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A b s t r a c t -  4 - F u n c t i o n a l i c e d  3 - u n s u h s t i t u t e d  i s o x a z o l e s  undergo 

~ i n g  c l e a v a g e  when t r e a t e d  w i t h  b a s e s .  The r t s u l t i n g  open c h a i n  

products  ( f i - ~ ~ a n o ~ n o l a t e s  , B - e n a m i n o n i t r i l c s  ) were c o n v e r t e d  

i n t o  p y r i m i d i n e s ,  p y r i m i d i n e t h i o n e s  and p y r i d i n o n e s  by r e a c t i o n  

~ i t h  1 , 3 - d i n u c l e o p h i l e s  ( g u a n i d i n e ,  thiourea) and compounds 

h a v i n g  a c t i v a t e d  methy lene  groups .  

INTRODUCTIOS 

W e  h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  3 - u n s u b s t i t u t e d  i s o x a z o l e s  b e a r i n g  c l e c t r o n -  

wi thdrawing  g r o u p s  a t  C-4 underwent r i n g  c l e a v a g e  when t r e a t e d  wi th  o r g a n i c  b a s e s  
1 

l e a d i n g  t o  s t a b l e  $ -  c y a n o e n o l a t e s  . More r e c e n t l y  w r  h a v e  n o t e d  t h e  a b i l i t y  of  

these e n o l a t e s  t o  b e  c o n v e r t e d  i n  5 -aminoisoxaro l r s  o r  5 -aminopyraro l t s  by 
2 

r e a c t i o n  w i t h  1 , 2 - d i n u c l c o p h i l e s  . Some o f  o u r  r e c e n t  e f f o r t s  h a v e  been d i r e c t e d  

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

compounds a s  i n t e r m e d i a t e s  f o r  t h e  p r e p a r a t i o n  of d e r i v a t i v e s  w i t h  pharmacological  

a c t i v i t y d y 4 .  

RESULTS A N D  DISCUSSIOK 

4 - F u n c t i o n a l i r e d  5-methyl i soxazoles  ( Ia -c )  r e a c t  w i t h  sodium h y d r o x i d e  and primary 

amines  t o  g i v e  t h e  f3 - cyanoenola te  I I a  and p - e n a m i n o n i t r i l e s  I I I a - e  r e s p e c t i v e l y  

( f i g u r e  1 ) .  When I I a  r e a c t s  w i t h  g u a n i d i n e  o r  t h i o u r e a  it l e a d s  t o  t h e  2-amino-S- 

cyanopyr imid ine  IV o r  t h e  5-cyanopyrimidine-2 (3H)-thione V. $ -Enaminoni . t r i l es  

I I I c , d  behave s i m i l a r y  t o  I I a  l e a d i n g  t o  t h e  same p r o d u c t s  IV a n d  V w i t h  d i f f e r e n t  

y i e l d s .  On t h e  o t h e r  hand, f 3 - e n a m i n o n i t r i l e s  I I I a , b  r e a c t  wi th  t h i o u r e a  t o  g i v e  

t h e  4-amino-5-nitropyrimidins-2(3H)-thione V I I .  However t h e  r e a c t i o n  of  I I I a , b  

w i t h  g u a n i d i n e  l e a d s  t o  t h e  g u a n i d i n e  d e r i v a t i v e  VT and t h e  a t t e m p t s  t o  c y c l i z e  

t h i s  i n t e r m e d i a t e  r e s u l t e d  i n  r e c o v e r y  o f  unchanged V I  . Under a n a l o g o u s  r e a c t i o n  
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c o n d i t i o n s ,  IIIc f a i l s  t o  r e a c t  w i t h  g u a n i d i n e  and t h i o u r e a .  Urea w a s  proven t o  b e  

t o t a l l y  i n a c t i v e  toward  p - m a m i n o n i t r i l e s  IIIa-e  i n  a l l  p o s s i b l e  c o n d i t i o n s .  

Although t h c  mechanism o f  t h e  r e a c t i o n  i s  n o t  y e t  c l e a r ,  it may proceed by 1,4-  

a d d i t i o n  o f  t h e  1 , 3 - d i n u c l e o p h i l e  ( g u a n i d i n e ,  t h i o u r e a )  and s u b s e q u e n t l y  

c y c l i z a t i o n  o f  t h e  r e s u l t i n g  intermediate. B - E n a m i n o n i t r i l e s  a l s o  undergo base-  

induced c y c l i z a t i o n s  when t r e a t e d  w i t h  cyanamide and compounds h a v i n g  a c t i v a t e d  

methylene g r o u p s  ( e t h y l  c y a n a c e t a t e  and m a l o n i t r i l e )  ( f i g u r e  2 ) .  Thus, t h e  

p r e p a r a t i o n  o f  pyr imid inones  VIII and IX and p y r i m i d i n e s  X and XI may b e  c i t e d  a s  

a n  i l l u s t r a t i o n  of t h e  e f f e c t i v e n e s s  of  t h e s e  i n t e r m e d i a t e s  i n  h e t e r o c y c l i c  

s y n t h e s i s .  Formation of  XI i n v o l v e s  base- induced  rear rangement  o f  t h r  methy l  
5 

ana logous  of  X . 
W e  c o n c l u d e  t h a t  p - e n a m i n o n i t r i l e s  and p - c y a n o e n o l a t r s ,  r e a d i l y  a v a i l a b l e  from 

3 - u n s u b s t i t u t e d  i s o x a z o l e s ,  a r e  intermediates of some impor tance  and wide 
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2 
a p p l i c a b i l i t y  which r e a c t  w i t h  1 , 2 - d i n u c l e o p h i l e s  , 1 , 3 - d i n u c l r o p h i l e s  and 

compounds h a v i n g  a c t i v a t e d  methy lenc  groups ,  t h u s  p r o v i d i n g  new r o u t e s  t o  p y r i d i n e  

and p y r i m i d i n e  s y n t h e s i s .  

EXPERIhlENTAL 
6 

A 1 1  rnp a r e  u n c o r r e c t e d .  4-Yitro-5-methyl isoxazole  ,4-acetyl-5-methylisoxazole7 and 

4-ethoxycarbonyl-j-methylisoxazolea were p r e p a r e d  by e s t a b l i s h e d  procedures .  The 

c y a n o e n o l a t e  I I a  and t h e  B - e n a m i n o n i t r i l e s  TIIa-e  were p r e p a r e d  a c c o r d i n g  t o  a 
2 1 

p r e v i o u s  work . H-hWR s p e c t r a  were de te rmined  u s i n g  (CD ) SO s o l u t i o n s  and T I S  a s  
3 2  

s t a n d a r d  reference . 
Reac t ion  of  I I a  w i t h  t h i o u r e a  & g u a n i d i n e  . A m i x t u r e  o f  I I a  (0.02 M) a n d  0.02 >I 

o f  t h e  1 , 3 - d i n u c l e o p h i l e  ( t h i o u r e a  o r  g u a n i d i n e )  i n  25 m l  o f  e t h a n o l  was r e f l u x e d  

f o r  5 h  . A f t e r  c o o l i n g  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  and r e c r y s t a l l i z e d  from 

e t h a n o l  t o  g i v e  IV o r  V ( T a b l e  1 ) .  

Reac t ion  of I I I a - e  w i t h  t h i o u r e a  g u a n i d i n e  . A m i x t u r e  o f  5 o f  I I I a - e ,  j rnhl 

o f  sodium e t h o x i d e  and 5 mM of t h i o u r e a  o r  g u a n i d i n e  i n  1 0  m l  o f  e t h a n o l  was 

r e f l u x e d  f o r  8 h  The  s o l u t i o n  was c o o l e d  and a c i d i f i e d  w i t h  d i l u t e  a c e t i c  a c i d .  

The p r e c i p i t a t e  was f i l t e r e d  o f f  and r e c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  IV-VII . 
Reac t ion  of I I 1 c . d  w i t h  m a l o n i t r i l e  . A m i x t u r e  o f  5 mM o f  I I I c  o r  I I I d ,  5  mM of  

m a l o n i t r i l e  and 5 rnM o f  KOH i n  20 m l  o f  methanol  was r e f l u x e d  f o r  4 h  , The 



s o l u t i o n  was c o o l e d  and a c i d i f i e d  w i t h  d i l u t e  a c e t i c  a c i d .  The  p r e c i p i t a t e  was 

f i l t e r e d  o f f  and  r e c r y s t a l l i z e d  from a c e t i c  a r i d  t o  g i v e  V I I I .  

R e a c t i o n  of 1 I I c . d  w i t h  e t h y l  c y a n o a c e t a t e  . I I I c  o r  I I I d  (5 mM) was t r e a t e d  w i t h  

5 mM of t h e  sodium s a l t  o f  e t h y l  c y a n o a c e t a t e  i n  10 m l  o f  e t h a n o l .  The m i x t u r e  was 

r e f l u x e d  f o r  7  h , t h e n  c o o l e d  and a c i d i f i e d  w i t h  d i l u t e  a c e t i c  a c i d .  The 

p r e c i p i t a t e  was r e c r y s t a l l i z e d  from w a t e r  t o  g i v e  I X  . 
R e a c t i o n  of 1 I I c . d  cyanamide . To a s o l u t i o n  o f  5 mM o f  IIIc o r  I I I d  and 5 mM 

of  sodium e t h o x i d e  i n  1 0  m l  o f  e t h a n o l ,  was added  5 mM o f  cyanamide. The s o l u t i o n  

was r e f l u x e d  f o r  10 h  , t h e n  c o o l e d  and  a c i d i f i e d  w i t h  d i l u t e  a c e t i c  a c i d .  The 

p r e c i p i t a t e  w a s  f i l t e r e d  o f f  and r e c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  X and X I  . 
T a b l e  1  

Y i e l d s  o f  P y r i d i n e  and P y r i m i d i n e  D e r i v a t i v e s  

Suhs t  r a t e  t /h Produc t  Y i e l d  (%) 
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2-Amino-5-cyano-4.6-dimethylpyrimidine (N) : y e l l o w  powder from e t h a n o l ,  mp 247- 

248' C. ( l i t . '  250' C). &&.Calcd. f o r  C7H8N4 : C, 56.76; H, 5.40; N, 37.84. 

Found: C ,  56.80; H, 5.35; N ,  37.82. 

5-Cyano-4.6-dimethyl-3(H)-2-thiopyrimidinone (V) : y e l l o w  powder from e t h a n o l ,  mp 

204-205'C . &. Calcd.  f o r  C H N S : C, 50.91; H, 4.24; N, 25.45. Found: C, 
7 7 3  

1 1  
50.86; H ,  4.30; N, 25.38. I R ( n u j o 1 ) :  3300, 2220, 1620, 1600 cm- . H-NMR((CD ) SO) 

3  2  
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2.55(6H, s, 4- and 6- CH 1, 8.1 (lH, broad, NII). 
3 

3-(2-Nitro-2-butcncnitri1e)guanidine (VI) : yellow powder from ethanol, mp 200'C 

dec. &. Calcd. for C H N 0 : C,35.50; H, 4.14; N, 41 .J2. Found: C, 3 5. j7; 

H, 4.20; N, 41.35. IR(nujo1) : 3400, 3300, 3150, 2185, 1650, 1550 c~-'.'H-NMR 

((CD~)~SO): 2.3 (3H, s, CH3), 7.0 (4H, broad, NH). 

l-Amino-6-methyl-j-nitr0-3(H)-2-thiopy~imidinone (VII) : yellow powder from 

ethanol, mp 250" ddec. (lit.92500 dec.). Anal. Calcd. for C.H N 0 S : C, 32.26; 
> 6 4 2  

H, 3.23; N, 30.11. Found: C, 32.18; H, 3.27; N, 30.03. 

3.5-Dicyano-4.6-dimethyl-1 (HI-2-pyridinone (VIII) : white powder from acetic acid 

mp 230'C dec. Anal. Calcd. for C H N 0 : C, 62.43; H, 4.05; N, 24.28. Found : C, 
9 7 3  1 1  

62.50; H, 4.10; N, 24.25. IR(nujo1): 3100, 2200, 1650, 1600 cm- . H-NMR((CD ) SO): 
3 2 

2. 55(6H, s, 4- and 6- CH3), 7.5 (lH, broad, NH). 

3-(5-Cyano-4,6-dimethyl-l(H)-2-oxo-pyridin)~aaboxilic acid (IX) : colorless 

needles from water, mp ?60DC dec. &. Calcd. f o r  C 11 N 0 : C, 56.25; H, J.17; 

N, 14.58. Found: C, 56.31; H, 4.13; X, 14.63. IR(nujo1): 3500-3100, 2200, 1680, 

1640, 1570 cm-l.l~-XM~((~U ) SO): 2.1 (6H, s, 4- and 6- CH ) ,  8.2 (2H, broad, NH 
3 2 3 

and OH). 

5-Cyano-4.6-dimethyl-l-phenyl-2-iminopYrimidinone ( X )  : white needles from 

ethanol, mp 195-196'~ dec. Anal. Calcd. for C H N : C, 69.64; H, 5.36; N, 25.00. 
13 12 4 

1 Pound: C, 69.70; H, 5.32; N, 24.96. IR(nujo1): 3250, 2190, 1720, 1600, 1550 ~ m -  . 
1 
H-h?LR((CD ) SO): 2.15(3H, s, CH3-41, 2.55(3H, s, CH3-6), 4.0 (IH, broad, NH), 7.4 

3 2 
(5H, m, aromatic protons). 

i -Cyano-4.6-dimethyl-2-methylaminopyrimidinf  (XI) : yellowish powder from ethanol 

mp 195-196.C (li.t.198. Anal. Calcd. for C8Hl0N4: C, 59.26; H, 6.17; N, 34.57. 
Found: C, 59.30; 11, 6.20; , 34.49. 
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