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THE SYNTHESIS OF KNORR’S PYRROLE BY INVERSE A D D I T I O N  

Submit ted by John V.  Cooney*, Erna J. Beal, and Robert  N. H a z l e t t  
(1/17/83 1 

Fue ls  Sect ion,  Chemistry D i v i s i o n  
Naval Research Labora tory  
4555 Overlook Avenue, S. W. 
Washington, D. C. 20375 

I n  t h e  course o f  ou r  e f f o r t s  t o  assess t h e  r o l e  o f  p y r r o l e s  i n  

syn fue l  s to rage i n s t a b i l i t y ,  we r e q u i r e d  a convenient,  h igh  y i e l d  r o u t e  

t o  2,4-dimethylpyrrole. ’  The key p recu rso r  i s  d i e t h y l  2 ,4 -d imethy lpyr ro le -  

3,5-dicarboxylate ( I ) ,  which i s  a v a i l a b l e  i n  approx imate ly  50% y i e l d  ( a f t e r  

p u r i f i c a t i o n  by a c l a s s i c  i n  s i t u  Knorr  syn thes is .  2 y 3  An i nve rse  a d d i t i o n  

scheme, wherein t h e  pre-formed n i t r o s o  com- 

pound o f  e t h y l  ace toaceta te  i s  added t o  the  

z i n c  r e d u c t i o n  mix tu re ,  has been c la imed t o  w; 
M 

a f f o r d  up t o  a 75% y i e l d  o f  I; however, t h e  H 

a c t u a l  c o n d i t i o n s  used, as w e l l  as t h e  p u r i t y  

o f  t h e  p roduc t  which r e s u l t s ,  have n o t  been 

I, R = C02Et 
11, R = H 

We now r e p o r t  t h a t  t he  i nve rse  a d d i t i o n  r o u t e  t o  Knor r ’ s  

p y r r o l e  i s  s u p e r i o r  t o  t h e  F i sche r  procedure2 i n  y i e l d  and p u r i t y  of  

p roduc t  obtained. Furthermore, t h e  syn thes i s  o f  2 ,4 -d imethy lpyr ro le  i n  

60-70% o v e r a l l  y i e l d  f rom e t h y l  ace toaceta te  has been a ~ h i e v e d . ~  

was made p o s s i b l e  by a conven ien t  and n e a r l y  q u a n t i t a t i v e  convers ion  o f  

I t o  I 1  i n  a heated s t a i n l e s s  s t e e l  p ressure  Thus, t h e  e a r l y  

r e p o r t s  o f  Corwin e t  a l .  have been 

Th is  

EXPERIMENTAL 

D i e t h y l  2,4-dimethylpyrrole-3,5-dicarboxylate (11.- To a s t i r r e d  m i x t u r e  

o f  25 m l  g l a c i a l  a c e t i c  a c i d  and 97.5 g (0.75 mo l )  o f  e t h y l  ace toaceta te  
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coo led  

over a 

n i t r i t e  

n an i c e - s a l t  ba th  t o  5' was added s l o w l y  ( i n  5 m l  p o r t i o n s  and 

h r  p e r i o d )  a coo led  s o l u t i o n  o f  53.4 g (0.75 mo l )  o f  97% sodium 

i n  75 m l  o f  water. Throughout t h e  a d d i t i o n ,  t h e  temperature o f  

a d d i t i o n  was com- 

r r e d  f o r  an add i -  

i o n  m i x t u r e  a l lowed 

t h e  r e a c t i o n  m i x t u r e  was main ta ined a t  5'. A f t e r  t h e  

p l e t e ,  t he  y e l l o w  s o l u t i o n  o f  n i t r o s o  compound was s t  

t i o n a l  hour a t  5 O ,  t h e  i c e  ba th  removed, and t h e  reac 

t o  warm t o  room temperature ove r  a 2 h r s  per iod .  

I n t o  a 2 l i t e r  t h r e e  neck f l a s k  f i t t e d  w i t h  an a d d i t i o n a l  f unne l ,  a 

condenser, and a mechanical s t i r r e r  was p laced 225 m l  g l a c i a l  a c e t i c  ac id ,  

15 g (0.18 mol)  o f  sodium aceta te ,  98 g (1.5 mol )  o f  f r e s h  z i n c  dus t ,  and 

97.5 g (0.75 mol )  o f  e t h y l  ace toaceta te .  The s o l u t i o n  o f  n i t r o s o  compound 

was p laced i n  t h e  a d d i t i o n  funne l  and was added i n  smal l  p o r t i o n s  (over  a 

1.5 h r  p e r i o d )  t o  t h e  s t i r r e d  z i n c  r e d u c t i o n  m i x t u r e  a t  such a r a t e  t h a t  

t h e  a c e t i c  a c i d  r e f l u x e d  moderately.  A f t e r  an a d d i t i o n a l  hour o f  r e f l u x ,  

t h e  s t i l l - h o t  r e a c t i o n  m i x t u r e  was decanted f rom t h e  z i n c  res idue  and was 

added t o  5 l i t e r s  o f  water  w i t h  v igorous  s t i r r i n g .  

washed w i t h  two 50 m l  p o r t i o n s  o f  h o t  a c e t i c  ac id ,  which were added t o  t h e  

aqueous mix tu re .  

c i p i t a t e  formed almost imned ia te l y .  

then t h e  beaker was wrapped i n  aluminum f o i l  ( t o  exc lude l i g h t )  and a l l o w -  

ed t o  s tand ove rn igh t .  The produc t  was c o l l e c t e d ,  washed w i t h  150 m l  c o l d  

aqueous a c e t i c  a c i d  (50:50 v / v )  t o  l i g h t e n  t h e  washed w i t h  l a r g e  

q u a n t i t i e s  o f  c o l d  water,  and a l lowed t o  d r y  tho rough ly  i n  a vacuum oven 

ove rn igh t  t o  a f f o r d  113.6 g (63.3%) o f  l i g h t  y e l l o w  c r y s t a l s Y 9  mp 134-135' 

( c o r r . ) ,  l i t .2 mp 136-137'. 

2,4-Dimethylpyrrole ( I I ) . -  Compound I (69.7 g, 0.291 mo l )  and 106.4 g 

(1.90 mol )  o f  85% potassium hydrox ide  were mixed tho rough ly  by g r i n d i n g  

together ,  s t i r r e d  i n t o  a pas te  w i t h  56 m l  water,  and pressed i n t o  a s t a i n -  

The z i n c  res idue  was 

A l a r g e  q u a n t i t y  o f  l i g h t  ye l l ow ,  f i n e  c r y s t a l l i n e  pre-  

S t i r r i n g  was cont inued f o r  0.5 h r ,  
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l e s s  s t e e l  p ressure  vessel  o f  220 m l  capac i t y .  The vessel  was sealed, 

evacuated, and p laced i n t o  a 160' f l u i d i z e d  sand ba th  f o r  6.5 h rs .  When 

coo led  t o  room temperature,  t he  pressure  vessel  con ta ined  an amber l i q u i d  

phase, a smal l  amount o f  a green aqueous phase and a good q u a n t i t y  o f  

c r y s t a l l i n e  potassium carbonate.  

round bottom f l a s k ,  t he  pressure  vessel  r i n s e d  w i t h  e t h e r  (2  x 100 m l ) ,  and 

The l i q u i d  phases were decanted i n t o  a 

t h e  e t h e r  and l i q u i d s  combined. 

t i o n ,  and t h e  e t h e r - f r e e  l i q u i d  was steam d i s t i l l e d  and 300 m l  o f  d i s -  

t i l l a t e  was c o l l e c t e d .  The d i s t i l l a t e  was e x t r a c t e d  w i t h  e t h e r  

(2  x 150 m l )  and t h e  combined o rgan ic  l a y e r s  were d r i e d  over  MgS04. Re- 

moval o f  t h e  s o l v e n t  by r o t a r y  evapora t i on  (under n i t r o g e n )  a f f o r d e d  t h e  

c rude p y r r o l e  which upon d i s t i l l a t i o n  i n  vacuo under n i t r o g e n  gave 26.5 g 

(96%) o f  p u r i f i e d  I 1  as a c l e a r  l i q u i d ,  bp. 78-80°/26.5 mrn, 

bp. 72'/25 mm and 56'/10 mm)." 

and shou ld  be s t o r e d  i n  a brown b o t t l e  under n i t r o g e n .  

The e t h e r  was removed under water  a s p i r a -  

The produc t  a u t o x i d i z e s  ve ry  r a p i d l y  
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8.  I f  t h e  crude produc t  i s  n o t  washed w i t h  aqueous a c e t i c  ac id ,  t h e  

y i e l d  i s  126.5 g (70%) and t h e  mp i s  130.7-133' ( c o r r . ) .  
p roduc t  l o s s  occurs w i t h  t h i s  s tep  as I i s  p a r t i a l l y  s o l u b l e  i n  

a c e t i c  ac id .  

The p u r i t y  o f  t h e  produc t  i s  g r e a t e r  than 99% (pure  by nmr and i r ) .  
The produc t  darkens upon exposure t o  l i g h t .  
I d e n t i f i e d  by nmr and i r  spec t ra  and by comparison w i t h  an a u t h e n t i c  
sample k i n d l y  p rov ided  by D. R.  Latham o f  t h e  Laramie Energy 

Technology Center (DOE). 

Some 

9. 

10. 
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