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Abstract – Aminolysis of nitroisoxazolone affords unsymmetrical 1,1-diamino-
2-nitroethenes and carbamoylamidoximes with simple experimental

manipulations.

The “built-in” method of a functional unit is one of the important methodologies for the construction of

polyfunctionalized compounds, and various kinds of building blocks have been developed.  1-Amino-2-

nitroethene (nitroenamine), a typical push-pull alkene, reveals versatile reactivity such as electrophilic

and nucleophilic addition-elimination as well as 1,3-dipolar cycloaddition and reduction.1  1,1-Diamino-

2-nitroethenes (DANEs) are also used as synthetic intermediates for polyfunctionalized systems and as

biologically active compounds.1  DANEs are relatively easy to prepare.  The condensation of

nitromethane with carbon disulfide followed by alkylation leads to 1,1-bis(alkylthio)-2-nitroethene (1),

which is then treated with amines to produce DANEs with symmetrical structure.1c  On the other hand,

preparation of unsymmetrical DANEs is somewhat troublesome.  After one of the alkylthio groups in 1

is activated with conversion to monosulfoxide, successive substitution with different amines gives

unsymmetrical DANEs via nitroketene N,S-acetal.2  The addition of amine to isothiocyanate yielding

N,S-acetal is also effective route.3  Another alternative which can be employed involves the

condensation of nitromethane with unsymmetrical ketene diimine.4  However, these preparative

methods for unsymmetrical DANEs are not always facile because of the difficulty of obtaining the

starting materials.1  Hence, it is highly desirable to develop a more efficient method for preparation of

DANEs.

In our course of study on functionalized nitroenamines, we have established preparative methods using

highly electron-deficient heterocyclic compounds.  Isomeric N-substituted 5-nitropyrimidinones are
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regarded as the masked form of functionalized nitroenamines.  For example, aminolysis of

nitropyrimidinones affords β-nitroenamines bearing a carbamoyl or a formyl group at the β-position,5

which are transformed to pyridones, pyrazoles and macrocyclic compounds.5,6  We recently showed

nitroisoxazolone (2) behaves as a synthetic equivalent of the 1,3-dipolar nitroenamine affording 4-

nitropyrrole-2-carboxylic acid derivatives.7  Here, we anticipate that aminolysis of 2 furnishes DANE

(3).
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To a solution of isoxazolone (2) in acetonitrile, p-methoxyaniline was added and the mixture stirred at

room temperature.  After removal of solvent, the reaction mixture was treated with column

chromatography on silica gel to afford colorless prismatic crystal (3a).  In the 1H NMR spectrum, the

signal of N-methyl group appeared as a doublet, which means that the exchanging rate of the adjacent N-

hydrogen was markedly slow.  In the lower field of the 13C NMR and the DEPT spectra, two signals of
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sp2 carbons were observed at 98.2 ppm (tertiary carbon) and at 156.4 ppm (quaternary carbon).  The

large difference of chemical shifts corresponds to extremely biased electron density on the ethylene

moiety.  On the basis of spectral and analytical data,7 3a was assigned as DANE (E-isomer), which was

also confirmed with X-Ray crystallography.7  Electron rich anilines afforded DANEs (3a) and (3b) in

good yields, however starting materials were quantitatively recovered in cases of non-activated anilines.

DANEs (3c-e) could be prepared under heated conditions, and gradual addition of anilines at 50 °C

before heating at 80 °C was effective.

Heated conditions also furnished another products (4a-e).  While elemental analyses of products (3) and

(4) gave same empirical formulas, NMR spectra were quite different.8  Three protons in 4 were found to

be exchangeable with deuterium oxide in the 1H NMR spectrum, and two signals of sp2 carbons were

observed at 145.7 and 161.7 ppm besides signals of a benzene ring (in the case of 4a) in the 13C NMR

spectrum.  This data indicates that the products (4) are amidoximes having a carbamoyl group, and the

structure was finally confirmed with X-Ray crystallography using 4f (Z-isomer).9

Reactions of isoxazolone (2) with aliphatic amines completed just after adding amine, and amidoximes

(4f-j) were obtained in high yields.  In each reaction, formation of DANEs (3f-j) was not detected.  It

is notable that sterically hindered t-butylamine can be employed without problem.  The present reaction

is also applicable to secondary amines.  Dipropylamine and morpholine afforded amidoximes (4k) and

(4l) in 74 and 76 % yields as a mixture of E/Z isomers, respectively.  In the reaction using propylamine,

a small amount of polyfunctionalized acrylic acid (5f) was obtained.  When propylamine was added at

lower temperature, larger amounts of 5f and ammonium salt (6f) were produced.  As the ammonium salt

(6f) is quantitatively converted to 5f by acidification with hydrochloric acid, the yield of 5f is

consequently improved up to 44 %.
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              Scheme 1  A plausible mechanism for the present reaction
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A plausible mechanism forming DANE (3) is illustrated in Scheme 1.  Deprotonation at the 3-position

of 2 gives ketene imine carboxylate (7).10,11  The amination at the cumulene carbon and decarboxylation

give DANE (3).  Isolation of 5f and 6f supports this conclusion.  On the other hand, a satisfactory

explanation for the formation of amidoxime (4) is still to be determined.  Since isolated DANE (3a) was

not transformed to amidoxime (4a) under the same conditions used for preparation of 4a from 2, we

consider that DANE (3a) is not a precursor for amidoxime (4a).  In our previous work, we have found

that carbamoylnitrile oxide (8) is easily generated by treatment of isoxazolone (2) using only water at

room temperature in the absence of base (Scheme 2).12  Hence, amidoxime (4) might be an adduct of

amine with nitrile oxide (8).
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    Scheme 2 Generation of nitrile oxide (8) from isoxazolone (2)

In summary, unsymmetrical DANEs (3) are readily prepared with aminolysis of nitroisoxazolone (2).

Furthermore, aminolysis of 2 leads to functionalized amidoxime (4) which is also a useful precursor for

polyfunctionalized compounds such as 1,2,4-oxadiazole.13  We are now studying chemical

transformations of building blocks (3-5), and results will be shown in due course.
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