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A s e r i e s  of 5 - a r y l - 3 - p h e n y l - l - ( t e t r a z o l - 5 - y l ) f o r m a z a n s  has been obtained by the azo 
coupling reac t ion .  In an aqueous alkal ine med ium they a re  oxidized to t e t r azo l ium sal ts  
wi th  a beta ine  s t ruc tu re .  Informat ion  is given on the e lec t ron ic  s p e c t r a  of the fo rmazans  
and the t e t r a z o l i u m  sa l t s  and the acidic p r o p e r t i e s  and complex - fo rming  capaci ty  of the 
fo rmazans .  

Continuing invest igat ions on the c h e m i s t r y  of t e t r azo les  [1], we have undertaken the study of f o r m a -  
zans containing t e t r azo le  as a subst i tuent ,  and the t e t r azo l i um sa l t s  cor responding  to them. In the l i t e r a -  
ture there  is only a b r i e f  r e p o r t  of the synthes is  of 3 , 5 - d i p h e n y l - l - ( t e t r a z o l - 5 - y l ) f o r m a z a n  [2, 3] and its 
oxidation with b romosucc in imide  to a t e t r a z o l i u m  sa l t  with a beta ine  s t ruc tu re  [2]. 

The p r e sen t  communica t ion  cons ide rs  the p r e p a r a t i o n  and some  p r o p e r t i e s  of te t razole  fo rmazans  
differ ing by the subst i tuents  in the p a r a  posit ion of a phenyl rad ica l  a t tached to the N 5 a tom (Table 1). 
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The mos t  sui table method for  p r e p a r a t i v e  pu rposes ,  ensur ing  a lmos t  quanti tat ive yields of  the f o r -  
mazans  (I-VII) is the azo coupling of the co r respond ing  a rened iazon ium sa l t  with benzaldehyde t e t r a z o l - 5 -  
y lhydrazone in an aqueous alkal ine medium.  The independent synthes is  of (I) by the azo coupling of di-  
azot ized 5 -amino te t r azo le  with benzaldehyde phenylhydrazone in pyr idine led to the identical fo rmazan .  It  
is in te res t ing  to note that  in an a t tempt  to obtain the s a m e  subs tance  by a s i m i l a r  method of synthes is  but 
in an acid medium 1 ,3 ,5 - t r ipheny l fo rmazan  was obtained instead of (I) [4]. 

The individuality of the compounds was checked by ch roma tog raphy  in a thin l a y e r  of a lumina (Table 
1). The subs tances  a r e  c h a r a c t e r i z e d  by s t rong  sorpt ton  on A1203 and exhibit  adequate ch romatograph ic  
mobi l i ty  only in a so rben t  of ac t iv i ty  grade  V. No d i rec t  re la t ionship  between the R f  values and the acid 
p rope r t i e s  of the fo rmazan  was observed .  

In the c rys ta l l ine  s ta te ,  all the subs tances  have intense colora t ions  of da rk  red  shades .  In the e l ec -  
t ronic  s p e c t r a  of the fo rmazans  (III-VID, containing accep to r  s ubst i tuents ,  a sl ight ba thocromic  d i sp lace -  
ment  of the long-wave m a x i m u m  (by 18-38 nm) as compa red  with the unsubsti tuted fo rmazan  (I) is observed .  

* F o r  Communication VII, see  [1]. 
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Compounds (I-VII) are readily soluble in aqueous so -  
lutions of alkalis with some deepening of the color and a two- 
to threefold increase  in the intensity of absorption. The 
particularly pronounced bathochromic effectof  salt formation 
in the case  of the p-NO 2 derivative (88 nm) is probably due 
to the appearance of a structure with the aci-nitro form. In 
the m-nitro derivative,  where the possibi l i ty 

N--N ~ O - 7 2 N a ' ~  
L-,c-. . : /  %N_ | 

N~N J ~6Hs 

of the formation of such a structure is excluded, the shift is 
s mall (36 mm). 

The formazans pos s e s s  two mobile hydrogen atoms - 
in the tetrazole  and in the formazan grouping. Because of 
the considerable acidity of tetrazole  (pKa in water 4.89 [5]), 
the constants of the f irst  degree of acid dissociation of the 
formazans ,  which characterize  the splitting off of a proton 
from the tetrazole  group, had to be determined indirectly,  
by potentiometric titration (Table 1). 

In ethanolic solution at room temperature,  compounds 
(I-VII) instantaneously form deeply colored complexes  with 
bivalent metal ions of the 3rd s er i e s ,  with a progress ive  
deepening of the coloration inthe sequence Ni2+< Ca2+< Co 2+ 
(Table 1). The properties and structures of the complexes  
will  be reported separate ly .  

Compounds (I-VII) are oxidized in aqueous alkaline 
solution under the action of KMnO 4 or K3Fe(CN) 6 with good 
yield to the tetrazol ium salts (Ia-VIIa) (Table 2). The com-  
pounds obtained, in contrast to the analogous derivatives of 
other heterocycles  [6], are stable substances.  Thus, (Ia) 
withstands being boiled in concentrated HC1 for 6 h without 
change. The salts are sparingly soluble in water and far 
more soluble in organic solvents - chloroform, ethanol, ace-  
tone. Substances (Ia-Va) are co lor less ,  while (Via) and 
(VIIa) have a faint yellow tinge. The electronic spectra of 
ethanolic solutions of the salts are characterized by a strong 
absorption maximum in the 245-255-nm region which de- 
pends little on the nature of the substituent, and by inflection 
in the 300-340-nmregion  which changes in the case  of the 
p-I derivative (Va) into a distinct band with a maximum at 
310 nm. On being heated in an aqueous ethunolic solution of 
alkali, and in the presence of a reducing agent of the type of 
hydroquinone, even in the cold, the salts are converted into 
the initial formazans.  The tetrazol ium salts with strong ac-  
ceptor substituents - (Via) and (VIIa) - are reduced with par-  
ticular ease.  

*When compounds (I) were oxidized with bromosuccinimide 
by the m e t h o d o f  Kuhn and Kainer [2], compounds (Ia) were 
obtained with a yield of 25%. 
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155 b 
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Ct4HIoN8 38,9 
C15HI2Ns 36,5 
C14HgCINs 34,3 
C14HgBrNa 30,1 
CI4HglN8 26,8 

37,6 
37,3 

C14HgNgO2 
. CI4HgNgO2 

38,7 
36.8 
34:5 
30,3 
26,9 

37,6 
37,6 

~'raax" nm, 
(1% e ) 

245 (4,39) d 
250 (4,38) a, 
247 (421)a 
245 (4:71) d 
246 (4.50) 
310 (3,93)j 
255 (4.18)~ 
251 (4,86) ~* 

r 
[Yield, 

% 

97 
85 
81 
72 
86 

44 
95 

Note :  a) F r o m  p y r i d i n e ,  b) F r o m  e thano l ,  c) F r o m  a m i x t u r e  of  
d i m e t h y l f o r m a m i d e  and w a t e r  (2 : 1). d) T h e r e  is an i n f l ec t i on  in 
the  3 0 0 - 3 4 0 - n m  r e g i o n .  

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

The s p e c t r a  in the UV and v i s i b l e  r e g i o n  w e r e  t a k e n  on S F - 4 A  and S F - 1 0  s p e c t r o p h o t o m e t e r s .  The 
p K  a v a l u e s  w e r e  d e t e r m i n e d  b y  a g r a p h i c a l  me thod  as  the pH at  the  h a l f - n e u t r a l i z a t i o n  po in t  in e a c h  c a s e .  
The t i t r a t i o n  of  5 �9 10 -3 M s o l u t i o n s  of the s u b s t a n c e s  in 72% e thanol  was  p e r f o r m e d  at  25~ wi th  a 0.1 N s o -  
lu t ion  of  c a r b o n a t e - f r e e  c a u s t i c  p o t a s h  w i t h  g l a s s  and c a l o m e l  e l e c t r o d e s  o n a n L P M - 6 0 M  i n s t r u m e n t .  F o r  
c h r o m a t o g r a p h y  in a th in  l a y e r  of  a l u m i n a  ( ac t iv i ty  g r a d e  V), a c e t o n e - c h l o r o f o r m - a c e t i c  a c i d  ( 7 8 : 2 0 : 2 )  
was  used  as  e luen t .  

T y p i c a l  P r o c e d u r e  fo r  the  S y n t h e s i s  of 5 - A r y l - 3 - p h e n y l - l - ( t e t r a z o l - 5 - y l ) f o r m a z a n s  (I-V,  VII). O v e r  
10-15 min ,  a so lu t ion  of d i a z o n i u m  s a l t  o b t a i n e d  f r o m  0.01 m o l e  of  the  a p p r o p r i a t e  a m i n e ,  2.4 ml of c0n-  
c e n t r a t e d  HC1, 30 ml of w a t e r ,  and 0.69 g (0.01 mole)  of  NaNO 2 in 8 ml of  w a t e r  was  a d d e d  to a s o l u t i o n  of  
1.88 g (0.01 mole)  of  b e n z a l d e h y d e  t e t r a z o l - 5 - y l h y d r a z o n e  in 100 ml of 5% NaOH at  1-2~ A f t e r  the  m i x t u r e  
had been  s t i r r e d  a t  r o o m  t e m p e r a t u r e  fo r  1 h, 500 ml  of w a t e r  was  a d d e d  and i t  was  a c i d i f i e d  to pH 2 w i th  
1 N HC1. The f o r m a z a n  tha t  had  s e p a r a t e d  out  was  f i l t e r e d  off,  w a s h e d  wi th  w a t e r ,  c r y s t a l l i z e d  f r o m  e t h -  
anol ,  and  d r i e d  at  80~ o v e r  P20~ in vacuum.  

Independen t  S y n t h e s i s  of 3 , 5 - D i p h e n y l -  1- ( t e t r a z o l - 5  - y l ) f o r m a z a n ( I ) .  A t  - 3 to 0~ 0.69 g (0.01 mole)  
of NaNO 2 in 8 ml of w a t e r  w a s  added  to a s o l u t i o n  of 1.03 g (0.01 mole)  of  5 - a m i n o t e t r a z o l e  in 2.4 ml of c o n -  
c e n t r a t e d  HC1 and 40 ml  of w a t e r .  The r e s u l t i n g  m i x t u r e  was  kep t  a t  a t e m p e r a t u r e  o f - 1  to 0~ fo r  20 min  
and w a s  then added  in s m a l l  p o r t i o n s  to a s o l u t i o n  of 1.96 g (0.01 mole)  of b e n z a l d e h y d e  p h e n y l h y d r a z o n e  in 
50 ml of  p y r i d i n e  c o o l e d  to - 7 ~  A f t e r  an hour ,  the  m i x t u r e  was  d i lu t ed  wi th  100 ml  of w a t e r ,  50 ml of c o n -  
c e n t r a t e d  HC1 was  added ,  and the (I) was  i s o l a t e d .  Yie ld  2.1 g (72%), d e c o m p ,  pro 146~ A m i x t u r e  wi th  the 
(I) o b t a i n e d  b y  the m e t h o d  d e s c r i b e d  above  gave  no  d e p r e s s i o n  of the m e l t i n g  poin t .  Xmax ,  n m  (log ~ (, in 
e thano l :  445 (3.78), R f  0.86. 

5 - p - N i t r o p h e n y l - 3 - p h e n y l - l - ( t e t r a z o l - 5 - y l ) f o r m a z a n  ( V I ) w a s  o b t a i n e d  in a s i m i l a r  m a n n e r  to (I-V),  
but  in 1.6% c a u s t i c  s o d a  a t  8-10~ A f t e r  i s o l a t i o n ,  the  f o r m a z a n  was  t r e a t e d  wi th  10 ml of  g l a c i a l  a c e t i c  
a c i d ,  f i l t e r e d  off ,  w a s h e d  wi th  e thano l ,  and  d r i e d .  Yie ld  2.5 g (74%). I t  c r y s t a l l i z e d  f r o m  e thano l  a t  a t e m -  
p e r a t u r e  of  45-50~ Compound  (VII) was  i s o l a t e d  and p u r i f i e d  s i m i l a r l y .  

2 , 5 - D i p h e n y l - 3 -  ( t e t r a z o l - 5 - y l ) t e t r a z o l i u m  Be t a ine  (In). A s o l u t i o n  of  K3Fe(CN) s w a s  a d d e d  to a s o l u -  
t ion of  2.5 g of (I) in 40 ml of  1% NaOH unti l  th i s  s o l u t i o n  had  b e c o m e  d e c o l o r i z e d .  The p r e c i p i t a t e  tha t  d e -  
p o s i t e d  was  f i l t e r e d  off,  w a s h e d  wi th  w a t e r  to n e u t r a l i t y ,  and then  wi th  e thano l .  Th is  gave  2.39 g (97%) of  
(Ia). Decomp .  p t .  209~ ( f r o m  p y r i d i n e ) ;  a c c o r d i n g  to the l i t e r a t u r e  [2], d e c o m p ,  pt .  209-210~ Compounds  
( I Ia -Va  and VIIa) w e r e  o b t a i n e d  s i m i l a r l y  (Table  2). On h e a t i n g ,  a l l  the s a l t s  d e c o m p o s e d  v i g o r o u s l y ,  s o m e -  
t i m e s  e x p l o s i v e l y ,  w h i c h  c o m p l i c a t e s  t h e i r  a n a l y s i s  f o r  C and H. 

2 - p - N i t r o p h e n y l - 5 - p h e n y l - 3 - ( t e t r a z o l - 5 - y l ) t e t r a z o l i u m  Be t a ine  (Via). A s o l u t i o n  of  0.32 g of  KMnO 4 
in 10 ml of  w a t e r  was  a d d e d  to 1 g of  (VI) in 50 ml of 1% NaOH. The p r e c i p i t a t e  w a s  f i l t e r e d  off  and was  
w a s h e d  s u c c e s s i v e l y  w i th  w a t e r ,  0.1 N HC1, and w a t e r  a g a i n ,  and  i t  was  then e x t r a c t e d  wi th  e thano l .  The 
e x t r a c t s  w e r e  c o n c e n t r a t e d ,  g iv ing  0.45 g (44%) of  (Via). 

*With the participation of T. V. Eremina. 
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Reduction of (Ia). A suspension of 1.45 g (0.005 mole} of (Ia) in 100 ml of ethanol and 5 ml of 2NNaOH 
was t rea ted  with 0.66 g (0.006 mole} of hydroquinone. The mixture  was s t i r r e d  until the solid ma t t e r  had 
dissolved completely and was then concentrated,  diluted with water ,  acidified, and f i l tered.  The yield of (I) 
was 1.2 g (80%), decomp, pro 14TC (from ethanol}. The product  was identical with the (I) descr ibed above. 
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