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Aconitum	
  and	
  Delphinium	
  Natural	
  Products	
  

Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
  –H.;	
  Lui,	
  X.	
  –Y.	
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  pp	
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Common	
  name:	
  “Wild	
  Monkshood”	
  

Terms	
  (used	
  interchangably):	
  
•  aconite	
  alkaloids	
  
•  Aconitum	
  or	
  Delphinium	
  

alkaloids	
  
•  C19-­‐norditerpenoid	
  alkaloids	
  
•  delphinine	
  alkaloid	
  

Aconitum	
  

by	
  	
  2008,	
  672	
  individual,	
  naturally	
  occurring	
  C19-­‐diterpenoid	
  alkaloids	
  had	
  been	
  
isolated	
  from	
  315	
  species	
  of	
  plants	
  (but	
  may	
  contain	
  repeats…)	
  
	
  
92%	
  of	
  known	
  C19-­‐diterenoid	
  alkaloids	
  were	
  isolated	
  from	
  the	
  Aconitum	
  and	
  
Delphinium	
  genera	
  

Delphinium	
  



Acono&ne	
  Classifica&ons	
  

Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
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  X.	
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  Nat.	
  Prod.	
  Rep.	
  2010,	
  27,	
  529.	
  
Wang,	
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  –P.;	
  Chen,	
  Q.	
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  Liang,	
  X.	
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  The	
  Alkaloids:	
  Chemistry	
  and	
  Biology,	
  Vol	
  67	
  (Eds.	
  Cordell,	
  G.	
  A.),	
  Elsevier,	
  New	
  York,	
  2009,	
  pp	
  1-­‐78.	
  

6	
  general	
  subclasses:	
  

oxygenated	
  at	
  C7	
  

Baeyer-­‐Villiger	
  of	
  C14	
  ketone	
   Missing	
  C17-­‐C7	
  bridge	
  



Features	
  of	
  Aconi&ne-­‐type	
  Alkaloids	
  

Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
  –H.;	
  Lui,	
  X.	
  –Y.	
  Nat.	
  Prod.	
  Rep.	
  2010,	
  27,	
  529.	
  
Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
  –H.;	
  Liang,	
  X.	
  –T.	
  in	
  The	
  Alkaloids:	
  Chemistry	
  and	
  Biology,	
  Vol	
  67	
  (Eds.	
  Cordell,	
  G.	
  A.),	
  Elsevier,	
  New	
  York,	
  2009,	
  pp	
  1-­‐78.	
  

•  typically	
  oxygenated	
  at	
  C-­‐1,	
  C-­‐6,	
  C-­‐8,	
  C-­‐14,	
  C-­‐16,	
  and	
  C-­‐18	
  
•  typically	
  only	
  OH	
  and	
  OMe	
  (C-­‐1,	
  C-­‐16,	
  C-­‐18)	
  
•  ester	
  groups	
  can	
  varied	
  widely	
  (C-­‐8,	
  C-­‐14)	
  
•  most	
  have	
  an	
  N-­‐ethyl	
  (very	
  rare	
  to	
  be	
  NH)	
  
•  characteris&c	
  hexacyclic	
  core	
  

A	
  related	
  class	
  of	
  C18-­‐	
  
norditerpenoid	
  alkaloids	
  
exist	
  which	
  lack	
  the	
  C18	
  
carbon	
  atom	
  
	
  
(see	
  lappaconi&ne	
  2	
  and	
  	
  
	
  	
  neofinaconi&ne	
  3)	
  



Pharmacological	
  Ac&vity	
  

Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
  –H.;	
  Lui,	
  X.	
  –Y.	
  Nat.	
  Prod.	
  Rep.	
  2010,	
  27,	
  529.	
  
Wang,	
  F.	
  –P.;	
  Chen,	
  Q.	
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  Liang,	
  X.	
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  in	
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  Alkaloids:	
  Chemistry	
  and	
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  Vol	
  67	
  (Eds.	
  Cordell,	
  G.	
  A.),	
  Elsevier,	
  New	
  York,	
  2009,	
  pp	
  1-­‐78.	
  

Originate	
  in	
  tradi&onal	
  Chinese	
  medicine	
  called	
  “Cao-­‐Wu”	
  
(78	
  different	
  species	
  have	
  be	
  used	
  in	
  this	
  medicine)	
  
	
  
Representa&ve	
  biological	
  ac&vi&es	
  include	
  
•  an&-­‐inflammatory	
  (although	
  worse	
  than	
  NSAIDs)	
  
•  analgesic	
  (w/o	
  tolerance	
  or	
  physical	
  dependence)	
  
•  an&arrhythmic	
  
	
  
Disrupts	
  sodium	
  channels	
  =	
  some	
  are	
  horrible	
  toxins	
  
(can	
  elicit	
  arrhythmias)	
  

Used	
  in	
  China	
  as	
  non-­‐narco&c	
  analgesics	
   Used	
  in	
  China	
  and	
  Russia	
  to	
  treat	
  
arrhythmia	
  

Lappaconi&ne	
  
(Allapinin)	
  



Challenging	
  Targets	
  for	
  Total	
  Synthesis	
  

delphinine	
   tala0samine	
  

1.	
  Weisner’s	
  Total	
  Synthesis	
  of	
  Tali&samine	
  

2.	
  Gin’s	
  Total	
  Synthesis	
  of	
  Neofinaconi&ne	
  



Wiesner’s	
  Strategy	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

“…it	
  was	
  clear	
  that	
  with	
  its	
  bridged	
  hexacyclic	
  skeleton	
  and	
  seven	
  subsJtuents	
  the	
  delphinine	
  	
  
fortress	
  could	
  not	
  be	
  taken	
  by	
  direct	
  assault	
  of	
  inexperienced	
  troops”	
  	
  	
  -­‐	
  Karel	
  Wiesner	
  	
  

tala0samine	
  

Hypothesis:	
  Does	
  the	
  delphinine	
  system	
  originate	
  from	
  the	
  related	
  a&sine	
  natural	
  products?	
  

a0sine	
   denuda0ne	
  

delphinine	
  

Subsequent	
  isola&on	
  is	
  
consistent	
  with	
  this:	
  



Wiesner’s	
  Retrosynthesis	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

tala0samine	
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H
OMe

N

OMe

HMeO
O

O

O
Ts O

H
OMe

N

OMeO

MeO
O

H H

rearrangment	
  of	
  
a&sine	
  skeleton	
  

O OMe

H
MeO

NH
O

H2C

H
OMe

N
O

OMeMeO

Birch	
  reduc&on	
  of	
  
	
  “aroma&c	
  intermediate”	
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Synthesis	
  of	
  the	
  “Aroma&c	
  Intermediate”	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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7.9	
  τ	
  
(2.1	
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“high	
  yield” 	
  	
  

unselec&ve	
  since	
  both	
  the	
  anisole	
  and	
  cyano	
  obey	
  the	
  endo	
  rule	
  



Determining	
  Structure	
  of	
  Decalin	
  Systems	
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then  MeI
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OMe
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Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

loss	
  of	
  “upfield”	
  
acetate	
  

stable	
  upon	
  
	
  “reflux	
  in	
  alkali”	
  

	
  
=	
  cis	
  configura&on	
  
is	
  thermodynamic	
  

CN
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O H

CN

OH

OMe

H

MeO

not H

1. NaOH/H2O
2. CrO3, pyr
3. alkali, !

MeO
CN

H

OMe

O

equilibra&on	
  by	
  
retro-­‐aldol	
  opening	
  

isomeric	
  mixture	
  from	
  cycloaddi0on	
  could	
  be	
  forwarded	
  together	
  
but	
  favors	
  cis	
  	
  decalin	
  

2a	
  

2b	
  

3	
  

3	
  

4	
  

4	
  

5	
  
6	
  

97% 	
  	
  
quant. 	
  	
  

quant. 	
  	
  

96% 	
  	
  

H
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N
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OMeMeO



Interconver&ng	
  cis	
  to	
  trans	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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7	
   8	
  

9	
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12	
  

14	
  
15	
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13	
  

96% 	
  	
   75% 	
  	
  

95% 	
  	
  

93% 	
  	
  

6	
  step	
  
inversion	
  of	
  
ring	
  junc&on	
  

97% 	
  	
  

95%	
  (2	
  steps)
	
  	
  

Br2, AcOH

MeO
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H
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Synthesis	
  of	
  the	
  “Aroma&c”	
  Intermediate	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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“aroma0c”	
  intermediate	
  
	
  

characterized	
  by	
  mp	
  and	
  1H	
  NMR	
  

17	
   18	
  

19	
  

20	
  

21	
  
22	
  

90% 	
  	
  

70%	
  (3	
  steps)
	
  	
  

LiAlH4	
  resulted	
  in	
  
demethyla&on	
  	
  



Photochemical	
  Approach	
  to	
  A&sine	
  Skeleton	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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23	
   24	
  

25	
  

26	
  

27	
  
28	
  

29	
  

99% 	
  	
  

completely	
  stereospecific	
  

H

OMe

H
OMe

N

O

HH

O

quant. 	
  	
  

90% 	
  	
  stereochemistry	
  
confirmed	
  by	
  x-­‐ray	
  



Set	
  Up	
  for	
  Final	
  Rearrangement	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

OMe

H
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H
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O
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1. NaH
    dioxane, !

2. (PhCO2)2
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H
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O
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1. ethylene glycol
    (MeO)3CH, H2SO4
2. NaOH/H2O
3. CrO3, pyr
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O

MeO H

O

O

O

30	
   31	
  

32	
  

33	
  
34	
  

35	
  

36	
  

6	
  step	
  interconversion	
  to	
  get	
  proper	
  
configura&on	
  for	
  rearrangement	
  

posi&on	
  next	
  to	
  
ketone	
  not	
  as	
  ac&vated	
  

as	
  an&cipated	
  

65% 	
  	
  

85%	
  (3	
  steps)
	
  	
  

epimeric	
  tosylate	
  also	
  prepared	
  
from	
  benzoate	
  &	
  characterized	
  	
  

(does	
  not	
  rearrange)	
  

configura&on	
  confirmed	
  by	
  X-­‐ray	
  

OMe

H
MeO
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O

MeO H

HO

O

OTsCl

pyr

OMe

H
MeO

NH
O

MeO H

TsO

O

O
NaBH4

THF/MeOH
80%	
  (2	
  steps)

	
  	
  

Weisner,	
  K.;	
  Tsai,	
  T.	
  Y.	
  R.;	
  Huber,	
  K.;	
  Bolton,	
  S.	
  E.	
  J	
  Am.	
  Chem.	
  Soc.	
  1974,	
  96,	
  4990.	
  



Rearrangement	
  of	
  A&sine	
  Skeleton	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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O 1:1
DMSO:tetramethylguanidine

180 °C, 24 h
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matches	
  degrada&on	
  	
  
product	
  of	
  natural	
  tala&samine	
  
by	
  TLC,	
  IR,	
  mass	
  spec,	
  and	
  NMR	
  

37	
  

38	
  

H

OMe

H
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N
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HH

O

TsO
H

HHO

H

OMe

H
OMe

N
Ac

HH
H

HHOO
OO

40% 	
  	
   40%	
  
“useless” 	
  	
  

Weisner,	
  K.;	
  Tsai,	
  T.	
  Y.	
  R.;	
  Huber,	
  K.;	
  Bolton,	
  S.	
  E.	
  J	
  Am.	
  Chem.	
  Soc.	
  1974,	
  96,	
  4990.	
  

LAH
dioxane

OMe

H
MeO

N

O

O

MeO

H H

(racemate)



Same	
  sequence	
  backwards	
  from	
  Tala&samine	
  

Edwards,	
  O.	
  E.;	
  Fonzes	
  L.;	
  Marion,	
  L.	
  Can.	
  J.	
  Chem.	
  1966,	
  44,	
  583.	
  
Edwards,	
  O.	
  E.	
  Chem.	
  Commun.	
  1965,	
  318.	
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N

MeO

AcO

AcO

OMe

H
MeO

N

MeO

HO
LiAlH(Ot-Bu)3

140 °C

1. CrO3/H2SO4

2. ethylene glycol
    PTSA, benzene
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matches	
  synthe&c	
  
compound	
  

tala&samine	
  



End	
  Game:	
  Closure	
  of	
  the	
  “B”	
  Ring	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
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40% 	
  	
  



Summary	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

First	
  synthesis	
  of	
  delphinine-­‐type	
  alkaloid	
  (41	
  linear	
  steps)	
  
	
  
	
  

OMe

H
MeO

N

MeO

HO

HOH
OMe

N
O

OMeMeOMeO

CN
+

OAc

OAc

Problems	
  with	
  efficiency	
  due	
  to:	
  
•  Equal	
  forma&on	
  of	
  “useless”	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  double-­‐bond	
  isomer	
  in	
  rearrangement	
  

•  Low	
  yield	
  (40%)	
  in	
  final	
  step	
  
	
  	
  	
  	
  	
  	
  due	
  to	
  unspecific	
  oxida&on	
  

•  Lengthy	
  introduc&on	
  of	
  β–toxyloxy	
  group	
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6 steps

Ts



Next	
  Genera&on	
  Synthesis:	
  Chasmanine	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

Change	
  the	
  approach	
  to	
  build	
  the	
  “B”	
  ring	
  first	
  into	
  the	
  “aroma&c	
  intermediate”	
  
	
  
	
  

OMe

H
MeO

N R

MeO

MeO OMe

H
MeO

N R

MeO

MeO H
O

O

Br

OMe

H
MeO

N R

O

O

MeO

MeO

How	
  do	
  you	
  build	
  this?	
  
	
  
	
  



Synthesis	
  of	
  Napelline	
  

Weisner,	
  K.	
  Pure	
  App.	
  Chem.	
  1975,	
  41,	
  93.	
  

Change	
  the	
  approach	
  to	
  build	
  the	
  “B”	
  ring	
  first	
  into	
  the	
  “aroma&c	
  intermediate”	
  
	
  
	
  

napelline	
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OMe
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H
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OBn

Me

OMe

CO2Me

O

1. NaBH4
    THF/MeOH
     rt, 1 h

2. H2SO4
    MeOH
    reflux, 3.5 h

OMe

CO2Me 170 °C
3 h

O

O

O

OMe

CO2Me

O
O

O

(Ph3P)2Ni(CO)2
(1.2 eq.)

diglyme
reflux, 6 h

OMe

CO2Me

44%	
  over	
  4	
  steps
	
  	
  

Development	
  of	
  an	
  aziridine	
  acetolysis/rearrangement	
  would	
  be	
  ideal	
  since	
  
the	
  star&ng	
  olefin	
  is	
  easily	
  prepared	
  	
  

	
  
	
  



Group	
  Problem	
  

4
	
  

Provide	
  a	
  mechanism	
  that	
  explains	
  the	
  following	
  observa&ons:	
  
	
  
	
  

96
	
  

:
	
  

30
	
  

70
	
  

:
	
  

Explain	
  why	
  one	
  isomer	
  is	
  favored.	
  	
  

Why	
  does	
  the	
  posi&on	
  of	
  the	
  methoxy	
  
group	
  affect	
  which	
  product	
  is	
  observed?	
  

Draw	
  an&cipated	
  structures	
  for	
  
A	
  and	
  B.	
  	
  

Weisner,	
  K.;	
  Ho,	
  P.	
  –T.;	
  Jain,	
  R.	
  C.;	
  Lee,	
  S.	
  F.;	
  Oida,	
  L.	
  S.;	
  Philipp,	
  A.	
  Can.	
  J.	
  Chem.	
  1973,	
  51,	
  1448.	
  

AcOH
100 °C
2.5 h

80%

N

H

H

SO2Ph NHSO2Ph + NHSO2Ph

MeO2C MeO2C

OAc

CO2Me
OAc

N

H

H

SO2Ph

MeO2C
MeO AcOH

rt, 2 d

75%

N

H

H

SO2Ph

MeO2C
AcOH
rt, 3 d

74%

MeO

NHSO2Ph

MeO2C

OAc

MeO

NHSO2Ph

CO2Me
OAc

MeO

single isomer

single isomer

napelline-type

talatisamine-type

N

H

H

SO2Ph

MeO2C
AcOH
rt, 7 d

86%

MeO

talatisamine-type

MeO

A B+



Group	
  Problem	
  

HMeO2C

H
N

H
SO2Ph

H

HMeO2C

H NH

H

SO2Ph

H NHSO2Ph
CHO2Me

H

H
OAc

OAc

OAc
NHSO2Ph
OAc

CO2Me

HMeO2C

H
N

H
SO2Ph

H

HMeO2C

H NH

H

SO2Ph

H NHSO2PhMeO2C

H
OAc

OAc
OAc

NHSO2PhH

CO2Me

OAc

carbocation destabilized
by adjacent ester

major

minor

Weisner,	
  K.;	
  Ho,	
  P.	
  –T.;	
  Jain,	
  R.	
  C.;	
  Lee,	
  S.	
  F.;	
  Oida,	
  L.	
  S.;	
  Philipp,	
  A.	
  Can.	
  J.	
  Chem.	
  1973,	
  51,	
  1448.	
  



Methoxy	
  posi&on	
  impacts	
  migratory	
  ap&tude	
  

HMeO2C

H
N

H
SO2Ph

H

HMeO2C

H NH

H

SO2Ph

H NHSO2Ph
CO2Me

H

H
OAc

OAc

OAc
NHSO2Ph
OAc

CO2Me
carbocation destabilized

by adjacent ester
but migration enhanced by methoxy

only product

MeO MeOMeOMeO

HMeO2C

H
N

H
SO2Ph

H

HMeO2C

H NH

H

SO2Ph

H NHSO2PhMeO2C

H
OAc

OAc
OAc

NHSO2PhH

CO2Me

OAc

only product

MeO MeO MeO MeO

Weisner,	
  K.;	
  Ho,	
  P.	
  –T.;	
  Jain,	
  R.	
  C.;	
  Lee,	
  S.	
  F.;	
  Oida,	
  L.	
  S.;	
  Philipp,	
  A.	
  Can.	
  J.	
  Chem.	
  1973,	
  51,	
  1448.	
  



Bridgehead	
  methoxy	
  favors	
  desired	
  isomer	
  

Weisner,	
  K.;	
  Ho,	
  P.	
  –T.;	
  Jain,	
  R.	
  C.;	
  Lee,	
  S.	
  F.;	
  Oida,	
  L.	
  S.;	
  Philipp,	
  A.	
  Can.	
  J.	
  Chem.	
  1973,	
  51,	
  1448.	
  

HMeO2C

O
N

H
SO2Ph

H

HMeO2C

O NH

H

SO2Ph

H NHSO2Ph
CHO2Me

H

OMe
OAc

OAc

OAc
NHSO2Ph
OAc

CO2Me
carbocation destabilized

by adjacent ester
but migration enhanced by methoxy

MeO MeOMeOMeO
Me

B

HMeO2C

O
N

H
SO2Ph

H OAc
MeO

minor

HMeO2C

OMe
NHSO2Ph

H

H NHSO2PhMeO2C

H

OAc
OAc

NHSO2PhOMe

CO2Me

OMeO

Me

Me

MeO
MeO

A
major

carbocation stabilized
by adjacent methoxy



Gin’s	
  Retrosynthesis	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

MeO

NEtMeO2C

8

7
11 17

O

H

OR

O

Br

OROMe

O
8

Et
N CO2Me
H

Br

O

7

17

11H
5
4

3

azepinone
Diels-Alder

C5-C11
C4-C3

CO2Me

R
N

Br

O

7

17

5
4 +	
  

OROMe

8

OTBS
11

3

9

13 16

cyclopropene
Diels-Alder

C9-C11
C13-C16 OR

16+	
  

OMe

9

13

TBSO

Mannich
C11-C17

radical
cyclization
C7-C8

OMeMeO
HO

NEt
OMe

O

H

ONH2

8

7
11 17

neofinaconitine (3) 7	
   7	
  

8	
   9	
   10	
   11	
  



Cyclopropene	
  DA:	
  Star&ng	
  Material	
  Synthesis	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

11	
  

56%	
  (3	
  steps)	
  

Al	
  Dulayymi,	
  A.	
  R.;	
  Al	
  Dulayymi,	
  J.	
  R.;	
  Baird,	
  M.	
  S.;	
  Gerrard,	
  M.	
  E.	
  Tetrahedron	
  1996,	
  52,	
  3409.	
  

1. DIBAL (2.05 eq.)
    CH2Cl2,
    !78 °C"rt

2. TIPSCl, imidazole
    CH2Cl2, rt

Br

Br

Br

OTIPSCO2Me

Br

Br

Br

CHBr3 (1.1 eq.)
Et3BnN+Cl- 

(0.6 eq.)

DCM/NaOH (aq.)
10 °C

CO2Me

1. Br2 (1.1 eq.)
    DCM, 5 °C!rt

2. Et3N (1.2 eq.)
    DCM, 5 °C!rt

CO2Me

Br

72%	
  (2	
  steps)	
  

Br

Br

Br

OTIPS

MeLi (2.05 eq.)

Et2O, !78 °C
then H2O

OTIPS
Isolated	
  as	
  a	
  crude	
  oil,	
  
used	
  immediately	
  due	
  to	
  
rapid	
  Alder-­‐ene	
  dimeriza0on	
  

53%	
  

KH2PO4/H3PO4
(pH = 4.1)

H2O, 99 °CO
OH

O

OH

MeI (10 eq.)
Ag2O (1.35 eq.)

CH2Cl2, rt

O

OMe
75%	
  

TBSOTf
Et3N

CH2Cl2, 0 °C

intractable
mixture upon

workup

Cyclopentadiene	
  could	
  
not	
  be	
  isolated	
  aKer	
  	
  
aqueous	
  workup	
  

Cuuran,	
  T.	
  T.;	
  Hay,	
  D.	
  A.;	
  Koegel,	
  C.	
  P.	
  Tetrahedron	
  1997,	
  53,	
  1983.	
  



Cyclopropene-­‐Cyclopentadiene	
  Diels-­‐Alder	
  Reac&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

Et3N (3.8 eq.)
TBSOTf (1.9 eq.)

CH2Cl2
0 °C, 17 h

O

OMe

+

OTIPS
(2.0 eq.)

TBSO

OTIPSOMe

TBSO

OMe OTIPS

TBSO

MeO

OTIPS

TBSO

OTIPS

MeO+ + +

5.4	
  	
   9.5	
  	
   1	
  	
   1.5	
  	
  :	
  	
  :	
  	
  :	
  	
  

OTBS

H

MeO
H

TIPSO

OTBS

TIPSO

MeO
H

H

OTBS

H

H
OMe

TIPSO

OTBS

TIPSO

H
OMe

H

“contra-­‐steric”	
  approach	
  (major)	
  	
   less-­‐hindered	
  approach	
  (minor)	
  

All	
  isomers	
  due	
  to	
  endo	
  approach	
  of	
  the	
  cyclopropene,	
  	
  
however	
  the	
  diastereoselec&vity	
  is	
  poor	
  
	
  

1	
  



Further	
  Elabora&on	
  of	
  Tricyclic	
  Core	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

TBSO

OTIPSOMe

TBSO

OMe OTIPS

+
1M NaOH/THF

rt OTIPSOMe OMe OTIPS

+

(1:1.8 mixture)

O O

OMe OTIPS

O

(+ undesired isomer)

Et2P(O)CH2CO2Me
(1.5 eq.)

KHMDS (1.4 eq.)

THF, 0 °C ! reflux
OMe OTIPS

CO2Me
H Pd/C (5 mol %)

H2 (1 atm)

EtOAc, rt
OMe OTIPS

CO2Me
MeNHOMe"HCl

(3.0 eq.)
AlMe3 (3.0 eq.)

toluene
0 °C!rt OMe OTIPS

O N OMe

39%,	
  single	
  isomer	
  
(over	
  6	
  steps	
  from	
  tribromocyclopropane)	
  



Forma&on	
  of	
  Diene	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

77%	
  
(2	
  steps)	
  

	
  
>25:1	
  Z/E	
  

OMe OTIPS

O N OMe

OMe OTIPS

O

(1.5 eq.)

THF, 0 °C

MgBr TBSOTf (1.5 eq.)
KHMDS (1.5 eq)

THF, !78 °C

OMe OTIPS

TBSO

OROMe

O
8

Et
N CO2Me
H

Br

O

7

17

11H
5
4

3 azepinone
Diels-Alder

C5-C11
C4-C3

CO2Me

R
N

Br

O

7

17

5
4 +	
  

OROMe

8

OTBS
11

3

9

13 16



Azepinone	
  Synthesis	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

O
O BnNH2

(2.0 eq.)

neat
120 °C

O
HN

Bn

HO
78%	
  

Et3N (4.0 eq.)
SO3!pyr (2.0 eq.)

DMSO/CH2Cl2
rt

O
HN

Bn

O
93%	
  

TsOH
(7 mol %)

toluene, !
-H2O

Bn
N

O

77%	
  

Bn
N

O Br2 (1.0 eq.)
CH2Cl2,  0 °C

then 
Et3N (3.0 eq.)

Bn
N

O

Br

86%	
  

LiHMDS (2.05 eq.)
ClCO2Me (1.0eq.)
PhSeCl (1.07 eq.)

THF, !78 °C"rt

Bn
N

O

Br

CO2Me
SePh

99%	
  (2	
  steps)	
  

Bn
N

O

Br

30% H2O2
(1.91 eq.)

CH2Cl2, 0°C
CO2Me



Unprecented	
  Azepinone/Siloxydiene	
  Diels-­‐Alder	
  Reac&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

1.8	
  	
   1.0	
  :	
  	
  

	
  	
  69%	
  (+21%	
  rsm)	
  

Complete	
  regioselec&vity	
  and	
  endo	
  selec&vity,	
  poor	
  diastereoselec&vity	
  
	
  

56%	
  
(undesired)	
  

31%	
  
(desired)	
  

Bn
N

O

Br
CO2Me

OMe OTIPS

TBSO

+

Sc(OTf)3
(0.5 eq.)
4Å MS

toluene, rt

OTIPSOMe

OTBS

Bn
N CO2Me
H

Br

O

H

H

OTIPSOMe

OTBS

Bn
N CO2Me

Br

O

H

H
H

+

OTIPSOMe

OTBS

Bn
N CO2Me
H

Br

O

H

H

OTIPSOMe

OTBS

Bn
N CO2Me

Br

O

H

H
H

+

(1.8 : 1)

TBAF 
(3.13 eq.)

THF, rt

IBX
(1.0 eq.)

MeCN, rt
sonication

OOMe

O

Bn
N CO2Me
H

Br

O

H

H

OOMe

O

Bn
N CO2Me

Br

O

H

H
H

+

(1.8 : 1)



Stereochemical	
  Outcome	
  of	
  Diels-­‐Alder	
  Reac&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

	
  	
  

Favored	
  diastereomer	
  (undesired):	
  

Slightly	
  Less	
  Favored	
  diastereomer	
  (desired):	
  

OMe OTIPS

OTBS

H

MeO2C
O

NBn

OTBS

H
MeO2C

H

NBn

O

Br

OMe OTIPS OTIPSOMe

OTBS

Bn
N CO2Me

Br

O

H

H
H

OMe OTIPS OTIPSOMe

OTBS

Bn
N CO2Me
H

Br

O

H

H

OMe OTIPS

HTBSO

CO2Me

H

Bn
N

O

Br

HTBSO

H

CO2Me
OBn

N

Br



Stereochemical	
  Assignment	
  of	
  Cycloadduct	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

H

O O
Si

HO

Bn
N O

O

O

H
H



Stereochemical	
  Assignment	
  of	
  Undesired	
  Cycloadduct	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

O
Si

O

H H HO

N

O

O
OO

Si



Mannich-­‐Type	
  N-­‐Acyliminium	
  Cycliza&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

71%	
  

Stalls	
  at	
  enol	
  ether	
  
with	
  weaker	
  acids	
  

(TFA)	
  

cyclopropylcarbinyl	
  oxocarbenium	
  

Strong	
  acid	
  (Tf2NH)	
  can	
  
protonate	
  enamide	
  through	
  

acyl	
  iminium	
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(1.18 eq.)
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0 °C!rt
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A}empts	
  to	
  Hydrolyze	
  an	
  Enol	
  Ether	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

Stalls	
  at	
  enol	
  ether	
  
with	
  weaker	
  acids	
  

(TFA)	
  

Strong	
  acid	
  (Tf2NH)	
  can	
  
protonate	
  enamide	
  through	
  

acyl	
  iminium	
  

12 N HCl
60 °C

OHO

O

CO2H

H

H

H

N

O

Br
Bn

H
not

OMeO

OH

CO2Me

H

H

H

N

O
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Bn

H

O

5.4	
  ppm	
  

OMeO

O

CO2Me

H

H

H

N

O

Br
Bn

H



OMeO

O

CO2Me

H

H

H

N

O

Br
Bn

H

TBSOTf (1.5 eq)
Et3N (3.0 eq.)

CH2Cl2, rt

MeO

O

CO2Me

H

H

N

O

Br
Bn

H

H
OTBS

Set-­‐Up	
  for	
  Radical	
  Cycliza&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

OsO4 (0.02 eq.) 
PhI(OAc)2 (2.3 eq)
2,6-lutidine (2.5 eq.)

THF/H2O
50 °C

MeO

O

CO2Me

H

H

N

O

Br
Bn

H

O

74%	
  86%	
  

MsCl
(6.0 eq)

Et3N, CH2Cl2
50 °C

Ce(NH4)2(NO3)6
(3.0 eq.)
MeCN/CH2Cl2/H2O
50 °C

MeO

O

CO2Me

H

H

N

O

Br
Bn

H

OH

OMeO

O

CO2Me

H

H

N

O

Br
Bn

H

O

H
MeO

O

CO2Me

H
N

O

Br
Bn

H

O

H

MeO O

O
MeO2C

Br

NBn

O

57%	
  
(2	
  steps)	
  
+4.5%	
  rsm	
  



Radical	
  Cycliza&on	
  and	
  C-­‐8	
  Oxygena&on	
  	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
  D.	
  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
  

86%	
  

MeO O

O
MeO2C

Br

NBn

O

AIBN (0.10 eq.)
Bu3SnH (1.11 eq.)

benzene, 80 °C

MeO O

O
MeO2C NBn

O
H

MeO O

O
MeO2C NBn

O
H

8

LiHMDS (1.0 eq.)
PhSeCl (2.0 eq.)

THF, !78 °C

MeO O

O
MeO2C NBn

O
H

SePh
75%	
  

30 wt% H2O2 
(2.7 eq.)

CH2Cl2, 0 °C

MeO O

O
MeO2C NBn

O
H

90%	
  

MeO O

O
MeO2C NBn

O
H

aq. AcOH (33%) 
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Second-­‐Genera&on	
  Cycloaddi&on	
  

Shi,	
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  Wilmot,	
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  Nordstrøm,	
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  U.;	
  Tan,	
  D.	
  S.;	
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  D.	
  Y.	
  J.	
  Am.	
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  Soc.	
  2013,	
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  14313.	
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OMe OTIPS
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O
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Poor	
  diastereofacial	
  selec&vity	
  due	
  to	
  ease	
  of	
  rota&on	
  of	
  diene	
  por&on	
  

undesired	
   desired	
  1.8	
  :	
  1	
  

OMe CH2

HTBSO

CO2Me

H

Bn
N

O

Br

Br

Improved	
  
diastereofacial	
  
selec&vity	
  without	
  
disrup&ng	
  
excellent	
  endo	
  and	
  
regioselec&vity?	
  



Synthesis	
  of	
  Alterna&ve	
  Siloxydiene	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
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  Y.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2013,	
  135,	
  14313.	
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OMe
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87%	
  OMe
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Br
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Br
CO2Me +

SnCl4
(0.5 eq.)
4Å MS

MeCN, rt

OMe

OTBS
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N CO2Me

H
Br

O

H

H
(2.0 eq.)

Br

CH2

6	
   7	
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80%	
  (2	
  steps)	
  



Stereochemical	
  Outcome	
  of	
  Diels-­‐Alder	
  Reac&on	
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  Y.;	
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  Nordstrøm,	
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  Gin,	
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Favored	
  diastereomer	
  (desired):	
  

Disavored	
  diastereomer	
  (not	
  observed):	
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Problema&c	
  Acyl	
  Iminium	
  Cycliza&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
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  Nordstrøm,	
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Manipula&on	
  Back	
  to	
  Original	
  Acyl	
  Iminium	
  Cycliza&on	
  

Shi,	
  Y.;	
  Wilmot,	
  J.	
  T.;	
  Nordstrøm,	
  L.	
  U.;	
  Tan,	
  D.	
  S.;	
  Gin,	
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  2013,	
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65%	
  
(2	
  steps)	
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75%	
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(2	
  steps)	
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End	
  Game	
  =	
  Add	
  Func&onality!	
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86%	
  
(2	
  steps)	
  

99%	
  

59%	
   89%	
  
(2	
  steps)	
  

34%	
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40%	
  
(2	
  steps)	
  

13%	
  
(3	
  steps)	
  

16	
  
17	
  

18	
  

19	
  

20	
  

21	
  

22	
  

23	
  

24	
  

25	
  

26	
  

27	
  



Confirma&on	
  of	
  Structure	
  by	
  Relay	
  Synthesis	
  

40%	
  
(2	
  steps)	
  

condelphine	
  available	
  from	
  
Aldrich!	
  
$185.00	
  /	
  20	
  mg	
  



Summary	
  of	
  Gin’s	
  Synthesis	
  

MeO
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Diels-Alder
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CO2Me

R
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7
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5
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OROMe

8
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11

3

9

13 16

cyclopropene
Diels-Alder

C9-C11
C13-C16 OR

16+	
  

OMe

9

13

TBSO

Mannich
C11-C17

radical
cyclization
C7-C8

OMeMeO
HO

NEt
OMe

O

H

ONH2

8

7
11 17

neofinaconitine (3)

•  Significantly	
  shorter	
  synthesis	
  than	
  Wiesner	
  (27	
  steps)	
  
•  Convergent	
  approach	
  possible	
  through	
  cycloaddi&ons	
  (although	
  selec&vity	
  is	
  s&ll	
  an	
  

issue)	
  
•  A	
  lot	
  of	
  func&onal	
  group	
  manipula&on	
  is	
  s&ll	
  needed	
  a�er	
  the	
  hexacyclic	
  core	
  is	
  

formed	
  

	
  
	
  
	
  



S&ll	
  Cannot	
  Make	
  Delphinine	
  

delphinine	
  
OMeBzO

OAc

NMe
OMe

H

MeO

HO

MeO

BzO HO
OMe

OMe

H
MeO

NH
O

HO

O

OOMe

H
MeO

NH
O

O

HO H

C13-­‐oxygena&on	
  is	
  problema&c	
  to	
  both	
  routes.	
  The	
  congested	
  oxygena&on	
  	
  
pa}erns	
  for	
  each	
  member	
  of	
  this	
  natural	
  product	
  family	
  end	
  up	
  necessita&ng	
  
new	
  routes	
  each	
  &me.	
  	
  


