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The  s t a b i l i t y  of d - c y c l o s e r i n e  in the  s o l i d  s t a t e  d e p e n d s  to a c o n s i d e r a b l e  d e g r e e  on i t s  p u r i t y .  E x -  
t r a n e o u s  c o m p o u n d s  of a m i n e r a l  and o r g a n i c  c h a r a c t e r  and a l s o  p r o d u c t s  f r o m  the i n a c t i v a t i o n  of d - c y c l o -  
s e r i n e  i t s e l f  a c c e l e r a t e  the d e c o m p o s i t i o n  p r o c e s s .  In p a r t i c u l a r ,  i t  ha s  been  shown tha t  the p r e s e n c e  of 
2 , 5 - b i s ( a m i n o h y d r o x y m e t h y l ) - 3 , 6 - d i k e t o p i p e r a z i n e  (DKP-1)  and 2 , 5 - d i m e t h y l e n e - 3 , 6 - d i k e t o p i p e r a z i n e  (DKP-  
2) in the d - c y c l o s e r i n e  p o w d e r  l e a d s  to a m o r e  r a p i d  i n a c t i v a t i o n  of the an t ib io t i c  [1]. In c onne c t i on  with 
th i s ,  s p e c i f i c  l i m i t a t i o n s  on the  con t en t  of t h e s e  c o m p o u n d s  in c o m m e r c i a l  d - c y c l o s e r i n e  have  been  i n t r o -  
duced  [2]. D K P - 1  and D K P - 2  a r e  the  p r o d u c t s  f r o m  the d i m e r i z a t i o n  of d - c y c l o s e r i n e  and can  be f o r m e d  
d u r i n g  the i s o l a t i o n  of the d - c y c l o s e r i n e  o r  d u r i n g  i t s  s t o r a g e  [3-6].  Methods  which  m a k e  i t  p o s s i b l e  to 
d e t e r m i n e  q u a n t i t a t i v e l y  t h e s e  c o m p o u n d s  in d - c y c l o s e r i n e  p o w d e r  have  been  d e s c r i b e d  in the  l i t e r a t u r e  [2, 
7]. A s p e c t r o p h o t o m e t r i c  m e t h o d  b a s e d  on the m e a s u r e m e n t  of the  op t i c a l  d e n s i t y  (D) of an a lka l i ne  s o l u -  
t ion of d - c y c l o s e r i n e  at  285 nm h a s  been  the m o s t  w ide ly  u s e d  of t h e m .  Th i s  m e t h o d  m a k e s  i t  p o s s i b l e  to 
d e t e r m i n e  the t o t a l  d i k e t o p i p e r a z i n e  con ten t .  H o w e v e r ,  when c a r r y i n g  out  a whole  s e r i e s  of  s t u d i e s  c o n -  
n e c t e d  wi th  the i n v e s t i g a t i o n  of the  m e c h a n i s m  of the i n a c t i v a t i o n  o f  d - c y c l o s e r i n e ,  the  n e c e s s i t y  of d e t e r -  
m i n i n g  the r a t e  of f o r m a t i o n  of e ach  of the d i k e t o p i p e r a z i n e s  s e p a r a t e l y  a r i s e s .  

Th i s  p a p e r  i s  devo t ed  to d e t e r m i n i n g  the D K P - 1  and D K P - 2  con ten t  in the p r e s e n c e  of  e ach  o t h e r .  We 
u s e d  the D K P - 1  and D K P - 2  which  we i s o l a t e d  in the c r y s t a l l i n e  f o r m *  in t h i s w o r k .  We u s e d  D K P - 2  to c o n -  
s t r u c t  the c a l i b r a t i o n  c u r v e .  The  m e a s u r e m e n t s  w e r e  c a r r i e d  out  on an S F - 4 A  s p e c t r o p h o t o m e t e r .  

The  s e p a r a t e  d e t e r m i n a t i o n  of D K P - 1  and DKI) -2  in the p r e s e n c e  of e ach  o t h e r  i s  b a s e d  on the d i f f e r -  
ence  in the a b s o r p t i o n  s p e c t r a  of t h e s e  c o m p o u n d s .  It i s  e v ide n t  f r o m  F ig .  1 tha t  the D K P - 2  s o l u t i o n s  in 

T A B L E  1. R e s u l t s  of the D e t e r m i n a t i o n  
of the  D K P - 2  and D K P - 1  Conten t  in Syn-  
the t ic  M i x t u r e s  
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water have a characteristic absorption spectrum in the UV- 

region with a maximum at 270 nm. There is no absorption 
for DKP-I under the same conditions, d-Cycloserine and fl- 

aminohydroxyalanine [8] also have no absorption in this region. 

DKP-I is irreversibly transformed into DKP-2 in a sodium 

hydroxide solution. It is evident from Fig. 2 that the absorp- 

tion spectrum of DKP-I becomes similar to the absorption 

spectrum of DKP-2 in an alkaline medium after maintaining 
it in the sodium hydroxide solution. Some shift in the spec- 

tra toward shorter wavelengths with a maximum at 270 nm 

takes place during the neutralization of the alkaline solutions. 

Therate of conversion of DKP-I to DKP-2 is shown in Fig. 3, 
as is the stability of the latter in a 0.I Nsodium hydroxide 

solution at room temperature. It is evident from Fig. 3 that 

the  m a g n i t u d e  of D r e m a i n s  unchanged  fo r  45 m i n  a f t e r  hav ing  
a t t a i n e d  i t s  m a x i m u m  value  wi th in  5 ra in .  

I t  i s  e v i d e n t  f r o m  tha t  i n d i c a t e d  above ,  tha t  the  amoun t  of D K P - 2  can  be d e t e r m i n e d  d i r e c t l y  by m e a s -  
u r i n g  the D of a so lu t ion  c o n t a i n i n g  both d i k e t o p i p e r a z i n e s  a t  270 nm.  It  i s  n e c e s s a r y  f i r s t  to c o n v e r t  D K P - 1  

*The i s ~ 1 7 6  of D K P - 1  and D K P - 2  was c a r r i e d  out  by  a me thod  p r o p o s e d  by  c o - w o r k e r s  at  the  A l l - U n i o n  
Sc ien t i f i c  R e s e a r c h  Ins t i t u t e  of A n t i b i o t i c s ,  V. B. K o r c h a g i n ,  A. M. Kan, and A. Po K o n d r a t ' e v a ,  to whom 
the a u t h o r s  e x p r e s s  t h e i r  deep  a p p r e c i a t i o n .  
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F ig .  3. 

F ig .  1. A b s o r p t i o n  s p e c t r a  of the  fo l lowing  aqueous  s o l u t i o n s :  1) D K P - 1 ;  2) D K P - 2 ;  3) d - c y e l o s e r i n e ;  and 
4) fl - a m i n o h y d r  o x y a l a n i n e .  

F i g .  2. A b s o r p t i o n  s p e c t r a  of D K P - 2  ( cu rve  1 - in 0.1 N s o d i u m  h y d r o x i d e ) ;  and D K P - 1  (curve  2 - i n  
s o d i u m  h y d r o x i d e ;  c u r v e  3 - a f t e r  n e u t r a l i z i n g  the so lu t ion ) .  

F ig .  3. Ra t e  of c o n v e r s i o n  of D K P - 1  to D K P - 2  in a 0ol N s o d i u m  h y d r o x i d e  so lu t ion .  
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F ig .  4. C a l i b r a t i o n  c u r v e  
fo r  D K P - 2 .  1} In w a t e r ;  2) in 
0.1 N s u l f u r i c  ac id ;  3) in 
0.1N s o d i u m  s u l f a t e .  

into D K P - 2  in o r d e r  to d e t e r m i n e  i t  q u a n t i t a t i v e l y .  Since  the d e t e r m i -  
na t ion  of the  D K P - 1  c on t e n t  i n c l u d e s  the o b l i g a t o r y  n e u t r a l i z a t i o n  of the 
a l k a l i n e  so lu t i on  wi th  s u l f u r i c  ac id ,  we c h e c k e d  how the a c i d i t y  of the 
so lu t ion  and a l so  the  p r e s e n c e  of s o d i u m  su l f a t e  in i t  a f fec t  the  e x p e r i -  
m e n t a l  r e s u l t s .  So lu t ions  of D K P - 2  in w a t e r ,  0.1 N s u l f u r i c  ac id ,  and 
0.1 N s o d i u m  s u l f a t e  w e r e  p r e p a r e d  fo r  th i s  p u r p o s e .  It fo l lows  f r o m  
F ig .  4 tha t  the  s a m e  v a l u e s  of D for  the  a p p r o p r i a t e  D K P - 2  c o n c e n t r a -  
t ions  w e r e  o b t a i n e d  in a l l  c a s e s .  The  fac t  tha t  the change  in a c i d i t y  of 
the  so lu t i on  to 0.1 N d o e s  not  change  the m a g n i t u d e  of D m a k e s  i t  p o s s i -  
b le  to add an e x c e s s  of a c i d  d u r i n g  the n e u t r a l i z a t i o n  of the  a l k a l i n e  s o -  
lu t ions  and to c onduc t  the m e a s u r e m e n t s  of D in an ac id  m e d i u m .  

M E T H O D  O F  A N A L Y S I S  

An aqueous  so lu t ion  c o n t a i n i n g  D K P - 1  and D K P - 2  in c o n c e n t r a -  
t ions  of 8-12 and 2 - 3 / ~ g / m l  r e s p e c t i v e l y  was  m e a s u r e d  at  270 nm ( 1 - c m  
c e l l s )  and D 1 w a s  d e t e r m i n e d .  Then  5 m l  of the  o r i g i n a l  so lu t ion  w a s  
p l a c e d  into  a 2 5 - m l v o l u m e t r i c  f l a sk ,  5 m l  of a 0.2 N s o d i u m  h y d r o x i d e  
so lu t ion  w a s  added ,  the  so lu t ion  was  m a i n t a i n e d  at  r o o m  t e m p e r a t u r e  
fo r  15 ra in ,  the  so lu t i on  in the  f l a s k  w a s  b r o u g h t  to the  m a r k  with  0.1 N 

s u l f u r i c  ac id ,  and the D w a s  m e a s u r e d  at  270 nm (D2). The  D 1 va lue  c h a r a c t e r i z e s  the  amount  of D K P - 2  in 
the  so lu t ion ,  and D 2 the  t o t a l  D K P - 1  and D K P - 2 .  The  d i k e t o p i p e r a z i n e  c o n c e n t r a t i o n s  w e r e  c a l c u l a t e d  f r o m  
the c a l i b r a t i o n  ( see  F ig .  4) u s i n g  the v a l u e s  of D m e a s u r e d .  The  amoun t  of D K P - 1  w a s  c a l c u l a t e d  f r o m  the 
d i f f e r e n c e  be tween  the r e s u l t s  of the two d e t e r m i n a t i o n s  by m u l t i p y l i n g  the va lue  o b t a i n e d  by  the r a t i o  of the 
m o l e c u l a r  we igh t s  of  the  d i k e t o p i p e r a z i n e s :  204/138.  

The  r e s u l t s  of the d e t e r m i n a t i o n  of the D K P - 2  and D K P - 1  con ten t  in syn the t i c  m i x t u r e s  by t h e  m e t h o d  
we d e v e l o p e d  a r e  g iven  in T a b l e  1; r a t i o s  be tween  D K P - 2  and D K P - 1  of 1 : 3 to 1 : 4 w e r e  u s e d .  The  r e l a -  
t i ve  e r r o r  d o e s  not  e x c e e d  + 3%. The  s e n s i t i v i t y  of the  m e t h o d  e q u a l s  1 /~g /ml .  d - C y c l o s e r i n e  at  a c o n c e n -  
t r a t i o n  of 2 5 / ~ g / m l  and f l - a m t n o h y d r o x y a l a n i n e  at  a c o n c e n t r a t i o n  of 100 ~ g / m l  do not  i n t e r f e r e  wi th  the  
d e t e r m i n a t i o n .  

We u s e d  th i s  m e t h o d  to i n v e s t i g a t e  the  d e c o m p o s i t i o n  m e c h a n i s m  of d - c y c l o s e r i n e  in the so l id  s t a t e .  
I t  w a s  shown wi th  i t s  a id  tha t  D K P - 1  i s  p r e f e r e n t i a l l y  f o r m e d  d u r i n g  the i n a c t i v a t i o n  of c r y s t a l l i n e  d - c y c l o -  
s e r i n e .  
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