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Gymnodimine Employing a Barbier-Type Macrocyclization
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Gymnodimine Background

= Isolated from dinoflagelate Karenia selliformis
= Sensitize neurons to the effects of Okadaic acid
= Binds to muscle nicotinic acetylcholine receptors

= Causes neurotoxic shellfish poisoning

= Spiroimine toxins: gymnodimine analogues B and
C, pinnatoxins, spirolides, pteriatoxins,

prorocentrolide,
Me N

Spirolide Ry Rz
1 A A H CH,
2 B H CHy
3 C A% CH;  CH,
4 D CH; CH,
5 13-desMeC A*® CH; H

Gymnodimine B: Ry =H, R, = OH
Gymnodimine C: R{ =0OH, R, = H
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Formation of Spirocyclic Imines — The Diels-Alder Strategy - Kishi

Me
.nMe

Pinnatoxins Pteriatoxins

A: | A: J\/
CO,H S OH
CO.H

H,N” SCOLH

C: B/C:
J\/\ OH
o) CO,H )Oi/

Gymnodimine A

McCauley, J. A.; Nagasawa, N.; Lander, P. A.; Mischke, S. G.; Semones, M. A.; Kishi, Y. J. Am. Chem. Soc. 1998, 120, 7647-7648.
Johannes, J. W.; Wenglowsky, S.; Kishi, Y. Org. Lett. 2005, 3997-4000.
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Synthesis of Diels Alder Precursor — Kishi

Me
Me
TESO| Me [Me L
J\/\/\ p-TsOHHO  Me “\\WOA Swern oxidation Me \ WOAC
I OAc 0 C o, @)
86% o 80% , y
TBSO HO ’:,//\/OH "/W
0 Me o)
9:1
. I)\/\/\OAC Me
N
TBSO Br N
Me Me OH Me OTIPS

g
Hf ]ﬂph NiCl,, CrCl,, Ni(COD),
© THF/DMF/t-BuPy

NHAlloc 70%
Me 0 Me Me
M RN Me ‘\\\W 1) Mn02, 50% Me .\‘\W
e\E>O e 27% (5 steps) \CO Mo OAc 2) CBS reduction, 80% \CO Me OAc
":,M 'u,/YWH oy XX
OTES Me OTIPS OH Me OTIPS OH Me OTIPS
6:1 p:a 1:1 B:a

Johannes, J. W.; Wenglowsky, S.; Kishi, Y. Org. Lett. 2005, 3997-4000.
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‘ Gymnodimine — Diels Alder Strategy — Kishi

NHAlloc

Me 9]
Me NN 185 °C
\CO Me benzene
" b 60% (2:1 end duct onl
OTES Me OTIPS o (2:1 endo product only)

1) TBAF, AcOH, 78% Me
2) (PPh3)4Pd, 0.1% AcOH

Me N
| 1:1 Endo:Exo
Me RN
\CO Me
Lo NN

OH Me OH

Johannes, J. W.; Wenglowsky, S.; Kishi, Y. Org. Lett. 2005, 3997-4000.
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Murai THP and DA precursor

Retrosynthesis?

TBDPSO\ TBDPSO\ TBDPSQO

Y 1)DIBAL-H Y A

5 Me _iaH E
o Mecui © 2)Ac,0,pyr  Mex_&=H  BF,OEL
| 0o ——— o) o
98% 99% (3 steps)
0

0] OAc

Me
Me _‘\\\/Cone

.y
/ 0

1) CBS reduction, 85%
2) TBDPSCI, imid., 90%

103

vy \\\\“\

OTBDPS Me

Ishihara, J.; Miyakawa, J.; Tsujimoto, T.; Murai, A. Synlett. 1997, 1417-1419.
Ishihara, J.; Horie, M.; Tsujimoto, T.; Murai, A. Synlett. 2002, 399-402.
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Murai

Me
Me _\\\K/COZMe

89%

_—

94:6 exo:endo

Ishihara, J.; Horie, M.; Tsujimoto, T.; Murai, A. Synlett. 2002, 399-402.
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‘ THF fragment — lodoetherification - White

Me. Me 1) Brown crotylation, 72%
2) NaH, PMBCI, 88% OH Me

Q"0 3) p-TsOH, MeOH, 85% Ho\v/l\v/L\44

H OPMB

Table 1. Effect of Substitzents upon Tetrahydrofiran
Formation via Inframolecular Iodeetherification

entry  compd |34 Fz wield (%) ratio® 18:17
1 12 Piv H iy =1:20
2 13 Fiv TES B3 13
3 14 En En 72 121
4 15 Fiv En 513 3l
5 16 DCBT DCE* &7 =201

4 Determined by 'H and *C NME. * p-Methoxvbenzyl group was cleaved
m this caza. “ DCB = 2 6-Dichlorobanzyl.

Tabl OR2 Me
see |anle R10\/k)\/
OPMB
l,, MeCN,
220 °C
i |
Mey . Me
:I:>o + 0
PMBO” ", PMBO”
OR; OR;

White, J. D.; Wang, G.; Quaranta, L. Org. Lett. 2003, 4109-4112.
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Diels Alder - White

= Me
l Me+0 Me
N — _ =
® o N
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0.__0O 0.0 85%
Me Me Me Me
i : 1.2:1 Me
1) DDQ
2) CICO,Me, Et3N
3) NaBH,, MeOH
73% (3 steps)
1) Swern, 88% M
1) Mg, MeOH, 86% 2) (EtO),P(O)CH,CN, M ©
2) CHy=CHLi, 63% n-BuLi, 78% e\/I—Q Me
3 3

‘ Et3SiCl, pyr, 68%

Me 1) CH,=CHLi,
Me 2-Th N)Li
\/LQ__ Me  oTES 2 gwe S)iglu(c L 1) LIAIH4  Me
O 3 2) NaOH
29%

CN
White, J. D.; Wang, G.; Quaranta, L. Org. Lett. 2003, 4983-4986.
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Retrosynthetic Analysis — Romo

2) Barbier Macrocyclization
Me

THF Fragment Spirolactam Fragment  Siloxyfuran

H I

Me Me o
HMOPMB PG\W
O OTES
X
é OTBS

Me Me
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Synthesis of THF fragment — Romo Me\CSQNm
""/YH

1) BupBOTY 0
o o 2) O 1) NaOMe, MeOH, 80%
2) TESOTY, 2,6-lutidine, 90%
O)LN)K/MG HWOPMB )J\ )K/H/\AOPMB 3) DIBAL-H, 93% OTES
=) Ve L e e 4) Swern, 99% )W\AOPMB
Me Me

68%, major diastereomer

Ph3PCH,(OMe)Cl

97%
M(/\/ _~_-TMS Me Me M
e Me
Mer o\ OoPMB & \
\CO BF3OEt, Me " \/\/OPMBcat p-TsOH Hj/k)\/\/OPMB
N 95% \QO 86% OTES
4:1 o:p OMe

1) Na®, NHs3, 92%

2) PPh3, CCly, 85%

3) 9-BBN; NaOH, H,0,, 98%
4) Dess-Martin, 71%

Yang, J.; Cohn, S. T.; Romo, D. Org. Lett. 2000, 2, 763-766.
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Synthesis of the spirolactam fragment — Romo

1) n-BuLi
2) O
Me<
el}l Me
(Bu3Sn),CuCNLi OMe
u n u | o
Me———— Me 3oN)2 2 /\(SnBu3 45%
Me Me 3) NaHMDS, TBSOTf pe

92%

5:2 regioisomers

1) n-BuLi, 90%
1) [PCI5(PPh3)s], 2) KHMDS, TsCl, 80%

n-BuzSnH, 85%
2) 1, 76%

Kong K.; Moussa, Z.; Romo, D. Org. Lett. 2005, 7, 5127-5130.
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NHK reaction and Barbier Macrocyclization — Romo

Me

NHK
macrocyclization

/

NHTs

M(/\/ TSN/W
.\\\ \ Cl O :\

0 Me

.,”/\[(H

CI'C|2, NiC|2, 97%

t-BulLi

TIPSO
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Vinylogous Mukaiyama Aldol — Romo

TiCl,

61%

Et3N, SOCI2
82%
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Romo
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Me
1) (Boc),0, EtzN, DMAP Me IR
2) HoNNH, o

99%
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Synthesis of THF Fragment via Anionic Condensation,

Fragmentation and Elimination — Rainier

Entry Ketone R R' R® Furan Yield E:=Z
. EtO,C
QR ot 1Na DVF tRz_‘\\—: 4 OCH; CH; Ph 5 83% O:1
@? el @o * 2 4 OCH; CHy iPr 6 78% O:1
R
be RiCOEt 3 7 H H Ph 8 56% 31
] 4 7 H H FPr 9 45% 1:2
o RS OR %
o R
R oCOzEt R CocozEt
S
Rainier, J. D.; Xu, Q. Org. Lett. 1999, 27-29.
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‘ Summary
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