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Abstract—Bismuth triflate catalyzed direct-type Mannich reaction of cyclohexanone, aromatic aldehyde, and aromatic amine pro-
ceeded smoothly in water to afford the corresponding b-amino ketone with very good yield and moderate to good anti selectivity.
� 2006 Elsevier Ltd. All rights reserved.
Organic reactions in aqueous media have attracted
much attention recently not only because water is the
most abundant, environmentally benign, and cheapest
solvent but also because unique selectivity and reactivity
can be expected from this solvent.

Recently, several laboratories disclosed significant
advances regarding rare earth and lanthanide triflates
as catalysts for Mannich-type reactions.1 High catalytic
activity, low toxicity, moisture and air tolerance make
lanthanide triflates valuable catalysts. However, the high
cost of these catalysts restricts their use. Bismuth com-
pounds are of interest as lower toxicity and cheaper
alternatives to the former.2 Bismuth salts have been
reported as catalysts for the opening of epoxides,3

Mukaiyama-aldol reaction,4 formation and deprotec-
tion of acetals,5 Friedel–Crafts reactions,6 Fries and
Claisen rearrangements,7 and Sakurai reactions.8

Bi(OTf)3 is particularly attractive because it is commer-
cially available or can be easily prepared from commer-
cially available starting materials.9

We recently reported the Bi(OTf)3-catalyzed Mannich-
type reaction of a variety of aldimines generated
in situ using aldehydes, amines and silyl enolates in a
three-component reaction.10a,b An alternate method
was also reported by our group involving the Man-
nich-type reaction of N-alkoxycarbonylamino sulfones
with silyl enolates.10c This method was shown to be very
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efficient to prepare Cbz-protected b-amino carbonyl
compounds. These results encouraged us to pursue
different approaches to the bismuth(III)-catalyzed
Mannich-type reaction.

Most of the recent methods have focused on the use of
preformed imines or iminium salts and preformed eno-
late equivalents such as silyl enol ethers or silyl ketene
acetals, which are more reactive than their respective
parent carbonyl compounds. Such methods, known as
indirect-type Mannich reactions, suffer from the draw-
back of the necessity for the isolation and purification
of these preformed imine and enolate equivalents. An
improvement of the methodology was realized with
metal catalyst systems11 and organocatalysts12 that
promoted the direct-type catalytic Mannich reaction,
which involves unmodified carbonyl compounds as
nucleophiles. Recently, Brønsted acid-catalyzed
Mannich-type reactions have been disclosed in aqueous
media.13 Similarly, Brønsted acid-catalyzed three-
component Mannich-type reactions have been reported
to proceed efficiently in water without organic solvent
in the presence of a surfactant.14

As a part of our ongoing interest in bismuth triflate-cat-
alyzed Mannich reactions, herein we report a general
[Bi(OTf)3Æ4H2O]-catalyzed direct-type Mannich reaction
of cyclohexanone with imines derived from various
benzaldehydes and anilines. b-Amino carbonyl com-
pounds are obtained efficiently in the presence of
5 mol % of Bi(OTf)3Æ4H2O in water as the solvent.

We first chose the reaction of benzaldehyde and aniline
with cyclohexanone as a model reaction in water
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Table 1. Direct-type catalytic Mannich reaction of benzaldehyde,
aniline, and cyclohexanone in watera

Entry Conditions anti:synb Yieldc (%)

1 15% HOTf 77:23 92
2 5% Bi(O2CCF3)3 77:23 77
3 1% Bi(OTf)3Æ4H2O 72:28 94
4 5% Bi(OTf)3Æ4H2O 86:14 84
5 10% Bi(OTf)3Æ4H2O 83:17 97

a The reaction was conducted at 25 �C (reaction time: 7 h) in water.
b anti/syn Ratio was determined by 1H NMR.
c Isolated yield.

Table 2. 5 mol % Bismuth(III) triflate direct-type catalytic Mannich
reaction of benzaldehyde, aniline and cyclohexanone

Entry Solvent T (h) anti:syna Yieldb (%)

1 H2O 7 86:14 84
2 CH3CN 2 70:30 89
3 CH2Cl2 4 69:31 73
4 Et2O 6 87:13 89
5 PhMe 5.5 82:18 89

a anti/syn Ratio was determined by 1H NMR.
b Isolated yield.

R H

O

+ +

O

Bi(OTf)3•4H2O (5 mol %)

H2O, 25 °C
R

NH O
Ar

Ar NH2

1 2 3 4

Scheme 2.

8352 T. Ollevier et al. / Tetrahedron Letters 47 (2006) 8351–8354
(Scheme 1). Increasing the catalyst loading of Bi(OTf)3Æ
4H2O from 1% to 5% led to improved stereoselectivity
(Table 1, entries 3 and 4). Increasing the catalyst loading
to 10% did not lead to an improved ratio of diastereo-
isomers (Table 1, entry 5) and therefore 5% Bi(OTf)3Æ
4H2O was kept as the standard condition for our stud-
ies. As demonstrated, an aqueous solution of Bi(OTf)3

is acidic,9a so it may be possible that our true catalyst
was TfOH released from the hydrolysis of Bi(OTf)3Æ
4H2O. The observation that the same reaction still oc-
curs in the presence of hindered 2,6-di-t-butylpyridine
(1 equiv of PhCHO 1a, 1 equiv of PhNH2 2a, 2 equiv
of cyclohexanone 3, 0.05 equiv of Bi(OTf)3Æ4H2O,
0.15 equiv of 2,6-di-t-butylpyridine, 25 �C, 7 h, 83% of
4a, anti/syn = 75:25) does not indicate unambiguously
that a Lewis acid is involved in the process, because
the pyridinium salt itself also mediates the reaction
(1 equiv of PhCHO 1a, 1 equiv of PhNH2 2a, 2 equiv
of cyclohexanone 3, 0.15 equiv of 2,6-di-t-butylpyridi-
nium triflate, 25 �C, 7 h, 76% of 4a, anti/syn = 79:21).
However, the same reaction in the presence of K2CO3

as a proton scavenger (1 equiv of PhCHO 1a, 1 equiv
of PhNH2 2a, 2 equiv of cyclohexanone 3, 0.05 equiv
of Bi(OTf)3Æ4H2O, 0.15 equiv of K2CO3, 25 �C, 7 h)
affords the expected product only in a low conversion
(44%, anti/syn = 70:30), indicating that a Brønsted acid
is clearly involved in the process. However, the observa-
tion that the diastereoselectivity of the TfOH-catalyzed
reaction is lower than with 5–10% Bi(OTf)3Æ4H2O (Table
1, compare entry 1 and entries 4 and 5) suggests that a
bismuth(III) salt is likely to be involved to some extent
as a Lewis acid as well. Also, the practical use of Bi(OTf)3Æ
4H2O is highly valuable as TfOH is very corrosive and
difficult to handle. Moreover, another Lewis acid like
Bi(O2CCF3) did not afford better diastereoselectivity
(Table 1, entry 2).

The Bi(OTf)3Æ4H2O-catalyzed Mannich reaction was
examined in various solvents (Scheme 1, Table 2). Inter-
estingly, the best anti stereoselectivity was observed in
diethyl ether (Table 2, entry 4) and in water (Table 2,
entry 1) whereas the reaction in acetonitrile, dichloro-
methane, or toluene showed decreased stereoselectivity
(Table 2, entries 2, 3 and 5). Water was thus selected
as the solvent of choice for the continuing study.

Encouraged by our results in the 5% Bi(OTf)3Æ4H2O cat-
alyzed model reaction in water, we studied the scope and
limitations of this reaction with respect to the aldehyde
and aniline employed in the process (Scheme 2). The
results are summarized in Table 3.15 Various substituted
benzaldehydes were reacted with aniline or p-chloroani-
line and 2 equiv of cyclohexanone. Most of the alde-
hydes (1) reacted readily to produce 4 in very good
yields and moderate to good diastereoselectivity. Substi-
tution effects concerning aniline (2) were also briefly
studied. This factor has a negative impact on the diaste-
reoselectivity of the process (Table 3, compare entries
1–5). Moreover, p-methoxyaniline led to a decreased
yield of the product (Table 3, entry 3). Benzaldehyde
derivatives with electron-rich substituents such as
o- and p-methoxybenzaldehydes led to an improved
stereoselectivity (Table 3, entries 6 and 7). Electron-poor
substituents were not as effective regarding the stereo-
selectivity (Table 3, entries 9–11). In addition, hetero-
aromatic aldehyde such as furfural can also serve as a
substrate in this reaction, giving the corresponding
b-amino carbonyl compound in a good yield (Table 3,
entry 12). The direct-type Mannich reaction was also
efficient with cyclohexylcarboxaldehyde as the aldehydic
partner giving the corresponding b-amino carbonyl
derivative 4m in a moderate yield albeit with almost
no selectivity (Table 3, entry 13).

In summary, we have found that moderate to good anti
selectivity was observed in the Bi(OTf)3Æ4H2O-catalyzed
direct-type Mannich reaction of cyclohexanone and
in situ generated aldimines in aqueous media. This
method offers several advantages including mild reac-
tion conditions, low catalyst loading (5 mol %), and no
formation of by-products such as aldol or deamination
products. To the best of our knowledge, this is the first
report of a bismuth triflate-catalyzed direct-type cata-



Table 3. Bismuth(III) triflate direct-type catalytic three-component Mannich reaction of cyclohexanone

Entry 1 2 anti:syna (4) T (h) Yieldb (%)

1 1a PhNH2 86:14 (4a) 7 84
2 4-ClC6H4NH2 65:35 (4b) 19 83
3 4-MeOC6H4NH2 74:26 (4c) 16 35c

4 H

O

Me

PhNH2 72:28 (4d) 5 89
5 4-ClC6H4NH2 67:33 (4e) 17 95c

6 H

O

MeO

PhNH2 92:8 (4f) 18 85

7 H

O

OMe

PhNH2 94:6 (4g) 16 94

8
H

O

OMe

PhNH2 75:25 (4h) 15 87

9 H

O

Cl

PhNH2 67:33 (4i) 19 71

10 H

O

F

PhNH2 77:23 (4j) 17 74

11 H

O

O2N

PhNH2 60:40 (4k) 16 84

12 O
H

O

PhNH2 66:34 (4l) 16 79

13 H

O

PhNH2 41:59 (4m) 16 67

a anti/syn Ratio was determined by 1H NMR.
b Isolated yield.
c The reaction was performed using 1.2 equiv of aldehyde.
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lytic Mannich reaction. Moreover, our process involves
an environmentally benign, cheap, and easy to handle
catalyst. The b-amino carbonyl compound is smoothly
obtained in mild conditions. Because of its numerous
benefits, the Bi(OTf)3Æ4H2O protocol should find utility
in the synthesis of biologically active compounds.
Research is under way to demonstrate significant
other applications of this Bi(OTf)3Æ4H2O-catalyzed
Mannich reaction.
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