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ABSTRACT

The inverse electron-demand 1,3-dipolar cycloaddition of nitrones with ynolates, followed by quenching with t-BuOH, produced substituted
5-isoxazolidinones with good trans-selectivity. These products were easily converted into â-amino acids.

The 1,3-dipolar cycloaddition of nitrones with alkenes1 is
an important method for preparing isoxazolidines, which can
be converted into numerous building blocks for organic
synthesis. Commonly, these cycloadditions involve the
reaction of an electron-deficient alkene dipolarphile (LUMO)
with a nitrone (HOMO). In inverse electron-demand 1,3-
dipolar cycloadditions, alkenyl ethers or ketene acetals are
used as electron-rich dipolarphiles (HOMO); nitrone (LUMO)
activation by Lewis acids and/or with electron-withdrawing
substituents or high reaction temperature are required.2

However, uncatalyzed anionic 1,3-dipolar cycloadditions of
nonactivated nitrones have not yet been reported, as far as
we know.

Since developing a new synthetic method for ynolates,3

we have continued our investigation of ynolate chemistry,4

including [2 + 2] cycloadditions.3,5 Although ynolates can
be potentially dipolarophilic, there have been no reports on
1,3-dipolar [3+ 2] cycloadditions of ynolates. Herein, we
describe the first anionic inverse electron-demand 1,3-dipolar
cycloaddition of ynolates with nitrones to provide syntheti-
cally useful 5-isoxazolidinones6 leading toâ-amino acids
(Scheme 1).
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First, we examined the reaction of the ynolate (1a) with
the nitrone (2a) bearing aN-phenyl substituent (Scheme 2).

To a -78 °C THF solution of the ynolate (1a), generated
from the R,R-dibromoester (3a) witht-BuLi, was added
N-phenyl nitrone (2a). After 1 h, no starting nitrone remained
and the reaction was quenched with saturated aqueous
NaHCO3. After workup and purification, we isolated the
desired 5-isoxazolidinone (4a) in 74% yield. Since no
4-oxazolidinone was detected, the regioselectivity was excel-
lent, probably as a result of the FMO interaction. Next, the
cycloaddition with theN-benzyl nitrone (2b) was carried out
at -78 °C but did not take place. The reaction proceeded at
0 °C to afford the desired 5-isoxazolidinone (4b) in 70%
yield. Despite the lower reactivity of theN-benzyl nitrones,
we used them in further reactions because of the facile
removal of theN-substituent from the products.

The ratio of the cis and trans diastereomers of the
5-isoxazolidinones should be dependent on the method used
to quench the reaction. We then attempted to control the ratio

by using several proton sources and quenching conditions,
as shown in Table 1. When the reaction was protonated with

an aqueous NaHCO3 solution at-78 °C, 4b was obtained
in the trans/cis ratio of 93:7 (entry 1). Thetrans product
was formed predominantly under the kinetic conditions
presumably as a result of the steric interaction between the
methyl and phenyl substituents in the late transition state of
the protonation.7 Quenching with more sterically hindered
(entries 2 and 3) and more acidic (entries 4 and 5) proton
sources gave poorer ratios. However, when the reaction was
quenched with ethanol at-78 °C and warmed to 0°C to
effect isomerization to the thermodynamically stable prod-
ucts, completetrans selectivity was achieved (entry 6).
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Table 1. Protonation of the 5-Isoxazolidinone Enolates

entry HX conditions yield (%) trans:cis

1 aq NaHCO3 -78 °C 70 93:7
2 phenol -78 °C 70 79:21
3 2,6-dimethylphenol -78 °C 79 58:42
4 AcOH -78 °C 70 68:32
5 TFA -78 °C 58 60:40
6 EtOH -78 °C; 0 °C 57 >99:1
7 t-BuOH -78 °C; 0 °C 77 >99:1

Table 2. 1,3-Dipolar Cycloaddition of Ynolates with Nitrones
To Afford 5-Isoxazolidinones

entry R1 R2 quencha 4 yield (%) trans:cis

1 Me Me A 4c 42 83:12
2 Me Me B 4c 53 >99:1
3 Me Et A 4d 85 86:14
4 Me Et B 4d 85 89:11
5 Me iPr A 4e 77 9:91
6 Me iPr B 4e 35 >99:1
7 Me tBu A 4f 17 10:90
8 Me tBu B 4f 56 >99:1
9 Bu Me A 4g 37 78:22

10 Bu Me B 4g 59 >99:1
11 Bu Et A 4h 80 86:14
12 Bu iPr A 4i 72 18:82
13 Bu iPr B 4i 67 91:9
14 iPr Ph A 4j 75 96:4
15b Me CO2Et A 4k 76 70:30

a Method A: quenching with aqueous NaHCO3 at -78 °C. Method B:
quenching witht-BuOH at-78 °C, then warming to 0°C. b The cyclo-
addition was carried out at-78 °C.
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Finally, quenching withtert-butyl alcohol afforded the best
result (entry 7). Thus, thetrans-5-isoxazolidinones (4) were
produced in good yield with excellent stereoselectivity via
the thermodynamically controlled protonation method.

To test the generality of this cycloaddition, we examined
reactions using several kinds of nitrones and ynolates. As
shown in Table 2, the 5-isoxazolidinones were obtained
regiospecifically in good to moderate yields. In the reactions
of sterically hindered nitrones, thecis-products were pre-
dominantly produced via kinetic protonation (quenching
method A), probably as a result of the steric interaction
between R1 and the proton source in the early transition states
(entries 5 and 7). The thermodynamically controlled pro-
tonation (quenching method B) provided the desired 5-isox-
azolidinones with hightrans-selectivity (entries 2, 4, 6, 8,
10, and 13). The nitrone bearing an ester (R2 ) CO2Et)
showed higher reactivity and gave the product (4k) at -78
°C (entry 15).

The 3,4-dihydroisoquinolineN-oxides (5, 7) also afforded
the desired cycloadducts (6,8) (Scheme 3).

The cycloadducts, nucleophilic 5-isoxazolidinone enolates,
can react with electrophiles. As shown in Scheme 4, one-
pot alkylation reactions provided the 3,4,4-trisubstituted
isoxazolidinones (9, 10) in good yields, and10was obtained
as a single isomer.

The 5-isoxazolidinones (4) thus prepared can be converted
into 2,3-disubstitutredâ-amino acids (11) via hydrogenation6d

in excellent yields without isomerization (Scheme 5).

In conclusion, we have developed a 1,3-dipolar cyclo-
addition of ynolates with nitrones to afford 5-isoxazolidi-
nones having goodtrans-selectivity and excellent regio-
selectivity. This is the first example of a [3+ 2] cyclo-
addition of an anionic dipolarophile with nonactivated
nitrones not using Lewis acids. Since the cycloadducts are
enolates, this reaction can be used in tandem reactions. This
is a short, stereoselective access toâ-amino acids, since the
resulting 5-isoxazolidinones can be easily reduced in high
yield.
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