
COMMUNICATION www.rsc.org/obc | Organic & Biomolecular Chemistry

Direct asymmetric three-component organocatalytic anti-selective Mannich
reactions in a purely aqueous system†

Lili Cheng,a Xiaoyu Wua and Yixin Lu*a,b

Received 1st February 2007, Accepted 5th February 2007
First published as an Advance Article on the web 14th February 2007
DOI: 10.1039/b701579h

The direct three-component Mannich reactions of O-benzyl
hydroxyacetone with p-anisidine and aromatic or aliphatic
aldehydes in the presence of an L-threonine-derived catalyst
afforded anti-1,2-amino alcohols in good-to-excellent yields
and with enantioselectivities of up to 97%. This study is the
first demonstration that direct three-component Mannich
reactions can be promoted by a primary amino acid in water.

The asymmetric Mannich reaction1 is one of the most powerful
carbon–carbon bond-forming reactions for the construction of
optically enriched b-amino carbonyl compounds and their deriva-
tives. Recently, the groups of Trost,2 Shibasaki,3 and Jorgensen4

reported direct Mannich-type reactions between ketones and
preformed imines, whereby chiral zinc or copper complexes were
utilized as catalysts. Because of the versatility of the synthons
obtained from Mannich reactions, it is highly desirable to
obtain either syn- or anti-products with high enantioselectivity.
While syn-selective Mannich reactions are common, enantios-
elective anti-selective Mannich reactions are considerably more
challenging.2b,3b,5 The ideal Mannich reaction would involve a
catalytic process employing directly the unmodified carbonyl
donor, amine and acceptor aldehyde in one pot.

Asymmetric reactions catalyzed by metal-free organic molecules
have become increasingly popular in recent years.6 The first
direct asymmetric three-component Mannich reaction catalyzed
by proline was reported by List and co-workers,7 followed by
excellent contributions from Barbas et al.8 Cordova and co-
workers also reported asymmetric three-component Mannich
reactions catalyzed by acyclic chiral amines or amino acids.9 Water
is an ideal solvent for chemical reactions due to its low cost,
safety and environmentally benign nature,10 and it has recently
been shown by the groups of Takabe, Barbas and Hayashi that
direct asymmetric aldol reactions and Michael reactions can be
catalyzed by proline-derived hydrophobic catalysts in water.11 We
have previously disclosed direct aldol reactions in water promoted
by hydrophobic primary amino acids.12 Herein, we report the
first highly enantioselective, direct three-component anti-selective
Mannich reactions in water promoted by organocatalysts derived
from threonine (Fig. 1).

We have been particularly interested in the development of
direct asymmetric three-component Mannich reactions in a purely
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Fig. 1 Structures of the catalysts screened.

aqueous system. Hydroxyacetone is a very useful donor, and its
Mannich reactions could furnish chiral 1,2-amino alcohols. In our
initial screening, we examined the reactions of hydroxyacetone,
p-nitrobenzaldehyde, p-anisidine and various organocatalysts in
the presence of water (Table 1). Virtually no desired product was
obtained when hydroxyacetone was used directly as a donor (entry
1), but silyl protection of the hydroxyl group resulted in donor
reactivity in aqueous media. Threonine-derived organocatalysts
(2a–c) (entries 7–9) were more effective than those derived
from serine (1a–c) (entries 3–5). In the absence of water, the
enantiomeric excess was lower (entry 6). Tryptophan and catalysts
4–7 were ineffective (entries 2 and 10–13). Hayashi’s catalyst11b

only afforded modest ee (entry 14). The combination of benzyl
protection and the utilization of 2b as catalyst led to the best
diastereoselectivity and enantioselectivity (entry 16).

The optimized reaction conditions were applied to Mannich
reactions employing various aromatic aldehydes (Table 2). The
reactions were anti-selective and the Mannich products were
obtained in excellent yields and with excellent enantioselectivities
in most cases. However, the result was less satisfactory in the case
of an electron-rich aromatic aldehyde (entry 10).

Mannich reactions involving aliphatic aldehydes were also inves-
tigated (Table 3). Our methods proved to be remarkably versatile,
affording the Mannich products with excellent enantioselectivities
for both branched and linear aliphatic aldehydes.

The relative and absolute configurations of the products were
established by converting the amino alcohols into their corre-
sponding Boc-protected oxazolidinones,7b and comparison with
the enantiomerically pure commercially available compounds. To
account for the stereochemical outcome, we propose that the
reaction follows the enamine mechanism and involves a transition
state as depicted in Fig. 2. The geometry of the enamines resulting
from O-benzyl hydroxyacetone and O-(tert-butyldiphenylsilyl)
threonine is Z, likely due to the hydrophobic interactions of
hydrophobic moieties or p–p stacking of the aromatic components.

In summary, we have demonstrated for the first time that
direct asymmetric three-component Mannich reactions can be
carried out in one pot in a purely aqueous system. The reactions
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Table 1 Screening of organocatalystsa

Entry Catalyst R1 Time/h Yieldb (%) Anti:sync eed (%)

1 2c H 24 <5 — —
2 L-Trp TBS 24 — — —
3 1a TBS 24 90 1 : 1 51
4 1b TBS 24 77 1 : 1 48
5 1c TBS 24 72 2 : 3 41
6e 2c TBS 24 76 1 : 1 57
7 2a TBS 24 76 7 : 2 95
8 2b TBS 24 91 2 : 1 90
9 2c TBS 24 82 1 : 1 71

10 4 TBS 40 85 1 : 3 0
11 5 TBS 120 <30 1 : 2 12
12 6 TBS 120 <30 1 : 3 0
13 7 TBS 120 <30 1 : 2 16
14 8 TBS 29 90 1 : 5 41 (75f)
15 2a Bn 24 92 4 : 1 81
16 2b Bn 24 90 6 : 1 93

a The reactions were performed with p-nitrobenzaldehyde (0.1 mmol),
p-anisidine (0.11 mmol), hydroxyacetone (0.3 mmol), and catalyst (0.01
mmol) in water (1 mmol) at room temperature. b Isolated yield. c The anti-
to-syn ratio was determined by 1H NMR analysis of the crude product.
d The ee of the anti-isomer was determined by chiral HPLC analysis. e Neat.
f The ee of the syn-isomer.

Table 2 Direct three-component Mannich reactions with aromatic alde-
hydes promoted by organocatalyst 2b in watera

Entry Product Time/h Yieldb (%) Anti:sync eed (%)

1 9 (R = 4-CN) 20 88 6 : 1 94
2 10 (R = 4-Br) 25 73 4 : 1 86
3 11 (R = 2-NO2) 30 95 20 : 1 97
4 12 (R = 2-naphthyl) 36 92 3 : 1 87
5 13 (R = 3-NO2) 26 90 7 : 1 88
6 14 (R = 4-CF3) 25 80 4 : 1 86
7 15 (R = 4-pyridyl) 5 98 13 : 1 97
8 16 (R = 3-pyridyl) 6 90 8 : 1 90
9 17 (R = 2-Cl,4-Cl) 24 90 6 : 1 88

10 18 (R = 4-Me) 36 87 3 : 2 62

a The reactions were performed with aldehyde (0.1 mmol), p-anisidine (0.11
mmol), O-benzyl hydroxyacetone (0.3 mmol), and catalyst (0.01 mmol) in
water (1 mmol) at room temperature. b Isolated yield. c The anti-to-syn
ratio was determined by 1H NMR analysis of the crude product. d The ee
of the anti-isomer was determined by chiral HPLC analysis.

promoted by the threonine-derived hydrophobic organocatalysts
are anti-selective and highly enantioselective, and applicable to
both aromatic and aliphatic aldehydes. Mechanistic studies and
the full extension of the reaction scope are currently being
investigated in our laboratory, and will be reported in due
course.

Table 3 Direct three-component Mannich reactions with aliphatic alde-
hydes promoted by organocatalyst 2b in watera

Entry Product Time/h Yieldb (%) Anti:sync eed (%)

1 19 (R = i-Pr) 23 57 3 : 1 92
2 20 (R = i-Bu) 22 70 2 : 1 90
3 21 (R = cyclohexyl) 20 63 5 : 1 93
4 22 (R = n-Pr) 23 53 3 : 1 91
5 23 (R = n-Bu) 20 52 2 : 1 91
6 24 (R = n-hexyl) 24 54 3 : 2 84
7 25 (R = phenylethyl) 20 50 3 : 1 86

a The reactions were performed with aldehyde (0.1 mmol), p-anisidine (0.11
mmol), O-benzyl hydroxyacetone (0.3 mmol), and catalyst (0.01 mmol) in
water (1 mmol) at room temperature. b Isolated yield. c The anti-to-syn
ratio was determined by 1H NMR analysis of the crude product. d The ee
value of the anti-isomer was determined by chiral HPLC analysis.

Fig. 2 The proposed transition state.
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