Synthesis of a potent inhibitor of HIV reverse transcriptase
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The newly synthesised Pg,—P,-difluoromethylenebisphos-
phonate analogue 2 of nor-carbovir triphosphate is a potent
inhibitor of HIV reverse transcriptase; it also exhibits a
greatly enhanced stability to dephosphorylation, in foetal
blood serum, relative to AZTTP and other nucleoside
triphosphates.

The in vivo lability of the P-O—P phosphate ester bonds in
nucleoside triphosphates (NTPs) possessing interesting biol-
ogical activity in vitro has prompted the search for more stable
analogues. A great deal of effort has centred on the substitution
of the phosphate ester oxygen atoms with carbon to give the
corresponding phosphonates. These phosphonates are generally
more stable to hydrolytic cleavage whilst being isosteric with
their parent phosphates. The lower electronegativity of the
methylene group, compared to oxygen, leads to a significant
decrease in the acid dissociation constants of these phosphonic
acids, which is often reflected in a reduction of biological
activity. Through the semina work of Blackburn and co-
workers, halogenoal kyl phosphonates have been shown to have
improved potentia as phosphate mimetics, asthey more closely
resemble the steric and electronic features of their parent
units.t
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We have previously shown that the pyrophosphoryl phos-
phonate 1 shows potent inhibition of HIV reverse transcriptase
(HIV-rt), comparable to that of both AZT and carbovir
triphosphates.2 It is noteworthy that the active compound 1 has
an absolute configuration that is the mirror image of that
expected for a natural nucleotide.3 Previous assessments of
other such ‘unnatural’ nucleosides have shown them to exhibit
reduced cytoxicity relative to their natural enantiomers.4

Further progress in this area would result from structura
modifications of the diphosphate unit in 1 to further enhanceits
stability in vivo whilst still retaining good biological activity. To
these ends we have prepared a series of bisphosphonates 24
with progressive fluoro-substitution within the Pg,P,-methylene
linker group, as described in Scheme 1.

Noteworthy features of the chemical syntheses include the
preparation of the tetraethyl difluoromethylenebisphosphonate
5 by coupling diethyl difluoromethylphosphonate with diethyl
chlorophosphate,> and the preparation of tetraethyl fluor-
omethylenebisphosphonate 7 using the easy to handle and
readily available fluorinating reagent N-fluorodibenzene-
sulfonimide.® The tetraesters were hydrolysed using bromo-
trimethylsilane and subsequently converted into their respective
tributylammonium salts 6, 8 and 9. The bisphosphonates were
coupled to the nucleoside monophosphonate 10 via the
activated morpholidate 11.27 Products were purified by anion
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Scheme 1 Reagents and conditions: i, LDA, THF, —70 °C, 1 h, then
CIP(O)(OEt),, —70°C, 1 h (34%); ii, MesSiBr, room temp., 18 h (83%y); iii,
NBus, EtOH, H,0, room temp., 90 min; iv, KHMDS, THF, —78 °C, 1 h,
then N-fluorodibenzenesulfonimide, THF—toluene, —78 °C, 90 min (26%);
v, MesSiBr, room temp., 72 h (98%); vi, morpholine, DCC, ButOH, H,0,
reflux, 5 h; vii, DMSO, room temp., 0.5-7 days (24-32%)

exchange, followed by reverse phase chromatography, and
isolated as their ammonium salts.8

The efficacies of 24 as inhibitors of recombinant HIV-1-rt
(Du Pont cat. No. NEI-490) were examined using the Du Pont
RT-Detect™ Reverse Transcriptase Assay (cat. No. NEK-070)
and the results are shown in Table 1.

Compounds 2—4 showed an expected correlation of increased
activity with an increase in fluoro-substitution, culminating in
the CF, analogue 2 being just an order of magnitude less active
than the parent compound 1.

The stability of the CF, compound 2 in human foetal blood
serum was assessed and compared with AZTTP, some natural
nucleoside triphosphates, and the pyrophosphoryl phospho-
nates’ natural enantiomer, 1-ent (Table 2). Blood serum is an
appropriate medium in which to perform thisassay asit contains
numerous dephosphorylating enzymes and so provides a good
model system of the extracellular environment in vivo. The half-

Table 1 Relative efficacy of substrates 14 as inhibitors of HIV-rta

Compound 1CsoPlum
1 0.5
2 5.8
3 34.8
4 >100
AZTTP 1.0

aThe | Cso values shown are the results from enzyme assays carried out in
reaction mixtures containing 0.1 units ml—1 of HIV-rt, which were
incubated at 37 °C for 110 min. ® ICso = substrate concentration required
to inhibit to HIV-rt by 50%.
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Table 2 Half-life time in fetal blood serum at 37 °C

Compound tio

l-ent 65 mina
2 45 ha
dGTP <30 minb
dATP <30 minP
AZTTP 5 minP

a As determined by the appearance of the phosphonate 10. ® As determined
by the disappearance of the nucleoside triphosphate.

life of compound 2 was found to be 90 times greater than those
of the natural purine NTPs, dGTP and dATP and aso
significantly greater than that of the pyrophosphoryl phospho-
nate l-ent. Evidently, the Pg,P,-difluoromethylene group
greatly enhancesthe stability of compound 2 towards enzymatic
dephosphorylation of the terminal phosphate group. Cleavage
of the phosphate ester linkage at the P,,,Ps position could also be
reduced as a result of the CF, analogue 2 being a poorer
substrate for those dephosphorylating enzymes which function
to hydrolyse NTPs at this position.

In conclusion, we have shown that it is possible to
incorporate two stabilising phosphonate linkages in the 5’-side
chain of the ‘unnatural’ enantiomer of carbovir triphosphate
with only a modest compromise in biologica activity whilst
significantly enhancing biological stability. The use of more
lipophilic derivatives of compound 2, in order to facilitate drug
delivery into whole cells, is currently under investigation and
will be reported in due course.
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