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SUMMARY

The results of the synthesis of 11 different tritiated
alkylxanthines by solid-phase catalytic isotope exchange are
described. 3H-NMR analysis of the labelled compounds shows
that in contrast to liquid-phase isotope exchange the tritium
label is incorporated not only in the C-8(H) positicn, but also in
the alkyl groups. The fraction of radicactivity in an a]kyl group
depends on the nature and position of this group.
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INTRODUCTION

Recently catalytic iscotope exchange in the solid phase at high
temperatures with participation of hydrogen spillover has been
widely used in the preparative chemistry of tritium-labelled
compounds [1-3]}. This method allows the tritium label to be
included not only into those positions where it is incorporated in
liquid-phase isotope exchange, but in manyv cases into other
positions. This feature as well as the high isotopic incorporation
and the avoidance of protic solvents gives the possibility of
obtaining labelled compounds with very high specific activities.

In the present paper data are presented on the solid-phase
isotope exchange of tritium-labelled xanthine (1) and a large
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numbsr of its alkyl-derivatives: methylxanthine (I1). S-methyl-
xanthine (II1), 7-methyvlxanthine (IY). 8-methylxanthine (Y),
9-methylxanthine (YI), 3-ethylxathine (YII), 3,7-dimethylxanthine
(theobromine) (YIII),1,%-dimethyvlxanthine (thecophylline ) (IX),
1,3,7-trimethylxanthine {(caffeine) (X} and l-methyl-3-isobuthyl-

xanthine (XI).
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METHODS

The following conditions were used for all the compounds
mentioned: 1 mg of substrate was applied as a asolution on 80 mg of
5% PAd/BaS04 catalyst and after drying exposed to a tritium
atmosphere at 170 <¢C and 0.5 atm. for 2Z h. The labelled
compounds were then washed from the catalyst with water (3x3 ml)
and after removal of the labile tritium purified by liquid
chromatography on a column (650x12 mm) with Sephadex G-50 (50 ml),
using UV-abscrption and radicactivity monitoring and water as an
eluent. The chemical purity of the labelled alkylxanthines was
controlled by measurement of the optical density of their
solutions with subsequent calculation of the characteristic
UV-spectrum constants. All the synthesized labelled alkylxanthines
had UV-characteristica, close to those, which had been published
in the literature [4]. The radiochemical purity (RCP) of the
products was measured by of thin-layer chromatograthy using

Silufal UVZ54 plates in chloroform-acetone (1:1 v/v) and
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isopropanocl-water (9:1 v/v) and a scintillation scanning counter.
For compounds I-XI RCP was more than 95%.

The distribution of tritium in the synthesized labelled

&

compounds was ascertained by 3H-NMR spectroscopy using a
Bruker spectrometer operating at 266.8 MHz. D20 was used as

the NME solvent.

RESULTS AND DISCUSSION

The main features of the results are summarized in the Table.
Most of the alkylxanthines have gpecific activities (As) in
excess of 29 kCi/mol - the maximum value for incorporation of the
label in the C-8(H) position by the liquid-phase isotope exchange.
An increase in As is observed with as the number of substituents
and their chain length are increased.

The results shown allow the monomethylsubstituted xanthines
ITI-IY and YI to be placed in order of reactivity viz. N1<N7<=Ne<Ns.
For di- and tri-N-methylsubstituted xanthines the activity values
are also in accordance with this sequence.

It can be noted that this sequence Ni1<N7=Ngs<N3 is the same for
decreasing basicity of nitrogen atoms in the nonsubstituted purine
[5].

The synthesized methylxanthines contain single, double and
triple tritium labelled methyl groups and the CHT2 content is
a maximum in all cases.

In compounds YII and XI, which contain bulkier alkyl
substituents (ethyl and isobutyl, respectively) the degree of
tritium incorporation in these groups is very high and its tritium
distributed throughout the =zubstituent structure.

The present results show that the catalyvsis of solid phase
isotope exchange with gaseous tritium at high temperatures is an
effective technique for tritium label incorporation into different

alkylxanthines. The specific activities of the products
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considerably exceed the values attainable in liquid-phase izotope
exchange .
TABLE

Specific activity and intramolecular distribution of tritium ir
syntheasized labelled alkylxanthines

Comp. Spec. Disgtribution of activity in positions, %
No. ACtivV., —mmm e e

I 20 100 - - - - -
11 18 58 4z - - - -
111 45 24 - 76 - - -
1y 40 35 - - 65 - -
Y 17 - - - - - 100
Y1 24 26 - - - 74 ,
Y11 81 26 - 74 - - -
YIIT 123 13 - 47 40 - -
IX 124 16 35 49 - - -
X 203 18 12 40 as - -
XI 175 6 22 72 - - -
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