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Simple aliphatic alcohols can be selectively converted into mono-alkyl phosphate esters at the laboratory
scale using the acetic anhydride-mediated activation of inorganic phosphate.
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Phosphate monoesters constitute simple models of membrane
constituents or biological intermediates involved in many cell sig-
naling and regulation pathways. For chemical purposes, phosphate
or phosphoric acid can be introduced in the synthesis of phospho-
diesters or other related species as a monoprotected phosphoric
acid. Unfortunately, most monosubstituted phosphate esters de-
rived from simple alcohols are not commercially available, which
is probably in relation with their instability linked to a specific
mechanism of degradation. Indeed, they can undergo a dissociative
breakdown in acidic or neutral media through a resonance stabi-
lized transition state related to metaphosphate ion.1 There is a
need for laboratory-scale syntheses of simple alkyl phosphate es-
ters or phosphate derivatives carrying selectively removable
groups. Together with well established procedures,2–5 the ongoing
publication of new reports6,7 on this subject illustrates the need for
laboratory scale methods for their preparation. Methods starting
from phosphorus oxychloride, generally in the presence of pyri-
dine, followed by hydrolysis suffer from a lack of selectivity, yield-
ing mixtures of mono-, di-, and even tri-substituted derivatives.5

The difficulty in their synthesis is to selectively stop the reaction
at the stage of the monosubstituted derivative. A possibility is to
start from activated phosphodiesters8 and then to remove protect-
ing groups. Alternatively, methods involving activated phosphates
are likely to selectively induce monophosphorylation of alcohols
through dissociative mechanisms resulting in the transfer of the
equivalent of a metaphosphate ion ðPO�3 Þ, whatever this species
could be a reaction intermediate or not.1 Polymetaphosphate has
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been used in this way,2 but other methods involving monomeric
metaphosphate9 or the trichloroacetonitrile-promoted activation3

of phoshoric acid have also been proposed. Alternatively, the for-
mation of phosphate esters by azeotropic dehydration in the pres-
ence of catalyst has been performed. 7 Here, we report on a
practical and efficient protocol for the conversion of simple alco-
hols into the corresponding monophosphate esters using acetic
anhydride activation of inorganic phosphate.

This method of activation (see Scheme 1) involves the forma-
tion of acetyl phosphate a high energy biochemical intermediate
capable of phosphorylating alcohols or other nucleophiles.10 A
one-pot procedure was carried out without inconvenient, starting
from less acidic aliphatic alcohols (Table 1). But alcohols with a
more pronounced acidic character were shown to lead to lower
yields probably due to the inactivation of acetic anhydride through
ester formation.

In those cases, the fact of performing the formation of acetyl
phosphate mixed anhydride in an independent step in a non-react-
ing solvent (acetonitrile) before the introduction of the alcohol of
O

Scheme 1.
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Table 1
Synthesis of phosphate monoestersa

Entry R Yieldb (%)

1 Methyl 51
2 Ethyl 56
3 t-Butyl 63
4 Dodecyl 56c

5 Benzyl 38
6 2-Hydroxyethyl 56
7 Allyl 72
8 2-Cyanoethyl 56
9 2,2,2-Trichloroethyl 38d

a Prepared via method (a) unless otherwise mentioned (see Ref. 11 for experi-
mental procedure).

b As recrystallized cyclohexylamine salts.
c Method (b).
d Method (c).
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interest was shown to improve the overall yield. Another side-
reaction identified in the course of this study consisted in pyro-
phosphate formation,10b,c which is inevitable even in the presence
of large excess of the alcohol, but phosphodiester formation was
not observed in our experiments. Though they must be much lesser
nucleophiles than phosphate dianion, aliphatic alcohols compete
favorably when using them in high excess, which can be accounted
for by the dissociative character of the phosphoryl transfer reac-
tion. As a result, the influence of the nucleophilic power of the
attacking group is moderate since bond formation is limited at
the transition state, which is resembling metaphosphate ion
ðPO�3 Þ.
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In most cases, the monoester can be separated from unreacted
phosphate, pyrophosphate, and other side-products by crystalliza-
tion as a divalent cyclohexylamine salt. The stability of the base-la-
bile 2-cyanoethyl ester to this purification method is noteworthy,
and was attributed to the electrostatic effect of phosphate dianion
likely to destabilize a negatively charged transition state. In subse-
quent synthetic transformations, the monophosphate esters pre-
pared in this way can be reacted to give phosphodiesters or
mixed anhydrides,12 for instance by activation with dicyclohexyl-
carbodiimide. But any coupling step requires the conversion of
the cyclohexylamine salt into the salt of a non-reactive tertiary
amine or tetra-alkylammonium salt. This can be made readily on
a cation exchange resin column (H+ form) even in the case of
acid-sensitive t-Bu-phosphate.12

In conclusion, a series of phosphate esters, including protecting
groups removable through a variety of procedures, has been pre-
pared through a simple procedure in convenient yields.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2008.06.083.
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