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REACTIONS OF 3 - D I C Y A N O M E T H Y L - 1 - E T H Y L B E N Z O T R I A Z O L I U M  YLIDE U I T H  

ACETYLENIC ESTERS 

E n r i q u e  D i e z - 6 a r r a a ,  J o s i  ~ l g u e t - o b  and Carmen p a r d o a *  

a )  D e p a r t a m e n t o  de  Q u i m i c a  O r g i n i c a ,  F a c u l t a d  de  q u l m i c a ,  

U n i v e r s i d a d  Compl u t e n s e ,  M a d r i d - 3 ,  S p a i n .  

b )  I n s t i t u t o  de q u i m i c a  M i d i c a ,  C.S. I .C. ,  J u a n  de  l a  C i e r v a  3,  

M a d r i d - 6 ,  S p a i n .  

A b s t r a c t -  The t i t l e d  compound ( J )  r e a c t s  w i t h  a c e t y l e n i c  e s t e r s  

(3) g i v i n g  1: l  a d d u c t s  ( $ ) ,  1 , 3 - d i p o l a r  c y c l o a d d i t i o n .  Con-  

c e r n i n g  t h e  r e g i o s e l e c t i v i t y  o f  t h e  r e a c t i o n ,  e x p e r i m e n t a l  r e -  

s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h e o r e t i c a l  c a l c u l a t i o n s  a n d  c o r r e -  

s p o n d  t o  a n  i n v e r t e d  p o l a r i z a t i o n  o f  t h e  a z o m e t h i n e i m i n e  m o i e t y  

w i t h  r e g a r d  t o  m o s t  known e x a m p l e s .  

3-Dicyanomethyl-1-ethylbenzotriazolium y l i d e  ( d ) , '  a n  a z o m e t h i n e i m i n e ,  r e a c t s  w i t h  

a c e t y l e n i c  e s t e r s  ( 5 )  i n  r e f l u x i n g  t o l u e n e  y i e l d i n g  1: l  a d d u c t s  ( 4 )  i s o l a t e d  b y  

c o o l i n g  a n d  b y  a d d i t i o n  o f  n - h e x a n e  ( T a b l e  1 ) .  Compounds (4) a r e  o r i g i n a t e d  b y  

o p e n i n g  o f  t h e  i n i t i a l  c y c l o a d d u c t s  ( 3 ) :  

The s t r u c t u r e  o f  compounds ( 4 )  has  been  e s t a b l i s h e d  o n  t h e  b a s i s  o f  s p e c t r o s c o p i c  

d a t a .  The i . r .  s p e c t r a  o f  t h e  a d d u c t s  (4) show a  s t r o n g  d o u b l e  vCN b a n d  a t  2 1 8 0 -  



T a b l e  1 

Compound R e a c t i o n  t i m e  Y i e l d ( % )  M p ( e t h a n o 1 )  A n a l y s i s  

4a 15  h  3  4  203 -204°C  C a l c . :  C,57.79 N , 1 9 . 8 3  H,4.25 
Found . :  5 7 . 5 1  1 9 . 8 0  4 . 3 2  

1 5  h 3  7  196 -198°C  C a l c . :  C ,61 .00  N,23 .71  H,4.43 
F o u n d . :  6 0 . 7 6  23 .70  4 . 5 0  

4 c  "" 480  h  1 4  1 7 9 - 1 8 0 ° C  C a l c . :  C,68.47 N,17 .62  H,4.74 
Found . :  6 8 . 2 5  1 7 . 9 6  4 .75  

2190 and  2 2 0 0 - 2 2 1 0  c m - l ,  s i m i l a r  t o  t h e  o n e  o b s e r v e d  i n  t h e  s t a r t i n g  y l i d e  (1). 1 

w h i c h  i s  c h a r a c t e r i s t i c  o f  a  h i g h  d e g r e e  o f  i o n i c  c h a r a c t e r .  Compound 4 %  shows t w o  

v e r y  d i f f e r e n t  vCO a b s o r p t i o n s  a t  1 7 3 0  a n d  1 6 9 0  cm-'. w h i l e  t h e  vCO a b s o r p t i o n  o f  

compounds 4& a n d  44 a p p e a r s  a t  1 6 8 0  c m - l ,  The n e a r  1 6 8 5  c m - I  band  c a n  be  a s s i g n e d  

t o  t h e  e s t e r  g r o u p  a t  p o s i t i o n  C 1 '  a n d  i t s  l o w  f r e q u e n c y  s h i f t  i s  a t t r i b u t e d  t o  

c a n o n i c a l  s t r u c t u r e  5 " .  The b a n d  a t  1 7 3 0  c m - I  i n  compound  % c o r r e s p o n d s  t o  t h e  

e s t e r  g r o u p  ( R ~  = C02CH3) a t  p o s i t i o n  C 2 ' .  Thus  t h e  i . r .  s p e c t r a  p r o v e  t h e  p o s i -  

2  t i o n  o f  t h e  C02R g r o u p  i n  $ a n d  $ and ,  c o n s e q u e n t l y ,  i t s  p o s i t i o n  i n  t h e  n o n  

i s o l a t e d  c y c l o a d d u c t s  3e a n d  3 5 .  

I n  t h e  1 3 c  n . m . r .  s p e c t r a  o f  compounds  ( 4 1 ,  t h e  c y a n o  s u b s t i t u e n t s  a t  C3 '  a r e  a n -  

i s o c h r o n o u s  (>$: 1 1 5 . 8  a n d  1 1 6 . 5 ;  1 1 6 . 8  a n d  1 1 8 . 8 ;  $5: 1 1 7 . 5  a n d  1 1 8 . 3  ppm) 

due t o  t h e  r e s t r i c t e d  r o t a t i o n  a r o u n d  C 2 ' - C 3 '  b o n d  ( c a n o n i c a l  s t r u c t u r e s  4' and  

4 " ) .  C 1 '  C a r b o n  a t o m s  a r e  u p f i e l d  s h i f t e d  ($3: 94 .5 ;  qg: 9 9 . 0 ;  $5: 97 .5  ppm) b e -  - 
cause t h e y  b e a r  a h i g h  d e n s i t y  o f  n e g a t i v e  c h a r g e ,  w h i l e  c a r b o n  a t o m s  C2 '  a r e  

d o w n f i e l d  s h i f t e d  (5%: 1 5 5 . 8 ;  $&: 1 4 8 . 6 ;  45: 1 6 2 . 8  o r  1 6 4 . 4  ppm) .  C3 '  c a r b o n  a t o m s  

appea r  a t  s i m i l a r  f r e c u e n c i e s  ( 4 % :  4 8 . 7 ;  fb: 4 5 . 2 ;  45: 5 1 . 9  ppm) t o  t h a t  o f  t h e  

2 
NC, . c o r r e s p o n d i n g  c a r b o n  a t o m  i n  t h e  s t r a n t i n g  y l i d e  ( L ) .  

%c02$ 
C h e m i c a l  s h i f t s  o f  t h e  a r o m a t i c  c a r b o n s  o f  t h e  b m r o -  n+NsN CN t r i a z o l i u m  r i n g  (mean v a l u e s :  ~ 4 :  1 2 2 ;  c 5 :  1 3 0 ;  c 6 :  

\ N' 1 3 5 ;  C7: 111; C3a:  '143 ;  C7a:  1 3 3 . 5 . p p m )  a r e  s i m i l a r  
I 

'zH5 
5 - t o  t h o s e  o f  1,2-dimethylbenzotriazolium i o d i d e .  3  
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An a l t e r n a t i v e  y l i d i c  s t r u c t u r e  5 a r i s i n g  t h r o u g h  a  ( 2 + 2 )  t y p e  c y c l o a d d i t i o n  mech -  

a n i s m  i n v o l v i n g  t h e  e x o c y c l i c  d i c y a n o m e t h y l  c a r b a n i o n i c  m o i e t y 4  ( s e e  a l s o  r e f e r -  

e n c e  5 )  c a n  be  r u l e d  o u t  s i n c e  t h e  13c  n .m . r .  s p e c t r a  a r e  c l e a r l y  i n c o m p a t i b l e  

w i t h  a n  1 . 3 - d i s u b s t i t u t e d  b e n z o t r i a z o l i u m  s t r u c t ~ r e . ~ ' ~  The o b s e r v e d  r e g i o s e l e c -  

t i v i t y  i n  t h e  f i r s t  s t e p  (1 + 2+3) i s  i n  good a g r e e m e n t  w i t h  t h e  t h e o r e t i c a l  

p r e d i c t i o n s  o b t a i n e d  f r o m  a  s e c o n d  o r d e r  p e r t u r b a t i o n a l  t r e a t m e n t . 5  B o t h  e x p e r i -  

m e n t a l  a n d  t h e o r e t i c a l  r e s u l t s  show t h a t  t h e  n e g a t i v e  e x t r e m e  o f  t h e  d i p o l e  4 i s  

o n  t h e  e x o c y c l i c  c a r b o n  a t o m  a n d  n o t  o n  t h e  e n d o c y c l i c  N2 a t o m ,  a s  i n  m o s t  e x -  

a m p l e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  7 ' 8  ( s e e  however  r e f e r e n c e  9 ) .  A r i n g  o p e n i n g  

s i m i l a r  t o  3-4 has  b e e n  d e s c r i b e d  b y  B u r g e r  ,l.1° b u t  c o n c e r n i n g  a  n o n  a r o -  

m a t i c  a z o m e t h i n e i m i n e  
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