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A NOVEL "RIXG-SWIICIIING" AMINATION: LONVEKSIOS OF 4-AYiNO-5-CYANOPYKIMIOINE TO 

4.6-DI!\MINO-5-CYANOWRIMIDISE 

Edward C. Taylor*. Ir'endell A. Ehrhart, Clivr 0 , s .  Tornlin, ;and Jang 5. Rampal 

Department o i  Chemistry, Princeton University, Princeton, New Jersey 08544, U . S . i \  

Abstract - 4 - i \ m i n o - 5 c y s n o p y r i m i d i n e  is "aminnred" to 4.6-diamioo-5- - 

cynnopyrimidine by a ring-switching process involving ring closure with 

formamidine acetate to 4-sminapyrimido(4.5-d)pyrimidine, - acidic hydrolysis 

to 4,6-diamin0pyrimidine-5-carbbbbldehyde, convers ion  of the latter t o  ics 

onirne and dehydration. 

Acid-catalyzed addition of water ( c o v a l e n t  hydration) across the 3,4-iminr bond in cerrnin 4- 

unsubititured pyrimidine and in a variety of 4-~msubsrituted condensed pyrimidines (pteridines, 

1 
quinnzolines, pyrimido(4,5-4)pyrimidines) is a well-established phenomenon . Acid-catalyzed 

hydration has been shown to be the first step in the of the 4-trnsnbstituced pyrimidine 

ring in these latter systems t o  give o-aminaaldchydes2'3. We describe in this briei n o t e  a novel 

synthetic cnplnitnrion of this ring cleavage reaction by means of which 4-,mino-5-cyanupyrimidinc 

(&) is converted into 4,6-diamino-5-cyanopyrimidinr (2). This  unusual transformation, whicli 

inuolvrs what appears t o  be the introduction of no amino gr,.tp a t  the 6-position of thc substrate 

is accomplished by the sequence of reactions outlined in the Scheme. Reaction of 1 with f o m -  

amidine ncetace  gives 4-aminopyrimido(4.5-djpyrimidine (F)4, which gives 4.6-diaminapyrimidine-5- 

carboxaldehyde ( 2 )  upon acidic cleavage o f  the 4-unsubscirutcd pyrimidine ring. The aldehyde 

3 is then converted directly to 4,6-diamino-5-cyanopyrimidine ( 2 )  by reaction with hydroxylnmine 
hydrochloride in ncecic acid containing anhydrous sodium acetate. The - o-aminonitrile functionality 

initially present in t has formed the pyrimidine ring of the product, while the original pyrimidine 
ring has became the 2-aminonitrile functionality in the product t .  By means a£ this "ring- 

reaction, 4 - a m i n o - 5 - ~ ~ a n o p y r i m i d i n e  should be readily converted into n series of 2- 

substituted 4 ,6 -d i amina -5 -cyanapyr imid ines  with apparent inrroducrion o f  both the 6-amino group 

5 
and the 2-substituent into the precursor 1 . 



EXPERIMENTAL 

4,6-Diaminoeyrimidine-5-carboxaldelryde ( 3 ) :  A  m i x t u r e  of 0 .50  g of 4-aminopyrimido(4.5-4)- 

p y r i m i d i n e  ( p r e p a r e d  f rom 4-amino-5-cyanopyrimidine by r e a c t i o n  w i t h  formamidine acetate as  

4  
p r e v i o u s l y  d e s c r i b e d  and 1 5  ml of 0 . 5  N HClwas  h e a t e d  under  r e f l u x  f o r  2  h .  The r e s u l t i n g  

c l e a r  s o l u t i o n  was coo led  and b a s i f i e d  by t h e  a d d i t i o n  of s o l i d  NaOH. The p r e c i p i t a t e  which 

s e p a r a t e d  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  w a t e r  and d r i e d  t o  g i v e  0 .33  g (72%) of 2 as 

a w h i t e  m i c r o c r y s t a l l i n e  powder, mp 2 5 3 ' ~  ( d e c . ) ;  i r  (KBr) 3400, 3340, 3160, 1665,  1630 m-'; '11 

nmr (DMSO-d6) S 7.79 ( b r  s ,  4  H),  7 .95 (s ,  1 H) ,  1 0 . 1 5  (s ,  1 H). Anal. Calcd f a r  C H N 0 .  
5 6 4 '  

C ,  43.46;  H ,  4 . 3 9 ;  N, 40.56.  Found: c .  43.72; H, 4.60; N, 40.52. 

4,6-Diamino~rimidine-5-caab0~aldehyde oxime ( 4 ) :  A m i x t u r e  of 0 .20  g  (1.45 -01) of 4 , 6 - d i m i n o -  

pyrimidine-5-carboxaldehyde,  0 .14  g  (1 .50  mmal) o f  hydroxylamine h y d r o c h l o r i d e ,  0 .11  g ( 1 . 3 5  m o l )  

o f  sodium a c e t a r e  and 9  ml of water  was h e a t e d  under  r e f l u n  f o r  1 h .  The r e s u l t i n g  s u s p e n s i o n  

was c o a l e d  t o  r.t.. f i l t e r e d  and t h e  c o l l e c t e d  s o l i d  washed w e l l  w i t h  w a t e r  fo l lowed  by e t h a n o l .  

C r y s t a l l i z a t i o n  from e t h a n o l  gave 0 . 1 5  g (69%) of k, mp 2 8 3 ' ~  ( d e c . ) ;  i r  ( K B r )  3430, 3380, 3210, 

1632 cm-l; 'H nmr (DMSO-d6) 6 6 . 9 8  (br  s ,  4  H), 7 . 8 3  ( s ,  1 H), 8 . 5 2  ( s ,  1 HI, 1 0 . 9 4  ( s ,  1 HI. 

Anal .  Calcd f o r  C5H7N50: C ,  39.20:  H, 4 .62 ;  N, 45.73.  Found: C .  39.02;  H, 4 .55 ;  N, 45.47.  
- 

4 , 6 - D i a m i n o - 5 - c y a n o ~ r i m i d i n e  ( 5 ) :  Method A .  A of  0.072 g  of  4.6-diaminopyrimidine-5- - 

~ ~ ~ b ~ ~ ~ l d ~ h y d e  onime ($,) and 5  m l  of a c e t i c  anhydride was h e a t e d  under  r e f l u n  f o r  14 h ,  and t h e n  

coo led  and evapora ted  under  reduced p r e s s u r e .  R e c r y s t a l l i z a t i o n  of t h e  r e s i d u a l  s o l i d  from 

w a t e r  gave  0 . 0 5  g (88%)  of 2 as a c o l o r l e s s  s o l i d ,  mp 3 4 5 ' ~  ( d e c . ) ;  i r  (KBr) 3440, 3400, 3340, 

3160, 2210, 1665 'H mr (DMSO-d ) 6 7.15 ( b r  s ,  4  H), 7 .95  (s ,  1 H); uv h::: nm ( l o g  e )  6 
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226 (4.601,  276 ( 3 . 6 2 ) .  

Method 8. A m i x t u r e  of 0.50 g  ( 3 . 3  mmol) O F  4,6-diaminopyrimidine-5-carbo)~aldeh~de, 0 .31  g  ( 4 . 5  

mmol) o f  hydroxylamine h y d r o c h l o r i d e  and 0 .43  g  ( 5 . 2  mmol) o f  anhydrous  sodium a c e t a t e  i n  25 m l  

a £  g l a c i a l  a c e t i c  a c i d  was hea ted  under  r e f l u r  o v e r n i g h t  and f i l t e r e d  h o t .  The f i l t r a t e  was 

coo led  and t h e  c o l o r l e s s  n e e d l e s  which s e p a r a t e d  were c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i z e d  

f rom w a t e r  t o  g i v e  0.16 g (63%) o f  2 ,  i d e n t i c a l  i n  every  r e s p e c t  w i t h  t h e  m a t e r i a l  p repared  

by Method A .  Anal. Calcd f o r  C5H5N5: C, 44.43; H ,  3 .74 ;  N ,  51 .83 .  Found: C ,  44.46;  H ,  3.78; 

N ,  51.90. 
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