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ABSTRACT

An organocatalyst-mediated, asymmetric Mannich reaction in the presence of water without using organic solvents has been developed. A
highly reactive siloxytetrazole hybrid catalyst has been developed for the reaction of dimethoxyacetaldehyde, while the sodium salt of siloxyproline
is an effective catalyst of r-imino glyoxylate. Excellent enantioselectivity can be realized, and the usage of organic solvents can be reduced
compared to the conventional reactions in organic solvents.

The development of reactions in the presence of water1

without using organic solvents is one of the important topics
in current chemistry.2 The catalytic, asymmetric Mannich
reaction is one of the most powerful methods for the
construction of chiral nitrogen-containing molecules.3 Thus,
there is an endeavor to realize the enantioselective Mannich
reaction in the presence of water. Although there are several
aqueous non-enantioselective Mannich reactions of silyl enol

ether,4 there is only one asymmetric catalytic reaction in the
presence of water catalyzed by an organometallic reagent
so far as we are aware: Kobayashi and co-workers reported
the asymmetric Mannich-type reaction of acylhydrazone and
silyl enol ether in aqueous organic solvent using a diamine-
ZnF2-surfactant system.5

Organocatalysis-mediated, direct, enantioselective Man-
nich reactions6-9 have been developed over the past few years
that proceed in polar organic solvents such as DMSO and
NMP. Although there is a proline-mediated Mannich reaction
in aqueous media,8e,f the reaction in the presence of water
without using an organic solvent had not been reported until
recently.
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As for the aldol reaction, Barbas’ group10 and ours11-13

independently developed asymmetric aldol reactions cata-
lyzed by organocatalysts in the presence of water. While
Barbas and co-workers used a diamine with a long alkyl
chain in the presence of acid, we employed siloxyproline11

and a combined proline-surfactant organocatalyst.12 Fol-
lowing these reports, several organocatalysts have been
developed for the enantioselective aldol reaction in the
presence of water,14 and recently, a threonine-derived orga-
nocatalyst was applied to the Mannich reaction in the
presence of water, in which only alkoxyacetone was inves-
tigated.15 During the application of siloxyproline to the
asymmetric Mannich reaction in the presence of water, we
found effective Mannich catalysts, affording adducts with
excellent enantioselectivity, which will be disclosed in this
communication.

First, the three-component Mannich reaction of dimethoxy-
acetaldehyde,p-anisidine, and cyclohexanone was selected
as a model. Dimethoxyacetaldehyde is commercially avail-
able as aqueous solution; therefore, this reaction must be
performed in the presence of water. Moreover, the Mannich
product obtained is a synthetically useful polyfunctionalized
compound. The reaction was performed as follows: Mixing
anisidine, an aqueous solution of aldehyde (60 wt %
solution), and water (total volume of water is 18 equiv) for
0.5 h in the presence of the catalyst generated an oily material
that separated from the water. To this mixture we added 2
equiv of ketone, and the reaction proceeded in a biphase
system. Organocatalysts (Figure 1) were screened, with the

results summarized in Table 1. Low yield and enantioselec-
tivity were obtained in the reactions with proline (1) and
4-hydroxyproline (2). Tetrazole catalyst316 gave 50% ee,
and a moderate ee (72%) was observed with siloxyproline
4.11,17Among other catalysts, siloxytetrazole hybrid catalyst
5 afforded the adduct not only in excellent yield but also
with very high enantioselectivity. By lowering the reaction
temperature, higher diastereoselectivity and enantioselectivity
were realized. As for the diastereoselectivity, although proline
(1) and siloxyproline4 gaveanti-isomer predominantly,syn-
isomer was obtained selectively when tetrazolesiloxy hybrid
catalyst5 was employed. It should be noted that tetrazole
catalyst 3 and siloxyproline4, both of which are active
catalysts in several transformations, are not suitable, but the
combination of a siloxy and tetrazole moiety in a pyrrolidine
scaffold created a highly efficient Mannich catalyst5. The
reaction also proceeds in good yield with excellent enantio-
selectivity in the presence of a large excess (100 equiv) of
water (entry 7). Practically, the amount of water should be
reduced, and the reaction was found to proceed efficiently
without the additional amount of water.

The generality of the reaction was examined, with the
results summarized in Table 2. Both cyclohexanone and
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Figure 1. The organocatalysts examined in this study.
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cycloheptanone are suitable nucleophiles to afford the
Mannich adduct with high diastereoselectivity and enantio-
selectivity. 2,2-Dimethyl-1,3-dioxa-5-one can be employed
successfully as the nucleophilic ketone, affording a poly-
oxyamine derivative with high enantioselectivity, which is
an important synthetic intermediate of aminosugars.8i,j Acy-
clic ketones such as 3-pentanone are also suitable nucleo-
philes.

Next, the catalyst was applied to the Mannich reaction of
R-imino ethyl glyoxylate. This reaction is synthetically
important for the formation of theR-amino acid. Its original
reaction in organic solvent catalyzed by proline was devel-
oped by Barbas and co-workers.8c,d While proline (1) and
tetrazole catalyst3 were poor catalysts in the presence of
water, both siloxyproline4 and siloxytetrazole hybrid catalyst
5 gave a complex mixture in the presence of water without
an organic solvent. This is contrary to the reaction of
dimethoxyacetaldehyde (eq 1, Table 1). The decomposition
of imine was observed, probably because of the instability
of imine in the presence of the acidity of the catalyst. After
several experiments, it was found that good yield and
excellent enantioselectivity were obtained when the reaction
was carried out in aqueous NaHCO3 solution instead of water
in the presence of siloxyproline4 (Table 3). The same
excellent results were obtained when the isolated sodium salt
of 4 was used as the catalyst.18 Moreover, the lithium and
potassium salts of4 also gave the same excellent diastereo-
selectivity and enantioselectivity. It should be noted that the
excellent diastereoselectivity is in marked contrast to the low
selectivity (syn/anti) 3:1) reported when the reaction was
performed in dioxane and catalyzed by proline.8d Propanal,
n-butanal, andn-pentanal are suitable nucleophiles, affording
the adducts in good yield with excellent selectivities.
Aldehydes and ketones such as cyclohexanone react with

imine in the presence of siloxytetrazole hybrid5 to afford
the product in moderate yield with excellent enantioselec-
tivity.

The same enantiomer was obtained selectively in the
reaction catalyzed by the sodium salt of4 in the presence of

Table 1. Effect of Catalyst on the Mannich Reaction in the
Presence of Watera

entry catalyst time [h] yield [%]b syn:antic ee [%]d

1 1 48 36 1:2.3 16
2 2 48 34 1:2.2 1
3 3 48 48 1:1.1 50
4 4 16 95 1:1.4 72
5 5 16 95 4.4:1 93
6e 5 48 61 6.1:1 96
7e,f 5 70 95 4.2:1 93
8e,g 5 48 93 4.6:1 95

a Unless otherwise shown, the reaction was conducted with 0.04 mmol
of catalyst, 60µL of dimethoxyacetaldehyde solution (60 wt %, 0.4 mmol),
0.44 mmol ofp-anisidine, 0.8 mmol of cyclohexanone, and water (102µL)
at room temperature.b Isolated yield.c Determined by1H NMR. d Enan-
tiomeric excess ofsyn-isomer. Determined by chiral HPLC (see Supporting
Information).e The reaction temperature is 0°C. f The reaction was
performed in the presence of 100 equiv of water (0.72 mL).g The reaction
was performed without the additional water.

Table 2. Asymmetric Mannich Reaction of
Dimethoxyacetaldehyde under Wet Conditionsa

a The reaction was conducted with 0.04 mmol of5, 60µL of dimethoxy-
acetaldehyde solution (60 wt %), 0.44 mmol ofp-anisidine, and 0.8 mmol
of ketone at 0°C. b Isolated yield.c Determined by1H NMR. d Enantiomeric
excess ofsyn-isomer, which was determined by chiral HPLC analysis.
e Ketone (5 equiv) and water (18 equiv) were used.

Table 3. Mannich Reaction ofR-Imino Ethyl Glyoxylate in
the Presence of Watera

entry R1, R2 catalyst solvent
time
[h]

yield
[%]b syn:antic

ee
[%]d

1 Me, H 1 H2O 1 <5 nd nd
2 Me, H 3 H2O 1 <5 nd nd
3 Me, H 4 H2O 1 cm nd nd
4 Me, H 5 H2O 1 cm nd nd
5 Me, H 4 aq NaHCO3 1 81 >95:5 97
6 Me, H Na salt 4 H2O 1 88 >95:5 95
7 Me, H Li salt 4 H2O 1 70 >95:5 95
8 Me, H 4 aq KHCO3 1 69 >95:5 97
9 Et, H 4 aq NaHCO3 2 78 >95:5 98

10 n-Pr, H 4 aq NaHCO3 3 66 >95:5 97
11 -(CH2)4- 5 H2O 9 40 >95:5 95

a The reaction was conducted with 0.03 mmol of catalyst, 0.3 mmol of
imine, and 0.6 mmol of carbonyl compound and water (49µL, 9 equiv) at
room temperature; cm) complex mixture; nd) not determined.b Isolated
yield. c Determined by 1H NMR. d Determined by chiral HPLC (see
Supporting Information).
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water as that in the reaction using proline in organic solvent.
These results would indicate that sodium has the same role
in the transition state as the proton of the carboxylic acid of
proline does.8a,19

In summary, we have developed an organocatalyst-
mediated, asymmetric Mannich reaction in the presence of
water without using organic solvents. Reactive siloxytetrazole
hybrid catalyst5 has been developed for the reaction of
dimethoxyacetaldehyde, while the Na salt of siloxyproline
4 is an effective catalyst ofR-imino glyoxylate. One of the
advantages of the organic solvent-free reaction is the
decreased amount of organic solvent compared with the
reaction in organic solvent. As the reaction mixture was

directly charged on silica gel for column chromatography,
organic solvents are not necessary for either the reaction or
the extraction. They are only required for column chroma-
tography.
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