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I N V E S T I G A T I O N S  IN THE B E N Z A Z O L E  AND N A P H T H A Z O L E  S E R I E S  

XXIV. The  S t r u c t u r e  of 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 a z o l e  S e r i e s *  
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The structure of the chelate ring and the tautomerism of unsym- 
metrical 1-benzazolylformazans depends on the nature (basicity) of 
the heterocycle and on the nature of the substituent (methyl, phenyl) 
in position 3. Analogs of 3-methyl-i,  g-diphenylformazan containing 
1-benzylbenzimidazolyI, benzothiazolyl, or benzoxazolyl groups 
have an open structure of the formazan chain without an intromolec- 
ular hydrogen bond (IHB) while in the case of a benzimidazolylform- 
azan the tautomeric form with hydrogen attached to the heterocyelie 
nitrogen atom predominates in solution. Of the analogs of triphenyl- 
formazan, 1-(l'-benzylbenzimidazolyl)-3, 5-diphenylformazan also 
has an open structure, but 1-benzoxazoiyl-3, 5-diphenylformazans 
have a chelate structure with a weak IHB. Conclusions have been 
drawn from the IR and UV spectra and from determinations of the 
ionization constants of the formazans. In the formazans of the ben- 
zimidazole series, the phenomenon of the photoisomerization of the 
red form of the formazan into a blue form when solutions in carbon 
tetrachioride are irradiated with visible light has been found. It has 
been shown that the blue form produced is a dimer of the formazan. 

It i s  known  t h a t  t r i p h e n y l f o r m a z a n s  h a v e  a c h e l a t e  
s t r u c t u r e  and  t h a t  d i p h e n y l - 3 - a l k y l f o r m a z a n s  do no t  

h a v e  a s t r o n g  IHB [ 2 - 6 ] .  
In t h i s  p a p e r  we c o n s i d e r  the  i n f l u e n c e  of t he  n a t u r e  

of the  h e t e r o c y c l e  in  p o s i t i o n  1 ( 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 ,  b e n z o x a z o l e )  and  of t he  s u b s t i t u e n t  in 
p o s t i o n  3 ( m e t h y l ,  p h e n y l )  on t h e  s t r u c t u r e  of  t he  f o r m -  
a z a n  g r o u p  in a n u m b e r  of  l - b e n z a z o l y l - 5 - p h e n y l -  
f o r m a z a n s  t h a t  we h a v e  o b t a i n e d  p r e v i o u s l y .  

The  f o r m a z a n s  I - V I  m a y  e x i s t  in  t a u t o m e r i c  (B, C, 

D) o r  c h e l a t e  (A) f o r m s .  
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I X=NCH2C~HS, R=CH3; IT X=NCH:CatlS, R=C HS; I I I  x=S.  R=CH?; 

IV X=S, R=C~fl5: v X=O. R=CH~. VI X~O, R=C~H 

I n f o r m a t i o n  on t he  s t r u c t u r e  of the  f o r m a z a n s  i s  
g i v e n  by  t h e i r  IR s p e c t r a ,  p a r t i c u l a r l y  t he  p o s i t i o n  

and  i n t e n s i t y  of the  UNH bond ,  w h i c h  a p p e a r s  in  t he  
3 4 5 0 - 3 1 0 0  c m  -1 r e g i o n  in  t he  n o n e h e l a t e  [6] and  i s  
a b s e n t  f r o m  the  c h e l a t e  f o r m a z a n s  [4, 9]. 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 ,  VNH a p p e a r s  c l e a r l y  in  I 
(3450 cm-1) ,  II (3445 em-~) ,  III (3450 and  3360 c m  - t )  
and  V (3450 a n d  3370 cm-1) ,  w h i l e  in  IV and  VI  t h e s e  

b a n d s  a r e  p r a c t i c a l l y  a b s e n t .  T h u s ,  on ly  IV and  VI 

*For part XXIII, see [i]. 

p o s s e s s  a c h e l a t e  r i n g  bu t  i t  i s  w e a k e r  t h a n  in  the  
t r i p h e n y l f o r m a z a n s  and  p a r t i a l l y  o p e n s  in  a p r o t o n -  
a c c e p t i n g  s o l v e n t ,  d i o x a n e ,  w h i c h  i s  s h o w n  by the  

a p p e a r a n c e  in d i o x a n e  s o l u t i o n  of the  UNH b a n d  in  the  
3200 c m  -1 r e g i o n  f o r  IV and  the  3210 c m  -1 r e g i o n  f o r  

VI. C o n s e q u e n t l y ,  in t he  f o r m a z a n s  of t he  b e n z o t h i a z o l e  
and  b e n z o x a z o l e  s e r i e s  the  s a m e  f e a t u r e s  a r e  o b s e r v e d  
as  in t he  a r y l f o r m a z a n s :  t he  f o r m a z a n s  w i t h  m e t h y l  in  

p o s i t i o n  3 h a v e  an  open  s t r u c t u r e  and  t h o s e  w i t h  p h e n y l  a 
c h e l a t e  s t r u c t u r e .  A p h e n y l  g r o u p  i n p o s i t i o n  3 f a v o r s  t he  
f o r m a t i o n  of the  c h e l a t e ,  s i n c e  i t  e n t e r s  in to  c o n j u g a -  
t i on  w i th  the  f o r m a z a n  r i n g .  C o n v e r s e l y ,  in t he  1 -  
b e n z i m i d a z o l y l f o r m a z a n s ,  r e g a r d l e s s  of the  s u b s t i t u e n t  
in  p o s i t i o n  3, the  f o r m a z a n  g r o u p  i s  open.  A p p a r e n t l y ,  
in  the  c a s e  of II, t h e  i n f l u e n c e  of t he  m o r e  b a s i c  

i m i d a z o l e  r i n g  i s  s h o w n  m o r e  s t r o n g l y  t h a n  t he  i n -  
f l u e n c e  of t he  p h e n y l  in  p o s i t i o n  3. 

A c o n s i d e r a t i o n  of t he  UV and  v i s i b l e  s p e c t r a  (F ig .  
1) l e a d s  to the  s a m e  c o n c l u s i o n s .  C o m p o u n d s  I - V I  
e a c h  h a v e  two m a x i m a  in  t h e  U V r e g i o n ,  c h a r a c t e r i z i n g  

t h e  p h e n y l  and  b e n z a z o l e  r i n g s ,  and  a m a x i m u m  in  the  
v i s i b l e  r e g i o n  r e l a t i n g  to t he  c h r o m o p h o r i c  g r o u p i n g .  
The  c h e l a t e  c o m p o u n d s  IV and  VI a r e  m o r e  d e e p l y  
c o l o r e d  t h a n  t he  o p e n - c h a i n  c o m p o u n d s  III and  V. T h i s  
i s  due  to the  f a c t  t h a t  t he  c l o s u r e  of t he  c h e l a t e  r i n g  

i n c r e a s e s  the  d e g r e e  of c o n j u g a t i o n  in  t he  s y s t e m ,  
w h i c h  l e a d s  to a b a t h o c h r o m i c  s h i f t  of the  a b s o r p t i o n  
m a x i m u m  of t he  l o n g - w a v e  7 r - e l e c t r o n i c  t r a n s i t i o n .  
C o m p o u n d s  I and  II, in  s p i t e  of the  d i f f e r e n t  s u b s t i t u -  

e n t s  in  p o s i t i o n  3, h a v e  t he  s a m e  p o s i t i o n  of t h e  p h y s i c a l  

m a x i m u m .  
C o m p o u n d s  I - I I I  and  V m a y  e x i s t  in  f o r m s  B, C, 

and  D. The  q u e s t i o n  of the  t a u t o m e r i s m  of the  a m i n e -  
i m i n e  type ,  B ~ C, i s  p a r t  of the  g e n e r a l  p r o b l e m  of 
t he  t a u t o m e r i s m  of h e t e r o c y c l i c  a m i n e s .  The  s t a t e  of 

t he  a m i n e - i m i n e  e q u i l i b r i u m  [11, 12] d e p e n d s  on  t he  
b a s i c i t y  of the  h e t e r o c y c l e  and  the  a c c e p t o r  n a t u r e  of 
t he  s u b s t i t u e n t  of t he  e x t r a c y c l i c  n i t r o g e n .  The  h i g h e r  the  
b a s i c i t y  of the  h e t e r o c y c l e ,  t he  m o r e  p r o b a b l e  i s  a 
s h i f t  in  the  d i r e c t i o n  of t he  i m i n o  f o r m  [13]. In c o m -  
p o u n d s  I, III, a n d  V, h a v i n g  a s i m i l a r  s t r u c t u r e ,  and  
in  II, IV, and  VI, c o r r e s p o n d i n g l y ,  t he  s h i f t  in t h e  
t a u t o m e r i c  e q u i l i b r i u m  m u s t  d e p e n d  only  on t he  i n -  
f l u e n c e  of t he  h e t e r o c y c l e ,  and  s i n c e  the  b a s i c i t y  of 
b e n z i m i d a z o l e  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  of 
b e n z o t h i a z o l e  and  b e n z o x a z o l e  [14], t h e  t e n d e n c y  to  a 
t r a n s i t i o n  to t he  B f o r m  m u s t  be  h i g h e r  in  I and  II. 
In a c t u a l  f ac t ,  w h e n  t he  UV s p e c t r a  of I and  II a r e  c o m -  
p a r e d  w i t h  the  UV s p e c t r u m  of t he  " m o d e l "  2 - a m i n o -  
1 - b e n z y l b e n z i m i d a z o l e  and  1 - b e n z y l - 2 - i m i n o - 3 - m e t h y l -  
b e n z i m i d a z o l i n e  [ 1 5 - 1 7 ]  t h e  s i m i l a r i t y  of t h e  s p e c t r a  
of I and  II to  t h a t  of t he  " i m i n o  m o d e l "  i s  e s t a b l i s h e d .  
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A compar i son  of the UV spectra  of III with the spectra  
of 2 -amino-benzo th iazo le  and 2 - i m i n o - 3 - m e t h y l b e n -  
zothiazol ine [18, 19] gives no c lear  picture.  2 -Amino-  
benzothiazole  has an absorpt ion  max imum at 262 nm, 
2 - imino -3 -me thy lbenzo th i azo l e  has maxima  at 266 
and 305 nm, and III (Fig. 1) at 272, 305 (shoulder),  
and 445 nm. At the same t ime,  the IR spec t rum of III 
has two PNH bands.  This indicates  that HI (and ap-  
paren t ly  V) exist  in solut ion in the form of a mix ture  
of t au tomer ic  forms.  

L9E 

" % 250 300 

i /  % 492 
4.4. 1415 

3.~- ~ %,:.~s s 
240 280 320 360 400  440 480 520 560~.I]m 

Fig. 1. E lect ron ic  spectra of the 
fo rmazans  I -VI  (in n-heptane) .  
The n u m b e r s  of the spec t ra l  curves  
cor respond to the n u m b e r s  of the 

fo rmazans .  

The s t ruc tu re  of the fo rmazan  group and the s t rength  
of the IHB can also be cha rac te r i zed  by the ease  of 
de tachment  of a proton. To cha rac t e r i ze  the acidic 
p rope r t i e s  of compounds I-VI,  we de te rmined  the i r  
ionizat ion cons tants  (table) by the spec t rophotometr ic  
method [20, 21], which proved to be ex t remely  con-  
venient  s ince the convers ion  into the anion is accom-  
panied by a la rge  ba thochromic  effect. 

As was to be expected, the acidity cons tan ts  I and 
II sca rce ly  depend on those of III and IV and of V 
and VI defini tely do depend on the na ture  of the sub-  
s t i tuent  in posi t ion 3 (table), while the chelate com-  
pounds IV and VI differ f rom the nonchelate III and V 
by a decrease  in the acidity by two o rde r s  of magnitude,  
i . e . ,  the hydrogen, being bound by an i n t r a m o l e c u l a r  
hydrogen bond, exhibi ts  a s m a l l e r  capacity for ion iza-  
tion. However, the benz imidazo ly l fo rmazans  proved 
to be the leas t  acidic,  in spite of the i r  open s t ruc ture ,  
which is explained by the i r  imine  s t ruc tu re  (more dif-  
f icult  ionizat ion of the hydrogen, which is attached to 
a basic  imidazole  ring).  

Thus, the IR and UV spectra  and the ionizat ion con- 
s tants  show that, in dependence on the he terocycl ic  
res idue  in posi t ion 1 and the subs t i tuent  in posi t ion 3, 
benzazo ly l fo rmazans  have the following s t ruc tu res :  
I and II) B; IV and VI) A; IIIand V) mix tu res  of i somers .  

Fo r  I and II we found a photo isomer iza t ion  phe- 
nomenon.  When solut ions of I and II in carbon t e t r a -  
chloride (or chloroform) were  i r rad ia ted  with v is ib le  
light, a gradual  change of the color  of the solut ion of 
f rom red  to blue was observed,  but no pa ramagne t i c  
p rope r t i e s  appeared.  Phototropic t r ans fo rma t ions  on 
the i r r ad ia t ion  of benzene solut ions in v is ib le  light are 
known in the t r ipheny l fo rmazan  s e r i e s  [2, 4], and in 
this case there  is a color change in the opposite d i r ec -  
tion, the red chelate form changing to a yellow non-  

chelate form (while in the 1R spec t rum of the solution 
the ~NH band appears  at 3290 cm -1. 

Since in our case it is not a heightening but a deep- 
ening of the color  that is observed and the ini t ia l  
fo rmazan  has s t ruc tu re  B, it may be assumed that 
here  there  is e i ther  the formation of form A or of the 
d i m e r  E with a plane 16 -membered  porphyr in - l ike  
ring. 

R R~ 
Cr% I I 

J / C = N x  / N - , ~ ' ~  
.N=N N=C 

~j~ ,~ \  .H 
N/C =Nx N = c / N  =N" . E 

f I CsH~ 
Rj R 

The fea tures  of the UV and IR spec t ra  refute form 
A and conf i rm s t ruc tu re  E. In actual  fact, such a con-  
s iderab le  deepening of the color (190 nm) (Fig. 2) 
indica tes  the appearance  of a s t rong chromophore 
differ ing from the s i x - m e m b e r e d  chelate ring. In jus t  
the same way, in the IR spec t rum one could expect, 
by analogy with the fo rmazans  of the benzothiazole 
andbenzoxazo ie  s e r i e s  [10], only slight changes in 
the 1600-700 cm -1 region and the d isappearance  of 
the VNH band in the 3450-3100 cm -1 region on i n t r a -  
mo lecu l a r  chelation.  In actual  fact, in the IR spec t rum 
of a solut ion of the blue i somer  (Fig. 3) there  are  
marked  changes in the 1600-700 cm -1 region as com-  
pared  with I and II. The spec t rum is sca rce ly  r e -  
solved, which is cha rac t e r i s t i c  for molecules  with a 
high degree  of symmet ry .  The d imer ic  s t ruc tu re  of 
the blue i somer  is indicated by the d isappearance  of 
WNH in the 3450 cm -1 region, which is  cha rac te r i s t i c  
for the red form, and the appearance of two s t rong 
bands at 3170 and 3090 cm -1 the posi t ions of which do 
not depend on the concentra t ion.  The appearance of 
this doublet  of bands,  in which the low-frequency band 
is s t ronger  than the high-frequency one, is also ob- 
se rved  in the IR spec t ra  of d imer s  of amides.  

The blue d imer ic  form is unstable,  and when the 
polar  solvents  ethanol and dioxane are  added to a solu- 
t ion in carbon te t rach lor ide  the ini t ia l  red colora t ion  
is r e s to red .  
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I I \ ~..~..+~ - .  k / - ' ,  

. . . .  ~"~%% . i  \ x 2  
~.4 ,\k54 

3.2 
240 280 520 360 409 44-0 4,80 520 560 600 64~ 680 A I nHl 

Fig. 2. UV spectra :  1) lI in the red form (in carbon 
te t rachlor ide) ;  2) II in the blue form (in carbon 
te t rachlor ide) ;  3) I (in dioxane); 4) 1 - be nz y l - 2 -  
imino-3 -me thy lbenz imidazo l ine  (in dioxane); 5) 2- 

a m i n o - l - b e n z y l - b e n z i m i d a z o l e  (in dioxane). 

The study of the phototropism of the benzazoly l -  
f o rmazans  will  be continued. 
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Fig,  3, IR spectra,  of the f o r m a z a n  II in the red  and blue 
fo rms  (in ca rbon  t e t r a c h l o r i d e ) ,  
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EXPERIMENTAL 

l-Benzoxazoly1-3-methyl-5-phenylformazan (V). A diazoninm 

solution obtained from 0.02 mole of aniline, 20 ml of HCI (I : i), 

and 1.4 g of sodium nitrite in 15 ml of water was added to a solution 

of 3.5 g (0.02 mole) of acetaldehyde benzoxazolylhydrazone [8] in 

200 ml of isopropanol cooled to 5 ~ C. Coupling was carried out at 

5-i0 ~ C, and the mixture was neutralized with 2 N NaOH to pH 6 and 

left to stand for 3 hr. Yield 82%. Red crystals, mp 160-162 ~ C (dil 

ethanol). Found, %: C 64.59; H 4.67. Calculated for Ci.~II~Nb'O, %: 

C 64.57; H 4.62. 
1-Benzylbenzimidazolyl-3-methyl-5-phenylformazan (I) was 

obtained similarly. Yield 65%. Large dark red crystals, mp 163- 
165 ~ C (methanol). Found, %: C 71.50; H 5.42; N 23.19. Calculated 
for Cz2H20N6, %: C 71.72; H 5,47; N 22.81. 

1-Be~zothiazolyl-3-methyl-5-phenylformazan (III) was obtained 
similarly. Yield 80%, Yellow-orange crystals, mp 108-110 ~ C (dil 
methanol). Found, #,o:C 57.59; H 5.04; N 21.91. Calculated for 
CI~:tlsN~S- H~O, %: C 57.55; H 4.79; N 22.35. 

The synthesis of II, IV, and VI has been described previously [1]. 
The IR spectra were taken on a UR-10 instrument, the UV spectra 

on an SF-4 instrument, and the visible spectra on an SF-10 instrument. 
The ionization constants were determined by a method described 

previously [21]. A working concentration of the formazan solutions of 
2 �9 10 -5 M was used. The optical density was determined on an SF-10 
recording spectrophotometer and the pH of the mixture was determined 
on a PL-VI laboratory-type pH-meter. The values of the selected 
analytical wavelengths and of the optical densities of solutions of the 
ionic (di) and neutral (dN) forms and of a mixture at the correspond- 
ing pH values and the calculated pKa values are given in the table. 
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