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The introduction of e l ec t ron-accep t ing  or  e lec t ron-donat ing groups  in the phenyl r ing of un- 
s y m m e t r i c a l  benzazo ly l fo rmazans  causes  deepening of the color  of the fo rmazans  and the i r  
complexes  with me ta l s .  Ni t ro-  and d imethylamino-subs t i tu ted  f o r m a z a n s  have a nonchel-  
ate s t ruc tu re  with p redominance  of imino t au tomer ic  f o r m s  for  the benzimidazolyl  and 
amino f o r m s  for  the benzothiazolyl  or  benzoxazo ly l fo rmazans .  

The effect  of e l ec t ron-accep t ing  (nitro) o r  e lec t ron-donat ing  (dimethylamino) groups  on the s t ruc tu re  
and co lor  of benzazo ly l fo rmazans  and the i r  sa l t s  and meta l  complexes  was  invest igated by us for  f o r m a z a n s  
I -XII  (Table 1). 

It has  been p rev ious ly  es tab l i shed  [2-4] that ,  depending on the nature  of the he te rocyc le  and the sub- 
stituent in the 3 posi t ion (methyl,  phenyl),  unsymmet r i ca l  benzazo ly l fo rmazans  have an open or  chelate 
s t ruc tu re .  It  was  es tab l i shed  that  VNH in the 3450 cm - i  region for  open f o r m a z a n s  is due to the imino 
t au tomer ic  f o r m  with the hydrogen on the n i t rogen of the benzazole  r ing,  while VNH in the 3350 cm -I  r e -  
gion is due to the amino t au tomer i c  f o r m  with the hydrogen on N 1 of the fo rmazan  group.  

As seen  f r o m  the IR spec t ra l  data (Table 1), the introduction of both ni t ro  and dimethylamtno groups ,  
r e g a r d l e s s  of the na ture  of the he te roeyc le  and the substi tuent  in the 3 posi t ion,  leads  to opening of the che-  
late ring. Moreover ,  judging f r o m  the posi t ion of the v NH f requencies  for  I - IV,  the imino f o r m  p reva i l s ,  
while the amino t au tomer ic  f o r m  dominates  for  V-VIII  and IX-XII.  

Both the n i t ro  and dimethylamino groups  introduce cons iderable  pe r tu rba t ions  in the v - e l e c t r o n  s y s -  
t e m  of f o r m a z a n s .  Compounds I -XII  a re  much m o r e  deeply colored in solution than the cor responding  un- 
subst i tuted f o r m a z a n s .  The g r ea t e s t  deepening of color  is obse rved  for  benzothiazolyl -  and benzoxazolyl -  
f o r m a z a n s  with a ni t ro  group (V, VII, IX, and XI, A ~ m a x  = 100-160 rim). Fo r  XI there  a re  two absorpt ion  
m a x i m a  (456, 566) in the v is ib le  region of the spec t rum,  while the IR spec t rum has  two v NH f requencies ;  
this  is evidence for  the p r e s e n c e  of a mix ture  of amino and imino f o r m s  in CHCI~ solutions.  

In cont ras t  to unsubsti tuted f o r m a z a n s ,  f o r m a z a n s  with a ni t ro  group have different  ba thochromic  ef -  
fec ts  during the fo rmat ion  of sodium sa l t s ,  depending on the he te rocyc le .  The effect  is r a t h e r  l a rge  for  
benz imidazo ly l fo rmazans  (75-105 nm),  while for  benzothiazolyl -  and benzoxazo ly l fo rmazans  it is v e r y  
smal l  o r  comple te ly  absent .  

It may  be a s s um ed  that the s t ruc tu re  of the dipolar  ion (A) m a k e s  an apprec iab le  contr ibution to the 
imino t au tomer ic  f o r m  for  benz imidazo ly l fo rmazans ,  as  evidenced by the l a rge  dipole moment  of these  
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T A B L E  1.  
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3308 
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3340 

3315 
3340 
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nm kma x (nm) of 

554 628 678 
508 556 660 

522 628 674 

510 548 652 

586 608 676 
532 542 482; 

672 
510 510 546 
500 554 670 

572 574 660 
500 ' 522 480; 

648 
456; 566 640 
566 
476 526 640 

1 
666 680--710 
466; 586; 75g 
656 --800 

~568 422; 70~ 
--750 

:520 584; 75G 
--800 

~668 670--690 
482; 464; 75G 

i662 --800 
486 550; 67~ 

i528 610; 750 
--800 

,640 560; 670. 
480; 610; 750 

,630 --800 
516 540; 656 

1 
514 596; 750 

I -80o 

* B a t h o e h r o m i c  sh i f t  in X m a x  a s  c o m p a r e d  w i t h  u n s u b s t i t u t e d  f o r m -  

azans (R i = I-D. 

T A B L E  2. C h a r a c t e r i s t i c s  of  t h e  F o r m a z a n s  O b t a i n e d  

Empirical formula 
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II 

IV 

VI 

VIII 

X 

XII 

mp (crystallization 
solvent) 

112--t4 
(alcohoI) 

188--90 
(alcohol) 

I 1 4 - - I 1 5  
(isoamyl alcohol) 

I14--16 
(alcohoD 

212--1~ 
(alcohol) 

188--90 
(alcohol) 

17~--80 
(aqueous acetone) 

Found, % 

C27HzlNrO2" C2HsOH 

C~oH27Nz 

C24H25NT" CsHuOH 

H N 

Calc. % 

C22H2oN6S �9 C2HsOH 

C17HIsN~S �9 H20 

C22H2oN~O �9 0,5H~O 

CITHIsN60 

C H 

66,74 5,33 19,22 

73,22 5,65 20,77 

69,71 7,57 19,59 

64,75 5,20 18,91 

60,33 5,62 25,22 

67,27 5,43 20,79 

63,33 5,62 26,14 

Comp, 

66,76 

73,57 

69,73 

64,57 

60,35 

67,17 

63,35 

4,99 

5,70 

7,41 

5,52 

5,32 

5,34 

5,59 

18,80 

20,71 

19,63, 

18,8~ 

24,85 

21,37 

26,08~ 

f o r m a z a n s  [5]. A s t r u c t U r e  w i t h  t he  n i t r o  g r o u p  in t h e  a c i  f o r m  w i t h  i n t e r m o l e c u l a r  h y d r o g e n  b o n d s  (B) i s  
m o s t  l i k e l y  f o r  b e n z o t h i a z o l y l -  and  b e n z o x a z o l y l f o r m a z a n s  V,  VII ,  IX ,  and  XI :  

[•"e , - ,e  : .>, . . \ \  . , ~  /o....o~  =�9 

T h e  f o r m a t i o n  of  a s o d i u m  s a l t  in  t h i s  c a s e  d o e s  no t  i n t r o d u c e  c h a n g e s  in t h e  e l e c t r o n i c  s t a t e  of  t h e  m o l e -  
c u l e  and t h e r e f o r e  d o e s  no t  c a u s e  a b a t h o c h r o m i c  e f f e c t .  A l s o  c o n f i r m i n g  t h i s  i s  the  w e a k  r e s o l u t i o n  of  t he  
IR  s p e c t r a  ( L i F  p r i s m )  and  the  h i g h  l a b i l i t y  o f  t he  p r o t o n  w h i c h  i s  b o n d e d  h e r e  w i t h  o x y g e n  r a t h e r  t h a n  
n i t r o g e n  ( the pK  a f o r  VII  i s  8 .1 ,  t ha t  f o r  XI i s  7 .7 ,  w h i l e  f o r  t h e  r e m a i n i n g  f o r m a z a n s  w i t h  a m e t h y l  g r o u p  
in  t he  3 p o s i t i o n  it  i s  1 2 - 1 3 ) .  
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The introduction of a nitro or dimethylamino group induces a deepening in the color not only of form- 
azans themselves but also of their  metal complexes. The nickel complexes are more deeply colored by 30- 
40 nm, but the bathochromic effect is part icularly large for cobalt complexes of formazans containing a di- 
methylamino group since ~max for them lies in the 750-800 nm region. 

The formazans were obtained by coupling of benzazolylhydrazones with diazonium salts (Table 2). 
The synthesis of V, VII, IX, 1TI, and XI was previously described in [6, 7]. 
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