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A b s t r a c t -  Rh2(0Ac)4-catalyzed d e c o m p o s ~ t ~ o n  o f  Z-d?azo-4-(4-~ndalyl)-3- 

oxobutanaic a c i d  es te r s  (1) leads t o  lndoles 3. whereas P~(OAC)~-catalyzed reac t i on  

o f  1  g ives  lndo les  2  w i t h  C-ring. 

I n t r amo lecu la r  C-H bond i n s e r t i o n  by d~a roke tone r  has became an e x c e l l e n t  methodology t o  

cons t ruc t  h ~ g h l y  s u b s t ~ t u t e d  c y c l i c  The recen t  development has, however, been 

focused on t h e  a l i p h a t i c  C-H bond i n s e r t i o n  w i t h  carbenes  and ca rbeno ids  gene ra ted  by 

metal-catalyzed decomposit ion of d iazo  compounds. The i n t r a m o l e c u l a r  a r o m a t i c  C-H bond 

Insertion should be as w e l l  an i n t e r e s t i n g  e n t r y  t o  c y c l i c  system fused w i t h  aromat ic r ing.  

For  thqs react ion,  there  have been a  few examples known w i t h  a c ~ d  catalys1s.l 

I n  the  course o f  our study on t h e  synthesis o f  C s u b r t ~ t u t e d  l ndo les  and r e l a t e d  a l k a l o ~ d s .  

we examined whether 2-diazo-4-(4-indolyl)-3-oxobutanoic a c i d  es te r s  (1) l e d  t o  the  indo les  

2 w ~ t h  C-nng via C-H bond i n s e r t ~ o n . ~  

Copper-catalyzed reac t i on  of  e t h y l  d ia raaceta te  w t h  l ndo le  i s  w e l l  known t o  a f f o r d  

3 - indo leacet ic  a c i d  e r t e r . 4  Accordingly. we expected t h a t  t h e  d iamketone 1  would lead 

t o  a t r i c y c l i c  compound 2, wh i ch  shou ld  be a key i n t e r m e d ~ a t e  ~ 7 t h  f u n c t i o n a l i t i e s  f o r  

f u r t h e r  t rans format ions  toward e rgo t  and c l av i ne  alkalo ids,  and a l so  toward a new c l ass  o f  

a l ka l o i ds  such as h a p a l ~ n d a l e s . ~  

hapalindole A (Z= -N:C) 
6 (Z=-NCS)  



A s o l u t i o n  o f  t h e  d i a z o k e t o n e  l a  ( 1 0 0  mg) i n  t o l u e n e  (2  m l )  was h e a t e d  i n  t h e  p r e s e n c e  o f  

Cu(acac)2 (2  mg) a t  80°C f o r  6  h. A f t e r  ch romatograph ic  separat ion,  a t r i c y c l i c  compound 

war ob ta ined  i n  ca. 20% y i e l d .  It was n o t  t h e  d e s ~ r e d  one 2.3 b u t  a compound 3a d e r i v e d  f r o m  

t h e  i n t r a m o l e c u l a r  C-H bond i n s e r t ~ o n  a t  t h e  5 - p o r i t ? o n  o f  l a .  The s t r u c t u r e  o f  3a was  

d e t e r m i n e d  b y  nmr(4OOMHr). ms. ~r and  e l e m e n t a l  a n a l y s e ~ . ~  I n  p l a c e  o f  C u ( a c a ~ ) ~ .  

'Rh2(0Ac)4 was n e x t  u s e d  f o r  t h e  c y c l ? z a t ~ o n  o f  l a .  The R h - c a t a l y z e d  r e a c t i o n  o c c u r r e d  

smoothly a t  room tempera tu re  and t h e  tricyclic compound 3.3 was produced i n  892 y i e l d  a f t e r  

30 m l o .  For t h e  Rh-catalyzed r e a c t i o n  of l a ,  a v r n e t y  o f  medium such as methanol, benzene 

and t h e ? r  m i x t u r e s  were surveyed. b u t  t h e  r e s u l t s  were n o t  e s s e n t i a l l y  d i f f e r e n t  

On t h e  o t h e r  hand. t h e  Pd-cata lyzed r e a c t i o n  o f  l a  gave c o m p l e t e l y  d i f f e r e n t  r e s u l t  from 

t h e  case  o f  Cu or Rh. When a s o l u t i o n  o f  l a  (281 mg) and P ~ ( O A C ) ~  ( 1 0  mg) i n  m e t h a n o l  ( 5  

m i )  a t  0°C f o r  4 5  m ~ n ,  t h e  d e s i r e d  c y c l i z a t i o n  p r o d u c t  Za was o b t a ? n e d  i n  71 Z y l e l d  

t o g e t h e r  ~ 7 t h  a s l i g h t  amoun t  o f  3.3 ('1%). The p h y z ~ c a l  p r o p e r t 7 e s  o f  Za were  c i t e d  i n  

Table 1. Metal-catalyzed cyc l l i a t?on  of 2-diazo-4-(4-indolyl)-3-oxobutanoic acid e r t e n  (1) .  
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~ote. '  The other Pd-catalyst such as PdC12(PhCN)2 and (PdC1)2(r-C3H5)2 War also moderately 

a c t ~ v e  f o r  t h e  t r a n s f o r m a t r o n  o f  l a  t o  2.3 (40.60% y i e l d ) .  The o l d e r  method w ~ t h  a c i d  

catalyst . '  HC104. CF3COZH. BF3, and so an, was unsuccessful f a r  the  present purpose. 

The Pd- and Rh-catalyzed react ions were f u r t he r  i nves t~ga ted  f o r  the  diamketones lb-e w ~ t h  

var ious subs t~ tuen ts  and the r e s u l t s  vere summarized i n  Table I. The r e s u l t s  o f  l b  and l c  

showed t h a t  the c y c l i r a t i o n  a t  the  3-poslt?on fnrrn~ng 2 was s i g n i f i c a n t l y  a f fec ted by the  

N-subst i tuent o f  indo le  1. S i m i l a r  t rend i n  the r e a c t ~ v i t y  o f  indo les  i s  we l l  recognized 

f o r  e l e c t r o p h ~ l i c  s u b s t i t u t i o n s  such as V i l s w i e r - H a a c k  r e a c t i o n  and F r i e d e l - C r a f t s  

reactron.' A c a r b o c a t i o n , ~  spec ies  was s t rong l y  suggested t o  p a r t i c i p a t e  i n  t h e  Pd- 

catalyzed r e a c t ~ o n  of 1. The f o l l o w ~ n g  f a c t  supported the suggestion: ap ro t i c  solvent such 

as  CH2ClZ, benzene, and e t h y l  a c e t a t e  was f a r  less e f f e c t i v e  than p r o t ~ c  s o l v e n t  such as  

methanol f o r  the Pd(OAc)2-catalyzed c y c l i r a t i o n  o f  1. The c y c l ~ z a t i o n  of 1  t o  2  was formal 

C-H bond i nse r t i on  of a carbene (carbenoid) and war l ~ k e l y  an e l e c t r o p h r l i c  subs t i t u t i on  

toward the indo le  skeleton. 

The Rh-catalyzed i n t r a m o l e c u l a r  a l i p h a t i c  C-H bond i nse r t i on  has recen t l y  been found t o  

p re fe r  subs tan t i a l l y  fo r  five-membered r l n g  A p l a u s ~ b l e  mechanism seemed t o  

include s six-membered r i n g  t r a n s ~ t i o n  s t a t e  compr i s i ng  o f  r h a d ~ u m  ca rbeno id  and t h e  

hydrogen atom t h a t  i s  t o  be t r a n ~ f e r e d . ~ ~  The Rh-catalyzed c y c l i z a t i o n  o f  1  t o  3  m i g h t  

proceed i n  a s i m i l a r  fash ion.  On t h e  o t h e r  hand, t h e  c y c l i r a t i o n  t o  2  would r e q u i r e  a 

seven-membered t r a n s i t i o n  state, which was probably l ess  s tab le  than the six-membered one 

mentroned above. This seemed a reason f o r  the substant ia l  preference for  format ion of 3  i n  

the Rh-catalyzed react ion  o f  1. 

The diazoketone l e  was fo rma l l y  capable o f  undergo~ng the a l i p h a t ~ c  C-H band i nse r t l on  t o  

y i e l d  a cyclopentanone 4. The Rh2(0Ac)4-catalyzed react ion  o f  l e  gave, however, 3e w ~ t h a u t  

4. This f ac t  was l i k e l y  due t o  d ~ f f e r e n c e  between a c i d i t y  o f  hydrogen on the aromat ic r i n g  

and t h a t  o f  saturated carbon. 

A  s t e r i c a l l y  congested diazoketone i d  gave also Zd and 3d, though the r e g l o s e l e c t i v i t y  was 

somewhat blunt. It i s  worth t o  p o ~ n t  out t h a t  the tricyclic compound Zd possesses a basic 

EtO 



skeleton w i t h  f u n c t i o n a l i t ~ e s  enough t o  b u i l d  up the O-ring of hapalindoles. 

The r e s u l t s  desc r i bed  here  can  be summarized as  f o l l o w s :  ( i )  t r a n s i t i o n  me ta l  such as  

Cu(I1). P d ( l l ) ,  and Rh( I I )  e f f e c t i v e l y  c a t a l y z e d  g e n e r a t i o n  o f  t h e  c a r b e n o ~ d s  from 1, t o  

cause the  in t ramolecu lar  aromatic C-H bond i n s e r t i o n  w i thout  add i t ion  t o  t h e  C=C double 

band o f  a r o m a t i c  r i n g ,  wh?ch f r e q u e n t l y  leads t o  r i n g - e x p a n r ~ o n  p roduc ts  and ( i i )  t h e  

reglochemistry of the  C-H bond insertion extremely depended on the metal c a t a l y s t  used. 
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