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Abstract: To screen novel anti-dengue virus (DENV) NS5 RdRp enzyme inhibitors, a series of 5-cyano-2-
thiacetoaryl pyrimidinone compounds were designed and synthesized by molecular hybridization method with
HCV NS5B RdRp inhibitor 3je and ZIKV NS5 RdRp inhibitor 4w as lead compounds. The anti-DENV activity of
these compounds was evaluated by MTT assay and plaque assay and five compounds showed anti-DENV activity.
The most active compound 7a'k showed better anti-DENV activity than that of the positive control ribavirin (EC,, =
7.86 pmol-L" vs EC,, = 18.07 pmol-L"), and the other four compounds showed almost the same anti-DENV
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activity as ribavirin. Finally, the prediction and simulation of the binding mode through molecular provided new
ideas for the further development of this new DENV NS5 RdRp inhibitor.
Key words: dengue virus NS5 RdRp inhibitor; synthesis; anti- dengue virus activity; molecular docking
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A Binding mode of 4w with DENV NS5 RdRp
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Figure 1 A: Predicted binding mode of compound 4w with DENV NS5 RdRp (PDB: 5SK5M). B: Target compounds design
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Table 1 Physical data and spectral data of compounds 7 (a'a-a'r, I T P DENV IE I, H A AW 7a'k i P 5,
b'a-b'g) H EC,, = 7.86 pmol-L", A7 #5 £L T1 > 25.45, A PHEXT
Compd. Yield/% mp/°C Compd. Yield/% mp/°C HE 4 ) B2 3 bk (T1> 11.07) RET 2fE, Heaimths
7a'a 96.3 170.0-172.1 7a'n 54.1 194.0-195.1 . .
74 497  1917-1932| 7a'e 240  166.7-167.8 Wi R 5 BH P BE A R B R E 1 (EC= 18.07 +
Ta'c 29.8 196.0-197.1| 7a'p 29.6 188.6-189.8 0.36 umol-L'l) 4.
7a'd 94.5 210.4-211.7| 7a'q 33.8 175.1-176.2
AN Y AT
Ta'e 76.7 202.1-202.8| 7a'r 53.1 196.1-197.2 % &}\’ E'ﬂi% 3 ﬂlj'l-‘ 5 ﬁ DENV-2 {ﬁ ri/ﬁf‘ = %E/J Rl
7a't 87.5 202.9-203.1| 7b'a 893 2153-216.4 AR 3L 1) 4'-F, T R, 9 3',5'-diF BLARJE () 7b’ R 514k
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Tm 0119657197 SRR, SRS TR AR 25
Table 2 Spectral data of compounds 7 (a'a-a'r, b'a-b'g)
Compd. 'H NMR, "“C NMR, HR-ESI-MS
7a'a 'H NMR (400 MHz, DMSO-d,) 6 10.84 (s, 1H, Ph-NH-CO), 7.71 (dd, J = 8.2, 1.8 Hz, 2H, ArH), 7.56 (ddt, /= 6.8, 5.0, 1.8 Hz, 2H, ArH),
7.27-7.21 (m, 2H, ArH), 7.13 (td, J = 8.9, 1.9 Hz, 2H, ArH), 3.87 (s, 2H, S-CH,), 2.98-2.85 (m, 1H, CH(CH,),), 1.21 (d, /= 1.7 Hz, 3H,
CH,), 1.19 (d, J= 1.8 Hz, 3H, CH,); C NMR (100 MHz, DMSO-d,) 6 170.4,167.1,167.1, 159.1, 158.0 ('JCF: 238 Hz), 150.9, 135.6
(“J., =2 Hz), 134.6, 128.4 (2C), 126.1 (2C), 120.5 (2C, *J,, = 8 Hz), 119.2, 115.4 (2C, *J,,, = 22 Hz), 90.2, 35.2, 33.4, 23.7 (2C); HR-ESI-
MS: m/z caled. for C,,H,,FN,0,S [M+H]" 423.124 6, found 423.124 8
7a'b  '"H NMR (400 MHz, DMSO-d,) 6 10.73 (s, 1H, Ph-NH-CO), 7.63 (d, J = 7.8 Hz, 1H, ArH), 7.57 (td, /= 7.4, 5.8, 2.7 Hz, 3H, ArH), 7.45 (q,

J=17.1,6.5 Hz, 1H, ArH), 7.33 (t,J = 8.7 Hz, 1H, ArH), 7.13 (td, J = 9.0, 2.0 Hz, 2H, ArH), 3.91 (s, 2H, S-CH,); "C NMR (100 MHz,

7a'c

DMSO-d,) 6 170.6, 166.9, 165.8, 165.7, 161.8 (J,,. = 242 Hz), 158.0 (\J,,= 237 Hz), 139.2 (.= 8 Hz), 135.51 (/.= 3 Hz), 130.3
CJ,.= 8 Hz), 124.5 (\J,,. = 3 Hz), 120.6 (2C, *J,,= 8 Hz), 118.6, 117.2 (*J. = 21 Hz), 115.4 (2C, *J .= 22 Hz), 115.0 (J,,.= 23 Hz), 91 4,
35.3; HR-ESI-MS: m/z caled. for C,,H,,F,N,0,S [M+H]" 399.068 3, found 399.068 6

'H NMR (400 MHz, DMSO-d,) 6 10.94 (s, 1H, Ph-NH-CO), 7.58 (dd, J = 8.3, 5.0 Hz, 2H, ArH), 7.54 (d, J= 5.0 Hz, 2H, ArH), 7.29 (td,

J=9.6,9.0, 6.8 Hz, 2H, ArH), 7.18-7.08 (m, 2H, ArH), 3.81 (s, 2H, S-CH,), 2.30 (s, 3H, CH,); "C NMR (100 MHz, DMSO-d,) 6 171.5,

7a'd

Ta'e

Ta'f

Ta'g

7a'h

Ta'i

170.0, 167.6, 167.5, 157.9 ('J,,= 238 Hz), 137.4, 137.3, 135.6 (*J,,= 3 Hz), 130.4, 128.6, 128.0, 125.4, 120.5 (2C, *J,,.= 8 Hz), 119.7,
115.4 (2C, *J .= 22 Hz), 89.5, 35.1, 20.9; HR-ESI-MS: m/z caled. for C,)H FN,0,S [M+H]" 395.093 3, found 395.093 5

'"H NMR (400 MHz, DMSO-d,) 6 10.90 (s, 1H, Ph-NH-CO), 7.65-7.44 (m, 4H, ArH), 7.22-7.02 (m, 3H, ArH), 3.85 (s, 2H, S-CH,), 2.25
(s, 3H, CH,), 2.19 (s, 3H, CH,); "C NMR (100 MHz, DMSO-d,) 6 170.6, 168.9, 167.3, 167.3, 157.9 ('J,,,= 239 Hz), 138.7, 136.1, 135.6
(J,.=3 Hz), 134.7, 129.2 (2C), 125.8, 120.5 (2C,’J,,.= 7 Hz), 119.3, 115.3 (2C, *J . = 22 Hz), 89.7, 35.2, 19.3 (2C); HR-ESI-MS: m/z
caled. for C,,H,;FN,0,S [M+H]" 409.109 0, found 409.109 2

'"H NMR (400 MHz, DMSO-d,) § 11.24 (s, 1H, Ph-NH-CO), 10.87-10.72 (m, 1H, OH), 10.54 (s, 1H, Ar-NH), 8.35 (dd, J=7.9, 1.7 Hz,
1H, ArH), 7.75 (ddd, J = 8.7, 7.3, 1.7 Hz, 1H, ArH), 7.67-7.60 (m, 2H, ArH), 7.52 (d, J = 8.3 Hz, 1H, ArH), 7.44 (t,J = 7.6 Hz, 1H, ArH),
7.14 (t, J = 8.9 Hz, 2H, ArH), 4.04 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) § 177.2, 169.0, 166.7, 165.8, 157.9 (/.= 238 Hz),
157.4,151.5,135.5 (*J.= 3 Hz), 133.9, 125.9, 125.0, 120.7 (2C, *J,.= 8 Hz), 118.7, 116.9, 115.3 (2C, °J,,.= 22 Hz), 94.7, 35.6; HR-ESI-
MS: m/z caled. for C (H,,FN,0,S [M+H]" 397.072 6, found 397.073 0

'"H NMR (400 MHz, DMSO-d,) § 10.72 (s, 1H, Ph-NH-CO), 7.73 (d, J = 7.8 Hz, 2H, ArH), 7.64-7.50 (m, 2H, ArH), 7.29-7.03 (m, 4H,
ArH), 3.94 (s, 2H, S-CH,), 2.63 (q, J = 7.6 Hz, 2H, CH,-CH,), 1.17 (t,J = 7.6 Hz, 3H, CH,); “C NMR (100 MHz, DMSO-d,) J 169.5,
167.1,166.7, 161.9, 158.0 ('J,,, = 239 Hz), 146.7, 135.5 (*J,, = 2 Hz), 134.0, 128.5 (2C), 127.6 (2C), 120.6 (2C, *J,,, = 8 Hz), 118.4, 115.4
(2C, %, = 22 Hz), 90.3, 35.3, 28.1, 15.4; HR-ESI-MS: m/z calcd. for C,,H,,FN,0,S [M+H]" 409.109 0, found 409.109 4

'"H NMR (400 MHz, DMSO-d,) 6 10.83 (s, 1H, Ph-NH-CO), 10.77 (s, 1H, Ar-NH), 7.72 (dd, J = 8.5, 2.1 Hz, 2H, ArH), 7.58 (ddd, J = 9.1,
4.8,2.1 Hz, 4H, ArH), 7.13 (td, J = 8.9, 2.1 Hz, 2H, ArH), 3.89 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) 6 170.6, 168.1, 167.0,
166.1,157.9 ('J,,.= 238 Hz), 136.1, 135.5 (/.= 3 Hz), 131.2 (2C), 130.4 (2C), 123.8, 120.5 (2C, °J,,. = 8 Hz), 118.8, 115.3 (2C, *J . =
22 Hz), 90.1, 35.2; HR-ESI-MS: m/z calcd. for C,jH ,BrFN,0,S [M+H]" 459.982 8, found 459.982 9

"H NMR (400 MHz, DMSO-d,) § 10.82 (s, 1H, Ph-NH-CO), 8.06 (d, J = 5.1 Hz, 2H, ArH), 7.85 (d, J = 7.8 Hz, 1H, ArH), 7.66 (t, J =

8.0 Hz, 1H, ArH), 7.59 (ddt, J = 6.9, 4.9, 1.8 Hz, 2H, ArH), 7.13 (td, J = 8.9, 2.0 Hz, 2H, ArH), 3.86 (s, 2H, S-CH,); *C NMR (100 MHz,
DMSO-d,) 6 171.5, 169.2, 167.3, 165.7, 157.9 ('J,,,= 238 Hz), 138.2, 135.6 (*J,,=3 Hz), 132.3, 129.5, 129.0 (J,,.= 32 Hz), 126.6, 124.6
(J,, =4 Hz), 124.0 (\J,.= 271 Hz), 120.6 (2C, *J,,. = 8 Hz), 119.2, 115.4 (2C, *J,= 22 Hz ), 90.0, 35.1; HR-ESI-MS: m/z calcd. for
C,H,,F,N,0,8 [M+H]" 449.065 1, found 449.064 7

'"H NMR (400 MHz, DMSO-d,) § 10.75 (s, 1H, Ph-NH-CO), 7.94 (d, J = 7.9 Hz, 2H, ArH), 7.75 (d, J = 8.1 Hz, 2H, ArH), 7.58 (ddt, J =
6.9,4.9, 1.9 Hz, 2H, ArH), 7.13 (tt, J = 9.0, 4.6 Hz, 2H, ArH), 3.88 (s, 2H, S-CH,); °C NMR (100 MHz, DMSO-d,) 6 171.2, 168.6, 167.2,
165.9, 157.9 (.= 239 Hz ), 141.1, 135.6 (*J .= 2 Hz ), 130.1 (J,.= 31 Hz), 129.1 (2C), 125.1 (2C, *J,,. = 3 Hz), 124.0 (.= 271 Hz),
120.5 (2C, *J .= 7 Hz), 118.9, 115.3 (2C, °J,. = 22 Hz), 90.4, 35.3; HR-ESI-MS: m/z calcd. for C, H,,F,N,0,S [M+H]" 449.056 1, found
499.055 8
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Continued

Compd. 'H NMR, "C NMR, HR-ESI-MS

7a'j  'H NMR (400 MHz, DMSO-d,) 6 10.88 (s, 1H, Ph-NH-CO), 7.63-7.50 (m, 2H, ArH), 7.33 (dtd, J = 6.1, 3.7, 3.2, 1.2 Hz, 3H, ArH), 7.20-
7.09 (m, 2H, ArH), 7.08-6.98 (m, 1H, ArH), 3.84 (s, 2H, S-CH,), 3.76 (s, 3H,-OCH,); *C NMR (100 MHz, DMSO-d,) 5 171.4, 169.8,
167.4,167.1, 158.9, 157.9 ('J,. = 239 Hz), 138.6, 135.6 (.= 3 Hz), 129.3, 120.5, 120.5 (2C, *J,,. = 8 Hz), 119.5, 115.6,115.3 (2C, *J .=
22 Hz), 113.6, 89.6, 55.2, 35.1; HR-ESI-MS: m/z calcd. for C,H,.,FN,O,S [M+H]" 411.088 2, found 411.088 5

7a'k 'H NMR (400 MHz, DMSO-d,) § 10.77 (s, H, Ph-NH-CO), 7.74 (d, J = 2.4 Hz, 3H, ArH), 7.64 - 7.55 (m, 2H, ArH), 7.13 (td, / = 8.9,

1.9 Hz, 2H, ArH), 3.84 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) § 171.8, 169.4, 167.3, 164.3, 157.9 ('J,, =238 Hz), 140.6, 135.6
(4, = 3 Hz), 134.0 (2C, Ph), 129.3, 126.8 (2C, Ph), 120.6 (2C, *J,,. = 7 Hz), 119.1, 115.3 (2C, *J,. = 22 Hz), 89.8, 35.2; HR-ESI-MS: m/z
caled. for C,,H, CLFN,0,S [M+H]" 449.993 4, found 449.993 5

197711
7a'l 'HNMR (400 MHz, DMSO-d,) 5 10.84 (s, 1H, Ph-NH-CO), 7.70 (dd, J = 8.2, 1.8 Hz, 2H, ArH), 7.58 (ddt, J = 6.8, 4.9, 1.7 Hz, 2H, ArH),
7.24-7.09 (m, 4H, ArH), 3.91 (s, 2H, S-CH,), 2.34 (s, 3H, CH,); °C NMR (100 MHz, DMSO-d,) § 169.8, 167.1, 166.9, 163.8, 157.9
(\J., = 238 Hz), 140.3, 135.6 (/.= 2 Hz), 133.9, 128.8 (2C), 128.4 (2C), 120.6 (2C, *J. = 7 Hz), 118.8, 115.4 (2C, *J, = 22 Hz), 90.1,
35.2,21.0; HR-ESI-MS: m/z caled. for C,H,,FN,0,S [M+H]" 395.093 3, found 395.093 6

7a'm 'H NMR (400 MHz, DMSO-d,) § 10.88 (s, 1H, Ph-NH-CO), 7.83 (ddd, J=8.3, 5.5, 2.1 Hz, 2H, ArH), 7.59 (ddt, J = 7.4, 5.0, 2.1 Hz, 2H,
ArH), 7.24 (td, = 8.9, 2.2 Hz, 2H, ArH), 7.14 (td, /= 9.1, 2.2 Hz, 2H, ArH), 3.83 (s, 2H, S-CH,); "°C NMR (100 MHz, DMSO-d,)
171.4,169.7, 167.5, 166.1, 163.0 (1], = 246 Hz), 157.9 (', = 238 Hz), 135.6 (/. = 3 Hz), 133.8 (/.= 3 Hz), 130.6 (2C, *J,,. = 8 Hz),
120.5 (2C,*J. = 8 Hz), 119.6, 115.4 (2C, *J.= 22 Hz), 115.1 (2C,*J.= 21 Hz ), 89.4, 35.2; HR-ESI-MS: m/= calcd. for C ,H,,F,N,0,S
[M+H]" 399.068 3, found 399.068 7

7a'n 'H NMR (400 MHz, DMSO-d,) § 10.92 (s, 1H, Ph-NH-CO), 7.79 (d, J = 8.4 Hz, 2H, ArH), 7.59 (dd, J = 8.4, 4.9 Hz, 2H, ArH), 7.14 (t, J =
8.5 Hz, 2H, ArH), 6.94 (d, J = 8.4 Hz, 2H, ArH), 3.85 (s, 2H, S-CH,), 3.79 (s, 3H, -OCH,); °C NMR (100 MHz, DMSO-d,) § 170.5, 169.0,
167.3, 166.5, 160.9, 157.9 (\J,,,= 238 Hz), 135.6 (/.= 3 Hz), 130.0 (2C), 129.3, 120.5 (2C, J,,, = 8 Hz), 119.6, 115.4 (2C, *J,, = 22 Hz),
113.50 (2C), 89.0, 55.3, 35.2; HR-ESI-MS: m/z calcd. for C,)H,.FN,0,S [M+H]' 411.088 2, found 411.088 4

7a'c  'H NMR (400 MHz, DMSO-d,) 6 10.81 (s, IH, Ph-NH-CO), 7.78 (ddd, /= 11.8, 7.9, 2.2 Hz, 1H, ArH), 7.70 - 7.63 (m, 1H, ArH), 7.63-
7.55 (m, 2H, ArH), 7.49 (dt, /= 10.7, 8.5 Hz, 1H, ArH), 7.18 - 7.08 (m, 2H, ArH), 3.84 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) J
171.5,169.4, 167.3, 164.7,157.9 ('J,.= 238 Hz), 150.3 (\J,.= 242 Hz, ’J .= 12 Hz), 149.1 (/.= 246 Hz,’J .= 12 Hz), 135.5 ("J .= 2
Hz), 130.8 (\J,,= 6 Hz), 125.4 (*J,,= 3 Hz), 120.5 (2C, *J,.= 8 Hz), 119.3, 117.4 (J,.,= 18 Hz), 117.31 (J,= 17 Hz), 115.3 (2C, *J .=
22 Hz), 89.6, 35.1; HR-ESI-MS: m/z caled. for C,,H, F,N,0,S [M+H] 417.058 8, found 417.058 6

7a'p 'H NMR (400 MHz, DMSO-d,) 6 10.93 (s, 1H, Ph-NH-CO), 7.62-7.52 (m, 2H, ArH), 7.36-7.24 (m, 2H, ArH), 7.22 (dd, J = 3.8, 0.9 Hz,
2H, ArH), 7.18-7.09 (m, 2H, ArH), 3.81 (s, 2H, S-CH,), 2.21 (s, 3H, CH,); "C NMR (100 MHz, DMSO-d,) § 171.3, 169.8, 169.4, 167 .4,
157.9 (\J,,.= 238 Hz), 137.8, 135.5 (*J.= 3 Hz), 134.9, 130.1, 128.7, 128.3, 125.5, 120.5 (2C, *J,.= 8 Hz), 118.9, 115.3 (2C, *J .=
22 Hz), 91.9, 35.1, 19.1; HR-ESI-MS: m/z caled. for C,,H,;FN,0,S [M+H]" 395.093 3, found 395.093 6

7a'q 'H NMR (400 MHz, DMSO-d,) 6 10.77 (s, 1H, Ph-NH-CO), 7.64-7.54 (m, 2H, ArH), 7.49-7.32 (m, 3H, ArH), 7.13 (t, /= 8.9 Hz, 2H,
ArH), 3.84 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) 6 171.8, 169.5, 167.4, 164.5, 162.0 (2C, 'J,,.= 245 Hz,’J .= 13 Hz), 157.9
(J,.= 238 Hz), 140.8 (J,.= 9 Hz), 135.6 (*J.= 2 Hz), 120.5 (2C, *J .= 8 Hz), 119.2, 115.3 (2C, *J,= 22 Hz), 111.5 (2C, *J .= 26 Hz),
105.29 (J,., = 25 Hz), 89.7, 35.2; HR-ESI-MS: m/z caled. for C,,H, F,N,0,S [M+H]" 417.058 8, found 417.059 1

19771

7a'r  'H NMR (400 MHz, DMSO-d,)  11.00 (s, 1H, Ph-NH-CO), 7.57 (ddt, /= 6.9, 5.0, 2.8 Hz, 2H, ArH), 7.44-7.35 (m, 1H, ArH), 7.25-7.06
(m, 4H, ArH), 6.93 (t, J = 7.4 Hz, 1H, ArH), 3.78 (s, 2H, S-CH,), 3.76 (s, = 1.7 Hz, 3H, -OCH,); "*C NMR (100 MHz, DMSO-d,) § 171.2,
169.2, 167.6, 166.9, 157.9 (/.= 238 Hz), 156.2, 135.6 (*J, = 2 Hz), 130.6, 129.6, 127.1, 120.5 (2C, *J.,= 7 Hz), 120.1, 118.9, 115.3 (2C,
2J..= 22 Hz), 111.6, 93.1, 55.4, 35.1; HR-ESI-MS: m/z calcd. for C,H,,FN,0,S [M+H]" 411.088 2, found 411.088 6

7b'a 'H NMR (400 MHz, DMSO-d,) § 11.38 (s, 1H, Ph-NH-CO), 7.69 (d, J = 8.0 Hz, 2H, ArH), 7.31-7.19 (m, 4H, ArH), 6.89 (tt, J = 9.4,
2.4 Hz, 1H, ArH), 3.83 (s, 2H, S-CH,), 2.91 (p, J = 6.9 Hz, 1H, -CH(CH,),), 1.21 (d, J = 6.9 Hz, 6H, -CH(CH,),; *C NMR (100 MHz,
DMSO-d,) 6 171.1, 169.7, 168.4, 167.1, 162.6 (/.= 241 Hz), 162.4 (\J,, = 241 Hz), 150.6, 141.6 (/.= 14 Hz), 134.9, 128.3 (2C),
126.05 (2C), 119.6, 101.7 (2C, >J,= 29 Hz), 98.2 (], = 26 Hz), 89.4, 35.3, 33.3, 23.7 (2C); HR-ESI-MS: m/= calcd. for C,,H,F,N,0,S
[M+H]" 441.115 2, found 441.115 0

7b'b 'H NMR (400 MHz, DMSO-d,) 6 11.30 (s, 1H, Ph-NH-CO), 7.64-7.57 (m, 1H, ArH), 7.54-7.42 (m, 2H, ArH), 7.29 (pd, J = 8.0, 7.4,
2.6 Hz, 3H, ArH), 6.88 (tt,J = 9.3, 2.4 Hz, 1H, ArH), 3.84 (5, 2H, S-CH,); °C NMR (100 MHz, DMSO-d,) 6 171.5, 169.7, 168.3, 165.8,
162.6 (.= 242 Hz), 162.4 (\J,,.= 242 Hz), 161.8 (/.= 243 Hz), 141.5 (J,.= 14 Hz), 139.7 (J.= 7 Hz), 130.2 (/. = 8 Hz), 124.4
(4J,,=2 Hz), 119.4, 116.8 (J.= 20 Hz), 114.9 (J,. = 23 Hz), 101.7 (2C, °J .= 29 Hz), 98.3 (], = 26 Hz), 89.8, 35.3; HR-ESI-MS: m/z
caled. for C,,H, F,N,0,S [M+H]" 417.058 8, found 417.059 2

1977117 37 4

7b'c  'H NMR (400 MHz, DMSO-d,) 6 11.43 (s, 1H, Ph-NH-CO), 7.53 (dd, J = 6.4, 1.7 Hz, 2H, ArH), 7.34 - 7.22 (m, 4H, ArH), 6.88 (tt, J =
9.4,2.4 Hz, 1H, ArH), 3.83 (s, 2H, S-CH,), 2.30 (s, 3H, CH,); °C NMR (100 MHz, DMSO-d,) 5 171.3, 170.0, 168.5, 167.5, 162.6 ('J,.=
242 Hz), 162.5 ('], = 242 Hz), 141.6 (J,.= 14 Hz), 137.4, 137.4, 130.5, 128.6, 128.0, 125.4, 119.6, 101.7 (2C, *J,.= 29 Hz), 98.3 (/. =
26 Hz), 89.7, 35.3, 20.9; HR-ESI-MS: m/z caled. for C,,H,,F,N,0,S [M+H]" 413.083 9, found 413.083 7

7b'd 'H NMR (400 MHz, DMSO-d,) 6 11.45 (s, 1H, Ph-NH-CO), 7.56-7.45 (m, 2H, ArH), 7.29-7.13 (m, 3H, ArH), 6.88 (tt, /= 9.3, 2.4 Hz,
1H, ArH), 3.83 (s, 2H, S-CH,), 2.25 (s, 3H, CH,), 2.20 (s, 3H, CH,); "C NMR (100 MHz, DMSO-d,) 6 171.0, 169.7, 168.4, 167.4, 162.6
(J,,= 242 Hz), 162.4 ('J.= 242 Hz), 141.6 (J,= 14 Hz), 138.5, 136.0, 134.9, 129.2, 129.1, 125.7, 119.6, 101.7 (2C, *J,,. = 29 Hz), 98.3
(J_,= 26 Hz), 89.5, 35.3, 19.3 (2C); HR-ESI-MS: m/z calcd. for C, H, F,N,0,8 [M+H]" 427.099 6, found 427.099 3

167 2
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Continued

Compd.

'H NMR, “C NMR, HR-ESI-MS

7b'e 'H NMR (400 MHz, DMSO-d,) 6 11.21 (s, 1H, Ph-NH-CO), 10.94 (s, 1H, -OH), 8.32 (dd, /= 7.9, 1.6 Hz, IH, ArH), 7.75 (ddd, J = 8.6,
7.3, 1.7 Hz, 1H, ArH), 7.52 (d, J = 8.4 Hz, 1H, ArH), 7.42 (t, J= 7.6 Hz, 1H, ArH), 7.38-7.27 (m, 2H, ArH), 6.90 (tt, J= 9.4, 2.4 Hz, 1H,
ArH), 4.05 (s, 2H, S-CH,); *C NMR (100 MHz, DMSO-d,) 6 176.9, 169.0, 167.6, 165.8, 162.6 (/.= 242 Hz), 162.4 (\J,,,= 242 Hz),
157.4,151.6, 141.6 (.J.= 13 Hz), 133.9, 125.8, 125.0, 118.7, 116.9, 101.9 (2C, >/, = 29 Hz), 98.4 (/.= 26 Hz), 94.9, 35.7; HR-ESI-

MS: m/z caled. for C H ,F,N

JH,F,N,0.S [M+H]" 415.063 2, found 415.063 6
7b'f  'H NMR (400 MHz, DMSO-d,)  11.40 (s, 1H, Ph-NH-CO), 7.69 (d, J = 8.0 Hz, 2H, ArH), 7.30 - 7.18 (m, 4H, ArH), 6.88 (tt, /= 9.4,
2.4 Hz, 1H, ArH), 3.84 (s, 2H, S-CH,), 2.63 (q,J = 7.6 Hz, 2H, -CH,CH,), 1.18 (t, /= 7.5 Hz, 3H, -CH,CH,); "*C NMR (100 MHz,
DMSO-d,) 5 171.0, 169.5, 168.4, 167.2, 162.6 ('J. = 242 Hz), 162.4 (/.= 241 Hz), 146.1, 141.6 (/.= 13 Hz), 134.7, 128.3 (2C),
127.5 2C), 119.5, 101.7 (2C, *J,.= 29 Hz), 98.3 (J,,,= 26 Hz), 89.5, 35.3, 28.1, 15.4; HR-ESI-MS: m/z calcd. for C, H,F,N,0,S [M+H]"

427.099 6, found 427.100 0

167277472

7b'g 'H NMR (400 MHz, DMSO-d,) 6 11.35 (s, 1H, Ph-NH-CO), 7.73-7.67 (m, 2H, ArH), 7.61 (d, J = 8.6 Hz, 2H, ArH), 7.32-7.24 (m, 2H,
ArH), 6.89 (tt, J= 9.4, 2.4 Hz, 1H, ArH), 3.84 (s, 2H, S-CH,); "C NMR (100 MHz, DMSO-d,) § 171.4, 169.6, 168.3, 166.1, 162.6 (/.. =
242 Hz), 162.4 ('J.= 241 Hz), 141.6 (J .= 13 Hz), 136.5, 131.2 (2C), 130.3 (2C), 123.5, 119.4, 101.7 (2C, °J .= 29 Hz), 98.3 (*J .=
26 Hz), 89.6, 35.3; HR-ESI-MS: m/z calcd. for C,,H  BrF,N,0,S [M+H]" 422.973 4, found 422.973 8

)5 NS5 RdRp 1] G ¥ 1F H 77 Xk 4T 7 #8157 (PDB:
S5K5M). B 5, i FE R HUREE A ], R BUR A [H 11
7a'e il 7b'e.7a'f 1 7b'f. 7a'g A1 7b'g3 HUEMI E &
YIRS AL AT T He . Wk 2A-1.B-1.C-1 FioR, 340 F
PUDENV i 1k &%) 7a'e . 7a'f 1 7a'g 5 NS5 RdRp
(1 45 A 1R 2 A6 A P aw AHABL, (B AT ) s g 3 R
C-6 HUAR PR R 574 [m] “N 11487, 3@ 3 1 g 34 1) C-5-
CN 5N 487 Tyr-765 132 J (8] J2 pl &5k A B AT
FREHNOEE7 44 . FIRF, 7a%e F1 7a'f 1] C-2 {1l &
b NH R e 3R L 3-NH 535 PEAT 55 5% 3 Thr-793
T A B A BEAE L, #F— 8 m sk 1 2L 5 NS5 RdRp 1
ghGr o 1 Ta'g E I C-28 B FE 5 Tyr-758 [A] 1) S B A
FnasiX fh s & . i H K 2A-2.B-2.C-2 i 7~ ] 7b'e.
7b'f.Tb'g A WA AT L, C-2 M4 K i 3',5'-diF B4R
IR FEAFIX 3 MU AP C-2 B T BURE 58 125 [ 1,
H.F1 Asn-406. Ser-791 . Leu-754 2% 4 J& & 7% JE & i %2
A sAE R, AR &Y F AR RN O
887 IX PR BN T AS 7 IR TG AL 4 B A e 6 NSS
RdRp i M7= A 520

K 2D.E s TAA % 7a'h 1 7a'k 5 DENV NS5
RdRp (A HAEF, B & 2D 7] L, 7a'h [ 85 g 36 F1 C-6
RIREFEFR N 487, (H K R, R KL 1 2 5%, Ta'h R
WS G Ta'e Ta'f Ta'g AN [F] [ 45 G/ B, 1A A
7a'h UL C-4 ¥ L 5 Arg-727 18] f) &8 1F & X 7a'e.
7a'f.7a'g 1 C-5-CN 55 Tyr-765 [a] () & BEAE T, 1 C-
6 7 IR L H) 4'-CF, SR NN 1487 Py, ARAE 1 771 2
4y 15 NS5 RdRp Fa sz 45 45, K 7ath R M & T 5
7a'e.7a'f\Ta'g i 1. 7E R BUCEMFE BT R=
4'-F), C-6 K3 | 3',5-diCIHUREE R 5] A\ (R,=3',5'-diCl)
f# 1k &%) Ta'k 5 NS5 RdRp 45 &k 4 T 214k .
Wik 2E frow, #ENE“N 87 Y0 2 7a'k (1) C-2 ]

Table 3 Anti-DENV activities of target compounds 7 (a'a-a'r,
b'a-b'g) (mean = SD, n = 2). EC;,: The 50% effective concentra-
tion; CC,;: The 50% cytotoxicity concentration; TI: Therapeutic

index
Compd. R, R, ECq . Cs ¥ TI
/umol-L /umol-L
7a'a 4'-F 4'-iPr >50 >200
7a'b 4'-F 3'-F >50 >200
7a'c 4'-F 3'-Me >50 >200
7a'd 4'-F 3'.4'-diMe >50 >200
Ta'e 4'-F 2'-OH 21.23 >200 >9.42
Ta'f 4'-F 4'-Et 20.21 >200 >9.90
Ta'g 4'-F 4'-Br 19.13 >200 >10.45
7a'h 4'-F 3-CF, 18.29 >200 >10.93
7a'i 4'-F 4'-CF, >50 >200
7a'j 4'-F 3'-OCH, >50 >200
7a'k 4'-F 3,5"-diCl 7.86 >200 >25.45
7a'l 4'-F 4'-Me >50 >200
7a'm 4'-F 4'-F >50 >200
7a'n 4'-F 4'-OCH, >50 >200
7a'o 4'-F 3'4'-diF >50 >200
7a'p 4'-F 2'-Me >50 >200
7a'q 4'-F 3',5"-diF >50 >200
Ta'r 4'-F 2'-Ome >50 >200
7b'a 3'5"-diF 4'-iPr >50 158.61
7b'b 3'5"-diF 3'-F >50 >200
7b'c 3'5"-diF 3'-Me >50 >200
7b'd 3'5'-diF  3'.4'-diMe >50 >200
7b'e 3'.5'-diF 2'-OH >50 >200
7b'f 3',5"-diF 4'-Et >50 >200
7b'g 3',5"-diF 4'-Br >50 >200
Ribavirin 18.07+0.36  >200 >11.07

B, g 0 C-4 AL BRI C2B A kIR 5N [
87N 1) Arg-729 TV BRI 0 A B (d = 1.9A &
2.0A), 3 Ff 0 5 (0 A Ak 45 A 1 7a'k B 5o BT
DENV it . LL B4y 1 X5 $:53 Hr K B, 5 NS5 RdRp
“N S VR VERL SR B A s & R B & A
A i DENV i 1 1 58, 17 R, AR, AR 3 ) i 3o
P [RIE F X iZ 280 &9 5 NS5 RdRp 145 & 77 207 4



FIE A 5-FEE-2-R LM 75 e H 28 DENV NS5 RdRp il 57 (9 B v A i S P 7 3385 -

Figure 2 Predicted binding modes of compound 7a'e (A-1) and 7b'e (A-2) (carbons in yellow), 7a'f (B-1) and 7b'f (B-2) (carbons in

>

pink), 7a'g (C-1) and 7b'g (C-2) (carbons in purple), 7a'h (D, carbons in orange), 7a'k (E, carbons in green) in the N-pocket. Residues in

the N-pocket are shown as green sticks. Residues involved in interactions are shown as cyan sticks

S EAR H AT R, AR, BUR IS (A 3000k R ok R B
A S R, (TR IR AR T N, AT SR
TE 5-TUHE-2-i £ 15k 75 G e T e AR 28 b, g — b
B R OFIR BRI, M 4h i 2 et 0 7, I8l o T4
LS R AE 5 NS5 RARp“N 487 s 45 & 19 70 7 7F
PAA i, BAR I SEAR TGP I 9T DENV LA 4

INGE

SN T 9 3% 3 8L A HT DENV NS5 RdRp il 411 il 751,
AR 3 HE F g i 25 HCV NS5B RdRp 411 1l 71 3je
ZIKV NS5 RdRp #1751 4w (1) 45 8, K H 2 F 22 & 11
Jiik, Wit A R R B S-S -2 20 Bk 75 R s ng e 4k &
Yy, 8 3 Wi B A HR R I 2 S AN PTDENV E AL S
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Y, fix Ja il X %284 & ) 5 DENV NS5 RdRp 7> 1
XHERILZ R GV BA PLDENV IEE AR T 5
NS5 RARp“N FI487 4 &, [FIIN 4 t R AR, BUACHE (] %]
& W45 & 7 207 A W R, T iz R & 1)
[t — L e B HE AL It 4R T .

SLIR IS

W 7 #r il (AR) B FI 20 (RG) B2 AR 4 [ B
Ji s BATHI A3 3. 5 AL 3l i AR (100/200~
300 H) Mg B 7 S T, )2 01 (TLC) W A
Sl 17 KB T 4574 FR /A 7« Bruker DRX 400 (‘H:
400 MHz, “C: 100 MHz) ¥4 H % [ Bruker 2 7], P45
TMS, ¥ 7] DMSO-d, 1§ H  [H 7 #% %€ /A 7] ; Manon
MP430 4= H sl 44 54X, &I EA 7] Agilent LC/MSD
TOF it i, ) H 55 [H Agilent 23 7] .

FIEFAK (ribavirin) 16 BT & AR A R
4y ] N,N- 2 H 3 H B % (Y, N-dimethyl formamine,
DMF) 1 [ P Bl L4 A BR A =15 MTT B e 25 3%
(streptomycin sulfate). 7 % % (penicillin). DMSO & H
% [H Sigma 2 7], 2 FE PN B R ECEAE AN T
Jrs &5 @250 H A 5 R OK S DMEM =y B 5 7R 5 IR 2R
13 E 26 | Thermo Fisher 24 @ ; /N ML R B
[ Gibco 2> 7 ; {RAA 25 IEIERENE H 32 [E Amresco A .

{3 B 2 AHBE (TS-100F) e H H A Nikon 2 #]; 550
ML (Allegra X-30) ¥ H ¢ [H Beckman A & ; BEECHT 257
BT 41X (Immunospot S6 Universal) M H 3£ [E CTL A 7 ;
fig R X (ELX800) 1 [ 3% [E Bioteck 2 Al ; A=) % 42 4E
(1287) 4H jfo 55 = #1 (311) 14 H 3% [ Thermo Fisher 2%
Tl. 4 °CUKFE (HYC-360) I [ Haier 2 )

BB &35 F DMSO i, #4425 50 mmol L™,
WG 2 T 4 CCUKFE IR AT, 1 B DMEM 35 7% 5 Fi B &2
FT 75 R
1 KEPHERK
L1 2-RZEEEE Q) AR K HRAAEEI1
(10 mmol, 1 eq.)s = Z % (15 mmol, 1.5 eq.) Fl IR 2.
IR 2 (15 mmol, 1.5 eq.) % T 150 mL & H ke o, 7£
0 °C/ 2 h g, F =& H 5 (100 mLx3) ZHL, A
HUAH, A3 HLAH FE v R S0 BN Ik %, Jo /K B R 4
ff, 25 AT BIAH ah, R ol L A5 g, R4S B 2-1R £ R
i 3 4, 77 280N 88%~92%

1.2 S5-HE-6-FE-2-DEBIEERALLE 6) WE
B KK E L 4R 46 S (10 mmol, 1 eq.) HUA R
F T 4 (10 mmol, 1 eq.).Bi/lk (10 mmol, 1 eq.) A JE7K
L £ (10 mmol, 1 eq.) TIA LB, Bl & M
10~14 h. TLC BRIEE R S5 R 5, Kl ve A 28 =i,

b9, A JC K G BEE S, % 200 mL 80 °C/KHY,
AN E IR, H OB pH £ 5~6, BT H ek
B R, B [ AR O R, T, 2 B A B AR
Bl 5-FHE-6-75 FE-2- SR B IEEH 6, 77 N 38%~T75%
1.3 B EMTHER K 5-fkE-6-J7 H-2-5i &
1% WE B 6 (1 mmol, 1 eq.) ¥ f## T 15 mL DMF &,
IO TEKBREZ AT (1.2 mmol, 1.2 eq.) #EHE0.5 h )&, IIA
2-VR ZEZE 2 3 (1 mmol, leq.), % N M 0.5 he [
TLC 8RB 58 i Bl 282 2,18 (80 mLx3) 258, &
HA WA, A E AR BE R, oK T 1% .
ML 980 AR 448 73 0K = i, 38 o e 3 Bl 4 A TS
FIEHAEEY . %N 21%~92%.
2 BFRMUEEYIDENV FEMNIK

BT EIREEROTIEE T 25 st &9, &
S 56 SR WG BE VL A0 MTT 9243 53 AR H Bk 201 60 300 1
DENV ik (EC, ) MIXHHREE (CCyp)o HH1HTDENV
T PR DAL 25 25 PR B2 =5 MR Ol BH 14 % FEL
2.1 BEBEEMIRITDENVSEME  F Vero 41 g 4 Ff T
12 FLAN L BE 320 (4L 3x10°AN), 15 37 1 ) 7] 3
JIADENV (MOI = 0.5), W fff 2~4 h, 1xPBS ¥t 5, 1N
N B ok JEE s R A AL B 0 1) 2% A% 5 £ B IR -DEME
(2% FBS) #5773k, 1£ 37 °C.5% CO, ¥ = f 2614 R 15
FR5K. F 4% 2 THEEE E 10 min, JEPE3 1K, TN 0.8%
SO AT et I S IR B A4 AT SO0 4 AR
w0 BRI AT R 4 AT I T E B2 0 RUKRE EC,,
22 MTTEKRNMESFEHM K4 Vero 40 Ml F T
96 fL 4 Jiy 55 77 M (B L 4x10* 4N), 7E 37 °C . 5%
CO, A& P B MM K E 2R, 72 1
e WG, MASAERBERNEY (LRER
200 pmol-L™"), BN IR 15 B 3 AL, IRl B B IE
PR 2= O IR . B59% 5 KA, BEFLINAN 20 uL MTT
(5 mg-mL"), 37 °C.5% CO, ¥ 7 E 4 h e 5 £
100 pL _FiE W, £F4LI0A 100 uL SDS-DMF (12% SDS-
50% DMF) W& .+ 40 il 15 77 i & T 37 °C . 5% CO,
BAMPWELHR, fHS S TR mE, REINEA,
F| il Bio-TEK i b A A& Ml OD {8 (K& W3 K : 570 nm.
2K 630 nm), HUFE B HAN R EE CC).
23 JATTIREU(TD ERMITE  IKHE MTT AL 50
&b B2 i) 57 & - B i 28, B Reed&Muench 725 1 5
A A 50% 21 M J3k gL 5 B I 29K B (EC,,) FE
50% (14 o 2 A 9 AR B T 250K B (CCyp)e FIFH TI =
CC,/EC, 3K13 25 i) TIH
3 SFXE

i [ Autodock 4.2 F2 73347 4r F Xt 82, B B 154
FEII5> 7K Sybyl/Minimize 73 7 /1 AL FF 34T RE AR
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