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Abstract

In this study, SARS-CoV-2 3CLrre inhibitor 1 with a simple structure and potent antiviral activity
was used as the lead compound to design a novel series of indolyl phenyl ester derivatives based
on bioisosterism. All compounds were synthesized by one-step esterification, and their structures
were characterized by 'H NMR, 13C NMR and HR-MS. Molecular docking results showed that some
compounds displayed higher scores than the lead compound, indicating that indolyl phenyl ester
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derivatives could be developed as a novel SARS-CoV-2 3CLrro inhibitors.

Keywords

SARS-CoV-2 Inhibitors, Bioisosterism, Synthesis, Molecular Docking

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

378 5 R 99 25 48 (Corona Virus Disease 2019, COVID-19) /2 137 54 56 IR 97 5 (Severe Acute Respirato-
ry Syndrome Coronavirus 2, SARS-CoV-2) 5| #2 [ B K A% GePEfci[1]. COVID-19 H 2020 kA LK, ™
HRP N AR, HIZr e kg [2]. DA R R TP d e, (HBEAE SARS-CoV-2 RAZKK 1)
ANWTHBL, R B 75 2 A R POR BT VR3] [4]. H T E AN A IR 19T COVID-19 (/N +
2225 FE Remdesivir. Molnupiravir. Paxlovid. Renmindevir. Baricitinib #1 Azvudine [5]. ‘EAI7ER
REE AR T R T ERIER, SORHEEF 7 ARG B 1S O o

SARS-CoV-2 F: & F(Main Protease, M, 3CLP") & Bk 7 51 F B AL 1 e 2 IR 2 11, B 8K o 755
A ISR B V) B S AR E ARG M B, TR0 B 0 S A e R R HE A AR 6]
[7]. 2021 49 H, Ghosh 7t A BAHRIE T — FF1 05| WAL IE BE 2R SARS-CoV-2 3CLP #idfil5; Horb, fbé&
Y11 BAR R 3CLP 1 E(ICs = 0.25 uM) ALK Pt SARS-CoV-2 (ECsy = 2.8 uM in VeroE6
cells)iEPE[8], HAEAINLIE Y. 3CLP H Hisdl #RIEZFHL Cys145 FkAk BB E, Cys145 FRAEx b &4 1
HEAT SR O S DY T A ) 2, B SUitne SR A8 25, &) 15 Cys14b B IE st AN aile inFi4s) ,
M 3CLP® f AW (] 1) 2487, COVID-19 {37E 8 4E, Wt S5IF R B, 24, ARH R
BN 1% RAFI SARS-CoV-2 3CLP Il e /L JEBE[9] . AW IFA L T — RYIET % SARS-CoV-2
3CLP i, BAELAJH SARS-CoV-2 flli 7 I & St H B .
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Figure 1. Action mechanism of compound 1

B 1 a1 s fERiE

2. BRRLEMRS iRt

AL EY 1 A% IAEY, WAV T EHASIR BT T — RPNV RR AT 44 (5a-51)
[10], fEREED IR TR R FAEAAEAL), B9 LRI R LRETT, ISt s HArfe 590

DOI: 10.12677/hjmce.2022.104037 353 i


https://doi.org/10.12677/hjmce.2022.104037
http://creativecommons.org/licenses/by/4.0/

Wr &

Pt SARS-CoV-2 i M 2).

al OO O\ 5a: R=3-F
| { | /—R 5b: R =3-Br
_ 5c: R =4-Br
N - .
N\ . bioisosterism N N 5d: R = 3-CF;
N e H 5e: R =4-CN
1 H 5a-5f 5f. R =4-NO,

IC50 = 0.25 uM (SARS-CoV-2 3CLP™)
ECsp =2.8 uM (anti-SARS-CoV-2 in VeroE®6 cells)

Figure 2. Molecular design of target compounds (5a-5f)

B 2. BArEH(5a-5NM 7 Fistit

N MNHIE ERIE RS M, AW 5 A Discovery Studio 2021 FEFEAE A T4, K H
Frft &4 b X F| 1/SARS-CoV-2 3CLP° H & M45#)(PDB: 7TRBZ)H (14 3) [8]. 4R B K&
AT 7 a5 R T a1, Horb b (WHT 7045 R (R 1), RIIGIMRBEAT A9 (5a-5f) LA R 75 117
7E#1 SARS-CoV-2 i, 5b 11 5 SARS-CoV-2 3CLP™ )43 1-XF #2240 H.AF FH 43 3] WL 3(a) 5 & 3(b).
SRR IR, 5o M SAEY 1 —FE, ¥RES SARS-CoV-2 3CLP° 2 Pkl ELAE I /1, X3 HELE
PREFIG MR B2

Table 1. Molecular docking scores
=1L SFNEIT R

Compound LibDockScore Compound LibDockScore
1 76.14
5a 77.72 5d 77.64
5b 79.29 5e 76.43
5¢c 74.29 5f 76.13
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Figure 3. Molecular docking interaction diagrams of 5b(a) and 1(b)
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3. ¥R 54R
31 M

H NMR F1 °C NMR %% FH Bruker AVI11-400 MHz B REIEHRACIN 5E 5 BT AL 22500 I R vk vt B 41
YR e ali Ak 2e g, R IRACFE E A .

32. BRAE
DL 3-15| Wk H R (3) 5 B AR K Ty (4a-4f) it is Bkl &— D Hath e NS 2 B brfb &4 (5a-5f), A& ik
2L 4,
0 o)
OH 0 0 5a:R = 3-F
HO EDCI. DMAP -—R 5b: R = 3-Br
\ + | Mg ' \ = 5c: R = 4-Br
N P DCM, r.t. N 5d: R = 3-CF
H H 5e: R =4-CN
3 4a-4f 5a-5f 5f: R = 4-NO,

Figure 4. Synthetic route of 5a-5f
[E] 4. 5a-5f K& AL EE 2k

3.2.1. 3-MAE:-3-IIWR FERER (5a) I &

# 3-15| Wk I 2(0.51 g, 3.15 mmol). 3-5 2 3(0.42 g, 3.72 mmol). 1-Z.%E-(3- - R FE 4 3 b ik — 0
[tz #5182 £ (EDCI) (0.72 g, 3.73 mmol) Fil 4- — H & JL ke (DMAP) (0.38 g, 3.14 mmol)#Hfi# T 20 mL 5 H i
o, EIRN 8 he JRBRZVEA, BRARVIAREEATE T (PN A BN L8R Ol = 411, VIV)AiikiR A
[ 4K 0.68 g, Y% 86.3%, m.p. 151°C~153C; *H NMR (400 MHz, DMSO-dg) 6 12.22 (s, 1H), 8.37 (s, 1H),
8.04 (dd, J = 6.6, 2.5 Hz, 1H), 7.58~7.53 (m, 1H), 7.53~7.46 (m, 1H), 7.30~7.22 (m, 3H), 7.16 (dtd, J = 6.6, 4.7,
2.6 Hz, 2H); *C NMR (100 MHz, DMSO-dg) J 162.66, 152.14, 136.98, 134.59, 131.14, 131.04, 126.20, 123.26,
122.24, 120.76, 118.95, 118.92, 113.08, 110.45, 105.43; HR-MS (ESI) m/z: calcd for CysH;0FNNaO, {[M +
Na]*} 278.0593 found 278.0585.

3.2.2. 3-R&FE-3-WIBk R ELAE (5h) & AL

5 3-M5|k FHER(0.51 g, 3.15 mmol). 3-7RZK}(0.64 g, 3.72 mmol). EDCI (0.72 g, 3.73 mmol)#1 DMAP
(0.38 g, 3.14 mmol)¥fi#T 20 mL & kit =N 8 he LR EER, TRRVETEIRFEZHr (BElt
A R OB = 411, VIV) 41 (A 4 0.77 g, YK 78.5%, m.p. 180°C~181°C; 'H NMR (400 MHz,
DMSO-dg) ¢ 12.23 (s, 1H), 8.37 (d, J = 2.9 Hz, 1H), 8.07~8.01 (m, 1H), 7.65~7.53 (m, 2H), 7.53~7.48 (m, 1H),
7.44 (t, J = 8.0 Hz, 1H), 7.33 (dd, J = 7.4, 1.8 Hz, 1H), 7.26 (it, J = 7.2, 5.6 Hz, 2H); *C NMR (100 MHz,
DMSO-dg) 6 162.67, 151.98, 137.01, 134.64, 131.58, 128.86, 126.25, 125.83, 123.23, 122.22, 122.00, 121.89,
120.80, 113.08, 105.41; HR-MS (ESI) m/z: calcd for C;5H,BrNNaO, {[M + Na]*} 339.9793 found 339.9762.

3.2.3. 4-jRF & 3-I5| Mk R RS (50) O A AR

H 3-15| Wk B 2(0.50 g, 3.13 mmol). 4-17KM[3(0.65 g, 3.76 mmol). EDCI (0.71 g, 3.71 mmol)F1 DMAP
(0.38 g, 3.14 mmol)iFfET 20 mL & F ki, =R 8 he LR EER], FRRVERERAEZE T (G
FAT B 2R 18 = 411, VIV) 254k 13 3 fF 74 0.93 g, 1R 94.8%, m.p. 208°C~209°C; *H NMR (400 MHz,
DMSO-dg) § 12.29~12.14 (m, 1H), 8.36 (d, J = 2.7 Hz, 1H), 8.03 (dd, J = 6.8, 2.1 Hz, 1H), 7.69~7.60 (m, 2H),

DOI: 10.12677/hjmce.2022.104037 355 i


https://doi.org/10.12677/hjmce.2022.104037

Wr &

7.59~7.52 (m, 1H), 7.32~7.20 (m, 4H); *C NMR (100 MHz, DMSO-ds) 6 162.73, 150.45, 136.99, 134.57,
132.72, 126.23, 125.01, 123.22, 122.20, 120.77, 118.09, 113.07, 105.48; HR-MS (ESI) m/z: calcd for
CisH10BrNNaO, {[M + Na]*} 339.9793 found 339.9763.

3.2.4. 3-=WEAEFE-3- 05| BE FABREE (5d) I & R

+4 3-15 Wk F2(0.51 g, 3.15 mmol). 3-=4%t F 2 2K13(0.60 g, 3.72 mmol). EDCI (0.72 g, 3.73 mmol)#!
DMAP (0.39 g, 3.15 mmol)i#f# T 20 mL & Fhed, =P 8 ho WL LIEF, RRMEFEREZ
BT (Pemi Ak 2B 2B = 411, VIV)4ies Atk 0.84 g, Y% 88.3%, m.p. 147°C~149°C; 'H NMR
(400 MHz, DMSO-dg) d 12.23 (s, 1H), 8.39 (d, J = 3.0 Hz, 1H), 8.08~7.99 (m, 1H), 7.69 (g, J = 7.8 Hz, 3H),
7.65~7.61 (m, 1H), 7.58~7.53 (m, 1H), 7.26 (tt, J = 7.2, 5.5 Hz, 2H); *C NMR (100 MHz, DMSO-d;) §162.67,
151.47, 137.01, 134.78, 131.19, 130.80, 127.10, 126.24, 125.57, 123.26, 122.86, 122.62, 122.25, 120.78,
113.09, 105.31; HR-MS (ESI) m/z: calcd for CgH10FsNNaO, {[M + Na] '} 328.0561 found 328.0555.

3.2.5. 4-JEFE-3-M5| B A EREE (Se) I & Ak

# 3-MmIPk HER(0.50 g, 3.13 mmol). 4-}%2KHI5(0.45 g, 3.78 mmol). EDCI (0.71 g, 3.71 mmol)F
DMAP (0.38 g, 3.14 mmol)¥#fi#T 20 mL & i, =EM 8 ho JIERR LR, RRMEEREE
Mr(Gemi A it 2.8 2.6 = 411, VIV)Zifkis (el ik 0.69 g, Wi 85.2%, m.p. 202°C~203C; 'H NMR
(400 MHz, DMSO-dg) ¢ 12.27 (s, 1H), 8.40 (d, J = 3.1 Hz, 1H), 8.03 (dd, J = 6.6, 2.3 Hz, 1H), 7.99~7.94 (m,
2H), 7.55 (tt, J = 9.1, 2.3 Hz, 3H), 7.26 (tt, J = 7.2, 5.6 Hz, 2H); *C NMR (100 MHz, DMSO-ds) J 162.24,
154.81, 137.03, 134.96, 134.40, 126.21, 123.99, 123.32, 122.32, 120.75, 118.97, 113.14, 108.66, 105.16;
HR-MS (ESI) m/z: calcd for Cy6H10N,NaO, {[M + Na]"} 285.0640 found 285.0633.

3.2.6. 4-FHELZRE-3-W| MR FRER TR (5B & RY

4 3-M|k HR(0.50 g, 3.13 mmol). 4-fg2E 2K Hi5(0.52 g, 3.78 mmol). EDCI (0.72 g, 3.73 mmol)Fl
DMAP (0.38 g, 3.14 mmol)¥#fi#T- 20 mL S kerh, ZIRXN 8 he JEFBRZVEH], BRARMAREME
Hr (G A sk 2B 208 = 411, VIV)ZEEAs A6 4 0.73 g, U3 83.7%, m.p. 215C~216C; 'H NMR
(400 MHz, DMSO-dg) 6 12.31 (s, 1H), 8.44 (d, J = 3.0 Hz, 1H), 8.38~8.32 (m, 2H), 8.09~8.02 (m, 1H), 7.60
(dd, J = 8.9, 6.7 Hz, 3H), 7.28 (it, J = 7.2, 5.6 Hz, 2H); **C NMR (100 MHz, DMSO-ds) § 162.09, 156.33,
145.03, 137.06, 135.08, 126.22, 125.61, 123.69, 123.35, 122.36, 120.75, 113.16, 105.07; HR-MS (ESI) m/z:
calcd for C;5H10N,NaO, {[M + Na]*} 305.0538 found 305.0531.

4, Z5ig

AZE ey fag 5 AR DL K] SARS-CoV-2 3CLP il 1 N5 L&, TRl 7S84 R
T — RIS ER T AE Y, RH Discovery Studio 2021 F&FFHEAT 47X 00 E T i A FEE
5b {15 T X EAT 73 4 e, 1X R W] Bb R AEN SARS-CoV-2 il FrAamins — Sl s
il 4, RAZBIIRERE (H NMR) AZREIRERE (PC NMR)FI 2 HE T  (HR-MS) R AL 7 K458 . Ty
WAEIHIHT SARS-CoV-2 1 PERIE FURE A P IR 7 Bt BDUm B FL AT EAT -

E&mHE

B TR R AN AR AR e K B2 4 (No. 2021083).
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