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Polystyrene-supported ionic liquid copper complex: A reusable catalyst for one-pot

three-component click reaction

Mahnaz Tavassoli, Amir Landarani-Isfahani, Majid gfl@dant, Shahram Tangestaninejad,* Valliolah

Mirkhani, Iraj Mohammadpoor-Baltork

Department of Chemistry, Catalysis Division, University of Isfahan, Isfahan 81746-73441, Iran

Highlights

P A copper complex was attached to chloromethylated polystyrene P> A heterogeneous catalyst was
prepared P> The catalyst was used for click reaction of alkynes and arylhalide P> The catalyst was reusable
Abstract- Copper(ll) complex of 1,Bis(4-pyridylthio)ethane immobilized on polystyrenesaa used

as a highly stable, active, reusable and greerysttfar click synthesis of 1,2,3-triazoles one-pot
three-component reaction of organic halides, sodigide and alkynes. The catalyst was characterized
by FT-IR spectroscopy, thermogravimetric analys#emental analysis, field emission scanning
electron microscopy, energy dispersive X-ray, tnaissiondiversity of organic halides au-
bromoketones and alkyl/aryl terminal alkynes, axceéient yields of the products were obtained using
0.2 mol% of catalyst. This catalytic system alsoveéd excellent activity in the synthesis of bis-1,4
disubsitituted 1,2,3-triazoles. Moreover, the oatllcould be recycled and reused for seven cycles

without any decrease in its catalytic activity.

Keywords: Copper complex; Click reaction; Polystyrene; Triazole; lonic liquid.

1. Introduction
The use of transition metal complexes as catalystrapidly increased in recent years because wof the
ability to catalyze a wide range of chemical transfations [1]. Among them, Cu(ll) complexes have

long been found as effective catalysts in a vardtgrganic synthesis [2]. Due to their low cosghh
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activity and selectivity, these complexes have &smd numerous industrial such as dehydrogenation

of alcohols [3], methanol synthesis [4], productairhydrogen in fuel cells [5].

In last decade, the copper complexes have attracteth attention in click chemistry. Click chemistry
first introduced by the groups of Meldal [6] anda8tiess [7], describes a new concept for conducting
organic reactions. Based upon the premise, orgamthesis should take advantages such as being
modular, stereospecific, high-yielding and invotyisimple and green protocols [8]. Preparation of
1,2,3-triazoles by copper-catalysed alkyne-aziddoagldition (CUAAC) has emerged as a prominent
"Click" chemistry [9-11]. 1,2,3-Triazoles have receivezhsiderable attention in synthetic organic
chemistry due to their numerous biological and pfaeutical activities such as anti-HIV [12-14],
antibacterial [15-17], and antiallergic [18] propes.

The typical procedure for synthesis of 1,2,3-trlagas Huisgen [3+2] cycloaddition of organic azde
and terminal alkynes in the presence of copperlysisa [19]. However, the early Huisgen
cycloaddition process required a strong electrairdvawing substituent on either azide or alkyne and
high temperature for a prolonged period of timed aiten afforded a mixture of 1,4-and 1,5-
disubstituted isomers. [20, 21] During the pastadies, alternative copper-catalysed processes have
represented a significant advance in regioselediwghesis of 1,2,3-triazoles [22-25]. In the first
report of this reaction, the active Cu(l) speciéal( CuBr) were directly formed from Cu(l) saltsthre
presence of ligands [26]. Because of the instgboit Cu(l) salts, Cu(l) was prepared situ via
reduction of different Cu(ll) salts (CuCuBr, or CuSQ) [27-30] with ascorbate or by comproportion
of Cu(0) nano size clusters and Cu(ll) [31, 32]vektheless, the preparation of copper immobilized o
supports such silica [33], Zeolite [34] and magnetanoparticles have become increasingly more
profitable from easy recovery and economical view{so[35].

However, long reaction times, high temperaturemfition of homocoupling products of alkynes
(Glaser coupling) and the use of large amountopper are the limitations and drawbacks of many of

the previously reported methods [36, 37]. Thereftine development of a reusable, eco-friendly and



more convenient catalyst for the regioselectivettsssis of 1,4-disubstituted 1,2,3-triazoles id til
demand.

Accordingly, various procedures for the preparatdri,4-disubstituted 1,2,3-triazoles through the
situ generation of organic azides have been develdB8¢.39] But, only a few reports are available
dealing with the synthesis of bis-1,4-disubstitute?l 3-triazoles [40].

lonic liquids are able to dissolve and stabilizemer salts for regioselective click reaction [4B{t
they have some disadvantages such as difficutiiesusability of catalyst and product isolation,jeth
make them economically and environmentally unfableraThus, the ionic liquid supported species
can solve this serious drawback [42].

Polystyrene as a solid support has gained substgapularity, due to its low cost, ready availdijl
chemical inertness, and facile functionalizatio®][4

These results in combination with our efforts oe ttevelopment of efficient copper catalysts for
organic transformations [44-46], prompted us toorep green, convenient and regioselective method
for synthesis of mono- anals-1,4-disubstituted 1,2,3-triazoles in the preseoic€u(ll) immobilized

on polystyrene supported ionic liquid as a reusaatalyst (Scheme 1).
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Scheme 1.Click reaction catalysed by Cu(ll)-PsIL

2. Experimental Section

2.1. General Remarks



The chemicals were purchased from Fluka and Metodmical companies. FT-IR spectra were
recorded on a JASCO 6300D spectrophotométérand**C NMR (400 and 100 MHz) spectra were
recorded on a Bruker Avance 400 MHz spectrometerguSDCL as solvent. Elemental analysis was
performed on a LECO CHNS-932 analyzer. Thermogratiic analysis (TGA) was carried out on a
Mettler TG50 instrument under air flow at a unifolmating rate of 16Cmin’in the range 30-60fC.

The scanning electron micrographs were taken ortacti S-4700 field emission-scanning electron
microscope (FE-SEM). The transmission electron osicopy (TEM) was carried out on a Philips
CM10 transmission electron microscope operatinjO& kV. The copper content of the catalyst was
determined by a Jarrell-Ash 1100 ICP analysis. TNemeasurements were carried out on Autolab
Potentiostat/Galvanostat101 instrument controllgdNova 1.8 Software (Eco Chemie, Utrecht, the

Netherlands).

2.2. Synthesis of 1,2-bis(4-pyridylthio)ethane, (1)

A mixture of 4-bromopyridinium chloride (5.1 mmdl,g), 1,2-ethanedithiol (0.3 mL, 3.5 mmol) and
sodium hydroxide (7.7 mmol, 0.3 g) in 10 mL of DM¥as stirred at 80 °C for 24 h. The reaction
progress was monitored by TLC (eluent diethyl étimeethanol, 2:1). The mixture was diluted with
water and EtOAc. The aqueous layer was extracted,exaporated under reduced pressure. Then,

residue was purified by recrystallization from etbkto afford the pure product.

2.3. Immoabilization of 1,2-bis(4-pyridylthio)ethane on polystyrene, (2)

In a round-bottomed flask equipped with a conderes®it a magnetic stirrer bar, a mixture of
chloromethylated polystyren@), (1 g) and 1,2is(pyridylthio)ethane, (0.1 g, 0.4 mmol) in DMF (10
mL) was stirred at 80 °C for 24 h. Then, the reactimixture was filtered and the resulting solid

washed with ethanol (2 x 20 mL) and dried in a vmcwven at 56C.

2.4. Synthesis of polystyrene supported ionic liquid (PsIL), (3)



To a slurry of polystyrene-bound 1bs(4-pyridylthio)ethang2) (1 g) in toluene (10 mL) was added
methyl iodide (5 ml) and stirred at room temperatéor 6 h. Then, the mixture was filtered; the

precipitate was washed with ethanol (2 x 20 mL) éied in a vacuum oven at 50.

2.5. Immobilization of Cu(ll) triflate on PsIL, (Cu(l1)-PsIL), (4)

A mixture of Cu(OTf} (15 mg) and PsIL(3), (1 g) in ethanol (10 mL) was refluxed for 24 theT
reaction mixture was filtered; the solid materia@smvashed with ethanol (2 x 20 mL) and then dned i
a vacuum oven at 40 °C to afford the Cu-PsIL cataly

2.6. Electrochemical studies

The cyclic voltammograms (CVs) were recorded af@5using a three-electrode assembly including,
an Ag/AgCl (3 M KCI) reference electrode, a largeaaPt plate as the counter electrode (70 times
larger than that of the working electrode), andriaified glassy carbon electrode (GCE) disk as the
working. Toward the study of electrochemical bebawf Cu(ll)-PSIL, the catalyst was casted on the
GCE surface. CVs were recorded in acetate bufestrelyte (pH= 5) at a potential scan rate of 10

mvs®.

2.7. General procedure for synthesis of 1,2,3-triazoles by the reaction of benzyl bromides, alkynes and
sodium azide

A mixture of Cu(ll)-PsIL (0.2 mol%, 10 mg) and sodi ascorbate (5 mg) in PEG-400 (2 mL) was
allowed to stirrer for 2 min and then, benzyl brdei(1 mmol), sodium azide (1.2 mmol) and
alkyl/phenyl acetylene were added to mixture. Thaction mixture was stirred at 65 °C and its
progress was monitored by TLC (eluent diethyl g#thyl acetate, 2:1). After completion of the
reaction, water and ethyl acetate were added; atayst was separated by filtration and washed with
acetone and water, and dried under vacuum. Thenior¢ggyer was separated and dried ovesI3Qa.

The products were purified by recrystallizationnfro-hexane/EtOAc.



2.8. General procedure for synthesis of 1,2,3-triazoles from a-bromo ketones, alkynes and sodium
azide

A mixture of Cu(ll)-PsIL (0.2 mol%, 10 mg) and sodi ascorbate (5 mg) in PEG-400 (2 mL) was
allowed to stirrer for 2 min and thembromo ketones (1 mmol), sodium azide (1.2 mmoljl an
alkyl/phenyl acetylene were added to mixture. Thaction mixture was stirred at 65 °C. After
completion of the reaction (as monitored by TLGQiteht diethyl ether/ethyl acetate, 1:1), water and
ethyl acetate was added to mixture and catalystfitesed and washed with acetone and water. The
organic layer was dried over P&O,. If necessary, purification of product was perfetmby

recrystallization frorm-hexane/EtOAc.

2.9. General procedure synthesis of bis 1,2,3-triazoles

A mixture of Cu(ll)-PsIL (0.4 mol%, 20 mg) and sodi ascorbate (10 mg) in PEG-400 (3 mL) was
allowed to stirrer for 2 min and then 1,4 /bjatbromomethyl)benzene (1 mmol), sodium azide (2.4
mmol) and alkyl/phenyl acetylene were added to wmixt The reaction mixture was stirred at 65 °C.
The reaction progress was monitored by TLC. Thekwuprof the desired product was as described

above.

3. Results and Discussion

3.1. Synthesis and characterization of Cu(ll)-PslL-

The preparation route for catalyst is shown in . The ligand, 1,Bis(4-pyridylthio)ethane &)
was prepared by the reaction of 4-bromopyridiniumogde with 1,2-ethandithiol. Reaction of this
ligand with chloromethylated polystyrene, PS, aftat the supported ligan&, Then,B wasreacted
with methyl iodide in to prepare the polystyren@marted ionic liquid (PsIL). These processes were
monitored by elemental analysis, FT-IR and therraaignetric analysis (TGA). The nitrogen content
of the PsIL, measured by CHNS analysis, showedlaevaf about 1.5%. Based on this value, the

amount of IL supported on the polystyrene is alfob8 mmold'-.
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Scheme 2. The preparation route for catalyst

The FT-IR spectrum of the PsIL showed characterlssind of pyridinium ring at 1645 ¢h{C=N). In
addition, the characteristic band at 1160'c(C-S) was observed, while the FT-IR spectrum of
polystyrene showed no band in this region (Fig. 1).

The thermal decomposition behaviour of polystyrsapported ionic liquid (PsIL) was also compared
with chloromethylated polystyrene (Ps) by thermogretric analysis (TGA). As can be seen in Fig. 2,
the curves show main weight loss from 350 to 4B0) attributed to the main chain pyrolysis,
commencing at about 35 with the evolution of aromatics from the degramtatof the styrene.

However, the weight loss curve of PsIL shows twepst The second step from 450 to 58Dis



attributed to the degradation of ionic liquid uriibese results clearly indicate that the ionicitigor
ligand have been covalently linked to polystyrene.

After preparation and characterization of PsIL, pmpwas immobilized on the polystyrenea
complexation of copper(ll) triflate with ligand fwoduce the polystyrene supported ionic liquid @pp
complex, Cu(ll)-PsIL, (Scheme 2). The copper contdrthis catalyst, measured by ICP analysis, was
obtained to be 0.2 mmol per gram of Cu(ll)-PsIL.

The SEM images of the polystyrene and the Cu(ll)-Fatalyst showed that the surface morphology
of the two samples is different. The surface of¢htalyst is rough due to the presence of ionigidiq
ligand (Fig. 3). EDX analysis confirmed the presemé copper in the catalyst (Fig. 3c). The EDX
analysis clearly showed the presence of chloridei@dide ions in the catalyst matrix.

As a further indication for the presence of iodahel chloride ions, the supported complex was used a
an ion exchange resin in a column through whicheaga NaN@ solution was passed. After elution
with H,O, the eluate was analyzed for its halide ionsaanby the potentiometric titration. As can be
seen in Fig. 4, the titration curve has two eq@maé points for iodide and chloride which shows
values about 0.59 and 0.53 mnidlgr iodide and chloride ion, respective@n the other hand, the
amount of iodide ions clearly shows that all nigngyridines have been quaternerized.

The Cu(ll)-PsIL catalyst was also characterized B (Fig. 5). The dark regions or black spots ia th
photograph demonstrate the copper species whiledloeirless parts belong to polystyrene, this is du
to the higher electron density of copper compaoegablystyrene supported ionic liquid.

3.2. Cyclic voltammetry of Cu(ll)-PslL

The redox behavior of Cu species with differentdation states could be studieda some
electrochemical techniques such as cyclic voltamm@IV). According to the ability of ligand to
stabilize the certain oxidation states of the meked distinct peaks are observed [47]. In the casau,

the two anodic peaks could be attributed to thevermsion of Cu(0) to Cu (I) and Cu () to Cu (17§

Fig. 6 represents the CVs of the Cu(ll)-PSIL casBCE in acetate buffer (0.1 M, pH= 5) solution

before and after the treatment with sodium ascerbata reducing agent. The voltammogram in Fig. 6a



depicts the electrochemical behavior of Cu(ll)-P8ilits non-reduced form. The first anodic peak at
approximate potential of -0.07 V, could be attrdmito the conversion of Cu(0) to Cu(l) [48]. The
second peak positioned at approximate potenti@l2if V was also resulted from the conversion of Cu
species to Cu(ll) on GCE surface [49]. In reverseation, the cathodic peak at -0.04 V was belonged
to the reduction of Cu species [49]. The voltamraogrin Fig. 6b belongs to the catalyst after
reduction with sodium ascorbate. To obtain thixEs the catalyst was stirred with sodium ascerbat
for 30 min and then filtered. As can be seen, takpcorresponds to Cu(ll) has been disappeared and
only the peak attributed to the conversion of Cu(®)Cu(l) presents. These observations clearly
confirm the oxidation state of the copper specied also the reduction of Cu(ll) to Cu(l) in the
presence of sodium ascorbate.

3. 2. Investigation of catalytic activity of Cu(ll)-PsIL in the synthesis of 1,2,3-triazole derivatives

First, the copper complex using Cy@k the copper source was prepared and its catalivity was
investigated in the model reaction. In this casly @6% of the corresponding triazole was produced.
To increase the electron-deficiency of the copeetre, we decided to use the copper triflate ap&op
source. In the presence of triflates the interactad copper centre and phenylacetylene will be
increased. Therefore, the catalytic activity of IQuPsIL catalyst was investigated in click reactidn

this manner, the three-component reaction betwdseny acetylene (1 mmol), 4-bromobenzyl
bromide (1 mmol) and sodium azide (1.2 mmol) in pnesence of Cu(ll)-PsIL was chosen as model
reaction. The reaction conditions such as sodiwnraate, amount of catalyst, the type of solveit an
temperaturewere optimized and a summary of thenigdition results is provided in Table 1.

When the model reaction was carried out in the rdesef sodium ascorbate and catalyst at 65 °C; no
product was formed under these conditions (Tabknfry 1). In order to check the ability iodide $on
in the reduction of Cu(ll) to Cu(l), the model réan was carried out in the presence of Cu(ll)-PsIL
(0.2 mol%) and in the absence of sodium ascorbateyhich only a trace amount of the desired
product was obtained (Table 1, entry 2). For furtheestigation on effect of iodide ions on catalys

activity, the model reaction was performed in thhespnce of Nal instead of sodium ascorbate for



reducing of Cu(ll) to Cu(l) (Table 1, entry 16). Bthe result showed that the trace amount of the
corresponding triazole was produced.

While, in the presence of Cu(ll)-PsIL (0.2 mol%X3an the absence of sodium ascorbate, only a trace
amount of the desired product was obtained (Tablenlry 2). These results show that the Cu(ll)
species have low ability in catalysing this reactisvhen, the same reaction was performed in the
presence of Cu(ll)-PsIL (0.2 mol%) and sodium d&sate (5 mg), the highest yield was obtained.
Then, the effect of different solvents was studiethe model reaction (Table 1, entries 3-11). disw
found that, the solubility of sodium azide is afiocgnt parameter on the yield of the desired poidu

In aprotic polar and nonpolar solvents, the reactjoves very low yield probably because of poor
solubility of sodium azide; while, in polar protolvents, higher yield of the corresponding triazol
was obtained (70%). Among the solvents examined>-R80 was found to be the best reaction
medium. The effects of amount of the catalyst adperature were also investigated; on increasing
them, the yield of the desired product did notease further (Table 1, entries 12 and 14), buyitild
decreased on lowering these parameters (Tabldriesh3 and 15).

Consequently, from the observations summarized ablel 1, we concluded that 0.2 mol% of the
catalyst and 5 mg sodium ascorbate in PEG-400 8C6&re the most appropriate reaction conditions
for this transformation.

Using the optimized reaction conditions, the scapéd applicability of the copper catalysed synthesis
of 1,4-disubstituted 1,2,3-triazoles by the reacwd different alkynes and substituted benzyl bidesi
was explored. As can be seen in Table 2, both d@oraad aliphatic terminal acetylenes gave the
corresponding triazoles in excellent yields, highity, and excellent regioselectivity, in which gnl
1,4-regioisomeric products were formed. Howevewl akynes required shorter reaction times
compared to their aliphatic counterparts. It wasoalound that the benzyl bromides containing
electron-donating and electron-withdrawing substits reacted efficiently to afford the desired

products in high yields.



Encouraged by the obtained results with benzyl mes) the potential of this catalytic system in the
synthesis of 1,4-disubstituted 1,2,3-triazoles gishioromo ketones was also investigated. A variety of
structurally divergenti-bromo ketones having different functional groupstbe aromatic ring were
reacted with terminal alkynes and sodium azideheptesence of Cu(ll)-PslIL/sodium ascorbate to
generate the correspondifgeto-1,2,3-triazoles in 87-98% yields at 65 °Chivit10-25 min (Table 3,
entries 1-5). Moreover, hetereocyalidbromo ketone such as 2-(bromoacetyl)furan pasdteigh well in
this reaction under similar conditions to affore tesired product in 90% vyield after 25 min (Tahle
entry 6).

In order to further widen the applicability of thgatalytic system and due to the various applioatiof
bis-triazoles in the field of coordination chemistB0[ 51], and as precursors for ionic liquids [52,53
the preparation obfis-triazoles was also studied. The results are sumethin Table 4. As the data
demonstrate, thebl's-click” reaction of 1,2is(bromomethyl)benzene or 1pis(bromomethyl)benzene
with terminal alkynes and sodium azide was perfatreéficiently in the presence of Cu(ll)-PsIL
catalyst at 65C and the correspondiris-1,2,3-triazoles were obtained in high yields.

Compared to most of the previously reported meththasyield with the Cu(ll)-PsIL catalyst is higher
the reaction time is shorter and the turn overdesqy (TOF) is higher, indicating the efficiencytbis

method (Table 5).

3.3. Recycling of the Cu(ll)-PsIL catalyst

The recycling and reusability of a catalyst are keles in economical and environmental
aspects. Therefore, the reusability of Cu(ll)-PsNas examined in the reaction of 4-
bromobenzyl bromide with phenyl acetylene and i@ gnesence of sodium azide under the
optimized conditions. After completion of reactiothhe mixture was first cooled to room
temperature, diluted with water and ethyl acetatd the catalyst was separated by simple
filtration and reused. The results showed thatdhkalyst could be reused seven consecutive

times without significant loss of its catalytic @dly (Fig. 7). The amount of copper leached



was determined by ICP which indicated that onlyaae¢ amount of copper (less than 2%) was

leached in the first run.

4. Conclusions

In conclusion, we demonstrated a novel and ecodtjestrategy for regioselective synthesis of 1,4-
disubstituted-1,2,3-triazolegia one pot three-component reaction of substitutenzydebromides,
sodium azide and terminal alkyne in the presendesatalytic amounts of Cu(ll) immobilized on
polystyrene supported ionic liquid (Cu(ll)-PsIL)hi§ method is appropriate to both aromatic/alighati
acetylenes and benzyl bromiddiromo ketones, and generates a diverse rangapbles in excellent
yields. This catalytic system was also used efiityefor the synthesis obisl,4-disubstituted-1,2,3-
triazoles. Ease of recovery and reuse of the ctadort reaction times, wide scope and simplewor

up procedure make this method a valid contributiiothe existing methodologies.

Acknowledgments. The authors are grateful to the Research Coohtile University of Isfahan
for financial support of this work.

Appendix A. Supplementary material

Supplementary data associated with this articlebeafound, in the online version, at http://dx.dag/.

Abbreviations;
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Fig. 1. The FT-IR spectrum of: (a) chloromethylatedpolystyrene and (b) polystyrene-supported ionic liquid
(PsIL).

Fig. 2. Thermogram of: (a) chloromethylatedpolystyrene),(fts) polystyrene supported ionic liquid

(PsIL).

Fig. 3. SEM image of: (a) chloromethylated polystyreng, Qo(Il)-PsIL and (c) SEM-EDX spectrum

of Cu(ll)-PsIL.

Fig. 4. Potentiometric titration curve for iodide and clidierions.

Fig. 5. TEM image of Cu(Il)-PsIL.

Fig. 6. CVs of Cu(ll)-PSIL modified GCE a) before and bgaftreatment with sodium ascorbate in 0.1

M acetate buffer (pH= 5) and scan rate of 10 thVs

Fig. 7. Reusability of the Cu(ll)-PsIL catalyst in the -déubstituted 1,2,3-triazole of benzyl bromide,

phenyl acetylene and sodium azide.
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Fig. 1. FT-IR spectrum of: (a) chloromethylated polyst@gemd (b) polystyrene-supported ionic liquid
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Fig. 2. Thermogram of: (a) chloromethylated polystyrene),(fi$) polystyrene supported ionic liquid

(PsIL)
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Fig. 3. SEM image of: (a) chloromethylated polystyreng, Qoi(l1)-PsIL and (c) SEM-EDX spectrum

of Cu(ll)-PsIL
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Fig. 4. Potentiometric titration curve for iodide and clidi@rions



Fig. 5. TEM image of Cu(ll)-PsIL
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Fig. 6. CVs of Cu(ll)-PSIL modified GCE a) before and bgaftreatment with sodium ascorbate in 0.1

M acetate buffer (pH 5) and scan rate of 10 thVs
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Fig. 7. Reusability of the Cu(ll)-PsIL catalyst in the Hyesis of 1,4-disubstituted 1,2,3-triazole from
benzyl bromide, phenyl acetylene and sodium azide

Table 1. Optimization of conditions in the reaction of 4brobenzyl bromide with phenylacetylene

N=N,

Br Cu(ll)-PsIL h)wN
+ Ph—= + NaNj - P
Br Sodium ascorbate
Br

1 mmol 1 mmol 1.2 mmol Solvent, D




Entry Catalyst Amount Solvent T[°C] Time Yield

[Mol%] [min] [%]?

1 - PEG-400 65 15 -

2 0.2 PEG-400 65 15 Trace
3 0.2 Methanol 65 15 70

4 0.2 Toluene 65 30 40

5 0.2 H-0 65 15 78

6 0.2 Ethanol 65 15 72

7 0.2 DMF 65 25 65

8 0.2 PEG-400/HO (1:1) 65 15 89
9 0.2 Ethanol/HO (1:1) 65 15 75
10 0.2 PEG-400 65 15 99
11 0.2 Acetonitrile 65 30 38
12 0.3 PEG-400 65 15 99
13 0.1 PEG-400 65 30 71
14 0.2 PEG-400 85 15 99
15 0.2 PEG-400 45 30 73
16° 0.2 PEG-400 65 30 Trace

Isolated yield.
PWithout sodium ascorbate.

“The reaction was performed in the presence of soitidide instead of sodium ascorbate.

Table 2. Three-component synthesis of 1,4-disubstituted3#y?azoles from benzyl bromides
catalyzed by Cu(ll)-PsIL.

N=N

. Cu(l)-PsIL (0.2 mol%) N
A Br + R—=+ NaN, ~
Sodium ascorbate (5 mg)

1 mmol 1mmol 1.2 mmol PEG-400, 65C




Entry  Benzyl bromie R Product Time [min] Yield [%]?

Br Ph N=N 15 99
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4solated yield.
Table 3. Three-component synthesis of 1,4-disubstituted3iy?azoles froma-bromo ketones

catalyzed by Cu(ll)-PsIL.



___ - =N
Ar)J\/Br fR—= + NaN Cu(.ll) PsIL (0.2 mol%) LN
Sodium ascorbate (5 mg) R Ar
PEG-400, 63C O
Entry o-Bromoketones R Product Time [min]  Yield[%]?
1 Q B Ph N’/N\N 10 98
& Safave
o
Br
2 o B Ph N:N\N 12 87
(o]
ON
3 Q Br Ph N=N 10 97
& salavs
(©)
F
4 Q Br C5H11 W@\N 10 96
ggu }Q
OMe
OMe
5 O, Br C5H11 25 92
///)7/ o
6 o, B Ph 15 90

N=N
O
— |
~C ¢\

4solated yield.

Table 4. Three-component synthesis of 1,4-disubstituted3itjZazoles from 1,dis(bromomethyl)

and 1,4bis(bromomethyl)benzene catalyzed by Cu(ll)-P3IL.

Organic halide Alkyne Product

S N=N
Br N
45 min, 84%"




Br N’/N\ W
= N N\ -

Br
60 min, 68%
Br //
Br\/©/\ N=N '\\l N
\ -
45 min, 88%

®Reaction conditions: Organic halide (1 mmol), akky® mmol), sodium azide (2.4 mmol), Cu(ll)-
PslIL (0.4 mol%), sodium ascorbate (10 mg) in PEG-mI) at 65 °C.
"Isolated yield.

Table5. Comparison of conventional protocols used fordigtibstituted 1,2,3-triazoles.

=N
N="%
N
Br [Cu] /w
+ Ph— + NaNy, — P
Br
Br

Catalyst Conditions Time [min]  Yield [%)]* TOF Ref.
Cu(ll)-PsIL PEG-400, 65 °C 15 99 1980 This work
Cu(I)-TD@nSiQ®  Ethanol/HO (2:1), r.t 17 99 1166 [45]
CuFeO, H.0, 70 °C 180 93 6.2 [51]
Nano copper (1) Ethanol, reflux 60 92 92 [52]
P,VPy-Cul H.,0, reflux 20 89 215 [53]

%solated yield.
bCopper immobilized on nanosilica triazine dendrimer

“Copper iodide nanoparticles on poly(4-vinyl pyrigjin



