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PY RIMID IN  l UM N-DI CYANOMETHYLIDE. SYNTHESIS AND REACTIVITY TOWARDS 

DIMETHY L ACETY LENED I CARBOXY LATE 
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A b s t r a c t -  The t i t l e d  compound (la) has  been  p r e p a r e d  b y  r e a c t i o n  

O f  p y r i m i d i n e  w i t h  t e t r a c y a n o e t h y l e n e o x i d e  (TCNEO). R e a c t i o n  o f  

l a  w i t h  DMAD y i e l d e d  t w o  r e g i o i s o m e r  p y r r o l  o p y r i m i d i n e s  (2 a n d  - 

3 a ) ,  + a  1 , & d i p o l a r  c y c l o a d d i t i o n .  C o n 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 .  

~ o b a y a s h i '  and z u g r a v e s c u 2  r e p o r t e d  t h e  p r e p a r a t i o n  o f  4 - m e t h o x y -  a n d  4 - p h e n y l -  

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

p y r i m i d i n e s  w i t h  TCNEO, h o w e v e r  s y n t h e s i s  o f  t h e  u n s u b s t i t u t e d  d i c y a n o m e t h y l i d e  

1 f a i l e d  . 

S i n c e  we h a d  p r e d i c t e d 3  t h a t  p y r i m i d i n e  i s  b a s i c  enough  t o  r e a c t  w i t h  TCNEO, we 

d e c i d e d  t o  c a r r y  o u t  t h e  r e a c t i o n  i n  e t y l  e t h e r  f o r  24  h  a t  room t e m p e r a t u r e  



( r e f .  3 ,  m e t h o d  0 ) .  W i t h  t h i s  p r o c e d u r e  la i s  f o rmed  i n  1 7 %  y i e l d .  S u b s e q u e n t l y  t h e  

y i e l d  was i m p r o v e d  t i l l  60% u s i n g  more  c o n c e n t r a t e d  s o l u t i o n s  o f  t h e  r e a c t a n t s .  

S t r u c t u r e  o f  y l i d e  la has  been  e s t a b l i s h e d  on t h e  b a s i s  o f  t h e  a n a l y t i c a l  and  

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 u m  shows t h e  t y p i c a l  s t r o n g  d o u b l e t  due t h e  c y a n 0  

g r o u p s 3  a t  2140  and  2180 c m - l .  ' H - N M R  and  1 3 C - N ~ ~  s p e c t r a  o f  a r e  summar i zed  i n  

T a b l e s  1 a n d  2 .  

T a b l e  1 

' H - N M R  s p e c t r u m  o f  la i n  DMSO-d6 ( i n t e r n a l  s t a n d a r d  TMS) 

' ( P P ~ )  ' ( H z )  

H-2 
H - 3  H -4  H - 5  '2 ,4  J 2 , 5  '2.6 '4,5 '4,6 '5,6 

9 .15  8 .57 7.77 8 .72  0 . 0  1 . 4  2.2 5.0 1 .6  6 .5  

H-4 and  H-6 h a v e  been d i f f e r e n t i a t e d  b y  t h e  J Z g 4  and  J  v a l u e s .  T h i s  a s s i g n e m e n t  
4.6 

1 4  i s  i n  a g r e e m e n t  w i t h  t h a t  o f  fi a n d  p y r i m i d i n i u m  N - o x i d e  d a t a  . 

T a b l e  2  

1 3 ~ - ~ ~ ~  s p e c t r u m  o f  i n  DMSO-d6 ( i n t e r n a l  s t a n d a r d  TMS) 

a )  MIND012 c a l c u l a t i o n  

b, " " l a  - - ' p y r i m i d i n e  (CDCI , )~  

c )  i n  a g r e e m e n t  w i t h  o t h e r  N - d i ~ y a n o m e t h y l i d e s ~ ' ~ .  

1 1 3 ~ - c h e m i c a l  s h i f t s  o f  r i n g  a toms  h a v e  b e e n  a s s i g n e d  on  t h e  b a s i s  o f  J C H  v a l u e s .  

8  D i s t i n c t i o n  b e t w e e n  C-4 and  C-6 has  been  made b y  c o m p a r i s o n  o f  n - c h a r g e  d e n s i t y  and  

5 
A 6  v a l u e s  f r o m  p y r i m i d i n e . .  

1 R e a c t i o n s  o f  y l i d e s  and LE2 w i t h  DMAD y i e l d e d  p y r r o l o  [1,2-a] p y r i m i d i n e s  g and  

2c  b y  a  ( 3 + 2 )  c y c l o a d d i t i o n  r e a c t i o n  f o l l o w e d  b y  l o s s  o f  HCN. The r e g i o i s o m e r  2 ,  - 

r e s u l t i n g  f r o m  c y c l o a d d i t i o n  t o  C-6, was n o t  d e t e c t e d .  However ,  t h e o r e t i c a l  
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D M A D  

1 - R  = a: H; b: 0CH3; c: Ph 

c a l c u l a 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 9  p r e d i c t e d  t h a t  

i n  t h e  c a s e  o f  t h e  u n s u b s t i t u t e d  p y r i m i d i n i u m  m e t h y l i d e  4, t h e  

c y c l o a d d i t i o n  o f  DMAD t o  C-6 i s  more  f a v o u r e d  t h a n  t h a t  t o  C-2. 

Y l i d e  was a l l o w e d  t o  r e a c t  w i t h  DMAD i n  a c e t o n i t r i l e  a t  r oom @ 
t 

t e m p e r a t u r e  f o r  9 h ,  and  t h u s  a  m i x t u r e  o f  b o t h  p y r r o l o p y r i m i d i n e  
-CH2 

4 
r e g i o i s o m e r s  2 and  g was o b t a i n e d  i n  a  3:7 r a t i o  i n  i s o l a t e d  - 
p r o d u c t .  S t r u c t u r e s  and % w e r e  e s t a b l i s h e d  on t h e  b a s i s  o f  a n a l y t i c a l  and  

s p e c t r o s c o p i c  d a t a .  

T a b l e  3 

'H-NMR o f  p y r r o l o p y r i m i d i n e s  2 and 3 i n  CDC13 ( i n t e r n a l  s t a n d a r d  TMS) 

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 ea tmen t1 ' ,  u s i n g  m o l e c u l a r  e n e r g i e s  a n d  a tom o r b i t a l  

c o e f f i c i e n t s  o b t a i n e d  f r o m  m o l e c u l a r  wave f u n c t i o n s  c a l c u l a t e d  b y  t h e  MINDOIL me thod ,  

w h i c h  i s  known t o  be more u s e f u l  t h a n  t h e  CNDOIP u s e d  b e f o r e  11, g a v e  s i m i l a r  

3 r e s u l t s :  AE(a.u .x  1 0  ) f o r  i s  -7 .11 a n d  -8.70 f o r  &. 

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  an a  B U c h i  510 D  a p p a r a t u s  and  a r e  u n c o r r e c t e d .  I R  

s p e c t r a  w e r e  r e c o r d e d  on a  P e r k i n - E l m e r  257  s p e c t r o m e t e r .  P r o t o n  NMR s p e c t r a  we re  

r e c o r d e d  a t  60  MHz on  a  V a r i a n  T-60A s p e c t r o m e t e r .  1 3 - C a r b o n  NMR s p e c t r a  w e r e  

r e c o r d e d  a t  20  MHz i n  a  V a r i a n  FT-BOA s p e c t r o m e t e r .  

P y r i m i d i n i u m  N - D i c y a n o m e t h y l i d e  ( l a )  b y  I m p r o v e d  Me thod .  

A s o l u t i o n  o f  TCNEO ( 0 . 0 1  m o l )  i n  50 m l  o f  d r y  e t h y l  e t h e r  was added  t o  a  s o l u t i o n  

o f  p y r i m i d i n e  ( 0 . 0 1  m o l )  i n  5  m l  o f  d r y  e t h e r .  A f t e r  s t i r r i n g  a t  room t e m p e r a t u r e  

f o r  2 4  h ,  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f .  A  s e c o n d  f r a c t i o n  c o u l d  b e  o b t a i n e d  



b y  s t i r r i n g  t h e  m o t h e r  l i q u o r  f o r  24  h more .  T o t a l  y i e l d :  60%,  m.p.: 187 -189°C  

( f r o m  e t h a n o l ) .  

R e a c t i o n  o f  l a  w i t h  DMAD. 

DMAD ( 0 . 0 1 1  m o l )  was added  t o  a  s u s p e n s i o n  o f  la ( 0 . 0 1  m o l )  i n  50 m l  o f  d r y  

a c e t o n i t r i l e .  A f t e r  s t i r r i n g  a t  room t e m p e r a t u r e  f o r  9  h ,  t h e  s o l v e n t  was removed 

i n  vacuum and  t h e  r e s i d u e  was c h r o m a t o g r a p h e d  on a  c o l u m n  o f  80  g  o f  s i l i c a  g e l  

( 6 0 - 3 0 0  mesh)  and  e l u t e d  w i t h  a  m i x t u r e  o f  t o l u e n e - e t h y l  a c e t a t e  ( 9 : l )  t o  g i v e  

7 - c y a n o - 5 . 6 - d i e t h o x y c a r b o n y l p . y r r o 1 0  [1,2-c]  p y r i m i d i n e  ( y i e l d :  3 0 % ,  m.p.: 112-113°C 

( m e t h a n o l ) ,  I R :  vmax ( K B r ) :  v C N  2230 ;  u C O  1725  and  1705  c m - l )  and  6 - c y a n o - 7 , 8 -  

d i e t h o x y c a r b o n y l p y r r o l o  [ I ,?-a]  p y r i m i d i n e  3 ( y i e l d :  1 2 % ,  m.p.: 190 -191°C  ( f r o m  

m e t h a n o l ) ;  I R :  vma, ( K B r ) :  v C N  2220;  v C O  1725  a n d  1710  c m - I ) .  
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