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Background
• Potent neurotoxin (25X lower LD50 than KCN) that blocks voltage-gated sodium channels
• Produced by Actinomyces, Aeromonas, Alteromonas, Bacillis, Pseudomonas, and Vibrio genera of bacteria
• Accumulates in many metazoan animals as a defense mechanism against predation

Synthetic Challenges
• Challenging due to high density of polar functional groups, despite relatively simple carbon framework

• Hemi-ortho-ester, hemiaminal, cyclic guanidinium, multiple alcohols, four rings, and 9 contiguous stereocenters
• First racemic total synthesis by Kishi and Fukuyama in 1972
• First asymmetric total synthesis by Isobe in 2003; multiple synthetic routes have been published since
• This synthesis is the shortest (22 steps) and most efficient (~11% overall yield) reported to date
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1) Bu2SnO (1.0 equiv.)
Dean-Stark apparatus
toluene, 160 °C, 16 hr

2) BnBr (9.5 equiv.)
neat, 90 °C, 20 hr

97%

TFAA (3.0 equiv.)
DMSO (5.0 equiv.)
NEt3 (7.0 equiv.)

CH2Cl2
—78°C to RT, 2 hr

92%

TMS MgCl
(1.1 equiv.)

1)

5:3 CH2Cl2:Et2O 
0 °C, 2 hr

2) SOCl2 (3.0 equiv.)
pyridine (6.0 equiv.)

CH2Cl2
—15°C to RT, 1 hr

quant.

3

O

O
O

R
R

OMe
Sn

Bu Bu

Bn BrO

OH
HO

R
R

OMe

Bu
Sn
O

Bu
- H2O

O

OBn
O

R
R

OMeSn
Br

Bu
Bu

workup O

OBn
HO

R
R

OMe

Regioselective Benzylation

Me S
O

Me

O

O O

F3C CF3

F3C O

O
S Me

Me
CO2CF3

R R

O
H

- TFA

CO2CF3

OSMe
- NEt3:TFA

NEt3

RR

H

O S

HR
R

Me

- SMe2 R R

O

Swern Oxidation

R R

O

R R

O MgClTMS

R R

OHTMS

TMS

MgCl workup Cl S Cl

O

R R

OTMS
S

H

Cl
O

Cl N

- TMSCl
- SO2

- pyr:HCl

R R

OTMS
S

Cl
O

Cl

H pyr

R R

Peterson Olefination



O

OBn

O
O

Ph

OMe

O

OBn

HO
BnO

OMe

O

OBn

HO
BnO

OMeHO

HO

O

OBn

I
BnO

OMe
O

O

Me
Me

DIBAL (3.0 equiv.)
toluene

—10°C to 0°C, 24 hr
96%

OsO4 (1.4 mol%)
quinuclidine (1.4 mol%)
MeSO2NH2 (1.0 equiv.)

K2CO3 (3.0 equiv.)
K3Fe(CN)6 (3.0 equiv.)

1:1 tBuOH:H2O
RT, 18 hr
98%

1) TsOH (4 mol%)
2,2-dimethoxypropane (5.0 equiv.)

0°C, 10 min
2) PPh3 (5.0 equiv.)

I2 (4.5 equiv.)
imidazole (10.0 equiv.)

CH2Cl2
0°C to RT, 16 hr

91%
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1) tBuLi (2.0 equiv.)
—78°C, 1 hr

2) MeNO2 (10.0 equiv.)
—78°C to RT, 16 hr
3) MsCl (4.0 equiv.)

NEt3 (3.0 equiv.)

Et2O
0°C, 1.5 hr
79%

1) pMBOH (2.0 equiv.)
n-BuLi (2.0 equiv.)
—78°C to 0°C, 3 hr

2) Boc2O (3.5 equiv.)
DMAP (10 mol%)

THF
0 °C to RT, 1 hr

86%

CAN (4.0 equiv.)
NaHCO3 (2.0 equiv.)

4:1 MeCN:H2O
RT, 16 hr
93%
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(4.2 equiv.)

BF3  OEt2 (1.1 equiv.)
THF, —78°C, 3 hr

2) TBAF (6.0 equiv.)
NaH2PO4 (3.2 equiv.)

4:1 THF:H2O
—78°C to RT, 75 min

70% + 26% SM

Boc2O (4.0 equiv.)
DMAP (1.0 equiv.)

CH2Cl2
RT, 16 hr

96%

DDQ (3 x 1.5 equiv.)
hv (525 nm)

99:1 CH2Cl2:H2O
RT, 24 hr

81%
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(1.5 equiv.)
imidazole 

(3.0 equiv.)
CH2Cl2

RT, 16 hr
92%
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1) CpRu(PPh3)2Cl (8 mol%)
PPh3 (16 mol%)

NBu4PF6 (13 mol%)
NHS (50 mol%)

NaHCO3 (2.5 equiv.)
DMF, 85°C, 1 hr

2) Oxone (5.0 equiv.)
6:3:1 EtOAc:MeCN:H2O

0°C, 5 min
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Cycloisomerization Ketohydroxylation
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85°C, 30 min
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(3.0 equiv.)
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RT, 30 min
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1) TMSCl (2.5 equiv.)
NEt3 (5.0 equiv.)

RT, 30 min
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CrO3
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(12.0 equiv.)

CH2Cl2
0°C, 1 hr
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