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Mono-, di-,  and t r i h e t e r y l f o r m a z a n s  were  obtained by the autooxidative coupling (in pyridine 
solution) of 1 -a lky l -2 -hydraz inobenz imidazo les  with the a ry l (azoly l )hydrazones  of al iphatic  
o r  he te rocyc l ic  aldehydes.  

A method fo r  the p r e p a r a t i o n  of s y m m e t r i c a l  1 ,5 -d ibenzazo ly l fo rmazans  was developed on the bas i s  
of the spontaneous oxidation of 1 -a lky l -2 -hydraz inobenz imidazo le s  in solutions of p r i m a r y  alcohols  [2]. The 
method cons i s t s  in the joint autooxidation of 2 -hydraz inobenzazo les  and the i r  hydrazones .  F o r m a z a n s  con- 
taining different  benzazo les  in the 1 and 5 posi t ions  have been unknown until now. 

In the p r e se n t  paper ,  we p ropose  a va r i an t  of the method that makes  it poss ib le  to extend the poss ib i l -  
ity of autooxidative coupling. By using pyridine [which excludes side reac t ions  (resinif icat ion and d i sp ropor -  
tionation)] as  the reac t ion  medium and the cata lys t ,  the autooxidative coupling of 2-hydraz inobenzazoles  can 
be c a r r i e d  out with any hydrazines ,  and va r ious  mono- ,  di- ,  or  t r i h e t e r y l f o r m a z a n s  can be obtained (see 
the scheme below and Table  1). 
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A mix tu re  of 1 -a lky l -2 -hydraz inobenz imidazo le  with an equ imolecu la r  amount of the a ry lhydrazone  o r  
azoly lhydrazone of acetaldehyde,  benzaldehyde,  o r  formylquinoxal ine was dissolved in pyridine with the addi- 
tion of water ,  and the mix tu re  was allowed to oxidize spontaneously  in the a i r  fo r  s eve ra l  days.  

The 1 - ( 1 - a l k y l - 2 - b e n z i m i d a z o l y l ) - 3 - m e t h y l - 5 - a r y l f o r m a z a n s  (III-V) were  identical  to the compounds 
p rev ious ly  obtained [3] by the known method of azo coupling of the a renediazonium sa l t s  with benz imidazoly l -  
hydrazones .  F o r m a z a n s  VI and X were  a lso  obtained by a l te rna t ive  synthesis  by the autooxidative coupling 
of 2-hydraz inobenzoth iazole  with 1 -me thy l -2 -benz imidazo ly lhydrazones .  In this case,  since 2-hydraz ino-  
benzothiazole  d isp lays  a l e s s e r  tendency fo r  autooxidation than 1 -a lky l -2 -hydraz inobenz imidazo les ,  pyridine 
with added aqueous sodium ace ta te  solution, which a c c e l e r a t e s  the autooxidative coupling, was  used as  the 
reac t ion  medium.  

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

1- (1 -Methy l -2 -benz imidazo ly l ) -3 -me thy l -5 -pheny l fo rmazan  (III). A 4.65-g (0.0287 mole) sample  of I [4] 
and 3.85 g (0.0287 mole) of aceta ldehyde phenylhydrazone were  dissolved in 15 ml  of pyridine and 10 ml  of 

* See [i] fo r  communica t ion  XXXIII. 
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TABLE 1. 1 - (1-Alkyl -2-benz imidazoly l ) -3-R-5-he te ry l (a ry l ) for -  
mazans  

C c m -  
pound R RI R2 Mp, *C 

Ill 
IV 
V 

VI 
VII 

VIII 
IX 
X 

CHa 
CH3 
CHa 
CHa 
CH2CsHs 
CH2CsHs 
CHa 
CH~ 

CH3 
Ctfa 
CHa 
CH3 
Ct-la 
CHa 
C6Hs 
2-Quinoxalyl 

C6Hs 
p-CsH4CHa 
p-C6H,NO~ 
2-Benzothiazolyi 
The same 
2-Benzoxazolu 
1-Phenyl-5-t6trazolyl, 
The same 

207--210 
192--194" 
242--245~ 
230--233 
207--208 
264--265 
198--201 
151--154 

TABLE 1. 

Com- 
pound 

(Continued) 

Empirical formul~ 

III C16HI6N~ 
IV CITHIsN6 �9 H~O 
V C16HIsNTOe 

VI CIrHIsNTS. CaHT~NO 

VII C23H~oNTS 

VIII C2aHIgNTO �9 2CsHsN 
IX C22H~sNto- H~O 
X IC=4H~rNgS.2H~O 

I 

65,38 
63,35 
57,21 
57,16 

64,44 

69,82 
59,87 
60,03 

Found. ~ 

H I N(S) 

talc.,% 
c H 

5,65 28,65 
6,26 26,11 
4,69 28,86 
4,97 26,72 

(7,54} 
5,20 21,79 

(7,1o) 
5,15 22,21 
4~69 32,41 
4,58 25,70 

(6,52) 

65,73 5,51 
62,94 6,29 
56,96 4,48 
56,85 524 

64,89 4,50 

69,96 5,25 
59,98 4,57 
59,86 4,39 

N(S) 

28,75 
25,90 
29,06 
26,52 
(7,58) 
23,04 
(7,53) 
21,81 
31,80 
26,18 
(6,65) 

Yield, 
% 

15 
11 
40 
40 

71 

40 
50 
52 

*Mp 193-194 ~ [31. 
~Mp 225-228 ~ [3]. 

water ,  and the mixture was allowed to stand in an open flask at room tempera ture  fo r  5 h. Compound II1 
gradually crys ta l l ized f rom the red solution to give red plates (from alcohol). 

1 - (1-Methyl -2-benzimidazoly l ) -3-methyl -5- (p- to ly l ) formazan  (IV). This compound was s imilar ly  ob- 
tained f rom 3.2 g (0.02 mole) of I and 2.8 g (0.02 mole) of acetaldehyde p- tolylhydrazone in 10ml  of pyridine 
and 5 ml of water .  The product was obtained as long, orange needles (from 50% alcohol). 

1- (1-Methyl-2-benzimidazolyl ) -3-methyl -5-  (p-nitrophenyl)formazan (V). This was s imi lar ly  obtained 
as da rk - r ed  needles [from d i m e t h y l f o r m a m i d e - w a t e r  (3 : 1)] f rom 3.2 g (0.02 mole) of I and 3.5 g (0.02mole) 
of acetaldehyde p-ni t rophenylhydrazone in 20 ml of pyridine and 5 ml of water .  

1- (1-Methyl-2-benzimidazolyl ) -3-methyl -5-  (2-benzothiazolyl)formazan (VI). A) A 1.9-g (0.01 mole) 
sample of acetaldehyde 2-benzothiazolylhydrazone and 1.7 g (0.01 mole) of I were dissolved in 20 ml of py r -  
idine with slight heating, and the mixture was allowed to stand in air .  Af te r  5 days, the dark-violet  solution 
was diluted with 100 ml of water,  and 2 N HC1 was added to pH 6-7 to give dark-violet  c rys ta l s  [from di- 
m e t h y l f o r m a m i d e - w a t e r  (3 : 1)] that were quite soluble in pyridine and dimethylformamide and less  soluble 
in alcohol, acetone, and chloroform.  Xmax 570 rim, ~ �9 10 -4 11.03. 

B) A 1.9-g (0.01 mole) sample of acetaldehyde 1-methylbenzimidazolylhydrazone and 1.8 g (0.01 mole) 
of 2-hydrazinobenzothiazole were dissolved in 40 ml of pyridine with slight heating, and the mixture was in- 
t roduced into a solution of 1 g of sodium acetate in 10 ml of water.  Compound VI was i so l a t edas inme thodA.  
The product did not depress  the melting point of the product  f rom method A. A compar ison  of the IR spec-  
t r a  at 730-1600 cm -1 demonstra ted that the compounds were identical. 

1- (1-Benzyl-2-benzimidazol .yl)-3-methyl-5-  (2-benzothiazolyl)formazan (VII). A 2,38-g (0.01 mole) 
sample of II and 1.9 g (0.01 mole) of acetaldehyde benzothiazolylhydrazone were dissolved in 50 ml of dis-  
tilled pyridine with slight heating, and the solution was f i l tered and allowed to stand for  5-6 days, The solu- 
tion rapidly became intensely violet, and VII gradually c rys ta l l ized  f rom it. A cer ta in  additional amount of 
VII was obtained f rom the mother  l iquor a f te r  half of the solvent was removed f rom it by distillation. The 
product  was obtained as large,  beautiful, violet p r i s m s  with a green lus ter  on the faces  (from alcohol). 

1- (1-Benzyl -2-benzimidazoly l ) -3-methyl -5-  (2-benzoxazolyl)formazan ~r This compound was s im-  
i lar ly  obtained f rom II and acetaldehyde benzoxazolylhydrazone.  

3 5 6  



1- (1-Meth~l-2-benzimidazolyl ) -3-phenyl-5-  (1-phenyl -5- te t razoly l ) formazan (IX). This compound was 
s imi la r ly  obtained as red needles  (from butanol) f rom 1.6 g (0.01 mole) of I and 2.6 g (0.01 mole) of benzal-  
dehyde 1-phenyl -5- te t razo ly lhydrazone  [5] in 20 rnl of pyridine.  

1- (1-Methyl-2-benzimidazolyl ) -3-  (2-quinoxalyl)-5- (2-benzothiazolyl)formazan (X). A) A 1.5-g (0.005 
mole) sample of formylquinoxaline 2-benzothiazolylhydrazone [6] and 0.9 g (0.005 mole) of I were dissolved 
by heating in 160 ml of pyridine,  and the solution was allowed to stand in a i r  fo r  8 days. The react ion mass  
was diluted with 1 l i t e r  of water ,  and the mixture  was neutra l ized to pH 6-7 with 2 N HC1 to give g reenp la t e s  
with a metal l ic  l u s t e r  [from d i m e t h y l f o r m a m i d e - w a t e r  (2 : 1)]. kmax 568 nm. 

B) A 1.5-g (0.005 mole) sample of formylquinoxaline 1-methyl -2-benzimidazoly lhydrazone  and 0.9 g 
(0.005 mole) of 2-hydrazinobenzothiazole  were  dissolved in 110 ml of pyridine,  and the solution was added 
to a solution of 1 g of sodium aceta te  in 10 ml of water .  Compound X was isolated as in method A. 
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