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Abstract—Two novel lithiated carbanions derived from ethyl (1,2:3,4-diisopropylidene-a-DD-galactopyranosyl) methyl phosphonate
3a and ethyl (1-O-methyl-2,3-O-isopropylidene-b-DD-ribofuranosyl) methylphosphonate 3b were used in the one-pot alkylidene di-
phosphorylation of 2,3-O-isopropylidene uridine or 2,3:5,6-di-O-isopropylidene-DD-mannofuranose to synthesise the methylene-
bis(phosphonate) analogues of natural P1,P2-glycosyl-disubstituted pyrophosphates.
� 2005 Elsevier Ltd. All rights reserved.
Analogues of biological pyrophosphates capable to
interact with cell metabolism are an attractive goal in
therapeutic research. Phosphonic acids and their deriva-
tives are well-known as biological analogues of naturally
occurring phosphates with a carbon–phosphorus bond
stable to the phosphodiesterases involved in the cleavage
of phosphate linkages.1 Moreover, the C-phosphonate
functionality which does not provide a cleavable leaving
group can inhibit transglycosylation processing. For in-
stance, C-phosphonate disaccharides which mimic the
natural antibiotic moenomycin have been designed to
inhibit transglycosylase, a penicillin-binding protein cat-
alysing the connection of the lipid-bearing disaccharide
pyrophosphate monomer unit of peptidoglycan.2,3 Syn-
thesis of a potential mechanism-based bisubstrate inhibi-
tor of the elongating a-DD-mannosyl phosphate
transferase in Leishmania, comprising a guanosine sub-
unit bound to the synthetic acceptor substrate through
the methylenebis(phosphonate) linker has been accom-
plished.4 Other potential inhibitors of glycosyltrans-
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ferases with the same linker such as adenosine 5 0-[a-DD-
glucopyranosylhydroxyphosphinylmethyl]phosphonate,
uridine 5 0-[a-DD-galactopyranosylhydroxyphosphinyl-
methyl]phosphonate, and guanosine 5 0-[a-DD-manno-
pyranosylhydroxyphosphinylmethyl]phosphonate, have
been prepared.5 Methylene analogues of thiazole-4-
carboxamide adeninedinucleotide (TAD),6 an antitu-
mour agent analogue of nicotinamide adenine dinucleo-
tide (NAD), fluorinated analogues of TAD,7 and more
recently, mycophenolic adenine dinucleotide analogues
(MAD),8 have been described. Different approaches to
the chemical synthesis of such metabolically stable ana-
logues of dinucleotide pyrophosphates have been
proposed. Marquez et al. reported several different
methods of preparation of TAD analogues where either
the a- or the c-oxygen atom of the pyrophosphate
bridge was replaced by a methylene group using the
coupling between isosteric phosphonic analogues of
adenosine monophosphate (AMP) and tiazofurin mono-
phosphate (TRMP) with, respectively, the morpholidate
and imidazolidate activated form of AMP and TRMP.
The yields were quite low (3–5%). The symmetric b-
methylene-TAD was prepared in 36% yield via the reac-
tion between protected adenosine 5 0-(a,b-methyl-
ene)diphosphate and 2 0,3 0-O-isopropylidenetiazofurin
using dicyclohexylcarbodiimide (DCC) as coupling
reagent.6 A notable improvement was provided by
Pankiewicz et al. with nucleoside bicyclic trisanhydrides
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found in the reaction of nucleoside-5 0-methylene-
bis(phosphonate)s with DCC. Thus, the reaction of the
trisanhydride derivative of 2 0,3 0-O-isopropylideneadeno-
sin-5 0-yl with 2 0,3 0-O-isopropylidenetiazofurin led to the
b-methylene-TAD in 92% overall yield.9 The method
was recently used in the synthesis of MAD.8a However,
these preparations are limited to small scale syntheses,
the purification of key intermediates by reversed-phase
HPLC being required. More recently, a synthesis of b-
methylene-TAD was proposed,10 based on the use of
two rounds of Mitsunobu esterification with conve-
niently protected nucleosides starting from the partially
protected [(bis(benzyloxy)phosphoryl)]methylphos-
phonic acid monobenzyl ester according to the method
of Saddy et al.11 However, the success of this strategy
is still limited by the availability of the tetrabenzyl
methylenebis(phosphonate).10

We now report on a different approach towards methyl-
enebis(phosphonate) analogues of natural P1,P2-glycos-
yl-disubstituted pyrophosphates 1a–c based on the
adjustment of novel lithiated carbanions 2 0 derived from
ethyl glycosyl methylphosphonates 2 and on the method
of one-pot alkylidene diphosphorylation of nucleophiles
previously described by us.12,13
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Critical to the success of this approach was the prepara-
tion of the starting material ethyl glycosyl methyl-
phosphonates 2, and the derived lithiated carbanions
2 0, unknown until now. The starting compound 2a was
first prepared drawing one�s inspiration from published
methods.13 The 1,2:3,4-a-DD-di-O-isopropylidene galac-
topyranose 3a was slowly added to methylphosphonic
dichloride 4 in the presence of tetrazole as a catalyst
and diisopropylethylamine. After 5 h stirring, ethanol
in excess was added. The double substitution could
not be avoided and a mixture of the expected product
2a accompanied with the disubstituted product 5a was
obtained. After chromatography column over silica
gel, compounds 2a and 5a were isolated in 39% and
15% yield, respectively. We found a more convenient
approach starting from the first addition at �78 �C of
the lithium alcoholate 3 0a derived from 3a onto methyl-
phosphonic dichloride 4, followed after 30 min by the
addition of lithium ethylate at this same temperature
(Scheme 1). Although, these conditions could not avoid
the double substitution, 2a and 5a were isolated in 56%
yield and 12% yield, respectively. This last method has
several advantages in terms of a better control of the
monosubstitution leading to the desired product, ease
of purification, and a shorter reaction time. It was noted
that the reaction leading to 2a was not diastereoselective
(50/50).

The 13C resonance for the CH3–P of the starting com-
pound 2a was easy to assign as a doublet signal at
11.5 ppm with a coupling constant JC–P = 144.5 Hz for
one diastereomer and a second doublet at 11.6 ppm with
the same coupling constant for the other diastereomer.
The 31P NMR resonances at 29.3 ppm and 28.8 ppm
confirmed the presence of both diastereomers.

The same method was applied to synthesise the phos-
phonate 2b from the alcoholate 3 0b derived from the
1-O-methyl-2,3-O-isopropylidene-b-DD-ribofuranose 3b
(40% yield in isolated product). The reaction was here
stereoselective (78/22). In this case, 3 0b being less hin-
dered than 3 0a led to a relatively more important
amount of disubstituted product 5b (22% yield in iso-
lated product). It is noteworthy that it is difficult to
explain the difference in stereoselectivity obtained while
working with 3 0a and 3 0b as a consequence of the com-
plexity of the substitution at P(V). Moreover, in these
cases, the separation of the diastereomers of 2a and of
2b was very difficult although the mixture of diastereo-
mers could be purified by flash chromatography over a
silica gel column.

The formation of the lithiated carbanion 2 0, exemplified
in the case of 2 0a, occurred when the phosphonate 2a
was treated with n-BuLi in THF at �78 �C with stirring
for 30 min at this temperature. After deuterolysis of the
reaction medium, the 13C NMR of the crude product
showed a complete deuteration (80% in isolated prod-
uct). The carbon CH2D–P appeared as coupled both
to phosphorus and deuterium with a doublet of triplet
centred at 11.1 ppm (JC–P = 144.5 Hz and JC–D =
21.5 Hz) for one diastereomer and at 11.2 ppm for the
other. The absence of the CH3–P signal in the crude
product of deuterolysis showed the complete metallation
of 2a with n-BuLi. This result was confirmed by mass
spectrometry with [M+1] = 368 found for the deuter-
ated product coming from 2a.

This allowed the ensuing assembly of two representative
glucides with a methylenebis(phosphonate) link. A typi-
cal example is shown in Scheme 2 from the phosphonate
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2a. Thus, once formed, the carbanion 2 0a reacted with
ethyl dichlorophosphate 6 to provide the monochlori-
nated intermediate 7a which was immediately deproto-
nated to 7 0a by carbanion 2 0a. As a result two
equivalents of 2 0a were required to yield the reaction
to completion. Further treatment of carbanion 7 0a with
one equivalent of 2,3-O-isopropylidene uridine 8a in-
volved a novel acid–base exchange that led to the repro-
tonation of 7 0a into 7a with the concomitant formation
of the lithium alcoholate 8 0a. Finally, the lithium alco-
holate 8 0a substituted the chlorine of 7a and led to the
desired methylenebis(phosphonate)-1P,2P-glycosyldi-
substituted 1a in 60% yield of crude product (30% yield
in isolated product).

The reaction has been repeated starting from 2a and
with 2,3:5,6-di-O-isopropylidene-DD-mannofuranose 8c
as the second glucide according to Scheme 2. The
expected methylenebis(phosphonate)-1P,2P-glycosyl-
disubstituted 1c was obtained in 98% yield of crude
product (67% in isolated product). In this last case, it
was noteworthy that the second sugar moiety was linked
to the methylenebis(phosphonate) bridge via the ano-
meric hydroxyl. Owing to the same method, the methyl-
enebis(phosphonate) 1b was prepared from ethyl (1-O-
methyl-2,3-O-isopropylidene-b-DD-ribofuranosyl) methyl-
phosphonate 2b and 2,3-O-isopropylidene uridine 8a
(66% in crude product and 41% in isolated product).
The 31P NMR data of products 1a and b presented four
singlets as resonance signals between 17.10 ppm and
18.21 ppm corresponding to the four expected diastereo-
mers in a ratio close to 25% for each of them. The prod-
uct 1c presented a more complex spectrum with a
multiplet between 16.08 ppm and 17.16 ppm which
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could be assigned to the mixture of the diastereomers
resulting from the two chiral phosphorus atoms and
from the a and b anomer configurations of 2,3:5,6-
di-O-isopropylidene-DD-mannofuranose moiety.14

In conclusion, the preparation of new lithiated carba-
nions derived from ethyl glycosyl methylphosphonates
and their use in the one-pot alkylidene diphosphoryl-
ation of 2,3-O-isopropylidene uridine or 2,3:5,6-di-O-iso-
propylidene-DD-mannofuranose appears as a novel
interesting method to approach the methylenebis(phos-
phonate) analogues of natural P1,P2-glycosyl-disubsti-
tuted pyrophosphates. It has to be noted that this
four-step reaction that allows the preparation of such
relatively complex structures takes place in one-pot
and with a total duration of 2 h, at the most, to obtain
the crude product. Chemoselective hydrolysis of the
ethyl esters which would suppress the phosphorus ste-
reochemistry in the final products and would allow the
obtention of 1a–c as diester dianions, closely related to
natural compounds, was under investigation.
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