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CHROMRTOGRAPHIC AND ELECTROPHORETIC BEHAVIOR OF 
PURINES AND’ PYRIMIDINES ON LAYERS OF WEAK AND 
STRONG CATION EXCHANGERS + 

(Pirst reccivcd August $11, 1971 ; revisccl manuscript reccivecl September 24tl1, 1971) 

SUMMARY 

The chromatographic behavior of seven purines, fourteen pyrimidines and 
three nucleosides on thin layers of alginic acid, sodium carboxymethylcellulose and 
Dowex 50-X4 (EL+ and Na-‘) was investigated. 

The eluents used were water, buffer solutions and mineral acid solutions, The 
possible separations are discussed. The retention mechanisms of these compounds, of 
eight pyridines and of eight primary aromatic amines are correlated and explained, 
on both cellulose- and polystyrene-based ion exchangers 

The applicability of the relation : -n log an+ = R,M + constant is discussed 
when using eluents with high protonic activity. 

Finally, as regards the retention of the bases by Dowex 50-X4 (I-I+), the in- 
fluence of interactions between the sulfonic groups of the resin and the polar groups 
of the compounds is discussed. 

INTRODUCTION 

Ion-exchange chromatography has been widely used in the study of the 
behavior of natural purines and pyrimidines. As regards the techniques employed, 
chromatography on cation- and anion-exchange column&s has been the most used. 
On thin layers much work has been performed on anion exchangersUJO while only a 
short communication concerns cation exchange, on cellulose pclyphosphate layer+. 
Therefore we thought it useful to study the chromatographic behavior of natural 
purines and pyrimidines on weak and strong cation exchangers in order to compare 
the data obtained on thin layers with those on columns. 

This work has been extended to many synthetic purines and pyrimidines and 
some nucleosides in order to obtain a complete picture of the chromatographic 
behavior of these classes of compounds. Moreover, in order to explain the complex 
mechanism determining the retention of these bases, we thought it useful to compare 
their chromatographic characteristics with those of several pyridines and primary aro- 
matic amines. We chose pyridines because of their structural ‘analogy with pyrimi- 
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dines, and aromatic a&Z&s because of the large adsorption of these compounds on 
polystyrene-based ion exchangers, These latter compounds have already been studied 
by us on weak cation-exchange layers12. 

Besides thin-layer chromatography (TLC) we have also employed high-poten- 
tial electrophoresis. 

EXPERIMENTAL 

The solutions were obtained by dissolving most compounds in 0.01 M HCI, 
2-Amino-6chloropurine, guanine, a-naphthylamine and $-nitroaniline were dissolved 
in 3 M HCl ; hypoxanthine and 4-aminouracil in water; xanthine and 2-amino-4,6-di- 
hydroxypyrimidine in a 0.01 M solution of NH,. All solutions were stable for at least a 
week. The concentration of solutions was 1-3 ,ug/ml. 

The solutions of xanthine and 2-amino-4,6_dihydroxypyrimidine were neu- 
tralized before their application to alginic acid thin layers in order to prevent the 
gelatinization of the exchanger. 

Detection 

In most cases the compounds were det.ected by means of UV light (a = 254 
nm). When exposure to UV light was inadequate, a solution of 5% fi-dimethyl-amino- 
benzaldehyde (PDAB) in glacial acetic acid was used. 2,4-Lutidine and 2,4,6-collidine 
were detected with Dragendorff’s reagent. 

Prc$aYation of the layers 

Layers having a thickness of 300 ,u were used. The layers were obtained with a 
Chemetron automatic apparatus using the following mixtures: (I) alginic acidla: 
4 g of the exchanger and I g of cellulose (No. 123, Carl Schleicher and Schiill) in 
40 ml of water; (2) sodium carboxymethylcellulose (CMCNa) (No. 132, Carl Schleicher 
and Schiill), capacity 1.18 mequiv,/g) : 4.5 g in 50 ml of water; (3) Dowex 50-X4 
(H+ and Na+) : 2 g of the exchanger (200-400 mesh) and 6 g of microcrystalline cel- 
lulose (Merck) in 40 ml of water. 

The use of microcrystalline cellulose in the preparation of Dowex 50-X4 thin 
layers was necessary for the following reasons: (a) detection of the compounds by 
means of UV light is possible only ‘when the ratio Dowex : cellulose is < I : 3 ; (b) on 
Dowex/non-microcrystalline~ccllulose at the above-mentioned ratios, the elution rate 
is very fast and we obtain very elongated spots, which are not suitable for analytical 
purposes .or for the study of the retention mechanism. 

The Dowex 50-X4 (H+) was repeatedly rinsed with water and methanol and 
then dried at room temperature before use. Dowex 50-X4 (Na+) was obtained by 
neutralization of the acid form with NaOH. 

The use of microcrystalline cellulose was impossible in the case of alginic acid 
since the layers had poor mechanical properties. 

The, chromatographic measurements were carried out at 25” using the .DBGM 
Cryobox Desaga Chamber for constant-temperature TLC, 

Elcctvofihorctic naeaswevizents 
The electrophoretic measurements were made with a Camag apparatus for high- 
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potential electrophoresis, at a temperature of 18”. The clectroosmotic flow was 
measured with hydrogen peroxide. 

RESULTSAND DISCUSSION 

.Tbe RF values of seven purines, fourteen pyrimidines, three nucleosides, eight 
pyridines and eight primary aromatic amines whenseluted with water and mixtures of 
I Zk? acetic acid and HCl at different pH values are shown in Table I. Water allows the 
separation of natural purines and pyrimidines with an -NH, group (adenine, guanine, 
cytosine, 5-methylcytosine) from those without amino groqk. Among the latter the 
separation of hypoxanthine from xanthine ancl of these two from uracil and thymine 
is possible. As regards pyrimidines it is interesting to note the different behavior of 
the following isomers: 5-aminouracil (RJ~ = o,oo), 2-amino-4,G-dibydroxypyrimidine 
(RF = 0.31) and 4-aminouracil (RIP = 0.52). Among nucleosides it is possible to 
separate guanosine from the others. 

From the data obtained with acidic eluents we note an increase in the Rp 
values of most bases as the pH decreases, with the exception of uracil, thymine, 
4-aminouracil, p-nitroaniline and, in a more hmited pH range, xanthine and 2-amino- 
4,6-dihydroxypyrimicline. This behavior may be utilized for analytical purpose by 
selecting an eluent wit11 a suitable pH value, As regards the behavior of natural 
purines and pyrimidines the possibility should be noted, with respect to the trend 
obtained on clueing with water, of separating at pH = 2 (among the bases containing 
-NH2 groups) adenine and guanine from cytosine and g-methylcytosine. 

The data in Table II show that only uracil and thymine have high RP values 
which do not increase with the acid concentration in the eluent in the 0.25-1.0 M 
HCl range. In contrast to alginic acid, on this exchanger the separation of adenine 
from guanine-and..df adenosine from the remaining nucleosides is possible, when’ elu- 
ting with 2 M HCl. It is interesting to note that the affinity sequence of natural 
purines and pyrimidines on this layer is similar to that found on Dowex 50-X4 (H+) 
columns by WAI.L~ and COHN u. Nucleosides, in contrast, show a sequence (adeno- 
sine > cytidine = guanosine) which is different from that found on a column0 
(adenosine > cytidine > guanosine). This difference may be ascribed to the presence 
of microcrystalline cellulose in the layer. The different behavior of uracil and thymine 
on this exchanger, not observed on cellulose-based ion exchangers, is ascribed. to the 
greater affinity of the polystyrene matrix of the resin for the pyrimidine containing 
the methyl group. Such behavior has been o,bserved by COI~N~~. 

When eluting with water all the bases remain at the origin, with the exception 
of 4-aminouracil (RF = 0.13), thymine (RIP = 0.55) and uracil (Rp = 0.62), and 
therefore the separation of these from the others is possible. 

CMCNa am? Dorvex 50-X4 (Nn-l-) 
On CMCNa we observe for most bases a lower retention than that on the other 

exchangers when eluting with water (see Table III). However, 4,5-diaminopyrimidine 
and 2,4,6-triaminopyrimidine are strongly retained and their separation from all the 
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h!p VALUISS 01’ I’URINES, PYRIIIITJINT~S. NUCLlZOSI133&!5, PYRII3INBS AND PRIMARY AROMA’TIC AMINES 

ON THIN LAYERS OF ALGINIC ACID 

Water a.ncl acetic acid -t_ hydrochloric acicl solutions as clucnts. Acetic acid concentration, 
I molt/l. nd. = not determined. 

I?urine 
2-Aminopurinc 
Guaninc 
z-Amino-G-chloropurinc 
h&mine 
Hypoxanthine 
Xanthine 

Pyrimidine 
2-Aminopyrimicline 
Jsocytosine 
2-Amino-4,6-clihyclroxy- 

pyrimicline 
2-Amino-4,4dmcthyl- 

pyrimicline 
Cytosinc 
g-1Methylcytosinc 
Uracil 
Thyminc 
4-Aminouracil 
5-Aminouracil 
4,5-Diarninopyrimiclinc 
a,4-Diarnino-G- 

chloropyrimiclinc 
2,4,6-Triaminopyrimiclinc 

Aclcnosine 
Guanosinc 
Cyticline 

Pyriclino 
2-Aminopyriclinc 
4-Picolinc 
2,4-lutidinc 
2,4,G&ollicline 
Nicotinic acid 
Nicotinamidc 
Pyricloxinc 

Aniline 
p-Tolu,iclinc 
p-Nitroaniline 
p-Chlordanilinc 
p-Bromoanilinc 
p-Aminobcnzoic acid 
+Aminohippuric acid 
d-NaphthyIaminc 

0.06 0.12 O.IG 0.23 0.31 0.67 
0.00 0.05 0.09 0.14 0.24 0.37 
0.00 0.06 0.10 0.15 0.25 0.38 
0.00 0.06 0.10 0.15 0.24 0.37 
0.00 0.05 0.10 0.15 0.24 0.37 
0.17 0.24 0.25 0.31 0139 0.48 
0.40 a 0.53” 0.53’L o.53& o*55n 0.58” 

1l.d. n.cl. n.cl. n.cl. nsl, 1l.d. 

0.01 0.07 O.IAf 0.21 nd, n.cl. 
0.00 0.07 0. I4 0.22 0.32 0.48 

o.Go 

0.49 
0,50 

0.50 

0.51 
0,5Y 
0.61n 

11-d. 

nsl. 
0.60 

0.3I o-44 0.44 0.45 0.47 0.54 0.G3 

0.00 o,oG n.cl. n.cl. nsl. nsl. 1l.d. 

0.00 0.07 0.14 0.22 0~32 0.48 0.60 
0.00 0.07 0.14 0.2T 0~31 0.48 0.60 
0.79 0.81 0.81 0.81 0.82 0.82 0.82 
0.79 o.Yo o.8r 0.81 O,SZ 0.82 0.82 
0.52 0.58 0.58 0.58 0.60 0.60 0.61 
0.00 0.09 0.11 0.17 0~25 0.45 0.60 
0.00 0.0.5 0.10 o.rG 0,26 0.43 0,58 

0.01 
0.00 

0.00 
0.13 
0.00 

0.00 
0.00 

0.00 

0.01 

0.01 

0.24 
0.01 
0.00 

0.00 
0.00 
0.34 
0.00 
0.00 
0.08 
0.1 I 
0.00 

0.07 0.10 0.16 0.26 
0.02 0.04 o.oG 0.1 I 

0.09 O.ILl 0.22 0~32 
0.20 0.24 0.30 0.38 
0.08 0.16 0.23 0.34 

0.23 0.32 0144 
0.18 0.20 0137 
0.23 0.31 0.44 
0.26 0.36 0849 
0.31 0.42 0.56 
0.32 0.43 0.56 
o,r6 0.24 0.33 
0.23 0.33 0144 
0.18 0.26 0.38 
0.18 o.zG 0.38 
0,50 0.50 0.52 
O*I!i 0.22 0.33 
0.15 0.22 0.33 
0.20 0.28 0.38 
O.T8 0.28 0.39 
0.11 0.17 0.24 

0.43 
0.22 

0.49 
0.49 
0,50 

o.Gz 
( O-53 
0.63 
0.66 
n.cl. 
0.71 
0.50 
n,d. 

0.56 
0.55 
0.53 
0.50 
0.56 
0.53 
0.55 
0.40 

0.59 
0.35 

O.GI 
0.59 
o.Gr 

0.12 
0.09 
0.12 
0.14 
O.IG 
0.26 
0.09 
0.12 

n.d. 
0.08 
0.74 
0.77 
lid. 

n.cl. 
0.64 
nsl. 

0.10 
o,og 
0.49 
0.08 
0.08 
0.17 
0.16 
0.06 

0.68 
0.68 
0.55 
o.G4 
0.63 
0.66 
O.G8 

0.53 

II. Elon.@wl spot. 

others is therefore possible. It is interesting to note on this.exchanger the clear separa- 
tion of isocytosine from cytosine and g-methylcytosine. 

With acetate buffer as eluent, the Rp values are similar to those obtained when 
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Rfi- VALUES 01’ PURINliS, PYRIMIDLNES, NUCLl3OSII~IIS, PYRIDINES AN13 PRIMAliY AROMATIC AMINES 

ON TWIN LAYERS OF ~OWISX 50-x4 (I-I+) 

I-lyclrochloric acid solutions as clucnts. nd. = not dctcrrnined. 

S~ttbsla.nm NovMdily of acid 

0.25 0.5 0.75 I.0 2.0 4.0 _ 

Purinc 
z- Aminopurinc 
Gusnine 
2-Amino-G-cllloroj,urinc 
Aclcninc 
Hypoxanthinc 
Xanthinc 

Pyrimiclinc 
2-Aminopyrimidinc 
Isocytosinc 
z-Amino-4,G-clihyclroxypyrimiclinc 
2-Amino-4,G-climethylpyrimiclinc 
Cytosinc 
5-Mcthylcytosinc 
‘IJmcil 
Thyminc 
4-Aminouracil 
5.Aminourncil 
4,5-Diaminopyriniiclinc 
2,4-Dismino-G-chloropyrimidinc 
2,4,G-Trii~mjnopyrimicline 

Adenosine 
Guanosinc 
Cyticlinc 

Pyriclinc 
2-Aminopyridinc 
4-Picolinc 
2,4-luticlinc 
2,4,6-Collidinc 
Nicotinic acid 
Nicotinsmiclc 
Pyricloxinc 

Aniline 
+Toluitline 
$.-Nitroanilinc 
p-Chloroanilinc 
p-I3romoariilinc 
+hminobcnzoic acid 
+Aminohippuric acicl 
a-Nsphthylamiric 

0.00 
0.02 
0.04 
0.04 
0.02 

0.11 

0.13” 

0.09 
0.07 
0407 
0,II 
o.oG 
0.08 
0.08 
0.65 
0.61 

0.21 
0.22 

0.03 
0.02 
0,oo 

0.00 
0. I :r 
0.10 

o.oG 
0003 
0.05 
0.03 
0.02 
0.07 
0.07 
1l.d. 

0,04 
0.0 1 
0.01 
0.01 
0.00 

0103 
0.09 
0.00 

0.10 

0.04 
0.08 

0.07 
0.04 
0.19 

0.25 

d.IG 
0.14 
0.13 
CrIG 
0.10 
0.14 
0.14 
o&7 
o.G2 

0.23 
0.35 
o.oG 
0.04 
0.00 

0.15 
0.06 
0.10 

0.10 
0.66 

0.23 
0.3I 

0.18 0.33 
0.08 0.76 

. 0.13 OS23 
0.13 0.23 
0.0x o.rG 
0.27 0 0.39 
0*33 

0.23 0.27 0.44 
0.17 0.23 0.37 

,o.rG 0.22 o-35 
0.20 0.24 0.38 
1l.d. n,cl. Ild. 
0.18 0.25 0.38 
0.18 0.25 0.38 
0.67 0.68 0.70 
0.G3 o,G3 0.66 
0.26 0.29 0.40 
0.40 OB47 o.G4 
0.09 0,12 0.30 
o.oG 0008 0.18 
0.02 0.03 0.1 I 

O.‘IO 0.1s 
0.17 0.23 
0417 0.23 

0.10 o.rG 
d,OG 0.09 
0.08 0.12 

0006 0.09 
0404 0.06 

0,12 0.18 

0,12 O.T8 

nsl. nsl, 

0.19 0.34 
o,‘Lg 0.46 
0.29 0.4G 

0,1g 
0,II 

0.15 
O,II 
0,08 
0,21 
0,ZI 
nsl. 

0.07 0.1 I 0,14 
0,OI 0.03 0,07 
0,02 0.04 0408 
0,OI 0.03 0.05 
o.or 0.01 0,03 
OS05 0.08 0.09 
0,IG 0.22 0,24 
0.01 0,oz 0,02 

0.48 

0.33 
0.20 
0.2G 
0.20 
0.15 
0.36 
0.3G 
nd. 

0.28’ 
o.rG 
0.17 
0.11 
0.09 
0.20 
0.39 
0.05 

0.57 
0.42 

0.47 
0.40 
0.42 
O.GI 
0.64 

0.69 
O:GI 
0.60 
0.59 
n.cl. 
0.G2 
0.60 
0.81 
0.77 
0.59 
0.76 
O-54 
0.36 
0.41 

0.57 
0.69 
0.70 

0.37 
0.43 
0.52 
0.43 
0.37 
o.Gz 
0.62 
n.cl. 

0.43 
0.26 
0.33 
0.20 
O.IZ 
0.35 
0.58 
0.10 

a Elongutccl spot, 

eluting with water, with the exception of 4,5-diaminopyrimidine, z,4,6-triaminopyri- 
midine, cytosine, 5-methylcytosine, adenine sand z-aminopurine, which are at least 
partly protonated at the acetate buffer pl3. 

The Rp values of those bases whose retention is independent of the eluent rep- 
resent a direct measurement of the adsorption of the compoutids on the cellulose 
matrix of the exchanger. 
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TABLE III 

&!p VALUES OF PURINF,S, PYRIMIDINES, NUCLEOSIDES, PYRIDINES AND PRIMARY AROMATIC AMINES 

ON THIN LAYERS OP CMCNa AND Downx 50-x4 (Na+) 
Water and acetate buffer as cluents. n.d. = not detcrmincd. 

- ---- 
Blwents 

CMCNa Dowex so-XJ (Na+ J 

wntern 0.5 n/r W’atevn 0.1 M 0.5 M 
acetate buffer acetate hcfflw acetate beffev 

Purinc 
z-Aminopurinc 
Guanine 
z-Amino-6-chloropurine 
Adcnine 
Hypoxanthine 
Xanthinc 

Pyrimiclinc 
2-Aminopyrimidinc 
Isocytosine 
2-Amino-4,6- 

dihydroxypyrimidine 
2-Amino-4,6- 

dimethylpyrimidine 
Cytosine 
g-Mcthylcytosinc 
Urscil 
Thymine 
4-Aminouracil 
g-Aminouracil 
4,5-Diaminopyrimidinc 
2,4-Diamino-6- 

chloropyrimidine 
2,4,6-Triaminopyrimidinc 

Aclenosine 
Guanosine 
Cytidine 

Pyridine 
2-Aminopyridinc 
4-Picoline 
2,4-Lutidinc 
2,4,6-Collidine 
Nicotinic acid 
Nicotinamicle 
Pyricloxinc 

Aniline 
+-Toluidine 
p-Nitroaniline 
p-Chloroanilino 
p-Bromoanilinc 
p-Aminobenzoic acid 
p-Aniinohippuric acid 
a-Naphthylamine 

0.88 0.88 0.48 
0.67 0.71 n.d. 
0.61 0.62 n.cl. 
0.63 0.63 n.cl. 
0.56 0.63 n.cl. 
0.82 0.83 0.39 
0.81” 0.72” 0.52b 

n.d, nsl. 1l.d. 
1l.d. n.cl. n.cl. 
0.75 0.76 0.48 

0.36 
0.04 
0.08 
0.08 
0.03 
0.38 
0.26lJ 

nd. 
0,13 
0.06 

0.47 
0.17 
0.22 

0.2 I 

0.09 

0.39 
0.30” 

n.cl. 
0.34 
0.20 

0.93 0.84 o.Go 0.59 0.60 

n.d, n.d. n.d. 0,02 0808 
0.56 0.70 0.47 0.02 0.13 
0.54 0.71 0.38 0<02 0.11 

0.84 0.92 o.G2 0.62 0.62 
0.86 0.93 0.58 0.56 0.58 
0.81 0.80 0.51 0.51 0.52 
0.88 0.88 0.58 0135 0.54, 
0.08 0.71 0.08” 0.00 0.05 

0.71 
0.00 

0.84 
0.80 
0.81 
- 
- 
- 
- 
- 
- 
- 
- 

0.72 
0*44 
0.83 
0.80 
0.82 

0.29 

0.00 

n.d. 
0.44 
nsl. 

0.05 
0.00 

0.11 

0.04 

0,og 0.23 
0.33 0.43 
0.08 0~24 

n.d. 
0.75. 
n.d. 
n.d. 
n.d. 
0.95 
0193 
0,86 

- 
- 
- 
- 
- 
- 
- 

0.01 0.07 
0.00 0.04 
0.01 0.06 
0.00 0.05 
0.00 0.05 
0.72 0.78 
0.16 0.40 
0.01 0.09 

- n.d. - 0.02 0.09 
- n.d. - 0.01 0.04 
- 0.75 - 0.10 0.10 
- n.d. - 0.02 0.05 
- n.d, - 0.00 0.03 
- o,g6 - 0.20 0.25 
- 0.96 - o.G2 0.65 
.- 0.58 - 0.01 0.02 

a The Rp values rcfcr to solutions that were originally neutral or alkaline. 
b Elongntcd spot. 
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On Dowex 50-X4 (Na+) the Xp values, relative to water as eluent, are the same 
as those obtained on the acid form of the exchanger for those compounds which are 
protonated in the starting solutions. This behavior is anomalous if compared with that 
of the same bases on CMCNa, and this may be explained by supposing that, when 
applying the solution to the layer, a bond between the sulfonate group of the resin and 
the protonated form of the base is formed; such a bond being stronger than the 
one concerning the carboxyl group bond of CMCNa. In fact, when neutralizing the 
solutions of the bases, we obtain Rp values different from those found on Dowex in the 
acid form. The purines, pyrimidines and nucleosides, whose RJ,~ values are not reported, 
were not sufficiently soluble in water for their detection to be possible. 

Since on Dowex 50-X4 (Na+) we can exclude, with the exception of &di- 
aminopyrimidine and 2,4,6-triaminopyrimidine, the influehce of the ion-exchange 
process on the retention mechanism, the RF values are a clirect measurement of the 
adsorption by the exchanger matrix. 

g-Methylcytosine is more strongly adsorbed than cytosine or isocytosine, and 
this is similar to the behavior of thymine and uracil. 

In acetate buffer the Rp values of hypoxanthine, 2-amino-4,6dihydroxypyri- 
midine, uracil, thymine and 4-aminouracil are similar to those obtained by eluting 
with water. The behavior of these compounds shows that, even at the acetate buffer 
pH, their retention is due to an adsorption process; a further confirmation of this is 
given by their Rp values which do not vary as the buffer concentration increases. 

From an analytical point of view the behavior of purines and pyrimidines on 
Dowex 50-X4 (Naf) allows some interesting separations which are not possible on the 
same exchanger in the acid form. It is particularly interesting to note the differences 
in the Rp values, eluting with 0.5 M acetate buffer, between adenine and z-amino- 
purine and among isocytosine, 2-aminopyrimidine and 2-amino-4,6-dihydroxypyri- 
midine. 

As regards pyridines, good chromatographic separation between nicotinic acid, 
nicotinamide and pyridoxine is possible. In the case of aromatic amines it is interest- 
ing to note the separation of P-aminohippuric acid from p-aminobenzoic acid, and of 
these two from all t!e others. 

Elcctrojblaoretic mcasacrements 

The electrophorctic measurements were carried out on layers of alginic acid, 
CMCNa and Dowex 50-X4 (Nab) using I M acetic acid and 0.1 M acetate buffer as 
electrolytes. The best results were obtained on alginic acid and are reported in Table 
IV. It is interesting to note the separation of the compounds containing two or three 
amino groups: 2-amino-4,6-dimethylpyrimidine from 2-aminopyrimidine and these 
two compounds from all the others, In the case of the pyridines the separation of 
nicotinic acid, nicotinamide and pyridoxine from the others is possible, 

There is no correlation between the migration distances and the pKa values. 
Prom this we deduce that the mobility of these substances is greatly influenced both 
by the adsorption on the layer and by the ion-exchange process, 

Retentiorc mechanism 
In order to ascertain the influence of the ion-exchange process on the retention 

mechanisms on alginic acid and Dowex 50-X4 (II+) and to determine the charge’of the 
r 
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TABLE IV 

L. LBPRI, I?. G. DESIDERI, V. COAS 

MIGRATION DISTANCES (IllIll) AND p& OP PURINES, PYRIMIDINES, NUCLEOSIDES, PYRIDINES AND 

PRIMARY AROMATIC AMINES ON THfN LAYERS OP ALGINIC ACID. 

Electric potential, I I00 V ; electrolyte, I M CH&OOH. n.d. = not cletcrminccl. 

Sztbslancc ‘I’imc (n&a) p&wv~ 

30 GO 

Pwrinc 24 
z-Rminopurine 15 
Guanine *5 
z-Amino-G-chloropurinc I5 
Adenine IG 
Hypoxanthinc 20 
Xanthine I@ 

Pyrimidinc 
2-Aminopyrimidinc 
Isocytosine 
2-Amino-4,,6-clihydroxypyrimiclinc 
2-Amino-4.6dimethylpyrimidinc 
Cytosine 
g-Methylcytosinc 
Uracil 
Thymine 
4-Aminouracil 
5-Aminouracil 
4,5-Diaminopyrimiclinc 
24.Diamino-G-chloropyrimidinc 
2,4,6-Triaminopyrimidine 

Adenosine 
Gunnosinc 
Cytidine 

Pyridine 
2-Aminopyridinc 
4-Picolinc 
2,4-Lutidine 
2,4,6Collidinc 
Nicotinic acid 
Nicotinamide 
Pyridoxinc 

Aniline 
p-Toluidine 
p-Nitroanilinc 
p-Chloroanilinc 
p-Bromoaniline 
p-Aminobenzoic acid 
p-Aminohippuric acid 
a-Naphthylaminc 

H,O, 

30 
34 
27 
IQ 
29 
26 
25 
21 
21 
17 
22 
23 
18 

9 

13 25 
14 25 
16 31 

48 
39 
41 
41 
40 
27 
29 
29 

32 
26 
18 
23 
21 
18 
I7 
I3 

25 52 

47 
30 
29 
29 
32 

$ 

n.d, 

;: 

zi: 
52 
49 

;: 
34 
36 
48 
33 
22 

120 

73 
108 
97 
88 
56 
56 
57 

55 
47 
35 
40 
36 
34 
29 
22 

2.4 
3.7 
3*3 
- 
+I 

I.9 
0.8 

I*3 
315 
4.0 
I.3 
4*9 
4.6 
4.6 

<I 
NO 

0.8 
- 
6,o 
3.6 
6.8 

3.5 
2.2 

4*x 

2:; 
6.0 

6*7 
7.5 
2.0 

;:: 

4.6 

5.1 
I.0 

4*0 

3.9 
2.2 
- 

410 

a Elongated spot. 

ion involved in the exchange process, the following relationshiplfi was applied: 
-n log uw+ = RM + constant. (I) 
AI&kc acid. By applying eqn. I to most bases we obtain lines whose slopes are 

betweep, 0.9 and, I, w!!ich is in accordance with zin ion-exchange mechanism involving 
kokovalent ctitiok. For the other bases curvilinear trends are obtained (see Fig. I), 
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. . . 

Fig. 3. _?i?~ values vs. -log a~~1 for somc?bSkcs on Dowex 50-X4 (H+) thin layers. Elucnts: hy- 
drochloric acid solutions. (n) Cytosinc; (b) sdenosinc; (c) gunninc; (cl) z-aminopyridinc; (0) 2,4,6- 
triaminopy’rimidinc. . . _ 

. . 

Dow& 5’o-Xd ‘(H-r-) 
1 .‘,. ALRRRTI I$ al.‘8 and CERRAI ct nZ.1” applied 

,the ‘concentration,instead of the logarithm of the 
eqn. I by plotting the logarithm of 
activity. Such approximation gives 

fairly ‘good,results on exchangers ifi’ the sodium salt form when eluting with neutral 
salt solutions; in this case, however, the slope values deduced from the &/log CsolIt 
graph ‘are. lower than those from the .&M/log asalt grapl9. 

,.On, cation exchangers in the acid form, plotting ,RM aS a function of log CI_I&, 
,we obtin:a linear trend until ClIcI c 2M (see Fig: 2). For CD.CI >’ 2M we observe a 
deviation from; the linearity observed .by NELSON et al. 21 for the progression of log K;E/ 
log CDcI values in the case’ of inorganic ions. If the concentration is replaced by the 

” activity we observe a linear trend in the whole hydrochloric acid concentration 
‘range. The curvilinear trend of the Rn/l/log’.CwcI graph for CuoI > 2 M may there- 

- 0.5 

.,‘. 

/ .I: ‘., ” ,,. .I 
.‘,’ ,“, ., ‘,, 

:) ?; ,, /, TO,5 
, 
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b&s qn ~owojl $-X4 (H+) thin layers, Elucnts : h$ 
4kminotiracil; (c) p-chloroanilino ; (d) #-bromoatiilino; 
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TAl3LlS v 

VOLUME RANGE OF THE ELUATIZ (v,) AND VOLUME OF EPPLUI3NT Rl5LhTIVE TO THE PEAK OF TNE 

ELUTION CURVE ( ifmax) OF SEVERAL COMPOUNDS 

Porapak Q (80-100 mesh), 1.0 x I7-cm column with water and hyclrochloric acid solutj.on as 
clucnts. Effluent rate = 3 ml/rnin. n.d. = not dctcrmincd. 

Substancefi HZ0 0.25 N HCl 

Vi (ml) V Lt (ml) Vr (ml) V nlnz (ml) 

I?urinc b 

Guanine 10-60 
I-Iypoxanthinc 20-40 
2-Amino-G-chloropurinc 20-50 
Adenine 60-150 

2-Amino-4,6-clihyclroxypyrimidine 
g-Aminouracil 
4,5-Dinminopyrimicline 
Uracil 
Cytosinc 
Isocytosinc 
Pyrimidinc 
2,4-Diamino-G-chloropyrimidinc 

Cytidinc 
Guanosine . 
hdcnosinc 

Pyridine 
4-Picolinc 
z-Amirmpyridine 
+Aminohippuric acicl 
$-Aminobcnzoic acid 

Aniline 
p-Toluiclinc 
p-Nitronnilinc 
p-Chloroaniliuc 
p-Bromoaniline 

IO-20 * 
I O-25 
IO-30 
10-30 
I O-40 
IO-55 
80-170 

470-800 

* 5-70 
100-200 

300--600 
I1 
1, 
‘I 70-350 

I 5-95 
b 

b 

25 
27 
35 
95 

15 
I5 
IG 
16 
18 
2G 

125 
n.cl. 

35 
I46 
455 
b 
b 
272 

bs5 

IO-20 

IO-20 

IO-20 

IO-20 

10-30 

IO-20 
I O-20 
I O-20 
IO-20 
IO-20 
10-25 
10-30 
10-70 

IO-30 
I o-65 
I 0-60 

10-30 
I O-40 
20-50 
10-60 
= S-70 

35-85 
IO-90 

35-140 
70-I 70 

33o-500 

I4 
I5 
15 
I5 
18 

I5 
15 
I5 
I5 
I5 
16 
18 
40 

I7 
30 
30 
18 

3: 

:; 

50 
55 
95 

115 
n.d. 

a The samples arc dissolvccl in water or in hydrochloric acid when cluting with water, or 
hydrochloric acicl, respcctivcly. The amount of compound usecl is 2opg with the exception of 
4,5-dinminopyrimidinc (IO /~g) and a-amino-G-chloropurine, 2,4-diamino-6ahloropyrimiclinc and 
z-aminopyriclino (30 pg). 

h In this case the substsncc is strongly retained when eluting with water. 

fore be ascribed to the sharp increase of tie activity of the hydrochloric acid at these 
concentrations. 

However, the slope values we deduce from the RM/log a1-1~1 graph (see Fig. 3) 
are lower than those from,the linear trends of the RM/log C-~-lcl plots; in both cases 
the slope values are in .accordance with those found for. monovalent cations. 

The slope of the line for z,4,6-triaminopyrimidine (I ,40) indicates, that this’ 
compound behaves like a divalent ion (see’curve (e) of Fig. 3). , 

In other cases we obser,ve curvilinear trends similar to those of Fig. 4,,For most 
bases (see curves (a) and (b) of Fig; ,4) such trends are attributable to their acid- 
base characteristics (likewise found on, alginic acid) .while for fi-chjoroaniline, &bromot 
aniline, ‘and a-naphthylamine (curves. (c), (d) and (e) ,,of Fig., 4) they ,.may be at- 
tributed to the strong adsorption of these compounds by the ,matrix of the/resin (see 
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Table V). Such adsorption predominates over ion exchange and determines the reten- 
tion of these substances by the exchanger. 

Correlation between the Rp values and jd’, 
In order to understand the influence of the acid-base characteristics on the 

retention of the different classes of compounds on (both cellulose- and polystyrene- 
based exchangers) we tried to correlate the RF values of the bases with their pK, 
values and to ascertain if the sequence of these values was the same both inside each 
class and among the different classes. s 

AZ&ic acid. The sequences of Rp and pKa values inside each class are in 
agreement only for the bases whose pICa values are S3.3; such agreement, however, 
is not found at low pH values of the eluent,,as the data in Table I show. The difference 
in the Rp values tends to decrease owing to the almost complete protonation of the 
bases as the acidity increases: for the same reason there is no differentiation in the 
whole pH range among the RF values of the bases whose pKa is >3.3 

As regards pyridines, z,4-lutidine and z,4,6-collidine show anomalous behavior; 
in fact there is an increase in the RF values as the pli;, increases. Such behavior may 
be ascribed to the increase of the steric hindrance of the nitrogen atom in the ring 
due to the introduction of one or two methyl groups in the a-position. 

We observe a deviation from the general behavior, among pyrimidines, in the 
case of z,4-diamino-6-chloropyrimidine and, among aromatic amines, in the case of 
&chloroaniline, +bromoaniline and a-napbthylamine. The strong retention of the 
first three compounds may be ascribed to the presence of a chlorine or bromine atom 
in the molecule and of a-naphthylamine to the presence of two aromatic rings in the 
molecule. Such behavior, usual on polystyrene-based ion exchangers, seems quite 
common on cellulose-based ion exchangers, despite the differences in the polarities of 
the two matrices. 

In order to cprrelate the behavior of the different classes, we tried to mini- 
mize the influence of the acid-base characteristics of the compounds by considering 
the Rp values obtained by eluting with solutions at pH = 1.45 and 1.20, and the 
bases which, at such pH values, are completely (or almost completely) protonated. 
From these data we obtain the following sequence for the retention of the bases by 
the exchanger : purines > pyrimidines > aromatic amines > pyridines, Such a 
sequence is the same as the one observed on microcrystalline cellulose with water and 
I M acetic acid as eluents; this may be explained by considering that on cellulose- 
based exchangers the compounds with the largest number of polar groups or centers 
are the most strongly retained. The sequence for the number of polar centers is as 
follows: purines > pyrimidines > pyridines = aromatic amines. 

The stronger retention of aromatic amines in comparison with those of pyridines 
may be ascribed to the fact that the bonding of the -NH,+ group to the carboxyl 
group of,the exchanger is more likely than the bonding of the protonsted nitrogen 
of the, pJiridine ring, .’ 

DOUJCX so-Xq (H+ and Na-t). On this exchanger, in the,sbdium salt form, the 
acid-bade cha&teristics determine the~chromatographic behavior of those purines, 
ppitilidities ‘and pyridines whose,pK, values are between 2 and 5. It is interesting 
to ncitd thatib&havior on: this exchanger is similar to thatjobserved on alginic acid for 
the? b&ses+aving !.‘pl& G3.3. Aromatic amines, on the contrary, have a behavior 
indepeiidenf.,oflthkir acid-base characteristics, in accordance, with their high affinity 
‘for, p~gys~yreno,,-based, ,$XJ exchangers. 1, ‘. ‘, ,,“% 
J.,Clyomalogv., 64 (I&) z,r-z& 
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The aromatic amines containing a carboxyl group are retained less than the 
others owing to the anionic nature of this group. 

For the bases having pli;, > 5, the similarity of their Rp values is due to 
complete protonation at the acetate buffer PH. 

When the exchanger is in the acid form, the:,differences in the chromatographic 
behavior of the bases are attributable to their different affinities for the exchanger, 
since, at the hydrochloric acid concentration of the eluent, most bases are completely 
protonated. Therefore the Xi,? value is a direct measurement of the affinity of the base 
for the exchanger. 5 

Pyridines containing methyl groups in the a-position (2,4-lutidine and 2,4,6- 
collidine) show a behavior ditierent from that observed on alginic acid. On this latter 
exchanger; sterichindrance plays an important role in the behavior of these bases; 
whereas on Dowex 50-X4 (H-t) its importance is secondary to the increase in the 
affinity of these bases for the exchanger as the number of methyl groups increases. 

Among aromatic amines, with reference to aniline, the introduction into the 
ring of a chlorine or bromine atom in the pnra position increases the affinity of the 
compound for the exchanger more than the introduction of other functional groups. 

The sequence of affinities of the different classes for the exchanger is as follows: 
aromatic amines > purines > pyridines > pyrimidines. Since on polystyrene-based 
ion exchangers the interactions between the compounds and the matrix of the resin 
determine the retention mechanism, we tried to see if it was possible to explain this 
sequence on the basis of such interactions, We carried out a series of measurements on 
a Porapak Q column (a polystyrene resin without sulfonic groups) eluting with water 
and with 0.25 M HCl. It was necessary to use a column since Porapak Q is not suit- 
able for TLC when eluting with aqueous solutions. 

Prom the data in Table V the following deductions may be made. (I) The 
presence of polar groups in the molecule decreases the affmity of the different bases 
for the resin, with the exceptions of 2,4-diamino-G-chloropyrimidine and aromatic 
amines without any carboxyl group (whose affinity, on the contrary, notably in- 
creases). (2) The protonation decreases the affinity of the bases for the resin. Such 
behavior may be explained both by the formation of a cation and by a decrease in the 
aromatic characteristics of the base, (3) The introduction of a ribose molecule into the 
purine and pyrimidine nucleus increases the affinity of the corresponding nucleosides 
for the resin, as found by ZAIIcA 22, Such an increase seems to be contrary to observa- 
tion (I) and may be due to a decrease of the overall polarity of the molecule, although 
we cannot exclude the possible influence of the increased size of the molecule. The 
smaller retention of nucleosides in comparison with that of the corresponding bases, 
both on alginic acid and microcrystalline cellulose, favours the first hypothesis. 

The affinity secluence of the protonated bases for Porapalc Q (aromatic amines 
> p&dines > pyrines = pyrimidines) is different from that observed on Dowex 
50-X4 (1-I-t) thin layers, with the exception of aromatic amines. The strong retention 
of aromatic amines may therefore be due to the large influence of the interactions 
between these bases and the matrix of the resin. The data in Table V, however, do 
not explain the differences iu the retention observed on thin layers among purines, 
pyrimidines and pyridines. It is therefore, probable that the behavior of these classes 
of compounds on Dowek 50-X4 (H+) thin layers is due to the presence of sulfonic 
groups in the resin and, therefore, to the interactions between these groups, and polar 

J. Clwowalogu., 64 (1972) 271--381 



284 L. LEPRI, P. G. DIZSIDERI, V. COAS 

groups in the bases. The presence of microcrystalline cellulose in the layers does not 
affect the sequence of natural purines and pyrimidines since this sequence is the same 
as that found on Dowex 50-X4 (El+) columnss~o. 

The stronger retention of adenine in comparison with that of aniline on Dowex 
50-X4 (H+) thin layers (contrary to results on the Porapak Q column) confirms the 
great infiuence.of the interactions between the sulfonic groups of the resin and the 
polar groups of the bases. We must point out that, in this case too, the presence of 
cellulose in the layer is not significant since adenine is more strongly retained than 
aniline on a Dowex 50-X4 (H-t-) column using the same eluents as employed in TLC. 
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