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SYNTHESIS OF S-TRIAZOL0[4,3-a1PYRIDINIUM SALTS BY ANODIC OXIDATION 

OF HYDRAZONES I N  THE PRESENCE OF P Y R I D I N E ~  

Ib ro  Tabakovie and Senka Cr l jenak 

Facul ty  o f  Technology, Univers i ty  'Djuro P u c a ~  S t a r l " ,  78000 B a n ~ a l u k a ,  

Yugoslavia 

Abs t rac t  - The anodic  ox ida t ion  o f  some aldehyde hydrazones i n  t h e  

presence of  py r id ine  was i n v e s t i g a t e d .  From t h e  r e a c t i o n  mixture 

d e r l v a t l v e s  o f  s-triazolo[4,3-alpyridinium s a l t s  were i s o l a t e d  

i n  45-80% y i e l d  and i d e n t i f i e d .  The mechanism of t h e s e  t r a n s f o r -  

matmns i s  o u t l m e d  and discussed. 

Numerous and systematic s t u d i e s - h a v e  been r e p o r t e d  on t h e  anodic ox ida t ion  of t h e  

2 
organ ic  compounds con ta in ing  n i t rogen  , bu t  r e l a t i v e l y  l i t t l e  a t t e n t i o n  has  been 

3 pa id  t o  t h a t  of hydrazone d e r i v a t i v e s  . 
I n  ou r  continuing on the anodic  s y n t h e s i s  of he te rocyc les  we have l n v e s t l g a t e d  t h e  

o x ~ d a t l o n  o f  t h e  aldehyde hydrazones in t h e  presence of py r id lne  t o  e x p l o i t  a 

simple p r a c t i c a l  procedure f o r  t h e  p repa ra t ion  o f  s-triazolo[4,3-alpyridinium s a l t s  

according t o  t h e  gene ra l  scheme: 

l a ,  Ar = P-CH,O-C,H,- 

lb ,  Ar = P-(cH,),N-c,H,- 

lc ,  Ar =P-CH,-C,H,- 



A l l  convers ions  were c a r r i e d  o u t  i n  a d iv ided e l e t r o l y t i c  c e l l  a t  Pt-gauze 
4 

( 3  x 5 cm) using c o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s i s  a s  p rev ious ly  desc r ibed  . The 

5 
n-value determined by t h e  coulometry a t  c o n t r o l l e d  p o t e n t i a l  was i n  t h e  range 

3.0 - 3.6 F/mole. 

The formation of t h e  above mentioned s-triazolo[4,3-alpyridinium s a l t s  can be 

expla ined i n  terms of t h e  formation of t h e  n i t r i l i m i n e  (B) a s  an in t e rmed ia te  

by i n i t i a l  two e l e c t r o n  ox ida t ion  of the  s t a r t i n g  hydrazone ( A ) .  We can envisage 

t h e  in t e rmolecu la r  a t t a c k  of py r id ine  followed by in t r amolecu la r  c y c l l s a t i o n  

leading t o  t h e  in t e rmed ia te  ( C ) ,  which is  f u r t h e r  ox id i sed  a t  t h e  a p p l i e d  p o t e n t i a l  

by l o s s  o f  two e l e c t r o n s  and one proton g iv ing  r i s e  t o  s-triazolo[4,3-alpyridinium 

s a l t  (Dl. 
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I t  i s  neces sa ry  t o  p o i n t  o u t  t h a t  t h e  e l e c t r o c h e m i c a l  g e n a r a t l o n  o f  n i t r i l i m i n e ,  

a s  a p o s s i b l e  i n t e r m e d i a t e ,  p rov ides  e n t r a n c e  t o  t h e  wide range  o f  heterocyclic 

sys tems v i a  anod ic  o x i d a t i o n  o f  a ldehyde  hydrazones through 1 , 3 - d i p o l a r  cyc lo -  

a d d i t i o n  r e a c t i o n  o f  t h e  n i t r i l i m i n e  i n t e r m e d i a t e s  i nvo lved .  

Anodic o x i d a t i o n  o f  l a  was c a r r i e d  o u t  a s  f o l l o w s :  The hydrazone l a  (0.5 g)  and 

2  m l  o f  p y r i d i n e  were added t o  t h e  anod ic  compartment o f  t h e  c e l l  f i l l e d  w i t h  0 . 1  

molar  s o l u t i o n  o f  E t  NC104 i n  CH3CN(100 m l ) .  The p o t e n t i a l  i s  ma in t a ined  a t  1 .05  4  

V vs SCE by means o f  p o t e n t i o s t a t ,  w i t h  i n i t l a l  c u r r e n t  o f  abou t  200 mA. 

E l e c t r o l y s i s  i s  d i s c o n t i n u e d  when t h e  c u r r e n t  drops  t o  20 mA. The n-va lue  de termined  

was 3.4. A f t e r  e l e c t r o l y s i s  a c e t o n i t r i l e  i s  evapo ra t ed  t o  a  volume o f  % 5  m l  and 

100 ml of benzene was added. The p r e c i p i t a t e  was f i l t r e d  and d i s s o l v e d  i n  % 5  m l  

o f  CH3CN. I n t o  t h i s  s o l u t i o n  100 ml o f  wa te r ,  containing few d rops  o f  HC104 was 

added.  The p r e c i p i t a t e d  l - p - n i t r o p h e n y l - 3 - a n i ~ y 1 - ~ - t r i a z o l o [ 4 , 3 - a ] p y r ~ d i n i u m  

p e r c h l o r a t e ,  2a, was i s o l a t e d  by f i l t r a t i o n  (0.454 g ;  5 5 % ) .  The p roduc t  was re- 

c r y s a l l i z e d  from t h e  mix tu re  a c e t o n i t r i l e / b e n z e n e  (2  : 3) and showed m.p. 279 - 

281°. IR(KBr):  3120, 1645, 1610,  1520, 1350,  1260, 1100, 760 cm-l. NMR (OMS0 - d 6 ) :  

6 = 3.95 ( s ,  3H, CH30) ; 7.3 - 9.2 ppm ( m ,  12H, a rom.) ;  M. S .  : m/e ( r e l .  abundance):  

396 ( 4 ) .  378 ( 1 4 ) .  369 ( 4 )  , 364 ( 8 ) .  363 ( 1 4 ) .  362 ( 6 2 ) .  334 ( 1 4 ) .  333 ( 2 8 ) .  297 

( 2 0 ) .  296 ( 1 0 0 ) .  225 ( 1 8 ) .  221 ( 1 0 ) .  173  ( 2 4 ) .  135 (691,  134 ( 3 4 ) ,  133  ( 9 8 ) .  

121  ( 4 6 ) .  92 ( 3 8 ) ,  9 1  ( 1 8 ) .  90 ( 9 2 ) .  Ana lys i s ,  c a l c u l a t e d  f o r  ClgH15C1N407: C ,  

51.06; H ,  3.36; N ,  12.54.  Found: C ,  50.78;  H ,  3.37; N ,  12 .71 .  

Anodic o x i d a t l o "  o f  l b  (0 .5  g )  (E = 0.7 V v s  SCE; n  = 3 .6 )  and i s o l a t i o n  o f  
a p p l .  

p roduc t  l-p-nitrophenyl-3-(N,N-dimethylaminopheny1)-s-triazolo[4,3-a]pyridinium 

p e r c h l o r a t e ,  Zb, were performed on t h e  same way a s  d e s c r i b e d  above f o r  t h e  conve r s lon  

l a  - 2a.  The p r o d u c t  o b t a l n e d  (0.65 g; 80%) was r e c r y s t a l l i z e d  from mlx tu re  

0 
a c e t o n i t r i l e / b e n z e n e  (1 : 3)  and showed m.p. 280 - 282 . IRcKBr): 3100, 1640, 

1610, 1520, 1350, 1100, 760 c m - l .  NMR (OMSO-d6) : 6 = 3 .1  ( s ,  6H. (CH3) 2N);  6.9- 

9.2 ppm (m,12H,arom). Ana lys i s ,  c a l c u l a t e d  f o r  C20H18C1N506: C, 52.24; H ,  3.94; 

N ,  15.23. Found: C, 52.37; H ,  4.20; N ,  15 .42 .  

Anodic o x i d a t i o n  o f  1 c ( 0 . 5  g )  (E = 1.25 V v s  SCE; n  = 3.0) and  i s o l a t i o n  o f  
a p p l .  

p roduc t  l-p-nitrophenyl-3-tolyl-s-tria~o10[4,3-a]pyridnum p e r c h l o r a t e ,  2c. were 

performed on t h e  same way a s  d e c r i b e d  f o r  t h e  conve r s lon  l a  - 2a. The p roduc t  

o b t a i n e d  (0.38 g ,  45 % )  was recrystallized from mix tu re  a c e t o n l t r i l e / b e n z e n e  ( 3  : 2 )  

and showed m.p. 286 - 288O. IR(KBr) :  3100, 1640, 1520, 1360, 1100, 760 c m - l .  

NMR (DMSO-d6) : 6 = 2.5  ( s ,  3H. CH3): 7.4 - 9.2 ppm (m, 12H. arom.) . A n a l y s i s ,  



c a l c u l a t e d  f o r  C19H15C1N406: C ,  52.97; H ,  3.51, N ,  13.00.  Found: C ,  53.09; H ,  

3.81; N,  12.71. 
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