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Chemiluminescence of 2, 3,4, 5-Tetraphenyl-
pyrrole

By Taro HavasHi and Koko MAEDA
(Received October 13, 1962)

We have been studying! the mechanism of
the chemiluminescence of 2,4, 5-triphenylimi-
dazole (lophine) and have already proposed
a mechanism involving free radical and per-
oxide®. Recently an investigation of the
electron spin resonance of the free radical
2, 3,4, 5-tetraphenylpyrryl, a solution of which
was prepared by oxidation of tetraphenyl-
pyrrole, was reported®.

Lophine aid tetraphenylpyrrole resemble
each other in several aspects. They are both
nitrogen-containing, unsaturated, five-membered
heterocyclic compounds in which each of the
carbon atoms of the ring combines with a
phenyl group; and they both produce a free
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radical by oxidation, which reacts with molecu-
lar oxygen to produce a peroxide. Tetra-
phenylpyrrole was therefore expected to exhibit
chemiluminescence on oxidation as lophine
does. As expected, a solution of tetraphenyl-
pyrrole (0.1g.) in 20cc. of 2N ethanolic solu-
tion of potassium hydroxide produced a weak
greenish blue luminescence*> at about 60°C
upon addition of 3% aqueous hydrogen per-
oxide solution followed by 2% aqueous potas-
sium ferricyanide solution, or 2% aqueous
potassium ferricyanide solution only, or 2%
ethanolic solution of bromine. When dissolved
oxygen in the solutions in the latter two cases
was removed by a stream of nitrogen, no
luminescence was shown, and when oxygen
was passed into the reaction mixture, a lumine-
scence appeared immediately. Therefore it seems
probable that molecular oxygen is necessary
for the luminescence of tetraphenylpyrrole.

By oxidation of the benzene solution of
tetraphenylpyrrole containing 2N ethanolic
potassium hydroxide with 29 aqueous solu-
tion of potassium ferricyanide in nitrogen, a
pink benzene solution was obtained containing
the free radical 2, 3, 4, 5-tetraphenylpyrryl, with
optical absorption maxima at 524 mg and
563 my®. The benzene solution containing the
free radical produced a weak greenish blue
luminescence when 2N ethanolic potassium
hydroxide was added with a stream of oxygen
at about 60°C. Thus it appears probable that
the free radical tetraphenylpyrryl is the
intermediate stage of the chemiluminescence
process of tetraphenylpyrrole.

The pink solution of the free radical tetra-
phenylpyrryl in benzene reacted with molecu-
lar oxygen to turn yellow. The reaction was
promoted markedly by irradiation with ultra-
violet light. The yellow solution was eva-
porated under reduced pressure to leave a
yellow solid residue which melted at about
70~80°C with evolution of gas, presumably
oxygen, and proved positive in the starch test
for iodine when treated with potassium iodide.
Hence the yellow residue seemed sure to contain
the peroxide. When 2N ethanolic potassium
hydroxide was added to the benzene solution
of this yellow residue at about 60°C in the
absence of oxygen, a weak greenish blue
luminescence was produced. This fact shows
that the peroxide of tetraphenylpyrryl produces
a luminescence in ethanolic potassium hydro-
xide in the absence of oxygen.

Accordingly, the mechanism of the chemi-
luminescence of tetraphenylpyrrole appears pro-
bable that tetraphenylpyrrole in the first step

4) The luminescence was far weaker than that of
lophine. No luminescence of tetraphenylpyrrole was
observed with molecular oxygen.
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produces the free radical tetraphenylpyrryl with
oxidizing agent, and then the free radical
produces the peroxide with molecular oxygen
and the peroxide exhibits a luminescence
without molecular oxygen. This free radical-
peroxide mechanism is analogous to that of
lophine?:®, It is considered that this mechanism
would be general for luminescence, at least
for that of nitrogen-containing unsaturated
heterocyclic compounds requiring molecular
oxygen, and would be involved in the
mechanism of bioluminescence.

When the solution of the peroxide in
ethanolic potassium hydroxide was heated at
about 60°C in nitrogen atmosphere for several
hours, ammonia, benzoic acid and 2,3,4,4-
tetraphenyl-5-0xo0-2-pyrroline were detected.
The mechanism of the luminescence of the
peroxide has not yet been determined.
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