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ABSTRACT

The decomposition kinetics of bis-POC PMEA and bis-POC PMPA followed
pseudo-first order kinetics with the corresponding mono-POC ester detected as
the only observable degradation product for all the pH values studied. The rates
of hydrolysis of bis-POC PMEA over the pH range studied was described by

ko = kufau[H'] + kimpofan + Kipofa + koufa [OH].

The '80 incorporation studies revealed that hydrolysis of bis-POC PMEA at
pH 7.0 primarily proceeds via P-O cleavage with an additional minor pathway
involving C—O bond cleavage. Hydrolysis of bis-POC PMPA was found to be
about 2 fold slower than bis-POC PMEA at pH values above 6.0.

INTRODUCTION

Phosphonate analogs of nucleotides have received considerable attention as
potential antiviral agents. The ionic character of these agents limits their perme-
ability across the human intestinal mucosa, resulting in low bioavailability af-
ter oral administration [1-2]. We have previously demonstrated the utility of the
bis-isopropyloxycarbonylmethyl (bis-POC) moiety in improving the oral bioavail-
ability of phosphonate nucleotides [3—5]. The bis-POC promoiety utilizes the
oxycarbonyloxymethyl spacer group. In the present study, we have applied the
bis-POC promoiety to 9-[(R)-2-(phosphonomethoxy)ethyl] adenine (Adefovir,
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Figure 1. Chemical structures of bis-POC PMEA and bis-POC PMPA.

PMEA, Fig. 1) and to 9-[(R)-2-(phosphonomethoxy)propyl] adenine (Tenofovir,
PMPA, Fig. 1).

MATERIALS AND METHODS

The pseudo-first order rate constant, kobs, was obtained by following the
disappearance of the peak area of the prodrugs as a function of time for at least
two half-lives. All prodrugs and their degradation products were analyzed by a
reverse phase HPLC method using the modular system described in the instru-
mentation section. The site of nucleophilic attack was determined by hydrolyzing
bis-POC PMEA in H,'30 and H,'°O and then performing mass spectral analy-
sis of the hydrolytic product, mono-POC PMEA. The mass spectra samples were
analyzed using the liquid secondary ion mass spectrometry technique (LSIMS,
Negative FAB-MS). The incorporation of '®0 to the phosphorous for bis-POC
PMEA was determined based on the ratio of (M 4-1)/(M —1) of the corresponding
mono-POC PMEA by negative FAB-MS, corrected for the final content of 80 in
water.

RESULTS AND DISCUSSIONS

Mono-POC PMEA was the only degradation product observable by HPLC.
The pH-dependency of the buffer-independent rate constants, ko, for bis-POC
PMEA is shown in Figure 2. Over the pH range studied, the rates of hydrolysis
of bis-POC PMEA were described by the following equation, k, = kyfag[H"] +
kimofan + Kipofa + koufa [OH-]. Eq (1) where, fay is the fraction of conjugate
acid and fA is the fraction of free base, ky is the microscopic second-order rate
constant for the hydronium ion catalyzed hydrolysis, kyoo is the first-order rate
constant for water catalyzed or spontaneous hydrolysis of the conjugate acid, kj;,q
is the first-order rate constant for water catalyzed or spontaneous hydrolysis of the
free base, and koy is the microscopic second-order rate constant for hydroxide ion
catalyzed hydrolysis.
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Figure 2. The pH-rate profiles for the degradation of bis-POC PMEA at 50°C.
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Scheme I.

Hydrolysis of bis-POC PMEA may proceed via two distinct pathways as
shown in Scheme I. The first involves the nucleophilic attack of water at the
carbonyl center to form the tetrahedral intermediate (C—O bond cleavage) and
the second involves the nucleophilic attack of water on the phosphorus atom
(P-O bond cleavage). Both pathways lead to the formation of the mono-POC
PMEA. The extent of P-O bond cleavage was estimated to be 85% + 5% for
bis-POC PMEA at pH 7.0, 37°C. These observations suggest that hydrolysis of bis-
POC PMEA primarily proceeds via P-O bond cleavage with an additional minor
pathway involving C—O bond cleavage.

Bis-POC PMPA demonstrated better chemical stability than bis-POC PMEA
at pH values above 6.0. The rate of hydrolysis of bio-POC PMEA was about two
times higher than bis-POC PMPA.
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