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A F a c i l e  Synthesis o f  4'-[2H]-Uridine and I t s  D e r i v a t i v e s  

Sudhi r  Ajmera, Steven Massof, and John W. Kozar ich '  

Department of Pharmacology and Developmental Therapeut ics  Program, 

Comprehensive Cancer Center,  Yale U n i v e r s i t y  School o f  Medicine, 

New Haven, Connec t i cu t  06510 U.S.A. 

A f a c i l e  method f o r  t h e  i n t r o d u c t i o n  o f  deuter ium a t  t h e  C4i p o s i t i o n  o f  
u r i d i n e  and i t s  d e r i v a t i v e s  i n v o l v e s  t h e  r e a c t i o n  o f  a p p r o p r i a t e l y  p r o t e c t e d  
4 '  ,5 ' -unsaturated p y r i m i d i n e  nuc leos ides  w i t h  82D6s fo l l owed  by hydrogen 
pe rox ide  o x i d a t i o n  under a l k a l i n e  c o n d i t i o n s .  The method desc r ibed  h e r e i n  i s  
a l s o  adaptable t o  t h e  i n t r o d u c t i o n  o f  t r i t i u m  a t  CqI p o s i t i o n  o f  p y r i m i d i n e  
nuc leos ides  f o r  use i n  mechan is t i c  s t u d i e s  o f  DNA-degrading drugs. 
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INTRODUCTION 

Recent s t u d i e s  from our 1 abo ra to ry  and o t h e r s  have demonstrated t h a t  t h e  

a n t i t u m o r  a n t i b i o t i c  b leomycin degrades DNA i n  t h e  presence o f  meta l  i ons ,  

such as Fe+2, and oxygen y i e l d i n g  t h e  f o u r  n u c l e i c  a c i d  bases and base 

propenals2-6.  Furthermore. our  exper iments u s i n g  poly(dA-dU),  s p e c i f i c a l l y  

t r i t i a t e d  a t  t h e  4 I - p o s i t i o n  o f  t h e  deoxyr ibose o f  t h e  2 ' -deoxyu r id ine  have 

e s t a b l i s h e d  t h a t  t h e  r a t e  de te rm in iny  s tep  i n  t h e  f o r m a t i o n  o f  base and base 

propenal  i s  t h e  r a d i c a l  a b s t r a c t i o n  o f  t h e  hydrogen atom f rom t h e  4 ' -  

carbon4m5. The p o l y  CdA-(4'-3H)dU] was syn thes i zed  from [4 ' -3H]-2 ' -  

deoxyur id ine-5 ' - t r iphosphate  and t h e  syn thes i s  o f  t h e  l a t t e r  r e q u i r e d  a number 

o f  enzymat ic and chemical  steps4. I n  o r d e r  t o  f u r t h e r  e l u c i d a t e  t h e  mechanism 

of b leomycin as w e l l  as o t h e r  DNA- in te rac t i ng  molecules which may generate 
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r a d i c a l  spec ies  d t  C41 p o s i t i o n ,  we have i n v e s t i g a t e d  approaches t o  t h e  

chen ica l  s y n t h e s i s  o f  C 4 '  - l a b e l e d  nuc leos ides .  The p resen t  communicat ion 

desc r ibes  t h e  s y n t h e s i s  o f  4 ' -deu te r ium l a b e l e d  u r i d i n e  and i t s  d e r i v a t i v e s .  

RESULTS AND DISCUSSION 

Based upon t h e  work o f  M o f f a t t  and c o - ~ o r k e r s , ~  a v e r s a t i l e  method f o r  

t h e  i n t r o d u c t i o n  o f  d s u b s t i t u e n t  a t  t h e  C41 p o s i t i o n  o f  a n u c l e o s i d e  i n v o l v e s  

an o l e f i n i c  a d d i t i o n  r e a c t i o n  t o  t h e  a p p r o p r i a t e l y  p r o t e c t e d  4 '  ,5 ' -  

unsa tu ra ted  nuc leos ide .  Moreover, t h e  appl  i c a b i  1 i t y  o f  h y d r o b o r a t i o n -  

o x i d a t i o n  i n  ca rbohydra te  c h e r n i ~ t r y ~ * ~  suggested a method f o r  l a b e l i n g  t h e  C41 

p o s i t i o n  o f  p y r i n i d i n e  nuc leos ide .  Acco rd ing l y ,  we have i n v e s t i g a t e d  t h e  

h y d r o b o r a t i o n - o x i d a t i o n  r e a c t i o n  o f  t h e  4 '  ,5 ' -unsatura ted  p y r i m i d i n e  

nuc leos ides l1D l2  under a v a r i e t y  o f  c o n d i t i o n s .  I n  most cases, t h i s  p rocedure  

r e s u l t s  i n  t h e  f o r m a t i o n  o f  a m i x t u r e  o f  two i s o m e r i c  4 I - d e u t e r a t e d  p y r i m i d i n e  

nuc leos ides  i n  -7096 y i e l d .  Gradual a d d i t i o n  o f  a 1M s o l u t i o n  o f  B2D6 i n  

t e t r a h y d r o f u r a n  a t  -4O"C, f o l l o w e d  by a1 k a l  i n e  hydrogen pe rox ide  o x i d a t i o n  a t  

rooin tempera ture  l e d  t o  t h e  f o r m a t i o n  o f  a 3 -D- r i bo fu ranosy l  and an o + -  

l y x o f u r a n o s y l  isomer o f  4 ' - d e u t e r a t e d  p y r i m i d i n e  nuc leos ides  i n  a 1:3 r a t i o .  

The two i s o n e r s  were separa ted  by p r e p a r a t i v e  t h i n  l a y e r  chromatoyraphy. The 

NMR s p e c t r a  o f  t h e  f a s t  moving components showed an absence o f  C41 p r o t o n  i n  

t h e  r e g i o n  6 3.9-4.2 ppin and t h e  d isappearance o f  J31 , 4 ~  and J41 , 5 ~  

coup l i ng .  The s p e c t r a  were i d e n t i c a l ,  i n  a l l  o t h e r  respec ts ,  w i t h  t h a t  o f  t h e  

co r respond ing  4' ( p r o t i o )  p y r i m i d i n e  nuc leos ides .  These o b s e r v a t i o n s  have l e d  

US t o  i d e n t i f y  IIIa-c as t h e  6 -D- r i bo fu ranosy l  isomer o f  4 ' - d e u t e r a t e d  

p y r i m i d i n e  nuc leos ides .  The y i e l d  of  IIIa-c was -20%. An a n a l y s i s  o f  t h e  NMR 

s p e c t r a  and mass s p e c t r a  i n d i c a t e d  98% deu te r ium l a b e l i n g  a t  C41 p o s i t i o n .  

The NtIR spec t ra  o f  t h e  s low moviny components a l s o  showed t h e  absence o f  C4 ,  

p r o t o n  i n  t h e  r e g i o n  6 4.37-4.56 ppm and t h e  d isappearance o f  J31 ,41  and 

J41 ,51  c o u p l i n g .  I n  o r d e r  t o  c o n f i n n  Va-c as t h e  a-L-Lyxofuranosy l  i somer  o f  

4 ' - d e u t e r a t e d  p y r i m i d i n e  nuc leos ides ,  we syn thes i zed  4 ' ( p r o t i o ) + - ~ -  
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1yXOfUranOSyl p y r i m i d i n e  nuc leos ides  by t r e a t i n g  4' , 5 ' -unsa tu ra ted  

pyrimidine11s12 nuc leos ides  w i t h  IM s o l u t i o n  o f  B ~ H ~  i n  t e t r a h y d r o f u r a n ,  

f o l l owed  by a l k a l i n e  hydrogen pe rox ide  o x i d a t i o n ,  and usual  workup. An 

examina t ion  o f  t h e  t a b l e  shows t h a t  t h e  C 4 1 ,  p r o t o n  i n  t h e  0 -D- r i bo fu ranosy l  

i somers  ( I I a - c )  i s  a t  a h i y h e r  f i e l d  t h a n  i n  t h e  co r respond iny  l y x o f u r a n o s y l  

i somers  ( IVa-c).  F u r t h e r ,  i n  6 -0 - r i bo fu ranosy l  isomers,  t h e  J 3 i  , 4 ~  c o u p l i n g  

i s  l e s s  t h a n  0.5 Hz w h i l e  i n  t h e  a - L - l y x o f u r a n o s y l  isomers,  i t  i s  2-2.5 Hz. 

These o b s e r v a t i o n s  a r e  i n  agreement w i t h  t h e  r e p o r t e d  va lues  f o r  a-L- 

rhamnoside  derivative^.^ and thus ,  l e a d  us t o  ass ign  Va-c as a -L - l yxo fu ranosy l  

i somers  ( y i e l d  -50%). Thus, t h e  h y d r o b o r a t i o n - o x i d a t i o n  r e a c t i o n  o f  an 

unsa tu ra ted  nuc leos ide  a l l o w s  q u a n t a t i v e  i n t r o d u c t i o n  o f  deu te r ium l a b e l  i n y  a t  

C4, p o s i t i o n  o f  t h e  u r i d i n e  and i t s  d e r i v a t i v e s .  The techn ique  shou ld  be  

adap tab le  f o r  t r i t i u m  l a b e l i n g  a t  t h e  C41 p o s i t i o n  o f  t h e  p y r i m i d i n e  

nuc leos ides  f o r  t h e  e l u c i d a t i o n  of t h e  mechanism o f  b leomyc in  as we 1 as o t h e r  

DNA-i n t e r a c t i  ng molecu les .  

M T E R I A L S  AND METHODS 

Th in  l a y e r  chromatography was per fo rmed on K i e s e l y e l  F 60254 (Merck) i n  

ch1oroform:methanol  ( 9 : l ) .  Pro ton  magnet ic  resonance s p e c t r a  were ob ta ined  

u s i n g  e i t h e r  a BrUker W M  400 o r  BrUker 500 ttHz spec t rometer .  Sodium 

b o r o d e u t e r i d e  (99 atom % D) was ob ta ined  f rom Merck, Sharp and Dohne. The 

e lementa l  a n a l y s i s  (C,H,N) were w i t h i n  f 0.4% o f  t h e  t h e o r e t i c a l  values. The 

p u r i t y  o f  t h e  compounds was checked by HPLC u s i n g  10% methanol i n  water .  

GENERAL PROCEDURE 

To a s t i r r e d  s o l u t i o n  o f  4 '  ,5 ' -unsatura ted  pyrimidinel"sll n i i c l e o s i d e  

( l a - c )  ( 5  m o l )  i n  anhydrous t e t r a h y d r o f u r a n  ( 1 5  m l )  a t  -40°C i n  an a tnosphere  

o f  d r y  n i t r o g e n  was added 1 M s o l u t i o n  o f  B2D6 i n  t e t r a h y d r o f u r a n l '  ( 4  nl) 

dropwise  over  30 n i n .  The s o l u t i o n  was s t i r r e d  a t  t h i s  tempera tu re  f o r  1 h r  

and t h e  m i x t u r e  was a l l owed  t o  warn a t  room t e n p e r a t u r e .  The excess o f  H2D6 
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was decomposed by dropwise  a d d i t i o n  o f  water u n t i  1 t h e  moderate e f fe rvescence  

subsided. To t h e  m i x t u r e ,  211 sodium hyd rox ide  ( 4  n l )  was added, f o l l o w e d  by 

dropwise  a d d i t i o n  o f  304; hydroyen pe rox ide  ( 3  n l ) .  The m i x t u r e  was a l l owed  t o  

s t i r  a t  room tempera tu re  f o r  2 h r s  and t h e  s o l v e n t s  were evapora ted  t o  

dryness. The r e s i d u e  was p a r t i t i o n e d  between s a t u r d t e d  sodium c h l o r i d e  

( 2 5  m l )  and e t h y l  a c e t a t e  ( 5 0  n l ) .  The aqueous r e s i d u e  was e x t r a c t e d  w i t h  

e t h y l  a c e t a t e  ( 5  X 50 m l ) .  The combined e t h y l  a c e t a t e  e x t r a c t i o n  was washed 

w i t h  water ,  d r i e d  over  sodium s u l f a t e ,  and evapora ted  t o  dryness. P r e p a r a t i v e  

l a y e r  chromatoyraphy (ch1oro forn :methano l  ; 9 : l )  o f  t h e  r e s i d u e  a f f o r d e d  4 ' -  

deu te ra ted  p y r i m i d i n e  nuc leos ides  ( I I I a - c )  i n  -20% y i e l d  and (Va-c) i n  -50% 

y i e l d .  
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