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TRANSFORMATIONS OF 2,4,5-TRISUBSTITUTED PYRIMIDINES.  THE 

SYNTHESES AND TRANSFORMATIONS OF P Y R I M I D 0 / 4 , 5 - d / P Y R I M I D I N E ,  

1,2,4-TRIAZOL014.3-aIPYRIMIDINE, - T E T R A Z O L O / l , 5 - a I P Y R I M I D I N E ,  
1 , 2 , 4 - T R I A Z O L 0 / 3 , 4 - b l P U R I N E  - AND TETRAZOLOI5 , l -1 IPURINE 

DERIVATIVES 

UroS U r l e b ,  B r a n k o  S t a n o v n i k * ,  V e k o s l a v a  S t i b i l j ,  and  
M i h a  T i i l e r  

D e p a r t m e n t  o f  C h e m i s t r y ,  E d v a r d  K a r d e l j  U n i v e r s i t y  o f  
L j u b l j a n a ,  61000  L j u b l j a n a ,  Y u g o s l a v i a  

A b s t r a c t  - Some new a p p r o a c h e s  f o r  t h e  s y n t h e s e s  o f  p y r i m i d o -  

/ 4 , 5 - d l p y r i m i d i n e s  3, 4, 2 ,  and  10, 5 , 6 - d i s u b s t i t u t e d  1 ,2 ,4 -  

triazolo/4,3-alpyrimidines 11, 15, 16, 17, 9, and  20, 5 , 6 -  

d i s u b s t i t u t e d  tetrazololl.5-{/pyrimidine 11, 1 , 2 , 4 - t r i a z o l o -  

1 3 . 4 - b l p u r i n e s  5, 26, and  28, and  t e t r a z o l o l 5 , l - b l p u r i n e  

f r o m  2 , 4 , 5 - t r i s u b s t i t u t e d  p y r i m i d i n e s  a n d  2 a r e  d e s c r i b e d .  

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

R e c e n t l y ,  2 - s u b s t i t u t e d  4 - a m i n o - 5 - c y a n o p y r i m i d i n e s  h a v e  been  u s e d  f o r  t h e  p r e p a r a -  

t i o n  o f  p y r i m i d i n e c a r b o x a m i d e  o x i m e s  and  5-(1,2,4-oxadiazol-3-y1)-pyrimidines i n  

o u r  l a b o r a t o r y .  1  

I n  t h i s  c o m m u n i c a t i o n  we r e p o r t  on  t h e  s y n t h e s e s  o f  s u b s t i t u t e d  p y r i m i d o / 4 , 5 - d l  

p y r i m i d i n e s ,  5 . 6 - d i s u b s t i t u t e d  1,2,4-triazolo/4,3-alpyrimidines, 5 , 6 - d i s u b s t i t u t e d  

tetrazolo/l,5-&/pyrimidines, 1,2,4-triazolol3.4-blpurines - and  t e t r a z o l o / 5 , 1 - i l p u r i -  

nes  f r o m  2 - s u b s t i t u t e d  4 - a m i n o p y r i m i d i n e - 5 - c a r b o x a m i d e s  and  - c a r b o h y d r a z i d e s .  

The l i t t l e  known b i c y c l i c  s y s t e m  pyrimido/4,5-!/pyrimidine has been  s t u d i e d  by s e -  

v e r a l  groups, ' - '  some o f  t hem have  been  i n t e r e s t e d  a l s o  i n  i t s  and  

a n t i b a c t e r i a l  a c t i v i t y 7  and  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p . 1 °  R e c e n t l y ,  s e v e r a l  

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

f o r m a m i d i n e s  and  p y r i m i d i n y l f o r m a m i d e  o x i m e s  h a v e  been  r e p o r t e d .  11 

On t h e  o t h e r  hand ,  t h e r e  a r e  many r e p o r t s  d e a l i n g  w i t h  t h e  s y n t h e s i s  of  1 ,2 ,4 -  

triazolo/4,3-alpyrimidines - a n d  t e t r a z o l o / l  , 5 - ? / p y r i m i d i n e s ,  m a i n l y  m o n o s u b s t i t u t e d  

o r  s y m m e t r i c a l l y  d i s u b s t i t u t e d .  Howeve r ,  d e r i v a t i v e s  o f  u n s y m m e t r i c a l l y  d i s u b s t i -  

t u t e d  p y r i m i d i n e  r i n g  a r e  r a r e ,  m o s t  p r o b a b l y  due t o  some d i f f i c u l t i e s  e n c o u n t e r e d  

i n  s t r u c t u r a l  a s s i g n m e n t s .  12 



Two t r i s u b s t i t u t e d  p y r i m i d i n e  d e r i v a t i v e s ,  4 - a m i n o - 2 - m e t h y l t h i o p y r i r n i d i n e - 5 - c a r b o -  

x a m i d e  (Z) o b t a i n e d  f r o m  4 - a m i n o - 5 - c y a n o - 2 - m e t h y l t h i o p y r i m i d i n e  (1) a n d  4 - a m i n o -  

2 - h y d r a z i n o p y r i m i d i n e - 5 - c a r b o h y d r a r i d e  ( g )  o b t a i n e d  f r o m  4 - a m i n o - 5 - e t h o x y c a r b o n y l -  

2 - m e r c a p t o p y r i m i d i n e  (z) w e r e  u s e d  a s  s t a r t i n g  c o m p o u n d s .  R e a c t i o n  o f  2 w i t h  ( t r i s -  

f o r m a m i d 0 ) m e t h a n e  a f f o r d e d  7 - r n e t h y l t h i o p y r i m i d 0 / 4 , 5 - ~ p y r i m i d - 4 ( 3 H ) - o n e ,  (:), i d e n -  

3  
t i c a l  w i t h  t h e  c o m p o u n d  o b t a i n e d  f r o m  2  a n d  t r i e t h y l  o r t h o f o r m a t e  . M e t h y l a t i o n  o f  - 

3  w i t h  N , N - d i m e t h y l f o r r n a m i d e  d i m e t h y l  a c e t a l  ( D M F D M A ) ' ~  g a v e  t h e  N 3 - m e t h y l a t e d  p r o -  - 

d u c t  (A), t h e  a l t e r n a t i v e  N l - m e t h y l a t e d  o n e  (5) b e i n g  n o t  f o r m e d .  T h e  c o m p o u n d  4 
was a l s o  o b t a i n e d  f r o m  2 a n d  DMFDMA. T h e  s t r u c t u r e  o f 4  was  a s s i g n e d  o n  t h e  b a s i s  o f  

e l e m e n t a l  a n a l y s i s ,  ' H  n m r  a n d  m a s s  s p e c t r a ,  a n d  c o n f i r m e d  b y  i t s  c o n v e r s i o n  u p o n  

t r e a t m e n t  w i t h  a q u e o u s  s o d i u m  h y d r o x i d e  t o  4 - a m i n o - 5 - m e t h y l c a r b a m o y l - 2 - r n e t h y l t h i o -  

p y r i m i d i n e  ( k ) ,  i d e n t i c a l  w i t h  t h e  c o m p o u n d  p r e p a r e d  f r o m  4 - a m i n o - 5 - e t h o x y c a r b o n y l -  

2 - m e t h y l t h i o p y r i m i d i n e  ( 7 )  - a n d  m e t h y l a m i n e .  T h e  c o m p o u n d  5 u n d e r w e n t  c y c l i z a t i o n  

w i t h  t r i e t h y l  o r g h o f o r m a t e  t o  g i v e  !. T h e  r e a c t i o n  o f  4 w i t h  h y d r a z i n e  h y d r a t e  

r e s u l t e d  i n  s u b s t i t u t i o n  o f  t h e  7 - m e t h y l t h i o  g r o u p  f o l l o w e d  b y  r i n g  o p e n i n g  t o  g i v e  

4 - a m i n o - 2 - h y d r a r i n o - 5 - r n e t h y 1 ~ a ~ b a r n o y 1 p y ~ i i d i n  (B) ,  i d e n t i c a l  w i t h  t h e  c o m p o u n d  

o b t a i n e d  f r o m  6 a n d  h y d r a z i n e  h y d r a t e .  On t h e  o t h e r  h a n d ,  4 d i d  n o t  u n d e r g o  r i n g  

o p e n i n g  u p o n  t r e a t m e n t  w i t h  m e t h y l h y d r a z i n e  t o  g i v e  3 - m e t h y l - 7 - ( 1 - m e t h y l h y d r a z i n o )  

p y r i m i d o / 4 , 5 - d f p y r i m i d - 4 ( 3 H ) - o n e  (9)  o n l y  b y  s u b s t i t u t i o n  o f  t h e  7 - m e t h y l t h i o  g r o u p .  

T h i s  was t h e n  d e a m i n e d  w i t h  n i t r o u s  a c i d  t o  g i v e  3-methylaminopyrimido/4,5-d/py- 

r i m i d - 4 ( 3 H ) - o n e  (2) ( S c h e m e  1 ) .  

4 - A m i n o - 2 - h y d r a r i n o p y r i m i d i n e - 5 - c a r b o h y d r a d  (11) was  t r a n s f o r m e d  i n t o  a  s e r i e s  

o f  1,2,4-triazolo/4,3-a/pyridine a n d  tetrazololl.5-alpyrimidine d e r i v a t i v e s .  U p o n  

t r e a t m e n t  o f  11 w i t h  t r i e t h y l  o r t h o f o r m a t e  t h e  c y c l i z a t i o n  b e t w e e n  t h e  2 - h y d r a z i n o  

g r o u p  a n d  t h e  3 - p o s i t i o n  a n d  t r a n s f o r m a t i o n  o f  t h e  5 - h y d r a z i d o  g r o u p  o c c u r r e d  t o  

g i v e  5 - a m i n o - 6 - e t h o x y c a r b o n y l - 1 , 2 , 4 - t r i a z o l o / 4 , 3 - ~ / p y r i m i d i n e  (E), t h e  i s o m e r i c  

6 , 7 - d i s u b s t i t u t e d  d e r i v a t i v e  14 b e i n g  n o t  p r o d u c e d .  T h e  c o m p o u n d  13 was c o n v e r t e d  

w i t h  h y d r a z i n e  h y d r a t e  i n t o  t h e  c o r r e s p o n d i n g  h y d r a z i d e  15. T h e  n i t r o s a t i o n  o f  15 
w i t h  n i t r o u s  a c i d  a f f o r d e d  5-amino-6-azidocarbonyl-1,2.4-triazolo/4,3-~/pyrimidine 

(16). T h e  r e a c t i o n  o f  12 w i t h  t r i e t h y l  o r t h o a c e t a t e  a l s o  g a v e  o n l y  5 - a m i n o - 6 - ( 2 -  

e t h o x y ) e t h y l i d e n e c a r b a z o y l - 3 - m e t h y l - l , 2 , 4 - t r i a z o l o / 4 , 3 - ~ ) p y r i m i d i n e  (17) a n d  t h e  

i s o m e r i c  r i n g  c l o s u r e  p r o d u c t  (18) was n o t  o b t a i n e d  i n  t h i s  c a s e ,  e i t h e r .  T h e  

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

a n d  s p e c t r a l  a s s i g n m e n t ;  t h e  p r o t o n s  a t  p o s i t i o n  3 i n  13 a n d  3 w e r e  e a s i l y  
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e x c h a n g e a b l e  w i t h  d e u t e r i u m  i n  b a s i c  s o l u t i o n ,  a n d  t h e  p y r i m i d i n e  r i n g  p r o -  

t o n s  i n  t r i a z o l o p y r i m i d i n e s  (12, 15, 16, 19, a n d  0) a n d  t e t r a r o l o p y r i m i d i n e  (21) 
a p p e a r e d  a t  6 7 . 6 8 - 8 . 3 4 ,  c h a r a c t e r i s t i c  o f  H7, w h i l e  H5 a p p e a r s  i n v a r i a b l y  a b o v e  

6 8 . 6 0 . "  An a t t e m p t  t o  p r e p a r e  t h e  c o r r e s p o n d i n g  h y d r a z i d e  2 f r o m  u, as a n  

i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  o f  5-amino-6-azidocarbonyl-3-methyl-l.2,4-tria- 

z o l o / 4 , 3 - a l p y r i m i d i n e  - (ZJ), g a v e  t h e  c o m p o u n d  19 o n l y  i n  a n  i n p u r e  f o r m .  On t h e  

o t h e r  h a n d ,  w h e n L 7  was h y d r o l y z e d  i n  a q u e o u s  h y d r o c h l o r i c  a c i d  a t  r o o m  t e m p e -  

r a t u r e ,  f o l l o w e d  b y  n i t r o s a t i o n  w i t h  n i t r o u s  a c i d  t h e  c o m p o u n d  20 was o b t a i n e d .  

By t r e a t m e n t  o f  t h e  c o m p o u n d  12 w i t h  n i t r o u s  a c i d  5 - a m i n o - 6 - a z i d o c a r b o n y l t e t r a -  

z o l o / l , 5 - a l p y r i r n i d i n e  (21) was p r o d u c e d .  ( S c h e m e  2 ) .  

F u r t h e r  e v i d e n c e  f o r  t h i s  t y p e  o f  r i n g  f u s i o n  was  o b t a i n e d  b y  t r a n s f o r m a t i o n s  o f  

c o m p o u n d s  5, 1: a n d  2 i n t o  f u s e d  p u r i n e s .  N a m e l y ,  t h e  a z i d o c a r b o n y l  c o m p o u n d s  

1 6 ,  20, a n d  2 w e r e  t h e r m a l l y  t r a n s f o r m e d  t h r o u g h  t h e  C u r t i u s  r e a r r a n g e m e n t  i n t o  - 
f u s e d  1,2,4-triaro10/3,4-~/purin-7(8H)-one (g), l - m e t h y l - 1 , 2 , 4 - t r i a z o l o / 3 , 4 - ~ /  

p u r i n - 7 ( 8 H ) - o n e  ('6) a n d  tetrazolo/5,1-blpurin-7(8H)-one (1). M e t h y l a t i o n  o f  25 
w i t h  DMFDMA a f f o r d e d  1 , 6 , 8 - t r i m e t h y l - 1  ,2,4-triazolo/3,4-blpurin-7(8H)-one (8). 
T h e  i n t e r m e d i a r y  i s o c y a n a t e s  a r e  u s u a l l y  n o t  i s o l a b l e  i n  h e t e r o c y c l i c  s e r i e s .  

H o w e v e r ,  when  25 was  h e a t e d  i n  t o l u e n e  f o r  2  h ,  i s o c y a n a t e  & was i s o l a t e d ,  

w h i c h  s h o w e d  a  c h a r a c t e r i s t i c  b a n d  i n  i r  s p e c t r u m  a t  u N C O  = 2 2 5 0  cm" (Scheme 2 ) .  

T h e  c h e m i c a l  s h i f t s  f o r  H 5  i n  t h e  c o n l p o u n d s  c-28, w h i c h  f a l l  i n  t h e  r a n g e  o f  

6 = 8 . 2 6 - 8 . 7 2  ppm, a r e  a l s o  i n  a g r e e m e n t  w i t h  t h o s e  f o r  H5 ( a  = 8 . 8 6  ppm) i n  1 , 2 , 4 -  

t r i a z o l o / 3 , 4 - ! / p u r i n e  r e p o r t e d  i n  a  l i t e r a t u r e z 2 .  T h i s  s u p p o r t s  a l s o  t h e  a n g u l a r  

s t r u c t u r e s  o f  25 - 2, T h e  i s o m e r i c  l i n e a r  t r i c y c l i c  s t r u c t u r e s  29 - 32 s h o u l d  b e  

e x c l u d e d  i n  w h i c h  a  c o n s i d e r a b l e  d o w n f i e l d  s h i f t  s h o u l d  b e  e x p e c t e d ,  s i n c e  t h e  H8 

2  3 a p p e a r s  a t  6 1 0 . 2 6  i n  t h e  p a r e n t  t e t r a z o l o / l , 5 - a l p u r i n e  (2) . 

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  t a k e n  o n  a  K o f l e r  m i c r o  h o t  s t a g e .  ' H  nmr  s p e c t r a  w e r e  o b t a i n e d  

o n  a  JEOL JNM C60-HL s p e c t r o m e t e r  w i t h  TMS a s  i n t e r n a l  s t a n d a r d ,  i r  s p e c t r a  o n  a  

PERKIN-ELMER i n s t r u m e n t  7 2 7 8 ,  m a s s  s p e c t r a  o n  a  H ITACHI -PERKIN-ELMER m a s s  s p e c t r o -  

m e t e r  RMU-6L, a n d  e l e m e n t a l  a n a l y s e s  f o r  C, H, a n d  N  o n  a  PERKIN-ELMER CHN A n a l y s e r  

240C. 

T h e  f o l l o w i n g  c o m p o u n d  w e r e  p r e p a r e d  a c c o r d i n g  t o  l i t e r a t u r e  r e f e r e n c e s :  4 - a m i n o -  

5 - e t h o x y c a r b o n y l - 2 - m e r c a p t o p y r i m i d i n e  ( 1 1 ) 2 4  a n d  4 - a m i n o - 2 - m e t h y l t h i o p y r i m i d i n e - 5 -  
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HETEROCYCLES, Vol 24,  No 7 1986 1 

GySH NH2NH; HzO * qyNHNH2 
H,C,OC H,NHNC ' R,-C 
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rj 15 R,= H , R,= OEt 
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C=N NH2 

17 22 R,= H , R,= OEt 
23 R,=Me , 

OEt 

HNO, 

H,NHNC 
II 
0 % 0 NH, 

2 9 X = C H  , R ,=H 

3 0  X = C-Me , R,= H - 
31 X = N , a,= H - 
3 2 X = M e  , R,=Me SCHEME 2 



2 5  
c a r b o x a m i d e  ( 2 )  . 
7-Methylthiopyrimido/4,5-~lpyrimid-4(3H)-one ( 3 ) .  - A m i x t u r e  o f  2 ( 8 0  mg)  a n d  

HC(NHCH0)3  ( 6 0  mg)  was h e a t e d  f o r  4 5  m i n  a t  1 8 0 ~ ~ .  A f t e r  c o o l i n g ,  MeOH ( 3  m l )  

was a d d a d ,  t h e  s o l i d  was f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF t o  g i v e  3 i n  6 6 %  

y i e l d ,  mp 2 8 0 ~ ~ .  l i t . 3  mp 2 2 5 - ~ 2 9 ~ ~ ,  m/z  1 9 4  ( M + ) ,  n m r  (DMSO-d6/TMS, 1 0 0 ~ ~ )  6 :  

2 . 6  ( 5 ,  SMe) ,  8 . 3 3  ( s ,  H 5 ) ,  9 . 1 5  ( s ,  H z ) .  A n a l . C a 1 c d .  f o r  C7H6H40S: C ,  4 3 . 2 9 ;  

H ,  3 . 1 1 ;  N ,  2 8 . 8 5 .  F o u n d :  C, 4 3 . 3 4 ;  H, 3 . 4 5 ;  N ,  2 8 . 6 7 .  

3-Methyl-7-methylthiopyrimido/4,5-d/pyrimidin-4(3H)-one ( 4 ) .  - a )  A  s u s p e n s i o n  o f  

1  ( 5 0 0  m g )  i n  DMFDMA ( 4  m l )  was r e f l u x e d  f o r  6  h .  T h e  m i x t u r e  was l e f t  i n  r e f r i g e -  - 

r a t o r  f o r  1 2  h .  T h e  s o l i d  f o r m e d  was  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF t o  g i v e  

4  i n  3 9 %  y i e l d ,  mp 2 5 2 - 2 5 3 ' ~ ,  m/z  2 0 8  ( M + ) ,  n m r  (DMSO-d61TMS, 1 1 0 ~ ~ )  5 :  2 . 6  ( s ,  S M e ) ,  - 

3 . 4 7  ( 5 ,  NMe) ,  8 .6  ( s ,  H 5 ) ,  9 . 2  ( 5 ,  H 2 ) .  A n a l . C a l c d . f o r  C8H8N40S: C, 4 6 . 1 4 ;  H, 3 . 8 7 ;  

N ,  2 6 . 9 0 .  F o u n d :  C, 4 6 . 3 5 ;  H, 3 . 8 8 ;  N ,  2 6 . 7 5 .  

b )  A  s u s p e n s i o n  o f  - 3  ( 9 0  m g )  i n  DMFDMA ( 1 . 5  m l )  was r e f l u x e d  f o r  6 h .  T h e  p r e c i p i -  

t a t e  was ,  a f t e r  c o o l i n g ,  f i l t e r e d ,  w a s h e d  w i t h  MeOH a n d  r e c r y s t a l l i z e d  f r o m  DMF t o  

g i v e  B i n  2 8 %  y i e l d .  T h e  i r  s p e c t r u m  was i d e n t i c a l  w i t h  t h a t  o f  t h e  c o m p o u n d  

d e s c r i b e d  i n  a ) .  

c )  A  s u s p e n s i o n  o f  6 ( 1 0 0  m g )  i n  H C ( O E t ) 3  ( 3  m l )  was  r e f l u x e d  f o r  1 2  h .  M e t h a n o l  

( 3  m l )  was a d d e d  t o  t h e  o i l y  r e s i d u e  o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  t h e  v o l a t i l e  

c o m p o n e n t s  i n  v a c u o .  T h e  s o l i d  was f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF t o  g i v e  4 
i n  7 %  y i e l d .  

4 - A r n i n o - 5 - m e t h y l c a r b a m o y l - 2 - m e t h y l t h i o p y r i m i d i n e  ( 6 ) .  - a )  To a  s u s p e n s i o n  o f  4 
( 1 9 0  m g )  i n  H 2 0  ( 4  m l )  NaOH ( 3 0 0  m g )  was a d d e d  a n d  t h e  m i x t u r e  was k e p t  a t  r o o m  

t e m p e r a t u r e  f o r  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 ,  w a s h e d  w i t h  w a t e r  a n d  r e c r y -  

s t a l l i z e d  f r o m  EtOH t o  g i v e  - 6 i n  6 6 %  y i e l d ,  mp 1 8 5 - 1 9 0 ° ~ ,  m l z  198  ( M + ) , ~ ~ ~ ( D M S O - d 6 / ~ I 4 s )  

6 : 2 . 4 ( s ,  SMe) ,  2 . 7 5  ( d ,  N H E ) ,  7 . 8 5  ( b r  s ,  N H ) ,  8 . 4 5  ( s ,  H 6 ) ,  J N H M e  3 . 7 5  Hz.  

A n a l . C a l c d . f o r  C7H10N40S:  C ,  4 2 . 4 1 ;  H, 5 . 0 8 ;  N ,  2 8 . 2 6 .  F o u n d :  C, 4 2 . 2 9 ;  H, 5 . 2 1 ;  

N ,  2 8 . 0 7 .  

b )  A m i x t u r e  o f  - 7  ( 2 0 0  mg)  a n d  MeNH2 ( 4 5 %  a q .  s o l u t i o n ,  5  m l )  was r e f l u x e d  f o r  5  h .  

T h e  p r e c i p i t a t e ,  w h i c h  was f o r m e d  i n  r e f r i g e r a t o r  a f t e r  4 8  h ,  was f i l t e r e d ,  w a s h e d  

w i t h  H20 a n d  r e c r y s t a l l i z e d  f r o m  E tOH t o  g i v e  5 i n  3 4 %  y i e l d .  

4 - A m i n o - 5 - e t h o x y c a r b o n y l - 2 - m e t h y l t h i o p y r i m d i e  ( 7 1 .  - T o  a  s u s p e n s i o n  o f  2 (500rng)  

i n  PhCH3 ( 5  m i )  DMFDMA ( 0 . 6  m l )  was a d d e d  a n d  t h e  m i x t u r e  was r e f l u x e d  f o r  2 0  h .  T h e  

v o l a t i l e  c o m p o n e n t s  w e r e  e v a p o r a t e d  i n  v a c u o  a n d  H20 ( 5  m l )  a n d  MeOH ( 3  m l )  w e r e  
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a d d e d .  T h e  p r e c i p i t a t e  was  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  a  m i x t u r e  o f  CHC13 

a n d  MeOH t o  g i v e  1 i n  5 5 %  y i e l d ,  mp 1 2 8 ' ~ ,  l i t . 26  mp 1 2 6 - 1 2 7 ~ ~ .  

4 - A m i n o - 2 - h y d r a z i n o - 5 - m e t h y l c a r b a m o y i p y r m d e  ( 8 ) .  - a )  A  m i x t u r e  o f  6 ( 1 0 0  mg)  

a n d  NH2NH2.H20 (OD%, 3  m l )  i n  E tOH ( 2  m l )  was  r e f l u x e d  f o r  1 5  h .  T h e  v o l a t i l e  com- 

p o n e n t s  w e r e  e v a p o r a t e d  i n  v a c u o ,  H 2 0  ( 2  m l )  was a d d e d ,  t h e  p r e c i p i t a t e  was f i l -  

t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF t o  g i v e  8 i n  3 8 %  y i e l d ,  mp 2 3 4 - 2 3 7 ' ~ ,  m / z  1 8 2 ( ~ + ) ,  

nmr  (DMSO-d6 /TMS)  6 : 2 . 6 5  ( d ,  N H E ) ,  4 . 1  ( b r  s ,  N H 2 ) ,  7 . 5  ( b r  s ,  N H 2 ) ,  8 . 0  ( b r  8 ,  

N H ) ,  8 . 3 3  ( 5 ,  H 6 ) ,  J N H M e  3 . 7 5  Hz.  A n a 1 . C a l c d .  f o r  C6H10N60:  C, 3 9 . 5 6 ;  H, 5 . 4 9 ;  N, 

4 6 . 1 9 .  F o u n d :  C, 3 9 . 9 2 ;  H, 5 . 4 7 ;  N, 4 6 . 4 3 .  

b )  A  m i x t u r e  o f  4 ( 9 0  mg)  a n d  NH2NH2.H20 ( 8 0 % ,  1  m l )  i n  E tOH ( 2  m l )  was  r e f l u x e d  

f o r  6  h .  T h e  p r e c i p i t a t e  w a s ,  a f t e r  c o o l i n g ,  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF 

t o  g i v e  - 8  i n  9% y i e l d .  

3 - M e t h y 1 - 7 - ( l - m e t h y l h y d r a z i n o ) p y r i m i d o / 4 , 5 - / p y r m i d - 4 ( 3 H ) - o n e  ( 9 ) .  - A  m i x t u r e  o f  

4  ( 1 5 0  m9)  a n d  MeHNNH2 ( 9 8 % ,  0 . 5  m l )  i n  E tOH ( 2  m l )  was r e f l u x e d  f o r  6  h .  T h e  - 

p r e c i p i t a t e  w a s ,  a f t e r  c o o l i n g ,  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  MeOH t o  g i v e  2 

i n  4 1 %  y i e l d ,  rnp 2 4 5 - 2 4 8 ' ~ ,  m / z  2 0 6  ( M + ) ,  nmr (CDC13/TMS)  6 : 3 . 4 8  ( s ,  N M e ) ,  3 . 5 0  

( s ,  NMe),  4 . 6 5  ( b r  s ,  NH2) ,  8 . 1 5  ( 8 ,  H 5 ) ,  9 . 1 5  ( 8 ,  H z )  A n a l . C a l c d  f o r  C8HloN60: 

C ,  4 6 . 6 0 ;  H, 4 . 8 9 ;  N, 4 0 . 7 5 .  F o u n d :  C, 4 6 . 3 1 ;  H, 5 . 1 5 ;  N, 4 0 . 4 4 .  

3-Methyl-7-methylaminopyrimido/4,5-d/pyrimid-4(3H)-one ( 1 0 ) .  - To a  s o l u t i o n  o f  9 
( 1 1 0  m g )  i n  a  m i x t u r e  o f  AcOH ( 3  m l )  a n d  H20 ( 2  m l ) ,  a  s o l u t i o n  o f  NaN02 ( 5 0  m g )  

i n  H 2 0  ( 4  m l )  was  a d d e d  d r o p w i s e  a t  O'C. T h e  s o l u t i o n  was t h e n  n e u t r a l i z e d  w i t h  

s o l i d  NaHC03 a n d  e x t r a c t e d  w i t h  CHCI3  ( 5  t i m e s ,  1 0  m i  e a c h  t i m e ) .  T h e  c o m b i n e d  

e x t r a c t s  w e r e  w a s h e d  w i t h  H 2 0  a n d  d r i e d  o v e r  a n h y d . N a 2 S 0 4 .  T h e  o i l y  r e s i d u e ,  o b -  

t a i n e d  a f t e r  e v a p o r a t i o n  o f  CHC13 i n  v a c u o ,  s o l i d i f i e d  a f t e r  a d d i t i o n  o f  p e t r o l e u m  

e t h e r  ( 5  m l ) .  T h e  s o l i d  was f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  a  m i x t u r e  o f  CHC13 a n d  

MeOH t o  g i v e  - 1 0  i n  4 5 %  y i e l d ,  mp 2 4 3 - 2 4 s ° C ,  n m r  ( C D C l 3 / T M S )  6: 2 . 0 5  ( s ,  NMe),  2 . 9  

( d ,  NH%), 6 . 5  ( b r  s., NEMe),  8 . 2 8  ( s ) ,  8 . 3 3  ( s )  ( H 2 , H 5 ) .  A n a l .  C a l c d .  f o r  C8H9N50: 

C, 5 0 . 2 5 ;  H, 4 . 7 4 ;  N, 3 6 . 6 3 .  F o u n d :  C, 5 0 . 3 1 ;  H, 4 . 4 4 ;  N, 3 7 . 0 4 .  

4 - A m i n o - 2 - h y d r a z i n o p y r i m i d i n e - 5 - c a r b o h y d r a i d  ( 1 2 ) .  - A  m i x t u r e  o f  11 ( 5 0 0  m g )  a n d  

NH2NH2.HZ0 ( 8 0 % ,  4  m l )  i n  E tOH ( 5  m l )  was  r e f l u x e d  f o r  5  h .  T h e  p r e c i p i t a t e  was ,  

a f t e r  c o o l i n g ,  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  DMF a n d  EtOH t o  g i v e  11 i n  53% y i e l d ,  

mp 2 3 6 - 2 3 8 ' ~ ~  n m r  (DMSO-d6/TMS) 6 :  7 . 6 7  ( s ,  H 6 ) ,  8 . 6  ( b r  s ) ,  7 . 4  ( b r  s ) ,  6 . 9  ( b r  s ) ,  

3 . 9  ( b r  s ) ,  3.2 ( b r  s )  (NH, N H 2 ) .  A n a l . C a l c d . f o r  C5HgN70:  C, 3 2 . 7 9 ;  H, 4 . 9 1 ,  N, 53 .55 ;  

F o u n d :  C, 3 2 . 6 8 ;  H, 4 . 7 8 ;  N, 5 3 . 7 2 .  



5-Amino-6-ethoxycarbonyl-1,2,4-triazolo/4,3-/pyrimidine (13). - A mixture of 12 
(4 9) and HC(OEt)3 (24 ml was refluxed for 9 h. The crude product was filtered 

and continuously extracted with CHC13 for 2 4  h to give 13 in 44% yield, mp 174-176'~ 
(from a mixture of CHC13 and petroleum ether), mlz 207 (M+), nmr CDCl3lTMS) 6 : 1.33 

(t, CH2Me), 4.13 ( q ,  z 2 M e ) ,  7.67 (s, H7), 8.58 (s, H3)s J ~ ~ 2 ~ e  7.0 Hz. Anal.Calcd. 
for C8HgN502: C. 46.38; H, 4.35; N, 33.82. Found: C, 46.08; H, 4.14; N, 33.98. 

5-Amino-l,2,4-triazolo/4,3-~/pyrimidine-6-carbohydrazide (15). - To a suspension 
of 13 (3 g) in EtOH (10 ml) NH2NH2.H20 (80 % ,  6.7 ml) was added and the mixture 

was refluxed for 4 h. The product was, after cooling, filtered and purified by 

sublimation ( 1 1 0 ~ ~ ,  1 torr) to give 15 in 8% yield, mp 170-172'~. nmr (DMSO-d6/TMS) 

6 : 7.68 (s, H7), 7.70 (s, H3), 5.80 (br s, NH, N H 2 )  Anal.Calcd. for C6H7N70: 

C, 37.31; H, 3.63; N ,  50.78. Found: C, 37.51; H, 3.72; N, 51.01. 

5-Amino-6-azidocarbonyl-1,2,4-triazolo/4,3-/pyrimidine (16). - To a solution of 

15 (103 mg) in aqueous HC1 ( 1 1 ,  10 ml) a solution of NaN02 (69 mg) in H20 (2 ml) 

was added dropwise at O'C. The mixture was left for 30 min at OOC and then neutra- 

lized with solid NaHC03. The precipitate was filtered and washed with ice-cold H20 

to give 16 in 60% yield, mp 1 6 0 ~ ~  (decamp.), n m r  (DMSO-d6/TMS) 6 : 7.75 (s, H3, H7). 

An analytically pure sample could not be obtained since the compound is thermally 

unstable in solutions. 

5-Amino-6-(2-ethoxy)ethylidenecarbazoyl-1,2,4-triazolol4,3-a/pyrimidine (17). - A 

mixture of 12 (435 mg) and MeC(OEt)3 (4 ml) was refluxed for 9 h. The precipitate 

was, after cooling, filtered, washed with H20 and recrystallized from a mixture of 

CHC13 and MeOH to give in 65% yield, mp 1 4 3 - 1 4 6 O ~ ,  nmr (DMSO-d6/TMS) 6 : 1.25 

(t, CH2@), 2.0 (s, 3-Me), 2.45 (s, C-Me), 4,l ( q ,  CH2Me), 7.37 (br s, NH2), 8.75 

(s, H7), 10.55 (br s, NH). Anal.Calcd. for CllH15N702: N ,  35.36. Found N, 35.06. 

5-Amino-6-azidocarbonyl-3-methyl-1,2,4-triazolo/4,3-lpyrimidine (20). - A mixture 

of 11 (300 mg) in aqueous HC1 (1:118 1 was kept at room temperature for 3 h. A 

solution of NaN02 (200 mg) in H20 (3 ml) was added dropwise at O'C. The mixture 

was left in refrigerator for 12 h and the precipitate formed was filtered to give 

the crude 20 in 62% yield. The compound is unstable and was immediately converted 
into 6. 

5 - A m i n o - 6 - a z i d o c a r b o n y l t e t r a z o l o / 1 , 5 - ~ / p y r i m i d i n e  (21). - To a solution of 12 
(207 mg) in a mixture of aqueous HC1 (35%, 1.5 ml) and H20 (5 ml), a solution of 

NaN02 (173 mg) in H20 (2 ml) was added dropwise at O'C. The mixture was left at 
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O O C  f o r  1  h  a n d  t h e n  n e u t r a l i z e d  w i t h  s o l i d  NaHC03. T h e  p r e c i p i t a t e  was f i l t e r e d  

a n d  w a s h e d  w i t h  i c e - c o l d  H20 t o  g i v e  - 21 i n  5 6  % y i e l d ,  mp 3 0 0 ' ~  ( f r o m  E t O H ) ,  nmr 

(DMSO-d6/TMS) 6 : 8 . 0 3  ( s ,  H 7 )  A n a l .  C a l c d .  f o r  C5H3Ng0:  C, 2 9 . 2 7 ;  H, 1 . 4 6 ;  N, 

6 1 . 4 6 .  F o u n d :  C, 29.47;  H, 1 . 8 6 ;  N, 6 1 . 3 3 .  

1,2,4-Triar010/3,4-~/purin-7(8H)-one ( 2 5 ) .  - A  s o l u t i o n  o f  16 ( 2 1 3  mg) i n  t o l u e n e  

( 2 0  m i )  was r e f l u x e d  f o r  6  h .  T h e  p r e c i p i t a t e  was f i l t e r e d  a n d  t h e  c r u d e  p r o d u c t  

was r e c r y s t a l l i z e d  f r o m  a  m i x t u r e  o f  DMF a n d  H20 t o  g i v e  25 i n  65 % y i e l d ,  m p , 3 0 0 ~ ~ ,  

m / z  1 7 6  (M ' ) ,  nmr (DMSO-d6/TMS) 6 : 7 . 8  ( b r  s, N H ) ,  8 . 2  ( s ,  H I ) ,  8 . 7 2  ( s ,  H 5 )  A n a l .  

C a l c d .  f o r  C6H4N60:  C, 4 0 . 9 2 ;  H, 2 . 2 9 ;  N, 4 7 . 7 1 .  F o u n d :  C, 4 0 . 6 8 ;  H, 2 . 3 4 ;  N ,  4 8 . 0 2 .  

l-Methyl-l,2.4-triazol0/3,4-b/purin-7(8H)-one ( 2 6 ) .  - A  s u s p e n s i o n  o f  20 ( 1 0 0  mg) 

i n  t o l u e n e  ( 5  m l )  was r e f l u x e d  f o r  1 5  h .  T h e  p r e c i p i t a t e  was ,  a f t e r  c o o l i n g ,  f i l t e -  

r e d  a n d  r e c r y s t a l l i z e d  f r o m  a  m i x t u r e  o f  AcOH a n d  H20 t o  g i v e  i n  64% y i e l d ,  

mp,350°c, n m r  ( C F 3 C O O ~ / ~ ~ s )  6 :  2 . 7 7  ( s ,  M e ) ,  8.45 ( s ,  H 5 ) .  A n a 1 . C a l c d .  f o r  C7H6N60:  

C, 4 4 . 2 1 ;  H, 3 . 1 8 ;  N ,  4 4 . 1 9 .  F o u n d :  C, 4 4 . 1 9 ;  H, 3 . 3 3 ;  N, 4 4 . 0 0 .  

Tetrazol0/5,1-blpurin-7(8H)-one ( 2 7 ) .  - A s u s p e n s i o n  o f  21 ( 6 1 5  mg) i n  t o l u e n e  ( 5  m l )  

was r e f l u x e d  f o r  3  h .  The  p r e c i p i t a t e  was f i l t e r e d  t o  g i v e  i n  55 % y i e l d ,  rnp 

, 3 0 0 ~ ~  ( f r o m  a  m i x t u r e  o f  DMF a n d  MeOH), nmr (DMSO-d6/TMS) 6 : 4.0 ( b r  s ,  N H ) ,  8 . 3 7  

( s ,  H 5 ] ,  A n a 1 . C a l c d .  f o r  C5H3N70:  C ,  3 3 . 9 0 ;  H, 1 . 6 9 ;  N, 5 5 . 3 7 .  F o u n d :  C ,  3 3 . 7 3 ;  

H, 2 . 0 3 ;  N, 5 5 . 4 8 .  

1,6,8-Trimethyl-1,2,4-triazolo/3,4-b/purin-7(8H)-one ( 2 8 ) .  - To  a  s u s p e n s i o n  o f  26 
( 1 0 0  mg) i n  t o l u e n e  ( 4  m l ) ,  DMFDMA ( 1 0 0  mg) was a d d e d  a n d  t h e  m i x t u r e  was r e f l u x e d  

f o r  4  h .  T h e  p r e c i p i t a t e  w a r ,  a f t e r  c o o l i n g ,  f i l t e r e d  a n d  r e c r y s t a l l i z e d  f r o m  a  

m i x t u r e  o f  CHCI3  a n d  p e t r o l e u m  e t h e r  t o  g i v e  28 i n  4 4  % y i e l d ,  mp 2 8 5 - 2 9 0 ° c ,  mir 

2 1 8  (M' ) ,  n m r  (DMSO-d6/TMS, 1 2 5 ~ ~ )  6 : 2 . 5 3  ( s ,  M e ) ,  3 . 2 5  ( s ,  N6-Me, N8-Me) ,  8 . 2 6  

( 8 ,  H 5 j  A n a l . C a l c d .  f o r  C9H10N60:  C ,  4 9 . 5 4 ;  H, 4 . 6 2 ;  N, 3 8 . 5 1 .  F o u n d :  C ,  4 9 . 3 2 ;  

H, 4 .34 ;  N, 3 8 . 1 9 .  

H y d r o g e n - d e u t e r i u m  e x c h a n q e .  - To  a  s o l u t i o n  o f  13 ( 5 0  mg) i n  DMSO-d6 ( 0 . 7  m l ) ,  a  

1  
s o l u t i o n  o f  Na0D/D20 ( 1  M, 0 . 3  m l )  was a d d e d .  T h e  r e a c t i o n  was f o l l o w e d  by H n m r .  

A f t e r  3  h  a t  1 1 8 ~ ~  3 - H  was c o m p l e t e l y  e x c h a n g e d  w i t h  d e u t e r i u m .  
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