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Saxitoxin
• Isolated from:

– Alaska butter clams, mussels, axenic cultures of Gonyaulax
catanella and aged scallop extracts during G. tamarensis bloom

• Characterization:
– Structure elucidated by single crystal X-ray diffraction (Schantz,

JACS, 1975, 97, 1238)

• Biological Activity:
– neurotoxin
– One of most toxic non-protein poisons (LD50 5-10 μg/kg)
– Saxitoxin and ricin are only two natural toxins classified as

Schedule 1 Chemical Warfare Agents

ricin
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Biological Activity:
• Paralytic shellfish poisoning (PSP)

– All 20 compounds responsible for PSP are derivatives of STX
• Death occurs within 2-12 hours in untreated cases
• Symptoms include:

– dizziness, diarrhoea vomiting, disorientation, respiratory distress
and eye irritation

• Effects on Na Channels
– Potent and selective sodium channel blocker
– No effect on potassium or calcium channels, chloride ion flux or

acetylcholine release.
– Saxitoxin has been used for labelling, characterisation and

isolation of various sodium channel components,

University of Sussex at Brighton: http://www.chm.bris.ac.uk/motm/stx/saxi.htm
FDA:  http://www.cfsan.fda.gov/~mow/chap37.html
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Kishi (JACS, 1977, 99, 2818)
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Jacobi (JACS, 1984, 106, 5594)
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C-H Insertion
• Du Bois, JACS, 2001, 123, 6935

•  Du Bois, Angew.Chem.Int.Ed, 2001, 40, 598
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Application of CH Insertion Chemistry
• Tetradotoxin (Du Bois, J. Am. Chem. Soc., 125, 11510 -11511, 2003)

• Manzicidin A and C (Du Bois J. Am. Chem. Soc. 2002; 124; 12950-12951)
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Saxitoxin Retrosynthesis
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Saxitoxin-1
• Synthesis of Starting Material (Du Bois, J. Am. Chem. Soc. 2003, 125, 2028)
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Saxitoxin-2
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Oxidation
• Plietker, JOC, 2004, 69, 8287

Undesired ketol (57%) 
afforded 13 (<5%) 
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Saxitoxin-3
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Conclusions
• The stereoselective synthesis (+)-saxitoxin was

accomplished in 16 steps and 3% overall yield
from known starting material

• The efficient synthesis of a 9 membered
guanidine containing ring was demonstrated

• Through ketohydroxylation condition
optimization, the desired regioisomer could be
obtained
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