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The Chemistry and Biology of the Marine Macrolides

Zampanolide and Dactylolide
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Bioactive Natural Products: Targets



(-)-Zampanolide

 Isolated from the sponge 

Fasciospongia rimosa

 Inhibition of human cancer cell   

growth with nM IC50 values   

(Tanaka & Higa, 1996)

 Promotion of tubulin assembly  

(Field et al., 2009)

(_)-Zampanolide: A Marine Macrolide with a Unique Structure



Microtubule Structure and Dynamic Instability
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Polymerization enhancers
- Taxol, Taxotere
- Epothilones
- Discodermolide
- Eleutherobine, Sarcodyctin

Polymerization inhibitors
- Colchicine
- Vincristine, Vinblastine
- Many others
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Tubulin Polymerization Inhibitors and MSA
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Tubulin Polymerization Inhibitors and MSA

Vinblastine: 1963 Eribulin: 2010
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Epothilones A/B 
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Non-Taxane Natural Product Microtubule Stabilizers
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(+)-Dactylolide (-)-Dactylolide

 Isolated from a sponge of   

the genus Dactylospongia

 Inhibition of human cancer cell 

growth with mM IC50 values

(Cutignano et al., 2001)

?

(_)-Zampanolide and (+)-Dactylolide: 

Stereochemical Divergence in NP Biosynthesis

(-)-Zampanolide

 Isolated from the sponge 

Fasciospongia rimosa

 Inhibition of human cancer cell   

growth with nM IC50 values   

(Tanaka & Higa, 1996)

 Promotion of tubulin assembly  

(Field et al., 2009)
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(_)-Dactylolide: Retrosynthesis



(_)-Zampanolide: Retrosynthesis

“Aza-aldol”



THP Ring Construction



Fragment Assembly and Ring Closure



Total Synthesis of (_)-Dactylolide and (_)-Zampanolide



(_)-Dactylolide and (_)-Zampanolide: Binding to Microtubules

Z F

Stabilized microtubules

Kb (37 °C) (M)

(-)-Zampanolide 25.8 x 107

(-)-Dactylolide  0.14 x 107

Taxol 1.07 x 107

J. J. Field, et al. Chem. Biol. 2012, 19, 686.
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(-)-Dactylolide/(-)-Zampanolide:

Inhibition of Cancer Cell Proliferation

Data generated by J. Gertsch, F. Diaz, I. Barasoain
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Dactylolide and Zampanolide:

Inhibition of Cancer Cell Proliferation

Data generated by J. Gertsch, F. Diaz, I. Barasoain
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(-)-Zampanolide: Irreversible Binding to Microtubules
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J. J. Field, et al. Chem. Biol. 2012, 19, 686.



Tubulin-Zampanolide Complex at 1.8 Å Resolution

A. Prota, M. Steinmetz, K.-H. Altmann, et al. Science 2013, 339, 587.



Microtubule Structure and Dynamic Instability
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M-Loop Structuring as the Trigger for Microtubule Assembly?

Straight

(Protofilament)
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A. Prota, M. Steinmetz, K.-H. Altmann, et al. Science 2013, 339, 587.



13-Desmethylene-(-)-Dactylolide/(-)-Zampanolide



Tubulin Inhibitors in Drug Discovery: The Future ? 
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