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whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.
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SYNTHETIC COMMUNICATIONS, 24(13), 1887-1 893 (1994) 

A C O N V E N I E N T  S Y N T H E S I S  OF S U B S T I T U T E D  P Y R R O L E S  
FROM ESTERS OF AMINO A C I D S  

P a t r i k  K o l a r  and Miha T i s l e r *  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  N a t u r a l  

S c i e n c e s  a n d  T e c h n o l o g y ,  U n i v e r s i t y  of L j u b l j a n a ,  

61000 L j u b l j a n a ,  S 1  o v e n i a  

A b s t r a c t  : A new s i m p l e  s y n t h e s i s  o f  s u b s t i t u t e d  
p y r r o l e s  f rom a 1  kyl , a r y l  o r  h e t e r o a r y l  s u b s t i t u t e d  
a - a m i n o  a c i d s  i s  d e s c r i b e d .  E s t e r s  of  a - amino  a c i d s  
a r e  f i r s t  r e a c t e d  w i t h  d i m e t h y l  a c e t y l e n e d i c a r b o x y -  
l a t e  and i n  t h e  in s i t u  formed enamines  a r e  t h e r e -  
a f t e r  c y c l i z e d  i n  p r e s e n c e  o f  sodium m e t h o x i d e  t o  
p y r r o l  e s .  

Among v a r i o u s  s y n t h e t i c  me thods  f o r  p y r r o l e s ,  
c y c l i z a t i o n  r e a c t i o n s  i n v o l v i n g  a m i n e s ,  e n a m i n e s  o r  
amino c a r b o n y l  compounds a s  p r e c u r s o r s  a r e  we l l  d o -  
c u m e n t e d . l  However ,  t h e r e  a r e  o n l y  a few r e p o r t s  on 
amino a c i d s  o r  t h e i r  e s t e r s  a s  s t a r t i n g  compounds .  

* T o  whom t h e  c o r r e s p o n d e n c e  s h o u l d  be a d d r e s s e d .  

1887 

Copyright 0 1994 by Marcel Dekker, Inc. 

D
ow

nl
oa

de
d 

by
 [

Pu
rd

ue
 U

ni
ve

rs
ity

] 
at

 1
4:

22
 1

1 
Ju

ne
 2

01
3 



1888 KOLAR AND TISLER 

Cycl ization of enamines, derived from a-amino acids 
and 1,3-diketones or p-keto e ~ t e r s ~ - ~  and the reac- 
tion of 3-a1 koxyacroleins with subsequent cycl iza- 
tion6 are reported. A l s o  a direct transformation of 
methyl N,N-diethylglycinate with dimethyl acetylene- 
dicarboxylate ( D M A D )  to give a N-substituted 4-hyd- 
roxypyrrole is described. In another synthesis, 
a-amino acids were first transformed into iminophos- 
phoranes which gave with D M A D  two pyrroles as by- 
products in low yield.* 

We report herewith a new and simple approach for 
the synthesis of 5-alkyl, -aryl or -heteroaryl sub- 
stituted 2 , 3 - d i ( m e t h o x y c a r b o n y l ) - 4 - h y d r o x y p y r r o l e s .  
The reaction involves the addition of esters of a- 
amino acids 1 to D M A D  at room temperature and fur- 
ther cycl ization of the corresponding enamines 2 
which were not isolated, in the presence of sodium 
methoxide into pyrroles 3 in moderate to good yield. 

MeOOC 

DMAD - MeOOC 
H 

1 2 

I M e O H  NaOMe/ 

H 

HO COOMe 
3 

Scheme 
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SUBSTITUTED PYRROLES 1889 

Tab1  e 

E n t r y  R R 1  R e a c t i o n  Time I s 0 1  a t e d  
1 w i t h  NaOMe ( h )  Y i e l d  ( X )  

h 

i 

Me 
Me 2 C H  
Me , C H C H  
MeSCH 2 C H  

3 - p y r i  d y l  
P h  

P h C H  2 

H 

C H 2  

MeOOCCH 

E t  
Me 
Me 
Me 
E t  
E t  
E t  

E t  

Me 

2 4  
18 

1 8  
19 
0 . 5  

2 4  
2 0  

5 

1 8  

2 8  
4 2  

68 
5 4  
6 5  

3 8  
70 

9 5  

4 1  

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  on a K o f l e r  m i c r o  
h o t  s t a g e  a n d  a r e  u n c o r r e c t e d .  'H N M R  s p e c t r a  w e r e  
r e c o r d e d  on a V a r i a n  3 6 0 L  s p e c t r o m e t e r ,  u s i n g  TMS a s  
i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  were o b t a i n e d  on a 
V G  A n a l y t i c a l  A u t o s p e c  Q s p e c t r o m e t e r ,  u s i n g  e l e c -  
t r o n  i o n i z a t i o n  a t  7 0  eV. E l e m e n t a l  a n a l y s e s  ( C ,  H ,  

N )  w e r e  p e r f o r m e d  on a P e r k i n - E l m e r  2 4 0 0  A n a l y z e r .  
The  p r o g r e s s  o f  r e a c t i o n s  was m o n i t o r e d  by TLC, 
u s i n g  F l u k a  T L C - S i l i c a g e l  6 0 7 7 8  a n d  a m i x t u r e  o f  
c h l o r o f o r m  a n d  m e t h a n o l  ( 7 : 3 )  a s  a m o b i l e  p h a s e .  E s -  

t e r s  o f  a m i n o  a c i d s  1 w e r e  o b t a i n e d  f r o m  c o m m e r c i -  
a l l y  a v a i l a b l e  h y d r o c h l o r i d e s  a f t e r  t r e a t m e n t  w i t h  
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1890 KOLAR AND TISLER 

a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n  a n d  f o l l o w i n g  e x t -  
r a c t i o n  w i t h  d i e t h y l  e t h e r .  E t h y l  a - ( 3 - p y r i d y l ) g l y -  
c i n a t e  I f  was o b t a i n e d  b y  t h e  p r o c e d u r e  w h i c h  we h a -  

v e  p u b 1  i s h e d  r e c e n t l y .  g 

G e n e r a l  p r o c e d u r e  f o r  p y r r o l e s  3 a - h  

T o  a s t i r r e d  s o l u t i o n  o f  t h e  c o r r e s p o n d i n g  e s t e r  
o f  t h e  a m i n o  a c i d  1 ( 5 - 1 5  m m o l )  i n  6 - 1 0  m l  o f  m e t h a -  

n o l  DMAD was a d d e d  d r o p w i s e  i n  1 0 - 1 5  % m o l a r  e x c e s s  

a t  r o o m  t e m p e r a t u r e  d u r i n g  5 - 1 0  m i n .  S t i r r i n g  was 

c o n t i n u e d  a s  n e c e s s a r y  ( 3 0  m i n .  t o  3 h )  b y  m o n i t o r i n g  
t h e  r e a c t i o n  p r o g r e s s  b y  TLC. T h e  r e a c t i o n  m i x t u r e  
was t h e n  e v a p o r a t e d  i n  v a c u o  a n d  t h e  r e s i d u e ,  an  

o r a n g e - y e l l o w  o i l ,  was d i s s o l v e d  i n  8 - 1 0  m l  o f  m e t -  
h a n o l  a n d  u n d e r  s t i r r i n g  a t  r o o m  t e m p e r a t u r e  t h e  

e q u i v a l e n t  a m o u n t  o f  a m e t h a n o l i c  s o l u t i o n  o f  s o d i u m  

m e t h o x i d e  was a d d e d .  S t i r r i n g  was c o n t i n u e d  f o r  t h e  
t i m e  i n d i c a t e d  i n  t h e  t a b l e  a n d  t h e r e a f t e r  t h e  m i x -  

t u r e  was a c i d i f i e d  w i t h  1 0  % a c e t i c  a c i d .  T h e  s e p a -  

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

c o m p o u n d s  w e r e  p r e p a r e d  : 

3a:  m . p .  1 4 8 - 1 5 1  O C  ( f r o m  n - h e p t a n e ) ;  M S :  213  
( M + , 4 5  % ) ;  'H NMR ( C D C 1 3 ) :  6 =  2 . 1 5  ( 3 H , s , M e ) ,  3 . 7 8  
(3H,s ,COOMe) ,  3 . 8 5  (3H,s ,COOMe) ,  7 . 9 5  ( l H , s , O H ) ,  
9 . 1 4  ( l H , b r o a d  s , N H ) .  A n a l .  CgHllNO5 ( 2 1 3 . 1 9 ) ,  
c a l c d . :  C 5 0 . 7 0 ,  H 5 . 2 0 ,  N 6 . 5 7 ,  f o u n d :  C 5 0 . 4 8 ,  
H 4 . 9 1 ,  N 6 . 5 3  % .  

3 b :  m . p .  1 0 2 - 1 0 4  O C  ( f r o m  n - h e p t a n e ) ;  M S :  2 4 1  
( M + , 3 2  % ) ;  'H N M R  ( C D C 1 3 ) :  6 =  1 . 2 5  ( 6 H , d , M e 2 ) ,  3 . 0 3  
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SUBSTITUTED PYRROLES 1891 

( l H , m , C H ) ,  3 . 7 6  (3H,s,COOMe), 3 . 8 3  (3H,s,COOMe), 

8 . 0 9  ( l H , s , O H ) ,  8 . 9 4  ( l H , b r o a d  s ,NH) ;  J i - P r =  6 . 7  H z .  
A n a l .  CllH15N05 ( 2 4 1 . 2 4 ) ,  c a l c d . :  C 5 4 . 7 6 ,  H 6 . 2 7 ,  
N 5 . 8 1 ,  f o u n d :  C 5 4 . 4 4 ,  H 5 . 9 1 ,  N 5 . 6 3  % .  

3 c :  m.p. 9 9 - 1 0 1  " C  ( f r o m  n - h e x a n e ) ;  M S :  2 5 5  

( M + , 2 8  % ) ;  'H NMR ( C D C 1 3 ) :  6 =  0 . 8 9  ( 6 H , d , M e 2 ) ,  1 . 8 5  
( l H , m , C H ) ,  2 . 4 2  ( 2 H , d , C H 2 ) ,  3 . 7 9  ( 6 H , s , t w o  COOMe), 
7 . 8 3  ( l H , s , O H ) ,  8 . 9 5  ( l H , b r o a d  s,NH);  J c H - C H ~ =  6 . 7  

H z ,  J M e - c ~ =  6 . 6  H z .  A n a l .  C12H17N05 ( 2 5 5 . 2 6 ) ,  
c a l c d . :  C 5 6 . 4 6 ,  H 6 . 7 1 ,  N 5 . 4 9 ,  f o u n d :  C 5 6 . 9 3 ,  
H 6 . 5 3 ,  N 5 . 8 9  %.  

3 d :  m.p. 9 0 - 9 1  " C  ( f r o m  n - h e x a n e ) ;  MS: 2 7 3  ( M + , 3 6  
% ) ;  'H NMR (CDCl  3 ) :  6 =  2 . 0 5  ( 3 H , s , M e S ) ,  2 . 6 9  

(4H,m,CH2CH,), 3 . 6 8  (3H,s,COOMe), 3 . 7 8  (3H,s ,COOMe) ,  
7 . 8 8  ( l H , s , O H ) ,  9 . 3 3  ( l H , b r o a d  s , N H ) .  A n a l .  

C l lH15N05S ( 2 7 3 . 3 0 )  c a l c d . :  C 4 8 . 3 4 ,  H 5 . 5 3 ,  N 5 . 1 2 ,  
f o u n d :  C 4 8 . 8 3 ,  H 5 . 2 0 ,  N 5 . 4 2  % .  

3e:  m . p .  1 4 0 - 1 4 1  " C  ( f r o m  m e t h a n o l ) ;  M S :  2 8 9  

COOMe), 3 . 7 3  ( 2 H , s , C H 2 ) ,  6 . 9 6  ( 5 H , s , P h ) ,  7 . 9 1  

( I H ,  s ,OH) ,  1 1 . 4 5  ( l H ,  b r o a d  s ,  N H )  . A n a l .  C 5H 5N0 

( 2 8 9 . 2 8 ) ,  c a l c d . :  C 6 2 . 2 8 ,  H 5 . 2 3 ,  N 4 . 8 4 ,  f o u n d :  

C 6 2 . 7 9 ,  H 4 . 8 9 ,  N 4 . 4 8  %.  

( M + , 3 4  % ) ;  'H NMR (DMSO-d6) :  6= 3 . 5 7  ( 6 H , s , t w o  

3 f :  m.p.  2 0 8 - 2 1 3  " C  ( d e c . )  ( f r o m  m e t h a n o l ) ;  M S :  

COOMe), 7 . 0 8  ( 1 H , d d , H 5 ) ,  7 . 9 0  ( lH ,m,H , ) ,  8 . 0 6  

( IH,m,H,) ,  8 . 5 7  ( l H , b r o a d  s , O H ) ,  8 . 7 3  ( I H , m , H 2 ) ,  
1 1 . 7 4  ( l H , b r o a d  s ,NH) ,  J H 4 , ~ 5  = 7 . 6  Hz ,  J H S , H ~  = 4 . 7  

H z .  A n a l .  C 1 3 H 1 2 N 2 0 5  ( 2 7 6 . 2 4 ) ,  c a l c d . :  C 5 6 . 5 2 ,  
H 4 . 3 8 ,  N 1 0 . 1 4 ,  f o u n d :  C 5 7 . 0 3 ,  H 4 . 0 2 ,  N 9 . 7 9  % .  

2 7 6  ( M + , 2 5  % ) ;  'H NMR (DMSO-d6) :  6 s  3 . 6 2  ( 6 H , s , t w o  
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1892 KOLAR AND TISLER 

39: m.p, 1 4 2 - 1 4 2  "C (from n-heptane), lit.* m.p. 

3.78 (3H,s,COOMe), 3.84 (3H,s,COOMe), 7.20-7.43 
(3H,m,Ph), 7.49-7.75 (2H,m,Ph), 8.73 (lH,s,OH), 9.19 
(lH,broad s,NH). Anal. C 1 4 H 1 3 N 0 5 (275.25), calcd.: 
C 61.09, H 4.76, N 8.53, found: C 61.03, H 4.55, 
N 5.13 %. 

145-146 "C; MS: 275 (M+,35 % ) ;  'H NMR (CDC13): 6 =  

3h: m.p. 197-199 "C (from aqueous methanol); MS 

COOMe), 3.83 (2H,s,CH2), 6.66-7.93 (5H,m,indolyl), 
7.94 (lH,s,OH), 10.45 (lH,broad s,NH), 11.45 
(lH,broad s,NH). Anal. C I 7 H l 6 N 2 O 5  (328.31), calcd.: 
C 62.19, H 4.91, N 8.53, found: C 61.98, H 4.67, 
N 8.74 %. 

3 2 8  (M+,34 % ) ;  lH N M R  (DMSO-d6): 6= 3.57 (6H,s,two 

Methyl f2,3-di(methoxycarbonyl)-4-hydroxy- 
pyrrol-5-yl l a c e t a t e  (3i) : 

A solution o f  dimethyl L-aspartate l i  (5.63 g ,  
34.93 mmole) in methanol (30 ml) was cooled t o  0 "C 
and during 5 min. DMAD (4.97 g,  34.97 mmole) was ad- 
ded dropwise. Stirring o f  the ice-cooled reaction 
mixture was continued for 3 h  and thereafter evapo- 
rated in vacuo. The residual yellow oil was dissol- 
ved in methanol (25 m l )  and under stirring at room 
temperature a solution o f  sodium methoxide (prepared 
from 0.8 g o f  sodium and 15 ml o f  methanol) was ad- 
ded portionwise. After 5 min the solid separated and 
stirring was continued for 18h. The separated solid 
was filtered, washed with methanol and dissolved in 
water (60 ml). The stirred solution was neutralized 
with 10  % acetic acid, the separated product was 
filtered and crystallized from aqueous methanol 

D
ow

nl
oa

de
d 

by
 [

Pu
rd

ue
 U

ni
ve

rs
ity

] 
at

 1
4:

22
 1

1 
Ju

ne
 2

01
3 



SUBSTITUTED PYRROLES 1893 

(yield 41 % ) ;  m.p. 105-106 "C; MS: 271 (M+,34 % ) ;  'H 
N M R  (CDC1 3 ) :  6 =  3.52 (2H,s,CH2), 3.59 (3H,s,COOMe), 
3.78 (3H,s,COOMe), 7.98 (lH,s,OH), 9.46 (lH,broad 
s,NH). Anal. CllH13N07 (271.22), calcd.: C 48.71, 
H 4.83, N 5.16, found: C 48.83, H 4.50, N 5.14 % .  
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