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THERMAL EQUILIBRIUM BETWEEN ''ISOXAZOLIDINE" ANMD "ENAMINE"
R. A. Reamer, M, Sletzinger and I. Shinkai®

Merck Sharp & Dohme Research Laboratories
P. O. Box 2000, Rahway, New Jersey 07065
Summary: Nitrones formed from the reaction of N-phenylhydroxylamine and aldehydes dimerized
to isoxazolidines. A new thermal equilibrium between isoxazolidine and N-hydroxyenamine in
DMSO was studied by H and 13C MMR. -

In general, the condensatlon reaction of N-substituted hydroxylamines with aldehydes gives
nitrones. This method has been widely applied to prepare synthetically useful nitrones which
have been uged for the total synthesis of complex molecules such as alkaloids and B-lactam
antibioticsl. The formation of nitrones la and 13 was reported by Utinger and Regenass in 19342,
However, the structure la was revised3, based on the !H MMR studies, as an isoxazolidine
structure 23 which is derived from the dimerization of la. The formation of 2 can be envisaged
as an 1,3-dipolar cycloaddition reaction of nitrone 1 to grhydroxyenaminelij under the reaction
conditions®,

We now wish to report spectroscopic evidence of a new thermal equilibrium between

isoxazolidine 2 and enamine‘}: by ¥ and 3¢ WMR studies.
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Fig. 1 The }3C NMR spectrum of 2b in DMSO-d, after heating at 60°C for 3.5 hr.

The reaction of N-phenylhydroxylamine with the sodium salt of ethyl formylacetate7 in dry
ether in the presence of acetlc acid gave colorless needles (from ethanol), EB, mp 120°C,
mass spec. m/e = 414(M%) by chemical ionization with methane. The structure of 2b, ethyl 4-
ethoxycarbonyl-5—-(N-hydroxyanilino)-2-phenylisoxazolidine-3-yl acetate, was ildentified un-
ambiguously by 13¢ NMR. Pertinent 13C NMR spectral data for 2b and 2c are listed in Table 18,
Recently, isoxazolidine 2¢ formation from the reaction of N-phenylhydroxylamine and phenyl
sulfonylacetylene has been reportedg.

An atcempted thermolysis of 2b in refluxing toluene or chloroform gave no single product.
On the other hand, heatimg a DMSO—d6 solution of 2b at 60°C resulted in a clean reaction which
was monitored by both !H and 13C BMR. In the !H NMR of 2b, the doublet signal at §=6.1 (J=6.0
Hz,H5 in 22), disappears after heating at 60°C for 12 hr, two new doublets at 6=5.13 and 6=7.%4
(J=12 Hz) were observed which can be assigned to the olefinic hydrogens in enamine 1b'. As is

shown in Fig. 1, the 13¢c NMR spectrum of 2b after heating in DMSO—d6 c¢clearly suggested the
—
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conversion of 2b into 1b' without significant formation of 1b. Interestingly, the DHSU—d6
solution of ;E' showed considerable dimerization to ZP after being allowed to stand in solution
at room temperature for 24 hrs. Although the thermal retro 1,3-dipolar cycloaddition reaction
of some 1soxazolidines to corresponding nitrones and olefins is known!?, we could not observe

any nitrone formation, probably due to its high reactivity and low equilibrium concentrationl?.

H CO0CH,,CH

() 2773
ad°C +
Ph— g COGCHQCH3=—-—> E’h—lil-CH=CH—CODCH2CH3 LS Ph—ll‘I=CH—CH2COOCH2CH3]
\O R.T. [1): 0~
oo U B

In this thermal equilibration, the acidity of the methylene hydrogen attached at (23 plays
a key role. To prove this hypothesis, the isoxazolidine J¢ was prepared frem the reaction of
N-phenylhydroxylamine and propionaldehydes in ether in the presence of anhydrous calcium
chloride. As expected, the isoxazolidine 2¢ is completely stable under heating at 120°C in
DMSO—d6 due to the lack of acidity of the methylene group attached at C312.

The attempted preparation of nitrone 3 from the reaction of the oxime of ethyl formyl-

acetate with benzyl chloride gave only cyclized product 2—benzyl—2,3—dihydro—5-isoxazolone.ﬁ_

in a low yieldla.
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Thus, the nitrones 1 which are formed from the reaction of N-phenylhydroxylamine and
aldehydes, dimerized immediately to an isoxazolidinel!® which when bearing an active methylene
group at C3, showed a thermal equilibrium between enamine and fsoxazolidine via a retro 1,3-

dipolar cycloaddition reaction. The synthetic use of this new reactive enamine‘i; is under-

study in our laboratories.
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