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    Abstract
Background: ACE2 is a receptor for Corona virus. COVID-19 (coronavirus) is a deadly virus which can enter the human body through 'angiotensin-converting enzyme 2' human cells, hardly damages the respiratory system. On severe infection on these cells make the lungs weaker, results difficulty in breathing and lead to death. We took this major issue as a challenge and planned to synthesize chemical molecules (compounds), particularly pyrazole derivatives, and found good results. We prepared a convenient laboratory and planned according to our work. Aims and Objectives: Cinnamaldehydes prepared by Claisen condensation were made to react with hydrazine hydrate and phenylhydrazine derivatives to afford pyrazoles. Nano-TiO2 was influenced the reactions without using solvents. Green chemistry was employed by microwave irradiation. Comparitive studies with conventional method were done. The synthesised compounds were characterized by Fourier transform infrared (FT-IR), Proton NMR (1H NMR) and elemental analysis. Synthesised compounds were screened against COVID-19 as antiviral agents. Materials and Methods: We reported microwave method for the green synthesis of chemical molecules so that the reactions maintained under microwave irradiation. All the reactions were carried in microwave oven. In-vitro studies by MTT-assay method of synthesized chemical molecules exhibited good potency in inhibiting ACE2 infected human cells. Results: Microwave assisted reactions were completed in very short time compared to Conventional method. More compounds exhibited good inhibitory potency having cytotoxicity concentration (CC50) and effective concentration (EC50) values against COVID-19. Inhibition of ACE2 human cells infected from COVID-19 was determined by MTT method. Some compounds proved as good potent molecules by acting ACE2 human cells receptors against COVID-19. Conclusion: We afforded the Pyrazole molecules by green synthesis proved that these can act as effective drugs for ACE2 infected cells against Covid-19. Microwave method is proved to be an efficient and convenient one for the green synthesis.
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    Introduction


    At present, COVID-19 (coronavirus) is a very dangerous virus causing infection to the respiratory system of human 'angiotensin-converting enzyme 2' (ACE2) cells and leading to death. This is a challenging task for the researchers to discover the medicine for this. Hence, we planned to synthesise heterocyclic compounds, particularly pyrazole derivatives, for possessing good pharmaceutical efficacy. Literature study tells us that these derivatives have shown excellent results by acting as antiviral agents. We attempted to test these molecules against COVID-19 in Cytxon laboratory and afforded good results.


    A simple and convenient method was followed for the synthesis of a series of pyrazoles. Different derivatives of cinnamaldehyde were made to react with hydrazine hydrate and different phenylhydrazines to afford pyrazoles.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4] In this work, nano-TiO2 was used in all reactions without solvents. All reactions completed faster under microwave irradiation than conventional method.[bookmark: ft5][5],[bookmark: ft6][6] Structural elucidation of compounds was characterised by Fourier transform infrared (FT-IR), 1H NMR and elemental analysis. After literature study, pyrazoles exhibit excellent pharmaceutical applications by possessing various biological activities such as antibacterial, anti-inflammatory, antiviral, anticancer and anti-HIV.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10] We planned to in vitro screening of the compounds against COVID-19. More compounds exhibited good inhibitory activity (CC50 and EC50 values) and confirmed that our compounds are having inhibitory potency against COVID-19.


    Materials and Methods


    FT-IR spectrometer (Vertex series from Bruker), 1H NMR (400 MHz) and Thermo Fischer elemental analyser (BR422710716) were used. Biological activity against COVID-19 has been screened by Cytxon Biosolutions Pvt. Ltd., Hubli - 580 031, Karnataka, India.


    General procedure for the synthesis of 2-substituted- 3-phenyl-1H-pyrazoles


    0.01 M cinnamaldehydes (1) were made to react with 0.01 M of 0.5 g hydrazine hydrate (2) and 0.01 M phenylhydrazines (3). 0.1% M of nano-TiO2 was added to the reaction mixture. The reaction was run under microwave oven without solvents [Figure - 1]. The solution was monitored by Thin Layer Chromatography and iodine chamber. After reaction completion, the crude compound along with nano-TiO2 was filtered off. It was separated by washing with hot water and recrystallised by ethanol.
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        	Table 1: Reaction of 4a-j under microwave and conventional methods
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    3-(2-methoxyphenyl)-1H-pyrazole (4a)


    Orange solid, %yield = 87.00, m p: 146 °C, IR (KBr): 3412 cm−1 (N–H stretch), 3060 cm−1 (=C–H, stretch), 2867 cm−1 (–CH, stretch), 1175 cm−1 (C–O–C), 1212 cm−1 (C = N, stretch); 1H NMR (400 MHz, DMSO-d6): δ 2.5 (1H, d, CH = N, α to nitrogen), 3.3 (3H, s), 7.4 (1H, d, J = 2.5 Hz), 7.5 (1H, ddd, J = 8.2, 1.2, 0.5 Hz), 8.169-8.1 (1H, s, N–NH–CH).


    Anal. Calcd. For C10H10N2O (174.00%): C, 68.97; N, 16.1; O, 9.19; H, 5.74; Found: C, 69.14; N, 15.89; O, 9.14; H, 5.83.


    2-(1H-pyrazol-3-yl) phenol (4b)


    Brown solid, %yield = 93.00, m p: 171°C, IR (KBr): 3432 cm−1 (N–H, stretch), 2919 cm−1 (–C–H, stretch), 1601 cm−1 (C = C, aromatic), 1180 cm−1 (C–OH, stretch); 1H NMR (400 MHz, DMSO-d6): δ 6.7 (1H, d, J = 2.5 Hz), 6.9 (1H, ddd, J = 8.2, 1.5, 1.4 Hz), 7.2 (1H, ddd, J = 7.6, 1.5, 1.5 Hz), 7.4 (1H, td, J = 1.4, 0.5 Hz), 7.7 (1H, ddd, J = 8.2, 7.6, 0.5 Hz), 8.1 (1H, d, J = 2.5 Hz), 9.6 (=N–NH).


    Anal. Calcd. For C9H8N2O (160.00%): C, 67.50; N, 17.5; O, 10.00; H, 5.00; Found: C, 68.14; N, 17.59; O, 9.44; H, 4.83.


    2-(1H-pyrazol-3-yl)-aniline (4c)


    Yellow solid, % yield = 91.00, m p: 14903°C, IR (KBr): 3432 cm−1 (N–H, stretch), 3251 cm−1 (NH2, stretch), 3098 cm−1 (=C–H, stretch), 1422 cm−1 (C = C, aromatic); 1H NMR (400 MHz, DMSO-d6): δ 3.7 (2H, NH2), 2.0 (–CH = N, stretch), 6.8 (1H, d, J = 2.5 Hz), 7.04 (1H, td, J = 8.1, 1.1 Hz), 7.1 (1H, ddd, J = 8.3, 8.1, 1.4 Hz), 7.4 (1H, ddd, J = 8.3, 1.1, 0.5 Hz), 7.5 (2H, 7.48 (d, J = 2.5 Hz), 7.8 (ddd, J = 8.1, 1.4, 0.5 Hz), 8.6 (=CH–NH).


    Anal. Calcd. For C9H9N3 (159.00%): C, 67.92; N, 26.42; H, 5.66; Found: C, 68.12; N, 26.79; H, 5.09.


    2-(1H-pyrazol-3-yl)-benzonitrile (4d)


    Yellow solid, %yield = 82.00, m p: 168°C, IR (KBr): 3390 cm−1 (N–H, stretch), 2191 cm−1 (CN, stretch), 1597 cm−1 (C = C, aromatic). 1H NMR (400 MHz, DMSO-d6): δ 2.5 (–CH = N), 7.5 (1H, d, J = 2.4 Hz), 7.5 (2H, 7.58 (ddd, J = 8.4, 7.6, 1.6 Hz), 7.8 (d, J = 2.4 Hz)), 7.89 (1H, ddd, J = 7.6, 1.6, 0.5 Hz), 7.9 (2H, 7.76 (ddd, J = 7.6, 7.6, 1.2 Hz), 7.7 (ddd, J = 8.4, 1.2, 0.5 Hz), 8.7 (s, =CH–NH).


    Anal. Calcd. For C10H9N3 (171.00%): C, 70.17; N, 24.56; H, 5.26; Found: C, 71.12; N, 24.69; H, 4.19.


    3-(2-nitrophenyl)-1H-pyrazole (4e)


    Brown solid, %yield = 81.00, m p: 164°C, IR (KBr): 3439 cm−1 (N–H, stretch), 3081 cm−1 (=C–H), 1630 cm−1(), 1596 cm−1 (NO2). 1H NMR (400 MHz, DMSO-d6): δ 2.5 (=CH–N), 7.18 (1H, d, J = 2.1 Hz), 7.3 (1H, ddd, J = 8.5, 8.1, 1.6 Hz), 7.4 (1H, d, J = 2.1 Hz), 7.6 (2H, 7.77 (ddd, J = 8.1, 7.5, 1.6 Hz), 7.8 (ddd, J = 7.5, 1.6, 0.5 Hz)), 8.4 (1H, ddd, J = 8.5, 1.6, 0.5 Hz), 9.7 (1H, =CH–NH).


    Anal. Calcd. For C9H7N3O2 (189.00%): C, 57.14; N, 22.23; O, 16.93, H, 3.70; Found: C, 58.02; N, 21.89; O, 16.97; H, 3.2.


    Methyl 2-(1H-pyrazol-3-yl)-benzoate (4f)


    Yellow solid, %yield = 79.00. m p: 192°C, IR (KBr): 3333 cm−1 (N–H, stretch), 2921 cm−1 (–C–H, stretch), 1732 cm−1 (C = O, ester). 1H NMR (400 MHz, DMSO-d6): δ 3.8 (3H, CH3), 6.8 (1H, d, J = 2.4 Hz), 7.0 (1H, ddd, J = 8.2, 7.7, 1.4 Hz), 7.1 (1H, d, J = 2.4 Hz), 7.4 (2H, 7.77 (ddd, J = 7.7, 7.6, 1.3 Hz), 7.8 (ddd, J = 7.6, 1.4, 0.4 Hz)), 7.86 (1H, ddd, J = 8.2, 1.3, 0.4 Hz), 8.6 (s, =CH–NH).


    Anal. Calcd. For C11H10N2O2 (202.00%): C, 65.34; N, 13.86; O, 15.84; H, 4.96; Found: C, 66.02; N, 14.29; O, 15.27; H, 4.33.


    1-[2-(1H-pyrazol-3-yl) phenyl]-ethanone (4g)


    Yellow solid, %yield = 83.00, m p: 138°C, IR (KBr): 3372 cm−1 (–NH, stretch), 3147 cm−1 (=CH, stretch), 2942 cm−1 (–CH, stretch), 1718 cm−1 (C = O, stretch), 1605 cm−1 = C, r, weak), 1438 cm−1 (CH3, bend); 1H NMR (400 MHz, DMSO-d6): δ 3.7 (3H, s), 2.3 (=CH–N), 6.8 (1H, d, J = 2.4 Hz), 7.0 (1H, ddd, J = 7.9, 7.7, 1.5 Hz), 7.5 (2H, 7.64 (d, J = 2.4 Hz), 7.6 (ddd, J = 7.9, 1.3, 0.4), 7.4 (2H, 7.76 (td, J = 7.7, 1.3 Hz), 7.8 (ddd, J = 7.7, 1.5, 0.4 Hz, 8.6 (=CH–NH).


    Anal. Calcd. For C11H10N2O (186.00%): C, 70.97; N, 15.05; O, 8.60; H, 5.37; Found: C, 71.46; N, 15.55; O, 7.78; H, 5.21.


    (4-nitro-1-phenyl)-3-phenyl-pyrazole (4h)


    Brown solid, %yield = 82.00, m p: 168°C, IR (KBr): 3439 cm−1 (N–H, stretch), 3081 cm−1 (=C–H), 1630 cm−1(), 1596 cm−1 (NO2). 1H NMR (400 MHz, DMSO-d6): δ 2.5 (=CH–N), 7.1 (1H, d, J = 2.1 Hz), 7.3 (1H, ddd, J = 8.5, 8.1, 1.6 Hz), 7.4 (1H, d, J = 2.1 Hz), 7.6 (2H, 7.77 (ddd, J = 8.1, 7.5, 1.6 Hz), 7.8 (ddd, J = 7.5, 1.6, 0.5 Hz)), 8.4 (1H, ddd, J = 8.5, 1.6, 0.5 Hz), 9.7 (1H, =CH–NH).


    (4-fluoro-1-phenyl)-3-phenyl-pyrazole (4i)


    Brown solid, % yield 79.00, m p: 192°C, IR (KBr): 3412 cm−1 (N–H stretch), 3060 cm−1 (=C–H, stretch), 2867 cm−1 (–CH, stretch), 1175 cm−1 (C–O–C), 1212 cm−1 (C = N, stretch); 1H NMR (400 MHz, DMSO-d6): δ 2.5 (1H, d, CH = N, α to nitrogen), 3.3 (3H, s), 7.4 (1H, d, J = 2.5 Hz), 7.5 (1H, ddd, J = 8.2, 1.2, 0.5 Hz), 7.5 (2H, 7.14 (td, J = 8.2, 1.5 Hz), 7.6 (ddd, J = 8.2, 8.0, 1.2 Hz)), 7.61 (2H, 7.52 (d, J = 2.5 Hz), 7.64 (ddd, J = 8.0, 1.5, 0.5 Hz), 8.1 (1H, s, N–NH–CH).


    (4-methoxy-1-phenyl)-3-phenyl-pyrazole (4j)


    Yellow solid, %yield = 81.00. m p: 192°C, IR (KBr): 3333 cm−1 (N–H, stretch), 2921 cm−1 (–C–H, stretch), 1732 cm−1 (C = O, ester). 1H NMR (400 MHz, DMSO-d6): δ 3.8 (3H, CH3), 6.8 (1H, d, J = 2.4 Hz), 7.0 (1H, ddd, J = 8.2, 7.7, 1.4 Hz), 7.1 (1H, d, J = 2.4 Hz), 7.4 (2H, 7.77 (ddd, J = 7.7, 7.6, 1.3 Hz), 7.8 (ddd, J = 7.6, 1.4, 0.4 Hz)), 7.86 (1H, ddd, J = 8.2, 1.3, 0.4 Hz), 8.6 (s, =CH–NH).


    Results and Discussions


    The cells were trypsinised and aspirated into a 5-ml centrifuge tube. Cell pellet was obtained by centrifugation at 300 ×g. The cell count was adjusted, using DMEM HG medium, such that 200 μl of suspension contained approximately 10,000 cells. To each well of the 96-well microtitre plate, 200 μl of the cell suspension was added and the plate was incubated at 37°C and 5% CO2 atmosphere for 24 h. After 24 h, the spent medium was aspirated. Two hundred microlitres of different test concentrations of test drugs was added to the respective wells. The plate was then incubated at 37°C and 5% CO2 atmosphere for 24 h.


    The percentage growth inhibition was calculated, after subtracting the background and the blank, and the concentration of the test drug needed to inhibit ACE2 human cells growth by 50% (CC50 and EC50) was generated from the dose–response curve for the cell line.


    Microwave method was found to be more simple, convenient and efficient method than conventional method.[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15] Nano-TiO2 catalyst accelerated the reactions. We followed green synthesis under solvent-free conditions.[bookmark: ft16][16],[bookmark: ft17][17],[bookmark: ft18][18]


    [Table - 1] shows that 4a compound afforded in 30 s of reaction time under microwave irradiation. However, the same compound completed its reaction in 4 min under conventional method. 4b completed the reaction in 60 s and yielded highest amongst all the compounds.
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        	Table 1: Reaction of 4a-j under microwave and conventional methods
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    Compounds 4e and 4f possessing electron-withdrawing groups (-NO2). Hence, these completed the reaction in 75 s and 1 min, respectively. However, the remaining compounds possessing electron releasing groups completed reactions at shorter time than 4e and 4f.


    Antiviral assays


    All synthesised compounds and standard inhibitors were evaluated by using the experimental protocol.[bookmark: ft19][19],[bookmark: ft20][20],[bookmark: ft21][21],[bookmark: ft22][22] Inhibition of ACE2 human cells from COVID-19 was determined by MTT method [Figure - 2]. Some compounds acted as potent ACE2 human cell receptors against COVID-19.
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        	Figure 2: MTT images of angiotensin-converting enzyme 2 human cells tested against COVID-19
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    [Table - 2] shows that 4b, 4c and 4j compounds exhibited excellent CC50 values against COVID-19. 4a, 4h and 4i compounds showed very low CC50 values. However, 4c showed an excellent EC50 value (>5.0). 4e, 4f, 4g, 4h and 4j showed moderate EC50 values. 4a, 4b, 4d and 4i do not show activity against COVID-19.
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        	Table 2: In vitro antiviral activity of pyrazole derivatives 4a-j against COVID-19
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    4b, 4c, 4e, 4f and 4j exhibited more potency (CC50) than the standard drug ribavirin. However, all compounds showed less potency (EC50) than ribavirin. Similarly, all compounds showed less potency (CC50) than 6-azuridine. 4c, 4e, 4f, 4g and 4h exhibited more potency (EC50) than 6-azuridine; the remaining compounds showed NA result.


    Time of addition assay


    Time-of-addition experiments were performed on ACE2 human cells against COVID-19. The effects of compound 4b (84 μM = 10 × EC50) and reference inhibitor 6-azuridine (90 μM = 2 × EC50) were evaluated by using the experimental protocol reported.


    Conclusion


    Synthesis of pyrazole derivatives via simple and convenient method, i.e. microwave method, is proved to be an efficient method. The use of nano-TiO2 under solvent-free conditions maintained green synthesis. In vitro screening of some compounds showed excellent CC50 values, and some compounds exhibited excellent EC50 values as ACE2 human cell receptors against COVID-19.
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  Table 1: Reaction of 4a-j under microwave and conventional methods
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  Figure 2: MTT images of angiotensin-converting enzyme 2 human cells tested against COVID-19
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  Table 2: In vitro antiviral activity of pyrazole derivatives 4a-j against COVID-19
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method method
4a 30s 87.00 4 min 71.00
4b 60s 93.00 6 min 74.00
A 45s 91.00 7 min 69.00
4d 60s 82.00 5 min 78.00
4e T5s 81.00 8 min 68.00
4 1 min 79.00 6 min 68.00
4g 60s 83.00 7 min 70.00
4h 45s 82.00 8 min 64.00
4 60s 79.00 6 min 71.00

4 45 s 81.00 10 min 66.00
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Compounds covip-19

cc,, (uM) EC,, (uM)
4 >150 NA
W 84.0=0.1 NA
I 89.0=0.01 >50
] =150 NA
% 13021 330220
4 141220 28325
1 154230 42520
4 >150 382220
4 >150 NA
4 78210 603.0
Standard drugs
Ribavirin >150 39.0220

6-Azuridine >31.0£1.5 48.0+2.5
NA: Not applicable, CC: Cytotoxicity concentration, E
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