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ON THE MECHANISM OF THE ONE-POT CONVERSION OF 4-CARBOMETHOXY-5-HYDROXYIMIDAZOLES 

INTO 5-AMINO-4-CARBAMOYLIMIDAZOLES 
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Abstract-A mechanism i s  p roposed  £ o r  t h e  one-pot  c o n v e r s i o n  o f  4 -ca rbomthoxy-  - 
5-hydroxy imidaro les  i n t o  t h e  c o r r e s p o n d i n g  5-amino-4-carbamoylimidazoles. 

We have r e c e n t l y  r e p o r t e d 1  t h e  s y n t h e s i s  and p r o p e r t i e s  o f  s e v e r a l  ammonium s a l t s  o f  I - s u b s t i t u t e d  

4-carbomrhaxy-5-hydroxyimidaz01es ( I ;  R=H or  a l k y l ,  R'-OMe, M=RNH3) which b e a r  s i g n i f i c a n c e  a s  

m e t a b o l i t e s  i n  t h e  b i o l o g i c a l  d e g r a d a t i o n  of  x a n r h i n e  t o  N-(iminomethyl)glycine2'3 a n d  a s  ana logues  

o f  t h e  n a t u r a l l y  o c c u r r i n g  p o t e n t  a n t i v i r a l  n u c l e a s i d e ,  b r e d i n i n  (i; R=B-g-r ibofuranosyl .  R1=NH2, - 
M = H ) . *  We have a l s o  r e p o r t e d '  t h e i r  one-pot  c o n v e r s i o n  i n t o  5 -amino-4-ca rbamyl imidazo les  ( 2 )  

which are  impor tan t  as p r e c u r s o r s  t o  t h e  u b i q u i t o u s  n a t u r a l  p r o d u c t s  n a n t h i n e ,  guan ine ,  hypa- 

n a n t h i n e  and t h e i r  d e r i v a t i v e s .  We now wish t o  p ropose  a mechanism f o r  t h i s  c o n v e r s i o n  based on 

t h e  g a t h e r e d  e x p e r i m e n t a l  e v i d e n c e .  The key  r e a g e n t  i n  t h i s  t r a n s f o r m a t i o n  i s  phenylphosphonic  

d i c h l a r i d e  and t h e  r ep resen ta t ive  convers ions  t h a t  were c a r r i e d  o u t  a r e  from &(R=CH2Ph, RS=OMe 

and H=PhCH2NH3) co &(R=R"=CH2Ph) and from G(R=CH3, R1=OMe and M=CH3NH3) t o  s ( R = C H 3 ,  R"=CH2Ph). 

Thus,  t h e  r e a c t i o n  o f  or  ( 1  r n i l l i e q u i v . )  w i t h  pheny lphosphon ic  d i c h l o r i d e  (1-2 m i l l i e q u i v . )  

i n  p y r i d i n e  ( 5  mL) a t  115-130°C under  N 2  f o r  15-20 m i n u t e s ,  fo l lowed  by t rea tment  o f  t h e  r e s u l t a n t  

dark brown s o l u t i o n  w i t h  benzylamine gave & and ZJ, r e s p e c t i v e l y .  

An a t t e m p t  t o  e l u c i d a t e  t h e  mechanism of  t h e  above c o n v e r s i o n  l e d  t o  t h e  f o l l o w i n g  o b s e r v a t i o n s :  

(a )  The r e a c t i o n  o f  la w i t h  p r imary  m i n e s ,  w i t h o u t  t h e  use  o f  PhP(0)C12,  r e s u l t e d  i n  t h e  recovery  

o f  t h e  s t a r t i n g  m a t e r i a l s  d e s p i t e  employ ing  v i g o r o u s  r e a c t i o n  c o n d i t i o n s ,  = h e a t i n g  a t  160-180°C 



i n  a s t a i n l e s s  s t e e l  bomb, ( b )  r e p l a c i n g  P h p ( 0 ) c l 2  wi th  POC1) ~ i e l d e d  an i n t r a c t a b l e  mix ture  o f  

p r o d u c t s ,  ( c )  o n l y  one e q u i v a l e n t  oE t h e  r e a g e n t  need be employed f o r  t h e  r e a c t i o n  to  proceed 

a l t h o u g h  an e q u i v a l e n t  i n  e x c e s s  had no a d v e r s e  e f f e c t  on t h e  p roduc t  y i e l d ,  ( d l  a b r i e f  p r e h e a t i n g  

o f  2 w i t h  PhP(0)C12 i n  p y r i d i n e  a t  115-130°C, b e f o r e  t h e  a d d i t i o n  o f  beneylamine,  was c r u c i a l  a s  

t h e  s imple  mixing and h e a t i n g  o f  a l l  t h e  r e a c t a n t s  t o g e t h e r  p r o v i d e d  o n l y  t h e  p roduc t  o f  rhe  l a t t e r  

two r e a c t a n t s ,  & phenylphosphonic di@-benryl)amide (2) [PhP(0)(NHCH2Ph)21! (e) s e p a r a t e  

r e a c t i o n s  o f  1 w i t h  &, under  a v a r i e t y  o f  e x p e r i m e n t a l  c o n d i t i o n s ,  f a i l e d  t o  produce & i n d i c a t i n g  

t h a t  - 3  i s  not  an i n t e r m e d i a t e  i n  t h e  above c o n v e r g i a n ,  ( f )  t h e  r e a c t i o n s  o f  s a l t s  (M=RNH~, R ' = o M ~ )  

w i t h  PhP(O)C12/pyr id ine ,  fo l lowed  by aqueous work-up a f f o r d e d  t h e  c o r r e s p o n d i n g  p a r e n t  hydrony 

compounds (M=H, R'-OMe), ( g )  t h e  c o n v e r s i o n  from 1 t o  2 cou ld  a l s o  be e f f e c t e d  by u s i n g  t h e  above 

p a r e n t  compounds, i n  comparable y i e l d s .  

Based on  the above o b s e r v a t i o n s ,  we propose t h e  f o l l o w i n g  m c h a n i s m  f o r  t h e  t i t l e  convers ion  ( see  

Scheme I ) :  The n u c l e o p h i l i c  d i s p l a c e m e n t  o f  o r  5 on  PhP(0)C12 y i e l d s  t h e  i n t e r m e d i a t e  4 which 

upon r e a c t i o n  w i t h  excess pr imary  amine decomposes i n t o  t h e  amino-imidate  6. Subsequent  aqueous 

work-up y i e l d s  t h e  f i n a l  amino-amide 2. H y d r o l y s i s  o f  4 s i m i l a r l y  y i e l d s  t h e  p a r e n t  hydrony- 

ester compounds. 

S ince  P ~ P ( O ) C I ~  h a s  been employed t o  r e p l a c e  a hydronyl  group by a c h l o r i n e  atom i n  n i t r o p n  

h e r e r ~ c y c l e s , ~  an a l t e r n a t i v e  mechanism i n v o l v i n g  l -benzy l -5 -ch loro-4-ca rb00 thox~imidazo le  (1) as 

Scheme I 



HETEROCYCLES, Yo1 23, No. 9, 1985 

an i n t e r m e d i a t e  was a l s o  c o n s i d e r e d .  T h e r e f o r e ,  compound 1 was p r e p a r e d  (Scheme 11)' a n d  sub- 

j e c t e d  t o  r e a c t i o n  w i t h  benzylamine a t  r e f l u x  ( b . p .  185OC) for s e v e r a l  h o u r s .  

Scheme I I 

However, t h e  o n l y  p roduc t  t h a t  f o r m d  i n  t h i s  r e a c t i o n  was I-benzyl-4-(y-benryl)carbamoyl-5-chloro- 

imidazo le  ( 8 )  Imp 137-138%; I H  NMR (Me2SO-$dl 6 4 . 3 8  ( d ,  L C H 2 , ~ ~  = 6 . 4  Hz, 2 ,  s i d e - c h a i n  CH2), 

5 .26  ( s ,  2 ,  r i n g  CH2), 7 .4-7.27 (m, 10,  two P h ) ,  8 . 0 5  ( s ,  1 ,  imidazo le  CHI, 8 . 5  ( t ,  hH,CH2 = 

6 . 4  Hz, 1, NH, exchangeab le  w i t h  D20);  m.' C,H,NI. A  s e p a r a t e  r e a c t i o n  o f  8 w i t h  benzylamine 

f a i l e d  t o  produce & even a f t e r  14 h o u r s  a t  r e f l u x .  

The t i t l e  c o n v e r s i o n  c o n s t i t u t e s  a f a c i l e  g e n e r a l  p rocedure  f o r  t h e  p r e p a r a t i o n  of  v a r i o u s  l-sub- 

s t i t u t e d  5 - ( ~ - s u b s t i t u e e d ) a m i n o - 4 - ( ~ - s u b s t i t u t e d ) i m i d a r o l e  carboxamides which are  t h e  ana logues  

o f  t h e  & p u r i n e  b i o s y n t h e t i c  p r e c u r s o r  AICAR: aminoimidazolecarbonamide r i b o t i d e  (z; R.1-k- 

D-ribofuranosyl-5'-phosphate, R9=H). '  The r e a c t i o n  a l s o  c a r r i e s  b road  i m p l i c a t i o n s  o f  v e r s a t i l i t y  - - 

t o  o t h e r  h e t e r o c y c l i c  sys tems  b e a r i n g  v i n y l o g o u s  h y d r o x y - e s t e r  f u n c t i o n s .  
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