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Thrombin and factor Vlla

* Members of the family of serine X

proteases ¢ { Intrinsic J Extrinsic]
* Thrombin holds central position in l Pathway Pathway
the final steps of the blood 2 Tissue Factor
a

coagulation cascade

« Factor Vlla holds a major role in
the extrinsic pathway

* They both regulate hemostasis

« Lead to the conversion of
Fibrinogen to Fibrin iVa

) i prothrombin — >
« Stimulate platelets aggregation
* Current treatments — side effects
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Bioactive Compounds Produced by Cyanobacteria

«Isolated from the blue-green algae Microcystis aeruginosa
*Thrombin and trypsin inhibitors
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Trypsin IC5; 1.0 uM
Thrombin ICg, 0.5 uM

Microcystis aeruginosa

Trypsin IC, 0.07 uM
Thrombin IC4, 0.1 uM

Oscillatoria agardhii

Trypsin IC5, 0.6 uM
Thrombin ICg, 7.0 uM

Microcystis aeruginosa
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New Aeruginosins from Oscillatoria agardhii

Presumed Oscillarin
Boehringer Mannheim
WO 96/11941
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Oscillarin (D-Pla-D-Phe-L-Choi-Adc)
Boehringer Mannheim
WO 97/21725; U.S. 2002/0026034

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

Lizard Island, Australia

/ S NH;
P A

H,
""OCH;4
0s02
“Chlorodysinosin A”
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Synthetic Challenges
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Which isomer of 3-chloroleucine? Elimination!
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3-Chloroleucine and 3-Hydroxyleucine

One known synthesis of racemic amino acid (Shive et al.):
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1) HOBr NH, 1) EtOH, HCI NH,
. )\¢\ 2) NH4OH 2)PClg )\)\
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Shive, W. et al. J. Org. Chem. 1961, 26, 1167
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3-chloroleucine

3-Hydroxyleucine synthesis:
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Caldwell, C. G. and Bondy, S. S. Synthesis 1990, 35.
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J. Zhu, et al. J. Org. Chem. 1998, 63, 1709.

Aziridine Opening
Attempted Cleavage with Magnesium Chloride:
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A Synthesis of 3-Chloroleucine
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J. Bonjoch, et al. Tetrahedron Lett. 2006, 47, 3701.

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

Assembly of the N-Terminal Fragment
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Octahydroindole Synthesis (Azonia-Prins)
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Octahydroindole Synthesis
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Coupling of the 3-Chloro Leucine Amide
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Synthesis of the Pyrroline Subunit Assembly of Chlorodysinosin A
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Completion of the Synthesis
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S. Hanessian, J. R. Del Valle, Y. Xue, N. Blomberg, J. Am. Chem. Soc. 2006, 128, 10491

Chlorodysinosin A-Thrombin Complex
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ICs, oscillarin dysinosin A “chlorodysinosin A”
Thrombin 28 nM 46 nM 5.7 nM
Factor Vlla 3.9 uM 326 nM 39 nM
Factor Xa - 5uM 1.5 uM

18 nM 4 nM

Factor Xla -

Topochemical Effect

Space-filling structural comparison of
the dysinosins bound to thrombin

Green contour = Dysinosin A
Purple contour = ChlorodysinosinA

better fit



Conformational Effects

Distribution of x! angles
1 ns molecular dynamics,
(Macromodel, GBSA, MMFF94) | o

= 3-Cl substituent restricts the ' 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).



