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Abstract - Reac t ion  of N - s o d i o p y r r o l e  w i t h  v i n y l t r i p h e n y l  phosphonium 

bromide and v a r i o u s  a ldehydes g i v e s  o n l y  N - a l l y l p y r r o l e s  w i t h  g e n e r a l l y  

v e r y  h i g h  2-geometry.  The same r e a c t i o n  us ing  v inyl t r i -n-butylphosphonium 

bromide f u r n i s h e d  N - a l l y l p y r r o l e s  w i t h  moderate t o  h i g h  E-geometry.  

1  Considerable l i t e r a t u r e  e x i s t s  on p y r r o l e  a l k y l a t i o n  (N C) and o f  t h e  v a r i o u s  exper imenta l  

parameters wh ich  f a v o r  r e g i o s e l e c t i v e  a l k y l a t i o n s .  I n  p a r t i c u l a r ,  N - a l l y l a t i o n  C - a l l y l a t i o n  

of p y r r o l e s  has a l s o  been s t u d i e d  r e c e n t l y  by Papadopoulus and vanderwerf2.  

We now d e s c r i b e  an e x t e n s i o n  o f  ou r  e a r l i e r  work3 i n v o l v i n g  amide a d d i t i o n  t o  v i n y l  phosphonium 

s a l t s  w i t h  in t r a p p i n g  by a ldehydes t o  g i v e  a l l y l a m i n e s  (eq .  1 )  as a p p l i e d  t o  N-sodiopyr-  

4 r o l e  (Schweizer  r e a c t i o n  ) .  When sodium h y d r i d e  (1 .5  mmol) was added t o  a  suspension o f  p y r r o l e  

e* PBu, g i v e s  E - a l l y l a m i n e s  1 NH,NH, 
q ~ h ,  g i v e s  L - a l l y l a m i  nes 

(1.1 mmol), v iny lphosphonium bromide (1 .1  mmol) and an aldehyde ( 1 . 0  mmol ) i n  THF a t  room tem- 

p e r a t u r e  and t h e  m i x t u r e  a l l o w e d  t o  s t i r  f o r  8 h, t h e  N - a l l y l p y r r o l e  p r o d u c t  was o b t a i n e d  i n  

good y i e l d  a f t e r  chromatography ( e q .  2 ) .  If viny l t r ibu ty lphosphon ium bromide i s  u t i l i z e d ,  

t h e  p r o d u c t  i s ,  i n  genera l ,  t h e  E isomer L. However, i f  vinyl t r iphenylphosphonium bromide i s  

employed, t h e  1 isomer 1 predominates.  No t r a c e  o f  a  C - a l l y l a t e d  p o s i t i o n a l  isomer c o u l d  b e '  

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

can be seen i n  Tab le  1  . 



TABLE 1.  (E and 2 ) -N -A l l y l py r ro l es ,  1 

a)  Products were determined by usual spec t roscop ic  means. M/e were determined. b )  M+,183. 

C )  ~+,149.  d )  MI, 177. e )  There was no  change i n  the  !/? r a t i o  be fo re  and a f t e r  chromatography. 
1 Ratios were determined by H-NMR i n t e g r a t i o n  and/or  gas chromatography ( c a p i l l a r y  column, SE-52, 

2%, 100-200•‹C Programed a t  ZD/min). f )  Accura te  r a t i o  c o u l d  n o t  be determined due t o  peak 

overlap, * lo%. g)  Y ie lds  a r e  n o t  op t im i zed  i n  a l l  cases. h )  C O C l  so l n .  



As noted e a r l i e r 3 ,  changing the l i g a n d  on phosphorus from e lec t ron  withdrawing ( ~ h e n y l )  t o  

e lec t ron  donat ing ( b u t y l )  r e s u l t s  i n  a  dramatic change i n  the  o l e f i n  stereochemistry.  I t  i s  

i n t e r e s t i n g  t o  note  t h a t  these y l i d e s  are prepared under " sa l t - f r ee "  cond i t ions ,  and are o f  

the non-s tab i l i zed type.  These fac tors  should' ledd predominantly t o  the  formation of o le -  

5  f i n i c  products v i a  decomposition o f  the i n i t i a l l y  formed oxaphosphetane in termedia te  . Indeed. 

t h i s  r e s u l t  i s  observed for the  tr iphenylphosphonium y l i d e  which produces t h e  k i n e t i c a l l y  favored 

Z o l e f i n .  I n  cont ras t ,  the t r i - n - b u t y l  y l i d e  r e s u l t s  i n  se lec t i ve  E o l e f i n  format ion,  the  more - 
thermodynamically favored isomer. Since t h e  reac t i on  condi t ions are i d e n t i c a l  f o r  each v i n y l -  

phosphonium s a l t ,  the  observed stereochemical r e s u l t s  herein a r e  c o n t r o l l e d  s o l e l y  by the  

6 e lec t ron i c  nature  of the  group at tached t o  phosphorus . The e lec t ron  donat ing bu ty l  groups on 

phosphorusapparently a c t  t o  s t a b i l i z e  the t r a n s i t i o n  state, thereby a l l ow ing  e q u i l i b r a t i o n  of 

7 
the betaine in termedia te  . Decreasing the e lec t ron  densi ty a t  the  aldehydic carbon should a l so  

serve t o  f a c i l i t a t e  t h i s  process by p o l a r i z a t i o n  of the oxaphosphetane C - C  bond. This i s  the  

case fo r  t h e  aldehydes studied, the  degree of E s e l e c t i v i t y  increases ' i n  propor t ion  t o  the 

e lec t ron  withdrawing a b i l i t y  o f  the  subst i tuent ;  C(CH3)C(H)Ph>@lC6H4>C6H4>pMeOC6H4. E lec t ron 

donat ing subst i tuents ,  a l k y l  aldehydes, r e s u l t  i n  a  decreased E s e l e c t i v i t y .  

A t yp i ca l  experimental procedure fo l lows: Pyr ro le  (1.1 m o l ) ,  v iny l t r ibu ty lphosphon ium o r  

v inyl t r iphenylphosphonium bromide (1 .1  mmol), and t h e  aldehyde (1.0 mmol) were suspended i n  20 ml 

dry THF under a  n i t r ogen  o r  argon atmosphere. Sodium hydride (60% o i l  d ispers ion,  1.5 mmol) was 

then added and t h e  heterogeneous mix ture  was s t i r r e d  a t  23-25'C f o r  8 h. The mix ture  was poured 

i n t o  50 ml water and 50 ml e the r  and the l aye rs  separated. The aqueous phase was ex t rac ted w i t h  

e ther  (2x50 ml )  and t h e  combined ethereal  ex t rac t s  were washed w i t h  b r i n e  (1x25 m l ) ,  d r i e d  

(K2C03) and concentrated. The residue was chromatographed on s i l i c a  gel (200-400 mesh) using 

20% e thy l  acetate-hexane as e luen t .  
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