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1 | INTRODUCTION

Abstract

New pyrazolone derivatives structurally related to celecoxib and FPL 62064
were synthesized and biologically evaluated for their inhibitory activity against
cyclooxygenases (COXs) and 5-lipoxygenase (5-LOX) and their selectivity indices
were calculated. The results showed that compounds 3f, 3h, 3I, and 3p have an
excellent COX-2 selectivity index. Moreover, they showed potent 5-LOX
inhibitory activity relative to celecoxib and zileuton, as positive controls. These
promising candidates were further investigated for anti-inflammatory activity
using the carrageenan-induced rat paw edema method and ulcerogenic liability.
The results showed no ulceration, which implies their gastric safety profile.
Moreover, these compounds were evaluated for prostaglandin (PGE2) produc-
tion in rat serum. Molecular docking in the COX-2 and 5-LOX active sites was
performed to rationalize their anti-inflammatory activities. Strong binding
interactions and effective docking scores were identified. The results indicated
that these derivatives are good leads for dual-acting COX-2/5-LOX inhibitors to

be used as potent and safe anti-inflammatory agents.
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endothelial prostaglandin 12 (PGI2) and increased levels of
platelet aggregator thromboxane A2 (TXA2).°" Traditional

Design of nonsteroidal anti-inflammatory drugs (NSAIDs) with an
enhanced safety profile is still a challenge for the pharmaceutical
industry. They are used in short-term treatment for common
pain, as well as in the long-term management of chronic
inflammatory diseases, such as osteoarthritis and rheumatoid
arthritis."* In spite of the great safety of known NSAIDs over the
steroidal derivatives, they still have side effects, including
development of peptic and duodenal ulcers, renal failure,!?! liver
malfunctions,’®! and strokes.[! Cyclooxygenase-2 (COX-2) inhibi-
tors were introduced to overcome NSAID-related Gl toxicity;

however, they increase cardiovascular risk, due to a decrease in

NSAIDs and coxibs are coupled but with greater risk of
cardiovascular problems and stroke.!*] Prostaglandins (PGs) from
the cyclooxygenase pathway and leukotrienes (LTs) from the
lipoxygenase pathway are both mediators of the inflammatory
process generated from the same arachidonic acid (AA)
cascade.l”! Severe side effects of coxibs indicate that the
biosynthetic pathway may switch the metabolism to other, which
has fatal side effects.®?) Therefore, compounds that may inhibit
COX-2/5-LOX together will consequently shut off the production
of mediators of inflammation from the AA pathway; thus, dual
inhibition of COX-2/5-LOX enzymes establishes a rational
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FIGURE 1 Structures of dual
COX-2/5-LOX inhibitors containing
pyrazole moiety (celecoxib, FBL 62064,
and tepoxalin) and design strategy for
the target compounds
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method for the development of new anti-inflammatory (Al)
agents with a good safety profile.[lo] Compounds inhibiting both
COX-2 and 5-LOX pathways may possess higher Al efficacy
accompanied by lower gastric toxicity in comparison with
traditional COX inhibitors.**) Dual COX-2/5-LOX inhibitors
containing pyrazole moiety include celecoxib and FPL 62064
(N-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-3-amine), which is a
dual-acting pyrazole contained in Al drugs.“zl A potent dual
COX-2/5-LOX inhibitor, tepoxalin, demonstrates potent Al
activity and is free of ulcerogenicity[w’ls] (Figure 1).

Inspired by celecoxib, FPL 62064, and tepoxalin, new
pyrazolone derivatives 3a-p were synthesized by replacing the
pyrazole moiety with a dihydropyrazolone nucleus, linked in C3
with 4-aminobenzoic acid or 4-aminobenzenesulfonamide. More-
over, position 4 of pyrazolone ring was substituted for a variety
of chalcone derivatives, as it was reported that they have a
promising effect in potentiating Al activity.[*¢*”! In addition, N1,
either free or substituted for the phenyl ring, seemed to be
important in interaction with the active site pocket of the COX-2

enzyme.

2 | RESULTS AND DISCUSSION
2.1 | Chemistry

Eighteen novel pyrazolone derivatives, 2a,b and 3a-p, were
synthesized according to Scheme 1. The structure of the newly
synthesized compounds was confirmed by infrared spectroscopy
(IR), *H nuclear magnetic resonance spectroscopy (NMR), *3C
NMR spectral data, and elemental analyses. Firstly, key inter-
mediates, 2a and 2b, were synthesized from 3-amino-pyrazol-
5(4H)-one derivatives 1a and 1b, respectively, via heating under
reflux with equimolar amounts of 4-aminobenzoic acid or
sulfanilamide in water, acidified with hydrochloric acid, following

the previously reported procedure.*8! *H NMR spectra showed

that the derivatives 2a and 2b exist in two tautomeric forms.
Compound 2a exists as tautomers A and B, while compound 2b
exists in tautomeric forms A and C (Figure 2). This observation
was consistent with the previously published work.[1?29] Exam-
ining the integration pattern of the *H NMR spectra throughout
compounds 2a and 2b proved that tautomer A was more stable,
as it was the major one in *H NMR spectra. The *H NMR
spectrum of derivative 2a revealed the presence of two singlet
signals at §: 3.46 (methylene protons), corresponding to tautomer
A with integration as 2H and &: 5.08 ppm (C=CH protons),
corresponding to tautomer B with integration as 0.66H. More-
over, the aromatic protons of tautomer A appeared as two
doublet signals at 6: 7.55 and 7.84 ppm, each, with the integration
of 2H, while the aromatic protons of tautomer B appeared at §:
7.22 and 7.74 ppm, each, with the integration of 1.3H. Finally, an
extra D,O exchangeable peak appeared at &: 8.74 ppm with
integration of 0.66H; which was another evidence of the
presence of tautomer B. *3C NMR also supported the presence
of a tautomeric mixture with the appearance of an additional
signal at 77.65 ppm, corresponding to methylidene carbon of
tautomer B. In contrast, the *H NMR spectrum of compound 2b
showed the presence of signals at &: 3.59 ppm (methylene
protons), corresponding to tautomer A, with integration as 2H,
and &: 6.69 ppm (C=CH protons) corresponding to tautomer C,
with integration as 0.42H. An additional D,O exchangeable
singlet at &: 9.85 ppm, with integrations as 0.42H, corresponding
to OH group in tautomer C was observed.

However, arylidene derivatives 3a-p were prepared by
reaction of the active methylene group of pyrazolone derivatives
2a and 2b, respectively, with different aromatic aldehydes, in the
presence of a catalytic amount of anhydrous sodium acetate. The
reaction is proposed to proceed via Knoevenagel reaction.[21:22]

The H NMR spectra of 3a-p showed characteristic disap-
pearance of peaks, due to the methylene protons of 2a and 2b,
and appearance of peaks of C=CH proton of arylidene, in the

range of §: 6.50-7.62 ppm, plus an increased number of protons
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SCHEME 1 The synthetic pathway and
reagents for the preparation of target
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belonging to the aromatic system, at the expected chemical shifts
and integral values. The 3C NMR spectra of compounds 3a-p
showed peak disappearance of CH, of 2a and 2b, with the
appearance of methylidene carbon at the range of &:

136.50-147.27 ppm, and increase of aromatic carbons.

2.2 | Biological evaluation

2.2.1 | In vitro COX-1, COX-2, and 5-LOX enzyme
inhibition assays

As compounds containing pyrazolone moiety are known to have
Al activity,!?>24 the structure of the new derivatives 3a-p is
designed following the structure of celecoxib.?°! All the newly
synthesized compounds 2a,b and 3a-p are evaluated for in vitro
COX-1/COX-2 and 5-LOX inhibition assays, using both celecoxib

R1
: NH

2 — 4

\ — Ny == N
N N N
R0 R™ % R™  oH
B A C

R=H,R!=COOH R=Ph, R! = SO,NH,

Tautmers of 2a Tautmers of 2b

FIGURE 2 Tautomeric structures of compounds 2a,b

and zileuton, as reference drugs, respectively. The compounds'
activities are measured as concentration causing 50% enzyme
activity inhibition (ICsg) and the selectivity index is calculated as
IC50 (COX-1)/I1C5¢ (COX-2). The results are summarized and
represented graphically (Table 1 and Figures 3 and 4).
Compounds 3a, 3e, 3f, 3h, 3k, 3I, 3m, 3n, and 3p showed clear
preferential COX-2 over COX-1 inhibition, with remarkable Sls
(2.46, 4.77, 11.69, 8.29, 3.74, 13.75, 3.24, 6.64, and 121.79,
respectively), 1.24- to 61.82-fold higher than celecoxib (1.98).
The selectivity index results showed that the substitution pattern
of the pyrazolone ring was a crucial element for COX-2
selectivity. Substitution at C4 for trimethoxybenzylidene in
compounds (3h, 3p) greatly improved COX-2 selectivity and
afforded most prominent compounds (4.21-, 61.82-fold, respec-
tively, more selective than celecoxib), compared with the
corresponding monomethoxy or monochloro derivatives, 3e, 3f,
31, 3m, which were 2.40-, 5.90-, 6.95-, and 1.63-fold more
selective than celecoxib. This observation was consistent with
previously published work, reporting that substitution for
trimethoxy groups increased the Al activity.[*®! In contrast, the
grafting phenyl group in position 1 of the pyrazolone ring and the
presence of sulfonamide (SO,NH,) moiety, the most important

pharmacophore for COX-2 selectivity,[26'27]

significantly im-
proved the activity, especially in compounds 3l and 3p, which
may explain its maximum selectivity against COX-2. These results
revealed that the bulkier derivatives showed better selectivity
than the less bulky one based on that COX-2 enzyme, which

showed a larger pocket than COX-1.128! According to data
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TABLE 1 |In vitro COX-1, COX-2, selectivity index and 5-LOX enzyme inhibition assays of the synthesized compounds

NH

|
O

SR eg sy
R o) ] >
2a,b 3a-p
COX-1 COX-2 5.LOX
Compound no. ICso (NM)? ICso (NM)? si? ICso (M)
Celecoxib 187.88+13.2 95.02+3.89 1.98 0.49 +0.01
Zileuton ND ND ND 0.77 £0.03
2a 54220+ 17.2 965.80 + 36.2 0.56 8.32+0.29
2b 362.90 + 13.9 647.01+24.6 0.56 1.09 £0.04
3a 738.80 + 3.14 299.80 + 12.4 2.46 0.60+0.04
3b 171.80+ 6.1 160.70 + 6.52 1.07 0.70 £ 0.02
3c 712.70 £ 22.4 1,018.63+41.7 0.69 543+0.26
3d 27402+ 135 499.10+32.1 0.54 0.79+0.04
3e 2,231+34.7 467.26+16.2 477 1.30+0.05
3f 1,010.50 +29.2 86.38+4.71 11.69 0.67 +0.02
3g 580.90 + 17.3 63528263 1.09 0.64+0.02
3h 802.80 + 31.4 96.76+5.1 8.29 1.45+0.06
3i 663412224 1,130.22 + 38.1 0.59 2.92+0.08
3j 318.75+12.1 34159+ 124 0.93 0.46 +0.02
3k 344840+ 127 92259 +39.1 3.74 14.73£0.64
3| 8,286.74 274 602.46 +12.7 13.75 1.08 +0.03
3m 1,857.62+ 76 572.33+12.4 3.24 3.28+0.11
3n 10,752.86 + 314 1,617.05 + 66.3 6.64 19.47 +0.84
30 581.83+21.2 1,925.82+69.4 0.30 0.92+0.04
3p 1,2081.05 + 652 99.19 +3.43 121.79 2.17 +0.09

Note: The bold text indicates the compounds that are most selective for COX-2 enzyme and shows good 5-LOX inhibitory activity compared with

celecoxib and zileuton as reference drugs.

Abbreviations: ND, not determined; SD, standard deviation; SE, standard error; SI, selectivity index.
?Csp value is the concentration required to produce 50% inhibition of COX-1, COX-2, or 5-LOX for means of three determinations + SD.

BIn vitro COX-2 selectivity index = (ICsq of COX-1/COX-2).
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FIGURE 3 Graphical representation of ICso (COX-1 and COX-2)
values for the screened compounds in comparison with celecoxib

acquired from in vitro 5-lipoxygenase (5-LOX) inhibition assay,
six compounds, 3d, 3a, 3b, 3f, 3g, and 3], were the most promising
derivatives, with ICsq of 0.79, 0.60, 0.70, 0.67, 0.64, and 0.46 uM.
respectively. However, compounds, 3e, 3h, 3l, 30, and 3p, showed
moderate 5-LOX inhibitory activity of ICsq values of 1.30, 1.45,
1.08, 0.92 and 2.17 uM, respectively, in comparison with zileuton
(IC50=0.77 uM; Figure 4). The results of the 5-LOX inhibition
assay revealed that disubstituted pyrazolone derivatives with
monosubstituted phenyl moiety at C4 3f and 3e have better 5-
LOX inhibition than disubstituted pyrazolone derivatives with
trimethoxyphenyl 3h or trisubstituted one trimethoxyphenyl 3p.
The most promising compounds with the highest COX-2 inhibi-
tory activity and excellent Sls, that is, 3f, 3h, 3l, and 3p were
evaluation,

selected, for further in vivo pharmacological

using carrageenan-induced rat paw edema, gastrointestinal
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FIGURE 4 |In vitro 5-LOX enzyme inhibition assay of the
synthesized compounds in comparison with celecoxib

safety profile, and determination of rat serum prostaglandin
E2 (PGE2).

2.2.2 | In vivo Al activity: Carrageenan-induced rat
paw edema test

To explore the Al activity of the four most promising compounds, 3f, 3h,
3l, and 3p, which showed potential COX-2 and 5-LOX inhibition, they
were further subjected to in vivo evaluation of their Al activity, using
carrageenan-induced rat paw edema assay. The increase in rat paw
volume and the ability of compounds to inhibit edema over a period of
4 hr were monitored, and the related results are displayed in Table 2.

Upon further examination of Table 2 and related results of
statistical analysis, we were able to notice that all investigated
compounds, 3f, 3h, 3l, and 3p, induced inhibition of edema
percentage in the range of 34-46%, with Al activity almost better

ARCH DPhG-L2=
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or identical to those of the reference standard agents, celecoxib
(44%) or indomethacin (45%).

2.2.3 | Gastric ulcerogenic activity

Destruction of gastric mucosa is one of the most common adverse
effects of chronic administration of NSAIDs. Therefore, the
gastric ulcerogenic potential of compounds 3f, 3h, 3I, and 3p
was estimated, upon oral administration. To figure out the
ulcerogenic effects of tested compounds, rat intestinal mucosa
was macroscopically observed for the presence of lesions, after
oral administration of 10 mg/kg of said compounds, as well as of
reference compounds (celecoxib and indomethacin). Isolated rat
stomachs showed no ulceration, which was correlated with their
selective COX-2 inhibitory profile in vitro, implying their gastric
safety profile (Table 3).

2.24 | Determination of rat serum PGE2

The determination of serum PGE2 is a crucial parameter to
evaluate the Al properties of the newly synthesized compounds.
Being a chief inflammatory mediator, the reduction of PGE2
production in serum may contribute to the overall activity of the
compounds. The same active compounds in the previous assay, 3f,
3h, 31, and 3p, were subjected to evaluation of PGE2 in rat serum.
The results show that they have good inhibition in PGE2
production, 3f (57%), 3h (66%), 3l (54%), and 3p (54%), in
comparison with celecoxib (70%) and indomethacin (73%), as
shown in Table 4.

Accordingly, these results show good connection between the
selective activity on COX-2 enzyme and the reduction in serum PGE2
production as one of the main inflammatory mediators produced
through the COX-2 enzyme pathway.

TABLE 2 |In vivo carrageenan-induced rat paw edema assay increase in rat paw volume and percentage of edema inhibition

Average increase in paw volume (ml®) £ SE

% Edema inhibition

Time (hr)

Compound 0 1 2 3 4 0 1 2 3 4
Control 0.72+0.03 1.11+0.05 1.98+0.14 2.61+£0.85 2.97£0.15 NA NA NA NA NA
3f 0.81+0.08 1.45+0.04 1.89+0.03* 2.15+0.08* 1.95 +0.05* NA NA 6 23 34
3h 0.67 +0.05 0.91+0.07 1.58 +0.07* 1.77 £0.06* 1.68 +£0.06* 7 7 13 30 46
3l 0.72+0.05 0.98 +0.06 1.71+0.06* 1.86 +0.04* 1.67 £0.09* NA 3 12 27 45
3p 0.68 +0.05 1.02+0.06 1.79 +0.04* 1.96 +0.08* 1.85+0.04* NA NA 7 24 39
Celecoxib 0.68 +0.05 0.97 +0.06 1.69 +0.07* 1.78 £0.04* 1.67 £0.05* 7 7 13 30 44
Indomethacin 0.68 £0.05 0.95+0.07 1.63+0.02* 1.71+0.05* 1.68 +0.06* 4 7 16 33 45

Note: Data are expressed as mean * SE. Statistical analysis of the data was done using one-way analysis of variance. Probability levels of p < 0.05 were

considered statistically significant.
*Significantly different from the control group (p < 0.05).
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TABLE 3 Gastric ulcerative effect of tested compounds 3f, 3h, 3j,
3l, and 3p compared with celecoxib and indomethacin in male albino
rats (n=6)

Score
Groups No. of gastric ulcers Severity lesions
Control (1 ml saline) 0 0
3f 0 0
3h 0 0
3l 0 0
3p 0.1 0
Celecoxib 0 0
Indomethacin 5 5

2.3 | Molecular docking in the COX-2 and 5-LOX
active sites

The binding site of the COX-2 enzyme possesses an additional
secondary pocket, which is absent in the COX-1 enzyme. This
secondary pocket is attributed to the replacement of amino acid
lle532 in COX-1 with less bulky Val532 in COX-2.127! Hence,
selective COX-2 inhibitors usually contain bulky rigid groups
(such as sulfonamide or di-, trisubstituted phenyl) that allow for
additional binding interactions inside COX-2 secondary pocket
and prevent the compound from fitting inside the narrower COX-
1 channel. This additional binding interaction of the inhibitor is
thought to be responsible for the selectivity of COX-2 inhibi-

25271 Furthermore, interactions with Arg513, which is

tors.!
replaced by His513 in COX-1, are also thought to be crucial for
the selectivity.*®! Therefore, to elucidate the possible interac-
tions of the most active compounds 3f, 3h, 3I, and 3p with either
COX-2 (PDB entry 1CX2) or 5-LOX (PDB entry 3V99) receptors,
a molecular docking study was carried out using Molecular
Operating Environment (MOE; version 2008.10) modeling soft-
ware.[2¢3% Docking scores and binding interactions inside COX-2
and 5-LOX active sites are summarized in Table 5.

Regarding the COX-2 enzyme, the energy-scoring functions,
hydrogen bonds formed with the surrounding amino acids and the

TABLE 4 In vivo determination of rat serum PGE2

PGE2, mean serum

Compound conc. (pg/ml) Inhibition (%)
Control (pre-carrageenan) 110.72+ 6.12 NA
Control 1 (post-carrageenan) 677.41+£7.22 NA
3f 287.67 £7.89 57
3h 228.68 +7.21* 66
3l 205.76 +7.21* 69
3p 305.21+ 6.92* 54
Celecoxib 199.89 +8.41* 70
Indomethacin 182.65+9.72* 73

*Significant from Control group 1 (post-carrageenan).

orientation of the docked compounds with respect to the
cocrystallized ligand SC-558 and celecoxib were used to evaluate
the binding affinities to the active site of COX-2. The docking
protocol itself was validated through the redocking of the
cocrystallized structure of the reference ligand (SC-558). Then,
the docking results were compared with that of the crystallized
reference ligand. This comparison was carried out by calculating
root mean square deviation (RMSD), and an RMSD of 0.6363 A
was found, with an energy score of —14.84 kcal/mol. The docking
study of compounds 3f, 3h, 3l, and 3p showed energy scores of
-14.32, -17.12, -16.40 and -20.71 kcal/mol, respectively, which
are almost better affinities than SC-558 and celecoxib toward the
COX-2 active site. The phenylsulfonamide ring of the reference
ligand and celecoxib occupies the additional secondary pocket
observed in the COX-2 enzyme, where the sulfonamide oxygen
showed interactions with two key amino acids His?0 and Arg513
(Figure 5).

Interestingly, compounds 3f and 3l showed the same binding
pattern with the same amino acids as the standard drug, as they
formed a hydrogen bond with His90 using the carboxylate group
and sulfonamide group, respectively; additionally, they showed a
hydrogen bond and arene-cation interaction with Arg513.
Moreover, compound 3f showed extra arene-cation interaction
with Arg120, which had a role in COX-2 inhibitory activity!®?!
(Figures 6 and 7).

In a different way, compounds 3h and 3p shared an
interesting common feature, where the methoxy groups inter-
acted as a H-bond acceptor with the amino acid Ser530.
Interactions with Ser530 have been reported to play important
roles in the inhibition of COX-2 enzyme by diaryl heterocyclic
compounds.’®233! Moreover, they showed the highest energy
score, -17.12 and -20.71 kcal/mol, respectively. This might have
been due to extra hydrogen bonds formed with GIn192,
Leu352, Tyr355, and Tyr385 (Figures 8 and 9). Tyr385 is an
important key amino acid residue at the COX-2 binding
site.[34]

An overlay of the docking poses of compounds 3f, 3h, 3I, and
3p showed perfect superimposition with respect to the reference
drug SC-558 (Figures 6, 7, 8, and 9). This correlated well with the
ability of these compounds to fit in the COX-2 active site, and
hence, to display remarkable COX-2 inhibitory activity and
selectivity.

As for 5-LOX enzyme, zileuton belonged to the group of
chelating inhibitors of the 5-LOX, chelating the active iron (Fe)
site of the enzyme.l®®! The hydroxyl group of the hydroxyl urea
part of zileuton showed metal interaction with Fe2* region in the
active site of 5-LOX enzyme, with an energy score of -6.3 kcal/
mol (Figure 10). Moreover, it showed hydrogen bond interaction
with Asn554, the important amino acid in the 5-LOX active
site.l¢) Compounds 3f and 3h made similar interactions with the
Fe2* region as that of zileuton. The proposed binding mode of
compound 3h inside the 5-LOX receptor active site is displayed in

Figure 11.
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TABLE 5 The docking scores and binding interactions of 3f, 3h, 3l, and 3p inside COX-2 and 5-LOX active sites

Compound no.

SC-558

Celecoxib

Zileuton

3f

3h

3l

3p

COX-2

5-LOX

_DPhG 7 of 15

Docking score
(kcal/mol)

-14.84

-8.04

-14.32

-17.12

-16.40

-20.71

3 | CONCLUSION

A new series of pyrazolone derivatives bearing benzoic acid or benzene
sulfonamide were designed and synthesized, with the aim of finding new
derivatives with Al activity, by inhibiting both COX-2 and 5-LOX

Functional

Amino acid group
His20 SO,
Arg513 SO,

His20 SO,
Arg513 SO,

His20 COO~
Arg513 COO~
Arg120 Phenyl
Tyr355 Pyrazole N-2
Tyr355 NH
Tyr385 OCHg3
Ser530 OCH3
His20 SO,
Arg513 Phenyl
GIn192 NH
Leu352 NH
Tyr355 Pyrazole N-2
Tyr355 NH
Tyr385 OCH3
Ser530 OCH3
GIn192 NH
Leu352 NH

Tyr
385,

Type of
interaction

H-bond
H-bond

H-bond
H-bond

H-bond

H-bond
Arene-cation

H-bond

H-bond
H-bond
H-bond

H-bond
Arene-cation
H-bond
H-bond

H-bond
H-bond
H-bond
H-bond
H-bond
H-bond

Docking score
(kcal/mol)

-6.30

-7.20

-7.68

-6.46

-6.82

Functional

Amino acid group

OH

Asn554 OH

Alaé72 NH

Val672 NH
COO~

Phel77

Phel77 Phenyl
COO~

Phe177

Phe177 Phenyl

Phel77

Asn554 SO,

Ala672 NH

Phe177

Phe177 Phenyl

Asn554 SO,

Ala672 NH

Pyrazole C=0

Pyrazole C=0

Pyrazole C=0

Pyrazole C=0

Type of
interaction

Metal complex
(Fe)

H-bond

H-bond

H-bond

Metal complex
(Fe)

H-bond

Arene-cation

Metal complex
(Fe)

H-bond

Arene-cation

H-bond
H-bond
H-bond

H-bond
Arene-cation
H-bond
H-bond

enzymes, overcoming the side effects of other selective COX-2

inhibitors. In light of the pharmacological activity, compounds 3f, 3h,

31, and 3p (22.22%) exhibited good activity toward the COX-2 enzyme.
Moreover, it was shown that nine compounds (50%) showed clear
preferential COX-2 over COX-1 inhibition with remarkable Sls, 11

FIGURE 5 Docking and binding pattern of SC-558 (red) and celecoxib (violet) into COX-2 active site (PDB: 1CX2) in 2D (left panel) and 3D

(right panel)
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FIGURE 8 Docking and binding pattern of 3h into COX-2 active site (PDB: 1CX2) in 2D (left panel) and 3D (right panel)
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FIGURE 10 Docking and binding pattern of zileuton into 5-LOX active site (PDB: 3V99) in 2D (left panel) and 3D (right panel)

FIGURE 11 Docking and binding pattern of 3h into 5-LOX active site in 2D (left panel) and 3D (right panel)
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derivatives (61.11%) were good 5-LOX inhibitors, and 4 tested
compounds (22.22%) were dual COX-2/5-LOX inhibitors. The four
most active compounds, 3f, 3h, 3l, and 3p, were further screened in vivo
and showed remarkable results, in comparison with celecoxib, as Al
agents. The same compounds showed similar interaction to that of SC-
558 and zileuton. Interestingly, these derivatives also decreased the
production of PGE2, encouraging further future investigation for these
derivatives, as they act on enzymes involved in both AA pathways.

4 | EXPERIMENTAL
4.1 | Chemistry
411 | General

Melting points were determined on Stuart apparatus and the values
given were uncorrected. IR spectra were determined on a Shimadzu IR
435 spectrophotometer (Shimadzu Corp., Kyoto, Japan) at the Micro-
analytical Center, Faculty of Pharmacy, Cairo University, and values were
represented in cm™%. 'H NMR spectra were investigated using a Bruker
400MHz (Bruker Corp., Billerica, MA) spectrophotometer, at the
Microanalytical Center, Faculty of Pharmacy, Cairo University, Egypt.
Tetramethylsilane was used as internal standard and chemical shift
values were recorded in ppm on § scale and coupling constants (J) were
given in Hz. 13C NMR spectra were studied using a Bruker 100 MHz
spectrophotometer, at the Microanalytical Center, Faculty of Pharmacy,
Cairo University, Egypt. Microanalyses for C, H, and N were carried out
at the Regional Center for Mycology and Biotechnology, Faculty of
Pharmacy, Al Azhar University, Egypt. The progress of the reactions was
monitored using TLC aluminum sheets precoated with UV fluorescent
silica gel Merck 60 F254. The spots were visualized using a UV lamp.

The NMR spectra as well as the InChl codes of the investigated
compounds together with some biological activities are provided as
Supporting Information Data.

4.1.2 | Synthesis and procurement of compounds
1a,b

3-Amino-1H-pyrazol-5(4H)-one 1a was synthesized according to the

[18]

reported procedures while 3-amino-1-phenyl-1H-pyrazol-5(4H)-

one 1b was commercially available from Fluka chemicals.

4.1.3 | General procedure for the synthesis of
compounds 2a,b

To a solution of concentrated hydrochloric acid (10 ml) in water
(100 ml), a mixture of 3-amino-pyrazol-5(4H)-one derivatives (1a,b;
0.1 mol) and 4-aminobenzoic acid (13.7 g, 0.1 mol) or sulfanilamide
(17.2g, 0.1 mol) was added, and the reaction mixture was heated

under reflux for 3 hr. The solution was filtered while hot and the

obtained white solid was washed with water, dried, and crystallized
from ethanol.

4-(4,5-Dihydro-5-oxo-1H-pyrazol-3-ylamino)benzoic acid (2a)

Yield: 46%; white solid; m.p. 293-295°C; IR (KBr) cm™%: 3,403 (OH),
3,317, 3,155 (NH), 3,095-3,024 (arom. CH), 2,924 (aliph. CH), 1,720,
1,695 (C=0), 1,593 (C=N); *H NMR (dimethylsulfoxide [DMSOl-dy) &
ppm: 3.46 (s, 2H, CH,), 5.08 (s, 0.66H, CH, taut. B), 7.22 (d, J=8.6 Hz,
1.30H, arom. CH, taut. B), 7.55 (d, J=8.6 Hz, 2H, arom. CH), 7.74 (d,
J=8.6 Hz, 1.30H, arom. CH, taut. B), 7.84 (d, J = 8.6 Hz, 2H, arom. CH),
8.74 (s, 0.65H, NH, D,O exchangeable, taut. B), 9.58 (s, 1H, NH, D,O
exchangeable), 10.49 (s, 1H, NH, D,O exchangeable), 11.67 (s, 2H, OH,
D,O exchangeable); 13C NMR (DMSO-d,) 8 ppm: 37.50 (C4, pyrazole,
CH,), 77.65 (C4, pyrazole, CH,, taut. B), 114.13 (C1, benzoic acid),
116.74 (C3,5, benzoic acid), 131.01 (C2,6, benzoic acid), 131.28 (C2,6,
benzoic acid, taut. B), 144.70 (C4, benzoic acid), 148.22 (C4, benzoic
acid, taut. B), 152.78 (C3, pyrazole), 168.11 (C=0, pyrazole), 171.59
(C=0, benzoic); anal. calcd. for C1oH9N3O3 (219.06): C, 54.97; H, 4.11;
N, 19.17; found C, 55.02; H, 4.26; N, 19.41.

4-[(5-Oxo-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)amino]
benzenesulfonamide (2b)

Yield: 75%; pale yellow solid; m.p. 182-184°C; IR (KBr) cm™%: 3,475,
3,375, 3,244 (NH), 3,051-3,066 (arom. CH), 2,912 (aliph. CH), 1,681
(C=0); *H NMR (DMSO-dg) § ppm: 3.59 (s, 2H, CH,), 6.69 (s, 0.42H,
CH, taut. C), 6.71-6.79 (m, 2H, arom. CH), 7.13-7.20 (m, 2H, arom.
CH), 7.25 (s, 2H, SO,NH,, D,O exchangeable), 7.42 (t, J= 7.9 Hz, 1H,
arom. CH), 7.64 (d, J=7.8Hz, 2H, arom. CH), 7.78 (d, J=8 Hz, 2H,
arom. CH), 9.85 (s, 0.42H, OH, D,0 exchangeable, taut. C), 10.50 (s,
1H, NH, D,O exchangeable), 11.42 (s, 1H, NH, D,O exchangeable);
13C NMR (DMSO-ds) & ppm: 38.17 (C4, pyrazole), 112.65 (C3,5,
benzenesulfonamide), 118.95 (C2,6, phenyl), 125.07 (C4, phenyl),
127.23 (C2,6, benzenesulfonamide), 129.14 (C1, benzenesulfona-
mide), 129.31 (C3,5, phenyl), 138.99 (C1, phenyl), 142.21 (C4,
benzenesulfonamide), 149.42 (C3, pyrazole), 166.69 (C=0, pyrazole);
anal. calcd. for C15H14N403S (330.08): C, 54.53; H, 4.27; N, 16.96;
found C, 54.80; H, 4.41; N, 16.78.

414 | General procedure for the synthesis of
compounds 3a-p

To a solution of an appropriate compound 2a,b (0.001 mol) in acetic
acid (10 ml) buffered with sodium acetate (0.08 g, 0.001 mol), aromatic
aldehyde derivatives (0.001mol) were added. The mixture was
refluxed for 8 hr, cooled and then poured into water. The precipitate

was filtered, washed with water, and crystallized from ethanol.

4-((4Z)-4-Benzylidene-4,5-dihydro-5-oxo-1H-pyrazol-3-ylamino)
benzoic acid (3a)

Yield: 60%; buff solid; m.p. 223-225°C; IR (KBr) cm™: 3,390 (OH), 3,197,
3,116 (NH), 3,035-3,062 (arom. CH), 1,720, 1,693 (C=0), 1,593 (C=N);
IH NMR (DMSO-dg) § ppm: 7.13-8.52 (m, 10H, C=CH, and arom. CH),
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9.18 (s, 1H, NH, D,O exchangeable), 10.03 (s, 1H, NH, D,O exchange-
able), 12.09 (s, 1H, OH, D,0 exchangeable); *3C NMR (DMSO-de) § ppm:
114.08 (C3,5, benzoic), 116.66 (C1, benzoic), 127.39 (C4, pyrazole),
127.89 (C2,6, benzene), 128.48 (C4, benzene), 129.67 (C3,5, benzene),
131.02 (C2,6, benzoic), 135.12 (C1, benzene), 144.53 (methylidene
carbon), 148.27 (C4, benzoic), 152.80 (C1, pyrazole), 168.65 (C=0,
pyrazole), 169.06 (C=0, benzoic); anal. calcd. for C417H13N303 (307.1): C,
66.44; H, 4.23; N, 13.68; found C, 66.71; H, 4.39; N, 13.89.

4-[(4Z)-4-(2-Fluorobenzylidene)-4,5-dihydro-5-oxo- 1H-pyrazol-3-
ylamino]benzoic acid (3b)

Yield: 73%: brick red solid, m.p. >300°C; IR (KBr) cm™%: 3,387 (OH),
3,217, 3,197 (NH), 3,032-3,062 (arom. CH), 1,705, 1,681 (C=0), 1,604
(C=N); *H NMR (DMSO-dy) 8 ppm: 6.88 (s, 1H, C=CH), 7.04-7.08 (m,
2H, arom. CH), 7.22 (t, J=7.8 Hz, 1H, arom. CH), 7.54 (t, J=7.6 Hz, 1H,
arom. CH), 7.65 (d, J=8.7 Hz, 1H, arom. CH), 7.78 (d, J=8.6 Hz, 2H,
arom. CH), 7.91 (d, J=8.3 Hz, 1H, arom. CH), 8.15 (d, J=8.3, 1H, arom.
CH), 8.73 (s, 1H, NH, D,O exchangeable), 11.09 (s, 1H, NH, D,O
exchangeable), 12.32 (s, 1H, OH, D,0 exchangeable); *3C NMR (DMSO-
dg) 8 ppm: 113.58 (C3, benzene), 116.51 (C3,5, benzoic), 117.41 (C1,
benzoic), 119.70 (C1, benzene), 120.73 (C5, benzene), 123.66 (C4,
pyrazole), 128.29 (Cé, benzene), 130.98 (C4, benzene), 131.74 (C2,6,
benzoic), 147.27 (methylidene carbon), 148.91 (C4, benzoic), 151.80
(C3, pyrazole), 153.55 (C2, benzene), 167.68 (C=0, pyrazole), 167.84
(C=0, benzoic); anal. calcd. for C47H1,FN3O3 (325.09): C, 62.76; H,
3.69; N, 12.92; found C, 62.59; H, 3.83; N, 13.14.

4-[(4Z)-4-(3-Fluorobenzylidene)-4,5-dihydro-5-oxo- 1H-pyrazol-3-
ylamino]benzoic acid (3c)

Yield: 67%; brown solid; m.p. 254-256°C; IR (KBr) cm™: 3,407 (OH),
3,317, 3,201 (NH), 3,021-3,078 (arom. CH), 1,720, 1,697 (C=0), 1,593
(C=N); *H NMR (DMSO-d¢) & ppm: 6.62-8.23 (m, 9H, C=CH, and
arom. CH), 9.23 (s, 1H, NH, D,O exchangeable), 11.09 (s, 1H, NH, D,O
exchangeable), 12.10 (s, 1H, OH, D,O exchangeable); *C NMR
(DMSO-dg) 6 ppm: 110.06 (C2, benzene), 113.90 (C4, benzene), 117.20
(C3,5, benzoic), 120.72 (C1, benzoic), 123.24 (Cé, benzene), 124.40
(C4, pyrazole), 129.46 (C5, benzene), 131.00 (C2,6, benzoic), 135.49
(C1, benzene), 143.36 (methylidene carbon), 144.04 (C4, benzoic),
152.90 (C3, pyrazole), 163.12 (C3, benzene), 167.54 (C=0, pyrazole),
170.01 (C=0, benzoic); anal. calcd. for Cy7H1,FN3O3 (325.09): C,
62.76; H, 3.69; N, 12.92; found C, 62.84; H, 3.90; N, 13.21.

4-[(4Z)-4-(2-Methoxybenzylidene)-4,5-dihydro-5-oxo- 1H-pyrazol-3-
ylamino]benzoic acid (3d)

Yield: 63%; buff solid; m.p. 248-250°C; IR (KBr) cm™*: 3,387 (OH),
3,278, 3,201 (NH), 3,074-3,008 (arom. CH), 2,839 (aliph. CH), 1,718,
1,697 (C=0), 1,597 (C=N); *H NMR (DMSO-d) § ppm: 3.93 (s, 3H,
OCHa3), 6.82-8.29 (m, 9H, C=CH, and arom. CH), 9.33 (s, 1H, NH,
D,0O exchangeable), 10.84 (s, 1H, NH, D,O exchangeable), 12.47 (s,
1H, OH, D,O exchangeable); 13C NMR (DMSO-ds) § ppm: 56.38
(OCH3), 111.61 (C3, benzene), 116.27 (C1, benzene), 117.14 (C3,5,
benzoic), 120.17 (C1, benzoic), 121.90 (C5, benzene), 127.47 (C4,
pyrazole), 130.97 (C2,6, benzoic), 131.29 (C4,6, benzene), 145.70
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(methylidene carbon), 149.80 (C4, benzoic), 157.32 (C3, pyrazole),
163.19 (C2, benzene), 167.32 (C=0O, pyrazole), 167.59 (C=0,
benzoic); anal. calcd. for C1gH15N30,4 (337.11): C, 64.09; H, 4.45; N,
12.46; found C, 64.35; H, 4.61; N, 12.72.

4-[(4Z)-4-(4-Methoxybenzylidene)-4,5-dihydro-5-oxo- 1H-pyrazol-3-
ylamino]benzoic acid (3e)

Yield: 78%; brown solid; m.p. 236-238°C; IR (KBr) cm™%: 3,405 (OH),
3,197, 3,120 (NH), 3,074-3,008 (arom. CH), 2,935 (aliph. CH), 1,720,
1,681 (C=0), 1,589 (C=N); *H NMR (DMSO-ds) & ppm: 3.87 (s, 3H,
OCH3), 6.81 (s, 1H, C=CH), 7.12 (d, J = 8.4 Hz, 2H, arom. CH), 7.65 (d,
J=7.9Hz, 2H, arom. CH), 7.88 (d, J = 8.3 Hz, 2H, arom. CH), 8.63 (d,
J=8.48Hz, 2H, arom. CH), 9.08 (s, 1H, NH, D,O exchangeable),
10.88 (s, 1H, NH, D,O exchangeable), 12.17 (s, 1H, OH, D,O
exchangeable); 3C NMR (DMSO-dg) § ppm: 56.08 (OCH3), 114.75
(C3,5, benzene), 116.95 (C3,5, benzoic), 119.31 (C1, benzoic), 126.44
(C4, pyrazole), 131.00 (C2,6, benzene), 136.62 (C2,6, benzoic), 144.6
(methylidene carbon), 145.58 (C4, benzoic), 148.02 (C3, pyrazole),
163.46 (C4, benzene), 163.72 (C=O, pyrazole), 167.87 (C=0,
benzoic); anal. calcd. for C1gH15N30,4 (337.11): C, 64.09; H, 4.45; N,
12.46; found C, 64.31; H, 4.69; N, 12.65.

4-[(4Z)-4-(4-Chlorobenzylidene)-4,5-dihydro-5-oxo- 1H-pyrazol-3-
ylamino]benzoic acid (3f)

Yield: 68%; buff solid; m.p. 241-243°C; IR (KBr) cm™%: 3,402 (OH),
3,305, 3,201 (NH), 3,109-3,054 (arom. CH), 1,720, 1,697 (C=0),
1,593 (C=N); 'H NMR (DMSO-d¢) § ppm: 6.81 (s, 1H, C=CH),
7.01-7.44 (m, 5H, arom. CH), 7.65-8.04 (m, 3H, arom. CH), 9.97 (s,
1H, NH, D,O exchangeable), 10.87 (s, 1H, NH, D,O exchangeable),
12.09 (s, 1H, OH, D,0 exchangeable); *3C NMR (DMSO-d4) & ppm:
114.37 (C3,5, benzoic), 117.59 (C1, benzoic), 128.38 (C4, pyrazole),
128.62 (C2,6, benzene), 129.17 (C3,5, benzene), 131.06 (C2,6,
benzoic), 131.65 (C1,4, benzene), 142.31 (methylidene carbon),
150.44 (C4, benzoic), 155.40 (C3, pyrazole), 167.77 (C=0, pyrazole),
172.53 (C=0, benzoic); anal. calcd. for C47H1,CIN3O5 (341.06): C,
59.73; H, 3.51; N, 12.29; found C, 60.02; H, 3.67; N, 12.04.

4-[(4Z)-4-(3,4-Dimethoxybenzylidene)-4,5-dihydro-5-oxo- 1H-
pyrazol-3-ylamino]benzoic acid (3g)

Yield: 77%; brick red solid; m.p. 233-235°C; IR (KBr) cm™: 3,408
(OH), 3,263, 3,197 (NH), 3,078-3,005 (arom. CH), 2,939 (aliph. CH),
1,720, 1,693 (C=0), 1,589 (C=N); *H NMR (DMSO-d,) & ppm: 3.73 (s,
3H, OCHg3), 3.89 (s, 3H, OCHy), 6.68 (s, 1H, C=CH), 7.02 (d, J = 8.4 Hz,
1H, arom. CH), 7.16 (d, J =8 Hz, 1H, arom. CH), 7.23 (t, 1H, J=7.3Hz
arom. CH), 7.72 (d, J=8.5Hz, 2H, arom. CH), 7.88 (d, J=8.5Hz, 2H,
arom. CH), 9.07 (s, 1H, NH, D,O exchangeable), 10.88 (s, 1H, NH,
D,0 exchangeable), 12.05 (s, 1H, OH, D,O exchangeable); 3C NMR
(DMSO-ds) & ppm: 5573 (OCHa), 55.93 (OCHs), 11173
(C2, benzene), 116.14 (C5, benzene), 117.01 (C3,5, benzoic), 119.08
(C6, benzene), 122.59 (C1, benzoic), 125.74 (C4, pyrazole), 128.64
(C1, benzene), 129.34 (C2,6, benzoic), 137.82 (methylidene carbon),
147.40 (C4, benzene), 148.13 (C4, benzoic), 148.64 (C3, benzene),
153.52 (C3, pyrazole), 163.86 (C=O, pyrazole), 167.72 (C=0,
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benzoic); anal. calcd. for C19H17N305 (367.12): C, 62.12; H, 4.63; N,
11.44; found C, 62.30; H, 4.84; N, 11.57.

4-[(4Z)-4-(3,4,5-Trimethoxybenzylidene)-4,5-dihydro-5-oxo-1H-
pyrazol-3-ylamino]benzoic acid (3h)

Yield: 81%; brown solid; m.p. 200-202°C; IR (KBr) cm™%: 3,413 (OH),
3,263, 3,194 (NH), 3,051-3,005 (arom. CH), 2,839 (aliph. CH), 1,720,
1,693 (C=0), 1,593 (C=N); 'H NMR (DMSO-ds) § ppm: 3.55 (s, 3H,
OCHg), 3.87 (s, 6H, OCHj3), 6.50-7.26 (m, 3H, C=CH, and arom. CH),
7.69-8.12 (m, 4H, arom. CH), 9.18 (s, 1H, NH, D,O exchangeable), 10.94
(s, 1H, NH, D,O exchangeable), 12.10 (s, 1H, OH, D,O exchangeable);
13C NMR (DMSO-de) § ppm: 56.47 (2 OCHa), 60.39 (OCH3), 104.88
(C2,6, benzene), 117.03 (C3,5, benzoic), 122.68 (C1, benzoic), 125.77
(C4, pyrazole), 128.66 (C1, benzene), 131.03 (C2,6, benzoic), 128.66
(C4, benzene), 142.10 (methylidene carbon), 145.30 (C4, benzoic),
147.93 (C3, pyrazole), 152.84 (C3,5, benzene), 163.56 (C=0, pyrazole),
167.61 (C=0, benzoic); anal. calcd. for CooH19N3O4 (379.13): C, 60.45;
H, 4.78; N, 10.57; found C, 60.68; H, 4.89; N, 10.80.

4-[(4Z)-4-(Benzylidene-5-oxo-1-phenyl-4,5-dihydro- 1H-pyrazol-3-yl)
amino]benzenesulfonamide (3i)

Yield: 76%: red solid; m.p. 285-287°C; IR (KBr) cm™%: 3,174, 3140,
3,113 (NH), 3,066-3,028 (arom. CH), 1,716 (C=0); *H NMR (DMSO-
dg) 8§ ppm: 7.20 (s, 1H, C=CH), 7.22-7.32 (m, 3H, arom. CH and
SO,NH,, D,O exchangeable), 7.46 (t, J=7.4Hz, 3H, arom. CH),
7.54-7.65 (m, 4H, arom. CH), 7.77 (t, J=7.6 Hz, 3H, arom. CH), 7.89
(d, J=16.8Hz, 1H, arom. CH), 8.58 (d, J=7.5Hz, 2H, arom. CH),
11.61 (s, 1H, NH, D,O exchangeable); *3C NMR (DMSO-ds) & ppm:
118.82 (C3,5, benzenesulfonamide), 119.34 (C2,6, phenyl), 120.34
(C4, phenyl), 125.29 (C4, pyrazole), 129.16 (C2,6, benzene), 129.22
(C4, benzene), 129.30 (C2,6, benzenesulfonamide), 129.41 (C3,5,
benzene), 133.87 (C1, benzenesulfonamide), 132.77 (C3,5, phenyl),
134.56 (C1, benzene), 137.09 (C1, phenyl), 137.43 (methylidene
carbon), 149.56 (C4, benzenesulfonamide), 159.07 (C3, pyrazole),
160.87 (C=0, pyrazole); anal. calcd. for C,oH1gN4O3S (418.11): C,
63.14; H, 4.34; N, 13.39; found C, 62.97; H, 4.50; N, 13.61.

4-{[(4Z)-(2-Fluorobenzylidene)-5-oxo- 1-phenyl-4,5-dihydro- 1H-
pyrazol-3-ylJaminojbenzenesulfonamide (3j)

Yield: 69%; brown solid; m.p. 199-201°C; IR (KBr) cm™%: 3,367, 3,140,
3,113 (NH), 3,059-3,001 (arom. CH), 1,693 (C=0); *H NMR (DMSO-d,)
6 ppm: 7.23 (s, 1H, arom. CH), 7.47-7.54 (m, 4H, arom. CH and C=CH),
7.62-7.86 (m, 6H, arom. CH and SO,NH,, D,O exchangeable),
7.92-7.99 (m, 4H, arom. CH), 8.51 (s, 1H, arom. CH), 11.85 (s, 1H,
NH, D,O exchangeable); *C NMR (DMSO-ds) 6 ppm: 118.09 (C3,
benzene), 119.90 (C3,5, benzenesulfonamide), 122.00 (C2,6, phenyl),
122,06 (C1, benzene), 125.26 (C5, benzene), 125.47 (C4, phenyl),
128.18 (C4, pyrazole), 128.23 (C6, benzene), 129.33 (C2,6, benzene-
sulfonamide), 129.37 (C3,5, phenyl), 130.05 (C4, benzene), 134.23 (C1,
benzenesulfonamide), 136.39 (C1, phenyl), 136.50 (methylidene car-
bon), 148.65 (C4, benzenesulfonamide), 151.84 (C3, pyrazole), 158.20
(C2, benzene), 164.47 (C=0, pyrazole); anal. calcd. for CoyH17FN4O3S
(436.10): C, 60.54; H, 3.93; N, 12.84; found C, 60.68; H, 4.19; N, 13.06.

4-{[(4Z)-(3-Fluorobenzylidene)-5-oxo- 1-phenyl-4,5-dihydro- 1H-
pyrazol-3-yllamino}benzenesulfonamide (3k)

Yield: 66%; orange solid; m.p. 278-280°C; IR (KBr) cm™%: 3,174,
3,140, 3,109 (NH), 3,070-3,032 (arom. CH), 1,716 (C=0); H
NMR (DMSO-dg) § ppm: 7.22 (t, J=7.3Hz, 2H, arom. CH),
7.44-7.50 (m, 5H, arom. CH, C=CH, and SO,NH,, D,O exchange-
able), 7.57-7.63 (m, 2H, arom. CH), 7.75 (t, J= 8.6 Hz, 3H, arom.
CH), 7.89 (d, J=18.3Hz, 1H, arom. CH), 8.22 (d, J=7.6 Hz, 1H,
arom. CH), 8.60 (s, 1H, arom. CH), 8.69 (d, J = 10.7 Hz, 1H, arom.
CH), 11.63 (s, 1H, NH, D,0 exchangeable); **C NMR (DMSO-d) &
ppm: 118.89 (C2, benzene), 119.71 (C4, benzene), 119.94 (C3,5,
benzenesulfonamide), 120.48 (C2,6, phenyl), 120.69 (Cé, ben-
zene), 121.52 (C4, phenyl), 125.39 (C4, pyrazole), 129.34 (C2,6,
benzenesulfonamide), 129.45 (C3,5, phenyl), 131.09 (C1, benze-
nesulfonamide), 131.17 (C5, benzene), 134.76 (C1, benzene),
134.85 (C1, phenyl), 137.28 (methylidene carbon), 158.85 (C4,
benzenesulfonamide), 160.50 (C3, pyrazole), 160.99 (C3, ben-
zene), 163.41 (C=0, pyrazole); anal. calcd. for C,,H;7FN4O3S
(436.1): C, 60.54; H, 3.93; N, 12.84; found C, 60.75; H, 4.12;
N, 13.11.

4-{[(4Z)-(2-Methoxybenzylidene)-5-oxo- 1-phenyl-4,5-dihydro- 1H-
pyrazol-3-yllamino}benzenesulfonamide (3l)

Yield: 85%; brick red solid; m.p. 239-241°C; IR (KBr) cm™%: 3,321,
3,136, 3,113 (NH), 3,032-3,001 (arom. CH), 2,877 (aliph. CH), 1,716
(C=0); *H NMR (DMSO-dg) & ppm: 3.94 (s, 3H, OCH3), 7.05-7.1 (m,
2H, arom. CH), 7.15-7.22 (m, 3H, arom. CH), 7.42-7.47 (m, 3H,
C=CH, and SO,NH,, D,O exchangeable), 7.62 (t, J = 7.1 Hz, 2H, arom.
CH), 7.74 (d, J= 7.8 Hz, 3H, arom. CH), 8.27 (d, J = 15.6 Hz, 1H, arom.
CH), 8.94 (s, 1H, arom. CH), 8.09 (d, J=7.8 Hz, 1H, arom. CH), 11.57
(s, 1H, NH, D,O exchangeable); *C NMR (DMSO-dy) § ppm: 56.75
(OCHgs), 112.02 (C3, benzene), 118.72 (C1, benzene), 119.24 (C3,5,
benzenesulfonamide), 120.75 (C5, benzene), 121.13 (C2,6, phenyl),
125.13 (C4, phenyl), 125.18 (C4, pyrazole), 129.29 (C2,6, benzene-
sulfonamide, C6, benzene), 129.40 (C4, benzene), 129.41 (C3,5,
phenyl), 133.91 (C1, benzenesulfonamide), 136.60 (C1, phenyl),
142.83 (methylidene carbon), 143.32 (C4, benzenesulfonamide),
159.28 (C3, pyrazole), 160.46 (C2, benzene), 161.21 (C=0, pyrazole);
anal. calcd. for C,3Ho0N404S (448.12): C, 61.59; H, 4.49; N, 12.49;
found C, 61.68; H, 4.67; N, 12.69.

4-{[(4Z)-(4-Methoxybenzylidene)-5-oxo- 1-phenyl-4,5-dihydro- 1H-
pyrazol-3-yllamino}benzenesulfonamide (3m)

Yield: 71%; orange solid; m.p. 259-261°C; IR (KBr) cm L 3,163,
3,120, 3,097 (NH), 3,078-3,024 (arom. CH), 2,866 (aliph. CH), 1,708
(C=0); H NMR (DMSO-dg) 5 ppm: 3.89 (s, 3H, OCHa), 7.11-7.15 (m,
3H, arom. CH and SO,NH,, D,O exchangeable), 7.20 (t, J=7.3 Hz,
2H, arom. CH), 7.43-7.48 (m, 3H, arom. CH and C=CH), 7.72-7.77
(m, 3H, arom. CH), 7.87 (d, J = 16.6 Hz, 2H, arom. CH), 8.64-8.70 (m,
3H, arom. CH), 11.26 (s, 1H, NH, D,O exchangeable); 3C NMR
(DMSO-d¢) § ppm: 56.23 (OCH3), 115.01 (C3,5 benzene), 116.57
(C3,5, benzenesulfonamide), 118.74 (C2,6, phenyl), 119.26 (C4,
phenyl), 125.09 (C4, pyrazole), 125.98 (C2,6, benzene), 126.02 (C1,
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benzene), 129.30 (C2,6, benzenesulfonamide), 129.41 (C3,5, phenyl),
129.41 (C1, benzenesulfonamide), 137.70 (C1, phenyl), 137.79
(methylidene carbon), 159.77 (C4, benzenesulfonamide), 161.56
(C3, pyrazole), 164.34 (C4, benzene), 164.40 (C=0, pyrazole); anal.
calcd. for Co3HoN4O4S (448.12): C, 61.59; H, 4.49; N, 12.49; found
C, 61.80; H, 4.62; N, 12.71.

4-{[(4Z)-(4-Chlorobenzylidene)-5-oxo- 1-phenyl-4,5-dihydro-1H-
pyrazol-3-ylJamino}benzenesulfonamide (3n)

Yield: 70%; brick red solid; m.p. 280-282°C; IR (KBr) cm™*: 3,379,
3,174, 3,128 (NH), 3,086-3,062 (arom. CH), 1,720 (C=0); H
NMR (DMSO-dg) 6§ ppm: 7.22 (t, J=7.3Hz, 2H, arom. CH),
7.43-7.48 (m, 3H, arom. CH and SO,;NH,, D,O exchangeable),
7.62-7.65 (m, 3H, arom. CH, and C=CH), 7.73 (d, J=7.9 Hz, 3H,
arom. CH), 7.89 (d, J=17.9 Hz, 2H, arom. CH), 8.61 (d, J=8.6 Hz,
3H, arom. CH), 11.48 (s, 1H, NH, D,O exchangeable); *3C NMR
(DMSO-dg) & ppm: 118.86 (C3,5, benzenesulfonamide), 120.72
(C2,6, phenyl), 125.34 (C4, phenyl), 125.51 (C4, pyrazole), 129.32
(C2,6, benzene), 129.34 (C2,6, benzenesulfonamide), 129.40
(C3,5, benzene), 129.46 (C3,5, phenyl), 131.67 (C1, benzenesul-
fonamide), 131.70 (C1, benzene), 136.13 (C4, benzene), 136.22
(C1, phenyl), 138.63 (methylidene carbon), 149.02 (C4, benzene-
sulfonamide), 149.41 (C3, pyrazole), 160.45 (C=0O, pyrazole);
anal. calcd. for Cy,H17CIN4O3S (452.07): C, 58.34; H, 3.78; N,
12.37; found C, 58.61; H, 4.01; N, 12.56.

4-{[(42)-(3,4-Dimethoxybenzylidene)-5-oxo- 1-phenyl-4,5-dihydro-
1H-pyrazol-3-yllamino}benzenesulfonamide (30)

Yield: 78%; orange solid; m.p. 261-263°C; IR (KBr) cm™%: 3,315,
3,163, 3,120 (NH), 3,093-3,016 (arom. CH), 2,866 (aliph. CH),
1,708 (C=0); *H NMR (DMSO-d,) § ppm: 3.86 (s, 3H, OCHj3), 3.90
(s, 3H, OCH3), 7.14-7.17 (m, 2H, arom. CH), 7.21 (t, J = 7.3 Hz, 1H,
arom. CH), 746 (t, J=7.3Hz, 3H, arom. CH, and C=CH),
7.72-7.78 (m, 4H, arom. CH and SO,NH,, D,O exchangeable),
8.03-8.09 (m, 2H, arom. CH), 8.70 (s, 1H, arom. CH), 8.82 (d,
J=1.7Hz, 2H, arom. CH), 11.27 (s, 1H, NH, D,O exchangeable);
13C NMR (DMSO-dg) 6 ppm: 55.98 (OCH3), 56.37 (OCH3), 111.97
(C2, benzene), 116.37 (C5, benzene), 116.75 (C3,5, benzenesul-
fonamide), 118.81 (Cé, benzene), 119.48 (C2,6, phenyl), 125.10
(C4, phenyl), 126.16 (C4, pyrazole), 126.23 (C1, benzene), 129.32
(C2,6, benzenesulfonamide), 129.41 (C3,5, phenyl), 131.47 (C1,
benzenesulfonamide), 131.71 (C1, phenyl, and methylidene
carbon), 148.78 (C4, benzenesulfonamide), 148.81 (C4, benzene),
154.42 (C3, benzene), 159.94 (C3, pyrazole), 161.64 (C=O0O,
pyrazole); anal. calcd. for Cy4H,,N,05S (478.18): C, 60.24; H,
4.63; N, 11.71; found C, 60.09; H, 4.82; N, 11.89.

4-{[(42)-(3,4,5-Trimethoxybenzylidene)-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-3-yllamino}benzenesulfonamide (3p)

Yield: 74%; brown solid; m.p. 188-190°C; IR (KBr) cm™ % 3,315, 3,163,
3,120 (NH), 3,066-3,001 (arom. CH), 2,939 (aliph. CH), 1,712 (C=0); *H
NMR (DMSO-d¢) & ppm: 3.81 (s, 3H, OCHs), 3.86 (s, 6H, OCHa), 7.22 (t,
J=7.4Hz, 2H, arom. CH), 7.44-7.48 (m, 3H, arom. CH, and C=CH),
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7.72-7.89 (m, 6H, arom. CH, and SO,NH,, D,O exchangeable),
8.15-8.19 (d, J=17.5Hz, 3H, arom. CH), 1144 (s, 1H, NH, D,O
exchangeable); °C NMR (DMSO-d,) § ppm: 56.51 (2 OCHg), 60.79
(OCHa3), 112.85 (C2,6, benzene), 118.33 (C3,5, benzenesulfonamide),
118.90 (C2,6, phenyl), 119.58 (C4, phenyl), 125.22 (C4, pyrazole),
128.23 (C2,6, benzenesulfonamide), 128.31 (C3,5, phenyl), 129.33 (C1,
benzene), 129.41 (C1, benzenesulfonamide), 137.14 (C1, phenyl),
137.53 (C4, benzene), 142.93 (methylidene carbon), 142.97 (C4,
benzenesulfonamide), 152.91 (C3,5, benzene), 159.57 (C3, pyrazole),
161.23 (C=0, pyrazole); anal. calcd. for CysH24N4O4S (508.14): C,
59.04; H, 4.76; N, 11.02; found C, 59.30; H, 4.89; N, 11.25.

4.2 | Biological evaluation
421 | In vitro COX-1 and COX-2 inhibitory assay

All the synthesized compounds were evaluated for their ability to inhibit
COX-1 and COX-2 isoenzymes using 10-fold serial dilutions (1, 0.1, 0.01,
0.001 pg/ml) according to the manufacturer's instructions. Using the
COX-1 (human) Inhibitor Screening Assay Kit and COX-2 (human)
Inhibitor Screening Assay Kit (supplied by Cayman Chemical Company
[catalog numbers 701070 and 701080, respectively], Ann Arbor, Ml), the
color was observed using Robonik P2000 ELISA reader. The method is
based on measuring PGF 5, produced from stannous chloride reduction of
COX-derived PGH2 produced in the COX reaction, which is based on the
competition between PGs and a PG-acetylcholinesterase conjugate (PG
tracer) for a limited amount of PG antiserum.

The compounds to be tested were dissolved in DMSO. The enzymes
COX-1 and COX-2 (10ul), heme (10ul), and samples (20pul) were
incubated for 10 min at 37°C with the supplied reaction buffer solution
(160 pl, 0.1 M Tris-HCI, pH 8 containing 5 mM ethylenediaminetetraa-
cetic acid, and 2 mM phenol). Then, COX reactions were initiated by the
addition of AA 100 ul, and the reaction was stopped after 30's using
stannous chloride. The PGF,, formed in the samples by COX reactions
was quantified by ELISA. After transfer to a 96-well plate, the plate was
washed to remove any unbound reagent and then Ellman's reagent
(200 pl), which contains substrate to acetyl cholinesterase, was added
and incubated at room temperature for 60-90 min until the absorbance
of the B, well was in the range 0.3-0.8 A.U. at 410 nm. The plate was
then read by an ELISA plate reader.[37:8!

The percentage inhibition was calculated for the different
concentrations tested against control, and the ICso against both
COX-1 and COX-2 enzymes was calculated from the concentration

inhibition curve.

4.2.2 | In vitro 5-LOX inhibitor screening assay

5-LOX inhibitor screening assay was performed to assess the
inhibitory effect of synthesized compounds using a 5-Lipoxygenase
Inhibitor Screening Kit (Fluorometric; BioVision, CA) according to the

manufacturer's procedures (catalog number K980-100). The assay

858017 SUOWILIOD BA1IE8.D) 8|cealidde ayy Aq peusenof a8 sejoiiie YO ‘8sn JO Sa|ni o} Akeiq18UlIUO A8]IAN UO (SUOTIPUOD-PUR-SLLIBI WD A8 |1MAReiq 1 Ul |UD//:SdNy) SUONIPUOD Pue S | 81 89S *[6202/ZT/08] U0 A%iqiauliuo A8|im ‘(iBunisug) ylomeN ‘IS feuolieN uendAB3 Ad 808006T02 dpe/z00T 0T/I0p/wo0" A8 |1m ARiq1puljuo//sdny woij pspeojumod ‘ ‘0202 ‘v8THTZST



SHABAAN ET AL.

1ot | ARCH DPhG

Archiv der Pharmazie
depends on the recording fluorescence every 30 s and then ARFU for
all the compounds used using Topotecan, Spark 10M, a multimode

microplate reader.l*"}

4.2.3 | In vivo Al assay

The animal treatment protocol was approved by the Faculty of
Pharmacy, Cairo University, Animal Rights committee (OC2085). In
all tests, adequate considerations were adopted to reduce pain or
discomfort of animals. All quantitative results obtained from the
biological evaluation were calculated as the mean + standard error.
The statistical significance between the data for celecoxib and test
compounds was assessed by one-way analysis of variance (p < 0.05).

Adult male albino rats of Sprague Dawley strain weighing
130-150 g[4°'41] were kept in the animal house unit of the pharmacol-
ogy and toxicology department for a least 1 week before the
experiments under standard conditions of light and temperature. All
animals were accessed to standard laboratory diet consisting of vitamin
mixture (1%), mineral mixture (4%), corn oil (10%), sucrose (20%),
cellulose (0.2%), casein 95% pure (10.5%), and starch (54.3%). All test
compounds were suspended in 10% Tween-80 solution in distilled
water. Compounds 3f, 3h, 3l, and 3p were evaluated for their in vivo Al
activity by applying the carrageenan-induced rat paw edema screening

protocol as an acute inflammation model®*?

according to a previously
reported method after oral administration of a dose of 10 mg/kg of
tested compounds as well as reference drugs*®*34¥ The rats were
marked and divided into eight experimental groups of six rats each. The
first group received 1 ml saline and served as untreated control. The
second to sixth groups received 10 mg/kg of tested compounds 3f, 3h,
31, and 3p, respectively. The last two groups received 10 mg/kg of the
reference drugs celecoxib and indomethacin, respectively, and served as
reference standard groups. After 1hr of oral administration of all
previous compounds, a subplantar injection of 0.1 ml of 1% carrageenan
solution to the right hind paw of each animal was done. The paw volume
was recorded using a plethysmometer (UGO Basile 7140) at O, 1, 2, 3,
and 4 hr and the percentage edema inhibition was calculated using the
following equation: Al activity (%)= (1-Dy/D./100, where D; repre-
sents the difference in paw volume before and after drug was
administered to the rats and D, represents the difference of volume

in the control groups.

4.2.4 | Gastric ulcerogenic activity

Compounds 3f, 3h, 3l, and 3p were also evaluated for the
development of acute gastric ulcer upon oral administration in
adult male albino rats. Rats were starved for 18 hr prior and were
divided into eight groups of seven rats each and tested
compounds, references (celecoxib and indomethacin) or saline
as control were administered orally at a dose of 10 mg/kg body
weight. Four hours after the treatment, the animals were killed

and their stomachs were removed and examined macroscopically

using a magnifying lens. A longitudinal incision along the greater
curvature was made with a fine scissor. The presence of a single
or multiple lesions, erosion, ulcer, or perforation was evalu-
ated.[*>! The number of ulcers and the occurrence of hyperemia
were noted. The gastric lesions were stretched out and scored
from O (no lesion) to 5 (3 or more marked ulcers), according to the
method of Clementi et al.l#¢!

425 | Determination of rat serum PGE2

Rat serum levels of PGE2 were determined using blood samples
collected from the rats subjected to carrageenan rat paw edema
model 4 hr after carrageenan injection using a PGE2-specific enzyme
immunoassay kit according to the manufacturer's protocol (catalog
number 514095; Cayman Chemical). The optical density was
determined after 1hr using a microplate reader DYNATech, MR
5000 (Dynatech Industries Inc., Mclean, VA) at 450nm, and

expressed as pg/ml.

4.3 | Molecular docking study into COX-2 and
5-LOX active sites

The docking experiment of the compounds showing the highest
selectivity ratio toward COX-2 enzymes (3f, 3h, 3l, and 3p), as well
as SC-558, and celecoxib, was performed using MOE (10.2008)
software (Chemical Computing Group, Montreal, Canada) using the
crystal structure of COX-2 enzyme (PDB entry 1CX2)®Y and the
crystal structure of 5-LOX enzyme (PDB entry 3v99)4”! down-
loaded from the Protein Data Bank (PDB) website (https://www.
rcsb.org/). The protein structure was prepared by deleting the
repeating chains and water molecules. The database of active
compounds was prepared by adding hydrogen using Protonate 3D
application. Calculating the partial charges and minimizing energy
by Merck molecular force field (MMFF94X) until RMSD gradient of
0.05 kcal-mol™*-A™? followed by isolation of the determined pocket
and the backbone was hidden. Ligands were docked within this
active site using MOE-Dock option under default setting, utilizing
triangle matcher as the method of displacement and London dG as
the main scoring function. The resulting database contained the
scores between the ligand conformers and the enzyme binding site
in kcal/mol. Many conformers of each compound were obtained and
the best ligand-enzyme interaction was the best score and was set

as default.
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