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Figure S1. 1H and 13C NMR spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylenedecahydro-1H-6,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalene-1,7(8H)-dione (1)

YZ-7047.010.esp
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Figure S2. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-
trimethoxyphenyl)acetate (1a)

YZ-7084.010.esp
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Figure S3. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4-
dimethoxyphenyl)acetate (1b)
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Figure S4. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-
methoxyphenyl)acetate (1c)
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Figure S5. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(2-
bromophenyl)acetate (1d)
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Figure S6. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (1e)
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Figure S7. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-(bis(2-
chloroethyl)amino)phenyl)acetate (1f)
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Figure S8. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (1g)
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Figure S9. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl (E)-3-(4-
(dimethylamino)phenyl)acrylate (1h)
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Figure S10. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-trimethoxyphenyl)acetate 
(2a)
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Figure S11. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4-dimethoxyphenyl)acetate (2b)

YZ-7163.010.esp

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 -0.5
Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

iz
ed

 In
te

ns
ity

2.812.651.172.810.941.820.910.930.911.745.992.790.910.910.912.85

M02(s)

M01(s)

M10(d)

M11(m)

M05(m)
M14(m)M15(s)

M16(m)

M07(dd)
M03(d)

M13(s)

M09(d)

M04(m)

M08(m)

M12(m)

M06(m)

7.
20

6.
72 6.

71
6.

69
6.

68
6.

68
6.

66
6.

66

6.
03

5.
54

5.
54 5.

34

4.
25

4.
23

4.
20

4.
19

4.
19

3.
79 3.

78
3.

76
3.

42 3.
41

3.
01

2.
99

2.
67 2.
63

2.
44

2.
43

2.
41 2.

29
2.

08
1.

97
1.

82
1.

81 1.
80

1.
77

1.
19

1.
14

0.
99

0.
93

0.
91

0.
79

YZ-7230.011.esp

220 200 180 160 140 120 100 80 60 40 20 0 -20
Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

N
or

m
al

iz
ed

 In
te

ns
ity

M08(s)

M10(s)

M13(s)

M14(s)

M16(s)

M17(s)

M18(s)

M19(s)

M21(s)

M22(s)

M23(s)

M28(s)

M29(s)

M30(s)

M24(s)

M25(s)

M26(s)

M27(s)

M01(s)

M02(s)

M04(s)

M05(s)

M06(s)

M07(s)

M09(s)

M11(s)

M12(s)

M15(s)

M20(s)

20
9.

81

20
2.

22
19

9.
70

17
0.

78

14
8.

87
14

7.
67 12

6.
01

12
1.

52
11

9.
18

11
2.

76
11

1.
05 83

.2
8

75
.9

2
70

.0
0

64
.0

1
61

.0
8 55

.9
1

55
.8

4

47
.0

7
41

.8
2

40
.7

6
36

.3
5

31
.9

2
31

.3
4

30
.0

7
23

.2
5

19
.2

3

O

O

O
O

O

O
OMe

OMe



 16 / 61

Figure S12. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-methoxyphenyl)acetate (2c)
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Figure S13. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(2-bromophenyl)acetate (2d)
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Figure S14. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-chloroethyl)amino)benzoate 
(2e)
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Figure S15. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-(bis(2-
chloroethyl)amino)phenyl)acetate (2f)

YZ-7294.010.esp

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)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

iz
ed

 In
te

ns
ity

2.852.912.233.291.094.221.091.141.804.274.341.810.991.001.022.062.07

M09(s)

M02(s)

M05(s)

M01(s)

M13(s)

M14(s)

M03(s)

M15(s) M12(m)
M16(m(para))

M17(m(para))

M08(d)M10(m)

M11(m)

M04(m)

M07(m)

M06(m)

7.
12 7.

12
7.

10
7.

09
6.

63 6.
62

6.
61

6.
60 6.

60
6.

59 6.
13

5.
62 5.
45

5.
31 4.
33 4.
30 4.

29
4.

26
4.

26
4.

23
4.

23 3.
72 3.

71
3.

69
3.

63 3.
62 3.

46

3.
11

3.
09

2.
73

2.
70

2.
62

2.
37 2.

16
1.

90 1.
89

1.
89

1.
88

1.
86

1.
85 1.

26
1.

21
1.

07
1.

00
0.

99
0.

90
0.

89
0.

89 0.
09

0.
08

0.
07

YZ-7299.011.esp

220 200 180 160 140 120 100 80 60 40 20 0 -20
Chemical Shift (ppm)

0.05

0.10

0.15

0.20

0.25

0.30

N
or

m
al

iz
ed

 In
te

ns
ity

M16(s)

M18(s)

M19(s)
M23(s)

M24(s)

M28(s)

M25(s)

M26(s)

M27(s)

M01(s)

M02(s)

M03(s)

M04(s)

M05(s)

M06(s)

M07(s)

M08(s)

M09(s)

M10(s)

M11(s)

M12(s)

M13(s)

M14(s)

M15(s)

M17(s)

M21(s)

M22(s)

20
8.

87
20

1.
27

19
8.

74

14
6.

73
14

4.
07

12
9.

73

12
1.

59
11

8.
18

11
1.

08

82
.2

5 74
.8

1
68

.9
7 63

.0
1

60
.2

2
60

.0
3

52
.5

5

40
.8

3
40

.0
0

39
.4

5
38

.8
5

35
.3

3
30

.3
1

29
.0

6
18

.2
3

O

O

O
O

O

O

N(CH2CH2Cl)2



 20 / 61

Figure S16. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-carboxylate (2g)
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Figure S17. 1H NMR spectra of
(3S,3aR,3a1R,6aS,7S,11S,11aS)-7,11-dihydroxy-5,5,8,8-tetramethyl-15-
methylenedecahydro-2H-6a,11a-(epoxymethano)-3,3a1-ethanophenanthro[1,10-
de][1,3]dioxin-14-one (3)
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Figure S18. 1H NMR spectra of

(3S,3aR,3a1R,6aS,7S,11S,11aS)-7-hydroxy-5,5,8,8-tetramethyl-15-methylene-14-

oxodecahydro-2H-6a,11a-(epoxymethano)-3,3a1-ethanophenanthro[1,10-

de][1,3]dioxin-11-yl methanesulfonate (4)
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Figure S19. 1H NMR spectra of

(3S,3aR,3a1R,6aS,7S,11aR)-7-hydroxy-5,5,8,8-tetramethyl-15-methylene-

1,3,3a,7,7a,8,9,11b-octahydro-2H-6a,11a-(epoxymethano)-3,3a1-

ethanophenanthro[1,10-de][1,3]dioxin-14-one (5)
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Figure S20. 1H and 13C NMR spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylene-4,4a,5,6,9,10,11,11a-octahydro-3H-
6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-7(8H)-one (6)
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Figure S21. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(3,4,5-trimethoxyphenyl)acetate (6a)
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Figure S22. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(3,4-dimethoxyphenyl)acetate (6b)
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Figure S23. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(4-methoxyphenyl)acetate (6c)
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Figure S24. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl adamantane-1-carboxylate (6d)
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Figure S25. 1H and 13C NMR spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 4-(bis(2-chloroethyl)amino)benzoate (6e).
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Figure S26. 1H and 13C NMR spectra of
14-hydroxy-4,4-dimethyl-8-methylene-3,4,4a,5,9,10,11,11a-octahydro-6H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalene-6,7(8H)-dione (7). 
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Figure S27. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-
trimethoxyphenyl)acetate (7a)
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Figure S28. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-
1-carboxylate (7d).
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Figure S29. 1H and 13C NMR spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (7e)
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Figure S30. 1H and 13C NMR spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-1-yl acetate (9).
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Figure S31. 1H and 13C NMR spectra of
1-acetoxy-5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (9a)
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Figure S32. 1H and 13C NMR spectra of
1-acetoxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (10a)
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Figure S33. 1H and 13C NMR spectra of
1,5,6-Trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (11a)
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Figure S34. 1H and 13C NMR spectra of
1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (11b)
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Figure S35. 1H and 13C NMR spectra of
1-hydroxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (12a)
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Figure S36. 1H and 13C NMR spectra of
1-hydroxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (12b)
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Figure S37. HRMS spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylenedecahydro-1H-6,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalene-1,7(8H)-dione (1)

3x10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

3
8
5
.
1
6
1
8

(
[
C
2
0
H
2
6
O
6
]
+
N
a
)
+

3
8
7
.
1
7
0
4

(
[
C
2
0
H
2
6
O
6
]
+
N
a
)
+

3
6
3
.
1
8
6
5

(
[
C
2
0
H
2
6
O
6
]
+
H
)
+

Counts vs. 质荷比 (m/z)

358 360 362 364 366 368 370 372 374 376 378 380 382 384 386 388 390

Figure S38. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-
trimethoxyphenyl)acetate (1a)
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Figure S39. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4-
dimethoxyphenyl)acetate (1b)
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Figure S40. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-
methoxyphenyl)acetate (1c)
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Figure S41. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(2-
bromophenyl)acetate (1d)
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Figure S42. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (1e)
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Figure S43. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-(bis(2-
chloroethyl)amino)phenyl)acetate (1f)
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Figure S44. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (1g)
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Figure S45. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl (E)-3-(4-
(dimethylamino)phenyl)acrylate (1h)
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Figure S46. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-trimethoxyphenyl)acetate 
(2a)
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Figure S47. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4-dimethoxyphenyl)acetate (2b)
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Figure S48. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-methoxyphenyl)acetate (2c)
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Figure S49. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(2-bromophenyl)acetate (2d)

6x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

5
6
5
.
0
8
5
9

(
[
C
2
8
H
2
9
B
r
O
6
]
+
N
a
)
+

Counts vs. 质荷比 (m/z)

540 545 550 555 560 565 570 575 580 585 590

Figure S50. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-chloroethyl)amino)benzoate 
(2e)
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Figure S51. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(4-(bis(2-
chloroethyl)amino)phenyl)acetate (2f)
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Figure S52. HRMS spectra of
4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-
6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-carboxylate (2g)
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Figure S53. HRMS spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylene-4,4a,5,6,9,10,11,11a-octahydro-3H-
6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-7(8H)-one (6)

3x10

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

2.75

3

3.25

3.5

3.75

4

4.25

4.5

3
6
9
.
1
6
6
6

(
[
C
2
0
H
2
6
O
5
]
+
N
a
)
+

3
7
1
.
1
7
2
8

(
[
C
2
0
H
2
6
O
5
]
+
N
a
)
+

3
4
7
.
1
8
5
9

(
[
C
2
0
H
2
6
O
5
]
+
H
)
+

3
7
2
.
1
7
5
9

(
[
C
2
0
H
2
6
O
5
]
+
N
a
)
+

3
6
4
.
2
0
7
0

(
[
C
2
0
H
2
6
O
5
]
+
N
H
4
)
+

3
4
8
.
1
9
0
7

(
[
C
2
0
H
2
6
O
5
]
+
H
)
+

3
6
6
.
2
1
5
7

(
[
C
2
0
H
2
6
O
5
]
+
N
H
4
)
+

Counts vs. 质荷比 (m/z)

342 344 346 348 350 352 354 356 358 360 362 364 366 368 370 372 374 376 378

Figure S54. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(3,4,5-trimethoxyphenyl)acetate (6a)
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Figure S55. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(3,4-dimethoxyphenyl)acetate (6b)
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Figure S56. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 2-(4-methoxyphenyl)acetate (6c)
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Figure S57. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl adamantane-1-carboxylate (6d)
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Figure S58. HRMS spectra of
5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxo-4,4a,5,6,7,8,9,10,11,11a-
decahydro-3H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-
yl 4-(bis(2-chloroethyl)amino)benzoate (6e).
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Figure S59. HRMS spectra of
14-hydroxy-4,4-dimethyl-8-methylene-3,4,4a,5,9,10,11,11a-octahydro-6H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalene-6,7(8H)-dione (7)
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Figure S60. HRMS spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 2-(3,4,5-
trimethoxyphenyl)acetate (7a)
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Figure S61. HRMS spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-
1-carboxylate (7d).
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Figure S62. HRMS spectra of
4,4-dimethyl-8-methylene-6,7-dioxo-4,4a,5,6,7,8,9,10,11,11a-decahydro-3H-
5,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (7e)
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Figure S63. HRMS spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-1-yl acetate (9).

2x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

4
2
9
.
1
9
8
4

(
[
C
2
2
H
3
0
O
7
]
+
N
a
)
+

4
0
7
.
2
0
2
3

(
[
C
2
2
H
3
0
O
7
]
+
H
)
+

Counts vs. 质荷比 (m/z)

402 404 406 408 410 412 414 416 418 420 422 424 426 428 430 432 434

Figure S64. HRMS spectra of
1-acetoxy-5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (9a)
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Figure S65. HRMS spectra of
1-acetoxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (10a)
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Figure S66. HRMS spectra of
1,5,6-Trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (11a)
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Figure S67. HRMS spectra of
1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (11b)

2x10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

6
0
8
.
2
1
4
7

(
[
C
3
1
H
3
9
C
l
2
N
O
7
]
+
H
)
+

Counts vs. 质荷比 (m/z)

580 585 590 595 600 605 610 615 620 625 630 635 640 645 650 655

Figure S68. HRMS spectra of
1-hydroxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (12a)
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Figure S69. HRMS spectra of
1-hydroxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl 4-(bis(2-
chloroethyl)amino)benzoate (12b)

2x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6
1
2
.
2
0
5
7

(
[
C
3
1
H
3
7
C
l
2
N
O
6
]
+
N
a
)
+

6
1
4
.
1
8
3
0

(
[
C
3
1
H
3
7
C
l
2
N
O
6
]
+
N
a
)
+

6
1
5
.
1
8
5
3

(
[
C
3
1
H
3
7
C
l
2
N
O
6
]
+
N
a
)
+

6
1
3
.
1
8
9
8

(
[
C
3
1
H
3
7
C
l
2
N
O
6
]
+
N
a
)
+

6
1
7
.
1
8
9
8

(
[
C
3
1
H
3
7
C
l
2
N
O
6
]
+
N
a
)
+

Counts vs. 质荷比 (m/z)

608 609 610 611 612 613 614 615 616 617 618 619 620 621



 60 / 61

Figure S70. HPLC-purity spectra of
5,6,14-trihydroxy-4,4-dimethyl-8-methylene-4,4a,5,6,9,10,11,11a-octahydro-3H-
6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-7(8H)-one (6)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
保留时间 [min]

2x10

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

响
应
 [
mA
U]

4.
62
2

5

VWD1A,Wavelength=254 nm | 2024-01-05 16-47-39+08-00-04.dx

RT (min)  A (mAU·s) A %           H (mAU)    H%
4.622 1331.522        100.000    176.940    100.00

Figure S71. HPLC-purity spectra of
1-acetoxy-5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (9a)  
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Figure S72. HPLC-purity spectra of
1,5,6-Trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl adamantane-1-
carboxylate (11a) 
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Table S1 Plasma stability of oridonin and compound 11a

% Remaining T1/2 (min)
Human Human

0 100.0
10 60.6
30 47.5
60 39.8

120 31.8
0 100.0

10 96.3
30 85.6
60 64.6

120 58.0
0 100.0

10 74.2
30 25.2
60 2.2

120 0.0

11a 143.8

Propantheline bromide 9.7

 Summary 

Compound ID Time Point (min)

Oridonin 143.8


