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Abstract: In this study, we designed and synthesized 12 novel aloperine derivatives with different core struc-
tures. Among them, compound 3 with a ten-membered ring core was obtained through a special ring expansion
reaction after y-H Huffman elimination of quaternary ammonium salt, and the structure was verified by X-single
crystal diffraction. Furthermore, their antiviral activity against human fS-coronavirus HCoV-OC43 was evaluated by
CCK-8 assay. Quaternary ammonium salt 2a and 3 had a good inhibitory effect against HCoV-OC43, and 2a had
the highest anti-HCoV-OC43 activity with an EC,, values of 3.77 umol-L" and a SI value of over 53.1. Schrddinger
molecular docking results showed that both 2a and 3 might display their anti-HCoV-OC43 activity by directly
acting on host TMPRSS2 and SR-B1. The results expanded the structural types of endocyclic aloperine and the
function against coronavirus, and provided useful scientific data for the development of pharmaceutical applica-
tions of these compounds.
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Figure 1 Chemical structures of aloperine and target compounds
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Scheme 1  Synthetic route of all the target compounds. Reagents and conditions: (a) Boc,0, CH,Cl,, K,CO,, 0 °C to rt, 8 h; (b) CH,I,
CH,CI,, K,CO,, 80 °C, 48 h; (c) n-C,H,Li, THF, =30 °C, 3 h; (d) RX, CH,Cl,, K,CO,, 1t, 8 h; (e) SeO,, CH,Cl,,1t, 12 h; (f) MnO,, CH,Cl,,
rt, 12 h; (g) HCI, THF, rt, 0.5 h; (h) RX, THF, n-C,H,Li, =30 °C, 3 h

Figure 2  Single crystal structure (a, b) and ring expansion mechanism (c) of compound 3
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Figure 3 Structures of 2¢, 4a, Se and their circular dichroism spectrum
Table 1 The structures, physical properties and spectral data of the target compounds
59 HR-ESI-MS
Lo Fomm= (/)
Yield mp (%) Value ) .
Compd. HNMR (600 MHz) "C NMR (151 MHz) Formula
/% /°C (c:g/100 mL,
CHOH Calcd.
,OH) Found
2a 56 172-173 +127(0.011) (CDCL,) 3 6.03 (d,J=2.1 Hz, 1H),4.36 (d,J=2.1 Hz, IH),  (CDCL) ¢ 156.1, 136.1, 130.0, [M]*:
4.05-3.96 (m, 1H), 3.93-3.86 (m, 1H), 3.86-3.79 (m, 2H), 80.8, 76.0, 68.9, 61.8, 60.1, C, H;N,O,
3.76 (d, J = 13.7 Hz, 1H), 3.68 (s, 2H), 3.44-3.36 (m, 1H), 58.7,43.4,34.7,29.6, 28.7, 347.269 3,
3.35 (s, 3H), 3.16-3.12 (m, 1H), 2.50-2.37 (m, 2H), 2.31- 28.5(3),27.6,23.7,22.9,20.7, 347.269 0.
2.28 (m, 1H), 2.22-2.19 (m, 1H), 2.18-2.14 (m, 1H), 2.02— 17.8.
2.00 (m, 1H), 1.99-1.95 (m, 1H), 1.95-1.87 (m, 2H), 1.85-
1.76 (m, 2H), 1.73 (d, J= 13.7 Hz, 1H), 1.48 (s, 9H).
2b 24 175-176  +35(0.011) (DMSO-d,) 6 7.93-7.88 (m, 2H), 7.88-7.81 (m, 2H), 6.02-  (DMSO-d,) 5 136.7, 135.5, M
5.82 (m, 1H), 4.05-3.89 (m, 1H), 3.87-3.82 (m, 1H), 3.50-  132.6(2), 129.6 (2), 129.4, C,H,BN,0,S
3.46 (m, 2H), 3.33 (s, 3H), 3.28-3.24 (m, 1H), 3.20-3.17 (m,  127.5,74.3, 67.5, 60.0, 58.7, 465.120 6,
1H), 3.16 (s, 1H), 3.13-3.08 (m, 1H), 2.42-2.30 (m, 1H), 2.27- 45.7, 44.6, 33.5, 30.8, 28.9, 465.119 7.
2.06 (m, 2H), 2.02-1.89 (m, 2H), 1.85-1.82 (m, 1H), 1.75-  27.3,22.9,21.7, 19.5, 17.1.
1.65 (m, 2H), 1.59-1.55 (m, 2H), 1.53-1.47 (m, 1H), 1.43—
1.38 (m, 1H), 1.30-1.20 (m, 1H), 0.86-0.83 (m, 1H).
2¢ 19 165-166  +30(0.020) (DMSO-d,) §7.79-7.77 (m,J = 1.8 Hz, 1H), 7.75 (dd, J= 7.5, (DMSO-d,) 5 140.6, 138.0, [M]":
1.6 Hz, 1H),7.71 (d,J=1.6 Hz, 1H), 7.57 (d,J=7.5Hz, 1H), 134.3,132.5,131.4, 130.1, C,,H,,N;
5.89-5.80 (m, 1H), 4.11 (d, /= 13.9 Hz, 1H), 3.74-3.70 (m,  127.7, 119.4, 111.9, 68.9, 66.2,  362.259 1,
2H), 3.56-3.52 (m, 1H), 3.43 (s, 3H), 3.36-3.33 (m, 1H), 3.13 64.6, 58.6, 57.2, 54.9, 52.6, 362.258 4.
(s, 1H), 3.05 (d, J = 13.9 Hz, 1H), 2.97-2.95 (m, 1H), 2.90-  34.9,34.5, 33.5,28.7, 27.8,
2.85 (m, 1H), 2.73-2.63 (m, 1H), 2.55 (d, J = 4.8 Hz, 2H), 24.2,23.4,20.3.
2.40-2.37 (m, 1H), 2.34-2.20 (m, 2H), 2.01 (t, /= 4.8 Hz,
2H), 1.94-1.90 (m, 1H), 1.85-1.76 (m, 2H), 1.72-1.66 (m,
1H), 1.58-1.55 (m, 2H), 1.42-1.39 (m, 1H).
3 42 /(oil) +31(0.013) (CDCL,) 6 4.05-4.03 (m, 1H), 3.10-3.06 (m, 2H), 2.55-2.50  (CDCl,) 6 153.8, 129.6, 129.4, [M+H]":
(m, 1H), 2.49-2.46 (m, 1H), 2.39-2.36 (m, Hz, 1H), 2.21- 78.6,59.5,59.0, 44.6, 44.1, C, H;;N,O,
2.18 (m, 3H), 2.13-2.10 (m, 1H), 2.06 (s, 3H), 2.04-2.00 (m,  35.2, 30.5, 30.0, 29.5, 27.7, 347.269 3,
1H), 1.79-1.75 (m, 1H), 1.74-1.71 (m, 2H), 1.71-1.64 (m, 27.5,27.4 (3),25.2,23.5,20.6, 347.270 6.
2H), 1.36 (s, 9H), 1.32-1.28 (m, 1H), 1.22-1.18 (m, 1H), 19.0.
1.16-1.11 (m, 1H), 1.00-0.95 (m, 1H), 0.82—0.79 (m, 1H),
0.76-0.72 (m, 1H).
4a 36 /oil) +126 (0.006) (CDCL,) §6.69-6.67 (m, 1H), 4.96 (br, 1H),3.17-3.14 (m, 1H), (CDCL,)d 155.1, 146.0, 139.4, [M+H]':
3.08-3.04 (m, 1H), 2.99-2.90 (m, 1H), 2.72-2.68 (m, 2H),  77.9, 54.4, 53.5, 52.4, 48.2, C,H,N,0,
2.64-2.51 (m, 2H), 2.37-2.35 (m, 1H), 2.27-2.24 (m, 2H),  42.9,38.7,35.5,27.6,27.5(3),  349.248 6,
2.16-2.12 (m, 1H), 1.91 (d, J = 6.8 Hz, 2H), 1.88-1.85 (m, 1H), 26.4,25.8,24.7,22.8, 18.0. 349.248 7.

1.86-1.80 (m, 1H), 1.61-1.57 (m, 2H), 1.53 (d, /= 6.8 Hz,
1H), 1.44-1.40 (m, 1H), 1.37 (s, 9H), 1.12-1.08 (m, 2H).
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Continued
[a]g;('im: HR-ESI-MS
Yield  mp () Value 1 . (miz)
Compd. HNMR (600 MHz) C NMR (151 MHz) Formula
1% /°C (c:g/100 mL,
Calcd.
CH,OH) Found
4b 37 136-137  +50(0.008) (CDCL,) 3 7.41-7.31 (m, 2H), 6.86-6.84 (m, 1H), 6.78-6.74  (CDCL,) 6 163.8, 162.8 (d,J = [M+H]
(m, 1H), 3.43-3.32 (m, 1H), 3.22-3.18 (m, 2H), 2.73-2.65  12.1 Hz), 161.1 (d, J=12.1 C,H,F,N,0,
(m, 2H), 2.62-2.57 (m, 2H), 2.41 (q, J= 3.3 Hz, 1H), 2.34-  Hz), 147.9,139.4, 1374 (t,J=  389.203 5,
2.31 (m, 1H), 2.29-2.26 (m, 1H), 2.23-2.20 (m, 1H), 1.94 (d, 6.0 Hz), 109.4 (d, J = 6.0 Hz), 389.205 0.
J=3.3Hz, 2H), 1.91-1.89 (m, 1H), 1.87-1.82 (m, 1H), 1.71-= 109.2 (d, J = 6.0 Hz), 105.5 (t,
1.67 (m, 2H), 1.63-1.60 (m, 1H), 1.42-1.39 (m, 1H), 1.19 (s, J=25.7 Hz), 54.3, 53.7, 48.6,
1H), 1.14-1.08 (m, 2H). 42.8,37.1,35.5,28.7,28.1,
26.4,24.7,24.2,22.6, 18.1.
4c 42 190-192  +153(0.015) (CDCL) & 7.75 (d,J = 8.3 Hz, 2H), 7.68 (d,J=8.3 Hz,2H),  (CDCL,) 6 138.8, 137.7,132.5 [M+H]:
6.10-6.08 (m, 1H), 4.52-4.50 (m, 2H), 3.90-3.86 (m, 1H),  (2), 130.6, 129.3 (2), 128.2, C,H,BIN,0,S
3.71-3.67 (m, 1H), 3.64 (d, /= 14.5 Hz, 1H), 3.56-3.54 (m,  68.6, 58.4, 57.3, 55.1, 54.6, 467.099 9,
2H), 3.46-3.37 (m, 1H), 3.10 (d, /= 14.5 Hz, 1H), 2.91 (s, 45.5,42.5,33.5,33.2,30.7, 467.100 1.
1H), 2.39 (s, 2H), 2.10-2.07 (m, 1H), 1.98-1.94 (m, 2H), 1.87 23.8,22.1, 18.4.
(s, 1H), 1.80 (s, 2H), 1.75-1.72 (m, 1H), 1.34-1.27 (m, 1H),
1.24-1.22 (m, 2H).
5a 29 153-154  +28(0.011) (CDCL,) 5 3.64-3.60 (m, 1H), 3.47 (s, 1H), 3.40-3.47 (m, 1H), (CDCL,) §200.7, 155.6, 151.9, [M+H]":
3.20-3.10 (m, 1H), 2.97-2.87 (m, 1H), 2.75-2.62 (m, 2H), 120.9, 80.9, 57.9, 53.5, 46.3, C,,H,; N,O,
2.54-2.51 (m, 1H), 2.44-2.36 (m, 1H), 2.17-2.08 (m, 2H),  45.5,45.1,32.5,27.5,272(3),  347.2329,
1.93 (s, 2H), 1.85-1.78 (m, 2H), 1.77-1.66 (m, 2H), 1.43 (s,  25.9,24.6,21.3, 19.7, 18.5. 347.232 5.
9H), 1.40-1.36 (m, 2H), 1.08-1.04 (m, 2H).
5b 23 128-130  +15(0.014) (CDCL,) & 7.49-7.32 (m, 2H), 6.95-6.85 (m, 1H), 5.18 (s, 1H), (CDCL) & 196.6, 168.4 (dt, J = [M+H]':
3.80-3.78 (m, 1H), 3.62-3.60 (m, 1H), 3.50-3.47 (m, 1H),  144.96, 3.02 Hz), 161.8 (dq, C,H,F,N,0,
3.37-3.35 (m, 2H), 3.31-3.28 (m, 1H), 3.19-3.17 (m, 1H), J=1249.15, 144.96 Hz, 2C), 387.1879,
3.10-3.07 (m, 1H), 2.47-2.44 (m, 1H), 2.35-2.32 (m, 1H), 152.9, 137.5 (dt, J = 12.08, 387.187 8.
2.30-2.24 (m, 1H), 2.19-2.16 (m, 1H), 2.13-2.08 (m, 1H),  4.53 Hz), 125.2, 111.41 (dq,
1.99-1.94 (m, 1H), 1.95-1.86 (m, 1H), 1.77-1.74 (m, 1H), J=58.89,4.53 Hz, 2C), 106.4
1.71-1.66 (m, 1H), 1.65-1.60 (m, 1H), 1.57-1.54 (m, 2H). (dt, J=99.66, 25.67 Hz), 57.3,
55.8,51.9,47.8,45.7,29.6,23.7,
22.4,21.3,19.8,17.9,17.4.
5¢ 21 159-161 ~-156(0.009) (CDCL,)58.07 (d,J=2.2 Hz, 1H), 7.83 (q,J=8.8 Hz, 3H),  (CDCL,) §200.8, 170.4, 152.0, [M+H]':
7.61 (dd, J=8.8,2.2 Hz, 1H), 7.55-7.44 (m, 2H), 4.05-4.01 1337, 132.4, 131.6, 128.1, C,H,N,0,
(m, 1H), 3.31-3.23 (m, 1H), 3.03-3.00 (m, 1H), 2.94-2.91 127.9, 127.6, 127.0, 126.9, 401.222 4,
(m, 2H), 2.77-2.74 (m, 1H), 2.67 (d, J = 13.6 Hz, 1H), 2.58—  126.1, 123.7, 121.3,59.7, 57.7,  401.221 9.
2.46 (m, 2H), 2.43-2.40 (m, 1H), 2.29-2.24 (m, 1H), 2.18- 53.4,52.4,46.7,46.4,45.2,
2.15 (m, 1H), 2.13-1.95 (m, 1H), 1.88-1.84 (m, 2H), 1.78—-  37.9,24.5,22.3,19.7, 18.5.
1.75 (m, 2H), 1.52-1.50 (m, 1H), 1.42 (d, J = 13.6 Hz, 1H),
1.10-0.99 (m, 2H).
5d 25 189-191 -131(0.016) (CDCL)37.69 (d,J=8.8 Hz, 2H), 7.66 (d,J=8.8 Hz, 2H), ~ (CDCL) §201.2, 153.6, 139.5, [M+H]:
4.03-3.97 (m, 1H), 3.58 (s, 1H), 3.33 (s, 1H), 3.20-3.10 (m,  132.7 (2), 128.2 (2), 124.9, C,H,BIN,0,S
1H), 2.98 (d, J=12.1 Hz, 1H), 2.81 (s, IH), 2.67 (d,J=13.9  98.5,58.6,54.4,47.8,47.2, 465.084 2,
Hz, 1H), 2.50-2.28 (m, 2H), 2.22 (s, 1H), 2.15-2.09 (m, 1H), 45.7,34.2, 26.1, 25.5, 22.0, 465.085 5.
1.98 (d, J=12.1 Hz, 1H), 1.93 (d, /= 13.9 Hz, 1H), 1.88-1.84 21.3, 20.6, 19.4.
(m, 2H), 1.73-1.67 (m, 1H), 1.62-1.58 (m, 1H), 1.50-1.45
(m, 2H), 1.14-1.10 (m, 2H).
Se 21 132-134  -27(0.023) (CDCL)37.61 (dt,J=7.7, 1.5 Hz, 1H), 7.52 (t, J=7.7Hz,  (CDCL) & 196.1, 159.7, 139.4, [M+H]:
1H), 7.48-7.46 (m, 1H), 7.44 (d, J=1.5 Hz, 1H), 4.64 (d,J= 131.4,130.5, 129.9, 129.7, C,H,N,0
17.2 Hz, 1H), 4.40 (d, J=17.2 Hz, 1H), 3.36-3.32 (m, 1H), 118.5,113.2, 108.8, 58.3, 54.7, 362.222 7,
3.26 (d, J = 2.9 Hz, 1H), 3.19-3.05 (m, 2H), 2.92 (td, J = 13.6, 53.1,49.7,47.0, 46.5, 32.2, 362.224 6.

2.9 Hz, 1H), 2.81 (d, J = 13.6 Hz, 1H), 2.75 (s, 1H), 2.50-2.47
(m, 2H), 2.45-2.39 (m, 1H), 2.23-2.20 (m, 1H), 2.07-1.99
(m, 2H), 1.92 (dd, J = 13.1, 3.8 Hz, 1H), 1.89-1.84 (m, 2H),
1.82-1.74 (m, 1H), 1.62 (qt, J= 13.1, 3.8 Hz, 1H), 1.51-1.47
(m, 1H), 1.26-1.23 (m, 2H).

27.0,25.1,23.5,21.1, 19.8,
19.6.

BTS2 RIE M HRAREC, LML E3 3 Schrodinger 77 F X1 #%
R R b, R A AR SV TT T — 2Bt 7. % T SR AT L Wl i 2 BE 1)) TMPRSS2
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Table 2 The structures and anti-HCoV-OC43 activity and cyto-

toxicity of all the target aloperine derivatives. MP: Molnupiravir;

NA: No active
OH o
| H A H
NN C@(j N

\ i
N Boc N '}‘ N '}‘
\ R R

3

4a-4c 5a-5e
R EC,/umol'L" CC_/umol'L"  SI
2a 0™y 3.77+0.17 >200 >53.1

7.95+3.72 >200 >25.2

2¢ \OC” NA >200 -

3 - 9.58+2.06 43.44+1.06 5
4a Oi% NA >200 -
OM‘N F
4b NA 186.84 + 12.10 -
F
O:Ng;O
4c <> NA 17.26 +0.49 -
Br
5a Oi\% 26.34+6.75 103.90+8.33 3.9

.
sb OA@V NA >200 -

Sc o 6414101 106.63+3.14 17
P o
12.85+2.52 200 >15.6

Se \©/°N NA >200 -

MP — 1.95+0.02  40.88 +6.03 21

A SR-B1 & #5 471 7t R s 5 1/ HUY, SR A Schrédinger
Oy F N AR AR AL A W 2a B3 5 T RE 0 1E T EE N
TMPRSS2(PDB ID:7MEQ) 1 SR-B1 # 17T 7 7 % # .
X B R, AR &1 2a TN 345 73 14F, #7m —
% 5 TMPRSS2 F1 SR-B1 34 7] fg 3 8 s 155 A g, M
T R FEPURDR A B 1E ), BB = #  dH R, e
2a R T A3 H B LIPS H, X—ht s
EC,, [EAHX I (% 3).

7E ML FE A -, SR A Schrodinger 1 Photoshop 23.0.0
W 0o Bz 2k kAT WA 2 BT . TMPRSS2 [ 5% £z 45 1

Table 3 Docking results

Docking score

Target

2a 3
TMPRSS2 -4.792 -4.550
SR-B1 -5.200 —4.682

Wi 4 fros, f6& %) 2a 7] BL 5 SER-441 F1 HIS-296 T¥
R 5 A A A BLAE AT (B 4a.b); ik &9 3 3k K
ME T #H RN E B S, 274 T 5 ASP-435 (1) 3k
BEH (Kl 4c.d).

5 SR-B1 W #5245 Rl 5 fis, tb &40 2a i@ i
e E B B 14> 5 PHE-208 1 (1) 2K 31 Pi #8 T% b e o7
ER (K 5a.b); MG 3H T+ o MFES S5
BB IO = SE TR TE B 32 I B KA ELAE D (B Sevd)o

g LRTIA, ARE AL A Y 2a F1 3 3 AT R T B B
4 7] TMPRSS2 F1 SR-B1 & 4% 40 et AR 5 2 E H, 1M
CHEMNEEHABAEERRKWER, E—PRRT
T AT A SR B 2 A BT S BUNE R ML R S A
R 2 R, (R — P 5.

NG

AW FABETE AT 12448 138 SR AT A9,
A5 2R R TR T UG ORI T SR 17(S)-FR 2
Bl s 17-28040 38 S0 . 3 CCK-8 VM 1 H7E H460
40 Mg X HCoV-0C43 il /EH o H ARG
W 2a LI R AT BB 5k DR B v PR R AR 11 4T B B
P, R0 2R 3R I8 BEAX 45 M A LE T Al S 2 S R
PR A 2 et LA ER B RS ook
T S8 3 % HCoV-0OC43 A % I & 4 dil/EH, RA 1R
KEVEEME 1. g RERT &Rl
o B B ) TMPRSS2 AT SR-B1 & 4% H 470 7 IR i #4578
T, HoH 5 ama oA rEs —emER.
FLAE R T M IR B TR 45 M 2R L, R T
RETEW R B — RPUH AR m S A ittt 78
R

LI ERSY

JIr A A 23R 0 T 7K 735 DR I R 3545 51 HL
Ters it — DA RITT A . ffH MPOO & R GRS A,
A3 AT B IE (Mettler-Toledo, Greifensee, Switzerland).
LA DMSO-d,.CDCIl, 3%, LA Me,Si Jy N 5, 7E Bruker
Avance (600 MHz) Y61 {% (Varian, San Francisco, USA)
g 3% "H NMR 1 °C NMR # 3 . 7F AutospecUltima-
TOF Y61 4% (Micromass UK Ltd, Manchester, UK) 1
Sk ESIH 43 #F % B it (HR-MS).  Flash £ 43 B 4l fk F
Combiflash Rf 200 (Teledyne, Nebraska, USA) A5 1] %
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Figure 4 Docking results with TMPRSS2. a: 3D structure of docking result between compound 2a and TMPRSS2; b: 2D structure of
docking result between compound 2a and TMPRSS2; c: 3D structure of docking result between compound 3 and TMPRSS2; d: 2D structure
of docking result between compound 3 and TMPRSS2

Figure 5 Docking results with SR-B1. a: 3D structure of docking result between compound 2a and SR-B1; b: 2D structure of docking
result between compound 2a and SR-B1; c: 3D structure of docking result between compound 3 and SR-B1; d: 2D structure of docking

result between compound 3 and SR-B1
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U, 23 (TLC) H Merck 60 F254 Fll[E ™~ GF254
HZE EAGEE AR BT A SR A R BRI A L
A HHEYLA F VBT M GENERAL REAGENT 2%
7= 43 b 4

1 EEK

1.1 RN-RTERHMEFHAETIH2aM0E8/K 1
T 5 (10 mmol) ) 727K CH,CL, (100 mL) %5 ¥ ' 2%
18 I\ K,CO, (5 mmol) A1 —##HE — U T & (15 mmol),
TEO°CTHFHEZETI 2 EE, HHiiE8 h. TLC M
NESEAR G, K R SRR R 4, TR AR ) P RE R 514K, BA
CH,CL, #1 MeOH ¥t 8 #H, 2 Flash i JI)R A1 4 1% 444,
FEMLE ) 1a.

FAA ) 1a (3 mmol) f1JE7K CH,CL, (10 mL) ¥
HIn A K,CO, (3 mmol) A1 CH,I (10 mmol), fifl [ J= )3,
80 °CJ ;48 ho TLC il e b 564 e, 1 JigFR 2 K,CO,,
VS NI IR TR 48, B A B RE IR 214K, DL CHLCL Al
MeOH At 2 A, £ Flash i i b ik i1k, 155 H kx
&) 2a.

1.2 RN-RTEFME+THEIWINER &
RARY R, HAL A% 2a (1 mmol) H i A JE 7K THF
(10 mL), =30 °C "~ 2212 il \ n-C,H,Li (10 mmol), J i
3 h & MRS, Il CH,OH (10 mL) ¥ K n-C H,Li,
VR NE R R TR 4, 5% AR L RE IR 214k, LA CHLCL, FI
MeOH M B4, £ Flash i i kE (i itk 75 2 H bx
a3,

1.3 DR2N-BIRFEHIHFIW2b A2 BIER  FE S
Bl (10 mmol) [ 7 7K CH,CL, (50 mL) ¥ ¥ ' 22 18 Jin
A K,CO, (15 mmol) FH % 5 2K fifk 19 5 B35 ] F 2L R R
(12 mmol), =M 8 ho TLC MM J b 58 42 J, 1L
B 25 K,CO,, 4 5B 0 R R 4, Wk A W) F e Jie 234k,
PA CH,CL, Al MeOH A it 81 #H, £ Flash f i A% €5 3% 4f
b, FEMEA Y 1b Fl 1c.

ik &4 1b #1 1¢ (3 mmol) ff17E7K CH,CI, (10 mL)
59 N K,CO; (3 mmol) AT CH,I (10 mmol), il J&
SN, 80 °C 2 v 48 ho TLC W J2 i 58 4= Ji , ik U s
2 K,CO,, i I N I8 R 4, 5% o F A e 20 4K, BA
CH,CL, 1 MeOH Jy¥i 8 #H, 28 Flash i IR A% 4 1% 4l 44,
330 H bR &40 2b F 2¢.

14 RN-BTEHMEREETH4aWER M la
(8 mmol) [ FE/K CH,CL, (50 mL) iAW -F 2218 A SeO,
(5 mmol), FEiEHEHE 12 he TLC WM M 542, ¥ %
LR R 4, AR A RERR 214k, BL CHLCL, #1 MeOH
NTLENH, 2 Flash iEBAE (38 alifh, 15 21L& 4a.

1.5 D2N-BVREZEEESH b F4c AR 25 20
(10 mmol) ) 7 7K CH,CL, (50 mL) ¥& ¥ /2% 18 fin A

K,CO, (15 mmol) X} 5 7 fff 1 5 = 2,4- — 504 H
& (12 mmol), =N 8 he TLC WM 2 b7 56 42 ), it
JEFR £ K,CO,, K S L R KR 41, B A W) FH A IR 2
1k, LA CH,CL Al MeOH N it 8, £ Flash f i #F (3%
afifk, HEA Y 1b Al 1d.

%5 ) 1b A1 1d (8 mmol) ) 7K CH,CL, (50 mL)

5 22 18 N SeO, (5 mmol), E i HEHE 12 he TLC
M W 2 2 56 4 5, % IROSEIR ek R 4, Bk AR IR 2
1k, LA CH,CL H1 MeOH Mifi 2 #H, £ Flash f i 41 (4,3
afifk, £33 H A5tk &4 4b fl dc.
1.6 R2N-BRIREHE T W Sa~5e AR [ 4a
(5 mmol) fI757K CH,CL, (30 mL) ¥ 2218 i A\ MnO,
(20 mmol), E & SN 12 he TLC W 2 b 52 4 ), it
JEBR 2 MnO,, W SRR R 4, Fk AR FRERR 54K, LA
CH,CL Al MeOH A ¥t 31 #, 2 Flash & & A% €4 3 4l 4k,
232 H b &) 5a.

] 5a (5 mmol) [ 57K THF (50 mL) ¥& ¥ 2218
JI HCI (30 mmol), 185 #:34 0N, % I X B 0.5 he
TN EEAL N (35 mmol) Z e, i R LR
B NaCl, 28 J5 ¥4 R0 W 4, i\ CHLCL, Fl 7K
IR N, BANE (FZ) B RE R4, TR
F#E B 214k, LA CH,CL I MeOH A 5 #H, 4 Flash fiE
R AE R 2l Ak, 73 24k B4 6.

ERAET T, [ A4 6 (2 mmol) (1) J5/K THFE
(200 mL) ¥& ¥+ 22 1% il X\ n-C,H,Li (6 mmol), -30 °C%
0.5 he B4 M) S SR IIN s AR, 4k 4E-30 °CJ
2.5 ho #AJE I CH,OH (10 mL) % K n-C,H,Li, 4 )
LRk T 4, B AR RERR 214k, BL CHLCL Al MeOH
N BN, £ Flash #E i A 0 4k, 15 2] H br b &9
5b~5e.

2 EYES

PLHCoV-OC43 4L ) HA60 41 i A5 AL MP AFE A
BF 1 %of R 247, 72905 75 8K 4% (MOI = 1.0) H460 2 i (% %
RNEFZTE 1.5%10°AN) () [F] BB A DAk B A0 AN 5] 94 P 7
FE WU DMSO ¥ 754 HE I\ %2 96 FLAR (Corning, Inc.,
Corning, NY) 1, 37 °C.5% CO,}49% 72 h. %M CCK-8
AR I GH B AE 450 nm P A AL IR G B, S8 B AR UK
G oq TV 0T R A L TR L B A R o TR 2E AN R L e
s AL & P 2H 40 B 1) 3 77, A & P o 27 H
AT A DMSO ¥ 71 5 8 2H A0 A5 W16 A 4 41 40 i F
E 7, Pk S gt . Reed-Muench ik i+ 54
Ry AL A VIR B BCy, A1 CCypo
3 oFXE

TMPRSS2 & F 45 14 >k B PDB #(#% &£ (PDB ID:
TMEQ). H T SR-B1 1) 5¢ % ¥t & B [ 45 1 R 4 )
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18, i id UniProt Wk 3k 15 17 A28 SR-B1 & I 2 2 1R
FH) (7 519% 5 : QSWTVO0), 24 J5 il it 3 [H [H K AW
Sl (NCBI) b i 38 A J5) 38 b oo 4 & T A (Basic
Local Alignment Search Tool) 2| T 5 2 J5 4l i A7 I
(1) EL 8 25 1 4544 (PDB ID: 4Q4F). i#id Schrodinger
Maestro Version 12.8.117 #E4T [FJ YA, 43 3] 7 A 5E
) SR-B1 & Y =4t 4514, DUAE RXHER & A .
oI R A R B A AL B AR B R AT R
/M, WE pH N 7.4; Bofk /gy i ik BB
W B HEAT 4L P2 TMPRSS2 %} #2 & 1% A} PDB & 1
ZE R P ECAR 4 F B AL vE M T 48, SR-B1IEH # AN E A
VE RN & W B S HOE IR SR 35, H ARk i
BIRERN K E .
BUgt: HARL A A% G LIRS0 B & = 2 W R R
R R 2R 2 5 T 24 AR A BRI P 43 A I e 0 E
e TRk S 0Bt B AR LS W& B 2 T B I
Wifm B4R S A5 STINE H AR A WS M 45 3 it 0% £
DI A VE R BT A A A I A RS R B IE, 3 A
DT A PR BRI 32 SR AR AR S B B Ay HEAT T
AP T AT X S0 I v b P i) R R i SRS R it
TH MRS, I 0T Bk A OG R A2 A AR
FEE I PR 3 AAAER S v R .
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