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Abstract: Asymmertric 13-dipolar cycloaddition of nitrone 2 to olefin 1 was catalyzed by
chiral phosphine - palladium complexes 1o give isoxazolidine 3 in high yield with high
enantioselectivity up to 91% ee. Copyright © 1996 Elsevier Science Ltd

1,3-Dipolar cycloaddition is a useful method for the synthesis of five-membered heterocyclic
compounds.’ In particular, isoxazolidines, which are obtained by the reaction of nitrones with olefins, can
be converted into aminoalcohols, precursors to biologically important alkaloids.'! Asymmetric 1,3-dipolar
cycloadditions could directly give optically active products. Although chiral nitrones or olefins have been
utilized for such purpose,”” a few asymmetric 1,3-dipolar cycloaddition reactions by chiral catalysts have
been reported so far, in which Lewis acids with chiral ligands were employed as catalysts.*’ In these
reactions, the catalysts were quite sensitive to a small amount of water. Usually, late transition metal
complexes can be used in the presence of water and are handled easily. Here, we wish to describe
1,3-dipolar cycloaddition of 3-((E)-2-butenoyl)-1,3-0xazolidin-2-one (1 ) with N -benzylidenemethylamine
N-oxide 2) catalyzed by a Pd(II) complex coordinated by chiral phosphine ligands.8
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While the 1,3-dipolar cycloaddition without catalyst gave 3 exo-selectively in only 17% yield (Table 1,
entry 1), a cationic palladium complex was found to accelerate the reaction and showed the best catalytic
activity among the complexes used. So, cationic Pd(II) complexes bearing chiral phosphine ligands were
selected as catalysts. A dicationic Pd~—chiral phosphine complex was prepared by the reaction of
PdCl,(ligand) and AgBF, in a solvent, and then the olefin 1 and the nitrone 2 were added to the solution.
Stirring of the resulting mixture for 48 h at appropriate temperature gave the isoxazolidine 3 as a mixture of
endo and exo forms.’ Typical results are summarized in Table 1. The Pd~BINAP complex did not work
efficiently as a catalyst at room temperature (entries 2 and 6). At reflux temperature, better yields, higher
endo-selectivities, and over 71% enantiomeric excesses (endo-isomer) of the products were obtained

(entries 3, 4 and 5).'"° The best enantioselectivity (91% ee) using the Pd—BINAP catalyst was
accomplished in CHCl, at reflux temperature. When (+)-DIOP and BCPM were used instead of BINAP,
yields of the product were moderate but enantioselectivities were not satisfactory (entries 8 and 9).
Employing (S)-TolBINAP as a ligand increases both yield (88%) and endo-selectivity (entry 10), in which
enantiomeric excess of the endo-isomer was similar (89%) and that of the exo-isomer was improved up to
60%, much better than in reactions using BINAP.

Table 1. Asymmetric 1,3-dipolar cycloaddition of 1 to 2 with Pd—chiral phosphine complexesa’

Entry Ligand Solvent Temp. Yield: %P endo/exc® ere%o/o ;:’,L
1 None CHCl3 reflux 17 8/92 _—
2 (S)-BINAP CHoClp rt. 9 10/90 12/5
3 (S)-BINAP CHCla reflux 34 23/77 79/9
4 (S)-BINAP CeHs reflux 50 40/60 71/31
5 (S)-BINAP CHCl3 reflux 61 45/55 91/25
6 (S)-BINAP CH3CN rt. 13 7/93 3/1
7 (S)-BINAP CH3CN reflux 27 26/74 1/11
8 (+)-DIOP CHCl3 refiux 59 12/88 50/34
9 BCPM CHCl3 reflux 61 27173 9N
10 (S)-TolBINAP CHCl3 reflux 88 57/43 89/60
11 (S)-MeOBINAP  CHCl, reflux 76 50/50 71/48
12 (S)-CIBINAP CHCl3 reflux 65 62/38 25/72

a) Reaction conditions: olefin 1 (1.0 mmol), nitrone 2 (1.0 mmol), PdCiy(ligand) (0.1 mmol)
and AgBF, (0.2 mmol) were dissolved in a solvent (10 ml), and the resulting mixture was
stirred for 48 h.

b) Based on olefin 1.

c) Determined by 'H-NMR.

d) Determined by HPLC (Daicel Chiralcel OJ-R).

Since the 'H-NMR study'' indicates that the nitrone 2 coordinates to Pd(II) more strongly than the
olefin 1, most of the Pd species could be formulated as A at room temperature, where the palladium complex
showed almost no catalytic activity as mentioned above. If elevated temperature can accelerate
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transformation between A and B, B apparently reacts with nitrone more smoothly than the non-coordinated
olefin, because there are several examples where Lewis acids are thought to activate olefins such as 1
through bidentate coordination in 1,3-dipolar cycloaddition.*
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In conclusion, the 1,3-dipolar cycloaddition of nitrone 2 to olefin 1 was catalyzed by cationic
TolBINAP —Pd(II) complexes to give isoxazolidine derivatives in good yields and in good
enantioselectivities. To the best of our knowledge, this is the first example of the late transition metal—

catalyzed asymmetric 1,3-dipolar cycloaddition. Further investigation of this catalytic system is currently in
progress.
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