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Abstract
A series of novel β,γ-methylene-, monofluoromethylene-, and difluoromethylene-
bisphosphonophosphate alkyl monoesters was synthesized. The compounds were conveniently
detected during preparative HPLC using post-column derivatization with a phosphate-specific
chemosensor.
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Introduction
Nucleotides are ubiquitous in biological systems as essential molecules for energy storage
and transfer, signaling processes, and DNA/RNA replication and processing. Whereas
nucleotide derivatives incorporating a bisphosphonate in the triphosphate moiety are well
known,1 corresponding analogues in which the esterifying nucleoside is replaced by a
simple alkyl group have not been previously described. Such analogues may be of use as
model compounds for the study of nucleotide chemistry kinetics and mechanisms.

Results and Discussion
We report here the synthesis of a series of triphosphate monoalkyl esters in which the β,γ-
bridging oxygen is replaced by a CXY group. These analogues were prepared by coupling a
suitable phosphate alkyl monoester activated with N-methylimidazole to methylene-,
monofluoromethylene- or difluoromethylenebis(phosphonic acid)1 using Jakeman’s
protocol.2 Relative to the corresponding methyl monoesters, which were also investigated,
the neopentyl monoesters (Figure 1) were found to offer the advantages of being easier to
purify by RP HPLC while better mimicking the 5′-ester linkage of naturally occurring
nucleotides and providing a convenient 1H NMR signals for monitoring hydrolysis
reactions.

Because replacing the nucleoside by a simple alkyl group eliminates the purine or
pyrimidine UV/Vis chromophore, it was necessary to evolve an alternative means for
detecting 1–3 during preparative HPLC. Accordingly, a post-column derivatization method
was developed in which a phosphate-specific dinuclear zinc(II)-dipicolylamine-anthracene
dye3 (Figure 1) is introduced into the analytical portion of the eluent, making possible
sensitive fluorescence detection of eluted bisphosphonate, bisphosphonophosphate and
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phosphate species at 434 nm (emission). The purified compounds 1–3 were characterized
by 1H and 31P NMR and by high-resolution MS.
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Figure 1.
Structures of neopentyl bisphosphonophosphate monoesters (1–3) and zinc(II)-
dipicolylamine anthracene sensor (4).
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