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The sea rch  fo r  new methods of separa t ing  nucleot ides has  not lost  i ts  impor tance .  Recent ly ,  methods  
of ch roma tog raphy  on Sephadexes [1], on ac t ivated carbons  [2], on ca t ion-exchange r e s ins  [3], and, in the 
case  of nueleos ides ,  on po lyac ry lamide  gel [4] have been used eve r  more  widely.  

The method that we have found for  separa t ing  nucleosides  and nucleot ides  is  based on the c h r o m a -  
tography of the i r  complexes  with a reneboron ic  acids which a r e  obtained by the react ion  of the 2 ' , 3 ' -d io l  
s y s t e m  of r ibofuranos ides  with bor ic  acid der iva t ives .  The nucleosides  in the fo rm of the a reneborona te  
complexes  acquire  additional acid functions which fac i l i ta tes  the i r  separa t ion  f rom de r iva t ives  subst i tuted 
at the 2 ' -  o r  3 ' - hyd roxy l s .  

The complexes  with m - n i t r o b e n z e n e -  and benzeneboronic  acids (NBBA and BBA) f o r m  rapidly  when 
aqueous solut ions of a nucleoside (or a 5 ' -mononucleot ide)  and a po t a s s ium areneborona te  a r e  mixed,  being 
accompanied  by a fall  in the pH of the solutions.  
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Fig.  1. Separat ion of a mix tu re  of 2 ' - d e o x y -  
adenosine and adenosine by ch roma tog raphy  
on nDowex- l"  r e s in  (HCO~) in the p r e s e n c e  
of benzeneboronie  acid (a) and m - n i t r o b e n -  
zeneboronie  acid (b). 1) 2 ' -Deoxyadenos ine ;  
2) adenosine.  

The m a x i m u m  values  of the depress ion  of the pH a re  
found for  benzeneborona tes  of nucleos ides  at 7.0-8.0 and 
for  benzeneborona tes  of nucleot ides  at 7.5-8.5.  

Making use  of the ApH values  obtained, we have ca l -  
culated the s tabi l i ty  constants  of the cor responding  c o m -  
p lexes  (K s ) (Table 1) [5]. 

On analyzing the values  of the s tabi l i ty  constants  for  
the complexes ,  it can be seen that they dif fer  and change 
according to the nature  of the aglycone and the nature  of 
the subst i tuent  in the r ibos ide  moiety .  

The r e su l t s  showing the exis tence  in weakly  alkaline 
aqueous media  of stable anions of the complexes  have been 
used in the ch romatograph ic  separa t ion  of the nucleosides  
and nucleot ides .  

The a reneborona te  complexes  were  obtained i m m e d i -  
a te ly  before  ch roma tog raphy  by mixing solutions of the 
nucleos ides  (or nucleotides) with a threefold  m o l a r  excess  
of the a reneboron ic  acid.  They were  ch romatographed  on 
Dowes 1 × 4 (HCO~" form) with a t r i e thy lammonium bi -  
carbonate  or  ace ta te  (TEAB, TEAA) gradient  at pH 7.0- 
8.0, which co r responded  to the pH region of the m a x i m u m  
stabi l i ty  of the complexes .  A re la t ive ly  smal l  excess  of 
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Fig. 2. Separat ion of a mix -  
ture  of 5 ' -  and 2 t-AMP by 
ch roma tog raphy  on "Dowex-1" 
r e s in  (HCO~) in the p r e s ence  
of benzeneboronic  acid. 1) 2 ' -  
AM19; 2) 5 ' -AMP.  
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Fig. 3. Separat ion of a mix ture  
of cytidine,  adenosine,  and uridine 
by ch romatography  on "Dowex- l "  
r e s in  (HCO~) in the p re sence  of 
benzeneboronic  acid.  1) Cytidine; 
2) uridine;  3) adenosine.  

TABLE 1. Stability Constants  (Ks) of the Areneboronate  Com-  
plexes  of Nucleosides and Nucleotides 

Ar 

C6H5 
M--NO2C6Hi 

C6H5 

R R' 

Adenine H 

Cytosine 
Uracil 
Hypoxanthine 
Adenine POOH2 
Cytosine I 
Guanine 
~Iypoxanthine i 

log K 

7,o i 7'! 2F3 3.11 2~8 
3,15 
3,06 

at pH 

3,02 2.92 
2~5 2,46 
3,06 3,04 3~1 

2,61 2,12 
2,27 1,8! 

255 2,59 2,37 
3,69 2,72 2,51 
2,61 2,11 t,41 
2,54 2,03 1,77 

areneboronic acid and the use of the volatile TEAB, in contrast to known methods using elution with solu- 
tions of borax [6], simplifies the subsequent isolation of the substances. 

RbCH2 0 R 

Initially, the chromatographic separation of a mixture of 2'-deoxyadenosine and adenosine was carried 
out in the presence of benzeneboronic and m-nRrobenzeneboronic acids (Fig. i). The replacement of ben- 
zeneboronie acidbythe stronger m-nitrobenzeneboronic acid, forming a fairly stable complex with adenos- 
ine even at pH 6.5, permitted the complet e separation of the mixture of nucleosides at pH 6.8. Apparently, 
depending on the nature of the substituent in the aromatic ring of the areneboronic acid it is possible to 
change the pH range in chromatography by this method fairly widely. 

The use of benzeneboronate complexes for the separation of mixtures of 5'-, 2'-, and 3'-mononucleo- 
tides was demonstrated for the case of adenine derivatives. While under the standard conditions of separa- 
tion according to Cohn the 5'-AMP is eluted first, in agreement with its higher pK a value [7], in the pres- 
ence of benzeneboronic acid the order of desorption of the nucleotides changed (Fig. 2). However, in this 
case satisfactory results were obtained only under the conditions of the previous saturation of the ion- 
exchange resin with a benzeneboronate. By subsequently chromatographing the mixture of adenosine phos- 
phateswithoutbenzeneboronie acid and inthe presence of it, each of the isomeric mononucleotides was iso- 
lated in the pure state, 

By this method of ion-exchange chromatography, eytidine was separated completely from a mixture 
of adenosine and cytidine (Fig. 3). Although these nucleosides form complexes with benzeneboronic acid, 
the complex of cy~idine, the N 4 amino group of which is the most basic, probably has the structure of a bi- 
polar ion under the conditions of chromatography and is praetieally sorbed on the resin. 
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E X P E R I M E N T A L  

P a p e r  ch roma tog raphy  was c a r r i e d  out with Leningrad pape r  No. 2 and the following s y s t e m s  of sol-  
vents:  1) e thano l - ammonium aceta te  sa tura ted  with borax  (5 : 2); 2) p r o p a n - 2 - o l - w a t e r -  sa tu ra ted  a m m o n i -  
um sulfate solution (2 : 19:79) ;  3) p r o p a n - 2 - o l - c o n c ,  hydrochlor ic  a c i d - w a t e r ;  and 4) b u t a n - l - o l  sa tura ted  
with wate r .  The quali tat ive de te rmina t ions  were  c a r r i e d  out on the Brumberg  UB-1 u l t r achemiscope ,  and 
the quantitat ive de te rmina t ions  on an SF-4 s p e c t r o m e t e r ;  the depres s ions  of the pH values  of the solutions 
were  de te rmined  on a LPU-0 ,1  po ten t iomete r .  Samples  f rom the Reanal  f i rm  (Hungarian Peop l e ' s  
Republic) dr ied  in vacuum to constant  weight were  used to p r e p a r e  the nucleoside and nucleotide samples .  
The benzeneboronic  acid was synthes ized by a published method [8] and was de te rmined  by the quali tat ive 
reac t ion  with diphenylcarbazone [9]. The sepa ra t ions  were  c a r r i e d  out on a column (1 × 8 cm) containing 
Dowex 1 × 4 r e s in ,  200-400 m e s h  (HCO~). The ra te  of elution of the subs tances  was 1 m l / m i n .  The volume 
of the f rac t ions  was 6 ml.  To col lect  and r eco rd  the f rac t ions  a Radi rak  device with a Uvicord a t tachment  
("LKB, ~ Sweden) was used.  

CHROMATOGRAPHIC SEPARATIONS 

Adenosine and 2'-Deoxyadenosine. A. WithBenzeneboronic acid. Toa solution of 2.5 
mg of adenosine and 2.5 mg of 2'-deoxyadenosine in i0 ml of water containing a threefold molar excess of 
benzeneboronic acid was added a 3% aqueous solution of ammonia to pH 8.0, and it was transferred to a 
column. The 2'-deoxyadenosine was eluted with 0.002 M TEAB, pH 8.0, Rf 0.6 (system 4). Then elution 
was carried out with a TEAB gradient (i00 ml of 0.002 M to i00 ml of 0.i M solution). The adenosine was 

eluted with 0.08 M TEAB, Rf 0.74 (system 4) (see Fig. la). 

B. With m-Nitrobenzeneboronic Acid. The areneboronate complex was obtained in a similar manner. 
The solution was transferred to a column previously washed with a 0.002 M solution of TEAA having pH 6.8 
and was eluted successively with 0.002 M TEAA and a gradient of TEAA (I00 ml of 0.002 M to I00 ml of 
0.I M solution) and with 0.I M TEAA having pH 6.8. The 2'-deoxyadenosine was eluted by the 0.002 M 
TEAA and the adenosine by the 0.I M TEAA (Fig. Ib). 

Separation of Isomeric Mononueleotides. i. Without BenzeneboronicAcid. A solu- 
tion of 5 mg of 5'-AMP and 5 mg of 2'(3')-AMP in 20 ml of water with pH 8.8 was transferred to a column. 
The substances were eluted by a TEAB gradient (I00 ml of 0.15 M to I00 ml of 0.4 M solution). A mixture 
of 5'- and 2'-AMP'swaseluted by the 0.2 M TEAB, Rf 0.0, 0.12 (system I). R5,_AM P 1.0, 0.92 (system 2). 
The 3'-AMP was eluted by the 0.3 M TEAB, Rf 0.12 (system i), Rs,_AM P 0.65 (system 2). 

2. With Benzeneboronie  Acid. The solution containing the 2 ' -  and 5 ' - A M P ' s f r o m e x p e r i m e n t  1 was 
evapora ted  in vacuum to 10 ml  and was mixed with a threefold  excess  of benzeneboronic  acid,  and at pH 8.2 
it was t r a n s f e r r e d  to a column through which 15 ml of a 0.1 M solution of benzeneboronic  acid with pH 8.2 
had p rev ious ly  been passed .  The exces s  of benzeneboronic  acid was  washed out with 0.1 M TEAB. The 
2 ' - A M P  was  eluted by 0.22 M TEAB, R5,_AM P 3.0 ( sys tem 1), Rs,_AM P 0.92 ( sys tem 2). The 5 ' -AMP was 
eluted with 0.35 M TEAB, Rf  0.0 ( sys t em 1), Rs,_AM P 1.0 ( sys t em 2) (see Fig.  2). 

S e p a r a t i o n  o f  N u c l e o s i d e s .  A solution with pH 7.0 conta in ing2 m g o f c y t i d i n e ,  2 m g o f  
adenosine,  2 mg of ur idine,  and a threefold  excess  of benzeneboronic  acid was t r a n s f e r r e d  to a column. 
The cytidine was  eluted with 0.05 M TEAB, Rf  0.45 ( sys tem 3). A mix tu re  of adenosine and uridine was 
eluted with 0.1 M TEAB, Rf  0.38, 0.67 ( sys t em 3) (see Fig. 3). 

C O N C L U S I O N S  

A method fo r  the ch romatograph ic  separa t ion  of a number  of nucleos ides  and mononucleot ides  has  
been proposed  which is based  on the fo rmat ion  of anionic complexes  with m-n i t robenzeneboron ie  and benz-  
eneboronic  ac ids .  

i. 

2. 
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