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Abstract This study used the natural flavonoid compound silybin as the parent compound and synthesized 16
silybin derivatives through oxidative dehydrogenation, alkylation, selective demethylation, and acylation. The
structures of these derivatives were confirmed by '"H NMR, "C NMR, and MS. All derivatives were found to be
new compounds never reported in previous literature. Using gastric cancer cell line SGC-7901 and human
glioblastoma cell line LN-229, the in vitro anti-tumor activity of the novel silybin derivative was determined
through MTT assay with lapatinib as the positive control. The experimental results indicate that the synthesized
novel silybin derivatives have a certain degree of anti-proliferative effect on two types of cancer cells, with
compounds 12 and 114 showing strong anti-proliferative activity against LN-229 and SGC-7901 cells.
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Scheme 1

Synthesis route of the target compound 11-116
Reagents and conditions:(a)pyridine, 110 °C, 24 h; (b) ICH3;, NaH, TBAI, DMF, 80 °C, 3 h; (c) AICI;, TBAI, 1, 2-dichloroethane-
acetonitrile(1:1), 70 °C, 3 h; (d) R-Cl, NaH, DMAP, 0 °C, 1.5 h; R-O-R, DMAP, pyridine, r.t., 1.5 h; R-Br, NaH, TBAI, DMF, 80 °C, 3 h
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Table 1 Yield, melting point and MS data of target compounds

Compd. Yield% Melting/°C ESI-MS m/z[M+H]"
SB-1 62.0 230.2-233.5 481.43
SB-2 93.0 98.0-102.0 551.55
SB-3 86.0 114.3-119.5 537.53

1 94.0 198.6-202.1 613.63
12 91.1 155.4-158.3 641.64
13 87.2 148.2-153.0 655.67
14 89.3 132.1-134.0 676.08
15 92.3 158.6-162.7 579.57
16 85.6 223.2-2251 669.7
17 88.5 163.2-165.6 671.67
18 90.1 183.4-186.7 655.67
19 84.7 127.3-130.6 676.08
110 91.3 153.4-156.2 710.53
111 92.4 175.3-178.2 677.62
112 86.8 241.0-244.3 647.69
13 91.6 130.9-133.3 635.68
14 87.1 257.8-259.2 631.6
115 89.0 130.5-133.6 691.72
116 96.1 148.5-152.3 709.64
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Table 2 'H NMR and "®C NMR data of target compounds
Compd. 'H NMR (500 MHz) 3C NMR (125 MHz)
SB-1  (DMSO-dg) 5: 12.42 (1H, s, 5-OH), 10.81(1H, s, 7-OH), 9.56 (1H, s, (Chloroform-d) &: 176.94, 165.06, 161.65, 157.55,
3-OH), 9.16 (1H, s, 20-OH), 7.77 (1H, t, J = 2.1 Hz, Ar-H), 7.75 148.16, 147.30, 145.78, 145.35, 144.51, 136.45,
(1H,d, J=2.2Hz,, Ar-H), 7.12 (1H, d, J = 8.5 Hz, Ar-H), 7.05 (1H,  128.61, 124.54, 122.88, 121.28, 116.85, 116.13,
d, J=2.0 Hz, , Ar-H), 6.89 (1H, dd, J = 8.2, 2.0 Hz, Ar-H), 6.82 (1H, 115.56, 112.00, 102.98, 99.88, 94.59, 78.04, 76.90,
d, J=8.0 Hz, Ar-H), 6.46 (1H, d, J = 2.0 Hz, Ar-H), 6.20 (1H,d, J= 61.51, 56.16
2.0 Hz, Ar-H), 4.99 (1H, t, J= 5.6 Hz, 11-H), 4.97 (1H,d, J=7.9
Hz, 23-OH), 4.28-4.26 (1H, m, 10-H), 3.80 (3H, s, -OCH3), 3.58
(1H, ddd, J = 12.3, 5.0, 2.5 Hz, 23-H), 3.40-3.35 (1H, m, 23-H)
SB-2  (Chloroform-d) &: 7.77-7.70 (2H, m, Ar-H), 7.10 (1H, d, J= 8.6 Hz, (DMSO-dy) &: 178.84, 165.49, 160.95, 156.75,
Ar-H), 7.02 (1H, d, J = 8.2 Hz, Ar-H), 6.97-6.91 (2H, m, Ar-H), 6.47  155.35, 149.76, 149.41, 146.01, 143.75, 139.20,
(1H, d, J = 2.3 Hz, Ar-H), 6.32 (1H, d, J = 2.3 Hz, Ar-H), 5.05 (1H, 128.53, 123.69, 122.44, 120.13, 117.47, 111.32,
d, J=8.0 Hz, 11-H), 4.20-4.18 (1H, m, 10-H), 3.95 (3H, s, 5- 110.20, 106.09, 97.91, 92.05, 77.28, 76.32, 71.22,
OCHj), 3.92 (6H, s, 3-OCHj, 7-OCHs), 3.89 (3H, s, 19-OCH;), 3.87  59.77, 59.08, 56.08, 55.97
(3H, s, 20-OCHj), 3.62 (1H, dd, J = 5.5, 5.0 Hz, 23-H), 3.36 (3H, s,
23-OCHj), 3.32 (1H, dd, J = 6.4, 4.5Hz, 23-H)
SB-3 (Chloroform-d) &: 12.61 (1H, s, 5-OH), 7.77 (1H, d, J = 2.1 Hz, Ar- (Chloroform-d) &: 178.84, 165.49, 162.00, 156.75,
H), 7.73 (1H, dd, J = 8.6, 2.2 Hz, Ar-H), 7.12 (1H, d, J = 8.6 Hz, Ar-  155.35, 149.76, 149.40, 146.00, 143.76, 139.19,
H), 7.02 (1H, d, J = 8.3 Hz, Ar-H), 6.94 (2H, s, Ar-H), 6.41 (1H, d, 128.53, 123.69, 122.44, 120.13, 117.47, 111.32,
J=2.1Hz, Ar-H), 6.34 (1H, d, J = 2.2 Hz, Ar-H), 5.07-5.04 (1H, m,  110.20, 106.09, 97.91, 92.05, 78.05, 76.30, 71.10,
11-H), 4.21-4.18 (1H, m, 10-H), 3.92 (6H, s, 3-OCHa, 7-OCHs), 60.18, 59.55, 56.03, 56.01, 55.79
3.88 (3H, s, 19-OCHs), 3.85 (3H, s, 20-OCHy), 3.62 (1H, dd, J =
5.4, 4.5 Hz, 23-H), 3.37 (3H, s, 23-OCHj), 3.33 (1H, dd, J = 4.5, 4.0
Hz, 23-H)
| (DMSO-dg) &: 7.69 (2H, d, J = 6.7 Hz, Ar-H), 7.63 (2H,d, J=7.0 (DMSO-dg) 6: 172.73, 164.09, 159.46, 158.64,
Hz, Ar-H), 7.42 (2H, t, J = 7.5 Hz, Ar-H), 7.33 (1H, t, J=7.3 Hz, Ar-  151.62, 149.77, 149.32, 145.61, 143.93, 141.04,
H), 7.14 (1H, d, J = 9.2 Hz, Ar-H), 7.10 (1H, s, Ar-H), 7.02 (2H, s, 137.29, 128.86, 128.80, 127.97, 127.31, 123.72,
Ar-H), 6.86 (1H, d, J = 2.3 Hz, Ar-H), 6.57 (1H, d, J = 2.3 Hz, Ar-H), 122.12, 120.82, 117.46, 116.89, 112.04, 111.63,
5.23 (2H, s, Ar-CH,-), 5.00 (1H, d, J = 8.0 Hz, 11-H), 4.52-4.48 109.25, 97.79, 93.80, 77.26, 76.31, 71.24, 70.36,
(1H, m, 10-H), 3.86 (3H, s, 3-OCHj3), 3.79 (6H, s, 7-OCH3, 19- 59.80, 59.09, 56.47, 56.08, 55.97
OCHs), 3.78 (3H, s, 20-OCHs), 3.46 (1H, dd, J = 5.0, 5.4 Hz, 23-H),
3.28 (1H, dd, J = 5.0, 5.5 Hz, 23-H), 3.23 (3H, s, 23-OCH3)
12 (Chloroform-d) &: 8.27 (2H, d, J = 4.0 Hz, Ar-H), 8.02 (2H, d, J = (DMSO-dg) 0: 172.42, 163.94, 163.63, 157.69,
5.2 Hz, Ar-H), 7.80 (1H, d, J = 4.4 Hz, Ar-H), 7.59-7.57 (1H, m, Ar-  157.51, 153.41, 150.13, 149.77, 45.99, 144.00,
H), 7.52 (1H, d, J = 1.0 Hz, Ar-H), 7.10(1H, d, J = 8.0 Hz, Ar-H), 140.63, 133.71, 130.73, 130.67, 129.14, 128.81,
7.01-6.98 (1H, m, Ar-H), 6.92 (1H, d, J = 4.5 Hz, Ar-H), 6.89(1H, d, 127.54, 127.49, 123.42, 122.44, 120.84, 116.58,
J=8.0Hz, Ar-H), 6.85 (1H, d, J = 1.8 Hz, Ar-H), 6.72 (2H, d, J = 116.36, 112.04, 111.63, 111.15, 104.70, 99.92,
1.8 Hz, Ar-H), 5.09 (1H, d, J = 6.1 Hz, 11-H), 4.50-4.47 (1H, m, 10-  77.30, 76.33, 71.23, 59.94, 59.09, 56.92, 56.07,
H), 4.27 (1H, dd, J = 4.4, 4.0 Hz, 23-H), 3.91 (3H, s, 3-OCH3), 3.87  55.97
(3H, s, 7-OCH3), 3.82 (3H, s, 19-OCHS,), 3.77 (3H, s, 20-OCHj),
3.37 (3H, s, 23-OCHj3), 3.32 (1H, dd, J = 4.5, 4.0 Hz, 23-H)
13 (Chloroform-d) &: 8.33 (1H, dd, J = 7.8, 1.5 Hz, Ar-H), 7.76 (1H, d, (DMSO-dg) 6: 172.49, 165.42, 163.68, 157.73,
J=2.1Hz, Ar-H), 7.72 (1H, dd, J = 8.6, 2.2 Hz, Ar-H), 7.46 (1H, dd, 157.68, 153.36, 150.24, 149.77, 149.31, 145.98,
J=7.5, 8.0 Hz, Ar-H), 7.35-7.29 (2H, m, Ar-H), 7.12 (1H, d, J=8.6  144.01,140.65, 140.56, 133.14, 132.10, 131.63,
Hz, Ar-H), 7.02 (1H, dd, J = 8.2, 1.9 Hz, Ar-H), 6.97-6.92 (2H, m, 129.20, 128.82, 126.48, 123.46, 122.44, 120.85,
Ar-H), 6.84 (1H, d, J = 2.5 Hz, Ar-H), 6.69 (1H, d, J = 2.4 Hz, Ar-H), 117.56, 117.17, 112.03, 111.63, 111.31, 99.80,
5.06 (1H, d, J = 8.1 Hz, 11-H), 4.21-4.18 (1H, m, 10-H), 3.92 (6H, 77.29, 76.33, 71.23, 59.90, 59.09, 56.92, 56.02,
s, 3-OCHjs, 7-OCHg3), 3.91 (3H, s, 19-OCHj3), 3.78 (3H, s, 20- 55.97, 21.45
OCHj), 3.62 (1H, dd, J =5.5, 5.0 Hz, 23-H), 3.37 (3H, s, 23-OCHj),
3.32 (1H, dd, J = 4.5, 3.0 Hz, 23-H), 2.67 (3H, s, Ar-CH,3)
14 (Chloroform-d) &: 7.93 (1H, d, J = 8.5 Hz, Ar-H), 7.75 (1H, d, J = (DMSO-dg) &: 171.34, 162.79, 161.97, 157.67,

2.0 Hz, Ar-H), 7.49 (3H, dd, J = 8.6, 1.5 Hz, Ar-H), 7.43 (2H, d, J =
8.6 Hz, Ar-H), 7.02 (1H, dd, J = 8.2, 2.0 Hz, Ar-H), 6.96 -6.99 (2H,
m, Ar-H), 6.85 (1H, dd, J = 4.5, 4.0 Hz, Ar-H), 6.71 (1H, t, J= 5.6
Hz, Ar-H), 5.04 (1H, d, J = 7.8 Hz, 11-H), 4.24-4.15 (1H, m, 10-H),
3.92 (BH, s, 3-OCHj, 7-OCHs), 3.85 (3H, s, 19-OCHs), 3.76 (3H, s,
20-OCH,), 3.63 (1H, dd, J = 4.5, 4.1 Hz, 23-H), 3.37 (3H, s, 23-
OCHy), 3.33 (1H, dd, J = 5.5, 4.1 Hz, 23-H)

157.45, 152.72, 149.77, 149.31, 146.22, 145.98,
143.99, 140.80, 132.30, 130.36, 129.05, 128.79,
123.25, 122.39, 120.85, 117.54, 117.09, 112.03,
111.82, 111.63, 109.25, 101.02, 77.28, 76.32, 71.22,
59.77, 59.09, 56.98, 56.08, 56.04, 55.97
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(Continued)
Compd. 'H NMR (500 MHz) 3C NMR (125 MHz)

15 (Chloroform-d) 6: 7.75 (1H, d, J = 2.1 Hz, Ar-H), 7.71 (1H, d, J = (DMSO-dg) 6: 172.73, 169.05, 164.08, 159.46,
8.7 Hz, Ar-H), 7.12 (1H, d, J = 8.7 Hz, Ar-H), 7.02 (1H, dd, J=8.2,  159.01, 151.62, 149.77, 149.32, 145.61, 143.93,
2.0 Hz, Ar-H), 6.98-6.91 (2H, m, Ar-H), 6.79 (1H, d, J = 2.4 Hz, Ar-  137.29, 127.97, 123.72, 122.12, 120.82, 117.47,
H), 6.58 (1H, d, J = 2.5 Hz, Ar-H), 5.06 (1H, d, J = 8.1 Hz, 11-H), 116.88, 112.04, 111.63, 111.08, 109.25, 97.79,
4.21-4.17 (1H, m, 10-H), 3.92 (6H, s, 3-OCH3, 7-OCH3), 3.88 (3H,  77.27,76.31, 71.24, 59.80, 59.08, 56.46, 56.08,
s, 19-OCHj3), 3.81 (3H, s, 20-OCHj3), 3.62 (1H, dd, J=5.5, 5.0 Hz, = 55.97, 20.62
23-H), 3.37 (3H, s, 23-OCHjz), 3.32 (1H, dd, J = 4.5, 4.0Hz, 23-H),
2.45 (3H, s, -COCHj3)

16 (Chloroform-d) 6: 7.71 (1H, dd, J = 5.1, 1.6 Hz, Ar-H), 7.33-7.31 (DMSO-dg) 6: 172.49, 171.23, 163.57, 157.72,
(4H, m, Ar-H), 7.24-7.19 (2H, m, Ar-H), 7.12 (1H, dd, J=4.4, 3.2 153.35, 150.18, 149.76, 149.30, 145.98, 143.99,
Hz, Ar-H), 7.02 (1H, dd, J =4.4 , 2.1 Hz, Ar-H), 6.98-6.90 (3H, m, 140.87, 140.67, 128.88, 128.66, 128.53, 125.74,
Ar-H), 6.76 (1H, d, J = 1.9 Hz, Ar-H), 5.01 (1H, d, J = 6.1 Hz, 11-H), 123.42, 122.44, 120.85, 117.57, 117.17, 112.03,
4.21-4.18 (1H, m, 10-H), 3.92(6H, s, 3-OCHj3, 7-OCH3,3), 3.87(3H, s, 111.61,111.09, 105.11, 99.63, 77.28, 76.32, 71.22,
19-OCH3), 3.81(3H, s, 20-OCHj3), 3.63 (1H, dd, J = 6.7, 2.0 Hz, 23-  59.96, 59.09, 56.88, 56.07, 55.97, 35.41, 30.34
H), 3.37(3H, s, 23-OCHj), 3.33 (1H, dd, J = 8.0, 5.3 Hz, 23-H),
3.17-3.09 (4H, m, -CH2-CH,-)

17 (Chloroform-d) &: 7.97-7.91 (2H, m, Ar-H), 7.76-7.74 (1H, m, Ar- (DMSO-dg) 8: 163.73, 163.25, 156.52, 155.90,
H), 7.48 (3H, dd, J=6.4, 1.2 Hz, Ar-H), 7.02 (1H, dd, J=6.2,1.5 153.50, 149.83, 149.40, 149.37, 148.85, 146.09,
Hz, Ar-H), 6.98-6.96 (2H, m, Ar-H), 6.87-6.84 (2H, m, Ar-H), 6.71 140.73, 133.66, 128.88, 123.49, 122.55, 120.94,
(1H, t, J= 6.1 Hz, Ar-H), 5.04 (1H, d, J = 5.8 Hz, 11-H), 4.21-4.19 120.54, 117.67, 117.26, 114.05, 112.10, 111.69,
(1H, m, 10-H), 3.92(6H, s, 3-OCH,3, 7-OCH3), 3.87(3H, s, 19- 109.15, 104.76, 100.16, 77.36, 76.41, 71.31, 60.08,
OCHy), 3.84(3H, s, 20-OCHj3), 3.76(3H, s, Ar-OCHj,3), 3.62 (1H, dd,  59.18, 57.04, 56.16, 56.05, 55.86
J=8.3, 1.7 Hz, 23-H), 3.37(3H, s, 23-OCHj3), 3.33 (1H, dd, J = 4.0,
4.4 Hz, 23-H)

18 (DMSO-dg) &: 7.75 (1H, d, J = 1.3 Hz, Ar-H), 7.73 (1H, d, J= 1.6 (DMSO-dg) 6: 172.62, 165.55, 163.81, 157.87,
Hz, Ar-H), 7.47 (1H, d, J = 5.3 Hz, Ar-H), 7.42 (1H, d, J = 1.6 Hz, 153.50, 150.37, 149.91, 149.45, 146.12, 144.14,
Ar-H), 7.38-7.35 (2H, m, Ar-H), 7.18 (2H, dd, J= 7.0, 1.6 Hz, Ar- 140.80, 140.70, 131.77, 129.51, 129.40, 126.62,
H), 7.10(1H, s, Ar-H), 7.02(2H, s, Ar-H), 6.83 (1H, d, J = 6.0 Hz, Ar-  123.59, 122.57, 120.99, 117.70, 117.31, 112.17,
H), 6.76 (1H, d, J = 1.8 Hz, Ar-H), 5.02 (1H, d, J = 8.0 Hz, 11-H), 111.77, 111.45, 109.16, 99.93, 77.43, 76.47, 71.37,
4.56-4.51 (1H, m, 10-H), 3.84 (2H, d, J = 9.4 Hz, Ar-CH,-), 3.79 60.04, 59.23, 57.06, 56.22, 56.11, 34.99
(6H, s, 3-OCHj, 7-OCH3), 3.78 (3H, s, 19-OCH3), 3.77 (3H, s, 20-
OCHg), 3.47 (1H, dd, J=9.2, 7.5Hz, 23-H), 3.30 (1H, dd, J = 6.5,
5.0Hz, 23-OCHj3), 3.23 (3H, s, 23-H)

19 (Chloroform-d) &: 8.14-8.10 (1H, m, Ar-H), 7.98 (1H, d, J=1.5Hz, (DMSO-dg) 6: 172.33, 171.07, 163.41, 157.56,
Ar-H), 7.76 (1H, dd, J = 8.5, 1.7 Hz, Ar-H), 7.51-7.48 (1H, m, Ar- 157.02, 153.19, 149.60, 149.14, 145.82, 143.83,
H), 7.44-7.41 (2H, m, Ar-H), 7.04-6.95 (4H, m, Ar-H), 6.85 (1H, t, J 140.71, 134.33, 132.58, 129.48, 128.72, 128.50,
=1.5Hz, Ar-H), 6.71 (1H, dd, J = 5.2, 4.0 Hz, Ar-H), 5.04 (1H,d, J  128.37, 128.10, 123.26, 122.28, 120.69, 117.40,
=5.8 Hz, 11-H), 4.21-4.17 (1H, m, 10-H), 3.92(6H, s, 3-OCHjs, 7- 117.01, 111.87, 111.45, 110.94, 104.95, 99.47,
OCHpg), 3.87(3H, s, 19-OCHj3), 3.76(3H, s, 20-OCH3), 3.62 (1H, dd, 77.12, 76.16, 71.06, 59.80, 58.93, 56.72, 55.91,
J=8.2,1.5Hz, 23-H), 3.37(3H, s, 23-OCHj3), 3.33 (1H, dd, J=8.2, 55.81
1.7 Hz, 23-H)

110 (DMSO-dg) &: 8.30 (1H, d, J = 6.4 Hz, Ar-H), 7.87 (1H, d, J=1.6 (DMSO-dg) 6: 172.65, 166.44, 163.85, 157.84,
Hz, Ar-H), 7.74 (2H, d, J = 1.6 Hz, Ar-H), 7.71 (1H,d, J = 1.6 Hz, Ar- 157.40, 153.73, 149.90, 149.44, 146.17, 144.14,
H), 7.69 (1H, d, J = 1.6 Hz, Ar-H), 7.35 (1H, d, J = 1.8 Hz, Ar-H), 140.05, 137.72, 134.42, 133.09, 130.43, 128.93,
7.18-7.16 (1H, m, Ar-H), 7.09 (1H, s, Ar-H), 7.01 (1H, s, Ar-H), 127.23, 126.52, 123.51, 122.61, 120.97, 117.70,
6.95 (1H, d, J = 1.8 Hz, Ar-H), 5.01 (1H, d, J = 6.0 Hz, 11-H), 117.33, 112.15, 111.74, 110.99, 109.08, 100.28,
4.23-4.16 (1H, m, 10-H), 3.92 (3H, s, 3-OCH3), 3.78 (6H, s, 7- 77.31,76.33, 71.22, 59.95, 59.09, 56.99, 56.07,
OCHg, 19-OCHj3), 3.70 (3H, s, 20-OCHj3), 3.46 (1H, dd, J=5.0,4.5 55.96
Hz, 23-H), 3.29 (1H, dd, J = 4.5, 4.0 Hz, 23-H), 3.22 (3H, s, 23-
OCHa)

111 (DMSO-dg) &: 8.31 (1H, d, J = 8.5 Hz, Ar-H), 7.90-7.84 (2H, m, Ar-  (DMSO-dg) 6: 172.42, 166.08, 163.92, 163.63,

H), 7.807.77 (1H, m, Ar-H), 7.55 (1H, dd, J = 8.4, 2.1 Hz, Ar-H),
7.36 (1H, d, J = 2.5 Hz, Ar-H), 7.19 (2H, t, J = 8.8 Hz, Ar-H), 7.06
(1H, d, J = 8.4 Hz, Ar-H), 6.97 (1H, t, J = 2.2 Hz, Ar-H), 6.69 (1H, d,
J=8.0 Hz, Ar-H), 5.03 (1H, d, J = 8.0 Hz, 11-H), 4.55-4.52 (1H, m,
10-H), 3.79 (6H, d, J = 2.3 Hz, 3-OCHj, 7-OCHs), 3.75(3H, s, 19-
OCHj), 3.71(3H, s, 20-OCHs3), 3.47 (1H, dd, J = 8.5, 4.0 Hz, 23-H),
3.29 (1H, d, J = 4.7 Hz, 23-H), 3.23(3H, s, 23-OCHs)

161.00, 157.69, 157.08, 153.41, 149.77, 149.32,
145.99, 144.00, 140.63, 133.35, 128.81, 123.42,
122.44, 120.84, 116.58, 116.36, 115.22, 112.04,
111.63, 111.15, 109.00, 105.34, 105.12, 99.92,

77.30, 76.33, 71.23, 59.94, 59.09, 56.92, 56.07,
55.97
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Compd. 'H NMR (500 MHz) 3C NMR (125 MHz)

112 (DMSO-dg) o: 8.20 (1H, d, J = 3.1 Hz, Ar-H), 7.72 (1H, d, J= 7.3 (DMSO-dg) 6: 172.42, 171.54, 163.63, 157.69,
Hz, Ar-H), 7.47 (2H, t, J = 8.0 Hz, Ar-H), 7.17 (1H, d, J = 9.4 Hz, Ar- 153.41, 150.13, 149.77, 149.32, 145.99, 144.00,
H), 7.10 (1H, s, Ar-H), 7.02 (1H, s, Ar-H), 6.95(1H, d, J = 2.5 Hz, 140.63, 128.81, 123.42, 122.44, 120.84, 116.58,
Ar-H), 5.02 (1H, d, J = 8.0 Hz, 11-H), 4.56-4.51 (1H, m, 10-H), 3.92 116.36, 112.04, 111.63, 111.15, 109.00, 99.92,
(3H, s, 3-OCHj3), 3.79 (6H, s, 7-OCHjs, 19-OCHy), 3.67 (3H, s, 20- 77.30, 76.33, 71.23, 59.94, 59.09, 56.92, 56.07,
OCHj3), 3.47 (1H, dd, J = 4.0, 4.5 Hz, 23-H), 3.31 (1H, d, J=4.0Hz, 55.97, 43.86, 29.13, 25.58, 25.49
23-H), 3.23 (3H, s, 23-OCHg), 2.08-2.02 (1H, m, -CH-), 1.74—-1.59
(4H, m, 2(-CH,-)), 1.52-1.42 (2H, m, -CH,-), 1.36-1.20 (4H, m, 2(-

CHy-))

113 (DMSO-dg) 6: 7.70-7.71 (2H, m, Ar-H), 7.27 (1H, d, J= 2.4 Hz, Ar-  (DMSO-dg) o: 172.52, 166.31, 163.72, 162.37,
H), 7.17 (1H, d, J = 9.2 Hz, Ar-H), 7.10 (1H, s, Ar-H), 7.02 (2H, s, 157.71, 153.60, 149.77, 149.31, 146.04, 144.01,
Ar-H), 6.74 (1H, d, J = 2.4 Hz, Ar-H), 5.02 (1H, d, J = 8.0 Hz, 11-H), 128.80, 123.38, 122.48, 120.84, 117.57, 117.20,
4.53-4.51 (1H, m, 10-H), 3.90 (3H, s, 3-OCHj,3), 3.79 (6H, d, J=2.3  112.02, 111.61, 110.86, 108.95, 100.15, 77.31,
Hz, 7-OCHj3, 19-OCH3), 3.73 (3H, s, 20-OCHj3), 3.47 (1H, dd, J = 76.33, 71.22, 59.95, 59.09, 56.07, 55.96, 34.85,
9.5, 5.0 Hz, 23-H), 3.30 (1H, d, J = 6.5 Hz, 23-H), 3.23 (3H, s, 23- 30.88, 24.50, 22.19, 14.03
OCHj3), 2.66 (2H, t, J=7.5 Hz, -CH,-), 1.70-1.64 (2H, m, -CH,-),
1.39-1.35 (4H, m, -CH,-CH,-), 0.92 (3H, t, J = 6.9 Hz, -CHa)

114 (Chloroform-d) o: 8.28 (2H, dd, J = 8.6, 5.5 Hz, Ar-H), 7.76-7.70 (DMSO-dg) : 172.33, 163.64, 157.66, 156.43,
(2H, m, Ar-H), 7.18 (2H, t, J = 8.4 Hz, Ar-H), 7.12 (1H,d, J= 8.6 155.81, 153.41, 149.74, 149.31, 149.28, 148.76,
Hz, Ar-H), 7.02 (1H, d, J = 8.2 Hz, Ar-H), 6.97-6.92 (2H, m, Ar-H),  146.00, 144.00, 140.64, 133.57, 128.79, 123.40,
6.84 (1H, d, J = 2.5 Hz, Ar-H), 5.06 (1H, d, J = 8.1 Hz, 11-H), 122.46, 120.85, 120.45, 117.58, 117.17, 112.01,
4.21-4.17 (1H, m, 10-H), 3.92 (6H, s, 3-OCH3;, 7-OCHg), 3.90 (3H,  111.60, 109.06, 100.07, 77.27, 76.32, 71.22, 59.99,
s, 19-OCHj3), 3.75 (3H, s, 20-OCHj), 3.62 (1H, dd, J=11.0, 2.2 Hz, 59.09, 56.95, 56.07, 55.96
23-H), 3.37 (3H, s, 23-OCH3), 3.33 (1H, dd, J = 7.3, 5.0 Hz, 23-H)

115 (Chloroform-d) &: 8.00 (1H, s, Ar-H), 7.98 (1H, s, Ar-H), 7.73 (1H, d, (DMSO-dg) 6: 171.34, 162.79, 157.67, 152.72,
J=2.1Hz, Ar-H), 7.69 (1H, dd, J = 8.7, 2.2 Hz, Ar-H), 7.32 (2H, d,  149.77, 149.31, 147.30, 146.22, 145.98, 143.99,
J=8.1Hz, Ar-H), 7.10 (1H, d, J = 8.6 Hz, Ar-H), 7.04-7.01 (1H, m,  140.80, 132.30, 130.36, 129.05, 128.79, 123.25,
Ar-H), 6.96-6.92 (2H, m, Ar-H), 6.83-6.81 (2H, m, Ar-H), 5.05 (1H,  122.39, 120.85, 117.54, 117.09, 112.03, 111.82,
d, J=8.2 Hz, 11-H), 4.20-4.17 (1H, m, 10-H), 3.92 (6H, s, 3-OCH3, 111.63, 109.25, 101.02, 77.28, 76.32, 71.22, 59.77,
7-OCHa), 3.87 (3H, s, 19-OCHj3), 3.79 (3H, s, 20-OCHg), 3.62 (1H,  59.09, 56.98, 56.04, 56.03, 21.59
dd, J=5.4, 4.5 Hz, 23-H), 3.36 (3H, s, 23-OCHs3), 3.32 (1H, dd, J
=5.5, 5.0 Hz, 23-H), 2.42 (3H, s, Ar-CHa)

116 (Chloroform-d) o: 8.38 (1H, d, J = 6.1 Hz, Ar-H), 7.81-7.74 (3H, m,  (Chloroform-d) &: 178.84, 165.70, 165.49, 162.00,
Ar-H), 7.72 (1H, dd, J = 6.5, 1.6 Hz, Ar-H), 7.12 (1H, dd, J = 6.5, 156.75, 155.36, 149.76, 149.41, 146.01, 143.75,
1.8 Hz, Ar-H), 7.02 (1H, dd, J = 6.2, 1.5 Hz, Ar-H), 6.97-6.93 (2H, 139.20, 136.08, 135.65, 135.05, 134.41, 131.04,
m, Ar-H), 6.86 (1H, d, J = 1.8 Hz, Ar-H), 6.73 (1H, d, J = 1.8 Hz, Ar-  131.01, 129.55, 128.53, 126.52, 126.36, 123.69,
H), 6.38 (1H, dd, J = 6.1, 1.7 Hz, Ar-H), 5.06 (1H, d, J = 6.0 Hz, 11- 122.48, 122.44, 121.58, 120.90, 120.13, 119.60,
H), 4.21-4.18 (1H, m, 10-H), 3.92(6H, s, 3-OCHj3, 7-OCHj), 3.89(3H, 117.47, 116.80, 112.06, 111.32, 110.20, 106.09,
s, 19-OCH3), 3.86(3H, s, 20-OCHj,), 3.63 (1H, dd, J = 4.5, 4.0Hz, 97.91, 78.05, 76.30, 71.10, 60.18, 59.55, 56.03,
23-H), 3.37(3H, s, 23-OCH3), 3.33 (1H, dd, J = 5.5, 4.1Hz, 23-H) 56.00, 55.78

Table 3 In vitro inhibitory activity of target compounds on SGC-7901 and LN-229
Inhibition®/% ICs0°/(umol/L)
Compd.
LN-229 SGC-7901 LN-229 SGC-7901
1 18.7 17.4 >50 >50
12 51.4 48.1 8.78 12.54
13 48.1 48.7 12.54 16.35
14 401 38.1 16.59 18.03
15 47.9 43.2 12.98 15.86
16 20.3 22.4 30.01 29.98
17 25.1 243 27.31 26.79
18 19.8 18.6 36.47 45.16
19 48.7 49.5 11.91 11.66
110 33.9 34.1 20.46 19.81
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Inhibition®/% ICao”/(Hmol/L)

Compd. LN-229 SGC-7901 LN-229 SGC-7901
11 346 354 18.33 18.56
12 39.2 428 1753 15.41
13 44.8 48.2 14.31 12.03
14 49.6 50.8 11.59 9.16
15 38.8 342 17.59 15.53
16 433 405 17.05 16.71
Silybin 20.1 215 30.68 29.88
Lapatinib 57.4 49.8 7.54 8.31

?Percentage of cells inhibited by the compound concentration of 10 ymol/L was treated for 48 h; °Inhibition rate of LN-229 and SCG-7901 cells

reached 50%
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