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Abstract: New selective COX-2 inhibitors were designed and synthesized by tethering 1,2,3-triazole
and benzenesulfonamide pharmacophores to some NSAIDs. Compounds 6b and 6j showed higher
in vitro COX-2 selectivity and inhibitory activity (IC50 = 0.04 µM and S.I. = 329 and 312, respectively)
than celecoxib (IC50 = 0.05 µM and S.I. = 294). Compound 6e revealed equipotent in vitro COX-2
inhibitory activity to celecoxib. Furthermore, 6b and 6j expressed more potent relief of carrageenan-
induced paw edema thickness in mice than celecoxib, with ED50 values of 11.74 µmol/kg and
13.38 µmol/kg vs. 16.24 µmol/kg, respectively. Compounds 6b and 6j inhibited the production
of PGE2 with a % inhibition of PGE2 production of 90.70% and 86.34%, respectively, exceeding
celecoxib’s percentage (78.62%). Moreover, 6b and 6j demonstrated a gastric safety profile comparable
to celecoxib. In conclusion, compounds 6b and 6j better achieved the target goal as more potent and
selective COX-2 inhibitors than celecoxib in vitro and in vivo.

Keywords: sulfonamides; 1,2,3-triazole; NSAIDs; in vivo anti-inflammatory; COX-2 inhibitors

1. Introduction

Conventional nonsteroidal anti-inflammatory drugs (NSAIDs) constitute the vast
majority of utilized classes of therapeutic drugs. They provide pain relief together with
treating inflammatory disorders, including inflammatory joint diseases and rheumatoid
arthritis [1].

NSAIDs exert their effect by blocking the proinflammatory prostaglandin (PG) biosyn-
thesis from arachidonic acid (AA) due to their potential to inhibit cyclooxygenase (COX)
isoforms: the constitutive COX-1 and the inducible COX-2 [2]. COX-1 is an intrinsic enzyme
responsible for maintaining gastric and renal homeostasis and mainly disseminated in
the stomach, kidney and platelets, whereas COX-2 is an inducible enzyme, expressed as a
result of tissue damage or inflammation [3].

Hence, nonselective COX inhibition has been associated with common NSAID side
effects, mainly gastrointestinal side effects and renal impairment due to COX-1 inhibition.
As a result, traditional NSAIDs were unfavorable in cases of chronic inflammation [4]. On
the other hand, selective COX-2 inhibitors expressed minor gastrointestinal disorders in
comparison with traditional NSAIDs, offering improved safety in chronic cases. However,
other side effects manifested, mainly the cardiovascular risks that led to the withdrawal of
some coxibs from the pharmaceutical market [5–7].
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Consequently, several research groups have focused on the discovery of selective
scaffolds for COX-2 inhibition with an improved safety profile [8]. It had been reported
that the selectivity of COX-2 inhibitors is assigned to the phenyl sulfonamide moiety due to
its binding to the polar side pocket available in the COX-2 enzyme but not in COX-1, and
which remains unoccupied in complexes of nonselective COX inhibitors with COX-2 [9].
Away from the hydrophobic pocket, the sulfonamide group protracts into the COX-2 polar
side (selective) pocket. The sulfonamide links to Gln178, Leu338 and Ser339 amino acid
residues of the polar side pocket by forming hydrogen bonds [10]. In contrast, various
nonselective COX inhibitors are characterized by the presence of a carboxylate group
responsible for salt-bridge formation with the basic nitrogen of Arg120 residue that has
been reported as an important factor for COX inhibition [11]. Hence, the deletion of the
carboxylic group of some nonselective inhibitors may enhance their COX-2 selectivity as
the formation of the salt bridge with the Arg120 residue of COX-1 may be inaccessible.

It is worth mentioning that some NSAIDs containing the sulfonamide or sulfone
moiety were commercially available with reduced cardiovascular events such as celecoxib
(I) and etoricoxib (II) (Figure 1), whereas rofecoxib was withdrawn from the market [12].
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Moreover, the 1,2,3-triazole moiety has gained great attention in medicinal chemistry
as a bioisostere of esters, amides and carboxylic acids. Accordingly, it interacts with various
proteins, enzymes and receptors in different organisms via weak bond interactions such as
hydrogen bonds, hydrophobic interactions and van der Waals forces [13,14].

Moreover, hybridization between 1,2,3-triazole and benzenesulfonyl pharmacophores
in compounds III and IV (Figure 1) have been reported as potent and selective COX-2
inhibitors [15,16].

Consequently, the current study aims at the development of new hybrid molecules
possessing potent and selective COX-2 inhibitory activity with reduced side effects. In fact,
our study is mainly based on blocking the carboxylic group of some traditional NSAIDs—
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ibuprofen (V), diclofenac (VI) and salicylic acid (VII) (Figure 1)—by converting it to acid
hydrazide to decrease the interaction with COX-1 isozyme. Furthermore, the hydrazides
were bound to 1,2,3-triazole-benzenesulfonamide hybrids to increase selectivity to COX-2
(Figure 1).

In addition, the newly synthesized ligands were evaluated for their in vitro COX-
1/2 inhibitory activities. The most active compounds were further screened in vivo to
assess their anti-inflammatory potential inside the biological system together with their
ulcerogenic and PGE2-lowering activity. Moreover, docking studies were conducted to
define the binding pattern of the newly synthesized compounds within the active site of
the targeted enzyme (COX-2). Furthermore, in silico prediction of physicochemical and
pharmacokinetic parameters was performed to evaluate their capacity as drug/lead-like
candidates. Finally, ligand efficiency (LE) and lipophilic ligand efficiency (LLE) were
estimated to measure the influence of the molecule’s structural features on the efficient
binding to the target and to normalize the in vitro biological activity with respect to the
physicochemical properties of the molecule.

2. Results and Discussion
2.1. Chemistry

The synthetic routes anticipated to obtain the intermediates as well as the target
compounds are outlined in Scheme 1.

As shown in Scheme 1, diazotization of heteroaryl sulfonamides and subsequent
treatment with sodium azide has been employed for synthesis of aryl azides (1a–d), as
reported in [17].

The structure of the new intermediate 1c was confirmed by the presence of a charac-
teristic D2O exchangeable singlet signal at δ 9.06 ppm corresponding to the sulfamoyl NH
proton, whereas the intermediate 1d was characterized by a singlet signal at δ 2.32 ppm
corresponding to three protons of pyrimidinyl-4-CH3 together with the D2O exchangeable
singlet of sulfamoyl NH proton at δ 9.30 ppm according to the 1H NMR spectra.

We synthesized 1,4,5-trisubstituted 1,2,3-triazoles via azide–enolate cycloaddition, as
previously reported [18]. Reacting aryl azides (1a–d) with acetylacetone in the presence
of sodium methoxide/methanol afforded the key intermediates, 4-acetyl-1,2,3-triazole
derivatives (4a–d), in good yields. The entity of intermediate 4c was confirmed by the 1H
NMR spectrum which revealed two singlets at δ 2.44 ppm and 2.58 ppm corresponding
to the acetyl and 5-methyl protons, respectively. Additionally, the 1H NMR spectrum of
the intermediate 4d was characterized by three singlet signals at δ 2.07 ppm, 2.72 ppm
and 2.80 ppm corresponding to acetyl, pyrimidinyl-4-CH3 protons and triazolyl-5-CH3
protons, respectively, together with one D2O exchangeable singlet signal at δ 12.40 ppm
corresponding to the sulfamoyl NH proton. The 13C NMR spectrum of 4d revealed signals
at δ 9.84 ppm, 21.10 ppm and 23.06 ppm corresponding to the three aliphatic carbons:
triazolyl-5-CH3, pyrimidinyl-4-CH3 and triazolyl-4-COCH3, respectively, as well as the
characteristic signal at δ 193.38 ppm for the carbonyl group.

Moreover, diclofenac potassium was neutralized by 2N HCl to produce the corre-
sponding acid (diclofenac) (2b) following reported procedures [19]. Both diclofenac and
ibuprofen were converted to their methyl esters (3a,b) using standard methods for esterifi-
cation [20]. Furthermore, methyl esters of diclofenac, ibuprofen and salicylic acid (3a–c)
were treated with hydrazine hydrate to produce the corresponding acid hydrazides (5a–c)
according to the reported procedures [21].

The target compounds (6a–j) were attained by condensation of the appropriate methyl
ketones (4a–d) with acid hydrazides (5a–c) in the presence of glacial acetic acid in ethanol.

The integrity of the structures of the newly synthesized compounds was confirmed
using elementary microanalyses: IR, 1 H NMR, 13C NMR and mass spectrometry (see the
Experimental section and the Supporting Information).
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Scheme 1. Reagents and conditions: i: 2N HCl; ii: CH3OH, H2SO4, reflux, 12 h; iii: NH2NH2.H2O
99%, C2H5OH, reflux, 5 h; iv: HCl, NaNO2, NaN3, 0 ◦C, stir overnight; v: CH3COCH2COCH3,
CH3ONa, CH3OH, stir overnight; vi: glacial CH3COOH, C2H5OH, reflux, 8–12 h.

The IR spectra of compounds 6a–j revealed absorption bands characteristic of OH,
NH, C=O, C=N and SO2 functional groups. Moreover, the 1H-NMR spectra of compounds
6a–j were characterized by the presence of two characteristic D2O exchangeable singlet
signals at δ 12.04–12.48 ppm and δ 10.64–11.40 ppm corresponding to the amide CO-NH
proton and sulfamoyl NH proton, respectively.

The 1H-NMR spectra of compounds 6a–c disclosed the presence of signals characteris-
tic of the isobutyl group, including a doublet signal at 0.99 ppm corresponding to the six
protons of isobutyl-C3, 4 protons, a multiplet signal at δ 1.80–1.88 ppm corresponding to the
isobutyl-C2proton and a doublet signal at δ2.83 ppm for the two isobutyl-C1 protons, in ad-
dition to a doublet signal at δ 1.43 ppm corresponding to the three protons of CO-CH-CH3,
two singlets at δ 2.33 ppm and 2.66 ppm each corresponding to three protons of N=C-CH3
and triazolyl-5-CH3, respectively, as well as a quartet signal at δ 3.90 ppm corresponding to
the CO-CH proton.
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Furthermore, compounds 6d–f were characterized by three singlet signals at δ 2.42 ppm,
2.68 ppm and 3.65 ppm corresponding to the three methyl protons of N=C-CH3, the three
methyl protons of triazolyl-5-CH3 and the two protons of O=C-CH2, respectively, in addi-
tion to a singlet D2O exchangeable signal at δ 9.02–9.42 ppm corresponding to the phenolic
NH proton.

Additionally, compounds 6g–j were confirmed by the presence of a singlet signal at
δ 2.58–2.68 ppm corresponding to the three methyl protons of triazolyl-5-CH3 as well as
the characteristic D2O exchangeable singlet signal at δ 11.60–11.81 ppm for the phenolic
OH proton. The 13C NMR spectra disclosed the presence of a characteristic signal for
the carbonyl group at its expected region (δ 167.31–193.39 ppm). Moreover, it revealed
the presence of signals at δ 139.28–159.96 ppm corresponding to N=C and signals at δ
9.25–10.44 ppm corresponding to triazolyl-5-CH3. Additionally, the presence of signals at δ
22.40 ppm, 30.23 ppm and 44.93 ppm was characteristic of the isobutyl group in compounds
6a–c. Finally, the MS spectra confirmed the molecular ion peak (M+•) at m/z 565.65 for 6b,
at 649.98 for 6f and at 506.32 for 6j.

2.2. Biological Evaluation
2.2.1. In Vitro Human COX-1 and Human COX-2 Enzymatic Inhibitory Activities

Investigating the potential of the newly synthesized compounds to selectively inhibit
human cyclooxygenase-2 isoenzyme (COX-2) was carried out by exploring their in vitro
inhibitory activity towards both human COX-1 and human COX-2 isoenzymes. Celecoxib
was used as a standard selective human COX-2 inhibitor. In addition, indomethacin and di-
clofenac sodium were used as standard nonselective human COX inhibitors. The enzymatic
assay was carried out according to a procedure in the literature [22,23] utilizing an ovine
COX-1/human recombinant COX-2 assay kit (catalog no. 560131; Cayman Chemicals Inc.,
Ann Arbor, MI, USA). Inhibitory activities were defined as a test compound concentration
achieving 50% human COX-1 or human COX-2 inhibition. The selectivity of compounds
was referred to as a compound’s selectivity index values calculated as IC50 (COX-1)/IC50
(COX-2). The experiments were performed in triplicate and the results are listed in Table 1.

Table 1. In vitro human COX-1/COX-2 enzymatic inhibitory activities and COX selectivity indices of
the newly synthesized compounds.

Compound NO. COX-1 COX-2 SI c

IC50 (µM) a IC50 (µM) b COX-1/COX-2

Celecoxib 14.7 ± 0.0577 0.05 ± 0.0003 294
Indomethacin 0.1 ± 0.0033 0.48 ± 0.0058 0.21

Diclofenac sodium 3.8 ± 0.0333 0.84 ± 0.0033 4.52
1c 5.93 ± 0.0882 0.09 ± 0.0006 65.89
1d 4.6 ± 0.1155 0.1 ± 0.0033 46
4c 8.23 ± 0.0667 0.09 ± 0.0003 91.44
4d 9.27 ± 0.0667 0.11 ± 0.0057 84.27
6a 9.13 ± 0.0882 0.08 ± 0.0006 114.13
6b 13.17 ± 0.1202 0.04 ± 0.0007 329.25
6c 11.17 ± 0.0333 0.07 ± 0.0006 159.57
6d 8.4 ± 0.0577 0.08 ± 0.0009 105
6e 10.23 ± 0.0333 0.05 ± 0.0006 204.6
6f 12.67 ± 0.0333 0.08 ± 0.0007 158.38
6g 6.67 ± 0.0667 0.08 ± 0.0006 83.38
6h 8.27 ± 0.0667 0.09 ± 0.0006 91.89
6i 10.23 ± 0.0882 0.07 ± 0.0006 146.14
6j 12.5 ± 0.0577 0.04 ± 0.0006 312.5

a,b Concentration of the compound that causes 50% inhibition of enzymatic activity of COX-1 or COX-2. a,b All values
are expressed as mean ± SEM of triplicate determinations. c COX-2 selectivity index: (COX-1 IC50/COX-2 IC50).
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As shown in Table 1, all the compounds displayed potent human COX-2 inhibition
compared to indomethacin and diclofenac, with IC50 values of (0.04–0.11 µM). Moreover,
compounds 6a–j expressed weak human COX-1 enzymatic inhibition in comparison to
both indomethacin and diclofenac. Surprisingly, compounds 6b, 6e and 6j were discovered
as human COX-2 inhibitors with inhibitory profiles comparable to celecoxib (IC50 0.04 µM
for 6b and 6j and 0.05 µM for 6e vs. 0.05 µM for celecoxib). The rest of the compounds
exerted about 45–71% of the human COX-inhibitory activity of celecoxib. Interestingly,
two compounds, namely 6b and 6j, expressed prominent human COX-2 selectivity indices
of 329 and 312, respectively, excelling that of celecoxib (SI = 294). Meanwhile, the rest
of the compounds showed selectivity indices exceeding those of nonselective human
COX-inhibitors, while they were less for selective human COX-2 inhibitors than celecoxib.
Thus, they were expected to produce less gastric irritation associated with nonselective
human COX-inhibitors. According to the structures of the newly synthesized compounds,
condensation of the starting triazolyl ethanone 4d with salicylic acid hydrazide 5c into the
hydrazone 6j produced a noticeable improvement in human COX-2 inhibitory activity (IC50
value of 0.11 µM vs. 0.04 µM, respectively). Furthermore, hybridization between triazolyl
ethanones 4a–c and diclofenac acid hydrazide 5b which afforded analogues 6d–f proved
to be more selective human COX-2 inhibitors than diclofenac sodium (SI in the range of
105–204.6 vs. 4.52, respectively). In addition, the thiazolyl benzenesulfonamide analogue
6b exhibited more potent human COX-2 inhibition than the sulfonamide analogues 6a and
6c. Moreover, the human COX-2 inhibitory activity of the thiazolyl benzenesulfonamide
analogue 6e exceeded that of the 6d and 6f analogues.

2.2.2. In Vivo Carrageenan-Induced Paw Edema in Mice

The aforementioned in vitro data revealed that the ibuprofen analogue 6b, the salicylic
acid analogue 6j together with the diclofenac analogue 6e expressed excellent human
COX-2 selectivity and inhibitory activities. Hence, an in vivo carrageenan-induced paw
edema bioassay in mice was implemented [24,25] on the three analogues 6b, 6j and 6e in
order to fulfill their anti-inflammatory potency. The capacity of the targeted compounds
to relieve mouse paw edema thickness (mm) during specified time intervals (2, 4, 6 and
8 h) after injecting carrageenan was measured, and the protection percent against edema
(anti-inflammatory activity; AI%) was calculated. Celecoxib and diclofenac were taken as
positive controls (Table 2 and Figure 2). The collected results showed that the ibuprofen
analogue 6b expressed more rapid onset of action than both celecoxib and diclofenac,
revealed from its effect after 2 h exceling that of celecoxib and diclofenac. Moreover, the
salicylic acid derivative 6j expressed a similar pharmacokinetic profile to that of celecoxib,
manifested in their similar % of edema inhibition after 2 h of carrageenan injection (73.51%
vs. 70.86%). Considering their effects after 8 h as significant criteria for comparison, it can
be said that hybridizing the anti-inflammatory drug, ibuprofen, with 4-acetyl-1,2,3-triazole
derivative (4b) succeeded in improving the anti-inflammatory activity of the resulting
analogue 6b. It completely got rid of carrageenan-induced edema with the maximum % of
edema inhibition among the series. Surprisingly, the three evaluated compounds 6b, 6e
and 6j showed more potent inflammatory inhibition than the nonselective COX inhibitor,
diclofenac. To conclude, compounds 6b and 6j displayed the maximum percentage of
anti-inflammatory activity, exceeding both celecoxib and diclofenac. Compounds 6b, 6e
and 6j were further screened at 5, 10, 20, 30 and 40 µmol/kg in order to plot dose–response
curves and calculate their ED50 values, the median effective dose (Table 2). According to
data in Table 2, two compounds, namely 6b and 6j, expressed the highest anti-inflammatory
activity, exceeding the activity of celecoxib. In fact, the ibuprofen analogue 6b was found to
be the most potent among the tested compounds. Furthermore, the diclofenac analogue 6e
showed a similar ED50 value to that of diclofenac (18.23 vs. 18.35 µmol/kg, respectively).
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Table 2. Effects of the tested compounds 6b, 6e and 6j on carrageenan-induced paw edema in mice
(mm) *; percentage inhibition of paw edema and ED50 values (µmol/kg).

Compound No. a
Thickness of Edema (mm) b

ED50
f (µmol/kg) (95%

Confidence Level)0 h 2 h 4 h 6 h 8 h

Control
(carrageenan) 2.13 ± 0.006 3.64 ± 0.007 d 3.77 ± 0.006 d 3.86 ± 0.007 d 3.85 ± 0.009 d

Celecoxib 2.10 ± 0.005 2.54 ± 0.007 c

(70.86%) e
2.44 ± 0.011 c

(79.27%)
2.32 ± 0.010 c

(87.28%)
2.30 ± 0.009 c

(89.01%)
16.24

(14.09–18.60)

Diclofenac 2.08 ± 0.006 2.96 ± 0.009 c,d

(41.72%)
2.81 ± 0.009 c,d

(55.49%)
2.64 ± 0.01 c,d

(67.63%)
2.58 ± 0.01 c,d

(72.53%)
18.35

(16.22–20.63)

6b 2.14 ± 0.006 2.34 ± 0.009 c,d

(86.75%)
2.23 ± 0.009 c,d

(94.51%)
2.18 ± 0.009 c,d

(97.69%)
2.15 ± 0.007 c,d

(99.45%)
11.74

(10.46–13.16)

6e 2.12 ± 0.007 2.75 ± 0.008 c,d

(58.28%)
2.63 ± 0.010 c,d

(68.90%)
2.54 ± 0.009 c,d

(75.72%)
2.52 ± 0.006 c,d

(78.02%)
18.23

(16.61–19.92)

6j 2.08 ± 0.007 2.48 ± 0.005 c,d

(73.51%)
2.37 ± 0.009 c,d

(82.32%)
2.28 ± 0.011 c,d

(88.44%)
2.24 ± 0.009 c,d

(91.21%)
13.38

(12.04–14.84)

* Data were analyzed by one-way ANOVA followed by Tukey–Kramer post hoc test for multiple comparisons.
a Dose level for all compounds, po: 10 µmol/kg b.wt. b Values are expressed as mean ± SEM (number of animals
n = 5 mice). c Means are significantly different from the control group at p < 0.0001. d Means are significantly
different from the celecoxib group at p < 0.0001. e Values between parentheses: percentage anti-inflammatory
activity (AI%). f ED50, median effective dose in µmol/kg; the dose that exerts an effect in 50% of the population
(95% confidence level).
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2.2.3. In Vivo Estimation of Rat Serum Prostaglandin E2 (PGE2)

Measuring plasma levels of prostaglandin E2 is one of the substantial parameters in
confirming the in vivo COX-2 inhibition. Hence, the serum levels of prostaglandin E2 of
carrageenan-injected rats treated with the COX-2 inhibitors 6b, 6e and 6j were measured
utilizing celecoxib and diclofenac as standard inhibitors (Table 3 and Figure 3). The results
showed maximum anti-inflammatory potency with the ibuprofen analogue 6b and the
salicylic acid derivative 6j. Consequently, they were the most potent PGE2 inhibitors in
the series superior to celecoxib. Moreover, the diclofenac derivative 6e expressed similar
potency as a PGE2-lowering agent to the potency of diclofenac.
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Table 3. Rat serum prostaglandin E2 of the targeted compounds (pg/mL) * and % inhibition of PGE2.

Compound NO. a PGE2 Serum Conc. (pg/mL) b % Inhibition

Control (pre-carrageenan) 116.450 ± 5.47 c,d -
Control 1 (post-carrageenan) 735.470 ± 8.03 d -

Celecoxib 157.245 ± 7.33 c,d 78.62%
Diclofenac 203.973 ± 6.35 c,d 72.27%

6b 68.388 ± 7.13 c,d 90.70%
6e 185.329 ± 6.79 c,d 74.80%
6j 100.435 ± 5.66 c,d 86.34%

* Data were analyzed by one-way ANOVA followed by the Tukey–Kramer post hoc test for multiple comparisons.
a Dose level for all compounds, po: 10 µmol/kg b.wt. b Values are expressed as mean ± SEM (number of animals
n = 5 mice). c Means are significantly different from the control group 1 (p < 0.0001). d Means are significantly
different from each other (p < 0.0001).
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b.wt of the tested compounds as well as celecoxib and diclofenac as positive controls.

2.2.4. Ulcerogenic Effects

Careful inspection of the stomach sections isolated from fasted rats after treatment with
the tested compounds, as well as celecoxib and diclofenac as reference drugs (Figure 4), dis-
closed the safety gastric profiles of compounds 6b and 6j as well as the selective COX-2
inhibitor, celecoxib. Moreover, the reference drug diclofenac expressed severe gastric injury
associated with diffuse inflammatory cells mainly in the mucosal and submucosal layers. Sim-
ilarly, rat stomach treated with compound 6e showed signs of gastric inflammatory reactions.
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celecoxib showing normal gastric texture; (C) stomach of rats treated with diclofenac showed se-
vere gastric damage where the gastric mucosa showed thinning, paleness, erosion and irregular
arrangement; (D) stomach of rats treated with 6b showed normal gastric texture; (E) stomach of
rats treated with 6e showed severe pathogenic changes; (F) stomach of rats treated with 6j showed
normal gastric texture.

2.3. Docking Studies of the Potential Selective COX-2 Target Inhibitors vs. the Weaker
Selective Inhibitors

We docked the target triazoles (6b) and (6j), which showed potential COX-2 inhibiting
activity in the in vitro testing (Table 1), into the COX-2 active site (pdb entry 3LN1) [26]
using Molecular Operating Environment (MOE) version 2016.0802. Moreover, we docked
the triazole derivative (6i) which is categorized as a weaker selective COX-2 inhibitor
according to the in vitro testing data results (Table 1).

The docking solutions of the compounds (6b) and (6j) (Figure 5) verified the potential
activities against COX-2 because the drug–receptor interactions of the best poses are very
comparable to that of the cocrystallized ligand inhibitor, celecoxib (Figure 5). Both the
docked compounds interacted via the sulfamoyl group with the Leu338 and Arg499 amino
acids and via the triazole ring with the Ser339 amino acid, which have been previously
reported [9] as a part of the polar side pocket of the COX-2 active site. Interaction with this
small pocket’s amino acids is essential for the selective inhibition of the enzyme [27]. On
the other side, we docked compound (6i) as one of the compounds of a weaker selective
COX-2-inhibiting activity (Table 1) to understand the reasons behind such lower selectivity.
The docking solution of (6i) showed a failure of the compound to relax freely into the
active site in order to interact with the polar side pocket amino acids, except for Ser339 via
alky-π stacking. Interestingly, the presence of the phenolic-OH group might have enabled
the triazole derivative (6i) to interact with Arg120 as an alternative path to inhibit the
enzyme [9].

2.4. In Silico Prediction of the Physicochemical Properties, Drug-Likeness Score, Pharmacokinetics,
Toxicity Profile and Ligand Efficiency Metrics

One of the vital parameters that can save effort, time and cost as well as facilitate
the drug development process is the early prediction of the pharmacokinetic profile and
physicochemical properties of new drug candidates through which the lead optimization
step can be dramatically enhanced [28]. Herein, the term “drug-likeness” explains the
integrated balance of the compound’s structural features with its variable molecular char-
acteristics, so as to be comparable with known drugs. Lipinski’s rule of five (RO5) [29]
and Veber’s criteria [30] are among the prevalent principles used to assess drug-like char-
acteristics, including the molecular size, hydrophobicity, flexibility (number of rotatable
bonds; nROTB), H-bonding capacity and electronic distribution. Therefore, in silico physic-
ochemical properties, drug-likeness score, pharmacokinetic profile and toxicity, in addition
to ligand efficiency metrics of the most active and safest compounds 6b and 6j, were in-
vestigated using web-based applications, including Molinspiration [31], Pre-ADMET [32]
and Osiris property explorer [33] software (Table 4). The results, listed in Table 4, showed
acceptable oral bioavailability of compound 6b that obeys Lipinski’s rule, whereas com-
pound 6j violated Lipinski’s rule. Moreover, the tested compounds complied with Veber’s
criteria, showing nROTB values of 7 and 10 (≤10) and a topographical polar surface
area (TPSA; a sum of polar atoms’ surfaces: a descriptor for drug absorption, penetra-
bility and bioavailability), except for 6j, which exceeded the acceptable limit for TPSA
(164.36 Å2) (≤140 Å2). Additionally, the percentage of absorption (% ABS; calculated as %
ABS = 109 − 0.345 × TPSA) [34] was calculated showing a considerable oral absorption of
the two compounds with % ABS values of 63.72% and 52.30%, respectively. Furthermore,
their solubility values were about 0.011 and 4.81 mg/L, respectively, complying with the
solubility requirement (>0.0001 mg/L) [35,36], which indicated their good oral absorption
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and transport characteristics. Concerning drug-likeness score values [37], the evaluated
compounds displayed positive values of 0.16 and 0.25, respectively. In another context,
compound 6b displayed moderate cell permeability in a Caco-2 cell model (11.54 nm/s) as
compared with the acceptable range (4–70 nm/s), whereas compound 6j showed low cell
permeability in the Caco-2 cell model (0.56 nm/s). Both of them showed low permeability
in a MDCK cell model (0.052 and 2.70 nm/s, respectively) compared to the recommended
range (25–500 nm/s). Regarding the HIA, the evaluated compounds were well-absorbed,
showing high HIA values (91.53 and 96.59%, respectively). Meanwhile, a low BBB perme-
ability coefficient (reported 0.1–2) was displayed by the two compounds, with values of
0.125 and 0.049, respectively. Furthermore, the tested compounds exhibited strong binding
to plasma proteins (>90%), showing values of 87.67% and 97.87%, respectively [18]. Other
measured metrics related the molecule structural features and physicochemical properties
to its potency, including ligand efficiency (LE) and lipophilic ligand efficiency (LLE) [38].
LE values of the two compounds regarding the COX-2 enzyme were 0.26 and 0.28, respec-
tively, which was concordant with the approved minimum LE for lead compounds (around
0.3) [39,40]. LLE values of compound 6j regarding the COX-2 enzyme (4.87) complied
with the acceptable LEE value (≥3) for a lead compound, while compound 6b displayed a
lower LLE value of 2.73. Finally, the predicted toxicity risks revealed that none of the tested
compounds showed any irritant effect, mutagenic probability or reproductive toxicity.
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Figure 5. Two-dimensional style of docking solutions of the potential selective COX-2 target inhibitors,
6b and 6j; and celecoxib as the cocrystallized ligand inhibitor in the active site of COX-2 (PBD code
3LN1). Lastly, the docking solution of compound (6i) as a weaker selective COX-2 inhibitor to
visualize its binding pattern with the same active site. Amino acid residues represented by the protein
sequence code of three letters and numbers; interaction forces represented by green dotted lines
which are categorized according to the description scheme associated with the figure.
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Table 4. In silico prediction of the physicochemical properties, drug-likeness, pharmacokinetics and
ligand efficiency metrics of compounds 6b and 6j.

6b 6j Celecoxib Diclofenac

Physicochemical Parameters and Drug-Likeness
Log P a 4.67 2.53 3.61 4.57
M.Wt b 565.73 506.55 381.38 296.15
HBA c 10 12 5 3
HBD d 2 3 2 2

Lipinski’s violation e 1 2 0 0
NROTB f 10 7 4 4
TPSA g 131.24 164.36 77.99 49.33
%ABS h 63.72 52.30 82.09 91.98
Volume i 493.62 423.19 298.65 238.73

S j 0.011 4.81 2.08 6.17
Drug-likeness score k 0.16 0.25 0.37 0.38

Pharmacokinetics (ADME)
Caco-2 l 11.54 0.56 0.49 24.53

MDCK m 0.052 2.704 45.05 51.46
HIA n 96.59 91.53 96.69 95.96
BBB o 0.125 0.049 0.027 1.39
PPB p 87.67 97.87 91.08 91.96

Ligand efficiency metrics
LE (COX-2) q 0.26 0.28 0.38 0.44

LLE r 2.73 4.87 2.87 1.51
a n-Octanol and water partition coefficient. b Molecular weight. c Number of H-bond acceptors. d Number of
H-bond donors. e Lipinski’s rule of 5 violations (log p ≤ 5, M.Wt. ≤ 500, HBA ≤ 10 and HBD ≤ 5). f Number of
rotatable bonds (Veber’s criteria ≤ 10). g Topological polar surface area (Veber’s criteria ≤ 140 Å2). h Percentage
of absorption = 109 − (0.345 × TPSA). i Molecular volume. j Solubility in mg/L. k Drug-likeness score. l Caco-2
permeability (nm/s): permeability through cells derived from human colon adenocarcinoma; <4 nm/s (low
permeability), values from 4 to 70 nm/s (medium permeability) and > 70 nm/sec (high permeability). Permeability
through human colon adenocarcinoma cells. m MDCK permeability (nm/sec): permeability through Madin–
Darby canine kidney cells; <25 nm/s (low permeability), values from 25 to 500 nm/s (medium permeability) and
>500 nm/s (high permeability). n Human intestinal absorption percentage: values from 0 to 20% (poorly absorbed),
values from 20 to 70% (moderately absorbed) and values from 70 to 100% (well-absorbed). o Blood–brain barrier
penetration coefficient: values < 0.1 (low CNS penetration), values from 0.1 to 2 (medium CNS absorption) and
values > 2 (high CNS absorption). p Plasma protein binding: values < 90% (poorly bound) and > 90% (strongly
bound). q Ligand efficiency = (pIC50x1.37)/non-hydrogen atoms. r Lipophilic ligand efficiency = pIC50 − logP.

3. Materials and Methods
3.1. Chemistry

All reagents and solvents were purchased from Sigma-Aldrich, Burlington, MA,
United States, and AcrosOrganics-Thermo Fisher Scientific company, Hampton, New
Hampshire, Rockingham County, United States, except for ibuprofen and diclofenac potas-
sium which were supplied by Alexandria Co. for pharmaceutical & chemical industries,
Alexandria, Egypt.

The reactions were monitored by thin-layer chromatography (TLC) on silica gel pre-
coated Merck aluminum GF254 plates using Hexane: Ethyl acetate (EtOAc) 7:3 and DCM:
MeOH 9.5:0.5 as the eluting systems, and the spots were visualized using Spectroline
E series dual wavelength UV lamp at λ = 254 nm. Melting points were measured us-
ing open-glass capillaries with a Digital Stuart SMP10 melting point apparatus and are
uncorrected.

Infrared spectra (IR) were recorded on a Thermo Scientific Nicolet iS20 Fourier Trans-
form Infrared Spectrometer using KBr discs, Faculty of Pharmacy, Mansoura University.

Proton nuclear magnetic resonance spectra (1H-NMR) were scanned on a JNM-ECA II
500 MHz JEOL Spectrometer at the NMR unit, Faculty of Science, Mansoura University
and on a Bruker Avance III 400 MHz Spectrometer at the Center for Drug Discovery
Research and Development, Faculty of Pharmacy, Ein Shams University using deuterated
dimethylsulfoxide (DMSO-d6) as a solvent. Data were interpreted as chemical shift δ values
expressed in parts per million (ppm) relative to tetramethylsilane (TMS) as the internal
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standard. Signal splitting type was indicated by one of the following letters: s = singlet,
d = doublet, t = triplet, q = quartet, dd = doublet of doublet and m = multiplet.

13C-NMR spectra were scanned on a JNM-ECA II 125 MHz JEOL Spectrometer at the
NMR unit, Faculty of Science, Mansoura University.

Electron impact mass spectra (EI-MS) were recorded on a Direct Inlet part mass
analyzer in Thermo Scientific GCMS model ISQ at the Regional Center for Mycology
and Biotechnology, Al-Azhar University, Cairo. Elemental analyses (C, H, N and S) were
recorded using FLASH 2000 CHNS/O analyzer, Thermo Scientific, at the Regional Center
for Mycology and Biotechnology (RCMB), Al-Azhar University. The results were within
±0.4% of the calculated values for the proposed formulae.

The new compounds were named according to the naming algorithm developed by
CambridgeSoft Corporation using ChemDraw Professional 16.0.1.4.

Compounds 2b [19], 3a–b [20], 4a–b [18] and 5a–c [21] were prepared according to the
reported procedures.

3.1.1. General Procedure for Synthesis of 4-Substituted Phenyl azides (1a–d)

The appropriate sulfonamide derivative (13 mmol) was suspended in 2N hydrochloric
acid (80 mL) and then ethanol was added until a clear solution was obtained. The solution
was cooled to 0 ◦C and NaNO2 (1.34 g, 19.5 mmol) was added portionwise. After stirring
at 0 ◦C for 15–30 min, NaN3 (1.27 g, 19.5 mmol) was added slowly, and the mixture was
stirred overnight at room temperature. The formed precipitate was collected by filtration,
washed with aqueous ethanol (1:1), dried and used without further purification.

4-Azido-N-(pyrimidin-2-yl)benzenesulfonamide (1c)

Off-white powder; yield: 86%, m.p.: 188–190 ◦C. IR (KBr, cm−1): 3394 (NH), 2105
(N=N=N), 1638 (C=N), 1291, 1139 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 7.06 (t, J = 5.0 Hz,
1H, pyrimidinyl-C5-H), 7.41 (d, J = 7.9 Hz, 2H, sulfamoyl phenyl-C3,5-H), 7.58 (d, J = 7.9 Hz,
2H, sulfamoyl phenyl-C2,6-H), 8.58 (d, J = 5.0 Hz, 2H, pyrimidinyl-C4,6-H), 9.06 (s, 1H,
sulfamoyl-NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-d6) δ 114.74 (pyrimidinyl-
C5), 117.83 (sulfamoyl phenyl-C3,5), 129.29 (sulfamoyl phenyl-C2,6), 138.16 (sulfamoyl
phenyl-C4), 142.66 (sulfamoyl phenyl-C1), 156.41(pyrimidinyl-C4,6), 157.23 (pyrimidinyl-
C2). Anal.Calcd for C10H8N6O2S (276.27): C, 43.47; H, 2.92; N, 30.42; O, 11.58; S, 11.60.
Found: C, 43.75; H, 3.02; N, 30.31; O, 11.62; S, 11.68.

4-Azido-N-(4-methylpyrimidin-2-yl)benzenesulfonamide (1d)

Pale yellow powder; yield: 80%, m.p.: 197–199 ◦C. IR (KBr, cm−1): 3386 (NH), 2112
(N=N=N), 1643 (C=N), 1319, 1133 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 2.32 (s, 3H,
pyrimidinyl-4-CH3), 7.16 (d, J = 5.0 Hz, 1H, pyrimidinyl-C5-H), 7.42 (d, J = 7.9 Hz, 2H, sul-
famoyl phenyl-C3,5-H), 7.58 (d, J = 7.9 Hz, 2H, sulfamoyl phenyl-C2,6-H), 8.47 (d, J = 5.0 Hz,
1H, pyrimidinyl-C6-H), 9.30 (s,1H, sulfamoyl-NH, D2O exchangeable). Anal.Calcd for
C11H10N6O2S (290.30): C, 45.51; H, 3.47; N, 28.95; O, 11.02; S, 11.04. Found: C, 45.62; H,
3.60; N, 28.83; O, 11.12; S, 11.09.

3.1.2. General Procedure for Synthesis of 1-(1-(4-Substituted
phenyl)-5-methyl-1H-1,2,3-triazol-4-yl) ethan-1-ones (4a–d)

To a mixture of the appropriate phenyl azide (1a–d) (5 mmol) and acetylacetone
(10 mmol, 1.02 mL), a solution of sodium methoxide (10 mmol, prepared from 0.23 g of
sodium and 13.3 mL of methanol) was added. The reaction mixture was stirred overnight
at room temperature and then poured onto crushed ice and neutralized with glacial acetic
acid until a precipitate was formed. The precipitate was filtered off, washed with water
and crystallized from glacial acetic acid.

4-(4-Acetyl-5-methyl-1H-1,2,3-triazol-1-yl)-N-(pyrimidin-2-yl)benzenesulfonamide (4c)

Shiny off-white needles; yield: 73%, m.p.: 233–235 ◦C, IR (KBr, cm−1): 3443 (NH),
1684 (C=O), 1311, 1148 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 2.44, (s, 3H, COCH3),
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2.58 (s, 3H, triazolyl-5-CH3), 7.03 (t, J = 5.0 Hz, 1H, pyrimidinyl-C5-H), 7.83 (d, J = 8.5 Hz,
2H, sulfamoylphenyl-C3,5-H), 8.16 (d, J = 8.5 Hz, 2H,sulfamoylphenyl-C2,6-H), 8.49 (d, J
= 5.0 Hz, 2H, pyrimidinyl-C4,6-H), 12.31 (s, 1H, NH, D2O exchangeable). Anal.Calcd for
C15H14N6O3S (358.38): C, 50.27; H, 3.94; N, 23.45; S, 8.95. Found: C, 50.38; H, 4.05; N, 23.33;
S, 9.05.

4-(4-Acetyl-5-methyl-1H-1,2,3-triazol-1-yl)-N-(4-methylpyrimidin-2-yl)benzenesulfona
mide (4d)

Shiny yellow crystals; yield: 70%, m.p.: 241–243 ◦C, IR (KBr, cm−1): 3398 (NH), 1679
(C=O), 1337, 1150 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 2.07 (s, 3H, COCH3), 2.72 (s, 3H,
pyrimidinyl-4-CH3), 2.80 (s, 3H, triazolyl-5-CH3), 7.09 (d, J = 5.0 Hz, 1H, pyrimidinyl-C5-H),
8.03 (d, J = 8.5 Hz, 2H, sulfamoylphenyl-C3,5-H), 8.38 (d, J = 8.5 Hz, 2H, sulfamoylphenyl-
C2,6-H), 8.51 (d, J = 5.0 Hz, 1H, pyrimidinyl-C6-H), 12.40 (s, 1H, sulfamoyl NH, D2O
exchangeable). 13C-NMR (125 MHz, DMSO-d6) δ 9.84 (triazolyl-5-CH3), 21.10 (pyrimidinyl-
4-CH3), 23.06 (COCH3), 27.75 (pyrimidinyl-C5), 114.35 (sulfamoylphenyl-C3,5), 125.50
(sulfamoylphenyl-C2,6), 129.25 (sulfamoylphenyl-C4), 137.82 (sulfamoylphenyl-C1), 138.03
(triazolyl-C5), 142.37 (triazolyl-C4), 143.05 (pyrimidinyl-C4), 156.17 (pyrimidinyl-C2), 172.09
(pyrimidinyl-C6), 193.38 (C=O). Anal.Calcd for C16H16N6O3S (372.40): C, 51.60; H, 4.33; N,
22.57; S, 8.61. Found: C, 51.72; H, 4.44; N, 22.49; S, 8.69.

3.1.3. General Procedure for Synthesis of Compounds 6a–j

To a mixture of acid hydrazide 5a–c (1.5 mmol) in absolute ethanol (20 mL), the
appropriate methyl ketone 4a–d (1 mmol) was added. The reaction mixture was acidified
with 5 drops of glacial acetic acid, refluxed for 12 h and left to cool to room temperature.
The separated solid was filtered off, dried and crystallized from DMF and water.

4-(4-(1-(2-(2-(4-Isobutylphenyl)propanoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3
-triazol-1-yl)benzenesulfonamide (6a)

Off-white needles; yield: 63%, m.p.: 205–207 ◦C. IR (KBr, cm−1): 3419, 3354 (NH2),
3264 (NH), 1671 (C=O), 1523 (C=N), 1343, 1161 (SO2). 1H-NMR (400 MHz, DMSO-d6)
δ 0.99 (d, J = 6.7 Hz, 6H, two CH3 of isobutyl), 1.43 (d, J = 6.8 Hz, 3H, CO-CH-CH3),
1.80–1.88 (m, 1H, isobutyl-C2-H), 2.33 (s, 3H, N=C-CH3), 2.66 (s, 3H, triazolyl-5-CH3), 2.83
(d, J = 6.7Hz, 2H, isobutyl-C1-H), 3.90 (q, J = 6.8 Hz, 1H, CO-CH), 4.28 (s, 2H, sulfamoyl
NH2, D2O exchangeable), 7.03 (d, J = 7.5 Hz, 2H, phenyl-C3,5-H), 7.38 (d, J = 7.5 Hz, 2H,
phenyl-C2,6-H), 7.59 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H), 7.83 (d, J = 8.0 Hz, 2H,
sulfamoylphenyl-C2,6-H), 11.25 (s, 1H, CONH, D2O exchangeable). 13C-NMR (125 MHz,
DMSO-d6) δ 9.73 (triazolyl-5-CH3), 13.32 (N=C-CH3), 18.12 (CO-CH-CH3), 22.40 (isobutyl-
C3, 4), 30.23 (isobutyl-C2), 43.74 (CO-CH), 44.93 (isobutyl-C1), 121.73 (sulfamoylphenyl-C3,5),
127.08 (phenyl-C2,6), 128.10 (phenyl-C3,5), 129.01 (sulfamoylphenyl-C2,6), 134.69 (triazolyl-
C5), 135.10 (sulfamoylphenyl-C4), 135.52 (sulfamoylphenyl-C1), 137.75 (phenyl-C4), 139.98
(N=C), 141.21 (phenyl-C1), 142.09 (triazolyl-C4), 170.37 (C=O). Anal.Calcd for C24H30N6O3S
(482.60): C, 59.73; H, 6.27; N, 17.41; S, 6.64. Found: C, 59.83; H, 6.35; N, 17.33; S, 6.60.

4-(4-(1-(2-(2-(4-Isobutylphenyl)propanoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3
-triazol-1-yl)-N-(thiazol-2-yl)benzenesulfonamide (6b)

Pale yellow needles; yield: 63%, m.p.: 213–215 ◦C. IR (KBr, cm−1): 3394, 3341 (NH2),
3262 (NH), 1639 (C=O), 1565 (C=N), 1331, 1123 (SO2). 1H-NMR (400 MHz, DMSO-d6) δ 0.96
(d, J = 6.7 Hz, 6H, two CH3 of isobutyl), 1.44 (d, J = 6.8 Hz, 3H, CO-CH-CH3), 1.80–1.88 (m,
1H, isobutyl-C2-H), 2.32 (s, 3H, N=C-CH3), 2.65 (s, 3H, triazolyl-5-CH3), 2.83 (d, J = 6.7 Hz,
2H, isobutyl-C1-H), 3.89 (q, J = 6.8 Hz, 1H, CO-CH), 6.83 (d, J = 4.9 Hz, 1H, thiazolyl-C5-H),
7.05 (d, J = 7.5 Hz, 2H, phenyl-C3,5-H), 7.17 (d, J = 7.5 Hz, 2H, phenyl-C2,6-H), 7.25 (d,
J = 4.9 Hz, 1H, thiazolyl-C4-H), 7.54 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H), 7.87 (d,
J = 8.0 Hz, 2H, sulfamoylphenyl-C2,6-H), 11.40 (s, 1H, CONH, D2O exchangeable) 12.33 (s,
1H, sulfamoyl NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-d6) δ 10.28(triazolyl-
5-CH3), 14.05(N=C-CH3), 17.95(CO-CH-CH3), 22.23(isobutyl-C3, 4), 30.07(isobutyl-C2),
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43.58(CO-CH), 44.76(isobutyl-C1), 108.45 (thiazolyl-C5), 120.67(sulfamoylphenyl-C3,5), 125.39
(thiazolyl-C4), 126.91(phenyl-C2,6), 127.94 (phenyl-C3,5), 129.07 (sulfamoylphenyl-C2,6),
134.53 (triazolyl-C5), 136.71 (sulfamoyl
phenyl-C4), 136.76 (sulfamoylphenyl-C1), 137.59 (phenyl-C4), 139.82 (N=C), 141.04 (phenyl-
C1), 142.92 (triazolyl-C4), 169.04 (thiazolyl-C2), 170.20(C=O). Anal.Calcd for C27H31N7O3S2
(565.71): C, 57.33; H, 5.52; N, 17.33; S, 11.33. Found: C, 57.44; H, 5.62; N, 17.37; S, 11.23.
EIMS m/z (% relative abundance): 566.47 (38.07) (M+• + 1), 565.65 (94.34) (M+•), 529.53
(95.71), 499.07 (65.78), 446.37 (67.19), 300.57 (65.06), 255.55 (100) (base peak), 163.49 (73.04),
102.16 (82.59).

4-(4-(1-(2-(2-(4-Isobutylphenyl)propanoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3
-triazol-1-yl)-N-(pyrimidin-2-yl)benzenesulfonamide (6c)

White crystals; yield: 53%, m.p.: 257–259 ◦C. IR (KBr, cm−1): 3225, 3187 (NH), 1636
(C=O), 1540 (C=N), 1396, 1153 (SO2). 1H-NMR (400 MHz, DMSO-d6) δ 0.97 (d, J = 6.7 Hz,
6H, two CH3 of isobutyl), 1.44 (d, J = 6.8 Hz, 3H, CO-CH-CH3), 1.80–1.88 (m, 1H, isobutyl-
C2-H), 2.33 (s, 3H, N=C-CH3), 2.65 (s, 3H, triazolyl-5-CH3), 2.85 (d, 2H, J = 6.7 Hz, isobutyl-
C1-H) 3.89 (q, J = 6.8 Hz, 1H, CO-CH), 7.03–7.07 (m, 3H, phenyl-C3,5-H and pyrimidinyl-C5-
H), 7.33 (d, J = 7.4 Hz, 2H, phenyl-C2,6-H), 7.64 (d, J = 7.9 Hz, 2H, sulfamoylphenyl-C3,5-H),
7.90 (d, J = 7.9 Hz, 2H, sulfamoylphenyl-C2,6-H), 8.59 (d, J = 4.9 Hz, 2H, pyrimidinyl-C4,6-H),
11.18 (s, 1H, CONH, D2O exchangeable), 12.29 (s, 1H, sulfamoyl NH, D2O exchangeable).
Anal.Calcd for C28H32N8O3S (560.68): C, 59.98; H, 5.75; N, 19.99; S, 5.72. Found: C, 60.06;
H, 5.86; N, 19.88; S, 5.62.

4-(4-(1-(2-(2-(2-((2,6-Dichlorophenyl)amino)phenyl)acetyl)hydrazineylidene)ethyl)-5
-methyl-1H-1,2,3-triazol-1-yl)benzenesulfonamide (6d)

White crystals; yield: 53%, m.p.: 241–243 ◦C. IR (KBr, cm−1): 3344, 3300 (NH2), 3235,
3211 (NH), 1625 (C=O), 1516 (C=N), 1417, 1143 (SO2). 1H-NMR (400 MHz, DMSO-d6) δ
2.42 (s, 3H, N=C-CH3), 2.68 (s, 3H, triazolyl-5-CH3), 3.65 (s, 2H, O=C-CH2), 4.47 (s, 2H,
sulfamoyl NH2, D2O exchangeable), 6.36 (dd, J = 7.5, 1.9 Hz, 1H, substituted aniline-C6-H),
6.75 (ddd, J = 7.5, 1.9, 1.4 Hz, 1H, substituted aniline-C4-H), 6.91 (ddd, J = 7.5, 1.9, 1.4 Hz,
1H, substituted aniline-C5-H), 7.06 (t, J = 7.5 Hz, 1H, dichloroaniline-C4-H), 7.34 (d, J
= 7.5 Hz, 1H, substituted aniline-C3-H), 7.44 (d, J = 7.5 Hz, 2H, dichloroaniline-C3,5-H),
7.61 (d, J = 8.1 Hz, 2H, sulfamoylphenyl-C3,5-H), 7.76 (d, J = 8.1 Hz, 2H, sulfamoylphenyl-
C2,6-H), 9.02 (s, 1H, ph-NH, D2O exchangeable), 10.91 (s, 1H, CONH, D2O exchangeable).
Anal.Calcd for C25H23Cl2N7O3S (572.47): C, 52.45; H, 4.05; N, 17.13; S, 5.60. Found: C,
52.55; H, 4.17; N, 17.04; S, 5.46.

4-(4-(1-(2-(2-(2-((2,6-Dichlorophenyl)amino)phenyl)acetyl)hydrazineylidene)ethyl)-5
-methyl-1H-1,2,3-triazol-1-yl)-N-(thiazol-2-yl)benzenesulfonamide (6e)

Off-white crystals; yield: 53%, m.p.: 267–269 ◦C. IR (KBr, cm−1): 3356, 3232 and 3162
(NH), 1644 (C=O), 1543 (C=N), 1345, 1149 (SO2). 1H-NMR (400 MHz, DMSO-d6) δ 2.40 (s,
3H, N=C-CH3), 2.64 (s, 3H, triazolyl-5-CH3), 3.51 (s, 2H, O=C-CH2), 6.23 (dd, J = 7.5, 1.9 Hz,
1H, substituted aniline-C6-H), 6.74 (ddd, J = 7.5, 1.9, 1.4 Hz, 1H, substituted aniline-C4-H),
6.83 (d, J = 5.0 Hz, 1H, thiazolyl-C5-H), 6.91 (ddd, J = 7.5, 1.9, 1.4 Hz, 1H, substituted
aniline-C5-H), 7.04–7.08 (m, 2H, substituted aniline-C3-H and dichloroaniline-C4-H), 7.25
(d, J = 5.0 Hz, 1H, thiazolyl-C4-H), 7.44 (d, J = 7.5 Hz, 2H, dichloroaniline-C3,5-H), 7.54
(d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H), 7.87 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-
C2,6-H), 9.40 (s, 1H, ph-NH, D2O exchangeable), 10.82 (s, 1H, CONH, D2O exchange-
able), 12.04 (s, 1H, sulfamoyl NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-d6) δ
10.44 (triazolyl-5-CH3), 14.22 (N=C-CH3), 25.72 (O=C-CH2), 108.62 (thiazolyl-C5), 116.91
(substituted aniline-C6), 119.76 (sulfamoylphenyl-C3, 5), 122.27 (substituted aniline-C4),
123.45 (dichloroaniline-C4), 125.15 (substituted aniline-C5), 126.05 (thiazolyl-C4), 127.15
(substituted aniline-C2), 128.86 (substituted aniline-C3), 129.46 (sulfamoylphenyl-C2,6),
129.82 (dichloroaniline-C2,6), 130.25 (dichloroaniline-C3,5), 133.51 (triazolyl-C5), 136.11
(sulfamoylphenyl-C4), 136.64 (sulfamoylphenyl-C1), 139.28 (N=C), 142.19 (triazolyl-C4),
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143.49 (dichloroaniline-C1), 144.12 (substituted aniline-C1), 168.62 (thiazolyl-C2), 170.43
(C=O) Anal. Calcd for C28H24Cl2N8O3S2 (655.57): C, 51.30; H, 3.69; N, 17.09; S, 9.78. Found:
C, 51.42; H, 3.73; N, 17.01; S, 9.71.

4-(4-(1-(2-(2-(2-((2,6-Dichlorophenyl)amino)phenyl)acetyl)hydrazineylidene)ethyl)-5
-methyl-1H-1,2,3-triazol-1-yl)-N-(pyrimidin-2-yl)benzenesulfonamide (6f)

Off-white crystals; yield: 49%, m.p.: 276–278 ◦C. IR (KBr, cm−1): 3278, 3263 and 3224
(NH), 1620 (C=O), 1508 (C=N), 1297, 1164 (SO2). 1H-NMR (400 MHz, DMSO-d6) δ 2.42 (s,
3H, N=C-CH3), 2.68 (s, 3H, triazolyl-5-CH3), 3.52 (s, 2H, O=C-CH2), 6.39 (dd, J = 7.5, 1.9 Hz,
1H, substituted aniline-C6-H), 6.74 (ddd, J = 7.5, 1.9, 1.4 Hz 1H, substituted aniline-C4-H),
6.91 (ddd, J = 7.5, 1.9, 1.4 Hz, 1H, substituted aniline-C5-H), 7.03–7.07 (m, 2H, pyrimidinyl-
C5-H and dichloroaniline-C4-H), 7.16 (d, J = 7.5 Hz, 1H, substituted aniline-C3-H), 7.44 (d,
J = 7.5 Hz, 2H, dichloroaniline-C3,5-H), 7.63 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H),
7.80 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C2,6-H), 8.58 (d, J = 4.9 Hz, 2H, pyrimidinyl-
C4,6-H), 9.42 (s, 1H, ph-NH, D2O exchangeable), 10.64 (s, 1H, CONH, D2O exchange-
able), 12.10 (s, 1H, sulfamoyl NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-
d6) δ 10.43(triazolyl-5-CH3), 14.22(N=C-CH3), 25.53(O=C-CH2), 114.74(pyrimidinyl-C5),
116.91(substituted aniline-C6), 120.83(sulfamoylphenyl-C3,5), 123.25(substituted aniline-C4),
123.92(dichloroaniline-C4), 125.45(substituted aniline-C5), 127.82(substituted aniline-C2),
129.09(substituted aniline-C3), 129.23(sulfamoylphenyl-C2,6), 129.42(dichloroaniline-C2,6),
130.60(dichloroaniline-C3,5), 134.69(triazolyl-C5), 136.88(sulfamoylphenyl-C4), 136.93(sulfa
moylphenyl-C1), 139.37(N=C), 142.09(triazolyl-C4), 143.35(dichloroaniline-C1), 143.60(sub-
stituted aniline-C1), 156.41(pyrimidinyl-C4,6), 157.23(pyrimidinyl-C2), 170.38(C=O). Anal.Calcd
for C29H25Cl2N9O3S (650.54): C, 53.54; H, 3.87; N, 19.38; S, 4.93. Found: C, 53.62; H, 3.98;
N, 19.42; S, 4.85. EIMS m/z (% relative abundance): 652.91 (19.86) (M+• + 2), 649.98 (59.58)
(M+•), 540.56 (46.91), 510.93 (67.01), 347.20 (47.21), 261.34 (52.49), 77.32 (100) (base peak),
49.51 (64.50).

4-(4-(1-(2-(2-Hydroxybenzoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3-triazol-1-yl)
benzenesulfonamide (6g)

White crystals; yield: 56%, m.p.: 220–222 ◦C. IR (KBr, cm−1): 3447 (OH), 3348, 3309
(NH2), 3211 (NH), 1618 (C=O), 1593 (C=N), 1359, 1122 (SO2). 1H-NMR (500 MHz, DMSO-
d6) δ 2.56 (s, 3H, N=C-CH3), 2.68 (s, 3H, triazolyl-5-CH3), 7.00 (t, 1H, J = 7.8Hz, salicyl-
C5-H), 7.04 (d, 1H, J = 7.8Hz, salicyl-C3), 7.44 (td, J = 7.8, 1.5 Hz, 1H, salicyl-C4-H), 7.61 (s,
1H, NH2, D2O exchangeable), 7.91 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H), 7.99 (dd,
J = 7.8, 1.5 Hz, 1H, salicyl-C6-H), 8.07 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C2,6-H), 11.38
(s, 1H, CONH, D2O exchangeable), 11.81 (s, 1H, OH, D2O exchangeable). Anal.Calcd for
C18H18N6O4S (414.44): C, 52.17; H, 4.38; N, 20.28; S, 7.74. Found: C, 52.28; H, 4.46; N, 20.17;
S, 7.84.

4-(4-(1-(2-(2-Hydroxybenzoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3-triazol-1-yl)
-N-(thiazol-2-yl)benzenesulfonamide (6h)

White crystals; yield: 62%, m.p.: 227–229 ◦C. IR (KBr, cm−1): 3425 (OH), 3264 (NH),
1650 (C=O), 1597 (C=N), 1282, 1149 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 2.34 (s,
3H, N=C-CH3), 2.67 (s, 3H, triazolyl-5-CH3), 6.93 (br.s, 1H, thiazolyl-C5-H), 7.00 (t, 1H,
J = 7.8 Hz, salicyl-C5-H),7.04 (d, 1H, J = 7.8 Hz, salicyl-C3), 7.23 (s, 1H, thiazolyl-C4-H),
7.43 (td, J = 7.8, 1.5 Hz, 1H, salicyl-C4-H), 7.89 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H),
7.99 (d, J = 7.8 Hz, 1H, salicyl-C6-H), 8.21 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C2,6-H),
11.37 (s, 1H, CONH, D2O exchangeable), 11.80 (s, 1H, OH, D2O exchangeable), 12.41 (s,
1H, sulfamoyl NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-d6) δ 9.25(triazolyl-5-
CH3), 17.29 (N=C-CH3), 111.64 (thiazolyl-C5), 117.67 (salicyl-C1), 119.62 (salicyl-C3), 122.53
(sulfamoylphenyl-C3,5), 126.34 (salicyl-C5), 128.28 (thiazolyl-C4), 133.07 (sulfamoylphenyl-
C2,6), 136.60 (salicyl-C2), 139.16 (salicyl-C4), 143.95 (triazolyl-C5), 146.52 (sulfamoylphenyl-
C4), 152.90 (sulfamoylphenyl-C1), 156.08 (triazolyl-C4), 159.96 (N=C), 164.74 (salicyl-C6),
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167.31 (C=O), 171.75 (thiazolyl-C2). Anal.Calcd for C21H19N7O4S2 (497.55): C, 50.69; H,
3.85; N, 19.71; S, 12.89. Found: C, 50.75; H, 3.93; N, 19.60; S, 12.93.

4-(4-(1-(2-(2-Hydroxybenzoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3-triazol-1-yl)
-N-(pyrimidin-2-yl)benzenesulfonamide (6i)

Off-white crystals; yield: 69%, m.p.: 248–250 ◦C. IR (KBr, cm−1): 3438 (OH), 3306 (NH),
1610 (C=O), 1570 (C=N), 1322, 1165 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 2.41 (s, 3H,
N=C-CH3), 2.58 (s, 3H, triazolyl-5-CH3), 6.92–6.94 (m, 2H, salicyl-C3,5-H), 7.03 (t, J = 5.0 Hz,
1H, pyrimidinyl-C5-H),7.39–7.42 (m, salicyl-C4-H), 7.83 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-
C3,5-H), 8.15–8.17 (m, 3H, salicyl-C6-H and sulfamoylphenyl-C2,6-H), 8.49 (d, J = 5.0 Hz, 2H,
pyrimidinyl-C4,6-H), 11.10 (s, 1H, CONH, D2O exchangeable), 11.60 (s, 1H, OH, D2O ex-
changeable), 12.04 (s, 1H, sulfamoyl NH, D2O exchangeable). 13C-NMR (125 MHz, DMSO-
D6) δ 9.86(triazolyl-5-CH3), 21.11(N=C-CH3), 115.67 (pyrimidinyl-C5), 118.22(salicyl-C1),
119.46(salicyl-C3), 125.76(sulfamoylphenyl-C3,5), 129.09(salicyl-C5), 129.67(sulfamoylphenyl-
C2,6),134.85(salicyl-C2), 138.08(salicyl-C4), 141.93(triazolyl-C5), 143.06(sulfamoylphenyl-C4),
147.29(sulfamoylphenyl-C1), 156.66(triazolyl-C4), 158.45(N=C), 164.57 (pyrimidinyl-C4,6),
167.38(salicyl-C6), 172.10 pyrimidinyl-C2), 193.39 (C=O). Anal.Calcd for C22H20N8O4S (492.51):
C, 53.65; H, 4.09; N, 22.75; S, 6.51. Found: C, 53.73; H, 4.20; N, 22.67; S, 6.55.

4-(4-(1-(2-(2-Hydroxybenzoyl)hydrazineylidene)ethyl)-5-methyl-1H-1,2,3-triazol-1-yl)
-N-(4-methylpyrimidin-2-yl)benzenesulfonamide (6j)

Buff crystals; yield: 60%, m.p.: 261–263 ◦C. IR (KBr, cm−1): 3511 (OH), 3280 (NH),
1635 (C=O), 1562 (C=N), 1298, 1148 (SO2). 1H-NMR (500 MHz, DMSO-d6) δ 1.91 (s, 3H,
N=C-CH3), 2.34 (s, 3H, pyrimidinyl-4-CH3), 2.67 (s, 3H, triazolyl-5-CH3), 6.93 (s, 1H,
pyrimidinyl-C5-H), 7.00 (t, 1H, J = 7.8 Hz, salicyl-C5-H),7.04 (br.s, 1H, J = 7.8 Hz, salicyl-
C3), 7.43 (t, J= 7.8Hz, 1H, salicyl-C4-H), 7.89 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C3,5-H),
7.99 (d, J = 7.8 Hz, 1H, salicyl-C6-H), 8.21 (d, J = 8.0 Hz, 2H, sulfamoylphenyl-C2,6-H),
8.36 (s, 1H, pyrimidinyl-C6-H), 11.37 (s, 1H, CONH, D2O exchangeable), 11.80 (s, 1H,
OH, D2O exchangeable), 12.48 (s, 1H, sulfamoyl NH,D2O exchangeable). Anal.Calcd for
C23H22N8O4S (506.54): C, 54.54; H, 4.38; N, 22.12; S, 6.33. Found: C, 54.66; H, 4.49; N, 22.01;
S, 6.43. EIMS m/z (% relative abundance): 506.32 (26.80) (M+•), 496.14 (44.14), 413.41 (43.83),
185.26 (80.30), 151.34 (66.81), 107.37 (67.56), 69.03 (100) (base peak).

3.2. Biological Screening
3.2.1. In Vitro Human COX-1 and COX-2 Enzymatic Inhibitory Activities

In vitro human COX-1 and human COX-2 enzymatic inhibitory activity of the tested
compounds as well as the reference drugs was carried out according to the previously
mentioned procedures [22,23]; for details, see Page S15, Supplementary File.

3.2.2. Carrageenan-Induced Paw Edema in Mice

In vivo carrageenan-induced paw edema bioassay in mice was implemented on the
three analogue 6b, 6j and 6e as well as the reference drugs celecoxib and diclofenac, as
previously reported [24,25] (approved by HU-IACUC) [41]. For more details, see Pages S15
and S16, Supplementary File.

3.2.3. Determination of ED50

Dose–response curves of the compounds 6b, 6e and 6j as well as the reference drugs
celecoxib and diclofenac were plotted and their ED50 values were calculated, as previously re-
ported [9] (approved by HU-IACUC) [41]. For more details, see Page S16, Supplementary File.

3.2.4. Estimation of Rat Serum Prostaglandin E2 (PGE2)

The quantitative determination of PGE2 in biological fluids was carried out for com-
pounds 6b, 6j and 6e as well as the reference drugs celecoxib and diclofenac according
to the competitive immunoassay procedure, as previously reported [42] (approved by
HU-IACUC) [41]. For more details, see Page S16, Supplementary File.
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3.2.5. Ulcerogenic Effects

The ulcerogenic effect of the tested compounds was evaluated taking celecoxib and
diclofenac as reference standards and was carried out according to the reported procedures [43]
(approved by HU-IACUC) [41]. For more details, see Page S16, Supplementary File.

3.3. Molecular Docking Studies

Molecular docking studies were performed as previously reported [44]. For more
details see Pages S16 and S17, Supplementary File.

3.4. In Silico Prediction of the Physicochemical Properties, Drug-Likeness Score, Pharmacokinetics,
Toxicity Profile and Ligand Efficiency Metrics

In the present study, the Molinspiration chemoinformatic server was utilized for the
prediction of the physicochemical properties, the Osiris property explorer for calculat-
ing drug-likeness scores and the Pre-ADMET calculator for the toxicological effects and
pharmacokinetics.

4. Conclusions

The fundamental target of the present study was to design selective COX-2 inhibitors
with high safety profiles. The target compounds were designed based on a pharmacophoric
hybridization strategy through combining the COX-2 inhibitor pharmacophores, ben-
zenesulfonamide derivatives, the 1,2,3-triazole moiety and traditional NSAIDs into one
molecule with more potentiated and selective COX-2 inhibitory properties.

The newly synthesized compounds were evaluated for their in vitro COX-1/2 in-
hibitory activity. Compounds 6b, 6e and 6j revealed the highest COX-2 inhibitory activity
among the series, with IC50 values of 0.04 µm, 0.05 µm and 0.04 µm, respectively, and SI
values of 329, 204 and 312, respectively.

Moreover, the highly active COX-2 inhibitors 6b, 6e and 6j were screened in vivo for
their expected anti-inflammatory properties. Interestingly, compounds 6b and 6j exhibited
significant inhibition of carrageenan-induced paw edema in mice, showing a higher % of
protection from edema (99.45% and 91.21%, respectively) than that of celecoxib (89.01%).
Additionally, their ED50 values (11.74 and 13.38 µmol/kg, respectively) were lower than
that of celecoxib (16.24 µmol/kg).

Measuring the plasma levels of PGE2 in rats demonstrated the potential of the three
compounds to inhibit PGE2 production, showing a % inhibition of 90.70% and 86.34%,
respectively, which emphasized their COX-2 inhibitory potential. Moreover, compounds
6b and 6j exhibited a gastric safety profile comparable to celecoxib.

Furthermore, molecular docking studies of both compounds into the active site of the
COX-2 isozyme proved their potential COX-2 inhibitory activity. Interestingly, docking
results were consistent with their IC50 values and selectivity indices according to the in vitro
testing data results (Table 1).

In addition, in silico calculation of the pharmacokinetic and toxicity properties (AD-
MET) of compounds 6b and 6j suggested their capacity to act orally with an expected high
safety profile. Finally, LE values of both compounds regarding their COX-2 inhibitory
activities were consistent with the acceptable LE value for lead compounds (around 0.3).

To conclude, the overall PGE2 and COX-2 inhibitory profiles revealed by the newly
synthesized compounds 6b and 6j confirmed their in vitro and in vivo potent and selective
COX-2 inhibition. These lead compounds deserve further derivatization to optimize their
pharmacokinetic and pharmacodynamic profiles.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph15101165/s1. Figure S1: 1H-NMR spectrum of (1c); Figure S2:
1H-NMR spectrum of (1d); Figure S3: 1H-NMR spectrum of (4c); Figure S4: 1H-NMR spectrum of
(4d); Figure S5: 1H-NMR spectrum of (6a); Figure S6: 1H-NMR spectrum of (6b); Figure S7: 1H-NMR
spectrum of (6c); Figure S8: 1H-NMR spectrum of (6d); Figure S9: 1H-NMR spectrum of (6e); Figure
S10: 1H-NMR spectrum of (6f); Figure S11: 1H-NMR spectrum of (6g); Figure S12: 1H-NMR spectrum
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of (6h); Figure S13: 1H-NMR spectrum of (6i); Figure S14: 1H-NMR spectrum of (6j); Figure S15:
13C-NMR spectrum of (1c); Figure S16: 13C-NMR spectrum of (4d); Figure S17: 13C-NMR spectrum
of (6a); Figure S18: 13C-NMR spectrum of (6b); Figure S19: 13C-NMR spectrum of (6e); Figure S20:
13C-NMR spectrum of (6f); Figure S21: 13C-NMR spectrum of (6h); Figure S22: 13C-NMR spectrum
of (6i); Figure S23: EI-MS spectrum of (6b); Figure S24: EI-MS spectrum of (6f); Figure S25: EI-MS
spectrum of (6j).

Author Contributions: Conceptualization, S.A.E.-H. and M.M.M.E.-M.; methodology, N.H.E.-D. and
A.E.A.M.; software, S.E.K. and N.H.E.-D.; validation, S.A.E.-H., M.M.M.E.-M. and H.G.D.; formal
analysis, N.H.E.-D.; investigation, S.A.E.-H. and M.M.M.E.-M.; resources, S.A.E.-H.; data curation,
N.H.E.-D.; writing—original draft preparation, N.H.E.-D.; writing—review and editing, M.M.M.E.-
M.; visualization, S.A.E.-H., M.M.M.E.-M. and S.E.K.; supervision, S.A.E.-H., H.G.D., M.M.M.E.-M.
and S.E.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article and supplementary material.

Acknowledgments: Sincere thanks to Alexandria Co. for pharmaceutical & chemical industries for
the generous support with ibuprofen and diclofenac potassium during this study.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have influenced the work reported in this paper.

References
1. Ghlichloo, I.; Gerriets, V. Nonsteroidal Anti-inflammatory Drugs (NSAIDs). In StatPears [Internet]; StatPearls Publishing LLC:

Treasure Island, FL, USA, 2022.
2. Osafo, N. Mechanism of Action of Nonsteroidal Anti-Inflammatory Drugs. In Nonsteroidal Anti-Inflammatory Drugs; Agyare, C.,

Ed.; IntechOpen: Rijeka, Croatia, 2017. [CrossRef]
3. Kam, P.C.A.; See, A.U.-L. Cyclo-oxygenase isoenzymes: Physiological and pharmacological role. Anaesthesia 2000, 55, 442–449.

[CrossRef] [PubMed]
4. McGettigan, P.; Henry, D. Current problems with non-specific COX inhibitors. Curr. Pharm. Des. 2000, 6, 1693–1724. [CrossRef]

[PubMed]
5. Ruan, C.-H.; So, S.-P.; Ruan, K.-H. Inducible COX-2 dominates over COX-1 in prostacyclin biosynthesis: Mechanisms of COX-2

inhibitor risk to heart disease. Life Sci. 2011, 88, 24–30. [CrossRef] [PubMed]
6. Ghosh, R.; Alajbegovic, A.; Gomes, A.V. NSAIDs and Cardiovascular Diseases: Role of Reactive Oxygen Species. Oxid. Med. Cell.

Longev. 2015, 2015, 536962. [CrossRef]
7. Gunter, B.R.; Butler, K.A.; Wallace, R.L.; Smith, S.M.; Harirforoosh, S. Non-steroidal anti-inflammatory drug-induced cardiovascu-

lar adverse events: A meta-analysis. J. Clin. Pharm. Ther. 2017, 42, 27–38. [CrossRef]
8. Manju, S.L.; Ethiraj, K.R.; Elias, G. Safer anti-inflammatory therapy through dual COX-2/5-LOX inhibitors: A structure-based

approach. Eur. J. Pharm. Sci. 2018, 121, 356–381.
9. Kassab, S.E.; Khedr, M.A.; Ali, H.I.; Abdalla, M.M. Discovery of new indomethacin-based analogs with potentially selective

cyclooxygenase-2 inhibition and observed diminishing to PGE2 activities. Eur. J. Med. Chem. 2017, 141, 306–321. [CrossRef]
10. Dwivedi, A.K.; Gurjar, V.; Kumar, S.; Singh, N. Molecular basis for nonspecificity of nonsteroidal anti-inflammatory drugs

(NSAIDs). Drug Discov. Today 2015, 20, 863–873. [CrossRef]
11. Bhattacharyya, D.K.; Lecomte, M.; Rieke, C.J.; Garavito, M.; Smith, W.L. Involvement of arginine 120, glutamate 524, and tyrosine

355 in the binding of arachidonate and 2-phenylpropionic acid inhibitors to the cyclooxygenase active site of ovine prostaglandin
endoperoxide H synthase-1. J. Biol. Chem. 1996, 271, 2179–2184. [CrossRef]

12. Solomon, D.H. Selective cyclooxygenase 2 inhibitors and cardiovascular events. Arthritis Rheum. 2005, 52, 1968–1978. [CrossRef]
13. Agouram, N.; el Hadrami, E.M.; Bentama, A. 1,2,3-Triazoles as Biomimetics in Peptide Science. Molecules 2021, 26, 2937. [CrossRef]
14. Nehra, N.; Tittal, R.K.; Ghule, V.D. 1,2,3-Triazoles of 8-Hydroxyquinoline and HBT: Synthesis and Studies (DNA Binding,

Antimicrobial, Molecular Docking, ADME, and DFT). ACS Omega 2021, 6, 27089–27100. [CrossRef]
15. Bhardwaj, A.; Kaur, J.; Wuest, M.; Wuest, F. In situ click chemistry generation of cyclooxygenase-2 inhibitors. Nat. Commun. 2017,

8, 1. [CrossRef]
16. Assali, M.; Abualhasan, M.; Sawaftah, H.; Hawash, M.; Mousa, A. Synthesis, Biological Activity, and Molecular Modeling Studies

of Pyrazole and Triazole Derivatives as Selective COX-2 Inhibitors. J. Chem. 2020, 2020, 6393428. [CrossRef]

http://doi.org/10.5772/68090
http://doi.org/10.1046/j.1365-2044.2000.01271.x
http://www.ncbi.nlm.nih.gov/pubmed/10792135
http://doi.org/10.2174/1381612003398690
http://www.ncbi.nlm.nih.gov/pubmed/11102559
http://doi.org/10.1016/j.lfs.2010.10.017
http://www.ncbi.nlm.nih.gov/pubmed/21035466
http://doi.org/10.1155/2015/536962
http://doi.org/10.1111/jcpt.12484
http://doi.org/10.1016/j.ejmech.2017.09.056
http://doi.org/10.1016/j.drudis.2015.03.004
http://doi.org/10.1074/jbc.271.4.2179
http://doi.org/10.1002/art.21132
http://doi.org/10.3390/molecules26102937
http://doi.org/10.1021/acsomega.1c03668
http://doi.org/10.1038/s41467-016-0009-6
http://doi.org/10.1155/2020/6393428


Pharmaceuticals 2022, 15, 1165 19 of 20

17. Wilkinson, B.L.; Bornaghi, L.F.; Houston, T.A.; Innocenti, A.; Vullo, D.; Supuran, C.T.; Poulsen, S.-A. Carbonic Anhydrase
Inhibitors: Inhibition of Isozymes I, II, and IX with Triazole-Linked O-Glycosides of Benzene Sulfonamides. J. Med. Chem. 2007,
50, 1651–1657. [CrossRef]

18. Elzahhar, P.A.; el Wahab, S.M.A.; Elagawany, M.; Daabees, H.; Belal, A.S.F.; L-Yazbi, A.F.E.; Eid, A.H.; Alaaeddine, R.; Hegazy,
R.R.; Allam, R.M.; et al. Expanding the anticancer potential of 1,2,3-triazoles via simultaneously targeting Cyclooxygenase-2,
15-lipoxygenase and tumor-associated carbonic anhydrases. Eur. J. Med. Chem. 2020, 200, 112439. [CrossRef]

19. Baena, Y.A.; Manzo, R.H.; D’León, L.F.Q.P. Preparation and physicochemical characterization of some polyelectrolyte-diclofenac
complexes. Vitae 2011, 18, 305–311.

20. Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Vogel’s Textbook of Practical Organic Chemistry, 5th ed.; Longman Inc.:
New York, NY, USA, 1989; pp. 1076–1080. ISBN 0-582-46236-3. [CrossRef]

21. Al-Ajely, M.; Yaseen, A. Synthesis and Characterization of Some New Hydrazides and Their Derivatives, Ibn Al-Haitham. J. Pure
Appl. Sci. 2015, 28, 103–112.

22. Gedawy, E.M.; Kassab, A.E.; el Kerdawy, A.M. Design, synthesis and biological evaluation of novel pyrazole sulfonamide
derivatives as dual COX-2/5-LOX inhibitors. Eur. J. Med. Chem. 2020, 189, 112066. [CrossRef]

23. El-Dershaby, N.H.; El-Hawash, S.A.; Kassab, S.E.; Dabees, H.G.; Moneim, A.E.A.; Wahab, I.A.A.; Abd-Alhaseeb, M.M.; El-Miligy,
M.M.M. Rational design of biodegradable sulphonamide candidates treating septicaemia by synergistic dual inhibition of
COX-2/PGE2 axis and DHPS enzyme. J. Enzyme Inhib. Med. Chem. 2022, 37, 1737–1751. [CrossRef]

24. El-Miligy, M.M.M.; Al-Kubeisi, A.K.; El-Zemity, S.R.; Nassra, R.A.; Abu-Serie, M.M.; Hazzaa, A.A. Discovery of small molecule
acting as multitarget inhibitor of colorectal cancer by simultaneous blocking of the key COX-2, 5-LOX and PIM-1 kinase enzymes.
Bioorg. Chem. 2021, 115, 105171. [CrossRef] [PubMed]

25. El-Dash, Y.; Khalil, N.A.; Ahmed, E.M.; Hassan, M.S.A. Synthesis and biological evaluation of new nicotinate derivatives as
potential anti-inflammatory agents targeting COX-2 enzyme. Bioorg. Chem. 2021, 107, 104610. [CrossRef] [PubMed]

26. Wang, J.L.; Limburg, D.; Graneto, M.J.; Springer, J.; Hamper, J.R.B.; Liao, S.; Pawlitz, J.L.; Kurumbail, R.G.; Maziasz, T.;
Talley, J.J.; et al. The novel benzopyran class of selective cyclooxygenase-2 inhibitors. Part 2: The second clinical candidate having
a shorter and favorable human half-life. Bioorg. Med. Chem. Lett. 2010, 20, 7159–7163. [CrossRef] [PubMed]

27. Kurumbail, R.G.; Stevens, A.M.; Gierse, J.K.; McDonald, J.J.; Stegeman, R.A.; Pak, J.Y.; Gildehaus, D.; Miyashiro, J.M.; Penning,
T.D.; Seibert, K.; et al. Stallings, Structural basis for selective inhibition of cyclooxygenase-2 by anti-inflammatory agents. Nature
1996, 384, 644–648. [CrossRef]

28. van de Waterbeemd, H.; Gifford, E. ADMET in silico modelling: Towards prediction paradise? Nat. Rev. Drug Discov. 2003, 2,
192–204. [CrossRef]

29. Lipinski, C.A.; Lombardo, F.; Dominy, B.W.; Feeney, P.J. Experimental and computational approaches to estimate solubility and
permeability in drug discovery and development settings. Adv. Drug Deliv. Rev. 2001, 46, 3–26. [CrossRef]

30. Veber, D.F.; Johnson, S.R.; Cheng, H.-Y.; Smith, B.R.; Ward, K.W.; Kopple, K.D. Molecular Properties That Influence the Oral
Bioavailability of Drug Candidates. J. Med. Chem. 2002, 45, 2615–2623. [CrossRef]

31. Molinspiration, (n.d.). Available online: https://www.molinspiration.com/ (accessed on 4 March 2022).
32. Pre-ADMET, (n.d.). Available online: https://preadmet.qsarhub.com/ (accessed on 14 February 2022).
33. Osiris Property Explorer, (n.d.). Available online: https://www.organic-chemistry.org/prog/peo/ (accessed on 14 February 2022).
34. Zhao, Y.H.; Abraham, M.H.; Le, J.; Hersey, A.; Luscombe, C.N.; Beck, G.; Sherborne, B.; Cooper, I. Rate-limited steps of human

oral absorption and QSAR studies. Pharm. Res. 2002, 19, 1446–1457. [CrossRef]
35. Ahsan, M.J.; Govindasamy, J.; Khalilullah, H.; Mohan, G.; Stables, J.P.; Pannecouque, C.; de Clercq, E. POMA analyses as new

efficient bioinformatics’ platform to predict and optimise bioactivity of synthesized 3a,4-dihydro-3H-indeno[1,2-c]pyrazole-2-
carboxamide/carbothioamide analogues. Bioorg. Med. Chem. Lett. 2012, 22, 7029–7035. [CrossRef]

36. Hassan, N.W.; Saudi, M.N.; Abdel-Ghany, Y.S.; Ismail, A.; Elzahhar, P.A.; Sriram, D.; Nassra, R.; Abdel-Aziz, M.M.; El-Hawash,
S.A. Novel pyrazine based anti-tubercular agents: Design, synthesis, biological evaluation and in silico studies. Bioorg. Chem.
2020, 96, 103610. [CrossRef]

37. Ali, M.R.; Kumar, S.; Afzal, O.; Shalmali, N.; Ali, W.; Sharma, M.; Bawa, S. 2-Benzamido-4-methylthiazole-5-carboxylic Acid
Derivatives as Potential Xanthine Oxidase Inhibitors and Free Radical Scavengers. Arch. Pharm. 2017, 350, 1600313. [CrossRef]

38. Kenny, P.W.; Leitão, A.; Montanari, C.A. Ligand efficiency metrics considered harmful. J. Comput. Aided Mol. Des. 2014, 28,
699–710. [CrossRef]

39. Hopkins, A.L.; Groom, C.R.; Alex, A. Ligand efficiency: A useful metric for lead selection. Drug Discov. Today 2004, 9, 430–431.
[CrossRef]

40. Hopkins, A.L.; Keserü, G.M.; Leeson, P.D.; Rees, D.C.; Reynolds, C.H. The role of ligand efficiency metrics in drug discovery. Nat.
Rev. Drug Discov. 2014, 13, 105–121. [CrossRef]

41. El-Dershaby, N.H.; El-Hawash, S.A.; Kassab, S.E.; Daabees, H.G.; El-Miligy, M.M.M.; Moneim, A.E.A. Design, Synthesis and
Biological Evaluation of Some Novel Sulfonamide Derivatives as Dual Antiinflammatory and Antibacterial Agents; Approval No.
HU2021/Z/AE0721-01; Institutional Animal Care and Use Committee (HU-IACUC), Faculty of Science, Helwan University:
Cairo, Egypt, 2021.

http://doi.org/10.1021/jm061320h
http://doi.org/10.1016/j.ejmech.2020.112439
http://doi.org/10.1016/0160-9327(90)90017-L
http://doi.org/10.1016/j.ejmech.2020.112066
http://doi.org/10.1080/14756366.2022.2086868
http://doi.org/10.1016/j.bioorg.2021.105171
http://www.ncbi.nlm.nih.gov/pubmed/34303896
http://doi.org/10.1016/j.bioorg.2020.104610
http://www.ncbi.nlm.nih.gov/pubmed/33454504
http://doi.org/10.1016/j.bmcl.2010.07.054
http://www.ncbi.nlm.nih.gov/pubmed/20709553
http://doi.org/10.1038/384644a0
http://doi.org/10.1038/nrd1032
http://doi.org/10.1016/S0169-409X(00)00129-0
http://doi.org/10.1021/jm020017n
https://www.molinspiration.com/
https://preadmet.qsarhub.com/
https://www.organic-chemistry.org/prog/peo/
http://doi.org/10.1023/A:1020444330011
http://doi.org/10.1016/j.bmcl.2012.09.108
http://doi.org/10.1016/j.bioorg.2020.103610
http://doi.org/10.1002/ardp.201600313
http://doi.org/10.1007/s10822-014-9757-8
http://doi.org/10.1016/S1359-6446(04)03069-7
http://doi.org/10.1038/nrd4163


Pharmaceuticals 2022, 15, 1165 20 of 20

42. Shibaike, Y.; Gotoh, M.; Ogawa, C.; Nakajima, S.; Yoshikawa, K.; Kobayashi, T.; Murakami-Murofushi, K. 2-Carba cyclic
phosphatidic acid inhibits lipopolysaccharide-induced prostaglandin E2 production in a human macrophage cell line. Biochem.
Biophys. Rep. 2019, 19, 100668. [CrossRef]

43. Abouzeit-Har, M.S.; Verimer, T.; Long, J.P. Effect of long term estrogen and lithium treatment on restraint induced gastric erosion
in intact and ovariectomized rats. Pharmazie 1982, 37, 593–595.

44. El-Miligy, M.M.M.; Hazzaa, A.A.; El-Messmary, H.; Nassra, R.A.; El-Hawash, S.A.M. New benzothiophene derivatives as
dual COX-1/2 and 5-LOX inhibitors: Synthesis, biological evaluation and docking study. Future Med. Chem. 2017, 9, 443–468.
[CrossRef]

http://doi.org/10.1016/j.bbrep.2019.100668
http://doi.org/10.4155/fmc-2016-0230

	Introduction 
	Results and Discussion 
	Chemistry 
	Biological Evaluation 
	In Vitro Human COX-1 and Human COX-2 Enzymatic Inhibitory Activities 
	In Vivo Carrageenan-Induced Paw Edema in Mice 
	In Vivo Estimation of Rat Serum Prostaglandin E2 (PGE2) 
	Ulcerogenic Effects 

	Docking Studies of the Potential Selective COX-2 Target Inhibitors vs. the Weaker Selective Inhibitors 
	In Silico Prediction of the Physicochemical Properties, Drug-Likeness Score, Pharmacokinetics, Toxicity Profile and Ligand Efficiency Metrics 

	Materials and Methods 
	Chemistry 
	General Procedure for Synthesis of 4-Substituted Phenyl azides (1a–d) 
	General Procedure for Synthesis of 1-(1-(4-Substituted phenyl)-5-methyl-1H-1,2,3-triazol-4-yl) ethan-1-ones (4a–d) 
	General Procedure for Synthesis of Compounds 6a–j 

	Biological Screening 
	In Vitro Human COX-1 and COX-2 Enzymatic Inhibitory Activities 
	Carrageenan-Induced Paw Edema in Mice 
	Determination of ED50 
	Estimation of Rat Serum Prostaglandin E2 (PGE2) 
	Ulcerogenic Effects 

	Molecular Docking Studies 
	In Silico Prediction of the Physicochemical Properties, Drug-Likeness Score, Pharmacokinetics, Toxicity Profile and Ligand Efficiency Metrics 

	Conclusions 
	References

