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B-Amino alcohol units are often observed in biologically

interesting compounds, and several methods for the synthesis of HO]@
.

these units have been developetd. 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 catabysd

ring opening of chiral epoxides or aziridines, which are prepared
by catalytic asymmetric reactions, are useful metifodRecent

progress has been made by Sharpless to introduce direct asym-

metric aminohydroxylation (AA) of alkenés The Sharpless AA
method has realized a high degree of enantioselctivities to afford
syn{3-amino alcohols directly. Herein, we describe an alternative
approach for the synthesis of chirAtamino alcohols using
catalytic diastereo- and enantioselective Mannich-type reactions
of a-alkoxy enolates with aldimines (Scheme 1). According to
this methodology, both syn- and agtiamino alcohols can be
obtained in high selectivities by simply choosing the protective
groups of thea-alkoxy parts and of the R(ester) part of the
enolates, accompanied with formation of new carboarbon
bonds®

First, we tested the reaction of aldimi®a with a-TBSO-
ketene silyl acetaBa using 10 mol % of zirconium cataly4t,
which was prepared from Zr(Bu),, 2 equiv of R)-6,6-dibromo-
1,2-bi-2-naphthol (R)-Br-BINOL), and 1-methylimidazole (NMI)
(Table 1)® The reaction proceeded smoothly to afford the
correspondinga-alkoxy3-amino ester in a 76% yield with
moderate syn-selectivifiiand the enantiomeric excess of the syn-
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Scheme 1Chiral f-Amino Alcohol Synthesis
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ANMI (12 mol%) was used. PThe reaction was carried out at -45 °C.
“Toluene was used as a solvent. °E/Z = 93/7. °E/Z =87/13. TE/Z =1/
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adduct was proven to be less than 10%. We then screened Vari0U§0|e (DM|) was used instead of NMI, the Se|ectivity increased

reaction conditions. It was found that when 1,2-dimethylimida-
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dramatically. Moreover, the diastereo- and enantioselectivities
were improved when the reaction was carried out-@8 °C.

The O-substituents of ketene silyl acetals and solvents also
influenced the yield and selectivity, and finally, the best result
(quantitative, syn/ant 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 ace8d(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 syhiamino alcohol units were obtained

in high diastereo- and enantioselectivities.

On the other hand, it was found that afitamino alcohol
derivatives were obtained by the reaction of aldim@with
o-benzyloxy-ketene silyl acetaBc under the same reaction
conditions® 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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3329. (d) Mukaiyama, T.; Shiina, I.; Uchiro, H.; Kobayashi,Bil. Chem.

Soc. Jpnl1994 67, 1708. See also ref 5b.
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Table 2. Synthesis of Syn-Amino Alcohol Units Scheme 2. Synthesis of (R,39)-3-Phenylisoserine
Ho OSiMe; HO HO Hydrochloride 6)
catalyst 1 {10 mol%} HO
N + %\oipr T HN HN
toluene, tem o .
A 8BS0 oluens. femp coer X _coser @ NH
R H 3b(E) R R Hy 1) Mel / K,CO % o,
OTBS OTBS A _Copfpr TS Ph/\:/oogpr
syn anti Ph éTBS 2) CAN, MeOH oTBS
R temp, °C yield, % synfanti  ee, % (syn) 4 88 % 5
K t
1»nal:>}liti12;) -Z: qu:: >z:; ‘1‘ Zi 10% HCl g, reflux Hore COzH
quant Ph/\é/ :

2-faryl 45 68 82/18 92 OH

p-CIPh? 78 73 92/ 8 98 6

a) Dichloromethane was used as solvent, and 30 mol% of DMI was a usual WOI’kUp, the c_rude product was chr_omatographed (_)n silica

added. gel to give the desired adduct. The diastereomer ratio was

. o ) determined by*H NMR analysis, and the optical purity was
Table 3. Synthesis of Anti-Amino Alcohol Units determined by HPLC analysis using a chiral column (see the
HO . HO HO Supporting Information).
OSiMe;  catalyst 1 (10 mol%) . - .
N +B”°\/\o , ———————— N . HN Finally, to demonstrate the utility of these reactions, we
R® CHClp 45°C cor® L _coRe undertook the synthesis ofRBS-3-phenylisoserindaydrochloride
R H R! 2 RN L . . .
: (6), which is a precursor of the C-13 side chain of paclitaxel,

0B 0B . . . . .
an ant known to be essential for its biological activity. The key

catalytic asymmetric Mannich-type reaction of aldimReewith

R! R2 yield, % synlanti  ee, % (anti) C - ¢ f /
Ph (22 P quant 12768 o ketene silyl .acetaBb(E).usmg the c.h|ral zirconium catalyst
prepared using §)-6,6-dibromo-1,1-bi-2-naphthol proceeded
Ph (2a)° PMP'8 91 6/94 80 smoothly in toluene at-78 °C to afford the corresponding syn-
1-naphthyl® -CeHy° 80 8/92 96 adduct quantitatively in excellent diastereo- and enantioselectivi-
. ties (syn/anti= 95:5, syn= 94% ee). Methylation (Mel, COs)
2-furyl PMP 68 13/87 80 of the phenolic OH of the addudtand deprotection using cerium
p-CIPH™® Pr (3¢) quant 43/57 91 ammonium nitrate (CAN) gavg-amino esteb. Hydrolysis of
p-CIPR® PMP 7 /92 % the ester and deprotection of thert-butyldimethylsilyl (TBS)
group were performed using 10% HCI to affofd quantita-
¢-CeHy c-CgHyy 41 18/82 92 tively.11-12
*DMI (30 mol%) was used. °NMI (20 mol%) was used. °The In conclusion, we have developed an efficient method for the
reaction was carried out at -78 °C. °The imine was prepared from synthesis of both syn- and anti-amino alcohol units with high
cyclohexanecarboxaldehyde with 2-amino-3-methylphenol in situ in yields and high selectivities via catalytic asymmetric Mannich-

the presence of MS4A. See text. °E/Z = <1/>99. 'E/Z = 4/96. PMP

= p-methoxyphenyl type reactions of aldimines with-alkoxy silyl enolates. The

. i . protocol includes catalytic diastereo- and enantioselective carbon
by simply choosing the protective groups of thelkoxy parts carhon bond-forming processes, and the syn- and anti-selectivities
of the silyl enolates.. Se\(eral aldimines were then tested and ,thewere controlled by simply choosing the protective groups of the
results are summarized in Table 3. In most cases, the desiredy_a|koxy parts and of the ester parts of the silyl enolates. Since
anti-adducts were obtained in high yields with high diastereo- pnih enantiomers of the chiral sourcB){and ©)-6,6-dibromo-
and enantioselectivities. While higher diastereoselectivities were 1 1'_pj-2-naphthol, are commercially available, all four stereoi-
obtained using a ketene silyl acetal derived from-methox- somers off-amino alcohol units can be prepared according to
yphenyl (PMP) ester, higher enantiomeric excesses were observeghis method. The utility of this protocol has been demonstrated
in the reactions using a ketene silyl acetal derived from isopropyl py the concise synthesis ofRBS)-3-phenylisoserinéydrochloride
or cyclohexyl ester. In the reaction of the aldimine derived from (a precursor of the C-13 side chain of paclitaxel).
cyclohexanecarboxaldehyde, use of 2-amino-3-methylphenol in-
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