REACTION OF AROYLENEBENZIMIDAZOLES
WITH NUCLEOPHILIC REAGENTS
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A. P. Travnikova, and A. L. Rusanov

The reaction of aromatic mono- and bis(o~phenylenediamines), -(aminophenols), and -(o-
aminothiophenols) with mono~ and diaroylenebenzimidazoles in polyphosphoric acid was
studied. The interrelationship between the structures and properties of the resulting com~
pounds, which contain benzimidazole and other rings in the ortho position relative fo one
another, was investigated.

We have previously demonstrated [1] that the well-known cleavage of the benzoylenebenzimidazole
ring by o-phenylenediamine can be readily extended to other aromatic nucleophilic compounds; moreover,
it was established that it is expedient to accomplish this reaction in polyphosphoric acid. Extending this
reaction to aroylene benzimidazoles of various structures and to aromatic tetrafunctional nucleophilic re-
agents, we obtained both high-molecular-weight polybenzazoles that contain benzimidazole side groups
[1, 2] and copolymers of unsymmetrical structure that contain other benzazole rings in addition to the ben-
zimidazole ring in the main chains of the macromolecules {1, 3].
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To establish the optimum conditions for the synthesis of these polymers and also for a more thorough
identification of them, we undertook a detailed study of the synthetic conditions and properties of compounds
that model the structure of the synthesized polybenzazoles.
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Fig. 1. UV spectra of benzimidazoles I, X1,

X1V, and XV.

The reaction of 1,2~benzoylenebenzimidazole [4] (I) with o-phenylenediamine, o-aminophenol, and
o-aminothiophenol in polyphosphoric acid gave the simplest model compounds = 1,2-bis{2~-benzimidazolyl)-
benzene (II), 1~(2-benzoxazolyl)-2-(2-benzimidazolyl)benzene (IlI), and 1-(2-benzothiazolyl)-2-(2-ben-
zimidazolyl)benzene (IV) [1].

Model compounds with more complex structures were obtained by the reaction of aroylenediben~
zimidazoles with o~phenylenediamine, o-aminophenol. The starting aroylenedibenzimidazoles were ob-
tained by the reaction of o-phenylenediamine with the dianhydrides of tetracarboxylic acids. The product
of the reaction of o-phenylenediamine with the dianhydride of pyromellitic acid (V) is probably a mixture
of cis and trans isomers.

A mixture of isomeric aroylenedibenzimidazoles with the following structures (VI) is also formed
by the reaction of o-phenylenediamine with the dianhydride of diphenyl ether 3,3',4,4!'-tetracarboxylic
acid:
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The isomeric 1,2,4,5-(2-tetrabenzazolyl) benzenes and 3,31,4,4'-(2~tetrabenzazolyl)diphenyl ethers,
respectively, were obtained in high yields as a result of the reaction of V and VI with o~-phenylenediamine,
o-aminophenol, and o-aminothiophenol in polyphosphoric acid at 140-200°C,

It should be noted that, although the formation of a mixture of stereoisomers is also possible for
Vi, IX, X1, and XII, judging from the rather sharp melting point, it can be assumed that one isomer pre-
dominates in the mixture. Compounds XII-XIX were obtained by the reaction of I with tetrafunctional re-
agents = bis(o-phenylenediamine), bis(o-aminophenols), and bis(o-aminothiophenols).

Compounds -1V and VII-XIX are crystalline substances with high melting points and are soluble in
amide solvents, tetrachloroethane, and nitrobenzene. When R=CH, (XV, XVIII) and R=0 (XIV, XVII, XIX)
bridging groups are present, the compounds are also soluble in ethanol.
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VH-IX X-XIt

VIl X=NH; VHI X=§; IX X=0; X X=NH; Xi X=§; XiI X=0

Solutions of II-IV and VII-XIX in concentrated sulfuric acid and amide solventshave intense fluorescence
(from blue to yellow-green) in UV light. The IR spectra of all of the compounds contain an absorption band
at 1620-1630 cm™!, which characterizes the vibrations of the benzazole ring [5]; this band appears as a
shoulder for X, XI, and XII. The IR spectra of compounds that contain benzoxazole rings have distinct ab-
sorption at 1040 cm™!, which can be ascribed to vibrations of these rings [6].

The electronic spectra of a number of heteroaromatic compounds have recently been investigated,
and various authors have drawn contradictory conclusions regarding the nature of the conjugation in these
compounds on the basis of these spectra.

o pores ©¢ P

X1l R=~. X=NH; XIV R=0, X=NH; XV R=CH,, X=NH; XVl R=—, X=8"
XVIl R=0, X=5" XVIIl R=CH,, X=0%XIX R=0, X=0"

While Shopov and Popov assumed that the ether oxygen in the indoloquinoxaline molecule does not disrupt
the conjugation system, Hergenrother and Kiyohara [8] offer proof to the contrary in the case of quinoxa~
lines.

Our study of the electronic spectra of a number of benzazoles and dibenzazoles that do not contain
bridging groups between the benzazole rings but do contain an ether oxygen and a methylene group between
them demonstrated that the spectral data are absolutely inadequate for unambiguous conclusions regarding
the presence or absence of conjugation in the system, especially with respect to its nature.

On the basis of the identical character of the spectra obtained (Fig. 1}, one can only conclude that the
interaction between the benzimidazole rings in XIII-XV is approximately the same, i.e., that the presence
of bridging groups (O or CH,) in the molecule does not have a substantial effect on this interaction. Itis
possible that the conjugation in XTI is weakened as a result of the noncoplanarity of the ring in the benzi-
dine system, while conjugation in XIV and XV is disrupted by the bridging groups.

* 3,3'-Diamino-4,4'-dihydroxydiphenyl ether and 3,3'-diamino-4,4'~diphenylmethane were used in the syn~

thesis of XIX and XVIII, while 3,3'-dimercapto-4,4'-diaminodiphenyl ether and 3,3'~dimercapto~4,4'-di-
aminodiphenyl were used in the synthesis of XVII and XVI.
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In any case, one can state that, if there is an interaction between the rings in the benzidine struc-
ture, the ether bond and the methylene group do not disrupt it, and their contribution to this interaction
is approximately the same (compare with the spectrum of II). A bathochromic shift in the electronic spec-
tra of various benzazoles of similar structure is observed for benzoxazoles and benzothiazoles as com-
pared with benzimidazoles, which is apparently associated with the nature of the heterorings themselves.

EXPERIMENTAL

Terephthaloylene~2,5-dibenzimidazole (V). A mixture of 2.7 g (25 mmole) of o~phenylenediamine
and 2.7 g (12.4 mmole) of pyromellitic dianhydride in hydrochloric acid solution (25 m! of deoxygenated
water and 4.5 ml of concentrated hydrochloric acid) was refluxed with stirring under argon for 3 h. Water
was added to the resulting yellow suspension, and the solid was removed by filtration and washed with wa~
ter until chloride ions were no longer present in the solid. The residue was dried at 100-110°C and cyclized
at 325-350° (1-2 mm). Compound V was obtained in 25% yield as a yellow~orange solid with mp 368-375°
(mp 373-378° [9]) (see Table 1).

Bis(1,2-benzoylenebenzimidazole) Ether (VI). A 31 g (0.1 mole) sample of diphenyl ether 3,3',4,4'~
tetracarboxylic acid dianhydride (recrystallized from anisole) and 21.6 g (0.2 mole) of o-phenylenediamine
were suspended in 130 ml of nitrobenzene, and the suspension was heated under argon at 170 and 220° for
5 h at each temperature. The water liberated during the reaction was vented through a glass tube. The
reaction mass was cooled, and the resulting solid was removed by filtration, washed with ether, and com-
bined with the precipitate obtained when the nitrobenzene filtrate was poured into ether. The product was
heated gradually in vacuo (15-20 mm) to 220° and then for 3 h at the same temperature at 1-2 mm, after
which it was crystallized from dimethylformamide (DMF). Sublimation at 230~250° (10~ mm) gave 25% of
bright-yellow crystals of VI with mp 265-274°.

Known methods were used to synthesize 3,3',4,4'-tetraaminodiphenylmethane {10] with mp 140-141°
(after three recrystallizations from ethanol and activated charcoal) and 3,3'-diamino-4,4'-dihydroxydi-
phenylmethane [11].

The authors thank A. D. Maksimov, co-worker of the Mendeleev Moscow Chemical Engineering In~
stitute for providing us with samples of 3,3'-dimercaptobenzidine dihydrochloride [mp 216° (dec.)] and
3,3'-dimercapto-4,4'~-diaminodiphenyl ether (mp 129-131°). 3,3',4,4'~Tetraaminodiphenyl ether and 3,3'-
diamino-4,4'-dihydroxydiphenyl ether were obtained from the Scientific-Research Institute of Organic
Chemistry, Siberian Branch, Academy of Sciences of the USSR. 3,3'-Diaminobenzidine tetrahydrochloride
fI‘()len the Chemapol Company was used. The polyphosphoric acid contained 82% P,0; (~ 113%) and had
np® 1.4692.

Cleavage of Aroylenebenzimidazoles in Polyphosphoric Acid. Stoichiometric amounts of the starting
substances in polyphosphoric acid (10-fold quantity by weight) were stirred thoroughly under argon at room
temperature until a homogeneous mixture was obtained. The mixture was then also heated under argon at
140-200° for 5-10 h. It was then cooled to room temperature and poured into ice water. The mixture was
then neutralized with 5% NaHCO;, solution and allowed to stand overnight. The precipitate was removed by
filtration, washed with water, and reprecipitated from DMF solution by the addition of water, after which
it was crystallized twice from DMF-water. The product was then vacuum sublimed at 10~2-10-3 mm at a
temperature close to the melting point of the sample.
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