
Representative Molecule Diterpenoid from Euphorbia
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resiniferatoxin

1975, Hecker et al. isolated resiniferatoxin from the latex
of Euphorbia resinifera.
1982 revealed it belongs to a daphnane diterpenoid family

potent activator of transient receptor potential vanilloid 1 (TRPV1),
an ion channel protein of sensory neurons that perceives pain.

highly oxygenated trans-fused 5/ 6/ 7-membered ABC-ring system.

1997: First total synthesis by Wender (44 steps)

2017: total synthesis by Inoue(41 steps)

2021: total synthesis by Inoue (20 steps)

2022: total synthesis by Maimone (15 steps)

2022: formal synthesis by Inoue (27 steps)

1934, Swiss chemists Bonifaz Flaschenträger and Rudolf von
Wolffersdorff isolated it from hydrolyzed croton oil

Phorbol 12-myristate 13-acetate (TPA): often employed in
biomedical research to activate the protein kinase C (Ki =2.6 nM)

different phorbol diesters exhibit a variety of biological
functions: anti-inflammatory, antitumor and anti-HIV activity

1989: First total synthesis by Wender (52 steps)

1990: Formal synthesis by Wender (42 steps)

1997: First formal asymmertric synthesis by Wender (40 steps)

2001: Formal asymmertric synthesis by Cha (44 steps)

2016: Total synthesis by Baran (19 steps)

2024: Total synthesis by Inoue (22 steps)

TPA: R1=COC13H27, R2=Ac

1968 Hecker isolated Ingenol from from Euphorbia ingens

Ingenol mebutate (Picato®): a first-in-class drug for the
treatment of the precancerous skin condition actinic
keratosis (approved by FDA in 2012)

Ingenol is a PKC activator ( (Ki =30 μM)

highly oxygenated trans-fused 5/ 6/ 7/ 3-membered ABC-
ring system.

2002:First total synthesis by Winkler (44 steps)

2003: Total synthesis by Kuwajima (45 steps)

2004: Formal total synthesis by Kigoshi (34 steps)

2004: Total synthesis by Wood (37 steps)

2013: Total synthesis by Baran (14 steps)
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Winkler's strategy

Kuwajima's strategy

Baran's strategy

1) photoinduced [2+2]
2) retro-aldol ring
cleavage

Wood's strategy
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O 1. Li, NH3
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Winkler's work

JACS 2002, 124, 9726-9728

3

Hu GM Ingenol, Phorbol and Resiniferatoxin Zhu Rongjin



Rearrangement
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Lewis acid

JACS. 2003, 125, 1498-1500
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CDI

KOH, MeOH (89%)
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1) O3, Me2S (70%)
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Wender, J. Am. Chem. Soc. 1989, 111, 8954-8957
Wender, J. Am. Chem. Soc. 1989, 111, 8957-8958
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