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SUMMARY 

Catalytic reductive dehalogenation of 5-brom-6-asauracil with 
carrier-free t r i t ium led t o  6-aaa~rnci1-5-~H of a m l a r  a c t i v i t y  of 
19.0 C i / m l e .  The reaction conditions for the ca ta ly t ic  reductive 
dehalogenation were examined i n  tracer elcperiments. Microbial t m s -  
formation was used for  the preparation of G-aaa~ridine-5-~H from 
B-azaura~it-5-~H. 
o f  18.8 C i / m l e .  In both compounds the s t a b i l i t y  of t r i t iwn w8 investi-  
gated i n  an aqueous medium a t  I O O O C .  

Li-A~auridine-S-~H Lx(s prepared a t  a m l a ~  act iv i ty  

6-Azauridine was discovered a s  an in te rmedia te  a n a b o l i t e  

.n a study o f  t h e  mechanism of i n h i b i t o r y  e f f e c t s  of  6-azauracil 

.p. k c h e r i c h i a  

jystems, 6-azauridine i s  enzymically transformed t o  6-azauridino 

5 '-monophosphate which i n h i b i t s  o r o t i d i n e  5 '-phosphate aecarbo- 

Kylase and t h u s  a l s o  t h e  b i o s y n t h e s i s  of  pyrimidine precursors  

l e  novo. 6-Azauridine i s  produced on t h e  l a r g e  s c a l e  by femen- 

t a t i o n  from 6-azauraci13. The mechanism of a c t i o n  of 6-azauridino 

snd i t s  a p p l i c a t i o n  have been reviewed r e c e n t l y  . 

and Streptococcus faecalis' .  I n  b i o l o g i c a l  

4 
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An except iona l ly  important  r o l e  i n  t h e  s o l u t i o n  o f  t h e  mecha- 

nism of 6-azauridine a c t i o n  and i n  t h e  s tudy of phermacological 

p r o p e r t i e s  o f  t h i s  anomalous r ibonucleos ide  belonged t o  l a b e l l e d  

6-azauraci l  and 6-azauridine. I n  1957 , ivlor8vek5 descr ibed  t h e  

p r e p a r a t i o n  of  6 - a ~ a u r a c i l - 4 , 5 - ~ ~ C ,  Chang and Ulbr ich t  then 

publ ished6 t h e  s y n t h e s i s  o f  6 - a ~ a u r a c i l - Z - ~ ~ C ;  a fermentat ion 

p r e p a r a t i o n  of 6-azauridine-4,5-14C has been descr ibed l a t e r 7 .  

A t  p resent ,  l a b e l l e d  6-azauridine f i n d s  a p p l i c a t i o n  i n  the 

es t imat ion  of a c t i v i t y  o f  u r i d i n e  kinase’ and i n  connection 

wi th  t h e  s p e c i f i c  problems o f  c l i n i c a l  a p p l i c a t i o n  of 6-azauri- 

d ine  i n  t h e  therapy o f  p s o r i a s i s  and of  some s p e c i a l  neoplas t ic  

d i seases4 .  It was thus  considered u s e f u l  t o  prepare a tritium- 

l a b e l l e d  6-azauridine;  t h i s  form is l e s s  c o s t l y  than  14C-lahelled 

6-azauridine. We were aware t h a t  6-azauridine-% can Se success- 

f u l l y  employed only at a very high s p e c i f i c  r a L i o a c t i v i t y .  

6-Azauracil-5-’H a t  a molar a c t i v i t y  of  19.0 Ci/mmole was 

prepe!rn4 57 reduct ive  c a t a l y t i c  dahalogenat ion o f  5-bromo-6~aza- 

u r a c i l .  An at tempt  t o  p repare  6 - a ~ a u r a c i l - 5 - ~ H  by t h e  a c t i o n  

of  n-butyl l i thium on 5-bromo-6-azauracil and by decor.position 

of t h e  d e r i v a t i v e  wi th  t r i t i a t e d  water  was not  s u c c e s s f u l  . 
It was concluded t h a t  t h e  hydrogen atom i n  p o s i t i o n  5 is too 

l a b i l e .  However, t h e  s t a b i l i t y  o f  tritium i n  6 - a ~ a u r a c i l - 5 - ~ 9  

was examined and it was found t o  be g r e a t e r  than i n  ~ r a c i l + - ~ H ,  

6 

D i f f e r e n t  methods can be employed f o r  l a b e l l i n g  6-azauraci l  

wi th  tritium’. However, t o  o b t a i n  a high molar a c t i v i t y  of‘ the  

product  one has  t o  use c a r r i e r - f r e e  tritium and t o  r e s t r i c t  

its i s o t o p i c  exchange wi th  t h e  so lvent  during t h e  reduct ive  

c a t a l y t i c  dehalogenation. The i s o t o p i c  exchange of hydrogen was 

examined earlier’’ i n  t h e  system h y d r ~ g e n - ~ H  - water  under 
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condi t ions analogous t o  those  i n  experiments with c a t a l y t i c  

reduct ive  dehalogenat ion of 5-bromo-6-azauracil and t h e  r e a c t i o n  

r a t e  was found t o  increase  with i n c r e a s i n g  concent ra t ion  o f  

hydrogen ions.  I n  t r a c e r  experiments we followed t h e  c a t a l y t i c  

reduct ive  dehalogenation of  5-bromo-6-azauracil i n  an aqueous 

mec?ium. The r e a c t i o n  condi t ions  were adapted t o  work on 

micro-scale condi t ions.  A t  t h e  r e l a t i v e l y  high amount o f  ca ta -  

l y s t  ( 1 0 0 - 2 G O l  r e f e r r e d  t o  t h e  s t a r t i n g  bromo d e r i v a t i v e )  t h e  

dehalogenat ion o f  t b e  halogen d e r i v a t i v e s  proceeded r a p i d l y  

even a t  a reduced pressure  o f  h y d r ~ g e n - ~ H .  During c a t a l y t i c  

dehalocenat ion of halogen d e r i v a t i v e s  i n  pyrimidine no s i g n i -  

f i c a n t  i s o t o p i c  e f f e c t  could be observedlO’ll. The r e s u l t s  of 

t r a c e r  experiments permit ted t o  a s s e s s  t h e  molar a c t i v i t i e s  

t h a t  could be a t t a i n e d  on us ing  c a r r i e r - f r e e  tritium. This 

assumption was v e r i f i e d  experimental ly .  From t h e  r e a c t i o n  mix- 

t u r e ,  6 - a ~ a u r a c i l - 5 - ~ H  was i s o l a t e d  by prepara t ive  paper 

chromatography. Tri t ium was removed from t h e  “ l a b i l e  bonds“ 

before chromatography by d i s s o l v i n g  6 - a ~ a u r a c i l - 5 - ~ H  i n  Water 

and hy evaporat ion.  This  procedure was repeated t o  cons tan t  

a c t i v i t y  i n  t h e  s o l i d  phase. Chemical and radiochemical p u r i t y  

was checked by UV spectrometry and chromatography i n  t h r e e  d i f f e -  

r e n t  chromatographic systems. Radiochemical p u r i t y  of 6-aaauraci l -  

-5-3H was g r e a t e r  than 96%, s p e c i f i c  a c t i v i t y  was 19.0 Ci/mmole. 
For t h e  prepara t ion  of  S-a~aur id ine-S-~H and 6-azauracil-5- 3 H 

we used s u c c e s s f u l l y  microbial  t ransformation.  The high molar 

a c t i v i t i e s  made it poss ib le  t o  i s o l a t e  6 . ~ z a u r i d i n e - 5 - ~ H  from 

t h e  r e a c t i o n  mixture  by p r e p a r a t i v e  paper chromatography. 

6-B~auridine-5-~H o f  m o l a r  a c t i v i t y  of 18.8 Ci/mmole and 

radiochemical p u r i t y  g r e a t e r  than  97% was thus  obtained. 
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EXPERIDQENTAL. 

The samples were analyzed by paper chromatography (Table 1) 

cr. Whatman 3 in a descending direction at 2OoC. The compounds 

were detected on the chromatograms under UV light (Chromatolite). 

The radioactivity of the samples was determined in a liquid 

scintillator by a single-channel counter NE 5503 (Nuclear 

Entreprises, England). The scintillation liquid SLD 31 (dioxane, 

naphthalene) was made by Tesla, n.e., Pardubice. The detectic . 
efficiency was determined for every sample by the internal s :- 

dard method (standard EK-1, t~luene-~H; volume activity 1.97, 

made in the Institute for Research, Production and Uses of 

 radioisotope^, Czechoslovakia). The radiochemical purity was 

determined by paper chromatography and counting the chromatogra,.~. 

i/ml 

Maas was estimated by measuring the UV spectra in 8: CF 4 NIR 

spectrophotometer (Optica lviilano, Italy) us ing  quartz cuvettes 

(5 mm light path) in a double-beam arrangement. 

Table 1. Paper chromatography of 6-azauracil and its derivatives. 

Compound RF in solvent systema 

6-Azauracil 0.57 0.47 C.23 0 , r i C  

5-Bromo-6-azauracil 0.74 0.66 0.32 C,65 

6-Azauridine 0.30 0.17 0.1R G.20 

A B c D 

a A - 1-butanol-acetic acid-water (4:1:5) j 
with water; 

(7:5:7:2); D - 1-butanol-ethanol-water ( 4 : l : l ) .  

B - 1-butanol saturateB 
C - 1-butanol- 1-propano1-amrr.onium hydroxide-water 
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Chemicals and r a d i o a c t i v e  mater ia l .  

Nonactive chemicals were suppl ied  by Lachema (Czechoslovakia). 

6-Azauracil and 6-azauridine were made by Spofa (CzechoaLovakia). 

Gaseous tritium (conta in ing  2% H p )  and ~ e t e r - ~ H  were suppl ied  by 

Tekhsnabeksport (USSR). 6-Azauracil-4, 5-14C and 6-azauridine- 

4,5-14C were made a t  t h e  I n s t i t u t e  f o r  Research, Product ion and 

Uses of Radioisotopes (Czechoslovakia), t h e i r  radiochemical 

p u r i t y  being g r e a t e r  than 98%. 

Prepara t ion  of 5% palladium on barium sulphate .  

The palladium c a t a l y s t  on baricm su lpha te  was prepared according 

t o  ref.12. A t o t a l  of 18.5 g c a t a l y s t  was obtained;  it was s t o r e d  

i n  a d e s i c c a t o r  over  phosphorus pentoxide. 

Prepara t ion  of  5-bromo-6-azauracil. 

5-Bromo-6-azauracil was prepared according t o  Change and 

Ulbricht’ by bromination of  6-azauracil. A t o t a l  of 1.5 g 

chromatographically pure compound was obtained. 

Apparatus f o r  t r a c e r  and a c t i v e  experiments. 

Previously descr ibed apparatus’’ was used i n  t r a c e r  and 

a c t i v e  pxreriments. The r e s e r v o i r  of t h e  apparatus  f o r  t r a c e r  

PxFeriCbents was f i l l e d  with hydrogen-’H of volume a c t i v i t y  o f  

1.5 m C i / m l .  For t h e  prepara t ion  of  6 - a z a u ~ a c i l - 5 - ~ H  of molar 

a c t i v i t y  o f  t h e  o r d e r  of Ci/mmole a modified apparatus  of  Wenzel 

‘#as used. The consumption of tritium was determined a f t e r  terninat- 

i o n  of  t h e  r e a c t i o n  by t r a n s f e r r i n g  t h e  nonreacted tritium t o  a 

c a l i b r a t e d  r e s e r v o i r  and by measuring the  pressure.  
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Conditions f o r  c a t a l y t i c  reduct ive  dehalogenat ion o f  5-bromo- 

6-azauraci l  i n  an aqueous medium. 

5-Bromo-6-azauracil t o g e t h e r  w i t h  t h e  c a t a l y s t  (5% palladium 

on barium s u l p h a t e )  was placed i n  a r e a c t i o n  v e s s e l  o f  1.2 m l  

capaci ty .  Hydrochloric a c i d  ( o r  potassium o r  ammonium hydroxide) 

was then  added t o  t h e  f l a s k  a t  t h e  normali ty  shown i n  Table 2. 

The r e a c t i o n  v e s s e l  was a t tached  t o  t h e  apparatus  f o r  t r a c e r  expe- 

riments. After f r e e z i n g  t h e  r e a c t i o n  mixture t h e  apparatus  with 

t h e  except ion o f  t h e  r e s e r v o i r  was evacuated and t h e  r e a c t i o n  

mixture  f r e e d  o f  gases. H y d r ~ g e n - ~ H  was then l e t  i n  and t h e  reac t ion  

Table  2. Reductive dehalogenat ion of 5-bromo-6-azauracil. 

n&iber A c t i v i t y  A c t i v i t y  Chemical Specif i  per iod of  
(min) hydrogen-% before  y i e l d  a c t i v i t  

(rnl) chromato- (,uCi) (md % ( m C i / m n  

4 d i s t i l l e d  
water  44 1.4 340 290 4.8 01.4 6.E 

5 0.01N H C 1  51  1.4 3 50 320 5.0 84.0 7.2 

6 0.1N H C 1  37 1.5 250 220 5.0 04.8 4.9 

7 1 N  H C l  120  1.35 148 125 5.1 06.6 2.7 

The r e a c t i o n  condi t ions  were a s  fol lows:  Volume a c t i v i t y  o f  h y d r ~ g e n - ~ i i  

1.5 rnCi / rn l ;  2OoC, 10.0 mg 5-bromo-6-azauracili 0.5 m l  so lvent ,  2 C  mg 5% 

Pd/bSOa. 
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mixture was stirred electromagnetically at room temperature. The 

dependence of consumption of hydr~gen-~H on time is shown in 

-*:T. 1 and 2. After teraination of the reaction, gases were again 

r-e!i,oved, the pH was adjusted t o  7.1 and the solvent was remove6 

by freeze-drying. Tritium from the labile bonds was removed by 

dissolving 6-azauracil in water and by freeze-drying of the so- 

lution formed. 6-Azauracil-5-’H was isolated from the reaction 

Fig. 1. neductive dehalogenation of 5-bromo-6-azauracil. 

Dependence of consumption of hydro~en-~H on time at different 

concentrations of hydrochloric acid. heaction conditions: 10.0 mg 

5-bromo-6-azauracil, 0.5 ml solvent, 20.0 mg 5% Pd/BeS04. Volume 

activity of hydrogen-’H 1.5 mCi/ml. 

3 - O.ClN HC1, 4 - water. 
1 - 1N HC1, 2 - 0.1N HC1, 

mi 

0 10 20 30 40 1 50 60 - t ,min 
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fig. 2. 

Dependence of consumption on hydr~gen-~H on time at different 

eomentrations of potassium hydroxide. Reaction conditions: 

10.0 mg 5-brom0-6-azauraci1, 0.5 ml solvent, 20.0 mg 5% Pd/BaS04. 
Volume activity of hydr~gen-~H 1.5 mCi/ml. 1 - 1N KOH, 
2 - 0.1N KOH, 3 - 0.01N KOH, 4 - water. 

Reductive dehalogenation of 5-bromo-6-azauracil. 

ml 
3 

0 10 20 30 40 50 60 - t,min 

mixture by preparative paper chromatography in 1-butanol-acetic 

acid-water (4:1:5). The results are shcwn in Table 2. 

Preparation of 6-a~aunacil-5-~H. 

a) Tracer experiment. 

10.2 rag 5-bromo-6-azausacil (52.9,umole), 20 mg 5% palladium 

on barium sulphate and 0.5 ml 0.1N potassium hydroxide was placed 
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i n  t h e  r e a c t i o n  vesse l .  The v e s s e l  was a t tached  t o  t h e  apparatus  

f o r  t r a c e r  experiments. A f t e r  degassing of t h e  r e a c t i o n  mixture, 

hydpogen-%I was adff i i t ted t o  t h e  mixture  (volume a c t i v i t y  o f  1.5 

m C i / r n l ) .  The consumption of h y d r ~ g e n - ~ H  was followed by t h e  drop 

of pressure.  A f t e r  46 min, 1.3 m l  hydrogen w a s  consumed and t h e  

r e a c t i o n  was terminated. The r e a c t i o n  a i x t u r e  was then  evaporated 

t o  dryness  i n  a closed system, t h e  res idue  was d isso lved  i n  1 m l  

water  and t h e  s o l u t i o n  evaporated again. T h i s  procedure was twice 

repeated.  6 -Aza~rac i l -5-~H was i s o l a t e d  from t h e  r e a c t i o n  mixture  

by prepara t ive  paper chromatography i n  1-butanol-acet ic  acid-water 

( 4  :1:5). The radiochemical p u r i t y  of  6 - a ~ a u r a c i l - 5 - ~ H  was confirmed 

i n  t h r e e  so lvent  systems (Table  1) t o  be b e t t e r  t h a n  97%. Then 

chemical y i e l d  of 6-azauracil-5- H was 4.7 mg ( i .e .  78.4% r e f e r r e d  

t o  t h e  5-bromo-6-azauracil used) .  The t o t a l  a c t i v i t y  o f  t h e  product 

was 395/uZi, t h e  molar a c t i v i t y  of 6 - a ~ a u r a c i l - 5 - ~ H  was 9.5 

rnCi/mmol e. 

b) Active experiment. 

3 

13.0 mg 5-bromo-6-azauracil (65.4 /urnole), 20 mg 5% palladium 

on barium su lpha te  and 0.5 m l  0.1N potassium hydroxide was placed 

i n  a r e a c t i o n  vesse l .  A f t e r  a t t a c h i n g  t o  t h e  apparatus  for a c t i v e  

experiments, t h e  mixture  was degassed and 2.C C i  tritium admit ted 

from t h e  r e s e r v o i r  t o  t h e  r e a c t i o n  v e s s e l ,  A f t e r  28 min, a t o t a l  

cf 5C$ of  t h e  t r i t i u m  was consumed, a f t e r  2 h 86% tritium was 

consumed, whereaf ter  t h e  r e a c t i o n  w a s  terminated. The pH value 

of t h e  r e a c t i o n  mixture was ad jus ted  t o  7.0. The t o t a l  a c t i v i t y  

of t h e  r e a c t i o n  mixture was 1.36 C i .  The l a b i l e  a c t i v i t y  was 

removed a s  descr ibed w i t h  t h e  t r a c e r  experiment. A c t i v i t y  i n  

t h e  so lvent  and t h e  l a b i l e  a c t i v i t y  amounted 'to 900 m C i .  Prepa- 

:,ative paper chromatography i n  1-butanol-acet ic  acid-water (4:1:5) 
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was used t o  i s o l a t e  from t h e  r e a c t i o n  mixture  a t c t a l  of 2.56 mg 

6-azauraci l  5- H (i.e. 63.2% r e f e r r e d  t o  t h e  tritium used) of a 

t o t a l  a c t i v i t y  of  430 m C i .  The molar a c t i v i t y  of  t h e  proCuct was 

19.0 Ci/mmole. The radiochemical p u r i t y  checked i n  t h r e e  so lvent  

systems ( c f .  Table 1) was g r e a t e r  t h a n  97%. 

3 

6-A~auridine-5-~H ( a c t i v e  experiment 1 

Inoculum (0.1 m l )  of a 15-h c u l t u r e  of Escherichia  c o l i  B 

growing a t  37 OC on a mineral  medium conta in ing  glucose was 

d i l u t e d  wi th  5 m l  medium of t h e  same compos.ition. The medium 

was f lushed  with s t e r i l e  a i r  and c u l t u r e  growth was followed 

nephelometr ical ly  a t  575 nm. During t h e  logar i thmic  phase o f  

c u l t u r e  growth ( a f t e r  6 h o f  c u l t i v a t i o n )  a t o t a l  o f  2CC m C i  

6 - a ~ a u r a c i l - 5 - ~ H  of molar a c t i v i t y  of 19.0 Ci/mmol i n  0.5 m l  

water  was added. Concentrat ion of 6 - a ~ a u r a c i l - 5 - ~ H  i n  the  medium was 

1.88 x lo",. The c u l t u r e  was f u r t h e r  f lushed  wi th  s t e r i l e  a i r .  

A f t e r  1 5  h of c u l t i v a t i o n ,  t h e  process  was s topped,  t h e  medium 

was cooled t o  2 OC and b a c t e r i a  were cent r i fuged .  The supernatant  

was placed on 2 s h e e t s  of  Whatman no.3 and chromatographed i n  

1-butanol-acet ic  acid-water (4:1:5) i n  a descending d i r e c t i o n .  

A s t r i p  corresponding t o  t h e  s tandard o f  6-azauridine was c u t  out 

and e l u t e d  with water. A t o t a l  of 72 m C i  6 - a ~ a u r i d i n e - 5 - ~ H  (36%) 

of  a molar a c t i v i t y  of  18.8 3i/mmole was obtair,ed. The radio- 

chemical p u r i t y  checked i n  systems A ,  B and D (Table 1) was 

g r e e t e r  t h a n  96%. P r e p a r a t i v e  chromatography recovered from the 

r e a c t i o n  mixture 100.6 m C i  6 - a ~ a u r a c i l - 5 - ~ H  :53%). 

I s o t o p i c  exchange of hydrogen i n  6 - a ~ a u r a c i l - 5 - ~ H  an6 6-aza- 

~ r i d i n e - T - ~ H  i n  an aqueous medium and depen<ence on t h e  
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cr'centration of hydrochloric acid and sodium hydroxide. 

1CO uCi 6-a~auracil-5-~H of molar activity of 16.0 mCi/mmole 

and 10.0,uCi 6-aza~racil-4,5-~~C of molar activity of 80.0 mCi/ 

/mole was dissolved in 0.5 m l  water of known pH and sealed in 

a glass ampoule. The ampoule was heated for 1 h to 100°C. After 

cooling, the pH was adjusted to 7.C and water was evaporated frm 

the solution in a closed system. Stability of 6-a~auracil-4,5-~~C 

was estinated chrorcatographically in 1-butanol-acetic acid-water 

(4:1:5) an6 Sy measuring the radioactivity of the chromatogram. 

/ 

Tab le  3 .  Isotopic exchange of hydrogen in 6-a~auracil-5-~H in 

an aqueous Eedium (lCC0C, 1 h). Dependence on the concentration 

of hydrochloric acid and sodium hydroxide. 

Exchan e of 3H Radiochemical purity 
of 6-azauracil-4,5- 4C 

( 8) 
( %f Lxpt. Medium 

no. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1N HC1 2.3 96.0 

2 10-IN HC1 3e4 100.0 

3 10-2N HC1 4.9 " 

4 10m4N HC1 6.1 - 
5 l C m 5 N  HC1 5.6 - 
6 H20 3.4 99.9 

7 10-5, KOH 3.8 - 
9 10-2N KOH 3.3 - 8 10% KOH 4.8 - 

10 10-lN KOH 3.8 85.0 

11 1N KOH 5.6 75.0 
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Resul t s  o f  i s o t o p i c  exchange o f  hydrogen o f  6 - a ~ a u r a c i l - 5 - ~ H  and 

o f  radiochemical s t a b i l i t y  o f  6 - a z a ~ r a c i 1 - 4 , 5 - ~ ~ C  a r e  shown i n  

Table 3 .  

100,uCi 6 - a ~ a u r i d i n e - 5 - ~ H  of molar a c t i v i t y  of 12,6 mCi/uunole 

w a s  d i sso lved  i n  0.5 ml water  o f  known pH ( s e e  Table 4) and 

s e a l e d  i n  a g l a s s  ampoule. The ampoule was heated f o r  1 h t o  

100 OC. After cool ing  and a d j u s t i n g  t h e  pH t o  7.0, ~ a t e r - ~ H  

was evaporated f rom t h e  s o l u t i o n  i n  a closed system. 

The r e s u l t s  o f  i s o t o p i c  exchange o f  hydrogen i n  6-azauridine- 

-5-3H a r e  ahown i n  Table 4. 

Table 4. I s o t o p i c  exchange of hydrogen i n  6 - a z a ~ r i d i n e - 5 - ~ H  i n  

a n  aqueous medium (lOO°C, l h ) .  Dependence on t h e  concent rv t ion  

of hydrochlor ic  a c i d  and sodium hydroxide. 

Expt. Kedium 
no. 

Zxchange o f  311 
( % I  

1 1N KOH 38.0 

2 10-lN KOH 8.6 

3 10-2N KOH 3.7 

4 H2* 2.8 

5 10e2N H C 1  2.2 

6 10-Ill H C 1  2.3 

7 1 N  H C 1  2.2 
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