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ABSTRACT

Here we describe the proline-catalyzed Michael addition of unmodified ketones to nitro olefins. This novel reaction provides γ-nitro ketones
in modest enantioselectivity yet excellent yields.

Aminocatalysis has recently gained considerable attention,
particularly in asymmetric synthesis.1 There are two ami-
nocatalytic pathways. Iminium catalysis proceeds via conver-
sion of a carbonyl compound into an iminium ion, facilitating
Knoevenagel-type condensations, cyclo- and nucleophilic
additions, and cleavage ofσ-bonds adjacent to theR-carbon.2

Enamine catalysis on the other hand involves catalytically
generated enamine intermediates, which react with various

electrophiles or engage in pericyclic transformations.3 Analy-
sis of the Michael reaction reveals potential for both forms
of aminocatalysis (Scheme 1).4

While asymmetric iminium-catalytic Michael reactions
(path a) have been described,5 the intermolecular enamine-
catalytic Michael reaction (path b) is unknown.6 Moreover,
the use of unmodified and nonactivated ketones in catalytic
Michael reactions is extremely rare.7 Herein, we disclose the
proline-catalyzed Michael addition of unmodified ketones
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Scheme 1. Iminium- and Enamine-Catalytic Michael Reactions
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to nitro olefines. This new reaction is only modestly
enantioselective, yet highly efficient. It furthermore serves
as proof of principle for enamine catalysis of the Michael
reaction, a strategy that may ultimately lead to novel highly
enantioselective catalysts.

Previous aminocatalytic Michael reactions include the
asymmetric conjugate addition of nitroacetate, malonates,
nitroalkanes, and recently pyrroles toR,â-unsaturated car-
bonyl compounds.5 It is likely that these reactions involve
iminium ion intermediates according to path a in Scheme 1,
although definite conclusions have to await further mecha-
nistic studies.

The stoichiometric use of enamines as nucleophiles in the
Michael reaction has been pioneered by Stork et al.,8 and
several examples, including asymmetric variants,9 have been
described in the literature since then. Michael reactions of
preformed enamines with nitro olefins have been thoroughly
studied by Seebach et al.10 Enaminecatalysis, however, has
been rarely used so far, and no intermolecular examples are
known.6

We have recently described proline-catalyzed intermo-
lecular aldol and Mannich reactions and postulated the
involvement of nucleophilic ketone enamines.3c,d It became
an apparent question if Michael acceptors may be used as
electrophile. We foundR,â-unsaturated ketones, esters, and
amides to give the Michael products in only low yields and
enantioselectivities upon reacting with acetone and a catalytic
amount of proline under our standard reaction conditions.3c,d

However, if the more reactiveâ-nitrostyrene was subjected
to the same conditions, crystalline nitro ketone1 was
obtained in excellent yield (Table 1). Although the enantio-
selectivity of this process was low (7% ee), the high yield
and exceptional simplicity of the process prompted us to
investigate the scope of this novel aminocatalytic reaction.

We studied the Michael reaction of four different nitro
olefins with four different ketones (Table 1). All reactions

gave the products in very good yields but low enantioselec-
tivities (e23%). However, excellent regio- and diastereo-
selectivities were observed (entries 2-4). Furthermore, both
aromatic (entries 1-4) and aliphatic nitro olefins, either
saturated (entries 5 and 6) or conjugated (entry 7), may be
used with similar efficiencies.γ-Nitroketones such as1-7
serve as useful precursors for various functionalized organic
compounds,11 including pyrrolidines.12 As an illustration,
nitroketone1 was hydrogenated to give pyrrolidine8 in 87%
yield as a mixture of diastereomers (Scheme 2). Pyrrolidines

such as8 are pharmacologically active and selectively block
presynaptic dopamine receptors.12
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Remarkably, if10 was used in the reaction ofâ-nitrostyrene with acetone,
product1 was obtained in 40% ee (68% yield).

Table 1. Proline-Catalyzed Michael Addition of Unmodified
Ketones to Nitroolefins

a For ee, dr, and rr determination, see Supporting Information; rr)
regioisomeric ratio.b ee of majorsyn-diastereomer.c Ten equivalents of the
crystalline ketone tetrahydro-thiopyran-4-one was used.

Scheme 2
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In summary, we have developed a novel enamine-catalytic
transformation, the proline-catalyzed Michael reaction of
unmodified ketones to nitro olefins. Important features of
this reaction are the following: (1) Yields are typically
excellent. (2) Enantioselectivities are poor, but good dias-
tereoselectivities and regioselectivities can be achieved. (3)
The reactions are operationally simple and do not require
inert atmosphere, temperature manipulations, metal salts, or
preformed enolate equivalents.

Currently we study other chiral aminocatalysts to improve
the enantioselectivity of this new reaction.13
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