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The chromatographic mobilities of uracil, cytosine, thymine, orotic 
acid, adenine, guanine, hypoxanthine, and xanthine as functions of 
the pH of buffer systems in the pH range from 0 to 12 have been 
studied by absorption chromatography on paper. Changes in Rf are 
observed comparatively rarely in the regions of the pK a values. 

Recen t ly ,  c o m m u n i c a t i o n s  have appea red  in the l i t -  

e r a t u r e  [1-13] on p a p e r  c h r o m a t o g r a p h y  devoted  to s o -  

ca l l ed  "pH c h r o m a t o g r a p h y " ,  in which the Rf  va lues  
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Fig.  1. p H / R f  d i a g r a m s  in buf fe r  s y s t e m s :  1) u rac i l ;  
2) cy tos ine ;  3) thymine;  4) o r o t i c  acid (the symbo l  �9 

deno tes  the PKa va lues  of the bases) .  

of the compounds  s tudied a r e  i nves t iga t ed  as funct ions  
of the pH of the sy s t em.  A l m o s t  a l l  t hese  c o m m u n i c a -  
t ions  r e l a t e  to c h r o m a t o g r a p h y  on buf fe red  paper ,  and 
t h e o r e t i c a l  c a l cu l a t i ons  of th is  type of c h r o m a t o g r a p h y  
have b e e n g i v e n  [14-17].  

The objec t  of the p r e s e n t  work  was to study the "pH 
c h r o m a t o g r a p h y "  o r  the p H / R f  d i a g r a m  of the nuc l eo -  
t ide  b a s e s  by adso rp t ion  c h r o m a t o g r a p h y  on paper .  
The c h r o m a t o g r a p h i c  b e h a v i o r  of t he se  subs t ances  has 
been  s tudied  by the method  of pape r  c h r o m a t o g r a p h y  in 
v a r i o u s  s y s t e m s  f a i r l y  widely  [18-20],  but we have 
found no s y s t e m a t i c  study of the c h r o m a t o g r a p h i c  beha -  
v i o r  of the nuc leo t ide  b a s e s  as funct ions of the pH of 
the s y s t e m  in the l i t e r a t u r e .  

To study the p H / R f  d i a g r a m s  of the nuc leo t ide  
b a s e s  we used  as the c h r o m a t o g r a p h i c  s y s t e m s  so lu -  
t ions  of h y d r o c h l o r i c  acid at pH va lues  of 0 and 1 and 
buf fe r  m i x t u r e s  in the pit r ange  f r o m  2 to 12. 

The  na tu re  of the c u r v e s  that  we obtained in the buf-  
f e r  so lu t ions  (Figs .  1 and 2) pa r t ly  co inc ides  with that  

of the c u r v e s  obtained p r e v i o u s l y  [14-17],  i. e . ,  in the 

r eg ions  of the pK a va lues  of the subs tances  studied 
t h e r e  is  a change in t he i r  c h r o m a t o g r a p h i c  mobi l i ty .  

However ,  in c o n t r a s t  to the c u r v e s  obtained p r e v i o u s l y  
[14-17] a m i n i m u m  mobi l i ty  is found fo r  the nuc leot ide  

b a s e s  in the case  of the neu t ra l  f o r m s  and, c o n v e r s e l y ,  

the ion ized  f o r m s  have a high mobi l i ty .  In c o m p a r i n g  

t h e s e  r e s u l t s ,  it m u s t  be borne  in mind that  pa r t i t i on  
c h r o m a t o g r a p h y  was used in the p r e v i o u s  i n v e s t i g a -  
t ions  [14-17] .  

It can be seen  f r o m  the c u r v e s  obtained that  t he r e  

is a d i f f e r e n c e  be tween  the p H / R f  d i a g r a m s  of the pu-  
r i n e s  and the p y r i m i d i n e s .  The c u r v e s  of the pu r ine s  
(adenine,  guanine,  hypoxanthine,  xanthine)  and of o r o t -  
ic acid have we l l -de f ined  inf lec t ions ;  the c u r v e s  of u r a -  

c i l ,  cy tos ine ,  and thymine  have gen t l e r  s lopes .  Both 
in the case  of the pu r ines  and in the c a s e  of the p y r i m i -  

d ines ,  the pK a va lues  of the subs tances  a r e  c lose  to 

the points  of inf lec t ion .  

In addit ion,  we studied the p H / R f  d i a g r a m s  of the 

nuc leo t ide  b a s e s  in the f o r m i c  a c i d - - w a t e r  s y s t e m  
(pH 0 .48-2 .35)  (Figs .  3 and 4). Here  the Rf  va lues  of 
the nuc leo t ide  ba se s  d e c r e a s e  with a r i s e  in the pH of 

the s y s t e m ,  which is  iden t ica l  with the d i a g r a m s  con-  

s i de r ed  p r e v i o u s l y  at low pH va lues .  An except ion  is 
o r o t i c  acid,  the mob i l i t y  of which s c a r c e l y  changes  

with a change in the pH in this  sys t em.  

The dependence  of the Rf  va lues  of s o m e  nucleot ide  
b a s e s  on the t e m p e r a t u r e  of c h r o m a t o g r a p h y  in d i s -  

t i l l ed  wa te r  (Fig.  5) shows that the Rf  va lues  of a d e -  
nine and guanine change m o r e  c o n s i d e r a b l y  with the 

t e m p e r a t u r e  than the Rf  va lues  of cytos ine ,  thymine ,  

and u r ac i l .  

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

Chromatographically pure samples of the nucleotide bases were 
used. 

Chromatography was carried out by the ascending method in cyl- 
indrical glass chambers 50 cm high (internal diameter 14 cm) at 20 :~ 
• 1 ~ C. Chromatographic paper of type FN 12 (Filtrak) was used, the 
dimensions of the sheets being 40 x 10 cm. The substances were dis- 
solved in 10~ aqueous ammonia and deposited in three portions to a 
total amount of approximately 0.05 mg. The distance between the 
points of deposition of the substances was 2 era. 

The following buffer mixtures were used [21]: 1) for the pH range 
2.0-8.0--citrate buffer; 2) for the pH range 6.0-8.0--phosphate- 
alkali buffer; 3) for the pH range 9.0-12.0--glycine buffer. The pH 
values of the chromatographic systems were measured with a LPU-01 
pH-mete/. 

t3efore chromatography, the solvent system (200 ml) was poured 
into the chamber and allowed to stand for 2 hr with shaking from time 
to time. The ehromatograms were run until the Iine of the front had 
travelled 30 cm (an average of 3 to 5 hr). Then the chromatograms 
were dried in the air and examined on the altrachemiscope. 
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Fig. 2. pH/Rf diagrams in buffer systems: 1) ade- 
nine; 2) guanine; 3) hypexanthine; 4) xanthine (the 

symbol [] denotes the pK a values of the bases). 
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Fig. 3. pH/R# diagrams in the formie acid--water sys- 
tem: 1) u r a c i l ;  2) c y t o s i n e ;  3) t h y m i n e ;  4) o r o t i c  ac id .  
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Fig. 4. pH/R( diagrams in the formic acid--water  sys -  
tem: 1) adenine; 2) guanine; 3) hypoxanthine; 4) xanthine. 
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Fig, 5. Rf values as a function of the 
temperature  of chromatography: 1) 
1) uracil;  2) cytosine; 3) thymine; 

4) adenine; 5) guanine, 
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To construct the pH/Rj diagrams the arithmetic mean values of 
the Rjcfrom 5 repeated experiments were used. The mean error was 
�9 0.03 of the Rf values. 

In the stud) of the dependence of the Rf values on the tempera- 
ture, the chromatographic chamber was placed in a thermostatted 
vessel. 
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meso-PROTONS IN fl-ETHOXYCARBONYL-SUBSTITUTED PORPHYRINS 
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A calculation has been made of the influence of the electric field of 
~-electronic charges on the chemical shifts of the meso-protons in B- 
ethoxycarbonyl-substimted porphyrins. A comparison of the caIculated 
and experimental figures shows that the change in the chemical shifts 
taking place with the introduction of ethoxyearbonyl substituents into 
the S-position is due mainly to the changes in the 7r-electronic charges, 

It is known that the presence of an electric field ef- 
fects the screening constant of an atom [i]. The source 
of the electric field acting on an atom in a molecule is 

the charges on the individual atoms. In conjugated mo- 
lecules, considerable changes in the distribution of 
charges take place when electro-negative substituents 
of the type of fo rmyl  and e thoxycarbonyl  groups  and 
groups  s i m i l a r  to them are  in t roduced  [2]. These  changes 
appear  f a i r l y  c l e a r l y  in the p ro ton  r e s o n a n c e  spec t r a  [3]. 

We have cons ide red  the inf luence  of the e l e c t r i c  
f ie lds  of the ~ - e l e c t r o n i c  charges  on the chemica l  shif ts  
of the m e s o - p r o t o n s  in f l - e thoxyca rbony l - subs t i t u t ed  

po rphyr ins :  2 -e thoxyca rbony t -1 ,  4, 5, 8 - t e t r a m e t h y l -  
porphin  (II), 2, 3 -d i e thoxyca rbony l -1 ,  4, 5, 8 - t e t r a -  
me thy lporph in  (IIIa), 2, 7 -d i e thoxyca rbony l -1 ,  4, 5, 8- 
t e t r ame thy lpo rph in  (IIIc), 2, 3, 6 - t r i e t h o x y c a r b o n y l -  
1, 4, 5, 8 - t e t r a m e t h y l p o r p h i n  (IV), and 2, 3, 6, 7 - t e t r a -  
e thoxycarbony l -1 ,  4, 5, 8 - t e t r a m e t h y l p o r p h i n  (V) in the 
fo rm of d ica t ions .  

The s p e c t r a  of 0.03 M solut ions  of these  compounds 
in  d e u t e r i o c h l o r o f o r m  with the addi t ion of d e u t e r i o t r i -  
f luo roaee t i c  acid were  r eco rded  on a . ~ M - C - 6 0  spec -  
t r o m e t e r  at 25 ~ C. Hexamethy ld i s i loxane  was used as 
i n t e r n a l  s tandard .  

In o rde r  to i so la te  the effects  of the e thoxycarbouyl  
subs t i tuen t s ,  the ca lcu la t ion  of the chemica l  shifts  was 
made  f rom the s igna l s  of the m e s o - p r o t o n s  of 1, 4, 5, 8- 
t e t r a m e t h y l p o r p h i n  (I) (r = - 9 0  ppm). 

The d i s t r i bu t i on  of the = - e l e c t r o n i c  charges  for 
compounds  I - V  in the fo rm of d ica t ions  ca lcu la ted  by 


