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Purine nucleoside phosphorylase (EC 2.4.2.1), which cata-
lyzes the phosphorolytic cleavage of the N-glycosidic bond
of purine nucleosides, is an important target for antitumor
and antiviral agents.! 7-Alkylguanosines have recently been
shown to be good substrates for this enzyme, and the
mechanism of phosphorolysis has been elucidated by con-
sidering the influence of various 7-substituents on the ki-
netic parameters (K,,, V,,,,) in relation to their steric and
electronic properties.? In the present communication, ki-
netic data for spontaneous cleavage of N-glycosidic bonds
of the same nucleosides and their 5’'-monophosphates are
reported. The data throw light on the structural effect
observed for the enzymatic phosphorolysis. Furthermore,
spontaneous depurination of 7-alkylguanosines is of in-
terest in view of the fact that the 5’-terminal nuclesoide in
eukaryotic mRNAs is 7-methylguanosine.?

Fig. 1 shows the pH-rate profile for hydrolytic decompo-
sition of 7-methylguanosine, 1 (R! = R? = H, R?® = CH,).

i T
y N \%NH / NH
QN/ILN R, éN/ILN/LN:s‘IZ

The starting material undergoes hydronium-ion-catalyzed
depurination at pH < 2,* and opening of the imidazole ring
at pH > 6.° Between these two pH values the decomposi-
tion proceeds by uncatalyzed depurination of monocationic
7-methylguanosine, the predominant ionic form in this pH
range, and the reaction rate is thus pH-independent
(Scheme 1). This reaction mimics the hydrolysis of guano-
sine at low hydronium ion concentrations, where break-
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down of the N7 protonated species constitutes the major
reaction pathway.*® It is also worth noting that the enzyme-
catalyzed phosphorolysis of guanosine has been suggested
to proceed via N7 protonation.’

Table 1 records the first-order rate constants obtained for
the spontaneous depurination of various 7-substituted and
N?,7-disubstituted guanosines and their 5’-monophos-
phates. The depurination rates of nucleotides are from 20
to 50 % of those of their parent nucleosides. The reasons
for this reactivity difference, which is typical for purine
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Fig. 1. pH-rate profile for the decomposition of
7-methylguanosine at 363.2 K (/ = 0.1 mol dm~2 with NaCl).
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Table 1. First-order rate constants (k/10~¢) for the spontaneous depurination of 7-substituted and N?2,7-disubstituted guanosines and

their 5’-monophosphates at 363.2 K.#

Substituents® 1 2

R R? R3 Others

Hydrogen Hydrogen Methyl 1.37(5) 0.327(9)
Hydrogen Hydrogen Ethyl 1.09(2) 0.219(4)
Hydrogen Hydrogen Propyl 0.308(7)
Hydrogen Hydrogen Butyl 1.04(3) 0.417(9)
Hydrogen Hydrogen Isopropyl 0.144(13)
Hydrogen Hydrogen Isobutyl 1.46(2) 0.267(13)
Hydrogen Hydrogen Cyclopentyi 0.290(11)
Hydrogen Hydrogen Allyl 1.89(6) 0.588(18)
Hydrogen Hydrogen Benzyl 2.62(5) 0.940(19)
Hydrogen Hydrogen 1-Phenylethyl 1.88(4) 0.691(11)
Hydrogen Hydrogen 2-Phenylethyl 1.72(3) 0.453(6)
Hydrogen Hydrogen 3-Phenylpropyl 1.29(3) 0.271(4)
Methyl Hydrogen Methyl 0.835(9) 0.212(3)
Ethyl Hydrogen Methyl 0.195(4)
Benzyl Hydrogen Methyl 0.234(8)
Methyl Methyl Methyl 0.586(9) 0.160(3)
Hydrogen Hydrogen Methyl 8-Methyl 1.80(5) 0.853(22)

2QObtained in an acetic acid/sodium acetate buffer (0.1/0.1 mol dm~3). ®See structures 1 and 2.

nucleosides and nucleotides, have been discussed previ-
ously.® The effect of the 7-substituent on the depurination
rate is presented in Fig. 2 by a plot of the logarithmic rate
constants as a function of polar substituent constants, o*.
In spite of the large scattering of individual points, it is
apparent that increasing electronegativity of the 7-substi-
tuent considerably destabilizes the N-glycosidic bond, the
reaction constant being 0.8 + 0.2 (r = 0.87) with 7-alkyl-
guanosines and 1.2 + 0.3 (r = 0.82) with their 5'-mono-
phosphates. By contrast, the reaction constant for acid-
catalyzed depurination of 7-alkylguanosines, which most
likely proceeds by N3 protonation,* is only slightly positive
(<0.2).° Accordingly, electron-withdrrawing groups, which
accelerate the heterolytic cleavage of N9-C bond by in-
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Fig. 2. Logarithmic rate constants for spontaneous depurination
of 7-alkylguanosines (O) and their 5’-monophosphates (@)
plotted against the ¢* values of 7-substituents (see Table 1).

creasing the positive charge at the imidazole ring, retard
almost as efficiently the pre-equilibrium protonation, leav-
ing the observed rate constant practically unchanged. The
susceptibility of N3 protonation to the polar nature of the
7-substituent is thus similar to that for N1 protonation, for
which a reaction constant of —1.2 has been reported.®
The effect of N>-substituents on the rate of spontaneous

" depurination is considerably weaker than that of 7-sub-

stituents. As seen from Fig. 3, a fairly good linear correla-
tion exists between the logarithmic rate constants obtained
with N*-substituted 7-methylguanosine 5’-monophosphates
and the Zo* values of their N ?-substituents, the reaction
constant being 0.31 + 0.04 (r = 0.97). One might expect
that bulky substituents at N2 would increase non-bonded
interactions between the base and sugar moieties, and
hence result in steric acceleration. However, this does not
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Fig. 3. Logarithmic rate constants for spontaneous depurination
of N2-substituted 7-methylguanosines (O) and their
5’-monophosphates (@) plotted against the Zo* values of
NZ2-substituents (see Table 1).
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seem to be the case; the point referring to the N? unsub-
stituted compound falls on the line that the substituted
compounds yield. The data on hydrolysis of N 2-substituted
7-methylguanosines are scarce, but consistent with the ar-
guments presented. Accordingly, N %-substituents do not
sterically destabilize the N-glycosidic bond of either 7-al-
kylguanine nucleosides or nucleotides. By contrast, 8-sub-
stituents appear to bring about a moderate steric acceler-
ation. 7,8-Dimethylguanosine and its 5'-monophosphate
are depurinated 1.3 and 2.6 times as fast as their 7-methyl
counterparts, although a methyl group may be expected to
retard depurination inductively. Comparable steric acceler-
ation has previously been observed in the hydrolysis of
2-substituted benzimidazole nucleosides!® and their acyclic
analogues.!

Experimental

7-Alkylguanosine 5’-monophosphates (2) were prepared as
described previously,> !> and converted into the corre-
sponding nucleosides by dephosphorylation with bacterial
alkaline phosphatase.? First-order rate constants for the
disappearance of 7-alkylguanosines and their 5’-monophos-
phates were calculated via the integrated first-order rate
equation. The time-dependent concentrations of the start-
ing materials were obtained by the HPLC method de-
scribed earlier.!* Chromatographic separations were car-
ried out under conditions described in Ref. 8.
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