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A new Cu3Al-layered double hydroxide heterogeneous catalyst for azide-alkyne [3+2] cycloaddition reaction in water
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1-benzyl-4-phenyl-1H-1,2,3-triazole (3a)
[image: ]
White solid. Yield: 89%. M.P.: 130–132 °C. 1H NMR (400 MHz, CDCl3, δ ppm): 5.60 (s, 2H, CH2); 7.28–7.44 (m, 8H, CHar); 7.68 (s, 1H, CHtriazole); 7.81–7.83 (d, 2H, CHar). 13C NMR (100 MHz, CDCl3, δ ppm): 54.4 (CH2); 119.5 (CHar); 125.9 (3CHar); 127.8 (2CHar); 128.2 (2CHar); 129.2 (CHtriazole); 131.5 (Car); 135.0 (Car); 148.3 (CTriazole). HRMS (FAB+) m/z: Calcd. for C15H14N3: 236.1188; Found: 236.1177.

1-benzyl-4-p-tolyl-1H-1,2,3-triazole (3b)
[image: ]
White solid. Yield: 70%. M.P.: 152–154 °C. 1H NMR (400 MHz, CDCl3, δ ppm): 2.38 (s, 3H, CH3); 5.56 (s, 2H, CH2); 7.213–7.401(m, 7H, CHar); 7.52 (s, 1H, CHtriazole); 7.58 (d, 2H, CHar). 13C NMR (100 MHz, CDCl3, δ ppm): 21.3 (CH3) 54.2 (CH2); 119.2 (CHar); 125.6 (2CHar); 127.7 (2CHar); 128.0 (2CHar); 128.7 (2CHar); 129.1 (Car); 129.5 (CHtriazole); 134.8 (Car); 138.0 (Car); 148.0 (Ctriazole). HRMS (FAB+) m/z: Calcd. for C15H14N3: 250.1344; Found: 250.1327.

Ethyl 1-benzyl-1H-1,2,3-triazole-4-carboxylate (3c)
[image: ]
White solid. Yield: 86%. M.P.: 83-85°C. 1H NMR (400 MHz, CDCl3, δ ppm): 1.35-1.40 (t, 3H, CH3); 4.35-4.42 (q, 4H, OCH2); 5.57 (s, 2H, CH2); 7.26-7.29 (m, 3H, CHar); 7.37-7.4 (m, 3H, CHar); 7.96 (s, 1H, CHtriazole). 13C NMR (100 MHz, CDCl3, δ ppm): 14.4 (CH3); 54.6 (CH2); 61.4 (CH2); 127.4 (CHar); 128.4 (2CHar); 129.3 (CHar); 129.4 (CHar); 133.8 (CHtriazolic); 140.7 (Ctriazolic); 160.8 (CO). HRMS (FAB+) m/z: Calcd. for C12H14N3O2: 232.1086; Found: 232.1087. 

1-benzyl-4-(phenoxymethyl)-1H-1,2,3-triazole (3d) 
[image: ]
White solid. Yield: 92%. M.P.: 122-123°C. 1H NMR (400 MHz, CDCl3, δ ppm): 5.21 (s, 2H, CH2); 5.55 (s, 2H, OCH2); 6.96-7.00 (q, 3H, CHar); 7.28-7.33 (q, 4H, CHar); 7.37-7.41 (m, 3H, CHar); 7.57 (s, 1H, CHtriazole). 13C NMR (100 MHz, CDCl3, δ ppm): 54.7 (CH2); 62.5 (CH2); 115.2 (2CHar); 121.6 (CHtriazole); 128.5 (2CHar); 129.2 (2CHar); 129.5 (4CHar); 123.0 (Car); 134.9 (Ctriazole); 158.6 (Car).  HRMS (FAB+) m/z: Calcd. for C16H15N3O: 266.1288; Found: 266.1289.

(1-benzyl-1H-1,2,3-triazol-4-yl)methyl benzoate (3e) 
[image: ]
White solid. Yield: 90%. M.P.: 122-123°C. 1H NMR (400 MHz, CDCl3, δ ppm):  5.47 (s, 2H, CH2); 5.54 (s, 2H, CH2); 7.31-7.38 (m, 5H, CHar); 7.40-7.46 (dd, 1H, CHar); 7.57 (t, 1H, CHar); 7.70 (s, 1H, CHtriazole); 8.03-8.05 (d, 2H, CHar). 13C NMR (100 MHz, CDCl3, δ ppm): 54.8 (CH2); 58.4 (CH2); 128.6 (CHtriazole); 128.7 (2CHar); 129.3 (2CHar); 129.6 (2CHar); 130.1 (4CHar); 133.6 (Car); 134.7 (Ctriazole); 153.2 (Car); 166.8 (Ccarbonyl).  HRMS (FAB+) m/z: Calcd. for C17H15N3O2: 294.1237; Found: 294.1241.

4-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)pyridine (3f)
[image: ]
White solid. Yield: 97%. M.P.: 81.3°C. 1H NMR (400 MHz, CDCl3, δ ppm): 5.73 (s, 2H, CH2); 7.25-7.36 (m, 2H, CHAr); 7.41-7.46 (m, 3H, CHAr); 7.69-7.75 (m, 1H, CHar); 7.83-7.87 (m, 1H, CHar); 7.96 (s, 1H, CHTriazole); 8.64 (s, 2H, CHar). 13C NMR (100 MHz, CDCl3, δ ppm): 56.11 (CH2); 120.57 (2 CHar); 124.00 (2 CHar); 126.13 (CHar); 128.58 (2CHar); 129.21 (Car); 130.93 (CHTriazole); 137.84 (Car); 150.13 (CTriazole); 154.91 (2 CHar).  HRMS (FAB+) m/z: Calcd. for C14H12N4: 236.1062; Found: 237.1132.

1-(4-methoxybenzyl)-4-phenyl-1H-1,2,3-triazole (3g)
[image: ]
White solid. Yield: 89%. M.P.: 134-135°C. 1H NMR (400 MHz, CDCl3, δ ppm): 3.73 (s, 3H, OCH3); 5.43 (s, 2H, CH2); 6.82-6.85 (d, 2H, CHar); 7.18-7.82 (m, 5H, CHar); 7.54 (s, 1H, CHtriazole); 7.69-7.72 (d, 2H, CHar). 13C NMR (100 MHz, CDCl3, δ ppm): 53.9 (CH2); 55.4 (CH3); 114.6 (2CHar); 119.3 (2CHar); 125.8 (2CHar); 128.2 (CHar); 128.9 (2CHar); 129.8 (Car); 128.8 (2CHar); 130.7 (Car+CHtriazolic); 148.2 (Ctriazolic); 160.1 (CHar). HRMS (FAB+) m/z: Calcd. for C16H16N3O: 266.1293; Found: 266.1286.

1,4-diphenyl-1H-1,2,3-triazole (3h)
[image: ]
White solid. Yield: 53%. M.P.: 183–184 °C. 1H NMR (400 MHz, CDCl3, δ ppm): 7.33–7.4 (m , 2H, CHar) ; 7.44–7.49 (t, 2H, CHar); 7.53–7.58 (t, 2H, CHar); 7.79–7.81 (d, 2H, CHar); 7.92– 7.94 (d, 2H, CHar); 8.22 (s, 1H, CHtriazole). 13C NMR (100 MHz, CDCl3, δ ppm): 119.0 (2CHar); 120.98 (Car); 126.3 (2CHar); 129.0 (CHar); 129.3 (CHar); 129.37 (2CHar); 130.2 (2CHar); 130.34 (CHtriazole); 130.7 (Car); 137.47 (Ctriazole). HR-MS (FAB+) m/z: Calcd. for C14H12N3: 222.1031; Found: 222.1029. 




4-(phenoxymethyl)-1-phenyl-1H-1,2,3-triazole (3i)
[image: ]
White solid. Yield: 87%. M.P.: 87-88°C. 1H NMR (400 MHz, CDCl3, δ ppm): 5.23 (s, 2H, CH2); 6.89-6.97 (m, 3H, CHar ); 7.18-7.27 (dd, J= 36 Hz, 2H, CHar ); 7.37-7.45 (m ,3H, CHar ); 7.65-7.68 (d, J= 12 Hz, 2H, CHar );  7.98 (s, 1H, CHTriazole ). 13C NMR (100 MHz, CDCl3, δ ppm): 62.4 (CH2); 115.2 (2CHar); 121.0 (CHTriazole); 121.3 (CHar); 121.8 (2CHar); 129.3 (Car); 130.0 (CHar); 130.2 (2CHar); 137.4 (2CHar); 145.5 (CTriazole); 158.6 (Car). HRMS (FAB+) m/z: Calcd. for C15H13N3O: 252.1130; Found: 252.1129.

(1-phenyl-1H-1,2,3-triazol-4-yl)methyl benzoate (3j)
[image: ]
White solid. Yield: 89%. M.P.: 110-111°C. 1H NMR (400 MHz, CDCl3, δ ppm): 5.59 (s, 2H, CH2); 7.46-7.59 (m, 5H, CHAr ); 7.75-7.77 (d, J= 8 Hz, 2H, CHAr); 8.07-8.11 (d , J= 9 Hz, 2H, CHAr); 8.16 (s, 1H, CHTriazole). 13C NMR (100 MHz, CDCl3, δ ppm): 58.45 (CH2); 118.65 (CHTriazole); 121.07 (CAr); 122.69 (2CHAr); 124.12 (2CHAr); 128.83 (CHAr); 129.34 (2CHAr); 130.18 (CAr); 133.67 (CAr); 137.32 (CHAr); 144.09 (CTriazole); 166.93 (CCarbonyle). HR-MS (FAB+) m/z: Calcd. for C16H13N3O2: 280.1080; Found: 280.1080.
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1-Benzyl-4-phenyl-1H-1,2,3-triazole (3a)
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1- Benzyl-4-p-tolyl-1H-1,2,3-triazole (3b)
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Ethyl 1-benzyl-1H-1,2,3-triazole-4-carboxylate (3c)
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1-benzyl-4-(phenoxymethyl)-1H-1,2,3-triazole (3d)
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(1-benzyl-1H-1,2,3-triazol-4-yl)methyl benzoate (3e)
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4-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)pyridine (3f)
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1-(4-methoxybenzyl)-4-phenyl-1H-1,2,3-triazole (3g)
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1,4-diphenyl-1H-1,2,3-triazole (3h)
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4-(phenoxymethyl)-1-phenyl-1H-1,2,3-triazole (3i)
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[bookmark: _GoBack](1-phenyl-1H-1,2,3-triazol-4-yl)methyl benzoate (3j)
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image40.png
Spectum flom BLAZ i (sample 1) - BLGZ. +TOF M5 (100 - 950) from 0111 to 0.143
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image45.png
Spectrum from AN-18 wiff (sample 1) - AN-18, +<TOF MS (100 - $50) from 1.604 to 1.632 min
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image49.png
Specirum fiom HB 103 wifl(sample 1) - HB103, +TOF MS (100 - 1000) from 1,631 to 1,668 min
1865
175
166
1565
1485
135
12:5
115
10:5
904
8084
7064
60e4

50e4
22108
40ed 71306

3064
2004
104,
00e0) 1 L L
20 25 20 2% 240 45 20 255 0 265 20 25 280 285 290 285 300 305 30 305 30 3%
Mass/Charge. Da

2661277

Intersiy

e | 2241084 3000871 3020845





image50.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

f1 (ppm)

-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

Jul22-2016

ju193

proton CDCl3 /opt/topspin JULV 2

2

.

0

0

3

.

0

8

2

.

4

2

1

.

0

1

1

.

9

3

1

.

9

9

0

.

8

6

5

.

2

3

6

.

8

9

6

.

9

2

6

.

9

4

6

.

9

7

7

.

1

8

7

.

2

1

7

.

2

4

7

.

2

4

7

.

2

7

7

.

3

4

7

.

3

7

7

.

3

9

7

.

4

3

7

.

4

5

7

.

4

8

7

.

6

5

7

.

6

6

7

.

6

8

8

.

0

4

8

.

2

5

N

1

2

3

N

4

N

5

6

7

O

8

9

10

11

12

13

14

15

16

17

18

19

6.9 7.1 7.3 7.5 7.7

f1 (ppm)

0

1000

2000

3000

6

.

8

9

6

.

9

2

6

.

9

4

6

.

9

7

7

.

1

8

7

.

2

1

7

.

2

4

7

.

2

4

7

.

2

7

7

.

3

4

7

.

3

7

7

.

3

9

7

.

4

3

7

.

4

5

7

.

4

8

7

.

6

5

7

.

6

6

7

.

6

8


image51.emf
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

f1 (ppm)

-1000

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Jul22-2016

ju193

c13cpdc CDCl3 /opt/topspin JULV 2

6

2

.

3

5

7

7

.

0

1

7

7

.

7

0

7

7

.

8

6

1

1

5

.

1

9

1

2

0

.

5

5

1

2

1

.

0

7

1

2

1

.

7

8

1

2

9

.

2

8

1

3

0

.

0

1

1

3

0

.

2

1

1

4

9

.

1

5

1

5

8

.

5

8

N

1

2

3

N

4

N

5

6

7

O

8

9

10

11

12

13

14

15

16

17

18

19


image52.emf
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

f1 (ppm)

-2000

-1500

-1000

-500

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Jul22-2016

ju193

c13dept135c CDCl3 /opt/topspin JULV 2

6

2

.

3

5

1

1

5

.

1

9

1

2

1

.

0

7

1

2

1

.

7

8

1

2

9

.

2

8

1

3

0

.

0

1

1

3

0

.

2

1

1

4

9

.

2

2

N

1

2

3

N

4

N

5

6

7

O

8

9

10

11

12

13

14

15

16

17

18

19


image53.emf
N

N

N

O



image1.tiff




image54.png
Spectum flom BLI3wi (sample 1) - BL33, +TOF M5 (100 - 950) rom 0,222 to 0.236
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Spectrum fiom HB136 wiff (sample 1)
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