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1. General information

NMR data were obtained on Bruker AVANCE III for 'H at 500 MHz and for *C at
125 MHz with TMS as the internal standard. HRMS data were measured on an
Agilent 6545 Q-TOF LC/MS with an ESI source. In each case, enantiomeric excess
was determined on a chiral column in comparison with authentic racemates by chiral
HPLC, using a JASCO LC-2000 Plus system consisting of MD-2010 HPLC diode
array detector or an Agilent 1260 chromatography. Column chromatography and flash
chromatography experiments were conducted using silica gel GF254 (200-300 mesh)
eluting with ethyl ether and petroleum ether. TLC experiments were carried out on
glass-backed silica plates. Chemicals were used without purification as commercially
available.

The Boc protected isatin-derived a-trifluoromethylacrylate was prepared
according to a previously reported procedure. For details, see: Q.-X. Lou, Y.-Y. Ding,

D.-F. Xu, G.-K. Liu, J.-L. Zhao, Adv. Synth. Catal., 2017, 359, 2557.
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2. Typical experimental procedure for the preparation of substrate 1 and

organo-/iodine sequential catalysis, and characterization of products 4

Et02C
0 Fst\ﬂ/ ~ CFs
BnBr, KCO5 _ NoHaHo0 m
N MeCN 85°C DMF, 120°C PhMe, 110 C
H 2h, reflux 5h, Tefiux 4h, reflux

Isatins (10 mmol) and benzyl bromide (12 mmol) were stirred in CH3CN (25 mL)
in the presence of K2CO; (12 mmol) at 85 °C for 2 h. Reactions were monitored by
TLC. After completion, the reaction mixture was concentrated under reduced pressure.
The residue was added into H2O (50 mL) and extracted with EtOAc (3%x20 mL), then
the mixture was dried and concentrated.

The above solid and hydrazine hydrate (10 mL) was directly added in DMF (10
mL), the mixture was stirred at 120 °C for 5 h. After completion, the reaction mixture
was concentrated. The residue was purified by flash chromatography (petroleum
ether/ethyl acetate =10:1) to give the oxindole.

The oxindole, 3,3,3-trifluoromethyl pyruvic acid ethyl ester (1.98 mL, 15 mmol)
and piperidine (0.27 mL, 3 mmol) were stirred in toluene (25 mL) at 110 °C for 4 h.
After completion, the reaction mixture was extracted with EtOAc (3%x20 mL), washed
with water, dried and concentrated. The residue was purified by flash chromatography

(petroleum ether/ethyl acetate =10:1) to give 1.

R30,C .
/ CFs R® 1) catalyst 3b(10 mol%)
AN " -N 2) 1, (20 mol%), H,0, (2.0 equiv.)
R 0 N o)
(AN ! DCM, r.t.
K
1 2

a-Trifluoromethyl acrylates 1 (0.4 mmol) and pyrazolones 2 (0.2 mmol) were
stirred in CH2Cl> (2 mL) in the presence of catalyst 3b (0.02 mmol) at room
temperature for 36 h, then I, (0.04 mmol) and 30% H>O: aqueous solution (0.4 mmol)

were added, and the mixture was stirred for 2 h at room temperature. The reaction was
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monitored by TLC. After completion, the mixture was dried and concentrated. The

residue was purified by flash chromatography (petroleum ether/ethyl acetate =10:1) to

give products 4.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp 178-180 °C, 90.6 mg, 78% yield, 96% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tr = 14.4 min (minor),
19.1 min (major). [a]*»b= -70 (¢ = 0.56 in CH>Cl,). 'H NMR (500 MHz, CDCls) 3
7.70 — 7.63 (m, 3H), 7.42 — 7.37 (m, 6H), 7.35 — 7.30 (m, 2H), 7.25 — 7.19 (m, 1H),
6.69 (d, J = 8.5 Hz, 1H), 5.02 (d, J = 15.9 Hz, 1H), 4.74 (d, J = 15.9 Hz, 1H), 4.50 —
3.76 (m, 2H), 2.44 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl;) &
171.5, 166.0, 158.8, 145.1, 143.0, 137.5, 134.3, 132.3, 129.2 (x2), 129.0 (x2), 128.8,
128.6, 128.0, 127.4 (x2), 126.0, 123.7 (J = 286 Hz), 122.1, 118.5 (x2), 111.2, 100.4,
98.2, 77.2, 63.6, 44.4, 13.8, 13.6 ppm. HRMS (ESI+) caled for [C30H23CIF3N304 +
Na]" m/z 604.1221, found 604.1224 .

ethyl-(4R,5R)-1'-benzyl-5'-fluoro-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline|-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp150-152 °C, 74.6 mg, 66% yield, 92% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, | = 254 nm) tr = 12.1 min (minor),
14.3 min (major). [a]*’p= -6 (¢ = 0.57 in CH,Cl,). "TH NMR (500 MHz, CDCl;) § 7.68
—7.64 (m, 2H), 7.48 — 7.45 (m, 1H), 7.43 — 7.34 (m, 6H), 7.35 — 7.30 (m, 1H), 7.25 —
7.17 (m, 1H), 7.10 — 7.05 (m, 1H), 6.71 — 6.68 (m, 1H), 5.03 (d, J = 15.9 Hz, 1H),
4.73 (d, J=15.9 Hz, 1H), 4.32 —4.27 (m, 2H), 2.43 (s, 3H), 1.33 (t, /= 7.1 Hz, 3H);
13C NMR (126 MHz, CDCl3) 6 171.7, 166.0, 159.1 (d, 'Je.r=241.9 Hz), 158.8, 145.0,
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140.4 (d, “Jer = 2.1 Hz), 137.6, 134.4, 129.2 (x2), 129.0 (x2), 128.0, 127.4 (x2),
125.9, 123.8 (J =286 Hz), 122.6 (d, *Jcr= 8.82 Hz), 118.8 (d, 2Jc.r=23.7 Hz), 118.5
(x2), 116.3 (d, 2Je.r = 21.4 Hz), 110.9 (d, *Jcr = 8.82 Hz), 100.4, 98.3, 77.2, 63.6,
44.4, 13.8, 13.6 ppm. HRMS (ESI+) caled for [C30H23F4N304 + Na]® m/z 588.1517,
found 588.1521.

ethyl-(4R,5R)-1'-benzyl-6'-chloro-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp162-164 °C, 95.3 mg, 82% yield, 96% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 10/90, flow rate = 1.0 mL/min, 1 = 254 nm) tr = 5.8 min (minor),
7.8 min (major). [a]*’p=-36 (¢ = 0.53 in CH>Cl>). 'TH NMR (500 MHz, CDCl3) & 7.77
—7.58 (m, 3H), 7.42 — 7.38 (m, 7H), 7.23 — 7.18 (m, 1H), 7.14 — 7.09 (m, 1H), 6.78 (d,
J=1.9 Hz, 1H), 5.01 (d, J = 15.9 Hz, 1H), 4.73 (d, J = 15.9 Hz,1H), 4.36 — 4.18 (m,
2H), 2.43 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCls) § 172.0,
166.0, 158.8, 145.8, 145.1, 138.5, 137.6, 134.2, 129.3, 129.2 (x2), 129.0 (x2), 128.1,
127.4 (x2), 125.9, 123.8 (J = 286 Hz), 123.3, 119.7, 118.4 (x2), 110.8, 100.4, 98.0,
77.2, 63.6, 44.5, 13.8, 13.6 ppm. HRMS (ESI+) calcd for [C30H23CIF3N304 + Na]*
m/z 604.1221, found 604.1229 .

ethyl-(4R,5R)-1'-benzyl-7'-chloro-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline|-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp142-144 °C, 93.0 mg, 80% yield, 96% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, | = 254 nm) tr = 16.1 min (minor),
19.5 min (major). [a]*’p= -9 (¢ = 0.56 in CH,Cl,). 'TH NMR (500 MHz, CDCl;3) § 7.69
—7.61 (m, 3H), 7.41 — 7.37 (m, 3H), 7.36 — 7.33 (m, 4H), 7.30 — 7.25 (m, 1H), 7.24 —
7.20 (m, 1H), 7.13 — 7.08 (m, 1H), 5.40 — 5.20 (m, 2H), 4.25 — 4.20 (m, 2H), 2.41 (s,
3H), 1.29 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCI;) 6 172.6, 165.9, 158.8,
145.1, 140.6, 137.6, 136.6, 135.0, 129.2 (x2), 128.6 (x2), 127.4, 127.0, 126.7 (x2),
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125.9, 124.2, 124.1, 123.8 (J = 283 Hz), 118.4 (x2), 116.2, 100.5, 97.7, 77.2, 63.6,
45.6, 13.8, 13.6 ppm. HRMS (ESI+) caled for [C30H23CIF3N304 + Na]™ m/z 604.1221,
found 604.1224.

ethyl-(4R,5R)-1'-benzyl-5'-bromo-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp182-184 °C, 86.3 mg, 69% yield, 94% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 10/90, flow rate = 1.0 mL/min, | = 254 nm) tr = 6.4 min (minor),
9.0 min (major). [a]*’p= -18 (¢ = 0.50 in CH2Cl>). 'TH NMR (500 MHz, CDCl3) § 7.82
(d, J=1.9 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.49 (dd, J = 8.5, 1.9 Hz, 1H), 7.42 —
7.36 (m, 6H), 7.35 — 7.30 (m,1H), 7.25 — 7.18(m, 1H), 6.64 (d, J = 8.4 Hz,1H), 5.02
(d,J=15.9 Hz, 1H), 4.73 (d, /= 15.8 Hz, 1H), 4.33 —4.26 (m, 2H), 2.44 (s, 3H), 1.33
(t,J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) 8 171.5, 166.0, 158.8, 145.0, 143.5,
137.5,135.2 134.2, 131.3, 129.2 (x2), 129.0 (x2), 128.0, 127.3 (x2), 125.9, 123.7 (J =
283 Hz), 123.1, 118.5 (x2), 115.9, 111.7, 100.4, 98.1, 77.2, 63.6, 44.4, 13.8, 13.6 ppm.
HRMS (ESI+) caled for [C30H23BrF3N3O4 + Na]* m/z 648.0716, found 648.0718.

ethyl-(4R,5R)-1'-benzyl-6'-bromo-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline|-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp195-197 °C, 98.8 mg, 79% yield, 97% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, | = 254 nm) tr = 11.6 min (minor),
14.6 min (major). [a]*’p= -3 (¢ = 0.54 in CH,Cl,). "TH NMR (500 MHz, CDCl;) § 7.68
—7.62 (m, 2H), 7.58 — 7.52 (m, 1H), 7.42 — 7.36 (m, 6H), 7.31 — 7.25 (m, 2H), 7.24 —
7.21 (m, 1H), 6.93 (d, /= 1.8 Hz, 1H), 5.00 (d, /= 15.8 Hz, 1H), 4.73 (d, /= 15.8 Hz,
1H), 4.38 — 4.09 (m, 2H), 2.42 (s, 3H), 1.31 (t, J= 7.1 Hz, 3H); 1*C NMR (126 MHz,
CDCl) 6 171.9, 166.0, 158.8, 145.8, 145.1, 137.6, 134.2, 129.5, 129.2 (x2), 129.0
(x2), 128.1, 127.4 (x2), 126.6, 126.3, 125.9, 123.8 (J = 281 Hz), 120.2, 118.4 (x2),
113.6, 100.4, 98.1, 77.2, 63.6, 44.5, 13.8, 13.6 ppm. HRMS (ESI+) calcd for
[C30H23BI’F3N304 + Na]* m/z 648.0716, found 648.0719 .
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ethyl-(4R,5R)-1'-benzyl-5'-iodo-3-methyl-2'-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp181-183 °C, 91.5 mg, 68% yield, 92% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 10/90, flow rate = 1.0 mL/min, 1 = 254 nm) tr = 6.7 min (minor),
9.7 min (major). [a]*’p=-27 (¢ = 0.7 in CH,Cl,). 'H NMR (500 MHz, CDCls3) 8 7.97
(s, 1H), 7.76 — 7.57 (m, 3H), 7.43 — 7.35 (m, 6H), 7.35 — 7.30 (m, 1H), 7.25 - 7.17 (m,
1H), 6.54 (d, J = 8.3 Hz, 1H), 5.01 (d, J = 15.9 Hz, 1H), 4.73 (d, J = 15.9 Hz, 1H),
433 — 4.15 (m, 2H), 2.44 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz,
CDCl3) 6 171.2, 166.0, 158.8, 145.0, 144.1, 141.1, 137.5, 136.8, 134.2, 129.2 (x2),
129.0 (x2), 128.0, 127.3 (x2), 126.0, 123.7 (J = 286 Hz), 123.4, 118.5 (x2), 112.2,
100.4, 97.9, 85.5, 77.3, 63.6, 44.3, 13.8, 13.6 ppm. HRMS (ESI+) calcd for
[C30H23F3IN304 + Na]" m/z 696.0578, found 696.0578.

ethyl-(4R,5R)-1'-benzyl-3-methyl-2"-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline|-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp128-130 °C, 67.8 mg, 62% yield, 94% ee, >20:1 dr. HPLC (IF-H, i-
PrOH/n-hexane = 7/93, flow rate = 0.7 mL/min, 1 = 254 nm) tg = 13.8 min (minor),
17.4 min (major). [a]*pb= -30 (¢ = 0.56 in CH2Cl,). '"H NMR (500 MHz, CDCls) &
7.76 — 7.64 (m, 3H), 7.45 — 7.29 (m, 8H), 7.24 — 7.09 (m, 2H), 6.79 (d, J = 8.0 Hz,
1H), 5.04 (d, J=15.8 Hz, 1H), 4.76 (d, /= 15.9 Hz, 1H), 4.42 — 4.21 (m, 2H), 2.44 (s,
3H), 1.32 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCI3) & 171.9, 166.1, 159.0,
155.1, 145.1, 144.4, 137.7, 134.8, 132.3, 129.2 (x2), 128.9 (x2), 128.2, 127.8, 127.8,
127.4 (x2), 124.4 (J=283 Hz), 123.2, 121.3, 118.4 (x2), 110.1, 77.2, 63.4, 44.3, 29.7,
13.8, 13.6 ppm. HRMS (ESI+) caled for [C3oH24F3N304 + Na]™ m/z 570.1611, found
570.1616.
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ethyl-(4R,5R)-1'-benzyl-3,5"-dimethyl-2'-0xo0-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp194-196 °C, 56.1 mg, 50% yield, 90% ee, >20:1 dr. HPLC (IE-H, i-
PrOH/n-hexane = 10/90, flow rate = 1.0 mL/min, 1 = 254 nm) tr = 8.2 min (minor),
11.2 min (major). [a]*p= -27 (¢ = 0.53 in CH>Cl,). 'H NMR (500 MHz, CDCls) 3
7.70 — 7.67 (m, 2H), 7.53 (s, 1H), 7.43 — 7.35 (m, 6H), 7.33 — 7.29 (m, 1H), 7.23 —
7.14 (m, 2H), 6.67 (d, J= 8.1 Hz, 1H), 5.01 (d, /= 15.8 Hz, 1H), 4.74 (d, J= 15.8 Hz,
1H), 4.32 — 4.22 m, 2H), 2.45 (s, 3H), 2.35 (s, 3H), 1.31 (t, /= 7.1 Hz, 3H); 3*C NMR
(126 MHz, CDCls) 6 171.8, 166.1, 159.1, 145.1, 142.0, 137.7, 134.9, 132.9, 132.6,
129.2 (x2), 128.9, 128.8 (x2), 127.8, 127.4 (x2), 125.8, 123.9 (J = 286 Hz), 121.3,
118.4 (x2), 109.9, 100.6, 99.0, 77.2, 63.4, 44.3, 21.1, 13.8, 13.6 ppm. HRMS (ESI+)
calcd for [C31H26F3N304 + Na]" m/z 584.1768, found 584.1773.

ethyl-(4R,5R)-1'-benzyl-5'-methoxy-3-methyl-2"-oxo-1-phenyl-4-(trifluoromethyl)-
1,4-dihydrospiro[furof2,3-c[pyrazole-5,3'-indoline[-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp175-177 °C, 81.9 mg, 71% yield, 88% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, | = 260 nm) tr = 17.6 min (minor),
24.4 min (major). [a]*’p= -58 (¢ = 0.64 in CH>Cl,). '"H NMR (500 MHz, CDCl3) §
7.68 (d, J = 8.0 Hz, 2H), 7.43 — 7.34 (m, 6H), 7.33 — 7.29 (m, 2H), 7.25 — 7.17 (m,
1H), 6.93 — 6.85 (m, 1H), 6.66 (d, J=8.7 Hz, 1H), 5.00 (d, J = 15.8 Hz, 1H), 4.73 (d,
J=15.8 Hz, 1H), 4.32-4.14 (m, 2H), 3.79 (s, 3H), 2.44 (s, 3H), 1.32 (t, J = 7.1 Hz,
3H); ¥C NMR (126 MHz, CDCl3) 8 171.6, 166.0, 159.0, 156.1, 145.1, 137.7, 137.6
134.8, 129.2 (x2), 128.9 (x2), 127.8, 127.4 (x2), 125.8, 123.8 (J = 279 Hz), 122.3,
118.5 (x2), 117.2, 115.2, 110.6, 100.6, 99.0, 77.2, 63.5, 55.9, 44.3, 13.8, 13.6 ppm.
HRMS (ESI+) calcd for [C31H26F3N305 + Na]* m/z 600.1717, found 600.1720.
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ethyl-(4R,5R)-1'-benzyl-3,5', 7'-trimethyl-2"-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp178-180 °C, 70.2 mg, 61% yield, 97% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, | = 254 nm) tr = 18.8 min (minor),
22.5 min (major). [a]*’p= -30 (¢ = 0.52 in CH,Cl). 'H NMR (500 MHz, CDCls)
7.71 —7.64 (m, 2H), 7.43 — 7.32 (m, 6H), 7.32 — 7.24 (m, 2H), 7.20 (t, /= 7.5 Hz, 1H),
6.97 (s, 1H), 5.31 — 4.98 (m, 2H), 4.32 — 4.20 (m, 2H), 2.42 (s, 3H), 2.32 (s, 3H), 2.24
(s, 3H), 1.31 (t, J= 7.2 Hz, 3H); ¥*C NMR (126 MHz, CDCls) & 173.2, 166.5, 159.3,
145.3, 140.2, 138.0, 137.1(x2), 133.1, 129.4(x2), 129.1(x2), 127.5, 127.0, 126.1,
125.9(x2), 124.1(J =286 Hz), 122.4, 120.5, 118.6(%2), 100.9, 98.9, 77.5, 63.6, 45.9,
21.0, 19.0, 14.0, 13.8 ppm. HRMS (ESI+) caled for [C32H2sF3N3Os + Na]* m/z
614.1276, found 614.1274.

methyl-(4R,5R)-1'-benzyl-5'-chloro-3-methyl-2'-0xo0-1-phenyl-4-(trifluoromethyl)-
1,4-dihydrospiro[furof2,3-c[pyrazole-5,3'-indoline[-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp190-192 °C, 87.3 mg, 77% yield, 93% ee, >20:1 dr. HPLC (ID-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tr = 17.9 min (minor),
33.1 min (major). [a]**p= -6 (¢ = 0.50 in CH>Cl>). 'TH NMR (500 MHz, CDCl3) 8 7.71
—7.60 (m, 3H), 7.42 — 7.31 (m, 8H), 7.25 — 7.19 (m, 1H), 6.72 (d, J = 8.5 Hz, 1H),
5.05 (d, J = 15.8 Hz, 1H), 4.71 (d, J = 15.9 Hz, 1H), 3.77 (s, 3H), 2.42 (s, 3H); 1*C
NMR (126 MHz, CDCL) 6 171.5, 166.3, 158.8, 145.1, 142.9, 137.5, 134.3, 132.3,
129.2 (x2), 129.0 (x2), 128.9, 128.6, 128.1, 127.4 (x2), 125.9, 123.8 (J = 279 Hz),
122.8, 118.5 (x2), 111.2, 100.3, 98.2, 77.2, 53.9, 44.4, 13.5 ppm. HRMS (ESI+) caled
for [C29H21CIF3N304 + Na]* m/z 590.1065, found 590.1061.
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1'-(tert-butyl)4-ethyl-(4R,5R)-5"-chloro-3-methyl-2"-oxo-1-phenyl-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline|-1',4-
dicarboxylate, purified by flash chromatography on silica gel, eluting with petroleum
ether/ethyl acetate 15/1 (v/v); white solid, mp165-167 °C, 79.2 mg, 67% yield, 93%
ee, >20:1 dr. HPLC (IC-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254
nm) tg = 9.5 min (minor), 10.9 min (major). [a]*’b= -21 (¢ = 0.50 in CH:CL,). 'H
NMR (500 MHz, CDCl3) 6 8.02 (d, J = 8.9 Hz, 1H), 7.74 — 7.69 (m, 1H), 7.68 — 7.61
(m, 2H), 7.56 — 7.50(m, 1H), 7.42 — 7.34 (m, 2H), 7.24 — 7.17 (m, 1H), 4.41 — 4.16 (m,
2H), 2.42 (s, 3H), 1.61 (s, 9H), 1.31 (t, J = 7.1 Hz, 3H); 1*C NMR (126 MHz, CDCls)
0 169.6, 165.5, 158.8, 148.3, 145.1, 139.8, 137.4, 132.7, 130.5, 129.2 (x2), 128.0,
126.0, 123.4 (J = 286 Hz), 121.7, 118.5 (x2), 116.9, 99.9, 97.6, 85.5, 77.2, 63.7, 28.0
(x3), 13.6, 13.5 ppm. HRMS (ESI+) calcd for [CasHasCIF3N3Og + Na]* m/z 614.1276,
found 614.1274.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-3-ethyl-2"-oxo-1-phenyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline|-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp151-153 °C, 65.5 mg, 55% yield, 95% ee, >20:1 dr. HPLC (IB-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tg = 11.9 min (major),
14.4 min (minor). [a]*°b= -44 (¢ = 0.51 in CH,Cl,). '"H NMR (500 MHz, CDCls) &
7.72 —7.63 (m, 3H), 7.44 — 7.35 (m, 6H), 7.36 — 7.31 (m, 2H), 7.27 — 7.18 (m, 1H),
6.69 (d, J=8.5 Hz, 1H), 5.02 (d, /= 15.9 Hz, 1H), 4.74 (d, J= 159 Hz, 1H), 4.28 (dd,
J=10.6, 7.1 Hz, 2H), 2.87 — 2.79 (m, 2H), 1.40 (t, J= 7.6 Hz, 3H), 1.31 (t,/J=7.1 Hz,
3H); ¥C NMR (126 MHz, CDCls3) 8 171.6, 166.0, 158.6, 149.9, 142.9, 137.7, 134.3,
132.2,129.2 (x2), 129.0 (x2), 128.8, 128.8, 128.0, 127.4 (x2), 125.8, 123.9 (J = 285
Hz), 123.0, 118.6 (x2), 111.1, 99.6, 98.1, 77.2, 63.6, 44.4, 21.1, 13.8, 12.5 ppm.
HRMS (ESI+) calcd for [C31H25CIF3N304 + Na]" m/z 618.1378, found 618.1374.
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ethyl-(4R,5R)-1'-benzyl-5'-chloro-2"-oxo-1-phenyl-3-propyl-4-(trifluoromethyl)-1,4-
dihydrospiro[furo[2,3-c[pyrazole-5,3"-indoline]-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp157-159 °C, 95.0 mg, 78% yield, 95% ee, >20:1 dr. HPLC (IB-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tg = 12.5 min (major),
15.2 min (minor). [a]*°p= -11 (¢ = 0.51 in CH2Cl,). 'H NMR (500 MHz, CDCl3) &
7.69 —7.63 (m, 3H), 7.42 — 7.30 (m, 8H), 7.21 (t, /= 7.4 Hz, 1H), 6.68 (d, J = 8.5 Hz,
1H), 5.02 (d, J = 15.8 Hz, 1H), 4.73 (d, J = 15.8 Hz, 1H), 4.28 (t, J = 7.2 Hz, 2H),
2.85-2.65 (m, 2H), 1.87 (q, J = 7.6 Hz, 2H), 1.31 (t, J= 7.1 Hz, 3H), 1.08 (t, J=17.3
Hz, 3H); *C NMR (126 MHz, CDCls) & 171.7, 166.1, 158.8, 149.0, 143.1, 137.9,
134.5, 132.4, 129.4(x2), 129.2(x2), 128.9, 128.7, 128.2, 127.5(x2), 126.0, 123.9(J
=286 Hz), 123.2, 118.7(x2), 111.3, 100.1, 98.3, 77.5, 63.7, 44.6, 30.1, 21.8, 14.4, 14.0
ppm. HRMS (ESI+) calcd for [C32H27CIF3N304 + Na]" m/z 632.1534, found 632.1529.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-3-cyclopropyl-2'-oxo-1-phenyl-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline]-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp164-166 °C, 99.5 mg, 82% yield, 92% ee, >20:1 dr.
HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tr =
12.9 min (major), 15.3 min (minor). [a]*’p= -43 (¢ = 0.54 in CH,Cl,). '"H NMR (500
MHz, CDCl3) 6 7.69 (s, 1H), 7.64 — 7.61 (m, 2H), 7.42 — 7.31 (m, 8H), 7.22 — 7.16 (m,
1H), 6.69 (d, J = 8.5 Hz, 1H), 5.03 (d, J = 15.9 Hz, 1H), 4.74 (d, J = 15.9 Hz, 1H),
4.35-4.26 (m, 2H), 2.14 - 2.05 (m, 1H), 1.32 (t, J="7.1 Hz, 3H), 1.24 - 1.17 (m, 1H),
1.11 — 1.05 (m, 1H), 0.98 — 0.90 (m, 2H); *C NMR (126 MHz, CDCIl;) & 171.6,
166.1, 158.5, 149.7, 143.0, 137.7, 134.3, 132.2, 129.1 (x2), 129.0 (x2), 128.8, 128.6,
128.0, 127.4 (x2), 125.7, 123.8 (J = 286 Hz), 123.0, 118.4 (x2), 111.2, 100.6, 98.1,
77.2, 63.5, 44.4, 13.8, 8.5, 8.0, 7.7 ppm. HRMS (ESI+) calcd for [C32H25sCIF3N304 +
Na]" m/z 630.1378, found 630.1378.
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ethyl-(4R,5R)-1'-benzyl-5'-chloro-1-(4-fluorophenyl)-3-methyl-2'-oxo0-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp174-176 °C, 110.2 mg, 92% yield, 91% ee, >20:1 dr.
HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tg =
17.9 min (major), 24.3 min (minor). [a]*’p= -50 (¢ = 0.53 in CH,Cl,). '"H NMR (500
MHz, CDCl) 6 7.68 (d, J = 2.0 Hz, 1H), 7.63 — 7.58 (m, 2H), 7.40 — 7.29 (m, 6H),
7.13-7.04 (m, 2H), 6.69 (d, J = 8.5 Hz, 1H), 5.03 (d, J = 15.8 Hz, 1H), 4.73 (d, J =
15.9 Hz, 1H), 4.37 — 4.21 (m, 2H), 2.41 (s, 3H), 1.32 (t, J/ = 7.1 Hz, 3H); 3C NMR
(126 MHz, CDCI3) 8 171.5, 165.9, 160.6 (d, 'Jc.r=245.6 Hz), 158.6, 145.1, 143.0,
134.2, 133.8 (d, “Jcr= 2.6 Hz), 132.3, 129.0 (x2), 128.8, 128.6, 128.1, 127.3 (x2),
123.8 (J = 286 Hz), 122.6, 120.3 (d, *Jcr= 8.2 Hz) (x2), 116.0 (d, 2Jc.r= 22.7 Hz)
(x2), 111.2, 100.4, 98.2, 77.2, 63.7, 44.4, 13.8, 13.6 ppm. HRMS (ESI+) calcd for
[C30H22CIF4N304 + Na]" m/z 622.1127, found 622.1123.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-1-(4-chlorophenyl)-3-methyl-2'-0xo0-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp154-156 °C, 102.1 mg, 83% yield, 88% ee, >20:1 dr.
HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 268 nm) tr =
13.6 min (major), 18.6 min (minor). [a]*’p= -45 (¢ = 0.51 in CH,Cl,). '"H NMR (500
MHz, CDCl3) 6 7.68 (d, J= 2.0 Hz, 1H), 7.60 (d, J = 8.6 Hz, 2H), 7.40 — 7.30 (m, 8H),
6.70 (d, J= 8.4 Hz, 1H), 5.02 (d, J = 15.8 Hz, 1H), 4.73 (d, J = 15.9 Hz, 1H), 4.34 —
4.23 (m, 2H), 2.42 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) &
171.5, 165.8, 158.7, 145.4, 143.0, 136.0, 134.2, 132.4, 131.3, 129.3 (x2), 129.0 (x2),
128.9, 128.6, 128.1, 127.3 (x2), 123.7 (J = 286 Hz), 122.6, 119.6 (x2), 111.3, 100.7,
98.3, 77.2, 63.7, 44.4, 13.8, 13.6 ppm. HRMS (ESI+) calcd for [C30H22CLF3N304 +
Na]" m/z 638.0832, found 638.0827.
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ethyl-(4R,5R)-1'-benzyl-5'-chloro-1-(3-chlorophenyl)-3-methyl-2'-0xo0-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp163-165 °C, 92.3 mg, 75% yield, 89% ee, >20:1 dr.
HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tg =
15.6 min (major), 19.3 min (minor). [a]*’p=-16 (¢ = 0.58 in CH,Cl,). 'H NMR (500
MHz, CDCl3) 6 7.69 (d, J= 7.9 Hz, 2H), 7.57 (s, 1H), 7.41 — 7.31 (m, 7H), 7.19 (d, J
=7.5 Hz, 1H), 6.70 (d, J = 8.5 Hz, 1H), 5.04 (d, J = 15.9 Hz, 1H), 4.74 (d, J = 15.8
Hz, 1H), 4.34 — 4.07 (m, 2H), 2.43 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); 13C NMR (126
MHz, CDCls) & 171.7, 166.0, 159.1, 145.8, 143.2, 138.7, 135.3, 134.4, 132.6, 130.5,
129.2(x2), 129.1, 128.9, 128.3, 127.5(x2), 126.1, 123.9(J =286 Hz), 122.8, 118.7,
116.5, 111.5, 101.0, 98.6, 77.5, 63.9, 44.7, 14.0, 13.8 ppm. HRMS (ESI+) calcd for
[C30H22C12F3N304 + Na]* m/z 638.0832, found 638.0832.

ethyl-(4R,5R)-1'-benzyl-1-(3-bromophenyl)-5'-chloro-3-methyl-2'-0xo0-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp177-179°C, 104.1 mg, 79% yield, 91% ee, >20:1 dr.
HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tr =
13.8 min (major), 17.6 min (minor). [a]*’p= -41 (¢ = 0.54 in CH,Cl,). '"H NMR (500
MHz, CDCl3) 6 7.88 — 7.82 (m, 1H), 7.72 — 7.66 (m, 1H), 7.63 — 7.58 (m, 1H), 7.42 —
7.30 (m, 7H), 7.25 (t, J = 8.1 Hz, 1H), 6.70 (d, J = 8.5 Hz, 1H), 5.04 (d, J = 15.8 Hz,
1H), 4.74 (d, J=15.9 Hz, 1H), 4.37 — 4.21 (m, 2H), 2.42 (s, 3H), 1.32 (t, /= 7.1 Hz,
3H); 13C NMR (126 MHz, CDCl3) & 171.5, 165.8, 158.8, 145.6, 143.0, 138.6, 134.2,
132.4, 130.5, 129.0 (x2), 128.9, 128.9, 128.6, 128.1, 127.3 (x2), 123.9 (J = 273 Hz),
122.9, 122.5, 121.3, 116.8, 111.3, 100.8, 98.4, 77.2, 63.7, 44.4, 13.8, 13.6 ppm.
HRMS (ESI+) calcd for [C30H22BrCIF3N3O4 + Na]™ m/z 682.0327, found 682.0325.
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ethyl-(4R,5R)-1'-benzyl-5'-chloro-3-methyl-2'-oxo-4-(trifluoromethyl)-1-(4-
(trifluoromethyl)phenyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline/-4-
carboxylate, purified by flash chromatography on silica gel, eluting with petroleum
ether/ethyl acetate 15/1 (v/v); white solid, mp147-149 °C, 92.2 mg, 71% yield, 90%
ee, >20:1 dr. HPLC (IB-H, i-PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254
nm) tg = 14.6 min (major), 19.7 min (minor). [a]*’pb= -34 (¢ = 0.50 in CH,CL,). 'H
NMR (500 MHz, CDCl3) & 7.79 (d, J = 8.4 Hz, 2H), 7.71 — 7.60 (m, 3H), 7.41 — 7.30
(m, 6H), 6.71 (d, /= 8.5 Hz, 1H), 5.02 (d, J = 15.8 Hz, 1H), 4.75 (d, /= 15.9 Hz, 1H),
439 — 4.23 (m, 2H), 2.44 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H); ¥C NMR (126 MHz,
CDCl3) 6 171.6, 166.0, 159.4, 146.3, 143.2, 140.4, 134.4, 132.7, 129.2(x2), 129.1,
128.8(q, 3Jcrs=5.0 Hz), 128.3, 127.9(q, 2Jcr3=32.8 Hz), 127.66(x2), 127.4, 126.7(q,
3Jers=3.8 Hz), 124.1(q, 'Jcrs=273 Hz), 123.9(J =286 Hz), 122.7, 118.3(x2), 111.5,
101.4, 98.7, 77.5, 64.0, 44.7, 14.0, 13.8 ppm. HRMS (ESI+) calcd for
[C31H2CIFsN304 + Na]" m/z 672.1095, found 672.1099.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-3-methyl-2'-oxo-1-(p-tolyl)-4-(trifluoromethyl)-

1,4-dihydrospiro[furof2,3-c[pyrazole-5,3'-indoline[-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp150-152°C, 77.4 mg, 65% yield, 94% ee, >20:1 dr. HPLC (IB-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 280 nm) tg = 14.1 min (major),
17.6 min (minor). [a]*°b= -22 (¢ = 0.53 in CH,Cl,). '"H NMR (500 MHz, CDCls) &
7.67 (d, J=2.0 Hz, 1H), 7.52 (d, J = 8.2 Hz, 2H), 7.41 — 7.30 (m, 6H), 7.18 (d, J =
7.9 Hz, 2H), 6.68 (d, J = 8.5Hz, 1H), 5.01 (d, J = 15.9 Hz, 1H), 4.73 (d, J = 15.8 Hz,
1H), 437 -4.21 (dd, J= 7.1, 5.1 Hz, 2H), 2.42 (s, 3H), 2.35 (s, 3H), 1.32 (t, J= 7.1
Hz, 3H); 13C NMR (126 MHz, CDCl3) & 171.8, 166.3, 158.9, 144.9, 143.2, 135.9,
135.4, 134.5, 132.4, 129.9(x2), 129.2(x2), 129.0, 128.7, 128.2, 127.5(x2), 124.0(J
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=286 Hz), 123.0, 118.7(x2), 111.4, 100.3, 98.3, 77.5, 63.8, 44.6, 21.1, 14.0, 13.8 ppm.
HRMS (ESI+) calcd for [C31H2sCIF3N304 + Na]" m/z 618.1378, found 618.1373.

ethyl-(4R,5R)-1-(benzo/d]thiazol-2-yl)-1'-benzyl-5'-chloro-3-methyl-2'-0xo0-4-
(trifluoromethyl)-1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate,
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 15/1 (v/v); white solid, mp149-151°C, 85.5 mg, 67% yield, 98% ee, >20:1 dr.
HPLC (AD-H, i-PrOH/n-hexane = 7/93, flow rate = 1.0 mL/min, 1 = 254 nm) tg =
12.4 min (major), 17.3 min (minor). [a]*’p=-36 (¢ = 0.51 in CH,Cl,). '"H NMR (500
MHz, CDCl3) 8 7.94 — 7.89 (m, 1H), 7.87 — 7.80 (m, 1H), 7.75 — 7.69 (m, 1H), 7.46 —
7.29 (m, 8H), 6.68 (d, J= 8.5 Hz, 1H), 5.09 (d, J=15.9 Hz, 1H), 4.65 (d, /= 15.9 Hz,
1H), 4.40 — 4.23 (m, 2H), 2.45 (s, 3H), 1.32 (t, J= 7.1 Hz, 3H); '3C NMR (126 MHz,
CDCl3) 6 1714, 165.7, 159.8, 158.0, 151.4, 148.3, 143.4, 134.4, 132.8, 132.7,
129.1(x2), 129.1, 128.2, 127.6(x2), 127.5, 126.6, 125.1, 123.8(J =286 Hz), 123.0,
122.5, 121.6, 111.4, 102.6, 99.0, 77.5, 64.0, 44.8, 14.0, 13.9 ppm. HRMS (ESI+)
calcd for [C31H22CI1F3N4O4S + Na]* m/z 661.0895, found 661.0887.

ethyl-(4R,5R)-1'-benzyl-5'-chloro-1-isopropyl-3-methyl-2'-oxo-4-(trifluoromethyl)-
1,4-dihydrospiro[furo[2,3-c[pyrazole-5,3'-indoline[-4-carboxylate, purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 15/1 (v/v);
white solid, mp153-155°C, 79.9 mg, 73% yield, 99% ee, >20:1 dr. HPLC (IB-H, i-
PrOH/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 = 254 nm) tg = 15.8 min (major),
19.4 min (minor). [a]*’b= -19 (¢ = 0.52 in CH>Cl,). 'TH NMR (500 MHz, CDCls) §
7.64 (s, 1H), 7.39 — 7.34 (m, 4H), 7.33 — 7.29 (m, 2H), 6.66 (d, J = 8.5 Hz, 1H), 4.98
(d, J=15.9 Hz, 1H), 4.75 (d, J = 16.0 Hz, 1H), 4.37 — 4.29 (m, 1H), 4.25 (q, J= 7.1
Hz, 2H), 2.34 (s, 3H), 1.46 (dd, J = 6.8, 1.9 Hz, 6H), 1.30 (t, J = 7.2 Hz, 3H); 13C
NMR (126 MHz, CDCl;) ¢ 171.8, 166.2, 158.8, 143.1, 143.0, 134.4, 132.0, 128.9
(x2), 128.6, 128.5, 128.0, 127.3 (x2), 123.8 (J = 286 Hz), 122.9, 111.1, 98.2, 97.4,
77.2, 63.4, 51.6, 44.3, 21.9, 21.6, 13.8, 13.4 ppm. HRMS (ESI+) calcd for
[C27H25C1F3N304 + Na]" m/z 570.1378, found 570.1379.
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3. Scale-up experiment

EtO,C

/ CFs Ph 1) catalyst 3b(10 mol%)
cl N-N 2) 12 (20 mol%), H,0; (2.0 equiv.) ¢

o + /|\):O
N DCM, r.t.
Bn
1a 2a
4mmol, 1.64 g 2 mmol
(Z2)-ethyl 2-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-3,3,3-

trifluoropropanoate 1a (4 mmol) and pyrazolone 2a (2 mmol) were stirred in CH2Cl>
(20 mL) in the presence of catalyst 3b (0.02 mmol) at room temperature for 36 h, then
I> (0.4 mmol) and 30% H>O> aqueous solution (4 mmol) were added, and the mixture
was stirred for 2 h at room temperature. The reaction was monitored by TLC. After
completion, the mixture was dried and concentrated. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate =10:1) to give the product 4a in 75%
yield (0.87 g, > 20:1 dr and 95% ee).
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4.

ESI-MS spectrum
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Figure S1 ESI-MS spectrum (positive mode) of the reaction
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5.'H, 3C NMR spectra and HPLC chromatograms of compounds 4a-4x

TH NMR spectrum of 4a (CDCl3,500 MHz)

T —— e ’ —_—
CTCTEDTTS SO EEYT Y Y albs e Bl Sor - NN T nnn
by Rt b R s a B e T LEEEE] =
il ) WO N i R
ey o Tr Y s 4
¥R = S8 3 . g
- - = o ~ - -
113 Mo WS WMo 38 t 1] as ae ra ro s BQ LE) 5.0 4.5 40 as ie r L 28 13 e os oo 03
nnm
13
C NMR spectrum of 4a (CDCls, 125 MHz)
0 VWEOONTINONNO - NNRADTON®D O © ~ N < ©o
AR >
1
I
y | ‘ | |
‘I‘ ' }
[ |
I 1
I
[—— H | ”} '“w ") L i
190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
ppm



HPLC chromatograms of 4a
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'H NMR spectrum of 4b (CDCl3, 500 MHz)

LeL
mm.fv

veL

ev'e —

8y
62t
oey
Ly
RN
Srv
106~
7057

199
899 W.
699
869

90°L

802
0z,
2L
zeL
€zL
€z'L
eeL
zeL
seL
seL
ve'L
oL
8L
8L
8L
6L
WL
SvL
ov'L
ov'L
L
L
1L
59L
S9L
992
197

19°L

L0¢

Feo'L
00'}

=o'l

m\cc. 3

Jior

10°L
MM—.”@
}.vc 13

0'C

11.0 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
ppm

11.5

13C NMR spectrum of 4b (CDCl3, 125 MHz)

w.mrv

g€l

vy —

9'€9 —

T T T T T T T T T
180 170 160 150 140 130 120 110 100
ppm

T
190

0o

S21



HPLC chromatograms of 4b

4b-rac
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'"H NMR spectrum of 4¢ (CDCl3, 500 MHz)
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HPLC chromatograms of 4c

4c-rac
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'H NMR spectrum of 4d (CDCl3, 500 MHz)
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HPLC chromatograms of 4d
4d-rac
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'"H NMR spectrum of 4e (CDCl3, 500 MHz)
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HPLC chromatograms of 4e

4e-rac
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'TH NMR spectrum of 4f (CDCl3, 500 MHz)
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HPLC chromatograms of 4f

4f-rac
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'"H NMR spectrum of 4g (CDCls, 500 MHz)
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HPLC chromatograms of 4g

4g-rac

# HiE i iR [ = M EEET @D o 2
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'H NMR spectrum of 4h (CDCl3, 500 MHz)
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HPLC chromatograms of 4h

4h-rac

7007
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'H NMR spectrum of 4i (CDCl3, 500 MHz)
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HPLC chromatograms of 4i

4i-rac
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'TH NMR spectrum of 4j (CDCl3,500 MHz)
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HPLC chromatograms of 4j

4j-rac
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'H NMR spectrum of 4k (CDCl3, 500 MHz)
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HPLC chromatograms of 4k

4k-rac
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'H NMR spectrum of 41 (CDCl3, 500 MHz)
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HPLC chromatograms of 41

4l-rac

0a
nas
0
n7s
a7
055
0g
0.55
0.5
.45
0.4
035

e

ol
0.24=
D g

maL

015
REE
0053z
= v £
-0.0s5 RT [min]
a 10 15 20 25 30 35 40 45 50 55 3 65 70 75
Start time[min] Time[min] End time[min] Area%
17.585 18.673 20.675 50.675
32.825 34.214 37.194 49.325
4]-chr
mal
026
024
022
0.2
01s
016
014
012
BE
u.oH
0.0 5
o.04 =
0.0z %

i ?__‘!' E—é
0oz RT [min]
] g 10 12 16 18 20 22 24 % 2 30 32 36
Start time[min] Time[min] End time[min] Area%

17.151 17.892 18.781 3.400
31.829 33.118 36.195 96.600

S42




'H NMR spectrum of 4m (CDCIl3, 500 MHz)
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HPLC chromatograms of 4m

4m-rac
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"H NMR spectrum of 4n (CDCl3, 500 MHz)
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HPLC chromatograms of 4n

4n-rac
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'"H NMR spectrum of 40 (CDCls, 500 MHz)
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HPLC chromatograms of 40

4o0-rac
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'H NMR spectrum of 4p (CDCl3, 500 MHz)
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HPLC chromatograms of 4p

4p-rac
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'H NMR spectrum of 4q (CDCl3, 500 MHz)
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HPLC chromatograms of 4q

4q-rac

ngt mad

075
0.7
083
06
055
05
045
04
035

= E
ST
TH ll:l.l:ll:lr

045
LRELE
.05 E
o
.05 : ~ RT [min]
0 =] 5] 10 12 14 16 18 20 22 24 26 28
Start time[min] Time[min] End time[min] Area%
17.324 18.319 19.933 50.131
23.887 24.905 26.903 49.869
4q-chr
malLl
2
1
0 r RT [min]
0 B 5 10 12 14 18 18 20 22 24 26
Start time[min] Time[min] End time[min] Area%
17.031 17.852 19.751 95.337
23.552 24.252 25.341 4.663

SS52




'"H NMR spectrum of 4r (CDCl3, 500 MHz)
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HPLC chromatograms of 4r

4r-rac
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'TH NMR spectrum of 4s (CDCl3, 500 MHz)
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HPLC chromatograms of 4s

4s-rac

11 mau

f=1
=TH 10001
TErwng] ol

RT [min]
i 1 4 5 B R R
Start time[min] Time[min] End time[min] Area%
8.266 9.146 9.899 49.042
10.074 11.026 12.335 50.958
4s-chr
08T Al
0.55
05
0.45
0.4
0.35
03
0.25
of
B
EER
0.05 %
of MR i
RT [min]
1] 5} g 10 12 14 16 18 20 22 24
Start time[min] Time[min] End time[min] Area%
14.626 15.599 17.344 94.342
18.416 19.279 20.276 5.658

S56



'H NMR spectrum of 4t (CDCl3, 500 MHz)
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HPLC chromatograms of 4t

4t-rac
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'H NMR spectrum of 4u (CDCl3, 500 MHz)
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HPLC chromatograms of 4u

4u-rac
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'"H NMR spectrum of 4v (CDCls, 500 MHz)
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C NMR spectrum of 4v (CDCls, 125 MHz)
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HPLC chromatograms of 4v

4v-rac
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1

H NMR spectrum of 4w (CDCl3, 500 MHz)
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HPLC chromatograms of 4w

4w-rac
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'"H NMR spectrum of 4x (CDCls, 500 MHz)
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HPLC chromatograms of 4x

4x-rac

00451 maLl
0.04
0035
0.0z

0025

o
(=] =
= =1
g ]
TH 10.00

o
SBFW 0.20

RT [min]

5} g 10

18 20 22

24 26

28

30

Start time[min]

Time[min]

End time[min]

Area%

14.579
16.980

15.492
18.065

16.851
20.882

50.496

49.504

4x-chr

0454+ mal
014
013
012
011
0.1
0.09
008
o007
oo

00§=
0.0
003

10.00

0.02
o0

P 0.20

-0.01

RT [min]

19 20 21

22

23 24

Start time[min]

Time[min]

End time[min]

Area%

14.909
17.700

15.799
18.359

17.326
19.402

99.705
0.295

S66




6. X-ray crystal structure of the compound 4c¢

Suitable crystals of enantiopure 4¢ for X-ray analysis were obtained from crystallization in

CH>Cl,.

BT Y

~ (51220

[N PLATON-Dec 10 12:10:50 2020

164 110 P21 2121 R=003

RES= 0-163 X

The thermal ellipsoids are shown at 50% probability level

Table S1. Crystal data and structure refinement parameters of the compound 4c¢

Parameter Value
Formula weight 581.96
Temperature 193(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group P212121
a=9.5219(5) A a=90°
Unit cell dimensions b=11.5329(6)A B=90°
c=24.5713(14) A v=90°
Volume 2698.3(3) A3
Z 4
Density (calculated) 1.433 Mg/m?
Absorption coefficient 0.205 mm!
Fooo 1200

Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°

Refinement method

0.120 x 0.110 x 0.080 mm’
1.951° to 27.502°
A1<h<12
-14<k<14
28<1<31
25178
6159 [R(int) = 0.0476]
99.2 %

Full-matrix least-squares on F2
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Data / restraints / parameters 6159/6/383

Goodness-of-fit on F2 1.030
Final R indices [I>2sigma(I)] R; = 0.0348, @R, = 0.0824
R indices (all data) Ri = 0.0400, wR> = 0.0863
Absolute structure parameter 0.07(3)
Extinction coefficient n/a
Largest diff. peak and hole 0.196 and -0.239 e.A
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