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1.General information

All reactions were carried out under an atmosphere of argon using standard Schlenk 

techniques. Solvents used in the reactions were distilled from appropriate drying 

agents prior to use. The sulfonyl indoles 1a-1x1
,1y2,1z1 and vinyl aziridine 23 were 

prepared according to the literature procedures. If not noted, catalysts 4a-f and other 

chemicals were commercially available and used without further purification. 

1H NMR and 13C NMR spectra were recorded respectively at 400 MHz and 100 

MHz. Chemical shifts were reported in parts per million (ppm) down field from TMS 

with the solvent resonance as the internal standard. Coupling constants (J) are 

reported in Hz and refer to apparent peak multiplications. Optical rotations were 

measured in the indicated solvents on Perkin Elmer polarimeter (Polartronic MH8) 

with a 10 cm cell (c given in g/100 mL). Flash column chromatography was 

performed using 200-300 mesh silica gel. Enantiomeric excess (ee) were determined 

by HPLC analysis on a Shimadzu LC-20A, using Daicel Chiracel IC columns. 

Electrospray ionization high-resolution mass spectra (ESI-HRMS) were recorded on a 

Bruke P-SIMS-Gly FT-ICR mass spectrometer. The relative and absolute 

configuration of 3b were assigned by the X-ray analysis and the configurations of 

other cycloaddition products were assigned by analogy.
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2.Asymmetric formal [3+2] cycloadditions
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To a dried tube filled with sulfonyl indole 1 (0.1 mmol), Pd2(dba)3 (5 mol %), LiBr 

(0.3 mmol) and (S)-(-)-XylBINAP (10 mol %) was added a solution of vinyl aziridine 

2 (0.3 mmol) in 1,4-dioxane (2 mL). The reaction mixture was stirred under an 

atmosphere of argon at 25 oC. Upon completion of the reaction, distilled water was 

added dropwise to quench the reaction. The resulting solution was extracted with 

ethyl acetate (3 × 3 mL). The combined organic extracts were dried over anhydrous 

Na2SO4, and the filtrate was concentrated under reduced pressure. The residue was 

purified by flash column chromatography on silica gel eluting with petroleum ether 

and ethyl acetate (petroleum ether/ethyl acetate = 2:1) to give the corresponding 

product 3.

3.1. Products 3a - 3z in Scheme 2.

(2'S,3S,4'R)-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3a)

White solid, yield 72%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 7:1, mp = 182.0 -183.4 °C, [α]D
20 = +19.8 (c =0.1, 

THF), 97% ee, determined by HPLC analysis (chiral IC column, 

20% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: 

t (minor) = 25.1 min, t (major) = 28.3 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.81 

(d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.27-7.22 (m, 2H), 7.10 (t, J = 7.3 Hz, 

1H), 7.02 -6.88 (m, 6H), 5.11 (s, 1H), 4.89-4.68 (m, 3H), 4.18 (dd, J = 12.1, 7.9 Hz, 

1H), 3.97 (t, J = 11.9 Hz, 1H), 2.85-2.67 (m, 1H), 2.48 (s, 3H), 2.25 (s, 3H). 13C 

NMR (100 MHz, CDCl3, ppm) δ 178.4, 154.6, 144.4, 136.2, 135.4, 133.9, 130.8, 

129.9, 128.4, 128.1, 127.5, 127.4, 126.0, 125.0, 124.7, 120.0, 119.0, 73.3, 67.9, 53.1, 

49.1, 21.7, 15.8. HRMS (ESI): calcd for C27H26N2O2S [M+H]+ 443.1788, found 

443.1791.

N
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N
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(2'S,3S,4'R)-2-methyl-2'-(o-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 

(3b)

White solid, yield 73%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 6:1, mp = 173.6-175.5 °C. [α]D
20 = -28.2 (c = 0.1, THF), 

96% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 20.6 min, t (major) = 24.6 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.78 (d, 

J = 8.2 Hz, 2H), 7.46 (d, J = 7.4 Hz, 2H), 7.40 - 7.29 (m, 3H), 7.11 (t, J = 7.3 Hz, 1H), 

7.04-6.84 (m, 4H), 6.77 (m, 1H), 5.55 (s, 1H), 4.88 - 4.75 (m, 1H), 4.34 (dd, J = 12.0, 

7.4 Hz, 1H), 3.95 (t, J = 11.6 Hz, 1H), 2.98- 2.93 (m, 3H), 2.48 (s, 2H), 2.26 (s, 3H), 

1.92 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 1180.7, 154.7, 144.1, 136.0, 135.5, 

134.2, 131.2, 130.1, 129.8, 128.2, 128.0, 127.7, 127.1, 125.7, 124.9, 124.3, 120.0, 

118.7, 72.3, 63.9, 53.0, 50.6, 21.6, 19.2, 16.0. HRMS (ESI): calcd for C28H28N2O2S 

[M+H]+ 457.1944, found 457.1949.

(2'R,3S,4'R)-2'-(2-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3c)

White solid, yield 80%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 8:1, mp = 171.5-173.2 °C. [α]D
20 = +21.15 (c = 0.1, 

THF), 94% ee, determined by HPLC analysis (chiral IC column, 

20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 23.1 min, t (major) = 25.1 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.89 (d, 

J = 7.2 Hz, 2H), 7.65 (d, J = 6.9 Hz, 1H), 7.44-7.42 (m, 1H), 7.27 - 6.73 (m, 3H), 6.42 

-6.40 (m, 1H), 5.54 (s, 1H), 4.88 - 4.54 (m, 3H), 4.31 - 4.08 (m, 1H), 3.90 (t, J = 12.0 

Hz, 1H), 3.42 (s, 3H), 2.69 - 2.54 (m, 1H), 2.50 (s, 3H), 2.10 (s, 2H). 13C NMR (100 

MHz, CDCl3, ppm) δ 181.0, 155.7, 154.8, 144.3, 135.9, 134.5, 130.5, 130.0, 128.1, 

128.0, 127.9, 126.5, 124.7, 124.1, 119.7, 119.5, 118.6, 109.2, 72.0, 62.9, 54.3, 52.9, 

50.1, 21.7, 15.4. HRMS (ESI): calcd for C28H28N2O3S [M+H]+ 473.1893, found 

473.1893. 
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(2'R,3S,4'R)-2'-(2-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3d)

 White solid, yield 65%. Rf = 0.3 (petroleum ether/ethyl acetate 

= 2:1), dr = 6:1, mp =181.5-184.9°C. [α]D
20 = ‒63.8 (c = 

0.1,THF) 86% ee, determined by HPLC analysis (chiral IC 

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 20.3 min, t (major) = 22.3 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.86 (d, J = 8.1 Hz, 2H), 7.66 (d, J = 7.7 Hz, 1H), 7.44-7.42 (m, 2H), 

7.29-7.25 (m, 1H),7.17-7.10 (m, 2H), 7.05-6.92 (m, 4H), 5.58 (s, 1H), 4.89- 4.70 (m, 

3H), 4.23 (dd, J = 12.3, 7.6 Hz, 1H), 4.00 (t, J = 12.0 Hz, 1H), 2.77-2.70 (m, 1H), 

2.50 (s, 3H), 2.17 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 180.0, 155.0, 144.5, 

135.1, 134.8, 134.0, 131.6, 130.5, 130.3, 130.1, 129.0, 128.6, 128.4, 128.1, 125.7, 

125.2, 124.3, 120.2, 119.1, 72.2, 64.4, 53.1, 49.9, 21.7, 16.3. HRMS (ESI): calcd for 

C27H25ClN2O2S [M+H]+ 477.1398, found 477.1400.

(2'R,3S,4'R)-2'-(2-bromophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3e)

White solid, yield 64%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 5:1, mp =162.8-164.6 °C. [α]D
20 = +36.2 (c = 0.1, 

THF), 90% ee, determined by HPLC analysis (chiral IC column, 

20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: 

t (minor) = 24.3 min, t (major) = 28.1 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.89 

(d, J = 7.5 Hz, 2H), 7.65 (d, J = 7.5 Hz, 1H), 7.45-7.43 (m, 2H), 7.34-7.25 (m, 1H), 

7.23-7.04 (m, 4H), 6.99-6.83 (m, 2H), 5.56 (s, 1H), 4.88 -4.71 (m, 3H), 4.27 (dd, J = 

11.7, 7.7 Hz, 1H), 4.02 (t, J = 11.8 Hz, 1H), 2.83-2.73 (m, 1H), 2.51 (s, 3H), 2.21 (s, 

3H). 13C NMR (100 MHz, CDCl3, ppm) δ 180.3, 155.1, 144.5, 136.9, 134.8, 134.1, 

132.3, 130.73, 130.66, 130.1, 129.0, 128.4, 128.1, 126.3, 125.4, 124.2, 121.7, 120.1, 

119.0, 72.1, 66.3, 53.2, 49.9, 21.7, 16.9. HRMS (ESI): calcd for C27H25BrN2O2S 

[M+H]+ 521.0893, found 521.0892.
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(2'S,3S,4'R)-2-methyl-1'-tosyl-2'-(2-(trifluoromethyl)phenyl)-4'-

vinylspiro[indole-3,3'-pyrrolidine] (3f)

White solid, yield 65%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 8:1, mp =119.5-120.4°C. [α]D
20 =+14.7 (c = 0.1, THF), 

84% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 15.7 min, t (major) = 19.7 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.99 (d, 

J = 6.8 Hz, 1H), 7.85 (d, J = 6.4 Hz, 2H), 7.51-7.29 (m, 5H), 7.20-7.06 (m, 1H), 6.95-

6.85 (m, 1H), 5.65 (s, 1H), 4.85-4.72 (m, 3H), 4.35-4.25 (m, 1H), 4.06 (t, J = 11.2 Hz, 

1H), 2.80-2.69 (m, 1H), 2.50 (s, 3H), 2.01 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) 

δ 178.0, 155.0, 144.5, 136.8, 134.6, 134.5, 131.0, 130.9, 130.8, 130.1, 128.4, 127.8, 

127.7, 126.6 (q, J = 30.2 Hz), 125.9 (q, J = 6 Hz), 125.8, 124.0 (q, J = 272.0 Hz), 

120.1, 119.0, 72.6, 62.7, 53.2, 50.3, 21.6, 15.7. HRMS (ESI): calcd for 

C28H25F3N2O2S [M+H]+ 511.1662, found 511.1663.

(2'S,3S,4'R)-2-methyl-2'-(m-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 
(3g)

White solid, yield 78%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 9:1, mp = 168.8-170.0°C. [α]D
20 = +21.4 (c = 0.1, 

THF), 92% ee, determined by HPLC analysis (chiral IC column, 

20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: 

t (minor) = 22.2 min, t (major) = 24.2 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.81 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.27-7.25 (m, 2H), 

7.12 (t, J = 7.4 Hz, 1H), 7.03-6.99 (m, 1H), 6.91-6.67 (m, 4H), 5.12 (s, 1H), 4.89 -

4.72 (m, 3H), 4.22 (dd, J = 12.1, 7.9 Hz, 1H), 3.98 (t, J = 11.8 Hz, 1H), 2.83-2.77 (m, 

1H), 2.49 (s, 3H), 2.28 (s, 3H), 2.09 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm ) δ 

178.5, 154.6, 144.3, 136.8, 135.9, 135.5, 134.2, 130.9, 129.8, 128.3, 128.2, 128.0, 

127.3, 126.8, 125.0, 124.5, 123.2, 120.0, 118.9, 73.3, 67.9, 53.0, 49.1, 21.6, 21.3, 15.8. 

HRMS (ESI): calcd for C28H28N2O2S [M+H]+ 457.1944, found 457.1942.
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(2'S,3S,4'R)-2'-(3-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3h)

White solid, yield 78%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr =7:1, mp =161.4-162.8°C. [α]D
20 = -23.6 (c = 0.1, THF), 

91% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 28.9 min, t (major) = 34.8 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.81 (d, J = 8.1 Hz, 1H), 7.40 (d, J = 8.1Hz,2H), 7.31(s, 1H), 7.27(s, 

1H), 7.15 (t, J = 7.5 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 6.90 (t, J = 7.9 Hz, 1H), 6.64 - 

6.45 (m, 3H), 5.11 (s, 1H), 4.91 - 4.68 (m, 3H), 4.22 (dd, J = 12.1, 7.9 Hz, 1H), 3.98 

(t, J = 11.8 Hz, 1H), 3.58 (s, 3H), 2.87 - 2.74 (m, 1H), 2.50 (s, 3H), 2.27 (s, 3H). 13C 

NMR (100 MHz, CDCl3, ppm) δ 178.5, 158.7, 154.6, 144.4, 137.6, 135.5, 134.1, 

130.8, 129.9, 128.5, 128.0, 124.9, 124.7, 120.1, 119.0, 118.5, 113.3, 111.9, 73.2, 67.8, 

55.0, 53.0, 49.0, 21.7, 15.8. HRMS (ESI): calcd for C28H28N2O3S [M+H]+ 473.1893, 

found 473.1893.

(2'S,3S,4'R)-2'-(3-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3i)

White solid, yield 76%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 6:1, mp = 132.4-135.9°C. [α]D
20 = -31.8 

(c =0.1, THF), 84% ee, determined by HPLC analysis (chiral 

IC column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 17.8 min, t (major) = 20.4 min. 

1H NMR (400 MHz, CDCl3, ppm) δ 7.78 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 7.9 Hz, 2H), 

7.32-7.20 (m, 2H), 7.14 (t, J = 7.5 Hz, 2H), 7.05-7.01 (m, 1H), 6.96 (s, 1H), 6.92-6.80 

(m, 3H), 5.10 (s, 1H), 4.91-4.67 (m, 3H), 4.21 (dd, J = 12.0, 7.9 Hz, 1H), 3.95 (t, J = 

11.8 Hz, 1H), 2.89-2.75 (m, 1H), 2.48 (s, 3H), 2.26 (s, 3H). 13C NMR (100 MHz, 

CDCl3, ppm ) δ 178.1, 154.6, 144.6, 138.3, 135.0, 133.0, 133.5, 130.6, 130.0, 128.8, 

128.6, 128.0, 127.6, 126.4, 124.9, 124.8, 124.1, 120.3, 119.1, 73.2, 67.2, 53.0, 49.1, 

21.6, 15.7. HRMS (ESI): calcd for C27H25ClN2O2S [M+H]+ 477.1398, found 
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477.1399.

(2'S,3S,4'R)-2-methyl-1'-tosyl-2'-(3-(trifluoromethyl)phenyl)-4'-

vinylspiro[indole-3,3'-pyrrolidine] (3j)

White solid, yield 75%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 8:1, mp =130.1-132.7°C. [α]D
20 = +12.7 (c = 0.1, THF), 

86% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 10.5 min, t (major) =11.3 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.78 (d, 

J = 8.2 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.25-7.20 (m, 4H), 7.16 - 6.98 (m, 4H), 5.21 

(s, 1H), 4.94 - 4.76 (m, 3H), 4.28 (dd, J = 12.0, 8.0 Hz, 1H), 3.98 (t, J = 11.8 Hz, 1H), 

2.93 (m, 1H), 2.49 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 177.9, 

154.5, 144.7, 137.3, 134.9, 134.1, 130.6, 130.0, 129.7 (q, J = 32.0 Hz), 129.1, 128.7, 

128.0, 124.9, 124.7, 124.2 (q, J = 3.0 Hz), 123.8 (q, J = 271.0 Hz), 123.2, 120.3, 

119.2, 73.2, 67.4, 53.0, 49.1, 21.6, 15.8. HRMS (ESI): calcd for C28H25F3N2O2S 

[M+H]+ 511.1662, found 511.1663.

(2'S,3S,4'R)-2-methyl-2'-(p-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 

(3k)

White solid, yield 77%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 7:1, mp =159.0-161.5°C. [α]D
20 = +28.7 

(c = 0.1, THF), 92% ee, determined by HPLC analysis 

(chiral IC column, 20% IPA in hexane, rate: 1.0 mL/min, 

210 nm). Retention time: t (minor) = 21.5 min, t (major) = 30.1 min. 1H NMR (400 

MHz, CDCl3, ppm) δ 7.81 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 

7.4 Hz, 2H), 7.26 (s, 1H), 7.17-7.03 (m, 2H), 6.90-6.78 (m, 4H), 5.07 (s, 1H), 4.93- 

4.71 (m, 2H), 4.18 (dd, J = 12.1, 8.0 Hz, 1H), 3.99 (t, J = 11.8 Hz, 1H), 2.83 - 2.72 (m, 

1H), 2.51 (s, 3H), 2.26 (s, 3H), 2.12 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm ) δ 

178.4, 154.6, 144.3, 137.0, 135.5, 133.9, 132.9, 130.9, 129.9, 128.3, 128.2, 128.1, 

N
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126.0, 125.0, 124.7, 120.0, 118.9, 73.3, 67.9, 53.0, 48.9, 21.7, 21.0, 15.8. HRMS 

(ESI): calcd for C28H28N2O2S [M+H]+ 457.1944, found 457.1945.

(2'S,3S,4'R)-2'-(4-(tert-butyl)phenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3l)

White solid, yield 71%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 9:1, mp =131.1-134.7°C. [α]D
20 = +24.5 

(c = 0.1, THF), 94% ee, determined by HPLC analysis 

(chiral IC column, 20% IPA in hexane, rate: 1.0 mL/min, 

210 nm). Retention time: t (minor) = 18.5 min, t (major) = 32.3 min. 1H NMR (400 

MHz, CDCl3, ppm) δ 7.77 (d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.30 (s, 1H), 

7.25 (d, J = 7.6 Hz, 1H), 7.14-7.00 (m, 2H), 6.94-6.84 (m, 4H), 5.10 (s, 1H), 4.92 - 

4.71 (m, 3H), 4.23 (dd, J = 12.0, 8.0 Hz, 1H), 3.98 (t, J = 11.8 Hz, 1H), 2.87-2.80 (m, 

1H), 2.49 (s, 3H), 2.27 (s, 3H), 1.12 (s, 9H). 13C NMR (100 MHz, CDCl3, ppm) δ 

178.5, 154.6, 150.1, 144.1, 135.5, 134.3, 132.5, 131.0, 129.8, 128.2, 128.1, 125.8, 

125.0, 124.6, 124.2, 112.0, 118.8, 73.4, 67.9, 52.9, 48.9, 34.2, 31.1, 21.6, 15.9. 

HRMS (ESI): calcd for C31H34N2O2S [M+H]+ 499.2414, found 499.2412.

(2'S,3S,4'R)-2'-(4-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3m)

White solid, yield 83%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 5:1, mp = 106.8-107.2°C. [α]D
20 = +27.0 

(c = 0.1, THF), 92% ee, determined by HPLC analysis 

(chiral IC column, 25% IPA in hexane, rate: 1.0 mL/min, 

210 nm). Retention time: t (minor) = 23.6 min, t (major) = 32.7 min. 1H NMR (400 

MHz, CDCl3, ppm) δ 7.77 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 

7.4 Hz, 1H), 7.25 -7.02 (m, 3H), 6.90 (d, J = 8.3 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 

5.01 (s, 1H), 4.89 - 4.65 (m, 3H), 4.17 (dd, J = 12.1, 8.1 Hz, 1H), 3.97 (t, J = 11.8 Hz, 

1H), 3.60 (s, 3H), 2.83 - 2.70 (m, 1H), 2.48 (s, 3H), 2.23 (s, 3H). 13C NMR (100 MHz, 

CDCl3, ppm) δ 178.4, 158.7, 154.6, 144.3, 135.5, 133.8, 130.9, 129.9, 128.4, 128.0, 

N

Ts
N

t-Bu

N

Ts
N

MeO



S10

127.9, 127.4, 125.0, 124.8, 120.1, 118.9, 112.8, 73.3, 67.8, 55.0, 53.0, 48.7, 21.7, 15.9. 

HRMS (ESI): calcd for C28H28N2O3S [M+H]+ 473.1893, found 473.1891.

(2'S,3S,4'R)-2'-(4-fluorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3n)

White solid, yield 71%. Rf = 0.3 (petroleum ether/ethyl acetate 

= 2:1), dr = 7:1, mp =149.2-150.6°C. [α]D
20 = +29.7 (c =0.1, 

THF), 90% ee, determined by HPLC analysis (chiral IC 

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 16.0 min, t (major) = 19.8 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.79 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.27-7.25 (m, 1H), 

7.20 - 6.90 (m, 4H), 6.65 (t, J = 8.8 Hz, 2H), 5.06 (s, 1H), 4.89 - 4.71 (m, 3H), 4.18 

(dd, J = 12.2, 8.0 Hz, 1H), 3.97 (t, J = 11.9 Hz, 1H), 2.79-2.73 (m, 1H), 2.50 (s, 3H), 

2.24 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.2 ,160.84 (d, J = 246.0 Hz), 

154.6, 144.6, 135.3, 133.8, 131.92 (d, J = 3.1 Hz), 130.7, 130.0, 128.6, 128.1, 127.70 

(d, J = 8.2 Hz), 124.9 (d, J = 4.4 Hz), 120.3, 120.0, 114.6, 114.3, 73.3, 67.4, 53.1, 

48.9, 21.7, 15.8. HRMS (ESI): calcd for C27H25FN2O2S [M+H]+ 461.1694, found 

461.1694.

(2'S,3S,4'R)-2'-(4-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3o)

White solid, yield 60%. Rf = 0.3 (petroleum 

ether/ethylacetate = 2:1), dr = 6:1, mp =173.8-176.3°C. 

[α]D
20 = +48.4 (c =0.1, THF), 90% ee, determined by HPLC 

analysis (chiral IC column, 20% IPA in hexane, rate: 1.0 

mL/min, 210 nm). Retention time: t (minor) = 16.7 min, t (major )= 24.2 min. 1H 

NMR (400 MHz, CDCl3, ppm) δ 7.80 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 

7.27 - 7.02 (m, 4H), 7.01- 6.87 (m, 4H), 5.06 (s, 1H), 4.86 - 4.73 (m, 3H), 4.18 (dd, J 

= 12.1, 8.0 Hz, 1H), 3.98 (t, J = 11.9 Hz, 1H), 2.85 - 2.68 (m, 1H), 2.50 (s, 3H), 2.25 

(s, 3H). 13C NMR (100 MHz, CDCl3,ppm ) δ 178.1, 154.5, 144.6, 135.1, 134.8, 133.6, 
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133.1, 130.6, 130.0, 128.6, 128.0, 127.7, 127.4, 124.9, 124.8, 120.3, 119.1, 73.1, 67.3, 

53.1, 48.9, 21.7, 15.8. HRMS (ESI): calcd for C27H25ClN2O2S [M+H]+ 477.1398, 

found 477.1397.

(2'S,3S,4'R)-2'-(4-bromophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3p)

White solid, yield 72%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 10:1, mp =167.5-171.2°C. [α]D
20 = +62.6 

(c = 0.1, THF), 90% ee, determined by HPLC analysis 

(chiral IC column, 20% IPA in hexane, rate: 1.0 mL/min, 

210nm). Retention time: t (minor) = 17.4 min, t (major) = 26.1 min. 1H NMR (400 

MHz, CDCl3, ppm) δ 7.78 (d, J = 7.9 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.25-7.24 (m, 

2H), 7.19 -6.99 (m, 4H), 6.87-7.65 (m, 2H), 5.03 (s, 1H), 4.79 (m, 3H), 4.16 (dd, J = 

11.9, 8.1 Hz, 1H), 3.96 (t, J = 11.8 Hz, 1H), 2.86-2.69 (m, 1H), 2.49 (s, 3H), 2.24 (s, 

3H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.0, 154.5, 144.6, 135.3, 135.1, 133.6, 

130.60, 130.55, 130.0, 128.7, 128.0, 127.8, 125.0, 124.8, 121.3, 120.3, 119.1, 73.0, 

67.4, 53.0, 49.0, 21.7, 15.8. HRMS (ESI): calcd for C27H25BrN2O2S [M+H]+ 

521.0893, found 521.0896.

(2'S,3S,4'R)-2-methyl-2'-(naphthalen-2-yl)-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3q)

White solid, yield 73%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 10:1, mp =157.2-158.6 °C. [α]D
20 = -

76.9 (c = 0.1, THF), 94% ee, determined by HPLC 

analysis (chiral IC column, 20% IPA in hexane, rate: 1.0 

mL/min, 210 nm). Retention time: t (minor) = 25.0 min, t (major) = 29.3 min. 1H 

NMR (400 MHz, CDCl3, ppm) δ 7.82 (d, J = 7.8 Hz, 2H), 7.76 (d, J = 7.1 Hz, 

1H),7.62 - 7.51(m, 2H), 7.42 – 7.32 (m, 5H), 7.13 - 6.64 (m, 5H), 6.09 (s, 1H), 4.93 - 

4.71 (m, 3H), 4.41 (dd, J = 11.9, 7.3 Hz, 1H), 4.02 (t, J = 11.7 Hz, 1H), 3.10-2.90 (m, 

1H), 2.49 (s, 3H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 180.0, 154.5, 

N

Ts
N

Br

N

Ts
N



S12

144.3, 135.3, 133.5, 133.2, 131.1, 130.3, 129.9, 128.6, 128.0, 127.9, 127.8, 125.6, 

125.4, 125.3, 125.25, 125.22, 124.4, 124.1, 121.6, 119.8, 118.8, 72.5, 63.5, 53.1, 50.7, 

21.6, 16.1. HRMS (ESI): calcd for C31H28N2O2S [M+H]+ 493.1944, found 493.1951.

(2'S,3S,4'R)-2,5-dimethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine

(3r)

White solid, yield 72%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 9:1, mp =181.6-188.5°C. [α]D
20 = +44.0 

(c = 0.1, THF), 92% ee, determined by HPLC analysis (chiral 

IC column, 20% IPA in hexane, rate: 1.0 mL/min, 210nm). 

Retention time: t (minor) = 23.9 min, t (major) = 30.1 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.84 (d, J = 7.5 Hz, 2H), 7.44 (d, J = 7.4 Hz, 2H), 7.15 - 6.88 (m, 8H), 

5.09 (s, 1H), 4.88 - 4.73 (m, 3H), 4.20 - 4.13 (m, 1H), 4.00 (t, J = 11.8 Hz, 1H), 2.77-

2.67 (m, 1H), 2.52 (s, 3H), 2.29 (s, 3H), 2.24 (s, 3H). 13C NMR (100 MHz, CDCl3 , 

ppm) δ 177.2, 152.4, 144.4, 136.2, 135.5, 134.4, 133.7, 130.9, 129.9, 128.8, 128.1, 

127.4, 126.0, 125.8, 119.5, 118.9, 73.1, 67.9, 53.2, 49.0, 21.7, 21.4, 15.7. HRMS 

(ESI): calcd for C28H28N2O2S [M+H]+ 457.1944, found 457.1939.

(2'S,3S,4'R)-5-methoxy-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3s)

White solid, yield 65%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 13:1, mp =154.6-155.6°C. [α]D
20 = +89.3 

(c = 0.1, THF), 96% ee, determined by HPLC analysis 

(chiral IC column, 20% IPA in hexane, rate: 1.0 mL/min, 

210 nm). Retention time: t (minor) = 29.9 min, t (major) = 33.6 min. 1H NMR (400 

MHz, CDCl3, ppm) δ 7.83 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 7.17-7.01 (m, 

6H), 6.84 - 6.59 (m, 2H), 5.14 (s, 1H), 4.84 - 4.78 (m, 3H), 4.18 (dd, J = 12.2, 7.9 Hz, 

1H), 3.96 (t, J = 11.9 Hz, 1H), 3.74 (s, 3H), 2.81 - 2.69 (m, 1H), 2.52 (s, 3H), 2.23 (s, 

3H). 13C NMR (100 MHz, CDCl3 , ppm) δ 176.2, 157.3, 148.5, 144.4, 137.0, 136.3, 

133.9, 130.8, 129.9, 128.1, 127.5, 127.4, 125.9, 120.1, 119.0, 112.7, 112.2, 73.4, 67.7, 

N

Ts
N

H3C

N

Ts
N

MeO



S13

55.8, 52.9, 49.1, 21.7, 15.6. HRMS (ESI): calcd for C28H28N2O3S [M+H]+ 473.1893, 

found 473.1900.

(2'S,3S,4'R)-5-fluoro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-
pyrrolidine] (3t)

White solid, yield 78%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 13:1, mp =198.5-199.9 °C. [α]D
20 = +33.6 (c = 0.1, 

THF), 90% ee, determined by HPLC analysis (chiral IC column, 

20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: 

t (minor) = 17.9 min, t (major) = 21.5 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.82 

(d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.20 - 7.17 (m, 1H), 7.01 - 6.96 (m, 6H), 

6.85 - 6.80 (m, 1H), 5.16 (s, 1H), 4.95 - 4.75 (m, 1H), 4.22 (dd, J = 12.2, 7.9 Hz, 1H), 

3.91 (t, J = 11.9 Hz, 1H), 2.88 - 2.78 (m, 1H), 2.51 (s, 3H), 2.27 (s, 3H). 13C NMR 

(100 MHz, CDCl3, ppm) δ 178.4, 160.4 (d, J = 244.2 Hz), 144.5, 137.40 (d, J = 8.9 

Hz), 135.9, 134.0, 130.4, 130.0 128.0, 127.6, 125.9, 120.6 (d, J = 9.0 Hz), 119.3, 

115.0, 114.9, 112.7 (d, J = 25.4 Hz), 73.8, 67.7, 52.9, 48.9, 29.7, 21.7, 15.8. HRMS 

(ESI): calcd for C27H25FN2O2S [M+H]+ 461.1694, found 461.1700.

(2'S,3S,4'R)-5-chloro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3u)

White solid, yield 73%. Rf = 0.3 (petroleum ether/ethyl acetate 

= 2:1), dr = 10:1, mp = 158.3-166.1 °C. [α]D
20 = -86.9 (c =0.1, 

THF), 93% ee, determined by HPLC analysis (chiral IC 

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 18.5 min, t (major) = 21.6 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.80 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.27 - 7.05 (m, 3H), 

7.04 - 6.90 (d, J = 5.1 Hz, 5H), 5.12 (s, 1H), 4.90 - 4.75 (m, 3H), 4.19 (dd, J = 12.2, 

7.9 Hz, 1H), 3.91 (t, J = 11.9 Hz, 1H), 2.85 - 2.73 (m, 1H), 2.49 (s, 3H), 2.26 (s, 3H). 

13C NMR (100 MHz, CDCl3, ppm) δ 179.1, 153.1, 144.5, 135.8, 133.9, 130.6, 130.4, 
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130.0, 128.5, 128.1, 127.6, 125.9, 125.3, 120.8, 119.4, 73.7, 67.8, 53.0, 49.0, 21.7, 

15.8. HRMS (ESI): calcd for C27H25ClN2O2S [M+H]+ 477.1398, found 477.1396.

(2'S,3S,4'R)-5-bromo-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3v)

White solid, yield 70%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 2:1), dr = 11:1, mp =154.7-155.6 °C. [α]D
20 = -28.1 

(c = 0.1, THF), 96% ee, determined by HPLC analysis (chiral 

IC column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 19.7 min, t (major) = 22.4 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.82 (d, J = 8.2 Hz, 2H), 7.41 (m, 3H), 7.27 - 7.08 (m, 1H), 7.05 - 6.95 

(m, 5H), 5.14 (s, 1H), 4.95 - 4.75 (m, 3H), 4.21 (dd, J = 12.2, 7.9 Hz, 1H), 3.93 (t, J = 

11.9 Hz, 1H), 2.85-2.79 (m, 1H), 2.52 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, 

CDCl3 , ppm) δ 179.1, 153.6, 144.5, 137.7, 135.8, 133.9, 131.4, 130.4, 130.0, 128.1, 

128.1, 127.7, 127.6, 125.8, 121.3, 119.4, 118.5, 73.8, 67.8, 53.1, 49.0, 21.7, 15.8. 

HRMS (ESI): calcd for C27H25BrN2O2S [M+H]+ 521.0892, found 521.0896.

(2'S,3S,4'R)-6-fluoro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3w)

White solid, yield 78%. Rf = 0.3 (petroleum ether/ethyl acetate 

= 2:1), dr = 12:1, mp =128.9-133.0 °C. [α]D
20 = +30.5 (c = 0.1, 

THF), 92% ee, determined by HPLC analysis (chiral IC 

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). 

Retention time: t (minor) = 17.9 min, t (major) = 21.5 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.82 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.21-7.18 (m, 1H), 

7.07 - 6.65 (m, 7H), 5.12 (s, 1H), 4.91 - 4.68 (m, 2H), 4.20 (dd, J = 12.1, 7.9 Hz, 1H), 

3.94 (t, J = 11.9 Hz, 1H), 2.81- 2.74 (m, 1H), 2.51 (s, 3H), 2.28 (s, 3H). 13C NMR 

(100 MHz, CDCl3, ppm) δ 180.9, 162.90 (d, J = 245.3 Hz), 156.1 (d, J = 11.0 Hz), 

144.5, 136.0, 133.9, 131.1 (d, J = 3.0 Hz), 130.5, 130.0, 128.0, 127.6, 125.9,125.4 (d, 
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J = 9.6 Hz), 119.1, 111.5, 115.3, 107.88 (d, J = 23.9 Hz), 73.0, 67.8, 53.0, 49.0, 21.7, 

15.9. HRMS (ESI): calcd for C27H25FN2O2S [M+H]+ 461.1693, found 461.1697.

(2'S,3S,4'R)-2-ethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3x)

White solid, yield 76%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 6:1, mp = 111.4-118.1°C. [α]D
20 = +26.7 (c = 0.1, THF), 

94% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 20.2 min, t (major) = 23.8 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.82 (d, 

J = 7.5 Hz, 2H), 7.42 (d, J = 7.4 Hz, 2H), 7.32 - 7.30 (m, 1H), 7.25 -7.11 (m, 2H), 

7.08 - 6.89 (m, 6H), 5.14 (s, 1H), 4.81 -4.76 (m, 1H), 4.29 - 4.09 (m, 1H), 3.97 (t, J = 

11.7 Hz, 1H), 2.82 (s, 1H), 2.69 - 2.56 (m, 1H), 2.52 (s, 3H), 2.36 (dd, J = 16.6, 7.6 

Hz, 1H), 1.41 (t, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 144.4, 136.1, 

135.4, 134.0, 130.9, 129.9, 128.8, 128.6, 128.4, 128.1, 127.5, 125.9, 125.0, 120.1, 

119.0, 73.4, 67.9, 53.1, 49.0, 22.2, 21.7, 10.8. HRMS (ESI): calcd for C28H28N2O2S 

[M+H]+ 457.1943, found 457.1949.

(2'S,3S,4'R)-2'-phenyl-2-(prop-1-yn-1-yl)-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3y)

White solid, yield 70%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 11:1, mp =113.4-115.8°C. [α]D
20 = +46.4 (c = 0.1, 

THF), 92% ee, determined by HPLC analysis (chiral IC column, 

25% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: 

t (minor) = 24.9 min, t (major) = 26.4 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.84 

(d, J = 6.7 Hz, 2H), 7.41 (d, J = 6.8 Hz, 2H), 7.36 - 7.29 (m, 2H), 7.14 -7.08 (m, 4H), 

6.98 - 6.96 (m, 1H), 5.30 (s, 1H), 4.96 - 4.63 (m, 1H), 4.19 - 4.15 (m, 1H), 4.02 (t, J = 

11.7 Hz, 1H), 3.05 -2.91 (s, 1H), 2.46 (s, 3H), 2.10 (s, 3H). 13C NMR (100 MHz, 

CDCl3, ppm) δ 163.5, 154.9, 144.1, 136.1, 134.5, 133.6, 130.4, 129.9, 128.6, 128.3, 

127.4, 126.1, 125.9, 124.9, 121.3, 119.1, 98.4, 74.3, 73.7, 68.3, 53.2, 48.7, 21.7, 4.9. 

HRMS (ESI): calcd for C29H26N2O2S [M+H]+ 467.1788, found 467.1785.
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(2'S,3S,4'R)-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3z)

White solid, yield 54%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 2:1, mp =116.5-117.8°C. [α]D
20 = +16.5 (c = 0.1, THF), 

94% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 29.1 min, t (major) = 37.2 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.92 (s, 

1H), 7.81 (d, J = 7.6 Hz, 2H), 7.56 - 7.29 (m, 5H), 7.19 - 7.02 (m, 4H), 6.93 (s, 2H), 

5.24 - 5.14 (m, 1H), 5.11 (s, 1H), 4.77 (dd, J = 32.0, 13.7 Hz, 2H), 4.33 (dd, J = 11.6, 

7.6 Hz, 1H), 3.94 (t, J = 11.8 Hz, 1H), 2.85 - 2.75 (m, 1H), 2.52 (s, 3H). 13C NMR 

(100 MHz, CDCl3 , ppm) δ 171.2, 155.8, 144.3, 136.5, 136.2, 134.5, 129.99, 129.93, 

129.1, 128.1, 128.0, 127.9, 126.8, 125.3, 121.5, 121.3, 118.9, 71.5, 70.2, 53.9, 50.1, 

21.7. HRMS (ESI): calcd for C26H24N2O2S [M+H]+ 429.1631, found 429.1635.

(2'S,3S,4'R)-2,4'-dimethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 

（6a）

 White solid, yield 51%. Rf = 0.3 (petroleum ether/ethyl acetate = 

2:1), dr = 5:1, mp =158.2-163.7°C. [α]D
20 = -30.4 (c = 0.1, THF), 

17% ee, determined by HPLC analysis (chiral IC column, 20% 

IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t 

(minor) = 30.6 min, t (major) = 35.9 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.71 (d, 

J = 8.1 Hz, 2H), 7.39 - 7.28 (m, 3H), 7.16 (t, J = 7.6 Hz, 1H), 7.08 - 7.00 (m, 3H), 

6.91 – 6.84 (m, 3H), 6.53 (d, J = 7.6 Hz, 1H), 5.40 – 5.28 (m, 1H), 5.07 (s, 1H), 4.95 -

4.89 (m, 2H), 3.97 (dd, J = 10.92, 10.14 Hz, 2H), 2.47 (s, 3H), 2.02 (s, 3H), 1.09 (s, 

3H). 13C NMR (100 MHz, CDCl3, ppm) δ 180.8, 154.7, 144.2, 140.0, 137.6, 135.7, 

134.3, 129.8, 128.4, 128.0, 127.5, 127.5, 127.2, 127.1, 124.2, 119.8, 113.8, 75.2, 66.2, 

58.7, 48.4, 23.5, 21.6, 19.8. HRMS (ESI): calcd for C26H24N2O2S [M+H]+ 456.1871, 

found 456.1874.
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3.2 The Compound 4 and 5 in Scheme 3
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To a solution of 3z (46.5 mg 0.11 mmol) in THF (2 mL) was added p-TsOH (6.3 

mg 0.033 mmol) and then stirred at room temperature under argon atmosphere for 20 

h. Upon completion of the reaction, the solvent was removed under reduced pressure, 

added saturated NaHCO3 (2 mL), and the aqueous phase was extracted with ethyl 

acetate (3×3 mL). The organic phases was washed by water (5 mL) and saturated 

brine (5 mL), and dried over anhydrous Na2SO4, the residue was purified by column 

chromatography on silica gel to give compound 5z (39 mg, 91% yield, 94% ee) as a 

white solid. Dr =12:1. Rf = 0.3 (petroleum ether/ethyl acetate = 4:1), mp = 112-114 

°C, [α]D
20 = +54.9 (c = 0.1, THF), 94% ee, determined by HPLC analysis (chiral IC 

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t (minor) 

=6.0 min, t (major) = 7.2 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.77 (s, 1H), 7.48 

(d, J = 8.3 Hz, 2H), 7.41 (d, J = 7.9 Hz, 1H), 7.22 (s,4H), 7.19 - 7.17 (m, 1H), 7.09-

7.05 (m, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.22 (s, 1H), 5.71 -5.62 (m, 1H), 5.31 - 5.14 

(m, 2H), 3.77 (dd, J = 14.5, 5.9 Hz, 1H), 3.44 -3.37 (m, 1H), 2.90 (dd, J = 14.5, 10.9 

Hz, 1H), 2.18 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 143.3, 138.9, 138.1, 

137.5, 136.2, 130.5, 129.4, 128.7, 128.6, 126.9, 126.5, 122.2, 120.0, 119.5, 117.9, 

111.0, 55.7, 46.2, 44.8, 37.5, 21.4, 11.4. HRMS (ESI): calcd for C26H24N2O2S 

[M+H]+ 429.1631, found 429.1631.

N

Ts
N

Ph DIBAL-H

DCM, -78℃
N
H

Ts
N

Ph

3a 5a
H

To a solution of 3a (44.3 mg 0.1 mmol) in DCM (2 mL) was added DIBAL-H (0.2 

mmol), and then stirred at -78 oC under argon atmosphere for 4 h. Upon completion of 
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the reaction, the reaction was quenched with water (5 mL). The mixture was extracted 

with Dichloromethane (3 × 5 mL), the combined organic layer was dried MgSO4. 

After removal of the solvents under reduced pressure, the residual was purified by 

column chromatography, affording the title compound 5a (38.7 mg, 87% yield, 96% 

ee) as a white solid. dr=7:1. Rf = 0.3 (petroleum ether/ethyl acetate = 5:1), mp = 98-

100 °C, [α]D
20 = -52.13 (c = 0.1, THF), 96% ee, determined by HPLC analysis (chiral 

IE column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t (minor) 

=22.7 min, t (major) = 24.8 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.68 (d, J = 8.0 

Hz, 2H), 7.43 - 7.22 (m, 2H), 7.03 -6.85 (m, 7H), 6.60 (t, J = 7.4 Hz, 1H), 6.32 (d, J = 

7.8 Hz, 1H), 5.82 – 5.60 (m, 1H), 5.09 - 51 (m, 2H), 4.91 (s, 1H), 4.11 (dd, J = 11.6, 

9.0 Hz, 1H), 3.90 (t, J = 11.5 Hz, 1H), 3.74 - 3.70(m , 1H), 2.46 (s, 1H), 2.41 (dd, J = 

19.5, 9.2 Hz, 1H), 1.31 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 

150.7, 143.5, 138.1, 135.2, 134.9, 129.6, 128.2, 128.11, 128.06, 127.8, 127.0, 126.8, 

126.7, 119.4, 118.3, 110.0, 67.5, 62.9, 60.0, 52.8, 50.0, 21.6, 15.0. HRMS (ESI): 

calcd for C27H28N2O2S [M+H]+ 445.1944, found 445.1948.
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5.NMR spectra of the products 

(2'S,3S,4'R)-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3a)

(2'S,3S,4'R)-2-methyl-2'-(o-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine]
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(3b)
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(2'R,3S,4'R)-2'-(2-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3c)
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(2'R,3S,4'R)-2'-(2-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3d)



S23

(2'R,3S,4'R)-2'-(2-bromophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3e)
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(2'S,3S,4'R)-2-methyl-1'-tosyl-2'-(2-(trifluoromethyl)phenyl)-4'-

vinylspiro[indole-3,3'-pyrrolidine] (3f)
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(2'S,3S,4'R)-2-methyl-2'-(m-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 
(3g)
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(2'S,3S,4'R)-2'-(3-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-
pyrrolidine] (3h)
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(2'S,3S,4'R)-2'-(3-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3i)
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(2'S,3S,4'R)-2-methyl-1'-tosyl-2'-(3-(trifluoromethyl)phenyl)-4'-

vinylspiro[indole-3,3'-pyrrolidine] (3j)
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(2'S,3S,4'R)-2-methyl-2'-(p-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 

(3k)
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(2'S,3S,4'R)-2'-(4-(tert-butyl)phenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3l)
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(2'S,3S,4'R)-2'-(4-methoxyphenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3m)
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(2'S,3S,4'R)-2'-(4-fluorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3n)
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(2'S,3S,4'R)-2'-(4-chlorophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3o)
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(2'S,3S,4'R)-2'-(4-bromophenyl)-2-methyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3p)
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(2'S,3S,4'R)-2-methyl-2'-(naphthalen-2-yl)-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3q)
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(2'S,3S,4'R)-2,5-dimethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine 

(3r)
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(2'S,3S,4'R)-5-methoxy-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3s)
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(2'S,3S,4'R)-5-fluoro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-
pyrrolidine] (3t)
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(2'S,3S,4'R)-5-chloro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3u)
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(2'S,3S,4'R)-5-bromo-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3v)
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(2'S,3S,4'R)-6-fluoro-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3w)
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(2'S,3S,4'R)-2-ethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3x)
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(2'S,3S,4'R)-2'-phenyl-2-(prop-1-yn-1-yl)-1'-tosyl-4'-vinylspiro[indole-3,3'-

pyrrolidine] (3y)
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(2'S,3S,4'R)-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] (3z)
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(1S,4S)-1-phenyl-2-tosyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole (5z)
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(2S,2'S,3R,4'R)-2-methyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indoline-3,3'-
pyrrolidine] (5a)
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(2'S,3S,4'R)-2,4'-dimethyl-2'-phenyl-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine] 
(6a)
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6.HPLC spectra of the products

HPLC of 3a
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=254 nm

N

Ts
N

N

Ts
N
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HPLC of 3b
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

CH3

N

Ts
N

CH3
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HPLC of 3c
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

OCH3

N

Ts
N

OCH3
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HPLC of 3d
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

Cl

N

Ts
N

Cl
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HPLC of 3e
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

Br

N

Ts
N

Br
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HPLC of 3f
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

CF3

N

Ts
N

CF3
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HPLC of 3g
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

CH3

N

Ts
N

CH3
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HPLC of 3h
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

OCH3

N

Ts
N

OCH3
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HPLC of 3i
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

Cl

N

Ts
N

Cl



S57

HPLC of 3j
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

CF3

N

Ts
N

CF3



S58

HPLC of 3k
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

H3C

N

Ts
N

H3C
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HPLC of 3l
Conditions:Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

t-Bu

N

Ts
N

t-Bu
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HPLC of 3m
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

H3CO

N

Ts
N

H3CO
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HPLC of 3n
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

F

N

Ts
N

F
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HPLC of 3o
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

Cl

N

Ts
N

Cl
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HPLC of 3p
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

Br

N

Ts
N

Br
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HPLC of 3q
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

N

Ts
N
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HPLC of 3r
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3s

N

Ts
N

H3C

N

Ts
N

H3C
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3t

N

Ts
N

H3CO

N

Ts
N

H3CO
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3u

N

Ts
N

F

N

Ts
N

F
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3v

N

Ts
N

Cl

N

Ts
N

Cl
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3w

N

Ts
N

Br

N

Ts
N

Br
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 3x
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

F

N

Ts
N

F
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HPLC of 3y
Conditions: Chiralpak IC column, 25% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

N

Ts
N
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HPLC of 3z
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N

Ts
N

N

Ts
N
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N

Ts
N

N

Ts
N
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HPLC of 5z
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

HPLC of 5a

N
H

NTs
Ph

N
H

NTs
Ph
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N
H

Ts
N

H

Conditions: Chiralpak IE column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm

N
H

Ts
N

H
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HPLC of 6a
Conditions: Chiralpak IE column, 20% IPA in hexane, v= 1.0 mL/min, λ=210 nm
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7.X-ray crystallographic data of 3b and 5a

CCDC 2027183 (3b) and CCDC 2069356 (5a) contain the structure and 

supplementary crystallographic data. These data can be obtained free of charge on 

application to the Director, CCDC 12 Union Road, Cambridge CB2 1EZ, UK (fax 

(+44) 1223-336033; or e-mail deposit@ccdc.cam.uk) or via 

www.ccdc.cam.ac.uk/data_request/cif.

N

Ts
N

3b

Table S1 Crystal data and structure refinement for Compounds 3b.

Identification code 3b 5a

CCDC Deposit number 2027183 2069356

Empirical formula C28H28N2O3S C27H28N2O2S

Formula weight 472.60 444.57

Temperature (K) 293(2) 293(2)

Wavelength (Å) 0.71073 0.71073

Crystal system orthorhombic orthorhombic

space group P 21 21 21 P 1 21 1

Unit cell dimensions a=10.783(4) a=8.546(6)

Å b=11.947(7) b=14.915(10)

c=18.807(8) c=10.120(7)

(°) α = 90 α = 90

β = 90 β = 11.501(17)

γ = 90 γ = 90

mailto:deposit@ccdc.cam.uk)
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Volume 2423(2)Å3 1192(14)

Z 4 2

Calcd. density (Mg/m 3) 1.257 1.236

F(000) 968.0 472.0

Limiting indices -10 ≤ h ≤ 12 -10 ≤ h ≤ 10

-13 ≤ k ≤ 13 -18 ≤ k ≤ 18

-22 ≤ l ≤ 21 -12 ≤ l ≤ 12

GOOF 0.941 1.061

R(int) 4.97% 4.86%

R1 3.92% 4.00%

WR2 9.12% 9.00%


