
01 
 

    Chemoenzymatic collective synthesis of optically active    
hydroxyl(methyl)tetrahydronaphthalene-based bioactive terpenoids 

Ramesh U. Batwal and Narshinha P. Argade* 
 

Division of Organic Chemistry, National Chemical Laboratory (CSIR), Pune 411 008, India 
np.argade@ncl.res.in 

Table of Contents 
Copies of 1H, 13C and DEPT NMR Spectra...........................................................       02 to 57

Chiral HPLC Chromatograms……………………………………………………       58 to 69

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015



                                                                                                                     02 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

2.073.052.062.093.121.011.00

CHLOROFORM-d

2.
04

2.
07

2.
10

2.
13

2.
17

2.
25

2.
58

2.
62

2.
65

2.
83

2.
86

2.
89

3.
86

7.
02

7.
27

7.
44

 



03 
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

16
.4

2

23
.5

1

28
.6

7

38
.7

6

55
.3

3

77
.0

0

10
6.

58

13
0.

69
13

1.
22

13
3.

61
13

6.
94

15
6.

45

19
8.

10

 



04 
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8

Chemical Shift (ppm)

16
.4

6

23
.5

3

28
.6

8

38
.7

8

55
.3

5

10
6.

57

13
0.

72

 



05 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

2.123.142.042.053.041.001.011.041.00

CHLOROFORM-d

1.
72

1.
75

1.
79

1.
82

1.
85

2.
12

2.
42

2.
45

2.
48

2.
65

2.
68

2.
71

3.
77

4.
85

4.
85

5.
35

6.
81

7.
00



06 
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.9

3

24
.1

3

29
.5

2

33
.2

8

55
.2

9

77
.0

0

10
4.

97
10

6.
62

12
6.

92
12

9.
33

13
1.

24
13

2.
80

14
3.

79

15
5.

98

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



07 
 

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

Chemical Shift (ppm)

15
.9

3

24
.1

3

29
.5

2

33
.2

8

55
.3

0

10
4.

98
10

6.
63

13
1.

25

 



08 
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.384.963.192.081.113.091.001.01

CHLOROFORM-d

1.
29

1.
33

1.
51

1.
71

1.
75

1.
78

1.
82

1.
83

1.
86

1.
88

1.
91

1.
93

2.
18

2.
65

2.
68

2.
71

2.
85

2.
88

2.
91

3.
83

6.
68

6.
85

7.
27

 



09 
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.6

7

20
.6

0
22

.9
9

29
.0

2
31

.5
7

32
.5

6

55
.3

8

77
.0

0

10
9.

58

12
3.

98

12
8.

30
13

1.
08

14
0.

28

15
5.

81

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

15
.6

7

20
.6

0
22

.9
9

29
.0

2
31

.5
6

32
.5

6

55
.3

8

10
9.

57

13
1.

08

 



11 
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.111.134.112.131.013.091.000.93

TMSCHLOROFORM-d

0.
00

1.
38

1.
41

1.
87

1.
90

2.
20

2.
24

2.
26

2.
54

2.
57

2.
58

2.
61

2.
67

2.
69

2.
71

2.
73

3.
04

3.
06

3.
09

3.
90

6.
68

7.
27

7.
83

 



12 
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.6

9

20
.7

6

30
.7

4
33

.0
2

35
.8

1

55
.4

3

77
.0

0

10
7.

58

12
4.

77
12

5.
41

12
9.

57

14
9.

44

16
2.

18

19
7.

39

 



13 
 

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

15
.6

9

20
.7

4

30
.7

1
32

.9
9

35
.7

9

55
.4

1

10
7.

55

12
9.

53

 



14 
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.031.833.211.031.084.201.101.051.00

CHLOROFORM-d

1.
44

1.
48

1.
67

1.
73

1.
79

1.
86

2.
22

2.
44

2.
46

2.
46

2.
48

2.
50

2.
52

2.
52

2.
54

3.
13

3.
16

3.
19

3.
92

3.
94

3.
95

4.
29

4.
29

4.
32

4.
35

4.
36

4.
38

4.
39

6.
78

7.
27

7.
84

4.0 3.5 3.0 2.5 2.0

1.833.211.031.084.201.10

4.
38

4.
35

4.
32

4.
29

4.
29

3.
95

3.
94

3.
92

3.
19

3.
16

2.
54

2.
52

2.
52

2.
48

2.
46

2.
46

2.
44

2.
22

1.
86

1.
79

1.
73

1.
67

 



15 
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.6

9

20
.4

9

31
.5

9

40
.8

0

55
.4

6

72
.9

4

77
.0

0

10
6.

96

12
2.

74
12

6.
07

12
9.

71

14
9.

04

16
2.

91

19
8.

51

 



16
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

15
.7

2

20
.5

2

31
.6

3

40
.8

2

55
.4

9

72
.9

6

10
6.

98

12
9.

74

 



17
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.101.176.371.071.103.291.001.061.00

TMSCHLOROFORM-d

0.
01

1.
45

1.
48

1.
90

1.
96

2.
02

2.
03

2.
09

2.
21

2.
23

2.
31

2.
34

2.
36

2.
40

3.
19

3.
21

3.
24

3.
27

3.
30

3.
34

3.
92

5.
48

5.
50

5.
54

5.
57

6.
75

7.
27

7.
83

 



18 
 

180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.7

1

20
.4

9
20

.9
4

32
.0

5

37
.9

8

55
.4

5

73
.9

7
77

.0
0

10
6.

70

12
3.

99
12

6.
12

13
0.

02

14
7.

68

16
2.

67

17
0.

36

19
2.

18

 



19 
 

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)

15
.7

1

20
.4

8
20

.9
3

32
.0

4

37
.9

8

55
.4

6

73
.9

6

10
6.

68

13
0.

01

 



20 
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.173.069.793.251.093.151.141.063.231.051.061.00

TMSCHLOROFORM-d

0.
00

0.
12

0.
23

0.
95

1.
43

1.
45

1.
89

1.
92

1.
95

1.
98

2.
19

2.
26

2.
27

2.
29

2.
29

2.
31

2.
32

3.
11

3.
12

3.
14

3.
15

3.
89

4.
33

4.
34

4.
36

4.
37

6.
73

7.
26

7.
84

 



21
 

180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

-5
.3

6
-4

.2
9

15
.7

2
18

.6
0

20
.7

3

25
.9

0

32
.3

9

42
.0

3

55
.4

2

74
.8

6
77

.0
0

10
6.

70

12
4.

40
12

5.
80

12
9.

87

14
7.

87

16
2.

22

19
6.

95

 



22
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8

Chemical Shift (ppm)

-5
.3

7
-4

.2
9

15
.7

3

20
.7

3

25
.8

9

32
.3

9

42
.0

3

55
.4

1

74
.8

6

10
6.

70

12
9.

87

 



23
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.211.531.165.041.094.451.051.021.00

CHLOROFORM-d

1.
37

1.
41

1.
63

1.
69

1.
75

1.
81

1.
92

1.
93

1.
94

1.
95

1.
96

1.
99

2.
20

2.
84

2.
87

2.
90

2.
93

2.
96

3.
84

3.
87

3.
89

3.
91

3.
93

3.
95

4.
62

4.
63

6.
75

7.
13

7.
27

 



24 
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.6

7

21
.4

2

32
.4

7
35

.0
2

55
.3

1

69
.6

6
70

.2
1

77
.0

0

10
7.

73

12
5.

35
12

7.
75

13
2.

68

13
9.

91

15
8.

18

 



25
 

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

15
.6

8

21
.4

3

32
.4

8
35

.0
3

55
.3

2

69
.6

7
70

.2
1

10
7.

74

13
2.

68

 



 

26
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

4.343.123.111.071.063.211.011.041.00

CHLOROFORM-d

1.
45

1.
46

1.
47

1.
49

1.
51

2.
14

2.
25

2.
62

2.
63

2.
64

2.
65

2.
65

3.
11

3.
12

3.
13

3.
14

3.
14

3.
15

3.
16

3.
89

4.
90

4.
91

4.
92

4.
92

6.
86

7.
27

7.
43

 



 

27
 

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

9.
90

15
.9

8

21
.7

2

31
.9

8

38
.6

7

55
.3

3

77
.0

0
78

.1
4

10
8.

36

11
5.

93

12
0.

71

12
5.

74

12
9.

60

14
2.

23

15
6.

67
15

9.
55

17
5.

60

 



 

28
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)

9.
90

15
.9

7

21
.7

2

31
.9

7

38
.6

6

55
.3

3

78
.1

4

10
8.

35

12
9.

60

 



29 
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.181.351.133.141.091.041.021.041.101.00

CHLOROFORM-d

1.
35

1.
36

1.
83

1.
85

1.
87

2.
20

2.
21

2.
23

2.
26

2.
57

2.
58

2.
59

2.
73

2.
73

2.
74

2.
75

2.
99

2.
99

6.
64

6.
75

7.
27

7.
87

3.0 2.5 2.0

1.351.133.141.091.041.02

3.
02

3.
01

2.
99

2.
99

2.
79

2.
78

2.
77

2.
75

2.
74

2.
73

2.
73

2.
60

2.
59

2.
58

2.
57

2.
55

2.
55

2.
26

2.
23

2.
22

2.
21

2.
20

2.
19

2.
18

1.
88

1.
87

1.
86

1.
85

1.
84

1.
84

1.
83

 



30
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.3

3

20
.5

1

30
.8

0
32

.5
8

36
.2

2

77
.0

0

11
2.

81

12
2.

97
12

4.
93

13
0.

64

14
9.

73

15
9.

54

19
8.

37

 



31 
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

15
.3

4

20
.5

1

30
.8

0
32

.5
9

36
.2

2

11
2.

81

13
0.

64

 



32
 

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

9.501.053.211.141.021.013.141.071.031.03

CHLOROFORM-d

1.
15

1.
17

1.
18

1.
20

1.
21

1.
23

2.
05

2.
08

2.
09

2.
24

2.
40

2.
40

2.
41

2.
44

2.
45

2.
80

2.
82

2.
93

2.
95

2.
97

2.
98

3.
88

5.
66

5.
67

5.
68

6.
72

7.
14

7.
27

3.0 2.5 2.0

1.053.211.141.021.01

2.
98

2.
97

2.
95

2.
93

2.
92

2.
84

2.
82

2.
80

2.
78

2.
45

2.
45

2.
44

2.
44

2.
43

2.
41

2.
40

2.
40

2.
39

2.
24

2.
11

2.
09

2.
08

2.
06

2.
05

1.25 1.20 1.15

9.50

1.
23

1.
21

1.
20

1.
18

1.
17

1.
15

 



33
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

16
.1

1

19
.9

1
22

.0
4

22
.4

2

28
.1

2
30

.9
0

32
.5

8

55
.3

5

77
.0

0

10
8.

56

11
6.

76

12
3.

39
12

5.
39

12
6.

53

14
1.

05
14

1.
53

15
6.

26

 



34
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

Chemical Shift (ppm)

16
.1

7

19
.9

6
22

.4
7

28
.1

8
30

.9
4

32
.6

4

55
.4

1

10
8.

61

11
6.

81

12
5.

44

 



35 
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

8.482.123.061.001.021.00

CHLOROFORM-d

2.
17

2.
21

2.
23

2.
26

2.
30

2.
31

2.
33

2.
35

2.
96

2.
98

2.
98

3.
00

3.
03

3.
09

3.
11

3.
83

5.
45

5.
47

5.
51

5.
54

7.
00

7.
27

7.
38

4.0 3.5 3.0 2.5

2.123.06

3.
83

3.
17

3.
15

3.
11

3.
09

3.
07

3.
03

3.
00

2.
98

2.
98

2.
96

2.
90

 



36 
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

16
.5

4

20
.8

1

26
.9

9
29

.3
9

55
.3

8

74
.4

8
77

.0
0

10
6.

95

13
0.

18
13

0.
57

13
4.

46
13

5.
58

15
6.

72

17
0.

18

19
2.

74

 



37 
 

128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

16
.5

5

20
.8

1

26
.9

8

29
.3

8

55
.3

8

74
.4

8

10
6.

93

13
0.

57

 



38

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

5.043.042.031.022.011.001.00

CHLOROFORM-d

2.0
4

2.0
6

2.0
8

2.0
9

2.1
1

2.2
1

2.7
4

2.7
9

2.8
2

2.8
5

2.8
8

2.9
1

2.9
3

2.9
5

3.0
1

3.8
6

5.2
5

5.6
1

5.6
3

5.6
5

5.6
6

5.6
8

6.9
2

7.0
4

7.2
7

5.75 5.70 5.65 5.60 5.55 5.50

2.01

5.6
8

5.6
6

5.6
5

5.6
3

5.6
1

3.0 2.5 2.0

5.043.042.03

3.0
1

2.9
5

2.9
3

2.9
1

2.8
8

2.8
5

2.8
2

2.7
9

2.7
4

2.7
1

2.2
1

2.1
4

2.1
1

2.0
9

2.0
8

2.0
6



39 
 

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.9

3

21
.3

6

25
.0

6

28
.6

9

55
.2

9

72
.7

5

77
.0

0

10
5.

41

10
9.

90

12
7.

54
12

7.
79

13
0.

83
13

0.
91

14
1.

53

15
6.

32

17
0.

52

 



40
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8

Chemical Shift (ppm)

15
.9

3

21
.3

6

25
.0

3

28
.6

6

55
.2

7

72
.7

3

10
5.

37

10
9.

90

13
0.

90

 



41 
 

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

1.192.023.042.123.131.011.041.021.001.03

CHLOROFORM-d

1.
69

1.
98

2.
01

2.
02

2.
03

2.
05

2.
06

2.
20

2.
74

2.
79

2.
82

2.
85

2.
90

2.
93

2.
97

3.
02

3.
05

3.
86

4.
48

4.
50

4.
52

4.
53

5.
27

5.
55

6.
91

7.
05

7.
27

3.0 2.5 2.0

1.192.023.042.12

3.
02

2.
98

2.
97

2.
93

2.
90

2.
85

2.
82

2.
79

2.
77

2.
74

2.
71

2.
20

2.
08

2.
05

2.
03

2.
02

2.
01

 



42
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.9

5

25
.4

5

31
.7

2

55
.3

5

70
.9

3

77
.0

0

10
5.

61
10

7.
17

12
7.

47
12

8.
05

13
0.

96

14
6.

54

15
6.

31

 



43
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

16
.0

1

25
.4

9

31
.7

6

55
.4

0

70
.9

7

10
5.

64
10

7.
23

13
1.

01

 



44
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

9.052.093.051.061.023.021.001.011.011.011.006.292.062.15

0.
00

1.
06

1.
76

1.
77

1.
79

1.
81

1.
83

1.
84

1.
87

2.
17

2.
55

2.
59

2.
62

2.
83

2.
86

2.
89

2.
91

2.
94

3.
84

4.
45

4.
47

4.
49

4.
51

5.
15

5.
37

6.
82

6.
96

7.
35

7.
36

7.
37

7.
40

7.
41

7.
60

7.
61

7.
64

7.
70

3.0 2.5 2.0

2.093.051.061.02

2.
97

2.
94

2.
91

2.
89

2.
86

2.
83

2.
62

2.
59

2.
55

2.
54

2.
51

2.
47

2.
17

1.
97

1.
93

1.
90

1.
88

1.
87

1.
84

1.
83

1.
81

1.
79

 



45
 

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

15
.9

5

19
.3

9

26
.0

0
26

.9
9

32
.6

3

55
.3

5

72
.4

0

77
.0

0

10
5.

85
10

7.
06

12
6.

82
12

7.
36

12
7.

51
12

7.
95

12
9.

46
12

9.
59

13
0.

72
13

3.
97

13
4.

50
13

5.
87

14
6.

35

15
6.

07

135 130 125

13
5.

87

13
4.

50
13

3.
97

13
2.

15

13
0.

72

12
9.

59
12

9.
46

12
7.

95
12

7.
51

12
7.

36
12

6.
82

 



46
 

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

16
.0

1

26
.0

6
27

.0
4

32
.6

8

55
.4

1

72
.4

6

10
5.

90
10

7.
11

12
7.

41
12

7.
57

12
9.

52
12

9.
64

13
0.

77
13

5.
92

 



47
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

10.333.161.081.253.282.401.023.011.000.991.086.954.55

0.
00

1.
10

1.
30

1.
34

1.
65

1.
67

1.
88

1.
91

1.
98

2.
04

2.
11

2.
40

2.
45

2.
48

2.
59

2.
60

2.
62

2.
63

2.
89

2.
92

2.
95

3.
77

4.
07

4.
08

4.
10

4.
11

4.
13

4.
14

4.
15

6.
48

6.
73

7.
35

7.
38

7.
39

7.
67

7.
68

7.
70

7.
71

7.
74

7.
75

 



48
 

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.7

2
17

.3
8

19
.3

6

26
.6

2
27

.0
3

27
.4

7

39
.5

8

55
.3

7

71
.8

0

77
.0

0

11
0.

46

12
4.

45
12

6.
28

12
7.

47
12

9.
50

12
9.

55
13

0.
50

13
4.

32
13

4.
80

13
5.

80
13

9.
90

15
5.

85

 



49
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

15
.7

1
17

.3
6

26
.5

9
27

.0
2

27
.4

6

39
.5

5

55
.3

5

71
.7

8

11
0.

43

12
7.

45
12

7.
53

12
9.

47
12

9.
53

13
0.

47
13

5.
77

 



50
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

10.363.103.101.031.051.063.000.991.047.366.30

TMSCHLOROFORM-d

0.
00

1.
09

1.
35

1.
39

2.
15

2.
55

2.
62

2.
64

2.
75

2.
81

2.
84

2.
89

2.
99

3.
02

3.
03

3.
05

3.
86

4.
27

4.
29

4.
32

4.
32

4.
35

4.
37

6.
53

7.
37

7.
37

7.
40

7.
40

7.
65

7.
66

7.
67

7.
69

7.
71

7.
71

 



51
 

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

CHLOROFORM-d

15
.7

4
15

.8
0

19
.2

4

26
.5

3
26

.9
2

40
.6

2
42

.6
9

55
.5

0

69
.7

5

77
.0

0

10
8.

72
12

4.
05

12
5.

91
12

7.
69

12
9.

28
12

9.
57

12
9.

79
12

9.
83

13
3.

71
13

4.
77

13
5.

70
14

8.
06

16
2.

53

19
5.

91

 



52
 

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16

Chemical Shift (ppm)

15
.8

0

26
.5

9
26

.9
8

40
.6

8
42

.7
5

55
.5

5

69
.8

1

10
8.

78

12
7.

74
12

9.
33

12
9.

64
12

9.
85

12
9.

89
13

4.
83

13
5.

76

 



 

53
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.073.053.131.001.002.041.00

CHLOROFORM-d

2.
43

2.
58

3.
99

5.
37

6.
57

6.
60

7.
05

7.
09

7.
11

7.
99

 



 

54
 

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)

CHLOROFORM-d

16
.8

9
19

.0
5

55
.1

9

10
1.

31

10
6.

10

11
9.

32

12
3.

11
12

5.
03

12
5.

77
12

7.
17

13
3.

62

14
9.

50

15
7.

16

 



 

55
 

128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

16
.8

9
19

.0
4

55
.1

9

10
1.

30

10
6.

09

12
3.

11

12
5.

76

 



 

56
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

31.533.441.708.531.043.091.010.991.0018.9212.08

CHLOROFORM-d

1.
08

1.
12

1.
47

1.
51

1.
80

1.
81

1.
85

1.
89

1.
93

2.
15

2.
18

2.
24

2.
28

2.
29

2.
34

3.
02

3.
05

3.
09

3.
12

3.
16

3.
86

4.
31

4.
34

4.
37

4.
39

5.
78

5.
84

6.
47

7.
27

7.
38

7.
40

7.
42

7.
61

7.
65

7.
71

7.
73

7.
76

 



57
 

 



58
 

 



59
 

 



60
 

 



61
 

 



62
 

 



63
 

 



64 
 

 



65 
 

 



66
 

 



67
 

 



68 
 

 



69
 

 


	si1
	experimental heritonin final
	sI2.pdf
	3
	4
	5
	6
	7
	8
	9
	10
	11
	13
	15
	17
	18
	19
	20
	21
	22
	23


	26
	26 hrms
	HPLC



