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2 Silene firma  

1 Silene firma  

Silene firma Sieb. Et Zucc. 
 

Caryophyllaceae ( ) 
Silene ( ) 

 
6 9
50 100 cm 

 
 4 10 cm 0.8 2.5 cm

5 20 mm 2 3 mm
2 10 3 7 10 mm 5 (5

) 10 10 12 mm
8 11 mm 2 6 1 
mm 1) 

  
2) 

 

 

 

 

 

 

 

 

Picture: http://www.okadanouen.com/zukan/fusiguro/fusiguro23.8.13-1.jpg 

 



 

3 
 

2

10.6 kg n-
1- n-

 (164.8g) ODS-HPLC  
20 compound 2, 11 compound 1, 

3-10, 12-20   

 

 

  

 Dried aerial parts of Silene firma  
  

   
(10.6 kg) 

     
       Extracted with MeOH   
       Concentrated     
       Partitioned with n-Hexane, EtOAc, 1-BuOH 
           
                
              

 n-Hexane layer 
 
    EtOAc layer 1-BuOH layer Aq. layer   

      (76.0 g) (411.8 g)   
        
         (164.8 g)        
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Chart 1: Isolated compounds from the aerial parts of Silene firma 

n-Hexane and EtOAc layer from aerial parts of  
 Silene firma (164.8 g) 
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3   

1 Compound 2  

Cpd 2 HR-ESI-MS C42H46O20 Cpd 2
NMR NaOCH3 

HPLC 
Cpd 2 sucrose 13C NMR sucrose

12  

13C NMR 111.8~150.9 ppm 168.6
168.9 169.2 ppm 115.0 115.31 115.33 147.3
147.6 147.9 ppm 56.5 ppm 3

1H NMR  (15.9 Hz) 
trans proton ABX

3 feruloyl
IR

 

2D NMR (HSQC, HMBC, COSY) 

glucose 2' fructose 3 6 3 feruloyl
6'' 6''' 6'''' 4'' 4''' 4''''

 

Compound 2 Fig. 1  
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Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 869.2501 [M-H]- 

(calcd for C42H45O20: 869.2501) 

[α]D
26 = +54.4 (c = 0.93, MeOH) 

IR (film, cm-1): 3344, 2923, 2851, 1716, 1697, 1686, 1519, 1508, 1270, 1161, 
 1028 

UV λmax (MeOH) nm (log ε): 237 (4.18), 264 (3.69), 300 (4.17), 327 (4.34) 

 

Fig. 1 Structure and physical data of Compound 2 
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Fig. 2 COSY and HMBC correlations of Compound 2 

                 COSY 
 
                 HMBC 
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Table 1. 13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 2 in CD3OD 

position 13C 1H 
1 64.4 3.62 (1H, d, J=12.0 Hz) 
  3.49 (1H, d, J=12.0 Hz) 
2 105.9  
3 78.7 5.54 (1H, d, J= 8.3 Hz) 
4 74.9 4.42 (1H, t, J= 8.3 Hz) 
5 81.2 4.12 (1H, m) 
6 66.1 4.46 (2H, d, J=5.4 Hz) 
1' 91.4 5.65 (1H, d, J= 3.7 Hz) 
2' 74.7 4.68 (1H, dd, J= 3.7, 10.0 Hz) 
3' 72.4 3.94 (1H, m) 
4' 71.8 3.48 (1H, t, J= 9.1 Hz) 
5' 74.2 3.95 (1H, m) 
6' 62.6 3.87 (1H, m) 
  3.76 (1H, m) 

R-3 γ'' 168.6  
α'' 147.9 7.65 (1H, d, J= 15.9 Hz) 
β'' 115.0 6.45 (1H, d, J= 15.9 Hz) 
1'' 127.7  
2'' 112.1 7.20 (1H, d, J= 1.9 Hz) 
3'' 149.4  
4'' 150.7  
5'' 116.6 6.73 (1H, d, J= 8.3 Hz) 
6'' 124.4 7.08 (1H, dd, J= 1.9, 8.3 Hz) 

OCH3 56.5 3.86 (3H, s) 
R-6 γ''' 169.2  
α''' 147.3 7.61 (1H, d, J= 15.9 Hz) 
β''' 115.31 6.34 (1H, d, J= 15.9 Hz) 
1''' 127.8  
2''' 111.8 7.13 (1H, d, J= 1.9 Hz) 
3''' 149.5  
4''' 150.7  
5''' 116.6 6.79 (1H, d, J= 8.2 Hz) 
6''' 124.4 7.02 (1H, dd, J= 1.9, 8.2 Hz) 

OCH3 56.5 3.75 (3H, s) 
R-2' γ'''' 168.9  
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                m: multiplet or overlapped signals 

   
α'''' 147.6 7.70 (1H, d, J= 15.9 Hz) 
β'''' 115.33 6.31 (1H, d, J= 15.9 Hz) 
1'''' 127.8  
2'''' 112.0 6.98 (1H, d, J= 1.9 Hz) 
3'''' 149.3  
4'''' 150.9  
5'''' 116.6 6.70 (1H, d, J= 8.2 Hz) 
6'''' 124.1 6.92 (1H, dd, J= 1.9, 8.2 Hz) 

OCH3 56.5 3.84 (3H, s) 
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2 Compound 11  

    Cpd 11 HR-ESI-MS C44H48O21 Cpd 11
NMR NaOMe 

HPLC 
Cpd 11 sucrose 13C NMR sucrose

12  

    13C NMR 112.0~151.0ppm 168.6
168.8 169.1 ppm 114.9 115.2 115.5 147.3 147.7
148.1 ppm 56.6 56.7 56.7 ppm 3

173.0 21.0 ppm
1H NMR  (ca. 16 Hz) trans 

proton ABX 3 feruloyl
IR

 

    2D NMR (HSQC, HMBC, COSY) 

glucose 2' fructose 3 6 3 feruloyl
3 6'' 6''' 6'''' 4'' 4''' 4''''

 

    Compound 11 Fig. 3  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 935.2581 [M+Na]+  

(calcd for C44H48O21Na: 935.2580) 

[α]D
26 = +46.9 (c = 1.03, MeOH) 

IR (film, cm-1): 3344, 2921, 2851, 1717, 1699, 1684, 1520, 1507, 1270, 1161, 1030 

UV λmax (MeOH) nm (log ε): 237 (4.06), 264 (3.62), 300 (4.12), 327 (4.25) 

 

Fig. 3 Structure and physical data of Compound 11 
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Fig. 4 COSY and HMBC correlations of Compound 11 

                 COSY 
 
                 HMBC 
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Table 2.   13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 11 in CD3OD 

position 13C                               1H 
1 64.8 3.64 (1H, d, J=12.0 Hz) 
  3.45 (1H, d, J=12.0 Hz) 

2 105.6  
3 78.5 5.58 (1H, d, J= 8.5 Hz) 
4 74.3 4.50 (1H, t, J= 8.5 Hz) 
5 81.4 4.12 (1H, m) 
6 65.4 4.50 (2H, m) 
1' 90.7 5.70 (1H, d, J= 3.8 Hz) 
2' 74.6 4.69 (1H, dd, J= 3.8, 10.1 Hz) 
3' 72.3 3.92 (1H, m) 
4' 72.1 3.38 (1H, t, J= 9.3 Hz) 
5' 72.1 4.19 (1H, m) 
6' 65.4 4.56 (1H, m) 
  4.16 (1H, m) 

OAc-6' 173.0  
 21.0 2.08 (3H, s) 

R-3 γ'' 168.6  
α'' 148.1 7.71 (1H, d, J= 15.8 Hz) 
β'' 114.9 6.48 (1H, d, J= 15.8 Hz) 
1'' 127.8  
2'' 112.0 7.27 (1H, d, J= 1.8 Hz) 
3'' 149.5  
4'' 151.0  
5'' 116.7 6.76 (1H, d, J= 8.2 Hz) 
6'' 124.6 7.13 (1H, dd, J= 1.8, 8.2 Hz) 

OCH3 56.6 3.83 (3H, s) 
R-6 γ''' 169.1  
α''' 147.3 7.67 (1H, d, J= 16.0 Hz) 
β''' 115.5 6.40 (1H, d, J= 16.0 Hz) 
1''' 128.0  
2''' 112.0 7.21 (1H, d, J= 1.8 Hz) 
3''' 149.6  
4''' 150.8  
5''' 116.6 6.82 (1H, d, J= 8.2 Hz) 
6''' 124.4 7.00 (1H, dd, J= 1.8, 8.2 Hz) 
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OCH3 56.7 3.90 (3H, s) 
R-2' γ'''' 168.8  
α'''' 147.7 7.64 (1H, d, J= 15.9 Hz) 
β'''' 115.2 6.36 (1H, d, J= 15.9 Hz) 
1'''' 127.8  
2'''' 112.1 7.01 (1H, d, J= 1.8 Hz) 
3'''' 149.6  
4'''' 150.9  
5'''' 116.5 6.82 (1H, d, J= 8.2 Hz) 
6'''' 124.3 7.10 (1H, m) 

OCH3 56.7 3.90 (3H, s) 
               m: multiplet or overlapped signals
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4   

       n- 
18 NMR

 

 

Compound 1: Helonioside A 3) 

Compound 3: Vanillin 4) 
Compound 4: (3R, 6R, 7E)-3-Hydroxy-4,7-megastigmadien-9-one 5) 
Compound 5: Scopoletin 6) 
Compound 6: (9S, 12S, 13S)-E-9,12,13-Trihydroxy-10-octadecaenoic acid 7) 
Compound 7: 20-Hydroxy-ecdysone 8) 
Compound 8: Luteolin 3'-O-methyl-6-C-β-D-glucopyranoside 9) 
Compound 9: Apigenin-6-C-β-D-glucopyranoside 10) 
Compound 10: Maltol β-D-glucopyranoside 6'-O-Benzoatein 11) 
Compound 12: 22-O-acetyl 20-hydroxy-ecdysone 12) 
Compound 13: 3-Hydroxy-1-(4-hydroxy-3-methoxyphenyl) propan-1-one 13) 
Compound 14: (6S,9R)-Vomifoliol 14) 
Compound 15: 4-Hydroxybenzaldehyde 15) 
Compound 16: (+)-dehydrovomifoliol 16) 
Compound 17: 3-(4-Hydroxy-3-methoxyphenyl) propanoic acid 17) 
Compound 18: Indole-3-carboxaldehyde 18, 19) 
Compound 19: Isovanillic acid 20) 
Compound 20: grasshopper ketone 21)  
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1 Compound 1  

Cpd 1 HR-ESI-MS C32H38O17 Cpd 1
NMR NaOMe

HPLC
Cpd 1 sucrose 13C NMR sucrose

12  

13C NMR 112.0~150.9 ppm 168.5
169.2 ppm 115.1 115.3 147.4 148.0 ppm 

56.7 ppm 2
1H NMR  (15.9 Hz) trans

proton ABX 2
feruloyl NMR  3)

Cpd 1 helonioside A  

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 693.2031 [M-H]- 

(calcd for C32H37O17: 693.2031) 

Fig. 5 Structure and physical data of Compound 1 
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Table 3. 13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 1 in CD3OD 

position 13C 1H 
1 65.3 3.53 (1H, m) 
  3.59 (1H, m) 

2 105.3  
3 79.4 5.42 (1H, d, J= 7.7 Hz) 
4 75.2 4.37 (1H, t, J= 7.7 Hz) 
5 81.4 4.10 (1H, m) 
6 66.4 4.45 (2H, d, J=3.7 Hz) 
1' 93.2 5.38 (1H, d, J= 3.7 Hz) 
2' 74.5 3.90 (1H, m) 
3' 75.1 4.37 (1H, m) 
4' 71.5 3.34 (1H, m) 
5' 73.4 3.36 (1H, m) 
6' 62.8 3.80 (1H, d, J=2.5 Hz) 
  3.85 (1H, d, J=2.5 Hz) 

R-3 γ'' 168.5  
α'' 148.0 7.64 (1H, d, J= 15.9 Hz) 
β'' 115.1 6.36 (1H, d, J= 15.9 Hz) 
1'' 127.9  
2'' 112.3 7.16 (1H, d, J= 1.9 Hz) 
3'' 149.5  
4'' 150.9  
5'' 116.7 6.75 (1H, d, J= 8.2 Hz) 
6'' 124.4 7.02 (1H, dd, J= 1.9, 8.2 Hz) 

OCH3 56.7 3.86 (3H, s) 
R-6 γ'' 169.2  

α''' 147.4 7.58 (1H, d, J= 15.9 Hz) 
β''' 115.3 6.32 (1H, d, J= 15.9 Hz) 
1''' 127.9  
2''' 112.0 7.12 (1H, d, J= 2.0 Hz) 
3''' 149.6  
4''' 150.9  
5''' 116.7 6.75 (1H, d, J= 8.2 Hz) 
6''' 124.4 7.06 (1H, dd, J= 2.0, 8.2 Hz) 

OCH3 56.7 3.75 (3H, s) 

               m: multiplet or overlapped signals 
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2 Compound 3  

Cpd 3 HR-ESI-MS C8H8O3
13C NMR

111.5 154.9 ppm 6
56.6 ppm 1 193.0 ppm

1 1H NMR proton ABX
1,3,4

NMR  4) Cpd 3 vanillin
 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 151.1394 [M-H]- 

(calcd for C8H7O3: 151.1393) 

Fig. 6 Structure and physical data of Compound 3 

 

 

Table 4.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 3 in CD3OD 

position 13C               1H 
1 130.8  
2 111.5 7.44 (1H, d, J=1.9 Hz) 
3 149.9  
4 154.9  
5 116.5 6.94 (1H, d, J=7.9 Hz) 
6 128.1 7.44 (1H, d , J=7.9, 1.9 Hz) 

1-CHO 193.1 9.75 (1H, s) 
3-OCH3 56.6 3.92 (3H, s) 
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3 Compound 4  

     Cpd 4 HR-ESI-MS C13H20O2
13C NMR

4 4
200.9 ppm 1 1H NMR

6.57 ppm 16.0 Hz 10.3 Hz dd 6.04 ppm
16.0 Hz trans

NMR  5)

Cpd 4 (3R,6R,7E)-3-hydroxy-4,7-megastigmadien-9-one  

 

 

 

 

 

 

 

Colorless amorphous  powder 

HR-ESI-MS (positive) 

m/z: 231.1356 [M+Na]+  

(calcd for C13H20O2Na: 231.1356) 

 

Fig. 7 Structure and physical data of Compound 4 
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Table 5.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 4 in CD3OD 

position 13C                                 1H 
1 35.1  
2 45.2 1.71 (1H, dd, J= 13.2, 5.9 Hz) 
  1.29 (1H, dd, J= 13.2, 7.1 Hz) 
3 66.1 4.12 (1H, m) 
4 127.5 5.50 (1H, m) 
5 136.0  
6 55.7 2.48 (1H, d, J=10.3 Hz) 
7 149.9 6.57 (1H, dd, J= 16.0, 10.3 Hz) 
8 134.8 6.04 (1H, d, J= 16.0 Hz) 
9 200.9  

10 27.2 2.17 (3H, s) 
11 29.9 0.91 (3H, s) 
12 24.6 0.80 (3H, m) 
13 22.9 1.52 (3H, s) 

     m: multiplet or overlapped signals 
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4 Compound 5  

         Cpd 5 HR-ESI-MS C10H8O4
13C NMR

104.2 153.3 ppm 6
57.0 ppm 1 112.6 ppm 146.3 ppm

2 164.2 ppm 1
1H NMR 7.86 ppm 9.4 Hz d 6.20 

ppm 9.4 Hz cis
NMR  6) Cpd 5

scopoletin  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 193.0494 [M+H]+ 

(calcd for C10H9O4: 193.0495) 

 

Fig. 8 Structure and physical data of Compound 5 
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Table 6. 13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 5 in CD3OD 

position 13C              1H 
2 164.2  
3 112.6 6.20 (1H, d, J= 9.4 Hz) 
4 147.2 7.86 (1H, d, J= 9.4 Hz) 
5 110.1 7.11 (1H, s) 
6 147.2  
7 151.7  
8 104.2 6.77 (1H, s) 
9 153.3  

10 112.6  
-OCH3 57.0 3.91 (3H, s) 
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5 Compound 6  

      Cpd 6 HR-ESI-MS C18H34O5
13C NMR

15 2 , 
178.7 ppm 1

NMR 
 7) Cpd 6 (9S,12S,13S)-E-9,12,13-trihydroxy-10-

octadecaenoic acid  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 353.2299 [M+Na]+  

(calcd for C18H34O5Na: 353.2298) 

[α]D
26 = -9.0 (c = 1.07, MeOH) 

 

Fig. 9 Structure and physical data of Compound 6 
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  m: multiplet or overlapped signals  

 

 

 

 

 

 

 

 

Table 7.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 6 in CD3OD 

position 13C 1H 
1 178.7  
2 35.8 2.26 (2H, t, J= 7.5 Hz) 
3 26.5 1.60 (2H, m) 
4 30.4 

1.27-1.56 (10H, m) 5 30.6-30.7 
6 
7 26.6 
8 38.5 
9 73.2 4.05 (1H, m) 

10 136.2 5.69 (1H, m) 
11 131.2 5.70 (1H, m) 
12 76.8 3.91 (1H, m) 
13 75.9 3.41 (1H, m) 
14 33.7 

1.27-1.56 (8H, m) 15 26.7 
16 33.3 
17 23.8 
18 14.6 0.91 (3H, t, J=6.9 Hz) 
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6 Compound 7  

        Cpd 7 HR-ESI-MS C27H44O7
13C NMR

26 , 206.6 ppm
1  steroid

NMR  8) Cpd 7 20-hydroxy-
ecdysone  

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 503.2972 [M+Na]+  

(calcd for C27H44O7Na: 503.2979) 

  

Fig. 10 Structure and physical data of Compound 7 
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Table 8.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 7 in CD3OD 

position 13C 1H 
1 37.5 1.42 
  1.79 
2 68.8 3.84 (1H, ddd, J= 11.8, 4.0, 3.2 Hz) 
3 68.7 3.95 (1H, m) 
4 33.0 1.69 
  1.76 
5 51.9 2.37 (1H, m) 
6 206.6  
7 122.3 5.81 (1H, d, J= 2.3 Hz) 
8 168.1  
9 35.7 3.15 (1H, m) 

10 39.4  
11 21.6 1.71 
  1.80 

12 32.7 2.13 (1H, ddd, J= 12.9, 12.9, 4.6 Hz) 
  1.88 

13 48.7  
14 85.4  
15 31.9 1.60 
  1.96 

16 21.6 1.78 
  1.99 

17 50.7 2.38 (1H, m) 
18 18.2 0.90 (1H, s) 
19 24.5 0.97 (1H, s) 
20 78.1  
21 21.2 1.20 (1H, s) 
22 78.6 3.34 (1H, m) 
23 27.5 1.30 

  1.66 
24 42.5 1.80 

  1.44 
25 71.5  
26 29.1 1.19 (1H, s) 
27 29.8 1.20 (1H, s) 

     m: multiplet or overlapped signals 
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7 Compound 8  

      Cpd 8 HR-ESI-MS C22H22O11
13C NMR

63.0 95.6 ppm 6 56.8 ppm
1 184.0 ppm

1 1H NMR proton ABX
1,3,4 flavonoid

NMR  9) Cpd 8 luteolin 3'-O-methyl-6-C-β-D-
glucopyranoside  

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 485.1051 [M+Na]+  

(calcd for C22H22O11Na: 485.1054) 

 

Fig. 11 Structure and physical data of Compound 8 
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Table 9.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 8 in CD3OD 

position 13C 1H 
2 166.1  
3 104.3 6.58 (1H, s) 
4 184.0  
5 162.1  
6 109.5  
7 165.9  
8 95.6 6.46 (1H, s) 
9 158.9  

10 105.1  
1' 123.6  
2' 110.7 7.45 (1H, d, J= 2.1 Hz) 
3' 149.7  
4' 152.4  
5' 117.0 6.91 (1H, d, J= 8.3 Hz) 
6' 121.9 7.46 (1H, dd, J= 2.1, 8.3 Hz) 

glucose   
1'' 80.3 3.49 (1H, m) 
2'' 72.7 4.19 (1H, m) 
3'' 75.5 4.90 (1H, d, J= 10 Hz) 
4'' 71.9 3.49 (1H, m) 
5'' 82.7 3.42 (1H, m) 
6'' 63.0 3.88 (1H, dd, J= 2.2, 12.1 Hz) 

  3.75 (1H, dd, J= 5.3, 12.1 Hz) 
OCH3 56.8 3.94 (3H, s) 

     m: multiplet or overlapped signals    
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8 Compound 9  

         Cpd 9 HR-ESI-MS C21H20O10
13C 

NMR 63.0 95.8 ppm 6 184.0 
ppm 1 NMR 

 10) Cpd 9 apigenin-6-C-β-D-glucopyranoside
 

 

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 455.0947 [M+Na]+  

(calcd for C21H20O10Na: 455.0949) 

 

Fig. 12 Structure and physical data of Compound 9 
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Table 10.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 9 in CD3OD 

position 13C 1H 
2 166.2  
3 103.9 6.57 (1H, s) 
4 184.0  
5 162.2  
6 109.6  
7 166.1  
8 95.8 6.47 (1H, s) 
9 159.0  
10 104.9  
1' 123.6  
2' 129.5 7.83 (1H, d, J= 8.9 Hz) 
3' 117.3 6.92 (1H, d, J= 8.9 Hz) 
4' 163.1  
5' 117.3 6.92 (1H, d, J= 8.9 Hz) 
6' 129.4 7.83 (1H, d, J= 8.9 Hz) 

glucose   
1'' 75.5 4.90 (1H, d, J= 9.9 Hz) 
2'' 72.7 4.19 (1H, dd, J=9.9, 8.9 Hz) 
3'' 80.4 3.45 (1H, m) 
4'' 71.9 3.45 (1H, m) 
5'' 82.7 3.42 (1H, m) 
6'' 63.0 3.87 (1H, dd, J= 2.0, 12.1 Hz) 

  3.75 (1H, dd, J= 5.3, 12.1 Hz) 
     m: multiplet or overlapped signals 
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9 Compound 10  

      Cpd 10 HR-ESI-MS C19H20O9
13C NMR

64.9 ppm 104.2 ppm 6 129.7
134.5 ppm 4 176.9 ppm
167.9 ppm 2 4

NMR  11) Cpd 10 maltol β-
D-glucopyranoside 6'-O-benzoate  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 415.0994 [M+Na]+  

(calcd for C19H20O9Na: 415.1000) 

 

Fig. 13 Structure and physical data of Compound 10 
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Table 11.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 10 in CD3OD 

position 13C     1H 
1   
2 164.6  
3 142.8  
4 176.9  
5 117.2 6.31 (1H, d, J= 5.6 Hz) 
6 157.1 7.78 (1H, d, J=5.6 Hz) 
7 15.8 2.19 (3H, s) 
1' 104.2 4.86 (1H, d, J= 7.8 Hz) 
2' 75.3 3.43 (1H, m) 
3' 77.6 3.52 (1H, m) 
4' 71.7 3.45 (1H, m) 
5' 75.7 3.59 (1H, m) 
6' 64.9 4.57 (1H, dd, J= 11.8, 2.3 Hz) 
  4.48 (1H, dd, J= 11.8, 6.9 Hz) 

1'' 130.9  
2'' 130.5 7.87 (2H, dd, J= 8.2, 1.1 Hz) 
3'' 129.7 7.40 (2H, m) 
4'' 134.5 7.54 (1H, m) 
5'' 129.7 7.40 (2H, m) 
6'' 130.5 7.87 (2H, dd, J= 8.2, 1.1 Hz) 
7'' 167.9  

     m: multiplet or overlapped signals 
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10 Compound 12  

             Cpd 12 HR-ESI-MS C29H46O8
13C 

NMR 26 , 206.6 ppm
1 , 173.4 ppm 21.3 ppm

steroid NMR 
 12) Cpd 12 22-O-acetyl 20-hydroxy-ecdysone

 

 

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 545.3080 [M+Na]+  

(calcd for C29H46O8Na: 545.3085) 

 

Fig. 14 Structure and physical data of Compound 12 
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Table 12.   13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 12 in CD3OD 

position 13C 1H 
1 37.5 1.32 
  1.69 

2 68.8 3.84 (1H, m) 
3 68.7 3.95 (1H, m) 
4 33.0 1.60 
  1.65 

5 51.9 2.37 (1H, m) 
6 206.6  
7 122.3 5.84 (1H, d, J= 2.4 Hz) 
8 167.9  
9 35.2 3.16 (1H, m) 
10 39.4  
11 21.6 1.59 
  1.70 

12 32.7 2.04 (1H, m) 
  1.78 (1H, m) 

13   
14 85.3  
15 31.9 1.52 
  1.89 

16 21.6 1.71 
  1.60 

17 51.1 2.38 (1H, m) 
18 18.2 0.89 (3H, s) 
19 24.5 0.96 (3H, s) 
20 77.7  
21 21.3 1.20 (1H, s) 
22 80.8 4.87 (1H, m) 
23 26.4 1.37 

  1.65 
24 41.7 1.33 

  1.28 
25 71.1  
26 29.1 1.18 (3H, s) 
27 29.6 1.30 (3H, s) 

   C=O 173.5  
CH3CO- 21.3 2.10 (3H, s) 

 
     m: multiplet or overlapped signals 
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11 Compound 13  

       Cpd 13 HR-ESI-MS C10H12O4
13C NMR

112.0 ppm 153.5 ppm 6
56.5 ppm 1 199.8 ppm

1 1H NMR proton 
ABX 1,3,4

NMR  13) Cpd 13 3-
hydroxy-1-(4-hydroxy-3-methoxyphenyl) propan-1-one  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 219.0627 [M+Na]+  

(calcd for C10H12O4Na: 219.0628) 

 

Fig. 15  Structure and physical data of Compound 13 
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Table 13.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 13 in CD3OD 

position 13C       1H 
1 130.7  
2 112.0 7.54 (1H, d, J=2.0 Hz) 
3 149.2  
4 153.5  
5 115.9 6.86 (1H, d, J= 8.3 Hz) 
6 124.9 7.58 (1H, dd, J= 8.3, 2.0 Hz) 
7 199.8  
8 41.8 3.16 (2H, t, J= 6.2 Hz) 
9 59.0 3.94 (2H, t, J= 6.2 Hz) 

3-OCH3 56.5 3.91 (3H, s) 
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12 Compound 14  

  Cpd 14 HR-ESI-MS C13H20O3
13C NMR

4 4
201.5 ppm 1 1H NMR

5.81 ppm 16.9 Hz 6.0 Hz dd 5.79 ppm
16.9 Hz trans

NMR  14) 

Cpd 14 (6S,9R)-vomifoliol  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 247.1305 [M+Na]+  

(calcd for C13H20O3Na: 247.1305) 

[α]D
26 = +141 (c = 1.00, MeOH) 

 

Fig. 16 Structure and physical data of Compound 14 
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Table 14.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 14 in CD3OD 

position 13C               1H 
1 42.6  
2 50.8 2.16 (1H, d, J= 16.9 Hz) 
  2.48 (1H, d, J= 16.9 Hz) 

3 201.5  
4 127.2 5.88 (1H, brs) 
5 167.7  
6 80.1  
7 130.0 5.78 (1H, d, J= 16.9 Hz) 
8 137.0 5.81 (1H, dd, J= 16.9, 6.0 Hz) 
9 68.8 4.57 (1H, brs) 
10 19.7 1.24 (3H, d, J=6.4 Hz) 
11 24.6 1.02 (3H, s) 
12 24.0 1.04 (3H, s) 
13 23.6 1.92 (3H, d, J=1.1 Hz) 
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13 Compound 15  

 Cpd 15 HR-ESI-MS C7H6O2
13C NMR

117.0 ppm 165.3 ppm 4
193.0 ppm 1

1 4 NMR  15) 

Cpd 15 4-hydroxybenzaldehyde  

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 121.0296 [M-H]- 

(calcd for C7H5O2: 121.0295) 

Fig. 17 Structure and physical data of Compound 15 

 

Table 15.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 15 in CD3OD 

position 13C 1H 
1 130.4  
2 133.6 7.77 (1H, d, J= 8.7 Hz) 
3 117.0 6.91 (1H, d, J= 8.6 Hz) 
4 165.3  
5 117.0 6.91 (1H, d, J= 8.6 Hz) 
6 133.6 7.77 (1H, d, J= 8.7 Hz) 

CHO 193.0 9.76 (1H, s) 
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14 Compound 16  

   Cpd 16 HR-ESI-MS C13H18O3
13C NMR

4 4
200.5 ppm 200.9 ppm 2 1H 
NMR 6.99 ppm 15.8 Hz d 6.44 ppm

15.8 Hz d trans
NMR  16) 

Cpd 16 (+)-dehydrovomifoliol  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 245.1148 [M+Na]+  

(calcd for C13H18O3Na: 245.1148) 

 

Fig. 18 Structure and physical data of Compound 16 
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Table 16.  13C NMR (125MHz) and 1H NMR (500 MHz) data for Cpd 16 in CD3OD 

position 13C       1H 
1 42.8  
2 50.7 2.60 (1H, d, J= 17.1 Hz) 
  2.28 (1H, d, J= 17.1 Hz) 

3 200.5  
4 128.2 5.93 (1H, s) 
5 164.8  
6 80.1  
7 148.5 6.99 (1H, d, J= 15.8 Hz) 
8 131.9 6.44 (1H, d, J= 15.8 Hz) 
9 200.9  
10 27.8 2.30 (3H, s) 
11 23.7 1.06 (3H, s) 
12 24.9 1.02 (3H, s) 
13 19.3 1.90 (3H, d, J=1.4 Hz) 
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15 Compound 17  

      Cpd 17 HR-ESI-MS C10H12O4
13C NMR

113.2 ppm 149.0 ppm 6
56.5 ppm 1 177.6 ppm

1 1H NMR proton 
ABX 1,3,4

NMR  17) Cpd 17 3-(4-
hydroxy-3-methoxyphenyl) propanoic acid  

 

  

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 195.0664 [M-H]-  

(calcd for C10H11O4: 195.0663) 

 

Fig. 19 Structure and physical data of Compound 17 
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Table 17.  13C NMR (125MHz) and 1H NMR (500 MHz) data for Cpd 17 in CD3OD 

position 13C      1H 
1 134.0  
2 113.2 6.80 (1H, d, J=1.8 Hz) 
3 149.0  
4 145.9  
5 116.3 6.70 (1H, d, J= 8.0 Hz) 
6 121.8 6.64 (1H, dd, J= 8.0, 1.9 Hz) 
7 32.0 2.82 (2H, t, J= 7.7 Hz) 
8 37.7 2.54 (2H, t, J= 7.7 Hz) 
9 177.6  

3-OCH3 56.5 3.83 (3H, s) 
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16 Compound 18  

       Cpd 18 HR-ESI-MS C9H7ON 13C NMR
113.3 ppm 139.1 ppm 6
187.6 ppm 1

NMR  18 19) Cpd 18 indole-3-carboxaldehyde
 

 

 

 

Pale yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 146.0599 [M+H]+ 

(calcd for C9H8ON: 146.0600) 

Fig. 20 Structure and physical data of Compound 18 

Table 18.   13C NMR (125MHz) and 1H NMR (500 MHz) data for Cpd 18 in CD3OD 

position 13C              1H 
2 139.9 8.10 (1H, s) 
3 120.3  
4 122.5 8.16 (1H, d, J= 7.9 Hz) 
5 123.8 7.20-7.30 (2H, m) 
6 125.2 
7 113.3 7.48 (1H, d, J= 8.0 Hz) 
8 125.9  
9 139.1  

CHO 187.6 9.89 (1H, s) 
  m: multiplet or overlapped signals 
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17 Compound 19  

 Cpd 19 HR-ESI-MS C8H8O4
13C 

NMR 113.9 152.8 ppm 6
170.2 ppm 1 56.5 ppm

1 1H NMR proton ABX
1,3,4-

NMR  20) Cpd 19 isovanillic acid
 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 167.0352 [M-H]- 

(calcd for C8H7O4: 167.0350) 

 

Fig. 21 Structure and physical data of Compound 19 
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Table 19.   13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 19 in CD3OD 

position 13C              1H 
1 125.4  
2 116.0 7.56 (1H, d, J= 1.9 Hz) 
3 148.8  
4 152.8  
5 113.9 6.84 (1H, d, J= 8.7 Hz) 
6 123.2 7.55 (1H, dd, J= 8.7, 1.9 Hz) 

1-COOH 170.2  
4-OCH3 56.5 3.88 (3H, s) 
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18 Compound 20  

       Cpd 20 HR-ESI-MS C13H20O3
13C 

NMR 201.0 ppm 1 101.3 120.1 211.7 
ppm 3 64.6 72.6 ppm

2 49.9 ppm 1 26.7 29.5 30.9
32.4 ppm 4 NMR 

 21) Cpd 20  grasshopper ketone  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 247.1304 [M+Na] +  

(calcd for C13H20O3Na: 247.1305) 

[α]D
25 = -33.5 (c = 0.79, MeOH) 

 

Fig. 22 Structure and physical data of Compound 20 
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Table 20.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 20 in CD3OD 

position 13C 1H 
1 37.1  
2 49.9 1.93 (1H, ddd, J= 2.1, 4.1, 12.5 Hz) 

  1.41 (1H, m) 
3 64.6 4.22 (1H, m) 
4 - 2.22 (1H, dd, J= 2.1, 4.1 Hz) 

  1.33 (1H, m) 
5 72.6  
6 120.1  
7 211.7  
8 101.3 5.83 (1H, s) 
9 201.0  

10 26.7 2.19 (3H, s) 
11 29.5 1.15 (3H, s) 
12 32.4 1.38 (3H, m) 
13 30.9 1.38 (3H, m) 

  m: multiplet or overlapped signals 
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3 Hosiea japonica  

1 Hosiea japonica  

Hosiea japonica 
 

Icacinaceae ( ) 
Hosiea ( ) 

 
5-6 5

m 9-10 15-
20 mm

22)

 

 

 

 

 

 

 

 

http://kanon1001.web.fc2.com/foto_sinrin/K_kurotaki_kazura/kurotaki_kazura/kurotaki_kazura.htm 
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2

Hosiea japonica 37.6 g
Hosiea japonica 27.3 g  

Hosiea japonica 37.6 g
ODS ODS-HPLC

23 Compound 21
(Chart 2) 

Hosiea japonica 27.3 g
ODS

ODS-HPLC 11 Compound 22
(Chart 3) 

 

 

 

 

 

 

  

 

n-Hexane layer MeOH layer 

Aqueous layer 1-BuOH layer 

EtOAc layer 

Extracted with MeOH 
Partitioned with n-Hexane 

Evaporated 
Suspended in H2O 
Partitioned with EtOAc 

Partitioned with 1-BuOH 

Dried vines and leaves of Hosiea japonica 
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Chart 2: Isolated compounds from vine 

Chart 3: Isolated compounds from leaves 
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3   

1 Compound 21  

Cpd 21 HR-ESI-MS C20H34O5
13C NMR

20 67.2 68.4 72.2 75.0 76.6 ppm
5 23.8 27.5 27.6 27.7 30.5 33.1 36.2 

ppm 6 31.6 34.4 38.8 ppm
3 40.3 41.3 50.5 ppm 4 3

13C NMR Cpd 
21 aphidicolin IR

 
2D NMR (HSQC, HMBC, COSY) 15

17 12 17 12 15 , 15 16 HMBC
3 15 16 17 18

Fig. 24
NOESY H15 H12 H15 H11 H3 H1

 

Compound 21 Fig. 23
Mosher  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 377.2298 [M+Na] +  

(calcd for C20H34O5Na: 377.2298) 

[α]D
20 = -16.0 (c = 0.1, MeOH) 

IR (film, cm-1): 3346, 2938, 2864, 1708, 1606, 1510, 1456, 1272, 1225, 1123, 1022 

 

Fig. 23 Structure and physical data of Compound 21 
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Fig. 24 COSY and HMBC correlations of Compound 21 

                 COSY 
 
                 HMBC 
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Fig. 25 NOESY correlations of Compound 21 

                  NOESY 

1 
2 

3 

4 

11 

15 

16 

12 

17 
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  m: multiplet or overlapped signals

Table 21.    13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 21 in pyridine-d5 

position 13C 1H 
1 27.6 1.00 - 2.50 (4H, m) 
2 27.7 
3 76.6 3.92 (1H, brs) 
4 41.3  
5 34.4 2.96 (1H, dd, J= 12.8, 3.1 Hz) 
6 23.8 1.00 - 2.50 (4H, m) 
7 27.5 
8 40.8 1.99 (1H, m) 
9 50.5  

10 40.3  
11 33.1 2.34 (1H, d, J= 10.8 Hz) 

  1.43 (1H, m) 
12 41.7 2.74 (1H, dd, J= 7.8, 5.7 Hz) 
13 30.5 1.17 - 1.33 (2H, m) 
14 36.2 2.76 (1H, dd, J= 5.8, 3.1 Hz) 

  2.26 (1H, m) 
15 68.4 4.17 (1H, dd, J= 11.2, 5.9 Hz) 
16 75.0  
17 67.2 4.28 (1H, d, J= 10.9 Hz) 

  4.00 (1H, d, J= 10.9 Hz) 
18 72.2 3.79 (1H, d, J= 10.9 Hz) 

  3.64 (1H, d, J= 10.9 Hz) 
19 18.4 0.79 (3H, s) 
20 16.0 1.04 (3H, s) 
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2 Compound 22  

    Cpd 22 HR-ESI-MS C25H46O11 Cpd 
22 NMR 1M HCl 

HPLC 
Cpd 22 D-glucose L-rhamnose 13C NMR 

glucose rhamnose 12  

13C NMR 67.6 76.1 ppm
2 25.7 38.8 46.6 51.9 ppm

4 35.0 54.3 ppm 2 36.9 ppm 4
D-glucose L-rhamnose

 

2D NMR (HSQC, HMBC, COSY) 
rhamnose 1 2

glucose 1 9 HMBC , D-
glucose L-rhamnose 11 1 12 1 13

5 HMBC 11 12 13 1 5
9

9R 23) 
sedumoside E2 E3 24) 

 

Compound 22 Fig. 26
Mosher  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 545.2928 [M+Na] + 

(calcd for C25H46O11Na: 545.2932) 

[α]D
24 = -38.6 (c = 0.07, MeOH) 

IR (film, cm-1): 3368, 2965, 2918, 1647, 1464, 1368, 1076, 1042 

 

Fig. 26 Structure and physical data of Compound 22 
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Fig. 27 COSY and HMBC correlations of Compound 22 

                 COSY 
 
                 HMBC 



 

60 
 

Table 22.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 22 in CD3OD 

position 13C 1H 
1 36.9  
2 51.9 1.63 (1H, m) 

  1.09 (1H, m) 
3 67.6 3.70 (1H, m) 
4 46.6 1.88 (1H, m) 

  0.90 (1H, m) 
5 35.0 1.46 (1H, m) 
6 54.3 0.57 (1H, ddd, J= 10.8, 4.9, 2.4 Hz) 
7 25.7 1.40 (1H, m) 

  1.03 (1H, m) 
8 38.8 1.79 (1H, m) 

  1.43 (1H, m) 
9 76.1 3.86 (1H, m) 

10 21.4 1.22 (1H, m) 
11 21.7 0.84 (1H, s) 
12 31.6 0.96 (1H, s) 
13 21.7 0.99 (1H, d, J= 6.5 Hz) 
1' 101.0 4.41 (1H, d, J= 7.7 Hz) 
2' 79.1 3.36 (1H, dd, J= 9.1, 7.7 Hz) 
3' 79.6 3.45 (1H, t, J= 9.1 Hz) 
4' 72.1 3.27 (1H, m) 
5' 78.0 3.21 (1H, ddd, J= 9.9, 5.9, 2.4 Hz) 
6' 62.9 3.84 (1H, m) 

  3.65 (1H, dd, J= 11.8, 5.9 Hz) 
1'' 102.3 5.21 (1H, d, J= 1.4 Hz) 
2'' 72.3 3.91 (1H, dd, J= 3.3, 1.4 Hz) 
3'' 72.6 3.68 (1H, m) 
4'' 74.1 3.38 (1H, t, J= 9.5 Hz) 
5'' 69.9 4.07 (1H, dd, J= 9.5, 6.2 Hz) 
6'' 18.1 1.22 (1H, m) 

    m: multiplet or overlapped signals
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4   

       Hosiea japonica
32

NMR
 

Compound 23: Salicifoliol 25,26) 

Compound 24: cyclo(D)-Pro-(D)-Leu 27) 
Compound 25: (+)-Epiloliolide 28) 
Compound 26: (+)-Syringaresinol 29) 
Compound 27: N-trans-feruloylmethoxytyramine 30) 
Compound 28: Ficusequilignan A 31) 
Compound 29: Frangulin A 32) 
Compound 30: (+)-Dehydrovomifoliol 33) 

Compound 31: (+)-Medioresinol 34) 
Compound 32: Terrestribisamide 35) 
Compound 33: trans-N-p-Coumaroyl tyramine 36) 
Compound 34: 7-Hydroxy-1-(4-hydroxy-3-methoxyphenyl)-N2, N3-bis(4-hydroxyphenethyl)-6-
methoxy-1,2-dihydronaphthalene-2,3-dicarboxamide 37) 
Compound 35: Cannabisin E 38) 
Compound 36: Grossamide K 39) 
Compound 37: Cannabisin G 40) 
Compound 38: N-trans-Feruloyl tyramine 41)  
Compound 39: trans-Ferulic Acid 42, 43) 

Compound 40: 5(S)-5-Carboxystrictosidine 44) 
Compound 41: Glucofragulin A 45) 
Compound 42: Vanillic acid 46) 
Compound 43: Neo-olivil (a racemic mixture) 47) 
Compound 44: 3-Hydroxy-1-( 4-hydroxy-3-methoxyphenyl) propan-1-one 48) 
Compound 45: Syringic acid 49) 
Compound 46: (6S,9R)-Vomifoliol 50) 
Compound 47: Vanillin 51) 
Compound 48: Umbelliferone 52) 
Compound 49: Methyl protocatechuate 53) 
Compound 50: 3,4-Dihydro-10-hydroxy-7-methoxy-3-(R)-methyl-1H-3,4-dihydronaphtho-[2,3c]-
pyran-1-one-9-O- -D-glucopyranosyl-(1 6)-glucopyranoside 54) 
Compound 51: Narcissin 55)        
Compound 52: Kaempferol 3-β-rutinoside 56) 
Compound 53: Emodin 57)       
Compound 54: Tribulusamide A 58) 
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1 Compound 23  

Cpd 23 HR-ESI-MS C13H14O5
13C NMR

111.1 149.4 ppm 6
181.3 ppm 1 56.6 ppm

1 1H NMR proton ABX
1,3,4-

NMR  25) 26) Cpd 23 salicifoliol
 

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 249.0768 [M-H]- 

(calcd for C13H13O5: 249.0768) 

[α]D
25 = +4.8 (c = 0.43, MeOH) 

Fig. 28 Structure and physical data of Compound 23 

 



 

63 
 

 

m: multiplet or overlapped signals 

 

 

 

 

 

 

 

 

 

Table 23.  13C NMR (125 MHz) and 1H NMR (500 MHz) data for Cpd 23 in CD3OD 

position 13C 1H 
1 49.4 3.21 (1H, m) 
2 87.9 4.67 (1H, d, J= 7 Hz) 
3   
4 71.1 4.30 (1H, t, J= 8.7 Hz) 

  4.08 (1H, dd, J= 9.1, 3.4 Hz) 
5 47.7 3.55 (1H, m) 
6 181.3  
7   
8 72.0 4.54 (1H, dd, J= 9.6, 6.9 Hz) 

  4.36 (1H, dd, J= 9.6, 1.9 Hz) 
1' 132.4  
2' 111.1 6.96 (1H, d, J= 1.7 Hz) 
3' 149.4  
4' 147.9  
5' 116.3 6.78 (1H, d, J= 8.1 Hz) 
6' 120.3 6.83 (1H, dd, J= 8.1, 1.7 Hz) 

3'-OCH3 56.6 3.86 (3H, s) 
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2 Compound 24  

Cpd 24 HR-ESI-MS C11H19O2N2
13C 

NMR 169.1 172.9 ppm 2 23.8
29.2 39.6 46.6 ppm 4 25.9 54.8 60.4 ppm

3 NMR 
27) Cpd 24 cyclo-(D)-Pro-(D)-Leu  

 

 

 

 

 

 

 

 

Colorless amorphous solid 

HR-ESI-MS (positive) 

m/z: 211.1438 [M+H] +
 

(calcd for C11H19O2N2: 211.1441) 

 

Fig. 29 Structure and physical data of Compound 24 
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Table 24.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 24 in CD3OD 

position 13C 1H 
1 169.1  
2   
3 46.6 3.52 (2H, m) 
4 23.8 1.93 (1H, m) 

  2.03 (1H, m) 
5 29.2 2.03 (1H, m) 

  2.31 (1H, m) 
6 60.4 4.26 (1H, t, J= 7.7 Hz) 
7 172.9  
8   
9 54.8 4.13 (1H, m) 

10 39.6 1.91 (1H, m) 
  1.52 (1H, m) 

11 25.9 1.88 (1H, m) 
12 23.4 0.96 (3H, m) 
13 22.4 0.96 (3H, m) 

m: multiplet or overlapped signals 
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3 Compound 25  

     Cpd 25 HR-ESI-MS C11H16O3
13C 

NMR 174.1 ppm 1 113.9 184.1 ppm 
2 65.4 ppm

1 49.2 50.9 ppm 2
NMR 28) Cpd 25  (+)-epiloliolide

 

 

 

 

 

 

 

 

Colorless amorphous solid 

HR-ESI-MS (positive) 

m/z: 219.0987 [M+Na] + 

(calcd for C11H16O3Na: 219.0992) 

 

Fig. 30 Structure and physical data of Compound 25 
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Table 25.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 25 in CD3OD 

position 13C 1H 
2 174.1  
3 113.9 5.78 (1H, m) 
3a 184.1  
4 36.3  
5 50.9 2.00 (1H, ddd, J= 13, 4.3, 2.2 Hz) 

  1.29 (1H, m) 
6 65.4 4.10 (1H, m) 
7 49.2 2.47 (1H, ddd, J= 11.7, 4.0, 2.1 Hz) 

  1.42 (1H, td, J= 11.7, 0.6 Hz) 
7a 88.7  
8 30.4 1.59 (3H, s) 
9 25.9 1.31 (3H, s) 

10 25.5 1.29 (3H, s) 
m: multiplet or overlapped signals 
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4 Compound 26  

Cpd 26 HR-ESI-MS C22H26O8
13C NMR

104.7 149.5 ppm 4
57.0 ppm 1 72.9 87.7 ppm

2 55.7 ppm 1
NMR  29) Cpd 26  (+)-

syringaresinol  

 

 

 

 

 

 

 

 

 

Colorless amorphous solid 

HR-ESI-MS (positive) 

m/z: 441.1518 [M+H] + 

(calcd for C22H26O8Na: 441.1520) 

[α]D
25 = +10.8 (c = 1.33, MeOH) 

 

Fig. 31 Structure and physical data of Compound 26 
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Table 26.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 26 in CD3OD 

 
position 13C 1H 

1, 5 55.7 3.13 (2H, m) 
2, 6 87.7 4.71 (2H, d, J= 4.3 Hz) 
4, 8 72.9 4.25 (2H, dd, J= 6.9, 9.0 Hz) 

  3.87 (2H, dd, J= 3.6, 9.2 Hz) 
1', 1'' 133.3  

2', 2'', 6', 6'' 104.7 6.65 (4H, s) 
3', 3'', 5', 5'' 149.5  

4', 4'' 136.4  
3', 3'', 5', 5''-OMe 57.0 3.86 (12H, s) 

m: multiplet or overlapped signals 
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5 Compound 27  

      Cpd 27 HR-ESI-MS C19H21O5
13C 

NMR 111.7 150.0 ppm 12
169.3 ppm 1 118.9 142.2 ppm 

2 56.5 ppm 2
1H NMR proton ABX

1,3,4- NMR 
 30) Cpd 27 N-trans-feruloylmethoxytyramine

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 366.1313 [M+Na]+  

(calcd for C19H21O5Na: 366.1312) 

 

Fig. 32 Structure and physical data of Compound 27 
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Table 27.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 27 in CD3OD 

position 13C 1H 
1 169.3  
   
2 118.9 6.41 (1H, d, J= 15.7 Hz) 
3 142.2 7.44 (1H, d, J= 15.7 Hz) 
4 132.2  
5 111.7 7.10 (1H, d, J= 1.9 Hz) 
6 150.0  
7 149.1  
8 116.6 6.80 (1H, d, J= 8.2 Hz) 
9 123.3 7.01 (1H, dd, J= 8.2, 1.9 Hz) 

6-OCH3 56.5 3.86 (3H, s) 
1' 42.6 3.48 (2H, t, J= 7.3 Hz) 
2' 36.3 2.76 (2H, t, J= 7.3 Hz) 
3' 128.4  
4' 113.6 6.81 (1H, d, J= 1.9 Hz) 
5' 149.4  
6' 146.2  
7' 116.4 6.72 (1H, d, J= 8.0 Hz) 
8' 122.4 6.66 (1H, dd, J= 8.0, 1.9 Hz) 

5'-OCH3 56.5 3.81 (3H, s) 
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6 Compound 28  

Cpd 28 HR-ESI-MS C31H36O11
13C 

NMR 104.4 154.7 ppm 16
56.5 56.9 56.9 ppm 3 61.9 72.9

73.1 74.2 87.5 87.6 87.6 ppm 7 55.4 55.4 
ppm 2 1H NMR

proton ABX 1,3,4-
NMR  31) 

Cpd 28 ficusequilignan A  

 
 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 607.2151 [M+Na] +  

(calcd for C31H36O11Na: 607.2151) 

Fig. 33 Structure and physical data of Compound 28 

 



 

73 
 

Table 28.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 28 in CD3OD 

position 13C 1H 
1 136.3  
2 104.4 6.68 (1H, s) 
3 154.7  
4 139.1  
5 154.7  
6 104.4 6.68 (1H, s) 
7 87.6 4.73 (1H, d, J= 3.1 Hz) 
8 55.4 3.16 (1H, m) 
9 72.9 3.89 (1H, m) 

  4.27 (1H, m) 
1' 134.0  
2' 111.2 6.95 (1H, d, J= 1.9 Hz) 
3' 149.3  
4' 147.5  
5' 116.3 6.81 (1H, m) 
6' 120.3 6.82 (1H, m) 
7' 87.6 4.73 (1H, m) 
8' 55.4 3.16 (1H, m) 
9' 73.1 3.89 (1H, m) 

  4.27 (1H, m) 
1'' 134.0  
2'' 111.6 6.96 (1H, m) 
3'' 148.8  
4'' 147.0  
5'' 115.8 6.73 (1H, d, J= 8.1 Hz) 
6'' 120.9 6.73 (1H, dd, J= 8.1, 1.7 Hz) 
7'' 74.2 4.90 (1H, m) 
8'' 87.5 4.27 (1H, m) 
9'' 61.9 3.89 (1H, m) 

  3.59 (1H, dt, J= 12.0, 3.8 Hz) 
3,5-OCH3 56.9 3.83 (6H, s) 
3'-OCH3 56.5 3.86 (3H, s) 
3''-OCH3   56.9 3.83 (3H, s) 

m: multiplet or overlapped signals 
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7 Compound 29  

Cpd 29 HR-ESI-MS C21H20O9
13C NMR

17.9 69.8 98.5 ppm rhamnose 5
108.6 163.7 ppm 12 181.2 190.2 ppm 

2 21.6 ppm 1
NMR  32) Cpd 29 frangulin A

 

 

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (negative) 

m/z: 415.1035 [M-H]- 

(calcd for C21H19O9: 415.1035) 

 

Fig. 34 Structure and physical data of Compound 29 
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Table 29.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 29 in DMSO-d6 

position 13C 1H 
1 161.5  
2 124.3 7.19 (1H, brs) 
3 148.7  
4 120.7 7.52 (1H, brs) 
5 108.6 7.28 (1H, d, J= 2.4 Hz) 
6 162.7  
7 109.2 6.93 (1H, d, J= 2.4 Hz) 
8 163.7  
9 190.2  

10 181.2  
11 135.0  
12 110.9  
13 113.5  
14 132.9  
15 21.6 2.42 (3H, s) 
1' 98.5 5.63 (1H, d, J=0.9 Hz) 
2' 69.8 

3.38-3.90 (4H, m) 3' 70.2 
4' 71.6 
5' 70.2 
6' 17.9 1.12 (1H, d, J=6.1 Hz) 

1-OH  12.07 (1H, s) 
8-OH  11.93 (1H, s) 

 m: multiplet or overlapped signals 
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8 Compound 30  

         Cpd 30 HR-ESI-MS C13H18O3
13C 

NMR 200.5 200.8 ppm 2 128.2
131.9 148.5 164.8 ppm 4 80.1 ppm

1 50.7 ppm 1
NMR  33) Cpd 30  (+)-

dehydrovomifoliol  

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 245.1146 [M+Na]+  

(calcd for C13H18O3Na: 245.1148) 

[α]D
24 = +34.7 (c 0.05, MeOH)  

 

Fig. 35 Structure and physical data of Compound 30 
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Table 30.  13C NMR (150MHz) and 1H NMR (600MHz) data for Cpd 30 in CD3OD 

position 13C 1H 
1 42.8  
2 50.7 2.60 (1H, d, J= 16.9 Hz) 

  2.28 (1H, d, J= 16.9 Hz) 
3 200.5  
4 128.2 5.93 (1H, s) 
5 164.8  
6 80.1  
7 148.5 6.99 (1H, d, J= 15.8 Hz) 
8 131.9 6.44 (1H, d, J= 15.8 Hz) 
9 200.8  
10 27.8 2.30 (3H, s) 
11 23.7 1.06 (3H, s) 
12 24.9 1.02 (3H, s) 
13 19.3 1.90 (3H, d, J=1.4 Hz) 
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9 Compound 31  

      Cpd 31 HR-ESI-MS C21H24O7
13C 

NMR 104.7 149.5 ppm 10
56.6 56.7 ppm 2 72.8 72.9 87.6

87.8 ppm 4 55.5 55.7 ppm
2 1H NMR proton ABX

1,3,4-
NMR  34) Cpd 31  (+)-medioresinol

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 411.1417 [M+Na] +  

(calcd for C21H24O7Na: 411.1414) 

[α]D
24 = +10.9 (c = 0.11, MeOH) 

 

Fig. 36 Structure and physical data of Compound 31 
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Table 31.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 31 in CD3OD 

position 13C 1H 
1 134.0  
2 111.2 6.95 (1H, d, J= 1.8 Hz) 
3 149.3  
4 147.5  
5 116.3 6.77 (1H, d, J= 8.1 Hz) 
6 120.2 6.82 (1H, dd, J= 8.1, 1.9 Hz) 
7 87.8 4.72 (1H, d, J= 4.4 Hz) 
8 55.5 3.14 (1H, m) 
9 72.9 3.88 (1H, m) 

  4.25 (1H, m) 
1' 133.3  

2', 6' 104.7 6.66 (2H, s) 
3', 5'  149.5  

4' 136.4  
7' 87.6 4.72 (1H, d, J= 4.4 Hz) 
8' 55.7 3.14 (1H, m) 
9' 72.8 3.88 (1H, m) 

  4.25 (1H, m) 
3-OCH3 56.6 3.86 (3H, s) 

3', 5'-OCH3 57.0 3.85 (6H, s) 
m: multiplet or overlapped signals 
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10 Compound 32  

Cpd 32 HR-ESI-MS C24H28O6N2
13C 

NMR 111.8 150.0 ppm 6
169.4 ppm 1 118.9 142.2 ppm 

2 56.6 ppm 1
1H NMR proton ABX

1,3,4- NMR 
 35) Cpd 32 terrestribisamide  

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 463.1836 [M+Na]+  

(calcd for C24H28O6N2Na: 463.1840) 

 

Fig. 37 Structure and physical data of Compound 32 
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m: multiplet or overlapped signals 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 32.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 32 in CD3OD 

position 13C 1H 
1 128.5  
2 111.8 7.11 (2H, d, J= 1.7 Hz) 
3 149.4  
4 150.0  
5 116.7 6.79 (2H, d, J= 8.1 Hz) 
6 123.3 7.02 (2H, dd, J= 8.1, 1.7 Hz) 
7 142.2 7.44 (2H, d, J= 15.6 Hz) 
8 118.9 6.43 (2H, d, J= 15.6 Hz) 
9 169.4  
10 40.3 3.31 (4H, m) 
11 28.1 1.62 (4H, m) 

3, 3'-OCH3 56.6 3.87 (6H, s) 
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11 Compound 33  

       Cpd 33 HR-ESI-MS C17H17O3N
13C NMR 116.4 160.6 ppm 8

169.4 ppm 1 118.6 141.9 ppm 
2 35.9 42.7 ppm

2 1H NMR proton AX
1,4- NMR 

 36) Cpd 33 trans-N-p-coumaroyl tyramine
 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 306.1101 [M+Na] +  

(calcd for C17H17O3NNa: 306.1101) 

 

Fig. 38 Structure and physical data of Compound 33 

 

 

 

 



 

83 
 

Table 33.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 33 in CD3OD 

position 13C 1H 
1 127.9  

2, 6 130.7 7.30 (2H, d, J= 8.6 Hz) 
3, 5 116.4 6.69 (2H, d, J= 8.6 Hz) 
4 160.6  
7 141.9 7.34 (1H, d, J= 15.7 Hz) 
8 118.6 6.28 (1H, d, J= 15.7 Hz) 
9 169.4  
1' 131.5  

2', 6' 130.9 6.95 (2H, d, J= 8.4 Hz) 
3', 5' 116.9 6.62 (2H, d, J= 8.4 Hz) 

4' 157.1  
7' 35.9 3.36 (2H, t, J= 7.4 Hz) 
8' 42.7 2.65 (2H, t, J= 7.4 Hz) 
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12 Compound 34  

  Cpd 34 HR-ESI-MS C36H36O8N2
13C 

NMR 112.7 157.0 ppm 20
170.6 174.7 ppm 2 127.8 134.8 

ppm 2 35.6 35.8 42.5 42.8 ppm
4 56.5 56.8 ppm 2

1H NMR proton ABX AX
1,3,4- 1,4-

NMR  37) Cpd 34 7-hydroxy-1-
(4-hydroxy-3-methoxyphenyl)-N2,N3-bis(4-hydroxyphenethyl)-6-methoxy-1,2-
dihydronaphthalene-2,3-dicarboxamide  

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 647.2363 [M+Na] +  

(calcd for C36H36O8N2Na: 647.2364) 

[α]D
24 = +2.0 (c = 0.2, MeOH) 

Fig. 39 Structure and physical data of Compound 34 
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Table 34.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 34 in CD3OD 

position 13C 1H 
1 125.1  
2 113.4 6.88 (1H, s) 
3 148.3  
4 149.8  
5 117.3 6.53 (1H, s) 
6 132.8  
7 134.8 7.21 (1H, s) 
8 127.8  
9 170.6  

3-OCH3 56.8 3.89 (3H, s) 
1' 136.1  
2' 112.7 6.70 (1H, d, J= 1.9 Hz) 
3' 149.0  
4' 146.4  
5' 116.2 6.68 (1H, d, J= 8.2 Hz) 
6' 121.6 6.42 (1H, dd, J= 8.2, 1.9 Hz) 
7' 47.8 4.35 (1H, d, J= 4.0 Hz) 
8' 51.1 3.69 (1H, d, J= 4.0 Hz) 
9' 174.7  

3'-OCH3 56.5 3.75 (3H, s) 
1'' 131.5  

2'', 6'' 131.0 6.97 (2H, d, J= 8.4 Hz) 
3'', 5'' 116.4 6.65 (2H, d, J= 8.4 Hz) 

4'' 157.0  
7'' 35.8 2.70 (2H, t, J= 7.3 Hz) 
8'' 42.8 3.35 (2H, m) 
1''' 131.3  

2''', 6''' 130.9 6.82 (2H, d, J= 8.4 Hz) 
3''', 5''' 116.4 6.65 (2H, d, J= 8.4 Hz) 

4''' 156.9  
7''' 35.6 2.48 (2H, t, J= 6.9 Hz) 
8''' 42.5 3.23 (2H, m) 

m: multiplet or overlapped signals 
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13 Compound 35  

Cpd 35 HR-ESI-MS C36H38O9N2
13C 

NMR 111.9 157.1 ppm 20
121.0 141.3 ppm 2 75.2 87.4 ppm

2 35.7 35.9 42.2 42.7 ppm
2 56.5 56.5 ppm 2

1H NMR proton ABX AX
1,3,4- 1,4-

NMR  38) Cpd 35 cannabisin 
E  

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 665.2472 [M+Na] + 

(calcd for C36H38O9N2Na: 665.2470) 

[α]D
24 = -35 (c = 0.17, MeOH) 

 

Fig. 40 Structure and physical data of Compound 35 
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Table 35.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 35 in CD3OD 

position 13C 1H 
1 133.5  
2 111.9 7.10 (1H, d, J= 2.0 Hz) 
3 149.1  
4 147.5  
5 116.1 6.77 (1H, d, J= 8.2 Hz) 
6 120.8 6.90 (1H, m) 
7 75.2 5.13 (1H, dd, J= 6.8, 3.5 Hz) 
8 87.4 4.56 (1H, d, J= 3.5 Hz) 
9 N.D.  
1' 131.4  
2' 112.4 7.10 (1H, d, J= 2.0 Hz) 
3' 151.6  
4' 150.4  
5' 118.0 6.39 (1H, d, J= 8.4 Hz) 
6' 122.5 6.94 (1H, m) 
7' 141.3 7.42 (1H, d, J= 15.7 Hz) 
8' 121.0 6.44 (1H, d, J= 15.7 Hz) 
9' N.D.  
α 42.2 3.41 (2H, m) 
α' 42.7 3.45 (2H, m) 
β 35.7 2.60 (2H, m) 
β' 35.9 2.75 (2H, t, J= 7.3 Hz) 
1'' 130.9  

2'', 6'' 130.8 7.05 (2H, d, J= 8.4 Hz) 
3'', 5'' 116.4 6.61 (2H, m) 

4'' 157.1  
1''' 131.1  

2''', 6''' 130.8 6.89 (2H, m) 
3''', 5''' 116.4 6.71 (2H, m) 

4''' 157.1  
3-OCH3 56.5 3.81 (3H, s) 
3'-OCH3 56.5 3.79 (3H, s) 

m: multiplet or overlapped signals 
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14 Compound 36  

Cpd 36 HR-ESI-MS C28H29O7N 13C 
NMR 110.8 157.1 ppm 16

169.2 ppm 1 120.0 142.1 ppm 
2 64.9 89.9 ppm

2 35.9 42.7 ppm 2 56.6 56.9 ppm
2 1H NMR proton 

ABX AX 1,3,4-
1,4- NMR 

 39) Cpd 36 gossamide K  

 
 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 514.1833 [M+Na]+  

(calcd for C28H29O7NNa: 514.1833) 

[α]D
24 = -7.7 (c = 0.13, MeOH) 

 

Fig. 41 Structure and physical data of Compound 36 
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Table 36.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 36 in CD3OD 

position 13C 1H 
2 89.9 5.56 (1H, d, J= 6.5 Hz) 
3 55.0 3.53 (1H, d, J= 6.5 Hz) 
4 118.6 7.13 (1H, s) 
5 130.4  
6 113.5 7.07 (1H, d, J= 1.4 Hz) 
7 145.9  
8 151.5  
9 130.9  
1' 134.4  
2' 110.8 6.93 (1H, d, J= 1.9 Hz) 
3' 149.3  
4' 147.9  
5' 116.4 6.78 (1H, d, J= 8.1 Hz) 
6' 120.0 6.83 (1H, dd, J= 8.1, 1.9 Hz) 
1'' 64.9 3.82 (2H, m) 
1''' 142.1 7.47 (1H, d, J= 15.7 Hz) 
2''' 120.0 6.43 (1H, d, J= 15.7 Hz) 
1'''' 42.7 3.47 (2H, t, J= 7.2 Hz) 
2'''' 35.9 2.75 (2H, t, J= 7.2 Hz) 
1''''' 130.9  

2''''', 6''''' 130.9 7.05 (2H, d, J= 8.5 Hz) 
3''''', 5''''' 116.4 6.72 (2H, d, J= 8.5 Hz) 

4''''' 157.1  
7-OCH3 56.9  
3'-OCH3 56.6  

C=O 169.2  
m: multiplet or overlapped signals 
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15 Compound 37  

Cpd 37 HR-ESI-MS C36H36O8N2
13C 

NMR 113.7 157.0 ppm 10
168.1 ppm 1 128.1 142.3 ppm 

2 35.6 43.1 ppm
2 56.5 ppm 1 1H NMR

proton ABX AX
1,3,4- 1,4- NMR 

 40) Cpd 37 cannabisin G  

 

 

  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 647.2367 [M+Na] + 

(calcd for C36H36O8N2Na: 647.2369) 

 

Fig. 42 Structure and physical data of Compound 37 
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Table 37.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 37 in CD3OD 

position 13C 1H 
1, 1' 127.5  
2, 2' 113.7 7.17 (2H, d, J= 2.0 Hz) 
3, 3' 150.1  
4, 4' 149.2  
5, 5' 116.6 6.78 (2H, d, J= 8.4 Hz) 
6, 6' 126.5 7.03 (2H, dd, J= 8.4, 2.0 Hz) 
7, 7' 142.3 7.84 (2H, s) 
8, 8' 128.1  
9, 9' 168.1  
α, α' 43.1 3.19 (2H, m) 

  3.40 (2H, m) 
β, β' 35.6 2.37 (2H, dt, J= 14.1, 7.2 Hz) 

  2.45 (2H, dt, J= 14.1, 7.2 Hz) 
1'', 1''' 131.2  

2'', 2''', 6'', 6''' 130.7 6.81 (4H, d, J= 8.5 Hz) 
3'', 3''', 5'', 5''' 116.4 6.61 (4H, d, J= 8.5 Hz) 

4'', 4''' 157.0  
3, 3'-OCH3 56.5 3.74 (6H, s) 

m: multiplet or overlapped signals 
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16 Compound 38  

 Cpd 38 HR-ESI-MS C18H19O4N 13C 
NMR 111.8 157.1 ppm 12

169.3 ppm 1 119.1 142.2 ppm 
2 35.7 42.5 ppm

2 56.6 ppm 1 1H NMR
proton ABX AX

1,3,4- 1,4- NMR 
 41) Cpd 38 N-trans-feruloyl tyramine

 

 

 

 

  

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 336.1207 [M+Na] + 

(calcd for C18H19O4NNa: 336.1206) 

 

Fig. 43 Structure and physical data of Compound 38 
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Table 38.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 38 in CD3OD 

position 13C 1H 
1 169.3  
2 119.1 6.42 (1H, d, J= 15.4 Hz) 
3 142.2 7.43 (1H, d, J= 15.4 Hz) 
1' 128.5  
2' 111.8 7.12 (1H, d, J= 1.8 Hz) 
3' 149.5  
4' 150.0  
5' 116.7 6.79 (1H, d, J= 8.2 Hz) 
6' 123.3 7.05 (1H, m) 
1'' 42.5 3.40 (2H, t, J= 7.7 Hz) 
2'' 35.7 2.70 (2H, t, J= 7.7 Hz) 
1''' 131.4  

2''', 6''' 130.9 7.05 (2H, d, J= 8.5 Hz) 
3''', 5''' 116.4 6.74 (2H, d, J= 8.5 Hz) 

4''' 157.1  
3'-OCH3 56.6 3.87 (3H, s) 

m: multiplet or overlapped signals 
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17 Compound 39  

Cpd 39 HR-ESI-MS C10H10O4
13C NMR

111.9 150.6 ppm 6
171.3 ppm 1 116.6 146.9 ppm 

2 56.6 ppm 1
1H NMR proton ABX

1,3,4- NMR 
 42,43) Cpd 39 trans-ferulic Acid  

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 193.0507 [M+H] + 

(calcd for C10H9O4: 193.0506) 

 

Fig. 44 Structure and physical data of Compound 39 
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Table 39.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 39 in CD3OD 

position 13C 1H 
1 171.3  
2 116.6 6.31 (1H, d, J= 15.9 Hz) 
3 146.9 7.59 (1H, d, J= 15.9 Hz) 
1' 128.0  
2' 111.9 7.18 (1H, d, J= 1.9 Hz) 
3' 149.5  
4' 150.6  
5' 116.3 6.81 (1H, d, J= 8.2 Hz) 
6' 124.1 7.06 (1H, dd, J= 8.2, 1.9 Hz) 

3'-OCH3 56.6 3.89 (3H, s) 
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Cpd 40 HR-ESI-MS C28H34O11N2
13C 

NMR 63.3 100.6 ppm 6 172.0
173.6 ppm 2 108.5 108.8 120.8 130.7
135.4 157.4 ppm 6 24.2 34.8 ppm

2 53.0 ppm 1
NMR  44) Cpd 40 5(S)-5-

carboxystrictosidine  

 

 

 

 

 

 

 

 

 

Pale yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 575.2239 [M+H] + 

(calcd for C28H35O11N2: 575.2235) 

[α]D
24 = -47.5 (c = 0.16, CHCl3) 

 

Fig. 45 Structure and physical data of Compound 40 

18 Compound 40  
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      m: .multiplet or overlapped signals 

 

 

Table 40.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 40 in CD3OD 

position 13C 1H 
2 130.7  
3 53.2 4.67 (1H, d, J= 12.3 Hz) 
5 59.7 3.96 (1H, dd, J= 12.1, 5.1 Hz) 
6 24.2 3.04 (1H, m) 

  3.46 (1H, m) 
7 108.5  
8 127.7  
9 119.3 7.49 (1H, d, J= 7.9 Hz) 

10 120.8 7.05 (1H, m) 
11 123.6 7.13 (1H, m) 
12 112.4 7.31 (1H, d, J= 8.1 Hz) 
13 138.7  
14 34.8 2.24 (1H, m) 

  2.44 (1H, m) 
15 32.9 3.09 (1H, m) 
16 108.8  
17 157.4 7.83 (1H, s) 
18 120.8 5.27 (1H, d, J= 10.7 Hz) 

  5.38 (1H, d, J= 17.4 Hz) 
19 135.4 5.85 (1H, ddd, J= 17.4, 10.7, 7.5 Hz) 
20 45.5 2.79 (1H, m) 
21 97.5 5.92 (1H, d, J= 9.2 Hz) 

5-COOH 173.6  
16-COO- 172.0  

OCH3 53.0 3.80 (3H, s) 
1' 100.6 4.82 (1H, d, J= 7.9 Hz) 
2' 74.8 3.24 (1H, m) 
3' 78.1 3.43 (1H, m) 
4' 71.9 3.26 (1H, m) 
5' 79.0 3.31 (1H, m) 
6' 63.3 3.57 (1H, dd, J= 11.7, 7.2 Hz) 

  4.02 (1H, dd, J= 11.7, 1.9 Hz) 
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Cpd 41 HR-ESI-MS C27H30O14
13C 

NMR 18.3 62.6 104.1 ppm 12
110.8 163.9 ppm 12 183.4

188.9 ppm 2 22.1 ppm
1 NMR  45) 

Cpd 41 glucofragulin A  

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 601.1531 [M+Na] +  

(calcd for C27H30O14Na: 601.1528) 

 

Fig. 46 Structure and physical data of Compound 41 

 

 

19 Compound 41  
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Table 41.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 41 in CD3OD 

position 13C 1H 
1 163.9  
2 125.6 7.08 (1H, brs) 
3 149.3  
4 121.2 7.51 (1H, brs) 
5 110.8 7.41 (1H, d, J= 2.4 Hz) 
6 163.3  
7 112.2 7.61 (1H, d, J= 2.4 Hz) 
8 162.2  
9 188.9  

10 183.4  
11 138.3  
12 117.8  
13 116.1  
14 133.9  

3-CH3 22.1 2.42 (3H, s) 
Rha-1 100.1 5.67 (1H, d, J= 1.5 Hz) 

2 71.7 4.07 (1H, m) 
3 72.2 3.86 (1H, dd, J= 9.1, 3.4 Hz) 
4 73.7 3.48 (1H, m) 
5 71.6 3.57 (1H, m) 
6 18.3 1.26 (1H, d, J= 6.1 Hz) 

Glu-1 104.1 5.01 (1H, d, J= 7.7 Hz) 
2 74.9 3.68 (1H, t, J= 8.4 Hz) 
3 77.7 3.54 (1H, m) 
4 71.3 3.45 (1H, m) 
5 78.9 3.50 (1H, m) 
6 62.6 3.96 (1H, dd, J= 12.1, 1.7 Hz) 

  3.75 (1H, dd, J= 12.1, 5.7 Hz) 
m: multiplet or overlapped signals 
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Cpd 42 HR-ESI-MS C8H8O4
13C 

NMR 116.0 152.8 ppm 6
170.5 ppm 1 56.6 ppm

1 1H NMR proton 
ABX 1,3,4-

NMR  46) Cpd 42 vanillic acid
 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 167.0352 [M-H]- 

(calcd for C8H7O4: 167.0350) 

 

Fig. 47 Structure and physical data of Compound 42 

  

20 Compound 42  
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Table 42.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 42 in CD3OD 

position 13C 1H 
1 125.4  
2 114.0 7.54-7.57 (1H, m) 
3 152.8  
4 148.8  
5 116.0 6.84 (1H, d, J= 8.7 Hz) 
6 123.4 7.54-7.57 (1H, m) 

1-COOH 170.5  
3-OCH3 56.6 3.89 (3H, s) 

m: multiplet or overlapped signals 
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Cpd 43 HR-ESI-MS C20H24O7
13C NMR

111.6 149.3 ppm 12
63.5 64.1 83.2 84.3 ppm 4 56.7

56.7 ppm 2 1H NMR
proton ABX 1,3,4-

NMR  47) 

Cpd 43 neo-olivil (a racemic mixture)  

 
 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 399.1415 [M+Na]+ 

(calcd for C20H24O7Na: 399.1414) 

[α]D
24 = 0.0 (c = 0.08, MeOH) 

 

Fig. 48 Structure and physical data of Compound 43 

  

21 Compound 43  
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Table 43.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 43 in CD3OD 

position 13C 1H 
1 132.0  
2 111.6 6.98 (1H, d, J= 1.8 Hz) 
3 149.0  
4 147.2  
5 116.3 6.79 (1H, d, J= 8.1 Hz) 
6 120.5 6.85 (1H, dd, J= 8.1, 1.8 Hz) 
7 83.2 5.11 (1H, d, J= 8.1 Hz) 
8 51.0 2.57 (1H, m) 
9 64.1 3.23 (1H, m) 

  3.17 (1H, m) 
1' 134.0  
2' 111.8 7.12 (1H, d, J= 1.8 Hz) 
3' 149.3  
4' 147.6  
5' 116.1 6.83 (1H, d, J= 8.1 Hz) 
6' 120.8 6.97 (1H, m) 
7' 84.3 4.66 (1H, d, J= 8.7 Hz) 
8' 55.7 2.28 (1H, m) 
9' 63.5 3.72 (1H, dd, J= 11.0, 4.4 Hz) 

  3.65 (1H, dd, J= 11.0, 6.8 Hz) 
3-OCH3 56.7 3.86 (3H, s) 
3'-OCH3 56.7 3.89 (3H, s) 

m: multiplet or overlapped signals 

 

 

 

 

 

 

 



 

104 
 

Cpd 44 HR-ESI-MS C10H12O4
13C NMR

112.1 153.6 ppm 6
199.9 ppm 1 41.8 59.1 ppm

2 56.6 ppm 1
1H NMR proton ABX

1,3,4- NMR 
 48) Cpd 44 3-hydroxy-1-(4-hydroxy-3-methoxyphenyl) propan-

1-one  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 219.0626 [M+Na] + 

(calcd for C10H12O4Na: 219.0628) 

 

Fig. 49 Structure and physical data of Compound 44 

 

 

 

 

22 Compound 44  



 

105 
 

Table 44.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 44 in CD3OD 

position 13C 1H 
1 130.8  
2 112.1 7.55 (1H, d, J= 2.0 Hz) 
3 149.3  
4 153.6  
5 116.0 6.87 (1H, d, J= 8.3 Hz) 
6 124.9 7.58 (1H, dd, J= 8.3, 2.0 Hz) 
7 199.9  
8 41.8 3.16 (2H, t, J= 6.2 Hz) 
9 59.1 3.94 (2H, t, J= 6.2 Hz) 

3-OCH3 56.6 3.91 (3H, s) 
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Cpd 45 HR-ESI-MS C9H10O5
13C NMR

108.5 149.0 ppm 4
170.4 ppm 1 56.6 ppm

1 NMR  49) 

Cpd 45 syringic acid  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 197.0456 [M-H]-  

(calcd for C9H9O5: 197.0455) 

 

Fig. 50 Structure and physical data of Compound 45 
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Table 45.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 45 in CD3OD 

position 13C 1H 
1 122.5  

2, 6 108.5 7.33 (2H, s) 
4 149.0  

3, 5 141.8  
1-COOH 170.4  

3, 5-OCH3 56.9 3.88 (6H, s) 
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Cpd 46 HR-ESI-MS C13H20O3
13C NMR

201.4 ppm 1 127.3 130.3 137.1
167.6 ppm 4 68.9 80.1 ppm

2 50.9 ppm 1 19.7 23.6 24.0
24.6 ppm 4 NMR 

50) Cpd 46  (6S,9R)-vomifoliol  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 247.1305 [M+Na] +  

(calcd for C13H20O3Na: 247.1305) 

[α]D
24 = +54.6 (c = 0.3, MeOH) 

 

Fig. 51 Structure and physical data of Compound 46 
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Table 46.  13C NMR (150MHz) and 1H NMR (600 MHz) data for Cpd 46 in CD3OD 

position 13C 1H 
1 42.6  
2 50.9 2.16 (1H, d, J= 16.9 Hz) 

  2.48 (1H, d, J= 16.9 Hz) 
3 201.4  
4 127.3 5.88 (1H, brs) 
5 167.6  
6 80.1  
7 130.3 5.78 (1H, d, J= 16.9 Hz) 
8 137.1 5.81 (1H, dd, J= 16.9, 6.0 Hz) 
9 68.9 4.57 (1H, brs) 
10 19.7 1.24 (3H, d, J= 6.4 Hz) 
11 24.6 1.02 (3H, s) 
12 24.0 1.04 (3H, s) 
13 23.6 1.92 (3H, d, J= 1.1 Hz) 
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Cpd 47 HR-ESI-MS C8H8O3
13C NMR

111.5 155.0 ppm 6
193.0 ppm 1 56.6 ppm

1 1H NMR proton ABX
1,3,4-

NMR  51) Cpd 47 vanillin
 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 151.0404 [M-H]-  

(calcd for C8H7O3: 151.0401) 

 

Fig. 52 Structure and physical data of Compound 47 
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Table 47.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 47 in CD3OD 

position 13C               1H 
1 130.8  
2 111.5 7.45 (1H, d, J= 1.8 Hz) 
3 149.9  
4 155.0  
5 116.5 6.95 (1H, d, J= 7.9 Hz) 
6 128.1 7.44 (1H, dd, J= 7.9, 1.8 Hz) 

1-CHO 193.0 9.75 (1H, s) 
3-OCH3 56.6 3.92 (3H, s) 
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Cpd 48 HR-ESI-MS C9H6O3
13C NMR

103.6 163.3 ppm 6
163.9 ppm 1 114.7 146.2 ppm 

2 NMR  52) 

Cpd 48 umbelliferone  

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 185.0208 [M+Na]+ 

(calcd for C9H6O3Na: 185.0209) 

 

Fig. 53 Structure and physical data of Compound 48 
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Table 48.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 48 in CD3OD 

position 13C 1H 
2 163.9  
3 114.7 6.18 (1H, d, J= 9.4 Hz) 
4 146.2 7.85 (1H, d, J= 9.4 Hz) 
5 130.8 7.45 (1H, d, J= 8.5 Hz) 
6 112.5 6.79 (1H, dd, J= 8.5, 2.3 Hz) 
7 163.3  
8 103.6 6.71 (1H, d, J=2.3 Hz) 
9 157.4  
10 113.3  
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Cpd 49 HR-ESI-MS C8H8O4
13C NMR

116.0 151.9 ppm 6
169.0 ppm 1 52.4 ppm

1 1H NMR proton ABX
1,3,4-

NMR  53) Cpd 49 methyl 
protocatechuate  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 167.0350 [M-H]-  

(calcd for C8H7O4: 167.0350) 

 

Fig. 54 Structure and physical data of Compound 49 
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Table 49.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 49 in CD3OD 

position 13C 1H 
1 122.8  
2 117.6 7.42 (1H, brs) 
3 146.3  
4 151.9  
5 116.0 6.80 (1H, d, J= 8.0 Hz) 
6 123.8 7.41 (1H, m) 
7 169.0  

7-OCH3 52.4 3.83 (3H, s) 
      m: .multiplet or overlapped signals 
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Cpd 50 HR-ESI-MS C27H34O15
13C 

NMR 62.9 105.2 ppm 12
102.7 163.3 ppm 10 172.9 ppm 

1 21.1 ppm 1 56.3 ppm
1 36.0 ppm 1

2 NMR 
 54) Cpd 50 3,4-dihydro-10-hydroxy-7-methoxy-3-(R)-

methyl-1H-3,4-dihydronaphtho-[2,3c]-pyran-1-one-9-O-β-D-glucopyranosyl-(1 6)-
glucopyranoside  

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 621.1789 [M+Na]+  

(calcd for C27H34O15Na: 621.1790) 

 

Fig. 55 Structure and physical data of Compound 50 
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Table 50.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 50 in CD3OD 

position 13C 1H 
1 172.9  
3 77.8 4.76 (1H, m) 
4 36.0  

   
5 117.2 7.03 (1H, s) 
6 102.7 6.87 (1H, d, J= 2.3 Hz) 
7 163.3  
8 105.4 7.03 (1H, d, J= 2.3 Hz) 
9 159.5  

10 163.3  
11 21.1 1.51 (3H, d, J= 6.3 Hz) 
4a 136.2  
5a 142.0  
9a 112.0  
10a 102.7  

7-OCH3 56.3 3.93 (3H, s) 
Glu-1' 104.0 5.01 (1H, d, J= 7.7 Hz) 

2' 75.3 3.64 (1H, m) 
3' 77.7 3.50 (1H, t, J= 9.1 Hz) 
4' 71.8 3.45 (1H, m) 
5' 77.6 3.79 (1H, m) 
6' 70.6 3.86 (1H, m) 

  4.19 (1H, dd, J= 11.6, 2.0 Hz) 
Glu-1'' 105.2 4.37 (1H, d, J= 7.7 Hz) 

2'' 75.3 3.25 (1H, m) 
3'' 78.1 3.33 (1H, m) 
4'' 71.8 3.30 (1H, m) 
5'' 78.2 3.23 (1H, m) 
6'' 62.9 3.64 (1H, m) 

  3.85 (1H, m) 
      m: .multiplet or overlapped signals 
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Cpd 51 HR-ESI-MS C28H32O16
13C 

NMR 18.0 68.7-104.6 ppm 12
95.1 166.2 ppm 12 179.5 ppm 

1 135.6 159.0 ppm 
2 1H NMR proton ABX

1,3,4-
NMR  55) Cpd 51 narcissin

 

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 647.1581 [M+Na] +  

(calcd for C28H32O16Na: 647.1583) 

 

Fig. 56 Structure and physical data of Compound 51 

  

29 Compound 51  
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Table 51.   13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 51 in CD3OD 

position 13C 1H 
2 159.0  
3 135.6  
4 179.5  
5 163.1  
6 100.1 6.20 (1H, d, J= 1.8 Hz) 
7 166.2  
8 95.1 6.39 (1H, d, J= 1.8 Hz) 
9 158.6  

10 105.8  
1' 124.2  
2' 114.7 7.94 (1H, d, J= 1.9Hz) 
3' 148.4  
4' 151.0  
5' 116.3 6.91 (1H, d, J= 8.4 Hz) 
6' 124.2 7.62 (1H, dd, J= 8.4, 1.9 Hz) 

3'-OCH3 56.9 3.95 (3H, s) 
Glu-1 104.6 5.23 (1H, d, J= 7.3 Hz) 

2 76.1 

3.27-3.50 (5H, m) 
3 77.5 
4 71.8 
5 78.3 
6 68.7 

  3.82 (1H, dd, J= 1.2, 11.1 Hz) 
Rha-1 102.7 4.53 (1H, d, J= 1.1 Hz) 

2 72.2 

3.27-3.50 (4H, m) 3 72.4 
4 74.0 
5 69.9 
6 18.0 1.10 (3H, d, J= 6.2 Hz) 

      m: .multiplet or overlapped signals 
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Cpd 52 HR-ESI-MS C27H30O15
13C 

NMR 18.0 68.7-104.7 ppm 12
95.1 166.2 ppm 10 179.6 ppm 

1 135.6 161.6 ppm 
2 1H NMR proton AX

1,4-
NMR  56) Cpd 52 kaempferol 3-β-rutinoside

 

 

 

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 617.1476 [M+Na] + 

(calcd for C27H30O15Na: 617.1477) 

 

Fig. 57 Structure and physical data of Compound 52 

 

30 Compound 52  
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Table 52.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 52 in CD3OD 

position 13C 1H 
2 161.6  
3 135.6  
4 179.6  
5 163.2  
6 100.1 6.22 (1H, d, J= 2.0 Hz) 
7 166.2  
8 95.1 6.41 (1H, d, J= 2.0 Hz) 
9 158.7  

10 105.8  
1' 122.9  
2' 132.5 8.07 (1H, d, J= 8.9 Hz) 
3' 116.3 6.90 (1H, d, J= 8.9 Hz) 
4' 159.6  
5' 116.3 6.90 (1H, d, J= 8.9 Hz) 
6' 132.5 8.07 (1H, d, J= 8.9 Hz) 

Glu-1 104.7 5.13 (1H, d, J= 7.3 Hz) 
2 75.9 3.43 (1H, m) 
3 78.3 3.42 (1H, m) 
4 71.6 3.24 (1H, m) 
5 77.4 3.33 (1H, m) 
6 68.7 3.81 (1H, dd, J= 11.0, 1.4 Hz) 

  3.38 (1H, m) 
Rha-1 102.6 4.52 (1H, brs) 

2 72.3 3.63 (1H, m) 
3 72.5 3.52 (1H, dd, J= 9.5, 3.4 Hz) 
4 74.1 3.27 (1H, m) 
5 69.9 3.44 (1H, m) 
6 18.0 1.12 (3H, d, J= 6.2 Hz) 

      m: .multiplet or overlapped signals 
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Cpd 53 HR-ESI-MS C15H10O5
13C NMR

109.2 166.7 ppm 12 183.3 192.0 ppm 
2 22.2 ppm 1

NMR  57) Cpd 53
emodin  

 

 

 

 

 

 

 

Yellow amorphous powder 

HR-ESI-MS (negative) 

m/z: 269.0457 [M-H]-  

(calcd for C15H9O5: 269.0455) 

 

Fig. 58 Structure and physical data of Compound 53 

 

 

  

31 Compound 53  
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Table 53.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 53 in CD3OD 

position 13C 1H 
1 163.7  
2 125.4 7.08 (1H, brs) 
3 149.8  
4 121.9 7.55 (1H, brs) 
5 110.2 7.17 (1H, d, J= 2.3 Hz) 
6 167.3  
7 109.2 6.56 (1H, d, J= 2.3 Hz) 
8 166.7  
9 192.0  

10 183.3  
11 137.0  
12 110.7  
13 115.0  
14 134.8  
15 22.2 2.43 (3H, brs) 

      m: .multiplet or overlapped signals 
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Cpd 54 HR-ESI-MS C36H36O8N2
13C 

NMR 110.7 157.1 ppm 20
169.2 173.1 ppm 2 120.2 141.9 

ppm 2 90.1 ppm
1 35.5 35.9 42.4 42.7 ppm 4 56.6

57.1 ppm 2 1H NMR
proton ABX AX

1,3,4- 1,4- NMR 
 58) Cpd 54 tribulusamide A  

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (negative) 

m/z: 623.2396 [M-H]-  

(calcd for C36H35O8N2: 623.2399) 

[α]D
24 = -2.0 (c = 0.2, MeOH) 

 

Fig. 59 Structure and physical data of Compound 54 

32 Compound 54  
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Table 54.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 54 in CD3OD 

position 13C 1H 
1 130.6  
2 113.4 7.11 (1H, s) 
3 146.2  
4 151.4  
5 129.6  
6 118.3 6.75 (1H, s) 
7 141.9 7.43 (1H, d, J= 15.8 Hz) 
8 120.2 6.39 (1H, d, J= 15.8 Hz) 
9 169.2  

3-OCH3 57.1 3.89 (3H, s) 
1' 42.7 3.47 (2H, s) 
2' 35.9 2.75 (2H, m) 
3' 131.5  

4', 8' 131.0 7.04 (2H, m) 
5', 7' 116.6 6.77-7.09 (2H, m) 

6' 157.1  
1'' 132.8  
2'' 110.7 6.77-7.09 (1H, m) 
3'' 148.3  
4'' 149.4  
5'' 116.5 6.77-7.09 (1H, m) 
6'' 119.6  
7'' 90.1 5.89 (1H, d, J= 8.4 Hz) 
8'' 58.9 4.15 (1H, d, J= 8.4 Hz) 
9'' 173.1  

3''-OCH3 56.6 3.82 (3H, s) 
1''' 42.4 3.33 (1H, m) 
2''' 35.5 2.65 (2H, m) 
3''' 131.2  

4''', 8''' 130.9 6.77-7.09 (2H, m) 
5''', 7''' 116.4  

6''' 157.0  
      m: .multiplet or overlapped signals 
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4  Heliciopsis terminalis  

1  Heliciopsis terminalis  

Heliciopsis terminalis 
( ) 

Proteaceae ( ) 
Heliciopsis  

 
 8-10 m 14-23 cm 4-8 cm 1-2 cm

1-2  5-6
59) 

 

 

 

 

 

 

 

 

    http://tplant.web.fc2.com/3yamamo_heliciopsis.html 
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2

 Heliciopsis terminalis
n- 1-BuOH  

 H. terminalis 118.28 g
ODS ODS-HPLC

15 compound 55 56 57
(Chart 4) 
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Chart 4: Isolated compounds from the bark of H. terminalis 
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3   

1 Compound 55  

Cpd 55 HR-ESI-MS C10H12O6
13C NMR

10 108.5 159.9 ppm
4 168.3 ppm 1 64.3

71.4 ppm 2 67.1 ppm
2 1H NMR proton 

1,3,5-  

2D NMR (HSQC, HMBC, COSY) 

9 10 8 7

9R 9S
9 R  

Compound 55 Fig. 60  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 251.0526 [M+Na] + 

(calcd for C10H12O6Na: 251.0526) 

[α]D
20 = -21.5 (c = 0.13, MeOH) 

IR (film, cm-1):  3360, 2946, 1702, 1600, 1457, 1348, 1239, 1165, 1110, 1056, 1008 

UV λmax (MeOH) nm (log ε): 200 (4.36), 218 (4.05), 252 (3.42), 307 (2.74) 

 

Fig. 60 Structure and physical data of Compound 55 

  

R 
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Fig. 61 COSY and HMBC correlations of Compound 55 

 

 

Table 55.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 55 in CD3OD 

position 13C 1H 
1 133.2  

2, 6 109.1 6.97 (1H, d, J= 2.4 Hz) 
3, 5 159.9  
4 108.5 6.48 (1H, d, J= 2.4 Hz) 
7 168.3  
8 67.1 4.34 (1H, dd, J= 4.5, 11.3 Hz) 

  4.27 (1H, dd, J= 6.2, 11.3 Hz) 
9 71.4 3.95 (1H, m) 
10 64.3 3.65 (2H, dq, J= 5.6, 11.3 Hz) 

     m: .multiplet or overlapped signals 

 

                 COSY 
 
                 HMBC 
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2 Compound 56  

Cpd 56 HR-ESI-MS C18H24O9 Cpd 56
NMR 1M HCl

HPLC 
Cpd 56 D-glucose 13C NMR 

18 65.0  104.1 ppm glucose 6
 

13C NMR 102.0 155.0 ppm
6 169.5 ppm 1

129.6 139.2 ppm 2 12.2 14.6 ppm
2 56.7 ppm 1

1H NMR proton ABX
1,3,4-  

2D NMR (HSQC, HMBC, COSY) 
2D NMR

1
1' 6' 1'' glucose

 

Compound 56 Fig. 62  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 407.1305 [M+Na] + 

(calcd for C18H24O9Na: 407.1313) 

IR (film, cm-1):  3360, 2932, 2830, 1695, 1640, 1593, 1511, 1450, 1266, 1205, 
1123, 1069, 1022 

UV λmax (MeOH) nm (log ε): 204 (4.36), 218 (4.15), 230 (3.96), 282 (3.38) 

 

Fig. 62 Structure and physical data of Compound 56 
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Fig. 63 COSY and HMBC correlations of Compound 56 

 

 

 

 

 

 

 

                 COSY 
 
                 HMBC 
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Table 56.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 56 in CD3OD 

position 13C 1H 
1 140.9  
2 102.0 6.47 (1H, d, J= 2.8 Hz) 
3 152.2  
4 155.0  
5 120.6 6.93 (1H, d, J= 8.7 Hz) 
6 107.6 6.24 (1H, dd, J= 8.7, 2.8 Hz) 
1' 104.1 4.69 (1H, d, J= 7.6 Hz) 
2' 75.1 3.46 (1H, m) 
3' 77.9 3.46 (1H, m) 
4' 72.1 3.36 (1H, m) 
5' 75.6 3.57 (1H, m) 
6' 65.0 4.48 (1H, dd, J= 11.8, 2.2 Hz) 

  4.22 (1H, dd, J= 11.8, 7.3 Hz) 
1'' 169.5  
2'' 129.6  
3'' 139.2 6.85 (1H, m) 
4'' 14.6 1.80 (3H, m) 
5'' 12.2 1.81 (3H, m) 

3-OCH3 56.7 3.80 (3H, s) 
    m: .multiplet or overlapped signals 
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3 Compound 57  

Cpd 57 HR-ESI-MS C27H26O11
13C 

NMR 27 105.2 157.6 ppm
14 171.1 ppm 1

66.9 ppm 1 29.9 37.6 ppm
2 36.5 66.9 79.8 ppm 3 56.6

60.9 ppm 2 1H NMR
proton 1,3,4,5-

IR
 

2D NMR (HSQC, HMBC, COSY) 

7'' 2'' 2 2' 7'' 9'' A
1'' B 1' 7'' 2

B 5’ smiglabrone A60) B
CD

232 nm 283 nm 261 nm
smiglabrone A  

Compound 57 Fig. 64  
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Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 549.1368 [M+Na] + 

(calcd for C27H26O11Na: 549.1367) 

[α]D
24 = -132 (c = 0.13, MeOH) 

IR (film, cm-1):  3313, 2959, 2844, 1742, 1620, 1518, 1450, 1375, 1328, 1117 

UV λmax (MeOH) nm (log ε): 213 (4.51), 229 (4.35), 276 (3.53) 

 

Fig. 64 Structure and physical data of Compound 57 
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Fig. 65 COSY and HMBC correlations of Compound 57 

 

 

  

                 COSY 
 
                 HMBC 
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Table 57. 13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 57 in CD3OD 

position 13C 1H 
2 79.8 4.76 (1H, s) 
3 66.9 4.27 (1H, m) 
4 29.9 2.84 (1H, dd, J= 17.3, 2.5 Hz) 

  2.92 (1H, m) 
5 157.6  
6 96.5 6.20 (1H, s) 
7 151.7  
8 106.3  
9 153.6  

10 105.6  
1' 136.5  

2', 6' 107.1 6.61 (2H, s) 
3', 5' 151.8  

4' 136.3  
1'' 135.4  

2'', 6'' 105.2 6.45 (2H, s) 
3'', 5'' 149.3  

4'' 135.3  
7'' 36.5 4.61 (1H, d, J= 7.2 Hz) 
8'' 37.6 2.92 (1H, m) 

  3.13 (1H, dd, J= 15.9, 7.5 Hz) 
9'' 171.1  

4'-OCH3 60.9 3.80 (3H, s) 
3'', 5''-OCH3 56.6 3.61 (6H, s) 

   m: .multiplet or overlapped signals 
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4   

        Heliciopsis terminalis
13 NMR

 

Compound 58: Aurantiamide 61) 

Compound 59: Aurantiamide acetate 62) 
Compound 60: Asperphenamate 63) 
Compound 61: Evofolin B 64) 
Compound 62: 4'-O-Methylgallocatechin 65) 
Compound 63: Androst-1,4-dien-3,17-dione 66) 
Compound 64: (8'Z)-1,3-Dihydroxy-5-[16'-(3'',5''-dihyroxyphenyl)-8'-hexadecen-1'-yl] benzen 67) 
Compound 65: 6'-[(E)-2''-Hydroxymehthyl, 2''-butenoyl] arbutin 68) 

Compound 66: (+)-1-Hydroxysyringaresinol 69) 
Compound 67: (+)-1-Hydroxypinoresinol 69) 
Compound 68: Vladinol F 70, 71) 
Compound 69: 4’-Dihydrophaseic acid 72) 
Compound 60: 3,5-Dihydroxybenzenepentanoic acid 73) 
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1 Compound 58  

Cpd 58 HR-ESI-MS C25H26O3N2
13C 

NMR 127.4 139.6 ppm 12
170.2 173.5 ppm 2 64.1 ppm

1 38.0 38.9 ppm
2 54.3 56.8 ppm 2

3 NMR  61) 

Cpd 58 aurantiamide  

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 425.1832 [M+Na]+  

(calcd for C25H26O3N2Na: 425.1836) 

[α]D
24 = - 66.0 (c = 0.1, MeOH) 

 

Fig. 66 Structure and physical data of Compound 58 
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Table 58.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 58 in CD3OD 

position 13C 1H 
1 64.1 3.95 (1H, m) 

  3.22 (1H, m) 
2 54.3 4.07 (1H, m) 
4 173.5  
5 56.8 4.66 (1H, m) 
7 170.2  
8 38.9 3.18 (1H, m) 

  3.01 (1H, m) 
9 38.0 2.81 (1H, m) 

  2.56 (1H, m) 
1' 135.1  

2', 6' 127.4 7.68 (1H, d, J= 10.2 Hz) 
3',5' 129.5 7.45 (1H, t, J= 10.2 Hz) 
4' 133.2 7.54 (1H, t, J= 10.2 Hz) 
1" 138.6  

2", 6'' 130.5 7.20 (1H, d, J= 10.2 Hz) 
3", 5'' 129.6 7.26 (1H, t, J= 10.2 Hz) 

4" 128.5 7.20 (1H, t, J= 10.2 Hz) 
1'" 139.6  

2'", 6''' 130.5 7.01 (1H, d, J= 10.2 Hz) 
3'", 5''' 129.5 7.10 (1H, t, J= 10.2 Hz) 

4'" 127.4 7.05 (1H, t, J= 10.2 Hz) 
    m: .multiplet or overlapped signals 
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2 Compound 59  

Cpd 59 HR-ESI-MS C27H28O4N2
13C 

NMR 126.8 136.9 ppm 12
167.3 170.6 173.9 ppm 3 37.5

38.6 64.7 ppm 3 49.5 55.1 ppm
2 3

NMR  62) Cpd 59 aurantiamide acetate
 

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 467.1937 [M+Na]+  

(calcd for C27H28O4N2Na: 467.1941) 

[α]D
24 = -21.0 (c = 1.4, CHCl3) 

 

Fig. 67 Structure and physical data of Compound 59 
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Table 59.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 59 in CDCl3 

position 13C 1H 
1 170.6  
2 55.1 4.84 (1H, m) 

3-a 38.6 3.20 (1H, dd, J= 16.2, 7.8 Hz) 
3-b  3.10 (1H, dd, J= 16.2, 9.6 Hz) 
4 136.9  

5, 9 128.6 
7.25 (5H, m) 6, 8 129.4 

7 127.2 
1’ 167.3  
2’ 133.8  

3’, 7’ 128.7 7.71 (2H, d, J= 9.0 Hz) 
4’, 6’ 127.1 7.41 (2H, t, J= 9.0 Hz) 

5’ 132.0 7.50 (1H, t, J= 8.4 Hz) 
1” 49.5 4.34 (1H, m) 
2” 37.5 2.73 (2H, m) 
3” 136.7  

4”, 8’’ 128.8 7.05 (2H, m) 
5”, 7’’ 129.2 7.13 (2H, m) 

6” 126.8  
9”-a 64.7 3.91 (1H, dd, J= 13.8, 6.0 Hz) 
9”-b  3.84 (1H, dd, J= 13.8, 4.8 Hz) 
α-NH  6.41 (1H, d, J= 10.2 Hz) 
β-NH  6.98 (1H, d, J= 9.6 Hz) 

COCH3 170.9  
COCH3 20.9 2.73 (3H, s) 

        m: .multiplet or overlapped signals 
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3 Compound 60  

Cpd 60 HR-ESI-MS C32H30O4N2
13C 

NMR 126.2 137.3 ppm 16
167.4 167.6 172.1 ppm 3 37.4

37.7 65.6 ppm 3 50.4 54.6 ppm
2 4

NMR  63) Cpd 60 asperphenamate
 

 

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 529.2095 [M+Na]+  

(calcd for C32H30O4N2Na: 529.2098) 

[α]D
24 = -45.0 (c = 0.2, MeOH) 

 

Fig. 68 Structure and physical data of Compound 60 

  



 

146 
 

Table 60.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 60 in CDCl3 

position 13C 1H 
1 137.3  
2 129.0 

7.52 (5H, m) 
3 128.8 
4 126.9 
5 128.8 
6 129.0 
7  3.60 (1H, dd, J= 13.8, 7.8 Hz) 

  3.52 (1H, dd, J= 13.8, 7.8 Hz) 
8 54.6 5.23 (1H, q, J= 6.6 Hz) 
9 65.6 4.84 (1H, dd, J= 11.4, 3.6 Hz) 

  4.34 (1H, dd, J= 11.4, 4.8 Hz) 
N-H1  6.92 (1H, d, J= 6.6 Hz) 

1’ 135.9  
2’, 6’ 129.3 

7.53 (5H, m) 3’, 5’ 128.5 
4’ 126.2 
7’ 37.4 3.25 (1H, dd, J= 13.8, 7.8 Hz) 

  3.02 (1H, dd, J= 13.8, 7.8 Hz) 
8’ 50.4 4.93 (5H, m) 
9’ 172.1  

N-H2  7.01 (1H, d, J= 8.4 Hz) 
1” 134.4  

2”, 6’’ 127.5 7.96 (2H, dd, J= 7.2, 1.2 Hz) 
3”, 5’’ 128.8 7.62 (2H, td, J= 7.2, 1.2 Hz) 

4” 132.2 7.74 (1H, tt, J= 7.2, 1.2 Hz) 
7” 167.6  
1’” 133.5  

2’”, 2’’’ 127.2 8.01 (2H, dd, J= 7.2, 1.2 Hz) 
3’”, 5’’’ 128.8 7.54 (2H, td, J= 7.2, 1.2 Hz) 

4’” 131.5 7.69 (1H, tt, J= 7.2, 1.2 Hz) 
7”’ 167.4 7.81 (1H, m) 

        m: .multiplet or overlapped signals 
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4 Compound 61  

Cpd 61 HR-ESI-MS C17H18O6
13C NMR

112.7 149.5 ppm 12
199.8 ppm 1 65.6 ppm

1 56.4 ppm 1 56.5
56.5 ppm 2 1H NMR

proton ABX 1,3,4-
NMR  64) 

Cpd 61 evofolin B  
 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 341.0994 [M+Na] +  

(calcd for C17H18O6Na: 341.0996) 

[α]D
24 = -15.0 (c = 0.13, MeOH) 

 

Fig. 69 Structure and physical data of Compound 61 
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Table 61.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 61 in CD3OD 

position 13C 1H 
1 130.6  
2 112.7 7.46 (1H, d, J= 1.8 Hz) 
3 149.1  
4 149.1  
5 115.9 6.76 (1H, m) 
6 125.3 7.51 (1H, dd, J= 8.4, 1.8 Hz) 
7 199.8  
1’ 130.0  
2’ 112.9 6.80 (1H, d, J= 1.8 Hz) 
3’ 147.0  
4’ 149.5  
5’ 116.7 6.70 (1H, m) 
6’ 122.3 6.73 (1H, m) 
7’ 56.4 4.65 (1H, dd, J= 8.4, 5.4 Hz) 
8’ 65.6 4.14 (1H, dd, J= 9.0, 8.4 Hz) 

  3.61 (1H, dd, J= 10.8, 5.4 Hz) 
3-OCH3 56.5 3.72 (3H, s) 
3’-OCH3 56.5 3.76 (3H, s) 

        m: .multiplet or overlapped signals 
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5 Compound 62  

Cpd 62 HR-ESI-MS C16H16O7
13C NMR

96.5 157.8 ppm 10
68.7 ppm 1 28.1 ppm

1 60.9 ppm 1
1H NMR proton 13C NMR

NMR  65) 

Cpd 62 4'-O-methylgallocatechin  
 

 

 

 

 

 

 

 

 

Pale yellow amorphous powder 

HR-ESI-MS (positive) 

m/z: 343.0788 [M+Na] +  

(calcd for C16H16O7Na: 343.0788) 

[α]D
24 = -28.0 (c = 0.1, MeOH) 

 

Fig. 70 Structure and physical data of Compound 62 
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Table 62.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 62 in CD3OD  

position 13C 1H 
2 82.6 4.58 (1H, d, J= 7.2 Hz) 
3 68.7 3.99 (1H, m) 
4 28.1 2.81 (1H, dd, J= 15.6, 5.4 Hz) 

  2.53 (1H, dd, J= 15.6, 7.4 Hz) 
5 157.8  
6 96.5 5.97 (1H, d, J= 2.4 Hz) 
7 157.6  
8 95.7 5.92 (1H, d, J= 2.4 Hz) 
9 156.7  

10 100.8  
1' 136.7  

2', 6' 107.6 6.43 (2H, s) 
3', 5' 151.6  

4' 136.5  
4'-OCH3 60.9 3.83 (3H, s) 

    m: .multiplet or overlapped signals 
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6 Compound 63  

Cpd 63 HR-ESI-MS C19H24O2
13C NMR

188.8 ppm 1 124.3 127.9 159.3
173.2 ppm 4 23.0 23.1 32.6 33.3 33.8 36.4 ppm

6 36.7 51.8 54.2 ppm
3 14.4 19.2 ppm 2

NMR  66) Cpd 63 androst-1,4-dien-3,17-dione
 

 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 307.1669 [M+Na] +  

(calcd for C19H24O2Na: 307.1669) 

[α]D
24 = +22.5 (c = 0.16, CHCl3) 

 

Fig. 71 Structure and physical data of Compound 63 
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Table 63.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 63 in CD3OD 

position 13C 1H 
1 159.3 7.13 (1H, d, J= 9.6 Hz) 
2 127.9 6.05 (1H, d, J= 9.6 Hz) 
3 188.8  
4 124.3 5.90 (1H, s) 
5 173.2  
6 33.8  
7 32.6  
8 36.7  
9 54.2  

10 45.5  
11 23.1  
12 33.3  
13 49.2  
14 51.8  
15 23.0  
16 36.4  
17 N.D.  
18 14.4 0.80 (3H, s) 
19 19.2 1.14 (3H, s) 

      m: .multiplet or overlapped signals 
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7 Compound 64  

Cpd 64 HR-ESI-MS C28H40O4
13C NMR

99.9 158.2 ppm 4
127.9 ppm 1 26.6 28.9 28.9 29.0 29.2

30.7 35.3 ppm 7 1H NMR
proton 1,3,5-
NMR  67) Cpd 64 (8'Z)-

1,3-dihydroxy-5-[16'-(3'',5''-dihyroxyphenyl)-8'-hexadecen-1'-yl] benzene  
 

 

 

 

 

 

 

Colorless  amorphous powder 

HR-ESI-MS (positive) 

m/z: 463.2814 [M+Na] +  

(calcd for C28H40O4Na: 463.2819) 

 

Fig. 72 Structure and physical data of Compound 64 
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Table 64.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 64 in DMSO-d6 

position 13C 1H 
1, 3, 3'', 5'' 158.2  

2, 4'' 99.9 6.01 (2H, brs) 
4, 6, 2'', 6'' 106.4 6.01 (4H, brs) 

5, 1'' 144.3  
1', 16' 35.3 2.34 (1H, t, J= 6.6 Hz) 
2', 15' 30.7 1.48 (2H, m) 
3', 14' 28.8 1.27 (2H, m) 
4', 13' 28.9 1.27 (2H, m) 
5', 12' 29.0 1.27 (2H, m) 
6', 11' 29.2 1.48 (2H, m) 
7', 10' 26.6 1.96 (2H, m) 
8', 9' 129.7 5.32 (1H, t, J= 4.8 Hz) 

1, 3", 3, 5"-OH  9.00 (4H, s) 
    m: .multiplet or overlapped signals 
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8 Compound 65  

Cpd 65 HR-ESI-MS C17H22O9
13C NMR 

65.2  103.6 ppm glucose 12 116.7 154.1 
ppm 4 168.5 ppm

1 133.7 143.4 ppm 2 14.6 ppm
1 1H NMR proton AX

1,4-
NMR  68) Cpd 65 6'-[(E)-2''-

hydroxymehthyl-2''-butenoyl] arbutin  
 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 393.1153 [M+Na] +  

(calcd for C17H22O9Na: 393.1156) 

 

Fig. 73 Structure and physical data of Compound 65 
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Table 65.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 65 in CD3OD 

position 13C 1H 
1 152.3  

2, 6 119.7 6.80 (1H, d, J= 9.6 Hz) 
3, 5 116.7 6.54 (1H, d, J= 9.6 Hz) 
4 154.1  
1' 103.6 4.60 (1H, d, J= 7.6 Hz) 
2' 75.1 3.52 (1H, m) 

   
3' 78.1 3.23 (1H, m) 

   
4' 72.1 3.18 (1H, m) 

   
5' 75.5 3.75 (1H, m) 
6' 65.2 4.12 (1H, dd, J= 11.4, 6.0 Hz) 

  4.42 (1H, dd, J= 11.4, 1.6 Hz) 
1" 168.5  
2" 133.7  
3" 143.4 6.91 (1H, m) 
4" 14.6 1.83 (2H, d, J= 7.2 Hz) 
5" 56.3 4.35 (2H, s) 

    m: .multiplet or overlapped signals 
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9 Compound 66  

Cpd 66 HR-ESI-MS C22H26O9
13C NMR

106.4 149.5 ppm 8
57.0 ppm 2 62.6 76.3 88.0 89.6 ppm

4 93.0 ppm
1 1H NMR proton 

1,3,4,5- NMR 
 66) Cpd 66  (+)-1-hydroxysyringaresinol

 
 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 457.1469 [M+Na] +  

(calcd for C22H26O9Na: 457.1469) 

[α]D
24 = +24.4 (c = 0.36, CHCl3) 

 

Fig. 74 Structure and physical data of Compound 66 

 

  



 

158 
 

Table 66.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 66 in CD3OD 

position 13C 1H 
1 92.9  
5 62.6 2.95-3.08 (1H, m) 
4 72.2 4.48 (1H, dd, J= 8.7, 8.7 Hz) 

  3.68-4.00 (1H, m) 
8 72.2 3.68-4.00 (2H, m) 
2 62.6 4.84 (2H, s, m) 6 88.0 
1’ 128.4  
1” 133.0  
2’ 106.4 

6.73 (2H, s)  2” 105.2 
3’ 148.9  
3” 149.1  
4’ 136.6  
4” 136.6  
5’ 149.0  
5” 149.5  
6’ 106.4 

6.75 (2H, s)  6” 105.2 
3’, 5’, 3’’, 5’’-OCH3 57.0 3.86 (12H, s) 

       m: .multiplet or overlapped signals 
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10 Compound 67  

Cpd 67 HR-ESI-MS C20H22O7
13C NMR

111.4 149.2 ppm 12
56.5 56.5 ppm 2 62.5 72.2 87.9 89.3 

ppm 4 92.9 ppm
1 1H NMR proton ABX

1,3,4-
NMR  69) Cpd 67  (+)-1-

hydroxypinoresinol  
 

 

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 397.1254 [M+Na] +  

(calcd for C20H22O7Na: 397.1258) 

[α]D
24 = +16.4 (c = 0.67, MeOH) 

 

Fig. 75 Structure and physical data of Compound 67 
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Table 67.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 67 in CD3OD 

position 13C 1H 
1 93.0  
5 62.6 3.06-3.13 (1H, m) 
4 72.2 4.45-4.49 (1H, m) 

  3.76-4.06 (1H, m) 
8 72.2 3.76-4.06 (2H, m) 
2 62.6 4.87 (1H, s) 
6 88.0 4.70 (1H, d, J= 6.3 Hz) 
1' 128.4  
1" 133.0  
2' 106.4 

6.81-7.08 (2H, m)  2" 105.2 
3' 1498.9  
3" 149.1  
4' 136.6  
4" 136.6  
5' 149.0 

6.81-7.08 (4H, m) 5" 149.5 
6' 106.4 
6" 105.2 

3', 3''-OCH3 57.0 3.87(6H, s) 
    m: .multiplet or overlapped signals 
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11 Compound 68  

Cpd 68 HR-ESI-MS C20H24O6
13C NMR

110.7 149.2 ppm 12
56.5 56.9 ppm 2 62.4 65.1 ppm

2 33.0 35.9 ppm
2 1H NMR proton ABX

1,3,4-
NMR  70, 71) Cpd 68 vladinol F

 
 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 383.1461 [M+Na] +  

(calcd for C20H24O6Na: 383.1465) 

[α]D
24 = -22 (c = 0.1, MeOH) 

 

Fig. 76 Structure and physical data of Compound 68 
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Table 68.  13C NMR (150 MHz) and 1H NMR (600 MHz) data forCpd 68 in CD3OD 

position 13C 1H 
1 134.9  
2 110.7 6.82 (1H, d, J= 1.8 Hz) 

  6.77 (1H, brs) 
3 149.2  
4 147.6  
5 116.3 6.72 (1H, d, J= 8.1 Hz) 
6 119.9 6.82 (1H, dd, J= 8.1, 1.8 Hz) 

  6.95 (1H, dd, J= 8.1, 1.8 Hz) 
7 89.1 5.49 (1H, d, J= 6.5 Hz) 
8 55.5 3.57 (1H, ddd, J= 8.1, 6.5, 4.8 Hz) 
9 65.1 3.75-3.84 (2H, m) 
1' 137.1  
2' 114.2  
3' 145.3  
4' 147.6  
5' 130.0  
6' 118.1  
7' 33.0 2.62 (1H, t, J= 6.8 Hz) 
8' 35.9 1.81 (1H, tt, J= 6.8, 6.8 Hz) 
9' 62.4 3.76 (2H, t, J= 6.8 Hz) 

3-OCH3 56.5 3.80 (1H, s) 
3'-OCH3 56.9 3.84 (1H, s) 

    m: .multiplet or overlapped signals 
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12 Compound 69  

Cpd 69 HR-ESI-MS C15H22O5
13C NMR

120.6 132.1 134.8 150.5 ppm 4 66.2
77.4 83.4 88.0 ppm 4 44.7 46.2 77.4 ppm

3 16.5 19.8 21.3 ppm
3 NMR  72) 

Cpd 69  4’-dihydrophaseic acid  

 

 

 

 

 

 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 305.1358 [M+Na] +  

(calcd for C15H22O5Na: 305.1359) 

[α]D
24 = -33.7 (c = 0.19, MeOH) 

 

Fig. 77 Structure and physical data of Compound 69 
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Table 69.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 69 in CD3OD 

position 13C 1H 
1 N.D.  
2 44.7 1.85 (1H, dd, J= 13.2, 6.4 Hz) 

  1.66 (1H, dd, J= 13.2, 2.4 Hz) 
3 66.2 4.11 (1H, m) 
4 46.2 2.04 (1H, dd, J= 13.3, 7.2 Hz) 

  1.74 (1H, dd, J= 13.3, 3.3 Hz) 
5 88.0  
6 83.4  
7 134.8 6.49 (1H, d, J= 15.8 Hz) 
8 132.1 7.96 (1H, d, J= 15.8 Hz) 
9 150.5  

10 120.6 5.79 (1H, br s) 
11 N.D. 3.81 (1H, d, J= 7.0 Hz) 
12 77.4 3.71 (1H, d, J= 7.0 Hz) 
13 16.5 0.93 (3H, s) 
14 19.8 1.15 (3H, s) 
15 21.3 2.08 (3H, brs) 

    m: .multiplet or overlapped signals 
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13 Compound 70  

Cpd 70 HR-ESI-MS C11H14O4
13C NMR

101.2 159.5 ppm 4
177.9 ppm 1 25.9 32.0 35.1 36.8 ppm

4 NMR 
 73) Cpd 70 3,5-dihydroxybenzenepentanoic acid

 
 

 

Colorless amorphous powder 

HR-ESI-MS (positive) 

m/z: 209.0821 [M+H] +  

(calcd for C11H13O4: 209.0819) 

Fig. 78 Structure and physical data of Compound 70 

    m: .multiplet or overlapped signals  

 

Table 70.  13C NMR (150 MHz) and 1H NMR (600 MHz) data for Cpd 70 in CD3OD 

position 13C 1H 
1 177.9  
2 35.1 2.30 (1H, m) 
3 25.9 1.61 (1H, m) 
4 32.0 1.61 (1H, m) 
5 36.8 2.47 (1H, m) 
1' 146.0  

2', 6' 108.1 6.13 (1H, d, J= 2.0 Hz) 
3', 5' 159.5  

4' 101.2 6.08 (1H, t, J= 2.0 Hz) 
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5 DPPH  

1 DPPH  

Vitamin C E  

Silene firma Hosiea japonica
Heliciopsis terminalis 70 DPPH

 

DPPH
1,1-diphenyl-2-picrylhydrazyl DPPH

 

DPPH
Fig.79

micro plate reader E α-
Trolox  

 

 

 

 

 

 

 

 

 

 
 

Fig. 79 DPPH  

Radical scavenger 

Trolox 
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2 DPPH  

 Silene firma Hosiea japonica
 Heliciopsis terminalis 70 DPPH

DPPH  

 96 well plate DPPH 200 μM 100 μg/mL
30 microplate 

reader 515nm
DMSO 1  

 [1- Asample-Ablank / ADMSO-Ablank ] x 100  

 Ablank DPPH  

ADMSO: DMSO  

 

  

 

 

 

 

 

 

 

 

 

 

 

50 100 50 25 μg/mL 3
IC50 50 2 50

  

P.C: Trolox n=3 

0
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3 DPPH  

 DPPH Compound 1 2 11 26 27 28
31 32 34 37 38 39 45 49 56 57 66 67

 

                 Table 71.    IC50 of active compounds 

Compound IC50 (μM) Compound IC50 (μM) 

1 37.9 ± 4.6 44 366.2 ± 4.7 

2 33.4 ± 4.7 45 43.5 ± 1.5 
11 39.1 ± 4.6 46 252.3 ± 3.9 
23 240.3 ± 3.6 47 394.1 ± 5.6 
26 7.2 ± 0.2 48 352.5 ± 6.9 
27 29.1 ± 0.8 49 16.8 ± 0.6 
28 53.1 ± 1.3 54 158.4 ± 2.2 
31 29.8 ± 0.5 56 61.2 ± 0.4 
32 38.5 ± 1.6 57 39.8 ± 1.8 
33 216.2 ± 5.6 61 232.2 ± 5.9 
34 73.5 ± 2.1 62 113.9 ± 2.2 
35 106.5 ± 3.6 66 39.3 ± 0.5 
36 130.4 ± 2.7 67 78.9 ± 0.7 
37 67.8 ± 2.1 68 131.7 ± 1.4 
38 77.2 ± 0.7 69 210.6 ± 2.7 
39 52.3 ± 0.9 70 291.9 ± 3.6 
42 470.7 ± 4.9 P.C (Trolox) 36.4 ± 0.2 
43 103.6 ± 3.6   
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6 Tyrosinase  

1 Tyrosinase  

tyrosinase L-tyrosine

hydroquinone arbutin vitamine C 74)  

Silene firma Hosiea japonica
 Heliciopsis terminalis 70

tyrosinase  

  

Fig. 81 L-tyrosine  

Fig. 80  
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2 Tyrosinase  

L-tyrosine positive control
arbutin  

sample arbutin 250 125 62.5 μg/mL 3
DMSO  

96 well well sample 10μL 0.25 mg/mL
L-tyrosine buffer 40 μL 475 nm

background well buffer 100 units/mL
mushroom tyrosinase 50 μL 25℃ 10 10

475 nm background
 

buffer pH 6.8 0.05M K-phosphate buffer  

[1- Asample-Abackground / Acontrol-Abackground ] x 100  

Asample: sample arbutin tyrosinase  

Acontrol: DMSO control (sample ) tyrosinase  

A background: tyrosinase  

 

 

 

 

 

 

 

  

 

  

0.25mg/mL L-Tyrosine 40 μL 
Sample 10 μL Mushroom tyrosinase 

100 unit/mL 50 μL 

10 min at 25℃ 

475 nm 

Fig. 82 Tyrosinase  
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3 Tyrosinase   

Tyrosinase
Compound 40 49

54 64 Arbutin  

 

   

  

0
10
20
30
40
50
60
70
80
90

100

5 15 40 48 49 50 54 64 70 P.C.

In
hi

bi
tio

n 
(%

)

Tyrosinase

250 μg/ml 125  μg/ml 62.5  μg/ml

Compound IC 50(μM) Compound IC 50 (μM) 
5 1030.0 ± 3.0 50 431.4 ± 1.1 

15 1090.0 ± 0.1 54 144.5 ± 13.0 
40 120.7 ± 1.6 64 8.4 ± 0.23 
48 1302.4 ± 3.5 70 1309.0 ± 6.7 
49 30.8 ± 0.1 P.C (Arbutin) 167.8 ±0.5 

n=3 

P.C: Arbutin 

40 
49 

54 

64 
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7 α-Amylase  

1 α-Amylase  

α-Amylase α -1,4-
α-amylase

α-amylase
 

Hosiea japonica  Heliciopsis 
terminalis 50 α-Amylase

CNPG3  

 

 

  

Starch 
Maltose 

α-amylase 

CNPG3: 

2-Chloro-4-nitrophenyl α-D-maltotrioside 
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2 α-Amylase  

50 α-Amylase
CNPG3  

sample 200 100 50 μg/mL 3 DMSO
 

96 well well sample 1 μL 1 mg/mL
 CNPG3 50 μL 10 units/mL α-amylase buffer

buffer (background) 50 μL 37℃ 30 30
405 nm  

buffer pH 6.4 0.05M K-phosphate buffer  

[1- Asample (enz+ - Asample (enz-) / ADMSO (enz+ - ADMSO(enz-) ] x 100  

Asample (enz+ : sample positive control  enzyme (+) 

Asample (enz- : sample positive control  enzyme (-) 

ADMSO (enz+ : DMSO  enzyme (+) 

ADMSO (enz- : DMSO  enzyme (-) 

 

 

 

 

 

 

 

  

 

 

1 mg/mL CNPG3 50 μL 
Sample 1 μL 10units/mL α-amylase 50 μL in buffer 

and buffer (for background) 50 μL 

30 min at 37℃ 

405 nm 

Fig. 83 α-Amylase  
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3 α-Amylase   

α-Amylase Compound 34 37 54 64
 

 

 

 

 

 

 

 

 

Compound IC50 (μM) Compound IC50 (μM) 
32 322.6 ± 5.6 37 173.9 ± 6.5 
34 151.4 ± 4.8 38 428.1± 10.4 
35 226.3 ± 2.5 54 151.8 ± 4.1 
36 270.5 ± 3.9 64 122.7 ± 0.2 

  P.C (Acarbose) 9.3 ± 0.2 
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80
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n 
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α-Amylase 

200 μg/mL 100 μg/mL 50 μg/mL

n=3 

64 

54 37 34 
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8 A549  

1 MTT assay  

MTT assay MTT (3-(4,5 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolinm bromide yellow tetrazole

MTT
succinate-tetrazolium reductase

 

Hosiea japonica  Heliciopsis 
terminalis 50 A549

72hr MTT assay
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2 A549  

96 well plate Control sample DMSO
positive control  

DMSO well 1 
μl 5.0 x 103 cells / 99μl A549  99μl

37℃ 72 96well plate
MTT 0.5 mg / ml 100 μl 1.5  

MTT DMSO 100μl plate mixer
plate reader 540 nm  

sample A549  

 

[1- Asample-Ablank / Acontrol-Ablank ] x 100  

 

A sample:  

A blank: DMSO  

A control: DMSO  

 

 

 

 

 

 

 

  

 

 

Sample + A549 
 (5×103 cells/ 100μl) 

0.5 mg/ml MTT 100 μl 

15 hours at 37℃ 
540 nm 

Fig. 84 A549  

72 hours at 37℃ 
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3 A549   

Hosiea japonica  Heliciopsis terminalis
50 A549 Compound 

64  

 

 

 

 

 

 

 

 

 

  Compound IC50 (μM)       Compound IC50 (μM) 

21 136.5 ± 0.6 54 133.1 ± 1.9 

31 166.9 ± 0.6 58 134.3 ± 1.2 

36 157.6 ± 1.2 59 187.6 ± 0.7 

37 126.0 ± 0.4 64 56.8 ± 3.7  

49 403.6 ± 1.1 P.C (Doxorubicin) 0.65 ± 0.2 
   

0

20

40

60

80

100

21 31 36 37 49 54 58 59 64 PC
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hi

bi
tio

n 
(%

)

A549

100 μg/ml 50  μg/ml 25  μg/ml

n=3 

P.C: Doxorubicin 

64 
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9  

Silene firma 2
20 Compounds 1-20

 

Hosiea japonica
2 34 Compounds 21-54

 

Heliciopsis terminalis 3
16 Compounds 55-70

 

Heliciopsis terminalis
70

Heliciopsis terminalis 50
α

Heliciopsis terminalis
tyrosinase α-amylase

 

 

  



 

179 
 

  

Fig. 85 Isolated compounds from the aerial parts of Silene firma 
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Fig. 86 Isolated compounds from the vine of Hosiea japonica Fig. 86 Isolated compounds from the vine of Hosiea japonica
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Fig. 87 Isolated compounds from the leaves of Hosiea japonica 
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Fig. 88 Isolated compounds from the bark of Heliciopsis terminalis 
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10  
 

 

Silene firma  

Hosiea japonica 1990 6
 

Heliciopsis terminalis  

 
 

1.  
P-1030

 
 
2. NMR  

1H NMR 400 MHz 13C NMR 100 MHz 1H NMR 600 MHz 13C NMR 150 
MHz D internal lock signal

TMS  ppm 1H NMR
Hz  

 
3. MS  
HR-ESI-MS  (Thermo Fisher Scientific  – LTQ 
Orbitrap XL)  
 
4. IR  
HORIBA FT-710  
 
5. UV  
JASCO V-520 1 cm

 
 

 

 



 

184 
 

 

1.  
70-230 mesh silica gel 60 (Merck)

 

Cosmosil 75 C18-OPN (Nacalai Tesque)
 

2.  
Inertsil ODS (6.0×250 mm) Inertsil ODS (10×250 mm) NAP (10×250 

mm) Cholester (10×250 mm) RI 2031
Inertsil ODS (6.0×250 mm) 1.6 mL/ min Inertsil ODS 

(10×250 mm) πNAP (10×250 mm) 2.8 mL/ min Cholester (10×250 mm)
2.5 mL/ min  

 
3. TLC  

TLC 0.25 cm 60F254

10: 1 15: 6: 1
UV (254 nm) 10 % 

 
 
4. HPLC  

Shodex NH2P-50 OR-2090
1mL/min  
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 ( Silene firma)

10.6 kg 3 45 L 1.5 L
1.5 L 1.5 L

1- 1.5 L
164.8 g 1- 76 g 411.8 g  

164.8 g
3 L  - 95: 5, 3 L 9: 1, 3 

L 85: 15, 3 L 8: 2, 3L 7: 3, 3 L 6: 4, 3 L 5: 5, 3 L
3 L 1 - 9  

 

Compounds 3, 4, 5 

1, 46.5 g
500mL 30 100 10 step gradient +

1 - 9  
1, 567.6 mg

25 75 ODS 2.8 mL/min
18 compound 3 6.0 mg 22

compound 4 2.3 mg 28 compound 5 2.7 mg  
 

Compounds 13, 14, 15, 16, 17, 18 

2, 22.65 g
500mL 30 100 10 step gradient +

1 - 9  
30 1, 1.67 g

25 75 ODS 2.8 mL/min
15 compound 13 11.4 mg 19

compound 14 17.5 mg 23 compound 15 20.0 mg
28 compound 16 + compound 17 18.3 mg  

40
2, 689.1 mg 35 65

ODS 2.8 mL/min 17
compound 18 3.8 mg  
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Compounds 10, 11 

3, 14.09 g
500mL 30 100 10 step gradient +

1 - 9  
40 2, 853.5 mg

35 65 ODS 2.8 mL/min
14 compound 10 300 mg  

50
3, 855.4 mg 40 60

ODS 2.8 mL/min 20
compound 11 16.2 mg  

Compounds 1, 2, 6 

4, 13.43 g
500mL 20 100 10 step gradient +

1 - 10  
50 4, 1.29 g

60 40 ODS 2.8 mL/min
15 compound 1 12.0 mg 25

compound 2 70.0 mg  
60

5, 928.6 mg 50 50
ODS 2.8 mL/min 9

compound 6 20.0 mg  

Compounds 7, 12 

5, 10.31 g
500mL 20 100 10 step gradient +

1 - 10  
30 2, 878.4 mg

30 70 ODS 2.8 mL/min
21 compound 7 15.0 mg  
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40
3, 630.1 mg 35 65

ODS 2.8 mL/min 27
compound 12 7.6 mg  

Compounds 8, 9 

6, 9.23 g
500mL 20 →100 10 step gradient +

1 - 10  
40 3, 715.3 mg

25 75 ODS 2.8 mL/min
17 compound 8 8.8 mg 23

compound 9 4.5 mg  

 ( Hosiea japonica)

3 45 L 1.5 L
1.5 L 1.5 L

1 1.5 L
1  

 (32.5 g) 
3 L  - 95 : 5, 1 L 9 : 1, 1 L

85 : 15, 1 L 8 : 2, 1 L 7 : 3, 1 L 6 : 4, 1 L 5 : 5, 1 L
1 L 1 - 9  

 (27.3g) 
3 L  - 95 : 5, 1 L 9 : 1, 1 L 85 : 

15, 1 L 8 : 2, 1 L 7 : 3, 1 L 6 : 4, 1 L 5 : 5, 1 L 1 L
1 - 9  

Compounds 26, 31 

1, 6.01 g
500 mL 20 100 10

step gradient + 1 - 10  
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30 2, 40.9 mg
35 65 ODS 2.0 mL/min

18 Compound 26 19.9 mg 22
Compound 31 2.7 mg  

 
Compounds 27, 28, 44, 45, 46, 47, 48, 49, 54 

2, 6.87 g
500 mL 20 100 10

step gradient + 1 - 10  
30 2, 139.9 mg

  20 80 ODS 2.0 mL/min
22 Compound 44 2.0 mg 27

Compound 45 8.1 mg 36 Compound 46 7.7 mg
46 Compound 47 3.0 mg 1 1

Compound 48 3.1 mg 1 5 Compound 49 8.2mg  
50

4, 955.9 mg   35 65
ODS 2.0 mL/min 24

Compound 27 19.5 mg 54 Compound 28 4.2 mg  
60

5, 292.5 mg   45 55
ODS 2.0 mL/min 23  

Compound 54 7.3 mg  
 

Compounds 32, 33, 34, 35, 36, 37, 38, 39, 42, 43 

3, 1.99 g
500 mL 20 100 10

step gradient + 1 - 10  
30 2, 78.1 mg

  25 75 ODS 2.0 mL/min
40  Compound 39 3.2 mg 24

Compound 42 6.0 mg 31 Compound 43 2.2 mg  
50

4, 353.4 mg   36 64
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ODS 2.0 mL/min 16
Compound 32 30.9 mg 25 Compound 33 9.8 mg
32 Compound 34 12.4 mg 36 Compound 35

4.9 mg 38 Compound 36 14.8 mg 42
Compound 37 13.2 mg 19 Compound 38 9.5 mg

 
 

Compound 21 

5, 1.42 g
500 mL 20 100 10

step gradient + 1 - 10  
60 5, 132.5 mg

  45 55 ODS 2.0 mL/min
14 Compound 21 12.0 mg  

 
Compound 40 

7 and 8, 1.68 g
500 mL 20 100

10 step gradient + 1 - 10  
40 3, 116.6 mg

  30 70 ODS 2.0 mL/min
9 Compound 40 5.3 mg  

 
Compounds 23, 24, 25, 30, 53 

2, 2.82 g
500 mL 20 100 10

step gradient + 1 - 10  
20 1, 28.8 mg

  20 80 ODS 2.0 mL/min
28 Compound 23 6.5 mg  

30
2, 121.0 mg   30 70

ODS 2.0 mL/min 15
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Compound 24 2.6 mg 19 Compound 25 6.4 mg
25 Compound 30 2.3 mg  

90
8, 27.1 mg   70 30

ODS 2.0 mL/min 20  
Compound 53 44.4 mg  

 
Compound 29 

3, 1.49 g
500mL 20 100 10

step gradient + 1 - 10  
70 6, 150.0 mg

  65 35 ODS 2.0 mL/min
12 Compound 29 14.6 mg  

 
Compounds 22, 41, 50, 51, 52 

6, 1.51 g
500mL 20 100 10

step gradient + 1 - 10  
50 4, 134.0 mg

  30 70 ODS 2.0 mL/min
24 Compound 22 3.2 mg 20

Compound 50 2.9 mg 31 Compound 51 15.2 mg
37 Compound 52 5.7 mg  

60
5, 92.9 mg   40 60

ODS 2.0 mL/min 14
Compound 41 4.4 mg  

 
 ( Heliciopsis terminalis)

Heliciopsis terminalis 3 45 L
1.5 L 1.5 L 1.5 L

1 1.5 L
1  
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 (118.28 g) 
3 L  - 30 : 1, 3 L 20 : 1, 3 L 10 : 1, 

3 L 7 : 1, 3 L 5 : 1, 3 L 3 : 1, 3 L 3 : 2, 3 L 2 : 1, 3 L
3 L 1 - 10  

Compounds 58, 59, 60, 63 

2, 1.93 g
500 mL 30 100 10

step gradient + 1 – 9  
50 3, 5.6 mg

Compound 63 5.7 mg  
60

5, 66.7 mg   60 40
ODS 2.0 mL/min 16

Compound 58 10.8 mg 25 Compound 59 31.5 mg  
70

5, 95.9 mg   60 40
ODS 2.0 mL/min 45

Compound 60 14.3 mg  
 

Compounds 66, 67 

4, 10.41 g
500 mL 20 100 10

step gradient + 1 – 10  
40

3, 181.6 mg   30
70 ODS 2.0 mL/min 24

Compound 66 10.8 mg 33 Compound 67 31.5 mg
 
 

Compounds 56, 57, 61, 68, 69, 70 

5, 65.18 g



 

192 
 

500 mL 20 100 10
step gradient + 1 – 10  

30
2, 875.6 mg   40

60 ODS 2.0 mL/min 40
Compound 57 4.0 mg 42 Compound 61 7.2 mg
21 Compound 69 5.2 mg 15 Compound 

70 4.5 mg  
40

3, 7595.1 mg   26 74
ODS 2.0 mL/min 50

Compound 56 22.0 mg 71 Compound 68 35.6 mg  
 

Compound 64 

6, 9.10 g
500 mL 20 100 10

step gradient + 1 – 10  
80

7, 1365.5 mg 70
30 ODS 2.0 mL/min 20

Compound 64 10.3 mg  
 

Compounds 55, 62, 65 

7, 11.60 g
500 mL 10 100 10

step gradient + 1 – 11  
20

2, 319.5 mg   10
90 ODS 2.0 mL/min 24

Compound 55 11.1 mg 42 Compound 62 52.6 mg
35 Compound 65 13.2 mg  
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Compound 1, 2, 11  

100 mM NaOCH3 solution 200 μL 1800 μL
Compound 1 2 mg 15 TLC

 = 15 6 1
30 AMBERLITE IR 120B NA

0.2 mL 0.2 mL
-

75 CH3CN
Shodex NH2P-50 OR-2090

1.0 mL/min sample injection volume
10 μL 6

Compound 1 sucrose  
Compound 1 sucrose 10 μL injection

sucrose 6  
Compound 2 11 sucrose

 

Compound 22, 56  

1M HCl solution 0.2 mL Compound 22 1 mg 90ºC 2

0.2 mL 0.2 mL
-

- 75  CH3CN
Shodex NH2P-50 OR-2090

1.0 mL/min sample injection volume 10 μL
6 8

Compound 22 L-rhamnose D-glucose  
Compound 22 L-rhamnose D-glucose 10 μL injection

L-rhamnose 6 D-glucose 8
 

Compound 56 D-glucose
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