Virtual Screening for the Discovery of Lawsone Derivatives as PS Ⅱ Inhibitors
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[bookmark: OLE_LINK7]1. Structures and characterization data of target compounds 1a‒1b, 2a‒2b, 3a‒3b and 4a‒4k 


methyl 2-((1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) acetate (1a). Yield: 56%; Yellow solid; m.p. 166‒167℃. 1H NMR (400 MHz, CDCl3) δ 8.16‒8.11 (m, 1H, ArH), 8.10‒8.04 (m, 1H, ArH), 7.76‒7.72 (m, 1H, ArH), 7.72‒7.69 (m, 1H, ArH), 6.03 (s, 1H, -C=CH-), 4.72 (s, 2H, CH2), 3.81 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.62, 179.48, 166.73, 158.52, 134.41, 133.58, 131.84, 131.06, 126.83, 126.23, 111.06, 65.25, 52.75. HRMS (ESI) m/z for C13H10O5K [M+K]+ calcd: 285.01598, found: 285.01553.


ethyl 2-((1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) acetate (1b). Yield: 56%; Yellow solid; m.p. 115‒116℃. 1H NMR (400 MHz, CDCl3) δ 8.16–8.11 (m, 1H, ArH), 8.09–8.03 (m, 1H, ArH), 7.77–7.73 (m, 1H, ArH), 7.73–7.69 (m, 1H, ArH), 6.04 (s, 1H, -C=CH-), 4.71 (s, 2H, CH2), 4.28 (q, J = 6.8 Hz, 2H, CH2), 1.30 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.63, 179.50, 166.24, 158.59, 134.38, 133.55, 131.84, 131.0, 126.80, 126.21, 111.06, 65.38, 62.07, 14.12. HRMS (ESI) m/z for C14H12O5K [M+K]+ calcd: 299.03163, found: 299.03119.


methyl 2-((1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) propanoate (1c). Yield: 57%; Yellow solid; m.p. 113‒114℃. 1H NMR (400 MHz, CDCl3) δ 8.15–8.13 (m, 1H, ArH), 8.08–8.06 (m, 1H, ArH), 7.78–7.74 (m, 1H, ArH), 7.74–7.71 (m, 1H, ArH), 6.02 (s, 1H, -C=CH-), 4.78 (q, J = 6.8 Hz, 1H, CH), 3.81 (s, 3H, CH3), 1.76 (d, J = 6.8 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.53, 179.32, 169.90, 158.1, 134.19, 133.38, 131.58, 130.90, 126.52, 125.91, 111.12, 73.12, 52.69, 17.85. HRMS (ESI) m/z for C14H12O5K [M+K]+ calcd: 299.03163, found: 299.03107.


ethyl 2-((1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) propanoate (1d). Yield: 56%; Yellow solid; m.p. 84‒85℃. 1H NMR (400 MHz, CDCl3) δ 8.12‒8.10 (m, 1H, ArH), 8.05‒8.03 (m, 1H, ArH), 7.74‒7.71 (m, 1H, ArH), 7.71‒7.67 (m, 1H, ArH), 5.98 (s, 1H, -C=CH-), 4.71 (q, J =6.8 Hz, 1H, CH), 4.25 (q, J = 7.2 Hz, 1H, CH),1.72 (d, J = 6.8 Hz, 3H, CH3), 1.27 (t, J = 7.1 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.77, 179.52, 169.48, 158.40, 134.26, 133.46, 131.77, 131.10, 126.74, 126.10, 111.27, 73.37, 61.98, 17.96, 14.10. HRMS (ESI) m/z for C15H14O5K [M+K]+ calcd: 313. 04718, found: 313.04684.


benzyl 2-((1,4-dioxo-1,4-dihydronaphthalen-2-yl) oxy) acetate (1e). Yield: 53%; Yellow solid; m.p. 99‒110℃. 1H NMR (400 MHz, CDCl3) δ 8.15–8.13 (m, 1H, 1-ArH), 8.08–8.06 (m, 1H, 1-ArH), 7.78–7.74 (m, 1H, 1-ArH), 7.74–7.71 (m, 1H, 1-ArH), 7.36 (s, 5H, 2-ArH), 6.03 (s, 1H, -C=CH-), 5.25 (s, 2H, CH2), 4.75 (s, 2H, CH2). 13C NMR (101 MHz, CDCl3) δ 184.56, 179.48, 166.16, 158.50, 134.61, 134.39, 133.56, 131.84, 131.06, 128.84, 128.76, 128.76, 128.64, 128.64, 126.82, 126.23, 111.16, 67.70, 65.34. HRMS (ESI) m/z for C19H14O5K [M+K]+ calcd: 361. 04728, found: 361.04681.


1,4-dioxo-1,4-dihydronaphthalen-2-yl benzenesulfonate (2a). Yield: 48%; Yellow solid; m.p. 118‒119℃. 1H NMR (400 MHz, CDCl3) δ 8.07–8.02 (m, 4H, 2-ArH), 7.79–7.76 (m, 1H, 2-ArH), 7.76–7.73 (m, 1H, 1-ArH), 7.73–7.71 (m, 1H, 1-ArH), 7.62–7.60 (m, 1H, 1-ArH), 7.60–7.58 (m, 1H, 1-ArH), 6.90 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.14, 178.18, 151.40, 135.36, 135.07, 134.64, 134.28, 131.63, 130.69, 129.53, 129.53, 128.5,128.51, 126.98, 126.58, 126.01. HRMS (ESI) m/z for C16H10O5KS [M+K]+ calcd: 352. 98805, found: 352.98691.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 4-methylbenzenesulfonate (2b). Yield: 48%; Yellow solid; m.p. 123‒124℃. 1H NMR (400 MHz, CDCl3) δ 8.11–8.08 (m, 1H, 1-ArH), 8.07–8.05 (m, 1H, 1-ArH), 7.92 (d, J = 8.4 Hz, 2H, 2-ArH), 7.80–7.77 (m, 1H, 1-ArH), 7.77–7.73 (m, 1H, 1-ArH), 7.39 (d, J = 8.0 Hz, 2H, 2-ArH), 6.91 (s, 1H, -C=CH-), 2.47 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.25, 178.25, 151.49, 146.44, 134.58, 134.22, 132.32, 131.67, 130.75, 130.13, 130.13, 128.57, 128.57, 126.99, 126.57, 125.76, 21.84. HRMS (ESI) m/z for C17H12O5NaS [M+Na]+ calcd: 351. 02977, found: 351.02875.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 2-chlorobenzenesulfonate (2c). Yield: 42%; Yellow solid; m.p. 126‒127℃. 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 7.9 Hz, 1H, 2-ArH), 8.10–8.09 (m, 1H, 1-ArH), 8.08–8.07 (m, 1H, 1-ArH), 7.81–7.77 (m, 1H, 1-ArH), 7.77–7.74 (m, 1H, 1-ArH), 7.66 (s, 1H, 2-ArH), 7.65 (s, 1H, 2-ArH), 7.52–7.45 (m, 1H, 2-ArH), 6.91 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.09, 178.04, 151.70, 135.68, 134.67, 134.30, 134.07, 133.59), 132.46, 131.84, 131.62, 130.69, 127.24, 127.07, 126.62, 126.16. HRMS (ESI) m/z for C16H9O5ClKS [M+K]+ calcd: 386.94908, found: 386.94882.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 4-fluorobenzenesulfonate (2d). Yield: 46%; Yellow solid; m.p. 148‒149℃. 1H NMR (400 MHz, CDCl3) δ 8.12–8.10 (m, 1H, 1-ArH), 8.10–8.09 (m, 1H, 1-ArH), 8.09–8.08 (m, 1H, 2-ArH), 8.08–8.06 (m, 1H, 2-ArH), 7.82–7.78 (m, 1H, 1-ArH), 7.78–7.74 (m, 1H, 1-ArH), 7.32–7.29 (m, 1H, 2-ArH), 7.29–7.27 (m, 1H, 2-ArH), 6.96 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.07, 178.23, 166.50 (d, J = 260.0 Hz), 151.30, 134.72, 134.3, 131.6, 131.65, 131.55, 131.37 (d, J = 3.4 Hz), 130.6, 127.0, 126.56 (d, J = 19.7 Hz), 126.56 (d, J = 19.7 Hz),116.95 (d, J = 23.0 Hz). 116.95 (d, J = 23.0 Hz). HRMS (ESI) m/z for C16H9O5FKS [M+K]+ calcd: 370.97863, found: 370.97827.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 4-nitrobenzenesulfonate (2e). Yield: 46%; Yellow solid; m.p. 140‒141℃. 1H NMR (400 MHz, CDCl3) δ 8.47–8.46 (m, 1H, 2-ArH), 8.45–8.44 (m, 1H, 2-ArH), 8.29–8.28 (m, 1H, 2-ArH), 8.27–8.26 (m, 1H, 2-ArH), 8.11–8.09 (m, 1H, 1-ArH), 8.05–8.03 (m, 1H, 1-ArH), 7.83–7.79 (m, 1H, 1-ArH), 7.79–7.75 (m, 1H, 1-ArH), 6.99 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 183.76, 178.15, 151.34, 151.17, 141.16, 134.92, 134.45, 131.68, 130.53, 129.96, 129.96, 127.42, 127.05, 126.79, 124.55, 124.55. HRMS (ESI) m/z for C16H8O7NS [M+H]- calcd: 358.00160, found: 358.00266.


1,4-dioxo-1,4-dihydronaphthalen-2-yl benzoate (3a). Yield: 57%; Yellow solid; m.p. 117‒119℃.1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 0.8 Hz, 1H, 1-ArH), 8.10 (t, J = 2.0 Hz, 1H, 1-ArH), 8.07–8.06 (m, 1H, 2-ArH), 8.06–8.04 (m, 1H, 2-ArH), 7.74–7.71 (m, 1H, 1-ArH), 7.71–7.67 (m, 1H, 1-ArH), 7.62–7.58 (m, 1H, 2-ArH), 7.46 (t, J = 7.6 Hz, 2H, 2-ArH), 6.86 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.61, 178.66, 163.68, 154.65, 134.44, 134.44, 134.05, 131.98, 131.11, 130.65, 130.65, 128.80, 128.80, 127.86, 127.02, 126.55, 126.19. HRMS (ESI) m/z for C17H10O4Na [M+Na]+ calcd: 301.04713, found: 301.04620.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 4-methoxybenzoate (3b). Yield: 50%; Yellow solid; m.p. 84‒86℃. 1H NMR (400 MHz, CDCl3) δ 8.15–8.14 (m, 2H, 2-ArH), 8.13–8.12 (m, 2H, 1-ArH), 7.81–7.78 (m, 1H, 1-ArH), 7.78–7.74 (m, 1H, 1-ArH), 7.01–7.00(m, 1H, 2-ArH), 7.00–6.98(m, 1H, 2-ArH), 6.93 (s, 1H, -C=CH-), 3.90 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.72, 178.87, 164.59, 163.34, 154.77, 134.38, 133.99, 132.90, 132.90, 132.00, 131.16, 126.99, 126.50, 126.04, 120.04, 114.12, 114.12, 55.61. HRMS (ESI) m/z for C18H12O5Na [M+Na]+ calcd: 331.05769, found: 331.05658.


[bookmark: OLE_LINK17][bookmark: OLE_LINK16]1,4-dioxo-1,4-dihydronaphthalen-2-yl 4-fluorobenzoate (3c). Yield: 48%; Yellow solid; m.p. 158‒160℃. 1H NMR (400 MHz, CDCl3) δ 8.22–8.20 (m, 1H, 2-ArH), 8.20–8.17 (m, 1H, 2-ArH), 8.14–8.12 (m, 1H, 1-ArH), 8.11–8.09 (m, 1H, 1-ArH), 7.81–7.77 (m, 1H, 1-ArH), 7.77–7.74 (m, 1H, 1-ArH), 7.22–7.17 (m, 2H, 2-ArH), 6.93 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.53, 178.62, 166.65 (d, J = 255.0 Hz), 162.67, 154.47, 134.51, 134.09, 133.38 (d, J = 9.7 Hz), 131.96, 131.05, 127.03, 126.58, 126.21, 124.12 (d, J = 3.0 Hz), 116.14 (d, J = 22.2 Hz). HRMS (ESI) m/z for C17H9O4FNa [M+Na]+ calcd: 319.03771, found: 319. 04779.


[bookmark: _Hlk146787395][bookmark: _Hlk146787420]1,4-dioxo-1,4-dihydronaphthalen-2-yl 3-(trifluoromethyl) benzoate (3d). Yield: 45%; Yellow solid; m.p. 127‒130℃. 1H NMR (500 MHz) δ 8.44–8.45 (m, 1H, 2-ArH), 8.38–8.36 (m, 1H, 2-ArH), 8.15–8.14 (m, 1H, 1-ArH), 8.13–8.12 (m, 1H, 1-ArH), 7.95–7.93 (m, 1H, 2-ArH), 7.83–7.80 (m, 1H, 1-ArH), 7.80–7.77 (m, 1H, 1-ArH), 7.71–7.68 (m, 1H, 2-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.38, 178.38, 162.45, 154.34, 134.60, 134.17, 133.76, 131.96, 131.60 (q, J = 33.2 Hz), 130.99, 130.91 (q, J = 7.1, 3.6 Hz), 129.58, 128.79, 127.51 (q, J = 3.7 Hz), 127.07, 126.65, 126.39, 123.45 (q, J = 270.9 Hz). HRMS (ESI) m/z for C18H10O4F3 [M+H]+ calcd: 347. 05257, found: 347.05301.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 3,6-dichloro-2-methoxybenzoate (3e). Yield: 32%; Yellow solid; m.p. 115‒117℃. 1H NMR (400 MHz, CDCl3) δ 8.20–8.17 (m, 1H, 1-ArH), 8.15–8.12 (m, 1H, 1-ArH), 7.83–7.80 (m, 1H, 1-ArH), 7.80–7.77 (m, 1H, 1-ArH), 7.46 (d, J = 8.8 Hz, 1H, 2-ArH), 7.21 (d, J = 8.4 Hz, 1H, 2-ArH), 6.98 (s, 1H, -C=CH-), 4.07 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 184.46, 178.09, 161.05, 154.65, 153.41, 134.51, 134.23, 133.06, 131.83, 131.07, 130.27, 128.13, 127.13, 127.07, 126.67, 126.59, 126.13, 62.67. HRMS (ESI) m/z for C18H10O5Cl2Na [M+Na]+ calcd: 398.97975, found: 398.97830.


1,4-dioxo-1,4-dihydronaphthalen-2-yl furan-2-carboxylate (4a). Yield: 54%; Yellow solid; m.p. 79‒80℃. 1H NMR (400 MHz, CDCl3) δ 8.07–8.05 (m, 1H, 1-ArH), 8.05–8.03 (m, 1H, 1-ArH), 7.74–7.71 (m, 1H, 1-ArH), 7.71–7.67 (m, 1H, 1-ArH), 7.65–7.64 (m, 1H, 2-ArH), 7.39–7.38 (m, 1H, 2-ArH), 6.85 (s, 1H, -C=CH-), 6.56 (dd, J = 3.6, 1.6 Hz, 1H, 2-ArH). 13C NMR (101 MHz, CDCl3) δ 184.49, 178.41, 154.87, 153.84, 148.18, 142.45, 134.50, 134.10, 131.9, 131.03, 127.06, 126.58, 126.2, 121.33, 112.60. HRMS (ESI) m/z for C15H8O5Na [M+Na]+ calcd: 291.02639, found: 291.02557.


1,4-dioxo-1,4-dihydronaphthalen-2-yl thiophene-2-carboxylate (4b). Yield: 56%; Yellow solid; m.p. 146‒148℃. 1H NMR (400 MHz, CDCl3) δ 8.15–8.13 (m, 1H, 1-ArH), 8.13–8.10 (m, 1H, 1-ArH), 8.00 (dd, J = 3.8, 1.3 Hz, 1H, 2-ArH), 7.80–7.78 (m, 1H, 1-ArH), 7.78–7.76 (m, 1H, 1-ArH), 7.73 (dd, J = 5.0, 1.3 Hz, 1H, 2-ArH), 7.19 (dd, J = 5.0, 3.8 Hz, 1H, 2-ArH), 6.91 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.55, 178.54, 158.80, 154.11, 136.08, 135.00, 134.47, 134.09, 131.92, 131.04, 130.80, 128.38, 127.01, 126.54, 126.18. HRMS (ESI) m/z for C15H8O4NaS [M+Na]+ calcd: 307.00355, found: 307.00266.


1,4-dioxo-1,4-dihydronaphthalen-2-yl nicotinate (4c). Yield: 52%; Yellow solid; m.p. 157‒159℃. 1H NMR (400 MHz, CDCl3) δ 9.37 (d, J = 1.6 Hz, 1H, 2-ArH), 8.89 (dd, J = 4.8, 1.6 Hz, 1H, 2-ArH), 8.43 (dt, J = 8.0, 2.0 Hz, 1H, 2-ArH), 8.16–8.14 (m, 1H, 1-ArH), 8.13–8.11 (m, 1H, 1-ArH), 7.83–7.79 (m, 1H, 1-ArH), 7.79–7.75 (m, 1H, 1-ArH), 7.51–7.48 (m, 1H, 2-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.35, 178.35, 162.42, 154.66, 154.21, 151.66, 138.02, 134.61, 134.1, 131.95, 130.97, 127.08, 126.66, 126.4, 124.15, 123.6. HRMS (ESI) m/z for C16H9O4NNa [M+Na]+ calcd: 302. 04238, found: 302.04132.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 2-chloronicotinate (4d). Yield: 54%; Yellow solid; m.p. 175‒176℃. 1H NMR (400 MHz, CDCl3) δ 8.64 (dd, J = 4.8, 2.0 Hz, 1H, 2-ArH), 8.47 (dd, J = 7.6, 2.0 Hz, 1H, 2-ArH), 8.17–8.14 (m, 1H, 1-ArH), 8.14–8.12 (m, 1H, 1-ArH), 7.84–7.80 (m, 1H, 1-ArH), 7.80–7.77 (m, 1H, 1-ArH), 7.44 (dd, J = 8.0, 4.8 Hz, 1H, 2-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.20, 178.26, 160.99, 154.00, 153.22, 151.25, 141.49, 134.66, 134.19, 131.96, 130.91, 127.07, 126.69, 126.49, 124.37, 122.31. HRMS (ESI) m/z for C16H9O4NCl [M+H]+ calcd: 314.02146, found: 314.02078.


[bookmark: OLE_LINK18]1,4-dioxo-1,4-dihydronaphthalen-2-yl 6-chloropicolinate (4e). Yield: 50%; Yellow solid; m.p. 155‒156℃. 1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 7.6, 0.8 Hz, 1H, 2-ArH), 8.15–8.13 (m, 1H, 1-ArH), 8.12–8.10 (m, 1H, 1-ArH), 7.91 (t, J = 8.0 Hz, 1H, 2-ArH), 7.82–7.79 (m, 1H, 1-ArH), 7.78–7.75 (m, 1H, 1-ArH), 7.63 (dd, J = 8.0, 0.8 Hz, 1H, 2-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.28, 177.99, 161.12, 154.57, 152.09, 146.08, 139.88, 134.60, 134.17, 131.9, 130.92, 129.30, 127.08, 126.65, 126.57, 125.01. HRMS (ESI) m/z for C16H8O4NClNa [M+Na]+ calcd: 336.00341, found: 336.00229.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 3-chloroisonicotinate (4f). Yield: 47%. Yellow solid. m.p. 159‒161℃. 1H NMR (400 MHz, CDCl3) δ 8.82 (s, 1H, 2-ArH), 8.71 (d, J = 2.8 Hz, 1H, 2-ArH), 8.16–8.14 (m, 1H, 1-ArH), 8.13–8.11 (m, 1H, 1-ArH), 7.94 (d, J = 4.0 Hz, 1H, 2-ArH), 7.83–7.80 (m, 1H, 1-ArH), 7.80–7.77 (m, 1H, 1-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.11, 177.99, 160.57, 153.80, 151.80, 148.34, 134.72, 134.26, 134.18, 131.90, 131.02, 130.83, 127.11, 126.73, 126.54, 124.77. HRMS (ESI) m/z for C16H8O4NClNa [M+Na]+ calcd: 336.00341, found: 336.00180.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 2-fluoronicotinate (4g). Yield: 30%; Yellow solid; m.p. 132‒133℃. 1H NMR (400 MHz, CDCl3) δ 8.59–8.54 (m, 1H, 2-ArH), 8.53–8.51 (m, 1H, 2-ArH), 8.17–8.15 (m, 1H, 1-ArH), 8.14–8.12 (m, 1H, 1-ArH), 7.84–7.81 (m, 1H, 1-ArH), 7.81–7.77 (m, 1H, 1-ArH), 7.43–7.39 (m, 1H, 2-ArH), 6.93 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.29, 178.17, 161.96 (d, J = 252.0 Hz), 159.86 (d, J = 8.9 Hz), 154.07, 153.23 (d, J = 15.8 Hz), 143.98, 134.65, 134.21, 131.95, 130.93, 127.10, 126.69, 126.46, 121.78 (d, J = 5.0 Hz), 111.68. HRMS (ESI) m/z for C16H8O4NFNa [M+Na]+ calcd: 320.03296, found: 320.03226.


[bookmark: OLE_LINK2]1,4-dioxo-1,4-dihydronaphthalen-2-yl 2-(trifluoromethyl) nicotinate (4h). Yield: 37%; Yellow solid; m.p. 148‒149℃. 1H NMR (400 MHz, CDCl3) δ 8.92 (dd, J = 4.8, 1.2 Hz, 1H, 2-ArH), 8.47 (dd, J = 8.0, 1.2 Hz, 1H, 2-ArH), 8.17–8.14 (m, 1H, 1-ArH), 8.14–8.12 (m, 1H, 1-ArH), 7.84–7.81 (m, 1H, 1-ArH), 7.81–7.77 (m, 1H, 1-ArH), 7.71 (dd, J = 8.0, 4.8 Hz, 1H, 2-ArH), 6.94 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.10, 178.15, 161.74, 153.64, 151.93, 146.28 (q, J = 35.7 Hz), 139.36, 134.74, 134.25, 131.92, 130.83, 127.04, 126.73, 126.60, 126.24, 125.44, 120.87 (q, J = 275.3 Hz). HRMS (ESI) m/z for C17H8O4NF3Na [M+Na]+ calcd: 370.02976, found: 370.02881.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 2,4-dichloronicotinate (4i). Yield: 56%; Yellow solid; m.p. 175‒176℃. 1H NMR (400 MHz, CDCl3) δ 8.45 (d, J = 8.0 Hz, 1H, 2-ArH), 8.17–8.16 (m, 1H, 1-ArH), 8.16–8.15 (m, 1H, 1-ArH), 7.86–7.83 (m, 1H, 1-ArH), 7.83–7.79 (m, 1H, 1-ArH), 7.48 (d, J = 8.0 Hz, 1H, 2-ArH), 6.96 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.14, 178.18, 160.26, 154.58, 153.86, 151.10, 143.43, 134.75, 134.26, 131.93, 130.83, 127.10, 126.75, 126.52, 123.16, 122.82. HRMS (ESI) m/z for C16H7O4NCl2K [M+K]+ calcd: 385.93837, found: 385.93756.


1,4-dioxo-1,4-dihydronaphthalen-2-yl 3,6-dichloropicolinate (4j). Yield: 30%; Yellow solid; m.p. 140‒141℃. 1H NMR (500 MHz, CDCl3) δ 8.15–8.13 (m, 1H, 1-ArH), 8.13–8.11 (m, 1H, 1-ArH), 7.86 (d, J = 9.0, 1H, 2-ArH), 7.81–7.79 (m, 1H, 1-ArH), 7.79–7.76 (m, 1H, 1-ArH), 7.52 (d, J = 8.5, 1H, 2-ArH), 6.95 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.23, 177.80, 159.42, 154.21, 149.20, 143.69, 142.03, 134.60, 134.19, 132.34, 131.89, 130.91, 128.98, 127.12, 126.65, 126.63. HRMS (ESI) m/z for C16H7O4NCl2Na [M+Na]+ calcd:369.96443, found: 369.96304.


[bookmark: OLE_LINK20]1,4-dioxo-1,4-dihydronaphthalen-2-yl 2-chloro-6-(trifluoromethyl) nicotinate (4K). Yield: 56%; Yellow solid; m.p. 151‒152℃.  1H NMR (400 MHz, CDCl3) δ 8.64 (d, J = 8.0 Hz, 1H, 2-ArH), 8.17–8.15 (m, 1H, 1-ArH), 8.14–8.12 (m, 1H, 1-ArH), 7.85–7.82 (m, 1H, 1-ArH), 7.81 (d, J = 2.8 Hz, 1H, 2-ArH), 7.80–7.78 (m, 1H, 1-ArH), 6.95 (s, 1H, -C=CH-). 13C NMR (101 MHz, CDCl3) δ 184.02, 178.03, 160.14, 153.72, 151.49, 151.02 (q, J = 36.4 Hz), 143.0, 134.83, 134.32, 131.92, 130.77, 127.39, 127.12, 126.79, 126.60, 119.09 (q, J = 273.3 Hz), 119.09 (q, J = 2.5 Hz). HRMS (ESI) m/z for C17H8O4NClF3 [M+H]+ calcd: 382.00885, found: 382.00995.
[bookmark: _Hlk158910623]2. 1H NMR, 13C NMR, and HRMS spectra of target compounds 1a‒1b, 2a‒2b, 3a‒3b and 4a‒4k

Fig. 1 1H NMR of compound 1a



Fig. 2 13C NMR of compound 1a
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Fig. 3 HRMS of compound 1a


 Fig. 4 1H NMR of compound 1b


 Fig. 5 13C NMR of compound 1b
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Fig. 6 HRMS of compound 1b


 Fig. 7 1H NMR of compound 1c


 Fig. 8 13C NMR of compound 1c
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Fig. 9 HRMS of compound 1c


 Fig. 10 1H NMR of compound 1d


 Fig. 11 13C NMR of compound 1d
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Fig. 12 HRMS of compound 1d


[bookmark: OLE_LINK1] Fig. 13 1H NMR of compound 1e


 Fig. 14 13C NMR of compound 1e

[image: ]
Fig. 15 HRMS of compound 1e


 Fig. 16 1H NMR of compound 2a


 Fig. 17 13C NMR of compound 2a
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Fig. 18 HRMS of compound 2a


Fig. 19 1H NMR of compound 2b


 Fig. 20 13C NMR of compound 2b
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Fig. 21 HRMS of compound 2b


 Fig. 22 1H NMR of compound 2c


 Fig. 23 13C NMR of compound 2c
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Fig. 24 HRMS of compound 2c


 Fig. 25 1H NMR of compound 2d



Fig. 26 13C NMR of compound 2d
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Fig. 27 HRMS of compound 2d


Fig. 28 1H NMR of compound 2e


Fig. 29 13C NMR of compound 2e
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Fig. 30 HRMS of compound 2e



Fig. 31 1H NMR of compound 3a


Fig. 32 13C NMR of compound 3a
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Fig. 33 HRMS of compound 3a



Fig. 34 1H NMR of compound 3b



Fig. 35 13C NMR of compound 3b
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Fig. 36 HRMS of compound 3b


Fig. 37 1H NMR of compound 3c


Fig. 38 13C NMR of compound 3c
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Fig. 39 HRMS of compound 3c


Fig. 40 1H NMR of compound 3d


Fig. 41 13C NMR of compound 3d
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Fig. 42 HRMS of compound 3d


 Fig. 43 1H NMR of compound 3e


 Fig. 44 13C NMR of compound 3e
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Fig. 45 HRMS of compound 3e



Fig. 46 1H NMR of compound 4a



Fig. 47 13C NMR of compound 4a
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Fig. 48 HRMS of compound 4a



Fig. 49 1H NMR of compound 4b



Fig. 50 13C NMR of compound 4b
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Fig. 51 HRMS of compound 4b


Fig. 52 1H NMR of compound 4c



Fig. 53 13C NMR of compound 4c
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Fig. 54 HRMS of compound 4c


Fig. 55 1H NMR of compound 4d


Fig. 56 13C NMR of compound 4d
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Fig. 57 HRMS of compound 4d



Fig. 58 1H NMR of compound 4e



Fig. 59 13C NMR of compound 4e
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Fig. 60 HRMS of compound 4e



Fig. 61 1H NMR of compound 4f



Fig. 62 13C NMR of compound 4f
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Fig. 63 HRMS of compound 4f


Fig. 64 1H NMR of compound 4g


Fig. 65 13C NMR of compound 4g
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Fig. 66 HRMS of compound 4g



Fig. 67 1H NMR of compound 4h


Fig. 68 13C NMR of compound 4h
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Fig. 69 HRMS of compound 4h


Fig. 70 1H NMR of compound 4i


Fig. 71 13C NMR of compound 4i
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Fig. 72 HRMS of compound 4i


Fig. 73 1H NMR of compound 4j


Fig. 74 13C NMR of compound 4j

[image: ]
Fig. 75 HRMS of compound 4j


Fig. 76 1H NMR of compound 4k


Fig. 77 13C NMR of compound 4k
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Fig. 78 HRMS of compound 4k
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28 #31 RT:0.31 AV:1 NL:5.09E7

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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27 #31 RT:0.31 AV:1 NL:1.00E8

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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26 #31 RT:0.31 AV:1 NL:9.56E7

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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25 #35 RT:0.35 AV:1 NL:1.28E8

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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29 #35 RT:0.35 AV:1 NL:5.15E7

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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8 #35 RT:0.34 AV:1 NL:8.96E7

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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7 #37 RT:0.36 AV:1 NL:7.39E8

T:FTMS + p ESI Full ms [100.0000-1300.0000]
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