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•  Members of the family of serine 
proteases 

•  Thrombin holds central position in 
the final steps of the blood 
coagulation cascade 

•  Factor VIIa holds a major role in 
the extrinsic pathway 

•  They both regulate hemostasis 
•  Lead to the conversion of 

Fibrinogen to Fibrin 
•  Stimulate platelets aggregation 
•  Current treatments → side effects 

           
Reviews:  Clin. Appl. Thrombosis/Hemostasis 2001, 7, 195-204 
     Am. Heart J. 2001, 142, S3-8 

 Exp. Opin. Invest. Drugs 2001, 10, 845-864 
                Current Medicinal Chemistry 1998, 5, 289-304 
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Biological Results 
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N

H

O
H2N

O
NHR

N

H

O
H2N

O
NHR

S
N

H

H2N

O
NHROO

thrombin:  4.7 nM thrombin:  2 550 nMthrombin:  494 nM

Trypsin IC50 1.0 µM 
Thrombin IC50 0.5 µM 

Trypsin IC50 0.07 µM 
Thrombin IC50 0.1 µM 

Trypsin IC50 0.6 µM 
Thrombin IC50 7.0 µM 

• Isolated from the blue-green algae Microcystis aeruginosa 
• Thrombin and trypsin inhibitors 

Microcystis aeruginosa Oscillatoria agardhii Microcystis aeruginosa 
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Aeruginosin 298-A Aeruginosin 205-A Aeruginosin 98A 

Bioactive Compounds Produced by Cyanobacteria 

Reviews: H. Leusch, et al Curr. Med. Chem. 2002, 9, 179. 
               M. Murakami, et al Tetrahedron 1999, 55, 10971 
               M. Namikoshi, K. L.  Rinehart,  J. Indust. Microbiol. 1996, 17, 373. 



New Aeruginosins from Oscillatoria agardhii  
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Boehringer Mannheim  

WO 96/11941 

Presumed Oscillarin 

Boehringer Mannheim  

WO 97/21725; U.S. 2002/0026034 

Oscillarin (D-Pla-D-Phe-L-Choi-Adc) 

S. Hanessian et al, J. Am. Chem. Soc. 2004, 126, 6064. 

Oceans Apart 
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Dysinosin A �Chlorodysinosin A� 

Lizard Island, Australia Scripps Institute of Oceanography 
La Jolla, CA 

Pharmacia PCT WO03/051831. 

S. Hanessian et al, J. Am. Chem. Soc. 2002, 124, 13342; 
S. Hanessian et al., J. Am. Chem. Soc. 2006, 128, 10491. 
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Synthetic Challenges 
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Which isomer of β-chloroleucine? 
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3-Chloroleucine and 3-Hydroxyleucine 
One known synthesis of racemic amino acid (Shive et al.):
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Shive, W. et al. J. Org. Chem. 1961, 26, 1167 

Caldwell, C. G. and Bondy, S. S. Synthesis 1990, 35. 

J. Zhu, et al. J. Org. Chem. 1998, 63, 1709. 
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A Synthesis of 3-Chloroleucine 

J. Bonjoch, et al. Tetrahedron Lett. 2006, 47, 3701. 

Aziridine Opening 
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Regioselective Opening of N-Bus Aziridine 
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Reider, P. et al. Tetrahedron Lett. 1998, 39, 85323.  

S. Hanessian, M. Tremblay, J. F. W.  Petersen,  J. Am. Chem. Soc. 2004, 6064.  
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Octahydroindole Synthesis (Azonia-Prins) 



Octahydroindole Synthesis 
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S. Hanessian, R.  Margarita, A. Hall, S. Johnstone, M.  Trembaly, L.  Parlanti, J. Am. Chem. Soc. 2002, 13342.  
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1) Bu2SnO, SO3
.pyr, 

    DCM, then repeat
2) 10% TFA/DCM, 6h
3) RP-HPLC
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Completion of the Synthesis 

S. Hanessian, J. R. Del Valle, Y. Xue, N. Blomberg, J. Am. Chem. Soc. 2006, 128, 10491 

The �Magic� Chlorine Atom?  
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Space-filling structural comparison of 
the dysinosins bound to thrombin 

better fit 
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Conformational Effects 

χ1 

χ1 

!  3-Cl substituent restricts the χ1 angle. 
  
!  3-Cl increases lipophilicity and 
   hydrophobic interaction with the  
   enzyme pocket. 
 
!  3-Cl fills the S3 site with release of  
   water from the enzyme pocket (an  
   entropic gain).

Distribution of χ1 angles 
1 ns molecular dynamics,  

(Macromodel, GBSA, MMFF94) 

Chlorodysinosin A 

Dysinosin A 


