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One of fundamental problems in the modern carbo�
hydrate chemistry is the development of efficient methods
for the synthesis of oligosaccharides which are fragments
of the oligosaccharide chains of natural glycolipids,
glycoproteins, and polysaccharides of biomedical signifi�
cance.1—8 At the present time, along with the purely
chemical synthesis of oligosaccharides9—11 which is suit�
able in principle for the preparation of variety of struc�
tures, the application of enzymes for the intersaccharide
glysoside bond formation (enzymic and chemical enzy�
mic syntehsis)12—14 is becoming increasingly important.
Glycosyltransferases,12 isolated from the natural sources
or (in recent times, increasingly frequently) obtained by
genetic engineering methods, are most widely used. The
use of glycosyltrasferases implies the availability of the
corresponding activated glysosyl donors, viz., nucleotide
sugars (nucleoside monophosphate sugars or nucleoside
diphosphate sugars),15 which, in turn, can be obtained
from glycosyl phosphates.15,16 Note that glycosyl phos�
phates not only are building blocks for the synthesis of
nucleotide sugars, but are also used as glycosyl donors in
the chemical glycosylation reactions.17 In particular, di�

butyl glycosyl phosphates have been applied with success
for the synthesis of earlier unavailable oligosialic acids18

and are used in automated oligosaccharide synthesiz�
ers.19,20 A series of known approaches to the chemical
synthesis of glycosyl phosphates is based on glycosylation
as the key step (for more details, see Refs 15 and 16).

In the present communication, we propose a new ap�
proach for the synthesis of glycosyl phosphates based on
the reaction between a glycosyl donor and phosphate an�
ions immobilized on anion�exchange resin as counterions.
This approach is based on esterification of orthophosphoric
acid and its derivatives ("phosphoric acids") by alkylation
(glycosylation) of the polymeric salt of a phosphoric acid
salt (phosphate form of ion�exchange resin). Formation
of carboxylic esters by alkylation of the carboxylate form
of anion�exchange resin is known for a long time.21 The
analogous reaction for the preparation of phosphoric esters
by alkylation (including glycosylation) of the phosphate
forms of anion�exchange resin has not been described in
the literature (according to the REAXYS database).

To demonstrate the applicability of this approach in
the synthesis of glycosyl phosphates, we chosed glycosyla�
tion of an Amberlyst A�26 macroporous anion�exchange
resin in the dibenzyl phosphate form using acetobro�
mosugars. The dibenzyl phosphate form of the resin was
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obtained from the resin in the hydrocarbonate form (pre�
pared by treatment of the commercially available Am�
berlyst A�26 hydroxyl form with aqueous NaHCO3) under
the action of the excess of a solution of dibenzyl phos�
phoric acid (BnO)2P(O)OH in a MeCN—H2O (1 : 1) mix�
ture followed by washing with acetonitrile and vacuum
drying of the resin.

The resulted polymeric phosphate�containing reagent
underwent reaction with a series of acetobromosugars (de�
rivatives of glucose,22,23 galactose,24 fucose,25 and lac�
tose26,27) in anhydrous acetonitrile (Scheme 1). The reac�
tions proceeded unambiguously to result in the formation
of expected dibenzyl glycosyl phosphates 1—4 which were
isolated in high yields (92—99%) as single diastereomers
with equatorial aglycon (inversion of configuration of the
sugar anomeric center was observed in all cases).

Note exceptionally mild conditions of the reaction and
product isolation excluding anomerization of the kineti�
cally formed equatorial phosphates which are known28—30

for their tendency to transform into the thermodynami�
cally more stable axial isomers. Of special notice is virtu�
ally quantitative isolation of the equatorial fucose phos�
phate 2 having �configuration25,31 whose preparation
as the single anomer frequently presents difficulties due to
its configurational instability. The method proposed for
the synthesis of glycosyl phosphates supplements well the
known approaches.15,16 Note that this reaction is the first
example of using the ion�exchange resin as the source
of nucleophile (glycosyl acceptor) in the glycosylation
reactions.

Synthesis of dibenzyl glycosyl phosphates using an Amberlyst
A�26 ion�exchange resin in the dibenzyl phosphate form (general
procedure). A suspension of dried Amberlyst A�26 ion�exchange
resin ((BnO)2P(O)O– form, 8 g of the resin per 1 mmol of the
glycosyl donor) in a solution of glycosyl halide (0.1—0.3 mmol)
in anhydrous CH3CN (20 mL per 1 mmol of the glycosyl donor)
was stirred using a shaker at room temperature (25—30 C).
After complete consumption of the glycosyl donor (24—120 h,
TLC control: AcOEt—toluene, 2 : 1 or AcOEt—petroleum ether,
2 : 1), the reaciton mixture was filtered through a cartridge with
silica gel (PrepSep�Si, Fisher); the resin and the cartridge were
washed with AcOEt (100 mL). The filtrate was concentrated
(25 C) and the residue was dried in vacuo to yield pure glycosyl
phosphates 1—4 whose 1H, 13C, and 31P NMR spectra coincid�
ed with literature data (for 1 (see Ref. 32) the reaction time ()
was 96 h and the yield was 95%; for 2 (see Ref. 31)  was 24 h and
the yield was 98%; for 3 (see Ref. 32)  was 96 h and the yield was
92%; for 4 (see Ref. 32)  was 120 h and the yield was 97%).
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Foundation for Basic Research (Project No. 15�03�06149�a).
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