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7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 Chemical Shift (ppm)
:Shift1 H's |Type| J(Hz) Atom1 Multiplet1 |Shift1| H's |Type| J(Hz) Atom1 Multiplet1 o
(PPM) |(ppm) , | .
1.085/3.000| d 6.2 26 M31 3.920 1.000| dd 3.3,1.8 22<EQ> M15 on /\/
12.796 2.000| m - 51 M20 [3.9431.000 dd | 114,22 6<>  M14 ‘ |
13.209 1.000| dd 93,78 12<AX> M26 |4.035 1.000|ddd (9.6,8.1,7.0 50<'> M13 \_/'\\ 4‘/9,’;‘ ""\,/“
|3.223/1.000| ddd |9.4,5.4,22 15<AX> M30 4.299 1.0000 d 7.6 1T<AX>  M12 ‘ ‘
|3.276 1.000| t 89 14<AX> M28 |4.390 1.000| d 7.8 1<AX> M11 HO, 13 ", .
13.292/1.000| t 96  24<AX> M29 |5.0121.000| t 96  4<AX>  M10 P e g, "
13.343/1.000, t 9.1 13<AX> M27 5.183 1.000| d 1.6 21<EQ> M09 o 1
3.396 1.000| dd 91,8.0 2<AX> M25 |6.281/1.000| d 16.0 31 Mo2 o \,/ e~
3.553/1.000| dq 96,6.2 25<AX> M24 6.577 1.000| dd 81,21 57 MO8 H! ‘
|3.574 1.000 m | 94,33 23<AX> M23 6683 1.000 d 8.0 56 MO7 e W W W -
|3.636 1.000| t 114,54 B6<"> M19 ‘ 6.712 1.0000 d 2.2 53 MO6 H ‘ .
|3.6451.000| t 119,56 16<">  M22 16.7831.000 d 8.2 37 MO5 /\/ S, /QN -
|3.730 1.000f m |9.6,8.2,6.7 50<">  M18 |6.961 1.000| dd 8.3, 21 38 MO04 Hia i ‘ ‘
|3.767 1.000| ddd (9.6, 5.4, 2.2 5<AX> M21  |7.061/1.000| d 2.0 34 MO3 » P
13.812/1.000| brt 9.3 3<AX> M16 7.602 1.000| d 15.8 32 MO1 o/ \w/ DH
3.832/1.000| dd | 119,23  16<> M17 !H

Figure S1: 'H spectrum, structure, numbering and full assignment of echinacoside in methanol-ds at 25 °C
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(ppm) (ppm) (ppm) - P S
18.589 |1.000 s 26 M35 78.020 1.000 s 15 M20 146.218/1.000 s 54 Mo4 ” |
36.680 |1.000 s 51 M34 81.790 [1.000| s 3 M19  146.955(1.000 s 35 MO3 H?,\‘J/'J\_‘/D,_H LW
62.745 |1.000 s 16 M33 103.196 1.000, s 21 M18 148.371|1.000 s 32 M08 ‘ ‘ |
69.498 |1.000 s 6 M32 104.3011.000, s 1 M17 149.967(1.000 s 36 Mo2 L P
70.574 |1.000 s 25 M30 ‘ 104.778 1.000| s 1 M16 | 168.614/1.000 s 30 MO1 ' = "’Cj\, i
70.696 (1.000 s 4 M29 114.809 1.000| s 31 M15 ‘ o l
71.563 |1.000 s 14 M28 115.387/1.000, s 34 M14 ) St W e
72.163 |1.000 s 23 M27 116.478 1.000, s 56 M13 ) ) H ‘
72466 10000 s = 22 = M26 | 116.6511.000 s | 37 | Mi12 T N W T N N
725241000 s = 50 M31 11727910000 s 53 M11 H | l
73.881 |1.000 s 24 M25 121.454 1.000 s 57 M10 /"'\ g o E /O,-\ -~
HO' 37 2f 25
74849 [1.000 s 5 M24 123.411/1.000| s 38 M09 ‘ |
75.210 |1.000 s 12 M23 127.759 1.000| s 33 Mo7 Ho/\/ o
76.257 |1.000 s 2 M22 131.579/1.000, s 52 Mo6
77.919 |1.000/ s 13 M21 144.788 1.000, s 55 MO05 S

Figure S2: 13C spectrum, structure, numbering and full assignment of echinacoside in methanol-ds at 25 °C
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Shift1. H's Type J(Hz Atom1 Multiplet1 Shift1 H's Type J (Hz Atom1 Multiplet1 OH
pt] | yp (Hz) p T | yp! (Hz) p /\ o
1.094/3.000 d 6.2 26 M19 | 6276 1.000 d 15.8 31 MO8 ”
2.794/2.000 2 51 M17 |6.566/1.000 dd | 8.1,2.1 57 MO7 R
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35241.000 dd 102,58 B<"> M21 | 6.780 1.000 d 8.2 37 MO4 o
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3.723/1.000 ddd 9.5, 8.3, 6.8 50<"> M15 . e N \ e
381611000 t 93 3<AX> Mi4 I R
3.9201.000 dd = 3.2,17 22<EQ> M13 R i,
4.047/1.000 ddd 9.5,83,86.7 50<'> M12 % ‘ ‘
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Figure S13: '*C spectrum, structure, numbering and full assignment of PHS in methanol-ds at 25 °C
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Figure S17: Fully assigned NOESY spectrum of PHS in methanol-d4 at 25 °C
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Figure S18: 'H spectrum, structure, numbering and full assignment of PH6 in methanol-d4 at 25 °C |
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Figure S19: '*C spectrum, structure, numbering and full assignment of PH6 in methanol-ds at 25 °C
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Figure S20: COSY spectrum of PH6 in methanol-d4 at 25 °C
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Figure S21: 'H-*C HSQC spectrum of PH6 in methanol-ds at 25 °C
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Figure S22: 'H-1*C HMBC spectrum of PH6 in methanol-ds at 25 °C
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Figure S23: Fully assigned NOESY spectrum of PH6 in methanol-d4 at 25 °C
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3.601 1.000| dg | 9.3,6.2 - 15<ax> M30 |/6.693 1.000 d 1.6 - 53 M24 \/ O /0\/
3.677 1.000|br dd_ 94,35 - | 13<ax> M08 6.781 1AODO_ d 8.2 38 37 M20 h ‘ ‘
3.691 1.000| ddd 9.6,4.4,2.2 - S<ax> M26 6.960 1.000 dd 82,18 37,57 38 M21 L
3.737/2.000) m = - <>, 50<"> M25 ||7.059/1.000 d 1.8 = 34 M22 w0 S o
3.807 1.000| t | 92 - | 3<ax> M09 |/7.6011.000 d 158 - 32 M23 !H
3.8431.000 dd 32,15 - 12<eq> | M6 |

Figure S24: 'H spectrum, structure,

numbering and full assignment of PH7
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in methanol-d4 at 25 °C
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Figure S25: 1°C spectrum, structure, numbering and full assignment of PH7 in methanol-ds at 25 °C
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Table S1. Comparison of proton chemical shifts for all analyzed compounds in methanol- da at 25 °C, the biggest
differences marked with superscripted mark “ * .

Unit Proton Echinacoside Verbascoside PH5 PH6 PH7
g 1<AX> 4.39 4.38 4.38 4.38 4.37
£ 2<AX> 3.40 3.39 3.38 3.39 3.38
=S 3<AX> 3.81 3.82 3.77 3.78 3.81
g 4<Ax> 5.01 4.92% 4.93% 4.93% 5.00
a S5<AX> 3.77 3.54* 3.54* 3.54% 3.69
a 6<"> 3.94 3.62* 3.64* 3.63* 3.47*
A 6<"> 3.64 3.52% 3.54* 3.54* 3.74*

11 4.30 n/a 4.36 4.32 4.63*
En 12 3.21 n/a 3.58* 3.61%* 3.84*
2 13 3.34 n/a 3.47* 3.51* 3.68*
2 14 3.28 n/a 3.81% 3.78%* 3.34
S 15 3.22 n/a 3.54* n/a 3.60
A 16<"> 3.83 n/a 3.82 3.86* 1.20

16<"> 3.65 n/a 3.72 3.54%* n/a

2 21<EQ> 5.18 5.19 5.57* 5.48* 5.18
g 22<EQ> 3.92 3.92 3.99* 3.96* 3.92
g 23<AX> 3.57 3.57 3.66* 3.66* 3.58
= 24<AX> 3.29 3.29 3.28 3.29 3.29
2 25<AX> 3.55 3.57 3.54 3.54 3.55
S 26 1.09 1.09 1.05 1.06 1.08
= 31 6.28 6.28 6.28 6.28 6.28
& 32 7.60 7.60 7.60 7.59 7.60
-5 34 7.06 7.06 7.06 7.07 7.06
% 37 6.78 6.78 6.78 6.79 6.78
o 38 6.96 6.96 6.96 6.96 6.96
E 50<"> 4.04 4.05 4.05 4.05 3.99
e 50<"> 3.73 3.72 3.72 3.72 3.74
E 51 2.80 2.79 2.79 2.79 2.80
§ 53 6.71 6.70 6.71 6.71 6.69
=S 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- ds at 25 °C, the biggest
differences marked with superscripted mark “ * .

Unit Carbon Echinacoside Verbascoside PHS5 PH6 PH7
2 1 104.3 104.3 104.2 104.3 104.5
S 2 76.3 76.3 76.3 76.1 76.3

A g 3 81.8 81.8 83.1 82.5 81.8

& 2 4 70.7 70.7 70.5 70.5 70.5
H 5 74.8 76.2 76.1 76.0 74.8
o0 6 69.5 62.5% 62.4% 62.4* 67.7*

N 11 104.8 n/a 107.7* 107.6* 102.4*
S 12 75.2 n/a 73.0% 72.9% 72.1
2 13 77.9 n/a 75.0% 74 4% 72.4
£ 14 71.6 n/a 70.5% 70.0% 74.1
3 15 78.0 n/a 77.1 70.0
s 16 62.7 n/a 63.0 67.4* 18.2
2 21 103.2 103.2 102.5 102.1 103.2
= 22 72.5 72.5 83.2% 82.9% 72.5
E 23 72.2 72.2 71.9 72.0 72.2
= 24 73.9 73.9 742 74.3 73.9
& 25 70.6 70.6 70.5 70.6 70.6
S 26 18.6 18.6 18.6 18.5 18.6
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
E 33 127.8 127.8 127.8 127.8 127.8
2 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
50 72.5 724 72.3 72.3 72.6
> 51 36.7 36.7 36.6 36.7 36.8
g 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
-ti 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

32



Table S3. Comparison of coupling constants "Juu (Hz) for all analyzed compounds in methanol-ds at 25 °C, the
biggest differences marked with superscripted mark “ * ”.

"Juu/Hz Proton Echinacoside Verbascoside PHS5 PH6 PH7
z 1,2 7.8 7.8 8.0 7.8 8.0
£ 2,3 9.3 9.2 9.1 9.3 9.2
‘é 3,4 9.6 9.5 9.3 9.3 9.6
S 4,5 9.6 9.5 9.3 9.3 9.6
a 5,6a 2.2 <1* overlap 3.5 2.2
a 5,6b 5.5 5.8 overlap overlap 5.5
A 6a, 6b 11.4 10.2 12.4 13.6 11.4

11,12 7.6 n/a 7.6 7.3 1.5
12,13 9.3 n/a 9.6 9.0 32
13, 14 9.1 n/a 3.4% 3.3*% 9.5
o
S 14, 15 9.0 n/a ovegl?l’z()ia CaYA 9.3
Z 15, 16a 23 n/a 7.3% n/a 6.2
3 15, 16b 5.6 n/a overlap n/a n/a
3 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 Ogjlg)z ;:a n/a
° 21,22 1.6 1.6 1.3 1.5 1.5
, 8 22,23 3.3 3.2 3.1 3.3 3.0
'f.s E 23,24 9.5 9.6 9.6 9.6 9.5
f:: 24,25 9.6 9.6 9.6 9.6 9.3
25,26 6.2 6.2 6.0 6.2 6.2
2 31,32 15.8 15.8 15.8 15.8
% 3 34, 38 2.0 2.0 1.8 1.9 1.8
© 37,38 8.3 8.2 8.2 8.2 8.2
= 50a, 50b 9.6 9.6 9.5 9.5 9.5
2 50a, 51a ) ) ) 8.4 ]
% 50a. 51b 7.0; 8.1 6.7; 8.3 6.7;7.8 2.4 8.17;6.9
7 50b, 51a ) ] overlap 9.5 overlap
_:g.. 50b, 51b 6.7, 8.2 6.8,8.3 overlap 9.5 overlap
z 53,57 2.2 2.0 1.8 1.8 1.6
56,57 8.0 8.0 8.0 8.0 8.0
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