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In recen t  yea r s  the synthesis  of ladder  polymers  has a t t rac ted  attention; these molecules  are  const rue-  
ted f rom two c ross - l inked  chains.  These  polymers  should have increased  stabil i ty to various degrading forces ,  
such as the rmal  degradation [1-7]. Conspicuous among ladder  polymers  are  those containing he te rocyc tes ,  
notably the pyr rone  po lymers  [8, 9], which are  usually p repa red  by the two-s tep  react ion of a romat ic  t e t r a c a r -  
boxylic acid dianhydrides with a romat ic  te t ra  amines 
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This  scheme does not fully r ep r e sen t  the actual react ion sequence of the thermal  cycl izat ion of polyamide 
amino acids (PAAA), because of the fac tors  specif ical ly associa ted with the process  of sol id-s ta te  cyclizat ion 
and originating f rom the l imited mobil i ty of the polymer  chains.  As a resul t ,  the polymer  contains incom- 
pletely cycl ized segments ,  incorporat ing amide amino acid, imide amine,  and carboxybenzimidazole units.  
Moreover ,  cyci izat ion is accompanied by side react ions ,  such as decarboxylat ion of the PAAA [10]. The 
presence  of anomalous units in the polymer  chains considerably reduces  the thermal  stabili ty of polyaroyiene-  
benzimidazoles [10-13]. 

Use of 2,5-bis(methoxycarbonyl)terephthaloyl chloride as starting compound might well prevent decar- 
boxylation and promote a higher degree of cyclization. In this context we decided to study the preparation of 
aroylenebenzimidazoles as exemplified by the cyclization of the hitherto undescribed model compounds 2- 
methoxycarbonyl-N-(o-aminophenyl)benzamide (I) and 2,5-bis(methoxycarbonyl)-N, N'-bis(o-aminophenyl)- 
terephthalamide (III). 

Analogy with PAAA [14, 15] suggests that the formation of aroylenebenzimidazoles based on polyamide 
amino esters will proceed in two steps: imidization and formation of the benzoylenebenzimidazole structure 
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Fig.  1 .  T e m p e r a t u r e  dependence of the yie ld  of volati le products  f rom 
the t h e r m a l  eycl izat ion of compounds 1, 2) I a n d l , ,  2') III: 1, 1') methanol;  
2, 2') wa te r .  

Fig.  2. T e m p e r a t u r e  dependence of the yield of volati le products  f rom 
the t he rm a l  cyclodehydrat ion of compound (V); 1) wa te r ;  2) CO 2. 
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We made a compara t ive  GLC analys is  of the volati le products  of the t h e r m a l  cycl izat ion of N - ( o - a m i n o -  
phenyl)phthalamic acid (V) and the model  compounds (I) and (KI). The volati le reac t ion  products  f rom (D and 
(IID a re  methanol  and wate r  (Fig.  1), while compound (V) fo rms  wate r  and CO 2 (Fig.  2), which re su l t  f rom 
the rma l  decarboxylat ion under  the conditions of eyclodehydrat ion.  Consequentty it is ex t r eme ly  difficult to 
deduce the sequence of cycl izat ion reac t ions  involved in the p repa ra t ion  of a roy lenebenz imidazo les  f rom amide 
amino acids and the ra t io  of the r a t e s  of these reac t ions  over  a wide t e m p e r a t u r e  range,  since the sole r e a c -  
tion product  f rom cycl izat ion of (V) is wa te r  (Fig.  2). 

The fo rmat ion  of a roy lenebenz imidazo les  involves two s teps  (Fig.  1); rapid  l iberat ion of methanol  takes 
place f i r s t  at lower t e m p e r a t u r e s ,  due to imidizat ion.  Af ter  compounds (D and (IID have been heated under  
vacuum at 160~ for  1 h, the IR spec t ra  of the i r  cycl iza t ion products  show absorp t ion  bands cha r ac t e r i s t i c  of 
the imide ring (1780, 1720, 1380, 730 cm -1 [16, 17]) and lack bands c h a r a c t e r i s t i c  of the e s t e r  group (1735 and 
1165 cm -1) and of the amide group (1500 [16], 1640, and 3200 cm -1 [17]). The second step,  fo rmat ion  of the 
benzoylenebenz[midazole  r ing,  is s lower  thanimidlza t ion ,  as can be deduced f rom the l ibera t ion of wa te r .  
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This the rma l  in t ramolecular  el imination is a t rue sol id-s ta te  react ion,  since (Fig. 1) eyclizat ion of 
compounds (D and (III) takes place at t empera tu res  below the i r  melting points [the mp of (D is 145~ that 
of (III) is > 300~ 

The the rmal  convers ions  of model  compounds (I) and (IID to (II) and (IVa, b) are  accompanied by the 
disappearance of the absorpt ion bands of the s tar t ing compound, 1165 cm -1 (C - -O,  methyl  e s t e r  ofcarboxyl ie  
acid) [18], 1735 cm -I (C =O, e s t e r  group) [18], 2960 cm J (CH3) [18], 1500, 3200, and 1640 cm -1 (NHCO) [16, 
17], 1600 and 3400 cm -1 (NH2) [17, 16], and by the appearance of bands charac te r i s t i c  of benzoylenebenzimi-  
dazoles,  1450 and 1620 cm -1 (C =N) and 1760 cm -~ (C =O) [16, 17]. 

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

Thermal  cyel izat ion was c a r r i e d  out in a quartz  m i c r o r e a c t o r  [19] under  argon between 65 and 400~ 
subsequent analyses used an LKhM-8MD chromatograph (model 5) [detection by ka tharometer ;  l inear  t emper -  
a ture  programing,  12 deg/min,  35 to 160~ argon flow rate  40 ml /min ;  220 x 0.3 em s ta in less - s t ee l  column, 
Porapak R (100-120 mesh)] .  The heating t ime at each t empera tu re  was 10 rain; the sample weight, 10 rag. 
The IR spec t ra  were r eco rded  with a UR-20 spec t rome te r  (KBr disks).  

2-Methoxycarbonyl-N-(o-aminophenyl)benzamide (D. To a s t i r r ed  solution of o-phenylenediamine {2.44 
g, 0.026 mole) [purified by two vacuum sublimations (0.5 ram, 80~ in dry CH2C12 (130 ml) in a s t r e a m o f  
argon was gradually added o-(methoxycarbonyl)benzoyl  chloride (2.25 g, 0.0113 mole) .  After  2.5 h s t i r r ing  
the precipi ta ted  o-phenylenediamine hydroehloride was f i l te red  off. The mother  liquor was cooled andmixed 
with e the r .  The resul t ing precipi ta te  was f i l te red  off, washed with e ther ,  and dried in a i r  and then under 
vacuum. The yield of(D was 2.1 g (63.6%), as ap ink  powder wi thmp 149-150~ Found: C 66.32; tt 5.17; 
N 10.11%. 015Ht~N203. Calculated: C 66.6; H 5.18; N 10.38%. IR spec t rum (9, cm-1): 173-5 (C =O, aromat ic  
acid ester) ,  1165 (C - O ,  methyl  e s t e r  of carboxyl ic  acid), 2960 (Ctt3) [18], 3400 (NH2) , 1640, 1500 (NtICO) [16]. 
The content of NH 2 groups was 5.85% (calculated 5.90%), der ived by the photocolor imet r ic  method of [20]. 

1 ,2-Benzoylenebenzimidazole  (ID. Cyelization of I) at 300~ under vacuum gave (II) as yellow crys ta l s  
with mp 212~ [16]. 

2, 5-Bis(methoxycarbonyi)-N,  N'-bis(o-aminophenyl) terephthalamide (III). To a s t i r r e d  solution of o- 
phenylenediamine (0.432 g, 0.004 mole) in absolute CHCI 3 (10 ml) in a s t r eam of argon was gradually addeda 
solution of 2, 5-bis(methoxyearbonyl) terephthaloyl  chloride (0.638 g, 0.002 mole) (prepared  by the procedure  
of [21]) in CHCI 3 (120 ml).  After  6-h s t i r r ing  the precipi ta ted  (III) was f i l te red  off, washed with CHCI3, and 
dried under  vacuum over  paraff in at 60~ The dry product (IID was washed with soda solution to pH 7, and 
then with water  and ethanol, and dr ied under  vacuum at 100~ over P205. The yield of (III) was 0. 894 g 
(95.3%), as yellow powder with mp> 300~ (decomposition). Found: C 62.64; H 4.66; N 12.10%. C24H22N406. Cal- 
culated: C 62.40; H 4.77; N 12.15%. IR spec t rum (v, cm -1) : 1600 (NH2) , 3200, 1640 (NHCO) [17], 1735 (C = O, e s t e r  
group), 1165 (C - O, methyl  e s t e r  ofcarboxyl ic  acid), 2960 (CH3) [18]. The content ofNH 2 groups was 6.~6% (e , lcu la -  
ted 6.80%), der ived  by the photoeolor imet r ic  method of [20]. 

Mixed I somers  7H, 15H-Bisbenzimidazo[1,  2 -a :  1 ' ,  2'-a~]benzo[1, 2-c : 4 ,5 -c ' ]d ipy r ro l e -7 ,15 -d ione  (IVa) 
and 13H, 15H-Bisbenzimidazo[1,  2-a  : 1 ' ,  2 ! -a ' ]benzo[1 ,2-e  : 4 , 5 ' - c ' ]  d ipyr ro le -13 ,15-d ione  (IVb). Cyclode- 
hydrat ion of (IID at 200~ under  vacuum gave (IVa, b) as an orange powder with mp>400~ Found: C 72.85; H 
2.80; N 15.38%. C22HIoN402. Calculated: C 72.92; H 2.72; N 15.46%. IR spect rum (v, cm-l) :  1760 (C = O), 1620 
(C = N), 720 (C = O), which is consistent  with the IR spect ra  of i so m er s  (IVa) and (IVb) p repared  by another method [17 J. 
Absorption bands of (III) were absent,  iv, cm-1): 1600 (NH2), 1640, 3200 (NHCO) [17], 1735 (C =O, es te r ) ,  
1165 (C - -O,  methyl  e s t e r  of carboxyl ie  acid), 2960 (CH3) [18]. 

C O N C L U S I O N S  

1. We have used the rma l  eycl izat ion to synthesize aroylenebenzimidazoles  based on the hi therto unknown 
amide amino e s t e r s  2-methoxyearbonyi-N-(o-aminophenyl)benzamide and 2, 5-bis(methoxycarbonyl)-N,  N'-bis  
(o- aminophenyi)tere phthalamide.  

2 .  We have used GLC to examine the l iberat ion of the volatile products  f rom the thermal  eyelizat ion of 
2-methoxycarbonyl-N-(o-aminophenyl)  benzamide and 2,5-bis  (methoxycarbonyl) -N, N'-bis  (o-aminophenyl) tere~ 
phthalamide and have demonst ra ted  the two-s tep  nature of the format ion of aroylenebenzimidazoles .  
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fi, f i -Dichlorovinyl  e the r s ,  C12C = CHOR, and the analogous sulf ides,  Cl2C =CHSR, r e a c t  in the same  way 
with e lec t rophi les  and a re  dis t inguished f rom the cor responding  unsubst i tuted vinyl compounds by the i r  lower  
reac t iv i ty  [1-4]. However ,  they differ  marked ly  in the i r  r e sponse  to nucleophiles:  the oxygen analogs a re  ine r t  
[2], while f i , f i -dichlorovinyl  sulf ides a re  read i ly  dehydrochlor inated,  forming a~-chioro-/~-(alkylthie)acetylenes 
[5], and undergo substi tut ion of one of the chlor ines  with me ta l  thiolates  [6]. 

Our  intention here  was to examine the reac t ion  of fi, f l -diehlorovinyl  sulf ides with thiols  in the p resence  
of alkali ,  which we thought re levent  to the p repa ra t ion  of var ious  unsa tura ted  sulf ides and as a new model  for  
nucleophilie substi tut ion at an unsa tura ted  carbon a tom.  We foundthat  the reac t ion  can follow s e v e r a l p a t h -  
ways ,  depending on the conditions 
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