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Among the f luorescen t  b leaching  agents  the compounds with an a r y l t r i a z o l - 2 - y l  r a d i c a l  stand out due to 
the i r  c h e m i c a l  r e s i s t a n c e ,  l ight s t ab i l i t y ,  and intense f luo rescence  [1-3]. 

One of the main methods for  forming  the a r y l t r i a z o l e  r ing  in these  compounds is  the oxidat ion of the 
c o r r e s p o n d i n g  o -aminoazo  dyes in aqueous ammonia  solut ions at  80-135~ by Cu(II) s a l t s ,  taken in l a rge  ex -  
c e s s  [3]. The oxidat ion of aminoazo dyes that  a r e  diff icul t ly  soluble in wa te r  is  run in aqueous pyr id ine ,  a l -  
cohol ,  or  pyr id ine .  Also known is the oxidat ion of o -aminoazo  dyes with a s m a l l e r  amount  of Cu(II) sa l t s  
(0.5-2 mo le s /mo le  of amine)  in an a i r  s t r e a m  [3, 4]. 

P r ev ious ly  [5] we had shown that  the oxidat ion by oxygen of a r o m a t i c  d i a m i n e s ,  including 2 ,4 -d i amino -  
azobenzene d e r i v a t i v e s ,  in a p y r i d i n e - C u C l  sys t em (1-3 moles  of CuC1/mole of d iamine)  l eads  to the f o r m a -  
tion of o l i g o m e r i e  products .  While s tudying this  r eac t ion  we found that  with s m a l l e r  amounts  of CuCl the 2,4-  
d iaminoazobenzene  d e r i v a t i v e s  a r e  v igorous ly  oxidized to the c o r r e s p o n d i n g  b e n z o t r i a z o l e s ,  whose y ie lds ,  
however ,  do not exceed 60-70~ due to the polyeondensat ion reac t ion  tha t  p r o c e e d s  in p a r a l l e l .  If e i the r  an 
aqueous pyr id ine  o r  an aqueous a l c o h o l - p y r i d i n e  solution is used the oxidat ion is ended in s e v e r a l  minutes  
at  40-60 ~ and the yield of the benzo t r i azo l e s  r e a c h e s  90-97~ 

The oxidat ion of o -aminoazobenzene  is quite rap id  even a t  ~ 20 ~ and the y ie ld  of 2 -pheny lbenzo t r i azo le  
is quanti ta t ive.  The oxidat ion r a t e  of o -aminoazobenzene  is quite dependent  on the amount  of CuC1. Thus,  a t  
a CuCI concent ra t ion  of 0.05 m o l e / m o l e  of amino the ca lcu la ted  amount  of O 2 is  a b s o r b e d  in 75 rain,  and the 
r eac t ion  is ended in 10 min if the amount  of CuC1 is i nc r ea sed  to 0.5 mole .  A p a r t i a l  r e p l a c e m e n t  of the 
pyr id ine  by e i the r  a lcohol ,  DMF o r  dioxane has l i t t le  effect  on the oxidat ion r a t e .  

The advantate  of oxidiz ing o -aminoazobenzene  de r iva t ives  in a C u C l - p y r i d i n e  s y s t e m  is e s pe c i a l l y  ob -  
vious when o -aminoazo  de r iva t i ve s  with e l e e t r o n - a c c e p t o r  subs t i tuents  a r e  oxid ized .  The oxidat ion of 2 ,4-  
d i a m i n o - 4 ' - n i t r o a z o b e n z e n e  by O 2 in the p r e s e n c e  of 0.4 mole  of CuC1, in aaueous  py r id ine ,  a t  50 ~ is ended in 
40 rain, whereas  when CuSO 4 is used the r eac t ion  mix ture  is ref luxed for  6-8 h [6]. 

As is known [7], the ca ta ly t i c  ac t iv i ty  in the C u C l - p y r i d i n e  sys tem is p o s s e s s e d  by the coord ina ted  
pyr id ine  complex of copper ,  in which f rom 0.5 to 4 moles  of pyr id ine  is consumed for  coordina t ion .  Conse-  
quently,  when oxid iz ing  o -aminoazobenzene  d e r i v a t i v e s  to benzo t r i azo le s  in the p r e s e n c e  of C u C l - p y r i d i n e  
there  is no need to use a l a rge  amount  of pyr id ine ,  except  in those c a s e s  where  i t  is  the solvent .  Cu(II) sa l t s  
do not ca ta lyze  this  reac t ion .  Thus,  only 0.1 of the ca lcu la ted  amount  of 02 is a b s o r b e d  in 2 h when 2 ,4 -d i -  
aminoazobenzene  is oxidized in pyr id ine  in the p r e s e n c e  of ca ta ly t i c  amounts  of Cu{II) s a l t s ,  while the r e -  
ma inder  of the O 2 is abso rbed  in 25 rain if 0.3 mole  of CuC1 is added to this  mix tu re .  If the pyr id ine  is  r e -  
placed by NH 3 the 02 absorp t ion  p r a c t i c a l l y  ends at  the amount  needed to ox id ize  the Cu(I) to Cu(II). 

As a r e su l t ,  it  was shown that  the oxidat ion of o -aminoazo  d e r i v a t i v e s  to b e n z o t r i a z o l e s  by 02 in the 
C u C l - p y r i d i n e  sys t em p roceeds  under  mild condit ions in var ious  o rgan ic  so lvents  and the i r  m i x t u r e s  with 
wa te r ,  which g rea t ly  expands the poss ib le  app l ica t ions  of this  method.  

EXPERIMENTAL 

The oxidat ion of the o -aminoazobenzene  de r iva t i ve s  was run in a c losed  s y s t e m ,  composed  of a g l a s s  r e -  
a c t o r  ("duck") equipped with a jacket  and bure t ,  with vigorous  s t i r r i n g  in an O 2 a t m o s p h e r e .  The r eac t i on  r a t e  
was judged by the volume of abso rbed  02, which was m e a s u r e d  in a gas bure t .  The end of r eac t ion  was d e t e r -  
mined by the amount  of abso rbed  02 and by the d i s appea rance  of the azo dye in TLC (Silufol,  2 : 2 - 1 b e n z e n e -  
pe t ro l eum e t h e r - a c e t o n e ) .  
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The reaction mass was poured into 5% HCI solution, and the benzotriazole precipitate was filtered, 

washed on the filter in succession with 54 HCI solution and water, and dried. 

Oxidation of o-Aminoazobenzene (1). A mixture of 1.97 g (0.01 mole) of ([) and 0.5 g (0.005 mole) of 

CuCI in 50 rnl of pyridine was oxidized at 20 ~ The calculated amount of 02 (118 ml) was absorbed in 10 rain. 

We obtained 1.94 g (99.5~) of 2-phenylbenzotriazole, mp 109-109.5 ~ [8]. The reaction time increased to 75 rain 

when the amount oi CuCl was decreased to 0.0005 mole. 

Oxidation of 2,4-Diaminoazobenzene (If). a) The calculated amount of 02 (124 ml) was absorbed in 30 

min when a mixture of 2.12 g (0.01 mole) of (If) and 0.2 g (0.002 mole) of CuCl in 50 ml of pyridine was ox- 

idized. We obtained 1.67 g (79.54,) of 5-amino-2-phenylbenzotriazole (Ill) as bright yellow crystals, mp 

182-183 ~ [6]. 

b) The c a l c u l a t e d  a m o u n t  o f  O 2 (124 ml)  was  a b s o r b e d  in 10 rain when 2.12 g (0.01 mole)  o f  (II) and 0.2 g 
(0.002 mole )  o f  CuC1 in a m i x t u r e  of  5 m l  of  p y r i d i n e ,  50 mt  of  a l c o h o l ,  and 50 m l  of  w a t e r  was  o x i d i z e d  a t  40 ~ 
We o b t a i n e d  1.93 g (91.9%)of  (III).  

c) The o x i d a t i o n  o f  2.12 g (0.01 mole )  of  (H) in the p r e s e n c e  of 0.04 mo le  of the s a l t s  (CuCl 2 �9 2H20, 
CuSO 4 �9 5H20 , Cu(NO3) 2 �9 3I - I20) ina  m i x t u r e  of  50 m l  of  p y r i d i n e  and 30 m l  of  w a t e r  p r a c t i c a l l y  does  not  go.  A n -  
a l y s i s  o f  the  r e a c t i o n  m i x t u r e  by  TLC d i s c l o s e d  the p r e s e n c e  of t r a c e s  of  (III). A f t e r  add ing  0.3 g (0.003 mole)  
of  CuC1 to the  r e a c t i o n  m i x t u r e  the  c a l c u l a t e d  a m o u n t  of  02 was  a b s o r b e d  in20  rain.  We o b t a i n e d  1.81 g (89G) 
of  (III). 

d) The o x i d a t i o n  o f  2.12 g (0.01 mole )  of  (II) and 0.2 g (0.002 mole )  of  CuC1 in aoueous  a l c o h o l - a m m o n i a  
so lu t ion  (15 m l  of  w a t e r ,  ~0 m l  of  a l c o h o l ,  and  20 m l  of  25G NH 3 so lu t ion)  does  not  go. The c a l c u l a t e d  a m o u n t  
of  O 2 was  a b s o r b e d  in 25 ra in  when 5 m l  of  p y r i d i n e  was  added  to the m i x t u r e .  We o b t a i n e d  1.92 g (91G) of  (IH). 

O x i d a t t o n o f  2 , 4 - D t a m i n o - 5 - m e t h y l a z o b e n z e n e  {IV). A m i x t u r e  of 1.13 g (0.05 mole )  of (IV) and 0.2 g 
(0.002 mole )  of  CuCI in a m i x t u r e  o f  5 m l  o f  p y r i d i n e  and 80 m l  of  50G a l c o h o l  was o x i d i z e d  a t  60 ~ The c a l -  
c u l a t e d  a m o u n t  o f  O 2 was  a b s o r b e d  in 10 rain.  We o b t a i n e d  1.08 g (96.4G) of  5 - a m i n o - 6 - m e t h y l - 2 - - p h e n y I -  
b e n z o t r i a z o l e  a s  whi t e  c r y s t a l s ,  m p  214-216 ~ 

Ox ida t i on  o f  2 , 4 - D i a m i n o - 5 - b u t o x y a z o b e n z e n e  (V). The c a l c u l a t e d  a m o u n t  of  O 2 was  a b s o r b e d  in 3 rain 
when 1.42 g (0.05 mole )  o f  (V) w a s  o x i d i z e d  u n d e r  a n a l o g o u s  c o n d i t i o n s .  We ob ta ined  1.38 g (98.6~) of  5 -  
a m i n o - 6 - b u t o x y - 2 - p h e n y l b e n z o t r i a z o l e ,  mp  152 .7-1~4  ~ Found:  C 67.88; H 6.47; N 19.9G. C16H1sN40. C a l c u -  
l a t ed :  C 68.06; H 6.43; N 19 .85~ .  

Ox ida t i on  o f  2 , 4 - D i a m i n o - 4 ' - n i t r o a z o b e n z e n e  (VI). A m i x t u r e  of 5.1 g (0.02 mole)  of (VI) and 0.8 g 
(0.008 mole )  of  CuC1 in a m i x t u r e  of  100 m l  of  p y r i d i n e  and 50 ml  of  w a t e r  was  o x i d i z e d  a t  50 ~ The c a l c u l a t e d  
a m o u n t  of  O 2 (280 mI) was  a b s o r b e d  in 40 ra in .  We o b t a i n e d  5 g (974) of  5 - a m i n o - 2 - ( 4 ' - n i t r o p h e n y l ) b e n z o t r i -  
a z o l e ,  mp  328-329 ~ [6]. 

Ox ida t i on  o f  Congo R e d  (VII). A m i x t u r e  of  1.3 g (0.002 mole )  of  (VII) and 0.2 g (0.002 mole )  of  CuC1 in 
30 m l  o f  a 1 : 1 : 1 p y r i d i n e - - a l e o h o l - w a t e r  m i x t u r e  was  o x i d i z e d  a t  55 ~ for  5 rain.  We i s o l a t e d  1.2 g (93G) of  
the  Na s a l t  o f  b i p h e n y l e n e - 4 , 4 ' - b i s ( 2 - n a p h t h y l - ( 1 , 2 ) - t r i a z o l e - 5 - s u l f o n i c  ac id ) ,  Rf 0.6 (Siiufol ,  30 : 1 2 : 2  : 6 n -  
amy1 a l c o h o l - m e t h a n o l - - 2 5 ~  N H a O H - w a t e r ) ,  which  c o i n c i d e s  wi th  the Rf of  an au then t i c  s p e c i m e n ,  s y n t h e s i z e d  
a s  d e s c r i b e d  in [9]. 

Ox ida t i on  o f  2 - A m i n o - l - p h e n y l a z o n a p h t h a l e n e  (VIII). The ox ida t i on  of  0.62 g (0.0025 mole)  of (VIII), o b -  
t a i n e d  by c o u p l i n g  p h e n y l d i a z o n i u m  c h l o r i d e  wi th  f l - n a p h t h y l a m i n e ,  in 20 m l  of  c h l o r o b e n z e n e  was  run a t  60 ~ in 
the  p r e s e n c e  o f  0.13 g (0.0013 m o l e )  o f  CuC1 and 1.5 g (0.025 mole)  of  p y r i d i n e .  The ox ida t ion  was  ended in 
3 ra in .  We o b t a i n e d  0.61 g (100~) o f  2 - p h e n y l n a p h t h o - ( 1 , 2 ) - t r i a z o l e ,  mp  105.5-107 ~ [10]. The ox ida t ion  t i m e  
i n c r e a s e d  to 15 ra in  when e i t h e r  the  t e m p e r a t u r e  was  l o w e r e d  to 20 r o r  the a m o u n t s  of  CuC1 and p y r i d i n e  w e r e  
r e s p e c t i v e l y  d e c r e a s e d  to 0.00025 m o l e  and 0.0025 m o l e .  

A n a l o g o u s  r e s u l t s  w e r e  o b t a i n e d  when e i t h e r  D M F ,  d ioxane  o r  p y r i d i n e  was  u sed  a s  the  so lven t .  

CONCLUSIONS 

o - A m i n o a z o b e n z e n e  d e r i v a t i v e s  a r e  v i g o r o u s l y  o x i d i z e d  by 0 2 to the c o r r e s p o n d i n g  b e n z o t r i a z o l e s  when 
C u C l - p y r i d i n e  i s  u s e d  a s  the  e a t a l y t i e  s y s t e m .  
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The catalyt ic  p rope r t i e s  in the toluene d ispropor t iona t ion  reac t ion  have been studied predominant lyon  
the type Y and mordeni te  zeol i tes  [1]. The ac t iv i ty  is marked ly  affected by the s t ruc tu re  of the zeol i te ,  the 
SiO2/A1203 ra t io ,  the nature  of the acid cen t e r s ,  the p r e sence  of a t rans i t ion  meta l ,  etc.  Special  attention has 
been given recen t ly  to ul t rahigh s i l ica  zeol i tes  of the ZSM type,  which a r e  p romis ing  ca ta lys t s  for  a whole s e -  
r i e s  of p r o c e s s e s  [2, 3]. According to the data in [4-6], these  ca ta lys t s  can also be used as eff icient  ca ta lys t s  
in the toluene d ispropor t ionat ion  reac t ion .  At the same  t ime,  the informat ion in the scient i f ic  l i t e ra tu re  on 
this p rob lem is scanty [7]. In the p r e s en t  paper  a compara t ive  study was made of the cata lyt ic  act ivi ty  of the 
H form of the type Y, morden i te ,  and 7SM zeol i tes  in the toluene d ispropor t ionat ion  reac t ion .  

A compar i son  of the data on the convers ion  of toluene a t  420~ revea l s  that on the studied ca ta lys t s  the 
reac t ion  p roceeds  a l m o s t  comple te ly  toward d ispropor t ionat ion  (select ivi ty  80-90~).  Under these  conditions 
{Fig. 1) zeoli te  HY exhibits the highest  cata lyt ic  ac t iv i ty ,  which d e c r e a s e s  quite rapidly  with t ime.  

The HZ~%VI and HM spec imens  a r e  l ess  act ive  than HY, and they show a c lose  initial  degree  of convers ion  
(~ 5~ It  should be mentioned that  zeol i te  HM is gradual ly  deact ivated,  while HZSM re ta ins  the or ig ina l  
act ivi ty .  
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Fig. 1. Catalyt ic  act iv i ty  as a function of 
the expe r imen t  t ime  at  420~ 1) HY; 2) 
HM; 3) HZSM. 
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