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Synthesis	
  of	
  vitamin	
  K	
  analogs	
  
O

O

EtOAc, Δ

O

O

H

H

Ac2O, AcONa, AcOH, Δ

OAc

OAc

OAc

OAc

O

H

H

m-CPBA
CH2Cl2

UWEC-K1UWEC-K2

AnGcoagulaGon:	
  Studies	
  in	
  rats	
   RaGonalizaGon	
  of	
  observed	
  in	
  vivo	
  
results	
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AQempts	
  to	
  conjugate	
  UWEC-­‐K2	
  with	
  
warfarin	
  under	
  SN1	
  or	
  SN2	
  condiGons	
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Hydrolysis	
  and	
  oxidaGon	
  of	
  UWEC-­‐K1	
  

•  base	
  hydrolysis	
  
is	
  accompanied	
  
by	
  oxidaGon	
  to	
  
the	
  quinone	
  

•  Diels-­‐Alder	
  
diketone	
  is	
  also	
  
oxidized	
  to	
  the	
  
quinone	
  under	
  
these	
  condiGons	
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Hydrolysis	
  and	
  oxidaGon	
  of	
  UWEC-­‐K2	
  

•  base	
  hydrolysis	
  under	
  an	
  inert	
  atmosphere	
  gives	
  
the	
  cyclopropyl	
  carbinol	
  

•  extended	
  base	
  hydrolysis	
  under	
  air	
  gives	
  a	
  
mixture	
  that	
  includes	
  the	
  quinone	
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The	
  first	
  successful	
  SN1	
  coupling	
  of	
  a	
  
brominated	
  vitamin	
  K	
  analogue	
  

•  addiGon	
  of	
  bromine	
  to	
  the	
  diketone	
  leads	
  to	
  quinone	
  
formaGon	
  rather	
  than	
  simple	
  addiGon.	
  

•  aQempted	
  SN1	
  displacement	
  of	
  the	
  bromide	
  by	
  ammonia	
  
in	
  ethanol,	
  with	
  silver	
  ion	
  catalysis,	
  led	
  to	
  formaGon	
  of	
  the	
  
ethyl	
  ether.	
  
–  this	
  reacGon	
  is	
  sGll	
  under	
  invesGgaGon	
  to	
  opGmize	
  the	
  result	
  
–  this	
  reacGon	
  offers	
  the	
  best	
  hope	
  for	
  synthesizing	
  a	
  warfarin	
  

conjugate	
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WARFARIN INHIBITS 
THIS KEY STEP
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Vitamin K dependent γ-glutamyl carboxylase
Vitamin K epoxide reductase
Vitamin K quinone reductase
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Background	
  

•  Blood	
  Clo.ng	
  and	
  the	
  vitamin	
  K	
  Cycle	
  
– Two	
  major	
  enzymes	
  involved	
  
•  γ-­‐glutamyl	
  carboxylase	
  (GGCX)	
  
•  vitamin	
  K	
  oxide	
  reductase	
  (VKORC1)	
  

– Reduced	
  vitamin	
  K	
  essenGal	
  for	
  making	
  mature	
  
clo.ng	
  factors	
  

– vitamin	
  K	
  2,3-­‐epoxide	
  recycled	
  through	
  VKORC1	
  
– Warfarin	
  inhibits	
  VKORC1	
  


