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Abstract—The Cu(I)-catalyzed cycloaddition of azido-alkynes (click reaction) of furanose sugar substrates provides a facile
approach for the construction of macrocyclic molecules via an inter and/or intramolecular cycloaddition based on the functionality
between alkyne and azide.
� 2007 Elsevier Ltd. All rights reserved.
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‘Click’ chemistry developed by Meldal1 and Sharpless2

has gained strong interest from both synthetic and
medicinal chemists, for constructing useful 1,2,3-triazole
compounds through Huisgen 1,3-dipolar cycloaddi-
tions3 of alkynes to azides. The reaction proceeds in
the presence of copper(I) as a catalyst and has advanta-
ges such as quantitative yields, regiospecific conversion
and compatibility with a broad range of functional
groups and reaction conditions. ‘Click’ chemistry is so
versatile that it has found applications in biology,4 sur-
face chemistry,5 polymer chemistry6 and carbohydrate
chemistry.7 This cycloaddition reaction has also been
used for the construction of macrocyclic molecules8 as
well as in peptide chemistry, due to the interesting prop-
erties of the 1,2,3-triazole moiety, which include stability
towards acidic and basic hydrolysis and active partici-
pation in hydrogen bonding and dipole–dipole and
p-stacking interactions.9 In connection with our ongoing
programme on the synthesis and oligomerization of
b-sugar amino acids10 and the importance of the ‘click’
reaction11 we were interested in exploring this very ver-
satile reaction on some of the key building blocks used
in our programme.
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Herein, we report our interesting observations on the
‘click’ chemistry of internal acetylenic azides with special
emphasis on furanose sugars. Initially, carbohydrate
derived azido-alkyne 1 was synthesized from the known
azido acid10a by esterification with propargyl alcohol
using DCC and a catalytic amount of DMAP in dichloro-
methane at room temperature. When this azido-alkyne
was treated with a copper(I) catalyst in ethanol under
refluxing conditions, to our satisfaction, head to tail cyc-
lic dimer 2 was obtained in 70% yield via tandem dimer-
ization–macrocyclization reaction (Scheme 1). This
16-membered macrocycle exhibited C2-symmetry as
evidenced by 1H and 13C NMR spectroscopy12 and sup-
ported by Molecular Dynamics simulation (Fig. 1).13 To
confirm further the structure of the product 2,14 partial
hydrolysis was carried out on compound 2 to provide
the corresponding acyclic compound,15 which was fully
characterized from IR, 1H, 13C NMR and mass spectral
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Figure 1. Energy minimized structure of 2.
Figure 2. ORTEP diagram of compound 4.
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data after esterification.16 This data clearly supported
the formation of cyclic dimer 2.

We next synthesized azido-alkyne 3 and subjected it to
similar reaction conditions to give the triazole-fused tet-
racyclic compound 4 in 85% yield. The structure of com-
pound (4) was determined by X-ray crystallographic
studies16 (Fig. 2) and fully characterized by spectral
Table 1. ‘Click’ reaction of furanose derived azido-alkynes
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a Isolated yields after column chromatography.
b The formation of 5% of the dimer product was observed.
analysis.17 The bond lengths C4–C9 and N2–N3 are
1.368(3) Å and 1.307(2) Å, respectively, confirming the
presence of double bonds in the fused 1,2,3-triazole
moiety.

In the case of substrate 5 (prepared from the corre-
sponding azido carboxylic acid) cyclic dimer 6 (18-mem-
bered macrocycle) was obtained in 61% yield. These
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interesting results from azido-alkynes having an ester
linkage 1 and 5 and ether linkage 3, prompted us to
study substrates possessing amide and amine linkages
between the alkyne and azido groups. Accordingly, the
azido-alkyne 7 containing an amide linkage was
obtained from the corresponding acid under standard
EDCI–HOBt reaction conditions. Surprisingly, the 1,3-
dipolar cycloaddition of azido-alkyne 7 afforded the
24-membered macrocycle 8 (trimer) in 48% yield along
with the cyclic dimer (5%). In another variation of the
reaction, the cycloaddition was tested on substrate 9
bearing an amine linkage between the azide and alkyne
functionality. Azido-alkyne 9, in the presence of cata-
lytic amounts of copper, underwent cycloaddition to
afford the triazole 10 as a cyclic dimer in 64% yield.
All the products were characterized from 1H, 13C
NMR and mass spectral data. The 1H NMR spectrum
of macrocyclic products 2, 6 and 10 supported the
C2-symmetric nature and that of 8 supported the
C3-symmetry. These observations open up new avenues
in the synthesis of functionalized macrocycles with
potential applications in supramolecular chemistry (see
Table 1).

In summary, we have successfully demonstrated the
applications of 1,3-dipolar cycloaddition reactions on
azido-alkynes of furanose sugars, which provided
several interesting macrocyclic products based on the
linkage between the alkyne and azido functionalities.

Representative experimental procedure: To a solution of
azido-alkyne 1 (0.1 g, 0.37 mmol) in 10 mL of ethanol
was added copper turnings (10 mg) and saturated
copper sulfate solution (0.2 mL, 1 M) and the reaction
mixture was refluxed for 12 h. After completion of the
reaction (monitored by TLC), the reaction mixture
was filtered through Celite. The Celite pad was washed
with CHCl3 and volatiles were removed on a rotary
evaporator. The residue was purified by column chro-
matography over silica gel, to afford triazole 2 in 70%
yield.
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