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282. Carbenic Behaviour of Isocyanoamines generated by Flash
Pyrolysis of 4-Arylhydrazono-isoxazol-5-ones.
Rearrangement to Cyanamides and Indazoles
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Summary. Flash pyrolysis of the 4-arylhydrazono-3-methyl-isoxazol-5-one (1) yields carbon
dioxide, acetonitrile, and isocyanoarylamines 2 which under the reaction conditions rearrange
to either arylcyanamides 3 or indazoles 4. It is shown by deuterium labelling that only the iso-
cyanoamines not the isomeric nitrile imines are intermediates in the formation of indazoles.

In the accompanying paper we describe a method which offers considerable pro-
mise for the production of methylidenecarbenes in the gas-phase [1]. We now report
(a) an extention of this procedure, allowing the facile generation of highly reactive
isocyanoamines, and (b) the carbenic behaviour of such compounds.

4-Arylhydrazono-3-methyl-isoxazol-5-ones (1) are easily obtained from the one-
pot reaction between ethyl acetoacetate, hydroxylamine hydrochloride, the appro-
priate arylamine, and sodium nitrite [2]. Flash pyrolysis of 1a at temperatures be-
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tween 400° and 550°/10-3-10-2 Torr?) resulted in a clean fragmentation into ace-
tonitrile and carbon dioxide, identified by IR. spectroscopy of the condensable gas.
The less volatile product consisted of phenylcyanamide (3a) and indazole (4a)3).
The nature of the products suggests that the key intermediate is isocyamoaniline 2a.
The corresponding indazoles and/or cyanamides were also obtained by pyrolysis of
1b-e (Scheme 7).

2)  Two types of apparatus were used; one [3] consisting of a 30 x 2 cm quartz tube, operating

at 1078 Torr; the other a 40 X 3.5 cm quartz tube at 10-2-10-1 Torr.

3) Identified by IR., NMR., and mass spectrometrical comparison with authentic materials
after separation by column chromatography (SiOz/CCl4—CHClg).
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Since we have shown previously that thermally generated nitrile imines cyclize
quantitatively to indazoles in the gas-phase [4], the question arises whether the iso-
cyanoamines 2 or the isomeric nitrile imines are the true intermediates:

1a or 2a -> Ph-N-N=C-H «> Ph-N=N-C-H —> 4a.

The following deuterium labelling experiments demonstrate unequivocally that
only the isocyanoamines 2 are the reactive intermediates.

The pyrolysis of compound 5 (obtained by exchange between 1a and DpO) at
550°/10~2 Torr resulted in the exclusive formation of 1-[Dl-indazole (8) which easily
exchanged back to indazole with HyO (in fact, it did so already partially during iso-
lation). No diminution of the H-C(3) singlet at § 8.22 ppm in the NMR. spectrum of
indazole [5] was observable (absence of 7) (Scheme 2). Similarly, the 2,4,6-trideuterio-
phenylhydrazone 9 (obtained from 2,4,6-trideuterioaniline using the standard pro-
cedure {2]} yielded only 3,5, 7-trideuterioindazole (12), and not 1,5, 7-trideuterioinda-
zole (11) (Scheme 2), as shown by NMR. spectroscopy (absence of the H-C(3) singlet
at 4 8.22 ppm). Repeated boiling of 12 with methanol caused no change in the NMR.
and mass spectra (continued presence of three deuterium atoms). However, treat-
ment with deuteriomethanol resulted in the rapid formation of 1,3, 5, 7-tetradeuterio-
indazole (13) (Scheme 2). From these results it is clear that no isocyanoamine/nitrile
imine rearrangement takes place. Furthermore, a hydrazone-azo tautomerism in the
starting material 1 (5, 9) can be excluded, as can a thermal 1,3-hydrogen shift in
indazole itself under the reaction conditions. These hydrogen shifts are, of course,
formally forbidden by the Woeodward-Hoffmann rules of orbital symmetry [6], but
could nevertheless not be excluded a priori.

In conclusion, we have demonstrated a near-quantitative formation of isocyano-
amines 2 by flash pyrolysis of the hydrazones 1. The isocyanoamines behave in the
same way as methylidenecarbenes {1] [7], undergoing an aromatic C--H insertion
reaction leading to indazoles 4, or rearranging to cyanamides 3 by a 1,2-shift.
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