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1-(4-methylbenzyl)-4-phenyl-1H-1,2,3-triazole (Y <5, ¥ Joi>)
'H NMR (DMSO-ds, 300 MHz, 8, ppm): 2.29 (s, 3H, CH3), 5.60 (s, 2H, CH,), 7.18-7.30 (m, 4H, CH-
Aromatic), 7.30-7.47 (m, 3H, CH-Aromatic), 7.84-7.87 (m, 2H, CH-Aromatic), 8.62 (s, I|H, HC-N); Bc
NMR (75 MHz, DMSO-dq, 6, ppm): 21.1, 53.3, 121.7, 125.6, 128.3, 129.3, 129.8, 131.4, 133.5, 137.9.

1-(4-bromobenzyl)-4-phenyl-1H-1,2,3-triazole (Yca, < ¥ Joi>)

'H NMR (DMSO-ds, 300 MHz, 8, ppm): 5.66 (s, 2H, CH,), 7.20-7.35 (m, 3H, CH-Aromatic), 7.41 (t,
2H, J= 9.0 Hz, CH-Aromatic), 7.56 (d, 2H, J= 9.0 Hz, CH-Aromatic), 7.81 (d, 2H, J= 6.0 Hz, CH-
Aromatic), 8.82 (s, 1H, HC-N); °C NMR (75 MHz, DMSO-d,, 8, ppm): 52.6, 121.8, 122.3, 125.6, 128.4,
1294, 129.8, 130.8, 131.1, 132.1, 135.6, 147.

1-(4-nitrobenzyl)-4-phenyl-1H-1,2,3-triazole (¥ &>, ¥ Joi>)

'H NMR (DMSO-dg, 300 MHz, 8, ppm): 5.86 (s, 2H, CH,), 7.31-7.36 (m, 1H, CH-Aromatic), 7.45 (t,
2H, J= 7.2 Hz, CH-Aromatic), 7.58 (d, 2H, J= 8.7 Hz, CH-Aromatic), 7.81 (d, 2H, J= 9.0 Hz, CH-
Aromatic), 8.25 (d, 2H, J= 9.0 Hz, CH-Aromatic), 8.71 (s, 1H, HC-N); *C NMR (75 MHz, DMSO-d, 5,
ppm): 52.6, 122.4, 124.4, 125.5, 128.4, 129.3, 130.0, 143.8, 147.7.

1-(2,6-dichlorobenzyl)-4-phenyl-1H-1,2,3-triazole (& &>, ¥ Jsi)

"H NMR (DMSO-dg, 300 MHz, 8, ppm): 5.85 (s, 2H, CH,), 7.29-7.49 (m, 4H, CH-Aromatic), 7.58 (d,
2H, J= 6.0 Hz, CH-Aromatic), 7.88 (d, 2H, J= 9.0 Hz, CH-Aromatic), 8.58 (s, 1H, HC-N); BC NMR (75
MHz, DMSO-dg, 3, ppm): 49.2, 122.1, 125.7, 128.3, 129.3, 130.7, 130.0, 132.0, 136.5, 146.6.

1-phenethyl-4-phenyl-1H-1,2,3-triazole (¥ &>, < ¥ Jo.>)

"H NMR (DMSO-d6, 300 MHz, &, ppm): 3.23 (t, 2H, J= 7.5 Hz, CH,), 4.67 (t, 2H, J= 6.9 Hz, CH,),
7.16-7.35 (m, 6H, CH-Aromatic), 7.45 (t, 2H, J= 7.2 Hz, CH-Aromatic), 7.83 (d, 2H, J= 6.0 Hz, CH-
Aromatic), 8.53 (s, 1H, HC-N); *C NMR (75 MHz, DMSO-dg, 8, ppm): 36.0, 51.1, 121.7, 125.5, 127.0,
128.2, 128.9, 129.1, 129.3, 131.3, 138.0, 146.6.

1-hexyl-4-phenyl-1H-1,2,3-triazole (VY &, ¥ Joi>)

'H NMR (DMSO-dg, 300 MHz, &, ppm): 0.90 (t, 3H, J=9.0, CH3), 1.31-1.56 (m, 4H, CH,), 3.32-3.46
(m, 4H, CH,), 4.30-4.55 (m, 2H, CH,), 7.34 (t, IH, J= 9.0 Hz, CH-Aromatic), 7.46 (t, 2H, J= 9.0 Hz, CH-
Aromatic ), 7.88 (d, 2H, J= 9.0 Hz, CH-Aromatic), 8.52 (s, 1H, HC-N); *C NMR (75 MHz, DMSO-ds, 5,
ppm): 14.2,19.2, 31.7, 53.6, 68.8, 70.9, 72,6, 122.7, 125.5, 128.1, 129.3, 131.4, 146.4.
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1-(2-methylallyl)-4-phenyl-1H-1,2,3-triazole (A (&5, ¥ Js15)

'H NMR (DMSO-dg, 300 MHz, &, ppm): 1.71 (s, 3H, CHj), 4.91-4.93 (m, 3H, CH,, CH vinyl), 5.04
(s, 1H, CH vinyl), 7.24-7.44 (m, 3H, CH-Aromatic), 7.38-7.52 (m, 1H, CH-Aromatic), 7.79-7.83 (m, 2H,
CH-Aromatic, HC-N); *C NMR (75 MHz, DMSO-d, 8, ppm): 19.7, 30.9, 56.4, 115.4, 119.4, 125.7,
128.1, 128.8, 130.6, 139.4, 148.0.

1-isopentyl-4-phenyl-1H-1,2,3-triazole (A &, ¥ Jg4>)

'H NMR (CDCl, 300 MHz, 8, ppm): 0.99 (d, 6H, J= 9.0 Hz, CH;), 1.55-1.71 (m, 1H, CH), 1.80-1.89
(m, 2H, CH,), 4.42 (t, 2H, J= 9.0 Hz, CH,), 7.26-7.46 (m, 3H, CH-Aromatic), 7.74 (s, 1H, HC-N), 7.81-
7.85 (m, 2H, CH-Aromatic); *C NMR (75 MHz, CDCls, 8, ppm): 22.2, 25.5, 39.0, 48.7, 119.2, 125.7,
128.0, 128.8, 130.7.

1-(allyloxy)-3-(4-phenyl-1H-1,2,3-triazol-1-yl)propan-2-ol (\+ &, ¥ Jgis)

"H NMR (DMSO-dg, 300 MHz, §, ppm): 4.02-4.10 (m, 4H, CH,), 4.33-4.40 (m, 1H, CH vinyl), 4.36-
4.57 (m, 1H, CH vinyl), 5.16-5.41 (m, 3H, CH,, OH), 5.89-5.98 (m, 1H, CH vinyl), 7.36 (d, 1H, J= 9.0
Hz, CH-Aromatic), 7.47(t, 2H, J= 6.0 Hz, CH-Aromatic), 7.89 (d, 2H, J= 9.0 Hz, CH-Aromatic), 8.52 (s,
1H, HC-N); *C NMR (75 MHz, DMSO-dg, 8, ppm): 53.6, 68.8, 71.9, 72.1, 117.0, 122.7, 125.5, 128.2,
131.4, 135.5, 146.5.

11-butoxy-3-(1H-1,2,3-triazol-1-yl)propan-2-ol: (\) &, ¥ Joio)

'H NMR (DMSO-dg, 300 MHz, 8, ppm): 0.84-0.91 (m, 5H, CHs, CH,), 1.25-1.39 (m, 6H, CH,), 1.82-
1.92 (m, 2H, CH,), 4.40 (t, 1H, J= 9.0 Hz, CH), 7.34(t, 1H, J= 9.0 Hz, CH-Aromatic), 7.46 (t, 2H, J= 9.0
Hz, CH-Aromatic), 7.86 (d, 2H, J= 6.0 Hz, CH-Aromatic), 8.60 (s, 1H, HC-N); BC NMR (75 MHz,
DMSO-dg, 8, ppm): 14.3, 14.3,22.3,25.9, 30.0, 31.0, 49.9, 121.6, 125.5, 128.2, 129.3, 131.3, 146.7.

1-phenoxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl)propan-2-ol (\Y &, ¥ Jsi5)

'H NMR (DMSO-dg, 300 MHz, 8, ppm): 4.00 (d, 2H, J= 6.0 Hz, CH,), 4.30-4.33 (m, 1H, CH), 4.47-
4.67 (m, 2H, CH,), 5.73 (s, 1H, OH), 6.93-7.00 (m, 3H, CH-Aromatic), 7.29-7.37 (m, 3H, CH-Aromatic),
7.46 (t, 2H, J= 9.0 Hz, CH-Aromatic), 7.88 (d, 2H, J= 9.0 Hz, CH-Aromatic), 8.58 (s, 1H, HC-N); Bc
NMR (75 MHz, DMSO-dg, 6, ppm): 53.3, 68.3, 69.9, 115.0, 121.2, 122.9, 125.5, 128.2, 129.3, 130.0,
131.3, 143.5, 158.8.
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Design and synthesis of double shell hollow spheres of CuAl,O, as a

heterogeneous nanocatalyst for the synthesis of 1,2,3-Triazole
compounds
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Abstract: In this study, hollow structures of CuAl,O4 were prepared by using a simple
hydrothermal method and carbon sphere as a hard template. The double shell hollow
structures of CuAl,O4 were characterized by transmission electron microscopy (TEM),
field emission scanning electron microscopy (FESEM), energy dispersive X-ray (EDS),
and X-ray diffraction (XRD) analysis. The catalytic performance of this hollow
nanostructure was evaluated for the synthesis of 1,2,3-triazole derivatives via the one
pot cycloaddition reaction of benzyl halides, alkyl halides or epoxides with sodium
azide and phenyl acetylene. Various factors such as the effect of solvent and different
amounts of catalyst on the reaction efficiency were discussed. A variety of epoxides and
benzyl or alkyl halides was used to afford the corresponding 1,2,3-triazole derivatives
under the optimal reaction condition (Water/EtOH(1:1), 80 °C, 10 min, 2 mol% of
catalyst). The hollow structures of CuAl,O4 catalyst were readily removed from the
reaction mixture by filtration and reused for five times without significant loss of
catalytic activity.

Keywords: Heterogeneous catalyst, Spinel-type CuAl,Oy, 1,2,3-triazoles
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