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1. Introduction 

1.1. General Data 

1H-NMR, 13C-NMR and 19F-NMR spectrums were recorded on an Agilent 600 NMR spectrometer at 

600 MHz, 151 MHz and 564 MHz using CDCl3 as solvent, respectively. 1H-NMR data are reported 

as follows: δ, chemical shift; coupling constants (J are given in Hertz, Hz) and integration. 

Abbreviations to denote the multiplicity of a particular signal were s (singlet), d (doublet), t (triplet), 

q (quartet) and m (multiplet). Chemical shifts were reported in ppm from the tetramethylsilane with 

the solvent resonance as internal standard. Melting points were measured on a digital melting point 

apparatus and the temperature was uncorrected. High resolution mass spectrometric measurements 

(HRMS) were performed by the Waters Xevo G2-XS TOF (ESI Source). HPLC analysis was 

performed on Waters-Breeze (2487 Dual λ Absorbance Detector and 1525 Binary HPLC Pump, UV 

detection monitored at 254 nm). Chiralpak IA, IC, ID and IE columns were purchased from Daicel 

Chemical Industries, Ltd. Single crystal structures of the compounds were determined by measuring 

X-ray intensity data on a 'Bruker APEX-II CCD' diffractometer. The crystal was kept at low and room 

temperature (172-203 K) during data collection. Using Olex2, the structure was solved with the 

ShelXT structure solution program using Intrinsic Phasing and refined with the ShelXL refinement 

package using Least Squares minimization. The non-hydrogen atoms were refined anisotropically 

and all the hydrogen atoms were assigned in idealized locations. Optical rotations were recorded on 

an Anton Paar MCP-100 polarimeter. 

1.2. Materials 

Analytic grade solvents for the column chromatography and commercially available reagents were 

used as received. n-hexane, was dried over CaH2 and distilled prior to use. Toluene was dried over 

Na and distilled prior to use. The catalysts (Λ-1a to Λ-1e)[1] were known compounds and synthesized 

according to the literatures. Alkenes 2m[2], 2p[1b] β,γ-unsaturated hydrazones 2r-2v[3], tryptophols and 

tryptamine 2w-2z[1d] were known compounds and prepared according to following procedure, and 

the spectral data were in accordance with the literatures. Alkenes 2a-2l, 2n-2o and 2q were new 

compounds and synthesized according to the procedure reported.[1b] 

  



 

S-3 

2. General Procedure for Preparation of Alkenes 2 

2.1 General Procedure for Preparation of Substrates 2a-2f, 2k, 2q 

 

To an oven-dried round bottom flask with magnetic stir bar was added alkyl bromide S2 (1.1 equiv), 

amide S1 (1.0 equiv), K2CO3 (2.0 equiv) and acetone (1.0 M). The solution was heated at 60 ºC. Upon 

completion of the reaction (16 h), the solution was cooled to room temperature, filtered through a 

plug of CeliteTM and rinsed with EtOAc, and solvent was removed in vacuo to afford a crude product. 

Purification of the resulting crude residue via silica gel flash column chromatography (gradient eluent: 

EtOAc in hexane) afforded the substrate 2a-2f, 2k, 2q. 

4-Methyl-N-(pent-4-en-1-yl)benzenesulfonamide 2a: yield: 2.347 g (76%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 5/1); colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.75 

(d, J = 8.1 Hz, 2H), 7.31 (d, J = 7.8 Hz, 2H), 5.74 – 5.67 (m, 1H), 4.98 – 4.94 (m, 2H), 4.60 – 4.58 

(m, 1H), 2.97 – 2.93 (m, 2H), 2.43 (s, 3H), 2.06 – 2.03 (m, 2H), 1.59 – 1.53 (m, 2H); 13C NMR (151 

MHz, CDCl3) δ 143.4, 137.3, 137.2, 129.8,127.2,115.6,42.7,30.7, 28.8, 21.6;HRMS (ESI) calculated 

for C12H17NO2S [M+H]+: 240.1058, found: 240.1065. 

4-Nitro-N-(pent-4-en-1-yl)benzenesulfonamide 2b: yield: 2.485 g (75%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 5/1); light yellow solid; m.p.: 107.7 – 109.2 °C; 1H 

NMR (600 MHz, CDCl3) δ 8.37 (d, J = 8.9 Hz, 2H), 8.06 (d, J = 8.9 Hz, 2H), 5.78 – 5.66 (m, 1H), 

5.05 –4.94 (m, 2H), 4.69 (s, 1H), 3.04 (dd, J = 13.4, 6.8 Hz, 2H), 2.07 (q, J = 7.0 Hz, 2H), 1.60 (dd, 

J = 13.8, 6.6 Hz, 3H).; 13C NMR (151 MHz, CDCl3) δ 150.2, 146.2, 136.9, 128.4, 124.5, 116.1, 42.9,  

30.6, 28.9;HRMS (ESI) calculated for C11H14N2O4S [M+H]+: 271.0753, found: 271.0754. 

3-Nitro-N-(pent-4-en-1-yl)benzenesulfonamide 2c: yield: 2.105 g (75%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 5/1); light yellow solid; m.p.: 100.5 – 101.7 °C; 1H 

NMR (600 MHz, CDCl3) δ 8.71 (s, 1H), 8.44 (d, J = 7.5 Hz, 1H), 8.21 (d, J = 7.0 Hz, 1H), 7.76 (t, J 

= 7.9 Hz, 1H), 5.78 – 5.65 (m, 1H), 5.05 – 4.92 (m, 2H), 4.81 (s, 1H), 3.09 – 3.00 (m, 2H), 2.07 (d, J 
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= 6.6 Hz, 2H), 1.64 – 1.56 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 148.5, 142.7, 137.0, 132.6, 130.1, 

127.2, 122.3, 116.0, 42.9, 30.6, 28.9; HRMS (ESI) calculated for C11H14N2O4S [M+H]+: 271.0753, 

found: 271.0751. 

2-Nitro-N-(pent-4-en-1-yl)benzenesulfonamide 2d: yield: 2.360 g (78%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 5/1); light yellow solid; m.p.: 100.5 – 101.7 °C; 1H 

NMR (600 MHz, CDCl3) δ 8.18 – 8.09 (m, 1H), 7.87 (dd, J = 6.7, 2.1 Hz, 1H), 7.80 – 7.70 (m, 2H), 

5.78 – 5.66 (m, 1H), 5.28 (s, 1H), 5.00 – 4.96 (m, 2H), 3.12 (q, J = 6.8 Hz, 2H), 2.09 (q, J = 7.0 Hz, 

2H), 1.69 – 1.61 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 148.2, 37.0, 134.0, 133.6, 132.8, 131.2 

125.4, 115.9, 43.3, 30.6, 28.8; HRMS (ESI) calculated for C11H14N2O4S [M+H]+: 271.0753, found: 

271.0753. 

N-(pent-4-en-1-yl)benzenesulfonamide 2e: yield: 2.601 g (74%); (Flash column chromatography 

eluent, petrol ether/EtOAc = 5/1); colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.87 (d, J = 7.4 Hz, 

2H), 7.58 (t, J = 6.8 Hz, 1H), 7.53 – 7.51 (m, 2H), 5.77 – 5.64 (m, 1H), 5.01 – 4.91 (m, 2H), 4.45 (s, 

1H), 3.04 – 2.93 (m, 2H), 2.05 – 2.04 (m, 2H), 1.59 – 1.55 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 

140.3, 137.2, 132.7, 129.2, 127.1, 115.7, 42.8, 30.7, 28.9; HRMS (ESI) calculated for C11H15NO2S 

[M+H]+: 226.0902, found: 226.0910. 

N-(pent-4-en-1-yl)benzamide 2f: yield: 2.150 g (75%); (Flash column chromatography eluent, 

petrol ether/EtOAc = 5/1); colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.81 – 7.70 (m, 2H), 7.51 – 

7.45 (m, 1H), 7.44 – 7.33 (m, 2H), 6.24 (s, 1H), 5.86 – 5.82 (m, 1H), 5.06 (dd, J = 17.1, 1.6 Hz, 1H), 

5.00 (dd, J = 10.2, 1.6 Hz, 1H), 3.46 (q, J = 7.0 Hz, 2H), 2.21 – 2.12 (m, 2H), 1.78 – 1.67 (m, 2H); 

13C NMR (151 MHz, CDCl3) δ 167.6, 137.9, 134.9, 131.4, 128.6, 126.9, 115.4, 39.7, 31.3, 28.9; 

HRMS (ESI) calculated for C12H16NO [M+H]+: 190.1232, found: 190.1235. 

(Z)-N-(hept-4-en-1-yl)-4-nitrobenzenesulfonamide 2k: yield: 2.140 g (83%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 10/1); white solid; m.p.: 105.2 – 106.5 °C; 1H NMR 

(600 MHz, CDCl3) δ 8.37 (d, J = 8.5 Hz, 2H), 8.05 (d, J = 8.6 Hz, 2H), 5.42 – 5.38 (m, 1H), 5.24 – 

5.19 (m, 1H), 4.65 (s, 1H), 3.03 (q, J = 6.4 Hz, 2H), 2.04 (q, J = 7.2 Hz, 2H), 2.00 – 1.92 (m, 2H), 

1.60 – 1.51 (m, 2H), 0.93 (t, J = 7.5 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 150.2, 146.2, 133.4, 

128.4, 127.0, 124.5, 43.2, 29.7, 24.2, 20.6, 14.3; HRMS (ESI) calculated for C13H18N2O4S [M+H]+: 

299.1066, found: 299.1072. 
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N-(hex-5-en-1-yl)-4-methylbenzenesulfonamide 2q: yield: 2.160 g (67%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 10/1); colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.75 

(d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.5 Hz, 2H), 5.77 – 5.65 (m, 1H), 4.96 – 4.91 (m, 2H), 4.52 (s, 1H), 

2.99 – 2.89 (m, 2H), 2.43 (s, 3H), 1.99 (d, J = 6.7 Hz, 2H), 1.52 – 1.42 (m, 2H), 1.38 – 1.35 (m, 2H); 

13C NMR (151 MHz, CDCl3) δ 143.4, 138.2, 137.2, 129.8, 127.2, 115.0, 43.2, 33.1, 29.1, 25.8, 21.6; 

HRMS (ESI) calculated for C16H23NO3S [M+H]+: 254.1215, found: 254.1218. 

2.2 General Procedure for Preparation of Substrates 2n-2o 

 

n-Butyllithium (2.4 M in hexane, 12 mmol, 1.2 equiv.) was added to the diisopropylamine (12 mmol, 

1.2 equiv.) at 0 ºC in THF (15 mL). The solution was stirred at 0 ºC for 30 min, and then cooled to -

78 ºC. The solution of disubstituted acetonitrile (10 mmol, 1.0 equiv.) in THF (5 mL) was added to 

the reaction mixture slowly. The solution was stirred at -78 ºC for another 2 h, to which the allyl 

bromide (12.5 mmol, 1.2 equiv.) was added. The reaction mixture was stirred overnight. The reaction 

was quenched with addition of saturated aqueous NH4Cl, extracted with Et2O and the organic layers 

were dried over Na2SO4, and concentrated. The resultant oil was used without purification in the 

subsequent step. The DIBAL-H (1.5 M in toluene, 15 mmol, 1.5 equiv.) was added to the alkylated 

nitrile S3 in Et2O (20 mL) at -40 ºC. The reaction mixture was stirred for 3 h and then NaBH4 (30 

mmol, 3.0 equiv.) was added. After 10 min, the EtOH (20 mL) was added to the solution carefully. 

The reaction mixture was allowed to warm to room temperature and stirred overnight then diluted 

with Et2O (20 mL), extracted with 1 M HCl. The combined acidic extracts were made basic (pH > 

13) with 15% NaOH (aq.) and extracted with CH2Cl2. The combined organic extracts were dried over 

Na2SO4 and concentrated. The resultant oil was used without purification in the subsequent step. The 

amine S4 (5.0 mmol, 1.0 equiv.) was dissolved in pyridine (10 mL) and cooled to 0 ºC. Following 

addition of the sulfonyl chloride (5.5 mmol, 1.1 equiv.), the reaction mixture was stirred at room 

temperature for 4 h. The solution was diluted with Et2O (20 mL), then washed with 1 M HCl, dried 
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over Na2SO4 and purified by column chromatography, EtOAc/Hexanes (5%→20% EtOAc) to afford 

the sulfonyl-protected γ-amino-alkene 2n-2o. 

N-(2,2-dimethylpent-4-en-1-yl)-4-methylbenzenesulfonamide 2n: yield: 3.317 g (80%); (Flash 

column chromatography eluent, petrol ether/EtOAc = 7/1);  white solid; m.p.: 107.4 – 109.7 °C; 1H 

NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 5.72 (m, 1H), 5.01 (t, 

J = 13.7 Hz, 2H), 4.52 (s, 1H), 2.68 (d, J = 6.9 Hz, 2H), 2.43 (s, 3H), 1.96 (d, J = 7.4 Hz, 2H), 0.86 

(s, 6H); 13C NMR (151 MHz, CDCl3) δ 143.4, 137.2, 134.4, 129.8, 127.2, 118.0, 53.0, 44.2, 34.2, 

25.0, 21.6; HRMS (ESI) calculated for  C14H21NO2S [M+H]+: 268.1371, found: 268.1371. 

N-(2,2-dimethylpent-4-en-1-yl)-4-nitrobenzenesulfonamide 2o: yield: 2.150 g (80%); (Flash 

column chromatography eluent, petrol ether/EtOAc = 5/1); white solid; m.p.: 105.2 – 106.5 °C; 1H 

NMR (600 MHz, CDCl3) δ 8.37 (d, J = 8.8 Hz,, 2H), 8.04 (d, J = 8.7 Hz, 2H), 5.76 – 5.71 (m, 1H), 

5.09 – 4.98 (m, 2H), 4.65 (s, 1H), 2.77 (d, J = 6.7 Hz, 2H), 1.97 (d, J = 7.4 Hz, 2H), 0.88 (s, 6H); 13C 

NMR (151 MHz, CDCl3) δ 150.2, 146.1, 134.1, 128.3, 124.5, 118.3, 53.2 , 44.2, 34.3, 25.0; HRMS 

(ESI) calculated for C13H18N2O4S [M+H]+: 299.1066, found: 299.1068. 

2.3 General Procedure for Preparation of Substrates 2g-2j, 2l 

 

n-Butyllithium (2.4 M in hexane, 12 mmol, 1.2 equiv.) was added to the diisopropylamine (12 mmol, 

1.2 equiv.) at 0 ºC in THF (15 mL). The solution was stirred at 0 ºC for 30 min, and then cooled to -

78 ºC. The solution of acetonitrile (10 mmol, 1.0 equiv.) in THF (5 mL) was added to the reaction 

mixture slowly. The solution was stirred at -78 ºC for 2 h, and then the substituted allyl bromide S5 

(12.5 mmol, 1.2 equiv.) was added. The reaction mixture was stirred overnight. The reaction was 

quenched with addition of saturated aqueous NH4Cl, extracted with Et2O and the organic layers were 
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dried over Na2SO4, and concentrated. The resultant oil was used without purification in the 

subsequent step. The DIBAL-H (1.5 M in toluene, 15 mmol, 1.5 equiv.) was added to the alkylated 

nitrile S6 in Et2O (20 mL) at -40 ºC. The reaction mixture was stirred for 3 h and then NaBH4 (30 

mmol, 3.0 equiv.) was added. After 10 min, the EtOH (20 mL) was added to the solution carefully. 

The reaction mixture was allowed to warm to room temperature and stirred overnight then diluted 

with Et2O (20 mL), extracted with 1 M HCl. The combined acidic extracts were made basic (pH > 

13) with 15% NaOH (aq.) and extracted with CH2Cl2. The combined organic extracts were dried over 

Na2SO4 and concentrated. The resultant oil was used without purification in the subsequent step. The 

amine S7 (5 mmol, 1.0 equiv.) was dissolved in pyridine (10 mL) and cooled to 0 ºC. Following 

addition of the tosyl chloride (5.5 mmol, 1.1 equiv.), the reaction mixture was stirred at room 

temperature for 4 h. The solution was diluted with Et2O (20 mL), then washed with 1 M HCl, dried 

over Na2SO4 and purified by column chromatography, EtOAc/Hexanes (5%→20% EtOAc) to afford 

the substrate 2g-2j, 2l. 

(Z)-4-Methyl-N-(non-4-en-1-yl)benzenesulfonamide 2g: yield: 2.160 g (80%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 10/1); colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.74 

(d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 5.39 – 5.35 (m, 1H), 5.26 – 5.22 (m, 1H), 4.37 (s, 1H), 

2.95 (q, J = 6.8 Hz, 2H), 2.43 (s, 3H), 2.01 (q, J = 7.2 Hz, 2H), 1.98 – 1.95 (m, 2H), 1.55 – 1.48 (m, 

2H), 1.31 – 1.27 (m, 4H), 0.88 (d, J = 6.9 Hz, 3H); 13C NMR (151 MHz, cdcl3) δ 143.4, 137.3, 131.5, 

129.8, 127.9, 127.2, 43.1, 31.9, 29.7, 27.0, 24.4, 22.4, 21.6, 14.0; HRMS (ESI) calculated for 

C16H25NO2S [M+H]+: 296.1684, found: 296.1692. 

(Z)-N-(6-(Benzyloxy)hex-4-en-1-yl)-4-methylbenzenesulfonamide 2h: yield: 2.140 g (80%); 

(Flash column chromatography eluent, petrol ether/EtOAc = 10/1); colorless oil; 1H NMR (600 MHz, 

CDCl3) δ 7.69 (d, J = 7.8 Hz, 2H), 7.42 – 7.22 (m, 7H), 5.68 – 5.57 (m, 1H), 5.49 – 5.47 (m, 1H), 

5.02 (s, 1H), 4.55 – 4.51 (m, 2H), 3.99 (d, J = 6.7 Hz, 2H), 2.96 – 2.85 (m, 2H), 2.40 (s, 3H), 2.10 – 

2.08 (m, 2H), 1.59 – 1.51 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 143.2, 138.2, 137.4, 132.9, 129.7, 

128.5, 128.0, 127.8, 127.1, 127.1, 72.5, 65.4, 42.3, 29.1, 24.4, 21.5; HRMS (ESI) calculated for 

C20H25NNaO3S [M+Na]+: 382.1453, found: 382.1460. 

(Z)-N-(6-Butoxyhex-4-en-1-yl)-4-methylbenzenesulfonamide 2i: yield: 1.150 g (80%); (Flash 

column chromatography eluent, petrol ether/EtOAc = 10/1); colorless oil; 1H NMR (600 MHz, 

CDCl3) δ 7.73 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.5 Hz, 2H), 5.59 (s, 1H), 5.46 – 5.44 (m, 1H), 4.92 
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(s, 1H), 3.95 (d, J = 5.8 Hz, 2H), 3.44 (t, J = 6.6 Hz, 2H), 3.01 – 2.87 (m, 2H), 2.42 (s, 3H), 2.12 (d, 

J = 6.5 Hz, 2H), 1.56 (s, 4H), 1.36 (d, J = 7.2 Hz, 2H), 0.92 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, 

CDCl3) δ 143.3, 137.6, 132.3, 129.7, 127.5, 127.1, 70.7, 66.1, 42.3, 31.8, 29.2, 24.4, 21.6, 19.4, 14.0; 

HRMS (ESI) calculated for C17H27NNaO3S [M+Na]+: 348.1609, found: 348.1617. 

(Z)-N-(6-(Allyloxy)hex-4-en-1-yl)-4-methylbenzenesulfonamide 2j: yield: 2.130 g (40%); (Flash 

column chromatography eluent, petrol ether/EtOAc = 10/1); colorless oil; 1H NMR (600 MHz, 

CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 6.01 – 5.88 (m, 1H), 5.62 (dd, J = 16.7, 

7.5 Hz, 1H), 5.48 (dd, J = 17.3, 8.3 Hz, 1H), 5.29 (d, J = 17.2 Hz, 1H), 5.21 (d, J = 10.2 Hz, 1H), 

5.00 (s, 1H), 4.01 (d, J = 5.4 Hz, 2H), 3.97 (d, J = 6.4 Hz, 2H), 2.98 – 2.89 (m, 2H), 2.42 (s, 3H), 

2.14 (d, J = 6.8 Hz, 2H), 1.63 – 1.55 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 143.3, 137.5, 134.7, 

132.9, 129.7, 127.1, 127.0, 117.5, 71.6, 65.3, 42.2, 29.1, 24.4, 21.6; HRMS (ESI) calculated for 

C16H23NNaO3S [M+Na]+: 332.1296, found: 332.1297. 

(E)-4-Methyl-N-(oct-4-en-1-yl)benzenesulfonamide 2l: yield: 1.120 g (80%); (Flash column 

chromatography eluent, petrol ether/EtOAc = 10/1); white solid; m.p.: 105.2 – 106.5 °C; 1H NMR 

(600 MHz, CDCl3) δ 7.74 (d, J = 7.1 Hz, 2H), 7.30 (d, J = 7.3 Hz, 2H), 5.41 – 5.31 (m, 1H), 5.31 – 

5.20 (m, 1H), 4.38 (s, 1H), 2.94 (d, J = 6.0 Hz, 2H), 2.43 (s, 3H), 1.97 (d, J = 6.4 Hz, 2H), 1.91 (d, J 

= 6.4 Hz, 2H), 1.55 – 1.47 (m, 2H), 1.39 – 1.28 (m, 2H), 0.86 (t, J = 6.6 Hz, 3H); 13C NMR (151 

MHz, CDCl3) δ 143.4, 137.3, 131.8, 129.8, 128.7, 127.2, 42.8, 34.7, 29.6, 29.4, 22.7, 21.6, 13.7; 

HRMS (ESI) calculated for C15H23NO2S [M+H]+: 282.1528, found: 282.1534. 

  



 

S-9 

3. Detailed Optimization of the Reaction Conditions for Asymmetric 

Halocyclization 

Table S1 | Optimization of oxidative bromocyclization conditions[a] 

 

entry catalyst M’Br oxidant yield [%][b] e.r.[c] 

1 Λ-1a NaBr Oxone 95 60:40 

2 Λ-1b NaBr Oxone 97 94.5:5.5 

3 Λ-1c NaBr Oxone 98 94:6 

4 Λ-1d NaBr Oxone 91 90:10 

5 Λ-1e NaBr Oxone 89 90.5:9.5 

6 CPA-1 NaBr Oxone 90 51:49 

7 CPA-2 NaBr Oxone 88 50.5:49.5 

8 CPA-3 NaBr Oxone 86 54:46 

9 Λ-1b KBr Oxone 69 94:6 

10 Λ-1b LiBr Oxone 88 93.5:6.5 

11 Λ-1b TBAB Oxone 93 78.5:21.5 

12 Λ-1b NaBr K2S2O8 51 89:11 

13 Λ-1b NaBr mCPBA trace - 

14 Λ-1b NaBr CAN 46 89:11 

15[d] Λ-1b NaBr Oxone 97 97:3 

16[d,e] Λ-1b NaBr Oxone 95 97:3 

17[d,f] Λ-1b NaBr Oxone 95 97:3 

18[d,g] Λ-1b NaBr Oxone 92 96.5:3.5 

[a] Reaction conditions: 2a (0.10 mmol), M’Br (0.10 mmol), oxidant (0.30 mmol), and catalyst (Λ-1 or CPA-1‒

3, 0.01 mmol) in MTBE (2.0 mL) at room temperature unless otherwise noted. [b] Isolated yields were based on 

2a. [c] e.r. values were determined by chiral stationary HPLC. [d] Run at 0 °C. [e] 1.0 mol% catalyst was used. 

[f] 0.5 mol% catalyst was used. [g] 0.1 mol% catalyst was used. 
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Table S2 | Optimization of oxidative iodocyclization conditions[a] 

 

Entry Λ-(S,S)-1 M’I yield [%][b] e.r.[c] 

1 Λ-1a NaI 71 60:40 

2 Λ-1b NaI 98 84.5:15.5 

3 Λ-1c NaI 94 84:16 

4 Λ-1d NaI 98 80.5:19.5 

5 Λ-1e NaI 87 80:20 

6 Λ-1b KI 94 84:16 

7 Λ-1b TBAI 94 78:22 

8[d] Λ-1b NaI 95 89.5:10.5 

9[d,f] Λ-1b NaI 95 89.5:10.5 

10[e,f] Λ-1b NaI 92 92.5:7.5 

11[e,f,g] Λ-1b NaI 92 92.5:7.5 

12[e,f,h] Λ-1b NaI 79 82:18 

[a] Reaction conditions: 2a (0.10 mmol), M’I (0.10 mmol), Oxone (0.30 mmol), and Λ-(S,S)-1 (0.01 mmol) in 

MTBE (2.0 mL) at room temperature unless otherwise noted. [b] Isolated yields were based on 2a. [c] e.r. values 

were determined by chiral stationary HPLC. [d] Run at 0 °C. [e] Run at -15 °C. [f] Oxone (0.50 mmol) was 

employed. [g] 1.0 mol% catalyst was used. [h] 0.5 mol% catalyst was used. 
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Table S3 | Optimization of oxidative chlorocyclization conditions[a] 

 

Entry Λ-(S,S)-1 M’Cl yield [%][b] e.r.[c] 

1 Λ-1a NH4Cl 76 62.5:37.5 

2 Λ-1b NH4Cl 83 83:17 

3 Λ-1c NH4Cl 55 83.5:16.5 

4 Λ-1d NH4Cl 59 81:19 

5 Λ-1e NH4Cl 60 81:19 

6 Λ-1b NaCl 35 82.5:17.5 

7 Λ-1b KCl 37 83:17 

8 Λ-1b LiCl 86 79.5:20.5 

9 Λ-1b TBAC 37 56.5:43.5 

10[d] Λ-1b NH4Cl 85 83.5:16.5 

11[d,e] Λ-1b NH4Cl 81 77.5:22.5 

12[d,e,f] Λ-1b NH4Cl 62 70.5:29.5 

13[d,e,g] Λ-1b NH4Cl 60 60:40 

[a] Reaction conditions: 2a (0.10 mmol), M’Cl (0.10 mmol), Oxone (0.50 mmol), and Λ-(S,S)-1 (0.01 mmol) in 

MTBE (2.0 mL) at room temperature unless otherwise noted. [b] Isolated yields were based on 2a. [c] e.r. values 

were determined by chiral stationary HPLC. [d] Oxone (1.00 mmol) was employed. [e] Run at 0 °C. [f] 5.0 mol% 

catalyst was used. [g] 1.0 mol% catalyst was used. 
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4. General Procedure for the Enantioselective Halocyclizations and 

Characterization Data 

 

A 10mL oven-dried vial was charged with alkenes 2 (0.10 mmol), catalyst 1b (0.5-10 mol%), M’X 

(0.10 mmol), and MTBE (2 mL) at room temperature. The mixture was cooled to the corresponding 

temperature and stirred for 15 min. The Oxone (0.3-1.0 mmol) was added and the resulting solution 

was stirred vigorously until the reaction was complete (monitored by TLC). The reaction was 

saturated aqueous Na2S2O3 (0.2 mL). The mixture was purified by flash column chromatography 

(silica gel, petrol ether/EtOAc = 5:1) to give the enantioenriched products. 

(S)-2-(bromomethyl)-1-tosylpyrrolidine 3a: yield: 30.2 mg (95%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = -

29.4 (c 0.30 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.34 

(d, J = 7.9 Hz, 2H), 3.83 (t, J = 8.7 Hz, 1H), 3.77 (dd, J = 9.8, 2.9 Hz, 1H), 3.50 – 

3.44 (m, 1H), 3.36 (t, J = 9.7 Hz, 1H), 3.18 – 3.14 (m, 1H), 2.44 (s, 3H), 1.96 – 1.93 

(m, 1H), 1.89 – 1.79 (m, 1H), 1.76 – 1.72 (m, 1H), 1.58 – 1.52 (m, 1H); 13C NMR 

(151 MHz, CDCl3) δ 143.8, 134.5, 129.9, 127.7, 60.5, 49.9, 36.1, 30.5, 23.9, 21.6; HRMS (ESI) 

calculated for C12H17
79BrNO2S [M+H]+: 318.0163, found: 318.0158; HRMS (ESI) calculated for 

C12H17
81BrNO2S [M+H]+: 320.0143, found: 320.0148; Enantiomeric ratio: 97:3, determined by 

HPLC (Daicel Chirapak IA, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 7.17 min (major), tR = 7.72 min (minor). 

(S)-2-(bromomethyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine 3b yield: 30.4 mg 

(87%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); 

white solid; m.p.: 114.5 – 115.7 °C; [α]D
20 = +50.7 (c 0.30 CH2Cl2); 1H NMR (600 

MHz, CDCl3) δ 8.40 (d, J = 8.3 Hz, 2H), 8.05 (d, J = 8.3 Hz, 2H), 3.90 (t, J = 8.2 Hz, 

1H), 3.74 (d, J = 9.9 Hz, 1H), 3.58 – 3.49 (m, 1H), 3.42 (t, J = 9.5 Hz, 1H), 3.22 – 
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3.19 (m, 1H), 2.08 – 1.98 (m, 1H), 1.95 – 1.93 (m, 1H), 1.83 – 1.81 (m, 1H), 1.67 – 1.64 (m, 1H); 

13C NMR (151 MHz, CDCl3) δ 150.4, 143.4, 128.7, 124.5, 60.7, 49.9, 35.6, 30.5, 24.0; HRMS (ESI) 

calculated for C11H14
79BrN2O4S [M+H]+: 348.9858, found: 348.9866; HRMS (ESI) calculated for 

C11H14
81BrN2O4S [M+H]+: 350.9837, found: 350.9843; Enantiomeric ratio: 95:5, determined by 

HPLC (Daicel Chirapak IC, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 18.52 min (major), tR = 16.64 min (minor). 

(S)-2-(bromomethyl)-1-((3-nitrophenyl)sulfonyl)pyrrolidine 3c: yield: 32.8 mg (94%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; 

m.p.: 105.3 – 106.5 °C; [α]D
20 = +75.7 (c 0.33 CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ 8.69 (s, 1H), 8.48 (d, J = 8.1 Hz, 1H), 8.19 (d, J = 7.7 Hz, 1H), 7.79 (t, J = 8.0 Hz, 

1H), 3.99 – 3.88 (m, 1H), 3.74 (dd, J = 10.1, 3.0 Hz, 1H), 3.59 – 3.50 (m, 1H), 3.44 

(t, J = 9.5 Hz, 1H), 3.29 – 3.18 (m, 1H), 2.05 – 2.02 (m, 1H), 1.96 – 1.94 (m, 1H), 

1.85 – 1.81 (m, 1H), 1.68 – 1.66 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 148.6, 140.1, 132.9, 130.7, 

127.4, 122.6, 60.7, 50.0, 35.7, 30.5, 24.1; HRMS (ESI) calculated for C11H14
79BrN2O4S [M+H]+: 

348.9858, found: 348.9860; HRMS (ESI) calculated for C11H14
81BrN2O4S [M+H]+: 350.9837, found: 

350.9842; Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IB, isopropanol / 

hexanel = 10/90, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 19.28 min (major), tR = 18.26 

min (minor). 

(S)-2-(bromomethyl)-1-((2-nitrophenyl)sulfonyl)pyrrolidine 3d: yield: 31.0 mg (89%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; 

m.p.: 100.1 – 101.3 °C; [α]D
20 = +29.4 (c 0.31 CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ 8.03 (d, J = 7.5 Hz, 1H), 7.78 – 7.65 (m, 2H), 7.64 – 7.55 (m, 1H), 4.27 – 4.17 (m, 

1H), 3.67 – 3.65 (m, 1H), 3.55 – 3.48 (m, 1H), 3.48 – 3.41 (m, 1H), 3.39 (t, J = 9.5 

Hz, 1H), 2.12 – 2.02 (m, 2H), 2.03 – 1.93 (m, 1H), 1.84 – 1.81 (m, 1H); 13C NMR 

(151 MHz, CDCl3) δ 148.6, 133.9, 131.8, 131.6, 131.0, 124.2, 60.5, 49.8, 35.4, 30.6, 24.1; HRMS 

(ESI) calculated for C11H14
79BrN2O4S [M+H]+: 348.9858, found: 348.9862; HRMS (ESI) calculated 

for C11H14
81BrN2O4S [M+H]+: 350.9837, found: 350.9843; Enantiomeric ratio: 95:5, determined by 

HPLC (Daicel Chirapak ID, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 21.52 min (major), tR = 23.04 min (minor). 
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(S)-2-(bromomethyl)-1-(phenylsulfonyl)pyrrolidine 3e: yield: 28.8 mg (95%); 

(Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless 

oil; [α]D
20 = -110.3 (c 0.29 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 7.6 

Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 7.55 (d, J = 7.6 Hz, 2H), 3.87 (t, J = 8.5 Hz, 1H), 

3.80 – 3.75 (m, 1H), 3.51 – 3.44 (m, 1H), 3.37 (t, J = 9.7 Hz, 1H), 3.21 – 3.17 (m, 

1H), 1.99 – 1.92 (m, 1H), 1.88 – 1.84 (m, 1H), 1.78 – 1.74 (m, 1H), 1.56 (s, 1H); 13C NMR (151 

MHz, CDCl3) δ 137.4, 133.0, 129.3, 127.6, 60.5, 49.9, 36.0, 30.4, 23.9; HRMS (ESI) calculated for 

C11H15
79BrNO2S [M+H]+: 304.0007, found: 304.0002; HRMS (ESI) calculated for C11H15

81BrNO2S 

[M+H]+: 305.9986, found: 305.9984; Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel 

Chirapak IA, isopropanol / hexanel = 10/90, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 

10.36 min (major), tR = 11.31 min (minor). 

(S)-(2-(bromomethyl)pyrrolidin-1-yl)(phenyl)methanone 3f: yield: 24.1 mg 

(90%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); 

colorless oil; [α]D
20 = -6.9 (c 0.24 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.75 (d, J 

= 7.6 Hz, 2H), 7.49 (t, J = 7.2 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 4.25 – 4.21 (m, 1H), 

3.87 – 3.83 (m, 1H), 3.62 (t, J = 10.1 Hz, 1H), 3.52 (q, J = 6.5 Hz, 2H), 2.28 – 2.24 

(m, 1H), 1.96 – 1.84 (m, 2H), 1.80 – 1.76 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 167.7, 134.7, 

131.6, 128.7, 126.9, 52.2, 39.2, 36.1, 33.5, 27.3; HRMS (ESI) calculated for C12H15
79BrNO [M+H]+: 

268.0337, found: 268.0340; HRMS (ESI) calculated for C12H15
81BrNO [M+H]+: 270.0317, found: 

270.0319; Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IA, isopropanol / 

hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 9.40 min (major), tR = 10.97 

min (minor). 

(S)-2-((S)-1-bromopentyl)-1-tosylpyrrolidine 3g: yield: 33.3 mg (89%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; 

[α]D
20 = -45.5 (c 0.34 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.65 (d, J = 8.0 Hz, 

2H), 7.27 (d, J = 7.9 Hz, 2H), 4.43 (d, J = 11.8 Hz, 1H), 3.90 – 3.88 (m, 1H), 3.42 

– 3.38 (m, 1H), 3.28 – 3.17 (m, 1H), 2.37 (s, 3H), 1.99 – 1.89 (m, 2H), 1.79 – 1.64 

(m, 2H), 1.56 – 1.52 (m, 2H), 1.39 – 1.29 (m, 3H), 1.29 – 1.23 (m, 1H), 0.86 (t, J 

= 7.0 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 143.8, 134.1, 129.9, 127.7, 64.4, 59.0, 51.0, 31.1, 30.3, 

27.7, 24.5, 22.2, 21.6, 14.0; HRMS (ESI) calculated for C16H25
79BrNO2S [M+H]+: 374.0789, found: 
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374.0798; HRMS (ESI) calculated for C16H25
81BrNO2S [M+H]+: 376.0769, found: 376.0780; 

Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 

30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.33 min (major), tR = 6.77 min (minor). 

(S)-2-((R)-2-(benzyloxy)-1-bromoethyl)-1-tosylpyrrolidine 3h: yield: 37.2 mg (85%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; 

[α]D
20 = +75.6 (c 0.37 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.71 (t, J = 9.7 

Hz, 2H), 7.39 – 7.30 (m, 7H), 4.65 (d, J = 11.8 Hz, 1H), 4.62 – 4.55 (m, 2H), 4.09 

– 4.03 (m, 1H), 3.98 (dd, J = 10.8, 4.9 Hz, 1H), 3.87 (dd, J = 10.8, 6.6 Hz, 1H), 

3.46 – 3.38 (m, 1H), 3.30 (m, 1H), 2.43 (s, 3H), 2.09 – 2.00 (m, 1H), 1.82 – 1.69 

(m, 2H), 1.39 – 1.29 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 143.9, 138.0, 134.3, 129.9, 128.5, 127.9, 

127.8, 127.7, 73.3, 70.6, 62.3, 55.0, 50.9, 29.0, 24.4, 21.6; HRMS (ESI) calculated for 

C20H25
79BrNO3S [M+H]+: 438.0739, found: 438.0740; HRMS (ESI) calculated for C20H25

81BrNO3S 

[M+H]+: 440.0718, found: 440.0721; Enantiomeric ratio: 95.5:4.5, determined by HPLC (Daicel 

Chirapak IB, isopropanol / hexanel = 10/90, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 

10.64 min (major), tR = 8.73 min (minor). 

(S)-2-((R)-1-bromo-2-butoxyethyl)-1-tosylpyrrolidine 3i: yield: 36.7 mg 

(91%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 

5/1); colorless oil; [α]D
20 = +100.4 (c 0.37 CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.59 – 4.51 (m, 

1H), 4.04 – 4.02 (m, 1H), 3.91 – 3.88 (m, 1H), 3.82 – 3.78 (m, 1H), 3.57 – 3.43 

(m, 3H), 3.30 (m, 1H), 2.44 (s, 3H), 2.10 – 2.06 (m, 1H), 1.81 – 1.73 (m, 2H), 1.63 – 1.55 (m, 2H), 

1.45 – 1.35 (m, 3H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 143.9, 134.3, 129.9, 

127.7, 71.2, 71.0, 62.5, 55.1, 50.9, 31.9, 28.8, 24.4, 21.6, 19.4, 14.0; HRMS (ESI) calculated for 

C17H27
79BrNO3S [M+H]+: 404.0895, found: 404.0899; HRMS (ESI) calculated for C17H27

81BrNO3S 

[M+H]+: 406.0875, found: 406.0885; Enantiomeric ratio: 96.5:3.5, determined by HPLC (Daicel 

Chirapak IC, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 

10.54 min (major), tR = 7.69 min (minor). 

(S)-2-((R)-2-(allyloxy)-1-bromoethyl)-1-tosylpyrrolidine 3j: yield: 34.9 mg (90%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = +55.7 (c 0.35 
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CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.9 

Hz, 2H), 5.95 – 5.89 (m, 1H), 5.33 – 5.30 (m, 1H), 5.22 (d, J = 12.6 Hz, 1H), 4.56 

– 4.53 (m, 1H), 4.10 – 4.00 (m, 3H), 3.93 (dd, J = 10.9, 4.7 Hz, 1H), 3.83 (dd, J = 

10.9, 6.8 Hz, 1H), 3.50 – 3.44 (m, 1H), 3.35 – 3.28 (m, 1H), 2.44 (s, 3H), 2.11 – 

2.02 (m, 1H), 1.82 – 1.72 (m, 2H), 1.38 – 1.34 (m, 1H); 13C NMR (151 MHz, 

CDCl3) δ 143.9, 134.5, 134.3, 129.9, 127.8, 117.4, 72.2, 70.4, 62.4, 55.0, 51.0, 28.9, 24.4, 21.6; 

HRMS (ESI) calculated for C16H23
79BrNO3S [M+H]+:388.0582, found: 388.0588; HRMS (ESI) 

calculated for C16H23
81BrNO3S [M+H]+:390.0562, found: 390.0570; Enantiomeric ratio: 96.5:3.5, 

determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 11.66 min (major), tR = 9.35 min (minor). 

(S)-2-((S)-1-bromopropyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine 3k: yield: 33.5 

mg (89%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 

5/1); white solid; m.p.: 113.7 – 114.5 °C; [α]D
20 = +18.9 (c 0.34 CH2Cl2); 1H NMR 

(600 MHz, CDCl3) δ 8.44 (d, J = 8.5 Hz, 2H), 8.04 (d, J = 8.5 Hz, 2H), 4.39 (d, J = 

11.4 Hz, 1H), 4.03 – 3.95 (m, 1H), 3.57 – 3.48 (m, 1H), 3.34 – 3.26 (m, 1H), 2.12 – 

1.99 (m, 2H), 1.87 – 1.84 (m, 2H), 1.63 – 1.53 (m, 1H), 1.47 (q, J = 6.2 Hz, 1H), 1.10 

(t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 150.4, 142.9, 128.8, 124.5, 64.8, 60.4, 51.1, 27.9, 

25.0, 24.5, 13.0; HRMS (ESI) calculated for C13H18
79BrN2O4S [M+H]+: 377.0171, found: 377.0175; 

HRMS (ESI) calculated for C13H18
81BrN2O4S [M+H]+: 379.0150, found: 379.0158; Enantiomeric 

ratio: 94.5:5.5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 10/90, flow rate 

= 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 19.21 min (major), tR = 16.63 min (minor). 

(S)-2-((R)-1-bromobutyl)-1-tosylpyrrolidine 3l: yield: 32.0 mg (89%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = -

24.3 (c 0.32 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.74 (d, J = 8.2 Hz, 2H), 7.32 

(d, J = 8.1 Hz, 2H), 4.59 – 4.56 (m, 1H), 3.79 – 3.72 (m, 1H), 3.43 – 3.29 (m, 2H), 

2.44 (s, 3H), 2.00 – 1.98 (m, 1H), 1.90 – 1.86 (m, 1H), 1.83 – 1.70 (m, 3H), 1.70 – 

1.62 (m, 1H), 1.46 – 1.42 (m, 1H), 1.40 – 1.33 (m, 1H), 0.96 (t, J = 7.3 Hz, 3H); 13C 

NMR (151 MHz, CDCl3) δ 143.7, 135.8, 129.8, 127.6, 64.0, 62.2, 49.5, 38.1, 28.1, 24.9, 21.6, 21.3, 

13.5; HRMS (ESI) calculated for C15H23
79BrNO2S [M+H]+: 360.0633, found: 360.0640; HRMS 

(ESI) calculated for C15H23
81BrNO2S [M+H]+: 362.0612, found: 362.0620; Enantiomeric ratio: 
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78:22, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 10/90, flow rate = 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 10.45 min (major), tR = 9.66 min (minor). 

(S)-3-(bromomethyl)-2-tosylisoxazolidine 3m: yield: 28.4 mg (89%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; 

[α]D
20 = +47.4 (c 0.28 CH2Cl2);

 1H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 7.9 Hz, 

2H), 7.36 (d, J = 7.9 Hz, 2H), 4.54 – 4.45 (m, 1H), 4.06 – 3.96 (m, 2H), 3.65 (dd, J = 

10.0, 4.8 Hz, 1H), 3.35 (t, J = 9.6 Hz, 1H), 2.53 – 2.48 (m, 1H), 2.45 (s, 3H), 2.28 – 

2.19 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 145.4, 132.8, 129.9, 129.3, 70.3, 60.0, 

34.4, 34.3, 21.8; HRMS (ESI) calculated for C11H15
79BrNO3S [M+H]+:319.9956, found: 319.9952; 

HRMS (ESI) calculated for C11H15
81BrNO3S [M+H]+:321.9936, found: 321.9945; Enantiomeric 

ratio: 93:7, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 10/90, flow rate = 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 11.43 min (major), tR = 10.50 min (minor). 

(S)-2-(bromomethyl)-4,4-dimethyl-1-tosylpyrrolidine 3n: yield: 30.8 mg (89%); 

(Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white 

solid; m.p.: 113.7 – 114.8 °C; [α]D
20 = +56.5 (c 0.31 CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.67 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 3.87 (dd, J = 9.7, 3.0 

Hz, 1H), 3.82 – 3.78 (m, 1H), 3.45 (t, J = 9.2 Hz, 1H), 3.10 (q, J = 10.6 Hz, 2H), 

2.37 (s, 3H), 1.81 (dd, J = 12.8, 7.3 Hz, 1H), 1.64 (dd, J = 12.9, 8.3 Hz, 1H), 0.98 

(s, 3H), 0.46 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 143.8, 135.3, 129.8, 127.7, 62.0, 60.2, 46.0, 

37.6, 37.5, 26.2, 26.0, 21.6; HRMS (ESI) calculated for C14H21
79BrNO2S [M+H]+: 346.0476, found: 

346.0471; HRMS (ESI) calculated for C14H21
81BrNO2S [M+H]+: 348.0456, found: 348.0465; 

Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak ID, isopropanol / hexanel = 20/80, 

flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.90 min (major), tR = 10.54 min (minor). 

(S)-2-(bromomethyl)-4,4-dimethyl-1-((4-nitrophenyl)sulfonyl)pyrrolidine 3o: 

yield: 33.9 mg (90%); (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); white solid; m.p.: 117.9 – 119.0 °C; [α]D
20 = -44.7 (c 0.34 

CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 8.39 (d, J = 8.7 Hz, 2H), 8.06 (d, J = 8.7 

Hz, 2H), 4.03 – 3.99 (m, 1H), 3.80 (dd, J = 10.1, 2.4 Hz, 1H), 3.62 (dd, J = 10.0, 

7.7 Hz, 1H), 3.24 (d, J = 10.4 Hz, 1H), 3.19 (d, J = 10.4 Hz, 1H), 1.91 (dd, J = 12.9, 

7.4 Hz, 1H), 1.78 (dd, J = 12.9, 8.6 Hz, 1H), 1.09 (s, 3H), 0.65 (s, 3H); 13C NMR (151 MHz, CDCl3) 
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δ 150.3, 144.6, 128.7, 124.5, 61.9, 60.2, 45.5, 38.0, 37.1, 26.0, 25.7; HRMS (ESI) calculated for 

C13H17
79BrN2NaO4S [M+Na]+: 398.9990, found: 398.9986; Enantiomeric ratio: 91.5:8.5, 

determined by HPLC (Daicel Chirapak ID, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 8.79 min (major), tR = 10.63 min (minor). 

(R)-2-(bromomethyl)-4,4-diphenyl-1-tosylpyrrolidine 3p: yield: 39.9 mg (85%); 

(Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white 

solid; m.p.: 113.1 – 114.0 °C; [α]D
20 = -17.5 (c 0.40 CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.62 (d, J = 8.0 Hz, 2H), 7.30 – 7.26 (m, 4H), 7.23 – 7.05 (m, 8H), 4.41 

(d, J = 10.3 Hz, 1H), 3.97 – 3.89 (m, 1H), 3.79 (dd, J = 9.7, 3.1 Hz, 1H), 3.70 (d, J 

= 10.3 Hz, 1H), 2.92 (t, J = 9.9 Hz, 1H), 2.77 – 2.73 (m, 2H), 2.40 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 144.7, 144.6, 143.7, 134.1, 129.9, 128.8, 128.7, 127.5, 126.9, 126.7, 126.6, 

126.4, 60.2, 58.9, 52.4, 42.2, 35.9, 21.6; HRMS (ESI) calculated for C24H25
79BrNO2S [M+H]+: 

470.0789, found: 470.0783; HRMS (ESI) calculated for C24H25
81BrNO2S [M+H]+: 472.0769, found: 

472.0773; Enantiomeric ratio: 92:8, determined by HPLC (Daicel Chirapak IB, isopropanol / 

hexanel = 10/90, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 12.09 min (major), tR = 9.96 

min (minor). 

(S)-2-(bromomethyl)-1-tosylpiperidine 3q: yield: 28.5 mg (86%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = 

+17.2 (c 0.29 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.1 Hz, 2H), 7.30 

(d, J = 7.9 Hz, 2H), 4.31 – 4.23 (m, 1H), 3.75 (d, J = 13.3 Hz, 1H), 3.51 (t, J = 10.1 

Hz, 1H), 3.44 – 3.40 (m, 1H), 2.99 – 2.90 (m, 1H), 2.43 (s, 3H), 2.03 (d, J = 12.4 Hz, 

1H), 1.58 – 1.51 (m, 2H), 1.50 – 1.40 (m, 2H), 1.36 – 1.29 (m, 1H); 13C NMR (151 

MHz, CDCl3) δ 143.4, 138.2, 129.9, 127.1, 53.5, 41.2, 30.4, 25.3, 24.4, 21.6, 18.0; HRMS (ESI) 

calculated for C13H19
79BrNO2S [M+H]+: 332.0320, found: 332.0322; HRMS (ESI) calculated for 

C13H19
81BrNO2S [M+H]+: 334.0299, found: 334.0307; Enantiomeric ratio: 87:13, determined by 

HPLC (Daicel Chirapak IA, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 6.42 min (major), tR = 7.08 min (minor). 

(S)-5-(bromomethyl)-3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazole 3r: yield: 35.7 mg (91%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; m.p.: 140.2 – 
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141.1 °C; [α]D
20 = -74.2 (c 0.36 CH2Cl2); 

1H-NMR (600 MHz, CDCl3) δ 7.80 (d, J 

= 8.1 Hz, 2H), 7.66 (d, J = 7.1 Hz, 2H), 7.43 – 7.37 (m, 3H), 7.29 (d, J = 8.0 Hz, 

2H), 4.20 – 4.14 (m, 1H), 4.00 (dd, J = 10.1, 3.1 Hz, 1H), 3.61 (t, J = 9.6 Hz, 1H), 

3.28 (dd, J = 17.5, 10.9 Hz, 1H), 3.12 (dd, J = 17.5, 8.7 Hz, 1H), 2.39 (s, 3H); 13C-

NMR (151 MHz, CDCl3) δ 157.3, 144.7, 132.1, 130.9, 130.5, 129.7, 128.7, 128.7, 

127.0, 61.9, 39.9, 35.2, 21.7; HRMS (ESI) calculated for C17H18
79BrN2O2S 

[M+H]+: 393.0272, found: 393.0274; HRMS (ESI) calculated for C17H18
81BrN2O2S [M+H]+: 

395.0252, found: 395.0256; Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak IA, 

isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.71 min (major), 

tR = 9.19 min (minor). 

(R)-5-(bromomethyl)-3,5-diphenyl-1-tosyl-4,5-dihydro-1H-pyrazole 3s: yield: 

38.4 mg (82%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate = 5/1); colorless oil; [α]D
20 = +100.7 (c 0.38 CH2Cl2); 

1H-NMR (600 MHz, 

CDCl3) δ 7.76 (s, 2H), 7.44 (s, 3H), 7.25 – 7.22 (m, 3H), 7.14 – 7.11 (m, 4H), 7.00 

– 6.97 (s, 2H), 4.66 (dd, J = 10.6, 4.2 Hz, 1H), 4.30 (dd, J = 10.6, 4.2 Hz, 1H), 3.90 

(dd, J = 17.8, 4.2 Hz, 1H), 3.67 (dd, J = 17.8, 4.1 Hz, 1H), 2.31 (s, 3H); 13C-NMR 

(151 MHz, CDCl3) δ 152.6, 143.0, 138.0, 136.1, 130.7, 130.5, 128.9, 128.8, 128.4, 128.3, 127.3, 

127.0, 126.8, 73.8, 50.8, 38.0, 21.5; HRMS (ESI) calculated for C23H22
79BrN2O2S [M+H]+: 469.0580, 

found: 469.0585; HRMS (ESI) calculated for C23H22
81BrN2O2S [M+H]+: 471.0560, found: 471.0569; 

Enantiomeric ratio: 89:11, determined by HPLC (Daicel Chirapak IE, isopropanol / hexanel = 30/70, 

flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 24.32 min (major), tR = 21.84 min (minor). 

(S)-5-(bromomethyl)-3-(3-chlorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazole 3t: yield: 34.6 mg  

(81%); (Flash column chromatography eluent, petroleum ether/ethyl acetate 

= 5/1); white solid; m.p.: 140.4 – 141.3 °C; [α]D
20 = -11.3 (c 0.35 CH2Cl2); 

1H-NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.6 Hz, 2H), 7.64 (s, 1H), 7.52 (d, 

J = 7.1 Hz, 1H), 7.37 (d, J = 7.2 Hz, 1H), 7.31 – 7.30 (m, 3H), 4.25 – 4.15 

(m, 1H), 3.97 (dd, J = 10.0 Hz, 1H), 3.62 (t, J = 9.4 Hz, 1H), 3.25 (dd, J = 

17.3, 11.2 Hz, 1H), 3.10 (dd, J = 17.4, 8.6 Hz, 1H), 2.40 (s, 3H); 13C-NMR 

(151 MHz, CDCl3) δ 155.9, 144.8, 134.9, 132.3, 132.3, 130.8, 130.0, 129.8, 128.7, 127.0, 125.1, 62.0, 

39.7, 35.1, 21.7; HRMS (ESI) calculated for C17H17
79Br35ClN2O2S [M+H]+: 426.9883, found: 
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426.9884; HRMS (ESI) calculated for C17H17
81Br35ClN2O2S [M+H]+: 428.9862, found: 428.9870; 

HRMS (ESI) calculated for C17H17
81Br37ClN2O2S [M+H]+: 430.9833, found: 430.9834; 

Enantiomeric ratio: 95.5:4.5, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 

30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.38 min (major), tR = 9.58 min (minor). 

(S)-5-(bromomethyl)-3-(2,4-dichlorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazole 3u: yield: 37.4 

mg (81%); (Flash column chromatography eluent, petroleum ether/ethyl 

acetate = 5/1); white solid; m.p.: 155.0 – 156.2 °C; [α]D
20 = +24.3 (c 0.37 

CH2Cl2); 
1H-NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.1 Hz, 2H), 7.57 (d, J 

= 8.1 Hz, 1H), 7.38 (s, 1H), 7.34 (d, J = 7.0 Hz, 2H), 7.26 (s, 1H), 4.21 – 

4.20 (m, 1H), 3.96 (dd, J = 9.7 Hz, 1H), 3.66 (t, J = 9.1 Hz, 1H), 3.42 (dd, J 

= 17.5, 11.0 Hz, 1H), 3.29 (dd, J = 17.7, 8.8 Hz, 1H), 2.43 (s, 3H); 13C-NMR 

(151 MHz, CDCl3) δ 156.1, 144.9, 136.8, 133.6, 132.3, 131.5, 130.6, 129.8, 128.7, 128.6, 127.5, 62.4, 

42.6, 35.0, 21.7; HRMS (ESI) calculated for C17H16
79Br35Cl2N2O2S [M+H]+: 460.9493, found: 

460.9497; Enantiomeric ratio: 95.5:4.5, determined by HPLC (Daicel Chirapak IA, isopropanol / 

hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 8.90 min (major), tR = 11.79 

min (minor). 

(S)-5-(bromomethyl)-3-(4-fluorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazole 3v: yield: 37.4 mg 

(91%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 

5/1); white solid; m.p.: 120.1 – 121.3 °C; [α]D
20 = -100.1 (c 0.37 CH2Cl2); 

1H-

NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.9 Hz, 2H), 7.68 – 7.62 (m, 2H), 7.30 

(d, J = 7.9 Hz, 2H), 7.07 (t, J = 8.3 Hz, 2H), 4.21 – 4.16  (m, 1H), 4.02 – 3.97 

(m, 1H), 3.62 (t, J = 9.6 Hz, 1H), 3.26 (dd, J = 17.4, 10.9 Hz, 1H), 3.11 (dd, J 

= 17.4, 8.7 Hz, 1H), 2.40 (s, 3H); 13C-NMR (151 MHz, CDCl3) δ 165.2, 163.5, 

156.2, 144.7, 132.1, 129.8, 129.1 (d, J = 8.6 Hz), 128.7, 126.8 (d, J = 3.5 Hz), 115.9 (d, J = 22.0 Hz), 

62.0, 39.9, 35.2, 21.7; 19F-NMR (564 MHz, CDCl3) δ -108.6; HRMS (ESI) calculated for 

C17H17
79BrFN2O2S [M+H]+: 411.0173, found: 411.0179; HRMS (ESI) calculated for 

C17H17
81BrFN2O2S [M+H]+: 413.0152, found: 413.0159; Enantiomeric ratio: 95:5, determined by 

HPLC (Daicel Chirapak IA, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 9.42 min (major), tR = 11.57 min (minor). 
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di-tert-butyl (3aR,8aR)-3a-bromo-2,3,3a,8a-tetrahydropyrrolo[2,3-

b]indole-1,8-dicarboxylate 3w: yield: 39.5 mg (90%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; m.p.: 

89.6 – 91.1 °C; [α]D
20 = -75.7 (c 0.40 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 

7.58 (s, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.32 – 7.27 (m, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.44 (s, 1H), 3.73 

(dd, J = 10.4, 7.7 Hz, 1H), 2.81 – 2.79 (m, 2H), 2.76 – 2.68 (m, 1H), 1.59 (s, 9H), 1.49 (s, 9H); 13C-

NMR (101 MHz, CDCl3) δ 153.4, 152.1, 142.1, 132.7, 130.3, 124.0, 123.8, 117.4, 83.9, 82.1, 80.8, 

62.2, 46.2, 28.4, 28.3; HRMS (ESI) calculated for C20H27
79BrN2NaO4 [M+Na]+: 461.1052, found: 

461.1048; Enantiomeric ratio: 90:10, determined by HPLC (Daicel Chirapak IC, isopropanol / 

hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 4.23 min (major), tR = 4.69 

min (minor). 

tert-butyl (3aR,8aS)-3a-bromo-2,3,3a,8a-tetrahydro-8H-furo[2,3-b]indole-8-

carboxylate 3x: yield: 30.6 mg (90%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 7/1); colorless oil; [α]D
20 = -64.2 (c 0.31 CH2Cl2); 

1H-

NMR (600 MHz, CDCl3) δ 7.84 (s, 1H), 7.41 (d, J = 7.5 Hz, 1H), 7.28 (t, J = 7.8 Hz, 

1H), 7.08 (t, J = 7.5 Hz, 1H), 6.34 – 6.12 (m, 1H), 4.00 (t, J = 8.0 Hz, 1H), 3.53 – 3.45 (m, 1H), 2.94 

– 2.86 (m, 1H), 2.80 (dd, J = 12.3, 3.8 Hz, 1H), 1.60 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 151.9, 

141.6, 132.0, 130.5, 124.9, 123.8, 115.0, 100.9, 81.2, 67.8, 61.6, 45.1, 28.5; Enantiomeric ratio: 

96.5:3.5, determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 5/95, flow rate = 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 6.22 min (major), tR = 5.20 min (minor). 

tert-butyl (3aR,8aS)-3a-bromo-5-chloro-2,3,3a,8a-tetrahydro-8H-furo[2,3-

b]indole-8-carboxylate 3y: yield: 33.7 mg (90%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 

= -39.9 (c 0.34 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.78 (s, 1H), 7.36 (d, J 

= 1.9 Hz, 1H), 7.26 – 7.24 (m, 1H), 6.19 – 6.15 (m, 1H), 4.01 (t, J = 8.0 Hz, 1H), 3.52 – 3.49 (m, 1H), 

2.90 – 2.86 (m, 1H), 2.76 (dd, J = 12.5, 3.7 Hz, 1H), 1.59 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 

151.7, 130.6, 128.7, 125.0, 116.1, 110.1, 101.2, 82.8, 67.8, 60.7, 45.0, 28.4; Enantiomeric ratio: 

94:6, determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 5/95, flow rate = 1.0 mL/min, 

T = 30 ºC, λ = 254 nm): tR = 6.05 min (major), tR = 5.44 min (minor). 
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tert-butyl (3aR,8aS)-3a-bromo-7-methyl-2,3,3a,8a-tetrahydro-8H-furo[2,3-

b]indole-8-carboxylate 3z: yield: 31.8 mg (90%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate = 7/1); colorless oil; [α]D
20 = -109.3 (c 0.32 

CH2Cl2); 
1H-NMR (600 MHz, CDCl3) δ 7.25 (d, J = 7.2 Hz, 1H), 7.16 – 7.08 (m, 

2H), 6.18 (s, 1H), 3.98 – 3.94 (m, 1H), 3.44 – 3.40 (m, 1H), 2.90 – 2.84 (m, 1H), 2.81 

– 2.76 (m, 1H), 2.32 (s, 3H), 1.57 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 152.6, 140.6, 134.6, 133.0, 

128.5, 125.7, 121.6, 103.0, 82.3, 68.0, 61.7, 43.6, 28.3, 20.2; Enantiomeric ratio: 96.5:3.5, 

determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 5/95, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 6.85 min (major), tR = 6.02 min (minor). 

(S)-2-(iodomethyl)-1-tosylpyrrolidine 4a: yield: 31.7 mg (87%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = -

80.0 (c 0.32 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.2 Hz, 2H), 7.34 (d, 

J = 7.9 Hz, 2H), 3.74 (m, 1H), 3.62 (dd, J = 9.6, 2.9 Hz, 1H), 3.52 – 3.44 (m, 1H), 3.22 

– 3.18 (m, 2H), 2.44 (s, 3H), 1.86 – 1.82 (m, 3H), 1.53 – 1.51 (m, 1H); 13C NMR (151 

MHz, CDCl3) δ 143.8, 134.6, 129.9, 127.6, 60.8, 50.2, 32.2, 24.0, 21.6, 11.6; HRMS 

(ESI) calculated for C12H17INO2S [M+H]+: 366.0025, found: 366.0032; Enantiomeric ratio: 

92.5:7.5, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 20/80, flow rate = 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 6.32 min (major), tR = 6.74 min (minor). 

(S)-2-(iodomethyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine 4b: yield: 29.7 mg (75%); 

(Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; 

m.p.: 101.2 – 102.5 °C; [α]D
20 = +20.3 (c 0.30 CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ 8.40 (d, J = 8.8 Hz, 2H), 8.05 (d, J = 8.9 Hz, 2H), 3.83 – 3.76 (m, 1H), 3.59 (d, J = 

9.8 Hz, 1H), 3.57 – 3.50 (m, 1H), 3.27 – 3.22 (m, 2H), 1.99 – 1.90 (m, 2H), 1.90 – 1.81 

(m, 1H), 1.65 – 1.60 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 150.4, 143.5, 128.7, 

124.6, 61.1, 50.2, 32.2, 24.1, 10.7; HRMS (ESI) calculated for C11H14IN2O4S [M+H]+: 396.9719, 

found: 396.9717; Enantiomeric ratio: 90.5:9.5, determined by HPLC (Daicel Chirapak IC, 

isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 18.05 min (major), 

tR = 16.16 min (minor). 

(S)-2-(iodomethyl)-1-((3-nitrophenyl)sulfonyl)pyrrolidine 4c: yield: 30.1 mg (76%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; m.p.: 108.2 – 
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109.4 °C; [α]D
20 = +63.3 (c 0.30 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 8.68 (d, J = 

10.6 Hz, 1H), 8.45 (t, J = 9.8 Hz, 1H), 8.18 (d, J = 7.7 Hz, 1H), 7.77 (dd, J = 15.1, 7.1 

Hz, 1H), 3.81 – 3.78 (m, 1H), 3.60 – 3.54 (m, 1H), 3.56 – 3.49 (m, 1H), 3.33 – 3.22 

(m, 2H), 1.98 – 1.90 (m, 2H), 1.90 – 1.81 (m, 1H), 1.68 – 1.60 (m, 1H); 13C NMR 

(151 MHz, CDCl3) δ 148.6, 140.1, 132.9, 130.7, 127.4, 122.6, 60.9, 50.2, 32.2, 24.1, 

10.9; HRMS (ESI) calculated for C11H14IN2O4S [M+H]+: 396.9717, found: 396.9725; Enantiomeric 

ratio: 91:9, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 10/90, flow rate = 1.0 

mL/min, T = 30 ºC, λ = 254 nm): tR = 17.55 min (major), tR = 16.60 min (minor). 

(S)-2-(iodomethyl)-1-((2-nitrophenyl)sulfonyl)pyrrolidine 4d: yield: 30.9 mg 

(78%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); 

white solid; m.p.: 105.8 – 107.0 °C; [α]D
20 = +29.7 (c 0.31 CH2Cl2); 1H NMR (600 

MHz, CDCl3) δ 8.05 (t, J = 10.0 Hz, 1H), 7.72 (t, J = 7.4 Hz, 2H), 7.62 (d, J = 7.1 Hz, 

1H), 4.11 (s, 1H), 3.59 – 3.44 (m, 3H), 3.24 (t, J = 9.6 Hz, 1H), 2.08 (d, J = 7.6 Hz, 

1H), 1.99 (d, J = 11.1 Hz, 2H), 1.86 – 1.79 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 148.7, 133.9, 

132.0, 131.6, 131.0, 124.2, 60.8, 50.1, 32.4, 24.1, 10.5; HRMS (ESI) calculated for C11H14IN2O4S 

[M+H]+: 396.9719, found: 396.9726; Enantiomeric ratio: 90:10, determined by HPLC (Daicel 

Chirapak IC, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 

17.67 min (major), tR = 19.86 min (minor). 

(S)-2-(iodomethyl)-1-(phenylsulfonyl)pyrrolidine 4e: yield: 28.8 mg (82%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; 

[α]D
20 = -72.8 (c 0.29 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.84 (d, J = 7.4 Hz, 2H), 

7.61 (d, J = 6.5 Hz, 1H), 7.54 (t, J = 6.8 Hz, 2H), 3.80 – 3.72 (m, 1H), 3.65 – 3.58 (m, 

1H), 3.51 – 3.47 (m, 1H), 3.26 – 3.17 (m, 2H), 1.92 – 1.76 (m, 3H), 1.57 – 1.48 (m, 

1H); 13C NMR (151 MHz, CDCl3) δ 137.5, 133.0, 129.3, 127.5, 60.8, 50.1, 32.1, 24.0, 11.4; HRMS 

(ESI) calculated for C11H15INO2S [M+H]+: 351.9868, found: 351.9869; Enantiomeric ratio: 91:9, 

determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 10/90, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 8.32 min (major), tR = 8.94 min (minor). 

(S)-2-(iodomethyl)-4,4-dimethyl-1-tosylpyrrolidine 4f: yield: 34.6 mg (88%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); white solid; m.p.: 115.0 – 116.2 °C; 

[α]D
20 = +7.0 (c 0.35 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.72 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 
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7.9 Hz, 2H), 3.75 (dd, J = 9.5, 2.7 Hz, 1H), 3.71 – 3.65 (m, 1H), 3.36 (t, J = 9.2 Hz, 

1H), 3.26 – 3.12 (m, 2H), 2.42 (s, 3H), 1.90 (dd, J = 12.5, 7.2 Hz, 1H), 1.58 (dd, J 

= 12.8, 8.6 Hz, 1H), 1.03 (s, 3H), 0.50 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

143.7, 135.3, 129.8, 127.6, 62.1, 60.2, 47.9, 37.6, 26.1, 26.0, 21.6, 13.2; HRMS 

(ESI) calculated for C14H21INO2S [M+H]+: 394.0338, found: 394.0341; 

Enantiomeric ratio: 90.5:9.5, determined by HPLC (Daicel Chirapak IB, 

isopropanol / hexanel = 5/95, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 

7.25 min (major), tR = 7.88 min (minor). 

(R)-2-(iodomethyl)-4,4-diphenyl-1-tosylpyrrolidine 4g: yield: 46.3 mg (89%); 

(Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); white 

solid; m.p.: 113.7 – 114.5 °C; [α]D
20 = -16.9 (c 0.46 CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.59 (d, J = 8.2 Hz, 2H), 7.30 – 7.25 (m, 4H), 7.18 (t, J = 7.7 Hz, 3H), 

7.16 – 7.05 (m, 5H), 4.43 (d, J = 10.3 Hz, 1H), 3.90 – 3.83 (m, 1H), 3.76 (d, J = 

10.3 Hz, 1H), 3.67 (dd, J = 9.5, 3.1 Hz, 1H), 2.82 (m, 2H), 2.66 (dd, J = 13.1, 5.2 

Hz, 1H), 2.39 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 144.8, 144.5, 143.7, 134.4, 129.8, 128.8, 128.7, 

127.5, 126.9, 126.7, 126.6, 126.4, 60.5, 59.3, 52.4, 44.1, 21.6, 11.4; HRMS (ESI) calculated for 

C24H25INO2S [M+H]+: 518.0651, found: 518.0641; Enantiomeric ratio: 91:9, determined by HPLC 

(Daicel Chirapak IB, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): 

tR = 7.45 min (major), tR = 6.31 min (minor). 

(S)-2-((S)-1-iodopentyl)-1-tosylpyrrolidine 4h: yield: 36.6 mg (87%); (Flash 

column chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; 

[α]D
20 = -46.8 (c 0.37 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.64 (d, J = 7.9 Hz, 

2H), 7.27 (d, J = 7.9 Hz, 2H), 4.53 (d, J = 11.5 Hz, 1H), 4.02 – 3.93 (m, 1H), 3.47 

– 3.37 (m, 1H), 3.32 – 3.27 (m, 1H), 2.37 (s, 3H), 1.98 – 1.93 (m, 1H), 1.86 – 1.82 

(m, 1H), 1.75 – 1.65 (m, 2H), 1.57 – 1.49 (m, 2H), 1.38 – 1.30 (m, 2H), 1.25 (dd, 

J = 13.2, 6.4 Hz, 2H), 0.86 (t, J = 6.9 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 143.8, 134.2, 129.9, 

127.7, 65.9, 51.6, 41.1, 32.3, 32.0, 29.2, 24.4, 22.0, 21.6, 14.0; HRMS (ESI) calculated for 

C16H25INO2S [M+H]+: 422.0651, found: 422.0661; Enantiomeric ratio: 92:8, determined by HPLC 

(Daicel Chirapak IC, isopropanol / hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): 

tR = 7.39 min (major), tR = 6.78 min (minor). 
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(S)-2-((R)-2-(benzyloxy)-1-iodoethyl)-1-tosylpyrrolidine 4i: yield: 42.2 mg 

(87%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 

5/1); colorless oil; [α]D
20 = +56.4 (c 0.42 CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ 7.71 (d, J = 7.2 Hz, 2H), 7.42 – 7.33 (m, 4H), 7.30 (dd, J = 15.1, 7.4 Hz, 3H), 

4.70 (dd, J = 11.2, 5.6 Hz, 1H), 4.64 (d, J = 11.8 Hz, 1H), 4.58 (d, J = 11.8 Hz, 

1H), 3.99 (dd, J = 8.5, 3.9 Hz, 1H), 3.86 (d, J = 5.9 Hz, 2H), 3.47 – 3.39 (m, 1H), 3.36 – 3.28 (m, 

1H), 2.43 (s, 3H), 2.08 – 2.03 (m, 1H), 1.86 – 1.80 (m, 1H), 1.75 – 1.72 (m, 1H), 1.34 – 1.30 (m, 1H); 

13C NMR (151 MHz, CDCl3) δ 143.9, 138.1, 134.3, 129.9, 128.5, 127.9, 127.8, 127.8, 73.1, 71.4, 

63.4, 51.3, 35.8, 30.4, 24.3, 21.6; HRMS (ESI) calculated for C20H25INO3S [M+H]+: 486.0600, 

found: 486.0594; Enantiomeric ratio: 91:9, determined by HPLC (Daicel Chirapak IC, isopropanol 

/ hexanel = 10/90, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 10.90 min (major), tR = 9.57 

min (minor). 

(S)-2-((R)-2-butoxy-1-iodoethyl)-1-tosylpyrrolidine 4j: yield: 38.3 mg (85%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 

= +64.5 (c 0.38 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.72 (d, J = 7.7 Hz, 2H), 

7.34 (d, J = 7.6 Hz, 2H), 4.68 (d, J = 3.6 Hz, 1H), 4.02 – 3.93 (m, 1H), 3.85 – 

3.69 (m, 2H), 3.59 – 3.42 (m, 3H), 3.35 – 3.27 (m, 1H), 2.44 (s, 3H), 2.09 (dd, J 

= 12.2, 6.0 Hz, 1H), 1.89 – 1.71 (m, 2H), 1.60 – 1.56 (m, 2H), 1.46 – 1.32 (m, 

3H), 0.93 (t, J = 7.2 Hz, 3H). 13C NMR (151 MHz, CDCl3) δ 143.8, 134.3, 129.9, 127.7, 71.7, 71.0, 

63.6, 51.3, 36.2, 31.9, 30.2, 24.3, 21.6, 19.5, 14.0; HRMS (ESI) calculated for C17H27INO3S [M+H]+: 

452.0756, found: 452.0761; Enantiomeric ratio: 88.5:11.5, determined by HPLC (Daicel Chirapak 

IC, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 10.88 min 

(major), tR = 9.04 min (minor). 

di-tert-butyl (3aR,8aR)-3a-iodo-2,3,3a,8a-tetrahydropyrrolo[2,3-b]indole-

1,8-dicarboxylate 4k: yield: 35.0 mg (72%); (Flash column chromatography 

eluent, petroleum ether/ethyl acetate = 7/1); colorless oil; [α]D
20 = -43.6 (c 0.35 

CH2Cl2); 
1H-NMR (600 MHz, CDCl3) δ 7.44 (s, 1H), 7.28 (d, J = 7.4 Hz, 1H), 

7.20 – 7.15 (m, 1H), 7.05 – 6.97 (m, 1H), 6.38 (s, 1H), 3.49 – 3.40 (m, 1H), 2.87 – 2.78 (m, 1H), 2.77 

– 2.67 (m, 2H), 1.52 (s, 9H), 1.41 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 153.3, 152.3, 141.2, 130.4, 

129.7, 124.3, 123.8, 117.9, 86.3, 82.1, 80.8, 46.1, 37.2, 28.5, 28.4; HRMS (ESI) calculated for 
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C20H27IN2NaO4 [M+Na]+: 509.0913, found 509.0916; Enantiomeric ratio: 87:13, determined by 

HPLC (Daicel Chirapak IC, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 

254 nm): tR = 4.69 min (major), tR = 5.07 min (minor). 

tert-butyl (3aR,8aS)-3a-iodo-2,3,3a,8a-tetrahydro-8H-furo[2,3-b]indole-8-

carboxylate 4l: yield: 35.2 mg (91%); (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 7/1); colorless oil; [α]D
20 = -79.2 (c 0.35 CH2Cl2); 

1H-

NMR (600 MHz, CDCl3) δ 7.79 (s, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.23 (t, J = 7.0 Hz, 

1H), 7.05 (t, J = 7.4 Hz, 1H), 6.45 – 6.17 (m, 1H), 3.85 – 3.76 (m, 1H), 3.45 – 3.32 (m, 1H), 2.99 – 

2.86 (m, 2H), 1.61 (s, 9H); 13C-NMR (151 MHz, CDCl3) δ 151.9, 129.9, 125.2, 123.8, 115.0, 103.3, 

82.3, 67.3, 47.9, 28.5; HRMS (ESI) calculated for C15H18INNaO3 [M+Na]+: 410.0229, found: 

410.0223; Enantiomeric ratio: 94.5:5.5, determined by HPLC (Daicel Chirapak IC, isopropanol / 

hexanel = 5/95, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 6.32 min (major), tR = 5.37 min 

(minor). 

(S)-2-(chloromethyl)-1-tosylpyrrolidine 5a: yield: 22.2 mg (81%); (Flash column 

chromatography eluent, petroleum ether/ethyl acetate = 5/1); colorless oil; [α]D
20 = -

41.4 (c 0.22 CH2Cl2);
 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.33 (d, 

J = 8.0 Hz, 2H), 3.88 (d, J = 10.7 Hz, 1H), 3.81 (d, J = 8.5 Hz, 1H), 3.51 – 3.42 (m, 

2H), 3.14 (q, J = 8.1 Hz, 1H), 2.44 (s, 3H), 1.93 (s, 1H), 1.89 – 1.78 (m, 1H), 1.78 – 

1.66 (m, 1H), 1.63 – 1.59 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 143.8, 134.3, 129.9, 

127.7, 60.6, 49.7, 47.1, 29.4, 23.9, 21.6; HRMS (ESI) calculated for C12H17ClNO2S [M+H]+: 

274.0669, found: 274.0670; Enantiomeric ratio: 83:17, determined by HPLC (Daicel Chirapak IA, 

isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 10.26 min (major), 

tR = 11.26 min (minor). 

(S)-2-((S)-1-chloropropyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine 5b: yield: 26.9 

mg (81%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 5/1); 

white solid; m.p.: 113.7 – 114.5 °C; [α]D
20 = +6.9 (c 0.27 CH2Cl2); 1H NMR (600 

MHz, CDCl3) δ 8.39 (d, J = 8.7 Hz, 2H), 8.03 (d, J = 8.7 Hz, 2H), 4.26 (d, J = 11.2 

Hz, 1H), 3.97 – 3.88 (m, 1H), 3.54 – 3.46 (m, 1H), 3.31 – 3.27 (m, 1H), 2.09 – 1.94 

(m, 2H), 1.87 – 1.73 (m, 2H), 1.54 – 1.45 (m, 2H), 1.10 (t, J = 7.2 Hz, 3H); 13C NMR 

(151 MHz, CDCl3) δ 150.5, 143.0, 128.9, 124.5, 66.5, 64.4, 50.7, 27.2, 24.8, 24.6, 11.8; HRMS (ESI) 
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calculated for C13H18ClN2O4S [M+H]+: 333.0676, found: 333.0675; Enantiomeric ratio: 84.5:15.5, 

determined by HPLC (Daicel Chirapak IC, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 25.60 min (major), tR = 20.38 min (minor). 

(S)-2-((R)-2-(benzyloxy)-1-chloroethyl)-1-tosylpyrrolidine 5c: yield: 31.9 

mg (81%); (Flash column chromatography eluent, petroleum ether/ethyl acetate 

= 5/1); colorless oil; [α]D
20 = +30.5 (c 0.32 CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.72 (d, J = 8.1 Hz, 2H), 7.41 – 7.34 (m, 4H), 7.32 – 7.30 (m, 3H), 

4.65 (d, J = 11.2 Hz, 1H), 4.59 – 4.53 (m, 2H), 4.06 – 4.04 (m, 1H), 3.97 – 3.94 

(m, 1H), 3.80 – 3.77 (m, 1H), 3.42 – 3.38 (m, 1H), 3.33 – 3.29 (m, 1H), 2.44 (s, 

3H), 2.03 – 1.99 (m, 1H), 1.77 – 1.70 (m, 1H), 1.38 – 1.32 (m, 2H). 13C NMR (151 MHz, CDCl3) δ 

143.9, 138.1, 134.5, 129.9, 128.5, 127.9, 127.8, 127.8, 73.4, 70.6, 62.4, 62.0, 50.7, 28.2, 24.4, 21.6; 

HRMS (ESI) calculated for C20H25ClNO3S [M+H]+: 394.1244, found: 394.1248; Enantiomeric 

ratio: 87.5:12.5, determined by HPLC (Daicel Chirapak IA, isopropanol / hexanel = 5/95, flow rate 

= 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 14.89 min (major), tR = 14.05 min (minor). 

(S)-2-((R)-2-butoxy-1-chloroethyl)-1-tosylpyrrolidine 5d: yield: 29.1 mg 

(81%); (Flash column chromatography eluent, petroleum ether/ethyl acetate = 

5/1); colorless oil; [α]D
20 = +40.0 (c 0.29 CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ 7.73 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 4.46 – 4.40 (m, 1H), 4.03 

– 3.96 (m, 1H), 3.86 (dd, J = 10.6, 4.2 Hz, 1H), 3.72 (dd, J = 10.6, 7.0 Hz, 1H), 

3.58 – 3.42 (m, 3H), 3.33 – 3.28 (m, 1H), 2.44 (s, 3H), 2.09 – 2.00 (m, 1H), 1.83 – 1.66 (m, 2H), 1.61 

– 1.56 (m, 2H), 1.44 – 1.34 (m, 3H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 143.9, 

134.4, 129.9, 127.8, 71.3, 71.0, 62.4, 62.2, 50.7, 31.9, 28.1, 24.4, 21.6, 19.6, 14.0; HRMS (ESI) 

calculated for C17H27ClNO3S [M+H]+: 360.1400, found: 360.1395; Enantiomeric ratio: 88.5:11.5, 

determined by HPLC (Daicel Chirapak IE, isopropanol / hexanel = 20/80, flow rate = 1.0 mL/min, T 

= 30 ºC, λ = 254 nm): tR = 11.50 min (major), tR = 13.83 min (minor). 
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5. The Derivations of (S)-2-(Bromomethyl)-1-tosylpyrrolidine 

 

(S)-(1-tosylpyrrolidin-2-yl)methyl acetate (6a): 

To a solution of 3a (0.10 mmol, 30mg) in DMF (1.0 mL) was added 18-crown-6 (0.2 mmol, 50 

mg), KOAc (0.4 mmol, 41.6mg) and the reaction mixture was stirred under N2 at 50 ℃ in the absence 

of light for 24 h. The mixture was diluted with Et2O. Organic phase was washed with H2O (2 × 5.0 

mL), The organic volatile solvents were dried over anhydrous Na2SO4 and concentrated under 

reduced pressure. The residue was purified by column chromatography on silica gel to afford the 

product 6a (22.4 mg, 80% yield, 97:3 er). white solid; m.p.: 93.9 – 94.5 °C; [α]D
20 = +59.6 (c 0.23 

CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.20 (dd, 

J = 11.0, 4.7 Hz, 1H), 4.13 – 4.10 (m, 1H), 3.93 – 3.86 (m, 1H), 3.47 – 3.40 (m, 1H), 3.17 (q, J = 8.9 

Hz, 1H), 2.43 (s, 3H), 2.07 (s, 3H), 1.87 – 1.80 (m, 1H), 1.75 – 1.68 (m, 1H), 1.65 – 1.60 (m, 2H); 

13C NMR (151 MHz, CDCl3) δ 170.7, 143.6, 134.8, 129.8, 127.4, 66.2, 58.0, 49.2, 28.7, 24.1, 21.5, 

20.9; HRMS (ESI) calculated for C14H19NNaO4S [M+Na]+: 320.0932, found: 320.0934; 

Enantiomeric ratio: 97:3, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 10/90, 

flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 14.46 min (major), tR = 16.01 min (minor). 

 

(S)-2-(azidomethyl)-1-tosylpyrrolidine (6b): 

To a solution of 3 (0.10 mmol) in DMF (1.0 mL) was added NaN3 (0.11 mmol), and the reaction 

mixture was stirred under N2 at 50 ℃ in the absence of light for 24 h. Then the mixture was diluted 

with Et2O. Organic phase was washed with H2O (2 × 5.0 mL), The organic volatile solvents were 

dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified by 

column chromatography on silica gel to afford the product 6b (75% yield, 95:5 er). white solid; m.p.: 

124.5 – 125.2 °C; [α]D
20 = -36.9 (c 0.35 CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.2 Hz, 

2H), 7.33 (d, J = 7.9 Hz, 2H), 3.73 – 3.69 (m, 1H), 3.56 (dd, J = 12.2, 3.4 Hz, 1H), 3.53 – 3.42 (m, 
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2H), 3.18 – 3.14 (m, 1H), 2.44 (s, 3H), 1.91 – 1.83 (m, 1H), 1.82 – 1.80 (m, 1H), 1.72 – 1.65 (m, 1H), 

1.60 – 1.55 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 143.8, 134.4, 129.9, 127.7, 59.0, 55.4, 49.6, 

29.5, 24.2, 21.6; HRMS (ESI) calculated for C12H16N4NaO2S [M+Na]+: 303.0892, found: 303.0893; 

Enantiomeric ratio: 95:5, determined by HPLC (Daicel Chirapak IB, isopropanol / hexanel = 20/80, 

flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 7.63 min (major), tR = 8.10 min (minor). 

(S)-4-phenyl-1-((1-tosylpyrrolidin-2-yl)methyl)-1H-1,2,3-triazole (6c): 

To an oven-dried round bottom flask with magnetic stir bar was added 6b (0.107 mmol, 30 mg), 

phenyl acetylene (0.214 mmol, 21.85 mg), CuI (0.0214 mmol, 4.1 mg) and THF (2ml) The solution 

was heated at 60 ºC for 4 h. The reaction mixture was diluted with CH2Cl2 (10.0 mL) and H2O (5.0 

mL). Organic was separated and the aqueous was extracted with CH2Cl2 (2 × 10.0 mL). The combined 

organic phase was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The 

residue was purified by column chromatography on silica gel to afford the product 6c (37.8mg, 90% 

yield, 96:4 er). white solid; m.p.: 133.6 – 134.4 °C; [α]D
20 = +110.7 (c 0.38 CH2Cl2); 1H NMR (600 

MHz, CDCl3) δ 8.02 (s, 1H), 7.92 – 7.82 (m, 2H), 7.76 (d, J = 8.2 Hz, 2H), 7.44 (t, J = 7.7 Hz, 2H), 

7.39 – 7.29 (m, 3H), 4.76 – 4.72 (m, 2H), 3.91 (dd, J = 11.9, 8.4 Hz, 1H), 3.28 – 3.24 (m, 1H), 3.09 

– 3.00 (m, 1H), 2.45 (s, 3H), 2.00 – 1.95 (m, 1H), 1.76 – 1.60 (m, 2H), 1.41 – 1.37 (m, 1H), 1.24 – 

1.19 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 147.9, 144.2, 133.6, 130.0, 128.9, 128.3, 127.7, 125.9, 

121.4, 59.4, 54.4, 49.7, 29.2, 23.8, 21.6; HRMS (ESI) calculated for C20H23N4O2S [M+H]+: 383.1543, 

found: 383.1542; Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak IB, isopropanol 

/ hexanel = 30/70, flow rate = 1.0 mL/min, T = 30 ºC, λ = 254 nm): tR = 17.33 min (major), tR = 14.80 

min (minor). 
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6. General Procedure for Nonlinear Effect Studies 

Combining the certain amounts of optically pure Λ-(S,S)-1b with pure Δ-(R,R)-1b leads to the 

formation of the specified ee values of catalyst 1b (preferentially in Λ-(S,S)-1b). Eight reactions 

containing the mixed catalyst of racemic, 17%, 33%, 54%, 67%, 89% and >99% optical purity were 

performed in parallel (Figure S1). As shown in Figure S1, a positive nonlinear effect was found for 

the bromocyclization. 

General procedure: A 10-mL oven-dried vial was charged with alkene 2a (0.10 mmol), activated 

NaBr (11 mg), catalyst 1b with different ee values (0.0005 mmol, 0.5 mol%) and MTBE (2.0 mL) at 

room temperature. The mixture was cooled to 0 ºC and stirred for 15 min. The Oxone (0.30 mmol) 

was added and the resulting solution was stirred vigorously. After 48 h, the reaction was then saturated 

aqueous Na2S2O3 (0.2 mL). The mixture was purified by flash column chromatography (silica gel, 

petrol ether/EtOAc = 5:1) to give the enantioenriched product 3a. 

 

Table S4 | Nonlinear effect studies 

Entry ee of Λ-(S,S)-1b (%) ee of 3a (%) 

1 0 0 

2 17 79 

3 33 87 

4 54 88 

5 67 91 

7 89 91 

8 100 94 
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Figure S1. Nonlinear effect studies 
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7. X-Ray Diffraction Data 

7.1. X-ray single crystal data for 3k 

Sample preparation for crystal growth: absolute configuration of Compound 3k (40.0 mg) was 

dissolved in DCM/n-hex (v/v = 1/3, 4.0 mL), while slow evaporation of solvent at room temperature 

dark brown red crystals were grown. Thermal ellipsoids are shown at 50% probability. 

 

Table S5. Crystal data and structure refinement for 3k (CCDC 2376580) 

Empirical formula C13H17BrN2O4S 

Formula weight 377.25 

Temperature/K 296.15 

Crystal system monoclinic 

Space group C2 

a/Å 12.403(11) 

b/Å 5.914(4) 

c/Å 22.599(16) 

α/° 90 

β/° 104.87(2) 

γ/° 90 

Volume/Å3 1602(2) 

Z 4 

ρcalcg/cm3 1.564 

μ/mm-1 2.712 

F(000) 768.0 

Crystal size/mm3 0.15 × 0.05 × 0.01 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.596 to 51.35 

Index ranges -14 ≤ h ≤ 14, -7 ≤ k ≤ 7, -27 ≤ l ≤ 27 

Reflections collected 5439 

Independent reflections 2581 [Rint = 0.1062, Rsigma = 0.1727] 

Data/restraints/parameters 2581/19/191 
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Goodness-of-fit on F2 0.968 

Final R indexes [I>=2σ (I)] R1 = 0.0782, wR2 = 0.1750 

Final R indexes [all data] R1 = 0.1754, wR2 = 0.2212 

Largest diff. peak/hole / e Å-3 0.91/-0.41 

Flack parameter 0.11(3) 
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7.2. X-ray single crystal data for 3o 

Sample preparation for crystal growth: absolute configuration of Compound 3o (40.0 mg) was 

dissolved in Et2O/DCM (v/v = 3/1, 4.0 mL), while slow evaporation of solvent at room temperature 

white crystals were grown. Thermal ellipsoids are shown at 50% probability. 

 

Table S6. Crystal data and structure refinement for 3o (CCDC 2376475) 

Empirical formula C13H17BrN2O4S 

Formula weight 377.25 

Temperature/K 296 

Crystal system monoclinic 

Space group P21/c 

a/Å 10.0954(2) 

b/Å 6.18390(10) 

c/Å 13.3904(2) 

α/° 90 

β/° 106.3620(10) 

γ/° 90 

Volume/Å3 802.09(2) 

Z 2 

ρcalcg/cm3 1.562 

μ/mm-1 3.212 

F(000) 384.0 

Crystal size/mm3 0.15 × 0.02 × 0.01 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 5.984 to 109.784 

Index ranges -12 ≤ h ≤ 11, -7 ≤ k ≤ 7, -15 ≤ l ≤ 16 

Reflections collected 12282 

Independent reflections 3034 [Rint = 0.0442, Rsigma = 0.0339] 

Data/restraints/parameters 3034/1/192 
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Goodness-of-fit on F2 1.033 

Final R indexes [I>=2σ (I)] R1 = 0.0437, wR2 = 0.1146 

Final R indexes [all data] R1 = 0.0521, wR2 = 0.1239 

Largest diff. peak/hole / e Å-3 0.46/-0.41 

Flack parameter 0.032(16) 
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7.3. X-ray single crystal data for 3p 

Sample preparation for crystal growth: absolute configuration of Compound 3p (40.0 mg) was 

dissolved in n-hexane/DCM (v/v = 3/1, 4.0 mL), while slow evaporation of solvent at room 

temperature white crystals were grown. Thermal ellipsoids are shown at 50% probability. 

 

Table S7. Crystal data and structure refinement for 3p (CCDC 2376474) 

Empirical formula C24H24BrNO2S 

Formula weight 470.41 

Temperature/K 296 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.8681(2) 

b/Å 10.6446(2) 

c/Å 21.1836(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2225.17(7) 

Z 4 

ρcalcg/cm3 1.404 

μ/mm-1 2.397 

F(000) 968.0 

Crystal size/mm3 0.08 × 0.08 × 0.05 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 7.262 to 109.956 

Index ranges -10 ≤ h ≤ 12, -12 ≤ k ≤ 12, -25 ≤ l ≤ 25 

Reflections collected 23732 

Independent reflections 4220 [Rint = 0.0871, Rsigma = 0.0537] 

Data/restraints/parameters 4220/0/263 

Goodness-of-fit on F2 1.070 
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Final R indexes [I>=2σ (I)] R1 = 0.0383, wR2 = 0.0931 

Final R indexes [all data] R1 = 0.0418, wR2 = 0.0966 

Largest diff. peak/hole / e Å-3 0.34/-0.77 

Flack parameter 0.021(15) 
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7.4. X-ray single crystal data for 5b 

Sample preparation for crystal growth: relative configuration of Compound 5b (40.0 mg) was 

dissolved in Et2O/DCM/acetone (v/v/v = 4/1/1, 6.0 mL), while slow evaporation of solvent at room 

temperature white crystals were grown. Thermal ellipsoids are shown at 50% probability. 

 

Table S8. Crystal data and structure refinement for 5b (CCDC 2386476) 

Empirical formula C13H17ClN2O4S 

Formula weight 332.79 

Temperature/K 296 

Crystal system monoclinic 

Space group P21/c 

a/Å 22.112(7) 

b/Å 5.910(2) 

c/Å 12.384(4) 

α/° 90 

β/° 103.404(17) 

γ/° 90 

Volume/Å3 1574.4(9) 

Z 4 

ρcalcg/cm3 1.404 

μ/mm-1 2.322 

F(000) 696.0 

Crystal size/mm3 0.08 × 0.03 × 0.01 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 7.15 to 109.95 

Index ranges -26 ≤ h ≤ 26, -4 ≤ k ≤ 7, -15 ≤ l ≤ 15 

Reflections collected 12569 

Independent reflections 2911 [Rint = 0.0778, Rsigma = 0.0577] 

Data/restraints/parameters 2911/0/191 
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Goodness-of-fit on F2 1.094 

Final R indexes [I>=2σ (I)] R1 = 0.0757, wR2 = 0.2055 

Final R indexes [all data] R1 = 0.1195, wR2 = 0.2448 

Largest diff. peak/hole / e Å-3 0.50/-0.51 
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9. Selected NMR and HPLC 

9.1. NMR of the Substrates 2 
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9.2. NMR and HPLC of the Products 3-6 
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