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ABSTRACT

A one-pot procedure for the synthesis of 1,4-disubstituted-1H-1,2,3-triazole derivatives via
the three component coupling reaction between terminal alkynes, benzyl halides/a-halo ketones and
sodium azide in the presences of Cul nanoparticles supported onto polyaniline (Nano Cul/PANI)
catalyst in water has been developed. This heterogeneous catalyst showed high catalytic activity and
1,4-regioselectivity for click cyclization in water as a “green” solvent and good to excellent yields were

obtained in all cases over repeated five runs.
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INTRODUCTION

1,2,3-Triazoles are an important class of
heterocyclic compounds thanks to their wide range
of applications. ' The most fashionable method for
the production of the 1,2,3-triazole framework is
the 1,3-dipolar Huisgen cycloaddition reaction of
azides with alkynes?. The Cu(l)-catalyzed azide-

alkyne cycloaddition (CuAAC),?® one of the most
consistent “click reactions”,* has enabled the
convenient and efficient preparation of 1,4-
disubstituted-1,2,3-triazoles, from a wide range of
substrates with excellent selectivity, which cannot
be prepared by means of traditional Huisgen
uncatalyzed thermal approaches®.
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Copper salts are toxic compounds. Despite
of toxicity, copper (l) salts suffer from their
thermodynamic instability and the formation of
undesired alkyne-alkyne coupling products which
is sometimes observed in its presence®. These
homogenous catalysts are generally non-recyclable,
have low regioselectivity and long reaction times.
Nevertheless, Polymer-supported reagents are
more and more being used in the synthesis and
purification of many organic reactions”®. They
possess advantages such as reaction monitoring
as well as increased safety, in particular when the
non-supported reagents are toxic or dangerous as
they can be easily removed from reaction media
and recycled®™°.

Nitrogen or phosphorus-based ligands
have been shown to protect the metal center from
oxidation and disproportionation, while enhancing
its catalytic activity''. To improve the recovery and
reuse, copper species have been immobilized onto
various supports'?5.

In continue to our previous studies in the
field of click chemistry, '2'° herein we wish to report
a new and reused catalyst system based on Cul
nanoparticles on polyaniline (PANI@ Cul-NPs) for
click cyclization.
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RESULTS AND DISCUSSION

Polyaniline (PANI) was chosen as a
support material due to its unique characteristics
such as superficial preparative protocols from
inexpensive starting material (aniline), high
environmental stability and non-solubility in most
of the organic solvents. Some types of PANI-
supported metal catalysts have been synthesized
and applied in modern organic synthesis. 202!

The copper iodide nanoparticles
immobilized on polyaniline (PANI@Cul-NPs) was
readily prepared in a one-step procedure. PANI was
refluxed with Cul under an N, atmosphere in EtOH
to afford the polymer-supported Cul nanoparticles
catalyst. The immobilization of copper(l) salt
nanoparticles on high-surface-area supports allows
a higher stability and dispersity of the particles as
well as a further exploitation of the special activity
and recycling properties of the catalyst. With this
regard, we reported the similar procedure for the
preparation heterogeneous poly(4-vinylpyridine)
supported Cul nanoparticles (P,VPy-Cul) as catalyst
for click synthesis of 1,4-disubstituted triazoles.>5

The SEM image of PANI@Cul-NPs
indicated that Cul nanoparticles were
homogeneously immobilized on PANI surface

Table 1: 1,3-Dipolar Huisgen cycloaddition reaction of phenacyl bromide,
phenyl acetylene and sodium azide under various conditions

(e} o N=N
Br ’\{ /
e < > . NaNg PANI @Cul-NPs
1
Entry Catalyst Solvent Temperature(°C) Time Yield(%0)?
1 PANI@ Cul-NPs (5 mol%) - 100 2h 0
2 PANI@ Cul-NPs (5 mol%) CH,CN reflux 2h 65
3 PANI@ Cul-NPs (5 mol%) Dioxane 100 3h 60
4 PANI@ Cul-NPs (5 mol%) THF 65 3h 35
5 PANI@ Cul-NPs (5 mol%) CH,OH 80 2h 85
6 PANI@ Cul-NPs (5 mol%) H,0 25 4h 50
7 PANI@ Cul-NPs (5 mol%) H,0 100 30 min 92
8 PANI@ Cul-NPs (10 mol%) H,0 100 30 min 90

2Yields refer to isolated and pure products
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Table 2: The reaction of a-halo ketones and benzyl halide (1 mmol), terminal alkyne (1 mmol)
and sodium azide (1.1 mmol) catalyzed by PANI@Cul-NPs (5 mol %) in water at 100 °C

Entry Halide Product Time(min) Yield(%)?
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aYields refer to isolated and pure products.
® 2 mmol of benzyl halide was used
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(Figure 1). The SEM image shows the detailed
morphologies of the Cul nanoparticles deposited
on the surface of PANI which are highly disperse
without any aggregation and approximately uniform
in size distribution. The size and microstructure of
Cul nanoparticles were further examined with field
emission scanning electron microscopy (FE-SEM).
The morphology of the Cul nanoparticles can be
clearly observed. The size of each SnS
nanoparticles is in the range of 20-60 nm.

The sharp peaks of copper were observed
in the XRD patterns of copper iodide on PANI which
indicated the crystalline nature of the products and
confirmed the presence of copper iodide on PANI
surface. The copper content of PANI@ Cul-NPs was
measured by ICP-AES and found to be 0.94 mmol

g

In order to exploit a method for the
preparation of new 1,2,3-triazole derivatives, the
reaction of phenacyl bromide, phenylacetylene and
sodium azide in the presence of PANI@Cul-NPs
through a 1,3-dipolar Huisgen cycloaddition
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reaction was chosen as a model and its behavior
was studied under a variety of conditions. Under
optimization studies, various solvents were
examined and it was found that the solvent plays a
significant role in terms of reaction rate and isolated
yield (Table 1).

Water evidently stands out as the solvent
of preference with its fast reaction rate, high yield,
selectivity, cheapness, “green” solvent nature and
environmental acceptability. An increase in the
amount of PANI@ Cul-NPs did not affect the
efficiency of the reaction (Table 1, entry 7 versus 8).
Structural assignments of compound 1 and other
triazoles were confirmed by the appearance of a
singlet in the region of 7.5-8.5 ppm in 'H-NMR
spectra and approved the regioselective synthesis
of 1,4-disubstituted triazole regioisomers.'®

Based on the optimal reaction condition,
various alkyne were allowed to react with azide
compounds in the presence of PANI@ Cul-NPs (5.0
mol%) in water (Scheme 1). Phenylacetylene and
electron-rich aromatic alkynes gave excellent results

Table 3: Activity comparison of PANI@Cul-NPs and unsupported Culin click cyclization reaction

Entry  Benzyl halide/ a-halo Catalyst Alkyne-Alkyne Yield

ketones byproduct (%)?
1 Benzyl bromide PANI@ Cul-NPs (5%) - 89°
2 Benzyl bromide Cul(5%) Trace 33°
3 Phenacyl bromide PANI@ Cul-NPs (5%) - 90 °
4 Phenacyl bromide Cul(5%) Trace 50°
5 Benzyl bromide Cul(10%) Trace 70 ¢
6 Phenacyl bromide Cul(10%) Trace 65 ¢

2Yield refer to isolated and pure product

b Reaction conditions: benzyl halide(1 mmol), sodium azide(1.1 mmol), water(5 ml), 100 °C, 30 min

¢ Reaction was not completed after 240 min

Table 4: Reusability study and ICP-AES analysis of PANI@Cul-NPs

Catalyst First Second Third Forth Fifth Difference of copper content
run(%)? run(%)? run(%)? run(%)? run(%)? between fresh and reused
(5™run) catalyst (%)°
PANI-Cul 92 89 90 87 88 3

a|solated yield

> Data were calculated using ICP-AES analysis
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Fig. 1: SEMimage of polyaniline supported
Cul nanoparticles (PANI@Cul-NPs)

with benzyl azide. However electron-deficient
aromatic alkyne toke longer times to afford 1, 2, 3-
triazole products under the same reaction
conditions. The reaction only gave good yield even
that the reaction time was prolonged to 2 h. The
electronic effects on the resulting yields and
conversion times of the reactions are different
Heterocyclic alkyne, such as 2-thienylacetylene,
also gave high yields in short time. Aliphatic alkyne
required longer reaction time to give high yields in
comparison with electron-rich aromatic alkyne, but
the reactions were finished within 2 h (Table 2,
entries 7-9).

To evaluate the efficiency and superiority
of PANI@Cul-NPs catalyst, we performed some
reactions using PANI@ Cul-NPs and unsupported

a) \ b)
N~ 'N—CHZAI’
= H H H
] R )N AN
R——H \ L0
Ht Culx CUNI,HS
. \z\-w /o
n N -CHA R
H R——=Culx
R Culx .
5 NEN-N/CHZAH% Ar-CH,X
, N
N=N-\-CHoAr
=CulLx +
R ‘&/ NN CHoAT
RtéuLx
Lx=PANI

Fig. 2: (a) Mechanistic pathway for the preparation of 1,2,3-triazoles using PANI@Cul-NPs as catalystin
water (b) PANI@Cul-NPs accelerates the deprotonation of terminal alkyne in step 2 of cyclic mechanism

O

/N§N
Br )‘K/N
R R /
R
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or + ———R + NaNj — or
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N
R/\Br R/\N/ \N
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Scheme 1: Synthesis of 1,4-disubstituted triazoles using PANI@Cul-NPs as catalyst
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bulk Cul at the same reaction conditions. The
reaction of benzyl bromide with phenyl acetylene
was completed and found 89! formation of the
desired 1,2,3-triazole as only product after 30 min
using PANI@Cul-NPs (5%) versus 33! in the case
of unsupported Cul. This reaction was not completed
using unsupported Cul (10%) even after 2 h. It is
worth to note that trace amount of alkyne-alkyne
coupling products were detected in the presence
of unsupported Cul (Table 3).

Here most probably, PANI has dual roles
as a support as well as a macro ligand which
facilitate the cycloaddition reaction as reported by
using other nitrogen containing ligands.??23
Immobilization of copper iodide on PANI protects it
against oxidation and enhances its catalytic activity
in comparison with unsupported copper iodide. PANI
has effective influence in step (2) of click cyclization
mechanism. PANI makes hydrogen bond with the
acidic hydrogen of terminal alkyne which results in
the faster rate of the deprotonation step (Figure 2).

For a true heterogeneous catalyst, the
recyclability and reusability of the catalyst are
important. To investigate these properties for our
introduced catalyst, the reaction of benzyl bromide
with phenyl acetylene was selected as a model
reaction. The recovered catalyst, after drying at 50
°C was reused in the next runs. Almost consistent
activity was observed over five runs. The results
showed that the newly developed catalyst
maintained an optimal activity after 5 repeated
cycles (Table 4).

EXPERIMENTAL

Materials

Aniline and other solvents were distilled
before use. All other chemicals were procured from
commercial sources and used as such without
further purification. PANI was synthesized according
to literature procedure.®

Preparation of polyaniline supported Cul
nanoparticles (PANI@Cul-NPs)

PANI (1000 mg) was charged into a round-
bottom flask containing an EtOH solution (25 mL)
of cuprous iodide (285 mg, 1.5 mmol) and was
refluxed under nitrogen atmosphere for 12 h. The
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resultant catalyst was filtered off and washed with
acetonitrile followed by acetone. The residue was
dried in air for 24 h to afford the black catalyst.

Determination of the Copper Content in
PANI@Cul-NPs Catalyst

To evaluate the copper content, the
PANI@Cul-NPs (100 mg) was extracted with
concentrated HCI (5x2 ml) in a screw-capped
vessel, followed by treatment with concentrated
nitric acid (2 ml) to digest the metal complex. The
mixture was then transferred into a volumetric flask
(100 ml), diluted 1:50 for the second time and was
analyzed by the ICP analysis. The copper content
of PANI@ Cul-NPs was calculated to be 179 mg of
Cul per 1000 mg of polymeric catalyst (loading=
0.94 mmol.g")
General procedure for multicomponent synthesis
of 1,4-disubstituted-1H-1,2,3-triazoles
A round-bottomed flask containing a stirrer bar was
charged with benzyl halide or +-halo ketones (1.0
mmol), NaN, (1.1 mmol), terminal alkyne (1.0 mmol),
PANI@Cul-NPs (53 mg, 5 !), and water (5.0 ml).
The reaction was followed at reflux condition and
was complete after appropriate time (Table 2) as
monitored by TLC analysis. After the reaction
completion, the whole reaction mixture was directly
passed through celite and washed with acetone
(3x5 ml). The recovered catalyst was dried and
stored for another consecutive reaction run. Acetone
was removed by rotation evaporator under vacuum
and the residue was precipitated in water. The
precipitate was collected by filtration. The collected
solid residue was recrystallized in ethanol or
ethanol/water (1:3 v/v) and recovered by simple
filtration and dried under vacuum for 24 h at room
temperature.

Selected spectral data
1-benzyl-4-(thiophen-2-yl)-1H-1, 2, 3-triazole
(Table 2, entry 6)

'H NMR (CDCl,, 400 MHz, TMS) 7.6- (s,
1H), 7.27-7.38 (m, 7H), 7.04- 7.35(m, 1H), 5.56 (s,
2H). 13C NMR (CDCI,, 100 MHz) 134.4, 132.8,
129.2, 128.8, 128.1, 127.6, 125.0, 124.1, 119.2,
54.3.

2-(1-Benzyl-1H-[1,2,3]triazol-4-yl)-propan-2-ol
(Table 2, entry 7)
Bright brown solid (powder), melting point:
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74-76 °C; IR: = 3298 (OH-valence), 3144 (=CH-
valence), 2977-2850 (CH2,CH3-valence), 1452
(CH,,CH,-deform.), 1172 (C-O-valence), 729, 696
(=C-H-deform.) cm-1; MS (El): m/z (%): 217 (<1) [M+],
202 (30), 170 (12), 92 (8), 91 (100), 80 (8), 65 (13);
'H NMR (200 MHz, CDCL,): § = 7.34-7.20 (6H, m),
5.43 (2H, s), 1.66 (6H, s) ppm; *C NMR (50 MHz,
CDCI3): 5=134.08, 128.74,128.72, 128.47, 127.90,
30.93.

2-(1-Benzyl-1H-[1,2,3]triazol-4-yl)-but-3-en-2-ol
(Table 2, entry 8)

Red-brown oil; IR: = 3373 (OH-valence),
2980-2855 (CH,,CH,-valence), 1456 (CH,,CH,-
deform.), 1139 (C-O-valence), 718, 693 (=C-H-
deform.) cm'; MS (El): m/z (%): 229 (<1) [M+], 212
(11), 186 (36), 92 (9), 91 (100), 65 (14); 1TH NMR
(400 MHz, CDCI3): & = 7.37-7.22 (6H, m), 6.22 (1H,
s), 5.45 (2H, s), 5.30 (1H, s), 5.15 (1H, s), 1.69 (3H,
s) ppm, *C NMR (100 MHz, CDCL,): 5 = 143.26,
134.42, 129.10, 128.76, 128.15, 127.98, 122.10,
112.66, 54.14, 40.24, 31.59, 28.62, 22.59, 14.01

ppm.
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CONCLUSION

We have developed a mild, simple, cost-
effective and green procedure for one-pot
regiospecific synthesis of 1,4-disubstituted-1H-
1,2,3-triazoles via Huisgen 1,3-dipolar cycloaddition
reaction between terminal alkynes, +-halo ketones
or benzyl halides and NaN, in the presence of
recyclable PANI@ Cul-NPs using water as reaction
medium. PANI@ Cul-NPs exhibited much more
efficiency than unsupported bulk Cul without giving
alkyne-alkyne byproduct. The reusability of this
catalyst at least over five runs will makes it a useful
and important addition to the previously reported
catalysts.
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