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Asymmetric Mannich reactions are the most powerful and
versatile tools for synthesizing optically active b-amino
carbonyl compounds, which are highly attractive chiral
building blocks for biologically and pharmaceutically impor-
tant compounds.[1] Recently, a large number of small organic
molecules, such as proline and its derivatives, were found to
successfully catalyze direct asymmetric Mannich reactions
between aldehydes and N-p-methoxyphenyl-protected
imines.[2, 3] However, strong oxidizing agents such as ceric
ammonium nitrate are required to remove the p-methoxy-
phenyl (PMP) group on the nitrogen atom of the Mannich
products, and a method that would allow for the easy removal
of the N-protecting group under mild conditions would offer a
significant synthetic advantage. Recently, the research groups
of List[4] and C�rdova[5] independently reported the proline-
catalyzed syn-selective direct asymmetric Mannich reaction
between aldehydes and imines protected with a readily
cleavable tert-butoxycarbonyl (Boc) group. Furthermore, in
2008, List and co-workers demonstrated that proline can also
catalyze the direct asymmetric Mannich reaction between
acetaldehyde and N-Boc-protected imines to provide the
simplest Mannich products as versatile chiral building blocks,
albeit in low to moderate yields.[6] Since the enamine
intermediate generated from the pyrrolidine-type secondary
amine catalyst is highly nucleophilic, it is difficult to suppress
undesired side reactions, including aldol reactions and further

reactions of the Mannich product
(Scheme 1). Very recently Hayashi et al.
reported the efficient direct asymmetric
Mannich reaction of acetaldehyde,
although the N-Boc group on most imines
was replaced with an N-benzoyl group.[7]

We previously designed and synthe-
sized the axially chiral bifunctional amino
sulfonamide (S)-1 as an organocatalyst,

which successfully catalyzed the anti-selective direct asym-
metric Mannich reactions of N-PMP-protected a-imino
esters[8] and syn-selective asymmetric cross-aldol reactions.[9]

This catalyst has a highly acidic triflamide group to activate
electrophiles and a less nucleophilic dibenzylic secondary
amine moiety compared to pyrrolidine-type catalysts. These
characteristic features of (S)-1 should suppress the side
reactions, and the hitherto difficult direct Mannich reaction
between acetaldehyde and N-Boc-protected imines could be
achieved. Here we report the direct asymmetric Mannich
reaction between acetaldehyde and N-Boc-protected imines
catalyzed by the axially chiral bifunctional amino sulfonamide
(S)-1. In addition, we also describe the highly anti- and
enantioselective Mannich reaction of N-Boc-protected imines
with other aldehydes—which has previously only been
reported in a few cases.[3e, 10]

We first examined the reaction between acetaldehyde and
the benzaldehyde-derived N-Boc-protected imine 2 in the
presence of (S)-1 at 0 8C, and the results are summarized in
Table 1. The reaction with five equivalents of acetaldehyde in
CHCl3 gave the corresponding product 3 in low yield but
excellent enantioselectivity (Table 1, entry 1). It is important
to note that the side product 4 arising from the Mannich
reaction between 2 and 3 was also obtained in 15% yield
during the reaction. Therefore, an increased amount of
acetaldehyde was used, which consequently improved the
yields of 3 (Table 1, entries 2 and 3). The reaction using
CH2Cl2 and THF as solvents provided similar results (Table 1,
entries 4 and 5), while the reaction in toluene was less
satisfactory in terms of the yield (Table 1, entry 6). Under
solvent-free conditions, the desired product was obtained in
higher yield and excellent enantioselectivity (Table 1,
entry 7). Accordingly, the solvent-free conditions were
selected for further studies.

Scheme 1. Strategy to suppress undesired side reactions. Tf = trifluoro-
methanesulfonyl.
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We then applied our system to the reaction between
acetaldehyde and various N-Boc-protected imines, and the
results are shown in Table 2. In general, these direct
asymmetric Mannich reactions proceeded smoothly, and the
desired products were obtained in good yields and excellent
enantioselectivity in all the cases examined. An N-Boc-
protected aliphatic imine was also applicable to this reaction
system when the imine was added slowly by syringe pump. It
should be noted that most of the (S)-1 was recovered by a
single separation by column chromatography at the end of the
reaction and was reusable without further purification.

A proline-catalyzed direct asymmetric Mannich reaction
between aldehydes and N-Boc-protected aromatic imines is
known to give the corresponding syn-b-amino-b-aryl alde-

hyde preferentially with excellent enantioselectivity.[4,5] To
the best of our knowledge, however, a general method for
obtaining the opposite anti-b-amino-b-aryl aldehyde remains
unattainable, although a few exceptional examples that give
anti-Mannich adducts were reported by using an N-Boc-
protected aromatic imine.[10] Accordingly, we next examined
the reaction between various aldehydes and N-Boc-protected
imines, and attempted to expand the substrate scope of our
anti-selective Mannich reaction catalyzed by (S)-1.

We executed the direct asymmetric Mannich reaction
between various aldehydes and N-Boc-protected imines. As
shown in Table 3, the corresponding anti-Mannich adducts
were obtained with good anti selectivity and excellent
enantioselectivity in all the cases examined under the
optimized conditions. When a solution of the N-Boc-pro-
tected imine was added more slowly to the reaction mixture
by syringe pump, the catalyst loading could be reduced to
1 mol% without loss of stereoselectivity (Table 3, entries 3
and 4). In addition, N-Boc-protected heteroaromatic imines
as well as an N-Boc-protected aliphatic imine were found to
be applicable to the present reaction system (Table 3,
entries 8–10).

To assign the absolute configuration of the obtained anti-
b-amino aldehyde and to extend the synthetic utility of this
asymmetric transformation, the optically enriched anti-b-
amino aldehyde anti-5 was successfully converted into the
corresponding b-lactam (Scheme 2). Thus, treatment of anti-5
with NaClO2, followed by addition of TMSCHN2, resulted in
clean formation of the corresponding methyl ester 6 (97%
yield over two steps). Subsequent removal of the N-Boc
protecting group and treatment of the resulting b-amino ester

Table 1: Direct Mannich reactions between acetaldehyde and N-Boc-
protected imine 2 catalyzed by (S)-1.[a]

Entry CH3CHO [equiv] Solvent t [h] Yield [%][b] ee [%][c]

1[d] 5 CHCl3 8 36 99
2[d] 10 CHCl3 3 43 99
3 36 CHCl3 4 76 99
4 36 CH2Cl2 4 78 99
5 36 THF 4 81 99
6 36 toluene 4 33 99
7 36 – 4 87 99

[a] Unless otherwise specified, the reaction between acetaldehyde and N-
Boc-protected imine 2 (0.25 mmol) was carried out in a solvent (500 mL)
in the presence of (S)-1 (0.005 mmol) at 0 8C. [b] Yield of isolated
product. [c] The ee value of 3 was determined by HPLC analysis on a
chiral stationary phase. [d] Use of 5 mol% of (S)-1 and 2.5 mL of CHCl3.

Table 2: Direct Mannich reactions between acetaldehyde and various N-
Boc-protected imines catalyzed by (S)-1.[a]

Entry R Yield [%][b] ee [%][c]

1 Ph 87 99
2 2-naph 82 99
3 4-MeOC6H4 92 99
4 4-ClC6H4 73 99
5 2-furyl 70 98
6[d,e] cyclohexyl 70 99

[a] Unless otherwise specified, the reaction between acetaldehyde
(500 mL) and an N-Boc-protected imine (0.25 mmol) was carried out in
the presence of (S)-1 (0.005 mmol) at 0 8C. [b] Yield of isolated product.
[c] The ee value of the Mannich product was determined by HPLC
analysis on a chiral stationary phase. [d] THF used as solvent. [e] The N-
Boc-protected imine was added by syringe pump over 0.5 h. Stirring was
then continued for 3 h.

Table 3: anti-Selective Mannich reactions between various aldehydes
and N-Boc-protected imines catalyzed by (S)-1.[a]

Entry R1 R2 Cat. [mol%] Yield [%][b] anti/syn[c] ee [%][d]

1 Me Ph 5 92 7.7:1 99
2 iPr Ph 5 77 8.8:1 99
3[e] Bu Ph 5 93 16:1 99
4[f ] Bu Ph 1 88 15:1 99
5 Bn Ph 5 80 15:1 99
6 Bu 4-MeOC6H4 5 91 8.2:1 98
7 Bu 4-ClC6H4 5 78 11:1 99
8 Bu 2-furyl 5 88 7.5:1 99
9 Bu 3-pyridyl 5 92 16:1 99
10[e,g] Me cyclohexyl 10 66 >20:1 99

[a] Unless otherwise specified, the reaction between an aldehyde
(0.75 mmol) and an N-Boc-protected imine (0.25 mmol) was carried
out in CHCl3 in the presence of (S)-1 at 0 8C. The N-Boc-protected imine
was added by syringe pump over 4 h. Stirring was then continued for 1 h.
[b] Yield of isolated product. [c] Determined by 1H NMR spectroscopy.
[d] The ee value of the anti isomer was determined by HPLC analysis on a
chiral stationary phase. [e] Stirred for 2 h after addition of the N-Boc-
protected imine. [f ] The N-Boc-protected imine was added by syringe
pump over 12 h. Stirring was then continued for 1 h. [g] 1.25 mmol
propanal was used.
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7 with LDA gave b-lactam 8 without loss of enantiopurity
(82 % yield over two steps).[11] By comparison of the optical
rotation of b-lactam 8 with the literature value,[12] the absolute
configuration of anti-b-amino aldehyde anti-5 was determined
to be 1S,2R.

In summary, we have developed a highly stereoselective
direct asymmetric Mannich reaction between acetaldehyde
and N-Boc-protected imines as well as an anti-selective direct
asymmetric Mannich reaction of N-Boc-protected imines by
using the less nucleophilic chiral amino sulfonamide (S)-1 to
suppress the undesired side reactions. The present reactions
represent a rare example of an efficient direct Mannich
reaction of N-Boc-protected imines via an enamine inter-
mediate. Further investigations to expand the scope of this
and related reactions are currently underway.
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