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hemical Stability and Intracellular Metabolism of 1-(S)-[3-
ydroxy-2-(Phosphonomethoxy)Propyl]-5-Azacytosine

ieve Naesens 1,∗, Graciela Andrei 1, Ivan Votruba 2, Marcela
recmerová 2, Antonı́n Holý 2, Jan Balzarini 1, Erik De
lercq 1, Robert Snoeck 1

Rega Institute for Medical Research, Katholieke Universiteit
euven, Minderbroedersstraat 10, B-3000 Leuven, Belgium;
Gilead Sciences & IOCB Research Centre, Institute of Organic
hemistry and Biochemistry, Academy of Sciences of the Czech
epublic, Flemingovo nam. 2, 166 10 Prague 6, Czech Republic

-(S)-[3-Hydroxy-2-(phosphonomethoxy)propyl]-5-
zacytosine [(S)-HPMP-5-azaC], the 5-azacytosine analogue
f cidofovir, represents a new acyclic nucleoside phosphonate
ith pronounced activity against DNA viruses. In this study,
e investigated (S)-HPMP-5-azaC for its chemical stability

n solution and metabolism in cell culture. 5-Aza-cytosine,
eing a triazine, is prone to chemical degradation. We observed
hat, at neutral pH, (S)-HPMP-5-azaC undergoes spontaneous
nd reversible opening of the triazine ring structure, which
s followed by slow decomposition to the deformylated and
ntivirally inactive degradation product. About 30% of the
S)-HPMP-5-azaC concentration remains intact after 6 months
torage in cell culture medium at pH 7.4 and 4 ◦C. Upon HPLC
nalysis of methanol extracts from human lung carcinoma A549
ells incubated with 10 �M 6-3H-[(S)-HPMP-5-azaC] during
2 h, as much as eight peaks were observed, with the predom-
nant peak (∼40% of the total radioactivity) representing the
resumed active metabolite (S)-HPMP-5-azaC-diphosphate.
urther identification of the remaining peaks (presumably
epresenting the (S)-HPMP-5-azaC-monophosphate-choline
etabolite, and the deaminated metabolite (S)-HPMP-5-azaU

nd its corresponding phosphorylated forms) is underway. Thus,
nlike cidofovir, (S)-HPMP-5-azaC appears to be relatively
ensitive to enzymatic deamination. On the other hand, our
triking observation that the radioactivity in the methanol-
nsoluble fraction from (S)-HPMP-5-azaC-treated cells is about
en-fold higher compared to cells receiving cidofovir, may
uggest a more efficient incorporation of (S)-HPMP-5-azaC
nto DNA. Our ongoing experiments are aimed at comparing
he formation and intracellular half-life of (S)-HPMP-5-azaC

nd its metabolites in several cell types, including primary
uman renal tubular cells.
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nfluence of Substitutes in the Central Phenyl Ring of Capsid
unction Inhibitors on Anti-coxsackievirus B3 Activity

ichaela Schmidtke 1,∗, Olga Riabova 2, Vadim Makarov 2,
eter Wutzler 1

Institute of Virology and Antiviral Therapy, FSU, Jena, Ger-
any; 2 Research Center of Antibiotics, Moscow, Russia

oxsackievirus B3 (CVB3)-induced diseases can be medicated
nly symptomatically until now. Promising compounds to treat
VB3 infection are capsid function inhibitors. After binding into
small hydrophobic pocket of the viral capsid protein 1, they

inder viral adsorption and/or uncoating. Single amino acid sub-
titutions within the hydrophobic pocket can abolish the antiviral
ctivity. Whereas Ile1092 mediates susceptibility, Leu1092 and
et1092 induce resistance. During this study the relationship

etween substitutions of the central phenyl ring of capsid block-
rs and their antiviral activity against different CVB3 was
xamined. Derivatives of [(biphenyloxy)propyl]isoxazoles as
ell as pleconaril were synthesized. After determining cytotoxi-

ity, antiviral tests were performed with CVB3 Nancy and CVB3
7927 consisting of Leu1092 and Ile1092, respectively. Addi-
ionally, the inhibitory activity against CVB1, CVB2, CVB4,
VB5, and CVB6 was determined.

Capsid function inhibitors with methyl in position 3 and 5 of
he phenyl ring are not active against CVB3 Nancy but pre-
ent CVB3 97927 multiplication. SAR studies revealed that
ompounds without any substitutes in the central ring inhibit
ultiplication of CVB3 Nancy but exhibited strongly decreased

ntiviral activity against CVB3 97927. After introduction of
ethyl or brome substitutes in position 3, the anti-CVB3
ancy activity was sustained and the anti-CVB3 97927 activity

estored. The derivative substituted with 3-OMe exhibits only
ow activity against CVB3 Nancy, but effectively inhibits the
VB3 97927-induced CPE. Surprisingly, derivative with two
ethyl groups in position 2 and 3 of the central ring is com-

letely inactive. Results obtained with CVB1, CVB2, CVB4,
VB5, and CVB6 fully confirm the important role of substitutes
t the central phenyl ring for antiviral activity.

In summary, the results of this study demonstrate the impact
f position and size of substitutes in central ring of capsid block-
rs for their spectrum of antiviral activity. To achieve broad

pectrum anti-enteroviral activity and prevent CVB3-resistance
ombinatory therapy seems to be necessary.

oi:10.1016/j.antiviral.2007.01.154
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