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Abstract: There is no specific drug against COVID-19, but berberine (BBR) has moderate anti-SARS-CoV-2
pseudovirus activity. Taking BBR as the lead, 18 novel N-cycloberberine derivatives were synthesized and evaluated
for their anti-SARS-CoV-2 pseudovirus activities in vitro. Structure-activity relationship analysis revealed that
introducing an appropriate heterocyclic group at position 9 might be beneficial for potency. Among the tested
compounds, compound 3m showed the most potent activity against SARS-CoV-2, with EC;, value of 1.61 pumol-L"!
and SI value of 22.2, much better than that of BBR. Additional experiment indicated that 3m had inhibitory activity
on multiple processes in viral invasion, including adsorption and membrane fusion, suggesting a multi-target
synergistic mechanism of action. These results provide a novel family of lead compounds for the discovery of
anti-SARS-CoV-2 candidates.
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Figure 1 Chemical structures of BBR and M1, M2, M3, M4 and structure modification strategy

PMT

Scheme 1 Reagents and conditions: (a) 2,4-Dimethoxybenzylamine, 100 °C, 7 h; (b) HCI, CH,0H, 8 h; (c) RCOCH,, NaOCH,, CH,0OH,

45°C,2-8h
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Table 1 Physical properties and spectra data of all synthesized compounds
Yield  mp/°C ] . HR-ESI-MS
0. HNMR *C NMR
/% (Dec.) mlz
3a 33 125.3-126.9 'HNMR (DMSO-d) d12.29 (s, 1H), 8.09 (d,/=6.6 Hz, "“C NMR (DMSO-d) ¢ 156.5, 150.3, 150.2,  C,;H,N,0,Cl
2H), 7.53 (s, 1H), 7.52 (s, 2H), 7.34 (s, 1H), 7.31 (d, J= 148.6, 148.5, 135.8, 130.2, 128.9 (4), 128.1 [M-CI]':
7.8 Hz, 1H), 7.12 (s, 1H), 7.03 (d, J= 7.8 Hz, 1H), 6.97 (2), 127.7,126.8, 121.9, 120.9, 114.5, 114.1, 437.186 0,
(s, 1H), 6.96 (s, 1H), 3.95 (s, 5H), 3.86 (s, 3H), 3.82 (s, 111.2, 108.5, 106.7, 96.6, 56.5, 56.4, 56.1, Found:
3H), 3.00 (t, J=5.4 Hz, 2H) 43.1,27.5 437.186 7
3b 47 180.7-183.2 'HNMR (DMSO-d)) § 12.14 (s, 1H), 7.82 (d,/=7.2Hz, “CNMR (DMSO-d,) § 153.6, 151.1, 150.4,  C,,H,,N,0,Cl
2H), 7.74 (d, J = 8.4 Hz, 1H), 7.64 (s, 1H), 7.52-7.32 148.3,143.4,141.7,135.8, 129.8, 129.2 (2), [M-CI]":
(m, 4H), 7.01 (s, 1H), 6.97 (s, 1H), 4.24 (t, J=6.0 Hz,  128.9, 128.6 (2), 127.5, 126.6, 120.4, 119.5, 451.201 6,
2H), 4.05 (s, 3H), 3.88 (s, 3H), 3.84 (s, 3H), 3.04 (t,J= 117.0 (2), 110.7, 109.4, 108.4, 98.4, 56.7, Found:
6.0 Hz, 2H), 2.45 (s, 3H) 56.0, 55.7, 44.5,26.5,21.0 451.2018
3¢ 45 186.9-189.0 'HNMR (DMSO-d,)512.61 (s, 1H),7.73(d,J=8.4Hz, *C NMR (DMSO-d,) 8 154.6, 151.1, 150.4,  C4,H,,N,0,Cl
1H), 7.67 (s, 1H), 7.45 (d, J= 8.4 Hz, 1H), 7.43 (s, IH), 148.3, 143.4, 140.0, 136.1, 135.7, 131.0, [M-CI]':
7.39 (d, J=7.8 Hz, 1H), 7.24 (d, J= 1.8 Hz, 1H), 7.21  130.9, 129.4, 128.9, 127.5, 126.7, 126.3, 465.217 3,
(dd, J=7.8, 1.8 Hz, 1H), 6.99 (s, 1H), 6.78 (s, 1H), 120.4, 119.6, 116.9 (2), 110.7, 109.4, 108.4, Found:
4.14 (t,J = 6.0 Hz, 2H), 4.00 (s, 3H), 3.88 (s, 3H), 3.83  100.4, 56.6, 56.0, 55.7, 44.4, 26.5, 20.8, 19.5 465.216 0
(s, 3H), 3.02 (t, J= 6.0 Hz, 2H), 2.39 (s, 3H), 2.34 (s,
3H)
3d 36 183.1-185.3 'HNMR (DMSO-d)) § 12.09 (s, 1H), 7.74 (d,J=9.0 Hz, C NMR (DMSO-d,) § 153.7, 151.1, 150.4,  C,,H,,N,0,Cl
1H), 7.71 (d, J= 2.4 Hz, 1H), 7.67-7.62 (m, 2H), 7.44  148.3, 143.4, 140.5, 136.7, 135.8, 130.0, [M-CI]":
(d,J=9.6 Hz, 1H), 7.42 (s, 1H), 7.39 (d, /= 7.8 Hz, 129.6, 129.3, 128.8, 127.5, 126.6, 126.1, 465.217 3,
1H), 7.02 (s, 1H), 6.96 (s, 1H), 4.24 (t, J= 6.0 Hz, 2H), 120.4,119.4, 117.0 (2), 110.8, 109.3, 108.4, Found:
4.06 (s, 3H), 3.88 (s, 3H), 3.84 (s, 3H), 3.06 (t, J = 98.3,56.7,55.97,55.8,44.4,26.5,19.4,19.3 465.21717
6.0 Hz, 2H), 2.37 (s, 3H), 2.36 (s, 3H)
3¢ 53 190.6-193.4 'HNMR (DMSO-d,) § 11.99 (s, 1H), 7.70 (s, 1H), BC NMR (DMSO-dy) 6 152.9, 151.2,150.5,  C,,H,,N,0,Cl
7.670 (s, 1H), 7.54-7.30 (m, 4H), 7.15 (s, 1H), 6.98 (s,  149.8,147.9, 147.7, 142.8, 135.2, 128.3, [M-CI]":
1H), 6.98 (s, 1H), 4.23 (s, 2H), 4.04 (s, 3H), 3.91 (s, 126.9, 126.0, 124.3, 121.7, 119.9, 118.8, 497.207 1,
3H), 3.86 (s, 6H), 3.82 (s, 3H), 3.04 (s, 2H) 116.6 (2), 111.7, 111.1, 110.4, 108.9, 107.9, Found:
97.7,56.7,55.9,55.9, 55.8, 55.6,44.2,26.2 497.2071
3f 43 192.2-193.9 'HNMR (DMSO-d)) ¢ 8.22 (d, J= 8.4 Hz, 2H), 7.55 C NMR (DMSO-dy) 6 155.5, 149.6, 149.4,  C,H,,N,0,Cl,
(dt,J=17.8,2.4 Hz, 2H), 7.31 (s, 1H), 7.16 (d, J = 149.2, 148.0, 140.1, 138.2, 135.1, 133.8, [M-CI]":
7.8 Hz, 1H), 7.02-6.84 (m, 4H), 3.92 (s, 3H), 3.86 (s,  128.8 (2), 128.2 (2), 127.0, 126.2, 121.7, 471.147 0,
SH), 3.82 (s, 3H), 2.99 (t, J = 6.0 Hz, 2H) 120.7, 113.1, 112.5, 110.8, 108.0, 105.1, Found:
94.9,55.9,55.8,55.6,42.0,27.2 471.147 5
3g 34 207.3-209.4 'HNMR (DMSO-d,) 6 12.34 (s, 1H), 7.90-7.81 (m, BC NMR (DMSO-dy) 6 152.7, 151.2, 150.5, C,H,,N,0,BrCl
4H), 7.76 (d, J = 8.4 Hz, 1H), 7.68 (s, 1H), 7.46 (d, /= 148.3,143.4,135.8,131.9, 131.5 (2), 130.8 [M-CI]":
8.4 Hz, 1H), 7.43 (s, 1H), 7.01 (d, J=4.8 Hz, 2H), 4.24 (2), 129.0, 127.5, 126.7, 125.1, 120.4, 119.6, 515.096 5,
(t,J=6.0 Hz, 2H), 4.06 (s, 3H), 3.88 (s, 3H), 3.84 (s, 117.1(2), 110.8, 109.7, 108.4, 99.0, 56.7, Found:
3H), 3.05 (t, /= 6.0 Hz, 2H) 56.0, 55.7, 44.6, 26.4 515.095 3
3h 39 174.9-177.1 'H NMR (DMSO-d,) 6 12.46 (s, IH), 8.40 (s, 1H), 820 *C NMR (DMSO-d,) 5 151.7, 151.1, 150.4,  C,,H,,N,0,CI
(d,J=7.8 Hz, 1H), 8.10 (d, /= 7.8 Hz, 1H), 7.80 (dt, 148.3, 143.5, 135.7, 134.6, 133.7, 133.6, [M-CI]":
J=8.4,3.0Hz, 1H), 7.73 (dd, J = 9.0, 3.0 Hz, 1H), 132.7,129.6, 129.1, 127.4, 126.7, 120.3, 462.181 2,
7.65(d,J=3.0 Hz, 1H), 7.44 (dd, J=9.0, 3.0 Hz, 1H), 119.7,118.2, 117.1, 117.1, 111.5, 110.7, Found:
7.38 (d,J=3.0 Hz, 1H), 7.05 (d, /= 3.0 Hz, 1H), 6.99  109.8, 108.3, 99.4, 56.7, 56.0, 55.7, 44.6, 462.181 4
(d,J=3.0 Hz, 1H), 4.25 (d, J= 6.6 Hz, 2H), 4.06 (d,  26.4
J=3.0 Hz, 3H), 3.86 (s, 3H), 3.83 (s, 3H), 3.05 (d, J =
6.6 Hz, 2H)
3i 42 2283-230.3 'H NMR (DMSO-d,) 5 8.43-8.35 (m, 2H), 8.01-7.91  3C NMR (DMSO-d,) J 154.9, 149.7,149.5,  C,,H,,N;0,Cl
(m, 2H), 7.32 (s, 1H), 7.18 (d, J="7.8 Hz, 1H), 7.06 (s, 149.3, 148.0, 143.9, 135.1, 132.3 (2), 129.6, [M-CI]":
1H), 6.96 (d, J= 3.6 Hz, 2H), 6.92 (d, J= 7.8 Hz, IH), 127.8 (2), 127.1, 126.2, 121.6, 121.0, 118.9, 462.181 2,
3.93 (s, 3H), 3.90-3.84 (m, 5H), 3.82 (s, 3H), 3.00 (t, 113.3,112.5,111.3, 110.8, 108.0, 105.2, Found:
J=6.0 Hz, 2H) 95.4,55.9,55.8,55.6,42.0,27.2 462.1815
3j 48 234.0-2362 'HNMR (CDCl, CD,0D)§7.90 (dd,J=1.2,0.6 Hz, "*C NMR (CDCl,, CD,0D) 5 152.4,152.0,  C,H,,N,0,Cl
1H), 7.71 (dd, J = 3.6, 0.6 Hz, 1H), 7.63 (d, J= 1.2 Hz, 149.7, 147.8, 145. 8, 144.2, 143.2, 137.2, [M-CI]":
1H), 7.47 (d, J = 8.4 Hz, 1H), 7.35 (s, 1H), 7.30 (s, 1H), 128.7,128.2,127.7, 121.5, 120.4, 118.6, 427.165 2,
7.08 (s, 1H), 6.90 (s, 1H), 6.80 (dd, J= 3.6, 1.8 Hz, 117.3,116.3, 114.2, 111.1, 110.6, 109.0, Found:
1H), 4.24 (t, J= 6.0 Hz, 2H), 4.17 (s, 3H), 3.99 (s, 3H), 94.6,57.1, 56.8, 56.5,45.8,27.9 427.166 3

3.96 (s, 3H), 3.15 (t, J = 6.0 Hz, 2H)
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Continued
Yield mp/°C . " HR-ESI-MS
H NMR C NMR
/% (Dec.) mlz
3k 41 206.8-209.1 'HNMR (DMSO-d,) 6 12.77 (s, 1H), 11.19 (s, 1H), C NMR (DMSO-d,) 6 163.5,151.0, 150.8,  C,H,,N,0,Cl
7.62 (d,J = 8.4 Hz, 1H), 7.48 (s, 1H), 7.41 (s, 1H), 7.37 148.7, 145.6, 136.2, 127.9, 126.8, 125.8, [M-CIJ*:
(s, 1H), 7.34-7.27 (m, 2H), 7.14 (s, 1H), 6.99 (s, IH),  121.1, 118.9 (2), 117.2, 117.0, 115.4, 111.2, 426.181 2,
6.36 (s, 1H), 4.19 (t, J = 5.4Hz, 2H), 4.04 (s, 3H), 3.87  111.2,108.7, 108.7, 108.5, 94.2, 57.1, 56.4, Found:
(s, 3H), 3.83 (s, 3H), 3.05 (t, J = 5.4 Hz, 2H) 56.1,44.7,27.0 426.182 0
31 35 167.1-169.3 '"H NMR (DMSO-d,) 6 8.23 (d, J=9.6 Hz, 2H), 7.71 (s, "*C NMR (DMSO-d,) 6 151.1, 150.3, 148.1, C,;H,,N,0,SCl
1H), 7.66 (s, 1H), 7.40 (s, 2H), 7.32 (s, 1H), 7.01 (s, 146.9, 144.3, 135.9, 127.3, 126.7 126.2, [M-CI]":
1H), 4.24 (s, 2H), 4.06 (s, 3H), 3.88 (s, 3H), 3.84 (s, 126.1, 120.2, 120.0, 117.0, 116.8, 116.7, 444.137 6,
3H), 3.06 (s, 2H) 110.6, 110.1, 108.2,99.4, 97.4, 56.7, 55.9, Found:
55.6,44.7,26.3 444.137 7
3m 53 186.7-189.2 'HNMR (CD,0D) 6 7.68 (d, J = 8.4 Hz, 1H), 7.51- C NMR (CD,0D) ¢ 153.2, 152.6, 150.3, C,H,,N,0,Cl
7.45 (m, 2H), 7.33 (s, 1H), 6.86 (s, 1H), 6.72 (s, 1H), 147.6, 147.0, 145.2, 144.4, 137.6, 130.5, [M-CI]":
4.15-4.09 (m, 5H), 3.96 (s, 3H), 3.88 (s, 3H), 3.85 (s, 129.0, 128.5,122.2,121.3, 118.8, 117.6, 469.223 4,
3H), 3.09 (t,J = 6.0 Hz, 2H), 2.53 (s, 3H), 2.48 (s, 3H)  114.7,111.7, 111.2, 109.7, 101.6, 57.4, 57.0, Found:
56.5,46.3,36.4,28.2,11.6,10.5 469.223 8
3n 34 150.3-151.9 'HNMR (CD,0D) § 7.68 (d, J= 8.4 Hz, 1H), 7.51- C NMR (CD,0D) ¢ 153.2, 152.6, 150.3, C,,H;N,0,Cl
7.45 (m, 2H), 7.34 (s, 1H), 6.87 (s, 1H), 6.72 (s, 1H), 147.8,147.4,145.2, 143.3, 137.7, 130.5, [M-CI]":
4.32(q,J=7.2 Hz, 2H), 4.17-4.08 (s, SH), 3.89 (s, 129.0, 128.5,122.2,121.3, 118.8, 117.6, 483.239 1,
3H), 3.86 (s, 3H), 3.09 (t,J = 6.0 Hz, 2H), 2.54 (s, 3H), 114.7,111.7,111.2,109.7, 101.6, 57.4, 57.0, Found:
2.48 (s, 3H), 1.50 (t, J = 6.6 Hz, 3H) 56.6,46.3,45.4,28.2,15.3,11.7,10.4 483.2399
30 31 188.7-191.2 'H NMR (DMSO-d,) 6 8.55 (s, 1H), 8.33 (d, /= 8.4 Hz, "“C NMR (DMSO-d,) ¢ 153.5,152.7,151.3,  C,H,,N;0,Cl
1H), 7.82 (d, J= 7.8 Hz, 1H), 7.48 (d,J= 7.8 Hz, IH), 150.3, 148.9, 144.8, 144.4, 139.8, 139.4, [M-CI]*":
7.34-7.21 (m, 3H), 7.14 (s, 1H), 6.80 (s, 1H), 4.18 (&,  137.9, 128.9, 128.3, 123.0, 121.8, 121.4, 452.196 9,
J=6.0 Hz, 2H), 4.06 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 118.6,117.6, 111.6, 111.3,109.6, 101.4, Found:
3.05 (t,J= 6.0 Hz, 2H), 2.44 (s, 3H) 96.2,57.5,57.0, 56.6, 46.5, 28.1, 18.5 452.194 8
3p 35 187.1-188.9 'HNMR (CDCl,, CD,0D)59.71 (d,J=12Hz, 1H),  “C NMR (CDCL,, CD,0D) § 153.1,152.2,  C,H,,N,0,CI
8.95-8.90 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.63 (s, 149.9, 148.2, 146.6, 145.0, 144.1 (2), 143.5, [M-CI]*":
1H), 7.55 (d, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.35 (s, 1H), 137.8, 128.8, 128.3, 128.0, 121.7, 121.4, 439.176 5,
6.94 (s, 1H), 4.39 (t, J = 6.0 Hz, 2H), 4.22 (s, 3H), 4.01  118.7,117.7,111.9, 111.2, 109.1, 97.2, 57.3, Found:
(s, 3H), 3.98 (s, 3H), 3.20 (t, J = 6.0 Hz, 2H) 56.9, 56.6, 46.3,27.9 439.176 7
3q 36 208.1-210.2 'HNMR (DMSO-d,) § 12.79 (s, 1H), 9.42 (s, 1H), 9.27 *C NMR (DMSO-d,) 6 160.3, 157.3 (3), C,H,:N,0,Cl
(s, 2H), 7.79 (d, J= 7.8 Hz, 1H), 7.72 (s, 1H), 7.48 (d, 151.6, 150.9, 149.2, 148.8, 143.9, 136.3, [M-CI]*":
J=17.8Hz, 1H),7.43 (s, 1H), 7.19 (s, 1H), 7.01 (s, 1H), 129.7, 128.0, 127.7, 127.3, 120.8, 120.4, 439.176 5,
4.25 (s, 2H), 4.08 (s, 3H), 3.88 (s, 3H), 3.84 (s, 3H), 117.7,111.2, 110.6, 108.8, 100.6, 57.3, 56.5, Found:
3.06 (s, 2H) 56.2,45.2,26.9 439.176 9
3r 42 200.0-201.9 'HNMR (CDCl, CD,0D) §8.20 (s, 1H), 7.95 (d,J=  3C NMR (CDCl,, CD,0D) § 152.2, 151.8,  C,,H,,N,0,Cl
5.4Hz, 1H),7.60 (d,/=3.6 Hz, 1H),7.57 (d,/=6.0 Hz, 150.9, 149.6, 144.2, 138.1, 137.1, 130.0, [M-CI]*:
1H), 7.42 (s, 1H), 7.39-7.33 (m, 2H), 7.29 (s, 1H), 7.25 129.2, 128.0, 127.4, 124.8, 124.1, 122.8, 476.196 9,
(s, 1H), 6.92 (s, 1H), 6.89 (s, 1H), 4.18 (s, 5H), 4.00 (s, 121.8,119.7,119.0, 118.1, 116.5, 113.7, Found:
3H), 3.97 (s, 3H), 3.18 (s, 2H) 111.1, 109.4, 109.3, 109.0, 96.1, 57.2, 56.9, 476.197 3

56.5,45.5,28.1

I, F CAHERR A0 AP A2 8 1 # ] G*AG-VSV iR
9B MR T SRR PSS . BT E H R B Z5 4
41 i # . PT SARS-Co V-2 i # (EC5,-SARS-CoV-2) Fil
PLG*AG-VSV Ui (ECs-G*AG-VSV) [IiE P L2 2.
SAR = B AT AL 947 A [R] HUAR J: 6F 1 SARS-
CoV-2 B aERE IS . B2, X945 A2, Frigik
) 3a Xt SARS-CoV-2 15 5 ¥ EC5, 4 4.06 pmol-L,
S PEME T BBR, SIME 5 BBR A 2. B )5, 7F 9-f 7K 5L
Lo E N B B 3 (3b~3d). A (3e). &l (3f)
FIR (3g) P HELF-IE 2L (3h~3i), 45 B R, BRiL s
W 3i R E M5 TR S Ak, oAt H BRI i 1 35 e T

BBR, {HH SIE /N T %S . L Egh RiER: 15 9-
BLGINE AN [F R 2R B AR T A7 A2 ) SHE #2 5i -
BN ORAE -0 51 ANAS R 2 BRHUACEE (3j~3r), &5
TR IR, 2 9~ EUAR JE g mik n 5 | i e T 0 g B
R4 3k 31F1 3q [ EC4, 33 K1 13.0 pmol-L'; 24 9-1%
BRI SAg VR g L A R Lk P ok e AT 05| DR R v, B
SR AW 3§+ 30+ 3p A 3r 1) 5T SARS-CoV-2 {5 & 1%
PEH] 58 T BBR, ECso /1 T 4.63 #16.97 pmol L Z [#],
{ER 40 i 75 1 B 2 48 K, ST T 56 94, 24 9-fr HufR 3k
N AN [E B B it e B B A6 S 3n i R 5R T BBR,
ECs, 24 10.2 pumol-L, SI{E A BBR AH 4, F¢ Al 2L &4
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Table 2 Structures and antiviral activities of all the target compounds against SARS-CoV-2 pseudovirus. “CCj,, the concentration of 50%

cellular toxicity in Huh 7 cell; *ECy,, the concentration required to achieve 50% protection against virus-induced cytopathic effect; °SI, the

selectivity index-the ratio of CCs, to ECy,

Compd. R CC,,/umol-L'® EC,,-SARS-CoV-2/pumol-L"'® SI° EC,,-G*AG-VSV/umol-L"
BBR / >266 27.0 >9.89 142
3a CH, 44.8 4.06 11.0 175
3b p-CH,CH, 33.7 12.1 2.8 16.8
3¢ 0,p-(CH,),C H, 15.2 13.0 12 162
3d m,p-(CH,),C,H, 5.1 45 1.1 42
3e m,p-(OCH,),CH, 5.1 52 0.99 733
3f p-CICH, 14.8 15.7 0.94 19.4
3g p-BrCH, 13.7 16.5 0.83 15.0
3h m-CNC(H, 5.51 2.96 1.86 12.0
3i p-CNCH, 25.8 29.3 0.87 34.0
3j 2'-Furyl 5.46 4.63 1.18 423
3k 2'-Pyrryl 13.1 13.1 1.00 11.1
31 2'-Thiazolyl 25.2 46.7 0.54 22.4
3m - 36.0 1.61 222 317
3n S 943 10.2 9.27 353
30 N\/ | 5.93 6.18 0.86 6.88
3p 2'-Pyrazinyl 8.96 4.79 1.87 5.46
3q 5'-Pyrimidyl 58.2 712 0.82 24.7
3r 3'-Indolyl 6.00 6.97 0.86 6.80

3m, H EC, fN 1.61 umol-L*, SI N 22.2, 95 & 3F 1
A ST¥IH &AL T BBR, - H. 3m X G*AG-VSV 5 2 1)
ECs, 4 31.7 umol-L"', {& T BBR [FJ EC4, 17.5 pmol-L ",
DA, 3% 98 3mONAR R AL S YDIEAT N — B A
3 BIERNSEE

AR BT BBR 5 3m U # AL, W0 T EAR
[ 140305, 3 2% F RIS 1) A58 3m 7% BBR A7 2 0 Bk
[ B 00 N = 4 PR P 245 47— 25— 1 2 A ELAE P AR I ]
NN sS2Ee T2, B 2A R A5 0 5 PG R, R
a: TR 25 A9 NAR; b: BELAS 93 25 X 240 i J 2 18 110 W f 5
c: BH BT B 5 20 B SR T 52 AR 45 s d: A ) S 5 o
o 450 2B F12C Arn: BBR X a b Fl ¢ il F&2 1401
#1153 59N 60%- 57% 69%, 27~ BBR 3 i 111 i) 95 7
XoF A 2 ) N T B DA R REL BT 7 5 2 AR I 4
Z AN 3m 4 a b A d IR D2 55 00 R 62%
76%-73%, $71% 3m XI5 256 7 5 20 B A 3R N < PR B AT
JERL& B B S B RS E ] . BB S5 SRR, 3m
A BBR ¥ 0] i 38 1 22 #0551 Wy 1R 4 F AL 7= 26 B
BEAEFH, T BERZ B B2 45 4 SO A5 79 & AR AL AS 58 4
A, AE 1S 33— B IR AT K

4 RRAMHMSITEN

41 EYImBRAMETN X T HWRUEMEEN
SER B4, {8 F] ADMET Predictor 9.5 B 6 A% & 10
0 3m AT A5 1) R 2 P TR, S R AL AR AN
TRPEBUEATAT 40, 1 R A B2 PE R ) (R 3). 45
7R, 3m IR TR 43 8 35 78 O OE 1A EEVE T , $R
AL A 3m 2 T AT

Table 3 ADMET prediction results of 3m. *Druglike risk about
absorption, suggested values: Absn risk < 3.5; *Druglike risk about
metabolism, suggested values: CYP risk < 2.5; ‘Rat-TD,,, suggest-
ed values: > 6.5; ‘Druglike risk about ADMET, suggested values:
ADMET risk < 7.5

o , Rat-TD,¢  ADMET
Code Absnrisk® CYPrisk® .
/mg-kg'-d’ risk¢
3m 0.83 1 12.1 4.83

42 HEYIMAMEME EHAERWHAR, LESS
2577 3, ¥ 18 .0.250.500 11 000 mg-kg! 75, ¥ ib&
P3m —IRPEL 25, OIS T R SR ER, AEF
TN RAEAFRAS Y RAF, U0 3m 035000 & (LDs)
KT 1000 mg-kg'.
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Figure 2 (A) Cartoon diagram of a single-cycle time-of-addition at different time and temperature. (B) BBR and (C) compound 3m block

SARS-CoV-2 pseudovirus infection at different entry stage. Error bars indicate standard deviations

INGE

AT 58 L BBR N5 34, LBt SARS-CoV-2 i
BRI T 0], LA T 18R AL N-FR
L BBRATAN), FIR% R R BITE 9-07 5 N3 4 1R A 30
SEP T AR mbUm E A . o, A 3m BoR H i
B PLI BR i 1, HEC, N 1.61 pumol-L, STA22.2,
B2 AT BBR. IS [AJS s 5e #2278 BBR 55 3m 338 i
% B s Y R FH AL A 4 B B 4 FH, (R IR BRE A 1 32
G P A AR FA WL R B AR . ASHIF U485 N N-3R
1& BBR fiT AE W) % & e — R8T 0L HT SARS-Co-2 ik ik
VP T R R

=

LI E
CXM-300 B 2 45 s A E H bR 51, T R
BIE; B4 H ¥ 4 [)'"H NMR #1'°C NMR ] Bruker
Avance TII 600MHz #% # £ 9= 40 %€ , % 7] 4 DMSO-
d,~CD,0D B # CD,0D # CDCI, J& & ¥ 7 ; HR-ESI-
MS H Autospec Ultima-TOF Jii 5% Il 72 4 I % ; Flash #F
43 B 44k, F Combiflash Rf 200 3 i 2 3 AH, 77134
Hor At
1 wEMERK
¥ PMT (5 g, 12.9 mmol) JIA 3] 2,4- — F 4 B %
Jf%25 mL H, 100 °Co&F T /B 7 ho KRV H 25,
B8 S5 I N T B 100 mL, $E 4, #lUE, P9 2100 mL 3%

Yoo JEVELREREE, UL A b/ R N IR S A 4 B
aiftfFa sy, a1 (3 g, 5.74 mmol) T
10 mL HEEH, IR EEER 3 mL, = IR+ 8 h, i JE,
DUIE LA 80% L BEPL U, IFa etk &2, Bk &2
(300 mg, 0.81 mmol) F1AH I (] - F F£ i (1.47 mmol)
BT K HEE (10 mL) H, N BB 1 5 s R A4 &R
YR NTINE, 60 °C [ % 2~8 h, ¥ & NAK & 76 70 ¥4
FERRR R A, WU e T R MAR &, A ZRE R A DL =&
R ot/ R B I Bl A 40 25 4415 5 A5 3a~3rs

2 EYsStig

2.1 {RSMNRBEIK 4T SARS-CoV-2 8% 355 M IE M
PR E ) (LRE 200 pmol L) I R IR 5
1.3x10* TCIDs, SARS-Co V-2 {f 7 £ 18 & T 96 fL Costar
W (Corning, Inc., FET*, 41£9), 37 °C N HE 1 h, 250
A Huh 7400 (551 2x10°4HH0), 1% & 24 ho @id &4
YRGB KA e R BRI G o MR 77— S o i 2
WEMPRBERI ECs . RN, fE%AEREFABELT,
AT 240 P 2 1 0 DA AR S AR AL S 0 1 CCso 1L
2.2 {RSNEBEIKE I G*AG-VSV B% & 5E M E M
PR AP (LW 200 pmol L) I R AW 5
1.3x10* TCID;, G*AG-VSV {59 7 ¥ & T 96 fL Costar
B (Corning, Inc., BT, 41£9), 37 °C NI E 1 h, 2RJE I
Huh 74008 (BEFL2x10*4HJHd), ¥ & 24 h. BN EAEY
RGBSR 5 B B YL, EC 5 FR 7 S 2870 2
23 2MZIMIW A5 ) S G I A
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B2 Bt 25 VI 75 BT 3 ) S 56 A O R AEERAE LR . DA
EL IR /N R (18~20 g) NBh WY, FR e 5 4% IR A 40
10 H HERESEENL 4 . L&Y 3m TERF R 7
Iy BE 2y ) C A B 042550 AT 100 mg-mL! VR B,
BANR DB, EHYREL S, & H/NRER 0.
250500 Fi1 1 000 mg-kg ! (177 & #E H 4525 0.2 mL, % V)
MELENY) T R A BIFETE B, T LDsgo

2.4 BHESRMSSIE K Huh 7 40 078 96 FLAR 85 9%
24 h, Bl JE AL AW (49K FE 25 pmol- L) #£ SARS-CoV-2
PR B HT 1 h (-1 h), R EE G (0 h) B # e
J& (+1 h) BIANEIN T BOEAT IR & - R AR S5 24 hs
WA e FEAE, XA PP ER 28 1 B R 3T 2 04

& STk: VG HI2 T ST T A H AR 0 6 B SCHR 14 8 17
BB LIRS RAER 15T 5T SARS-CoV-2 5 353
ifi 6, ZF AL B 4 < VR SR AN A R B 11 5T SR AT O
i P48 R AR 5 5 o MR T 9 35 Bl H AR I 20 85 AR S
(¥ 38 TR 5 RT3 Hd 9 D S B8 BETE AR G AR AR 2 T A
TAE.

FIZERSE: I A & 1 AR 2 o R
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