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Introduction (1) — Saxitoxin and Its Analogues

NH,

H,N* /J§>
yk‘NH o~ Yo

HO_ HN |
HO: w

0350 )] N\n/NH

*NH,

(+)-saxitoxin (STX) (+)-gonyautoxin 3 (GTX 3)
GTX 2: epimer at C11

Isolation
- by Schantz, in 1957 from Alaskan butter clams Saxidomus giganteus
-> belonging to paralytic shelfish poisons (PSPs)
- >50 related analogues have been isolated.
Structual Determination
- X-ray cristal structures were published in 1975, by Shantz/Clardy and Rapoport
- finally confirmed by Kishi's first total synthesis in 1977
Biological activity
- Na, (the voltage gated Na* ion channel)-selective blocker
-> reversibly binding with the outer pore of Na, and inhibiting Na* ion flux



Introduction (2) - Problems in synthesis of STX

* NH, HoN+

H,N /g
%NH o~ o

Structual features
- high polarity due to bis-guanidinium functional groups
-> bad solubility and great difficulty of isolation and purification
- the number of heteroatoms > that of carbon (molecular formula: C4oH19N;O,)
-> Side reactions would occur without proper control of functional groups.
- tricyclic skeleton, including three contiguous asymmetric carbon centers (C4, C5, C6)
- unusual hemiaminal moiety at C4
Total syntheses

- saxitoxin * Please refer to LS
(a) Kishi, Y. et al. J. Am. Chem. Soc. 1977, 99, 2818-2819. by Amaoka-san in 2008.
(b) Jacobi, P. A. et al. J. Am. Chem. Soc. 1984, 106, 5594-5598.
(c) Fleming, J. J.; Du Bois, J. J. Am. Chem. Soc. 2006, 128, 3926-3927.; |** Please refer to LS

Du Bois, J. et al. J. Am. Chem. Soc. 2007, 129, 9964-9975.* by Sakata-san in 2012.

(d) Nagasawa, K. et al. Chem. - Asian J. 2009, 4, 277-285.
(e) Sawayama, Y.; Nishikawa, T. Angew. Chem., Int. Ed. 2011, 50, 7176-7178.
(f) Bhonde, V. R.; Looper, R. E. J. Am. Chem. Soc. 2011, 133, 20172-20174.**
- gonyautoxin

(a) Mulcahy, J. V.; Du Bois, J. J. Am. Chem. Soc. 2008, 130, 12630-12631.*
(b) Iwammoto, O.; Nagasawa, K. Org. Lett. 2010, 72, 2150-2153.
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Retrosynthetic Analysis by Kishi

HN NH2 X
% carbamoylation %
NH NH OH
“ 13 O “\ O
HO- : — R —
N NH introduction of N NH the second
\n/ guanidinum groups \n/ urea (or thiourea)
NH in the late stage X cyclization
saxitoxin X=0orS

three components
urea (or thiourea)
construction

NH Eschenmoser s1)

procedure




Model Experiment - Synthesis of C12 Deoxo Series’)

HN /"Qz
carbamoylation
HN tH CI) o of 13-OH
‘\“ 13 4 _______
N NH introduction of

\"/ guanidinum groups
NH in the late stage

12-deoxosaxitoxin

(o)
(o)
SR —
NH
NH,
2-pyrrolodonone
commercially available

X
%NH OH
HN |
\“‘ 4 -------
N NH the second
\n/ urea (or thiourea)
X cyclization
X=0orsS
three component
urea (or thiourea)
construction
....... >
Eschenmoser's"
procedure

1. Taguchi, H.; Yazawa, H.; Arnett, J. F.; Kishi, Y. Tetrahedoron Lett. 1977, 7, 627.




Model Experiment (1) - the First Urea Construction -

1. Et;0"-BF
o0 o CO,Me CO,Me
0 )j\/U\OMe /" COaMe (K;e%i'l"c';' /% /\%YO
NH 3, cormeon LN . \/N\[ rNH > \/N\rNH
Eschenmoser's" o)
2-pyrrolodonone procedure A (desired) B
Two experiments to determin structure (AorB2)
1. Ecshenmoser, A. Quart. Rev. 1970, 24, 366. 9

2. Schuett, W.; Rapoport. J. Am. Chem. Soc. 1962, 84, 2266.



Model Experiment (1) - the First Urea Construction -

1. Et30+'BF4-
2.
o O CO,Me CO,Me
o ML 0=CNH ’
OMe yOMe  MechHo N A
y y or
NH 3. KOH/MeOH NH re% \/N\H/NH \/NTNH
Eschenmoser's" fo)
rocedure
2-pyrrolodonone P A (desired) B
Two experiments to determin structure (A or B?) H H
1. NaOH/MeOH R
88% ’ KMnO, 7
AorB > \ \ - \ IN
2.A \n/ \n/

R'=CH;, H/R?=0,0
orR'=0,0/R?=CH;, H

1. Ecshenmoser, A. Quart. Rev. 1970, 24, 366.
2. Schuett, W.; Rapoport. J. Am. Chem. Soc. 1962, 84, 2266.

o

consistent with known product2
(semisynthesized from STX)

)
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Model Experiment (1) - the First Urea Construction -

1. Et30+'BF4-
2.
o o CO,Me CO,Me
OMe g0 Me  yecHo A A
y y or
_NH 3 KOH/MeOH NH 72% \/N\n/""" NN NH
Eschenmoser's" fo) \r
procedure .
2-pyrrolodonone A (desired) B
Two experiments to determin structure (A or B?) H H
1. NaOH/MeOH R’
88% 7 KMnO, 7
AorB - N NH - N IN
2. A \n/ \n/
R? (o]
R'=CH;, H/R?=0,0 consistent with known productz)
orR'=0,0/R?=CHj,H (semisynthesized from STX)
CO.Me 1. COCI COZMe C02M9
/4 2 2. NH, — AcOH
y y
NH N N_ _NH

\n/NHZ

7
o) o
1. Ecshenmoser, A. Quart. Rev. 1970, 24, 366. . ]
2. Schuett, W.; Rapoport. J. Am. Chem. Soc. 1962, 84, 2266. consistent with A



Model Experiment (1) - the First Urea Construction -

1. Et30+'BF4-
2.
o 0 CO,Me CO,Me
o M 0=c=NH °
OMe g0 Me  yecHo A A
y y or
_NH 3. KOH/MeOH NH 72% \/N\n/""" NN NH
Eschenmoser's" fo) \r
procedure .
2-pyrrolodonone A (desired) B
Two experiments to determin structure (A or B?) H H
1. NaOH/MeOH R’
88% 7 KMnO, 7
AorB . \ \h - ' IN
2. A \n/ \n/
R? (o]
R'=CH;3;, H/R?=0,0 consistent with known productz)
orR'=0,0/R2=CHj, H (semisynthesized from STX)
CO.Me 1. COCI COZMe C02M9
/4 2 2. NH, — AcOH
y y
NH N N NH

7
\n/NHZ \n/
o o
1. Ecshenmoser, A. Quart. Rev. 1970, 24, 366. . ] 12
2. Schuett, W.; Rapoport. J. Am. Chem. Soc. 1962, 84, 2266. consistent with A



Model Experiment (2) - Two ways of Urea Cyclization

the 1st way: amination with a properly protected and functionalized urea

o

derived from A —
via decarboxylation

aE:

.---»

Decarboxylated

compound

turned out to be

unstable.

-> This route was
not feasible.

H,N” NH " HNT “NH
~ R o
N NH N NH
+

.---»

13



Model Experiment (3) — Investigation of Cyclization -

CO,Me 1. NaOH Cl°
. MeOH 1 N-=N*=N
o o o .N=N"=N"
z 88% %
N\n/NH 2. (Cocl), N\n/NH
0 o)
A -
o
0\\C\ Jl\
~N
H,N NH
o NH; conditions
N\ — 4 o —>
\/N NH 65% acid catalyzed
\n/ (4 steps) N rNH cyclization
o 0
result
entry conditions
C D C/D
1 AcOH, 50 °C 93% - >>20:1
2 CF;COH, rt. 30% 45% 2:3

N ~+
\\N\
oo
2. A

H
““\13 C (desired)

Js = 1.0 Hz

D
J5-6 = 3.5 Hz



Stereoselectivity of Cyclization

AcOH
(weak acid)

HzNj\NH )//(
N

TFA
(strong acid)

OH HO
J\ >\+
HN NH ~NH
A HN |-
Z 3\ -
N rNH N
(o) (@)

Urea group approached from p-face
for steric reasons.

OH

HN NH

H

\S
A\
s

N NH
i
o

Protonation (non-selective, and rapidly reversible)

occured before cyclization.

+
—
C (desired)
+ 0
NH

HN H
q \“
N\n/NH

(0

C+D
with no selectivity



Model Experiment (4)
- Attempts to transform Urea to Guanidine -

MeO,C ?Bn MeO,C OBn
O=C=NH
. 1 .
/4 COMe BnOCHO —Z N Et30+-BF4') Z N\
—_— N
NH N NH N._~2N
% \n/ Y
(0 OEt
MeO,C OBn MeO,C OBn MeO,C

| |
2 N > D C')\
N_ _NH N_-N_ _N \ﬂ/

S SEt N

I

desired guanidine

Roth, M.: Dubs, P.; Gotschi, E.;: Ecshenmoser, A. Helv. Chim. Acta. 1970, 54, 710.



Model Experiment (4) - Construction of Bis-
Guanidines and Total Synthesis of 12-DeoxoSTX -

o)
MeO,C (l)Bn %NH o
Si(N=C=S), n
gy C0Me  “ghocHo A 1. Et,0*-BF,~ ) HN A
*
NH N NH
\n/ 2. NH,*-PhCO,
*NH,
6 steps

NH,

o) H,N H,N' /g
%NH OBn 1 %NH OBn %NH (o

)
HN 1. Et30™-BFy’ HN | 1. BCl; HN
> RS \‘
2. NH,*-PhCO,’ 2. CISO,N=C=0
N_ _NH HCO,H, 5 °C;
H,0 s

NH, NH,

-+

S

12-deoxosaxitoxin

1. Roth, M.; Dubs, P.;: Gotschi, E.; Ecshenmoser, A. Helv. Chim. Acta. 1970, 54, 710.



Total Synthesis of (=)-STX (1)

1.
Ho-—\

O
5 steps K R fc;Lse?:: reflux
H2N/\/\C02H : I N c0Me >
— _\_< 2. NH,NH,H,0
) 5 MeOH, reflux

74% (2 steps)

2
2. Et;0*BF,

SI(N=C=S)4 (o) OBn
<’\ NaHCO; BnOCHO \-\—o
O X

CH,Cl,, reflux o benzene, rt. \‘o‘
o > 0 >
NH  3- KOH/MeOH NH : 110 °C N_ _NH
s 50 °C 72%
S

50% (3 steps)
X=0 1. P4S10
X=8 :_I benzene

80 °C

=

Busby, G. W. Ph. D. Dissertation, Harnard Univercity, 1974.
2. Ecshenmoser, A. Quart. Rev. 1970, 24, 366.



Total Synthesis of ()- STX (2)

1. NH2NH2H20
MeOH, rt. O~

o)
MeO,C OBn 2. NOCI NC. J]\
(0 2 N
E'_O-' ‘l CH,CI, E.'O N (l)Bn NH; OBn

~Z -50 °C “ benzene, rt. O
—_— Z N —_— fo) ~
N NH 75%
3. benzene N NH
\n/ 90 °C \n/ (4 steps)
S \n/
S

unstable in acid

0 o)
HS OBn AcOH/TFA NH OBn
HS— —9/1 S HN |
—_— S o
BF,-Et,0 50 °C, 50%
CH,CN N\n/"""
HO
HO O

rt., 64%
stable in acid dr.5:1



Total Synthesis of (+)- STX (3)

O 1. Et;0*-BF 4
%NH OBn NaHCO3
S HN I CH2C|2, rt
+, -
N NH 2. NH,*EtCO,
\"/ 135 °C
S 33°/o
(2 steps)
H,N*
NBS, MeCN
15 °C; NH
MeOH, 100°c  HO HN ‘
——— 3 HO'
30°
o N_ _NH
*NH,

decarbamoylsaxitoxin

H,N*

%NH OBn  BCl; OAc

S HN | CH20|2, C; |
ACZO
NH pyrldlne \n/
NH,

N
N
NH,

HN* /ﬁz
CISO,N=C=0 %NH 0~ ~o
HCO,H,5°C; HO HN |
——>  How

H,0, 50%

N:n/NH

NH,

(¥)-saxitoxin
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[3+2]-Cycloaddition of Azomethine Imine?-3

azomethine imine:

1
JO T , - behaving as 1,3-dipole
N~ R - unstable
3 ”
R N " - obtained in situ

0 i o | o
HN R?CHO HN HN
s | RicHC o | =5 [ - E/S@
H - R?
+ SN p2
~NHR' N~N7 R N<n
\ \
(o) o R’ R’
1. Oppilzer, W. Tetrahedoron Lett. 1970, 2199.
2. Oppilzer, W.; Weber, H. P. Tetrahedoron Lett. 1972, 1711.
3. Oppilzer. W. Angwe. Chem, Int. Ed. 1977. 16. 10.



Synthetic Approach to STX by Jacobi

o O

O
NH OR

S HN | ) HN s ccCl,
s 6. N=s ewR’ ..
S
thlourea v )
N\"/NH construction R

S S

Kishi's intermediate deprotectlon
of amine

azomethine - 1,3-dipolar
o N<} 7" R? | cycloaddition
imine \
(o) preparation (o) R1 R!
o)
»\NH Problems to solve
HN\) - reactivity of the imidazolone moiety as a 1,3-dipolarophile
- stereocontrol at C6 23

4-imidazoline-2-one



Investigation of cycloaddition with imidazolone

preparation of azomethine imine

NO, NO
N_ —_—
N ‘MeOH 2NN
OMe -

dihydroisoquinoline azomethine imine

cycloaddition with N,N-dimethyl-4-imidazolin-2-one series

o=<] @Q S e,
Q0"

regeoselectivity
4:1

(major isomer)

-> Imidazolone moieties can function as 1,3-dipolarophiles with azomethine imine.



Synthesis of Precursor of Cycloaddition

1.

o SnCl, PRCHNHNH,
»\ MeNO,, 60 /o 0=< THF |
NH

HN\7| 2. ~5%

BF5-Et,0, 91%

4-imidazoline
-2-0ne

NS P ONH

H g S
L °

(desired)




Synthesis of Precursor of Cycloaddition

1. O

)]\/cozEt
CI H

o] SnCl, PhCH,NHNH, N H
. MeN©o2 o8 o= ]><\, el
NH ]/ /\’
HN - 7 I” h
\) % H;IS o k ) Ph
BF5-Et,0, 91%

4-imidazoline

-2-one
1. KOH, H,0, 80%
2. TFAA, benzene
92% Ph
HZN.‘NJ
p— 'H —
H H
N H \,ﬂk PRCHNHNH, /\
; =7
o= || | = o—'13><3:> THF
Y 74% ><s\ﬂ/
o S b g
o S \)
H,N
2NJ /\Ph

26
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Kinetic Controlied 1,3-Dipolar
o _
N AN )k
~ Ph NH S NH PhCH(OEt),
0=< , HN ,
y n_ =S |  TsOH,OH
e X =
K) o] ~NH
o )
Ph
o) o i
»\NH »\NH
S HN l H > Ph
o7 S —~ &J 6
d N—N> .S.Ph g N*N) H
Ph Ph

pseudequatrial at C6
but eclipse
between Bn and Ph

pseudeaxial at C6
but stable
due to no eclipse

Modifications of kinetic stereoselectivity of cycloaddition were all failed.
-> The conditions of thermodynamic equilibration were explored.

Cycloaddition
0]
o M
W HN /
- .
N< ﬁ/""tph
) Allyl cation is
stabilized
by Ph group.
T 3\
sy
\
Ph
N\N
Bn
undesired
0]
S NH
6|||Ph
N\N

Bn

(o) 27
desired: 0%




Attempts to Epimerize at C6 Stereochemistry (1)

(0)
)\ aldehydes
S NH or S
m HN / acetals W
>
H conditions
~NH
0 ) o
Ph -~

(o]
M
- /w/
N j gMe
Ph

BE:

0

HN
—>
g—COZMe
N\N

Cation of dipole was unstabilized by
-CO,Me (electron-withdrawing group)?

entry aldehydes/acetals conditions result
(o)
1 Jl\ TsOH, DMF decomposed
H CO,Me 80 °C
OMe
2 )\ TsOH, DMF no reaction
HO CO,Me 80 °C
OMe
3 )\ TsOH, DMF no reaction
MeO CO,Me 80 °C
OMe
4 )\ BF,-Et,0 67%
HO CO,Me MeCN, reflux 28




Attempts to Epimerize at C6 Stereochemistry (2)

O O

NaOMe

COzMG MeOH
: [ N——N : / N——N C02Me
side reaction:
enolization
at Cc11

o o O
>\NH NH i
us HN S\ HN air HN
6 R /i
\ \11CO,Me o \11CO,Me \11CO,Me
Bn Bn Bn
o (0 2

29



Attempts to Epimerize at C6 Stereochemistry (2)

o o
)\\NH«& NaOMe }LNH

s HN CO,Me MeOH —S HN H ; NaBH, vs HN
'ow ow —> g

D
Z
I

S S 72% N\N
Bn
Ph Ph O
(0] o o
kNH >\NH : )kNH
sy N e — [N
Y CcOo,M / CcCO,M / CcCO,M
[N e - [N e 1na e
N\ N\N 2 S N\N 2 NaBH, S N\N 2
_ Bn Bn Bn
o] o) o) 2

30



N-N bond Cleavage and Thiourea Construction (1)

o o)
BH,-DMS
NH 3
ms HN BF,-Et,0 Sy NH
OH ——— S OH
nn 980/0
N<
10 N N<
Bn 10 gn
Na, NH,
-78 °C, 43%
(o) o (o)
%NH OH
OH %é’ u OH ----- > S *



N-N bond Cleavage and Thiourea Construction (2)

(0]

o
o 1. Pd )\
BH;-DMS HCO,H s NH
" ; \ :
WS HN BF,-Et,0 s yN, NH AcOH 5PN
oH — > %5 \ 75 OH ———»
TR 98% —_ 2' CI N\
10 N\N 10 N‘N >=S N
Bn Bn PhO )QS
PhO
THF, 0 °C
80% (2 steps)
_ o _ .
Na/NH; S >\NH %NH OH
78 °C: NsA\MN oH vs HN |
% lIlI/ ﬁ S -
-30 °C ~'NH N_ _NH
N PhO |




Completion of Formal Synthesis of (+)-STX

NH Cl)H Ac,0 %NH (I)Ac 1. Et;0"-BF;
S, HN pyridine S, HN NaHCO,
730 2. NH,*-EtCO;
N._ _NH 3 N._ _NH 135 °C -
\ﬂ/ 48% (2 steps)
S S
H2N+ "\ /ﬁz
%NH 1) %NH 0~ Yo
Aol LY
3»  HOw:
N_ _NH
+NH, *NH,
Kishi's intermediate (¥)-saxitoxin

1. Tanino, H.; Nakata,T.; Kaneko, T.; Kishi, Y. J. Am. Chem. Soc. 1977, 99, 2818.
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- + NH2
Brief Summary HN A
%NH o~ o
HO HN ‘|
Kishi's route (17 steps, total 0.35%)* HO: s+ W
N NH
. f
CO,Me OMGOzC Cl) n *NH,
OBn 5 Al (*)-saxitoxin
guanidinum
three N \n/ NH H,NNH, T groups
S

components NOCI introduction
urea
Sl(N=C=S)4 construction UN Q
cyclization %
NH

........................................................... HN
Jacobi's route (16 steps, total 0.44%) PhO @)\“
o OH 0 \[s!/
)\ )\ )\ N-N cleavage

NH NH and

CO,Me
V/S N — __; WS HN cyclization
N 2+3] 1 |c02Me
~NHBn 1,3-dipolar N‘N
Bn

cycloaddition

* Kishi achieved synthesis of (-)-STX, unnatural form, adding more 5 steps to previous route.; 35
Hong, C. Y,; Kishi, Y. J. Am. Chem. Soc. 1992, 114, 7001.



Synthetic Approach to (+)-STX by Du Bois

NH,

HN /g
%NH 0~ Yo
HO_ HN |

HO: /1 o

N\n/NH
NH

(+)-saxitoxin

Ring Closing
Metathesis

—

or
isothiourea
condensation

NR NR
. Hz'\i J]\
deprotection NH H-oN NH
of guanidine & OR & OR
:; HO NH :; / NH
transformation /& ketohydroxylation
of nine-membered NR NR

ring to STX skeleton

or

Ring Closing
Metathesis
precursor

NR

HZNJ\NH

isothiourea
condensation
precursor



Total Synthesis of (+)-STX

NV
H2N/ ~o 14 steps
/ﬁ) 1st generation NMbs _
o) Jl\
0 H2N NH OSC|3
%’ +—OR NaHCO;
N Oxone
/4 — >
NH
NANMbs
H
MeOJH““ 10 steps :E = (I-:|0NH
NHBoc 2nd generation = 2
+
Mbs)NL H,N /ﬁz
HN” NH; 2 steps %NH o~ o
57% HO, HO o~ 5  HOMHN “l
*NOR — 3 HO—Y O\
\n/NH N\[ rNH
*NH, *NH,

(+)-saxitoxin

-> GTX Id not b thesized with thi te.
could not be synthesized wi is route 14 steps, total 1.73%

New route suited for functionalized analogues is needed.




Synthetic Approach to (+)-GTX by Du Bois (1)

HN NH TcesN

/g deprotection %
%NH 0~ o C NH OR
HO HN | of guanidine HN ‘I
HOw ——> Y
"0,S0* N NH olefin-bas_ed N NH
\n/ oxygenation \"/
NH NR
(+)-gonyautoxin 3
Rh-catalized C-H amination reaction
1
O\\S//0 cat. Rh(esp), ) O\\/,O
P Ph|(OAC)2 P AL

—_—
(o) CH,CI, (o)
%_0 76% %_0

2
cat. Rh(esp), )
PhI(OAc), NTces

HoN NTces
H Y MgO
—_—

HN’«
NH
R/i\/NH toluene, 40 °C RJ\/
R

R 74%

1. Fleming, J. J.; Du Bois, J. J. Am. Chem. Soc. 2006, 128, 3926.

2. Du Bais, J. et al. Org. Lett. 2006, 8, 1073.

NTces

HZNJ\NH
—> .
— 4 ©

Rh-catalyzed \ N NH
amination

CHj

Rh(esp)

-Tces = -SO3C H2CC|3

38



Synthetic Approach to (+)-GTX by Du Bois (2)

HN IZ TcesN NTces
deprotection % JL
5L‘NH 0~ o i NH OR H,N” “NH OR
of guanidine 2
HO HN | g HN “l |
HO —> Y D =
“0;S0! olefin-based Rh-catalyzed N

N NH _ N NH ara’y NH
\n/ oxygenation \n/ amination \n/
NH NR NR

(+)-gonyautoxin 3

NHR OR f‘iR (l)R
N\_N_ _NH _ N\__N_ _NH MeO

\n/ Pictet-Spengler \n/ NH,
reaction o

L-serine methyl ester



Total Synthesis of (+)-GTX (1)
- Stereocontrolied Pictet-Spengler Reaction -

1. TBDPSCI QTBDPS
| ~ N ) imidazole
MeO OH  Meo DMF, 93%
NH, (C0C|)2 2. l-Bu2AIH
cat. DMF CH2C|2
L-serine NaHCO; aq o -90 °C 0
methyl ester THF, 90%
~~
_ ] _ -
NH H—/J':l BF; =\,.: 4 OR g L c|)TBD|=s
N\ 7, N stY

A3
A\
+

2 RO
. BF;Et,0 | \—N.__NH
CH,Cl, b

56% (2 steps) O

TS of Pictet-Spengler reaction trans selectivity (>20:1)
(1,3-allylic strain is minimized)



R =TBDPS

cat. Rh(exp),
Phi(OAc),
MgO

y
CH,Cl,, 40 °C
62%

Total Synthesis of (+)-GTX (2)
— Aminal Construction by Rh-catalyzed Amination -

cat. Pd(PPh,),

NTces

1,3-dimethyl- )]\
barbituric acid |eS NH OR
CH,CI, |
> ‘\“
. NaHCO; \\
NTces N ]/NH
MeSJ j\m O
96%
TcesN TcesN
NH OR
N I
N\"/NH or
NTca
AcO AcO

1. EtOTf NTces
2,4,6-tri-t- J]\
butylpyrimidine  H,N NH OR
CH,CI,, 79% |

> N \“‘

. NH;, NH,OAc

MeOH, 70 °C N\ _N_ _NH
85% \[]/

. Cl;CC(0)Cl NTca
i-Pr,NEt
CH,Cl,, 89%
TcesN
%NH OR
HN |
— 12 -
/4
N NH
10
AcO NTca




Total Synthesis of (+)-GTX (3) — Dihydroxylation -

TcesN TcesN )l\
%NH otepPs 1- BF3 EL,O %NH 0~ “NH,
HN | Et;SiH HN | cat. 0sO,
R 83% o NMO, THF
>/ y
2. TBAF, THF N NH 81%
D A
AcO NTca 0\\C J‘\ NTca
N
SN CCl;
CHzclz,
MeOH
76% (2 steps)
OsO, NTces NTces

/AN O
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Total Synthesis of (+)-GTX (4) — Protection of 11-OH -
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entry electrophile Base temperature[°C] yield
1 TcesCl NEt;, DMAP 23 -
2 TcesN-Me-imidazolium™-OTf- N-Me-imidazole 23 -
3 TESSI TESSI 23 30-50
4 Ac,0 2,6-lutidine 23 -
5 Ac,0 2,4,6-tri-t-butylpyrimidine 40 trace
6 (n-PrC0O),0 2,4,6-tri-t-butylpyrimidine 66 40
7 (PhCO),0 2,4,6-tri-t-butylpyrimidine, DMAP 0 40

8 PhC(O)CN DMAP .78 69




Total Synthesis of (¥+)-GTX (5)
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Access to (+)-11,11-Dihydroxysaxitoxin
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Summary
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N-Boc-L-serine (+)-saxitoxin
methyl ester 14 steps, total 1.73%

/ (+)-11,11-dihydroxySTX
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L-serine methyl ester olefin intermediate (+)-gonyautoxin 3
18 steps, total 2.70%



Appendix



Why Saxitoxin?

(-)-tetrodotoxin (TTX) (+)-saxitoxin (STX) (+)-gonyautoxin (GTX)
R = CH,OH

Why synthesis of (+)-STX is needed?

- STX is an important tool in ion channel research.

-> The concise and scalable synthetic route to STX is needed for biological assay.
Why not other blockers of Na* ion channels (tetrodotoxin/TTX), but STX?
- tetrodotoxin

- few carbon atoms unmodified

- Na™ channels inhibition of deoxygenated TTX analogues is lower than that of TTX.
- saxitoxin

- 7 unfunctionalized carbon/nitorogen atoms (yellow highlighted)

- comparable potency of STX analogues to STX

-> existence of various structural analogues
Final purpose of Du Bois

- new Na* channel blockers with designed function
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