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Table S1. The full version of experimental conditions of synthesis of methyl 

(1-benzyl-1, 2, 3-triazole-4-yl) carboxylate via the cyclization of benzyl azide with 

methyl 2, 3 -dibromopropionate 

 

Entry Catalyst Amount Temp(oC) Solvent Additive Yield(%) 

1 — — 80 DMSO K2CO3 49 

2 p-TSA 5% 80 DMSO K2CO3 57 

3 CuCl 5% 80 DMSO K2CO3 40 

4 BiCl3 5% 80 DMSO K2CO3 78 

5 FeCl3 5% 80 DMSO K2CO3 48 

6 AlCl3 5% 80 DMSO K2CO3 43 

7 ZnSO4 5% 80 DMSO K2CO3 71 

8 ZrOCl2 5% 80 DMSO K2CO3 72 

9 SrCl2 5% 80 DMSO K2CO3 52 

10 CoSO4 5% 80 DMSO K2CO3 55 

11 InCl3 5% 80 DMSO K2CO3 46 

12 BiCl3 5% 80 DMSO — 34 

13 BiCl3 5% 80 DMSO Et3N 68 

14 BiCl3 5% 80 DMSO NaOAc 74 



15 BiCl3 5% 80 DMF NaOAc 80 

16 BiCl3 5% 80 Chlorobenzene NaOAc 31 

17 BiCl3 5% 80 Toluene NaOAc 31 

18 BiCl3 5% 80 Acetonitrile NaOAc 63 

19 BiCl3 5% 80 THF NaOAc 46 

20 BiCl3 5% 80 NMP NaOAc 78 

21 BiCl3 5% 30 DMF NaOAc 0 

22 BiCl3 5% 60 DMF NaOAc 68 

23 BiCl3 5% 70 DMF NaOAc 71 

24 BiCl3 5% 90 DMF NaOAc 70 

25 BiCl3 5% 100 DMF NaOAc 70 

26 BiCl3 5% 115 DMF NaOAc 2 

27 BiCl3 10% 80 DMF NaOAc 83 

28 BiCl3 15% 80 DMF NaOAc 78 

 

The general synthesis of azides: the synthetic procedure of benzyl azide (1a). 5 mmol 

of benzyl chloride is stirred with 6.5 mmol of sodium azide in 5 mL DMSO at room 

temperature overnight, then the resulting mixture is poured into water and extracted 

with ethyl acetate. The benzyl azide is purified on flash chromatography and obtained 

as a colorless oil.  

The general synthesis of 2,3-dibromopropionate: the synthetic procedure of methyl 2, 

3-dibromopropionate (2a). In a solution of 8.6 g methyl acrylate with 100 mL CCl4, 

the mixture that made of 17.6 g bromine with 40 mL CCl4 is added dropwise in 12 

hours maintaining the temperature in 4~6 oC. The reaction is proceeded for another 12 

hours at room temperature and detected by GC. On completion of the reaction, the 

CCl4 is removed by rotate evaporator and the desired product is obtained as a pale 

yellow oil with 96% yield. It is used in the cyclization without further purification.   

The general procedure for the determination of LC yield of the 1, 2, 3-triazole: On 

completion of the reaction, about 10 mg (accurate to 0.2 mg as mx) of the reaction 

mixture is sampled and diluted to 5.0 mL with methanol. The sample is injected to the 

LC through a 20.0 L loop and the peak area is recorded as Ax. The rest of the 

reaction mixture is worked up, then the desired product purified on column 

chromatography is identified as the standard sample. About 10 mg (accurate to 0.2 mg 

as ms) of standard sample is dissolved with methanol then constanted volume to 50 

mL and injected to the LC through a 20.0 L loop. The peak area is recorded as As. 

The quantity of product in the reaction sample is calculated through the following 

equation:  n = ms×(Ax/As) . The yield is calculated from n×m/mx, while m means the 



total quality of the reaction mixture.  

 

Identification data and Copies of 1H charts of 3a-3v 

 

3a (Borukhova, Svetlana et al, ChemSusChem, 8(3), 504-512; 

2015) 

Methyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3a). m.p. 105.1~107.0 oC 

1H-NMR (600 MHz, CDCl3): δ 7.973 (s, 1H, NCH=C), δ 7.409-7.292 (m, 5H, Ar-H), 

δ 5.584 (s, 2H, N-CH2), δ 3.933 (s, 3H, OCH3). 
13C-NMR (150 MHz, CDCl3) δ 

161.01, 140.25, 133.56, 129.27, 129.12, 128.22, 127.28, 54.43, 52.12; Ft-IR (KBr): 

= 1725, 1230 (CO2Me). MS (ESI) m/z: 218([M+H]+ ). 

 

3b (Ozkal, Erhan et al, Advanced Synthesis & Catalysis, 

356(4), 857-869; 2014) 

Ethyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3b). m.p. 90.0~90.5 oC 1H-NMR 

(600 MHz, CDCl3): δ 7.966 (s, 1H, NCH=C), δ 7.413-7.290 (m, 5H, Ar-H), δ 5.582 (s, 

2H, N-CH2), δ4.405 (q, J= 7.2 Hz, 2H, OCH2), δ 1.391 (t, J= 7.2 Hz, 3H, CH3). 
13C 

NMR (150 MHz, CDCl3) δ 160.69, 140.62, 133.80, 129.30, 129.11, 128.26, 127.35, 

61.28, 54.44, 14.30. Ft-IR (KBr): = 1717, 1228 (CO2 CH2). MS (ESI) m/z: 

232([M+H]+ ). 

 

3c (1205237-17-7) 

Isopropyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3c). m.p. 119.0~120.9 oC 

1H-NMR (600 MHz, CDCl3): δ 7.945 (s, 1H, NCH=C), δ 7.406-7.289 (m, 5H, Ar-H), 

δ 5.577 (s, 2H, N-CH2), δ 5.282 (heptet, J= 6.6 Hz, 1H, OCH), δ 1.370 (d, J= 6.6 Hz, 

6H, CH3). 
13C NMR (150 MHz, CDCl3) δ 160.29, 141.04, 133.79, 129.33, 129.14, 

128.27, 127.17, 69.03, 54.46, 21.87. Ft-IR (KBr): = 1722, 1216 (CO2CH). MS (ESI) 



m/z: 246([M+H]+). 

 

3d 

sec-Butyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3d). m.p. 76.8~77.9 oC 

1H-NMR(600 MHz, CDCl3): δ 7.948 (s, 1H, NCH=C), δ 7.408-7.294 (m, 5H, Ar-H), 

δ 5.579 (s, 2H, N-CH2), δ 5.144-5.092 (m, 1H, OCH), δ 1.800-1.612 (m, 2H, CH2), δ 

1.334 (d, J= 6.6, 3H, CH-CH3), δ 0.946 (t, J= 6.6, 3H, CH2-CH3). 
13C NMR (150 

MHz, CDCl3) δ 160.45, 140.98, 133.83, 129.31, 129.11, 128.26, 127.18, 73.54, 54.44, 

28.82, 19.54, 9.84. Ft-IR (KBr): = 1717, 1211 (CO2CH). MS(ESI) m/z: 260 

([M+H]+); HRMS: calcd. for C14H18N3O2 (M+H+) 260.1394; found 260.1390 

 

3e 

Butyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3e). m.p. 106.0~107.5 oC 

1H-NMR(600 MHz, CDCl3): δ 7.961 (s, 1H, NCH=C), δ 7.421-7.291 (m, 5H, Ar-H), 

δ 5.581 (s, 2H, N-CH2), δ 4.342 (t, J= 7.2, 2H, OCH2), δ 1.768-1.720 (m, 2H, CH2), δ 

1.455-1.417 (m, 2H, CH2), δ 0.961-0.936 (t, J= 7.8 Hz, 3H, CH3). 
13C NMR (150 

MHz, CDCl3) δ 160.81, 140.67, 133.76, 129.33, 129.15, 128.27, 127.25, 65.16, 54.48, 

30.67, 19.11, 13.71. Ft-IR (KBr): = 1722, 1217 (CO2CH2). MS (ESI) m/z: 

260([M+H]+); HRMS: calcd. for C14H18N3O2 (M+H+) 260.1394; found 260.1388 

 

3f 

Pentyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3f). m.p. 63.3~64.1 oC 

1H-NMR(600 MHz, CDCl3): δ 7.961 (s, 1H, NCH=C), δ 7.406-7.291 (m, 5H, Ar-H), 

δ 5.582 (s, 2H, N-CH2), δ 4.331 (t, J= 7.2 Hz, 2H, OCH2), δ 1.786-1.739 (m, 2H,CH2), 

δ 1.409-1.325 (m, 4H, CH2-CH2,), δ 0.903 (t, J = 6.6 Hz, 3H, CH3). 
13C NMR (150 



MHz, CDCl3) δ 160.80, 140.73, 133.75, 129.33, 129.16, 128.27, 127.25, 65.45, 54.48, 

28.35, 27.99, 22.32, 13.94. Ft-IR (KBr): = 1722, 1231 (CO2CH2). MS (ESI) m/z: 

274([M+H]+); HRMS: calcd. for C15H20N3O2 (M+H+) 274.1550; found 274.1556 

 

3g 

n-Octyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3g). m.p. 86.4~87.2 oC 

1H-NMR(600 MHz, CDCl3): δ 7.959 (s, 1H, NCH=C), δ 7.412-7.291 (m, 5H, Ar-H), 

δ 5.581 (s, 2H, N-CH2), δ 4.328 (t, J= 7.2 Hz, 2H, OCH2), δ 1.778-1.730 (m, 2H, 

CH2), δ 1.390-1.257 (m, 10H, CH2), δ 0.872 (t, J= 7.2 Hz, 3H, CH3). 
13C NMR (150 

MHz, CDCl3) δ 160.81, 140.69, 133.74, 129.34, 129.17, 128.28, 127.23, 65.49, 54.49, 

31.77, 29.21, 29.15, 28.65, 25.87, 22.63, 14.08. Ft-IR (KBr): = 1722, 1208 

(CO2CH2). MS(ESI) m/z: 316([M+H]+); HRMS: calcd. for C18H26N3O2 (M+H+) 

316.2020; found 316.2025 

 

3h (1205833-68-6) 

Benzyl 1-benzyl-1H-1, 2, 3-triazole-4-carboxylate (3h). m.p. 136.6~137.7 oC 

1H-NMR(600 MHz, CDCl3): δ 7.958 (s, 1H, NCH=C), δ 7.438-7.273 (m, 10H, Ar-H), 

δ 5.564 (s, 2H, N-CH2), δ 5.371 (s, 2H, OCH2). 
13C NMR (150 MHz, CDCl3) δ 

160.48, 140.31, 135.42, 133.64, 129.34, 129.19, 128.61, 128.60, 128.46, 128.28, 

127.41, 66.88, 54.51. Ft-IR (KBr): = 1716, 1217 (CO2CH2). MS(ESI) m/z: 

294([M+H]+) 

 

3i (Deraedt, Christophe et al, Journal of the American Chemical 

Society, 136(34), 12092-12098; 2014) 



1-Benzyl-1H-1, 2, 3-triazole-4-carboxylic acid (3i). m.p. 176.3~180.1 oC 

1H-NMR(600 MHz, CDCl3): δ 8.035 (s, 1H, NCH=C), δ 7.421-7.308 (m, 5H, Ar-H), 

δ 5.598 (s, 2H, N-CH2). 
13C NMR (150 MHz, CDCl3) δ 161.99, 140.28, 135.97, 

129.40, 129.20, 128.67, 128.39, 53.40. Ft-IR (KBr): = 1684, 946 (CO2H). MS (ESI) 

m/z: 204([M+H]+). 

 

3j (Roque, Dario R. et al, Synthesis, (15), 2497-2502; 2005) 

1-Benzyl-1H-1, 2, 3-triazole-4-carbonitrile (3j). m.p. 80.0~81.2 oC 1H-NMR (600 

MHz, CDCl3): δ 7.852 (s, 1H, NCH=C), δ 7.347-7.192 (m, 5H, Ar-H), δ 5.527 (s, 2H, 

N-CH2). 
13C NMR (150 MHz, CDCl3) δ 132.92, 129.52, 129.50, 129.32, 128.40, 

121.48, 111.37, 54.87. Ft-IR (KBr): = 2240 (CN), MS (ESI) m/z: 185([M+H]+) 

 

3k (Abu-Orabi, Sultan T. et al, Gazzetta Chimica Italiana, 

122(1), 29-33; 1992) 

Methyl 1-(4-chlorobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3k), m.p. 130.0~131.9 

oC. 1H NMR (600 MHz, CDCl3): 7.995 (s, 1H, NCH=C), 7.377 (d, J=8.4 Hz, 2H), 

7.237 (d, J= 8.4 Hz, 2H), 5.558 (s, 2H, N-CH2), 3.935 (s, 3H, OCH3). Ft-IR (KBr): 

13C NMR (150 MHz, CDCl3) δ 160.89, 140.40, 135.25, 132.08, 129.50, 129.49, 

127.22, 53.67, 52.18. = 1724, 1216 (CO2CH3). MS (ESI) m/z: 252 ([M+H]+)  

 

 

3l (Abu-Orabi, Sultan T. et al, Gazzetta Chimica Italiana, 

122(1), 29-33; 1992) 

Methyl 1-(2-chlorobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3l),  m.p. 100.8~101.6 

oC. 1H NMR (600 MHz, CDCl3) 8.075 (s, 1H, NCH=C), 7.468 –7.294 (m,4H), 

5.718 (s, 2H, N-CH2), 3.938 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 161.07, 140.16, 



133.81, 131.49, 130.82, 130.79, 130.17, 127.79, 127.67, 52.23, 51.84. Ft-IR (KBr): 

= 1720, 1220 (CO2CH3). MS (ESI) m/z: 252 ([M+H]+). 

 

3m (Abu-Orabi, Sultan T. et al, Jordan Journal of 

Chemistry, 3(4), 337-347; 2008) 

Methyl 1-(2,4-dichlorobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3m), m.p. 

120.5~121.1 oC. 1H NMR (600 MHz, CDCl3)  8.084 (s, 1H, NHC=C), 7.485 (d, 

J=2.4 Hz, 1H, Ar-H), 7.295 (dd, J = 8.4 Hz, 1.8 Hz, 1H, Ar-H), 7.230 (d, J = 8.4 Hz, 

1H, Ar-H), 5.681 (s, 2H, CH2), 3.944 (s, 3H, CH3). 
13C NMR (150 MHz, CDCl3) δ 

160.96, 140.34, 136.21, 134.47, 131.57, 130.13, 130.05, 128.16, 127.61, 52.29, 51.20. 

Ft-IR (KBr): = 1725, 1224 (CO2CH3). MS (ESI) m/z: 286 ([M+H]+) 

 

 3n  

Methyl 1-(4-(azidomethyl)benzyl)-1H-1, 2, 3-triazole-4-carboxylate (3n), m.p. 

94.3~95.8 oC. 1H NMR (600 MHz, CDCl3) 7.994 (s, 1H; NHC=C), 7.358 (d, J = 7.8 

Hz, 2H; Ar-H), 7.313 (d, J = 8.4 Hz, 2H; Ar-H), 5.539 (s, 2H; N-CH2), 4.369 (s, 2H; 

N3-CH2), 3.934 (s, 3H; CH3). 
13C NMR (150 MHz, CDCl3) 

δ160.95, 140.32, 136.59, 133.66, 128.96, 128.64, 127.27, 54.11, 54.01, 52.16. Ft-IR 

(KBr): = 2098 (N3), 1727, 1236, (CO2Me). MS (ESI) m/z: 295 ([M+Na]+); HRMS: 

calcd. for C12H13N6O2 (M+H+) 273.1095; found 273.1097 

 

3o (Abu-Orabi, Sultan T. et al, Gazzetta Chimica 

Italiana, 122(1), 29-33; 1992) 

Methyl 1-(4-methoxybenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3o), m.p. 

136.2~137.3 oC. 1H NMR (600 MHz, CDCl3) 7.938 (s, 1H; NHC=C), 7.264 (d, J = 

8.4 Hz, 2H; Ar-H), 6.916 (d, J = 8.4 Hz, 2H; Ar-H), 5.510 (s, 2H; CH2), 3.921 (s, 3H; 



CH3), 3.817 (s, 3H; CH3). 
13C NMR (150 MHz, CDCl3) δ 161.04, 160.15, 140.11, 

129.85, 127.07, 125.46, 114.61, 55.29, 53.98, 52.09. Ft-IR (KBr): = 1722, 1209, 

(CO2Me). MS (ESI) m/z: 270 ([M+Na]+). 

 

 3p (667887-41-4) 

Methyl 1-(3-fluorobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3p), m.p. 112.4~113.5 

oC. 1H NMR (600 MHz, CDCl3) 8.022 (s, 1H; NHC=C), 7.378 (m, 1H; Ar-H), 7.084 

(m, 2H; Ar-H), 6.988 (d, J = 9 Hz, 1H; Ar-H), 5.582 (s, 2H; CH2), 3.942 (s, 3H; CH3). 

13C NMR (150 MHz, CDCl3) δ163.06 (d, J = 247.5 Hz), 162.23 (s), 160.99 (s), 

140.53 (s), 136.00 (d, J = 7.3 Hz), 131.06 (d, J = 8.3 Hz), 127.43 (s), 123.77 (s), 

116.27 (d, J = 20.7 Hz), 115.25 (d, J = 22.2 Hz), 53.84 (s), 52.27 (s). Ft-IR (KBr): = 

1712, 1232, (CO2Me). MS (ESI) m/z: 258 ([M+Na]+). 

 

3q (Kacprzak, Karol, Synlett, (6), 943-946; 2005) 

Methyl 1-(4-nitrobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3q), m.p. 170.5～172.9 

oC. 1H NMR (600 MHz, CDCl3) 8.078 (s, 1H; NHC=C), 8.263 (d, J = 8.4 Hz, 2H; 

Ar-H), 7.442 (d, J = 8.4 Hz, 2H; Ar-H), 5.708 (d, 2H; CH2), 3.957 (s, 3H; CH3). 
13C 

NMR (150 MHz, CDCl3) δ 159.77, 147.34, 139.84, 139.56, 127.77, 125.54, 123.51, 

52.41, 51.36. Ft-IR (KBr): = 1720, 1186, (CO2Me), 1515, 1353 (NO2), MS (ESI) 

m/z: 263 ([M+H]+). 

 

 3r  

Methyl 1-(4-tert-butylbenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3r), m.p. 122.8～

124.2 oC. 1H NMR (600 MHz, CDCl3) 7.965 (s, 1H; NHC=C), 7.414 (d, J = 8.4 Hz, 

2H; Ar-H), 7.232 (d, J = 8.4 Hz, 2H; Ar-H), 5.541 (s, 2H; CH2), 3.928 (s, 3H; CH3), 

1.318 (s, 9H; CH3). 
13C NMR (150 MHz, CDCl3) δ 161.17, 152.45, 140.25, 130.54, 

128.18, 127.33, 126.29, 54.24, 52.20, 34.71, 31.23. Ft-IR (KBr): = 1727, 1209 



(CO2Me). MS (ESI) m/z: 569 ([2M+Na]). HRMS: calcd. for C15H20N3O2 (M+H+) 

274.1550; found 274.1545 

 

3s (Abu-Orabi, Sultan T. et al, Gazzetta Chimica Italiana, 

122(1), 29-33; 1992) 

Methyl 1-(4-bromobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3s). m.p. 141.7~143.2 

oC. 1H NMR (600 MHz, CDCl3) 8.002 (s, 1H; NHC=C), 7.531 (d, J = 8.4 Hz, 2H; 

Ar-H), 7.174 (d, J = 8.4 Hz, 2H; Ar-H), 5.544 (s, 2H; CH2), 3.933 (s, 3H; CH3). 
13C 

NMR (150 MHz, CDCl3) δ 160.88, 140.42, 132.59, 132.46, 129.76, 127.22, 123.37, 

53.72, 52.18. Ft-IR (KBr): = 1720, 1216 (CO2Me). MS (ESI) m/z: 615 ([2M+Na]+). 

 

 3t (1370999-10-2) 

Methyl 1-(4-cyanobenzyl)-1H-1, 2, 3-triazole-4-carboxylate (3t). m.p. 80.0~81.2 oC. 

1H NMR (600 MHz, CDCl3), δ 8.07 (s, 1 H, NHC=C), δ 7.70 (d, 2 H, Ar-H), δ 7.39 (d, 

2 H, Ar-H), δ 5.67 (s, 2 H; CH2), δ 3.95 (s, 3 H; CH3). 
13C NMR (150 MHz, DMSO) δ 

160.97, 141.18, 139.28, 133.16, 130.05, 129.19, 118.85, 111.51, 52.89, 52.20. Ft-IR 

(KBr): = 2226 (CN), 1718, 1233 (CO2Me). MS (ESI) m/z: 252 ([M+Na]+) 

 

 3u (1700521-81-8) 

Methyl 1-(pyridin-2-ylmethyl)-1H-1,2,3-triazole-4-carboxylate (3u). 1H NMR (600 

MHz, CDCl3), δ 8.54-8.55 (m, 1 H), δ 8.28 (s, 1 H), δ 8.22-7.27 (m, 3 H), δ 5.66 (s, 2 

H) , δ 3.88 (s, 3 H). 13C NMR (150 MHz, DMSO) δ 160.72, 154.33, 149.47, 138.61, 

137.39, 130.12, 123.35, 122.21, 54.41, 51.79. Ft-IR (KBr): = 1731, 1234 (CO2Me), 

MS (ESI) m/z: 219 ([M+H]+) 

  



 3v  

Methyl 1-(2-methoxy-2-oxoethyl)-1H-1,2,3-triazole-4-carboxylate (3v). m.p. 

102.4-104.8 oC. 1H NMR (600 MHz, CDCl3), δ 8.26 (s, 1 H), δ 5.25 (s, 2 H), δ 3.97(s, 

3 H), δ 3.84 (s, 3 H). 13C NMR (150 MHz, DMSO) δ 167.69, 160.97, 139.04, 130.88, 

53.06, 52.24, 50.95. Ft-IR (KBr): = 1750, 1219 (CO2Me). HRMS: calcd. for 

C7H9N3O4 (M+H+) 200.0666; found 200.0667 
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