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1、TMV extraction process
The meridians of the tobacco leaves infected with TMV were removed and cut, and the leaves were continuously ground with liquid nitrogen until they became powder and weighed. Phosphoric acid buffer solution containing 1% mercaptoethanol with a concentration of 0.2 mol/L was added, stirred for 10 min under ice bath condition, filtered and measured the volume of the initial extraction solution (filtrate).
Under the stirring condition of ice bath, 8% n-butanol was added to the initial extraction solution and centrifuged for 20 min to measure the supernatant liquid volume. The supernatant liquid was weighed with 4% NaCl and polyethylene glycol, stirred in an ice bath, centrifuged, and precipitated in the lower layer.
Add 0.01 mol/L phosphoric acid buffer solution, 1/5 of the initial extraction liquid, into the precipitation, stir in an ice bath for 1 h, centrifuge, and leave the supernatant. NaCl with a mass of 4% supernatant liquid and polyethylene glycol ice bath were added, stirred, centrifuged, and the lower layer precipitated.
Add 0.01 mol/L phosphoric acid buffer solution, 1/10 of the initial extraction liquid, into the precipitation, stir in an ice bath for 1 h, centrifuge, and leave the supernatant.
2. Antiviral activity testing procedure
Accurately weigh 2 mg of the target compound, dissolve it with 30 µL DMSO in a 15 mL centrifuge tube, and prepare the desired concentration of the compound with Tween-80 and 1% Tween-water prepared with ultra-pure water.
2.1 Test procedure for therapeutic activity of target compounds against TMV
Remove the top of the heart leaf smoke, keep 3-5 leaves with good health and uniform leaf size, evenly sprinkle the leaves with emery, and use a row brush to dip 500 times TMV on the leaves. After 0.5 h, the emery on the leaves was washed with water and dried naturally. A 500 µg/mL solution of the target compound was evenly applied on the right leaf with a brush, and DMSO was applied on the left leaf as a blank control. The treated leaves were grown in an artificial climate greenhouse, and the inhibition rate was calculated after the spots appeared for 2-3 d. The experiment was conducted in three parallel groups. 
Inhibition Rate = (L-R) ∕ L×100%
L: the number of black spots on the left half of the leaf;
R: the number of black spots on the right half of the leaf.
2.2 Test procedure for the protective activity of compounds against TMV
The topper treatment of the leaves was the same as above. 500 µg/mL of the target compound solution was evenly applied with a brush on the right side of the leaves, and DMSO was applied on the left leaf as a blank control. After 24 h, the left and right leaves were evenly sprinkled with emery, and 500 times TMV was dipped on the leaves with a row brush. After 0.5 h, the emery on the leaves was washed with water and dried naturally. After leaf treatment, the leaves were placed in an artificial climate greenhouse for growth, and the inhibition rate was calculated after 2-3 d of spot occurrence (the calculation formula is the same as above).
2.3 Test procedure of inactivation activity of target compounds against TMV
Leaf topper treatment is the same as above. 250 times of 1 mL TMV is fully treated with 1mL of the target compound solution with a concentration of 1000 µg/mL for 1 h, and the left and right leaves are evenly sprayed with emery. The right leaves was inoculated with a mixture of TMV and the compounds. left leaves was dipped in 500 times TMV and inoculated with a row brush. After 0.5 h, wash the emery on the leaves with water and let dry naturally. After the leaves were treated, they were placed in an artificial climate greenhouse for growth, and the inhibition rate was calculated after the spots appeared for 2-3 d (the calculation formula is the same as above). Three parallel groups were required for the test.
2.4 Test procedure of EC50 value of target compound against TMV
The compounds were prepared with concentrations of 31.25, 62.5, 125, 250 and 500 µg/mL, respectively, and were tested for activity according to the above method, and three parallel tests were conducted.
3. Mechanism test process
3.1 MST experiment process
3.1.1 Preparation of 16 concentration gradients of target compounds
This target compound is added add 100 µL DMSO to dissolve in a 200 µL PE tube. Then take 10µL dissolved target compound solution and add 190 µL Buffer solution to a 200 µL PE tube and mix thoroughly. The solution here is the mother liquor of the target compound. Take 10 µL mother liquor and successively dilute 16 PE tubes with a concentration of 200 µL.
Weigh the target compound m (mg)=M(relative molecular weight) ×4÷1000
3.1.2 TMV-CP purification and tags
90 µL TMV-CP and 3 µL NHS-647 dye were added to PE tube, mixed and incubated in darkness for 30min. The B-column was rinsed with Buffer solution 2-3 times, the TMV-CP-dye after incubation was added to the B-column, and TMV-CP with a fluorescence of 500-1200 nm was collected
3.1.3 MST test process
10µL labeled fluorescent tobacco mosaic virus coat protein (TMV-CP) was added to the 16 PE tubes in the above operation, mixed, incubated in a dark place for 5 min, and inhaled into the capillary tube. No bubbles should be inhaled in the capillary tube. The Kd values of the compound and TMV-CP were then measured and recorded on the Monolith NT.115 instrument.
3.2 Molecular docking test process
TMV-CP (PDB code :1EI7) was obtained from protein database (PDB https://www.rcsb.org), and the target compound was moleculatively docked with LibDock in TMV-CP using the software Discovery Studio (2019). To predict the binding affinity of the compound with TMV-CP.
[bookmark: _Hlk172281132]3.3 Safety test of highly active compounds
[bookmark: _Hlk172227991]Firstly, to test whether there was any effect on the germination of tobacco seeds, the compound was diluted with deionized water into different concentrations (250, 500 and 1000 µg/mL), and the same volume of deionized water was used as the control group CK. 40 nicotiana glutinosa seeds were placed in each dish, and 6 mL of different concentrations of compounds were added in batches to keep the dish moist and cultured in a greenhouse to observe germination at different concentrations. Three sets of parallel tests were carried out to ensure the reproducibility of the test conclusions.
Secondly, the heart leaves with the same growth cycle were sprayed with different concentrations of compounds, and the growth of the plants after 7 d was observed.
3.4 Determination of chlorophyll content
Four experimental groups, CK group, CK+TMV group, drug group and drug+TMV group, were set up to determine the change of chlorophyll content, and three parallel tests were set up in each group. Tobacco leaves were measured at 1, 3, 5 and 7 d after virus inoculation. The tobacco leaves were accurately weighed 20 mg and cut into pieces, then ground with extraction solution (acetone: ethanol = 1:1, v/v ), and poured into a centrifuge tube for dark standing for 1 h and centrifugation for 5 min. The absorbance OD645 and OD663 at 645 nm and 663 nm wavelengths were determined using the extraction solution as a blank control. Result calculation:
Ca (mg/L) = 9.784 OD663 − 0.990 OD645
Cb (mg/L) = 21.426 OD645 − 4.650 OD663
Ct (mg/L) = Ca + Cb = 5.134 OD663 − 20.643 OD645


CC: Chlorophyll content, C: concentration, TE: total extract, LW: leaf weight.
3.5 Determination of MDA content
In the setting of the experimental group and the determination of chlorophyll content in the leaf collection process, the collected tobacco leaves were removed and cut into pieces, and liquid nitrogen was added to grind continuously until they became powder. 100 mg of ground tobacco leaves were accurately weighed with 2 mL PE tube and marked and put into the refrigerator at -80 ℃. The subsequent tests were carried out according to the instructions of the MDA content determination kit.
[bookmark: _Hlk172316989]3.6 Determination of SOD defense enzyme activity
The setting and grinding preparation of the experimental group and the determination of SOD defense enzyme activity were followed by tests according to the instructions of the SOD defense enzyme activity assay kit.




4. Supporting material for Z1-Z23
4.1 Spectra data of target compounds Z1-Z23


[bookmark: _Hlk172279023]N-(1-(2-((7-methoxy-2-(2-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z1). White solid(56%); m.p. 103.3-104.5℃; 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 9.2 Hz, 1H, Ph-H), 7.80 (d, J = 7.2 Hz, 2H, Ph-H), 7.58 (t, J = 7.2 Hz, 1H, Ph-H), 7.51 (t, J = 7.2 Hz, 2H, Ph-H), 7.49 – 7.42 (m, 2H, Ph-H), 7.05 (td, J = 7.6, 0.8 Hz, 1H, Ph-H), 7.01 (d, J = 8.4 Hz, 1H, Ph-H), 6.98 (dd, J = 9.2, 2.4 Hz, 1H, Ph-H), 6.84 (d, J = 2.4 Hz, 1H, Ph-H), 4.75 (dd, J = 57.2, 11.6 Hz, 2H, -O-CH2-CO-), 4.52 - 4.33 (m, 2H, Pi-H), 3.97 (td, J = 9.6, 5.2 Hz, 1H, Pi-H), 3.88 (s, 3H, -OCH3), 3.84 (s, 3H, -OCH3), 2.87 – 2.78 (m, 1H, Pi-H), 2.66 (s, 3H, -NCH3-), 2.49 – 2.41 (m, 1H, Pi-H), 1.47 – 1.41 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.1 (s), 166.4 (s), 164.1 (s), 157.6 (s), 157.3 (s), 155.6 (s), 140.0 (s), 139.9 (s), 132.6 (s), 132.1 (s), 130.7 (s), 129.3 (s), 126.9 (s), 126.8 (s), 120.3 (s), 119.9 (s), 118.2 (s), 114.7 (s), 111.2 (s), 100.0 (s), 71.2 (s), 55.9 (s), 55.8 (s), 54.9 (s), 44.8 (s), 41.5 (s), 29.8 (s), 29.1 (s), 28.8 (s). HRMS (ESI) calcd for C31H32O8N2S [M+H]+: 593.19525, found 593.19521.


4-fluoro-N-(1-(2-((7-methoxy-2-(2-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)-acetyl)piperidin-4-yl)-N-methylbenzenesulfonamide (Z2). White solid(63%); m.p. 177.7-178.9℃; 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 8.0 Hz, 1H, Ph-H), 7.81 (dd, J = 8.8, 4.8 Hz, 2H, Ph-H), 7.53 – 7.40 (m, 2H, Ph-H), 7.19 (t, J = 8.4 Hz, 2H, Ph-H), 7.06 (td, J = 7.2, 0.8 Hz, 1H, Ph-H), 7.02 (d, J = 8.0 Hz, 1H, Ph-H), 6.98 (dd, J = 9.2, 2.4 Hz, 1H, Ph-H), 6.85 (d, J = 2.4 Hz, 1H, Ph-H), 4.75 (dd, J = 58.8, 12.0 Hz, 2H, -O-CH2-CO-), 4.56 – 4.35 (m, 2H, Pi-H), 4.03 – 3.93 (m, 1H, Pi-H), 3.88 (s, 3H, -OCH3), 3.85 (s, 3H, -OCH3), 2.90 – 2.78 (m, 1H, Pi-H), 2.66 (s, 3H, -NCH3-), 2.52 – 2.41 (m, 1H, Pi-H), 1.51 – 1.39 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.1 (s), 166.3 (s), 165.0 (d, 1JC-F = 253.3 Hz), 164.1 (s), 163.7 (s), 157.6 (s), 157.3 (s), 155.6 (s), 140.0 (s), 136.5 (d, 4JC-F = 3.2 Hz), 132.1 (s), 130.7 (s), 129.5 (d, 3JC-F = 9.1 Hz), 126.9 (s), 120.3 (s), 119.9 (s), 118.2 (s), 116.5 (d, 2JC-F = 22.3 Hz), 116.4 (s), 114.7 (s), 111.2 (s), 100.0 (s), 71.2 (s), 55.8 (d, J = 8.7 Hz), 55.0 (s), 44.8 (s), 41.5 (s), 29.8 (s), 29.1 (s), 28.8 (s).19F NMR (376 MHz, CDCl3) δ -105.3 (s). HRMS (ESI) calcd for C31H31O8N2FS [M+H]+: 611.18591, found 611.18579.


N-(1-(2-((2-(4-bromophenyl)-7-methoxy-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z3). White solid(55%); m.p. 111.1-112.3℃; 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.8 Hz, 1H, Ph-H), 8.02 (d, J = 8.8 Hz, 2H, Ph-H), 7.82 (d, J = 7.6 Hz, 2H, Ph-H), 7.64 (d, J = 8.8 Hz, 2H, Ph-H), 7.60 – 7.49 (m, 3H, Ph-H), 6.99 (dd, J = 8.8, 2.0 Hz, 1H, Ph-H), 6.91 (d, J = 2.0 Hz, 1H, Ph-H), 4.86 (dd, J = 66.8, 12.4 Hz, 2H, -O-CH2-CO-), 4.46 (dd, J = 120.4, 12.8 Hz, 2H, Pi-H), 4.10 – 4.00 (m, 1H, Pi-H), 3.93 (s, 3H, -OCH3), 3.11 – 2.99 (m, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.62 – 2.52 (m, 1H, Pi-H), 1.63 – 1.48 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 165.9 (s), 164.4 (s), 157.0 (s), 154.2 (s), 139.9 (s), 139.5 (s), 132.7 (s), 131.9 (s), 130.2 (s), 129.5 (s), 129.3 (s), 126.9 (s), 126.8 (s), 125.5 (s), 117.8 (s), 115.0 (s), 99.9 (s), 70.1 (s), 56.0 (s), 55.0 (s), 44.6 (s), 41.5 (s), 29.9 (s), 29.1 (s), 28.8 (s). HRMS (ESI) calcd for C30H29O7N2BrS [M+H]+: 641.09521, found 641.09516.


N-(1-(2-((2-(4-chlorophenyl)-7-methoxy-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z4). White solid(55%); m.p. 111.1-112.3℃; 1H NMR (400 MHz, CDCl3) δ 8.09 (dd, J = 8.8, 7.2 Hz, 3H, Ph-H), 7.82 (d, J = 7.2 Hz, 2H, Ph-H), 7.59 (t, J = 7.6 Hz, 1H, Ph-H), 7.52 (t, J = 7.6 Hz, 2H, Ph-H), 7.48 (d, J = 8.8 Hz, 2H, Ph-H), 6.99 (dd, J = 8.8, 2.0 Hz, 1H, Ph-H), 6.91 (d, J = 1.6 Hz, 1H, Ph-H), 4.86 (dd, J = 66.4, 12.4 Hz, 2H, -O-CH2-CO-), 4.46 (dd, J = 117.2, 12.8 Hz, 2H, Pi-H), 4.10 – 4.01 (m, 1H, Pi-H), 3.93 (s, 3H, -OCH3), 3.11 – 2.99 (m, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.61 – 2.53 (m, 1H, Pi-H), 1.63 – 1.49 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.0 (s), 164.4 (s), 157.0 (s), 154.1 (s), 139.9 (s), 139.5 (s), 137.0 (s), 132.7 (s), 130.0 (s), 129.3 (s), 129.0 (s), 128.9 (s), 126.9 (s), 126.8 (s), 117.8 (s), 115.0 (s), 99.9 (s), 70.1 (s), 56.0 (s), 54.9 (s), 44.6 (s), 41.5 (s), 29.9 (s), 29.1 (s), 28.8 (s). HRMS (ESI) calcd for C30H29O7N2ClS [M+H]+: 597.14587, found 597.14568.


4-chloro-N-(1-(2-((7-methoxy-2-(4-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)-acetyl)piperidin-4-yl)-N-methylbenzenesulfonamide (Z5). White solid(66 %); m.p. 137.7-138.6℃; 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 9.2 Hz, 2H, Ph-H), 8.08 (d, J = 8.8 Hz, 1H, Ph-H), 7.75 (d, J = 8.8 Hz, 2H, Ph-H), 7.50 (d, J = 8.8 Hz, 2H, Ph-H), 7.02 (d, J = 9.8 Hz, 2H, Ph-H), 6.97 (dd, J = 8.8, 2.4 Hz, 1H, Ph-H), 6.92 (d, J = 2.0 Hz, 1H, Ph-H), 4.78 (dd, J = 64.8, 12.0 Hz, 2H, -O-CH2-CO-), 4.68 – 4.53 (m, 2H, Pi-H), 4.10 – 4.01 (m, 1H, Pi-H), 3.92 (s, 3H, -OCH3), 3.88 (s, 3H, -OCH3), 3.06 (t, J = 11.2 Hz, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.64 – 2.55 (m, 1H, Pi-H), 1.59 (s, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.1 (s), 164.2 (s), 161.6 (s), 156.9 (s), 155.6 (s), 139.1 (s), 138.6 (s), 138.5 (s), 130.4 (s), 129.6 (s), 128.3 (s), 126.8 (s), 122.8 (s), 117.7 (s), 114.7 (s), 114.1 (s), 99.9 (s), 70.5 (s), 55.9 (s), 55.5 (s), 55.1 (s), 44.8 (s), 41.5 (s), 29.9 (s), 29.2 (s), 28.8 (s). HRMS (ESI) calcd for C31H31O8N2ClS [M+H]+: 627.15637, found 627.15624.


N-(1-(2-((7-methoxy-2-(4-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methyl-4-nitrobenzenesulfonamide (Z6). White solid(60%); m.p. 105.8-106.2 ˚С; 1H NMR (400 MHz, CDCl3) δ 8.38 (d, J = 8.8 Hz, 2H, Ph-H), 8.12 (d, J = 8.8 Hz, 2H, Ph-H), 8.06 (d, J = 8.8 Hz, 1H, Ph-H), 8.01 (d, J = 8.8 Hz, 2H, Ph-H), 7.02 (d, J = 8.8 Hz, 2H, Ph-H), 6.98 (dd, J = 8.8, 2.0 Hz, 1H, Ph-H), 6.92 (d, J = 2.4 Hz, 1H, Ph-H), 4.87 – 4.68 (m, 2H, -O-CH2-CO-), 4.64 (d, J = 15.2 Hz, 2H, Pi-H), 4.14 – 4.06 (m, 1H, Pi-H), 3.92 (s, 3H, -OCH3), 3.88 (s, 3H, -OCH3), 3.08 (t, J = 12.4 Hz, 1H, Pi-H), 2.79 (s, 3H, -NCH3-), 2.68 – 2.58 (m, 1H, Pi-H), 1.71 – 1.54 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.1 (s), 164.182 (s), 161.6 (s), 156.9 (s), 155.7 (s), 150.0 (s), 145.9 (s), 138.6 (s), 130.3 (s), 128.1 (s), 126.8 (s), 124.6 (s), 122.8 (s), 117.7 (s), 114.7 (s), 114.1 (s), 99.9 (s), 70.5 (s), 55.9 (s), 55.5 (s), 55.4 (s), 44.7 (s), 41.5 (s), 30.0 (s), 29.7 (s), 29.3 (s), 28.9 (s). HRMS (ESI) calcd for C31H31O10N3S [M+H]+: 638.18036, found 638.18029.


N-(1-(2-((2-(4-bromophenyl)-7-methoxy-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methyl-4-nitrobenzenesulfonamide (Z7). White solid(45%); m.p. 192.9-193.2 ˚С; 1H NMR (400 MHz, CDCl3) δ 8.38 (d, J = 8.8 Hz, 2H, Ph-H), 8.07 (d, J = 8.8 Hz, 1H, Ph-H), 8.01 (d, J = 8.4 Hz, 4H, Ph-H), 7.65 (d, J = 8.4 Hz, 2H, Ph-H), 6.99 (dd, J = 8.8, 2.0 Hz, 1H, Ph-H), 6.91 (d, J = 2.4 Hz, 1H, Ph-H), 4.84 (dd, J = 77.2, 12.0 Hz, 2H, -O-CH2-CO-), 4.53 (dd, J = 90.0, 13.2 Hz, 2H, Pi-H), 4.12 – 4.04 (m, 1H, Pi-H), 3.93 (s, 3H, -OCH3), 3.08 (t, J = 12.0 Hz, 1H, Pi-H), 2.79 (s, 3H, -NCH3-), 2.59 (t, J = 10.4 Hz, 1H, Pi-H), 1.67 (d, J = 7.2 Hz, 2H, Pi-H), 1.60 – 1.56 (m, 2H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.0 (s), 164.4 (s), 157.0 (s), 154.3 (s), 150.0 (s), 145.9 (s), 139.5 (s), 131.9 (s), 130.1 (s), 129.5 (s), 128.1 (s), 126.9 (s), 125.6 (s), 124.6 (s), 117.7 (s), 115.0 (s), 99.9 (s), 70.2 (s), 56.0 (s), 55.3 (s), 44.6 (s), 41.4 (s), 30.0 (s), 29.2 (s), 28.9 (s). HRMS (ESI) calcd for C30H28O9N3BrS [M+H]+: 686.08075, found 686.08024.


4-chloro-N-(1-(2-((2-(4-fluorophenyl)-7-methoxy-4-oxo-4H-chromen-3-yl)oxy)-acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z8). White solid(63%); m.p. 166.2-167.5 ˚С; 1H NMR (400 MHz, CDCl3) δ 8.16 (s, 1H, Ph-H), 8.08 (d, J = 8.4 Hz, 2H, Ph-H), 7.75 (d, J = 7.6 Hz, 2H, Ph-H), 7.50 (d, J = 7.6 Hz, 2H, Ph-H), 7.20 (t, J = 7.6 Hz, 2H, Ph-H), 6.99 (d, J = 8.0 Hz, 1H, Ph-H), 6.92 (s, 1H, Ph-H), 4.84 (dd, J = 66.4, 11.6 Hz, 2H, -O-CH2-CO-), 4.51 (dd, J = 94.8, 12.4 Hz, 2H, Pi-H ), 4.04 (s, 1H, Pi-H), 3.93 (s, 3H, -OCH3), 3.06 (t, J = 11.6 Hz, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.58 (s, 1H, Pi-H), 1.57 (d, J = 10.4 Hz, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.0 (s), 164.0 (d, 1JC-F = 251 Hz), 164.3 (s), 162.8 (s), 160.0 (s), 154.4 (s), 139.1 (s), 138.5 (s), 130.9 (d, 3JC-F = 8.6 Hz), 129.6 (s), 128.0 (s), 126.9 (s), 117.7 (s), 115.8 (d, 2JC-F = 21.6 Hz), 114.9 (s), 99.9 (s), 70.2 (s), 55.9 (s), 55.0 (s), 44. (s), 41.50 (s), 29.9 (s), 29.1 (s), 28.8 (s). 19F NMR (376 MHz, CDCl3) δ -108.1 (s). HRMS (ESI) calcd for C30H28O7N2ClFS [M+H]+: 615.13629, found 615.13625.


N-(1-(2-((7-methoxy-2-(4-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylethanesulfonamide (Z9). White solid(65%); m.p. 152.2-152.9℃; 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 9.2 Hz, 2H, Ph-H), 8.10 (d, J = 8.8 Hz, 1H, Ph-H), 7.04 (d, J = 9.2 Hz, 2H, Ph-H), 6.98 (dd, J = 8.8, 2.4 Hz, 1H, Ph-H), 6.93 (d, J = 2.4 Hz, 1H, Ph-H), 4.94 – 4.74 (m, 2H, -O-CH2-CO-), 4.73 – 4.54 (m, 2H, Pi-H), 3.99 – 3.93 (m, 1H, Pi-H), 3.93 (s, 3H, -OCH3), 3.89 (s, 3H, -OCH3), 3.17 – 3.08 (m, 1H, Pi-H), 2.99 (m, 2H, -CH2CH3), 2.78 (s, 3H, -NCH3-), 2.69 – 2.60 (m, 1H, Pi-H), 1.85 – 1.73 (m, 4H, Pi-H), 1.35 (t, J = 7.6 Hz, 3H, -CH2CH3).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.2 (s), 164.1 (s), 161.6 (s), 156.9 (s), 155.6 (s), 138.7 (s), 130.4 (s), 126.8 (s), 122.8 (s), 117.8 (s), 114.7 (s), 114.1 (s), 99.9 (s), 70.4 (s), 55.9 (s), 55.5 (s), 54.6 (s), 46.4 (s), 44.8 (s), 41.6 (s), 30.7 (s), 29.8 (s), 28.8 (s), 8.3 (s). HRMS (ESI) calcd for C27H32O8N2S [M+H]+: 545.19525, found 545.19521.


N-(1-(2-((2-(4-chlorophenyl)-7-methoxy-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylethanesulfonamide (Z10). White solid(50%); m.p. 149.3-150.4℃; 1H NMR (400 MHz, CDCl3) δ 8.11 (t, J = 8.0 Hz, 3H, Ph-H), 7.50 (d, J = 8.8 Hz, 2H, Ph-H), 7.00 (dd, J = 8.8, 2.4 Hz, 1H, Ph-H), 6.93 (d, J = 2.0 Hz, 1H, Ph-H), 4.91 (dd, J = 68.8, 12.4 Hz, 2H, -O-CH2-CO-), 4.55 (dd, J = 119.2, 13.2 Hz, 2H, Pi-H), 3.93 (s, 3H, -OCH3), 3.89 (dd, J = 12.1, 4.4 Hz, 1H, Pi-H), 3.16 – 3.07 (m, 1H, Pi-H), 2.99 (q, J = 7.2 Hz, 2H, -CH2CH3), 2.78 (s, 3H, -NCH3-), 2.63 (t, J = 12.8 Hz, 1H, Pi-H), 1.80 (m, 3H, Pi-H), 1.72 (s, 1H, Pi-H), 1.35 (t, J = 7.2 Hz, 3H, -CH2CH3).13C NMR (100 MHz, CDCl3) δ 174.3 (s), 166.0 (s), 164.4 (s), 157.0 (s), 154.1 (s), 139.5 (s), 136.9 (s), 130.0 (s), 129.1 (s), 128.9 (s), 126.9 (s), 117.8 (s), 115.0 (s), 99.9 (s), 70.1 (s), 55.9 (s), 54.6 (s), 46.4 (s), 44.6 (s), 41.5 (s), 30.6 (s), 29.7 (s), 28.8 (s), 8.3 (s). HRMS (ESI) calcd for C26H29O7N2ClS [M+H]+: 549.14569, found 549.14568.


4-chloro-N-(1-(2-((2-(2-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z11). White solid(53%); m.p. 149.5-150.0℃; 1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 8.0, 1.2 Hz, 1H, Ph-H), 7.74 (d, J = 8.8 Hz, 2H, Ph-H), 7.70 – 7.65 (m, 1H, Ph-H), 7.52 – 7.45 (m, 5H, Ph-H), 7.41 (t, J = 8.0 Hz, 1H, Ph-H), 7.07 (t, J = 7.2 Hz, 1H, Ph-H), 7.03 (d, J = 8.4 Hz, 1H, Ph-H), 4.77 (dd, J = 12 Hz, 2H, -O-CH2-CO-), 4.53 (d, J = 12.8 Hz, 1H, Pi-H), 4.34 (d, J = 13.2 Hz, 1H, Pi-H), 3.96 (s, 1H, Pi-H), 3.85 (s, 3H,-OCH3), 2.85 (s, 1H, Pi-H), 2.66 (s, 3H,-NCH3-), 2.47 (s, 1H, Pi-H), 1.46 (s, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.6 (s), 166.3 (s), 157.3 (s), 156.2 (s), 155.8 (s), 140.2 (s), 139.1 (s), 138.5 (s), 133.6 (s), 132.2 (s), 130.8 (s), 129.6 (s), 128.3 (s), 125.7 (s), 124.8 (s), 124.4 (s), 120.4 (s), 119.9 (s), 118.3 (s), 111.3 (s), 71.1 (s), 55.8 (s), 55.0 (s), 44.8 (s), 41.5 (s), 29.8 (s), 29.1 (s), 28.8 (s). HRMS (ESI) calcd for C30H29O7N2ClS [M+H]+: 597.14563, found 597.14568.


4-chloro-N-methyl-N-(1-(2-((4-oxo-2-(m-tolyl)-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)benzenesulfonamide (Z12). White solid(45%); m.p. 199.8-200.2℃; 1H NMR (400 MHz, CDCl3) δ 8.19 (td, J = 8.4, 1.6 Hz, 1H, Ph-H), 8.05 (t, J = 11.6 Hz, 2H, Ph-H), 7.75 (d, J = 8.4 Hz, 2H, Ph-H), 7.70 (t, J = 8.0 Hz, 1H, Ph-H), 7.55 (d, J = 8.0 Hz, 1H, Ph-H), 7.50 (d, J = 8.0 Hz, 2H, Ph-H), 7.41 (t, J = 8.0 Hz, 1H, Ph-H), 7.33 (d, J = 8.0 Hz, 2H, Ph-H), 4.79 (dd, J = 76.0, 12.0 Hz, 2H, -O-CH2-CO-), 4.57 (dd, J = 56.0, 12.0 Hz, 2H, Pi-H), 4.08 - 4.00 (m, 1H, Pi-H), 3.11 – 3.00 (m, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.63 – 2.53 (m, 1H, Pi-H), 2.43 (s, 3H, Ph-CH3), 1.58 (d, J = 4.0 Hz, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 166.0 (s), 156.4 (s), 155.2 (s), 141.7 (s), 139.3 (s), 139.1 (s), 138.5 (s), 133.7 (s), 129.6 (s), 129.4 (s), 128.7 (s), 128.3 (s), 127.6 (s), 125.5 (s), 124.9 (s), 123.9 (s), 118.1 (s), 70.5 (s), 55.1 (s), 44.8 (s), 41.5 (s), 29.9 (s), 29.2 (s), 28.8 (s), 21.6 (s). HRMS (ESI) calcd for C30H29O6N2ClS [M+H]+: 581.15082, found 581.15076.


N-methyl-N-(1-(2-((4-oxo-2-(m-tolyl)-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-ethanesulfonamide (Z13). White solid(51%); m.p. 149.5-151.2℃; 1H NMR (400 MHz, CDCl3) δ 8.22 (dd, J = 8.4, 1.2 Hz, 1H, Ph-H), 8.06 (d, J = 8.4 Hz, 2H, Ph-H), 7.74 – 7.67 (m, 1H, Ph-H), 7.56 (d, J = 8.0 Hz, 1H, Ph-H), 7.44 – 7.39 (m, 1H, Ph-H), 7.34 (d, J = 8.0 Hz, 2H, Ph-H), 4.84 (dd, J = 70.0, 12.0 Hz, 2H, -O-CH2-CO-), 4.57 (dd, J = 70.0, 24.0 Hz, 2H, Pi-H), 3.94 (tt, J = 10.4, 5.2 Hz, 1H, Pi-H), 3.17 – 3.06 (m, 1H, Pi-H), 2.99 (q, J = 7.4 Hz, 2H, -CH2CH3), 2.77 (s, 3H, -NCH3-), 2.63 (td, J = 13.2, 3.2 Hz, 1H, Pi-H), 2.44 (s, 3H, -PhCH3), 1.84 – 1.81 (m, 3.9 Hz, 2H, Pi-H), 1.77 - 1.74 (m, 2H, Pi-H), 1.35 (t, J = 7.6 Hz, 3H, -CH2CH3).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 166.1 (s), 156.4 (s), 155.2 (s), 141.7 (s), 139. 3 (s), 133.7 (s), 129.4 (s), 128.7 (s), 127.7 (s), 125.6 (s), 124.9 (s), 124.0 (s), 118.1 (s), 70.5 (s), 54.6 (s), 46.4 (s), 44.8 (s), 41.6 (s), 30.7 (s), 29.8 (s), 28.8 (s), 21.657 (s), 8.3 (s). HRMS (ESI) calcd for C26H30O6N2S [M+H]+: 499.18976, found 499.18973.


4-fluoro-N-(1-(2-((2-(2-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)-N-methylbenzenesulfonamide (Z14). White solid(62%); m.p. 193.7-194.2℃; 1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 8.1, 1.5 Hz, 1H, Ph-H), 7.81 (dd, J = 8.8, 5.2 Hz, 2H, Ph-H), 7.67 (ddd, J = 8.8, 7.2, 1.6 Hz, 1H, Ph-H), 7.51 – 7.45 (m, 3H, Ph-H), 7.41 (ddd, J = 8.0, 7.2, 0.8 Hz, 1H, Ph-H), 7.20 (t, J = 8.6 Hz, 2H, Ph-H), 7.07 (td, J = 7.6, 0.8 Hz, 1H, Ph-H), 7.03 (d, J = 8.4 Hz, 1H, Ph-H), 4.77 (dd, J = 65.2, 12.0 Hz, 2H, -O-CH2-CO-), 4.54 – 4.33 (m, 2H, Pi-H), 4.01 – 3.92 (m, 1H, Pi-H), 3.85 (s, 3H, -OCH3), 2.90 – 2.80 (m, 1H, Pi-H), 2.66 (s, 3H, -NCH3-), 2.50 - 2.43 (m, 1H, Pi-H), 1.46 (s, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.6 (s), 166.3 (d, J = 8.3 Hz), 165.0 (d, 1JC-F = 253 Hz), 157.3 (s), 156.2 (s), 155.8 (s), 140.2 (s), 136.0 (d, 4JC-F = 3.3 Hz), 133.6 (s), 132.2 (s), 130.7 (s), 129.52 (d, 3JC-F = 9.1 Hz), 125.7 (s), 124.8 (s), 124.4 (s), 120.4 (s), 119.9 (s), 118.3 (s), 116.5 (d, 2JC-F = 22.3 Hz), 111.3 (s), 71.1 (s), 55.8 (s), 55.0 (s), 44.8 (s), 41.5 (s), 29.8 (s), 29.1 (s), 28.8 (s).19F NMR (376 MHz, CDCl3) δ -105.2 (s). HRMS (ESI) calcd for C30H29O7N2FS [M+H]+: 581.17523, found 581.17523.


4-fluoro-N-methyl-N-(1-(2-((4-oxo-2-(p-tolyl)-4H-chromen-3-yl)oxy)acetyl)-piperidin-4-yl)benzenesulfonamide (Z15). White solid(60%); m.p. 155.4-156.2℃; 1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 8.0, 1.6 Hz, 1H, Ph-H), 8.03 (d, J = 8.4 Hz, 2H, Ph-H), 7.83 (dd, J = 9.2, 5.2 Hz, 2H, Ph-H), 7.70 (ddd, J = 8.4, 7.2, 1.6 Hz, 1H, Ph-H), 7.55 (d, J = 8.0 Hz, 1H, Ph-H), 7.44 – 7.38 (m, 1H, Ph-H), 7.33 (d, J = 8.0 Hz, 2H, Ph-H), 7.20 (t, J = 8.4 Hz, 2H, Ph-H), 4.79 (dd, J = 71.6, 12.0 Hz, 2H, -O-CH2-CO-), 4.57 (dd, J = 59.2, 12.8 Hz, 2H, Pi-H), 4.09 – 4.01 (m, 1H, Pi-H), 3.12 – 3.00 (m, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.64 – 2.53 (m, 1H, Pi-H), 2.43 (s, 3H, Ph-CH3), 1.68 - 1.55 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 165.0 (d, 1JC-F = 254 Hz), 166.0 (s), 163.7 (s), 156.4 (s), 155.2 (s), 141.7 (s), 139.3 (s), 136.1 (d, 4JC-F = 3.2 Hz), 133.7 (s), 129.5 (d, 3JC-F = 9.1 Hz), 129.5 (s), 128.7 (s), 127.6 (s), 125.5 (s), 124.9 (s), 123.9 (s), 118.1 (s), 116.5 (d, 2JC-F = 22.4 Hz), 70.5 (s), 55.0 (s), 44.8 (s), 41.5 (s), 29.9 (s), 29.2 (s), 28.8 (s), 21.6 (s).19F NMR (376 MHz, CDCl3) δ -105.2 (s). HRMS (ESI) calcd for C30H29O6N2FS [M+H]+: 565.18030, found 565.18031.


N-(1-(2-((2-(2-bromophenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N,4-dimethylbenzenesulfonamide (Z16). White solid(45%); m.p. 139.0-140.0℃; 1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 8.0, 1.6 Hz, 1H, Ph-H), 7.84 – 7.79 (m, 2H, Ph-H), 7.70 – 7.65 (m, 1H, Ph-H), 7.48 (t, J = 7.6 Hz, 3H, Ph-H), 7.44 – 7.39 (m, 1H, Ph-H), 7.20 (t, J = 8.4 Hz, 2H, Ph-H), 7.07 (t, J = 7.6 Hz, 1H, Ph-H), 7.03 (d, J = 8.4 Hz, 1H, Ph-H), 4.77 (dd, J = 64.4, 12.0 Hz, 2H, -O-CH2-CO-), 4.52 (dd, J = 12.4, 2.0 Hz, 1H, Pi-H), 4.40 – 4.31 (m, 1H, Pi-H), 3.97 (s, 1H, Pi-H), 3.85 (s, 3H, PhCH3), 2.85 (s, 1H, Pi-H), 2.66 (s, 3H, -NCH3-), 2.47 (s, 1H, Pi-H), 1.46 (s, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.6 (s), 166.0 (s), 156.7 (s), 155.5 (s), 143.4 (s), 139.8 (s), 136.9 (s), 133.9 (s), 133.2 (s), 132.0 (s), 131.9 (s), 131.7 (s), 129.9 (s), 127.4 (s), 126.9 (s), 125.7 (s), 125.1 (s), 124.4 (s), 122.9 (s), 118.3 (s), 70.8 (s), 54.8 (s), 44.7 (s), 41.5 (s), 29.8 (s), 28.9 (s), 28.8 (s), 21.6 (s). HRMS (ESI) calcd for C30H29O6N2BrS [M+H]+:625.10040, found 625.10025.


N-(1-(2-((2-(2-bromophenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N-methylethanesulfonamide (Z17). White solid(55%); m.p. 154.1-154.9℃; 1H NMR (400 MHz, CDCl3) δ 8.27 (dd, J = 8.0, 1.6 Hz, 1H, Ph-H), 7.75 – 7.68 (m, 2H, Ph-H), 7.61 (dd, J = 7.6, 1.6 Hz, 1H, Ph-H), 7.50 (d, J = 8.0 Hz, 1H, Ph-H), 7.47 (dd, J = 3.6, 1.2 Hz, 1H, Ph-H), 7.46 – 7.43 (m, 1H, Ph-H), 7.42 - 7.38 (m, 1H, Ph-H), 4.91 (dd, J = 12.4 Hz, 2H, -O-CH2-CO-), 4.58 (d, J = 13.2 Hz, 1H, Pi-H), 4.22 (d, J = 13.2 Hz, 1H, Pi-H), 3.90 - 3.82 (m, 1H, Pi-H), 2.98 (q, J = 7.4 Hz, 2H, -CH2CH3), 2.89 – 2.81 (m, 1H, Pi-H), 2.75 (s, 3H, -NCH3-), 2.55 – 2.44 (m, 1H, Pi-H), 1.74 – 1.67 (m, 3H, Pi-H), 1.62 (dd, J = 12.0, 4.0 Hz, 1H, Pi-H), 1.34 (t, J = 7.2 Hz, 3H, -CH2CH3).13C NMR (100 MHz, CDCl3) δ 174.6 (s), 166.1 (s), 156.7 (s), 155.5 (s), 139.8 (s), 133.9 (s), 133.2 (s), 132.0 (s), 131.9 (s), 131.7 (s), 127.4 (s), 125.8 (s), 125.1 (s), 124.4 (s), 122.9 (s), 118.3 (s), 70.8 (s), 54.5 (s), 46.4 (s), 44.7 (s), 41.5 (s), 30.6 (s), 29.6 (s), 28.8 (s), 8.3 (s). HRMS (ESI) calcd for C25H27O8N2BrS [M+H]+: 563.08459, found 563.08460.


N-(1-(2-((2-(4-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N,4-dimethylbenzenesulfonamide (Z18). White solid(57%); m.p. 142.5-143.0℃; 1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 8.0, 1.6 Hz, 1H, Ph-H), 8.16 (d, J = 9.2 Hz, 2H, Ph-H), 7.69 (d, J = 8.0 Hz, 3H, Ph-H), 7.54 (d, J = 8.0 Hz, 1H, Ph-H), 7.44 – 7.42 - 7.38 (m, 1H, Ph-H), 7.31 (d, J = 8.0 Hz, 2H, Ph-H), 7.03 (d, J = 8.8 Hz, 2H, Ph-H), 4.91 – 4.71 (m, 2H, -O-CH2-CO-), 4.64 (d, J = 11.2 Hz, 1H, Pi-H), 4.45 (d, J = 13.6 Hz, 1H, Pi-H), 4.05 (dd, J = 9.6, 2.4 Hz, 1H, Pi-H), 3.88 (s, 3H, -OCH3), 3.11 – 3.00 (m, 1H, Pi-H), 2.72 (s, 3H, -NCH3-), 2.63 – 2.56 (m, 1H, Pi-H), 2.43 (s, 3H, PhCH3), 1.76 (s, 1H, Pi-H), 1.56 (s, 3H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.8 (s), 166.0 (s), 161.8 (s), 156.1 (s), 155.1 (s), 143.4 (s), 138.9 (s), 136.9 (s), 133.6 (s), 130.6 (s), 129.9 (s), 126.9 (s), 125. (s), 124.9 (s), 123.9 (s), 122.72 (s), 118.0 (s), 114.1 (s), 70.3 (s), 55.5 (s), 54.9 (s), 44.8 (s), 41.6 (s), 29.8 (s), 29.2 (s), 28.8 (s), 21.6 (s). HRMS (ESI) calcd for C31H32O7N2S [M+H]+: 577.20044, found 577.20030.


N-methyl-N-(1-(2-((4-oxo-2-(p-tolyl)-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-4-(trifluoromethyl)benzenesulfonamide (Z19). White solid(42%); m.p. 129.5-130.0℃; 1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 8.0, 1.2 Hz, 1H, Ph-H), 8.03 (d, J = 8.4 Hz, 2H, Ph-H), 7.95 (d, J = 8.4 Hz, 2H, Ph-H), 7.80 (d, J = 8.2 Hz, 2H, Ph-H), 7.72 – 7.67 (m, 1H, Ph-H), 7.55 (d, J = 8.0 Hz, 1H, Ph-H), 7.41 (t, J = 7.6 Hz, 1H, Ph-H), 7.33 (d, J = 8.4 Hz, 2H, Ph-H), 4.92 – 4.68 (m, 2H, -O-CH2-CO-), 4.67 – 4.48 (m, 2H, Pi-H), 4.12 – 4.05 (m, 1H, Pi-H), 3.07 (t, J = 12 Hz, 1H, Pi-H), 2.76 (s, 3H, -NCH3-), 2.60 (t, J = 10 Hz, 1H, Pi-H), 2.43 (s, 3H, PhCH3), 1.69 – 1.54 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 166.0 (s), 156.4 (s), 155.2 (s), 143.6 (s), 141.7 (s), 139.3 (s), 134.3 (d, 2JC-F = 33.0 Hz), 133.7 (s), 129.4 (s), 129.0 (s), 126.5 (d, 3JC-F = 3.7 Hz), 125.5 (s), 124.9 (s), 124.6 (s), 122.9 (d, 1JC-F = 207.0 Hz), 118.1 (s), 70.5 (s), 55.2 (s), 44.8 (s), 41.5 (s), 30.0 (s), 29.3 (s), 28.8 (s), 21.6 (s).19F NMR (376 MHz, CDCl3) δ -63.0 (s). HRMS (ESI) calcd for C31H29O6N2F3S [M+H]+: 615.17719, found 615.17712.


N-(1-(2-((2-(4-chlorophenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N-methyl-4-(trifluoromethyl)benzenesulfonamide (Z20). White solid(47%); m.p. 145.8-146.9℃; 1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 7.6 Hz, 1H, Ph-H), 8.12 (d, J = 8.4 Hz, 2H, Ph-H), 7.95 (d, J = 8.0 Hz, 2H, Ph-H), 7.80 (d, J = 8.4 Hz, 2H, Ph-H), 7.71 (t, J = 7.2 Hz, 1H, Ph-H), 7.55 (d, J = 8.4 Hz, 1H, Ph-H), 7.50 (d, J = 8.2 Hz, 2H, Ph-H), 7.42 (t, J = 7.6 Hz, 1H, Ph-H), 4.88 (dd, J = 76.4, 12.4 Hz, 2H, -O-CH2-CO-), 4.64 (d, J = 13.2 Hz, 1H, Pi-H), 4.35 (d, J = 13.2 Hz, 1H, Pi-H), 4.14 – 4.04 (m, 1H, Pi-H), 3.08 (t, J = 11.6 Hz, 1H, Pi-H), 2.77 (s, 3H, -NCH3-), 2.60 (t, J = 14.8 Hz, 1H, Pi-H), 1.70 – 1.55 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 165.9 (s), 155.1 (s), 154.7 (s), 143.6 (s), 139.6 (s), 137.2 (s), 134.3 (d, 2JC-F = 33.0 Hz), 134.2 (s), 134.0 (s), 130.2 (s), 129.0 (s), 127.4 (s), 126.5 (d, 3JC-F = 4.0 Hz), 125.6 (s), 125.1 (s), 123.9 (d, 1JC-F = 204.0 Hz), 118.1 (s), 70.0 (s), 55.1 (s), 44.6 (s), 41.5 (s), 30.0 (s), 29.1 (s), 28.9 (s).19F NMR (376 MHz, CDCl3) δ -63.0 (s). HRMS (ESI) calcd for C30H26O6N2ClF3S [M+H]+: 635.12268, found 635.12250.


N-methyl-N-(1-(2-((4-oxo-2-(p-tolyl)-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)benzenesulfonamide (Z21). White solid(65%); m.p. 150.0-150.6℃; 1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 8.0, 1.6 Hz, 1H, Ph-H), 8.03 (d, J = 8.4 Hz, 2H, Ph-H), 7.82 (d, J = 7.2 Hz, 2H, Ph-H), 7.72 – 7.66 (m, 1H, Ph-H), 7.61 – 7.57 (m, 1H, Ph-H), 7.56 – 7.50 (m, 3H, Ph-H), 7.43 – 7.38 (m, 1H, Ph-H), 7.33 (d, J = 8.0 Hz, 2H, Ph-H), 4.79 (dd, J = 68.8, 12.0 Hz, 2H, -O-CH2-CO-), 4.63 (d, J = 12.4 Hz, 1H, Pi-H), 4.45 (d, J = 13.6 Hz, 1H, Pi-H), 4.14 – 4.00 (m, 1H, Pi-H), 3.10 – 2.99 (m, 1H, Pi-H), 2.73 (s, 3H, -NCH3-), 2.62 – 2.54 (m, 1H, Pi-H), 2.43 (s, 3H, PhCH3), 1.65 – 1.51 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 166.0 (s), 156.3 (s), 155.2 (s), 141.7 (s), 139.9 (s), 139.3 (s), 133.7 (s), 132.6 (s), 129.4 (s), 129.3 (s), 128.7 (s), 127.6 (s), 126.9 (s), 125.5 (s), 124.9 (s), 123.9 (s), 118.1 (s), 70.5 (s), 54.9 (s), 44.8 (s), 41.6 (s), 29.9 (s), 29.1 (s), 28.8 (s), 21.6 (s). HRMS (ESI) calcd for C30H30O6N2S [M+H]+: 547.18982, found 547.18973.


N-(1-(2-((2-(4-methoxyphenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N-methylbenzenesulfonamide (Z22). White solid(50%); m.p. 107.5-108.3℃; 1H NMR (400 MHz, CDCl3) δ 8.22 – 8.14 (m, 3H, Ph-H), 7.82 (d, J = 7.2 Hz, 2H, Ph-H), 7.71 – 7.66 (m, 1H, Ph-H), 7.59 (d, J = 7.2 Hz, 1H, Ph-H), 7.56 – 7.50 (m, 3H, Ph-H), 7.40 (t, J = 7.2 Hz, 1H, Ph-H), 7.03 (d, J = 9.2 Hz, 2H, Ph-H), 4.80 (dd, J = 66.4, 11.6 Hz, 2H, -O-CH2-CO-), 4.55 (dd, J = 71.2, 12.8 Hz, 2H, Pi-H), 4.10 - 4.02 (m, 1H, Pi-H), 3.88 (s, 3H, -OCH3), 3.11 – 3.02 (m, 1H, Pi-H), 2.74 (s, 3H, -NCH3-), 2.63 – 2.54 (m, 1H, Pi-H), 1.58 - 1.54 (m, 4H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.8 (s), 166.1 (s), 161.8 (s), 156.1 (s), 155.1 (s), 139.9 (s), 138.8 (s), 133.6 (s), 132.7 (s), 130.6 (s), 129.3 (s), 126.9 (s), 125.5 (s), 124.9 (s), 123.9 (s), 122.7 (s), 118.0 (s), 114.1 (s), 70.3 (s), 55.5 (s), 54.9 (s), 44.8 (s), 41.6 (s), 29.9 (s), 29.2 (s), 28.8 (s). HRMS (ESI) calcd for C30H30O7N2S [M+H]+: 563.18469, found 563.18465.


N-(1-(2-((2-(3-fluorophenyl)-4-oxo-4H-chromen-3-yl)oxy)acetyl)piperidin-4-yl)-N-methyl-4-nitrobenzenesulfonamide (Z23). White solid(54%); m.p. 130.9-131.2℃; 1H NMR (400 MHz, CDCl3) δ 8.38 (d, J = 8.8 Hz, 2H, Ph-H), 8.18 (dd, J = 8.0, 1.2 Hz, 1H, Ph-H), 8.04 – 7.99 (m, 2H, Ph-H), 7.98 – 7.96 (m, 1H, Ph-H), 7.92 – 7.85 (m, 1H, Ph-H), 7.74 - 7.70 (m, 1H, Ph-H), 7.56 (d, J = 8.0 Hz, 1H, Ph-H), 7.53 – 7.43 (m, 1H, Ph-H), 7.45 – 7.40 (m, 1H, Ph-H), 7.19 - 7.24 (m, 1H, Ph-H), 4.90 (dd, J = 92.4, 12.4 Hz, 2H, -O-CH2-CO-), 4.50 (dd, J = 113.6, 13.6 Hz, 2H, Pi-H), 4.13 - 4.05 (m, 1H, Pi-H), 3.11 (t, J = 12 Hz, 1H, Pi-H), 2.80 (s, 3H, -NCH3-), 2.60 (td, J = 13.2, 2.8 Hz, 1H, Pi-H), 1.70 (dd, J = 12.4, 4.0 Hz, 1H, Pi-H), 1.64 - 1.61 (m, 3H, Pi-H).13C NMR (100 MHz, CDCl3) δ 174.9 (s), 166.0 (s), 162.5 (d, 1JC-F = 244,0 Hz), 155.1 (s), 154.1 (d, J = 2.8 Hz), 150.0 (s), 145.8 (s), 139.9 (s), 134. (s), 132.5 (d, 3JC-F = 9.0 Hz), 130.3 (d, 4JC-F = 8.0 Hz), 128.1 (s), 125.6 (s), 125.1 (s), 124.7 – 124.5 (m), 123.8 (s), 118.1 (s), 118.0 (d, 5JC-F = 21.0 Hz), 115.8 (d,2JC-F = 24.0 Hz), 70.2 (s), 55.3 (s), 44.5 (s), 41.4 (s), 30.0 (s), 29.0 (d, J = 21.8 Hz), 28.9 – 28.8 (m). 19F NMR (376 MHz, CDCl3) δ -111.8 (s). HRMS (ESI) calcd for C29H26O8N3FS [M+H]+: 596.14978, found 596.14974.

4.2 1H NMR, 13C NMR, 19F NMR and HRMS spectrum of the title compounds
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HRMS spectrum of title compound Z1
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13C NMR spectrum of title compound Z2
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HRMS spectrum of title compound Z2
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1H NMR spectrum of title compound Z3
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13C NMR spectrum of title compound Z3
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HRMS spectrum of title compound Z3
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1H NMR spectrum of title compound Z4
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13C NMR spectrum of title compound Z4
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HRMS spectrum of title compound Z4
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1H NMR spectrum of title compound Z5
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13C NMR spectrum of title compound Z5
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HRMS spectrum of title compound Z5
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1H NMR spectrum of title compound Z6
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13C NMR spectrum of title compound Z6
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HRMS spectrum of title compound Z6
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1H NMR spectrum of title compound Z7
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13C NMR spectrum of title compound Z7
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HRMS spectrum of title compound Z7
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1H NMR spectrum of title compound Z8[image: ]13C NMR spectrum of title compound Z8
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19F NMR spectrum of title compound Z8
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HRMS spectrum of title compound Z8
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1H NMR spectrum of title compound Z9
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13C NMR spectrum of title compound Z9
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HRMS spectrum of title compound Z9
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1H NMR spectrum of title compound Z10
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13C NMR spectrum of title compound Z10
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HRMS spectrum of title compound Z10
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1H NMR spectrum of title compound Z11
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13C NMR spectrum of title compound Z11
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HRMS spectrum of title compound Z11
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1H NMR spectrum of title compound Z12
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13C NMR spectrum of title compound Z12
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HRMS spectrum of title compound Z12
[image: ]
1H NMR spectrum of title compound Z13
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13C NMR spectrum of title compound Z13
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HRMS spectrum of title compound Z13
[image: ]
1H NMR spectrum of title compound Z14
[image: ]
13C NMR spectrum of title compound Z14
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HRMS spectrum of title compound Z14
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1H NMR spectrum of title compound Z15
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13C NMR spectrum of title compound Z15
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19F NMR spectrum of title compound Z15
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HRMS spectrum of title compound Z15
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1H NMR spectrum of title compound Z16
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13C NMR spectrum of title compound Z16
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HRMS spectrum of title compound Z16
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1H NMR spectrum of title compound Z17
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13C NMR spectrum of title compound Z17
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HRMS spectrum of title compound Z17
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1H NMR spectrum of title compound Z18
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13C NMR spectrum of title compound Z18
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HRMS spectrum of title compound Z18
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1H NMR spectrum of title compound Z19
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13C NMR spectrum of title compound Z19
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19F NMR spectrum of title compound Z19
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HRMS spectrum of title compound Z19
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1H NMR spectrum of title compound Z20
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13C NMR spectrum of title compound Z20
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19F NMR spectrum of title compound Z20
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HRMS spectrum of title compound Z20
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1H NMR spectrum of title compound Z21
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13C NMR spectrum of title compound Z21
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HRMS spectrum of title compound Z21
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1H NMR spectrum of title compound Z22
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13C NMR spectrum of title compound Z22
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HRMS spectrum of title compound Z22
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1H NMR spectrum of title compound Z23
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13C NMR spectrum of title compound Z23
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19F NMR spectrum of title compound Z23
[image: ]
HRMS spectrum of title compound Z23
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