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Abstract - Reactions of indolylmagnesium bromide and lithlum 

dlindolylcuprate with several pyridine N-oxides are described. 

Several years ago1, we reported a novel condensation reaction of indolylmagnesium 

bromide with pyridine N-oxide ( and applied it to a stereaselectlve tatal synthesis 

o f  dasycarpidone (& 

In subsequent work on the tatal synthesis o f  another 2-acylindole, ervitsine, 2 

we required a method far the preparation of 2-indolyl-4-methoxycarbonylmethylpyridine 



d e r i v a t i v e s .  We i n v e s t i g a t e d  t h e  c o n d e n s a t i o n  r e a c t i o n  o f  indo ly lmagnes ium bromide 

w i t h  s e v e r a l  p y r l d i n e  N-ox ides  under  v a r i o u s  c o n d i t i o n s  and  a l s o  compared t h e  

3  r e a c t i v i t y  o f  i n d o l y l  G r i g n a r d  r e a g e n t  v e r s u s  l i t h i u m  d i i n d o l y l c u p r a t e  . T y p ~ c a l  

e x p e r m e n t a l  p r o c e d u r e s  a r e  as f o l l o w s .  - 0 ~ 0  R' 

H 
e r v i t s i n e  C02Me 

F i r s t l y  c o n d e n s a t i o n  r e a c t i o n  of inda ly lmagnes ium bromide w i t h  3 - m e t h o x y c a r b a n y l p y r i d i n e  

N-oxide was c a r r i e d  o u t .  To an i c e - c o l d  s o l u t i o n  o f  e thylmagnesium bromide (60 mmol) 

i n  d r y  THF ( 2 0  ml) was added d ropwise  a s o l u t i o n  o f  i n d o l e  (67 mmal) i n  d ry  THF (15 ml) 

o v e r  30 mln u n d e r  n i t r o g e n  a tmosphere .  Tho  m i x t u r e  was stirred f o r  30 m i "  a t  O0c a n d  

t h e n  d r y  me thy lene  c h l o r l d e  (60 ml) was added i n  o r d e r  t o  o b t a l n  comple te  s o l u t l a n .  

A f t e r  s t i r r i n g  f a r  an  a d d i t i o n a l  1 . 5  h  a t  room temperature, t h e  m l x t u r e  was c o o l e d  

t o  - 2 0 ' ~ .  Ta t h i s  was added d ropwise  a s o l u t ~ o n  o f  p y r l d i n e  N-oxide (4 )  (20 mmol) 

and benzoy l  c h l o r i d e  (20 mmol) i n  d r y  me thy lene  c h l o r i d e  (20 m l ) .  The m i x t u r e  was 

s t i r r e d  f o r  2 h  a t  -20°c ,  quenched w i t h  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  and  

d i l u t e d  w i t h  c h l a r o f o r m .  The o r g a n l c  l a y e r  was washed w i t h  b r i n e ,  d r i e d  o v e r  

magnesium s u l p h a t e  and  t h e n  e v a p o r a t e d .  P u r i f l c a t i a n  a f  t h e  r e s u l t a n r  r e s i d u e  by 

s i l i c a  g e l  column chromatography a f f o r d e d  t h e  d e s i r e d  compound ( t ) .  
Second ly  condensation r e a c t i o n  o f  l l t h i u m  d i i n d o l y l c u p r a t e  w i t h  3 -methaxycarbany l -  

p y r i d i n e  N-oxide was c a r r l e d  o u t  a s  f o l l o w s .  P u r i f i e d  cuprous  i o d i d e  (14 mmol) was 

p l a c e d  i n  a round bot tom f l a s k .  N i t r o g e n  was i n t r u d u c e d  i n t o  t h e  a p p a r a t u s  and  

t h e n  d r y  e t h e r  (10 ml) was added t o  t h e  f l a s k .  Thc m i x t u r e  w a s  c o o l e d  t o  - 4 0 ' ~  

and a s a l u t l o n  o f  i n d o l y l l l t h l u m  [ p r e p a r e d  from i n d o l e  ( 2 3  mmol) and  n - b u t y l l i t h i u m  

( 2 3  mmol) In d r y  e t h e r  (10 m l ) ]  was added d ropwise  w i t h  s t i r r i n g  o v e r  20 min. The 

r e s u l t a n t  d a r k  b l u e  s o l u t i o n  was s t i r r e d  f o r  2 h  a t  - 4 0 ' ~ .  To t h a t  s o l u t i o n  was 

added d ropwise  a s o l u t i o n  o f  p y r i d i n e  N-oxlde (4 )  (3 .9  mmol) and benzoy l  c h l o r i d e  

( 3 . 9  mmol) i n  d r y  me thy lene  c h l o r l d e  (4 ml) o v e r  40 mln and t h e  m l x t u r e  was s t i r r e d  

f o r  an  a d d i t i o n a l  2  h  a t  -40°c ,  quenched w i t h  s a t u r a t e d  ammonium c h l o r l d e  solution, 

washed w i t h  b r i n e ,  d r i e d  o v e r  magnesium s u l p h a t e  a n d  t h e n  e v a p o r a t e d  t o  l e a v e  a 

r e s i d u e  which was s u b ~ c c t e d  t o  chromatography on s i l i c a  g e l  t o  g i v e  t h e  d e s i r e d  

compound (i) . 
The r e s u l t s  a r e  summerized in T a b l e  I .  
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Conditions 

Indolylmagnesium bromide/ 
a b 

pyridine N-oxide Fyridine N-oxide Temp Tim Product m.p. (OC) Yield 

(mole r a t io )  i0ci (h) (%I 

3 1 -  1 S 
3: R'=CO;M~, R'=H -10 2 4: R =CO Me, R =H, R =H 13.7 

3 - 3:R=CO,Me,R=H 1 2 -20 2 - I 2  4 : R = U ) , M e , R = H , R = H  2 2 1 7 . 6  

1 .2  R'=H, R1=M2C0~k, R ~ = E ~  3 
3 R 1 = ~ t ,  R ~ = c H ~ M ~ M ~ ,  R =H 5 

3 
1 2  3 R =H, R =CH2COZMe, R =Et 10.3 

2 3 
~ l = E t ,  R = M  CO Me, R =H 2 2 

16.9 

3 - 9: R'=H, R ~ = M ~ ,  R 3 = ~ t  1171119 3.8 
- 1 2 3 10: R =Et, R =Me, R =H 1191120 21.4 - 

Conditions 1 Product 

Lithium diindolylcuprate/pyridine N-oxide Temp (OC) T i m  (h) Yield (%) 

( m l e  r a t io )  

3 . 5  -40 2 16 

3d -40 2 0 

5 -40 2 14.9 

10 -40 2 9.1 

a) All  of the pyridine N-oxides were prepared by heating the corresponding pyridine derivatives in  

a mixture of AcOH and H202 a t  80'~. 

b) Isolated yie ld  based on pyridine N-oxide used. 

c )  Catalytic m m t  of CuI was used. 

d) When Me1 was used instead of benioyl chloride, none of the desired condensation product was obtained 



We then  t u r n e d  o u r  a t t e n t i o n  t o  t h e  s y n t h e s i s  o f  2-indolyl-4-methoxycarbonylmethyl- 

p i p e r i d i n e  d e r ~ v a t i v e s  which s h o u l d  be i m p o r t a n t  i n t e r m e d i a t e s  i n  t h e  s y n t h e s l s  o f  

e r v i t s i n e  and  i t s  a n a l o g u e s .  

Thus,  t r e a t m e n t  of t h e  compound (t) w i t h  methyl  i o d i d e  f o l l o w e d  by m e t h a n o l i c  sodium 

b a r a h y d r i d e  r e d u c t i o n  a f f o r d e d  t h e  4 , s - d ~ h y d r o p i p e r i d i n e  ) Li th lum aluminium 

h y d r i d e  r e d u c t i o n  o f  the  e s t e r  ( 1  i n  d r y  t e t r a h y d r a f u r a n  gave t h e  ally1 a l c o h o l  

(@,I4, mp 1 8 3  1 185'. O r t h o e s t e r  C l a l s e n  r e a r r a n g e m e n t 5  p r o v i d e d  an  u n s e p a r a b l e  

m i x t u r e  o f  t h e  homoes te r  [AJ)  ( c i s  : t r a n s  = c a . 1  : 1 )  i n  a p p r o x i m a t e l y  50 % y l e l d .  

Thus a g e n e r a l  s y n t h e s i s  o f  2 - i n d o l y l - 4 - m e t h o x y c a r b o n y l m e t h y l p i p e r i d i  d e r i v a t i v e s ,  

which may be key i n t e r m e d ~ a t e s  i n  t h e  s y n t h e s i s  o f  e r v i t s i n e ,  h a s  been a c c o m p l ~ s h e d .  

Al though t h e  y i e l d s  i n  t h e  c o n d e n s a t i o n  r e a c t i o n s  d e s c r i b e d  h e r e i n  a r e  u n f o r t u n a t e l y  

low, t h e  method i s  n e v e r t h e l e s s  no tewor thy  i n  comparison w i t h  o t h e r  known r o u t e s 6  t o  

2 - i n d a l y l p y r i d i n e  d e r ~ v a t i v e s ,  which are  n o t  o n l y  l e n g t h y  b u t  a r e  a l s o  r e s t r i c t i v e  

w i t h  r e g a r d  t o  t h e  i n t r o d u c t i o n  of s y n t h e t i c a l l y  u s e f u l  f u n c t i o n a l i t y .  To o u r  

knowledge,  t h i s  p a p e r  a l s o  c o n s t i t u t e d  t h e  f i r i t  r e p o r t  c o n c e r n i n g  t h e  r e a c t i v i t y  o f  

l i t h i u m  d i i n d o l y l c u p r a t e .  The t o t a l  s y n t h e s l s  o f  e r v i t s i n e  a c c o r d i n g  t o  t h i s  p r o c e d u r e  

i s  now under  i n v e s t i g a t i o n  i n  t h e s e  l a b o r a t o r i e s .  
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