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(1S,4aR,5S,8aR)-5-(2-(2-bromofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (5) (1H NMR, 400 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (5). 
(13C NMR, 126 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-benzyl-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7a) ( 1H NMR, 

600 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-benzyl-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7a) 
(13C NMR, 151 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(2-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7b) 
(1H NMR, 400 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(2-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7b) 
(13C NMR, 75 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(2-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8b) 
(1H NMR, 400 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(2-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8b) 
(13C NMR, 126 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7c) 
(1H NMR, 400 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7c) 
(13C NMR, 126 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(5-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8с) 
(1H NMR, 400 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(5-fluorophenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8с) 
(13C NMR, 75 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 

(7d) (1H NMR, 400 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 
(7d) (13C NMR, 75 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(4-methoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8d)  
(1H NMR, 400 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(4-methoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (8d) 
(13C NMR, 75 MHz, CDCl3) 
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(2-methylbenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7i) 
(1H NMR, 400 MHz, CDCl3) 
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(2-methylbenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7i) 
(13C NMR, 126 MHz, CDCl3) 
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(3,4,5-trimethoxybenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 

(7j) (1H NMR, 300 MHz, CDCl3) 
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(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(3,4,5-trimethoxybenzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 
(7j) (13C NMR, 126 MHz, CDCl3) 

 

 

184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16
Chemical Shift (ppm)

-1.0

-0.5

0

0.5

1.0

In
te

ns
ity

14.36

17
.9

5
18

.9
2

19
.2

2
22

.3
8

28.82

33
.3

1

37
.8

7
40

.4
241

.7
5

43
.8

0

55.92
56.23

57.1460.86

76
.7

4
77

.0
0

77
.2

5

104.45
106.96

109.78

11
4.

98

13
5.

32
13

7.
57

139.98

15
2.

26
15

3.
32

15
6.

36

18
4.

08

 

H

CO2H

1
17

3
4

11
12

13
16

6

9
8

5
10

7
2

18
19

20

7j

O

14

15

H3CO
OCH3

OCH3



 

 

 

(1S,4aR,5S,8aR)-1,4a-dimethyl-6-methylene-5-(2-(2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)decahydronaphthalene-1-carboxylic acid (8j) 
(1H NMR, 300 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-1,4a-dimethyl-6-methylene-5-(2-(2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)decahydronaphthalene-1-carboxylic acid (8j) 
(13C NMR, 151 MHz, CDCl3) 

 

 

184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)

-1.0

-0.5

0

0.5

In
te

ns
ity

12.76

19
.8

4

24
.3

6
25

.9
8

28.94

37
.8

3
38

.6
6

39
.0

640
.4

4
44

.1
5

55.05
56.16

60.93

76
.7

9
77

.0
0

77
.2

1

103.29

10
6.

59

113.39

12
1.

18

12
7.

47

13
7.

32

140.81

14
7.

99
14

8.
53

15
3.

27

18
3.

75

 

O

H

CO2H

1 17

3
4

11
12

13 14
16

6

9
8

15

5
10

7
2

1819

20

8j

OCH3H3CO

OCH3



 

 

 

(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(4-(trifluoromethyl)benzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic 

acid (7e) (1H NMR, 400 MHz, CDCl3) 

 

 

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
Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

In
te

ns
ity

9.52 9.24 4.873.263.093.01 2.742.722.13 1.351.331.00 1.00

0.
89

0.
96

0.
98

1.
041.

22
1.

24
1.

29
1.

30
1.

421.
45

1.
52

1.
62

1.
73

1.
77

1.
861.

90
1.

951.
98

1.
98

2.
17

2.
202.
37

2.
57

2.
59

2.
632.

842.
873.
12

3.
15

6.
06

6.
06

6.
816.

81
6.

82
6.

84

7.
24

7.
36

7.
38

7.
42

7.
617.

63
7.

69

 
 

H

CO2H

1
17

3
4

11
12

13
16

6

9
8

5
10

7
2

1819

20

7e

O

14

15

CF3



 

 
 

(5aR,6S,9aR,9bR)-6,9a-dimethyl-3b-(4-(trifluoromethyl)benzyl)-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic 
acid (7e) (13C NMR, 126 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-cyanobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7f) 

(1H NMR, 600 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(4-cyanobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7f) 

(13C NMR, 151 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(3-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7g) 

(1H NMR, 300 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(3-fluorobenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid (7g) 

(13C NMR, 126 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(3-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 

(7h) (1H NMR, 500 MHz, CDCl3) 
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(3bS,5aR,6S,9aR,9bR)-3b-(3-methoxybenzyl)-6,9a-dimethyl-3b,4,5,5a,6,7,8,9,9a,9b,10,11-dodecahydrophenanthro[1,2-b]furan-6-carboxylic acid 
(7h) (13C NMR, 126 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (9)  
(1H NMR, 300 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (9) 

(13C NMR, 126 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-cyanofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (10) 

(1H NMR, 300 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-cyanofuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (10) 

(13C NMR, 75 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-(hydroxymethyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (11) 

(1H NMR, 300 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-(hydroxymethyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (11) 

(13C NMR, 126 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-((methylamino)methyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid 

(12) (1H NMR, 500 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-bromo-5-((methylamino)methyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid 
(12) (13C NMR, 75 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(5-formyl-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13a) 

(1H NMR, 500 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(5-formyl-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13a) 

(13C NMR, 151 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(4-cyanophenyl)-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13b) 

(1H NMR, 300 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(2-(4-cyanophenyl)-5-formylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (13b) 

(13C NMR, 101 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(5-formyl-2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid 

(13c) (1H NMR, 400 MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(5-formyl-2-(3,4,5-trimethoxyphenyl)furan-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid 
(13c) (13C NMR, 126 MHz, CDCl3) 

 

 



184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16
Chemical Shift (ppm)

0

0.5

1.0

In
te

ns
ity 12

.7
0

19.72
23.95
24.21

25.88

28
.8

8

37.65
38.53
39.0240.40

44.05

54
.9

3
56

.0
3

56
.2

3

60
.9

4

10
4.

24
106.60

124.37
125.34

138.87147.66
150.44

153.32
154.70

183.89

 

 

 

 

 

 

 

O

H

CO2H

1 17

3
4

11
12

13 14
16

6

9
8

15

5
10

7
2

1819

20

13c

CHO

OCH3

OCH3

H3CO



 

 

(1S,4aR,5S,8aR)-5-(2-(5-cyano-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (14a) (1H NMR, 400 

MHz, CDCl3) 
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(1S,4aR,5S,8aR)-5-(2-(5-cyano-2-phenylfuran-3-yl)ethyl)-1,4a-dimethyl-6-methylenedecahydronaphthalene-1-carboxylic acid (14a) 

(13C NMR, 126 MHz, CDCl3) 
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