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Catalytic asymmetric reactions provide one of the most efficient
methods for the preparation of optically active compoundhile

several excellent chiral catalysts have been developed recently,

most of them have to be used in strictly anhydrous organic
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cations and have found that rare earths and some other cations
such as F&, CU, Zr?*, Cdt, P are stable and work as Lewis
acid catalysts in watéf. The second issue is the instability of
chiral ligand-coordinated metal complexes in water. Since many
chiral ligand-coordinated metal complexes are decomposed rapidly
in water, we decided to utilize muticoordination system and to
select chiral crown ethers as chiral ligands.

Chiral crown etherdl—3 were synthesized according to the
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solvents although organic reactions in aqueous media leading tOjjieratyre method,and combination with metals was examined

benign chemical synthesis are now of great intetebhis is
probably due to the instability of many catalysts and intermediates

in the presence of even a small amount of water. To address this
issue, we have continued fundamental research on organic

reactions in aqueous medidn this paper, we report the design
and synthesis of a novel chiral lead(ll) catalyst that can be used

in asymmetric aldol reactions in aqueous media. A general idea

for designing chiral catalysts in aqueous media is also proposed
Catalytic asymmetric aldol reactions are one of the most
powerful carbor-carbon bond-forming methodologies that afford
synthetically useful chirgB-hydroxy ketones and ester€hiral
Lewis acid-catalyzed reactions of silyl enol ethers with aldehydes
(the Mukaiyama reactioh)are among the most convenient and
promising, and several successful examples have been reporte
since the first chiral tin(Il)-catalyzed reactions appeared in £990.
However, the use of aprotic anhydrous solvents as well as low
reaction temperatures-{8 °C) has been needed in almost all
successful caséslo perform catalytic asymmetric aldol reactions
successfully in agueous mediawo problems to be addressed
were assumed. First, many cations (Lewis acids) hydrolyze very
easily in water. To overcome this problem, we screened various
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on the basis of ionic diameters of catidhand the hole size of

the crown ether!! Chiral catalysts were prepared by mixing
metal compounds and the crown ethers and were tested in a model
aldol reaction of the Z)-silyl enol ether of propiophenonet)(

with benzaldehyde in watetethanol (1:9) at @C. The results

are summarized in Table 1. When Cu(OTdéyr Zn(OTf), was
combined withl,*? the aldol reaction proceeded smoothly to afford
the corresponding adduct in high yield albeit no chiral induction
was observed. According to the diameters and the hole size, we
next examined the combination of Sc(Osdy Yb(OTf); and2.2
Although these rare earth metal triflates are known to be excellent
Lewis acid catalysts in aqueous me#iamo chiral induction was

&etected in the model aldol reaction. We then studied the use of

gOTf or Pb(OTfy and 3.1 While no chiral induction was
observed using AgOTH3, it was exciting to find that the aldol
reaction proceeded smoothly using Pb(QT8 to afford the
corresponding adduct in 62% yield with highnselectivity yn
anti = 90/10) and that the enantiomeric excess ofdyxeadduct
was 55%. It should be noted that the hole size of the crown ether
is essential because no chiral induction was observed in the same
model aldol reaction using the combination of Pb(Q&f)d1 or
2. It was also found that the counteranions of lead (ll) strongly
influenced the selectivity. While the same level of enantioselec-
tivity was obtained by using Pb(Cl3 and3, lower enantiomeric
excesses (ee’s) were observed when PhiN@ Pb(Sbk), and
3 were used. When Pb(B);, Pb(PF),, or Pbk was employed,
the model aldol reactions proceeded sluggishly.

The effect of solvents was then examirtéd@he aldol reaction
proceeded most efficiently in a watealcohol solution. 2-Pro-
panol was the best alcohol, and much lower yield and selectivities
were obtained when the reaction was carried out in dichlo-
romethane. In pure water (without alcohols), lower yield and
selectivities were also observed, while the diastereo- and enan-
tioselectivities were improved in the presence of a surfaétant.
Other substrates were also successfully used in this system (Pb-
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Table 1. Effect of Metal-Ligand Combinatiorfs

MXn (20 moi%)
BHCHO OSiMe;  + Ligand (24 mol%) g
+
Zpn H,O/EtOH=1/9  Ph Ph
0°C,24h
MXn ligand yield (%) syrlanti ee (%}
Zn(OTf), 1 88 69/31 2
Cu(OTf) 1 86 87/13 0
Sc(OTfy 2 75 52/48 1
Yb(OTH)3 2 74 63/37 1
AgOTf 3 61 75125 5
Pb(OTfy 3 62 90/10 55
Pb(OTf) 1 78 89/11 0
Pb(OTf) 2 92 89/11 0

2 ee ofsynadduct.

(OTf),—3, 20 mol %; water-2-propanol (1:4.5), 0C).28 In the
reactions with4, the results are as followg-chlorobenzaldehyde
(74% yield,synfanti = 82:18, 62% eegyn); hexanal (82% yield, Figure 1. Pb(OTfh-crown etherd (X-ray).

synanti = 92:8, 80% eedyn); 1-nonanal (79% vyieldsyrnanti

= 90:10, 82% eedyn); isovaleraldehyde (99% yieldynanti water—ethanol (1:4.5) and Pb(OTfratalyzed achiral reaction in

= 94:6, 87% eegyn); 2-methylpropionaldehyde (65% yielsyr the same solvent syste¥hlt was very interesting to find that

anti = 90:10, 78% eedyn); 2-thiophenecarboxaldehyde (67% almost comparable reaction rates between the above two systems
yield, synanti = 90:10, 75% ee gyn)). The reaction also  were observed. In addition, the same levels of diastereo- and
proceeded smoothly using 10 mol % of Pb(QF3 (88% yield, enantioselectivities were obtained during the reaction course in
synfanti = 93/7, 85% eegyr) in the reaction of isovaleraldehyde the Pb(OTf)—3-catalyzed reactions. These results indicate that
with 4). It should be noted that good to high yields and high suitable combinations of metal-chiral crown ether complexes
levels of diastereo- and enantioselectivities were obtained at O provide promising chiral catalysts in aqueous media.

°C in aqueous media and that even aliphatic aldehydes worked In summary, we have developed Pb(GFgrown ether3 as

well under these reaction conditions. In the reaction of benzal- an efficient chiral catalyst for asymmetric aldol reactions in

dehyde with the silyl enolate derived fro(8)ethyl propaneth- aqueous media. To the best of our knowledge, this is the first
ioate, 51% vyield was obtained witsynanti = 93/7 (47% ee example of a chiral crown-based Lewis &idhat can be
(syn).® successfully used in catalytic asymmetric reactions. It should be
The key to this catalytic asymmetric aldol reaction is a novel noted that the novel chiral catalyst was successfully used in
chiral lead(ll) catalyst. The solid-state structure of Pb(@T8 aqueous media. The catalyst has been characterized by X-ray
was determined by single-crystal X-ray diffraction (Figuré®&f. diffraction, and its unique structure as a chiral catalyst has been

The lead atom is coordinated by the six oxygens of the crown revealed. A kinetic study has shown potential utility of these types
ether, two triflates, and one water. A characteristic point is that of chiral catalysts which can be employed in aqueous media.
one Pb-O bond (310.9 pm) is much longer than oth&r$he Investigations along this line are now in progress in our laboratory.
oxygen atom is directly connected to the binaphthyl ring3pf . )
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