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ABSTRACT

A microwave-assisted three-component reaction was used to prepare a series of 1,4-disubstituted-1,2,3-triazoles from corresponding alkyl
halides, sodium azide, and alkynes. This procedure eliminates the need to handle organic azides, as they are generated in situ, making this
already powerful click process even more user-friendly and safe.

The ever increasing demand for novel medicinally active
compounds and the laborious process of lead discovery and
optimization have resulted in the continuous search for simple
and efficient methods for generation of libraries for biological
screening. “Click chemistry” has emerged as a fast and
efficient approach to synthesis of novel compounds with
desired function making use of selected “near perfect”
reactions.1 The Huisgen 1,3-dipolar cycloaddition2 of azides
and alkynes resulting in 1,2,3-triazoles is one of the most
powerful click reactions. Several members of the 1,2,3-
triazole family have indeed shown interesting biological
properties, such as anti-allergic,3 anti-bacterial,4 and anti-
HIV activity.5 Additionally, 1,2,3-triazoles are found in
herbicides, fungicides, and dyes.6 The recently discovered
copper(I) catalysis of this transformation,7 which accelerates

the reaction up to 107 times, has placed it in a class of its
own and has enabled many novel applications.8 To further
improve the utility and user-friendliness of this process, we
developed its practical multicomponent variant described
herein. The azides are generated in situ from corresponding
halides,9 whereupon they are captured by copper(I) acetyl-
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ides, forming the corresponding 1,4-disubstituted-1,2,3-
triazoles (Scheme 1). Performing both steps of this process
under microwave irradiation10 significantly reduces the time
of the reaction. Products are easily isolated by simple
filtration. As the starting point of our exploration, we chose
the reaction between benzyl bromide1aand phenylacetylene
2a. The alkyne, alkyl halide, and sodium azide were
suspended in a 1:1 mixture oft-BuOH and water, together
with the catalyst, in a 10-mL sealed glass vial. The Cu(I)
catalyst was prepared in situ by the comproportionation of
Cu(0) and Cu(II). After 10 min of irradiation and subsequent
cooling to room temperature, the triazole product crystallized
from the reaction mixture and was isolated by simple
filtration. Comparison with an authentic sample established
that the triazole was formed in a completely regioselective
manner, with no contamination by the 1,5-regioisomer. The
best conditions were found to be 100 W irradiation power

and 125 °C. The product, 1-benzyl-4-phenyl-1H-1,2,3-
triazole11 (3a), has been isolated in 93% yield (Table 1,
entry 1). This prompted us to extend our studies toward
the incorporation of different alkyl halides (Table 1, entries
2-9).

As exemplified in Table 1, the reactions proceeded
smoothly to completion, and the products were isolated in
excellent yields and high purity. Theo-nitro- and trimethoxy-
benzyl derivatives1d and1ewere found to be less reactive
than other halides. However, the reactions were finished (as
analyzed by TLC and CI-MS) in 15 min, and products3d
and3e were isolated in 87% and 91% yields, respectively.
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Scheme 1. Microwave-Assisted Three-Component Synthesis
of 1,4-Disubstituted 1,2,3-Triazoles3a-m

Table 1. One-Pot Synthesis of 1,2,3-Triazoles from Alkyl
Halides, Sodium Azide, and Phenylacetylenea

a All reactions were carried out on a 1 mmol scale at 125°C, using 100
W irradiation power; 1.05 equiv each of sodium azide and alkyne were
used with 1.0 equiv of halide in 3 mL of a 1:1 water/tBuOH mixture, with
50 mg of Cu turnings and 200µL of 1 M CuSO4 solution.
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When methyl iodide1h was used as the halide, the reaction
proceeded smoothly in 10 min, and the product3h was
isolated in 89% yield (entry 9). This example clearly
demonstrates the power of the new strategy, as the synthesis
of 3h is otherwise difficult owing to the hazardous nature
of methyl azide.

The scope of the reaction regarding the alkyne component
was then examined and was found to be excellent. Benzyl
azide was formed in situ from benzyl bromide1aand sodium
azide. Alkynes containing various functionalities participated
in the three-component process, as Table 2 shows. The yields
remained good to excellent, and regioselectivity was exclu-
sive: only 1,4-regioisomeric products were formed.

Most reactions easily tolerated the 125°C temperature and
the 100 W power that was applied (Table 2, entries 1-4).
However, in case of ethyl propiolate2l (Table 2, entry 5)
and trimethylsilyl acetylene2m (Table 2, entry 6), the high
temperature resulted in diminished yields. Reducing the
temperature to 75°C circumvented this problem, and
products3l and3m were isolated in good yields (83% and
88%, respectively).

In conclusion, a microwave-enhanced, fast, and efficient
three-component reaction for generation of 1,4-disubstituted-
1,2,3-triazoles in a completely regioselective manner has been
developed. The method avoids isolation and handling of
potentially unstable small organic azides and provides triazole
products in pure form. Microwave irradiation dramatically
decreases reaction time from hours to minutes. 1,2,3-Triazole
products often crystallize from the reaction mixture and do
not require any purification, rendering the process an ideal
multicomponent click reaction.
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Table 2. One-Pot Synthesis of 1,2,3-Triazoles from Benzyl
Bromide, NaN3, and Alkynesa

a All reactions were carried out on 1 mmol scale; 1.05 equiv each of
azide and alkyne were used with 1.0 equiv of halide in 1.5 mL each of
water andtBuOH, 50 mg of Cu turnings, and 200µL of 1 M CuSO4
solution.
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