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Saxitoxins Separated from Puffer Fish
: Produced by Endozoic
: Bacteria (Vibrio, Bacilus...)
; *High toxicity (most species)
: *Efficient & selective Na*
channel blocker
Saxitoxin (STX) HO—" i
Gonyautoxin (show GTX-lII) ;
Separated form Shellfish Zetekitoxin (ZTX) ’
(Saxidomus, Mytilus...) Separated from Dionoflagellate bbb bbbt .
Produced by Dinoflagellate (Gonyaulax Catenella) Separated form Frogs : . .
(Gonyaulax tamarensis) (Atelopus, Xenopus...) : Pyrrole-Imidazoles (Sceptrins)
. R . - Mai . . . i Separated from Sponges
Causmg_:j shellfish paralysis Main toxicon in red tide *IC5 = 280 pM ; (Agelasidae, Axinellidae...)
*540 pg is lethal to human *LD5p = 10.4 pg/kg (Human heart Na* channel) : L.
°LDgo =9.7 1 g/kg = 4800 Mouse Units/mg ICso = 6.1 pM : .:'r:::‘:::;nr:;nt;h?:tlﬁ:;’y
= 5150 Mouse Units/m . T ' °
-Regarded as a chemical wegapon All STX and G-[X analogs could work (Mouse brain Na* channel) ; «Cytotoxic
as selective Na™ channel blocker i : *Antibioti
. . 580 t t than STX ntiblotlc
(CWC., United Nations, 1992) imes stronger than «Antifungal
Naturally Generated by
First Asymmetric Synthesis: First Asymmetric Synthesis (GTX-llI): No Synthesis Finished (2024) ' [2+2] Dimerization
Y. Kishi (1992) K. Nagasawa (2007) Mutable & Fragile Structure
\ ! :
i Peptides OH OH i Dragmacidins
: : HO Separated from Sponges : Separated from Sponges
; (Dragmacidon, a genus of : (Chondropsidae...)
Separated from : HN Axinellidae) ;

*Antivirus

*Cytotoxic (anti-Leukemia)
*Na*, K* and Ca?* channel
blocker

o (o} /\JOS Sponges, Hydrae... | ! N

: *Selective ST-PK (a protein
: HN\ Me phosphatase) inhibitor '

HN o . .
H i o NH *NO inhibitor (modifying blood : !
N : =NHN pressure) :

NH *Potential in treating neuro-
degenerations (AD, PD...) :

i Br Crambescidin 359 Relatively Stable Structure

e
iy
¢

Dragmacidin E



https://www.un.org/zh/documents/treaty/OPCW-1993-3
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(+)-Saxitoxin (Kishi 1977)
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(+)-Saxitoxin (Jacobi 1984) o NP Meooc :
1 O O HN—¢ < Ho__cooMe
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o e — s
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(+)-Saxitoxin (Du Bois 2006 & 2007) 0o
ZnCl
00 OO0 / o\\ I,o o\\ /9 o\\ //o ‘\S" Me
(Y2 W\ 7/ ,S\ PMBN’ \o Me
N S‘o HN-S 0 N0 PMBN™ 0 esp = COOH
1) Rhy(esp); 2) OTs 3) Hz, PdICaC03IPb 5) PMBCI TBAI 6) PMe; |
0 —> 0o — . oo lon T wmbs. K OH COOH
O  PIDA, Mgo o BF.-OEt 4) NaNs, TBAI
e AM—— g MeAM— +"OEt, 3 2253 7) )j\  DIPEA )\ Me Me
e e N3 SMe
2 steps from glycerol OMe
8) Tf,0 Mbs = OO
Py., DMAP then NaN; ;g\g
o Vb o
Mbs. o 1) Mbs. S*IN Mbs.\
M J_ ci,e” Neo I Py
PN 9 N2 <——— HNTNH OH 1~ ~el HDMS = HM(TMS),
then K,COs 12) PMe; KOt-Bu, HDMS
-~ < Mbs.
NMbs <«——— >¢NMbs 13) AgNO; 11) H,0, MeCN )IN\
NH 10') TFA NH EtsN heat MeS
15) OSCl3 (10 MOI%) | e
Oxone
Mbs_ o
N o 1) TBDPSCI ®
PMB.Y.0
HN—L OJL Q OH "7 d. O OTBDPS 3 pyBNHOH N-° oTBDPS 4) MbsN
Houo NH 07 NH; " — J
J eO ; Y
: : 2") DIBAL-H :
NHBoc NHBoc NHBoc
N_ _NH . .
2 steps from serine MbsN~ “SMe prot J(l:?)tt‘:; D)u Bois
NMbs -
16) (CF,CO0),B duboislab.stanford.edu
3 3 L . 5') TSNHNH
17) DCC, DMSO, Py-TFA Diimide Reduction Né)IOAc heai
Pfitzner-Moffatt Oxidation MbsN ’
Mbs J_ _.pvB
P N
N o - H,N~ N OTBDPS PMB-NH oTBDPS PMB-N-CtorBDPS
HN L N)\ P )L 7y MbsN
HO 2 2 Hy o .
"o HO 8") AgNO; BocHN” “SMe . 6)2n, Cu(OAc),
H B — —_— NH -
N\n/NH \FNMbs 9) O Mes HgCl,, then H“ﬁés)J\ HOAc, he;;ts
e
NH "' ;
N'_" ) ClsC~ 'NCO H ' JACS, 2006, 128, 3926
(+)-Saxitoxin then K,CO3

: JACS, 2007, 129, 9964



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

HO
TIPSQ ON TIPSO y NO, TIPSO NHOI-(I.) - TIPSO 41 N-Cbz TIPSO 1y NHCbz
1o LOPMB ! OPMB 5 7n, AcOH 3) CbzCl OPMB ) Ticl,, zn
&0 — N-o — N-o — N-g — NH [, oPmB
neat, 40°C K,CO3 HCI
5 steps from then NaOMe
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MeS NHBoc
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HQ o HCbz 0o NHCbz 0 y NHCbz TPsg  NHCbz 0 0 TIPsq 4 )y~OM
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( N\
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Ho . HN” "NHBoc  13)DDQ  HOHo oc s H N»\o—.HO 15) (CF;C00);B HO_ HN
)HO — > ' oy —— 2 - ~ —
) N
“"“OPMB
N._ _NBoc then K;CO, NB TFA
N NBoc N T N ©
\ﬂ/ NBoc NBoc >
NBoc __ (+)-Saxitoxin y
Py., DMAP
13') Ac,0 | then ZnCl,
(one pot)
BocN BocN S NI B°°N¥ 19) TFA
NBoc NBoc 16') NaHMDS ocOH NBoc
HN — 14') K,C0, QHN )TII:SCI TIPSO HN /" 1g O TIPSOHN 20) SO;-DMF
AcO"7 ““SOPMB 22 AL ~ o o) SN idine*
OPMB —— > : > O colidine
_— Cl;¢” “NCO * —
N._NBoc N NH NBoc NBock,
\n/ 15') DMP \n/ 17) m-CPBA  ——— \"/ Hc;\l 0
N 2
NBoc NH NBoc  then Et; NBoc (+)-Gonyautoxin Il

SM preparation:
+ TL, 1998, 39, 2765

=

A
2

Prof. Kazuo Nagasawa
. (1965 -)
. web.tuat.ac.jp/~nagasawa

Me

! collidine*= X

: |
t-Bu N t-Bu

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



https://web.tuat.ac.jp/~nagasawa/
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(+)-Gonyautoxin Il & Ill (Du Bois 2008 & 2016) z NTces
o o O OTBDPS NH OTBDPS MeS” "NH OTBDPS 7) EtOTf
H1) N-COOH 2)TBDPSCI [ 4 Tri-t-Bu-
7  Meo Imid. : — H2N/\/ _ 6) Pd(PPh3)y  /~ o
MeO ; H H H H pyrimidine
: HN. N2 — > HN__N_ >\N NH ———> N._N__NH
NH2  (cocl), Y g 5) BF.OFt N Barbituric Acid N 8) NH,
o 3) DIBAL-H ) BF3°OEt, then NTces o 9) j\
Pictet-Spengler Reaction cl SMe, Na,CO5 cl cCl,
DIPEA
o TcesN TcesN NTces
TcesN ces NH OTBDPS
NH; —NH OJ\NHZ 12) TBAF NH OTBDPS HN H,N” "NH OTBDPS
14) 0s0,, NMO HN HN 11)Et;SiH _ 10) Rhy(esp),
-~ 7 : - (7 - N.__NH - Q
N._NH 0 N._NH BF.OEt, . % N._NH
f 15) BzCN, DMAP \f 13) )j\ 3 2 AcO ccl PIDA, MgO \|r
N__CCl, N. CCl c1” “NCo N__CCl; 3 CCl,
Y Yoo N Kishi Reduction o T
o] o) o] o
16) DMP
TcesN O
NH,
17) H,, PdIC, TFA 19)pH=8
_— —_
then NH3 ]
b el 18)SOyDMF ~1:3
Y collidine* (+)-Gonyautoxin Il (+)-Gonyautoxin II
0
(+)-Saxitoxin (Nishikawa 2011) 4) Et;N NBoc N
3
then HgCl,,MeS™ "NHCbz X oTBS |
oTBS OH OH OMs oTBS ACO/Y\) !
1) \) ; oTBS 2) MsCl, Et;N /\(l\) CbzHN
o OH 5) TBSCI, EtN 7) NaN; Cbz NH
> X J~NHCb
" NB°°n-BuL|, HMPA Me* NBoc 3) TFA NH, 6) Ac,0, Et;N, DMAP BocN “ NBoc
€ Me Me Amberlite IRA-410 8) TBAF
9) MsCl, Et;N
NHz  15) Me,P NS\ OMs 10) KCN
HNTY ) Me; A kO 13 Ac0, EtN 12) PyHBr; /Y\) EtOH, heat /Y\)
PN ———— CpaNZ N7 N OH<————Cpz re—> > Chz HN szN
CbzN” "N” ,..OH 14) NaBH, K2003 11)TFA NBOC
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(o]

L
(o} (o)

(o}
Tces = ,;:"\g,o\/CCh

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

Prof. Toshio Nishikawa
(1963 -)
www.agr.nagoya-



https://www.agr.nagoya-u.ac.jp/~organic/index.html
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(+)-Saxitoxin (Nishikawa 2011) CbzN. NHCbz HN- NH
CbzN_NHCbz 2
NH
ANKooh o o T A o mocoony
CbzN” "N”NwOH  pocy, Et,N CPZNT NT 5 HNZ N \..OH B(OCOCF,),
(continue) ACIE, 2011, 50, 7176
(+)-Saxitoxin (Looper 2011)
4)
NHB OBn
L AN
o 2) DIBAL-H O«g~3n i-PrMgCl
3) BANHOH Prof. Ryan E. Looper
(1977 -)
2 steps from serine chem.utah.edu/directory/
8) NBoc looper
MeS”~ "NHBoc |
HgO, Et;N “
NBOCO JZBBOC NBoc BnO NBoc BnO
oc
HN N—{ HN"™N 1 oBn BocHN BocHN™ 'NH >
H.N N g 11) AgOAc, AcOH HoN 10) I,, AgOAc 9) AgOAc (10 mol%)
2 (o] bBoc B S 2 NBoc - -
(7)]/ BN~ \\\ r° BN~ OYO BnN\«NBW OYO BnN\n/NHBoc
NBocOBn 0 NBoc NH NBoc NH, NBoc
12) H,, Pd(OH), 2
i-PrOH T 9) - 11) in one pot/ in sequence: 62% yield |
13) MsClI, Et;N
DMAP
" ( 1
NBoc o NBoc NH
HNJ(N—{ HN" Ny HN’I(N
: S 14) Cs,CO; : 15) DMP :
H,N //W 3 H.N / HoN LOH
(o) Ni-Boc 2 N-Boc 2 -H
o AN — e HN~("OH 16) TFA YO un_Non
o NBocOMs o NBoc o NH
JACS, 2011, 133, 20172



https://chem.utah.edu/directory/looper/
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(+)-Saxitoxin (Nishikawa 2016)
HO N3 H
HO PMBHN_
Me Me Me Me
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Y —_—
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N
MeOOC“"W 14) HCI (conc.) NC o 13) Me”“Me  HO™ 12) HglOg (2 €9.) O \)\I/Q 9) H5l0g (1eq.) @ Br
HN—on HN—( OAc N H H ‘ N, Br TMAD =
~{ OAc then HCI, MeOH \\&B TMAD, PMe; HN—("OAc HN~( NOAC 10) Ac,0, EtsN, air HN\« “Boc MeN~ NN~ NMez
NH o¢ NBoc o} 11) NaBH,, MeOH 2 \g/
15) Ac,0, Py.
16) EtOTf
tri-t-Bu-Pyrimidi
ri-t-Bu-Pyrimidine s NH
OEt HNJLN
Nﬁk . HO 7
N 17) LiBH,
MeOOC*" — HN H
AchNGAC  18) NH,0AC ~ OH
\\( NH3, heat NH
NAc | (+)-deCb-a-Saxitoxinol OL, 2016, 18, 6368

(+)-Saxitoxin (Chida 2020) NH
TBDPSO 0O~ “CCl;

TBDPSO ] ea K)\‘/ﬁ\
o
K/H/ |_|nd|ar Cat. Cl;C o

OBOM M
1) PPTS, (MeO),CMe; Ve me 7a) DBU, CC|3CN NH Cl;C” "NH OBOM
OH 2) BH;*THF TBDPSO O 4) DIBAL-H 8) Na,CO4 N
E— —_—
Hooe N o, 5) NH = ccl;
3) TBDPSCI, Py. /—=—MgCI t-BuPh, 200 °C OTBDPS \ﬂ/
o] TBDPSO O~ ~CCl; OBOM
PHAF sowd’raorsg  gn (A double 0
i X Overman Rearrangement
syn: anti = 1.9:1 6b) Red-Al, Py. 0. _CcCl;

7b) DBU, CCI3CN

Prof. Noritaka Chida
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https://www.applc.keio.ac.jp/~takaakis/
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(+)-Saxitoxin (Chida 2020)
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OTBOPS \ﬂ/ oTBDPS [ oTBDPS I bz
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- NH2 5 <~ ~oBOM ~
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15) TBAF
then EtOH

OL, 2020, 22, 8697






