
T A U T O M E R I C  E Q U I L I B R I U M  OF 1 - f i - D - R I B O F U R A N O S Y L -  

2 - K E  T O - 4 -  ( N - M E  T H O X Y A M I N O ) P Y R I M I D I N E  
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The 1-/3 -D-r ibofuranos ides  of 2 -ke to -4-  (N-methoxyamino)pyrimidine, 2 -ke to-4-  (N-methyl-  
N-methoxyamino)pyrimidine,  and 2 -ke to -3 -me thy l -4 -  (N-metho• were 
synthesized,  and thei r  pK a values were determined by spectrophotometry .  The pK a values 
of the compounds are  evidence that the tautomeric  equil ibrium between the oxime and 
hydroxyamine forms of 1 - f l -D-r ibofuranosyl -2-ke to-4- (N-methoxyamino)pyr imid ine  in 
aqueous solutions is shifted to favor the oxime form (K T -~ 25). 

The widely dis t r ibuted mutagens hydroxylamine and O-methylhydroxylamine lead to two types of 
genetic effects during thei r  action on biological  objects in weakly acid (pH 4-6) media  - they induce t r a n s i -  
t ions of the G C - A T  type or lead to inactivation of the genetic ma te r i a l  [1,2]. 

When hydroxylamine and O-methylhydroxylamine act on DNA, they p r i m a r i l y  modify the cytosine ring 
to form compounds of the I and II types [2]: 
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la R =!~-D-ribofuranosyl, R'=CH3; ISR=CH3, R'=H. 

We have previously assumed that the reason for the transitions during the action of hydroxylamine 
and O-methylhydroxylamine is the formation of compounds of the I type, while the reason for inactivation 
is the formation of compounds of the II type [3]. It has also been proposed that compound I is represented 
by imino form IB to a much greater degree than cytosine; the electronic structure of IB is closer to the 
uracil ring than to the cytosine ring. 

Data on the analogous tautomeric equilibrium of l-methylcytosine derivatives that attest to the pre- 
dominance of the imino form were recently published [4]. However, a more adequate model of the nucleo- 
side link of I is 1-/3-D-ribofuranosyl-2-keto-4-(N-methoxyamino)pyrimidine (Ia), in connection with which 
we have studied the tautomeric equilibrium of this compound. 
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Fig. 1. Spectra of 1-/3-D-ribofuranosyl- 
2-keto-4- (N-methoxyamino)pyrimidine in 
aqueous solutions at various pH values 

(0.002 M McEtvain buffer). (The numbers 

on the curves are the pH values.) 
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Fig. 2. Spectra of 1-/~-D-ribo~ranosyl- 
-keto-3-methyl-4-(~-methoxyamino)- 

pyr imid ine  in aqueous solut ions  at var ious  
pH values  (0.002 M McE1vain buffer) .  (The 
n u m b e r s  on the curves  are  the pH values . )  
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Fig. 3. Spectra of 1-f i-D-ribofuranosyl- 
2-keto-4- (N-methy1-N-methoxyamin o)- 
pyr imid ine  in aqueous solut ions  at var ious  
pH values  (0.002 M McE1vain buffer) .  (The 
n u m b e r s  on the curves  a re  the pH values . )  

To de te rmine  the t au tomer ic  equ i l ib r ium cons tants  
of Ia we used the well-known method of compar i son  of the 
ionizat ion cons tants  of the fixed tau tomer ic  forms [5]. For  
this ,  we used 1 - f i - D - r i b o f u r a n o s y l - 2 - k e t o - 3 - m e t h y l - 4 - ( N -  
methoxyamino)pyr imid ine  (III) and 1 - f l - D - r i b o f u r a n o s y l -  
2 -ke to -4 - (N-me thy l -N-me thoxyamino )py r imid ine  (IV). The 
spec t ra  of all  three  compounds are  p resen ted  in F igs .  1-3 .  
It is seen that the spec t ra  of all of the products  a re  analo-  
gous in the acid pH region (~17. Hence it can be concluded 
that the i r  cat ions  have the same e lec t ron ic  s t ruc tu r e ,  and 
the method in [5] is applicable in this case .  

I sosbes t ic  points are  observed  at pH 1-5 for al l  th ree  
products ,  which apparent ly  is evidence that the change in 
the spec t ra  with changing pH is due to in te rac t ion  of only 
two chromophores  - the monoprotonated and ne u t r a l  he t e ro -  
cycl ic  s y s t e m s .  This provides a poss ib i l i ty  for d e t e r m i n -  
ing the pK a by the spec t ra l  method by cons t ruc t ion  of the 
dependence of the optical dens i t i es  of solut ions with the 
same concent ra t ion  of the invest igated compounds on the i r  
pH va lues .  The  pK a values  de te rmined  from the optical  
dens i t i es  for Ia, III, and IV were 1.18, 1.53, and 3.05, r e -  
spect ive ly  (determined f rom 280 nm for Ia, f rom 285 nm 
for III, and f rom 290 n m  for IV). F r o m  the pK a values of 
the l a t t e r  two compounds,  one can es t imate  the t au tomer ic  
equ i l ib r ium constant  in Ia as K T = KIV/K III = 25. The p r e -  

a 
dominance  of the oxime form over the m e ~ o x y a m i n o  form 
in the t au tomer ic  equ i l ib r ium of Ia follows also f rom a 
compar i son  of the spec t ra  of the above three  compounds in 
the neu t r a l  form.  It is easy  to see (Figs. 1-37 that there  
is a c lose  analogy in the spec t r a  of Ia and III at pH 5-6, 
while the spec t rum of IV differs subs tan t ia l ly  f rom the 
spec t ra  of the f i r s t  two compounds.  

It should be noted that the oxime form apparent ly  a l -  
so p redomina tes  in the t au tomer ic  equ i l ib r ium of I when 
R'  = H, s ince  the spec t rum of its neu t ra l  fo rm is p r a c t i c a l -  
ly ident ica l  to the spec t rum of the ne u t r a l  fo rm of Ia [6]. 

The equ i l ib r ium constant  is in ag reemen t  in o rder  of 
magni tude  with the t an tomer i c  equ i l ib r ium constant  (K T 
107 obtained by Brown [4] for 1 - m e t h y l - 2 - k e t o - 4 - ( N -  
hydroxyamino)pyr imid ine  (Ib). The l a r g e r  n u m e r i c a l  value 
of the cons tan t  obtained in this  paper is apparent ly  a s s o c i -  
ated with the e lec t ron ic  effect of the subs t i tuen t s .  

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

O-Methylhydroxylamine  hydrochlor ide  was p repared  
by the method in [7] and had mp 146-148 ~ O,N-Dimethyl -  
d ihydroxylamine  hydrochlor ide  was p repared  by method in 
[8] and had rap 113-115 ~ The cytidine was obtained from 
the Reanal  company and was used without fur ther  pur i f i ca -  
t ion.  3-Methylcyt id ine  was obtained f rom eyt idine by 
methyla t ion with dimethyl  sulfate  by the method in [9]. 4-  
Thiour id ine  was obtained by the method in [10] and was 
pur i f ied  by chromatography  on FN-12 paper  with an i soamyl  
a l c o h o l - a c e t o n e - w a t e r  (3 : 2 : 17 sys t em (system 1). 
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1 - f i - D - R i b o f u r a n o s y l - 2 - k e t o - 4 - ( N - m e t h o x y a m i n o ) p y r i m i d i n e  (Ia). A solut ion of 50 mg (0.2 mmole )  
of cy t id ine  in 0.75 ml  of a 3.75 M solut ion of O - m e t h y l h y d r o x y l a m i n e  h y d r o c h l o r i d e  (pH 5.0) was t h e r m o -  
s t a t t ed  at  35 ~ for  72 h, a f t e r  which the pH of the r eac t ion  m i x t u r e  was brought  up to z e r o  with  c o n c e n t r a t e d  
h y d r o c h l o r i c  ac id ,  and the m i x t u r e  was t h e r m o s t a t t e d  at 35 ~ for  24 h.  The solut ion was n e u t r a l i z e d  with 
4 N KOH, and the e x c e s s  O - m e t h y l h y d r o x y l a m i n e  was r e m o v e d  by adding 0.5 ml  of cyc lohexanone  and ex -  
t r a c t i n g  the r e su l t i ng  cyc lohexanone  O-me th y lox ime  with ten 1 - m l  por t ions  of e t h e r .  The r e a c t i o n  produc t  
was i so l a t ed  by p a p e r  c h r o m a t o g r a p h y  with an i s o p r o p y l  a l c o h o l - a m m o n i a - w a t e r  ( 7 : 2 : 1 )  s y s t e m  ( sys tem 
2); R f  0.84. The R f  va lues  of cyt id ine  and u r i d ine  in th is  s y s t e m  were  0.55 and 0.56, r e s p e c t i v e l y .  

1 - / 3 - D - R i b o f u r a n o s y l - 2 - k e t o - 3 - m e t h y l - 4 - ( N - m e t h o x i m i n o ) p y r i m i d i n e  (III). A solut ion of 70 mg (0.27 
mmole )  of 3 - m e t h y l c y t i d i n e  in 3 ml of 1.5 M solut ion of O - m e t h y l h y d r o x y l a m i n e  h y d r o e h l o r i d e  (pH 5.0) was 
t h e r m o s t a t t e d  at  40 ~ for  88 h, a f t e r  which the pH of the r e a c t i o n  m i x t u r e  was brought  to z e r o  with c oncen -  
t r a t e d  hyd roch lo r i c  ac id ,  and the mix tu r e  was t h e r m o s t a t t e d  at  40 ~ for  24 h.  The solut ion was  n e u t r a l i z e d  
with 4 N KOH, and the r eac t i on  produc t  was s e p a r a t e d  f rom the s a l t s  by gel  f i l t r a t ion  on Sephadex G-10.  
The produc t  was pur i f i ed  by p a p e r  c h r o m a t o g r a p h y  in s y s t e m  2; R f  0.82. The R f  va lue  in an e t h a n o l -  0.5 
M ammonium ace ta te  (pH 3.0) i5 : 2) s y s t e m  ( sy s t e m 3) was  0.87. 

1-~ - D - R i b o f u r a n o s y l - 2 - k e t o - 4 -  ( N - m e t h y l - 4 - N - m e t h o x i m i n o ) p y r i d i m i d i n e  (IV). A solut ion of 19.32 
mg (0.075 mmole )  of 4 - th iou r id ine  in 3 ml of 1 M O , N - d i m e t h y l h y d r o x y l a m i n e  h y d r o c h l o r i d e  (pH 5.0) was 
t h e r m o s t a t t e d  at  50 ~ for  96 h. The p r e c i p i t a t e  was r e m o v e d  by f i l t r a t ion ,  8 ml  of abso lu te  a lcohol  wag added 
to the superna tan t  l iquid,  and the p r e c i p i t a t e d  O ,N -d ime thy lhyd roxy l a mine  was r e m o v e d  by f i l t r a t i on .  The 
r e a c t i o n  p roduc t  was i so l a t ed  by c h r o m a t o g r a p h y  in s y s t e m  2 (Rf 0.76), and the f inal  pur i f i ca t ion  was c a r -  
r i e d  out by c h r o m a t o g r a p h y  in the s a m e  s y s t e m .  The Rf  va lue s ' i n  s y s t e m  3 and s y s t e m  1 w e r e  0.85 and 
0.75, r e s p e c t i v e l y .  The ex t inc t ions  of the produc ts  we re  d e t e r m i n e d  by the r e l a t i v e  pe r c e n t a ge  of r i b o s e  in 
the so lu t ions  of the i nves t i ga t ed  compounds  a f t e r  b romina t i on  by the method  in [11]. 

The pH was d e t e r m i n e d  with an LPU-0 .1  po t en t iome te r ;  the pK a va lues  we re  d e t e r m i n e d  f rom the d e -  
pendence of the opt ica l  dens i ty  on the pH in a s e r i e s  of buf fe r  so lu t ions  (McElvain buffer ,  0.002 m o l e / l i t e r )  
conta ining the s a m e  concen t r a t ions  of the compound.  The so lu t ions  had pH va lues  ranging  f rom 0 to 5. 
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