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ABSTRACT

Direct catalytic enantio- and diastereoselective Michael addition reactions of unmodified aldehydes to nitro olefins using (S)-2-(morpholinomethyl)-
pyrrolidine as a catalyst are described. The reactions proceed in good yield (up to 96%) in a highly syn-selective manner (up to 98:2) with
enantioselectivities approaching 80%. The resulting γ-formyl nitro compounds are readily converted to chiral, nonracemic 3,4-disubstituted
pyrrolidines.

The Michael reaction is generally regarded as one of the
most efficient carbon-carbon bond forming reactions, and
studies concerning this reaction have played an important
role in the development of modern synthetic organic
chemistry.1 As the demand for optically active compounds
has soared in recent years, much progress has been made in
the development of asymmetric variants of this reaction,
providing for the preparation of Michael adducts with high
enantiomeric purity.2 Though remarkable advances have been
made in the development of asymmetric catalysts containing
metals,3 relatively few asymmetric transformations have been
reported which employ small organic molecules as catalysts.4

Typically, carbon nucleophiles that contain an active
methylene center such as malonic acid esters,â-keto esters,
nitroalkanes, etc. have been studied in the Michael reaction.
Carbonyl compounds, and ketones in particular, have gener-
ally only been used as donors following their preactivation
by conversion into a more reactive species such as enol or
enamine equivalents.5,6 In these cases, additional synthetic
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step(s), stoichiometric amounts of base, additional reagents,
or chiral ligands are required. A potentially advantageous
strategy in terms of atom economy would involve direct
additions of unmodified carbonyl compounds to Michael-
type acceptors.7 Following our initial disclosure ofL-proline
as a functional catalyst for the Michael reaction,8 we reported
our success in carrying out direct catalytic asymmetric
Michael additions of unmodified ketones to alkylidene
malonates and nitro olefins using (S)-1-(2-pyrrolidinylmeth-
yl)pyrrolidine as a catalyst.9 We envisioned at that time the
possibility of employing unmodified aldehydes as donors.
Due to the difficulty in controlling reactions of enolates or
enols of aldehydes, there had been no examples of catalytic
asymmetric conjugate additions of naked aldehydes.10 Herein
we report our results concerning enantioselective Michael
additions of unmodified aldehyde donors catalyzed by chiral
amines that operate using an enamine mechanism.11

The reaction of isovaleraldehyde with diethyl benzalma-
lonate was explored as a model transformation. Initial
experiments were performed using (S)-1-(2-pyrrolidinyl-
methyl)pyrrolidine as catalyst. Under these conditions, no
product formation was observed. However, when the more
reactive trans-â-nitrostyrene acceptor was employed, the
reaction proceeded smoothly to furnish the Michael adducts
in 80% yield, with a dr of 80:20 in favor of thesyn
stereochemistry and 75% ee (Table 1, entry 3).12 The syn
selectivity of this reaction is in accord with our studies
concerning ketone donors.9 To search for more optimal
catalysts, we synthesized and screened a number of structur-
ally related amines (Table 1).13 We found that (S)-2-
(morpholinomethyl)pyrrolidine1 (entry 9) was the most
effective catalyst in terms of stereochemical control, provid-
ing a high level of diastereoselection and good enantiose-

lection. In contrast to results obtained with diamine catalysts,
reactions withL-proline and its analogues provided only trace
amounts of the Michael adducts (entries 1 and 2).

Additional studies indicated a temperature profile with
ascending selectivity with descending temperature. Upon
cooling the reaction, the addition product was obtained with
higher diastereo- and enantioselectivity but lower yield.

With the optimal catalyst, we examined a series of
aldehydes and nitro olefins in order to establish the scope
of the reaction (Table 2).14 Higher enantioselection was
achieved with increasing bulkiness of the substituents on the
aldehyde donor in the order Me< Et < nBu < iPr (entries
1-4).15 On the basis of our previous results,9 we anticipated
that ortho-substitution on the aromatic ring should affect both
diastereoselectivity and enantioselectivity. Gratifyingly, ex-
cellent dr (up to 98:2) and good ee values were obtained,
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Table 1. Catalyst Screening for the Michael Reaction

a Isolated yield after column chromatography.b Determined by1H NMR
of crude mixture.c Enantioselectivities were determined by chiral HPLC
analysis in comparison with authentic racemic material.
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albeit with a slight decrease in yield (entries 6 and 8). Alkyl
nitro olefins also provided Michael adducts but in low yield
(entry 10).16 Steric factors play an important role in this
reaction. While isovaleraldehyde was a suitable aldehyde for
the reaction, the more sterically demanding 3,3-dimethyl-
butyraldehyde was ineffective (entry 5). In the same way,
introduction of an isopropyl substituent on the nitro olefin
precluded the reaction from taking place (entry 11).

As is evident from the results shown in Table 2, the
method is quite effective in a number of instances and
produces the desired products in moderate to good yields,
stereoselectivities, and enantioselectivities. The relative and
absolute configurations of the Michael adducts were deter-
mined via NMR studies and chemical correlation to known
compounds.17

Though further studies are needed to firmly elucidate the
mechanism of this Michael addition, it very likely proceeds
via an enamine mechanism.18 The highsyn selectivity we
observe is in accord with results obtained in conjugate
additions of preformed enamines to nitro olefins.19 Thesyn
selectivity is explained by an acyclic synclinal model, in
which there are favorable electrostatic interactions between
the partially positive nitrogen of the enamine and the partially
negative nitro group in the transition state (Scheme 1).20

Approach of the nitro olefin from the less hinderedsi face
of the enamine would produce the observed stereochemistry.

The methodology presented herein provides an easy and
convenient way of synthesizing novel optically active 2,3-
disubstitutedγ-formyl nitro compounds in one step.21 These
useful synthons can be further converted into a wide array
of interesting building blocks such as 1,4-amino alcohols or
amino acids in a straightforward manner. A particular
transformation that attracted our interest was the application
of this approach to the synthesis of pyrrolidines. Substituted
chiral, nonracemic pyrrolidines are common structural motifs
found in many natural and unnatural products that possess
interesting and important biological activities, and a great
deal of effort has been devoted toward the development of
asymmetric methods for their synthesis.22,23 As an example
of this application, we studied the hydrogenation ofγ-formyl
nitro compounds2 and 3 with Pd(OH)2. The reductive

(16) New compounds have been fully characterized spectroscopically,
and elemental composition has been established by high-resolution mass
spectrometry or combustion analysis.

(17) For further details, see the Supporting Information.
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through UV spectroscopy. Furthermore, while pyrrolidine itself promotes
the Michael reaction, theN-methyl derivative which lacks the secondary
amine is ineffective as catalyst. An enamine mechanism is also in accord
with our other studies concerning aldol, Mannich, and Michael reactions;
see refs 8, 9, and 11.
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1423. (b) Blarer, S. J.; Schweizer, W. B.; Seebach, D.HelV. Chim. Acta
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Table 2. Michael Addition of Unmodified Aldehydes to Nitro
Olefins

a Isolated yield after column chromatography.b Determined by1H NMR
of crude mixture.c Enantioselectivities were determined by chiral HPLC
analysis in comparison with authentic racemic material.d Determined after
conversion to pyrrolidine11. e Determined after conversion to the corre-
sponding primary alcohol by treatment with NaBH4. f Not determined.

Scheme 1. Proposed Transition State
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amination proceeded smoothly to afford the desired pyrro-
lidines that were isolated as theirN-tosyl derivatives11 and
12 in good overall yields (Scheme 2).

In conclusion, we have developed a highly diastereose-
lective direct catalytic Michael reaction involving the addition
of naked aldehydes to nitro olefins. These reactions afford a
variety of γ-formyl nitro products in good yields with
moderate to good enantioselectivity. To the best of our
knowledge, this is the first report of the utilization of
unmodified aldehydes as donors in the catalytic asymmetric
Michael reaction. The simplicity and mildness of the reaction

protocol, in combination with options for further efficient
transformations of the resulting Michael adducts into syn-
thetically interesting enantiomerically enriched 3,4-disubsti-
tuted pyrrolidines among others, makes this process useful.
Further elaboration and application of this methodology is
currently underway in our laboratories.
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Scheme 2. Synthesis of 3,4-Disubstituted Pyrrolidines

3740 Org. Lett., Vol. 3, No. 23, 2001


