
1 
 

Supplementary Materials 

 
Figure S1: 1H spectrum, structure, numbering and full assignment of echinacoside in methanol-d4 at 25 °C …..2 
Figure S2: 13C spectrum, structure, numbering and full assignment of echinacoside in methanol-d4 at 25 °C….3 
Figure S3: COSY spectrum of echinacoside in methanol-d4 at 25 °C .................................................................. 4 
Figure S4: 1H-13C HSQC spectrum of echinacoside in methanol-d4 at 25 °C ...................................................... 5 
Figure S5: 1H-13C HMBC spectrum of echinacoside in methanol-d4 at 25 °C ..................................................... 6 
Figure S6: Fully assigned NOESY spectrum of echinacoside in methanol-d4 at 25 °C ....................................... 7 
Figure S7: 1H spectrum, structure, numbering and full assignment of verbascoside in methanol-d4 at 25 °C…..8 
Figure S8: 13C spectrum, structure, numbering and full assignment of verbascoside in methanol-d4 at 25 °C….9 
Figure S9: COSY spectrum of verbascoside in methanol-d4 at 25 °C ................................................................ 10 
Figure S10: 1H-13C HSQC spectrum of verbascoside in methanol-d4 at 25 °C .................................................. 11 
Figure S11: 1H-13C HMBC spectrum of verbascoside in methanol-d4 at 25 °C ................................................. 12 
Figure S12: 1H spectrum, structure, numbering and full assignment of PH5 in methanol-d4 at 25 °C ............... 13 
Figure S13: 13C spectrum, structure, numbering and full assignment of PH5 in methanol-d4 at 25 °C .............. 14 
Figure S14: COSY spectrum of PH5 in methanol-d4 at 25 °C ............................................................................ 15 
Figure S15: 1H-13C HSQC spectrum of PH5 in methanol-d4 at 25 °C ................................................................ 16 
Figure S16: 1H-13C HMBC spectrum of PH5 in methanol-d4 at 25 °C ............................................................... 17 
Figure S17: Fully assigned NOESY spectrum of PH5 in methanol-d4 at 25 °C ................................................. 18 
Figure S18: 1H spectrum, structure, numbering and full assignment of PH6 in methanol-d4 at 25 °C ............... 19 
Figure S19: 13C spectrum, structure, numbering and full assignment of PH6 in methanol-d4 at 25 °C .............. 20 
Figure S20: COSY spectrum of PH6 in methanol-d4 at 25 °C ............................................................................ 21 
Figure S21: 1H-13C HSQC spectrum of PH6 in methanol-d4 at 25 °C ................................................................ 22 
Figure S22: 1H-13C HMBC spectrum of PH6 in methanol-d4 at 25 °C ............................................................... 23 
Figure S23: Fully assigned NOESY spectrum of PH6 in methanol-d4 at 25 °C ................................................. 24 
Figure S24: 1H spectrum, structure, numbering and full assignment of PH7 in methanol-d4 at 25 °C ............... 25 
Figure S25: 13C spectrum, structure, numbering and full assignment of PH7 in methanol-d4 at 25 °C .............. 26 
Figure S26: COSY spectrum of PH7 in methanol-d4 at 25 °C ............................................................................ 27 
Figure S27: 1H-13C HSQC spectrum of PH7 in methanol-d4 at 25 °C ................................................................ 28 
Figure S28: 1H-13C HMBC spectrum of PH7 in methanol-d4 at 25 °C ............................................................... 29 
Figure S29: Fully assigned NOESY spectrum of PH7 in methanol-d4 at 25 °C ................................................. 30 
Table S1: Comparison of proton chemical shifts for all analyzed compounds in methanol- d4 at 25 °C, the biggest 
differences marked with superscripted mark “ * ”………………………………………………………………..31 
Table S2: Comparison of carbon chemical shifts for all analyzed compounds in methanol- d4 at 25 °C, the biggest 
differences marked with superscripted mark “ * ”………………………………………………………………..32 
Table S3: Comparison of coupling constants nJH,H (Hz) for all analyzed compounds in methanol-d4 at 25 °C, the 
biggest differences marked with superscripted mark “ * ”……………………………………………………….33 



2 
 

Figure S1: 1H spectrum, structure, numbering and full assignment of echinacoside in methanol-d4 at 25 °C 
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Figure S2: 13C spectrum, structure, numbering and full assignment of echinacoside in methanol-d4 at 25 °C 
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Figure S3: COSY spectrum of echinacoside in methanol-d4 at 25 °C 
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Figure S4: 1H-13C HSQC spectrum of echinacoside in methanol-d4 at 25 °C 
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Figure S5: 1H-13C HMBC spectrum of echinacoside in methanol-d4 at 25 °C 
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Figure S6: Fully assigned NOESY spectrum of echinacoside in methanol-d4 at 25 °C 
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Figure S7: 1H spectrum, structure, numbering and full assignment of verbascoside in methanol-d4 at 25 °C 
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Figure S8: 13C spectrum, structure, numbering and full assignment of verbascoside in methanol-d4 at 25 °C 
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Figure S9: COSY spectrum of verbascoside in methanol-d4 at 25 °C 
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Figure S10: 1H-13C HSQC spectrum of verbascoside in methanol-d4 at 25 °C 
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Figure S11:1H-13C HMBC spectrum of verbascoside in methanol-d4 at 25 °C 
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Figure S12: 1H spectrum, structure, numbering and full assignment of PH5 in methanol-d4 at 25 °C 
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Figure S13: 13C spectrum, structure, numbering and full assignment of PH5 in methanol-d4 at 25 °C 
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Figure S14: COSY spectrum of PH5 in methanol-d4 at 25 °C 
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Figure S15: 1H-13C HSQC spectrum of PH5 in methanol-d4 at 25 °C 



17 
 

 
 

 
 

Figure S16: 1H-13C HMBC spectrum of PH5 in methanol-d4 at 25 °C 
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Figure S17: Fully assigned NOESY spectrum of PH5 in methanol-d4 at 25 °C 
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Figure S18: 1H spectrum, structure, numbering and full assignment of PH6 in methanol-d4 at 25 °C 
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Figure S19: 13C spectrum, structure, numbering and full assignment of PH6 in methanol-d4 at 25 °C 
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Figure S20: COSY spectrum of PH6 in methanol-d4 at 25 °C 



22 
 

 
 

 
 

Figure S21: 1H-13C HSQC spectrum of PH6 in methanol-d4 at 25 °C 
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Figure S22: 1H-13C HMBC spectrum of PH6 in methanol-d4 at 25 °C 



24 
 

 
 

Figure S23: Fully assigned NOESY spectrum of PH6 in methanol-d4 at 25 °C 
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Figure S24: 1H spectrum, structure, numbering and full assignment of PH7 in methanol-d4 at 25 °C 
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Figure S25: 13C spectrum, structure, numbering and full assignment of PH7 in methanol-d4 at 25 °C 
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Figure S26: COSY spectrum of PH7 in methanol-d4 at 25 °C 



28 
 

 
 

 
 

Figure S27: 1H-13C HSQC spectrum of PH7 in methanol-d4 at 25 °C 
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Figure S28: 1H-13C HMBC spectrum of PH7 in methanol-d4 at 25 °C 
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Figure S29: Fully assigned NOESY spectrum of PH7 in methanol-d4 at 25 °C 
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Table S1. Comparison of proton chemical shifts for all analyzed compounds in methanol- d4 at 25 °C, the biggest 
differences marked with superscripted mark “ * ”. 

Unit Proton Echinacoside Verbascoside PH5 PH6 PH7 

β-
D

-g
lu

co
py

ra
no

se
 

1<AX> 4.39 4.38 4.38 4.38 4.37 
2<AX> 3.40 3.39 3.38 3.39 3.38 
3<AX> 3.81 3.82 3.77 3.78 3.81 
4<AX> 5.01 4.92* 4.93* 4.93* 5.00 
5<AX> 3.77 3.54* 3.54* 3.54* 3.69 

6<'> 3.94 3.62* 3.64* 3.63* 3.47* 
6<''> 3.64 3.52* 3.54* 3.54* 3.74* 

Se
co

nd
 su

ga
r 

11 4.30 n/a 4.36 4.32 4.63* 
12 3.21 n/a 3.58* 3.61* 3.84* 
13 3.34 n/a 3.47* 3.51* 3.68* 
14 3.28 n/a 3.81* 3.78* 3.34 
15 3.22 n/a 3.54* n/a 3.60 

16<'> 3.83 n/a 3.82 3.86* 1.20 
16<''> 3.65 n/a 3.72 3.54* n/a 

α-
L-

rh
am

no
se

 21<EQ> 5.18 5.19 5.57* 5.48* 5.18 
22<EQ> 3.92 3.92 3.99* 3.96* 3.92 
23<AX> 3.57 3.57 3.66* 3.66* 3.58 
24<AX> 3.29 3.29 3.28 3.29 3.29 
25<AX> 3.55 3.57 3.54 3.54 3.55 

26 1.09 1.09 1.05 1.06 1.08 

C
af

fe
ic

 a
ci

d 31 6.28 6.28 6.28 6.28 6.28 
32 7.60 7.60 7.60 7.59 7.60 
34 7.06 7.06 7.06 7.07 7.06 
37 6.78 6.78 6.78 6.79 6.78 
38 6.96 6.96 6.96 6.96 6.96 

H
yd

ro
xy

ty
ro

so
l 50<'> 4.04 4.05 4.05 4.05 3.99 

50<''> 3.73 3.72 3.72 3.72 3.74 
51 2.80 2.79 2.79 2.79 2.80 
53 6.71 6.70 6.71 6.71 6.69 
56 6.68 6.68 6.68 6.68 6.68 
57 6.58 6.57 6.57 6.57 6.57 
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Table S2. Comparison of carbon chemical shifts for all analyzed compounds in methanol- d4 at 25 °C, the biggest 
differences marked with superscripted mark “ * ”. 

Unit Carbon Echinacoside Verbascoside PH5 PH6 PH7 
β-

D
-

gl
uc

op
yr

an
os

e 1 104.3 104.3 104.2 104.3 104.5 
2 76.3 76.3 76.3 76.1 76.3 
3 81.8 81.8 83.1 82.5 81.8 
4 70.7 70.7 70.5 70.5 70.5 
5 74.8 76.2 76.1 76.0 74.8 
6 69.5 62.5* 62.4* 62.4* 67.7* 

se
co

nd
 su

ga
r 11 104.8 n/a 107.7* 107.6* 102.4* 

12 75.2 n/a 73.0* 72.9* 72.1 
13 77.9 n/a 75.0* 74.4* 72.4 
14 71.6 n/a 70.5* 70.0* 74.1 
15 78.0 n/a 77.1  70.0 
16 62.7 n/a 63.0 67.4* 18.2 

α-
L-

rh
am

no
se

 21 103.2 103.2 102.5 102.1 103.2 
22 72.5 72.5 83.2* 82.9* 72.5 
23 72.2 72.2 71.9 72.0 72.2 
24 73.9 73.9 74.2 74.3 73.9 
25 70.6 70.6 70.5 70.6 70.6 
26 18.6 18.6 18.6 18.5 18.6 

ca
ffe

ic
 a

ci
d 

30 168.6 168.4 168.4 168.4 168.1 
31 114.8 114.8 114.8 114.8 114.8 
32 148.4 148.2 148.1 148.1 148.2 
33 127.8 127.8 127.8 127.8 127.8 
34 115.4 115.4 115.3 115.4 115.4 
35 147.0 146.3 147.0 146.9 147.0 
36 150.0 149.9 149.9 149.9 149.9 
37 116.7 116.6 116.7 116.7 116.6 
38 123.4 123.4 123.4 123.4 123.4 

hy
dr

ox
yt

yr
os

ol
 50 72.5 72.4 72.3 72.3 72.6 

51 36.7 36.7 36.6 36.7 36.8 
52 131.6 131.6 131.7 131.6 131.5 
53 117.3 117.2 117.3 117.3 117.2 
54 146.2 147.0 146.2 146.2 146.3 
55 144.8 144.8 144.8 144.7 144.8 
56 116.5 116.4 116.4 116.4 116.5 
57 121.5 121.4 121.4 121.4 121.4 
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Table S3. Comparison of coupling constants nJH,H (Hz) for all analyzed compounds in methanol-d4 at 25 °C, the 
biggest differences marked with superscripted mark “ * ”. 

nJH,H/Hz Proton Echinacoside Verbascoside PH5 PH6 PH7 

β-
D

-g
lu

co
py

ra
no

se
 

1, 2 7.8 7.8 8.0 7.8 8.0 
2, 3 9.3 9.2 9.1 9.3 9.2 
3, 4 9.6 9.5 9.3 9.3 9.6 
4, 5 9.6 9.5 9.3 9.3 9.6 
5, 6a 2.2 <1* overlap 3.5 2.2 
5, 6b 5.5 5.8 overlap overlap 5.5 
6a, 6b 11.4 10.2 12.4 13.6 11.4 

se
co

nd
 su

ga
r 

11, 12 7.6 n/a 7.6 7.3 1.5 
12, 13 9.3 n/a 9.6 9.0 3.2 
13, 14 9.1 n/a 3.4* 3.3* 9.5 

14, 15 9.0 n/a overlap (ca 2-
3 Hz)* n/a 9.3 

15, 16a 2.3 n/a 7.3* n/a 6.2 
15, 16b 5.6 n/a overlap n/a n/a 
16a, 16b 11.9 n/a 11.4 12.8* n/a 
14, 16a n/a n/a n/a 2.1* n/a 

14, 16b n/a n/a n/a overlap (ca 
3-4 Hz)* n/a 

α-
L-

rh
am

no
se

 21, 22 1.6 1.6 1.3 1.5 1.5 
22, 23 3.3 3.2 3.1 3.3 3.0 
23, 24 9.5 9.6 9.6 9.6 9.5 
24, 25 9.6 9.6 9.6 9.6 9.3 
25, 26 6.2 6.2 6.0 6.2 6.2 

ca
ffe

ic
 

ac
id

 31, 32 15.8 15.8 15.8  15.8 
34, 38 2.0 2.0 1.8 1.9 1.8 
37, 38 8.3 8.2 8.2 8.2 8.2 

hy
dr

ox
yt

yr
os

ol
 50a, 50b 9.6 9.6 9.5 9.5 9.5 

50a, 51a 7.0; 8.1 6.7; 8.3 6.7; 7.8 8.4 8.17; 6.9 50a, 51b 8.4 
50b, 51a 6.7; 8.2 6.8; 8.3 overlap 9.5 overlap 
50b, 51b overlap 9.5 overlap 
53, 57 2.2 2.0 1.8 1.8 1.6 
56, 57 8.0 8.0 8.0 8.0 8.0 

 


