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ABSTRACT

A catalytic enantioselective three-component Mannich-type reaction of alkenyl trichloroacetates, ethyl glyoxalate, and aniline derivatives was achieved
using an (S)-BINOL-derived chiral tin dibromide possessing a 4-trifluoromethylphenyl group at the 3- and 3′-positions as the chiral precatalyst in the
presence of sodium ethoxide, sodium iodide, and ethanol. Optically active �-amino ketones with up to 98% ee were syn-selectively obtained in high
yields even from imines possessing a polar amino group under the influence of the in situ generated chiral tin bromide ethoxide.

The asymmetric Mannich-type reaction is a beneficial method
for preparing optically active �-amino carbonyl compounds.1

Especially, the three-component coupling procedure that uses
an enolate (or a ketone), an amine, and an aldehyde is more
favorable than the two-component version that uses an enolate
(or a ketone) and an imine because it does not require the tedious
preparation of imines and is applicable also to aliphatic imines,
which are difficult to isolate and purify.2-4 The three-
component method does have a disadvantage in that a
moisture-sensitive Lewis acid cannot be used to catalyze the
reaction as a stoichiometric amount of water is generated
when an imine is formed from an amine and an aldehyde.
Furthermore, in the case of a strong Lewis acid catalyst, there
is an intrinsic problem that the catalytic activity is decreased
due to the coordination of the catalyst with the Mannich
product, which is more polar than the starting materials (i.e.,
product inhibition).1a,5 We found that an in situ generated
chiral tin bromide alkoxide possessing a binaphthyl structure
catalyzes the asymmetric three-component Mannich-type
reaction of alkenyl trichloroacetate, amine, and aldehyde
smoothly even in the presence of water or alcohol as well
as a polar substituent, such as an amino group or a phenolic
hydroxyl group, in the substrate (Scheme 1).6 Reported herein are

the preliminary results of a novel Mannich-type transforma-
tion.

First, using chiral tin dibromide 1a7 as a chiral precatalyst, we
attempted to perform the reaction of 1-trichloroacetoxycyclohex-
ene8 with ethyl glyoxalate and 4-methoxyaniline. When these
substrates were exposed to chiral tin dibromide 1a (10 mol %),
NaOMe (10 mol %), and MeOH (10 equiv) in THF at 60 °C for
0.5 h, the targeted Mannich adduct was obtained in 83% yield with
syn selectivity, although the enantiomeric excess was low (Table
1, entry 1). To improve the asymmetric induction, some drying
agents were tested as an additive, and consequently, Drierite and
MS 4A were found to effect higher enantioselectivity (entries 2
and 3). Use of an NaOEt/EtOH combination further increased the

Scheme 1. Chiral Tin-Catalyzed Asymmetric Three-Component
Mannich-Type Reaction

ORGANIC
LETTERS

2009
Vol. 11, No. 22

5310-5313

10.1021/ol9022613 CCC: $40.75  2009 American Chemical Society
Published on Web 10/29/2009



enantiomeric excess of the syn isomer to 65% (entry 4). We here-
upon examined the catalytic ability of chiral tins other than 1a and
as a result found that 1d was superior to 1a with regard to
enantioselectivity (entries 4-7). Reducing the amount of the
precatalyst to 5 mol % did not affect the chemical yield or the
stereoselectivity (entry 8). The optical purity of the syn isomer
finally reached 83% ee when a catalytic amount of NaI was added
(entry 9).

With the optimized reaction conditions in hand, we investi-
gated the catalytic asymmetric three-component Mannich-type
reaction using diverse anilines (Table 2). Noteworthy was the
fact that the existence of a phenolic OH group, a dialkylamino

group, a phenylamino group, or an amide group on the aromatic
ring did not significantly lower the reaction rate, and indeed, every
reaction was completed within 2 h (entries 2-5). What was even
more significant is that an aniline derivative possessing a dimethy-
lamino group afforded the syn product with 93% ee (entry 3). These
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Table 1. Optimization of Catalytic Asymmetric Three-Component Mannich-Type Reaction of Alkenyl Trichloroacetatesa

entry Ar a R additive time, h yield, %b syn/antic ee, % (syn)d

1 4-t-BuC6H4 (1a) 10 Me - 0.5 83 73/27 4
2 4-t-BuC6H4 (1a) 10 Me Drierite 0.25 91 70/30 59
3 4-t-BuC6H4 (1a) 10 Me MS4A 0.25 90 70/30 62
4 4-t-BuC6H4 (1a) 10 Et MS4A 0.25 >99 70/30 65
5 H (1b) 10 Et MS4A 0.25 97 84/16 22
6 Ph (1c) 10 Et MS4A 0.25 99 71/29 73
7 4-CF3C6H4 (1d) 10 Et MS4A 0.25 >99 70/30 78
8 4-CF3C6H4 (1d) 5 Et MS4A 0.5 >99 70/30 78
9 4-CF3C6H4 (1d) 5 Et MS4A, NaI (10 mol %) 0.5 >99 74/26 83

a Unless otherwise specified, the reaction was carried out using chiral tin 1a-1d (5 or 10 mol %), sodium alkoxide (5 or 10 mol %), alkenyl trichloroacetate
(2 equiv), ethyl glyoxalate (1 equiv), 4-methoxyaniline (1 equiv), alcohol (10 equiv), and additives in THF at 60 °C for the specified reaction time. b Isolated
yield. c Determined by 1H NMR analysis. d The value corresponds to the syn isomer. Determined by HPLC analysis.

Table 2. Catalytic Asymmetric Three-Component
Mannich-Type Reaction Using Various Anilinesa

a The reaction was carried out using chiral tin 1d (5 mol %), sodium
ethoxide (5 mol %), sodium iodide (10 mol %), alkenyl trichloroacetate (2
equiv), ethyl glyoxalate (1 equiv), an aniline derivative (1 equiv), ethanol
(10 equiv), and MS4A in THF at 60 °C for the specified reaction time.
b Isolated yield. c Determined by 1H NMR analysis. d The value corresponds
to the syn isomer. Determined by HPLC analysis.
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results proved that chiral tin alkoxides were virtually unaffected
by polar products, in marked contrast to classical Lewis acids.9

The introduction of an additional MeO group to the o-position of
4-methoxyaniline resulted in a better syn/anti ratio as well as a
higher enantiomeric excess (compare entries 1 and 7).

The usefulness of the present asymmetric Mannich-type
reaction was further exemplified by employing various
alkenyl trichloroacetates of ketones as shown in Table 3.

Not only cyclic alkenyl esters but also acyclic ones
underwent the three-component coupling, although pro-
longed reaction times were necessary to obtain satisfactory
isolated yields (entries 4-9). As for cyclohexanone
derivatives, the inclusion of bulky substituents at the
appropriate position seemed to contribute to effective
enantioface discrimination (entries 1-3). In contrast,
acyclic alkenyl esters generally showed superior enanti-
oselectivity of up to 98% ee despite the fact that a mixture
of E/Z stereoisomers was used (entries 4-9). Dimethy-
lamino-substituted aniline furnished the corresponding
optically active Mannich products with enantioselectivities
that were much higher than those furnished by 4-meth-

oxyaniline without significant loss of the chemical yield
(compare entries 1, 2, 5, and 6).

The proposed catalytic mechanism is shown in Figure 1.
First, an in situ generated chiral tin bromide ethoxide,
R*2SnBr(OEt), reacts with alkenyl trichloroacetate 2 to yield
chiral tin enolate 3 accompanied by ethyl trichloroacetate.

Chiral tin enolate 3 then undergoes addition reaction with
an imine that is generated from ethyl glyoxalate and an
aromatic amine, affording chiral tin amide of Mannich adduct
4. Finally, protonation of tin amide 4 with ethanol results in
the formation of targeted nonracemic �-amino ketone 5 along
with the regeneration of chiral tin bromide ethoxide. The
rapid alcoholysis of tin amide 4 makes the catalytic cycle
possible.

In summary, we have demonstrated a catalytic enantiose-
lective three-component Mannich-type reaction of alkenyl
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Table 3. Catalytic Asymmetric Three-Component
Mannich-Type Reaction Using Various Alkenyl Estersa

a The reaction was carried out using chiral tin 1d (5 mol %), sodium
ethoxide (5 mol %), sodium iodide (10 mol %), alkenyl trichloroacetate (2
equiv), ethyl glyoxalate (1 equiv), an aniline derivative (1 equiv), ethanol
(10 equiv), and MS4A in THF at 60 °C for the specified reaction time.
b Isolated yield. c Determined by 1H NMR analysis. d The value corresponds
to the syn or major diastereomer. Determined by HPLC analysis. e The
diastereomeric ratio. f Chiral tin 1d (10 mol %), sodium ethoxide (10 mol
%), and sodium iodide (20 mol %) were used.

Figure 1. Plausible catalytic cycle for the asymmetric Mannich-
type reaction catalyzed by chiral tin bromide ethoxide.
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trichloroacetates, ethyl glyoxalate, and aniline derivatives.
The main characteristics of this reaction are as follows: (1)
optically active �-amino ketones with up to 98% ee are syn-
selectively obtained in high yields even from imines pos-
sessing a polar amino group under the influence of the in
situ generated chiral tin bromide ethoxide; (2) this method
is environmentally friendly because the amount of toxic
organotin compound is reduced to a catalytic amount; (3) in
the present three-component system no aldol reaction occurs
and corresponding �-hydroxy ketones are not formed; and
(4) no �-elimination of the product takes place under
conventional reaction conditions. This is a novel example
of a catalytic asymmetric Mannich-type reaction that pro-
ceeds via a chiral tin enolate according to a catalytic
mechanism different from those of conventional Mannich

processes. Further studies on the extension of the present
catalytic system to other asymmetric reactions are underway.
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