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Heterocyclic analogs of triphenylformazan have been synthesized: 

l-(l'-benzylbenzimidazolyl)-3,5-diphenylformazan (I), l-benzothia- 

zolyl-3,5-diphenylformazan (II), and l-benzoxazolyl-3,5-diphenyl- 
formazan (Ill). On a basis of the study of IR and UV spectra, the hy- 
pothesis has been put forward that I lacks a chelate ring while II and 
III have chelate rings with a weak intramolecttlar hydrogen bond. Ease 
of complex formation with many metals and a capacity for the forma- 
tion of tetrazolium salts have been noted. 

The p r e s e n t  c o m m u n i c a t i o n  d e s c r i b e s  the  s y n t h e s i s  
and g i v e s  s o m e  i n f o r m a t i o n  on the  s t r u c t u r e  and p r o p -  
e r t i e s  of u n s y m m e t r i c a l  f o r m a z a n s  of the  b e n z a z o l e  
s e r i e s  which r e p r e s e n t  h e t e r o c y c l i c  ana logs  of t r i -  
p h e n y l f o r m a z a n .  
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I X: NCH,C6||5; 5/~ I] 
II X=S; III 'X=O ~ l-I l l  

The f o r m a z a n s  obta ined ,  l i ke  t r i p h e n y l f o r m a z a n ,  
m a y  e i t h e r  have the  s t r u c t u r e  of a che l a t e  with an in-  
t r a m o l e c u l a r  h y d r o g e n  bond o r  e x i s t  in the  open f o r m ,  
the  l a t t e r  be ing  t h e o r e t i c a l l y  c a p a b l e  of t a u t o m e r i z a -  
t ion  (with the  h y d r o g e n  on N l, Ns, o r  the  N a tom of the  
h e t e r o c y c l e )  �9 

The rR s p e c t r a  of the  f o r m a z a n s  (in CC14 solut ion)  
showed tha t  f o r m a z a n  I has  the  band of NH s t r e t c h i n g  
v i b r a t i o n s  in the  3445 c m -  1 reg ion ,  whi le  in the  f o r m -  
azans  II and I l l  the  VNH band in th i s  r e g i o n  is ab se n t .  
On th i s  b a s i s ,  i t  m a y  be a s s u m e d  tha t  the  f o r m a z a n  I 
has  the  open s t r u c t u r e  {with p o s s i b l e  p a s s a g e  of the  hy-  
d r o g e n  a t o m  to the  m o r e  b a s i c  n i t rogen  of the  h e t e r o -  
cyc le )  (B) and f o r m a z a n s  II and III have the  c h e l a t e  
s t r u c t u r e  (A) 
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The s p e c t r a l  c h a r a c t e r i s t i c s  of the  f o r m a z a n s  
(Table  1) c o n f i r m  th i s  conc lus ion :  the  f o r m a z a n  I ex -  
h ib i t s  c o n s i d e r a b l e  p o s i t i v e  s o l v a t o c h r o m y ,  whi le  the 
f o r m a z a n s  II  and III, l i ke  t r i p h e n y l f o r m a z a n ,  a r e l i t t l e  
a f fec ted  by the so lva t i ng  inf luence  of the  so lven t .  How- 
eve r ,  the  c h e l a t e  r i n g  in 1X and I l l  is  uns tab le ,  and p r o -  
t o n - a c c e p t i n g  s o l v e n t s  (ace tone  and dioxane)  a r e  c a p -  
ab le  of opening  the  r i n g  a s  a c o n s e q u e n c e  of which  the  
c o l o r a t i o n  of the  f o r m a z a n  b e c o m e s  m o r e  in t ense .  The 

* F o r  p a r t  XXII, s e e  [1]. 

i n s t a b i l i t y  of the  c h e l a t e  is  a l so  i nd i ca t ed  by the  f ac t  
tha t  in an e thano l i c  a lka l ine  m e d i u m  the  f o r m a z a n s  II  
and HI, l ike  the  f o r m a z a n  I, r e a d i l y  f o r m  deep ly  co l -  
o r e d  sod ium s a l t s ,  whi le  t r i p h e n y l f o r m a z a n  which  has  
a s t a b l e  c he l a t e  r ing ,  does  not  change i t s  c o l o r a t i o n  in 
a l coho l i c  a l k a l i .  

The 1 - b e n z a z o l y f o r m a z a n s  a l so  d i f f e r  f r o m  t r i -  
p h e n y l f o r m a z a n  in t h e i r  c a p a c i t y  fo r  c omp le x  f o r m a -  
t ion .  While  t r i p h e n y l f o r m a z a n  f o r m s  c o m p l e x e s  with 
m e t a l s  only  on be ing  hea ted  with m e t a l  s a l t s  [2], the  
f o r m a z a n s  I - I l l  f o r m  deep ly  c o l o r e d  c o m p l e x e s  which 
can  be  i s o l a t e d  in  the  c r y s t a l l i n e  s t a t e  when e thanol ic  
so lu t ions  of the  f o r m a z a n  and a m e t a l  s a l t  (Ni(NO3)2, 
ZnC12, CuC12, e t c . )  a r e  m i x e d  in the  co ld .  

In o r d e r  to e l u c i d a t e  the  inf luence  of the  p o s i t i o n  of 
the  h e t e r o c y c l e  in the  m o l e c u l e  on the  p r o p e r t i e s  of 
the  f o r m a z a n ,  we ob ta ined  3 - b e n z o t h i a z o l y l - 1 ,  5 - d i -  
p h e n y l f o r m a z a n  (IV) which  has  been  d e s c r i b e d  p r e v i -  
ous ly  [3]. In th i s  compound,  as  in t r i p h e n y l f o r m a z a n ,  
and un l ike  the  f o r m a z a n  II, the  c o l o r  of an e thanol ic  
so lu t ion  does  not deepen  on ba s i f i c a t i on ,  and no c o m -  
p l ex  f o r m a t i o n  t a k e s  p l a c e  in the  cold  when so lu t ions  
of m e t a l  s a l t s  a r e  added .  I ts  IR s p e c t r u m  l a c k s  the  
band of t he  s t r e t c h i n g  v i b r a t i o n s  of an NH group (in 
the  3450-3100 cm -1 r eg ion)  �9 Thus,  the  f o r m a z a n  IV 
has  a che la t e  r i n g  with a s t r ong  hydrogen  bond.  Obvi -  
ous ly  the  s y m m e t r y  of the  m o l e c u l e s  of f o r m a z a n s  
having s i m i l a r  s u b s t i t u e n t s  on n~trogen a t o m s  I and 5 
s t r e n g t h e n s  the  h y d r o g e n  bond.  

Like t r i p h e n y l f o r m a z a n ,  [4], on r e a c t i o n  with b r o -  
m o s u c c i n i m i d e ,  compounds  I - I I  g ive  t e t r a z o l i u m  s a l t s  
which a r e  r e c o n v e r t e d  into the  i n i t i a l  f o r m a z a n s  by 
the  ac t ion  of r educ ing  a g e n t s .  The t e t r a z o l i u m  sa l t  ob-  
t a i ned  f r o m  f o r m a z a n  I l l  i s  u n s t a b l e  and r a p i d l y  changes  
into a c o l o r l e s s  p r o d u c t  of as  ye t  unknown s t r u c t u r e .  

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

Benzaldehyde l-benzyl-2-benzimidazolylhydrazone was obtained 
by heating 0.01 mole of l-benzyl-2-hydrazinobenzimidazole in 30 ml 
of ethanol with 0.01 mole of benzaldehyde. Yield 90%. Mp 197--198* 
(from ethanol). Found. %: C 77.33; H 5.57. Calculated for Cz iH1s N4, 
%: C 77.26; H 5.56. 

1- ( l ' -Benzylbenzimidazoly l ) -3 ,5-d iphenyl formazan (I) .  To a 

cooled solution of 1.6 g (0.005 mole) of benzaldehyde 1-benzyl-2-  

benzimidazolylhydrazone in a mixture of 15 ml  of pyridine and i6  ml 
of methanol was added the diazonium solution obtained from 0.005 

mole of ani l ine,  6 ml o f H C l ( 1  : 1), and 0.35 g ofNaNO z in 5 m l o f  
water, the temperature being kept at 0--5 ~ The mixture was kept at 
this temperature for 40 rain, after which 200 ml of water was added 
and it was left  overnight in the refrigerator. This gave dark green lus- 
trous rhombic crystals (dark red under the microscope) with mp 95 -98  ~ 

(from methanol).  Found, 9o: C 73.77; H 5.65; N 19.18. Calculated 
for C27H2aN 6 �9 1/zCHsOH, %: C 73.90; H 5.41; N 18.82. When I was 

reerystall ized from a mixture of petroleum ether (low-boiling) and 
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Spectral Characteristics of 1-Benzazolyl-3, 5-diphenylformazans 

1 i NCH2C~H5 
II S 

III O 

i Vis ible  r eg io n  o f  the  spectrum hma x nm* Complexes 
UV spec- in the  f o l l o w i n g  solvents kma x 

tra kmax, ~ . . . . .  ~ . . . . . . . . . .  t . . . . . . .  r nitro-  i c o -  I . .  I ] e ha-  [ . i 
n m  ben-  ben-  ro- ace-  alOx- e tha - }  n o l i c  Zn Ni eli 

I z e n e  z e n e  f o r m  t o n e  I a n e  [ nol  , NaOH[ I 

245, 23~5 456 474 466 460 462 474 540 614 626 642 
230, 484 486 476 460 470 470 526 616 630 6~,U 
245, 290[ 470 460 456 426 440 430 504 592 I 606 630 

*Triphenylformazan has kmax, nm: in b e n z e n e  4 9 4 ,  in n i t r o b e n z e n e  4 9 8 ,  in ethanol 488, in e t h a n o l i c  
alkali 488; 3-benzothiazolyl-l,S-diphenylformazan (IV) has kmax, n m :  in b e n z e n e  4 4 0 ,  in n i t r o b e n z e n e  
446, in e t h a n o l  4 3 0 ,  in ethanolic alkali 432. 

n-heptane, the compound was obtained without solvent of crystalliza- 

tion. Mp 70--72 ~ Found, %o: C 75.18; H 5.25; N 19.52. Calculated for 

C27H22N6, %0: C 75.32; H 5.15; N 19.52. 
Benzaldehyde benzothiazolylhydrazone and benzaldehyde benzox- 

azolylhydrazone were obtained as described previously [5]. 

1-Benzothiazolyl-8, 5-diphenylformazan (If). The diazonium solu- 
tion obtained from 0.01 mole of aniline, 8 ml of HCI (i : 1), and 
0.7 g of NaNO 2 in 7 rnl of HzO was added to a cooled solution of 2.54g 
(0.01 mole) of benzaldehyde benzothiazolylhydrazone in 170 ml of 
methanol and 4 ml of concentrated HCI. The solution was neutralized 

with 2 N NaOH to pH 6 and left in the refrigerator after which the lus- 
trous green crystals of II were filtered off. Mp 183-185 ~ (from meth-  
anol). Yield 77%. Found, %: C 66.78; H 4.22; 8 9.51; N 19.49. Cal-  
culated forC~0HlsNsS, %: H 4.23; S 8.98; N 19.59.  

l-Benzoxazolyl-8, 5-diphenylformazan (III). This was obtained 
similarly. Yield 60%. Dark brown plates (red under the microscope) 
with mp 155--156 ~ (from methanol). Found, %: C 70.66; H 4.62; 
N 20.74. Calculated for C20HIsNsO , ~/o: C 70.86, H 4.42; N 20.52. 

3-Benzothiazolyl-i, 5-diphenylformazan (IV) was obtained by Sey- 

ban's method [3]. Orange crystals with mp 184--185 ~ (from methanol) 
(literature: 185-186~ Found, %o: C 67.20; H 4.20; S 8.90. Calcu- 

lated for Cz0HlsN~S , %: C 67.20; H 4.28; 8 8.97. 

2-(l'-Benzylbenzimidazolyl)-3,5-dlphenyltetrazolium bromide. 
A solution of 0.44 g (0.001 mole) of the formazan in 20 ml of chloro- 
form was treated with 0.5 g (0. 0032 mole) of bromosuccinimide in 40 
ml of chloroform. The color of the mixture changed from dark red to 

light brown. When absolute either was added, a yellow-green precipi-  

tare deposited. For purification, the compound was dissolved in a small 

amount of chloroform and precipitated with ether. Yield 70%. Mp 
109-110 ~ Found, %: Br 27.82. Calculated for C27H21BrN 6 "HBr, %0: 

Br 27.12. 

2-Benzothlazolyl-8, 5-diphenyltetrazolium bromide. This was ob- 
tained similarly to the preceding compound. Mp 180--182 ~ Yield 80%. 

Found, %: Br 38.95, Calculated for C~0HI4BrN58 �9 2HBr ' H20 , %0: 
Br 38.96.  
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