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Ultrasound-Promoted Copper-Catalyzed Azide-Alkyne 

Cycloaddition 

Giancarlo Cravotto,*,† Valery V. Fokin,‡ Davide Garella,† Arianna Binello,† Luisa Boffa,† Alessandro 

Barge.† 

Dipartimento di Scienza e Tecnologia del Farmaco, Università di Torino, Via Giuria 9, 10125 Torino, 

Italy and Department of Chemistry, The Scripps Research Institute, 10550 North Torrey Pines Road, La 

Jolla, California 92037. 

The 1,3-dipolar cycloaddition reaction of azides and alkynes has been known for over 100 years and 

was studied extensively by Huisgen and co-workers in the 1960s.1 The resurgence of  recent interest in 

the reaction has been stimulated by the discovery of the copper-catalyzed version of this process, the 

copper-catalyzed azide-alkyne cycloaddition (CuAAC).2 Copper catalysis increases the reaction rate by 

up to 107 and results in regioselective formation of 1,4-disubstituted triazoles. This reaction is generally 

recognized as the most striking example of click chemistry.3 What makes click reactions so appealing is 

its application to label molecules of interest in complex biological samples without interferences with 

any other chemical functionalities.4 The most common catalyst systems for CuAAC employ water or 

alcohol solvents and use a Cu(II) salt in the presence of a reducing agent (often sodium ascorbate or 

metallic copper) to generate the required Cu(I) catalyst in situ. Cu(I) complexes can also be sued 

directly, although the reaction often suffers from the formation of byproducts of red/ox processes 

catalyzed by copper and requires the addition of ligands to accelerate the cycloaddition.2 

* To whom correspondence should be addressed. E-mail: giancarlo.cravotto@unito.it  
† University of Turin. 
‡ The Scripps Research Institute. 
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Microwave (MW) irradiation was efficiently applied to accelerate the azide/alkyne click reaction.5 

Catalytic activity of metallic copper was established early on,6 and although the reaction times were 

long, the final product was clean, and the work-up consisted of a simple removal of the copper turnings. 

Copper clusters7 have also been employed as precatalysts. Lipshutz et al. found that copper supported 

on charcoal (Cu(II)/C) was an efficient catalyst;8 Cu(I)/C was also successfully employed by Cintas et 

al. in microwave-assisted protocols.9 Ultrasound (US) has been used to p mote the CuAAC reaction as 

well. Sreedhar reported a sonochemical CuI-catalyzed synthesis of triazoles from terminal alkynes and 

alkyl/aryl azides, formed in situ.10 Worthy of mention are the efficient applications of copper 

nanoparticles as substitutes of bulk copper metal although their preparation involves an additional 

step.11  We studied this reaction under non-conventional conditions9,12 namely power US and MW, 

alone or combined. The specific advantages of US13 and MW14 in organic synthesis have been widely 

described. Using both simultaneously may be beneficial to the rates, yields, and selectivity of the 

reactions, as recent examples show.15  

Here we describe a process in which metallic copper efficiently catalyzes azide-alkyne cycloadditions 

under US or simultaneous US/MW irradiation. Reactions involving metals represent the favorite domain 

of sonochemistry because US favors mechanical depassivation and enhances both mass transfer and 

electron transfer from the metal to the organic acceptor.16 Although a piece of metal placed inside a MW 

oven will lead to dangerous arcing, it is possible to perform organic reaction using well-dispersed fine 

metal particles in a polar high boiling solvent. This was first demonstrated by Whittaker and Mingos, 

who opened the doors to synthetic applications of metals under MW conditions.17 Besides the particle 

size, other important safety features are: i) a moderate applied power (it is directly related to the electric 

field strength, decreasing the field strength decreases the risk of arcing, ii) a low metal loading, iii) an 

efficient stirring in order to disperse the metal powder throughout the solvent. After several years of 

experiments under simultaneous US/MW irradiation18 by using every kind of solvents and solid 

catalysts, we can emphasize that this hybrid treatment is probably the most efficient technique to be 
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applied to heterogeneous metal catalysis to reduce any risk of arcing. Combined US/MW irradiation in a 

single reaction vessel can be achieved inside a modified MW oven by inserting in it a non-metallic horn 

made of quartz, Pyrex®, ceramic or made from engineered plastics, such as PEEK® (polyetherether 

ketone) or PTFE® (polytetrafluoroethylene).15 In a previous study, we found that the charcoal-supported 

CuAAC were strongly promoted by simultaneous US/MW irradiation as well as by MW alone (with 

slightly lower yields).9 In this study, we experimented with the typical reaction of benzyl azide with 

phenylacetylene using metallic copper (fine turnings or wires) or Cu2O as catalysts. Figure 1 shows the 

typical setup for sonochemical reaction  and the general scheme of the reaction, while results are 

summarized in Table 1.  

 

Figure 1. General reaction scheme and setup for US-promoted reaction.  

 

In all cases the temperature was strictly controlled at 70°C by two different measurement systems: an 

IR-pyrometer and a thermocouple (under US), and an IR-pyrometer and an optic-fiber thermometer 

(under combined US/MW). 

The US irradiation19 was combined with oil bath heating to reach the desired temperature. Due to the 

higher contact surface, thin copper turnings gave better results than common electrical wires. A portion 

of copper turnings was depassivated by washing with HCl and then with abundant distilled water. Entry 
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12 showed that its catalytic activity dropped, a result that supports our hypothesis that Cu(I) derives 

from the red/ox activated by sonication between the copper metal and the copper oxide on the surface. 

We suspect that oxygen dissolved in the solvent has certain effect on this equilibrium; in fact the same 

reaction carried out in a degassed solvent under nitrogen atmosphere gave a slightly lower yield (entry 

14 vs 13). Reactions under conventional heating catalyzed by Cu2O powder gave excellent yields (entry 

4), while under US required longer reaction times and gave somewhat lower yields (entry 5 vs 11). In 

the absence of any catalyst, a mixture of 1,4- and 1,5-disubstituted triazole isomers was obtained in 1-

4% yield. 

 

Table 1. Synthesis of 1,2,3-triazole from benzylazide and phenylacetylene (dioxane/H2O 8:2, 70°C). 

no. catalyst method 
time 

(h) 

yield 

(%) 

  1 - Oil bath 24 1a-4b 

  2 - US 5 2a-2b 

  3 
CuSO4/ 

ascorbic acid 
Oil bath 0.5 78 

  4 Cu2O Oil bath 24 90 

  5 Cu2O US 5 71 

  6 Cu wires Oil bath 24 52 

  7 Cu wires USc 2 64 

  8 Cu wires US 2 85 

  9 Cu turnings Oil bath 12 76 

10 Cu turnings MW 2 39 

11 Cu turnings US 1.5 89 

12 Cu turnings USd 2 25 

13 Cu turnings MW/US 1 95 

14 Cu turnings MW/USe 1 85 
aIsomer 1,4. bIsomer 1,5. cUS 80W, without oil bath. 
dDepassivated metal. eReaction carried out under 

nitrogen. 

 

Preliminary results showed that an intense short sonication (10 min, 50 W) of the copper turnings in 

the solvent mixture sufficed to accelerate the reaction in comparison to mechanical stirring and 

conventional heating. The reaction rate increased further when US and MW irradiation was used 

simultaneously. Figure 2 shows the reaction setup for simultaneous US/MW irradiation in professional 

multimode oven, with the Pirex® horn into the reaction vessel and a fiber optic thermometer to monitor 
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the temperature. 

 

Figure 2. General setup for simultaneous US/MW irradiation. 

 

The catalysis with metallic copper was applied to a series of other substrates (Table 2), among which 

was the monoazido β-cyclodextrin (β-CD) both in the hydrophilic native form as well as the lipophilic 

permethylated derivative (Scheme 1). The reaction with 1,3-bis (ethynyloxy)benzene and excess 

benzylazide (entries 23-26) gave exclusively the monotriazole derivative in oil bath (23), and the bis-

adduct under US and US/MW irradiation (25, 26). A mixture of both derivatives was obtained under 

MW irradiation. 

 

Scheme 1. 6-monoazido-β-CD transformations (Entries 27-34). 
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Table 2. Synthesis of 1,2,3-triazole with copper turnings. 

no. reagentsa method 
time 

(h) 

yield 

(%) 

15 

A/B 

oil bath 6 38 

16 MW 3 21 

17 US 2 88 

18 MW/US 2 85 

     
19 

C/B 

oil bath 6 34 

20 MW 3 16 

21 US 2 80 

22 MW/US 2 86 

     
23 

D/E 

oil bath 16 88 

24 MW 3 41/37b 

25 US 2 81c 

26 MW/US 2 83c 

     
27 

F/B 

oil bath 10 64 

28 MW 3 55 

29 US 2 74 

30 MW/US 2 80 

     
31 

G/B 

oil bath 6 56 

32 MW 3 68 

33 US 2 81 

34 MW/US 2 87 
aA=1-azidoctane; B=phenylacetylene; C=1-

azidoheptadecane; D=benzylazide; E=1,3-bis 

(propargyloxy)benzene; F= 6-azido-β-CD; G=6-

azido-permethyl-β-CD. bRatio % mono- and 

bis-triazole derivatives. c % bis-triazole. 

 

As reported in the literature, β-CD forms a stable copper ion-CD inclusion complex20 in which the 

two CD tori are joined by Cu(II) ions in a sandwich-type complex. In this metal-bridged complex, the 

CD secondary face which is masked21 a strong limitation for further applications. The CD adducts from 

Cu(II)/sodium ascorbate catalyzed 1,3-dipolar cycloaddition showed a typical green-grayish color due to 

the complex with copper ions that require time-consuming purifications by means of competitive 

chelants. Although we would expect a great influence of water in radical formation under sonochemical 
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conditions,22 the use of copper metal as a catalyst in DMF at 100°C was extremely advantageous and 

provided very clean CD-triazole derivatives as white powder.23 This was probably due to the higher 

temperature and the better cavitation. The ICP-MS analysis of the crude products obtained from 

reactions catalyzed with metallic copper turnings, revealed only traces of the metal in the range of 3-6 

ppb.  

In conclusion, a US or US/MW-enhanced, efficient and sustainable metallic copper-catalyzed 

Huisgen 1,3-dipolar regioselective cycloaddition of azides and alkynes has been developed. This 

method could be applied to the production of large libraries and combinatorial strategies; moreover, US 

and MW can now be implemented in flow systems,24 which should enable large-scale production. 

Recently click reactions have been successfully conducted in a modular flow reactor.25 

The reaction performs well in aqueous media, avoiding any pretreatments and the addition of ligands 

or amines. The use of copper turnings as a heterogeneous catalyst represents a much cleaner approach 

for click reactions that may blossom into a plethora of applications in pharmaceutical and combinatorial 

chemistry as well as in biological systems.  
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