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1 - (5 -Benz imidazo ly l ) -5 -pheny l fo rmazans ,  which are  i s o m e r s  of the p rev ious ly  obtained 1- 
(2 -benz imidazo ly l ) -5 -phenyl formazans ,  and 1 - (5 -benz imidazo ly l ) -5 - (2 -benz imidazo ly l ) fo rm-  
azans,  which are  i s o m e r s  of 1 ,5 -b i s (2 -benz imidazo ly l ) fo rmazans ,  were  synthesized.  In con-  
t r a s t  to the i r  i s om er s ,  the benzimidazole  ring in the fo rmazans  obtained is connected to the 
fo rmazan  chain at the 5 posi t ion r a t h e r  than at the 2 posit ion, and this leads to substant ial  
d i f ferences  in the p r o p e r t i e s ,  s t r u c t u r e s ,  and chromat ic i t i e s  of the i somer ic  fo rmazans .  
The imidazole ring in 1 - (5 -benz imidazo ly l ) -5 -pheny l fo rmazans  is f a r  r emoved  f rom the 
chain and cannot par t ic ipa te  in a m i n o - i m i n o  t a u t o m e r i s m ,  in connection with which, the 
indicated fo rmazans  behave like 1 ,5-d iphenyl formazans  and do not fo rm complexes  with m e t -  
al ions in the cold. F o r  the same  reasons ,  1 - (5 -benz imidazo ly l ) -5 - (2 -benz imidazo ly l ) fo rm-  
azans  di f fer  f rom the i somer ic  s y m m e t r i c a l  1 ,5 -b i s (2 -benz imidazo ly l ) fo rmazans  by a 
h ipsochromic  shift  of the long-wave m a x i m u m  of the spec t rum and are  s i m i l a r  (with r e spec t  
to the i r  spec t ropho tomet r i c  c h a r a c t e r i s t i c s  and complexing  p rope r t i e s )  to the u n s y m m e t r i c a l  
1 - (2 -benz imidazo ly l ) -5 -pheny l fo rmazans .  Conclusions regard ing  the s tate  of the hydrogen 
bond of the fo rmazan  chain were  drawn on the bas i s  of the IR spec t ra l  data. 

For  the fur ther  study of the p rob l em s  of the in te r re la t ionship  between the s t ruc tu re  and chromat ic  ity 
of fo rmazans  and in o rde r  to s ea rch  for  l igands that have m a x i m u m  color  con t r a s t  during complexing,  we 
have synthesized 1 - (5 -benz imidazo ly l ) -5 -pheny l fo rmazans  (I-IV) and 1 - (5 -benz imidazo ly l ) -5 - (2 -benz imid -  
azoly l ) formazans  (V-VIII) that contain a benz imidazole  r ing joined to the fo rmazan  grouping at the 5 pos i -  
tion (Table 1). 
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I II.: i l ,  l'=l~"=CeHfi; H R=H, R'=CH3, R"=C6Hs; I I I  R=CeHsCH2, l '= l"~C6if~i ;  
IV R=C~HsCH2, R'=CH3, R"=C~Hs; V R=H, R'=C6Hs; VI R=H, R'=CHa; 

VII R=C61"I~CH'~, R'=C6H~; VIii R=C6HsCH~, R'=CH3; V-VIII R"= 2-benzimidazoly l  

Compounds I-IV a r e  i s o m e r s  of u n s y m m e t r i c a l  1 - (2 -benz imidazo ly l ) -5 -pheny l fo rmazans  [2]. The 
imidazole r ing of I-IV is sepa ra ted  f rom the fo rmazan  chain by a phenyl group and owing to this is not 
capable  of par t ic ipa t ing  in the a m i n o - i m i n o  t a u t o m e r i s m  cha rac t e r i s t i c  for  1 - (2 -benz imidazo ly l ) fo rm-  
azans [3]. This leads to weakening of the complexing p r o p e r t i e s  of I - IV (complexes a r e  not fo rmed  in the 
cold when me ta l  sa l t  solutions a r e  added) and render s  them s i m i l a r  to 1 ,5-d iphenyl formazan .  

*See [1] for  communica t ion  XXXI. 
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F i g .  1. IR s p e c t r a  of i - V I I I  (0.5% s o l u t i o n s  in c h l o r o f o r m ) .  
(The d a s h e d  l ine  is  the  s p e c t r u m  of b e n z i m i d a z o l e . )  

L i k e  1 , 5 - d i p h e n y l - 3 - m e t h y l f o r m a z a n ,  II and IV, which  c o n t a i n  a m e t h y l  g roup  in the  m e s o  p o s i t i o n ,  
a r e  c a p a b l e  of f o r m i n g  s o d i u m  s a l t s .  L i k e  t r i p h e n y l f o r m a z a n ,  I and TIT (with a pheny l  g roup  in the m e s o  
pos i t ion)  have  a c h e l a t e  r i ng  and a r e  not  c o n v e r t e d  to anions  when they  a r e  m a d e  a l k a l i n e .  An e x a m i n a t i o n  
of the  IR s p e c t r a  of I - IV  (Tab le  1), which  a r e  s u b s t i t u t e d  and u n s u b s t i t u t e d  in the [ m i d a z o l e  r i ng ,  m a k e s  it 
p o s s i b l e  to a s s i g n  the band at  3470 e m  -1 to  the  s t r e t c h i n g  v i b r a t i o n s  of the N - H  bond  in the  i m i d a z o l e  r i ng ,  
which  is c o n f i r m e d  by  c o m p a r i s o n  wi th  the  TR s p e c t r u m  of u n s u b s t i t u t e d  b e n z t m i d a z o l e .  The  band  at  3330-  
3360 c m - I  should  be a s s i g n e d  to  ~NH of  the  f o r m a z a n  g roup ing .  Compounds  II and TIT have  i n t e nse  VNH 
f o r m a z a n '  b a n d s ,  which  a t t e s t s  to the  a b s e n c e  of a h y d r o g e n  bond in the  f o r m a z a n  r i n g  of t h e s e  c o m p o u n d s .  
The  l o w - i n t e n s i t y  band of [ and III a t  3330 c m  - i  i n d i c a t e s  a w e a k e r  c h e l a t e  r i n g  than  in t r i p h e n y l f o r m a z a n ,  
the IR s p e c t r a  of which  does  not  con t a in  th i s  band .  In fac t ,  i t  is  s c a r c e l y  p o s s i b l e  to  s p e a k  about  s t r i c t  
u n i f o r m i t y  of the  bonds  in the  c h e l a t e  f o r m a z a n  r i n g  fo r  u n s y m m e t r i c a l  f o r m a z a n s  in which  t h e r e  a r e  s u b -  

s t t t uen t s  of d i f f e r e n t  e l e c t r o n - a c c e p t o r c h a r a c t e r  i n t h e  1 -  and 5 - p o s i t i o n s .  

Compounds  V-VIII  a r e  i s o m e r s  of s y m m e t r i c a l  1 , 5 - b i s ( 2 - b e n z i m i d a z o l y l ) f o r m a z a n s .  W i t h d r a w a l  of 
the i m i d a z o l e  r i n g  f r o m  the f o r m a z a n  c h a i n  wi th  r e t e n t i o n  of  i t s  a b i l i t y  to  p a r t i c i p a t e  in c o o r d i n a t i o n  wi th  
m e t a l s  induces  an i n c r e a s e  in the  c o l o r a t i o n  of the f o r m a z a n  by  70-80  nm as  c o m p a r e d  wi th  1 , 5 - b i s ( 2 -  
b e n z i m i d a z o l y l ) f o r m a z a n s  and thus  e n s u r e s  the  m a x i m u m  c o n t r a s t  in the  c o l o r  d u r i n g  c o m p l e x i n g .  In s t r u c -  
t u r e  and c o l o r ,  V - V I I I  p r o v e  t o  b e  c l o s e r  to u n s y m m e t r i c a l  1 - ( 2 - b e n z i m i d a z o l y l ) - 5 - p h e n y l f o r m a z a n s ,  bu t  
t h e i r  c o m p l e x e s  with m e t a l s  of the  3d s e r i e s  a r e  35-40  nm m o r e  deep ly  c o l o r e d .  One VNH band  at  3400 
c m - i  is  o b s e r v e d  in the  IR s p e c t r a  of s u b s t i t u t e d  and u n s u b s t i t u t e d  f o r m a z a n s  V-VII I  (F ig .  1). Thus  V -  
VIII have  an imino  s t r u c t u r e  [3] whi l e  in the  IR s p e c t r a  of V and VI t h e r e  i s  s u p e r i m p o s i t i o n  of the  VNH 
bands  of u n s u b s t i t u t e d  b e n z i m i d a z o l e  and the imino  f o r m  of f o r m a z a n  (Tab le  1). The  band  at  3300 c m - I  in 
the s p e c t r a  of V-VI I  (a pheny l  g roup  in the  m e s o  pos i t i on )  c a n  be a s c r i b e d  to UNH v i b r a t i o n s  of  the a m i n o  

f o r m  of f o r m a z a n  [3]. 

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

5 ( 6 ) - A m t n o b e n z i m i d a z o l e  D i h y d r o c h l o r i d e .  T h i s  w a s  ob ta ined  by the r e a c t i o n  of 1 , 2 , 4 - t r i a m i n o b e n -  

zene  with  f o r m i c  a c i d  and had  m p  315-317 ~ (dec.} [4]. 
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TABLE 2. Charac te r i s t i cs  of the Synthesized Formazans  

Corn- Crystalliza- Empirical Found, % I Calc., a/o 
pound rap, ~ tion solvent formula c I i-i I N , c I H N 

' / I I 184--185 Ethanol C2oH~6N6 70,3O 5,03 24,76 70,56 4,74 24,7 
II 110--112 Isopropanol C~sH~4N~ 64,38] 5,30 ]29,3 64,73 5,07 30,2 

III 185--186 Ethanol C27H22N6 75,10 t 5,17/20,02t 75,33i 5,15 19,52 
IV 174--175 Isopro~anol C22H20Ns 71,801 5,67 ~ 23.07171,721 5,47 22,81 
V 156--158 Aq. ethanol C~sH~2Ns-H~O 68,85[ 5,10122,8 [68,81~ 4,95 22,92 

VI 158--160 Isopropanol C2~H2oN8- 1/2 H20 66.381 5,26 [26,3 [ 66,2 ] 5,07 26,84 
VII 106--107 Ethanol Ca~H28Ns 74,68 5,27~19,66 74,97 / 5,03 20,0 

VIII 128--130 ;Isopropanol CaoH~6Ns" 1/2H=O [70,621 5,19122,07 70,841 5,36 22,07 

1-Benzyl-5-aminobenzimidazole .  A 3 g (0.01 mole) sample of 1-benzylamino-2,4-dint t robenzene was 
reduced with hydrazine hydrate  on Raney nickel by the method in [5]. The result ing solution of t r iamine 
was fi l tered,  and the fi l trate was refluxed for  4 h with 98% formic acid (distilled over  BaOa) and evaporated.  
The residual res in  was dissolved in HC1 (1 : 1), the solution was boiled with charcoal ,  and 1-benzyl -5-  
aminobenzimidazole was isolated from the solution with 2 N NaOH. The product was purified by repeated 
reprecipitat ion from hydrochloric  acid solution by the addition of alkali to give 60g0 of a product  with mp 
122 ~ Found: C 75.53; H 5.86; N 19.25%. C14HtaN a. Calculated: C 75.41; H 5.87; N 18.83%. 

1-(1-Benzyl-5-benzimidazolyl ) -3 ,5-dtphenylformazan (III). A diazonium salt  solution prepared  f rom 
1 g of 1-benzyl-5-aminobenztmidazole ,  6 ml of HC1 (1 : 1), and 0.48 g of NaNO 2 was added to a cooled so-  
lution of 0.883 g (4.5 mole) of benzaldehyde phenylhydrazone in 10 ml of ethanol and 6 ml of pyridine. The 
mixture was neutralized with 2 N NaOH to pH 7-8, and the red-brown precipitate of III was c rys ta l l i zed  
from ethanol. 

Compounds I-VIII were s imilar ly  obtained by azo coupling of the dtazonium salts of 5-amfnobenzim-  
idazole and 1-benzyl-5-aminobenzimidazole  with the appropriate  a ry l -  and 2-benzimidazolyl  hydrazones;  
I was obtained in a lcohol -pyr id ine ;  II, VI, IV, and VIII were obtained in isopropyl alcohol; and V and VII 
were obtained in alcoholic alkali. The yields were 65-80%. The cha rac te r i s t i c s  of the formazans  obtained 
are  presented in Table 2. 

The IR spect ra  of thin fi lms of solutions of the compounds were  recorded with a UR-20 speet rophotom- 
e te r  f rom 3200 to 3500 cm -I using L IF  p r i sms .  

1. 
2. 
3. 
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