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S1. Structure of other lichen specialized metabolites concerned by the study.

On the left the structure proposed in Hüneck and on the right the corrected structure 
according to the 2H-1’’’ 1H NMR value and this study.
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S2. 1H NMR data concerning CH2-1’’’ and CH2-3’’’ of hl and ka isomers
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S3. NMR spectra of 2hl (+ 2 major), 3hl (+ 3 major), 5ka, 6ka, 9, 10, 11, 12, and 13’

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)

1.
88

1.
91

2.
68

2.
71

2.
74

2.
76

3.
00

3.
06

3.
20

3.
25

3.
85

3.
88

3.
94

6.
54

6.
54

6.
60

6.
61

6.
65

11
.3

1

O

O

C3H11

O
COOH

OCH3

O

C3H11

O

H3CO OH

2hl 2hl
2hl

2hl

2’-O-methylisomicrophyllinic acid 2hl (≈15%)
(+ 2’-O-methylmicrophyllinic acid 2, ≈85%)

2 (≈85%)

O

OOO

C3H11

H3CO OH

OCH3

C3H11

O

O

OH2hl (≈15%)



7

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

1.
91

1.
93

1.
95

3.
03

3.
06

3.
23

3.
26

3.
96

6.
63

6.
67

11
.2

2

O

OO

C7H15

O

H3CO OH

OCH3

O

O

C7H15
OH

2’-O-methylisosuperphyllinic acid 3hl (≈15%)
(+ 2’-O-methylsuperphyllinic acid 3, ≈85%)

3hl 3hl
3hl

3hl

3hl (≈15%)

O

OOO

C7H15

H3CO OH

OCH3

COOH

C7H15

O
3 (≈85%)



8

0102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

23
.3

4

29
.6

0
29

.8
5

37
.8

4
41

.1
3

56
.7

0

10
2.

30
10

5.
31

11
1.

59
11

3.
62

11
3.

83

14
1.

45

15
4.

41

16
0.

71
16

2.
74

16
6.

78
16

8.
95

20
7.

52

O

OO

C7H15

O

H3CO OH

OCH3

O

O

C7H15
OH

2’-O-methylisosuperphyllinic acid 3hl
(+ 2’-O-methylsuperphyllinic acid 3)



9

O
O

C5H11

O

H3CO
O

OH

COOH

C5H11

O

-isocollatolic acid 5ka

0.51.01.52.02.53.03.54.04.55.05.56.06.57.0
f1 (ppm)

6.
07

8.
58

4.
00

1.
70

2.
01

3.
12

2.
24

0.
88

0.
97

0.
98

0.
88

0.
88

0.
89

0.
90

0.
91

0.
92

0.
92

0.
92

0.
93

1.
23

1.
25

1.
26

1.
27

1.
27

1.
29

1.
30

1.
30

1.
31

1.
32

1.
33

1.
33

1.
33

1.
34

1.
34

1.
35

1.
37

1.
37

1.
38

1.
39

1.
40

1.
53

1.
55

1.
56

1.
57

1.
58

1.
61

1.
63

2.
06

2.
26

2.
26

2.
27

2.
28

2.
31

2.
55

3.
86

3.
88

3.
90

4.
07

4.
09

6.
71

6.
75

6.
78

6.
79

6.
89



10

-100102030405060708090100110120130140150160170180190200210220
f1 (ppm)

13
.3

13
.4

22
.2

22
.3

23
.1

31
.2

31
.5

41
.0

42
.0

47
.1

55
.5

10
4.

2
10

6.
9

11
4.

2
11

5.
8

14
0.

9
14

1.
4

16
2.

0
16

3.
5

O
O

C5H11

O

H3CO
O

OH

COOH

C5H11

O

-isocollatolic acid 5ka



11

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)

5.
85

10
.3

2

3.
97

4.
04

1.
98

1.
90

1.
98

1.
00

0.
38

0.
82

0.
86

0.
88

0.
90

1.
23

1.
24

1.
25

1.
27

1.
28

1.
29

1.
30

1.
55

1.
58

2.
03

2.
04

2.
05

2.
05

2.
06

2.
41

2.
44

2.
47

2.
49

2.
52

2.
54

3.
97

4.
27

4.
28

6.
60

6.
63

6.
64

6.
75

6.
76

8.
16

-isoalectoronic acid 6ka

O
O

C5H11

O

HO
O

OH

COOH

C5H11

O



12

-100102030405060708090100110120130140150160170180190200210220
f1 (ppm)

13
.4

13
.4

22
.3

22
.3

23
.1

31
.2

31
.4

41
.5

41
.9

47
.3

54
.6

10
5.

8
10

6.
7

11
2.

9

11
7.

0

14
1.

1
14

1.
7

16
2.

1
16

2.
5

16
2.

6

20
8.

9

-isoalectoronic acid 6ka

O
O

C5H11

O

HO
O

OH

COOH

C5H11

O



13

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
f1 (ppm)

7.
0

9.
3

4.
9

4.
3

2.
9

1.
0

1.
9

1.
0

1.
0

1.
0

0.
88

0.
92

1.
32

1.
37

1.
70

2.
51

2.
55

3.
80

6.
25

6.
36

6.
37

6.
37

6.
51

6.
52

6.
57

7.
26

 C
D

Cl
3

11
.0

4

O

O

C5H11

OH

O OCH3

O

C5H11

O

OH

-collatone 9



14

0102030405060708090100110120130140150160170180
f1 (ppm)

14
.0

14
.1

22
.5

22
.5

26
.7

31
.2

31
.3

33
.5

33
.7

56
.0

77
.2

 C
D

Cl
3

77
.4

98
.4

98
.6

10
2.

9
10

3.
3

10
3.

5
10

4.
3

10
4.

6

13
0.

3
13

2.
0

14
2.

2

15
7.

8
15

9.
2

15
9.

9
16

1.
1

16
1.

7
16

2.
8

16
5.

9
16

6.
1

-collatone 9
O

O

C5H11

OH

O OCH3

O

C5H11

O

OH



15

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
f1 (ppm)

3.
1

3.
1

8.
0

2.
4

2.
1

2.
1

2.
9

3.
0

1.
9

1.
0

1.
9

1.
0

1.
9

0.
84

0.
87

1.
02

1.
89

1.
91

1.
92

1.
98

2.
00

2.
01

2.
03

2.
10

2.
36

2.
39

2.
41

3.
05

3.
10

3.
15

3.
21

3.
35

3.
84

4.
03

6.
29

6.
30

6.
45

6.
46

6.
47

6.
62

6.
63

7.
26

 C
D

Cl
3

11
.1

9
11

.2
1

O

C3H7

H3CO OH

O

O

O

OH

O

OCH3C3H7

2’’’-O-methylglomellic acid 10



16

-100102030405060708090100110120130140150160170180190200210220
f1 (ppm)

0.
1

13
.8

14
.2

17
.0

17
.2

36
.3

37
.3

44
.5

50
.1

51
.4

55
.7

77
.2

 C
D

Cl
3

10
0.

2
10

4.
3

10
6.

6
10

7.
6

10
9.

5
11

2.
9

11
3.

6

13
9.

0
13

9.
9

15
5.

4
16

0.
0

16
3.

6
16

5.
2

16
6.

8
16

8.
6

16
8.

8

20
7.

2

O

C3H7

H3CO OH

O

O

O

OH

O

OCH3C3H7

2’’’-O-methylglomellic acid 10



17

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

6.
9

15
.5

2.
4

2.
2

1.
0

2.
8

1.
0

3.
1

2.
2

2.
2

1.
0

1.
0

0.
89

0.
92

0.
94

1.
30

1.
31

1.
40

1.
62

1.
93

1.
96

2.
04

2.
06

2.
07

2.
18

2.
52

2.
54

2.
57

3.
14

3.
14

3.
34

3.
51

3.
56

3.
84

3.
97

3.
99

6.
58

6.
59

6.
79

7.
26

 C
D

Cl
3

11
.0

1

H3CO

O

C5H11
O

O

OH

C5H11
O

OCH3

O

O

2’’’-O-methyl--collatolic acid 11



18 0102030405060708090100110120130140150160170180190200210
f1 (ppm)

14
.1

14
.1

22
.6

22
.7

23
.3

23
.5

30
.6

31
.5

31
.8

35
.1

42
.9

48
.1

50
.1

55
.9

77
.2

 C
D

Cl
3

10
5.

0
10

7.
6

10
8.

1

11
5.

2

12
9.

8

14
1.

5

15
0.

7

16
0.

4
16

1.
9

16
3.

6
16

8.
2

20
6.

5

H3CO

O

C5H11
O

O

OH

C5H11
O

OCH3

O

O

2’’’-O-methyl--collatolic acid 11



19

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
f1 (ppm)

6.
6

12
.0

2.
3

2.
4

2.
0

1.
0

1.
1

3.
0

3.
0

1.
0

2.
0

0.
9

1.
0

0.
88

0.
91

1.
32

1.
35

1.
70

1.
97

2.
51

3.
00

3.
26

3.
35

3.
79

6.
21

6.
50

6.
51

6.
52

6.
59

7.
26

 C
D

Cl
3

11
.1

2

H3CO

O

C5H11

HO

O

OH

C5H11
O

OCH3

O

O

2’’’-O-methyl--collatolic acid 12



20

102030405060708090100110120130140150160170
f1 (ppm)

14
.1

22
.5

22
.6

23
.3

26
.6

31
.3

31
.7

31
.8

33
.4

35
.1

49
.9

56
.0

77
.2

 C
D

Cl
3

10
0.

0
10

3.
0

10
3.

3
10

3.
5

10
4.

0
10

4.
3

10
7.

1

13
1.

3

13
4.

5

14
1.

8

15
7.

1
15

9.
6

16
0.

8
16

2.
3

16
2.

8
16

6.
1

16
8.

4

H3CO

O

C5H11

HO

O

OH

C5H11
O

OCH3

O

O

2’’’-O-methyl--collatolic acid 12



21

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
f1 (ppm)

3.
26

2.
63

2.
48

2.
31

3.
06

1.
02

1.
00

1.
02

1.
01

1.
45

1.
88

2.
01

3.
03

3.
08

3.
35

6.
20

6.
30

7.
26

 C
D

Cl
3

11
.1

7

HO

O

OH

O

OCH3C3H7

Compound 13’



22

HO

O

OH

O

OCH3C3H7

Compound 13’

0102030405060708090100110120130140150160170
f1 (ppm)

14
.2

17
.0

36
.3

37
.3

50
.1

77
.2

 C
D

Cl
3

10
1.

8
10

1.
9

10
7.

1
10

7.
4

14
0.

4

16
2.

5
16

4.
4

16
8.

8



23

S4. Complementary 1H and 2H NMR for 2 and 6ka

2‘-O-methylmicrophyllinic acid in CD3COCD3 (exchange H/D) after 30 min

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.5
f1 (ppm)

A (m)
3.97

B (m)
6.51

C (m)
2.47

D (m)
1.56

E (dt)
0.87

1.
00

0.
52 0.

54 0.
57

0.
83

0.
82

0.
83

0.
84

0.
84

0.
85

0.
86

0.
87

0.
88

0.
89

0.
90

0.
91

0.
92

1.
37

1.
49

1.
51

1.
51

1.
54

1.
54

1.
56

1.
59

1.
61

1.
64

2.
13

2.
15

2.
17

2.
19

2.
20

2.
22

2.
41

2.
42

2.
43

2.
46

2.
49

2.
58

2.
66

2.
70

2.
73

2.
75

2.
84

2.
86

3.
86

3.
98

4.
08

6.
31

6.
32

6.
47

6.
48

6.
63

6.
64

6.
72

6.
73

4H

complete
exchange

no exchange

3H

2H

3H

Exchange complete for CH2-1’’’ Lower exchange for CH2-3’’’

2H NMR confirmation in CDCl3

 

-10123456789101112131415
f1 (ppm)

CD2-1'''

CD2-3'''
CDCl3

lower H/D
exchange



24

2‘-O-mehylmicrophyllinic acid in CDCl3 after evaporation, dissolution in acetone 
(inverse exchange D/H) evaporation and NMR in CDCl3
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-collatolic acid (CDCl3)
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-isocollatolic acid (d6-acetone)
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S5. NMR spectra of compounds previously reported1–3 : 1, 4, 5, 6, 7 and of physodic acid and physodone
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S6. Example of reaction checking by 1H NMR and keto-enol study

Isomerization of -collatolic acid 5 into -collatolic acid 7. Aromatic hydrogen atoms.
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Dehydration of -collatolic acid 5 into -collatone 8.
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Dehydration of -collatolic acid 7 into -collatone 9.
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S7. Crystal structure report for -collatone 9

(C29H32O8); M = 508.54. 
A suitable crystal for X-ray diffraction single crystal experiment (colourless plate, dimensions = 
0.280 x 0.230 x 0.060 mm) was selected and mounted on the goniometer head of a D8 Venture 
(Bruker-AXS) diffractometer equipped with a CMOS-PHOTON70 detector [*], using Mo-K 
radiation ( = 0.71073 Å, multilayer monochromator) at T = 150(2) K. Crystal structure has been 
described in orthorhombic symmetry and P b c a (I.T.#61) centric space group. Cell parameters 
have been refined as follows: a = 14.8340(12), b = 12.7431(9), c = 27.038(2) Å, V = 5110.9(7) Å3. 
Number of formula unit Z is equal to 8 and calculated density d and absorption coefficient  values 
are 1.322 g.cm-1 and 0.096 mm-1 respectively. Crystal structure was solved by dual-space algorithm 
using SHELXT program [1], and then refined with full-matrix least-squares methods based on F2 
(SHELXL program [2]). All non-Hydrogen atoms were refined with anisotropic atomic displacement 
parameters. Except Hydrogen atoms linked to Oxygen atoms that were introduced in the structural 
model through Fourier difference maps analysis, H atoms were finally included in their calculated 
positions and treated as riding on their parent atom with constrained thermal parameters. A final 
refinement on F2 with 5857 unique intensities and 355 parameters converged at R(F2) = 0.1704 
(RF = 0.0840) for 5062 observed reflections with (I > 2).
1. G. M. Sheldrick, Acta Cryst. A71 2015 3-8
2. Sheldrick G.M., Acta Cryst. C71 2015 3-8
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