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1. General Information

Unless otherwise noted, all catalytic reactions were run under nitrogen conditions,
column chromatography was generally performed on silica gel (300-400 mesh) and
reactions were monitored with thin layer chromatography (TLC) using 254 nm UV light.
NMR characterization data were collected on bruker ASCENDTM operating at 400
MHz for *H NMR, 101MHz for 3C{1H} NMR (with complete proton decoupling), and
376 MHz for ®F{1H} NMR (with complete proton decoupling). *H NMR chemical
shifts were reported in ppm from tetramethylsilane with the TMS resonance as the
internal standard (8 = 0.00). 3C NMR spectra chemical shifts are reported in ppm from
thetetramethylsilane with the solvent resonance as internal standard (CDCl3, 6 = 77.16,
(CD3)2CO, 6 = 206.4). Spectra were reported as follows: chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), coupling
constants (Hz), integration and assignment. High-resolution mass spectra (HRMS)
were recorded on a Thermo Q-Exactive Focus (FTMS+c ESI). Enantiomeric excesses
were determined by chiral SFC analysis using the corresponding commercial chiral
column as stated in the experimental procedures at 35 <C with UV detector. Optical
rotations were measured on Rudolph Research Analytic Automatic Polarimeter and
reported as follows: [o]] "o (¢: g/100 mL, in CH2Cl,). Infrared spectra (IR) were recorded
on Bruker Tensor II spectrometer with Plantium ATR accessory and the peaks are
reported as absorption maxima (v, cm™). Melting point ranges were determined on
OptiMelt. X-ray crystallographic data were collected by a Bruker D8 Venture Photon
Il. Ester solvents obtained from commercial sources were used without further
purification. THF (tetrahydrofuran), CH2Cl> (dichloromethane), toluene were purified
by usual methods before use and reagents obtained from commercial sources were used
without further purification. Substrates 3-hydroxyoxindoles!, 3-acyl-2H-chromenones?
were synthesized according to the literature methods after modified.



2. Synthesis of starting materials.

a) General procedure for the synthesis of chiral guanidines® “.

Scheme S1. Chiral guanidines were used in the manuscript.
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b) Typical procedure for the synthesis of 3-hydroxyoxindoles A.
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Isatin was dissolved in DMF (1 M solution), then the solution was cooled down to 0 °C and
NaH (60% in petroleum, 1.05 equiv.) was added in portions. The mixture was stirred at 0 <C for 15
minutes. Then alkyl bromide or allyl bromide (1.05 equiv.) was added dropwise to this mixture. The
reaction was then allowed to stir for 15 minutes at 0 °C and 12 h at r.t., after which it was carefully
quenched with water at 0 °C. The solution was extracted three times with CH,Cl,. The combined
extracts were washed with brine, dried over Na,SO, filtered and concentrated in vacuo. The crude
product was purified by flash-column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 5:1) gave A’.

The obtained product A’ was dissolved in MeOH/DCM (v/v=2/1) at 0 °C (0.5 M solution).
Sodium borohydride (1.3 equiv.) was added in portions. The solution was stirred for 20 minutes.
The reaction was quenched with the addition of water (2 mL for each mmol of isatin employed) and
extracted three times with DCM, dried over Na»SOy, filtered and concentrated in vacuo. The crude
product was purified by flash-column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 2:1) gave A.

c) Typical procedure for the synthesis of 3-acyl-2H-chromenones B.

CHO o) lo) .
R® + J]\/U\ —>piperidine R3 - R
R 0"
OH MeCN, reflux 0o fe)

B

To a dry 100 mL flask were added substituted salicylaldehyde, ethyl substituted benzoyl (acetyl)
acetates (1.0 equiv.), piperidine (0.13 equiv.), and acetonitrile (0.5 M). The solution was stirred
under reflux for 4-12 h until the reaction completed (monitored by TLC). The mixture was filtered
and recrystallized with anhydrous ethanol or crude product was purified by flash-column
chromatography on silica gel. The product 3-acyl-2H-chromenones was obtained.

Typical procedure for the synthesis of 3-acyl-2H-chromenones B26-B29:
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To a dry 100 mL flask were added appropriate carboxylic acid (5.0 mmol, 1.0 equiv.), EDC
hydrochloride (1.15 g, 6.0 mmol, 1.2 equiv.), 4-dimethylaminopyridine (0.5 mmol, 0.1 equiv.), 3-
acyl-2H-chromenones B (5.0 mmol, 1.0 equiv.) and THF (10 mL), then mixture stirred at r.t. for 12
h (monitored by TLC). The mixture was diluted with CH>Cl, (10 mL), washed with H,O (20 mL),
saturated NaCl solution in sequence and dried by anhydrous Na;SO4. The solvent was evaporated
under reduced pressure after filtration. The residue was purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 3/1-2/1) to give pure product B26-B29.

3-benzoyl-2-0x0-2H-chromen-6-yl  2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-
yl)acetate (B26)

Yellow solid, 92% yield.

'H NMR (400 MHz, Chloroform-d) & 7.97 (s,

0
0s_0
. Mph 1H), 7.90 — 7.82 (m, 2H), 7.71 — 7.65 (m, 2H),
S 0 N0  7.65-759 (m, 1H), 7.52 — 7.45 (m, 4H), 7.42
7.37 (m, 1H), 7.34 — 7.31 (m, 2H), 7.04 (d, J =
cl 0
/

2.5 Hz, 1H), 6.87 (d, J = 9.0 Hz, 1H), 6.70 (dd,
J=9.0, 2.5 Hz, 1H), 3.94 (s, 2H), 3.84 (s, 3H),
2.48 (s, 3H).
13C NMR (101 MHz, Chloroform-d)  191.4, 169.3, 168.4, 158.1, 156.3, 152.3, 147.1, 144.5, 139.7,
136.6, 136.1, 134.1, 133.8, 131.4, 131.0, 130.5, 129.7, 129.3, 128.8, 127.9, 121.2, 118.6, 118.1,
115.2,111.8, 111.5, 101.4, 55.9, 30.6, 13.5.
HRMS (ESI) m/z: [M + Na]* Calculated for [CssH24**CINO7Na*]: 628.1134 found 628.1133.
HRMS (ESI) m/z: [M + Na]* Calculated for [CssH243"CINO7Na*]: 630.1104 found 630.1110.
IR (neat) 3062, 2930, 1736, 1676, 1573, 1480, 1399, 1319, 1236, 1152, 1121, 924, 835, 732 cm™.

3-benzoyl-2-ox0-2H-chromen-6-yl 2-(4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (B27)
o White solid, 70% yield.
'H NMR (400 MHz, Chloroform-d) &
o 7.98 (s, 1H), 7.90 — 7.84 (m, 2H), 7.83
cl o><[(0 Xy “ph - 7.77 (m, 2H), 7.75 — 7.68 (m, 2H),
o) 7.66 — 7.60 (m, 1H), 7.53 — 7.38 (m,
o0 5H), 7.27 — 7.23 (m, 2H), 7.03 — 6.96
(m, 2H), 1.85 (s, 6H).
13C NMR (101 MHz, Chloroform-d) 6 194.3,191.3, 172.5, 159.4, 158.0, 152.5, 146.8, 144.3, 138.8,
136.3, 136.0, 134.2, 132.3, 131.3, 131.1, 129.7, 128.8, 128.8, 128.1, 126.7, 121.0, 118.7, 118.3,
117.4,79.5, 25.6.
HRMS (ESI) m/z: [M + Na]* Calculated for [Ca3sH23**CINO7Na*]: 589.1025 found 589.1031.

HRMS (ESI) m/z: [M + Na]* Calculated for [Ca3sH23*’CINO7Na*]: 591.0995 found 591.1014.
IR (neat) 3062, 1731, 1657, 1595, 1278, 1240, 1148, 1100, 925, 854, 733 cm™*.

3-benzoyl-2-ox0-2H-chromen-6-yl 2-((2,3-dimethylphenyl)amino)benzoate (B28)



o) White solid, 69% yield.

@YOMPh IH NMR (400 MHz, Chloroform-d) 5 9.09 (s, 1H),
Wl 8.18 (dd, J = 8.1, 1.5 Hz, 1H), 8.05 (s, LH), 7.89 (dd,
( T 070 3=82, 1.1Hz 2H), 7.67—7.59 (m, 1H), 7.55 - 7.45
(m, 5H), 7.36 — 7.32 (m, 1H), 7.19 — 7.09 (m, 2H),

7.05 (d, J = 6.9 Hz, 1H), 6.82 — 6.72 (m, 2H), 2.33 (s, 3H), 2.16 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 191.5, 167.2, 158.3, 152.4, 150.7, 1473, 144.7, 138.5, 138.2,
136.2, 135.6, 134.1, 132.8, 131.9, 129.8, 128.8, 127.9, 127.8, 127.5, 126.2, 123.6, 121.8, 118.8,

118.2, 116.4, 114.1, 108.8, 20.7, 14.1,

HRMS (ESI) m/z: [M + Na]* Calculated for [C3:H23NOsNa*]: 512.1468 found 512.1478.
IR (neat) 3339, 3064, 1735, 1697, 1573, 1508, 1453, 1217, 1152, 1041, 743, 695 cm™.

3-benzoyl-2-oxo0-2H-chromen-6-yl (S)-2-(6-methoxynaphthalen-2-yl)propanoate (B29)

- 0 White solid, 66% yield.

~__O N o 1H NMR (400 MHz, Chloroform-d) & 7.93 (s,
- 1H), 7.89 — 7.82 (m, 2H), 7.80 — 7.70 (m, 3H),

O o 0 7.61 (t, J = 7.4 Hz, 1H), 7.53 — 7.43 (m, 3H),

7.35(d, J = 9.5 Hz, 1H), 7.27 — 7.23 (m, 2H), 7.20 — 7.11 (m, 2H), 4.12 (q, J = 7.1 Hz, 1H), 3.92 (s,
3H), 1.71 (d, J = 7.1 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) 6 191.4,173.2,158.2, 158.0, 152.2, 147.3, 144.6, 136.1, 134.7,
134.1, 129.7, 129.4, 129.1, 128.8, 127.7, 127.7, 127.2, 126.3, 126.0, 121.2, 119.5, 118.6, 118.0,
105.7, 55.5, 45.6, 18.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C3oH220sNa*]: 501.1309 found 501.1318.
IR (neat) 3059, 2935, 1741, 1665, 1605, 1571, 1485, 1238, 1145, 1070, 733, 696 cm™..



3. Optimization of reaction conditions.

Table S1. Screening of the chiral guanidines &.

OH
o)
@ESZO . foj\lph chiral guanidine (10 mol%)
N Ethyl acetate (0.1 M)
Et 0" o 30°C
A1 B1 c1

Entrytd chiral guanidine Yield (%)®! erlcl drtel
1 G1 68 42:58 84:16
2 G2 61 38:62 80:20
3 G3 99 46:54 76:24
4 G4 99 47:53 77.23
5 G5 68 44:56 74:26
6 G6 99 34.66 76:24
7 GS1 81 48:52 83:17
8 BG1 99 54:46 60:40

[a] Unless otherwise noted, the reactions were carried out with Al (0.10 mmol), B1 (0.10 mmol) and the catalyst
(10 mol%) in ethyl acetate (0.1 M) at 30 °C for 12 h. [b] Yield of the isolated products. [c] Determined by chiral
SFC.

Table S2. Screening of temperaturet.

OH
(e} S o
©jg:o . X Ph G6 (10 mol%) » //LL
N Ethyl acetate (0.1 M) ©\ Ph
\Et (o) [e) T°C N
Et
A1 B1 c1
Entryt] T°C Yield (%) orlc] drle
1 40 99 35:65 74:26
2 35 99 35:65 74:26
3 30 99 34:66 76:24
41 25 99 34:66 75:25
511 20 99 34:66 75:25




[a] Unless otherwise noted, the reactions were carried out with A1 (0.10 mmol), B1 (0.10 mmol) and G6 (10 mol%)
in ethyl acetate (0.1 M) at T °C for 12 h. [b] Yield of the isolated products. [c] Determined by chiral SFC. [d] React

for 4 days.

Table S3. Screening of solventst.

OH
0
o Xy ph
N
\
Et 0" o

A1

_—

Entrytd solvent Yield (%)®! erld drtel
1 Propyl acetate 99 34:66 75:25
2 Isopropyl acetate 99 34:66 73:27
3 tert-Butyl acetate 8 42:58 >19:1
4 Ethyl propionate 99 36:64 75:25
5 Phenol acetate 81 42:58 77:23
6 CH:Cl2 99 64:36 58:42
7 Toluene 99 31:69 76:24
8 THF 99 33:67 74:26

[a] Unless otherwise noted, the reactions were carried out with A1 (0.10 mmol), B1 (0.10 mmol) and G6 (10 mol%)
in solvent (0.1 M) at 30 °C for 12 h. [b] Yield of the isolated products. [c] Determined by chiral SFC.

Table S4. Rescreening of the chiral guanidines.

chiral guanidine (10 mol%)

Toluene (0.1 M)

A1 B1

Entryl®  chiral guanidine  Yield (%)™ erlcl drtel
1 G7 31 40:60 85:15
2 G8 37 42:58 87:13
3 G9 35 43:57 87:13
4 BG2-HBAr" 17 72:28 >19:1
5 BG1-HBAr" 51 82:18 94:6
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6 GS2 54 46:54 83:17

7] BG2:HBA1" 50 75:25 >19:1
gld] BG1-HBAr" 99 85:15 >19:1
old] BG3+HBA1" 66 42:58 76:24
10 BG4<HBAr" 28 58:42 >19:1
1119 BG5+HBA1" 99 47:53 47:53
12U BG6-HBAr" 99 86:14 19:1

[a] Unless otherwise noted, the reactions were carried out with A1 (0.10 mmol), B1 (0.10 mmol) and chiral guanidine
(10 mol%) in toluene (0.1 M) at 30 °C for 12 h. [b] Yield of the isolated products. [c] Determined by chiral SFC. [d]
React for 3 days.

Table S5. Screening of the additives(®.

(0]

@ES:O + foj\ljh BG6-HBAr" (10 mol%)

N Toluene (0.1 M)

Et o0 X0 additive, 30 °C

A1 B1 C1
Entry@l additives Yield (%)™ erlcl drlcl

1 3 AMS (20 mg) 89 88:12 >19:1
2 4 A MS (20 mg) 99 87:13 >19:1
3 5 A MS (20 mg) 90 88:12 19:1
4 no additive 99 86:14 19:1

[a] Unless otherwise noted, the reactions were carried out with Al (0.10 mmol), B1 (0.10 mmol), additives and
BG6eHBAr (10 mol%) in toluene (0.1 M) at 30 °C for 48 h. [b] Yield of the isolated products. [c] Determined by
chiral SFC.

Table S6. Screening of the substrate ratiol®l.

)
@ESZO M BG6-HBAF (10 mol%)
+ S Ph
N Toluene (0.1 M)
\Et 0 /o) 5 A MS (20 mg)
30°C
A1 B1 c1
Entryt Al/B1 Yield (%)®! erlcl drtel
1 1.1/1 90 87:13 94:6

10



a A W N

6
71d]

glel
olf]

1009l

1.2/1
1.5/1
1/1.1
1/1.2
1/1.3
1.5/1
1.5/1
1.5/1
1.5/1

01
99
88
80
75
59
04
57
33

87:13
87:13
88:12
88:12
88:12
96:4
95:5
93:7
94:6

19:1
>19:1
94:6
94:6
19:1
>19:1
>19:1
>19:1
>19:1

[a] Unless otherwise noted, the reactions were carried out with A1, B1, 20mg 5 A MS and BG6<HBArF (10 mol%)
in toluene (0.1 M) at 30 °C for 48 h. [b] Yield of the isolated products. [c] Determined by chiral SFC. [d] 1.0 mL
THF were used. [e] 1.0 mL isopropyl acetate were used. [f] 1.0 mL isopropyl acetate and 5 mol% BG6-HBAr"

were used. [g] 1.0 mL isopropyl acetate and 2.5 mol% BG6-HBAI™ were used.

11



4. Typical procedure for the catalytic asymmetric reaction.

4.1 General procedure for the catalytic asymmetric reaction.

OH o

X R BG6-HBA" (10 mol%)
R? O + R, isopropyl acetate (0.1 M)
N o o 5 A MS (20 mg)
\R2 30 °C
A B c

An oven-dried test tube was charged with A (0.15 mmol), B (0.10 mmol), BG6-HBAr" (10
mol%), 5 A MS (20 mg), extract and replace nitrogen three times, and isopropyl acetate (1.0 mL)
was added under nitrogen atmosphere, the reaction mixture was stirred at 30 °C and detected by
TLC. After the reaction was completed, the residue was subjected to column chromatography (silica
gel, eluent: petroleum ether/ethyl acetate = 5:1 to 3:1) to afford the desired products.

4.2 General procedure for the preparation of the racemic products.

OH (0]
race-BG1 (10 mol%
R1 o 3 AN R4 ( 0)
+ R isopropyl acetate (0.1 M) gt
N , o~ o s0°C
R
A B C

Method 1: An oven-dried test tube was charged with A (0.15 mmol), B (0.10 mmol), race-
BG1 (10 mol%), extract and replace nitrogen three times, and isopropyl acetate (1.0 mL) was added
under nitrogen atmosphere, the reaction mixture was stirred at 30 °C and detected by TLC. After
the reaction was completed, the residue was subjected to column chromatography (silica gel, eluent:
petroleum ether/ethyl acetate = 5:1 to 3:1) to afford the desired products.

Method 2: An oven-dried test tube was charged with A (0.15 mmol), B (0.10 mmol), DBN
(20 mol%), isopropyl acetate (1.0 mL) was added, the reaction mixture was stirred at 60 °C and
detected by TLC. After the reaction was completed, the residue was subjected to column
chromatography (silica gel, eluent: petroleum ether/ethyl acetate = 5:1 to 3:1) to afford the desired
products (For racemic product C1, C2, C5, C7, C8, C9, C10, C13, C14, C16, C17,C18, C19, C22,
C26, C29, C30, C31, C33, C34, C35, C36, C37, C41, C44).

Note: the diastereomers could be separated by silica gel column chromatography.
4.3 Experimental procedure for the gram-scale reaction.

OH O
BG6-HBAr" (10 1%
o N Ph r- (10 mol%)
+ isopropyl acetate (0.1 M
N 0 X0 5AMS (1.0 g)
Et 30 °C
A1 B1 Cc1
(6.0 mmol, 1.062 g) (4.0 mmol, 1.000 g) 1.52 g, >99% yield, 94:6 er, >19:1dr

recrystallization: 99:1 er
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An oven-dried round-bottom flask was charged with Al (6.0 mmol), B1 (4.0 mmol),
BG6<HBArF (0.4 mmol, 10 mol%), 5 A MS (1.0 g), extract and replace nitrogen three times, and
isopropyl acetate (40 mL) was added under nitrogen atmosphere, the reaction mixture was stirred
at 30 °C and detected by TLC. After the reaction was completed, remove the solvent by the vacuum
evaporator, the residue was subjected to column chromatography (silica gel, eluent: petroleum
ether/ethyl acetate = 5:1 to 3:1) to afford the desired product.

4.4 Experimental procedure for further transformation.

o OH
, NaBH4 (2.0 equiv.) ,
@\ = ©\
(0.5 mL/1.5 mL)
N 0°C,1h N
0.1 mmol, 99:1 er 90% vyield, 99:1 er, 83:17 dr

To an oven-dried reaction tube was added C1 (38.3 mg, 0.10 mmol), DCM (0.5mL) and MeOH
(1.5 mL), then NaBH4 (7.5 mg, 0.20 mmol) was added at 0 <C (ice bath), the mixture was stirred
for 1 h at 0 <C. After finished, the reaction was quenched with NH4CI (5 mL). The solution was
extracted with CH2Cl, (3>6 mL). The combined extracts were washed with brine (8.0 mL), dried
(NazS0,), filtered and concentrated in vacuo. The crude product was purified by flash-column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 2:1) gave D1 (34.8 mg, 90%
yield, 99:1 er, 83:17 dr).

NH,OH-HCI (2.0 equiv.)
pyridine (1.9 equiv.)
_—

EtOH (2.0 mL), 70 °C

c1
0.1 mmol, 99:1 er 88% yield, 99:1 er, Z/E = 4.9/1

To an oven-dried reaction tube were added NH,OH-HCI1 (13.9 mg, 0.2 mmol), pyridine (16 pL,
0.19 mmol) and EtOH (1.5 mL), the mixture was stirred at 70 <C for 1 h, then C1 (38.3 mg, 0.1
mmol) and EtOH (0.5 mL) was added, the mixture was stirred for another 8 h. Concentration of
EtOH in vacuo and the residue was purified by flash column chromatography on silica gel (eluent:
petroleum ether/ethyl acetate = 3/1) to afford product D2. (35.0 mg, 88% vyield, 99:1 er, Z/E = 4.9/1).

+ PhMgBr —_—

c1 D3
0.1 mmol, 99:1 er 71% yield, 99:1 er

An oven-dried test tube was charged with C1 (38.3 mg, 0.1 mmol) under N, atmosphere. After
adding dry THF (1.0 mL), the system was stirred at 0 <C, followed by the injection of commercially
available phenyl magnesium bromide (2.0 equiv., 1M in THF). The reaction was stirred at 0 <C for
30 min and then warmed up to room temperature for overnight. After finished, the reaction was

13



quenched with NH4CI (5 mL). The solution was extracted with ethyl acetate (3>6 mL). The
combined extracts were washed with brine (8.0 mL), dried (NazSQ.), filtered and concentrated in
vacuo. The reaction mixture was subjected to column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (v/v 3:1) to afford the corresponding product D3 (32.7 mg, 71% yield,
99:1 er).

5. Unsuccessful substrates.

Br OH OH
Oy 00
N\ Br N\
Et Et
73% yield (impure)

trace N.R. N.R. 83:17 dr, 40% ee

o) o) cl o
H Et
X N X X o”
|
(o) o) o o o o
)

53% yield (impure trace

>19:1 dr, 85% ee

complex
The above-mentioned substrates all reacted under standard conditions.

6. X-ray crystal data.

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of
compound C13 in CH.Cl, and petroleum ether at r.t. CCDC 2302490 contains the supplementary
crystallographic data for this paper. These data are provided free of charge by The Cambridge
Crystallographic Data Centre.

The colourless crystal in block-shape, with approximate dimensions of 0.140 %0.214 ><0.306
mm?q, was selected and mounted for the single-crystal X-ray diffraction. The data set was collected
by Bruker D8 Venture Photon |1 diffractometer at 173(2)K equipped with micro-focus Cu radiation
source (K, = 1.54178A). Applied with face-indexed numerical absorption correction, the structure
solution was solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3
program package® ¢ 9, The structure was analyzed by ADDSY M routine implemented in PLATON
suite and no higher symmetry was suggested®.

14
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‘ O—6 a
@ ca € x c21 > T NG~
& . O cis - 2 .
~ O ce3 {1’
[N} A cz7
= T c24
?:’ "' "'Q Cz6
5 X N0
pa €25
: d
Z 44  rpr028 P 32 R = 0.02 RES= 0 -36 X
Crystallographic Data for C13.
Formula C25H23N03(C13)
Formula mass (amu) 397.45
Space group P3;
a (A 11.2675(3)
b (A) 11.2675(3)
c(A) 13.8644(4)
o (deg) 90
p (deg) 90
y (deg) 120
V (A3 1524.36(9)
z 3
(A 1.54178
T (K) 173 K
Pealed (9 €M3) 1.299
L (mm-t) 0.677
Transmission factors 0.846-0.958
6 max (deg) 79.521




No. of unique data, including Fs?> <0 4246
No. of unique data, with Fo? > 20(F,%?) 4205

No. of variables 274
R(F) for Fo?2 > 20(F¢?) 2 0.0238
Rw(Fo?) 0.0632
Goodness of fit 1.047

“R(F) = ZIIFol = [Fel| / ZIFol.

b Rw(Fo?) = [S[W(Fo? — F?)?] / SWF.*M2; wt = [6?(Fo?) + (Ap)? + Bp], where p = [max(Fo?,0) + 2F?] / 3.
References:

2 Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122.

bSheldrick, G. M. Acta Cryst. 2015, A71, 3-8.

¢ Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8.

4 Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J. A. K., Puschmann, H. J. Appl. Cryst.
2009, 42, 339-341.

¢Spek, A. L. J. Appl. Cryst. 2003, 36, 7-13.
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Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of
compound Int2 in CH,Cl, at r.t. CCDC 2321099 contains the supplementary crystallographic data
for this paper. These data are provided free of charge by The Cambridge Crystallographic Data
Centre.

The orange crystal in block-shape, with approximate dimensions of 0.116 %0.145 x0.241 mm?,
was selected and mounted for the single-crystal X-ray diffraction. The data set was collected by
Bruker D8 Venture Photon Il diffractometer at 173(2)K equipped with micro-focus Cu radiation
source (Ko = 1.54178A). Applied with face-indexed numerical absorption correction, the structure
solution was solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3
program package? ® ¢ 9, The structure was analyzed by ADDSY M routine implemented in PLATON
suite and no higher symmetry was suggested®.

— Prob
T Temp

50
173

- (291123)

PLATON-Dec 16 4:04:48 2023

CL1S

™~

13 rpr031 P 21/¢c R = 0.04 RES= 0 -13 X

Crystallographic Data for Int2.

Formula C26H21NOs,CHClo(Int2)
Formula mass (amu) 512.36

Space group P2i/c

a (A 18.3464(4)

b (A) 8.3122(2)

c(A) 16.0948(3)

a (deg) 90

B (deg) 99.9900(10)
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y (deg) 90

V (A3 2417.23(9)
z 4

(A 1.54178

T (K) 173K
Prealed (g cmM3) 1.408

4 (mm1) 2.749
Transmission factors 0.793-0.997
6 max (deg) 68.328

No. of unique data, including Fe?> < 0 4416
No. of unique data, with Fo? > 20(F,%) 4021

No. of variables 321
R(F) for Fo? > 20(Fs?) @ 0.0404
Rw(Fo?) 0.1017
Goodness of fit 1.052

“R(F) = XlIFol - [Fell / XIFol.

® Ru(Fo?) = [T [W(Fo? — F)?] / YW M2; wt = [62(Fo?) + (Ap)? + Bp], where p = [max(F.2,0) + 2F:2] / 3.

References:

a Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122.

bSheldrick, G. M. Acta Cryst. 2015, A71, 3-8.

¢ Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8.

4 Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J. A. K., Puschmann, H. J. Appl. Cryst.
2009, 42, 339-341.

¢Spek, A. L. J. Appl. Cryst. 2003, 36, 7-13.
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7. Control experiments and mechanistic studies

The intermediate Int2 could be isolated during the reaction process, we monitoring the reaction
system in different reaction times discovery the yield of Int2 increased firstly then decreased
gradually, and just obtained the moderate ee value of Int2 in the early stage of the reaction, and the
ee value of Int2 gradually decreased along with the reaction progresses. The dr value of Int2
was >19:1 and maintain all the time. The yield of final product C1 increased gradually and the ee
value of C1 had a slight decrease.

OH o

o (o)
(o} . = Ph std. cond. std. cond. W "’//U\
N —— —_— ©\ Ph
\ (6] [e)
Et N\
A1 B1 Et
Int2 c1
Reaction Yield of ee of Int2 Yield of ee of C1
. dr of Int2 dr of C1
time/ h Int2 (%) (%) Cl (%) (%)
0 0 0 0 0 0 0
1 44 45 >19:1 4 98 >19:1
3 72 45 >19:1 11 94 >19:1
6 78 39 >19:1 21 95 >19:1
12 60 17 >19:1 39 92 >19:1
24 29 -6 >19:1 70 90 >19:1
36 11 -13 >19:1 88 90 >19:1
48 4 -13 >19:1 94 90 >19:1
90
80
< 70
« 60
£ 50
B 40
©
T 30
> 20
10
0
0 10 20 30 40 50 60

reaction time/h
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100
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We choose racemic intermediate Int2 as substrate, put intermediate Int2 into standard
conditions, by monitoring the ee and dr value of the product C1, it could be found that the racemic
intermediate Int2 could transform into product C1 with high ee value. And intermediate Int2 could
be completely converted into product C1, the yield of product C1 were increased as time goes on,
the dr value of C1>19:1 all the time, only one type diastereoisomer could be detected in the reaction
system. These control experiments demonstrate the process of releasing CO. involve the
disappearance of chiral centers, the chiral guanidine not only control the first step of Michael
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reaction, but also control the next cyclizing step, the ee and dr value of the product were determined
in the last cyclizing step.

std. cond. @
_Sd-cond.
N

Int2 (>19:1 dr) ¢t

reaction time yield of C1 (%) ee of C1 (%) dr of C1
15h 20 96 >19:1
27h 25 94 >19:1
39h 39 93 >19:1
50 h 47 92 >19:1
110 h 99 91 >19:1

The ee and dr value of product C37 were unchanging when once again putting it into standard
condition (eg. 1). The process retro-Michael reaction then Michael reaction of final product could
be ruled out. When using coumarin-3-carboxylate ester as substrate, using DBU as base,
corresponding Int2 could be isolated smoothly, no reaction occur in the standard condition, when
increasing the reaction temperature to 60 °C, the corresponding final product could be isolated in
54% yield after 23 h (eq. 2).This can be inferred that last cyclizing step involve in Michael addition,
due to the reaction activity of ester group weaker than carbonyl group, the reaction is difficult to
occur for coumarin-3-carboxylate at standard condition.

std. cond.

(eq.1)

C37 Cc37
9% ee, >19:1 dr 9% ee, >19:1 dr (after 42 h)
0% ee, 56:44 dr 0% ee, 56:44 dr (after 35 h)

std. cond.

N.R. (after 84 h)
race, >19:1 dr

54% yield, 30% ee, 72:28 dr
(60 °C, after 23 h)
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8. Spectral characterization data for the products

(2R,3S)-1'-ethyl-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one (C1):

White solid, 94% yield, 95:5 er, >19:1 dr, m.p. 63-67 °C, [a] %o = -57.3
(c =0.4, in CH.Cl,). Reacted for 48 h.
SFC Daicel Chiralcel OJ-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240

nm, t; = 2.81 min, t = 5.90 min.

'H NMR (400 MHz, Chloroform-d) § 7.62 (d, J = 7.4 Hz, 2H), 7.47 (t, J
=7.4Hz, 1H), 7.32 (t, J=7.7 Hz, 2H), 7.23 — 7.20 (m, 2H), 7.12 (t, J =
7.8 Hz, 1H), 7.06 (d, J = 7.3 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.88 (d, J
= 8.1 Hz, 1H), 6.81 — 6.70 (m, 2H), 4.64 (t, J = 7.5 Hz, 1H), 3.96 — 3.87 (m, 1H), 3.78 — 3.69 (m,
1H), 3.52 — 3.41 (m, 2H), 1.37 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d)  197.0, 175.1, 158.8, 143.6, 136.3, 130.6, 129.0, 128.8, 128.5,
127.7,125.8, 124.9, 123.9, 122.1, 121.4, 110.2, 109.0, 89.0, 44.4, 40.4, 35.1, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH2:NO3sNa*]: 406.1414 found 406.1414.

IR (neat) 3058, 2928, 1726, 1682, 1607, 1471, 1366, 1286, 1230, 1103, 994, 751, 692 cm.

0.0404

0.0307

0.0204

0.0104

AU

0.000 o

-0.0104

-0.0207

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 1000 1100 1200 1300  14.00
Minutes
Retention Time Area % Area
1 2.788 124179 12.47
2 4.316 372365 37.40
3 5.912 122133 12.27
4 10.031 377019 37.86
0.60
0.501
0.40]
5 0.30]
<
0.201
5
0.109 =2
0.004——] 7/\4 — -
0.00 100 2,00 300 400 500 600 700 800 900 1000 1100
Minutes
Retention Time Area % Area
1 2.807 353321 5.02
2 5.895 6691459 94.98
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(2R,3S)-1'-ethyl-5'-methyl-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one

(C2):

Yellow solid, 99% yield, 94:6 er, >19:1 dr, m.p. 66-70 °C, [a] %% = -
66.6 (c = 0.86, in CH2Cl,). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 4.98 min, t; = 6.83 min.
IH NMR (400 MHz, Chloroform-d) & 7.61 (d, J = 7.5 Hz, 2H), 7.47
(t,J=7.4Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.24 — 7.20 (m, 2H), 6.98
(t, J=7.4Hz, 1H), 6.94 - 6.83 (m, 3H), 6.60 (d, J = 8.5 Hz, 1H), 4.65
(dd, J = 10.6, 4.5 Hz, 1H), 3.93 — 3.84 (m, 1H), 3.75 — 3.66 (m, 1H), 3.51 (dd, J = 17.8, 10.7 Hz,
1H), 3.38 (dd, J = 17.8, 4.6 Hz, 1H), 2.04 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 196.9, 175.0, 158.9, 141.2, 136.4, 133.1, 131.7, 130.8, 129.0,
128.9,128.4, 127.6, 125.8, 123.9, 121.4, 110.2, 108.7, 89.1, 44.6, 40.5, 35.1, 20.8, 12.4

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3sNa*]: 420.1570 found 420.1572.

IR (neat) 3058, 2979, 2934, 1724, 1682, 1486, 1369, 1217, 994, 750, 689 cm*,

0.16
0.14
0.12
0.10+
0.08+

AU

0.06
0.04
0.027
0.00

6.816

-0.02

™

000 050

100

150 2

"'a00 450 500 550 600 650 700

750 800 & " 1000

Minutes
Retention Time Area % Area
1 3.190 1312071 21.44
2 3.677 1310335 21.41
3 4.977 1745341 28.52
4 6.816 1751158 28.62
0.80-
0.60-
2
< 0.401
©o
0.20- =
<
0.00 A ~
0.00 1.00 " 200 300 400 " so0 | e00 | 7.00 ‘800 900 1000
Minutes
Retention Time Area % Area
1 4.976 794727 6.36
2 6.828 11700483 93.64

11,00
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(2R,3S)-1'-ethyl-5'-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one
(C3):

White solid, 99% yield, 93:7 er, >19:1 dr, m.p. 66-68 °C, [a] %p = -
55.8 (c = 0.76, in CH2Cl.). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 4.67 min, t; = 6.43 min.

'H NMR (400 MHz, Chloroform-d) 6 7.71 — 7.62 (m, 2H), 7.49 (t, J
=7.4Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 7.25 - 7.20 (m, 2H), 6.99 (t,
J=7.4Hz, 1H), 6.89 (m, 1H), 6.84 — 6.80 (t, J = 8.3 Hz, 2H), 6.69 —
6.62 (m, 1H), 4.64 (dd, J = 10.4, 4.8 Hz, 1H), 3.96 — 3.87 (m, 1H), 3.76 — 3.67 (m, 1H), 3.58 — 3.38
(m, 2H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 196.8, 174.8, 158.6, 158.5 (d, J = 242.4 Hz), 139.7, 136.0,
133.4,129.2,128.6, 128.4, 127.7,127.1 (d, J = 7.6 Hz), 123.9, 121.6, 116.8 (d, J = 23.4 Hz), 112.9
(d, J=24.7 Hz), 110.3, 109.5 (d, J = 7.8 Hz), 88.9, 44.6, 40.1, 35.2, 12.3.

F NMR (376 MHz, Chloroform-d) & -120.85.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1314.

IR (neat) 3059, 2981, 2936, 1727, 1682, 1485, 1454, 1240, 1206, 878, 817, 750, 688 cm.

1.404

o~ 3
=
1.20] § 5} °
1.00
0.804
2
< 0,607
0.401
0.204
0.00 o
000 050 100 150 200 250 300 350 400 450 500 550 600 650 7.00 750 800 850 9.00 950 10.00
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Retention Time Area % Area
1 2.867 8903534 17.79
2 3.172 9602548 19.19
3 4.677 15582172 31.13
4 6.568 15960954 31.89
0.507
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2
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—
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000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 9.00 950 10.00
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(2R,3S)-5'-chloro-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-2'-one

(C4):

Hz, 3H).

White solid, 99% yield, 93:7 er, >19:1 dr, m.p. 67-72 °C, [a] %% = -
115.1 (c = 0.80, in CH2Cl>). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t; = 5.56 min, t; = 8.63 min.
'H NMR (400 MHz, Chloroform-d) & 7.70 — 7.61 (m, 2H), 7.50 (t,
J=7.4Hz, 1H), 7.36 (t, J = 7.7 Hz, 2H), 7.26 — 7.21 (m, 2H), 7.10

— 6.95 (m, 3H), 6.89 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H),
4.73 - 4.56 (m, 1H), 3.96 — 3.87 (m, 1H), 3.75 — 3.66 (M, 1H), 3.52 — 3.42 (m, 2H), 1.37 (t, J = 7.2

13C NMR (101 MHz, Chloroform-d) § 196.9, 174.7, 158.5, 142.3, 136.0, 133.4, 130.4, 129.2, 128.6,
128.3,127.7,127.4,127.4, 125.3, 123.9, 110.3, 109.9, 88.7, 44.7, 40.1, 35.2, 12.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20**CINO3Na*]: 440.1024 found 440.1023.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%" CINO3Na*]: 442.0994 found 442.0993.

IR (neat) 3061, 2981, 2936, 1731, 1682, 1604, 1481, 1366, 996, 867, 751, 689 cm™L.
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(2R,3S)-5'-bromo-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C5):

White solid, 99% yield, 93:7 er, >19:1 dr, m.p. 75-78 °C, [a] %% = -
36.9 (c = 0.95, in CH2Cl,). Reacted for 108 h.

SFC Daicel Chiracel 0J-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t; = 3.26 min, t; = 9.47 min.

'H NMR (400 MHz, Chloroform-d) & 7.70 — 7.62 (m, 2H), 7.54 —
7.47 (m, 1H), 7.37 (t, J = 7.7 Hz, 2H), 7.26 — 7.15 (m, 4H), 7.01 (t,
J = 7.4 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.58 (d, J = 8.3 Hz, 1H),
4.63 (t,J = 7.7 Hz, 1H), 3.91 (dg, J = 14.5, 7.3 Hz, 1H), 3.70 (dg, J = 14.3, 7.2 Hz, 1H), 3.54 — 3.44
(m, 2H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  196.9, 174.5, 158.5, 142.7,135.9, 133.4, 133.2,129.2, 128.5,
128.2,127.9, 127.7, 127.6, 123.8, 121.6, 114.5, 110.3, 88.6, 77.1, 44.7, 40.1, 35.2, 12.2.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20"°BrNO3sNa*]: 484.0519 found 484.0513.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH208'BrNO3sNa*]: 486.0498 found 486.0495.

IR (neat) 3060, 2980, 2935, 1731, 1682, 1480, 1428, 1241, 1148, 1112, 995, 752 cm™*,
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(2R,3S)-1'-ethyl-5'-iodo-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C6):

Yellow solid, 99% yield, 94:6 er, >19:1 dr, m.p. 77-82 °C, [a] ©p = -
147.7 (c = 0.92, in CH2Cl>). Reacted for 120 h.

SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 7.25 min, t; = 11.68 min.

'H NMR (400 MHz, Chloroform-d) & 7.64 (d, J = 7.3 Hz, 2H), 7.50
(t, J=7.4Hz, 1H), 7.41 - 7.31 (m, 4H), 7.26 — 7.18 (m, 2H), 7.00 (t,
J=7.4Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.48 (d, J = 8.2 Hz, 1H),
4.63 (dd, J=10.7,4.7 Hz, 1H), 3.89 (dq, J = 14.5, 7.3 Hz, 1H), 3.69 (dg, J = 14.3, 7.2 Hz, 1H), 3.56
—3.38 (m, 2H), 1.36 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.0, 174.4, 158.6, 143.5, 139.3, 136.0, 133.5, 133.4, 129.2,
128.6, 128.2, 127.7, 123.9, 121.7, 110.9, 110.3, 88.5, 84.2, 44.9, 40.3, 35.2, 12.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20INOsNa*]: 532.0380 found 532.0386.

IR (neat) 3058, 2980, 2934, 1727, 1680, 1600, 1477, 1348, 1227, 1111, 994, 814, 739, 691 cm™.
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(2R,3S)-1'-ethyl-3-(2-ox0-2-phenylethyl)-5'-(trifluoromethoxy)-3H-spiro[benzofuran-2,3'-
indolin]-2"-one (C7):

White solid, 89% yield, 96:4 er, >19:1 dr, m.p. 64-68 °C, [a] ©p
=-51.3 (c = 0.83, in CHCly). Reacted for 72 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A
=240 nm, t; = 2.64 min, t, = 3.80 min.

'H NMR (400 MHz, Chloroform-d) & 7.68 — 7.57 (m, 2H), 7.48
(t,J=7.4Hz, 1H), 7.33 (t, J = 7.8 Hz, 2H), 7.23 (dd, J = 7.5, 3.3
Hz, 2H), 7.06 — 6.97 (m, 2H), 6.95 (s, 1H), 6.90 (d, J = 8.0 Hz,
1H), 6.71 (d, J = 8.5 Hz, 1H), 4.65 (dd, J = 9.7, 5.6 Hz, 1H), 3.94 (dq, J = 14.5, 7.3 Hz, 1H), 3.74
(dg, J=14.4,7.2 Hz, 1H), 3.58 — 3.41 (m, 2H), 1.39 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.9, 175.0, 158.6, 143.9, 142.6, 136.0, 133.5, 129.3, 128.6,
128.2,127.6, 123.9, 123.8, 121.8, 119.2, 110.4, 109.3, 88.6, 44.6, 40.4, 35.4, 12.3.

F NMR (376 MHz, Chloroform-d) & -58.70.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FsNOsNa*]: 490.1237 found 490.1238.

IR (neat) 3061, 2981, 1731, 1682, 1484, 1453, 1246, 1210, 1163, 1112, 995, 750, 689 cm.

1.00]
0.80
¥
0.60- =
2
0.40-
0.20
0.00-
000 " os0 " 1000 " w500 " 2000 " 2500 " a0 | sko " 400 a0 so0 550 | ‘600
Minutes
Retention Time Area % Area
1 1.888 3763647 16.04
2 2.082 3860671 16.45
3 2.528 7924390 33.77
4 3.609 7917295 33.74
0.25]
0.20
0.15 R

2
0.10]

0.05

>»2.643

0.00+

000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Minutes

Retention Time Area % Area
1 2.643 71287 4.16
2 3.802 1640611 95.84

28



(2R,3S)-1'-ethyl-5",7'-dimethyl-3-(2-0xo0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-
2'-one (C8):

Yellow solid, 99% yield, 94:6 er, >19:1 dr, m.p. 59-62 °C, [a] %% = -
50.4 (c = 0.50, in CH2Cl,). Reacted for 120 h.

SFC Daicel Chiralcel 0J-3, CO2/MeOH = 85/15, 1.5 mL/min, A =240
nm, t; = 2.40 min, t, = 6.86 min.

'H NMR (400 MHz, Chloroform-d) & 7.66 — 7.57 (m, 2H), 7.47 (t, J
=7.4Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.23 - 7.19 (m, 2H), 6.97 (t, J
=7.2Hz,1H),6.89(d, J =7.9 Hz, 1H), 6.70 (s, 1H), 6.60 (s, 1H), 4.65
(dd, J=10.5, 4.6 Hz, 1H), 4.07 — 3.92 (m, 2H), 3.48 (dd, J = 17.6, 10.6 Hz, 1H), 3.32 (dd, J = 17.6,
4.7 Hz, 1H), 2.34 (s, 3H), 1.99 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  196.9, 176.2, 159.0, 139.0, 136.4, 134.9, 133.1, 131.7, 128.9,
128.4,127.6, 126.7, 123.9, 123.5, 121.3, 119.7, 110.2, 88.4, 44.9, 40.2, 36.9, 20.4, 18.7, 14.6.
HRMS (ESI) m/z: [M + Na]* Calculated for [C27H2sNO3sNa*]: 434.1727 found 434.1732.

IR (neat) 2975, 2923, 1719, 1681, 1597, 1476, 1356, 1227, 1113, 996, 896, 744, 691 cm™.
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(2R,3S)-1'-ethyl-6'-methoxy-3-(2-oxo0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-
one (C9):
White solid, 69% yield, 94:6 er, 78:22 dr, m.p. 74-75 °C. Reacted for
96 h.
O SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
"S/U\Ph 240 nm, t; = 3.90 min, t; = 4.25 min, t3 = 6.23 min, t; = 7.98 min.

minor product

[o] 2% = -48.0 (c = 0.05, in CHCly).

!H NMR (400 MHz, Chloroform-d) § 7.98 — 7.81 (m, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.7
Hz, 2H), 7.24 — 7.17 (m, 3H), 6.96 (t, J = 7.3 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.52 (dd, J = 8.2,
2.2 Hz, 1H), 6.44 (d, J = 2.1 Hz, 1H), 4.42 (dd, J = 9.2, 4.9 Hz, 1H), 3.94 (dd, J = 18.4, 9.3 Hz, 1H),
3.83 (s, 3H), 3.70 (dg, J = 14.6, 7.3 Hz, 1H), 3.51 (dq, J = 14.3, 7.2 Hz, 1H), 3.39 (dd, J = 18.4, 5.0
Hz, 1H), 1.19 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 198.4, 173.3, 161.9, 158.9, 144.2, 136.6, 133.4,129.4, 129.1,
128.7,128.2,124.5, 124.4,122.7, 121.5, 110.4, 106.7, 96.9, 87.6, 55.7, 46.3, 41.2, 34.9, 12.6.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO4Na*]: 436.1519 found 436.1517.

IR (neat) 2932, 1726, 1682, 1624, 1504, 1477, 1379, 1217, 1097, 994, 892, 747, 691 cm™..

major product

[o] 2% =-41.6 (c = 0.31, in CHCly).

'H NMR (400 MHz, Chloroform-d) § 7.65 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.34 (t, = 7.7
Hz, 2H), 7.23 — 7.21 (m, 2H), 7.02 — 6.93 (m, 2H), 6.87 (d, J = 8.2 Hz, 1H), 6.28 (d, J = 2.0 Hz, 1H),
6.22 (dd, J = 8.2, 2.1 Hz, 1H), 4.61 (t, J = 7.6 Hz, 1H), 3.88 (dq, J = 14.4, 7.2 Hz, 1H), 3.75 — 3.68 (m,
1H), 3.66 (s, 3H), 3.44 (d, J = 7.8 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.1, 175.6, 162.0, 158.8, 145.3,136.4, 133.2, 129.0, 128.9,
128.5,127.8,126.0, 123.9, 121.3, 117.9, 110.2, 105.7, 97.0, 89.0, 55.6, 44.5, 40.4, 35.1, 12.5.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NOsNa*]: 436.1519 found 436.1519.

IR (neat) 3059, 2933, 1726, 1620, 1455, 1378, 1216, 1098, 990, 884, 749, 693 cm™L.
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(2R,3S)-1'-ethyl-6'-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one

(C10):

Yellow solid, 84% yield, 91:9 er, >19:1 dr, m.p. 59-61 °C, [a] ©p = -
40.8 (c = 0.66, in CH.Cl,). Reacted for 96 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 5.75 min, t; = 6.58 min.

'H NMR (400 MHz, Chloroform-d) & 7.65 (d, J = 7.4 Hz, 2H), 7.50
\ (t,J=7.4Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 7.24 — 7.20 (m, 2H), 7.02

~ 6.96 (M, 2H), 6.88 (d, J = 8.0 Hz, 1H), 6.51 — 6.37 (m, 2H), 4.61
(dd, J = 10.5, 4.6 Hz, 1H), 3.95 — 3.86 (M, 1H), 3.77 — 3.66 (M, 1H), 3.56 — 3.37 (M, 2H), 1.38 (t, J

= 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 197.0, 175.41, 164.4 (d, J = 248.1 Hz), 158.6, 145.7 (d, J =
11.9 Hz), 136.1, 133.4, 129.1, 128.6, 128.5, 127.6, 126.2 (d, J = 10.1 Hz), 123.9, 121.5, 121.4 (d, J
=3.1Hz), 110.3, 108.1 (d, J = 22.6 Hz), 97.8 (d, J = 27.6 Hz), 88.6, 44.5, 40.3, 35.3, 12.3.

19F NMR (376 MHz, Chloroform-d) & -108.44.
HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1318.
IR (neat) 3062, 2982, 1732, 1681, 1612, 1453, 1379, 1354, 1200, 1088, 840, 749, 694 cm.

0.08

0.06-

0.04+

AU

0.02

0.00

-0.024

6.462

Minutes

000 050 100 150 200 ‘250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10.00

Retention Time Area % Area
1 2.751 647713 21.93
2 3.149 672585 22.77
8 5.642 808263 27.36
4 6.462 825613 27.95
0.804
0.704
0.60
0.504
2 040
0.304
n
0.204 ,1"
n
0.10
A A
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Minutes
Retention Time Area % Area
1 5.745 979613 8.98
2 6.575 9934344 91.02

32



(2R,3S)-6'-chloro-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-2'-one

(C11):

Yellow solid, 99% vyield, 92:8 er, >19:1 dr, m.p. 68-70 °C, [a]] ?°p =
-49.3 (¢ = 0.82, in CH2Cl,). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 7.24 min, t; = 8.44 min.

'H NMR (400 MHz, Chloroform-d) 5 7.64 (d, J = 7.3 Hz, 2H), 7.50
\ (t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.7 Hz, 2H), 7.24 — 7.20 (m, 2H),

7.00 - 6.95 (m, 2H), 6.87 (d, J = 8.0 Hz, 1H), 6.72 — 6.70 (M, 2H),
4.61 (dd, J = 10.8, 4.4 Hz, 1H), 3.95 — 3.86 (m, 1H), 3.75 — 3.66 (m, 1H), 3.57 — 3.35 (m, 2H), 1.38

(t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.0, 175.1, 158.6, 145.0, 136.4, 136.1, 133.4, 129.2, 128.6,
128.4,127.7,125.8, 124.2, 123.9, 121.9, 121.6, 110.3, 109.6, 88.5, 44.6, 40.2, 35.3, 12.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20**CINO3Na*]: 440.1024 found 440.1029.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%" CINO3Na*]: 442.0994 found 442.1000.

IR (neat) 3062, 2981, 2936, 1733, 1682, 1605, 1483, 1369, 1230, 1011, 750, 693 cm™*.
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(2R,3S)-6'-bromo-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(C12):

Yellow solid, 93% yield, 93:7 er, >19:1 dr, m.p. 70-73 °C, [a] 2 =

-43.2 (c = 0.94, in CH2Cl). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A =

240 nm, t; = 8.23 min, t; = 9.76 min.

!H NMR (400 MHz, Chloroform-d) & 7.68 — 7.61 (m, 2H), 7.51 (t,

\ J=7.4Hz, 1H), 7.36 (t, J = 7.7 Hz, 2H), 7.24 — 7.20 (m, 2H), 6.98
(t, J = 7.4 Hz, 1H), 6.93 — 6.83 (m, 4H), 4.61 (dd, J = 10.8, 4.4 Hz,

1H), 3.95 - 3.86 (m, 1H), 3.69 (dt, J = 14.4, 7.2 Hz, 1H), 3.56 — 3.36 (m, 2H), 1.38 (t, J = 7.2 Hz,

3H).

13C NMR (101 MHz, Chloroform-d) § 197.0, 174.9, 158.6, 145.1,136.1, 133.4,129.2, 128.6, 128.4,

127.7,126.0, 124.8, 124.7, 124.4, 123.9, 121.6, 112.4, 110.3, 88.6, 44.6, 40.2, 35.3, 12.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20"°BrNO3sNa*]: 484.0519 found 484.0524.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%'BrNO3sNa*]: 486.0498 found 486.0503.

IR (neat) 3061, 2981, 1733, 1682, 1601, 1482, 1429, 1230, 1000, 750, 693 cm™*.
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(2R,3S)-1'-ethyl-7'-methyl-3-(2-0xo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one
(C13):

Yellow solid, 87% yield, 93:7 er, >19:1 dr, m.p. 148-152 °C, [a] ©p = -
13.9 (¢ =0.77, in CH2Cly). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 6.18 min, t, = 8.54 min.

'H NMR (400 MHz, Chloroform-d) & 7.62 (d, J = 7.4 Hz, 2H), 7.47 (t, J
=7.4Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.22 — 7.18 (m, 2H), 6.96 (t, J =
7.4 Hz, 1H), 6.93 -6.81 (m, 3H), 6.67 (t, J = 7.5 Hz, 1H), 4.73 - 4.57 (m,
1H), 4.10 — 3.94 (m, 2H), 3.46 — 3.36 (m, 2H), 2.39 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.0, 176.2, 158.9, 141.4, 136.3, 134.5, 133.2, 129.0, 128.9,
128.5,127.7, 126.6, 123.9, 122.7, 122.1, 121.3, 120.0, 110.2, 88.4, 44.8, 40.1, 37.0, 18.9, 14.7.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3Na*]: 420.1570 found 420.1570.

IR (neat) 2924, 1725, 1683, 1599, 1455, 1361, 1227, 886, 751, 691 cm™.

0.0504
o
3
0.040] o §
0.0304 -]
o 0.0207
<
0.010] ]\
0.000}/-_ % " — .
-0.0104
>0'0207““\““\““\“"\‘“‘\““\““\““\““\““\““\
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
Minutes
Retention Time Area % Area
1 3.768 457802 26.88
2 4.040 471577 27.69
8 6.082 386722 22.70
4 8.397 387240 22.73
1.00+
0.80
5 0.60
<
0.40+
g
0.20- Z
0.00 A /\
0400‘ o ‘l.(‘JO‘ o ‘2.(‘)0‘ o ‘3,‘00‘ o ‘4,60‘ o ‘54‘00‘ o ‘641‘)0‘ o ‘7.(‘)0‘ o ‘8.(‘)0‘ o ‘9,‘00‘ o .110.‘00‘ o il.‘OO‘ o iZ.‘OO‘ o ‘13,‘00‘ o 1‘[4.‘00‘ o .ll5400
Minutes
Retention Time Area % Area
1 6.178 1266387 6.90
2 8.535 17082968 93.10

35



(2R,3S)-7'-bromo-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(C14):

Br

Yellow solid, 99% yield, 92.5:7.5 er, >19:1 dr, m.p. 63-67 °C, [a] %p =
4.2 (c = 0.82, in CH:Cl,). Reacted for 120 h .

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 9.55 min, t = 10.51 min.

'H NMR (400 MHz, Chloroform-d) & 7.69 — 7.63 (m, 2H), 7.49 (t, J =
7.4Hz, 1H),7.35(t,J=7.7Hz, 2H), 7.25 - 7.17 (m, 3H), 7.02 — 6.95 (m,
2H), 6.88 (d, J = 7.9 Hz, 1H), 6.65 — 6.55 (m, 1H), 4.64 (dd, J = 10.4, 4.8

Hz, 1H), 4.30 — 4.21 (m, 2H), 3.55 — 3.30 (m, 2H), 1.45 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 196.6, 175.9, 158.6, 141.4,136.4, 136.1, 133.4,129.2,129.1,
128.6, 128.4,127.7,123.9, 123.8, 123.2, 121.6, 110.3, 102.7, 88.0, 45.0, 40.1, 36.8, 14.8.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20"°BrNOsNa*]: 484.0519 found 484.0522.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH208'BrNO3sNa*]: 486.0498 found 486.0502.

IR (neat) 3060, 2978, 1731, 1681, 1455, 1355, 1232, 1114, 859, 742, 693 cm*.
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(2R,3S)-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one (C15):
White solid, 99% yield, 80:20 er, 83:17 dr, m.p. 86-87 °C, Reacted for
120 h.
O SFC Daicel Chiralpak AS-3, CO2/MeOH = 80/20, 1.5 mL/min, A = 240
"’//U\Ph nm, t; = 3.15 min, t, = 5.19 min, t; = 14.73 min, t = 18.65 min.

o

minor product

[o] b =-125.0 (c = 0.08, in CH,Cl,).

H NMR (400 MHz, Chloroform-d) § 7.91 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 23.2 Hz, 1H), 7.53 (t, J
=7.4Hz, 1H), 741 (t, J = 7.7 Hz, 2H), 7.31 - 7.27 (m, 1H), 7.26 — 7.19 (m, 3H), 7.04 (t, J = 7.6
Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 4.48 (dd, J =
8.4,5.6 Hz, 1H), 3.94 — 3.86 (m, 1H), 3.45 (dd, J = 18.4, 5.4 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) 5 198.6, 174.9, 158.8, 140.4, 136.6, 133.5, 130.6, 130.6, 129.2,
129.2,128.8, 128.2, 124.6, 124.0, 123.6, 121.8, 110.5, 110.4, 87.9, 46.4, 41.2.

HRMS (ESI) m/z: [M + Na]* Calculated for [C23H17NO3Na*]: 378.1101 found 378.1105.

IR (neat) 3254, 2923, 1723, 1682, 1620, 1473, 1398, 1234, 1184, 1109, 995, 745, 686, 623 cm™.
major product

[o] 5 =-70.1 (c = 0.53, in CH.Cly).

'H NMR (400 MHz, Chloroform-d) & 8.55 (d, J = 43.5 Hz, 1H), 7.67 (d, J = 7.3 Hz, 2H), 7.48 (t, J
=7.4Hz, 1H),7.34 (t, )= 7.7 Hz, 2H), 7.25 - 7.19 (m, 2H), 7.08 (t, J = 7.9 Hz, 2H), 6.98 (t, )= 7.4
Hz, 1H), 6.91 (d, J=8.1 Hz, 1H), 6.83 - 6.75 (m, 2H), 4.68 (t, J = 7.4 Hz, 1H), 3.52 — 3.49 (m, 2H).
13C NMR (101 MHz, Chloroform-d)  197.6, 177.5, 158.8, 141.7,136.3, 133.4, 130.7, 129.1, 128.7,
128.6,127.8, 126.0, 125.2, 124.1, 122.4, 121.5, 111.0, 110.3, 89.3, 44.3, 40.7.

HRMS (ESI) m/z: [M + Na]* Calculated for [C23H17NO3sNa*]: 378.1101 found 378.1104.

IR (neat) 3263, 3059, 1728, 1679, 1618, 1471, 1333, 1235, 1189, 995, 741, 686, 621 cm™*.,
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(2R,3S)-1'-methyl-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one (C16):
White solid, 98% yield, 89:11 er, >19:1 dr, m.p. 151-153 °C, [o] ©p = -
36.7 (c = 0.72, in CH2Cl,). Reacted for 108 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 3.31 min, t, = 8.19 min.

'H NMR (400 MHz, Chloroform-d) & 7.67 — 7.59 (m, 2H), 7.47 (t, J =
7.4 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.24 — 7.20 (m, 2H), 7.14 (td, J =
7.8,1.1 Hz, 1H), 7.07 (d, J= 7.3 Hz, 1H), 6.98 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 6.79 (t,
J=75Hz, 1H), 6.72 (d, J = 7.8 Hz, 1H), 4.62 (dd, J = 9.5, 5.5 Hz, 1H), 3.54 — 3.40 (m, 2H), 3.29
(s, 3H).

13C NMR (101 MHz, Chloroform-d) 6 197.3, 175.6, 158.8, 144.5, 136.3, 133.2, 130.7, 129.1, 128.7,
128.5, 125.6, 124.7, 124.0, 122.3, 121.4, 110.2, 108.8, 89.0, 44.5, 40.6, 26.6.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH1sNOsNa*]: 392.1257 found 392.1257.

IR (neat) 3058, 2932, 1728, 1682, 1609, 1472, 1369, 1241, 991, 751, 692 cm™*,
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(2R,3S)-1'-isopropyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one (C17):
Yellow solid, 76% yield, 91.5:8.5 er, >19:1 dr, m.p. 65-67 °C, [oa] %p = -
59.6 (c = 0.44, in CH.Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 2.51 min, t, = 4.93 min.

'H NMR (400 MHz, Chloroform-d) & 7.62 (d, J = 7.4 Hz, 2H), 7.47 (t, J
=7.4Hz,1H),7.32 (t, J=7.7 Hz, 2H), 7.22 (m, 2H), 7.11 - 7.04 (m, 2H),
6.98 (t, J = 7.4 Hz, 1H), 6.87 (m, 2H), 6.75 (t, J = 7.5 Hz, 1H), 4.79 -
4.60 (m, 2H), 3.45 (d, J = 7.9 Hz, 2H), 1.56 (dd, J = 9.0, 7.1 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 6 196.8, 175.0, 158.8, 143.1, 136.1, 133.1, 130.3, 128.9, 128.7,
128.4,127.5,125.9, 124.9, 123.7, 121.6, 121.2, 110.5, 110.1, 88.7, 44.5, 44.1, 40.2, 19.3, 19.0.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3Na*]: 420.1570 found 420.1570.

IR (neat) 3059, 2979, 2935, 1725, 1682, 1605, 1474, 1359, 1241, 988, 752, 691 cm,
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(2R,3S)-1'-isobutyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one (C18):

Yellow solid, 63% yield, 91:9 er, >19:1 dr, m.p. 57-58 °C, [a] ¥ = -17.7
(c =0.35, in CH2Cl,). Reacted for 120 h.
SFC Daicel Chiralcel OJ-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 2.51 min, t, = 4.93 min.

'H NMR (400 MHz, Chloroform-d) & 7.67 — 7.60 (m, 2H), 7.48 (t, J =
7.4 Hz, 1H), 7.34 (t, J = 7.7 Hz, 2H), 7.24 — 7.19 (m, 2H), 7.15— 7.06 (m,
2H), 6.97 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 6.79 — 6.72 (m,

2H), 4.64 (t, J = 7.5 Hz, 1H), 3.61 — 3.52 (m, 2H), 3.49 — 3.42 (m, 2H), 2.29 — 2.19 (m, 1H), 1.09

(d, J = 6.7 Hz, 3H), 1.03 (d, J = 6.7 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.0, 175.8, 158.9, 144.7, 136.4, 133.2, 130.5, 129.0, 128.9,
128.5,127.7, 125.7, 124.9, 124.0, 122.0, 121.4, 110.3, 109.4, 88.9, 48.2, 44.3, 40.7, 27.5, 20.6.
HRMS (ESI) m/z: [M + Na]* Calculated for [C27H2sNO3sNa*]: 434.1727 found 434.1729.

IR (neat) 3058, 2960, 1730, 1684, 1609, 1472, 1367, 1241, 993, 751, 694 cm*,
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(2R,3S)-1'-(cyclopropylmethyl)-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-
2'-one (C19):

Yellow solid, 98% yield, 92:8 er, >19:1 dr, m.p. 58-61 °C, [a] 2p = -22.3
(c =0.90, in CH2Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OD-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 3.48 min, t, = 6.96 min.

'H NMR (400 MHz, Chloroform-d) & 7.66 — 7.59 (m, 2H), 7.51 — 7.44
(m, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.22 (m, 2H), 7.14 (td, J = 7.8, 1.1 Hz,
1H), 7.08 (d, J = 7.3 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 8.0
Hz, 1H), 6.83 — 6.75 (m, 2H), 4.65 (t, J = 7.5 Hz, 1H), 3.72 (dd, J = 14.5, 6.4 Hz, 1H), 3.61 (dd, J
=14.5,7.2 Hz, 1H), 3.44 (d, J = 7.5 Hz, 2H), 1.22-1.28 (m, 1H), 0.66 — 0.54 (m, 2H), 0.43-0.52 (d,
J =4.8Hz, 2H).

13C NMR (101 MHz, Chloroform-d) 6 197.0, 175.5, 158.9, 144.3, 136.4, 133.2, 130.6, 129.0, 128.9,
128.5,127.7,125.7, 124.9, 124.0, 122.1, 121.4, 110.3, 109.4, 89.0, 44.9, 44.5, 40.5, 9.5, 4.3, 4.1.
HRMS (ESI) m/z: [M + Na]* Calculated for [C27H23NO3Na*]: 432.1570 found 432.1573.

IR (neat) 3060, 2919, 1729, 1683, 1608, 1476, 1364, 1239, 990, 752, 694 cm,

0.06
2 <
o«
0.04] S &
” 3
0.02
2
< 0.009 A
-0.02]
-0.04]

000 100 200 300 400 500 600 7.00 800 9.00 1000 1100 12.00 13000 1400 1500 1600 17.00 1800 19.00 20.00

Minutes
Retention Time Area % Area
1 3.483 490536 18.06
2 4.627 868245 31.96
3 7.039 476084 17.53
4 14.304 881378 32.45
0.10
0.08
0.06+ &
> 0.04] S
g o
0.02+
0.00 /\
-0.021 / a a
-0.044— TT T T T T T T

L e B L L e e ey B B B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
Minutes

Retention Time Area % Area
1 3.479 140454 7.63
2 6.960 1700488 92.37

42



(2R,3S)-1'-allyl-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one (C20):
Yellow solid, 93% yield, 94:6 er, >19:1 dr, m.p. 138-140 °C, [a] ©p = -
49.0 (c = 0.70, in CH2Cl,). Reacted for 120 h.

SFC Daicel Chiralcel 0J-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 3.05 min, t, = 7.24 min.

!H NMR (400 MHz, Chloroform-d) & 7.66 — 7.60 (m, 2H), 7.48 (t, J =
7.4 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.25-7.19 (m, 2H), 7.13 - 7.05 (m,
2H), 6.98 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.80 — 6.69 (m, 2H), 6.03 — 5.93 (m, 1H),
5.46 —5.37 (m, 1H), 5.32 — 5.25 (m, 1H), 4.65 (t, J = 7.6 Hz, 1H), 4.55 — 4.48 (m, 1H), 4.37 — 4.31
(m, 1H), 3.52 — 3.44 (m, 2H).

13C NMR (101 MHz, Chloroform-d) 6 197.1, 175.3, 158.8, 143.8, 136.3, 133.3, 131.7, 130.5, 129.1,
128.7,128.5, 127.7, 125.6, 124.8, 123.9, 122.3, 121.4, 118.0, 110.3, 109.9, 89.0, 44.4, 43.0, 40.6.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH2:NO3sNa*]: 418.1414 found 418.1415.

IR (neat) 3058, 2915, 1729, 1682, 1608, 1472, 1363, 1239, 1186, 989, 750, 695 cm.
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(2R,3S)-1'-benzyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one (C21):

White solid, 78% yield, 90:10 er, >19:1 dr, m.p. 68-72 °C, [a] ©p =-17.1
(c =0.49, in CH.Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OJ-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 7.06 min, t, = 18.02 min.

IH NMR (400 MHz, Chloroform-d) & 7.66 — 7.60 (m, 2H), 7.49 — 7.45
(m, 3H), 7.38 — 7.27 (m, 5H), 7.25 — 7.20 (m, 2H), 7.07 (d, J = 7.3 Hz,
1H), 7.03 — 6.96 (m, 2H), 6.91 (d, J = 8.1 Hz, 1H), 6.74 (t, J = 7.5 Hz,

1H), 6.55 (d, J = 7.9 Hz, 1H), 5.05 — 4.93 (m, 2H), 4.72 (t, = 7.5 Hz, 1H), 3.51 (d, J = 7.3 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) § 197.2, 175.8, 158.8, 143.8, 136.3, 135.6, 133.3, 130.6, 129.1,
128.9, 128.8, 128.6, 127.7, 127.7, 127.6, 125.6, 124.8, 124.0, 122.4, 121.5, 110.3, 110.1, 89.1, 44.5,

44.4, 40.6.

HRMS (ESI) m/z: [M + Na]* Calculated for [C30H23NO3Na*]: 468.1570 found 468.1572.
IR (neat) 3059, 2918, 1730, 1682, 1608, 1476, 1360, 1239, 1180, 989, 750, 695 cm.
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(2R,3S)-1'-ethyl-4-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C22):

White solid, 96% yield, 91:9 er, 89:11 dr, m.p. 57-61 °C, Reacted for 144
h.

SFC Daicel Chiralpak IA-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 2.64 min, t; = 3.11 min, t3 = 4.14 min, t4 = 7.70 min.

minor product

[o] %5 =-58.8 (c = 0.06, in CHCly).

1H NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42 (t, J =
7.7 Hz, 2H), 7.37 (t, J = 8.1 Hz, 1H), 7.26 — 7.16 (m, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 7.9
Hz, 1H), 6.70 (t, J = 8.5 Hz, 2H), 4.56 (dd, J = 11.2, 2.7 Hz, 1H), 4.19 (dd, J = 18.5, 11.2 Hz, 1H),
3.77 - 3.68 (m, 1H), 3.60 — 3.41 (m, 2H), 1.17 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 198.4, 172.2, 160.7 (d, J = 8.6 Hz), 159.5 (d, J = 264.4 Hz),
142.5, 136.5, 133.4, 130.6 (d, J = 19.8 Hz), 130.6, 130.5, 128.7, 128.2, 123.4, 123.2, 1155 (d, J =
19.5Hz), 108.8, 108.6 (d, J = 20.3 Hz), 106.6 (d, J = 3.3 Hz), 87.9, 44.4, 39.3, 34.9, 12.4.

F NMR (376 MHz, Chloroform-d) & -118.60.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1323.

IR (neat) 2933, 1722, 1683, 1610, 1488, 1464, 1371, 1324, 1235, 1118, 991, 756, 690 cm™.

major product

[a] 2% =-73.2 (c = 0.61, in CHCly).

!H NMR (400 MHz, Chloroform-d) & 7.62 — 7.55 (m, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.31 (t, J = 7.7
Hz, 2H), 7.22 — 7.13 (m, 1H), 7.11 — 7.07 (m, 2H), 6.77 — 6.64 (m, 4H), 4.77 (dd, J = 11.8, 3.2 Hz,
1H), 3.98 — 3.89 (m, 1H), 3.82 — 3.69 (m, 2H), 3.57 (dd, J = 18.3, 11.8 Hz, 1H), 1.40 (t, J = 7.2 Hz,
3H).

13C NMR (101 MHz, Chloroform-d) 6 196.9, 174.7, 160.8 (d, J = 8.8 Hz), 159.8 (d, J = 247.0 Hz),
143.9, 136.2, 133.2, 130.8, 130.4 (d, J = 8.9 Hz), 128.5, 127.6, 125.3, 125.1, 122.1, 114.9 (d, J =
18.7 Hz), 109.0, 108.6 (d, J = 20.7 Hz), 106.3 (d, J = 3.3 Hz), 89.4, 43.2, 39.2, 35.2, 12.4.

F NMR (376 MHz, Chloroform-d) & -119.06.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3Na*]: 424.1319 found 424.1320.

IR (neat) 3061, 2981, 1728, 1610, 1461, 1369, 1262, 1211, 994, 755, 693 cm™.

1.407

1.207

1.007

3.990

5 0.80]
<
0.60
0.40]

0.20

5 77.055

0.00

000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Minutes

Retention Time Area % Area
1 2.548 8389931 28.38
2 3.013 8537785 28.88

45



3 3.990 6340555 21.45
4 7.055 6294888 21.29
0.704
0.607
0.504
0.407
0.309
0.204 & ©
0.10] N a %
0.00 h/\ 7/\+j¥ = 7]\ =
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10.00
Minutes
Retention Time Area % Area
1 2.636 630421 6.67
2 3.112 339798 3.60
3 4.141 7711168 81.62
4 7.696 766017 8.11

46



(2R,3S)-1'-ethyl-4,6-dimethoxy-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-

2'-one (C23):

MeO

W
(O

Et

Yellow solid, 93% vyield, 94:6 er, >19:1 dr, m.p. 72-76 °C, [a] ¥p = -44.6
(c =0.77, in CH2Cl). Reacted for 144 h.

SFC Daicel Chiralpak 1B-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 240
nm, t1 = 9.22 min, t; = 13.94 min.

IH NMR (400 MHz, Chloroform-d) & 7.57 (d, J = 7.4 Hz, 2H), 7.44 (t, J
= 7.4 Hz, 1H), 7.31 - 7.28 (m, 2H), 7.13 (d, J = 7.3 Hz, 1H), 7.06 (t, J =
7.8 Hz, 1H), 6.70 (dd, J = 7.5, 5.0 Hz, 2H), 6.11 (dd, J = 15.3, 1.8 Hz,
2H), 4.60 (dd, J = 11.6, 3.5 Hz, 1H), 3.93 -3.83 (m, 2H), 3.77 (d, J = 2.9

Hz, 6H), 3.73 (m, 1H), 3.42 (dd, J = 18.3, 11.6 Hz, 1H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 197.8, 175.2, 162.2, 160.8, 157.2, 143.8, 136.6, 132.8, 130.4,
128.3,127.5, 126.0, 125.2, 121.9, 108.7, 107.0, 92.1, 89.5, 88.8, 55.7, 55.4, 43.4, 39.4, 35.0, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C27H2sNOsNa*]: 446.1625 found 446.1628.

IR (neat) 3058, 2937, 1725, 1680, 1605, 1459, 1365, 1207, 1142, 1118, 997, 753 cm™*,
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(2R,3S)-1'-ethyl-5-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(C24):

White solid, 88% yield, 94:6 er, >19:1 dr, m.p. 172-173 °C, [a] %! = -

31.0 (c = 0.46, in CHCl,). Reacted for 108 h .

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240

nm, t1 = 4.93 min, t, = 5.99 min.

'H NMR (400 MHz, Chloroform-d) § 7.62 (d, J = 7.4 Hz, 2H), 7.48 (t, J

=7.4Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.14 (t, J = 7.8 Hz, 1H), 7.08 (d,
Et J=7.4 Hz, 1H), 6.97 — 6.85 (m, 2H), 6.84 — 6.71 (m, 3H), 4.63 (dd, J =

8.9, 6.0 Hz, 1H), 3.95 - 3.86 (m, 1H), 3.77 — 3.68 (m, 1H), 3.50 — 3.35 (m, 2H), 1.37 (t, J = 7.2 Hz,

3H).

13C NMR (101 MHz, Chloroform-d) & 196.6, 174.7, 158.2 (d, J = 238.3 Hz) 154.7, 143.6, 136.1,

133.3,130.8, 130.3 (d, J = 8.5 Hz), 128.6, 127.7, 125.5, 124.9, 122.2, 115.2 (d, J = 24.1 Hz), 111.3

(d, J=25.2 Hz), 110.4 (d, J = 8.5 Hz), 109.1, 89.7, 44.5, 40.2, 35.1, 12.4.

F NMR (376 MHz, Chloroform-d) & -123.29.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1319.

IR (neat) 3061, 2981, 2935, 1725, 1683, 1476, 1368, 1208, 996, 754, 693 cm*.
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(2R,3S)-5-chloro-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C25):

White solid, 91% vyield, 90:10 er, 85:15 dr, m.p. 70-73 °C, Reacted for
120 h.

SFC Daicel Chiralcel OD-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 3.86 min, t, = 4.60 min, t3 = 6.50 min, t4 = 7.06 min.

minor prodcut

[o] o =-38.1 (c = 0.08, in CH.Cl,).

1H NMR (400 MHz, Chloroform-d) & 7.92 — 7.86 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.7
Hz, 2H), 7.37 (t, J = 8.2 Hz, 1H), 7.39 — 7.35 (m, 1H), 7.20 — 7.18 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H),
6.88 (d, J = 7.8 Hz, 1H), 6.85 — 6.81 (m, 1H), 4.44 (dd, J = 9.0, 5.1 Hz, 1H), 3.95 (dd, J = 18.4, 9.1
Hz, 1H), 3.78 — 3.69 (m, 1H), 3.59 — 3.50 (m, 1H), 3.38 (dd, J = 18.4, 5.1 Hz, 1H), 1.20 (t, J = 7.2
Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 197.9, 172.4, 157.6, 142.6, 136.4, 133.6, 131.3, 130.7, 130.1,
129.1,128.8, 128.2, 126.4, 124.7, 123.6, 123.5, 111.3, 108.9, 88.3, 46.2, 41.0, 34.9, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20**CINO3Na*]: 440.1024 found 440.1028.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%" CINO3Na*]: 442.0994 found 442.0999.

IR (neat) 2924, 2853, 1721, 1683, 1613, 1470, 1371, 1240, 1096, 995, 754, 500 cm*.,

major product

[o] b =-74.9 (c = 0.44, in CH.CL,).

1H NMR (400 MHz, Chloroform-d) 6 7.62 (d, J = 7.5 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.35 - 7.32
(m, 2H), 7.20 — 7.11 (m, 3H), 7.06 (d, J = 7.3 Hz, 1H), 6.79 (t, J = 8.0 Hz, 2H), 6.74 (d, J = 7.9 Hz,
1H), 4.62 (t, J = 7.5 Hz, 1H), 3.96 — 3.87 (m, 1H), 3.78 — 3.69 (m, 1H), 3.47 — 3.39 (m, 2H), 1.37
(t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.6, 174.6, 157.6, 143.7, 136.1, 133.4,130.9, 130.9, 129.0,
128.6, 127.7,126.3, 125.4, 124.9, 124.2, 122.2, 111.2, 109.1, 89.7, 44.3, 40.2, 35.2, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [CasH20%CINO3Na*]: 440.1024 found 440.1026.
HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20*’CINOsNa*]: 442.0994 found 442.0997.

IR (neat) 3060, 2980, 2934, 1727, 1683, 1610, 1469, 1369, 1243, 1097, 995, 754, 502 cm*.
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(2R,3S)-5-bromo-1'-ethyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C26):

White solid, 81% vyield, 93:7 er, 85:15 dr, m.p. 72-76 °C, Reacted for 144
h.

SFC Daicel Chiralcel OD-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 4.61 min, t, = 5.80 min, t3 = 7.42 min, t4 = 8.78 min.

minor product

[o] b = -46.3 (c = 0.05, in CH.Cl,).

IH NMR (400 MHz, Chloroform-d) & 7.94 — 7.83 (m, 2H), 7.59 — 7.52 (m, 1H), 7.43 (t, J = 7.7 Hz,
2H), 7.37 — 7.31 (m, 3H), 7.28 (d, J = 1.2 Hz, 1H), 7.08 — 7.05 (m, 1H), 6.88 (d, J = 7.8 Hz, 1H),
6.82 — 6.76 (m, 1H), 4.44 (dd, J = 9.1, 5.0 Hz, 1H), 3.96 (dd, J = 18.4, 9.2 Hz, 1H), 4.00 — 3.93 (m,
1H), 3.78 — 3.69 (m, 1H), 3.37 (dd, J = 18.4, 5.0 Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 197.9, 172.4, 158.2, 142.6, 136.4, 133.6, 132.0, 131.9, 130.8,
130.1, 128.8, 128.2, 127.6, 123.6, 123.5, 113.5, 112.0, 108.9, 88.3, 46.1, 41.1, 34.9, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20"°BrNO3sNa*]: 484.0519 found 484.0513.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%'BrNO3sNa*]: 486.0498 found 486.0492.

IR (neat) 2926, 2854, 1721, 1614, 1469, 1371, 1240, 1097, 996, 860, 753, 645, 499 cm.

major product

[o] ¥ =-78.7 (c = 0.31, in CH.CLy).

IH NMR (400 MHz, Chloroform-d) § 7.68 — 7.56 (m, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.38 — 7.27 (m,
4H), 7.14 (td, J = 7.8, 1.1 Hz, 1H), 7.06 (d, J = 7.3 Hz, 1H), 6.84 — 6.69 (m, 3H), 4.78 — 4.54 (m,
1H), 3.96 — 3.87 (m, 1H), 3.78 — 3.69 (m, 1H), 3.45 (d, J = 2.6 Hz, 1H), 3.43 (s, 1H), 1.37 (t, J =
7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 196.5, 174.6, 158.1, 143.7,136.1, 133.4, 131.9, 131.4, 130.9,
128.6,127.7,127.1, 125.3, 124.9, 122.2, 113.3, 111.8, 109.1, 89.7, 44.3, 40.3, 35.2, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20°BrNOsNa*]: 484.0519 found 484.0524.
HRMS (ESI) m/z: [M + Na]* Calculated for [CasH208'BrNO3sNa*]: 486.0498 found 486.0502.

IR (neat) 3060, 2933, 1728, 1610, 1468, 1368, 1241, 1136, 995, 864, 754, 633, 501 cm™.
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(2R,3S)-1'-ethyl-5-iodo-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(c27):

White solid, 96% vyield, 92:8 er, 80:20 dr, m.p. 82-84 °C, Reacted for 108
h.

SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 5.89 min, t; = 7.45 min, t3 = 8.77 min, t; = 11.31 min.

minor product

[o] b =-25.6 (¢ = 0.09, in CH.Cl,).

IH NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 7.5 Hz, 2H), 7.59 — 7.48 (m, 3H), 7.43 (t, J = 7.7 Hz,
2H), 7.37 (t, J=7.8 Hz, 1H), 7.27 — 7.26 (m, 1H), 7.06 (t, J = 7.5 Hz, 1H), 6.88 (d, J = 7.9 Hz, 1H), 6.70
(d, J=8.3 Hz, 1H), 4.43 (dd, J = 9.2, 4.8 Hz, 1H), 3.97 (dd, J = 18.4, 9.3 Hz, 1H), 4.01 — 3.94 (m, 1H),
3.78 —3.69 (m, 1H), 3.36 (dd, J = 18.4, 4.9 Hz, 1H), 1.19 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 197.9, 172.3, 159.0, 142.6, 138.0, 136.4, 133.6, 133.4, 132.4,
130.7, 130.1, 128.8, 128.2, 123.6, 123.5, 112.7, 108.9, 88.1, 83.1, 46.0, 41.2, 34.9, 29.8, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20NOsINa*]: 532.0380 found 532.0385.

IR (neat) 2924, 2853, 1720, 1682, 1467, 1370, 1239, 995, 859, 753, 638, 553 cm™*.

major product

[o] ¥ =-92.2 (c = 0.49, in CH.CLy).

!H NMR (400 MHz, Chloroform-d) & 7.62 (d, J = 7.3 Hz, 2H), 7.52 — 7.44 (m, 3H), 7.33 (t, J = 7.7 Hz,
2H), 7.16 — 7.10 (m, 1H), 7.05 (d, J = 7.3 Hz, 1H), 6.78 (t, J = 7.5 Hz, 1H), 6.73 (d, J = 7.9 Hz, 1H), 6.67
(d, J = 8.8 Hz, 1H), 4.67 — 4.57 (m, 1H), 3.96 — 3.87 (m, 1H), 3.78 — 3.69 (m, 1H), 3.49 — 3.39 (m, 2H),
1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 196.6, 174.6, 158.9, 143.7, 137.9, 136.1, 133.4, 132.8, 132.0,
130.9, 128.6, 127.7, 125.3, 124.9, 122.2, 112.5, 109.1, 89.5, 82.8, 44.1, 40.3, 35.2, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20NOslNa*]: 532.0380 found 532.0388.

IR (neat) 3058, 2979, 2932, 1724, 1609, 1465, 1367, 1237, 1134, 994, 812, 752, 630, 500 cm™*.
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(2R,3S)-1'-ethyl-5-nitro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C28):

Yellow solid, 99% vyield, 75:25 er, 64:36 dr, m.p. 87-89 °C, Reacted for
120 h.

SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 5.84 min, t, = 7.48 min, t3 = 10.37 min, t = 12.54 min.

minor product

[o] b =-92.0 (c = 0.05, in CH.Cl,).

'H NMR (400 MHz, Chloroform-d) & 8.22 (dd, J = 8.8, 2.4 Hz, 1H), 8.17 — 8.16 (m, 1H), 7.67 —
7.61 (m, 2H), 7.54 — 7.46 (m, 1H), 7.35 (t, J = 7.7 Hz, 2H), 7.18 (td, J = 7.8, 1.2 Hz, 1H), 7.04 (dd,
J=175,1.2Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.85 —6.75 (m, 2H), 4.66 (dd, J = 10.1, 5.1 Hz, 1H),
3.95 (dq, J=14.4, 7.2 Hz, 1H), 3.76 (dq, J = 14.3, 7.2 Hz, 1H), 3.61 - 3.46 (m, 2H), 1.41 (t, J=7.2
Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.1, 173.8, 163.9, 143.7, 142.7, 135.7, 133.5, 131.2, 130.6,
128.5, 127.6, 126.5, 124.9, 124.3, 122.2, 120.4, 110.0, 109.2, 90.9, 43.4, 40.1, 35.2, 12.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20N20sNa*]: 451.1264 found 451.1267.

IR (neat) 3061, 2981, 2936, 1721, 1682, 1606, 1516, 1470, 1371, 1260, 992, 749, 688 cm*.
major product

[o] b =-40.0 (c = 0.28, in CH.Cl,).

'H NMR (400 MHz, Chloroform-d) & 8.22 (dd, J = 8.8, 2.3 Hz, 1H), 8.14 (s, 1H), 7.89 (d, J = 7.3
Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.50 — 7.38 (m, 3H), 7.31 (d, J = 7.2 Hz, 1H), 7.11 (t, J = 7.5 Hz,
1H), 6.96 (d, J = 8.9 Hz, 1H), 6.91 (d, J = 7.9 Hz, 1H), 4.53 (dd, J = 8.9, 5.2 Hz, 1H), 3.96 (dd, J =
18.4,9.1 Hz, 1H), 3.74 (dq, J = 14.4, 7.2 Hz, 1H), 3.62 — 3.45 (m, 2H), 1.20 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) 8 197.5, 171.6, 164.2, 143.0, 142.9, 136.1, 133.8, 131.2, 131.1,
129.1,128.9, 128.2, 126.6, 123.8, 123.7, 121.0, 110.2, 109.1, 89.9, 45.3, 40.8, 35.0, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20N20sNa*]: 451.1264 found 451.1271.

IR (neat) 2926, 1720, 1683, 1614, 1518, 1471, 1372, 1337, 1263, 1122, 994, 752, 650 cm™*.
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(2R,3S)-5-(tert-butyl)-1'-ethyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-

one (C29):

{Bu White solid, 77% yield, 93:7 er, >19:1 dr, m.p. 80-84 °C, [a] % = -66.0

(c =0.56, in CH.Cl,). Reacted for 108 h.

SFC Daicel Chiralcel OX-3, CO2/MeOH = 80/20, 1.5 mL/min, A = 240

//[j\ nm, t1 = 6.17 min, t, = 7.65 min.

Ph 14 NMR (400 MHz, Chloroform-d) § 7.63 (d, J = 7.4 Hz, 2H), 7.47 (t, J
= 7.3 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.25 — 7.18 (m, 2H), 7.10 (t, J =
6.6 Hz, 2H), 6.80 (d, J = 8.4 Hz, 1H), 6.78 — 6.69 (m, 2H), 4.62 (dd, J =

9.0, 6.1 Hz, 1H), 3.95 - 3.86 (m, 1H), 3.78 — 3.69 (M, 1H), 3.52 — 3.42 (m, 2H), 1.37 (t, J = 7.2 Hz,

1H). 1.33 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 197.1, 175.2, 156.5, 144.4, 143.6, 136.3, 133.0, 130.4, 128 4,
128.1,127.6,125.9, 125.8, 125.0, 121.9, 120.6, 109.3, 108.8, 89.0, 44.6, 40.5, 34.9, 34.5, 31.8, 12.3.
HRMS (ESI) m/z: [M + Na]* Calculated for [C29H29NO3sNa*]: 462.2040 found 462.2040.

IR (neat) 3059, 2960, 1729, 1610, 1489, 1366, 1249, 1214, 997, 754, 691 cm™.
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(2R,3S)-1'-ethyl-5-methyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one

(C30):

White solid, 87% yield, 96:4 er, >19:1 dr, m.p. 70-72 °C, [a] % = -81.3

(c =0.58, in CH.Cl,). Reacted for 144 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240

\ nm, t1 = 5.82 min, t, = 6.96 min.

©\\ 'H NMR (400 MHz, Chloroform-d) & 7.67 — 7.58 (m, 2H), 7.47 (t, J =
N 7.4 Hz, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.14 — 7.05 (m, 2H), 7.01 — 7.00 (m,

2H), 6.78 — 6.71 (m, 3H), 4.61 (t, J = 7.5 Hz, 1H), 3.95 — 3.86 (m, 1H),

3.78 —3.69 (m, 1H), 3.48 — 3.38 (m, 2H), 2.33 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.0, 175.1, 156.8, 143.6, 136.3, 133.2, 130.7, 129.4, 128.8,

128.5,127.7,125.9, 124.9, 124.5, 122.1, 109.8, 108.9, 89.1, 44.5, 40.4, 35.1, 21.0, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3Na*]: 420.1570 found 420.1570.

IR (neat) 3057, 2979, 1725, 1682, 1609, 1486, 1365, 1248, 1215, 1102, 996, 809, 753, 693 cm™.

Racemate: 1:1 dr determined by UPCC. The racemate isolation by UPCC of each diastereomer as

below:
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The UPCC spectra of asymmetric catalytic product as below:
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(2R,3S)-5,7-dichloro-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-2'-
one (C31):

White solid, 99% vyield, 73:27 er, 65:35 dr, m.p. 85-88 °C, Reacted for
120 h.

SFC Daicel Chiralcel OJ-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 4.21 min, t, = 4.67 min, t3 = 9.72 min, t; = 11.04 min.

minor product

[o] b =-24.1 (c = 0.22, in CH.CLy).

IH NMR (400 MHz, Chloroform-d) & 7.66 — 7.59 (m, 2H), 7.49 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 7.7 Hz,
2H), 7.25-7.22 (m, 1H), 7.19 — 7.13 (m, 1H), 7.12 — 7.05 (m, 2H), 6.81 (t, J = 7.5 Hz, 1H), 6.75 (d, J =
7.9 Hz, 1H), 4.69 — 4.65 (d, J = 5.3 Hz, 1H), 3.93 (dq, J = 14.5, 7.2 Hz, 1H), 3.71 (dq, J = 14.3, 7.2 Hz,
1H), 3.52 — 3.36 (m, 2H), 1.38 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.2, 174.0, 153.9, 143.8, 136.0, 133.5, 132.1, 131.1, 129.1,
128.6, 127.7, 126.6, 125.1, 124.8, 122.7, 122.3, 116.2, 109.2, 90.1, 44.9, 40.3, 35.3, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH19°*CI,NO3sNa*]: 474.0634 found 474.0640.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH19%"CI,NOsNa*]: 476.0605 found 476.0609.

IR (neat) 3061, 2980, 1721, 1682, 1610, 1456, 1369, 1209, 998, 751, 692, 552 cm™L.

major product

[o] b =-33.1 (c = 0.52, in CH.CLy).

'H NMR (400 MHz, Chloroform-d) & 7.88 (d, J = 8.1 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.43 (t, = 7.7
Hz, 2H), 7.38 (t, J = 7.8 Hz, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.26 — 7.22 (m, 1H), 7.12 — 7.05 (m, 2H), 6.87
(d, J=7.9 Hz, 1H), 4.51 (dd, J = 8.5, 5.6 Hz, 1H), 3.90 (dd, J = 18.4, 8.7 Hz, 1H), 3.75 (dq, J = 14.4, 7.2
Hz, 1H), 3.53 (dq, J = 14.3, 7.1 Hz, 1H), 3.40 (dd, J = 18.4, 5.4 Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  197.5, 171.7, 154.0, 142.9, 136.2, 133.7, 132.5, 131.0, 129.2,
129.1,128.8,128.2, 126.7, 123.9, 123.6, 123.2, 116.2, 108.9, 88.8, 46.7, 40.7, 34.9, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH19*°CI,NOsNa*]: 474.0634 found 474.0639.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH193’CI,NOsNa*]: 476.0605 found 476.0611.

IR (neat) 3060, 2929, 1719, 1682, 1613, 1489, 1453, 1370, 1209, 1096, 998, 751, 690, 556 cm™.
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(2R,3S)-6-(diethylamino)-1'-ethyl-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-
indolin]-2'-one (C32):

Yellow solid, 99% yield, 92:8 er, >19:1 dr, m.p. 64-68 °C, [a] %5 = 13.5
(c =0.84, in CH.Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OJ-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t; = 3.46 min, t, = 8.48 min.

IH NMR (400 MHz, Chloroform-d) & 7.68 — 7.57 (m, 2H), 7.49 — 7.43
(m, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.13 — 7.08 (m, 2H), 7.00 (d, J = 8.2
Hz, 1H), 6.82 — 6.67 (m, 2H), 6.36 — 6.22 (m, 2H), 4.63 — 4.42 (m, 1H),
3.94 —3.85 (dq, J = 14.4, 7.2 Hz, 1H), 3.80 — 3.70 (dq, J = 14.3, 7.1 Hz,
1H), 3.40 - 3.30 (m, 6H), 1.36 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.0 Hz, 6H).

13C NMR (101 MHz, Chloroform-d)  197.4, 175.3, 160.5, 149.5, 143.6, 136.5, 133.0, 130.4, 128.5,
127.7,126.3, 125.0, 124.0, 122.0, 115.0, 108.8, 105.0, 94.3, 89.3, 44.9, 44.0, 40.8, 35.0, 12.7, 12.5.
HRMS (ESI) m/z: [M + Na]* Calculated for [C29H30N203sNa*]: 477.2149 found 477.2150.

IR (neat) 3058, 2971, 1726, 1617, 1507, 1359, 1213, 1119, 996, 750, 693 cm*.

Racemate: 65:35 dr determined by H NMR. The racemate isolation by UPCC of the major
diastereomer as below:
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The racemate isolation by UPCC of the minor diastereomer as below :
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SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240 nm, t; = 4.58 min, t, = 6.95
min.
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(2R,3S)-1'-ethyl-6-methyl-3-(2-oxo0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one
(C33):

White solid, 97% yield, 93:7 er, >19:1 dr, m.p. 64-67 °C, [a] 2'p = -23.4
(c =0.74, in CH.Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 6.25 min, t, = 7.45 min.

@ IH NMR (400 MHz, Chloroform-d) § 7.61 (d, J = 7.3 Hz, 2H), 7.46 (t, J
N = 7.4 Hz, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.14 — 7.03 (m, 3H), 6.82 — 6.67
Et (m, 4H), 4.58 (t, J = 7.5 Hz, 1H), 3.95 — 3.86 (m, 1H), 3.77 — 3.68 (m,

1H), 3.47 —3.38 (m, 2H), 2.34 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 197.1, 175.1, 159.1, 143.6, 139.3, 136.3, 133.1, 130.5, 128.5,
127.6, 125.9, 125.8, 124.9, 123.5, 122.1, 122.0, 110.9, 108.9, 44.2, 40.5, 35.0, 21.6, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3sNa*]: 420.1570 found 420.1569.

IR (neat) 3056, 2979, 1725, 1681, 1609, 1492, 1364, 1259, 996, 750, 692, 499 cm™L.

Racemate: 1:1 dr determined by UPCC analysis of the mixture. The racemate isolation by UPCC of
each diastereomer as below:
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The UPCC of asymmetric catalytic product as below:
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(2R,3S)-1'-ethyl-6-methoxy-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-

one (C34):

MeO

Yellow solid, 90% yield, 91:9 er, >19:1 dr, m.p. 63-66 °C, [a] *p = -16.4
(c =0.78, in CH.Cl,). Reacted for 120 h.
SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240

nm, ty = 7.76 min, t = 9.72 min.

IH NMR (400 MHz, Chloroform-d) & 7.66 — 7.55 (m, 2H), 7.50 — 7.42
(m, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.15 — 7.05 (m, 3H), 6.84 — 6.68 (m,
2H), 6.56 — 6.43 (m, 2H), 4.64 — 4.51 (m, 1H), 3.93 - 3.86 (m, 1H), 3.81
—3.66 (m, 4H), 3.46 — 3.37 (m, 2H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 197.1, 174.9, 161.1, 160.1, 143.6, 136.3, 133.2, 130.6, 128.5,
127.6, 125.8, 124.9, 124.0, 122.1, 120.7, 108.9, 107.1, 96.8, 89.7, 55.7, 43.8, 40.6, 35.1, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NOsNa*]: 436.1519 found 436.1521.

IR (neat) 3059, 2936, 1726, 1612, 1494, 1366, 1285, 1149, 1026, 754, 693 cm™.
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(2R,3S)-1'-ethyl-6-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C35):

Yellow solid, 74% yield, 92:8 er, 83:17 dr, m.p. 139-142 °C. Reacted for
144 h.

SFC Daicel Chiralcel OJ-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 2.44 min, t, = 3.53 min, t3 = 4.76 min, t4 = 7.02 min.

minor product

[a] 2% =-29.5 (c = 0.09, in CHCly).

'H NMR (400 MHz, Chloroform-d) § 7.93 — 7.83 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.7
Hz, 2H), 7.37 (td, J=7.8, 1.2 Hz, 1H), 7.28 (d, J = 7.4 Hz, 1H), 7.12 (dd, J = 8.1, 6.2 Hz, 1H), 7.09
—7.04 (m, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.72 — 6.58 (m, 2H), 4.40 (dd, J = 9.0, 5.1 Hz, 1H), 3.93
(dd, J=18.4,9.1 Hz, 1H), 3.74 (dg, J = 14.5, 7.3 Hz, 1H), 3.55 (dg, J = 14.3, 7.2 Hz, 1H), 3.38 (dd,
J=18.4,5.1Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 198.2, 172.4, 163.8 (d, J = 244.9 Hz), 160.0 (d, J = 13.0 Hz),
142.6, 136.5, 133.5, 130.7, 130.2, 128.8, 128.2, 124.9 (d, J = 2.6 Hz), 124.8, 124.7, 1235 (d, J =
10.8 Hz), 108.8, 108.3 (d, J = 22.9 Hz), 99.0 (d, J = 26.9 Hz), 88.9, 45.6, 41.3, 34.9, 12.5.

F NMR (376 MHz, Chloroform-d) & -112.91.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1320.

IR (neat) 3061, 2929, 1719, 1682, 1612, 1490, 1369, 1270, 1134, 994, 840, 752, 616 cm™*.,

major product

[o] 2% = -40.0 (c = 0.54, in CHCly).

'H NMR (400 MHz, Chloroform-d) § 7.67 — 7.58 (m, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.33 (t, J = 7.7
Hz, 2H), 7.18 — 7.05 (m, 3H), 6.79 (t, J = 7.4 Hz, 1H), 6.74 (d, J = 7.9 Hz, 1H), 6.67 (td, J = 9.1,
2.3 Hz, 1H), 6.61 (dd, J =9.2, 2.2 Hz, 1H), 4.57 (t, J = 7.5 Hz, 1H), 3.91 (dqg, J = 14.5, 7.2 Hz, 1H),
3.73(dq, J=14.3, 7.2 Hz, 1H), 3.42 (d, J = 7.6 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 196.8, 174.6, 163.7 (d, J = 244.6 Hz), 159.9 (d, J = 13.1 Hz),
143.7,136.2, 133.3, 130.8, 128.6, 127.7, 125.4, 125.0, 124.5 (d, J = 2.6 Hz), 124.2 (d, J = 10.4 Hz),
122.2,109.1, 108.0 (d, J =23.0 Hz), 98.8 (d, J = 26.9 Hz), 90.1, 43.7, 40.5, 35.2, 12.4.

F NMR (376 MHz, Chloroform-d) & -113.01.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20FNO3Na*]: 424.1319 found 424.1322.

IR (neat) 3062, 2932, 1727, 1683, 1611, 1491, 1369, 1271, 1134, 996, 840, 754, 616 cm™.
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(2R,3S)-6-bromo-1'-ethyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C36):

White solid, 98% yield, 90:10 er, 65:35 dr, m.p. 68-71 °C, Reacted for
120 h.

SFC Daicel Chiralpak AS-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 2.57 min, t; = 2.90 min, t3 = 4.59 min, t; = 10.75 min

minor product

[o] b =-22.1 (c = 0.47, in CH.CL).

IH NMR (400 MHz, Chloroform-d) § 7.88 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.43 (t, J =
7.7 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.28 — 7.26 (m, 1H), 7.13 — 7.02 (m, 4H), 6.88 (d, J = 7.8 Hz,
1H), 4.40 (dd, J = 8.9, 5.2 Hz, 1H), 3.92 (dd, J = 18.4, 9.0 Hz, 1H), 3.73 (dq, J = 14.4, 7.3 Hz, 1H),
3.54 (dg, J = 14.3, 7.2 Hz, 1H), 3.37 (dd, J = 18.4, 5.2 Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 198.0, 172.3, 159.9, 142.7, 136.4, 133.6, 130.8, 130.0, 128.8,
128.7,128.2, 1255, 124.7, 123.6, 123.5, 122.2, 114.0, 108.9, 88.5, 45.8, 41.0, 34.9, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20°BrNO3sNa*]: 484.0519 found 484.0515.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH20%'BrNO3sNa*]: 486.0498 found 486.0500.

IR (neat) 3060, 2925, 2854, 1718, 1612, 1470, 1369, 1318, 1213, 1097, 993, 750, 689 cm.
major product

[o] ¥ =-11.2 (c = 0.53, in CH:Cl,).

IH NMR (400 MHz, Chloroform-d) & 7.67 — 7.58 (m, 2H), 7.48 (t, = 7.4 Hz, 1H), 7.33 (t, J = 7.7
Hz, 2H), 7.18 — 7.01 (m, 5H), 6.79 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 7.9 Hz, 1H), 4.56 (t, J = 7.5 Hz,
1H), 3.91 (dq, J = 14.4, 7.2 Hz, 1H), 3.73 (dq, J = 14.3, 7.2 Hz, 1H), 3.42 (d, J = 7.6 Hz, 2H), 1.37
(t, J=7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.7, 174.6, 159.8, 143.7, 136.2, 133.3,130.9, 128.6, 128.3,
127.7,125.3, 125.0, 124.5, 122.2, 122.0, 113.8, 109.1, 89.8, 44.0, 40.3, 35.2, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [CasH20"°BrNO3sNa*]: 484.0519 found 484.0523.
HRMS (ESI) m/z: [M + Na]* Calculated for [CasH208'BrNO3sNa*]: 486.0498 found 486.0504.

IR (neat) 3060, 2979, 1724, 1683, 1608, 1471, 1368, 1223, 1102, 934, 753, 689 cm™.
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(2R,3S)-1'-ethyl-7-fluoro-3-(2-oxo-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one
(C37):

Yellow solid, 91% vyield, 89:11 er, 61:39 dr, m.p. 62-66 °C, Reacted for
108 h.

SFC Daicel Chiralcel OD-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 3.40 min, t; = 3.84 min, t3 = 5.63 min, t4 = 7.07 min.

minor product

[o] 2% =-67.6 (c = 0.12, in CHCly).

1H NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.43 (t, J =
7.7 Hz, 2H), 7.37 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 7.4 Hz, 1H), 7.09 — 6.96 (m, 3H), 6.91 (dt, J = 8.0,
4.0 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H), 4.51 (dd, J = 9.2, 5.0 Hz, 1H), 3.99 (dd, J = 18.4, 9.3 Hz, 1H),
3.73(dq, J = 14.4, 7.2 Hz, 1H), 3.54 (dq, J = 14.3, 7.2 Hz, 1H), 3.41 (dd, J = 18.4, 5.0 Hz, 1H), 1.20
(t, J=7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 198.0, 172.1, 147.7 (d, ] = 247.1 Hz), 145.6 (d, J = 10.8 Hz),
142.7,136.5, 133.5, 132.9 (d, J = 2.8 Hz), 130.8, 130.0, 128.8, 128.2, 123.7, 123.5, 122.2 (d, ) = 5.6
Hz), 119.8 (d, J = 3.4 Hz), 116.4 (d, J = 16.9 Hz), 108.8, 88.9, 46.5, 41.1, 34.9, 12.5.

F NMR (376 MHz, Chloroform-d) & -137.50.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sHz0FNO3sNa*]: 424.1319 found 424.1322.

IR (neat) 2925, 2854, 1722, 1683, 1614, 1487, 1371, 1262, 1212, 1022, 754, 689 cm.

major product

[a] 2% =-47.1 (c = 0.07, in CHCly).

!H NMR (400 MHz, Chloroform-d) § 7.62 (d, J = 7.4 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.33 (t, J =
7.7 Hz, 2H), 7.14 (td, J = 7.8, 1.3 Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.05 — 6.96 (m, 2H), 6.94 —
6.90 (m, 1H), 6.78 (t, J = 7.5 Hz, 1H), 6.73 (d, J = 7.9 Hz, 1H), 4.68 (t, J = 7.6 Hz, 1H), 3.92 (dq, J
=145, 7.2 Hz, 1H), 3.74 (dq, J = 14.3, 7.2 Hz, 1H), 3.53 — 3.44 (m, 2H), 1.38 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) 8 196.7, 174.4, 147.6 (d, J = 246.9 Hz) 145.5 (d, J = 10.8 Hz),
143.8,136.2,133.3, 132.5 (d, J = 2.8 Hz), 130.9, 128.6, 127.7, 125.2, 125.1, 122.2,122.1 (d, ) = 5.4
Hz), 119.3 (d, J = 3.5 Hz), 116.4 (d, J = 17.0 Hz), 109.1, 90.2, 44.6, 40.4, 35.2, 12.4.

F NMR (376 MHz, Chloroform-d) & -137.75.

HRMS (ESI) m/z: [M + Na]* Calculated for [CosH30FNO3Na*]: 424.1319 found 424.1329.

IR (neat) 3059, 2980, 1724, 1683, 1610, 1477, 1369, 1262, 1212, 1024, 755, 693 cm™.
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(2R,3S)-1'-ethyl-7-methyl-3-(2-ox0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one
(C38):

(t, J=7.2Hz

White solid, 98% yield, 91:9 er, >19:1 dr, m.p. 74-75 °C, [a] % = -15.4
(c =0.76, in CH.Cl,). Reacted for 144 h.

SFC Daicel Chiralcel OD-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 3.33 min, t; = 3.61 min.t3 = 5.74 min, t4 = 7.43 min.

IH NMR (400 MHz, Chloroform-d) & 7.64 — 7.57 (m, 2H), 7.46 (t, J =
7.4 Hz, 1H), 7.31 (t, J = 7.7 Hz, 2H), 7.11 (td, J = 7.8, 1.1 Hz, 1H), 7.06

~7.02 (m, 3H), 6.88 (t, J = 7.5 Hz, 1H), 6.80 — 6.70 (m, 2H), 4.64 (t, J =
7.6 Hz, 1H), 3.99 — 3.90 (m, 1H), 3.75 — 3.66 (m, 1H), 3.43 (d, J = 7.6 Hz, 2H), 2.20 (s, 3H), 1.38

3H).

13C NMR (101 MHz, Chloroform-d) 6 197.0, 175.3, 157.4, 143.6, 136.3, 133.1, 130.5, 130.3, 128.5,
128.0, 127.6, 126.2, 124.9, 122.0, 121.2, 121.1, 120.4, 108.9, 88.8, 44.8, 40.4, 35.1, 15.3, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3sNa*]: 420.1570 found 420.1570.

IR (neat) 3057, 2980, 1727, 1683, 1609, 1462, 1367, 1321, 1208, 861, 756, 691 cm*.,
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(3R,7'S)-1-ethyl-7'-(2-oxo-2-phenylethyl)-7*H-spiro[indoline-3,6°-[1,3]dioxolo[4,5-
f]lbenzofuran]-2-one (C39):

Yellow solid, 99% vyield, 93:7 er, >19:1 dr, m.p. 77-81 °C, [a] ®p = -
50.0 (c = 0.80, in CH2Cl,). Reacted for 108 h.

SFC Daicel Chiralpak 1A-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 12.26 min, t; = 14.85 min.

IH NMR (400 MHz, Chloroform-d) & 7.61 (d, J = 7.4 Hz, 2H), 7.47 (t,
J=7.4Hz, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.17 — 7.10 (m, 2H), 6.79 (t, J
= 7.5 Hz, 1H), 6.72 (d, J = 8.1 Hz, 1H), 6.67 (s, 1H), 6.45 (s, 1H), 5.93
(d,J=10.5Hz, 2H), 4.54 (dd, J =9.2, 5.8 Hz, 1H), 3.94 —3.85 (m, 1H),

3.73 (dt, J = 14.2, 7.2 Hz, 1H), 3.47 — 3.29 (m, 2H), 1.35 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.6, 174.9, 153.3, 148.1, 143.5, 142.4, 136.3, 133.2, 130.6,
128.5, 127.6, 125.8, 124.9, 122.1, 119.6, 109.0, 104.1, 101.5, 93.7, 89.7, 44.4, 40.6, 35.0, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH2:NOsNa*]: 450.1312 found 450.1314.

IR (neat) 3060, 2980, 2886, 1726, 1611, 1465, 1367, 1259, 1215, 1150, 936, 753, 692 cm™.
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(3R,3'S)-1-ethyl-3'-(2-0x0-2-phenylethyl)-3"H-spiro[indoline-3,2’-naphtho[1,2-b]furan]-2-one
(C40):

White solid, 99% vyield, 86:14 er, 90:10 dr, m.p. 86-90 °C, Reacted for
108 h.

SFC Daicel Chiralcel OD-3, CO,/MeOH = 85/15, 1.5 mL/min, A = 240
nm, ty = 8.77 min, t = 12.96 min, t3 = 17.62 min, t4 = 22.53 min.

minor product

[o] ?'p = -42.8 (c = 0.08, in CHCly).

'H NMR (400 MHz, Chloroform-d) & 7.96 (d, J=7.5 Hz, 1H), 7.91 (d, J = 7.3 Hz, 2H), 7.87 - 7.82
(m, 1H), 7.58 — 7.49 (m, 2H), 7.49 — 7.40 (m, 4H), 7.39 — 7.33 (m, 2H), 7.24 (d, J = 7.4 Hz, 1H),
7.01(t,J=7.3Hz, 1H),6.92 (d, J=7.9 Hz, 1H), 4.60 (dd, J=10.0, 4.2 Hz, 1H), 4.14 (dd, J = 18.5,
10.0 Hz, 1H), 3.81 (dq, J = 14.4, 7.2 Hz, 1H), 3.56 (dq, J = 14.3, 7.2 Hz, 1H), 3.45 (dd, J = 18.5,
4.3 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 198.6, 172.8, 154.5, 142.6, 136.7, 134.6, 133.4, 131.4, 130.5,
128.8,128.2,128.0,126.4, 125.8,123.4, 123.4,122.1,122.1, 121.8, 121.6, 120.9, 108.7, 88.2, 47 .4,
41.6, 34.9,29.9,12.6.

HRMS (ESI) m/z: [M + Na]* Calculated for [C29H23NO3sNa*]: 456.1570 found 456.1576.

IR (neat) 3058, 2923, 1721, 1681, 1613, 1370, 1275, 1095, 806, 752, 689 cm,

major product

[o] 2% = 60.9 (c = 0.28, in CH.Cly).

'H NMR (400 MHz, Chloroform-d) & 7.94 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.63 (d, J
= 7.4 Hz, 2H), 7.51 — 7.40 (m, 4H), 7.40 — 7.31 (m, 3H), 7.12 (t, J = 7.8 Hz, 1H), 7.07 (d, J = 7.3
Hz, 1H), 6.77 — 6.71 (m, 2H), 4.84 (t, J = 7.6 Hz, 1H), 3.98 (dq, J = 14.4, 7.2 Hz, 1H), 3.76 (dq, J
=14.3,7.2 Hz, 1H), 3.54 (d, J = 7.6 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 197.1, 175.3, 154.5, 143.8, 136.4, 134.6, 133.2, 130.6, 128.5,
127.9,127.7,126.3,126.1, 125.7,125.2,122.1, 122.1, 121.6, 121.4, 121.4, 120.7, 109.0, 89.7, 45.5,
40.7,35.2, 12.5.

HRMS (ESI) m/z: [M + K]* Calculated for [C29H23sNO3K*]: 472.1310 found 472.1317.

IR (neat) 3057, 2979, 1724, 1681, 1607, 1367, 1313, 1214, 1006, 806, 749, 694 cm*.,
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(2R,3S)-1'-ethyl-3-(2-(4-fluorophenyl)-2-oxoethyl)-3H-spiro[benzofuran-2,3'-indolin]-2*-one
(C41):
White solid, 91% yield, 96:4 er, >19:1 dr, m.p. 68-72 °C, [a] %% =
-42.9 (c = 0.71, in CH2Cl). Reacted for 144 h.
0 SFC Daicel Chiralpak IB-3, CO2/MeOH = 85/15, 1.5 mL/min, A =
240 nm, t1 = 5.37 min, t = 5.77 min.
!H NMR (400 MHz, Chloroform-d) & 7.66 — 7.62 (m, 2H), 7.25 —
Et F 7.18(m, 2H), 7.12 (td, J = 7.8, 1.0 Hz, 1H), 7.05 (d, J = 7.3 Hz, 1H),
7.02 -6.94 (m, 3H), 6.88 (d, J = 8.0 Hz, 1H), 6.80 — 6.68 (m, 2H),
4.64 (t,J = 7.6 Hz, 1H), 3.95— 3.87 (m, 1H), 3.77 — 3.68 (m, 1H), 3.49 — 3.38 (m, 2H), 1.36 (t, J =
7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 195.4, 175.0, 165.8 (d, J = 254.8 Hz), 158.8, 143.6, 132.7
(d, J=3.1Hz), 130.6, 130.3 (d, J = 9.3 Hz), 129.1, 128.6, 125.7, 124.9, 123.9, 122.1, 121.4, 115.6
(d, J=21.9 Hz), 110.3, 109.0, 88.9, 44.5, 40.3, 35.1, 12.4.
F NMR (376 MHz, Chloroform-d) & -105.10.
HRMS (ESI) m/z: [M + Na]* Calculated for [CosH20FNO3sNa*]: 424.1319 found 424.1320.
IR (neat) 3060, 2982, 1725, 1682, 1601, 1470, 1366, 1229, 996, 838, 750, 557 cm™*.
Racemate: 1:1.2 dr determined by UPCC analysis of the mixture. The racemate isolation by UPCC
of each diastereomer as below:
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The UPCC spectra of asymmetric catalytic product as below:
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(2R,3S)-1'-ethyl-3-(2-(furan-2-yl)-2-oxoethyl)-3H-spiro[benzofuran-2,3’-indolin]-2'-one (C42):
White solid, 51% yield, 95:5 er, >19:1 dr, m.p. 66-69 °C, [a] % = -
8.1 (c = 0.38, in CH2Cl). Reacted for 120 h.

0 SFC Daicel Chiralcel OD-3, CO./MeOH = 85/15, 1.5 mL/min, A =

0 240 nm, t1 = 4.51 min, t; = 5.38 min.
| y 'H NMR (400 MHz, Chloroform-d) & 7.47 — 7.41 (m, 1H), 7.24 —

7.14 (m, 3H), 7.10 (d, J = 7.4 Hz, 1H), 7.00 — 6.93 (m, 1H), 6.92 —
6.86 (m, 2H), 6.85 — 6.80 (m, 1H), 6.74 (d, J = 7.9 Hz, 1H), 6.40 (dd,

J=3.6, 1.7 Hz, 1H), 4.61 (dd, J = 10.2, 6.2 Hz, 1H), 3.85 (dd, J = 14.2, 7.2 Hz, 1H), 3.79 — 3.72

(m, 1H), 3.38 —3.18 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 185.9, 174.9, 158.8, 152.1, 146.3, 143.6, 130.7, 129.0, 128.7,

125.7,125.1, 124.0, 122.1, 121.4, 116.8, 112.2, 110.2, 109.0, 88.9, 44.1, 40.0, 35.1, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C23H1sNO4Na*]: 396.1206 found 396.1202.

IR (neat) 2980, 1728, 1673, 1611, 1469, 1369, 1236, 1020, 754, 692 cm™.
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(2R,3S)-1'-ethyl-3-(2-oxobutyl)-3H-spiro[benzofuran-2,3’-indolin]-2'-one (C43):

White solid, 84% yield, 88:12 er, >19:1 dr, m.p. 149-153 °C, [a] ©p = -
54.5 (c = 1.07, in CH2Cl,). Reacted for 120 h.

SFC Daicel Chiralcel OX-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 9.39 min, t, = 13.17 min.

'H NMR (400 MHz, Chloroform-d) & 7.30 (td, J = 7.8, 1.1 Hz, 1H),
7.19 (t, J=7.7 Hz, 1H), 7.12 — 7.06 (m, 2H), 6.94 (t, J = 7.5 Hz, 2H),
6.83 (dd, J=15.1, 7.9 Hz, 2H), 4.47 (dd, J = 10.8, 4.8 Hz, 1H), 3.87 (dq,
J =145, 7.3 Hz, 1H), 3.73 (dq, J = 14.3, 7.2 Hz, 1H), 3.03 — 2.76 (m, 2H), 2.19 — 2.01 (m, 1H),
1.76 — 1.66 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H), 0.69 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 208.1, 175.0, 158.8, 143.8, 130.7, 128.9, 128.6, 125.8, 125.1,
123.7,122.0, 121.3, 110.1, 108.9, 88.8, 44.0, 43.8, 35.5, 35.1, 12.4, 7.6.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2:H21NO3Na*]: 358.1414 found 358.1412.

IR (neat) 3050, 2976, 2936, 1721, 1607, 1468, 1367, 1237, 1107, 890, 749 cm™.
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(2R,3S)-3-(2-(3,4-dimethoxyphenyl)-2-oxoethyl)-1'-ethyl-3H-spiro[benzofuran-2,3'-indolin]-
2'-one (C44):

White solid, 99% yield, 93:7 er, >19:1 dr, m.p. 76-77 °C, [a] %'p
=-26.0 (c = 0.78, in CH2Cly). Reacted for 120 h.

SFC Daicel Chiralcel OJ-3, CO2/MeOH = 85/15, 1.5 mL/min, A
=240 nm, t1 = 4.19 min, t2 = 6.26 min.

'H NMR (400 MHz, Chloroform-d) & 7.26 (dd, J = 8.4, 1.9 Hz,
1H), 7.24 —7.18 (m, 3H), 7.14 (td, J = 7.8, 1.1 Hz, 1H), 7.07 (d,
J=7.3Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.79 (t, J = 7.5 Hz, 1H), 6.77 —
6.70 (m, 2H), 4.64 (t, J = 7.5 Hz, 1H), 3.95 — 3.86 (m, 4H), 3.84 (s, 3H), 3.79 — 3.70 (m, 1H), 3.40
(d, J = 7.6 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 195.5, 175.0, 158.8, 153.3, 148.8, 143.6, 130.6, 129.6, 129.0,
128.9, 125.8, 124.9, 122.3, 122.1, 121.4, 110.2, 109.9, 109.8, 108.9, 89.1, 56.1, 56.0, 44.5, 39.8,
35.0, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C27H2sNOsNa*]: 466.1625 found 466.1620.

IR (neat) 2936, 1725, 1670, 1590, 1513, 1459, 1366, 1260, 1153, 1018, 905, 746 cm™..

Racemate: 1:1 dr determined by UPCC analysis of the mixture. The racemate isolation by UPCC of
each diastereomer as below:
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The UPCC spectra of asymmetric catalytic product as below:
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(2R,3S)-1'-ethyl-3-(2-0x0-2-(thiophen-2-yl)ethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(C45):

Yellow solid, 84% yield, 95:5 er, >19:1 dr, m.p. 68-72 °C, [a] ©p = -
11.8 (c = 0.64, in CH.Cl,). Reacted for 108 h.
0] SFC Daicel Chiralcel 0J-3, CO2/MeOH =85/15, 1.5 mL/min, A = 240
s hm, t1 = 3.21 min, t2 = 8.23 min.
| ) 'HNMR (400 MHz, Chloroform-d) § 7.51 (d, J = 4.9 Hz, 1H), 7.36

\ (d, J = 3.7 Hz, 1H), 7.25 — 7.17 (m, 2H), 7.16 — 7.06 (m, 2H), 7.01 —
6.94 (m, 2H), 6.89 (d, J = 8.0 Hz, 1H), 6.81 (t, J = 7.5 Hz, 1H), 6.70
(d, J=7.9 Hz, 1H), 4.65 (dd, J = 9.2, 6.2 Hz, 1H), 3.92 — 3.83 (m, 1H), 3.75 — 3.66 (m, 1H), 3.41 —

3.28 (M, 2H), 1.34 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 189.5, 174.9, 158.9, 143.6, 143.3, 133.7,131.7,130.7, 129.1,
128.5,127.9, 125.6, 125.0, 123.9, 122.1, 121.4, 110.3, 109.0, 88.9, 44.6, 40.7, 35.1, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C23H19NO3SNa*]: 412.0978 found 412.0981.

IR (neat) 3059, 2980, 2935, 1726, 1659, 1610, 1471, 1369, 1233, 857, 751 cm™L.
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(2R,3S)-1'-ethyl-2'-0x0-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-5-yl  2-(1-
(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (C46):
Oy@u White solid, 75% vyield, 90:10 er, 86:14 dr, m.p. 98-101 °C. Reacted
for 120 h.
SFC Daicel Chiralcel OJ-3, CO2/EtOH = 80/20, 1.5 mL/min, A = 240
nm, t1 = 19.73 min, t; = 21.42 min, t3 = 37.41 min, t4 = 52.60 min.

N

minor product

[o] ?'p =-29.4 (c = 0.12, in CHCly).

1H NMR (400 MHz, Chloroform-d) & 7.86 (d, J = 7.4 Hz, 2H), 7.68 (d, J = 8.5 Hz, 2H), 7.54 (t, J
= 7.4 Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.41 (t, J = 7.7 Hz, 2H), 7.38 — 7.33 (m, 1H), 7.28 — 7.26
(m, 1H), 7.08 — 7.02 (m, 2H), 6.96 — 6.83 (m, 5H), 6.69 (dd, J = 9.0, 2.5 Hz, 1H), 4.42 (dd, J = 9.3,
4.8 Hz, 1H), 3.99 (dd, J = 18.4, 9.4 Hz, 1H), 3.89 (s, 2H), 3.84 (s, 3H), 3.75 — 3.68 (m, 1H), 3.53
(dg, J = 14.3, 7.1 Hz, 1H), 3.34 (dd, J = 18.5, 4.8 Hz, 1H), 2.46 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) & 198.0, 172.5, 169.9, 168.5, 156.6, 156.3, 145.2, 142.6, 139.5,
136.4, 136.0, 134.0, 133.5, 131.4, 131.0, 130.7, 130.6, 130.4, 130.3, 129.3, 128.8, 128.2, 123.6,
123.5,121.9,117.9,115.2,112.2,112.0, 110.5, 108.8, 101.4, 88.4, 55.9, 46.3, 41.1, 34.9, 30.7, 13.6,
12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C44H35**CIN2O7Na*]: 761.2025 found 761.2027.
HRMS (ESI) m/z: [M + Na]* Calculated for [C44H35°"CIN,O;Na*]: 763.1996 found 763.2020.

IR (neat) 2924, 2853, 1754, 1682, 1612, 1477, 1368, 1319, 1217, 1136, 1091, 995, 752, 690 cm'™.
major product

[a] 2% =-36.2 (c = 1.10, in CHCly).

1H NMR (400 MHz, Chloroform-d) & 7.68 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 7.7 Hz, 2H), 7.48 — 7.44
(m, 3H), 7.31 (t, J = 7.7 Hz, 2H), 7.12 (t, J = 7.8 Hz, 1H), 7.08 — 7.03 (m, 2H), 6.95 — 6.86 (M, 3H),
6.82 (d, J = 8.6 Hz, 1H), 6.76 (t, J = 7.5 Hz, 1H), 6.74 — 6.67 (m, 2H), 4.61 (dd, J = 10.0, 4.8 Hz,
1H), 3.95 — 3.84 (m, 3H), 3.84 (s, 3H), 3.77 — 3.68 (m, 1H), 3.49 — 3.32 (m, 2H), 2.46 (s, 3H), 1.36
(t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  196.7, 174.7, 169.9, 168.5, 156.5, 156.3, 145.1, 143.6, 139.5,
136.4, 136.1, 134.0, 133.3, 131.3, 131.0, 130.8, 130.7, 129.9, 129.3, 128.5, 127.7, 125.4, 125.0,
122.2,121.7,117.4,115.2,112.2,111.9, 110.2, 109.0, 101.5, 89.7, 76.8, 55.9, 44.4, 40.3, 35.1, 30.6,
13.6, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [CasH3s®*CIN,O;Na*]: 761.2025 found 761.2018.
HRMS (ESI) m/z: [M + Na]* Calculated for [C44H35*"CIN2O7Na*]: 763.1996 found 763.2005.

IR (neat) 3061, 2934, 1728, 1682, 1609, 1477, 1363, 1319, 1212, 1140, 997, 754, 692 cm™L.
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(2R,3S)-1'-ethyl-2'-0x0-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-5-yl  2-(4-
(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (C47):
¢ White solid, 89% yield, 92:8 er, 77:23 dr, m.p. 83-85 °C, Reacted for
O 120h.
0 SFC Daicel Chiralcel OD-3, CO2/EtOH = 80/20, 1.5 mL/min, A = 240
o nm, t1 = 7.25 min, t; = 7.88 min, t3 = 12.22 min, t4 = 13.41 min.

O
S

o}

o

ae
Et

minor product
[o] ?*p =-30.5 (c = 0.09, in CHCly).
IH NMR (400 MHz, Chloroform-d) & 7.85 (d, J = 7.3 Hz, 2H), 7.81— 7.75 (m, 2H), 7.73 - 7.67 (m,
2H), 7.53 (t, J = 7.4 Hz, 1H), 7.46 — 7.34 (m, 5H), 7.28 — 7.26 (m, 1H), 7.05 (t, J = 7.5 Hz, 1H),
6.99 (dd, J=9.2, 2.2 Hz, 2H), 6.88 - 6.81 (m, 4H), 4.43 (dd, J=9.0, 5.0 Hz, 1H), 3.97 (dd, J = 18.4,
9.2 Hz, 1H), 3.75 — 3.68 (m, 1H), 3.54 (dq, J = 14.3, 7.2 Hz, 1H), 3.34 (dd, J = 18.4, 5.0 Hz, 1H),
1.82 (s, 6H), 1.19 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 197.9, 194.3,172.9, 172.4, 159.7, 156.8, 144.9, 142.6, 138.6,
136.5, 136.4, 133.5, 132.3, 131.3, 130.9, 130.7, 130.6, 130.2, 128.8, 128.7, 128.2, 123.6, 123.5,
121.6,117.7, 117.5, 110.6, 108.8, 88.4, 79.6, 46.4, 41.1, 34.9, 29.8, 25.6, 12.5.
HRMS (ESI) m/z: [M + Na]* Calculated for [C42H34**CINO;Na*]: 722.1916 found 722.1917.
HRMS (ESI) m/z: [M + Na]* Calculated for [C42H34*"CINO;Na*]: 724.1887 found 724.1907.
IR (neat) 2929, 2854, 1753, 1720, 1596, 1479, 1370, 1307, 1203, 1134, 996, 757, 689 cm™.
major product
[a] 2% =-36.2 (c = 1.10, in CHCly).
'H NMR (400 MHz, Chloroform-d) & 7.85 — 7.75 (m, 2H), 7.73 — 7.64 (m, 2H), 7.62 — 7.53 (m,
2H), 7.50 — 7.38 (m, 3H), 7.32 (t, J = 7.8 Hz, 2H), 7.13 (td, J = 7.8, 1.3 Hz, 1H), 7.07 (dd, J = 7.4,
1.3 Hz, 1H), 7.04 — 6.96 (m, 2H), 6.89 — 6.69 (m, 5H), 4.62 (dd, J = 10.0, 4.9 Hz, 1H), 3.90 (dq, J
=14.4, 7.2 Hz, 1H), 3.73 (dq, J = 14.3, 7.2 Hz, 1H), 3.52 — 3.32 (m, 2H), 1.84 (s, 6H), 1.36 (t, J =
7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) 5 196.6, 194.3, 174.7,172.9, 159.7, 156.7, 144.8, 143.6, 138.6,
136.4, 136.1, 133.3, 132.3, 131.3, 130.9, 130.8, 130.2, 128.7, 128.6, 127.7, 125.4, 125.0, 122.2,
121.4,117.5,117.1,110.4, 109.1, 89.8, 79.6, 44.4, 40.3, 35.1, 25.7, 25.6, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C4,Hz43CINO;Na*]: 722.1916 found 722.1902.
HRMS (ESI) m/z: [M + Na]* Calculated for [C4H3.3’CINO7Na*]: 724.1887 found 724.1890.
IR (neat) 3061, 2934, 1728, 1682, 1609, 1477, 1363, 1319, 1212, 1140, 997, 754, 692 cm™*.
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(2R,3S)-1'-ethyl-2'-0x0-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-5-yl
((2,3-dimethylphenyl)amino)benzoate (C48):

O\‘Q
o) HN
o o
e "//
o
N

\

Et

2-

White solid, 64% vyield, 91:9 er, 89:11 dr, m.p. 100-104 °C.
Reacted for 120 h.

SFC Daicel Chiralcel OJ-3, CO2/EtOH =80/20, 1.5 mL/min, A
= 240 nm, t; = 9.84 min, t; = 15.37 min, t3 = 19.43 min, t4 =
27.55 min.

minor product

[o] b = -45.7 (¢ = 0.07, in CH.CL,).

1H NMR (400 MHz, Chloroform-d) & 9.19 (s, 1H), 8.24 — 8.14 (m, 1H), 7.89 (d, J = 7.5 Hz, 2H),
7.53 (t,J = 7.4 Hz, 1H), 7.45—7.28 (m, 5H), 7.19 — 7.02 (m, 6H), 6.94 (d, J = 8.5 Hz, 1H), 6.88 (d,
J=7.8Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H), 6.73 (t, J = 7.5 Hz, 1H), 4.50 (dd, J = 9.2, 4.8 Hz, 1H),
4.04 (dd, J = 18.4, 9.4 Hz, 1H), 3.74 (dq, J = 14.4, 7.2 Hz, 1H), 3.55 (dq, J = 14.3, 7.1 Hz, 1H), 3.42
(dd, J=18.4, 4.8 Hz, 1H), 2.33 (s, 3H), 2.18 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 198.1, 172.5, 167.9, 156.6, 150.4, 145.2, 142.6, 138.5, 138.4,
136.5, 135.1, 133.5, 132.8, 132.0, 130.6, 130.5, 130.5, 128.8, 128.2, 127.2, 126.1, 123.7, 123.5,
122.5,118.4, 116.3, 114.0, 110.6, 109.8, 108.8, 88.4, 46.4, 41.2, 34.9, 20.7, 14.2, 12.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C4oH34N20sNa*]: 645.2360 found 645.2369.

IR (neat) 3333, 2927, 1723, 1688, 1609, 1578, 1475, 1369, 1196, 1140, 1043, 746, 692 cm™.
major product

[o] b =-55.9 (c = 0.94, in CH.CL,).

'H NMR (400 MHz, Chloroform-d) 6 9.18 (s, 1H), 8.19 (dd, J=8.1, 1.4 Hz, 1H), 7.62 (d, J = 7.4
Hz, 2H), 7.46 (t, J = 7.3 Hz, 1H), 7.32 (t, J = 7.7 Hz, 3H), 7.18 — 7.09 (m, 5H), 7.08 — 7.03 (m, 2H),
6.92 (d, J = 8.5 Hz, 1H), 6.79 (t, J = 8.6 Hz, 2H), 6.74 (t, J = 7.2 Hz, 2H), 4.69 (dd, J = 9.7, 5.2 Hz,
1H), 3.93 (dq, J = 14.4, 7.2 Hz, 1H), 3.75 (dqg, J = 14.3, 7.2 Hz, 1H), 3.59 — 3.40 (m, 2H), 2.33 (s,
3H), 2.18 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 196.7, 174.8, 167.9, 156.5, 150.4, 145.2, 143.7, 138.6, 138.4,
136.2, 135.1, 133.3, 132.8, 132.1, 130.8, 130.1, 128.6, 127.7, 127.2, 126.1, 125.6, 125.1, 123.5,
122.4,122.2,118.0, 116.4, 110.4, 109.9, 109.0, 89.8, 44.5, 40.3, 35.2, 20.8, 14.2, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C4oH34N20sNa*]: 645.2360 found 645.2360.

IR (neat) 3333, 3061, 2933, 1728, 1688, 1608, 1578, 1477, 1368, 1198, 1141, 1043, 747, 694 cm™L,
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(2R,3S)-1'-ethyl-2'-0x0-3-(2-0x0-2-phenylethyl)-3H-spiro[benzofuran-2,3’-indolin]-5-yl (S)-2-
(6-methoxynaphthalen-2-yl)propanoate (C49):

White solid, 85% yield, >19:1 dr, m.p. 148-151 °C, [o]
205 = 6.1 (c = 0.58, in CH2Cl). Reacted for 84 h.

'H NMR (400 MHz, Chloroform-d) & 7.81 — 7.72 (m,
3H), 7.61 —7.55 (m, 2H), 7.51 (dd, J = 8.5, 1.8 Hz, 1H),
7.45 (t, J=7.4Hz, 1H), 7.30 (t, J = 7.7 Hz, 2H), 7.19 -
7.08 (m, 3H), 7.04 (d, J = 7.4 Hz, 1H), 6.90 — 6.67 (m,
5H), 4.60 (dd, J =10.2, 4.7 Hz, 1H), 4.10 (q, J = 7.1 Hz,
1H), 3.95 — 3.88 (m, 4H), 3.77 — 3.67 (m, 1H), 3.49 —
3.28 (m, 2H), 1.70 (d, J = 7.1 Hz, 3H), 1.36 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 196.7, 174.7,173.8,157.9, 156.3, 145.3, 143.6, 136.1, 135.3,
134.0, 133.2, 130.7, 129.8, 129.5, 129.1, 128.5, 127.7, 127.5, 126.3, 126.3, 125.5, 124.9, 122.1,
121.7,119.3,117.4, 110.2, 109.0, 105.7, 89.7, 55.5, 45.7, 44.4, 40.2, 35.1, 18.7, 12.4.

HRMS (ESI) m/z: [M + Na]* Calculated for [C39H33NOgNa*]: 634.2200 found 634.2194.

IR (neat) 3058, 2978, 2935, 1727, 1683, 1607, 1477, 1369, 1207, 1143, 996, 898, 751, 693 cm™.

4-benzoyl-1'-ethyl-3-(2-hydroxyphenyl)-3,4-dihydro-5H-spiro[furan-2,3'-indoline]-2’,5-dione
(Int2)
o White solid.
(@) SFC Daicel Chiralcel OJH, CO./MeOH = 80/20, 1.0 mL/min, A = 240 nm,
Ph t1 = 6.48 min, t> = 8.04 min.
H NMR (400 MHz, Acetone-dg) & 8.25 (s, 1H), 8.04 —7.98 (m, 2H), 7.65
O 0 O —7.61 (m, 1H), 7.60 — 7.54 (m, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.29 — 7.23
N HO (m, 2H), 7.08 — 7.01 (m, 1H), 6.84 (td, J = 8.1, 1.6 Hz, 1H), 6.78 (d, J =
7.9 Hz, 1H), 6.61 — 6.54 (m, 1H), 6.48 (dd, J = 8.1, 0.9 Hz, 1H), 5.97 (d,
J=12.8 Hz, 1H), 5.37 (d, J = 12.8 Hz, 1H), 3.54 (dg, J = 14.5, 7.3 Hz, 1H), 3.29 (dg, J = 14.2, 7.1
Hz, 1H), 0.68 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Acetone-ds) 5 193.9, 173.6, 172.2, 156.8, 144.4, 137.3, 135.0, 132.0, 130.2,
129.9, 129.8, 129.2, 126.7, 125.3, 123.8, 120.2, 118.7, 116.2, 109.6, 86.1, 52.0, 46.3, 35.0, 12.4.
HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH2:NOsNa*]: 450.1312 found 450.1317.
IR (neat) 3369, 2976, 1785, 1709, 1613, 1461, 1377, 1267, 1164, 1024, 753, 681 cm™.

0]

Et

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 1200 1300 14.00 1500 16.00 17.00 18.00 19.00 20.00
Minutes

Retention Time Area % Area
1 6.480 2991023 50.40
2 8.038 2943872 49.60

90



(2R,3S)-1'-ethyl-3-((R)-2-hydroxy-2-phenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(D1):

White solid, 90% yield, 99:1 er, 83:17 dr, m.p. 66-70 °C, [a] 25 = 7.0 (c

=0.60, in CH2Cly).

SFC Daicel Chiralcel OJH, CO»/EtOH = 90/10, 1.0 mL/min, A = 240 nm,

t1 = 22.13 min, t, = 25.16 min, t3 = 29.59 min.

'H NMR (400 MHz, Chloroform-d) & 7.43 — 7.27 (m, 2H), 7.26 — 6.81
Et (m, 11H), 4.58 — 4.39 (m, 1H), 4.14 — 4.02 (m, 1H), 3.91 - 3.70 (m, 2H),

2.24 —2.16 (m, 1H), 2.06 — 1.86 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  175.0, 158.5, 144.1, 143.3, 130.6, 130.1, 128.7, 128.7, 128.0,

125.9,125.3, 124.2, 122.6, 121.3, 110.1, 109.0, 90.0, 73.1, 45.8, 39.7, 35.1, 12.7.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH23NO3Na*]: 408.1570 found 408.1564.

IR (neat) 3435, 3056, 2934, 1713, 1608, 1465, 1370, 1229, 1015, 861, 745, 698 cm*,
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(2R,3S)-5-chloro-1'-ethyl-3-((Z)-2-(hydroxyimino)-2-phenylethyl)-3H-spiro[benzofuran-2,3'-

indolin]-2'-one (D2):

White solid, 88% yield, 99:1 er, Z/E = 4.9:1, m.p. 82-85 °C, [a] ¥p =
8.9 (c=0.71, in CH.Cl).

SFC Daicel Chiralcel OJH, CO2/MeOH = 90/10, 1.5 mL/min, A = 240
nm, t; = 20.83 min, t, = 24.35 min, t3 = 36.63 min.

IH NMR (400 MHz, Chloroform-d) & 8.94 (s, 1H), 7.34 — 7.26 (m, 1H),
7.25-6.60 (M, 12H), 4.61 —4.56 (t, J = 7.4 Hz, 1H), 3.68 (dg, J = 14.4,
7.2,6.8 Hz, 1H), 3.51 (dq, J = 14.3, 7.2 Hz, 1H), 3.26 (m, 1H), 2.87 —

2.66 (m, 1H), 1.34 — 1.17 (m, 3H).

13C NMR (101 MHz, Chloroform-d) & 174.5, 158.6, 156.9, 143.0, 135.1, 130.8, 129.5, 129.2, 128.8,
128.5, 126.3, 125.2, 124.4,122.7, 121.6, 110.1, 109.1, 89.4, 45.8, 35.1, 27.2, 12.6.

HRMS (ESI) m/z: [M + Na]* Calculated for [C2sH22N203Na*]: 421.1523 found 421.1528.

IR (neat) 3317, 3055, 2933, 1712, 1608, 1467, 1371, 1228, 1105, 1107, 965, 937, 740, 695 cm™.
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(2R,3S)-1'-ethyl-3-(2-hydroxy-2,2-diphenylethyl)-3H-spiro[benzofuran-2,3'-indolin]-2'-one

(D3):

12.7.

HRMS (ESI) m/z: [M + Na]* Calculated for [C31H27NO3sNa*]: 484.1883 found 484.1883.

Light green solid, 71% yield, 99:1 er, >19:1 dr, m.p. 79-84 °C, [a] Zp =
-79 (c = 0.55, in CH2Cly).
SFC Daicel Chiralcel OX-3, CO2/MeOH = 85/15, 1.5 mL/min, A = 240
nm, t1 = 5.95 min, t; = 6.47 min, t3 = 7.60 min, t; = 21.88 min.
'H NMR (400 MHz, Chloroform-d) & 7.39 — 7.29 (m, 5H), 7.23 — 7.16 (m,
4H), 7.16 — 7.08 (m, 5H), 6.97 — 6.90 (m, 2H), 6.86 (d, J = 7.8 Hz, 1H), 6.78
(d, J=7.8 Hz, 1H), 4.02 (d, J = 8.5 Hz, 1H), 3.89 — 3.80 (m, 1H), 3.75 - 3.66 (m, 1H), 2.93 (dd, J = 14.8,
2.3 Hz, 1H), 2.72 (dd, J = 14.8, 8.7 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 174.4, 158.2, 147.4, 145.2, 143.6, 130.7, 130.6, 128.6, 128.5,
1275,127.2,127.1, 126.2, 126.1, 125.1, 123.9, 122.5, 121.2, 109.9, 108.9, 90.7, 78.1, 43.8, 42.1, 35.1,

IR (neat) 3464, 3056, 2933, 1722, 1608, 1469, 1371, 1233, 1102, 748, 700 cm™.

0.35
0.30
0.25+
0.207
2
<
0.15+

0.104

0.057

7.652

O.OO*V‘J\’/\—"

>21.754

0.

400

‘s00

‘10000 ‘12000

‘1400

‘1600

‘18000

‘2000 2200

‘2400

0.60

0.40

AU

0.20

0.00-

Minutes
Retention Time Area % Area
1 5.940 4933895 32.49
2 6.441 5018744 33.05
3 7.652 2657007 17.50
4 21.754 2576231 16.96
:
6 6 bN
. <t ——
o 200 4.00 600 800 1000 1200 1400 1600 18000 2000 2200 2400
Minutes
Retention Time Area % Area
1 5.948 222463 1.75
2 6.471 130380 1.03
3 7.597 12039730 94.97
4 21.882 284328 2.24
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9. Copies of I H, 13C and °F NMR spectra of the products
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Minor diastereomer of C9
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Major diastereomer of C9
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Minor diastereomer of C15
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Major diastereomer of C15
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Minor diastereomer of C25

0009
8L1H]
0c'L
44N
ge'e
oc'e K
6€°€

L¥'e
¥S'€
9G'¢e
1G°€
L€
€L'¢
v.€]
92°¢€
26°¢
¥6°€ |
96°€ |
66°€
vy
V'Y
1244
Sty
Nw.m:
vw.f
18'91
689
G0°L1
907/
807/ 1
817/
0C'L
[SrAVA
62 L
SEL Y
VAN
6€° L
Ly LA
€V L7
mv.m\
¥S'L

96,

88/

881

06°L

—

—

=10°¢

Lo

1 (ppm)

44

06've —
€0 Ly~
SL9v ~

££°221

98801 ;
vELLL
6V°€2L |
85'€Z1 1
ORZAR
AT ;
02'8Z1 1
z8'8Z1 1
S0'6Z1 1
60°0€1L

¥2°0€L ]
J

ce’Lel
mm.mmé\

6€°9¢L
y9'evl
¥9° LG —

Wwell —

06°261 —

160 140 120 100
1 (ppm)

180

200

136



Major diastereomer of C25

00°0—

9eL
nm;/
6eL =
Zre,
vhe
Ste
69°€ |
L2e
€€
v€
on.mg
8L°€1
18°€1
68°€1
06°€1
z67€
vee
96'¢

09t

Nw.vw
R

€9

\h\Nth

e

10¢

Foo't

L~

1 (ppm)

Lyel—

816~
yeor-
oe vy

om.mm_‘%
92'9¢)
0l'Lcl
8G°8C1

G6'8¢CL
mm.omq
L60cl
mm.mm_‘\
clocl
L9°EVL
151G —

LOVLL—

95961 —

160 140 120 100 80
f1 (ppm)

180

200

137



C26

000
6L7L
SEL
AN S
6EL |
ev'e
144
Sv'e
0L'€
cLe
v.'€
9.°'¢
88°¢ ]
06°¢ |
26°¢
6°¢ |
09'%
297 1
Y9'¥ |
€29
G.'9
1129
6.9
089
G0'L
10°L
N_\Ng
[AWE
dWA
VL]
Sl
9L/
0€°.L 7
0€'L1
LELY

19°L
€92

*Sv'0
F€9e

SR

1 (ppm)

€cl—

L'GE~
L'ov ~
L'y~

©
0
N
-
_

SvLL—

7961 —

120

T
140

160

180

200

f1 (ppm)

138



Minor diastereomer of C26
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Minor diastereomer of C27
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Minor diastereomer of C28
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Major diastereomer of C28
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Minor diastereomer of C31
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Major diastereomer of C31
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Minor diastereomer of C35
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Minor diastereomer of C36
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Major diastereomer of C36
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Minor diastereomer of C37
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Minor diastereomer of C40

£V L
Gb' L]
TR
L4
v 11
0521
25 L
25" LA

¥G L7
V8L %
98,
987/
06°L
c6'L
G6°L
16°L

1 (ppm)

gscl —

$8'62
€6°v€ <
LSy~
9E" LY ~
5188
280} |
980z} |
85°1Z1 |
z8' 1zl |

JU CCF
erzel |
8€'€Zl 1
LEZL |
YRR
GE'9Z1 1
96221 1
12'8Z1 1
92'8Z1 1
Soel |

e

ge Ll
Ov'EEL 7
mw.vﬁ\
G9°9€l
16271
LG bSL —

08'¢cLL —

GG'861 —

‘
160 140 120 100
1 (ppm)

180

200

171



Major diastereomer of C40
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Minor diastereomer of C46
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Major diastereomer of C46
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Minor diastereomer of C47
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Major diastereomer of C47
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Minor diastereomer of C48
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Major diastereomer of C48
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