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The react ion  of a roma t i c  mono-  and bis(o-phenylenediamines) ,  - (aminophenols) ,  a n d - ( o -  
aminothiophenols) with mono-  and d ia roylenebenzimidazoles  in polyphosphoric  acid was 
studied. The in te r re la t ionsh ip  between the s t ruc tu r e s  and p r o p e r t i e s  of the resul t ing c o m -  

pounds, which contain benziraidazole and other  r ings  in the ortho posi t ion re la t ive  to one 
another ,  was  invest igated.  

We have p rev ious ly  demons t ra ted  [1] that the well-known cleavage of the benzoylenebenzimidazole  
r ing by o-phenylenediamine  can be read i ly  extended to o ther  a r o m a t i c  nucleophilic compounds; m o r e o v e r ,  
it was es tab l i shed  that  i t  is  expedient to accompl i sh  this reac t ion  in polyphosphoric  acid. Extending this 
reac t ion  to a roylene  benzimidazoles  of va r ious  s t ruc tu r e s  and to a roma t i c  te t rafunct ional  nucleophil ic  r e -  
agents ,  we obtained both h igh-molecu la r -we igh t  polybenzazoles  that  contain benzimidazole  side groups 
[l, 2] and copo lymers  of unsymmet r i ca l  s t ruc tu re  that  contain other benzazole  r ings  in addition to the ben- 
z imidazole  r ing in the main  chains of the m a c r o m o l e c u l e s  [1, 3]. 
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To es tab l i sh  the op t imum conditions for  the synthes is  of these  po lymer s  and also for  a m o r e  thorough 
identif ication of them,  we undertook a detai led study of the synthetic conditions and p r o p e r t i e s  of compounds 
that  model  the s t ruc tu re  of the synthes ized polybenzazoles .  
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Fig. 1. UV spec t ra  of benzimidazoles Tr, X]]I, 
XIV, and XV. 

The react ion of 1,2-benzoylenebenzimidazole [4] (I) with o-phenylenediamine,  o-azninophenol, and 
o-aminothiophenol in polyphosphoric acid gave the s implest  model compounds - 1 ,2-bis(2-benzimidazolyl)-  
benzene CII), 1-(2-benzoxazolyl)-2-(2-benzimidazolyl)benzene 0II), and 1-(2-benzothiazolyl ) -2-(2-ben-  
zimidazolyl)benzene (IV) [1]. 

Model compounds with more  complex s t ruc tures  were  obtained by the react ion of aroylenediben-  
z imidazoles  with o-phenylenediamine,  o-aminophenol.  The start ing 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 i some r i c  1,2,4,5-(2-tetrabenzazolyl)  benzenes and 3 ,3 ' ,4 ,4 ' - (2- te t rabenzazolyl)diphenyl  e thers ,  
respect ively ,  were  obtained in high yields as a resu l t  of the react ion of V and VI with o-phenylenediamine,  
o-aminophenol,  and o-aminothiophenol in polyphosphoric acid at 140-200~ 

It  should be noted that,  although the formation of a mix ture  of s t e r eo i so m er s  is also possible for  
VIII, IX, XI, and XII, judging f rom the r a the r  sharp melting point, i t  can be assumed that  one i so m er  p r e -  
dominates in the mixture .  Compounds XIII-XIX were  obtained by the react ion of I with tetrafunct ional  r e -  
agents - bis(o-phenylenediamine),  bis(o-aminophenols),  and bis(o-aminothiophenols).  

Compounds ]/-IV and VII-X~X a re  crys ta l l ine  substances with high melt ing points and a re  soluble in 
amide solvents,  te t rachloroethune,  and ni trobenzene.  When R= CH 2 {XV, XVIII) and R= O (XIV, XVII, XIX) 
bridging groups a re  present ,  the compounds a re  also soluble in ethanol. 
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Solutions of  I I - IV and VIT-XIX in concentra ted sulfuric acid and amide solvents  have intense f luorescence  
( f rom blue to yel low-green)  in UV light. The IR spec t r a  of all  of the compounds contain an absorpt ion band 
at  1620-1630 em "1, which c h a r a c t e r i z e s  the v ibra t ions  of the benzazole r ing  [5]; this  band appea r s  as a 
shoulder  for  X, XI, and XII. The IR s pec t r a  of compounds that  contain benzoxazole r ings  have dist inct  ab -  
sorpt ion at 1040 cm -1, which can be a sc r ibed  to v ibra t ions  of these  r ings  [6]. 

The e lec t ronic  s pec t r a  of a number  of h e t e r o a r o m a t i c  compounds have recen t ly  been invest igated,  
and var ious  authors  have drawn con t rad ic to ry  conclusions regard ing  the na ture  of the conjugation in these  
compounds on the bas i s  of these  spec t ra .  

R _  

XIII R = - .  X~NH; XIV R=O, X=NH; XV R=CH l, X~NH; XVI R = - ,  X=$*;, 

XVII R=O, X=S*; XVIII R=CH2, X~OtlXIX R~O, X=O * 

While Shopov and Popov a s s u m e d  that  the e ther  oxygen in the indoloquinoxaline molecule  does not disrupt  
the conjugation sys t em,  He rgen ro the r  and Kiyohara  [8] of fer  p roo f  to the con t r a ry  in the case  of quinoxa- 
l ines .  

Our study of the e lec t ronic  s pec t r a  of a number  of benzazoles  and dibenzazoles  that  do not contain 
bridging groups  between the benzazole r ings  but do contain an e ther  oxygen and a methylene  group between 
them demons t r a t ed  that  the spec t ra l  data a re  absolute ly  inadequate for  unambiguous conclusions regard ing  
the p r e s e n c e  or absence  of conjugation in the sys tem,  espec ia l ly  with r e s p e c t  to i t s  nature .  

On the bas is  of the identical  c h a r a c t e r  of the spec t r a  obtained (Fig. 1), one can only conclude that  the 
in teract ion between the benzimidazole  r ings  in XIII-XV is  approx imate ly  the same ,  i .e . ,  that  the p r e s e n c e  
of bridging groups  (O or CH 2) in the molecule  does not have a substant ia l  effect  on this in teract ion.  I t  i s  
poss ib le  that  the conjugation in XIII i s  weakened as a r e su l t  of the noncoplanar i ty  of the r ing in the benzi-  
dine sys t em,  while conjugation in XIV and XV is  disrupted by the bridging groups.  

* 3 ,3 ' -Diamino-4 ,4 ' -d ihydroxydipheny l  e ther  mud 3 ,3 ' -d i amino-4 ,4 ' -d ipheny lme thaue  were  used in the syn-  
thes i s  of XIX and XVIII, while 3 ,3 ' -d imercap to -4 ,4 ' -d i aminod ipheny l  e ther  and 3 , 3 ' - d i m e r c a p t o - 4 , 4 ' - d i -  
aminodiphenyl  were  used in the synthes is  of XVII and XVI. 
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In any case, one can state that, if there is an interaction between the r ings  in the benzidine s t ruc-  
ture,  the e ther  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-  
t r a  of var ious  benzazoles of s imi la r  s t ructure  is observed for benzoxazoles and benzothiazoles as com-  
pared with benzimidazoles,  which is apparently associa ted with the nature of the heteror ings  themselves .  

EXPERIMENTAL 

Terephthaloylene-2,5-dibenzimidaz01e (V). A mixture of 2.7 g (25 mmole) of o-phenylenediamine 
and 2.7 g (12.4 mmole) of pyromell i t ic  dianhydride in hydrochlor ic  acid solution (25 ml of deoxygenated 
water  and 4.5 ml of concentrated hydrochlor ic  acid) was refluxed with s t i r r ing  trader argon for  3 h. Water 
was added to the resul t ing yellow suspension, and the solid was removed by filtration and washed with wa- 
te r  until chloride ions were no longer p resen t  in the solid. The residue was dried at 100-110~ and cyclized 
at 325-350 ~ (1-2 ram). Compound V was obtained in 25% yield as a yel low-orange solid with mp 368-375 ~ 
(rap 373-378 ~ [9]) (see Table 1). 

Bis(1,2-benzoytenebenzimidazole) Ether  (VI). A 31 g (0.1 mole) sample of diphenyl ether 3 ,3 ' ,4 ,4 ' -  
te t racarboxyl ic  acid dianhydride ( recrys ta l l ized f rom 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 tempera ture .  The water  l iberated during the reaction was vented through a glass  tube. The 
reaction mass  was cooled, and the result ing solid was removed by filtration, washed with ether,  and com-  
bined with the precipi ta te  obtained when the nitrobenzene fil trate was poured into ether.  The product was 
heated gradual ly in vacuo (15-20 ram) to 220 ~ and then for 3 h at the same tempera tu re  at 1-2 ram, af ter  
which it was c rys ta l l ized  f rom dimethylformamide (DMF). Sublimation at 230-250 ~ (10 -3 ram) gave 25% of 
bright-yel low c rys ta l s  of VI with mp 265-274 ~ 

Known methods were used to synthesize 3 ,3 ' ,4 ,4 ' - te t raaminodiphenyimethane [10] with mp 140-141 ~ 
(after three recrys ta l l iza t ions  f rom ethanol and activated charcoal) and 3 ,3 ' -d iamino-4 ,4 ' -d ihydroxydi -  
phenylmethane [11]. 

The authors thank A. D. Maksimov, co -worke r  of the Mendeleev Moscow Chemical Engineering In-  
stitute for providing us with samples of 3 ,3 ' -d imercaptobenzidine  dihydrochloride Imp 216 ~ (dec.)] and 
3 ,3 ' -d imercapto-4 ,4 ' -d iaminodiphenyl  ether  (rap 129-131~ 3 ,3 ' ,4 ,4 ' -Tet raaminodiphenyl  ether and 3 ,3 ' -  
diamino-4,4 ' -dihydroxydiphenyl  ether were obtained from the Scient if ic-Research '  Institute of Organic 
Chemistry ,  Siberian Branch,  Academy of Sciences of the USSR. 3,3 '-Diaminobenzidine te t rahydrochlor ide 
f rom the Chemapol Company was used. The polyphosphoric acid contained 82% P205 (N 113%) and had 
nD 25 1.4692. 

Cleavage of Aroylenebenzimidazoles  in Polyphosphoric Acid. Stoichiometric amounts of the start ing 
substances in polyphosphoric acid (10-fold quanlhty by weight) were s t i r red  thoroughly under argon at room 
tempera tu re  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 tempera ture  and poured into ice water.  The mixture was 
then neutral ized with 5% NaHCO 3 solution and allowed to stand overnight. The precipi ta te  was removed by 
filtration, washed with water,  and reprecipi ta ted f rom DMF solution by the addition of water,  af ter  which 
it was crys ta l l ized  twice f rom DMF-water .  The product  was then vacuum sublimed at 10-2-10 -3 mm at a 
t empera ture  close to the melt ing point of the sample. 
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