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General experimental details 

Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm commercial silica gel plates 

(Yantai Jiangyou Silica Gel Development Co., Ltd., silica gel HSGF 254). Preparative column 

chromatography employing silica gel (Qingdao Shenghai Fine Silica Gel Chemical Co., Ltd., 200-300 

mesh) was performed according to the method of Still. Solvents for the chromatography are listed as 

volume/volume ratios. High-resolution mass spectra (HRMS) were performed at Instrumental Analysis 

Center of Xi’an Jiao Tong University using ESI method. Proton nuclear magnetic resonance (
1
H NMR) 

spectra were recorded with a Varian Mercuryplus 400 (400 MHz) spectrometer. Chemical shifts are 

reported in delta (δ) units, parts per million (ppm) downfield from tetramethylsilane or ppm relative to the 

center of the singlet at 7.26 ppm for deuteriochloroform. Coupling constants are reported in Hertz (Hz). 

Carbon-13 nuclear magnetic resonance (
13

C NMR) spectra were recorded with a Varian Gemini 400 (100 

MHz) spectrometer. Chemical shifts are reported in delta (δ) units, ppm relative to the center of the triplet 

at 77.0 ppm for deuteriochloroform. 
13

C NMR spectra were routinely run with broadband decoupling. 

High performance liquid chromatography (HPLC) was performed with FuLi (instruments) spectrometers 

using chiral column as noted for each compound. Optical rotations were measured on SGW
®
-1 

polarimeter. Pd2(dba)3•CHCl3, Ligands and tetrazole compounds were purchased from Energy Chemicals 

and used as received. Substituted vinyl cyclic carbonates were synthesized according to the previously 

reported procedure.
1
 All other chemicals were used as received from commercial resources. 
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Details for the Optimization Conditions 

Table S1. Evaluation of ligand for asymmetric Pd-catalyzed amination of allylic cyclic carbonate 1a with 

Phenyl tetrazole 2a
[a]

 

 

entry ligand yield (%)
[b]

 b/l
[c] 

ee (%)
[d]

 

1 L1 76 1:1 -- 

2 (S)-L2 82 19:1 65 

3 (R)-L3 24 2:1 28 

4 (R,R)-L4 17 1:1 >10 

5 (R,R)-L5 45 15:1 74 

6 (R,R)-L6 77 15:1 82 

[a] Reaction conditions: Pd2(dba)3•CHCl3 (2.5 mol%), ligands in entry 2 (10 mol%), ligands in entry 1 

and 3-6 (5 mol%), 1a (0.2 mmol), 2a (0.24 mmol, 1.2 equiv), DCM (1.0 mL, 0.2 M), 0 ˚C, 24 hours. [b] 

Isolated yields. [c] Determined by 
1
H-NMR of the crude reaction mixture [d] Determined by HPLC using 

a Chiralcel IC Column. 
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Table S2. Evaluation of solvents for asymmetric Pd-catalyzed amination of allylic cyclic carbonate 1a 

with Phenyl tetrazole 2a
[a]

 

 

entry solvent yield (%)
[b]

 b/l
[c]

 ee (%)
[d]

 

1 THF 54 15:1 85 

2 toluene 89 >19:1 92 

3 1,4-dioxane 40 10:1 72 

4 CH3CN 63 10:1 65 

5 Et2O 70 15:1 82 

6 DCE 67 19:1 79 

7 EtOH 80 19:1 45 

8
e 

toluene 38 10:1 87 

 [a] Reaction conditions: Pd2(dba)3•CHCl3 (2.5 mol%), (R,R)-L6 (5 mol%), 1a (0.2 mmol), 2a (0.24 

mmol, 1.2 equiv), solvent (1.0 mL, 0.2 M), 0 ˚C, 24 hours. [b] Isolated yields. [c] Determined by 
1
H-

NMR of the crude reaction mixture. [d] Determined by HPLC using a Chiralcel IC Column. [e] Reaction 

was performed at 20 ˚C temperature. 
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General procedure for allylic substitution of vinyl cyclic carbonates 1 with tetrazole 2a  

To an oven dried screw-cap reaction tube equipped with a magnetic stir bar, Pd2(dba)3∙CHCl3 (5.2 mg, 2.5 

mol%), Trost’s ligand (R,R)-L6 (7.8 mg, 5 mol%), vinyl cyclic carbonate 1a (25.6 mg, 0.2 mmol), and 

phenytetrazole 2a (35.08 mg, 0.24 mmol) were added. The reaction tube was sealed with rubber-septum, 

then evacuated and backfilled with nitrogen. Anhydrous toluene (0.2 M, 1 mL) was added via syringe. 

The resulting mixture was stirred at 0 ˚C for 24 hours. The residue was purified by flash column 

chromatography on silica gel to afford the pure branched product 3aa. The enantiomeric excesses of the 

products were determined by HPLC analysis using chiral stationary phases as indicated for each case. 

 

(R)-2-methyl-2-(5-phenyl-2H-tetrazol-2-yl)but-3-en-1-ol (3aa) was prepared according to the general 

procedure from 1a and 2a. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 89% yield (41.0 mg). 

[α]
25

D = 20.5 (c = 0.12, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.168.14 (m, 2H), 7.527.46 (m, 3H) 

6.21 (dd, J = 10.8, 17.4 Hz, 1H), 5.37 (d, J = 10.8 Hz, 1H), 5.14 (d, J = 17.6 Hz, 1H), 4.28 (dd, J = 7.1, 

12.3 Hz, 1H), 4.05 (dd, J = 7.0, 12.3 Hz, 1H), 3.03 (brt, 1H), 1.91 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

164.6, 137.1, 130.4, 128.9, 127.1, 126.9, 117.3, 71.0, 68.4, 21.7; HRMS (ESI-MS): Calcd. for 

C12H14N4O (M + Na): 253.1065, Found: 253.1057; HPLC conditions: Chiralcel IC column, 254 nm, 

flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tmajor = 24.2 min, tminor = 29.1 min; 92% ee. 

 

(R)-2-(5-(4-bromophenyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ab) was prepared according to 

the general procedure from 1a and 2b. The crude product was purified by flash column chromatography 
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(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 87% yield 

(53.8 mg). [α]
25

D = 14.2 (c = 1.03, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.037.99 (m, 2H), 

7.637.60 (m, 2H) 6.20 (dd, J = 10.8, 17.4 Hz, 1H), 5.38 (d, J = 10.8 Hz, 1H), 5.16 (d, J = 17.6 Hz, 1H), 

4.29 (d, J = 12.3 Hz, 1H), 4.04 (dd, J = 12.8 Hz, 1H), 2.97 (brs, 1H), 1.91 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 163.8, 137.0, 132.1, 128.4, 126.1, 124.8, 117.3, 71.2, 68.3, 21.5; HRMS (ESI-MS): Calcd. for 

C12H13BrN4O (M + Na): 331.0170, Found: 331.0170; HPLC conditions: Chiralcel IC column, 254 nm, 

flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 6.5 min, tminor = 7.5 min; 96% ee. 

 

(R)-2-methyl-2-(5-(p-tolyl)-2H-tetrazol-2-yl)but-3-en-1-ol (3ac) was prepared according to the general 

procedure from 1a and 2c. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 93% yield (45.4 mg). 

[α]
25

D = -6.5 (c = 0.74, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.0 

Hz, 2H), 6.20 (dd, J = 10.8, 17.4 Hz, 1H), 5.35 (d, J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.26 (dd, J 

= 5.6, 12.1 Hz, 1H), 4.03 (dd, J = 5.6, 12.1 Hz, 1H), 3.12 (brt, 1H), 2.41 (s, 3H), 1.90 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 164.7, 140.6, 137.1, 129.5, 126.8, 124.4, 117.2, 70.9, 68.4, 29.7, 21.6; HRMS (ESI-

MS): Calcd. for C13H16N4O (M + Na): 267.1222, Found: 267.1213; HPLC conditions: Chiralcel IC 

column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 8.2 min, tminor = 9.5 min; 92% ee. 

 

(R)-2-methyl-2-(5-(4-nitrophenyl)-2H-tetrazol-2-yl)but-3-en-1-ol (3ad) was prepared according to the 

general procedure from 1a and 2d. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a white solid in 94% yield 
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(51.7 mg). [α]
25

D = 27.5 (c = 0.61, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.35 (s, 4H), 6.23 (dd, J = 10.8, 

17.4 Hz, 1H), 5.41 (d, J = 10.8 Hz, 1H), 5.20 (d, J = 17.6 Hz, 1H), 4.33 (d, J = 12.2 Hz, 1H), 4.07 (d, J = 

12.2 Hz, 1H), 2.81 (brs, 1H), 1.95 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 162.8, 148.9, 136.7, 133.1, 

127.7, 124.2, 117.6, 71.6, 68.2, 21.5; HRMS (ESI-MS): Calcd. for C12H13N5O3 (M + Na): 298.0916, 

Found: 298.0938; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes 

= 10/90, tmajor = 14.3 min, tminor = 17.1 min; 90% ee. 

 

(R)-2-(5-(2,4-dichlorophenyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ae) was prepared according 

to the general procedure from 1a and 2e. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 87% yield (52.1 mg). [α]
25

D = -13.4 (c = 0.12, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.997.95 (m, 

1H), 7.587.55 (m, 1H), 7.417.37 (m, 1H), 6.22 (dd, J = 10.8, 17.4 Hz, 1H), 5.39 (d, J = 10.8 Hz, 1H), 

5.16 (d, J = 17.6 Hz, 1H), 4.28 (d, J = 10.8 Hz, 1H), 4.05 (d, J = 10.8 Hz, 1H), 3.04 (brs, 1H), 1.93 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 162.0, 136.8, 136.7, 133.8, 132.0, 130.8, 127.4, 124.8, 117.5, 71.4, 

86.4, 21.7; HRMS (ESI-MS): Calcd. for C12H12Cl2N4O (M + Na): 321.0286, Found: 321.0280; HPLC 

conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 6.7 min, 

tminor = 8.4 min; 90% ee. 

 

(R)-2-methyl-2-(5-(m-tolyl)-2H-tetrazol-2-yl)but-3-en-1-ol (3af) was prepared according to the general 

procedure from 1a and 2f. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 84% yield (41.1 mg). 

[α]
25

D = -14.8 (c = 1.10, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.94 (s, 2H), 7.397.34 (m, 1H), 7.28 (s, 
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1H), 6.20 (dd, J = 10.8, 17.4 Hz, 1H), 5.36 (d, J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.29 (d, J = 

10.8 Hz, 1H), 4.04 (d, J = 10.8 Hz, 1H), 3.16 (brs, 1H), 2.42 (s, 3H), 1.91 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 164.8, 138.7, 137.1, 131.2, 128.8, 127.5, 127.0, 124.0, 117.3, 71.0, 68.4, 21.7, 21.4; HRMS 

(ESI-MS): Calcd. for C13H16N4O (M + Na): 267.1222, Found: 267.1219; HPLC conditions: Chiralcel IC 

column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 14.7 min, tminor = 18.4 min; 90% ee. 

 

(R)-3-(2-(1-hydroxy-2-methylbut-3-en-2-yl)-2H-tetrazol-5-yl)phenol (3ag) was prepared according to 

the general procedure from 1a and 2g. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 83% yield 

(40.8 mg). [α]
25

D = 6.2 (c = 0.21, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.677.64 (m, 2H), 7.357.31 

(m, 1H), 6.986.95 (m, 1H), 6.20 (dd, J = 10.8, 17.4 Hz, 1H), 5.36 (d, J = 10.8 Hz, 1H), 5.14 (d, J = 17.4 

Hz, 1H), 4.32 (dd, J = 6.0, 11.7 Hz, 1H), 4.05 (dd, J = 6.0, 11.7 Hz, 1H), 3.41 (brt, 1H), 1.91 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 164.3, 156.3, 136.9, 130.3, 128.1, 119.1, 117.8, 117.4, 113.7, 71.2, 68.3, 21.5; 

HRMS (ESI-MS): Calcd. for C12H14N4O2 (M + Na): 269.1014, Found: 269.1012; HPLC conditions: 

Chiralcel OD-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 7.4 min, tminor = 

8.5 min; 89% ee. 

 

(R)-2-methyl-2-(5-(o-tolyl)-2H-tetrazol-2-yl)but-3-en-1-ol (3ah) was prepared according to the general 

procedure from 1a and 2h. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 97% yield (47.4 mg). 

[α]
25

D = -21.4 (c = 0.54, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.3 Hz, 1H), 7.397.29 (m, 

3H), 6.21 (dd, J = 10.8, 17.4 Hz, 1H), 5.37 (d, J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.27 (dd, J = 

6.4, 12.0 Hz, 1H), 4.05 (dd, J = 6.4, 12.0 Hz, 1H), 3.03 (brt, 1H), 2.62 (s, 3H), 1.92 (s, 3H); 
13

C NMR 
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(100 MHz, CDCl3) δ 165.0, 137.4, 137.1, 131.4, 130.0, 129.5, 126.3, 126.0, 117.2, 70.9, 68.4, 29.7, 21.7; 

HRMS (ESI-MS): Calcd. for C13H16N4O (M + Na): 267.1222, Found: 267.1216; HPLC conditions: 

Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 6.8 min, tmajor = 8.3 

min; 90% ee. 

 

(R)-2-(5-(2-chlorophenyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ai) was prepared according to the 

general procedure from 1a and 2i. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 96% yield 

(50.8 mg). [α]
25

D = -10.8 (c = 0.70, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.007.96 (s, 1H), 7.557.52 

(m, 1H), 7.447.36 (m, 2H), 6.22 (dd, J = 10.8, 17.6 Hz, 1H), 5.38 (d, J = 10.8 Hz, 1H), 5.15 (d, J = 17.6 

Hz, 1H), 4.28 (d, J = 12.3 Hz, 1H), 4.06 (d, J = 12.3 Hz, 1H), 3.18 (brs, 1H), 1.93 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 162.6, 136.9, 133.1, 131.2, 131.1, 130.8, 126.9, 126.2, 117.3, 71.2, 68.4, 21.6; HRMS 

(ESI-MS): Calcd. for C12H13ClN4O (M + Na): 287.0676, Found: 287.0682; HPLC conditions: Chiralcel 

IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tmajor = 27.3 min, tminor = 40.1 min; 87% 

ee. 

 

(R)-2-(5-(2-bromophenyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3aj) was prepared according to the 

general procedure from 1a and 2j. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 83% yield 

(51.3 mg). [α]
25

D = 12.1 (c = 0.56, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.92 (dd, J = 1.7, 7.7 Hz, 1H), 

7.74 (dd, J = 1.0, 8.0 Hz, 1H), 7.45 (ddd, J = 1.2, 7.5, 15.1 Hz, 1H), 7.35 (dd, J = 1.8, 8.0 Hz, 1H), 6.22 

(dd, J = 10.8, 17.6 Hz, 1H), 5.38 (d, J = 10.8 Hz, 1H), 5.15 (d, J = 17.6 Hz, 1H), 4.27 (d, J = 12.3 Hz, 1H), 

4.05 (d, J = 12.3 Hz, 1H), 3.16 (brs, 1H), 1.93 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 163.4, 136.9, 
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134.1, 131.5, 131.3, 128.2, 127.5, 122.1, 117.3, 71.2, 68.4, 21.6; HRMS (ESI-MS): Calcd. for 

C12H13BrN4O (M + Na): 331.0170, Found: 331.0175; HPLC conditions: Chiralcel IC column, 254 nm, 

flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tmajor = 28.4 min, tminor = 40.5 min; 88% ee. 

 

(R)-2-(5-(2-bromophenyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ak) was prepared according to 

the general procedure from 1a and 2k. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 82% yield 

(37.9 mg). [α]
25

D = -21.3 (c = 1.1, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.70 (dd, J = 1.6, 4.6 Hz, 2H), 

8.00 (dd, J = 1.6, 4.5 Hz, 2H), 6.24 (dd, J = 10.8, 17.6 Hz, 1H), 5.40 (d, J = 10.8 Hz, 1H), 5.19 (d, J = 

17.6 Hz, 1H), 4.33 (d, J = 12.2 Hz, 1H), 4.06 (d, J = 12.2 Hz, 1H), 1.95 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 162.5, 150.3, 136.8, 120.9, 119.1, 117.5, 71.7, 68.3, 21.5; HRMS (ESI-MS): Calcd. for 

C11H13N5O (M + Na): 254.1018, Found: 254.1025; HPLC conditions: Chiralcel IC column, 254 nm, 

flow rate: 1 ml/min, i-PrOH/hexanes = 1/19, tmajor = 41.0 min, tminor = 45.5 min; 98% ee. 

 

(R)-2-(5-(5-chlorothiophen-2-yl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3al) was prepared 

according to the general procedure from 1a and 2l. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 83% yield (44.9 mg). [α]
25

D = -22.1 (c = 1.02, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 

4.0 Hz, 1H), 6.96 (d, J = 4.0 Hz, 1H), 6.19 (dd, J = 10.8, 17.6 Hz, 1H), 5.37 (d, J = 10.8 Hz, 1H), 5.16 (d, 

J = 17.6 Hz, 1H), 4.26 (dd, J = 4.0, 12.1 Hz, 1H), 4.01 (dd, J = 4.0, 12.1 Hz, 1H), 2.93 (brs, 1H), 1.89 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 159.9, 136.8, 133.0, 127.4, 127.2, 127.0, 117.4, 71.3, 68.2, 21.5; 

HRMS (ESI-MS): Calcd. for C10H11ClN4OS (M + Na): 293.0240, Found: 293.0235; HPLC conditions: 
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Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 10.7 min, tminor = 12.9 

min; 86% ee. 

 

(R)-2-methyl-2-(5-methyl-2H-tetrazol-2-yl)but-3-en-1-ol (3am) was prepared according to the general 

procedure from 1a and 2m. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 78% yield (26.2 mg). 

[α]
25

D = 38.3 (c = 0.10, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 6.15 (dd, J = 10.8, 17.6 Hz, 1H), 5.35 (d, 

J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.20 (dd, J = 6.8, 12.1 Hz, 1H), 3.98 (dd, J = 6.8, 12.1 Hz, 

1H), 3.05 (brt, 1H), 2.55 (s, 3H), 1.83 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 162.5, 137.1, 117.1, 70.5, 

68.3, 21.5, 10.9; 

For the determination of enantiomeric excess of 3am, compound 3am was converted to corresponding 

benzoate 4am. The ee value of 4am was determined by chiral HPLC 

 

(R)-2-methyl-2-(5-methyl-2H-tetrazol-2-yl)but-3-en-1-yl benzoate (4am) was obtained as a white solid; 

1
H NMR (400 MHz, CDCl3) δ 7.907.88 (m, 2H), 7.577.53 (m, 1H), 7.437.39 (m, 2H), 6.34 (dd, J = 

10.8, 17.6 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 5.29 (d, J = 17.6 Hz, 1H), 4.87 (d, J = 11.7 Hz, 1H), 4.79 (d, 

J = 11.7 Hz, 1H), 2.55 (s, 3H), 2.01 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 166.3, 161.3, 136.2, 133.4, 

129.7, 129.4, 129.2, 117.9, 68.7, 58.5, 18.4, 13.7; HRMS (ESI-MS): Calcd. for C14H16N4O2 (M + Na): 

295.1171, Found: 295.1166; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-

PrOH/hexanes = 1/19, tmajor = 22.6 min, tminor = 24.3 min; 90% ee. 
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(R)-2-(5-benzyl-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3an) was prepared according to the general 

procedure from 1a and 2n. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 88% yield (42.9 mg). 

[α]
25

D = 68.9 (c = 0.07, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.367.22 (m, 5H), 6.13 (dd, J = 10.8, 

17.6 Hz, 1H), 5.34 (d, J = 10.8 Hz, 1H), 5.07 (d, J = 17.6 Hz, 1H), 4.26 (s, 2H), 4.19 (d, J = 12.3 Hz, 1H), 

3.96 (d, J = 12.3 Hz, 1H), 2.85 (brs, 1H), 1.83 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 165.1, 137.1, 

136.6, 128.8, 128.7, 126.9, 117.2, 70.8, 68.3, 31.8, 21.6; HRMS (ESI-MS): Calcd. for C13H16N4O (M + 

Na): 267.1222, Found: 267.1217; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 10/90, tmajor = 8.4 min, tminor = 9.5 min; 90% ee. 

 

(R)-2-(5-benzyl-2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ao) was prepared according to the general 

procedure from 1a and 2o. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 87% yield (48.1 mg). 

[α]
25

D = -16.4 (c = 0.55, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.397.36 (m, 2H), 7.317.22 (m, 3H), 

6.10 (dd, J = 10.8, 17.6 Hz, 1H), 5.32 (d, J = 10.8 Hz, 1H), 5.05 (d, J = 17.6 Hz, 1H), 4.40 (s, 2H), 4.16 

(dd, J = 5.4, 12.2 Hz, 1H), 3.92 (dd, J = 5.4, 12.2 Hz, 1H), 2.69 (brt, 1H), 1.81 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 163.2, 136.7, 136.5, 129.0, 128.5, 127.6, 117.3, 71.3, 68.1, 36.5, 21.4; HRMS (ESI-MS): 

Calcd. for C13H16N4OS (M + Na): 299.0943, Found: 299.0939; HPLC conditions: Chiralcel IC column, 

254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 7.4 min, tminor = 8.5 min; 81% ee. 

 

ethyl (R)-2-(2-(1-hydroxy-2-methylbut-3-en-2-yl)-2H-tetrazol-5-yl)acetate (3ap) was prepared 

according to the general procedure from 1a and 2p. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 72% yield (34.6 mg). [α]
25

D = 42.7 (c = 0.67, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 6.17 (dd, J = 

10.8, 17.6 Hz, 1H), 5.35 (d, J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.28-4.18 (m, 3H), 3.99 (s, 2H), 
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3.97 (dd, J = 4.0, 12.1 Hz, 1H), 3.05 (brs, 1H), 1.86 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 168.4, 159.6, 137.0, 117.2, 71.1, 68.2, 61.6, 31.8, 21.4, 14.0; 

For the determination of enantiomeric excess of 3ap, compound 3ap was converted to corresponding 

benzoate 4ap. The ee value of 4ap was determined by chiral HPLC 

 

(R)-2-(5-(2-ethoxy-2-oxoethyl)-2H-tetrazol-2-yl)-2-methylbut-3-en-1-yl benzoate (4ap) was obtained 

as a white solid; 
1
H NMR (400 MHz, CDCl3) δ 7.907.87 (m, 2H), 7.547.50 (m, 1H), 7.407.36 (m, 

2H), 6.33 (dd, J = 10.8, 17.6 Hz, 1H), 5.41 (d, J = 10.8 Hz, 1H), 5.26 (d, J = 17.6 Hz, 1H), 4.89 (d, J = 

11.4 Hz, 1H), 4.81 (d, J = 11.4 Hz, 1H), 4.15 (dd, J = 7.1, 14.2 Hz, 2H), 4.02 (s, 3H), 2.03 (s, 3H), 1.19 (t, 

J = 7.1 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 168.3, 165.7, 159.9, 136.1, 133.3, 129.6, 129.3, 117.8, 

68.7, 68.3, 61.5, 31.9, 21.6, 13.9; HRMS (ESI-MS): Calcd. for C17H20N4O4 (M + Na): 367.1382, Found: 

367.1376; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, 

tmajor = 7.7 min, tminor = 9.5 min; 89% ee. 

 

(R)-2-(5-(4'-((2-butyl-4-chloro-5-(hydroxymethyl)-1H-imidazol-1-yl)methyl)-[1,1'-biphenyl]-2-yl)-

2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3aq) was prepared according to the general procedure from 1a 

and 2q. The crude product was purified by flash column chromatography (Petroleum ether/EtOAc = 4:1) 

on silica gel to provide the title compound as a white solid in 67% yield (67.9 mg). [α]
25

D = 35.3 (c = 0.12, 

CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.068.04 (m, 1H), 7.577.50 (m, 2H), 7.427.40 (m, 1H), 7.17 

(d, J = 8.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.01 (dd, J = 10.8, 17.6 Hz, 1H), 5.26 (d, J = 10.8 Hz, 1H), 

5.26 (s, 2H), 4.94 (d, J = 17.6 Hz, 1H), 4.52 (s, 2H), 3.85 (d, J = 12.4 Hz, 1H), 3.69 (d, J = 12.4 Hz, 1H), 

2.61 (t, J = 7.6, 15.6 Hz, 2H), 1.75 (s, 3H), 1.731.66 (m, 2H), 1.401.30 (m, 2H), 0.91 (t, J = 7.6, 15.6 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 164.0, 148.4, 141.0, 140.9, 136.8, 135.0, 130.8, 130.6, 130.1, 

130.0, 129.6, 128.7, 127.9, 125.7, 125.4, 117.0, 70.6, 68.1, 47.2, 38.6, 28.8, 26.5, 23.7, 22.3, 13.7; HRMS 
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(ESI-MS): Calcd. for C27H13ClN6O2 (M + Na): 529.2095, Found: 529.2086; HPLC conditions: Chiralcel 

IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 48.87 min, tminor = 61.92 min; 

97% ee. 

 

(R)-2-(5-(4'-((2-butyl-4-chloro-5-(hydroxymethyl)-1H-imidazol-1-yl)methyl)-[1,1'-biphenyl]-2-yl)-

2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3ar) was prepared according to the general procedure from 1a 

and 2r. The crude product was purified by flash column chromatography (Petroleum ether/EtOAc = 4:1) 

on silica gel to provide the title compound as a white solid in 74% yield (75.9 mg). [α]
25

D = -19.4 (c = 

0.81, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 1.6, 6.8 Hz, 1H), 7.567.48 (m, 2H), 7.41 (dd, 

J = 1.4, 7.2 Hz, 1H), 7.15 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.00 (dd, J = 10.8, 17.6 Hz, 1H), 

5.25 (d, J = 10.8 Hz, 1H), 4.93 (d, J = 17.6 Hz, 1H), 4.69 (s, 2H), 3.83 (d, J = 11.6 Hz, 1H), 3.67 (d, J = 

11.6 Hz, 1H), 2.69 (brs, 1H), 2.37 (t, J = 7.6, 15.6 Hz, 2H), 2.02-1.93 (m, 6H), 1.86-1.77 (m, 2H), 1.71 (s, 

3H), 1.661.59 (m, 2H), 1.391.34 (m, 2H), 0.90 (t, J = 7.6, 15.6 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ 186.7, 164.1, 161.8, 141.2, 140.8, 136.9, 135.4, 130.5, 130.0, 129.9, 129.6, 127.8, 126.2, 126.0, 116.9, 

76.5, 70.6, 68.0, 43.2, 37.3, 37.2, 28.7, 27.7, 26.0, 22.3, 21.3, 13.7; HRMS (ESI-MS): Calcd. for 

C30H36N6O2 (M + Na): 535.2797, Found: 535.2802; HPLC conditions: Chiralcel IC column, 254 nm, 

flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 10.5 min, tminor = 12.6 min; 95% ee. 

 

(R)-2-(5-(4'-((2-butyl-4-chloro-5-(hydroxymethyl)-1H-imidazol-1-yl)methyl)-[1,1'-biphenyl]-2-yl)-

2H-tetrazol-2-yl)-2-methylbut-3-en-1-ol (3as) was prepared according to the general procedure from 1a 

and 2s. The crude product was purified by flash column chromatography (Petroleum ether/EtOAc = 4:1) 

on silica gel to provide the title compound as a white solid in 52% yield (54.6 mg). [α]
25

D = -42.5 (c = 

0.70, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 1.6, 7.6 Hz, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.57 
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(d, J = 7.6 Hz, 1H), 7.537.44 (m, 2H), 7.37 (dd, J = 1.4, 7.6 Hz, 1H), 7.16 (t, J = 7.6, 15.6 Hz, 1H), 7.04 

(d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 5.88 (dd, J = 10.8, 17.6 Hz, 1H), 5.64 (s, 2H), 5.10 (d, J = 

10.8 Hz, 1H), 4.83 (d, J = 17.6 Hz, 1H), 4.65 (dd, J = 7.2, 14.4 Hz, 2H), 3.81 (s, 3H), 3.78 (dd, J = 6.8, 

12.0 Hz, 1H), 3.60 (dd, J = 6.8, 12.0 Hz, 1H), 2.48 (brt, 1H), 1.59 (s, 3H), 1.48 (t, J = 6.8, 14.0 Hz, 3H); 

13
C NMR (100 MHz, CDCl3) δ 166.8, 164.2, 158.7, 141.8, 141.5, 140.1, 136.8, 136.2, 131.4, 130.6, 

130.0, 129.9, 129.2, 127.6, 126.3, 125.9, 123.7, 121.9, 120.8, 116.8, 115.6, 70.51, 68.0, 66.7, 52.2, 21.2, 

14.6; HRMS (ESI-MS): Calcd. for C29H28N6O2 (M + Na): 547.2070, Found: 547.2076; HPLC 

conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 20/80, tmajor = 18.5 min, 

tminor = 24.0 min; 96% ee. 

 

(R)-2-ethyl-2-(5-phenyl-2H-tetrazol-2-yl)but-3-en-1-ol (3ba) was prepared according to the general 

procedure from 1b and 2a. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 76% yield (37.1 mg). 

[α]
25

D = 59.6 (c = 0.24, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.178.14 (m, 2H), 7.537.45 (m, 3H) 

6.28 (dd, J = 10.8, 17.4 Hz, 1H), 5.44 (d, J = 10.8 Hz, 1H), 5.16 (d, J = 17.6 Hz, 1H), 4.25 (t, J = 13.6 Hz, 

2H), 2.96 (brs, 1H), 2.392.26 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 

135.8, 130.4, 128.9, 127.2, 126.9, 117.6, 74.2, 66.1, 18.4, 8.0; HRMS (ESI-MS): Calcd. for C13H16N4O 

(M + Na): 267.1222, Found: 267.1219; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 10/90, tmajor = 12.2 min, tminor = 15.8 min; 90% ee. 

 

(R)-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinyloctan-1-ol (3ca) was prepared according to the general 

procedure from 1c and 2a. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 84% yield (50.5 mg). 

[α]
25

D = 52.4 (c = 0.13, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.178.14 (m, 2H), 7.527.47 (m, 3H) 

6.29 (dd, J = 10.8, 17.4 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 5.11 (d, J = 17.6 Hz, 1H), 4.28-4.19 (m, 2H), 

3.00 (brt, 1H), 2.272.23 (m, 2H), 1.301.19 (m, 8H), 0.93 (t, J = 6.5 Hz, 3H); 
13

C NMR (100 MHz, 
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CDCl3) δ 164.4, 136.2, 130.4, 128.9, 127.2, 126.9, 117.4, 73.9, 66.4, 36.0, 31.4, 29.3, 23.3, 22.5, 14.0; 

HRMS (ESI-MS): Calcd. for C17H24N4O (M + Na): 323.1848, Found: 323.1842; HPLC conditions: 

Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 11.2 min, tminor = 14.1 

min; 90% ee. 

 

(R)-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinyloctan-1-ol (3da) was prepared according to the general 

procedure from 1d and 2a. The crude product was purified by flash column chromatography (Petroleum 

ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 87% yield (62.0 mg). 

[α]
25

D = 42.1 (c = 0.23, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.188.15 (m, 2H), 7.527.47 (m, 3H) 

6.29 (dd, J = 10.8, 17.4 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 5.12 (d, J = 17.6 Hz, 1H), 4.284.19 (m, 2H), 

2.91 (brt, 1H), 2.272.22 (m, 2H), 1.291.2 (m, 16H), 0.87 (t, J = 6.6 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 164.5, 136.2, 130.4, 128.9, 127.3, 126.9, 117.4, 73.9, 66.4, 36.1, 31.9, 29.7, 29.5, 29.4, 29.3, 

23.3, 22.6, 14.1; HRMS (ESI-MS): Calcd. for C21H32N4O (M + Na): 379.2474, Found: 379.2469; HPLC 

conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 17.4 min, 

tminor = 21.6 min; 96% ee. 

 

(R)-2-(3,4-dimethoxybenzyl)-2-(5-phenyl-2H-tetrazol-2-yl)but-3-en-1-ol (3ea) was prepared according 

to the general procedure from 1e and 2a. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 72% yield (52.8 mg). [α]
25

D = 28.7 (c = 0.86, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.188.16 (m, 

2H), 7.517.47 (m, 3H) 6.75 (d, J = 8.2 Hz, 1H), 6.70 (dd, J = 1.8, 8.2 Hz, 1H), 6.55 (d, J = 1.8 Hz, 1H), 

6.22 (dd, J = 10.8, 17.4 Hz, 1H), 5.40 (d, J = 10.8 Hz, 1H), 5.02 (d, J = 17.6 Hz, 1H), 4.264.18 (m, 2H), 

3.84 (s, 3H), 3.72 (s, 3H), 3.60 (d, J = 13.7 Hz, 1H), 3.50 (d, J = 13.7 Hz, 1H), 2.84 (brs, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 164.5, 148.6, 148.2, 136.1, 132.4, 130.5, 128.9, 127.1, 126.5, 122.9, 117.6, 113.5, 

110.9, 74.0, 64.7, 55.8, 55.7, 29.7; HRMS (ESI-MS): Calcd. for C20H22N4O3 (M + Na): 389.1590, Found: 
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389.1584; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, 

tmajor = 13.4 min, tminor = 15.0 min; 90% ee. 

 

(R,E)-6,10-dimethyl-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylundeca-5,9-dien-1-ol (3fa) was prepared 

according to the general procedure from 1f and 2a. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 88% yield (64.5 mg). [α]
25

D = 59.5 (c = 0.84, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.188.14 (m, 

2H), 7.557.46 (m, 3H) 6.32 (dd, J = 10.8, 17.4 Hz, 1H), 5.44 (d, J = 10.8 Hz, 1H), 5.14 (d, J = 17.6 Hz, 

1H), 5.095.02 (m, 2H), 4.314.19 (m, 2H), 2.88 (brt, 1H), 2.312.24 (m, 2H), 2.061.92 (m, 6H), 1.65 

(s, 3H), 1.62 (s, 3H), 1.55 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 136.6, 136.1, 131.5, 130.4, 

128.9, 127.2, 126.9, 124.1, 122.4, 117.5, 73.8, 66.5, 36.0, 31.9, 29.7, 26.5, 22.1, 17.7, 16.0; HRMS (ESI-

MS): Calcd. for C22H30N4O (M + Na): 389.2317, Found: 389.2322; HPLC conditions: Chiralcel OD-H 

column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 10.5 min, tminor = 12.8 min; 94% ee. 

 

(R)-6-methyl-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylhept-5-en-1-ol (3ga) was prepared according to the 

general procedure from 1g and 2a. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 93% yield 

(55.5 mg). [α]
25

D = 63.9 (c = 0.14, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.198.17 (m, 2H), 7.547.47 

(m, 3H), 6.34 (dd, J = 10.8, 17.4 Hz, 1H), 5.46 (d, J = 10.8 Hz, 1H), 5.16 (d, J = 17.6 Hz, 1H), 5.07 (t, J = 

7.01 Hz, 1H), 4.324.22 (m, 2H), 2.93 (brt, 1H), 2.322.28 (m, 2H), 2.041.98 (m, 2H), 1.66 (s, 3H), 

1.57 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 136.0, 132.9, 130.4, 128.9, 127.2, 126.9, 122.5, 117.5, 

73.8, 66.5, 36.0, 25.6, 22.2, 17.6; HRMS (ESI-MS): Calcd. for C17H22N4O (M + Na): 321.1691, Found: 

316.2190; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, 

tminor = 13.8 min, tmajor = 15.0 min; 94% ee. 



S18 

 

 

(R)-6-chloro-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylhexan-1-ol (3ha) was prepared according to the 

general procedure from 1h and 2a. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 85% yield 

(52.1 mg). [α]
25

D = 32.2 (c = 0.26, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.178.13 (m, 2H), 7.527.48 

(m, 3H), 6.28 (dd, J = 10.8, 17.4 Hz, 1H), 5.44 (d, J = 10.8 Hz, 1H), 5.12 (d, J = 17.6 Hz, 1H), 4.304.20 

(m, 2H), 3.553.51 (m, 2H), 2.98 (brs, 1H), 2.372.22 (m, 2H), 1.851.77 (m, 2H), 1.531.42 (m, 2H); 

13
C NMR (100 MHz, CDCl3) δ 164.5, 135.8, 130.5, 128.9, 127.1, 126.7, 117.7, 73.7, 66.3, 44.3, 35.0, 

32.4, 20.8; HRMS (ESI-MS): Calcd. for C15H19ClN4O (M + Na): 329.1145, Found: 329.1144; HPLC 

conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 14.8 min, 

tminor = 18.6 min; 87% ee. 

 

(R)-6-bromo-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylhexan-1-ol (3ia) was prepared according to the 

general procedure from 1i and 2a. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 83% yield 

(58.3 mg). [α]
25

D = 42.9 (c = 0.15, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.168.13 (m, 2H), 7.517.47 

(m, 3H), 6.28 (dd, J = 10.8, 17.4 Hz, 1H), 5.43 (d, J = 10.8 Hz, 1H), 5.12 (d, J = 17.6 Hz, 1H), 4.28 (d, J 

= 12.2 Hz, 1H), 4.22 (d, J = 12.2 Hz, 1H), 3.543.37 (m, 2H), 3.05 (brs, 1H), 2.362.23 (m, 2H), 

1.921.76 (m, 2H), 1.521.42 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 135.8, 130.5, 128.9, 127.1, 

126.7, 117.8, 73.6, 66.3, 34.8, 32.9, 32.5, 22.1; HRMS (ESI-MS): Calcd. for C15H19BrN4O (M + Na): 

373.0640, Found: 373.0645; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, i-

PrOH/hexanes = 15/85, tmajor = 14.7 min, tminor = 19.0 min; 90% ee. 
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(R)-6-bromo-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylhexan-1-ol (3ja) was prepared according to the 

general procedure from 1j and 2a. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 91% yield 

(68.9 mg). [α]
25

D = 65.3 (c = 0.11, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.178.13 (m, 2H), 7.497.47 

(m, 3H), 7.367.27 (m, 5H), 6.27 (dd, J = 10.8, 17.4 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 5.13 (d, J = 17.6 

2.37 (m, 2H), 1.671.60 (m, 

2H), 1.301.26 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 138.1, 136.0, 130.4, 128.8, 128.4, 127.6, 

127.2, 126.9, 117.6, 73.7, 72.9, 69.8, 66.3, 32.4, 23.8; HRMS (ESI-MS): Calcd. for C22H26N4O2 (M + 

Na): 401.1953, Found: 401.1959; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 1/9, tmajor = 15.9 min, tminor = 21.1 min; 97% ee. 

 

(R)-6-(4-bromophenoxy)-2-(5-phenyl-2H-tetrazol-2-yl)-2-vinylhexan-1-ol (3ka) was prepared 

according to the general procedure from 1k and 2a. The crude product was purified by flash column 

chromatography (Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless 

oil in 89% yield (78.9 mg). [α]
25

D = 67.3 (c = 0.31, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.158.13 (m, 

2H), 7.527.47 (m, 3H), 7.357.31 (m, 2H), 6.756.70 (m, 2H), 6.29 (dd, J = 10.8, 17.4 Hz, 1H), 5.43 (d, 

J = 10.8 Hz, 1H), 5.12 (d, J = 17.6 Hz, 1H), 4.26 (s, 2H), 3.933.88 (m, 2H), 2.96 (brt, 1H), 2.392.31 (m, 

2H), 1.831.76 (m, 2H), 1.541.43 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 164.5, 157.9, 135.9, 132.2, 

130.4, 128.9, 127.1, 126.9, 117.7, 116.2, 112.7, 73.8, 67.5, 66.4, 35.5, 29.1, 20.1; HRMS (ESI-MS): 

Calcd. for C21H23BrN4O2 (M + Na): 465.0902, Found: 465.0907; HPLC conditions: Chiralcel IC column, 

254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 10/90, tmajor = 16.2 min, tminor = 20.6 min; 90% ee. 

 

(R)-2-cyclohexyl-2-(5-phenyl-2H-tetrazol-2-yl)but-3-en-1-ol (3la) was prepared according to the 

general procedure from 1l and 2a. The crude product was purified by flash column chromatography 

(Petroleum ether/EtOAc = 20:1) on silica gel to provide the title compound as a colorless oil in 54% yield 
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(32.2 mg). [α]
25

D = 20.7 (c = 0.25, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.198.14 (m, 2H), 7.537.48 

(m, 3H), 6.46 (dd, J = 10.8, 17.4 Hz, 1H), 5.50 (d, J = 10.8 Hz, 1H), 5.21 (d, J = 17.6 Hz, 1H), 4.44 (dd, J 

= 8.2, 12.4 Hz, 1H), 4.19 (dd, J = 8.2, 12.4 Hz, 1H), 2.97 (brt, 1H), 2.38 (t, J = 11.4 Hz, 1H), 1.771.65 

(m, 2H), 1.601.47 (m, 4H), 1.291.09 (m, 4H); 
13

C NMR (100 MHz, CDCl3) δ 164.2, 134.4, 130.4, 

128.9, 127.3, 126.9, 117.9, 64.2, 45.1, 27.4, 27.2, 26.4, 26.1; HRMS (ESI-MS): Calcd. for C17H22N4O 

(M + Na): 321.1691, Found: 321.1690; HPLC conditions: Chiralcel IC column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 15/85, tmajor = 7.4 min, tminor = 8.5 min; 89% ee. 

Scaled up procedure and X-ray crystallography of 3ad   

To an oven dried screw-cap reaction tube equipped with a magnetic stir bar, Pd2(dba)3∙CHCl3 (52.0 mg, 

2.5 mol%), Trost’s ligand (R,R)-L6 (78.0 mg, 5 mol%), vinyl cyclic carbonate 1a (256.25 mg, 2 mmol), 

and phenytetrazole 2a (458.76 mg, 2.4 mmol) were added. The reaction tube was sealed with rubber-

septum, then evacuated and backfilled with nitrogen. Anhydrous toluene (0.2 M, 10 mL) was added via 

syringe. The resulting mixture was stirred at 0 ˚C for 48 hours. The residue was purified by flash column 

chromatography on silica gel to afford the pure branched product 3ad in 89% of isolated yield (0.45 g) 

and without any loss in enantioselectivity. 

X-ray crystallography of 3ad 

  A single-crystal of 3ad was obtained from dichloromethane/hexane solvent system at room temperature. 

Diffraction data were collected on a Bruker SMART Apex-II CCD-based X-ray diffractometer with Cu-

Kα radiation. The empirical absorption correction was applied by using the SADABS program. The 

structure was solved using direct method, and refined by full-matrix least-squares on F
2
 (G.M. Sheldrick, 

SHELXTL2008, program of crystal structure refinement, University of Gӧttingen, Germany, 1997). H-

atoms were refined isotopically, while all other atoms were refined anisotropically. The crystallographic 

data is summarized in Table F1 and the diagram is shown in Figure F1. 

Table F1. Crystal data and structure refinement for 3ad. 

Identification code A 

Empirical formula C12 H13 N5 O3 

Formula weight 275.27 

Temperature/K 193.00 
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Wavelength 1.3414 Ǻ 

Crystal system Triclinic 

space group P1 

Unit cell dimensions a = 7.1821(8) Ǻ   alpha = 74 deg. 

 b = 7.4470(8) Ǻ    beta = 75 deg. 

 c = 13.2850(15) A   gamma = 83 deg. 

Volume 659.82(13) Ǻ
3
 

Z 2 

Calculated density 1.386 mg/m
3
 

Absorption coefficient 0.552 mm
-1

 

F(000) 288 

Crystal size 0.12 x 0.1 x 0.1mm
3
 

Theta range for data collection 10.766 to 120.664 deg. 

Index range -9≤h≤9, -9≤k≤9, -16≤l≤17 

Reflections collected 8286 

Independent reflections 4465 [Rint = 0.0437, Rsigma = 0.0569] 

Completeness to theta 1.48/0.74 

Theta (max) 60.332 

Absorption correction MULTI-SCAN 

Radiation GaKa (g = 1.34139) 

Refinement method Full-matrix least-squares on F
2
 

Data / restraints / parameters 4465 / 3 / 365 

Goodness-of-fit on F
2
 1.103 

Final R indices [I>2sigma(I)] R1 = 0.0650, wR2 = 0.2021 

R indices (all data) R1 = 0.0737, wR2 = 0.2087 

Absolute structure parameter 0.3(4) 

Largest diff. peak and hole 0.33/-0.26 e.Ǻ
-3
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Figure F1. X-ray of 3ad. 
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