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Abstract: The reaction of O-trimethylsily! a-bromo aldoximes with unsaturated alcohols produces
oximino ethers which can be readily oxidized with sodium hypochlorite. The transient nitrile oxide
intermediate formed undergoes spontaneous cyclization affording fused isoxazolines. MM2
calculations help rationalize the observed stereoselectivity.

Substituted and functionalized tetrahydrofurans and pyrans are of interest as analogs of
carbohydrates.2 Recently, we reported the synthesis of a-brominated aldoxime derivatives (1)
which can be used in reaction with nucleophiles such as vinylazetidines.3 The aminated inter-
mediates served as convenient synthons for intramolecular dipolar cycloadditions.4 These results
suggested a novel approach to functionalized cyclic ethers via intramolecular nitrile oxide-clefin
cycloadditions.5 We report here on the reaction of O-trimethylsilyl a-bromo aldoximes 1 with
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unsaturated alcohols 3 in the presence of fluoride ion to produce unsaturated ethers 4. Most likely
this reaction involves a nitrosoalkene intermediate (i.e. 2) since an analogous process is known to
occur upon treatment of a-halo oximes with base.6 Nitrosoalkenes so generated undergo rapid
addition of a variety of nucleophiles resulting in an overall nucleophilic functionalization alpha to
the oxime center.7-10 In our case the resulting unsaturated ether 4 possesses an aldoxime func-
tionality which can be readily oxidized to a nitrile oxide intermediate that spontaneously cyclizes.

Intramolecular nitrile oxide-olefin cycloadditions (INOC) have been of considerable synthetic
and mechanistic interest.5 When such reactions are to be employed in the construction of cyclic
compounds with well defined stereochemistry, it is most desirable to be able to predict stereo and
regioselectivity during ring formation.11 The unsaturated dimethyl substituted oxime 4a was
readily converted in 95% yield to the cycloaddition product 5a by treatment with sodium
hypochlorite. In a similar manner ring closure with formation of the five-membered cyclic ether took
place from 4b to produce 5b as a single diastereomer?2.13 in 88% yield while the analogous methyl
system (i.e. 4¢) gave rise to a 2.4:1 mixture of diasterecisomers 5¢ in 71% yield.12 Raney-nickel
reduction of 5b resulted in isolation of the functionalized THF derivative 7 in 80% yield.12

MM2 calculations help rationalize the exclusive formation of cycloadduct 5b and account for
a mixture of isomers with the methyl system (i.e. 5¢). The calculations reveal a 0.96 kcal difference
between the two diastereomeric transition states for the phenyl case but only a 0.38 kcal difference
for the methyl system.14 In both cases the lower energy isomer corresponds to the trans
diastereomer. This is a subtle effect which is not immediately obvious on inspection of molecular
models but for which MM2 calculations serve well to predict stereochemistry in such intramolecular
dipolar-cycloadditions.
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In order to establish the generality of the reaction, we have investigated the cycloaddition of
a number of closely related systems. Treatment of 1¢ with cyclohexenol followed by NaOCI oxida
tion gave the tricyclic ether 812 in 67% yield. The use of propargyl alcohol and propargy! thiol led,
via the acetylenic oximes, to fused tetrahydrofurano[3,4-clisoxazoles 9a and 9b. An analogous
reaction occurred with bromo aldoxime 1b giving in 75% yield isoxazole 9¢.15 Reaction of 1-buten-
4-ol with a-bromo aldoxime 1b followed by NaOCI oxidation afforded tetrahydropyran derivative
6b, mp 77-790C, in 40% yield.

During the course of our studies we found that simple heating of the unsaturated oxime (i.e.
4b) at 80°C in benzene led in 25% yield to cycloaddition product 11 as a single diastereomer.12,16
Grigg and coworkers have previously demonstrated that aldehyde and ketone oximes react with
electron deficient olefins to give isoxazolidines in which a second molecule of the olefin is attached
to the isoxazolidine nitrogen atom.17 More recently, the 2-oximes of 1,2,3-tricarbonyl systems
have been shown to undergo a proton transfer from oxygen to nitrogen to generate a 1,3-dipole as
a reactive intermediate.1®8 However, attempts to extend this 1:1-cycloaddition process to other
simple aldehyde or keto oximes by the Grigg group were unsuccessful. We believe that the
conversion of 4 to 11 involves a thermal tautomeric equilibration19 of the oxime with its 1,3-dipolar
tautomer 10 which subsequently undergoes an intramolecular dipolar-cycloaddition. The facility
with which oximino ethers of type 4 undergo 1:1-cycloaddition may be related to the presence of
the heteroatom in 4 which promotes the tautomeric equilibration process.
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Tetrahydroisoxazoles of type 11 are potential starting materials for the stereospecific formation of
1,3-amino alcohols.

Other aspects of the reaction of oximes possessing olefinic side chains and their application
to natural product synthesis will appear in forthcoming papers.
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