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Abstract: An extremely efficient, highly diastereoselective, metal-
free synthesis of 2,3,4,5-tetrasubstituted pyrrolidines is described.
The three-component reaction between aldehydes, aminoma-
lonates, and nitroalkenes proceeds with high diastereoselectivities
and high yields.

Key words: metal-free, cycloaddition, three component, pyrro-
lidines, stereoselectivity

Multicomponent metal-free reactions are a very rapidly
growing field of research. The operational and economic
advantages associated with this methodology, together
with the fact that metal-free reactions are environmentally
friendly, robust, and very often the starting materials are
commercially available, have led many research groups to
engage in the development of new asymmetric or racemic
multicomponent metal-free reactions.2

Pyrrolidine derivatives are an important class of organic
compounds due to their frequent occurrence in nature and
their use as intermediates in the synthesis of natural prod-
ucts and pharmaceuticals.3 Several polysubstituted pyr-
rolidines have shown very potent activities as enzyme
inhibitors or as antagonists of receptors.4 Proline deriva-
tives are also used to induce conformational constraints

into peptides.5 In addition to pharmaceuticals, the pyrroli-
dine moiety has also seen widespread use as a chiral aux-
iliary and catalyst for asymmetric synthesis.6

1,3-Dipolar cycloadditions are one of the simplest ap-
proaches for the construction of five-membered heterocy-
clic rings. The straightforward generation of 1,3-dipoles
coupled with the often observed highly regio- and stereo-
selective nature of their cycloaddition reactions have led
to a number of syntheses which utilize such reactions as
the key step.7

In organocatalysis, 1,3-dipolar reactions have been used
extensively. In 2001, MacMillan8 and co-workers devel-
oped a 1,3-dipolar cycloaddition between a,b-unsaturated
aldehydes and N-hydroxylamines, catalyzed by imidoox-
azolidine catalyst, obtaining the corresponding heterocy-
cles with excellent enantioselectivities and diastereo-
selectivities. Following this concept, Cordova and co-
workers developed a three-component version of this re-
action using prolinol derivatives as catalyst.

In 2007, the research groups of Vicario9 and Cordova10 in-
dependently developed a very elegant approximation to
the synthesis of pyrrolidines. They reacted preformed
imines derived from 2-aminomalonates with a,b-unsatur-
ated aldehydes, using diphenylprolinol derivatives as cat-
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alyst. In both cases, the results were excellent, affording
the pyrrolidine derivatives in almost enantiopure form.

With these ideas in mind, we envisioned an easy entry to
pyrrolidines by reaction of imines derived from 2-ami-
nomalonates and different nitroalkenes (Scheme 1).

Several reactions are known between iminoesters and ni-
troalkenes,11 but these reactions are commonly catalyzed
by metal salts or require high temperatures. To our knowl-
edge, this is the first example of metal-free 1,3-dipolar cy-
cloadditions between iminomalonates and nitroalkenes.

In an initial catalyst screening, we found that the reaction
between 2-nitrostyrene 1a, aminomalonate 2a and benzal-
dehyde (3a) works best without any additive at room tem-
perature, affording the corresponding pyrrolidine
derivative in almost quantitative yield and excellent dia-
stereoselectivity. The addition of different additives such
as triethylamine or thiourea gave disordered reactions
with low diastereoselectivities.

For instance, the additive-free reaction of 1a, 2a, and 3a
in CHCl3 afforded the desired pyrrolidine 4a in 99% yield
in diastereopure form. Hence, we decided to investigate
the scope of the metal-free reaction using the former reac-
tion conditions and different aldehydes and nitrostyrenes.

The reactions between nitrostyrene, 2-aminomalonate,
and different benzaldehydes were highly chemoselective
and furnished the corresponding pyrrolidine derivatives in
high yields and in high diastereoselectivities (Table 2).
For example, 4-bromo-benzaldehyde (3d) reacts with di-

ethyl 2-aminomalonate (2a) and nitrostyrene 1a to afford
the corresponding pyrrolidine 4d in 95% yield and >25:1
diastereoselectivity.13

The relative configurations of the pyrrolidines 4 were es-
tablished by nuclear Overhauser effect (NOE) experi-
ments. This configuration could be explained by an exo
approach in the 1,3-dipolar cycloaddition (Scheme 2).

The next step was the evaluation of different nitroalkenes.
To our delight, the reaction worked well with any kind of
nitroalkene, however, the reaction with aliphatic nitroal-
kenes rendered pyrrolidines with lower yields (Table 3).
For example, the three-component reaction of 3a, ami-
nomalonate 2a, and nitrostyrene 1b afforded pyrrolidine
derivative 4f in 97% yield and in diastereopure form.

In summary, we have reported a highly diastereoselective
synthesis of polysubstituted pyrrolidines, which are
formed in high yields and diastereopure form. Moreover,
the metal-free tandem reaction represents a versatile
asymmetric entry to different proline derivatives. Mecha-
nistic studies, synthetic applications, and the development
of a chiral version are ongoing in our laboratory.

Scheme 2 The exo approximation in cycloaddition

Table 1 Catalyst and Solvent Screeninga

Entry Catalyst Solvent12 Time (h) Yield (%)b drc

1 – CHCl3 14 99 >25:1

2 5 CHCl3 14 80 1.2:1

3 6 CHCl3 14 15 1.1:1

4 7 CHCl3 14 30 1:1

5 – MeOH 14 0 –

6 – toluene 14 70 >25:1

7 – DMSO 14 trace n.d.

a Experimental conditions: A mixture of 2a (0.375 mmol) and benzaldehyde 3a (0.375 mmol) in 0.5 mL of solvent was stirred at r.t. for 30 min. 
Then, nitrostyrene 1a (0.25 mmol) and catalyst (20 mol%) were added. 
b Isolated yield of pure compound 4a.
c Determined by NMR analyses.
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2
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4

4d

95 >25:1

5

4e

96 >25:1

a Experimental conditions: A mixture of 2a (0.375 mmol) and aldehyde 3a–e (0.375 mmol) in 0.5 mL of solvent was stirred at r.t. for 30 min. 
Then, nitrostyrene 1a (0.25 mmol) was added. 
b Isolated yield of pure compound 4.
c Determined by NMR analyses.
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a Experimental conditions: A mixture of 2a (0.375 mmol) and aldehyde 3a (0.375 mmol) in 0.5 mL of solvent was stirred at r.t. for 30 min. 
Then, nitrostyrene 1 (0.25 mmol) was added. 
b Isolated yield of pure compound 4.
c Determined by NMR analyses.
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Component Synthesis of Pyrrolidine Derivatives
To a stirred solution of aldehyde 3 (0.375 mmol, 1.5 equiv) 

in CHCl3 (0.5 mL) at r.t., diethyl 2-aminomalonate (2a, 
0.375 mmol, 1.5 equiv) was added. The reaction was stirred 
at r.t. for 30 min and then nitroalkene 1 was added. The 
reaction was then stirred at r.t. overnight. Next the crude was 
purified by silica gel column chromatography to afford the 
pyrrolidine derivative 4.
Compound 4d: colorless oil. 1H NMR (400 MHz, CDCl3): 
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