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Recent reports on the generation of aryne intermediates by the thermolysis of
phthalic anhydride! and pyrazine-2,3-dicarboxylic anhydride? prompt usto disclose
some of our own work which, though independently initiated, has progressed along
similar lines.

The mass spectrum of phthalic anhydride has an intense peak at m/e 76 (Eq. 1),
resulting from the loss of carbon dioxide and carbon monoxide, in that order. The
m/e 76 peak corresponds to [CGH4]+', which fragments further by elimination of
acetylene to produce a fragment of m/e 50, [C4Hz]+'; the m/e 76 peak has been at-
tributed to benzyne! and, indeed, thermolysis of a solution of phthalic anhydride in
benzene has been reported to lead primarily to products attributable tothe reaction
of benzyne with benzene.! In addition, biphenylene was shown by gas chromato-~ )
graphic analysis and mass spectroscopic analysistobe a minor constituent (ca. 1%)
of the hydrocarbon portion of the hydrolysate.! In our own work, phthalic anhydride
vapor was pyrolyzed in a stream of nitrogen at 50 mm. over a glowing Nichrome
coil at ca. 800° and the pyrolysate was trapped on a cold finger keptat-78°. In this
way, biphenylene was obtained in substantial yield [10-15%, based on unrecovered
anhydride (33% recovery) ], together with smaller amounts of higher ~molecular
weight hydrocarbons. v

Tetrachlorophthalic anhydride behaves éim;larly on electron impact; except that
a fragment corresponding to the m/e 50 fragment in the spectrum of phthalic anhy- ’
dride is not observed (Eq. 2). In addition, chlorine is lost by [CsCh]*' and there
are peaks in the mass spectrum corresponding to the doubly-charged ions [C4Cl ]2+
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[06013]”,_[%012]#, and {C¢C1]%". Thermolysis of tetrachlorophthalic anhydride
vapor at 800° in a similar manner (hot wire, nitrogen stream, 15 mm, pressure)
affords two oroducts, (a) hexachlorobenzene (Vla, 34% yield), which 1is probably
formed by th2 addition of elemental chlorine to tetrachlorobenzyne, and (b) octa~
chlorobiphenylene (VII, 30% yield), yellowish-green needles, m.p. 292-294° (sealed
tube, decomp. ; sublimes at 290°/760 mm. ); l%}g 225 my (log € 4.23), 243 (4.08),
268sh (4.10), 279 (4.45), 290 (5.15), 354 (3.05), 375 (3.21), 393 (3.26), 428 (2.91), 452
(2.87). Mol. wt. (mass spectr.) 424; caled. 424 (for C'? and C1¥ only). Octachloro-
biphenylene is the first example of a perhalogenated biphenylene to be reported.

Tetrabromophthalic anhydride also loses carbon dioxide, carbon monoxide, and
halogen on electron impact (Eq. .3) and the mass spectrum contains doubly-charged
peaks attributable to [C;BroJ?, ECGBr,,j’*, [CeBrs)?*, [CeBr,1?, and [CgBrl*.
However, in contrast to the tetrachloro anhydride, the tetrabromo anhydride does
not give the halogenated biphenylene on thermolysis but gives only hexabromo-
benzene (VIb), formed in 20% yield [based on unrecovered anhydride (31% recov-
ery)]. Hexabromobenzene is probably formed by the addition of bromine to tetra-
bromobenzyne and, in fact, copious quantities of bromine are liberated during ther-
molysis of the aphydride.

Pyridine-2,3-dicarboxylic anhydride fragments on electron impactin a manner
analogous to that of phthalic anhydride (Eq. 4). The resulting fragment of mfe 77
eliminates hydrogen cyanide and this elimination is similar to the loss of hydrogen
cyanide from the molecular ion of pyridine ® On thermolysis in an unpacked porce-
lain tube in a stream of nitrogen at 600° and 12 mm. pressure, pyridine-2,3-dicar-
boxylic anhydride is completely degraded to give a mixture of an unsaturated nitrile
(8.4% yield), hydrogen cyanide, and gaseous uncondensable products.

The unsaturated nitrile is a colorless oil, m.p. 4-6°, which polymerizes rapidly
at room teraperature. We assign to the nitrile the structure of B-ethynylacrylo-
nitrile (VIII)on the basis of the following evidence: (a) Hydrogenation of the unsat-
urated nitrile at atmospheric pressure inthe presence of 10% palladium-on~charcoal
gives valeronitrile (shown to be identical with authentic matérial by VPC, IR, and
mass spectroscopy); (b) the IR spectrum of the unsaturated nitrile contains bands
at 3.02 4 (ethynyl CH stretching vibration) 3.32 (ethylenic CH stretching vibration)
and a group of bands at 4.29, 4.41, 4.50, and 4.75 due to acetylenic and nitrile ab-
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sorption; (c) the UV spectrum contains maxima at 242 and 252 mpy; (d) the NMR
spectrum contains peaks at 6 3.5 ppm (singlet, 1 acetylenic proton), 5.8 and 6.2 (2
vinyl protons) (all peaks including the peak due to the TMS standard, were unusually
broad, probably because of free-radical polymerization of the nitrile); and (e) the
mass spectrum of the unsaturated nitrile contains a parent peak at m/e 77 which
loses hydrogen cyanide to give a fragment at m/e 50. Copious quantities of hydro-
gen cyanide are actyally formed in the thermolysis-of pyridine-2,3-dicarboxylic an-
hydride, presumably through decomposition of B-ethynylacrylonitrile (VIH).
Further comparative studies on the electron-impact and thermolytic fragmen-
tation of aromatic anhydrides and other types of aromatic carbonylcompounds are

now in progress and will be reported in due course.
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stable peak formed in the transitions shown [I - II (Eq. 1), M: = II = IV (Eq. 3),

etc. ]. Mass spectra were obtained at 70 eV and 18 4 A on an Atlas CH4 Spectro-

meter.
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