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A N E W  HETEROCYCLIC REARRANGEMENT: 

CONVERSION OF 1 ,2 -D IHYDROPYRIMIDINES INTO PYRROLES 

A n t o n i o  d e  l a  ~ o z ~ ,  J o s e  ~ l g u e r o ~ ,  a n d  C a r m e n  p a r d o a *  

a )  D e p a r t a m e n t o  d e  Q u i m i c a  O r g l n i c a  I ,  F a c u l t a d  d e  Q u i m i c a ,  

' i n i v e r s i d a d  C o m p l u t e n s e ,  2 8 0 4 0 - M a d r i d ,  S p a i n  

h )  l n s t i t u t o  d e  Q u i m i c a  M g d i c a ,  C S I C ,  J u a n  d e  l a  C i e r v a  3 ,  

2 8 0 0 6 - M a d r i d .  S p a i n  

A b s t r a c t -  2 - [ ~ y d r o x y ( m e t h o x y c a r b o n y l  ) m e t h y l ]  - 2 - ( m e t h o x y c a r b o n y l  ) -  

l - p h e n y l - 1 , Z - d i h y d r o p y r i m i d i n e i  r e a c t  w i t h  a c e t i c  a n h y d r i d e  t o  

g i v e  2 - m e t h o x y c a r b o n y l  p y r r o l e s .  A r e a c t i o n  i n t e r m e d i a t e  h a s  b e e n  

i s o l a t e d  a n d  a  m e c h a n i s m  i s  p r o p o s e d  f o r  t h e  r e a c t i o n  p r o c e s s .  

1 . 2 - D i h y d r o p y r i m i d i n e s  1' r e a c t  w i t h  r e f l u x i n g  a c e t i c  a n h y d r i d e  t o  g i v e  a  m i x t u r e  

o f  a c e t a n i l i d e  2 a n d  p y r r o l e s  3 a n d  i. When t h e  r e a c t i o n  o f  w i t h  a c e t i c  a n h y d r i d e  
W 

i s  c a r r i e d  o u t  i n  t o l u e n e  a s  s o l v e n t ,  t o g e t h e r  w i t h  3% a n d  t r a c e s  o f  !l, a new 

c o m p o u n d  5 a  i s  i s o l a t e d .  I n  t h e  l a t t e r  c o n d i t i o n s ,  no a c e t a n i l i d e  i s  d e t e c t e d .  -- 

P y r r o l e s  3 a n d  4 h a v e  b e e n  i d e n t i f i e d  b y  t h e i r  ' H -  a n d  " C - n m r  s p e c t r a z s 3  t o g e t h e r  

4 
w i t h  t h e i r  c h a r a c t e r i s t i c  mass  f r a g m e n t a t i o n  . 

The s t r u c t u r e  o f  c o m p o u n d  ,S: h a s  b e e n  e s t a b l i s h e d  o n  t h e  b a s i s  o f  i t s  s p e c t r o s c o p i c  

d a t a ,  s p e c i a l l y  i t s  mass  s p e c t r u m  w h i c h  s h o w s  t h e  s u c c e s s i v e  t r a n s f o r m a t i o n  i n t o  

4a a n d  ?3, a n d  i t s  i 3~ -nm? s p e c t r u m  a s s i g n e d  b y  c o m p a r i s o n  w i t h  t h e  known c o m p o u n d s  

6  65 a n d  . S i g n a l s  a t  7 1 . 2  a n d  1 4 4 . 1  ppm a r e  b r o a d e n e d  b y  s l o w  r o t a t i o n  o f  t h e  N -  ,. 
a c e t y l  g r o u p .  The  c h e m i c a l  s h i f t s  o f  t h e  m e t h y l  c a r b o n  a t o m s  c a n  b e e n  i n t e r c h a n g e d .  



?? 
We p r o p o s e  t h e  f o l l o w i n g  m e c h a n i s m  f o r  t h e  r e a r r a n g e m e n t  o f  1 i n t o  : , L a n d  5- ( s e e  

Scheme 1 ) .  

When i s  d i s s o l v e d  i n  a c e t i c  a n h y d r i d e ,  a t  r o o m  t e m p e r a t u r e ,  i t  i s  i m m e d i a t e l y  

0 - a c e t y l a t e d ,  a s  i t  h a s  b e e n  e x p e r i m e n t a l y  v e r i f i e d .  T h i s  a c e t a t e  c a u l d  r e a c t  

t h r o u g h  i t s  o p e n  c h a i n  t a u t o m e r  b y  t w o  a l t e r n a t i v e  p a t h w a y s .  

P a t h  a :  A c e t y l a t i o n  o n  t h e  c e n t r a l  n i t r o g e n  a t o m  f o l l o w e d  b y  d o u b l e  c y c l i z a t i o n  

g f v e s  c o m p o u n d  2 .  
P a t h  b :  A c e t y l a t i o n  o n  t h e  N - p h e n y l  n i t r o g e n  a t o m  a n d  c y c l i z a t i o n  f o r m s  p y r r o l e  2 
w i t h  l o s s  o f  a c e t a n i l i d e .  

We h a v e  e x p e r i m e n t a l l y  v e r i f i e d  t h a t  c o m p o u n d  2% a f f o r d s  p y r r o l e s  2% a n d  4% i n  

r e f l u x i n g  a c e t i c  a n h y d r i d e .  M o r e o v e r ,  p y r r o l e  3% i s  n o t  a c e t y l a t e d  t o  4: i n  t h e  

r e a c t i o n  c o n d i t i o n s ;  t h e r e f o r e ,  c o m p o u n d  m u s t  b e  f o r m e d  d i r e c t l y  f r o m  1, v i a  

p a t h  a ) , a n d  n o t  b y  a c e t y l a t i o n  o f  2 .  
F r o m  t h e  n a t u r e  o f  t h e  r e a c t i o n  p r o d u c t s  i t  seems t h a t  b o t h  p a t h w a y s ,  a )  a n d  b ) ,  

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

o n l y  p a t h  a )  o c c u r s ,  a s  t h e  a b s e n c e  o f  a c e t a n i l i d e  s u g g e s t s .  

T h i s  i s ,  t o  o u r  k n u w e l e d g e ,  t h e  f i r s t  e x a m p l e  o f  a r i n g  c o n t r a c t i o n  o f  1 . 2 -  

d i h y d r o p y r i m i d i n e s  t o  p y r r o l e s ,  a l t h o u g h  s u c h  a n  i n t e r m e d i a t e  h a s  b e e n  p r o p o s e d  i n  

7 
t h e  e l e c t r o c h e m i c a l  r i n g  c o n t r a c t i o n  o f  p y r i m i d i n e s  i n t o  p y r r o l e s  . 

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  o n  a  B u c h i  5 1 0  D a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  
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I r  s p e c t r a  w e r e  r e c o r d e d  o n  a P e r k i n - E l m e r  7 8 1  s p e c t r o p h o t o m e t e r ,  l ~ - n m r  s p e c t r a  

o n  a  V a r i a n  T - 6 0 A  s p e c t r o m e t e r ,  1 3 ~ - n m r  s p e c t r a  o n  a  V a r i a n  F T - 8 0 A  s p e c t r o m e t e r  

a n d  m a s s  s p e c t r a  o n  a  V a r i a n  M A T - 7 1 1  s p e c t r o m e t e r .  

R e a c t i o n  o f  1 , 2 - d i h y d r o e y r i m i d i n e s  1 i n  a c e t i c  a n h y d r i d e  

C o m p o u n d  1 ( 6  m m o l )  w a s  d i s s o l v e d  i n  2 . 3  m1 o f  d r y  a c e t i c  a n h y d r i d e  a n d  r e f l u x e d  

f o r  2  h . T h e  c o l d  m i x t u r e  w a s  p o u r e d  i n t o  1 5 0  rnl  o f  i c e - w a t e r ,  e x t r a c t e d  w i t h  

c h l o r o f o r m  ( 3  X 2 0  m l )  a n d  t h e  o r g a n i c  l a y e r  w a s  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  

s u l f a t e .  T h e  s o l v e n t  was  r e m o v e d  i n  v a c u u m  a n d  t h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  o n  

S i l i c a  g e l  a n d  e l u t e d  w i t h  p e t r o l e u m  e t h e r l e t h y l  a c e t a t e  ( g : ] )  t o  g i v e  p y r r o l e s  3 
a n d  4 a n d  a c e t a n i l i d e  2 .  
C o m p o u n d  l a  g a v e :  

1 6 %  o f  3 , 5 - d i m e t h y l - 2 - ( m e t h o x y c a r b o n y 1 ) p y r ~ o l e  p3, mp 9 7 - 9 8 ' C  ( s u b l i m e d  a t  4 0 ° C /  

1 0 - 3  r n b a r ) ;  m s :  m l z  ( % )  1 5 3  M l o o ) ,  1 2 2  ( 6 6 ) ,  1 2 1  ( 7 5 1 ,  1 2 0  ( 3 2 ) ,  9 4  ( 1 6 ) ,  9 3  

1 1  ( 1 7 ) .  6 7  ( 1 6 ) .  6 6  ( 2 7 ) ;  i r :  v m a X  ( K B r )  3 2 9 0  ( N H ) ,  1 6 7 5  ( C = O ) ,  cm-  ; H - n m r :  6 ( D C C I 3 )  

2 . 2 3  ( S ,  3H,  C H 3 - 3 ) .  2 . 3 0  ( S ,  3H,  C H 3 - 5 ) ,  3 . 8 0  ( S ,  3 H ,  OCH3) ,  5 . 7 7  ( b s ,  l H ,  H - 4 ) ,  

8 . 3 - 9 . 1  ( b s ,  l H ,  NH) ppm;  13c-nrn ,  6 ( D C C 1 3 )  1 3 . 0  ( C H 3 - 3  a n d  C H 3 - 5 ) ,  5 0 . 4  ( O C H 3 ) .  

111.1 C - 4 ) .  1 1 7 . 3  ( C - Z ) ,  1 2 8 . 8  ( C - 3 ) .  1 3 3 . 0  ( C - 5 ) ,  1 6 2 . 5  ( C 0 2 C H 3 )  ppm;  m. C a l c d  

forC8Hl1NO2: C, 6 2 . 7 3 ;  H,  7 . 2 4 ;  N,  9 . 1 4 .  F o u n d :  C, 6 2 . 5 0 ;  H, 7 . 4 0 ;  N. 8 . 9 0 .  

4 %  o f  l - a c e t y l - 3 , 5 - d i r n e t h y l - 2 - ( m e t h o x y c a r b o n y l p y o l e  45, mp 4 7 - 4 8 ° C  ( s u b l i m e d  a t  

~ o " c / I o - ~  m b a r ) ;  m s :  m l r  ( % )  1 9 5  M 1 2 ) ,  1 5 3  ( l o o ) ,  1 2 2  ( 4 0 ) .  1 2 1  ( 6 6 ) ,  9 4  ( 6 ) ,  

1 1  9 3  ( 1 0 ) ;  i r :  v m a x ( K B r )  1 7 2 0  ( C O N ) ,  1 6 8 5  (COO)  cm-  ; H - n r n r :  6 ( O C C 1 3 )  2 . 2 7  ( S ,  6 H ,  

CH3C0 a n d  C H ~ - ~ ) ,  2 . 4 3  ( S ,  3H,  C H 3 - 5 ) ,  3 . 7 7  ( S ,  3 H ,  OCH3) ,  5 . 7 2  ( S ,  l H ,  H - 4 )  ppm;  

1 3 c - n m r :  6 ( 0 C C l 3 )  1 3 . 3  ( C H 3 - 3 ) .  1 4 . 0  ( C H 3 - 5 1 ,  2 8 . 3  ( C H 3 C O ) ,  5 1 . 6  ( O C H 3 ) ,  1 1 3 . 7  ( C - 4 ) .  

1 2 0 . 1  ( C - Z ) ,  1 3 3 . 8  ( C - 3 ) ,  1 3 6 . 6  ( C - 5 ) .  1 6 2 . 0  ( C 0 2 C H 3 ) ,  1 7 3 . 6  ( C O - N )  p p m ;  M. 

C a l c d  f o r  CIOHl3NO3: C, 6 1 . 5 3 ;  H,  6 . 7 1 ;  N,  7 . 1 7 .  F o u n d :  C, 6 0 . 1 0 ;  H ,  6 . 7 0 ;  N,  7 . 1 0 .  

5 3 %  o f  a c e t a n i l i d e  L .  
C o m p o u n d  l b  g a v e :  

5 %  o f  5 - m e t h y l - 2 - ( m e t h o x y c a r b o n y l ) p y r r o l e  3b, mp 7 5 - 7 6 ° C  ( s u b l i m e d  a t  4 0 " C I l O ~  3  

r n b a r ) ;  m s :  m12  ( $ 1  1 3 9  ( M + ,  l o o ) ,  1 0 8  ( 9 2 ) ,  1 0 7  ( 5 3 ) ,  8 0  ( 2 1 ) ,  7 9  ( 3 0 ) .  5 3  ( 2 1 ) ,  

1 1  5 2  ( 1 9 ) ;  i r :  v m a x ( K B r )  3 3 1 0  ( N H ) ,  1 6 7 5  ( C = O )  cm' ; H - n m r :  6 ( D C C 1  ) 2 . 3 3  ( S ,  3 H ,  
3  

C H 3 - 5 ) ,  3 . 8 3  ( S ,  3H,  O C H 3 ) ,  5 , 9 3  ( m ,  J = 3 . 6 ,  2 . 6  a n d  0 . 8  H z ,  l H ,  H - 4 ) ,  6 . 8 0  ( t ,  J =  

2 . 6  H i ,  l H ,  H - 3 ) .  8 . 8 - 1 0 . 5  ( b s ,  l H ,  N H ) ;  1 3 c - n m r :  6 ( D C C 1 3 )  1 3 . 1  ( C H 3 - 5 1 ,  5 1 . 2  ( O C H 3 ) ,  

1 0 9 . 0  ( C - 4 ) .  1 1 6 . 4  ( C - 3 1 ,  1 2 1 . 1  ( C - 2 ) ,  1 3 4 . 2  ( C - 5 ) .  1 6 2 . 0  ( C 0 2 C H 3 )  ppm;  M. C a l c d  

f o r  C 7 H g N 0 2 :  C. 6 0 . 4 2 ;  H,  6 . 5 2 ;  N .  1 0 . 0 6 .  F o u n d :  C, 6 0 . 2 0 ;  H ,  6 . 6 0 ;  N ,  9 . 9 0 .  

1 3 %  o f  l - a c e t y 1 - 5 - m e t h y l - 2 - ( m e t h o x y c a r b o n y l  ) p y r o l  Lb, rnp 5 7 - 5 8 - C  ( s u b l i m e d  a t  
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3 0 " ~ 1 1 0 - ~  m b a r ) ;  m s :  m l r  ( % )  1 8 1  ( M + ,  1 6 1 ,  1 3 9  ( l o o ) ,  1 0 8  ( 6 7 ) ,  1 0 7  ( 5 3 ) ,  80 ( 1 0 ) .  

7 9  ( 1 6 ) ,  5 3  ( 1 4 ) .  5 2  ( 1 4 ) ;  i r :  v r n a x ( K B r )  1 7 3 0  ( C O N ) ,  1 6 9 0  (COO)  cm- ' ;  ' ~ - n m r :  

6 ( 0 C C l 3 )  2 . 3 0  ( S ,  3H, CH3CO) ,  2 . 5 0  ( S ,  3 h ,  C H 3 - 5 1 ,  3 . 8 0  ( S ,  3H,  O C H 3 ) ,  5 , 9 0  ( m ,  J =  

3 . 6  a n d  0 . 8  H r .  l H ,  H - 4 ) ,  6 . 8 3  ( d .  5 - 3 . 6  H z ,  l H ,  H - 3 )  ppm;  1 3 c - n m r :  S ( O C C 1 3 )  1 3 . 9  

( C H 3 - 5 ) ,  2 8 . 1  ( L H 3 C O ) ,  5 1 . 6  ( O C H 3 ) ,  1 1 0 . 3  ( C - 4 ) ,  1 2 1 . 0  ( C - 3 ) ,  1 2 3 . 1  ( C - Z ) ,  1 3 7 . 6  

( C - 5 ) .  1 6 1 . 1  ( C 0 2 C H 3 ) ,  1 7 3 . 6  ( C O - N I  p p m ;  E. C a l c d  f o r  CgHl1NO3: C, 5 9 . 6 6 ;  H, 

6 . 1 2 ;  N, 7 . 7 3 .  F o u n d :  C ,  5 9 . 5 0 ;  H,  6 . 1 0 ;  N. 7 . 5 0 .  

1 7 %  o f  a c e t a n i l i d e  < .  
R e a c t i o n  o f  1 , 2 - d i h y d r a p y r i m i d i n e  l a  w i t h  a c e t i c  a n h y d r i d e  i n  t o l u e n e  

A  s o l u t i o n  o f  3  mm01 o f  ,!c a n d  9  mm01 o f  d r y  a c e t i c  a n h y d r i d e  i n  3 0  m l  o f  d r y  

t o l u e n e  w a s  r e f l u x e d  f a r  2 . 5  h .  T h e  e x c e s s  o f  a c e t i c  a n h y d r i d e  a n d  t o l u e n e  w e r e  

r e m o v e d  i n  v a c u u m  a n d  t h e  r e s i d u e  w a s  r e c r y s t a l l i z e d  f r o m  t o l u e n e  t o  g i v e  3 3 %  o f  

5-lcetyl-6,8-dimethyl-4-(methoxycarbonyl)-2,3-dioxo-l-phenyl-2,3~4,8-tetrahydro- 

e y r r o l o  3 . 2 - b  p y r r o l e  5 5 ,  rnp 2 0 2 - 2 C 3 " C ;  m s :  m 1 2  ( % )  3 4 2  (M', 1 8 ) .  3 0 0  ( 1 5 ) ,  1 9 5  

( 2 8 ) ,  1 5 3  ( 1 0 0 ) .  1 2 2  ( 1 9 1 ,  1 2 1  ( 3 1 ) .  1 2 0  ( E ) ,  9 4  ( 1 0 1 ,  9 3  ( l l ) ,  6 7  ( 1 1 1 ,  6 6  ( 1 3 ) ;  

i r :  v ( K B r )  1 7 7 0  ( C O O ) ,  1 7 1 5  ( C O N ) ,  1 6 6 0 ,  1 6 4 0  c m - ' ;  l ~ - n m r :  S ( D C C 1 3 )  1 . 3 6  ( S ,  m a x  

3H,  C H 3 - 8 ) ,  2 . 3 0  ( d ,  J = 1 . 2  H z ,  3H,  C H 3 - 6 ) ,  2 . 3 3  ( S ,  3H,  CH3CO) ,  3 . 7 3  i s ,  3H, OCH3) .  

5 . 0 0  ( q ,  5 ~ 1 . 2  H r ,  I H ,  H - 7 ) .  6 . 7 - 7 . 6  ( m ,  511, C 6 H 5 )  ppm;  M. C a l c d  f o r  C18H18N205: 

C , 6 3 . 1 5 ;  H,  5 . 3 0 ;  N,  8 . 1 8 .  F o u n d :  C, 6 3 . 2 0 ;  H,  5 . 2 9 ;  N,  8 . 3 0 .  

T h e  m o t h e r  l i q u o r s  w e r e  e v a p o r a t e d  a n d  t h e  r e s i d u e ,  i d e n t i f i e d  b y  t l c  a s  3% w i t h  

t r a c e s  o f  $4, w a s  c h r o m a t o g r a p h e d  o n  s i l i c a  g e l  a n d  e l u t e d  w i t h  p e t r o l e u m  e t h e r 1  

e t h y l  a c e t a t e  ( 9 : l )  t o  g i v e  2 4 %  o f  23. 
R e a c t i o n  o f  1 , 2 - d i h y d r o p y r i m i d i n e  1% w i t h  a c e t i c  a n h y d r i d e  a t  r o o m  t e m p e r a t u r e  

C o m p o u n d  ;a ( 0 . 6  mrno l )  w a s  s t i r r e d  w i t h  2 . 5  m m 0 1  o f  d r y  a c e t i c  a n h y d r i d e  u n t i l  

d i s o l u t i o n .  T h e  m i x t u r e  w a s  p o u r e d  i n t o  25  m1 o f  i c e - w a t e r ,  e x t r a c t e d  w i t h  c h l o r o f o r m  

( 3  x 5  m l )  a n d  d r i e d  o v e r  m a g n e s i u m  s u l f a t e .  T h e  s o l v e n t  was  r e m o v e d  i n  v a c u u m  a n d  

1 
t h e  r e s i d u a l  y e l l o w  o i l  w a s  i d e n t i f i e d  by  H-nmr  a s  t h e  0 - a c e t a t e  o f  La- ( m f x t u r e  o f  

t w o  d i a s t e r e o i s o m e r s )  S ( 0 C C l 3 )  1 . 6 0  a n d  1 . 6 3  ( 5 ,  3H,  C H 3 - h ) ,  1 . 9 0  a n d  2 . 1 5  ( S ,  3H, 

C H 3 C 0 ) ,  2 . 0 8  a n d  2 . 1 5  ( S ,  3 H ,  C H 3 - 4 ) ,  3 . 5 0 ,  3 . 6 5 ,  3 . 7 0  a n d  3 . 7 3  ( S ,  3H,  O C H 3 ) ,  5 . 0 8  

a n d  5 . 2 5  ( 8 ,  l H ,  C K O A c ) ,  5 . 6 7  a n d  5 . 7 5  ( b s ,  l H ,  H - 5 ) ,  7 . 3 5  ( m ,  5H,  C 6 H 5 )  p p m .  

R e a c t i o n  o f  5 a  w i t h  a c e t i c  a n h y d r i d e  

A s o l u t i o n  o f  0 . 1 2  mm01 o f  2% i n  0 . 9 8  mm01 o f  d r y  a c e t i c  a n h y d r i d e  w a s  r e f l u x e d  f o r  

2 h .  T h e  c o l d  m i x t u r e  was  p o u r e d  i n t o  1 0  m1 o f  i c e - w a t e r ,  e x t r a c t e d  w i t h  c h l o r o f o r m  

( 3  x 5  m l )  a n d  d r i e d  o v e r  s o d i u m  s u l f a t e .  T h e  s o l v e n t  w a s  r e m o v e d  i n  v a c u u m  a n d  t h e  

c r u d e  p r o d u c t  w a s  i d e n t i f i e d  b y  t l c  a s  ,3aa w i t h  t r a c e s  o f  4%. 
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