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SYNTHETIC COMMUNICATIONS. 25(12), 1857-1861 (1995) 

A FACILE SYNTHESIS OF N-SUBSTITUTED PYRROLES 

Fang Y., Leysen D. and Ottenheijm H. C. J.* 

Scientific Development Group, NV Organon 
P.O. Box 20,5340 BH, Oss, The Netherlands 

Abstract: Phosphorous pentoxide is the catalyst of choice for the facile conversion of primary 
amines, aromatic amines, sulfonamides and primary amides into the corresponding N-substituted 
pyrroles from 2,5-dimcthoxyteuahydrofuran. 

A variety of methods exists for the preparation of N-substituted pyrrolesl. 
One of the most commonly used methods is condensation of primary amines2*3, 
aromatic amines4, sulfonamides5 and primary amides6 (1)  with 2,5- 
dimethoxytetrahydrofuran (2) to give the corresponding pyrroles 3. Usually, this 
reaction is accomplished by using acetic acid as both the catalyst and the solvent. 
The employment of other acids has hardly been reported for this purpose7. 

Studying this procedure, we treated phenylalanine methyl ester 1 (R = 
CH(PhCH2)COOCH3) with 2 in refluxing acetic acid and obtained the 
corresponding pyrrole 3 (R = CH(PhCH2)COOCH3) in only 14% yield. This low 
yield is apparently due to the lability of the pyrrole moiety under these acidic 
reaction conditions. Buffering the reaction medium by addition of sodium acetate to 
acetic acid (ratio 1 : 1) gave 3 (R = CH(PhCH2)COOCH3) in a better yield (80%); 
however, this procedure required laborious purification. 

Here we report a simple, efficient and more general method for the synthesis 
of N-substituted pyrroles 3. 

1857 

Copyright 0 1995 by Marcel Dskker, Inc. 
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1858 FANG. LEYSEN. AND OTTENHEIJM 

’2OS R - N g  - 
toluene 

3 

R-NH, -+ 
CH,O 

1 2 

Table 1 Conversion of primary amines intoN-alkyl pyrroles 

e n 0  

1 

2 

3 
- 

4 

primary amines 

CH3NH2 - HCI 

PIPNH, 

N-alkyl pyrrolcs I conditions I yield (%) I ref. I 

I I 

* The yicld was dctcrmincd by GC. 

It is well-known that phosphorous pentoxide reacts with alcohols to give the 
corresponding phosphoric acid esters*. Based upon this property and its low 
acidity, we anticipated that  phosphorous pentoxide, under suitable conditions, 
should be a superior condensating reagent for the condensation of 1 and 2.  

The results exceeded our expectation. Phosphorous pentoxide is convenient to 
use and the required reaction time was short (10-45 min). Progress of the reaction 
can be monitored by following the color of the reaction mixture; it changes from 
yellow to brawn to black upon completion. Primary amines (Table 1) and 
sulfonamides (Table 3) require shorter reaction times (10-20 rnin) than aromatic 
amines (Table 2) and amides (Table 4); for these last two classes of compounds we 
observed that yields improved when the reaction mixture is kept first at 60 T (30 
rnin) and then at 110 ‘c: (15 min). Remarkably, when the hydrochloride of methyl 
glycinate (Table 1, entry 3) was used, the yield dropped from 91% to 30%. From 
this we concluded that the yields of entries 1 and 4 are amenable to improvement if 
the free arnine is used instead of the hydrochloride salts. 

This procedure works also for the conversion of aroyl amides (enmes 12 and 
13) and stearamide (entry 11) into acylpyrroles. However, with these acylamides 
the formation of acylpyrroles is accompanied by the formation of the corresponding 
nitriles as minor components. Acetamide yielded even exclusively acetonitrile (entry 
10). 
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N-SUBSTITUTED PYRROLES 1859 

Table 2 Conversion of aromatic amines intoN-awl D m l e s  

F l I o m a t i c  mines I Laryl pyrroles I conditions I yield (a) I ref. I 
,- I-- 

Table 3 Conversion of sulfonamides into N-sulfonyl pyrroles I e n y  I sulfonaniides" 1 N-SUll'OnYl py~OlCS I conditions I yicld (%) I ref. 1 

I 9 I p-CIPhSO,-NH, I p-CIPhSOz-N A,20min I 85 I 5 I 31 
Table 4 Conversion of primary amides into N-acvl pvrroles 

I entry I primaryamines I N-acylpyrroles 

0 0 
Ph-C-N 

0 
l 2  PhANH2 'I  3 

0 

oCI-PhANH2 

* 
spectrum. 
** 
spectrum. 
*** 

Ca. 25% of stearonitrile was prcsent in the reaction mixture according to the 'H NMR 

Ca. 15% of benzonitrile was present in the reaction mixture according to the 'H NMR 

0-chlorobenzonitrile was obkiined in 3% yicld arter chromatographic purification. 
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1860 FANG, LEYSEN, AND OTTENHEIJM 

This is a new and efficient procedure which gives productslO that can be 
isolated easily by column chromatography. The yields reported below are, except 
when indicated, of isolated compounds. 

Experimental 

Procedure A: The condensation was carried out on a 10 mmol scale in a 50 mL 
round-bottom flask which was dried in the oven at 125 ‘T overnight and cooled 
under nitrogen atmosphere. Dry toluene was obtained by storage over 3 %, mol 
sieves for 24 h at rt. To a stirred suspension of 1.42 g (10 mmol) of phosphorous 
pentoxide and 10 mmol of RNH, (1) in 40 mL of dry toluene, kept at rt under 
nitrogen, was added 1.8 g (15 mmol) of 2,5-dimethoxytetrahydrofuran (2). The 
reaction mixture was subsequently stirred at 110 93 for the time indicated in the 
tables (10-20 min) and was then quenched with 10 mL of 2 N aqueous KOH 
solution. The solvents were evaporated under reduced pressure and the residue was 
subjected to column chromatography using a short silica column (7 cm) and a 1/4 
mixture of ethyl acetate and hexane as eluent to give the desired, pure productlo. 

Procedure B: The reaction mixture, consisting of 1.42 g (10 mmol) of 
phosphorous pentoxide, 10 mmol of RNH, (1)  and 1.43 g (11 mmol) of 2,5- 
dimethoxytetrahydrofuran (2), was kept at 60 93 for 30 min and then at 110 9J for 
another 15 min. The reaction mixture was then worked up as described for 
procedure A. 
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