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Abst rac t  -- I n  the  presence of s i l v e r  carbonate, potassium carbonate, o r  

sodium bicarbonate, p y r r o l e  reac ts  w i t h  a l l y l  bromide t o  form 2 - a l l y l -  

p y r r o l e  together  w i t h  smal le r  amounts o f  3 - a l l y l p y r r o l e  and d i  (po1y)al l y l -  

py r ro les .  

Although the a l k y l a t i o n  of metal d e r i v a t i v e s  o f  p y r r o l e  has been i nves t i ga ted  ex tens ive ly ,  very  

l i t t l e  work has been done on reac t i ons  of p y r r o l e  w i t h  a l k y l  ha l ides  i n  the absence o f  a 

Fr iede l -Cra f ts  Py r ro le  has been repor ted t o  y i e l d  po lymethy lpyr ro les  upon t r e a t -  

ment w i t h  methyl iodide,6 and the reac t i on  o f  1 -methy lpyr ro le  w i t h  methyl i o d i d e  and potassium 

carbonate i n  methanol a t  140' has been found t o  l ead  t o  N,C,C--trimethylpyrroles as we l l  as 

1.3,4,5,5-pentamethyl-2-methylene-A'-pyrroline and 1 ,2,2,4,5-pentamethyl-3-methylene-A2- 

pyr ro l ine .7 '8  Treatment o f  p y r r o l e  w i t h  t r i a n i s y l m e t h y l  c h l o r i d e  i n  benzene has been shown t o  

y i e l d  2- t r ian isy lmethy lpyr ro le .  9 

I n  the  course o f  a study o f  the  react ions  of metal s a l t s  of p y r r o l e  w i t h  a l l y l  bromide, 5 

i t  was observed t h a t  p y r r o l e  reac ts  v i o l e n t l y  w i t h  a l l y l  bromide a t  room temperature t o  form a 

p a r t i a l l y  charred polymeric ma te r i a l .  Po lymer iza t ion  however i s  prevented and the reac t i on  i s  

c o n t r o l l e d  when i t  i s  run i n  the  presence o f  s u f f i c i e n t  base t o  n e u t r a l i z e  the  hydrogen bromide 

formed by the a l k y l a t i o n  react ion .  Thus the reac t i on  o f  p y r r o l e  w i t h  a l l y l  bromide i n  to luene 

o r  te t rahydro furan,  i n  the  presence o f  potassium carbonate o r  sodium bicarbonate and water, 

w i t h  o r  Without a d d i t i o n  o f  a s i l v e r  s a l t ,  y i e l d s  2 - a l l y l p y r r o l e  as t h e  p r i n c i p a l  product 

together  w i t h  smal le r  amounts o f  3 - a l l y l p y r r o l e  and d i ( p o 1 y ) a l l y l p y r r o l e s  (Table I ) .  I n  

general, the  composit ion of t h e  product  i s  analogous t o  t h a t  o f  the  reac t i on  o f  pyrrolylmagnes- 

ium bromide w i t h  a l l y l  chloride,1•‹ except t h a t  i n  the  present case the r e l a t i v e  percentage of 

3 - a l l y l p y r r o l e  i s  s i g n i f i c a n t l y  lower and t h a t  of d i  ( po1y )a l l y l py r ro les  somewhat higher.  The 

best  o v e r a l l  y i e l d s  were obta ined when the reac t i on  was run  i n  toluene, i n  the  presence o f  

s i l v e r  carbonate (58%). and i n  to luenelwater,  i n  the  presence o f  potassium carbonate (51%). 



TABLE I 

REACTION OF PYRROLE WITH ALLYL BROMIDE 

Added % Y ie ld  % Y i e l d  Re la t i ve  Percent 
Medi um Reagents Monoal ly l -  Di (po1y)- 2 - A l l y l -  3 - A l l y l -  Di (po1y)a l ly l -  

py r ro les  a l l y l p y r r o l e s  p y r r o l e  p y r r o l e  py r ro les  a 

Toluene Si 1 ver carbonate 40 18 57 5 38 

Toluene-water Sodium bicarbonate, 31 
s i l v e r  n i t r a t e  

Tetrahydrofuran- Sodium bicarbonate, 29 
water s i l v e r  n i t r a t e  

Toluene 

Tetrahydrofuran 

Toluene-water 

Tetrahydrofuran- 
water 

Toluene-%water 

Tetrahydrofuran- 
water 

Tetrahydrofuran 

Toluene 

To1 uene 

Sodium bicarbonate 

Sodium bicarbonate 

Potassium carbonate, 
s i l v e r  n i t r a t e  

Potassium carbonate, 
s i l v e r  n i t r a t e  

Potassium carbonate 

Potassium carbonate 

Sodium carbonate 

Dimethylami ne 

Py r i d i ne  

a ~ a l c u l a t e d  as d i a l l y l p y r r o l e s .  

Because o f  the  s i m p l i c i t y  of the  experimental procedure and the f a c t  t h a t  2 - a l l y l p y r r o l e  may be 

more e a s i l y  separated from d i ( p o 1 y ) a l l y l p y r r o l e s  than from i t s  3-isomer, the  r e a c t i o n  descr ibed 

i n  t h i s  repo r t  may be considered a more convenient approach t o  2 - a l l y l p y r r o l e  than the rou te  

i nvo l v i ng  a Grignard reac t i on .  10 

No c l e a r  pa t te rn  has been observed c o r r e l a t i n g  the  composit ion of the  product w i t h  the  

reac t i on  cond i t ions .  The presence of water increases somewhat t h e  o v e r a l l  y i e l d ,  whereas add i -  

t i o n  o f  a s i l v e r  s a l t  seems t o  f avo r ' po l ya l ky la t i on . l l  Reactions i n  te t rahydro furan af ford 

cons i s ten t l y  lower y i e l d s  than reac t i ons  i n  to luene and the use of an amine as base g ives  poor 

r e s u l t s  presumably because of considerable s i de  reac t i on  between the amine and a l l y 1  bromide. 

With regard t o  a probable reac t i on  pathway, the  f ac t  t h a t  i n  no case has any 1 - a l l y l p y r r o l e  

been detected i n  the  product i nd i ca tes  t h a t  p y r r o l e  i t s e l f ,  and no t  i t s  anion, i s  the  species 

undergoing s u b ~ t i t u t i o n . ~  It i s  i n t e r e s t i n g  t o  note t h a t  no reac t i on  takes p lace when l - a l l y l -  
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p y r r o l e  i s  t r ea ted  w i t h  a l l y l  bromide and sodium bicarbonate i n  toluene, a t  65'. f o r  24 hours. 

Under the  same cond i t ions ,  however, the  use o f  s i l v e r  carbonate, ins tead of sodium bicarbonate, 

causes a reac t i on  t o  occur. Gas- l iqu id  chromatography o f  the  product shows the presence i n  i t  

of 58% of unreacted 1 - a l l y l p y r r o l e ,  24% o f  two compounds w i t h  r e t e n t i o n  t imes corresponding t o  

1.2- and 1 .3 -d ia l l y l py r ro les ,  and 18% o f  two compounds w i t h  longer  r e t e n t i o n  t imes, presumably 

more h i g h l y  subs t i t u ted  pyr ro les .  These r e s u l t s  i n d i c a t e  t h a t  the presence o f  hydrogen on the 

n i t r ogen  atom o f  t h e  p y r r o l e  r i n g  i s  essen t i a l  f o r  the r e a c t i o n  t o  occur i n  the absence o f  

s i l v e r  ions. This requirement i s  cons is tent  w i t h  the  expected s t a b i l i z a t i o n  of the  t r a n s i t i o n  

s t a t e  of t h e  s u b s t i t u t i o n  reac t i on  by the  simultaneous format ion  o f  a pro ton and a bromide i o n  

i n  c l ose  proximity.5 When an a l k y l  group i s  a t tached t o  the  p y r r o l e  n i t r ogen  atom, such a 

Q 0 + RBr + m.; hZE+ m+ Br 

H I :a@ H 
6 0 ( , - - . - &  

r e l a t i v e l y  low-energy t r a n s i t i o n  s t a t e  i s  n o t  poss ib le  and t h e  reac t i on  takes p lace on l y  when 

the C-8r bond o f  the  a l k y l  ha l i de  i s  po la r i zed  enough by a s i l v e r  i o n  t o  a l l ow  an SN1-type 

pathway. 

Experimental 12 ------------ 
With minor modif icat ions,  the  react ions  were run  as descr ibed i n  t h e  fo l lowing representa t ive  

cases. The r e a c t i o n  products were analyzed by gas - l i qu id  chromatography as descr ibed i n  

reference 5. 

Reactions i n  the  Presence of S i l v e r  Carbonate. The dropwise a d d i t i o n  over 0.5 h of 60.5 g 

(0.50 mole) o f  a l l y l  bromide t o  a s t i r r e d  m ix tu re  of 33.5 g (0.50 mole) of py r ro le ,  69.0 g 

(0.25 mole) o f  s i l v e r  carbonate and 100 ml o f  to luene caused a vigorous, exothermic reac t i on  

accompanied by evo lu t i on  o f  carbon d iox ide.  Af te r  an a d d i t i o n a l  s t i r r i n g  pe r i od  of 6 h, t h e  

reac t i on  mix ture  was f i l t e r e d  and the s o l i d  ma te r i a l  was washed w i t h  e t h y l  e ther .  Removal of 

t h e  solvents from the combined organic so lu t i ons  by d i s t i l l a t i o n  under reduced pressure y i e lded  

a l i q u i d  res idue which was analyzed by gas - l i qu id  chromatography. 

Reactions i n  t h e  Presence o f  Sodium Bicarbonate. A mix ture  of 33.5 g (0.50 mole) of py r ro le ,  

42.0 g (0.50 mole) o f  sodium bicarbonate,  60.5 g (0.50 mole) o f  a l l y l  bromide, and 100 ml of 

to luene o r  te t rahydro furan was s t i r r e d  a t  65' f o r  24 h. The r e s u l t i n g  m ix tu re  was t rea ted  as 

' 'described above. 

Reactions i n  t h e  Presence o f  Potassium Carbonate and Water. A mix ture  o f  33.5 g (0.50 mole) 

of py r ro le ,  35.0 g (0.25 mole) o f  potassium carbonate d isso lved i n  100 ml o f  water, 60.5 g 

(0.50 m l e )  o f  a l l y l  bromide, and 100 ml of to luene o r  te t rahydro furan was s t i r r e d  a t  65' f o r  



24 h. The product was cooled, the  l aye rs  were separated, and the aqueous l a y e r  was ex t rac ted  

w i t h  e thy l  e ther .  The combined organic so lu t i ons  were d r i e d  (MgS04) and f u r t h e r  t r ea ted  as 

described e a r l i e r .  

Reactions i n  t h e  Presence o f  Potassium Carbonate, S i l v e r  N i t r a te ,  and Water. A s o l u t i o n  of 

85.0 g (0.50 mole) of s i l v e r  n i t r a t e  i n  100 ml o f  water was added dropwise, over a per iod  o f  

1 h, t o  a s t i r r e d  mix ture  o f  33.5 g (0.50 mole) o f  py r ro le ,  35.0 g (0.25 mole) o f  potassium 

carbonate, 60.5 g (0.50 mole) o f  a l l y 1  bromide, and 100 ml o f  to luene o r  te t rahydro furan.  

Af ter  an add i t i ona l  s t i r r i n g  per iod  o f  24 hours, the  reac t i on  mix ture  was f i l t e r e d ,  the  s o l i d  

mater ia l  was washed w i t h  e t h y l  e ther ,  and the combined organic so lu t i ons  were t rea ted  as 

descr ibed prev ious ly  
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