
H E T E R Y L A R Y L  N - H Y D R O X Y T R I A  Z E N E S  

I. SYNTHESIS OF N-HYDROXYTRIAZENES, QUATERNARY SALTS, 

AND CYANINE DYES WITH HYDROXYTRIAZENE GROUPS 
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N-Hydroxyt r iazenes  were  obtained by the coupling of phenylhydroxylamine with diazotized 
5(6) -amino-2-methylbenzoth iazole ,  1 -pheny l -2 -methy l -5 -aminobenz imidazo le ,  and 3 -amino-  
pyridine.  Quate rnary  sal ts ,  which were  used for  the synthes is  of cyanine dyes, were  syn- 
thes ized  by alkylat ion of the N-hydroxyt r iazenes  with methyl  and ethyl iodides. 

Very l i t t le  study has been devoted to he te ry la ry l  N-hydroxyt r iazenes .  Only aliphatic a romat i c ,  a r o -  
mat ic ,  and s eve ra l  he t e roa roma t i c  N-hydroxyt r iazenes  - 2-benzothiazolylhydroxylamine der iva t ives  - have 
been descr ibed  [1,2]. In recent  y e a r s  N-hydroxyt r iazenes  have been a t t rac t ing the at tention of r e s e a r c h e r s  
owing to the i r  complexing abili ty.  Several  a lkylary l  and diaryl  N-hydroxyt r iazenes  have been proposed  as 
analyt ical  reagents  for  meta l  cations [3]. 

One method for the p repa ra t ion  of N-hydroxyt r iazenes  i s  coupling of diazonium sal ts  with hydroxyla-  
mine der iva t ives  in the p resence  of sodium aceta te  or  a mine ra l  acid. We used this method to synthesize  
he te roa romat ic  N-hydroxyt r iazenes  (I-IV) f rom phenylhydroxylamine and diazotized 5 (6 ) -amino-2-methy l -  
benzothiazole,  1 -pheny l -2 -methy l -5 -aminobenz imidazo le ,  and 3-aminopyr id ine  (Table 1). The N-hydroxy-  
t r i azenes  a re  yellow substances  that a re  soluble in organic  solvents  and a lmos t  insoluble in water;  they 
also have all of the p rope r t i e s  cha r ac t e r i s t i c  for  a lkylary l  and diaryl  N-hydroxy t r i azenes .  Blue, black, 
and g reen  colora t ions  appear  when a drop of aqueous FeC13 solution is added to ~tn alcohol solution of the 
hydroxyt r iazene .  The N-hydroxyt r iazenes  a re  decomposed by mine ra l  acids and mel t  with decomposi t ion.  

Like a roma t i c  hydroxyt r iazenes ,  the UV spec t ra  of alcohol solutions of the invest igated hydroxyt r i a -  
zenes have two sharply  e x p r e s s e d  absorp t ion  max ima  at 260 and 360 nm, as well  as a smal l  inflection at 
320-350 nm. The long-wave m a x i m u m  cor re sponds  to the absorp t ion  of the bydroxyt r iazene  group and is 
ba thochromica l ly  shifted for  hydroxyt r iazenes  I and II as compared  with 1 ,3-d iphenyl -3-hydroxyt r iazene  
(348 am).  The posi t ion of the hydroxyt r iazene  group in the benzothiazole ring affects  the intensity of the 
hydroxytr iazene  max imum.  A hydroxytr iazene  group in the 6 posi t ion of the benzothiazole r ing is in con- 
jugation with the he te rocycl ic  ni t rogen atom, which leads  to an inc rease  in the absorp t ion  intensity.  This 
so r t  of conjugation is absent  in the 5 posit ion.  

The previous ly  undescr ibed qua te rnary  sal ts  of N-hydroxyt r iazenes  (V-VIII) were  obtained by the 
reac t ion  of N-hydroxyt r iazenes  with alkylat ing agents (methyl and ethyl iodides). The qua te rnary  sa l t s  of 
N-hydroxyt r iazenes  a re  co lo r less  or  slightly yellowish,  c rys ta l l ine  substances  that a r e  soluble in alcohol 
and a lmos t  insoluble in organic  solvents  (Table 1). 

The p r e s e n c e  of an act ive methyl  group in the 2 posi t ion of the qua te rnary  sa l t s  made it poss ible  to 
synthesize  the prev ious ly  unrepor ted  cyanine dyes with hydroxytr iazene  groups (Table 2) by known methods 
[4,5]. F r o m  a compar i son  of the absorp t ion  max ima  of the cyanine dyes that we obtained with the abso rp -  
tion max ima  of the cor responding  dyes that do not contain hydroxytr iazene  groups,  it can be concluded that 
the introduction of a hydroxytr iazene  group into the benzothiazole and benzimidazole  r ings of the cyanine 
dyes leads to a slight ba thochromic  shift of the absorpt ion  max imum.  A compar i son  of the absorp t ion  max-  
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i m a  of dyes  with h y d r o x y t r i a z e n e  g r o u p s  with  the  m a x i m a  of u n s u b s t i t u t e d  dyes  and dyes  tha t  have 
e l e c t r o n - d o n o r  and e l e e t r o n - a c c e p t o r  g r o u p s  c o n f i r m s  the e l e c t r o n - d o n o r  c h a r a c t e r  of the h y d r o x y -  
t r i a z e n e  g r o u p .  

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

H e t e r o a r o m a t i c  N - H y d r o x y t r i a z e n e s  (I-IV).  A s o l u t i o n  of a d i a z o n i u m  sa l t ,  o b t a i n e d  by d i a z o t i z a t i o n  
of 0.018 m o l e  of the  a p p r o p r i a t e  a m i n o  d e r i v a t i v e  of b e n z o t h i a z o l e ,  b e n z i m i d a z o l e ,  o r  p y r i d i n e  by the u sua l  
me thod ,  was  a d d e d  to 2 g (0.018 mole )  of p h e n y l h y d r o x y l a m i n e  d i s s o l v e d  in 200 m l  of w a t e r  a c i d i f e d  with 
40 ml  of c o n c e n t r a t e d  HC1. The  m i x t u r e  was  coo l ed  with i ce .  The v i s c o u s ,  a m o r p h o u s  p r e c i p i t a t e  tha t  
f o r m e d  a f t e r  0.5 h was  r e m o v e d  by f i l t r a t i o n ,  w a s h e d  with ice  w a t e r ,  d r i e d  in  a vacuum d e s i c c a t o r ,  and 
w a s h e d  with b e n z e n e  and e t h e r  (Table  1). 

Q u a t e r n a r y  Sal t s  of N - H y d r o x y t r i a z e n e s  (V-VIII) .  A m i x t u r e  of 0.01 m o l e  of the h y d r o x y t r i a z e n e  and 
0.5 m o l e  of a lky l  h a l i d e  was  hea t ed  in a s e a l e d  ampu l  at  55-60 ~ fo r  20 h. The a m p u l  was  coo l ed  and opened,  
and the  r e s i d u e  was  e x t r a c t e d  and w a s h e d  with hot  b e n z e n e  (Table  1). 

3-  E t h y l -  5-  [ 3 - m e t h y l -  5-  ( 3 - p h e n y l -  3-  h y d r o x y -  1 - t r i a z e n o ) b e n z o t h i a z o l i n y l i d e n e - 2 - e t h y l i d e n e ] t h i a z o l i -  
d i n e - 2 - t h i o n - 4 - o n e  (IX). A m i x t u r e  of 0.001 m o l e  of 1 - ( 2 - m e t h y l - 6 - b e n z o t h i a z o l y l ) - 3 - p h e n y l - 3 - h y d r o x y -  
t r i a z e n e ,  0.001 m o l e  of 5 - a c e t a n i l i d o m e t h y l i d y n e - 3 - e t h y l r h o d a n i n e ,  0.001 m o l e  of t r i e t h y l a m i n e ,  and 5 m l  
of e thano l  was  h e a t e d  on a w a t e r  ba th  fo r  0.5 h. The m i x t u r e  was  cooled ,  and the p r e c i p i t a t e d  p r o d u c t  was  
r e m o v e d  by f i l t r a t i o n  and w a s h e d  with w a t e r ,  a l coho l ,  and  e t h e r  (Table  2). Compound  XV (Table  2) was  
s i m i l a r l y  ob ta ined .  

[ 1- P h e n y l - 3 - m e t h y l -  5-  ( 3 - p h e n y l -  3 - h y d r o x y -  1 - t r i a z e n o ) - 2 - b e n z i m i d a z o l y l ] - [ l - e t h y l - 2 - q u i n o l i n y l ] t r i -  
m e t h y l i d y n e c y a n i n e  Iod ide  (XVI). A m i x t u r e  of 0.001 m o l e  of 1 - ( 1 - p h e n y l - 2 - m e t h y l - 5 - b e n z i m i d a z o l y l ) - 3 -  
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pheny l -3 -hydroxy t r i azene ,  0.001 mole of 2-0J-acetanilidovinylquinoline ethiodide, and 0.001 mole of t r i -  
e thylamine in 5 ml  of acet ic  anhydride was heated for  30 rain. The mix ture  was cooled, and the p rec ip i -  
ta ted dye was r emoved  by f i l t ra t ion and washed with alcohol and e ther  (Table 2). Compounds X and XIV 
(Table 2) were  s i m i l a r l y  obtained. 

[3 -Methyl -5-  (3-phenyl- 3 -hydroxy-  1 - t r i azeno) -2-benzo th iazo ly l ] -  [3- e thyl -2-benzoth iazqly l ]mono-  
m e t h y l ~ n e c y a n i n e I o d i d e  (XI). A mix tu re  of 0.001 mole  of 1 - (2 -me thy l -5 -benzo th iazo ly l ) -3 -pheny l -3 -  
hydroxyt r iazene ,  0.001 mole  of 2 -methy lmercap tobenzo th iazo le  methiodide,  and 0.001 mole  of t r i e thy lamine  
in 5 ml  of absolute ethanol was heated on a wa te r  bath for  1 h and cooled, and the resul t ing prec ip i ta te  was 
r emoved  by f i l t ra t ion and washed with alcohol and e ther  (Table 2). 

2- (p -Dimethy laminos ty ry l ) -  1- (2 -methy l -5-benzoth iazo ly l ) -3 -phenyl -  3 -hydroxyt r iazene  Methiodide 
(XII). A mix tu re  of 0.001 mole  of 1 - (2 -me thy l -5 -benzo th i azo ly l ) -3 -pheny l -3 -hydroxy t r i azene  methiodide 
and 0.001 mole  of p-d imethylaminobenzaldehyde  in 5 ml of acet ic  anhydride was heated for  0.5 h and cooled, 
and the resul t ing  prec ip i ta te  was r e m o v e d b y  f i l t ra t ion and washed with water ,  alcohol,  and e the r  (Table 2). 
Compound XIII (Table 2) was s i m i l a r l y  obtained. 

The UV s p e c t r a  of alcohol solutions were  recorded  with an SF-4A spec t ropho tome te r .  The absorp t ion  
spec t r a  in the vis ible  region were  r eco rded  with an SF-10 spec t ropho tomete r .  

1o 
2. 
3. 
4. 
5. 
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