HE TERYLIMIDAZOLES
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The condensation of heterocyclic aldehydes with aromatic o ~diketones in the presence of
ammonium acetate in acetic acid has given 4,5-diaryl-2-quinolinylimidazoles and 4,5-diaryl-
2-(acridin- 9-yl)imidazoles. The oxidation of the latter with K;Fe(CN), in an alkaline medium
has given the corresponding biimidazolyls, which possess photochromic and thermochromic
properties,

2,2' 4,4',5,5'-Hexaarylbiimidazolyls, obtained by the oxidation of 2,4,5-triarylimidazoles, possess
photochromic and thermochromic properties thanks to reversible dissociation on irradiation or heating into
deeply colored free radicals, At the present time, the properties of biimidazolyls with carbocyelic sub-
stituents of the aromatic series containing various functional groupings have been widely studied [2]. Imid-
azolyl radicals containing carbazolyl, indol-3-yl [4], o -furyl, and a-thienyl [2] radicals as substituents are
also known.

It appeared of interest to investigate the influence exerted by residues of six-membered nitrogen-
containing heterocycles on the properties of the imidazolyl radicals and their dimers. We have previously
[1] described the synthesis of the 2~hetero analogs of the triarylimidazoles containing quinoline and acri-
dine residues as substituents in position 2 of the imidazole residue. In the present work we give the syn-
thesis and properties of the previously undescribed 2-heteryl-4,5-diphenylimidazoles (I-XV, Table 1) and
4,4',5,5"'~tetraaryl-2,2' -diheterylbiimidazolyls (XVI-XXX, Table 2).
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The synthesis of the imidazoles was effected by the usual method [5] with the gradual addition of an
acetic acid solution of a beterocyclic aldehyde and an aromatic a-diketone to a boiling solution of ammoni-
um acetate in acetic acid. It must be mentioned that the 2-heteryl-4,5-diphenylimidazoles (VII-XV) contain-
ing Br and NO, as substituents in the para position of the phenyl ring were obtained in low yields. As a
rule, the products formed mixtures from which the required compound was isolated by chromatography on
alumina after its recrystallization from a suitable solvent, The imidazoles (I-IV and VII-IX) are colorless,
(V, VI, X, and XI) yellow, and (XII-XV) orange substances with high melting points. They dissolve in acetic
acid and also in ethanolic alkalis with a deepening of their coloration which is particularly pronounced in
the case of the nitro derivatives,

The most widely used method of synthesizing hexaarylbiimidazolyls is the oxidation of triarylimid-
azoles in ethanolic alkali with an agueous solution of K;Fe(CN), at a low temperature [6]. However, under
these conditions the 4,5-diaryl-2-quinolinylimidazoles do not form biimidazolyls, which is possibly due to

* For Communication I, see [1].
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the poor solubility of the initial imidazoles, The biimidazolyls (XVI-XXX) were obtained by oxidizing the
corresponding imidazoles with K;Fe(CN), in an emulsion of pyridine and aqueous alkali, In the oxidation of
the trisubstituted imidazoles containing quinolin-4~-yl and acridin-9-yl residues, in addition to the biimid-
azolyls (XVII and XXI), a considerable amount of the starting material was recovered from the reaction
mixture even with a large excess of K3Fe(CN), and a prolonged reaction (up to 6 h). This is obviously due
to the strong electron-accepting action of these substituents, which oppose the oxidation process, 4,5-Di-
phenyl-2-(quinolin-2-yl)imidazole and 4,5-diphenyl-2~-(quinolin~8-yl)imidazole and their 4,5-di(p-tolyl)
analogs do not, under these conditions, form biimidazolyls capable of dissociating into vadicals. The prod-
ucts isolated consist in each case of a mixture of the initial compound and compounds of undetermined
structure. It is also interesting to note that 2-(anthracen-9-yl)4,5-diphenylimidazole, unlike its acridin-9-
yl analog, forms an orange nonphotochromic sparingly soluble compound with mp 206-210°C which cannot
be recrystallized without decomposition, This compound is apparently the product of the recombination of
radicals through the anthracene nucleus.

The biimidazolyls (XVI-XXX) obtained (Table 2) are yellow high-melting substances. They have no
sharp meliting points because of thermal dissociation into radicals during the melting process, When solu~
tions of the biimidazolyls obtained are heated or irradiated with sunlight, they dissociate into deeply
colored radicals which give an ESR signal and generate the DPPH radical from diphenylpicrylhydrazine .
The quinolinyl-substituted radicals have a green coloration, and the acridinyl-substituted ones are red. In
the dark at room temperature the color gradually disappears, and it reappears once more on heating or
irradiation. The radicalsdiffer considerably in stability. Thus, the dark-green color of a solution of (XVII)
heated to 100~110°C disappears almost completely when the solution is cooled to room temperature, At
the same time, the color of a solution of (XXVII) is retained for several hours. This confiyms existing in~
formation [2] according to which electron-accepting substituents decrease the stability of triarylimidazolyl
radicals and electron-donating substituents increase it.

EXPERIMENTAL

4,5-Diaryl-2-heterylazoles (I-XV), Over 2 h, a hot solution of 0,01 mole of a diketone and 0.01 mole
of an aldehyde in 60 ml of acetic acid was added to a boiling solution of 5 g (0.065 mole) of ammonium ace-
tate in 20 ml of glacial acetic acid. The reaction mixture was boiled for another 3 h, cooled, and poured
onto 250 g of ice with an excess of concentrated aqueous ammonia solution. The precipitate was filtered
off, washed with water, dried, chromatographed in chloroform on alumina, and recrystallized from a suit-
able solvent (Table 1).

4.,4',5,5'-Tetraaryl-2,2' -diheterylbiimidazolyls (XVI-XXX). A 4,5-diaryl-2-heterylimidazole (0.01
mole) was dissolved in 80 ml of freshly distilled pyridine. The solution was cooled to 0-2°C and to it was
slowly added a cooled solution of 11 g (0.196 mole) of KOH in 40 ml of water, Then, with stirring, 144 g
(0.044 mole) of a finely ground powder of K;Fe(CN), was added to the reaction mixture, Stirring was con-
tinued for another 4 h at 0-2°C and the reaction mixture was slowly poured into 500 ml of water. The pre-
cipitate that deposited was filtered off, washed with water, and dried in a vacuum desiccator over solid
KOH. The dried residue was dissolved in chloroform and chromatographed on AL;O;. The solvent was
eliminated at room temperature, In the case of compounds (XVII, XIX, XXI), the resulting vitreous mass
was triturated with 7 ml of acetone and the precipitate was filtered off and dried in a vacuum desiccator.
In the case of compounds (XVI, XVIII, XX, XXII-XXX), after the elimination of the solvent the product was
reprecipitated from toluene with petroleum ether, All the operations were performed in a darkened room.

The visible spectra of the radicals were recorded on an SF-2M spectrophotometer in solution in
purified toluene in a thermostated cell at 80°C at an initial concentration of the biimidazolyl of 107° M. The
thickness of the cell was 1 cm.,
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