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Pter~dlne or theophylllne derivatives were obtamed from 

the reactzon of S c h l f f  bases of 5,6-d1amino-1,3-dimethyluraaal 

with HgClz in dimethylsulfoxide via radlcal or ionlc mechanisms 

whlch were confirmed by the stud~es of time dependent ESR and 

NMR spectra. These reactions are useful for the preparation of 

nucleoside analogs. 

In relat~on to synthet~c studles of nucleoside analogs, cycllzatlon of 

Schiff bases of 5,6-diam~no-1,3.d1methy1~11111 with aldehydic sugars in the 

presence of NBS or DDQ afforded theophyll~ne C-nucleoside or pter~dine C-nuc- 

leoside analogs, r e ~ p e c t i v e l ~ . ~  Karrer & s. .4  Angier & a. , 5  and Baugh & 

have been reported a reaction of diaminopyrimidine and (2)-glyceraldehyde - 

to form pterid~ne derivatives wlthout proof of the intermediate. 

The nucleaslde bind~ng metal ions are of prime biological importance and 

NMR studies on the bxnding have been reported by Li aS.7 and Shimokawa & 

Recently, w e  reported the interactions of HgC12 and CdC12 w ~ t h  several - 
naturally occurring nucleosides by means of NMR studies. 

9 

In thls report we would like to show the formation of pter~dlne or theo- 

phylline derivatives under mild condltians, from the reactions of Schiff bases 



and HgClz I n  DMSO. I n  t h e  c o u r s e  o f  t h e  r e a c t l o n s ,  s e p a r a t i o n  of m e t a l l i c  

mercury  was o b s e r v e d  accompanied w i t h  p t e r i d i n e  o r  t h e o p h y l l l n e  d e r l v a t l v e s .  

S c h l f f  b a s e s  u s e d  i n  t h i s  s t u d y  were p r e p a r e d  from d l a m l n e s  ( 5 , h - d i a m i n o - l , 3 -  

d i m e t h y l u r a c l l  and d i a m i n o m a l e o r n t r ~ l e  ( D A M N ) )  and a l d e h y d e s  ( I ) - g l u c o s e ,  g- 
. . 

a r a b i n o s e ,  4 - a r a b ~ n o s e ,  ( A ) - g l y c e r a l d e h y d e ,  g l y c o l a l d e h y d e ,  and b e n z a l d e h y d e )  

i n  methanol  w ~ t h  ~ n t r o d u c i n g  n i t r o g e n .  The r e a c t l o n s  o f  S c h i f f  b a s e s  w l t h  HgCl2 

i n  DMSO were s t u d l e d  by means o f  t h e  t i m e  d e p e n d e n t  NMR a n d  ESR s p e c t r a .  

I n  a t y p i c a l  experiment, S c h i f f  base o f  5,6-diamino-1.3-dlmethylurscil 

wzth  !-glucose ( l a )  was t r e a t e d  w i t h  a n  equivalent of  HgCl2 i n  DMSO a t  room 
- 

t e m p e r a t u r e  t o  y i e l d  a ~ y r i m i d ~ ~ t e r l d l n e  ( 2 ) 1 °  q u a n t ~ t a t l v e l y  w i t h  separation 

o f  m e t a l l i c  mercury .  The r e a c t i o n  mechanism s u g g e s t s  t h e  f o r m a t z o n  of  a b i -  

r a d i c a l  l n t e r m e d ~ a t e  a s  shown i n  C h a r t  1. 

M ~ . N V = ~ H ( C H O H ) ~  . 4  o Hgcl o 
d ~ H ~ O H  Hgc17,[M: 

I ] -Hg(rJ) 0  N NH2 
I 
Me a:: -HC1 o I 

Me H Me Me 
l a , b , c  - N ,  

3 a , b , c  4 a , b , c  

a ;  S c h i f f  ba se  o f  Q-g lucose  

b ;  S c h i f f  base  of p - a r ab inose  

c ;  S c h i f f  base  o f  L -a r ab inose  

Chart  1 

T h l s  was e s t i m a t e d  b y  t h e  t i m e  d e p e n d e n t  ESR s p e c t r a .  Two s l g n a l s  were 

o b s e r v e d ,  a n d  t h e  b r o a d  s x g n a l  i n c r e a s e d  g r a d u a l l y  a n d  a n o t h e r  s i g n a l  d e c r e a s e d  

as shown i n  F i g u r e  1. Y l e l d l n g  of  p y r i m i d o p t e r l d l n e  (2) was i n  p r o p o r t i o n  t o  t h e  

d e c r e a s e d  s i g n a l  whlch estimated t h e  i n t e r m e d i a t e  ( A ) .  p a t i a d i l l  r e p o r t e d  a 

s i m i l a r  r a d l c a l  s t r u c t u r e  f rom o s a z o n e s  w i t h  p o t a s s i u m  t e r t - b u t o x i d e  i n  DMSO by 

u s ~ n g  ESR s p e c t r a .  
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The reaction of acetates (Ja,b.?) gave theophylllne nucleoslde analogs 

(4a,b,c) in 35.40% yields under the same reactlon conditions, but radical peaks 

could not be observed under s ~ m l l a r  conditions in the ESR spectra. The struc- 

tures of 4 a , b , c  agreed wlth the t h e o ~ h y l l l n e  nucleoslde analogs which were 

obtained by the reaction of Schlff base acetates wlth NBS. 
3 

Chart  2 



3 min 

2 8  min 

Schlff base of 5.6-diam~no-l,3-d1methylurac11 w ~ t h  (2)-glyceraldehyde (5) 

was treated wlth HgClz under the same conditions to afford 1,3.7-tr~methyl- 

pter~dine-2,4-dione (6)12 (63% yield) and 15% of bis-theophylline derivative 

(7).13 The intermediate (8) was determ~ned by the time dependent NMR spectra. 

Methylene protons at 7-positzon were estimated at 4.73 ppm (singlet), and methyl 

protons at 7-position of 6 were estimated at 2.45 ppm. (Chart 2) 

A similar react~on occurred when Schiff base of DAMN with (5)-glyceralde- 

hyde (8) was treated with HgClz under the same conditions, and 2.3-dicyano-5- 

methylpyrazlne ( 9 )  was obtained in 65% yield via lonlc mechnninm from the ESR 

spectra by using the spin trapplng reagents. The react~on of Schiff base of 5,6- 

d1am1no-l,3-dimethyluracil wlth glycolaldehyde (10) under the same conditions 

formed 1.3-dimethylpteridine-2,4-d10nn (11) l4 in 62% yleld. 

schirf base of 5,6-diamino-1,3.d1methyluracil with henzaldehyde (121 was 

treated in a simllar manner, the reaction proceeded under an ionic mechanism 

(from ESR spectra by uslng the spin trapping reasents) and 8-phenyltheophylline 

(13)15 was obtained quantitat~vely. 
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