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MECHANISM OF H I D  EXCHANGE I N  5-(e-NITR0BENZYL)BARBITURIC A C I D  

M i s a  V .  J o v a n a v i c  a n d  Edward R .  B i e h l  

D e p a r t m e n t  o f  C h e m i s t r y ,  S o u t h e r n  M e t h o d i s t  U n i v e r s i t y ,  

D a l l a s ,  T e x a s  7 5 2 7 5 ,  U.S .A.  

-act - T i t l e  compound 1 a n d  r e l a t e d  s y s t e m s  e x i s t  i n  DMSO 

s o l u t i o n  a s  a t a u t o m e r i c  m i x t u r e  o f  e n 0 1  a n d  k e t , o  f o r m s  w h i c h  

were e a s i l y  i d e n t i f i e d  by l 3 C  n m r  s p e c t r o s c o p y .  B a s e - c a t a l y z e d  

H/D e x c h a n g e  o f  1 o c c u r s  a t  b o t h  t h e  C-5 a n d  t h e  m e t h y l e n e  

g r o u p .  A m e c h a n i s m  t o  a c c o u n t  f o r  t h e  n o v e l  H / D  e x c h a n g e  a t  

m e t h y l e n e  p o s i t i o n  i s  p r o p o s e d .  

U n d e r s t a n d i n g  of  p h y s i c a l  p r o p e r t i e s  o f  b a r b i t u r a t e s  i s  e s s e n t i a l  f o r  p r o p e r  

i n t e r p r e t a t i o n  o f  t h e i r  b i o l o g i c a l  a c t i v i t y . l  S t r u c t u r e ,  d i s s o c i a t i o n  c o n s t a n t s  

a n d  t a u t o m e r i s r n  a r e  some o f  t h e  f a c t o r s  w h i c h  p r o b a b l y  c o n t r i b u t e  s i g n i f i c a n t l y  

t o  t h e i r  m e t a b o l i c  e f f i c i e n c y  a t  t h e  r e c e p t o r  s i t e s  a n d  d e f i n e  t h e i r  mode of 

a c t i o n . 2 ~ 3  

R e c e n t l y ,  we r e p o r t e d  t h a t  5 - p h e n y l b a r b i t u r i c  a c i d  (2) e x i s t s  i n  t h e  e n 0 1  f o r m ,  

a, i n  t h e  s o l i d  s t a t e  a n d  a s  a m i x t u r e  of en01 and  k e t o ,  a, forms i n  DMSO 

s o l u t i o n . '  I t  was  t h e  f i r s t  b a r b i t u r a t e  r e p o r t e d  t o  e x i s t  c o m p l e t e l y  i n  t h e  

e n 0 1  f o r m  i n  t h e  s o l i d  s t a t e  a n d  s u g g e s t e d  t h a t  t a u t o m e r i c  e q u i l i b r i a  may p l a y  

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



D u r i n g  t h e  c o u r s e  o f  ou r  i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  o f  s u b s t i t u e n t s  o n  t h e  

t a u t o r n e r i c  e q u i l i b r i a  o f  b e n z y l b a r b i t u r i c  a c i d s ,  we p r e p a r e d  5 - ( 2 - n i t r o -  b e n z y 1 ) b a r -  

b i t u r i c  a c i d  ( 1 ) .  A t t e m p t e d  p u r i f i c a t i o n  o f  1 w i t h  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  

s o l u t i o n  p r o d u c e d  a n  o r a n g e  s o l i d ,  3.. T h e  13c  nmr s p e c t r u m  showed  e i g h t  a b s o r p t i o n s  

w i t h  c h e m i c a l  s h i f t s  w h i c h  c l o s e l y  r e s e m b l e d  t h o s e  o f  t h e  e n 0 1  f o r m  o f  t h e  5 - p h e n y l  

d e r i v a t i v e  (a) ( S e e  T a b l e  1) .  T h e s e  r e s u l t s  i n d i c a t e d  t h a t  we may h a v e  i s o l a t e d  

t h e  p u r e  e n 0 1  t a u t o m e r  o f  1 i n  a f o r m  o f  a s o d i u m  s a l t  o f  i t s  e n a l a t e  a n i o n .  T h e  

p r o t o n - c o u p l e d  1 3 c  s p e c t r u m  of  s t a r t i n g  m a t e r i a l  1 showed s e v e r a l  b r o a d e n e d  c a r b o n  

r e s o n a n c e s  i n  t h e  a r o m a t i c  r e g i o n  a s  w e l l  a s  t h e  t w o  s e t s  o f  s i g n a l s  o f  u n e q u a l  

i n t e n s i t y  a t  49 .1 ;  32.0 pprn a n d  a t  88 .0 ;  27.3 ppm i n d i c a t i n g  c l e a r l y  t h a t  1 e x i s t s  

i n  two  t a u t o r n e r i c  f o r m s  i n  s o l u t , i o n  ( F i g u r e  1). T h e  s t r u c t u r e  o f  t h e s e  t a u t o r n e r s  

were a s s i g n e d  t e n t a t i v e l y  a s  t r i k e t o  f o r m  b and  en01  fo rm U w i t h  t h e  f o r m e r  

p r e d o m i n a t ~ n g  i n  a p p r o x i m a t e l y  a 2 : l  r a t i o .  T h e  p r o t o n - c o u p l e d  1 3 c  s p e c t r u m  

c o n f i r m e d  t h e s e  a s s i g n m e n t s ;  t h a t  i s ,  t h e  r e sonance  a t  88.0 ppm of  t h e  

v i n y l  c a r b o n  (C-5)  i n  U was u n s p l i t ,  w h e r e a s  t h e  s i g n a l  a t  49.1 pprn o f  t h e  m e t h i n e  

c a r o o n  (C-5)  i n  h a p p e a r e d  a s  a d o u b l e t ,  and  t h e  m e t h y l e n e  c a r b o n s  i n  l3 a n d  lQ 

were s p l i t  i n t o  t r i p l e t s .  T h e  m e t h y l e n e  g r o u p s  were i d e n t i f i e d  by t h e i r  s i g n a l  

i n t e n s i t i e s  and  a s s o c i a t i o n  w i t h  t h e  o t h e r  t w o  p e a k s .  T h e  p r o p o s e d  s t r u c t u r e  o f  l,b 

w a s  c o n f i r m e d  f u r t h e r  by c o m p a r i s o n  o f  i t s  13c  s p e c t r u m  w i t h  t h a t  o f  t h e  e n o l a t , e  

a n i o n  o f  5 - ( g - n i t r o b e n r y 1 ) b a r b i t u ~ i c  a c i d  s o d i u m  s a l t .  I n d e e d ,  t h e  o r a n g e  s o l i d  3 
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~i~~~~ 1. 1 ~ - d ~ ~ ~ ~ p l e d  1 3 ~  spectrum of 5-(e-nitrobenzy1)barbituric acid (1) in h e x a -  
deuteriomethylsulfaxide (200 pprn). A l l  the lines a r e  broadened d u e  t o  the 

keto-en01 exchange equilibria. 

Figure 2. ' ~ - d e c o u ~ l e d  l 3 ~  spectrum of sodium 5-(1-nitrobenzy1)barbiturate ( 3 )  in 
hexadeuteriomethylsulfoxide (200 ppm). Note the sharpness of the lines as 
compared t o  Figure 1. 



T a b l e  1 .  1 3 c  C h e m i c a l  s h i f t s  o f  some 5 - s u b s t i t u t e d  b a r b i t u r i c  a c i d s . a  

Cmpd. M o l e c u l a r  - C m i c a  S h i f t s  ( ~ u r n ) ~ ' ~  
No. S o l v e n t  F o r m u l a  C 2  C 4  C 5  Cg - C H 2 -  C1,  C2, c30 C,, O t h e r  

DMSO '1 l H g N 3 0 5  

DMSO '1 l H g N 3 0 5  

DMSO '1 l H 8 N 3 0 5 N a  

1M NaOD C l l ~ 8 ~ 3 0 5 ~ a g  

2M NaOD C l l ~ 8 ~ 3 0 5 ~ a g  

DMSO C4H3N305 

a. Number ing  s y s t e m  u s e d  was  s u c h  t h a t  r i n g  N w a s  a s s i g n e d  p o s i t i o n  one,  c a r b o n  a t m  b e t w e e n  t h e  
two r i n g  n i t r o g e n s  i s  C  and r e m a i n d e r  o f  t h e  atoms a r e  numbered s e q u e n t i a l l y  i n  c l o c k w i s e  
d i r e c t i o n .  b. I n ~ ( p p m f  d o w n f i e l d  f r o m  TMS a n d  u s i n g  s o l v e n t  a s  d o u b l e  r e f e r e n c e  s t a n d a r d ;  d6-DM30 
= 39.5 ppm. c. A l l  NaOD r u n s  w e r e  r e c o r d e d  w i t h  e x t e r n a l  c o a x i a l  DMSO r e f e r e n c e  s t a n d a r d  i n  a 5  mm 
0.d. nmr t u o e .  d. O b s c u r e d  by  o v e r l a p p i n g  o f  s i g n a l s .  e. Two a s s i g n m e n t s  c o u l d  b e  r e v e r s e d .  f. 
I s o m e r  c h e m i c a l  s h i f t s  t e n t a t i v e l y  a s s i g n e d .  g. P o s s i b l y  a d i s o d i u m  s a l t .  S e e  t h e  t e x t  f o r  f u r t h e r  
d i s c u s s i o n .  h. E n o l a t e  a n i o n  o f  compound U. i. A t  t h i s  c o n c e n t r a t i o n  o f  NaOD t w o  o t h e r  spec ies  were 
f o r m e d  w h i c h  decomposed  a t  h i g h e r  c o n c e n t r a t i o n  o f  NaOD. 



Table 1. (Cant.) 

Molecular Chemical Shlfts coo 
. . Cmpd. . )b ,c  

No. Solvent Formula C2 C4 C5 C6 -CH2- C1, C2, C3, C4, Other 

l h  DMSO CllH10N203 150.5 169.9 49.3 169.9 33.4 137.4 127.3 126.7 d - 
U Q  DMSO C11H10N203 149.4 171.5 75.3 171.5 45.3 133.1 129.8 128.3 128.8 - 
ah Z M N ~ O D ~ C ~ ~ H ~ N ~ O ~ N ~  159.0 170.8 88.9 170.8 27.1 142.1 127.0 126.6 124.0 - 
lith 6M NaOD C11H9N203Na 159.8 171.1 88.3 171.1 27.1 142.2 126.9 126.5 123.9 - 

DMSO '1 ZHgN3'3 150.6 169.6 49.1 169.6 32.5 144.2 132.1 130.0 118.9 109.5(CN) 

j DMSO ClZH9N3O3 150.2 162.0 87.9 162.0 27.4 147.4 129.2 128.8 d 108.6(CN) 

DMSO '1 0 ~ 8 ~ 2 ~ 3  151.1 169.3 55.1 169.3 - 134.6 129.3 128.9 128.0 - 

DMSO C10H8N203 150.0 161.3= 92.8 161.7e - 134.8 131.9 131.1 126.6 - 
f i k r l  ZM NaOD C10H7N203Na 159.2 170.0 93.3 170.0 - 135.6 130.4 126.7 124.3 - 
Un DMSO C4H4N203 151.7 167.8 40.0~ 167.8 

DMSO CUH4N203 151.1 163.8 72" 163.8 

a0 2M NaOD C4H3N203Na 160.6 172.9 110.6 172.9 
- % 

j. Treatment of compound 2 with base resulted in hydrolysis of cyan0 substituent. k. Data taken from 
ref. 4. 1. Enolate anion of compound 2. m. Resonance obscured by solvent peak but readily o b s e r v e d  
in another solvent. n. Estimated value. a. Enolate anion of compound U. 



h a d  a l m o s t  i d e n t i c a l  13c  a b s o r p t i o n s  ( F i g u r e  2), b a r i n g  s o l v e n t  e f f e c t s ,  i n  d6-DMSO 

a s  c o m p o u n d  1 i n  1 . 0  a n d  2.0 m o l a r  NaOD ( T a b l e  1 ) .  

P r o t o n - c o u p l e d  a n d  d e c o u p l e d  13c  s p e c t r a  o f  3 a s s i s t e d  i n  i d e n t i f y i n g  t h e  

a r o m a t i c  r e s o n a n c e s  o f  la a n d  U. T h u s ,  t h e  p r o t o n a t e d  carbons C2, (6 , )  a n d  

C3,(5,)  o f  3 were e a s i l y  i d e n t i f i e d  by t h e i r  l a r g e  ' J C H  c o u p l i n g s  (162 .7  a n d  

167.7 Hz, r e s p e c t i v e l y )  and  by t h e i r  l 3 c  c h e m i c a l  s h i f t s . 5 ? 6  T h e  s u b s t i t u t e d  

c a r b o n s ,  C , ,  a n d  C o t ,  a p p e a r e d  a s  n a r r o d  t r i p l e t s  d u e  t o  t h e  l o n g - r a n g e  a l l y l i c  

c o u p l i n g  t o  b e n z e n c i d  p r o t o n s  ( 3 ~  C 2 , ( 6 , ) H 3 , ( 5 , )  = 1 0 . 5  Hz,  3 5  C 3 , ( 5 , j H 2 , ( 6 , )  = 

6.1 Hz)  a t  145.1 a n d  154.0 Ppm, r e s p e c t i v e l y .  C a r b o n y l  c a r b o n  a t o m s  w e r e  

a s s i g n e d  by  a n a l o g y  w i t h  o t h e r  s t u d i e ~ , ' , ~ - ' ~  s i g n a l  i n t e n s i t y  (C,, a n d  C6 were 

o f  a p p r o x i m a t e l y  e q u a l  i n t e n s i t y  a n d  t w i c e  t h e  s i z e  o f  C2) a n d  by r e l a x a t i o n  

t i m e s  ( d e c r e a s i n g  r e l a x a t i o n  d e l a y  i n f l u e n c e d  s i g n a l  i n t e n s i t y  of C2 t o  a 

g r e a t e r  e x t e n t  t h a n  t h a t  o f  C4 and  C6). 

T O  s t u d y  t h e  r o l e  o f  t h e  m e t h y l e n e  g r o u p  i n  t h e  e n o l / k e t o  e q u i l i b i r u m  o f  1, H/D 

e x c h a n g e  r e a c t i o n s  were  c a r r i e d  o u t  w i t h  NaOD/D20 i n  DMSO a n d  m o n i t o r e d  by ' 3 ~  

nmr s p e c t r o s c o p y .  I n  t h e  i n i t i a l  e x p e r i m e n t ,  a 1 0 %  d e u t e r i u m  o x i d e  s o l u t i o n  o f  

1 i n  d6-DMSO g a v e  a p r o t o n - d e c o u p l e d  ' 3 ~  s p e c t r u m  w h i c h  h a d  a narrow t r i p l e t  f o r  

t h e  r e sonance  a t  49.3 PPm (C5-D o f  k e t o  f o r m ;  ' J C D  = 9.6 H z ) ,  y e t  narrower 

t r i p l e t  f o r  t h e  C 5  r e sonance  o f  t h e  e n 0 1  a t  88.9 ppm ( 2 ~  C 5 C H D  : 4.0 Hz) a n d  

showed  b r o a d e n i n g  o f  b o t h  m e t h y l e n e  s i g n a l s .  T h i s  s p e c t r u m  i s  c o n s i s t e n t  w i t h  

h y d r o g e n - d e u t e r i u m  e x c h a n g e  o c c u r r i n g  n o t  o n l y  a t  C-5 b u t  a l s o  a t  t h e  -CH2- 

B P O U P .  C o m p l e t e  d e u t e r a t i o n  o f  t h e  m e t h y l e n e  g r o u p  ( a s  w e l l  a s  C-5) was accorn- 

p l i s h e d  by t r e a t i n g  1 w i t h  2.0M Na0D/D20 f o r  4 8  h  a n d  s u b s e q u e n t  n e u t r a l i z a t i o n  

W i t h  Conc D2S0,,. D e u t e r i u m  i n c o r p o r a t i o n  o c c u r r e d  a l s o  a t  t h e  r i n g  n i t r o g e n s  a s  
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e v i d e n c e  by t h e  d i s a p p e a r a n c e  o f  t h e i r  s i g n a l s  i n  t h e  I H  nmr s p e c t r a  ( S e e  T a b l e  2 ) .  

T a b l e  2. nmr c h e m i c a l  s h i f t s  o f  some s e l e c t e d  5 - s u b s t i t u t e d  b a r b i t u r i c  a c i d  
d e r v i a t i v e s  (ppmIa 

1 

Chemic-> - b , c  
Cmpd. A r o m a t i c  - 

N O .  S o l v e n t  R C H ~  H~ N H  O H  " 2 ,  H 3 '  Hilt 

DMSO 4'-NO2 3 . 7  4 . 1  

1D DMSO 4'-NOZ 3 . 4  
( e n 0 1  

3 DMSO 4'-NO2 3 . 4 9  

DMSO - 3 . 3  3 . 9  

IlQ DMSO - 3 . 1 3  
( e n o l )  

DMSO 4'-CN 3.7 4 . 1  

DMSO 4'-CN 3 . 3  
( e n d )  

La DMSO 5 - p h e n y l  - 4 . 8 2  

DMSO 5 - p h e n y l  - 
( e n d )  
- 
a. R e c o r d e d  i n d ( p p r n 1  d o w n f i e l d  from TMS a n d  u s i n g  a s o l v e n t  a 3  a d o u b l e  
r e f e r e n c e  s t a n d a r d :  dr-DMSO i m o u r i t v  a t  2 .49  D m .  b. Resonances b r o a d e n e d  due  
t o e x c h a n g e  e q u i l i b r i g  a r e  r e p o r t e d . t o  u i t h i n . & . l  ppm. c. N o t a t i o n  u s e d  was s ,  
s i n g l e t ;  d ,  d o u b l e t ;  m, m u l t i p l e t .  d. E x c h a n g e  i n  D20. e. B u r r i e d  d u e  t o  
o v e r l a p p i n g  of s i g n a l s  i n  t h e  a r o m a t i c  r e g i o n .  



A possible m e c h a n i s m  t o  a c c o u n t  f o r  t h e  H / D  e x c h a n g e  o f  1 i s  shown i n  Scheme 1. 

For c o n v e n i e n c e ,  o n l y  t h e  H/D e x c h a n g e  b e t w e e n  one of t h e  m e t h y l e n e  h y d r o g e n  

a t o m s  a n d  t h e  h y d r o g e n  a t o m  a t  C-5 a r e  shown. A c c o r d i n g l y ,  1 r e a c t s  w i t h  b a s e  

t o  y i e l d  i n i t i a l l y  t h e  s t a b i l i z e d  e n o l a t e  a n i o n  h a v i n g  resonance s t r u c t u r e s  & 

a n d  39. D e u t e r a t i o n  a t  C-5 by D20 a f f o r d s  t h e  5 - d e u t e r o  compound ,  3. H o w e v e r ,  

OD- OP t h e  e n o l a t e  o x y g e n  a n i o n  may a l s o  a b s t r a c t  a m e t h y l e n e  h y d r o g e n  a t o m  v i a  

a c y c l i c  5-membered t r a n s i t i o n  s t a t e  t o  g i v e  b e n z y l i c  a n i o n ,  2, w h i c h  i s  

r e s o n a n c e  s t a b i l i z e d  by t h e  e - n i t r o p h e n y l  g r o u p .  S u b s e q u e n t  r e a c t i o n  o f  5 w i t h  

D20 y i e l d s  t h e  r n e t h y l e n e  d e u t e r a t e d  compound ,  6. T h e  r e a c t i o n s  r e p e a t  u n t i l  

c o m p l e t e  d e u t e r i u m  i n c o r p o r a t i o n  o c c u r s ,  a. 
T h e r e  i s  s u f f i c i e n t  p r e c e d e n c e  i n  l i t e r a t u r e  t o  w a r r a n t  t h e  e x i s t e n c e  o f  5 a s  a 

v i a b l e  i n t e r m e d i a t e .  5 - N i t r o b a r b i t u r i c  a c i d  ( 9 )  was shown t o  e x i s t  i n  t h e  s o l i d  

s t a t e  i n  t h e  e n 0 1  f o r m  9b w h e n  a n h y d r o u s 1 4  a n d  i n  t h e  a c i - n i t r o  form 95 a s  a 

t r i h y d r a t e . 1 5  T h e  a n a l y s i s  o f  1 3 c  s p e c t r u m  o f  9 i n  DMSO s o l u t i o n  ( F i g u r e  3)  

r e v e a l 5  t h a t  t h e r e  a r e  t h r e e  c a r b o n  s i g n a l s  a t  159.6 ( C 4 , 6 ) ,  149.9 ( C 2 ) ,  a n d  

112.9 ppm ( C 5 )  T h i s  r u l e s  o u t  t a u t o m e r  a n d  s u g g e s t s  t h a t  B o r  % a r e  

p r e s e n t  i n  s o l u t i o n .  We h a v e  b e e n  u n a b l e  t o  d i s t i n g u i s h  b e t w e e n  t h e  t w o  s i n c e  

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

o r b i t a l  c a l c u l a t i o n s  i n d i c a t e  t h a t  n i t r o - h y d r o x y  s t r u c t u r e  B is  t h e  m o s t  

s t a b l e . 1 6  Compound 9 f o r m e d  a b r i g h t  y e l l o w  s o d i u m  s a l t ,  U, when t r e a t e d  w i t h  

b a ~ e  a s  c o m p a r e d  t o  t h e  d e e p  r e d d i s h - o r a n g e  c o l o r  o f  3. T h e  l a t t e r  i s  p r o b a b l y  

d u e  t o  t h e  e x t e n d e d  c o n j u g a t i o n  t h r o u g h  t h e  b e n z e n e  r i n g .  Because o f  t h e  l o w  

s o l u b i l i t y  o f  1Q w e  c o u l d  n o t  o b t a i n  i t s  1 3 c  s p e c t r u m  i n  D20 o r  a t  v a r y i n g  

c o n c e n t r a t i o n s  o f  b a s e .  

F i n a l l y ,  we t e s t e d  t h e  g e n e r a l i t y  of t h e  e x c h a n g e  p r i n c i p l e s  on  s y s t e m s  s i m i l a r  

t o  1. T a b l e  3 s h o w s  t h e  t a u t o m e r i c  i s o m e r  d i s t r i b u t i o n  i n  DMSO o f  5 - b e n z y l -  
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Scheme 1 

aqueous base 
1 - 

D20 / -OD 

3a 3b - 



160 120 80 40 P P ~  

~i~~~~ 3. l ~ - d ~ ~ o u p l e d  l 3 c  s p e c t r u m  o f  5 - n i t r o b a r b i t u r i c  a c i d ,  9, i n  d6-DMSO ( 2 0 0  

ppm) .  

T a b l e  3. T a u t o m e r i c  i s o m e r  d i s t r i b u t i o n  of some b a r b i t u r i c  a c i d  
d e r i v a t i v e s  i n  DMSO.a 

Cmpd. -- T a u t o m e r  - 
No. S u b s t i t u e n t  k e t o  e n d  - 

1 5 - ( E - n i t r o b e n z y l )  6 8 %  (ls) 32% (lQ) 

2 5 - ( D - c y a n o b e n z y l )  8 3 %  (li2) 1 7 %  (L3) 

11 5 - b e n z y l  6 0 %  (lla) '40% (U) 

2 5 - p h e n y l  7 6 %  ( 2 3 )  2 4 %  (a) 
U none 99% (Pa) 1 %  (lB) 

( b a r b i t u r i c  a c i d )  

9 5 - n i t r o  none  1 0 0 % ~  

a. D a t a  w e r e  d e r i v e d  from l 3 ~  measurements and  c o m p a r e d  w e l l  ('5%) w i t h  
d i s t r i b u t i o n  r a t i o s  c a l c u l a t e d  from I H  nmr s p e c t r a .  I t  i s  a l s o  n o t e w o r t h y  t o  p o i n t  
o u t  t h a t  t h e s e  v a l u e s  w e r e  v e r y  s i m i l a r  ( T 2 - 5 % )  t o  i n t e n s i t y  r a t i o s  o b t a i n e d  f i r om 
i n v e r s e - g r a t e d  d e c o u a l i n e  e x o e r i r n e n t s  ( S e e  E x ~ e r i r n e n t a l ) .  b. H v d r o x v - n i t r o  e n o l  
form 9 b  or a c i - n i t r o '  form % ' a s  r e f e r r e d  t o  i n  t h e  t e x t .  
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b a r b i t u r i c  a c i d  (U) 5-(~-cyanObenzyl)barUit~ri~ a c i d  (2) 5 - p h e n y l b a r b i t u r i c  

a c i d  (2) a n d  b a r b i t u r i c  a c i d  i t s e l f  (U). We were s u r p r i s e d  t o  f i n d  t h a t  e v e n  

b a r b i t u r i c  a c i d  h a d  1% c o n t r i b u t i o n  from c h e  e n 0 1  f o r m  Uil i n  DMSO, c o n t r a r y  t o  

two  p r e v i o u s  r e p o r t s 1 7 , 1 8  w h i c h  o b s e r v e d  no  e n o l i z a t i o n  i n  DMSO. T a u t o m e r  

was n o t  o b s e r v e d  e i t h e r  by ' H  l i n e  s h a p e  a n a l y s i s 1 8  o r  i n  a n y  s u b s e q u e n t  1 3 c  

s t u d i e s  by o t h e r  r e s e a r c h e r s . 7 - l 3  T h i s  s e e m e d  i n c o n s i s t e n t  w i t h  e v i d e n c e  from 

U V  s t u d i e ~  w h i c h  p o s t u l a t , e d  t a u t o r n e r i c  e q u i l i b r i u m  b e t w e e n  t h e  k e t o  and  e n 0 1  

fo rms  i n  T h e  a c t i v a t i o n  e n e r g y  f o r  f o r m a t i o n  of  l a c t i m  f o r m s  was 

r e p o r t e d  t o  b e  v e r y  h i g h  a n d  M O  c a l c u l a t i o n s  show t h a t  r e s o n a n c e  s t a b i l i z a t i o n  

d u e  t o  t h e  e x t e n d e d  c o n j u g a t i o n  i s  o n l y  0.5 k ~ a l / r n o l e . ' ~ , ~ 9  However, t h i s  t y p e  

o f  s t a b i l i z a t i o n  must b e  v e r y  i m p o r t a n t  i n  5 - p h e n y l  compound ,  2 ,  i n  b a r b i t u r a t e s  

w i t h  s t r o n g  e l e c t r o n  w i t h d r a w i n g  g r o u p  ( i . e .  5 - n i t r o  d e r i v a t i v e  9) a n d  t o  some 

e x t e n t  i n  1 a s  f a r  a s  s t a b i l i z i n g  t h e  a n i o n i c  c h a r g e  on t h e  r n e t h y l e n e  g r o u p  ( a s  

i n  ih). 



EXPERIMENTAL 

m r t i n g  M a t e r i a l s .  B a r b i t u r i c  a c i d  was c o m m e r c i a l l y  a v a i l a b l e .  A l l  o t h e r  

compounds  w e r e  a v a i l a b l e  f r o m  a p r e v i o u s  s t u d y . 2 2  

Mar SgnrLra. T h e  1 3 c  nrnr s p e c t r a  i n  T a b l e  I w e r e  d e t e r m i n e d  a s  1  M s o l u t i o n s  i n  

d6-DMSO w i t h  s o l v e n t  p e a k  a s  a r e f e r e n c e  ( 6 = 39.5 ppm) u n l e s s  i n d i c a t e d  

o t h e r w i s e .  1 3 c  s p e c t r a  i n  s o d i u m  d e u t e r o x i d e  were r e c o r d e d  a s  0.5 M s o l u t i o n s  

i n  a g i v e n  c o n c e n t r a t i o n  o f  NaOD c o n t a i n e d  i n  a 1 0  mm OD W i l m a d  nrnr t u b e  w i t h  5  

mrn c o a x i a l  t u b e  c o n t a i n i n g  d6-DMSO a s  a n  e x t e r n a l  r e f e r e n c e  s t a n d a r d .  I n  a l l  

c a s e s ,  d e u t e r i u m  r e s o n a n c e  o f  t h e  s o l v e n t  was u s e d  a s  t h e  i n t e r n a l  l o c k  s i g n a l .  

T h e  s p e c t r a  w e r e  o o t a i n e d  o n  a WP 200-SY Bruker s p e c t r o m e t e r  o p e r a t i n g  i n  a 

F o u r i e r  t r a n s f o r m  mode a t  t h e  f r e q u e n c y  o f  200 .130  MHz f o r  p r o t o n  a n d  50 .327  MHz 

f o r  1 3 c  n u c l e i .  T h e  s p e c t r o m e t e r  was i n t e r f a c e d  w i t h  W i n c h e s t e r  2 4  MFD d a t a  

S y s t e m  a n d  was  e q u i p p e d  w i t h  PTS 1 6 0  f r e q u e n c y  s y n t h e s i z e r .  T h e  s p e c t r a  w e r e  

r e c o r d e d  a t  a m b i e n t  t e m p e r a t u r e  ( 3 5 ' ~ )  w i t h  f o l l o w i n g  s p e c t r a l  p a r a m e t e r s :  d a t a  

s e t  = 2 5 0 0  s c a n s  f o r  e n o l a t e  a n i o n s ,  3 0 0 0 - 5 0 0 0  f o r  t a u t o m e r i c  m i x t u r e s  f o r  

p r o t o n - n o i s e  d e c o u p l e d  s p e c t r a  a n d  2-3 t i m e s  a s  many c o u n t s  f o r  I H - c o u p l e d  l 3 c  

s p e c t r a ;  p u l s e  w i d t h  l4/, s (45' f l i p  a n g l e ) ;  i n t e r p u l s e  d e l a y  z 2-4 s e c o n d s ,  

t y p i c a l l y  4.0 s e c o n d s ;  s w e e p  w i d t h  = 1 0  KHz l i n e  b r o a d e n i n g  = 0.3 Hz; 

a c q u i s i t i o n  t i m e  = 0.5407 s e c o n d s ;  d a t a  s i z e  = 16K o u t p u t  d a t a  p o i n t s  (8K r e a l ) .  

E x p a n d e d  s p e c t r a  w i t h  s m a l l e r  s p e c t r a l  w i d t h s  (2.5 KHz; 0.3 Hz r e s o l u t i o n )  were 

u s e d  f o r  e v a l u a t i o n  o f  s p i n - s p i n  c o u p l i n g  c o n s t a n t s .  

P r o t o n  n m r  s p e c t r a  i n  T a b l e  2  were r u n  i n  s a m e  s o l v e n t s  w i t h  TMS e x t e r n a l  

~ t a n d a r d  and  u s i n g  t h e  s o l v e n t  p e a k  a s  a d o u b l e  r e f e r e n c e .  Because of  l i m i t e d  

s o l u b i l i t y  o f  a l l  b a r b i t u r a t e s  s t u d i e d ,  d6-DMSO w a s  u s e d  a s  t h e  common s o l v e n t .  

I n v e r s e - g a t e d  h e t e r a n u c l e a r  s e q u e n c e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  u s i n g  t h e  

a b o v e - m e n t i o n e d  l 3 c  p a r a m e t e r s  a n d  i n t e r p u l s e  d e l a y s  o f  6 ,  8  and  1 0  s e c o n d s .  No 

s i g n i f i c a n t  c h a n g e s  i n  r e l a t i v e  p e a k  a r e a s  o f  t h e  t a u t o m e r s  were o b s e r v e d .  
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