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Isolation and Biological Activity

* Isolated in 1997 from the marine sponge Amphimedon sp.
collected off the coast of the Kerama Islands, Okinawa (1 kg of
sponge yielded 6.0 mg or 0.0018% of (-)-Nakadomarin A).

e Structure assigned by 1-D/2-D NMR, HRMS (El), and
Macromodel (v 5.0, Pseudo Monte Carlo, MM2 FF H,0)

* Novel furan-conatining hexacyclic alkaloid consisting of an
unprecedented 8/5/5/5/15/6 ring system

* Cytotoxic against murine L1210 (mouse lymphoma, IC;, 1.3

ug/mL or 3.5 uM)

* Demonstrated ant-fungal and anti-bacterial activity

* First asymmetric synthesis completed in 2004 by Nishida

Kobayashi, J.; Watanabe, D.; Kawasaki, N.; Tsuda, M. J. Org. Chem. 1997, 62, 9236-9239.
Ono, K.; Nakagawa, M.; Nishida, A. Angew. Chem. Int. Ed. 2004, 43, 2020-2023.
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First Synthesis of (+)-Nakadomarin (Nishida)

AcO
O ||H+u
/> 19 steps 2 steps H = 8 steps
O — > e \_0 — >
BsN CO,H S — > BsN
| 10% vyield 87% yield NBoc 21% yield
6 steps from comm. material \OH
=
H = RCM Reduction
\_0 — — >
N 70% vyield 86%
(E/Z:1.7:1.0)
o) \ o

(+)-Nakadomarin

Longest Linear Sequence: 31 steps from chiral acid, 1.1% yield

Nagata, T.; Nakagawa, M.; Nishida, A. J. Am. Chem. Soc. 2003, 125, 7484-7485.

For Nishida’s synthesis of (-)-Nakadomarin, see: Ono, K.; Nakagawa, M.; Nishida, A. Angew. Chem. Int. Ed. 2004, 43, 2020-2023.
For Kerr’s synthesis of (+)-Nakadomarin, see: Young, |. S.; Kerr, M. A. J. Am. Chem. Soc. 2007, 129, 1465-1469.

Kerr’s Longest Linear Sequence: 29 steps from D-mannitol, RCM for 15-membered ring
gaveaE:Z=15:1.0
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Synthesis of (-)-Nakadomarin (Dixon)

H
H SNa O Julia-Kocienski o)
OxN 4steps Oy N t-Bu 2 steps N
Dﬁ + N 7 N/t'Bu — N\N —> MeOZC
OTs N=N _ //S—<\ I _ —
52% yield o \(\) N-N 46% yield

Organocatalytic

Q9 2 steps Q" OH 2 steps o N-NO, Michael-Addition
)K/F’(OMe)z — > — — — > _ — 57% (dr 10.1: 1.0)
— —

29% yield 76% yield

OAc

O&L/OAC Y

(-)-Nakadomarin
Fre=10:17 Longest Linear Sequence: 12 steps, 1.4% yield

Jakubec, P.; Cockfield, D. M.; Dixon, D. J. J. Am. Chem. Soc. 2009, 131, 16632-16633.
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Vicinal Difunctionalization

OR OR OR (- RIO__Oj RIO._0O
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= I Yy E
= E E v v
E* "_ Nu Nu Nu %W i £+
E™ = carbon electrophile E™ = carbon electrophile
Nu = carbon nucleophile Nu = carbon nucleophile
For a review on tandem vicinal difunctionalization involving N- acyliminium ions, For a review on tandem vicinal difunctionalization involving a,8-unsaturated
see: Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; Turchi, T. J.; Marynoff, C. A. carbonyls, see: Chapdelaine, M. J.; Hulce, M. Org. React. 1990, 38, 225-295.
Chem. Rev. 2004, 104, 1431-1628.
Ot-Bu
Bu.+_CO,Me
Inter- Ot-Bu N Ot-Bu .
” R_j /\/SIMG::, N o)
Q/N O . 0 >
DCM A
66% N~CO,Me
N-CO,Me Bu
Bu
Suga. S.; Nishida, T.; Yamada, D.; Nagaki, A.; Yoshida, J.-I. J. Am. Chem. Soc. 2004, 126, 14338-14339.
OMe
Intra-
_ OMe OMe
9 @) OMe o OMe
s TSOH A+ N
- N —_— N i W OMe
. \ W N
W A\ 3
MeS " 60% MeS H
Tamura, Y.; Maeda, H.; Akal, S.; Ishibashi, H. Tetrahedron Lett. 1982, 23, 2209-2212.
Padwa, A.; Danca, M. D.; Hardcastle, K. I.; McClure, M. S. J. Org. Chem. 2003, 68, 929-941.
For a review on tandem vicinal difunctionalization involving N- acyliminium ions, see:
Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; Turchi, T. J.; Marynoff, C. A. Chem. Rev. 2004, 104, 1431-1628.
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Method Development Towards Core of (-)-Nakadamarin (Funk)
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Nilson, M. G.; Funk, R. L. Org. Lett. 2006, 8, 3833-3836. No furan trapping of acyllmmlum 'on observed,
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Nagata, T.; Nakagawa, M.; Nishida, A. J. Am. Chem. Soc. 2003, 125, 7484-7485.
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Method Development Towards Core of (-)-Nakadamarin (Funk)
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in situ isomerization
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Nilson, M. G.; Funk, R. L. Org. Lett. 2006, 8, 3833-3836.
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Retrosynthesis of (-)-Nakadamarin (Funk)

(-)-Nakadomarin A
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Nilson, M. G.; Funk, R. L. Org. Lett. 2010, ASAP.
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Synthesis of (-)-Nakadamarin (Funk)
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Nilson, M. G.; Funk, R. L. Org. Lett. 2010, ASAP.
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Synthesis of (-)-Nakadamarin (Funk)

O  CO;Me oM N  CO,Me
PhCO,H
N Y piperidine N g Ny InCl; (0.1 equiv)
\ | — > TIPSO N >
\ \ 0 PhH, 80 °C Boc [/ \ DCM, 40 °C
TIPSO N 87% 0) 12 h, 79%
Boc Z
4 Sc(OTf), resulted in
partial cleavage of
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E-unsaturated amide

(t-BuO);W==Ct-Bu
\\ (@5 mol%), PhCl, 80 °C,3h
77%
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[(pyr)(Ph3SiO)sMo=N
(20 mol%), PhMe, 80 °C, 16 h
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—_——— >
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—_— —_— _—
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(E isomer not observed) U
Nilson, M. G.; Funk, R. L. Org. Lett. 2010, ASAP. 74% (2 steps)

Chad Hopkins @ Wipf Group Page 10 of 11 12/5/2010



End Game and Summary

Grubbs | AICl;
(100 mol%) LAH
' —_—
DCM, 40 °C THF
12h 58% (2 steps)

(-)-Nakadomarin A

* Enantioselective synthesis of (-)-Nakadomarin
21 steps (LLS), 3.5% overall yield from D-pyroglutamic acid
* Highest overall yielding synthesis to date

» Rapid assembly of tetracyclic core via a tandem enecarbamate
Michael addition/furan N-acyliminium ion cyclization

* RCAM resolves olefin stereoselectivity issues with construction of
15-membered ring

e Cyclization of pyrrole analog of furan successful

Nilson, M. G.; Funk, R. L. Org. Lett. 2010, ASAP.
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