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Table S1 1H NMR spectroscopic data for compounds 1, 5, 7, 8.
NO. 1a 5b 7a 8a

3 6.36 (d, 9.5) 6.40 (d, 9.5) 6.33 (d, 9.5) 6.34 (d, 9.5)
4 7.63 (d, 9.5) 7.97 (d, 9.5) 7.60 (d, 9.5) 7.61 (d, 9.5)
5 6.70 (s) 7.12 (s) 6.55 (s) 6.65 (s)

1'
4.56 (dd, 10.6, 2.5)
4.06 (dd, 10.6, 7.9)

4.09 (dd, 10.6, 2.7)
3.99 (dd, 10.6, 7.0)

4.67 (d, 6.9) 4.67 (d, 6.9)

2' 3.71 (dd, 7.9, 2.5) 3.94 (dd, 7.0, 2.7) 5.55 (dq, 6.9, 1.5) 5.55 (1H, m)

4' 1.61 (m), 1.41 (m)
2.09 (dd, 12.5, 6.7)
1.95 (dd, 12.5, 8.0)

2.03 (m) 1.77 (d, 1.5)

5' 2.15 (m), 2.06 (m) 4.23 (m) 2.05 (m) 1.71 (d, 1.5)
6' 5.11 (t, 7.0) 3.35 (m) 5.06 (m) -
7' - - - -
8' 1.67 (s) 1.05 (s) 1.66 (d, 1.5) -
9' 1.25 (s) 1.18 (s) 1.69 (d, 1.5) -
10' 1.61 (s) 1.01 (s) 1.58 (d, 1.5) -

6-OCH3 3.87 (s) 3.84 (s) 3.88 (s) 3.89 (s)
8-OCH3 4.01 (s) 3.90 (s) 4.03 (s) 4.03 (s)
2'-OH - 5.15 (s) - -
6'-OH - 5.04 (d, 5.2) - -
7'-OH - 4.19 (s) - -

a Recorded in CDCl3 and 600 MHz. o: The abbreviation for overlapped.



b Recorded in DMSO-d6 and 600 MHz.

Table S2 13C NMR spectroscopic data for compounds 1, 5, 7, 8.
NO. 1a 5b 7a 8a

2 160.2 159.8 160.7 160.7
3 115.4 114.6 115.3 115.2
4 143.5 144.4 143.6 143.6
5 103.9 105.0 103.6 103.7
6 149.7 149.7 150.8 150.8
7 144.7 144.4 145.0 145.0
8 141.0 140.3 141.9 141.1
9 142.9 142.2 142.7 143.1
10 114.8 114.4 114.6 114.3
1' 76.1 73.6 70.4 70.4
2' 75.1 84.4 119.7 120.1
3' 73.4 78.6 143.1 139.4
4' 38.0 42.1 39.7 26.0
5' 22.1 77.6 26.5 18.1
6' 124.3 76.9 23.9
7' 131.8 71.1 131.9
8' 25.7 25.3 25.8
9' 23.3 21.7 16.4
10' 17.7 27.2 17.6

6-OCH3 56.4 56.2 56.4 56.4
8-OCH3 62.0 61.4 61.8 61.8

a Recorded in CDCl3 and 150 MHz.

b Recorded in DMSO-d6 and 150 MHz.

Table S3 1H NMR (600MHz) and 13C NMR (150MHz) spectroscopic data for 

compounds 1a, 2a (in CDCl3).
NO. 2a 1a

δH δC δH δC

2 - 174.1 - 160.6
3 2.64 (t, 7.6) 34.3 6.35 (d, 9.5) 115.6
4 2.90 (t, 7.6) 25.8 7.60 (d, 9.5) 143.5
5 6.44 (s) 108.8 6.60 (s) 103.8
6 - 146.4 - 150.3
7 - 139.6 - 145.0
8 - 140.5 - 141.5
9 - 141.3 - 143.1
10 - 121.0 - 114.8



1'
4.16 (m)

4.03 (dd, 9.2, 36)
71.7

4.33 (dd, 10.1, 7.0)
4.11 (dd, 10.1, 4.9)

72.2

2' 4.19 (m) 83.0 4.21 (dd, 7.0, 4.9) 82.7
3' - 81.6 - 81.7

4'
1.59 (dd, 12.7, 7.5)
1.29 (dd, 12.7, 6.0)

35.1 1.58 (m), 1.31 (m) 35.1

5' 2.17 (m), 2.03 (m) 22.0 2.20 (m), 2.03 (m) 22.0
6' 5.10 (t, 7.4) 125.6 5.11 (t, 7.2) 124.5
7' - 131.7 - 131.8
8' 1.67 (s) 25.8 1.67 (s) 25.8
9' 1.34 (s) 23.4 1.34 (s) 23.5
10' 1.60 (s) 17.7 1.61 (s) 17.7
1'' - 107.9 - 108.1
2'' 1.41 (s) 27.2 1.42 (s) 27.2
3'' 1.45 (s) 28.5 1.45 (s) 28.5

2-OCH3 3.68 (s) 51.8 - -
6-OCH3 3.77 (s) 56.6 3.87 (s) 56.4
8-OCH3 3.95 (s) 61.8 4.03 (s) 62.1

Table S4 1H NMR (600MHz) and 13C NMR (150MHz) spectroscopic data for 

compounds 6a (in DMSO-d6).
NO. 6a

δH δC

2 - 159.7
3 6.42 (d, 9.5) 114.6
4 7.98 (d, 9.5) 144.0
5 7.16 (s) 105.0
6 - 149.7
7 - 144.4
8 - 140.3
9 - 142.1
10 - 114.9

1'
4.21 (dd, 10.5, 8.2)

4.15 (o)
71.3

2' 3.60 (8.2, 3.8) 82.9
3' - 79.7

4'
1.70 (dt, 12.9, 3.8)

1.31 (o)
31.1

5' 1.58 (m), 1.45 (m) 22.8
6' 4.15 (o) 82.1
7' - 80.9
8' 1.01 (s) 22.9
9' 1.16 (s) 26.0



10' 1.29 (s) 23.0
1'' - 105.8
2'' 1.23 (s) 26.9
3'' 1.27 (s) 27.9
1'' - 107.2
2'' 1.32 (s) 26.9
3'' 1.35 (s) 28.6

6-OCH3 3.92 (s) 61.5
8-OCH3 3.84 (s) 56.2

Table S5 Cytotoxicity of compounds 1-8 against two human cancer cell lines.

IC50 (μM) ± SDa

Compounds hep 3B hepG2

1 27.86 ± 1.11 38.55 ± 1.37

2 >50 >50

3 >50 >50

4 >50 >50

5 >50 >50

6 >50 >50

7 >50 >50

8 >50 >50

sorafenibb 6.436 ± 0.70 9.014 ± 0.62

a Cytotoxicity was expressed as the mean value of three experiments ± SD

b Sorafenib was used as positive control

Table S6 DFT B3LYP/6-311+G(d, p) relative free energies and population for the most 

relevant conformers of 3a

Conformer ΔGa Populationb

3a-1 0.0000 0.1545

3a-2 0.0001 0.1545

3a-3 0.0001 0.1320

3a-4 0.0002 0.1320

3a-5 0.0007 0.0747



3a-6 0.0008 0.0630

3a-7 0.0009 0.0320

3a-8 0.0012 0.0281

3a-9 0.0015 0.0247

3a-10 0.0018 0.0219

Table S7 DFT B3LYP/6-311+G(d, p) relative free energies and population for the most 

relevant conformers of 3b

Conformer ΔGa Populationb

3b-1 0.0000 0.1241

3b-2 0.0001 0.1134

3b-3 0.0002 0.1037

3b-4 0.0003 0.0909

3b-5 0.0003 0.0909

3b-6 0.0005 0.0759

3b-7 0.0006 0.0650

3b-8 0.0008 0.0547

3b-9 0.0008 0.0509

3b-10 0.0013 0.0288

Table S8 DFT B3LYP/6-311+G(d, p) relative free energies and population for the most 

relevant conformers of 4a

Conformer ΔGa Populationb

4a-1 0.0000 0.1147

4a-2 0.0000 0.1103

4a-3 0.0000 0.1102

4a-4 0.0000 0.1102

4a-5 0.0002 0.0910

4a-6 0.0003 0.0853

4a-7 0.0009 0.0451



4a-8 0.0009 0.0445

4a-9 0.0009 0.0431

4a-10 0.0010 0.0414

Table S9 DFT B3LYP/6-311+G(d, p) relative free energies and population for the most 

relevant conformers of 4b

Conformer ΔGa Populationb

4b-1 0.0000 0.0885

4b-2 0.0001 0.0829

4b-3 0.0002 0.0729

4b-4 0.0002 0.0689

4b-5 0.0002 0.0688

4b-6 0.0002 0.0688

4b-7 0.0003 0.0648

4b-8 0.0003 0.0639

4b-9 0.0008 0.0371

4b-10 0.0009 0.0338

Table S10 DFT B3LYP/6-311+G(d, p) relative free energies and population for the 

most relevant conformers of 5a

Conformer ΔGa Populationb

5a-1 0.0000 0.4053

5a-2 0.0000 0.4053

5a-3 0.0020 0.0452

5a-4 0.0026 0.0261

5a-5 0.0032 0.0137

Table S11 DFT B3LYP/6-311+G(d, p) relative free energies and population for the 

most relevant conformers of 5b

Conformer ΔGa Populationb



5b-1 0.0000 0.4138

5b-2 0.0006 0.2161

5b-3 0.0006 0.2161

5b-4 0.0020 0.0498

5b-5 0.0020 0.0498

5b-6 0.0032 0.0147

Table S12 Calculated 13C chemical shift values (cal.) of structure 3a-5a, 3b-5b
NO. 3a 3b 4a 4b 5a 5b

1 - - 117.5 117.3 - -
2 147.9 175.0 117.5 118.1 168.2 168.3
3 128.0 127.9 169.7 169.9 120.5 123.0
4 161.9 162.4 154.6 154.7 154.8 154.0
5 117.1 117.3 153.1 152.5 111.2 109.2
6 166.9 166.8 170.4 170.3 158.0 158.0
7 165.1 166.5 - - 156.6 156.1
8 157.2 157.1 - - 150.2 150.2
9 160.7 160.8 - - 153.5 153.4
10 130.0 130.2 - - 119.9 120.3
1' 94.1 93.8 93.0 89.7 80.1 81.8
2' 90.3 90.6 90.2 90.3 94.4 91.4
3' 99.1 99.0 98.7 96.7 84.6 83.8
4' 50.1 45.8 50.7 50.5 47.4 48.7
5' 39.6 40.0 39.7 40.6 81.9 82.7
6' 82.2 82.2 82.0 82.0 90.8 90.9
7' 31.5 36.4 31.4 36.4 78.8 78.8
8' - - - - 27.3 30.3
9' - - - - 26.1 26.9
10' - - - - 26.4 28.3
1'' - - 44.6 44.5 - -
2'' - - 50.3 46.3 - -
3'' - - 192.8 192.8 - -

6-OCH3 65.7 65.7 65.4 65.3 58.1 58.1
8-OCH3 71.7 71.6 65.5 65.4 63.5 63.8
3''-OCH3 - - 63.0 63.0 - -


