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Figure S1. The 13C NMR (125.67 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1)  
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Figure S2. The 1Н NMR (500.12 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1)  
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Figure S3. The COSY (500.12 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1) 
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Figure S4. The HSQC (500.12 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1) 
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Figure S5. The ROESY (500.12 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1) 



 

Figure S6. The НМВС (500.12 MHz) spectrum of djakonovioside C1 (1) in C5D5N/D2O (4/1) 
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Figure S7. 1 D TOCSY (500.12 MHz) spectra of Xyl1, Xyl2, Glc3, MeGlc4, Xyl5 of djakonovioside C1 (1) in C5D5N/D2O (4/1) 
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Figure S8. HR-ESI-MS and ESI-MS/MS spectra of djakonovioside C1 (1) 

 



 

Figure S9. The 13C NMR (125.67 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1)  
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Figure S10. The 1Н NMR (500.12 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.05.5 ppm
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Figure S11. The COSY (500.12 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1) 
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Figure S12. The HSQC (500.12 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1) 
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Figure S13. The HМВС (500.12 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1) 
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Figure S14. The ROESY (500.12 MHz) spectrum of djakonovioside D1 (2) in C5D5N/D2O (4/1) 



    

    

 

Figure S15. 1D TOCSY (500.12 MHz) spectra of Xyl1, Glc2, Glc3, MeGlc4, Xyl5 of djakonovioside D1 (2) in C5D5N/D2O (4/1)  

3.84.04.24.44.64.85.0 ppm
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Figure S16. HR-ESI-MS and ESI-MS/MS spectra of djakonovioside D1 (2) 



 

Figure S17. The 13C NMR (125.67 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 
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Figure S18. The 1Н NMR (500.12 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.05.56.0 ppm
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Figure S19. The COSY (500.12 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 
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Figure S20. The HSQC (500.12 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 
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Figure S21. The ROESY (500.12 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 



 

Figure S22. The HMBC (500.12 MHz) spectrum of djakonovioside E1 (3) in C5D5N/D2O (4/1) 
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Figure S23. 1D TOCSY (500.12 MHz) spectra of Xyl1, Glc2, Glc3, MeGlc4 of djakonovioside E1 (3) in C5D5N/D2O (4/1)  

3.83.94.04.14.24.34.44.54.64.74.84.9 ppm
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Figure S24. HR-ESI-MS and ESI-MS/MS spectra of djakonovioside E1 (3)
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Table S1. 13C and 1H NMR chemical shifts, HMBC and ROESY correlations of the aglycone part of djakonovioside E1 (3) 

Position C mult.a H mult. (J in Hz)b HMBC ROESY 
1 35.8 CH2 1.29 m  H-3, H-11, H-19 

2 26.7 CH2 1.93 m   

  1.80 m   

3 89.3 CH 3.17 dd (4.1; 11.6)  H-1, H-5, H-31, H1-Xyl1 

4 39.2 C    

5 47.9 CH 0.87 dd (6.6; 12.4) C: 19 H-1, H-3, H-31 

6 23.0 CH2 1.89 m   

7 120.4 CH 5.55 m  H-15, H-32 

8 145.5 C    

9 47.0 CH 3.29 brd (14.0)  H-19 

10 35.3 C    

11 22.4 CH2 1.68 m  H-1 

  1.44 m   

12 31.2 CH2 2.07 m  H-17, H-21, H-32 

13 59.3 C    

14 47.2 C    

15 43.5 CH2 2.53 dd (7.4; 12.4) C: 13, 14, 17, 32 H-7, H-32 

  1.59 brt (12.4)   

16 75.2 CH 5.80 dd (8.5; 16.8)  H-32 

17 54.5 CH 2.66 d (9.1) C: 12, 13, 18, 21 H-12, H-16, H-21, H-32 

18 180.1 C    

19 23.8 CH3 1.06 s C: 5, 9, 10 H-1, H-2, H-6, H-9 

20 85.5 C    

21 28.0 CH3 1.50 s C: 17, 20, 22 H-12, H-17, H-22 

22 38.2 CH 2.23 m   

  1.80 m  H-21 

23 22.9 CH2 1.47 m   

  1.35 m   

24 38.1 CH2 1.90 m   

25 145.4 C    

26 110.8 CH2 4.72 m C: 24, 27 H-24 

27 22.0 CH3 1.64 s C: 24, 25, 26  

30 17.1 CH3 1.00 s C: 3, 4, 5, 31 H-2, H-6, H-31 

31 28.6 CH3 1.13 s C: 3, 4, 5, 30 H-3, H-5, H-6, H-30, H-1 Xyl1 

32 32.1 CH3 1.12 s C: 8, 13, 14, 15 H-7, H-12, H-15, H-16, H-17 

OCOCH3 170.6 C    

OCOCH3 21.0 CH3 2.00 s OAc  

a Recorded at 125.67 MHz in C5D5N/D2O (4/1). b Recorded at 500.12 MHz in C5D5N/D2O (4/1). 

 



 

Figure S25. The 13C NMR (125.67 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 
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Figure S26. The 1Н NMR (500.12 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.05.5 ppm
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Figure S27. The COSY (500.12 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 
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Figure S28. The HSQC (500.12 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 
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Figure S29. The ROESY (500.12 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 



 

Figure S30. The HMBC (500.12 MHz) spectrum of djakonovioside F1 (4) in C5D5N/D2O (4/1) 
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Figure S31. 1D TOCSY (500.12 MHz) spectra of Xyl1, Qui2, Glc3, MeGlc4, Xyl5 of djakonovioside F1 (4) in C5D5N/D2O (4/1) 
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Figure S32. HR-ESI-MS and ESI-MS/MS spectra of djakonovioside F1 (4)



Table S2. 13C and 1H NMR chemical shifts and HMBC and ROESY correlations of aglycone moiety of okhotoside A2-1 (5). 

Position C mult.a H mult. (J in Hz) b HMBC ROESY 

1 35.8 CH2 1.29 m  H-3, H-11, H-19 

2 26.6 CH2 1.91 m   

  1.81 m  H-19, H-30 

3 89.2 CH 3.20 dd (4.0; 11.6)  H-1, H-5, H-31, H1-Xyl1 

4 39.3 C    

5 47.8 CH 0.89 dd (5.3; 9.9) C: 19 H-1, H-3, H-31 

6 23.1 CH2 1.89 m  H-19, H-30, H-31 

7 120.2 CH 5.57 m  H-15, H-32 

8 145.4 C    

9 47.0 CH 3.30 brd (14.5)  H-19 

10 35.3 C    

11 22.4 CH2 1.70 m  H-1 

  1.47 m   

12 31.2 CH2 2.09 m  H-17, H-21, H-32 

13 59.3 C    

14 47.2 C    

15 43.5 CH2 2.55 dd (7.6; 12.2) C: 13, 17, 32 H-7, H-32 

  1.60 dd (9.2; 12.2)   

16 75.2 CH 5.82 q (8.4)  H-32 

17 54.5 CH 2.66 d (9.2) C: 12, 13, 18, 21 H-12, H-16, H-21, H-32 

18 180.1 C    

19 23.7 CH3 1.05 s C: 5, 9, 10 H-1, H-2, H-6, H-9 

20 85.5 C    

21 28.0 CH3 1.51 s C: 17, 20, 22 H-12, H-17, H-22 

22 38.2 CH 2.24 td (4.6; 13.0)   

  1.80 m   

23 22.9 CH2 1.47 m   

  1.34 m   

24 38.1 CH2 1.91 m   

25 145.5 C    

26 110.8 CH2 4.72 m C: 24, 27 H-24 

27 22.0 CH3 1.64 s C: 24, 25, 26  

30 17.2 CH3 1.04 s C: 3, 4, 5, 31 H-2, H-6, H-31 

31 28.5 CH3 1.17 s C: 3, 4, 5, 30 H-3, H-5, H-6, H-30 

32 32.1 CH3 1.15 s C: 8, 13, 14, 15 H-7, H-12, H-15, H-16, H-17 

OCOCH3 170.6 C    

OCOCH3 21.2 CH3 2.01 s OAc OAc 

a Recorded at 125.67 MHz in C5D5N/D2O (4/1). b Recorded at 500.12 MHz in C5D5N/D2O (4/1). The original spectra of 5 are 

provided as Figures S33–S38. 

  



Table S3. 13C and 1H NMR chemical shifts and HMBC and ROESY correlations of carbohydrate moiety of okhotoside A2-1 (5).  

Atom C mult.a H mult. (J in Hz)b,c,d 
HMBC ROESY 

Xyl1 (1→C-3)     

1 104.6 CH 4.72 d (7.4) C: 3 H-3; H-3, 5 Xyl1 

2 79.7 CH 4.17 t (8.9) C: 1 Glc2; C: 1 Xyl1 H-1 Glc2 

3 75.5 CH 4.33 t (8.9) C: 4 Xyl1 H-1 Xyl1 

4 76.0 CH 4.98 m   

5 64.2 CH2 4.77 dd (5.2; 11.9) C: 4 Xyl1  

  3.77 brd (11.1)   

Glc2 (1→2Xyl1)     

1 101.5 CH 5.39 d (7.5) C: 2 Xyl1 H-2 Xyl1; H-5 Glc2 

2 82.2 CH 3.96 t (8.4) C: 1 Xyl5, C: 1, 3 Glc2 H-1 Xyl5 

3 75.6 CH 4.08 t (8.4) C: 2, 4 Glc2 H-1 Glc2 

4 80.6 CH 4.02 t (9.2) C: 1 Glc3; C: 5 Glc2 H-1 Glc3 

5 75.8 CH 3.67 brd (9.2)  H-1 Glc2 

6 61.4 CH2 4.34 dd (11.7; 2.5)   

  4.25 dd (11.7; 5.0)   

Glc3 (1→4Glc2)     

1 103.6 CH 4.96 d (8.4) C: 4 Glc2 H-4 Glc2; H-3, 5 Glc3 

2 73.5 CH 3.90 t (8.4) C: 1, 3 Glc3  

3 86.8 CH 4.15 t (8.4) C: 2, 4 Glc3 H-1 MeGlc4 

4 69.2 CH 3.88 t (8.4)   

5 77.1 CH 3.85 t (8.4)  H-1 Glc3 

6 61.1 CH2 4.25 brd (11.9)   

  3.98 m   

MeGlc4 (1→3Glc3)     

1 104.5 CH 5.16 d (8.3) C: 3 Glc3 H-3 Glc3; H-3, 5 MeGlc4 

2 74.5 CH 3.85 t (9.0) C: 1, 3 MeGlc4  

3 86.7 CH 3.66 t (9.0) OMe H-1 MeGlc4; OMe 

4 70.3 CH 3.87 m C: 5 MeGlc4  

5 77.5 CH 3.89 m  H-1 MeGlc4 

6 61.7 CH2 4.36 dd (11.8; 2.9) C: 4 MeGlc4  

  4.04 dd (11.8; 5.5) C: 4, 5 MeGlc4  

OMe 60.7 CH3 3.80 s C: 3 MeGlc4  

Xyl5 (1→2Glc2)     

1 105.2 CH 5.20 d (6.9) C: 2 Glc2 H-2 Glc2; H-3, 5 Xyl5 

2 74.7 CH 3.94 t (9.0) C: 1, 3 Xyl5  

3 76.3 CH 4.04 t (9.0) C: 2 Xyl5 H-1 Xyl5 

4 70.1 CH 4.10 m   

5 66.3 CH2 4.31 dd (11.8; 4.8)   

  3.59 dd (11.8; 9.7)  H-1 Xyl5 
a Recorded at 125.67 MHz in C5D5N/D2O. b Bold = interglycosidic positions. c Italic = sulfate position. d Recorded at 500.12 

MHz in C5D5N/D2O. The original spectra of 5 are provided as Figures S33–S38. 

 



 

Figure S33. The 13C NMR (125.67 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 
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Figure S34. The 1Н NMR (500.12 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 
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Figure S35. The COSY (500.12 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 
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Figure S36. The HSQC (500.12 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 
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Figure S37. The ROESY (500.12 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 



 

Figure S38. The HMBC (500.12 MHz) spectrum of okhotoside A2-1 (5) in C5D5N/D2O (4/1) 
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Table S4. 13C and 1H NMR chemical shifts and HMBC and ROESY correlations of aglycone moiety of cucumarioside A2-5 (6).  

Position C mult.a H mult. (J in Hz)b 
HMBC ROESY 

1 35.8 CH2 1.32 m  H-11 

2 26.7 CH2 1.94 m   

  1.78 m   

3 88.9 CH 3.19 dd (3.8; 12.6)  H-5, H-31, H1-Xyl1 

4 39.3 C    

5 47.8 CH 0.90 dd (5.1; 10.0) C: 19 H-3, H-31 

6 23.1 CH2 1.95 m   

  1.90 m  H-31 

7 120.4 CH 5.57 m  H-15 

8 145.4 C    

9 47.0 CH 3.27 brd (14.5)  H-19 

10 35.4 C    

11 22.4 CH2 1.72 m  H-1 

  1.46 m   

12 31.0 CH2 2.03 m  H-21 

13 57.8 C    

14 47.4 C    

15 43.5 CH2 2.62 dd (7.0; 11.7) C: 12, 13, 14, 17 H-7 

  1.48 dd (3.0; 11.7)   

16 76.1 CH 5.68 q (8.5) OAc H-32 

17 55.1 CH 3.19 m C: 13, 18, 21 H-12, H-21, H-32 

18 180.0 C    

19 23.8 CH3 1.09 s C: 5, 9, 10 H-1, H-2, H-6, H-9 

20 82.6 C    

21 29.4 CH3 1.58 s C: 17, 20, 22 H-12, H-17 

22 52.6 CH 3.82 m C: 20, 23  

  3.20 m C: 17, 20, 23  

23 209.1 C    

24 51.5 CH2 2.42 dd (5.5; 15.6) C: 23, 25, 26, 27  

  2.24 ddd (7.8; 12.5; 15.6) C: 23, 25, 26, 27  

25 24.3 CH 2.08 m C: 26, 27  

26 22.4 CH3 0.87 d (6.7) C: 24, 25, 27 H-25 

27 22.2 CH3 0.83 d (6.7) C: 24, 25, 26 H-25 

30 17.3 CH3 1.02 s C: 3, 4, 5, 31 H-2, H-6, H-31 

31 28.6 CH3 1.18 s C: 3, 4, 5, 30 H-3, H-5, H-6, H-30, H-1 Xyl1 

32 32.0 CH3 1.06 s C: 8, 13, 14, 15 H-15, H-16, H-17 

OCOCH3 170.1 C    

OCOCH3 21.3 CH3 2.01 s OAc  
a Recorded at 125.67 MHz in C5D5N/D2O (4/1). b Recorded at 500.12 MHz in C5D5N/D2O (4/1). The original spectra of 6 are provided as Figures S39–

S44. 

  



Table S5. 13C and 1H NMR chemical shifts and HMBC and ROESY correlations of carbohydrate moiety of cucumarioside A2-5 (6).  

Atom C mult.a H mult. (J in Hz)b,c,d 
HMBC ROESY 

Xyl1 (1→C-3)     

1 104.6 CH 4.74 d (6.4) C: 3 H-3; H-3, 5 Xyl1 

2 81.4 CH 3.98 t (8.4) C: 1 Qui2; C: 1 Xyl1  

3 75.4 CH 4.32 t (8.4) C: 2, 4 Xyl1  

4 76.3 CH 5.00 dd (13.7; 8.4)  C: 3 Xyl1 H-2 Xyl1 

5 64.1 CH2 4.79 dd (11.6; 5.8) C: 1, 3 Xyl1  

  3.85 t (10.0)   

Qui2 (1→2Xyl1)     

1 101.9 CH 5.20 d (8.5) C: 2 Xyl1 H-2 Xyl1; H-5 Qui2 

2 82.4 CH 3.95 m C: 1, 3 Qui2  

3 75.3 CH 4.00 m C: 2, 4 Qui2 H-1 Qui2 

4 86.0 CH 3.55 t (8.8) C: 1 Glc3; C: 3, 5 Qui2 H-1 Glc3 

5 71.0 CH 3.59 m  H-1 Qui2 

6 17.9 CH3 1.59 d (5.8)   

Glc3 (1→4Qui2)     

1 104.0 CH 4.86 d (7.8) C: 4 Qui2 H-4 Qui2; H-3, 5 Glc3 

2 73.6 CH 3.93 t (8.4) C: 1 Glc3  

3 86.8 CH 4.21 t (8.4) C: 1 MeGlc4; C: 4 Glc3 H-1 MeGlc4 

4 69.3 CH 3.90 m C: 3 Glc3  

5 77.1 CH 3.90 m C: 6 Glc3 H-1 Glc3 

6 61.6 CH2 4.29 brd (12.0)   

  4.01 brd (12.0) C: 5 Glc3  

MeGlc4 (1→3Glc3)     

1 104.6 CH 5.22 d (8.9) C: 3 Glc3 H-3 Glc3; H-3, 5 MeGlc4 

2 74.6 CH 3.87 t (8.9) C: 1, 3 MeGlc4  

3 87.0 CH 3.69 t (8.9) OMe; C: 2, 4 MeGlc4 H-1 MeGlc4; Ome 

4 70.4 CH 3.89 m C: 5 MeGlc4  

5 77.6 CH 3.93 m   

6 61.8 CH2 4.37 d (11.0)   

  4.05 dd (11.0; 4.8) C: 5 MeGlc4  

OMe 60.6 CH3 3.81 s C: 3 MeGlc4  

Xyl5 (1→2Qui2)     

1 105.3 CH 5.19 d (7.4) C: 2 Qui2 H-2 Qui2; H-3,5 Xyl5 

2 74.8 CH 3.92 t (8.5) C: 1, 3 Xyl5  

3 76.3 CH 4.01 t (9.4) C: 2, 4 Xyl5 H-1 Xyl5 

4 70.0 CH 4.08 m   

5 66.4 CH2 4.31 m C: 4 Xyl5 H-1 Xyl5 

  3.59 m   
a Recorded at 25.67 MHz in C5D5N/D2O. b Recorded at 500.12 MHz in C5D5N/D2O. c Bold = interglycosidic positions. d Italic – sulfate positions. The 

original spectra of 6 are provided as Figures S39–S44. 

 



 
Figure S39. The 13C NMR (125.67 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 
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Figure S40. The 1Н NMR (500.12 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.05.5 ppm
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Figure S41. The COSY (500.12 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 
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Figure S42. The HSQC (500.12 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 
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Figure S43. The ROESY (500.12 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 



 

Figure S44. The HMBC (500.12 MHz) spectrum of cucumarioside A2-5 (6) in C5D5N/D2O (4/1) 
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Table S6. 13C NMR chemical shifts of frondoside A2-3 (7). 

Position C mult.a Position C mult.a 

1 36.0 CH2 2 81.4 CH 

2 26.7 CH2 3 75.4 CH 

3 89.0 CH 4 76.1 CH 

4 39.4 C 5 64.1 CH2 

5 48.0 CH Qui2 (1→2Xyl1) 

6 23.2 CH2 1 102.0 CH 

7 120.0 CH 2 82.4 CH 

8 146.7 C 3 75.3 CH  

9 47.3 CH 4 86.0 CH 

10 35.3 C 5 71.0 CH 

11 22.7 CH2 6 17.9 CH3 

12 30.1 CH2 Glc3 (1→4Qui2) 

13 58.7 C 1 104.0 CH 

14 46.1 C 2 73.6 CH 

15 34.1 CH2 3 86.8 CH 

16 23.1 CH2 4 69.3 CH 

17 53.1 CH 5 77.1 CH 

18 180.9 C 6 61.5 CH2 

19 23.9 CH3 MeGlc4 (1→3Glc3) 

20 84.4 C 1 104.6 CH 

21 26.1 CH3 2 74.6 CH 

22 42.0 CH2 3 87.0 CH 

23 119.8 CH 4 70.4 CH 

24 143.7 CH 5 77.5 CH 

25 66.6 C 6 61.8 CH2 

26 29.9 CH3 OMe 60.7 CH3 

27 29.8 CH3 Xyl5 (1→2Qui2)  

30 17.3 CH3 1 105.2 CH 

31 28.7 CH3 2 74.7 CH 

32 30.7 CH3 3 76.3 CH 

Xyl1 (1→C-3) 4 70.0 CH 

1 104.6 CH 5 66.3 CH2 
a Recorded at 125.67 MHz in C5D5N/D2O (4.1). 

 



 

Figure S45. The 13C NMR (125.67 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 
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Figure S46. The 1Н NMR (500.12 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.0 ppm

0
.
7
7
7

0
.
9
0
5

1
.
0
2
5

1
.
0
3
7

1
.
1
6
4

1
.
1
8
0

1
.
1
9
5

1
.
2
9
6

1
.
3
0
1

1
.
5
6
1

1
.
5
7
4

1
.
6
6
7

1
.
6
8
3

1
.
6
8
8

1
.
9
4
0

1
.
9
7
3

2
.
0
1
5

2
.
1
0
2

2
.
1
5
9

2
.
2
2
7

2
.
7
5
3

3
.
4
5
0

3
.
4
6
0

3
.
4
6
7

3
.
5
6
1

3
.
6
3
7

3
.
6
5
7

3
.
6
6
8

3
.
6
8
5

3
.
7
9
6

3
.
8
0
7

3
.
8
2
4

3
.
8
3
1

3
.
8
4
1

3
.
8
4
6

3
.
8
6
5

3
.
8
8
4

3
.
8
8
9

3
.
8
9
5

3
.
8
9
9

3
.
9
1
1

3
.
9
2
7

3
.
9
4
5

3
.
9
5
5

3
.
9
6
4

3
.
9
6
9

3
.
9
7
3

3
.
9
8
1

3
.
9
8
7

4
.
0
3
2

4
.
0
4
1

4
.
0
5
1

4
.
0
5
5

4
.
0
6
8

4
.
1
5
6

4
.
1
7
4

4
.
1
9
2

4
.
2
6
6

4
.
2
7
9

4
.
2
8
4

4
.
2
8
9

4
.
3
0
2

4
.
3
2
0

4
.
3
2
7

4
.
3
4
9

4
.
6
1
3

4
.
6
2
3

4
.
7
1
4

4
.
7
2
8

4
.
7
6
9

4
.
7
7
9

4
.
7
8
5

4
.
9
2
2

4
.
9
4
1

4
.
9
8
4

4
.
9
9
5

5
.
1
7
6

5
.
1
9
1

5
.
2
0
1

5
.
2
0
6

5
.
2
1
7

Current Data Parameters

NAME     C.Djakonovi 4(2)4.1.1
EXPNO                 5

PROCNO                1

F2 - Acquisition Parameters
Date_          20230803

Time              15.50 h
INSTRUM           spect

PROBHD   Z122624_0010 (
PULPROG              zg

TD                32768
SOLVENT             Pyr

NS                    8
DS                    2

SWH            3183.362 Hz
FIDRES         0.194297 Hz

AQ            5.1468105 sec
RG                17.91

DW              157.067 usec

DE                14.00 usec

TE                308.1 K

D1           2.00000000 sec
TD0                   1

SFO1        500.1317384 MHz
NUC1                 1H

P1                13.00 usec
PLW1        14.53699970 W

F2 - Processing parameters

SI                65536
SF          500.1300809 MHz

WDW                  GM

SSB      0

LB                -1.50 Hz
GB                 0.12

PC                 0.50

C.Djaconovi 4(2)4.1.1 C5D5N/D2O  500 Mhz. 6.2mg.



 

Figure S47. The COSY (500.12 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 
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Figure S48. The HSQC (500.12 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 
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Figure S49. The ROESY (500.12 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 



 

Figure S50. The HMBC (500.12 MHz) spectrum of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 
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Figure S51. 1D TOCSY (500.12 MHz) spectra of Xyl1, Qui2, Glc3, MeGlc4, Xyl5 of cucumarioside A3-2 (8) in C5D5N/D2O (4/1) 
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Table S7. 13C and 1H NMR chemical shifts and HMBC and ROESY correlations of carbohydrate moiety of isokoreoside A (9).  

Atom C mult.a H mult. (J in Hz)b,c,d 
HMBC ROESY 

Xyl1 (1→C-3)     

1 104.6 CH 4.73 d (6.9) C: 3; C: 3, 5 Xyl1 H-3; H-3, 5 Xyl1 

2 81.5 CH 3.97 dd (6.9; 9.3) C: 1 Qui2; C: 1 Xyl1 H-4 Xyl1; H-1 Qui2 

3 75.1 CH 4.31 t (9.3) C: 2, 4 Xyl1 H-1, 5 Xyl1 

4 76.1 CH 4.99 dd (8.3; 13.7) C: 3 Xyl1  

5 64.1 CH2 4.79 dd (4.4; 11.3) C: 1 Xyl1  

  3.88 dd (8.3; 11.3)  H-1, 3 Xyl1 

Qui2 (1→2Xyl1)     

1 102.1 CH 5.19 d (7.5) C: 2 Xyl1 H-2 Xyl1; H-3, 5 Qui2 

2 82.4 CH 3.95 t (8.2) C: 1 Xyl5, C: 1, 3 Qui2 H-1 Xyl5, H-4 Qui2 

3 75.2 CH 3.99 t (8.2) C: 2, 4 Qui2  

4 86.3 CH 3.47 t (8.2) C: 1 Glc3; C: 3, 5 Qui2 H-1 Glc3; H-2 Qui2 

5 70.9 CH 3.58 dd (6.0; 8.2) C: 4 Qui2 H-1, 3 Qui2 

6 17.8 CH3 1.58 d (6.0) C: 4, 5 Qui2  

Glc3 (1→4Qui2)     

1 103.9 CH 4.78 d (7.8) C: 4 Qui2 H-4 Qui2; H-5 Glc3 

2 73.5 CH 3.81 t (9.6) C: 1, 3 Glc3  

3 86.5 CH 4.12 t (9.6) C: 1 MeGlc4; C: 2, 4 

Glc3 

H-1 MeGlc4; H-1 Glc3 

4 69.1 CH 3.81 t (9.6) C: 5, 6 Glc3  

5 75.5 CH 4.07 m C: 4 MeGlc4 H-1 Glc3 

6 67.3 CH2 4.95 d (10.5)   

  4.60 dd (6.1; 11.3) C: 5 Glc3 H-4 Glc3 

MeGlc4 (1→3Glc3)     

1 104.8 CH 5.15 d (7.9) C: 3 Glc3 H-3 Glc3; H-3, 5 MeGlc4 

2 74.3 CH 3.78 t (8.7) C: 1 MeGlc4 H-4 MeGlc4 

3 86.3 CH 3.64 t (8.7) OMe; C: 2, 4 MeGlc4 H-1, 5 MeGlc4; OMe 

4 69.8 CH 4.01 m C: 5 MeGlc4  

5 75.5 CH 4.00 m  H-1 MeGlc4 

6 67.0 CH2 4.93 d (11.3) C: 4 MeGlc4  

  4.75 dd (3.8; 11.3)   

OMe 60.5 CH3 3.76 s C: 3 MeGlc4  

Xyl5 (1→2Qui2)     

1 105.1 CH 5.23 d (7.0) C: 2 Qui2 H-2 Qui2; H-3, 5 Xyl5 

2 74.9 CH 3.92 t (8.2) C: 1, 3 Xyl5  

3 76.4 CH 4.08 t (8.2) C: 4 Xyl5 H-1 Xyl5 

4 70.1 CH 4.06 m   

5 66.4 CH2 4.29 dd (5.1; 11.4) C: 3, 4 Xyl5  

  3.66 brt (10.1) C: 3 Xyl5 H-1 Xyl5 
a Recorded at 125.67 MHz in C5D5N/D2O. b Recorded at 500.12 MHz in C5D5N/D2O. c Bold = interglycosidic positions.d Italic – 

sulfate positions. Multiplicity by 1D TOCSY. The original spectra of 9 are provided as Figures S51–S56. 

  



Table S8. 13C and 1H NMR chemical shifts, HMBC and ROESY correlations of aglycone moiety of isokoreoside A (9). 

Position C mult.a H mult. (J in Hz)b 
HMBC ROESY 

1 36.2 CH2 1.63 m  H-11 

  1.28 m  H-3, H-11 

2 26.7 CH2 2.00 m   

  1.77 m  H-19, H-30 

3 88.6 CH 3.11 dd (4.1; 11.4) C: 4, 30, 31, C: 1 Xyl1 H-1, H-5, H-31, H1-Xyl1 

4 39.6 C    

5 52.8 CH 0.77 brd (12.0) C: 10, 19, 30 H-3, H-31 

6 21.1 CH2 1.60 m   

  1.32 m   

7 28.3 CH2 1.55 m   

8 41.5 CH 2.02 m  H-15, H-18, H-19 

9 148.5 C    

10 39.2 C    

11 114.1 CH 5.20 m C: 8, 10, 13 H-1 

12 35.9 CH2 2.29 brd (16.5)  H-17, H-32 

  1.90 brdd (6.2; 16.5) C: 9, 11, 13, 14, 18 H-18, H-21 

13 46.1 C    

14 47.5 C    

15 33.9 CH2 1.35 m  H-8, H-18, H-32 

16 21.8 CH2 2.34 m C: 14, 17  

  1.61 m   

17 59.8 CH 2.95 t (8.9) C: 12, 13, 16, 18, 20 H-12, H-21, H-32 

18 16.4 CH3 0.51 s C: 12, 13, 14, 17 H-8, H-12, H-15, H-16, H-19, H-

21 19 22.1 CH3 0.92 s C: 1, 5, 9, 10 H-1, H-2, H-6, H-8 

20 211.9 C    

21 31.0 CH3 2.17 s C: 17, 20 H-12, H-17, H-18 

30 16.6 CH3 0.99 s C: 3, 4, 5, 31 H-2, H-6, H-31 

31 28.0 CH3 1.17 s C: 3, 4, 5, 30 H-3, H-5, H-6  

32 18.6 CH3 0.75 s C: 8, 13, 14, 15 H-12, H-15, H-17 

a Recorded at 125.67 MHz in C5D5N/D2O (4/1). b Recorded at 500.12 MHz in C5D5N/D2O (4/1). The original spectra of 9 are 

provided as Figures S51–S56. 

 



 

Figure S52. The 13C NMR (125.67 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 
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Figure S53. The 1Н NMR (500.12 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 

1.01.52.02.53.03.54.04.55.0 ppm
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Figure S54. The COSY (500.12 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 
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Figure S55. The HSQC (500.12 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 
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Figure S56. The ROESY (500.12 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 



 

Figure S57. The HMBC (500.12 MHz) spectrum of isokoreoside A (9) in C5D5N/D2O (4/1) 
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Table S9. 13C NMR chemical shifts of koreoside A (10). 

Position C mult.a Position C mult.a 

1 35.5 CH2 Qui2 (1→2Xyl1) 

2 26.8 CH2 1 102.1 CH 

3 88.8 CH 2 82.4 CH 

4 39.4 C 3 75.2 CH  

5 48.7 CH 4 86.3 CH 

6 23.1 CH2 5 70.9 CH 

7 122.5 CH 6 17.8 CH3 

8 147.6 C Glc3 (1→4Qui2) 

9 48.1 CH 1 103.9 CH 

10 35.5 C 2 73.4 CH 

11 22.4 CH2 3 86.5 CH 

12 33.3 CH2 4 69.1 CH 

13 53.1 C 5 74.8 CH 

14 44.9 C 6 67.3 CH2 

15 33.3 CH2 MeGlc4 (1→3Glc3) 

16 22.3 CH2 1 104.7 CH 

17 61.9 CH 2 74.3 CH 

18 24.7 CH3 3 86.3 CH 

19 24.4 CH3 4 69.8 CH 

20 211.7 C 5 75.6 CH 

21 30.4 CH3 6 67.0 CH2 

30 17.3 CH3 OMe 60.5 CH3 

31 28.7 CH3 Xyl5 (1→2Qui2) 

32 30.6 CH3 1 105.2 CH 

Xyl1 (1→C-3) 2 74.9 CH 

1 104.5 CH 3 76.4 CH 

2 81.6 CH 4 70.1 CH 

3 75.1 CH 5 66.4 CH2 

4 76.1 CH   

5 64.1 CH2   

a Recorded at 125.67 MHz in C5D5N/D2O.  

  



 

Figure S58. The PCR QSAR model correlation plot reflecting the relationship of predicted and experimental hemolytic activity. The 

PCR analysis of 148 selected calculated for 20 glycosides tested. The membranotropic action was expressed as pED50. 

 


