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A number of previously undescribed bis (1', 8 ' -naphthoylene-1,2-benzimidazoles)  were  obtained 
by reaction of bis (o-phenylenediamines) with various s t ruc tures  with naphthalic anhydride.  Un- 
der  the same conditions, the reaction of o-phenylenediamine with n a p h t h a l e n e - l , 4 , 5 , 8 - t e t r a -  
carboxylic acid dianhydride leads to a mixture of cis and t rans  i somers  of bisbenzimidazoben-  
zophenanthrolinedione. The spect ra l  and thermal  charac ter i s t ics  of the synthesized compounds 
were studied. 

Polynaphthoylenebenzimidazoles constitute a promising class of s t a i r case  polyheteroarylenes  that have 
high-grade exploitational charac te r i s t i cs  [1-3]. The successful  development of this field of the chemis t ry  of 
hea t - res i s tan t  polymers  suggest the necess i ty  for the solution of a number of problems associated with the 
establishment of the s t ruc tures  of the sys tems  obtained, the determination of their  degree  of cyclization,  and 
the prediction of a number of proper t ies  charac te r i s t i c  of polymeric  s t ruc tures  with a degree  of cyclization 
of 100%. 

Proceeding f rom the information stated above and taking into account the inadequate amount of data [4-9] 
pertaining to compounds that model poly(naphthoylenebenzimidazoles),  we felt that it would be expedient to ob- 
tain these substances by the method in [10, 11], which we developed for the synthesis of poly(naphthoyleneben- 
zimidazoles) .  

The bis (1 ' ,  8 r -naphthoylene-1,2-benzimidazoles)  were synthesized via the scheme 

NH 2 NH 2 

u a-e 
NH~ NH~ 

l a - e  I - I l a  x = - - :  b x = o :  a X=CHz;d x=s02;  e X=C(CF3) 2 

The IR spect ra  of all of the synthesized compounds contain absorption maxima at 1710-1715 cm -1, which 
a r e  charac te r i s t ic  for the CO groups of naphthoylenebenzimidazole [12, 13], but do not contain absorption maxi-  
ma at 1680 cm -1, which a re  charac te r i s t ic  for the carbonyl group of a s ix -membered  imide ring; this consti-  
tutes evidence for the absence of incompletely cyclized f ragments .  The regions of the absorption maxima in 
the UV spectra  of the synthesized compounds (e .g . ,  IIIb) a re  in agreement  with the l i terature  data [8] (Table 1). 

The broad ranges of the melting points of the compounds obtained a re  probably a consequence of the p r e s -  
ence in them of three i somers :  
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TABLE I .  Bis (I ' ,  8'-naphthoylene-l, 2-benzimidazoles) and Bisben- 
zimidazobenzophenanthr olin edion es 

rap, "C a 
=ompound ,(literature 

data) 

IIa 432--436 
(430) ~ 

Lib 317--325 

II c 282--288 

[I d 420--426 

l le  373--374 

Ilia kllIb >400 

Ilia 490--492 
(478--480) 5 

HIb 512--514 
(>510) s 

UVSpe :tra b J 
(conc.tq 2804) I Found,% 
c.104 n tolefl I 

C It 

80,3 3.3 

78,0 3,4 

80,4 3,7 

71,7 3,0 

68,1 2,7 

Empirical 
formula 

N 

Calc., % 

clH 
Yield 

% 
N 

I lg 
~naax s 

0,2 C~6H~sN402 

9,7 C36I-I18N4Os 

9,9 C3~HtsN402 

9,4 C36HIsN404S-~ 

8,1 ~ C~III80~F6N4 d 

C26H,2N40: 

C26HI2N402 

C~6HJ2N402 

80,3 3,4 

78,0 3,3 

80,4 3,6 

71,7 3,0 

68,0 2,6 

0,4 95 

0,2 96 

0,1 93 

95 

93 

98 

45e 

55e 

a) These am the melting points of the unsnblimed substances, b) The results of elementary 
analysis and the UV-spectral characteristics are presented for the sublimed substances, c) 
Found: S 5.4%. Calculated S 5.3%. d) Found. 16.5%. Calculated: F 16.6%. The yield given 
is the yield with respect to the total amount of isomers. 
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The r a t i o  of t he se  i s o m e r s  is  d e t e r m i n e d  by the r a t i o  of the r a t e s  of acy la t ion  of the  m -  and p - a m i n o  
groups  of the b i s  (o -pheny lened iamines )  with naphtha l ic  anhydr ide ;  to a f i r s t  a p p r o x i m a t i o n ,  the r a t i o  of the 
m , m '  and p , p '  i s o m e r s  can be d e s c r i b e d  by an equation s i m i l a r  to the  equat ion p r e s e n t e d  in [14]: 

Ig ( - ~ ) = -  p (o~,--o.,)+lga, 

where  p and m a r e  the amoun t s  of the  r e s u l t i n g  p , p '  and m , m '  i s o m e r s ,  a m and ap a r e  the  H a mme t t  cons tan t s  
of the me ta  and pa ra  s u b s t i t u e n t s ,  and a i s  a coeff ic ient  of p ropo r t i ona l i t y  that  l inks  the  a m o u n t s  of m e t a  and 
pa ra  i s o m e r s  fo rmed  with the r a t e  cons t an t s  for  acy la t ion  of b is  {o-phenylenediamine)  a t  the  m -  and p - a m i n o  
g roups .  

It fol lows f r o m  this  equat ion that  b i s  (1 ' ,  8 ' - n a p h t h o y l e n e - 1 , 2 - b e n z i m i d a z o l e s )  based  on b is  (o-phenylen e-  
d i amines )  tha t  conta in  e l e c t r o n - d o n o r  b r idg ing  g roups  (O and CH2) should be enr i ched  in the p , p '  i s o m e r .  This  
is  conf i rmed  by the r e s u l t s  of q u a n t u m - c h e m i c a l  ca l cu la t ions  [15]. 

One ' s  a t t en t ion  is  d i rec ted  to the e x t r e m e l y  high y ie lds  of bis(1 ' ,  8 ' - n a p h t h o y l e n e - 1 , 2 - b e n z i m i d a z o l e s ) :  
The y ie ld  was c lose  to quan t i t a t ive  even when the  l ea s t  ba s i c  [16] of a l l  of the b i s ( o - p h e n y l e n e d i a m i n e s ) ,  v i z . ,  
3 , 3 ' , 4 , 4 ' - t e t r a a m i n o d i p h e n y l  su l fone ,  was used .  It should be noted that  a t t e m p t s  to  pur i fy  II by h i g h - v a c u u m  
sub l ima t ion  [320-390~ (10 -3 mm)] were  accompan ied  by s ign i f i can t  l o s se s  of the s u b s t a n c e s .  As a r e s u l t  of 
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sublimation the melting points of the compounds were ra ised  4-10~ and the compounds melted over na r rower  
ranges  (1-2~ this is possibly associated with the prefer red  sublimation of one of the i somers .  

Model compounds based on o-phenylenediamine and naph tha l ene - l , 4 ,5 ,8 - t e t r aca rboxy l i c  acid dianhydride 
were also obtained in close to quantitative yields (Table 1) under the conditions for the synthesis  of the poly- 
mer s  [10, 11]: 

. 12 C 

o 

o 

I l l  a I l l  b 

The resul t ing bisbenzimidazo [1,2-b:2 ' ,  1 ' -h]benzo [k, l ,  m] -3 ,8 -phenan thro l ine -6 ,9 -d ione  (IIIa) and bis-  
benzimidazo [1 ,2-b: l  ' ,  2 ' - i ]benzo [k, l, m] -3 ,8 -phenan thro l ine -6 ,14-d ione  (IIIb) were separated by the method 
in [17]. The mixture contained 45% of i somer  IIIa and 55% of i somer  IIIb (with respec t  to the total amount of 
i somers ) .  

The IR spect ra  of i somers  IIIa and IIIb differ only slightly, in agreement  with the data in [18]: The in-  
tense absorption maxima at 1710-1715 cm -1 that a re  charac te r i s t i c  for the carbonyl groups of naphthoylene- 
benzimidazole a re  observed in the spect ra  of both compounds. The UV spect ra  of the cis and t rans  i somers  
differ extremely substantially (Table 1). The ranges  of the absorption maxima in the UV spect rum of a mix- 
ture  of i somers  HIa and IIIb a r e  in agreement  with the data in [8], and, as expected [5] (Table 1), the melting 
point of the t rans  i somer  is higher than that of the cis i somer .  

It should be noted that monoaddition products s imi lar  to those previously observed during a study of the 
react ion of 1 ,2 ,4 ,5 - t e t r aaminobenzene  with naphthalic anhydride [19] and of naph tha lene -1 ,4 ,5 ,8 - t e t r aca rboxy-  
lic acid with o-phenylenediamine [20] a re  not observed under the conditions for the synthesis of the polymers  
[10, 11]; the changes in the react ivi t ies  [21] of the bis(o-phenylenediamines) and n a p h t h a l e n e - l , 4 , 5 , 8 - t e t r a -  
carboxylic acid that occur as a resu l t  of the reaction of the f i r s t  of their  functional groups a re  not so subs tan-  
tial as to prohibit the react ion of the second half of the molecule under the react ion conditions [10]. 

The charac te r i s t i c s  of the synthesized model compounds a re  virtually the same as the proper t ies  of the 
same substances obtained in polyphosphoric acid [5]. 

E X P E R I M E N T A L  

The IR spectra  were recorded with a UR-20 spec t romete r ,  and the UV spectra  were  recorded  with a 
Hitachi EPS-3T spectrophotometer .  

Bis(o-phenylenediamines) Ia-d were obtained and purified by the methods in [22]. The 2 ,2 -b i s (3 ,4 -d i -  
aminophenyl)hexafluoropropane (mp 223-224~ was kindly furnished by B. R. Livshits and T. Kh. Dymshits  
(State Research  and Planning Institute LKP, Moscow). The anhydrides of naphthalic acid and naphthalene- 
1 , 4 , 5 , 8 - t e t r a c a r b o x y l i c  acid were kindly provided by N. I. Ternovskaya (VNIPIM, Tula) and were purified 
by high-vacuum sublimation; their  melting points were  in agreement  with the l i te ra ture  data [22]. 

B i s ( l ' ,  8 ' -naphthoylene-1 ,2-benzimidazoles)  (II). A three-necked flask equipped with a s t i r r e r  and a 
bubbler for argon was charged with 0.04 mole of the te t raamine ,  0.08 mole of naphthalic anhydride,  and 0.026 
mole of benzoic acid, and m - c r e s o l  was added until the concentration of the s tar t ing monomers  was 15%. The 
mixture was then heated at 160-200~ for ~ 5 h, af ter  which it was cooled and poured into methanol. The r e -  
sulting precipi tate  was removed by fi l trat ion,  extracted with ethanol, and dried at 150~ (2 mm). 

I somer ic  Bisbenzamidobenzophenanthrolinediones.  A mixture of i somers  IIa, b, which was separated 
by the method in [17], was s imilar ly  obtained f rom equimolar amounts of o-phenylenediamine and naphthalene- 
1 , 4 , 5 , 8 - t e t r a ca r boxy l i c  acid dianhydride. 
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H E T E R O C Y C L I C  C O M P O U N D S  B A S E D  ON M A L E I C  
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1. STRUCTURE AND TRANSFORMATIONS OF THE PRODUCT OF 

BROMLNATION OF MALEIC ACID MONOUREIDE 
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The products of the bromination in water of maleic  acid monoureide and its methyl e s t e r  have 
the 2- imino-5-bromocarboxy(carbomethoxy)methyl -4-oxazol idone  s t ruc ture .  2 - Imino-5-b romo-  
carboxymethyl-4-oxazol idone undergoes dehydrobromination in aprot ic  polar solvents to give 2- 
imino-5-carboxymethyl idene-4-oxazol idone.  In the p resence  of dry hydrogen chloride in dimethyl-  
acetamide the oxazole ring undergoes dehydrobromination and isomerizat ion to an imidazole ring 
with the formation of 5-earboxymethyl ideaehydaatoiu.  Methyl c~-bromofumarate monoureide is 
formed when the oxazole ring of 2- imino-5-bromocarbomethoxymethyl -4-oxazol idone  is opened 
with alkali .  

Promis ing methods for the synthesis  of orotic acid (II) and its salts  have been developed on the basis of 
the halogenation of maleic  acid monoureide (I) [1-4]. 
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