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Abstract—A short preparation of the first member (1) of the novel H-phosphonylphosphonate family is described. Its reaction
with aldehydes provides a straightforward access to the hitherto almost unprecedented class of �-hydroxyphosphinylphosphonates
3 of potential value in particular in medicinal chemistry. © 2001 Elsevier Science Ltd. All rights reserved.

Like simpler H-phosphonates, H-phosphonylphospho-
nates (exemplified by the triethylester 1) are expected to
be reasonably stable to air and water and to react readily
with various unsaturated systems, like carbonyl com-
pounds including �,�-unsaturated ketones and esters.1

More specifically, their reaction with aldehydes would
offer a direct route to the yet largely unprecedented series
of hydroxyphosphinylphosphonates of type 3.2 Apart
from synthetic chemistry, these compounds are also
interesting from the medicinal chemistry viewpoint as
novel isosters of the widespread and biologically relevant
pyrophosphates.

Despite these potentials, it seems that no members of the
H-phosphonylphosphonate family have been described
so far in the literature;3 this probably reflects the
difficulty to prepare and to handle their obvious precur-
sors like the phosphonylphosphonite 2.4–6 In fact, it has
been proved that the original preparation of tetra-alkyl
derivatives of type 25 is difficult to repeat, leading others
to propose instead a detailed but inconvenient procedure
based on the non-obvious access to bis(dichloroalu-
mino)methane.6,7

We present here an easy, two-step preparation of 1, as
well as a study of its reactivity with various aldehydes.

As shown in Scheme 1, this preparation involves a
key-bisphosphorylated borane complex 5 resulting from
the nucleophilic attack of lithiomethyl(diethyl)phos-
phonate on the preformed borane adduct 4 of commer-
cial chlorodiethylphosphite.

In preliminary experiments, the BH3 adduct 4 appeared
partly labile during SiO2 flash column chromatography.
Later on, this adduct was better prepared and used in
situ. The higher acidity of the methylenic protons flanked
by the two phosphorus in 5 compared to the acidity of
the methyl group in the starting diethylmethylphospho-
nate required at least 2.5 equiv. of the lithio reagent to
be used, in order to obtain good yields of 5. This latter
adduct proved to be perfectly stable to air, water and
SiO2 column chromatography and could be stored over
a long period of time at room temperature without any
decomposition.8

Although a few related displacements by simpler lithiated
nucleophiles on borane complexes of dialkylchlorophos-
phine have already been described,9 the reaction starting
from dialkylchlorophosphite appears not to have been
studied. To our knowledge, the resulting borane complex
5 is totally unprecedented and represents a valuable new
class of bisphosphorylated compounds.
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Scheme 1. Reagents and conditions (all experiments under an Ar atmosphere): (a) BH3·THF (1 equiv.), THF, 20°C, 2 h; (b)
LiCH2P(O)(OEt)2 (2.5 equiv.) from n-BuLi and CH3P(O)(OEt)2, THF, −78°C�rt, 85% (for (a) and (b)); (c) Et2NH, 53°C, 12 h;
(d) AcOH, 40°C, 1 h, 60%.

Table 1. Reaction of 1 (1.2 equiv., unless specified) with various aldehydes

a In each case, an equimolar diastereoisomeric mixture was obtained.
b Unoptimized.
c Commercial mixture of isomers (FLUKA).
d Prepared from tri-O-benzyl-D-glucal according to Ref. 12.



P. Bisseret, J. Eustache / Tetrahedron Letters 42 (2001) 8451–8453 8453

Access to the H-phosphonylphosphonate 1 was best
accomplished in a one-pot procedure, involving first a
diethylamine deboronation as already recommended for
other P–BH3 adducts.10 After evaporation of diethyl-
amine under argon, tetraethylphosphonylphosphonite 2
appeared as the only significant bisphosphorylated spe-
cies in 1H NMR as evidenced by its characteristic dd
(J=19.5, 4.3 Hz) at 2.21ppm.5,6 Its conversion into 1 was
completed using glacial acetic acid under a strict argon
atmosphere,4 in order to minimize the formation of
tetraethylmethylenediphosphonate, the oxidation
product of 2, followed by SiO2 flash chromatography
using EtOAc/EtOH (9/1, v/v) as eluent. Although less
stable than its precursor 5,11 H-phosphonate 1 could be
stored without decomposition over a long period of time
at −15°C under argon and could be routinely safely
handled at room temperature in air.8

We then examined the reactivity of 1 on representative
aromatic and aliphatic aldehydes, using basic conditions
as already reported for the condensation of simpler
H-phosphonates (Table 1).1

Triethylamine in CH2Cl2 gave satisfactory yields for the
majority of aldehydes except for farnesal (entry 2) and
p-anisaldehyde (entry 6). In these cases, using two
equivalents of 1 and K2CO3 in the presence of DMF as
a co-solvent was beneficial. In the case of the sugar-
derived aldehyde (entry 3), triethylamine caused a total
epimerization of the chiral center next to the aldehyde
function. Using cesium fluoride in suspension in the
medium instead completely prevented this racemization.

In all cases, besides some starting aldehyde (ca. 15%) and
a few minor unidentified more polar compounds, the
only major products detected corresponded to an
equimolar diastereoisomeric mixture of the desired �-
hydroxyphosphinylphosphonates.13

In summary, we have developed a straightforward prepa-
ration of a stable representative member of a novel family
of bisphosphorylated compounds: the H-phospho-
nylphosphonates. Reaction of these compounds with
aldehydes provides a direct entry into the almost unex-
plored class of hydroxyphosphinylphosphonate deriva-
tives. From a biological standpoint, these latter
compounds are very interesting, as they may mimic
pyrophosphates. In particular, the farnesylated com-
pound (Table 1, entry 2) represents the triethyl ester of
a novel analog of farnesyldiphosphate.

We are currently applying our new methodology to the
synthesis of highly functionalized, biologically active
�-hydroxyphosphinylphosphonates.
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