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7-O-(N,N-Diethylaminopropyl)-3,5,20-O-trimethyl-2,3-dehydrosilybin (10). 29% yield, yellow solid, m.p. 107-109 oC. IR (film) νmax: 3419, 3182, 2981, 2844, 1624, 

1602 cm-1; 1H NMR (300 MHz, CD3OD): δ 7.59-7.48 (overlapped, 1H, H-15), 7.51 (s, 1H, H-13), 7.03 (s, 1H, H-18), 7.00-6.94 (overlapped, 2H, H-16 and H-22), 

6.93 (d, J = 8.4 Hz, 1H, H-21), 6.36 (s, 1H, H-8), 6.23 (s, 1H, H-6), 4.89-4.86 (overlapped, 1H, H-11), 4.09-3.92 (overlapped, 3H, H-10 & 7-OCH2), 3.84 (s, 3H, 

OCH3), 3.83 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 3.69 (dd, J = 12.9, 2.4 Hz, 1H, H-23), 3.43 (dd, J = 12.3, 3.9 Hz, 1H, H-23), 2.74 (t, J = 7.5 Hz, 

2H, 7-O-CH2CH2CH2-), 2.70 (t, J = 7.2 Hz, 2H, NCH2), 2.67 (t, J = 7.2 Hz, 2H, NCH2), 2.02-1.86 (m, 2H, 7-O-CH2CH2CH2-), 1.10 (t, J = 7.2 Hz, 6H, 2 x 

NCH2CH3); 13C NMR (75 MHz, CD3OD): δ 175.5 (C-4), 165.0 (C-7), 161.7 (C-5), 159.7 (C-8a), 153.9 (C-19), 151.1 (C-20), 150.6 (C-16a), 147.2 (C-2), 145.0 (C-

12a), 141.9 (C-3), 130.3 (C-17), 124.4 (C-14), 123.0 (C-15), 121.6 (C-22), 118.1 (C-16), 117.9 (C-13), 112.8 (C-21), 112.3 (C-18), 109.6 (C-4a), 97.0 (C-6), 94.1 (C-8), 

80.3 (C-10), 77.5 (C-11), 67.9 (7-OCH2), 61.9 (C-23), 60.2 (OCH3), 56.6 (OCH3), 56.5 (OCH3), 56.4 (OCH3), 50.3 (NCH2), 47.9 (7-O-CH2CH2CH2-), 26.5 (7-O-

CH2CH2CH2-), 11.0 (NCH2CH3); HRMS-ESI m/z [M+H]+ calcd for C35H42NO10: 636.2808, found: 636.2801.  

7-O-(N,N-Dibutylaminopropyl)-3,5,20-O-trimethyl-2,3-dehydrosilybin (11). 25% yield, yellow solid, mp. 69-71 oC. IR (film) νmax: 3404, 2930, 2871, 1625, 1602, 

1505 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.75 (d, J = 1.8 Hz, 1H, H-13), 7.72 (dd, J = 8.4, 2.1 Hz, 1H, H-15), 7.04 (d, J = 8.4 Hz, 1H, H-16), 7.03 (dd, J = 8.1, 1.8 

Hz, 1H, H-22), 6.97 (d, J = 1.8 Hz, 1H, H-18), 6.92 (d, J = 8.4 Hz, 1H, H-21), 6.46 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.02 (d, J = 8.4 Hz, 1H, 

H-11), 4.13 (dt, J = 8.1, 2.7 Hz, 1H, H-10), 4.08 (t, J = 6.3 Hz, 2H, 7-OCH2), 3.94 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 3.84 

(dd, J = 12.6, 2.7 Hz, 1H, H-23), 3.57 (dd, J = 12.3, 3.6 Hz, 1H, H-23), 2.66 (t, J = 6.3 Hz, 2H, 7-O-CH2CH2CH2-), 2.49 (t, J = 7.2 Hz, 4H, 2 × NCH2), 1.98 (quin, J = 

6.3 Hz, 2H, 7-O-CH2CH2CH2-), 1.50-1.40 (m, 4H, 2 × NCH2CH2CH2CH3), 1.36-1.24 (m, 4H, 2 × NCH2CH2CH2CH3), 0.89 (t, J = 7.2 Hz, 6H, 2 × 

NCH2CH2CH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 163.4 (C-7), 161.1 (C-5), 158.8 (C-8a), 152.0 (C-19), 149.9 (C-20), 149.6 (C-16a), 145.3 (C-2), 143.8 

(C-12a), 141.5 (C-3), 128.5 (C-17), 124.4 (C-14), 122.3 (C-15), 120.3 (C-22), 117.3 (C-16), 117.2 (C-13), 111.5 (C-21), 110.3 (C-18), 109.5 (C-4a), 96.1 (C-6), 93.0 (C-

8), 78.8 (C-10), 76.4 (C-11), 66.8 (7-OCH2), 61.7 (C-23), 60.0 (OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 53.9 (NCH2), 50.5 (7-O-CH2CH2CH2-), 28.9 

(NCH2CH2CH2CH3), 26.7 (7-O-CH2CH2CH2-), 20.8 (NCH2CH2CH2CH3), 14.2 (NCH2CH2CH2CH3); HRMS-ESI m/z [M+H]+ calcd for C39H50NO10: 692.3434, 

found: 692.3431. 

7-O-Pyrrolidinopropyl-3,5,20-O-trimethyl-2,3-dehydrosilybin (12). 29% yield, yellow solid, mp. 111-113 oC. IR (film) νmax: 3415, 2933, 1625, 1605, 1578, 1506 cm-1; 
1H NMR (300 MHz, CDCl3): δ 7.74 (d, J = 1.8 Hz, 1H, H-13), 7.71 (dd, J = 8.7, 2.1 Hz, 1H, H-15), 7.03 (d, J = 8.7 Hz, 2H, H-16 & H-22), 6.97 (d, J = 1.5 Hz, 1H, 

H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 6.46 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.01 (d, J = 8.1 Hz, 1H, H-11), 4.16-4.12 (m, 1H, H-10), 4.09 (t, J 

= 6.3 Hz, 2H, 7-OCH2), 3.94 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 3.84 (dd, J = 12.9, 2.4 Hz, 1H, H-23), 3.56 (dd, J = 12.6, 

3.9 Hz, 1H, H-23), 2.71 (t, J = 7.2 Hz, 2H, 7-O-CH2CH2CH2-), 2.67-2.57 (m, 4H, 2 × pyrrolidino-CH2), 2.07 (quin, J = 6.0 Hz, 2H, 7-O-CH2CH2CH2-), 1.88-1.79 

(m, 4H, 2 × pyrrolidino-CH2); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 163.3 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.1 (C-19), 149.9 (C-20), 149.6 (C-16a), 145.3 

(C-2), 143.8 (C-12a), 141.4 (C-3), 128.5 (C-17), 124.3 (C-14), 122.2 (C-15), 120.3 (C-22), 117.3 (C-16), 117.2 (C-13), 111.4 (C-21), 110.2 (C-18), 109.5 (C-4a), 96.1 

(C-6), 93.0 (C-8), 78.8 (C-10), 76.4 (C-11), 66.7 (7-OCH2), 61.7 (C-23), 60.0 (OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 54.3 (NCH2), 53.0 (pyrrolidino-CH2), 

28.0 (7-O-CH2CH2CH2-), 23.6 (pyrrolidino-CH2); HRMS-ESI m/z [M+H]+ calcd for C35H40NO10: 634.2652, found: 634.2650. 

7-O-Mopholinopropyl-3,5,20-O-trimethyl-2,3-dehydrosilybin (13). 19% yield, yellow solid. mp. 132-133 oC. IR (film) νmax: 3406, 2932, 1625, 1606, 1506, 1464, 1443 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.73 (s, 1H, H-13), 7.72 (d, J = 10.8 Hz, 1H, H-15), 7.03 (d, J = 8.4 Hz, 2H, H-16 & H-22), 6.97 (s, 1H, H-18), 6.91 (d, J = 8.1 

Hz, 1H, H-21), 6.44 (s, 1H, H-8), 6.29 (s, 1H, H-6), 5.02 (d, J = 8.1 Hz, 1H, H-11), 4.18-4.04 (overlapped, 3H, H-10 & 7-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, 

OCH3), 3.90 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 3.87-3.76 (overlapped, 4H, 2 × OCH2 from mopholino), 3.57 (dd, J = 12.3, 3.3 Hz, 1H, H-23), 3.06-2.99 (m, 1H, 

H-23), 2.79-2.57 (overlapped, 6H, 3 × NCH2), 2.18-2.05 (overlapped, 2H, 7-O-CH2CH2CH2-); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 163.2 (C-7), 161.0 (C-
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5), 158.8 (C-8a), 152.1 (C-19), 149.9 (C-20), 149.6 (C-16a), 145.3 (C-2), 143.8 (C-12a), 141.4 (C-3), 128.4 (C-17), 124.3 (C-14), 122.2 (C-15), 120.3 (C-22), 117.23 

(C-16), 117.17 (C-13), 111.4 (C-21), 110.2 (C-18), 109.5 (C-4a), 96.1 (C-6), 92.9 (C-8), 78.8 (C-10), 76.4 (C-11), 66.4 (7-OCH2), 66.2 OCH2 from mopholino), 61.7 

(C-23), 60.0 (OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.4 (NCH2), 53.4 (NCH2), 42.3 (7-O-CH2CH2CH2-); HRMS-ESI m/z [M+H]+ calcd for C35H40NO11: 

650.2601, found: 650.2598. 

7-O-(4-Methylpiperazin-1-yl)propyl-3,5,20-O-trimethyl-2,3-dehydrosilybin (14). 10% yield, light yellow solid. Mp. 142-143 oC. IR (film) νmax: 3406, 2917, 2850, 

1625, 1604, 1505 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.77-7.71 (overlapped, 2H, H-13 & H-15), 7.06 (d, J = 9.0 Hz, 1H, H-16), 7.04 (dd, J = 10.8, 1.5 Hz, 1H, H-

22), 6.97 (d, J = 1.5 Hz, 1H, H-18), 6.92 (d, J = 8.4 Hz, 1H, H-21), 6.44 (d, J = 2.1 Hz, 1H, H-8), 6.30 (d, J = 1.8 Hz, 1H, H-6), 5.02 (d, J = 8.4 Hz, 1H, H-11), 4.17-

4.01 (m, 1H, H-10), 4.06 (t, J = 6.0 Hz, 2H, 7-OCH2), 3.94 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.85 (dd, J = 12.3, 2.1 Hz, 

1H, H-23), 3.57 (dd, J = 12.6, 3.9 Hz, 1H, H-23), 2.95-2.72 (overlapped, 8H, 4 × NCH2 from piperazin), 2.67 (t, J = 7.2 Hz, 2H, NCH2), 2.55 (s, 3H, NCH3), 2.07-

2.02 (m, 2H, 7-O-CH2CH2CH2-); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 163.2 (C-7), 161.1 (C-5), 158.8 (C-8a), 152.0 (C-19), 150.0 (C-20), 149.6 (C-16a), 145.3 

(C-2), 143.8 (C-12a), 141.5 (C-3), 128.4 (C-17), 124.4 (C-14), 122.4 (C-15), 120.3 (C-22), 117.2 (C-16), 117.2 (C-13), 111.5 (C-21), 110.3 (C-18), 109.6 (C-4a), 96.2 

(C-6), 92.8 (C-8), 78.8 (C-10), 76.5 (C-11), 66.3 (7-OCH2), 61.7 (C-23), 60.1 (OCH3), 56.6 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 54.3 (NCH2), 54.0 (NCH2 from 

piperazin), 50.9 (NCH2 from piperazin), 44.5 (NCH3), 26.1 (7-O-CH2CH2CH2-); HRMS-ESI m/z [M+H]+ calcd for C36H43N2O10: 663.2917, found: 663.2917. 

3-O-(4'-Bromo)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (18). 62% Yield, 1H NMR (300 MHz, CDCl3): δ 7.71 (s, 1H), 7.69 (dd, J = 7.2, 1.5 Hz, 1H), 7.04 (d, J = 

8.0 Hz, 2H), 6.97 (d, J = 1.8 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.46 (d, J = 2.4 Hz, 1H), 6.32 (d, J = 2.4 Hz, 1H), 5.03 (d, J = 8.1 Hz, 1H), 4.16-4.09 (m, 1H), 4.03 (t, J 

= 6.0 Hz, 2H), 3.93 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H), 3.81 (dd, J = 7.2, 2.4 Hz, 1H), 3.57 (dd, J = 12.3, 3.6 Hz, 1H), 3.46 (t, J = 6.6 Hz, 2H), 2.09-2.00 

(m, 2H), 1.90-1.81 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 174.2, 164.1, 161.1, 158.9, 152.6, 149.9, 149.6, 145.3, 143.8, 140.4, 128.5, 124.4, 122.4, 120.3, 117.3, 

117.1, 111.4, 110.3, 109.5, 95.9, 92.5, 78.8, 76.4, 61.7, 56.5, 56.2, 56.1, 55.9, 34.1, 28.8. 

3-O-(5'-Bromo)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (19). 77% yield, 1H NMR (300 MHz, CDCl3): δ 7.72 (s, 1H), 7.71 (dd, J = 7.8, 1.8 Hz, 1H), 7.03 (d, J = 

8.1 Hz, 2H), 6.97 (d, J = 1.5 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.45 (d, J = 2.1 Hz, 1H), 6.31 (d, J = 2.1 Hz, 1H), 5.03 (d, J = 8.4 Hz, 1H), 4.14-4.11 (m, 1H), 4.02 (t, J 

= 6.3 Hz, 2H), 3.93 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H), 3.85 (s, 3H), 3.85 (d, J = 12.6 Hz, 1H), 3.57 (d, J = 11.7 Hz, 1H), 3.34 (t, J = 6.9 Hz, 2H), 1.85 (quin, J = 7.2 

Hz, 2H), 1.74 (quin, J = 7.2 Hz, 2H), 1.59-1.49 (m, 2H). 

3-O-(N,N-Dimethylamino)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (21). 86% yield, yellow wax. IR (film) νmax: 3397, 2938, 1625, 1603, 1505, 1460 cm-1; 1H 

NMR (300 MHz, CDCl3): δ 7.72 (dd, J = 8.7 Hz, 2.1 Hz, 1H, H-15), 7.72 (d, J = 1.8 Hz, 1H, H-13), 7.04 (d, J = 9.3 Hz, 1H, H-16), 7.03 (dd, J = 8.1, 1.8 Hz, 1H, H-

22), 6.97 (d, J = 1.5 Hz, 1H, H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.04 (d, J = 8.1 Hz, 1H, H-11), 4.13 

(dt, J = 7.8, 3.3 Hz, 1H, H-10), 4.05-401 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H), OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.85-3.81 

(overlapped, 1H, H-23), 3.57 (dd, J = 12.3, 3.9 Hz, 1H, H-23), 2.45 (t, J = 7.5 Hz, 2H, NCH2), 2.29 (s, 6H, 2 × NCH3), 1.77-1.65 (m, 4H, 3-OCH2CH2CH2); 13C 

NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.2 (C-2), 143.6 (C-12a), 140.4 (C-3), 

128.5 (C-17), 124.3 (C-14), 122.4 (C-15), 120.2 (C-22), 117.2 (C-13), 117.0 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 (C-4a), 95.8 (C-6), 92.3 (C-8), 78.7 (C-10), 76.2 

(C-11), 71.8 (3-OCH2), 61.5 (C-23), 59.1 (OCH3), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.7 (NCH2), 44.8 (NCH3), 27.9 (3-O-CH2CH2CH2-), 23.5 (3-O-

CH2CH2CH2-); HRMS-ESI m/z [M+H]+ calcd for C34H40NO10: 622.2652, found: 622.2651. 



3-O-(N,N-Diethylamino)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (25). 33% yield, yellow wax. IR (film) νmax: 3397, 2938, 1624, 1606, 1507, 1459 cm-1; 1H 

NMR (300 MHz, CDCl3): δ 7.74 (dd, J = 9.3, 2.1 Hz, 1H, H-15), 7.74 (d, J = 2.1 Hz, 1H, H-13), 7.05 (d, J = 9.3 Hz, 1H, H-16), 7.04 (dd, J = 8.4, 2.1 Hz, 1H, H-22), 

6.98 (d, J = 1.8 Hz, 1H, H-18), 6.92 (d, J = 8.1 Hz, 1H, H-21), 6.46 (d, J = 2.1 Hz, 1H, H-8), 6.32 (d, J = 2.1 Hz, 1H, H-6), 5.07 (d, J = 8.1 Hz, 1H, H-11), 4.16 (dt, J 

= 7.2, 2.4 Hz, 1H, H-10), 4.05-3.98 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.85 (dd, J = 12.6, 2.7 Hz, 

1H, H-23), 3.58 (dd, J = 12.6, 3.9 Hz, 1H, H-23), 2.75 (q, J = 7.2 Hz, 4H, 2 × NCH2CH3), 2.63 (t, J = 8.4 Hz, 2H, NCH2), 1.73 (quin, J = 6.9 Hz, 2H, 3-O-

CH2CH2CH2CH2CH2N-), 1.56-1.51 (m, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.46-1.41 (m, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.13 (t, J = 7.2 Hz, 6H, 2 × 
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3-O-(N,N-Dimethylamino)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (22). 76% yield, yellow solid, mp. 90-91 oC. IR (film) νmax: 3398, 2919, 1625, 1608, 1509 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.74-7.67 (overlapped, 2H, H-15 & H-13), 7.03 (d, J = 8.7 Hz, 2H, H-16 & H-22), 6.98 (d, J = 1.5 Hz, 1H, H-18), 6.91 (d, J = 

8.1 Hz, 1H, H-21), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.06 (d, J = 7.8 Hz, 1H, H-11), 4.14 (dt, J = 7.8, 3.3 Hz, 1H, H-10), 4.03-3.98 (m, 2H, 

3-OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.85-3.81 (overlapped, 1H, H-23), 3.57 (dd, J = 12.6, 3.9 Hz, 1H, H-

23), 2.42 (t, J = 7.5 Hz, 2H, NCH2), 2.34 (s, 6H, 2 × NCH3), 1.72 (quin, J = 6.9 Hz, 2H, 3-OCH2CH2CH2CH2CH2), 1.61-1.51 (m, 2H, 3-OCH2CH2CH2CH2CH2), 

1.47-1.37 (m, 2H, 3-OCH2CH2CH2CH2CH2); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 

(C-20), 145.1 (C-2), 143.6 (C-12a), 140.5 (C-3), 128.5 (C-17), 124.3 (C-14), 122.4 (C-15), 120.2 (C-22), 117.2 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 

(C-4a), 95.8 (C-6), 92.3 (C-8), 78.7 (C-10), 76.1 (C-11), 72.0 (3-OCH2), 61.5 (C-23), 59.1 (OCH3), 56.4 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 55.7 (NCH2), 44.5 

(NCH3), 29.9 (3-OCH2CH2CH2CH2CH2), 26.1 (3-OCH2CH2CH2CH2CH2), 23.7 (3-OCH2CH2CH2CH2CH2); HRMS-ESI m/z [M+H]+ calcd for C35H42NO10: 

636.2809, found: 636.2807. 

3-O-(N,N-Diethylamino)propyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (23). 90% yield, yellow wax. IR (film) νmax: 3375, 2936, 2837, 1624, 1604, 1579, 1517, 1505, 

1492, 1462 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.81-7.56 (overlapped, 1H, H-15), 7.68 (s, 1H, H-13), 7.06 (d, J = 9.0 Hz, 1H, H-16), 7.03 (d, J = 9.3 Hz, 1H, H-

22), 6.97 (s, 1H, H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 6.47 (s, 1H, H-8), 6.33 (s, 1H, H-6), 5.03 (d, J = 7.9 Hz, 1H, H-11), 4.16-4.13 (m, 1H, H-10), 4.04-4.01 (m, 

2H, 3-OCH2), 3.94 (s, 3H, OCH3), 3.91 (s, 6H, 2 × OCH3), 3.86 (s, 3H, OCH3), 3.88-3.84 (overlapped, 1H, H-23), 3.57 (dd, J = 12.9, 2.7 Hz, 1H, H-23), 3.07 (t, J = 

6.9 Hz, 2H, NCH2), 2.90-2.83 (m, 4H, 2 × NCH2CH3), 2.86-2.78 (m, 2H, 3-OCH2CH2), 1.19 (t, J = 6.9 Hz, 6H, 2 × NCH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.2 

(C-4), 164.2 (C-7), 161.1 (C-5), 159.0 (C-8a), 152.9 (C-16a), 149.9 (C-19), 149.6 (C-20), 145.6 C-2), 143.9 (C-12a), 140.2 (C-3), 128.5 (C-17), 124.1 (C-14), 122.4 (C-

15), 120.4 (C-22), 117.4 (C-13), 117.3 (C-16), 111.5 (C-21), 110.3 (C-18), 109.4 (C-4a), 96.1 (C-6), 92.5 (C-8), 78.9 C-10), 76.5 (C-11), 70.0 (3-OCH2), 61.7 (C-23), 

56.6 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (OCH3), 49.9 (NCH2), 46.9 (NCH2CH3), 26.4 (3-O-CH2CH2CH2-), 10.1 (NCH2CH3); HRMS-ESI m/z [M+H]+ calcd 

for C35H42NO10: 636.2809, found: 636.2806. 

3-O-(N,N-Diethylamino)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (24). 69% yield, yellow solid, mp. 64-65 oC. IR (film) νmax: 3397, 2938, 1625, 1606, 1506, 1463 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.72 (d, J = 6.3 Hz, 1H, H-15), 7.71 (s, 1H, H-13), 7.03 (d, J = 9.0 Hz, 2H, H-16 & H-22), 6.97 (s, 1H, H-18), 6.91 (d, J = 8.1 

Hz, 1H, H-21), 6.45 (s, 1H, H-8), 6.31 (s, 1H, H-6), 5.03 (d, J = 7.8 Hz, 1H, H-11), 4.15-4.10 (m, 1H, H-10), 4.02-4.98 (m, 2H, 3-OCH2), 3.95 (s, 3H, OCH3), 3.93 

(s, 6H, 2 × OCH3), 3.90 (s, 3H, OCH3), 3.85-3.81 (overlapped, 1H, H-23), 3.56 (dd, J = 12.3, 3.3 Hz, 1H, H-23), 2.96 (br.s, 2H, NCH2), 2.63 (q, J = 7.2 Hz, 4H, 2 × 

NCH2CH3), 1.80-1.59 (m, 4H, 3-OCH2CH2CH2), 1.06 (t, J = 7.2 Hz, 6H, 2 × NCH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.8 (C-4), 164.5 (C-7), 161.6 (C-5), 159.4 

(C-8a), 153.0 (C-16a), 150.3 (C-19), 150.0 (C-20), 145.8 (C-2), 144.2 (C-12a), 141.0 (C-3), 129.1 (C-17), 124.9 (C-14), 123.0 (C-15), 120.8 (C-22), 117.7 (C-13), 117.6 

(C-16), 111.9 (C-21), 110.8 (C-18), 110.0 (C-4a), 96.4 (C-6), 92.9 (C-8), 79.3 (C-10), 76.8 (C-11), 72.5 (3-OCH2), 62.1 (C-23), 57.0 (OCH3), 56.6 (OCH3), 56.6 

(OCH3), 56.4 (OCH3), 52.7 (NCH2), 47.1 (NCH2CH3), 28.7 (3-O-CH2CH2CH2CH2-), 22.9 (3-O-CH2CH2CH2CH2-), 11.3 (NCH2CH3); HRMS-ESI m/z [M+H]+ 

calcd for C36H44NO10: 650.2966, found 650.2963. 
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NCH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.5 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.3 (C-2), 143.6 (C-12a), 

140.3 (C-3), 128.5 (C-17), 124.2 (C-14), 122.3 (C-15), 120.2 (C-22), 117.2 (C-13), 117.0 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 (C-4a), 95.8 (C-6), 92.3 (C-8), 78.7 

(C-10), 76.1 (C-11), 71.7 (3-OCH2), 61.5 (C-23), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.7 (OCH3), 51.1 (NCH2), 46.3 (NCH2CH3), 29.5 3-O-

CH2CH2CH2CH2CH2N-), 23.7 3-O-CH2CH2CH2CH2CH2N-), 9.4 (NCH2CH3); HRMS-ESI m/z [M+H]+ calcd for C37H46NO10: 663.3122, found: 664.3116. 

3-O-(3-(N,N-Dipropyl)propyl)-5,7,20-O-trimethyl-2,3-dehydrosilybin (26). 78% yield, yellow wax. IR (film) νmax: 3338, 3052, 2958, 2934, 2873, 2837, 1624, 1603, 

1578, 1517, 1505, 1456 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.70 (d, J = 7.7 Hz, 1H, H-15), 7.68 (s, 1H, H-13), 7.05 (d, J = 7.9 Hz, 1H, H-16), 7.03 (d, J = 6.8 Hz, 

1H, H-22), 6.97 (s, 1H, H-18), 6.91 (d, J = 8.2 Hz, 1H, H-21), 6.46 (s, 1H, H-8), 6.32 (s, 1H, H-6), 5.03 (d, J = 8.0 Hz, 1H, H-11), 4.13 (d, J = 7.8 Hz, 1H, H-10), 

4.08-4.00 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 6H, 2 × OCH3), 3.85 (s, 3H, OCH3), 3.85-3.82 (overlapped, 1H, H-23), 3.57 (dd, J = 12.4, 3.3 Hz, 1H, H-

23), 2.97-2.85 (m, 2H, 3-O-CH2CH2CH2N-), 2.59 (t, J = 7.4 Hz, 4H, 2 × NCH2CH2CH3), 2.05-2.00 (m, 2H, 3-O-CH2CH2CH2N-), 1.56 (sextet, J = 6.8 Hz, 4H, 2 × 

NCH2CH2CH3), 0.86 (t, J = 7.2 Hz, 6H, 2 × NCH2CH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 164.1 (C-7), 161.1 (C-5), 158.9 (C-8a), 152.7 C-16a), 149.9 

(C-19), 149.6 (C-20), 145.5 (C-2), 143.8 (C-12a), 140.3 (C-3), 128.5 (C-17), 124.2 (C-14), 122.5 (C-15), 120.3 (C-22), 117.3 (C-13), 117.2 (C-16), 111.5 (C-21), 110.3 

(C-18), 109.5 (C-4a), 96.0 (C-6), 92.5 (C-8), 78.9 (C-10), 76.4 (C-11), 70.3 (3-OCH2), 61.6 (C-23), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (OCH3), 55.4 (3-O-

CH2CH2CH2N-), 51.0 (NCH2CH2CH3), 26.7 (3-O-CH2CH2CH2N-), 18.7 (NCH2CH2CH3), 11.8 (NCH2CH2CH3); HRMS-ESI m/z [M+H]+ calcd for C37H46NO10: 

664.3122, found: 664.3118. 

3-O-(N,N-dipropylamino)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (27). 59% yield, yellow solid, mp. 80-81 oC. IR (film) νmax: 3415, 2956, 1625, 1607, 1507, 

1462, 1433 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.75 (d, J = 10.2 Hz, 1H, H-15), 7.73 (s, 1H, H-13), 7.04 (d, J = 8.4 Hz, 1H, H-16), 7.03 (d, J = 8.4 Hz, 1H, H-22), 

6.97 (s, 1H, H-18), 6.92 (d, J = 8.1 Hz, 1H, H-21), 6.46 (s, 1H, H-8), 6.32 (s, 1H, H-6), 5.04 (d, J = 8.1 Hz, 1H, H-11), 4.15-4.12 (m, 1H, H-10), 4.05-3.99 (m, 2H, 3-

OCH2), 3.94 (s, 3H, OCH3), 3.91 (s, 6H, 2 × OCH3), 3.86 (s, 3H, OCH3), 3.88-3.82 (overlapped, 1H, H-23), 3.57 (dd, J = 12.3, 3.3 Hz, 1H, H-23), 2.55 (t, J = 5.7 

Hz, 2H, 3-O-CH2CH2CH2CH2N-), 2.44 (t, J = 7.5 Hz, 4H, 2 × NCH2CH2CH3), 1.80-1.56 (m, 4H, 2 × NCH2CH2CH3), 1.52-1.43 (m, 4H, 3-O-CH2CH2CH2CH2N-), 

0.85 (t, J = 7.2 Hz, 6H, 2 × NCH2CH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.8 (C-4), 164.5 (C-7), 161.6 (C-5), 159.4 (C-8a), 152.9 (C-16a), 150.4 (C-19), 150.0 (C-

20), 145.7 (C-2), 144.2 (C-12a), 141.1 (C-3), 129.0 (C-17), 125.0 (C-14), 123.1 (C-15), 120.8 (C-22), 117.7 (C-13), 117.6 (C-16), 111.9 (C-21), 110.7 (C-18), 110.1 (C-

4a), 96.4 (C-6), 92.9 (C-8), 79.3 (C-10), 76.9 (C-11), 72.7 (3-OCH2), 62.2 (C-23), 57.0 (OCH3), 56.7 (OCH3), 56.6 (OCH3), 56.4 (OCH3), 56.2 (3-O-

CH2CH2CH2CH2N-), 54.1 (NCH2CH2CH3), 28.7 (3-O-CH2CH2CH2CH2N-), 23.3 (3-O-CH2CH2CH2CH2N-), 20.1 (NCH2CH2CH3), 12.5 (NCH2CH2CH3); HRMS-

ESI m/z [M+H]+ calcd for C38H48NO10: 678.3279, found: 678.3275. 

3-O-(N,N-Dipropylamino)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (28). 60% yield, white solid, mp. 94.0-94.5 oC. IR (film) νmax: 3388, 2936, 2873, 2838, 1624, 

1605, 578, 1490, 1462 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.73 (d, J = 7.2 Hz, 1H, H-15), 7.72 (s, 1H, H-13), 7.06 (d, J = 9.3 Hz, 2H, H-16 & H-22), 6.99 (s, 1H, 

H-18), 6.93 (d, J = 8.4 Hz, 1H, H-21), 6.47 (s, 1H, H-8), 6.33 (s, 1H, H-6), 5.07 (d, J = 7.8 Hz, 1H, H-11), 4.16 (d, J = 7.8 Hz, 1H, H-10), 4.03 (t, J = 6.0 Hz, 2H, 3-

OCH2), 3.94 (s, 3H, OCH3), 3.91 (s, 6H, 2 × OCH3), 3.87 (s, 3H, OCH3), 3.87-3.83 (overlapped, 1H, H-23), 3.67 (dd, J = 12.3, 3.0 Hz, 1H, H-23), 2.68-2.51 

(overlapped, 6H, 3-O-CH2CH2CH2CH2CH2N- & 2 × NCH2CH2CH3), 1.75 (quin, J = 6.9 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.60-1.50 (m, 6H, 3-O-

CH2CH2CH2CH2CH2N- & 2 × NCH2CH2CH3), 1.43 (quin, J = 6.9 Hz, 2H 3-O-CH2CH2CH2CH2CH2N-), 0.90 (t, J = 7.5 Hz, 6H, 2 × NCH2CH2CH3); 13C NMR (75 

MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.1 (C-2), 143.6 (C-12a), 140.4 (C-3), 128.4 (C-17), 

124.4 (C-14), 122.4 (C-15), 120.1 (C-22), 117.2 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.5 (C-4a), 95.8 (C-6), 92.3 (C-8), 78.6 (C-10), 76.2 (C-11), 72.0 

(3-OCH2), 61.5 (C-23), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.7 (OCH3), 55.2 (3-O-CH2CH2CH2CH2CH2N-), 53.2 (NCH2CH2CH3), 29.7 (3-O-



S8 

CH2CH2CH2CH2CH2N-), 23.8 (3-O-CH2CH2CH2CH2CH2N-), 18.8 (NCH2CH2CH3), 18.7 (3-O-CH2CH2CH2CH2CH2N-). 11.7 (NCH2CH2CH3); HRMS-ESI m/z 

[M+H]+ calcd for C39H50NO10: 692.3435, found: 692.3436. 

3-O-(3-(N,N-Dibutylamino)propyl)-5,7,20-O-trimethyl-2,3-dehydrosilybin (29). 79% yield, yellow wax. IR (film) νmax: 3352, 2957, 2933, 2872, 2838, 1624, 1604, 

1578, 1505, 1491, 1457 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.67 (d, J = 7.2 Hz, 1H, H-15), 7.65 (s, 1H, H-13), 7.04 (d, J = 8.7 Hz, 1H, H-16), 6.98 (d, J = 7.2 Hz, 

1H, H-22), 6.96 (s, 1H, H-18), 6.89 (d, J = 8.1 Hz, 1H, H-21), 6.45 (s, 1H, H-8), 6.31 (s, 1H, H-6), 5.02 (d, J = 8.1 Hz, 1H, H-11), 4.12 (d, J = 7.8 Hz, 1H, H-10), 

4.05-3.95 (m, 2H, 3-OCH2), 3.92 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.84-3.81 (overlapped, 1H, H-23), 3.55 (dd, J = 12.6, 

3.3 Hz, 1H, H-23), 3.04 (t, J = 6.9 Hz, 2H, 3-O-CH2CH2CH2N-), 2.72 (t, J = 7.8 Hz, 4H, 2 × NCH2CH2CH2CH3), 2.13-2.05 (m, 2H, 3-O-CH2CH2CH2N-), 1.62-1.51 

(m, 4H, 2 × NCH2CH2CH2CH3), 1.30 (quin, J = 7.2 Hz, 4H, 2 × NCH2CH2CH2CH3), 0.89 (t, J = 7.5 Hz, 6H, 2 × NCH2CH2CH2CH3); 13C NMR (75 MHz, CDCl3): 

δ 174.2 (C-4), 164.2 (C-7), 161.0 (C-5), 158.9 (C-8a), 152.8 (C-16a), 149.9 (C-19), 149.5 (C-20), 145.5 (C-2), 143.9 (C-12a), 140.2 (C-3), 128.5 (C-17), 124.1 (C-14), 

122.5 (C-15), 120.3 (C-22), 117.3 (C-13), 117.2 (C-16), 111.4 (C-21), 110.3 (C-18), 109.4 (C-4a), 96.0 (C-6), 92.5 (C-8), 78.9 (C-10), 76.4 (C-11), 70.1 (3-OCH2), 61.6 

(C-23), 56.6 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (OCH3), 53.3 (3-O-CH2CH2CH2N-), 51.1 (NCH2CH2CH2CH3), 27.1 (NCH2CH2CH2CH3), 26.5 (3-O-

CH2CH2CH2N-), 20.6 (NCH2CH2CH2CH3), 14.0 (NCH2CH2CH2CH3); HRMS-ESI m/z [M+H]+ calcd for C39H50NO10: 692.3435, found 692.3427.  

3-O-(N,N-dibutylamino)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (30). 74% yield, yellow wax. IR (film) νmax: 3397, 2931, 2870, 1624, 1605, 1579, 1506, 1460 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.75 (dd, J = 9.9, 1.8 Hz, 1H, H-15), 7.73 (s, 1H, H-13), 7.05 (d, J = 8.4 Hz, 1H, H-16), 7.03 (d, J = 8.1 Hz, 1H, H-22), 6.97 (s, 

1H, H-18), 6.92 (d, J = 8.1 Hz, 1H, H-21), 6.46 (d, J = 1.8 Hz, 1H, H-8), 6.32 (d, J = 2.1 Hz, 1H, H-6), 5.05 (d, J = 8.1 Hz, 1H, H-11), 4.16-4.12 (m, 1H, H-10), 4.02 

(t, J = 5.7 Hz, 2H, 3-OCH2), 3.94 (s 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.86-3.81 (overlapped, 1H, H-23), 3.58 (dd, J = 12.6, 

3.9 Hz, 1H, H-23), 2.59 (t, J = 7.5 Hz, 2H, 3-O-CH2CH2CH2CH2N-), 2.51 (t, J = 7.5 Hz, 4H, 2 × NCH2CH2CH2CH3), 1.78-1.60 (m, 4H, 2 × NCH2CH2CH2CH3), 

1.50-1.40 (m, 4H, 3-O-CH2CH2CH2CH2N-), 1.33-1.21 (m, 4H, 2 × NCH2CH2CH2CH3), 0.89 (t, J = 7.2 Hz, 6H, 2 × NCH2CH2CH2CH3). 13C NMR (75 MHz, 

CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.1 (C-2), 143.6 (C-12a), 140.4 (C-3), 128.4 (C-17), 124.4 

(C-14), 122.4 (C-15), 120.2 (C-22), 117.1 (C-13), 117.0 (C-16), 111.3 (C-21), 110.1 (C-18), 109.4 (C-4a), 96.8 (C-6), 92.3 (C-8), 78.6 (C-10), 76.2 (C-11), 72.0 (3-

OCH2), 61.5 (C-23), 56.4 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 55.7 (OCH3), 53.3 (3-O-CH2CH2CH2CH2N-), 53.2 (NCH2CH2CH2CH3), 28.1 (NCH2CH2CH2CH3), 

22.5 (NCH2CH2CH2CH3), 20.6 (NCH2CH2CH2CH3), 14.0 (NCH2CH2CH2CH3); HRMS-ESI m/z [M+H]+ calcd for C40H52NO10: 706.3592, found: 706.3591.  

3-O-(N,N-Dibutylamino)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (31). 85% yield, yellow wax. IR (film) νmax: 3398, 2931, 1625, 1606, 1506, 1462 cm-1; 1H 

NMR (300 MHz, CDCl3): δ 7.72 (dd, J = 8.1, 2.1 Hz, 1H, H-15), 7.71 (s, 1H, H-13), 7.04 (d, J = 8.1 Hz, 2H, H-16 & H-22), 6.98 (d, J = 1.8 Hz, 1H, H-18), 6.91 (d, 

J = 8.1 Hz, 1H, H-21), 6.46 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.06 (d, J = 8.1 Hz, 1H, H-11), 4.17-4.13 (m, 1H, H-10), 4.02 (t, J = 6.3 Hz, 2H, 

3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.86-3.81 (overlapped, 1H, H-11), 3.58 (dd, J = 12.3, 3.9 Hz, 1H, H-

10), 2.54 (t, J = 7.5 Hz, 6H, 3-O-CH2CH2CH2CH2CH2N- & 2 × NCH2CH2CH2CH3), 1.74 (quin, J = 7.5 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.51-1.25 (m, 12H, 

3-O-CH2CH2CH2CH2CH2N- & 2 × NCH2CH2CH2CH3), 0.90 (t, J = 7.2 Hz, 6H, 2 × NCH2CH2CH2CH3); 13C NMR (75 MHz, CDCl3): δ 174.8 (C-4), 164.5 (C-7), 

161.6 (C-5), 159.4 (C-8a), 153.0 (C-16a), 150.3 (C-19), 150.0 (C-20), 145.8 (C-2), 144.2 (C-12a), 141.1 (C-3), 129.1 (C-17), 124.9 (C-14), 123.0 (C-15), 120.8 (C-22), 

117.8 (C-13), 117.6 (C-16), 111.9 (C-21), 110.8 (C-18), 110.0 (C-4a), 96.4 (C-6), 92.9 (C-8), 79.3 (C-10), 76.8 (C-11), 72.7 (3-OCH2), 62.1 (C-23), 57.0 (OCH3), 56.7 

(OCH3), 56.6 (OCH3), 56.4 (OCH3), 53.9 (3-O-CH2CH2CH2CH2CH2N-), 53.8 (NCH2CH2CH2CH3), 30.5 (3-O-CH2CH2CH2CH2CH2N-), 28.3 (3-O-

CH2CH2CH2CH2CH2N-), 25.7 (3-O-CH2CH2CH2CH2CH2N-), 24.5 (NCH2CH2CH2CH3), 21.2 (NCH2CH2CH2CH3), 14.6 (NCH2CH2CH2CH3); HRMS-ESI m/z 

[M+H]+ calcd for C41H54NO10: 720.3748, found: 720.3741. 



3-O-Piperidinopropyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (35). 51% yield, yellow wax. IR (film) νmax: 3380, 2934, 2853, 1702, 1626, 1606, 1578, 1518, 1506, 1460 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.70 (s, 1H, H-13), 7.69 (d, J = 7.2 Hz, 1H, H-15), 7.06 (d, J = 9.0 Hz, 1H, H-16), 7.03 (d, J = 8.0 Hz, 1H, H-22), 6.97 (s, 1H, 

H-18), 6.92 (d, J = 8.2 Hz, 1H, H-21), 6.46 (d, J = 1.6 Hz, 1H, H-8), 6.32 (d, J = 1.7 Hz, 1H, H-6), 5.03 (d, J = 8.1 Hz, 1H, H-11), 4.14 (dd, J = 11.2, 3.2 Hz, 1H, H- 
10), 4.08-3.97 (m, 2H, 3-OCH2), 3.94 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.86-3.82 (overlapped, 1H, H-23), 3.57 (dd, J = 
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3-O-Pyrrolidinopropyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (32). 84% yield, yellow oil. IR (film) νmax: 3361, 2935, 2879, 2837, 1668, 1624, 1604, 1578, 1517, 1505, 

1459 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.69 (s, 1H, H-13), 7.68 (dd, J = 7.8, 2.1 Hz, 1H, H-15), 7.06-7.01 (overlapped, 2H, H-16 & H-22), 6.96 (d, J = 1.5 Hz, 

1H, H-18), 6.91 (d, J = 8.4 Hz, 1H, H-21), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.32 (d, J = 2.1 Hz, 1H, H-6), 5.03 (d, J = 8.4 Hz, 1H, H-11), 4.13 (dt, J = 7.8, 3.3 Hz, 1H, 

H-10), 4.07-3.96 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.85 (s, 3H，OCH3), 3.85-3.81 (overlapped, 1H, H-23), 3.56 (dd, 

J = 12.3, 3.6 Hz, 1H, H-23), 3.05 (t, J = 7.8 Hz, 2H, 3-O-CH2CH2CH2N-), 2.95-2.83 (m, 4H, 2 × CH2 from pyrrolidino), 2.16-2.00 (m, 2H, 3-O-CH2CH2CH2N-), 

1.92 – 1.83 (m, 4H, 2 × CH2 from pyrrolidino); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 164.2 (C-7), 161.1 (C-5), 159.0 (C-8a), 152.8 (C-16a), 149.9 (C-19), 

149.6 (C-20), 145.5 (C-2), 143.8 (C-12a), 140.2 (C-3), 128.5 (C-17), 124.2 (C-14), 122.4 (C-15), 120.4 (C-22), 117.3 (C-13), 117.3 (C-16), 111.5 (C-21), 110.4 (C-18), 

109.5 (C-4a), 96.0 (C-6), 92.5 (C-8), 78.9 (C-10), 76.4 (C-11), 70.0 (3-OCH2), 61.6 (C-23), 56.6 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (OCH3), 53.7 (3-O-

CH2CH2CH2N-), 53.3 (CH2 from pyrrolidino), 28.2 (3-O-CH2CH2CH2N-), 23.6 (CH2 from pyrrolidino); HRMS-ESI m/z [M+H]+ calcd for C35H40NO10: 634.2652, 

found: 634.2648. 

3-O-Pyrrolidinobutyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (33). 69% yield, yellow solid, mp. 109-110 oC. IR (film) νmax: 3398, 2936, 1625, 1606, 1507, 1458, 1433 

cm-1; 1H NMR (300 MHz, CDCl3): δ 7.70 (s, 1H, H-13), 7.69 (d, J = 5.4 Hz, 1H, H-15), 7.04 (d, J = 9.0 Hz, 1H, H-16)), 7.03 (d, J = 8.4 Hz, 1H, H-22), 6.97 (s, 1H, 

H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 6.45 (s, 1H, H-8), 6.31 (s, 1H, H-6), 5.05 (d, J = 8.1 Hz, 1H, H-11), 4.15-4.12 (m, 1H, H-10), 4.00-3.90 (overlapped, 2H, 3-

OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 6H, 2 × OCH3), 3.85 (s, 3H, OCH3), 3.85-3.81 (overlapped, 1H, H-23), 3.56 (dd, J = 12.6, 3.6 Hz, 1H, H-23), 3.35-3.19 (m, 

2H, 3-O-CH2CH2CH2CH2N-), 2.88-2.71 (m, 4H, 2 × CH2 from pyrrolidino), 1.95-1.76 (m, 8H, 3-O-CH2CH2CH2CH2N- & 2 × CH2 from pyrrolidino); 13C NMR 

(75 MHz, CDCl3): δ 174.8 (C-4), 164.6 (C-7), 161.5 (C-5), 159.4 (C-8a), 153.2 (C-16a), 150.3 (C-19), 150.0 (C-20), 145.9 (C-2), 144.2 (C-12a), 140.9 (C-3), 129.1 (C-

17), 124.8 (C-14), 123.0 (C-15), 120.8 (C-22), 117.74 (C-13), 117.70 (C-16), 111.9 (C-21), 110.8 (C-18), 110.0 (C-4a), 96.4 (C-6), 93.0 (C-8), 79.3 (C-10), 76.8 (C-11), 

72.2 (3-OCH2), 62.0 (C-23), 57.0 (OCH3), 56.7 (OCH3), 56.6 (OCH3), 56.4 (OCH3), 56.3 (3-O-CH2CH2CH2CH2N-), 54.2 (2 × CH2 from pyrrolidino), 28.4 (3-O-

CH2CH2CH2CH2N-), 24.8 (3-O-CH2CH2CH2CH2N-), 24.0 (2 × CH2 from pyrrolidino); HRMS-ESI m/z [M+H]+ calcd for C36H42NO10: 648.2809, found: 648.2806. 

3-O-Pyrrolidinopentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (34). 77% yield, reddish wax. IR (film) νmax: 3348, 2935, 2874, 2838, 2802, 1667, 1623, 1604, 1578, 

1517, 1505, 1460 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.70 (s, 1H, H-13), 7.69 (dd, J = 7.3, 2.0 Hz, 1H, H-15), 7.03 (d, J = 9.3 Hz, 2H, H-16 & H-22), 6.98 (d, J = 

1.3 Hz, 1H, H-18), 6.90 (d, J = 8.3 Hz, 1H, H-21), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H H-6), 5.06 (d, J =7.9 Hz, 1H, H-11), 4.16-4.13 (m, 1H, H-

10), 4.03-3.96 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.85-3.81 (overlapped, 1H, H-23), 3.57 (dd, J = 

12.5, 3.8 Hz, 1H, H-23), 2.74 (t, J = 6.6 Hz, 4H, 2 × CH2 from pyrrolidino), 2.58 (t, J = 7.9 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.90-1.81 (m, 4H, 2 × CH2 from 

pyrrolidino), 1.76-1.55 (m, 4H, 3-O-CH2CH2CH2CH2CH2N-), 1.42 (quin, J = 7.8 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-

4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.4 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.2 (C-2), 143.5 (C-12a), 140.5 (C-3), 128.6 (C-17), 124.3 (C-14), 122.4 (C-

15), 120.1 (C-22), 117.2 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 (C-4a), 95.8 (C-6), 92.3 (C-8), 78.7 (C-10), 76.1 (C-11), 72.1 (3-OCH2), 61.4 (C-23), 

56.4 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 55.8 (OCH3), 55.7 (3-O-CH2CH2CH2CH2CH2N-), 53.5 (CH2 from pyrrolidino), 29.8 (3-O-CH2CH2CH2CH2CH2N-), 27.1 

(3-O-CH2CH2CH2CH2CH2N-), 23.9 (CH2 from pyrrolidino), 23.4 (3-O-CH2CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C37H44NO10: 662.2965, 

found: 662.2970. 



3-O-Morpholinopropyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (38). 54% yield, yellow wax. IR (film) νmax: 3379, 2937, 2838, 1625, 1606, 1518, 1506, 1493, 1462 cm- 

1; 1H NMR (300 MHz, CDCl3): δ 7.69 (s, 1H, H-13), 7.68 (d, J = 8.6 Hz, 1H, H-15), 7.07 (d, J = 8.9 Hz, 1H, H-16), 7.04 (d, J = 10.8 Hz, 1H, H-22), 6.97 (s, 1H, H- 
18), 6.92 (d, J = 8.2 Hz, 1H, H-21), 6.48 (s, 1H, H-8), 6.34 (s, 1H, H-6), 5.03 (d, J = 8.3 Hz, 1H, H-11), 4.16-4.14 (m, 1H, H-10), 4.02-3.90 (overlapped, 2H, 3-

OCH2), 3.94 (s, 3H, OCH3), 3.91 (s, 6H, 2 × OCH3), 3.87 (s, 3H, OCH3), 3.94-3.87 (overlapped, 4H, 2 × OCH2 from morpholino), 3.87-3.83 (overlapped, 1H, H- 
23), 3.58 (dd, J = 12.2, 2.9 Hz, 1H, H-23), 3.24-3.10 (m, 2H, 3-O-CH2CH2CH2N-), 3.03-2.83 (m, 4H, 2 × NCH2 from morpholino), 2.29-2.13 (m, 2H, 3-O-

CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.2 (C-4), 164.3 (C-7), 161.1 (C-5), 159.0 (C-8a), 153.0 (C-16a), 150.0 (C-19), 149.6 (C-20), 145.6 (C-2), 143.9 

(C-12a), 140.1 (C-3), 128.4 (C-17), 124.0 (C-14), 122.4 (C-15), 120.4 (C-22), 117.4 (C-13), 117.3 (C-16), 111.5 (C-21), 110.4 (C-18), 109.4 (C-4a), 96.1 (C-6), 92.6 (C-
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12.5, 3.7 Hz, 1H, H-23), 2.94-2.83 (m, 2H, 3-O-CH2CH2CH2N-), 2.76-2.63 (m, 4H, 2 × NCH2 from piperidino), 2.12-2.08 (m, 2H, 3-O-CH2CH2CH2N-), 1.79-1.76 

(m, 4H, 2 × CH2 from piperidino), 1.54-1.43 (m, 2H, CH2 from piperidino); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 164.0 (C-7), 160.9 (C-5), 158.8 (C-8a), 

152.6 (C-16a), 149.8 (C-19), 149.4 (C-20), 145.3 (C-2), 143.7 (C-12a), 140.1 (C-3), 128.3 (C-17), 124.0 (C-14), 122.3 (C-15), 120.2 (C-22), 117.2 (C-13), 117.2 (C-16), 

111.3 (C-21), 110.2 (C-18), 109.3 (C-4a), 95.9 (C-6), 92.4 (C-8), 78.7 (C-10), 76.3 (C-11), 70.1 (3-OCH2), 61.5 (C-23), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.77 

(OCH3), 55.76 (3-O-CH2CH2CH2N-), 53.9 (NCH2 from piperidino), 26.2 (3-O-CH2CH2CH2N-), 24.3 (CH2 from piperidino), 23.4 (CH2 from piperidino); 

HRMS-ESI m/z [M+H]+ calcd for C36H42NO10: 648.2809, found: 648.2807.  

3-O-Piperidinobutyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (36). 78% yield, yellow solid, mp. 91-92 oC. IR (film) νmax: 3392, 2937, 2837, 1625, 1606, 1506, 1458 cm-

1; 1H NMR (300 MHz, CDCl3): δ 7.70-7.65 (overlapped, 2H, H-13 & H-15), 7.02 (d, J = 9.0 Hz, 2H, H-16 & H-22), 6.97 (s, 1H, H-18), 6.90 (d, J = 8.1 Hz, 1H, H-

21), 6.44 (s, 1H, H-8), 6.30 (s, 1H, H-6), 5.03 (d, J = 7.8 Hz, 1H, H-11), 4.15-4.10 (m, 1H, H-10), 3.97 (t, J = 5.7 Hz, 2H, 3-OCH2), 3.92 (s, 3H, OCH3), 3.90 (s, 3H 

OCH3), 3.89 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.84-3.81 (overlapped, 1H, H-23), 3.56 (dd, J = 12.3, 3.6 Hz, 1H, H-23), 2.70-2.42 (overlapped, 6H, 3-O-

CH2CH2CH2CH2N- & 2 × NCH2 from piperidino), 1.74-1.64 (m, 8H, 3-O-CH2CH2CH2CH2N- & 2 × CH2 from piperidino), 1.52-1.36 (m, 2H, CH2 from 

piperidino); 13C NMR (75 MHz, CDCl3): δ 174.8 (C-4), 164.6 (C-7), 161.5 (C-5), 159.4 (C-8a), 153.0 (C-16a), 150.3 (C-19), 150.0 (C-20), 145.9 (C-2), 144.2 (C-

12a), 141.0 (C-3), 129.1 (C-17), 124.8 (C-14), 123.0 (C-15), 120.8 (C-22), 117.71 (C-13), 117.65 (C-16), 111.9 (C-21), 110.8 (C-18), 110.0 (C-4a), 96.4 (C-6), 93.0 (C-

8), 79.3 (C-10), 76.8 (C-11), 72.4 (3-OCH2), 62.0 (C-23), 59.1 (OCH3), 57.0 (OCH3), 56.7 (OCH3), 56.6 (OCH3), 56.4 (3-O-CH2CH2CH2CH2N-), 54.5 (NCH2 from 

piperidino), 28.6 (3-O-CH2CH2CH2CH2N-), 25.4 (3-O-CH2CH2CH2CH2N-), 24.3 (CH2 from piperidino), 22.9 (CH2 from piperidino); HRMS-ESI m/z [M+H]+ 

calcd for C37H44NO10: 662.2966, found: 662.2959. 

3.10.18. 3-O-Piperidinopentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (37). 91% yield, white solid, mp. 89.5-90.0 oC. IR (film) νmax: 3404, 2935, 2858, 1624, 1605, 

1578, 1538, 1517, 1490, 1462 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.71 (s, 1H, H-13), 7.70 (d, J = 6.5 Hz, 1H, H-15), 7.03 (d, J = 8. 2 Hz, 2H, H-16 & H-22), 6.98 

(s, 1H, H-18), 6.92 (d, J = 8.1 Hz, 1H, H-21), 6.45 (s, 1H, H-8), 6.31 (s, 1H, H-6), 5.06 (d, J = 7.9 Hz, 1H, H-11), 4.16-4.13 (m, 1H, H-10), 4.03-3.97 (m, 2H, 3-

OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 6H, 2 × OCH3), 3.85 (s, 3H, OCH3), 3.85-3.82 (overlapped, 1H, H-23), 3.58 (dd, J = 11.8, 2.1 Hz, 1H, H-23), 2.59-2.45 (m, 

4H, 2 × NCH2 from piperidino), 2.41 (t, J = 7.1 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.76-1.62 (m, 6H, 3-O-CH2CH2CH2CH2CH2N- & 2 × CH2 from 

piperidino), 1.60-1.52 (m, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.51-1.37 (m, 4H, CH2 from piperidino & 3-O-CH2CH2CH2CH2CH2N-); 13C NMR (75 MHz, 

CDCl3): δ 174.3 (C-4), 164.0 (C-7), 161.1 (C-5), 158.9 (C-8a), 152.5 (C-16a), 149.9 (C-19), 149.6 (C-20), 145.3 (C-2), 143.7 (C-12a), 140.6 (C-3), 128.7 (C-17), 124.5 

(C-14), 122.6 (C-15), 120.3 (C-22), 117.4 (C-13), 117.1 (C-16), 111.5 (C-21), 110.3 (C-18), 109.6 (C-4a), 95.9 (C-6), 92.5 (C-8), 78.8 (C-10), 76.3 (C-11), 72.3 (3-

OCH2), 61.6 (C-23), 58.9 (OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (3-O-CH2CH2CH2CH2CH2N-), 54.1 (NCH2 from piperidino), 30.0 (3-O-

CH2CH2CH2CH2CH2N-), 25.6 (3-O-CH2CH2CH2CH2CH2N-), 25.0 (3-O-CH2CH2CH2CH2CH2N-), 24.2 (CH2 from piperidino), 23.9 (CH2 from piperidino); 

HRMS-ESI m/z [M+H]+ calcd for C38H46NO10: 676.3122, found: 676.3117. 



3-O-(Piperazin-1-yl)butyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (42). 68% yield, yellow wax. IR (film) νmax: 3379, 2934, 1625, 1604, 1505, 1456 cm-1; 1H NMR (300 

MHz, CDCl3): δ 7.68 (d, J = 7.8 Hz, 1H, H-15), 7.66 (s, 1H, H-13), 7.03 (d, J = 7.8 Hz, 2H, H-16 & H-22), 6.99 (s, 1H, H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 
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8), 78.9 (C-10), 76.5 (C-11), 69.6 (3-OCH2), 65.0 (OCH2 from morpholino), 61.7 (C-23), 56.6 (OCH3), 56.2 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 56.0 (3-O-

CH2CH2CH2N-), 52.9 (NCH2 from morpholino), 25.6 (3-O-CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C35H40NO11: 650.2601, found: 650.2602. 

3-O-Morpholinobutyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (39). 90% yield, yellow wax. IR (film) νmax: 3415, 2938, 1624, 1605, 1579, 1491 cm-1; 1H NMR (300 

MHz, CDCl3): δ 7.73 (d, J = 6.9 Hz, 1H, H-15), 7.72 (s, 1H, H-13), 7.02 (d, J = 9.0 Hz, 2H, H-16 & H-22), 6.96 (s, 1H, H-18), 6.91 (d, J = 8.4 Hz, 1H, H-21), 6.45 

(d, J = 1.5 Hz, 1H, H-8), 6.31 (s, 1H, H-6), 5.03 (d, J = 8.1 Hz, 1H, H-11), 4.13-4.10 (m, 1H, H-10), 4.07-4.01 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, 

OCH3), 3.90 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.85-3.82 (overlapped, 1H, H-23), 3.68 (t, J = 4.5 Hz, 4H, 2 × OCH2 from morpholino), 3.56 (dd, J = 12.3, 3.6 

Hz, H-23), 2.42-2.35 (overlapped, 6H, 3-O-CH2CH2CH2CH2N- & 2 × NCH2 from morpholino), 1.77-1.62 (m, 4H, 3-O-CH2CH2CH2CH2N-); 13C NMR (75 MHz, 

CDCl3): δ 174.8 (C-4), 164.5 (C-7), 161.6 (C-5), 159.4 (C-8a), 152.8 (C-16a), 150.4 (C-19), 150.0 (C-20), 145.8 (C-2), 144.2 (C-12a), 141.1 (C-3), 129.0 (C-17), 125.0 

(C-14), 123.0 (C-15), 120.8 (C-22), 117.8 (C-13), 117.6 (C-16), 111.9 (C-21), 110.7 (C-18), 110.0 (C-4a), 96.4 (C-6), 92.9 (C-8), 79.3 (C-10), 76.9 (C-11), 72.6 (3-

OCH2), 67.4 (OCH2 from morpholino), 62.2 (C-23), 59.3 (OCH3), 57.0 (OCH3), 56.7 (OCH3), 56.6 (OCH3), 56.4 (3-O-CH2CH2CH2CH2N-), 54.1 (NCH2 from 

morpholino), 28.7 (3-O-CH2CH2CH2CH2N-), 23.3 (3-O-CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C36H42NO11: 664.2758, found: 664.2757. 

3-O-Morpholinopentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (40). 77% yield, light yellow wax. IR (film) νmax: 3397, 2936, 1625, 1603, 1505, 1456, 1428 cm-1; 1H 

NMR (300 MHz, CDCl3): δ 7.72-7.69 (overlapped, 2H, H-15 & H-13), 7.02 (dd, J = 8.4, 1.8 Hz, 1H, H-16), 7.01 (d, J = 9.3 Hz, 1H, H-22), 6.97 (s, 1H, H-18), 6.90 

(d, J = 8.1 Hz, 1H, H-21), 6.44 (d, J = 2.1 Hz, 1H, H-8), 6.30 (d, J = 2.1 Hz, 1H, H-6), 5.03 (d, J = 8.1 Hz, 1H, H-11), 4.12 (dt, J = 8.1, 4.8 Hz, 1H, H-10), 4.01-3.98 

(m, 2H, 3-OCH2), 3.92 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.84-3.80 (overlapped, 1H, H-23), 3.72 (t, J = 4.5 Hz, 4H, 2 × 

OCH2 from morpholino), 3.56 (dd, J = 12.6, 3.9 Hz, 1H, H-23), 2.47 (br,s, 4H, 2 × NCH2 from morpholino), 2.35 (t, J = 7.2 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-

), 1.73 (quin, J = 6.9 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.53-1.23 (m, 4H, 3-O-CH2CH2CH2CH2CH2N-). 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-

7), 160.9 (C-5), 158.7 (C-8a), 152.2 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.1 (C-2), 143.6 (C-12a), 140.5 (C-3), 128.4 (C-17), 124.4 (C-14), 122.4 (C-15), 120.2 (C-

22), 117.1 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 (C-4a), 95.7 (C-6), 92.3 (C-8), 78.7 (C-10), 76.2 (C-11), 72.0 (3-OCH2), 66.5 (OCH2 from 

morpholino), 61.5 (C-23), 58.9 (OCH3), 56.3 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 55.7 (3-O-CH2CH2CH2CH2CH2N-), 53.4 (NCH2 from morpholino), 29.9 (3-O-

CH2CH2CH2CH2CH2N-), 25.7 (3-O-CH2CH2CH2CH2CH2N-), 23.8 (3-O-CH2CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C37H44NO11: 678.2914, 

found: 678.2915. 

3-O-(Piperazin-1-yl)propyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (41). 74% yield, white solid, mp. 158-159 oC. IR (film) νmax: 3347, 3207, 2937, 2836, 1623, 1604, 

1578, 1517, 1490, 1458 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.67 (s, 1H, H-13), 7.66 (d, J = 8.1 Hz, 1H, H-15), 7.02 (d, J = 8.1 Hz, 2H, H-16 & H-22), 6.97 (s, 1H, 

H-18), 6.90 (d, J = 8.1 Hz, 1H, H-21), 6.44 (s, 1H, H-8), 6.31 (s, 1H H-6), 5.73 (br.s, 1H, NH), 5.04 (d, J = 7.8 Hz, 1H, H-11), 4.13 (d, J = 7.5 Hz, 1H, H-10), 4.04 

(t, J = 5.4 Hz, 2H, 3-OCH2), 3.92 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.85-3.82 (overlapped, 1H, H-23), 3.55 (dd, J = 12.3, 

3.0 Hz, 1H H-23), 2.97 (br.s, 4H, 2 × NCH2 from piperazine), 2.49 (br.s., 6H, 3-O-CH2CH2CH2N- & 2 × NCH2 from piperazine), 1.90-1.79 (m, 2H, 3-O-

CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 160.9 (C-5), 158.8 (C-8a), 152.5 (C-16a), 149.7 (C-19), 149.3 (C-20), 145.3 (C-2), 143.5 

(C-12a), 140.3 (C-3), 128.5 (C-17), 124.1 (C-14), 122.5 (C-15), 120.2 (C-22), 117.3 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 (C-4a), 95.8 (C-6), 92.3 (C-

8), 78.7 (C-10), 76.1 (C-11), 70.4 (3-OCH2), 61.2 (C-23), 56.4 (OCH3), 56.0 (OCH3), 55.9 (OCH3), 55.8 (OCH3), 55.3 (3-O-CH2CH2CH2N-), 51.7 (NCH2 from 

piperazine), 44.2 (NCH2 from piperazine), 27.2 (3-O-CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C35H41N2O10: 649.2761, found: 649.2764. 



3-O-(4-Methylpiperazin-1-yl)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (45). 93% yield, light yellow wax. IR (film) νmax: 3384, 2941, 2838, 1624, 1606, 1579, 

1517, 1506, 1491, 1463 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.72 (dd, J = 7.7, 2.1 Hz, 1H, H-15), 7.70 (s, 1H, H-13), 7.05-7.01 (overlapped, 2H, H-16 & H-22), 

6.98 (d, J = 1.8 Hz, 1H, H-18), 6.91 (d, J = 8.3 Hz, 1H, H-21), 6.46 (d, J = 2.2 Hz, 1H, H-8), 6.31 (d, J = 2.2 Hz, 1H, H-6), 5.06 (d, J = 8.1 Hz, 1H, H-11), 4.13 (dt, J 

= 7.9, 3.1 Hz, 1H, H-10), 4.02 (t, J = 6.4 Hz, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.85 (dd, J = 12.5, 2.6 

Hz, 1H, H-23), 3.56 (dd, J = 12.5, 3.8 Hz, 1H, H-23), 2.89-2.70 (overlapped, 4H, 2 × NCH2 from 4-methylpiperazine), 2.63-2.45 (m, 6H, 2 × NCH2 from 4-

methylpiperazine and 3-O-CH2CH2CH2CH2CH2N-), 2.32 (s, 3H, NCH3), 1.71 (quin, J = 6.3 Hz, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.51-1.35 (m, 4H, 3-O-

CH2CH2CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.1 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 (C-20), 145.1 (C-2), 
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6.45 (s, 1H, H-8), 6.32 (s, 1H, H-6), 5.06 (d, J = 7.8 Hz, 1H, H-11), 4.17-4.09 (m, 1H, H-10), 4.09-3.99 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 

3.89 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.85-3.79 (overlapped, 1H, H-23), 3.56 (d, J = 11.1 Hz, 1H, H-23), 3.11-2.99 (m, 2H, 3-O-CH2CH2CH2CH2N-), 2.61-2.43 

(m, 4H, 2 × NCH2 from piperazine), 2.39-2.26 (m, 4H, 2 × NCH2 from piperazine), 1.74-1.47 (m, 4H, 3-O-CH2CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 

174.8 (C-4), 164.5 (C-7), 161.6 (C-5), 159.4 (C-8a), 153.2 (C-16a), 150.3 (C-19), 150.0 (C-20), 145.8 (C-2), 144.2 (C-12a), 141.0 (C-3), 129.1 (C-17), 124.9 (C-14), 

123.3 (C-15), 120.8 (C-22), 117.9 C-13), 117.5 (C-16), 111.9 (C-21), 110.8 (C-18), 110.0 (C-4a), 96.4 (C-6), 92.9 (C-8), 79.4 (C-10), 76.7 (C-11), 72.7 (3-OCH2), 61.8 

(C-23), 58.6 (OCH3), 57.0 (OCH3), 56.7 (OCH3), 56.6 (OCH3), 56.4 (3-O-CH2CH2CH2CH2N-),, 52.0 (NCH2 from piperazine), 44.9 (NCH2 from piperazine), 28.4 

(3-O-CH2CH2CH2CH2N-), 23.7 (3-O-CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C36H43N2O10: 663.2918, found: 663.2912. 

3-O-(Piperazin-1-yl)pentyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (43). 98% yield, light yellow wax. IR (film) νmax: 3365, 3003, 2937, 2861, 2836, 1667, 1623, 1604, 

1578, 1517, 1491, 1459 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.72 (d, J = 8.1 Hz, 1H, H-15), 7.67 (s, 1H, H-13), 7.04 (d, J = 8.1 Hz, 2H, H-16 & H-22), 6.98 (s, 1H, 

H-18), 6.91 (d, J = 8.1 Hz, 1H, H-21), 6.46 (s, 1H, H-8), 6.32 (s, 1H, H-6), 5.05 (d, J = 7.8 Hz, 1H, H-11), 4.12 (d, J = 7.2 Hz, 1H, H-10), 4.02 (t, J = 4.5 Hz, 2H, 3-

OCH2), 3.93 (s, 6H, 2 × OCH3), 3.91 (s, 6H, 2 × OCH3), 3.91-3.83 (overlapped, 1H, H-23), 3.56 (d, J = 12.3 Hz, 1H, H-23), 3.28-2.98 (m, 4H, 2 × NCH2 from 

piperazine), 2.62-2.50 (m, 4H, 2 × NCH2 from piperazine), 2.41-2.25 (m, 2H, 3-O-CH2CH2CH2CH2CH2N-), 1.78-1.60 (m, 2H, 3-O-CH2CH2CH2CH2CH2N-), 

1.50-1.33 (m, 4H, 3-O-CH2CH2CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.3 (C-4), 164.1 (C-7), 161.1 (C-5), 159.0 (C-8a), 152.7 (C-16a), 149.9 (C-19), 

149.6 (C-20), 145.3 (C-2), 143.8 (C-12a), 140.6 (C-3), 128.7 (C-17), 124.5 (C-14), 122.8 (C-15), 120.4 (C-22), 117.3 (C-13), 117.0 (C-16), 111.5 (C-21), 110.4 (C-18), 

109.6 (C-4a), 95.9 (C-6), 92.5 (C-8), 79.0 (C-10), 76.4 (C-11), 72.2 (3-OCH2), 61.3 (C-23), 58.5 (OCH3), 56.5 (OCH3), 56.2 (OCH3), 56.1 (OCH3), 55.9 (3-O-

CH2CH2CH2CH2CH2N-), 51.0 (NCH2 from piperazine), 43.9 (NCH2 from piperazine), 30.0 (3-O-CH2CH2CH2CH2CH2N-), 26.2 (3-O-CH2CH2CH2CH2CH2N-), 

24.1 (3-O-CH2CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C37H45N2O10: 677.3074, found: 677.3064. 

3-O-(4-Methylpiperazin-1-yl)propyl-5,7,20-O-trimethyl-2,3-dehydrosilybin (44). 75% yield, yellow wax. IR (film) νmax: 3398, 3002, 2937, 2879, 2836, 2806, 1625, 

1606, 1578, 1517, 1506, 1491, 1460 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.70 (s, 1H, H-13), 7.68 (dd, J = 8.7, 2.1 Hz, 1H, H-15), 7.03 (d, J = 8.4 Hz, 2H, H-16 & H-

22), 6.97 (d, J = 1.5 Hz, 1H, H-18), 6.91 (d, J = 8.2 Hz, 1H, H-21), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.31 (d, J = 2.1 Hz, 1H, H-6), 5.04 (d, J = 8.1 Hz, 1H, H-11), 4.17-

4.12 (m, 1H, H-10), 4.10-4.04 (m, 2H, 3-OCH2), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.85-3.82 (overlapped, 1H, H-

23), 3.58 (dd, J = 12.3, 3.9 Hz, 1H, H-23), 2.62-2.47 (overlapped, 10H, 4 × NCH2 from 4-methylpiperazine and 3-O-CH2CH2CH2N-), 2.32 (s, 3H, NCH3), 1.93 

(quin, J = 6.6 Hz, 2H, 3-O-CH2CH2CH2N-); 13C NMR (75 MHz, CDCl3): δ 174.0 (C-4), 163.9 (C-7), 161.0 (C-5), 158.8 (C-8a), 152.3 (C-16a), 149.7 (C-19), 149.4 

(C-20), 145.2 (C-2), 143.6 (C-12a), 140.3 (C-3), 128.5 (C-17), 124.2 (C-14), 122.4 (C-15), 120.2 (C-22), 117.3 (C-13), 117.0 (C-16), 111.3 (C-21), 110.2 (C-18), 109.4 

(C-4a), 95.8 (C-6), 92.3 (C-8), 78.7 (C-10), 76.2 (C-11), 70.4 (3-OCH2), 61.4 (C-23), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.7 (OCH3), 55.2 (3-O-

CH2CH2CH2N-), 54.3 (NCH2 from 4-methylpiperazine), 52.3 (NCH2 from 4-methylpiperazine), 45.4 (NCH3), 27.2 (3-O-CH2CH2CH2N-); HRMS-ESI m/z 

[M+H]+ calcd for C36H43N2O10 663.2918, found: 663.2914.  
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143.6 (C-12a), 140.5 (C-3), 128.5 (C-17), 124.4 (C-14), 122.5 (C-15), 120.2 (C-22), 117.2 (C-13), 116.9 (C-16), 111.3 (C-21), 110.2 (C-18), 109.5 (C-4a), 95.8 (C-6), 

92.3 (C-8), 78.7 (C-10), 76.1 (C-11), 72.2 (3-OCH2), 61.4 (C-23), 58.4 (OCH3), 56.4 (OCH3), 56.1 (OCH3), 56.0 (OCH3), 55.7 (3-O-CH2CH2CH2CH2CH2N-), 54.5 

(NCH2 from 4-methylpiperazine), 52.5 (NCH2 from 4-methylpiperazine), 45.6 (NCH3), 29.9 (3-O-CH2CH2CH2CH2CH2N-), 26.1 (3-O-CH2CH2CH2CH2CH2N-

), 23.9 (3-O-CH2CH2CH2CH2CH2N-); HRMS-ESI m/z [M+H]+ calcd for C38H47N2O10: 691.3231, found 691.3233.  
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CDCl3, 75 MHz
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