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Abstract: 1,3-Dipolar cycloaddition reactions of polymer-supported nitrones with
alkenes proceeded smoothly in the presence of a catalytic amount of a lanthanide triflate
to afford the corresponding 2-isoxazolines in high yields. Diverse 2-isoxazoline
derivatives were prepared based on these solid-phase reactions. © 1998 Elsevier Science Lid.
All rights reserved.

2-Isoxazolines are found in a number of pharmaceutical agents such as glycoprotein IIb/Illa
(GPIIb/IMa) inhibitors! and human leukocyte elastase inhibitors.2 In addition, they are useful intermediates in
the synthesis of many biologically-important compounds.3 In order to search for and obtain additional
bioactive compounds, development of efficient methods for the synthesis of diverse 2-isoxazoline derivatives
are strongly in demand. In this paper, we report the lanthanide triflate-catalyzed 1,3-dipolar cycloaddition of
polymer-supported nitrones to alkenes for the synthesis of diverse 2-isoxazoline derivatives.

For the preparation of 2-isoxazoline derivatives, use of 1,3-dipolar cycloaddition reactions is the most
efficient.4 There are two pathways: use of nitrones or nitrile oxides. While the cycloadditions are performed
under thermal conditions, the same reactions proceed smoothly in the presence of a Lewis acid at room
temperature or below. Bearing in mind that dipolarophiles are activated by Lewis acids in most cases in these
types of reactions and that solid-phase reactions have many advantages for the synthesis of large numbers of
structurally distinct molecules,> we decided to immobilize nitrones onto polymers. While 1,3-dipolar
cycloadditions using nitrile oxides® or nitrones” on the solid-phase were reported very recently, they were
carried out under thermal conditions (without Lewis acids) and traces of polymer-supports remained even after
cleavage from the supports.8

Polymer-supported nitrones were prepared according to Scheme 1. Chloromethyl copoly-(styrene-1%-
divinylbenzene) resin (9.25 g, 0.91 mmol/g) was treated with 4-hydroxybenzaldehyde (3.08 g, 25.2 mmol (3
eq.)) in the presence of sodium hydroxide (1.13 g, 28.2 mmol (3.4 eq.)) in DMF (70 ml) at 90 °C for 6 h.
Benzyloxy benzaldehyde resin 1 thus obtained was then combined with hydroxylamine hydrochloride (16.0 g,
230.4 mmol (20 eq.)) and pyridine (14 ml) in ethanol (60 ml) under reflux for 10 h to afford oxime resin 2.9
Hydroxylamino resin 3 was prepared by reducing 2 using borane-pyridine complex (6.9 g, 74.2 ml (10 eq.))
in THF (100 ml) at room temperature for 10 h.10 The loading of 3 was calculated by a chlorine titration of
hydroxylamino resin hydrochloride. The condensation of 3 (1 mmol) with various aldehydes (5 mmol) was
readily performed in CHyCly-trimethyl orthoformate (1:1, 20 ml)!! to give polymer-supported nitrones 4.
Characterization of polymers 1-4 were performed using Swollen Resin Magic Angle Spinning NMR (SR-MAS
NMR)!2 and IR spectra.
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Scheme 1. Synthesis of Polymer-Supported Nitrone 4

1,3-Dipolar cycloaddition reactions on the solid-phase were successfully carried out using ytterbium
triflate (Yb(OTf)3) as a catalyst. In the previous work, we developed the lanthanide triflate-catalyzed three-
component coupling reactions of aldehydes, hydroxylamines, and alkenes.!3 In these reactions, alkenes
activated by Yb(OTf)3 reacted smoothly with nitrones generated ir situ from aldehydes and hydroxylamines. A
solid-phase version was demonstrated by the reaction of 3-(2-butenoyl)-1,3-oxazolin-2-one with polymer-
supported nitrone 4a (Scheme 2). The reaction proceeded smoothly in the presence of a catalytic amount of
Yb(OTf)3 to afford polymer-supported isoxazolidine derivative Sa. After oxidative cleavage from the support
using 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ),14 2-isoxazoline derivative 6a was obtained in an 89%

yield.
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Scheme 2. 1,3-Dipolar Cycloaddition Reaction on the Solid-Phase

Several examples of the present 1,3-dipolar cycloaddition reactions are summarized in Table 1. Not only
aromatic, but also aliphatic and heterocyclic nitrones reacted smoothly under these conditions.15 Furthermore,
an isoxazole was obtained by using an alkyne instead of an alkene (entry 13).

While 1,3-oxazolin-2-one derivatives are the best dipolarophiles in the present reactions, the 1,3-
oxazolin-2-one moieties were successfully converted to other functional groups (Scheme 3). Polymer-
supported isoxazolidine derivative 5a was treated with methoxymagnesium bromide (5 eq.) in THF-methanol
to afford resin 7a. After oxidative cleavage, 2-isoxazoline derivative 8a was obtained in a 67% yield.
Furthermore, ester 7a was reduced on the solid-phase using lithium borohydride (5 eq.) to afford alcohol 9a in
a 77% yield. Similarly, resin 5a was treated with N,0-dimethythydroxylamine hydrochloride (5 eq.) and
trimethyaluminum (5 eq., 1.0 M solution in toluene) in dichloromethane to give an amide resin. After oxidative
cleavage, amide 10a was obtained in a 56% yield. Carboxylic acid 11a was obtained in a 55% yield using
lithium hydroxide (5 eq.) and H20; (10 eq., 35% solution) in THE-H0.

A typical experimental procedure is described for the reaction of 3-(2-butenoyl)-1,3-oxazolin-2-one with
4a. In the presence of 20 mol% of Yb(OTf)3 and 4a (0.2 mmol, 0.77 mmol/g), 3-(2-butenoyl)-1,3-oxazolin-
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Table 1. Synthesis of 2-Isoxazoline Derivatives
Entry R! Dipolarophile Yield/%?
1 Ph (4a) 89
2 (p-Cl)Ph (4b) 80
3 (p-MeO)Ph o O 61
4 2-Furyl 69
) /\)L N JLO
5 2-Thienyl ./ 72
6 1-Naphthyl 85
7 (CH3)2CHCH, 74
............................................................ T
8 4a 0 )L 79
/\/\)LN fo)
9 4b \_J/ 80
_________________________ 6__‘6_..____-._....___.__A--__-.-._.__.
10 ab \)LN)LO 77
v/
o O
" 4a MeOZC/\)L N)L ) 63
0O
12 4a \)j\ 54
13 4a MeO,C—==—CO,Me 47

2Based on the loading of hydroxylamino resin 3.
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Scheme 3. Transformations on the Solid-Phase
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2-one (1 mmol) in toluene (4 ml) was added and the mixture was stirred for 20 h at room temperature. After
saturated NaHCO3 aq. was added to quench the reaction, the polymer was filtered and washed. The resulting
polymer 5a was combined with DDQ (3 eq.) in CH,Cl»-H7O (10:1, 4 ml), and the mixture was stirred for 12
h. After L-ascorbic acid was added to reduce excess DDQ, the organic layer was washed with saturated
NaHCOj3 aq. and brine. The organic layer was dried with NapSO4 and the solvents were removed under
reduced pressure. The residue was chromatographed on silica gel to afford 2-isoxazoline derivative 6a.

In summary, 1,3-dipolar cycloaddition reactions of polymer-supported nitrones with alkenes were
successfully carried out using a catalytic amount of Yb(OTf)3 to afford the corresponding 2-isoxazoline
derivatives in high yields. Moreover, the 3-acyl-1,3-oxazolin-2-one group could be converted to various
functional groups on the solid-phase. Thus, the present 1,3-dipolar cycloaddition reactions on the solid-phase
would provide an efficient methodology for the preparation of large numbers of 2-isoxazoline derivatives.
Further investigations to examine the biological activities of the synthetic and related compounds as well as to
develop catalytic asymmetric 1,3-dipolar cycloaddition reactions!¢ on the solid-phase are now in progress.
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