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1-[1'- Benzylbenzimidazolyl]- 5-halogenophenyl-3-methylformazans 
with the halogen (chlorine or bromine) in the pare or ortho positions 
have been synthesized. In a comparative study of the reactions of the 
ortho and para halogen-containing isomers, sterie hindrance due to a 
halogen in the ortho position of the phenyl radical has been observed 
in the formation of tetrazolium salts and nickel and copper complexes, 
and in the capacity of phototropic transformations. 

To elucidate the influence of a subst i tuent  in the 
ortho posi t ion of the phenyl r ing  on the s t ruc tu re  and 
proper t i es  of formazan ,  we have synthesized the fol-  
lowing benz imidazo le  fo rmazans :  

N / ~  N--C6HcX 

I1 X= o-C!; 
~c.~c~"~ / m x=p-B~ 

I-IV EH 3 IV X=o-Br 

It was shown prev ious ly  [2] that the ha logen- f ree  1- 
[ l ' - b e n z y l b e n z i m i d a z o l y l ] - 3 - m e t h y l - 5 - p h e n y l f o r m a z a n  
has a nonchelate  s t r uc tu r e  with the p redominance  in 
carbon te t rach lor ide  solut ion of the t au tomer ic  f6rm 
with the hydrogen on a n i t rogen  atom of the benz imid -  
azole r ing.  This t au tomer ic  imino fo rm is c h a r a c t e r -  
ized in the UV spec t rum by the f requency of the s t r e t ch -  
ing v ibra t ions  of the NH group, 3445 cm -I. The f o r m a -  
zans containing a methyl  group in the pa re  or ortho 
posi t ion of the phenyl r ing  have the same  band, VNH, 
at 3445 cm -1 and s i m i l a r  absorpt ion  spec t ra  in the 
v i s ib le  region [3], the influence of the or tho-methyl  
group appear ing only in complex format ion  with nickel  
and in the higher  f requency of the absorpt ion  band of 
the complex of the ortho-methyl isomer. 

*For  pa r t  XXV, see [1]. 

The pa ra - eh lo ro  and p a r a - b r o m o  benzimidazoly l  
fo rmazan  der iva t ives  invest igated (I and HI) have an 
analogous VNH band at 3449 em -1 in the IR spec t ra  in 
carbon te t raeh lor ide  solution, but, unlike the or tho-  
tolyl fo rmazan  [3], the or tho-chloro  and o r tho-bromo 
der iva t ives  II and IV exhibit no bands whatever  in this 
region.  

The absence of bands of N- -H s t re tching v ibra t ions  
is apparent ly  caused by the sc reen ing  of this  group by 
the halogen in the ortho posi t ion of the phenyl but not 
by i n t r amo leeu l a r  chelat ion (N--H . - .  N), which is ac -  
companied by a cons iderable  ba thochromic  effect [2], 
while the spec t ra  in the v i s ib le  region of the para  and 
ortho ha logen-conta in ing  i some r s  a re  s i m i l a r  (Table 1). 

The i somer i c  pa re  and ortho halogen-conta in ing 
fo rmazans  a re  affected to a s i m i l a r  smal l  extent by the 
solvent,  and on pass ing  f rom a nonpolar  solvent  (ben- 
zene) to a polar  one (nitrobenzene) or f rom a pro ton-  
donating solvent  (ethanol) to a p ro ton-accept ing  one 
(dioxane) t he i r  color changes only sl ightly.  On pass ing  
to the anion, a ba thochromie  shift of 50-56  nm is found 
in all  the fo rmazans .  

However, the ba thochromic  effect of complex fo r -  
mat ion  with var ious  meta ls  is different  for the para  
and the ortho i somer s .  While with zinc the i somer s  
give s i m i l a r l y  colored complexes,  with copper the 
complexes of the para  i some r s  have absorpt ion  bands 
with f requencies  20-24 nm lower than the complexes 
with the ortho i s o m e r s .  The influence of a halogen in 
the ortho posi t ion appears  pa r t i cu la r ly  s t rong in com-  
plex format ion  with nickel  and, apparent ly ,  depends 
on the volume of the halogen (in II the hypsochromic  
effect in compar i son  with I is 76 nm, and in IV and III 
it is 89 nm). 

The influence of the ortho halogen appears  c l ea r ly  
in the format ion  of t e t r azo l ium sa l t s .  The pare  halo-  

Com~ 
pound 

Table 1 

Spectral Characteristics of the l-[l'-Benzylbenzimidazolyl]-5- 
halogenophenyl-3 -methylformazans (V) 

. A b s o r p t i o n  spectra  in the  visible reg ion ,  A.max, n m  

V complexes of V w i t h  meta l  
IR spectra, .~ ions (in ethanolic so lu t ions  
VNH' cm'l ~ ~ ~ ~ ~ ~ ~ i 

I 
II 

III 
IV 

3449 
N o n e  
3449 
N o n e  

I 
466 478 I 468 466 
466 476 / 468 468 
468 478 466 476 
468 476 464 474 

522 
516 
526 
528 

640 
564 
640 
558 

646 I 514 664; 520 
622 ] 520 670; 476 
650 518 674; 490 
628 516 670; 480 
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T a b l e  2. 

1 -  [1 ' - B e n z y l b e n z i m i d a z o l y l ]  - 5 - h a l o g e n o p h e n y l - 3 -  m e t h y l f o r m a z a n s  

Mp, 
~ C Empirical formula 

i11II 101--102 t185-I86190_191 i C~2HIgNsC1 .'C2HsOH C22HIgN6B r - C,H~OH 

IV 87--88 ! 
i 

Found, % 

C H N lhalogen 

63.76 5.76 i832[ 7.84 

63.96 5.29 18184 7.96 
58.43 5.05 17110 16.18 

58.43 463 17301 16.08 

64.213 

58.42 

Calculated,% 

H N [haloger 
I 

5.68 18.73 7.90 

5. tO 17.03 16.20 

,g 

77 . 

60 
75 

58 

~~ ~. 

I 

II 
lII 

IV 

T a b l e  3 

C o m p l e x e s  of t he  F o r m a z a n s  I - I V  w i t h  Ni 2+ 

Mp, OC Empirical formula 

247--248[ (C2eHIsN6CI}z,Ni 
210--211 t 
255--256 
204--205 (C2~HIaN6Br)~,Ni 

Found, % 

i haloger c ] H N 

60.79 4.30 i 19.53 8.37 

61.10] 4.49 19.52 8.2,q 
55.75 17.28 4201  I7.64 

55.62 i 3.941 1732, 16.68 

Calculated, % nl 

C aloge 

4.22 19.49 8.23 61 201 95 

55.67 f 3,83 17.70 16.84 

90 

I i 88 
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g e n - c o n t a i n i n g  f o r m a z a n s  I a n d  III  r e a d i l y  f o r m  the  

c o r r e s p o n d i n g  t e t r a z o l i u m  s a l t s  w i t h  b r o m o s u c c i n i -  
m i d e ,  w h i l e  t h e  o r t h o  i s o m e r s  II  a n d  IV on  t r e a t m e n t  

w i t h  b r o m o s u c c i n i m i d e  r e s i n i f y  a n d  d e c o m p o s e  w i t h  

t he  f o r m a t i o n  of p r o d u c t s  of a s  y e t  u n k n o w n  s t r u c t u r e .  
H i n d r a n c e  f r o m  t h e  d i r e c t i o n  of a n  o r t h o  n i t r o  g r o u p  
h a s  b e e n  found  in t he  a r y l  f o r m a z a n  s e r i e s  [ 4 ] ,  b u t  in  
t h i s  c a s e  t h e  t e t r a z o l i u m  s a l t s  w e r e  f o r m e d ,  a l t h o u g h  
m o r e  s l o w l y  t h a n  f r o m  t he  c o r r e s p o n d i n g  p a r a  n i t r o  
f o r m a z a n s .  

F i n a l l y ,  t h e  o r t h o  e f f e c t  of  a h a l o g e n  a p p e a r s  in  t h e  
p h o t o t r o p i c  i s o m e r i z a t i o n  of t h e  f o r m a z a n s .  As  s h o w n  
p r e v i o u s l y  [2] in  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  on  i r -  
r a d i a t i o n  w i t h  s u n l i g h t  b e n z i m i d a z o l e  f o r m a z a n s  a r e  

c o n v e r t e d  in to  b l u e  i s o m e r s  ( p r e s u m a b l y  d i m e r s ) .  

T h e . i n t r o d u c t i o n  of h a l o g e n  in to  t he  p a r a  p o s i t i o n  of 
t he  p h e n y l  r a d i c a l  a c c e l e r a t e s  t h i s  r e a c t i o n ,  and  in  
1 x 10 -4 M s o l u t i o n s  I a n d  III  u n d e r g o  p h o t o t r o p i e  

t r a n s f o r m a t i o n s  in  on ly  a few m i n u t e s .  In c o n t r a s t  to  
t h i s ,  t h e  o r t h o  i s o m e r s  a r e  i n c a p a b l e  of u n d e r g o i n g  
p h o t o t r o p i c  t r a n s f o r m a t i o n s .  

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

1- [1 ' -  Benzylbenzimidazolyl]- 5-halogenophenyl- 3- methylform a- 
zans (I-IV). A solution of a diazonium salt obtained from 0.01 mole 
of the appropriate amine, 5 ml of HC1 (1:1), and 0.01 mole of NaNO 2 
in 6 ml of water was added to a solution of 0.0I mole of acetaldehyde 
1-benzylbenzimidazol-2-ylhydrazone in 150 ml of ethanol initially 
cooled to 0* C, the temperature being kept between 5 and 7" C. Then 
the reaction mixture was brought to pH 6 with 2 N NaOH solution. It 
was kept in the cold for 40 rain and was then treated with 200 ml of 
water and the red precipitate that deposited was filtered off and re- 
crystallized from ethanoI (TabIe 2). 

Nickel complexes of the formazans I-IV (V-VIII). Hot ethanolic 
solutions of 0.002 mole of a formazan and 0.002 mole of Ni(NOz) z. 
�9 6HzO were mixed. On cooling, a brown precipitate with a metallic 
luster of the corresponding complex deposited. It was filtered off and 
was washed on the filter several times with ethanol and with water to 
eliminate nickel ions (Table 3)-. 

Tetrazolium salts. A solution of 0.001 mole of a formazan in 30 
ml of chloroform was treated with 0.003 mole of bromosueeinimide 
in 50 mI of chIoroform. The addition of absolute ether precipitated a 
yellow solid. For purification it was dissolved in a small amount of 
chloroform, boiled with carbon, and precipitated with ether. 

2- [1 ' -  Benzylbenzimidazolyl]- 3-(p- chlorophenyl)- 5- methyltetra- 
r.olium bromide (IX). Found, %: C 55.17; H 3.79; N 17.37. Calculated 
for CszHle~NdC1Br, %: C 54.92; H 3.77; N 17.47. Mp 150-151" C. 

9- [1 ' -  Benzylbenzimidazolyl]- 3- (1>- bromophenyl)- 5- methyltetra- 
zolium bromide (X)o Found, %: C 44.09~ H 8.09; Br 40.28%. Calcu- 
lated for C~2H~sN~Br 2 �9 HBr, %: C 44.59; H 3.15; Br 39.56. 
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