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SUMMARY 

U r a c i l ,  6,7-dimethyllumazine, and lumichrome have been 
l a b e l l e d  wi th  carbon-13 at  p o s i t i o n s  6 ,  8a,  and 10a,  respec- 
t i v e l y .  This  w a s  accomplished v i a  a common in t e rmed ia t e ,  
~ y a n o a c e t y l u r e a - 6 - ~ ~ C .  Lumazine and lumichrome w e r e  conden- 
s a t i o n  products  of 5 ,6-diaminouraci l  and e i t h e r  2,3-butanedione. 
o r  a condensate of i t .  U r a c i l  w a s  produced by a Raney Nickel 
r educ t ion  followed by a c i d  ca t a lyzed  c y c l i z a t i o n .  This  method 
i s  a l s o  a p p l i c a b l e  t o  l a b e l l i n g  t h e s e  compounds a t  o t h e r  carbons 
w i t h i n  t h e  molecules.  
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INTRODUCTION 

Nuclear magnetic resonance spectrometers  w i th  mul t inuc lea r  c a p a b i l i t i e s  are 

proving t o  b e  powerful t o o l s  i n  b ioo rgan ie  chemistry.  Instruments ,  employing 

I 3 C  probes have been u t i l i z e d  i n  s t u d i e s  of such complex systems a s  RNA (1) 

(us ing  u r a c i l  l a b e l l e d  w i t h  I 3 C  a t  carbon-2), and i n  t h e  i n v e s t i g a t i o n  of t h e  

f l u i d i t y  o f  t h e  f a t t y  a c i d s  w i t h i n  b i o l o g i c a l  membranes (2)  (by feeding I3C 

l a b e l l e d  a c e t a t e ) .  These examples c l e a r l y  demonstrate t h e  a d a p t a b i l i t y  of "I? 

t o  t h e  s tudy  of complex biochemical systems when i s o t o p i c a l l y  l a b e l l e d  compounds 

a r e  u t i l i z e d .  

We a r e  involved i n  mechanis t ic  s t u d i e s  of systems which inc lude  bo th  t h e  

I n  t h i s  work i t  be- pyrmidine and t h e  alloxazine/isoalloxazine r i n g  systems. 
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czme necessa ry  t o  o b t a i n  bo th  r i n g  systems s p e c i f i c a l l y  l a b e l l e d  w i t h  

va r ious  p o s i t i o n s ,  

a l l  employing a common i n t e r m e d i a t e  which w a s  b o t h  i s o l a b l e ,  and s t a b l e  for  

s t o r a g e .  The compounds w e  needed were u r a c i l  ( I) ,  l a b e l l e d  i n  p o s i t i o n s  5 o r  

6 ;  6,7-dimethy-lumazine (11) l a b e l l e d  i n  p o s i t i o n s  &a or 8a; and lumichrome 

(111) l a b e l l e d  on p o s i t i o n s  4a o r  10a. 

a t  

We t h e r e f o r e  dev i sed  a s y n t h e t i c  pathway f o r  each compound, 

These compounds w i l l  b e  used i n  the assignment of the 1 3 C  NMR s p e c t r a  of the 

covalent  adducts  which r e s u l t  from n u c l e o p h i l i c  a t t a c k  of b i s u l f i t e  anion (3 ,4 ) .  

Although a l t e r n a t e  methods f o r  the synthesis of u r a c i l  have appeared i n  the 

l i t e r a t u r e  (S), w e  have chosen t h i s  approach as t h e  most a t t r a c t i v e ,  p r i m a r i l y  

because t h e r e  is p o t e n t i a l  f o r  u t i l i z a t i o n  of t h e  common i n t e r m e d i a t e ,  cyano- 

a c e t y l u r e a  ( I V ) ,  from which w e  can r a p i d l y  gene ra t e  e i t h e r  u r a c i l ,  o r  t h e  

alloxazine/isoalloxazine system as requ i r ed .  

The s y n t h e t i c  approach (scheme I ) ,  s tar ts  w i t h  commercially a v a i l a b l e  

potassium ~ y a n i d e - ~ ~ C *  and proceeds t o  t h e  common i n t e r m e d i a t e  cyanoac ty lu rea  

( I V ) .  This  compound can be  u t i l i z e d  t o  form 6-aminouracil  a p r e c u r s o r  t o  

lunaz ine  (11) and lumichrome (III), o r  can,  by means of  a Raney Nicke l  r e d u c t i o n  

and subsequent c y c l i z a t i o n ,  b e  converted t o  u r a c i l  ( I ) .  

* ( i f  cyanoace t i c  a c i d ,  l a b e l l e d  wi th  13C i n  t h e  methlene carbon is used as t h e  
s t a r t i n g  material t h e  l a b e l  w i l l  appear  i n  t h e  carbon a d j a c e n t  t o  t h e  one shown 
i n  the schemes). 
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SCHEML I 

/ P  H,N-C-HH, 

Aany Ni : %/ 

1. EtO- . 
2.AcOH 

INaN4 

EXPERIMENTAL 

The 1% enr i ched  potassium cyanide used i n  these s y n t h e t i c  procedures  w a s  

ob ta ined  from S t o h l e r  I s o t o p e  Chemicals and contained carbon-13 i n  90% abundance. 

This w a s  d i l u t e d  wi th  n a t u r a l  abundance potassium cyanide (Ald r i ch  Chemical 

Company, Inc.) t o  an abundance of 5.45%. This l e v e l  of enrichment w a s  main- 

t a i n e d  throughout t h e  s y n t h e s i s  and was monitored by i n t e n s i t y  d a t a  i n  t h e  13C- 
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NMR. 

spec t romete r ;  

spectrometer ,  i n f r a r e d  s p e c t r a  were obtained using a Perkin-Elmer 567, and 

u l t r a v i o l e t  s p e c t r a  were ob ta ined  using a Carey-15 spectrometer .  

Cyanoacetylurea (6-1%) : (IV) 

Carbon-13 NMR s p e c t r a  were ob ta ined  using a Varian Assoc ia t e s  CFT-20 

k - N M R  s p e c t r a  w e r e  ob ta ined  using a Varian Assoc ia t e s  EM-360 

The p repa ra t ion  of cyanoacetylurea (6-13C) (IV) was a mod i f i ca t ion  of t h e  

methods of Rupe (6 ) ,  Traube (71, and F i s h e r  (B), as desc r ibed  by Bergmann and 

Johnson (9).  Ch lo race t i c  a c i d  (3.46g, 36.6 m o l e s )  w a s  d i s so lved  i n  a minimum 

amount of water (5-7 ml) and n e u t r a l i z e d  by t h e  a d d i t i o n  of anhydrous sodium 

carbonate  (1.95g, 18.4 mmoles). I n  a s e p a r a t e  f l a s k ,  potassium cyanide (I3C) 

(1.97g, 30.3 mmoles) was d i s so lved  i n  w a t e r  ( 3  ml) by h e a t i n g  t o  6OoC. 

s o l u t i o n  w a s  added t o  t h e  sodium c h l o r a c e t a t e  s o l u t i o n ,  and t h e  temperature  

allowed t o  rise t o  6OoC. 

by emersion i n  c o o l  water. The r e a c t i o n  w a s  allowed t o  cont inue u n t i l  t h e  t e m -  

p e r a t u r e  ceased t o  r i s e  (about 45 minutes) .  Then t h e  mixture  was allowed t o  

s t a n d  f o r  twelve hours  a t  room temperature .  The r e s u l t a n t  p a l e  yel low s o l u t i o n  

was a c i d i f i e d  ( 3  m l  conc. HC1) t o  f r e e  t h e  cyanoace t i c  a c i d  ( l o ) ,  excess  HCN, 

wa te r ,  and H C 1  were removed under reduced p r e s s u r e  a t  50%. The syrupy r e s i d u e  

w a s  s o l u b i l i z e d  i n  a l coho l  (15 ml) and s e p a r a t e d  from t h e  s a l t  by f i l t r a t i o n .  

A f t e r  washing t h e  s a l t  w i t h  a l c o h o l  t h e  f i l t r a t e s  were combined and t h e  s o l v e n t  

removed by evapora t ion  under reduced p r e s s u r e  ( r o t a r y  evapora to r  a t  450'3. The 

r e s idue  w a s  taken up i n  a b s o l u t e  a l coho l ,  and t h e  s o l v e n t  removed. This p rocess  

The KCN 

However, f u r t h e r  i n c r e a s e s  i n  temperature  were avoided 

was r epea ted  s e v e r a l  t imes t o  a s s u r e  removal of wa te r  (no te :  t h e  temperature  was 

kep t  below 5OoC). A suspension o f  u rea  (1.86g, 31.0 mmoles) i n  f r e s h l y  d i s t i l l e d  

a c e t i c  anhydride (5  ml) was added t o  t h e  d r i e d  r e s idue ,  and t h e  mixture  hea ted  a t  

100°C f o r  30 minutes.  Water (20 ml) w a s  added t o  t h e  s o l u t i o n  and upon coo l ing  a 

c r y s t a l l i n e  s o l i d  was i s o l a t e d  which proved t o  b e  cyanoacetylurea,  in 76% y i e l d  

from KCN (2.928, 23.0 mmoles). The i . r .  of t h e  product  was i d e n t i c a l  w i th  t h a t  

of an  a u t h e n t i c  sample (Aldrich Chemical Co., I n c . ) .  The melt ing p o i n t  of t h e  

product  (211-2OC) matched t h e  l i t e r a t u r e  (16 ) ,  and t h e  mixed me l t ing  p o i n t  

showed no depression.  
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C-phenylarinoacryloylurea-(6-~~C)-: (V) 

The method of  Safonova and Nesterov (11) was used i n  t h e  p repa ra t ion  of 

C-phenylaminoacryloylurea (6-I3C) (17) . Cyanoactylurea (6-I3C) (IV) (3.60g, 

28.3 mmoles) and a c t i v a t e d  Raney Nickel  (approximately 1.Og) were suspended i n  

wa te r  (125 ml) con ta in ing  a n i l i n e  H C 1  (4 .04g,  31.2 m o l e s ) .  The suspension was 

placed i n  a 500 m l  P a r r  b o t t l e ,  exposed t o  hydrogen gas (35 p s i )  and a g i t a t e d  f o r  

ter? hours  a t  room temperature .  The r e s u l t a n t  p a s t e  was e x t r a c t e d  wi th  a l coho l  

s e v e r a l  times ( u n t i l  t h e  c a t a l y s t  regained t h e  b l ack  c o l o r ) .  The f i l t r a t e s  were 

combined and t h e  volume reduced on a r o t a r y  evapora to r .  Upon coo l ing  a c r y s t a l -  

l i n e  s o l i d  was i s o l a t e d  and i d e n t i f i e d  a s  t h e  d e s i r e d  product (V) (2.30g, 11.2 

mmoles, 40% y i e l d ) .  The melt ing p o i n t ,  208OC decomp., was c o n s i s t e n t  w i th  t h e  

l i t e r a t u r e  value.  Elemental  a n a l y s i s  (found: C=58.79%, H= 5.42%, N= 20.36%) 

matched t h a t  c a l c u l a t e d  f o r  C10H11N302 (C= 58.54I ,  H= 5.37%, N= 20.49%). 

~ r a c i ~  (6-I3c) : (I) 

I n  a con t inua t ion  of t h e  method of Safonova and Nesterov (11) B-phenylamino- 

ac ry loy lu rea  (6-I3C) (V) (1.5g, 7.3 m o l e s )  was d i s so lved  i n  abso lu te  a l coho l  

which had been s a t u r a t e d  wi th  H C 1  gas a t  room temperature .  The suspension was 

s t o r e d  a t  40C f o r  fou r  days,  f i l t e r e d ,  and t h e  s o l i d  washed wi th  co ld  e t h a n o l  

(3 ml). The s o l i d  w a s  washed wi th  NH4OH, f i l t e r e d ,  and t h e  f i l t r a t e s  combined. 

The pH was a d j u s t e d  t o  3 wi th  concen t r a t ed  H2S04. 

r e s u l t e d  w a s  i d e n t i f i e d  a s  u r a c i l  (I) (0.390g, 3.48 mmoles, 48%yie ld ) .  The i . r .  

of t h e  product  (I) was i d e n t i c a l  w i th  t h a t  of an a u t h e n t i c  sample (Aldrich 

Chemical Co.). 

publ ished s p e c t r a  (16).  

i n  i n t e n s i t y  f o r  t h e  s i g n a l  from carbon-6. 

6 - h i n o u r a c i l  (6-l3C) : (VII) 

The c r y s t a l l i n e  powder t h a t  

The 13C-N?4R was i d e n t i c a l  w i th  t h e  a u t h e n t i c  sample,  and t h e  

With t h e  s i n g u l a r  except ion of t h e  a n t i c i p a t e d  i n c r e a s e  

Cyanoacetylurea (6-13C) ( I V )  (2.9g, 22.8 mmoles) was r e f luxed  i n  sodium 

e thox ide  (2g sodium i n  30 m l  a l coho l )  f o r  one hour.  Water (30 ml) was added 

and t h e  mixture  s t i r r e d  u n t i l  s o l u t i o n  w a s  e f f e c t e d .  The s o l u t i o n  was hea ted  

"(Note: Upon r educ t ion ,  t h e  suspension foamed and f i l l e d  t h e  b o t t l e ,  and was 
forced i n t o  l i n e  during hydrogen evacuat ion.  To prevent  contaminat ion of t h e  
hydrogenat ion appa ra tus  we u t i l i z e d  a 3 way s topcock t o  d i v e r t  t h e  suspension 
i n t o  an a p p r o p r i a t e  v e s s e l . )  
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a t  8OOC f o r  f i f t e e n  minutes ,  t hen  a c i d i f i e d  t o  pH 5 wi th  g l a c i a l  acetic a c i d  

The s o l u t i o n  w a s  allowed t o  coo l  and a w h i t e  s o l i d  w a s  i s o l a t e d .  

t o  b e  6-aminouracil  (6-13C) (2.68g, 21.1 m o l e s ,  92% y i e l d ) .  

product ( V I I )  w a s  i d e n t i c a l  w i th  t h a t  o f  an a u t h e n t i c  sample (Sigma Chemical C o . ) .  

5,6-Diaminouracil  (6-13C) hemisu l f a t e :  (X) 

This proved 

The i . r .  of t h e  

The p repa ra t ion  of 5 ,6  d i aminourac i l  (6-I3C) (IX) w a s  accomplished by t h e  

method of Sherman and Taylor  (12 ) ,  6-aminouracil  (6-I3C) (2.68g, 21.1 m o l e s )  

was suspended i n  wa te r  (20 ml) ,  and a c i d i f i e d  w i t h  g l a c i a l  acetic ac id .  

n i t r i t e  (1.78g, 25.8 m o l e s )  w a s  added t o  t h e  r e s u l t a n t  suspension and h e a t  

app l i ed  (80°c for 15 min). This r e s u l t e d  i n  a r o s e  co lo red  p r e c i p i t a t e  [5- 

nitroso-6-aminouracil  (12 ) ]  which w a s  n o t  p u r i f i e d  f o r  i d e n t i f i c a t i o n ,  b u t  used 

i n  t o t a l  i n  t h e  next  s y n t h e t i c  s t e p .  Sodium h y d r o s u l f i t e  (excess)  w a s  added 

t o  t h e  s t i r r e d  hea ted  (80°C) suspension u n t i l  t h e  r o s e  c o l o r  w a s  completely 

bleached. The suspension was  hea ted  f o r  an a d d i t i o n a l  15  min t o  a s s u r e  comple- 

t i o n  of r e a c t i o n .  

by f i l t r a t i o n .  The d ry  weight of t h e  product  I X  was 2.80g (19.7 m o l e s ;  a 93% 

y i e l d ) .  To p u r i f y  t h e  product i t  was converted t o  its h e m i s u l f a t e  (X) (17) by 

d i s s o l v i n g  i n  d i l u t e  NaOH (5 ml) and pouring t h e  r e s u l t a n t  s o l u t i o n  i n t o  b o i l i n g  

H2SO4 ( d i l u t e ) .  

found t o  be i d e n t i c a l  w i t h  an a u t h e n t i c  sample (Sigma Chemical Co.) by bo th  uv 

and i r  spectroscopy.  

6,7-Dimethyllumazine (8a-I3C) : (11) 

Sodium 

Upon coo l ing  a bu f f  colored s o l i d  p r e c i p i t a t e d  and was i s o l a t e d  

The c r y s t a l l i n e  hemisu l f a t e  which p r e c i p i t a t e d  upon coo l ing ,  was 

The p r e p a r a t i o n  of 6,7-dimethyllumazine (8a-I3C) (11) w a s  by t h e  method of 

5-6-diaminouracil (6-13C) hemisu l f a t e  (5.0g, 26.15 Weij lard and Erickson (13). 

mmoles) was h e a t e d  (100OC) i n  water (30 m l )  w i th  d i a c e t y l  (2.25g, 26.1 m o l e s )  

f o r  f i f t e e n  minutes ,  and cooled. 

m o l e s ,  a y i e l d  of 67x1. This was shown t o  be i d e n t i c a l  w i t h  an a u t h e n t i c  

sample (Aldrich Chemical Co.) of 6,7-dimethyllumazine by i r ,  uv, and 13C-NMR. 

The inc reased  peak i n t e n s i t y  f o r  t h e  s i g n a l  of carbon-8a i n d i c a t e d  t h e  presence 

of t h e  l a b e l  a s  w e l l  as i t s  p o s i t i o n  w i t h i n  t h e  molecule. 

2,4-Dihydroxy-7-(2-hydroxy-2methyl-3-oxobutyl)-6methylpteridine (8a-13C) : ( X I I )  

A c r y s t a l l i n e  s o l i d  was i s o l a t e d  (3.34g, 17.4 

The method of  Birch and Moye (15) w a s  used t o  p repa re  t h e  2,4-dihydrox-6- 
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~2-hydrox-2-methyl-3-oxobutyl)-6-methyl-pteridine (8a-13C) ( X I ) .  5,6-T)iamino- 

u r a c i l  (6-I3C) hemi-sulfate  (X) (0.80g, 4.16 mmoles) was added t o  water (15 ml); 

5-acetyltetrachydro-2-hydroxy-2,5-dimethyl-3~xofuran (14) (XI) (0.716g, 4.16 

mmoles was added; and t h e  suspension hea ted  (lOO°C) f o r  one hour.  The suspen- 

s i o n  w a s  f i l t e r e d ,  and upon coo l ing  p a l e  yellow c r y s t a l s  ( X I I )  were i s o l a t e d .  A 

y i e l d  w a s  n o t  determined as t h e  product  was used i n  i t s  e n t i r e t y  i n  t h e  nex t  

s t e p ,  t h e  formation of lumichrome ( l ! - ~ a - ~ ~ C )  (111). 

Lumichrome (10a-13C) : (111) 

The s y n t h e s i s  of lumichrome (10a-13C) (111) w a s  accomplished by a continua- 

2,4-Dihydroxy-6-(2-hydroxy-2-methyl- t i o n  of t h e  method of Birch and Moye (15) .  

3-0xobutyl)-6-nethylpteridine (8a-13C) (XII) was d i s so lved  i n  sodium hydroxide 

(22, 20 ml) and hea ted  on a steam b a t h  f o r  one hour.  

yel low p r e c i p i t a t e  (485 mg, 1.84 mmoles) w a s  i s o l a t e d .  

sodium sa l t  of lumichrome, by u.v. ,  i r ,  and 13C-NMR. 

y i e l d .  

i n t e n s i t y  d a t a  i n  t h e  13C-NKR s p e c t r a .  

Upon coo l ing  a b r i g h t  

This  w a s  shown t o  b e  t h e  

This r ep resen ted  a 44.1% 

The r e t e n t i o n  and p o s i t i o n  of t h e  carbon-13 l a b e l  was demonstrated by 
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