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Figure S1. Positive FAB-MS spectrum of compound 1

[M+Na]+
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Figure S2. Positive HRESIMS spectrum of compound 1

S3



0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1.
75

1.
84

0.
85

0.
83

1.
19

1.
29

2.
13

1.
24

1.
95

0.
81

0.
82

1.
34

1.
01

1.
01

0.
99

0.
73

1.
83

0.
93

0.
86

1.
00

3.
14

2
3.

15
2

3.
15

5
3.

16
5

3.
16

8
3.

37
6

3.
37

7
3.

38
5

3.
38

8
3.

44
4

3.
44

7
3.

45
1

3.
45

6
3.

46
8

3.
46

9
3.

48
3

3.
65

2
3.

65
8

3.
66

3
3.

67
6

3.
67

9
3.

68
4

3.
68

7
3.

74
0

3.
75

8
3.

77
2

3.
78

0
3.

79
4

3.
81

2
3.

82
0

3.
83

5
3.

83
9

3.
84

4
3.

86
1

3.
86

5
3.

87
1

3.
87

5
3.

88
9

4.
21

5
4.

22
9

4.
23

3
4.

23
8

4.
24

3
4.

24
7

4.
25

2
4.

25
6

4.
27

0
4.

29
1

4.
71

3
4.

72
2

4.
73

2
4.

74
1

4.
87

4
4.

88
9

5.
57

8
5.

59
0

6.
75

7
6.

77
3

6.
80

2
6.

80
6

6.
81

8
6.

82
2

6.
90

1
6.

91
2

6.
91

6
6.

92
1

6.
92

9
6.

93
3

6.
94

5
6.

94
8

7.
02

2
7.

02
5

7.
12

9
7.

14
6

Figure S3. 1H NMR spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S4. Expanded 1H NMR spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S5. Expanded 1H NMR spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S6. 1H-1H COSY spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S7. Expanded 1H-1H COSY spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S8. Expanded 1H-1H COSY spectrum of compound 1 (CD3OD, 500 MHz)
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Figure S9.  13CNMR spectrum of compound 1 (CD3OD, 125 MHz)
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Figure S10. Expanded 13CNMR spectrum of compound 1 (CD3OD, 125 MHz)
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Figure S11.  HSQC spectrum of compound 1
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Figure S12.  Expanded HSQC spectrum of compound 1
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Figure S13.  Expanded HSQC spectrum of compound 1
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Figure S14.  HMBC spectrum of compound 1
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Figure S15.  Expanded HMBC spectrum of compound 1
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Figure S16.  Expanded HMBC spectrum of compound 1

S17



Figure S17.  EI-MS spectrum of compound 2
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Figure S18.  1HNMR spectrum of compound 2 (CD3OD, 400 MHz)
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Figure S19.  13CNMR spectrum of compound 2 (CD3OD, 100 MHz)
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S21

Figure S20.  EI-MS spectrum of compound 3
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Figure S21. 1HNMR spectrum of compound 3 (CDCL3, 100 MHz)
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Figure S22. 13CNMR spectrum of compound 3 (CDCL3, 100 MHz)
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Figure S23. Positive FAB-MS spectrum of compound 4

[M+Na]+
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Figure S24. 1HNMR spectrum of compound 4 (DMSO-d6, 400 MHz)
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Figure S25. 13CNMR spectrum of compound 4 (DMSO-d6, 100 MHz)
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Figure S26. Positive FAB-MS spectrum of compound 5

[M+Na]+
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Figure S27. 1HNMR spectrum of compound 5 (CD3OD, 400 MHz)
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Figure S28. 13CNMR spectrum of compound 5 (CD3OD, 100 MHz)
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Figure S29. EI-MS spectrum of compound 6
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Figure S30. 1HNMR spectrum of compound 6 (CDCL3, 400 MHz)
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Figure S31. EI-MS spectrum of compound 7
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Figure S32. 1HNMR spectrum of compound 7 (CD3OD, 400 MHz)
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Figure S33. 13CNMR spectrum of compound 7 (CD3OD, 100 MHz)
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Figure S34. Structures of gardenifolins A, C, E, and G and their respective mirror images 

gardenifolins B, D, F, and H [S1]. 
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Spectroscopic data of the isolated known compounds 2–7. 

• Pinoresinol (2): A colorless needles, 1H NMR (CDCl3, 400 MHz): δH 6.87 (2H, d, 

J = 2.5 Hz, H-2 and H-2′), 6.86 (2H, d, J = 8.1 Hz, H-5 and H-5′), 6.80 (2H, dd, J = 

8.1, 1.8 Hz, H-6 and H-6′), 4.71 (2H, d, J = 4.3 Hz, H-7 and H-7′), 3.08 (2H, m, H-

8 and H-8′), 4.22 (2H, dd, J = 9.1, 6.9 Hz, H2-9 and H2-9′), 3.86 (2H, d, J = 3.6, Hz, 

H2-9 and H2-9′),  and 3.88 [6H, s, (O-CH3)2]. 13C NMR (CDCl3, 100 MHz): δC 133.0 

(2C, C-1 and C-1′), 108.7 (2C, C-2, and C-2′), 146.9 (2S, C-3 and C-3′), 145.4 (2C, 

C-4 and C-4′), 114.4 (2C, C-5 and C-5′), 119.1 (2C, C-6 and C-6′), 86.0 (2C, C-7 

and C-7′), 54.2 (2C, C-8 and C-8′), 71.7 (2C, C-9 and C-9′), and 56.0[2C, (O-

CH3)2]. EI-MS m/z 358 [M]+ [S2]. 

• Epipinoresinol (3): A colorless needles, 1H NMR (CDCl3, 400 MHz): δH 6.95 (1H, 

d, J = 1.6 Hz, H-2), 6.88 (1H, d, J = 8.4 Hz, H-5),  6.84 (1H, dd, J = 8.4, 1.6 Hz, H-

6), 4.43 (1H, d, J = 7.2 Hz, H-7), 2.90 (1H, m, H-8), 4.12 (1H, d, J = 9.1 Hz, H2-9), 

3.83 (1H, d, J = 6.4, Hz, H2-9), 6.90 (1H, d, J = 1.6 Hz, H-2′), 6.88 (1H, d, J = 8.4 

Hz, H-5′), 6.78 (1H, dd, J = 8.2, 1.6 Hz, H-6′), 4.85 (1H, d, J = 5.3 Hz, H-7′), 3.32 

(1H, m, H-8′), 3.33 (1H, m, H2-9′), 3.85 (1H, d, J = 6.2 Hz, H2-9′), 3.89 (3H, s, O-

CH3), and 3.91 (3H, s, O-CH3). 13C NMR (CDCl3, 100 MHz): δC 133.0 (C-1), 108.5 

(C-2), 146.7 (C-3), 145.3 (C-4), 114.2 (C-5), 119.2 (C-6), 87.7 (C-7), 54.4 (C-8), 70.9 

(C-9), 130.3 (C-1′), 108.3 (C-2′), 146.4 (C-3′), 144.6 (C-4′), 114.2 (C-5′), 118.4 (C-

6′), 82.0 (C-7′), 50.0 (C-8′), 69.6 (C-9′) 55.8 (O-CH3), and 55.9 (O-CH3). EI-MS m/z 

358 [M]+ [3]. 

• Phillyrin (4): A yellowish white powder, 1H NMR (DMSO-d6, 400 MHz): δH 6.96 

(1H, brs, H-2), 7.05 (1H, d, J = 8.5 Hz, H-5), 6.90 (1H, br.d, J = 8.5, Hz, H-6), 4.37 

(1H, d, J = 6.6 Hz, H-7), 2.83 (1H, dd, J = 14.7, 6.7 Hz, H-8), 4.09 (1H, d, J = 9.1 

Hz, H2-9), 3.79 (1H, m, H2-9), 6.92 (1H, brs, H-2′), 6.87 (1H, d, J = 8.5 Hz, H-5′), 

6.90 (1H, brd, J = 8.5 Hz, H-6′), 4.79 (1H, d, J = 5.7 Hz, H-7′), 3.30 (1H, m, H-8′), 

3.35 (1H, m, H2-9′), 3.79 (1H, m, H2-9′), 4.88 (1H, d, J = 6.1 Hz, H-1′′), 3.25 (2H, 

brs, H-2′′, H-3′′), 3.05 (1H, brs, H-4′′), 3.06 (1H, t, J = 8.5 Hz, H-5′′), 3.45 (1H, d, J 

= 5.9 Hz, H2-6′′), 3.65 (1H, m, H2-6′′), 3.74 (3H, s, O-CH3), 3.75 (3H, s, O-CH3), 

and 3.76 (3H, s, O-CH3). 13C NMR (DMSO-d6, 100 MHz): δC 135.9 (C-1), 111.0 

(C-2), 149.6 (C-3), 146.6 (C-4), 115.8 (C-5), 118.8 (C-6), 87.3 (C-7), 54.6 (C-8), 70.9 

(C-9), 131.8 (C-1′), 110.0 (C-2′), 149.1 (C-3′), 148.3 (C-4′), 112.1 (C-5′), 118.2 (C-

6′), 81.8 (C-7′), 49.8 (C-8′), 69.5 (C-9′), 100.7 (C-1′′), 73.8 (C-2′′), 77.4 (C-3′′), 70.2 
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(C-4′′), 77.6 (C-5′′), 61.2 (C-6′′), 56.0 [2C, (O-CH3)2], and 56.2 (O-CH3). Positive 

FABMS m/z 557 [M+Na]+ [4]. 

• Pinoresinol-4-O-β-D-glucoside (5): A yellowish residue, 1H NMR (CD3OD, 400 

MHz): δH 7.02 (1H, d, J = 1.8 Hz, H-2), 7.13 (1H, d, J = 8.4 Hz, H-5), 6.91 (1H, dd, 

J = 8.4, 1.6 Hz, H-6), 4.74 (1H, d, J = 4.4 Hz, H-7), 3.19 (1H, m, H-8), 3.84 (1H, H2-

9), 4.22 (1H, dd, J = 9.0, 6.7 Hz, H2-9), 6.94 (1H, d, J = 1.6 Hz, H-2′), 6.75 (1H, d, J 

= 8.5 Hz, H-5′), 6.79 (1H, dd, J = 8.5, 1.6 Hz, H-6′), 4.69 (1H, d, J = 4.3 Hz, H-7′), 

3.11 (1H, m, H-8′), 3.84 (1H, m, H2-9′), 4.22 (1H, dd, J = 9.0, 6.7 Hz H2-9′), 4.88 

(1H, d, J = 7.4 Hz, H-1′′), 3.47 (1H, m, H-2′′) 3.46(1H, m, H-3′′), 3.39 (2H, m, H-

4′′, H-5′′), 3.68 (1H, dd, J = 12.0, 5.3 Hz, H2-6′′), 3.85 (1H, m, H2-6′′), 3.86 (3H, s, 

O-CH3), and 3.84 (3H, s, O-CH3). 13C NMR (CD3OD, 100 MHz): δC 137.5 (C-1), 

111.6 (C-2), 147.6 (C-3), 151.0 (C-4), 118.0 (C-5), 119.8 (C-6), 87.1 (C-7), 55.5 (C-

8), 72.6 (C-9), 133.8 (C-1′), 111.0 (C-2′), 147.4 (C-3′), 149.2 (C-4′), 116.1 (C-5′), 

120.1 (C-6′), 87.5 (C-7′), 55.3 (C-8′), 72.7 (C-9′), 102.8 (C-1′′), 74.9 (C-2′′), 77.8 (C-

3′′), 71.3 (C-4′′), 78.2 (C-5′′), 62.4 (C-6′′), 56.4 (O-CH3), and 56.7 (O-CH3). Positive 

FABMS m/z 543 [M+Na]+ [5].  

• p-Methoxy-trans-methyl cinnamate (6): A white powder, 1H NMR (CDCl3, 400 

MHz): δH 7.48 (2H, d, J = 8.8 Hz, H-2/H-6), 6.91 (2H, d, J = 8.8 Hz, H-3/H-5), 7.65 

(1H, d, J = 16.0 Hz, H-7), 6.31(1H, d, J = 16.0 Hz, H-8), 3.49 (3H, s, O-CH3), and 

3.84 (3H, s, O-CH3). EI-MS m/z 192 [M]+ [6]. 

• 1H-indole-3-carboxaldehyde (7): A white powder, 1H NMR (DMSO-d6, 400 

MHz): δH 8.10 (1H, s, H-2), 8.15 (1H, brd, J = 7.2 Hz, H-4), 7.28 (1H, ddd, J = 8.8, 

7.2, 1.2 Hz, H-5), 7.23 (1H, ddd, J = 8.0, 7.2, 1.2 Hz, H-6), 7.47 (1H, brd, J = 7.2 

Hz, H-7), and 9.88 (1H, H-10). EI-MS m/z 145 [M]+ and positive FABMS m/z 146 

[M+H]+ [7,8]. 
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Figure S35. Dose-response curve of the anti-AChE assay of compound 1. 
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Figure S36. Dose-response curve of the anti-AChE assay of compound 2. 
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Compound 3 
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Figure S38. Dose-response curve of the anti-AChE assay of compound 4. 
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Figure S39. Dose-response curve of the anti-AChE assay of compound 5.

Compound 5 
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Figure S40: The overlay of donepezil with compounds 3 (A) and 4 (B). 
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Table S1. 1H and 13C NMR spectral data of compound 1 (CD3OD, 500 and 125 MHz, respectively) and 

pinoresinol (2) (CDCl3, 400 and 100, respectively).  

δC in ppm δH in ppm, multiplicity (J in Hz) Position 

2  1 2 1  

133.0  136.1   1 

108.7  110.9 6.87 (d, J = 2.5) 6.95, d (J = 1.5) 2 

146.9  149.1   3 

145.4  147.3   4 

114.4  116.0 6.86 (d, J = 8.1) 6.77, d (J = 8.0) 5 

119.1  119.3 6.80 (dd, J = 8.1, 1.8) 6.92, dd (J = 8.0, 2.0) 6 

86.0  87.6 4.71 (d, J = 4.3) 4.74a, d (J = 4.5) 7 

54.2  55.6 3.08, m 3.17 b, m 8 

71.7  72.7 
4.22 (dd, J = 9.1, 6.9) 

3.86 (d, J = 3.6) 

4.23c, ddd (J = 11.5, 7.0, 2.0) 

3.85* (ov)d 

9 

 

133.0  133.7  - 1′ 

108.7  112.1 6.87 (d, J = 2.5) 6.92, brs. 2′ 

146.9  145.5   3′ 

145.4  149.0   4′ 

114.4  129.9 6.86 (d, J = 8.1)  5′ 

119.1  116.0 6.80 (dd, J = 8.1, 1.8) 6.90, brs. 6′ 

86.0  87.4 4.71 (d, J = 4.3) 4.72 a, d (J = 4.5) 7′ 

54.2  55.3 3.08, m 3.15b, m 8′ 

71.7  72.5 
4.22 (dd, J = 9.1, 6.9) 

3.84 (d, J = 3.6) 

4.25c, ddd (J = 11.5, 7.0, 2.0) 

3.84* (ov)d 

9′ 

 

  138.1  - 1′′ 

  111.1  7.03, d (J = 1.6) 2′′ 

  150.9  - 3′′ 

  147.6  - 4′′ 

  118.0  7.14, d (J = 8.5) 5′′ 

  120.0  6.82, dd (J = 8.5, 1.5) 6′′ 

  88.6  5.58, d (J = 5.5) 7′′ 

  55.6  3.48, m 8′′ 

  64.9  
3.78, dd (J = 11.0, 7.0) 

3.85* (ov)d 

9′′ 

 

  102.7  4.89, d (J = 7.5) 1′′′ 

  74.9  3.47, dd (J = 10, 7.5) 2′′′ 

  78.2  3.39, t (J = 10) 3′′′ 

  71.3  3.39, m 4′′′ 

  77.9  3.45, m 5′′′ 

  62.4  
3.68, ddd (J = 12.0, 5.5,1.5) 

3.87* (ov) 

6′′′ 

 

56.0  56.4 3.88, s 3.85, s 3’-OCH3 

  56.7  3.83, s 3”-OCH3 

56.0  56.8 3.88, s 3.88, s 3-OCH3 

*Multiplicity was not calculated because signals partially overlapped with methoxy signals.  
a,b,c exchangeable. 

(ov)d mean overlapped  
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Table S2. Chemical shift differences of H2-9 and H2-9′ (ΔδH-9 and ΔδH-9′) of compounds 1–5. 

Compound ΔδH-9 ΔδH-9′ Deuterated solvent 

1 0.38 0.41 CD3OD 

2 0.36 0.38 CDCl3 

3 0.29 0.52 CDCl3 

4 0.30 0.44 DMSO-d6 

5 0.38 0.38 CD3OD 
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