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Scheme 1. Retrosynthetic analysis of pyrrolidinic derivatives from cycloadductos of glyoxylate oxime 1 and 

cyclopentadiene 

  Treatment of oxime 1 with freshly distilled cyclopentadiene (2 eq.) and acid (TFA, 

BF3.Et2O, AlCl3, ZnI2 or HClO4) in CH2Cl2 under an argon atmosphere at different temperatures 

(-78ºC, -20ºC and -12 ºC) yielded the corresponding cycloadducts 2 and 3 (aza-Diels-Alder 

reaction). A third adduct (4) was also obtained, probably via a 1,3-dipolar cycloaddition (Scheme 

2). 
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Scheme 2. Products of cycloaddition between oxime 1 and CPD and 3,5-dinitrobenzoyl derivative of adduct 4. 



Figure 3. X-ray crystallographic structure of compound 5 

  Concerning the effect of temperature on product ratio and yield, when Lewis acids were used 

as catalysts, little or no change was observed when the temperature was raised from -78 ºC to -12 

ºC. With TFA, a significant modification in both, ratio of 2/4 and product yield occurred. When 

the reaction was performed at -20 ºC during 48 hours, and/or using excess of acid (2 eq.), a 

decrease in the yield was verified (all these experiments resulted in the formation of a large 

amount of a polymer, which may indicate some degradation of the products). However, in the 

cases where Lewis acids were used, the ratios of 2/3/4 remained unaltered, whereas the use of 

TFA and HClO4 lead to a significant change in the ratio of 2/4. Moreover, when these Bronsted 

acids were employed, the ratios of adducts (mainly 2/4) depended on the experimental conditions, 

in a way that is not yet fully understood and is under further investigation. 

Generally, most oximes will undergo the normal Beckmann rearrangement in the presence of 

certain acids, including Lewis acids, or under neutral conditions to yield an amide or a mixture of 

amides, and a wide variety of examples are listed in reviews.
12

 When we performed the referred 



cycloaddition reactions, we were not able to isolate (or detect) any amide or nitrile or their adduct 

derivatives. This may be due to the syn geometry of the hydrogen atom (E-oxime) which does not 

allow the occurrence of the referred rearrangement; on the other hand, oxime isomerization is not 

probable at low temperatures. 

Table 1. Cycloaddition reactions of cyclopentadiene (2 eq.) with oxime 1. Yield (%) and ratio (%) of adducts 

obtained at different temperatures using different acids (1 eq.) in CH2Cl2 



In an attempt to explain the stereochemical outcome of the 1,3-dipolar and aza-Diels-Alder 

reactions, we present in Scheme 3 three models for the approach of diene/dienoplile and 

diene/1,3-dipole. 
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