
Tetrahedron Letters 50 (2009) 6029–6031
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Cu(OTf)2/Cu-catalyzed four-component reaction: a facile synthesis
of a-alkoxytriazoles via click chemistry

J. S. Yadav *, B. V. Subba Reddy, G. Madhusudhan Reddy, S. Rehana Anjum
Division of Organic Chemistry, Indian Institute of Chemical Technology, Hyderabad 500 007, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 13 July 2009
Revised 13 August 2009
Accepted 15 August 2009
Available online 20 August 2009

Keywords:
Click reactions
Hemi-acetal formation
Azidation
a-Alkoxytriazoles
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.08.027

* Corresponding author. Tel.: +91 40 27193434; fax
E-mail addresses: yadav@iict.res.in, yadavpub@iict
Aldehyde, alcohol, azide, and alkyne undergo smooth coupling by means of acetal formation, azidation,
and a subsequent ‘click reaction’ in the presence of copper(II) triflate and copper metal in acetonitrile
to furnish a-alkoxy-1,2,3-triazoles in good yields. The method provides a convenient route to prepare
a wide range of triazoles in a one-pot operation via a four-component reaction.
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The multi-component reactions are highly important because of
their wide range of applications in pharmaceutical chemistry for
the production of the diversified structural scaffolds and combina-
torial libraries for drug discovery.1 MCRs are extremely convergent,
producing a remarkably high increase of molecular complexity in
just one step.2 Among MCRs, those based on the peculiar reactivity
of isocyanides, such as the Doemling and Ugi3 and the Passerini
reactions,4 have been the most widely used, also in an industrial
context.5 1,2,3-triazoles are potential targets for drug discovery be-
cause of their wide range of biological properties such as anti-bac-
terial, anti-viral, anti-epileptic, and anti-allergic behavior.6,7

Huisgen’s thermal 1,3-dipolar cycloaddition of an alkyne with an
azide, some times known as a ‘click reaction’, is one of the most
widely used methods for the synthesis of triazoles.8 However, this
uncatalyzed cycloaddition results in products with poor regiose-
lectivity and low yields. Subsequently, Cu(I)-catalyzed azide–al-
kyne cycloadditions (CuAACs), have been reported for the
preparation of 1,4-disubstituted-1,2,3-triazoles from a wide range
of substrates with excellent selectivity.9,10 This powerful and reli-
able Cu(I)-catalyzed 1,3-dipolar cycloaddition has found wide-
spread applications in combinatorial chemistry for drug
discovery,11 material science,12 and bioconjugation.13 Since 1,2,3-
triazoles have become increasingly useful and important in drugs
and pharmaceuticals,14 the development of a simple and conve-
nient method for their synthesis in a single step operation is
desirable.
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In this Letter, we report a multi-component, one-pot approach
for the synthesis of a-alkoxytriazoles from aldehydes, alcohols,
azides, and alkynes via a four-component reaction, proceeding
via the formation of hemi-acetal followed by azidation and then
‘click reaction.’ In a preliminary study, n-hexanal (1) was treated
with benzyl alcohol, trimethylsilyl azide, and phenylacetylene (2)
in the presence of 5 mol % of Cu(OTf)2 and 1 equiv of metallic cop-
per in acetonitrile (Scheme 1).

The reaction proceeded smoothly at room temperature and the
product, 1-[1-(benzyloxy)hexyl]-4-phenyl-1H-1,2,3-triazole 5a
was obtained in 75% yield. This result provided the incentive for
further study with various other alkynes such as 1-octyne, 1-hep-
tyne, 3,3-dimethyl-1-butyne, and 4-ethynylbiphenyl. These
alkynes reacted readily with azides generated in situ from hemi-
acetals under similar conditions to produce a-alkoxy-1,2,3-tria-
zoles in good yields (Table 1, entries b–l). Other aldehydes such
as propanaldehyde, 2-phenylacetaldehyde, 3-phenylpropanalde-
hyde, and n-butaraldehyde also underwent smooth coupling with
various alcohols, trimethylsilyl azide, and alkynes to produce a
range of a-alkoxy-1,2,3-triazoles in good yields.

A variety of alcohols such as benzylic, allylic, and primary and
cyclic secondary alcohols were reacted effectively in this reaction.
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Scheme 1. Preparation of a-alkoxytriazole 5a.
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Table 1
Synthesis of a-alkoxytriazoles via the four-component reaction

Entry Aldehyde Alcohol Alkyne Producta Time (h) Yield (%)b

a CHO OHPh Ph N

O

N
N

R
Ph

Ph

R=n-butyl
5a

10 75

b CHO OHPh
N

O

N
N

R

Ph

R=n-hexyl
5b 12 80

c Ph CHO OH N

O

N
N

R

Ph

R=n-pentyl

5c 14 75

d CHO
Ph

OH

Ph N

O

N
N

Ph

Ph

5d 13 80

e Ph CHO

OH
N

O

N
N

R

Ph

R=n-hexyl

5e 12 75

f CHO
Ph

OH

Ph N

O

N
N

Ph

Ph

5f 12 80

g Ph CHO

OH

N

O

N
N

R

Ph

R=n-hexyl

5g
13 75

h CHO OHPh
N

O

N
N

Ph

5h 15 75

i CHO OHBnO Ph N

O

N
N

R
OBn

Ph

R=n-butyl
5i 14 70

J CHO
OH N

O

N
N

5j 15 75

k CHO
OH

R

N

O

N
N

Ph

R=n-pentyl

5k 16 70

l CHO

OH
R

N

O

N
N

Ph

R=n-pentyl

5l 15 70

aThe products were characterized by IR, NMR, and mass spectroscopy.
bYield refers to pure products after chromatography.
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Scheme 2. A plausible reaction mechanism.
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However, in the absence of either copper triflate or copper(0), the
reaction did not give the expected triazole even after long reaction
times (8–12 h). Both copper triflate and copper metal are essential
for the success of the reaction. The effect of various solvents such
as THF, 1,2-dimethoxyethane, and acetonitrile was studied in the
reaction of n-hexanal, benzyl alcohol, TMSN3, and phenylacetylene
under identical conditions. The corresponding product 5a was ob-
tained in 58%, 62%, and 75% yields, respectively. Thus, acetonitrile
was found to give the best results. However, this method failed to
produce the 1,2,3-triazoles from phenols and aromatic aldehydes.
The reaction was successful only with aliphatic aldehydes and
alcohols. The scope and generality of this process is illustrated in
Table 1.15 The reaction may proceed via acetal formation followed
by azidation and a subsequent [3+2] cycloaddition as depicted in
Scheme 2.

In summary, we have developed a novel approach for the prep-
aration of a-alkoxytriazoles via a four-component reaction of alde-
hyde, alcohol, azide, and alkyne. In addition to its simplicity and
mild reaction conditions, this method provides a wide range of
a-alkoxytriazoles in good yields in a single-step operation.
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