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Ingenol and Related Structures

• Isolated from roots of Euphorbia Ingens (Cancer Res. 1968, 28, 2338)

• Structure elucidation through x-ray derivative (Tet. Lett. 1970, 4075) 

• Highly potent tumor promotor associated with protein kinase C

• Ingenol derivatives have showed anti-tumor and anti-HIV properties

• Member of a diverse structural family
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In-Out Stereochemistry
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Outline of Ingenol Approaches

• Funk’s Ireland-Claisen rearrangement

• Rigby’s 1,5-hydrogen sigmatropic rearrangement

• Wood’s total synthesis

• Tanino-Kuwajima’s total synthesis

• Winkler’s total synthesis
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Funk’s Ireland-Claisen
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Funk’s Ireland-Claisen

Funk, R. L.; Olmstead, T. A.; Parvez, M. J. Am. Chem. Soc. 1988, 110, 3298-3300. 
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Funk’s Ireland-Claisen

Funk, R. L.; Olmstead, T. A.; Parvez, M.; Stallman, J. B.  J. Org. Chem.. 1993, 58, 5873-5875. 
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Rigby’s Approach

H

HO
H

H

O

H H H[1,5]-H

Cr(CO)3

+ hv

90%
HH

HH

O O

O

LiNEt2
58%

H

O O

HO
H

KH, Δ

dioxane
64%

H

O O

O

H

Rigby, J. H.; de Sainte Claire, V.; Cuisiat, S. V.; Heeg, M. J.  J. Org. Chem.. 1996, 61, 7992-7993. 

O
H

OHHO
HOHO

A B

C
D



Rigby’s Approach
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Wood’s RCM Approach

Tang, H.; Yusuff, H.; Wood, J. L.  Org. Lett.. 2001, 3, 1563-1566. 
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Wood’s RCM Approach

Tang, H.; Yusuff, H.; Wood, J. L.  Org. Lett.. 2001, 3, 1563-1566. 
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Wood’s RCM Approach

Tang, H.; Yusuff, H.; Wood, J. L.  Org. Lett.. 2001, 3, 1563-1566. 
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Wood’s RCM Approach

Tang, H.; Yusuff, H.; Wood, J. L.  Org. Lett.. 2001, 3, 1563-1566. 
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Wood’s RCM Approach

Tang, H.; Yusuff, H.; Wood, J. L.  Org. Lett.. 2001, 3, 1563-1566. 
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Wood’s Total Synthesis

Nickel, A.; Marutuma, T.; Tang, H.; Murphy, P. D.; Greene, B.; Yusuff, N.; Wood, J. L.  J. Am. Chem. Soc.. 2004, 126, 16300-16301. 
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Wood’s Total Synthesis
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Tanino-Kwajima Approach

Nickel, A.; Marutuma, T.; Tang, H.; Murphy, P. D.; Greene, B.; Yusuff, N.; Wood, J. L.  J. Am. Chem. Soc.. 2004, 126, 16300-16301. 
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Tanino-Kwajima Approach

Nakamura, T.; Matsui, T.; Tanino, K.; Kwajima, I.  J. Org. Chem.. 1997, 62, 3032-3033. 
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Tanino-Kwajima Approach
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Tanino-Kwajima Approach
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Tanino-Kwajima Approach
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Tanino-Kwajima Synthesis
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Tanino-Kwajima Synthesis

Tanino, K.; Onuki, K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.  J. Am. Chem. Soc.. 2003, 125, 1498-1500. 
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Tanino-Kwajima Synthesis

Tanino, K.; Onuki, K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.  J. Am. Chem. Soc.. 2003, 125, 1498-1500. 
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Tanino-Kwajima Synthesis

Tanino, K.; Onuki, K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.  J. Am. Chem. Soc.. 2003, 125, 1498-1500. 
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Tanino-Kwajima Synthesis

Tanino, K.; Onuki, K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.  J. Am. Chem. Soc.. 2003, 125, 1498-1500. 
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Tanino-Kwajima Synthesis

Tanino, K.; Onuki, K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.  J. Am. Chem. Soc.. 2003, 125, 1498-1500. 
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Winkler Approach

Winkler, J. D.; Henegar, K. E.; Hong, B.; Williard, P. G. J. Am. Chem. Soc.. 1994, 116, 4183-4188. 
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Winkler Approach

Winkler, J. D.; Henegar, K. E.; Hong, B.; Williard, P. G. J. Am. Chem. Soc.. 1994, 116, 4183-4188. 
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Winkler Approach

Winkler, J. D.; Henegar, K. E.; Hong, B.; Williard, P. G. J. Am. Chem. Soc.. 1994, 116, 4183-4188. 
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Winkler Synthesis

Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Harrison, S. J.; Jeon, Y. T.  J. Am. Chem. Soc.. 2002, 124, 9726-9728. 
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Winkler Synthesis

Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Harrison, S. J.; Jeon, Y. T.  J. Am. Chem. Soc.. 2002, 124, 9726-9728. 
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Winkler Synthesis

Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Harrison, S. J.; Jeon, Y. T.  J. Am. Chem. Soc.. 2002, 124, 9726-9728. 
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Winkler Synthesis

Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Harrison, S. J.; Jeon, Y. T.  J. Am. Chem. Soc.. 2002, 124, 9726-9728. 
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Summary of Ingenol Approaches
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• Three completed total synthesis of Ingenol –

1) Winkler – de Mayo reaction

racemic total synthesis – 43 steps 0.007% yield

2) Tanino-Kwajima – pinacol rearrangement 

racemic total synthesis – 45 steps 0.03% yield

3) Wood - ring closing metathesis

asymmetric total synthesis – 35 steps 0.002% yield
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