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Creation of molecular complexity and diversity1 from simple
substrates, while combining economic aspects2,3 with environmental
ones,4 constitutes a great challenge in modern organic chemistry,
both from academic and industrial points of view.5 Multicomponent
reactions6 (MCRs) involving domino processes7 have emerged as
powerful tools to reach this near ideal goal.8 Looking for novel
lead structures of pharmaceutical, catalytic, or even academic
interests, we are involved in the development of new MCRs from
1,3-dicarbonyl compounds.9 In this context, we recently reported
a molecular sieves promoted one-pot synthesis of polycyclicN,O-,
N,S-, andN,N-aminals from 1,3-dicarbonyls,R,â-unsaturated al-
dehydes, and nucleophilic heterofunctionalized amines.10 This
Michael addition initiated sequence evolves through an intra-
molecular trapping of an in situ formed ene-iminium intermediate.

Although a large variety of 1,3-dicarbonyl compounds, such as
1,3-diketones orâ-ketoesters, have been involved in MCRs, quite
surprisingly, utilization ofâ-ketoamides bearing both electrophilic
and nucleophilic centers has not stimulated much interest so far.11

In this communication, we report a conceptually novel multicom-
ponent domino reaction from simpleâ-ketoamides, which are
involved not only as substrates but also as nucleophilic partners,
leading to original scaffolds having a highly functionalized 2,6-
diazabicyclo[2.2.2]octane skeleton (2,6-DABCO)12 (Scheme 1). The
key steps of the present one-pot process are the successive formation
of two iminium intermediates, trapped in situ by two different
nucleophiles, one being substrate1 itself and the other one resulting
from the heterofunctionalization of amine3.

The scope of this novel MCR was examined using various easily
available starting materials under standard conditions (Figure 1).
A range of valuable new elaborated polycyclic structures were
synthesized in good to excellent yields by simply heating a toluene
solution ofâ-ketoamides1, acrolein2, and functionalized amines
3.13 The reaction was conducted in the presence of 4 Å molecular

sieves, acting both as dehydrating agent and as heterogeneous
catalyst of the initial Michael addition, as shown before.10,14

These neutral heterogeneous conditions proved to be of general
applicability, and products4 were obtained by simple filtration
through a short pad of Celite, with generally very high chemical
purity (Figure 2).

All of the products have a highly functionalized and original
2,6-DABCO core, bearing two chemically differentiable nitrogen
atoms which may confer interesting synthetic potentialities. For
example, the use of acyclicâ-ketoamide1a in combination with
amines3a-c led to the formation of tricyclic lactams4a-c, while
aromatic amine3d gave the expected tetracyclic compounds4d
and4e from â-ketoamides1a and1b, respectively. Alternatively,
cyclic â-ketoamide1c also afforded a one-pot access to spiro-type
polycyclic lactams4f and 4g in good yields. In all cases, the
formation of a single product illustrates the remarkable chemo-,
regio-, and diastereoselectivity of the sequence resulting in a wide
increase in complexity starting from very simple and easily
accessible achiral substrates. The structural elucidation and the
attribution of the relative stereochemistry rest upon NMR analysis
and was unequivocally confirmed by X-ray diffraction of single
crystals obtained by slow evaporation of the solvent in the case of
2,6-DABCO4d (Figure 3).15

To further demonstrate the generality of this methodology, we
projected to create a new C-C bond in the last step of the sequence
via a Pictet-Spengler-type intramolecular cyclization17 involving
1-(2-aminoethyl)pyrrole3e18 (Scheme 2). Under the same experi-
mental conditions, the expected tetracyclic 2,6-DABCO derivative
4h, having a biologically relevant fused pyrrolopiperazine nucleus,19,20

Scheme 1. Three-Component Synthesis of 2,6-DABCO Skeletons
4

Figure 1. Starting materials for the three-component reaction.

Figure 2. 2,6-DABCO scaffolds from the MCR.
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was isolated as one single diastereomer, in good yield and with
high chemical purity.

In all cases, the totally diastereoselective obtention of a single
product is observed with concomitant formation of up to three new
cycles, five different bonds including two C-C ones, and up to
five stereogenic centers, two of them being chemically differentiable
nitrogen atoms. Moreover, the one-pot sequence is step- and atom-
economic and also ecologically benign since water is the only
byproduct, easily trapped by molecular sieves.

In conclusion, this novel multicomponent domino reaction, based
on the reactivity of two different iminium intermediates, constitutes
a good illustration of the potentialities ofâ-ketoamides in MCRs.
The sequence generates molecules with a high level of complexity
from simple achiral and readily accessible substrates. The opera-
tional simplicity and good chemical yields, combined with step-
and atom-economic aspects, make this new heterocycle synthetic
strategy highly attractive and promising for the development of
original DABCO compounds of potential synthetic and biologic
interests.
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Figure 3. ORTEP diagram of lactam4d.16

Scheme 2. Carbon-Nucleophilic Functionalized Amine in the
MCR
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