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The Mannich reaction is enormously useful for the construction
of nitrogenous molecules.1 In this transformation, three compo-
nents, a ketone, an aldehyde, and an amine, react to form a
â-amino-ketone. The increasing popularity of the Mannich
reaction has been fueled by the ubiquitous nature of nitrogen in
drugs and natural products as well as by the potential of this
multicomponent reaction to generate diversity. Bothdirectvariants
with unmodified ketone donors andindirect variants utilizing
preformed enolate equivalents have been described.1 In addition,
the imine intermediate may be preformed or its amine and
aldehyde precursors used directly (eq 1).

Only a handful of catalytic asymmetric Mannich reactions have
been reported,2 and all but one of these are indirect.2f Here we
report direct proline-catalyzed highly enantioselective three-
component Mannich reactions.

Few reports concerning asymmetric Mannich reactions exist.3

Catalytic methods have been introduced only very recently by
the groups of Tomioka, Kobayashi, Sodeoka, Lectka, and Shiba-
saki.2 Noncatalytic enantioselective methods include the addition
of chiral preformed enamines to imines.3 Our interest in testing
whether chiral amines or amino acids would also catalyze the
Mannich reaction is based on these reports, Kobayashi’s elegant
work on three-component Mannich reactions,4 the pioneering

lessons we have learned from aldolase antibody 38C2,5 and our
own finding that proline catalyzes the direct asymmetric aldol
reaction.6 According to our mechanistic hypothesis, proline reacts
with ketones to form a chiral enamine. We reasoned that (a) the
nucleophilic addition of the proline enamine would be faster to
an imine than to an aldehyde and (b) that imine formation with
a primary amine would be faster than concurrent aldolization.
Consequently, a Mannich reaction catalyzed by proline or another
chiral amine can be performed as a three-component reaction
utilizing an aldehyde, a ketone, and a primary amine.

We found that after stirring proline (35 mol %),7 p-nitrobenz-
aldehyde (1 eq), andp-anisidine (1.1 eq) in acetone/DMSO (1:4)
for 12h, the corresponding Mannich product1 was formed in 50%
yield and 94% ee (eq 2).

The aldol addition and condensation products were observed
as side products in this reaction. Similarly, if 2-naphthaldehyde
was used,â-amino ketone2 was obtained in excellent enantio-
selectivity (96% ee), albeit in modest yield (35%) (Table 1, entry
2). Both R-substituted andR-unsubstituted aldehydes gave the
correspondingâ-amino ketones in good to excellent yields and
with ee’s of up to 93% (Table 1, entries 3-6).8 Moreover, the
reactions withR-unsubstituted aldehydes were performed in pure
acetone, and after completion, proline could be recovered from
the reaction mixture in almost quantitative yield by filtration.
These reactions can also be performed in chloroform containing
20 vol % of acetone (Table 1, entry 3).

The PMP (p-methoxyphenyl) amine protecting group has been
chosen because it can readily be removed under oxidative
conditions (Scheme 1),9 although other anilines can be used.10

Furthermore, we found that ketones other than acetone furnish
the desired Mannich products in excellent yields and enantiose-
lectivities.11,12 Most importantly, hydroxyacetone is an efficient
and selective donor. For example, in the reaction with isobu-
tyraldehyde,syn-amino alcohol9 was formed within 12 h as the
only detectable regioisomer in good ee (65%) and dr (17:1)
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(Scheme 1). The relative and absolute configuration was deter-
mined from the X-ray structure of cyclic derivative10aand via
conversion to enantiomerically pureN-(BOC)-D-valinol (11),
respectively. The Mannich reactions with hydroxyacetone comple-
ment the Sharpless asymmetric aminohydroxylation (AA)13 for
the construction of chiral nonracemicVic-amino alcohols.14

Currently we speculate that this reaction follows an enamine
mechanism and involves either a boatlike transition stateA or
chairlike transition stateB. Both transition states include a (Z)-
imine, which has been implicated earlier in related reactions with

boron enolates.3b The geometry of the enamines from substituted
ketones (X* H) is (E) in A and (Z) in B. These transition states
readily explain the observedsi-facial enantioselectivity. The
opposite selectivity (re) has previously been observed in proline-
catalyzedaldol reactions.6 The additional nitrogen substituent of
the imine may destabilize the corresponding chairlike transition
state of the aldol reaction.

In summary, we have shown the first examples of the proline-
catalyzed asymmetric three-component Mannich reaction. Im-
portant features of this new transformation are the following: (1)
The reactions typically display high enantioselectivity (up to 99%
ee)11 and yield. (2) The inexpensive catalyst proline is available
in both enantiomeric forms and can be recovered from the reaction
mixture via filtration. (3) The PMP group can be readily removed
after further transformations. (4) Aliphatic unbranched aldehydes
can be utilized in this process. (5) The reactions do not require
preformed enolate equivalents or preformed imine equivalents.

Future studies will aim to shed light on the mechanism and
scope of this reaction and on further applications of proline and
other chiral amines in important carbon-carbon bond-forming
reactions.15
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Table 1. Products from the Proline-Catalyzed Asymmetric
Three-Component Mannich-Reaction

a PMP ) p-methoxyphenyl.b The ee’s of compounds1-6 were
determined by chiral-phase HPLC analysis using Chiralpak AD and
AS columns (Daicel Chemical Industries, Ltd.) with hexane/2-propanol
mixtures as eluents.c Reactions in DMSO/acetone 4:1.d Reactions in
pure acetone.e Reaction in CHCl3/acetone 4:1.

Scheme 1.Three-Component Mannich Reaction with
Hydroxyacetone

Communications to the Editor J. Am. Chem. Soc., Vol. 122, No. 38, 20009337


