Total Syntheses of Nakadomarin A




Nakadomarin A: The Facts

* Isolated in 1997 from an Amphimedon sea sponge by Kobayashi
off the coast of the Kerama Islands, Okinawa

* Only member of the manzamine family containing a furan ring
* Bioactivity includes anticancer, antifungal and antibacterial

* Limited availability: 6 mg isolated from 1 kg of wet sponge

* Initially the absolute stereochemistry was unknown

Structural Features:

» Tetracyclic core contains fused 6/5/5/5 ring system
3 different heterocycles
* 4 stereogenic centers, 1 quaternary

e Z-olefin

Kobayashi, J.; Watanabe, D.; Kawasaki, N.; Tsuda, M. J. Org. Chem. 1997, 62, 9236-9239.



Nakadomarin A: Proposed Biosynthesis

Ircinal Manzamine A

Completed Syntheses:

(+)-Nakadomarin: Nagata, Nakagawa and Nishida 2003
Young and Kerr 2007

(-)-Nakadomarin: Ono, Nakagawa and Nishida 2004

Published Approaches:
Furstner 1999
Magnus 2002
Tius 2003
Williams 2004
Funk 2006



Nakagawa’'s Retrosynthetic Analysis of Nakadomarin A
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Nakagawa'’'s Total Synthesis of Nakadomarin A
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Nakagawa’'s Total Synthesis of Nakadomarin A
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Nakagawa'’'s Total Synthesis of Nakadomarin A
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Acid Coupling with EDC and HOBt
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Nakagawa’'s Retrosynthetic Analysis of (-)-Nakadomarin A
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Ono, K.; Nakagawa, M.; Nishida, A. Angew. Chem. Int. Ed. 2004, 43, 2020-2023.



Nakagawa’'s Retrosynthetic Analysis of (-)-Nakadomarin A
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Nakagawa’'s Retrosynthetic Analysis of (-)-Nakadomarin A
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Nakagawa’'s Retrosynthetic Analysis of (-)-Nakadomarin A
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Kerr’'s Retrosynthetic Analysis of Nakadomarin A
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Young, I.; Kerr, M. J. Am. Chem. Soc. 2007, 129, 1465-1469.



Kerr’'s Synthesis of Nakadomarin A:
Development of [3+2] Dipolar Cycloaddition

R4O

© 3
R
SN 0 5mol% Yb(OTf)y R O R
JI\ + r o
AN o CHLCp23°C
R*O RY0,C CO,R*
p-tol _O p-tol _O Ph p-tol _O X _-Ph p-tol _O
N N N N
Ph Ph Ph Ph
E E E E E E E E
77% 94% 95% 73%
Me _O Me _O Ph Me_ _O X _-Ph Me _O
N N N N X
Ph Ph Ph
E E E E E E E E
76% 84% 74% 92%
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Kerr’'s Synthesis of Nakadomarin A:
Development of [3+2] Dipolar Cycloaddition
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Kerr’'s Synthesis of Nakadomarin A:
Improvement of [3+2] Dipolar Cycloaddition
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Kerr's Synthesis of Nakadomarin A:
Tetracyclic Core Model Studies
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Kerr’'s Synthesis of Nakadomarin A
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Kerr’'s Synthesis of Nakadomarin A
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Kerr’'s Synthesis of Nakadomarin A
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Kerr’'s Synthesis of Nakadomarin A:
Revised Endgame
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Approaches Toward Nakadomarin A:
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Furstner, A.; Guth, O.; Rumbo, A.; Seidel, G. J. Am. Chem. Soc. 1999, 121, 11108-11113




Approaches Toward Nakadomarin A:
Magnus

Pauson-Khand Approach: Challanges
No previous examples of enamines as substrates
Creates a quaternary center
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Approaches Toward Nakadomarin A:
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Approaches Toward Nakadomarin A:
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Approaches Toward Nakadomarin A:
Funk

Nilson, M.; Funk, R. Org. Lett. 2006, 8, 3833-3836.



Syntheses of Nakadomarin A:
Summary

Nakagawa and Nishida:
Addition to iminium
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U "Young and Kerr:
[3+2] to oxarine

then intramolecular
substitution

“Nakagawa and Nishida:
Singlet oxygen addition

Funk: Iminium lon Addition Williams: 1,3 Dipolar Cycloaddition



