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Synthesis of (6E, 10E, 14E, 17E, 21E)-5,9,13,18, 22,26-hexamethyltricosa-1,5,9,13, 

17,21-hexanene 14 

 

Allylic alcohol 16 was prepared according to the published method (F. W. Sum and L. 

Weiler, Tetrahedron, 1981, 37, 303-317). Squalene 1 (72.61g, 177mmol) and salicylic 

acid (2.45g, 17.7mmol) were suspended in 360ml of CH2Cl2, and cooled at 0°C. To the 

suspension was added a mixture of SeO2 (3.93g, 35.4mmol) and 45.6 g of n-BuOOH (70 

wt% in H2O: n-BuOOH used was 31.9g, 0.35mol) in a dropwise manner under 

atmosphere of N2 gas, and stirred for 1.5 h, followed by addition of aq. Na2SO3 to quench 

the reaction. The hexane-extract from the reaction mixture was dried over anhyd. Na2SO4 

and then purified by a SiO2 column chromatography (hexane:EtOAc=100:5~100:10), 

yielding the desired 16 (8.24g, 10.9% yield). NMR data of 16 in C6D6: ™H (400 MHz), 
5.50 (1H, t, J=6.8 Hz), ~5.41 (5H, m), 3.93 (2H, s), 2.37~2.16 (20H, m), 1.798 (3H, s), 

1.731 (6H, s), 1.722 (3H, s), 1.713(3H, s), 1.689 (3H, s), 1.685 (3H,s); δC (100 MHz), 

135.4 (s), 135.2 (s), 135.1 (s), 134.9 (s), 134.7 (s), 131.1 (s), 125.3 (d), 124.95 (d), 124.93 

(d), 124.9 (d), 124.8 (d), 124.79 (d), 68.73 (t), 40.21 (t, 3xC), 39.86 (t), 28.74 (t, 2xC), 

27.22 (t), 27.09 (t, 2xC), 26.66 (t), 25.84 (q), 17.79 (q), 16.16 (q, 2xC), 16.09 (q, 2xC), 

13.64 (q). 

To the solution of compound 16 (4.13g, 9.7mmol) in dry THF (205ml) at 0°C was 

added in a dropwise fashion the solution of PBr3 (3.94g, 14.55mmol) in 1.5 ml of THF, 

and stirred for 30 min. To the reaction mixture was added saturated brine, followed by 

extraction with hexane, which was dried over Na2SO4, giving 17 (4.5g), and used without 

further purification. To a mixture of PheSO2Na·H2O (1.8g, 11mmol) and DMF (90ml), 

was added compound 17 ((3.6g, 7mmol)) in a small portion and then the reaction 

continued for 1.5-2h. The reaction mixture was poured into ice-cooled saturated brine, 

and extracted with hexane. The hexane-extract was dried over anhyd. Na2SO4, and then 

subjected to SiO2 column chromatography eluting with hexane:EtOAc (10:1), affording a 

pure 18 (1.20g, 29.4% yield). NMR data of 18 in CDCl3: δH (400 MHz), 7.83(2H, ddd, 

J=7.2, 1.6, 1.6 Hz), 7.60(1H, ddd, J=7.2, 7.2, 1.6 Hz), 7.52(2H, ddd, J=7.2,7.2,1.6 Hz), 

5.09(4H, m), 5.01(2H, m), 3.70(2H, s), 2.09-1.94 (20H, m), 1.75(3H, s), 1.67(3H, s), 

1.59(12H, s, 4×CH3), 1.52(3H, s); ™C (100 MHz), 138.3 (s), 135.9 (d), 135.0 (s), 134.9 (s), 
134.8 (s), 133.9 (s), 133.4 (d), 131.1 (s), 128.8 (d, 2xC), 128.4(d, 2xC), 124.7 (d), 124.3 

(d), 124.27 (d), 124.2 (d, 2xC), 123.1 (s), 66.16 (t), 39.66 (t), 39.64 (t), 39.58 (t), 38.51(t), 
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28.19(t, 2xC), 26.86(t), 26.68 (t), 26.56 (t), 26.53 (t), 25.61 (q), 17.59(q), 16.57(q), 

15.96(q, 2xC), 15.92(q), 15.80(q). 

Compound 18 (1.2 g, 2mmol) was dissolved in 60ml of THF:[(CH3)2N]3PO (4:1) at 

-40°C under N2 gas. Then n-BuLi (1.58M, 4.11ml, 6mmol) was added, giving a brown 

color, to which the THF solution (1 ml) of allyl bromide (0.4g, 3mmol) was slowly added 

at -78°C and reacted for 20 min. The reaction mixture was poured into ice-cooled 

saturated brine, then extracted with hexane, and dried over Na2SO4. A SiO2 column 

chromatography eluting with a mixture of hexane and EtOAc (3~5% EtOAc in hexane) 

gave pure compound 19 (869.2mg, yield 67.5%). NMR data of 19 in CDCl3: ™H (400 
MHz), 7.80(2H, d, J = 7.6Hz), 7.61(1H, t, J = 7.6Hz), 7.51(2H, t, J = 7.6Hz), 5.58(1H, m), 

5.12(5H, m), 5.02(3H, m), 3.53(1H, dd, J = 11.6, 3.6Hz), 2.86(1H, m), 2.66(1H, m), 

2.08-1.90 (20H, m), 1.67 (3H, s), 1.66 (3H, s), 1.59(12H, s, 4×CH3), 1.51(3H, s); ™C (100 
MHz), 137.7 (s), 136.1 (d), 135.0 (s), 134.9 (s), 134.8 (s), 133.9 (s), 133.3 (d), 133.2 (d), 

131.1 (s), 128.8(d, 2xC), 128.6(d, 2xC), 126.0 (s), 124.6 (d), 124.3 (d), 124.28 (d), 124.2 

(d, 2xC), 117.7 (t), 73.65 (d), 39.68 (t), 39.66(t), 39.61 (t), 38.44 (t), 29.45 (t), 28.20(t, 

2xC), 26.69 (t), 26.56(t, 3xC), 25.63 (q), 17.61 (q), 15.98(q, 2xC), 15.93(q), 15.77 (q), 

13.49 (q). 

Compound 19 (869.2mg, 1.47nmol) and C27H26Cl2P2Pd (49mg, 0.083nmol) was 

dissolved in dry Et2O (160 ml) at 0°C under N2 atmosphere. To the solution, super 

hydride reagent (1.0 M, 20 ml) was added slowly until the deep brown color appears, and 

reacted for 10 min. The reaction mixture was poured in a dropwise manner into an 

ice-cooled saturated brine, and then extracted with hexane. The hexane extract was dried 

over Na2SO4. The desired C33 analog 14 was obtained after purifying with SiO2 column 

chromatography eluting with hexane (585.6mg, 88.30%). NMR data of 14 in C6D6: ™H 

(400 MHz), 5.79 (1H, m), 5.12 (6H, m), 4.99 (1H, bd, J=17.2 Hz), 4.93 (1H, bd, J=10.0 

Hz), 2.33-1.97 (24H, m), 1.68 (3H, s), 1.60 (18H, s, 6×CH3); ™C (100 MHz), 138.7 (d), 
135.1 (s, 2xC), 134.9 (s), 134.8 (s), 134.3 (s), 131.2 (s), 124.6 (d), 124.4 (d), 124.3 (d), 

124.28 (d, 2xC), 124.26 (d), 114.2 (t), 39.75(, t, 2xC), 39.72 (t), 39.69 (t), 39.04 (t), 32.37 

(t), 28.27 (t, 2xC), 26.75 (t), 26.6t (t, 2xC), 26.59 (t), 25.69 (q), 17.67 (q), 16.04 (q, 2xC), 

15.99 (q, 2xC), 15.95 (q). EIMS; m/z (%) 67(34), 69 (100), 81 (72), 95(25), 109(40), 

121(15), 137 (12), 149 (9), 163(2), 177(2), 203(1), 217(1), 271(1), 299(1), 342(1), 382(1), 

408(1), 450(M
+
, 1). 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

S4  

 

Product 20 
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NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 20

[α]D25 +8.99 (EtOH, c=0.2)
HRMS for calcd.  C33H54 (M+)450.4226
Found 450.4218

�32.76

24.07
1.52(1H, m); 1.27(1H, m)

34.96

1.86(1H, J=11.4, 3.0)

149.4

25.19

2.05( m):2.23(m)

�135.7 5.42(1H, t, J= 6.8)

135.2

27.11b

134.9
40.16a

27.03b

5.36(1H, t, J=6.8)

134.4

39.45

32.76

5.93(1H, m)
5.16(1H, bdd, J=16.4, 1.6Hz)�
5.12(1H, bd, J=10 Hz)

1.075(3H, s)
0.972(3H, s)

5.00(1H,bs); 4.82(1H, bs)

1.770(3H, s)
1.746(3H, s)

1.731(3H, s)
1.671(3H, s)

1

2

3 4
5

7

8

9
10

6

11

12

13

14

15

16

17

18

19

20
22

21 23

24

25

26
27

28 29 30

31 32 33

H

Hb

Ha

HHH

H
H HH HH HH HH HH

H HHH

NOE:

COSY:
HMBC:

2.10(m);2.22(m)

2.22(2H,m)

�36.48

53.84

1.64(m);1.77(m)

1.61(2H,m)

28.57

�109.4

114.5
138.8

26.51

�38.68

124.6

16.28
125.0

124.65.47(m)

5.47(m) 124.9

2.22(2H, m)

2.22(2H, m)

40.24a 2.17(2H,m)

28.77

28.77

2.27(2H,m)

2.27(2H,m)

2.30(2H,m)

2.30(2H,m)

16.01

16.10c
16.19c

The carbon signals of a~c are exchangeable bet ween  t he same charact ers.

400MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm
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1H-NMR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

S6  

13-C-NMR 
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Product 21 
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25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 21

1.26 (1H, m); 1.72( 1H, m)

1.49(2H, m)
1.29 (1H, m);1.54(1H, m)

1.33(1H, bd,J=10.7)

1.49(2H, m)

1.97(1H, m); 2.12(1H, m)

2.27(1H, m); 2.36(1H, m)�28.31

1.23(1H, m); 1.85(1H, m)

1.63(m)

1.23(1H, m); 1.82(1H, m)

2.15(m, 2.31(m))

5.46 (1H, t, J=6.6)

134.7

2.25(2H, m)

2.33(2H, m)

5.38(1H, t, 6.6)

134.5
2.20(2H,m)

2.20(1H, m); 2.25(1H, m)

5.94(1H, m)
a:5.17(1H, bdd,J=17.1, 
1.6),b:5.12(1H,bd,J=10.1)

1.043(3H, s)
1.010(3H, s)
1.132(3H, s)
1.206(3H, s)
1.00(3H, d, J=6.0)

1.773 (3H, s)

1.679(3H, s)

[α]D25    -28.08 (c=0.073, EtOH)
HRMS for calcd.  C33H54 (M+) 450.4226
Found   450.4227

30

12

3 4
5

6 7

8
9

10

11 12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

31 32 33

The carbon signals of a and b may be exchangeable bwtween the same leters.

H

Ha

Hb

H H

H H H H

H

138.9

114.5
37.83

32.78

�33.56
�21.75
19.69

�25.52
�52.99

38.86
�15.05

52.87

�42.39

�33.27

19.34a

�19.54a

23.75

�138.1

144.4
36.29

�31.28

32.27

�125.6

27.16b

�27.04b

�16.14
16.03

125.1

�40.19

39.46

600 MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

NOE:
COSY: HMBC:
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1H-NMR 
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13C-NMR 
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Product 22 
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27
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29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 22

1.05 (1H, m); 1.79 (1H, m)

1.53 (1H, m); 1.60 (1H, m)

1.27 (1H, m); 1.47 (1H, m)

1.10 (1H, dd, J=12.8, 2.4)

1.39 (1H, m); 1.72 (1H,m)

33.67

2.18 (1H, m); 2.49(1H, m)

148.8

1.76 (1H, m)

�39.82
1.63 (1H, m), 1.76 (1H, m)

2.08 (1H m), 2.40(1H, m)

5.42 (1H, m)

134.9

2.21 (2H,m)

2.31 (2H m)

5.40 (1H, m)

134.9
2.21 (2H, m)

2.31 (2H, m)

5.33 (1H, t,J= 6.8)

2.17 (2H, m)

2.23 (2H, m)

5.90 (1H, m)

a;5.16(1H, dd,J=15.6, 1.6)
b:5.11(1H, bd, J=10.0)

0.939 (3H, s)
0.892(3H, s)

0.831(3H,s)
5.06 (1H, s) ; 4.80(1H, s)

1.74 (3H, s)
1.71 (3H, s)

1.64 (3H, s)

[α]D25 +17.00 (EtOH, c=0.2)
HRMS for calcd.  C33H54 (M+), Calcd: 450.4226
Found: 450.4227

H

H

NOE:

COSY:

HMBC:

Positions of 15 and 19 are exchangeable; positions of 12, 16 and 20 are exchangeable; postions of 13, 21 and 17 are exchangeable; 
postions of 14, 18, 22 are exchangeable

HH

H

H HH H

H

H H

1
2

3
4

5

6

7

8
910

11
12

13

14

15

16
17

18
19

20
21

22

23

24

25

26

Ha

Hb

27

28

29

30

�56.43

55.65

42.43

38.74

39.29

19.77

24.77

H

H

�106.7

138.8

114.5

32.77

125.0

39.46

31 32

27.06

33

16.19

16.04

16.14

33.75

21.92
14.76

134.4

40.26

40.21

27.14

125.7

124.9

27.37

24.22

400MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm
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1H-NMR 
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13C-NMR 
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Product 23 
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30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 23

1.08(1H, m); 1.59(1H, m)

1.49(1H, m); 1.76(1H, m)a

1.25(1H, m); 1.48(1H, m)

33.14

0.92(1H, m)

1.44(1H, m); 1.70(1H, m)

45.86

1.65(1H, m)

37.05

1.56(1H, m); 1.65(1H, m)

1.84(1H, m); 2.15(1H, m)

2.31(1H, m)

154.6

2.20(1H, m); 2.34(1H, m)

2.30(1H, m); 2.40(1H, m)

5.35(1H, t, 6.4Hz)

135.1

2.18(2H, m)

2.27 (2H, m)

5.42(1H, t, J=6.4Hz)

134.5

2.20(2H, m)

2.27(2H, m)

5.93(1H, m)
a:5.16(1H, bd., 16.8); 
b:5.11(bd,10.4Hz)

0.945(3H, s)

0.969(3H, s)

0.994(3H, s)
1.101(3H, s)
4.90(1H, s); 5.16(1H, s)

1.670(3H, s)

1.721(3H, s)

[α]D25   +1.42 (EtOH, c=0.2)
HRMS for calcd.  C33H54 (M+)450.4226
Found 450.4227

H

H

NOE:
COSY: HMBC:

The assignments of proton and carbon signals at 2- and 6-position may be exchangeable.

1

2

3
4

5
6

7

8
910

11 12

13

14

15

16

17

18

19

20
21

22

23

24
25

26H H

Hb

Ha

H

H
H

H H

27

28

29 30

31

32

400 MHz

33

25.01
15.80

H

H

H

�33.62
�21.63

57.25 56.98

�55.84

42.68

40.74

109.3
37.10

19.63b

39.81

138.8

32.77

�16.12

�16.04

40.13

39.45

124.8

125.0

27.38

�27.00

�114.5

28.17

21.06

18.83b

1.49(1H, m); 1.68(1H, m)a

400MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm
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1H-NMR 
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13C-NMR 
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Product 24 
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25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 24

[α]D25  -35.67  (EtOH, c=0.1)
HRMS for calcd.  C33H54 (M+) 450.4226
Found 450.4219

0.�95(1H, m); 1.79(1H, m�)

1.45(1H, m); 1.70(1H, m)  �18.99

1.27(1H, m); 1.50(1H, m)

33.53
0.94(1H, m)

1.46(1H, m); 1.67(1H, m)   �19.08

1.50(1H, m), 1,67(1H, m)

�41.67

1.60(1H, bd,12.2Hz)
38.10

22.19

2.05(1H, m); 2.62(1H, m)

139.6

57.00

2.11 (2H,m)

2.30(1H, m); 2.48(1H, m)

135.1

2.67(1H, m)

1.50(1H, m); 1.82(1H, m)

2.18(m); 2.33(m)

5.44(1H, bt, 7.1)

134.2

5.97(1H, m)
a:5.23(1H, bd, 17.1Hz)
b:5.14(1H, bd,9.7Hz)

0.972(3H, s)
1.03(3H, s)

1.017(3H, s)

1.105(3H, s)
1.310(3H, s)
1.144(3H, d, 6.7Hz)

1.714(3H, s)

H17
13

14 16

11
12

18

20 21

24
25

26

10

5 73

2 1

4 6

89

15

19

22
23

27

28

29
30

31

32

33

Ha

Hb

NOE:
COSY: HMBC:

600 MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

H

H

13

17

18

(Oil)

137.6

125.8

114.3

32.77

57.38

2.27(2H,m)

�52.25

23.13
17.67

42.41

�40.96

H

35.85

35.43
�33.68

32.63

32.27

31.09

29.49

23.41

1.43(m);1.70(m)
21.91

�16.67

16.03

20.21

The proton and carbonsignals at C2 and C6 may be exchangeable.

2.23(2H.m) 39.52

32

δH of Me-32 in CDCl3 ( relative to 7.26 ppm): 0.908 (d, J=6.8Hz)
cf. ref data; 0.910 (d, J=6.9Hz) for 18R-Me (Abe & Rohmer, J. Chem. 
Soc.,Perkin Trans. 1, 1994, 783-791
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18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26

27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 25

NOE:

COSY:

HMBC:

43.97
20.85

1.22(1H, m); 1.35(1H, m)

35.60

1.15(1H, m)

73.51

25.35

136.6

5.54(1H, m)

28.79

28.76

135.2

40.16

27.14

5.42(1H,t, 6.4)

134.9

40.25

27.04

5.37(1H, t, J=6.6)

134.4

39.45

32.76

5.93(1H, m)
Ha:5.16(1H, bd, 16.6) 
Hb:5.12(1H, bd, J=9.3)

1.056(3H, s)
0.872(3H, s)

23.50

1.843(3H, s)
1.764(3H, s)

1.734(3H, s)

1.673(3H, s)

OH
12

3 4
5

6
7 8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28
29

30

31 32
33

H

The following positions may be exchangeable btween 11 and 12, between 14 and 18, between 15 and 19, between 16 and 20, and between 31 and 32

1.203(3H, s)

2.26(2H, m)

2.23(2H, m)

2.32(2H, m)

2.22(2H, m)

2.34(2H, m)

2.22(2H, m)

5.47(1H, m)

2.30(2H, m)

2.30(2H, m)
1.41(1H, m); 1.49(1H, m)

1.23(1H, ddd,12.5, 
12.5,3.8Hz); 1.72(1H, m)

H

Ha

Hb

[α]D25  +33.10 (EtOH, c=0.036)
HRMS for (M+ -H2O) calcd. 450.4226. found 450.4228

OH

�114.5

138.8

32.95
21.58

56.86

41.77

1.57 (m);1.86(m)

43.412.33(m);2.47(m)

16.35

124.6

125.1

�16.02

16.21

16.11

124.9

124.9

600MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

S20  

1H-NMR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

S21  

13C-NMR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

S22  

 

Product 26 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23
24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 26

0.94(1H, m); 1.52(1H, m)

1.49(1H, m); 1.74(1H, m)

1.28(1H, m); 1.52(1H, m)

33.17

0.88(1H, m)

1.28(1H, m); 1.40(1H, m)

1.27(1H, m); 1.92(1H, m)

43.99

1.28(1H, m)

37.39

1.82(1H, m); 1.95(1H, m)

1.45(1H, m); 1.60(1H, m)

2.20(1H, m)

149.2

2.25(1H, m); 2.32(1H, m)

2.41(2H, m)

5.46(1H, t, 6.4Hz)

135.0

2.22 (2H, m)

2.30(2H, m)

5.36(1H, t, 6.0Hz)

134.5

2.19(2H, m)

2.26(2H, m)

5.93(1H, m)
Ha;5.18(1H,bdd, 16.8, 1.6Hz)
Hb5.12(bd,10.0Hz)

1.020(3H, s)

0.975(3H, s)
0.962 (3H, s)
0.847(3H, s)

5.03(1H, s); 5.21(1H, s)

1.756(3H, s)

1.667(3H, s)

[α]D25    +19.04 (EtOH, c=0.2)
HRMS for calcd.  C33H54 (M+) 450.4226
Found   450.4224

H
H

H
H

1

2

3 4
5

6
7

8910

11 12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28
29 30

31
32 33

H

Ha

Hb

H HH H

NOE:
COSY: HMBC:

H

H

H

138.8

400MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

110.6

114.5

33.74
21.50
15.62
15.38

16.17

16.05

63.36

57.57 57.57

42.90

�41.47

40.26a

40.15a

39.4538.12

26.99

32.78

25.80

19.81

19.81

18.77

124.9

124.9

27.53

The carbon signals of a may be exchangeable.

NO NOE
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18
19

7

8

5
6

10

13
14
15

1
2

16

17

3
4

 9

11
12 20

21

22
23
24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

1.65(2H,m)

1.28(m);1.55(m)

1.48 (1H, m)

5.48(bs)

146.1

2.43(m)

1.38(m);2.04(m)

5.44(1H,bt, 6.9Hz)

134.2
2.23 (2H,m)

5.93(1H, m)
5.17(1H, bd, 17.1Hz)
5.11(1H,bd,  9 .2Hz)

1.735(3H, s)

H

H

H

H H

H

[α]D25   -19.80(EtOH, c=0.1)
HRMS for calcd.  C33H54 (M+) 450.4226
Found 450.4231

Product 27

H

Ha

Hb

H

12

3 4 5 6
7

8

9
10

11 12

13

14

15

16

17 18 19 20

21

22

23

24

25

26

27

28

29 30

31

32

33
H H

H

H

H

NOE:
COSY: HMBC:

600 MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

H

H

H

18

138.8
114.5

118.5

125.8

53.731.64(m)

51.76

51.76

49.56

43.95

42.77

39.54

39.361.06(m);1.75(m)

1.58(m) 36.09

35.651.52(m);1.89(m)

35.46

34.44

34.44

1.62(m);1.76(m)

1.78(m);1.95(m)33.32

33.160.964(3H,s)

32.792.26(2H,m)28.80

27.621.183(3H,s)

2.18(m);2.33(m) 25.68

24.761.98(m);2.25(m)
22.481.072(3H,s)

21.511.031(3H,s)
19.471.50(m);1.66(m)

18.821.055(3H,d, 6.5Hz)

0.955(3H,s) 13.36

16.06

18.55

(Oil)

δH of Me-32 in CDCl3 ( relative to 7.26 ppm): 0.840 (d, J=6.5Hz)
cf authentic Euph-7-ene: 0.835 (d, J=6.8 Hz):

32
R
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18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23
24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 28

1.72(1H, m); 0.872(1H, ddd, 
12.0,12.0,4.1Hz)
1.50(1H, m); 1.63(1H, m)

1.27(1H, m); 1.50(1H, m)

33.53

0.911(1H,dd,2.0,12.0Hz)

1.50(1H, m); 1.63(1H, m)

1.37(1H, m)�;1.72(1H, m)

1.47(1H, m)

37.77

1.28(1H, m); 1.65(1H, m)

1.30(1H, m);1.90(1H, m)

1.91(1H, m)

49.78

1.24(1H, m);1.76(1H, m)

1.63(1H, m); 2.08(1H, m)

2.41(1H, m)

152.5

2.25(2H, m)

2.38(2H, m)

5.41(1H, t, 6.4)

134.6

2.18(2H,m)

2.22(2H, m)

5.93 (1H, m)
a: 5.17(1H,bdd,17.2, 1.6Hz)
b: 5.12(1H, bd, 11.6)

1.030(3H, s)

0.984(3H, s)
1.014(3H, s)
1.109(3H, s)
0.971(3H, s)
5.10 (1H, s); 5.05 (1H, s)

1.697(3H, s)

H

[α]D25  +26.59 (c=0.135, acetone)
HRMS for calcd.  C33H54 (M+)450.4226
Found 450.4224

a: The carbon signals at the positions of 2 and 6 may be exchangeable

H H

Ha

Hb

H H

H

1

2

3
4

5
6

7

8910

11

12

13

14 15
16

17
18 19

20

21
22

23

24

25 26

27

28

29
30

31

32
33

NOE:
COSY: HMBC:

(S)
(S) (R)

(R) (R)
(R)

(S)

H

(E)
H

H

H

400 MHz, the solvent peak of C6D6
7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

�114.6

125.1

138.8

108.2

�57.31

51.43 48.28

45.69

42.42

40.97

40.92

39.4435.78

�34.75 �33.65

H

32.74

31.72

29.40

27.39

H

25.49 21.79
21.61

18.98a

19.08a

16.43
 16.09

16.19

15.91
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18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 29

0.88(1H, m); 1.75(1H, m)

1.47(1H, m); 1.63(1H, m)

1.27(1H, m);1.47(1H, m)

33.51

0.91(1H, bd, 11.8Hz)

1.47(1H, m); 1.63(1H, m)

1.43(1H, m); 1.63(1H, m)

�40.36

1.49(1H, m)

�37.62
1.28(1H, m); 1.68(1H, m)

1.65(1H, m); 2.48(1H, m)

2.50(1H, m)

50.25

1.25(1H, m)1.65(1H, m)

2.25(1H, m); 2.36(1H, m)

137.1

126.7
2.41(2H, m)

2.30(1H, m), 2.38(1H, m) �28.39

5.45(1H, m)

134.3
2.21(2H,m)

2.21(1H, m); 2.29(1H, m)

5.94(1H, m)
a: 5.18(1H, bd,17.1)     
b: 5.12(1H,bd,10.0Hz)
1.029(3H, s)

0.984(3H, s)

0.991(3H, s)

1.102(3H, s)

1.021(3H, s)

1.826 (3H, bs)

1.736(3H, s)

[α]D25  -13.05 ( c=0.082, EtOH)
HRMS for calcd.  C33H54 (M+) 450.4226
Found

H H

450.4240

H
H

12

3 4
5

6
7

8
9

10

11
12

13

14
15

16

17
18

27

28
29 30

31

32

NOE:
COSY: HMBC:

H

H

17

20

600 MHz, the solvent peak of C6D6
7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

�57.33

�51.08

47.27

42.44

40.87

39.5335.89

�34.13
33.59

32.77

30.53

30.05

21.08

16.08

15.92
16.58
21.74

16.90

�138.8

114.5

�125.3

21.78

25.49

18.93a

19.05a

a: the assignments of C2 and C6 may be exchangeable.

H H

Ha

Hb

H H

H
HH H

19 20
21

22

23

24

25
26

33
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m/z 450 (M+ 
-H20) 

18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26

27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 30 (oil)

H

H

[α]D25  -70.80 (EtOH, c=0.05)
HRMS m/z 450 (M+-H2O) Calcd: 450.4226
Found: 450.4228

1.04(1H, m); 1.58(1H, m)

1.47(1H, m); 1.73(1H, m)

1.25(1H, m) ; 1 .50(1H, m)

33.16
0.99(1H, m)

1.52(1H, m); 1.73(1H, m)

1.94(1H, m); 2.12(1H, m)

45.04

1.54(1H, m)

37.48

1.47(1H, m); 1.65(1H, m)

1.76 (1H, m)

75.49

1.70(1H, m); 2.10(1H, m)

2.27(2H, m)

5.42(1H, m)

135.0
2.12(1H, bt, 7.0)

1.68(1H, m); 1.94(1H, m)

5.42(1H, m)

136.5

2.34 (2H, m)

5.94(1H, m)

a;5.21(1H, bdd, 16.8, 2)
b;5.13(1H, bd, 10.0)

1.002(3H, s)

0.975(3H, s)

0.982(3H, s)

1.068(3H, s)

1.308(3H, s)

1.760(3H, s)

1.662(3H, s)

1

2

3
4

5
6

7

89
10

11 12
13

400MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

NOE:
COSY: HMBC:

HO

H

H

OH

H

27

28

29 30

31 32 33

15 17 19 21 23 25

Ha

Hb

�33.68

16.57
�21.54

�26.83

26.08a

a: C-31 and C-15 signal are significantly small and broad.

26

�60.39

59.1157.13

42.69

42.31a

41.13

38.32

114.3

137.6

H H

24

32.70

22

15.93

18

16.04

125.4

39.67

2.12(1H, bt, 7.0) 39.59

2016

�121.9

24.71

23.23

2.27(2H, m) 26.63

21.70

18.89

20.17
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18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 31

[α]D25   -15.00 (EtOH, c=0.064)
HRMS for calcd.  C33H54 (M+) 450.4226
Found 450.4231

1.05(1H, m); 1.75(1H, m)

1.60(1H, m);1.68(1H, m)

1.29(1H, m); 1.55(1H, m)

33.29

1.50(1H, m)

1.97(1H, m) ;2.25(1H, m)

5.47(1H, bs)

2.43(1H, m)

35.40
1.55(1H, m) ;1.69(1H, m)

1.78(m); 1.89(1H, m)

1.65(1H, m); 1.78(1H, m)

1.40(1H, m);  2.12(1H, m)

1.63(1H, m)

  �36.29

 1.27(1H, m); 1.59(1H, m)

2.17(1H, m) ;2.31(1H, m)

5.42(1H,t, J 6.4)

2.24(2H, m)

2.28(2H, m)

5.94(1H, m)
b:5.12(1H, d, J 9.5)
a:5.18(1H, bd. J 17.2)

 0.971(3H, s)

 1.034(3H, s)

0.965(3H, s)
1.186(3H, s)

1.058(3H, s)

1.107(3H, d, 6.0Hz)

1.730(3H, s)

The assignments of the proton and carbon at 12 and 15 position may be exchangeable

H

H

H

H H

H

H

Ha

Hb

H

12

3 4 5 6
7

8

9
10

11 12

13
14

15
16

17 18 19
20

21

22

23

24

25

26

27

28

29 30

31

32

33
H H

H

H

H

H

H

H

18

NOE:
COSY: HMBC:

400 MHz in C6D6
the solvent peak 1H: 7.28 ppm; 13C:128.0 ppm

146.0

138.8

134.1

125.9

118.5

114.6
53.43

�51.67

�51.60

49.51

43.84

42.69

39.50

39.27

1.58(m)

36.58

34.46

34.16

33.16

32.7528.62

27.56

25.36

24.71 22.26

21.50
19.44

18.63

�18.49

15.99

�13.36

S

δH of Me-32 in CDCl3 ( relative to 7.26 ppm): 0.870 (d, J=6.5Hz)
cf authentic Tirucall-7-ene: 0.865 (d, J=6.7 Hz):
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Product 32 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18
19

7

8

5
6

10

13
14
15

1
2

16

17

3
4

 9

11
12 20

21

22
23
24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

0.87(1H, m); 1.78(1H, m)

1.42(1H, m); 1.63(1H, m)

1.25(1H, m); 1.51(1H, m)

33.44

0.91(1H, m)

1.51(1H, m); 1.72(1H, m)

1.35(1H, m); 1.61(1H, m)

42.63

1.41(1H, m)

�37.76

1.30(1H, m); 1.42(1H, m)

1.55(1H, m);1.64(1H, m)

1.58(1H, m)

42.27

1.33(1H, m); 1.54(1H, m)

1.65(1H, m); 1.72(1H, m)

1.28(1H, m)

44.55

1.19(1H, m);1.63(1H, m)

1.58(1H, m); 2.06(1H, m)

2.41(1H, m)

151.9

2.24(2H,t, 7.7Hz)

2.37(2H, m)

5.96(1H, m)
a: 5.20(1H, bd, 17.1, 
b: 5.13（1H、bd,10.5 Hz)

1.037(3H, s)

0.989(3H, s)

0.979(3H, s)

1.106(3H, s)

1.114(3H,s)

0.845(3H, s )

5.00(1H, bs); 5.07(1H,bs)

Product 32

[α]D25   -52.39 (EtOH, c=0.046)
HRMS for calcd.  C33H54 (M+) 450.4226
Found 450.4213

12

3 4
5

6
7

89

10

11

12

13

14
15

16

17
18

19 20

21
22

23
24

25

26

27

28
29 30

31

32

33

H

Ha

Hb

H

The carbon assignments beteen11 and 16-positions, between 2 and 6-positions and between 30 and 31 may be interchangeable

NOE:
COSY: HMBC:600 MHz, the solvent peak of C6D6

7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

H

H

H

H

H

108.2

138.8
114.7

H

No NOE

56.60

55.1250.98

�49.20 47.46

42.45

40.71

40.47

34.4333.80

33.62

33.14

32.96

29.03

H

H

24.35 21.85

21.42

21.38

�19.10

19.13
17.03
16.96

16.13

15.42
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Product 33 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26
27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 33

0.88(1H, m); 1.75(1H, m)

1.48(1H, m);1.65(1H, m)

1.25(1H, m);1.50(1H, m)

�33.56

0.910(1H, bd, 12.1Hz)

1.40(1H, m); 1.72(1H, m)

41.41

1.48(1H, m)

37.81
1.27(1H, m); 1.70(1H, m)

1.45(1H, m); 1.83(1H, m)

2.06(1H, m)

�50.27

1.34(1H, m); 1.68(1H, m)

1.93(1H, m); 2.03(1H, m)

2,74(1H, m)

152.2
�39.05

2.42(1H, m); 2.35(1H, m)

5.41(1H,bs)

134.6
2.36(1H ,m); 2.20(1H ,m)

2.27(1H,m); 2.21(1H,m)

5.93� (1H, m)
a; 5.17 (1H,bd,16.9Hz)
b; 5.12 (1H, d, 10.1Hz)
1.017(3H, s)

0.989(3H, s)

1.003(3H, s)

1.077(3H, s)

1.131(3H, s)

5.21(1H, s); 5.19(1H,s)

1.699(3H, s)

[α]D25   -51.64 ( c=0.056, EtOH)
HRMS for calcd.  C33H54 (M+) 450.4226
Found  450.4229

30 HH H

H
H

Ha

Hb

HH
H

H

H

H12

3 4 5 6 7

89

10
11 12

13

14

15

16

17 18
19

20

21
22

23
24 25

26

27

28
29

31

32 33

NOE:
COSY: HMBC:600 MHz, the solvent peak of C6D6

7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

H

H
H

H

138.8

125.2

109.5

114.5

32.76

39.47

2.36(1H ,m); 2.20(1H ,m)

27.68
�57.39

�51.46

�45.12

44.51

42.50

40.98

35.48

33.60

33.46

28.82

25.52

22.26

19.11

1.48(1H, m);1.65(1H, m) 19.11

�21.79
16.47

17.24
16.09

�16.20  
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Product 34 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

m/z  450 

450(M+-H20) 

18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23

24

25
26

27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 34

[α]D25   +20.28(EtOH, c=0.036
HRMS for calcd. C33H54 (M+-H2O) 450.4226
Found 450.4247

0.88(1H, m); 1.75(1H, m)

1.48(1H, m); 1.62(1H, m)

1.27(1H, m); 1.48(1H, m)

33.52

0.93(1H,dd,12.0,1.6 )

1.37(1H, m); 1.68(1H, m)

1.46(1H, m)

37.70

1.32(1H, m); 2.03(1H, m)

1.66(1H, m); 1.72 (1H, m)

1.81 (1H, m)

50.62

1.19(1H, m); 1.62(1H, m)

1.27(1H, m); 1.61(1H, m)

1.80 (1H, m)

74.77
1.66(2H, m)

2.26(2H, m)

5.40(1H, t, 7.2 )

134.4

2.19(2H, m)

2.22(2H, m)

5.93(1H, m)

Ha:5.19(1H, bd,17.2)
Hb:5.13(1H,bd, 10.4)

0.988(3H, s)
0.978(3H, s)

1.022(3H, s)

1.103(3H, s)

1.226(3H, s)

1.729(3H, s)

H

HO

H

H

1
2

3 4
5

6
7

89
10

11 12
13

14
15

16

17

18
19

20

21

22

23

24
25

26

27

28

29 30

31

32

33

H

Ha

Hb

NOE:
COSY: HMBC:600 MHz, the solvent peak of C6D6

7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

(S)
(S) (R)

(R) (R)
(R)

(S)

H

(E)

H

H

OH

H

138.8

125.7

114.6

�57.34

51.20 50.40

42.48

42.48

40.98

�40.89

�40.89

39.4435.64

33.631.029(3H,s)

�32.70

31.55

28.02
25.82

22.93 21.76
16.43

�15.79

16.73

16.03

1. The assignments of H2 and H6 and those of C2 and C6 may be exchangeable.
2. C15 and C24 are exchangeable due to the close values of chemical shifts.

3. The assignments of C11, C12 and C16 may be exchangeable 
together with H11, H12 and H16.
4. The assignments of C1 and C19 may be exchangeable due to 
the close chemical shifts.

19.00

1.48(1H, m); 1.62(1H, m) 19.09

25.18

21.76
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Product 35 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

m /z   450  

450(M +-H 20)  

18
19

7

8

5
6

10

13
14

15

1
2

16

17

3
4

 9

11
12 20

21
22
23
24

25
26

27
28
29
30

NO. NO.NO.NO. 13C 13C 13C 13C1H 1H 1H1H

31
32
33

Product 35

[α]D25  -18.21 (EtOH, c=0.2)
HRMS for calcd. C33H54 (M+-H2O) 450.4226
Found 450.4247

0.92(1H, m); 1.77(1H, m)

1.49(1H, m); 1.67(1H, m)

1.31(1H, m); 1.51(1H, m)

33.54

0.94(1H,dd, 12.0,2.0)

1.52(1H, m); 1.75(1H, m)

1.41(1H, m); 1.73(1H, m)

�41.19

1.54(1H, m)

37.71

1.77(2H, m)

26.42

2.13(1H, m)

49.48

1.26(1H, m); 1.56(1H, m)

1.22(1H, m); 1.68(1H, m)

2.10(1H, m)

74.59

1.62(2H, m)

2.21(2H, m)

5.37(1H, t, 6.0)

134.4

2.20(2H, m)

2.26(2H, m)

5.91(1H, m)

Hb:5.12(1H, bd, 10.0 Hz)
Ha:5.17(1H, bd, 16.8 Hz)

1.025( 3H, s)
0.994(3H, s)

1.008(3H, s)

1.092(3H, s)

1.218(3H, s)
1.308(3H, s)

1.722(3H, s)

H H

OH

H
H

Hb

HaHH

1. The assignments of H2 and H6 and those of C2 and C6 myabe exchangeable.
2. C15 and C24 are exchangeable due to the close chemical shifts.

NOE:
COSY: HMBC:400 MHz, the solvent peak of C6D6

7.28 ppm for 1H- and 128.0 ppm for 13C-NMR

H

H

H
OH

H

27

28

29 30

31

32 33

1

3
5 7

910

11 13

14 16

17

18

20
21

22

23

24
25 26

15

138.8

125.6

114.6

57.34

�51.14 48.38

44.07

42.6742.49

40.88

39.4335.73

�33.62

32.76

�32.72
27.69

23.42 21.78

19.11

19.15
17.16

16.50
16.17

16.03

No NOE

3. The assignments of C11, C12 and C16 may be exchangeable 
together with H11, H12 and H16

�26.75

1.64(1H,m);2.04(1H,m)

22.88
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