3, C‐5), 128.54, (N‐phenyl C‐4), 128.05,
(N‐phenyl C‐2, C‐6), 126.38, (NH‐phenyl C‐2, C‐6), 121.62, (phenyl C‐2,
C‐6), 58.70, (OCH3), 37.76, (SCH2); MS (m/z, %): 450 (M+, 8.81%), 452

(M+2, 3.01%). Anal. calc. for C23H19ClN4O2S (M.W. = 450): C, 61.26; H,

4.25; N, 12.42; found: C, 61.12; H, 4.26; N, 12.39%.

2‐{[5‐(4‐Chlorophenyl)‐4‐phenyl‐4H‐1,2,4‐triazol‐3‐yl]thio}‐N‐
(naphthalen‐1‐yl)acetamide (21)

Yellowish white solid (0.31 g, 72%); mp: 253–255°C; 1H NMR

(DMSO‐d6) δ: 10.33 (brs, 1H, NH), 7.56–6.88 (m, 16H), 4.19 (s, 2H,

SCH2);
13C NMR (DMSO‐d6) δ: 171.23, (C═O), 155.60, (triazole C‐5),

150.12, (triazole C‐3), 146.31, (N‐phenyl C‐1), 137.25, (N‐phenyl C‐1),
134.47, (phenyl C‐4), 134.40, (naphthyl C‐4a), 131.74, (phenyl C‐4),
129.39, (phenyl C‐3, C‐5), 128.84, (N‐phenyl C‐3, C‐5), 128.65,

(N‐phenyl C‐6), 127.75, (naphthyl C‐3), 127.04, (phenyl C‐2, C‐6),
126.71, (N‐phenyl C‐2, C‐6), 126.10, (naphthyl C‐7), 125.34, (naph-
thyl C‐8), 124.80, (naphthyl C‐8a), 120.10, (naphthyl C‐4), 107.13,
(naphthyl C‐2), 41.84, (SCH2); MS (m/z, %): 470 (M+, 4.15%), 472 (M

+2, 2.83%). Anal. calc. for C26H19ClN4OS (M.W. = 470): C, 66.31; H,

4.07; N, 11.90; found: C, 66.44; H, 4.10; N, 11.99%.

4.1.3 | General procedures for the synthesis of
1‐aryl‐2‐{[4‐phenyl‐5‐(p‐tolyl)‐4H‐1,2,4‐triazol‐3‐yl]
thio}‐ethan‐1‐one derivatives (22, 23)

The mercaptotriazole derivative 11c (0.27 g, 0.001mol) was dissolved in

a solution of KOH (0.10 g, 0.025mol) in ethanol (30ml). The appropriate

phenacyl bromide derivative (0.011mol) was added, and the mixture

was stirred at 90°C for 6 hr. After the completion of the reaction

(monitored by TLC), the reaction mixture was allowed to stand over-

night. The produced precipitates were filtered out, washed with cold

water to remove the inorganic side products, dried, and crystallized

from ethanol to obtain the corresponding final ketone derivatives

(22, 23).

2‐{[4‐Phenyl‐5‐(p‐tolyl)‐4H‐1,2,4‐triazol‐3‐yl]thio}‐1‐(p‐tolyl)ethan‐
1‐one (22)

White solid (0.33 g, 84%); mp: 237–239°C; 1H NMR (DMSO‐d6) δ:

7.93–7.35 (m, 9H), 7.22 (d, J=8.1Hz, 2H), 7.14 (d, J=8.1Hz, 2H), 4.88 (s,

2H, SCH2), 2.41 (s, 3H, CH3), 2.27 (s, 3H, CH3);
13C NMR (DMSO‐d6) δ:

211.21, (C═O), 162.61, (triazole C‐5), 154.30, (triazole C‐3), 151.17,

(N‐phenyl C‐1), 144.35, (CO‐phenyl C‐4), 139.52, (CO‐phenyl C‐1),
133.84, (phenyl C‐4), 132.85, (phenyl C‐1), 130.81, (phenyl C‐3, C‐5),
129.92, (CO‐phenyl C‐3, C‐5), 129.17, (CO‐phenyl C‐2, C‐6), 128.51, (N‐
phenyl C‐4), 127.79, (N‐phenyl C‐3, C‐5), 127.60, (phenyl C‐2, C‐6),
123.79, (phenyl C‐4), 36.81, (SCH2), 20.86, (CH3), 20.79, (CH3); MS (m/z,

%): 399 (M+, 23.14%). Anal. calc. for C24H21N3OS (M.W. = 399): C, 72.15;

H, 5.30; N, 10.52; found: C, 72.20; H, 5.39; N, 10.54.

1‐(4‐Chlorophenyl)‐2‐{[4‐phenyl‐5‐(p‐tolyl)‐4H‐1,2,4‐triazol‐3‐yl]‐
thio}ethan‐1‐one (23)

White solid (0.37 g, 89%); mp: 222–224°C; IR (KBr) νmax cm
−1: 3,045 (CH

aromatic), 2,927 (CH aliphatic), 1,674 (C═O), 1,605 (C═C); 1H NMR

(DMSO‐d6) δ: 8.05–7.38 (m, 9H), 7.22 (d, J=7.8Hz, 2H), 7.14

(d, J=8.1Hz, 2H), 4.89 (s, 2H, SCH2), 2.26 (s, 3H, CH3);
13C NMR (DMSO‐

d6) δ: 211.10, (C═O), 162.52, (triazole C‐5), 154.36, (triazole C‐3), 151.21,
(N‐phenyl C‐1), 144.36, (CO‐phenyl C‐4), 139.50, (CO‐phenyl C‐1),
133.82, (phenyl C‐4), 132.85, (phenyl C‐1), 130.83, (phenyl C‐3, C‐5),
129.90, (CO‐phenyl C‐3, C‐5), 129.18, (CO‐phenyl C‐2, C‐6), 128.53, (N‐
phenyl C‐4), 127.78, (N‐phenyl C‐3, C‐5), 127.57, (phenyl C‐2, C‐6),
123.79, (phenyl C‐4), 36.82, (SCH2), 20.87, (CH3); MS (m/z, %): 419 (M+,

4.39%), 421 (M+2, 1.61%). Anal. calc. for C23H19ClN4OS (M.W. = 454): C,

63.51; H, 4.40; N, 12.88; found: C, 62.51; H, 4.47; N, 13.01%.

4.2 | Biological evaluation

4.2.1 | In vitro cytotoxic activity

The human breast adenocarcinoma MDA‐MB‐231 cell line was obtained

from VACSERA, Cairo, Egypt, and was allowed to grow in Dulbecco's

modified Eagle's medium. MTT assay[33] is a one of the most widely used

tools in cell biology for measuring the metabolic activity, and it was

adopted herein to evaluate cytotoxicity. Exponentially growing cells of

the MDA‐MB‐231 cell line were trypsinized, counted, and seeded at the

appropriate densities. Cells were then incubated at 37°C for 24 hr in a

humidified atmosphere. Next, cells were exposed to five different con-

centrations of test compounds for 24, 48, and 72 hr. The growth medium

was removed; cells were incubated with 200μl of 5% MTT solution and

were allowed to metabolize the dye into a pink‐colored insoluble

formazan. The remaining MTT solution was discarded from the wells and

the produced crystals of formazan were dissolved in 200 μl acidified

isopropanol. Absorbance was measured at 570nm. The cell viability was

expressed as a percentage of control, and the concentration that induces

50% of the maximum inhibition of cell proliferation (IC50) was

determined.

4.3 | Docking studies

Molecular docking experiments were performed using the AutoDock

Vina program.[37] The homology model of A2B receptor and the

docking protocol described in an earlier report[13] were adapted for

this purpose. The identified hit, together with water molecules, was
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removed. The protein for docking with AutoDock was prepared using

ADT, which includes the addition of polar hydrogens to the protein

atoms, followed by assignment of the Kollman charges. For the li-

gand, all hydrogen atoms were presented to calculate partial atomic

charges. A grid was placed over the center of the identified hit to

recognize the protein active site. Ligand hydrogens were also added

and Gasteiger charges were assigned. All the necessary grid maps

were calculated before docking. The grid maps were generated with

the help of AutoGrid, which is a program of the AutoDock suite.
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