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ABSTRACT

An air-stable, storable, and highly selective chiral Lewis acid catalyst for asymmetric Mannich-type reactions has been developed. The catalyst
can be stored for more than three months in air at room temperature without loss of activity. Moreover, it has also been demonstrated that
the catalyst can be recovered and reused.

Asymmetric synthesis with chiral catalysts has attracted much
attention because large quantities of chiral molecules can
be prepared from a small amount of a chiral source.1 While
several excellent chiral catalysts have been developed in
oxidation and reduction, carbon-carbon bond-forming reac-
tions, and other transformations, they are often unstable in
air and/or in the presence of water. This is especially the
case in chiral Lewis acid catalysis because most Lewis acids
are air- and moisture-sensitive.2 Therefore, many catalysts
are preparedin situ in an appropriate solvent just before use,
and they cannot be preserved for extended periods. In this
paper, we describe an air-stable, storable, and highly selective
chiral Lewis acid catalyst for asymmetric Mannich-type
reactions.3 The catalyst can be stored for more than three
months in air at room temperature without loss of activity.4

The catalyst was prepared from Zr(OtBu)4 (1 mmol), (R)-
6,6′-bis(pentafluoroethyl)-1,1′-bi-2-naphthol5 ((R)-6,6′-C2F5-
BINOL, 2.0 mmol),N-methylimidazole (NMI, 4.0 mmol),
and powdered MS 5A (6.0 g/mmol) in benzene at 80°C for
2 h. After removal of the solvent under reduced pressure at
50 °C for 1 h, a chiral zirconium catalyst with powdered
molecular sieVes (ZrMS) was formed. ZrMS thus prepared
was first tested in a model Mannich-type reaction of imine
1awith ketene silyl acetal2a. While ZrMS was not effective
in the absence of NMI, high yields and selectivities were
obtained after adding NMI. The best result was obtained
when 10 mol % of ZrMS was combined with 20 mol % of
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NMI (Table 1, entry 3). In addition, ZrMS was found to be
remarkably stable to air and moisture: it was stable at least
13 weeks in air at room temperature (Table 2). It should be

noted that a significant decrease of the yield and selectivity
was observed when a similar zirconium catalyst, which was
prepared from Zr(OtBu)4, (R)-6,6′-C2F5BINOL, and NMI,
was used after 1-day storage in air at room temperature,
presumably due to decomposition of the catalyst.

ZrMS was successfully applied to other Mannich-type
reactions by using various substrates (Table 3). Imines
derived from not only aromatic and heterocyclic but also
aliphatic aldehydes reacted smoothly in the presence of a
catalytic amount of ZrMS to afford the desired Mannich-
type adducts in high yields with high enantiomeric excess.
While thesyn-adduct was obtained in the reaction ofR-TBSO
enolate2c, theanti-adduct was produced by usingR-BnO
enolate2d, both in high diastereo- and enantioselectivities.
These yields and selectivities were almost comparable to
those obtained with use of the chiral zirconium catalyst
preparedin situ in dichloromethane under Ar atmosphere
(Table 3, in parentheses).

It is remarkable that easy treatment with powdered
molecular sieves has enhanced the stability of the chiral
Lewis acid significantly without loss of activity. We then
performed NMR experiments to clarify the structure of
ZrMS. First, ZrMS was treated with CD2Cl2 at room
temperature for 30 min, and after filtration,1H and13C NMR
spectra were measured (Figure 1a). The spectra were
complicated, and an oligomeric structure of Zr was assumed,
because a similar oligomeric structure was formed by the
combination of Zr(OtBu)4 and (R)-6,6′-C2F5BINOL (Figure
1b). This oligomeric catalyst was known to give low

selectivity in the Mannich-type reaction. On the other hand,
rather simple spectra were recorded when ZrMS was
combined with NMI in CD2Cl2 at room temperature for 30
min (Figure 1c; after filtration). It should be noted that the
spectra were similar to those of the chiral zirconium catalyst
prepared from Zr(OtBu)4, (R)-6,6′-C2F5BINOL, and NMI,
which was an efficient catalyst for the Mannich-type reac-
tions of imines with silicon enolates.3a,c

Other molecular sieves than MS 5A in ZrMS were also
examined.6 When powdered MS 3A was used in the reaction
of 1awith 2a, high yield and enantiomeric excess (94% yield,
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Table 1. Effect of NMI

entry NMI/mol % yield/% ee/%

1 0 quant. 5a

2 12 94 87
3 20 quant. 90
4 30 89 89

a Absolute configulation wasS.

Table 2. ZrMS as a Storable Chiral Lewis Acida

storage time/week 0 2 5 13
yield/% quant. quant. 98 99

ee/% 90 90 90 90

a The Mannich-type reaction of1a with 2a was performed.

Table 3. Catalytic Enantioselective Mannich-Type Reactions
with ZrMS

a The imine was prepared from isovaleraldehyde and 2-amino-m-cresol.
b 1,2-Dimethylimidazole was used instead of NMI, and toluene was used
as a solvent at-78 °C. c E/Z ) >99/<1. d E/Z ) <1/>99. e Yields and ee
values of the Mannich reactions using the chiral zirconium catalyst prepared
from Zr(OtBu)4, (R)-6,6′-C2F5BINOL, and NMI in dichloromethane are
shown in parentheses. Cf. ref 3d.
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88% ee) were obtained even in the absence of NMI. After
53 days, however, the selectivity decreased (96% yield, 67%
ee). Although the selectivity was maintained after 53 days
with powdered MS 4A (95% yield, 80% ee), the initial ee
was lower (89% yield, 82% ee). On the other hand, when
another ZrMS was prepared from Zr(OtBu)4, (R)-3,3′-
BrBINOL, and powdered MS 3A (without NMI) and was
used in the reaction of1a with 2a, the desired Mannich-
type adduct was obtained in 80% yield with 97% ee. The
yield and selectivity were maintained after 12 days (79%
yield, 96% ee). It is noted that the idea of ZrMS was applied
to other chiral zirconium catalyst systems.7

Finally, recovery and reuse of ZrMS were investigated.
In the presence of ZrMS (10 mol %), imine1a was treated
with ketene silyl acetal2a in dichloromethane at-45 °C.
After 18 h, the reaction vessel was warmed to room
temperature, and MS 5A was added. After all volatile
solvents and materials were removed under reduced pressure
(3 h), hexane was added and decantation was conducted three
times. While the desired product was isolated from the
hexane solution (89% yield, 92% ee), the residue was
pumped up under reduced pressure for 3 h and was used for
the 2nd run. Almost the same levels of yields and selectivities
were obtained (2nd run: 94% yield, 91% ee; 3rd run: 99%
yield, 90% ee), although a small amount of the Zr (ca. 5%)
was leached for each run according to this procedure.8

In summary, we have developed an air-stable, storable,
and highly selective chiral Lewis acid catalyst, which was
successfully used in asymmetric Mannich-type reactions.
Despite many trials to obtain air-stable and storable catalysts,
the solution is so simple. It has been revealed that the easy
treatment with powdered molecular sieves is the key to create
this remarkable Lewis acid. To the best of our knowledge,
this is the first example of the use of molecular sieves to
stabilize an air- and moisture-sensitive catalyst.9 The catalyst
was stable for more than three months in air at room
temperature without loss of activity. Furthermore, the catalyst
was recovered and reused. It is noted that other Lewis acids
may also be stabilized against air and moisture by using the
same concept. Further investigations along this line are now
in progress.
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the Supporting Information.
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Figure 1. NMR experiments: (a) ZrMS in CD2Cl2, (b) Zr(OtBu)4
and 2.0 equiv of 6,6′-(C2F5)2-BINOL in CD2Cl2, (c) ZrMS and 2.0
equiv of NMI in CD2Cl2, and (d) chiral zirconium catalyst in CD2-
Cl2. See text.
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