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Abstract: The isoxazolines 2a, 2b and 8 obtained from nitrile oxide cycloadditions to cyclohex-2-enone 1a and
its analogues 1b and 7 reacted with nickel peroxide to give the isoxazoles 3a, 3b and 9. In contrast, the corre-
sponding 2-bromocyclohex-2-enones 4a, 4b and 10, prepared by bromination of the coresponding alkenes 1a, 1b
and 7, underwent nitrile oxide cycloadditions to afford the regioisomeric isoxazoles 6a, 6b and 12, respectively.

Isoxazoles can be obtained by cycloaddition of nitrile oxides with alkynes or by dehydrogenation of the
corresponding A2-isoxazolines.! The latter method is particularly useful in ring systems where the alkynes are
inaccessible. Using this approach we prepared the isoxazoline 2a by reaction of 2,6-dichlorobenzonitrile oxide
with cyclohex-2-enone 1a.2 The isoxazoline 2a did not react with DDQS3 or chloranil4 under standard condi-
tions used to dehydrogenate A2-isoxazolines. However, nickel peroxide was found to be a mild and effective
reagent for the preparation of the isoxazole 3a’ (Scheme 1).
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The nitrile oxide cycloaddition to give the isoxazoline 2a was regiospecific and the regiochemistry may be
attributed to the electronic effect of the carbonyl substituent.! In order to obtain the regioisomeric isoxazole 6a it
was necessary to reverse the regiochemistry of the cycloaddition. We now report that the introduction of an ¢
bromo substituent on the alkene 1a achieves this reversal. The regiocontrolled synthesis of each of the
isoxazoles 3a, 3b and 9, and 6a, 6b and 12 demonstrates the synthetic utility of this finding.

By a modification of Posner’s method,S reaction of the alkene 1a with bromine in dichloromethane at
room temperature, followed by addition of triethylamine, gave the crystalline bromide 4a.7 Cycloaddition of
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2,6-dichlorobenzonitrile oxide with this bromide 4a led directly, and regiospecifically, to the isoxazole 6a, the
regioisomer of 3a. Presumably the reaction proceeds through the cycloadduct Sa which undergoes spontaneous
dehydrobromination (Scheme 2).
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The structures of the isoxazoles 3a and 6a were confirmed by X-ray crystallographic analysis8? (Figure
1) (See Table 1 for selected physical and spectroscopic data of key compounds).

Figure 1. Molecular structures of 3a and 6a

Presumably the steric influence of the bromo substituent of the alkene 4a directs the regiochemistry of the
cycloaddition of this compound, the reverse to that observed with the enone 1a.

In further examples of this novel methodology (Schemes 1-3), the dihydropyranone 1b and the dihydro-
pyridinone 719 underwent regiospecific cycloaddition to give the corresponding isoxazolines 2b and 8. Nickel
peroxide again proved an effective dehydrogenating agent to convert the isoxazolines 2b and 8 to the isoxazoles
3b and 9, respectively. BrominationS of the alkenes 1b and 7 afforded the corresponding bromoalkenes 4b
and 10. Each of these underwent regiospecific nitrile oxide cycloaddition to give the corresponding cyclo-
adducts 5b and 11. The unisolated cycloadducts underwent spontaneous dehydrobromination to give the
isoxazoles 6b and 12, which are regioisomers of the isoxazoles 3b and 9 respectively.
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Table 1. Selected physical and spectral data of key compounds

No.* Yield¥ M.p.(°C) H n.m.r. § (CDCl3)

2a 40 150-1 1.7-2.7, m, 6H; 4.53, d, J 11.0 Hz, 1H; 5.26, dt, J 4.5, 11.0 Hz, 1H; 7.3-7.4, m, 3H

2b 64 159-62 2.26, m,2H.446.m.lH.469.ddd.130 11.0, 11.0 Hz, 1H; 447, d, J 11.0 Hz,
1H; 5.32, m, 1H; 7.3-74, m, 3

3a 65 166-9 2.31,m, J 6.0 Hz, 2H; 2,56, ¢, J 6.0 Hz, 2H; 3.14, 1, J 6.0 Hz, 2H; 7.4-7.5, m, 3H
3b 69 175-7 334,1,765Hz,2H;4.69,t,7 6.5 Hz, 2H; 74-7.5, m, 3H
4b 75 32-4 257,81, 745,60Hz, 2H;449,t, J 6.0 Hz, 2H; 7.30,t, 4.5 Hz, 1H
6a 53 109-11 224, m, J 6.0 Hz, 2H; 2.63, t, J 6.0 Hz, 2H; 2.73, +, J 6.0 Hz, 2H; 7.4-7.5, m, 3H
6b 50 106-7 2.89,t, J 6.0 Hz, 2H; 4.68, t, J 6.0 Hz, 2H; 7.4-7.5, m, 3H
7 56 ol }30. 8, 9H; 4.05, 8, 2H; 4.15, 1, 7 5.2 Hz, 2H; 6.10, dt, J 10.3, 5.2 Hz, 1H; 7.0, br,
8 43 gum 1.52,8,9H; 3.59,dd, J 15.1, 3.7 Hz, 1H; 390, d, J 190 Hz, 1H; 4.22,dd, J 15.1,
3.7 Hz, 1H; 4.53, m, 1H; 4.57,d, J 11.2 Hz, 1H; 5.26, dt, 11.2, 3.7 Hz, 1H; 7.25-
7.45, m, 3H
9 87 75-78  1.52,8, 9H; 4.22, 5, 2H; 5.00, 5, 2H; 7.43, m, 3H
10 42 oil 148, s, 9H; 4.31, 8, 4H; 742, m, 1H
12 25 foam 148, s, 9H; 4.38, 8, 2H; 4.58, s, 2H; 7.45, m, 3H

* All new compounds gave satisfactory elemental analysis and spectral data
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In conclusion nickel peroxide has been shown to be a new reagent for the conversion of A%-isoxazolines
to isoxazoles, and O-bromination of cyclohex-2-enone and its analogues has been used to reverse the regio-

chemistry of cycloadditions with nitrile oxides providing direct regiocontrolled access to isoxazoles.
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Prepared as follows: ethyl 3-hydroxy-1,2,3,6-tetrahydropyridine-1-carboxylate (Imanishi, T.; Shin, H.;
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