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CONTROLLED CHEMILUMINESCENCE DURING THE OXIDATION OF TETRAARYL-2%,2'-BI-
IMIDAZOLIDINES BY TRIPLET OXYGEN IN THE PRESENCE OF FLUORESCERS

F. Roeterdink, J.W. Scheeren and W.H. Laarhoven*

Department of Ornganic Chemistry, Undiversity of Nifmegen,
Toernoodveld, 6525 ED NIJMEGEN, The Netherlfands

Abstract: Tetraary]-Az’z'-biimidazo]idines (3) are stable compounds in the solid state. In solu
tion they react with triplet oxygen. In the presence of fluorescers chemiluminescence
is observed. The intensity and 1ifetime of the chemiluminescence depends on the sub-
stituents at the aryl groups and on the solvent.

Electron-rich alkenes devoid of allylic hydrogens can generally be oxidized by singlet oxygen
into dioxetanes®. These products decompose thermally into carbonyl compounds, and in most cases
the reaction is accompanied by the emission of 1light? with a spectrum identical with the fluor-
escence (or phosphorescence) spectrum of the formed carbonyl compounds.

The very strongly electron-rich tetraaminoethylenes (]) are oxidized by oxygen into a number
of products among which ureas predominate. This reaction too is accompanied in most cases by chemi-

Tuminescence®s7?, but the emitted light has the same spectrum as the fluorescence emission of the
tetraaminoethylene used.
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Compounds finally derived from 1 by bridging the nitrogens by an ethylene group, viz. 1,1',3,3'
tetraalkyl-42>2'-biimidazolidines 2 show an analogous behaviour®s®, but, 1,1',3,3'-tetraaryl-

4%52'-biimidazolidines’® (3) do not show chemiluminescence though they are oxidized rapidly in
solution®,19,
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We observed, however, that a solution of 3 (aryl=C¢Hs) in chloroform in the presence of 9,10-di-
bromoanthracene as a fluorescer showed a bright lTuminescence when shaken with air, The Tuminescence
lasted several minutes depending on the concentration of 3.

In this paper we describe the influence of substituents in the phenyl group on the oxidation rate
of 3 and on the duration of the Tuminescence.

The compounds 3a-h could easily be prepared from the appropriate 1,2-N,N'-diarylaminoethanes
and orthoformate®. In contrast with the compounds | and 2 the tetraaminoethylenes 3 are quite
stable in crystalline form; they can well be stored for months and easily handled.

The main product from the oxidation of 3a in solution appeared to be besides 1,3-diphenylimi-
dazolidone 4%-1°C (65%) the oxamide 5 (15%), identified by mass and IR spectroscopy. With the
aid of gas-liquid chromatography combined with mass spectrometry 1,2-dianilinoethane (§) and N-
formy1-1,2-dianilinoethane (7) could be identified as minor compounds (~1%) but traces of sev-
eral other products were also detected. A1l these products were formed in the same relative a-
mounts in three different solvents (chloroform, dichloromethane, acetonitrile) in the presence
as well as in the absence of the fluorescer dibromoanthracene.
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Although the mechanism of the oxidation has not yet been studied extensively, the correspondence
between the oxidation products of 1¢s*! and 3a suggests that the oxidation of 3a occurs in a sim-
ilar way.

The oxidation is accompanied by the occurrence of a purple colour'®. This has been ascribed
to the presence of a radical cation 8 as detected by ESR2. An analogous intermediate has been
supposed by Urry and Sheeto® in the oxidation of tetrakis(dimethylamino)ethylene (1). It is,
however, improbable that 8 is on the chemiluminescence reaction path as we found that the 1ife-
time of the radical cation, as measured by ESR and by UV spectroscopy (Amax = 508 nm), is much
longer than the lifetime of the chemiluminescence, as measured by fluorimetry.

The concentration of the radical cation reaches its maximum after 37 min, while in this time
the intensity of the luminescence has been diminished to 10% of its maximum value.
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By measuring the luminescence of derivatives of 3 it was found that the Tifetime increased with
decreasing electron-donating ability of the substituents in the range §g<§§<§§<§g<§f. From meas-
uring the increase of the carbonyl absorptions of the formed imidazolidones (4) it was found
that the oxidation rate decreases in the same range. Preliminary determinations of the light
yield revealed that this increases also in the same order with the exception of 3c for which the
efficiency is close to that of 3f. The oxidation of 3h is so fast, that its preparation under the
usual conditions gave only the oxidation product, N,N'-bis(p-methoxyphenyl)imidazolidone.

The orthosubstituted compounds 3b and 3e were oxidized very slowly, what may be due to shield-
ing of the central olefinic bond. Chemiluminescence could not be detected with these compounds.

It was established that the chemiluminescence spectrum equals the fluorescence spectrum of
the fluorescer though sometimes the 0-0-band is lacking due to the selfquenching of the fluorescer
at the concentration used.

The absence of luminescence when no fluorescer is present is caused by the nonfluorescence of
3 and the very low quantum yield of fluorescence of the main oxidation product.

Using a large range of fluorescerswe found chemiluminescence with 1-chloronaphthalene (energy
of the S;-state (ES = 375 kd/mol) and 1-methylnaphthalene (ES = 376 kJ/mol) and with other
fluorescers having ESC377 kd/mol, but not with naphthalene (ES = 385 kJ/mol) or with fluorene
(ES = 398 kd/mol): so it can be concluded that the energy liberated in the oxidation step of 3
in chloroform is about 380 kJ/mol (90 Kcal/mol).

The chemiluminescence is dependent on the solvent. With dibromoanthracene as the fluorescer
Tight emission during the oxidation of 3a was observed in chloroform, dichloromethane, 1,1,2-
trichloroethane, acetonitrile and acetone, but not in methanol, several alkylhalides, dimethyl-
sulfoxide, 1,1,1-trichloroethane, sulfolane, THF and cyclohexane. It is not yet clear whether
this is caused by quenching by the solvents or by other factors. The highest oxidation rate and
chemiluminescence intensity was observed in chloroform for all compounds. Indichloromethane the
oxidation rate was more than ten times lower, and the T1ifetime of the chemiluminescence was much
longer.

In view of the high intensity and long duration of 1ight emission during the oxidation of com-
pounds 3 in several solvents and the presence of a suitable fluorescer, they are very promis-
ing for the detection and measurements of low concentration of oxygen. They may be applied to
make solutions free of oxygen, and to carry out photoreaction without 1ightl*. They have sever-
al advantages above the compounds {1 and 2, used until now for the determination of oxygen, be-
cause 3 can be handled much more easily and their oxidation products do not quench the light
emission. With compound 1 or 2 the quenching of the Tight emission must be overcome by select-
ive solvation or precipiiation of the products?s»!®,
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We used 3a f.i. for measuring the fluorescence spectrum of 1,2-diphenylcyclopentene (9). In the

presence of oxygen only the fluorescence spectrum of its photodehydrocyclisation product cyclo-

pentano-phenanthrene can be traced. To observe the fluorescence of 9 oxygen has to be removed by

several freeze-thaw cycles at 77 °K'7. The same result was obtained by adding 1 mg of 3 to the

solution of 9 in the fluorimeter cuvet. In this way all oxygen was completely consumed and only

the

fluorescence of 9 was observed.
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