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Cephanolide C18 dinorditerpenoids
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- isolation : the seeds of cephalotaxus harringtonia
- biological activity : plant growth inhibition, antineoplastic, antiviral, antitumor

- structure features : five ring system (A,B,C,D,E)
- total synthesis : two papers

1) Haider, M.; Sennari, G.; Sarpong, R. J. Am. Chem. Soc. 2021, 143, 2710 2) Xu, L.; Wang, C.; Gao, Z.; Zhao, Y. J. Am. Chem. Soc. 2018, 143, 7
3) Zhang, H.; He, H.; Gao, S. Angew. Chem., Int. Ed. 2020, 59, 20417



Biosynthesis of Cephanolides
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Zhao'’s total synthesis
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Gao’s total synthesis
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1. Total synthesis of natural products
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C—C Bond Cleavage Approach to Complex Terpenoids:
Development of a Unified Total Synthesis of the Phomactins
Paul R. Leger, Yusuke Kuroda, Stanley Chang, Justin Jurczyk, and Richmond Sarpong*

2. Development of synthesis method
(C—-H activation and C-C cleavage)
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Sarpong’s strategies and retrosynthesis
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Synthesis of common intermediate
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Selective Suzuki cross-coupling
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Diels-Alder reaction
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Isayama-Mukaiyama hydration
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Olefination
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First of all, they attempted Wittig olefination but failled resulting from basicity of phosphorus ylides.
Therefore, they focus on olefination reagents which are known to be less basic such as Tebbe,
Petasis, Johnson-Peterson, Kauffmann, Nystedt and Lombardo olefinations.

Only the highlighted reagents delivered trace amounts of common intermediate. O
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1) Takai, K.; Kakiuchi, T.; Kataoka, Y.; Utimoto, K. J. Org. Chem. 1994, 59, 2668 2) Matsubara, S.; Sugihara, M.; Utimoto, K. Synlett. 1998, 1998, 313
3) Barnych, B.; Vatele, J. Synlett. 2011, 13, 1912 4) Chand, H. Synlett. 2009, 15, 2545
5) Okazoe, T.; Hibino, J.; Takai, K.; Nozaki, H. Tetrahedron Lett. 1985, 26, 45



Total synthesis of Cephanolide B
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Heterogeneous Hydrogenation (1)

Total synthesis of Cephanolide B,C,D
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1) Woodward, R.; Bader, F.; Bickel, H.; Frey, A. Tetrahedron 1958, 2, 1 2) Pearlman, B. J. Am. Chem. Soc. 1979, 101, 6404

3) Hamlin, A.; Lapointe, D.; Owens, K.; Sarpong, R. J. Org. Chem. 2014, 79, 6783



Propasal 1 Heterogeneous Hydrogenation (2)

This face is not reactive because of electron-depleted by orbital interaction
between exo-olefine mr orbital and carbonyl * one.
Therefore, hydrolation occurred in opposite side.
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A little conformation change occurred
because of avoiding from 1,3-allylic strain

1) Woodward, R.; Bader, F.; Bickel, H.; Frey, A. Tetrahedron 1958, 2, 1 2) Pearlman, B. J. Am. Chem. Soc. 1979, 101, 6404
3) Hamlin, A.; Lapointe, D.; Owens, K.; Sarpong, R. J. Org. Chem. 2014, 79, 6783



Total synthesis of cephanolide B
and iso-cephanolide B (1)
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Total synthesis of cephanolide B
and iso-cephanolide B (2)
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Total synthesis of cephanolide C and D
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Total synthesis of cephanolide C
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Total synthesis of cephanolide D (1)
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Total synthesis of cephanolide D (2)
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Total synthesis of cephanolide D (3)

Proposed mechanism
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Total synthesis of cephanolide D (4)
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Total synthesis of cephanolide A
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Total synthesis of cephanolide A (1)
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Total synthesis of cephanolide A (2)
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Total synthesis of cephanolide A (3)
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Regioselectivity of oxidation
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Summary
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Appx. Conformation change
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Appx. Radical pathway
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Appx. Zn + Ti (1)
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Appx. Zn + Ti (2)

2. Tebbe-type
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3. Lombardo-type Appx' Zn + Ti (3)
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2) Oshiki, T.; Kiriyama, T.; Tsuchida, K.; Takai, K. Chem. Lett. 2000, 29, 334
3) Nichida, Y.; Hosokawa, N.; Murai, M.; Takai, K. J. Am. Chem. Soc. 2015, 137, 114



Takai-Lombardo reaction
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Appx. Hydrous condition
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1) Haider, M.; Sennari, G.; Sarpong, R. J. Am. Chem. Soc. 2021, 143, 2710 2) Molander, G.; Canturk, B. Angew. Chem. Int. Ed. 2009, 48, 9240



Appx. Stereoelectonic orbital interaction
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The reaction was occured in electron-rich face.
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1) Hamlin, A.; Lapointe, D.; Owens, K.; Sarpong, R. J. Org. Chem. 2014, 79, 6783



Appx. r-facial selectivity (1)

1. Steric factor
m-facial selectivity

2. Orbital phase factor

ex) dihydroxylation of tricyclic olefins with OsO,

anti syn anti syn

88% Nl 12% 5% N 95%

0504 0504

1) Tsuiji, M. Asian. J. Org. Chem. 2015, 4, 659



Appx. r-facial selectivity (2)
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Appx. mr-facial selectivity (3)
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