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Abstract: Ugi adducts of cyanoacetic acid and aromatic 
aldehydes are easily cyclized under basic condition leading to 
one-pot formation of aminopyrrolinone derivatives. 
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The Ugi reaction is one of the most efficient tools for 
the fast assembly of heterocyclic scaffolds.1 Since the 
rebirth of this reaction thirthy years ago, many two to 
three-steps strategies towards nitrogen heterocycles 
have been reported thanks to the hudge functional 
tolerance of the Ugi coupling used in the first step of 
these sequences.2 The interest of cyanoacetic acid in 
Ugi reactions was first explored by Marcaccini et al. 
His initial report on the preparation of pyrrolinones3 

was latter extended by him an others to the synthesis 
of quinolines,4 pyridones5 and pyridazinones.6 In all 
the studies with this acid, the multicomponent process 
is followed by a knoevenagel reaction involving the 
cyanoacetamide CH2 group and a carbonyl function 
properly positioned . Two variations on this strategy 
by Marcacini and Torroba are displayed in Scheme 1.  
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Scheme 1 Cyanoacetic acid in Ugi reactions. 

Whereas these studies have largely emphasized on the 
nucleophilic potential of the cyanoacetamide moiety, 
the ability of the cyano group to be trapped by internal 
nucleophiles have been completly underestimated. We 
surmised that the choice of an aromatic aldehyde in 
order to raise the acidity of the peptidyl position might 
give a chance to this site to compete for deprotonation 
with acetamido CH2 group (Scheme 1).7 Such strategy 

if efficient would complement nicely the pyrrolinone 
synthesis reported by Marcacini. 

 

In order to test this hypothesis, aniline was added to a 
solution of 3-nitrobenzaldehyde in methanol followed 
by addition of cyclohexyl isocyanide and cyanoacetic  
acid to give the Ugi product 1a in 86% isolated yield 
(Scheme 2). Heating 1a in acetonitrile at 80°C with 
either potassium carbonate or cesium carbonate failed 
to give any cyclization. However we were delighted to 
observe the formation of the expected product 2a in 
moderate yield after microwave heating at higher 
temperature. Replacing acetonitrile by methanol led to 
dramatic increase in yield as 2a was then obtained in 
95% isolated yield after refluxing the mixture for one 
hour. 

 

Scheme 2 Cyclization of Ugi product 1a to pyrrolinone 2a. 

The further interest of methanol for the cyclization 
step is associated with an easier conversion of this 
sequence into a one-pot procedure. After completion 
of the Ugi step, the solution was diluted with 
methanol to reach [0.2 M], the base was added and the 
mixture heated under reflux. Using this one-pot 
procedure 2a could be still directly obtained from the 
Ugi components in a 74% isolated yield. These 
conditons were selected for the rest of the study 
allowing the preparation of pyrrolinones 2a-2g in 
good to moderate yields (Table 1, entries 1-7).8 Best 
yields were obtained with aniline derivatives (Table 1, 
entries 1-6). The cyclized products usually precipitate 
during the reaction. The choice of an aliphatic amine 
leads to the expected product but with a lower 50% 
isolated yield (Table 1, entry 7). In this case, the 
cyclization to 2g already started during the Ugi step 
and the final product was simply recovered letting the 
Ugi mixture stand at room tenperature for one day. 
Finally, the importance of tuning the acidity of the 
peptidyl position through a proper choice of the 
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starting aldehyde component was confirmed by the 
attempted formation of pyrrolinone 2h from n-
butyraldehyde. Whereas the intermediate Ugi adduct 
could be easily formed, the following cyclization was 
not observed and prolonged heating led to an 
untractable mixture.  

Table 1  

 

Entry 2 Yield 
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Entry 2 Yield 
(%) 

1 
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a:2g was obtained during the Ugi reaction without added base  

 

Pyrrolidinones are important heterocyclic scaffolds. 
They are found in many natural products9 and 
represent important targets for both pharmaceutical10

 

and agrochemical11 industries. The aminopyrrolinones 
2 are aminoanalogues of tetramic acid, they have been 
used as herbicides,12 antibacterial13 and have shown 
interesting activities for the treatment of epilepsy.14 
The main synthetic routes for these products involve 
the preparation of an intermediate aminonitrile (by a 
Strecker reaction) which may be acylated and cyclized 
under basic conditions15 or the amination of a 
preformed tetramic acid derivative16 (Scheme 3). 
 
 

.  

 
Scheme 3 Known synthetic routes towards 4-aminopyrrolin-2-
ones. 

 
To conclude, we have extended the diversity 

offered by cyanoacetic acid in Ugi reactions. Our 
approach offers an interesting complement to the Ugi-
Knoevenagel preparation of pyrrolinones by 
Marcaccini et al. Compared with the latter, the 
enamine moiety of pyrrolinones 2 may be associated 
with interesting nucleophilic behavior for the 
preparation of fused heterocyclic systems. This 
direction as well as the extension of this strategy to 
Passerini couplings and furan preparation will be 
further explored. 
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