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A ser ies  of 1-benzothiazolyl-3 ,5-diphenylformazans  with substituents in the 6-posi t ion of 
the benzothiazole ring were  synthesized.  The introduction of halogens and methyl and 
alkoxy groups into this position induces deepening of the color  of the corresponding fo rma-  
zans as compared with the unsubstituted benzothiazolyldiphenylformazan.  Benzothiazolylazo-  
and 6-methylbenzothiazolylazophenylhydrazones of benzaldehyde were isolated along with 
formazans  in the coupling of benzothiazolinediazonium and 6-methylbenzothiazol inediazon-  
ium sulfates with benzaldehyde phenylhydrazone.  

Substituents in the 5 position of the benzimidazole ring of symmet r i ca l  formazans  of the benzimida-  
zole se r ies  have a considerable effect on the proper t ies  of complexes with metal salts [2]. In the present  
r e sea rch ,  we have studied the effect of substituents of formazans  of the benzothiazole ser ies  on their  
colorat ion and complexing ability. 

The 6-substituted benzaldehyde benzothiazolylhydrazones (I) were  obtained by the cycl izat ion of p-  
substituted 4 -a ry l th iosemicarbazones  [3]. Formazans  II-IV with e lec t ron-donor  substituents in the ben-  
zothiazole ring were obtained by coupling benzenediazonium chloride with I (method A). However,  the cy-  
clization of benzaldehyde 4-(p-bromophenyl) th iosemicarbazone did not give the expected 6-bromobenzo-  
thiazolylhydrazone,  and it was neces sa ry  to develop a new method for the synthesis of benzothiazolyl forma-  
zan. For  this, we made an attempt to synthesize the formazans  by coupling of diazonium salts (VIII) ob- 
tained f rom 2-aminobenzothiazoles with benzaldehyde phenylhydrazone (IX). Up until now, the coupling of 
he te rocycl ic  diazonium salts with an ary lhydrazone  has been described only for thiazole and quinoline de-  
r ivatives [4]. 

A s t rongly acidic medium is required for the successful  diazotization of aminobenzothiazole [5], and 
the initial step in the coupling therefore  proceeds  at low pH values.  Formazans  II-VII were obtained as a 
resul t  of the coupling react ion (method B, Table 1) o All of the formazans  were  purified by ch roma tog ra -  
phy on aluminum oxide and subsequent crys ta l l iza t ion.  The formazans  absorbed at 470-530 nm, and both 
e lec t ron-donor  and e l ec t ron -accep to r  substituents induced a ba th , ch romic  shift. Color deepening, a s so -  
ciated with the formation of an anion, occurs  when alkali is added to an alcohol solution of the formazan.  
(See scheme on following page). 

The di rect ion of coupling depends to a considerable degree  on the pH of the medium and, in addition 
to the synthesis  of formazans ,  can lead to te t razenes  o r  a ry lazohydrazones  [6]. In addition to II-VII,  the 
presence  of another product ,  which was isolated chromatographical ly ,  is always detected in the reaction 
mass  obtained as a resul t  of coupling. The compound is quite soluble in organic solvents to give a c r i m -  
son-colored solution that changes revers ib ly  to blue when a s t rong acid is added. 

*See [1] for communicat ion XXXII. 
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T A B L E  1. 1 - B e n z o t h i a z o l y l - 3 , 5 - d i p h e n y l f o r m a z a n s  
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�9 C2H5OH 5,2 16,4 ~ 30 490 (4,02) 666 
C21H,TNsOS. H=O 162,8] 5,1116,91 62,2! 4 22 I 530 (3,87) 674 
C22H 9N5OS �9 H 2 0  63,01 4,6 16,3! 63,0 --  28 i 510 (3,72) 690 
C2oH~4CI'N~S 61,7[ 4,1[ 17,2 61 31 10 496 (3,36) 664 
C2oHI4BrNsS 55,6 3,6 15,6 55101 8 482 (3,81) 656 

* M p  1 8 3 - 1 8 5  ~ [7] .  
t T h e  log c v a l u e s  a r e  g iven  in p a r e n t h e s e s .  
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~, IV, VIIIC R= OCH3; V, Yllld R =OC2Hs; 
VI, VI I l e  R ~ C I ;  VII ,  V I I l f  R = B r  

It m igh t  have  b e e n  a s s u m e d  tha t  b e n z a l d e h y d e  b e n z o t h i a z o l y l a z o p h e n y l h y d r a z o n e  (X), which  is  c o n -  
v e r t e d  to the  quinoid  f o r m  in a c i d ,  is  f o r m e d  a long  wi th  f o r m a z a n  u n d e r  the  g iven  c o n d i t i o n s .  F o r  p r o o f  
of  t h i s ,  V i l l a  w a s  coupled  wi th  a c e t o p h e n o n e  p h e n y l h y d r a z o n e  (XII); i . e . ,  the  p o s s i b i l i t y  of  the  f o r m a t i o n  of  
a f o r m a z a n  w a s  d e l i b e r a t e l y  e x c l u d e d .  Ace tophenone  b e n z o t h i a z o l y l a z o p h e n y l h y d r a z o n e  (XIII), which  is  
a l s o  c a p a b l e  of r e v e r s i b l y  chang ing  i ts  c o l o r  in a c i d i c  m e d i a ,  w a s  i s o l a t e d  f r o m  the  r e a c t i o n  m i x t u r e .  

Compounds  I I -VI I  f o r m  d e e p l y  c o l o r e d  c o m p l e x e s  wi th  m e t a l  s a l t s  (Cu, Zn, Ni ,  and Co) in the  co ld .  
The  s t r u c t u r e s  of the  c o m p l e x e s  a r e  u n d e r  i n v e s t i g a t i o n .  

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

1 - ( 6 - M e t h y l - 2 - b e n z o t h i a z o l y l ) - 3 , 5 - d i p h e n y l f o r m a z a n  (III). A) A d i a z o n i u m  so lu t i on  {obtained f r o m  
0.002 mo le  of a n i l i n e ,  2 ml  of c o n c e n t r a t e d  HC1, and 0o14 g of  NaNG 2 in 3 ml  of  w a t e r )  was  added to a 
coo led  (to 0 o) s o l u t i o n  of  0.55 g (0.002 mole)  of  Ib in 30 m l  of  e t h a n o l .  The m i x t u r e  w a s  n e u t r a l i z e d  to pH 
6 wi th  2 N NaOH and a l lowed  to s tand  in  the  cold to i s o l a t e  the  f o r m a z a n .  A f t e r  the m i x t u r e  had s tood  fo r  
24 h,  i t  was  d i lu ted  wi th  w a t e r ,  and the  sh iny  c r y s t a l s  wi th  a g r e e n  l u s t e r  w e r e  r e m o v e d  by  f i l t r a t i o n .  
C o m p o u n d s  II and IV w e r e  s i m i l a r l y  ob t a ined .  

B~ A s o l u t i o n  of  VIIIb [obtained f r o m  0.33 g (0.002 mole)  of  6 - m e t h y l - 2 - a m i n o b e n z o t h i a z o l e ,  5 ml  of 
60% s u l f u r i c  ac id ,  and 0.14 g of  NaNG 2 in  3 m l  of w a t e r ]  w a s  added to a cooled  (to 0 ~ s o l u t i o n  of  0.39 g 
(0.002 mole)  of IX in 30 ml  of  e thano l .  The  m i x t u r e  w a s  made  a l k a l i n e  to pH 4-5 wi th  2 N NaOH and a l -  
lowed to s t and  in the cold  fo r  24 h .  The  r e a c t i o n  m a s s  w a s  d i lu ted  wi th  w a t e r ,  and the r e s u l t i n g  p r e c i p i t a t e  
w a s  r e m o v e d  b y  f i l t r a t i o n  and washed  wi th  w a t e r .  The p r e s e n c e  of  III  (Rf 0.9) and b e n z a l d e h y d e  6 - m e t h y l -  
b e n z o t h i a z o l y l a z o p h e n y l h y d r a z o n e  (XI) (Rf 0.55) was  d e t e c t e d  by  c h r o m a t o g r a p h y  of  a s a m p l e  on a loose  
th in  l a y e r  of  a l u m i n u m  oxide  wi th  e l u t i o n  b y  c h l o r o f o r m - d i e t h y l  e t h e r  (1 : 1). The  s u b s t a n c e s  w e r e  s e p -  
a r a t e d  wi th  a c o l u m n  f i l led  wi th  a l u m i n u m  oxide to g ive  0.23 g (30%) of  Ill~ The  c o l u m n  was  w a s h e d  out 
wi th  e t h e r  to g ive  0.31 g (42%) of XI wi th  mp 235-236 ~ (need les  f r o m  e thano l ) .  Found:  C 65.80; H 5.30; 
N 16.30%. C2IHITNsS �9 C2HsOH. C a l c u l a t e d :  C 66.20; H 5.50; N 16o80%. Compounds  I I -VI I  {Table 1) w e r e  
s i m i l a r l y  ob ta ined  f r o m  VI I I a - f .  

Compound X [0.36 g (50%)] was  s i m i l a r l y  ob ta ined  f r o m  VIIIa  and had hmax  524 nm (in e thano l ) ,  ~max 
652 nm (in a c i d i c  m e d i a ) ,  and mp 208-209 ~ (need le s  f r o m  e thano l ) .  Found:  C 64.80; H 4.20; N 17.30%. 
C20H15NsS �9 C2HsOH. C a l c u l a t e d :  C 65.20; H 5.20; N 17.40%. 
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Acetophenone Benzothiazolylazophenylhydrazone (XIII). A solution of VIIIa [obtained f rom 0.6 g 
(0.004 mole) of aminobenzothiazole,  10 ml of 60% sulfuric acid,  and 0.28 g of NaNO 2 in 6 ml of water]  was 
added to a cooled (to 0 ~ solution of 0.84 g (0.004 mole) of XII in 30 ml of ethanol. The solution was made 
alkaline to pH 4-5 and held in the cold for 24 h. The react ion mass  was diluted with wate r ,  and the prec ip i -  
tate was removed by fil tration to give 0.32 g (22%) of red plates (from aqueous ethanol) with mp 73-750 and 
Rf 0.58 [ ch lo ro fo rm-d ie thy l  e ther  (1 : 1)]. A blue colorat ion appeared when a minera l  acid was added to 
an alcohol solution of this compound. Found: C 61.60; H 4.60; N 17.60%. C2iHiTNsS �9 2H20. Calculated: 
C 61.90; H 5.20; N 17.20~c. 
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