
which each portion was added only a f t e r  gas evolution f rom the previous portion had ceased.  The mixture was  
s t i r r ed  at room tempera ture  for  3-4 h, a f ter  which the acid layer  was separated and poured into 350 ml of 
wa te r  containing ice. The aqueous mixture was neutral ized with sodium bicarbonate and extracted with five 
100-ml port ions of ethyl acetate.  The ext rac t  was washed with water  and dried over  calcined magnesium sul- 
fate. The solvent was removed,  and the product  was purified by crystal l izat ion.  

1 - (2 -Aminoe thy l ) -3 -n i t ro - l , 2 ,4 - t r i azo le  Hydrochloride (VI). Concentrated HC1 (20 ml) was added to 3 g 
(15.5 mmole) of ainide HI, and the mixture was refluxed for  6 h. It was then evaporated to dryness  on a s team 
bath; and the residue was c rys ta l l ized  f rom methanol to give 2.1 g (69%) of a product  with Inp 209-210~ Ill 
spec t rum:  840 s, 435 w, 1030 m, 1110 m, 1185 In, 1240 w, 1310 s, 1390 w, 1340 m, 1415 m, 1460 m, 1495 s, 
1540 m, 1555 m, 1600w, 2800w,  2880w,  2450w,  3070w, and 3120w cin -t .  Found: C 24.6; H4.4 ;  C1 18.0; 
N 36.1%; M 190 by ebullioscopy, f rom acetone. C4HsCINsO2. Calculated: 24.8; H 4.1; CI 18.4; N 36.2%; 
M 193.5. 

2 -N i t ro -5 ,6 -d ihyd ro - lH- imidazo [2 ,3 -b ] - l , 2 , 4 - t r i a zo l e  (VIII). A 2-g (8 mmole) sample of amide V was 
added to 10 ml of 10% H2SO4: and the mixture was refluxed for  6 h. It was then made alkaline to pH 8 with so-  
dium bicarbonate and extracted with three 25-ml  portions of ethyl acetate. The extract  was then washed with 
wate r  and dried over  calcined magnesium sulfate. The solvent was removed, and the residue was crysta l l ized 
f rom ethanol to give 0.62 g (51%) of a product  with mp 177-178~ IR spect rum:  815 w, 860 w, 880 m, 940 w, 
!100 w, 1240 s, 1270 s, 1300 s, 1350 w, 1410 w, 1440 In, 1460 In, 1500 s, 1535 s, 1620 s, 2850 w, 2920 m, and 
3200-3400 m cm -1. Found: C 30.8; H 4.0; N 45.4%; M 153 by ebullioscopy, f rom acetone. CaH5NsO2. Calcu- 
lated: C 30.9; H3.2;  N45.1~;  M 153. 

1, 
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3, 
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S Y N T H E S I S  OF N E W  C O N D E N S E D  H E T E R O C Y C L I C  S Y S T E M S  

A. L.  R u s a n o v ,  L .  K h .  P l i e v a ,  
M. K.  K e r e s e l i d z e ,  a n d  V.  V.  K o r s h a k  

UDC 547.785~792.07 : 543.422.4 

L~wo new d i a m i n e s -  [1 ,3-b is (5-phenyl - l ,2 ,4- t r iazol -3-y l ) -4 ,6-d iamino]benzene  and [1,3-di- 
(2-benzim~dazolyl ) -4 ,6-diamino]benzene-  were synthesized f rom 4,6-dinitroisophthalic acid. 
New heterocyct ic  sys tems  - 3,5,9,1 ] - te t raphenyl[benzo[1,2-a;  4 ,5-a ' ]b is  (1,2,4-triazolo [4,3- c]py r i -  
Inidine)] and 2 , 1 6 - d i p h e n y l [ b e n z o [ 1 , 2 - a ; 4 , 5 - a , ] b i s ( p y r i m i d o [ t , 6 - a ] b e n z i m i d a z o l e ) ]  - were ob- 
tained by react ion of the diamines with benzoyl chloride and subsequent cyclization. 

Continuing our study of heterocyc[ic compotmds thatmodel "ladder ~ polymers [i, 2], we synthesized pre- 
viously undescribed diamines that contain benziinidazole and sym-triazole rings in the ortho positions relative 
to !;he amino groups and new heterocyclic compounds from them. The starting diamines were obtained from 
4,6-dinitroisophthalic acid anhydride (D in conformity with scheme i. The structures of the intermediate and 
final reaction products ([I-VID were confirmed by the results of elementary analysis (Table I) and the IR 
spectral data. Thus the reaction of i with benzainidrazone gave (4,6-dinitroisophthaloyl)dibenzamidrazone (If), 
the IR spectrum of which contains absorption nqaxiina at 1350, 1530 (NO2); 1680 (amide CO); and 3200 and 
3490 cin -i (NH and NH2). The cyclodehydration of 11 to [l,3-bis(5-phenyl-l,2,4-triazol-3-yl)-4,6-dinitro]ben- 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow 117312. Translated 
from Khinqiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1274-1277, September, 1977. Original article sub- 
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T A B L E  1. S o m e  P r o p e r t i e s  of the S y n t h e s i z e d  Compounds  

Com- 
pound mp, *C 

II 

IlI 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

Method of 
purification 

Found, % 

l[ N 

UV spee- 

2 I a'_2__l 

53,9 3,6 338--340 ] Recrvstalliza- 
I tiot~ [DMF-- 
I water fl : 1)] 

345--346 I recrym (iso- 
I. propanol) 

335--336 I Recrvstalliza- 
I tiofi(ethanol) 

256--25,7, Recrvstal. 
[D~F--water  
(3 : 1)1 

280--282 Extraction with 
methanol 

.t 12--413 8ublimat. at 
3507370"C / 
10 "~ mm 

367 RCervstalliza- 
tioh [DMF-- 
water (1 : I)] 

400--402 Sublimat. at 
350-360"C/ 
O.5 mrn 

365-366 Recrystalliza- 
tion (DMF) 

436--410 Sublimat. at 
300-350~ 
10 " a m m  and 
recrystalliza- 
tion (DMF) 

22,8 247 

24,7 247 

28,4 275 

17,6 231 

22,3 - 

24,7 305 

18,6 263 

19,8 260 
322 

15,3 26,5 
3{}5 

16,4 235 
267 
340 
427 
452 

Empirical 
formula 

53,6 3,.q 

58,1 3,3 

66,3 4,8 

48.5 3,3 

61.7 5,q 

70,6 4,9 

69,C 4,9 

76,01 4,0 

i:i; 

4,601 

4,73 I 
4,72 I 
4,751 

4.5tl 

4,861 

4,711 
t,411 

4,66 t 
4,49 I 
4,43 I 
4,20 I 
3,171 
4,5ll 
4.521 

23,0 C,2t IisNsOs 

24,6 C22HI4NsO4 

28,8 C,_,,H ~sNs 

16,6 C,~jJf~N~OIo 

21,8 C2u1 {~oN~O2 

24,5 C~0HI4N6 

17,9 Ca6H,6N~O2 

20,2 Cad 122Na 

15, C:~j 124N{;O2 

16,3 C841-lz0N6 

58,1 3,1 

67,0 1,5 

48,4 3,4 

63,8 5,3 

70,6 4,7 

71.8 4,3 

76,3 3,9 

74,4 .IA 

79,7 35) 

72 

62 

77 

63 

90 

80 

73 

86 

70 

90 

* The UV s p e c t r a  w e r e  r e c o r d e d  f r o m  10 -5 m o l e / l i t e r  so lu t ions  of 
the c o m p o u n d s  in 98% H2SO 4. 

z e n e  (III) w a s  a c c o m p a n i e d  by d i s a p p e a r a n c e  of  the absorpt ion  m a x i m a  c h a r a c t e r i s t i c  for  the a m i d e  CObond and NH 
and NH 2 groups  and by the appearance  of absorpt ion  m a x i m a  at 1615 ( t r iazo le  C = N) and 3100-3400  c m  - t  ( t r i a z o l e  NH}. 

S c h e m e  1 
O O 
1! ii 

2 H -- ~ N - - N t l 2 ~  
Co 5 C\NH2 j-2 HCI -2 ITC112 o-NH2%ttINO , 

0 0 0 0 H tl li H H I! i! H 
~ N--N --CX/~--x,./C-- N-- N \. ~ N - - c ~ C - -  N . . . ~  

%.~-c I( )1 c-c~n~ 
- . %  v 

I1 y 

1-2H20 o 1 O 
H I1 II It ~--N ~--~ .~--~. A .~--.~ 

NO~ v "NO, VI 

Illl 1-2 H~O 

s . I~ ) i  " 
NH / ~ \ N H ,  N H , / " ~ / / \ N  H2 

IV Yll 

Reduct ion  of  III gave  [ 1 , 3 - b i s  (5 -pheny l -  1 , 2 , 4 - t r i a z o l - 3 - y l ) - 4 , 6 - d i a m i n o ] b e n z e n e  (IV), the IR s p e c t r u m  of  which  d o e s  
not conta in  the a b s o r p t i o n  m a x i m a  c h a r a c t e r i s t i c  for  n i tro  groups  but doe  s conta in  the absorpt ion  m a x i m a  c h a r a c t e r -  
i s t i c  for  the t r i a z o l e  C = N b o n d  (1615 c m  - i )  and for  a m i n o  groups  (3380 c m - l ) .  On the o ther  hand, the reac t ion  of I w i t h  

1 0 3 0  



o-n i t roan i l ine  gave 4 ,6-din i t ro isophthal ic  acid bis (o-nitroanilide) (V), the IR spec t rum of which contains ab-  
sorp t ion  m a x i m a  at 1350, 1530 (NO2); 1690 (amide CO); and 3300-3380 em -1 (amide NH). The reduction of V to 
4 ,6-d iaminoisophthal ic  acid bis (o-aminoanilide) (VI) was accompanied  by d i sappearance  of the absorp t ion  max-  
ima c h a r a c t e r i s t i c  for  ni t ro groups ,  a shift  of the absorpt ion max imum of an amide CO group to 1650 cm -1, 
and the appea rance  of absorp t ion  m a x i m a  at  1260 and 1320 em -1 (amine C - N )  and 3460 and 3490 em - !  (NH2). 
The cyclodehydra t ion  of VI to [1 ,3-d i (2-benzimidazoly l -4 ,6-d iamino]benzene  (VII) was accompanied  by dis-  
appea rance  of the absorp t ion  m a x i m a  cha rac t e r i s t i c  for  amide group CO and NH bonds and the appearance  of 
absorp t ion  max ima  at  1460, 1600, 1625, and 3000-3400 cm - t  (benzimidazole).  

New he te rocye l ic  s y s t e m s -  3,5,9,11-tetraphenyl[benzo[1,2-a;4,5-a']bis(1,2,4-triazoto[4,3-clpyrimidine)] 
(IX) and 2,16-diphenyl[benzo[1,2-a;4,5-a']bis(pyrimido[1,6-a]ber~zimidazole)] (XI) (Scheme 2) - w e r e  obtained 
by reac t ion  of d iamines  IV and VII with benzoyl  chlor ide and subsequent  cyclocondensat ion of the resul t ing di-  
benzamides  VIII and X. 

S c h e m e  2 

|V 

N - - N  N - - N  N - - N  kl N H H 
C6 H / . C . . . N ~ C ~  C- N~C'- C .IL C6 tl / C- N/C " - r -~- ' - t /C"  /C \c~iH s 

2 C , ,  COCI~ ~ 11 ~ It ~ 22~i~ " -x  o I / ~ ( ' ~ N  i 
-2 IICI C II.--C--N N--C--C,;IL C6115--C= -C--C61|-- 5 

" J 11 I ' I  I I  II . o 

0 0 IX 
Vlll 

=, C,,U~COCf I( II C. A / C  }[ )I ;( ~I c A / c  H )I 

- 

" ; I I  t l  ! ' ; 5 . . . .  ' :~ 
0 0 

X X l  

The s t r u c t u r e s  of the in te rmedia te  and final react ion  products  (VIII-XI) we re  conf i rmed by the r e su l t s  of 
e l e m e n t a r y  analys is  (Table 1) and IR spec t r a l  data. The benzoylat ion of IV was accompanied  by the d isap-  
pea r ance  of the absorp t ion  m ax i m a  cha rac t e r i s t i c  for  amino groups  and by the appearance  of t h e a b s o r p t i o n  
m a x i m a  c h a r a c t e r i s t i c  for  amide CO and NH bonds (1660 and 3200 cm- I ) ,  which a t tes t s  to the fo rmat ion  of 
[1,3-bis(5-phenvl-l,2,4-triazol-3-yl)-4,6-dibenzamidolbenzene (VIII). Absolutely analogous changes in the 
s p e c t r a l  c h a r a c t e r i s t i c s w e r e  obse rved  in the benzoylat ion of VII, which leads to [1 ,3-di (2-benzimidazolyl) -  
4 ,6-d ibenzamido]benzene  (X). The cyclodehydratiS"n-of VIII and X was accompanied  by the d i sappearance  of the 
absorpt ion  m a x i m a  c h a r a c t e r i s t i c  for  amide CO and NH bonds and t r iazole  and benzimidazole  NH bonds; a t  the 

s a m e  t ime the tR spec t r a  of the cycl izat ion products  contained absorpt ion  max ima  at 1380 ( - -N-- )  and 1620 
em -1, which conf i rm the s t r u c t u r e s  of the des i red  he terocyel ic  s y s t e m s -  3,5,9,11-tetraphenyl[benzo[1,2-a; 
4,5- a '  ]b is (1 ,2,4- t r iazolo [4,3 -c]pyr imidine)  l (IX) and 2,16-diphenyl  [benzo [1,2- a ;4,5- a '  ]bis (pyrimido [1,6- a ]ben- 
zimidazole)  ] (X-I). 

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

Starting Compounds.  4 ,6-Dini t roisophthaloyl  dichloride (I), with mp 104-105~ (mp 107~ [3]), was ob- 
tained (in 65% yield) and pur i f ied by the method in [3]. Benzamidrazone ,  with mp 74.5-76~ (mp 75-76~ [4]), 
was  synthes ized (in 557c yield) and purif ied by the method in [4]. 

(4 ,6-Dini t ro isophthaloyt)dibenzamidrazone (II)._ A 2.70-g {0.02 mole) s ample  of benzamidrazone  was 
p laced  in a 100-ml  threeYnecked f lask equipped with a s t i r r e r  and an argon inlet tube, a f te r  which 30 ml of dry 
f r e sh ly  dist i l led N,N-d imethy lace tamide  and 1.63 g (0.02 mole) of sodium carbonate  were  added. A 2.93-g 
(0.01 mole) sample  of I was then added with s t i r r ing  to the reac t ion  mix ture  in a s t r e a m  of argon, and the r e -  
suiting d a r k - r e d  solution was s t i r r e d  at room t e m p e r a t u r e  for  2 h. It was then poured into 200 ml  of water ,  
and the resul t ing orange  p rec ip i t a t e  was r emoved  by f i l t rat ion,  washed with water ,  and r ec ry s t a l l i z ed  f r o m  di- 
m e t h y l f o r m a m i d e  (DMF)--water  (1 : 1) until it had mp 338-340~ t h e  yield of II was 3.82 g (78%). 

[1,3-Bis (5 -pheny l - l ,2~4- t r i azo l -3 -y l ) -4 ,6 -d in i t ro ]benzene  (HI}. This compound was obtained by heating 
4.9 g (0.01 mole) of II at 250-270~ (1 ram) for  3 h. The color  of the reac t ion  product  changed f r o m  orange to 
l ight-beige.  The product  was r e c r y s t a l l i z e d  f r o m  isopropyl  alcohol until it had mp 345-346~ The yield of HI 
was 2.86 g (63%). 
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[1 ,3 -B i s (5 -pheny l - l , 2 ,4 - t r i a zo l -3 -y l ) -4 ,6 -d i amino ]benzene  (IV). A 4.54-g (0.01 mole) s ample  of III, 300 
ml  of i sopropyl  alcohol,  0.5 cm ~ of Raney nickel,  and 25 ml  of hydrazine hydrate  we re  p laced in a 500-ml th ree -  
necked f lask  equipped with a s t i r r e r  and a ref lux condenser ,  and the mixture  was ref luxed with s t i r r ing  fo r  3 h. 
The hot solution was f i l t e red  to r e m o v e  the Raney nickel,  and 200 ml  of isopropyl  alcohol was r emoved  f rom 
the f i l t r a te  by dist i l lat ion.  The concent ra te  was cooled, and the resul t ing prec ip i ta te  was pur i f ied  by r e c r y s t a l -  
l izat ion f r o m  ethanol until it had mp 335-336~ The yield was 3.03 g (77%). 

4 ,6-Dini t ro isophthal ic  Acid Bis(o-ni t roani l ide)  (V). A 2 .93-g  (0.01 mole) sample  of I was added to 2.76 g 
(0.02 mole) of o -n i t roani l ine  in 20 ml  of N-methy lpyr ro l idone ,  and the mixture  was s t i r r e d  at 5-10~ fo r  18 h. 
It was then poured into 200 ml  of wa t e r  containing ice, and the resul t ing prec ip i ta te  was removed  by f i l t ra t ion 
and r e c r y s t a l l i z e d  f r o m  D M F - - w a t e r  {3 : 1). The yie ld  of V, with mp 256-257~ was 3.12 g (63%). 

4 ,6-Diaminoisophthal ic  Acid Bis(o-aminoani l ide)  (VI). A 4.96-g (0.01 mole) sample  of V was hydro-  
genated o v e r  Raney nickel  in 100 ml  of DMF at  r oom t e m p e r a t u r e  and an initial hydrogen p r e s s u r e  of 150 a tm.  
The Raney nickel  was separa ted ,  and the solution was poured into water .  The g r ay -be ige  product  was sub- 
jected,  without additional purif icat ion,  to cycl izat ion by refluxing in 4 N HCI fo r  24 h. The [1 ,3-d i (2-benzimid-  
azo ly l ) -4 ,6-d iamino]benzene  dihydrochlor ide  was t rea ted  with ammonium hydroxide and dr ied to give 1.87 g 
[55% based  on 4 ,6-dini t ro isophthal ic  acid bis (o-nitroanilide)] of VII. :Compound VII was purif ied by sublimation 
at 340-360~ (10 -4 mm) to give a product  with mp 412-413~ 

[1 ,3 -Bi s (5 -pheny l - l , 2 ,4 - t r i azo l -3 -y l ) -4 ,6 -d ibenzamido]benzene  (VIII). A 2 .81-g  (0.02 mole) sample  of 
benzoyl  chlor ide was added at room t e m p e r a t u r e  to a solution of 3.94 g (0.01 mole) of IV in 60 ml of hexa-  
methylphosphor ic  t r i amide ,  and the solution was s t i r r e d  fo r  2 h. It was then poured into water ,  and the r e -  
sulting white powder  was r emoved  by f i l t rat ion,  washed with water ,  and r ec ry s t a l l i z ed  f r o m  DMF--wa te r  {1 : 1) 
until it had mp 367 ~ (in a p rev ious ly  heated  block). The yield of VIII was 4.42 g (73%). 

3,5,9,11- Tetraphenyl[benzo[1,2-  a;4~5- a '  ]bis (1~2 ~4-triazolo [4,3-c]pyrimidine) ] (IX), A 3.01-g (0.005 mole) 
s ample  of VIII in a condensat ion tes t  tube was subjected to heat  t r ea tmen t  at 370~ (10 -3 mm).  Cycl izat ion was 
accompanied  by subl imat ion of the product .  Resubl imat ion gave IX, which mel ted  at  400-402~ The yie ld  was 
4.9 g (86%). 

[1 ,3-Di(2-benzimidazoly l ) -4 ,6-d ibenzamido]benzene  (X). A 2.81-g (0.02 mole) sample  of benzoyl chlor ide 
was added to a solution of 3.40 g (0.01 mole) of VII in 60 ml  of hexamethylphosphor ic  t r iamide ,  and the r e su l t -  
ing solution was  s t i r r e d  fo r  2 h and poured  into wate r .  The prec ip i ta ted  yellow powder (VIII) was r emoved  by 
f i l t rat ion,  washed with water ,  and r e c r y s t a l l i z e d  f r o m  DMF until it had mp 365-366~ (in a p rev ious ly  heated 
block). The yield of X was quanti tat ive.  

2,16-Diphenyl[benzo[1,2-a;4,5-a']bis~pyrimido[1,6-a]benzimidazole)] (XI). A 5.48-g (0.01 mole) sample  
of X was placed in a condensat ion tes t  tube and heated at 3b0-350~ {1 0-4 mm).  Cyclizat ion was accompanied 
by subl imat ion of the product;  the subl imate  was col lected and re sub l imed  to give XI with mp 436-440~ The 
yie ld  of XI was 4.60 g (90%). 

The UV s p e c t r a  of solutions of the synthes ized compounds in 98% I-I2SO 4 were  r eco rded  with a Hitachi  
spec t ropho tomete r .  The IR s pec t r a  w e r e  r eco rded  with a UR-20 s p e c t r o m e t e r .  

1, 

2. 

3. 
4. 

L I T E R A T U R E  C I T E D  

V. V. Korshak ,  A. L. Rusanov, Ts. G. I r emashv i l i ,  I. V. Zhuravleva ,  S. S. Gitis ,  E. L. Vulakh, and 
V. M. Ivanova, Khim. Getero ts ik l .  Soedin., No. 11, 1574 (1973). 
V. V. Korshak ,  A. L. Rusanov, S. N. Leont ' eva ,  L. Kh. Pl ieva,  Yu. E. Doroshenko,  and I. Bat i rov,  Khim. 
Getero ts ik l .  Soedin., No. 10, 1405 (1974). 
P. Ruggli and O. Schmid, Helv. Chim. Acta, 18, 247 (1939). 
T. Kaafmann,  Be t . ,  97, 3436 (1964). 

1032 


