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    In this work, copper(II) heterogeneous nanocatalyst supported on modified AlPO4 (Cu(II)-DA@Nano AlPO4) was used for the 
synthesis of some biological active heterocyclic molecules, particularly for the efficient conversion of a wide range of non-activated 
terminal alkynes to β-hydroxy 1,4-disubstituted 1,2,3-triazolethrough a three-component “click” reaction at room temperature in water. The 
regioselective reactions exclusively gave the corresponding 1,4-disubstituted 1,2,3-triazoles in good to excellent yields. The 
Cu(II)-nanocatalyst has high catalytic activity, and was recycled ten successive times. This heterogeneous nanocatalyst not only offers 
substantial improvements in the reaction rates, but also avoids the use of hazardous catalysts, solvents and intermediates. Moreover, the 
reaction can be performed in large scale. 
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INTRODUCTION 
 
      Nitrogen containing rings have always been in the center 
of attention due to their wide range of biological activities. 
One class of these fascinating compounds is the family of 
1,2,3-triazole and its derivatives. These compounds are 
known for their chemical stability against oxidation, 
reduction and hydrolysis so that they have large utilities in 
organic synthesis [1-3] as well as some other applications 
like drug discovery [4-7], anti-HIV therapy [8,9], 
fluorescence chemosensors [10], etc. [11-17]. 

Using of 1,2,3-triazoles asheterogeneous catalysts has 
been tested by incorporating the ring as linker for certain 
metals and producing metal complexes which are attached 
to diverse materials [18]. 

In recent decade, many procedures have been developed 
to synthesize title compounds. The conventional process 
which takes advantage of a cycloaddition reaction, 
necessitates long reaction times and high temperatures, 
besides it produces a mixture  of  1,4- and  1,5-disubstituted  
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triazoles [19-20]. 

One of the most interesting reactions for synthesizing 
this class of compounds is the copper(I)-catalyzed reaction 
[21-44,45] which is reported by Fokin, Sharpless [46,47] 
and Meldal [48]. By using terminal alkynes this procedure 
provides exclusively the desired 1,4-disubstitutedtriazoles. 

Although copper(I)-catalyzed reaction has many 
advantages include wide scope of substrates, regiospecifity 
and high reaction rate, however copper(I) is 
thermodynamically instable and is prone to oxidation [49-
50] and disproportionation [51]. Due to this instability some 
specific conditions like anhydrous solvents, inert 
atmosphere and use of ligands to protect the copper nucleus 
should be present. Generating the copper(I) in situ [52-54] is 
a solution to these drawbacks. This could happen by 
incorporating copper(II) salts and a reducing agent, 
normally sodium ascorbate. It is noted that using copper 
cores with high electron density can accelerate the reaction 
thus using an electron donating ligand is crucial for 
performing this reaction well [55]. 

Because of the reusability and easy production process 
amino-functionalized nano-materials [56-59,60]  have been  
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in great attention in recent decade. In addition, industrial 
developments need investigating on easy process and 
inexpensive catalysts. For this purpose, many chemists have 
taken advantage of amorphous AlPO4 since it has priority 
over other solids like silica or carbon nanotubes due to 
particular properties and high value regarding cost. 
Furthermore, amorphous AlPO4 have been used in covalent 
immobilization of various class of enzymes and different 
ligands [56-59]. 

A reliable and important family of ligands for this 
reaction is the family of anthracyclines [61]. 
Anthraquinones specially 1,4-dihydroxyanthraquinone [62] 
have been proved to have high utility in organic chemistry 
and produce good metal complexes [62-69]. 

In continuation of our previous studies [70-72], here in, 
we provide a one-pot, regioselective, efficient and green 
procedure to synthesize β-hydroxy 1,4-disubstituted 1,2,3-
triazoles by using epoxides, terminal alkynes and sodium 
azide in water under mild conditions in the presence of a 
Cu(II) heterogeneous nanocatalyst supported on modified 
AlPO4 as inexpensive, highly stable easily prepared and 
reusable catalyst. The reactions conducted efficiently to give 
the 1,4-disubstituted 1,2,3-triazole derivatives in excellent 
yields. 
 
EXPERIMENTAL 
 
      NMR spectra were recorded on a BrukerAvance DPX-
250 (1H NMR 250 MHz and 13C NMR 62.9 MHz) 
spectrometer in pure deuterated solvents with 
tetramethylsilane as an internal standard. IR spectra were 
obtained using a Shimadzu FT-IR 8300 spectrophotometer. 
Mass  spectra  were  determined  on a Shimadzu GCMS-QP 

 
 
 
 
 
 
 
 
 
 
 
 
 
1000 EX instruments at 70 or 20 eV. Melting points 
determined in open capillary tubes in a Büchi-535 
circulating oil melting point apparatus. The ICP analysis 
data were obtained using a Varian Vista-pro analyzer. The 
purity determination of the substrates and reaction 
monitoring were accomplished by TLC on silica gel 
PolyGram SILG/UV 254 plates. Column Chromatography 
was carried out on short columns of silica gel 60 (70-230 
mesh) in glass columns (2-3 cm diameter) using 15-30 g of 
silica gel per one gram crude mixture. Chemical materials 
were purchased from Fluka, Aldrich and Merck Companies. 
 
General Procedure for the Synthesis of Alkynes 
Derivatives 
      A mixture of 2-(prop-2-ynyloxy)-9H-thioxanthen-9-one 
[73], prop-2-ynyl 3-chlorobenzoate [54], 2-Prop-2-ynyloxy-
naphthalene [74], 4-(2-propyn-1-yloxy)benzaldehyde, (5.0 
mmol), propargyl bromide (5.5 mmol) and K2CO3 (6.0 
mmol) in adequate concentration in DMF (50 ml) was 
stirred out at room temperature for 24 h and poured into 
ice/water (500 ml). The solution was filtered and the residue 
was dried. The silica gel column chromatography was used 
to purify the crude product. 
 
General Procedure for the Synthesis of 1,2,3-
Triazole Derivatives in the Presence of a Catalytic 
Amount of Cu(II)-DA@NanoAlPO4 
      Epoxide (1.0 mmol), alkyne (1.1 mmol) and sodium 
azide (1.1 mmol) were mixed and stirred in water (1.0 ml) 
in the presence of the suitable catalytic amount Cu(II)-
DA@Nano AlPO4 (2.0 mol%) at 25 °C. After the 
completion of the reaction as screened by TLC, the solvent 
was evaporated and the final product  was  extracted  using  

 
Scheme 1. Conventional procedure for production of the triazole (a) and copper(I)-catalyzed cycloaddition (b) 
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EtOAc (3 × 10 ml), then the combined organic layer was 
washed out by saturated brine and dried over anhydrous 
Na2SO4. Removal of the solvent to give the crude product, 
followed by purification on silica gel resulted in the pure β-
hydroxy 1,4-disubstituted 1,2,3-triazole derivatives. 
 
Spectral Data for Respective Compounds 
      2-Phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)ethanol 
(3a). Colorless solid; m.p.: 125-127 °C (Lit. [55]:125.5-
126.5 °C ); IR (KBr): ν = 540 (m), 625 (w), 694 (s), 760 (s), 
918 (m), 980 (w), 1072 (s), 1218 (s), 1357 (m), 1458 (s), 
1604 (m), 1882 (w), 1952 (w), 2854 (s), 2924 (s), 3078 (m), 
3356 (br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 3.93 (s, 
1H), 4.09-4.15 (m, 1H), 4.49-4.59 (m, 1H), 5.60 (dd, 1H,   
J1 = 8.2, J2 = 3.7 Hz), 7.17-7.26 (m, 8H), 7.62-7.69 (m, 3H) 
ppm. MS: m/z (%) = 267 (M++2, 0.2), 266 (M++1, 2.89), 
265 (M+, 6.9), 218 (3.7), 206 (43.1), 178 (9.5), 116 (100.0) 
base peak, 77 (40). 
      2-[4-(Hydroxymethyl)-1H-1,2,3-triazol-1-yl]-1-
phenylethanol (3b). Colourless solid; m.p.: 110-111 °C. 
(Lit. [55]: 110-111 °C); IR (KBr): ν = 702 (s), 795 (m), 849 
(m), 1011 (s), 1084 (s), 1119 (s), 1234 (m), 1454 (s), 2893 
(w), 2932 (w), 3167 (s), 3340 (br) cm-1. 1H NMR (CDCl3, 
250 MHz): δ = 4.03 (dd, 1H, J1 = 12.3, J2 = 3.6 Hz), 4.33-
4.46 (m, 3 H), 4.52 (s, 2 H), 5.58 (dd, 1H, J1 = 8.8, J2 = 3.8 
Hz), 7.13-7.30 (m, 5 H), 7.52 (s, 1H). 13C NMR (CDCl3, 
62.9 MHz): δ = 53.1, 64.5, 67.1, 122.9, 125.9, 127.1, 128.9, 
136.0, 147.3. 
      1-Phenoxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl)propan-
2-ol (3c). Colorless solid; m.p.: 124-126 °C (Lit. [55]: 125-
126 °C). IR (KBr): ν = 694 (s), 756 (s), 879 (m), 1041 (s), 
1080 (s)1118 (s), 1242 (s), 1466 (m), 1497 (m), 1597 (s), 
2916 (w), 3086 (w), 3425 (br) cm-1. 1H NMR (CDCl3, 250 
MHz): δ = 3.05 (s, 1H), 3.99-4.09 (m, 2H), 4.53-4.61 (m, 
2H), 4.71-4.76 (m, 1H), 6.90-7.02 (m, 3H), 7.26-7.43 (m, 
5H), 7.74–7.78 (m, 2H), 7.88 (s, 1H). MS: m/z (%) = 297 
(M++2, 1.6), 296 (M++1, 4.4), 295 (M+, 7.1), 279 (7.3), 243 
(3.7), 222 (5.1), 202 (9.0), 167 (22.1), 149 (62.5), 117 
(35.7), 94 (24.2), 77 (51.8), 57 (100.0). 
      1-(4-Phenyl-1H-1,2,3-triazol-1-yl)butan-2-ol (3d). 
White solid; m.p.: 120-122 °C. IR (KBr): ν = 509 (m), 694 
(s), 825 (s), 856 (m), 918 (m), 980 (s), 1080 (s), 1134 (s) 
1226 (s) 1427 (m), 1458 (m), 2924 (m), 3140 (w), 3248 (br) 
cm-1.  1H NMR  (CDCl3, 250 MHz): δ = 0.97  (t, 3H, J = 7.5  

 
 
Hz), 1.44-1.56 (m, 2H), 3.60 (s, 1H), 3.94-4.04 (m, 1H), 
4.08-4.18 (m, 1H), 4.36-4.42 (m, 1H), 7.19-7.30 (m, 3H), 
7.57-7.60 (m, 2H), 7.73 (d, 1H, J = 2.5 Hz) ppm. 13C NMR 
(CDCl3, 62.9 MHz): δ = 9.8, 27.4, 59.0, 71.6, 121.2, 125.5, 
128.0, 128.6, 130.1, 144.5 ppm. 
      2-(4-Phenyl-1H-1,2,3-triazol-1-yl)cyclohexanol (3e). 
Colorless solid; m.p.: 178-180 °C. (Lit. [55]: 179-180 °C). 
IR (KBr): ν = 694 (s), 764 (s), 841 (w), 918 (w), 966 (m), 
1049 (s), 1080 (s), 1234 (s), 1358 (w), 1443 (s), 2854 (m), 
2932 (s), 3117 (w), 3302 (br). 1H NMR (CDCl3): δ = 1.40-
1.54 (m, 3H); 1.86-2.25 (m, 5H), 3.75 (s, 1H); 4.07-4.16 (m, 
2H), 7.28-7.37 (m, 3H); 7.61-7.65 (m, 2 H); 7.72 (s, 1H). 
MS: m/z (%) = 245 (M++2, 0.3), 244 (M++1, 2.6), 243 (M+, 
6.7), 215 (1.5), 203 (2.6), 174 (1.7), 158 (3.7), 117 (100.0) 
base peak, 81 (55.7), 55 (23.5). 
      1-(Allyloxy)-3-(4-phenyl-1H-1,2,3-triazol-1-yl) 
propan-2-ol (3f). Colourless solid; m.p.: 70-72 °C. (Lit. 
[55[: 71.5-72 °C); IR (KBr): ν = 698 (m), 721 (m), 860 (m), 
957 (m), 1076 (s), 1165 (s), 1358 (w), 1458 (w), 2970 (m), 
3128 (m), 3356 (br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 
3.19 (d, 2H, J = 5.0 Hz), 3.70 (d, 2H, J = 5.4 Hz), 3.96-4.11 
(m, 2H), 4.27 (dd, 1H, J1 = 13.2, J2 = 2.6 Hz), 4.51 (s, 1H), 
4.93 (dd, 1H, J1 = 17.2, J2 = 10.3 Hz), 4.99-5.01 (m, 1H), 
5.53-5.64 (m, 1H), 6.94-7.06 (m, 3H), 7.36 (dd, 2H, J1 = 
8.2, J2 = 1.7 Hz), 7.58 (s, 1H). 13C NMR (CDCl3, 62.9 
MHz): δ = 53.5, 68.9, 71.3, 72.3, 117.4, 121.0, 125.4, 128.0, 
128.7, 129.7, 134.2, 147.0. MS: m/z (%) = 260 (M++1, 5.4), 
259 (M+, 10.5), 230 (4.8), 203 (11.1), 158 (14.9), 132 
(16.0), 116 (100.0) base peak, 93 (4.2), 77 (46.2), 57 (37.7). 
      1-(4-Phenyl-1H-1,2,3-triazol-1-yl)propan-2-ol (3g). 
Light brown solid; m.p.: 114-116 °C. IR (KBr): ν = 509.2 
(m), 694 (s), 764 (s), 818 (m), 941 (w), 980 (m), 1080 (s), 
1134 (s), 1227 (s), 1373 (m), 1435 (s), 1458 (s), 1612 (w), 
2924 (w), 3140 (w), 3210 (br) cm-1. 1H NMR (CDCl3, 250 
MHz): δ = 1.30 (d, 3H, J = 4.5 Hz), 4.17-4.46 (m, 4H), 
7.28-7.36 (m, 3H), 7.63 (d, 2H, J = 5), 7.79 (s, 1H) ppm. 13C 
NMR (CDCl3, 62.9 MHz): δ = 20.4, 57.4, 66.2, 121.3, 
125.4, 128.0, 128.7, 130.1, 147.0 ppm. 
      1,1,1-Trifluoro-3-(4-phenyl-1H-1,2,3-triazol-1-yl) 
propan-2-ol (3h). Colorless crystal; m.p.: 131-133 °C. IR 
(KBr): ν = 540 (m), 625 (w), 694 (s), 764 (s), 856 (m), 918 
(w), 980 (w), 1072 (s), 1227 (s), 1358 (m), 1805 (w), 1882 
(w), 1995 (w), 2878 (w), 2939 (m), 3132 (w), 3325 (br)   
cm-1.  1H NMR (DMSO-d6,  250 MHz):  δ  =  4.48-4.55  (m,  
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2H), 4.67-4.75 (m, 1H), 6.90 (d, 1H, J = 5 Hz), 7.27-7.35 
(m, 1H), 7.39-7.45 (m, 2H), 7.81-7.86 (m, 2H), 8.60 (m, 
1H) ppm. 13C NMR (DMSO-d6, 62.9 MHz): δ = 49.5, 67.1, 
67.5, 68.0, 68.5, 79.1, 122.3, 122.5, 125.0, 125.6, 126.8, 
127.8, 128.9, 129.3, 130.5, 146.2 ppm. 
      1-Butoxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl)propan-2-
ol (3i). Yellow solid; m.p.: 66-68 °C. IR (KBr): ν = 517 (s), 
694 (s), 764 (s), 918 (m), 980 (s), 1119 (s), 1219 (s), 1365 
(s), 1465 (s), 1581 (w), 1612 (s), 1805 (w), 1882 (m), 1951 
(m), 2870 (s), 2955 (s), 3148 (w), 3379 (br) cm-1. 1H NMR 
(CDCl3, 250 MHz): δ = 0.88 (t, 3H, J = 7.5 Hz), 1.25-1.40 
(m, 2H), 1.47-1.58 (m, 2H), 3.40-3.49 (m, 4H), 4.19-4.38 
(m, 3H), 4.54 (dd, 1H, J1 = 13.5, J2 = 3.2 Hz), 7.25-7.34 (m, 
3H), 7.63-7.67 (m, 2H), 7.83 (s, 1H) ppm. 13C NMR 
(CDCl3, 62.9 MHz): δ = 13.9, 19.2, 31.6, 53.5, 69.0, 71.4, 
71.8, 121.4, 125.5, 128.0, 128.7, 130.2, 147.2 ppm. 
      1-Isopropoxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl) 
propan-2-ol (3j). Colorless powder; m.p.: 77-79 °C. IR 
(KBr): ν = 517 (m), 649 (s), 764 (s), 926 (m), 972 (m), 1080 
(s), 1127 (s), 1219 (s), 1335 (w), 1373 (s), 1466 (s), 1612 
(m), 1890 (w), 1952 (w), 2862 (w), 2924 (s), 2978 (s), 3356 
(br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 1.06 (d, 6H, J = 
6.0 Hz), 3.33-3.39 (m, 2H), 3.47-3.52 (m, 1H), 3.99 (s, 1H), 
4.13 (s, 1H), 4.25-4.33 (m, 1H), 4.44-4.51 (m, 1H), 7.19-
7.28 (m, 3H), 7.60-7.63 (m, 2H), 7.78 (s, 1H) ppm.          
13C NMR (CDCl3, 62.9 MHz): δ = 22.0, 53.4, 69.1, 69.2, 
72.4, 121.3, 125.5, 128.0, 128.7, 130.3, 147.3 ppm. 
      2-((1-(2-Hydroxy-3-phenoxypropyl)-1H-1,2,3-triazol-
4-yl)methoxy)-9H-thioxanthen-9-one (3k). Yellow solid; 
m.p.: 144-146 °C. IR (KBr): ν = 555 (w), 633 (w), 694 (m), 
748 (s), 719 (m), 872 (m), 1041 (s), 1119 (s), 1219 (s), 1296 
(m), 1342 (s), 1466 (s), 1597 (s), 1628 (s), 2854 (w), 2924 
(s), 3148 (w), 3410 (br) cm-1. 1H NMR (CDCl3, 250 MHz): 
δ = 3.37 (s, 1H), 3.96-3.99 (m, 2H), 4.48-4.95 (m, 2H), 
4.70-4.75 (m, 1H), 5.26 (s, 2H), 6.84-6.97 (m, 3H), 7.25-
7.57 (m, 7H), 7.88 (s, 1H), 8.09 (s, 1H), 8.55 (d, 1H, J = 7.5 
Hz) ppm. 13C NMR (CDCl3, 62.9 MHz): δ = 53.1, 62.0, 
68.7, 68.9, 11.8, 114.4, 121.5, 122.9, 126.0, 126.1, 127.4, 
128.4, 129.6, 129.7, 129.8, 130.5, 132.1, 133.8, 137.5, 
137.7, 156.8, 158.0, 179.6 ppm. 
      2-((1-(2-Hydroxypropyl)-1H-1,2,3-triazol-4-yl) 
methoxy)-9H-thioxanthen-9-one (3l). Yellow solid; m.p.: 
172-174 °C. IR (KBr): ν = 555 (w), 633 (w), 741 (s), 810 
(m), 864 (m), 1018 (w), 1057 (m), 1126 (m), 1219 (s),  1288  

 
 
(m), 1342 (s), 1435 (s), 1589 (s), 1628 (s), 2924 (w), 3155 
(w), 3279 (s) cm-1. 1H NMR (DMSO-d6, 250 MHz): δ = 
1.05 (d, 3H, J = 5.0 Hz), 3.95-4.02 (m, 1H), 4.18-4.38 (m, 
2H), 5.06 (d, 1H, J = 5 Hz,), 5.26 (s, 2H), 7.43-7.55 (m, 
2H), 7.70-7.73 (m, 3 H), 8.02 (s, 1H), 8.17 (s, 1H), 8.42 (d, 
1H, J = 10 Hz) ppm. 13C NMR (DMSO-d6, 62.9 MHz): δ = 
20.7, 56.4, 61.4, 65.1, 111.6, 122.6, 125.3, 126.4, 126.4, 
126.6, 128.0, 128.4, 129.0, 129.3, 132.6, 136.6, 141.8, 
156.8, 178.3 ppm. 
      2-((1-(3-Butoxy-2-hydroxypropyl)-1H-1,2,3-triazol-4-
yl)methoxy)-9H-thioxanthen-9-one (3m). Yellow solid; 
m.p.: 102-104 °C. IR (KBr): ν = 748 (m), 818 (w), 872 (m), 
1011 (w), 1119 (s), 1219 (s), 1342 (m), 1435 (w), 1466 (m), 
1597 (s), 1628 (s), 2870 (w), 2939 (m), 3155 (w), 3418 (br) 
cm-1. 1H NMR (CDCl3, 250 MHz): δ = 0.89 (t, 3H, J = 7.5 
Hz), 1.26-1.40 (m, 2H), 1.47-1.58 (m, 2H), 3.03(s, 1H), 
3.32-3.50 (m, 4H), 4.16-4.24 (m, 1H), 4.37-4.46 (m, 1H), 
4.54-4.61 (m, 1H), 5.30 (s, 2H), 7.25-7.31 (m, 1H), 7.42-
7.49 (m, 2H), 7.53-7.62 (m, 2H), 7.85 (s, 1H), 8.13 (d, 1H, J 
= 2.5 Hz), 8.13 (d, 1H, J = 7.5 Hz) ppm. 13C NMR (CDCl3, 
62.9 MHz): δ = 13.8, 19.2, 31.5, 53.0, 62.1, 69.2, 71.5, 11.8, 
115.5, 122.9, 126.0, 126.1, 127.4, 128.5, 129.7, 129.8, 
130.1, 132.1, 137.4, 142.9, 156.9, 179.5 ppm. 
      2-((1-(2-Hydroxycyclohexyl)-1H-1,2,3-triazol-4-yl) 
methoxy)-9H-thioxanthen-9-one (3n). Yellow solid; m.p.: 
164-166 °C. IR (KBr): ν = 748 (s), 818 (w), 872 (m), 964 
(w), 1080 (s), 1126 (m), 1296 (w), 1342 (s), 1466 (s), 1597 
(s), 1628 (s), 2862 (w), 2939 (s), 3418 (br) cm-1. 1H NMR 
(DMSO-d6, 250 MHz): δ = 1.32 (s, 3H), 1.68-1.95 (m, 5H), 
3.74 (s, 1H), 4.16-4.26 (m, 1H), 4.93 (s, 1H), 5.24 (s, 2H), 
7.41-7.53 (m, 2H), 7.65-7.69 (m, 3H), 8.02 (s, 1H), 8.21(s, 
1H), 8.40 (d, 1H, J = 7.5 Hz)  ppm. 13C NMR (DMSO-d6, 
62.9 MHz): δ = 23.7, 24.4, 31.9, 34.8, 61.5, 65.8, 71.2, 
111.5, 122.6, 123.9, 126.4, 126.5, 127.6, 128.0, 128.4, 
129.0, 129.3, 132.6, 136.6, 141.4, 156.9, 178.3 ppm. 
      2-((1-(2-Hydroxy-3-isopropoxypropyl)-1H-1,2,3-tri-
azol-4 yl)methoxy)-9H-thioxanthen-9-one (3o). Yellow 
solid; m.p.: 127-129 °C. IR (KBr): ν = 486 (s), 555 (s), 633 
(s), 663 (s), 748 (s), 818 (s), 872 (s), 938 (w), 1011 (s), 1080 
(m), 1126 (s), 1288 (s), 1342 (s), 1404 (m), 1473 (s), 1589 
(s), 1635 (s), 2361 (w), 2438 (w), 2870 (w), 2932 (m), 2970 
(s), 3063 (w), 3155 (m), 3333 (br) cm-1. 1H NMR (CDCl3, 
250 MHz): δ = 1.10 (d, 6H, J = 7.5 Hz), 3.28-3.33 (m, 2H), 
3.44-3.54 (m, 2H), 4.16 (s, 1H),  4.36-4.58 (m, 2H),  5.26 (s,  
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2H), 7.24-7.52 (m, 5H), 7.84 (s, 1H), 8.09 (s, 1H), 8.55 (d, 
1H, J = 7.5 Hz) ppm. 13C NMR (CDCl3, 62.9 MHz): δ = 
21.9, 53.2, 62.0, 68.9, 69.3, 72.4, 111.6, 122.7, 124.7, 125.9, 
126.0, 127.3, 127.3, 128.3, 129.5, 129.7, 129.9, 132.0, 
133.1, 137.3, 156.8, 179.3 ppm. 
      2-((1-(3,3,3-Trifluoro-2-hydroxypropyl)-1H-1,2,3-tri-
azol-4-yl)methoxy)-9H-thioxanthen-9-one (3p). Yellow 
solid; m.p.: 120-122 °C. IR (KBr): ν = 555 (w), 741 (s), 810 
(m), 864 (m), 1018 (m), 1057 (w), 1142 (s), 1219 (m), 1272 
(s), 1342 (s), 1444 (w), 1466 (m), 1589 (s), 1620 (m), 1705 
(w), 2762 (w), 2924 (w), 3155 (br) cm-1. 1H NMR (DMSO-
d6, 250 MHz): δ = 4.51-4.58 (m, 2H), 4.65-4.75 (m, 1H), 
5.29 (s, 2H), 6.85 (d, 1H, J =  5.0 Hz), 7.43-7.57 (m, 2H), 
7.60-7.80 (m, 3H), 8.03-8.04 (m, 1H), 8.29 (d, 1H, J = 2.5 
Hz), 8.43 (d, 1H, J = 7.5 Hz) ppm. 13C NMR (DMSO-d6, 
62.9 MHz): δ = 54.5, 66.5, 72.3, 72.7, 73.2, 73.6, 1116.8, 
127.9, 131.1, 131.7, 131.7, 132.9, 133.3, 133.8, 134.3, 
134.6, 137.9, 141.9, 147.4, 162.0, 183.6 ppm. 
      2-((1-(2-Hydroxybutyl)-1H-1,2,3-triazol-4-yl) 
methoxy)-9H-thioxanthen-9-one (3q). Yellow solid; m.p.: 
150-152 °C. IR (KBr): ν = 748 (s), 719 (m), 864 (m), 1011 
(s), 1119 (s), 1219 (s), 1288 (m), 1342 (s), 1412 (m), 1466 
(s), 1597 (s), 1628 (s), 2878 (w), 2932 (m), 2932 (m), 3148 
(w), 3410 (br) cm-1. 1H NMR (DMSO-d6, 250 MHz):  δ = 
0.87 (t, 3H, J = 7.5 Hz), 1.19-1.46 (m, 2H), 3.72 (s, 1H), 
4.19-4.27 (m, 1H), 4.34-4.41 (m, 1H), 5.03 (d, 1H, J = 7.5 
Hz), 5.26 (s, 2H), 7.41-7.55 (m, 2H), 7.66-7.76 (m, 3H), 
8.01 (d, 1H, J = 5.0 Hz), 8.16 (s, 1H), 8.41 (d, 1H, J = 7.5 
Hz) ppm. 13C NMR (DMSO-d6, 62.9 MHz): δ = 9.6, 27.9, 
55.0, 61.4, 70.2, 111.6, 122.6, 125.4, 126.3, 126.4, 127.6, 
127.9, 128.4, 129.0, 129.3, 132.6, 136.6, 141.8, 156.8, 178.2 
ppm. 
      1-(4-((Naphthalen-6-yloxy)methyl)-1H-1,2,3-triazol-
1-yl)-3-phenoxypropan-2-ol (3r). White crystal; m.p.: 138-
140 °C. IR (KBr): ν = 648 (w), 687 (s), 748 (s), 841 (s), 
1003 (m), 1041 (m), 1180 (m), 1211 (m), 1365 (w), 1427 
(m), 1589 (m), 1628 (w), 1929 (w), 2878 (w), 2924 (w), 
3171 (br) cm-1. 1H NMR (DMSO-d6, 250 MHz): δ = 3.94 (d, 
2H, J = 5.0 Hz), 4.25 (s, 1H), 4.43-4.52 (m, 1H), 4.59-4.66 
(m, 1H), 5.26 (s, 2H), 5.63 (d, 1H, J = 5.0 Hz), 6.90-6.95 
(m, 3H), 7.17-7.36 (m, 4H), 7.42-7.51 (m, 2H), 7.81 (d, 3H, 
J = 7.5 Hz), 8.26 (s, 1H) ppm. 13C NMR (DMSO-d6, 62.9 
MHz): δ = 52.6, 61.1, 67.8, 69.3, 107.1, 114.4, 118.6, 120.7, 
123.6,  125.7,   126.4,  126.7,  127.5,  128.5,   129.3,  129.5,  

 
 
134.1, 142.2, 155.9, 158.3 ppm. 
      1-(4-((Naphthalen-6-yloxy)methyl)-1H-1,2,3-triazol-
1-yl)propan-2-ol (3s). Brown solid; m.p.: 100-102 °C. IR 
(KBr): ν = 471 (s), 625 (m), 663 (m ), 756 (s), 841 (s), 949 
(s), 1011 (s), 1057 (m), 1126 (s), 1180 (s), 1219 (s), 1257 
(s), 1389 (s), 1466 (s), 1512 (s), 1597 (s), 1628 (s), 1913 
(w), 2878 (w), 2939 (w), 2978 (m), 3056 (m)3148 (m), 3371 
(br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 1.04 (d, 3H, J = 
5.0 Hz), 4.05-4.21 (m, 3H), 5.03 (s, 3H), 6.96-7.30 (m, 4H), 
7.52-7.60 (m, 4H) ppm. 13C NMR (CDCl3, 62.9 MHz): δ = 
20.5, 57.3, 61.7, 66.4, 107.1, 118.7, 123.9, 124.5, 126.5, 
126.9, 127.6, 129.1, 129.6, 134.4, 156.0 ppm. 
      1-Butoxy-3-(4-((naphthalen-6-yloxy)methyl)-1H-1,2, 
3-triazol-1-yl)propan-2-ol (3t). Brown solid; m.p.: 58-60 
°C. IR (KBr): ν = 470 (s), 625 (w), 663 (m), 740 (s), 841 (s), 
918 (w), 957 (m), 1011 (s), 1057 (s), 1119 (s), 1180 (s), 
1219 (s), 1257 (s), 1389 (s), 1466 (s), 1512 (s), 1570 (s), 
1628 (s), 1913 (w), 2870 (s), 2932 (s), 3009 (m), 3055 (w), 
3155 (w), 3371 (br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 
0.76 (t, 3H, J = 7.5 Hz), 1.15-1.23 (m, 2H), 1.35-1.40 (m, 
2H), 3.25 (s, 4H), 4.05-4.40 (m, 4H), 5.09 (s, 2H), 7.00-7.31 
(m, 4H), 7.58-7.65 (m, 4H) ppm. 13C NMR (CDCl3, 62.9 
MHz): δ = 13.9, 19.2, 31.5, 53.3, 61.8, 69.0, 69.0, 71.4, 
71.6, 107.2, 118.7, 123.9, 124.6, 124.7, 126.5, 126.9, 127.6, 
129.1, 129.5, 134.4, 156.1 ppm. 
      1-(3-Chlorophenyl)-2-(1-(2-hydroxy-3-phenoxy-
propyl)-1H-1,2,3-triazol-4-yl)ethanone (3u). White solid; 
m.p.: 121-123 °C, IR (KBr): ν = 694.3 (s), 748 (s), 818 (m), 
895 (m), 995 (w), 1080 (s), 1126 (s), 1250 (s), 1389 (w), 
1427 (w), 1466 (w), 1497 (s), 1597 (s), 1720 (s), 2932 (m), 
3070 (w), 3472 (br) cm-1. 1H NMR (CDCl3, 250 MHz): δ = 
3.08 (s, 1H), 4.03-4.37 (m, 5H), 4.53 (s, 2H), 6.90-6.96 (m, 
4 H), 7.25-7.35 (m, 3H), 7.50-7.53 (m, 1H), 7.91 (d, 1H, J = 
7.5 Hz), 8.01 (s, 1H) ppm. 13C NMR (CDCl3, 62.9 MHz): δ 
= 61.8, 66.2, 68.5, 68.7, 114.5, 114.7, 121.4, 127.9, 129.6, 
129.7, 129.78, 131.4, 133.3, 134.6, 158.3, 165.5, 202.5 ppm. 
      4-((1-(2-Hydroxy-3-phenoxypropyl)-1H-1,2,3-triazol-
4-yl)methoxy)benzaldehyde (3v). Light brown; m.p.: 114-
116 °C. IR (KBr): ν = 509 (m), 609 (m), 694 (s), 756 (s), 
833 (s), 1003 (m), 1049 (s), 1111 (w), 1165 (s), 1250 (s), 
1304 (s), 1389 (m), 1427 (m), 1466 (m), 1497 (s), 1597 (s), 
1689 (s), 2746  (w), 2878 (w), 2932 (s), 3148 (w), 3364 (br) 
cm-1.  1H NMR  (CDCl3,  250 MHz): δ = 3.94-4.20 (m, 3H),  
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4.46-4.52 (m, 2H), 4.65-4.70 (m, 1H), 5.17 (s, 2H), 6.82-
7.02 (m, 5H), 7.20-7.23 (m, 2H), 7.73-7.81 (m, 3H), 9.78 (s, 
1H) ppm. 13C NMR (CDCl3, 62.9 MHz): δ = 53.1, 61.90, 
68.7, 68.7, 114.4, 115.0, 121.8, 124.8, 129.6, 130.2, 132.0, 
142.9, 158.0, 136.1, 190.9 ppm. 
      2-(4-Butyl-1H-1,2,3-triazol-1-yl)-1-phenylethanol 
(3w). Oily compound; [54] IR (KBr): ν = 702 (s), 756 (m), 
1072 (m), 1229 (m), 1454 (s), 1551 (w), 2932 (m), 3093 
(m), 3302 (br) cm-1; 1H NMR (CDCl3, 250 MHz): δ = 0.89 
(t, 3H, J = 7.3 Hz), 1.24-1.41 (m, 2 H), 1.53-1.65 (m, 2 H), 
2.65 (t, 2H, J = 7.5 Hz), 3.73 (s, 1 H), 4.15 (dd, 1H, J1 = 
12.3, J2 = 3.9 Hz), 4.53 (dd, 1H, J1 = 12.3, J2 = 8.4 Hz), 5.60 
(dd, 1H, J1 = 8.2, J2 = 3.8 Hz), 7.18-7.37 (m, 6H). 
 
RESULTS AND DISCUSSION 
 
      Scheme 2 shows the synthetic procedure of nanocatalyst 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
which consists of five steps [75]. At first, amino-
functionalized AlPO4 (2) was synthesized [59] using 
microwave anchoring of ethylenediamine to the AlPO4 
support. Also, using reaction of 1,4-dihydroxy-
anthraquinone and ethyl 2-bromoacetate, (4-hydroxy-9,10-
dioxo-9,10-dihydro-anthracen-1-yloxy)-acetic acid ethyl 
ester (3) was synthesized. Then, ligand 3 was attached to 
AlPO4. Finally, by the reaction of supported ligand 3 and 
Cu(OAc)2, AlPO4 supported Cu(II) complex of 1,4-
dihydroxyanthraquinone was prepared and nanocatalyst was 
characterized by various characterization techniques [70]. 

The optimization of Sharpless reaction between 2-
phenyl-oxirane, NaN3, and ethynyl-benzene under different 
conditions was investigated. According to Table 1, different 
solvents, temperatures and catalyst loadings were tested. 

Initially, the effect of various solvents was checked and 
it    was    observed    that    the    reaction   had   no   or  less  
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Scheme 2. Traditional method for covalent attachment of Cu(II) complex of 1,4-dihydroxyanthraquinone on  

               amino-functionalized amorphous AlPO4 
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improvement in the presence of ethanol, DMSO, toluene, 
DMF, 1,4-dioxane, acetonitrile, a mixture of ethanol/water 
(1:1) and even in solvent free conditions. However, the best 
result obtained in the presence of water (Table 1, entries 1-
9) 

Second, different catalyst loadings were examined and it 
was obtained that the optimal amount of Cu(II) catalyst is 2 
mol %. By using higher amounts of catalyst no 
improvements observed and using lower levels of catalyst 
loading decreased the reaction yield (Table 1, entries 1, 12, 
and 13). 

In the next step, the effect of various temperatures  was  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

investigated and according to the obtained data, the best 
result was in room temperature. Higher temperatures did not 
have any positive effect on the reaction yield and time 
(Table 1, entries 10 and 11). 

To investigate the scope of reaction, various class of 
alkynes and epoxides were used in the optimized reaction 
conditions and their corresponding triazoles were obtained 
in excellent yields. Both activated and non-activated alkynes 
carried out the reaction with good to excellent yields. 

2-Hydroxy-thioxanthen-9-one was used in this reaction 
because  it  shows  interesting  bio  activities  and  has many  

        Table 1. Comparison of Different Solvents for the Synthesis of 3a 

 

Entry Conditions 
Time  

(h) 

Yield  

(%)a 

1 Cu(II)-DA@NanoAlPO4 (2 mol%), H2O, r.t. 3 96 

2 Cu(II)-DA@Nano AlPO4 (2 mol%), ethanol, r.t. 4.3 55 

3 Cu(II)-DA@Nano AlPO4 (2 mol%), DMSO, r.t. 6 5 

4 Cu(II)-DA@Nano AlPO4 (2 mo l%), DMF, r.t. 8 10 

5 Cu(II)-DA@Nano AlPO4 (2 mol%), toluene, r.t. 8 3 

6 Cu(II)-DA@Nano AlPO4 (2 mol%), 1,4-dioxane, r.t. 8 7 

7 Cu(II)-DA@Nano AlPO4 (2 mol%), acetonitrile, r.t. 8 36 

8 Cu(II)-DA@Nano AlPO4 (2 mol%), ethanol/water (1:1), r.t. 5 92 

9 Cu(II)-DA@Nano AlPO4 (2 mol%), neat, r.t. 8 0 

10 Cu(II)-DA@Nano AlPO4 (2 mol%), H2O, 50 °C 2.3 96 

11 Cu(II)-DA@Nano AlPO4 (2 mol%), H2O, reflux 1.0 96 

12 Cu(II)-DA@Nano AlPO4 (5 mol%), H2O, r.t. 3 97 

13 Cu(II)-DA@Nano AlPO4 (1 mol%), H2O, r.t. 5 78 
             aIsolated yield of product. 
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  Table 2. The One-pot Three-component Synthesis of 1,4-Disubstituted 1,2,3-Triazoles in the Presence of the Cu(II)  
         Catalyst in Watera 
 

Entry Alkyne Epoxide Product 
T 

 (h) 

Yield  

(%)b 
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   Table 3. Continued 
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 Table 4. Continued 
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applications in medicinal chemistry. It was produced 
according to the literature [76]. Next, it was propargylated 
and converted to the triazole products. 2-Prop-2-ynyloxy-
naphthalene and 3-chloro-benzoic acid ethynyl ester can 
also carry out the cyclization reaction with azide compounds  
and  provide desired  products.  Because   of diverse utilities 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of formyl group in organic chemistry we focused to 
synthesis triazole bearing aldehyde group.  

It should be noted that by using internal alkynes no 
product was observed and the starting materials remained 
intact. 

Table 5. Continued 
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aReagents and conditions: organic epoxide (1.0 mmol), alkyne (1.1 mmol), sodium azide (1.1 mmol), 
Cu(II)-DA@Nano AlPO4 (2 mol%), water (1.0 ml), room temperature. bIsolated yield. cThe reaction was performed  
on a 10.0 mmol scale. 
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As it is shown in Table 2, it was fascinating to see a wide 

spectrum of epoxides successfully reacted with various 
alkynes and produce the related triazole in high yields. 

Furthermore, we examined the large scale synthesis of 2-
phenyl-2-(4-phenyl-[1,2,3]triazol-1-yl)-ethanol (3a) from 2-
phenyl-oxirane (10 mmol) and ethynyl-benzene (10 mmol) 
in the present of 2 mol % catalyst in water at room 
temperature (Table 2). 

Moreover, the reusability of catalyst was examined 
through the cycloaddition of phenylacetylene, 2-phenyl-
oxirane and sodium azide. After the first run the catalyst 
was recovered by centrifugation and was washed with water 
and ethyl acetate. Then it was dried under air and reused in a 
subsequent reaction. As it is depicted in Fig. 1, this 
heterogeneous catalyst can be easily removed from the 
reaction mixture and reused several times with minimal 
decrease in catalytic activity. The activity of Cu(II)-
DA@Nano AlPO4 in the synthesis of 1,2,3-triazole 
derivatives even after 10 runs is still significant. 

Next the leaching phenomenon was checked. For this 
purpose, the catalyst was stirred in H2O at room temperature 
for 10 h. Then it was separated from the mixture and the 
mixture was used in the formation of β-hydroxy 1,4-
disubstituted 1,2,3-triazole under the optimized reaction 
conditions. It was observed that in this situation no product 
obtained even after 24 h. 

All in all, we have provided an efficient and recyclable 
heterogeneous nano catalyst for the Huisgen 1,3-dipolar 
cycloaddition reaction and synthesis of various 1,2,3-
triazoles. Using a simple filtration, the catalyst can be easily 
removed  from  the  mixture  and  reused  in  10  subsequent  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

reactions without significant loss of activity. By this reliable 
process a vast variety of triazoles can be synthesized 
through the reaction of different epoxides and activated or 
non-activated alkynes in green conditions. The present 
reaction provides significant improvement in reaction rate 
and yield along with avoidance of using any hazardous 
organic solvents and materials. Furthermore, this procedure 
can be used for the large scale formation of 1,2,3-triazoles 
also it has other advantages like easy isolation of products, 
excellent yields, green process and using a low cost catalyst. 
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