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Isomerisations under Electron Impact.!
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The Imide-Isoimide

Interconversion and its Dithione Analogue

By C. M. AxnpErsoN and R. N. WARRENER*
(Department of Chemistry, School of General Studies, Australian National University, Canberva, 2600)

and C. S. BARNES
(C.S.R. Researvch Laboratories, Roseviile, N.S.W. 2069, Austrvalia)

JoHNSTONE, MiLLARD, and MILLINGTON,? and
subsequently others,®# have reported the loss of
CO, from phthalimides upon electron impact,
which it has been suggested arises by fragmentation
of the isoimide, generated from the initial phthal-
imide upon electron impact. We have confirmed
this by subjecting N-phenylisophthalimidet (IT)
to electron impact (70 ev) where we find the
fragmentation pattern to be almost indistinguish-
able from that of the isomeric N-phenylphthal-
imide. Control experiments show that each isomer
is thermally stable at temperatures considerably
higher than those of the spectrometer’s heated
inlet system.} This suggests that the rearrange-
ment is induced by electron impact and is not due

to thermal isomerisation prior to bombardment,
as recently suggested* by Aplin and Jones. This
imide to isoimide rearrangement can also explain®
the formation of benzonitrile on pyrolysis (480°)
of phthalimide, although the reverse reaction
occurs when N-substituted isomaleimides are
heated with sodium acetate or triethylamine
acetate.® Asphthalimide also shows this (M — 44)
peak in its mass spectrum, this may be another
example of a parallel between thermal and
electron impact fragmentations.

This isomerisation also occurs in the maleimide
series, where the mass spectrum of N-phenyl-
maleimide is almost indistinguishable from that of
N-phenylisomaleimide (see Figure). Again NO

1 N-Phenylisophthalimide was prepared from N-phenylphthalamic acid by cyclisation in methylene chloride with
dicyclohexylcarbodi-imide, and purified by chromatography on silica gel.
1 A Perkin-Elmer-Hitachi Model R.M.U.-6D mass spectrometer with an all glass inlet was used for all mass spectral

measurements,
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FIGURE.

thermal isomerisation of the N-phenyl maleimide
was observed,§ even after heating for 1 hr. at

200°. Some decomposition occurred on heating
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Mass spectra of N-phenylmaleimide (lower portion) and N-phenylisomaleimide (upper portion) at 70 ev.

the isomaleimide, judging from the darkening of
the sample, but only resonances due to the isoimide
were observed in the H n.m.r. spectrum.

No examples of this (M — 44) loss has been
observed?” in the mass spectra of a large variety of
imides which lack the aﬂ-unsaturated bond, even
in cases where the imide is sterically confined and
fused to a rigid alicyclic system such as compound
(IV). To accommodate this dependence on the
presence of an af-unsaturated double bond it is
suggested that rearrangement occurs vig an inter-
mediate related to the spiro-lactam (III). Such
an intermediate, contrary to that suggested by
Johnstone and his co-workers,? would not be
available to those imides which lack the double
bond.

A similar isomerisation may operate with the
related dithiophthalimides (V) which show a
strong (M — 76) peak due to loss of CS,. The
behaviour of the 2’,4’,6’-trideuteriated derivative
(Vb) confirms that the (M — 76) peak is not due

§ The thermal stability was conveniently monitored by !H n.m.r. spectrometry. The n.m.r. spectrum (60 Mc./sec.
in CDCly) of N-phenylmaleimide showed the narrow symmetrical multiplet of the phenyl protons (5H,  2-48—2-70)
and the N-phenylisomaleimide displayed a broad unsymmetrical multiplet in the phenyl proton region (6H, = 2:45—
2-85), coincident with the lower-field doublet of the vinylic protons (AB type) together with the higher-field vinylic

proton (1H, doublet, = 3-32, J = 5-5 c./sec.).
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to the elimination of benzyne from the N-sub-
stituent. Metastables for the transition (M) to
(M — 76) are not present, although the (M) and
(M — 76) ions have suitable isotope peaks con-
sistent with this assignment. The most prominent
peak in the spectrum of (Va) is the (M — 1)
peak (94%). This is assigned to the cyclic
product (VI). The corresponding (M — 2) peak
appears in the deuterio-derivative (Vb), together
with a significant (M — 1) peak, suggesting that
some scrampling of the label may have occurred
prior to conversion to (V).
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