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a b s t r a c t 

SARS-CoV-2 are enveloped positive-stranded RNA viruses that replicate in the cytoplasm. It relies on the 

fusion of their envelope with the host cell membrane to deliver their nucleocapsid into the host cell. 

The spike glycoprotein (S) mediates virus entry into cells via the human Angiotensin-converting enzyme 

2 (hACE2) protein located on many cell types and tissues’ outer surface. This study, therefore, aimed to 

design and synthesize novel pyrazolone-based compounds as potential inhibitors that would interrupt the 

interaction between the viral spike protein and the host cell receptor to prevent SARS-CoV 2 entrance 

into the cell. A series of pyrazolone compounds as potential SARS-CoV-2 inhibitors were designed and 

synthesized. Employing computational techniques, the inhibitory potentials of the designed compounds 

against both spike protein and hACE2 were evaluated. Results of the binding free energy from the in-silico 

analysis, showed that three compounds (7i, 7k and 8f) and six compounds (7b, 7h, 7k, 8d, 8g, and 8h) 

showed higher and better binding high affinity to SARS-CoV-2 Sgp and hACE-2, respectively compared 

to the standard drugs cefoperazone (CFZ) and MLN-4760. Furthermore, the outcome of the structural 

analysis of the two proteins upon binding of the inhibitors showed that the two proteins (SARS-CoV-2 

Sgp and hACE-2) were stable, and the structural integrity of the proteins was not compromised. This 

study suggests pyrazolone-based compounds might be potent blockers of the viral entry into the host 

cells. 

© 2021 Elsevier B.V. All rights reserved. 
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Novel coronavirus disease (COVID-19) is the current and most 

eadly pandemic the world has faced in more than a century. Ac- 

ording to the John Hopkins COVID-19 dashboard, the coronavirus, 

lso known as SARS-CoV-2, has resulted in more than 90.2 mil- 

ion infections and more than 1.9 million deaths worldwide as of 

anuary 2021 [1] . Genomic studies have established that SARS-CoV- 

 belongs to the beta coronavirus family, including SARS-CoV and 

ERS-CoV, associated with previous outbreaks of relatively smaller 

cale [ 2–4 ]. Severe acute respiratory syndrome coronavirus 2 is the 

eventh known coronavirus to infect humans; four of these coron- 

viruses (HKU1, 229E, NL63 and OC43) only cause slight symptoms 

f the common cold. The viruses can cause severe symptoms and 

ven death, with SARS-CoV-2 having the highest fatality rate and 
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uch more contagious than MERS-CoV or SARS-CoV [5] . The virus 

merged in December 2019 and, as of June 29, 2020, 6 months af- 

er the first outbreak of pandemics, the global count is rapidly ap- 

roaching 10 million known cases and 50 0 0 0 0 deaths. Due to its

road clinical scope and high transmissibility, which is responsi- 

le for the high death rate, the eradication of SARS-CoV-2, as was 

chieved with SARS-CoV in 2003, does not seem to be a realistic 

arget in the short term [6] . Since the emergence of the outbreak, 

any studies and clinical trials launched on SARS-CoV-2 world- 

ide have started yielding positive results, with vaccines’ availabil- 

ty in some parts of Europe and the USA after evidence from ran- 

omized clinical trials has shown potential therapy improves pa- 

ients’ recovery. 

SARS-CoV-2 is a single-stranded RNA-enveloped virus [7] . An 

NA-based metagenomic next-generation sequencing method has 

een applied to characterize its entire genome, 29,881 bp in length 

GenBank no. MN908947), encoding 9860 amino acids [8] . Gene 

ragments show structural and non-structural proteins. The spike 

S]-envelope [E]-membrane [M]-nucleocapsid [N])-poly(T)-3 ′ genes 

https://doi.org/10.1016/j.molstruc.2021.130665
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ncode structural proteins, in contrast, to nonstructural proteins, 

uch as 3-chymotrypsin-like protease, papain-like protease, and 

NA-dependent RNA polymerase, are encoded by the ORF region 

9] . 

Many glycosylated S proteins cover the surface of SARS-CoV-2 

nd bind to the host cell receptor angiotensin-converting enzyme 

 (ACE2), mediating viral cell entry [10] . When the S protein binds 

o the receptor, Transmembrane (TM) protease serine 2 (TMPRSS2), 

 type 2 TM serine protease located on the host cell membrane, 

romotes the virus to enter into the cell by activating the S pro- 

ein [11] . Once the virus gains entrance to the cell, the viral RNA 

s released, polyproteins are translated from the RNA genome, and 

eplication and transcription of the viral RNA genome occur via 

rotein cleavage and assembly of the replicase–transcriptase com- 

lex. Viral RNA is replicated, and structural proteins are synthe- 

ized, assembled, and packaged in the host cell, after which viral 

articles are released [12] . The virion envelope of coronaviruses 

s typically associated with three viral proteins that include the 

embrane protein (M), the envelope protein (E), and the spike 

rotein (S). Compared to the three proteins, the spike protein (S) is 

ne of SARS-CoV-II’s key biological characteristics and several other 

iruses because it plays a crucial role in penetrating host cells and 

nitiating infection [ 13 , 14 ]. The S proteins of coronaviruses can be

ivided into two important functional subunits: The N-terminal S1 

ubunit, which forms the S protein’s spherical head, and the C- 

erminal S2 region that includes the stalk of the protein, which is 

irectly embedded into the viral envelope. Upon interaction with a 

otential host cell, the S1 subunit will recognize and bind to the 

ost cell receptors. In contrast, the S2 subunit, which is the most 

onserved component of the S protein, will fuse the virus’s enve- 

ope with the host cell membrane [15] . 

The host cell receptor called Angiotensin-converting enzyme 2 

ACE2) is a protein located on many cell types and tissues’ outer 

urface, including the lungs, heart, blood vessels, kidneys, liver 

nd gastrointestinal tract. It is present in epithelial cells, which 

ine-specific tissues and create protective barriers. It is an enzyme 

hat generates small proteins by cutting up the larger protein an- 

iotensinogen, which then regulates functions in the cell. It is the 

rimary host cell target with which the S protein of SARS-CoV and 

ARS-CoV-II associates. The SARS-CoV-II virus interacting with the 

pike-like protein on its surface binds to ACE2 – like a key in- 

erted into a lock – before entry and cell infection. Hence, ACE2 

cts as a cellular doorway – a receptor – for the virus that causes 

OVID- 19. The receptor-binding domain (RBD) of the S1 subunit of 

hese viruses binds to the outer surface of the claw-like structure 

f ACE2 [ 16–18 ]. 

According to literature studies, researchers have found that 

ompounds containing a pyrazole and its related analogues have 

eceived significant attention in chemical, medicinal, and pharma- 

eutical research as a structural scaffold found in various drugs. 

19] As shown in Fig. 1 , a new pyrazolone compound, edaravone, 

lso known as MCI-186, has been developed as a medical drug 

or brain ischemia and has also been reported useful for myocar- 

ial ischemia [ 20–22 ]. Compound (A) has been suggested by Anup 

asih and coworkers as a potential lead for therapeutic applica- 

ion to control the inflammatory response in SARS-CoV-II infec- 

ion [23] . Compound (B) 3,5-dioxopyrazolidine has been reported 

s a SARS-CoV 3CLpro inhibitor [24] . Ramajayam et al., 2010 iden- 

ified, from high throughput screening, some pyrazolines, partic- 

larly those displaying a 1,3,5-triaryl substitution pattern (C), to 

how activities against SARS-CoV 3CLpro, CoV-229E 3CLpro, CVB3 

Cpro, EV71 3Cpro, and RV14 3Cpro [19] . 

This reported antiviral pyrazole activity has motivated this 

tudy to design and investigate the novel pyrazolone deriva- 

ives’ inhibitory potentials synthesized experimentally against the 
c

2 
ARS-CoV-2 spike protein human angiotensin-converting enzyme 

 (hACE2) employing in silico methods. 

. Results and discussion 

.1. Chemistry 

The synthesis of the novel pyrazolone derivatives was achieved 

hrough efficient and versatile synthetic routes. The Vilsmeier–

aack reaction of the commercially available starting material 

-(phenyl/substituted phenyl)-5-methyl-2,4-dihydro-3H-pyrazol-3- 

ne (1a-b) lead to chloroformylation to give required 5-chloro-1- 

phenyl/substituted phenyl)-3-methyl-1H-pyrazole-4-carbaldehyde 

2a–b) . Through a nucleophilic substitution reaction, ethoxylation 

ccurs by replacing chloride on the pyrazole ring of compound 

2) to yield 1-(phenyl/substituted phenyl)-5-ethoxy-3-methyl- 

H-pyrazole-4-carbaldehyde ( 3a,b) . By simple aldol condensation 

eaction with acetone in the presence of a base compound 

 3a,b) transformed to compound (E)-4-(1-(phenyl/substituted 

henyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but-3-en-2-one 

 4a,b). Furthermore, the compound 4 underwent Schiff base 

ormation with thiosemicarbazide to afford (E)-2-((E)-4-(1- 

phenyl/substituted phenyl)-5-ethoxy-3-methyl-1H-pyrazol-4- 

l)but-3-en-2-ylidene)hydrazine-1-carbothioamide ( 5a,b), which 

ere condensed with various commercially available substituted 

-bromo-1-phenylethanones (6b–o). to yield the corresponding 

nal compounds ( 7b–o and 8a–h ; Scheme 1 ). The anticipated 

tructures of the intermediate and final compounds were con- 

rmed with mass and 

1 H NMR spectral analysis and were further 

ubstantiated by IR and 

13 C NMR, which is summarized in the 

upporting Information. 

The 1 H NMR spectrum of compound 5a,b exhibited the pres- 

nce of distinctive singlet, broad singlet and multiple signals at 

round δ 10.12, 8.15 and 7.66 ppm attributed to the N-H, NH 2 and 

romatic protons, respectively. The three protons’ singlet signals 

t 2.31 and 2.11 authenticate methyl groups’ presence on pyrazole 

ing and straight-chain. The quartet of two protons and triplet of 

hree protons at 4.01 and 1.21 affirm an ethoxy group’s presence. 

Also, the appearance of most informative doublet signals 

round δ 6.65–6.62 ppm ( J = 16.77 Hz) and 6.82–6.79 ( J = 16.77 Hz)

onfirms the presence of olefinic protons. 

The 1 H NMR spectrum (400 and 600 MHz, DMSO- d 6 , CDCl 3 ) of

he final compounds (7b–o, 8a–h) displayed some distinctive sin- 

let signals at around δ 11.07 −10.12 ppm for N −H proton, multi- 

let at δ 7.68–7.45 for aromatic protons attached to the 1st posi- 

ion of pyrazole ring, singlet signals of 3H at around δ 2.41–2.30 

nd 2.30–2.05 ppm attributed to the methyl group at 3rd position 

f pyrazole ring and straight-chain (N = C-CH 3 ), respectively. Addi- 

ionally, the most informative singlet signal resonated around δ
.09–7.31 ppm, attributed to the aromatic proton at H-5 of the thi- 

zole ring, thus indicating its formation through the cycloconden- 

ation process. Whereas most characteristic doublet signals around 

6.86–6.68 ppm ( J = 16.91–16.00 Hz, Ar-HC = C H -) and δ 6.74–

.63 ppm ( J = 16.84–16.01 Hz, Ar-HC = CH-) indicates the presence 

f olefinic protons. This observation was found to be in line with 

reviously reported works of a similar type of compound [25] . 

urthermore, the unique quartet signal of two protons and triple 

ignal of three protons resonating around δ 4.00–3.99 and 1.36–

.23 ppm indicated the presence of ethoxy (OCH 2 CH 3 ) group in the 

nal compounds. The various signals appearing as either doublets 

r multiplets around δ 8.09–6.96 ppm accounted for aromatic pro- 

ons. These findings were further corroborated from their respec- 

ive 13 C NMR spectra of the title compounds. The characteristic sig- 

als resonating at around δ 170.10–158.80 and 149.65–138.10 ppm 

ere assigned to carbons C-2 and C-5 of the thiazole ring. The 

haracteristic carbon signals appearing around δ 71.46–68.70 and 
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Scheme 1. Reagents and conditions; ( i ) ( a ) POCl 3 , DMF, 0 °C - rt, 1 h, ( b )100 °C, 3 h; ( ii ), CsCO 3 , EtOH, Cu(OAc) 2 , 80 °C, 15 h; ( iii ) Acetone, NaOH, rt, 4 h; ( iv ) Thiosemicar- 

bozide, CH 3 OH, AcOH, reflux, 5 h; (v) methanol, reflux, 5 h. 

Table 1 

Physical properties of the synthesized compounds. 

Comp’d Name R 1 R 2 Molecular Formula Molecular Weight (g/mol) % Yield m. p. ( °C.) Exact Weight Calculated Exact Weight Found 

5a H – C 17 H 21 N 5 OS 343.45 87 150–153 °C 343.15 344 

5b H – C 17 H 20 ClN 5 OS 377.89 76 152–155 °C 377.11 378 

7b H Br C 25 H 24 BrN 5 OS 522.46 78 177–180 °C 521.09 522 

7c H F C 25 H 24 FN 5 OS 461.55 72 124–127 °C 461.17 462 

7d H OH C 25 H 25 N 5 O 2 S 459.56 89 176–179 °C 459.17 460 

7e H H C 25 H 25 N 5 OS 443.56 73 154–157 °C 443.18 444 

7f H 2,6-OH, OCH 3 C 26 H 27 N 5 O 3 S 489.59 76 132–135 °C 489.18 490 

7 g H 2,5-OH, F C 25 H 24 FN 5 O 2 S 477.55 87 175–179 °C 477.16 478 

7h H 2Cl C 25 H 23 Cl 2 N 5 OS 512.45 83 187–190 °C 511.10 512 

7i H 2,5-OH, Br C 25 H 24 BrN 5 O 2 S 538.46 74 178–181 °C 537.08 538 

7j H 2,6–OCH 3 C 27 H 29 N 5 O 3 S 503.62 76 182–185 °C 503.2 505 

7k H NO 2 C 25 H 24 N 6 O 3 S 488.56 75 166–169 °C 488.16 489 

7l H OCH 3 C 26 H 27 N 5 O 2 S 473.59 77 194–197 °C 473.19 474 

7m H Cl C 25 H 24 ClN 5 OS 478.01 79 135–137 °C 477.14 477 

7n H CH 3 C 26 H 27 N 5 OS 457.59 63 125–128 °C 457.19 458 

7o H 3,4–OCH 3 C 27 H 29 N 5 O 3 S 503.62 68 190–193 °C 503.2 504 

8a Cl H C 25 H 24 ClN 5 OS 478.01 69 195–198 °C 477.4 480 

8b Cl Br C 25 H 23 BrClN 5 OS 556.91 71 198–201 °C 555.04 556 

8c Cl F C 25 H 23 ClFN 5 OS 496.00 81 195–198 °C 495.13 496 

8d Cl Cl C 25 H 23 Cl 2 N 5 OS 512.45 74 187–190 °C 511.10 512 

8e Cl 2,5-OH, OCH 3 C 25 H 23 ClFN 5 O 2 S 512.00 66 199–202 °C 511.12 512 

8f Cl NO 2 C 25 H 23 ClN 6 O 3 S 523.01 64 197–200 °C 522.12 523 

8 g Cl CH 3 C 26 H 26 ClN 5 OS 492.04 73 200–203 °C 491.15 492 

8h Cl 3,4–OCH 3 C 27 H 28 ClN 5 O 3 S 538.06 68 203–206 °C 537.16 538 
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1.52–11.90 ppm indicate methylene and the three different methyl 

roups in the title compounds, while the various aromatic carbons 

esonated around δ 140.78–94.33 ppm. The final compounds’ phys- 

cal properties are given in Table 1 . 

.2. Thermodynamic Binding free energy of the synthesized 

ompounds and the standard drugs 

Several studies have employed the molecular mechan- 

cs/generalized born surface area (MMGBSA) computational 

echnique to estimate the binding free energies ( �G bind ) between 

 ligand and a protein/enzyme [ 26 , 27 ]. In the study, after 100 ns

olecular dynamic simulations, the best-docked ligands’ bind- 

ng energies and the reference drugs for the two proteins were 

stimated ( Table 2 ). Table S1 in the supplementary materials 

howed the docking results for all the compounds. According to 

he study’s outcome, CFZ, a standard inhibitor of the spike protein 

SAR-CoV-2 Sgp), showed binding energy of -32.816 Kcal/mol. 
3 
owever, out of all the synthesized compounds, compounds 7i 

nd 8f exhibited better and higher (higher than CFZ) binding ener- 

ies of -34.726 Kcal/mol and -32.956 Kcal/mol, respectively. Table 

2 (Supplementary materials) showed the binding free energies of 

ll the best-docked compounds. Compound 7k exhibited a rela- 

ively close binding energy of -25.898 Kcal/mol. From Table 2 , the 

esult showed the binding free energy of the best six molecules 

nd the standard inhibitor, MLN-4760 toward hACE-2, with com- 

ounds 8h, 8g and 7k exhibiting the highest binding energies 

f -4 9.320 Kcal/mol, -4 8.229 Kcal/mol, and -46.008 Kcal/mol, 

espectively. 

Compounds 7b, 7 h, and 8d with average binding energies of 

43.116 kcal/mol, -42.036 kcal/mol and -41.733 kcal/mol, respec- 

ively, might also be potential inhibitors of the human ACE-2 re- 

eptor. These binding energy values might suggest that 7i and 8f 

ould inhibit the activities of SAR-CoV-2 spike protein, and com- 

ounds, 7b, 7 h , 7k, 8d, 8 g and 8 h might be potent and promis-
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Fig. 1. Pyrazolone moieties as drugs or enzyme inhibitors. 
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ng inhibitors of hACE-2, thereby inhibiting the entry of SAR-CoV-2 

nto the host cells. 

.3. Protein-ligand interaction with SAR-CoV-2 s gp and hACE-2 

To better understand the interaction better and further between 

he compounds and the amino residues at the two proteins’ bind- 

ng pockets, plots of ligand-protein interactions were plotted for 

ach compound against the proteins. Studies from Ndagi et al. and 

dowu et al. have reportedly used ligand-protein interaction plots 

o examine the molecular interactions between amino residues at 

he binding sites of a protein and bound ligands [ 28 , 29 ]. Fig. 2

resented the interaction plots for the SAR-CoV-2 S gp and hACE- 

, respectively. Interactions such as hydrogen bond, π-sigma, π- 

nion, π-Sulfur, alkyl, π-alkyl, amide- π stacked interaction, π- π
-shaped interactions and Van der Waals (vdW) overlaps observed 
4 
n the interaction plots. As shown in Fig. 2 (SAR-CoV-2 S gp bound 

ystems), 7i and 8f have the highest number of interactions of 15 

nd 19, respectively. Therefore, their higher number of interactions 

ith the amino acid at the binding site of SAR-CoV-2 Sgp justified 

heir higher binding free energies reported in this study. The stan- 

ard drug, CFZ, and compound 7k had total interactions of 12 and 

3, respectively. From this study, the interaction plots showed that 

he three pyrazolone compounds had π-anion interactions residues 

lu152, Phe10, Asp110, and Trp104, with compound 7k having a 

-Sulfur with Cys148 residue. The interactions reported in com- 

ounds 7i and 8f together with the estimated binding energy sug- 

est they might be promising inhibitors of SAR-CoV-2 S gp . 

Fig. 3 a and b show the ligand-receptor interaction plots for the 

tandard drugs and the six compounds with the best binding ener- 

ies toward hACE-2. The result showed that the compounds inter- 

cted with essential amino residues at the binding pocket of hACE- 
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Table 2 

Average Thermodynamic Binding Free Energy Profiles for the Synthesized compounds and standard drugs towards SAR-CoV-2 S gp 

and hACE-2. 

Energy Components (kcal/mol) 

Complex � E vdW 

�E elec �G gas �G solv �G bind 

SAR-CoV-2 S gp 

CFZ -45.828 ± 5.481 -27.566 ± 7.274 -73.394 ±10.076 38.577 ±5.720 -32.816 ± 6.070 

7i -20.002 ± 3.629 -70.271 ± 9.366 -90.273 ±7.63 55.547 ±10.525 -34.726 ±8.387 

7k -34.080 ± 10.437 9.760 ± 26.189 -24.319 ±35.263 -1.579 ±26.365 -25.898 ±9.878 

8f -47.124 ± 3.565 43.181 ± 10.061 -3.942 ±10.495 -28.813 ±9.856 -32.956 ±3.091 

hACE2 

MLN-4760 -60.100 ± 4.673 -341.381 ± 21.212 -461.482 ±23.262 447.923 ±21.420 -43.558 ±4.132 

7b -58.982 ± 6.227 -398.646 ± 20.363 -457.628 ±25.322 414.511 ±20.383 -43.116 ±6.717 

7h -59.362 ± 4.122 -407.838 ±8.108 -467.200 ± 10.210 425.164 ±7.467 -42.036 ±5.542 

7k -59.985 ± 5.699 -427.345 ±12.415 -487.330 ±15.695 441.322 ±11.135 -46.008 ±6.552 

8d -57.574 ±5.421 -412.991 ± 15.436 -470.566 ±19.570 428.832 ±15.841 -41.733 ±5.821 

8 g -64.115 ± 3.524 -433.521 ± 11.806 -497.637 ±12.474 449.407 ±10.815 -48.229 ±5.191 

8h -64.828 ± 4.295 -423.331 ± 14.438 -488.159 ± 17.120 438.839 ± 12.930 -49.320 ± 6.217 

�Eele electrostatic energy, �EvdW van der Waals energy, �Gbind total binding free energy, �Gsol solvation free energy, �Egas 

gas-phase free energy 

Fig. 2. Interaction types and receptor (SAR-CoV-2 S gp )-ligand interactions plots of (a) 7i, (b) CFZ, (c) 8f, and (d) 7k. 
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 and revealed similar interactions between the synthesized com- 

ounds and the standard drug. The synthesized compounds had an 

verage of 20 interactions with the amino residues at the binding 

ocket of the hACE-2 receptor, which is relatively equal to the 21 

nteractions observed in MLN-4760. With 7 h having the highest 

umber of interactions 24 and 7k having the lowest total num- 

er of interactions of 18. Similar to the standard drug, in addi- 

ion to the essential hydrogen and Van Der Waal interactions, all 

he compounds ( except 8 g) had either π-cation, π-anion, or π- 

ulfur interactions with the amino residues. From the interaction 
e

5 
lots, the results showed that pyrazolone-based compounds could 

e promising inhibitors of hACE-2 and eventually inhibiting the 

ormation of receptor-binding domain-hACE-2 (RBD-ACE-2) com- 

lex required for SARS-CoV-2 entry. 

.4. Structural dynamics of bound SARS-CoV-2 s gp and hACE-2 

After 100 ns of molecular dynamic (MD) simulation, the root 

ean square deviation (RMSD), the radius of gyration (RoG) 

nd Root mean square fluctuation (RMSF) of the unbound (apo- 

nzyme) and ligand-bound trajectories were monitored and calcu- 
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Fig. 3. ( a):Interaction types and receptor (hACE-2)-ligand interactions plots of a) MLN-4760 b) 7b c) 7k and d) 7 h. (b):Interaction types and receptor (hACE-2)-ligand 

interactions plots of a) 8 h, b) 8 g and c) 8d 
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ated to evaluate. The RMSD measured the system’s convergence 

nd drift from a reference structural and indirectly the structural 

tability, and a lowered RMSD values could indicate a more sta- 

le system [30] . From the SARS-CoV-2 S gp systems, all three syn- 

hesized compounds achieved convergence in less than 10 ns MD 

imulation, compared to the CFZ systems, which achieved conver- 

ence at approximately 15 ns MD simulation. Signifying their sys- 

ems reached structural stability and maintained stable conforma- 

ions earlier than the unbound enzyme ( Fig. 4 ). The result also re-

ealed that the binding of the three synthesized compounds ( 7i, 

k and 8f ) with lower RMSD values stabilizes the enzyme more 

han the standard drug with a relatively higher RMSD value. Un- 

ike the SARS-CoV-2 S gp systems, the RMSD plots for hACE-2 sys- 

ems showed that the systems achieved convergence at 100 ns and 

eached structural stability, as evidence by the lower RMSD values 

or all the systems ( Fig. 4 ). 

The binding of the ligands (the six synthesized compounds 

nd the standard inhibitor) slightly raised the RMSD plots for the 

ound system above the unbound system (apo-enzyme). However, 

he plots showed that the binding of the compounds to the two 

roteins did not affect the proteins’ stability and did not alter the 

rotein structural integrity. 

In addition to the RMSD, the RoG plots of the two proteins’ sys- 

ems were evaluated ( Figs. 5 a). RoG assesses the structural com- 

actness of the proteins upon binding of ligands. The lower the 

oG value, the more stable the system. The result of the RoG plots 

or SARS-CoV-2 S gp systems correlate with the RMSD plot, show- 

ng that the three ligands’ binding enhances the structural com- 

actness of the protein and stabilizes the system more than the 

po-enzyme and the standard drug. The RoG plots for the hACE-2 

lso correlate with the RMSD plot. The RoG values for five of the 
6 
ix bound ligands are slightly higher than the RoG plot for the apo- 

nzyme. The binding of compound 7k lowers the RoG plots slightly 

elow the apo-enzyme, making it more stable and compacted than 

he other compounds and the standard. 

RMSF is a measure of the effect of the binding of the ligand 

n the behavior of the active site residues of a protein. Higher and 

ewer flexible movements are indicated by high and low RMSF val- 

es, respectively. For the SASR-CoV-2 S gp , as shown in ( Fig. 5 b), the

tandard drug and the apo-enzyme showed the highest fluctuation 

alues indicating more flexibility in their residues movement. This 

esult agrees with the high RoG and RMSD plots reported for the 

po-enzyme and the standard drug. Lower RMSF values and flexi- 

ility were observed in the three synthesized compounds. For the 

ACE-2 systems, similar fluctuations and flexibilities were observed 

n all the systems, with higher fluctuations at residues 110–155, 

30- 340 and 405–420, respectively. 

This study also investigated the number of hydrogen bonds (H- 

onds) formed before and after ligands bind to the two proteins. 

-bonds play vital role in biological system, maintenance of the 

rotein structural integrity, and facilitate protein-ligand binding 

29] . Fig. 6 (A,B) and 7A shows H-bonds number formed over the 

ime during the 100 ns simulations of the hACE2 and SARS-CoV-2 

p respectively. For the hACE2 system, more H-bonds was formed 

n the Apo-enzyme, MLN-4760, compounds 7b , 7 h, 8d , and 8 g. 

hile the lowest H-bonds formed were observed in compounds 

k and 8 h. In the SARS-CoV-2 Sp systems, higher H-bonds were 

ormed in the Apo-system, CFZ, 7i, 7k than the compound 8f . Re- 

uction in H-bonds observed in compounds 7k and 8 h (in the 

ACE2), and 8f (in SARS-CoV-2 Sp systems) might lead to struc- 

ural imbalances and conformational changes that could eventually 

ffect drug binding [ 31 , 32 ]. 
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Fig. 3. Continued 

Fig. 4. Comparative (a). RMSD (b). RoG, and (c). RMSF plots of alpha C atoms of the SARS-CoV-2 S gp systems calculated throughout 100 ns MD simulations. 

7 
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Fig. 5. (a) Comparative (a). RMSD b). RoG, and (c). RMSF plots of alpha C atoms of the hACE-2 systems calculated throughout 100 ns MD simulations. (b): Comparative (a). 

RMSD (b). RoG, and (c). RMSF plots of alpha C atoms of the hACE-2 systems calculated throughout 100 ns MD simulations. 

Fig. 5. Continued 
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Solvent accessible surface area (SASA) investigates the effect of 

he binding of the ligand to a protein, it quantifies the enzyme 

xposure to solvent molecules [33] . In the hACE2 system ( Fig. 6 

,D), the binding of compounds 8d , 8 g, the standard drug (MLN- 

760), 7b and 7 h increase solvent accessibility compare to the 

po-enzyme, indicating the binding of the ligand enhanced the 

ccessibility of hACE2 protein to solvent environment. However, 

he upward increase in solvent accessibility by the compounds 

howed that hACE2 structural integrity is not altered [27] . Un- 

ike the hACE2 systems, the bind of the compounds 7i, 7k and 8f 

ignificantly lowers the exposure SARS-CoV-2 Sp to solvent envi- 

onment. However, the binding of the standard inhibitor, CFZ, in- 

reases the SASA value similar to the Apo-enzyme. Fig. 7 . 

.5. Assessing the drug-likeness of 8 selected phytochemical 

ompounds from the 24 synthesized compounds 

As shown in Table 3 , the eight selected phytochemical com- 

ounds (7b, 7 h , 7i, 7k 8d, 8f, 8 g and 8 h ) from the synthesized

ompounds are poorly soluble in water compared to the two stan- 

ard drugs (MLN-4760and CFZ) which are soluble in water. And 
8 
ight lower the bioavailability of the eight selected phytochemical 

ompounds. 

.6. Assessing the drug-likeness of 8 selected phytochemical 

ompounds from the synthesized compounds 

As shown in Table 3 , the eight selected phytochemical com- 

ounds (7b, 7 h , 7i, 7k 8d, 8f, 8 g and 8 h ) from the synthesized

ompounds are poorly soluble in water compared to the two stan- 

ard drugs (MLN-4760 and CFZ) which are soluble in water. And 

ight lower the bioavailability of the eight selected phytochemical 

ompounds. 

One of the two conventional drugs passes the drug-likeness test 

MLN-4760), but only five of the phytochemical compounds (7i, 7k, 

f, 8 g and 8 h) pass the test. These showed that the five phyto-

hemical compounds have good drug properties. 

Lipinski’s rule is a set of five rules used to assess a compound’s 

rug-likeness with pharmacological or biological activities [34] . 

he rule says the number of hydrogen bond donors should not be 

ore than 5, hydrogen bond acceptors not more than 10, molecu- 

ar mass less than 500 daltons and partition coefficient (logP) not 

igher than 5. From this study, the result revealed one of the con- 
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Fig. 6. Comparative of H-bond and SASA plots of alpha C atoms of the hACE-2 systems calculated throughout 100 ns MD simulations. 

Fig. 7. Comparative of (a). H-bond and (b). SASA plots of alpha C atoms of the SARS-CoV-2 systems calculated throughout 100 ns MD simulations. 
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10 
entional drugs (MLN) and two of the phytochemical compounds 

rom the synthesized compounds (7k and 8 g ) were predicted to 

ass the rules. It indicates that the two phytochemical compounds 

rom the synthesized compounds possess the same chemical and 

hysical properties as MLN. CFZ, the conventional drug and six of 

he synthesized compounds failed a maximum of two rules. 

All the eight phytochemical compounds from the synthesized 

ompounds were predicted to have low absorption from the GIT 

7b, 7 h , 7i, 7k 8d, 8f, 8 g and 8 h ) . However, they could still even-

ually attain the required concentration needed for therapeutic ef- 

ects, just as in the conventional drug, CFZ. The drug bioavailabil- 

ty is a measurement of the degree of absorption and fraction of a 

iven amount of unchanged drug that goes to the systemic circula- 

ion [35] . Compared with the two conventional drugs, CFZ has the 

owest bioavailability scores of 0.11, followed by the 7b, 7 h and 

d with 0.17. Slightly higher bioavailability scores of 0.55 were pre- 

icted for MLN-4760and the other phytochemical compounds from 

he synthesized compounds. 

. Conclusion 

Inhibiting the interaction of SARS-CoV-2 S gp and hACE-2 is 

ignificant for the prevention of SARS-CoV-2 infections. Sequel 

o this fact, this study has examined and evaluated pyrazolone- 

ased compounds’ possibilities as potential inhibitors of both 

ARS-CoV-2 S gp and hACE-2 to inhibit the virus entry into the 

ells. This study employed synthetic chemistry methods to design 

yrazolone-based compounds and computational chemistry tech- 

iques to identify these compounds’ potential inhibitory activity 

gainst the spike proteins and hACE-2 receptor. From this study, 

4 novel pyrazolone-based compounds were designed and synthe- 

ized. According to the in-silico analysis, the results of the bind- 

ng free energy showed that three compounds (7i, 7k and 8f) and 

ix compounds (7b, 7 h , 7k, 8d, 8 g , and 8 h ) showed higher and

etter binding high affinity to SARS-CoV-2 S gp and hACE-2 , respec- 

ively compared to the standard drugs. Furthermore, the outcome 

f the structural analysis of the two proteins upon binding of the 

nhibitors showed that the two proteins were stable, and the struc- 

ural integrity of the proteins was not compromised. The study 

urther revealed that the lead compounds possess similar phar- 

acokinetic and physicochemical properties to the standard drugs. 

herefore, this study suggests pyrazolone-based compounds might 

e potent inhibitors of the virus entry into the host cells. 

. Experimental section 

.1. Chemistry 

.1.1. General consideration 

All the fine chemicals, reagents and solvents were purchased 

rom Sigma Aldrich and Merck and were used without further pu- 

ification unless otherwise stated. The progress of the reactions 

nd the purity of the compounds was monitored by thin-layer 

hromatography (TLC) on pre-coated silica gel plates procured 

rom E. Merck and Co. (Darmstadt, Germany) visualized by a UV 

amp (254 or 365 nm). Purification was performed by using combi- 

ash (Combi Flash ® NextGen 300 + ) column chromatography. The 

ynthesized compounds’ melting points have been determined and 

ncorrected using a digital Stuart SMP10 melting point Apparatus. 

he Fourier transform infrared (FTIR) spectra were recorded in the 

pectral range of 40 0–40 0 0 cm 

−1 on a Bruker Alpha FT-IR spec- 

rometer using the ATR technique. The NMR spectra ( 1 H and 

13 C) 

ere recorded using CDCl 3 and DMSO- d 6 on Bruker AVANCE III 

00 and 600 MHz spectrometers. Chemical shifts were determined 

elative to internal standard TMS at δ 0.0 parts per million (ppm), 
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nd the coupling constants were reported in Hertz. The multiplici- 

ies of the NMR resonances were abbreviated as s (singlet), d (dou- 

let), dd (doublet of doublet), (t (triplet), q (quartet), m (multiplet) 

nd brs (broad singlet). Mass spectrometry (MS) was performed 

sing a Bruker ESI-QTOF mass spectrometer in positive and neg- 

tive ion mode. 

.1.2. General procedure for the synthesis of intermediate (2a,b) 

The Vilsmeier-Haack reagent was freshly prepared by the care- 

ul addition of POCl 3 (7 eq.) in dimethylformamide (3 eq.) at 

 °C with constant stirring. To the reaction mixture maintain- 

ng 0 °C was added 2-(Phenyl/substituted phenyl)-5-methyl-2,4- 

ihydro-3H-pyrazol-3-one (1a-b) (1 Eq.) and stirred initially for 

0 min and later slowly brought to rt and stirred for 1 h. Finally,

he reaction temperature was raised to 100 °C and allowed to stir 

or 3 hrs. After cooling to rt, the reaction mixture was poured into 

 mixture of crushed ice and water, the precipitate formed sep- 

rated by filtration and washed with ice-cold water. The residue 

btained was filtered, dried, and recrystallized from ethanol to af- 

ord the title compounds (2a,b). 

5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde ( 2a): Off

hite, Yield: 75%; 1 H NMR (400 MHz, CDCL 3 25 °C) δ 9.98 (s, 1H, 

C H O), 7.567.52 (m, 4H), 7.50–7.47 (m, 1H), 2.55 (s, 3H, CH 3 ); 
13 C

MR (100 MHz, CDCL 3 25 °C) δ 183.9, 151.9, 137.0, 133.5, 129.4, 

29.3, 125.3, 117.5, 13.9 (CH 3 ) 

5-chloro-1-(3-chlorophenyl)-3-methyl-1H-pyrazole-4-carbaldehyde 

 2b): White Solid, Yield: 70%; 1 H NMR (400 MHz, CDCL 3 25 °C) 

9.96 (s, 1H, -C H O), 7.59 (s, 1H), 7.47–7.43 (m, 3H), 2.52 (s, 3H,

H 3 ); 
13 C NMR (100 MHz, CDCL 3 25 °C) δ 183.8, 152.2, 138.0, 

35.1, 133.6, 130.3, 129.4, 125.5, 123.2, 117.8, 13.9 (CH 3 ) 

.1.3. General procedure for the synthesis of intermediate (3a,b) 

To the solution of 5-chloro-1-(phenyl/substituted phenyl)-3- 

ethyl-1H-pyrazole-4-carbaldehyde (2a,b) (1 eq.) in ethanol was 

dded cesium carbonate (1.5 eq.) followed by copper acetate (0.25 

q.) and refluxed for 15 hrs. The reaction was monitored with 

LC (30:70, ethyl acetate; hexane); after the reaction completion, 

he reaction mixture was cooled to rt, then diluted with ethyl ac- 

tate and washed with brine solution. The organic layer was dried 

ver anhydrous sodium sulfate, filtered, and concentrated under 

educed pressure to get the crude product. The solid crude product 

as purified by column chromatography using 10 0–20 0 mesh sil- 

ca gel. The desired fractions were collected and concentrated un- 

er reduced pressure to afford title products (3a,b). 

5-ethoxy-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (3a): 

rown Solid, Yield: 68%; .); 1 H NMR (400 MHz, CDCl 3 25 °C) δ
.90 (s, 1H, -C H O), 7.64 (d, J = 7.79 Hz, 2H), 7.44 (t, J = 7.91 Hz,

H), 7.33 (t, J = 7.79 Hz, 1H), 4.41 (q, J = 7.04 Hz, 2H), 2.48 (s,

H, CH 3 ), 1.33 (t, J = 7.04 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, CDCl 3 

5 °C) δ 183.1, 155.6, 151.3, 137.5, 129.1, 127.7, 123.1, 108.1, 72.6 

CH 2 ), 15.3 (CH 3 ), 14.0 (CH 3 ) 

1-(3-chlorophenyl)-5-ethoxy-3-methyl-1H-pyrazole-4- 

arbaldehyde (3b): Brown Solid, Yield: 71%; .); 1 H NMR (400 MHz, 

DCl 3 25 °C) δ 9.91 (s, 1H, -C H O), 7.91 (s, 1H), 7.64 (d, J = 7.79 Hz,

H), 7.44 (d, J = 7.91 Hz, 1H), 7.33 (t, J = 7.79 Hz, 1H), 4.40 (q,

 = 7.04 Hz, 2H, CH 2 ), 2.48 (s, 3H, CH 3 ), 1.33 (t, J = 7.04 Hz, 3H,

H 3 ); 
13 C NMR (100 MHz, CDCl 3 25 °C) δ 183.1, 155.6, 151.3, 147.5, 

37.5, 129.1, 127.7, 123.1, 115.6, 108.1, 72.6 (CH 2 ), 15.3 (CH 3 ), 14.0 

CH 3 ) 

.1.4. General procedure for the synthesis of compounds (4a,b) 

Compound 1-(phenyl/substituted phenyl)-5-ethoxy-3-methyl- 

H-pyrazole-4-carbaldehyde (3a,b) (1.0 eq.) was dissolved in ace- 

one to which sodium hydroxide solution (7.57 eq.) was slowly 

dded with continues stirring for 2–3 h. The reaction was moni- 

ored with TLC (30:70, ethyl acetate; hexane). After completing the 
11 
eaction, excess acetone was removed under reduced pressure and 

cidify with 6 N HCl, then extracted with DCM. The organic layer 

as dried over anhydrous sodium sulfate and concentrated under 

educed pressure to obtain the title compounds (4a,b). 

(E)-4-(5-ethoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3-en-2- 

ne (4a): Brown Solid, Yield: 91%; 1 H NMR (400 MHz, CDCl 3 25 °C) 

7.67–7.65 (m, 2H, ArH), 7.44 (t, J = 7.80 Hz, 2H, ArH), 7.40 (s, 

H, Ar- H C = CH-), 7.33–7.29 (m, 1H, ArH), 6.56 (d, J = 16.53 Hz, 1H,

r-HC = C H- ), 3.98 (q, J = 7.03 Hz, 2H, CH 2 ), 2.39 (s, 3H, CH 3 ), 2.33

s, 3H, CH 3 ), 1.27 (t, J = 7.08 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz,

DCl 3 25 °C) δ 198.3, 148.9, 139.0, 133.0, 129.2, 127.3, 124.3, 122.5, 

04.2, 71.3 (CH 2 ), 27.6 (CH 3 ), 15.3 (CH 3 ), 14.4 (CH 3 ) 

(E)-4-(1-(3-chlorophenyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but- 

-en-2-one (4b): Brown Solid, Yield: 74%; 1 H NMR (400 MHz, 

DCl 3 25 °C) δ 7.66 (d, J = 8.28 Hz, 2H, ArH), 7.44 (s, 1H, ArH), 7.40

s, 1H, Ar- H C = CH-), 7.33–7.29 (m, 1H, ArH), 6.56 (d, J = 16.53 Hz,

H, Ar-HC = C H- ), 3.98 (q, J = 7.03 Hz, 2H, CH 2 ), 2.39 (s, 3H, CH 3 ),

.33 (s, 3H, CH 3 ), 1.27 (t, J = J = 7.08 Hz, 3H, CH 3 ); 
13 C NMR

100 MHz, CDCl 3 25 °C) δ 198.3, 153.0, 148.9, 139.0, 133.0, 129.2, 

27.3, 124.3, 122.5, 122.3, 104.2, 71.3 (CH 2 ), 27.6 (CH 3 ), 15.3 (CH 3 ),

4.4 (CH 3 ) 

.1.5. General procedure for the synthesis of compounds (5a-b) 

To a constantly stirred solution of (E)-4-(1-(phenyl/substituted 

henyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but-3-en-2-one (4a-b ) 

1.0 eq.) and thiosemicarbazide (1.1eq.) in anhydrous methanol was 

dded a catalytic amount of glacial acetic acid (0.1 ml) and refluxed 

or 4–5 h.. After completing the reaction (monitored via TLC), the 

eaction mass was cooled to rt and concentrated under reduced 

ressure to give a semi-solid residue. The residue was triturated 

ith 50% diethyl ether and pentane and filtered under suction to 

fford a pure yellow crystalline solid title compound (5a-b). 

(E)-2-((E)-4-(5-ethoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3- 

n-2-ylidene)hydrazine-1-carbothioamide (5a) Yield: 87%; mp;150–

53 °C; FTIR (ATR , Vmax , cm-1): 3373.89 (N-H Str. of NH 2 ), 3262.82

N-H Str. of NH), 3.177.48 (Ar C-H Str.), 2973.89 (C-H Str. of CH 3 ),

597.91 (C = N Str), 1087.70 (C = S); 1 H NMR (400 MHz, DMSO- d 6 
5 °C) δ 10.12 (brs, 1H, NH), 8.15 (brs, 1H, NH 2 ), 7.81 (brs, 1H, 

H 2 ), 7.65 (d, J = 7.92 Hz, 2H, ArH), 7.49 (t, J = 8.70 Hz, 2H,

rH), 7.34 (t, J = 8.10 Hz, 1H, ArH), 6.80 (d, J = 16.77 Hz, 1H,

r-HC = C H- ), 6.63 (d, J = 16.77 Hz, 1H, Ar- H C = CH - ), 4.00 (q,

 = 7.03 Hz, 2H, CH 2 ), 2.30 (s, 3H, CH 3 ), 2.11 (s, 3H, CH 3 ), 1.20 (t,

 = 7.76 Hz, 3H, CH 3 ); MS m/z 344.00 (M + H) + . 
(E)-2-((E)-4-(1-(3-chlorophenyl)-5-ethoxy-3-methyl-1H-pyrazol-4- 

l)but-3-en-2-ylidene)hydrazine-1-carbothioamide (5b) Yield: 76%; 

p;152–155 °C; FTIR (ATR , Vmax , cm-1): 366.52 (N-H Str. of NH 2 ),

258.40 (N-H Str. of NH), 3169.77 (Ar C-H Str.), 2971.39 (C-H Str. 

f CH 3 ), 1640.27 (C = N Str), 1158.23 (C = S); 1 H NMR (400 MHz,

MSO- d 6 25 °C) δ 10.12 (brs, 1H), 8.15 (brs, 1H, NH 2 ), 7.77 (brs,

H, NH 2 ), 7.65 (d, J = 7.90 Hz, 1H), 7.50 (t, J = 7.52 Hz, 2H), 7.34

d, J = 7.39 Hz, 1H), 6.80 (d, J = 16.30 Hz, 1H Ar-HC = C H- ), 6.63

d, J = 16.98 Hz, 1H, Ar- H C = CH - ), 4.01 (q, J = 6.92 Hz, 2H, CH 2 ),

.31 (s, 3H, CH 3 ), 2.11 (s, 3H, CH 3 ), 1.21 (t, J = 7.16 Hz, 3H, CH 3 );

/z 378.00 (M + H) + . 

.1.6. General procedure for the synthesis of final compounds (7b-o 

nd 8a-h) 

To a stirred solution of (E)-2-((E)-4-(1-(phenyl/substituted 

henyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazine-1-carbothioamide (5a,b) (1.0 eq.) in anhydrous 

ethanol, was added an appropriate 2-bromo-1-(substituted 

henyl)-ethanones ( 6b-o , 1.1 eq.), and the reaction mixture was 

efluxed for 4–7 h until TLC showed full consumption of starting 

aterials. The reaction mass was cooled to rt and concentrated 

o remove excess methanol. The obtained reaction mass was 

iluted with DCM and washed with saturated NaHCO solution. 
3 



V.A. Obakachi, N.D. Kushwaha, B. Kushwaha et al. Journal of Molecular Structure 1241 (2021) 130665 

T

a

w

c

1

p

(

1

1  

A

J  

(  

2  

1

1

1

1

c

p

F

2  

D

7  

A  

6  

C  

3

t

1

1  

(

p

(

c

(

1  

J  

2

J  

4  

1  

δ
1

1

1

4

B

3  

1
 

J  

2  

7  

6  

2  

1

1

1  

1

1

1

m

1

S

2  

2  

A  

6  

1  

O  

3

t

1

1

1

1

fl

F

C

1

(  

6  

6  

C  

3

t

1

1  

-

(

e

y

m

2  

D

1

(  

1  

J  

J  

(

1

1

(

p

y

(

1

(  

(  

1  

A  

1  

2  

D

t

1  

(

e

y

m

3

S

7  
he organic layer obtained was dried over anhydrous Na 2 SO 4 

nd evaporated under reduced pressure to give a solid residue 

ashed with diethyl ether and pentane to afford pure solid title 

ompounds (7b–o and 8a–h). 

4.1.6.1. 4-((1E,3E)-3-(2-(4-(4-bromophenyl) cyclopenta-1,3-dien- 

-yl) hydrazono) but-1-en-1-yl)-5-ethoxy-3-methyl-1-phenyl-1H- 

yrazole (7b); Yellowish Solid, Yield: 78%, mp: 177–180 °C; FTIR 

ATR, vmax, cm-1): 3071.06 (Ar-H Str.), 2975.74 (CH Str. of CH 3 ), 

606.33 (C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 25 °C) δ
1.14 (brs, 1H, NH), 7.82 - 7.80 (m, 2H, ArH), 7.68 - 7.65 (m, 2H,

rH), 7.60 -7.57 (m, 2H, ArH), 7.53 -7.48 (m, 2H, ArH), 7.36 (d, 

 = 8.64 Hz, 1H, ArH), 6.73 (d, J = 16.83 Hz, 1H, Ar-HC = C H -), 6.64

d, J = 16.83 Hz, 1H, Ar- H C = CH-), 4.00 (q, J = 7.04 Hz, 2H, CH 2 ),

.31 (s,3H, CH 3 ), 2.14 (s, 3H, CH 3 ), 1.24 (t, J = 7.05 Hz, 3H, CH 3 );
3 C NMR (100 MHz, DMSO-d6 25 °C) δ 159.9(C-2 of thiazole), 151.5, 

49.8, 147.8, 138.2(C-5 of thiazole), 134.6, 132.9, 131.4, 129.1, 127.4, 

26.4, 121.8, 121.3, 121.1, 120.4, 112.4, 111.7, 68.5 (CH 2 ), 14.6 (CH 3 ), 

3.4 (CH 3 ), 13.0 (CH 3 ). MS m/z 522.00 (M + H) + . 
4.1.6.2. 5-ethoxy-4-((1E,3E)-3-(2-(4-(4-fluorophenyl) 

yclopenta-1,3-dien-1-yl) hydrazono) but-1-en-1-yl)-3-methyl-1- 

henyl-1H-pyrazole (7c); Brownish Solid,Yield:72%,mp:124–127 °C; 

TIR (ATR, vmax, cm-1): 3238.79 (N-H Str.), 3112.04 (Ar-H Str.), 

978.96 (CH Str. of CH 3 ), 1549.10 (C = N Str.); 1 H NMR (400 MHz,

MSO-d 6 40 °C) δ 11.07 (brs, 1H, NH), 789–785 (m, 2H, ArH), 7.66–

.64 (m, 2H, ArH), 7.51–7.47 (m, 2H, ArH), 7.33 (t, J = 7.66 Hz, 1H,

rH), 7.22–7.18 (m, 3H, ArH), 6.68 (d, J = 16.91 Hz, 1H, Ar-HC = C H -),

.63 (d, J = 16.66 Hz, 1H, Ar- H C = CH-), 3.98 (q, J = 7.13 Hz, 2H,

H 2 ), 2.29 (s, 3H, CH 3 ), 2.12 (s, 3H, CH 3 ), 1.23 (t, J = 7.24 Hz,

H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C) δ 169.5 (C-2 of 

hiazole), 160.3, 150.5, 149.4 (C-5 of thiazole), 148.6, 146.8, 137.9, 

31.4, 129.2, 127.4 (d, J = 8.08 Hz, 1C), 127.1, 126.6, 121.6, 120.5, 

5.3 (d, J = 21.56 Hz, 1C), 104.8, 103.4, 70.5 (CH 2 ), 14.9 (CH 3 ), 13.8

CH 3 ), 11.9 (CH 3 ). MS m/z 462.00 (M + H) + . 
4.1.6.3. 2-(2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl-1H- 

yrazol-4-yl) but-3-en-2-ylidene) hydrazinyl) thiazol-4-yl) phenol 

7d); Brownish Solid, Yield:89%, mp:176–179 °C; FTIR (ATR, vmax, 

m-1): 3070.84 (Ar-H Str.), 2974.54 (CH Str. of CH 3 ), 1599.88 

C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 25 °C) δ 11.44 (brs, 

H, NH), 11.24 (brs, 1H, OH), 7.80 (d, J = 7.94 Hz, 1H, ArH), 7.67 (t,

 = 8.22 Hz, 2H, ArH), 7.53–7.58 (m, 2H, ArH), 7.36 (t, J = 7.33 Hz,

H, ArH), 7.17–7.13 (m, 1H, ArH), 6.88–6.82 (m, 2H, ArH), 6.77 (d, 

 = 16.67 Hz, 1H, Ar-HC = C H -), 6.66 (d, J = 16.71 Hz, 1H, Ar- H C = CH-),

.02 (q, J = 7.04 Hz, 1H, CH 2 ), 2.33 (s, 3H, CH 3 ), 2.17 (s, 3H, CH 3 ),

.26 (t, J = 7.06 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C)

168.5 (C-2 of thiazole), 155, 150.6, 149.3(C-5 of thiazole), 146.9, 

37.9, 129.2, 129.1, 128.9, 126.7, 121.8, 121.7, 121.6, 121.2, 119.0, 

18.6, 116.9, 116.6, 104.7, 103.6, 70.5(CH 2 ), 14.9 (CH 3 ), 13.8 (CH 3 ), 

2.0 (CH 3 ). MS m/z 460.00 (M + H) + . 
4.1.6.4. 2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl-1H-pyrazol- 

-yl)but-3-en-2 ylidene)hydrazinyl)-4-phenylthiazole (7e); Light 

rownish Solid, Yield:73% mp:154–157 °C; FTIR (ATR, vmax, cm-1): 

070.84 (Ar-H Str.), 2977.30 (CH Str. of CH 3 ), 1614.72 (C = N Str.);
 H NMR (400 MHz, DMSO- d 6 25 °C) δ 11.11 (brs, 1H, NH), 7.86 (d,

 = 7.30 Hz, 2H, ArH), 7.67 (d, J = 7.68 Hz, 2H, ArH), 7.51 (t, J = 7.92 Hz,

H, ArH), 7.40 (t, J = 7.62 Hz, 2H, ArH), 7.35 (t, J = 7.34 Hz, 1H, ArH),

.30 (t, J = 7.52 Hz, 2H, ArH), 6.73 (d, J = 16.69 Hz, 1H, Ar-HC = C H -),

.65 (d, J = 16.68 Hz, 1H, Ar- H C = CH-)), 4.00 (q, J = 7.03 Hz, 2H, CH 2 ),

.32 (s, 3H, CH 3 ), 2.15 (s, 3H, CH 3 ), 1.25 (t, J = 7.01 Hz, 3H, CH 3 );
3 C NMR (100 MHz, DMSO-d6 25 °C) δ 169.2 (C-2 of thiazole), 

59.8, 147.8, 147.0 (C-5 of thiazole), 137.9, 134.6, 133.7, 129.3, 129.1, 

28.6 (d, J = 6.86 Hz, 1C), 128.1, 126.8, 126.4, 125.6 (d, J = 7.84 Hz,

C), 121.9, 121.7, 121.4, 112.3, 110.9, 104.8, 68.5 (CH 2 ), 14.7 (CH 3) , 

3.0 (CH 3 ), 12.1 (CH 3 ). MS m/z 4 4 4.00 (M + H) + . 
4.1.6.5. 2-(2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl- 

H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)thiazol-4-yl)-3- 

ethoxyphenol (7f) ; Light Brownish Solid,Yield:76%,mp:132–
12 
35 °C; FTIR (ATR, vmax, cm-1): 3052.77 (Ar-H Str.), 2978.74 (C-H 

tr. of CH 3 ), 1600.49 (C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 

5 °C) δ 11.27 (brs, 1H, NH), 9.63 (s, 1H, OH), 7.67 (d, J = 7.87 Hz,

H, ArH), 7.57 (d, J = 3.13 Hz, 2H, ArH), 7.51 (t, J = 7.86 Hz, 2H,

rH), 7.35 (q, J = 4.92 Hz, 2H, ArH), 6.81 (d, J = 8.96 Hz, 1H, ArH),

.77 (d, J = 16.80 Hz, 1H, 1H, Ar-HC = C H -), 6.66 (d, J = 16.65 Hz,

H, 1H, Ar- H C = CH-), 4.00 (q, J = 7.01 Hz, 2H, CH 2 ), 3.72 (s, 3H,

CH 3 ), 2.32 (s, 3H, CH 3 ), 2.17 (s, 3H, CH 3 ), 1.25 (t, J = 7.03 Hz,

H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C) δ 168.3 (C-2 of 

hiazole), 152.0, 150.6, 149.7, 149.2 (C-5 of thiazole), 146.9, 137.9, 

29.2, 126.7–126.6 (d, J = 13.51 Hz, 1C), 124.9, 121.6, 121.4, 118.7, 

17.5, 115.5, 111.0, 104.7, 104.4, 70.6(CH 2 ), 55.4(OCH 3 ), 14.9(CH 3 ), 

3.8(CH 3 ), 12.0(CH 3 ). MS m/z 490.00 (M + H) + . 
4.1.6.6. 2-(2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl- 

H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)thiazol-4-yl)-4- 

uorophenol ( 7 g ) ; Brownish Solid, Yield:87%, mp:175–179 °C; 

TIR (ATR, vmax, cm-1): 3070.26 (Ar-H Str.), 2982.37 (C-H Str. of 

H 3 ), 1604.59 (C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 25 °C) δ
1.21 (brs, 1H), 9.67 (s, 1H, OH), 7.67–7.63 (m, 3H, ArH), 7.52–7.49 

m, 3H, ArH), 7.35 (t, J = 7.43 Hz, 1H, ArH), 7.01- 6.69 (m, 1H, ArH),

.90 – 6.86 (m, 1H, ArH), 6.77 (d, J = 16.52 Hz, 1H, Ar-HC = C H -),

.65 (d, J = 16.43 Hz, 1H, Ar- H C = CH-), 4.00 (q, J = 7.00 Hz, 2H,

H 2 ), 2.31 (s, 3H, CH 3 ), 2.16 (s, 3H, CH 3 ), 1.24 (t, J = 6.96 Hz,

H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d6 25 °C) δ 158.8 (C-2 of 

hiazole), 154.5, 151.4, 151.2, 150.6, 147.7, 147.0 (C-5 of thiazole), 

38.1, 134.4, 129.2–129.1 (d, J = 19.40 Hz, 1c), 128.8, 126.4, 122.2, 

20.8 (d, J = 8.00 Hz, 1c), 117.2–117.1 (d, J = 7.67 Hz, 1c), 115.2

115.1 (d, J = 23.54 Hz, 1c), 114.7, 113.9, 113.7, 112.5, 94.5, 68.7 

CH 2 ), 14.6 (CH 3 ), 13.3 (CH 3 ), 12.9 (CH 3 ). MS m/z 478.00 (M + H) + . 
4.1.6.7. 4-(3,4-dichlorophenyl)-2-(2-((2E,3E)-4-(5- 

thoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole ( 7 h ) ; Brownish solid, Yield:83%, 

p:187–190 °C; FTIR (ATR, vmax, cm-1): 3054.80 (Ar-H Str.), 

980.41 (C-H Str. of CH 3 ), 1612.58 (C = N Str.): 1 H NMR (400 MHz,

MSO-d 6 25 °C) δ 11.15 (brs, 1H, NH), 8.10–8.09 (d, J = 2.01 Hz, 

H, ArH), 7.85–7.83 (m, 1H, ArH), 7.67–7.65 (m, 3H, ArH), 7.52–7.48 

m, 3H, ArH), 7.34 (t, J = 7.36 Hz, 1H, ArH), 6.74 (d, J = 16.75 Hz,

H, Ar-HC = C H -), 6.64 (d, J = 16.75 Hz, 1H, Ar- H C = CH-), 3.99 (q,

 = 7.12 Hz, 2H, CH 2 ), 2.31 (s, 3H, CH 3 ), 2.14 (s, 3H, CH 3 ), 1.24 (t,

 = 7.02 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C) δ 160.1

C-2 of thiazole), 151.6, 148.4, 147.8, 138.1 (C-5 of thiazole), 134.5, 

34.2, 131.6, 130.6, 130.3, 128.9, 127.5, 127.1, 126.3, 125.3, 122.8, 

22.1 -122.0 (d, J = 11.63 Hz, 1C), 121.8, 113.0, 112.5, 94.3, 68.6 

CH 2 ), 14.6 (CH 3 ), 13.3 (CH 3 ), 12.9 (CH 3 ). MS m/z 512.00 (M + H) + . 
4.1.6.8. 4-bromo-2-(2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1- 

henyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)thiazol-4- 

l)phenol (7i) ; Brownish solid, Yield:74%, mp: 178–181 °C; FTIR 

ATR, vmax, cm-1): 3051.84 (Ar-H Str.), 2977.06 (C-H Str. of CH 3 ), 

602.93 (C = N Str.): 1 H NMR (400 MHz, DMSO-d 6 25 °C) δ 11.32 

brs, 1H, NH), 10.26 (s, 1H, OH) 8.04 (d, J = 2.41 Hz, 1H, ArH), 7.67

d, J = 7.72 Hz, 2H, ArH), 7.52–7.49 (m, 3H, ArH), 7.35 (t, J = 7.40 Hz,

H, ArH), 7.29 (q, J = 3.70 Hz, 1H, ArH), 6.88 (d, J = 8.66 Hz, 1H,

rH), 6.78 (d, J = 16.58 Hz, 1H, Ar-HC = C H -), 6.66 (d, J = 16.67 Hz,

H, Ar- H C = CH-), 4.01 (q, J = 7.01 Hz, 2H, CH 2 ), 2.32 (s, 3H, CH 3 ),

.17 (s, 3H, CH 3 ), 1.25 (t, J = 7.02 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz,

MSO-d6 25 °C) δ 168.7 (C-2 of thiazole), 154.8, 147.4(C-5 of 

hiazole), 138.3.9, 131.6, 129.9, 129.7, 127.2, 127.0, 122.1, 121.9, 

19.3, 110.7, 106.5, 105.2, 71.0 (CH 2 ), 15.4 (CH 3 ), 14.3 (CH 3 ), 12.5

CH 3 ). MS m/z 538.00 (M + H) + . 
4.1.6.9. 4-(2,6-dimethoxyphenyl)-2-(2-((2E,3E)-4-(5- 

thoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole (7j) ; Yellowish Solid, Yield:76%, 

p:182–185 °C; FTIR (ATR, vmax, cm-1): 3252.00 (N-H Str.), 

162.33 (Ar-H Str.), 2977.32 (C-H Str. of CH 3 ), 1591.75 (C = N 

tr); 1 H NMR (400 MHz, DMSO-d 6 25 °C) δ 10.15 (brs, 1H, NH) 

.66 (d, J = 7.83 Hz, 2H, ArH), 7.51 (t, J = 7.79 Hz, 2H, ArH), 7.41
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t, J = 8.32 Hz, 1H, ArH), 7.36 (t, J = 7.28, 1H, ArH), 7.16 (s, 1H,

rH), 7.04 (s, 1H, ArH), 6.93 (d, J = 17.79 Hz, 1H, ArH), 6.81 (d,

 = 16.59 Hz, 1H, Ar-HC = C H -), 6.70 (d, J = 16.43 Hz, 1H, Ar- H C = CH-),

.02 (q, J = 6.99 Hz, 2H, CH 2 ), 3.78 (s, 6H, OCH 3 ), 2.33 (s, 3H, CH 3 ),

.24 (s, 3H, CH 3 ), 1.24 (t, J = 6.98 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz,

MSO-d6 25 °C) δ 158.6 (C-2 of thiazole), 151.5, 147.6, 138.2 (C-5 

f thiazole), 132.1, 131.9, 129.7, 127.4, 127.4, 125.6, 122.4, 122.2, 

05.1, 104.8, 71.3(CH 2 ), 56.5(OCH 3 ), 15.4 (CH 3 ), 14.4 (CH 3 ), 13.3 

CH 3 ). MS m/z 504.00 (M + H) + . 
4.1.6.10. 2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl- 

H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(4- 

itrophenyl)thiazole (7k) ; Brownish Solid, Yield: 75%, mp:166–

69 °C;FTIR (ATR, vmax, cm-1): 3069.55 (Ar-H Str.), 2981.67 (C-H 

tr. of CH 3 ), 1596.47 (C = N Str); 1 H NMR (400 MHz, DMSO-d 6 

5 °C) δ 11.29 (brs, 1H, NH), 8.27 (d, J = 8.51 Hz, 2H, ArH), 8.11

d, J = 8.69 Hz, 2H), 7.69–7.66 (m, 3H, ArH), 7.50 (t, J = 7.59 Hz,

H, ArH), 7.34 (t, 7.32 Hz, 1H, ArH), 6.73 (d, J = 16.60 Hz, 1H,

r-HC = C H -), 6.64 (d, J = 16.60 Hz, 1H, Ar- H C = CH-), 3.99 (q,

 = 7.01 Hz, 2H, CH 2 ), 2.31 (s, 3H, CH 3 ), 2.15 (s, 3H, CH 3 ), 1.24

t, J = 6.94 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d6 25 °C) δ

70.1 (C-2 of thiazole), 156.4, 151.0, 149.6(C-5 of thiazole), 147.4, 

46.6, 141.2 (d, J = 11.1 Hz, 1C), 138.4, 129.6 (d, J = 4.4 Hz, 1C),

27.2 (d, J = 12.2 Hz 1C), 126.7 (d, J = 4.5 Hz, 1C), 124.5 (d,

 = 16.0 Hz, 1C), 122.1, 121.8, 121.5, 105.2, 71.0 (CH 2 ), 15.4 (CH 3 ),

4.3 (CH 3 ), 12.4 (CH 3 ). MS m/z 489.00 (M + H) + . 
4.1.6.11. 2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl- 

H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(4- 

ethoxyphenyl)thiazole (7l) ; Light Brownish Solid, Yield:77% 

p:194–197 °C; FTIR (ATR, vmax, cm-1): 3117.31 (N-H Str.), 

041.74 (Ar-H Str.), 2978.63 (C-H Str. of CH 3 ), 1612.09 (C = N Str.);
 H NMR (400 MHz, CDCl 3 25 °C) δ 11.29 (brs, 1H, NH), 7.70–7.66 

m, 4H, ArH), 7.46–7.42 (m, 2H, ArH), 7.33–7.29 (m, 1H, ArH), 7.00–

.69 (m, 2H, ArH), 6.86 (d, J = 16.84 Hz, 1H, Ar-HC = C H -), 6.74 (d,

 = 16.84 Hz, 1H, Ar- H C = CH-), 6.58 (s, 2H), 3.98 (q, J = 7.12 Hz,

H, CH 2 ), 3.84 (s, 3H, OCH 3 ), 2.42 (s, 3H, CH 3 ), 2.33 (s, 3H, CH 3 ),

.29 (t, J = 7.05 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, CDCl 3 25 °C) δ

69.0 (C-2 of thiazole), 160.9, 155.9, 151.8, 147.9 (C-5 of thiazole), 

42.6, 138.2, 129.2, 127.3, 127.1, 125.4, 124.8, 122.5, 122.3, 121.4, 

14.9, 105.2, 71.1 (CH 2 ), 55.5 (OCH 3 ), 15.3 (CH 3 ), 14.5 (CH 3 ), 13.3

CH 3 ). MS m/z 474.00 (M + H) + . 
4.1.6.12. 4-(4-chlorophenyl)-2-(2-((2E,3E)-4-(5- 

thoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole ( 7 m ) ; Light Brownish Solid, Yield: 

9%, mp: 135–137 °C; FTIR (ATR, vmax, cm-1): 3234.58 (N-H Str.), 

112.25 (Ar-H Str.), 2977.59 (C-H Str. of CH 3 ), 1597.50 (C = N Str);
 H NMR (400 MHz, DMSO-d 6 25 °C) δ 10.12 (brs, 1H, NH), 7.85 

d, J = 8.28 Hz, 2H, ArH), 7.65 (d, J = 7.36 Hz, 2H, ArH), 7.50

t, J = 7.89 Hz, 2H, ArH), 7.44 (d, J = 8.65 Hz, 2H, ArH), 7.34 (t,

 = 7.13 Hz, 1H, ArH), 7.28 (s, 1H, ArH), 6.69 (d, J = 16.67 Hz,

H, Ar- H C = CH-), 6.64 (d, J = 16.67 Hz, 1H, Ar- H C = CH-), 3.98 (q,

 = 7.04 Hz, 2H, CH 2 ), 2.30 (s, 3H, CH 3 ), 2.12 (s, 3H, CH 3 ), 1.23

t, J = 7.13 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C) δ

69.9 (C-2 of thiazole), 150.7, 149.4, 148.9, 147.2(C-5 of thiazole), 

38.0, 133.8, 132.0, 129.4, 128.8, 127.4, 127.0, 121.9, 120.7, 105.0, 

04.6, 70.7 (CH 2 ), 30.8 (CH 3 ), 15.1 (CH 3 ), 13.9 (CH 3 ), 12.1 (CH 3 ).

S m/z 477.00 (M + H) + . 
4.1.6.13. 2-(2-((2E,3E)-4-(5-ethoxy-3-methyl-1-phenyl-1H-pyrazol- 

-yl)but-3-en-2-ylidene)hydrazinyl)-4-(p-tolyl)thiazole (7n) ; Brown- 

sh Solid, Yield:63% mp:125–128 °C; FTIR (ATR, vmax, cm-1): 

30 6.52 (N-H Str.), 3115.6 6 (Ar-H Str.), 2977.50 (C-H Str. of CH 3 ),

592.79 (C = N Str.) 1 H NMR (400 MHz, CDCl 3 , 25 °C), δ 8.71

s, 1H, NH), 7.69 (q, J = 5.63 Hz, 4H, ArH), 7.44 (m, J = 3.96 Hz, 2H,

rH), 7.30 (m, J = 3.99 Hz, 1H, ArH), 7.19 (d, J = 7.92 Hz, 2H, ArH),

.82 (s, 1H, ArH), 6.79 (d, J = 16.72 Hz, 1H, Ar-HC = C H -), 6.64 (d,

 = 16.72 Hz, 1H, Ar- H C = CH-), 3.99 (q, J = 7.06 Hz, 2H, CH 2 ), 2.41 (s,

H, CH 3 ), 2.36 (s, 3H, CH 3 ), 2.05 (s, 3H, CH 3 ), 1.30 (t, J = 7.07 Hz, 3H,
13 
H 3 ); 
13 C NMR (100 MHz, CDCl 3 ) d 169.0 (C-2 of thiazole), 151.3 (d,

 = 24.27 Hz, 1C), 148.1, 147.6(C-5 of thiazole), 138.4, 137.5, 132.2, 

29.27 (d, J = 23.33 Hz, 1 C), 126.86 (d, J = 12.07 Hz, 1 C), 125.8,

22.2, 121.1, 105.4, 102.9, 70.85 (CH 2 ), 21.31 (CH 3 ), 15.33 (CH 3 ), 

4.37 (CH 3 ), 11.01 (CH 3 ). MS m/z 458.00 (M + H) + . 
4.1.6.14. 4-(3,4-dimethoxyphenyl)-2-(2-((2E,3E)-4-(5- 

thoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole (7o) ; Brownish Solid, Yield: 68%, 

p: 190–193 °C; FTIR (ATR, vmax, cm-1): 3060.57 (Ar-H Str.), 

902.04 (C-H Str. of CH 3 ), 1613.29 (C = N Str.); 1 H NMR (400 MHz,

MSO-d 6 25 °C) δ 10.26 (s, 1H, NH), 7.67 (d, J = 7.80 Hz, 2H, ArH),

.51 (t, J = 7.80 Hz, 2H, ArH), 7.38 (m, 3H, ArH), 7.19 (s, 1H, ArH),

.99 (d, J = 8.37 Hz, 1H, ArH), 6.77 (d, J = 16.66 Hz, 1H, Ar- H C = CH-),

.67 (d, J = 16.66 Hz, 1H, Ar-HC = C H -), 4.01 (q, J = 6.99 Hz, 2H, CH 2 ),

.79 (d, J = 11.77 Hz, 6H, OCH 3 ), 2.32 (s, 3H, CH 3 ), 2.17 (s, 3H, CH 3 ),

.25 (t, J = 7.02 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d6 25 °C)

159.5 (C-2 of thiazole), 151.2 (d, J = 8.80 Hz, 1C), 150.8, 148.8(d, 

 = 4.37 Hz, 1C), 148.0, 138.2 (C-5 of thiazole), 138.1, 134.3, 129.0, 

26.7, 126.3, 121.7, 121.6, 118.0, 112.4, 111.7, 109.2, 109.0, 94.6, 68.7 

CH 2 ), 55.3 (d, J = 24.2 Hz, 1C, OCH 3 ), 14.6 (CH 3 ), 13.3 (CH 3 ), 13.1

CH 3 ). MS m/z 504.00 (M + H) + . 
4.1.6.15. 2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy- 

-methyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4- 

henylthiazole (8a) ; Brownish Solid, Yield: 69%, mp: 195–198 °C; 

TIR (ATR, vmax, cm-1): 3087.50 (Ar-H Str.), 2981.46 (C-H Str. of 

H 3 ), 1618.49 (C = N Str.); 1 H NMR (400 MHz, CDCl 3 ) d 11.31 (brs,

H, NH), 7.74 (s, 1H, ArH), 7.70 (d, J = 7.09 Hz, 2H, ArH), 7.60 (d,

 = 8.16 Hz, 1H, ArH), 7.43 (t, J = 7.26 Hz, 2H, ArH), 7.37 (m, 2H, ArH),

.32 (d, J = 8.17 Hz, 1H, ArH) 7.24 (s, 1H, ArH), 6.79 (d, J = 16.75 Hz,

H, Ar- H C = CH-), 6.71 (d, J = 16.42 Hz, 1H, Ar-HC = C H -),), 4.00 (q,

 = 7.04 Hz, 2H, CH 2 ), 2.38 (s, 3H, CH 3 ), 2.28 (s, 3H, CH 3 ), 1.30 (t,

 = 7.06 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d6 25 °C) δ 169.1

C-2 of thiazole), 150.7, 147.6 (C-5 of thiazole), 139.9, 134.5, 133.5, 

31.1, 129.2, 128.5, 127.5, 126.3, 125.5, 124.6, 120.9, 120.5, 119.8, 

19.6, 105.2, 103.9, 70.8 (CH 2 ), 14.9 (CH 3 ), 13.8 (CH 3 ), 11.9 (CH 3 ).

S m/z 480.00 (M + H) + . 
4.1.6.16. 4-(4-bromophenyl)-2-(2-((2E,3E)-4-(1-(3- 

hlorophenyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole (8b) ; Brownish Solid, Yield: 71%, 

p: 198–201 °C; FTIR (ATR, vmax, cm-1): 3116.74 (N-H Str.), 

984.47 (Ar-H Str.), 2924.74 (C-H Str. of CH 3 ), 1616.80 (C = N 

tr.); 1 H NMR (400 MHz, DMSO) d 11.40 (brs, 1H, NH), 7.81 (d, 

 = 8.36 Hz, 2H, ArH), 7.73 (s, 1H, ArH), 7.68 (d, J = 7.22 Hz, 1H,

rH), 7.59 (d, J = 8.38 Hz, 2H, ArH), 7.53 (d, J = 8.14 Hz, 1H, ArH),

.40 (d, J = 7.95 Hz, 1H, ArH), 7.35 (d, J = 4.91 Hz, 1H, ArH), 6.72 (d,

 = 16.93 Hz, 1H, Ar- H C = CH-), 6.64 (d, J = 16.78 Hz, 1H, Ar-HC = C H -),

.05 (q, J = 7.02 Hz, 2H, CH 2 ), 2.31 (s, 3H, CH 3 ), 2.14 (s, 3H, CH 3 ),

.27 (t, J = 6.95 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d 6 25 °C)

169.1 (C-2 of thiazole), 150.6, 148.8, 147.6 (C-5 of thiazole), 139.0, 

33.8, 133.4, 131.5, 131.0, 129.1, 127.5, 126.3, 124.5, 123.4, 120.9, 

20.5, 120.4, 119.6, 115.1, 105.2, 104.8, 70.8 (CH 2 ), 14.9 (CH 3 ), 13.8 

CH 3 ), 11.9 (CH 3 ). MS m/z 556.00 (M + H) + . 
4.1.6.17. 2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy-3- 

ethyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(4- 

uorophenyl)thiazole (8c) ; Brownish solid, Yield: 81%, mp: 

95–198 °C; FTIR (ATR, vmax, cm-1): 3221.52 (N-H Str.), 3094.49 

Ar-H Str.), 2982.67 (C-H Str. of CH 3 ), 1618.01 (C = N Str.); 1 H

MR (400 MHz, DMSO-d 6 25 °C) δ 7.90 (m, J = 3.55 Hz, 2H, 

rH), 7.73 (t, J = 1.93 Hz, 1H, ArH), 7.68 (m, J = 1.82 Hz, 1H, ArH),

.59 (q, J = 3.44 Hz, 1H, ArH), 7.41 (q, J = 3.03 Hz, 1H, ArH), 7.26

t, J = 4.01 Hz, 2H, ArH), 7.22 (d, J = 8.87 Hz, 2H, ArH), 6.73 (d,

 = 16.60 Hz, 1H, Ar- H C = CH-), 6.65 (d, J = 16.70 Hz, 1H, Ar-HC = C H -

,), 4.05 (q, J = 7.02 Hz, 2H, CH 2 ), 2.32 (s, 3H, CH 3 ), 2.14 (s, 3H,

H 3 ), 1.28 (t, J = 7.01 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz, DMSO-d6

5 °C) δ 169.2 (C-2 of thiazole), 162.8, 160.3, 150.7, 147.6 (C-5 
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f thiazole), 139.0, 133.5, 131.2, 130.9 (d, J = 10.96 Hz, 1C), 

29.2, 128.3, 127.5 (d, J = 8.13 Hz, 1C), 126.3, 124.8, 124.5, 123.4, 

20.7 (d, J = 38.48 Hz, 1C), 119.7 (d, J = 24.30 Hz, 1C), 115.4 (d,

 = 21.37 Hz, 1C), 115.1, 105.2, 103.6, 70.8 (CH 2 ), 14.9 (CH 3 ), 13.8

CH 3 ), 11.9 (CH 3 ). MS m/z 496.00 (M + H) + . 
4.1.6.18. 4-(4-chlorophenyl)-2-(2-((2E,3E)-4-(1-(3- 

hlorophenyl)-5-ethoxy-3-methyl-1H-pyrazol-4-yl)but-3-en-2- 

lidene)hydrazinyl)thiazole (8d) ; Light Brownish Solid, Yield: 74% 

p: 187–190 °C; FTIR (ATR, vmax, cm-1): 3084.66 (Ar-H Str.), 

982.50 (C-H Str. of CH 3 ), 1616.31 (C = N Str.); 1 H NMR (400 MHz,

MSO-d 6 25 °C) δ 11.29 (brs, 1H, NH), 7.89 (d, J = 8.52 Hz, 2H, ArH),

.75 (t, J = 1.91 Hz, 1H, ArH), 7.60 (s, 1H, ArH), 7.55 (t, J = 8.13 Hz,

H, ArH), 7.47 (d, J = 8.64 Hz, 2H, ArH), 7.42 (d, J = 7.12 Hz, 1H, ArH),

.38 (s, 1H, ArH), 6.74 (d, J = 16.91 Hz, 1H, Ar- H C = CH-), 6.66 (d,

 = 16.68 Hz, 1H, Ar- H C = CH-), 4.29 (s, 2H, CH 2 ), 2.34 (s, 3H, CH 3 ),

.17 (s, 3H, CH 3 ), 1.30 (t, J = 7.01 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz,

MSO-d6 25 °C) δ 169.5 (C-2 of thiazole), 150.9, 149.2, 147.9 (C-5 

f thiazole), 139.2, 133.7, 133.6, 132.7, 132.1, 131.2, 128.8, 127.4, 

26.5, 121.6, 121.3, 121.1, 120.8, 120.1, 119.8, 105.4, 104.9, 71.0 

CH 2 ), 15.1 (CH 3 ), 13.9 (CH 3 ), 12.1(CH 3 ). MS m/z 512.00 (M + H) + . 
4.1.6.19. 2-(2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy-3- 

ethyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)thiazol-4- 

l)-4-fluorophenol (8e) ; Brownish Solid, Yield: 66%, mp: 199–

02 °C; FTIR (ATR, vmax, cm-1): 3073.91 (Ar-H Str.), 2895.89 (C-H 

tr. of CH 3 ), 1600.42 (C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 

5 °C) δ 11.26 (brs, 1H), 10.12 (s, 1H, OH), 7.72 (s,1 H, ArH), 7.67

d, J = 1.96 Hz, 1H, ArH), 7.63 (q, J = 4.26 Hz, 2H, ArH), 7.56 (s, 1H),

.52 (d, J = 8.14 Hz, 1H, ArH), 7.48 (d, J = 4.35 Hz, 1H, ArH), 7.40

d, J = 7.30 Hz, 1H, ArH), 6.99 (q, J = 5.56 Hz, 1H, ArH), 6.89 (t,

 = 4.43 Hz, 1H, ArH), 6.76 (d, J = 16.63 Hz, 1H, Ar- H C = CH-), 6.64 (d,

 = 16.68 Hz, 1H, Ar- H C = CH-), 4.04 (q, J = 6.99 Hz, 2H, CH 2 ), 2.31

s, 3H, CH 3 ), 2.15 (s, 3H, CH 3 ), 1.26 (t, J = 7.00 Hz, 3H, CH 3 ); 
13 C

MR (100 MHz, DMSO-d6 25 °C) δ 168.2 (C-2 of thiazole), 154.2, 

51.4, 147.7 (C-5 of thiazole), 139.0, 138.5, 133.5, 131.0, 127.1, 124.6, 

23.4, 120.9, 119.6, 115.0, 112.8, 105.6, 105.1, 70.8 (CH 2 ), 15.0 (CH 3 ), 

3.8 (CH 3 ), 12.0 (CH 3 ). MS m/z 512.00 (M + H) + . 
4.1.6.20. 2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy-3- 

ethyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(4- 

itrophenyl)thiazole (8f) ; Brownish Solid, Yield: 64%, mp: 197–

00 °C; FTIR (ATR, vmax, cm-1): 3087.80 (Ar-H Str.), 2978.29 (C-H 

tr. of CH 3 ), 1620.73 (C = N Str.); 1 H NMR (400 MHz, DMSO-d 6 

5 °C) δ 11.66 (brs, 1H, NH), 8.27 (d, J = 8.91 Hz, 2H, ArH), 8.11

d, J = 8.86 Hz, 2H, ArH), 7.72 (t, J = 1.87 Hz, 1H, ArH), 7.68–7.66

m, 2H, ArH), 7.54 (t, J = 8.16 Hz, 1H, ArH), 7.40 (d, J = 6.87 Hz, 1H,

rH), 6.73 (d, J = 16.76 Hz, 1H, Ar- H C = CH-), 6.64 (d, J = 16.69 Hz,

H, Ar-HC = C H -), 4.05 (q, J = 7.00 Hz, 2H, CH 2 ), 2.31 (s, 3H, CH 3 ),

.14 (s, 3H, CH 3 ), 1.27 (t, J = 7.00 Hz, 3H, CH 3 ); 
13 C NMR (100 MHz,

MSO-d6 25 °C) δ 169.8 (C-2 of thiazole), 150.9, 149.3, 148.7, 147.9 

C-5 of thiazole), 146.3, 140.9, 139.2, 133.7, 131.2, 127.5, 126.5, 

24.3, 121.1, 120.9, 119.8, 109.0, 105.3, 71.0 (CH 2 ), 15.1 (CH 3 ), 14.0 

CH 3 ), 12.1(CH 3 ). MS m/z 523.00 (M + H) + . 
4.1.6.21. 2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy-3- 

ethyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(p- 

olyl)thiazole ( 8 g ) ; Brownish Solid, Yield: 73%, mp: 200–203 °C; 

TIR (ATR, vmax, cm-1): 3088.16 (Ar-H Str.), 2980.80 (C-H Str. of 

H 3 ), 1615.82 (C = N Str.); 1 H NMR (400 MHz, CDCl 3 , 25 °C), δ
1.10 (brs, 1H, NH), 7.76 (s, 1H, ArH), 7.61 (d, J = 7.85 Hz, 3H, ArH),

.56 (d, J = 8.07 Hz, 3H, ArH), 7.35 (t, J = 8.07 Hz, 1H, ArH), 7.23 (s,

H, ArH), 6.76 (d, J = 16.00 Hz, 1H, Ar- H C = CH-), 6.67 (d, J = 16.01 Hz,

H, Ar-HC = C H -), 4.01 (q, J = 7.03 Hz, 2H, CH 2 ), 2.39 (s, 3H, CH 3 ),

.36 (s, 3H, CH 3 ), 2.30 (s, 3H, CH 3 ), 1.31 (t, J = 7.06 Hz, 3H, CH 3 );
3 C NMR (100 MHz, CDCl 3, 25 °C), δ 169.0 (C-2 of thiazole), 151.3 

d, J = 24.27 Hz, 1C), 148.1, 147.6 (C-5 of thiazole), 138.4, 137.5, 

32.2, 129.2 (d, J = 23.33 Hz, 1 C), 126.8 (d, J = 12.07 Hz, 1 C), 125.8,

22.2, 121.1, 105.4, 102.9, 70.8 (CH 2 ), 21.3 (CH 3 ), 15.3 (CH 3 ), 14.3

CH 3 ), 11.01 (CH 3 ). MS m/z 492.00 (M + H) + . 
14 
4.1.6.22. 2-(2-((2E,3E)-4-(1-(3-chlorophenyl)-5-ethoxy-3- 

ethyl-1H-pyrazol-4-yl)but-3-en-2-ylidene)hydrazinyl)-4-(3,4- 

imethoxyphenyl)thiazole ( 8 h ) ; Brownish Solid, Yield: 68%, mp: 

03–206 °C; FTIR (ATR, vmax, cm-1): 3246.20 (N-H Str.), 3077.26 

Ar-H Str.), 2901.07 (C-H Str. of CH 3 ), 1608.77 (C = N Str.); 1 H

MR (400 MHz, DMSO-d 6 25 °C) δ 11.13 (s, 1H, NH), 7.67 (d, J 

 7.80 Hz, 2H, ArH), 7.51 (t, J = 7.80 Hz, 2H, ArH), 7.38 (m, 3H,

rH), 7.19 (s, 1H, ArH), 6.99 (d, J = 8.37 Hz, 1H, ArH), 6.77 (d, J

 16.66 Hz, 1H, Ar- H C = CH-), 6.67 (d, J = 16.66 Hz, 1H, Ar-HC = C H -),

.01 (q, J = 6.99 Hz, 2H, CH 2 ), 3.79 (d, J = 11.77 Hz, 6H, OCH 3 ), 2.32

s, 3H, CH 3 ), 2.17 (s, 3H, CH 3 ), 1.25 (t, J = 7.02 Hz, 3H, CH 3 ); 
13 C

MR (100 MHz, DMSO-d6 25 °C) δ 162.4 (C-2 of thiazole), 159.5, 

51.2 (d, J = 8.80 Hz, 1C), 150.8, 148.8(d, J = 4.37 Hz, 1C), 148.0,

38.2(C-5 of thiazole), 138.1, 134.3, 129.0, 126.7, 126.3, 121.7, 121.6, 

18.0, 112.4, 111.7, 109.2, 109.0, 68.7 (CH 2 ), 55.3 (d, J = 24.2 Hz, 1C,

CH 3 ), 14.6 (CH 3 ), 13.3 (CH 3 ), 13.1 (CH 3 ). MS m/z 538.00 (M + H) + .

.2. Molecular docking and simulation 

.2.1. Proteins (COVID-19 s gp and hACE2) acquisition and preparation 

The X-ray crystal structures of the SARS-CoV-2 S gp (PDB code: 

LZG) and hACE2 (PDB code: 1R4l) were obtained from the RSCB 

rotein Data Bank [ 36 , 37 ]. The two proteins’ structures were then 

repared on the UCSF Chimera software package [38] . The struc- 

ures of the proteins were prepared by removing water molecules, 

onstandard naming, protein residue connectivity. The missing 

toms of sidechains and protein backbone were added to the pro- 

ein structure before the molecular docking. The standard drugs 

efoperazone (CFZ) and MLN-4760 were accessed from PubChem 

39] . The 3-D structures of the pyrazolone compounds and the 

tandard drugs were prepared on the Avogadro software package 

40] . 

.2.2. Molecular docking 

Autodock available on Chimera was used for molecular dock- 

ng [41] with default docking parameters. Before docking, Gasteiger 

harges were added to the molecules, and the non-polar hydrogen 

toms were merged into carbon atoms. The molecules were then 

ocked into the proteins’ binding pocket, COVID-19 S gp and hACE2, 

y defining the grid box with a spacing of 1 Å each and size and

64 × 108 × 46) and (78 × 102 × 90) pointing in x, y and z di- 

ections, respectively. A duplicate docking and of the The standard 

rug systems and all molecules with the two best docking scores 

for duplication) were then subjected to molecular dynamics sim- 

lations. 

.2.3. Molecular dynamic (MD) simulations 

The MD simulation was performed as described by Idowu et al. 

29] . The simulations were performed using the GPU version pro- 

ided with the AMBER package (AMBER 18), in which the FF18SB 

ariant of the AMBER force field (Nair and Miners, 2014) was used 

o describe the systems. 

ANTECHAMBER was used to generate atomic partial charges for 

he ligand by utilizing the Restrained Electrostatic Potential (RESP) 

nd the General Amber Force Field (GAFF) procedures. The Leap 

odule of AMBER 18 allowed for the addition of hydrogen atoms 

nd Cl − and Na + counter ions to COVID-19 S gp and hACE2, respec- 

ively, to neutralize all systems. The systems were then suspended 

mplicitly within an orthorhombic box of TIP3P water molecules 

uch that all atoms were within 8 Å of any box edge [42] . 

An initial minimization of 20 0 0 steps was carried out with 

n applied restraint potential of 500 kcal/mol for both solutes. 

hey were performed for 10 0 0 steps using the steepest descent 

ethod followed by 10 0 0 steps of con J ugate gradients. An addi- 

ional full minimization of 10 0 0 steps was further carried out us- 

ng the con J ugate gradient algorithm without restraint. A gradual 
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eating MD simulation from 0 K to 300 K was executed for 50 ps, 

uch that the systems maintained a fixed number of atoms and 

xed volume. The systems’ solutes were imposed with a poten- 

ial harmonic restraint of 10 kcal/mol and collision frequency of 

.0 ps. Following heating, an equilibration estimating 500 ps of 

ach system was conducted; the operating temperature was kept 

onstant at 300 K. Additional features such as several atoms and 

ressure were also held constant, mimicking an isobaric-isothermal 

nsemble. The system’s pressure was maintained at 1 bar using the 

erendsen barostat (Gonnet, 2007; Basconi and Shirts, 2013). 

The total time for the MD simulations conducted was 100 ns. 

n each simulation, the SHAKE algorithm was employed to con- 

trict hydrogen atoms’ bonds [43] . The step size of each simulation 

as 2fs, and an SPFP precision model was used. The simulations 

oincided with the isobaric-isothermal ensemble (NPT), with ran- 

omized seeding, the constant pressure of 1 bar maintained by the 

erendsen barostat a pressure-coupling constant of 2 ps, a temper- 

ture of 300 K and Langevin thermostat with a collision frequency 

f 1.0 ps [ 42 –44 ]. 

.2.4. Post-Dynamic analysis 

Analysis of root mean square deviation (RMSD), root means 

quare fluctuation (RMSF) Solvent accessible surface area (SASA), 

ydrogen bond (Hbond) and radius of gyration (RoG) was done us- 

ng the CPPTRA J module employed in the AMBER 18 suit. All aver- 

ge raw data plots were generated using the Origin data analysis 

oftware [45] . 

.2.5. Binding free energy calculations 

To estimate and compare the systems’ binding affinity, the free 

inding energy was calculated using the Molecular Mechanics/GB 

urface Area method (MM/GBSA) (Ylilauri and Pentikäinen, 2013). 

inding free energy was averaged over 10 0,0 0 0 snapshots ex- 

racted from the 100 ns tra j ectory. The free binding energy ( �G) 

omputed by this method for each molecular species (complex, lig- 

nd, and receptor) can be represented as: 

G bind = G complex − G receptor − G ligand ( 1 ) 

G bind = E gas + G sol − TS ( 2 ) 

 gas = E int + E vdw 

+ E ele ( 3 ) 

 sol = G GB + G SA ( 4 ) 

 SA = γ SASA ( 5 ) 

E gas denotes the gas-phase energy, which consists of the inter- 

al energy E int , Coulomb energy E ele and the van der Waals ener- 

ies E vdw 

. The E gas was directly estimated from the FF14SB force 

eld terms. Solvation free energy, G sol , was estimated from the en- 

rgy contribution from the polar states, GGB, and non-polar states, 

. The non-polar solvation energy, SA. GSA was determined from 

he solvent-accessible surface area (SASA), using a water probe ra- 

ius of 1.4 Å. In contrast, the polar solvation, GGB, the contribution 

as estimated by solving the GB equation. S and T denote the total 

ntropy of the solute and temperature, respectively. 

.2.6. Pharmacokinetic properties analysis 

For the prediction of the lead compounds’ pharmacokinetic 

roperties and the standard drugs, the SwissADME server was em- 

loyed [44] .The server predicts the target of small molecules. 
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