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Characterization data for the new compounds 

(S)-(1-Azido-2-(prop-2-ynyloxy)ethyl)benzene (3): Colorless oil; [α]D 71.6 (c 1.1, 

CHCl3); IR (thin film) 2359, 2341 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.44-7.35 (m, 5H), 

4.77 (dd, J = 8.6, 4.2 Hz, 1H), 4.26 (dd, J = 8.4, 2.4 Hz, 2H), 3.80 (dd, J = 10.1, 4.2 Hz, 

1H), 3.74 (dd, J = 10.1, 8.6 Hz, 1H), 2.48 (t, J = 2.4 Hz, 1H); 13C NMR (CDCl3, 125.8 
MHz) δ 136.4, 128.9, 128.8, 128.1, 127.1, 127.0, 79.1, 75.1, 73.5, 65.1, 58.6. HRMS 

(ESI, m/z) calculated for C11H12N3O (MH+) 202.0980, found 202.0938. 

(S)-(1-Azido-2-(but-2-ynyloxy)ethyl)benzene (4): Colorless oil; [α]D 97.2 (c 1.4, 

CHCl3) IR (thin film) 2241, 2098 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.44-7.35 (m, 5H), 

4.76 (dd, J =  8.8, 4.4 Hz, 1H), 4.27-4.19 (m, 2H), 3.77 (dd, J = 10, 8.8 Hz, 1H), 3.70 (dd, 
J = 10, 8.8 Hz, 1H), 1.87 (t, J = 2.4 Hz, 3H); 13C NMR (CDCl3, 125.7 MHz) δ 136.6, 

129.0, 128.8, 128.6, 127.1, 127.0, 83.2, 74.5, 733, 65.2, 59.1, 3.7. HRMS (ESI, m/z) 

calculated for C12H14N3O (MH+) 2216.1137, found 216.1124. 

(S)-7-Phenyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-C][1,4]oxazine (5). White solid; mp. 

90-91 °C; [α]D 67.9 (c 1.2, CHCl3); IR (thin film) 2359, 2343 cm-1; 1H NMR (CDCl3, 400 

MHz) δ 7.62 (s, 1H), 7.42-7.35 (m, 3H), 7.17-7.14 (m, 2H), 5.66 (t, J = 5.0 Hz, 1H), 5.10 

(d, J = 15.1 Hz, 1H), 5.04 (d, J = 15.1 Hz, 1H), 4.30 (dd, J = 12.1, 4.3 Hz, 1H), 4.08 (dd, 
J = 12.1, 5.6 Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 136.6, 131.3, 129.0, 128.9, 128.8, 

128.1, 127.0 (2C), 70.6, 62.6, 59.8. HRMS (ESI, m/z) calculated for C11H12N3O (MH+) 

202.0980, found 202.0925. 



 

2 

(S)-3-Methyl-7-phenyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-C][1,4]oxazine (6). White 

solid; mp. 101-103 °C; [α]D 77.1 (c 0.8, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.33-7.31 

(m, 3H), 7.13-7.10 (m, 2H), 5.56 (t, J = 4.5 Hz, 1H), 4.96 (d, J = 14.8 Hz, 1H), 4.89 (d, J 

= 14.8 Hz, 1H), 4.20 (dd, J = 12.1, 4.3 Hz, 1H), 3.99 (dd, J = 12.1, 5.5 Hz, 1H), 2.31 (s, 

3H); 13C NMR (CDCl3, 125.8 MHz) δ 135.5, 135.4, 135.2, 134.5, 128.5, 

127.6,127.4,127.2, 68.8, 61.2, 58.5, 8.0. HRMS (ESI, m/z) calculated for C12H14N3O 

(MH+) 216.1137, found 216.1126. 

(R)-(2-Azido-1-(prop-2-ynyloxy)ethyl)benzene (7). Colorless oil; 1H NMR (CDCl3, 400 
MHz) δ 7.44-7.34 (m, 5H), 4.79 (dd, J = 8.2, 3.9 Hz, 1H), 4.25 (dd, J = 15.8, 2.4 Hz, 

1H), 3.98 (dd, J = 15.8, 2.3 Hz, 1H), 3.58 (dd, J = 12.6, 8.2 Hz, 1H), 3.29 (dd, J = 12.6, 

3.9Hz, 1H), 2.47 (t, J = 2.4 Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 137.6, 129.1, 

128.9, 128.6, 127.2, 127.0, 79.8, 79.1, 74.9,56.4, 55.9. HRMS (ESI, m/z) calculated for 

C11H12N3O (MH+) 202.0980, found 202.0990. 

(R)-(2-Azido-1-(but-2-ynyloxy)ethyl)benzene (8). Colorless oil; IR (thin film) 2221, 

2110 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.42-7.33 (m, 5H), 4.74 (dd, J = 8.1, 4.2 Hz, 

1H), 4.19 (dd, J = 15.2, 2.3 Hz, 1H), 3.95 (dd, J = 15.2, 2.3 Hz, 1H), 3.56 (dd, J = 12.9, 
8.1 Hz. 1H), 3.30 (dd, J = 12.9, 4.0 Hz, 1H), 1.88 (t, J = 2.3 Hz, 3H); 13C NMR (CDCl3, 

125.8 MHz) δ 138.1, 128.8 (2C), 128.6, 127.0, 83.0, 79.5, 74.6, 56.7, 56.3, 3.7. HRMS 

(ESI, m/z) calculated for C12H14N3O (MH+) 216.1137, found 216.1129. 

(R)-6-Phenyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-c][1,4]oxazine (9). White solid; mp. 

136-137 °C; 1H NMR (CDCl3, 400 MHz) δ 7.58 (s, 1H), 7.51-7.43 (m, 5H), 5.27 (d, 

J=15.2 Hz, 1H), 5.03 (d, J=15.2 Hz, 1H), 4.91 (dd, J = 10.6, 3.4 Hz, 1H), 4.76 (dd, 
J=13.1, 3.3 Hz, 1H), 4.33 (dd, J=13.1, 10.6 Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 

136.9, 130.4, 129.1, 129.0, 128.8, 128.2, 126.3, 126.1, 75.7, 62.3, 51.1. HRMS (ESI, m/z) 
calculated for C11H12N3O (MH+) 202.0980, found 202.0980. 

(R)-3-Methyl-6-phenyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-c][1,4]oxazine (10). White 

solid; mp. 100-102 °C; 1H NMR (CDCl3, 400 MHz) δ 7.33-7.31 (m, 3H), 7.13-7.10 (m, 

2H), 5.56 (t, J=4.5 Hz, 1H), 4.96 (d, J=14.8 Hz, 1H), 4.89 (d, J=14.8 Hz, 1H), 4.20 (dd, 
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J=12.1, 4.3 Hz, 1H), 3.99 (dd, J=12.1, 5.5 Hz, 1H), 2.31 (s, 3H); 13C NMR (CDCl3, 125.8 

MHz) δ 135.5, 135.4, 135.2, 134.5, 128.5, 127.6, 127.4, 127.2, 68.8, 61.2, 58.5, 8.0. 

HRMS (ESI, m/z) calculated for C12H14N3O (MH+) 216.1137, found 202.1126. 

(S)-(2-Azido-3-(prop-2-ynyloxy)propyl)benzene (12). Colorless oil; [α]D -3.9 (c 1.3, 

CHCl3); IR (thin film) 2120, 2111 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.38-7.22 (m, 5H), 

4.20-4.16 (m, 2H), 3.81-3.70 (m, 1H), 3.63 (dd, J = 10, 2.2 Hz, 1H), 3.54 (dd, J = 9.9, 6.2 

Hz, 1H), 2.93 (dd, J = 13.7, 6.5 Hz, 1H), 2.82 (dd, J = 14, 7 Hz, 1H), 2.48 (t, J = 2.1 Hz, 
1H); 13C NMR (CDCl3, 125.7 MHz) δ 137.4, 128.9, 128.7, 128.6, 126.9, 83.5, 74.6, 71.1, 

62.8, 59.3, 37.5. HRMS (ESI, m/z) calculated for C12H14N3O (MH+) 216.1137, found 

216.1127. 

(S)-(2-Azido-3-(but-2-ynyloxy)propyl)benzene (13). Colorless oil; [α]D -11.2 (c 1.4, 

CHCl3); IR (thin film) 2123, 2102 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.37-7.25 (m, 5H), 
4.19-4.18 (m, 2H), 3.80-3.74 (m, 1H), 3.63 (dd, J = 10, 4 Hz, 1H), 3.54 (dd, J = 9.6, 6.4 

Hz, 1H), 2.93 (dd, J = 14, 6.4 Hz, 1H), 2.82 (dd, J = 14, 8 Hz, 1H), 1.877 (t, J = 2.4 Hz, 

3H); 13C NMR (CDCl3, 125.7 MHz) δ 137.2, 129.5, 129.4, 128.9, 128.6, 126.8, 83.1, 
74.6, 71.0, 62.6, 59.1, 37.3, 8.8. HRMS (ESI, m/z) calculated for C13H16N3O (MH+) 

230.1217, found 230.1208. 

(S)-7-Benzyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-c][1,4]oxazine (14). White solid; mp. 

118-120 °C; [α]D -49.5 (c 1.1, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.54 (s, 1H), 7.40-
7.36 (m, 2H), 7.33-7.28 (m, 3H), 4.98-4.82 (m, 2H), 4.76-4.71 (m, 1H), 3.93-3.84 (m, 

2H), 3.66 (dd, J = 13.6, 4 Hz, 1H), 3.14 (dd, J = 14, 3.8 Hz, 1H); 13C NMR (CDCl3, 125.7 

MHz) δ 135.9, 130.5, 129.5, 128.9, 128.2, 127.3, 66.0, 62.5, 56.9, 38.5, 29.7. HRMS 
(ESI, m/z) calculated for C12H14N3O (MH+) 216.1137, found 216.1145. 

 (S)-7-Benzyl-3-methyl-6,7-dihydro-4H-[1,2,3]triazolo[5,1-c][1,4]oxazine (15). White 

solid; mp. 133-134 °C; [α]D -40.6 (c 0.9, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.38-

7.27 (m, 5H), 4.90-4.79 (m, 2H), 4.69-4.64 (m, 1H), 3.89-3.79 (m, 2H), 3.63 (dd, J = 
13.6, 4 Hz, 1H), 3.11 (dd, J = 13.6, 4.2 Hz, 1H), 2.29 (s, 3H); 13C NMR (CDCl3, 125.7 
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MHz) δ 136.9, 135.9, 129.5, 128.9, 127.2, 126.9, 65.8, 62.3, 56.8, 38.4, 10.1. HRMS 

(ESI, m/z) calculated for C13H16N3O (MH+) 230.1217, found 230.1206. 

1-Azido-2-(but-2-ynyloxy)cyclohexane (20). Colorless oil; IR (thin film) 2241, 2096 
cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.27 (q, J = 2.3, 2H), 3.38-3.26 (m, 2H), 2.20-2.10 

(m, 1H), 2.05-1.96 (m, 1H), 1.88 (t, J = 2.3 Hz, 3H), 1.78-1.69 (m, 2H), 1.35-1.22 (m, 
4H); 13C NMR (CDCl3, 125.8 MHz) δ 82.2, 80.1, 75.3, 64.4, 57.2, 30.4, 30.3, 24.0, 23.7, 

3.71. HRMS (ESI, m/z) calculated for C10H16N3O (MH+) 194.1293, found 194.1290. 

5a,6,7,8,9,9a-Hexahydro-4H-benzo[b][1,2,3]triazolo[1,5-d][1,4]oxazine (21). As the 

precursor azidoalkyne 19 was found to undergo partial cyclization during 

chromatographic purification, it was subjected directly to the cycloaddition reaction step 
to afford the product 21 as a white solid; mp. 102-104 °C; 1H NMR (CDCl3, 400 MHz) δ 

7.50 (s, 1H), 5.11 (d, J = 15.0 Hz, 1H), 4.91 (d, J = 15.0 Hz, 1H), 4.02-3.94 (m, 1H), 3.45 

(ddd, J = 11.0, 9.4, 4.0 Hz, 1H), 3.08-3.01 (m, 1H), 2.22-2.15 (m, 1H), 2.00-1.90 (m, 

2H), 1.70-1.40 (m, 4H); 13C NMR (CDCl3, 125.8 MHz) δ 130.8, 128.3, 78.6, 62.3, 61.1, 

30.4, 28.1, 24.0, 23.9. HRMS (ESI, m/z) calculated for C9H14N3O (MH+) 180.1137, found 
180.1133. 

3-Methyl-5a,6,7,8,9,9a-hexahydro-4H-benzo[b][1,2,3]triazolo[1,5-d][1,4]oxazine (22). 
White solid; mp. 126-127 °C; 1H NMR (CDCl3, 400 MHz) δ 4.99 (d, J=14.8 Hz, 1H), 

4.82 (d, J=14.82 Hz, 1H), 3.96-3.88 (m, 1H), 3.40 (ddd, J=11.0, 9.4, 4.0 Hz, 1H), 3.05-

2.98 (m, 1H), 2.26 (s, 3H), 2.21-2.15 (m, 1H), 1.98-1.91 (m, 2H), 1.65-1.40 (m, 4H); 13C 
NMR (CDCl3, 125.8 MHz) δ 137.0, 127.3, 78.5, 62.1, 61.2, 30.2, 28.0, 24.0, 23.6, 10.0. 

HRMS (ESI, m/z) calculated for C10H16N3O (MH+) 194.1293, found 194.1289. 

1-Azido-2-(prop-2-ynyloxy)-2,3-dihydro-1H-indene (29). Colorless oil; IR (thin film) 
2361, 2339, 2094 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.39-7.24 (m, 4H), 4.84 (d, J = 5.3 

Hz, 1H), 4.44 (ddd, J = 7.8, 6.3, 5.3 Hz, 1H), 4.36 (t, J = 2.5 Hz, 2H), 3.37 (dd, J = 16.0, 

7.1 Hz, 1H), 2.95 (dd, J = 16.0, 6.3 Hz, 1H), 2.53 (t, J = 2.5 Hz, 1H); 13C NMR (CDCl3, 

125.8 MHz) δ 139.5, 137.9, 129.2, 127.5, 125.2, 125.0, 124.6, 85.0, 79.3, 75.0, 69.8, 

57.4, 36.5. HRMS (ESI, m/z) calculated for C12H12N3O (MH+) 214.0980, found 214.0982. 
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1-Azido-2-(but-2-ynyloxy)-2,3-dihydro-1H-indene (30). Colorless oil; IR (thin film) 

2361, 2341, 2095 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.39-7.24 (m, 4H), 4.83 (d, J = 5.3 

Hz, 1H), 4.43 (ddd, J = 7.0, 6.3, 5.3 Hz, 1H), 4.31 (quin, J = 2.3 Hz, 2H), 3.35 (dd, J = 
15.9, 7.0 Hz, 1H), 2.94 (dd, J = 15.9, 6.3 Hz, 1H), 1.91 (t, J = 2.3 Hz, 3H); 13C NMR 

(CDCl3, 125.8 MHz) δ 139.6, 138.0, 129.1, 127.6, 127.4, 125.2, 125.0, 124.6, 84.5, 69.8, 

57.9, 36.7, 3.8. HRMS (ESI, m/z) calculated for C13H14N3O (MH+) 228.1137, found 

228.1145. 

1-Azido-2-(but-2-ynyloxy)-1,2,3,4-tetrahydronaphthalene (32). Colorless oil; IR (thin 
film) 2223, 2098 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.42-7.37 (m, 1H), 7.28-7.22 (m, 

2H), 7.17-7.10 (m, 1H), 4.56 (d, J = 6.1 Hz, 1H), 4.32-4.28 (m, 2H), 4.05-3.96 (m, 1H), 

2.98-2.90 (m, 1H), 2.87-2.78 (m, 1H), 2.24-2.15 (m, 1H), 2.00-1.92 (m, 1H), 1.90 (t, J = 

2.3 Hz, 3H); 13C NMR (CDCl3, 125.8 MHz) δ 135.4, 131.3, 128.2, 127.7, 127.0, 125.4, 

81.1, 75.7, 73.9, 62.3, 55.9, 25.0, 23.7, 2.9. HRMS (ESI, m/z) calculated for C14H16N3O 
(M + H+) 242.1293, found 242.1289. 

4,5a,6,10b-Tetrahydroindeno[2,1-b][1,2,3]triazolo[1,5-d][1,4]oxazine (33). White 
solid; mp. 164-165 °C; 1H NMR (CDCl3, 400 MHz) δ 8.15 (d, J = 6.4 Hz, 1H), 7.61 (s, 

1H), 7.41-7.35 (m, 3H), 5.33 (d, J = 15.1 Hz, 1H), 5.28 (d, J = 9.2 Hz, 1H), 5.15 (d, J = 

15.1 Hz, 1H), 4.11 (ddd, J = 13.8, 11.1, 9.2 Hz, 1H), 3.28 (dd, J = 14.0, 6.6 Hz, 1H), 3.13 

(dd, J = 13.8, 11.1 Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 137.5, 135.0, 130.8, 129.0, 

128.8, 128.7, 125.9, 125.4, 83.1, 83.0, 64.2, 33.6. HRMS (ESI, m/z) calculated for 
C12H12N3O (MH+) 214.0980, found 214.0978. 

3-Methyl-4,5a,6,10b-Tetrahydroindeno[2,1-b][1,2,3]triazolo[1,5-d][1,4]oxazine (34). 
White solid; mp. 168-170 °C; 1H NMR (CDCl3, 400 MHz) δ 8.13 (d, J = 6.9 Hz, 1H), 

7.39-7.34 (m, 3H), 5.22 (d, J = 14.7 Hz, 1H), 5.21 (d, J = 5.0 Hz, 1H), 5.05 (d, J = 14.7 

Hz, 1H), 4.08 (ddd, J = 11.0, 6.6, 5.0 Hz, 1H), 3.27 (dd, J = 14.0, 6.6 Hz, 1H), 3.10 (dd, J 

= 14.0, 11.0 Hz, 1H), 2.31 (s, 3H); 13C NMR (CDCl3, 125.8 MHz) δ 137.5, 135.1, 129.6, 

128.7, 127.8, 127.2, 125.6, 125.2, 83.0, 64.2, 64.1, 33.6, 10.2. HRMS (ESI, m/z) 

calculated for C13H14N3O (MH+) 228.1137, found 228.1125. 
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5a,6,7,11b-Tetrahydro-4H-naphtho[2,1-b][1,2,3]triazolo[1,5-d][1,4]oxazine (35). As 

the precursor azidoalkyne 31 was found to undergo partial cyclization during 
chromatographic purification, it was subjected directly to the cycloaddition reaction step 

to afford the product 35 as a white solid; mp. 121-122 °C; 1H NMR (CDCl3, 400 MHz) δ 

8.54 (t, J = 3.4 Hz, 1H), 7.61 (s, 1H), 7.35-7.28 (m, 2H), 7.27-7.18 (m, 1H), 5.33 (d, J = 
9.4 Hz, 1H), 5.18 (d, J = 14.8 Hz, 1H), 4.93 (d, J = 14.8 Hz, 1H), 3.90 (m, 1H), 3.18-3.07 

(m, 2H), 2.48-2.36 (m, 1H), 2.18-2.07 (m, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 135.6, 

132.3, 132.0, 128.5, 128.2, 128.1, 127.7, 126.5, 62.7 (2C), 61.5, 27.4, 26.2. HRMS (ESI, 

m/z) calculated for C13H14N3O (MH+) 228.1137, found 228.1133. 

3-Methyl-5a,6,7,11b-Tetrahydro-4H-naphtho[2,1-b][1,2,3]triazolo[1,5-d][1,4]oxazine 
(36). White solid; mp. 92-94 °C; 1H NMR (CDCl3, 400 MHz) δ 8.55-8.47 (m, 1H), 7.35-

7.28 (m, 2H), 7.25-7.18 (m, 1H), 5.27 (d, J = 9.7 Hz, 1H), 5.04 (d, J = 14.6 Hz, 1H), 4.83 
(d, J = 14.6 Hz, 1H), 3.87-3.81 (m, 1H), 3.18-3.06 (m, 2H), 2.49-2.35 (m, 1H), 2.33 (s, 

3H), 2.14-2.04 (m, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 135.8, 134.5, 131.1, 127.7, 

127.4, 127.0, 126.6, 125.4, 61.5 (2C), 60.3, 26.3, 25.2, 9.0. HRMS (ESI, m/z) calculated 

for C14H16N3O (MH+) 242.1293, found 242.1285. 

3-Azido-4-(prop-2-ynyloxy)tetrahydrofuran (43). Colorless oil; IR (thin film) 2241, 
2104 cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.40-4.20 (m, 3H), 4.12-4.00 (m, 3H), 3.85 (dd, 

J = 8.6, 2.3 Hz, 1H), 3.83 (dd, J = 10.2, 2.3 Hz, 1H), 2,53 (t, J = 2.3 Hz, 1H); 13C NMR 
(CDCl3, 125.8 MHz) δ 83.0, 78.8, 75.8, 72.4, 71.6, 64.9, 57.2. HRMS (ESI, m/z) 

calculated for C7H10N3O (MH+) 168.0733, found 168.0743. 

3-Azido-4-(but-2-ynyloxy)tetrahydrofuran (44). Colorless oil; IR (thin film) 2237, 

2101 cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.25-4.19 (m, 3H), 4.10-3.99 (m, 3H), 3.84 (dd, 

J = 10.6, 2.2 Hz, 1H), 3.81 (dd, J = 10.2, 2.5 Hz, 1H), 1.89 (t, J = 2.3 Hz, 3H); 13C NMR 

(CDCl3, 125.8 MHz) δ 83.7, 82.5, 74.2, 71.9, 70.9, 65.1, 57.7, 3.63. HRMS (ESI, m/z) 

calculated for C8H12N3O (MH+) 182.0929, found 182.0934. 

tert-Butyl 3-azido-4-(prop-2-ynyloxy)pyrrolidine-1-carboxylate (45). Light yellow oil; 

IR (thin film) 2106, 1694 cm-1; 1H NMR (CDCl3, 400 MHz; rotameric mixture) δ 4.28 



 

7 

(dd, J = 16.0, 2.4 Hz, 1H), 4.21 (d, J = 16.0 Hz, 1H), 4.16-4.05 (m, 2H), 3.70-3.57 (m, 

2H), 3.53-3.36 (m, 2H), 2.52 (br s, 1H), 1.50 (s, 9H); 13C NMR (CDCl3, 125.8 MHz; 
rotameric mixture) δ 154.2, 80.6, 79.9, 78.8, 75.5, 63.5, 57.0, 49.4, 48.7, 28.4. HRMS 

(ESI, m/z) calculated for C12H19N4O3 (MH+) 267.1457, found 267.1459. 

tert-Butyl 3-azido-4-(but-2-ynyloxy)pyrrolidine-1-carboxylate (46). Light yellow oil; 
IR (thin film) 2224, 2106, 1702 cm-1; 1H NMR (CDCl3, 400 MHz; rotameric mixture) δ 

4.23 (dq, J = 15.4, 2.3 Hz, 1H), 4.16 (m, 1H), 4.12 (dd, J = 4.6, 2.3 Hz, 1H), 4.06 (dd, J = 

5.6, 2.8 Hz, 1H), 3.70-3.56 (m, 2H), 3.52-3.38 (m, 2H), 1.89 (t, J = 2.3 Hz, 3H), 1.48 (s, 
9H); 13C NMR (CDCl3, 125.8 MHz; rotameric mixture) δ 154.2, 83.7, 80.2, 79.9, 74.2, 

63.6, 57.6, 49.5, 48.7, 28.5, 3.64. HRMS (ESI, m/z) calculated for C13H20N4O3Na (MNa+) 

303.1433, found 303.1429. 

5a,6,8,8a-Tetrahydro-4H-furo[3,4-b][1,2,3]triazolo[1,5-d][1,4]oxazine (47). Low 

melting solid; IR (thin film) 2359, 2341 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.59 (s, 1H), 

5.32 (d, J = 15.2Hz. 1H), 5.11 (d, J = 15.2 Hz, 1H), 4.72 (dd, J = 8.0, 7.28 Hz, 1H), 4.43 

(td, J = 9.6, 7.4 Hz, 1H), 4.22 (t, J = 7.3 Hz, 1H), 4.10 (m, 2H), 3.86 (dd, J = 10.0, 7.6 
Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 130.7, 128.9, 79.6, 65.9, 65.6, 64.3, 60.0. 

HRMS (ESI, m/z) calculated for C7H10N3O (MH+) 168.0733, found 168.0756. 

3-Methyl-5a,6,8,8a-Tetrahydro-4H-furo[3,4-b][1,2,3]triazolo[1,5-d][1,4]oxazine (48). 
Low melting solid; IR (thin film) 2359, 2341,1753 cm-1; 1H NMR (CDCl3, 400 MHz) δ 

5.21 (d, J = 15.0 Hz, 1H), 5.00 (d, J = 15.0 Hz, 1H), 4,69 (t, J=7.5 Hz, 1H), 4.38 (td, J = 

9.6, 7.5 Hz, 1H), 4.21 (t, J = 7.5 Hz, 1H), 4.12-4.02 (m, 2H), 3.83 (dd, J = 10.0, 7.7 Hz, 
1H), 2.30 (s, 3H); 13C NMR (CDCl3, 125.8 MHz) δ 137.8, 127.2, 79.7, 65.7, 65.0, 64.0, 

58.4, 10.0. HRMS (ESI, m/z) calculated for C8H12N3O (MH+) 182.0929, found 182.0931. 

tert-Butyl 5a,6,8,8a-tetrahydropyrrolo[3,4-b][1,2,3]triazolo[1,5-d][1,4]oxazine-7(4H)-
carboxylate (49). White solid; mp. 153-155 °C. 1H NMR (CDCl3, 400 MHz; rotameric 

mixture) δ 7.59 (s, 1H), 5.17 (d, J = 15.3 Hz, 1H), 5.09 (d, J = 15.3 Hz, 1H), 4.44 (dd, J = 

9.9, 7.5 Hz, 1H), 4.37-4.28 (m, 1H), 4.01-3.94 (m, 2H), 3.57 (t, J = 10.3 Hz, 1H), 3.43-

3.36 (m, 1H), 1.54 (s, 9H); 13C NMR (CDCl3, 125.8 MHz; rotameric mixture) δ 154.2, 
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130.5, 128.9, 80.7, 78.1, 63.9, 58.2, 45.6, 45.3, 28.3. HRMS (ESI, m/z) calculated for 

C12H19N4O3 (MH+) 267.1457, found 267.1460.  

tert-Butyl 3-methyl-5a,6,8,8a-tetrahydropyrrolo[3,4-b][1,2,3]triazolo[1,5-
d][1,4]oxazine-7(4H)-carboxylate (50). White solid; mp. 178-179 °C. 1H NMR (CDCl3, 

400 MHz; rotameric mixture) δ 5.20 (d, J = 15.3 Hz, 1H), 5.00 (d, J = 15.3 Hz, 1H), 4.41 

(dd, J = 9.9, 7.5 Hz, 1H), 4.32-4.23 (m, 1H), 3.99-3.89 (m, 2H), 3.54 (t, J = 10.3 Hz, 1H), 
3.40-3.35 (m, 1H), 2.30 (s, 3H), 1.52 (s, 9H); 13C NMR (CDCl3, 125.8 MHz; rotameric 

mixture) δ 154.3, 137.9, 127.0, 80.7, 77.6, 63.8, 58.2, 45.6, 45.3, 28.4, 10.2. HRMS (ESI, 

m/z) calculated for C13H21N4O3 (MH+) 281.1614, found 281.1602. 

(S)-tert-Butyl 2-azido-1-phenylethyl(prop-2-ynyl)carbamate (53). Colorless oil; IR 

(thin film) 2218, 2102, 1690 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.55-7.27 (m, 5H), 

4.87-4.75 (m, 1H), 4.0-3.82 (m, 2H), 3.63-3.40 (m, 2H), 2.50 (br s, 1H), 1.52 (br s, 9h); 
13C NMR (CDCl3, 125.8 MHz) δ 157.1, 132.3, 129.7, 128.2, 128.0, 120.9, 114.9, 83.6, 

73.7, 65.1, 56.3, 51.8, 38.4, 30.3, 28.5. HRMS (ESI, m/z) calculated for C16H21N4O2 

(MH+) 301.1587, found 301.1595. 

(S)-tert-Butyl 2-azido-1-phenylethyl(but-2-ynyl)carbamate (54). Colorless oil; IR (thin 

film) IR (thin film) 2123, 2102, 1695 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.37-7.25 (m, 

5H), 4.19-4.18 (m, 2H), 3.80-3.74 (m, 1H), 3.63 (dd, J = 10, 4 Hz, 1H), 3.54 (dd, J = 9.6, 

6.4 Hz, 1H), 2.93 (dd, J = 14, 6.4 Hz, 1H), 2.82 (dd, J = 14, 8 Hz, 1H), 1.88 (t, J = 2.4 
Hz, 3H); 13C NMR (CDCl3, 125.7 MHz) δ 137.2, 129.5, 129.4, 128.9, 128.6, 126.8, 83.1, 

74.6, 71.0, 62.6, 59.1, 37.3, 3.6. HRMS (ESI, m/z) calculated for C17H23N4O2 (MH+) 
315.1821, found 315.1819. 

(S)-tert-Butyl 6-phenyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 
(55).  Low melting solid; 1H NMR (CDCl3, 400 MHz) δ 7.67 (s, 1H), 7.40-7.30 (m, 3H), 

7.15-6.85 (m, 2H), 5.88-5.70 (m, 1H), 5.40-3.75 (m, 4H), 1.20 (s, 9H); 13C NMR (CDCl3, 

125.8 MHz) δ 153.8, 131.0, 129.2, 128.9 (3C), 128.4, 126.5, 126.0, 59.6, 48.4, 39.1, 29.7, 

27.9(3C). HRMS (ESI, m/z) calculated for C16H21N4O2 (MH+) 301.1664, found 301.1657. 
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(S)-tert-Butyl3-Methyl-6-phenyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-
carboxylate (56).  White soild; mp. 154-156 °C; 1H NMR (CDCl3, 400 MHz) δ 7.40-

7.25 (m, 3H), 7.35-6.80 (m, 2H), 5.76 (br s, 1H), 5.17 (d, J = 16.7 Hz, 1H), 4.80-3.70 (m, 
3H), 2.35 (s, 3H), 1.49 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) δ 153.9, 137.8, 131.0, 

128.9 , 128.8, 128.3, 126.0, 81.0, 59.6, 48.3, 38.9, 27.9, 10.1. HRMS (ESI, m/z) 

calculated for C17H23N4O2 (MH+) 315.1281, found 315.1281. 

tert-Butyl 3-methyl-5a,6,7,8,9,9a-hexahydro-[1,2,3]triazolo[1,5-a]quinoxaline-5(4H)-
carboxylate (60). As the precursor azidoalkyne 59 was found to undergo partial 
cyclization during chromatographic purification, it was subjected directly to the 

cycloaddition reaction step to afford the product 60 as a white solid; mp. 166-167 °C; 1H 

NMR (CDCl3, 500 MHz, rotameric mixture) δ 5.23 (br s, 1H), 4.37 (s, 1H), 4.17 (d, J = 

13.2 Hz, 1H), 3.11 (d, J = 11.4 Hz, 1H), 2.22 (s, 3H), 1.81-1.70 (m, 1H), 1.69-1.55 (m, 
2H), 1.53-1.47 (m, 1H), 1.45 (s, 9H), 1.40-1.01 (m, 4H) ; 13C NMR (CDCl3, 125.8 MHz, 

rotameric mixture) δ 154.2, 138.2, 126.3, 81.2, 56.0, 52.2, 50.7, 37.2, 29.7, 28.4, 27.3, 

24.6, 24.2, 19.1, 10.2. HRMS (ESI, m/z) calculated for C15H25N4O2 (MH+) 293.1977, 

found 293.1978. 

tert-Butyl 1-methyl-5,6,10b,12-tetrahydrobenzo[f][1,2,3]triazolo[1,5-a]quinoxaline-
11(4aH)-carboxylate (64). As the precursor azidoalkyne 63 was found to undergo partial 

cyclization during chromatographic purification, it was subjected directly to the 

cycloaddition reaction step to afford the product 64 as a white solid; mp. 161-163 °C; 1H 
NMR (CDCl3, 400 MHz, mixture of rotamers) δ 7.25-7.14 (m, 3H), 7.03 (br s, 2H), 5.95 

& 5.74 (d, J = 3.8 Hz, 1H), 5.10 & 4.91 (d, J = 16.7 Hz, 1H), 4.82 (br s, 1H), 3.79 & 3.68 

(d, J = 16.9 Hz, 1H), 3.35-3.17 (m, 1H), 2.78-2.52 (m, 2H), 2.35-2.24 (m, 1H), 2.17 (s, 

3H), 1.57 (s, 9H); 13C NMR (CDCl3, 125.8 MHz, mixture of rotamers) δ 154.9, 137.7, 

130.7, 129.4, 127.9, 127.2, 126.9, 126.8, 81.8, 54.1, 52.4, 36.4, 28.4, 25.0, 23.1, 10.1. 
HRMS (ESI, m/z) calculated for C19H25N4O2 (MH+) 341.1977, found 341.1967. 

tert-Butyl 3-azido-1,2,3,4-tetrahydronaphthalen-2-ylcarbamate (67). Viscous oil; 1H 

NMR (CDCl3, 400 MHz, rotameric mixture) δ 7.49-7.01 (m, 4H), 4.65 (br s, 1H), 3.97 

(br s, 1H), 3.88 (br s, 1H), 3.32-3.16 (m, 2H), 2.93 (dd, J = 17.0, 7.3 Hz, 1H), 2.73 (dd, J 
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= 16.8, 7.4 Hz, 1H), 1.49 (br s, 9H); 13C NMR (CDCl3, 125.8 MHz, rotameric mixture) δ 

155.3, 149.9, 135.8, 134.4, 132.8, 130.9, 129.9, 129.4, 128.8, 127.7, 126.5, 120.1, 80.1, 

61.3, 59.7, 53.3, 49.7, 34.6, 33.5, 29.7, 28.4, 26.0, 25.1, 21.8. HRMS (ESI, m/z) 
calculated for C15H20N4O2Na (MNa+) 311.1484, found 311.1490.  

tert-Butyl 3-methyl-5a,6,11,11a-tetrahydrobenzo[g][1,2,3]triazolo[1,5-a]quinoxaline-
5(4H)-carboxylate (69). As the precursor azidoalkyne 63 was found to undergo partial 

cyclization during chromatographic purification, it was subjected directly to the 
cycloaddition reaction step to afford the product 69 as a white solid; mp. 172-174 °C; 1H 

NMR (CDCl3, 400 MHz, mixture of rotamers) δ 7.39-7.15 (m, 4H), 5.22 (d, J = 15.8 Hz, 

1H), 4.44-4.37 (m, 1H), 4.18 (d, J = 15.8 Hz, 1H), 4.05 (dd, J = 16.4, 5.0 Hz, 1H), 3.89-

3.80 (m, 1H), 3.68-3.53 (m, 2H), 3.15-3.06 (m, 1H), 2.36 (s, 3H), 1.48 (s, 9H); 13C NMR 
(CDCl3, 125.8 MHz, rotameric mixture) δ 154.8, 138.4, 137.9, 133.9, 133.5, 131.9, 

129.9, 127.8, 127.0, 126.2, 126.1, 81.5, 61.3, 56.9, 56.5, 43.9, 37.2, 35.0, 32.3, 29.7, 28.4, 

27.8, 26.1, 10.1. C19H25N4O2 (MH+) 341.1977, found 341.1988. 

tert-Butyl (3R,4R)-4-hydroxytetrahydrofuran-3-ylcarbamate (70). Viscous oil; [α]D -

2.7 (c 0.7 CHCl3); IR (thin film) 3410, 1700 cm-1; 1H NMR (CDCl3, 400 MHz) δ 5.01 (br 

s, 1H), 4.39 (br s, 1H), 4.25 (br s, 1H), 4.12-3.97 (m, 2H), 3.80 (d, J = 8.0 Hz, 1H), 3.52 

(d, J = 7.7 Hz, 1H), 2.12 (d, J = 4.4 Hz 1H), 1.48 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) 

δ 155.8, 80.1, 74.5, 70.9, 70.4, 53.6, 28.4. HRMS (ESI, m/z) calculated for C9H17NO4Na 

(MNa+) 226.1055, found 226.1065.  

tert-Butyl (3S,4S)-4-azidotetrahydrofuran-3-ylcarbamate (71). White solid; mp. 86-87 
°C; [α]D -4.2 (c 1.1 CHCl3); IR (thin film) 2099, 1697 cm-1; 1H NMR (CDCl3, 400 MHz) 

δ 4.74 (br s, 1H), 4.25-4.00 (m, 4H), 3.74 (d, J = 8.2 Hz, 1H), 3.67 (d, J = 9.7 Hz, 1H), 

1.50 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) δ 154.9, 80.4, 71.5, 71.1, 66.3, 57.2, 28.3. 

HRMS (ESI, m/z) calculated for C9H17N4O3 (MH+) 229.1301, found 229.1313.  

tert-Butyl (3S,4S)-4-azidotetrahydrofuran-3-yl(prop-2-ynyl)carbamate (72). 
Colorless oil; IR (thin film) 2106, 1693 cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.43-4.38 

(m, 1H), 4.37-4.32 (m, 1H), 4.19 (dd, J = 9.8, 6.4 Hz, 1H), 4.10-3.95 (m, 4H), 3.67 (dd, J 
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= 9.8, 4.3 Hz, 1H), 2.27 (t, J = 2.4 Hz, 1H), 1.52 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) 

δ 154.3, 81.8, 80.2, 71.8, 71.5, 68.8, 65.3, 63.4, 35.1, 28.4. HRMS (ESI, m/z) calculated 

for C12H18N4O3Na (MNa+) 289.1277, found 289.1291. 

tert-Butyl (3S,4S)-4-azidotetrahydrofuran-3-yl(but-2-ynyl)carbamate (73). Colorless 

oil; IR (thin film) 2224, 2104, 1697 cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.40-4.35 (m, 

2H), 4.16 (dd, J = 9.8, 6.4 Hz, 1H), 4.15-3.93 (m, 4H), 3.67 (dd, J = 9.8, 4.3 Hz, 1H), 
1.83 (t, J = 2.4 Hz, 3H), 1.52 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) δ 154.4, 81.3, 79.4, 

75.3, 71.8, 68.9, 65.1, 63.3, 35.8, 28.4, 3.5. HRMS (ESI, m/z) calculated for 

C13H20N4O3Na (MNa+) 303.1433, found 303.1432. 

(5aS,8aS)-tert-Butyl 5a,6,8,8a-tetrahydrofuro[3,4-e][1,2,3]triazolo[1,5-a]pyrazine-
5(4H)-carboxylate (74). White solid; mp. 134-135 °C; [α]D -35.3° (c 0.78 CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ 7.65 (s, 1H), 4.87 (d, J = 16.8 Hz, 1H), 4.76 (d, J = 16.8 Hz, 

1H), 4.73 (t, J = 7.7 Hz, 1H), 4.63-4.55 (m, 1H), 4.52 (dd, J = 10.0, 7.5 Hz, 1H), 4.21 (t, 
J = 9.2 Hz, 1H), 4.17 (t, J = 9.2 Hz, 1H), 3.65 (dd, J = 10.3, 6.8 Hz, 1H), 1.52 (s, 9H); 13C 

NMR (CDCl3, 125.8 MHz) δ 154.3, 131.4, 129.9, 82.3, 69.1, 65.3, 60.5, 60.0, 41.9, 28.3. 

HRMS (ESI, m/z) calculated for C12H19N4O3 (MH+) 267.1457, found 267.1447. 

(5aS,8aS)-tert-Butyl 3-methyl-5a,6,8,8a-tetrahydrofuro[3,4-e][1,2,3]triazolo[1,5-
a]pyrazine-5(4H)-carboxylate (75). White solid; mp. 157-158 °C; [α]D -31.3° (c 1.1 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 4.76 (d, J = 16.6 Hz, 1H), 4.69 (t, J = 7.8 Hz, 

1H), 4.62 (d, J = 16.6 Hz, 1H), 4.60-4.52 (m, 1H), 4.50 (dd, J = 10.0, 7.4 Hz, 1H), 4.19 

(dd, J = 9.8, 8.5 Hz, 1H), 4.14 (t, J = 9.4 Hz, 1H), 3.63 (dd, J = 10.2, 6.8 Hz, 1H), 2.33 (s, 
3H), 1.52 (s, 9H); 13C NMR (CDCl3, 125.8 MHz) δ 154.5, 138.8, 127.9, 82.2, 69.3, 65.3, 

60.6, 60.0, 41.7, 28.3, 10.2. HRMS (ESI, m/z) calculated for C13H21N4O3 (MH+) 

281.1614, found 281.1624. 

(5aS,8aS)-4,5,5a,6,8,8a-Hexahydrofuro[3,4-e][1,2,3]triazolo[1,5-a]pyrazine TFA salt 
(76). Light yellow solid; mp. 248 °C (decomp); 1H NMR (MeOD, 500 MHz) δ 7.84 (s, 

1H), 4.98 (d, J = 16.5 Hz, 1H), 4.87-4.75 (m, 3H), 4.35 (t, J = 7.5 Hz, 1H), 4.17-4.11 (m, 

2H), 3.99 (dd, J = 10.4, 7.9 Hz, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 130.4, 128.7, 65.7, 
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64.5, 58.0, 56.6, 41.2. HRMS (ESI, m/z) calculated for C7H11N4O (free amine) (MH+) 

167.0933, found 167.0933. 

(5aS,8aS)-3-Methyl-4,5,5a,6,8,8a-hexahydrofuro[3,4-e][1,2,3]triazolo[1,5-a]pyrazine 
TFA salt (77). Light yellow solid; 1H NMR (MeOD, 400 MHz) δ 4.86 (d, J = 16.2 Hz, 

1H), 4.80-4.72 (m, 2H), 4.64 (d, J = 16.2 Hz, 1H), 4.33 (t, J = 7.5 Hz, 1H), 4.14-4.03 (m, 
2H), 3.96 (dd, J = 10.4, 7.9 Hz, 1H), 2.34 (s, 3H); 13C NMR (CDCl3, 125.8 MHz) δ 

139.4, 125.3, 65.7, 64.6, 58.2, 57.0, 40.9, 8.3. HRMS (ESI, m/z) calculated for C8H13N4O 

(free amine) (MH+) 181.1089, found 181.1094. 

tert-Butyl (1R,2S)-2-hydroxy-1,2,3,4-tetrahydronaphthalen-1-ylcarbamate (78). 
White solid; mp. (CH2Cl2–hexane) 111-112 °C; [α]D 20.7 (c 1.2 CHCl3).  IR (thin film) 

3400, 1711, 1693 cm-1; 1H NMR (CDCl3, 400 MHz, rotameric mixture) δ 7.36-7.32 (m, 

1H), 7.25-7.20 (m, 2H), 7.16-7.11 (m, 1H), 4.96 (br s, 2H), 4.19 (d, J = 8.6 Hz, 1H), 
3.05-2.90 (m, 1H), 2.85-2.75 (m, 2H), 2.08-1.90 (m, 2H), 1.48 (s, 9H); 13C NMR (CDCl3, 

125.8 MHz, rotameric mixture) δ 157.1, 136.4, 134.8, 129.4, 128.7, 127.7, 126.5, 80.2, 

69.6, 53.0, 28.4, 26.8, 26.2. HRMS (ESI, m/z) calculated for C15H21NO3Na (MNa+) 

286.1419, found 286.1411. 

tert-Butyl (1R,2R)-2-azido-1,2,3,4-tetrahydronaphthalen-1-ylcarbamate (79). White 

solid; mp. 81-82 °C; [α]D 29.5 (c 0.8 CHCl3);  IR (thin film) 2095, 1686 cm-1; 1H NMR 

(CDCl3, 400 MHz, rotameric mixture) δ 7.36-7.28 (m, 1H), 7.26-7.21 (m, 2H), 7.14-7.10 

(m, 1H), 4.80-4.74 (m, 2H), 3.88 (br s, 1H), 3.02-2.80 (m, 2H), 2.19-2.12 (m, 1H), 2.06-
1.95 (m, 1H), 2.20-2.10 (m, 1H), 2.04-1.94 (m, 1H), 1.52 (s, 9H); 13C NMR (CDCl3, 

125.8 MHz, rotameric mixture) δ 154.4, 134.8, 129.1, 127.8, 127.7, 126.7, 125.7, 79.1, 

60.3, 52.3, 27.4, 25.0, 24.1.  HRMS (ESI, m/z) calculated for C15H20N4O2Na (MNa+) 

311.1484, found 311.1482. 

(4aR,10bR)-tert-Butyl 1-methyl-5,6,10b,12-tetrahydrobenzo[f][1,2,3]triazolo[1,5-
a]quinoxaline-11(4aH)-carboxylate (80). White solid; mp. 164-166 °C; [α]D -14.1 (c 

0.8 CHCl3); 1H NMR (CDCl3, 400 MHz, rotameric mixture) δ 7.47-7.42 (m, 1H), 7.28-

7.16 (m, 3H), 5.43 (d, J = 16.5 Hz, 1H), 4.63 (dd, J = 10.2, 2.3 Hz, 1H), 4.53 (d, J = 10.5 
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Hz, 1H), 4.35 (d, J = 16.6 Hz, 1H), 3.30 (br d, J = 12.9 Hz, 1H), 3.22-3.03 (m, 2H), 2.34 

(s, 3H), 2.01 (dd, J = 12.4, 5.5 Hz, 1H), 1.08 (s, 9H); 13C NMR (CDCl3, 125.8 MHz, 
rotameric mixture) δ 155.1, 138.4, 133.9, 133.5, 128.9, 127.8, 127.0, 126.2, 126.1, 81.6, 

61.3, 57.0, 43.9, 27.8, 27.7, 26.1, 10.1. HRMS (ESI, m/z) calculated for C19H25N4O2 

(MH+) 341.1977, found 341.1974. 

(4aR,10bR)-1-Methyl-4a,5,6,10b,11,12-hexahydrobenzo[f][1,2,3]triazolo[1,5-
a]quinoxaline TFA salt (81). Light yellow solid; mp. 272 °C (decomp); 1H NMR 
(MeOD, 400 MHz) δ 7.57 (d, J = 6.5 Hz, 1H), 7.40-7.31 (m, 3H), 4.94-4.85 (m, 2H), 

4.69 (d, J = 16.0 Hz, 1H), 4.60 (dd, J = 11.4, 2.9 Hz, 1H), 3.35-3.24 (m, 1H), 3.23-3.12 

(m, 2H), 2.31 (s, 3H), 2.28-2.16 (m, 1H); 13C NMR (MeOD, 125.8 MHz) δ 139.4, 136.0, 

129.8, 129.1, 128.3, 126.7, 123.9, 123.7, 57.7, 56.3, 39.1, 26.7, 24.2, 8.2. HRMS (ESI, 

m/z) calculated for C14H17N4 (MH+) 241.1453, found 241.1446. 

1-Azido-1-((prop-2-ynyloxy)methyl)cyclohexane (84). Colorless oil; IR (thin film) 

2106 cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.21 (d, J = 2.4 Hz, 2H), 3.50 (s, 2H), 2.45 (t, J 

= 2.4 Hz, 1H), 1.76-1.38 (m, 9H), 1.33-1.23 (m, 1H); 13C NMR (CDCl3, 125.8 MHz) δ 

80.1, 76.6, 74.7, 63.2, 58.7, 31.8, 31.5, 25.5, 22.3, 21.8. HRMS (ESI, m/z) calculated for 
C10H16N3O (MH+) 194.1293, found 194.1302. 

1-Azido-1-((but-2-ynyloxy)methyl)cyclohexane (85). Colorless oil; IR (thin film) 2106 
cm-1; 1H NMR (CDCl3, 400 MHz) δ 4.10 (q, J = 2.3 Hz, 2H), 3.47 (s, 2H), 1.86 (t, J = 2.3 

Hz, 3H), 1.76-1.68 (m, 2H), 1.66-1.53 (m, 5H), 1.48-1.38 (m, 2H), 1.33-1.22 (m, 1H); 
13C NMR (CDCl3, 125.8 MHz) δ 82.7, 75.4, 74.9, 63.3, 59.3, 31.8, 31.7, 25.4, 21.8, 21.6, 

3.7. HRMS (ESI, m/z) calculated for C11H18N3O (MH+) 208.1450, found 208.1555. 

4,6-Dihydrospiro[[1,2,3]triazolo[5,1-c][1,4]oxazine-7,1'-cyclohexane] (86). White 

solid; mp. 78-79 °C; 1H NMR (CDCl3, 400 MHz) δ  7.44 (s, 1H), 4.89 (s, 2H), 3.94 (s, 

2H), 2.36-2.27 (m, 2H), 1.95-1.85 (m, 4H), 1.78-1.70 (m, 1H), 1.53-1.40 (m, 3H); 13C 
NMR (CDCl3, 125.8 MHz) δ  130.0, 127.8, 70.3, 69.7, 60.3, 34.1, 34.0, 25.0, 22.5, 22.3. 

HRMS (ESI, m/z) calculated for C10H16N3O (MH+) 194.1293, found 194.1300. 
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3-Methyl-4,6-Dihydrospiro[[1,2,3]triazolo[5,1-c][1,4]oxazine-7,1'-cyclohexane] (87). 
White solid; mp. 116-117 °C; 1H NMR (CDCl3, 400 MHz) δ 4.79 (s, 2H), 3.88 (s, 2H), 

2.35-2.23 (m, 2H), 2.23 (s, 3H), 1.95-1.82 (m, 4H), 1.78-1.68 (m, 1H), 1.50-1.36 (m, 
3H); 13C NMR (CDCl3, 125.8 MHz) δ  136.5, 128.3, 70.1, 62.6, 60.1, 34.0, 33.9, 25.1, 

22.5, 22.4, 10.1. HRMS (ESI, m/z) calculated for C11H18N3O (MH+) 208.1450, found 

208.1457. 
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