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The synthesis of enantiomerically pyfeamino acids and their . R
derivatives has attracted increasing attention in view of their BmNTf\R + QSiMezt-Bu &, Br\NJ\/Cone @)
pharmacological activitiesstructural properties,and usefulness o OMe -78°C (I)SiMegt-Bu
as precursors of biologically active compounds suclf-tectam 5 6 7
antibiotics® Various methods for diastereoselective synthesis of

B-amino acids have been reportebwever, the number of catalytic = Ph) was obtained with Ti(GPr), catalyst. However, the adduct
and enantioselective methods is small and limited to hydrogenation 7a was obtained in 85% isolated yield, when the reaction was
of aminoacrylate8, aminohydroxylation of olefin§, addition of carried out in the presence of Ti(ORItatalyst. Apparently, the

aminonucleophiles to acrylatésand Mannich-type reaction of  phenoxy ligand is suitable for the carbecarbon bond formation
aldimines with silyl enolate%. We report the first catalytic, with an increase in the Lewis acidity of titanium. Next, we examined
enantioselective synthesis of optically actNéhydroxyl-{3-amino the enantioselectivity of the reaction 5& with 6 in the presence
acid derivatives, which are related to natural products of biological  of various titanium(IV)-BINOL catalyst§ (20 mol %) in toluene
significance’ and-amino acids4, from nitronesl (eq 1). This is at —78 °C. The representative results are summarized in Table 1.

a rare case of a catalytic, enantioselective cattmarbon bond In the presence of chiral titanium catalgstprepared from Ti(@
formation reactiort? Pr), and ©-BINOL (1:1),**the adductR)-7awas obtained in 99%
yield with 18% ee (entry 1). Additional ligands affect the enantio-
OSiRg selectivity of the reaction dramatically.The catalysts TiH-
R2 R4 R2R3 R, BINOL_-2A_rOH 8b,c and '_I'i-(S‘)-BI_I\lOL-Ar(OH)z 8d_,e were pre-
F“\R])\Ri* 2_>R1\N),(/002R4_> Rl J,(R/CozH M pared |n.3|tu by the reaction of.Tl(GP.r)4 with 2 equiv of phenols
o- cat. (')SiR3 ﬁ or 1 equiv of catechols, respectively, in toluene at room temperature
1 3 4 in the presence of MS 4A, followed by treatment with 1 equiv of

(9-BINOL. In the presence of the titanium catalyt, the adduct
Nitrones1 have become highly valuable intermediates for the (R)-7awas obtained in 99% yield with 34% ee (entry 2). With use
synthesis of nitrogen-containing biologically active compounds, ©f sterically bulky phenols, such as 1-naphthol (55% ee) (entry 3),
because they are prepared readily by catalytic oxidation of 2.6-dimethylphenol (50% ee), and 2-phenylphenol (49% &), (
secondary amines with 2,129 as well as condensation of 7awas obtained with higher enantioselectivities. Interestingly, the

carbonyl compounds witiN-hydroxylaminegih which can be adduct §)-7a with inverse absolute configuration was obtained

obtained by hydrolysis of the corresponding nitroteBiastereo- when catechols were used as additional ligands. Thus, the reaction
selective additions of chiral enolates to nitrones have been iN the presence of the titanium catalyit gave the §)--amino
performed with excellent selectivity, giving optically actifemino acid derivativerain 73% ee (entry 4). Furthermore, wherte-

acids and their derivativéd13 This method is very useful for the ~ Putylcatechol was used, the addug}-{a was obtained in 99%
synthesis of biologically active compounds, suctfdactams and ~ Yield with 92% ee (entry 5). The cleavage of the nitrogerygen
indolizidine alkaloidsi213 Catalytic, enantioselective addition of ~Pond of the §-7awith Zn/H,SO; and recrystallization of the oxalic
ketene silyl acetalg to nitronesl is a very attractive proposition ~ acid salt of the product gave optically pukebenzylf-phenyl-
for the synthesis gB-amino acid derivative8, and is comparable, ~ @lanine methyl ester. With use of tRBINOL catalyst, the R)-
or in some cases superior, to the asymmetric Mannich-type addition€nantiomer was obtained in pure form. _

to imine$ because of the configurational stability of nitrones, ease _ 1€ enantioselective addition of ketene silyl acéted nitrones

of handling, and readiness of preparation. 5a—e catalyzed by chiral titanium comple8e gave-amino acid
Various catalysts were evaluated for the reactiomNdfenzyl- derivatives7a—e in high yields as shown in Table 2.

idenebenzylaminél-oxide Ga, R = Ph), which was prepared by a-2-Naphthyl andx-p-tolyl substituted nitroneSb,c underwent

the NaWO,-catalyzed oxidation of dibenzylamine with,@h,112 reaction with6 smoothly to give the desired adducts with 88% ee

with 1-(tert-butyldimethylsilyloxy)-1-methoxyethen@) (1.2 equiv) each (entries 2 and 3). Tyﬁeaminpﬁ-awlpropanoic acid derivatives.
in CH,Cl, at—78°C (eq 2). In the absence of a catalyst the reaction 7b,c thus obtaln_ed can be readily converted |n_to the corresponding
did not occur, and only a small amount of methyl N4ert- esters of f-amino acids upon treatment with Zn$D, and

butyldimethylsilyloxyN-benzylamino)-3-phenylpropanoatés( R hydrogenation over palladium on charcoal catalyst. The adtict
can be converted to ethyl 3-amino-3-[5-(benzo-1,3-dioxole)]pro-

* Address correspondence to this author. E-mail: mura@chem.es.osaka-u.ac.jp.panoate, which is an important precursor of the aspartic acid
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Table 1. Asymmetric Reactions of Nitrone 5a with Ketene Silyl
Acetal 6 in the Presence of Ti-(S)-BINOL-2ArOH (or Ar(OH);) 8 To
Give N-Hydroxyl-3-amino Acid Derivative 7a

yield of ee of config.

entry ArOH or Ar(OH), of 8 Tal% Ta%% of 7a
1 none 8a 99 18 ®
2 phenol 8b 99 34 R
3 1-naphthol 8c 929 55 ®
4 catechol 8d 95 73 [S)
5 4+ert-butylcatechol 8e 99 92 [S)

aDetermined by HPLC analysis using CHIRALCEL OD-H
conversion to the correspondiftigamino acid ester with Zn/A$0,.

after

Table 2. Asymmetric Reactions of Nitrones 5a—e with Ketene
Silyl Acetal 6 in the Presence of Titanium Catalyst 8e To Give
Ta—e?

catechol ligands remains unclear. Experiments are underway to
examine the mechanism.
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