HETERYLIMIDAZOLES

V.* SYNTHESIS AND PROPERTIES OF HETEROANALOGS
OF TRIARYLIMIDAZOLES
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2-Aryl-4(5)-phenyl-5(4)-(N,N'-dimethyl-5-benzimidazolonyl)imidazoles were obtained by
condensation of 1-(N,N'~-dimethyl~5~benzimidazolonyl)-2-phenylglyoxal with aromatic alde-
hydes in acetic acid in the presence of ammonium acetate. It was shown that these com-~

. pounds are either retarders or inhibitors of the radical polymerization of styrene.

This paper is devoted to the synthesis and investigation of the properties of 2,4,5-tri-substituted
imidazoles containing an N,N'-dimethyl-5-benzimidazolonyl group in the 4(5) position of the imidazole
ring and substituied phenyl, naphthyl, and N,N'-dimethyl-5-benzimidazolonyl groups in the 2 position
(Table 1).

1-XH

Imidazoles I-XII were synthesized by condensation of 1-(N,N'-dimethyl-5~benzimidazolonyl-2-
phenylglyoxal (XIIT) with the appropriate aldehydes in refluxing acetic acid in the presence of ammonium
acetate. In contrast to the well-known method [2], we synthesized XIII by condensation of phenylaceticacid
with N,N'-dimethylbenzimidazolone in polyphosphoric acid with subsequent oxidation of the resulting ketone
XIV with selenium dioxide:
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An attempt to obtain XIV under the conditions of the Friedel—Crafts reaction with phenylacetyl chlo-
ride was unsuccessful. '

As in the spectrum of triarylimidazoles, two well-expressed absorption maxima at 230 and 320 nm
are observed in the UV spectra of I-XII (Table 1). Replacement of the phenyl group in the 4(5) position of
the imidazole by a N,N'-dimethylbenzimidazolone residue or introduction of substituents into the phenyl
ring in the 2 position of the imidazole do not substantially change the character of the spectra. Napthyl-
substituted imidazoles X and XI have more complex spectra.

* See [1] for communication IV.
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TABLE 2. Inhibiting Capacities of the Investigated Compounds*

!

Vp-10° | K .
Com, I P » z X
pou ' mole/liter sect | ! Ky ! Tinh» S€C

l | 5 .
Triphenylimidazole | 841 001 | 222 ! 0
! 597 o7 315 0
VII i 471 1,21 399 0
1 E 5,97 0,71 315 | 0
I ! = - - 1190
Neozone D — - . { 1190
- Diphenylamine i —_ — _ I 1970

* Symbols: Vp is the rate of inhibited polymerization, Tinh is the
inhibition time, F is the inhibition factor, and K,/ Ky, is the ratio of
the inhibition constant to the chain-propagation rate constant.

T The rate of polymerization of styrene in the absence of an inhib-
itor is 8.55 moles/liter.sec.

Imidazoles I-X and XII are readily oxidized in toluene to the corresponding free radicals by shaking
with an aqueous solution of sodium hypobromite at room temperature, as a consequence of which the so-
lutions take on an intense green coloration. When a solution of diphenylpicrylhydrazine (DPPH) is added
to them, the green coloration changes to violet owing to the development of the DPPH radical (Amax 530
nm). Solutions of imidazolyl radicals give an ESR signal (singlet, g 2.003). A solution obtained by oxi-
dation of XI has a red coloration, gives only a weak ESR signal, and does not generate a radical from di-
phenylpicrylhydrazine. The product of oxidation of XI is evidently the corresponding quinone [sl.

Some of the synthesized heteroanalogs of triarylimidazoles were tested as inhibitors of the radical-
initiated polymerization of styrene. The kinetic parameters of the inhibited radical polymerization that
characterize their inhibiting capacity were found for the investigated substances (Table 2). 2,4,5-Tri-
phenylimidazole (lophine) and the widely known stabilizers Neozone D and diphenylamine were used for
comparison. It is apparent from the results obtained that the synthesized heterylimidazoles manifest a
large inhibiting effect as compared with lophine, but are somewhat inferior to Neozone D and diphenyl-
amine. Compounds I, VII, and XII are retarders of the radical polymerization of styrene, whereas, in con-
trast to them, II displays a more pronounced inhibiting effect with a clearly expressed induction period.

EXPERIMENTAL

The UV spectra of alcohol solutions of imidazoles I-XII were recorded with a Perkin—Elmer 402
spectrophotometer. The cuvette thickness was 1 cm, and the concentration was 3.32-107° M. The kinetics
of the inhibited radical polymerization of styrene were studied by a thermometric method with a differen-
tial isothermal calorimeter [4]. The styrene was vacuum distilled three times in a stream of argon with
subsequent degassing by repeated freezing out (np® 1.5468, 4, 0.9060, and bp 144 [5]). Azobisisobutyro~
nitrile, which was recrystallized three times from methanol (mp 103°), was used as the initiator of the
radical polymerization. The inhibited radical polymerization was investigated under steady-state con~
ditions at 60° and small degrees of conversion (up to 0.5%). The kinetic parameters of the radical poly-
merization were found by known methods [6, 7].

N,N'-Dimethyl-5-phenylacetylbenzimidazolone (XIV). Orthophosphoric acid (10 ml) was added in
portions with stirring in the course of 10 min to 15 g of phosphorus pentoxide, during which no measures
were taken to prevent the pronounced spontaneous generation of heat. The mixture was heated at 200-250°
until the phosphorus pentoxide had dissolved completely, after which it was cooled to 100°, and 7.52 g
(0.046 mole) of N,N'-dimethylbenzimidazolone and 10.9 g (0.08 mole) of phenylacetic acid were added. The
mixture was stirred at 150-155° for 3 h, after which it was cooled to 80~90°, diluted to 300 ml with water,
made alkaline to pH 8 with saturated sodium carbonate solution, and refluxed for 15-20 min with mainte-
nance of a weakly alkaline reaction medium. The hot suspension was filtered, and the slightly brown pre-
cipitate was washed with water and dried. It was then crystallized successively from alcohol and toluene
to give a product with mp 185-186°. Found: C 72.6; H5.8; N 10.0%. CyHyN,O. Calculated: C 72.8; H
5.8; N 10.0%. '

Diketone XIII. A 19.7-g (0.18 mole) sample of selenium dioxide was added in portions with stirring

in the course of 10 min to a refluxing solution of 28 g (0.1 mole) of ketone XIV in 210 ml of dry xylene.
The mixture was refluxed for another 3 h and filtered hot. The yellow precipitate that formed on cooling
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was removed by filtration and washed with a small amount of alcohol to give a product with mp 196-197°
(mp 194° [2]) in 80% yield.

2-Aryl-4(5)~(N,N'-dimethyl-5-benzimidazolonyl)-5(4)phenylimidazoles (I-XII). A warm solution of
a mixture of 0.01 mole of aldehyde and 2.94 g (0.01 mole) of diketone XIII in 45 ml of acetic acid was added
in the course of 2 h to a refluxing solution of 0.082 mole of ammonium acetate in 45 ml of glacial acetic
acid. The mixture was refluxed for another 3 h, cooled, and poured with stirring into a mixture of excess
concentrated ammonium hydroxide and ice. The resulting precipitate was removed by filtration, washed
with water, and dried. The methods used to purify I-XII are presented in Table 1.
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