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Table S1: 'H (600 MHz) and "*C (150 MHz) NMR data for compounds 1 and 2

NO Compound 1 Compound 2
Oc (ppm)  Ou (ppm) (mult, J in Hz, XH) Oc (ppm)  Ou (ppm) (mult, J in Hz, XH)
1 95.2 5.83 (s, 1H, H-1) 97.8 5.48 (d, 4.2 Hz, 1H, H-1)
3 155.2 7.43 (s, 1H, H-3) 153.4 7.49 (d, 1.7 Hz, 1H, H-3)
4 109.4 Cq 110.3 Cq
5 31.8 3.88 (dd, 9.2, 4.4 Hz, 1H, H-5) 29.3 3.24 (m, 1H, H-5)
2.62 (dd, 14.2, 4.5 Hz, 1H, H-60) 2.33 (dd, 16.2, 8.7 Hz, 1H, H-
6a
6 354 235(dd, 14.1,93 Hz, 1H, H-68) >/ 2.8)9 (dd, 16.2, 3.2 Hz, 1H, H-
6f)
7 173.2 Cq 174.6 Cq
8 124.9 5.99 (q, 8.2, 7.4 Hz, 1H, H-8) 134.7 5.60 (m, 1H, H-8)
9 130.7 Cq 45.6 2.74 (dt, 9.6, 5.0 Hz, 1H, H-9)
121.6 5.19 (dd, 8.3, 2.4 Hz, 1H, H-
10 13.5 1.57 (d, 7.1 Hz, 3H, H-10) 10a)/5.18 (d, 1.8 Hz, 1H, H-
108)
11 168.7 Cq 167.1 Cq
1" 66.9 4.11 (m, 2H, H-1") 67.0 422 (t, 6.9 Hz, 2H, H-1")
2" 413 2.67 (t, 7.1 Hz, 2H, H-2") 35.7 2.79 (t, 6.9 Hz, 1H, H-2")
3" 130.5 Cq 131.1 Cq
4" 117.1 6.56 (d, 1.9 Hz, 1H, H-4") 117.3 6.69 (d, 1.9 Hz, 1H, H-4")
5" 146.3 Cq 146.5 Cq
6" 144.9 Cq 145.2 Cq
. 6.59 (d, 8.0 Hz, 1H, H-7") 116.7 6.57 (dd, 8.0, 1.9 Hz, 1H, H-
7 116.4 7
8" 121.3 6.45 (dd, 8.0 Hz, 1.9 Hz, 1H, H-8") 121.9 6.72 (d, 8.0 Hz, 1H, H-8")
1 100.9 4.71 (d,7.9 Hz, 1H, H-1") 100.3 4.68 (d, 7.9 Hz, 1H, H-1")
2' 74.8 3.27 (m,1H, H-2') 74.9 3.22 (m,1H, H-2")
3! 78.4 3.31 (m, 1H, H-3") 78.7 3.32 (m, 1H, H-3")
4 71.5 3.20 (m, 1H, H-4") 71.8 3.30 (m, 1H, H-4")
5' 77.9 3.79 (m, 1H, H-5") 78.3 3.39 (m, 1H, H-5")
6' 62.7 3.57 (m, 1H, H-6") 63.0 3.92 (bd, H-6")
O-CH; 519 3.62 (s, 3H) 52.0 3.65 (s, 3H)

%, dissolved in CD;0OD, 'H NMR (600 MHz and *C NMR (150 MHz)).
d values are expressed in ppm and coupling constants (J) in Hz

Cq: Quaternary carbon
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Compounds Identification

Compound 1 was isolated as a yellow powder, [a]**p: —124.68 (¢ 0.001, MeOH), and its molecular
formula was determined as C»sH3,0,3 based on the observed peaks at (m/z 539.1786 [M-H], calcd for
539.1765) and (m/z 575.1526 [M+CI], calcd for 575.1547) in the negative HR-ESI-MS, together with
1D and 2D NMR spectroscopy. The 'H-NMR spectrum displayed three aromatic protons at 8y 6.56 (d,
J=19 Hz, 1H, H-4") 6.59 (d, J= 8.0 Hz, 1H, H-7"), and 6.45 (dd, /= 8.0 Hz, /= 1.9 Hz, 1H, H-8").
In addition, the presence of a proton signal at dx 4.71 (d, /= 7.9 Hz, 1H, H-1"), which correlates with a
carbon signal at d¢ 100.9 (C-1") trough HSQC, indicates the existence of an anomeric proton.
Furthermore, the presence of oxygenated methylenegroup was confirmed by the proton resonance
signal observed at oy 4.11 (m, 2H, H-1"). This was further corroborated by the carbon spectrum, which
displayed a signal at 6¢ 66.9, assigned to (C-1", CH), analyzed by HSQC data. On the other hand, the
olefinic carbon at C-8, CH (124.9) was deduced from the corresponding proton signal observed at ou
5.99 (q, J = 8.2, 7.4 Hz, 1H, H-8) through detailed analysis of the HSQC. The signal indicates the
presence of a singlet proton at 7.43 ppm (H-3) attributed to the vinyl hydrogen and connected to a carbon
bearing an oxygen atom, confirmed with HSQC correlation. One singlet methoxyl proton appeared at
Ou 3.62 (OCH3, s, 3H) and the methoxylated carbon signal at 8¢ 51.9. One methyl at 6y 1.57 (d, J=7.1
Hz, 3H, H-10) and linked to the carbon signal at d¢ 13.5 (C-10, CH3) based on HSQC evaluation. Then,
the sugar protons were determined in the area at oy 3.20-4.71.

In the HMBC spectrum, the anomeric proton signal at du 4.71 (d, J=7.9 Hz, 1H, H-1") showed
key correlations with the olefinic carbons at 5¢ 124.9 (C-8, CH) and ¢ 130.7 (C-9, C) and 95.2 (C-1,
CH). These correlations clearly indicated that the glycosidic linkage at C-1'is connected to the elenolic
acid moiety, a characteristic secoiridoid structure. Furthermore, the characteristic correlation between
oxygenated methylene proton at 6y 4.11 (m, 2H, H-1") with carbon at 3¢ 35.4 (C-6, CH»), 173.2 (C-7,
C) and 130.7 (C-9, C) showed that the hydroxytyrosol ring was connected to elenolic acid. Based on the
comprehensive spectroscopic data outline above, compound 1 was identified as oleuropein (Figure 4)
in the main text. These findings align well with previously published data [1, 2] confirming the identity
of the compound.

Compound 2 was purified as a yellow powder, [a]**p : =26.70 (¢ 0.0005, MeOH). Its molecular
formula was C,sH3,013, deduced from the detected peaks at m/z 539.1782 [M-H], calcd for 539.1765
and (m/z 575.1526 [M+CIl], calcd for 575.1545), along with 1D and 2D NMR spectroscopy. The 1D
('H-NMR & "BC-NMR) and 2D (HSQC, HMBC, & 'H-'H COSY) confirmed the existence of
hydroxytyrosol, secoiridoid, and sugar moiety. The 'H-NMR data showed the spectral peaks at oy 6.57
(dd, J=38.0 Hz, J=1.9 Hz, 1H, H-7"), 6.72 (d, J = 8.0 Hz, 1H, H-8") and 6.69 (d, /= 1.9 Hz, 1H, H-
4") which entails the ABX system of ortho and meta substitutions in an aromatic ring. The other two
resonances were assigned to the protons of the ethyl chain, with signals observed at 612.79 (t, J = 6.9
Hz, 1H, H-2") and 4.22 (t, J = 6.9 Hz, 1H, H-1"), respectively. All the aforementioned spectroscopic
data collectively indicated the presence of a hydroxytyrosol moiety within the structure. In addition, the
presence of elenolic acid (secoiridoid) ring was detected at oy 3.65 (3H, s, 11-OCHj3) as methyl ester
group, one methylene at éy 2.33 (dd, J = 16.2, /= 8.7 Hz, 1H, H-6a) and 2.89 (dd, J=16.2,J=13.2
Hz, 1H, H-6p), two methines at 6y 3.24 (m, 1H, H-5) and 2.74 (dt, /= 9.6, J = 5.0 Hz, 1H, H-9), 7.49
(d, J=1.7 Hz, 1H, H-3), and one olefinic proton at éx 5.19 (dd, J = 8.3, J = 2.4 Hz, 1H, H-100) and
5.18 (d, J= 1.8 Hz, 1H, H-10p). The presence of a vinyl hydrogen was confirmed by the singlet proton
at 8y 7.49 (H-3) and carbon signal at 8. 153.4 (C-3, CH). In the aliphatic region of the 'H-NMR spectrum,
the signal corresponding to the glucosyl moiety was detected at ou 3.92-4.68. In combination with the
13C NMR data, it showed for two carbonyl groups at 8¢ 174.6 (C-7, C) and 167.1 (C-11, C), successively.
In addition, a presence of two oxygenated quaternary carbons at d¢ 146.5 (C-5", C) and 145.2 (C-6", C),
respectively. The *C NMR also exhibited a methoxylated carbon signal at 8¢ 52.0.

The presence of olefinic proton signal at 6y 5.19 (dd, J=8.3 Hz, J=2.4 Hz, 1H, H-10a) and 5.18
(d, J=1.8 Hz, 1H, H-10p) linked to the ¢ 121.6 (C-10) was assigned by HSQC spectrum. In addition,
the correlation between H-2" (2.79, t, 6.9 Hz) with 116.7 (C-7", CH), 121.9 (C-8", CH), and 131.1 (C-
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3", C) confirmed that there was a hydroxytyrosol ring. The HMBC correlation of H-1' (4.68, d, J=7.9
Hz) with C-1, CH (97.8) showed that the sugar moiety was linked to an elenolic acid ring. It was also
confirmed with '"H-'H COSY correlation between H-9 and H-1. Furthermore, the linkage between a
hydroxytyrosol ring and elenolic acid was evaluated with HMBC correlation of H-4" (6.69, d, J=1.9
Hz) and C-6, CH> (35.7).

Moreover, a subtle distinction between compounds 1 and 2 was observed in the positioning of the
olefinic proton on the olenolic acid ring. In the compound 1, the olefinic carbons was between C-8, CH
and C-9, CH proton signal appeared at 5.60 (H-8). Meanwhile, on compound 2, the spectrum of olefinic
proton was terminal between C-8, CH and C-10, CH, (Table S2). The observed correlations between H-
8/H-9, and H-8/H-10 in the '"H-"H COSY spectrum (Figure S10) confirmed these suggestions. Based on
a forementioned data and upon comparison with reported data, compound 2 was identified as oleuroside
(Figure 4) [3].

Compound 3 was isolated as a yellow powder, [a]*p : + 2.35 (¢ 0.001, MeOH), and its
molecular formula was determined as C,0H2206 by HR-ESI-MS, m/z 357.1346 [M-H], calcd 357.1338.
The '"H NMR (CDsOD, 400 MHz) &1 6.97 (2H, d, J = 1.9 Hz, H-2, H-2"), 6.83 (2H, dd, J=8.1,J=1.9
Hz, H-6, H-6"), 6.79 (2H, d, J = 8.1 Hz, H-5, H-5"), 4.73 (2H, d, J=4.2 Hz, H-7, H-7"), 3.17 (1H, m, H-
8), 3.33 (1H, dt, 1.6 Hz, H-8"), 4.25 (2H, dd, /= 6.9, J = 9.0 Hz, H-9, H-9"), 3.88 (6H, s, 3, 3'-OCH3)
attached to C-3, 3'. The *C NMR (CDsOD, 100 MHz) ¢ 111.0 (C-2, C-2', CH), 116.1 (C-5, C-5', CH),
120.1 (C-6, C-6', CH), 87.5 (C-7, C-7', CH), 55.4 (C-8, C-8', CH), 72.6 (C-9, C-9', CH>), 133.8 (C-1, C-
I', C), 149.1 (C-3, C-3', C), 147.3 (C-4,C-4', C), and 56.4 (O-CH3). Compound 3 was identified as
pinoresinol (Figure 4) and compared with previous data [4].
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Figure S2: The 3*C-NMR spectrum of compound 1 (Oleuropein) in CD30D (150 MHz)
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Figure S5: The HRESI-MS data of compound 1 (Oleuropein)

Molecular formula : Observed : Calculated : Adduct Ion:  Error ppm:
C25H32013 539.1786 539.1765 [M-H] 39

Molecular formula : Observed : Calculated : Adduct Ion:  Error ppm:
C25H32013 575.1547 575.1526 [M+CI] 3.7
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Figure S7: The >*C-NMR spectrum of compound 2 (Oleuroside) in CD;0D (150 MHz)
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Molecular formula : Observed : Calculated : Adduct Ion:
CosH3013 575.1545 575.1526 [M+CI]

© 2025 ACG Publications. All rights reserved.

Error ppm:
3.2

Error ppm:
33

15




1.3
1.2

1.1

+1.0

0.9

+0.8

+0.7

0.6

+0.5

Lo.4

+0.3

0.2
0.1
0.0

+-0.1

9T
8bST'E
88ST°E
wotT'e
959T°€E
869T°€
8PLT°E
Tezee
T9zEE
TogEE
1beee

|

6LEE°E
LSL8°E

Tz

7

[4:izad
124T44
9TLT'v

8Ly
YEEL'Y

i\

v
>

+598°t
0048t

SLLL9
8L6L°9
66T8'9
8v78'9
€0v8'9
0S+8'9
99969
Y1469

7

|

{

Lu MM 'l

The "H-NMR spectrum of compound 3 (Pinoresinol) in CD3OD (400 MHz)

Figure S12

© 2025 ACG Publications. All rights reserved.

16



m M - oW

o0 & goq b g 35
an it e ) y
R a i papst & IN B

\/ /N Y L0.55

L 0.50

L0.45

L 0.40

L0.35

L0.30

L0.25

L0.20

Lo.15

Lo.10

L | | t L0.05

- | h I " ‘ ovonponsane |- 0.00

L-0.05

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

Figure S13: The >*C-NMR spectrum of compound 3 (Pinoresinol) in CD;0D (100 MHz)
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Figure S14:The HRESI-MS data of compound 3 (Pinoresinol)

Molecular formula:  Observed : Calculated:  AdductIon:  Error ppm:
C20H2206 357.1346 357.1338 [M-H] 2.2
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