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(-­‐)-­‐Lepenine�
•  First	
  isolated	
  from	
  aconitum	
  kusnezoffii	
  	
  
•  Belongs	
  to	
  the	
  denudaEne	
  family	
  of	
  diterpenoid	
  alkaloids	
  

•  Chemical	
  and	
  biosyntheEc	
  precursors	
  of	
  aconiEne-­‐type	
  
alkaloids,	
  which	
  has	
  potenEal	
  bioacEvity	
  such	
  as	
  inhibiEon	
  
of	
  the	
  voltage-­‐dependent	
  sodium	
  ion	
  channel.	
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DenudaEne	
  type	
  alkaloids �
•  Framework	
  of	
  denudaEne	
  type	
  alkaloids	
  contains	
  an	
  
hexacyclic	
  system	
  that	
  comprises	
  
tetradecahydrophenanthrene,	
  a	
  polycyclic	
  system	
  
containing	
  a	
  nitrogen	
  atom,	
  a	
  bicyclo	
  [2.2.2]	
  skeleton.	
  	
  

•  No	
  formal	
  total	
  synthesis	
  of	
  denudaEne-­‐type	
  alkaloids	
  
has	
  been	
  accomplished	
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Wiesner’s	
  synthesis	
  of	
  denudaEne	
  skeleton �
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Phenanthrene	
  Skeleton �
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guaiacol, Ph3P, DEAD
toluene, 0 °C

87%, >99% ee

i-Bu2AlH, Et2O, hexane, -78 to -40 °C;

MgCl, THF, -40 to 0 °C
94%, 1:1.6 mixture

4-O2NC6H4OH (5 mol %), (EtO)3CMe

reflux, 9 d

     85%

MsCl, Et3N, CH2Cl2, 0 °C
then O3, CH2Cl2, MeOH, -78 °C; 
NaBH4, -78 to 0 °C

then PivCl, pyridine, DMAP, CH2Cl2, rt 

58% over 3 steps, 91% ee

aq LiOH, THF, MeOH, 0 °C;  
then TFAA, TFA, CH2Cl2, rt

80%

then



Phenanthrene	
  Skeleton �
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i-Bu2AlH, hexane, CH2Cl2, 0 °C
then methacrylic acid, DCC, DMAP, 

CH2Cl2, rt

76% over 2 steps

 BHT, PhCN (20 mM), 160 °C, 6 h; then 
crystallization from CHCl3/hexane (1:2)

76 % over 2 steps, > 99% ee

OMe

OMs

OPiv

O MgCl , THF, -40 to 0 °C

then AgOTf (5 mol %),
toluene (20 mM), reflux, 1 h

 
54% over 2 steps



Intramolecular	
  Mannich	
  ReacEon �
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BH3·THF, THF, rt; MeOH, 0 °C;
then  aq NaOH, aq H2O2

97%

i-Bu2AlH, 
hexane, CH2Cl2, -40 °C

97%

EtNH2·HCl, Et3N, AcOH, MeCN, rt; 
then NaBH(OAc)3; aq NaOH, 0 °C; 
then AllocCl

93%

DMP, CH2Cl2, rt

79%
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Pd(PPh3)4, AcOH, 
CH2Cl2, reflux

 75%
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ConstrucEon	
  of	
  the	
  Bicyclo	
  [2.2.2]	
  skeleton �
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KOH, MeOH, 60 °C, 3 h;
then NaBH4, 0 °C

 95%

methyl red, AcCl, MeOH, rt; 
then PhI(OAc)2, 0 °C

88%

ethylene (70 bar)
CH2Cl2, 70 °C, 5d

84%



Final	
  steps �
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TBSOTf, 2,6-lutidine, 
CH2Cl2, rt

 91%;
Red-Al, 

toluene, 0 °C

 88%then SmI2, MeOH, 
THF, 0 °C

96%

BH3·THF, THF, rt; H2O, 0 °C;
then NaBO3·H2O, 0 °C to rt

 54%

DMP, TFA,
CH2Cl2, rt

72%

HCO2Et, KHMDS, toluene, 70 °C;
then  aq HCHO, THF, 50 °C

70%

NaBH4, CeCl3·7H2O, 
MeOH, 0 °C

83%

TBAF, THF, 65 °C
 93%
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Conclusion �

•  First	
  total	
  synthesis	
  of	
  (-­‐)-­‐lepenine	
  
•  EffecEve	
  synthesis	
  with	
  feature	
  reacEons	
  such	
  
as	
  claisen	
  rearrangement,	
  IMDA,	
  
intramolecular	
  Mannich	
  reacEon,	
  DA	
  reacEon	
  
between	
  ortho-­‐quinone	
  monoketal	
  and	
  
ethylene	
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