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General Information

All the dry solvents were treated prior to use according to the standard methods. Unless otherwise
noted, all sensitive to air or moisture reactions were carried out under nitrogen using standard Schlenk
and vacuum line techniques. Diethylzinc (1.0 mol/L in hexane) was purchased from Aldrich and used
as received. The melting point (m. p.) was determined on an electrothermal digital melting point
apparatus and uncorrected. Optical rotation values were measured with instruments operating at A =
589 nm, corresponding to the sodium D line at 20 °C. Enantiomeric excesses values were determined
with HPLC (chiral column; mobile phase hexane/i-PrOH). NMR spectra were recorded on NMR
spectrometer with CDCl3 or DMSO-d6 as the solvents, and TMS as an internal standard (400 MHz for
'H, 100 MHz for 3C). Infrared (IR) spectra were recorded by using Ft-IR spectrometer (v in cm™).
HRMS was determined on a Q-TOF Micro LC/MS System ESI spectrometer. Chiral ligands L1-L5,"

L6-L8,2 L9, compounds 1,* and 2° were synthesized according to the literature.

General procedures for the catalytic reaction

In a flame-dried Schlenk tube, a solution of diethylzinc (0.04 mL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand L1 (0.02 mmol) in dry toluene (1.0 mL) under nitrogen at
10 °C. The mixture was stirred for 30 min. Then compound 2 (0.2 mmol) was added and stirred for
another 5 min. Substrate 1 (0.2 mmol) was dissolved in 1.0 mL toluene and added dropwise to the
mixture by a peristaltic injection pump over 30 min at 10 °C. The mixture was stirred at 10 °C for the
necessary time to complete the reaction (detected by TLC). Finally, the solution was diluted with
saturated solution of Na,COs and extracted with toluene (3 x 10 mL). The combined organic layer was
dried over MgSO. and concentrated in vacuo. The residue was purified by flash column

chromatography on silica gel to give products 3.
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Characterization of 3

(2S,2'S,4'S,5'R)-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-2*,3"-indo
line]-2"",3-dione (3aa):

Compound 3aa was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 90% yield (81mg, >20:1 dr): 95% ee; [a]p?® = +139 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.42 (s, 1H), 7.59-7.46 (m, 2H), 7.36-7.27 (m, 2H), 7.26-6.99 (m, 6H), 6.89—
6.72 (m, 2H), 6.71-6.60 (m, 1H), 4.96-4.77 (m, 2H), 4.77-4.68 (m, 1H); 3C NMR (101 MHz,
DMSO-d6) & 194.8, 175.2, 170.4, 142.8, 139.5, 132.4, 130.7, 129.4, 128.8, 128.5, 127.6, 125.4 (q, J =
280.2 Hz), 123.9, 122.7, 121.6, 121.5, 113.3, 109.7, 98.1, 72.8, 61.9 (q, J = 29.5 Hz), 50.7; YF NMR
(376 MHz, DMSO-d6) & -71.51 ; IR (neat): 2989, 2971, 1728, 1610, 1462, 753, 679 cm™’; HRMS
(ESI): m/z for [M+H]": calcd 451.1264, found 451.1265; HPLC: Daicel Chiralpak IA,
n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 14.84 min and tminor = 10.46 min.
(25,2'S,4'S,5'R)-4"-(4-methoxyphenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3*-pyrrolidi
ne-2',3"'-indoline]-2",3-dione (3ab):

Compound 3ab was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 95% yield (91 mg, >20:1 dr): 97% ee; [a]p*® = +134 (c 1.0, in THF); 'H NMR (400
MHz, CDCls) & 8.43-8.33 (m, 1H), 7.43 (d, J = 7.5 Hz, 1H) 7.37-7.29 (m, 1H), 7.27-7.20 (m, 2H),
7.16 (s, 1H), 7.05-6.99 (m, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.77 (m, 1H), 6.73-6.65 (m, 2H), 6.60 (d, J =
8.8 Hz, 2H), 4.97 (d, J = 10.9 Hz, 1H), 4.76-4.51 (m, 1H), 3.58 (s, 3H), 2.84 (d, J= 7.1 Hz, 1H); BC
NMR (101 MHz, CDCIl3) & 194.6, 175.8, 170.2, 159.2, 141.7, 138.4, 130.5, 130.3, 126.1, 125.65 (q, J =
280.0 Hz), 124.3, 124.1, 123.3, 122.3, 122.1, 121.7, 113.7, 112.3, 110.3, 97.7, 72.4, 62.6 (q, J = 30.6
Hz), 55.0, 50.2; YF NMR (376 MHz, CDCl;) & -73.17; IR (neat): 3299, 2988, 1724, 1694, 1514, 1474,
1055, 761, 595 cm™; HRMS (ESI): m/z for [M+H]": calcd 481.1370, found 481.1370; HPLC: Daicel
Chiralpak IA, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 27.82 min and tminor

=17.01 min.
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(2S,2'S,4'S,5'R)-4'-(p-toly)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-2*,3"-in
doline]-2"*,3-dione (3ac):

Compound 3ac was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 90% yield (84 mg, >20:1 dr): 94% ee; [a]p?® = +184 (c 1.0, in THF); '"H NMR (400
MHz, DMSO-d6) 6 10.60-10.15 (m, 1H), 7.60-7.47 (m, 2H), 7.25-7.15 (m, 4H), 7.10-6.92 (m, 3H),
6.64 (d, J = 7.7 Hz, 1H), 4.92-4.73 (m, 2H), 4.69 (d, J = 8.9 Hz, 1H), 2.13 (s, 3H); 3*C NMR (101
MHz, DMSO-d6) 8 194.3, 174.7, 169.9, 142.3, 138.9, 137.1, 130.1, 128.9, 128.8, 127.1, 126.1 (q, J =
280.2 Hz), 123.5, 123.4, 122.2, 121.0, 112.8, 109.2, 97.6, 72.4,61.6 (q, J = 29.9 Hz) , 49.8, 20.5; '°F
NMR (376 MHz, DMSO-d6) & -71.45; HRMS (ESI): m/z for [M+H]": caled 465.1421, found
465.1423; IR (neat): 3301, 2972, 2900, 1279, 1635, 1454, 1055, 751, 622 cm?; HPLC: Daicel
Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 27.20 min and tminor
= 14.80 min.
(2S,2'S,4'S,5'R)-4'-(4-fluorophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-
2',3"-indoline]-2",3-dione (3ad):

Compound 3ad was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 92% yield (86 mg, >20:1 dr): 96% ee; [a]p?’ = +159 (¢ 1.0, in THF); 'H NMR (400
MHz, CDCls) 6 8.78 (s, 1H), 7.54 (d, J= 7.5 Hz, 1H), 7.47-7.33 (m, 3H), 7.26 (s, 1H), 7.15-7.09 (m,
1H), 7.05 (d, /= 8.4 Hz, 1H), 6.91-6.73 (m, 5H), 5.12 (d, /= 10.9 Hz, 1H), 4.85-4.66 (m, 1H), 3.00 (d,
J=8.2 Hz, 1H); *C NMR (101 MHz, CDCl;) 8 194.3, 175.9, 170.1, 162.42 (d, J = 247.1 Hz), 141.8,
138.6, 130.9, 130.8, 130.7, 127.3 (d, J = 3.3 Hz), 126.1, & 125.6 (q, J = 280.0 Hz), 124.4, 123.9, 122.4,
122.3, 121.6, 115.5, 115.2, 112.3, 110.5, 97.5, 72.5, 62.6 (q, J = 30.8 Hz), 50.2; F NMR (376 MHz,
CDCls) § -73.19, -113.82; IR (neat): 2988, 2972, 1732, 1609, 1152, 1463, 1056, 751, 679 cm:; HRMS
(ESI): m/z for [M+H]": caled 469.1170, found 469.1171; HPLC: Daicel Chiralpak IA,
n-hexane/i-PrOH = 60/40, flow rate = | mL/min, A = 254 nm, tmajor = 13.45 min and tminor = 11.83 min.
(2S,2'S,4'S,5'R)-4'-(4-chlorophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-
2',3"-indoline]-2",3-dione (3ae):
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Compound 3ae was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 92% yield (89 mg, >20:1 dr): 94% ee; [a]p?® = +169 (c 1.0, in THF); 'H NMR (400
MHz, CDCl3) & 8.49 (s, 1H), 7.54-7.41 (m, 2H), 7.38-7.29 (m, 3H), 7.18-7.09 (m, 3H), 7.05 (d, J =
8.4 Hz, 1H), 6.91-6.65 (m, 3H), 5.10 (d, /= 10.9 Hz, 1H), 4.88-4.63 (m, 1H), 2.96 (d, J= 8.2 Hz, 1H);
13C NMR (101 MHz, CDCls) & 194.1, 175.6, 170.1, 141.6, 138.7, 134.1, 130.7, 130.6, 130.1, 128.6,
126.1, 125.5 (q, J = 280.2 Hz), 124.4, 123.8, 122.4, 121.6, 112.3, 110.5, 97.4, 72.5, 62.5 (q, J = 30.7
Hz), 50.1; YF NMR (376 MHz, CDCl;) & -73.24; IR (neat): 3344, 2988, 1733, 1615, 1474, 1132, 752,
678 cm™; HRMS (ESI): m/z for [M+H]": calcd 485.0874, found 485.0877; HPLC: Daicel Chiralpak
IA, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 18.00 min and tminor = 11.73
min.
(2S,2'S,4'S,5'R)-4'-(4-bromophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3"-indoline]-2",3-dione (3af):

Compound 3af was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a yellow
solid in 93% yield (98 mg, >20:1 dr): 94% ee; [a]p®® = +118 (¢ 1.0, in THF); '"H NMR (400 MHz,
CDCls) & 8.66 (s, 1H), 7.56-7.34 (m, 2H), 7.34-7.29 (m, 3H), 7.29-7.22 (m, 2H), 7.17-7.09 (m, 1H),
7.05 (d, J = 8.4 Hz, 1H), 6.91-6.73 (m, 3H), 5.09 (d, J=10.9 Hz, 1H), 4.86-4.68 (m, 1H), 2.98 (d, /=
8.3 Hz, 1H); 3C NMR (101 MHz, CDCls) § 194.1, 175.8, 170.1, 141.7, 138.7, 131.5, 130.9, 130.7,
130.6, 126.1, 125.5 (q, J = 280.2 Hz), 124.5, 123.8, 122.5, 122.4, 122.3, 121.6, 112.3, 110.5, 97.3,
72.57,62.5 (q, J = 30.9 Hz), 50.2; YF NMR (376 MHz, CDCl;) § -73.21; IR (neat): 2988, 2972,
1131,1514, 1473, 1074, 751, 678 cm™; HRMS (ESI): m/z for [M+H]": caled 529.0369, found
529.0373; HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm,
tmajor = 21.09 min and tminer = 12.48 min.
(2S,2'S,4'S,5'R)-4'-(3-methoxyphenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidi
ne-2',3"-indoline]-2",3-dione (3ag):
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Compound 3ag was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 80% yield (77 mg, >20:1 dr): 91% ee; [a]p?® = +132 (c 1.0, in THF); 'H NMR (400
MHz, DMSO0-d6) & 10.41 (s, 1H), 7.57 — 7.50 (m, 2H), 7.28 — 7.20 (m, 2H), 7.14 — 7.04 (m, 2H), 6.90
—6.82 (m, 3H), 6.79 (t, J= 7.4 Hz, 1H), 6.73 — 6.69 (m, 1H), 6.65 (d, J=7.7 Hz, 1H), 4.90 — 4.73 (m,
2H), 4.69 (d, J = 8.6 Hz, 1H), 3.65 (s, 3H); 3C NMR (101 MHz, DMSO-d6) & 194.7, 175.2, 170.4,
159.3, 142.8, 139.5, 134.0, 130.7, 129.8, 127.6, 126.6 (q, J = 280.2 Hz), 124.0, 123.9, 122.8, 121.8,
121.6, 121.5, 114.9, 113.8, 113.3, 109.7, 98.0, 72.8, 62.1 (q, J = 29.8 Hz), 55.4, 50.6; '°’F NMR (376
MHz, DMSO-d6) § -71.53; IR (neat): 3293, 2989, 1724, 1694, 1514, 1474, 1055, 761, 595 cm’;
HRMS (ESI): m/z for [M+H]": caled 481.1370, found 481.1373; HPLC: Daicel Chiralpak IF,
n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 43.8 min and tminor = 21.5 min.
(25,2'S,4'S,5'R)-4"-(m-tolyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-2*,3""-in
doline]-2'*,3-dione (3ah):

Compound 3ah was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 82% yield (77 mg, >20:1 dr): 95% ee; [a]p?® = +137 (c 1.0, in THF); 'H NMR (400
MHz, CDCl;) & 8.58 (s, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.35-7.26 (m, 1H), 7.17-7.08 (m, 3H), 7.05—
6.99 (m, 1H), 6.97-6.92 (m, 2H), 6.86—6.60 (m, 4H), 4.98 (d, J = 10.9 Hz, 1H), 4.79-4.67 (m, 1H),
2.87 (d,J=7.5Hz, 1H), 2.11 (s, 3H); 3C NMR (101 MHz, CDCl;) § 194.5, 175.9, 170.2, 141.8, 138.3,
137.8, 131.3, 130.6, 130.2, 128.8, 128.1, 126.2, 126.1, 125.7 (q, J = 279.9 Hz), 124.3, 124.1, 122.3,
122.1, 121.7, 112.3, 110.4, 97.7, 72.5,62.5 (q, J = 30.7 Hz), 50.9, 21.3; IR (neat): 2988, 2901, 1732,
1609, 1463, 1066, 751, 641 cm; F NMR (376 MHz, CDCl;) § -73.13. HRMS (ESI): m/z for
[M+H]": caled 465.1421, found 465.1425; HPLC: Daicel Chiralpak 1A, n-hexane/i-PrOH = 60/40,
flow rate = 1 mL/min, A = 254 nm, tmjor = 16.60 min and tminor = 11.31 min.
(2S,2'S,4'S,5'R)-4'-(3-chlorophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-
2',3"-indoline]-2",3-dione (3ai):
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Compound 3ai was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a yellow
solid in 78% vyield (76 mg, >20:1 dr): 91% ee; [a]p®® = +97 (¢ 1.0, in THF); '"TH NMR (400 MHz,
DMSO-d6) & 10.44 (s, 1H), 7.61-7.50 (m, 2H), 7.39 (s, 1H), 7.30-7.16 (m, 5H), 7.13-7.03 (m, 1H),
6.84 (m, 2H), 6.66 (d, J = 7.7 Hz, 1H), 4.94-4.80 (m, 2H), 4.74 (d, J = 8.1 Hz, 1H); 3C NMR (101
MHz, DMSO-d6) 8 194.0, 174.6, 169.8, 142.4, 139.2, 134.4, 132.8, 130.2, 130.2, 128.53, 128.1, 127.8,
127.1, 126.8 (q, J = 280.2 Hz), 123.6, 123.3, 122.5, 121.1, 120.9, 112.7, 109.3, 97.3, 72.3,61.5 (q, J =
29.7 Hz), 49.8; F NMR (376 MHz, DMSO-d6) & -71.61; IR (neat): 3301, 2988, 1724, 1694, 1514,
1474, 1055, 761, 595 cmt; HRMS (ESI): m/z for [M+H]": calcd 485.0874, found 485.0874; HPLC:
Daicel Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 22.62 min
and tminor = 16.53 min.
(25,2'S,4'S,5'R)-4"-(2-methoxyphenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3*-pyrrolidi
ne-2',3"-indoline]-2",3-dione (3aj):

Compound 3aj was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a yellow
solid in 96% yield (93 mg, >20:1 dr): 98% ee; [a]p?® = +162 (¢ 1.0, in THF); '"H NMR (400 MHz,
DMSO-d6) & 10.31 (s, 1H), 7.63-7.41 (m, 3H), 7.27-7.12 (m, 2H), 7.09-7.00 (m, 2H), 6.88—6.72 (m,
4H), 6.69— 6.54 (m, 1H), 5.60 (d, J = 10.6 Hz, 1H), 4.89-4.53 (m, 2H), 3.41 (s, 3H); 3C NMR (101
MHz, DMSO-d6) & 194.1, 175.2, 169.9, 157.9, 143.0, 139.0, 130.5, 130.0, 129.3, 127.6,126.7 (q, J =
280.2 Hz), 124.3, 123.8, 122.5, 121.7, 121.4, 120.9, 120.4, 113.1, 111.8, 109.6, 98.1, 72.9, 62.6 (q, J =
29.3 Hz), 56.2, 42.4; F NMR (376 MHz, DMSO-d6) § -71.60; IR (neat): 2988,2972, 1733, 1541,
1464, 1117, 753, 618 cm'; HRMS (ESI): m/z for [M+H]": calcd 481.1370, found 481.1372; HPLC:
Daicel Chiralpak 1A, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 11.67 min
and tminor = 14.83 min.
(2S,2'S,4'S,5'R)-4'-(0-tolyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-2*,3"-ind
oline]-2"",3-dione (3ak):
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Compound 3ak was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 85% yield (79 mg, >20:1 dr): 93% ee; [a]p*® = +108 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.40 (s, 1H), 7.68-7.45 (m, 3H), 7.35-7.16 (m, 2H), 7.14-6.93 (m, 4H), 6.89—
6.73 (m, 2H), 6.69-6.59 (m, 1H), 5.53 (d, J = 10.3 Hz, 1H), 4.89-4.42 (m, 2H), 2.31 (s, 3H); *C NMR
(101 MHz, DMSO-d6) & 195.0, 175.2, 170.4, 142.9, 139.6, 137.4, 131.1, 130.9, 130.7, 128.9, 128.0,
127.6, 126.7 (q, J = 279.9 Hz), 126.1, 124.1, 124.0, 122.7, 121.6, 121.4, 113.3, 109.8, 98.3, 73.0, 63.3
(g, J = 29.3 Hz), 44.5, 20.0; ’F NMR (376 MHz, DMSO-d6) & -71.78; IR (neat): 2989, 2972, 1728,
1511, 1463, 1130, 751, 637 cm'; HRMS (ESI): m/z for [M+H]": caled 465.1421, found 465.1423;
HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 8.83
min and tminor = 11.87 min.
(25,2'S,4'S,5'R)-4"-(2-chlorophenyl)-5-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine-
2',3"-indoline]-2"",3-dione (3al):

Compound 3al was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a yellow
solid in 90% yield (87 mg, >20:1 dr): 99% ee; [a]p?® = +169 (¢ 1.0, in THF); '"H NMR (400 MHz,
DMSO-d6) & 10.39 (s, 1H), 7.84 — 7.78 (m, 1H), 7.62 — 7.54 (m, 2H), 7.34 — 7.27 (m, 2H), 7.26 — 7.21
(m, 2H), 7.21 — 7.04 (m, 3H), 6.89 — 6.77 (m, 2H), 6.67 (d, J = 7.7 Hz, 1H), 5.85 (d, J = 10.4 Hz, 1H),
4.82 — 4.63 (m, 2H); 3C NMR (101 MHz, DMSO-d6) § 193.2, 174.5, 169.5, 142.5, 139.0, 133.9,
130.6, 130.2, 130.1, 129.5, 127.1, 126.8, 126.0 (q, J = 278.2 Hz), 123.6, 123.3, 122.4, 121.0, 120.9,
112.8, 109.3, 97.2, 72.6, 63.1 (q, J = 29.3 Hz), 44.7; F NMR (376 MHz, DMSO-d6) § -71.83; IR
(neat): 2988, 2969, 1731, 1613, 1473, 1055, 748, 560 cml; HRMS (ESI): m/z for [M+H]": caled
485.0874, found 485.0874; HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 60/40, flow rate = 1
mL/min, A = 254 nm, tmajor = 12.34 min and tminer = 15.48 min.
(2S,2'S,4'S,5'R)-4'-(2-bromophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3""-indoline]-2"",3-dione (3am):

S8



Compound 3am was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 90% vyield (95 mg, >20:1 dr): 99% ee; [a]p* = +65 (¢ 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.36 (s, 1H), 7.90-7.76 (m, 1H), 7.71-7.42 (m, 3H), 7.38-7.00 (m, 5H), 6.95—
6.56 (m, 3H), 5.86 (d, J = 9.5 Hz, 1H), 4.94-4.45 (m, 2H); '*C NMR (101 MHz, DMSO-d6) & 193.6,
174.9, 170.0, 143.0, 139.5, 133.4, 132.4, 131.2, 130.7, 130.3, 127.8, 127.6, 126.50 (q, J = 278.8 Hz),
125.5, 124.10, 123.8, 122.9, 121.5, 121.4, 113.3, 109.8, 97.8, 73.0, 63.9 (q, J = 29.8 Hz), 47.9; YF
NMR (376 MHz, DMSO-d6) § -71.67; IR (neat): 2988, 2972, 1733, 1612, 1474, 1055, 749, 560 cm';
HRMS (ESI): m/z for [M+H]": caled 529.0369, found 529.0372. HPLC: Daicel Chiralpak IF,
n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 15.97 min and tyinor = 17.57 min.
(25,2'S,4'S,5'R)-4"-(2,6-dimethoxyphenyl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrol
idine-2',3"-indoline]-2"",3-dione (3an):

Compound 3an was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 75% yield (77 mg, >20:1 dr): 94% ee; [a]p*® = +130 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.19 (s, 1H), 7.53-7.41 (m, 2H), 7.22-7.14 (m, 1H), 7.11-6.94 (m, 3H), 6.83—
6.71 (m, 2H), 6.66-6.36 (m, 3H), 5.86-5.58 (m, 2H), 4.55 (d, J = 8.7 Hz, 1H), 3.87 (s, 3H), 3.59 (s,
3H); BC NMR (101 MHz, DMSO-d6) § 194.0, 175.1, 169.9, 160.6, 158.5, 142.6, 138.2, 129.8, 129.2,
127.3,126.8 (q, J = 280.0 Hz), 124.1, 123.2, 121.5, 121.0, 120.7, 112.3, 108.9, 108.4, 105.6, 104.2,
98.8,71.7,57.9 (q, J = 29.5 Hz), 56.3, 56.1, 41.0; ’F NMR (376 MHz, DMSO-d6) 5 -71.85; IR (neat):
3331, 2925, 1736,1613, 1595, 1474, 1108, 760, 620 cm; HRMS (ESI) : m/z for [M+H]" : caled
511.1475, found 511.1478; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 60/40, flow rate = 1
mL/min, A = 254 nm, tmajor = 5.8 min and tminor = 8.47 min.
(2S,2'S,4'S,5'R)-4'-(naphthalen-1-yl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3""-indoline]-2"",3-dione (3ao0):
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Compound 3ao was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 80% yield (80 mg, >20:1 dr): 97% ee; [a]p?® = +139 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.48 (s, 1H), 8.34-8.18 (m, 1H), 7.98-7.66 (m, 3H), 7.65-7.43 (m, 4H), 7.41—
7.21 (m, 2H), 7.18-6.97 (m, 2H), 6.85-6.62 (m, 3H), 6.21 (d, J = 10.5 Hz, 1H), 5.02-4.70 (m, 2H); 3C
NMR (101 MHz, DMSO-d6) & 194.0, 174.9, 169.9, 142.4, 139.0, 133.3, 131.6, 130.2, 128.6, 128.3,
127.8, 127.1, 126.9, 126.5, 126.2 (q, J = 280.0 Hz) 125.7, 124.9, 123.5, 123.5, 122.6, 122.2, 121.2,
120.9, 112.8, 109.4, 97.2, 72.6, 63.0 (q, J = 29.5 Hz), 42.6; ’F NMR (376 MHz, DMSO-d6) & -71.76;
IR (neat): 3243, 2972, 1741, 1692, 1511, 1472, 1055, 754, 580 cm; HRMS (ESI): m/z for [M+H]":
calcd 501.1421, found 501.1422; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1
mL/min, A = 254 nm, tmjor = 27.20 min and tminor = 14.80 min; HPLC: Daicel Chiralpak IF,
n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 8.59 min and tminor = 16.53 min.
(2S,2'S,4'S,5'R)-4'-(naphthalen-2-yl)-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3"-indoline]-2",3-dione (3ap):

Compound 3ap was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 82% yield (82 mg, >20:1 dr): 90% ee; [a]p*° = -83 (¢ 1.0, in THF); 'H NMR (400 MHz,
DMSO0-d6) 8 10.44 (s, 1H), 7.93-7.71 (m, 4H), 7.63—7.40 (m, 5H), 7.28-7.04 (m, 3H), 6.85-6.60 (m,
3H), 5.15-4.89 (m, 2H), 4.80 (d, J = 9.0 Hz, 1H); 3C NMR (101 MHz, DMSO-d6) & 194.7, 175.3,
170.3, 142.9, 139.5, 133.0, 132.8, 130.7, 130.1, 128.8, 128.2, 127.8, 127.7, 126.9, 126.8,126.7 (q, J =
279.8 Hz), 124.0, 123.9, 122.8, 121.6, 121.4, 113.2, 109.8, 98.3, 72.9, 62.2 (q, J = 29.8 Hz), 50.8; F
NMR (376 MHz, DMSO-d6) & -71.48; IR (neat): 2988, 2972, 1732, 1617, 1474, 1055, 752, 680 cm™;
HRMS (ESI): m/z for [M+H]": caled 501.1421, found 501.1426; HPLC: Daicel Chiralpak IC,
n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 8.71 min and tminor = 25.37 min.
(2S,2'S,4'S,5'R)-5"-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidin
e-2',3"-indoline]-2",3-dione (3aq):
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Compound 3aq was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 75% vyield (70 mg, >20:1 dr): 94% ee; [a]p* = +90 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) 6 10.29 (s, 1H), 7.60-7.45 (m, 1H), 7.38 (s, 1H), 7.33-7.27 (m, 2H), 7.26-7.09 (m,
5H), 6.93— 6.73 (m, 2H), 6.52 (d, J= 7.8 Hz, 1H), 4.91-4.73 (m, 2H), 4.67 (d, J = 8.8 Hz, 1H), 2.12 (s,
3H); 3C NMR (101 MHz, DMSO-d6) & 194.7, 175.2, 170.4, 140.3, 139.4, 132.5, 130.7, 130.2, 129.4,
128.8, 128.5,126.6 (q, J = 279.8 Hz), 124.0, 123.9, 121.5, 113.1, 109.4, 98.1, 72.9, 62.0 (q, J = 29.3
Hz), 50.6, 20.2;'?’F NMR (376 MHz, DMSO0-d6) & -71.56; IR (neat): 2988, 2960, 1731, 1509, 1463,
1128, 1066, 752, 698 cm'; HRMS (ESI): m/z for [M+H]": calcd 465.1421, found 465.1422; HPLC:
Daicel Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 12.94 min
and tminor = 10.16 min.
(25,2'S,4'S,5'R)-5""-fluoro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2",3"-indoline]-2",3-dione (3ar):

Compound 3ar was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 70% yield (65 mg, >20:1 dr): 91% ee; [a]p*® = +134 (c 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.46 (s, 1H), 7.60-7.54 (m, 1H), 7.39-7.29 (m, 3H), 7.28-7.10 (m, 5H), 6.97—
6.84 (m, 2H), 6.64 (dd, J = 8.5, 4.4 Hz, 1H), 4.95-4.56 (m, 3H); 3C NMR (101 MHz, DMSO-d6) &
194.4, 175.2, 170.2, 157.6 (d, J = 237.3 Hz), 139.7, 139.0, 132.2, 129.4, 128.8, 128.5, 126.5 (q, J =
280.2 Hz), 125.6, 125.5, 124.1, 123.0, 121.4, 117.1 (d, J = 23.2 Hz), 115.4 (d, J = 25.4 Hz), 113.2,
110.5 (d, J = 8.0 Hz), 97.8, 73.0, 61.9 (q, J = 29.7 Hz), 50.5; Y’F NMR (376 MHz, DMS0-d6) § -71.65,
-121.99; IR (neat): 2988, 2976,1735, 1511, 1488, 1066, 750, 639 cm; HRMS (ESI): m/z for [M+H]":
calcd 469.1170, found 469.1171, HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH =80/20, flow rate = 1
mL/min, A = 254 nm, tmajor =6.67 min and tminor = 13.81 min.
(2S,2'S,4'S,5'R)-5""-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3""-indoline]-2"",3-dione (3as):
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Compound 3as was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 72% yield (70 mg, >20:1 dr): 93% ee; [a]p* = +68 (¢ 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.59 (s, 1H), 7.61-7.54 (m, 2H), 7.35-7.30 (m, 2H), 7.27-7.10 (m, 6H), 6.90—
6.82 (m, 1H), 6.67 (d, J = 8.3 Hz, 1H), 4.95-4.54 (m, 3H); *C NMR (101 MHz, DMSO-d6) § 194.4,
174.9, 170.3, 141.7, 139.7, 132.1, 130.4, 129.4, 128.8, 128.5, 127.9, 126.5 (q, J =281.1HZ), 125.8,
125.5, 124.1, 123.0, 121.4, 113., 111.2, 97.8, 72.9,61.9 (q, J = 29.7 Hz), 50.6; ’F NMR (376 MHz,
DMSO0-d6) & -71.72; IR (neat): 2991, 2970, 1734, 1511, 1488, 1066, 750, 639 cm™; HRMS (ESI): m/z
for [M+H]": calcd 485.0874, found 485.0875; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30,
flow rate = 1 .2mL/min, A = 254 nm, tmajor = 13.85 min and tminor = 12.11min.
(25,2'S,4'S,5'R)-5""-bromo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2",3"-indoline]-2",3-dione (3at):

3at

Compound 3at was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a yellow
solid in 90% vyield (95 mg, >20:1 dr): 97% ee; [a]p?® = +19 (c 1.0, in THF); '"TH NMR (400 MHz,
DMSO0-d6) 8 10.59 (s, 1H), 7.73-7.65 (m, 1H), 7.60-7.49 (m, 1H), 7.36-7.02 (m, 8H), 6.92-6.82 (m,
1H), 6.63 (d, J = 8.3 Hz, 1H), 4.92-4.66 (m, 3H); 3C NMR (101 MHz, DMSO-d6) & 194.6, 174.9,
170.3, 141.9, 139.8, 133.3, 132.1, 130.6, 129.4, 128.8, 128.6, 126.5 (q, J = 280.8 Hz), 126.1, 124.1,
123.1, 121.3, 113.3, 113.1, 111.8, 97.8, 72.9, 61.9 (q, J = 29.5 Hz), 50.5; YF NMR (376 MHz,
DMSO-d6) § -71.73; IR (neat): 3380, 2988, 2972, 1735, 1488, 1066, 750, 639 cm™; HRMS (ESI): m/z
for [M+H]": caled 529.0369, found 529.0369; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 60/40,
flow rate = 1 mL/min, A = 254 nm, tmajor = 16.78 min and tminor = 13.46 min.
(2S,2'S,4'S,5'R)-7""-bromo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3"-indoline]-2",3-dione (3au):




Compound 3au was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 95% yield (101 mg, >20:1 dr): 97% ee; [a]p?® = +262 (¢ 1.0, in THF); 'H NMR (400
MHz, DMSO-d6) & 10.77 (s, 1H), 7.61-7.49 (m, 2H), 7.34-7.08 (m, 8H), 6.90-6.72 (m, 2H), 4.99—
4.59 (m, 3H); 3C NMR (101 MHz, DMSO-d6) & 194.1, 174.6, 169.8, 141.7, 139.1, 133.1, 131.7,
128.9, 128.3, 128.0, 126.3, 126.1 (q, J = 280.5 Hz), 125.3, 123.6, 122.7, 122.5, 120.8, 112.8, 101.5,
97.3,73.0, 61.5(q, J = 30.0 Hz), 50.2; ’F NMR (376 MHz, DMSO-d6) & -71.60; IR (neat): 2958, 2952,
2951, 1733, 1512, 1452, 1130, 1077, 798, 638 cm™; HRMS (ESI): m/z for [M+H]": caled 529.0369,
found 529.0369; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254
nm, tmajor = 5.58 min and tminer = 6.38 min.
(2S,2'R,4'S,5'R)-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-pyrrolidine-2',
3"-indoline]-2",3-dione (3ba):

3ba

Compound 3ba was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 70% yield (76 mg, >20:1 dr): 97% ee; [a]p?® = +246 (c 1.0, in THF); "TH NMR (400
MHz, DMSO0-d6) § 10.29 (s, 1H), 7.88-7.77 (m, 1H), 7.38-7.11 (m, 8H), 7.02 (m, 2H), 6.88-6.75 (m,
1H), 6.58 (d, J = 7.7 Hz, 1H), 5.56 (d, J = 11.0 Hz, 1H), 4.80-4.56 (m, 2H); 3C NMR (101 MHz,
DMSO-d6) & 197.0, 176.7, 149.5, 142.9, 136.8, 133.8, 130.8, 130.6, 130.0, 128.5, 128.21, 128.19,
126.5 (q, J = 281.1 Hz), 126.2, 125.5, 124.4, 120.5, 109.2, 81.7, 74.2, 60.5 (q, J = 29.7 Hz), 49.9; F
NMR (376 MHz, DMSO-d6) & -70.28; IR (neat): 2988, 2972, 1732, 1394, 1283, 1066, 752, 598 cm™;
HRMS (ESI): m/z for [M+H]": caled 467.1036, found 467.1038; HPLC: Daicel Chiralpak IB,
n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tmajor = 7.40 min and tminor = 7.00 min.
(2S,2'R,4'S,5'R)-4"-(4-methoxyphenyl)-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-py
rrolidine-2',3""-indoline]-2"",3-dione (3bb):

Compound 3bb was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a

yellow solid in 60% yield (60 mg, >20:1 dr): 88% ee; [a]p? = +241(c 1.0, in THF); 'TH NMR (400

MHz, DMSO-d6) 6 10.28 (s, 1H), 7.93-7.68 (m, 1H), 7.42-7.15 (m, 5H), 7.11-6.92 (m, 2H), 6.87—

6.46 (m, 4H), 5.50 (d, J = 10.4 Hz, 1H), 4.82-4.38 (m, 2H), 3.63 (s, 3H); 3C NMR (101 MHz,

DMSO-d6) 6 197.1, 176.8, 158.9, 149.6, 142.9, 136.7, 131.1, 130.9, 130.5, 128.4, 126.6 (q, J = 280.7

Hz), 126.2, 125.6, 125.4, 125.2, 124.4, 120.5, 113.6, 109.2, 81.9, 74.2, 60.7 (q, J = 29.8 Hz), 55.3, 49.3;
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PF NMR (376 MHz, DMSO-d6) & -70.25; IR (neat): 2988, 2972, 1732, 1617, 1515, 1412, 1132, 1056,
753, 614 cml; HRMS (ESI): m/z for [M+H]": calcd 497.1141, found 497.1145; HPLC: Daicel
Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 7.89 min and tminor =
11.99 min.
(2S,2'R,4'S,5'R)-4'-(4-bromophenyl)-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-pyr
rolidine-2',3"-indoline]-2",3-dione (3bc):

Compound 3bc was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 70% yield (76 mg, >20:1 dr): 89% ee; [a]p?® = +238 (c 1.0, in THF); "TH NMR (400
MHz, DMSO-d6) 8 10.32 (s, 1H), 8.01-7.72 (m, 1H), 7.58-6.96 (m, 9H), 6.89—6.42 (m, 2H), 5.53 (d, J
= 8.0 Hz, 1H), 4.92-4.23 (m, 2H); 3C NMR (101 MHz, DMSO-d6) & 196.8, 176.7, 149.3, 142.9,
136.9, 133.3, 132.2, 131.3, 130.7, 130.6, 128.4,126.5 (q, J = 281.8 Hz), 126.3, 125.7, 124.9, 124.5,
121.6, 120.5, 109.2, 81.4, 74.2, 60.4 (q, J = 31.3 Hz), 49.3, ’F NMR (376 MHz, DMSO-d6) & -70.39;
IR (neat): 2988, 2972, 1732, 1393, 1283, 1066, 753, 562 cm™; HRMS (ESI): m/z for [M+H]": calcd
545.0141, found 545.0145; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 60/40, flow rate = 1
mL/min, X = 254 nm, tmajor = 28.05 min and tminor = 16.90 min.
(2S,2'R,4'S,5'R)-5""-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-pyr
rolidine-2',3"-indoline]-2"",3-dione (3bd):

Compound 3bd was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 80% yield (77 mg, >20:1 dr): 91% ee; [a]p?® = +179 (c 1.0, in THF); 'H NMR (400
MHz, DMSO0-d6) & 10.18 (s, 1H), 7.67 (s, 1H), 7.40-7.32 (m, 2H), 7.32-7.25 (m, 3H), 7.24-7.10 (m,
3H), 7.03-6.81 (m, 2H), 6.53-6.36 (m, 1H), 5.64-5.37 (m, 1H), 4.66 (m, 2H), 2.17 (s, 3H); *C NMR
(101 MHz, DMSO-d6) 6 197.0, 176.8, 149.5, 140.4, 136.8, 133.9, 130.9, 130.7, 129.9, 129.2, 129.1,
128.2, 128.2, 126.5 (q, J = 280.1 Hz), 126.1, 125.5, 125.2, 124.3, 108.9, 81.7, 74.2, 60.5 (q, J = 30.1
Hz), 50.0, 21.3; YF NMR (376 MHz, DMSO-d6) & -70.29; IR (neat): 2988, 2975,1731, 1393, 1283,
1131, 1066, 697, 620 cm™*; HRMS (ESI): m/z for [M+H]": calcd481.1192, found 481.1195; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 6.52min and
tminor = 19.06 min.
(2S,2'R,4'S,5'R)-5""-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-pyr
rolidine-2',3"-indoline]-2",3-dione (3be):
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Compound 3be was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 83% yield (83 mg, >20:1 dr): 98% ee; [a]p?® = +113 (c 1.0, in THF); "TH NMR (400
MHz, CDCL3) 6 8.75 (s, 1H), 7.75-7.67 (m, 1H), 7.39-7.15 (m, 5H), 7.13-6.96 (m, SH), 6.90-6.80 (m,
1H), 6.64—6.57 (m, 1H), 5.57 (d, J = 11.0 Hz, 1H), 4.66-4.50 (m, 1H), 2.74 (d, J = 6.6 Hz, 1H);3*C
NMR (101 MHz, CDCls) & 196.5, 177.9, 148.8, 140.4, 136.1, 132.4, 130.9, 130.4, 129.7, 128.0, 127.8,
127.7, 126.9, 126.6, 126.5, 125.4 (q, J = 281.1 Hz), 125.1, 123.7, 110.9, 80.7, 73.8, 61.0 (q, J = 31.1
Hz), 50.2; ’F NMR (376 MHz, CDCI3) § -71.91; IR (neat): 3357, 2988, 2972, 1750, 1634, 1586, 1450,
1131, 754, 625 cml; HRMS (ESI): m/z for [M+H]": calcd 501.0646, found 501.0649; HPLC: Daicel
Chiralpak IC, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 4.25 min and tminor
= 8.49 min.

(2S5,2'R,4'S,5'R)-5""-bromo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzo[b]thiophene-2,3'-pyr

rolidine-2',3"-indoline]-2",3-dione (3bf):

Compound 3bf was purified by flash chromatography (petroleum ether/EtOAc = 3/1) to afford a
yellow solid in 85% yield (93 mg, >20:1 dr): 97% ee; [a]p® = +48 (¢ 1.0, in THF); '"H NMR (400
MHz, CDCls) & 8.79 (s, 1H), 7.87-7.78 (m, 1H), 7.38-7.27 (m, 2H), 7.21-6.96 (m, 7H), 6.89-6.79 (m,
1H), 6.58 (d, J = 8.3 Hz, 1H), 5.57 (d, J = 11.0 Hz, 1H), 4.62-4.49 (m, 1H), 2.74 (d, J = 6.6 Hz, 1H);
13C NMR (101 MHz, CDCIs) & 196.5, 177.8, 148.8, 140.9, 136.1, 133.3, 132.5, 130.9, 130.4, 129.8,
128.0, 127.8, 127.3, 126.5, 125.4 (q, J = 280.9 Hz), 125.1, 123.7, 113.8, 111.5, 80.8, 73.8, 61.1 (q, J =
31.0 Hz), 50.2; "F NMR (376 MHz, CDCl3) § -71.91; IR (neat): 3354, 2988, 2959, 1740, 1585, 1474,
1128, 1066, 753, 695 cm; HRMS (ESI): m/z for [M+H]": caled 545.0141, found 545.0140; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 4.93min and

tminor = 9.00 min.

Derivatization of 3aa
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To a stirred solution of 3aa (0.3 mmol, 1.0 equiv.) in DMF (2.0 mL) at 0 <C, was added NaH (60%
dispersion in mineral oil, 15 mg, 0.36 mmol, 1.2 equiv.) in one portion and stirred for 5 minutes.
Benzyl bromide (1.2 equiv.) was added at 0 <C, and continued to be stirred at room temperature. The
progress of the reaction was monitored by TLC. The reaction mixture was then poured into saturated
aqueous NH4Cl (2.0 mL) and extracted with ethyl acetate (2.0 mL). The combined organic portions
were washed with water and brine, dried over Na;SQOs, and concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel to give products 4.
(25,2'S,4'S,5'R)-1""-benzyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrrolidine
-2',3""-indoline]-2",3-dione (4): Compound 4 was purified by flash chromatography (petroleum
ether/EtOAC = 6/1) to afford a white solid in 95% yield (86 mg, >20:1 dr): 94% ee; [a]p>’ = +123 (c 1.0,
in THF); 'TH NMR (400 MHz, CDCl3) & 7.57-7.50 (m, 1H), 7.42-7.29 (m, 7H), 7.27-7.20 (m, 3H),
7.18-7.08 (m, 3H), 7.05-6.97 (m, 2H), 6.86-6.79 (m, 1H), 6.76 (t, J = 7.4 Hz, 1H), 6.48 (d, /= 7.8 Hz,
1H), 5.25-5.14 (m, 2H), 4.93-4.77 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 2.95 (d, J = 8.4 Hz, 1H); 13C
NMR (101 MHz, CDCls) 6 194.3, 174.1, 170.1, 143.6, 138.4, 135.4, 131.3, 130.5, 129.3, 129.1, 128.8,
128.3, 128.1, 127.6, 127.0, 125.8, 124.3, 123.7, 122.5, 122.2, 121.7, 112.3, 109.5, 97.7, 72.1, 62.4 (q, J
=31.0 Hz), 51.1, 44.4; F NMR (376 MHz, CDCls) & -73.23; IR (neat): 2920, 1724, 1610, 1127, 856,
752, 698 cml; HRMS (ESI): m/z for [M+H]": caled 541.1734, found 541.1730; HPLC: Daicel
Chiralpak IF, n-hexae/i-PrOH = 60/40, flow rate = 1 mL/min, A = 254 nm, tmajor = 6.12 min and tminor =

8.86 min.
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X-ray crystal structure of 3af (PE/EA = 4/1 at rt)

checkCIF/PLATON report

Structure factors have been supplied for datablock(s) 202008157

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: 202008157

Beond precision: C-C = 0.0129 A Wavelength=1.54184

Cell: a=7.0824(5) b=9.9984(8) c=11.3089(9)
alpha=113.621(8) beta=101.541(7) gamma=100.342(7)
Temperature: 29%3 K

Calculated Reported
Volume 688.15(11) 688.15(10)
Space group P1l P11
Hall group P 1 P 1
\ C25 H1e6 Br F3 N2 03, C4 H8 C25 Hle Br F3 N2 03, C4 HS
Moiety formula
02 02
Sum formula C29 H24 Br F3 N2 05 C29 H24 Br F3 N2 05
Mr 617.40 617.41
Dx,g cm-3 1.4%0 1.450
Z 1 1
Mu (mm-1) 2.584 2.584
FOOO 314.0 314.0
Fooo* 314.33
h,k,lmax 8,11,13 8,111,132
Nref 4928 [ 2464] 3900
Tmin, Tmax 0.694,0.772 0.436,1.000
Tmin’ 0.630

Correction method= # Reported T Limits: Tmin=0.436 Tmax=1.000
BEbsCorr = MULTI-SCAN

Data completeness= 1.58/0.79 Theta(max)= 67.108
R({reflections)= 0.0487( 3281) wR2 (reflections)= 0.1203( 3900)
S =1.028 Npar= 372
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The following ALERTS were generated. Each ALERT has the format

test-name ALERT alert-type alert-level.

Click on the hyper

links for more details of the test.

¥ Alert level C

PLATO90_ALERT 3_C Poor Data / Parameter Ratio (Zmax > 18) ........ 6.62 Note
PLAT245 ALERT 2 C U(iso) H1 Smaller than Uleqg) N1 by 0.021 Ang**2
PLAT260 ALERT 2 C Large Average Ueq of Residue Including o4 0.157 Check
PLAT341 ALERT 3 C Low Beond Precision on C-C Bonds ............... 0.0129 Ang.
PLATS15 ALERT 3_C No Flack x Check Done: Low Friedel Pair Coverage 58 %

¥ Alert level G

PLAT0O02 ALERT 2 G MNumber of Distance or Rngle Restraints on AtSite 9 Note
PLATDGB:ALERT:Z:G Number of Uisc or Uij Restrained non-H Atoms 2 Report
PLATO012 ALERT 1 G No shelx res checksum Found in CIF ...... Please Check
PLAT172 ALERT 4 G The CIF-Embedded .res File Contains DFIX Records & Report
PLAT186 ALERT 4 G The CIF-Embedded .res File Contains ISOR Records 1 Report
PLATlQQ:ALERT:l:G Reported _cell measurement temperature ..... (K) 293 Check
PLAT200 ALERT 1 G Reported diffrn ambient temperature ..... (K} 293 Check
PLAT242 ALERT 2 G Low 'MainMol’ Ueq as Compared to Neighbors of €12 Check
PLAT398 ALERT 2 G Deviating C-0-C Angle From 120 for 02 107.6 Degree
PLAT791 ALERT 4 G Model has Chirality at C2 (Sohnke SpGr) S Verify
PLAT791_ALERT 4 G Mcdel has Chirality at C9 (Schnke SpGr) S Verify
PLAT721 ALERT 4 G Mcdel has Chirality at C17 (Schnke SpGr) S Verify
PLAT791 ALERT 4 G Model has Chirality at C18 (Sohnke SpGr) R Verify
PLATB60 ALERT 3 G Number of Least-Sguares Restraints ............. 21 Note
PLAT909 ALERT 3 G Percentage of I-=2sig(I} Data at Theta(Max) Still 63% Note
PLATS78_ALERT 2 G Number C-C Bonds with Positive Residual Density. 0 Info

0 ALERT level A = Most likely a seriocus problem - resclwve or explain

0 ALERT level B = & potentially seriocus problem, consider carefully

5 ALERT level C = Check. Ensure it is not caused by an omissicn or oversight
16 ALERT level G = General information/check it is not something unexpected

3 ALERT type 1 CIF constructicon/syntax error, inconsistent or missing data

7 ALERT type 2 Indicator that the structure model may be wrong or deficient

5 ALERT type 2 Indicator that the structure quality may be low

6 ALERT type 4 Improvement, methodology, gquery or suggestion

0 ALERT type 5 Informative message, check
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NMR Spectra of compounds
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HPLC spectra of compounds
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Integration Hesult I Calculation Result T\maTahIa]
Mo Retention Time Peak Area Peak Height PeakArea(%) Peak Width Peak Type
] 1027 2980930 115826 50.57% 1.423 BB
2 1492 2913553 64509 49.43% 5.692 BB
Total 5,804,483 180,335 100.00%
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Integration Fresult | Calculstion Resut | TimeT abis |
Mo Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
] 1046 245008 9401 2.69% 0.942 BB
21484 8866284 182396 97.31% 4934 BB
Total 9,111,292 191797 100.00%

S62



“oltage(pt)

1687

2035

rac-3ab

OMe

o 2 4 [} 8 10

+ T i S0

18 20 2
Time(Min)

I~ She

Integralion Fiesult | Calculation Resut] TimeT able

Peak Height

Peak Area(%)

Peak Width
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Mo, Retention Time | PeakArea
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14,40 4154323 941561 49.81% 3.883 BB
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lotal 8,230,544 145656 100.00%
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Mo. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
14.80 422060 8918 2.86% 4.06 BB
2 27.20 14386644 159110 97.14% 5.865 BB
Tatal 14,809,604 168,028 100.00%
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Mo Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
11.83 749337 28128 207% 0.886 BB
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Total 36,150,466 677,762 100.00%
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11.98 2731344 77483 50.11% 2.426 BB
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Total 5,450,315 123708 100.00%
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173 500045 15859 2.96% 1.265 BB
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Total 16,905,561 284,551 100.00%
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12.48 1334165 30618 3.26% 1.249 BB
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Total 40935179 477,979 100.00%
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Mo Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
1.1 420480 15916 231% 0.977 BB
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Total 18,198,197 309,736 100.00%
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1653 683844 17537 439% 142 BB
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Mo Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
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Mo. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
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Total 2,662,408 71,388 100.00%

S78



06
0.5
0.4
&
=
&
%’ 0.3
2
rac-3ar
0.2
& &
o =
0.1 /\_‘
. L
T T T T T T T T T T T T T T T T T T T T
o il Z 3 4 ° 6 7 8 @ 10 " 12 13 14 18 16 17 18 19 20
Time(Min)
r s F 4O ™ Sh
Integration Resut | Calculation Resut| TimeT able
MNo Retention Time ‘ PeakArea Peak Height PeakArea(%) ‘ Peak Width Peak Type
5.85 151444 34482 50.52% 1.885 BB
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Mo Retention Time | PeakArea Peak Height PeakArea(%) ‘ Peak Width Peak Type
6.67 8062381 346895 95.34% 2395 BB
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Total 8,456,485 357,254 100.00%
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Mo Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
5.66 732465 43799 51.09% 0.749 BB
2 637 701233 36977 48.91% 1.387 BB
Total 1,433,698 80,776 100.00%
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No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
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Total 5,330,061 302,842 100.00%
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No. Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
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Mo Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
] 700 31350 2780 131% 0.326 BB
2740 2366652 79366 98.69% 2.765 BB
lotal 2,398,002 82,148 100.00%
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Total 4,008,019 158,235 100.00%
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No. Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
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Total 2,615,296 106,206 100.00%

425

“oltage(py)

@
0.0 2

@
2014 o .

0.0 1.0 20 30 40 5.0 6.0 70 80 9.0 10.0 1.0 12.0 12.0 14.0 15.0 16.0 7.0 18.0 19.0 200 21.0
Time(Min)
@+t I Ho0

220 23.0

[ Show

Infegiation Resuit | Caloulation Resut| TimeTabie |

a

No Retention Time | PeakArea | PeakHeight |  PeakArea(%) | PeakWidth | Peak Type

425 10972180 571874 99.38% 0.837 BB
2849 68200 2943 0.62% 1.147 BB
Total 11,040,380 574,817 100.00%
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Mo. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
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