
HFTEROCYCLES, Vol 23, No. 9, 1985 

ON THE POSSIBILITY OF CHLOROTROPY I N  AROMATIC AZOLES: 

TAE CASE OF 1.2.3-TRIAZOLES AND BENZOTRIAZOLES 
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A b s t r a c t -  A 13c n . m . r .  s t u d y  of - N-chloro derivatives of  4.5- 

d l p h e n y l - 1 . 2 . 3 - t r i a z o l e  and 5,6-dichloro-4,7-d1methy1ben~otr1a~01e 

r e v e a l s  t h a t  n e i t h e r  a r a p i d  c h l o r o t r o p y  nor  a s l o w  c h l o r i n e  

e q u i l i b r a t i o n  t a k e s  p l a c e .  For  t h e  flrst t i m e ,  a derivative of 

2 - c h l o r o b e n z o t r i a z o l e  h a s  been c h a r a c t e r i z e d .  

~ l t h o u g h  most  t a u t o n e r i c  s t u d i e s  d e a l  w i t h  p r o t o f r o p y , l  a l m o s t  a n y  atom 

i n  a  m o l e c u l e  c o u l d  move from one  t a u t o m e r i c  p o s i t i o n  t o  a n o t h e r ,  p rov ided  t h a t  

s u f f i c i e n t  energy  i s  g i v e n  t o  t h e  sys tem,  and t h e  h e t e r o c y c l e  i s  s t a b l e  under  

t h e  c o n d i t i o n s  of t h e  e x p e r i m e n t .  Thus ,  it i s  w e l l  e s t a b l i s h e d  t h a t m e t h y l m p i e s  

a r e  t o o  s low (AG*> 30 kcal .mo1-l)  t o  d e t e c t  e q u i l i b r i u m  m i x t u r e s  by n . m . r . ,  2 

and t h a t  m e t a l l o t r o p i e s  a re  r a p i d  p r o c e s s e s ,  i n  which s e p a r a t e d 3  o r  a v e r a g e d  
4 

s i g n a l s  a r e  o b s e r v e d ,  depending  on t h e  m e t a l .  For h a l o g e n o t r o p i e s ,  however, t h e  

l i t e r a t u r e  r e s u l t s  a r e  c o n t r a d i c t o r y ,  s p e c i a l l y  i n  t h e  c a s e  of  c h l o r a t r o p i e s .  

'H n .m.r .  showed t h a t  N - c h l o r o b e n z o t r i a z o l e  was a N - l  s u b s t i t u t e d  d e r i v a t i v e  

(2).5 A c o m p a r a t i v e  i . r .  s t u d y  showed a s i m i l a r  s t r u c t u r e  f o r  g - b r o m o  and N- 

i o d o b e n a o t r i a z o l e s ,  b u t  t h e  ex t reme i n s o l u b i l i t y  of t h e s e  compounds, a s  w e l l  as 

of N,4, 5,6,7-pentachlarobenzotriazole ( 2 )  p r e c l u d e d  a n y  n .m. r .  s t u d y .  I n  t h e  

i n d o l e  s e r i e s ,  k i n e t i c  measurements  l e a d  D e  Rosa 5 al. t o  propose an equilibrium 

between N-ch loro indole  ( 3 )  and 3-ch lora -3X- indole  (4). For 4 , 5 - d i p h e n y l - 1 , 2 , 3 -  

t r i a z o l e  (L), f i n a l l y ,  t h e  mass spec t rum of  t h e  N - c h l o r o - d e r i v a t i v e  was 

c o n s i s t e n t  w i t h  t h e  1 - c h l o r o  s t r u c t u r e  (L), b u t  t h e  symmetry of  t h e  n.m.r .  

spec t rum (220 MHz, CDC13) s u g g e s t e d  t h e  a u t h o r s 8  t h a t  " t h e  c h l o r i n e  i s  r a p i d l y  

e q u i l i b r a t i n g  between N - I  and N - 3 ,  o r  t h a t  t h e  c h l o r i n e  i s  on N - 2 " ,  as  i n  (1). 



I n  o r d e r  t o  have  a b e t t e r  i n s i g h t  i n t o  t h e  s t r u c t u r e  of t h i s  f a m i l y  o f  

compounds, we r e g i s t e r e d  t h e  13c n .m. r .  s p e c t r u m  of  1 - c h l o r o b e n z o t r i a z o l e  (1). 
The c h e m i c a l  s h i f t s  were  v e r y  c l o s e  t o  t h o s e  o f  1 - m e t h y l b e n z o t r i a z o l e  (8) 9  

( T a b l e ) .  No s i g n a l s  c o r r e s p o n d i n g  t o  t h e  i s o m e r i c  2 - c h l o r o b e n z o t r i a z o l e  were  

d e t e c t e d ;  t h e r e  was n e i t h e r  c h l o r o t r o p y  ( t h e  s i g n a l s  were  q u i t e  n a r r o w  a t  room 

t e m p e r a t u r e ) ,  n o r  e q u i l i b r i u m ,  a l t h o u g h  t h e  2 - c h l o r o  " t a u t o m e r "  c o u l d  b e  i n  a 

v e r y  s m a l l  p r o p o r t i o n ,  n o t  d e t e c t a b l e  by n . m . r .  S e a r c h i n g  f a r  a s t e r i c  e f f e c t  

t h a t  c o u l d  f a v o r  t h e  2-C1 i s o m e r  o v e r  t h e  1-C1, we p r e p a r e d  t h e  c h l o r i n a t e d  a n d  

N-methylated d e r i v a t i v e s  o f  4 , 7 - d i m e t h y l b e n z o t r i a z o l e  (10) (Scheme).  - 

2.67 t ie h e  4.37 Me 

4.7-.Dimethylbenzotriazole (10) i m p  2 7 6 - 2 7 8 T )  w a s  o b t a i n e d  i n  91% y i e l d  f rom 

t h e  d i a m i n e  ( ? ) l o  ( sod ium n i t r i t e - a q .  a c e t i c  a c i d ) .  The m e t h y l a t i o n  o f  (10) 
( C H 3 1 / C H  0Na/CH30H) g a v e  a m i x t u r e  o f  t h e  2-methyl-  (mp 65-67'C) a n d  I - m e t h y l -  3  
(mp 68-70°C) b e n z o t r i a z o l e s  (12) a n d  (11) ( r a t i o  3 3 : 6 7  ) ,  which  w e r e  s e p a r a t e d  

by column c h r o m a t o g r a p h y  ( s i l i c a  g e 1 ; h e x a n e - e t h y l  a c e t a t e  6 0 : 4 0 ) .  C h l o r i n a t i o n  

of  (lo), c a r r i e d  o u t  by t h e  R e e s - S t o r r  p r o c e d u r e 5  ( sod ium h y p o c h l o r i t e  i n  

a c e t i c  a c i d )  a f f o r d e d  a 60 :40  m i x t u r e  of t h e  t r i c h l o r o b e n z o t r i a z o l e s  (13) a n d  

(El. Our e f f o r t s  t o  i s o l a t e  t h e  p u r e  components  b y  chromatography  w e r e  

u n s u c c e s s f u l  ( N - d e c h l o r i n a t i o n ,  o r  c h l o r i n a t i o n  o f  t h e  b e n z y l i c  m e t h y l  g r o u p s ) ,  

and c r y s t a l l i z a t i o n  o f  t h e  m i x t u r e  i n  d i f f e r e n t  s o l v e n t s  g a v e  o n l y  new m i x t u r e s  

e n r i c h e d  i n  o n e  o r  t h e  o t h e r  d e r i v a t i v e .  To o u r  knowledge ,  (14) i s  t h e  f i r s t  
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example o f  a 2 - c h l o r o b e n z o t r i a z o l e  so  f a r  d e s c r i b e d .  Compounds (5) (mp 1 8 6 -  

190°C) and (11) (mp 143-146°C) w e r e  o b t a i n e d  by N - d e c h l o r i n a t i o n  o f  t h e  m i x t u r e  

o f  ( 1 3 )  a n d  (14) w i t h  m e t h a n o l  ( 8 4 % ) ,  f a l l o w e d  by m e t h y l a t i o n  o f  t h e  r e s u l t i n g  

b e n z o t r i a z o l e  (15) (mp 292°C) as a b o v e .  The compounds w e r e  o b t a i n e d  i n  a r a t i o  

7 0 : 3 0 ,  and s e p a r a t e d  by column chromatography ,  t h e  2-methyl  i s o m e r  b e i n g  

e l u t e d  f i r s t .  

13c n .m. r .  d a t a  for  t h e  5 - s u b s t i t u t e d  b e n z o t r i a z o l e s  are c o l l e c t e d  i n  t h e  

T a b l e .  The s i g n a l s  were  a s s i g n e d  by c o m p a r i s o n  t o  l i t e r a t u r e  v a l u e s  f o r  (8) 9 

1 and by c a r e f u l  s e l e c t i v e  d e c o u p l i n g  e x p e r i m e n t s .  For  t h e  H n .m. r .  s p e c t r a  (200 

MHz, v a l u e s  typed  o n  t h e  Scheme),  t h e  most  r e m a r k a b l e  f e a t u r e  was the  observation 

o f  t h e  7~ c o u p l i n g  c o n s t a n t s  between t h e  p r o t o n s  o f  t h e  m e t h y l  g r o u p s  i n  C 4  and 

C7 i n  t h e  I - s u b s t i t u t e d  d e r i v a t i v e s  ( 1 1 1 ,  (g), a n d  ( 1 6 ) .  Ana logous  c o u p l i n g s  

have  been  o b s e r v e d  p r e v i o u s l y  i n  o t h e r  h e t e r o c y c l e s .  1 7  

T a b l e .  I3c  Chemical  s h i f t s  o f  N - s u b s t i t u t e d  b e n z o t r i a z o l e s  (50 .32  M H z ,  C D C ~ ~ ) ~  - 

a 
See fo rmula  ( 2 )  f o r  t h e  numbering o f  t h e  c a r b o n  a t o m s ;  b20.15 MHz;  

%om r e f .  9 ) ;  d ~ h e s e  a s s i g n m e n t s  c a n  b e  r e v e r s e d .  

I n  t h e  case o f  4,5-diphenyl-1,2,3-triazole ( k ) ,  b o t h  3 -methy l  d e r i v a t i v e s  

(5) a n d  (19) were  p r e p a r e d  a c c o r d i n g  t o  G i l c h r i s t  g &.I2 From t h e  r e p o r t e d  

I 3 c  c h e m i c a l  s h i f t s  o f  l-methyl-1,2,3-triaz01e,~~ t h e  f o l l o w i n g  a s s i g n m e n t s  

were  made ( t h o s e  l a b e l l e d  w i t h  a n  a s t e r i s k  c o u l d  b e  r e v e r s e d )  : 

It was now p o s s i b l e  t o  e s t a b l i s h  i f  t h e  N-ch lo ro  d e r i v a t i v e  o f  ( 2 )  h a s  t h e  

s t r u c t u r e  (5 )  ( w i t h  a r a p i d  N - l =  N-3 c h l a r o t r o p y ) ,  o r  t h e  s t r u c t u r e  (1). Sirce 



t h e r e  i s  a l m o s t  no d i f f e r e n c e  b e t w e e n  I 3 c  c h e m i c a l  s h i f t s  o f  N-methyl- a n d  N -  

c h l o r o b e n z o t r i a z o l e s  ( s e e  T a b l e ) ,  w e  c a n  assume t h a t  c h e m i c a l  s h i f t s  f o r  

compound (5) s h o u l d  be s i m i l a r  t o  ( 1 8 )  ( b u t  w i t h  a v e r a g e d  v a l u e s ,  t o  e x p l a i n  - 
t h e  " s p r n e t r y "  o f  t h e  s p e c t r a ,  b o t h  by ' H , ~  o r  by I 3 C  n . m . r . ) ,  and  t h a t  

s t r u c t u r e  (1) s h o u l d  b e  s i m i l a r  t o  ( 1 9 ) .  Only t h e  h e t e r o c y c l i c  c a r b o n  a tom i s  - 
s i g n i f i c a n t l y  d i f f e r e n t  i n  b o t h  s t r u c t u r e s .  The e x p e r i m e n t a l  v a l u e ,  146 .6  ppm, 

p r o v e s  w i t h o u t  a m b i g u i t y  t h a t  t h e  c h l o r i n a t i o n  p r o d u c t  i s  (1). 

13c values mlcu la ted  6 values calcula ted I3C S experimental 
rmm (E) fmm (19) values 

In any of the conpounds  o f  t h i s  s t u d y  we h a v e  o b s e r v e d  n e i t h e r  a f a s t  

c h l c r o t r o p i c  tawtomer,ism n o r  a n  e q u i l i b r i u m  be tween  t h e  N - c h l a r o  i s o m e r s  [ the  

m i x t u r e s  of (13) a n d  o f  d i f f e r e n t  r a t i o s ,  o b t a i n e d  by c h r y s t a l l i z a t i o n ,  

decompose on s t a n d i n g ,  b u t  d o e s  n o t  e q u i l i b r a t e ] .  Thus ,  t h e  C-C1= N - C 1  

e q u i l i b r i u m ,  c l a i m e d  f o r  t h e  i n d o l e s  (3) * ( ? I ,  w h e r e  a C-C1 bond h a s  t o  b e  

b r o k e n  t o  o b t a i n  - N - c h l o r o i n d o l e  f rom (ji), seems u n l i k e l y .  
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