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Abstract—Three chiral cyclic secondary amines are shown to be catalysts for the direct asymmetric Mannich-type reaction of
acetone with a variety of preformed aldimines derived from o-anisidine. A simple one-pot three-component reaction procedure
consisting of aldehyde, acetone, p-anisidine and an amine catalyst provides the corresponding b-amino ketones with 50–89% ee
under very mild conditions. © 2000 Published by Elsevier Science Ltd.

Optically active b-amino ketones, esters, and alcohols
are versatile synthons that may be employed in the
construction of a wide variety of nitrogen containing
natural products. One classic route to 1,3-amino ke-
tones and esters involves Mannich-type reactions.1

Asymmetric Mannich-type reactions have typically in-
volved addition of enolates to chiral aldimines2 or
hydrazones3 wherein the chiral controller of the reac-
tion is used in stoichiometric amounts. Recently, asym-
metric Mannich-type reactions that employ chiral Lewis
acids to catalyze the reaction of preformed enolate
equivalents (e.g. silyl enol ethers) with aldimines4 and
an example of a direct asymmetric Mannich-type
reaction5 have been reported.

For the past few years we have devoted considerable
effort to the development of catalytic asymmetric aldol
and related reactions that are facilitated by amine-
based mechanisms.6 These studies, originally founded in
the area of catalytic antibodies, have resulted in the
development of simple amine catalysts for these types
of reactions. We have reported amine-catalyzed direct
asymmetric aldol reactions7 and a Robinson annulation
reaction.8 Herein we explore catalysis of the aza-variant
of the aldol reaction and disclose the development of
chiral amine-based catalysis of direct asymmetric Man-
nich-type reactions.

During the course of screening studies for aldol and
Robinson annulation catalysts, various chiral amines
and thiazolidine carboxylic acids were identified as
promising Mannich catalysts8,9 and diamine salt 1, L-
proline 2, and the penicillamine derivative L-5,5-

dimethylthiazolidine-4-carboxylic acid 3 (DMTC) are
among the most promising (Table 1a).

In order to further test their utility in directing the
addition of acetone to imines, reactions of preformed
aldimine 4c in DMSO/acetone (4:1) at room tempera-
ture were studied in the presence of 20 mol% of cata-
lysts 1, 2 and 3, (entry 3, Table 1a). Within 48 h, all of
the chiral amines employed catalyzed the addition of
acetone to imine 4c resulting in the formation of b-
amino ketone 5c with comparable yield, albeit with
varying degrees of enantioselectivity. In particular, the
reaction using penicillamine derivative DMTC 3 pro-
vided the desired product in 80% ee.

In additional comparative studies of these catalysts,
aldimines derived from the reaction of o-anisidine with
benzaldehyde, p-acetamido benzaldehyde, and 1-naph-
thaldehyde (entries 1, 2, 4, Table 1a) were reacted in
DMSO/acetone (4:1) with 20 mol% catalyst at room
temperature Based on these results, we judged DMTC 3
to be the most promising catalyst for further investiga-
tions. In all reactions, the condensation product was
observed as a side-product and was the main product
when using preformed aldimines derived from o-
aminophenol. This side-product does not form by
deamination of the Mannich products since, upon
treatment of racemic 5a with DMTC 3 for 5 days under
the standard reaction conditions, neither the elimina-
tion product nor any resolution of the racemate was
detected.

Next, we attempted to extend our studies to the non-
aromatic aldimines derived from cyclohexanecarbox-
aldehyde and isobutyraldehyde. In these cases we were* Corresponding author.
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Table 1.

unable to prepare the o-anisidine derived aldimines in
pure form. Alternatively, we have studied one-pot
three-component reactions (Table 1b) and found that
the reaction of a 1:1-mixture of aldehyde and p-ani-
sidine proceeded smoothly in DMSO/acetone (4:1) at
room temperature for 24 h in the presence of catalyst 3
to give the corresponding Mannich products 7a– f
(Table 1b). However, studies with aromatic aldehydes
in one-pot reactions with o-anisidine did not furnish the
desired Mannich products. Removal of the N-protec-
tive groups used here is readily achieved by treatment
with cerium ammonium nitrate (CAN).10

Like the analogous aldol reaction, these reactions are
assumed to proceed via an enamine mechanism. The
absolute stereochemistry of the new stereogenic center
formed by the catalysis of amines 2 and 3 has been
determined by comparison of the optical rotation and
chiral-phase HPLC data of derivative 8, which were
identical to those of 8 obtained after derivatization of 9
(Scheme 1) obtained via Kobayashi’s methodology.10

Catalysis mediated by diamine salt 1 yields products of
the opposite absolute configuration of those provided
by 2 and 3. The stereochemistry observed can be ration-
alized by transition state geometries I and II (Scheme
1).11 Note that the facial selectivity in these Mannich-
type reactions is opposite that which we have observed

for the corresponding aldol reactions using these
catalysts.7,9

In summary, we have achieved direct catalytic enan-
tioselective Mannich-type reactions of both aliphatic
and aromatic aldimines with acetone by using simple
chiral amines 1–3 as catalysts providing the corre-
sponding b-amino ketones with high enantiomeric ex-
cesses. Further, chiral b-amino ketones 7a– f can be
synthesized in a one-pot three-component reaction con-
sisting of aldehyde, p-anisidine, acetone, and catalyst in
DMSO. Our best catalysts, L-proline 2 and penicil-
lamine derivative 3, are nontoxic, relatively inexpensive,
and readily available in both enantiomeric forms. This
methodology represents advantages in terms of reaction
conditions, catalyst stability, cost, and optical yield and
extends the scope of organocatalysis using chiral
amines. During the course of our studies, a report
regarding proline-catalyzed Mannich-type reactions
analogous to those described here was published.12
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Scheme 1. Determination of absolute configuration of Mannich-product 5d and potential transition states I and II.
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