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“Certain varieties of puffer fish, especially the tora fugu, or
tiger puffer (S. rubripes), and the closely related ma fugu, or
common puffer (S. porphyreus), are highly prized as
comestibles in Japan. The indulgence of the taste is fraught
with some peril, since the livers and ovaries of the fish contain
a powerful poison.”

R. B. Woodward [“The Structure of Tetrodotoxin” Pure & Appl.
Chem. 1964, 9, 49]



Introduction

* Firstisolated from the
ovaries of the puffer
fish (Fugu) in 1909.

« Named after the

puffer fish family
“Tetraodontidae.”

* Responsible for 10-
200 deaths per year.




Tetrodotoxin Trivia

* 1200 times deadlier than cyanide. One
fish contains enough poison to kill 30
adults.

* Must be licensed to prepare fugu. Typical
meal is $100-200. Some chefs add a
small amount of toxin to the meal for a
“tingly” effect.

* Supposedly the only delicacy not served
the Japanese emperor.




Trivia Continued

Toxin is actually generated by the bacteria
Pseudomonas which the fish consumes

A potent neurotoxin, it binds to pores of Na-
channel proteins in nerve-cell membranes.

It does not cross the blood-brain barrier,
rendering the victim fully conscious but
paralyzed. Death is typically from asphyxiation.

No antidote. Treatment is emptying of the
stomach, consumption of activated charcoal,
and hoping for the best.



Tetrodotoxin

Independent structure
elucidation by the Hirata-
Goto', Tsuda?, and
Woodward? groups.

Absolute stereochemistry
confirmed by X-Ray in
1970.4

Contains an
unprecedented dioxa-
adamantane skeleton
functionalized by hydroxyl
groups, an ortho ester,
and a cyclic guanidine
with hemiaminal.
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Tetrodotoxin Equilibria
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(-)-tetrodotoxin anhydride form lactone form

ortho ester form
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Kishi Synthesis®

1. MsCl, Et;N, quant. 0 1. NaBH,, MeOH, 0°C, 96%
2. H50, reflux, 61% 2. m-CPBA, CSA, 75%
> >
|N o Stereospecific reduction from the

o convex side. Regiospecific reduction
due to axial orientation of acetamido

group.

—_

ethylene glycol, CH,Cl,, cat. BH3+Et,0O, quant.
. Al(Oi-Pr); MPV Reduction

N

3. Ac,0, Py., 95% (The usual method)
-
Approach of the reducing agent
from convex side is favorable
Me Me
S
1. m-CPBA, DCE, ;o OH
9OOC, 95%, t-Bu t-Bu

1. SeO,, 180°C, 1hr, quant.

2. NaBH,, MeOH/dioxane, 0°C, quant.
>

2. Ac,0O, Py, quant.




Kishi Synthesis®

1. TFA/H,0, 70°C, 30 min.

2. Ac,0, Py., 80%

3. CH5C(OEt)s, , EtOH, CSA, 80°C
onc 4. Ac,0, Py.

1. o-dichlorobenzene, reflux
OAc 2. m-CPBA, CH,Cl,, K,CO4

-
Again, the cage-like structure of the

molecule helps control the relative
stereochemistry of the epoxidation.

1. CH3COOH, t, 70%> oac M-CPBA, CH,Cl,, rt, quant.

Ether linkage is thought
to control the migrating
bond selectivity

1. CH;COOH/CH;COOK", 90°C, 2hr, quant. OAc

2. Ac,0, cat. CSA, 100°C, practically quant. @ wiy  290-300°C, 80%
>




Kishi Synthesis®

NAc

1. EtSJLSEt 120°C, 12 hrs
OAc 2. acetamide, 150°C, 60 min, 20%

OAC (C,Hs);0BF,, CH,Cl,, K,COs5
3. NH3, CH,Cl,/MeOH, rt.

then CH3COOH/H20/CH20I2, 92»0/0 @ wuH

wuH '
NalO,4, THF/H,0, 0°C, 30 min.
OAc  then ethylene glycol,
then NH,OH, H,O/MeOH, 25%
wulH >

(+/-)-tetrodotoxin



Isobe Retrosynthesis®
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Isobe Synthesis®

1. TBS-Cl, Et;N, DMF, 77%
2. SO4Py, Et;N-DMSO, 93%

“"OH

—TMS

o

Pd(OAc),, PPh;, Cul, Et;N, PhH, 99%

K,COs, 0-DCB, 150°C, 94%

Y
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Isobe Synthesis®
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Isobe Synthesis®

OTBS

OTBS
0 . WOM
O wOMe 1. TBAF, THF-H,O woe 1. NaBH,, CeCla(H,0)7, MeOH-CH,Cly, 92%
2. Cl;CCOCI, DMAP, Py., 74% B20 P 2. BOM-CI, i-ProNEt, DMAP, (CH,CI), .
BZO_ " \F >
2 o
OTBS
OTBDPS
OTBDPS
oTBS OAc
O OMe 1. CSA MeOH 0 ~OMe 1. HgO, PPTS, acetone-H,0, 88% 3 cycles
9 2. Myg(OEt),, EtOAc-MeOH, 87% 3 cycles
520 P 2. Ac,0, DMAP, Py, 95/0> B20 P 9(OEt), o 3cy .
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Isobe Synthesis®
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Isobe Synthesis®
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Isobe Synthesis®
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Isobe Synthesis®
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Isobe Synthesis®

1. TFA, MeOH
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Du Bois Retrosynthesis’

HO
OH OH
HO M on
voxl flon —> o flron —>
HO ~4—OH 0% ~4—OH OHC - OH
HN NH OH HaN  OH
A HO CO,H
H2+N : Rh-catalyzed
: C-H insertion
(-)-tetrodotoxin stereospecific C-H

amination



Du Bois Synthesis’

1. +BuCOCI, CsHsN, THF, 85%
+Me 2. H,, Pd-C, THF, 88%
1. i-BUoAlH, n-BuLi, THF/hexanes o 3. (COCI),, cat. DMF, THF; then,
2. BnO,CCH,C(0)C0,BN, NaOAc, THF BnO oTBS CH2N3, CH,Cl,, 63-70%

1. NH3BHs, CH,Cl,/MeOH, 75%
2. H, (1200 psi), 5 mol% Rh-C, 2:1 CF;CO,H/MeOH
3. p-TsOH, 2, 2-DMP, THF, 77%

1.5 mol% Rh,(HNCOCPhy),, CCl,
' r

1. Me,NH, THF, 83% )
2. cat. (n-BusN)RuO,, NMO, 4 A MS, CH,Cl,, 94%
Me 3. Zn, TiCl, CH,l,, cat. PbCl,, THF, 72%




Du Bois Synthesis’

1. H,C=CHMgBr, Cul, THF

2. t-BuNH, BH,, DCE, 77%
'

1. ClsCC(O)NCO, CH,Cl,, Zn, MeOH, 93%
2. O, then NaBH,, CH,Cl,/MeOH, 83%
Me 3 MeSOZCl, C5H5N, DCE, 860/0

1. +BuCO,H, CgHsCl, 200°C
2. NaOMe, THF/MeOH, 78%

stereospecific Rh-nitrene C-H insertion




Du Bois Synthesis’

. NaSePh, THF/DMF, 77%

1
2
3. Boc,0O, Et;N, DMAP, THF
4. K,COs3, THF/MeOH, 84%

. m-CPBA, CsHgN, DCE, 55°C, 92%

1. H,0, 110°C, 95%

2. BocN=C(SMe)NHBoc, HgCl,, EtsN, MeCN/CH,Cl,, 80%
3. Oz, CH,ClL,/IMeOH, Me,S; then aq CF;CO,H, 65%

OH

Ho2/ S-on

HN NH OH

H, +N (-)-tetrodotoxin
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