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Abstract: An efficient synthesis of 2-alkyl-3-furoic acids has been developed. Addition of 
the lithium dianion of 4-oxo-2-phenylthiobutanoic acid ethylene acetal to aldehydes followed 
by acid-catalyzed cyclization produces furan products in high yield. 

During the course of work directed toward the total synthesis of a natural product, the 

need for a connective synthesis of 2-alkyl-3-furoic acids presented itself. An obvious and 

convenient method for this synthetic transformation has been described by Knight. 
1 

The 

lithio dianion of 3-furoic acid is easily generated and its reaction with aldehydes and 

ketones takes place in high yield. The dianion is also known to react in high yield with 

iodomethane but more highly substituted alkylating agents fail to react with this 

nucleophile; the reaction with iodoethane has been reported to take place in only 42% 

yield.' The reaction conditions were varied in an unsuccessful attempt to improve the 

yield.2 Inspection of the chemical literature failed to reveal a general method for 

preparing furoic acids of the desired substitution pattern,3 but published syntheses of 

3-alkyl-4 and J-acylfurans' suggested a solution to the problem. The description of an 

efficient general method for the preparation of 2-alkyl-3-furoic acids follows. 

The hydrolysis of ethyl-4-oxo-2-phenylthiobutanoate ethylene aceta16 with aqueous 

sodium hydroxide in methanol produced thiophenylcarboxylic acid & as a stable oil. The 

dianion ofL7 was generated with a-butyllithium and was allowed to react with a series of 

- 
1 2 3 

aldehydes. Treatment of the diastereomeric mixture of secondary alcohols 2_ with acid led 

directly to alkyl furoic acids 2. The utility of this method has been demonstrated by 

preparing furans 2-2. 
8-12.13 

The method fails with a.&unsaturated aldehydes. For 
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COOH aa, 0 

4 

COOH 

0 

% 
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Method A: 74% 76% 52% 73% 76% 
Method B: 71% 71% 50% __ __ 

(yields are overall for dianion addition and cyclization) 

example, the reaction of the dianion of ; with 3-methyl-2-butenal proceeded in high yield but 

the acid-catalyzed cyclization failed to produce the corresponding furoic acid, probably due 

to acid-catalyzed decomposition of the vinyl furan product. The dianion of J was allowed to 

react with trifluoroacetaldehyde; 14 the product (95% yield) when treated with acid 

produced a labile mixture of diastereomers of 2.” The trifluoromethyl group attenuates 

the nucleophilicity of the secondary alcohol to such an extent that the carboxyl group is 

able to compete for the electrophilic aldehyde carbonyl group. With the exception of 

o.l3-unsaturated and highly electrophilic aldehydes, all others were effective substrates 

for the cyclization and this method should prove to be a useful addition to the known furan 

syntheses. Representative experimental procedures follow. 

Dianion addition to aldehydes. A solution of 2 mm01 of acid 2 in 10 ml of dry ether was 

treated with 2.2 equiv of s-butyllithium at -78V. A colorless precipitate appeared 

immediately. The precipitate was redissolved by slow addition of 10 ml of dry THF. The 

solution was warmed to -3OV during lh to complete formation of the dianion. The solution 

was cooled to -78% and 1.2 equiv of aldehyde was added. After 10 min at -78V the reaction 

was quenched by addition of aqueous sodium hydroxide. The aqueous solution was extracted 

with ether and the ethereal layer was discarded. The aqueous layer was acidified with 1N 

aqueous HCl and was extracted with three portions of chloroform. The organic layer was dried 

(MgSO,) and was concentrated to produce adduct 2_ (92%-95$ yield) which was used for the 

following step without purification. 

Furan Cyclization. Method A: A solution of 1 mm01 of adductz in 20 ml of THF containing 

430 ~9. of 70% aqueous perchloric acid was heated to reflux for 6h. The reaction mixture 

was allowed to cool to 25OC and was basified with IN aqueous sodium hydroxide. The product 

was extracted once with ether and the ether extract was discarded. The aqueous phase was 

acidified with 1N aqueous HCl and was extracted with three portions of dichloromethane. 

Drying (MgSO,) followed by solvent evaporation furnished the crude product. Flash 

chromatography on silica gel (335 ethyl acetate in hexane) produced pure product. Method 8: 

A slurry of 9g of silica gel (230-400 mesh) in 30 ml of dichloromethane, 1 ml of 10% aqueous 
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oxalic acid and 1 mm01 of adduct 3 was stirred at 25°C for 4h. The silica gel was filtered 

from the product and was washed thoroughly with dlchloromethane. The combined washings were 

dried (MgS04) and were concentrated to produce an oily cyclic hemlacetal. 

The intermediate product was dissolved In 20 ml of dry benzene and was heated to reflux 

for 15 mln in the presence of ~a. 30 mg of E-toluenesulfonlc acid. The reaction mixture was 

baslfled with 1N aqueous sodium hydroxide and was worked up as in Method A. 
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