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The  n i t r a t i o n  of b e n z o t r i a z o l e  N - o x i d e  with  d i lu t e  n i t r i c  ac id  g i v e s  the  7 - n i t r o  d e r i v a t i v e ,  w h e r e a s  
n i t r a t i o n  wi th  a m i x t u r e  of n i t r i c  and ace t i c  a c i d s  g ives  i s o m e r s  with n i t r o  g r o u p s  in the  5 and 7 
p o s i t i o n s  in a r a t i o  of 1 : 9. 

The  c o n v e r s i o n  of h e t e r o c y c l i c  b a s e s  to N - o x i d e s  i n c r e a s e s  t h e i r  r e a c t i v i t i e s  in e l e c t r o p h i l i c  s u b s t i t u -  
t ion  r e a c t i o n s  [1], and t h i s  m a k e s  i t  p o s s i b l e  to p r e p a r e  d i f f i c u l t - t o - o b t a i n  n i t r o  d e r i v a t i v e s  of h e t e r o c y c l i c  
c o m p o u n d s .  

B e n z o t r i a z o l e  is  n i t r a t e d  only unde r  s e v e r e  cond i t i ons  to g ive  a d i n i t r o  d e r i v a t i v e  [2]. The  n i t r a t i o n  of 
b e n z o t r i a z o l e  N - o x i d e  (I) wi th  a m i x t u r e  of a c e t i c  and n i t r i c  a c i d s  l e a d s  to 6 - n i t r o b e n z o t r i a z o l e  N - o x i d e  [3]; 
n i t r a t i o n  with  o t h e r  n i t r a t i n g  agen t s  has  not been  s tud i ed .  

We have e s t a b l i s h e d  tha t  the  r e a c t i o n  of I wi th  n i t r a t i n g  agen t s  depends  to a c o n s i d e r a b l e  d e g r e e  on t h e i r  
n a t u r e .  Thus  we w e r e  unab le  to b r i n g  about  i ts  n i t r a t i o n  in s u l f u r i c  and n i t r i c  ac id  m i x t u r e s ,  p r o b a b l y  b e c a u s e  
of  p r o t o n a t i o n  of t he  N - o x i d e  and the f o r m a t i o n  of a c a t i o n  having  a low r e a c t i v i t y  (PKBH+-0 .95)  [4]. In add i t ion ,  
o x i d a t i v e  d e s t r u c t i o n  was o b s e r v e d  under  s e v e r e  c o n d i t i o n s ,  s i n c e  1 , 2 , 3 - t r i a z o l e - 4 , 5 - d i c a r b o x y l i c  ac id  (II) was  
i s o l a t e d  in s m a l l  a m o u n t s .  

A t t e m p t s  to n i t r a t e  I in the  f r e e  b a s e  f o r m ,  fo r  which  nonac id ic  n i t r a t i n g  agen t s  w e r e  u sed ,  w e r e  u n s u c -  
c e s s f u l .  N i t r a t i o n  with  n i t r o n i u m  t e t r a f l u o r o b o r a t e  in a c e t o n i t r i l e  o r  e thy l  a c e t a t e  does  not o c c u r  b e c a u s e  of 
the  l i m i t e d  s o l u b i l i t y  of I. 

The  n i t r a t i o n  of I to g ive  a m o n o n i t r o  d e r i v a t i v e  in 50% y i e l d  t a k e s  p l a c e  in d i lu t e  n i t r i c  ac id .  F r o m  a 
c o m p a r i s o n  of the  p h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s  [PMR s p e c t r a  and t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC)] of 
p r o d u c t  I I I  and 4 -  and 6 - n i t r o b e n z o t r i a z o l e  N - o x i d e s  [5], i t  fo l lows  tha t  s t r u c t u r e s  IV and V of the  4 -  and 6-  
n i t ro  i s o m e r s  a r e  exc luded  fo r  III.  

The  s a m e  p r o d u c t  - 4 ( 7 ) - n i t r o b e n z o t r i a z o l e s  (VI) - was  i s o l a t e d  as  a r e s u l t  of s e l e c t i v e  r e d u c t i o n  of N-  
ox ides  IV and III. Th i s  is  p o s s i b l e  if  the  n i t r o  g roup  in III  is  in the  7 pos i t i on .  F o r  c o m p a r i s o n ,  we r e d u c e d  the  
N - o x i d e  g roup  in 6 - n i t r o b e n z o t r i a z o l e  N - o x i d e  V; the  p r o d u c t  was 5 ( 6 ) - n i t r o b e n z o t r i a z o l e  (VII). 
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The  n i t r a t i o n  of I wi th  a m i x t u r e  of a ce t i c  and n i t r i c  ac id  p r o c e e d s  s o m e w h a t  d i f f e r e n t l y .  A c c o r d i n g  to 
the  PMR s p e c t r a  and the TLC da ta ,  in th i s  c a s e ,  d e s p i t e  the  d a t a  in [3], a m i x t u r e  of two n i t ro  c o m p o u n d s  is 
f o r m e d  i n s t e a d  of an i nd iv idua l  s u b s t a n c e .  The  m a j o r  p o r t i o n  (~90%) c o n s i s t s  of IIL We w e r e  unable  to i s o l a t e  
the  s econd  n i t r o  d e r i v a t i v e  in p u r e  f o r m ,  but judg ing  f r o m  the  r e s u l t s  of  an a n a l y s i s  of the  m i x t u r e ,  i t  is  a l so  a 
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m o n o n i t r o b e n z o t r i a z o l e  N - o x i d e .  The  c h a r a c t e r  of i t s  PMR s p e c t r a  c o r r e s p o n d s  to 5 - n i t r o b e n z o t r i a z o l e  N-  

oxide  (VIII). 

A t t e m p t s  to i n t r o d u c e  a s econd  n i t r o  g roup  in N - o x i d e s  I I I -V did not g ive  p o s i t i v e  r e s u I t s .  

EXPERIMENTAL 

The IR spectra of the compounds were recorded with a UR-20 spectrometer. The PMR spectra of DMSO 

solutions of the compounds were recorded with a Perkin-Elmer R-12 spectrometer (60 MHz) at 40 ~ with hexa- 

methyld[siloxane as the internal standard. Thin-layer chromatography (TLC) was carried out on LSL-254 5/40p 

silica gel in an acetone--heptane system (2 : i). 

Nitration of Benzotriazole N-Oxide with a Mixture of Sulfuric and Nitric Acids. A total of 3.6 ml of a 

mixture prepared from 1.4 ml of HNO 3 (sp. gr. 1.51) and 2.2 ml of concentrated H2SO ~ was added with stirring 

at 0-5 c to a solution of 2.7 g of benzotriazole N-oxide in 20 ml of H2SO 4 (sp. gr. 1.82) at 0-5 ~ after which the 

mixture was allowed to stand at 20 ~ for 1 h. It was then poured over ice, and the precipitate was removed by 

filtration and washed with water to give 0.3 g (8%) of 1,2,3-triazole-4,5-dicarboxylic acid II with mp 198 ~ (from 

water, mp 198 c [6]). Found: C 24.6; H 1.8; N21.4%. C~H3N30 ~'2H20. Calculated: C 24.8; H 1.5; N 21.7%. 

IR spectrum, cm-1: 1730 (C=O) and 3300 (NH). 

7 - N i t r o b e n z o t r i a z o l e  N - O x i d e  (III). A) A 10-g  (74 mmole )  s a m p l e  of N - o x i d e  I was added with  s t i r r i n g  at  
20 ~ to 45.5 ml  of d i l u t e  HNO 3 (sp.  g r .  1.25),  a f t e r  which the m i x t u r e  was  a l lowed to s tand  at 60 ~ for  2 h. It was 
then c o o l e d  and p o u r e d  o v e r  ice ,  and the  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 washed  with  w a t e r  to g ive  6.6 g 
(50%) of a p r o d u c t  wi th  mp 187: (aqueous  e thanol)  and Rf 0.57. Found:  C 39.4; H 2.6;  N 30.8%; M 188 (poten-  
t i o m e t r i e a l l y ) .  CGHyaO 3. C a l c u l a t e d :  C 40.0;  H 2.2; N 31.3%: M 180. IR s p e c t r u m ,  cm-~:  1550 and 1355 
(n i t ro  g roup) ;  1255 ( N ~ O ) .  PMR s p e c t r u m :  8.55 q (6-H),  8.37 q (4H), 7.66 ppm q (5H); J~-6 1.5, J5-6, and J4-5 
8 Hz. 

B) A 9 . 5 - g  (70 mmole )  s a m p l e  of I was d i s s o l v e d  in 19 ml  of a ce t i c  ac id ,  and 5.7 m l  of HNO 3 (sp.  g r .  1.51) 
was added  s lowly  wi th  s t i r r i n g  at  20 ~ The  t e m p e r a t u r e  of the  r e a c t i o n  mLxture r o s e  s p o n t a n e o u s l y  to 90 ~ It 
was then  a l lowed  to s t and  at  50 ~ for  2 h, a f t e r  which it was c o o l e d ,  and the  c r y s t a l l i n e  p r e c i p i t a t e  (2.6 g) was 
r e m o v e d  by f i I t r a t i o n .  Di Iu t ion  of the  m o t h e r  l i quo r  wi th  w a t e r  gave  an a d d i t i o n a l  3.7 g of the  n i t r o  p r o d u c t  fo r  
an o v e r a l l  y i e ld  of 6.3 g (50%) of a p r o d u c t  wi th  mp 178 ~ ( f rom aqueous  e thanol ) .  Found:  C 39.5:  H 2.4;  N 31.0%. 
C6H4N403. C a l c u i a t e d :  C 40.0;  H 2.2; N 31.3q~. IR s p e c t r u m ,  c m - l :  1550 and 1355 (n i t ro  g roup) ;  1265 ( N ~ O ) .  

The  e h r o m a t o g r a m  of the  p r o d u c t  con ta ined  two s p o t s :  the  f i r s t  spo t  (Rf 0.57) was  a s s i g n e d  to III, and 
the s e c o n d  spo t  (Rf 0.40) was  a s s i g n e d  to VIII.  The  Rf va lue s  of N - o x i d e s  IV and V, which  w e r e  found to be 0.34 
and 0.50,  r e s p e c t i v e l y ,  w e r e  d e t e r m i n e d  for  c o m p a r i s o n .  

S igna l s  at  9.08 (b), 8.69 (m), and 8.06 (m),  in e o n f i r m i t y  with the  s p e c t r u m  of VIII,  w e r e  noted in the  PMR 
s p e c t r u m  of the  m i x t u r e ,  a long  with  a g roup  of s i g n a l s  of p r o d u c t  III. 

R e d u e t i o n  of 7 - N i t r o b e n z o t r i a z o l e  N - O x i d e .  A m i x t u r e  of 1.5 g of III, 30 ml  of p h o s p h o r u s  t r i c h l o r i d e ,  and 
100 ml  of e thyl  a c e t a t e  was  hea ted  at  70 ~ fo r  12 h, a f t e r  which  the so lve n t  and p h o s p h o r u s  o x y c h l o r i d e  w e r e  r e -  
moved  by v a c u u m  d i s t i l l a t i o n .  The  r e s i d u e  was  t r e a t e d  c a r e f u l l y  wi th  ice  w a t e r ,  and the  p r e c i p i t a t e d  VI was  
r e m o v e d  by f i l t r a t i o n ,  washed  with w a t e r ,  and p u r i f i e d  by c r y s t a l l i z a t i o n  f r o m  e thanol  to g ive  a p r o d u c t  wi th  mp 
233L The m e l t i n g  po in t  of a m i x t u r e  of th i s  p r o d u c t  wi th  4 ( 7 ) - n i t r o b e n z o t r i a z o l e  [5] was 234-235 ~ 

5 ( 6 ) - N i t r o b e n z o t r i a z o l e  VII.  Th i s  compound ,  wi th  mp 202 ~ (mp 205 ~ [7]), was  ob ta ined  by r e d u c t i o n  of V 
unde r  cond i t i ons  s i m i l a r  to t h o s e  in the  s y n t h e s i s  of VI. 
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