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PHOTOREDUCTION OF PYRIMIDINE NUCLEOSIDES IN THE PRESENCE OF SULFITE ION 

I r r a d i a t i o n  of aqueous s o l u t i o n s  of u r i d i n e  and thymidine a t  

pH 9 wi th  2537 1 - l i g h t  i n  t h e  p resence  of  b i s u l f i t e  revea led  com- 

p l e t e  d i sappearance  o f  t h e  uv absorp t ion .  Hydrolysis  fal lowed by 

p u r i f i c a t i o n  on s i l i c a  g e l  column chromatography gave t h e  cor responding  

dihydropyrimidine b a s e s .  I n  t h i s  r e a c t i o n  of  thymidine 2-oxo-4- 

methoxy-5-methylhexahydropyrimidine was ob ta ined  i n  a d d i t i o n  t o  d i -  

hydrothymine. Excess b i s u l f i t e  was u n a f f e c t e d  t o  t h e  r e s u l t i n g  

dihydropyrimidine n u c l e u s .  

In t h e  photoreduc t ion  of  u r i d i n e  and thymidine t o  t h e  corresponding dihydro-  

d e r i v a t i v e s ,  i t  was found t h a t  s u l f i t e  im was s u f f i c i e n t l y  mild photochemical 

r e d u c t a n t  when t h e  i r r a d i a t i o n  was c a r r i e d  o u t  i n  aqueous s o l u t i o n s  of sodium 
1 

or  ammonium b i s u l f i t e  b u f f e r e d  a t  pH 9 .  Under n e u t r a l  o r  a c i d i c  c o n d i t i o n s ,  

however, no photoreduc t ion  was observed.  

- 3  
I n  a  t y p i c a l  s p e c t r o s c o p i c  run a  10 M b u f f e r e d  s o l u t i o n  (pH 9)  of pyrimidine 

n u c l e o s i d e  was i r r a d i a t e d  a t  ambient t empera ture  wi th  a  Hanovia low-pressure 

mercury lamp (No. 87A-45, i n t e n s i t y  of 4 .3  W a t  2537 A) i n  t h e  p resence  of t e n  

molar  e q u i v a l e n t s  o f  sodium o r  ammonium b i s u l f i t e .  Al iquots  were withdrawn a t  

i n t e r v a l s  and t h e  o p t i c a l  d e n s i t y  was measured a t  t h e  r e s p e c t i v e  a b s o r ~ t i o n  
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F ig .  1. Photoreduct ion of Ur id ine .  
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F i g .  2 .  Photoreduct ion of  Thymidine. 
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maximum. A s  shown i n  F ig .  1, u r i d i n e  r e v e a l e d  p r a c t i c a l l y  no photohydra t ion  a t  

pH 9 .  I n  f a c t ,  t h e  p h o t o r e a c t i o n  was i r r e v e r s i b l e  because o f  t h e  a b s o r p t i o n  could 

be unrecovered by h e a t i n g  of  t h e  r e a c t i o n  mix ture  a t  100" f o r  1  h r .  Likewise, 

thymidine l o s t  i ts  uv a b s o r p t i o n  t o  t h e  d e s i r e d  e x t e n t  when t h e  i r r a d i a t i o n  was 

c a r r i e d  out  i n  sodium b i s u l f i t e  s o l u t i o n  b u f f e r e d  a t  pH 9 o r  i n  sodium s u l f i t e  

aqueous unbuffered s o l u t i o n  ( F i g . .  2 ) .  

Pur ine  n u c l e o s i d e s  and c y t i d i n e  were completely u n a f f e c t e d  under  t h e s e  condi-  

t i o n s .  

I n  p r e p a r a t i o n ,  a  2 x lo- '  M of  thymidine was i r r a d i a t e d  wi th  500 W o f  a low- 

p r e s s u r e  mercury lamp ( i n t e n s i t y  o f  10 .5  W a t  2537 1) under  t h e  i d e n t i c a l  c o n d i t i o n s .  

I r r a d i a t i o n  f o r  60 min l e d  t o  98% disappearance  of  t h e  uv absorbance a t  267 nm. 

A f t e r  f i l t r a t i o n  through a  column of Amberl i te  IRC-50 (H' form) t h e  r e a c t i o n  mix ture  

was l y o p h i l i z e d .  The amorphous r e s i d u r e  showed two s p o t s  on t l c  whose one was 

i d e n t i c a l  w i t h  t h a t  of dihydrothyri idine.  Because of d i f f i c u l t y  o f  s e p a r a t i o n  t h e  

mix ture  was hydrolyzed w i t h  0 . 1  N h y d r o c h l o r i c  a c i d ,  and t h e  r e a c t i o n  mixture 

was chromatographed over  a  s i l i c a  g e l  column t o  a f f o r d  dihydrothymine and 2-0x0- 

4-methoxy-5-methylhexahydropyrimidine2, mp 173'. S i m i l a r l y ,  u r i d i n e  was i r r a d i a t e d  

u n t i l  95% d isappearance  o f  t h e  uv absorbance a t  262 nm under  t h e  same c o n d i t i o n s  

fol lowed by h y d r o l y s i s  of t h e  p h o t o l y z a t e  t o  g ive  d i h y d r o u r a c i l  a s  a main produc t .  

3-9 
I n  t h e  p a s t  few y e a r s ,  a  number of workers have observed t h a t  b i s u l t i t e  

i o n  i n  moderate c o n c e n t r a t i o n s  added a c r o s s  t h e  5,6-double bond of  c y t i d i n e  and 

u r i d i n e .  On t h e  c o n t r a r y ,  i n  t h e s e  exper imenta l  c o n d i t i o n s  b i s u l f i t e  e x h i b i t e d  

no obserbab le  a d d i t i o n  t o  t h e  5.6-double bond of  pyr imid ine  n u c l e o s i d e s  dur ing  8 

h r  i n  t h e  dark.  , 
One of  t h e  p r i n c i p a l  advantages o f  t h i s  photoreduc t ion  i s  t h a t  r e a g e n t s  show 



t h e  s e l e c t i v e  photoreduc t ion  on t h e  5,6-double bond of u r i d i n e  o r  thymidine 

without  a f f e c t i n g  b a s e - s e n s i t i v e  dihydropyrimidine nucleus 2'10311 formed. 

Appl ica t ions  of t h i s  method t o  po lynuc leo t ides  a r e  now under  i n v e s t i g a t i o n .  
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