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NEW SYNTHETIC APPROACH FOR AZOLOPURINES AND ANALOGS 

* 
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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  - A  new s y n t h e t i c  approach  has been deve loped  f o r  t h e  

s y n t h e s i s  o f  some a z o l o p u r i n e s ,  i . e .  d e r i v a t i v e s  o f  1 , 2 , 4 - t r i -  

azolo(3.4-!)pur ine (3) and py r ro lo (2 .1 - ! )pu r ine  (z), and f o r  

some pyrazolo(3.4-2)pyrimidines ( ~ , l ~ ) .  

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

been i s o l a t e d  and i d e n t i f i e d .  From y e a s t  p h e n y l a l a n i n e  tRNA and o t h e r  s o u r c e s  t h e  

Y-base ( W y b u t i n e )  and s e v e r a l  r e l a t e d  compounds have been i s o l a t e d .  They a l l  

c o n t a i n  t h e  i m i d a z o ( l . 2 - * ) p u r i n e  s k e l e t o n .  The i s o m e r i c  i m i d a z o - ( 2 . 1 - i ) p u r i n e  

6 sys tem i s  formed f rom N  - ( b 2 - i s o p e n t e n y 1 ) a d e n i n e  9 '10 and a l s o  b y  r e a c t i o n  o f  v i n y l  

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

dehyde, w i t h  DNAs f rom v a r i o u s  s o u r c e s .  11 

Our r e c e n t  i n v e s t i g a t i o n s  i n  h e t e r o c y c l i c  a m i d i n e s  as  s y n t h o n s  f o r  b i -  and 

p o l y c y c l i c  h e t e r o c y c l i c  systems 12-19 p rompted  us t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  

o f  s y n t h e s i z i n g  some a z o l o p u r i n e s .  I n  t h e  f i r s t  app roach ,  t h e  a p p r o p r i a t e  p y r i -  

m i d i n e s  were used  as  s t a r t i n g  m a t e r i a l .  From 2,4,5-triaminopyrimidine and N,N-di- 

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

r e s p o n d i n g  t r i a m i d i n e  (1, R, Rl = Me2NCH=, R  = Me NCH-N) was o b t a i n e d .  The com- 2 2  

pound was p r e p a r e d  a l s o  w i t h  N,N-d imethy l formamide d i n e o p e n t y l  a c e t a l  i n  b o i l i n g  

N ,N-d ime thy l fo rmamide  i n  59% y i e l d  o r  i n  t h e  absence of  s o l v e n t  i n  11% y i e l d  

( 3  h  under  r e f l u x ) ,  mp 192-196 OC ( f r o m  e t h a n o l ) ;  m/e 290 (M+) .  T h i s  c o n t r a s t s  

t h e  e a s y ' i m i d a z o l e  r i n g  f o r m a t i o n  f rom t h e  c o r r e s p o n d i n g  o - d i a m i n o p y r i d i n e s  as 

d e s c r i b e d  e a r l i e r .  20  The above compound, when h e a t e d  i n  b o i l i n g  d i e t h y l e n e  

g l y c o l  underwen t  r i n g  c l o s u r e  t o  t i v e  t h e  c o r r e s p o n d i n g  p u r i n e  d e r i v a t i v e  

( 2 ,  R  = Me2NCH=N) i n  75% y i e l d ,  mp 299-302 OC ( f r o m  w a t e r ) ;  m/e 190 (M' ) .  The 
w- 

t r i a m i d i n e  i s  a l s o  e a s i l y  h y d r o l y z e d  i n  h o t  w a t e r  t o  t h e  t r i f o r m y l a m i n o  compound 



t m/e 209 (M . However,  2,4,5-triaminopyrimidine i s  e a s i l y  c y c l i z e d  t o  Z-amino-  

p u r i n e  ( 2 ,  R  = NH2) w i t h  d i e t h o x y m e t h y l  a c e t a t e  ( room t e m p e r a t u r e  f o r  6  h  and  - 
30 m i n  u n d e r  r e f l u x ,  y i e l d  61%) ,  mp 275-282 O C  ( l i t . ,  2 1  mp 277-278 '12); 

m/e 135 ( M + ) .  

I n  a  s i m i l a r  manner,  2 - c h l o r o - 4 . 5 - d i a m i n o p y r i m i d i n e  ( I  R  = R1 = H, *' 
R2 = C1) was t r a n s f o r m e d  w i t h  N ,N-d ime thy l f o rmamide  d i m e t h y l  a c e t a l  i n  h o t  N,N- 

d i m e t h y l f o r m a m i d e  t o  2 - d i m e t h y l a m i n o p u r i n e  (L, R = Me2N) i n  37% y i e l d ,  mp a b o u t  

260 OC ( d e c )  ( f r o m  t o l u e n e ) ;  m/e 163 ( M ~ ) .  A p p a r e n t l y ,  r i n g  c l o s u r e  was f o l l o w e d  

b y  d i s p l a c e m e n t  o f  t h e  2 - c h l o r i n e  a tom w i t h  d i m e t h y l a m i n e ,  f o rmed  d u r i n g  t h e  

r e a c t i o n .  On t h e  o t h e r  hand, 2 - c h l o r o - 4 , s - d i a m i n o p y r i m i d i n e  r e a c t e d  w i t h  d i -  

e t h o x y m e t h y l  a c e t a t e  i n  h o t  t r i e t h y l  o r t h o f o r m a t e  t o  g i v e  a f t e r  1  h  P - c h l o r o -  

p u r i n e  , R = C1) i n  64% y i e l d ,  mp 263-264 O C  ( d e c )  ( f r o m  t r i e t h y l  o r t h o f o r m a t e )  

( l i t . ,  2 2 ' 2 3  mp 231-234 O C  and t h e  p r o d u c t  was i d e n t i c a l  w i t h  a n  a u t h e n t i c  

spec imen) ;  m/e 154 ( M ~ ) .  

From 2 - c h l o r o p u r i n e  t h e  2 - h y d r a z i n o  d e r i v a t i v e  ( 2  R = NHNH2) was p r e p a r e d .  2 4  
C' 

When t r e a t e d  e i t h e r  w i t h  d i e t h o x y m e t h y l  a c e t a t e  o r ,  p r e f e r e n t i a l l y ,  w i t h  N,N- 

d i m e t h y l f o r m a m i d e  d i n e o p e n t y l  a c e t a l  i n  b o i l i n g  t o l u e n e  ( 6  h )  i t  a f f o r d e d  a  t r i -  

c y c l i c  p r o d u c t  ( 5 )  i n  56% y i e l d ,  mp > 280 O C  ( f r o m  w a t e r ;  m/e 160 ( M ~ ) .  The 

compound i s  h i g h l y  f l u o r e s c e n t  i n  uv  l i g h t .  To t h e  p r o d u c t  t h e  s t r u c t u r e  o f  a  

1.2.4-triazolo(3.4-2)purine (3 o r  1.2.4-triazolo(4,3-:)purine ( c o u l d  be 

a s s i g n e d .  The nmr s p e c t r u m  ( i n  DMSO-d6 a t  120 OC) r e v e a l e d  t h r e e  s i n g l e t s  a t  

6 9 .23 (HI) .  8.86 ( H 5 )  and  8.09 ( H 7 )  and  i s  c o m p a t i b l e  w i t h  t h e  a n g u l a r  s t r u c t u r e  

(9 .  I n  t h e  a l t e r n a t i v e  c a s e  one w o u l d  e x p e c t  a  v e r y  s i g n i f i c a n t  d o w n f i e l d  s h i f t  

f o r  H8 i n  % a s  o b s e r v e d  i n  t h e  case  o f  t h e  l i n e a r  t e t r a z o l o ( l . 5 - a ) p u r i n e .  2  5  
- 

We have  f u r t h e r  a t t e m p t e d  t o  p r e p a r e  a  f u s e d  t r i c y c l e  based  on a d e n i n e  b y  

r i n g  c l o s u r e  a t  N1. A d e n i n e  c o u l d  be t r a n s f o r m e d  w i t h  N , N - d i m e t h y l f o r m a m i d e  d i -  

n e o p e n t y l  a c e t a l  i n  b o i l i n g  N ,N-d ime thy l f o rmamide  ( 1  h )  t o  t h e  c o r r e s p o n d i n g  

6-N,N-dimethylaminomethyleneaminopurine (2. R = Me2NCH=N) i n  88% y i e l d ,  mp 

268-270 O C  ( f r o m  N ,N-d ime thy l f o rmamide  and  e t h y l  a c e t a t e ) ;  m/e 190  (M') and a 

nmr (DMSO-d6, 80  OC) t h r e e  s i n g l e t s  a t  8.81, 8.15 and 8.36, c o r r e s p o n d i n g  t p  H2, 

HE and CH-group. The u s e  o f  N ,N-d ime thy l f o rmamide  d i n e o p e n t y l  a c e t a l  i s  a d v a n t a -  

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

t i o n  a t  t h e  i m i d a z o l e  n i t r o g e n  as  e x p e r i e n c e d  w i t h  o t h e r  s t e r i c a l l y  n o t  h i n d e r e d  

a c e t a l s .  2 6  F u r t h e r  t r a n s f o r m a t i o n  w i t h  m e t h a n o l i c  h y d r o x y l a m i n e  h y d r o c h l o r i d e  
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a t  room t e m p e r a t u r e  a f f o r d e d  i m m e d i a t e l y  t h e  c o r r e s p o n d i n g  6 - h y d r o x y i m i n o m e t h y l e -  

neamino d e r i v a t i v e  (2,  R = HON-CHNH) i n  94% y i e l d ,  mp > 2 9 0 ~ ~ ;  m/e 178  ( M + )  and 

6 nmr (DMSO-d6, 145 OC) 8.29 ( s ,  Hz) .  8.13 and, 8.11 ( s ,  H8 and  CH). S e v e r a l  

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

w h i c h  we have s u c c e s s f u l l y  a p p l i e d  f o r  o t h e r  h e t e r o c y c l e s  "-18 f a i l e d .  W i t h  

a c e t i c  a n h y d r i d e  a t  room t e m p e r a t u r e ,  f o r  example ,  t h e  c o r r e s p o n d i n g  6 - a c e t y l -  

a m i n o p u r i n e  (2, R = MeCONH) was o b t a i n e d ,  mp > 290 O C  ( l i t . ,  2 7  mp > 260 OC);  

m/e 177 ( M + )  and 6 nmr (DMSO-d6) 8.52 ( s ,  H z ) ,  8.26 ( s ,  Ha) .  2.24 ( s ,  Me). 

I n  t h e  o t h e r  s y n t h e t i c  a p p r o a c h  we used a p p r o p r i a t e  i m i d a z o l e s  as s t a r t i n g  

m a t e r i a l .  E t h y l  4 - a m i n o i m i d a z o l e - 5 - c a r b o x y l a t e  (P, R = OEt)  when h e a t e d  w i t h  

2.5-diethoxytetrahydrofuran i n  g l a c i a l  a c e t i c  a c i d  f o r  1  h  a f f o r d e d  t h e  p y r r o l o  

d e r i v a t i v e  (3 R = OEt)  i n  21% y i e l d ,  mp 188-191 OC ( f r o m  n - h e p t a n e ) ;  m/e 205 

( M + )  and 6 nmr (CDC13, 50  OC) 7.19 ( s .  H Z ) .  7.47 (m, H z .  and H5.). 6.23 (m. H3, 

and Hq.). 4.80 ( q .  CH2). 1.33 ( t .  Me). The compound was t r a n s f o r m e d  w i t h  e t h a -  

n o l i c  h y d r a z i n e  h y d r a t e  ( 3 0  m i n  r e f l u x )  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  (L, 
R = NHNH2) i n  26% y i e l d ,  mp 215 O C ;  m/e 191 (M+) .  The h y d r a z i d e  was d i s s o l v e d  i n  

g l a c i a l  a c e t i c  a c i d  and t r e a t e d  a t  room t e m p e r a t u r e  w i t h  i s o a m y l  n i t r i t e .  The 

i n i t i a l l y  f o rmed  a c y l  a z i d e  was n o t  i s o l a t e d ,  b u t  i t  decomposed i n t o  p y r r o l o -  

( 2 . 1 - b ) p u r i n - 4 - o n e  ( i n  l o w  y i e l d  ( 9 % ) .  mp , 280 OC;  m/e 174  ( M + ) .  

On t h e  o t h e r  hand,  t h e  e s t e r  ( R = OEt)  when t r e a t e d  w i t h  100% h y d r a z i n e  

h y d r a t e  a t  room t e m p e r a t u r e  f o r  3  days  y i e l d e d  upon e v a p o r a t i o n  o f  t h e  s o l v e n t  

and  t r e a t m e n t  o f  t h e  r e s i d u e  w i t h  h o t  e t h y l  a c e t a t e  t h e  h y d r a z i d e  ( R = NHNH2) 

( i n s o l u b l e  i n  e t h y l  a c e t a t e )  i n  36% y ie . ld ,  mp 209-213 OC;  m/e 141  (MI). The 

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

d i e t h y l e n e  g l y c o l  d i m e t h y l  e t h e r  ( 2  h )  t o  g i v e  1 - a m i n o h y p o x a n t h i n e  ( R = vn2 
i n  39% y i e l d ,  mp > 310 OC ( f r o m  N ,N-d ime thy l f o rmamide  and t o l u e n e ) ;  m/e 151 (M+). 

A s o l u t i o n  o f  t h i s  compound i n  a c e t i c  a c i d  was t r e a t e d  w i t h  i s o a m y l  n i t r i t e  a t  

room t e m p e r a t u r e  ( 1 2  h )  a n d ' h y p o x a n t h i n e  (2, R = H)  was o b t a i n e d  i n  69% y i e l d ,  

mp > 310 O C  ( f r o m  EtOH) ( l i t . ,  mp > 350 OC);  m/e 136 ( M + ) .  The 

compound was i d e n t i c a l  i n  a l l  r e s p e c t s  w i t h  an a u t h e n t i c  spec imen .  T h i s  me thod  

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

The 2 - t h i o x o  a n a l o g  o f  h y p o x a n t h i n e  (s) c o u l d  be p r e p a r e d  i n  a  r e l a t i v e  

s i m p l e  manner b y  h e a t i n g  4 - a m i n o i m i d a z o l e - 5 - c a r b o x a m i d e  ( R = NH2) h y d r o c h l o -  

r i d e  i n  p y r i d i n e  and  i n  t h e  p r e s e n c e  o f  p h e n y l  i s o t h i o c y a n a t e  f o r  2  h.  The 
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s e p a r a t e d  p r o d u c t  was c r y s t a l l i z e d  f r o m  N , N ' - d i m e t h y l f o r m a m i d e  and  t o l u e n e  and  

had mp > 280 O C  ( y i e l d  7 6 % )  ( l i t . ,  mp 325-340 OC) .  The p r o d u c t  was i d e n t i c a l  

w i t h  an a u t h e n t i c  spec imen  p r e p a r e d  a c c o r d i n g  t o  r e f .  31. M/e 168 (M') and 6 nmr 

(DMSO-d6) 8.01 ( s .  H a )  From t h e  f i l t r a t e  N , N ' - d i p h e n y l t h i o u r e a  was i s o l a t e d .  

The above  me thod  r e p r e s e n t s  a  s i m p l e  way f o r  t h e  p r e p a r a t i o n  o f  t h e  above t h i o x o  

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

by  r i n g  c l o s u r e  o f  a m i n o i m i d a z o l e c a r b o x a m i d e s  a r e  w e l l  known. 32 

I n  a  s i m i l a r  manner  as  d e s c r i b e d  above ,  e t h y l  3 - a m i n o p y r a z o l e - 4 - c a r b o x y l a t e  

, R = R1=H) was t r a n s f o r m e d  w i t h  N ,N-d ime thy l f o rmamide  d i m e t h y l  a c e t a l  i n t o  

t h e  c o r r e s p o n d i n g  a m i d i n e  ( 1 1  RR,= =CHNME2) i n  55% y i e l d ,  mp 106 O C  ( f r o m  n-hep-  C' 
t a n e ) ;  m/e 210 (M+)  and 6 nmr (CDC13) 7 .87 ( s ,  H 5 ) ,  8.06 ( s ,  CH), 3.96 ( q ,  CH2),  

1 .22 ( t ,  C H 2 k ) ,  2.9 ( 5 ,  NMe2). Upon t r e a t m e n t  w i t h  h y d r a z i n e  h y d r a t e  a t  room 

t e m p e r a t u r e  ( 3  d a y s )  5 -aminopyrazo lo (3 ,4 - - r im id in -4 -one  (g, R  = NH2) was ob- 

t a i n e d  i n  73% y i e l d ,  mp 299-303 OC ( f r o m  w a t e r ) ;  m/e 151 (M'). D e a m i o a t i o n  w i t h  

i s o a m y l  n i t r i t e  o r  n i t r o u s  a c i d  a t  room t e m p e r a t u r e  a f f o r d e d  i n  76% y i e l d  a l l o p u -  

r i n o l  (z, R  = H) ,  mp > 315 O C  ( f r o m  w a t e r )  ( l i t . ,  33 mp 383-384 OC) ,  i d e n t i c a l  

w i t h  a n  a u t h e n t i c  spec imen;  34 m/e 136 (M+)  and  6 nmr (DMSO-d6) 7 .66 and  7 .54 

( s ,  H3 a n d  H6).  

A l s o  3 - a m i n o - 4 - c y a n o p y r a z o l e  (2, R  = R1 = H )  was e a s i l y  t r a n s f o r m e d  i n t o  

t h e  c o r r e s p o n d i n g  a m i d i n e  (2,  RR1 = =CHNMe2) i n  86% y i e l d .  The p r o d u c t  was f i r s t  

s u b l i m e d  a t  160 -170  OC/10 mm and  t h e n  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  benzene and  

n-hexane,  o r  f r om 1 ,2 -d ime thoxye thane ,  mp 168-170 O C ;  m/e 163 (M+)  and  6 nmr 

(DMSO-d6) 7 .71 and 7 .68  ( s ,  H5 and CH), 2.84 ( r ,  Me N ) .  T r e a t m e n t  o f  t h i s  compound 2 
w i t h  e t h a n o l i c  h y d r a z i n e  h y d r a t e  a t  room t e m p e r a t u r e  ( 3  s a y s )  a f f o r d e d  4 .5 -d iam ino -  

pyrazolo(3.4-<)pyrimidine (2) i n  60% y i e l d ,  mp 242-246 OC; i r  no  C O  o r  CN a b s o r p -  

t i o n ,  m/e 150 (M+) and  6 nmr (DMSO-d6) 7.61 and  7.06 ( s ,  H3 and H 6 ) .  S a t i s f a c t o r y  

a n a l y s e s  (C, H, N) we re  o b t a i n e d  f o r  a l l  compounds. 
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