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Table S1. NMR data of 1-4
N 1 (DMSO-d6) 2 (DMSO-d6) 3 (CD3OD) 3 (DMSO-

d6) 
4 (DMSO-d6)

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δH (J in Hz) δC

1 1.49 (1H, m)
1.48 (1H, m) 37.9 1.46 (1H, m)

1.45 (1H, m) 37.7 41.7 39.5

2 1.45 (1H, m)
1.44 (1H, m) 26.5 1.47 (1H, m)

1.45 (1H, m) 26.4 27.6 26.6

3 3.44 (1H, m) 70.3 3.44 (1H, m) 70.4 3.57 (1H, dd, J 
= 12.0, 4.0) 73.9 3.39 (1H, 

m)
3.39 (1H, 
m) 70.5

4 41.8 41.8 44.2 42.7

5 1.10 (1H, m) 46.4 1.12 (1H, m) 46.5 1.18 (1H, d, J = 
1.5) 49.5 47.4

6 1.40 (1H, m)
1.22 (1H, m) 17.5 1.42 (1H, m)

1.18 (1H, m) 17.6 4.41 (1H, brs) 68.6 4.29 (1H, 
m)

4.24 (1H, 
m) 66.2

7 1.45 (1H, m)
1.42 (1H, m) 32.0 1.49 (1H, m)

1.48 (1H, m) 32.1
1.52 (1H, dd, J 

= 4.5, 2.5)
1.78 (1H, m)

41.2 39.5

8 38.8 37.8 39.7 38.2
9 1.50 (1H, m) 47.1 1.63 (1H, m) 47.3 49.3 47.7
10 36.3 36.3 37.4 35.9

11 1.82 (1H, m)
1.78 (1H, m) 22.9 1.86 (1H, m)

1.83 (1H, m) 23.2 24.5 23.6

12 5.16 (1H, brs) 121.
6 5.21 (1H, brs) 122.3 5.30 (1H, t, J = 

3.5) 123.9 5.17 (1H, 
brs)

5.25 (1H, 
brs) 122.5

13 143.
9 143.8 144.6 142.8

14 41.4 41.2 43.5 41.6

15 1.64 (1H, m)
0.97 (1H, m) 27.2 1.50 (1H, m)

1.47 (1H, m) 27.2 28.9 27.9

16 1.90 (1H, m)
1.49 (1H, m) 22.6 1.50 (1H, m)

1.47 (1H, m) 27.3 24.1 27.3

17 45.5 44.7 47.7 44.8

18 2.74 (1H, dd, 
J = 14.0, 4.0) 40.8 2.93 (1H, brs) 43.3 2.89 (1H, dd, J 

= 13.5, 4.0) 42.8
2.75 (1H, 
dd, J = 14.0, 
4.0)

2.93 (1H, 
brs) 43.2

19 1.60 (1H, m)
1.07 (1H, m) 45.7 3.12 (1H, brs) 80.1 47.3 3.12 (1H, 

brs) 80.1

20 30.4 34.9 31.6 34.9

21 1.15 (1H, m)
1.13 (1H, m) 33.3 0.91 (1H, m)

0.88 (1H, m) 28.6 35.0 28.5

22 1.60 (1H, m)
1.18 (1H, m) 32.1 1.61 (1H, m)

1.14 (1H, m) 32.3 33.9 32.4

23
3.34 (1H, m)
3.08 (1H, dd, 
J = 10.0, 4.5) 

64.5
3.32 (1H, m)
3.07 (1H, d, J 
= 10.0) 

64.4

3.62 (1H, d, J = 
11.0)

3.48 (1H, d, J = 
11.0)

66.8

3.38 (1H, 
m)
3.25 (1H, 
dd, J = 10.0, 
3.5) 

3.40 (1H, 
m)
3.25 (1H, 
dd, J = 
10.0, 3.5) 

64.1

24 0.53 (3H, s) 12.6 0.54 (3H, s) 12.5 1.09 (3H, s) 14.1 0.91 (3H, s) 0.91 (3H, s) 13.7
25 0.87 (3H, s) 15.5 0.87 (3H, s) 15.3 1.35 (3H, s) 17.7 0.97 (3H, s) 0.95 (3H, s) 17.4
26 0.72 (3H, s) 16.9 0.68 (3H, s) 16.8 1.11 (3H, s) 18.8 1.22 (3H, s) 1.22 (3H, s) 16.6
27 1.10 (3H, s) 25.6 1.25 (3H, s) 25.6 1.16 (3H, s) 26.5 1.05 (3H, s) 1.21 (3H, s) 24.1

28 178.
6 179.1 182.0 179.2

29 0.87 (3H, s) 23.4 0.88 (3H, s) 24.1 0.97 (3H, s) 24.0 0.88 (3H, s) 0.88 (3H, s) 24.6
30 0.87 (3H, s) 32.8 0.84 (3H, s) 28.0 0.93 (3H, s) 33.6 0.88 (3H, s) 0.84 (3H, s) 28.1
3-

OH
4.13 (1H, d, J 
= 4.5) 

19-
OH

4.48 (1H, d, J 
= 6.0) 

4.48 (1H, 
d, 6.0)

23-
OH

4.38 (1H, t, J 
= 4.5) 



Table S2. NMR data of related compounds

Scutella
ric acid 
(1C)

Hederagenin 
(1D)

Wilforol C
(1A)

3, 24-
dihydroxyolean
-12-en-28-oic 
acid (1B)

3, 6, 24-
trihydroxyolean-
12-en-28-oic 
acid (3A)

Spathodic 
acid (2A)

Ilexosapogenin A (3B) 3, 6, 23-
trihydroxyolean-
12-en-28-oic acid 
(3)

3, 6,19, 23-
tetrahydroxyolean-
12-en-28-oic acid (4)

No

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [11]
DMSO-
d6

Pyridine-d5 Pyridine-d5 Acetone-d6 DMS
O-d6 
+CD
Cl3

DMS
O-d6 

Pyridine-d5 DMSO-d6 Pyridine-d5 Pyridine-d5 Pyridine-d5 Pyridine-d5

1H 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C
3 3.55 4.23 73.5 3.94 75.7 3.88 76.5 3.77 68.8 4.29 72.6 4.23 78.4 4.30 73.3 4.31 73.3 4.04 73.3 4.04 73.4
5 48.7 43.6 43.7 48.7 48.7 48.6 48.4 49.3 49.7
6 5.06 66.9 4.85 67.5 4.83 67.9
19 80.1 3.73 81.2 3.18 81.2 3.44 81.6
CH2-OH 3.43

3.19
4.18
3.73

67.8 3.88
3.68

71.3 3.55
3.44

71.3 3.65
3.37

64.4 4.41
4.05

66.4 4.18
3.73

63.0 4.29
3.82

64.5 4.28
3.82

67.8 4.18
3.83

67.1 4.19
3.85

67.3

CH3
24/23

0.68 1.05 13.3 0.79 18.2 0.69 18.3 0.89 1.73 14.1 1.05 22.9 13.6 13.0 1.51 14.7 1.53 14.6

25 0.87 0.97 16.1 0.96 15.8 0.91 16.0 1.05 1.67 16.8 0.97 15.3 15.8 15.8 1.47 17.4 1.48 17.3
26 1.10 1.04 17.7 1.07 17.5 0.97 17.7 0.76 1.63 17.9 1.04 16.6 17.5 17.5 1.42 18.6 1.46 18.4
27 1.10 1.26 26.3 1.23 26.2 1.19 26.5 1.14 1.25 25.6 1.26 24.5 24.8 24.8 1.06 26.2 1.42 24.8
29 0.87 0.95 33.4 0.92 33.3 0.82 33.5 0.89 33.1 0.91 32.6 0.95 28.1 28.9 28.9 0.80 33.2 0.99 28.8
30 0.88 1.02 23.9 1.00 23.8 0.94 24.0 0.89 23.6 0.99 23.1 1.02 24.0

1.10
1.17
1.19
1.22
1.29
1.72

24.8

1.10
1.16
1.19
1.22
1.29
1.71

24.8 0.72 23.7 0.92 25.0
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Figure S1. Selected HMBC and NOESY correlations of 1 and 2
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Figure S2. Four possible stereoisomers of 1
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Figure S3. Four possible stereoisomers of 2



Figure S4. HRESIMS spectrum of 1.



Figure S5. IR spectrum of 1.



Figure S6.  The 1H-NMR (DMSO-d6, 500 MHz) spectrum of 1.



Figure S7. The 13C-NMR (DMSO-d6, 500 MHz) spectrum of 1.



Figure S8. The HSQC (DMSO-d6) spectrum of 1



Figure S9. The HMBC (DMSO-d6) spectrum of 1.



Figure S10. The NOESY (DMSO-d6) spectrum of 1.



Figure S11. HRESIMS spectrum of 2.



Figure S12. IR spectrum of 2.



Figure S13.  The 1H-NMR (DMSO-d6, 500 MHz) spectrum of 2.



Figure S14. The 13C-NMR (DMSO-d6, 500 MHz) spectrum of 2.



Figure S15. The HSQC (DMSO-d6) spectrum of 2



Figure S16. The HMBC (DMSO-d6) spectrum of 2.



Figure S17. The COSY (DMSO-d6) spectrum of 2.



Figure S18. The NOESY (DMSO-d6) spectrum of 2.



Figure S19.  Comparison of 1H-NMR spectra of 1-4.
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Figure S20.  Comparison of 13C-NMR spectra of 1-4.

Figure S21. The radius of gyration of the protein-best pose was calculated using 100-ns MD 
simulations.

Table S3. Biological activity of tested compounds on the NO inhibitory activity

1

2

3

4



Performed one file 
target.pdbqt 

Added the polar hydrogens

Added  Kollman charges

Selected target protein

Saved as
target.pdbqt

Performed one file 
ligand.pdbqt

Added  the AD4 atoms

Added the polar hydrogens

Added  the Gasteiger charges

Selected the ligand for
 autodock

Saved file as  
ligand.pdbqt

Set up  one file of the gird 
parameters to run 

autogrid4.exe

Set map type and selected 
ligand

Set up grid parameter: centre 
grid box (x,y,z) by grid box 
and close saving current  

Saved file as dock.gpf

Set up one  file of  the dock 
parameters to run 

docking.exe

Selected file
 target.pdbqt

Selected the ligand file

Accepted ligand 
parametters

Selected the genetic 
Algorithm

Out put: Lamarkian 
GA

Saved file as   
doc.dpf

Run  from
 DOS commands Out put in Dog.dlg file

Built   results by  
Discovery studio Visualizer 

and Molegro Molecular 
Viewer packages  

Repeat

Performed 
redocking

Scheme S1. Procedure docking of ligand to receptor based on autodock

1 2 3 4 L-NMMAConcentration 
(µg/mL) % NO 

inhibition
% 

Survival
% NO 

inhibition
% 

Survival
% NO 

inhibition
% 

Survival
% NO 

inhibition
% 

Survival
% NO 

inhibition
% 

Survival
100 46.81 97.86 67.58 44.74 86.01 15.48 44.51 103.77 95.60 82.20
20 35.66 103.48 44.51 97.24 40.66 96.08 27.47 106.02 75.38 93.10
4 4.69 36.26 21.43 12.09 19.34

0.8 -8.83 23.08 6.59 7.69 12.77
IC50 >100 - 27.15±1.23 - 29.39±1.55 - >100 - 10.24±1.65 -


