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The classical Mannich reaction,[1] in which an aminomethyl
group is introduced in the position a to a carbonyl function,
has found a multitude of applications in organic chemistry.[2]

The resulting Mannich bases are of particular interest due to
their biological activity as analgesics, antioplastics, and anti-
biotics, and as synthetic building blocks and precursors of
pharmaceutically valuable g-amino alcohols.[2] However,
regardless of the immense importance of this reaction only
a few stereoselective a-aminomethylation reactions have
been developed.[3] For example, Enders et al. employed
enantiomerically pure a-silyl ketones in diastereoselective
a-aminomethylation reactions.[4]

Chemists have developed several stoichiometric, indirect,
stereoselective Mannich transformations that utilize pre-
formed enol equivalents or imines.[5] More recently, the first
successful examples of catalytic asymmetric additions of
enolates to imines were reported by Kobayashi and co-
workers,[6] which has led to intense research into catalytic
indirect Mannich reactions.[7] For example, Hoveyda and co-
workers developed an elegant one-pot three-component
silver-mediated Mannich-type reaction.[8] Recently, Shibasaki
and co-workers reported that heterodimetallic complexes are
catalysts for the direct asymmetric Mannich reaction.[9]

Shibasaki and co-workers [10] and Trost and Terrell[11] also
developed binuclear organozinc complexes that catalyze

highly enantioselective Mannich-type reactions between
hydroxyaryl ketones and preformed imines. Jørgensen and
co-workers developed direct asymmetric Mannich reactions
involving activated ketones as donors which are catalyzed by
chiral copper(ii) bisoxazoline (BOX) complexes.[12] It was not
until recently that researchers demonstrated that amino acid
derivatives function as metal-free catalysts for direct asym-
metric intermolecular reactions.[13,14] List et al.,[15] Barbas and
co-workers,[16] and we have developed direct organocatalytic
asymmetric Mannich reactions of this type that involve
ketones as donors.[17] Asymmetric Mannich-type reactions
with aldehydes as nucleophiles and preformed a-imino
glyoxylate esters as the electrophiles have also been devel-
oped.[18] More recently, we developed direct organocatalytic
one-pot three-component cross-Mannich reactions.[19] In
addition, Jacobsen and Wenzel,[20a] Terada and Uraguchi,[20b]

and others have reported excellent organocatalytic asymmet-
ric Mannich-type reactions.[20]

Despite the intense research on the catalytic enantiose-
lective Mannich reaction, there is to our knowledge only one
example of a catalytic one-pot three-component a-amino-
methylation reaction. In this example, Shibasaki and co-
workers demonstrated a catalytic enantioselective reaction
between a ketone, amine, and formaldehyde, which furnished
the corresponding Mannich base in 16% yield with 64% ee.[9]

Based on this initial investigation and our recently developed
organocatalytic asymmetric a-hydroxymethylation reac-
tion,[21] we became interested in whether organocatalysis
could be applied to this transformation. An amino acid
catalyzed one-pot three-component reaction would be a more
effective and economical process, which would provide a new
tool for the a-aminomethylation of ketones [Eq. (1)].

Herein, we disclose one-pot three-component direct
organocatalytic Mannich reactions between aqueous formal-
dehyde and ketones that furnished a-aminomethylated
ketones with yields of up to 94% and
> 99% ee. The reactions were catalyzed by proline and its
derivatives with excellent chemo- and enantioselectivity.
In an initial experiment we treated cyclohexanone 1a

(2 mmol) with formaldehyde 2 (1 mmol, 36% aqueous
solution) and para-anisidine (1.1 mmol) in the presence of a
catalytic amount of (S)-proline (10 mol%) in dimethylsulf-
oxide (DMSO, 4 mL) at room temperature [Eq. (2)]. The
reaction was quenched after 20 h, and a-aminomethylated
ketone 3a was isolated in 90% yield with > 99% ee by
column chromatography using neutral aluminium oxide as the
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stationary phase.[22] The reactions were also readily per-
formed in N,N-dimethylformamide (DMF) and N-methyl-
pyrrolidinone (NMP) without decreasing the enantioselectiv-
ity.
We also performed a catalyst screen using high-through-

put chiral-phase high-performance liquid chromatography
(HPLC) analyses and found that hydroxyproline derivatives,
5-pyrrolidine-2-yltetrazole, and proline-derived dipeptides
catalyzed the a-aminomethylation reactions. For example,
trans-4-hydroxyproline catalyzed the reaction between
ketone 1a, formaldehyde 2, and anisidine furnishing 3a with
90% ee.
Next, we performed the corresponding reaction with a set

of different aliphatic ketones (Table 1). The reactions were
effective, and the corresponding a-aminomethylated ketones
3a–3 f were isolated in high yield with predominantly
> 99% ee. The reactions proceeded with excellent chemo-
selectivity, and no aldol adducts could be detected. For acyclic
ketones, the reactions were regioselective and the a-amino-
methylation occurred predominantly at the methylene carbon
atoms of the ketones. For example, a-aminomethylated

ketones 3 f and 3 f’ were isolated (3 f/3 f’ 6:1) in 72% yield
for the combined products and with > 99% ee for 3 f. The
reactions were readily performed on a 10-gram scale in
aqueous solvents and in the presence of air without decreas-
ing the yield and the ee of the product.
We also examined the variation of the amine component

for the catalytic a-aminomethylation reaction. Hence, sub-
stituted aniline derivatives were treated with cyclohexanone
and formaldehyde in the presence of a catalytic amount of
(S)-proline (10 mol%; Table 2). In all cases, the reaction
furnished the a-arylaminomethylated ketones with
> 99% ee.

The a-aminomethylated ketone 3a was readily reduced
with NaBH4 in situ to give the corresponding monoprotected
amino alcohol 4, which was isolated in 88% yield over the two
steps with d.r. (trans/cis) 1:1 and > 99% ee (Scheme 1).
Removal of the para-methoxyphenyl (PMP) group under
oxidative conditions followed by acetylation afforded the cis-
and trans-diacetylated amino alcohols 5 in 72% yield for the
combined products. Optical rotation studies of the cis isomer
and comparison with published reports revealed that the
absolute configuration of the product was cis-(1S,2S)-5.[23] As
selective reduction of b-amino ketones to both syn- and anti-
1,3-amino alcohols is known, the present procedure is one
practical route for the preparation of all of the possible
stereoisomers of chiral 1,3-amino alcohols.[24]

Based on the absolute configuration of the product, we
propose transition-state model I to account for the regio- and
enantioselectivity of the a-aminomethylation reaction of
unmodified substituted ketones (Scheme 2). Hence, the (S)-

Table 1: Proline-catalyzed one-pot three-component direct a-amino-
methylation of different ketones.[a]

Entry Ketone Product Yield
[%][b]

3:3’ Sel. 3
[% ee][c]

1 90 – >99

2 85 – >99

3 85[d] – >99[e]

4 80 2:1 >99

5 94 4:1 84

6 72 6:1 >99

[a] Experimental conditions: a mixture of 1 (2 mmol, 2 equiv), 2
(1 mmol), and (S)-proline was stirred at room temperature for 16–
17 h. The crude product obtained after aqueous workup was purified by
column chromatography. PMP=para-methoxyphenyl. [b] Yield of the
pure products isolated after column chromatography using neutral
alumina as the stationary phase. [c] Determined by chiral-phase HPLC
analyses. [d] trans/cis=3:1. [e] ee of the trans isomer.

Table 2: Direct catalytic one-pot three-component a-aminomethylation
reactions with different aromatic amines.[a]

Entry Ar Product Yield [%][b] Sel. [% ee][c]

1 90 >99

2 45 >99

3 71 >99

4 92 >99

[a] Experimental conditions: a mixture of 1 (2 mmol, 2 equiv), 2
(1 mmol), and (S)-proline was stirred at room temperature for 16–
24 h. The crude product obtained after aqueous workup was purified by
column chromatography. [b] Combined yield of products isolated after
column chromatography using neutral alumina as the stationary phase.
[c] Determined by chiral-phase HPLC analyses.
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proline derivative forms an enamine with the ketone that is
attacked by the imine from its si face, providing (2S)-a-
aminomethylated ketones. This is in accordance with the
transition states of previously reported proline-catalyzed
Mannich reactions, in which a si-facial attack occurs.[15–19,25]

In conclusion, we have developed a direct catalytic
enantioselective method that provides a-aminomethylated
ketones in high yield with up to > 99% ee. The reactions were
performed without tedious elaboration in wet solvents, were
carried out in the presence of air, and could be readily scaled-
up. In addition, a high-throughput screen revealed that other
proline-derivatives including dipeptides catalyze the reaction
with excellent enantioselectivity. To the best of our knowl-
edge, this procedure is the first practical applicable a one-pot
three-component catalytic asymmetric a-aminomethylation
reaction. Further elaboration of this transformation and its
synthetic applications is ongoing in our laboratory.

Experimental Section
Typical experimental procedure (Table 1, entry 1): Ketone 1a
(2 mmol) was added to a vial containing 2 (1 mmol, 36% aqueous
solution) and a catalytic amount of (S)-proline (10 mol%) in DMSO
(4 mL). After 20 h of vigorous stirring, the reaction was quenched by
addition of aqueous NH4Cl, and the aqueous phase was extracted
three times with EtOAc. The combined organic layers were dried with
MgSO4, which was subsequently removed by filtration. Next, the
solvent was removed under reduced pressure, and the crude product
mixture was purified by column chromatography using neutral
aluminum oxide as the stationary phase (EtOAc/pentane 1:10) to
afford a-aminomethylated ketone 3a in 90% yield as pale yellow
solid. The ee value of 3a was > 99% as determined by chiral-phase
HPLC analysis. 3a : 1H NMR (CDCl3): d= 1.49 (m, 2H), 1.67 (m,
2H), 2.10 (m, 2H), 2.35 (m, 2H), 3.05 (dd, J= 13.3, 9.3 Hz, 1H), 3.37
(dd, J= 12.8, 7.8 Hz, 1H), 3.74 (s, 3H), 6.63 (d, J= 8.4 Hz, 2H),
6.77 ppm (d, J= 8.4 Hz, 2H); 13C NMR: d= 25.1, 28.0, 32.3, 42.5, 45.6,

50.0, 56.1, 114.9, 115.18, 142.2, 152.6,
213.56 ppm; HPLC (Daicel Chiralpak AD,
hexanes/iPrOH (96:4), flow rate=
0.5 mLmin�1, l= 254 nm): major isomer: tR=
44.31 min; minor isomer: tR= 58.79 min; [a]D=
+ 4.1 (c= 2.0, CHCl3); MALDI-TOF-MS: m/
z= 256.1008; C14H19NO2 (M+Na+: calcd
256.1313).
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