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Saxitoxins Tetrodotoxins

Dragmacidins Crambescins

Pyrrole-Imidazoles (Sceptrins)

Peptides
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•Low Human-toxicity
•Immunomodulating
•Cytotoxic
•Antibiotic
•Antifungal

Separated from Sponges
(Agelasidae, Axinellidae...)

Naturally Generated by
[2+2] Dimerization

Mutable & Fragile Structure
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Gonyautoxin (show GTX-III)
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Chiriquitoxin

Separated from Puffer Fish

Produced by Endozoic
Bacteria (Vibrio, Bacilus...)

•High toxicity (most species)
•Efficient & selective Na+

channel blocker

Separated from Sponges
(Chondropsidae...)

•Antivirus
•Cytotoxic (anti-Leukemia)
•Na+, K+ and Ca2+ channel
blocker

Relatively Stable Structure

•Selective ST-PK (a protein
phosphatase) inhibitor
•NO inhibitor (modifying blood
pressure)
•Potential in treating neuro-
degenerations (AD, PD...)

Separated from Sponges
(Dragmacidon, a genus of
Axinellidae)

Separated form Frogs
(Atelopus, Xenopus...)

Separated from Dionoflagellate
(Gonyaulax Catenella)

Separated form Shellfish
(Saxidomus, Mytilus...)

Produced by Dinoflagellate
(Gonyaulax tamarensis)
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•IC50 = 280 pM
(Human heart Na+ channel)
IC50 = 6.1 pM
(Mouse brain Na+ channel)
580 times stronger than STX

•Causing "shellfish paralysis"
•540 g is lethal to human
•LD50 = 9.7  g/kg

= 5150 Mouse Units/mg
•Regarded as a chemical weapon
(CWC, United Nations, 1992)

•Main toxicon in red tide
•LD50 = 10.4 g/kg

= 4800 Mouse Units/mg
•All STX and GTX analogs could work
as selective Na+ channel blocker

No Synthesis Finished (2024)First Asymmetric Synthesis:
Y. Kishi (1992)

First Asymmetric Synthesis (GTX-III):
K. Nagasawa (2007)
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CONH2 Cyclonellin (Octapeptide)

Separated from
Sponges, Hydrae...

https://www.un.org/zh/documents/treaty/OPCW-1993-3
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( )-Saxitoxin (Kishi 1977)
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1) P2S5 2)
Me OMe

O O

Br

NaHCO3
3) KOH, MeOH, heat

4) O
OBn

Si(NCS)4

5) N2H4

6) NOCl

7) heat

then NH3

8) SH SH

BF3•OEt2

9) AcOH, TFA10) Et3OBF4

11) EtCOONH4

12) BCl3
13) Ac2O, Py.
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15) MeOH, heat
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( )-Saxitoxin (Jacobi 1984)
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5) BnNHNH2 6)
COOMeHO

OMe

BF3•OEt2

endo-[3+2]

7) NaOMe

then NaBH4
8) BH3•SMe2
9) Pd, HCOOH
10)

Cl OPh

S

12) Ac2O, Py.

14) EtCOONH4

13) Et3OBF4as above

(3 steps)

1)
Cl

O

OEt

O

2)

SH SH, BF3•OEt2
3) KOH
4) TFAA

JACS, 1977, 99, 2818
JOC, 1983, 48, 3833
JACS, 1992, 114, 7001

JACS, 1981, 103, 239
JACS, 1984, 106, 5594
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MeMeAsymmetric Synthesis:

Prof. Yoshito Kishi
(1937 - 2023)
Harvard

Prof. Peter A. Jacobi
(1945 - )
Dartmouth

Marine Guanidines: Saxitoxins
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( )-Saxitoxin (Du Bois 2006 & 2007)
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1) Rh2(esp)2

PIDA, MgO

2)

BF3•OEt2

OTs

ZnCl

3) H2, Pd/CaCO3/Pb

4) NaN3, TBAI

5) PMBCl, TBAI

K2CO3

6) PMe3

7)
Cl SMe

NMbs
, DIPEA

8) Tf2O
Py., DMAP then NaN3

9) CAN
10)

11) H2O, MeCN
heat

Cl Cl

NMbs

KOt-Bu, HDMS12) PMe3

13) AgNO3
Et3N

14)
Cl3C NCO

O

then K2CO3

1') TBDPSCl
Imid.

2') DIBAL-H

3') PMBNHOH 4')
NH

SMeMbsN

i-PrMgCl

5') TsNHNH2
NaOAc, heat

6') Zn, Cu(OAc)2

HOAc, heat

7')
BocHN

MbsN

SMe

HgCl2, then HCl

8') AgNO3

10') TFA

15) OsCl3 (10 mol%)
Oxone

16) (CF3COO)3B
17) DCC, DMSO, Py•TFA

(+)-Saxitoxin JACS, 2006, 128, 3926
JACS, 2007, 129, 9964

Mbs =
OMe

S
O

O

Diimide Reduction

9')

Cl3C NCO

O

then K2CO3

HDMS = HM(TMS)2

esp = COOH

COOH

Me Me

Me
Me

Pfitzner-Moffatt Oxidation

2 steps from glycerol

2 steps from serine Prof. Justin Du Bois
(1969 - )

duboislab.stanford.edu

Marine Guanidines: Saxitoxins

https://duboislab.stanford.edu/
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( )-Saxitoxin & ( )-Gonyautoxin III (Nagasawa 2007, 2009 & 2011)
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( )-Gonyautoxin III

( )-Saxitoxin

1)

neat, 40 C
then NaOMe

2) Zn, AcOH 3) CbzCl

K2CO3

4) TiCl3, Zn

HCl

5)
MeS NHBoc

NBoc

NHBoc

OH

OPMB

HgCl2, Et3N

6)
Cl S Cl

OO
7) TBAF

8) (COCl)2, DMSO
Et3N

10) NaBH4

MeOH

9) IBX, DMSO

11) H2
Pd/C

12)
MeS NHBoc

NBoc
, HgCl2, Et3N

13) DDQ

14)

N

HO

NBoc

NBoc

NHCbz

OPMB

Cl3C NCO

O

then K2CO3

15) (CF3COO)3B
16) DCC, DMSO

Py•TFA

13') Ac2O
Py., DMAP
then ZnCl2
(one pot)

14') K2CO3

15') DMP

16') NaHMDS
TIPSCl

17) m-CPBA
Cl3C NCO

O18)

then Et3N

19) TFA
20) SO3•DMF
colidine*

TFA

collidine*=

Nt-Bu t-Bu

Me

ACIE, 2007, 46, 8625
Chem Eur J, 2009, 4, 277
Chem Eur J, 2011, 17, 12144

5 steps from
malic acid

SM preparation:
TL, 1998, 39, 2765

Prof. Kazuo Nagasawa
(1965 - )

web.tuat.ac.jp/~nagasawa

Marine Guanidines: Saxitoxins

https://web.tuat.ac.jp/~nagasawa/
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( )-Gonyautoxin II & III (Du Bois 2008 & 2016)
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14) OsO4, NMO

15) BzCN, DMAP
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1) N COOH

(COCl)2

2) TBDPSCl
Imid.

3) DIBAL-H

4)
H2N

5) BF3•OEt2

6) Pd(PPh3)4

NTces

MeS

Barbituric Acid
then

Cl SMe

NTces

7) EtOTf
Tri-t-Bu-
pyrimidine
8) NH3

9)

, Na2CO3 Cl CCl3

O

DIPEA

10) Rh2(esp)2

PIDA, MgO

11) Et3SiH

BF3•OEt2

12) TBAF

13)
Cl NCO

O

16) DMP

17) H2, Pd/C, TFA

then NH3

19) pH = 8
*
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~1:3
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( )-Saxitoxin (Nishikawa 2011)
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OTBS
1)

n-BuLi, HMPA

2) MsCl, Et3N

3) TFA
Amberlite IRA-410

4) Et3N
then HgCl2,MeS NHCbz

NBoc

5) TBSCl, Et3N

6) Ac2O, Et3N, DMAP

7) NaN3

8) TBAF
9) MsCl, Et3N

10) KCN
EtOH, heat

11) TFA

12) PyHBr3
K2CO3

13) Ac2O, Et3N

14) NaBH4

15) Me3P

JACS, 2008, 130, 12630
JACS, 2016, 138, 5994

Barbituric Acid =

NH

O

O

O

Tces = S O

O

O CCl3

Prof. Toshio Nishikawa 
(1963 - )

www.agr.nagoya-
u.ac.jp/~organic

Pictet-Spengler Reaction

Kishi Reduction

18) SO3•DMF
collidine*

Marine Guanidines: Saxitoxins

https://www.agr.nagoya-u.ac.jp/~organic/index.html
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( )-Saxitoxin (Nishikawa 2011)
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1) TBDPSCl
Imid.

2) DIBAL-H
3) BnNHOH

4) OBn

i-PrMgCl

5) Cu(OAc)2
Zn, AcOH, H2O

BnO

6) HCl, MeOH

BnO BnO

7) KOCN, MsOH

BnO

8)

MeS NHBoc

NBoc

HgO, Et3N

BnO

9) AgOAc (10 mol%)
OBn

Boc

10) I2, AgOAc11) AgOAc, AcOH
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HN N

NBoc

NHN

O

O

H2N

NBoc

O

O

OMs

Boc Boc
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12) H2, Pd(OH)2
i-PrOH

13) MsCl, Et3N
DMAP

14) Cs2CO3 15) DMP

16) TFA

(+)-Saxitoxin

(continue)

16) 17) H2, Pd/C 18) TFA

(+)-deCb- -Saxitoxinol
B(OCOCF3)3

CbzN NHCbz

SMe

HgCl2, Et3N

JACS, 2011, 133, 20172

ACIE, 2011, 50, 7176

2 steps from serine

9) - 11) in one pot/ in sequence: 62% yield

Prof. Ryan E. Looper
(1977 - )

chem.utah.edu/directory/
looper

Marine Guanidines: Saxitoxins

https://chem.utah.edu/directory/looper/
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( )-Saxitoxin (Nishikawa 2016)

5) DEAD
PPh3, HN3 6) PPh3

8) PyHBr3

10) Ac2O, Et3N, air
11) NaBH4, MeOH

13)

(+)-deCb- -Saxitoxinol
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1) DEAD,
PPh3, HN3

2) n-BuLi
BF3•OEt2,

O

3) PPh3

4)

MeS NHBoc

NBoc

HgCl2, Et3N

7) PMBNCO

9) H5IO6 (1 eq.)12) H5IO6 (2 eq.)Me Me

CNHO

TMAD, PMe3

14) HCl (conc.)

then HCl, MeOH

15) Ac2O, Py.
16) EtOTf

tri-t-Bu-Pyrimidine

17) LiBH4

18) NH4OAc
NH3, heat

H

H

( )-Saxitoxin (Chida 2020)
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O

Cl3C
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syn: anti = 1.9:1

1) PPTS, (MeO)2CMe2
2) BH3•THF

3) TBDPSCl, Py.
DMAP

4) DIBAL-H

BOMO
MgCl5)

6a) H2
Lindlar Cat.

6b) Red-Al, Py.

7a) DBU, CCl3CN

7b) DBU, CCl3CN

8) Na2CO3

t-BuPh, 200 C

OL, 2016, 18, 6368

TMAD =
N NMe2N

O
NMe2

O

OBOM

OHTBDPSO

OH

OBOM

double
Overman Rearrangement

Prof. Noritaka Chida
(1967 - )

www.applc.keio.ac.jp/~
takaakis

Marine Guanidines: Saxitoxins

https://www.applc.keio.ac.jp/~takaakis/
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( )-Saxitoxin (Chida 2020)
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12) BzCl, DIPEA

Ph2BO
NH2

13) TPAP, NMO

14) H2, Pd/C

then TBD

15) TBAF
then EtOH

16) TsCl
Et3N, DMAP

16) H2,Pd(OH)2

17)
Cl3C NCO

O

then K2CO3, then HCl

18) DCC, DMSO
Py•TFA

(+)-Saxitoxin

(continue)

OL, 2020, 22, 8697
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