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Abstract - 2-Acetoxy-5-pyrrolidone was furylated under a catalytic 

combination of zinc bromide and chlorotrimethylsilane. The effective 

catalyst system extremely accelerated the furylation reaction. 

In connection to our study on a synthesis of biologically active compounds from 2- 

pyrrolidone derivatives,] we required 3-acetoxy-5-pyrrolidone-2-carboxylate (1). 

Although a nitrile substituent was considered equivalent to a carboxyl, 2-cyano- 

pyrrolidone (212 was hardly hydrolyzed to the carboxylate (1) without opening of the 

pyrrolidone ring. Moreover, when R1 was hydrogen, cyanation of the acetate (4) gave 

a complex mixture from which the cyanide (3) was given in low yield. Furyl 

substituent, however, could be used as an alternative carboxyl equivalent;3 besides, 

the furan moiety would be transformed to an oxygenated Cq side chain.4 In this 

communication, we would like to report an efficient furylation of 2-acetoxy-5- 

pyrrolidone (4) with a catalytic combination system of zinc bromide (ZnBr2) and 



896 HETEROCYCLES, Voi. 34, No. 5. 1992 

Table 1. Furylation of 2-Acetoxy-5-pyrrolidone (4) 

Entry Solvent Catalyst Co-catalyst Temp. Time Yieldb RatioC 

(equiv.)a (equiv.)a "C h (from 6) (trans/cis) 

a Molar equivalent to the imide (6) 

b Yield (%) of the furanolactam (5). 
c Diastereoisomeric ratio. 
d Room temperature. 

chlorotrimethylsilane [(CH3)3SiCI]. 

Pyrrolidone diacetate (4) prepared from L-malic acids was treated with furan under 

various conditions in the presence of a Lewis acid. As summarized in Table 1, 

furylation product (5) was obtained after prolonged reaction times with a catalytic 

amount of Lewis acid, entries 3-5, or in short times accompanying by substantial 



HETEROCYCLES, Val. 34, No. 5, 1992 897 

decomposition of a reaction product, entry 2. Unexpectedly, i t  was happened to add 

cyanotrimethylsilane to the reaction mixture containing furan and ZnBr2, for which 

the furylation was extremely accelerated. We then changed the additive to (CH3)3SiCI, 

and found that the product (5) was given in moderate yield in short times, entries 6- 

8. The following is illustrative. To the crude acetate (4)6 obtained from malimide (6, 

2.35 g, 15 mmol) in nitromethane (20 ml) were added ZnBr2 (33.7 mg, 0.15 mmol), 

furan (10.9 ml, 150 mmol) and (CH3)3SiCI (0.095 ml, 0.75 mmol) at -15 "C. After 

stirring for 2 h at -15 "C, the reaction mixture was washed with aqueous sodium 

bicarbonate, and brine, dried (dry MgS04) and evaporated. Silica gel chromatography 

of the residue and elution with hexane/ethyl acetate (1/1) gave 5 a  (1.52 g, 48% from 

6 )  and 5 b  (764 mg, 23.2% from 6). respectively.' 2.3---Product (Sa), b ,3=0.9 Hz, 

favored to 2,3-&-pyrrolidone (Sb), b,3=7.0 Hz, in a diastereoisomeric ratio of 67:33. 

The observed acceleration on the furylation reaction implies an enhancement of a 

catalytic activity of ZnBr2 by complex formation, such as (CH3)3SiCI,ZnBr2, which may 

induce a charge separated complex such as 7 prior to the generation of an active 

iminiurn ion intermediate (8) .8  

The furanolactam (5a) was ozonized3 and esterified to afford methyl ( 2 S , 3 a - 3 -  

acetoxypyroglutamate (I),  mp 130-131 "C, [a]$ +60.4' (c 1.00, CHC13).9 Overall yield 

from the imide (6) was 42%. 

In summary, we observed that the furylation of 2-acetoxy-5-pyrrolidone (4) was 

greatly accelerated with a catalytic combination of ZnBr2 and (CH3)3SiCI. Using this 

procedure, we have synthesized (2S,3S)-3-acetoxypyroglutamate (1) in short steps 

and high overall yield. The mechanism of the catalytic system with a combination of 

ZnBr2 and (CH3)3SiCI is now under investigation. 
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