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The f i r s t  r e p r e s e n t a t i v e s  of  the p r e v i o u s l y  unknown N - q u i n o x a l y l f o r m a z a n s  were  syn the -  
s ized .  T h e i r  c h e m i c a l  p r o p e r t i e s  w e r e  inves t iga ted ,  and the i r  s t r u c t u r e  and c h r o m a t i c i t y  
a r e  d i s cus sed .  

The a im  of the p r e s e n t  r e s e a r c h  was  an inves t iga t ion  of the p r o p e r t i e s  of the p r e v i o u s l y  unknown 
N - q u i n o x a l y l f o r m a z a n s  (I), which we obtained by azo coupl ing of  the c o r r e s p o n d i n g  2 -qu inoxa ly lhydrazones  
with a r e n e d i a z o n i u m  ch lo r ide s .  The s t r u c t u r e  of I a -d  was  c o n f i r m e d  by oxidat ion of f o r m a z a n  Id t o t e t r a z o -  
l ium sal t  IId with lead t e t r a a c e t a t e  and subsequent  r educ t ion  of t e t r a z o l i u m  ace ta te  IId to the s t a r t ing  
f o r m a z a n  with a s c o r b i c  ac id  [1]. The ident ical  c h a r a c t e r  of the p roduc t  of r educ t ion  of t e t r a z o l i u m  sal t  
IId and the s t a r t i ng  f o r m a z a n  (Id) was  p roved  by s p e c t r o s c o p y .  The s t r u c t u r e  of f o r m a z a n s  I a - c  is con-  
f i r m e d  by the s i m i l a r i t y  be tween the i r  UV s p e c t r a  and the s p e c t r u m  of f o r m a z a n  Id. Like b e n z i m i d a z o l y l -  
t e t r a z o l i u m  sa l t s  [2], qu inoxa ly l t e t r azo l i um sal t  IId is r ead i ly  decomposed  with dilute hyd roch lo r i c  ac id  at 
30~ to  give 2 -qu inoxa lone  V and 2 , 5 - d i p h e n y l t e t r a z o l e  IHd via the  fol lowing scheme :  

N~r N..: 

"V '"' v; .L iTO, 
a-d nd 

R 
l l , l l l  d R =C6H 5, X = H HI d 

The s t r u c t u r e  of  the l a t t e r  was  c o n f i r m e d  by c o m p a r i s o n  of t hem with genuine s a m p l e s  [3, 4]. 

The m a x i m a  of the 7r ~Tr* t r a n s i t i ons  in the abso rp t ion  s p e c t r a  of a lcohol  solut ions  of f o r m a z a n s  I 
in the v is ib le  r eg ion  (Table 1) a re  shif ted to the s h o r t - w a v e  reg ion  as c o m p a r e d  with the s p e c t r a  of benzene  
solut ions ;  this  is due to the d e c r e a s e  in the dipole m o m e n t s  of I dur ing the e l e c t r o n  t r ans i t i ons .  A hypso-  
c h r o m i c  shif t  is  a l so  o b s e r v e d  fo r  f o r m a z a n s  Ia, b, d in dioxane with r e s p e c t  to the s p e c t r a  of benzene 
solut ions;  this  can be expla ined by a d e c r e a s e  in the e n e r g y  of the i n t r a m o l e c u l a r  hydrogen  bond (IHB) of 
f o r m a z a n s  due to the p r o t o n - a c e e p t o r  ac t ion of dioxane and, because  of this ,  de s t ruc t i on  of the q u a s i - a r o -  
mat ic  c h a r a c t e r  of the f o r m a z y l  g rouping .  F o r m a z a n  Ic, with a s t r ong  IHB, the d e c r e a s e  in which is not 
r e f l ec t ed  in the q u a s i - a r o m a t i c  c h a r a c t e r  of the f o r m a z y l  grouping,  is an excep t ion  to this.  The s t rong  
IHB is expla ined  by the i n c r e a s e d  e l e c t r o n  densi ty  on the N~ a tom of the f o r m a z y l  g rouping  due to the donor  
d ime thy lamino  group.  

TABLE I. 

C o m -  
p o u n d  R 

a CHa 
b CHs 
c CHa 
d C0H5 

Spec t ra  of I a -d  in the Vis ible  Region  
s  UITl (e �9 i041 

I I K O H +  " 
benzene i dioxane alcohol alcohol, 

] p H  > 14 

H !435 I (2,5)*]425 (2,6) 410 (4,3) , 535 (6,10) 
CHa 435 (2,0)'1408 (2,6) /398 (4,0) I 538 (5,85) 
N(CH3)2 492 (4,46) 490 (4,92) 488 (4,8) 558 (6,05) 
H 476 (1,54) 460 (0,74) 452 (1,37) 538 (5,75) 

concn. 

H2S04 

491 (1,60) 
530 (0,32) 
4o4 (2,25) 
643 (1,85) 
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T A B L E  2. C o m p o u n d s  I a - d  

Corn- ~ Empirical Found, % Calc., % 
pound rap, formula C H C H 

Ia 185--187 a C16HI4N6 66,2 5,1 66,2 4,9 
Ib 193--195D C17Hj6N6 67,0 5,2 67,1 5,3 
Ic 185--187c C18HIgN7 65,2 6,6 64,9 5,7 

(dec.)~ 
Id 19'1--193 u C2~HI6N6 e --  - -  [ - -  

a F r o m  d i o x a n e - e t h a n o l  (3 : 2). b F r o m  p r o p y l  a l coho l .  
e t h a n o l ,  d F r o m  e t h a n o l - b u t y l  a l coho l  (1 : 2). e F o u n d :  
C a l c u l a t e d :  N 23.9%. 

Yield, % 

35 
31 
4i 

- -  78 

c F r o m  

N 24.2%. 

The e x p e c t e d  - in a c c o r d a n c e  with  c h r o m a t i c i t y  t h e o r y  [5] - s equence  of deepen ing  of the  c o l o r  of 
f o r m a z a n s  I wi th  i n c r e a s i n g  donor  c h a r a c t e r  of the s u b s t i t u e n t s  in the  p p o s i t i o n  of the pheny l  g r o u p  a t t a c h e d  
to  N 5 i s  not  noted  in e v e n  one of the s o l v e n t s  p r e s e n t e d  above .  However ,  the  e x p e c t e d  s e q u e n c e  i s  o b s e r v e d  
in  the  s p e c t r a  of the  an ions  of I a - c  (Table  1); t h i s  a l s o  i n d i c a t e s  the p r e s e n c e  of an IHB in f o r m a z a n s  I. 
F r o m  the da t a  f r o m  the a b s o r p t i o n  s p e c t r a  of an ions  of f o r m a z a n s  of the qu inoxa l ine  s e r i e s  ([), it  c an  be 
s u p p o s e d  tha t  t hey  have a s t r u c t u r e  s i m i l a r  to that  of the an ions  of f o r m a z a n s  of the a r y l  and b e n z a z o l e  
s e r i e s  [6]. The  s l igh t  d i f f e r e n c e  (A 3 nm) in the p o s i t i o n s  of the a b s o r p t i o n  m a x i m a  of the an ions  o f f o r m a z a n s  
Ia and Id wi th  m e t h y l  and phenyl  g r o u p s  a t t a c h e d  to the  C 3 a t o m  of the f o r m a z y l  g r o u p i n g  should  be a s c r i b e d  
to  the  n o n c o p l a n a r i t y  of the benzene  r i ng  in  the  anion  of f o r m a z a n  Id; t h i s  i s  c o n f i r m e d  by the d e c r e a s e  in 
the a b s o r p t i o n  i n t e n s i t y .  

F r o m  a c o m p a r i s o n  of the a b s o r p t i o n  s p e c t r a  of f o r m a z a n s  I and f o r m a z a n s  of  the a r y l  and b e n z a z o l e  
s e r i e s  in c o n c e n t r a t e d  s u l f u r i c  ac id ,  a s t r u c t u r e  s i m i l a r  to that  of the  c a t i o n s  of b e n z a z o l y l  f o r m a z a n s  [6] 
was  a s s i g n e d  to the  c a t i o n s  of f o r m a z a n s  I. At r o o m  t e m p e r a t u r e ,  the c a t i o n s  of f o r m a z a n s  I g r a d u a l l y  de -  
c o m p o s e  in c o n c e n t r a t e d  s u l f u r i c  ac id .  In 1 h, 0.2-2% of the c a t i o n s  u n d e r g o  d e c o m p o s i t i o n ,  c o m p a r e d  with 
4210% and 10-71% a f t e r  2 h and 24 h, r e s p e c t i v e l y .  The m o s t  s t ab l e  ca t i on  i s  that  of f o r m a z a n  Ic,  whi le  the 
ca t i on  of f o r m a z a n  Ia i s  l e s s  s t a b l e .  

F o r m a z a n s  I f o r m  c o m p l e x e s  with a n u m b e r  of m e t a l  c a t i o n s  (Cu, Ni, Co, e t c . ) .  A c o m p l e x  (VI) of 
f o r m a z a n  Id wi th  n i cke l ,  which  p r o b a b l y  has  a c h e l a t e  s t r u c t u r e  s i m i l a r  to tha t  of c o m p l e x e s  of b e n z i m i d -  
a z o l y l f o r m a z a n s  [7], was  i s o l a t e d .  

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

F o r m a z a n s  I a - d .  Sodium h y d r o x i d e  so lu t i on  (2 N) was  added  by  d r o p s  to a c o o l e d  m i x t u r e  of so lu t i ons  
of 0.02 m o l e  of b e n z a l d e h y d e  o r  a c e t a l d e h y d e  2 - q u i n o x a l y l h y d r a z o n e  in 150 m l  of d i m e t h y l f o r m a m i d e  and 
0.02 mo le  of b e n z e n e d i a z o n i u m  s a l t  in 20 ml  of 18% HC1 in such  a way that  the t e m p e r a t u r e  of the so lu t i on  
did not  e x c e e d  0 ~ The a c i d i t y  of the m e d i u m  was  b rough t  up to pH 9-10,  a f t e r  which  the m i x t u r e  was  he ld  
at  0 ~ f o r  2-3  h and a l lowed  to s t and  o v e r n i g h t .  It was  then  d i lu ted  with a t h r e e f o l d  amoun t  of w a t e r  a n d n e u -  
t r a l i z e d  to pH 7 -7 .5 .  The p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n ,  w a s h e d  with  w a t e r ,  and r e c r y s t a l l i z e d .  Data  
on I a - d  a r e  p r e s e n t e d  in Tab le  2o 

Oxida t ive  C l e a v a g e  of F o r m a z a n  Id. A 0.45-g (1 m m o l e )  s a m p l e  of l e a d  t e t r a a c e t a t e  was  added with 
s t i r r i n g  to a s o l u t i o n  of 0.47 g (1.3 m m o l e )  of f o r m a z a n  Id in 10 m l  of g l a c i a l  a c e t i c  ac id ,  du r ing  which the 
so lu t i on  changed  f r o m  r e d  to  pa le  y e l l o w .  The a c e t i c  ac id  was  v a c u u m - e v a p o r a t e d  at  50 ~ , and the r e s i d u e ,  
which  c o n t a i n e d  t e t r a z o l i u m  a c e t a t e  IId, was  t r e a t e d  with  30 ml  of 18% HC1 and a l l owed  to s t and  at  30 ~ fo r  
30 ra in .  The p r e c i p i t a t e  was  e x t r a c t e d  with 30 ml  of hot a lcohol ,  and the e x t r a c t  was  f i l t e r e d .  The a l coho l  
was  r e m o v e d  by  d i s t i l l a t i o n ,  and the r e s i d u e  was  d i s s o l v e d  in 20 m l  of 2 N NaOH. The u n d i s s o l v e d  2 ,5-  
d i p h e n y l t e t r a z o l e  ([lid) was  r e m o v e d  by  f i l t r a t i o n ,  w a s h e d  with  w a t e r ,  and c r y s t a l l i z e d  f r o m  a lcoho l .  The 
y i e l d  of t e t r a z o l e  IIId,  wi th  m p  101-102 ~ (rap 101.5-102 ~ [4]), was  0.26 g (88%). The a lka l i ne  so lu t i on  was  
n e u t r a l i z e d  with  a c e t i c  a c id  to  p r e c i p i t a t e  0.17 g (88%) of c o l o r l e s s  n e e d l e s  of 2 -qu inoxa lone  V with mp  
264-265  ~ (rap 265 ~ [3]). 

C o m p l e x  of 1 - ( 2 - Q u i n o x a l y l ) - 3 , 5 - d i p h e n y l f o r m a z a n  with  Nicke l  (VI). A hot so lu t i on  of 0.05 g (0.14 
m m o l e )  of f o r m a z a n  Id in 50 m l  of a ce tone  was  m i x e d  with  0.1 g (0.34 m m o l e )  of Ni(NO3) 2 - 6H20 in 5 ml  of 
w a t e r ,  and the  m i x t u r e  was  hea t ed  to  the  bo i l i ng  po in t  and c oo l e d .  The c r y s t a l l i n e  p r e c i p i t a t e  was  r e m o v e d  
by  f i l t r a t i o n  and w a s h e d  with  w a r m  a l coho l  and d i s t i l l e d  w a t e r  to g ive  g r e e n  p r i s m s .  S p e c t r u m  in the v i s i b l e  
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region (in benzene):  kma x 664 nm, ~ 4.05.104. The yield of product  with mp 248-250 ~ was 0.07 g (64%). 
Found: C 66.3; H 3.9; Ni 7.9%. (C21H15N6)2Ni. Calculated:  C 66.6; H 4.0; Ni 7.77o. 

1o 
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6. 
7. 

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

R. Kuhn and H. M. Weitz, Chem.  Ber . ,  8._6_6 , 1199 (1953). 
Yu. A. Sedov and I. Ya. Postovski i ,  Zh. Organ. Khim.,  5, 781 (1969). 
D. J .  Shiho and S. Tagami ,  J .  Am. Chem. Soc., 82, 4044 (1960). 
O. Dimroth  and S. Mazzbacher ,  Chem.  Ber . ,  40, 2402 (1907). 
A. I. Kiprianov,  Introduction to the Elec t ronic  Theory  of Organic Compounds [in Russian],  Naukova 
Dumka, Kiev (1965), p. 158. 
N. P. Bednyagina and Yu. A. Rybakova,  Khim. Geterots ik l .  Soedin., 283 (1966). 
V. T. Panyushkin, A. D. Garnovski i ,  O. A. Osipov, N. P. Bednyagina, and R. I. Nikitina, Zh. Obshch. 
Khim.,  3.~8, 1161 (1968). 

1544 


