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ABSTRACT 

Chemical s h i f t  assignments are made f a r  t h e  carbon a t o m  

of t h e  u r a c i l - b i s u l f i t e  adduct by use of  s p e c i f i c  l a b e l i n g  w i t h  

deuterium and carbon-13. The signals of t h e  analogous adducts  

from 5-chlorourac i l  and t h e  pharmacological ly  impor tan t  5- 

f l u o r o u r a c i l  are ass igned .  

Nucleophi l ic  a t t a c k  a t  C6 i s  p o s t u l a t e d  as a key s t e p  i n  

enzymatic r e a c t i o n s  i n v o l v i n g  s u b s t i t u t i o n  a t  C5 of b i o l o g i c a l l y  

important  pyr imidines ,  no tab ly  i n  t h e  conversion of  Zl-deoxy- 

uridine-5'-monophosphate (5'-dUMP) t o  thymidine-5'monophosphate 
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14 2 TRIPLETT ET AL. 

by thymidylate synthe tase ;  t h e  r e a c t i o n  which is  blocked by a n t i -  

tumor agents  such a s  5 - f luo rourac i l  and 5-fluro-2'-deoxyuridine 

(1). Reaction of b i s u l f i t e  wi th  u r a c i l  and i t s  de r iva t ives  as 

shown i n  t h e  f i r s t  h a l f  of Scheme I i s  assumed t o  provide a 

v a l i d  model f o r  t h e s e  more complicated b i o l o g i c a l  processes.  

Extensive s tudy  has shown these  adducts2-6 t o  be  in te rmedia tes  

i n  t h e  exchange' and d e h a l ~ g e n a t i o n ~ - ~ ~  reac t ions  of s u b s t i t u t e d  

u r a c i l s  as shown i n  the  second h a l f  of  Scheme I. Fur the r ,  t he  

f a c t  t h a t  b i s u l f i t e  is t h e  aqueous form of t h e  common p o l l u t a n t  

s u l f u r  d ioxide  g ives  these  r eac t ions  i n t r e n s i c  importance. For  

example, b i s u l f i t e  has been shown t o  ca t a lyse  t h e  deamination 

of  cy tos ine  t o  u r a c i l 4  and t o  i n h i b i t  ribosomal a c t i v i t y  sug- 

ges t ing  a poss ib l e  mutagenic r o l e  f o r  b i s u l f i t e  . Our i n t e r e s t  16 

X P H O K D ;  Y = H ~ ~ D ;  Z = H ~ K D ;  B - H S O -  3 

Scheme I 
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CARBON ATOMS OF URACIL-BISULFITE ADDUCT 143 

i n  using I 3 C  NMR t o  s tudy  t h e  s t r u c t u r e  of complex i n t e r m e d i a t e s  

a n d  products  from b i o l o g i c a l  processes  and t o  s tudy  t h e  r e a c t i o n  

of b i s u l f i t e  wi th  n u c l e i c  a c i d s  requi red  unambiguous assignment 

of t h e  I 3 C  chemical s h i f t s  of  t h e  s imple b i s u l f i t e  adducts  of 

u r a c i l  and h a l o u r a c i l s  which we r e p o r t  here .  

Uracil (U) , 5 - f l u o r o u r a c i l  (5-FU) , and 5-chlorourac i l  

(5-C1U) were obta ined  from Aldrich Chemical Company and Calbio- 

chem and used without  f u r t h e r  p r u i f i c a t i o n .  5-deutereourac i l  

(5-dU) w a s  prepared by t h e  method of Rork and Pitman6. 

enr iched  t o  5% I 3 C  a t  p o s i t i o n  6 was s y n t h e s i s e d  by methods 

repor ted  elsewherel’. 

( they  are p r a c t i c a l l y  i n s o l u b l e  i n  water )  are repor ted  i n  

Table 1. The chemical s h i f t  assignments are c o n s i s t e n t  w i t h  

those  repor ted  previous ly  by a v a r i e t y  of  invest igators1’  and 

are confirmed h e r e  by t h e  expected coupl ings o r  i n t e n s i t y  

changes. 

Uracil 

The s p e c t r a  of t h e s e  materials i n  d6-DMSO 

Reaction of u r a c i l w i t h  b i s u l f i t e  i n  water l e d  t o  5,6- 

dihydrouracil-6-sulfonate (U/HSOj) whose I 3 C  NMR spectrum 

(Table 1) showed t h e  disappearance of t h e  signals a t  100 and 

1 4 1  ppm and t h e  appearance of two new signals i n  t h e  a l i p h a t i c  

region a t  30.8 and 6 2 . 9  ppm. Off resonance decoupled o r  

coupled s p e c t r a  showed t h e  u p f i e l d  s i g n a l  as a t r i p l e t  and t h e  

downfield s i g n a l  as a double t  e s t a b l i s h i n g  t h a t  t h e  s u l f o n a t e  

group w a s  a t t a c h e d  t o  t h e  carbon g iv ing  t h e  downfield s i g n a l .  

When t h e  adduct w a s  Formed from 5-deuterourac i l  and HS03, o r  from 
- 
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144 TRIPLETT ET AL. 

Table  1 

Carbon-13 Chemical S h i f t s a  

Compound Solvent  

Uracil DMSO 

5-dU DMSO 

6-13c-u DMS 0 

5-FU DMSO 

5-C1U DMSO 

U / H S O l  H20 

5-dU/HSO; H20 

6-13C-O/HSOj H20 

5-FU/HSO; H20 

5-C1U/HSOj H20 

c-2 c-4 c-5 C-6 

151.3 164.1 100.8 141.8 

151.5 164.6 1 0 0 . 2 ( t )  142.1 
( JCD-20. 4Hz) 

151.7 164.7 100.5 142.4 
(more i n t e n s e )  

149.6 157.4(d) 139.3(d) 125.7(d) 

150.2 159.6 105.6 139.2 

*b * 30.8 63.0 

* * 30.8( t )  63.8 
- -  

(JCD=21Hz) 

* * 30.9 63.0 
(more i n t e n s e )  

161.4 174.5(d) 91.5(d) 68.4(d) 
( J c r 1 9 . 8  Hz) ( J  =187.6 Hz)(J  p= 

CF 17.782) 

* * 50.0 70.3 

a. Chemical s h i f t s  re ferenced  t o  DMSO s o l v e n t  o r  
Dioxane i n  w a t e r  as and 
r e s p e c t i v e l y  relative t o  TMS. 
S i g n a l  t o o  w e a k  t o  d e t e c t .  b .  

u r a c i l  and DSO- / D 2 0 ,  t h e  same spectrum w a s  observed w i t h  t h e  

s i g n a l  a t  30.8 ppm s p l i t  i n t o  a t r i p l e t  (JcD= 21 Hz) confirming 

i t s  assignment t o  C5 of t h e  adduct. The adduct formed from 

urac i l  enr iched  w i t h  1 3 C  a t  carbon 6 shows t h e  expec ted  i n -  

3 
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CARBON ATOMS OF URACIL-BISULFITE ADDUCT 145 

crease i n  i n t e n s i t y  f o r  t h e  s i g n a l  a t  63  ppm confirming i t s  

assignment t o  c6 of t h e  adduct. 

The adducts  of 5-C1U and 5-FU wi th  b i s u l f i t e  g ive  analogous 

s p e c t r a  repor ted  in Table 1. 

C5 (49.97 ppm) i n  5-C1U/HSO; can b e  ass igned  by analogy w i t h  

t h e  u r a c i l  adduct s h i f t s  a f t e r  a l lowing  f o r  t h e  expected e f f e c t  

of  t h e  c h l o r i n e .  It has  been sugges ted  t h a t  b i s u l f i t e  a d d i t i o n  

a t  carbon-6 of 5-C1U r e s u l t s  i n  t h e  formation of an  a n i o n i c  

s p e c i e s  a t  carbon-5, s t a b l e  enough t o  a l low pro ton  a d d i t i o n  

both and t r a n s  g i v i n g  two isomers19. I n  t h i s  i n v e s t i g a t i o n  

only one b i s u l f i t e  adduct of 5-C1U w a s  observed. The l a r g e  

one-bond C5-F coupl ing (187.6 Hz) and t h e  smaller C6-F coupl ing 

(17.7 Hz) permit  t h e  unambiguous assignment of  C5 (91.5 ppm) 

and c6 (63.8 ppm) i n  t h e  adduct from t h e  an t i tumor  agent  5-FU. 

The s h i f t s  f o r  C6 (70.3 ppm) and 

The f a c t  t h a t  C-5 of u r a c i l  (= 100 ppm) and C-5 of  i t s  

adduct (ca .  30 ppm) occur  i n  reg ions  of  t h e  1 3 C  NMR spectrum 

which, f o r  most b i o l o g i c a l  samples of i n t e r e s t ,  do n o t  conta in  

o t h e r  signals makes them p a r t i c u l a r i t y  u s e f u l  f o r  t h e  d e t e c t i o n  

of t h e  p y r i m i d i n e - b i s u l f i t e  r e a c t i o n  i n  complex systems.  

S p e c t r a  w e r e  measured w i t h  a Varian CFT-20 spec t rometer .  

Typica l ly ,  a 4 K  spectrum covering 200 ppm w a s  accumulated us ing  

a pulse  width of 7 microseconds (35' f l i p ) ,  no d e l a y ,  an 

a q u i s i t i o n  t i m e  of 0.512 seconds and broad  band pro ton  decoupl- 

ing.  S p e c t r a  from DMSO s o l u t i o n s  r e q u i r e d  accumulation of a 
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146 TRIPLETT ET AL. 

few thousand scans .  

r e q u i r e d  100,000 t o  500,000 scans .  Probe temperature  w a s  3 0 ° C .  

S p e c t r a  of t h e  i n s o l u a b l e  adducts  i n  H20 

The 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15 .  

pH of  a l l  aqueous samples w a s  6.5-7.1. 
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