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Problem Session (3)
Topic: Construction of 5/7/6-tricycles

2021/04/24 Ayumu Watanabe

0. Introduction of 5/7/6-tricycles:
Common skelton of tigliane, rhamnofolane, and daphnane diterpenes
Natural products known as its unique biological activity
A lot of synthetic studies reported
(Especially original construction strategy of the 5/7/6-tricycles)

Biological activity:
・phorbol ester: Promoter effect of the cancer
・prostratin: Anti latent HIV effect
・resiniferatoxin: Analgesic effect by activating the TRPV1

Structure:
・Common trans 5/7/6-tricycles
・Highly oxygenated (more than 4)
・Cyclopropane moiety (tigliane)
・Orthoester moiety (daphnane)

Total synthesis:
(±)-phorbol:
Wender's group, J. Am. Chem. Soc. 1989, 111, 8957−8958.
(+)-phorbol:
Wender's group, J. Am. Chem. Soc. 1997, 119, 7897−7898. (First)
Cha's group, J. Am. Chem. Soc. 2001, 123, 5590−5591. (Formal)
Baran's group, Nature 2016, 532, 90−93.
(±)-prostratin:
Li's group, Chem 2018, 13, 2944−2954.
(+)-crotophorbolone:
Inoue's group, Angew. Chem., Int. Ed. 2015, 54, 14457−14461. (First)
Liu's group, Chem. Sci. 2020, 11, 7177−7181.
(+)-resiniferatoxin
Wender's group, J. Am. Chem. Soc. 1997, 119, 12976−2977. (First)
Inoue's group, J. Am. Chem. Soc. 2017, 139, 16420−16429.

An overview of construction of 5/7/6-tricycles:
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T. V. Ovaska, S. E. Reisman, M. A. Flynn, Org. Lett., 2001, 3, 115–117.

Answer:
1. Phorbol-type 5/7/6/3-ring system by Ovaska's group

1-1
2 steps from (+)-3-carene

1. H2NNHTs (1 eq), MeOH, rt, 82% (3 steps)
from (+)-3-carene

2. n-BuLi (4 eq), TMEDA, ｰ60 °C to rt,
then BrCF2CF2Br (4.3 eq), ｰ60 °C, 70%
(to afford 1-3)

3. 1-3 (2 eq), t-BuLi (4 eq), Et2O, ｰ78 to 0 °C,
then CeCl3 (1 eq), ｰ78 °C,
then 1-4 (1 eq), ｰ78 °C, 82% from 1-4

4. MeLi (10 mol%), Ph2O, 185 °C, 76%
1-2
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1-2. Discussion 1-1: 5-exo-dig cylization
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2. resiniferatoxin-type 5/7/6-ring system by Carreira's group

2-1

1. Co2(CO)8, CH2Cl2, ｰ78 °C,
then BF3•OEt2, ｰ78 °C, 76%

2. I2, benzene, rt, 79%
3. H2, Pd/C, pyridine, 92%
4. MeSO2Cl, Et3N, CH2Cl2, ｰ78 °C, 98%

5. TBAF, THF, 0 °C, 97%
6. KOt-amyl, HOt-amyl, 102 °C, 74%
7. OsO4 (10 mol%), NMO, acetone, H2O, 72%
8. 33% TFA in pentane,

hv (150 W tungsten lamp), 82%
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2-1. Reaction mechanism

S. R. Jackson; M. G. Johnson; M. Mikami; S. Shiokawa; E. M. Carreira,
Angew. Chem. Int. Ed. 2001, 40, 2694-2697.
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(2-2. continued)
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2-3. Discussion 3: Stereoselectivity of photo Nazarov cyclization
(150509_PS_Shunichiroh_KATOH_Woodward_Hoffmann_rules)
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