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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-1x!1y2,1z! 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.

'H NMR and 3C 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 MHS)
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

Ts
SOZPh Ts sz(dba)g (5 mol %) Arin N
N NI N 4d (10 mol %) s
e . /
" Z N R \/u LiBr, dioxane, rt R1—: M)—R2
H 2~
1 2 3

To a dried tube filled with sulfonyl indole 1 (0.1 mmol), Pd,(dba); (5 mol %), LiBr
(0.3 mmol) and (S)-(-)-XyIBINAP (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 °C. Upon completion of the reaction, distilled water was
added dropwise to quench the reaction. The resulting solution was extracted with
ethyl acetate (3 x 3 mL). The combined organic extracts were dried over anhydrous
Na,SO,, 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)
Ts White solid, yield 72%. R¢= 0.3 (petroleum ether/ethyl acetate =
@,,,, N 2:1), dr = 7:1, mp = 182.0 -183.4 °C, [a]p*® = +19.8 (¢ =0.1,
@g% THF), 97% ee, determined by HPLC analysis (chiral IC column,
N 20% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time:
t (minor) = 25.1 min, t (major) = 28.3 min. 'H NMR (400 MHz, CDCl;, ppm) & 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, CDCl;, ppm) 6 178.4, 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 Cy7Hy¢N,O,S [M+H]* 443.1788, found
443.1791.

S3



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

Me White solid, yield 73%. R¢= 0.3 (petroleum ether/ethyl acetate =
@//“' -I[\-IS 2:1), dr=6:1, mp = 173.6-175.5 °C. [a]p*° = -28.2 (¢ = 0.1, THF),

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

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

(minor) = 20.6 min, t (major) = 24.6 min. 'H NMR (400 MHz, CDCl3, ppm) & 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). ¥C NMR (100 MHz, CDCl; ppm) & 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 C,3H,3N,0,S
[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] (3¢)

OCTH3 White solid, yield 80%. R¢= 0.3 (petroleum ether/ethyl acetate =
S
©l/ N 2:1), dr = 8:1, mp = 171.5-173.2 °C. [a]p*® = +21.15 (¢ = 0.1,

@S 7 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. "H NMR (400 MHz, CDCl;, ppm) & 7.89 (d,
J=17.2Hz, 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, /= 12.0
Hz, 1H), 3.42 (s, 3H), 2.69 - 2.54 (m, 1H), 2.50 (s, 3H), 2.10 (s, 2H). 3C NMR (100
MHz, CDCl;, ppm) & 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 C,sHsN,O3S [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%. R¢= 0.3 (petroleum ether/ethyl acetate

ClTs
N
@-- = 2:1), dr = 6:1, mp =181.5-184.9°C. [0]p?® = —63.8 (¢ =
W' "’/%
©\ ) 0.1,THF) 86% ee, determined by HPLC analysis (chiral IC
N

column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm).
Retention time: t (minor) = 20.3 min, t (major) = 22.3 min. '"H NMR (400 MHz,
CDCl;, ppm) & 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). 3C NMR (100 MHz, CDCl;, ppm) 8 180.0, 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
C,7H,5CIN,O,S [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)

BrTs White solid, yield 64%. R¢= 0.3 (petroleum ether/ethyl acetate =
2:1), dr = 5:1, mp =162.8-164.6 °C. [a]p*® = +36.2 (¢ = 0.1,
©\ “Z 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. '"H NMR (400 MHz, CDCl;, ppm) & 7.89
(d, J=17.5 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). 3C NMR (100 MHz, CDCl;, ppm) 8 180.3, 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 C,;H,5sBrN,0,S

[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)
cF White solid, yield 65%. R¢= 0.3 (petroleum ether/ethyl acetate =
ts
N

liy,

2:1), dr=28:1, mp =119.5-120.4°C. [a]p** =+14.7 (¢ = 0.1, THF),

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

©\\\“ ., 84% ee, determined by HPLC analysis (chiral IC column, 20%
(minor) = 15.7 min, t (major) = 19.7 min. 'H NMR (400 MHz, CDCl3, ppm) & 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, /= 11.2 Hz,
1H), 2.80-2.69 (m, 1H), 2.50 (s, 3H), 2.01 (s, 3H). 3C NMR (100 MHz, CDCl;, ppm)
0 178.0, 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

C28H25F3N2028 [M+H]+ 51 11662, found 511.1663.

(2'S,3S,4'R)-2-methyl-2'-(m-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine]
(3g)
CHs White solid, yield 78%. R¢= 0.3 (petroleum ether/ethyl acetate =

| -Il\-ls 2:1), dr = 9:1, mp = 168.8-170.0°C. [a]p?® = +21.4 (¢ = 0.1,
" THF), 92% ee, determined by HPLC analysis (chiral IC column,
@al/ 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time:
" t (minor) = 22.2 min, t (major) = 24.2 min. "H NMR (400 MHz,
CDCls, ppm) 6 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, /= 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, CDCIl3, ppm ) 3
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 C,3H,5N,0,S [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)
OCH, White solid, yield 78%. R¢= 0.3 (petroleum ether/ethyl acetate =
Te 2:1), dr =7:1, mp =161.4-162.8°C. [a]p** = -23.6 (¢ = 0.1, THF),
. N 91% ee, determined by HPLC analysis (chiral IC column, 20%
@a’/ IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t
N (minor) = 28.9 min, t (major) = 34.8 min. '"H NMR (400 MHz,
CDCl;, ppm) 6 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, /= 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, CDCl;, ppm) 6 178.5, 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 C,sH,sN,05S [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%. Ry = 0.3 (petroleum ether/ethyl
Ts acetate = 2:1), dr = 6:1, mp = 132.4-135.9°C. [a]p?® = -31.8
" N, (¢ =0.1, THF), 84% ee, determined by HPLC analysis (chiral
N/ 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.
TH NMR (400 MHz, CDCl3, ppm) & 7.78 (d, /= 8.1 Hz, 2H), 7.39 (d, /= 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). 3C NMR (100 MHz,
CDClI;, ppm ) & 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): calecd for C,;H,sCIN,O,S [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)

CFs White solid, yield 75%. R¢= 0.3 (petroleum ether/ethyl acetate =
@// 'I,\'ls 2:1), dr=8:1, mp =130.1-132.7°C. [a]p** = +12.7 (¢ = 0.1, THF),

N, 2 86% ee, determined by HPLC analysis (chiral IC column, 20%

©\N/ IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t
(minor) = 10.5 min, t (major) =11.3 min. '"H NMR (400 MHz, CDCl;, ppm) & 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, /= 12.0, 8.0 Hz, 1H), 3.98 (t, /= 11.8 Hz, 1H),
2.93 (m, 1H), 2.49 (s, 3H), 2.32 (s, 3H). 3C NMR (100 MHz, CDCl;, ppm) & 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 CygHysF3N,0,S

[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%. R¢ = 0.3 (petroleum ether/ethyl
\©/,,, -l’\—‘s acetate = 2:1), dr = 7:1, mp =159.0-161.5°C. [a]p?* = +28.7
@Q/ (c = 0.1, THF), 92% ee, determined by HPLC analysis
N

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

HsC

210 nm). Retention time: t (minor) = 21.5 min, t (major) = 30.1 min. "H NMR (400
MHz, CDCl;, ppm) 6 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, /= 11.8 Hz, 1H), 2.83 - 2.72 (m,
1H), 2.51 (s, 3H), 2.26 (s, 3H), 2.12 (s, 3H). 3C NMR (100 MHz, CDCIls, ppm ) 3
178.4, 154.6, 144.3, 137.0, 135.5, 133.9, 132.9, 130.9, 129.9, 128.3, 128.2, 128.1,
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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 C,gH,5N,O,S [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] (31)
£Bu White solid, yield 71%. R¢ = 0.3 (petroleum ether/ethyl
\©,,“ -Il\-ls acetate = 2:1), dr = 9:1, mp =131.1-134.7°C. [a]p?* = +24.5
@%/ (c = 0.1, THF), 94% ee, determined by HPLC analysis
N/ (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. "H NMR (400
MHz, CDCl;, ppm) 6 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, /= 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, CDCl;, ppm) &
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 C3;H34N,0,S [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)

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

\©”" -I'\-IS acetate = 2:1), dr=5:1, mp = 106.8-107.2°C. [a]p** = +27.0
@a’/ (c = 0.1, THF), 92% ee, determined by HPLC analysis

N (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. "H NMR (400
MHz, CDCl;, ppm) & 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, /= 11.8 Hz,
1H), 3.60 (s, 3H), 2.83 - 2.70 (m, 1H), 2.48 (s, 3H), 2.23 (s, 3H). 3C NMR (100 MHz,

CDCl;, ppm) & 178.4, 158.7, 154.6, 144.3, 135.5, 133.8, 130.9, 129.9, 128.4, 128.0,
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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 C,sH,sN,05S [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)
E White solid, yield 71%. R¢= 0.3 (petroleum ether/ethyl acetate
\©,,“ -Il\-ls =2:1), dr="7:1, mp =149.2-150.6°C. [a]p?° = +29.7 (¢ =0.1,
@g,/ THF), 90% ee, determined by HPLC analysis (chiral IC
N/ column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm).

Retention time: t (minor) = 16.0 min, t (major) = 19.8 min. '"H NMR (400 MHz,
CDCls, ppm) 6 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). 3C NMR (100 MHz, CDCl;, ppm) & 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 C,;H,5FN,0,S [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] (30)

Cl White solid, yield 60%. Ry = 0.3 (petroleum
\©,/“ 1’\'13 ether/ethylacetate = 2:1), dr = 6:1, mp =173.8-176.3°C.
@g,/ [a]p? = +48.4 (c =0.1, THF), 90% ee, determined by HPLC
N/ 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. 'H
NMR (400 MHz, CDCl;, ppm) ¢ 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, /= 11.9 Hz, 1H), 2.85 - 2.68 (m, 1H), 2.50 (s, 3H), 2.25

(s, 3H). BC NMR (100 MHz, CDCly,ppm ) 3 178.1, 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 C,;H,5sCIN,O,S [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%. R = 0.3 (petroleum ether/ethyl

Br
\©m, -I'\-'S acetate = 2:1), dr = 10:1, mp =167.5-171.2°C. [a]p*° = +62.6
@Q// (c = 0.1, THF), 90% ee, determined by HPLC analysis
N (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. 'H NMR (400
MHz, CDCl;, ppm) 6 7.78 (d, /= 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). 3C NMR (100 MHz, CDCls, ppm) & 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 C,;H,sBrN,0,S [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)

Ts White solid, yield 73%. Ry = 0.3 (petroleum ether/ethyl
N acetate = 2:1), dr = 10:1, mp =157.2-158.6 °C. [0]p?° = -
@Q/ 76.9 (¢ = 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. 'H
NMR (400 MHz, CDCl;, ppm) 6 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). 3C NMR (100 MHz, CDCLs, ppm) & 180.0, 154.5,
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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 C3,H,sN,0,S [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%. R¢ = 0.3 (petroleum ether/ethyl
@/u, -I'\-'S acetate = 2:1), dr = 9:1, mp =181.6-188.5°C. [a]p?® = +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. "H NMR (400 MHz,
CDCl;, ppm) 6 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, /= 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, CDCl;,
ppm) & 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 C,3H,5N,0,S [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)
T White solid, yield 65%. R¢f = 0.3 (petroleum ether/ethyl
@/u, N> acetate = 2:1), dr = 13:1, mp =154.6-155.6°C. [a]p?° = +89.3
MeO W, 2 _ o . .
\©\<i (c = 0.1, THF), 96% ee, determined by HPLC analysis
N (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. "H NMR (400
MHz, CDCl;, ppm) 6 7.83 (d, J = 8.2 Hz, 2H), 7.43 (d, /= 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). BC NMR (100 MHz, CDCls, ppm) & 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,
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55.8,52.9,49.1, 21.7, 15.6. HRMS (ESI): calcd for C,5H,sN,03S [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%. R¢= 0.3 (petroleum ether/ethyl acetate =

@,,“ Ls 2:1), dr = 13:1, mp =198.5-199.9 °C. [a]p?® = +33.6 (¢ = 0.1,
F\©\\ +,~ THF), 90% ee, determined by HPLC analysis (chiral IC column,
N/ 20% IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time:
t (minor) = 17.9 min, t (major) = 21.5 min. 'H NMR (400 MHz, CDCl;, ppm) 8 7.82
(d, J=8.1 Hz, 2H), 7.42 (d, /= 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). 3C NMR
(100 MHz, CDCl;, ppm) & 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 C,7H,5sFN,O,S [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)

Ts White solid, yield 73%. R¢= 0.3 (petroleum ether/ethyl acetate
@/m N =2:1), dr = 10:1, mp = 158.3-166.1 °C. [a]p** = -86.9 (¢ =0.1,

cl N, 2 . . . :
\Q\a THF), 93% ee, determined by HPLC analysis (chiral IC
N column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm).
Retention time: t (minor) = 18.5 min, t (major) = 21.6 min. '"H NMR (400 MHz,
CDCl;, ppm) 6 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, SH), 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, CDCls, ppm) 8 179.1, 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 C»;H,5CIN,O,S [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)
T White solid, yield 70%. Ry = 0.3 (petroleum ether/ethyl
@/m N acetate = 2:1), dr = 11:1, mp =154.7-155.6 °C. [a]p*° = -28.1
Br N, 2 _ o . . .

\Q\Q (c = 0.1, THF), 96% ee, determined by HPLC analysis (chiral
N 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. '"H NMR (400 MHz,
CDCl;, ppm) 6 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). 3C NMR (100 MHz,
CDCl;, ppm) 6 179.1, 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 C,7H,5sBrN,O,S [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%. R¢= 0.3 (petroleum ether/ethyl acetate
@/u, NS =2:1), dr=12:1, mp =128.9-133.0 °C. [a]p?° = +30.5 (¢ = 0.1,
/Qa/ THF), 92% ee, determined by HPLC analysis (chiral IC
F N column, 20% IPA in hexane, rate: 1.0 mL/min, 210 nm).
Retention time: t (minor) = 17.9 min, t (major) = 21.5 min. "H NMR (400 MHz,
CDCl;, ppm) & 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, CDCl;, ppm) 6 180.9, 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 C;H»5FN,O,S [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%. R¢= 0.3 (petroleum ether/ethyl acetate =
2:1),dr=6:1,mp=111.4-118.1°C. [a]p*® = +26.7 (¢ = 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. 'H NMR (400 MHz, CDCl3, ppm) & 7.82 (d,
J=1.5 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). 3C NMR (100 MHz, CDCl;, ppm) 8 144.4, 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 C,3H,3N,0,S

[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)
e White solid, yield 70%. R¢= 0.3 (petroleum ether/ethyl acetate =
@"" N 2:1), dr = 11:1, mp =113.4-115.8°C. [a]p** = +46.4 (¢ = 0.1,
N

@% 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. 'H NMR (400 MHz, CDCl;, ppm) & 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). 3C NMR (100 MHz,
CDCl;, ppm) 6 163.5, 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 Cy9H,6N,0,S [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%. R¢= 0.3 (petroleum ether/ethyl acetate =
@,“' -I{IS 2:1),dr=2:1, mp=116.5-117.8°C. [a]p** = +16.5 (c = 0.1, THF),
@%7,/ 94% ee, determined by HPLC analysis (chiral IC column, 20%
N/ IPA in hexane, rate: 1.0 mL/min, 210 nm). Retention time: t
(minor) = 29.1 min, t (major) = 37.2 min. "H NMR (400 MHz, CDCl;, ppm) & 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). 3C NMR
(100 MHz, CDCl;, ppm) & 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 CysH»4N,0,S [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)
"58 White solid, yield 51%. R¢= 0.3 (petroleum ether/ethyl acetate =
©" . g 2:1), dr = 5:1, mp =158.2-163.7°C. [a]p?® = -30.4 (¢ = 0.1, THF),
©\N/ 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. '"H NMR (400 MHz, CDCls, ppm) 87.71 (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, /= 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). 3C NMR (100 MHz, CDCl;, ppm) & 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 C,sH,4N,0,S [M+H]* 456.1871,

found 456.1874.
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3.2 The Compound 4 and 5 in Scheme 3

s Ph,
Phi —NTs
©\\ = p-TsOH ©j\£>
7 THF, it e
N H -
3z 5z

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 NaHCOj; (2 mL), and the aqueous phase was extracted with ethyl
acetate (3x3 mL). The organic phases was washed by water (5 mL) and saturated
brine (5 mL), and dried over anhydrous Na,SOy,, 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. R¢ = 0.3 (petroleum ether/ethyl acetate = 4:1), mp = 112-114
°C, [a]p?® = +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. "H NMR (400 MHz, CDCls, ppm) & 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). 3C NMR (100 MHz, CDCl;, ppm) & 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 C,sH4N,0,S
[M+H]* 429.1631, found 429.1631.

Ts Ts
Ph § N
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DIBAL-H Phie
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@g DCM, -78C ©§i
N N ;H
H
3a 5a

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 °C under argon atmosphere for 4 h. Upon completion of
S17




the reaction, the reaction was quenched with water (5 mL). The mixture was extracted
with Dichloromethane (3 x 5 mL), the combined organic layer was dried MgSQO,.
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. Ry = 0.3 (petroleum ether/ethyl acetate = 5:1), mp = 98-
100 °C, [a]p* =-52.13 (¢ = 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. 'H NMR (400 MHz, CDCl;, ppm) & 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, CDCl;, ppm) 3
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 Cy7H,3N,O,S [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)
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(2'S,3S,4'R)-2-methyl-2'-(o-tolyl)-1'-tosyl-4'-vinylspiro[indole-3,3'-pyrrolidine]

S19



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

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

pyrrolidine] (31)
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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] (30)
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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]

(62)
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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, A=254 nm
mi
4 8 Det.A Ch1
i 5 ®
4 =
&
500+ | |
250+ ﬁ | |
ILﬁ } \“
| \
W\MM
o+ 2 'J L(.L ',. \\J.
I e e L e e e e e e S e e L e e e R AN s e o o e e
0 5 10 15 20 25 30 35 40
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area Y
1 24.626 30114362 G900 50,206
2 28,826 29866777 546317 49.794
Tota 59081139 1236405 100.000
mV -
2 Det A Chi
)
o
@lu, N
1000+ ©\\\‘-
500+
3
T e o e K g
0+ . . 1
L P L G e ] Pl L P e e | | T
0 5 10 15 20 25 30 35 40
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peal# Ret. Time Area Height Area %o
1 25134 1421449 38584 1437
2 28326 97477769 1411768 98.563
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HPLC of 3b

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210nm
Peak# Ret. Time Arca Height Area %
1 19.501 42109086 1164491 50.005
2 23.605 42009972 1004570 49,995
Total 84209057 2169062 100.000
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Tota 90623659 1639169 100,000
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HPLC of 3¢
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210mm
Peakd Ret. Time Area Height Area Y%
1 23.083 1767715 56492 2916
2 25.061 SRE51743 1087002 97.084
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S50



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

my/
] b % Det.A Ch1
] cl [F—.
|
10004
] liy, |
7504 ||
: R
500+ ‘
2504 I | || \
] | \l }l
L = s
T —rf = o 5 T | - Tl =
0 5 10 15 20 25
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peakit Ret. Time Area Height Area
1 20.574 43329262 1159719 49.168
2 22,689 44796390 1080972 50,832
Tota 88125651 2240691 104D, 000
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HPLC of 3e

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Tota 101381548 1615131 1040.000
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HPLC of 3f

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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HPLC of 3g
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 2 10mm
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Total 0051912 1691022 100,000
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HPLC of 3h

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210mm
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Tota 128514983 1985312 100,000
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HPLC of 3i

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

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Tota 50639772 2242155 100.000
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HPLC of 3k
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm

my
g Det.A Ch
1 Ts N -
10004 n. N 5
#
7504 NP | '
7
] N
500+
250 } \ }
] | | \
E 4 | Jl 1
D—_ — f]_LA_ ¥
e e e EL e e o e e e e T e e e e e e e o B L A e e e
0 5 10 15 20 25 30 35 40 45
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 2 10nm
Peak# Ret. Time Area Heighi Area %
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PeakTable
Detector A Chl 210mm
Peak# Ret. Time Area Height Area %o
1 21.513 3932058 121540 4.142
2 30104 90991659 1237564 05,858
Tota 94923717 1359104 100000
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HPLC of 31

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

m\
] ) DeLA Ch
1250 +-Bu I
10004 5
] H
] f
?SU-_ ‘ l‘II'I
1 |
] | I
500 \
] | |1
250 ‘ ||
] f \ I| , |
] e /
|:|': L, T.l I'n. " : £
T— — T — T
1] 5 10 15 20 25 30
min
1 Det A Ch1f210nm
PeakTable
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2 28.511 4R175728 Re9743 51.774
Tostal GIA0109 JIR3488 100000
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Detector A Chl 210nm
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HPLC of 3m
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210nm
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Tota Ba3H1068 1443768 100,000
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1 27598 2515143 48042 4383
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Tota 57390494 724050 100,000
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HPLC of

3n

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210nm
Peak# Ret. Time Area Height Area ¥
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Total B4138753 2522106 100,000
i
15004 F - DetA Ch1
=
|
1000+
500
b =]
o
(=]
] !
U____j'/\l_/x/"- S I)& £ JI I'\. '
T — o e e e e S r—
0 5 10 15 20 25 30
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Rel. Time Arca Height Arca Yo
1 16.039 4059218 164953 5.285
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HPLC of 30
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Tota 6240934 1644852 100,000
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HPLC of 3p
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210nm
Peak# Ret. Time Area Heighi Area %
1 17.363 52582396 1411394 48.926
2 26,496 54890945 1079982 51.074
Tota 107473342 2491376 100.000
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Detector A Chl 210nm
Peak# Ret. Time Area Height Area %
I 17.401 4685534 161685 5.235
2 26.147 84812495 1438174 94.765
Tota R9498029 1599868 100000
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HPLC of 3q

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210nm
Peakit Fet. Time Area Height Area %
1 23.574 GO955246 250453 49,569
2 27.812 2014536 1120293 50.431
Total 122969781 2370746 100.000
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PeakTable
Detector A Chl 210mm
Peak# Ret. Time Area Height Area %
1 25.008 5212845 12072 3.300
2 29.276 152740582 1730435 96.700
Tota 157953427 1851159 100000
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HPLC of 3r

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210mm
Peak# Ret. Time Area Height Area %o
I 23.704 57563103 1220713 49913
2 30.406 57764171 953895 50,087
Tota 115327276 2174608 100,000
mi
2 Det.A Ch1
i Ts &
@“ N |
" |
10004 HaC W\,
v,
N
5004 h
&
&
&
Pz 2 FAN J
T B o o e o e B L B e e e e o e e AL B o s o e o B B B
0 5 10 15 20 25 30 as 40 45
min
1 DetACh1/210nm
PeakTable
Detector A Chl 210nm
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Total 96098464 1479028 100000
HPLC of 3s
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Peak Table
Detector A Chl 210nm
Peak# Ret. Time Area Height Area %o
1 29.709 23538985 372274 49.582
2 34.167 23935892 335613 50.418
Tota 47474877 707887 100.000
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1 29,956 2446035 40077 2047
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Total 1194883566 1480946 100,000
HPLC of 3t

S66



Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Peak Table
Detector A Chl 210nm
Peak# Ret. Time Area Height Area %
I 17.936 72118157 1869560 48.941
2 21.728 73238195 1657959 51.059
Tota 147356352 3527518 100,000
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I 17.988 6172675 208377 4.697
2 21.460 125234591 2048611 95,303
Tola 1314072635 2256988 100,000
HPLC of 3u

S67



Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 21 0nm
Peaki Ret. Time Area Height Area %
1 18.483 21124711 582665 49.592
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Total 42597170 1077096 100,000
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1 18.520 4187290 128055 3320
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Tota 118955584 2288458 10400000
HPLC of 3v
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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1 19.739 1 2945606 353999 49.956
2 22.8R7 12968297 305712 50,044
Tota 25913903 639711 100,000
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HPLC of 3w
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Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Tota 208291430 31803747 100.000
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Peakit Ret. Time Area Height Area %
1 19.338 5536302 164575 3981
2 23903 133523761 2067630 96,019
Tota 139060063 2232205 100.000

HPLC of 3x
Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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PeakTable
Detector A Chl 210nm
Peakd Ret. Time Area Height Area %
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PeakTable
Detector A Chl 210nm
Peak# Ret, Time Area Height Area %o
1 20.154 1918130 52021 2.639
2 23.759 0770872 1417680 97.361
Tola T2689001 1470607 100.000
HPLC of 3y

Conditions: Chiralpak IC column, 25% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210nm
Peaki Ret. Time Area Height Area %
1 24,959 4681095 111955 3.799
2 26,423 118531570 2384162 96,201
Tota 123212665 2496117 100000
HPLC of 3z

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210nm
Peak# Ret, Time Area Heighi Area %
I 28.202 53281650 966378 49.501
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min
1 DetA Ch1/210nm
Peak Table
Detector A Chl 210nm
Peak# Ret. Time Area Height Area %o
1 29.168 71630491 1225865 97.309
2 37.203 1980982 25592 2.691
Total 73611473 1251457 100,000
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HPLC of 5z

Conditions: Chiralpak IC column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Deetector A Chl 2 10nm
Peak# Ret, Time Area Height Area %
1 5,994 10473004 516454 50.517
2 7180 10258745 547202 49,433
Tota 20731749 1063656 100000
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Peak Table
Detector A Chl 2 10mmn
Peak# Ret. Time Area Heigzht Area %o
1 5.987 20398217 1418648 7.020
% 7177 Q298G 46758 2980
Tuotal 30301204 1465406 100,000
HPLC of 5a
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Conditions: Chiralpak IE column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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Detector A Chl 210mm
Peak# Ret Time Area Height Arca Y
1 21.051 36361001 1552115 49,161
2 24324 SH2E5TRI 1322350 50.839
Toa 114646782 2874465 1 (00, 000
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Peak Table
Detector A Chl 210nm
Peak# Ret. Time Area Height Area %
1 22 603 1724885 56395 2150
2 24757 TR507541 1838375 97.850
Tota 80232426 1894770 100, 000
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HPLC of 6a

Conditions: Chiralpak IE column, 20% IPA in hexane, v= 1.0 mL/min, A=210 nm
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&2t 25058437 | 337873 | 100. 000




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

Identification code 3b Sa
CCDC Deposit number 2027183 2069356
Empirical formula Cy3HysN>,O5S C,7H25N>O,S
Formula weight 472.60 444,57
Temperature (K) 293(2) 293(2)
Wavelength (A) 0.71073 0.71073
Crystal system orthorhombic orthorhombic
space group P 212121 P1211
Unit cell dimensions a=10.783(4) a=8.546(6)
A b=11.947(7) b=14.915(10)
c=18.807(8) ¢=10.120(7)
®) a=90 a=90
B=90 B=11.501(17)
v=90 v=90



mailto:deposit@ccdc.cam.uk)

Volume 2423(2)A3 1192(14)
Z 4 2
Calcd. density (Mg/m3) 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<1<21 -12<1<12
GOOF 0.941 1.061
R(int) 4.97% 4.86%
R, 3.92% 4.00%
wR 9.12% 9.00%
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