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â-Amino alcohol units are often observed in biologically
interesting compounds, and several methods for the synthesis of
these units have been developed.1-5 Among them, catalytic
asymmetric processes are the most effective and promising.
Asymmetric ring opening of symmetric epoxides by nitrogen
nucleophiles in the presence of a chiral Lewis acid catalyst2 and
ring opening of chiral epoxides or aziridines, which are prepared
by catalytic asymmetric reactions, are useful methods.3 Recent
progress has been made by Sharpless to introduce direct asym-
metric aminohydroxylation (AA) of alkenes.4 The Sharpless AA
method has realized a high degree of enantioselctivities to afford
syn-â-amino alcohols directly. Herein, we describe an alternative
approach for the synthesis of chiralâ-amino alcohols using
catalytic diastereo- and enantioselective Mannich-type reactions
of R-alkoxy enolates with aldimines (Scheme 1). According to
this methodology, both syn- and anti-â-amino alcohols can be
obtained in high selectivities by simply choosing the protective
groups of theR-alkoxy parts and of the R2 (ester) part of the
enolates, accompanied with formation of new carbon-carbon
bonds.5

First, we tested the reaction of aldimine2a with R-TBSO-
ketene silyl acetal3a using 10 mol % of zirconium catalyst1,
which was prepared from Zr(OtBu)4, 2 equiv of (R)-6,6′-dibromo-
1,1′-bi-2-naphthol ((R)-Br-BINOL), and 1-methylimidazole (NMI)
(Table 1).6 The reaction proceeded smoothly to afford the
correspondingR-alkoxy-â-amino ester in a 76% yield with
moderate syn-selectivity,7 and the enantiomeric excess of the syn-
adduct was proven to be less than 10%. We then screened various
reaction conditions. It was found that when 1,2-dimethylimida-

zole (DMI) was used instead of NMI, the selectivity increased
dramatically. Moreover, the diastereo- and enantioselectivities
were improved when the reaction was carried out at-78 °C.
The O-substituents of ketene silyl acetals and solvents also
influenced the yield and selectivity, and finally, the best result
(quantitative, syn/anti) 96:4, syn) 95% ee) was obtained when
the reaction was carried out in toluene using ketene silyl acetal
3b(E). It was also interesting from a mechanistic point of view
that geometrically isomeric ketene silyl acetal3b(Z) also gave
excellent diastereo- and enantioselectivities. We next tried other
substrates, and the results are shown in Table 2. In all cases, the
desired adducts including syn-â-amino alcohol units were obtained
in high diastereo- and enantioselectivities.
On the other hand, it was found that anti-â-amino alcohol

derivatives were obtained by the reaction of aldimine2a with
R-benzyloxy-ketene silyl acetal3c under the same reaction
conditions.8 Namely, in the presence of 10 mol % of the above
catalyst, aldimine2a reacted with3c smoothly to give the
corresponding adduct quantitatively with anti-preference, and the
enantiomeric excess (ee) of the anti-adduct was 95%. It was
exciting that both syn- and anti-amino alcohol units were prepared
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Scheme 1.Chiral â-Amino Alcohol Synthesis

Table 1. Effects of Enolates and Solvents
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by simply choosing the protective groups of theR-alkoxy parts
of the silyl enolates. Several aldimines were then tested and the
results are summarized in Table 3. In most cases, the desired
anti-adducts were obtained in high yields with high diastereo-
and enantioselectivities. While higher diastereoselectivities were
obtained using a ketene silyl acetal derived from ap-methox-
yphenyl (PMP) ester, higher enantiomeric excesses were observed
in the reactions using a ketene silyl acetal derived from isopropyl
or cyclohexyl ester. In the reaction of the aldimine derived from
cyclohexanecarboxaldehyde, use of 2-amino-3-methylphenol in-
stead of 2-aminophenol was effective in affording the corre-
sponding anti-adduct in high selectivities.9

A typical experimental procedure is described for the reaction
of aldimine2awith ketene silyl acetal3b(E). To Zr(OtBu)4 (0.04
mmol) in toluene (0.25 mL) were added (R)-6,6′-dibromo-1,1′-
bi-2-naphthol (0.088 mmol) in toluene (0.5 mL) and 1,2-
dimethylimidazole (0.08 mmol) in toluene (0.25 mL) at room
temperature. The mixture was stirred for 1 h at the same
temperature and then cooled to-78 °C. Toluene solutions (0.75
mL) of 2a (0.4 mmol) and3b(E) (0.5 mmol) were successively
added. The mixture was stirred for 20 h, and saturated aqueous
NaHCO3 was then added to quench the reaction. The aqueous
layer was extracted with dichloromethane, and the crude adduct
was treated with THF/1 N HCl (10:1) at 0°C for 30 min. After

a usual workup, the crude product was chromatographed on silica
gel to give the desired adduct. The diastereomer ratio was
determined by1H NMR analysis, and the optical purity was
determined by HPLC analysis using a chiral column (see the
Supporting Information).
Finally, to demonstrate the utility of these reactions, we

undertook the synthesis of (2R,3S)-3-phenylisoserine•hydrochloride
(6), which is a precursor of the C-13 side chain of paclitaxel,
known to be essential for its biological activity.10 The key
catalytic asymmetric Mannich-type reaction of aldimine2awith
ketene silyl acetal3b(E) using the chiral zirconium catalyst
prepared using (S)-6,6′-dibromo-1,1′-bi-2-naphthol proceeded
smoothly in toluene at-78 °C to afford the corresponding syn-
adduct quantitatively in excellent diastereo- and enantioselectivi-
ties (syn/anti) 95:5, syn) 94% ee). Methylation (MeI, K2CO3)
of the phenolic OH of the adduct4 and deprotection using cerium
ammonium nitrate (CAN) gaveâ-amino ester5. Hydrolysis of
the ester and deprotection of thetert-butyldimethylsilyl (TBS)
group were performed using 10% HCl to afford6 quantita-
tively.11-12

In conclusion, we have developed an efficient method for the
synthesis of both syn- and anti-amino alcohol units with high
yields and high selectivities via catalytic asymmetric Mannich-
type reactions of aldimines withR-alkoxy silyl enolates. The
protocol includes catalytic diastereo- and enantioselective carbon-
carbon bond-forming processes, and the syn- and anti-selectivities
were controlled by simply choosing the protective groups of the
R-alkoxy parts and of the ester parts of the silyl enolates. Since
both enantiomers of the chiral source, (R)- and (S)-6,6′-dibromo-
1,1′-bi-2-naphthol, are commercially available, all four stereoi-
somers ofâ-amino alcohol units can be prepared according to
this method. The utility of this protocol has been demonstrated
by the concise synthesis of (2R,3S)-3-phenylisoserine‚hydrochloride
(a precursor of the C-13 side chain of paclitaxel).
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Table 2. Synthesis of Syn-Amino Alcohol Units

Table 3. Synthesis of Anti-Amino Alcohol Units

Scheme 2.Synthesis of (2R,3S)-3-Phenylisoserine‚
Hydrochloride (6)
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