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Summary: C-Cyclopropyl-N-methyl nitrone and C, C-dicyclo-
propyl-N-methyl nitrone have been synthesized, and the cyclo-
additions of these species to electron-deficient dipolarophiles
have been studied.

Prior to 1973, nitrones were believed to add to monosubstituted dipolarophiles in a
unidirectional fashion, giving 5-substituted adducts exclusively, regardless of the nature
of the alkene substituent.? Huisgen discovered several exceptions with electron-deficient
acetylenes: a 58:42 mixture of 4- and 5-substituted isoxazolines, respectively, was
obtained in the reaction of methyl propiolate with C-phenyl-N-methyl nitrones, and only

the 4-substituted isomer was obtained with 3, 4-dihydroisoquinoline N-oxide?
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We reported a rationalization of these results, based on the idea that the nitrone
LUMO controls regioselectivity, until the dipolarophile becomes very electron-deficient,
or the nitrone becomes very electron-rich,® Indeed, we reported in 1973 that very
electron-deficient dipolarophiles give significant amounts of, or even predominant, 4-

substituted isoxazolidines or isoxazolines, in accord with predictionsf"

We have shown
that there is a general tendency for the amount of 4-substituted adduct to increase
as the ionization potential of the nitrone decreases or as the electron affinity of the
dipolarophile increases. 7 This corresponds to an increase in nitrone HOMO energy

or decrease in dipolarophile LUMO energy, respectively.

Here we wish to report the synthesis of two electron-rich nitrones, containing the
electron donor cyclopropyl substituent. These electron-rich nitrones give significant
amounts of 4-substituted adducts with electron-deficient dipolarophiles. C-cyclopropyl-

1,8 was synthesized by the reaction of cyclopropanecarboxaldehyde

N-methyl nitrone,
with N-methylhydroxylamine hydrochloride ( 2N NaOH, 5 minutes, then chloroform
extraction) in 90% yield. The compound is a colorless oil which hydrolyzes readily
to starting materials. A similar procedure gives C-cyclopropyl-N-tert-butyl nitrone.
Dicyclopropyl ketone, like other ketones, 9 does not react with N-methylhydroxylamine,
but the nitrone, 2, 8 could be prepared by methylation of dicyclopropylketone oxime
(Mel, NaOEt, EtOH).7'9 The O-methyl ether, 3 6

3," is also formed. Both 2 and 3 are
oils, and are formed in a 2:3 ratio under these conditions.
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The cyclopropy! nitrones have considerably lower ionization potentials than C-phenyl

7,10

nitrones, due to the potent electron-donor ability of the cyclopropyl group.lz

C-phenyl- N-methyl nitrone has m ionization potentials of 8.01 and 9.91 eV. The first
IP involves an orbital only about 50% localized on the nitrone moiety. C-Cyclopropyl-
N-methyl and C, C-dicyclopropyl-N-methyl nitrones have m [P's of 8.30 and 7.89 eV,
respectively, and computations indicate that the corresponding HOMO's are heavily local-
ized on the nitrone moiety. We expected, therefore, that these relatively electron-
rich nitrones should react rapidly with electron-deficient dipolarophiles, and more of the

4-substituted adducts should be formed than are found for less electron-rich nitrones.

The Table shows the ratios of adducts formed from a variety of dipolarophiles.
The adduct structures were assigned from nmr spectra of the separated adducts, while

ratios were determined by nmr integration of the crude reaction mixtures.’®

Table. Ratios of 4-Substituted: 5-Substituted I, 3-Dipolar Cycloadducts. ¢

Nitrone
Dipolarophile l_b 2
Styrene only 5- only 5-
Methyl acrylate 1:4 1:1
Acrylonitrile 1:2 3:1
Phenyl vinyl sulfone 1.6:1 only 4-
Ethyl propiolate 4:1 only 4-

a) All reactions were carried out in chloroform at 63°.
b) Each regioisomer was formed as a mixture of cis and trans sterecoisomers.

Both nitrones produce the expected S-substituted adduct with the conjugated, relatively
electron-rich, styrene, but with electron-deficient dipolarophiles, the amount of 4-
substituted adduct increases roughly as the electron-deficiency of the dipolarophile in-
creases. In general, the more electron-rich C, C-dicyclopropyl-N-methyl nitrone
gives more of the 4-substituted adducts than are formed from the monocyclopropyl
compound. In fact, C, C-dicyclopropyl-N-methyl nitrone shows complete "‘reversal of
regioselectivity " in cycloadditions to the very electron-deficient phenyl vinyl sulfone
and methyl propiolate. Because of the high-lying HOMO and LUMO of C, C-dicyclopropyl-
N-methylnitrone, the dipole HOMO-dipolarophile LUMO interaction becomes so much
more important than the dipolarophile HOMO-dipole LLUMO interaction that the former

completely dominates the reactions and leads to the formation of only the 4-substituted
adducts.
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In all reactions with dipolarophiles, C-cyclopropyl-N-methyl nitrone is more reactive
than C, C-dicyclopropyl-N-methyl nitrone. The reverse is expected on the basis of
electronic factors only, but the approach of 2 to the dipolarophile is more sterically
hindered than the approach of 1. This steric effect does not prevent formation of

the more hindered adduct, however.

The results of this work suggest that when the dipole is made sufficiently electron-
rich and the dipolarophile sufficiently electron-deficient, the regioselectivity of nitrone

cycloadditions is controlled mainly by electronic considerations rather than steric factors.
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