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Cyclic imines react with isocyanides and electron-deficient phenols to afford N-aryl piperidines and pyr-
rolidines in good yields (Ugi–Smiles couplings of cyclic imines). The starting imines were formed by oxi-
dation with N-chlorosuccinimide followed by a base-induced dehydrochlorination.

� 2009 Elsevier Ltd. All rights reserved.
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The synthetic utility of the Ugi reaction has led to the use of iso-
cyanide-based multicomponent reactions (IMCRs) to generate bio-
logically relevant scaffolds with a high level of diversity.1 Recent
efforts in this field have mostly focused on the formation of hetero-
cyclic derivatives through post-condensation transformations.2

Alternatively, straightforward formation of heterocycles can be
achieved when Ugi reactions are performed on difunctional start-
ing components.

For example, the oxidation of cyclic amines to their related imi-
nes affords suitable substrates for a three-component Ugi reaction.
This was first reported by Joullié two decades ago. This approach
was later adopted by several groups to form pyrrolidine and piper-
idine derivatives.3

We recently reported a new Ugi-type coupling between an alde-
hyde, an amine, an isocyanide and an electron-deficient phenol
leading to N-arylamino carboxamides (Scheme 1).4 This coupling
was further extended to different hydroxy- and mercapto-hetero-
cycles, such as pyridines and pyrimidines.5

Ugi reactions involving carboxylic acids are traditionally per-
formed at room temperature. The higher temperature required
for phenol couplings, associated with the instability of cyclic imi-
nes,6 may become an issue in obtaining N-aryl pyrrolidine or piper-
idine adducts in good yields.

Herein, we present our results on the behavior of cyclic imines
in Ugi–Smiles couplings.

We first started working with six-membered rings. Starting
from 4-benzylpiperidine, oxidation with N-chlorosuccinimide
(NCS) followed by treatment with diazabicycloundecene afforded,
after filtration, the crude imine,7 which was employed in the fol-
lowing Ugi–Smiles step. Upon addition of stoichiometric amounts
of para-nitrophenol and cyclohexylisocyanide, the reaction did
not reach completion under heating at 60 �C. However, the desired
adduct was obtained in a moderate 34% yield. Degradation of the
ll rights reserved.
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imine at such a temperature led us to perform the reaction with
a two-fold excess of imine, and we were pleased to isolate the cor-
responding piperidine in 77% yield (Scheme 2).8

As reported in Table 1, various phenols and isocyanides behaved
similarly. Indeed, ortho-nitrophenol gave the desired piperidines in
good yields with different isocyanides (Table 1, entries 1 and 2). Hy-
PhH2C
PhH2C

Scheme 2.
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Table 1
Ugi–Smiles reaction of 4-benzylpiperidine
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droxy-containing heterocycles, such as hydroxy-pyridines and
pyrimidines (Table 1, entries 3–5) reacted efficiently, as did 2-mer-
captopyrimidine (Table 1, entry 6). In all these reactions, a single dia-
stereomer was isolated (>95:5 by 1H NMR), which is probably due to
an axial attack of the nucleophilic isocyanide on the cyclic iminium.

In order to investigate five-membered ring imines, L-tartaric
acid was condensed with benzylamine. Then reduction, protection
of the two hydroxy groups, and debenzylation gave the starting
pyrrolidine which was utilized in the same oxidation–dehydro-
chlorination sequence.9

The results summarized in Table 210 show that this imine be-
haved just as efficiently toward phenols (Table 2, entries 1 and
2), hydroxy and mercapto-heterocycles (Table 2, entries 3–6). In
contrast to six-membered ring imines, poor diastereoselectivity
was observed (1:1 to 1.2:1), probably due to the higher conforma-
tional flexibility of these imines.11



Table 2
Ugi–Smiles reaction of five-membered ring imines
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In conclusion, we have developed a new route to N-aryl pyrrol-
idines and piperidines. This constitutes the first example of a
three-component Ugi–Smiles coupling involving cyclic imines.
These couplings will be further studied with aromatic imines such
as pyridines and quinolines.12
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