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The Mannich reaction is a classic method for the preparation of
â-amino ketones and aldehydes and therefore a very important
carbon-carbon bond-forming reaction in organic synthesis. The
versatility and potential to create both functional and structural
diversity using this reaction have long stimulated the creativity of
chemists. For example, it has been employed numerous times
successfully as a key step in natural product synthesis as well as
medicinal chemistry.1

The intense demand for stereoselective transformations encom-
passed in modern drug development has led to a number of
asymmetric versions of this type of transformation. The first
diastereoselective methods reported employed the addition of
preformed enolates to preformed imines using stoichiometric
amounts of chiral auxiliaries.2 Only recently, the first examples of
catalytic asymmetric additions of enolates to imines were reported.3

One disadvantage of these reactions is the preparation and stability
of the preformed enolates used. A significant advance was achieved
when unmodified ketones were used in these catalytic asymmetric
versions rather than preformed enolates to provide chiralâ-amino
ketones.4 To date, however, no other unmodified donor has been
used in a direct catalytic enantioselective Mannich-type reaction.
In this context, the extension to aldehyde donors would be of
particular interest,5 since, in combination with amino acid catalysis,
it would provide facile access to either enantiomer ofâ-amino acids,
â-lactams, as well asâ-amino alcohol derivatives (Scheme 1).1b

On the basis of our previous research,4a,6 we became interested
in whether enamine intermediates formed from aliphatic aldehydes
might serve as nucleophiles in a stereoselective, amino acid-
catalyzed Mannich-type addition to imines.7 Herein, we disclose
the successful, unprecedented use of unmodified aldehydes in direct
catalytic asymmetric Mannich-type reactions withR-imino ethyl
glyoxylate as an acceptor to form aldehyde-substitutedR-amino
acids with excellent diastereo- and enantioselectivities.

In an initial experiment, isovaleraldehyde (0.2 M),N-PMP-
protectedR-imino ethyl glyoxylate8 (0.1 M), andL-proline (10 mol
%) were stirred in DMSO at room temperature. After 8 h the imine
was consumed and the only detectable product was theâ-formyl
functionalized leucine derivative1, which could be isolated in 80%
yield, with dr > 10:1 and 87% ee (eq 1).

Next, we performed a solvent screen under the same reaction
conditions and were pleased to find that the yields, diastereoselec-
tivities, and enantioselectivities of1 were comparable in all the
solvents investigated, with dioxane providing the highest ee of1
(ee) 93%).9

To broaden the scope of this transformation, a number of aliphatic
aldehydes were reacted withN-PMP-protectedR-imino ethyl
glyoxylate10 under these reaction conditions to affordâ-formyl
functionalized amino acids1-7 (Table 1). In all cases, the reaction
proceeded smoothly with excellent enantioselectivities. Higher
diastereoselectivities were achieved with increased bulkiness of the
substituents on the aldehyde donor in the order of R) Me < Et <
i-Pr < n-Pent. Significantly, in the case of aldehydes with a chain
length longer than five carbon atoms (entries 4-7, Table 1), one
diastereomer was formed predominantly (dr> 19:1) as determined
by 1H NMR.11 This result constitutes an excellent entry into
sterically demanding amino acid derivatives. For example,R-amino
acid6 was obtained as a single product with complete stereocontrol
in 89% yield. It is noteworthy that these reactions proceed efficiently
with only 1.5 equiv of aldehyde donor. For example,1 could be
obtained in gram quantities from a single reaction. Furthermore,
the catalyst loading could be reduced to as low as 5% without
diminishing the efficiency of the catalytic process. This is a
significant improvement over our previous reports of ketones as
donors in Mannich reactions4a and aldehydes as donors in Michael-
type reactions.7a

These Mannich products are versatile synthons for other syntheti-
cally valuable building blocks. For example, the aldehyde group
of the Mannich product1 can be readily oxidized (NaClO2) and
subsequently esterified (CH2N2) to afford the aspartic acid derivative
8 without loss of the ee and dr (Scheme 2).

Base-promoted cyclization12 of amino acid 8 by means of
LHMDS provided the carbapenem antibiotic PS-6 precursor913 in
excellent yield.1H NMR analysis of9 and 10 revealed a cis
relationship of the vicinal methine protons at C-3 and C-4 based
on their vicinal coupling constant3J3,4 ≈ 5.9 Hz.13 The absolute
stereochemistry of9 was determined to be (3S,4S) based on
synthesis and comparison to the knownR-alkyl-â-lactam1014 via
an efficient hydrolysis/esterification protocol. Thus,L-proline

Scheme 1. Synthesis of â-Amino Carbonyl Compounds and
Derivatives Based on Mannich Reactions of Aldehydes with Imines

Scheme 2. Further Modifications of 3-Formyl-R-L-amino Acid 1a

a Reagents and Conditions: (a) i: NaClO2, KH2PO4, 2-methyl-2-butene,
t-BuOH/H2O; ii: CH2N2, Et2O, 89% two steps; (b) LHMDS, THF,-20
°C, 96%; (c) i: LiOH, Dioxane/H2O; ii: CH2N2, Et2O, 92% two steps.
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catalyzes asi-facial attack to the imine by an aldehyde enamine
intermediate and providesL-amino acids with syn stereochemistry.
This result is in accordance with the previously proposed transition
states for proline-catalyzed Mannich reactions with ketones.4a,d

In conclusion, for the first time unmodified aldehydes were
successfully used as donors in catalytic asymmetric Mannich-type
reactions. We showed that the proline-catalyzed reaction ofN-PMP-
protectedR-imino ethyl glyoxylate with aldehydes provides a highly
enantioselective entry to functional amino acids,â-lactam anti-
biotics,15 and serine protease inhibitors16 and the corresponding
products1-7 were obtained in high yields and excellent diastereo-
selectivities. In addition, the number of different functionalities
present in the products allows for a large variety of further chemical
modifications. As demonstrated for derivatives8-10, our products
can be efficiently converted into pharmaceutically valuable syn-
thons. Moreover, our methodology is atom-economic, starts with
achiral, readily available and inexpensive materials, and provides
a facile route to either enantiomer of bothR-amino acid andâ-amino
acid derivatives with high stereocontrol. Further research addressing
the scope and applicability of this methodology is currently under
investigation.
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Table 1. Products from the Proline-Catalyzed Mannich Reaction
of Unmodified Aldehydes with N-PMP-Protected R-Imino Ethyl
Glyoxylate

a PMP) p-methoxyphenyl.b Yields of isolated pure product after column
chromatography. In a typical experiment,N-PMP-protectedR-imino ethyl
glyoxylate (0.5 mmol) was dissolved in anhydrous dioxane (Vtot ) 5 mL),
the corresponding aldehyde donor (0.75 mmol) was added followed by
L-proline (5 mol %) and the mixture was stirred for 2-24 h at room
temperature. Following aqueous workup with half-saturated ammonium
chloride solution and extraction with ethyl acetate, the organic layer was
dried (MgSO4), filtered, and concentrated and the residue purified by column
chromatography (silica, hexanes/ethyl acetate mixtures) to afford the
corresponding Mannich addition product.c dr ) syn/anti as determined by
NMR after column chromatography.d The ee values of products1-7 were
determined by chiral-phase HPLC analysis.e dr ) syn/anti as determined
by NMR of the crude product after extraction.
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