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Phenylenediamine-catalyzed click chemistry leads to the effi-
cient, practical, and column-free preparation of neoglycocon-
jugates from unprotected glucosyl azide, in pure water when
aglycon solubility permits.

Carbohydrates and glycoconjugates have been shown to be
involved in many cellular recognition events in both normal
and pathological processes including cell–cell recognition, host–
pathogen or host–symbiont interactions, cancer and metastasis.
The unravelling of diversity in glycoconjugate biological func-
tions has been accompanied by the development of synthetic
tools allowing the preparation of ever more complex well-
defined oligosaccharidic structures. Nevertheless, glycochemistry
still requires novel methods and strategies to rapidly access new
glycostructures.1

Interestingly, recent efforts of many organic chemists focus on
a simplification of synthetic procedures towards productivity and
diversity.2 The concept of click chemistry has been introduced3 in
order to mimic the strategies developed by Nature for the modular
construction of its major biomolecules (including nucleic acids,
proteins, and carbohydrates), and Cu(I)-catalyzed azide–alkyne
cycloaddition (CuAAC),4 a regiocontrolled variation of Huisgen’s5

1,3-dipolar cycloaddtion which has very quickly emerged as the
prototype reaction, has found applications in many fields of
chemistry.6 It is important to note that amongst the set of stringent
criteria initially introduced as the definition of click chemistry,3

high yields, simple reaction conditions, readily available reagents
and simple non-chromatographic product isolation certainly con-
tributed to the rapid assimilation of the concept by the scientific
community.

In this communication we report that when CuAAC between
commercially available glucosyl azide 1 and propargyl alcohol is
performed with copper sulfate and sodium ascorbate, at room
temperature and in pure water,7 addition of o-phenylenediamine
leads to completion of the reaction in a much shorter time than
expected (less than 45 minutes, compared to more than 4 hours
in the absence of o-phenylenediamine). This result indicates that
o-phenylenediamine is accelerating the reaction, possibly via the
formation of a Cu(I) complex.8,9 Addition of activated charcoal
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followed by air oxidation and filtration through Celite then enables
non-chromatographic product separation from the catalyst, and
isolation of clean triazole 2.10

Scheme 1 Reaction of glucosyl azide 1 with propargyl alcohol, in the pres-
ence of catalytic copper sulfate, sodium ascorbate and o-phenylenediamine.

In order to illustrate this acceleration effect, we performed a
kinetic study by NMR (Fig. 1) which clearly shows that after an
initiation time due to the reduction of Cu(II),11 the conversion rate
is significantly accelerated by o-phenylenediamine.12

Fig. 1 Kinetic effect of 15.0 mol% (37.5 mM) added o-phenylenediamine
(×) versus no additive (+) on the reaction of b-glucosyl azide (0.25 M) with
propargyl alcohol (0.25 M) in the presence of copper sulfate (5.0 mol%,
12.5 mM) and sodium ascorbate (10.0 mol%, 25.0 mM) as determined by
1H-NMR spectroscopy in D2O under Ar. The conversion was estimated
by integration of the H-2 signal of the starting material (d 3.25 ppm) and
anomeric signal of the product (d 5.75 ppm). The reactions were initiated
by copper sulfate addition.

This encouraging result prompted us to apply these conditions
to a series of alkynes. Triazole disaccharides 5 and 6 as well as
the tris(glucosyl)triazole derivative 713 were obtained in excellent
yield (Table 1, entries 4, 5 and 6). This method also allowed efficient
access to neoglycosyl amino acid 11 (entry 10) and neoglycolipid
12 (entry 11); in this case, however, some tBuOH was added as
a co-solvent for aglycon solubility reasons. Alcohols (entries 1
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and 8), a tertiary amine (entry 2), a carboxylic acid (entry 3)
and aromatics (entries 7 and 9) proved to be compatible with the
reaction conditions, and the corresponding neoglycoconjugates
were obtained in pure form and very good yields.14

We find that of the various strategies that can be used to intro-
duce the required Cu(I) catalyst, the simple reduction of copper
sulfate by sodium ascorbate initially suggested by Sharpless4b

is very convenient; it is also practical and economic, factors
that can become crucial on a preparative scale.15 However, polar
unprotected carbohydrate derivatives16 are intrinsically difficult to
isolate from polar byproducts such as copper salts and ascorbic
acid oxidation products17 without chromatography. To solve this
problem, we introduce a purification strategy involving the direct
trapping of dehydroascorbate (the initial oxidation product of
ascorbate) by o-phenylenediamine. This addition is known to yield
fluorescent quinoxaline derivatives, and has been used for the
determination of ascorbate and dehydroascorbate concentrations
in biological samples.18 We show that these derivatives, together
with Cu(II),19,20 can be easily adsorbed onto activated charcoal,
allowing their removal by simple filtration. The efficiency of this
chromatography-free purification method is exemplified by the 1H-
NMR spectrum of crude compound 6 after the final filtration step
(Fig. 2).

Fig. 2 Full 1H-NMR (CD3OD, 360 MHz) spectrum of triazole-linked
disaccharide 6 after chromatography-free purification.

Significantly, our method proves to be rapid, practical and
general, whereas previous reports on the use of click chemistry
with unprotected carbohydrates required either heating,21 mi-
crowave activation,22 copper nanoparticles,23 or the addition of
relatively elaborate copper ligands,24 in order to avoid prolonged
reaction times or an excess of one of the reagents.25 Furthermore,
these methods all relied on chromatographic purification, except
in the case of high molecular weight compounds, which allow
ultrafiltration.

In conclusion, we believe this strategy can find wide applica-
tions in glycoscience, because triazole-linked glycoconjugates can
exhibit very interesting biological properties.26 More generally,
other fields should benefit from this method, especially when easy
conjugation of polar building blocks is required.
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