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l-(Alkyl benzimidazolyl)-, l-benzothiazolyl- and l-benzoxazolyl- 
3-methyl-5-phenylformazans containing sulfo groups (in the meta 
or para position) in the phenyl residue have been synthesized. It has 
been established that some of them can be used as analytical reagents. 

A r y l f o r m a z a n s  c o n t a i n i n g  s u l f o  g r o u p s  a r e  w i d e l y  
u s e d  a s  a n a l y t i c a l  r e a g e n t s  [1, 2] .  

W e  h a v e  s y n t h e s i z e d  u n s y m m e t r i c a l  f o r m a z a n s  of 

t he  b e n z i m i d a z o l e ,  b e n z o t h i a z o l e ,  a n d  b e n z o x a z o l e  
s e r i e s  c o n t a i n i n g  s u l f o  g r o u p s  and  s u i t a b l e  f o r  t he  
p h o t o m e t r i c  d e t e r m i n a t i o n  of m e t a l  i o n s  in  a q u e o u s  

s o l u t i o n s .  T h e  s y n t h e s i s  w a s  e f f e c t e d  by  the  a z o -  

c o u p l i n g  of d i a z o t i z e d  s u l f a n i l i c  and  d i a z o t i z e d  m e t a -  

n i l i c  a c i d s  w i t h  a c e t a l d e h y d e  b e n z a z o l y l h y d r a z o n e s .  

A s  c a n  b e  s e e n  f r o m  t he  t a b l e ,  t he  c o l o r  of the  

f o r m a z a n s  o b t a i n e d  d e p e n d s  on t he  n a t u r e  of t he  h e t -  

e r o c y c l e  to  a g r e a t e r  e x t e n t  t h a n  on t he  p o s i t i o n  of 
t he  s u l f o  g r o u p  a n d  d e e p e n s  in the  f o l l o w i n g  s e q u e n c e :  
b e n z o x a z o l e - b e n z o t h i a z o l e - b e n z i m i d a z o l e .  I n  a n  a l -  

k a l i n e  m e d i u m  the  c o l o r  of t he  s o l u t i o n s  d e e p e n s  f r o m  
y e l l o w - o r a n g e  ( 4 0 0 - 4 7 0  nm )  to r e d - v i o l e t  ( 5 0 0 - 5 4 0  n m ) .  

T h e  b e n z o t h i a z o l e  a n d  b e n z o x a z o l e  f o r m a z a n s  c o n t a i n -  

i ng  s u l f o  g r o u p s  i n  t he  m e t a  p o s i t i o n s  (VI) and  (VIII) 

p o s s e s s  t he  g r e a t e s t  s o l u b i l i t y  in  w a t e r .  T h u s ,  t he  

s o l u b i l i t y  of t he  f o r m a z a n  VIII i s  1 - 1 . 5 %  a t  16~C. A l l  

the  f o r m a z a n s  a r e  r e a d i l y  s o l u b l e  in  w a t e r  a t  pH 1 0 - 1 2  i n  

t he  f o r m  of t h e i r  s a l t s  ( s o d i u m ,  p o t a s s i u m ,  a m m o n i u m ) .  

W h e n  m e t a l  s a l t s  a r e  a d d e d  to s o l u t i o n s  of the  

f o r m a z a n s ,  d e e p l y  e o I o r e d  s o l u t i o n s  of c o m p l e x  c o m -  
p o u n d s  a r e  f o r m e d :  f r o m  d e e p  b l u e  to b l u e - g r e e n  f o r  
c o p p e r  a n d  n i c k e l  a nd  r e d - v i o I e t  f o r  z i n c .  

I t  h a s  b e e n  e s t a b l i s h e d  s p e c t r o s c o p i c a l l y  t h a t  t he  

pH l i m i t s  w i t h i n  w h i c h  t he  c o m p l e x e s  of n i c k e l ,  c o p p e r ,  

and  z i n c  w i t h  t he  f o r m a z a n s  I, II ,  VI,  and  VIII e x i s t  

d e p e n d  on ly  on the  m e t a l  ion  a n d  a r e  p r a c t i c a l l y  i n d e -  
p e n d e n t  of t he  n a t u r e  of t he  h e t e r o a t o m  in  the  f o r m a z a n .  

T h e  n i c k e l  c o m p l e x e s  e x i s t  o v e r  t he  w i d e s t  pH r a n g e  

( 4 - 1 1 . 5 ) .  T h e  c o p p e r  c o m p l e x e s  a r e  s t a b l e  b e t w e e n  

pH 3 a n d  7. T h e  n i c k e l  c o m p l e x e s  h a v e  a v e r y  n a r r o w  
r a n g e - - p H  6 - 9 .  

In  o r d e r  to d e t e r m i n e  t he  p o s s i b i l i t y  of u s i n g  i t  a s  
an  a n a l y t i c a l  r e a g e n t  f o r  t he  Cu 2+ ion,  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 -  s u l f o p h e n y l f o r m a z a n  

(I) w a s  s t u d i e d  in  m o r e  d e t a i l .  Wi th  t he  b i v a l e n t  
c o p p e r  i on  t he  f o r m a z a n  I f o r m s  a c o m p o u n d  a n  

a q u e o u s  s o l u t i o n  of w h i c h  i s  c o l o r e d  d e e p  b l u e  

o r  g r a y i s h  a c c o r d i n g  to the  r a t i o  of t he  r e a c t a n t s .  

* F o r  p a r t  XXI,  s e e  [5]. 

T h e  a p p e a r a n c e  of the  c o l o r  on  c o m p l e x  f o r m a t i o n  

t a k e s  p l a c e  i n s t a n t a n e o u s l y  and  t he  c o l o r a t i o n  r e -  

m a i n s  u n c h a n g e d  f o r  s e v e r a l  h o u r s .  T h e  s e n s i t i v i t y  
of the  r e a c t i o n  i s  5 - 1 0  -7 m o l e / m l .  The  m a x i m u m  

a b s o r p t i o n  of t he  c o m p l e x  i s  in  the  r a n g e  f r o m  

582 to 610 n m ,  and  t he  f o r m a z a n  i t s e l f  h a s  p r a c t i c a l l y  

no  a b s o r p t i o n  in t h i s  r a n g e .  T h e  m o l a r  a b s o r p t i o n  

c o e f f i c i e n t  c a l c u l a t e d  a t  X = 582 n m  is  3000 a n d  a t  

X = 610 n m  i t  i s  2750 .  W i t h i n  the  r a n g e  of c o n c e n t r a -  
t i o n s  of c o p p e r  of 2 �9 10 -s to  6 �9 10 .6 g and  a b o v e  t he  

s o l u t i o n s  o b e y  t he  L a m b e r t - B o u g u e r - B e e r  Law.  T h e  
i n v e s t i g a t i o n s  c a r r i e d  ou t  s h o w  t h a t  the  f o r m a z a n  I 
c a n  b e  u s e d  as  a n  a n a l y t i c a l  r e a g e n t  f o r  c o p p e r .  The  

d e t e r m i n a t i o n  of c o p p e r  u n d e r  t he  g i v e n  c o n d i t i o n s  is  

i n t e r f e r e d  w i t h  b y  z i n c ,  n i c k e l ,  c o b a l t ,  m a n g a n e s e ,  
and  c a d m i u m  i o n s .  

1- B e n z  oxaz  o l y l -  3 -  m e  t h y l -  5 -  m -  s u l f o p h e n y l f o r  m -  

a z a n  (VIII) i s  no  l e s s  p r o m i s i n g .  

EXPERIMENTAL 

1 -(1'-Benzylbenzimidazolyl)- 3-mezhyl-5-p-sulfophenylformazan 
(1). The diazonium solution prepared from 0.95 g (5.5 mmole) of 
sulfanilic acid, 0.38 g (5.5 mmole)of  sodium nitrite, and 25 ml of 
2 N HCI was added to a solution of 1.32 g (5 mmole) of acetalde- 
hyde 1-(l'-benzylbenzimidazolyl)-hydrazone obtained by the method 
of Rybakova and Bednyagina [3] in 60 ml of ethanol cooled to 3-5 ~ C. 
The solution was brought to pH 3-4 with 2 N NaOH, whereupon the 
formazan precipitated; then it was filtered off, washed on the filter 
with hot water until chloride ions had been eliminated from the fil- 
trate, and dried at 100 ~ C. 

The formazans II, III, and IV were obtained similarly. According 
to the results of elementary analysis and their spectral characteris- 
tics, compounds I-IV consisted of pure formazans sparingly soluble in 
ethanol, acetone, chloroform, and benzene and readily soluble in 
pyridine and dimethylformamide. They form brown micmcrystalline 
powders with various tinges. 

Acetaldehydes of benzothiazolylhydrazone and benzoxazolylhydra- 
zone were obtained as described previously [4]. 

1-Benzothlazolyl-3-methyl-5-sulfophenylfotmazans (V, VI) and 
1-benzoxazolyl-3-methyl-5-sulfophenylformazans (VII, VIII) were 
obtained similarly, but after the azo-coupling reaction the products 
were precipitated at different pH values of the medium: the formazans 
V and VIII at pH 5-5.5 and the formazans VI and VII at pH 2-3.  In 
the case of compound VII, the solution was first brought to a weakly 
alkaline pH and then 2 N HC1 was added m pH 2-3.  In the preparation 
of VI, the reaction solution was evaporated to 1/3 bulk. The formazan 
VIII was crystallized from ethanol, giving nodules of yellow micro- 
crystals. The formazans of the benzothiazole and benzoxazole series 
consisted of yellow or orange mierocrystalline powders. 

The study of the properties of the formazan I and its complex with 
Cu 2+ was carried out photometrically on an FEK-56 photocolorimeter 
with filters nos. 7 and 8 at pH 6; the visible region of the spectrum 
was recorded on an SF-10 instrument. 
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