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Absrnc~Tritium exchaage at C-8 of xaatkoslnc. tkeohromiae, l-. 3. and 7-methylxantbine in watcz baa been 
studied. The rates of detritiation of these compounds have been determined over a pH rasp at constaat 
temperature. Several mechanisms of exchange involving various ionic forms of substrate operating at different pH 
have been suggested. 

Hydrogen isotope exchange at the 8-position of purines 
is a reaction of biological significance and indicates that 
C-8 is a nucleophilic centre in purine nuckosides. On the 
other hand studies of an isotope exchange reaction may 
provide valuable information of synthetic use. For these 
reasons considerable attention has been focussed upon 
C(8)H exchange in purines, especially such as adenine, 
guanine. hypoxanthine and their nuckosides.‘” More 
detailed kinetic studies have indicated the inffuence of 
NH group dissociation on the rate of hydrogen exchange 
from C-8.’ 

The effect of these groups on rates and mechanisms of 
C(8)H exchange is especially interesting in xanthine 
derivatives which, in comparison with guanine and 
hyposanthine, have an additional N(3)H group. 

Continuing our previous studies’-’ we have in- 
vestigated tritium-hydrogen exchange in 8.position of 
xanthosine (1). theobromine @a). I-, 3- and 7-methyl- 
xanthine (2b, c, d) 
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R = fl-o-rlbofuranosyl 
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2r: R,=H, &=Rs=Clb 
2b: R,=CH,,R?=Rs=H 
2~: Fh=CH.,,R,-R.,=H 
2d: Ft-CHz,,R,=Rp=H 

It has been found however that the mechanism of 
hydrogen exchange in such compounds depended not 
only on the number of NH groups and the sequence of 
their ionisation but on the charge distribution in the 
molecule as well. 

The conclusions emerging from our studks, concem- 
ing tautomeric forms and ionic structures of xanthine 
derivatives will be a subject of a separate paper. In the 
present paper only the analysis of the rate-pH depen- 
dences followed by the mechanistic conclusions is 
reported. 
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In such a situation the discussion of results obtained 
becomes difficult and at the present state it seems 
reasonable to simplify the formal description of the 
exchange mechanisms. Therefore considering the parti- 
cipation of ionic forms of xanthines with a given resul- 
tant charge (protonated form, neutral form, monoanion, 
dianion) we neglect the charge distribution within the 
molecule. 

xanthosiie (Lacbema) and uK#brominc (sigma) were. In l-methyl derivative of xanthine just as in nonsub- 
purchased commcrcialIy. I-McthyIxa&nc was kindly provided stituted xanthine both N(3)H and N(7)H groups are able 

by Prof. W. Pfkiderer (Konstanx University), ‘I-methyl- and 
3-methyl-xanthine were synthesized in Department of Biophysics 
of Warsaw University. 

All tritiatcd compounds were prepared by homogeneous ex- 
change using tritiated water (80mCi/cm3). Because of the low 
solubiiity of these compounds in neutral pH, the alkaline solu- 
tions were prepared adding the appropriate amount of solid 
KOH. Ahout 30 cm’ of solution contxiuing l-2 g of substrate was 
maintained at 90” for about 4 days. Water was removed by freeze 
drying, a small amount of Ha was added to exchange labile 
hydrogen atoms and the solution was lyophilised again. If neces- 
sary, this procedure was repeated several times. Then the 
product was dissolved in water and the solution was neutral&d 
by HCI. The compound precipitated was washed out and dried in 
a vacuum. 

Kinetics 
The methods used to follow the rates of detritiatiun were as 

given previously? The kinetic measurements were car&d out at 
82”. The pH ranges for the compounds studied were limited by 
thcii low solubility in acidic solutions. The reaction involving 
3.methylxanthine was slow and the pseudo&st+rder rate 
constant (k& was obtained as previu~~sly.~ by initial rate 
meth& from the slope of the plot of radioa&& of water 
a&St time. When tbc reactions were faster, 16b. were dcter- 
mined from the slope of the plot of log (L-A,) vs time 
(&-specific activity of water, llapccific activity of the 
sample of compound taken to cxchangc). 

It was indicated previousIy’-3*7 that the C(8)H isotope 
exchange in purines is catalyzed by the hydroxide ion 
which attacks the molecule of a substrate in the rate- 
determining step of reaction. However, the ionic forms 
of the rrmkcuks interacting with the OH- group were 
the subject of discussions. Xanthine derivatives form in 
aqueous solutions an especially large number of tau- 
tomers and ions whose structures are not as yet satis- 
factorily known.* 
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to dissociate in aqueous solution. The similar behaviour 
of these two compounds was found in spectroscopic 
studies of their solution.’ Also the rate-pH profile 
observed for l-me~ylx~~ine exchange (Fi. 1) is 
reminiscent of that previously obtained for xantbit~.~ 
Hence in both cases we can assume the same mechanism 
of exchange involving the ~te~te~n~g attack by the 
hydroxide ion on the neutral mole&e of the substrate, 
Such a mechanism was afso postulated for C-8 bydrogen 
exchange at high pH in 9-substituted purine, adenosine, 
guanine, guanosine, etc.’ The L-pH relation for I- 
metbylx~~ine may be described by eqn (1):t 

where: %,, K.z and L represent successive dis- 
sociation constants of substrate & refers to dis- 
sociation of protonated form); K&&o&ion constant 
of water and k&-second-order rate constant of reaction 
between neutral mokcuie and OH-. 

For mH’] CC K., we obtain: 

The calculated curve which was fitted to the experi- 
mental points by the nonlinear least-squares treatment4 
is shown by the solid line in Fig. 1. 

Because of the low solubility of I-methyfxanthine in 
acidic solutions the exchange was not studied below pH 
6.6. However at acidic pH region, where the dissociation 
of NH groups is restrained, the difference in behaviour 
of xanthine derivatives diminishes. Here we can expect 
for all of them the exchange mechanism involving pro- 
tom&i substrate previously observed in theophylline 
and caffeine.’ This assumption is supported by the 
resuks obtained for theobromine (Fg. 2) wbicb is a little 
more soluble than I-methylxanthine. Moreover tbe pKa2 
value of theobromine is higher than that of the latter, 
thus the mechanism involving the neutral mokcuk is 
adequately shifted towards higher PH. As a result at the 
pH range 3-7 we obtain pH-inde~n~nt rate constant 
(k+) accordingly to eqn (3): 

when K,, * [H+] )b K.&z 
Equation (3) describes the rate-pH relation typical for 

the mechanism involving a hydroxide ion attack on the 
protonated molecule of a substrate. The corresponding 
calculated curve is presented in Fu. 2 by dotted line I. At 
higher pH the observed rate constant of theobromine 
increases what is probably connected with the 
mechanism that involves the neutral substrate and the 

tAu calcubncd curves pnseatcd ia this paper were ObWiacd 
by least-squeres procodwr usiog litereture PK. velt& ~1s stan- 

refers to tbc mccbanisms involving protoeetod form. DeOQd 
form. monoa&n, aad d&i&n, nspcctively. 
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Fi f. Ratc-pii pro& for 8-W l-methylxeethhc. The &id line 
is drewn using eqn (2). 
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Ft 2. Itate-pH pmgk for [S-%1 thcobromioc. The solid lhe 
pri!ealts the sepupo8itiml of perta procWt6 witb phspetion 
of t&e following forma of thcobmminc: (e) protooeted form 
(dotted Ihw I, cqn 3); @) neutnt mokcuk (dotted line II, qa 4); 

(c) monoenion (dotted Iii III, cqn 5). 

hydroxide ion. In this case due to the lack of the third 
dismciation, eqn (2) may be reduced to: 

and the corresponding cakulated curve is shown in Fig. 2 
by dotted line II. At I&b pH when @~‘]?K.z, + 
becomes independent of PH. In spi: o~,~~~ 
solution the exchange rate increase 
suggests that an a&&&al mer .anism, most probably 
invotving the rate determinIng attack by the hydroxide 
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ion on the monoanion of the substrate comes into opera- 
tion at high PH. The contriition of this mechanisms to 
the total L may be described by the foIlowing equa- 
tion: 

The calculated curve correspnndii to the qn (5) is 
presented in Fig, 2 by dotted line III. 

The similar exchange mechanisms as we observed in 
theobromine can occur in xanthosine. In this case in 
pH-range studied the mechanism involving protonated 
substrate is not observed but may be expected in acidic 
solutions. The pH-rate profile obtained for xanthosine is 
presented in Fig 3. The dotted line I cotresponds to the 
mec~sm involving neutral molecule, according to the 
eon (2). At higher pH the increase of exchange rate is 
observed which is probably consistent with a participa- 
tion of monoanionic form in the rate-determining step of 
reaction. In the case of xanthosine which possesses one 
NH group more than theobromine the eqn (5) should be 
replaced by eqn (6)6), 

(6) 

and in the strong alkaline solution the kd, becomes 
independent of pH (the curve represented in Fig. 3 by 
dotted line III). 

Taking into account the simiity between xanthosine 
and ‘I-methylxanthine (both compounds have one substi- 
tuent in the imidazole ring and two free NH groups in the 
pyrimidine rin& we can expect for them the analogous 
mechanisms of the exchange. However the ratepH 
profile obtained for 7-methylxanthine (Fig. 4) is rather 
ditterent than for xanthosine. We can stinks here 

PH 

Fii 3. Rat@ pK& for [&‘lil xa&Mioe. The solii line 
present.9 tke slipqosith?ll of par&l procesM with psrucipatioa 
of the fouowilI# forms of xalltbnsii!c: (a) ilcutml form (dotted 

line I, cqn 2): (b) monoanion (dotted line II, qn 4). 
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Fii, 4. R&c-pH prafik for @-‘HI 7mctbylxanthk The solid 
fine presents the superposiuorl of partial procuscs with par& 
cipation of tbc following forms of 7~yl~~e: (a) neutral 
form (dotted line I, qn 2): (b) monoanion (dotted Iii II, qn 6); 

(c) dianion (dotted line III, qa 7). 

the mechanism involving the neutral molecule (eqn (2), 
dotted line I) and the monoanionic form (eqn (6), dotted 
line II) but in alkaline solution instead of the pH-in- 
dependence of ih, we find an increase of exchange rate. 
This suggests that at high pH region the hydroxide ion 
begins to attack the dianionic form of substrate. The 
relation between ldb. and [H’] may be described as 
follows: 

and the corresponding calculated curve is presented in 
Fig. 4 by dotted line III. 

The difference in the bebaviour of 7-rne~yl~~ne 
and xanthosine at high pH can be ascribed to the higher 
pKfi value for the latter.9 

For alf cases discussed presently and described pre- 
viously’“*’ we can draw the following conclusions: 

(I) At low pH region in all compounds studied C-8 
hymen ~s~~on from a protonated substrate by a 
hydroxide ion is a ~~ete~inin8-step of exchange 
reaction. 

(2) At higher pH values most of these ~m~unds 
participate in exchange reaction in the neutral form. 

(3) Some of compounds 9&h at intermediate pH 
interact as a neutral molecule with a hydroxide ion, in 
alkaline solutions interact as a mono~ion and even as a 
dianiin. 

However this sequence of exchange mechanisms is not 
always followed. The rate-pH profile obtained for 3- 
methylxanthine (Fe. 5) shows that this compound is 
such an exception. Two mechanisms can be dis- 
tinguished here: the first inoolving protonated form (eqn 
(3), curve I) at low pH and the other with a rno~Mion~ 
form (eon (61, curve II) at high PH. At intermediate pH, 
when the neutral molecules dominate in solution the rate 
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Fig. 5. Rate-pH protik for [&‘H] 3-mrthylxanthine. The solid 
line presents the superposition of partial proce-ms with parti- 
cipation of the following fornts of 3-mtbylxanthinc: (a) pro- 
ton&d form (dotted line 1. qn 3): (b) monoanion (dotted line II. 

qn 6). 

of exchange demases, so we eatt suppose that such a 

form of substrate is unable to interact with hydroxide 
ion. !t is possible that tbe similar effect could have been 
also observed for theophylline: but because of its 
decomposition in alkaline solutions, the exchange reac- 
tion at high pH was not studied. 

The results presented here show that hydroxide ion, 
catalyzing C-g hydrogen exchange, may interact with a 
variety of ionic forms of xanthine derivatives, and even 
with their anions. On the other hand in some cases not all 

forms of substrate being presented in solution undergo 
the attack of OH: ion. These facts eon6mt the surges- 

tion mentioned above that the charge distriition in 
molecuk (especially neatby the C-g position) determines 
an occurrence of some mechanisms of exchange. Tbere- 
fore it would be interesting to discuss some conclusions 
emerging from the data obtained and concerning the 
tautomeric forms and ionic structures of xantbines. The 
details of this probkm will be presented in the next 

paper. 
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