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1. General information

All commercially available reagents and solvents were used without further purification unless
noted otherwise. The 3-fluorooxindoles were prepared via a three-step literature procedure.!™
The coumarins were prepared by a two-step procedure as described previously.® Catalysts were
either commercially available or prepared according to literature procedures.”!! Solvents were
stored over 4A molecular sieves prior to use. Reaction products were purified by column
chromatography on silica gel (particle size 32-63 um) as described below. NMR spectra were
obtained at 400 MHz (H NMR), 100 MHz (**C NMR), and 376 MHz (*°F NMR) in CD3CN or
CDClI;. Chemical shifts are reported in ppm relative to the deuterated solvent signal. All Michael
addition reaction products were prepared in racemic form to develop a chiral HPLC method. The
isolated asymmetric reaction products were then analyzed accordingly. HR-MS data were
obtained using electron spray ionization time-of-flight (ESI-TOF) spectrometry. Single crystals
were mounted under mineral oil on a Mitegen micromount. Data were collected on either a
Bruker Apex Duo equipped with an APEXII CCD detector and Cu microfocus sealed source or
Bruker D8 Quest equipped with a Photon 3 CMOS detector and Mo microfocus sealed source.
Data were integrated with the Bruker SAINT program. Structure solution and refinement were
performed using the SHELXTL/PC suitel and ShelXle. Intensities were corrected for Lorentz
and polarization effects and an empirical absorption correction was applied using Blessing’s
method as incorporated into the program SADABS. Non-hydrogen atoms were refined with

anisotropic thermal parameters. Hydrogen atoms were included in idealized positions.
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2. Optimization studies

All optimization reactions were conducted at 0.09 mmol scale with 10 mol% of the catalyst,
temperatures varying between -40 and 25 °C, 1-5 equivalents of base and solvents typically used
in organocatalysis.
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Figure S1. Catalysts used during optimization.
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Table S1. Screening of catalysts.

F cl Cat. (10 mol%)
@E/LO . ©\)INO2 K2CO3 (3 eq)
N Solvent, 25 °C
PG 0”70
Entry PG | Time (h) Solvent Cat. Conversion dr ee

1 Me 24 CH,Cl, SQ-1 83% 20:1 80
2 Me 24 CH,Cl, SQ-2 39% 20:1 83
3 Ph 48 Toluene/Ether (15:1) SQ-3 70% 18:1 80
4 Ph 24 Toluene SQ-4 99% 20:1 67
5 Ph 24 Toluene SQ-5 87% 20:1 80
6 Ph 24 Toluene SQ-6 30% 20:1 52
7 Ph 48 Toluene/Ether (15:1) SQ-7 95% 20:1 0
8 Me 24 Toluene TU-1 3% 20:1 n.d.
9 Me 24 Toluene TU-2 0% n.d. n.d.
10 Me 24 Toluene Urea-1 99% 20:1 79
11 Ph 48 Toluene/Ether (15:1) Urea-2 73% 13:1 68
12 Ph 48 Toluene/Ether (15:1) Urea-3 99% 13:1 22
13 Ph 48 Toluene/Ether (15:1) Urea-4 60% 20:1 40
14 Me 24 Toluene Urea-1, TBAB 48% 20:1 75
15 Me 24 Toluene PTC-1, Urea-1 75% 20:1 70
16 Me 24 Toluene PTC-2, Urea-1 31% 20:1 63
17 Me 24 Toluene PTC-1 17% 20:1 0
18 Me 24 Toluene TU-1 3% 20:1 n.d.
19 Me 24 CH,Cl, SQ-1 83% 20:1 80
20 Me 24 CH,Cl, SQ-2 39% 20:1 83
21 Me 24 CH,Cl, Urea-1 83% 20:1 70

Reaction conditions: N-Methyl-3-fluoro-2-oxindole (0.09 mmol), 4-chloro-3-nitrocoumarin (0.1
mmol), potassium carbonate (3 eq) and 10 mol% of the catalyst were dissolved in 0.8 mL of the
indicated solvent. Conversion determined by "H NMR spectroscopy. dr determined by ’F NMR
spectroscopy. ee determined by chiral HPLC. TBAB = tetrabutylammonium bromide. n.d. = not
determined. PG = protecting group.
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Table S2. Screening of solvents.

F cl Cat. (10 mol%)

K,CO3 (3 e
N Solvent
(0]

PG 0
Entry PG Temp. (°C) | Time (h) Solvent Conversion dr ee
1 Me 25 24 Toluene® 40% 20:1 71
2 Me 25 24 Toluene® Urea-1 99% 20:1 77
3 Me 25 24 Xylenes Urea-1 39% 20:1 80
4 Me 25 12 Mesitylene SQ-2 42% 20:1 60
5 Me 0 24 Toluene/Ether (15:1) Urea-1 25% 20:1 n.d.
6 Me 14 24 Toluene/Ether (15:1) Urea-1 74% 20:1 79
7 Me 0 36 Toluene/Ether (15:1) Urea-1 33% 20:1 73
8 Ph 25 24 CH,CL* SQ-2 58% 20:1 75
9 Ph 25 24 Toluene/Ether (15:1) Urea-1 70% 20:1 73
10 Ph 25 72 Toluene/Ether (1:1)¢ Urea-1 95% 20:1 84
11¢° Ph 25 24 Toluene/Ether (15:1) Urea-1 68% 20:1 79
12f Ph 25 24 Toluene/Ether (15:1) Urea-1 30% 20:1 75
138 Ph 25 18 Toluene Urea-1 99% 20:1 70
14h Ph 25 24 Toluene Urea-1 75% 20:1 65
15 Ph 25 24 Toluene/Ether (15:1) Urea-1 99% 20:1 77
16 Ph -40 72 Toluene/Ether (15:1) Urea-1 22% 20:1 79
17 Ph 25 48 Toluene/Ether (15:1) Urea-1 72% 15:1 77
18 Me 0 24 Toluene/Ether (15:1) Urea-1 38% 20:1 77
19 Me 25 24 Toluene/Ether (7:1) Urea-1 77% 20:1 77
20 Me 25 24 Toluene/Ether (31:1) Urea-1 56% 20:1 79
21 Me 25 48 Toluene/Pentane (1:1) Urea-1 99% 20: 1 96
22 Me 25 48 Toluene/Pentane (1:1)¢ Urea-1 99% 20: 1 94
23 Me 25 24 Toluene Urea-1 99% 20: 1 79
24 Me 25 24 Mesitylene Urea-1 45% 20:1 81
25 Me 25 24 Chlorobenzene Urea-1 79% 20: 1 77
26 Me -40 48 Xylene Urea-1 73% 20:1 80
27 Me 25 24 Trifluorotoluene Urea-1 37% 20: 1 72
28 Me 25 24 Toluene/Ether (15:1) Urea-1 99% 20: 1 71
29 Me -40 72 Toluene/Ether (15:1) Urea-1 50% 20: 1 75
30 Me 25 24 Toluene/Pentane (19:1) Urea-1 82% 30:1 97
31 Me 25 48 Toluene/Pentane (19:1) Urea-1 99% 30:1 97
32 Me -40 48 CHxCl SQ-2 38% 20:1 60

Reaction conditions: N-Methyl-3-fluoro-2-oxindole (0.09 mmol), 4-chloro-3-nitrocoumarin (0.1
mmol), potassium carbonate (3 eq) and 10 mol% of the catalyst were dissolved in 0.8 mL of the
indicated solvent unless stated otherwise. 1.6 mL toluene used. °0.4 mL toluene used. 0.5 mL
CH2Cl, used. %0.6 mL solvent used. 2.0 eq potassium carbonate used. {1.2 eq potassium
carbonate used. 1.0 eq potassium carbonate used. 3.0 eq cesium carbonate used. Conversion
determined by 'H NMR spectroscopy. dr determined by 'F NMR spectroscopy. ee determined
by chiral HPLC. Entries 7,14: molecular sieves added. n.d. = not determined. PG = protecting

group.
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3. Synthesis procedures and compound characterization
3.1. Synthesis of coumarins

A previously unreported coumarin (4-chloro-7-fluoro-3-nitrocoumarin) was prepared as

described below. All other coumarins were synthesized following literature procedures.®

OH HNO; (2 eq) OH Cl
Acetic Acid (10 e POCI; (1.2
N (10eq) N0z 3(1.2eq) o NO2
70°C, 1 h DMF, 0 °C
F o0~ o F o~ o F 0o~ o

In a 3-neck flask, nitric acid (0.28 mL, 4.4 mmol) and glacial acetic acid (1.2 mL, 22.2 mmol)

were combined and allowed to stir at room temperature for 10 minutes. 7-Fluoro-4-
hydroxycoumarin (400.0 mg, 2.2 mmol) was then added and the resulting mixture was stirred for
1 hour. Upon completion of the reaction, the mixture was poured onto ice water and 7-fluoro-4-
hydroxy-3-nitrocoumarin (425.0 mg, 1.9 mmol) was isolated in 85% yield as a yellow solid via
vacuum filtration. This material was applied in the next step without further purification.
Phosphorous oxychloride (0.21 mL, 2.3 mmol) was added dropwise to dimethylformamide (2.0
mL) at 0 °C under inert atmosphere and the mixture was allowed to stir for 10 minutes. 7-Fluoro-
4-hydroxy-3-nitrocoumarin (425.0 mg, 1.9 mmol) was then added and the reaction was stirred at
room temperature for 6 hours. Upon completion, the resulting mixture was poured onto ice water
and 7-fluoro-4-chloro-3-nitrocoumarin (350 mg, 1.4 mmol) was isolated as an orange solid via

vacuum filtration in 71% yield.
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'"H NMR (400 MHz, CDsCN) & 8.11 (dd, J = 8.8, 5.8 Hz, 1H), 7.47-7.29 (m, 2H). *C{'H} NMR
(100 MHz, CD3CN) § 166.53 (d, J=257.1 Hz), 161.65, 153.07 (d, J = 14.0 Hz), 152.45, 141.90,
129.78 (d, J=11.1 Hz), 114.50 (d, J = 23.5 Hz), 113.31 (d, J= 2.7 Hz), 104.87 (d, J = 27.0 Hz).
F NMR (376 MHz, CD3CN) § -101.48 (m). HR-MS (ESI-TOF) m/z: [M+H]" calcd for

CoH3CIFNO4 243.9807, found 243.9809.
3.2. Synthesis of fluorooxindoles

Two previously unreported fluorooxindoles (N-methyl-6-fluoro-3-fluorooxindole, N-methyl-5-
cyano-3-fluorooxindole) were prepared as described below. All other fluorooxindoles were

synthesized following literature procedures. '™

+/\CI

CF3CO,Et (3 eq) Q CF, F
m NaOEt (1 eq) (1 2 _ (12eq) _ £ EtN(5eq)
P (@)
F N TR O ACN, 25 °c O DCM:H,0 N
\ N F \

o°c-25°c F 10:1 (vav)
25°C

An oven-dried 3-neck flask was flushed with nitrogen before adding N-methyl-6-fluoro-2-
oxindole (450.0 mg, 2.7 mmol) and sodium ethoxide (185.4 mg, 2.7 mmol) in dry
tetrahydrofuran (3.0 mL) at room temperature. The resulting mixture was allowed to stir for 30
minutes before trifluoroethyl acetate (0.98 mL, 8.2 mmol) was added dropwise at 0 °C. The
mixture was then allowed to stir at 25 °C for 18 hours before quenching with 1M HCI and

extracting with ethyl acetate and water. The combined organic layers were dried over sodium
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sulfate, filtered and concentrated under vacuum to isolate the crude trifluoroacetyl compound.
This material was used without further purification. It was dissolved in dry acetonitrile (4.0 mL)
under nitrogen atmosphere and Selectfluor (867.5 mg, 2.4 mmol) was added at 25 °C. After 18
hours, the mixture was extracted with ethyl acetate and brine. The combined organic layers were
dried over sodium sulfate and the crude fluorinated compound (3,6-difluoro-N-methyl-3-(2,2,2-
trifluoro-1,1-dihydroxyethyl)-2-oxindole) was isolated and dissolved in dichloromethane:water
(5.0 mL: 0.5 mL). Triethylamine (1.14 mL, 8.17 mmol) was added and the resulting mixture was
allowed to stir at room temperature for 3 hours after which it was extracted with
dichloromethane and water. The combined organic layers were dried over sodium sulfate and the

residue was purified by column chromatography using 2% ethyl acetate/hexane as the mobile

phase.
F
joRs
N
F \

N-Methyl-3,6-difluoro-2-oxindole was obtained as a white solid (250.0 mg, 1.4 mmol) in 50%
yield over all steps from N-methyl-6-fluoro-2-oxindole (450.0 mg, 2.7 mmol) following the
procedure described above. 'H NMR (400 MHz, CDCls) § 7.37 (m, 1H), 6.71 (m, 1H), 6.54 (d, J
=8.7, 1H), 5.58 (d, J=51.3 Hz, 1H), 3.13 (s, 3H). *C{'H} NMR (100 MHz, CDCl3) § 171.37,
171.19, 164.94 (d, J=249.9 Hz), 127.61 (d, /= 10.8 Hz), 118.18 (d, J=17.1 Hz), 109.44 (dd, J
=22.5,3.0 Hz), 97.82 (dd, J=27.8, 1.6 Hz), 84.77 (d, J = 188.7 Hz), 26.34. ’F NMR (376
MHz, CDCl3) § -106.68 (m), -191.58 (dd, J = 52.4, 5.5 Hz). HR-MS (ESI-TOF) m/z: [M+H]"

caled for CoH7F2NO 184.0568, found 184.0569.
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0] OH

F
C4H oF3NS
Ne NaBH (1eq) NC (12eq) NC
0] O ——— (0]
N CH2C|2:MGOH N CH20|2 N
\ 2:1 (v:v) \ 0°C - 25°C \
10 min 18 h

N-Methyl-5-cyanoisatin (215.0 mg, 1.1 mmol) was added to a solution of sodium borohydride
(41.6 mg, 1.1 mmol) in dichloromethane:methanol (4.0 mL : 2.0 mL) at 0 °C. The resulting
mixture was stirred for 10 minutes and extracted with dichloromethane and water. The combined
organic layers were dried over sodium sulfate, filtered and concentrated under vacuum to give
crude N-methyl-5-cyano-3-hydroxy-2-oxindole (206.5 mg, 1.1 mmol). To this material was
added diethylaminosulfur trifluoride (0.17 mL, 1.3 mmol) in dry acetonitrile (2.0 mL) at 0 °C
under nitrogen atmosphere. The resulting mixture was left to warm to room temperature
overnight. After 18 hours, the reaction was extracted with dichloromethane and water. The
combined organic layers were dried over sodium sulfate and the residue was purified by column

chromatography using 10% ethyl acetate in hexane as the mobile phase.

F

NC
0]
N

\

N-Methyl-5-cyano-3-fluorooxindole was obtained as a white solid (50.0 mg, 0.26 mmol) in 25%
yield from N-methyl-5-cyanoisatin (215.0 mg, 1.1 mmol) following the procedure described
above. "H NMR (400 MHz, CDCl3) § 7.71-7.73 (m, 2H), 6.92 (d, J= 7.5 Hz, 1H), 5.68 (d, J =
50.5 Hz, 1H), 3.22 (s, 3H). *C{'H} NMR (100 MHz, CDCl3) §170.52 (d, J = 18.1 Hz), 148.42
(d,J=4.6 Hz), 136.54 (d, /= 3.0 Hz), 129.40 (d, /= 1.3 Hz), 123.65 (d, /= 16.4 Hz), 118.25,

109.34, 106.77 (d, J=2.7 Hz), 84.07 (d, J= 191.8 Hz), 26.51. '°F NMR (376 MHz, CDCl5) § -
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194.76 (d, J= 50.4 Hz). HR-MS (ESI-TOF) m/z: [M+H]" calcd for C1oH7FN,0 191.0615, found

191.0618.

3.3. Asymmetric organocatalytic synthesis

F cl Urea-1 (10 mol%)
N K,COj (3 eq)
wo + CKINOQ 2C0;
= Toluene:Pentane
R1/ N\ // ) 0 . .
PG Rs (viv) 19:1
25°C, 48 h
General procedure

Fluorooxindole (0.09 mmol), coumarin (1.1 eq, 0.1 mmol), potassium carbonate (3 eq, 0.27
mmol), and Urea-1 (10 mol%) were combined in an oven-dried vial under nitrogen. Anhydrous
toluene (380 pL) and anhydrous pentane (20 uL) were added and the resulting mixture was
stirred at 25 °C for 48 hours. Upon completion, the reaction mixture was placed in a centrifuge to
remove any precipitates before extraction with dichloromethane and water. The combined
organic layers were dried over sodium sulfate, concentrated and purified via column

chromatography as described below.

Compound 3a was obtained as a white crystalline solid in 81% yield (26.0 mg, 0.07 mmol) from
N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin (22.6 mg, 0.1
mmol) following the general procedure described above after purification by flash

chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
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30:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate | mL/min, A=254 nm) as 97%, tr (major) =6.3 min, tr
(minor) =5.5 min. '"H NMR (400 MHz, CD3CN) & 7.60-7.69 (m, 2H), 7.56 (m, 1H), 7.45 (d, J=
8.4 Hz, 1H), 7.17-7.26 (m, 3H), 6.95 (m, 1H), 3.36 (s, 3H). *C{'H} NMR (100 MHz, CD:CN) §
168.16 (d, /=21.2 Hz), 153.99, 151.97, 144.68, 138.45, 138.20, 134.41, 134.29 (d, /=24.2 Hz),
126.24, 125.07, 125.03, 124.23, 123.22 (d, J=17.1 Hz), 118.00, 113.54, 111.24 (d, /= 20.0 Hz),
92.26 (d, J = 186.6 Hz), 26.73 (d, J = 11.3 Hz). '°F NMR (376 MHz, CD5CN) & -147.78. HR-MS

(ESI-TOF) m/z: [M+Na]" calcd for C1sH11FN2OsNa 377.0544, found 377.0546.

Compound 3b was obtained as a white crystalline solid in 80% yield (30.0 mg, 0.07 mmol) from
N-phenyl-3-fluoro-2-oxindole (20.4 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin (22.6 mg, 0.1
mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
20:1 using ’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 95%, tr (major) =6.2 min, tr
(minor) =4.8 min. 'H NMR (400 MHz, CD3CN) § 7.78-7.64 (m, 4H), 7.60-7.55 (m, 4H), 7.51
(d, J= 8.4 Hz, 1H), 7.35 (m, 1H), 7.31-7.19 (m, 2H), 7.06 (d, J = 8.1 Hz, 1H). *C{'H} NMR
(100 MHz, CD3CN) 8 167.68 (d, J=21.5 Hz), 153.94, 152.05, 144.54 (d, J= 5.3 Hz), 138.17,
134.44,134.17 (d, J=4.6 Hz), 132.74, 130.13, 129.41, 126.95 (d, J = 2.8 Hz), 126.78, 126.52,

126.26, 125.11 (d, J = 4.1 Hz), 124.84, 122.99, 122.82, 118.11, 113.60 (d, J= 5.0 Hz), 112.03 (d,
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J=2.8 Hz), 92.36 (d, J= 187.3 Hz). '°F NMR (376 MHz, CDsCN) & -146.11. HR-MS (ESI-

TOF) m/z: [M+Na]" calcd for C23Hi3FN,OsNa 439.0701, found 439.0703.

Compound 3¢ was obtained as a white crystalline solid in 81% yield (31.4 mg, 0.07 mmol) from
N-benzyl-3-fluoro-2-oxindole (21.6 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin (22.6 mg, 0.1
mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
31:1 using 'F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 84%, tr (major) =4.8 min, tr
(minor) =4.3 min. "H NMR (400 MHz, CD3CN) & 7.54-7.65 (m, 3H), 7.38-7.48 (m, 6H), 7.29 (d,
J=17.6 Hz, 1H), 7.17 (m, 1H), 6.93 (m, 1H), 6.77 (d, J= 8.3 Hz, 1H), 5.05 (s, 2H). *C{'H}
NMR (100 MHz, CD3CN) 6 168.22 (d, J = 21.4 Hz), 153.94, 151.95 (d, /= 1.6 Hz), 143.61 (d, J
=5.3 Hz), 138.08 (d, J=24.5 Hz), 134.93, 134.30, 134.02 (d, J=4.6 Hz), 129.10, 128.37,
128.21, 126.74 (d, J = 2.7 Hz), 125.78, 125.02, 124.58 (d, J = 3.8 Hz), 123.40, 123.23, 117.93,
113.42 (d, J=4.9 Hz), 111.70 (d, J = 2.8 Hz), 92.30 (d, J = 186.7 Hz), 44.34. "’F NMR (376
MHz, CD3CN) § -147.21. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for C24HisFNOsNa 453.0854,

found 453.0857.
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Compound 3d was obtained as a yellow crystalline solid in 77% yield (25.8 mg, 0.07 mmol)
from N-methyl-6-fluoro-3-fluoro-2-oxindole (16.4 mg, 0.09 mmol) and 4-chloro-3-
nitrocoumarin (22.6 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 20:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,8)-Whelk-O 1, dichoromethane/hexanes 60:40, flow rate 1 mL/min, A=254 nm) as 80%, tr
(major) =8.0 min, tr (minor) =6.6 min. 'H NMR (400 MHz, CD3CN) § 7.68 (m, 1H), 7.58 (m,
1H), 7.47 (d, J= 8.4 Hz, 1H), 7.26 (m 1H), 7.08 (d, /=9.1 Hz, 1H), 7.00-6.84 (m, 2H), 3.35 (s,
3H). 3C{!H} NMR (100 MHz, CDsCN) § 168.44 (d, J=21.5 Hz), 166.19 (d, J = 246.1 Hz),
153.94,151.97 (d, J= 1.6 Hz), 147.02 (d, J=17.9 Hz), 137.87, 134.37, 128.53 (dd, /= 10.9, 2.5
Hz), 126.23, 125.02, 118.84, 117.90, 117.32, 113.43 (d, /= 4.9 Hz), 110.55 (dd, J=23.5, 3.8
Hz), 100.33 (dd, J=29.0, 2.7 Hz), 91.58 (d, J= 186.9 Hz), 27.02. '°F NMR (376 MHz, CD;CN)
8 -104.58 (m), -146.39 (d, J = 8.3 Hz). HR-MS (ESI-TOF) m/z: [M+Na]" calcd for

Ci1sH10F2N205Na 395.0450, found 395.0449.
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Compound 3e was obtained as a yellow crystalline solid in 81% yield (28.3 mg, 0.07 mmol)
from N-methyl-6-chloro-3-fluoro-2-oxindole (17.9 mg, 0.09 mmol) and 4-chloro-3-
nitrocoumarin (22.6 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 24:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,S)-Whelk-O 1, dichoromethane/hexanes 60:40, flow rate 1 mL/min, A=254 nm) as 90%, tr
(major) =7.6 min, tg (minor) =6.1 min. 'H NMR (400 MHz, CD3sCN) & 7.69 (m, 1H), 7.52 (d, J =
8.0 Hz, 1H), 7.49 (m, 1H), 7.33 (s, 1H), 7.26 (m, 1H), 7.20 (m, 1H), 6.92 (d, J = 8.2, 1H), 3.35
(s, 3H). *C{'H} NMR (100 MHz, CD3CN) § 168.03, 153.91, 151.96 (d, J = 1.8 Hz), 146.08 (d,
J=5.2Hz), 139.44 (d, J=5.2 Hz), 137.79 (d, J = 24.4 Hz), 134.40, 127.63 (d, J = 2.7 Hz),
126.26, 125.00, 124.14 (d, J=3.8 Hz), 121.63 (d, J=17.2 Hz), 117.91, 113.38 (d, /= 4.9 Hz),
112.12 (d, J = 2.7 Hz), 110.00, 91.57 (d, J = 187.3 Hz), 27.00. '°F NMR (376 MHz, CD3CN) & -
147.56. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for C1sH1oCIFN2OsNa 411.0154, found

411.0154.

S14



Compound 3f was obtained as a yellow crystalline solid in 75% yield (29.2 mg, 0.07 mmol) from
N-methyl-6-bromo-3-fluoro-2-oxindole (21.9 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin
(22.6 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
26:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 81%, tr (major) =7.3 min, tr
(minor) =5.9 min. 'H NMR (400 MHz, CD3CN) § 7.69 (m, 1H), 7.44-7.49 (m, 3H), 7.36 (m,
1H), 7.26 (m, 1H), 6.92 (d, J= 8.2 Hz, 1H), 3.35 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) §
168.03 (d, J=21.4 Hz), 153.90, 151.96 (d, J= 1.6 Hz), 146.00 (d, /= 5.2 Hz), 137.75 (d, J =
24.6 Hz), 134.41 (d, J = 13.2 Hz), 127.56 (d, J= 5.4 Hz), 126.27 (d, J=11.9 Hz), 124.99, 122.11
(d,J=17.4Hz), 117.91 (d, J=15.1 Hz), 115.01, 114.85, 113.37 (d, J=4.9 Hz), 91.64 (d, /=
187.2 Hz), 27.00 (d, J = 8.5 Hz). ’F NMR (376 MHz, CD3CN) § -147.92. HR-MS (ESI-TOF)

m/z: [M+Na]" calcd for C1sH10BrFN2OsNa 454.9649, found 454.9651.

Compound 3g was obtained as a yellow crystalline solid in 78% yield (30.4 mg, 0.07 mmol)

from N-methyl-5-bromo-3-fluoro-2-oxindole (21.9 mg, 0.09 mmol) and 4-chloro-3-

S15



nitrocoumarin (22.6 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 28:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,S)-Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 85%, tr
(major) =6.5 min, tr (minor) =5.5 min. 'H NMR (400 MHz, CD;CN) § 7.78 (m, 1H), 7.67-7.71
(m, 2H), 7.48 (d, J= 8.6 Hz, 1H), 7.26 (m, 1H), 7.17 (d, J= 8.4 Hz, 1H), 6.88-6.97 (m, 1H), 3.35
(s, 3H). *C{'H} NMR (100 MHz, CD3CN) § 167.66 (d,J=21.3 Hz), 153.91, 151.96 (d, J = 1.8
Hz), 143.92 (d, J=5.1 Hz), 137.64, 137.40, 134.46, 129.31 (d, J = 2.7 Hz), 126.30, 124.93,
117.92,115.94 (d, J=4.4 Hz), 113.32 (d, J=4.9 Hz), 113.21 (d, /J=2.6 Hz), 91.64 (d, /= 187.8
Hz), 26.96. 'F NMR (376 MHz, CD3CN) & -148.79. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for

Ci1sH10BrFN204Na 454.9649, found 454.9648.

Compound 3h was obtained as a yellow crystalline solid in 78% yield (26.6 mg, 0.07 mmol)
from N-methyl-5-cyano-3-fluoro-2-oxindole (17.0 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin
(22.6 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
16:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 80:20, flow rate 1 mL/min, A=254 nm) as 82%, tr (major) =5.9 min, tr
(minor) =5.4 min. 'H NMR (400 MHz, CD3CN) § 7.98 (m, 1H), 7.86 (dd, J= 3.1, 1.7 Hz, 1H),

7.70 (m 1H), 7.49 (dd, J = 8.5, 1.2 Hz, 1H), 7.38 (m, 1H), 7.26 (m, 1H), 6.86 (dd, J= 8.2, 1.3
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Hz, 1H), 3.40 (s, 3H). '*C{'H} NMR (100 MHz, CDsCN) & 167.95 (d, J=21.3 Hz), 153.84,
151.95 (d, J= 1.6 Hz), 148.40 (d, J= 4.8 Hz), 138.85 (d, J= 4.1 Hz), 137.09 (d, J = 24.0 Hz),
134.54, 130.13 (d, J= 2.7 Hz), 126.36, 124.84, 123.74 (d, J= 17.3 Hz), 117.96, 113.17 (d, J =
4.9 Hz), 112.25 (d, J = 2.5 Hz), 107.27 (d, J = 3.8 Hz), 91.01 (d, J = 188.1 Hz), 78.15, 27.20. '°F
NMR (376 MHz, CDsCN) § -149.32. HR-MS (ESI-TOF) m/z: [M+Na]" caled for

C19H10FN305Na 402.0497, found 402.0499.

Compound 3i was obtained as a yellow crystalline solid in 78% yield (25.9 mg, 0.07 mmol) from
N-methyl-5-methyl-3-fluoro-2-oxindole (16.0 mg, 0.09 mmol) and 4-chloro-3-nitrocoumarin
(22.6 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
27:1 using '"H NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 80%, tr (major) =6.0 min, tr
(minor) =5.0 min. 'H NMR (400 MHz, CD3CN) § 7.68 (m, 1H), 7.38-7.48 (m, 3H), 7.24 (m,
1H), 7.12 (d, J= 8.0 Hz, 1H), 6.96 (d, J= 8.3 Hz, 1H), 3.34 (s, 3H), 2.28 (s, 3H). 3C{'H} NMR
(100 MHz, CD3CN) 6 168.23, 168.01, 154.01, 151.95 (d, /= 1.7 Hz), 142.18 (d, /= 5.3 Hz),
138.44 (d, J=24.4 Hz), 134.37 (d, J= 3.9 Hz), 134.31, 134.18 (d, /= 4.6 Hz), 126.96 (d, J = 2.7
Hz), 126.16, 125.11, 123.24 (d, J=16.9 Hz), 117.87, 113.54 (d, /= 5.0 Hz), 110.99 (d, J = 2.7
Hz), 92.47 (d, J = 186.8 Hz), 26.72, 19.87. ’F NMR (376 MHz, CD3sCN) § -147.80. HR-MS

(ESI-TOF) m/z: [M+Na]" calcd for Ci19H13FN20OsNa 391.0701, found 391.0703.
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Compound 4a was obtained as a yellow crystalline solid in 76% yield (29.4 mg, 0.07 mmol)
from N-phenyl-3-fluoro-2-oxindole (20.4 mg, 0.09 mmol) and 4-chloro-6-methyl-3-
nitrocoumarin (24.0 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 15:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC
((S,S)-Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 75%, tr
(major) =5.9 min, tr (minor) =4.5 min. 'H NMR (400 MHz, CD3CN) § 7.70 — 7.65 (m, 3H), 7.60
—7.56 (m, 4H), 7.52 (m, 1H), 7.40 (d, J = 8.6 Hz, 1H), 7.28 (m, 1H), 7.08 (d, /= 8.1 Hz, 1H),
6.98 (s, 1H), 2.23 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) § 167.67 (d, J = 21.9 Hz), 154.03,
150.28, 144.41 (d, J=4.9 Hz), 138.06, 135.43, 134.27 (d, J= 4.5 Hz), 132.76, 130.28, 130.06,
129.44, 127.06 (d, J=2.6 Hz), 126.18, 125.19 (d, J = 3.8 Hz), 124.29, 123.00, 122.82, 117.92,
113.32 (d, /= 4.9 Hz), 111.85 (d, J= 2.7 Hz), 92.30 (d, J = 187.9 Hz), 20.26. "’"F NMR (376
MHz, CD3CN) § -146.82. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for C24H1sFN2OsNa

453.0855, found 453.0857.
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Compound 4b was obtained as a yellow crystalline solid in 77% yield (25.5 mg, 0.07 mmol)
from N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-6-methyl-3-
nitrocoumarin (24.0 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 28:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,8)-Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 72%, tr
(major) =5.8 min, tr (minor) =4.9 min. 'H NMR (400 MHz, CD3CN) § 7.65 (m, 1H), 7.57 (m,
1H), 7.50 (m, 1H), 7.36 (d, /= 8.5 Hz, 1H), 7.26 (d, /= 7.9 Hz, 1H), 7.21 (m, 1H), 6.65 (s, 1H),
3.37 (s, 3H), 2.17 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) & 168.19 (d, J = 21.4 Hz), 154.06,
150.18 (d, /= 1.8 Hz), 144.51 (d, J=5.4 Hz), 138.26, 138.02, 135.94, 135.28, 134.18 (d,J=4.4
Hz), 126.48 (d, J=2.7 Hz), 124.47 (d, J = 3.8 Hz), 124.32, 123.25 (d, J=17.5 Hz), 117.74,
113.23 (d, J = 4.8 Hz), 111.06 (d, J= 2.6 Hz), 92.19 (d, J = 187.3 Hz), 26.68, 20.13. ’F NMR
(376 MHz, CD3CN) & -148.48. HR-MS (ESI-TOF) m/z: [M+Na]" caled for Ci19H13FN2OsNa

391.0701, found 391.0699.
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Compound 4¢ was obtained as a white crystalline solid in 79% yield (27.6 mg, 0.07 mmol) from
N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-6-chloro-3-nitrocoumarin
(26.0 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
12:1 using "’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 75%, tr (major) =9.5 min, tr
(minor) =7.0 min. 'H NMR (400 MHz, CD3CN) § 7.67 — 7.64 (m, 2H), 7.57 (m, 1H), 7.46 (d, J =
9.0 Hz, 1H), 7.29 — 7.21 (m, 2H), 6.81 (d, J = 2.3 Hz, 1H), 3.36 (s, 3H). 1*C{!H} NMR (100
MHz, CD3CN) 6 150.68, 144.40 (d, J= 5.1 Hz), 137.00, 134.49 (d, J = 4.3 Hz), 134.04, 130.46,
126.71 (d,J=2.7 Hz), 124.71 (d, /= 3.7 Hz), 123.97, 119.80, 117.30, 114.90, 111.11 (d, J=2.5
Hz), 91.95 (d, J = 188.8 Hz), 26.74. '°F NMR (376 MHz, CD;CN) & -148.66. HR-MS (ESI-

TOF) m/z: [M+Na]" calcd for C1sHioFCIN2OsNa 411.0154, found 411.0154.

Compound 4d was obtained as a yellow crystalline solid in 75% yield (29.2 mg, 0.07 mmol)

from N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-6-bromo-3-
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nitrocoumarin (30.4 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 10:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,S)-Whelk-O 1, dichoromethane/hexanes 50:50, flow rate 1 mL/min, A=254 nm) as 89%, tr
(major) =9.4 min, tr (minor) =7.7 min. 'H NMR (400 MHz, CDsCN) § 7.78 (d, J= 8.9, 1H),
7.67 (m, 1H), 7.58 (m, 1H), 7.39 (d, J = 8.9 Hz, 1H), 7.35-7.19 (m, 2H), 6.97 (d, /= 2.2 Hz,
1H), 3.37 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) § 167.94, 153.51, 151.09 (d, J = 1.8 Hz),
144.35 (d, J=5.0 Hz), 137.14, 136.86, 134.53 (d, J = 4.4 Hz), 127.07, 126.74 (d, J = 2.4 Hz),
124.74 (d, J=3.8 Hz), 122.73 (d, J=17.4 Hz), 119.99, 119.48, 117.68, 115.35 (d, /= 4.9 Hz),
111.07 (d, J= 2.5 Hz), 91.93 (d, J = 188.9 Hz), 26.73. "’F NMR (376 MHz, CD3CN) § -149.12.

HR-MS (ESI-TOF) m/z: [M+Na]" calcd for C1sHioBrFN2OsNa 454.9649, found 454.9648.

Compound 4e was obtained as a yellow crystalline solid in 75% yield (25.1 mg, 0.07 mmol)
from N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-7-fluoro-3-
nitrocoumarin (24.4 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 17:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC
((S,S)-Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 73%, tr
(major) =5.8 min, tr (minor) =4.9 min. 'H NMR (400 MHz, CD3;CN) & 7.67 (m, 1H), 7.57 (m,

1H), 7.53 — 7.40 (m, 2H), 7.35 — 7.15 (m, 2H), 6.56 (dd, J=9.3, 2.7 Hz, 1H), 3.36 (s, 3H).
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13C{'H} NMR (100 MHz, CDsCN) & 168.02 (d, J = 21.3 Hz), 165.17 (d, J = 256.3 Hz), 153.84,
153.62 (d, J= 1.9 Hz), 153.48, 144.62 (d, J= 5.3 Hz), 137.95, 134.13 (d, J = 4.6 Hz), 127.43 (d,
J=10.8 Hz), 126.41 (d, J=2.7 Hz), 124.39 (d, J= 3.8 Hz), 123.01 (d, /= 17.0 Hz), 114.33 (d, J
=23.2 Hz), 111.34 (d, J=2.7 Hz), 110.43 (d, /= 1.8 Hz), 105.44 (d, J = 26.3 Hz), 92.17 (d, J =
186.9 Hz), 26.78. '9F NMR (376 MHz, CD3CN) § -103.27 (m), 147.78. HR-MS (ESI-TOF) m/z:

[M+Na]" calcd for Ci1sHi0F2N20sNa 395.0450, found 395.0448.

Compound 4f was obtained as a yellow crystalline solid in 80% yield (27.7 mg, 0.07 mmol) from
N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-7-methoxy-3-nitrocoumarin
(25.6 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
22:1 using "’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 97%, tr (major) =7.8 min, tr
(minor) =6.4 min. 'H NMR (400 MHz, CD3CN) § 7.54 - 7.56 (m, 2H), 7.17 - 7.24 (m, 2H), 7.00
(d, J=2.5 Hz, 1H), 6.77 — 6.85 (m, 2H), 3.85 (s, 3H), 3.35 (s, 3H). "*C{'H} NMR (100 MHz,
CD;CN) 6 168.29 (d, J=21.6 Hz), 164.38, 154.43, 154.25 (d, /= 1.9 Hz), 144.60 (d, J=5.3
Hz), 138.76 (d, J=24.5 Hz), 133.97 (d, /J=4.5 Hz), 126.38 (d, /= 2.6 Hz), 126.22, 124.32 (d, J
=3.8Hz), 123.39 (d, /= 17.1 Hz), 114.29, 111.16 (d, J = 2.6 Hz), 106.31 (d, J= 5.0 Hz), 101.86,
92.23 (d, J = 186.5 Hz), 56.08, 26.71. 'F NMR (376 MHz, CD3CN) & -148.04. HR-MS (ESI-

TOF) m/z: [M+Na]" calcd for C19H13FN2O6Na 407.0650, found 407.0649.
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Compound 4g was obtained as a white crystalline solid in 79% yield (28.6 mg, 0.07 mmol) from
N-methyl-6-chloro-3-fluoro-2-oxindole (17.9 mg, 0.09 mmol) and 4-chloro-7-methyl-3-
nitrocoumarin (24.0 mg, 0.1 mmol) following the general procedure described above after
purification by flash chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The
dr was determined as 19:1 using '°F NMR spectroscopy. The ee was determined by chiral HPLC
((S,8)-Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 93%, tr
(major) =5.9 min, tr (minor) =4.7 min. 'H NMR (400 MHz, CD3CN) § 7.52 (dd, J = 8.0, 3.0 Hz,
1H), 7.31 (d, /= 8.7 Hz, 2H), 7.19 (m, 1H), 7.08 (d, /= 8.4, 1H), 6.78 (d, /= 8.4 Hz, 1H), 3.34
(s, 3H), 2.40 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) & 168.21 (d, J=21.5 Hz), 154.10,
152.05 (d, /= 1.7 Hz), 146.63, 146.07 (d, J= 5.1 Hz), 139.37 (d, /= 5.2 Hz), 137.91 (d, J=24.4
Hz), 127.62 (d, J=2.7 Hz), 127.41, 124.60, 124.11 (d, /= 3.8 Hz), 121.73 (d, /= 17.2 Hz),
117.93, 112.09 (d, J = 2.7 Hz), 110.72 (d, /= 4.9 Hz), 109.99, 91.56 (d, J = 187.2 Hz), 26.98,
20.61. F NMR (376 MHz, CD3CN) § -147.77. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for

Ci19H12FCIN2OsNa 425.0311, found 425.0311.
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Compound 4h was obtained as a white crystalline solid in 81% yield (26.9 mg, 0.07 mmol) from
N-methyl-3-fluoro-2-oxindole (15.0 mg, 0.09 mmol) and 4-chloro-7-methyl-3-nitrocoumarin
(24.0 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
20:1 using '’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm) as 87%, tr (major) =6.4 min, tr
(minor) =5.1 min. '"H NMR (400 MHz, CD3CN) § 7.61 (m, 1H), 7.54 (m, 1H), 7.30 (s, 1H), 7.23
(d, J=8.0 Hz, 1H), 7.18 (m, 1H), 7.06 (dd, J= 8.5, 1.7 Hz, 1H), 6.82 (d, J= 8.4 Hz, 1H), 3.35
(s, 3H), 2.39 (s, 3H). *C{'H} NMR (100 MHz, CD3CN) & 168.22 (d, J=21.6 Hz), 154.18,
152.04, 146.51, 144.64 (d, J= 5.3 Hz), 138.44 (d, J = 24.4 Hz), 133.99 (d, /= 4.4 Hz), 127.32,
126.35 (d, J=2.7 Hz), 124.65, 124.30 (d, /= 3.8 Hz), 123.32 (d,J=17.1 Hz), 117.89, 111.20 (d,
J=2.8 Hz), 110.83, 110.00, 92.24 (d, J = 186.4 Hz), 26.71, 20.59. 'F NMR (376 MHz, CD3CN)
8 -147.99. HR-MS (ESI-TOF) m/z: [M+Na]" calcd for Ci9H;3FN20OsNa 391.0701, found

391.0701.
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Compound 4i was obtained as a yellow crystalline solid in 79% yield (32.7 mg, 0.07 mmol) from
N-benzyl-3-fluoro-2-oxindole (21.7 mg, 0.09 mmol) and 4-chloro-7-methoxy-3-nitrocoumarin
(25.6 mg, 0.1 mmol) following the general procedure described above after purification by flash
chromatography using hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as
20:1 using "’F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
dichoromethane/hexanes 70:30, flow rate 0.5 mL/min, A=254 nm) as 89%, tr (major) = 9.8 min,
tr (minor) = 11.6 min. "H NMR (400 MHz, CD3CN) § 7.59 (s, 2H), 7.52 — 7.35 (m, 6H), 7.31 (d,
J=7.6 Hz, 1H), 7.19 (t, J= 7.2 Hz, 1H), 7.00 (s, 1H), 6.76 (m, 1H), 6.46 (d, /= 9.0 Hz, 1H),
5.05 (s, 2H), 3.85 (s, 3H). '*C{'H} NMR (100 MHz, CD3sCN) & 164.37, 154.25, 143.56, 134.95,
133.94 (d, J=4.6 Hz), 129.14, 128.38, 128.28, 126.79 (d, J = 2.8 Hz), 126.20, 124.58 (d, J= 3.7
Hz), 123.62, 113.78, 111.63 (d, J= 2.6 Hz), 97.60 (d, J= 182.6 Hz), 93.21, 56.11, 44.34. I°F
NMR (376 MHz, CD3CN) 6 -147.48. HR-MS (ESI-TOF) m/z: [M+Na]+ calcd for C25sH17FN20s

483.0963, found 483.0962.

Compound 4j was obtained as a yellow crystalline solid in 75% yield (30.1 mg, 0.07 mmol) from N-

benzyl-3-fluoro-2-oxindole (21.7 mg, 0.09 mmol) and 4-chloro-7-methyl-3-nitrocoumarin (24.0 mg, 0.1
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mmol) following the general procedure described above after purification by flash chromatography using
hexanes:ethyl acetate (1:1) as the mobile phase. The dr was determined as 41:1 using '°F NMR
spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1, dichoromethane/hexanes 40:60,
flow rate 0.5 mL/min, A=254 nm) as 92%, tr (major) =42.7 min, tr (minor) =36.1 min. "H NMR (400
MHz, CD;CN) 8 7.60 — 7.55 (m, 2H), 7.52 — 7.39 (m, 5H), 7.36 — 7.26 (m, 2H), 7.19 (d, J= 7.9 Hz, 1H),
6.78 (d, J = 8.4 Hz, 1H), 6.66 (d, J = 8.3 Hz, 1H), 5.48 — 4.56 (m, 2H), 2.39 (s, 3H). *C{'H} NMR (100
MHz, CD;CN) 6 168.31 (d, J=21.4 Hz), 154.12, 152.05 (d, J = 1.8 Hz), 146.55, 143.63 (d, /= 5.1 Hz),
138.22 (d, J=24.4 Hz), 134.96, 133.96 (d, /= 4.6 Hz), 129.13, 128.38, 128.20, 126.96, 126.74 (d, J=2.7
Hz), 124.66, 124.56 (d, J = 3.8 Hz), 123.54, 123.38, 117.96, 111.66 (d, /= 2.7 Hz), 110.79 (d, J= 5.0
Hz), 92.31 (d, J = 186.4 Hz), 44.35, 20.56. '°F NMR (376 MHz, CDsCN) 4 -147.32. HR-MS (ESI-TOF)

m/z: [M+Na]+ calcd for C,sHi7FN2Os 467.1014, found 467.1013.

S26



3.4. Stability to atropisomerization

To investigate the stability to atropisomerization of the asymmetric Michael addition product,
compound 3b (20.0 mg, 0.05 mmol) was dissolved in acetonitrile (0.5 mL) and heated to 80 °C
for 7 hours. The ee and dr before and after heating were determined by chiral HPLC ((S,S)-
Whelk-O 1, dichoromethane/hexanes 70:30, flow rate 1 mL/min, A=254 nm). The analysis

showed that both ee and dr values remained unchanged (94% ee and 20:1 dr).

Figure S2. Chiral HPLC separation of the asymmetric reaction product, 3b.
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Figure S3. Chiral HPLC separation of the asymmetric reaction product, compound 3b, after 7
hours at 80 °C in ACN.
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3.5. Upscaling of the general organocatalysis procedure

CF
cl Urea-1 (10 mol%) s
F
(N0, KzCO3(3eq)
+
o CF3

N Toluene:Pentane
o" O

\ (viv) 19:1

25°C, 48 h

N-Methyl-3-fluoro-2-oxindole (183.0 mg, 1.1 mmol), 4-chloro-3-nitrocoumarin (250.0 mg, 1.1
mmol), potassium carbonate (456.0 mg, 3.3 mmol), and Urea-1 (10 mol%) were added into an
oven-dried vial under nitrogen. Anhydrous toluene (750 pL) and anhydrous pentane (40 pL)
were added and the resulting mixture was stirred at 25 °C for 48 hours. Upon completion, the
reaction mixture was placed in a centrifuge to remove any precipitates before extraction with
dichloromethane and water. The combined organic layers were dried over sodium sulfate,
concentrated and purified via column chromatography using hexanes:ethyl acetate (1:1) as the
mobile phase to afford compound 3a in 82% yield (322 mg, 0.9 mmol). The dr was determined
as 24:1 using 'F NMR spectroscopy. The ee was determined by chiral HPLC ((S,S)-Whelk-O 1,
70:30 dichloromethane/hexanes, flow rate 1 mL/min, A=254 nm) as 98%, tr (major) = 6.0 min, tr

(minor) = 5.2 min.
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4. Enantioenrichment by crystallization

General Recrystallization Procedure

The asymmetric Michael addition products were isolated as described in the general
organocatalytic procedure. The resulting products were then dissolved in dichloromethane (1.0
mL) and layered with pentane (1.0 mL) in a glass vial for 24 hours at room temperature.
Racemic crystals had formed and the mother liquor was separated. The solvents were removed
by vacuum evaporation prior to chiral HPLC analysis. For the increase of the ee of compound 3e

see Section 5.

Compound 4a (29.4 mg, 0.07 mmol, 75% ee) was recrystallized according to the general
procedure described above to obtain a yellow crystalline solid in 86% yield (25.6 mg, 0.06
mmol). The ee was determined by chiral HPLC ((S,S)-Whelk-O 1, dichloromethane/hexanes

70:30, flow rate 0.5 mL/min, A=254 nm) as 80%, tr (major) = 11.5 min, tr (minor) = 8.7 min.
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Figure S4. Chiral HPLC separation of racemic 4a.
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nm.

i Time Area Height Width Area®  Symmetry
1 a4 84211 E35.3 01326 43157 0554
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Figure S5. Chiral HPLC separation of purified 4a.
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Compound 4b (25.5 mg, 0.07 mmol, 72% ee) was recrystallized according to the general
procedure described above to obtain a yellow crystalline solid in 88% yield (22.5 mg, 0.06
mmol). The ee was determined by chiral HPLC ((S,S)-Whelk-O 1, dichloromethane/hexanes

70:30, flow rate 0.5 mL/min, A=254 nm) as 84%, tr (major) = 11.2 min, tr (minor) = 9.5 min.

Figure S6. Chiral HPLC separation of racemic 4b.
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i Time Area Height Width Area¥  Symmety
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Figure S7. Chiral HPLC separation of purified 4b.
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Compound 4d (29.2 mg, 0.07 mmol, 68% ee) was recrystallized according to the general
procedure described above to obtain a yellow crystalline solid in 92% yield (26.9 mg, 0.06
mmol). The ee was determined by chiral HPLC ((S,S)-Whelk-O 1, dichloromethane/hexanes

50:50, flow rate 1 mL/min, A=254 nm) as 89%, tr (major) = 9.4 min, tr (minor) = 7.7 min.
Figure S8. Chiral HPLC separation of racemic 4d.
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Baseline adjusted by -10 mAU.

i Time Area Height Width Area¥ Symmety
1 784 5320 126 02445 a0.067 0424
2 9,786 53057 2817 02339 43533 0475
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Figure S9. Chiral HPLC separation of purified 4d.
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i Time Area Height Width Area® Symmetry
1 7749 2h8.2 203 01523 A.A18 0745
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5. Determination of absolute configuration

Single crystal analysis was performed to determine the absolute configuration of the major
product formed in the general organocatalysis procedure with Urea-1. Despite numerous
attempts including slow evaporation of dichloromethane, liquid-liquid diffusion with pentane
and dichloromethane, vapor diffusion with pentane and dichloromethane, and saturation in ether
at 0 °C, compounds 3¢, 3e and 4d did not form enantiopure single crystals. Racemic crystals
were obtained by liquid-liquid diffusion with pentane and dichloromethane as described below.
To remedy this, compound 3e (24:1 dr, 90% ee) was first subjected to recrystallization by liquid-
liquid diffusion with pentane and dichloromethane to increase the ee of the filtrate to 95%. The
filtrate (150.0 mg, 0.40 mmol, 24:1 dr, 95% ee) did not give any further crystals via liquid-liquid
diffusion. The remaining material was therefore subjected to slow evaporation of a
dichloromethane solution which gave enantiopure crystals after 3 days at room temperature.
Chiral HPLC analysis of the single crystal used for X-ray crystallography showed that it was the

major enantiomer formed in the catalytic asymmetric reaction.
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Figure S10. Chiral HPLC analysis of the single enantiopure crystal of compound 3e.

50
40
30
=)
<
E
o
9 20
®
QO
[
O
[9)]
<
10
N—
0
5 6 7 8 9 10
-10
Time (Minutes)
# Time Area Height Width Area¥ Symmetry
[ 1| 786 | 3a0z | 193 | 0292 [1o0oo0 | oEr |

S38



6. Crystallographic data

Figure S11. X-ray structure (50% ellipsoid probability) of compound 3e.

A single crystal was obtained by dissolving (S)-6-chloro-3-fluoro-1-methyl-3-(3-nitro-2-oxo-2H-
chromen-4-yl)indolin-2-one (150.0 mg, 0.40 mmol, 24:1 dr, 95% ee) in dichloromethane (0.2
mL) and slowly evaporating at room temperature over 3 days. Single crystal X-ray analysis was
performed at 100 K using a Bruker D8 Quest equipped with a Photon 3 CMOS detector and Mo
microfocus sealed source (L =0.71073 A). Crystal data: C1sHioCIFN2Os, M = 388.73, colorless
block, 0.314 x 0.111 x 0.107 mm?, monoclinic, space group P21, a=9.7610 (2), b =10.0249 (2),
c=17.7207 (4), p = 104.6830(10), V = 1677.40(6) A3, Z = 4. Notable bond lengths: C2-C10:
1.510 (3) A. C2-F1: 1.401 (2). A. C10-C11: 1.349 (3) A. Notable bond angles: N2-C11-C10:
125.04 (18)°. F1-C2-C10: 109.37 (14)°. Absolute structure parameter = -0.018 (13). The CCDC

number for this compound is 2426005.
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Figure S12. X-ray structure (50% ellipsoid probability) of compound 3c.

A single crystal was obtained by dissolving racemic 1-benzyl-3-fluoro-3-(3-nitro-2-oxo-2H-
chromen-4-yl)indolin-2-one (45.0 mg, 0.1 mmol) in dichloromethane (1.0 mL) and layering with
pentane (1.0 mL). Single crystal X-ray analysis was performed at 100 K using a Bruker Apex
DUO equipped with an APEXII CCD detector and Mo fine-focus sealed source (A =0.71073 A).
Crystal data: C24H5FN2Os, M = 430.38, colorless plate, 0.295 x 0.124 x 0.091 mm?, triclinic,
space group P-1,a=28.6510(4), b=10.0429 (4), c = 13.0902(6), o = 106.1230(10), B =
95.5930(10), y = 112.0220(10), V = 986.56 (8) A3, Z = 2. Notable bond lengths: C2-C16: 1.5176
(15) A. C2-F1: 1.4080 (12) A. C16-C17: 1.3474 (15) A. Notable bond angles: C16-C2-F1:

109.15 (8)°. C16-C17-N2: 125.64 (10)°. The CCDC number for this compound is 2426004.
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Figure S13. X-ray structure (50% ellipsoid probability) of compound 4d.

A single crystal was obtained by dissolving racemic 5-bromo-3-fluoro-1-methyl-3-(3-nitro-2-
ox0-2H-chromen-4-yl)indolin-2-one (45.0 mg, 0.1 mmol) in dichloromethane (1.0 mL) and
layering with pentane (1.0 mL). Single crystal X-ray analysis was performed at 100 K using a
Bruker Apex DUO equipped with an APEXII CCD detector and Mo fine-focus sealed source (A
=0.71073 A. Crystal data: C1sH10BrFN,Os, M = 433.19, colorless plate, 0.174 x 0.100 x 0.048
mm?, triclinic, space group P-1, a = 8.0949(7), b = 8.6881(7), c = 12.6768(10), a.= 74.9290(10),
B =84.954(2), y=73.257(2), V= 824.31(12) A®, Z = 2. Notable bond lengths: C10-C2: 1.520 (2)
A. C2-F1: 1.4029 (19) A. C10-C11: 1.349 (2) A. Notable bond angles: C10-C2-F1: 107.67 (13)°.

C10-C11-N2: 124.30 (16)°. The CCDC number for this compound is 2426009.
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7.1H, 3C, and "F NMR spectra

Figure S14. '"H NMR (400 MHz) Spectrum of compound 3a (dr = 30:1) in CD3CN.
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Figure S15. C{'H} NMR (100 MHz) Spectrum of compound 3a (dr = 30:1) in CDsCN.
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Figure S16. '°F NMR (376 MHz) Spectrum of compound 3a (dr = 30:1) in CD3CN.
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Figure S18. *C{'H} NMR (100 MHz) Spectrum of compound 3b (dr = 20:1) in CD3;CN.
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Figure S19. '°F NMR (376 MHz) Spectrum of compound 3b (dr = 20:1) in CD3CN.
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Figure S20. '"H NMR (400 MHz) Spectrum of compound 3¢ (dr = 31:1) in CD3CN.
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Figure S21. 3C{'H} NMR (100 MHz) Spectrum of compound 3¢ (dr = 31:1) in CDsCN.
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Figure S22. 'F NMR (376 MHz) Spectrum of compound 3¢ (dr = 31:1) in CD;CN.
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Figure S24. C{'H} NMR (100 MHz) Spectrum of compound 3d (dr = 20:1) in CD3CN.
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Figure S25. '°F NMR (376 MHz) Spectrum of compound 3d (dr = 20:1) in CD3CN.
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Figure S26. '"H NMR (400 MHz) Spectrum of compound 3e (dr = 24:1) in CDsCN.
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Figure S27. C{'H} NMR (100 MHz) Spectrum of compound 3e (dr = 24:1) in CD3;CN.
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Figure S28. '°F NMR (376 MHz) Spectrum of compound 3e (dr = 24:1) in CD;CN.
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Figure S29. '"H NMR (400 MHz) Spectrum of compound 3f (dr = 26:1) in CD3CN.
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Figure S30. 3C{'H} NMR (100 MHz) Spectrum of compound 3f (dr = 26:1) in CD3CN.
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Figure S31. '°F NMR (376 MHz) Spectrum of compound 3f (dr = 26:1) in CD;CN.
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Figure S32. '"H NMR (400 MHz) Spectrum of compound 3g (dr = 28:1) in CD3CN.
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Figure S33. 3C{'H} NMR (100 MHz) Spectrum of compound 3g (dr = 28:1) in CD;CN.
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Figure S34. ’F NMR (376 MHz) Spectrum of compound 3g (dr = 28:1) in CD3CN.
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Figure S35. '"H NMR (400 MHz) Spectrum of compound 3h (dr = 16:1) in CD;CN.
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Figure S36. °C{'H} NMR (100 MHz) Spectrum of compound 3h (dr = 16:1) in CD3CN.
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Figure S37. °F NMR (376 MHz) Spectrum of compound 3h (dr = 16:1) in CD3CN.
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Figure S38. '"H NMR (400 MHz) Spectrum of compound 3i (dr = 27:1) in CD3CN.
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Figure S39. 3C{'H} NMR (100 MHz) Spectrum of compound 3i (dr = 27:1) in CD3CN.
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Figure S40. '°F NMR (376 MHz) Spectrum of compound 3i (dr = 27:1) in CD3CN.
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Figure S42. 3C{'H} NMR (100 MHz) Spectrum of compound 4a (dr = 15:1) in CD3CN.
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Figure S43. '°F NMR (376 MHz) Spectrum of compound 4a (dr = 15:1) in CD3CN.
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Figure S45. 3C{'H} NMR (100 MHz) Spectrum of compound 4b (dr = 28:1) in CDsCN.
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Figure S46. '’F NMR (376 MHz) Spectrum of compound 4b (dr = 28:1) in CDsCN.
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Figure S48. *C{'H} NMR (100 MHz) Spectrum of compound 4¢ (dr = 12:1) in CD3CN.
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Figure S49. '°F NMR (376 MHz) Spectrum of compound 4¢ (dr = 12:1) in CD;CN.
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Figure S51. 3C{'H} NMR (100 MHz) Spectrum of compound 4d (dr = 10:1) in CDsCN.
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Figure S52. ’F NMR (376 MHz) Spectrum of compound 4d (dr = 10:1) in CDsCN.
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Figure S53. '"H NMR (400 MHz) Spectrum of compound 4e (dr = 17:1) in CDsCN.
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Figure S54. 3C{'H} NMR (100 MHz) Spectrum of compound 4e (dr = 17:1) in CD3CN.
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Figure S55. ’F NMR (376 MHz) Spectrum of compound 4e (dr = 17:1) in CD3CN.
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Figure S56. '"H NMR (400 MHz) Spectrum of compound 4f (dr = 22:1) in CD3CN.
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Figure S57. 3C{'H} NMR (100 MHz) Spectrum of compound 4f (dr = 22:1) in CDsCN.
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Figure S58. '°F NMR (376 MHz) Spectrum of compound 4f (dr = 22:1) in CD;CN.
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Figure S60. *C{'H} NMR (100 MHz) Spectrum of compound 4g (dr = 19:1) in CD3CN.
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Figure S61. '°F NMR (376 MHz) Spectrum of compound 4g (dr = 19:1) in CD3CN.
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Figure S63. *C{'H} NMR (100 MHz) Spectrum of compound 4h (dr = 20:1) in CD3CN.
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Figure S64. °F NMR (376 MHz) Spectrum of compound 4h (dr = 20:1) in CD3CN.
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Figure S65. '"H NMR (400 MHz) Spectrum of compound 4i (dr = 20:1) in CD3CN.
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Figure S66. °C{'H} NMR (100 MHz) Spectrum of compound 4i (dr = 20:1) in CD3CN.
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Figure S67. '°F NMR (376 MHz) Spectrum of compound 4i (dr = 20:1) in CD3CN.
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Figure S68. '"H NMR (400 MHz) Spectrum of compound 4j (dr = 41:1) in CD3CN.
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Figure S69. *C{'H} NMR (100 MHz) Spectrum of compound 4j (dr = 41:1) in CD3CN.
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Figure S70. '°F NMR (376 MHz) Spectrum of compound 4j (dr = 41:1) in CD;CN.

138.28
-147.32

41.57-

T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -

f1 (ppm)

S98



CN

F

Figure S71. '"H NMR (400 MHz) Spectrum of compound 1h in CDCl;.
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Figure S72. 3C{'H} NMR (100 MHz) Spectrum of compound 1h in CDCls.
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Figure S73. °F NMR (376 MHz) Spectrum of compound 1h in CDCl;.
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Figure S74. '"H NMR (400 MHz) Spectrum of compound 1d in CDCl;.
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Figure S75. 3C{'H} NMR (100 MHz) Spectrum of compound 1d in CDCls.

Nonao ge wansnn
R2RAR 88 R35%RNnwan oo <
S-S 8Ym NN wo R e RNLL ~ @ bl
SRg8E R EEEEE R P g
ﬁﬁﬁﬁﬁ - HHAAA A OO0 0 © N
N Y/ A2 2 e R
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S103



Figure S76. '°F NMR (376 MHz) Spectrum of compound 1d in CDCl;.
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Figure S78. *C{'H} NMR (100 MHz) Spectrum of compound 2e in CD3CN.
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Figure S79. '°F NMR (376 MHz) Spectrum of compound 2e in CD3CN.
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8. HPLC chromatograms

Figure S80. Chiral HPLC separation of a racemic mixture of compound 3a.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area¥ Symmetry
1 444 1500.4 93 02423 453820 0416
2 B.5H37 1511.3 a4.2 02675 50180 0411
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Figure S81. Chiral HPLC separation of the asymmetric reaction product, compound 3a.

1195

995

(mAU)

595

Absorbance

395

AJ
5.5 6

Time (Minutes)

6.5 7 7.5 8

Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width AreaX Symmetry
1 5.45 2253 16.2 02059 1.279 0506
2 B 265 173851 9751 0254 98,721 0246
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Figure S82. Chiral HPLC separation of a racemic mixture of compound 3b.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area® Symmetry
1 4 697 72091 5412 nzzz2 43 368 0.486
2 ha72 73937 4284 02534 A0.632 046
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Figure S83. Chiral HPLC separation of the asymmetric reaction product, compound 3b.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area® Symmetry
1 4805 150 10.2 02274 2749 0.5E7
2 B174 5307 3 2815 0.27a a7 251 047
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Figure S84. Chiral HPLC separation of a racemic mixture of compound 3c.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Wwidth Area¥ Symmetry
1 4,305 14997 215 01108 49,725 0.E73
2 4911 1516.3 1753 01289 B0.275 n7
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Figure S85. Chiral HPLC separation of the asymmetric reaction product, compound 3c.
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Figure S86. Chiral HPLC separation of a racemic mixture of compound 3d.
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Conditions: (S,S)-Whelk-O 1, 60:40 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area®  Symmetry
1 E.E2 4787 186.4 02778 A0.040 036
2 2151 47z 156.2 03215 49 560 0356
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Figure S87. Chiral HPLC separation of the asymmetric reaction product, compound 3d.
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Conditions: (S,S)-Whelk-O 1, 60:40 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Wwidth Area¥ Symmetry
1 6635 1164.5 B36 02777 10515 0.456
2 a 9310.2 4358 03253 29,485 0.2591
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Figure S88. Chiral HPLC separation of a racemic mixture of compound 3e.
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Conditions: (S,S)-Whelk-O 1, 60:40 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area®  Symmety
1 F.081 413748 3408 01756 49 671 0414
2 7R12 4192 3 2484 02426 50,329 0393
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Figure S89. Chiral HPLC separation of the asymmetric reaction product, compound 3e.
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Conditions: (S,S)-Whelk-O 1, 60:40 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width AreaX Symmetry
1 B 467 A04.1 329 02557 5002 06
2 7884 95747 4208 03215 34 997 0305
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Figure S90. Chiral HPLC separation of a racemic mixture of compound 3f.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area®  Symmety
1 ha72 B177.6 5479 01615 50823 0453
2 7.404 5977 5 3a4.8 02232 49177 0443
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Figure S91. Chiral HPLC separation of the asymmetric reaction product, compound 3f.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area¥ Symmety
1 55934 12269 1104 01617 9809 0.564
2 7.3A1 112807 Ba2.6 02348 90,191 0.451
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Figure S92. Chiral HPLC separation of a racemic mixture of compound 3g.
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Figure S93. Chiral HPLC separation of the asymmetric reaction product, compound 3g.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width AreaZ Symmetry
1 551 4377 a0 02429 77 0506
2 B.507 55443 2885 02782 92 683 0343
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Figure S94. Chiral HPLC separation of a racemic mixture of compound 3h.
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Conditions: (S,S)-Whelk-O 1, 80:20 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.
Baseline adjusted by +20 mAU.

i Time Area Height Width Area® Symmetry
1 5,271 46353 01 .4 01325 a0.010 0,366
2 B.024 46335 2285 02351 43,530 0,406
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Figure S95. Chiral HPLC separation of the asymmetric reaction product, compound 3h.
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Conditions: (S,S)-Whelk-O 1, 80:20 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area®  Symmety
1 5438 9663 922 01523 9209 0451
2 5913 95264 E74.5 02008 a0.791 0333
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Figure S96. Chiral HPLC separation of a racemic mixture of compound 3i.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width Area¥ Symmetry
1 4521 4625.9 5428 01223 50.045 0523
2 5.643 4617.5 4071 01643 49,955 0,432
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Figure S97. Chiral HPLC separation of the asymmetric reaction product, compound 3i.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width AreaX Symmety
1 4971 17814 1804 01412 10.292 0.43a
2 E.01 15527 11068.2 015959 89,703 0301
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Figure S98. Chiral HPLC separation of a racemic mixture of compound 4a.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width AreaX Symmety
1 4433 33881 2859 01965 A0113 0448
2 G022 3728 1816 02767 49887 0574
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Figure S99. Chiral HPLC separation of the asymmetric reaction product, compound 4a.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area¥ Symmetry
1 4544 38395 2h22 02336 12710 0423
2 5944 26368.9 13308 02872 a7.2490 0328
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Figure S100. Chiral HPLC separation of a racemic mixture of compound 4b.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width AreaX Symmety
1 4544 21408 152 4 021119 A0.043 0446
2 55934 21371 1398 02263 49 957 0439
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Figure S101. Chiral HPLC separation of the asymmetric reaction product, compound 4b.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Wwidth Area¥ Symmety
1 4.902 B36.2 468 . 20B5 14,178 0512
2 5821 3851.2 2494 02281 gh, 822 0.407
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Figure S102. Chiral HPLC separation of a racemic mixture of compound 4ec.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width AreaX Symmetry
1 813 1254 4 ans 02597 49 532 0514
2 10.083 12553 E4.8 0.2e2 a0.014 0.45a
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Figure S103. Chiral HPLC separation of the asymmetric reaction product, compound 4c.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area®  Symmety
1 794 27EE. 2 1784 02249 12334 0449
2 9543 196607 arih 03126 a7 BEE 0272
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Figure S104. Chiral HPLC separation of a racemic mixture of compound 4d.
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Conditions: (S,S)-Whelk-O 1, 50:50 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.
Baseline adjusted by -10 mAU.

# Time Area Height Wwidth Area¥ Symmetry
1 784 B30 N2E 02445 B0.0E7 0.424
2 9,786 5305.7 251.7 .2939 49,933 0.475
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Figure S105. Chiral HPLC separation of the asymmetric reaction product, compound 4d.
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Conditions: (S,S)-Whelk-O 1, 50:50 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area¥ Symmety
1 77581 JZ6BE 216.2 02204 16.002 0481
2 9,396 171572 2078 [.2933 83,933 0,296
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Figure S106. Chiral HPLC separation of a racemic mixture of compound 4e.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width AreaX Symmety
1 4 858 79662 a29.7 013g A0.803 0456
2 5961 LY hE3.3 01403 49197 0411
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Figure S107. Chiral HPLC separation of the asymmetric reaction product, compound 4e.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width Area¥ Symmety
1 4,863 30892 3409 0137 13529 0507
2 5833 19744 4 14237 01958 86,471 0338
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Figure S108. Chiral HPLC separation of a racemic mixture of compound 4f.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Wwidth Area® Symmelry
1 E.1 25128 1729 02116 B0.ERT [.388
2 7739 2447 B 126.8 0.321E 49,343 0.349
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Figure S109. Chiral HPLC separation of the asymmetric reaction product, compound 4f.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area¥ Symmetry
1 G455 a5 2 02414 1.3685 0.a07
2 7814 21685 108 02843 93,615 0332
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Figure S110. Chiral HPLC separation of a racemic mixture of compound 4g.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

1 Time Area Height Width Area® Symmetry
1 4 B53 Ba2249 7733 01309 43710 0561
2 h.924 G302.4 5409 01829 50,290 0417
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Figure S111. Chiral HPLC separation of the asymmetric reaction product, compound 4g.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

# Time Area Height Width Area¥ Symmety
1 4722 B73 737 01346 3434 0.E91
2 5.0 18924.5 1354.9 0,199 9E.5EE 0326
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Figure S112. Chiral HPLC separation of a racemic mixture of compound 4h.

440
390
340 i
290

240 “

190

(mAU)

Absorbance

140

90

R

-10 5 2 4 6 8 10
Time (Minutes)

Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area¥  Symmety
1 5 061 arae aal.z2 01424 43521 0485
2 EE17 ar498 2588 0207 50.079 0385
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Figure S113. Chiral HPLC separation of the asymmetric reaction product, compound 4h.
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Conditions: (S,S)-Whelk-O 1, 70:30 Dichloromethane/Hexanes, flow rate 1 mL/min, A=254 nm.

i Time Area Height Width Area® Symmetry
1 5051 14954 157.3 01389 B.6E2 0576
2 F.381 20333 1255 6 023 93318 0.255
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Figure S114. Chiral HPLC separation of a racemic mixture of compound 4i.
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Figure S115. Chiral HPLC separation of the asymmetric reaction product, compound 4i.
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Figure S116. Chiral HPLC separation of a racemic mixture of compound 4j (~3:1 dr).
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Figure S117. Chiral HPLC separation of the asymmetric reaction product, compound 4;.

130
110
90
=)
E
= 70
0]
0
a
©
Q
4 50
o)
0
Q
<<
30
10
- N
10 15 20 25 30 4 45
-10
Time (Minutes)
i Time Area Height Width AreaX Symmetry
1 36123 247.3 248 1.447 36583 0.463
2 42735 EEDZ.3 B5.8 1.3751 6417 0224

S145



9. References

1 K. Balaraman, C. Wolf, Catalytic Enantioselective and Diastereoselective Allylic Alkylation
with Fluoroenolates: Efficient Access to C3-Fluorinated and All-Carbon Quaternary Oxindoles.
Angew. Chem. Int. Ed. 2017, 56, 1390-1395.

2 S. Paladhi, S. Y. Park, J. W. Yang, C. E. Song, Asymmetric Synthesis of a-Fluoro-f-Amino-
oxindoles with Tetrasubstituted C-F Stereogenic Centers via Cooperative Cation-Binding
Catalysis. Org. Lett. 2017, 19, 5336-5339.

3 B. Li, D. Du, Chiral Squaramide-Catalyzed Asymmetric Mannich Reactions for Synthesis of
Fluorinated 3,3'-Bisoxindoles. Adv. Synth. Catal. 2018, 360, 3164-3170.

4 B. Zheng, L. Chen, J. Zhao, J. Ji, Z. Qiu, X. Ren, Y. Li, Organocatalytic asymmetric syntheses
of 3-fluorooxindoles containing vicinal fluoroamine motifs. Org. Biomol. Chem. 2018, 16, 8989-
8993.

5Y. Jin, M. Chen, S. Ge, J. F. Hartwig, Palladium-Catalyzed, Enantioselective a-Arylation of a-
Fluorooxindoles. Org. Lett. 2017, 19, 1390-1393.

6 Y. J. Sanghani, S. B. Koradiya, A. S. Patel, Synthesis of substituted 4-(4-((3-nitro-2-oxo-2H-
chromene-4-yl)amino)phenyl)morpholine-3-one coumarin derivatives. Asian J. Chem. 2019, 31,
1461-1464.

7'Y. Kurimoto, T. Nasu, Y. Fujii, K. Asano, S. Matsubara, Asymmetric Cycloetherification of in
Situ Generated Cyanohydrins through the Concomitant Construction of Three Chiral Carbon
Centers. Org. Lett. 2019, 21, 2156-2160.

8 B. Wang, T. Li, J. Liu, S. Wang, H. Shi, H. Jin, D. H. Ryu, L. Zhang, Pentafluorophenyl-
Substituted Proline-Derived Chiral Urea for "On Water" Asymmetric Hydrogen-Bonding
Catalysis. Adv. Synth. Catal. 2023, 365, 4155-4162.

9Y. Liu, H. Liu, W. Du, L. Yue, Y. Chen, Reaction control in the organocatalytic asymmetric
one-pot, three-component reaction of aldehydes, diethyl a-aminomalonate and nitroalkenes:
toward diversity-oriented synthesis. Chem. Eur. J. 2008, 14, 9873-9877.

10 A. S. Kucherenko, A. A. Kostenko, A. N. Komogortsev, B. V. Lichitsky, M. Y. Fedotov, S. G.
Zlotin, C2-Symmetric Chiral Squaramide, Recyclable Organocatalyst for Asymmetric Michael
Reactions. J. Org. Chem. 2019, 84, 4304-4311.

11Y. Qian, G. Ma, A. Lv, H. Zhu, J. Zhao, V. H. Rawal, Squaramide-catalyzed enantioselective
Friedel-Crafts reaction of indoles with imines. Chem. Comm. 2010, 46, 3004-3006.

S146


https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780379d04d14b3909da9323&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F48311844&isFromAllResults=false&key=6780379d04d14b3909da9323&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F48311844
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780379d04d14b3909da9323&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F48311844&isFromAllResults=false&key=6780379d04d14b3909da9323&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F48311844
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780375404d14b3909da903e&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F49897739&isFromAllResults=false&key=6780375404d14b3909da903e&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F49897739
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780375404d14b3909da903e&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F49897739&isFromAllResults=false&key=6780375404d14b3909da903e&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F49897739
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780375404d14b3909da903e&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F49897739&isFromAllResults=false&key=6780375404d14b3909da903e&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F49897739
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=678037bf04d14b3909da94c2&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F51603571&isFromAllResults=false&key=678037bf04d14b3909da94c2&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F51603571
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=678037bf04d14b3909da94c2&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F51603571&isFromAllResults=false&key=678037bf04d14b3909da94c2&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F51603571
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780380f04d14b3909da98af&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F52489479&isFromAllResults=false&key=6780380f04d14b3909da98af&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F52489479
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780380f04d14b3909da98af&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F52489479&isFromAllResults=false&key=6780380f04d14b3909da98af&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F52489479
javascript:%7b%7d
javascript:%7b%7d
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=6780382a04d14b3909da9a12&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F48687616&isFromAllResults=false&key=6780382a04d14b3909da9a12&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F48687616
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=678038de04d14b3909daa19d&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F54222054&isFromAllResults=false&key=678038de04d14b3909daa19d&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F54222054
https://scifinder-n.cas.org/navigate/?appId=7838fbd5-3967-4398-98c7-82a56203e769&backKey=678038de04d14b3909daa19d&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F54222054&isFromAllResults=false&key=678038de04d14b3909daa19d&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F54222054
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815c0b04d14b3909ef9669&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F53474487&isFromAllResults=false&key=67815c0b04d14b3909ef9669&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F53474487
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815c0b04d14b3909ef9669&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F53474487&isFromAllResults=false&key=67815c0b04d14b3909ef9669&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F53474487
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815c0b04d14b3909ef9669&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F53474487&isFromAllResults=false&key=67815c0b04d14b3909ef9669&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F53474487
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815be104d14b3909ef94c8&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F66636072&isFromAllResults=false&key=67815be104d14b3909ef94c8&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F66636072
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815be104d14b3909ef94c8&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F66636072&isFromAllResults=false&key=67815be104d14b3909ef94c8&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F66636072
https://scifinder-n.cas.org/navigate/?appId=97f38c97-8671-4c1f-a208-ef62a02df27e&backKey=67815be104d14b3909ef94c8&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F66636072&isFromAllResults=false&key=67815be104d14b3909ef94c8&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F66636072
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815c8f04d14b3909ef9ac1&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F33153889&isFromAllResults=false&key=67815c8f04d14b3909ef9ac1&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F33153889
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815c8f04d14b3909ef9ac1&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F33153889&isFromAllResults=false&key=67815c8f04d14b3909ef9ac1&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F33153889
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815c8f04d14b3909ef9ac1&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F33153889&isFromAllResults=false&key=67815c8f04d14b3909ef9ac1&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F33153889
javascript:%7b%7d
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815d2f04d14b3909efa244&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F53412650&isFromAllResults=false&key=67815d2f04d14b3909efa244&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F53412650
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815d2f04d14b3909efa244&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F53412650&isFromAllResults=false&key=67815d2f04d14b3909efa244&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F53412650
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815dec04d14b3909efaa2e&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F35403159&isFromAllResults=false&key=67815dec04d14b3909efaa2e&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F35403159
https://scifinder-n.cas.org/navigate/?appId=7c302d06-d04b-4446-89a1-9200c2d87380&backKey=67815dec04d14b3909efaa2e&backToPage=1&cidValue=713&contentUri=document%2Fpt%2Fdocument%2F35403159&isFromAllResults=false&key=67815dec04d14b3909efaa2e&metricsOrdinal=1&metricsResultType=reference&ordinal=0&resultType=reference&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.reference&uiContext=364&uiSubContext=551&uriForDetails=document%2Fpt%2Fdocument%2F35403159

