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Asymmetric cycloadditions provide powerful methods for the

synthesis of chiral complex molecules because multiple asym-
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N-benzylidenebenzylamini-oxide (1) and 3-(2-butenoyl)-1,3-
oxazolidin-2-one Z) as models, and the 1,3-dipolar cycloaddition
reaction was performed in the presence of a chiral Yb(lll) catalyst
(20 mol %) prepared from Yb(OT{) (9-1,1-binaphthol (§-
BINOL), and triethylamine (EN). The reaction proceeded
smoothly at room temperature to afford the corresponding
isoxazolidine derivative in a 65% yield with higanddexo
selectivity (99/1), and a moderate enantiomeric excess (ee) of
theendoadduct was observed (Table 1). The enantiomeric excess
was improved to 78% whetis-1,2,6-trimethylpiperidine (TMP)
was used instead of fM. Furthermore, it was found thate of
chiral amines influenced the seledgty dramatically and that
combination of the chirality of BINOL and the amine was crucial
for the selectiity. Namely, 71% ee of thendo adduct was

metric centers can be constructed in one-step transformations.obtained in the model reaction using a catalyst prepared by the
Among them, reactions using chiral catalysts are the most efficient combination of §-BINOL andN-methyl-bis[R)-1-phenylethyl]-
and promising, and fruitful results have recently been reported amine (R)-MPEA), while only 35% ee was observed by the

in asymmetric Diels-Alder reactions. On the other hand, 1,3-

combination of §-BINOL and (§-MPEA. Moreover, it was

dipolar cycloadditions between nitrones and alkenes are mostexciting to find that 96% ee of thendoadduct was obtained

useful and convenient for the preparation of isoxazolidine
derivatives, which are readily converted to 1,3-amino alcohol
equivalents under mild reducing conditichDespite the impor-
tance of chiral amino alcohol units for the synthesis of biologically
important alkaloids, amino acidg;lactams, and amino sugars,
etc.? catalytic enantioselective 1,3-dipolar cycloadditions remain
relatively unexplored* In this paper, we describe highly

with an excellent yield (92%) and diastereoselectivepddexo

= 99/1) by the combination of§}-BINOL and a newly prepared
chiral amine,N-methyl-bis[R)-1-(1-naphthyl)ethyllamine R)-
MNEA).1° The chiral Yb(lll) catalyst thus prepared has two
independent chiralities (heterochiral Yb(lIl) catalydge infra),

and it was found that the sense of the chiral induction in these
reactions was mainly determined by BINOL and that the chiral

diastereo- and enantioselective 1,3-dipolar cycloadditions using amine increased or decreased the induction relatively.

a novel heterochiral ytterbium(lll) (Yb(lll)) catalyst.

Several examples of the 1,3-dipolar cycloadditions between

We have recently reported the unique characteristics of nitrones and 3-(2-alkenoyl)-1,3-oxazolidin-2-ones using the novel

lanthanide triflates as Lewis acid catalysasd have developed
efficient chiral lanthanide catalysts in Dielélder reaction$and
aza Diels-Alder reactiond. One of the features of the lanthanide

catalysts is that catalytic processes are successfully complete

heterochiral Yb(lll) catalyst are shown in Table 2. In most cases,

the desired isoxazolidine derivatives were obtained in excellent
ields with excellent diastereo- and enantioselectivittedt is
oted that high levels of selectivities were attained at room

even in reactions using nitrogen-containing compounds, while temperature. Nitrones derived from aromatic and heterocyclic
most Lewis acids are decomposed or deactivated in the presencggehydes gave satisfactory results, and even in the reaction using
of basic nitrogen atoms. In the course of our investigations 10 the nitrone derived from an aliphatic aldehyde, the cycloaddition

explore truly efficient asymmetric processes, we have focused proceeded smoothly to give thendo adduct in an excellent

on catalytic enantioselective 1,3-dipolar cycloadditions of nitrones
with alkenes using a chiral lanthanide cataR/stFirst, we chose

enantiomeric excess, although loanddexo selectivity was
observed. Moreover, it was found that alkenes which could be

TPresent address: Graduate School of Pharmaceutical Sciences, The€mployed in the present 1,3-dipolar cycloaddition were not limited

University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033.
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to 3-(2-alkenoyl)-1,3-oxazolidin-2-one derivatives. WhBhR
phenylmaleimide was used as a dipolarophile, the desired
isoxazolidine derivative was obtained in a 70% yield watidd
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(1 mL) at 0°C, and the mixture was stirred for 30 min at the same temperature.
Compounddl (0.50 mmol) in dichloromethane (0.25 mL) aB¢0.50 mmol)
in dichloromethane (0.25 mL) were successively added, and the mixture was
stirred for 20 h at room temperature. Saturated sodium hydrogen carbonate
was then added to quench the reaction, and the insoluble materials were filtered.
After a usual work up, the crude product was purified by column chroma-
tography on silica gel to afford the desired isoxazolidine derivative (92% yield,
enddexo = 99/1). The diastereomeric ratio was determined'dyNMR
analysis, and the enantiomeric excess oféhdoadduct was determined to
be 96% ee by HPLC analysis (Daicel Chiralpak OD). The absolute config-
uration was assigned to b&34'S, 5'R by comparison of the optical rotation
with that of the literaturé®
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Table 1. Effect of Amines
. chiral Yb(lIl)2
Bn.*.0 o O o
~© \)\ L (20 mol%)
P N~ O
H)Lph {0 MS 4A,CHC, 1
1 2
Bn. O Bn. .O_ .«
IR R
PR CON"0 PH CoON
endo / exo
amine yield (%) enddexo ee (%Y
EtsN 65 99/1 63
Pr,NEt 73 >99/1 62
cis-1,2,6-TMP 73 99/1 78
(R)-MPEA! 92 >99/1 71
(S-MPEA 80 97/3 35
(R-MNEA® 92 99/1 96
(S-MNEA 87 99/1 62

aChiral Yb(lll) = Yb(OTf); + (9-BINOL + amine.? ee of theendo
adducts’ cis-1,2,6-Trimethylpiperidine.

AL O O
Ph T/\Ph N
|

Table 2. Catalytic Enantioselective 1,3-Dipolar Cycloadditions

Y. - o chiral Yb(lIl)2
Bn ;.0 20 mol%)

VSIPUIR G G .. B

2
H)J\R1 R N\_/O MS 4A, CH,Cly, rt
(0] 2 (0] 2
Bn\N, R o Bn\N, R o
; AT X
R'" CON” "o R' CON” "o
endo / exo (-

R! R? yield (%) enddexo ee (%Y
Ph CH 92 99/1 96
p-Cl-Ph CH 93 99/1 92
p-MeO-Ph CH 82 95/5 90
2-furyl CHs; 89 95/5 89
1-naphthyl CH 88 98/2 85
Ph H 91 >99/1 79
Ph GH- 89 98/2 93
CoHs CHs; 88 53/47 96

aChiral Yb(lll) = Yb(OTf)s + (9-BINOL + (R)-MNEA. b ee of
the endoadducts.

exo= >99/1, and the enantiomeric excess of #raoadduct
was 70% ee under the standard reaction condifidhs.

As for the structure of the heterochiral Yb(lll) catalyst, the
following structure was supported from our previous work
(Scheme 1§¢¢ Actually, the existence of hydrogen bonds
between the phenolic hydrogens §-8INOL and the nitrogens
of (R)-MNEA was confirmed by the IR spectra of the catalfst

Finally, to demonstrate the synthetic utility of the present
reactions, we synthesized a 6-hydroxyetfylactam derivative

(12) It is believed that bidentate coordination (for example, Yb{8)(2-
alkenoyl)-1,3-oxazolidin-2-one) is necessary to obtain high selectivities in
many chiral lanthanide-catalyzed reactiéhhese results are very interesting
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Scheme 1.A Novel Heterochiral Yb(lll) Catalyst
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OO N J T 0
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Scheme 2.Conversion tg3-Lactam
Bn. .O_ . Bn., .O_
N Z o MeOMg| N Y Pd/C, H,
o CON)LO (quant.) PH oMe  (65%)
-/ o
3 4
TBSO
NH, OR
: 2T LDA (78%) H
Ph “Ph
CO,Me G NH
TBSCl/mid. — 5:R = H 7
(quant.) 6: R=TBS

(Scheme 2). Isoxazolidine derivati3(96% ee), prepared via
the catalytic enantioselective 1,3-dipolar cycloaddition, was treated
with methoxymagnesium iodi#feto give methy este4. Reduc-

tive N—O bond cleavage and deprotection of tiidenzyl part

of 4 was performed in the same pot using Pd/C under hydrogen
atmosphere (10 kg/chi” to afford amino esteb. After the
resulting alcohol moiety was protected astésd-butyldimethyl-

silyl (TBS) ether, cyclization o6 proceeded smoothly using
lithium diisopropylamide (LDAY to afford the corresponding
B-lactam 7)**?°in a good yield. The enantiomeric excess7of
was 96% (determined by HPLC analysis), which means no
racemization occurred during the transformation.

In summary, catalytic enantioselective 1,3-dipolar cycloaddi-
tions using a novel heterochiral Yb(Ill) catalyst have been
developed. Wide substrate generality and high levels of stereo-
selectivities have been achieved in these reactions. Further
investigations into the synthesis of biologically important natural
products using these asymmetric cycloadditions are now in
progress.
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