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Passerini-Ugi hybrid adducts can be obtained through a
four-component reaction by using glycolaldehyde dimer.

Over the past decades, multicomponent reactions (MCRs)
have demonstrated their ability and efficiency in the generation
of chemical diversity.1 For this reason, MCRs are featured in
many diversity-oriented projects, whose biological relevance has
been validated by the discovery of novel biological probes and
drug leads.2 The Ugi four-component reaction3 and the Passerini
three-component reaction4 are the two most important and used
isocyanide-mediated MCRs.5

To broaden their potentiality, both intramolecular variations,
where two of the four functional groups belong to the same
molecule, and post-transformation strategies have been per-
formed, giving easy access to a vast array of heterocycles.6

However, a limitation of these reactions lies in the fact that in
all of the final adducts the obtainable molecular skeletons always
follow the same connectivity, namely, NCCNC and NCCOC
for Ugi and Passerini products, respectively. Recently, we tried
to modify the scaffold extension of the Ugi reaction and reported
that the combination of two secondary amines in the same

molecule is effective in generating a new multicomponent
reaction where the classical Ugi scaffold was split,7 as the use
of a secondary amine in the Ugi reaction can give origin to a
different mechanisms of reaction. Indeed, after the formation
of the iminium ion and the isocyanide and carboxylic acid attack,
the imino anhydride intermediate generated (1) can no longer
undergo the Mumm rearrangement, as meanwhile the nitrogen
atom has become a tertiary amine.8 The intermediate can now
undergo different synthetic fates: (a) being attacked by acyl
acceptors in the presence of nucleophilic solvents (e.g., metha-
nol)9 to give an R-amino amide, (b) being attacked by the
isocyanide nitrogen atom in presence of non-nucleopilic solvents
to give the acylating agent R-amino imide,9,10 or (c) being
intramolecularly intercepted by another secondary nitrogen atom
to give the new scaffold 27a (Scheme 1).

Searching for new MCRs using this strategy, we planned to
generate a novel skeleton that could formally be viewed as a
hybrid between Ugi and Passerini products.11 To achieve this
task, we thought that the imino anhydride intermediate could
also be intercepted by nucleophiles other than the nitrogen atom
and reasoned that the incorporation of a hydroxyl group in the
aldehyde component, using the commercially available glyco-
laldehyde dimer and the presence of a secondary amine, could
give rise to an O-acyl Mumm rearrangement, typical of the
Passerini reaction, with the formation of a new molecular
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SCHEME 1. Different Mechanisms of the Ugi Reaction with
a Secondary Amine
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scaffold that, in this case, contains the typical signature both of
the Ugi and of the Passerini products. The underlying principle
is shown in Scheme 2.

It should be noted that the intercept of the imino anhydride
intermediate by means of a hydroxyl group has been reported
by the Kim group in two different three-component reactions
using R-amino acids, isocyanides, and glycolaldehyde dimer to
give morpholinone derivatives12 and in the reaction between
homoserine, aldehydes, and isocyanides to give R-amino-γ-
lactams.13

In these cases, the use of an R-amino acid favors the
nucleophilic attack of the hydroxyl group to the iminoanhydride
intermediate to give, respectively, the more stables six- and five-
membered rings instead of a nitrogen-mediated transacylation
to give the quite strained three-membered ring. On the other
hand, when glycoladehyde dimer has been used in a classical
Ugi reaction in the presence of a primary amine, the more
nucleophilic nitrogen atom transacylates as was demonstrated
by the Banfi’s group.14 For this reason, we would like to
emphasize the novelty of using a secondary amine, which allows
the hydroxyl group of the glycolaldehyde dimer to transacylate
to give a new linear scaffold.

To demonstrate the feasibility of this idea, initial experiments
were performed using 1 equiv of piperidine (3), 1 equiv of
glycolaldeyde dimer (4), 1 equiv of pentyl isocyanide (5), and
1 equiv of phenylacetic acid (6) as test substrates.

When the reaction was carried out using methanol as solvent
at room temperature, we did obtain the desired product, but in
low yield (45%) without detecting the product deriving from
the attack of the solvent on the imino anhydride intermediate.
Next we tried a different experimental procedure12 using 2,2,2-

trifluoroethanol as solvent and adding a premixed solution of
isocyanide and glycolaldehyde dimer to a cooled (-40 °C)
solution of carboxylic acid and a secondary amine. To our
delight, the reaction was clean, and we were able to isolate the
desired product (7) in high yield (87%) (Scheme 3) after column
chromatography.15

A similar attempt using methanol under the same conditions
gave again the desired product but with a lower yield (44%). It
is interesting to note that when the reaction was performed using
2,2,2-trifluoroethanol as solvent at room temperature, we isolated
only the Passerini adduct in very low yield (20%).

To generalize the scope and the limitation of this new
multicomponent reaction, different isocyanides, carboxylic acids,
and secondary amines were used as substrates (Figure 1).

The reaction appears to be versatile and a library of analogues
(13 examples) has been prepared with good to excellent yields.
In particular primary, secondary, and tertiary isocyanides react
efficiently, as well as aliphatic, aromatic, and R,�-unsaturated
carboxylic acids.

The presence of electron-withdrawing or -releasing groups
on benzoic acid maintain high yields, with a decrease only when
a nitro group is present. This is probably due to the highly
electrophilic character of the imino anhydride intermediate,
which can be intercepted intermolecularly by the solvent.

Finally, both alicylic and linear secondary amines are suitable
for this type of reaction (Figure 2). An attempt to use a N-methyl
aniline did not give the desired product but only the adduct
deriving from Passerini reaction. This behavior is probably due
to both to the hindered nature of the nitrogen atom and the low
concentration of the iminium ion in the reaction medium.

Except glycolaldeyde dimer, R-hydroxy aldehydes are not
stable and tend to isomerize to R-hydroxy ketones. When we
carried out this reaction using 2-hydroxyacetophenone, we were
not able to obtain the desired product.

In conclusion, we have reported a fast and flexibile new MCR
that allowed the generation of a new scaffold difficult to obtain
with the classical multistep chemistry.16 This scaffold can be
considered as a hybrid derived from a homo-Passerini17 and an
Ugi adduct.
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SCHEME 2. Mechanism of the Novel Four-Component
Reaction

SCHEME 3. Reaction between Piperidine, Glicolaldehyde
Dimer, Pentyl Isocyanide, and Phenylacetic Acid

FIGURE 1. Isocyanide, carboxylic acid, and secondary amine building
blocks.
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As we have demonstrated in a previous manuscript,7a the
imino anhydride intermediate, generated using a secondary
amine in the Ugi reaction, can be intramolecularly attacked by
other nucleophiles before the well-known synthetic fates can
take place,9,10 allowing the formation of new scaffolds.

The use of molecules in which the hydroxyl group is grafted
on isocyanide and secondary amine building blocks is under
investigation, and the results will be reported in due course.

Experimental Section

General Procedure for the Preparation of 9, 24-35. To a
solution of amine (1 equiv) in trifluoroethanol (1 M) was added
carboxylic acid (1 equiv) under a nitrogen atmosphere. The resulting
mixture was cooled to -40 °C, and then a solution of glycolalde-
hyde dimer (1 equiv) and isocyanide (1 equiv) in trifluoroethanol
(1 M) was added. The cooling bath was removed, and the solution
was stirred at room temperature for 24 h. The organic layer was
washed with saturated NaHCO3 (×1) and brine (×1), dried over
sodium sulfate, and evaporated. The crude material was purified
by column chromatography.
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FIGURE 2. Synthesized compounds.
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