
412 KHIMIYA G E T E R O T S I K L I C H E S K I K H  SOEDINENI I  

B R I E F  C O M M U N I C A T I O N S  

A N A L O G S  O F  P Y R I M I D I N E  N U C L E O S I D E S  

!I. N l - ( a - B u t y r o l a e t o n o )  D e r i v a t i v e s  of 5 - S u b s t i t u t e d  U r a c i l s *  

S. A. H i l l e r ,  R .  A. Zhuk,  and Ya. G. N a s h a t y r  

K h i m i y a  G e t e r o t s i k l i c h e s k i k h  S o e d i n e n i i ,  Vol.  4,  No. 3, pp. 557-558 ,  1968 

UDC 547. 8 5 4 . 4 ' 7 2 2 . 3 . 7 2 4  

A number of Nl-(a-butyrolactono) derivatives of 5-substituted uracils 
have been synthesized by condensing the sodium derivatives of the 
corresponding bases with a-bromobutyrolactone or by the halogena- 
tion of Nl-(a-butyrolactono)uracil. 

We h a v e  p r e v i o u s l y  [1] d e s c r i b e d  the  s y n t h e s i s  of 
N l - ( c ~ - f u r a n i d y l  ) d e r i v a t i v e s  of  5 - s u b s t i t u t e d  u r a e i l s  
w i th  p r o p e r t i e s  e x t r e m e l y  s i m i l a r  to t h o s e  of the  p y -  
r i m i d i n e  n u c l e o s i d e s .  It  w a s  found tha t  t h e s e  c o m -  
pounds  a r e  c l e a v e d  by  n u c l e o s i d e  p h o s p h o r y l a s e s ,  
a l though  to  a s m a l l e r  e x t e n t  t han  n a t u r a l  n u c l e o s i d e s .  

In o r d e r  to  i n v e s t i g a t e  the  c o n n e c t i o n  b e t w e e n  
c h e m i c a l  s t r u c t u r e  and b i o c h e m i c a l  p r o p e r t i e s  in t he  
N l - d e r i v a t i v e s  of the  p y r i m i d i n e  b a s e s ,  we  have  s y n -  
t h e s i z e d  N l - ( o z - b u t y r o l a c t o n o  ) d e r i v a t i v e s  of 5 - s u b s t i -  
t u t ed  u r a c i l s  I - V I  [2]; t h e s e  h a v e  c o n f i g u r a t i o n s  c l o s e  
to t h o s e  of the  n u e l e o s i d e s  but  p o s s e s s  m a r k e d l y  d i f -  
f e r i n g  c h e m i c a l  p r o p e r t i e s .  

To  ob t a in  I - V I  we  s t u d i e d  the  r e a c t i o n  of the  s o d i u m  
d e r i v a t i v e s  of u r a c i l ,  t h y m i n e ,  and 5 - h a l o u r a c i l s  wi th  
~ - b r o m o b u t y r o l a c t o n e .  The  s o d i u m  d e r i v a t i v e s  w e r e  
ob t a ined  by  the  r e a c t i o n  of  the  b a s e s  w i t h  s o d i u m  h y -  
d r i d e  in d i m e t h y l f o r m a m i d e  and w e r e  u s e d  f o r  c o n d e n -  
s a t i on  w i thou t  i s o l a t i o n  f r o m  the  r e a c t i o n  m i x t u r e  [3]. 
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Compounds I-VI are  white c r y s t a l l i n e  subs t ances  
so lub l e  in p o l a r  s o l v e n t s  such  as  e t hano l  and,  e s p e -  

c i a l l y ,  w a t e r  and d i m e t h y l f o r m a m i d e .  The  s t r u c t u r e  
of  I - V I  as N l - d e r i v a t i v e s  w a s  c o n f i r m e d  by  t h e i r  UV 
s p e c t r a  ( a b s e n c e  of a b a t h o e h r o m i c  sh i f t  of  the  a b -  
s o r p t i o n  m a x i m u m  on p a s s i n g  f r o m  an a c i d  m e d i u m  
to  an a l k a l i n e  one).  T h e  p r e s e n c e  of a l a c t o n e  r i n g  
e x p l a i n s  the  a p p e a r a n c e  of an a b s o r p t i o n  band  in the  
1780 c m  -1 r e g i o n  in t he  IR s p e c t r a  w h i c h  is  c h a r a c -  
t e r i s t i c  f o r  t he  s t r e t c h i n g  v i b r a t i o n s  of C ~ O  in y -  
l a c t o n e s ,  t o g e t h e r  w i t h  YCO of a u r a c i l  at  1680 and 
1715 c m  - i .  

In the  c a s e  of  5 - b r o m o u r a c i l  and,  p a r t i c u l a r l y ,  
5 - i o d o u r a c i l ,  h a l o g e n  is  e l i m i n a t e d  u n d e r  the  r e a c t i o n  
c o n d i t i o n s .  C o n s e q u e n t l y ,  t he  5 - h a l o u r a c i l  d e r i v a t i v e s  
w e r e  a l s o  o b t a i n e d  by the  d i r e c t  h a l o g e n a t i o n  of N 1- 
( c e - b u t y r o l a c t o n o ) u r a c i l  I w i t h  N - h a l o s u c c i n i m i d e s  o r  
w i t h  f r e e  h a l o g e n  in the  p r e s e n c e  of n i t r i c  a c i d  [4]. 

T h e  c o m p o u n d s  ob t a ined  a r e  p o t e n t i a l  i n h i b i t o r s  of 
n u e l e i n  m e t a b o l i s m  and they  a l s o  m a y  be  u s e d  f o r  

s t a r t i n g  m a t e r i a l s  fo r  the  s y n t h e s i s  of new N l - s u b s t i -  
t u t ed  p y r i m i d i n e  b a s e s .  

E X P E R I M E  N T A L  

Nl-(a-Butyrolaetono)u~ar (I), To a suspension of 11.2 g (0.1 
o mole) of uracil in 125 ml of dry dimethylformamide was added 2.4 g 

"~/~1 (0.1 mole) oi sodium hydride, and the mixture was stirred at room 
o//k.Nfl temperature for 2 hr and was cooled to --10" C, after which 83 g (0.2 

I mole) of a-bromobutyrolactone in 15 ml of dimethylformamide was 
~ -~=o  added. The temperature was gradually raised to room temperature, 

and then the mixture was heated at 80"C for I hr, another 16.5 g 
(0.1 mole) of a-bromobutyrolactone was added, and it was heated at 
160 ~ C for 30 rain. The solvent was distilled off in vacuum and the 
~esidue was extracted with boiling ethanol, The insoluble residue con- 
sisted of a mixture of uracil and sodium bromide. Its recrystallization 
from water gave 3.4 g of uracil (30~ of that taken for the reaction). 
The ethanolic solution yielded 5.9 g of Nl-(a-butyrolactono)uraciI 

C h a r a c t e r i s t i c s  of the Compounds Obtained 

* F o r  p a r t  I, s e e  [1]. 
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J ~ 2 ~ d ~ 

238~- 261 9.80 260 7.56 264 7.30 

260-- [ 267 19.44 ] 267/8.80[ 270 [ 7.36 

240g- 268 8.22 267 7.54 271 6.20 

comp.) 
> 00 
" ~  / / eomp.) 
>280 286 7.32 285 6.90 282 5.22 

Found, % 

formula C H 1 

/ 
148,67 4,18 

.0+,01 
44.373.49 2.70 9.33 

34.78 2.52 0.41 29.50 

29.56 2.27 8.39 38.46 

Calculated, % 

48.98 4,08 I 

C H N gen 

4.28 

44.86/3.~9 3.08 

41.64 3.06 2.15 

34.94/2.56 019 

29.8,!2.191 869 
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CsHrCINeO4 
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CsHzlN204 

halo- 

8.87 

15.38 

29.05 

39.41 



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 

(30%, calculated on the uracil taken for the reaction). It was crystal- 
l ized from ethanol. 

Nl-(a-Buty~o!aotono)-g-chlomusacil (IV). A suspension of 1 g 
(0. 005 mole) of I in 60 ml of glacial acetic acid containing 1.2 ml 
of acetic anhydride was heated at 80* C until the I had dissolved and 
was then cooled to 55 ~ C and treated with 0.8 g (0.006 mole) of N- 
chlotosuccinimide, after which the mixture was kept at 50%55 ~ C for 
9 hr and cooled, and the precipitate that deposited was filtered off. 
Yield 0.74 g (60%). It was crystallized from water. 

N,-(a-Butyrolactono)-5-bromouracil (V). A suspension of 1 g 
(0.005 mole) of I in 50 ml of acetic acid was heated m 55" C and a 
solution of I g (0. 006 mole) of bromine in 5 ml of glacial acetic acid 
was added, after which the mixture was kept at 55 ~ C for 1 hr and was 
cooled and the precipitate that deposited was filtered off. Yield 1.1 g 
(71%). It was crystallized from water. 

Nl-(a-Buty~olactono)-5-iodoutacil (VD. To a solution of I g 
(0. 005 mole) of I in 20 ml of dioxane containing 5 ml of 0.5 N nitric 
acid was added 2.6 g (0.01 mole) of iodine, and the reaction mixture 
was heated at 100 ~ C for 1 hr. The solvent was distilled off in vacuum 
and t0-ml portions of ethanol were added to the residue and evaporated 
three times. It was crystallized from water. Yield 0.8 g (50%). 
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The chemical nature of the compounds formed in the microbiolo- 
gical transformation of c~-amino-~-(2-amino-4-pyrimidyl)propionic 
acid (lathyrine) under the action of soil microorganisms capable of 
using pyrimidine bases as sources of carbon and nitrogen has been 

studied. 

Recently, a new amino acid which has been given 

the name of lathyrine has been isolated from a number 

of plants of the family Leguminosae (Lathyrus tingi- 

tanus, Lathyrus japonicus, Lathyrus variegatus, etc.) 

[ I - 3 ] .  F r o m  t h e  c h e m i c a l  p o i n t  of v i e w ,  t h i s  a m i n o  

a c i d  i s  ~ - a m i n o - ~ - ( 2 - a m i n o - 4 - p y r i m i d y l ) p r o p i o n i c  
a c i d  (I) [ 4 - 7 ] .  R e c e n t l y ,  we  h a v e  c a r r i e d  out  a n  i n -  

v e s t i g a t i o n  :of t h e  r o u t e s  of t he  m i c r o b i o l o g i c a l  t r a n s -  

f o r m a t i o n  of I u n d e r  t h e  a c t i o n  of s o i l  m i c r o o r g a n i s m s  

c a p a b l e  of u s i n g  p y r i m i d i n e  d e r i v a t i v e s  as  s o u r c e s  of 

c a r b o n  and  n i t r o g e n .  In  t h e  p r e s e n t  c o m m u n i c a t i o n  we  

g ive  s o m e  i n f o r m a t i o n  on  t h e  c h e m i c a l  n a t u r e  of t h e  

c o m p o u n d s  f o r m e d  in  t h i s  p r o c e s s .  

I 
R 

I R = CH2CH(NH~)CO2H; 

~[[ R ~ C~gCOC0~H 

As the starting material in the experiments on mi- 
crobiological transformation we used racemie I oh- 

t a i n e d  b y  c h e m i c a l  s y n t h e s i s  [8] .  As t h e  t r a n s f o r m i n g  
o r g a n i s m  we  u s e d  a s t r a i n  of . M y . c o b a c t e r i u m  sp .  47 

i s o l a t e d  f r o m  s o i l  b y  t h e  m e t h o d  of a c c u m u l a t i v e  c u l -  

t u r e s  [9] .  T h e  b a c t e r i a l  c e l l s  w e r e  i n c u b a t e d  a t  28 ~ C 

u n d e r  c o n d i t i o n s  of f o r c e d  a e r a t i o n  i n  a s y n t h e t i c  m e -  

d i u m  of  t he  f o l l o w i n g  c o m p o s i t i o n :  D L - l a t h y r i n e - - 0 . 1 % ,  
KHaPOt - -0 .01%,  MgSO 4 �9 7 H 2 0 - - 0 . 0 2 %  , g l y c e r o l - - 0 . 4 % ,  

, s u c e i n i c  a c i d - - 0 . 1 % ,  y e a s t  a u t o l y z a t e - - 0 . 0 1 % ,  d i s t i l l e d  

w a t e r - - t o  100% (pH 7 .2) .  A 2 4 - h o u r  c u l t u r e  of t he  s t r a i n  

m e n t i o n e d  g r o w n  on  M P A  s l o p e s  w a s  u s e d  a s  t h e  s e e d  

m a t e r i a l .  T h e  g r o w t h  of t h e  c u l t u r e s  w a s  f o l l o w e d  

nephelometrically and the changes in the composition 
of the incubates were determined by chromatography 
and eleetrophoresis on paper. 

The experiments performed showed that in the in- 
cubation of DL-lathyrine with growing cultures of M y- 
cobacterium sp~ 47 there is a gradual disappearance 
of part of the initial amino acid (1), although the degree 
of utilization of the latter does not exceed half its ini- 
tial amount, and the remainder of the amino acid ex- 
hibits the optical activity characteristic for the D-form. 
These facts permit the conclusion that only the L- 
form of I undergoes microbiological transformation. 

It was also established that as a result of the in- 
cubation three new substances (A, B, and C) regularly 
appear in the culture medium, these substances, in 


