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Outllne

» |solation and blologlcal act|V|ty

* Major syntheses

— Kishi (1977) — first racemic synthesis

—Jacobi (1984) — racemic formal synthesis
— Du Bois (2006) — first enantioselective total

synthesis
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Isolated from butter clams
(Saxidomus giganteus) in 1957 by
Schantz.

Crystal structure obtained in 1975
by two groups, independently
Produced by butter clams and
mussels that feed on
dinoflagellate algae

Algae are only toxic during certain
seasons

“Red tide” phenomenon observed when levels of toxic algae bloom
high

Isolation: Schantz, E. J. et al. J. Am. Chem. Soc. 1957, 79, 5235.
Crystal Structure: Schantz, E. J. et al. J. Am. Chem. Soc. 1975, 98, 1238.
Review: Llewellyn, L. E. Nat. Prod. Rep. 2006, 23, 200.
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Isolat/on and b/o/og/ca/ act/wty

* One of the most toxic natural, non-
protein molecules known; associated
with paralytic shellfish poisoning
(PSP) illnesses

* LDg,=5-10 pg/kg (mice)
 Potent, selective sodium channel
blocker

«  Symptoms of poisoning include dizziness, paralysis and respiratory
failure

« No known antidote, just supportive treatment

« Analogues shown to have anesthetic properties—possible
therapeutic agents?

Review: Llewellyn, L. E. Nat. Prod. Rep. 2006, 23, 200.

o

Tundel 4 - CU Synthesis Lit Group — Saxitoxin COLUMBIA UNIVERSITY

I THE CITY OF NEW YORK




Synthetic Challenges

Bl Key Synthetic Challenges:

n 3 contiguous stereogenic centers
n densely functionalized tetracyclic core

n two polar guanidinium functionalities
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F/rst syntheSIs K/sh/ ( 1 977)

* Retrosynthesis

Tanino, H.; Nakata, T.; Kaneko, T.; Kishi, Y. J. Am. Chem. Soc. 1977, 98, 2818.
Kishi, Y. Heterocycles, 1980, 14, 1477.
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Kishi synthesis

1) propane diol, pTSA
MeOZC\[(\N toluene, reflux >
@) 2) hydrazine, H,O/MeOH HN&TOA
O 3) PoSs O
H
MeOQCYCOQMe Y oBn BnO
n

Br .
1) NaHCOj, DCM, reflux | Si(N=C=S), - COaMe
> HN (o)A
2) KOH, MeOH, heat o heat Py

Mechanism? o/1
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K/sh/ synthes:s (cont )

Eschenmoser coupling reaction

MeOzCYCO2Me
CO,Me
S Br | 2
bv 1) NaHCO,, DCM, reflux
HN N HN N
Oo 2) KOH, MeOH, heat OO
MeOQCYCOZMe Héa CO,Me 0% ope
S Br S /
COQMG S CO-Me
2
HN&TO NaHCO3, DCM, reflux Hﬁéro ':\/
& o e
o) MeO,C.__CO,Me
oM 2 2 e
® hd E OMe MeO,C COQMe
S/ CcoM > E)\?
2Me CO,Me
(decarboxylation)
HN™ Seo HN” S0\ \
O o) MeO,C.__CO,Me
SH
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Kishi synthesis (cont.)

BnO BnO

COM N
U ® 1) hydrazine, H,O/MeOH |NTNH2 1) propane dithiol, BF3OEt,
PN O
SPN 2) NOCI, DCM s)\N 2) AcOH, TFA

00/1 3) heat O\

4) ammonia O
BnO

" =0 1) Meerwein's salt, NaHCO4

S)\ 2) EtCO,NHy,, heat —_—
52
CISO,N=C=0,
formic acid +
” J=NH,
; 17 steps

0.2% overall yield
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Synthes:s of( ) decarbamoy/sax:toxm ( 1 992)

1) pTsOH

" & Si(N=C=5), N - __CO,Me 2) Et;0BF,
SSQ heat )\@V 3) Pb(OAc),

S 4) NaBH
S 4
S
_/OH /OBn HO\: H
COQMe 1) ClCG(= ~__CO.Me “_N
3CC(=NH)OBn HN
A o — T e,
s 2) HS SN s\ " HNTON H
S/1 S same steps as OH
racemic OH™
synthesis (-) - decarbamoylsaxitoxin

(not biologically active)

Hong, C. Y.; Kishi, Y. J. Am. Chem. Soc. 1992, 114, 7001.
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Jacob/ forma/ syntheSIS ( 1 984 )

* Retrosynthesis

Jacobi, P. A.; Martinelli, M. J.; Polanc, S.; J. Am. Chem. Soc. 1984, 106, 5594.
Jacobi, P.A.; Croat. Chem. Acta. 1986, 2674.
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Jacobi synthesis

O O

EtOJ\/U\CI H
SnCly, MeNO, | >=O 1) propane dithiol, BF30Et,

H
N
N
N 2) KOH, H,O
N EtO,C L H 3) TFA2

H
N PN a H
g | N/EO Ph” NHNH, Ph™ NH N/E
S NH 0
0 N
o) H
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Jacobi synthesis (cont.)

azomethine imine
intermediate

1) NaOMe

_ iy H
dipolar cycloaddition N 2) NaBH,, MeOH
N @)
o B\N/E 3) BH3SMe,
H
S
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Jacobi synthesis (cont.)

Na, NH3

" o

H
N
\"'N
H
S

N

Kishi's endgame

similar to intermediate 15 steps
in Kishi total synthesis 3.3% overall yield
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Du Bois synthesis (2006)

* Retrosynthesis

. 0 0
H2N>\\ M HzN)J\NH D NH, HN
—0

NH Cl) NH, 0O .
HN . o
HO J“:W — Ho NH —
HO™(_N__NH PN
i N
H

NH,

N (4
N BN

o, .0
/S\O HN™ O
OH

HN ZnX
— p— P )ﬁ)
= +
W TSOM Q
TsO

Fleming, J. J.; Du Bois, J. J. Am. Chem. Soc. 2006, 128, 3926.
Fleming, J. J.; McReynolds, M. D. J. Am. Chem. Soc. 2007, 129, 9964.
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Du Bois Synthesis

(ONp®; o. .0 ZnCl o. 0

-5 8L Z -
HN" O cat. Rhy(tpa), HN™ "0 TSQA/ HN""~O

O/\I) PhI(OAC),, MgO o)ﬁ) /
2, g BFsoEtz /
g1 O DCM £—© THF TsO OH
Et Et

8:1 selectivity

iminium ion
equivalent
Proposed TS model:
B ik
l\,l_uc o O\\S,/O
’ 11 Nuc PASAN
O H "S R _S— - _ HN™ O
AN HN=" ] Nuc R,

Du Bois, J. J. Am. Chem. Soc. 2003, 125, 2028.
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Du Bois Synthesis

O\\ //O O\\S//O O\\ //O
s ~ ld ~ /S\
HN"T>0 1) Hy, Pd/CaCO4/Pb PMBN" "0 1) PMeg, THF/H,0 PMBN" O
Z 2) NaNgz, nBuyNI, DMF | 2) NMbs |
OH  3) PMBCI, nBuyNI, K,COj4 OH OH
MeS™ °CI SMe
T ,
OTs Ny iProNEt, MeCN NANMbs
o} H
OMe
H-N
1) Tf,0, pyridine, DMAP 1) PMes, THF/H,0
2) NaN3, DMF 2) AgNOg, TEA, MeCN
3) CAN, tBUOH, DCM
4) KOtBu, Cl,C=NMbs NMbs
5) ag. MeCN, heat MeS
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Du Bois Synthesis

Jl\Jl\Mbs
H,N™ NH
+—OH 1) ClsC(O)NCO, THF/MeCN
/ NH 2) OsClg, Oxone, Na,COjg
A EtOAc/MeCN/H,O
N~ ~NMbs
H
Jl\Jl\Mbs o JN]\Mbs )?\
HNTONH  Mnp, HiNTSNH 07 NH,
o} HO |
~ HO.,
HO: .
° lH N _NH
N~ NMbs NMbs
H
0
HoN* Y + O
HoN
B(TFA)3, TFA HN>\\NH <|3 NH, DCC, pyridine TFA S—NH OJ\NH2
- |
HO., \ ho HN
N\H/NH HO NTNH
+NH NH
+ 2
B-saxitoxinol 19 steps

1.6% overall yield
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Summary
. Kishi (1977 & 1992)

— First racemic total synthesis

— Use of chiral aldehyde makes synthesis enantioselective for
unnatural (-) - decarbamoylsaxitoxin

« Jacobi (1984)

— [3+2] cycloaddition to construct core

* Du Bois (2006)

— C-H amination and diastereoselective addition to iminium ion
equivalent involved in stereochemistry-setting steps

— Tricylic core formed via condensation of 9-membered ring
intermediate

0 7,
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+ Isolation/Biology:
— Llewellyn, L. E. Nat. Prod. Rep. 2006, 23, 200.

. Kishi (1977 & 1992)

— Tanino, H.; Nakata, T.; Kaneko, T.; Kishi, Y. J. Am. Chem. Soc. 1977,
98, 2818.

— Kishi, Y. Heterocycles, 1980, 14, 1477.
— Hong, C. Y.; Kishi, Y. J. Am. Chem. Soc. 1992, 114, 7001.

« Jacobi (1984)
— Jacobi, P. A.; Martinelli, M. J.; Polanc, S. J. Am. Chem. Soc. 1984, 106,
5594.
« Du Bois (2006)
— Fleming, J. J.; Du Bois, J. J. Am. Chem. Soc. 2006, 128, 3926.
— Fleming, J. J.; McReynolds, M. D. J. Am. Chem. Soc. 2007, 129, 9964.

0 7,

Tundel 20 - CU Synthesis Lit Group - Saxitoxin COLUMBIA UNIVERSITY




