
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 
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Com- 
pound 

I 
~I (A) 
IIl (B) 

C 

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

P~ in system* 

.... i i : 
0.34 0.32 0.62 
0.80 0.85 0.60 
0.38 0.42 0.55 
O. tl 0.30 i 0.47 

. ~ x i0 ~, I UV absorption, nm 

cm~. v-'. sec-' ,~, ~. ,, 

4 I ( p ~ 1 1 ) "  L ~ o ~  ~m~. '~mo~ ~m~. 
i 

0.48 +2.1 1298 246 292 250 
0.82 -1.1 / 298 247 289 249 
0.40 +2.7 300 249 290 248 
0 . 2 6  I +4.a i . . . .  

* System 1: isopropanol--25% ammonia--water (14 : 1:5); system i 2: isopropanol-- 
saturated aqueous ammonium sulfate (2:1); system 3: ethyl acetate--formic acid-- 
water (7:1:2); system 4: n-butanol--acetic acid--water (2:1:1). 
**Borate buffer; the plus and minus signs show the migration of the substance to the 
anode and to the cathode, respectively. 

con t r a s t  to the in i t i a l  I, not giving a pos i t ive  r eac t i on  
with n inhydr in  but p o s s e s s i n g  s t rong  absorp t ion  in the 
n e a r  UV region.* The study of the chromatograph ic  
c h a r a c t e r i s t i c s ,  e l ec t rophore t i c  mobi l i ty ,  and UV 
spec t r a  of subs tance  A pe rmi t t ed  i ts  ident i f ica t ion  as 
2 - a m i n o - 4 - m e t h y l p y r i m i d i n e  (II) (see table) .  

The inves t iga t ion  of the p r o p e r t i e s  of subs tance  B 
led to the a s sumpt ion  that it  is  a keto acid fo rmed  as 
a r e s u l t  of the oxidative deamina t ion  of I. To con f i rm  
this a s sumpt ion ,  we c a r r i e d  out a spec ia l  cont ro l  ex -  
p e r i m e n t  in which subs tance  B was i so la ted  f rom the 
cu l ture  l iquid by ch romatography  and was then s u b -  
jec ted to oximat ion and reduc t ion ,  which r e - f o r m e d  I. 
These  r e s u l t s  

NH2OH 
Subs'cance B 

N~ NH 2 

Fd / 

L- ~ oH 
CH2--~H--CO~ H 

I NH 2 

are  in a g r e e m e n t  with the hypothesis  men t ioned  above 
and p e r m i t  the conc lus ion  that subs tance  B has the 
s t r u c t u r e  of ~ - o x o - f i - ( 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  
acid (III). The cons tan ts  of this compound are  given in 
the table.  

The quest ion of the s t r u c t u r e  of subs tance  C, also 
fo rmed  as a r e s u l t  of the mic rob io log ica l  t r a n s f o r m a -  
t ion of I but giving an i l l - de f ined  UV spec t rum,  s t i l l  
r e m a i n s  open. 

*In addit ion to the compounds ment ioned ,  the p r e s -  
ence of subs t ances  giving an in tense  g reen  f l uo re scence  
in UV light was found on e h r o m a t o g r a m s .  

In the cour se  of this  inves t iga t ion  we also e s t a b -  
l i shed  that  p -d ime thy laminobenza ldehyde  ma y  be used 
to detect  I and II on c h r o m a t o g r a m s  and p h o r e g r a m s ,  
giving a br igh t  yellow co lora t ion  with I and a br ight  

r ed  co lora t ion  with II. 
We are  cont inu ing  our inves t iga t ion  of the p r o c e s s e s  

of the mic rob io log ica l  t r a n s f o r m a t i o n  of l a thyr ine .  
The authors  e x p r e s s  the i r  thanks to Academic ian  

V. N. Shaposhnikov and C o r r e s p o n d i n g  Member  AS 
USSR M. A. P rokof ' ev  for  the i r  i n t e r e s t  and a t tent ion 

to this  work.  
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