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Table 1 Ireland-Claisen  

 

Scheme 14 5 LDA

g

)

b Z 1

TMSCl TS-1

5 6

1 50) 3

5 65a b

(

Entry TMSCl (eq)Temperature Time (h) Yield

1

2

3

5

rt

60 ºC

5 24

5 24

24%

4

6

51%

62%24reflux 5

51%reflux 5 36

reflux 5 18 55%

O
O

O

O

OTIPS

CO2Me
OHO

OTIPS

1) LDA (5.0 eq)
    TMSCl, –78 ºC
2) Δ

3) TMSCHN2

CO2Me
OHO

OTIPS

rt 0 24 decomposed

66
65α 65β

65α : 65β

53 : 47

53 : 47

52 : 48

52 : 48

53 : 47

5
6

5
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Scheme 14  Ireland-Claisen  
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1 1 3

Scheme 16 

Scheme 16  74  
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Scheme 19   
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Scheme 21  A  
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Scheme 22  A  
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Scheme 24  96  
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Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321Nl cells. 
The neurotrophic factor secretion-promoting activity of (�)-25 from glial cells (1321Nl) 
was evaluated by the observation of neurotrophic factor-induced morphological changes 
in PC12 cells. Data are expressed as the mean � SE for three wells.
**P <0.01 versus control (0.1% DMSO); Dunnett’s t-test.
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Fig. 25 A   
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Data are expressed as the mean � SE for three wells. **P <0.01 versus control (0.1% DMSO); Dunnett’s t-test.
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Fig. 26 A  
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secretion-promoting activity of samples from glial cells (1321Nl) was evaluated by the observation of neurotro
-phic factor-induced morphological changes in PC12 cells. Data are expressed as the mean � SE for six wells.
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Fig. 27  NVC A 6  
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Fig. 28  NGF A   
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(TLC) Merck Kiselgel 60F 254 (0.25 mm)

250 nm 356 nm UV 2  p- -5% 

60 ( 63-210 μm)  

Cosmosil 140 C18-PREP 75 C18-OPN

v:v 

(HPLC) JASCO PU-987 JASCO PU-2080plus

 JASCO UV-970

JASCO UV-2075   

 

  

 

([α]D) JASCO P-1030  

( IR ) JASCO FT-IR410  

(NMR ) Varian  Gemini-200 , Unity-200 , Mercury-300

, MR-400 , Mercury-500 , Unity-600 Bruker
� 	������BBO 

cryoprobe���AVANCE III HD 500 MHz spectrometer  

(TMS) (CDCl3)

(C6D6) DMSO(C2D6SO) (CD3OD)  (C5D5N)  

(δ) ppm (J) Hz
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s, d, t, q, quin. m

br ( MS )  AX-500

 ( CI ) ( FAB )

Waters  SYNAPT G2-Si HDMS  (

ESI ) NMR Unity-600 
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Methyl (E)-3-(3,4-dimethoxyphenyl)acrylate (34) 

 

3,4-  (10.021 g, 48.13 mmol)  (96 mL) p-

 (904 mg, 4.75 mmol) 17.5

34 (10.948 

g, quant.)  

34: white solid; FT IR (neat) 3001, 2950, 2839, 1714, 1633, 1600, 1519, 1464, 1455 cm-1; 1H 

NMR (300 MHz in CDCl3) δ 3.80 (3H, s), 3.91 (6H, s, OMe×2), 6.31 (1H, d, J = 15.9 Hz), 6.86 

(1H, d, J = 8.1 Hz), 7.04 (1H, d, J = 1.8 Hz), 7.10 (1H, d, J = 8.1, 1.8 Hz), 7.63 (1H, d, J = 15.9 

Hz); 13C NMR (75 MHz in CDCl3) δ 51.52, 55.75, 55.84, 109.41, 110.86, 115.32, 122.51, 

127.20, 144.68, 149.04, 150.98, 167.57 ; MS (CI+) m/z 222 [M]+; HRMS (Cl+) m/z calcd for 

C12H14O4: 222.0892, found 222.0895. 

 

(E)-3-(3,4-Dimethoxyphenyl)prop-2-en-1-ol (35) 

 

34 (10.908 g, 49.08 mmol) THF (97 mL) –78 ºC

 ( 1M  100 mL, 100 mmol)

1 30%

OMe
OMe

OMeO

34

OMe
OMe

OH

35
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35 (9.653 g, quant.)

 

35: white solid; FT IR (neat) 3389, 3002, 2936, 2837, 1603, 1584, 1517 cm-1; 1H NMR (300 

MHz in CDCl3) δ 2.19 (1H, br), 3.84 (3H, s), 3.85 (3H, s), 4.27 (2H, dd, J = 5.7, 1.2 Hz), 6.22 

(1H, dt, J = 15.9, 6.0 Hz), 6.50 (1H, d, J = 15.9 Hz), 6.77 (1H, d, J = 8.1 Hz), 6.88 (1H, dd, J = 

8.1, 2.1 Hz), 6.90 (1H, d, J = 1.8 Hz); 13C NMR (75 MHz in CDCl3) δ 55.63, 55.73, 63.52, 

108.63, 110.90, 119.50, 126.45, 129.60, 130,79, 148.65, 148.79; MS (CI+) m/z 194 [M]+; 

HRMS (CI+) m/z calcd for C11H14O3: 194.0943, found 194.0945. 

 

(E)-3-(3,4-Dimethoxyphenyl)acrylaldehyde (36) 

 

35 (9.363 g, 48.20 mmol)  (160 mL) TEMPO (377 mg, 2.41 mmol)

(Ⅱ) (543 mg, 2.43 mmol), 2,2’-  (375 mg, 2.40 mmol), t-BuOK (273 mg, 

2.44 mmol) 13.5

 ( : 4:1 1:1) 36 (9.030 g, 97%)

 

36: yellow solid; FT IR (neat) 3004, 2937, 2838, 2744, 1681, 1621, 1601, 1519 cm-1; 1H NMR 

(300 MHz in CDCl3) δ 3.92 (3H, s), 3.93 (3H, s), 6.61 (1H, dd, J = 15.9, 7.8 Hz), 6.90 (1H, d, J 

= 8.4 Hz), 7.07 (1H, d, J = 1.5 Hz), 7.16 (1H, dd, J = 8.4, 1.8 Hz), 7.41 (1H, d, J = 15.9 Hz), 

9.65 (1H, d, J = 7.8 Hz); 13C NMR (75 MHz in CDCl3) δ 55.89, 56.00, 109.77, 111.05, 123.39, 

OMe
OMe

O

36
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126.65, 126.98, 149.30, 151.91, 152.78, 193.49; MS (CI+) m/z 192 [M] +; HRMS (CI+) m/z 

calcd for C11H12O3: 192.0786, found 192.0787. 

 

 (3E,5E)-6-(3,4-Dimethoxyphenyl)hexa-3,5-dien-2-one (37) 

 

36 (12.814 g, 66.66 mmol)  (67mL) 10%  (5.3 

mL, 13.25 mmol) 6 1M 

 (

: 4:1 1:1) , 37 (12.518 g, 81%)  

37: yellow solid; FT IR (neat) 2997, 2937, 2838, 1747, 1647, 1616, 1597, 1580, 1518 cm-1; 1H 

NMR (300 MHz in CDCl3) δ 2.30 (3H, s), 3.89 (3H, s), 3.91 (3H, s), 6.21 (1H, d, J = 15.6 Hz), 

6.74 (1H, dd, J = 15.3, 10.5 Hz), 6.82-6.91 (2H, m), 7.01 (2H, m), 7.27 (1H, dd, J = 15.3, 10.5 

Hz); 13C NMR (75 MHz in CDCl3) δ 27.29, 55.85, 55.91, 108.99, 111.07, 121.36, 124.66, 

129.01, 129.48, 141.22, 143.78, 149.15, 150.24, 198.35; MS (CI+) m/z 232 [M]+; HRMS (CI+) 

m/z calcd for C14H16O3: 232.1099, found 232.1098. 

 

(1E,3E)-4-(3,4-Dimethoxyphenyl)buta-1,3-dien-1-yl acetate (33) 

 

37 (1.617 g, 6.96 mmol) DMF (7.0 mL) Oxone® (5.133 g, 8.35 mmol)

OMe
OMe

O

37

OMe
OMe

OAc

33
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3

 ( : 6:1)

33 (1.389 g, 80%)  

33: yellow solid; FT IR (neat) 3080, 2996, 2937, 2840, 1741, 1646, 1616, 1596, 1579, 1518 

cm-1; 1H NMR (300 MHz in CDCl3) δ 2.17 (3H, s), 3.88 (3H, s), 3.91 (3H, s), 6.18 (1H, dd, J = 

12.3, 10.2 Hz), 6.47 (1H, d, J = 15.9 Hz), 6.58 (1H, dd, J = 15.9, 10.2 Hz), 6.81 (1H, d, J = 8.7 

Hz), 6.90-6.93 (2H, m), 7.50 (1H, d, J = 12.3 Hz); 13C NMR (75 MHz in CDCl3) δ 20.70, 55.76, 

55.88, 108.31, 111.09, 115.93, 119.43, 121.74, 130.24, 132.00, 138.03, 148.76, 149.00, 167.76; 

MS (Cl+) m/z 248 [M]+; HRMS (Cl+) m/z calcd for C14H16O4:248.1049, found 248.1058. 

 

(1R*,2S*,4R*)-2-Formyl-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl acetate 

(32endo) and (1R*,2R*,4R*)-2-Formyl-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]

-4-yl acetate (32exo) 

 

The numbering of positions is according to the skeleton of natural neovibsanins 

33 (13.05 g, 52.56 mmol)  (25 mL)  (580 mg, 5.267 

mmol) 48

 ( : 5:1 3:1) 32 (12.676 g, 79%)

32 (12.67 g, 41.63 mmol)  (416 mL)  (2.83 

g, 41.57 mmol) 48

32endo
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( 6 1 4 1) , 32exo (9.143 g, 72%) 32endo (1.161g, 

9%)  

32endo: yellow oil; FT IR (neat) 2938, 2836, 2721, 1730, 1590, 1514 cm-1; 1H NMR (600 MHz 

in CDCl3) δ 1.90 (1H, ddd, J = 13.3, 11.8, 8.8 Hz, H-10b), 2.10 (3H, s, OCOMe), 2.27 (1H, 

ddd, J = 13.3, 6.2, 3.2 Hz, H-10a), 2.89 (1H, m, H-11), 3.85 (3H. s, OMe), 3.86 (3H, s, OMe), 

3.96 (1H, m, H-1), 5.44 (1H, m, H-4), 5.94 (1H, m, H-1), 5.98 (1H, ddd, J = 10.0, 4.1, 1.5 Hz, 

H-2), 6.74 (1H, d, J = 2.1 Hz, H-2’), 6.79 (1H, dd, J = 8.2, 2.1 Hz, H-6’), 6.82 (1H, d, J = 8.2 

Hz, H-5’), 9.51 (1H, d, J = 1.9 Hz, CHO); 13C NMR (150 MHz in CDCl3) δ 21.17 (OCOMe), 

24.58 (C-10), 40.75 (C-1), 48.90 (C-11), 55.84 (OMe), 55.87 (OMe), 68.37 (C-4), 111.19 

(C-Ar), 112.54 (C-Ar), 121.35 (C-Ar), 128.17 (C-3), 130.60 (C-Ar), 131.62 (C-2), 148.44 

(C-Ar), 148.93 (C-Ar), 170.48 (OCOMe), 202.20 (CHO); MS (CI+) m/z 304 [M] +; HRMS (CI+) 

m/z calcd for C17H20O5: 304.1311, found 304.1306.  

32exo: yellow oil; FT IR (neat) 3001, 2938, 2836, 2724, 1734, 1591, 1517 cm-1; 1H NMR (600 

MHz in CDCl3) δ 1.87 (1H, ddd, J = 14.3, 11.7, 4.4 Hz, H-10a), 2.11 (3H, s, OCOMe), 2.15 

(1H, ddt, J = 14.3, 3.3, 1.0 Hz, H-10b), 2.87 (1H, m, H-11), 3.63 (1H, m, H-1), 3.87 (3H, s, 

OMe), 3.88 (3H, s, OMe), 5.36 (1H, m, H-4), 5.93 (1H, dd, J = 9.9, 2.3 Hz, H-2), 5.96 (1H, m, 

H-3), 6.75 (1H, d, J = 2.1 Hz, H-2’), 6.79 (1H, dd, J = 8.4, 2.1 Hz, H-6’), 6.83 (1H, d, J = 8.2 

Hz, H-5’), 9.68 (1H, d, J = 1.4 Hz, CHO); 13C NMR (150 MHz in CDCl3) δ 21.26 (OCOMe), 

27.51 (C-10), 41.80 (C-1), 50.18 (C-11), 55.90 (OMe), 55.93 (OMe), 65.03 (C-4), 111.38 

(C-Ar), 111.43 (C-Ar), 120.28 (C-Ar), 124.84 (C-3), 134.46 (C-Ar), 135.45 (C-2), 148.16 

(C-Ar), 149.14 (C-Ar), 170.39 (OCOMe), 202.87 (CHO); MS (CI+) m/z 304 [M]+; HRMS (CI+) 

m/z calcd for C17H20O5:304.1311, found 304.1304. 

 

 

 

 



 

 59 

(1R*,2S*,4R*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphe

nyl]-4-ol (38) 

 
The numbering of positions is according to the skeleton of natural neovibsanins 

Dimethyl (3,4-dimethoxybenzyl)phosphonate00) (9.200 g, 35.35 mmol) THF (100 mL)

–78ºC n-  (1.6 M  20.6 mL, 32.96 mmol)

10 32exo (7.150 g, 23.49 mmol) THF (20 mL)

0 ºC 13 . 3

 ( : 3:1 1:1) 38 (5.650 

g, 61%)  

38: pale yellow solid; FT IR (neat) 3491, 2935, 2835, 1588, 1514 cm-1; 1H NMR (600 MHz in 

CDCl3) δ 1.69 (1H, brs, OH), 1.87 (1H, ddd, J = 11.8, 9.5, 4.3 Hz, H-10a), 2.05 (1H, m, 

H-10b), 2.63, (1H, m, H-11), 3.11 (1H, ddd, J = 9.2, 3.9, 2.2 Hz, H-1), 3.82 (3H, s, OMe), 

3.850 (3H, s, OMe), 3.853 (3H, s, OMe), 3.87 (3H, s, OMe), 4.37 (1H, d, J = 3.4 Hz, H-4), 5.89 

(1H, ddd, J = 9.9, 2.2, 0.8 Hz, H-2), 5.97 (1H, dd, J = 15.9, 7.7 Hz, H-1’), 6.01 (1H, m, H-3), 

6.12 (1H, d, J = 15.9 Hz, H-2’), 6.69 (1H, d, J =2.1 Hz, Ar-H), 6.73 (1H, dd, J = 8.2, 2.1 Hz, 

Ar-H), 6.76-6.79 (4H, m, Ar-H) ; 13C NMR (150 MHz in CDCl3) δ 36.82 (C-10), 40.23 (C-6), 

48.45 (C-1), 55.79 (OMe), 55.83 (OMe), 55.86 (OMe), 55.90 (OMe), 63.68 (C-4), 108.71 

(C-Ar), 110.95 (C-Ar), 111.13 (C-Ar), 111.62 (C-Ar), 118.82 (C-Ar), 120.41 (C-Ar), 128.40 

(C-3), 129.53 (C-2’), 130.69 (C-Ar), 131.02 (C-1’), 134.69 (C-2), 136.08 (C-Ar), 147.56 

(C-Ar), 148.36 (C-Ar), 148.68 (C-Ar), 148.91 (C-Ar); MS (CI+) m/z 396 [M]+; HRMS (CI+) m/z 

calcd for C24H28O5:396.1937, found 396.1933. 
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(1R*,2S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-2,3-dihydro-[1,1'-biphenyl]-4(1H)-

one (39) 

 
The numbering of positions is according to the skeleton of natural neovibsanins 

38 (1.771 g, 4.467 mmol)  (22 mL) TEMPO (68.8 mg, 0.440 mmol)

 (1.580 g, 4.905 mmol)

4  (572 mg, 1.776mmol) 2.5

/ (1:1)

 ( : 4:1

1:1) 39 (1.667 g, 95%)  

39: colorless oil; FT IR (neat) 2935, 2835, 1676, 1589, 1515 cm-1; 1H NMR (600 MHz in 

CDCl3) δ 2.57 (1H, dd, J = 16.2 Hz, H-10a), 2.72 (1H, dd, J = 16.2 Hz, H-10b), 2.94 (1H, m, 

H-11), 3.51 (1H, dt, J = 9.2, 2.6 Hz, H-1), 3.84 (3H, s, OMe), 3.86 (3H, s, OMe), 3.867 (3H, s, 

OMe), 3.868 (3H, s, OMe), 5.95 (1H, dd, J = 15.6, 7.4 Hz, H-1’), 6.11 (1H, d, J = 15.6 Hz, 

H-2’), 6.19 (1H, dd, J = 10.2, 2.6 Hz, H-3), 6.67 (1H, d, J = 2.1 Hz, Ar-H), 6.73 (1H, dd, J = 

7.8, 2.1 Hz, Ar-H), 6.78 (3H, m, Ar-H), 6.83 (1H, d, J = 7.8 Hz, Ar-H), 6.93 (1H, dd, J = 10.2, 

2.6 Hz, H-2); 13C NMR (150 MHz in CDCl3) δ 42.90 (C-10), 46.60 (C-11), 48.76 (C-1), 55.81 

(OMe), 55.86 (OMe), 55.89 (OMe, overlap with another OMe peak), 108.81 (C-Ar), 111.11 

(C-Ar), 111.20 (C-Ar), 111.39 (C-Ar), 119.08 (C-Ar), 120.46 (C-Ar), 128.44 (C-1’), 129.36 

(C-3), 129.93 (C-Ar), 130.59 (C-2’), 133.84 (C-Ar), 148.13 (C-Ar), 148.71 (C-Ar), 148.95 

(C-Ar), 149.02 (C-Ar), 152.62 (C-2), 198.92 (C-4) ; MS (CI+) m/z 394 [M]+; HRMS (CI+) m/z 

calcd for C24H26O5:394.1780, found 394.1784. 
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(1S*,2S*)-2-((E)-3,4-Dimethoxystyryl)-5-(hydroxymethyl)-3',4'-dimethoxy-2,3-dihydro-[1,

1'-biphenyl]-4(1H)-one (31) 

 

The numbering of positions is according to the skeleton of natural neovibsanins 

39 (3.861 g, 9.788 mmol) THF/  (1:1, 32mL) 0 ºC

37%  (6.36 mL, 78.36 mmol), DMAP (1.196 g, 9.790 mmol)

7

 (

: 2:1 1:2) 31 (3.043 g, 73%)  

31: colorless oil; FT IR (neat) 3501, 2935, 2835, 1668, 1590, 1513 cm-1; 1H NMR (600 MHz in 

CDCl3) δ 2.60 (2H, m, H-10a, OH), 2.75 (1H, dd, J = 16.2, 4.0 Hz, H-10b), 2.96 (1H, m, H-11), 

3.54 (1H, dd, J = 9.6, 2.1 Hz, H-1) 3.83 ( (3H, s, OMe), 3.85 (3H, s, OMe), 3.862 (3H, s, OMe), 

3.864 (3H, s, OMe), 4.36 (2H, brs, CH2OH), 5.92 (1H, dd, J = 15.8, 7.3 Hz, H-1’), 6.11 (1H, d, 

J = 15.8 Hz, H-2’), 6.67 (1H, d, J = 2.1 Hz, Ar-H), 6.73 (1H, dd, J = 8.2, 2.1 Hz, Ar-H), 6.77 

(3H, m, Ar-H), 6.82 (1H, d, J = 8.2 Hz, Ar-H), 6.87 (1H, m, H-2); 13C NMR (150 MHz in 

CDCl3) δ 43.26 (C-10), 46.43 (C-11), 48.81 (C-1), 55.80 (OMe), 55.85 (OMe), 55.87 (OMe), 

55.93 (OMe), 61.70 (CH2OH), 108.80 (C-Ar), 111.10 (C-Ar), 111.23 (C-Ar), 111.48 (C-Ar), 

119.08 (C-Ar), 120.41 (C-Ar), 128.18 (C-1’), 129.85 (C-Ar), 130.68 (C-2’), 133.86 (C-Ar), 

137.74 (C-3), 148.15 (C-2), 148.72 (C-Ar), 148.93 (C-Ar), 148.99 (C-Ar), 149.01 (C-Ar), 

199.72 (C-4); MS (CI+) m/z 424 [M]+; HRMS (CI+) m/z calcd for C25H28O6: 424.1886, found 

424.1884. 
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(1S*,2S*)-5-(((Tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimethoxystyryl)-3',4'-dimet

hoxy-2,3-dihydro-[1,1'-biphenyl]-4(1H)-one (40) 

 
The numbering of positions is according to the skeleton of natural neovibsanins 

31 (2.864 g, 6.747 mmol)  (22 mL) 0 ºC  

(1.321 g, 8.765 mmol) t-  (1.321 g, 8.765 mmol)

10

 ( : 5:1 3:1)

40 (3.354 g, 92%)  

40: colorless oil; FT IR (neat) 2998, 2952, 2931, 2855,1737, 1672, 1590, 1517 cm-1; 1H NMR 

(500 MHz in CDCl3) δ 0.08 (6H, s, t-BuSiMe2), 0.88 (9H, s, t-BuSiMe2 ), 2.57 (1H, dd, J = 

15.9, 12.8 Hz, H-10a), 2.70 (1H, dd, J = 16.2, 3.5 Hz, H-10b), 2.89 (1H, m, H-11), 3.54 (1H, d, 

J = 8.9 Hz, H-1), 3.82 (3H, s, OMe), 3.85 (3H, s, OMe), 3.86 (6H, s, OMe × 2), 4.46 (2H, m, 

CH2OTBS), 5.94 (1H, dd, J = 15.9, 7.3 Hz, H-1’), 6.08 (1H, d, J = 15.9 Hz, H-2’), 6.66 (1H, s, 

Ar-H), 6.72 (1H, d, J = 8.2 Hz, Ar-H), 6.75-6.79 (3H, m, Ar-H), 6.81 (1H, d, J = 8.2 Hz, Ar-H), 

6.94 (1H, s, H-2) ; 13C NMR (125 MHz in CDCl3) δ –5.38 (t-BuSiMe2), 18.32 (Me3CSiMe2), 

25.87 (Me3CSiMe2), 43.24 (C-10), 46.91 (C-11), 48.64 (C-1), 55.76 (OMe), 55.78 (OMe), 

55.79 (OMe), 55.85 (OMe), 59.82 (CH2OTBS), 108.57 (C-Ar), 110.88 (C-Ar), 110.93 (C-Ar), 

111.15 (C-Ar), 119.02 (C-Ar), 120.50 (C-Ar), 128.58 (C-1’), 129.91 (C-Ar), 130.43 (C-2’), 

134.47 (C-Ar), 138.20 (C-3), 146.33 (C-2), 147.84 (C-Ar), 148.54 (C-Ar), 148.81 (C-Ar), 

148.82 (C-Ar), 198.40 (C-4); MS (CI+) m/z 538 [M] +; HRMS (CI+) m/z calcd for C31H42O6Si: 

538.2751, found 538.2751. 
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Methyl 3-((1S*,2S*,4S*)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimethoxysty

ryl)-4-hydroxy-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl)propiolate (41a)  

and Methyl 3-((1S*,2S*,4R*)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimetho

xystyryl)-4-hydroxy-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl)propiolate  

(41b)   

  
The numbering of positions is according to the skeleton of natural neovibsanins 

 (2.60 mL, 18.5 mmol) THF (50mL) –78 ºC n-

 (1.6 M  11.5 mL, 18.4 mmol) 0 ºC 30

–78 ºC ,  (1.53 mL, 18.4 mmol) , 

20 40 (3.308 g, 6.14 mmol) THF (10 mL)

. , 

 ( :

3:1 1:1)  41 (3.620 g)

 41a  (333 mg, 9%),  41b (3.177 g, 83%) . 

41a: yellow oil; FT IR (neat) 3461, 3000, 2952, 2856, 2228, 1716, 1586, 1514 cm-1 ;1H NMR 

500 MHz in CDCl3) δ 0.13 (3H, s, t-BuSiMe2), 0.15 (3H, s, t-BuSiMe2), 0.93 (9H, s, 

t-BuSiMe2), 2.09 (1H, t, J = 12.8 Hz, H-10a), 2.48 (1H, dd, J = 12.7, 2.3 Hz, H-10b), 2.68-2.74 

(1H, m, H-11), 3.22 (1H, d, J = 9.8 Hz, H-1), 3.79 (3H, s, OMe), 3.81 (3H, s, OMe), 3.85 (6H, s, 

OMe×2), 3.86 (3H, s, OMe), 4.30 (1H, d, J = 12.4 Hz, CH2OTBS), 4.76 (1H, d, J = 12.3 Hz, 

CH2OTBS), 5.24 (1H, s, OH), 5.71 (1H, s, H-2), 5.94 (1H, dd, J = 15.9, 7.3 Hz, H-1’), 6.12 (1H, 

d, J = 16.0 Hz, H-2’), 6.63 (1H, s, H-Ar), 6.66 (1H, d, J = 8.2 Hz, H-Ar), 6.75-6.78 (4H, m, 

H-Ar), 13C NMR (125 MHz in CDCl3) δ –5.56 (t-BuSiMe2), –5.46 (t-BuSiMe2), 18.15 
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(Me3CSiMe2), 25.77 (Me3CSiMe2), 43.24 (C-11), 43.44 (C-10), 48.81 (C-1), 52.70 (OMe), 

55.78 (OMe), 55.79 (OMe), 55.85 (OMe), 55.89 (OMe), 66.35 (CH2OTBS), 69.13 (C-4), 75.75 

(alkyne), 90.11 (alkyne), 108.76 (C-Ar), 111.02 (C-Ar), 111.10 (C-Ar), 111.44 (C-Ar), 118.92 

(C-Ar), 120.37 (C-Ar), 129.06 (C-1’), 130.11 (C-2’), 130.39 (C-Ar), 131.63 (C-2), 135.41 

(C-Ar), 135.77 (C-3), 147.78 (C-Ar), 148.48 (C-Ar), 148.83 (C-Ar), 148.90 (C-Ar), 153.95 

(COOMe); MS (CI+) m/z 622 [M]+; HRMS (CI+) m/z calcd for C35H46O8Si: 622.2962, found 

622.2956. 

41β: yellow oil; FT IR (neat) 3468, 3001, 2952, 2856, 2228, 1714, 1586, 1516 cm-1; 1H NMR 

600 MHz in CDCl3) δ 013 (3H, s, t-BuSiMe2), 0.16 (3H, s, t-BuSiMe2) 0.93 (9H, s, t-BuSiMe2), 

2.09 (1H, t, J =12.8 Hz, H-10a), 2.48 (1H, dd, J = 12.6, 2.7 Hz, H-10b) 2.69-2.74 (1H, m, 

H-11), 3.23 (1H, d, J = 9.9 Hz, H-1) 3.79 (3H, s, OMe), 3.82 (3H, s, OMe) 3.85 (6H, s, OMe × 

2), 3.86 (3H, s, OMe), 4.30 (1H, d, J =12.2 Hz, CH2OTBS), 4.76 (1H, m, CH2OTBS), 5.23 (1H, 

s, OH), 5.71 (1H, t, J =1.1 Hz, H-2), 5.94 (1H, dd, J =15.9, 7.4 Hz, H-1’), 6.12 (1H, d, J =15.8 

Hz, H-2’), 6.63 (1H, d, J =1.9 Hz, H-Ar), 6.67 (1H, dd, J =8.1, 1.9 Hz, H-Ar) 6.76-6.80 (4H, m, 

H-Ar); 13C NMR (150 MHz in CDCl3) δ –5.56 (t-BuSiMe2), –5.46 (t-BuSiMe2), 18.15 

(Me3CSiMe2), 25.77 (Me3CSiMe2), 43.24 (C-11), 43.46 (C-10), 48.81 (C-1), 52.67 (OMe), 

55.78 (OMe), 55.80 (OMe), 55.86 (OMe), 55.89 (OMe), 66.31 (CH2OTBS), 69.12 (C-4), 75.76 

(alkyne) 90.12 (alkyne), 108.81 (C-Ar), 111.06 (C-Ar), 111.14 (C-Ar), 111.47 (C-Ar), 118.93 

(C-Ar), 120.38 (C-Ar), 129.07 (C-1’), 130.12 (C-2’), 130.41 (C-Ar), 131.60 (C-2), 135.43 

(C-Ar), 135.80 (C-3), 147.80 (C-Ar), 148.50 (C-Ar), 148.85 (C-Ar), 148.92 (C-Ar), 153.94 

(COOMe); MS (CI+) m/z 622 [M]+; HRMS (CI+) m/z calcd for C35H46O8Si: 622.2962, found 

622.2965. 

 

HPLC separation of 41a, b 

YMC-Pack SIL 4.6 × 250 mm, hexane ; EtOAc = 4:1, flow rate 4 mL/min, detected wavelength 

254 nm; 41b: tR = 58.3 min, 41a: tR = 73.4 min. 
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Methyl (E)-3-((1S*,2S*,4R*)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimethox

ystyryl)-4-hydroxy-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl)acrylate (42) 

 

The numbering of positions is according to the skeleton of natural neovibsanins 

41b (224 mg, 0.358 mmol) THF (3.6 mL) –78 ºC Red-Al® (3.215 M 

 (0.34 mL, 1.09 mmol) 1

 ( : 4:1 1:1) 42 

(201 mg, 89%)  

42: colorless oil; FT IR (neat) 3451, 2998, 2953, 2932, 2856, 1724, 1652, 1586, 1518 cm-1; 1H; 

NMR (600 MHz in CDCl3) δ 0.096 (3H, s, t-BuSiMe2) 0.097 (3H, s, t-BuSiMe2), 0.91 (9H, s, 

t-BuSiMe2) 2.09 (1H, dd, J = 12.9, 12.6 Hz, H-10a), 2.13 (1H, dd, J = 12.9, 3.4 Hz, H-10b), 
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2.50 (1H, m, H-11), 3.27 (1H, d, J = 9.9 Hz, H-1), 3.78 (3H, s, OMe), 3.81 (3H, s, OMe), 3.85 

(3H, s, OMe), 3.86 (3H, s, OMe×2), 4.14 (1H, d, J = 11.9 Hz, CH2OTBS), 4.44 (1H, ddd, J = 

11.9, 1.2, 0.7 Hz, CH2OTBS), 4.81 (1H, s, OH), 5.81 (1H, d, J = 1.2 Hz, H-2), 5.93 (1H, dd, J = 

15.6, 9.8 Hz, H-1’), 6.06 (1H, d, J = 15.6 Hz, H-2’), 6.21 (1H, d, J = 15.6 Hz, COCH=CH), 

6.62 (1H, d, J = 2.4Hz, H-Ar), 6.67 (1H, dd, J = 8.2, 2.4 Hz, H-Ar), 6.77 (3H, m, H-Ar), 6.80 

(1H, d, J = 8.2 Hz, H-Ar), 7.18 (1H, d, J = 15.6 Hz, CO–CH=CH) ; 13C NMR (150 MHz in 

CDCl3) δ –5.55 (t-BuSiMe2), –5.44 (t-BuSiMe2), 18.08 (Me3CSiMe2), 25.75 (Me3CSiMe2), 

43.06 (C-10,11, overlap), 48.82 (C-1), 51.67 (OMe), 55.80 (OMe), 55.84 (OMe), 55.87 (OMe), 

55.90 (OMe), 66.23 (CH2OTBS), 74.57 (C-4), 108.75 (C-Ar), 111.12 (C-Ar), 111.64 (C-Ar), 

118.92 (C-Ar), 119.82 (COCH=CH), 120.20  (C-Ar), 129.59 (C-1’), 130.03 (C-2’), 130.44  

(C-Ar), 132.38 (C-2), 135.66 (C-Ar), 136.15 (C-3), 147.75  (C-Ar), 148.47  (C-Ar), 148.74 

(C-Ar), 148.91 (C-Ar), 152.63 (COCH=CH), 167.14 (COOMe); MS (CI+) m/z 624 [M]+; 

HRMS (CI+) m/z calcd for C35H48O8Si: 624.3118, found 624.3151. 

 

((3aS*,7S*,8S*,9aS*)-7-(3,4-Dimethoxyphenyl)-8-((E)-3,4-dimethoxystyryl)-3,3a,5,7,8,9-he

xahydro-2H-furo[3,2-c]isobenzofuran-2-one (29) and (5R*,8S*,9S*)-8-(3,4-Dimethoxyph

enyl)-9-((E)-3,4-dimethoxystyryl)-6-(hydroxymethyl)-1-oxaspiro[4.5]deca-3,6-dien-2-one 

(43) 

   

The numbering of positions is according to the skeleton of natural neovibsanins 

42 (1.145 g, 1.832 mmol) THF (18 mL) TBAF ( 1M THF , 5.5 mmol) 

24

 ( : 2:1 1:3)
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29 (82 mg, 9%), 43 (649 mg, 74%)  

29: pale yellow solid; FT IR (neat) 2932, 2836, 1777, 1585, 1514 cm-1; 1H NMR 600 MHz in 

CDCl3) δ 2.00 (1H, dd, J = 14.3, 9.6 Hz, H-10a), 2.09 (1H, dd, J = 14.3, 9.6 Hz, H-10b), 

2.73-2.77 (3H, m, H-6, H-11), 3.55 (1H, t, J =2.1 Hz, H-1), 3.870 (3H, s, OMe), 3.872 (3H, s, 

OMe), 3.88 (3H, s, OMe), 3.91 (3H, s, OMe), 4.41 (1H, dd, J = 3.6, 2.1 Hz, H-5), 4.54 (1H, d, J 

= 11.8 Hz, H-18), 4.69 (1H, m, H-18), 6.02 (1H, t, J = 1.9 Hz, H-2) 6.33 (1H, d, J =15.7 Hz, 

H-2’), 6.40 (1H, dd, J = 15.7, 9.1Hz, H-1’), 6.67 (1H, dd, J =8.2, 2.1 Hz, H-Ar), 6.71 (1H, d, J 

=1.9 Hz, H-Ar), 6.80 (1H, d, J =8.4 Hz, H-Ar), 6.83 (1H, d, J = 8.2Hz, H-Ar), 6.90 (1H, dd, J = 

8.2, 1.9 Hz, H-Ar), 6.93 (1H, d, J =1.9 Hz, H-Ar) ; 13C NMR (150 MHz in CDCl3) δ 31.97 

(C-10), 37.00 (C-6), 44.31 (C-11), 45.59 (C-1), 55.87 (OMe), 55.91 (OMe), 55.94 (OMe), 

56.02 (OMe), 70.19 (C-18), 83.05 (C-5), 87.16 (C-4), 109.11 (C-Ar), 111.21 (C-Ar), 111.26 

(C-Ar), 111.50 (C-Ar), 119.18 (C-Ar), 119.63 (C-Ar), 127.64 (C-2), 129.27 (C-2’), 130.47 

(C-Ar), 131.33 (C-1’), 135.37 (C-Ar), 136.26 (C-3), 148.12 (C-Ar), 148.58 (C-Ar), 149.05 

(C-Ar), 149.23 (C-Ar), 174.65 (C=O); MS (CI+) m/z 478 [M]+; HRMS (CI+) m/z calcd for 

C28H30O7: 478.1992, found 478.1992. 

43: yellow solid; FT IR (neat) 3502, 3060, 3000, 2937, 2836, 1835, 1767, 1661, 1602, 1519 

cm-1; 1H NMR 600 MHz in CDCl3) 2.03 (1H, dd, J = 12.8, 2.7 Hz, H-10b), 2.48 (1H, t, J = 12.8 

Hz, H-10a), 2.64 (1H, m, H-11), 3.35 (1H, dd, J = 9.5, 2.1 Hz, H-1), 3.80 (3H, s, OMe), 3.86 

(3H, s, OMe), 3.87 (6H, s, OMe×2), 4.02 (1H, d, J = 13.0 Hz, CH2OH), 4.09 (1H, d, J = 13.0 

Hz, CH2OH), 5.96 (1H, dd, J = 15.9, 7.6 Hz, H-1’), 6.07 (1H, d, J = 15.9 Hz, H-2’), 6.10 (1H, t, 

J = 1.4 Hz, H-2), 6.18 (1H, d, J = 5.6 Hz, CO–CH=CH), 6.65 (1H, d, J = 2.1 Hz, H-Ar), 

6.71(1H, dd, J = 8.2, 2.1 Hz, H-Ar), 6.77-6.79 (3H, m, H-Ar), 6.82 (1H, d, J = 8.2 Hz, H-Ar), 

7.61 (1H, d, J = 5.6 Hz, CO–CH=CH); 13C NMR (150 MHz in CDCl3) δ 39.62 (C-10), 44.34 

(C-11), 48.58 (C-1), 55.87 (OMe), 55.93 (OMe), 55.99 (OMe, overlap with another OMe peak), 

61.10 (CH2OH), 88.49 (C-4), 108.81 (C-Ar), 111.20 (C-Ar), 111.35 (C-Ar), 112.10 (C-Ar), 

119.11 (C-Ar), 120.01 (C-Ar), 120.75 (CO–CH=CH), 128.40 (C-1’), 129.97 (C-Ar), 130.80 

(C-2’), 134.05 (C-2), 134.73 (C-3), 134.86 (C-Ar), 148.07 (C-Ar), 148.79 (C-Ar), 148.83 
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(C-Ar), 149.04 (C-Ar), 158.76 (CO–CH=CH), 172.28 (C=O); MS (CI+) m/z 478 [M] +; HRMS 

(CI+) m/z calcd for C28H30O7: 478.1992, found 478.1993. 

 

43 29  

 

43 (548 mg, 1.145 mmol)  (11.5 mL)  (28% 

 0.022 mL, 0.114 mmol) 1

 ( :

2:1 1:1) 29 (545 mg, 99%)  

 

Hybrid compound 19 

   

The numbering of positions is according to the skeleton of natural neovibsanins 

29 (200 mg, 0.418 mmol) THF (42mL) 0 ºC Tebbe  (0.5M 

 1.68 mL, 0.840 mmol) 4

10%
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 ( :

2:1, 1% ) 19 (183 mg, 86%, a:b = 1:3)  

19aOMe isomer: white solid; FT IR (neat) 2936, 2833, 1727, 1603, 1584, 1514 cm-1; 1H NMR 

(600 MHz in C6D6) δ 1.30 (3H, s, H-19), 1.73 (1H, dd, J = 14.1, 5.8 Hz, H-6b), 1.93 (1H, dd, J 

= 13.6, 4.4 Hz, H-10a), 1.99 (1H, dd, J = 13.6, 5.4 Hz, H-10b), 2.51 (1H, d, J = 14.1 Hz, H-6a), 

2.78 (1H, m, H-11), 3.24 (3H, s, OMe), 3.39 (3H, s, OMe), 3.44 (3H, s, OMe), 3.47 (3H, s, 

OMe), 3.49 (3H, s, OMe), 4.33 (1H, d, J = 5.6 Hz, H-5), 4.38 (1H, d, J = 11.0 Hz, H-18β), 4.94 

(1H, m, H-18α), 5.69 (1H, m, H-2), 6.39 (1H, d, J = 15.8 Hz, H-2’), 6.60 (1H, d, J = 8.2 Hz, 

H-Ar), 6.66 (1H, d, J = 8.7 Hz, H-Ar), 6.75-6.76 (2H, m, H-Ar), 6.83 (1H, dd, J = 15.8, 9.5 Hz, 

H-1’), 6.97 (1H, dd, J = 8.1, 2.1 Hz, H-Ar), 7.04 (1H, d, J = 2.1 Hz, H-Ar); 13C NMR (150 

MHz in C6D6) δ 23.77 (C-19), 35.29 (C-10), 45.82 (C-11), 46.24 (C-1), 46.93 (C-6), 48.80 

(OMe), 55.46 (OMe), 55.59 (OMe), 55.74 (OMe), 55.77 (OMe), 70.54 (C-18), 87.41 (C-4), 

88.90 (C-5), 109.12 (C-7), 110.12 (C-Ar), 112.42 (C-Ar), 112.63 (C-Ar), 113.03 (C-Ar), 119.51 

(C-Ar), 120.23 (C-Ar), 123.93 (C-2), 128.53 (C-2’), 131.74 (C-Ar), 134.90 (C-1’), 137.42 

(C-Ar), 141.67 (C-3), 149.17 (C-Ar), 149.66 (C-Ar), 150.36 (C-Ar), 150.44 (C-Ar); MS (CI+) 

m/z 508 [M]+; HRMS (CI+) m/z calcd for C30H36O7:508.2461, found 508.2467. 

19bOMe isomer: colorless oil; FT IR (neat) 3033, 2935, 2863, 2833, 1603, 1584, 1515 cm-1; 1H 

NMR (600 MHz in C6D6) δ 1.48 (3H, s, H-19), 2.02 (1H, dd, J = 13.9, 4.3 Hz, H-10b), 2.30 

(1H, dd, J = 13.9, 3.8 Hz, H-10a), 2.33 (1H, dd, J = 14.1, 5.5 Hz, H-6a), 2.43 (1H, dd, J = 14.1, 

5.5 Hz, H-6b), 2.85 (1H, m, H-11), 3.17 (3H, s, OMe), 3.37 (3H, s, OMe), 3.43 (3H, s, OMe), 

3.44 (3H, s, OMe), 3.47 (3H, s, OMe), 3.55 (1H, br, H-1), 4.30 (1H, d, J = 12.5 Hz, H-18β), 

4.32 (1H, dd, J = 5.5, 1.2 Hz, H-5), 4.66 (1H, m, H-18α), 5.62 (1H, m, H-2), 6.47 (1H, d, J = 

15.7 Hz, H-2’), 6.58 (1H, d, J = 8.2 Hz, H-Ar), 6.65 (1H, d, J = 8.7 Hz, H-Ar), 6.72-6.73 (2H, 

m, H-Ar), 6.98 (1H, dd, J = 8.4, 2.1 Hz, H-Ar), 7.02-7.07 (2H, m, H-Ar, H-1’); 13C NMR (150 

MHz in C6D6) δ 23.61 (C-19), 32.37 (C-10), 45.79 (C-11), 46.30 (C-1), 47.62 (C-6), 49.32 

(OMe), 55.48 (OMe), 55.56 (OMe), 55.78 (OMe, overlap with another OMe peak), 69.89 

(C-18), 86.65 (C-4), 89.40 (C-5), 110.10 (C-Ar), 110.74 (C-7), 112.45 (C-Ar), 112.65 (C-Ar), 

113.05 (C-Ar), 119.54 (C-Ar), 120.25 (C-Ar), 123.41 (C-2), 128.53 (C-2’), 131.46 (C-Ar), 
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133.73 (C-1’), 136.80 (C-Ar), 140.91 (C-3), 149.28 (C-Ar), 149.69 (C-Ar), 150.42 (C-Ar), 

150.48 (C-Ar); MS (CI+) m/z 508 [M] +; HRMS (CI+) m/z calcd for C30H36O7: 508.2461, found 

508.2451. 

 

Hybrid compound 44 

 

The numbering of positions is according to the skeleton of natural neovibsanins 

19 (112 mg, 0.220 mmol) THF/H2O (3:1, 4.4 mL) 0 ºC 1M  

(0.022mL, 0.022 mmol) 14

 ( : 2:1, 1% )

44 (86 mg, 79%)  

44 : white solid; FT IR (neat) 3499, 3005, 2935, 2868, 2836, 1714, 1603, 1585, 1517 cm-1; 1H 

NMR (500 MHz in C6D6) δ 1.46 (3H, s, Me, a-OH), 1.51 (3H, s, Me, b-OH), 1.65-1.70 (2H, m, 

H-6, H-10, b-OH), 1.78 (1H, dd, H-10, b-OH), 1.83 (3H, s, H-19, keto), 1.93 (1H, br, OH, 

a-OH), 1.96 (1H, dd, J = 14.4, 5.0 Hz, H-10, keto), 2.07 (1H, br, OH, keto), 2.08 (1H, dd, J = 

13.8, 4.4 Hz, H-10, a-OH), 2.27 (1H, d, J = 14.0 Hz, H-6, b-OH), 2.31-2.35 (2H (H-6, a-OH), 

1H (H-10, keto), m), 2.43 (1H, dd, J = 13.9, 4.8 Hz, H-10, a-OH), 2.61 (1H, dd, J = 16.4, 4.9 

Hz, H-6, keto), 2.79-2.85 (1H (H-11, a-OH), 1H (H-11, b-OH), 2H (H-6, H-11, keto), 

3.89-3.49 (nine singlet signals overlapping, OMe), 3.53 (1H (H-1, b-OH), 1H (H-1, a-OH), m), 

3.62 (1H, m, H-1, keto), 3.99 (1H, d, J = 3.1 Hz, H-5, b-OH), 4.05 (1H, br, OH, b-OH), 4.17 

(1H, dd, J = 7.1, 5.1 Hz, H-5, keto), 4.22-4.31 (1H (H-18, b-OH), 1H, (H-18, a-OH), 1H (H-5, 

a-OH) 1H (H-18, keto), m), 4.59-4.69 (1H (H-18, a-OH), 1H (H-18, b-OH), 1H (H-18-keto), 
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m), 5.54 (1H, d, J = 1.4 Hz, H-2, keto)), 5.57 (1H, d, J = 1.5 Hz, H-2, b-OH), 5.64 (1H, d, J = 

1.3 Hz, H-2, a-OH), 6.44-6.50 (1H (H-1’, a-OH), 1H (H-1’, b-OH), 1H (H-1’, keto), m), 

6.58-6.73 (2H (H-Ar, H-2’, a-OH), 2H (H-Ar, H-2’, b-OH), 2H (H-Ar, H-2’, keto), 6.89-7.00 

(3H (H-Ar, H-2’, a-OH), 3H (H-Ar, H-2’, b-OH), 3H (H-Ar, H-2’, keto); 13C NMR (125 MHz 

in C6D6) δ 28.04 (C-19, b-OH), 29.51 (C-19, a-OH), 30.67 (C-19, keto), 33.02 (C-10, keto), 

33.57 (C-10, a-OH, b-OH), 42.78 (C-6, keto), 44.13 (C-11, keto), 44.79 (C-6, b-OH), 45.29 

(C-1, keto), 45.83 (C-11, b-OH), 45.91 (C-11, a-OH), 46.40 (C-1, a-OH), 46.48 (C-1, b-OH, 

C-6, a-OH), 55.46 (OMe), 55.52 (OMe), 55.55 (OMe), 55.59 (OMe), 55.72 (OMe), 55.75 

(OMe), 55.82 (OMe), 68.48 (C-18, keto), 69.92 (C-18, a-OH), 70.35 (C-18, b-OH), 73.89 (C-4, 

keto), 83.77 (C-5, keto), 86.15 (C-4, b-OH), 86.71 (C-4, a-OH), 89.37 (C-5, a-OH), 89.60 (C-5, 

b-OH), 106.86 (C-7, b-OH), 107.74 (C-7, a-OH), 110.02 (C-Ar), 110.23 (C-Ar), 112.40 (C-Ar), 

112.48 (C-Ar), 112.51 (C-Ar), 112.54 (C-Ar), 112.58 (C-Ar), 112.82 (C-Ar), 112.98 (C-Ar), 

113.03 (C-Ar), 119.52 (C-Ar), 119.58 (C-Ar), 120.09 (C-Ar), 120.19 (C-Ar), 120.23 (C-Ar), 

122.46 (C-2, keto), 123.93 (C-2, a-OH), 124.13 (C-2, b-OH), 128.29 (C-2’, b-OH), 128.48 

(C-2’, a-OH), 129.42 (C-2’, keto), 130.80 (C-Ar), 131.57 (C-Ar), 131.66  (C-Ar), 133.25 

(C-1’, keto), 133.66 (C-1’, b-OH), 133.98 (C-1’, a-OH), 136.57 (C-Ar), 136.91 (C-Ar), 137.12 

(C-Ar), 140.52 (C-3, b-OH), 140.82 (C-3, a-OH), 142.73 (C-3, keto), 149.21 (C-Ar), 149.26 

(C-Ar), 149.70 (C-Ar), 149.73 (C-Ar), 149.99 (C-Ar), 150.42 (C-Ar), 150.44 (C-Ar), 150.47 

(C-Ar), 205.34 (ketone); MS (CI+) m/z 494 [M]+; HRMS (CI+) m/z calcd for C29H34O7: 494.2305, 

found 494.2316; elemental analysis calcd (%) for C29H34O7: C 70.43, H 6.93, found C 70.16, H 

6.97. 

 

 

PC12   

PC12 DMEM/10% HS 5%FBS 100 unit penicillin-streptomycin

8000 cells/mL 24 400 μL 24

DMSO DMEM/2% HS

1%FBS 100 unit penicillin-streptomycin  (DMSO  0.1%)
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96 4%

PBS 400 μL 5 4%

PBS 400 μL 15 4% PBS

PBS buffer 400 μL 0.1M Borate Buffer 400 μL

0.1%  300 μL

Q  

 

100

Mac

Dunnett’s t-test  
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(1R*,2S*,4S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphe

nyl]-4-ol (47) 

 
39 (100 mg, 0.254 mmol)  (2.5 mL) 0 ºC

 (227 mg, 0.609 mmol)  (11.5 mg, 0.304 mmol)

15

 ( : 2:1 1:1) 47 

(81 mg, 81%)  

47: white solid; FT IR (neat) 3398, 2934, 2835, 1588, 1515 1464, 1417 cm–1; 1H NMR (500 

MHz in CDCl3) δ 1.66 (1H, dt, J = 12.2, 10.1 Hz), 2.30 (1H, dd, J = 11.7, 4.6 Hz), 2.41-2.46 

(1H, m), 3.16 (1H, dt, J = 9.5, 1.9 Hz), 3.80 (3H, s), 3.847 (3H, s), 3.853 (3H, s), 3.86 (3H, s), 

4.53 (1H, br), 5.75 (1H, d, J = 10.1 Hz), 5.88 (1H, d, J = 10.0 Hz), 5.96 (1H, dd, J = 15.9, 7.2 

Hz), 6.04 (1H, d, J = 16.0 Hz), 6.63 (1H, s), 6.68 (1H, d, J = 8.3 Hz), 6.75-6.79 (4H, m); 13C 

NMR (125 MHz in CDCl3) δ 38.94, 44.99, 48.48, 55.81, 55.82, 55.84, 55.91, 67.57, 108.70, 

110.91, 111.12, 111.59, 118.87, 120.40, 129.53, 130.28, 130.55, 131.34, 132.52, 136.27, 

147.54, 148.42, 148.62, 148.92; MS (CI+) m/z 396 [M]+; HRMS (CI+) m/z calcd for C24H28O5: 

396.1937, found 396.1935. 
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(1R*,2S*,4S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphe

nyl]-4-yl 2-(7-(dimethylamino)-2-oxo-2H-chromen-4-yl)acetate (21) 

 

47 (10.0 mg, 0.0252 mmol)  (0.5 mL) 0 ºC

2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetic acid (7.5 mg, 0.0303 mmol)

 (0.01 mL, 0.0717mmol), 2- -6-  (13.0 mg, 0.0378 

mmol) DMAP (3.0 mg, 0.0246 mmol) 3

 ( : 5:1) 21 (14.1 mg, 89%)  

21: yellow solid; 1H NMR (500 MHz in CDCl3) δ 1.75 (1H, dt, J = 12.3, 11.2 Hz), 2.27 (1H, dd, 

J = 11.0, 5.1 Hz), 2.48 (1H, m), 3.05 (6H, s), 3.18 (1H, m), 3.71 (2H, s), 3.79 (3H, s), 3.84 (3H, 

s), 3.85 (3H, s), 3.86 (3H, s), 5.63 (1H, br), 5.75 (1H, d, J = 10.3 Hz), 5.83 (1H, d, J = 10.1 Hz), 

5.93 (1H, dd, J = 15.9, 7.5 Hz), 6.03 (1H, d, J = 16.0 Hz), 6.08 (1H, s), 6.52 (1H, d, J = 2.4 Hz), 

6.61-6.63 (2H, m), 6.66 (1H, d, J = 8.3 Hz), 6.76-6.77 (4H, m), 7.42 (1H, d, J = 9.0 Hz);13C 

NMR (125 MHz in CDCl3) δ 34.29, 38.45, 40.07, 44.62, 48.23, 55.80, 55.82, 55.88, 71.49, 

98.34, 108.41, 108.72, 108.96, 110.69, 110.93, 110.10, 111.42, 118.86, 120.38, 125.20, 126.61, 

129.55, 129.88, 130.36, 134.72, 135.65, 147.65, 148.31, 148.47, 148.69, 148.90, 152.94, 

155.93, 161.72, 168.87; HRMS (MALDI) m/z calcd for C37H39NO8Na:648.2568, found 

648.2571. 
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3-(((1R*,2S*,4S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-bi

phenyl]-4-yl)oxy)propan-1-ol (48) 

 
47 (40.0 mg, 0.101 mmol) 2-(3-Bromopropoxy)tetrahydro-2H-pyran44) (115 mg, 0.515 mmol)

DMF (0.5 mL) 0 ºC ,  (60% , 

 21.0 mg, 0.525 mmol) 12

/ (4:1)

, 

 ( : 5:1)

 (51.1 mg) /1M  (10:1, 0.5 mL) 4

, 

 ( : 2:1 1:2) 48 (40.0 mg, 93%)  

48: colorless oil; FT IR (neat) 3435, 2935, 1585, 1514, 1464, 1417 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.68 (1H, dt, J = 12.3, 11.2 Hz), 1.87 (2H, m), 2.31 (1H, m), 2.40 (1H, m), 3.15 (1H, 

m), 3.73-3.82 (6H, m), 3.79 (3H, s), 3.836 (3H, s), 3.843 (3H, s), 3.87 (3H, s), 4.21 (1H, br), 

5.75 (1H, d, J = 10.2 Hz), 5.90 (1H, d, J = 10.2 Hz), 5.96 (1H, dd, J = 15.9, 7.3 Hz), 6.03 (1H, 

d, J = 16.0 Hz), 6.62 (1H, d, J = 1.7 Hz), 6.67 (1H, dd, J = 8.2, 1.8 Hz), 6.74-6.78 (4H, m); 13C 

NMR (125 MHz in CDCl3) δ 32.30, 35.24, 44.87, 48.64, 55.75, 55.76, 55.79, 55.85, 62.03, 

67.37, 75.07, 108.62, 110.87, 111.07, 111.55, 118.82, 120.31, 128.80, 129.43, 130.32, 130.51, 

132.90, 136.26, 147.48, 148.35, 148.55, 148.86; MS (CI+) m/z 454 [M]+; HRMS (CI+) m/z calcd 

for C27H34O6: 454.2355, found 454.2358. 
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3-(((1R*,2S*,4S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-bi

phenyl]-4-yl)oxy)propyl 2-(7-(dimethylamino)-2-oxo-2H-chromen-4-yl)acetate (49) 

 

48 (9.1 mg, 0.0200 mmol)  (0.5 mL) 0 ºC

2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetic acid (7.5 mg, 0.0303 mmol), EDC•HCl 

(5.9 mg, 0.0307mmol), DMAP (2.4 mg, 0.0196 mmol) 20

 ( : 5:1) 49 (13.1 mg, 96%)  

49: yellow sold; 1H NMR (500 MHz in CDCl3) δ 1.57-1.64 (1H, m, H2O peak overlapped), 

1.90 (2H, m), 2.21 (1H, d, J = 6.8 Hz), 2.37 (1H, m), 3.01 (6H, s), 3.14 (1H, d, J = 7.7 Hz), 

3.53 (2H, m), 3.69 (2H, s), 3.80 (3H, s), 3.85 (6H, s, OMe peak overlapped), 3.86 (3H, s), 4.08 

(1H, br), 4.26 (2H, t, J = 6.3 Hz), 5.72 (1H, d, J = 10.2 Hz), 5.81 (1H, d, J = 10.2 Hz), 5.96 (1H, 

dd, J = 15.9, 7.1 Hz), 6.03 (1H, d, J = 16.0 Hz), 6.06 (1H, s), 6.49 (1H, d, J = 2.1 Hz), 6.60 (1H, 

dd, J = 9.0, 2.1 Hz), 6.63 (1H, s), 6.67 (1H, d, J = 8.2 Hz), 6.75-6.80 (4H, m), 7.41 (1H, d, J = 

9.0 Hz); 13C NMR (125 MHz in CDCl3) δ 29.23, 35.27, 38.34, 40.05, 44.89, 48.69, 55.81, 

55.84, 55.89, 62.78, 64.14, 98.32, 108.41, 108.69, 108.96, 110.70, 110.90, 111.09, 111.63, 

118.86, 120.35, 125.26, 128.89, 129.43, 130.43, 130.59, 132.87, 136.36, 147.50, 148.37, 

148.39, 148.60, 148.91, 152.92, 155.93, 161.66, 169.03; HRMS (MALDI) m/z calcd for 

C40H45NO9Na [M+Na+], 706.2987, found 706.2980. 
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(1R*,2S*,4R*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphe

nyl]-4-yl acetate (50) 

 
38 (10.0 mg, 0.0252 mmol)  (0.5 mL)  (0.03 

mL, 0.215 mmol), DMAP (3.0 mg, 0.0246 mmol),  (0.01 mL, 0.106 mmol)

2

 ( : 3:1)

50 (10.4 mg, 94%)  

50: yellow solid; FT IR (neat) 2999, 2936, 2835, 1731, 1586, 1515, 1464, 1417 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 1.90 (1H, m), 2.08 (1H, m), 2.11 (3H, s), 2.60 (1H, m), 3.12 (1H, d, J = 

9.5 Hz), 3.83 (3H, s), 3.855 (3H, s), 3.859 (3H, s), 3.87 (3H, s), 5.38 (1H, d, J = 2.7 Hz), 5.96 

(1H, dd, J = 15.9, 7.5 Hz), 5.98-6.01 (2H, m), 6.11 (1H, d, J = 16.0 Hz), 6.69 (1H, s), 6.74 (1H, 

dd, J = 8.2, 1.5 Hz), 6.77-6.81 (5H, m); 13C NMR (125 MHz in CDCl3) δ 21.40, 33.56, 40.68, 

48.27, 55.77, 55.83, 55.85, 55.87, 66.39, 108.66, 110.96, 111.08, 111.73, 118.83, 120.41, 

124.68, 129.71, 130.45, 130.52, 135.79, 136.64, 147.62, 148.39, 148.64, 148.88, 170.67; MS 

(CI+) m/z 438 [M]+; HRMS (CI+) m/z calcd for C26H30O6: 438.2042, found 438.2038 

 

 

(1R*,2S*,4S*)-2-((E)-3,4-Dimethoxystyryl)-3',4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphe

nyl]-4-yl acetate (51) 
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50 47 (10.0 mg, 0.0252 mmol) 51 (9.8 mg, 89%)  

51: white solid; FT IR (neat) 2998, 2934, 2834, 1727, 1584, 1516, 1464, 1418 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 1.77 (1H, dt, J = 12.3, 11.2 Hz), 2.10 (3H, s), 2.32 (1H, m), 2.50 (1H, 

m), 3.19 (1H, d, J = 9.4 Hz), 3.81 (3H, s), 3.85 (6H, s, OMe peak overlapped), 3.86 (3H, s), 

5.60 (1H, br), 5.80 (1H, d, J = 10.8 Hz), 5.84 (1H, d, J = 10.3 Hz), 5.95 (1H, dd, J = 15.9, 7.4 

Hz), 6.05 (1H, d, J = 16.0 Hz), 6.64 (1H, s), 6.68 (1H,dd , J = 8.2, 1.3 Hz), 6.75-6.79 (4H, m); 

13C NMR (125 MHz in CDCl3) δ 21.34, 34.49, 44.67, 48.38, 55.79, 55.84, 55.90, 70.18, 108.73, 

110.93, 111.11, 111.42, 118.86, 120.42, 127.35, 129.72, 129.81, 130.48, 134.19, 135.87, 

147.63, 148.44, 148.70, 148.91, 170.85; MS (CI+) m/z 438 [M]+; HRMS (CI+) m/z calcd for 

C26H30O6: 438.2042, found 438.2033. 

 

PC12   

PC12  
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NVC  

 

3-(4-(4-(3-(4-((3-((3aS*,8S*,9aS*)-2-Methoxy-2-methyl-3,3a,5,7,8,9-hexahydro-2H-furo[3,

2-c]isobenzofuran-8-yl)propoxy)methyl)-1H-1,2,3-triazol-1-yl)propoxy)benzoyl)phenoxy)p

ropyl(2-(2-(5-((3aS*,4S*,6aR*)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentanami

do)ethoxy)ethyl)carbamate (20) 

 
 

21) (14.2 mg, 0.020mmol)  27 22) (12.3 mg, 0.040 mmol) t-BuOH/H2O (3:1, 2.0 mL)

(Ⅱ)  (6.0 mg, 0.024 mmol)

 (4.8 mg, 0.024 mmol)

 ( :  1.5:1) 20 (8.3 mg, 41%)  

20: FTIR 2924, 2853, 1714, 1600, 1506 cm-1; 1H NMR (600 MHz in CD3OD) δ 1.30 (1H, m, 

H-11A), 1.38 (3H, s, H-1*minor), 1.40 (3H, s, H-1*), 1.39-1.45 (4H, m, H-4, 13*), 1.54-1.76 

(6H, m, H-3, 5, 9*A-minor, H-10*), 1.80 (1H, dd, J = 13.8, 4.4 Hz, H-9*A), 1.90 (1H, m, 

H-9*B-minor), 1.92 (1H, dd, J = 13.8, 6.0 Hz, H-9*B), 2.05 (1H, dd, J = 13.8, 5.4 Hz, 

H-3*A-minor), 2.16 (2H, t, J = 6.2 Hz, H-b), 2.19 (2H, t, J = 7.2 Hz, H-2), 2.19 (1H, d, J = 13.8 

Hz, H-3*A), 2.24 (1H, d, J = 13.8 Hz, H-3*B), 2.25 (1H, d, J = 13.8 Hz, H-3*B-minor), 2.42 

(2H, quin, J = 6.4 Hz, H-h), 2.68 (1H, d, J = 12.6 Hz, H-5”’a), 2.89 (1H, dd, J = 12.6, 5.0 Hz, 

H-5”’b), 3.15 (3H, s, H-15*minor), 3.16 (1H, m, H-4”’), 3.22 (3H, s, H-15*), 3.27 (2H, t, J = 

5.4 Hz, H-2”), 3.33 (2H, t, J = 6.0 Hz, H-1’), 3.49 (6H, m, H-2’, 1”, 14*), 4.09 (2H, t, J = 5.6 
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Hz, H-m), 4.10 (1H, m, H-4*), 4.11 (1H, d, J = 10.7 Hz, H-6*A-minor), 4.16 (1H, d, J = 10.7 

Hz, H-6*A), 4.17 (2H, t, J = 6.0 Hz, H-c), 4.18 (1H, m, H-4*minor), 4.24 (2H, t, J = 6.2 Hz, 

H-a), 4.27 (1H, dd, J = 13.8, 4.6 Hz, H-3”’), 4.37 (1H, m, H-6*B), 4.46 (1H, dd, J = 7.8, 4.6 Hz, 

H-6”’), 4.49 (1H, m, H-6*B-minor), 4.55 (2H, m, H-g), 4.64 (2H, t, J = 6.7 Hz, H-o), 5.69 (1H, 

m, H-8*minor), 5.72 (1H, m, H-8*), 7.00 (2H, d, J = 8.7 Hz, H-k), 7.04 (1H, d, J = 8.7 Hz, H-e), 

7.72 (1H, d, J = 4.9 Hz, H-j), 7.75 (1H, d, J = 4.9 Hz, H-f), 7.96 (1H, d, J = 3.3 Hz, H-p); 13C 

NMR (150 MHz in CD3OD) δ 23.92 (C-1*minor), 24.08 (C-1*), 26.83 (C-3), 29.20 (C-5), 

29.49 (C-13*), 29.75 (C-4), 30.11 (C-6), 30.61 (C-11*), 30.83 (C-n), 32.12 (C-12*), 32.71 

(C-10*minor), 33.47 (C-10*), 36.09 (C-9*), 36.74 (C-2), 40.29 (C-1’), 41.04 (C-5”’), 41.68 

(C-2”), 46.73 (C-3*minor), 47.08 (C-3*), 48.41 (C-o), 49.30 (C-15*minor), 50.09 (C-15*), 

56.98 (C-4”’), 61.63 (C-6”’), 62.58 (C-a), 62.58 (C-a), 63.37 (C-3”’), 64.65 (C-g), 66.02 (C-c), 

66.10 (C-m), 70.45 (C-2’), 70.74 (C-6*), 70.86 (C-1”), 71.22 (C-6*minor), 71.80 (C-14*), 

88.66 (C-5*), 89.76 (C-4*), 89.94 (C-4*minor), 110.14 (C-2*minor), 111.61 (C-2*), 115.27 

(4C, C-e, k), 123.07 (C-8*minor), 123.54 (C-8*), 125.31 (C-p), 131.74 (C-g), 131.97 C-i), 

133.34 (4C, C-f, j), 139.16 (C-7*), 146.40 (C-q), 159.10 (OCONH), 163.70 (C-l), 164.05 (C-d), 

166.07 (C-1”’), 176.17 (C-1), 196.60 (C-h); HRMS (FAB+) m/z calcd for C52H71N7NaO12S 

[M+Na+] 1040.4779, found 1040.4779. 

 

3-(4-(4-(3-(4-((3-((3aS*,8S*,9aS*)-2-Oxo-3,3a,5,7,8,9-hexahydro-2H-furo[3,2-c]isobenzofu

ran-8-yl)propoxy)methyl)-1H-1,2,3-triazol-1-yl)propoxy)benzoyl)phenoxy)propyl (2-(2-(5

-((3aS*,4S*,6aR*)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentanamido)ethoxy)et

hyl)carbamate (52) 
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The numbering of positions is according to 20 

20  (17.8mg, 0.025 mmol) 52 (18.6 mg, 75%)  

52: FTIR 3254, 3070, 2931, 2872, 1698, 1643, 1599, 1554, 1509 cm-1; 1H NMR (500 MHz in 

CDCl3) δ 1.40-1.52 (3H, m, H-4, H-12* or 13*, 1.58-1.74 (7H, m, H-3, 5, 12*, 13*), 1.81 (1H, 

dd, J = 13.7, 4.0 Hz, H-11*A), 1.89 (3H, m, H-10*, 11*B), 2.09 (1H, d, J = 18.9 Hz, H-9*A), 

2.11-2.23 (4H, m, H-2, b), 2.28 (1H, dd, J = 18.9, 2.6 Hz, H-9*B), 2.45 (2H, m, H-n), 2.68-2.74 

(3H, m, H-3*, 5”’A), 2.88 (1H, dd, J = 12.9, 4.8 Hz, H-5”’B), 3.10 (1H, m, H-4”’), 3.35 (2H, m, 

H-2”), 3.41 (1H, t, J = 5.0 Hz), 3.49-3.53 (6H, m, H-1”, 2’, 14*), 4.06 (2H, t, J = 5.7 Hz, H-m), 

4.13 (2H, t, J = 6.3 Hz, H-c), 4.25-4.27 (4H, m, H-1’, 3”’, 4*), 4.34 (1H, d, J = 11.4 Hz, 

H-6*A), 4.46-4.51 (2H, m, H-2”’, 6*B), 4.60-4.63 (4H, m, H-o, r), 5.57 (2H, m, HNCONH, 

HNCOO), 5.88 (1H, brs), 6.32 (1H, brs, HNCONH), 6.63 (1H, brs, HNCOC), 6.94 (4H, m, H-e, 

k), 7.65 (1H, s, H-p), 7.76 (4H, m, H-f, j); 13C NMR (125 MHz in CDCl3) δ 25.52 (C-3), 27.99, 

28.12, 28.20 (C-4 or 5 or 13*), 28.91 (C-b), 29.80 (C-9*), 29.85 (C-n), 30.34 (C-12*), 30.53 

(C-10*), 33.27 (C-11*), 35.76 (C-2), 36.94 (C-3*), 38.99 (C-1’), 40.51 (C-5’”), 40.72 (C-2”), 

61.45 (C-a), 61.77 (C-3”’), 64.34 (C-r), 64.42 (C-m), 64.65 (C-c), 69.68, 69.83 (C-1” or C-2’), 

70.22 (C-6*), 70.54 (C-14*), 83.02 (C-4*), 87.78 (C-5*), 113.94, 113.95 (C-e or k), 122.86 

(C-p), 125.36 (C-8*), 130.65, 130.96 (C-1 or g), 132.21 (2C, C-f, j), 134.04 (C-7*), 145.55 

(C-q), 156.76 (OCONH), 161.71 (C-l), 162.10 (C-d), 163.90 (HNCONH), 173.41 (C-1), 175.38 

(C-2*), 194.35 (C-h) ; HRMS (MALDI) m/z calcd for C50H66N7O12S [M+H+] 988.4485, found 

988.4498. 
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3-(4-(4-(3-(4-((Cyclohexylmethoxy)methyl)-1H-1,2,3-triazol-1-yl)propoxy)benzoyl)phenox

y)propyl(2-(2-(5-((3aS*,4S*,6aR*)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentana

mido)ethoxy)ethyl)carbamate (53) 

 

20  (21.0 mg, 0.0302 mmol) 53 (18.2 mg, 65%)  

53: FTIR 3329, 2926, 2854, 1701, 1654, 1645, 1600, 1541 cm-1; 1H NMR (600 MHz in CDCl3) 

δ 0.80 (2H, m, H-uA), 1.16 (2H, m, H-w), 1.24 (4H, m, H-v), 1.43 (2H, quint, J = 7.2 Hz, H-4), 

1.55-1.78 (7H, m, H-3, 5, t, uB), 2.14 (2H, quint, J = 6.3 Hz, H-b), 2.22 (2H, dt, J = 7.2, 3.3 Hz, 

H-2), 2.45 (2H, m, H-n), 2.70 (1H, d, J = 12.9 Hz, H-5”’A), 2.89 (1H, dd, J = 12.9, 5.1 Hz, 

H-5”’B), 3.12 (1H, m, H-4”’), 3.31 (2H, d, J = 6.4 Hz, H-s), 3.36 (2H, m, H-2”), 3.42 (2H, m, 

H-1’), 3.54 (4H, m, H-1”, 2’), 4.06 (2H, t, J = 5.8 Hz, H-m), 4.13 (2H, t, J = 6.3 Hz, H-c), 4.28 

(3H, m, H-3”’, a), 4.48 (1H, dd, J = 12.6, 5.1 Hz, H-6”), 4.60 (2H, t, J = 6.9 Hz, H-o), 4.60 (2H, 

d, J = 0.4 Hz, H-r), 5.30 (1H, brs, HNCONH), 5.50 (1H, brs, OCONH), 6.08 (1H, brs, 

HNCONH), 6.52 (1H, brs, CH2CONH), 6.94 (2H, d, J = 9.0 Hz, H-k), 6.95 (2H, d, J = 8.4 Hz, 

H-e), 7.55 (1H, s, H-p), 7.76 (2H, d, J = 8.4 Hz, H-f), 7.77 (2H, d, J = 9.0 Hz, H-j); 13C NMR 

(150 MHz in CDCl3) δ 25.47 (C-3), 25.80 (C-w), 26.55 (C-t), 28.00 (C-4), 28.05 (C-5), 28.93 

(C-6), 29.81 (C-v), 29.81 (C-n), 30.02 (C-u), 35.73 (C-2), 39.04 (C-1’), 40.52 (C-5”’), 40.72 

(C-2”), 46.95 (C-o), 55.44 (C-4”’), 60.10 (C-6”’), 61.51 (C-3”’), 61.78 (C-m), 64.33 (C-r), 

64.55 (C-c), 64.68 (C-1”), 69.70 (C-2’), 69.88 (C-s), 113.93 (C-k), 113.98 (C-e), 122.67 (C-p), 

130.68s (C-g), 131.10s (C-i), 132.23d (2C, C-f), 132.26d (2C, C-j), 145.80s (C-q), 156.77s 

(OCONH), 161.65 (C-l), 162.13 (C-d), 163.67 (C-1”’), 173.36 (C-1), 194.37 (C-h); MS (FAB-) 

m/z 862 (M-); HRMS (FAB-) m/z calcd for C44H60N7O9S [M–] 862.4173, found 862.4176. 
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•  

A549 PC12 1×105 cells/mL 24 500 μL

24

40 μM DMSO

30 UV

PBS buffer 500 μL 2 RIPA buffer [ ] 100 μL

10min

5 ℃ 15000rpm

 

 

 

•  

2% SDS buffer 3 

1%  R-250 15 μL

3.0 μL 10 % 30 mA 1

SDS-PAGE SDS-PAGE PVDF

150 mA 2 PVDF TBS-Tween 20

5 Blocking One 2.0 mL PVDF

30 PVDF TBS-Tween 20  5 

3 PVDF Blocking One 2000

Streptavidin-HRP 4 oC PVDF

TBS-Tween 20 5 3 PVDF

HRP substrate peroxide solution 250 μL HRP substrate luminol reagent 250 μL 

[ Millipore]  500 μL 1

 PVDF Image reader LAS-4000 mini [ Fuji film ]  
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•  

6 1×105 cells/mL A549 2 mL Mem-PER 

plus Membrane Protein Extraction Kit [Thermo Fisher]
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(2-Methyl-4-((triisopropylsilyl)oxy)cyclopent-1-en-1-yl)methanol (67) 

 

7148) (2.80 g, 16.5 mmol) DMF (33 mL)  

(2.80 g, 41.1mmol),  (3.80 mL, 17.9 mmol)

24 / (4:1)

THF (41 mL) –78 ºC  (1M  

41 mL, 41.0 mmol) 30  (32 mL) 30%

 (48 mL) 24

 ( :  5:1) 67 (4.353 g, 93%)  

67: colorless oil; FT IR (neat) 3314, 2941, 2865, 1463 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.03-1.10 (21H, m), 1.67 (3H, s), 2.35 (1H, dt, J = 16.6, 1.3 Hz), 2.44 (1H, dd, J = 16.1, 1.3 Hz), 

2.62 (1H, dd, J = 16.6, 7.1 Hz), 2.77 (1H, dd, J = 16.0, 7.1 Hz), 4.16 (2H, s), 4.56 (1H, m); 13C 

NMR (125 MHz in CDCl3) δ 12.08, 13.75, 17.96, 44.48, 48.98, 59.02, 70.78, 131.77, 133.36; 

MS (CI+) m/z 283 [M-H]+; HRMS (CI+) m/z calcd for C16H31O2Si: 283.2088, found 283.2094. 

 

(2-Methyl-4-((triisopropylsilyl)oxy)cyclopent-1-en-1-yl)methyl 1, 4-dioxaspiro[4. 5]decan

e-6-carboxylate (66) 
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67 (9.775 g, 30.54 mmol) DMF (30 mL) 1,4-Dioxaspiro[4.5]decane-6-carboxylic 

acid49) (6.255 g, 33.59 mmol), DMAP (373 mg, 3.05 mmol), EDC•HCl (7.610 g, 39.70 mmol)

24 : (4:1)

 ( : 30:1 15:1)

66 (13.710 g, 99%)  

66: colorless oil; FT IR (neat) 2957, 2723, 1739, 1463 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.01-1.08 (21H, m), 1.29-1.32 (1H, m), 1.44-1.49 (1H, m), 1.58-1.71 (3H, m), 1.69 (3H, s), 

1.80-1.95 (3H, m), 2.35 (2H, m), 2.60 (1H, dd, J = 15.8, 6.8 Hz), 2.65-2.71 (2H, m), 3.84-3.96 

(4H, m), 4.54 (1H, m), 4.62 (2H, m); 13C NMR (125 MHz in CDCl3) δ 12.04, 13.87, 17.93, 

22.86, 22.91, 23.34, 27.30, 34.53, 34.59, 44.85, 44.87, 48.846, 48.854, 49.88, 60.50, 64.46, 

64.81, 64.84, 70.70, 108.54, 108.55, 127.50, 127.52, 135.84, 135.88, 172.36; MS (CI+) m/z 451 

[M-H]+; HRMS (CI+) m/z calcd for C25H43O5Si: 451.2885, found 451.2887. 

 

Methyl (S*)-2-(2-hydroxyethoxy)-1-((1S*,4R*)-1-methyl-2-methylene-4-((triisopropylsily

l)oxy)cyclopentyl)cyclohex-2-ene-1-carboxylate (65a) and Methyl (6S*)-2-(2-hydroxyeth

oxy)-1-((1S*,4S*)-1-methyl-2-methylene-4-((triisopropylsilyl)oxy)cyclopentyl)cyclohex-2-e

ne-1-carboxylate (65b) 

  

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

 ( 7.1 mL, 50.3 mmol) THF (80 mL) –78 ºC n-

 (1.6 M  31.3 mL, 50.1 mmol) 0 ºC 20

–78 ºC 66 THF (20 mL)

30  (6.3 mL, 49.6 mmol)

, 24 4M 
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 (10 mL)  (10 mL)  

1M , 

 ( :

4:1 )

/  (3:1, 32 mL) TMS  (2M  

5.0 mL, 10.0 mmol) 30

 ( : 15:1 10:1) 65a (1.413 g, 

30%), 65b (1.510 g, 32%)  

65a: colorless oil; FT IR (neat) 3486, 3060, 2946, 2866, 2722, 1726, 1656, 1463 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 1.00-1.06 (21H, m, TIPS), 1.14-1.23 (1H, m, H-8a), 1.40 (1H, t, J = 

13.2 Hz, H-7a), 1.48 (3H, s, H-14), 1.67 (1H, m, H2O peak overlapped, H-8b), 1.75 (1H, dd, J = 

13.9, 1.9 Hz, H-4a), 1.95-2.08 (2H, m, H-9), 2.22 (1H, dd, J = 13.9, 4.4 Hz, H-4b), 2.41 (1H, d, 

J = 15.7 Hz, H-7b), 2.45 (1H, d, J = 13.3 Hz, H-2a), 2.58 (1H, m, H-2b), 3.04 (1H, br, OH), 

3.70 (3H, s, OMe), 3.77-3.87 (4H, m, HOCH2CH2O-), 4.30 (1H, t, J = 4.6 Hz, H-3), 4.79 (1H, d, 

J = 3.6 Hz, H-10), 4.99 (1H, d, J = 2.0 Hz, H-13a), 5.01 (1H, s, H-13b); 13C NMR (125 MHz in 

CDCl3) δ 12.05 (TIPS), 18.01 (TIPS), 18.02 (TIPS), 20.61 (C-8), 24.01 (C-9), 29.16 (C-14), 

30.78 (C-7), 47.87 (C-2), 48.67 (C-4), 49.18 (C-5), 51.66 (OMe), 57.60 (C-6), 60.76 

(HOCH2CH2O-), 68.28 (HOCH2CH2O-), 71.28 (C-3), 99.90 (C-10), 108.84 (C-13), 154.90 

(C-11), 156.91 (C-12), 175.21 (C-15); MS (CI+) m/z 467 [M+H]+; HRMS (CI+) m/z calcd for 

C26H47O5Si; 467.3187, found 467.3185. 

65b: colorless oil; FT IR (neat) 3477, 2943, 2866, 1723, 1656, 1462 cm–1; 1H NMR (500 MHz 

in CDCl3) δ 1.03-1.09 (21H, m, TIPS), 1.21-1.25 (1H, m, H-8a), 1.27 (3H, s, H-14), 1.65-1.76 

(2H, m, H-7a, 8b), 1.86 (1H, dd, J = 12.5, 7.4 Hz, H-4a), 1.98-2.10 (2H, m, H-9), 2.39 (2H, m, 

H-4b, 7b), 2.61 (1H, dd, J = 14.9, 7.2 Hz, H-2a), 2.69 (1H, br, H-2b), 3.29 (1H, br, OH), 3.69 

(3H, s, OMe), 3.72-3.87 (4H, m, HOCH2CH2O-), 4.28 (1H, m, H-3), 4.80 (1H, dd, J = 5.0, 2.5 

Hz, H-10), 4.89 (1H, s, H-13a), 4.92 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 12.11 
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(TIPS), 17.93 (TIPS), 20.61 (C-8), 23.89 (C-9), 28.07 (C-14), 30.95 (C-7), 46.17 (C-2), 48.43 

(C-5), 48.88 (C-4), 51.65 (OMe), 56.99 (C-6), 61.20 (HOCH2CH2O-), 68.73 (HOCH2CH2O-), 

70.51 (C-3), 99.46 (C-10), 107.86 (C-13), 155.04 (C-11), 155.64 (C-12), 175.25 (C-15); MS 

(CI+) m/z 467 [M+H]+; HRMS (CI+) m/z calcd for C26H47O5Si: 467.3187, found 467.3194. 

 

(2-Methyl-4-(trityloxy)cyclopent-1-en-1-yl)methanol (72) 

 

71 (550 mg, 3.23 mmol)  (6.4 mL) DMAP (39 mg, 0.319 mmol), 

 (1.350 g, 4.84 mmol) 100 ºC 6

/ (4:1)

 ( :  60:1)  (4.353 g)

THF (5.7 mL) –78 ºC  (1M  

6.3 mL, 6.30 mmol) 30  (6.0 mL), 30%

 (8.0 mL) 12

 ( : 15:1) 72 (934 mg, 2 steps 78%)

 

72:colorless oil; FT IR (neat) 3313, 3057, 2926, 1596, 1490, 1447 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.06 (1H, br), 1.53 (3H, s), 1.99 (1H, dd, J = 17.0, 7.9 Hz), 2.15 (1H, m), 2.23-2.32 

(2H, m), 4.03 (2H, s), 4.30 (1H, m), 7.22 (3H, m), 7.28 (6H, m), 7.48 (6H, m); 13C NMR (125 

MHz in CDCl3) δ 13.57, 41.87, 46.25, 58.81, 73.01, 87.19, 126.84, 127.76, 128.80, 131.58, 

133.35, 145.15 

 

(2-Methyl-4-(trityloxy)cyclopent-1-en-1-yl)methyl 1,4-dioxaspiro[4.5]decane-6-carboxylat

e (73) 

OTr

OH

72
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66 72 (17.8mg, 0.025 mmol) 73 (520 mg, 97%)  

73: colorless oil; FT IR (neat) 3058, 3031, 2936, 2890, 1732, 1596, 1491, 1448, cm–1; 

1H NMR (500 MHz in CDCl3) δ 1.30 (1H, m), 1.47 (1H, m), 1.55 (3H, s), 1.59-1.67 

(3H, m), 1.79-1.87 (2H, m), 1.88-2.00 (2H, m), 2.12-2.29 (3H, m), 2.63 (1H, dd, J = 8.

5, 5.1 Hz), 3.81-3.93 (4H, m), 4.29 (1H, m), 4.47-4.54 (2H, m), 7.22 (3H, m), 7.27 (6

H, m), 7.47 (6H, m); 13C NMR (125 MHz in CDCl3) δ 13.72, 22.92, 22.95, 23.36, 27.

31, 34.56, 34.64, 42.24, 46.10, 46.15, 49.88, 60.36, 64.48, 64.83, 64.86, 72.95, 72.98, 8

7.16, 87.17, 108.53, 126.84, 127.30, 127.34, 127.74, 128.79, 135.84, 135.87, 145.12, 17

2.29, 172.31; MS (CI+) m/z 538 [M]+; HRMS (CI+) m/z calcd for C35H38O5: 538.2719, f

ound 538.2715.. 

 

Methyl 2-(2-hydroxyethoxy)-1-(1-methyl-2-methylene-4-(trityloxy)cyclopentyl)cyclohex-2

-ene-1-carboxylate (74) 

 

65 73 (100 mg, 0.186 mmol) 74 (55 mg, 54%)  

74: colorless oil; FT IR (neat) 3490, 3086, 3058, 2935, 2874, 2840, 1718, 1656, 1597, 1491, 

1448 cm–1; 1H NMR (500 MHz in CDCl3) δ 0.99 (3H, s), 1.01 (1H, dd, J = 13.0, 6.8 Hz), 

1.08-1.21 (3H, m), 1.26-1.37 (2H, m), 1.47 (3H, s), 1.53-1.64 (3H, m), 1.83-2.02 (6H, m), 2.06 

(1H, d, J = 16.2 Hz), 2.27-2.35 (3H, m), 2.44 (1H, br), 2.91 (1H, br), 2.96 (1H, br), 3.630 (3H, 

s), 3.634 (3H, s), 3.65-3.70 (2H, m), 3.75-3.81 (6H, m), 3.92 (1H, m), 4.06 (1H, m), 4.69-4.75 

(3H, m), 4.81 (1H, s), 4.88 (1H, s), 4.94 (1H, s), 7.19-7.23 (6H, m), 7.25-7.30 (12H, m), 7.46 

O
O

O

O

OTr
73

CO2Me
OHO

OTr

74
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(6H, d, J = 7.5 Hz), 7.49 (6H, d, J = 7.5 Hz); 13C NMR (125 MHz in CDCl3) δ 20.54, 23.85, 

23.92, 27.94, 28.73, 30.84, 44.14, 44.97, 45.77, 46.10, 47.57, 48.99, 51.61, 51.63, 56.78, 57.31, 

60.58, 60.96, 67.93, 68.24, 72.25, 73.06, 86.93, 87.16, 99.53, 99.68, 108.09, 126.76, 126.86, 

127.69, 127.73, 128.68, 128.88, 145.06, 145.17, 154.48, 154.67, 156.92, 175.02, 175.10; MS 

(CI+) m/z 553 [M+H]+; HRMS (CI+) m/z calcd for C36H41O5: 553.2949, found 553.2959. 

 

Methyl (S*)-6-((1S*, 4R*)-4-hydroxy-1-methyl-2-methylenecyclopentyl)-1,4-dioxaspiro[4. 

5]decane-6-carboxylate (75b) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

65b (910 mg, 1.95 mmol)  (6.5 mL) PPTS (49 mg, 0.195 mmol) 

24

, 

, 

 ( : 20:1 10:1) 75b 

(701 mg, 77%), 65b (184 mg, 20%)  

75b: white solid; FT IR (neat) 2944, 2866, 1723, 1650, 1464, 1432 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.05 (21H, m, TIPS), 1.23 (3H, s, H-14), 1.38 (1H, dt, J = 13.0, 3.6 Hz, H-10a), 

1.47-1.68 (6H, m, H-4a, 8, 9 10b, H2O peak overlapped), 2.02 (1H, dt, J = 13.1, 4.0 Hz, H-7a), 

2.13 (1H, d, J = 14.0 Hz, H-7b), 2.32 (1H, m, H-2a), 2.48 (1H, dd, J = 13.5, 5.8 Hz, H-2b), 2.84 

(1H, dd, J = 13.0, 10.0 Hz, H-4), 3.72 (3H, s, OMe), 3.85 (1H, dd, J = 14.9, 7.5 Hz, H-acetal), 

3.90 (1H, dd, J = 13.5, 7.5 Hz, H-acetal), 4.04-4.13 (3H, m, H-3, acetal), 4.61 (1H, d, J = 2.6 

Hz, H-13a), 4.96 (1H, d, J = 2.2 Hz, H-13b); 13C NMR (125 MHz in CDCl3) δ 12.18 (TIPS), 

18.02 (TIPS), 18.03 (TIPS), 22.55 (C-8 or C-9), 22.60 (C-8 or C-9), 29.05 (C-14), 29.98 (C-7), 

33.50 (C-10), 47.51 (C-4), 47.72 (C-2), 48.86 (C-5), 51.03 (OMe), 59.89 (C-6), 61.93 
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(C-acetal), 63.72 (C-acetal), 70.40 (C-3), 109.42 (C-13), 112.72 (C-11), 155.70 (C-12), 172.73 

(C-15); MS (CI+) m/z 467 [M+H]+; HRMS (CI+) m/z calcd for C26H47O5Si: 467.3187, found 

467.3203. 

 

Methyl (S*)-6-((1S*,4R*)-1-methyl-2-methylene-4-((triisopropylsilyl)oxy)cyclopentyl)-1, 

4-dioxaspiro[4.5]decane-6-carboxylate (75a) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

75b 65a (1.350 g, 2.89 mmol) 75a (1.069 g, 79%), 65a (234 mg, 

17%)  

75a: white solid; FT IR (neat) 3079, 2946, 2714, 1730, 1650, 1464 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.02-1.04 (21H, m, TIPS), 1.36 (1H, dt, J = 12.6, 4.2 Hz, H-10a), 1.41 (3H, s, H-14), 

1.43-1.59 (5H, m, H-4a, 8, 9), 1.65 (1H, d, J = 15.0 Hz, H-10b), 1.87 (1H, dt, J = 12.6, 4.3 Hz, 

H-7a), 2.12 (1H, d, J = 13.2 Hz, H-7b), 2.31 (1H, d, J = 14.8 Hz, H-2a), 2.47 (1H, m, H-2b), 

3.12 (1H, dd, J = 14.3, 5.0 Hz, H-4b), 3.71 (3H, s, OMe), 3.83 (1H, dd, J = 14.5, 7.4 Hz, 

H-acetal), 3.88 (1H, dd, J = 14.4, 7.3 Hz, H-acetal), 4.00-4.06 (2H, m, H-acetal), 4.29 (1H, t, J 

= 4.5 Hz, H-3), 4.69 (1H, d, J = 2.2 Hz, H-13a), 5.01 (1H, s, H-13b); 13C NMR (125 MHz in 

CDCl3) δ 12.07 (TIPS), 18.02 (TIPS), 22.59 (C-8), 22.71 (C-9), 29.29 (C-14), 29.85 (C-7), 

33.23 (C-10), 47.80 (C-2), 48.27 (C-4), 49.69 (C-5), 50.99 (OMe), 60.31 (C-6), 61.84 

(C-acetal), 63.68 (C-acetal), 71.37 (C-3), 109.36 (C-13), 112.78 (C-11), 157.45 (C-12), 172.75 

(C-15); MS (CI+) m/z 467 [M+H]+; HRMS (CI+) m/z calcd for C26H47O5: 467.3187, found 

467.3184. 

 

Methyl (S*)-6-((1S*, 4R*)-4-hydroxy-1-methyl-2-methylenecyclopentyl)-1,4-dioxaspiro[4. 

5]decane-6-carboxylate (77) 
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The numbering of positions is according to the skeleton of natural spirotenuipesine A 

75a (1.00 g, 2.14 mmol) THF ( 4.3 mL) TBAF ( 1M THF , 2.8 mL, 2.80 mmol) 

48

, 

 ( :  1:1 1:5) 75 (665 mg, quant.)  

75: white solid; FT IR (neat) 3501, 2946, 2885, 1716, 1446 cm–1; 1H NMR (500 MHz in CDCl3) 

δ 1.34 (1H, dt, J = 12.5, 4.4 Hz, H-10a), 1.41 (3H, s, H-14), 1.42-1.53 (5H, m, H-4a, H-8, H-9a, 

OH), 1.57 (1H, d, J = 9.3 Hz, H-9b), 1.65 (1H, d, J = 14.3 Hz, H-10b), 1.85 (1H, dt, J = 12.8, 

3.8 Hz, H-7a), 2.08 (1H, d, J = 13.7 Hz, H-7b), 2.30 (1H, d, J = 15.4 Hz, H-2a), 2.54 (1H, dt, J 

= 15.3, 2.1 Hz, H-2b), 3.22 (1H, dd, J = 14.9, 4.9 Hz, H-4) 3.71 (3H, s, OMe), 3.82 (1H, dd, J = 

14.4, 7.7 Hz, H-acetal), 3.88 (1H, dd, J = 13.8, 7.5 Hz, H-acetal), 3.98-4.06 (2H, m, H-acetal), 

4.27 (1H, t, J = 4.4 Hz, H-3), 4.74 (1H, d, J = 2.0 Hz, H-13a), 5.09 (1H, s, H-13b); 13C NMR 

(125 MHz in CDCl3) δ 22.47 (C-9), 22.57 (C-8), 29.75 (C-7), 29.92 (C-14), 33.17 (C-10), 

47.07 (C-2), 47.45 (C-4), 49.31 (C-5), 51.10 (OMe), 60.17 (C-6), 61.80 (C-acetal), 63.63 

(C-acetal), 70.92 (C-3), 110.53 (C-13), 112.64 (C-11), 156.76 (C-12), 172.50 (C-15); MS (CI+) 

m/z 311 [M+H]+; HRMS (CI+) m/z calcd for C17H27O5: 311.1853, found 311.1849. 

 

Methyl (S*)-6-((1S*,4S*)-1-methyl-2-methylene-4-((4-nitrobenzoyl)oxy)cyclopentyl)-1,4-d

ioxaspiro[4. 5]decane-6-carboxylate (78) 
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The numbering of positions is according to the skeleton of natural spirotenuipesine A 

77 (550 mg, 1.77 mmol) (18 mL)  (651 mg, 2.48 

mmol), p-  (415 mg, 2.48 mmol) 0 ºC

 (2.2M  1.13 mL, 2.49 mmol) 30

, , 

, 

 ( :

 10:1 4:1) 78 (710 mg, 87%)  

78: white solid; FT IR (neat) 2944, 2883, 1717, 1526 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.30 (3H, s, H-14), 1.37 (1H, dt, J = 12.5, 4.3 Hz, H-10a), 1.45-1.54 (3H, m, H-8, H-9a), 1.61 

(1H, d, J = 10.0 Hz, H-9b), 1.67 (1H, d, J = 13.9 Hz, H-10b), 1.91-2.02 (2H, m, H-4a, 7a), 2.17 

(1H, d, J = 13.3 Hz, H-7b), 2.51 (1H, dd, J = 13.5, 11.0 Hz, H-2a), 2.79 (1H, dd, J = 13.6, 6.3 

Hz, H-2b), 3.08 (1H, dd, J = 13.0, 10.4 Hz, H-4b), 3.72 (3H, s, OMe), 3.83 (1H, dd, J = 14.8, 

7.4 Hz, H-acetal), 3.89 (1H, dd, J = 14.3, 6.9 Hz, H-acetal), 4.06 (2H, m, H-acetal), 4.74 (1H, d, 

J = 2.5 Hz, H-13a), 5.06 (1H, d, J = 1.8 Hz, H-13b), 5.16 (1H, m, H-3), 8.17 (2H, d, J = 8.7 Hz, 

H-Ar), 8.25 (2H, d, J = 8.7 Hz, H-Ar); 13C NMR (125 MHz in CDCl3) δ 22.42 (C-8), 22.51 

(C-9), 28.88 (C-14), 29.87 (C-7), 32.91 (C-10), 43.11 (C-2 or C-4), 43.12 (C-2 or C-4), 48.58 

(C-5), 51.21 (OMe), 59.71 (C-6), 61.70 (C-acetal), 63.56 (C-acetal), 73.65 (C-3), 111.00 (C-13), 

112.53 (C-11), 123.36 (C-Ar), 130.61 (C-Ar), 135.65 (C-Ar), 150.30 (C-Ar), 153.14 (C-12), 

164.46 (-COO-pNO2Ph), 172.35 (C-15); MS (CI+) m/z 459 [M]+; HRMS (CI+) m/z calcd for 

C24H29NO8: 459.1893, found 459.1891. 

 

(1S*,2S*,5S*)-1-Methyl-7-methylene-4-oxadispiro[bicyclo[3.2.1]octane-2,1'-cyclohexane-2

',2''-[1,3]dioxolan]-3-one (76) 
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The numbering of positions is according to the skeleton of natural spirotenuipesine A 

75b (500 mg, 1.07 mmol) THF (2.1 mL) TBAF (1M THF , 1.6 mL, 1.6 mmol) 

12  (2.1 mL), 

 (28% , 1.03mL, 5.34 mmol)

9 . , 

, 

 ( :

10:1 5:1) 76 (269 mg, 90%)  

76: white solid; FT IR (neat) 2925, 2863, 1730, 1653, 1448, 1421 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.32-1.39 (2H, m, H-4a, H-9a), 1.40 (3H, s, H-14), 1.49-1.57 (2H, m, H-8a, 10a), 

1.65-1.69 (1H, m, H-9b), 1.89 (1H, d, J = 13.3 Hz, H-10b), 1.97 (1H, dt, J = 12.8, 3.8 Hz, 

H-7a), 2.05 (1H, tq, J = 12.8, 3.8 Hz,H-8b), 2.12 (1H, dd, J = 13.0, 2.6 Hz, H-4b), 2.24 (1H, dt, 

J = 12.8, 3.8 Hz, H-7b), 2.59 (1H, dd, J = 17.9, 5.2 Hz, H-2a), 2.88 (1H, dd, J = 17.9, 2.5 Hz, 

H-2b), 3.60 (1H, dd, J = 14.7, 7.7 Hz, H-acetal), 3.80 (1H, dd, J = 13.3, 6.7 Hz, H-acetal), 

3.86-3.89 (2H, m, H-acetal), 4.64 (1H, t, J = 4.1 Hz, H-3), 4.77 (1H, s, H-13a), 4.86 (1H, s, 

H-13b); 13C NMR (125 MHz in CDCl3) δ 21.03 (C-8), 22.74 (C-9), 23.23 (C-14), 31.18 (C-7), 

31.22 (C-10), 40.51 (C-2), 43.65 (C-4), 48.14 (C-5), 58.21 (C-6), 62.38 (C-acetal), 63.79 

C-acetal), 76.05 (C-3), 106.82 (C-13), 112.38 (C-11), 154.95 (C-12), 172.06 (C-15); MS (CI+) 

m/z 279 [M+H]+; HRMS (CI+) m/z calcd for C16H23O4: 279.1591, found 279.1591. 

Crystallographic data for the structure of 76 have been deposited with the Cambridge 

Crystallographic Data Centre as supplementary publication numbers CCDC 2039727.  

 

78 76  

 

78 (690 mg, 1.50 mmol) THF (2.5 mL)  (1.06 mL), 

OO

O

O
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 (28% , 1.44 mL, 7.46 mmol) 2

, 

 ( :  5:1) 76 (357 mg, 85%)  

 

(1S*,2S*,5S*)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexane]-2',

 3-dione (64) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

76 (600 mg, 2.156 mmol) / (10:1, 7.2 mL) p-

 (123 mg, 0.647 mmol) 60 ºC 16

, 

, 

 ( : 2:1)

64 (506 mg, quant.)  

64: white solid; FT IR (neat) 3075, 2952, 2871, 1736, 1700, 1656, 1460, 1422 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 1.47 (3H, s, H-14), 1.55 (1H, dd, J = 13.2, 3.0 Hz, H-4a), 1.76-1.93 (3H, 

m, H-8, 9a), 1.98-2.02 (1H, m, H-9b), 2.16-2.30 (3H, m, H-4b, 7a, 10a), 2.49 (1H, ddd, J = 14.5, 

11.1, 5.3 Hz, H-7b), 2.63-2.69 (2H, m, H-2a, 10b), 2.91 (1H, dd, J = 18.4, 2.4 Hz, H-2b), 4.76 

(1H, t, J = 3.6 Hz, H-3),4.92 (1H, t, J = 2.4 Hz, H-13a), 5.02 (1H, d, J = 1.8 Hz, H-13b); 13C 

NMR (125 MHz in CDCl3) δ 21.94 (C-14), 22.28 (C-8), 24.87 (C-9), 34.07 (C-7), 40.39 (C-2), 

41.74 (C-4), 42.46 (C-10), 48.80 (C-5), 68.24 (C-6), 76.74 (C-3, overlapped CHCl3 peak), 

110.20 (C-13), 151.80 (C-12), 172.74 (C-15), 206.97 (C-11); MS (CI+) m/z 234 [M]+; HRMS 

(CI+) m/z calcd for C14H18O3: 234.1256, found 234.1256. 

 

(1S*,2S*,5S*)-1-Methyl-7-methylene-2'-((trimethylsilyl)oxy)-4-oxaspiro[bicyclo[3.2.1]octa
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ne-2,1'-cyclohexan]-2'-en-3-one from 64 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

64 (1.380 g, 5.89 mmol)  (20 mL) 0 ºC , 

 (2.50 mL, 17.94 mmol), TMSOTf (1.60 mL, 8.85 mmol) 2.5

, 

, 

 (1.799 g, 

quant.)  

white solid; FT IR (neat) 3079, 3044, 2959, 2841, 1734, 1659, 1456, 1443, 1424 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 0.12 (9H, s, TMS), 1.30 (3H, s, H-14), 1.42 (1H, dd, J = 13.0, 3.0 Hz, 

H-4a), 1.64-1.69 (2H, m, H-8), 1.98-2.07 (3H, m, H-7a, 9), 2.12-2.19 (1H, m, H-7b), 2.30 (1H, 

dd, J = 13.0, 2.4 Hz, H-4b), 2.64 (1H, dt, J = 18.1, 2.4 Hz, H-2a), 2.81 (1H, dd, J = 18.1, 2.4 Hz, 

H-2b), 4.72 (1H, t, J = 3.4 Hz, H-3), 4.86 (1H, s, H-13a), 4.89 (1H, s, H-13b), 4.97 (1H, t, J = 

4.2 Hz, H-10); 13C NMR (125 MHz in CDCl3) δ –0.07 (C-TMS), 19.79 (C-8), 21.05 (C-14), 

23.29 (C-7), 33.22 (C-9), 40.70 (C-4), 40.96 (C-2), 49.32 (C-5), 57.73 (C-6), 77.25(C-3, 

overlapped CHCl3 peak), 105.92 (C-10), 108.86 (C-13), 147.82 (C-11), 154.20 (C-12), 175.32 

(C-15); MS (CI+) m/z 306 [M]+; HRMS (CI+) m/z calcd for C17H26O3Si: 306.1651, found 

306.1643. 

 

(1S*,2S*,3’S*,5S*)-1-Methyl-7-methylene-3'-(phenylselanyl)-4-oxaspiro[bicyclo[3.2.1]octa

ne-2,1'-cyclohexane]-2',3-dione (79) 

 
The numbering of positions is according to the skeleton of natural spirotenuipesine A 
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 (526 mg, 1.716 mmol)  (33 mL) –78 ºC

,  (347 mg, 1.802 mmol)  (10 

mL) 15

, 

 ( : 10:1) 79 (494 mg, 74%)  

79: white solid; FT IR (neat) 3054, 2944, 2866, 1723, 1656, 1577, 1477, 1438 cm–1; 1H NMR 

(500 MHz in CDCl3) δ 1.46 (1H, dd, J = 13.2, 2.3 Hz, H-4a), 1.46 (3H, s, H-14), 1.71-1.75 (1H, 

m, H-8a), 1.81-1.94 (2H, m, H-8b, 9a), 2.10 (1H, dt, J = 11.2, 4.1 Hz, H-7a), 2.28-2.33 (1H, m, 

H-9b), 2.36-2.40 (2H, m, H-4b, 7b), 2.68 (1H, dt, J = 18.1, 2.0 Hz, H-2a), 2.83 (1H, dd, J = 

18.1, 2.0 Hz, H-2b), 4.76 (1H, s, H-3), 5.03 (1H, dd, J = 10.8, 6.5 Hz, H-10), 5.24 (1H, s, 

H-13a), 5.54 (1H, s, H-13b), 7.25-7.28 (3H, m, H-Ar), 7.57-7.58 (2H, m, H-Ar); 13C NMR (125 

MHz in CDCl3) δ 20.27 (C-14), 21.71 (C-8), 35.04 (C-7), 35.13 (C-9), 40.69 (C-4), 41.06 (C-2), 

48.79 (C-5), 52.91 (C-10), 65.66 (C-6), 78.49 (C-3), 115.32 (C-13), 127.71 (C-Ar), 128.48 

(C-Ar), 129.02 (C-Ar), 135.00 (C-Ar), 148.64 (C-12), 170.56 (C-15), 202.53 (C-11); MS (CI+) 

m/z 390 [M+H]+; HRMS (CI+) m/z calcd for C20H22O3Se: 390.0734, found 390.0730. 

 

(1S*,2S*,5S*)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-3'-e

ne-2',3-dione (80) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

79 (1.000 g, 2.57 mmol) THF (13 mL) 0 ºC ,  (1.082 

g, 12.88 mmol), 30%  (1.46 mL, 12.88 mmol) 30

/ (1:1)

, 

 ( : 3:1 2:1)
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80 (490 mg, 82%)  

80: pale yellow solid; FT IR (neat) 2986, 2930, 1721, 1659, 1467, 1416 cm–1; 1H NMR (500 

MHz in CDCl3) δ 1.40 (3H, s, H-14), 1.60 (1H, dd, J = 13.2, 3.0 Hz, H-4a), 2.28 (1H, dd, J = 

13.2, 2.6 Hz, H-4b), 2.43 (1H, ddd, J = 14.7, 5.9, 2.6 Hz, H-7a), 2.51-2.55 (2H, m, H-8), 2.66 

(1H, m, H-2a), 2.82 (1H, dt, J = 14.8, 8.5 Hz, H-7b), 2.96 (1H, dd, J = 18.4, 2.4 Hz, H-2b), 4.74 

(1H, t, J = 2.3 Hz, H-13a), 4.78 (1H, t, J = 3.6 Hz, H-3), 5.01 (1H, s, H-13b), 6.10 (1H, dt, J = 

10.3, 2.1 Hz, H-10), 6.93 (1H, dt, J = 10.3, 3.9 Hz, H-9); 13C NMR (125 MHz in CDCl3) δ 

20.10 (C-14), 24.50 (C-8), 29.19 (C-7), 40.31 (C-2), 41.04 (C-4), 49.40 (C-5), 65.13 (C-6), 

77.23 (C-3) 110.50 (C-13), 130.28 (C-10), 149.06 (C-9), 152.07 (C-12), 172.83 (C-15), 194.42 

(C-11); MS (CI+) m/z 233 [M+H]+; HRMS (CI+) m/z calcd for C14H17O3: 233.1172, found 

233.1186. 

 

 (1S*, 1’S*, 2S*, 5S*, 6’S*)-1-Methyl-7-methylene-4, 7'-dioxaspiro[bicyclo[3. 2.1]octane-2, 

3'-bicyclo[4. 1. 0]heptane]-2', 3-dione (81) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

81 (400 mg, 1.61 mmol) THF (4.8mL) 0 ºC , 4M  

(0.86 mL, 3.44 mmol), 68% t-  (0.46 mL, 3.47 mmol)

4 . 

 ( : 2:1 1:1) 90 

(398 mg, 93%)  

81: white solid; FT IR (neat) 2945, 1726, 1703, 1463 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.35 (3H, s, H-14), 1.57 (1H, dd, J = 13.3, 2.9 Hz, H-4a), 2.17 (1H, dd, J = 14.6, 5.7 Hz, H-7a), 

2.27 (1H, m, H-8a), 2.35 (1H, dd, J = 13.3, 2.6 Hz, H-8b), 2.40 (1H, dd, J = 15.6, 6.4 Hz, H-7b), 

2.53 (1H, dt, J = 13.6, 6.4 Hz, H-4b), 2.69 (1H, dt, J = 18.4, 2.4 Hz, H-2a), 2.97 (1H, dd, J = 
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18.4, 2.4 Hz, H-2b), 3.27 (1H, d, J = 3.5 Hz, H-10), 3.62 (1H, s, H-9), 4.74 (1H, d, J = 2.3 Hz, 

H-13a), 4.77 (1H, t, J = 3.5 Hz, H-3), 5.10 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 

21.94 (C-14), 22.57 (C-8), 25.46 (C-7), 40.50 (C-4), 40.57 (C-2), 50.34 (C-5), 53.26 (C-10), 

54.33 (C-9), 64.10 (C-6), 77.38 (C-3), 111.57 (C-13), 151.91 (C-12), 171.77 (C-15), 199.34 

(C-11); MS (CI+) m/z 249 [M+H]+; HRMS (CI+) m/z calcd for C14H17O4: 249.1121, found 

249.1125. 

 

(1S*, 2S*, 4’S*, 5S*)-4’-Hydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-

2,1'-cyclohexane]-2',3-dione (91) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

 (756 mg, 2.42 mmol)  (16 mL) 0 ºC , 

 (183 mg, 4.84 mmol),  (0.03 mL, 0.525 mmol)

15 . 81 (400 mg,1.61 mmol) , 15

. 

 ( : 1:1 1:5) 82 (375 mg, 93%)  

82: white solid; FT IR (neat) 3444, 2972, 1726, 1698, 1464, 1417 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.44 (3H, s, H-14), 1.56 (1H, dd, J = 13.2, 2.9 Hz, H-4a), 1.97-2.09 (2H, m, H-7), 

2.17 (1H, dt, J = 14.7, 5.1 Hz, H-8a), 2.28 (1H, dd, J = 13.2, 2.5 Hz, H-4b), 2.47 (1H, dd, J = 

15.0, 3.6 Hz, H-10a), 2.55 (1H, d, J = 3.7 Hz, OH), 2.66 (1H, dt, J = 18.4, 2.4 Hz, H-2a), 2.72 

(1H, ddd, J = 16.3, 10.7, 6.0 Hz, H-8b), 2.81 (1H, dd, J = 15.0, 3.9 Hz, H-10b), 2.89 (1H, dd, J 

= 18.4, 2.2 Hz, H-2b), 4.37 (1H, d, J = 3.9 Hz, H-9), 4.77 (1H, t, J = 3.4 Hz, H-3), 4.91 (1H, s, 

H-13a), 5.03 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 21.26 (C-14), 28.60 (C-8), 29.54 

(C-7), 40.34 (C-2), 41.57 (C-4), 48.65 (C-5), 50.09 (C-10), 67.27 (C-6), 68.31 (C-9), 77.20 
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(C-3), 110.60 (C-13), 151.26 (C-12), 172.47 (C-15), 205.68 (C-11); MS (CI+) m/z 251 [M+H]+; 

HRMS (CI+) m/z calcd for C14H19O4: 251.1278, found 251.1293. 

 

(1S*,2S*,2'R*,4'S*,5S*)-2',4'-dihydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]oc

tane-2,1'-cyclohexan]-3-one (83trans) and (1S*,2S*,2'S*,4'S*,5S*)-2',4'-dihydroxy-1-methy

l-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-3-one (83cis) 

 
The numbering of positions is according to the skeleton of natural spirotenuipesine A 

82 (350 mg, 1.40 mmol)  (7.0 mL) 0 ºC , 

 (53 mg, 1.40 mmol) 40 . 

 ( :

1:2) , 83trans (311 mg, 88%), 83cis (32 mg, 9%)  

83trans: white solid; FT IR (neat) 3342, 2933, 1698 cm–1; 1H NMR (500 MHz in CDCl3) δ 1.32 

(1H, br, OH), 1.45 (3H, s, H-14), 1.50 (1H, dd, J = 13.2, 2.8 Hz, H-4a), 1.66 (1H, d, J = 4.2 Hz, 

OH), 1.79 (1H, d, J = 13.1 Hz, H-7a), 1.86 -1.90 (2H, m, H-8a,10a), 2.00 (1H, dq, J = 12.5, 3.8 

Hz, H-8b), 2.14 (1H, dt, J = 13.6, 4.1 Hz, H-7b), 2.23 (1H, dd, J = 13.2, 2.4 Hz, H-4b), 2.50 

(1H, m, H-10b), 2.73 (1H, dt, J = 18.4, 2.1 Hz, H-2a), 2.84 (1H, dd, J = 18.4, 2.2 Hz, H-2b), 

4.00 (1H, m, H-9), 4.10 (1H, s, H-11), 4.69 (1H, s, H-3), 5.19 (1H, s, H-13a), 5.29 (1H, s, 

H-13b); 13C NMR (125 MHz in CDCl3) δ 23.09 (C-14), 24.70 (C-7), 30.42 (C-8), 40.61 (C-10), 

41.34 (C-2), 43.22 (C-4), 49.19 (C-5), 53.68 (C-6), 65.93 (C-9), 72.14 (C-11), 76.36 (C-3), 

110.64 (C-13), 152.45 (C-12), 172.46 (C-15); MS (CI+) m/z 253 [M+H]+; HRMS (CI+) m/z 

calcd for C14H21O4: 253.1434, found 253.1440. 

83cis: white solid; FT IR (neat) 3425, 2970, 2931, 2870, 1723 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.25 (3H, s, H-14), 1.48 (1H, dd, J = 13.1, 2.7 Hz, H-4a), 1.59 (1H, m, H-7a), 

1.73-1.76 (1H, m, H-8a), 1.85-1.94 (2H, m, H-7b, 8b), 2.14-2.17 (2H, m, H-10a, 10b), 2.25 (1H, 
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dd, J = 13.1, 2.3 Hz, H-4b), 2.71 (1H, m, H-2a), 2.94 (1H, dd, J = 18.5, 1.7 Hz, H-2b), 

3.49-3.55 (1H, m, H-9), 3.85 (1H, t, J = 8.6 Hz, H-11), 4.71 (1H, s, H-3), 5.15 (1H, s, H-13a), 

5.24 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 19.91 (C-14), 27.79 (C-7), 29.77 (C-8), 

39.95 (C-10), 40.79 (C-4), 40.98 (C-2), 48.51 (C-5), 56.40 (C-6), 68.34 (C-9), 68.54 (C-11), 

76.32 (C-3), 109.64 (C-13), 158.72 (C-12), 171.14 (C-15); MS (CI+) m/z 253 [M+H]+; HRMS 

(CI+) m/z calcd for C14H21O4: 253.1434, found 253.1434. 

 

(1S*,2S*,2'S*,5S*)-2'-hydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-

cyclohexane]-3,4'-dione (84a) and (1S*,2S*,2'R*,5S*)-2'-hydroxy-1-methyl-7-methylene-

4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexane]-3,4'-dione (84b) 

 
The numbering of positions is according to the skeleton of natural spirotenuipesine A 

83 (trans isomer 311 mg and cis isomer 32 mg, total 1.36 mmol)  (6.8 mL)

AZAZOL® (20.8 mg, 0.136 mmol) ,  (480 mg, 

1.490 mmol) 2.5

/ (1:1) , 

 ( : 3:1 1:1) 84b (297 mg, 88%), 

84a (30 mg, 9%)  

84a: white solid; FT IR (neat) 3545, 2952, 1719, 1645, 1476, 1445, 1423 cm–1; 1H NMR (500 

MHz in CDCl3) δ 1.30 (3H, s, H-14), 1.61 (1H, dd, J = 13.2, 2.7 Hz, H-4a), 1.98-2.04 (1H, m, 

H-7a), 2.19-2.26 (2H, m, H-7b, 8a), 2.31 (1H, dd, J = 13.2, 2.2 Hz, H-4b), 2.64 (1H, dd, J = 

16.1, 5.8 Hz, H-10a), 2.72-2.80 (2H, m, H-2a, 8a), 2.88 (1H, d, J = 5.1 Hz, OH), 2.99 (1H, dd, J 

= 18.6, 1.6 Hz, H-2b), 3.20 (1H, dd, J = 16.0, 10.9 Hz, H-10b), 4.13 (1H, m, H-11), 4.81 (1H, s, 

H-3), 5.21 (1H, s, H-13a), 5.26 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 19.61 (C-14), 

28.29 (C-7), 36.98 (C-8), 40.91 (C-2), 40.98 (C-4), 46.45 (C-10), 48.76 (C-5), 56.68 (C-6), 
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68.51 (C-11), 76.74 (overlap CDCl3 peak), 110.19 (C-13), 156.86 (C-12), 172.13 (C-15), 

209.27 (C-9); MS (CI+) m/z 250 [M]+; HRMS (CI+) m/z calcd for C14H18O4: 250.1205, found 

251.1214. 

84b: white solid; FT IR (neat) 3351, 2972, 2932, 2895, 1699, 1426, 1401 cm–1; 1H NMR (500 

MHz in CDCl3) δ 1.48 (3H, s, H-14), 1.60 (1H, dd, J = 13.4, 2.8 Hz, H-4a), 2.02-2.06 (2H, m, 

H-7a, OH), 2.24-2.29 (2H, m, H-4b, 10a), 2.38 (1H, m, H-8a), 2.55 (1H, dt, J = 12.9, 5.3 Hz, 

H-7b), 2.78 (1H, dt, J = 18.4, 2.0 Hz, H-2a), 2.88 (1H, dd, J = 18.4, 2.1 Hz, H-2b), 2.97 (1H, 

ddd, J = 15.7, 12.6, 6.6 Hz, H-8b), 3.54 (1H, dd, J = 16.1, 3.5 Hz, H-10b), 4.40 (1H, s, H-11), 

4.78 (1H, s, H-3), 5.24 (1H, s, H-13a), 5.34 (1H, s, H-13b); 13C NMR (125 MHz in CDCl3) δ 

22.90 (C-14), 25.58 (C-7), 37.51 (C-8), 41.16 (C-2), 43.30 (C-4), 48.46 (C-10), 49.01 (C-5), 

53.31 (C-6), 73.35 (C-11), 76.92 (C-3), 111.41 (C-13), 151.38 (C-12), 172.78 (C-15), 211.47 

(C-9); MS (CI+) m/z 251 [M+H]+; HRMS (CI+) m/z calcd for C14H19O4: 251.1278, found 

251.1295. 

 

(1S*,2R*,5S*)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-2'-e

ne-3,4'-dione (85) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

84 (b isomer 297 mg and a isomer 30 mg, total 1.306 mmol)  (6.5 mL)

p-  (24.8 mg, 0.130 mmol)

48 85 (291 

mg, 96%)  

85: white solid; FT IR (neat) 3077, 2969, 2882, 1729, 1686, 1461, 1426 cm–1; 1H NMR (500 

MHz in CDCl3) δ 1.19 (3H, s, H-14), 1.66 (1H, dd, J = 13.5, 2.4 Hz, H-4a), 2.27-2.36 (2H, m, 

H-7ab), 2.41 (1H, dt, J = 17.1, 4.0 Hz, H-8a), 2.50 (1H, dd, J = 13.4, 2.6 Hz, H-4b), 2.68-2.76 

(2H, m, H-2a, 8b), 2.85 (1H, dd, J = 18.3, 2.0 Hz, H-2b), 4.87 (1H, s, H-3), 5.14 (1H, t, J = 2.4 
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Hz, H-13a), 5.36 (1H, s, H-13b), 6.22 (1H, d, J = 10.5 Hz, H-10), 6.85 (1H, dd, J = 10.5, 1.3 Hz, 

H-11); 13C NMR (125 MHz in CDCl3) δ 19.50 (C-14), 28.69 (C-8), 33.59 (C-7), 38.34 (C-4), 

41.18 (C-2), 48.49 (C-5), 51.54 (C-6), 78.58 (C-3), 113.66 (C-13), 132.88 (C-10), 146.25 

(C-11), 149.79 (C-12), 170.09 (C-15), 198.54 (C-9); MS (CI+) m/z 233 [M+H]+; HRMS (CI+) 

m/z calcd for C14H17O3: 233.1172, found 233.1173. 

 

(1R*, 1’R*, 5’R*, 7’S*)-1’-Methyl-4'-oxadispiro[cyclohexane-1, 2'-bicyclo[3.2.1]octane-7', 

2''-oxiran]-2-ene-3', 4-dione (63) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

85 (120 mg, 0.517 mmol) /  (10:1, 10 mL) 0 ºC , 1,1,1-

 (0.55 mL, 6.145 mmol),  (348 mg, 4.142 

mmol), Oxone® (1.270 g, 2.066 mmol) 24

 (

: 2:1 1:1) 63 (126 mg, 98%)  

72: white solid; FT IR (neat) 2936, 1720, 1685 cm–1; 1H NMR (500 MHz in CDCl3) δ 0.96 (3H, 

s, H-14), 1.94 (H, dd, J = 13.6, 2.9 Hz, H-4a), 2.23 (1H, dd, J = 16.7, 5.4 Hz, H-2a), 2.34-2.41 

(1H, m, H-8a), 2.43-2.51 (3H, m, H-4b, 7a, 8b)), 2.62 (1H, dd, J = 16.7, 2.8 Hz, H-2b), 2.68 

(1H, ddd, J = 18.5, 11.9, 5.3 Hz, H-7b), 3.02 (1H, d, J = 4.1 Hz, H-13a), 3.14 (1H, d, J = 4.1 Hz, 

H-13b), 4.93 (1H, m, H-3), 6.25 (1H, d, J = 10.5 Hz, H-10), 6.73 (1H, dd, J = 10.5, 1.5 Hz, 

H-11); 13C NMR (125 MHz in CDCl3) δ 13.57 (C-14), 29.52 (C-8), 33.99 (C-7), 37.90 (C-4), 

41.70 (C-2), 48.30 (C-12), 49.03 (C-13), 52.09 (C-6), 63.83 (C-5), 77.72 (C-3), 132.95 (C-10), 

144.11 (C-11), 171.39 (C-15), 197.49 (C-9); MS (CI+) m/z 249 [M+H]+; HRMS (CI+) m/z calcd 

for C14H17O4: 249.1121, found 249.1128. 
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(1R*,2’R*,3a’R*,5’R*,6a’R*)-6a'-(Hydroxymethyl)-3a'-methyl-3a',5',6',6a'-tetrahydro-2'

H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-ol (86) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

63 (50.0 mg, 0.201 mmol)  (4.0 mL) –78 ºC , 

 (1M 0.81 mL, 0.810 mmol)

1.5 30% , 

. , 

 ( : 1:2 1:4) 86 (51.0 mg, quant.)

 

86a: white solid; FT IR (neat) 3391, 2966, 2866, 1715, 1454 cm–1. 1H NMR (500 MHz in 

CDCl3) δ 1.01 (3H, s, ), 1.05 (H, , J = Hz,), 1.19 (1H, d, J = 12.8 Hz,), 1.43-1.46 (2H, m), 1.49 

(1H, d, J = 11.9 Hz,), 1.78 (1H, br), 2.10-2.19 (3H, m), 2.23 (1H, dd, J = 11.7, 3.4 Hz,), 2.35 

(1H, d, J = 12.9 Hz,), 3.73 (1H, d, J = 12.3 Hz,), 3.83 (1H, d, J = 12.3 Hz,), 4.18 (1H, s), 4.46 

(1H, s), 5.03 (1H, s), 5.57 (1H, d, J = 10.6 Hz,), 5.79 (1H, d, J = 10.6 Hz,); 13C NMR (125 MHz 

in CDCl3) δ 15.53, 24.17, 31.42, 40.66, 43.17, 52.78, 64.68, 67.23, 76.08, 90.10, 102.91, 

132.31, 133.82; MS (CI+) m/z 252 [M]+; HRMS (CI+) m/z calcd for C14H20O4: 252.1362, found 

252.1357. 

86b: white solid; FT IR (neat) 3395, 2924, 1649, 1438 cm–1 1H NMR (500 MHz in CDCl3) δ 

1.07 (3H, s, H-14), 1.22 (1H, d, J = 12.9 Hz), 1.50 (1H, d, J = 11.7 Hz), 1.67 (1H, br), 

1.70-1.78 (2H, m), 1.86-1.89 (1H, m), 1.95 (1H, m), 2.05 (1H, br), 2.23 (1H, dd, J = 11.7, 3.3 

Hz), 2.48 (1H, d, J = 12.8 Hz), 3.76 (1H, dd, J = 12.1, 2.5 Hz, H-13a), 3.85 (1H, d, J = 12.1 Hz, 

H-13b), 4.12 (1H, s), 4.47 (1H, s), 4.96 (1H, s), 5.75 (1H, d, J = 10.4 Hz), 5.93 (1H, dd, J = 

10.4, 4.9 Hz). 13C NMR (125 MHz in CDCl3) δ 15.89, 19.84, 29.10, 40.96, 43.18, 49.04, 52.79, 

62.67, 64.71, 76.15, 90.11, 102.59, 129.82, 135.06; MS (CI+) m/z 253 [M+H]+; HRMS (CI+) 
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m/z calcd for C14H21O4: 253.1434, found 253.1432. 

 

((1R*,2’R*,3a’R*,4S*,5’R*,6a’R*)-4-((4-Bromobenzoyl)oxy)-3a'-methyl-3a',4',5',6'-tetrah

ydro-2'H,6a'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methyl 

4-bromobenzoate (87) 

 

86a (1.8 mg, 0.00713 mmol)  (0.7mL) p-

 (7.8 mg, 0.0355 mmol)  (0.01 mL, 0.0717 mmol) DMAP (0.9 mg, 

0.00737 mmol) 2

 ( : 5:1)

87 (4.0 mg, 91%)  

87: white solid; FT IR (neat) 2969, 1719, 1590, 1484, 1455 cm–1; 1H NMR (500 MHz in CDCl3) 

δ 1.13 (3H, s), 1.30 (1H, d, J = 13.0 Hz), 1.60-1.65 (2H, m), 1.69-1.77 (1H, m), 2.23-2.28 (2H, 

m), 2.36 (1H, d, J = 11.5 Hz), 2.43 (1H, d, J = 13.0 Hz), 4.48 (1H, d, J = 12.0 Hz), 4.53 (1H, s), 

4.62 (1H, d, J = 12.5 Hz), 5.12 (1H, s), 5.52 (1H, m), 5.77 (1H, d, J = 10.5 Hz), 5.85 (1H, d, J = 

10.5 Hz); 13C NMR (125 MHz in CDCl3) δ 16.02, 23.78, 27.28, 40.61, 43.48, 50.18, 52.86, 

66.23, 70.52, 76.05, 88.18, 102.86, 128.12, 128.45, 128.62, 129.95, 131.18, 131.68, 131.87, 

133.98, 165.56, 165.63; MS (CI+) m/z 616 [M]+; HRMS (CI+) m/z calcd for C28H26Br2O6: 

616.0096, found 616.0089. 

 

Sample and crystal data for 96 

Crystal system triclinic 

Space group P -1 

Unit cell dimensions a = 6.372(6) Å α = 96.236(12)° 

O

O OpBrBz
pBrBzO

87
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 b = 7.219(7) Å β = 95.410(12)° 

 c = 26.58(2) Å γ = 96.069(11)° 

Volume 1201.7(19) Å3 

Z 2 

Goodness-of-fit on F2 1.144 

Final R indices 2541 data; I>2σ(I) R1 = 0.1089, wR2 = 0.2817 

 all data R1 = 0.1242, wR2 = 0.2927 

 

(1R*,2’R*,3a’R*,5’R*,6a’R*)-6a'-(Hydroxymethyl)-3a'-methyl-3a',5',6',6a'-tetrahydro-2'

H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-one (62) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

86 (40.0 mg, 0.159 mmol) THF (3.2mL) ,  

(196 mg, 0.159 mmol),  (44 mg, 0.318 mmol), 30%  (0.09 mL, 

0.794 mmol) 24

16 30%  (0.09 mL, 0.794 mmol)

 ( : 3:1 1:1) 62 (37.4 mg, 94%)  

62: white solid; FT IR (neat) 3436, 2963, 1678, 1450 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.16 (3H, s, H-14), 1.29 (1H, d, J = 13.1 Hz, H-4b), 1.53 (1H, d, J = 11.8 Hz, H-2b), 1.94 (1H, 

ddd, J = 13.2, 11.2, 7.7 Hz, H-7b), 2.13 (1H, br, OH), 2.21 (1H, dd, J = 11.8, 3.2 Hz, H-2a), 

2.37-2.42 (2H, m, H-4a, H-7a), 2.48-2.51 (2H, m, H-8), 3.86 (2H, m, H-13), 4.52 (1H, s, H-3), 

5.21 (1H, s, H-15), 6.03 (1H, d, J =10.5 Hz, H-10), 6.94 (1H, dd, J = 10.5, 1.7 Hz, H-11); 13C 

NMR (125 MHz in CDCl3) δ 16.13 (C-14), 25.30 (C-7), 35.20 (C-8), 40.98 (C-4), 43.04 (C-2), 

49.58 (C-5), 53.41 (C-6), 63.94 (C-13) , 76.39 (C-3), 90.25 (C-12), 101.69 (C-15), 129.74 
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(C-10), 153.50 (C-11), 198.70 (C-9); MS (CI+) m/z 251 [M+H]+; HRMS (CI+) m/z calcd for 

C14H19O4:251.1278, found 251.1283. 

 

 

(±)-Spirotenuipesine A (25) and (±)-9-epi-Spirotenuipesine A (9-epi-25) 

 

The numbering of positions is according to the skeleton of natural spirotenuipesine A 

62 (12.0 mg, 0.0479 mmol) THF (4.8 mL) –78 ºC , 

 (3M 0.16 mL, 0.480 mmol) 1

 ( : 1:2 ) (±)-25 (10.2 mg, 

80%) 9-epi-25   

 

  

62 (38.4 mg, 0.139 mmol) THF (14 mL) –78 ºC ,  

(1.14 M 1.20 mL, 1.37 mmol) 1

 ( : 1:2 ) (±)-25 

(24.0 mg, 65%), 9-epi-25 (7.5 mg, 20%)  

(±)-25: white solid; FT IR (neat) 3405, 2969, 2930, 2869, 1456 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.02 (3H, s, H-14), 1.20 (1H, d, J = 12.9 Hz, H-4b), 1.27 (3H, s, H-16), 1.49 (1H, d, J 

= 13.1 Hz, H-2b), 1.52 (1H, dd, J = 14.0, 3.2 Hz, H-7b), 1.68 (1H, s, OH), 1.69 (1H, dt, J = 

13.9, 3.2 Hz, H-8a), 1.89 (1H, d, J = 12.9 Hz H-8b), 2.07-2.13 (2H, m, H-7a, OH), 2.23 (1H, 

dd, J = 11.6, 3.1 Hz, H-2a), 2.37 (1H, d, J = 12.8 Hz, H-4a), 3.73 (1H, dd, J = 12.3, 7.1 Hz, 

O

O OHHO
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H-13a), 3.83 (1H, dd, J = 12.3, 5.4 Hz, H-13b), 4.46 (1H, s, H-3), 5.01 (1H, s, H-15), 5.48 (1H, 

dd J = 10.5, 1.4 Hz, H-11), 5.71 (1H, dd, J = 10.5, 1.5 Hz, H-10); 13C NMR (125 MHz in 

CDCl3) δ 15.62 (C-14), 24.37 (C-7), 27.41 (C-16), 36.99 (C-8), 40.76 (C-4), 43.11 (C-2), 49.07 

(C-5), 52.78 (C-6), 64.70 (C-13), 69.25 (C-9), 76.08 (C-3), 90.04 (C-12), 102.78 (C-15), 130.41 

(C-11), 136.94 (C-10); MS (CI+) m/z 266 [M]+; HRMS (CI+) m/z calcd for C15H22O4: 266.1518, 

found 266.1525. 

(±)-9-epi-25: white solid; FT IR 3398, 2963, 1455 (neat) cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.07 (3H, s, H-14), 1.22 (1H, d, J = 12.8 Hz, H-4b), 1.29 (3H, s, H-16), 1.41 (1H, s, OH), 1.51 

(1H, d, J = 11.7 Hz, H-2b), 1.61 (1H, dt, J = 13.4, 3.1 Hz, H-8a), 1.70 (1H, dt, J = 12.9, 3.1 Hz, 

H-7b), 1.82-1.88 (2H, m, H-8b, OH), 2.00-2.04 (1H, m, H-7a), 2.24 (1H, dd, J = 11.6, 3.6 Hz, 

H-2a), 2.47 (1H, d, J = 12.9 Hz, H-4a), 3.76 (1H, dd, J = 12.2, 7.1 Hz, H-13a), 3.86 (1H, dd, J 

= 12.2, 5.7 Hz, H-13b), 4.48 (1H, s, H-3), 4.96 (1H, s, H-15), 5.62 (1H, dd, J = 10.3, 1.7 Hz, 

H-11), 5.75 (1H, dd, J = 10.3, 1.7 Hz, H-10); 13C NMR (125 MHz in CDCl3) δ 15.71 (C-14), 

21.60 (C-7), 29.81 (C-16), 35.44 (C-8), 40.99 (C-4), 43.20 (C-2), 49.08 (C-5), 52.83 (C-6), 

64.77 (C-13), 66.36 (C-9), 76.12 (C-3), 89.97 (C-12), 102.49 (C-15), 133.00 (C-11), 134.83 

(C-10); MS (CI+) m/z 267 [M+H]+; HRMS (CI+) m/z calcd for C15H23O4: 267.1591, found 

267.1599. 

 

(1R*,2'R*,3a'R*,4S*,5'R*,6a'R*)-6a'-(Methoxymethyl)-3a',4-dimethyl-3a',5',6',6a'-tetrahy

dro-2'H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-ol (88) 

 

(±)-25 (7.2 mg, 0.0270 mmol) THF (1.0 mL) 0 ºC , 

 (60% ,  1.5 mg, .0.0375 mmol) 10

 (0.01 mL, 0.161 mmol)

10 . 

O

O OMe

HO

88
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 ( : 1:1) 88 (6.1 mg, 80%)  

88: colorless oil; FT IR (neat) 3419, 2928, 1731, 1455 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.03 (3H, s), 1.19 (1H, d, J = 12.5 Hz), 1.28 (3H, s), 1.48-1.54 (2H, m), 1.60 (1H, br), 1.68 (1H, 

dt, J = 13.5, 3.5 Hz), 1.88 (1H, m), 2.11 (1H, m), 2.20 (1H, dd, J = 12.0, 3.0 Hz), 2.35 (1H, d, J 

= 12.5 Hz), 3.41 (3H, s), 3.55 (2H, dd, J = 15.0, 10.5 Hz), 4.44 (1H, s), 4.98 (1H, s), 5.53 (1H, 

dd, J = 10.5, 1.5 Hz), 5.71 (1H, dd, J = 10.5, 1.5 Hz);13C NMR (125 MHz in CDCl3) δ 15.71, 

24.32, 27.41, 37.08, 40.74, 43.29, 49.39, 52.83, 59.53, 69.26, 74.22, 76.15, 89.00, 102.79, 

130.76, 136.65; MS (CI+) m/z 280 [M]+; HRMS (CI+) m/z calcd for C16H24O4: 280.1675, found 

267.1673. 

 

(1R*,2'R*,3a'R*,4S*,5'R*,6a'R*)-6a'-(((Tert-butyldimethylsilyl)oxy)methyl)-3a',4-dimethyl

-3a',5',6',6a'-tetrahydro-2'H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-

en-4-ol (89) 

 

(±)-25 (6.0 mg, 0.0225 mmol)  (1.0 mL)  (6.2 mg, 

0.0911 mmol) t-  (6.8 mg, 0.0451 mmol)

12

 ( : 3:1) 89 ( 7.5 mg, 87%)

 

89: colorless oil; FT IR (neat) 3423, 2956, 2930, 2859, 1472, 1462 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 0.08 (6H, s), 0.90 (9H, s), 1.07 (3H, s), 1.17 (1H, d, J = 13.0 Hz), 1.28 (3H, s), 1.50 

(1H, dt, J = 14.0, 3.0 Hz), 1.56 (1H, d, J = 11.5 Hz), 1.68 (1H, dt, J = 13.5, 3.0 Hz), 1.88 (1H, d, 

J = 13.0 Hz), 2.05 (1H, dd, J = 11.5, 3.0 Hz), 2.10 (1H, d, J = 13.5 Hz), 2.33 (1H, d, J = 13.0 

Hz), 3.72 (1H, d, J = 11.0 Hz), 3.84 (1H, d, J = 11.0 Hz), 4.43 (1H, s), 4.97 (1H, s), 5.62 (1H, d, 

J = 10.5 Hz), 5.67 (1H, d, J = 10.5 Hz); 13C NMR (125 MHz in CDCl3) δ –5.65, –5.57, 15.98, 

O
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18.22, 24.26, 25.83, 27.42, 37.16, 40.98, 42.98, 49.02, 52.90, 64.17, 69.29, 76.13, 89.68, 

102.56, 131.36, 136.10; MS (CI+) m/z 380 [M]+; HRMS (CI+) m/z calcd for C21H36O4Si: 

380.2383, found 380.2391. 

 

Tert-butyl(((1R*,2'R*,3a'R*,4S*,5'R*,6a'R*)-4-methoxy-3a',4-dimethyl-3a',4',5',6'-tetrahy

dro-2'H,6a'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methoxy)

dimethylsilane (90) 

 

89 (7.4 mg, 0.0194 mmol) THF (1.0 mL) 0 ºC , 

(60%  7.8 mg, 0.195 mmol) 10

 (0.024 mL, 0.386 mmol) 5

. 

 ( : 4:1) 90 (6.7 mg, 87%)  

90: colorless oil; FT IR (neat) 2930, 2858, 2822, 1463 cm–1; 1H NMR (500 MHz in CDCl3) δ 

0.08 (6H, s), 0.91 (9H, s), 1.07 (3H, s), 1.17 (1H, d, J = 12.5 Hz), 1.24 (3H, s), 1.50 (1H, dt, J = 

14.0, 3.5 Hz), 1.56 (1H, d, J = 11.5 Hz), 1.62 (1H, m), 1.91 (1H, dt, J = 13.5, 3.5 Hz), 2.06 (1H, 

dd, J = 11.5, 3.0 Hz), 2.13 (1H, m), 2.34 (1H, d, J = 13.0 Hz), 3.20 (3H, s), 3.73 (1H, d, J = 

11.5 Hz), 3.85 (1H, d, J = 11.0 Hz), 4.44 (1H, s), 4.99 (1H, s), 5.61 (1H, dd, J = 10.5, 1.5 Hz), 

5.72 (1H, dd, J = 11.0, 1.5 Hz); 13C NMR (125 MHz in CDCl3) δ –5.64, –5.56, 15.86, 18.24, 

23.96, 25.44, 25.84, 30.52, 40.96, 43.02, 49.02, 49.65, 52.82, 64.23, 73.94, 76.13, 89.66, 

102.61, 133.31, 134.04; MS (CI+) m/z 394 [M]+; HRMS (CI+) m/z calcd for C16H24O4 394.2539: 

found 394.2535. 

 

((1R*,2'R*,3a'R*,4S*,5'R*,6a'R*)-4-Methoxy-3a',4-dimethyl-3a',4',5',6'-tetrahydro-2'H,6a

'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methanol (91) 

O
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90 (6.7 mg, 0.0170 mmol) THF (0.85 mL) TBAF ( 1M THF , 0.051 mL, 0.051 

mmol) 4

, 

 ( : 3:1 1:1) 91 (4.2 mg, 88%)  

91: white solid; FT IR (neat) 3456, 2968, 1455 cm–1; 1H NMR (500 MHz in CDCl3) δ 1.03 (3H, 

s), 1.20 (1H, d, J = 13.0 Hz), 1.24 (3H, s), 1.50 (1H, d, J = 13.0 Hz), 1.52 (1H, dt, J = 14.0, 3.5 

Hz), 1.64 (1H, m), 1.89-1.95 (2H, m), 2.15 (1H, m), 2.24 (1H, dd, J = 12.0, 3.5 Hz), 2.39 (1H, d, 

J = 13.0 Hz), 3.20 (3H, s), 3.75 (1H, dd, J = 12.0, 7.0 Hz), 3.85 (1H, dd, J = 12.0, 5.0 Hz), 4.47 

(1H, s), 5.03 (1H, s), 5.60 (1H, dd, J = 10.5, 1.5 Hz), 5.67 (1H, dd, J = 10.5, 1.5 Hz); 13C NMR 

(125 MHz in CDCl3) δ 15.51, 24.10, 25.38, 30.50, 40.79, 43.16, 49.09, 49.66, 52.75, 64.77, 

73.88, 76.07, 89.92, 102.89, 132.41, 134.88; MS (CI+) m/z 280 [M]+; HRMS (CI+) m/z calcd for 

C16H24O4: 280.1675, found 280.1679. 

 

(1S*,2'R*,3a'R*,4S*,5'R*,6a'R*)-6a'-(Hydroxymethyl)-3a',4-dimethyltetrahydro-2'H,4'H-

spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-4-ol (92) 

 

(±)-25 (5.6 mg, 0.0210 mmol)  (4.2 mL) 10% Pd/C (11 mg, 0.103 mmol)

, 24

 ( : 1:1

) 92 (3.8 mg, 67%)  

92: colorless oil; FT IR (neat) 3403, 2926, 1447 cm–1; 1H NMR (500 MHz in CDCl3) δ 1.08 

(3H, s), 1.14 (1H, d, J = 12.5 Hz), 1.26 (3H, s), 1.32-1.40 (2H, m), 1.47 (1H, d, J = 11.5 Hz), 

O

O OH
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1.51-1.64 (4H, m), 1.71 (1H, d, J = 13.5 Hz), 1.86 (1H, br), 2.04 (1H, m), 2.22 (1H, dd, J = 

12.0, 3.0 Hz), 2.48 (1H, d, J = 12.5 Hz), 3.69 (1H, d, J = 11.5 Hz), 3.81 (1H, d, J = 12.0 Hz), 

4.46 (1H, s), 5.29 (1H, s); 13C NMR (125 MHz in CDCl3) δ 15.24, 25.74, 25.77, 28.18, 35.80, 

37.64, 41.67, 43.10, 48.56, 50.20, 65.05, 70.53, 76.16, 89.82, 101.45; MS (CI+) m/z 268 [M]+; 

HRMS (CI+) m/z calcd for C15H24O4: 268.1675 , found 268.1672. 

 

(1R*,2'R*,3a'R*,4R*,5'R*,6a'R*)-4-Allyl-6a'-(hydroxymethyl)-3a'-methyl-3a',5',6',6a'-tetr

ahydro-2'H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-ol (93) and

 (1R*,2'R*,3a'R*,4S*,5'R*,6a'R*)-4-Allyl-6a'-(hydroxymethyl)-3a'-methyl-3a',5',6',6a'-tet

rahydro-2'H,4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-ol (9-epi-9

3) 

 

62 (6.0 mg, 0.0240 mmol) THF (2.4 mL) –78 ºC , 

 (2 M THF 0.12 mL, 0.240 mmol) 1

 ( : 4:1 )

93 (5.0 mg, 71%), 9-epi-93 (0.9 mg, 13%)  

93: colorless oil; FT IR (neat) 3403, 2927, 1637, 1455 cm–1; 1H NMR (500 MHz in CDCl3) δ 

1.04 (3H, s), 1.22 (1H, d, J = 12.5 Hz), 1.50 (1H, d, J = 11.5 Hz), 1.55 (1H, dt, J = 13.5, 3.0 

Hz), 1.65 (1H, dt, J = 13.5, 3.0 Hz), 1.75 (1H, br), 1.94 (1H, d, J = 13.0 Hz), 2.08 (1H, d, J = 

13.5 Hz), 2.23-2.28 (2H, m), 2.34-2.39 (2H, m), 3.74 (1H, d, J = 12.0 Hz), 3.84 (1H, d, J = 12.5 

Hz), 4.47 (1H, s), 5.02 (1H, s), 5.17 (2H, m), 5.55 (1H, d, J = 10.5 Hz), 5.70 (1H, d, J = 10.5 

Hz), 5.89 (1H, m); 13C NMR (125 MHz in CDCl3) δ 15.81, 23.77, 34.21, 40.82, 43.11, 44.80, 

49.11, 52.80, 64.74, 70.15, 76.07, 89.99, 102.91, 119.27, 131.32, 133.21, 135.85; MS (CI+) m/z 

293 [M+H]+; HRMS (CI+) m/z calcd for C17H25O4: 293.1747 , found 293.1744. 

O

O OH

HO

93

O

O OHHO

9–epi-93
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9-epi-93: colorless oil; FT IR (neat) 3405, 2925, 1715, 1637, 1455 cm–1; 1H NMR (500 MHz in 

CDCl3) δ 1.07 (3H, s), 1.22 (1H, d, J = 12.9 Hz), 1.25 (1H, br), 1.51 (1H, d, J = 11.7 Hz), 1.63 

(1H, dt, J = 13.8, 3.2 Hz), 1.69 (1H, dt, J = 12.7, 2.5 Hz), 1.76 (1H, d, J = 15.1 Hz ), 1.83 (1H, 

br), 2.02 (1H, m), 2.22-2.33 (3H, m), 2.47 (1H, d, J = 13.2), 3.76 (1H, dd, J = 12.1, 5.8 Hz), 

3.86 (1H, dd, J = 12.0, 3.6 Hz), 4.47 (1H, s), 4.95 (1H, s), 5.13 (2H, m), 5.69 (1H, d, J = 10.4 

Hz), 5.74 (1H, d, J = 10.5 Hz), 5.82 (1H, m); 13C NMR (125 MHz in CDCl3) δ 15.67, 21.31, 

33.36, 40.98, 43.20, 46.98, 49.08, 52.98, 64.76, 67.91, 76.13, 89.99, 102.50, 119.09, 133.11, 

133.16, 134.10; MS (CI+) m/z 293 [M+H]+; HRMS (CI+) m/z calcd for C17H25O4: 293.1747 , 

found 293.1750. 

 

((1R,2’R,3a’R,4S,5’R,6a'R)-4-Hydroxy-3a',4-dimethyl-3a',4',5',6'-tetrahydro-2'H,6a'H-spi

ro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methyl (S)-2-methoxy-2-(n

aphthalen-1-yl)propanoate (94) and ((1S,2'S,3a'S,4R,5'S,6a'S)-4-Hydroxy-3a',4-dimethyl

-3a',4',5',6'-tetrahydro-2'H,6a'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-

en-6a'-yl)methyl (S)-2-methoxy-2-(naphthalen-1-yl)propanoate (95) 

 

(±)-25 (25.0 mg, 0.0939 mmol)  (1.9 mL) (S)-MαNP acid (23.8 mg, 

0.103 mmol), DMAP (11.4 mg, 0.0933 mmol),  (0.052 mL, mmol), 2-

-6-  (64.6 mg, 0.188 mmol) 3.5

, 

 ( :2-  

15:1 5:1) 94 (18.0 mg, 40%), 95 (22.4 mg, <50%, 96 )

 

94: [α]16
D = + 22.0 (c = 1.5, CHCl3); FT IR (neat) 3457, 2969, 2932, 1740, 1600, 1509, 1458 

cm–1 ; 1H NMR (500 MHz in CDCl3) δ 0.53 (3H, s), 0.79 (1H, d, J = 12.7 Hz), 0.89 (1H, d, J = 

O

O O(S)-MαNP

HO

94

O

O O(S)-MαNP

HO

95
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12.0 Hz), 1.21 (3H, s), 1.25 (1H, br), 1.36 (1H, dt, J = 14.0, 3.3 Hz), 1.55-1.63 (3H, m), 1.80 

(1H, d, J = 12.9 Hz),1.96 (1H, d, J = 13.9 Hz), 2.03 (3H, s), 2.13 (1H, d, J = 12.8 Hz), 3.11 (3H, 

s), 4.15 (2H, dd, J = 16.0, 12.1 Hz), 4.20 (1H, s), 4.83 (1H, s), 5.19 (1H, dd, J = 10.5, 0.8 Hz), 

5.61 (1H, dd, J = 10.5, 1.0 Hz), 7.45-7.48 (3H, m), 7.63 (1H, d, J = 7.2 Hz), 7.82-7.85 (2H, m), 

8.38-8.40 (1H, m); 13C NMR (125 MHz in CDCl3) δ 15.13, 21.71, 24.01, 27.31, 36.83, 40.29, 

42.48, 49.36, 50.83, 52.63, 66.22, 69.11, 75.75, 81.35, 87.44, 102.63, 124.73, 124.90, 125.69, 

125.79, 126.59, 128.71, 129.54, 130.13, 131.31, 133.97, 134.62, 136.85, 173.93; MS (CI+) m/z 

478 [M]+; HRMS (CI+) m/z calcd for C29H34O6:478.2355, found 478.2346. 

 

HPLC analysis of 94 and 95 

YMC-Pack SIL 4.6 × 250 mm, hexane ; EtOAc = 1.5:1, flow rate 1 mL/min, detected 

wavelength 280 nm. 

 

 

O

O O(S)-MαNP

HO

94
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96  

 

95 (18.1 mg, 96 )  (5.0 mL)  (61 

mg, 2.509 mmol) 20

 (5.0 mL)  (61 mg, 2.509 

mmol) 20

 ( : 2:1

1:4) 95 (10.0 mg, 28% from (±)-25)  

95: [α]21
D = – 51.1 (c = 1.0, CHCl3); FT IR (neat) 3457, 2930, 1743, 1600, 1510, 1456 cm–1; 1H 

NMR (500 MHz in CDCl3) δ 0.24 (3H, s), 0.69 (1H, d, J = 12.8 Hz), 1.00 (1H, d, J = 11.5 Hz), 

1.21 (3H, s), 1.29 (1H, dt, J = 13.9, 3.3 Hz), 1.58 (1H, dt, J = 13.6, 3.2 Hz), 1.78 (1H, d, J = 

13.0 Hz), 1.82 (1H, dd, J = 11.6, 2.7 Hz), 1.94 (1H, d, J = 13.8 Hz), 2.03 (3H, s), 2.08 (1H, d, J 

= 12.9 Hz), 3.09 (3H, s), 4.09 (1H, d, J = 12.3 Hz), 4.20 (1H, s), 4.28 (1H, d, J = 12.3 Hz), 4.83 

(1H, s), 5.12 (1H, dd, J = 10.5, 1.1 Hz), 5.56 (1H, dd, J = 10.5, 1.4 Hz), 7.44-7.48 (3H, m), 7.61 

(1H, d, J = 7.1 Hz), 7.80-7.83 (2H, m), 8.39-8.41 (1H, m); 13C NMR (125 MHz in CDCl3) δ 

14.89, 21.57, 24.16, 27.33, 36.89, 40.41, 43.05, 49.19, 50.76, 52.57, 65.59, 69.09, 75.69, 81.28, 

87.50, 102.54, 124.77, 125.00, 125.79, 125.94, 126.69, 128.62, 129.57, 130.19, 131.47, 134.08, 

O

O O(S)-MαNP

HO

95

O

O O(S)-MαNP

HO

95

O

O O

HO

96

O NO2

HRMS (CI+) m/z
Calcd for C23H27NO7: 429.1788

Observed 429.1782
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134.36, 136.71, 174.09; MS (CI+) m/z 478 [M]+; HRMS (CI+) m/z calcd for C29H34O6:478.2355, 

found 478.2346. 

 

HPLC analysis of 95 

YMC-Pack SIL 4.6 × 250 mm, hexane ; EtOAc = 1.5:1, flow rate 1 mL/min, detected 

wavelength 280 nm. 

 

(+)-Spirotenuipesine A (25) 

 

94 (10.0 mg, 0.0209 mmol)  (0.9 mL)  (28% 

 0.10mL, 0.518 mmol) 50 ºC 10

 ( :

1:1 1:4)  (+)-25 (5.0 mg, 90%)

(±)-25  

(+)-25: white solid; [α]25
D = + 52.9 (c = 0.45, CHCl3). 

 

 

 

O

O OH

HO

(+)-25

O

O O(S)-MαNP

HO

95
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(–)-Spirotenuipesine A (25) 

 

(+)-25 95 (1.350 g, 2.89 mmol) (–)-25 (4.5 mg, 90%)

(±)-25  

(–)-34: white solid; [α]
25

D = – 52.1 (c = 0.45, CHCl3) 

 

 

PC12 DMEM/10% HS 5%FBS 100 unit penicillin-streptomycin

10000 cells/mL 24 400 μL

24 1321 *400 μL

96 4%

PBS 400 μL 5 4%

PBS 400 μL 15 4% PBS

PBS buffer 400 μL 0.1M Borate Buffer 400 μL

0.1%  300 μL

Q  

 

70

 60) Mac

Dunnett’s t-test  

 

*1321N1  

1321N1 DMEM/10% HS 5%FBS 100 unit penicillin-streptomycin

20000 cells/mL 24 500 μL

24 DMSO

DMEM/10% HS 5%FBS 100 unit penicillin-streptomycin  (DMSO 0.1%)

O

O OH

HO

(–)-25
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48

 a,b)  

 

a) NVC 1321 NVC

30 μM  

b) NGF 1321 NGF 0.5μg/mL

4 ºC 24  
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