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Abstract

The thiophene bearing pyrazole derivatives (7a-j) were synthesized and examined for their in vitro cyclooxygenase,
5-lipoxygenase, and tumour inducing factor-a inhibitory activities followed by the in vivo analgesic, anti-inflammatory,
and ulcerogenic evaluations. The synthesized series (7a-j) were characterized using 'TH NMR, '3C NMR, FT-IR, and mass
spectral analysis. Initially, the compounds (7a-j) were evaluated for their in vitro cyclooxygenase, 5-lipoxygenase, and
tumour inducing factor-o inhibitory activities and the compound (7f) with two phenyl substituents in the pyrazole ring and
chloro substituent in the thiophene ring and the compound (7g) with two phenyl substituents in the pyrazole ring and bromo
substituent in the thiophene ring were observed as potent compounds among the series. The compounds (7f and 7g) with
effective in vitro potentials were further analyzed for analgesic, anti-inflammatory, and ulcerogenic evaluations. Also, to
ascertain the binding affinities of compounds (7a-j), docking assessments were carried out and the ligand (7f) with the highest
binding affinity was docked to know the interactions of the ligand with amino acids of target proteins.

Graphical abstract

-Synthesis

-In vitro COX, 5-LOX, TNF-o
activity
-In vivo analgesic, anti-
inflammatory, and ulcerogenic
activity

- Molecular docking
studies,
ADMET, and PASS
analysis

® J
W
o A LT
v I
- @
m LN
L) % =
CcoX 5-LOX TNF-a

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-023-01364-0&domain=pdf
http://orcid.org/0000-0003-1713-4489

694

M. J. N. Khadri et al.

Keywords Thiophene - Pyrazole - COX - 5-LOX - TNF-a -inhibition - Analgesic - Anti-inflammatory - Ulcerogenic effects

Introduction

Among the body's defense mechanisms, inflammation aids
in defending the body from pathogens, injuries, and foreign
objects. If a local acute inflammation is not monitored, it
could create serious systemic or inflammatory problems
(Serhan and Petasis 2011; Puttaswamy, Malojiao et al.,
2018). The conventional, non-selective non-steroidal anti-
inflammatory drugs (NSAIDs) target both cyclooxygenase
(COX) enzymes, their potent anti-inflammatory capabilities
and apparent adverse effects are indicated by their broad
inhibitory characteristics (El-Miligy et al. 2017; Khadriet al.
2022). Various types of inflammatory agents such as pros-
taglandins, histamine, interleukins, tumour necrosis factor
(TNF-ar), nitrogen oxide, serotonin, etc. are released to acti-
vate the inflammatory action (Abd El-Karim et al. 2021).
One of the key phospholipids that are comprised in the
membrane of the cell is arachidonic acid, which is formed by
the enzyme phospholipase A, acting on phospholipids. The
isoforms of COX include the constitutive COX-1, that are
produced in various sites like the kidney and epithelium, the
inducible COX-2 is liable for the release of prostaglandins,
which contributes to inflammation (Qandeel et al. 2020).
Besides that, arachidonic acid is a substrate that facilitates
the 5-lipoxygenase (5-LOX) enzyme, responsible for cre-
ating pro-inflammatory leukotrienes (LT) (Youssif et al.
2019). A further consequence, of inhibiting COX-1/COX-2
regulated arachidonic acid metabolism, is an upsurge in LT
generation through the 5-LOX pathway.

NSAIDs like aspirin and ibuprofen were found to inhibit
COX-1, which contributed to the onset of gastrointestinal
negative symptoms such as gastric bleeding and ulcers. In
this context, the need for the advancement of drugs that
block specific COX-2 enzymes, like celecoxib and its equiv-
alents has drawn the attention of researchers globally (Ala-
nazi et al. 2015). Yet persistent administration of selective
COX-2 inhibitors triggered an alteration towards metabolism
of the arachidonic acid route forming the 5-LOX enzyme,
resulting in relatively high levels of LTs that aggravate bron-
choconstriction (Omar et al. 2018). In this connection, a
substantial attempt was undertaken to develop dual COX/5-
LOX inhibitors (Abdelgawad et al. 2018; Chaaban et al.
2018; Youssif et al. 2019; Khadriet al. 2022). Also, TNF-a
is a cytokine that serves a vital part in inflammation as well
as the rapid increase in cell growth, metabolism, apoptosis,
and also functions on immune cells (Rajput and Ware 2016).

The establishment of pharmacologically effective and
sophisticated organic compounds has focused a great deal of
interest on heterocyclic compounds, which have atoms pref-
erably from two distinctive components as part of their ring
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(Kiiciikgiizel and SenkardeS 2015). In particular, pyrazole
derivatives which are a five membered ring comprising two
adjacent nitrogen heteroatoms exhibited potent biological
applications that are very diverse and widespread includ-
ing anti-inflammatory (Puttaswamyet al 2018; Shaker et al.
2022), anticancer (Ahmed et al. 2022), antiviral (Wu et al.
2021), antimicrobial (Yan et al. 2021), antioxidant (Alfi
et al. 2022; Khadri et al. 2023), antitubercular (Shingare
et al. 2022), analgesic (Bekhit et al. 2022), antiAlzheimer
(Narayanan et al. 2021) activities. Also, another effective
pharmacophore observed in many medications is the thio-
phene moiety, a five membered sulphur containing hetero-
cyclic compound, that has been associated with several bio-
logical applications including anti-inflammatory (Qandeel
et al. 2020), anticancer (Megally Abdo et al. 2020; Sumi
et al. 2023), antimicrobial (Malani et al. 2016), antioxidant
(Sumi et al. 2023), antiviral (Kang et al. 2020), antitubercu-
lar (Obu et al. 2021), and analgesic (Kuppusamy et al. 2022)
activities. Thus, based on the literature survey and our group
research on anti-inflammatory activity, it was intended to
integrate these heterocyclic moieties and investigate them
nti-inflammatory potential. Initially, the final compounds
5-{4-[3-(2-thiophene)-3-oxoprop-1-enyl] benzamide }-N-
phenylpyrazoles (7a-j) were administered for COX-1/2,
5-LOX, and TNF-« inhibitory activities. The compounds
(7f and 7g) with effective in vitro potentials were further
analyzed for analgesic, anti-inflammatory, and ulcerogenic
evaluations. Also, to ascertain the binding affinities of com-
pounds (7a-j), docking assessments were carried out and
the ligand (7f) with the highest binding affinity was docked
to know the interactions of the ligand with amino acids of
target proteins.

Results and discussion
Design based structure

From the literature review, it was found that the pyrazole and
thiophene moieties exhibit various biological applications.

Specifically, it was found from the survey, pyrazole moi-
ety displays potent anti-inflammatory activity (Arunkumar
et al. 2009; Zabiulla et al. 2019; Priya et al. 2022). The com-
mercially available drugs bearing the pyrazole group like
celecoxib, ramifenazone, lonazolac, and rimonabant are
reported to demonstrate good anti-inflammatory activity
(Mantzanidou et al. 2021). Also, the thiophene molecule
exhibited significant anti-inflammatory activity (Nayak
et al. 2020; da Cruz et al. 2021). Furthermore, some of the
thiophene containing commercially available drugs are
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zileuton, tenidap, tiaprofenic acid, and tinoridine (da Cruz
et al. 2021). Thus, it was intended to integrate pyrazole and
thiophene moieties as shown in Fig. 1.

Chemistry

The title compounds 5-{4-[3-(2-thiophene)-3-oxoprop-
1-enyl] benzamide }-N-phenyl pyrazoles (7a-j) were gener-
ated as revealed in Scheme 1 and the synthesized compounds
were characterized by infrared (IR), nuclear magnetic reso-
nance (NMR), and mass spectra. Initially, phenylhydrazine
(1) and 3-oxoalkyl/aryl nitriles (2a-c) were refluxed in eth-
anol and glacial acetic acid to yield substituted 5-amino-
pyrazoles (3a-c). Taking compound (3a) as a representative
example in this series, the formation of IR bands at 1638
and 3229-3495 cm™! suggested the presence of C=N and
—NH, groups, correspondingly. The '"H NMR data revealed
the presence of three aromatic methyl protons with a singlet
peak at § 3.42, two amino protons with a singlet peak at &
5.31, and six aromatic protons with a multiplet peaks in the
range o 7.27-7.59. Besides, the mass spectral data showed
an M+ 1 peak at m/z 174 which confirms the formation of
the compound (3a). Further, 4-[3-(2-thiophene)-3-oxoprop-
1-enyl] benzoic acids (6a-d) were synthesized using sub-
stituted 2-acetyl-thiophenes (4a-d) and 4-formyl benzoic
acid (5). The IR data corresponded to the representative

Fig. 1 Design based structure

Zileuton
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compound (6a) confirm the absorption bands at 1665,
1723, and 3359-3500 cm™! for (C=0) of keto, (C=0) of
carboxyl, and (OH) of hydroxyl groups of carboxylic acid,
respectively. Further, "H NMR data revealed the presence
of a COCH proton with a doublet peak at d 7.76, seven aro-
matic protons as multiplet peaks at § 7.32-7.34, 5 7.97-8.01,
and O 8.37-8.38, C=CH proton as another doublet peak
at 8 8.06, and COOH proton as another singlet peak at &
13.12. In addition, the mass spectral data displayed a stable
M+ 1 peak at m/z 259. Furthermore, the final compounds
5-{4-[3-(2-thiophene)-3-oxoprop-1-enyl] benzamide }-N-
phenylpyrazoles (7a-j) were generated by integrating the
compounds (6a-d) and (3a-c). The IR data of compound
(7a) as the representative example displayed characteris-
tic bands at 1631, 1672, 1722, and 3130-3300 cm™! cor-
responded to the groups like C=N, keto (C=0), amide
(C=0), and —NH, respectively. The '"H NMR data revealed
the presence of three aromatic methyl protons with a singlet
peak at & 2.54, COCH proton as a doublet peak at 5 7.78,
thirteen aromatic protons with multiplet peaks in the range
0 7.33-7.73, 85 7.98-8.03, and & 8.38-8.39, C=CH proton as
another doublet peak at § 8.08, and amide -NH proton as a
broad singlet peak at 6 13.38. Further, the mass spectral data
with an M + 1 peak at m/z 414 supported the elucidation of
the final compound (7a).

Tenidap Tiaprofenic Acid

Figure 1: Design based structure.
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Scheme 1 i) Glacial acetic acid/ethanol refluxed for 6 h; (i) Potassium hydroxide, 4 h of stirring in ethanol; (iii) TBTU, 2,6-lutidine in dimethyl

sulphoxide at 0-5 “C, overnight stirring

Biological studies
Structure activity relationship

Initially, the plan of synthesis was executed according to the
literature's relevance to the anti-inflammatory capability of
heterocyclic compounds thiophene and pyrazole. Thus, the
final compounds 5-{4-[3-(2-thiophene)-3-oxoprop-1-enyl]
benzamide }-N-phenyl pyrazoles (7a-j) were achieved with
electron withdrawing and donating groups substituted in
both thiophene and pyrazole scaffolds, and subjected for
in vitro COX, 5-LOX, and TNF-«a inhibitory activities. It
was revealed that the compound (7f) with two phenyl sub-
stituents in the pyrazole ring and chloro substituent in the
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thiophene ring and the compound (7 g) with two phenyl
substituents in the pyrazole ring and bromo substituent in the
thiophene ring displayed potent COX inhibition. Whereas,
the compound (7e) with two phenyl substituents in the pyra-
zole ring and no substituent in the thiophene ring revealed
low COX-1 in comparison to COX-2 activity. Thus, the
compounds (7f) and (7 g) with electron withdrawing halo
groups in the thiophene ring and two phenyl substituents
in the pyrazole ring inhibited both COX isoforms, whereas
compound (7e) with two phenyl substituents in the pyrazole
ring and no substituent in the thiophene ring particularly dis-
played good COX-2 activity in comparison to COX-1 inhibi-
tion. Also, the potent 5-LOX and TNF-a inhibitory activi-
ties, among the series, were shown by the compounds (7f)
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and (7 g). Additionally, the potent compounds (7f) and (7 g)
were examined for in vivo analgesic, anti-inflammatory, and
ulcerogenic effects.

In vitro COX-1 and COX-2 inhibitory activity

The final compounds (7a-j) were examined for in vitro COX
inhibitory activity using the standards celecoxib and indo-
methacin. From Table 1, it was revealed that the compound
(7 g) with two phenyl substituents in the pyrazole ring and
bromo substituent in the thiophene ring (IC5,=9.35 uM for
COX-1; IC5,=1.01 uM for COX-2), compound (7f) with two
phenyl substituents in pyrazole ring and chloro substituent in
thiophene ring (IC5,=10.21 uM for COX-1; IC5,=1.76 uM
for COX-2), and compound (7i) with tert-butyl and phe-
nyl substituents in pyrazole ring and bromo substituent in
thiophene ring (IC5,="7.98 uM for COX-1; IC5,=1.99 uM
for COX-2) showed substantial COX inhibiting activities.
Besides, the compound (7d) with methyl and phenyl substit-
uents in the pyrazole ring and chloro substituent in the thio-
phene ring showed similar COX-1 (14.87 uM) and COX-2
(15.06 uM) inhibitions. Surprisingly, the compound (7 h)
with tert-butyl and phenyl substituents in the pyrazole ring
and no substituent in the thiophene ring also revealed similar
COX-1 and COX-2 inhibition with IC, values of 39.99 and
42.78 uM for COX-1 and COX-2, correspondingly. Further,
the compound (7¢) with methyl and phenyl substituents in

Table1 In vitro COX-1/COX-2 inhibition results and selectivity
index (SI) of the compounds (7a-j) compared to celecoxib and indo-
methacin as standards

Compounds COX-1 COX-2 Selectivity
(IC5,* +£SD)° (IC5y* +SD)° Index
(uM) (uM) (SD°
7a 134.55+0.16 26.45+0.09 5.06
7b 16.91+0.47 334.77+0.19 0.05
7c 7.99+0.03 26.76 +0.06 0.30
7d 14.87+0.13 15.06+0.01 0.98
Te 421.50+0.73 28.78 +0.17 14.63
7f 10.21+0.03 1.76 +0.03 5.80
g 9.35+0.02 1.01+£0.02 9.25
7h 39.99+0.65 42.78+1.10 0.9
7i 7.98+0.02 1.99+0.04 4.01
7 7.54+0.09 179.6+0.86 0.04
Celecoxib 14.98+0.25 0.039+0.01 384
Indomethacin 0.29+0.01 3.78+0.09 0.07

Cs, is a concentration needed to cause 50% inhibition of COX-1 and
COX-2 enzymatic activity

"Data are expressed as mean+SD (n=2). Data were statistically
analyzed by one-way ANOVA

“Selectivity index (COX-1/COX-2 ICs)

the pyrazole ring and bromo substituent in the thiophene
ring exhibited higher COX-1 activity ICs5,="7.99 uM), than
COX-2 activity (IC5,=26.76 uM). While the compounds
(7b) with methyl and phenyl substituents in the pyrazole ring
and another methyl substituent in the thiophene ring and (7j)
with tert-butyl and phenyl substituents in the pyrazole ring
and chloro substituent in the thiophene ring displayed low
COX-2 activities with ICs, values > 170 uM.

Interestingly, the compounds (7a) and (7e) with no
substituents in the thiophene ring revealed low COX-1
activities with ICy, values > 130 uM and good COX-2
inhibition with ICy, values of 26.45 and 28.78 uM,
correspondingly. In comparison to standards celecoxib
(ICs values 14.98 and 0.039 uM for COX-1 and COX-
2, respectively) and indomethacin (ICs, values 0.29 and
3.78 uM for COX-1 and COX-2, correspondingly). The
compound (7e) displayed a selective index (SI) value of
14.63 with significant COX-2 inhibition and low COX-1
inhibitory activity. The compounds (7f) and (7 g) showed
good SI values of 5.80 and 9.25, respectively.

In vitro 5-LOX inhibitory activity

The in vitro 5-LOX inhibitory activity of the final
compounds (7a-j) using the standard nordihydroguaiaretic
acid (NDGA) was studied.

Interestingly, the compounds (7f) and (7 g) were found
to be potent in the 5-LOX inhibitory assay with ICs, values
of 0.27 and 0.29 uM, respectively (Table 2). Whereas,
the compounds (7b), (7¢), and (7 h) displayed moderate
activity with ICs, values ranging from 3.06 to 3.89 uM, in
comparison to the standard NDGA (IC5,=0.49 uM). The
rest of the compounds showed declined 5-LOX inhibitory
activity with ICs, values higher than 4 uM.

In vitro TNF-a inhibitory activity

The in vitro TNF-« inhibitory activity of the final compounds
(7a-j) using the standard dexamethasone was studied
as revealed in Table 3. The majority of the compounds
showed very low activity with ICy, values > 500 uM, while
compounds (7a), (7e), and (7 h) were inactive toward
inhibition. But the compounds (7f) and (7g) displayed
weaker activity with ICs, values of 444.2 and 401.2 pM,
respectively, compared to the standard dexamethasone
(IC5y=10.45 uM). The compounds (7f) and (7g) which
revealed potent in vitro abilities were further evaluated for
analgesic, anti-inflammatory, and ulcerogenic effects.

Analgesic activity

The analgesic activities of the potent compounds (7f) and
(7 g) with the standard piroxicam were evaluated utilizing
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Table 2 In vitro 5-LOX Compounds 5-LOX

inhibitory activity of (IC<*+ SD)
50 &

compounds (7a-j) compared to (M)
NDGA as standard

7a 5.99+0.10
7b 3.43+£0.29
7c 3.89+£0.08
7d 7.84+£0.22
Te 4.78+0.15
7f 0.27£0.06
7¢g 0.29+0.06
7h 3.06+0.02
7i 4.12£0.01
7 6.78 £0.07
NDGA 0.49+0.22

4ICsy is a concentration needed
to cause 50% inhibition

Data are expressed as meanz+
SD (n =2). Data were statistically
analyzed by one-way ANOVA

*p<0.05 vs. Std; #No statistical
difference was found

Table 3 In vitro TNF-a

inhibition of compounds (7a-j) Compounds V(IFEF;O:_ SD)®
compared to dexamethasone as (ul\fl()) -
standard

Ta n.a

7b >500

Tc > 500

7d > 500

Te n.a

7f 444.2+0.13

7g 401.2+0.12

7h n.a

7i > 500

7 > 500

Dexamethasone 10.45+0.04

4ICsy value is the half-maximal
(50%) inhibitory concentration

®Data are expressed as mean
+ SD (n = 2). Data were sta-
tistically analyzed by one-way
ANOVA

*p<0.05 vs. Std; #No statistical
difference was found

n.a, not active even at higher
tested concentrations.

the acetic acid writhing method and the results are revealed
in Table 4. The compounds (7f) and (7 g) revealed % inhibi-
tions of 63.18 and 62.56, respectively, which were compara-
ble to the % inhibition of the piroxicam (65.10% inhibition).
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Anti-inflammatory activity

The compounds (7f) and (7g), which displayed potential
in vitro activities, were examined for anti-inflammatory
activity utilizing the carrageenan induced paw edema
method using the standards celecoxib and indomethacin
(Table 5).

Data are expressed as mean = SE. Statistical analysis of
the data was done using one-way ANOVA. Probability levels
of p<0.05 were considered statistically significant. ANOVA
followed by Duncan’s test for multiple group comparisons.
Probability levels of p<0.05 were considered statistically
significant.

Ulcerogenicity evaluation

The development of gastrointestinal ulcers due to the
administration of potent compounds (7f), (7g), and standards
(celecoxib and indomethacin) were evaluated (Table 6).
The compounds (7f) displayed mild ulceration, while the
compound (7g) exhibited no signs of ulceration compared
to the standards celecoxib and indomethacin with significant
ulcerogenic effects.

Docking study
Molecular docking simulation

The binding affinities of the final compounds (7a-j) were
calculated and the compound (7f) with the highest binding
affinity was implicated to understand the docking interactions
along with the standards celecoxib and indomethacin against
the targets COX-1 and COX-2, standard NDGA against the
target 5-LOX, and standard dexamethasone against the target
TNF-a.

Table4 In vivo analgesic activity of compounds (7f), (7 g), and
piroxicam (0.028 mM/kg) in mice (n=5)

Compounds Number of writhing % inhibition
Control 48.35+4.67 0

7f 17.80+2.93 63.18

7g 18.10+2.19 62.56
Piroxicam 16.89+2.15 65.10

*Significantly different from control at p <0.05.

No. of writhes are expressed as mean + SE. Statistical analysis of the
data was done using one-way ANOVA followed by Duncan’s test
for multiple group comparisons. Probability levels of p<0.05 were
considered statistically significant.
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Table 5 In vivo anti-inflammatory activity of compounds (7f), (7g), celecoxib, and indomethacin (0.028 mM/kg) in male albino rats (n=6)
Compounds  Zero lh 2h 3h 4h
Paw diameter ~ Paw diameter ~ Edema % Paw diameter = Edema% Paw diameter = Edema% Paw diameter = Edema%
(mm) (mm) (mm) (mm) (mm)
Control 3.23+0.07 4.23+£0.08* 30.9 4.46+0.07* 38.0 4.56+0.1%* 41.1 4.36+0.1* 349
7f 3.32+0.06 3.78 £0.04* 13.8 3.64+0.03* 9.6 3.65+0.01* 9.9 3.67+0.04* 10.5
7g 3.34+0.02 3.67+0.07* 9.9 3.36+£0.02* 0.6 3.37+0.02% 0.9 3.45+0.06* 33
Celecoxib 3.39+0.08 3.68+0.08* 8.5 3.45+0.06* 1.7 3.46+0.05* 2.1 3.45+0.03* 1.7
Indomethacin  3.23+0.05 3.43+0.07* 6.2 3.56+0.05* 10.2 3.57+0.02* 10.5 3.31+0.03* 2.4
*Significantly different from zero time at p <0.05
Table 7 Virtual screening of compounds (7a-j) against COX-1
Table 6 Gastric . ulcerqgemc effecF (?f compoupds (7f), (7g), com- Compounds Binding Total no. Total no. of
pared to celecoxib and indomethacin in male albino rats (n=5) . .
affinity (kcal/  intermolecular hydrogen
Compounds No. of gastric ulcers Severity lesions mol) interactions bonds
Control 0 0 Ta -89 6 1
7f 0.2+0.01 0.4+0.01 7b - 838 4 1
7g 0 0 Tc -89 6 2
Celecoxib 23+0.1% 5.9+0.1% 7d - 838 5 1
Indomethacin 7.9+0.3% 11.7+£0.6% Te -9.1 3 2
7f -94 10 3
Data are expressed as mean +SE T¢g 85 7 2
7h - 8.8 4 1
7i -9.0 5 1
. . . . 7 -9.0 4 2
Molecular docking simulation of compounds (7a-j), .
A . R 3 Celecoxib -74 7 4
celecoxib, and indomethacin with COX-1 .
Indomethacin - 7.5 6 3

The compounds (7a-j) along with celecoxib and indometh-
acin were docked against COX-1. Among them, compound
(7f) displayed the highest binding affinity (— 9.4 kcal/mol)
by interacting with the amino acids of the COX-1 binding
site.

Compound (7f) established ten intermolecular
interactions, three of them constituted the hydrogen bonds
with amino acids Asn515 (2.55 A), Asn515 (2.76 A), and
Pro514 (3.45 10\), the remaining included the pi-alkyl, pi-pi
T shaped, and pi-cation interactions.

The binding affinities of the celecoxib and indomethacin
were -7.4 and -7.5 kcal/mol, respectively. Celecoxib
established seven intermolecular interactions with the
amino acids of the COX-1 binding site, four of which
were hydrogen bonds, while indomethacin established six
intermolecular interactions, three being hydrogen bonds
(Table 7).

The interactions of compound (7f), celecoxib, and
indomethacin with the amino acid residues of COX-1
have been represented in Table 8. The 3D and 2D repre-
sentations of compound (7f), celecoxib, and indomethacin
interacting with the amino acids of the COX-1 active site
have been depicted in Fig. 2.

b) Molecular docking simulation of compounds (7a-j),
celecoxib, and indomethacin with COX-2

The compounds (7a-j) along with celecoxib and
indomethacin were docked against COX-2. Among them,
compound (7f) revealed the highest binding affinity
(-11.5 kcal/mol) and was allowed to interact with the
amino acids of the COX-2 binding site.

Compound (7f) formed twenty three intermolecular
interactions, including two hydrogen bonds with Arg120
(2.60 A), and Tyr355 (2.57 and 3.85 A). Other interac-
tions such as alkyl, pi-alkyl, pi-pi T shaped, pi-sulphur, pi-
sigma, and amide-pi stacked were also observed during the
docking simulation. The binding affinities of celecoxib and
indomethacin were — 7.7 and — 7.5 kcal/mol, respectively.
Celecoxib interacted with the amino acids at the binding
site of COX-2 via ten intermolecular interactions, one
among them was hydrogen bonding and the thirteen inter-
molecular interactions from indomethacin included three
hydrogen bonds (Table 9). The interactions of compound
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Table 8 Interactions of compound (7f), celecoxib, and indomethacin with the COX-1 amino acid residues and their bond length

Compounds

Hydrogen bonds

Other bonds

Alkyl

Pi-alkyl

Pi-pi T shaped

Pi-cation

Halogen

f

Celecoxib

AsnS15 (2.55 A)
AsnS15 (2.76 A)
Pro514 (3.45 A)

His90

Phe88 (4.81 A)

His90 (4.75 A)

Phe9l (5.62 A)
His95 (4.96 A)

His95 (4.63 A)
His95 (3.49 A)

His513 (3.63 A)

(2.36 A)

Thr94o

(2.33 A)
Asn515 (2.55 A)
GIn192 (1.97 A)

Indomethacin His90 . -
(2.90 A)
Asn515 (2.53 A)
Pro514 (3.34 A)
GIn192 (3.24 A)
Ser93 i
(2.86 A)

His90 (4.77 A)

Asn515 (3.35 A)

(7f), celecoxib, and indomethacin with COX-2 have been
represented in Table 10.

The 3D and 2D representations of compound (7f),
celecoxib, and indomethacin interacting with amino acids
of the active site of COX-2 have been depicted in Fig. 3.

¢) Molecular docking simulation of compounds (7a-j)
and NDGA with 5-LOX

Compounds (7a-j) along with NDGA were docked against
5-LOX. Among them, compound (7f) exhibited the highest
binding affinity (-8.8 kcal/mol) interacting with the amino
acids of the COX-2 binding site. Further, compound (7f)
revealed ten intermolecular interactions, including one
hydrogen bond with GIn363 (2.56 A). Other interactions
such as pi-cation, pi-alkyl, pi-pi T shaped, and pi-sigma
were also observed during docking simulation. The bind-
ing affinity of the NDGA was -7.3 kcal/mol and interacted
with the amino acids of the binding site of 5-LOX by estab-
lishing five intermolecular interactions which included one
hydrogen bond (Table 11). Interactions of the compound
(7f) and NDGA with the amino acid residues of 5-LOX are
represented in Table 12. The 3D and 2D representations of
compound (7f) and NDGA interacting with the active site of
amino acids of 5-LOX have been depicted in Fig. 4.

d) Molecular docking simulation of compounds (7a-j)
and dexamethasone with TNF-a

The compounds (7a-j) along with dexamethasone were
docked against TNF-a. Among them, compound (7f)
was recognized to display the highest binding affinity
(-8.2 kcal/mol) during the interaction with the amino

@ Springer

acids of the binding site of TNF-a. Compound (7f) devel-
oped eight intermolecular interactions, two among them
constituted the hydrogen bonds with Tyr151 (2.23 A)
and Tyr59 (1.96 A). Also, pi-sigma, pi-alkyl, and pi-pi
stacked interactions were observed during the docking
simulation. The binding affinity of the dexamethasone
was -6.1 kcal/mol and interacted with the binding site
of amino acids of TNF-a by forming two intermolecular
interactions, both being hydrogen bonds (Table 13). The
interactions of compound (7f) and dexamethasone with
TNF-a have been represented in Table 14.

The 3D and 2D representations of compound (7f) and
dexamethasone interacting with active site amino acids of
TNF-a have been depicted in Fig. 5.

Experimental section
Materials and methods

The reagents and solvents were purchased from Sigma
Aldrich Chemicals Private Limited. For monitoring the
reactions, thin layer chromatography (TLC) was employed
using 0.25 mm Merck 60 F 254 silica plates and various
solvent systems, further, the TLC plate was visualized using
UV light. The compounds were purified using Biotage
Isolera flash chromatography. The Chemi line melting
point apparatus was used to record the melting points of
the compounds. The Infrared (KBr) spectra were obtained
using Agilent Cary 630 FT-IR spectrophotometer and
elemental analysis results were found to be within 0.6% of
the calculated value. The NMR analysis was performed using



Synthesis, molecular docking, analgesic, anti-inflammatory, and ulcerogenic evaluation... 701

Agilent VNMRS-400 MHz-NMR spectrophotometer in
solvents deuterated dimethyl sulphoxide (DMSO). Further,
mass spectral analysis was carried out using a VG70-70H
spectrometer.

Chemistry: Plan of the synthesis

The final compounds (7a-j) were synthesized via a synthetic
route as illustrated in Scheme 1. The phenylhydrazine (1)
and substituted 3-oxoalkyl/aryl nitriles (2a-c) were refluxed
with ethanol and glacial acetic acid to yield substituted
5-aminopyrazoles (3a-c). Later, 2-acetyl-thiophenes (4a-d)
and 4-formyl benzoic acid (5) were stirred with potassium
hydroxide and ethanol to yield 4-[3-(2-thiophene)-3-
oxoprop-1-enyl] benzoic acids (6a-d). Furthermore, the
compounds (6a-d) and (3a-c) were treated with N,N,N',N'-
tetramethyl-O-(benzotriazol-1-yl) uranium tetrafluoroborate
(TBTU) in DMSO along with 2,6-lutidine to furnish the
final compounds 5-{4-[3-(2-thiophene)-3-oxoprop-1-enyl]
benzamide }-N-phenylpyrazoles (7a-j).

General procedure for the synthesis of substituted
5-aminopyrazoles (3a-c):

The mixture of phenylhydrazine (1, 0.001 mol) and substi-
tuted 3-oxoalkyl/aryl nitriles (2a-c, 0.001 mol) was refluxed
for 6 h in the presence of ethanol and glacial acetic acid. The
reaction was monitored by TLC, utilizing ethyl acetate and
hexane (1:9). Then, the contents were neutralized with 10%
sodium carbonate solution and poured on crushed ice to get
a solid mass. Later, the solid mass was filtered, washed with
distilled water (320 ml), and followed by recrystallization
with ethanol, to achieve the compounds (3a-c).

3-Methyl-N-phenyl-5-aminopyrazole (3a): Yield:
91%. Mp. 110-112 C. IR (KBr, cm™!): 1638 (C=N),
3229-3495 (NH,). '"H NMR (CDCl,): § 2.31 (s, 3H, CH,),
5.31 (s, 2H, NH,), 7.27-7.59 (m, 6H, Ar-H). LC-MS m/z
174 (M +1). Anal. Calcd. for C,jH,;N; (173): C, 69.34;
H, 6.40; N, 24.26. Found: C, 69.28; H, 6.32; N, 24.18%.

3-Phenyl-N-phenyl-5-aminopyrazole (3b): Yield: 89%.
Mp. 115-117 “C. IR (KBr, cm™'): 1641 (C=N), 3290-3485
(NH,). '"H NMR (CDCl,): § 6.32 (s, 2H, NH,), 7.19-8.11,
(m, 11H, Ar-H). LC-MS m/z 236 (M + 1). Anal. Calcd.
for C;sH5N; (235): C, 76.57; H, 5.57; N, 17.86. Found: C,
76.51; H, 5.50; N, 17.79%.

3-(Tert-butyl)-N-phenyl-5-aminopyrazole (3¢): Yield:
91%. Mp. 122-124 C. IR (KBr, cm™!): 1645 (C=N),
3300-3496 (NH,). 'H NMR (CDCl,): § 1.27 (s, 9H, 3-CH,),
5.78 (s, 2H, NH,), 6.98-7.51 (m, 6H, Ar—H). LC-MS m/z
216 (M +1). Anal. Calcd. for C;3H;;N; (215): C, 72.52; H,
7.96; N, 19.52. Found: C, 72.45; H, 7.89; N, 19.48%.

General procedure for the synthesis of substituted
4-[3-(2-thiophene)-3-oxoprop-1-enyl] benzoic acids (6a-d):

The mixture of substituted 2-acetyl-thiophenes (4a-d,
0.001 mol) and 4-formyl benzoic acid (5, 0.001 mol) in
potassium hydroxide (0.0005 mol) and ethanol (15 ml) was
stirred for 4 h at room temperature. After monitoring the
reaction by TLC (ethyl acetate and hexane, in the ratio 1:9),
dilute hydrochloric acid was added in cold condition for
neutralization, consequently, a solid mass was formed. It
was filtered, washed with distilled water (3 X 20 ml), and
followed by the recrystallization utilizing isopropyl alcohol
to attain the compounds (6a-d) in pure form.
4-[3-(2-Thiophene)-3-oxoprop-1-enyl] benzoic acid
(6a): Yield: 89%. Mp. 118-120 °C. IR (KBr, cm™'): 1665
(C=0), 1723 (acid, C=0), 3359-3500 (OH). 'H NMR
(DMSO): 6 7.32-7.34 (m, 1H, Ar-H), 7.76 (d, 1H, COCH),
7.97-8.01 (m, 5H, Ar-H), 8.06 (d, 1H, C=CH), 8.37-8.38
(m, 1H, Ar-H), 13.12 (s, 1H, COOH). LC-MS m/z 259
(M+1). Anal. Calcd. for C;,H;,05S (258): C, 65.10; H,
3.90; O, 18.58. Found: C, 65.02; H, 3.84; O, 18.51%.
4-[3-(5-Bromo-2-thiophene)-3-oxoprop-1-enyl] benzoic
acid (6b): Yield: 90%. Mp. 137-139 C. IR (KBr, cm™'):
1674 (C=0), 1725 (acid, C=0), 3300-3500 (OH). '"H NMR
(DMSO): 6 7.25-7.27 (m, 1H, Ar-H), 7.32 (d, 1H, COCH),
7.54-7.67 (m, 4H, Ar-H), 7.66 (d, 1H, C=CH), 8.32-8.35 (m,
1H, Ar-H), 13.10 (s, 1H, COOH). LC-MS m/z 335 M +),
337 (M +2). Anal. Calcd. for C,HyBrO;S (335): C,49.87; H,
2.69; O, 14.23. Found: C, 49.81; H, 2.63; O, 14.19%.
4-[3-(5-Chloro-2-thiophene)-3-oxoprop-1-enyl] ben-
zoic acid (6¢): Yield: 92%. Mp. 123-125 °C. IR (KBr, cm™}):
1672 (C=0), 1725 (acid, C=0), 3361-3500 (OH). '"H NMR
(DMSO): 6 7.28-7.30 (m, 1H, Ar-H), 7.38 (d, 1H, COCH),
7.51-7.64 (m, 4H, Ar-H), 7.70 (d, 1H, C=CH), 8.37-8.39 (m,
1H, Ar-H), 12.81 (s, 1H, COOH). LC-MS m/z 292 (M +),
294 (M +2). Anal. Calcd. for C;,HyClIO;S (292): C, 57.44; H,
3.10; O, 16.40. Found: C, 57.37; H, 3.03; O, 16.33%.
4-[3-(5-Methyl-2-thiophene)-3-oxoprop-1-enyl] ben-
zoic acid (6d): Yield: 91%. Mp. 117-119 “C. IR (KBr, cm™):
1670 (C=0), 1723 (acid, C=0), 3355-3500 (OH). '"H NMR
(DMSO): 6 2.32 (s, 3H, Ar-CH;), 7.25-7.27 (m, 1H, Ar-H),
7.42 (d, 1H, COCH), 7.61-7.71 (m, 4H, Ar-H), 7.74 (d, 1H,
C=CH), 8.17-8.19 (m, 1H, Ar-H), 12.85 (s, 1H, COOH).
LC-MS m/z 273 (M+1). Anal. Calcd. for C;sH,;,05S (272): C,
66.16; H, 4.44; O, 17.63. Found: C, 66.09; H, 4.38; O, 17.58%.

General procedure for the synthesis of substituted
5-{4-[3-(2-thiophene)-3-oxoprop-1-enyl]
benzamide}-N-phenylpyrazoles (7a-j)

The reaction mixture of 4-[3-(2-thiophene)-3-oxoprop-

1-enyl] benzoic acids (6a-d, 0.001 mol) and substituted
5-aminopyrazoles (3a-c, 0.001 mol) in DMSO was stirred
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Fig.2 3D and 2D representations of compound (7f) and the standards
celecoxib and indomethacin interacting with amino acids of COX-1
active site, (A) Active site of COX-1 with compound (7f) and stand-
ards-surface and magnified, (B-D) 3D representations of compound
(7f) (dark blue), celecoxib (orange) and indomethacin (light blue)

for 30 min in a round bottom flask by adding 2-3 drops of
2,6-lutidine. Then, the reaction temperature was lowered to
0-5 °C followed by the addition of TBTU (0.002 mol) and
stirred overnight. Later, the reaction contents were drained
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interacting with the COX-1 active site amino acid, (E-G) 2D repre-
sentations of compound (7f) (dark blue), celecoxib (orange) and indo-
methacin (light blue) interacting with the COX-1 active site amino
acids

on crushed ice after the reaction was completed. The con-
sequent solid was filtered, washed with distilled water
(320 ml), followed by diethyl ether (3 X 20 ml), and recrys-
tallized with ethanol to achieve the final compounds (7a-j).
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Table 9 Virtual screening of compounds (7a-j) against COX-2

Compounds Binding Total no. Total no. of
affinity (kcal/  intermolecular hydrogen
mol) interactions bonds

Ta -95 8 1

b -102 9 1

Tc —-10.0 7 2

7d - 8.6 6 1

Te -10.8 11 2

7f - 115 23 2

7g -10.8 10 1

7h - 87 8 2

7i -10.3 7 2

7 - 10.6 6 2

Celecoxib -7.7 10 1

Indomethacin - 7.5 13 3

5-{4-[3-(2-Thiophene)-3-oxoprop-1-enyl] benzamide}-
3-methyl-N-phenylpyrazole (7a): Yield: 85%. Mp.
134-136 °C. IR (KBr, cm™!): 1631 (C=N), 1672 (C=0),
1722 (amide, C=0), 3130-3300 (NH). '"H NMR (DMSO):
82.54 (s, 3H, Ar-CH,), 7.33-7.73  (m, 5H, Ar-H), 7.78 (d,
1H, COCH), 7.98-8.03 (m, 7H, Ar—H), 8.08 (d, 1H, C=CH),
8.38-8.39 (m, 1H, Ar-H), 13.38 (bs, 1H, NH). '3C NMR
(DMSO): 6 18.09 (1C, CH;-Ar), 111.76 (1C-Ar), 112.48
(1C-Ar), 115.21 (2C-Ar), 115.61 (1C-Ar), 120.90 (1C,
CHCO), 124.56 (2C-Ar), 125.58 (1C-Ar), 126.45 (2C-Ar),
128.72 (2C-Ar), 129.64 (1C-Ar), 131.21 (1C-Ar), 141.17
(1C-Ar), 143.01 (1C-Ar), 147.78 (1C, CH-Ar), 150.86 (1C-
Ar), 151.19 (1C-Ar), 151.31 (1C-Ar), 164.54 (1C, CONH),
182.74 (1C, CO). LC-MS m/z 414 (M + 1). Anal. Calcd. for
C,HgN;0,S (413): C, 69.71; H, 4.63; N, 10.16. Found: C,
69.70; H, 4.65; N, 10.15%.

Table 10 Interactions of compound (7f), celecoxib, and indomethacin with the COX-2 amino acid residues and their bond length

Compounds  Hydrogen Other bonds
bonds Alkyl Pi-alkyl Pi-pi T shaped  Pi-sulphur Pi-cation Pi-sigma Amide-pi stacked
7f Argl20 Pro84 Leu93 Tyr355 Met113 - Val 89 Met522 (4.64 A)
(2.60 A) (.17 A) G.11A,  (5394) (5.65 A) (3.54 A)
Tyr355 Val89 5.07 A) Val349
(2.57 A) (4.15 A) Valll6 (3.72 A)
Tyr355 1e92 (4.87 A, Leu359
(3.85 A) (4.64 A) 483 A) (343 A)
Te92 Ala527
(4.89 A) (3.48 A)
Va1349° Leu53ol
(5.14 A) (3.86 A)
Val523
(5.28 A,
471 A)
Celecoxib Argl20 Val89 (4.65 A) Tyrll5  Tyrll5 Tyr355 Argl20 Val89 -
(2.83 A) (526 A) (486 A) (5.63 A) (4.08 A) (3.48 A)
A Valll6 Arg120
470 A) 4.93 A)
Val89
(546 A)
Indomethacin Arg120 Vall16 Trpl00  Tyrll5 - - Val89 -
(327 A) (4.44 A) (4.80A) (5394) (3.86 A)
Glu524 Tyr355  Tyrll5
(2.53 A) (5.17A)  (5.06 A)

Tyr355 (3.68 A)
Tyrl15 (4.19 A)

Val89
(4.90 A)
Vall16
(5.30 A)
Val89
(5.03 A)
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Fig.3 3D and 2D representations of compound (7f) and the stand-
ards celecoxib and indomethacin interacting with the amino acids
of COX-2 active site, (A) Active site of COX-2 with compounds
(7f) and standards-surface and magnified, (B-D) 3D representations
of compound (7f) (dark blue), celecoxib (orange) and indomethacin

5-{4-[3-(5-Methyl-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-methyl-N-phenyl
Pyrazole (7b): Yield: 89%. Mp. 111-113 C. IR (KBr,

cm™!): 1632 (C=N), 1675 (C=0), 1725 (amide, C=0),
3125-3295 (NH). '"H NMR (DMSO): & 2.38 (s, 3H,
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LEU359

LEUS531

(green) interacting with amino acids of COX-2 active site, (E-G) 2D
representations of compound (7f) (dark blue), celecoxib (orange) and
indomethacin (green) interacting with amino acids of COX-2 active
site

Ar-CH;), 2.54 (s, 3H, Ar-CH;), 6.97-7.08 (m, 2H, Ar-H),
7.35 (d, 1H, COCH), 7.41-7.66 (m, 8H, Ar—H), 7.68 (d, 1H,
C=CH), 7.99-8.01 (m, 2H, Ar-H),12.88 (bs, 1H, NH). 13C
NMR (DMSO): § 14.94 (1C, CH;-Ar), 16.44 (1C, CH;-Ar),
110.08 (C-Ar), 119.62 (1C, CHCO), 124.53 (2C-Ar), 124.98
(2C-Ar), 127.81 (1C-Ar), 129.42 (2C-Ar), 129.49 (2C-Ar),
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Table 11 Virtual screening of compounds (7a-j) against 5-LOX

Compounds  Binding Total no. Total no. of
affinity (kcal/  intermolecular hydrogen
mol) interactions bonds

Ta -84 4 1

b -79 5 1

Tc -7.8 7 1

7d -8.0 6 2

Te -8.2 5 1

7f - 88 10 1

7g -8.0 6 1

7h - 8.0 4 2

Ti -82 3 1

7 -84 4 1

NDGA -73 5 1

137.32 (1C-Ar), 132.25 (1C-Ar), 134.62 (1C-Ar), 136.47
(1C-Ar), 139.10 (1C-Ar), 140.15 (1C-Ar), 142.20 (1C-
Ar), 143.28 (1C-Ar), 145.78 (1C, CH-Ar), 152.82 (1C-Ar),
167.11 (1C, CONH), 182.28 (1C, CO). LC-MS m/z 428
(M+1). Anal. Calcd. for C,sH,,N;0,S (427): C, 70.24; H,
4.95; N, 9.83. Found: C, 70.28; H, 4.91; N, 9.85%.

5-{4-[3-(5-Bromo-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-methyl-N-phenyl

Pyrazole (7¢): Yield: 88%. Mp. 109-111 C. IR (KBr,
cm™): 1635 (C=N), 1676 (C=0), 1721 (amide, C=0),
3135-3319 (NH). '"H NMR (DMSO): & 2.48 (s, 3H,
Ar-CHj3), 7.02-7.09 (m, 2H, Ar-H), 7.23 (d, 1H, COCH),
7.32-7.59 (m, 8H, Ar—H), 7.61 (d, 1H, C=CH), 7.81-7.84
(m, 2H, Ar-H), 13.21 (bs, 1H, NH). '3C NMR (DMSO):
8 14.94 (1C, CH;-Ar), 110.08 (1C-Ar), 120.62 (1C,
CHCO), 124.12 (2C-Ar), 124.53 (2C-Ar), 125.98 (1C-
Ar), 127.81 (1C-Ar), 129.42 (2C-Ar), 129.49 (2C-Ar),

132.82 (1C-Ar), 134.62 (1C-Ar), 136.47 (1C-Ar), 138.52
(1C-Ar), 139.10 (1C-Ar), 142.20 (1C-Ar), 143.28 (1C-
Ar), 145.78 (1C, CH-Ar), 147.15 (1C-Ar), 167.71 (1C,
CONH), 180.21 (1C, CO). LC-MS m/z 491 (M +), 493
(M +2). Anal. Calcd. for C,,H,gBrN;0,S (491): C, 58.54;
H, 3.68; N, 8.53. Found: C, 58.57; H, 3.69; N, 8.55%.

5-{4-[3-(5-Chloro-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-methyl-N-phenyl

Pyrazole (7d): Yield: 91%. Mp. 127-129 C. IR (KBr,
cm™!): 1641 (C=N), 1675 (C=0), 1720 (amide, C=0),
3133-3314 (NH). 'H NMR (DMSO): & 2.35 (s, 3H,
Ar-CH,), 7.14-7.18 (m, 2H, Ar-H), 7.34 (d, 1H, COCH),
7.37-7.55 (m, 8H, Ar-H), 7.59 (d, 1H, C=CH), 7.79-7.81
(m, 2H, Ar-H), 13.21 (bs, 1H, NH). '3C NMR (DMSO): &
14.94 (1C, CH;-Ar), 115.08 (1C-Ar), 121.59 (1C, CHCO),
124.53 (2C-Ar), 124.98 (2C-Ar), 127.81 (2C-Ar), 129.42
(2C-Ar), 129.82 (1C-Ar), 134.62 (1C-Ar), 134.92 (1C-Ar),
136.47 (1C-Ar), 139.10 (1C-Ar), 140.74 (1C-Ar), 141.24
(1C-Ar), 142.20 (1C-Ar), 143.28 (1C-Ar), 145.78 (1C,
CH-Ar), 145.91 (1C-Ar), 167.71 (1C, CONH), 180.21 (1C,
CO). LC-MS m/z 447 (M +), 449 (M +2). Anal. Calcd. for
C,,H,4CIN;0,S (447): C, 64.35; H, 4.05; N, 9.38. Found:
C, 64.32; H, 4.08; N, 9.40%.
5-{4-[3-(2-Thiophene)-3-oxoprop-1-enyl]
benzamide}-3-phenyl-N-phenylpyrazole (7e): Yield:
86%. Mp. 125-127 °C. IR (KBr, cm™!): 1640 (C=N), 1672
(C=0), 1720 (amide, C=0), 3128-3311 (NH). '"H NMR
(DMSO): § 7.09-7.12 (m, 3H, Ar-H), 7.17 (d, 1H, COCH),
7.37-7.48 (m, 8H, Ar—H), 7.66 (d, 1H, C=CH), 7.64-7.87
(m, 7H, Ar-H), 12.58 (bs, 1H, NH). '*C NMR (DMSO):
5 110.08 (1C-Ar), 119.62 (1C-Ar), 124.53 (1C, CHCO),
124.98 (1C-Ar), 127.48 (2C-Ar), 127.81 (2C-Ar), 128.65
(1C-Ar), 128.98 (2C-Ar), 129.32 (2C-Ar), 129.42 (1C-Ar),
129.49 (1C-Ar), 130.19 (1C-Ar), 132.85 (1C-Ar), 133.10
(2C-Ar), 134.62 (1C-Ar), 136.47 (1C-Ar), 139.12 (2C-Ar),

Table 12 Interactions of compound (7f) and NDGA with the 5-LOX amino acid residues and their bond length

Pi-pi T shaped

Pi-pi stacked

Pi-sigma

Compounds Hydrogen bonds Other bonds
Pi-cation Pi-alkyl
7f Gln363 Lys409 (497 A)  Ala410
(2.56 A) (451 A) .
Lys409 (5.12 A)
Ala603
(541 A) .
Leu368 (5.13 A)
Ala603
471 A)
NDGA Gln363 Leu607 (5.43 A)
(2.78 A)

His372 (5.10 A)
Trp599 (5.04 A)

Leu607 (3.83 A)

Leu368 (3.48 A)
Leu368 (3.96 A)
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Fig.4 3D and 2D representations of compound (7f) and stand-
ard NDGA interacting with amino acids of 5-LOX active site, (A)
Active site of 5-LOX with compounds (7f) and standard-surface and
magnified, (B-C) 3D representations of compound (7f) (dark blue)

139.75 (1C-Ar), 142.15 (1C-Ar), 143.28 (1C-Ar), 145.78
(1C, CH-Ar), 167.31 (1C, CONH), 181.98 (1C, CO).
LC-MS m/z 476 (M + 1). Anal. Calcd. for C,,H,;N;0,S
(475): C, 73.24; H, 4.45; N, 8.84. Found: C, 73.27; H,
4.46; N, 8.87%.
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and NDGA (orange) interacting with the active site amino acids of
5-LOX, (D-E) 2D representations of compound (7f) (dark blue) and
NDGA (orange) interacting with the 5-LOX active site amino acids

5-{4-[3-(5-Chloro-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-phenyl-N-phenyl

Pyrazole (7f): Yield: 90%. Mp. 111-113 °C. IR (KBr,
cm™)): 1641 (C=N), 1671 (C=0), 1726 (amide, C=0),
3114-3311 (NH). '"H NMR (DMSO):  7.01-7.05 (m, 3H,
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Table 13 Virtual screening of compounds (7a-j) against TNF-o

Compounds Binding Total no. Total no. of
affinity (kcal/ intermolecular hydrogen
mol) interactions bonds

Ta -72 3 1

b -173 5 2

Tc -173 6 1

7d -73 4 2

Te -79 7 1

7f -82 8 2

Tg -17.7 6 2

7h -173 7 1

7i -79 1 1

7] -74 3 2

Dexamethasone — 6.1 2 2

Ar-H), 7.30 (d, 1H, COCH), 7.32-7.68 (m, 7H, Ar—H), 7.68
(d, 1H, C=CH),7.71-7.98 (m, 7H, Ar-H), 12.58 (bs, 1H,
NH). 3C NMR (DMSO): & 110.08 (1C-Ar), 119.62 (1C-
Ar), 124.53 (1C-Ar), 124.98 (1C, CHCO), 127.51 (2C-Ar),
127.81 (2C-Ar), 128.75 (1C-Ar), 129.29 (2C-Ar), 129.42
(2C-Ar), 129.49 (1C-Ar), 128.82 (1C-Ar), 133.25 (2C-Ar),
134.62 (1C-Ar), 135.88 (1C-Ar), 136.47 (2C-Ar), 138.12
(1C-Ar), 139.75 (1C-Ar), 142.20 (1C-Ar), 143.28 (1C-Ar),
145.78 (1C-Ar), 145.95 (1C, CH-Ar), 167.31 (1C, CONH),
181.98 (1C, CO). LC-MS m/z 509 (M +), 511 (M +2). Anal.
Caled. for CooH,,CIN;0,S (509): C, 68.30; H, 3.95; N, 8.24.
Found: C, 68.32; H, 3.97; N, 8.25%.

5-{4-[3-(5-Bromo-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-phenyl-N-phenyl

Pyrazole (7 g): Yield: 89%. Mp. 121-123 C. IR (KBr,
cm™1): 1639 (C=N), 1674 (C=0), 1722 (amide, C=0),
3126-33,240 (NH). 'H NMR (DMSO): § 6.97-7.04 (m, 3H,
Ar-H), 7.29 (d, 1H, COCH), 7.35-7.63 (m, 7H, Ar-H), 7.66

(d, 1H, C=CH), 7.71-7.94 (m, 7H, Ar-H), 11.98 (bs, 1H,
NH). 13C NMR (DMSO): & 110.08 (1C-Ar), 119.62 (1C-
Ar), 124.42 (1C-Ar), 124.53 (1C, CHCO), 124.98 (2C-Ar),
127.55 (1C-Ar), 127.81 (2C-Ar), 128.80 (2C-Ar), 129.21
(1C-Ar), 129.42 (2C-Ar), 129.49 (1C-Ar), 132.18 (1C-Ar),
133.11 (2C-Ar), 134.62 (C-Ar), 137.47 (2C-Ar), 139.12
(1C-Ar), 138.85 (1C-Ar), 142.20 (1C-Ar), 143.28 (1C-Ar),
145.78 (1C, CH-Ar), 147.73 (1C-Ar), 167.31 (1C, CONH),
181.98 (1C, CO). LC-MS m/z 553 M +), 555 (M +2). Anal.
Calcd. for C,4H,,BrN;0,S (553): C, 62.82; H, 3.64; N, 7.58.
Found: C, 62.84; H, 3.65; N, 7.56%.
5-{4-[3-(2-Thiophene)-3-oxoprop-1-enyl] benzamide}-
3-(tert-butyl)-N-phenylpyrazole (7 h): Yield: 87%. Mp.
114-116 C. IR (KBr, cm™): 1631 (C=N), 1672 (C=0), 1722
(amide, C=0), 3129-3302 (NH). 'H NMR (DMSO): & 1.32
(s, 9H, -CHj;), 7.10-7.14 (m, 2H, Ar-H), 7.21 (d, 1H, COCH),
7.25-7.68 (m, 7TH, Ar-H), 7.68 (d, 1H, C=CH), 7.71-7.82 (m,
4H, Ar-H), 12.58 (bs, 1H, NH). 1*C NMR (DMSO): & 29.65
(3C, CH;), 31.51 (1C, CH), 110.08 (1C-Ar), 119.62 (1C-Ar),
124.53 (1C, CHCO), 124.98 (2C-Ar), 127.81 (2C-Ar), 128.98
(2C-Ar), 129.42 (1C-Ar), 129.49 (2C-Ar), 130.17 (1C-Ar),
132.81 (1C-Ar), 134.62 (1C-Ar), 136.47 (1C-Ar), 139.12 (1C-
Ar), 139.48 (1C-Ar), 142.20 (1C-Ar), 145.78 (1C, CH-Ar),
161.38 (1C-Ar), 167.31 (1C, CONH), 181.98 (1C, CO).
LC-MS m/z 456 (M +1). Anal. Calcd. for C,;H,sN;0,S (455):
C,71.18; H, 5.53; N, 9.22. Found: C, 71.15; H, 5.54; N, 9.21%.

5-{4-[3-(5-Bromo-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-(tert-butyl)-N-phenyl

Pyrazole (7i): Yield: 89%. Mp. 132-133 °C. IR (KBr, cm™):
1632 (C=N), 1675 (C=0), 1722 (amide, C=0), 3126-3305
(NH). '"H NMR (DMSO): § 1.32 (s, 9H, 3-CH;), 7.15-7.18
(m, 2H, Ar-H), 7.21 (d, 1H, COCH), 7.27-7.59 (m, 6H,
Ar-H), 7.64 (d, 1H, C=CH), 7.65-7.85 (m, 4H, Ar-H),
12.35 (bs, 1H, NH). '*C NMR (DMSO): § 30.15 (3C, CHj,),
31.51 (1C, CH), 110.08 (1C-Ar), 119.62 (1C-Ar), 124.28
(1C-Ar),124.53 (1C, CHCO), 124.98 (2C-Ar), 127.81

Table 14 Interactions

Compounds Hydrogen bonds Other bonds
of compound (7f) and
dexamethasone with the TNF-a Pi-sigma Pi-alkyl Pi-pi T Pi-pi stacked
amino acid residues and their shaped
bond length
7f Tyrl51 Vall3 Vall3 - Tyr59
(223 A) (3.91 A) (531 A) (3.63 A)
Tyr59 Vall3 Ile155
(1.96 A) (3.73 A) (5.46 A)
Leu36_
(548 A)
Dexamethasone Tyrl51 - - -
(2.20 A)
Leul20
(2.07 A)
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Fig.5 3D and 2D representations of compound (7f) and standard
dexamethasone interacting with the amino acids of TNF-a active site,
(A) Active site of TNF-a with compound (7f) and standard-surface
and magnified, (B-C) 3D representations of compound (7f) (dark

(2C-Ar), 129.42 (2C-Ar), 129.49 (2C-Ar), 132.21 (1C-Ar),
134.62 (1C-Ar), 136.47 (C-Ar), 138.94 (1C-Ar), 139.12
(1C-Ar), 142.20 (1C-Ar), 145.78 (1C, CH-Ar), 147.84 (1C-
Ar), 161.28 (1C-Ar), 167.31 (1C, CONH), 181.98 (1C,
CO). LC-MS m/z 533 (M +), 535 (M+2). Anal. Calcd. for
C,,H,sBrN;0,S (533): C, 60.68; H, 4.53; N, 7.86. Found:
C, 60.67; H, 4.55; N, 7.87%.

@ Springer
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E

blue) and dexamethasone (orange) interacting with the TNF-a active
site amino acids, (D-E) 2D representations of compound (7f) (dark
blue) and dexamethasone (orange) interacting with the TNF-a active
site amino acids

5-{4-[3-(5-Chloro-2-thiophene)-3-oxoprop-
1-enyl] benzamide}-3-(tert-butyl)-N-phenyl

Pyrazole (7j): Yield: 91%. Mp. 111-113 °C. IR (KBr, cm™):
1630 (C=N), 1674 (C=0), 1722 (amide, C=0), 3121-3298
(NH). 'H NMR (DMSO): & 1.32 (s, 9H, CH,), 7.16-7.20
(m, 2H, Ar-H), 7.23 (d, 1H, COCH), 7.31-7.61 (m, 6H,
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Ar-H), 7.64 (d, 1H, C=CH), 7.75-8.00 (m, 4H, Ar-H),
12.27 (bs, 1H, NH). '*C NMR (DMSO): § 30.32 (3C, CH,),
31.51 (1C, CH), 110.08 (1C-Ar), 119.62 (1C-Ar), 124.16
(1C, CHCO), 124.98 (2C-Ar), 127.81 (2C-Ar), 128.42
(2C-Ar), 129.49 (2C-Ar), 129.78 (1C-Ar), 134.62 (1C-Ar),
135.68 (1C-Ar), 136.47 (1C-Ar), 139.12 (1C-Ar), 140.54
(1C-Ar), 142.20 (1C-Ar), 145.78 (1C, CH-Ar), 145.98 (1C,
C-Ar), 164.28 (1C, C-Ar), 167.31 (1C, CONH), 181.98 (1C,
CO). LC-MS m/z 489 (M +), 491 M +2). Anal. Calcd. for
C,,H,,CIN;0,S (489): C, 66.18; H, 4.94; N, 8.58. Found:
C, 66.15; H, 4.93; N, 8.59%.

Biological studies
In vitro COX-1 and COX-2 inhibitory activity

The potential of the synthesized compounds (7a-j) to
inhibit COX-1 and COX-2 enzymes was studied. From
the reported method, the assays were performed using the
Cayman colorimetric COX (ovine) inhibitor screening assay
kit (Catalogue No. 760111) provided by Cayman Chemicals,
Ann Arbour, MI, USA (Xie et al. 1991; Blobaum and
Marnett 2007).

In vitro 5-LOX inhibitory activity

The capability of compounds (7a-j) to block the human recom-
binant 5-LOX enzyme was tested. Measuring the value of
absorbance at 234 nm using assay buffer composed of 50 mM
tris-buffer (pH =7.5) containing EDTA, calcium chloride, and
adenosine triphosphate at a volume of 2 mM each, newly pro-
duced conjugated dienes like hydroperoxyeicosatetraenoic
acid (HPETE) and hydroxyeicosatetraenoic acid (HETE)
catalyzed by lipoxygenase was identified. The volume of each
quartz cuvette was 2 ml, and the absorbance was constantly

(Number of writhes of control — Number of writhes of the test compounds)

were exposed to test compound concentrations with 1 pg/ml of
lipopolysaccharide, after 24 h; they were incubated (37 °C) for
4 h with 5% of carbon dioxide. Following the incubation, the
cell supernatant was gathered, and separated by centrifugation.
Using a standard ELISA kit (Mouse TNF-alpha ELISA, Cat
No. ELMTNF-1, Ray Biotech, USA), the TNF-a levels in
the cell supernatants were calculated as per the standard kit
methodology.

Analgesic activity

The compounds (7f) and (7 g) that displayed potential in vitro
activity were evaluated for analgesic activity along with the
standard piroxicam via acetic acid induced writhing approach
(Collier et al. 1968). Adult male albino mice weighing about
20-25 g were procured from the animal house of Farooquia
Pharmacy College, Mysore, Karnataka, India, and utilized for
this study. For one week prior to the trials, the rats were housed
in a typical laboratory environment with standard lighting and
temperature. A day before the drug regimen all of the rats were
given an intraperitoneal injection with a dosage of 0.20-0.25 ml
of 0.01% acetic acid solution to test their sensitivity. Animals
for analgesic experiments were chosen based on their posi-
tive writhing reaction within 30 min of administration of the
injection. Suspension of the test compounds (7f), (7 g), and
piroxicam in 2% tween 80 was prepared. The animals were
bifurcated into four groups consisting of five in each group.
Later, the 2% tween 80 suspensions of test compounds (7f),
(7 g), and piroxicam were tested orally on the standard groups
at the dosage of 0.028 mM per kg body weight, whereas, the
control group was tested orally with 2% tween 80 alone. The
intraperitoneal injection of 0.01% acetic acid solution was given
after an hour. After 5 min of injection, the injected animals were
observed for 10 min and the frequency of writhing was counted.
The percentage protection of analgesic activity was estimated
using the equation:

% Protection =

x 100

Number of writhes of control

recorded for 300 s at 234 nm for each enzyme process. Dif-
ferent concentrations of test compounds (7a-j) were utilized
to measure the inhibitor activity and 20 mM linoleic acid was
used to initiate the process.

In vitro TNF-a inhibitory activity

The capacity of the compounds (7a-j) for the TNF-a inhibition
(ICs, value, pM) was evaluated. The six-well culture dishes
with RAW cells were placed in Dulbecco's Modified
Eagle medium consisting of 10% fetal bovine serum at a cell
density ranging from 1.5x 10° to 2 x 10° cells/ml. The cells

Anti-inflammatory activity

The compounds (7f) and (7 g) that displayed potential
in vitro activity were examined for anti-inflammatory
activity by carrageenan induced rat paw edema method
using the standards celecoxib and indomethacin. The rats
were labeled and split into five groups, each with six rats.
The initial group (control) was given 1 ml of saline. The
preceding two groups received 10 mg/kg of the compounds
(7f) and (7 g), respectively. The final two groups (positive
control groups) each were given 10 mg/kg of the standards
celecoxib and indomethacin, correspondingly. After one
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hour of introducing the compounds and the standards, 1%
carrageenan was given to the treated rats. Further, the initial
rat paw volume was measured and paw volumes over 1-4 h
at a time interval of 1 h were recorded (Table 5). The edema
percentage was computed with the equation:

Final paw volume — Initial paw volume

Edema % = x 100

Initial paw volume

Ulcerogenicity evaluation

Furthermore, the compounds (7f) and (7 g) were studied for
ulcerogenic effect with the standards celecoxib and indo-
methacin. The rats were grouped into five consisting of five
rats in each group. The compounds (7f), (7 g), standards, and
saline (control) were given orally (10 mg/kg body weight to
rats that had been kept starving for 18 h previously). Four
hours later, the animals were sacrificed and their stomachs
were examined for the prevalence of ulceration and lesions.

Docking study
Molecular dynamics simulation

The X-ray crystallographic structures of COX-1 (PDB
ID: 3KK6), COX-2 (PDB ID: 6BL4), 5-LOX (PDB ID:
6N2W), and TNF-a (PDB ID: 2AZ5) were retrieved via
Research Collaboratory for Structural Bioinformatics
(RCSB) PDB database (https://www.rcsb.org) (Accessed on
March 2023), the molecules of the protein were developed
using the Auto Dock Tools 1.5.7. In the first instance, the
removal of the water and heteroatoms was done, followed
by the inclusion of polar hydrogens were accomplished to
stabilize the protein structure (Patil et al. 2021; Reshma
M Martiz et al. 2022a, b). Using Kollmann-united and
Gasteiger charges, the reduction of the protein structure
energy was achieved. Post energy minimization, an Auto
Dock 4 (AD4) atom type was allocated for all atoms, prior to
the final protein structure being obtained in PDBQT format
allowing molecular docking simulation and prediction
of the binding site. The grid box measuring 40 x40 x40
A3 comprising the binding pocket and active site aspects
was established at x =— 30.957491 A, y =47.607252 A,
and z=— 6.611637 A for COX-1, x=— 37.400227 A,
y=— 27.861640 A, and z=21.802171 A for COX-2,
x=35.820614 A, y=65.513114 and z=38.411455 for
5-LOX, and x=-19.409600 A, y=74.650750 A, and
2=33.849550 A for TNF-q. Phytochemical structures were
generated for the docking simulation employing the Auto
Dock Tools 1.5.7 for ligand (7f) preparation (Patil et al.
2021), whereas the 3D SDF structures were retrieved from

@ Springer

the PubChem database (https://pubchem.ncbi.nlm.nih.gov/)
and transformed to PDBQT format, and Kollmann-united
and Gasteiger charges were incorporated to decrease the
energy. To execute the docking simulation, the ligand (7f)
was saved in PDBQT format in the identical directory as
the molecules of protein after energy minimization (Patil
et al. 2022; Reshma et al. 2022). A command-line program,
Auto Dock Vina 1.1.2 was implemented for finalizing the
virtual screening of the compounds. It applies the Brayden-
Fletcher-Goldfarb-Shanno (BGFS) algorithm to disrupt,
allocate ligand (7f) to the target site, and assess the score
function associated with every ligand conformation (Patil
et al. 2022; Reshma et al. 2022). In contrast to proteins,
which were believed to be rigid throughout the docking
simulation, ligand (7f) was flexible owing to the huge
number of torsions enabled throughout its formation. For
ligand molecule (7f), however, 10 degrees were permitted,
and the initial binding pose with zero root-mean-square
deviation (RMSD) of atomic locations was by far the most
realistic. Moreover, it has the most significant binding
affinity at all the positions, which suggests that the binding
is more effectively achieved. The open-source visualizing
GUI program Biovia Discovery Studio Visualizer 2021 was
implemented to carry out the visualization of the molecular
docking simulation. Considering binding affinity, the total
number of intermolecular bonds, and the total number of
hydrogen bonds, the level of ligand interaction has been
estimated (Gurupadaswamy et al. 2022; Patil et al. 2022;
Shivanna et al. 2022).

Binding free energy calculations

The molecular dynamics simulation results for complexes
and standards were subjected to binding free energy
estimation employing the MM-PBSA method. Further,
the MmPbStat.py script and GROMACS 2018.1 input
trajectories were used with the g mmpbsa tool for
ligand—protein combination to know the binding free
energy (Jyothi et al. 2022; Prabhakaran et al., 2022). The g
mmpbsa programme employs three factors to estimate the
binding free energy: molecular mechanical, polar, and apolar
solvation energies. For the computation, trajectories of
molecular dynamics during the previous 50 ns were utilized
to calculate AG having frames of dt 1000.

Conclusion

Nitrogen and sulphur containing heterocyclic compounds
have been recognized to be important molecules in
medicinal chemistry research. The current study reveals the
in vitro COX, 5-LOX, and TNF-« inhibitory activities of
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the final compounds 5-{4-[3-(2-thiophene)-3-oxoprop-1-
enyl] benzamide }-N-phenyl pyrazoles (7a-j) and the potent
compounds (7f) and (7 g) from the series were additionally
evaluated for in vivo analgesic, anti-inflammatory, and
ulcerogenic evaluations. The compound (7f) with two phenyl
substituents in the pyrazole ring and chloro substituent in
the thiophene ring and the compound (7 g) with two phenyl
substituents in the pyrazole ring and bromo substituent in
the thiophene ring were revealed to be potent among the
series. Also, the binding energies and molecular docking
interactions were carried out.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10787-023-01364-0.
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