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The ethyl esters of N-phenyl-, N-p-tolyl-, and N-ethoxyphenyl-c~- 
pyrrolecarboxylic acid have been synthesized by the reaction of 
ethyl 2, 5-dimethoxytetrahydrofuran-2-earboxylate with aniline, p- 
toluidine, and p-phenetidine in the presence of p-toluenesulfonic acid. 
The reaction of the same ester with benzylamine gives N-benzyl- 
pyrrole-a-carboxybenzylamine or 2,5-dimethoxytetrahydrofuran-2- 
carboxybenzylamide, depending on the ratio of the reactants. 

C l a u s o n - K a a s ,  E l m i n g ,  e t  aI. [2-4]  have  d e s c r i b e d  

a m e t h o d  f o r  the  s y n t h e s i s  of p y r r o l e  and s o m e  of i t s  

d e r i v a t i v e s  s t a r t i n g  f r o m  2 , 5 - d i m e t h o x y t e t r a h y d r o -  

f u r a n s .  A m o n g  the  s u b s t a n c e s  w h i c h  they  ob t a i n ed  
w e r e  the  m e t h y l  e s t e r s  of p y r r o l e - a - c a r b o x y l i c ,  N-  

p h e n y l p y r r o l e - c ~ - c a r b o x y l i e ,  and N - p h e n y l - t e r t - b u t y l -  

p y r r o l e -  c e - e a r b o x y l i c  aeidso 
L a t e r ,  G r o s s  [5] o b t a i n e d  N - s u b s t i t u t e d  p y r r o l e s  

f r o m  2 , 5 - d i c h l o r o - ,  2,5-dialkoxy-, and 2 , 5 - d i a c y l o x y -  

t e t r a h y d r o f u r a n s  a n d v a r i o u s  p r i m a r y  a m i n e s .  He u s e d  

p - t o l u e n e s u l f o n i e  ac id  a s  c a t a l y s t  f o r  t h i s  r e a c t i o n .  

We have  e f f e c t e d  the  s y n t h e s i s  of s e v e r a l  d e r i v -  

a t i v e s  of N - a r y l - s u b s t i t u t e d  p y r r o l e - c ~ - c a r b o x y l i c  

a c i d s  r e q u i r e d  f o r  f u r t h e r  i n v e s t i g a t i o n .  

The e x p e r i m e n t s  showed  tha t  the  r e a c t i o n  of e thy l  

2,5-dimethyItetrahydrofuran-2-earboxylate (I) wi th  

an i l i ne ,  p - t o l u i d i n e ,  and p - p h e n e t i d i n e  in the  p r e s e n c e  

of p - t o l u e n e s u l f o n i e  ac id  f o r m s  the  e thyl  e s t e r s  of 
N - p h e n y l -  (I.I), N - p - t o I y l -  (III), and N - p - e t h o x y p h e n y l -  

p y r r o l e - c e - c a r b o x y l i e  (IV) a c i d s  r e s p e c t i v e l y .  

C H30_L.x~'~/O C Ha + R--C6H4--NH2 ~ \N'~-~]--COOCzHs 
O \COO C2H s ! 

CGII~--R 

II R=H; Ill R=CH3; IV R~OC2H 5 

The IR spectra form a partial confirmation of the 

structure of compounds If-IV. A strong absorption 

band at 1725 cm -i corresponds to the stretching vibra- 
tions of a C=O bond in an ester grouping conjugated 
with the double bonds of the pyrrole ring. Bands with 
frequencies of 1522 and 1593 cm -I correspond to the 

stretching vibrations of the double bonds in the ben- 

zene and pyrrole rings [6]. 
The reaction of I with benzylamine takes place 

in two directions according to the molar ratios of 
the reactants [1:1.5 (a) or 1:3 (b)] and leads to the 
formation of 2,5-dimethoxytetrahydrofuran-2-car- 

boxybenzylamide (V) or N-benzylpyrrole-c~-carboxy- 
benzylamide (VI)o 

*For part XXXIX, see [i]. 

NH2CH2-- C6HsJ "j V CH30_~----~OCH3 

"O" "COOC2H5 ~ ~"~_CON H CH2CoH s 

CH2--C~H s V I  

The s t r u c t u r e s  of V and VI a r e  c o n f i r m e d  by t h e i r  

IR s p e c t r a ,  in  ad d i t i o n  to the  u s u a l  a n a l y t i c a l  data .  
The  IR s p e c t r u m  of V has :  the  band of the  s t r e t c h i n g  

v i b r a t i o n s  of a C = O  bond of a s e c o n d a r y  a m i d e  g r o u p -  
ing  (1700 cm-1) ,  a band  at  1038 e m  -1 c h a r a c t e r i s t i c  

f o r  the  C - - O - - C  l ink  of a t e t r a h y d r o f u r a n  r i n g  [7], 
and a band at  2832 c m  -1 c o n f i r m i n g  the p r e s e n c e  of 

m e t h o x y l  g r o u p s .  The IR s p e c t r u m  of c o m p o u n d  VI 
l a c k s  a band  in the  2830-2850  c m  - i  r eg i o n .  A band at  

1641 c m  -1 s h o w s  the p r e s e n c e  of the  C = O  of a s e c o n -  

d a r y  a m i d e  g r o u p i n g  c o n j u g a t e d  wi th  the  p y r r o i e  r ing .  

The s t r e t c h i n g  v i b r a t i o n s  of the  C = C  of the  p y r r o l e  

and b e n z e n e  r i n g s  a r e  r e p r e s e n t e d  by b a n d s  a t  1525 

and 1596 c m  -1. 

C o m p o u n d s  I I I - V I  have  not  b e e n  d e s c r i b e d  p r e -  

v i o u s l y ,  and the  c o n s t a n t s  of co mp o u n d  II have  b e e n  

r e f i n e d .  

EXPERIMENTAL 

Ethyl 2, 5-dimethoxytetrahydrofuran-2-carboxylate (I) was ob- 
tained by the catalytic hydrogenation of ethyl 2, 5-dimethoxy-2, 5- 
dihydrofuran-2-carboxylate (VIII) [8] under a pressure of hydrogen 
of 90 aim at room temperature in the presence of Raney nickel. 
Yield 76.5%. Bp 88-92 ~ C (8 ram); d~ ~ 1.1204; n~ 1.4382. Found, % 
C 52.60, 82.58; H 8.08, ?.98; MR D 4?.84. Calculated for C9H,605, %: 
C 52.93; H 7.90; MR D 47.58. 

Ethyl N-phenylpyrrole-c~-carboxylate (II). A round-bottomed flask 
fitted with a descending condenser was charged with 0.02 mole of I, 
0.03 mole of aniline, and a few small crystals of p-toluenesulfonic 
acid. The mixture was boiled on a sand bath for 10 rain. The methanol 
formed in the process was partially distilled off. After cooling, dilute 
acetic acid (1 : 1) was added to the reaction mixture. This precipitated 
an oil which crystallized on cooling. Yield 72%. Bp 88-89 ~ C (from 
65% ethanol). Found, %: C 72.8?, 72.44; H 6.06, 5.88; N 6.81, 6.77. 
Calculated for C13HI3NOs, %: C 72.58; H 6.0?; N 6.51. According to 
the literature [9], bp 289 ~ C. 

Compound III was obtained from I and p-toluidine in a similar 
manner to that described above. After the addition of the dilute acetic 
acid, the oil was separated off. The aqueous layer was extracted with 
ether. The ethereal extracts and the oil were combined and dried with 
magnesium sulfate. The ether was distilled off from the water bath 
and the residue was distilled in vacuum. Yield 88%. Bp 140-142 ~ C 
(2 mm); d~ ~ 1.2582; n~ 1.5881. Found, %: C 72.98, 72.83; H 6.38, 
6.58; N 6.36, 6.38; MR D 59.63. Calculated for Cl4HlsNOz, %: C 73.30; 
H 6.59; N 6.11; MR D 59.94. 

Compound IV was obtained similarly from I and p-phenetidine. 
The resulting viscous oily product crystallized on being triturated with 
ether. Yield 68%. Mp 110 ~ C (from 70% ethanol). Found, %: C 89.02, 
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69.28; H 6.46, 6.38; N 5.51, 5.55. Calculated for CisHiTNOs, %: 
C 69.47; H 6.60; N 5.40. 

2,5-Dimethoxyteuahydrofuran-2-carboxybenzylarnide (V). As 

described above, a round-bottomed flask was charged with 0.02 mole 

of I and 0.03 mole of benzylamine and a few small crystals of p- 

toluenesulfonic acid. The mixture was boiled on the sand bath for 

50 rain. After cooling, a small amount of water was added to the 

reaction mixture. The oil that deposited was separated off and the 

aqueous layer was extracted with ether. The oil and the ethereal 

extracts were combined and dried over calcined magnesium sulfate. 
The ether was distilled off on the water bath and the residue was 
distilled in vacuum. Yield 41%. Bp 164-167 ~ C (2 ram); n~ 1.5275. 

Found, %: C 63.37, 63.94; H 7.37, 7.92; N 5.23, 5.52. Calculated for 
Ci4HisNO4. %: C 63.38; H 7.21; N 5;28. 

Compound VI was obtained similarly from 0.02 of I and 0.06 
mole of benzylamine. The viscous oily product obtained crystallized 
on being triturated with ether or methanol. Yield 89%, mp 108- 
109 ~ C (from 50% ethanol). Found, %: C 78.79, 78.84; H 6.44, 6.62; 
N 9.22, 9.56. Calculated for C19H18 N20, %: C 78.59i H 6.21; N 9.64. 

The IR spectra were recorded on an H-800 (Hilger) double-beam 
spectrometer. The crystalline substances were examined in the form 
of mulls with paraffin oil and the liquid substances as layers of 
capillary thickness between NaC1 plates. 
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