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Tetrodotoxin (TTX), one of the best-known marine toxins, was originally isolated from puffer fish. It
is known that TTX selectively combines with elements of the sodium channel, thus inhibiting its
function in the cell membrane. Therefore, TTX is utilized as a tool for the analysis of various vital
phenomena, which occur via the sodium channel. Therefore, it is considered very important to
synthesize larger amounts of TTX and its analogues than those available now. In this work, syntheses of
optically active- and partially deoxygenated-TTX from D-glucose and myo-inositol in practical amounts,
and its stable isotopic labeling are studied. As a result, a crucial key compound for synthesizing the
above target compounds is prepared from D-glucose in 24-28 steps. Total synthesis of 8- and
9-deoxyTTX from the key compounds and its stable isotope labeling are now in progress.

AR E R
(BAEHAT - 1)
EL R [ B 2 =
2007 B 1, 600, 000 0 1, 600, 000
2008 FHE 900, 000 270, 000 1,170, 000
2009 & 700, 000 210, 000 910, 000
I
FHE
ik 3, 200, 000 480, 000 3, 680, 000

W ET - A

Pt o3 FE - fHE - ALY - ERBE L

F—U— AR ABEME Y. T he FhERvr

1. WHEBMEE IO =
T ha R R ITX) 0aekiE, 2 —

WL FE =B OWoodward b & X & 8 7= )
Th b, BTN bEEICERE S,




MO DARFIRFEAT D, ETTTXNEFD
KR AL EE D7D . B b, S RDME
W E B RS Tlde oz, 20X H 7%
BENG, RANOHFEONDATIXED S D EE
fiiL, MFEEE L 25 EREERT D&
IENEET, k- LTHBBRONT- b DL
o TWe, REFOFTET 2 YME=RICEK
W, ZOTTIXDO G REDiENL & B 7 LIFSE
D, FOFRER, 20 1 >TI-KToes
RIZRE L, EB2oD N — N THLEFNFNLE
ABRICHBLEN. T, Wb ATEifse=
THIRNCHENT U T2 i A AR LA 2 S D 1
DL LT, YU AT R TOEKELT
> TW A,

Tetrodotoxin (TTX)

Figure 1

BEETCICHRPTTHAZED4O>D TV
— 7 LI EEKICEHI L TE LT, Z2OHFT
BxlL32OF/MN— FNEBMETHZ LIT X
D gk 2 IR TTXFE SRS AT X155 G F 720k
DI D, RIREL 0 HEEL 72 TTXGEREAR & 2
FCICARENTZE 11—BXU8, 11— 54
X TTX, 11—F A FTTX, 5,8, 11— hUF
T VITXFHE R (R THL H D 2 &l
BHOMNERo>TWD)IT L VS — &M
DWFFER T2 STV D,

Phs NO, Nitrot_aldol oH

Phs>-%°i"(°“° P Bno/\pa;ggﬁ

Bno” OH Method B BnO SPh

(32 steps)
12 steps/

OH
HO O,
Ho

8 steps
(31 steps) :

'

HO o>(
OH oH 20 steps ORO__O
HO OH| —»

OH o oTPS
%

HO gy

D-Glucose myo-Inositol
A
13 steps\ i 8 steps
Ferrier i
OAc reaction Q
MoMO O _— Ro@om
XoAB"6me  [Method C Ko B0 bu
(33 steps)
&
O)( OH
ORO__0O 11 steps oS on b
o > NF
o OTPS HO NH
_\( -« HO  HO
Tetrodotoxin
Figure 2

TIXOIFEMERBAICIT., F T = &
4,6,9,10, 1 I OKERFENEE /T LITHE I
TWBD, FEZ2NaA T F Yo RV EDFEETE
PEIE6, LIAZIZ DWW TIEHOEN LI o TWVA N, £
NI O W TIERIEBHAL N TIE AW, £,
WA BIREESN TOWATTXA Y EEIZ L -
TEfEShAZ LIRS NTBEH T, To4E
AR B B S L7225 TR, 3EDZ KR
MThdH, ZNHDORERFEEMRIL AT &L, &
(b, B SE B R AT RRZET, 2hdx
LEEREE O HEROERITERLD
Do Fx DA LA RIEX, TTXORRHT
BT BAA AR AA(PC MO, PN EL D TH
B ATHEC L 2P I E A W EF 2 D,
BERO—WAE M EOTBEICENOFEE S
BRI IR AR Y T L DA AT DOV TRV
BOERHY . PRI TREE A
DERPEENTWD, £ZTA A, #7124,8
BILONAKEEFEDTEMER B A~D R 5250
25720, FONETOT AT FHERDOE
L. KPCN, NH,"®CS"NH, % IV *C, "N D %2
TE RN AR TTX DA B TV O — s MEAR S
OfigiRE B LT,

OH oH
H_ NH; H_NH;
N N
NH NH
HO HO ud

HO HO

4-deoxyTTX 8-deoxyTTX

+
SoHl  H NH, H H 2NH,
N% N
HO NH HO 5NH

HO HO HO HO
9-deoxy TTX 13C,15N-labeled TTX

Figure 3

2. WHEOBHM

AL, AR ITIC B W CEHEE R
BHD1STHLT ha Rhdv o (77
77, TTX) OAFEE AR 2 3 IR 325 2
EEHERE L, REMNBIZRVVHE STV
W7 b REF U UfFERkeE LT 4-,8—8
LT 9—FAFFv T har R B0z
OBET HFHEARE . RS & A A R
DOBRERR (b L —H —FE5R) (2 e iR
RO, "N) DA AEITZ A AR L=, AF%E
M O FRMEFEITIT—EOFEREZ VAR
EMEZPAN 7 b e B Ry ofsE—E
MBEEH LT D E &b, EilkikE A
T ML —H—=3RE1TV TTX ORWESH DR
FEEEME L, F70. ERRAIE. Bk NVR
AW LR —EIEMATIC B AL TE b
Na A A2 F ¥ RV OEERNT &£ OER
FERE DRI CRSL O B DT, iR B
NiXeEL e x2EET H8ERAIBIEICOR
FTonsbDEEZT-,
LU0, TTX D3R8 B2 RS



D=8 | FHEFHERE G DI 225 ks
DA THD, AR OEY 2 R CHAE RSB K
WKL TWADITAT V—TF 11T ThD, D
T, Fex I TN B RIEEHENILTE
0. T DN MEETEE I < B B IR A R
ARETHY , A — IEMEAR B ORI ZE D 725
SR AR A V2L — Y — 3B Rk NMR 12k
DISHE — SIS ARAT . A R O R B 72 L g
IRIRAII 22 9e % BB TE Db DB X T2,

3. ek

(1)9—FTAF> TTX OERL: D—7a—=
RIS L= e g o=ra T LR — L
FOGZEROG T DL T O — M IV & iz
HisL7=,

OH °
e}
....... OH OBn
HON—t\ o > o > o
p-Glucose HO 0‘1 — BnO O’/\

PhS Ng; OH
Phs OHOH
_______ - 0B —— NO,
o BnO SPh
8O o’f\ OBn  SPh
o)(
OR O ORO
....... > NO, -3 NO,
BnO SPh BnO OTPS
BnO SPh B
O—< OH
ORO _O ORO
......... - . CHCl,
BnO OTPS 0,
BnO )<o OTPS
0-XcHo o FA :

7<<? OTPS

o
><° o >< o7<9 OTPS
....... o) CHO ... o] COOR
> RO > RO
N, OTHP n, OTHP

R =H, or Me
(o] (o]
o>k OH °>L 0SO,R
oo - o O
AAAAAAA > N, Ny
o o
(o] OTPS )(0 OTPS
>L0 [
o [o] +
AAAAAAA 0’0 e JOH H _NH,
= /\'bg\\ Ns N;ﬁ
HO
0)(0 OTPS HO HO

(-)-9-deoxy-TTX

(2)8—TAXY TIXDER: D/ r=—
2% 3B L Ferrier (1T) IS 28R it &
H—NZEVERE LT,

OH

Hoﬂ Zstepsph/%o o] Ph/%o o]
HO TR HOTR T >~  HO
HO OH HO BnO
OMe OMe
D-Glucose
TR
rrrrrrrrrr > L HO: B
BnO
HC B0 e HO " OMe
OH OPiv OPiv
10?3\ ------- » MomO~ Qe > MoMog =2
O Bno O TBno BnO
AcO~ " OMe AcO OMe Xo "® ome
OPiv OAc
g
.......... >~ MOMOg Q e ROG Qi
% B0 dme ><o BnO dpe
BnO OTHP
R :
OH ~
o) 7o
0
MOMO OAc .. —~
BnOOH
Xo o
MOMO OAc >
>( BnO
o

BnO Ac
BHOOR OAc - OR
OH
[} Q
)(O )(0 o]
BnO o OH
OR o (o] H _NH,
----------- - NT
Q HO NH
)(o OTPS HO HO

(-)-8—deoxy-TTX

4. WFFERRE
(1) Fak 19, 20 4 FE O 78 ik R

8T AXUIERDE RICE N EE W THR
AEED T, HBIEELD D-7ra—zhs
13 TRZ2BR T /) —ATEFr—MEEET-
BB IS L7025 Ferrier K ICLVE R &7
LY IVN—IViE B R ES T2, D% DBk
(R ANR= V) BEANTHEH R
M= )R~ S, A 2 ik
FE IR ITIZE ST, 8- T A F M & 24
HLT-, Z0% . I T2 DHEAEERD
IR 3%y B8 DA St & Peterson AL 74V
B EVIT 2o Teid, iR E R 3 %< B
MW TR I R L7e o7, 2= /- 1k IZ
kb EEZ EBIALRIY AE WD K G
NEEHEL N R E 82%FTH LxghHzL
WP LT, 0% eNuRv FE A -1k
FGIZE Ve R a3 o AF L4585 ~ L 25 #a |
SUNAREDH P raaAF L) F L TH
R,EFRBERELZEANTDHED, TULT
MU AZRAWLEHL #BMETRT AT
ERIE DG Iz B LT,



OH [0}
H%gﬂ 13 steps MOMOO OAc MsCL Py.
HO ~OH ><o BnO “OH
D-Glucose
H,,
5% Pd-C
Q /EtO. Q 3 steps
MOMOg OAc —> MOMO OAc —>
>< BnO >( BnO
TPSO o MBOnOO OH
MOMOg - s
CHCI,
BnO o
[0}
)TO OTPS
0_
MOMO N
/\% Ng T 4
OTPS HO

(—) 8-deoxy-TTX

R ELT.8MICT A &L
SHEBE T AN T = AL
LR DIRF-RBDHEBEOMEIZ, 256
AW KSR EITE T L — FOE
NLBETCHsTEN . BV ZHWD Z &
TR L7z, L2rL., 2 bEEITTH
WK LAZETHY & EDH 8D K
MREITEELRERETCHIZENHS
MWElodo, BREEDOERIT, 2T Lz
EmbElEHRE8 —TAXFVERDOE
FAZ T B O K &G K A 1T 7R W R ET
LW, Z0ORFOEETT I F—
XTI FOBFENAEKIEEZHRFT L TXK
K (B A b7 % FEE) A~FHL
R A RT S LIRS L,
(2)21¢r“@b3$ DES

BT, 8 — T A X TTX DA HIT
BILEMDOBFEEIT/ROEELIZO-T A XY
TTX OERICEVR AT,

o 7~
Q
HO. ] 26 steps >< OTPS
HO OH E— CN

HO Ro
p-Glucose N3 omom
0S0,CF
4steps 0 %) 22T
N3
° oTPS oTPS
AR §
o %0 . . JoH| H _nH,
N, ; ’f
°)<o OTPS HO HO

(-)-9-deoxy-TTX

I ECBL D D-7 b a— 2 26 TR AR 2

BRLTeS T PRV FHERD YT ) F oy a8

TEIZXOT T ER LA, ) VAR LA BR
EITHEAIT XY —LERY, ZNEER(EL TS
TR~ CET B D ATF LT
T A — LR CRRALER 45 8T 9 (KR HE Al
HESE | IRWTRY Z /LA a2 A Ly BREE K
W CROGSE R 7 UL 3 (BB L) o0 ARk
iz, TAXAEE LR T 5720, ERURIC
LM DR T T AR AL BB LT208,
1%%/:f;tk‘UF‘%ﬁt%@%Hﬂu\f%‘%i'rwt%%fﬁ
DTN, ETETICALRS B AT LD
7K 43 ﬁmﬁf‘m‘é ERBH BN TE,
COFHBICOWTIX, KBEEORBMEEHS
WIS K EDTZDLEE 2 655
D HEELIC, BELEZREZH VWL E
RN AR AL ZRFT L TWd, BIfED LD
AR FE DR ERNAR PC OB AT,
EHFRK NOEAERTFFTHD,

o OTPS
26 steps
& X W
N, OMOM

D- Glucose

S\ OMOM +
Asteps °/ ,,,,,,,,, °o o H s
’f
0

130 and "5N stable
isotope labeling-TTX

£ HARRL E R ALK IEBAL & W
B R E<AGD B TE AR AR E - ik

AT RE R R FE L ICB T A RIS B VT
IR0 20 Bl R 22 AL U7z (i 3C 3¢ A Y& fi
o

Boc,0, BuyNNO,
/ pyridine, rt

R-N-C- V\N —> HO’V\N
4 CH) good yield and
N-phenylcarbamate

simple handring
R =Ph (Car)

R = Ph-(CH,)3-CgF 47 (FCar)

FOEENSTRVMATEILEY D
BB - R WEME A I T D27 VAT AT
AN —ZFIH LTz, RF T AL i oA
RICEVME A, o EEER B L, BAE
HRbmEmERELICEDE A TNS,

OMs

O

Catalyst (0.05 eq)

(EtCO),0 (0.75 eq),

OH i-ProNEt (0.75 eq) OCOEt OH
PR O Et CHCl Ph“"kEt + Ph/k Et
ester alcohol

IHBIE, TTX Bl ek AR A R Z myo-
A= VEREET ORI RN EL
THIOHMEA T, 260 LEKEELLVE
KT DHIEMARELERDLDEE 2 HND,



(3) E WA 21T DB 78 Bl 2R DAL B S
LS BRORYE
ABTTE I ISR & B B Th o 7ot

=G PEAR B OB ICIZE SR o T M,
%@y%we&é%ﬁﬁﬁwwéﬁm
WAEN TTCREY, BRI ENELN
7D W TE B,

LA S R 35 8K S22 TE R IR AR 5 IR
DEREED TR, 5% HERIZELND
LOEEZTWD, :6%%)?%%%@%121& .7
N R R > O E — 15 M FH B 0 4B Rkt
OB E | g A IRAIN 7 st 2 57
DD+ FE RO LHFETE, H
WD ISP EIMCB O TH I T DR &
EZ 255,

5. TR

CdERERm 30 (R4 1)

(DS. Akai, H. Seki, N. Sugita, T. Kogure, N.
Nishizawa, K. Suzuki, Y. Nakamura, Y.
Kajihara, J. Yoshimura, K. Sato, “Total
Synthesis of (—)-Tetrodotoxin from D-Glucose:
A New Route to Multi-Functionalized Cyclitol
Employing the Ferrier(Il) Reaction toward

(—)-Tetrodotoxin.”, Bull. Chem Soc. Jpn., 2010,

83(3), 279-287 [ HiA].

@H. Suzuki, M. Andoh, Y. Yonezawa, S. Akai,
C. Shin, K. Sato, “Total Syntheses of
Bistratamides J, E, and H from Two Types of
AAla-Containing Oligopeptides”, Bull. Chem.
Soc. Jpn., 2008, 81(4), 495-501. [E JiA ]

(@K. Sato, S. Akai, H. Shoji, N. Sugita, S.
Yoshida, Y. Nagai, K. Suzuki, Y. Nakamura,
Y. Kajihara, M. Funabashi, J. Yoshimura,
“Stereoselective and Efficient Total Synthesis
of Optically Active Tetrodotoxin from
D-Glucose”, J. Org. Chem., 2008, 73(4),
1234-1242 [E A1

@K. Sato, S. Akai, H. Shoji, N. Sugita, S.
Yoshida, Y. Nagai, K. Suzuki, Y. Nakamura,
Y. Kajihara, M. Funabashi, J. Yoshimura,
“Synthesis of (—)-Tetrodotoxin”, Synfacts,
2008, 8, 749[# i A].

(FyE] G
O RHFMHEZ, BHP FE, EEE—,
“BusNNO,-Boc,O/pyridine %= A \ 2%
N-Phenylcarbamoyl FD ik B i fRE1E”, 5
58 E?ﬁf&/\ﬁﬂlﬁ%%/\%ﬁipﬁ//f/
A —HBEM) RS T A~ (2009 4
12 H).

() Gt 1)
@ Ken-ichi Sato; Shoji Akai, “Stereoselective

synthesis of tetrodotoxin from carbohydtates.”

Fukugo Toshistsu no Kagaku to Saishin Oyo
Gijutsu, 2009, 113-128.

6. AT

(1) wFge s

IRFIE BE . (AKAT SHOJI)
PR - T2ES - Bh#
WroeE &5 - 00322537

(2) W 5etin J13

g F— (SATO KEN-ICHI)
FZEREE « L5250 - %
WroeE %5« 40114871



