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Abstract: For the first time, benzyl phosphites allowed the preparation of a set of
polyphosphonates from chloromethyl halides via the Michaelis-Arbuzov  reaction
performed under vacuum. Regioselective mono-deprotection or complete deprotection
of these phosphonatcs provide uscful building blocks for the synthesis of biological
phosphate analogs.

Many biological compounds (nucleosides, isoprenoids, some vitamins or coenzymes) have to be
polyphosphorylated inside the cell to be active or to act in a different manner. By successive action of different
cellular kinases, nucleosides are transformed into nucleoside triphosphates that can be incorporated into
growing DNA or RNA by polymeruses.‘ Similarly, many isoprenoids are phosphorylated into diphosphates
that are then involved into post-translational modifications of specific proteins, modifying their regulation,
functional activation and intracellular talrgcling.z Dinucleotides and related compounds such as diadenosine
triphosphate (AP3A)3 or flavine-adenine diphosphate (FAD)4 constitute another class of functionally important
polyphosphorylated compounds.
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In order to obtain stable analogs of such structures, especially versus enzymatic hydrolysis, we aimed to
replace pyrophosphate moieties with methylene bis-phosphonates. We imagined to couple a fully protected
phosphorus-containing building block (1, 2) with an aglycon moiety prior to ultimate deprotection of benzyl

esters.
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The benzyl ester protective group on phosphorus was selected with regard to the mild reaction conditions
necessary for its final removal, either by catalytic hydrogenolysis or by action of bromotrimethylsilane.” Herein
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we describe the synthesis of compounds 1 and 2 using a modified procedure of the Michaelis-Arbuzov

rearrangement.

The Michaelis-Arbuzov rearrangement, also known as the Arbuzov reaction, is a very versatile way to
create @ phosphorus-carbon bond from a trialkyl phosphite and an alkyl halide (scheme 1).6
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Scheme 1

This reaction is one of the most extensively investigated in organophosphorus chemistry and is widely
used to prepare phosphonates, phosphinates and phosphine oxidcs.7 Basically, the trialkyl phosphites usually
used are (MeQ)3P, (EtO)3P or (i-PrO)sP. The rearrangement involves the formation of the corresponding alkyl
halide (MeX, EtX, i-PrX) that is volatile in the general experimental conditions of the Arbuzov reaction. To our
knowledge, there is no report in the literature on a Michaelis-Arbuzov reaction using benzyl phosphites except
for the photo-Arbuzov rcarrangcmk:nt.x'9 In fact benzyl phosphites are very reactive species and, in the presence
of an alkyl halide R'X, there is formation of the highly reactive and non-volatile benzyl halide BnX. This one
competes with the less reactive remaining R'X and immediately reacts with benzyl phosphite and generates
another benzyl halide molecule. The reaction is then autocatalyzed so the benzyl phosphite is rapidly and totally
transformed into the undesirable benzy! phosphonate 4 (scheme 2).
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R, R : alkyl, benzyl; X : halide 4
Scheme 2

However, efficient removal of benzyl halide generated in situ, performing the reaction at high temperature
and reduced pressure, allows the formation of the desired phosphonate 3 with good to excellent yields.
Working out the Michaelis-Arbuzov reaction in these conditions using halomethylene phosphonic or bis-
halomethylene phosphinic esters,m it was possible to prepare differently functionalized diphosphate and

triphosphate analogs with benzyl esters as protective groups.

In a typical experiment, the halomethylene derivative (c.a. 5 mmol) was vigorously stirred under vacuum
(4-20 mmHg) with benzyl phosphite (10-20 mmol) and heated at 140°C for 2 to & hours. The crude residue was

chromatographed on silica gel.

Results obtained with different halomethylene derivatives and various benzyl phosphites are summarized

in table 1.
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* The yields are based upon pure isolated material.
Table 1
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The use of mixed phosphites, like dibenzyl methyl phosphite, allows the preparation of mixed di- and

triphosphate analogs (5 and 7). Compound 5 (resp. 7) is then easily and selectively monodeprotected at the

methyl ester in 95% yield (resp. 94%) to give 1 (resp. 2) using a well established procedure.1 iz

Building blocks such as 1 and 2 allow direct esterification with various alcohols of interest (nucleosides,

. . S . . . Lo 13,14 .
isoprenoids, vitamins...), using a Mitsunobu coupling reaction for example. The selective removal of all

benzyl groups can be achieved via catalytic hydrogenolysis or using bromotrimethylsilane.5 This provides a

new synthetic pathway to stable analogs of polyphosphorylated biochemicals. On the other hand, compound 6

and 8 can be fully deprotected via hydrogenolysis using Pd/C and then specifically esterified following

previously reported procedures.
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