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Abstract: 5-Aylpyrrole-2-carboxylic acids are prepared by DDQ oxidative aromatization of the 

corroding ethyl 2-ayl-A$yrrvkw-5-carboxylatej3llowed by basic hydrolysis. 

Many different approaches have been used for the synthesis of 5-substituted pyrrole-2- 

carboxylates. Methyl azidoacetate,l 4-amino-1,3dienes,2 glycinep diethylaminomalonate,4 5,6- 

dihydroAH-1,2_oxazines5 and 3-arylbshloroprope niminium salts6 have all been used as starting 

materials. The viability of these methods is highly dependant on the availability of the suitable 

substituted starting material, several of which pose special handling problems. In this paper we 

would like to report a general method for the preparation of the title compounds by oxidation of 

precursors in which the five membered nitrogen-containing ring already exists but not at the 

aromatic oxidation level. Although this oxidative aromatization has been extensively used for the 

synthesis of indoles and carbazoles it has not been used for the preparation of substituted pyrroles.7 

To prepare 5-arylpyrrole-2-carboxylic acids we have chosen pyroglutamic acid as our 

starting material. Pyroglutamic acid can be viewed as an internal protection of the ‘y-carboxyl group 

of the glutamic acid, allowing an easy differentiation of the two carboxyl groups. Thus, ring 

opening of the N-urethane protected pyroglutamate can be achieved with a variety of nucleophilesg 

(Scheme 1). 
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Scheme 2 

The nuclephilic ring opening of the ethyl N-BOG protected pyroglutamate9 1 with aryl 

Grignard reagents10 (Scheme 2) proceeds in good yield with excellent regioselectivity. Removal of 

the BOC group gave rise to the corresponding ethyl Al-pyrroline-2sarboxylate 3.11 Finally DDQ 

oxidation of these pyrrolines followed directly by basic hydrolysis, yielded the 5-arylpyrrole-2- 

carboxylic acids 4.12 In table I are s ummarised the reaction yields for the four steps. 

Table I 

Entry R 2 (%Yield) 3 (%Yield) 4 (%Yield) 4 m.p (“c) 

a W-Q- 83 93 72 ~160 (dec.) 

b 4ClQH4- 97 90 75 171-172 

C 4-F-QjI-Q- 91 93 70 MO-161 

d 4-CH3c6H4- 78 87 73 155-156 

e CH?CH2- 74 98 

This method has proven to be effective when aryl Grignard reagents are used. However, 

with alkyl magnesium halides (entry e), the corresponding Al-pyrroline intermediate gave a 

mixture of degradation products after the DDQ oxidative reaction. 

A careful study of the oxidation reaction step on compound 3b allowed us to isolate 20% of 

the pyrrole 5b together with 60% of the adduct 6bl3 (Scheme 4). This result suggests that two 

different mechanims are operating in the reaction, the oxidation of the pyrrolines 3 and the 

nucleophilic attack of DDQ hydroquinone. This latter process could be the result of the 

displacement of the u-hydrogen at the three position of the Al-pyrroline by the reduced DDQ 

present in the medium. First, a zdonor-acceptor complex must be formed between DDQ and the 

aromatic substituent of the substrate on the less hindered face, allowing the selective removal of the 

a-hydrogen via a concerted process.14 Nucleophilic attack by DDQ hydroquinone can then occur 
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at the more hindered face of the Irdonor-acceptor complex intermediate, to give 6. A suggested 

transition state for this transformation is presented in the scheme 3. 
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The intermediates 69-d were isolated and characterized in all cases. However, with the 

pyrroline 3e it was not possible to isolate the intermediate compound 6, probably because it is not 

possible to form the z-donor-acceptor complex between the substrate and the DDQ. 
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The intermediates 6 gave rise to the corresponding pyrroles when treated under basic 

conditions. This elimination should be a concerted proccess through four centres, as the proton a to 

the ester group is the most acidic15 (Scheme 4). In order to confirm this assumption, pyrrolines 3ad 

were brominated with NBs/AIRN yielding a mixture of the pyrroles 5 @O-70% yield) and the trans- 

ethyl 2aryl-3-brom~A1-p~li~-5~~~xyla~s 816 (1520% yield). The pyrrole 5 probably arises 

by the facile base elimination of the hydrogen bromide from the intermediate 7. However, the 

isomeric intermediate 8 is base stable. 
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