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Abstract

In this study, a series of novel pyrazole-linked pyran hybrids was synthesized starting from 4-acetyl-1,3-diphenyl-1H-pyrazole-5(4H)-ole 1.
Their structures were characterized by means of spectroscopic techniques. Further, their anti-inflammatory activities were in vitro examined
using inhibition of protein denaturation, membrane stabilization assay, and quantitative real-time PCR (qRT-PCR). Compound 6 showed
observed anti-inflammatory activity compared with diclofenac. Moreover, the molecular docking approach for the newly prepared hybrid
molecules was also performed against phosphodiesterase 4 enzyme (PDE4) to investigate their binding modes of action. Remarkably,

compound 6 exhibited the lowest binding energy (-10.8 kcal/mol) against the target. Additionally, the predicted ADMET properties of these
molecules exhibited favorable drug-likeness properties.

Keywords: pyrazole-linked pyran; spectroscopic techniques; anti-inflammatory evaluation; PDE4 enzyme; molecular docking.

1. Introduction

Pyrans are heterocyclic scaffolds that are found in various naturally occurring molecules and have remarkable biological
activities. They exhibited potential activities as they used in treatment of several disorders. Given its significance as a
pharmacophore, Pyran is a key moiety in drug molecules that exhibited anticonvulsant, anti-inflammatory, and antitumor
activities [1-4].
On the other hand, pyrazoles have broad spectrum of biological activity like antiviral, antibacterial, anti-inflammatory
antidiabetic, and antitumor properties [5-8].

In addition, heterocyclic compounds incorporating pyrazole and pyrane moieties are included in various marketed drugs

[9], as represented in Figure 1. Combination of pyran with other biologically active scaffolds such as pyrazole in hybrid
analogues can lead to identify anti-inflammation inhibitors.
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Figure 1. Some drugs with pyran and pyrazole moieties
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2. Results and discussion
2.1 Chemistry

The synthetic route of newly molecules 2-6 was represented in Scheme 1. The pyrano[2,3-c]pyrazol-4(1H)-one
derivative 2 was prepared by condensation of compound 1 with DMF-DMA in boiling dioxane. Structure of 2 was mainly
elucidated by means of *H-NMR spectrum, which revealed signals at § 7.28-7.30 ppm (d, 1H, =CH), 7.35-7.37 ppm (d, 1H,
COCH-=), and a multiplet signal at 8 7.49-8.20 ppm corresponding to the aromatic protons. In addition, IR spectrum showed
bands for -C=0, -C=N groups. Finally, B3C-NMR exhibited signals at & = 101.93, 115.13, 122.12, 128.55, 129.30, 130.00,
130.55, 131.04, 132.10, 136.15, 146.02, 155.54, 156.15, 177.58

In addition, 2-bromo-1-(5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)ethanone 3 was synthesized by bromonation of
the starting material 1 in acetic acid. Upon undergoing nucleophilic displacement processes, a-bromo carbonyl moiety
present in 3 exhibited enhanced reactivity. By treating 3 with arylidene malononitrile and a catalytic quantity of piperidine,
4H-pyran-3-carbonitrile 4 was created in outstanding yield. The active (-CH,) group in 3 appears to be produced via a
Michael-type reaction to the activated double bond in arylidene malononitrile, which is subsequently followed by
cyclization and tautomerization. Based on analytical and spectroscopic data, structure of 4 was confirmed. IR analysis
highlighted —~NH,, CH-3omatic; -CN stretching vibrations. In addition, *H-NMR spectrum exhibited signals at & 3.72 (s, 1H,
4H-pyrane), 5.36 (s, 2H, NHy), 7.05-8.17 (m, 15H, Ar-H), 9.30 (s, 1H, OH). Finally, "*C-NMR exhibited signals at 38.5, 58.1,
113.1, 113.4,119.4, 123.0, 126.7, 126.9, 128.1 (s), 128.1, 128.3, 128.6, 137.7, 144.3, 147.9, 150.5, 159.2, 160.3.

Moreover, bromoacetyl pyrazole 3 and potassium cyanide were reacted to form acetonitrile derivative 5.
Additionally, the enaminonitrile derivative 6 was yielded in excellent yield by refluxing compound 5 with DMF-DMA in
dry dioxane for approximately 6 hrs, according to Knoevenagel condensation [14]. The structure of 6 was proved using
spectral and elemental investigations. Consequently, the signals displayed below were found in *H-NMR analysis as a
singlet signal at & 3.58 ppm assigned to -N(CH3),, a singlet signal at 5 5.30 ppm assigned to olefinic proton, multiple signals
at 6 7.19-7.91 ppm attributed to Ar-H and a singlet peak at 8 9.80 ppm assigned to hydroxyl group. Moreover, a molecular
ion peak at m/z (%) = 358 (M) associated with the chemical formula C,,H,5N,O, was discovered in the mass spectrum. The
obtained data don't support the formation of compound 7. The spectral data for all synthetic molecules are declared as
Figures S1-S14, in the Supplementary Data.
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Scheme 1. Synthetic route of the newly compounds 2-6
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2.2 In vitro Anti-Inflammatory Activity
2.2.1 Inhibition of Protein Denaturation

A comparative analysis was conducted between the synthesized molecules and diclofenac utilizing repeated measures (RM)
two-way ANOVA. This analysis revealed a statistically significant interaction between the compounds across various
concentrations (p < 0.0001). To further delineate the impact of each molecule, multiple t-tests were employed, comparing
each concentration with the corresponding concentration of diclofenac. As presented in Table 1, the majority of the
synthesized molecules exhibited highly significant anti-inflammatory properties. The findings conclusively indicate that all
synthesized molecules demonstrated a potent anti-inflammatory effect.

The molecules 3, 4 and 6 had the highest anti-inflammatory activity followed by 5 then 2 at all concentrations in comparison
with the standard drug used; (diclofenac) as shown in Figure 2.
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Figure 2. Variation in the percent of protein denaturation inhibition effect of compounds using different
concentrations (50, 100, 250 and 500 pg/ml)

Table 1. Analysis of the percent of protein denaturation inhibition of molecules
p value < 0.0001 (very highly significant compared with Diclofenac)

50 pg/ml 100pg/mi 250ug/mi 500ug/mi
Diclofenac 21.8+1.2 52.9+2.1 76.5+1.5 94.5+2.1
2 8910.09 90.81+0.19 91.62+0.23 97.56+0.15
3 100+0.06 100+0.3 100+0.33 100+0.28
4 100+0.56 100+0.99 100+0.45 100+0.3
5 92.84+0.35 100+0.04 100+0.94 100+0.19
6 100+0.9 100+0.46 100+0.95 100+0.7

2.2.2 Membrane Stabilization Assay
To assess the statistical interaction between molecules across various concentrations, a repeated measures (RM) two-way
ANOVA was employed. The analysis revealed a highly significant effect between the molecules (p < 0.0001). Furthermore,
multiple t-tests indicated a significant interaction between each molecule and diclofenac. The majority of the molecules
demonstrated significant differences, as detailed in Table 2. These results suggest that all tested molecules exhibited a
notable percentage of protection when compared to diclofenac. The molecules 2 and 3 had the highest protection percent at
different concentrations of 50, 100, 250 and 500 pg/ml and The compounds 4, 5 and 6 had the highest protection present at
different concentrations of 50, 100, 250 pg/ml (Figure 3).
2.2.3 Quantitative Real-Time PCR Analysis:

The obtained from the Real-Time PCR assay demonstrated a highly statistically significant interaction between the
synthesized molecules at varying concentrations, as determined by RM two-way ANOVA (p < 0.0001), using beta-actin as
the internal control. As indicated in Table 3, most molecules exhibited significant differences. Notably, molecule 6 showed
the greatest reduction in COX-2 expression levels, followed by Compounds 3 and 4, particularly at a concentration of 50

pg/ml (Figure 4).

Table 2. Analysis of the percent of hemolysis protection of synthesized molecules

50 pg/ml 100pg/ml 250pg/ml 500pg/ml
Diclofenac 2+0.3 10+0.77 22+0.36 46+0.9
2 100+0.74 100+0.56 100+0.33 100+0.95
3 100+0.09 100+0.89 100+0.01 100+0.08
4 100+0.04 100+0.98 100+0.1 99.89+0.3
5 100+0.78 100+0.79 100+0.09 99.97+0.44
6 100+0.54 100+0.05 100+0.88 99.87+0.66

p value < 0.0001 was a very highly significant compared to Diclofenac.
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Figure 3. The graph represents the variation in the protection percent from hemolysis of molecules with different
concentrations (50, 100, 250 and 500 pg/ml)

Table 3. Analysis of the effect of molecule at concentration 50 pg/ml on COX-2 expression level

Untreated Untreated | 3CT 320 4CT |42 |6CT 6 (22
CT (2
Beta- actin 35.94 _ 40.65 _ 4479 | 36.9 _
cox2 32.89 1 33.27 0.04972 349 10.0087 |30 14.42001
p value < 0.0001 was a very highly significant compared to reference drug.
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Figure 4. The graph represents the variation in the level of COX-2 expression affected by molecules using concentration
50 pg/ml

2.3 Molecular docking technique and ADMET analysis
In order to invistigate how molecules docked to binding regions of the target, molecular docking approach was achieved
against PDE4 enzyme (PDB ID: 3ly2), as represnted in Figure 5. Phosphodiestase 4 enzyme (PDE4) is selected is a taget
for identification of anti-inflammatorty agents because it expressed in many antiflammatory cells [15]. The compounds were
succesfully docked to the enzyme through hydrogen bonds and arene-stacked interactions. The 2D and 3D docking pose
images of docked compounds with the enzyme are declared in Figure 5. The 2D strucures, binding energies Kcal/mol,
docked residues and distances (A) are tabulated in Table 4.

Compound 2 docked to the target through two H-bonds and three arene-arene and one arene-sigma interactions with the
residures Tyr233, GIn443, Phe446, Phe414 and 1le410, respectively. Compound 3 exhibited two H-bonds and two arene-
arene interactions with Tyr233, and Phe446 at 2.93, 2.33, 4.98, and 4.93 A respectively. Moreover, molecule 4 showed one
H-bond and two arene-arene interactions with Asp392, and Phe446. Compound 5 exhibited only one arene-arene stacking
with Phe446. Finally, compound 6 with the best docking score (-10.8 kcal/mol) docked to the target through two H-bonds
and one arene-arene interactions with Tyr233, His234 and Phe446 at 2.96, 1.99, and 4.54 A, respectively.
The drug-likeness of all compounds 2-6 were predicted by using Swiss ADME and AdmetSAR web servers and are
tabulated in Table 5. M.Wt of all these molecules were in the range of 288.30 — 511.37 g/mol; indicating that they can be
easily absorbed. The rotatable bonds in all molecules are <10, H-bond donors and acceptors were in accepted range. The
topological polar surface (TSPA) of molecules was in the range of 48.03 — 97.09; indicating the acceptable range of results.
There no violations of Lipinski’s rule (RO5). The bioavailability score of all compounds is within the prescribed range
(0.55); indicating easily absorption in body. The pharmacokinetic results showed that they have favourable drug-likeness
and could be serve as potential drug candidates.
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Table 4. 2D structures of molecules and their binding energies (Kcal/mol)

2D structure E'nrﬁg;g Docked cqmp!ex . . Distance
keal/mol (amino acid-ligand) interactions (A)
2 H-bonds
TYR233:0H-molecule 2 2.93
GLN443:NE2-molecule 2 2.95
-8.8 arene-arene interactions
PHE446--- molecule 2 4.08
PHE446--- molecule 2 4.26
PHE414--- molecule 2 5.38
arene-sigma interactions 3.76
ILE410:CG1-molecule 2
3 H-bonds
-8.5 TYR233:0H-molecule 3 2.93
TYR233:0H-molecule 3 2.33
arene-arene interactions
PHE446--- molecule 3 4.98
PHE446--- molecule 3 4.93
4 H-bonds
ASP392:0D2-molecule 4 2.28
-9.6 arene-arene interactions
PHE446--- molecule 4 4.28
PHE446--- molecule 4 4.57
5 arene-arene interactions
PHE446--- molecule 5 4.65
-8.4
6 H-bonds
TYR233:0H--- molecule 6 2.96
-10.8 HIS234:NE2--- molecule 6 1.99
arene-arene interactions
PHE446--- molecule 6 454
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Figure 5. 2D and 3D representation of the docked complexes
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Table 5. ADMET analysis of the molecules 2-6

Molecular Gl Bioavai
. TPSA N N . »
Weight logp ) HBA HBD o absorptio | lability
A rotatable | violations
(g/mol) n score
Reference
130-500 <5 <140 2-20 0-6 <10 <5
range
2 288.30 2.85 48.03 3 0 2 0 High 0.55
3 357.20 2.88 55.12 3 1 4 0 High 0.55
4 511.37 341 97.09 4 2 4 1 Low 0.55
5 303.31 1.86 78.91 4 1 4 0 High 0.55
6 358.39 1.66 82.15 4 1 5 0 High 0.55

3. Experimental

3.1 Chemistry
Kofler Block instrument was used to determine the melting points. Using n-hexane and EtOAc, thin layer chromatography
(TLC) on aluminium sheets was used to determine the purity of the produced compounds (9:1, V/V, 7:3 VIV) eluent. FTIR
5300 spectrometer (KBr) was used to determine IR spectra (v, cm™). Varian Gemini spectrometer was utilized to record the
'H-NMR (400 MHz) and **C-NMR (100 MHz) spectra, using DMSO-d; as solvents. Tetramethylsilane (TMS) was used as
an internal reference. 1000 EX mass spectrometer at 70 eV was used to determine the mass spectra. The Microanalytical
Research Center, Cairo University, performed the elemental analyses
1,3-diphenylpyrano[2,3-c]pyrazol-4(1H)-one (2): Compound 1 and N-N-dimethylformamide dimethyl acetal were
dissolved in dioxane (30 mL) and heated under reflux for 6 hrs. Filtration was used to collect the precipitated solid, which
was then dried and recrystallized from EtOH to produce (2; 73%) as yellow crystals; m.p.188-190 °C; IR = 3059 (CH-
aromatic), 1701 (C=0); 'H-NMR & = 7.28-7.30 (d, 1H, =CH), 7.35-7.37 (d, 1H, COCH=), 7.49-8.20 (m, 10H, Ar-H); *C-
NMR & =101.93, 115.13, 122.12, 128.55, 129.30, 130.00, 130.55, 131.04, 132.10, 136.15, 146.02, 155.54, 156.15, 177.58;
MS=m/z (%) 288 (M"). Anal. calcd. For CygH1,N,0, (288): C, 74.99; H, 4.20; N, 9.72; Found: C, 74.13; H, 4.25; N, 9.79%.
2-bromo-1-(5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)ethanone (3): Under direct sunlight, bromine was stirred with a
solution of 1 (0.01 mol) in acetic acid (10 mL) for 2 hrs. The separated solid was filtered off, cleaned with ethanol and
acetic acid, and recrystallized from EtOH to yield (3; 73%) as yellow powder; m.p.120-122 °C; IR = 3451 (OH), 3061 (CH-
aromatic)s 1733 (C=0); 'H-NMR & = 4.49 (s, 2H, CH,), 6.68-7.95 (m, 10H, Ar-H), 9.59 (s, 1H, OH); MS= m/z (%) 356 (M").
Anal. calcd. For C;7H13BrN,0, (356): C, 57.16; H, 3.67; N, 7.84; C, 57.24; H, 3.71; N, 7.86%.
2-amino-5-bromo-6-(5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)-4-phenyl-4H-pyran-3-carbonitrile (4): For a duration of
24 hrs, a solution comprising 30 mL of ethanol and a catalytic amount of piperidine, compound 3 (0.01 mol) and 2-
benzylidene malononitrile was refluxed. After letting the mixture cool, it was poured into a cold diluted HCI. The solid
obtained was filtered off, and recrystallized from EtOH to furnish (4; 73%) as brown powder; m.p. 233-235 °C; IR = 3449-
3400, (OH/ NH,), 3059 (CH-aromatic), 2933 (CH-aiiphatic), 2193 (CN); *H-NMR & = 3.72 (s, 1H, 4H-pyrane), 5.36 (s, 2H, NH,),
7.05-8.17 (m, 15H, Ar-H), 9.30 (s, 1H, OH); *C-NMR & = 38.5, 58.1, 113.1, 113.4, 119.4, 123.0, 126.7, 126.9, 128.1 (s),
128.1,128.3,128.6, 137.7, 144.3, 147.9, 150.5, 159.2, 160.3; MS= m/z (%) 510 (M"). Anal. calcd. For C;H;4BrN,O, (510):
C, 63.42; H, 3.75; N, 10.96; Found: C, 63.49; H, 3.78; N, 10.98%.
3-(5-hydroxy-1,3-diphenyl-1H-pyrazol-4-yl)-3-oxopropanenitrile (5): An aqueous solution KCN (0.01 mol) was mixed
to a solution of 3 (0.01 mol) in EtOH (10 mL). After 9 hrs of refluxing, a cold diluted HCI was added to the mixture to cause
precipitation. After being filtered, the precipitated solid was dried, cleaned with water, and recrystallized from EtOH to
produce (5; 73%) as yellow powder; m.p. 188-190 °C; IR = 3451 (OH), 3063 (CH-zromatic), 2927 (CH-ajiphatic), 2233 (CN),
1725 (C=0); *H-NMR & = 4.20 (hump, 2H, CH,), 6.97-8.10 (m, 10H, Ar-H), 9.30 (s, 1H, OH); MS= m/z (%) 303 (M™).
Anal. calcd. For CigH13N30, (303): C, 71.31; H, 4.30; N, 13.74; Found: C, 71.35; H, 4.36; N, 13.87%.
3-(dimethylamino)-2-(5-hydroxy-1,3-diphenyl-1H-pyrazole-4-carbonyl)acrylonitrile (6): A mixture of compound 5 and
DMF-DMA in dioxane (30 mL) was refluxed for 7 hrs. After that, let it cool. After being separated, the solid was filtered,
dried, and recrystallized from EtOH to produce (6; 73%) as yellow powder; m.p.178-180 °C; IR = 3445 (OH), 3057 (CH-
aromatic)s 2933 (CH-giiphatic), 2246 (CN), 1732 (C=0); "H-NMR & = 3.56 (s, 6H, 2CH3), 5.30 (s, 1H, CH-jefinic), 7.19-7.91 (m,
10H, Ar-H), 9.80 (s, 1H, OH); MS= m/z (%) 358 (M*). Anal. calcd. For C,,H;sN,0, (358): C, 70.38; H, 5.06; N, 15.63;
Found: C, 70.45; H, 5.08; N, 15.67%.

3.2 Invitro anti-inflammatory assay
3.2.1 Protein denaturation inhibition Assessment:
The anti-inflammatory activity was assessed by inhibiting the denaturation of bovine serum albumin “%. The reaction
mixture included 50 pl of each test sample at various concentrations (500, 250, 100, and 50 pg/ml) combined with 450 pl of
a 1% aqueous solution of bovine serum albumin. The pH was adjusted to 6.4 using 1 N HCI. Distilled water served as the
negative control, while diclofenac potassium was the reference standard. Samples were incubated at 37°C for 20 minutes,
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and then heated to 60°C for 15 minutes. After cooling, turbidity was measured at 600 nm. Each sample was tested in
triplicate, with mean values used for calculations. The percentage inhibition of protein denaturation was determined using
the equation:
Percent of protection = 100- (Abs sample/Abs control)
3.2.2 Membrane Stabilization Assay:

The erythrocyte membrane stabilization assay was utilized to evaluate the inflammatory response and anti-inflammatory
effects of the synthesized molecules [16]. The reaction mixture comprised an erythrocyte suspension obtained from a
healthy human volunteer (who had abstained from NSAIDs for two weeks prior to the experiment) and a hypotonic solution
(50 mM NaCl in 10 mM sodium phosphate buffer saline, pH 7.4). Distilled water served as the negative control, while
diclofenac sodium was employed as the reference standard at concentrations of 500, 250, 100, and 50 pg/ml. Following
incubation at 37°C for 30 minutes, the mixture was centrifuged at 3000 rpm for 20 minutes. The hemoglobin content in the
supernatant was then measured at 560 nm. All experiments were conducted in triplicate, with mean values used for
calculations. The percentage of RBC membrane stabilization or protection was calculated using the following equation:

Percent of protection = 100 - (Abs sample/Abs control).
3.2.3 Quantitative Real-Time PCR Analysis:

Peripheral blood mononuclear cells (PBMCs) were isolated from healthy donors who had abstained from NSAIDs for at
least four days prior to blood collection. The cells were seeded in a 24-well plate at a density of 1 x 10° cells per 500 pl of
culture medium per well. The culture medium consisted of RPMI 1640 (Biowest) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (LONZA), 1% penicillin/streptomycin/fungizone solution (LONZA), and 1% HEPES buffer (1
M). The cells were incubated for 1 hour at 37°C in a 5% CO, atmosphere. Following this initial incubation, each test
compound was added to the respective wells at a concentration of 50 pg/ml. Diclofenac sodium was used as the reference
standard drug, also at a concentration of 50 pg/ml [17]. The plate was then incubated for an additional 24 hours at 37°C in a
5% CO, environment.

The cultured PBMC were harvested and RNA extraction was performed using an RNA extraction kit (Biovision, Inc.).
Using Novo™ c¢DNA Kit (Biovision, Inc), SYBR Green master mix (Thermo Fisher Scientific), qPCR was performed. The
cycling parameters were: were 95 °C for 10 min followed by 50 cycles of (95 °C denaturation for 20 s, and 55 °C for 30 sec)
[18]. StepOne™ Real-Time PCR System (48-well) was used to evaluate the relative expression of the COX, gene using
cDNA as a template (Thermo fisher scientific, USA), p-actin was used as endogenous control and. SYBR Green master mix
(Transgen : AQ601-01) using the AACT method. The following primers sequences were created using NCBI primer design
according to Okasha H. et al [19,20] and retrieved from Biovision:

COX2 forward primer: 5°- TGATGATTGCCCGACTCCCT-3’
COX2 Reverse primer 5°- TCATCTGCCTGCTCTGGTCA-3’
B-actin forward primer : 5°- ATCCGCAAAGACCTGTACGC-3’
B-actin Reverse primer : 5°- TCTTCATTGTGCTGGGTGCC -3’

Real time qPCR data were converted to linear data by calculating the 2-Ct values when data are expressed per mg tissue, and
by calculating the 22" values for COX2 normalized data. Data are expressed as arbitrary units or as ratios of COX-2
expression. Statistical analyses were performed using GraphPad Prism, version 8.00 (GraphPad Software Inc., La Jolla, CA,
USA).

3.3 Insilico study
The protocols of docking study were early reported [10,21-24]. PyRx-virtual screening tool was utilized to dock all
synthetic compounds 2-6 against the target enzyme. The 2D and 3D docking pose images of molecules with the target
enzyme were visualized using Discovery studio 3.5 client.

Conclusion

In conclusion, a series of new pyrazole-linked pyran molecules was prepared starting from 4-acetyl-1,3-diphenyl-1H-
pyrazole-5(4H)-ole 1. The structures of the prepared hybrid molecules were proved using spectroscopic techniques. All the
prepared molecules were screened for their in vitro anti-inflammatory potency. In addition, the docking approach was
performed for these molecules. Among these derivatives, compound 6 showed observed anti-inflammatory activity
compared with diclofenac.
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