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1. General Details

All air and moisture sensitive manipulations were carried out with standard
Schlenk techniques nitrogen atmosphere. Column chromatography was performed
using 200-300 mesh silica gels. Acetone, Dichloromethane (CH2Cl,) and Acetonitrile
(MeCN) were dried and distilled from calcium hydride. Methyl tert-butyl ether
(MTBE), Ether (Et20), Tetrahydrofuran (THF), 1,4-Dioxane and Toluene were dried
and distilled from metal sodium and benzophenone. The dry Ethanol was purchased
from Energy Chemical Inc. The NMR spectra were recorded on a Varian MERCURY
plus-400 (400 MHz), Bruker Ascend™ 400 (400 MHz), and Bruker Ascend™ 500
(500 MHz) spectrometer with chemical shifts reported in ppm relative to the residual
deuterated solvents. Mass spectrometry analysis was carried out using an electrospray
spectrometer Waters Micromass Q-TOF Premier Mass Spectrometer and Fourier
Transform lon Cyclotron Mass Spectrometry at the Instrumental Analysis Center of
Shanghai Jiao Tong University. Melting points were measured with SGW X-4 micro
melting point apparatus. Optical rotations were measured on a Rudolph Research
Analytical Autopol VI automatic polarimeter using a 50 mm path-length cell at 589
nm. Chiral analyses were performed on a Shimadzu LC-2010 HPLC system and using
Daicel Chiralcel columns with n-hexane/i-propyl alcohol as an elue. Chiralpak AD-H,
OD-H, 0OJ-H and IE were purchased from Daicel Chiral Technologies (China) Co.,
Ltd.
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2. Preparation of Starting Materials and Chiral BOX Ligands

2.1 General Procedure for Preparation of Spiro-Epoxyoxindole
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Method A: Non-commercial available R'OCH-CI reagents were prepared according
to the literature procedure.! A solution of alcohol (R!OH) (1.0 equiv) and
paraformaldehyde (1.0 equiv) in TMSCI was stirred for 3-5 h at room temperature and
then concentrated to the crude product (R'OCH:CI), which was used in the subsequent
step without further purification.

To a solution of isatin (1.0 equiv.) in dry DMF (0.50 M) was added sodium
hydride (60% wt, 1.2 equiv) at 0 <C under nitrogen atmosphere. After stirring for 10-20
min at room temperature, alcohol chloromethyl ether (RTOCH.CI) (1.2 equiv) was
added dropwise to the above mixture. After warming to room temperature, the
reaction mixture was stirred overnight. The reaction was then quenched by water and
extracted with EtOAc. The organic layer was separated and washed with water, then
the organic layer was dried over anhydrous Na>SOs, filtered and concentrated in
vacuum. The crude product N-protected isatin was used in the subsequent step without
further purification.?

Trimethylsulphonium iodide (2.0 equiv.), cesium carbonate (2.0 equiv) and
acetonitrile (0.50 M) were added to a flame-dried flask. The resulting mixture was
stirred at 50 <C for 1 h under nitrogen atmosphere. A solution of N-protected isatin
(1.0 equiv) in acetonitrile was added slowly. The suspension was stirred overnight at
50 <C. After completion of reaction (monitored by TLC), the mixture was filtered
through a celite bed. The filtrate was evaporated to dryness and the residue was
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 10:1 (v/v), to afford the pure product.®
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Method B: To a solution of isatin (1.0 equiv) in DMF (0.50 M) was added potassium
carbonate (2.0 equiv) and R?X ( X = Br or ), the reaction mixture was stirred overnight
at room temperature. The reaction was then quenched by water and extracted with
CHCl>. The organic layer was separated and washed with water, then the organic
layer was dried over anhydrous Na>SOs, filtered and concentrated in vacuum. The
crude product N-protected isatin was used in the subsequent step without further
purification.*

The epoxidation followed the procedure shown in Method A.
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1-Methylspiro[indoline-3,2'-oxiran]-2-one (la). The product was prepared
following the general procedure Method B and obtained (starting from 30 mmol of
the corresponding isatin; 4.1 g, 78% yield) as a pale pink solid. Mp = 81~82 <C; H
NMR (500 MHz, CDCl3) ¢ 7.39 (td, J = 7.5, 1.5 Hz, 1H), 7.13 — 7.06 (m, 2H), 6.92 (d,
J=8.0 Hz, 1H), 3.58 (d, J = 7.0 Hz, 1H), 3.44 (d, J = 6.5 Hz, 1H), 3.28 (s, 3H); 1°C
NMR (125 MHz, CDCl3) ¢ 171.8, 145.1, 130.4, 122.9, 122.7, 122.1, 108.9, 56.4, 54.1,
26.7; HRMS (ESI) calcd for C1o0HsNNaO, (M+Na)* 198.0525, found 198.0524.

1-Isopropylspiro[indoline-3,2'-oxiran]-2-one (S1). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.3 g, 64% yield) as a yellow solid. Mp = 42~44 <C; 'H NMR
(400 MHz, CDCl3) ¢ 7.35 (td, J = 8.0, 1.6 Hz, 1H), 7.13 — 7.03 (m, 3H), 4.66 (hept, J

= 6.8 Hz, 1H), 3.57 (d, J = 6.8 Hz, 1H), 3.41 (d, J = 6.8 Hz, 1H), 1.51 (d, J = 6.8 Hz,
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6H); 1*C NMR (100 MHz, CDCls) 6 171.3, 143.8, 130.2 123.2, 122.33, 122.31, 110.5,
56.2, 54.4, 44.5, 19.5, 19.3; HRMS (ESI) calcd for C12H13NNaO2 (M+Na)* 226.0838,
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found 226.0832.

1-Allylspiro[indoline-3,2'-oxiran]-2-one (S2). The product was prepared following
the general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.0 g, 50% yield) as a white solid. Mp = 65~67 <T; 'H NMR
(400 MHz, CDCl3) ¢ 7.35 (td, J = 7.6, 1.6 Hz, 1H), 7.13 - 7.06 (m, 2H),6.93 (d,J=7.6
Hz, 1H), 5.91 - 5.81 (m, 1H), 5.32 — 5.23 (m, 2H), 4.47 — 4.34 (m, 2H), 3.61 (d, J = 6.8
Hz, 1H), 3.45 (d, J = 6.8 Hz, 1H); 3C NMR (100 MHz, CDCl3) ¢ 171.5, 144.3, 131.0,
130.3, 122.9, 122.7, 122.2, 118.1, 109.8, 56.3, 54.2, 42.9; HRMS (ESI) calcd for
C12H1:NNaO; (M+Na)* 224.0682, found 224.0680.
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1-Benzylspiro[indoline-3,2'-oxiran]-2-one (S3). The product was prepared
following the general procedure Method B and obtained (starting from 10 mmol of
the corresponding isatin; 1.4 g, 56% yield) as a yellow solid. Mp = 97~98 <C; 'H
NMR (400 MHz, CDCls) 6 7.37 — 7.32 (m, 4H), 7.30 — 7.24 (m, 2H), 7.12 (dd, J = 7.6,
1.6 Hz, 1H), 7.04 (td, J = 7.6, 0.8 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 5.00 (d, J = 15.6 Hz,
1H), 4.93 (d, J = 15.6 Hz, 1H), 3.65 (d, J = 6.8 Hz, 1H), 3.47 (d, J = 6.8 Hz, 1H); *C
NMR (100 MHz, CDCls) ¢ 171.9, 144.3, 135.3, 130.3, 128.9, 127.8, 127.4, 122.9,
122.7, 122.2, 109.9, 56.4, 54.3, 44.3; HRMS (ESI) calcd for C16H13NNaO, (M+Na)*
274.0838, found 274.0833.
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1-(Methoxymethyl)spiro[indoline-3,2'-oxiran]-2-one  (S4). The product was
prepared following the general procedure Method A and obtained (starting from 10
mmol of the corresponding isatin; 0.88 g, 43% vyield) as a pale pink solid. Mp =
78~80 <T; 'H NMR (400 MHz, CDCls) § 7.41 — 7.36 (m, 1H), 7.15 — 7.10 (m, 3H),
5.20 (d, J =10.8 Hz, 1H), 5.15 (d, J = 11.2 Hz, 1H), 3.62 (d, J = 6.4 Hz, 1H), 3.47 (d,
J = 6.8 Hz, 1H), 3.37 (s, 3H); *C NMR (100 MHz, CDCls) ¢ 172.5, 143.4, 130.6,
123.5, 122.3, 122.2, 110.4, 71.7, 56.5, 56.4, 54.5; HRMS (ESI) calcd for
C1:H11NNaOz (M+Na)* 228.0631, found 228.0626.

1-((Benzyloxy)methyl)spiro[indoline-3,2'-oxiran]-2-one (S5). The product was
prepared following the general procedure Method A and obtained (starting from 50
mmol of the corresponding isatin; 9.0 g, 64% vyield) as a pale yellow solid. Mp =
106~108 <T; *H NMR (500 MHz, CDCl3) 6 7.40 — 7.36 (m, 1H), 7.33 — 7.26 (m, 5H),
7.16 (d, J = 8.0 Hz, 1H), 7.14 — 7.10 (m, 2H), 5.32 (d, J = 11.0 Hz, 1H), 5.28 (d, J =
11.5 Hz, 1H), 4.61 (d, J = 12.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 3.57 (d, J = 6.5 Hz,
1H), 3.42 (d, J = 7.0 Hz, 1H); 3C NMR (125 MHz, CDCls) § 172.3, 143.4, 137.1,
130.5, 128.4, 127.90, 127.87, 123.4, 122.19, 122.17, 110.5, 71.1, 70.0, 56.4, 54.5;
HRMS (ESI) calcd for C17H1sNNaOs (M+Na)* 304.0944, found 304.0939.
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To a solution of S7 (322 mg, 2.0 mmol, 1.0 equiv) and 4-dimethylaminopyridine
(244 mg, 2.0 mmol, 1.0 equiv) in CH2Cl> (2.0 mL) was added triethylamine (202 mg,
2.0 mmol, 2.0 equiv) and di-tert-butyl dicarbonate (872 mg, 4.0 mmol, 2.0 equiv) at
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room temperature. After stirring overnight, the solvent was removed under vacuum
and the residue was purified by flash chromatography on silica gel, eluting with
petroleum ether/ethyl acetate 3:1 (v/v), to afford S6 as a yellow solid.®

tert-Butyl 2-oxospiro[indoline-3,2'-oxirane]-1-carboxylate (S6). 418 mg, 80% vyield,
yellow solid. Mp = 57~59 <; *H NMR (400 MHz, CDCls) § 7.96 (d, J = 8.0 Hz, 1H),
7.42 (td, J = 8.0, 1.2 Hz, 1H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.12 (dd, J = 7.6, 1.6 Hz,
1H), 3.61 (d, J = 6.8 Hz, 1H), 3.43 (d, J = 6.8 Hz, 1H), 1.65 (s, 9H); 3C NMR (100
MHz, CDCIs) ¢ 170.2, 148.9, 141.4, 130.7, 124.8, 121.9, 121.8, 115.7, 84.9, 56.2,
55.5, 28.1; HRMS (ESI) calcd for C14H1sNNaOs (M+Na)* 284.0893, found 284.0896.
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This substrate was prepared according to literature reported procedure. To a
solution of trimethylsulphonium iodide (6.1 g, 30 mmol, 2.0 equiv) in dry DMF (40
mL), sodium hydride (60% wt, 5.8 g, 144 mmol, 7.2 equiv) was added at room
temperature. The resulting mixture was stirred for 1 h under nitrogen atmosphere.
Then the reaction mixture was stirred at -20 <C. To this solution isatin (3.0 g, 20
mmol, 1.0 equiv) in dry DMF (10 mL) was added dropwise over 20 min. The
suspension was stirred overnight at -20 <TC. After that, the mixture was poured into the
ice water slowly, then extracted with EtOAc, washed with brine solution and dried
over anhydrous Na>SOas. The solvent was removed under vacuum and the residue was
purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl
acetate 3:1 (v/v), to afford the pure product as a yellow solid.®
Spiro[indoline-3,2'-oxiran]-2-one (S7). 2.0 g, 62% yield, yellow solid. Mp =
168~170 <T; *H NMR (400 MHz, CDCl3) 6 8.62 (s, 1H), 7.33 (td, J = 7.6, 1.6 Hz, 1H),
7.14—7.04 (m, 2H), 6.97 (d, J = 7.6 Hz, 1H), 3.59 (d, J = 6.4 Hz, 1H), 3.45 (d, J = 6.8
Hz, 1H); 3C NMR (100 MHz, CDCls) ¢ 174.0, 142.1, 130.5, 123.00, 122.96, 122.5,
110.9, 56.6, 54.3; HRMS (ESI) calcd for CoH/NNaO2 (M+Na)" 184.0369, found
184.0360.
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4-Chloro-1-methylspiro[indoline-3,2'-oxiran]-2-one  (1b). The product was
prepared following general procedure Method B and obtained (starting from 10 mmol
of the corresponding isatin; 1.8 g, 86% yield) as a white solid. Mp = 124~125 <T; 'H
NMR (400 MHz, CDClz) ¢ 7.31 (t, J = 8.0 Hz, 1H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H),
6.83 (dd, J = 8.0, 0.8 Hz, 1H), 4.06 (d, J = 7.2 Hz, 1H), 3.49 (d, J = 7.2 Hz, 1H), 3.27
(s, 3H); *C NMR (100 MHz, CDCls) § 171.1, 146.8, 131.3, 130.6, 124.1, 118.8,
107.4, 56.8, 50.5, 26.9; HRMS (ESI) calcd for C10HsCINNaO, (M+Na)* 232.0136,

found 232.0143.
0
Me
0
N
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1,5-Dimethylspiro[indoline-3,2'-oxiran]-2-one (1c). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.3 g, 69% yield) as a white solid. Mp = 104~105 <T; *H NMR
(400 MHz, CDCls3) ¢ 7.18 (ddd, J = 8.0, 2.0, 0.8 Hz, 1H), 6.95 — 6.92 (m, 1H), 6.81 (d,
J =8.0 Hz, 1H), 3.58 (d, J = 6.8 Hz, 1H), 3.42 (d, J = 6.8 Hz, 1H), 3.26 (s, 3H), 2.33
(s, 3H); 3C NMR (100 MHz, CDCl3) ¢ 171.7, 142.7, 132.6, 130.6, 122.8, 122.6,
108.6, 56.5, 54.1, 26.7, 21.0; HRMS (ESI) calcd for CiiH1:NNaO; (M+Na)*

212.0682, found 212.0688.
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5-Methoxy-1-methylspiro[indoline-3,2'-oxiran]-2-one (1d). The product was
prepared following general procedure Method B and obtained (starting from 10 mmol
of the corresponding isatin; 1.4 g, 68% yield) as an orange solid. Mp = 122~124 <C;
!H NMR (400 MHz, CDCls) 6 6.91 (dd, J = 8.4, 2.4 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H),
6.72 (d, J = 2.8 Hz, 1H), 3.79 (s, 3H), 3.58 (d, J = 6.4 Hz, 1H), 3.41 (d, J = 6.8 Hz,
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1H), 3.26 (s, 3H); **C NMR (100 MHz, CDCls) 6 171.5, 156.3, 138.4, 123.9, 115.1,
109.4, 109.0, 56.7, 55.9, 54.2, 26.8; HRMS (ESI) calcd for C1:H1:NNaOs (M+Na)*

228.0631, found 228.0635.
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5-Fluoro-1-methylspiro[indoline-3,2'-oxiran]-2-one (1e). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.2 g, 62% yield) as a white solid. Mp = 153~155 <T; 'H NMR
(400 MHz, CDCl3) ¢ 7.09 (td, J = 8.8, 2.8 Hz, 1H), 6.89 — 6.83 (m, 2H), 3.60 (d, J =
6.8 Hz, 1H), 3.42 (d, J = 6.8 Hz, 1H), 3.28 (s, 3H); 13C NMR (100 MHz, CDCls) ¢
171.5, 159.3 (d, J = 240.8 Hz), 141.0 (d, J = 2.1 Hz), 124.4 (d, J = 8.5 Hz), 116.7 (d, J
= 23.6 Hz), 110.4 (d, J = 25.3 Hz), 109.5 (d, J = 7.9 Hz), 56.4 (d, J = 2.1 Hz), 54.3,
26.8; 1°F NMR (470 MHz, CDCls) ¢ -119.76; HRMS (ESI) calcd for C10HsFNNaO
(M+Na)* 216.0431, found 216.0438.

o)
Cl
o)
N
1f Me

5-Chloro-1-methylspiro[indoline-3,2'-oxiran]-2-one (1f). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.2 g, 57% yield) as a pale yellow solid. Mp = 157~158 <C; 'H
NMR (400 MHz, CDCls) ¢ 7.36 (dd, J = 8.4, 2.0 Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H),
6.85 (d, J = 8.4 Hz, 1H), 3.59 (d, J = 6.8 Hz, 1H), 3.43 (d, J = 6.4 Hz, 1H), 3.27 (s,
3H); °C NMR (100 MHz, CDCl3) ¢ 171.3, 143.6, 130.3, 128.5, 124.5, 122.6, 109.8,
56.2, 54.3, 26.8; HRMS (ESI) calcd for C10HsCINNaO, (M+Na)*" 232.0136, found

232.0140.
(0]
Br
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5-Bromo-1-methylspiro[indoline-3,2'-oxiran]-2-one (1g). The product was prepared
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following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.5 g, 59% yield) as a pale yellow solid. Mp = 158~159 <C; 'H
NMR (400 MHz, CDCls) ¢ 7.51 (dd, J = 8.4, 2.0 Hz, 1H), 7.22 (d, J = 2.0 Hz, 1H),
6.81 (d, J = 8.4 Hz, 1H), 3.59 (d, J = 6.8 Hz, 1H), 3.43 (d, J = 6.8 Hz, 1H), 3.27 (s,
3H); *C NMR (100 MHz, CDCls) 6 171.2, 144.0, 133.2, 125.4, 124.8, 115.6, 110.3,
56.1, 54.3, 26.8; HRMS (ESI) calcd for CioH9BrNO, (M+H)* 253.9811, found

253.9815.
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5-lodo-1-methylspiro[indoline-3,2'-oxiran]-2-one (1h). The product was prepared
following general procedure Method B and obtained (starting from 8.0 mmol of the
corresponding isatin; 1.5 g, 62% yield) as a pale yellow solid. Mp = 152~153 <C; 'H
NMR (400 MHz, CDCls) ¢ 7.70 (dd, J = 8.4, 1.6 Hz, 1H), 7.39 (d, J = 2.0 Hz, 1H),
6.71 (d, J = 8.0 Hz, 1H), 3.58 (d, J = 6.8 Hz, 1H), 3.43 (d, J = 6.4 Hz, 1H), 3.26 (s,
3H); C NMR (100 MHz, CDCIs) 6 171.0, 144.7, 139.1, 130.9, 125.1, 110.8, 85.2,
55.9, 54.3, 26.8; HRMS (ESI) calcd for CioHgINO, (M+H)" 301.9672, found

301.9678.
O
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6-Fluoro-1-methylspiro[indoline-3,2'-oxiran]-2-one (1i). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.3 g, 67% yield) as a pink solid. Mp = 92~93 <T; *H NMR (500
MHz, CDCls) 6 7.06 (dd, J = 8.5, 5.0 Hz, 1H), 6.79 — 6.74 (m, 1H), 6.68 (dd, J = 8.5,
2.5 Hz, 1H), 3.58 (d, J = 6.5 Hz, 1H), 3.43 (d, J = 6.5 Hz, 1H), 3.27 (s, 3H); *°C NMR
(125 MHz, CDCls) 6 172.1, 164.5 (d, J = 246.8 Hz), 146.8 (d, J = 11.6 Hz), 123.5 (d,
J=10.0 Hz), 117.9 (d, J = 3.0 Hz), 109.2 (d, J = 22.9 Hz), 98.0 (d, J = 27.5 Hz), 56.1,
54.0, 26.8; F NMR (470 MHz, CDCls) ¢ -108.26; HRMS (ESI) calcd for
C10HsFNNaO2 (M+Na)* 216.0431, found 216.0435.
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6-Chloro-1-methylspiro[indoline-3,2'-oxiran]-2-one (1j). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.2 g, 57% yield) as a yellow solid. Mp = 142~144 <T; *H NMR
(500 MHz, CDCl3) ¢ 7.06 (dd, J = 8.0, 2.0 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 6.93 (d,
J = 2.0 Hz, 1H), 3.59 (d, J = 6.5 Hz, 1H), 3.44 (d, J = 6.5 Hz, 1H), 3.27 (s, 3H); 13C
NMR (125 MHz, CDCl3) 6 171.7, 146.2, 136.3, 123.1, 122.8, 121.0, 109.7, 56.1, 54.2,
26.8; HRMS (ESI) calcd for C1o0HsCINNaO, (M+Na)* 232.0136, found 232.0141.

1,7-Dimethylspiro[indoline-3,2'-oxiran]-2-one (1k). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.2 g, 63% yield) as a pale yellow solid. Mp = 105~106 <C; 'H
NMR (500 MHz, CDCl3) 6 7.10 (dd, J = 7.5, 1.0 Hz, 1H), 6.96 (t, J = 7.5 Hz, 1H),
6.93 (dd, J = 7.5, 1.5 Hz, 1H), 3.57 (d, J = 6.5 Hz, 1H), 3.55 (s, 3H), 3.39 (d, J = 6.5
Hz, 1H), 2.59 (s, 3H); *C NMR (125 MHz, CDCls) ¢ 172.6, 142.8, 134.2, 123.4,
122.9, 120.7, 119.9, 56.0, 54.6, 30.1, 19.0; HRMS (ESI) calcd for C1:H11NNaO:
(M+Na)* 212.0682, found 212.0690.
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1-Methyl-7-(trifluoromethoxy)spiro[indoline-3,2'-oxiran]-2-one (1l). The product
was prepared following general procedure Method B and obtained (starting from 4.3
mmol of the corresponding isatin; 0.55 g, 49% yield) as a white solid. Mp = 78~79 <C;
H NMR (500 MHz, CDCls) 6 7.27 (dd, J = 8.0, 1.5 Hz, 1H), 7.01 (dd, J = 2.5, 1.0 Hz,
1H), 6.92 (d, J = 8.5 Hz, 1H), 3.62 (d, J = 6.5 Hz, 1H), 3.46 (d, J = 7.0 Hz, 1H), 3.30
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(s, 3H); 3C NMR (125 MHz, CDCls) 6 1715, 144.9 (g, J = 1.9 Hz), 143.6, 124.3,
123.6, 120.5 (g, J = 255.5 Hz), 116.2, 109.4, 56.2, 54.4, 26.9; °F NMR (470 MHz,
CDCls) ¢ -58.42; HRMS (ESI) calcd for CiiHoFsNOs (M+H)* 260.0529, found
260.0527.

7-Fluoro-1-methylspiro[indoline-3,2'-oxiran]-2-one  (1m). The product was
prepared following general procedure Method B and obtained (starting from 10 mmol
of the corresponding isatin; 1.5 g, 78% yield) as a yellow solid. Mp = 103~104 <C; 'H
NMR (500 MHz, CDCl3) ¢ 7.13 — 7.09 (m, 1H), 7.04 — 6.99 (m, 1H), 6.90 (dd, J = 7.5,
1.5 Hz, 1H), 3.59 (d, J = 6.5 Hz, 1H), 3.49 (d, J = 2.5 Hz, 3H), 3.43 (d, J = 6.5 Hz,
1H); 3C NMR (125 MHz, CDCl3) 6 171.5, 148.0 (d, J = 243.4 Hz), 131.5 (d, J = 9.0
Hz), 125.7 (d, J = 3.6 Hz), 123.6 (d, J = 6.2 Hz), 118.5 (d, J = 19.2 Hz), 117.9 (d, J =
3.5 Hz), 56.3 (d, J = 3.8 Hz), 54.6, 29.3 (d, J = 5.5 Hz); °F NMR (470 MHz, CDCls)
0 -136.84; HRMS (ESI) calcd for C1oHsFNNaO2 (M+Na)* 216.0431, found 216.0438.
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4-Bromo-1,5-dimethylspiro[indoline-3,2'-oxiran]-2-one (1n). The product was
prepared following general procedure Method B and obtained (starting from 10 mmol
of the corresponding isatin; 1.8 g, 67% yield) as a white solid. Mp = 146~148 <C; 'H
NMR (500 MHz, CDCls) ¢ 7.25 (dd, J = 8.0, 0.5 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H),
4.22 (d, J = 7.0 Hz, 1H), 3.43 (d, J = 7.0 Hz, 1H), 3.25 (s, 3H), 2.36 (s, 3H); 1*C NMR
(125 MHz, CDCl3) 6 171.2, 144.8, 132.9, 131.7, 120.8, 120.6, 107.6, 57.6, 50.0, 26.7,
22.0; HRMS (ESI) calcd for C11H10BrNNaO2 (M+Na)* 289.9787, found 289.9791.

(0]
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1,5,7-Trimethylspiro[indoline-3,2'-oxiran]-2-one (10). The product was prepared
following general procedure Method B and obtained (starting from 10 mmol of the
corresponding isatin; 1.5 g, 74% yield) as an orange solid. Mp = 134~136 <; H
NMR (500 MHz, CDCls) § 6.91 (s, 1H), 6.74 (s, 1H), 3.56 (dd, J = 6.5, 1.5 Hz, 1H),
3.52 (d, J = 1.5 Hz, 3H), 3.37 (dd, J = 6.5, 1.5 Hz, 1H), 2.54 (s, 3H), 2.27 (s, 3H); 3C
NMR (125 MHz, CDCls) ¢ 172.6, 140.3, 134.6, 132.5, 123.4, 120.5, 120.4, 56.1, 54.6,
30.0, 20.7, 18.8; HRMS (ESI) calcd for C12H13NNaO. (M+Na)* 226.0838, found
226.0840.

Cl

5-Chloro-1,7-dimethylspiro[indoline-3,2'-oxiran]-2-one (1p). The product was
prepared following general procedure Method B and obtained (starting from 5.1
mmol of the corresponding isatin; 0.66 g, 58% vyield) as yellow solid. Mp =
149~150 <T; *H NMR (500 MHz, CDCl3) 6 7.10 — 7.09 (m, 1H), 6.90 (d, J = 1.5 Hz,
1H), 3.58 (d, J = 6.5 Hz, 1H), 3.53 (s, 3H), 3.38 (d, J = 6.5 Hz, 1H), 2.57 (s, 3H); *C
NMR (125 MHz, CDCls) ¢ 172.2, 141.3, 133.6, 128.1, 125.1, 122.3, 120.2, 55.8, 54.7,
30.1, 18.8; HRMS (ESI) calcd for C11H11CINO2 (M+H)* 224.0473, found 224.0477.

2.2 Preparation of Chiral BOX Ligands

BOX-13, BOX-14, BOX-16, SL20 were synthesized according to the literatures.®

R\ R'
@) (@)
WO T O N 0PN
\ N N THF, rt </N N\e<
Ph Ph s
Ph L Ph

Me Me

o\eﬁ/o
Ph'---</| |\8<Ph
N N

Ph BOX-13 Ph

(4R,4'R,55,5'S)-2,2"-(Propane-2,2-diyl)bis(4,5-diphenyl-4,5-dihydrooxazole)
s13



(BOX-13). 210 mg, 86% yield, white solid, Mp = 160~161 <T; 'H NMR (500 MHz,
CDCls) & 7.04 — 6.94 (m, 20H) 5.96 (d, J = 10.0 Hz, 2H), 5.59 (d, J = 10.0 Hz, 2H),
1.92 (s, 6H); 3C NMR (125 MHz, CDCls) ¢ 170.4, 137.5, 136.2, 127.9, 127.62,
127.61, 127.4, 126.9, 126.6, 86.3, 73.8, 39.6, 24.8; HRMS (ESI) calcd for
CasHa1N202 (M+H)* 487.2380, found 487.2380.

Et Et

O\Rﬂ/o
Phn---&IN N|\8<Ph
Ph BOX-14
(4R,4'R,55,5'S)-2,2'-(Pentane-3,3-diyl)bis(4,5-diphenyl-4,5-dihydrooxazole)
(BOX-14). 200 mg, 78% yield, white solid, Mp = 91~93 <T; *H NMR (500 MHz,
CDCl3) § 7.05 — 6.90 (m, 20H), 5.95 (d, J = 10.0 Hz, 2H), 5.59 (d, J = 10.0 Hz, 2H),
2.50 — 2.41 (m, 2H), 2.35 — 2.27 (m, 2H), 1.14 (t, J = 7.5 Hz, 6H); 3C NMR (125
MHz, CDCIs) ¢ 169.0, 137.5, 136.1, 127.9, 127.6, 127.4, 126.9, 126.7, 86.0, 73.7,
47.6, 25.9, 8.8; HRMS (ESI) calcd for CssHssN202 (M+H)™ 515.2693, found

515.2695.

PR
BOX-16

(4R,4'R)-2,2'-(Pentane-3,3-diyl)bis(5,5-dimethyl-4-phenyl-4,5-dihydrooxazole)
(BOX-16). 120 mg, 57% vyield, white solid, Mp = 115~116 <C; *H NMR (500 MHz,
CDCl3) 6 7.31 — 7.22 (m, 10H), 4.89 (s, 2H), 2.28 — 2.19 (m, 2H), 2.15 — 2.07 (m, 2H),
1.58 (s, 6H), 0.97 (t, J = 7.5 Hz, 6H), 0.84 (s, 6H); 3C NMR (125 MHz, CDCls) §
167.8, 139.1, 128.0, 127.4, 127.3, 86.9, 78.2, 46.7, 29.4, 24.3, 23.9, 8.2; HRMS (ESI)
calcd for C27H3sN202 (M+H)™ 419.2693, found 419.2695.
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"Pr. Pr
O\R%/o
Phn---QN N|\8<Ph
Ph - sL20 PP

(4R,4'R,55,5'S)-2,2'-(Heptane-4,4-diyl)bis(4,5-diphenyl-4,5-dihydrooxazole)
(SL20). 180 mg, 66% yield, white solid, Mp = 179~180 <T; *H NMR (500 MHz,
CDCl3) § 7.05 — 6.90 (m, 20H), 5.94 (d, J = 10.0 Hz, 2H), 5.58 (d, J = 10.0 Hz, 2H),
2.43 —2.37 (M, 2H), 2.28 — 2.21 (m, 2H), 1.60 — 1.49 (m, 4H), 1.07 (t, J = 7.0 Hz, 6H);
13C NMR (125 MHz, CDCls) 6 169.2, 137.4, 136.0, 127.9, 127.6, 127.4, 126.9, 126.7,
86.1, 73.7, 46.9, 354, 17.7, 14.5; HRMS (ESI) calcd for CasHsoN202 (M+H)*
543.3006, found 543.3008.
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3. Asymmetric Ring Opening Reaction of Spiro-Epoxyoxindoles with

Allylboron

3.1 Optimizations of Cobalt-Catalyzed Asymmetric Ring Opening

Reaction of Spiro-Epoxyoxindoles with Allylboron

Table S1. Optimization of Solvent and Cobalt Salt(®

OH

1 So e AT oo
i Me ) Sa Me ' Ph pgox4q Ph
Entry Co salt Solvent Yield [%]™ ee [%]c
1 Co(OTf)2 2MeCN MTBE 23 53
2 Co(OTf)2 2MeCN Et,0 34 43
3 Co(OTf)2 2MeCN THF 37 40
4 Co(OTf)2 2MeCN  Dioxane 30 40
5 Co(OTf)2 2MeCN DCM 29 25
6 Co(OTf)2 2MeCN  toluene 34 54
7 Co(OTf)2 2MeCN MeCN 25 43
8 Co(OTf)22MeCN  MeOH ND -
9 Co(ClOa4)2 6H20 toluene 34 58
10 Co(BF)2 6H20 toluene 27 50
11 Colz toluene trace --

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), Solvent (1.5 mL),
Co salt (10 mol%), BOX-1 (12 mol%). [b] Isolated yields. [c] Enantioselectivity was determined
by HPLC using a chiral column.
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Scheme S1. Optimization of Chiral Ligands'®

@] Co(ClO4),*6H,0 (10 mol%)
* 0,
o + /\/BF3K L (12 mol/o)
N toluene, 70 °C, 24 h
l\\/le 1a 2

I
O W\
0 o '
TB LA T
N N =N N~ |\)

4 Ph,P N 0 PAr,
Ph Ph - < SL3

SL1 SL2 Pr (e}

BOX-1
34% yield, 58% ee trace trace trace
H PhoP > \/L PPh
/'\/'\ 2 PPy PhoP PPh i
Ph,P PPh, : 2 )
“PPh
sL4 SL5 SL6 sL7 2
30% vyield, 56% ee 50% yield, -31% ee 32% vyield, -20% ee

37% yield, 0% ee

Bu
CrXs
PPh
— # 2
N |-34 Bu

O PPh,

PPh, Ph,P
SL8 SL9 SL11
53% yield, -23% ee 31% yield, -3% ee 18% yield, 34% ee
MezN
MezN 3
OO O\P N / h PPh,
OO o™\ Fe Ph: Cé_? WPPh,
Me,N-
SL12 SL13 SL14 ° SL15
27% vyield, 0% ee 34% yield, 11% ee 37% yield, 13% ee trace
® \3- i \3' "Pr \3' "Bu
\N 1By N Pr N N
@ PPh . PPh, : PPh,
T “PPh, Ru 2 Ru  pph, Ru  pph,
Fe é B N é s
<= == S =M
Pr Bu
0 o}
SL16 SL17 sL18[b! SL19Mb!
15% yield, -14% ee 37% yield, -17% ee 49% yield, -39% ee trace

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), toluene (1.5 mL),
Co(ClO4)2 6H20 (10 mol%), L* (12 mol%). Isolated yields. Enantioselectivity was determined by

HPLC using a chiral column. [b] L* (6 mol%).
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Table S2. Optimization of Additivel®

: CRETELI P e
e - Sssctiens
. Me R Nl\\/le | PR Box Ph

Entry Additive Yield [%]! ee [%]™

1 TMSOTf trace --

2 TFAA trace --

3 Ac.0 trace --

4l Boc.0 46 o7

gld.e] Boc20 60 56

plde Boc2.O 79 59

7[ded] Boc,O 80 59

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), toluene (1.5 mL),
Co(ClO4)2 6H20 (10 mol%), BOX-1 (12 mol%), Additive (0.20 mmol 2.0 equiv) [b] Isolated
yields. [c] Enantioselectivity was determined by HPLC using a chiral column. [d] R = Boc. [e] 72

h. [f] Boc2O (5.0 equiv). [g] Boc2O (10.0 equiv).
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Table S3. Optimization of Solvent and Temperatures!®

Co(Cl04),*6H,0 (10 mol% OB .
o) o BO4))(2-6 (122 rr(wol%n)m : / > 2 Et Et
+ /\/BF3K Boc,0 (5.0 equiv) - O\‘)kro
@fN;o Solvent, 70 °C, 72 h N 0 S/lN N|\>
1a M 2 3a Me " PR gy PN
Entry Solvent Yield [%]®! ee [%]
1 MTBE 89 59
2 Et,O 92 59
3 ETBT 94 39
4 THF 81 32
5 DCM 83 27
6 toluene 83 73
7 Hexane 92 54
8 Acetone 12 47
9 DMF trace --
10 DMSO trace --
11 Benzene 64 71
12 0-Xxylene 84 71
13 p-xylene 64 61
14 Chlorobenzene 90 55
15! toluene 74 60
16(€] toluene 46 65

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), Solvent
(1.5 mL), Co(ClOg4)2 6H20 (10 mol%), BOX-6 (12 mol%), Boc.O (0.50 mmol, 5.0
equiv). [b] Isolated yields. [c] Enantioselectivity was determined by HPLC using a
chiral column. [d] 100 <C. [e] 40 <C.
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Table S4. Optimization of Metal Salt!®

Metal salt (10 mol%) OBoc

0 BOX-6 (12 mol%) 4 / Et_FEt
CLime -~ =2 0 oy
1a e 2 3a Me o BOX-6 Ph
Entry Metal salt Yield [%)]®! ee [%]©

1 Co(OTf)2 2MeCN 44 64

2 Co(ClO4)2 6H20 83 73

3 Co(BFa4)2 6H20 73 66

4 Co(acac) ND -

5 Co(OAC). ND --

6 CoBr; 60 20

7 Ni(CIOs)2 6H20 ND .

8 Cu(ClOx); 6H.0 ND -

9 Ni(OT#)z ND .

10 Sc(OTf)s ND .

11 Yb(OTH)s ND -

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), toluene (1.5 mL),
Metal salt (10 mol%), BOX-6 (12 mol%), Boc,O (0.50 mmol 5.0 equiv) [b] Isolated yields. [c]
Enantioselectivity was determined by HPLC using a chiral column.
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Scheme S2. Optimization of Chiral Ligands'®

Co(Cl04)5*6H,0 (10 mol%)

0 BOX (12 mol%)
o * /\/BF:;K Boc,0 (5.0 equiv)
N toluene, 70 °C, 72 h
\
1a Me 2
Me Me Me Me Me Me Me Me
0N ° 0-~N0 N N
- DGR,
N N\) S/N N\> N N N N
Ph BOX-1 Ph i BOX-2 Pr 'BU BOX-3 gy Bn BOX-4 Bn
79% yield, -59% ee 28% yield, -7% ee 80% yield, -3% ee 78% yield, -3% ee
Me Me
Et Et "Pr. "Pr "Bu "Bu
0N (Y%O OY@O
Ph F Ph F Ph F
BOX-5 BOX-6 BOX-7 BOX-8

42% yield, 12% ee 83% yield, -73% ee

allyl_ allyl Bn Bn
o a N
S/N N\,) S/N S/lN N|\>
Ph F Ph P f
BOX-9 BOX-10 Ph BOX-11

72% yield, -57% ee 66% yield, -72% ee

Me Me Bn Bn

74% yield, -55% ee

85% yield, -35% ee

67% yield, -62% ee
Me Me

ph—g/j)%\e "Ph

BOX-12 "N
30% yield, 40% ee
Et

L e L

BOX-14
82% yield, 78% ee

BOX-13 BOX-15

75% yield, 70% ee

87% yield, 73% ee

BOX-16
78% yield, 60% ee
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Phir Q/W)Qf\e_ pp Phi \Q/\FQ—ph

sL20 Ph
79% yield, 73% ee

Me Me

o o0

e

Ph  SL24 |
trace

CN
N HN\>

Ph Ph
SL28

15% yield, -15% ee

=
PthN\4>

By
SL32

48% vyield, 44% ee

@/4 j By

PPh,
EZE SL16

30% yield, 35% ee

SL21
31% yield, 36% ee

o) o)
m
N N
Ph Ph
SL25
48% yield, -32% ee

X
~
SRS
N N—
Ph SL29 Ph

8% yield, -37% ee

@/< j ‘ipr

PPh,

@
SL17
40% vyield, 20% ee

L.,
oy

SL11
26% yield, -25% ee

SL22 R = p-tBu Bn
76% yield, -48% ee

20% vyield, -47% ee

o

Ph Ph SL30
78% yield, -49% ee

@/4 j By

62% yield, 68% ee

"Pent_"Pent
O\‘)K(O
T
Ph

Ph
SL23

79% yield, -69% ee

o 0
I
P N N7 pp
sL27
24% yield, -5% ee

s

PPh, N

Ph
SL31

45% yield, 20% ee

@/< j 1By

PPh,
\Pth

\ Bu

sL19M! O
trace

Ole Ph
o\
o/P_N
u—
OO PR

SL35
20% vyield, 7% ee

[a] Reaction conditions: 1a (0.10 mmol, 1.0 equiv), 2 (0.20 mmol, 2.0 equiv), toluene (1.5 mL),
Co(ClO4)2 6H20 (10 mol%), L* (12 mol%), Boc,O (0.50 mmol, 5.0 equiv). Isolated yields.
Enantioselectivity was determined by HPLC using a chiral column. [b] L* (6 mol%).
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Scheme S3. Optimization of R Group®

Co(Cl04),*6H,0 (10 mol%) OBOC

o BOX-14 (12 mol%)
o+ /\/BFaK Boc,0 (5.0 equiv) -
N toluene, 70 °C, 72 h
\

R
1-87 2

Ph &%\8—%

Ph BOX-14 Ph

OBoc

Sliyl
so 2V s10 BN

82% yield, 78% ee 75% yield, 52% ee  88% yield, 62% ee 55 yield, 51% ee
OBoc OBoc OBoc OBoc

\
s1 MOV S12 $13 S14
73% yield, 64% ee 9% vyield, 65% ee trace trace

[a] Reaction conditions: 1-S7 (0.20 mmol, 1.0 equiv), 2 (0.40 mmol, 2.0 equiv), toluene (3.0 mL),
Co(ClO4)2 6H20 (10 mol%), BOX-14 (12 mol%), Boc,O (1.0 mmol, 5.0 equiv). Isolated yields.
Enantioselectivity was determined by HPLC using a chiral column.

3.2 General Procedure for the Enantioselective Catalysis

Co(Cl04)2*6H,0 (10 mol%) OBoc
4 Q BOX-14 (12 mol%) —Z
Boc,O (5.0 equiv N
2N o t ANABRK 20 60equ) RE o
6 ' Z~N toluene, 70 °C, 72 h
7 \ \
1 Me 2 3 Me

To a dried Schlenk tube were added Co(ClO4)2 6H20 (7.4 mg, 0.020 mmol) and
ligand BOX-14 (12.4 mg, 0.024 mmol) under N2; 3.0 mL of toluene was subsequently
added using a syringe. The resulting mixture was stirred at room temperature for 30
min, after which the Spiro-Epoxyoxidoles 1 (0.20 mmol) and Potassium
Allyltrifluoroborate 2 (0.40 mmol) were added. The mixture was stirred at 70 <C for
72 hours, then it was cooled to room temperature, and the solvent was removed by
rotary evaporation. The residue was purified by preparative TLC on silica gel (normal
ratio: petroleum ether/ethyl acetate = 6/1) to give the product 3. The ee was
determined by chiral HPLC.
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ss Pr

(S)-(3-Allyl-1-isopropyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (S8). 51.8
mg, 75% yield, colorless gummy oil; *H NMR (500 MHz, CDCls) § 7.30 (dd, J = 7.5,
1.5 Hz, 1H), 7.24 (dd, J = 7.5, 1.5 Hz, 1H), 7.03 (td, J = 7.5, 1.0 Hz, 1H), 6.99 (d, J =
7.5 Hz, 1H), 5.39 — 5.31 (m, 1H), 5.03 — 4.99 (m, 1H), 4.92 — 4.89 (m, 1H), 4.62 (hept,
J=7.0 Hz, 1H), 4.43 (d, J = 10.5 Hz, 1H), 4.24 (d, J = 11.0 Hz, 1H), 2.63 — 2.55 (m,
2H), 1.46 (t, J = 7.0 Hz, 6H), 1.34 (s, 9H); 3C NMR (125 MHz, CDCl3) § 176.4,
153.1, 142.8, 131.2, 129.4, 128.1, 124.2, 121.8, 119.2, 109.7, 82.0, 69.4, 52.2, 43.9,
38.0, 27.6, 19.5, 19.3; HPLC [Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, 254
nm, 0.8 mL/min. try = 8.2 min (major), trz = 11.8 min (minor)]; ee = 52%, [0]*°o =
-16.0 (¢ = 0.15, CHCl3); HRMS (ESI) calcd for CaoH2sNO4 (M+H)* 346.2013, found
346.2014.

\
s9 allyl

(S)-tert-Butyl ((1,3-diallyl-2-oxoindolin-3-yl)methyl) carbonate (S9). 60.4 mg,
88% yield, colorless gummy oil; *H NMR (500 MHz, CDCls) 6 7.30 (dd, J = 7.5, 1.0
Hz, 1H), 7.25 (td, J = 8.0, 1.0 Hz, 1H), 7.05 (td, J = 7.5, 1.0 Hz, 1H), 6.80 (d, J= 7.5
Hz, 1H), 5.84 — 5.77 (m, 1H), 5.46 — 5.38 (m, 1H), 5.23 — 5.19 (m, 1H), 5.18 — 5.15
(m, 1H), 5.06 — 5.02 (m, 1H), 4.96 — 4.93 (m, 1H), 4.51 (d, J = 10.5 Hz, 1H), 4.41 —
4.36 (m, 1H), 4.34 — 4.29 (m, 1H), 4.28 (d, J = 10.5 Hz, 1H), 2.65 — 2.57 (m, 2H),
1.32 (s, 9H); *C NMR (125 MHz, CDCls) § 176.6, 153.0, 143.2, 131.1, 131.0, 128.8,
128.3, 124.0, 122.3, 119.5, 117.1, 109.0, 82.1, 69.1, 52.7, 42.1, 37.9, 27.6; HPLC
[Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, 254 nm, 0.8 mL/min. try = 10.3 min
(major), trz = 14.6 min (minor)]; ee = 62%, [0]*b = -16.0 (¢ = 0.15, CHCl5); [a]*p =
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-19.0 (c = 0.20, CHCl3); HRMS (ESI) calcd for CaoH2sNO4 (M+H)* 344.1856, found
344.1857.

S$10

(S)-(3-Allyl-1-benzyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (S10). 43.3 mg,
55% yield, pale gummy ointment; *H NMR (500 MHz, CDCls) 6 7.31 — 7.21 (m, 6H),
7.14 (td, J = 8.0, 1.5 Hz, 1H), 7.02 (td, J = 7.5, 1.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H),
5.45 (ddt, J = 17.0, 10.0, 7.0 Hz, 1H), 5.07 (dd, J = 17.0, 2.0 Hz, 1H), 5.05 (d, J =
16.0 Hz, 1H), 4.98 — 4.95 (m, 1H), 4.83 (d, J = 16.0 Hz, 1H), 4.56 (d, J = 10.5 Hz,
1H), 4.34 (d, J = 10.5 Hz, 1H), 2.69 — 2.61 (m, 2H), 1.34 (s, 9H); 3C NMR (125 MHz,
CDCls) 0 177.0, 153.1, 143.2, 135.5, 131.2, 128.8, 128.7, 128.4, 127.4, 127.1, 124.0,
122.4,119.6, 109.2, 82.2, 69.3, 52.7, 43.7, 38.0, 27.6; HPLC [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 =10.8 min (major), trz = 17.2 min
(minor)]; ee = 51%, [a]®p = -10.0 (¢ = 1.00, CHCIs); HRMS (ESI) calcd for
C24H28NO4 (M+H)* 394.2013, found 394.2014.

MOM

s
(S)-(3-Allyl-1-(methoxymethyl)-2-oxoindolin-3-yl)methyl  tert-butyl carbonate
(S11). 50.7 mg, 73% vyield, colorless ointment; *H NMR (500 MHz, CDCl3) 6 7.32 —
7.27 (m, 2H), 7.10 (td, J = 8.0, 1.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 5.46 — 5.37 (m,
1H), 5.17 (d, J = 11.0 Hz, 1H), 5.11 (d, J = 11.0 Hz, 1H), 5.05 (dd, J = 17.0, 2.0 Hz,
1H), 4.97 — 4.94 (m, 1H), 4.52 (d, J = 10.5 Hz, 1H), 4.28 (d, J = 10.5 Hz, 1H), 3.30 (s,
3H), 2.66 — 2.57 (m, 2H), 1.31 (s, 9H); 3C NMR (125 MHz, CDCls) 6 177.5, 152.9,
142.3, 131.0, 128.6, 128.3, 124.0, 122.9, 119.7, 109.6, 82.2, 71.2, 69.1, 56.0, 53.2,
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38.0, 27.6; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 95/5, 254 nm, 0.8
mL/min. tr1 = 7.0 min (major), trz = 40.1 min (minor)]; ee = 64%, [0]*°p = -39.9 (c =

0.10, CHCIs); HRMS (ESI) calcd for C19H26NOs (M+H)* 348.1805, found 348.1806.

(S)-(3-Allyl-1-((benzyloxy)methyl)-2-oxoindolin-3-yl)methyl tert-butyl carbonate
(S12). 58.4 mg, 69% yield, yellow ointment; *tH NMR (500 MHz, CDCls) ¢ 7.33 —
7.26 (m, 7H), 7.14 — 7.09 (m, 2H), 5.47 — 5.38 (m, 1H), 5.30 (d, J = 11.5 Hz, 1H),
5.21 (d, J = 11.0 Hz, 1H), 5.07 (dd, J = 17.0, 2.0 Hz, 1H), 4.97 — 4.94 (m, 1H), 4.53 (d,
J =10.5 Hz, 1H), 451 (d, J = 11.5 Hz, 1H), 4.46 (d, J = 11.5 Hz, 1H), 4.30 (d, J =
10.5 Hz, 1H), 2.66 — 2.56 (m, 2H), 1.27 (s, 9H); 1*C NMR (125 MHz, CDCls) § 177.5,
153.0, 142.3, 137.3, 131.0, 128.6, 128.3, 128.2, 127.8, 127.1, 123.9, 123.0, 119.7,
109.8, 82.3, 70.1, 69.3, 69.1, 53.1, 38.0, 27.5; HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 95/5, 254 nm, 0.8 mL/min. tr1 = 9.7 min (major), tr2 = 55.0 min
(minor)]; ee = 65%, [0]®> = -21.3 (¢ = 0.21, CHCIls); HRMS (ESI) calcd for
C2sHaoNOs (M+H)* 424.2118, found 424.2121.

(S)-(3-Allyl-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3a). 52.0 mg,
82% yield, colorless gummy oil; *H NMR (400 MHz, CDCls) 6 7.31 — 7.26 (m, 2H),
7.06 (td, J=7.6, 1.2 Hz, 1H), 6.83 (dd, J = 8.0, 1.2 Hz, 1H), 5.40 (ddt, J = 17.2, 10.0,
7.2 Hz, 1H), 5.02 (dd, J = 16.8, 1.6 Hz, 1H), 4.95 — 4.92 (m, 1H), 4.48 (d, J = 10.4 Hz,
1H), 4.25 (d, J = 10.4 Hz, 1H), 3.21 (s, 3H), 2.66 — 2.54 (m, 2H), 1.35 (s, 9H); 13C
NMR (100 MHz, CDCls) ¢ 176.7, 153.1, 144.0, 131.2, 128.9, 128.4, 124.0, 122.4,
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119.4, 108.0, 82.2, 69.0, 52.5, 38.1, 27.6, 26.2; HPLC [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 8.1 min (major), tr2 = 11.0 min
(minor)]; ee = 78%, [0]®> = -22.6 (¢ = 0.31, CHCIls); HRMS (ESI) calcd for
C1sH24NO4 (M+H)* 318.1700, found 318.1702.

\
3b Me

(S)-(3-Allyl-4-chloro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3b).
52.1 mg, 74% yield, white solid, Mp = 65~67 <T; 'H NMR (400 MHz, CDCls) ¢ 7.23
(t, J = 8.0 Hz, 1H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 6.73 (dd, J = 7.6, 0.8 Hz, 1H), 5.25
(ddt, J = 17.2, 10.0, 7.2 Hz, 1H), 5.07 — 5.00 (m, 1H), 4.87 — 4.83 (m, 1H), 4.84 (d, J
= 10.4 Hz, 1H), 4.37 (d, J = 10.4 Hz, 1H), 3.20 (s, 3H), 2.94 (dd, J = 13.2, 7.2 Hz,
1H), 2.61 (dd, J = 13.2, 7.6 Hz, 1H), 1.32 (s, 9H); 13C NMR (100 MHz, CDCls) &
176.4, 152.8, 146.2, 131.0, 130.5, 129.7, 124.8, 123.5, 119.3, 106.5, 82.2, 67.2, 54.6,
34.9, 27.6, 26.5; HPLC [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm,
0.8 mL/min. try = 8.1 min (major), trz = 14.7 min (minor)]; ee = 57%, [a]%®b = -11.0
(c = 0.50, CHCIl3); HRMS (ESI) calcd for C1gH23CINO4 (M+H)* 352.1310, found
352.1311.

(S)-(3-Allyl-1,5-dimethyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3c). 53.7
mg, 81% yield, colorless gummy oil; *H NMR (400 MHz, CDCl3) 6 7.11 — 7.07 (m,
2H), 6.72 (d, J = 7.6 Hz, 1H), 5.40 (ddt, J = 17.2, 10.0, 7.2 Hz, 1H), 5.03 (dd, J = 17.2,
1.6 Hz, 1H), 4.93 (dd, J = 10.0, 1.6 Hz, 1H), 4.46 (d, J = 10.4 Hz, 1H), 4.26 (d, J =
10.4 Hz, 1H), 3.18 (s, 3H), 2.63 — 2.53 (m, 2H), 2.34 (s, 3H), 1.35 (s, 9H); 1°C NMR
(100 MHz, CDCIs) ¢ 176.7, 153.1, 141.6, 131.8, 131.3, 128.9, 128.6, 124.8, 119.3,
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107.7, 82.2, 69.0, 52.6, 38.1, 27.6, 26.3, 21.2; HPLC [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. trx = 7.2 min (major), trz = 9.8 min
(minor)]; ee = 72%, [0]®> = -12.0 (¢ = 0.19, CHCIs); HRMS (ESI) calcd for
C1sH2sNNaO4 (M+Na)* 354.1676, found 354.1677.

MeO

3d l\\/le

(S)-(3-Allyl-5-methoxy-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate
(3d). 59.1 mg, 85% vyield, colorless gummy oil; *H NMR (500 MHz, CDCls3) 6 6.92 (d,
J=25Hz, 1H), 6.81 (dd, J = 8.5, 2.5 Hz, 1H), 6.73 (d, J = 8.5 Hz, 1H), 5.41 (ddt, J =
17.5, 10.0, 7.5 Hz, 1H), 5.03 (dd, J = 17.0, 2.0 Hz, 1H), 4.95 — 4.93 (m, 1H), 4.44 (d,
J=10.5 Hz, 1H), 4.25 (d, J = 11.0 Hz, 1H), 3.80 (s, 3H), 3.18 (s, 3H), 2.63 — 2.54 (m,
2H), 1.36 (s, 9H); 3C NMR (125 MHz, CDCls) & 176.4, 155.9, 153.1, 137.5, 131.2,
130.3, 119.4, 112.6, 111.6, 108.3, 82.3, 69.0, 55.8, 52.9, 38.2, 27.6, 26.3; [Daicel
Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 10.8 min
(major), trz = 14.9 min (minor)]; ee = 72%, [0]®p = -8.99 (c = 0.12, CHCl3); HRMS
(ESI) calcd for C1gH26NOs (M+H)* 348.1805 found 348.1807.

OBoc

(S)-(3-Allyl-5-fluoro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3e).
48.3 mg, 72% yield, colorless gummy oil; *H NMR (500 MHz, CDCls) ¢ 7.06 (dd, J =
7.5, 2.5 Hz, 1H), 6.99 (td, J = 8.5, 2.5 Hz, 1H), 6.75 (dd, J = 8.5, 4.0 Hz, 1H), 5.39
(ddt, J = 17.0, 10.0, 7.0 Hz, 1H), 5.03 (dd, J = 17.5, 2.0 Hz, 1H), 4.97 — 4.94 (m, 1H),
4.45 (d, J = 10.5 Hz, 1H), 4.25 (d, J = 10.5 Hz, 1H), 3.20 (s, 3H), 2.64 — 2.55 (m, 2H),
1.37 (s, 9H); 3C NMR (125 MHz, CDCls) § 176.4, 159.2 (d, J = 239.1 Hz), 153.0,
139.9 (d, J = 2.1 Hz), 130.8, 130.6 (d, J = 8.4 Hz), 119.8, 114.6 (d, J = 23.2 Hz),

S28



112.3 (d, J = 24.9 Hz), 108.4 (d, J = 8.2 Hz), 82.5, 68.7, 53.1 (d, J = 2.0 Hz), 38.1,
27.6, 26.4; F NMR (470 MHz, CDCls) ¢ -120.80; [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 9.0 min (major), trz = 12.3 min
(minor)]; ee = 67%, [a]®p = -15.7 (¢ = 0.14, CHCIs); HRMS (ESI) calcd for
Ci1gH22FNNaOs (M+Na)* 358.1425, found 358.1427.

3f l\\/le

(S)-(3-Allyl-5-chloro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3f).
49.2 mg, 70% vyield, white ointment; *H NMR (500 MHz, CDCl3) § 7.28 — 7.26 (m,
2H), 6.76 (d, J = 9.0 Hz, 1H), 5.39 (ddt, J = 17.5, 10.0, 7.5 Hz, 1H), 5.04 (dd, J = 17.0,
1.5 Hz, 1H), 4.97 — 4.95 (m, 1H), 4.45 (d, J = 11.0 Hz, 1H), 4.26 (d, J = 10.5 Hz, 1H),
3.19 (s, 3H), 2.63 — 2.55 (m, 2H), 1.38 (s, 9H); 3C NMR (125 MHz, CDCls) 6 176.3,
153.0, 142.6, 130.7, 128.4, 127.8, 124.5, 119.9, 109.0, 82.5, 68.6, 52.9, 38.1, 27.6,
26.4; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 =
8.9 min (major), trz = 11.1 min (minor)]; ee = 60%, [«]*p = -5.06 (c = 0.75, CHCl3);
HRMS (ESI) calcd for C1gH23CINO4 (M+H)* 352.1310, found 352.1311.

3g '\\/le

(S)-(3-Allyl-5-bromo-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3g).
50.7 mg, 64% vyield, pale yellow ointment; *H NMR (500 MHz, CDCl3) 6 7.43 — 7.39
(m, 2H), 6.71 (d, J = 8.0 Hz, 1H), 5.39 (ddt, J = 17.0, 10.0, 7.0 Hz, 1H), 5.04 (dd, J =
17.0, 2.0 Hz, 1H), 4.98 — 4.95 (m, 1H), 4.45 (d, J = 11.0 Hz, 1H), 4.26 (d, J = 10.5 Hz,
1H), 3.19 (s, 3H), 2.63 — 2.52 (m, 2H), 1.38 (s, 9H); *C NMR (125 MHz, CDCls) &
176.2, 153.0, 143.1, 131.3, 131.0, 130.6, 127.2, 119.9, 115.1, 109.5, 82.6, 68.6, 52.9,
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38.1, 27.6, 26.4; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8
mL/min. tr1 = 9.2 min (major), trz = 11.4 min (minor)]; ee = 68%, [0]*°p = -2.84 (c =
0.38, CHCls); HRMS (ESI) calcd for CigH2sBrNOs (M+H)* 396.0805, found
396.0805.

3h I\\/Ie

(S)-(3-Allyl-5-iodo-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3h).
58.5 mg, 66% yield, pale yellow ointment; *H NMR (500 MHz, CDCls) 6 7.61 (dd, J
= 8.0, 1.5 Hz, 1H), 7.56 (d, J = 2.0 Hz, 1H), 6.62 (d, J = 8.5 Hz, 1H), 5.38 (ddt, J =
17.5, 10.0, 7.5 Hz, 1H), 5.04 (dd, J = 17.0, 2.0 Hz, 1H), 4.97 — 4.95 (m, 1H), 4.43 (d,
J=11.0 Hz, 1H), 4.26 (d, J = 11.0 Hz, 1H), 3.18 (s, 3H), 2.61 — 2.52 (m, 2H), 1.38 (s,
9H); *C NMR (125 MHz, CDCls) ¢ 176.0, 153.0, 143.8, 137.3, 132.7, 131.4, 130.6,
119.9, 110.1, 84.9, 82.6, 68.6, 52.7, 38.1, 27.7, 26.3; [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 9.4 min (major), tr2 = 12.4 min
(minor)]; ee = 73%, [0]®> = -1.20 (¢ = 0.50, CHCIls); HRMS (ESI) calcd for
CisH23INO4 (M+H)* 444.0666, found 444.0667.

(S)-(3-Allyl-6-fluoro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3i).
50.3 mg, 75% yield, colorless gummy oil; *H NMR (500 MHz, CDCls) 6 7.22 (dd, J =
8.5, 5.5 Hz, 1H), 6.77 — 6.71 (m, 1H), 6.58 (dd, J = 8.5, 2.0 Hz, 1H), 5.38 (ddt, J =
17.0, 9.5, 7.5 Hz, 1H), 5.02 (dd, J = 17.5, 2.0 Hz, 1H), 4.96 — 4.93 (m, 1H), 4.47 (d, J
=10.5 Hz, 1H), 4.23 (d, J = 11.0 Hz, 1H), 3.19 (s, 3H), 2.62 — 2.53 (m, 2H), 1.36 (s,
9H); 13C NMR (125 MHz, CDCls) § 177.1, 163.3 (d, J = 243.6 Hz), 153.0, 145.5 (d, J
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= 11.4 Hz), 130.9, 125.1 (d, J = 9.8 Hz), 124.1 (d, J = 3.0 Hz), 119.7, 108.4 (d, J =
22.1 Hz), 96.9 (d, J = 27.5 Hz), 82.4, 68.8, 52.3, 38.1, 27.6, 26.4; 1%F NMR (470 MHz,
CDCl3) ¢ -111.92; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8
mL/min. tr1 = 8.3 min (major), trz = 12.4 min (minor)]; ee = 77%, [a]*°p = -17.5 (¢ =
0.50, CHCl3); HRMS (ESI) caled for CisH2sFNOs (M+H)* 336.1606, found
336.1606.

(S)-(3-Allyl-6-chloro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3j).
49.9 mg, 71% yield, colorless gummy oil; *H NMR (500 MHz, CDCls) § 7.20 (d, J =
8.0 Hz, 1H), 7.04 (dd, J = 8.0, 2.0 Hz, 1H), 6.83 (d, J = 1.5 Hz, 1H), 5.38 (ddt, J =
17.0, 10.0, 7.0 Hz, 1H), 5.02 (dd, J = 17.0, 1.5 Hz, 1H), 4.96 — 4.94 (m, 1H), 4.46 (d,
J=10.5 Hz, 1H), 4.23 (d, J = 10.5 Hz, 1H), 3.19 (s, 3H), 2.62 — 2.53 (m, 2H), 1.36 (s,
9H); 13C NMR (125 MHz, CDCls) 6 176.7, 153.0, 145.2, 134.3, 130.7, 127.2, 125.0,
122.2, 119.8, 108.8, 82.4, 68.7, 52.4, 38.0, 27.6, 26.4; [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 8.4 min (major), tr2 = 11.5 min
(minor)]; ee = 67%, [0]®> = -17.0 (¢ = 0.50, CHCIls); HRMS (ESI) calcd for
Ci8H23CINO4 (M+H)* 352.1310, found 352.1311.

OBoc

(S)-(3-Allyl-1,7-dimethyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3k). 57.0
mg, 86% vyield, colorless gummy oil; *tH NMR (500 MHz, CDCl3) 6 7.11 (d, J = 7.0
Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 5.39 (ddt, J = 17.5, 10.0,
7.5 Hz, 1H), 5.02 (dd, J = 17.0, 1.5 Hz, 1H), 4.95 — 4.92 (m, 1H), 4.42 (d, J = 11.0 Hz,
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1H), 4.24 (d, J = 10.5 Hz, 1H), 3.48 (s, 3H), 2.58 (d, J = 7.0 Hz, 2H), 2.57 (s, 3H),
1.36 (s, 9H); °C NMR (125 MHz, CDCls) ¢ 177.4, 153.1, 141.7, 132.2, 131.3, 129.5,
122.3, 121.8, 119.6, 119.3, 82.2, 69.3, 51.8, 38.4, 29.6, 27.6, 19.1; [Daicel Chiralpak
AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. try = 7.8 min (major), tro = 11.3
min (minor)]; ee = 73%, [a]®p = -22.2 (¢ = 0.50, CHCI3); HRMS (ESI) calcd for
CigH2sNO4 (M+H)* 332.1856, found 332.1857.

OBoc

\
OCF, Me
3l

(S)-(3-Allyl-1-methyl-2-oxo-7-(trifluoromethoxy)indolin-3-yl)methyl  tert-butyl
carbonate (31). 52.2 mg, 65% vyield, white ointment; *H NMR (500 MHz, CDCls3) ¢
7.20 — 7.16 (m, 2H), 6.82 (d, J = 8.5 Hz, 1H), 5.43 — 5.34 (m, 1H), 5.02 (d, J = 17.0
Hz, 1H), 4.96 (d, J = 10.0 Hz, 1H), 4.48 (d, J = 11.0 Hz, 1H), 4.26 (d, J = 11.0 Hz,
1H), 3.21 (s, 3H), 2.65 — 2.55 (m, 2H), 1.36 (s, 9H); *C NMR (125 MHz, CDCls) &
176.5, 152.9, 144.6 (q, J = 2.1 Hz), 142.6, 130.5, 130.4, 121.6, 120.6 (q, J = 255.2
Hz), 120.0, 118.3, 108.4, 82.6, 68.5, 53.0, 38.1, 27.5, 26.4; °F NMR (470 MHz,
CDCI3) ¢ -58.40; [Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, 254 nm, 0.8
mL/min. tr: = 8.7 min (major), trz = 9.9 min (minor)]; ee = 63%, [0]*°o = -13.0 (c =
0.50, CHCI3); HRMS (ESI) calcd for CigH23FsNOs (M+H)" 402.1523, found
402.1523.

(S)-(3-Allyl-7-fluoro-1-methyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (3m).
49.6 mg, 74% yield, pale yellow ointment; *H NMR (500 MHz, CDCls) 6 7.07 (dd, J
= 7.0, 2.0 Hz, 1H), 7.04 — 6.96 (m, 2H), 5.38 (ddt, J = 17.5, 10.0, 7.5 Hz, 1H), 5.02
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(dd, J = 17.0, 1.5 Hz, 1H), 4.97 — 4.95 (m, 1H), 4.46 (d, J = 10.5 Hz, 1H), 4.26 (d, J =
11.0 Hz, 1H), 3.42 (d, J = 3.0 Hz, 3H), 2.58 (d, J = 7.5 Hz, 2H), 1.36 (s, 9H); *C
NMR (125 MHz, CDClz) ¢ 176.4, 153.0, 147.7 (d, J = 241.9 Hz), 131.8 (d, J = 3.1
Hz), 130.7, 130.6 (d, J = 8.1 Hz), 122.9 (d, J = 6.2 Hz), 119.8 (d, J = 3.2 Hz), 119.7,
116.4 (d, J = 19.1 Hz), 82.4, 68.9, 53.0 (d, J = 1.9 Hz), 38.3, 28.7 (d, J = 5.6 Hz), 27.6;
F NMR (470 MHz, CDCls) § -136.64; [Daicel Chiralpak AD-H, hexane/i-PrOH =
90/10, 254 nm, 0.8 mL/min. tr1 = 6.7 min (major), tro = 9.7 min (minor)]; ee = 66%,
[@]®p = -15.6 (c = 0.50, CHCls); HRMS (ESI) calcd for CigH2sFNOs (M+H)*
336.1606, found 336.1606.

3n I\\/Ie

(S)-(3-Allyl-4-bromo-1,5-dimethyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate
(3n). 57.4 mg, 70% yield, white solid, Mp = 75~77 <; *H NMR (500 MHz, CDCls) ¢
7.17 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 7.5 Hz, 1H), 5.23 (ddt, J = 17.0, 10.0, 7.0 Hz,
1H), 5.04 (dd, J = 17.0, 2.0 Hz, 1H), 4.97 (d, J = 10.5 Hz, 1H), 4.84 (dd, J = 10.0, 2.0
Hz, 1H), 4.33 (d, J = 10.5 Hz, 1H), 3.18 (s, 3H), 3.08 (dd, J = 13.5, 7.0 Hz, 1H), 2.55
(dd, J = 13.5, 7.5 Hz, 1H), 2.38 (s, 3H), 1.32 (s, 9H); 3C NMR (125 MHz, CDCls) 6
176.4, 152.8, 144.2, 132.0, 130.7, 130.3, 126.7, 122.0, 119.1, 106.8, 82.2, 67.0, 55.7,
34.6, 27.6, 26.4, 22.4; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8
mL/min. tr1 = 8.4 min (major), trz = 14.7 min (minor)]; ee = 63%, [a]*°p = -14.4 (c =
0.50, CHCls); HRMS (ESI) calcd for CigHzsBrNOs (M+H)* 410.0961, found
410.0962.
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(S)-(3-Allyl-1,5,7-trimethyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate (30).
62.2 mg, 90% yield, pale yellow ointment; *H NMR (500 MHz, CDCls) 6 6.92 (s, 1H),
6.81 (s, 1H), 5.39 (ddt, J = 17.0, 10.0, 7.5 Hz, 1H), 5.02 (d, J = 17.0 Hz, 1H), 4.94 (d,
J =10.0 Hz, 1H), 4.40 (d, J = 11.0 Hz, 1H), 4.24 (d, J = 10.5 Hz, 1H), 3.45 (s, 3H),
2.56 (d, J = 7.0 Hz, 2H), 2.52 (s, 3H), 2.28 (s, 3H), 1.37 (s, 9H); 3C NMR (125 MHz,
CDCIs) ¢ 177.4, 153.1, 139.3, 132.6, 131.6, 131.4, 129.6, 122.4, 119.2, 119.1, 82.2,
69.3, 51.9, 38.4, 29.6, 27.6, 20.8, 18.9; [Daicel Chiralpak AD-H, hexane/i-PrOH =
90/10, 254 nm, 0.8 mL/min. tr1 = 6.9 min (major), trz = 9.9 min (minor)]; ee = 68%,
[]®p = -15.7 (c = 0.50, CHCIl3); HRMS (ESI) calcd for CaoH2sNO4 (M+H)* 346.2013,
found 346.2014.

(S)-(3-Allyl-5-chloro-1,7-dimethyl-2-oxoindolin-3-yl)methyl tert-butyl carbonate
(3p). 49.7 mg, 68% vyield, pale yellow ointment; *H NMR (500 MHz, CDCls) 6 7.09
(d, J = 2.0 Hz, 1H), 7.02 — 7.00 (m, 1H), 5.37 (ddt, J = 17.5, 10.0, 7.5 Hz, 1H), 5.03
(dd, J = 17.5, 2.0 Hz, 1H), 4.97 — 4.95 (m, 1H), 4.38 (d, J = 11.0 Hz, 1H), 4.25 (d, J =
11.0 Hz, 1H), 3.46 (s, 3H), 2.56 (d, J = 7.0 Hz, 2H), 2.54 (s, 3H), 1.39 (s, 9H); 3C
NMR (125 MHz, CDCls) ¢ 177.0, 153.0, 140.4, 131.7, 131.3, 130.8, 127.4, 122.0,
121.1, 119.7, 82.5, 68.9, 52.2, 38.4, 29.6, 27.6, 18.9; [Daicel Chiralpak AD-H,
hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 = 8.0 min (major), tr2 = 11.0 min
(minor)]; ee = 77%, [a]®c = -12.5 (¢ = 0.40, CHCIls); HRMS (ESI) calcd for
C19H25CINO4 (M+H)* 366.1467, found 366.1467.
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4. Transformations

To confirm the scalability of the present protocol, the scaleup reaction of
spiro-epoxyoxindole 1a with potassium allyltrifluoroborate 2 was carried out, and

product 3a was readily isolated in 88% yield and 78% ee (Scheme S4).

Scheme S4. Scale-Up Reaction of 1a with 2

Co(Cl04)»*6H,0 (10 mol%)
0o BOX-14 (12 mol%)
" /\/BF?,K Boc,0 (5.0 equiv)

\ o toluene, 70 °C, 120 h
1a Me 2 3a Me
5.0 mmol 10.0 mmol 1.40 g, 88% yield, 78% ee

Scheme S5. Transformations of 3a

OBoc

\ N H
5 Me _ \
82% yield, dr = 1:1 Physovenine Me
77% ee /| 78% ee
Ref.10
OH

Me
93% yield, 78% ee

Ref.11

\
Me

\
Me

39% yield 43% yield R=H N-Me Coerulescine
77% ee 75% ee _ 3
dr > 20:1 dr > 201 R =MeO N-Me Horsfiline
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(a) To a solution of 3a (31.7 mg, 0.10 mmol, 1.0 equiv) in MeOH (3.0 mL), 10% Pd/C
(20.0 mg) as added in one portion under nitrogen atmosphere. Then the vial was
charged with 1 atm. of H> three times (balloon) and the reaction mixture was stirred at
room temperature overnight. Then the reaction mixture was filtered through a plug of
silica gel. The solvent was removed under vacuum and the residue was purified by
preparative TLC on silica gel (petroleum ether/ethyl acetate = 5/1) to give the product 4

as a colorless gummy oil (27.1 mg, 85% yield).®

OBoc

(S)-tert-Butyl  ((1-methyl-2-oxo-3-propylindolin-3-yl)methyl) carbonate (4).
Colorless gummy oil; *H NMR (500 MHz, CDCl3) § 7.29 (td, J = 7.5, 1.5 Hz, 1H),
7.25 (dd, J = 7.5, 1.5 Hz, 1H), 7.06 (td, J = 7.5, 1.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H),
4.44 (d, J = 11.0 Hz, 1H), 4.22 (d, J = 10.5 Hz, 1H), 3.22 (s, 3H), 1.91 — 1.77 (m, 2H),
1.34 (s, 9H), 1.08 — 0.98 (m, 1H), 0.91 — 0.82 (m, 1H), 0.78 (t, J = 7.0 Hz, 3H); 13C
NMR (125 MHz, CDCls) ¢ 177.4, 153.1, 144.2, 129.5, 128.3, 123.6, 122.4, 108.0,
82.1, 69.6, 53.0, 35.9, 27.6, 26.2, 17.1, 14.1; [Daicel Chiralpak AD-H, hexane/i-PrOH
= 90/10, 254 nm, 0.8 mL/min. tr1 = 7.4 min (major), trz = 14.5 min (minor)]; ee =
77%, [a]*®o = -7.56 (c = 0.28, CHCI3z); HRMS (ESI) calcd for CigH26NO4 (M+H)*
320.1856, found 320.1858.

(b) To a solution of 3a (31.7 mg, 0.10 mmol, 1.0 equiv) in CH2Cl> (2.0 mL) was added
m-CPBA (75%, 46.0 mg, 0.20 mmol, 2.0 equiv.) at 0 <C. The reaction mixture was then
stirred at room temperature overnight. Then treated with saturated aqueous Na;SO:s.
The phases were separated and removed under vacuum and the residue was purified by
preparative TLC on silica gel (petroleum ether/ethyl acetate = 4/1) to give the product 5

(27.4 mg, 82% yield) as a pale yellow ointment.’
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tert-Butyl (((3S)-1-methyl-3-(oxiran-2-ylmethyl)-2-oxoindolin-3-yl)methyl)
carbonate (5). Diastereomers can be separated by preparative TLC on silica gel. 'H
NMR analysis of the crude mixture showed a dr of 1:1. First diastereoisomers (5-1):
pale yellow ointment; *H NMR (500 MHz, CDCls) § 7.36 (dd, J = 7.0, 1.0 Hz, 1H),
7.33 (td, J = 7.5, 1.0 Hz, 1H), 7.10 (td, J = 7.5, 1.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H),
4.50 (d, J = 10.5 Hz, 1H), 4.22 (d, J = 11.0 Hz, 1H), 3.25 (s, 3H), 2.64 — 2.60 (m, 1H),
2.58 — 2.56 (m, 1H), 2.44 (dd, J = 5.0, 2.5 Hz, 1H), 2.22 (dd, J = 14.0, 5.5 Hz, 1H),
2.01 (dd, J = 14.0, 6.0 Hz, 1H), 1.36 (s, 9H); °C NMR (125 MHz, CDCl3) 6 176.6,
153.0, 143.7, 128.8, 128.6, 124.3, 122.7, 108.3, 82.4, 69.0, 51.4, 48.0, 46.5, 36.6, 27.6,
26.4; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 =
14.0 min (major), trz = 17.7 min (minor)]; ee = 77%, [0]*°o = -12.0 (¢ = 0.20, CHCl3);
HRMS (ESI) calcd for CigH2sNOs (M+H)* 334.1649, found 334.1650. Second
diastereoisomers (5-2): pale yellow ointment; *H NMR (500 MHz, CDCls) § 7.34 —
7.30 (m, 2H), 7.08 (td, J = 7.5, 1.0 Hz, 1H), 6.88 (dd, J = 8.0, 1.0 Hz, 1H), 4.48 (d, J
= 11.0 Hz, 1H), 4.26 (d, J = 10.5 Hz, 1H), 3.26 (s, 3H), 2.71 — 2.67 (m, 1H), 2.52 (dd,
J=5.0,4.0 Hz, 1H), 2.31 (dd, J = 5.0, 2.5 Hz, 1H), 2.17 (dd, J = 14.0, 4.5 Hz, 1H),
2.07 (dd, J = 14.0, 7.5 Hz, 1H), 1.36 (s, 9H); 3C NMR (125 MHz, CDCl3) 5 176.6,
153.0, 144.0, 128.8, 128.7, 124.1, 122.5, 108.4, 82.4, 69.0, 51.1, 48.0, 46.8, 36.9, 27.6,
26.5; [Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. tr1 =
15.6 min (major), trz = 33.1 min (minor)]; ee = 78%, [a]*°o = -20.5 (c = 0.15, CHCl5);
HRMS (ESI) calcd for C1sH2sNOs (M+H)* 334.1649, found 334.1651.

(c) To a solution of 3a (63.4 mg, 0.20 mmol, 1.0 equiv) and NaHCO3 (50.4 mg, 0.60
mmol, 3.0 equiv) in MeCN (4.0 mL) was added 1> (153 mg, 0.60 mmol, 3.0 equiv)
portionwise. The mixture was stirred at room temperature for 13 hours. Then treated

with saturated aqueous Na»S»0s. The phases were separated and removed under
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vacuum and the residue was purified by preparative TLC on silica gel (petroleum
ether/ethyl acetate = 4/1) to give the product 5 (26.0 mg, 39% vyield) a pale yellow

ointment and 6 (39.7 mg, 43% yield) as a white ointment.®

OBoc

tert-Butyl (((3S)-1-methyl-3-(oxiran-2-ylmethyl)-2-oxoindolin-3-yl)methyl)
carbonate (5). Pale yellow ointment, *H NMR analysis of the crude mixture showed a
dr of >20:1. 'H NMR (500 MHz, CDCls) 6 7.36 (dd, J = 7.0, 1.0 Hz, 1H), 7.33 (td, J
=7.5,1.0 Hz, 1H), 7.10 (td, J = 7.5, 1.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 4.50 (d, J =
11.0 Hz, 1H), 4.22 (d, J = 11.0 Hz, 1H), 3.25 (s, 3H), 2.64 — 2.60 (m, 1H), 2.58 — 2.56
(m, 1H), 2.44 (dd, J = 5.0, 2.5 Hz, 1H), 2.22 (dd, J = 14.0, 6.0 Hz, 1H), 2.01 (dd, J =
14.0, 6.0 Hz, 1H), 1.36 (s, 9H); 3C NMR (125 MHz, CDCl3) & 176.6, 153.0, 143.7,
128.8, 128.7, 124.3, 122.7, 108.3, 82.4, 69.0, 51.4, 48.0, 46.5, 36.6, 27.6, 26.4,

[Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min. try = 14.0

min (major), trz = 17.7 min (minor)]; ee = 77%, [a]*p = -11.2 (c = 0.25, CHCls);

HRMS (ESI) calcd for C1sH24NOs (M+H)* 334.1649, found 334.1649.

tert-Butyl (((3S)-3-(2-hydroxy-3-iodopropyl)-1-methyl-2-oxoindolin-3-yl)methyl)
carbonate (6). White ointment; *H NMR analysis of the crude mixture showed a dr
of >20:1. 'H NMR (500 MHz, CDCls3) § 7.35 — 7.31 (m, 2H), 7.10 (td, J = 7.5, 1.0 Hz,
1H), 6.88 (dd, J = 8.0, 1.0 Hz, 1H), 4.57 (d, J = 10.5 Hz, 1H), 4.25 (d, J = 11.0 Hz,
1H), 3.81 — 3.74 (m, 1H), 3.50 (d, J = 3.5 Hz, 1H), 3.27 (dd, J = 10.5, 4.5 Hz, 1H),
3.25 (s, 3H), 3.19 (dd, J = 10.0, 5.0 Hz, 1H), 2.23 (dd, J = 15.0, 2.5 Hz, 1H), 1.99 (dd,
J = 145, 9.5 Hz, 1H), 1.37 (s, 9H); 3C NMR (125 MHz, CDCls) § 177.9, 152.9,
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143.2, 129.8, 128.9, 124.1, 123.1, 108.6, 82.6, 68.6, 67.5, 51.2, 40.0, 27.6, 26.6, 14.8;
90/10, 254 nm, 0.8 mL/min. tr1 = 25.1
75%, [0]*°p = -17.5 (¢ = 0.40, CHCls);
HRMS (ESI) calcd for C1gH2s5INOs (M+H)* 462.0772, found 462.0774.

[Daicel Chiralpak AD-H, hexane/i-PrOH

min (major), tre = 48.2 min (minor)]; ee

(d) 3a (570 mg, 1.80 mmol) was dissolved in 36.0 mL of 6 M HCI in MeOH. The
mixture was stirred overnight at room temperature. The reaction was quenched with
saturated NaHCO3 aqueous solution, and the mixture was extracted with EtOAc and
dried over anhydrous Na>SOs. After filtration, the residue was purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 2:1 (v/v), to

afford the product 7 as a white ointment (362 mg, 93% yield).°

(S)-3-Allyl-3-(hydroxymethyl)-1-methylindolin-2-one (7). White ointment; *H
NMR (500 MHz, CDCls) ¢ 7.31 (td, J = 7.5, 1.0 Hz, 1H), 7.23 (dd, J = 7.5, 1.0 Hz,
1H), 7.09 (td, J = 7.5, 1.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 5.45 (ddt, J = 17.5, 10.0,
8.0 Hz, 1H), 5.03 (dd, J = 17.0, 1.5 Hz, 1H), 4.96 — 4.92 (m, 1H), 3.90 (dd, J = 11.0,
9.5 Hz, 1H), 3.76 (dd, J = 11.0, 3.0 Hz, 1H), 3.21 (s, 3H), 2.71 — 2.60 (m, 2H), 2.45 —
2.39 (m, 1H); 3C NMR (125 MHz, CDCls) 6 178.9, 144.1, 131.8, 129.5, 128.4, 123.3,
122.6, 119.1, 108.2, 66.4, 54.1, 37.3, 26.2; [Daicel Chiralpak AD-H, hexane/i-PrOH =
90/10, 254 nm, 0.8 mL/min. tr1 = 11.7 min (minor), tr2 = 12.8 min (major)]; ee = 78%,
[o]%p = -3.14 (c = 0.70, CHCIl3); HRMS (ESI) calcd for C13H1sNO2 (M+H)* 218.1176,
found 218.1175.
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6. X-Ray Crystal Structure Data

The two enantionmers of la were separated by preparative chiral HPLC
(Preparative Daicel Chiralpak OD-H, hexane/i-PrOH = 92/8, 254 nm, 8.0 mL/min. tr1
= 37.1 min (R), tr2 = 42.2 min (S)). The first (tr1) enatiomer was used in the
stereochemical course experiment shown in Scheme 3b. Colorless crystal of
enantiopure la suitable for X-ray crystallographic analysis were obtained by
recrystallization from ethyl acetate/petroleum ether. The ORTEP drawing of (R)-1a is
shown in Figure S1. The crystal structure has been deposited at the Cambridge
Crystallographic Centre (deposition number: CCDC 1965672). The two enantionmers
of 1a could not be separated well by the Daicel Chiralpak OD-H column, but could be

separated well by the Daicel Chiralpak OJ-H column.

la HPLC (Daicel Chiralpak OD-H, hexane/i-PrOH = 95/5, 254 nm, 0.8 mL/min.)

mVv

1 (8)-1a

750 | *
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min

1la HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min.)
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150 g 2
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PeakTable

Peak# Ret. Time Area Height Area % Height %
1 25.928 5791739 149254 49.966 51.340
2 29.503 5799733 141464 50.034 48.660
Total 11591472 290719 100.000 100.000
\

Figure S1 (R)-1a
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Table S5. Crystal data and structure refinement for a_a.

Identification code aa

Empirical formula C10HI9 N O2

Formula weight 175.18

Temperature 296(2) K

Wavelength 1.54178 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=4.5388(9) A alpha =90 deg.

b =13.550(3) A beta = 90 deg.
c=14.103(3) A gamma = 90 deg.

\olume 867.4(3) A™3

Z, Calculated density 4, 1.341 Mg/m”3
Absorption coefficient 0.777 mm~-1

F(000) 368

Crystal size 0.200 x 0.180 x 0.160 mm

Theta range for data collection  4.525 to 68.206 deg.

Limiting indices -5<=h<=5, -16<=k<=16, -14<=I<=16
Reflections collected / unique 8405 / 1578 [R(int) = 0.0490]
Completeness to theta = 67.679 99.0 %

Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 1578/0/ 119

Goodness-of-fit on F*2 1.039

Final R indices [I>2sigma(l)] R1=0.0307, wR2 = 0.0892

R indices (all data) R1 =0.0399, wR2 = 0.0911
Absolute structure parameter 0.03(9)

Extinction coefficient n/a

Largest diff. peak and hole 0.094 and -0.098 e.A"-3
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checkCIF/PLATON report
Structure factors have been supplied for datablock(s) a_a
THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE

FOR PUBLICATION., IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE

No syntax errors found. |CTF dictionary]  [Interpreting this report|

Datablock: a_a

Bond precision: C-C = 0.0031 A Wavelength=1.54178

Cell: a=4.5388(9) b=132.550(3) c=14.103(3)
alpha=90 beta=90 gamma=90
Temperature: 296 K
Calculated Reported
Volume 867.4(3) 867.4(3)
Space group P 21 21 21 P 21 21 21
Hall group P Zac 2ab P Zac Z2ab

Moiety formula
Sum formula

Cl0 H9 N 02
Cl0 H9 N 02

Cl0 H9 N Oz
Cl0 H9 N 02

Mr 175.18 175.18
Dx,g cm-3 1.342 1.341

Z 4 4

Mu (mm-1) 0.777 0.777

FOOO 368.0 368.0

FoO0O"’ 369.18

h,k,lmax 5,16,16 5,16,16
Nref 1594 [ 968] 1578

Tmin, Tmax 0.856,0.883 0.636,0.753
Tmin' 0.856

Correction method= # Reported T Limits: Tmin=0.636 Tmax=0.753

AbsCorr = ?

Data completeness= 1.63/0.99

R(reflections)= 0.0307{

S = 1.035

Npar= 119

1396)

Theta(max)= 68.206

wR2 (reflections)= 0.0911( 1578)




The two enantionmers of 3n were separated by preparative chiral HPLC (Preparative
Daicel Chiralpak IE, hexane/i-PrOH = 92/8, 254 nm, 8.0 mL/min. try = 32.5 min
(major), tr2 = 42.7 min (minor)). Colorless crystal of major enantiopure 3n suitable
for X-ray crystallographic analysis were obtained by recrystallization from n-hexane.
The ORTEP drawing of (S)-3n is shown in Figure S2. The crystal structure has been
deposited at the Cambridge Crystallographic Centre (deposition number: CCDC
1956332).

3n HPLC (Daicel Chiralpak IE, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min.)
mV

)3 |5
= § )3
, f B
200 ‘\ ﬁ
| |
\
\
] | |
100 ‘\ |\
i | \ \\
|
| | \
R R
0| e - ﬁﬁl"i\ _ \ o o ]
[ [ [ T [ T [ [
0 5 10 15 20 25 30 35 40
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 18.118 7172307 272946 50.885 56.081
2 22.926 6922901 213752 49.115 43.919
Total 14095208 486698 100.000 100.000
mV
400-] &
i o=}
>3 |7
300
200-]
100- 2 @3
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PeakTable

Peak# Ret. Time Area Height Area % Height %
1 18.135 9857243 409689 81.519 85.026
2 23.040 2234760 72151 18.481 14.974
Total 12092003 481840 100.000 100.000
mV
4001 2
1 2 ($)-3s
300-
200
100
0~ J
0 | 5 I 1‘0 | 1|5 T 2‘0 | 2"5 | ?lO I §5 | ‘40
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 18.141 9843571 407740 100.000 100.000
Total 9843571 407740 100.000 100.000
!
Br1
~?| oYX
\/ ~a ¥ N\
T 04 / -
~ N NON S
| Z/ ‘ Nt \ =

Figure S2 (S)-3s
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Table S6. Crystal data and structure refinement for t_a.

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique

Completeness to theta = 67.679

Refinement method

Data / restraints / parameters

Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

ta
C19H24 Br N O4
410.30
173(2) K
1.54178 A
Monoclinic, P2(1)
a=9.4837(7) A alpha =90 deg.
b=21349(2) A  beta = 95.070(7) deg.
€c=9.5572(10) A gamma = 90 deg.
1927.5(3) A"3
4, 1.414 Mg/m"3
3.095 mm~-1
848

0.200 x 0.200 x 0.200 mm

4.645 t0 68.181 deg.

-11<=h<=11, -25<=k<=25, -11<=I<=11

18309 / 6958 [R(int) = 0.0226]
99.6 %

Full-matrix least-squares on F~2

6958/ 1/ 461

1.014

R1 =0.0208, wR2 = 0.0530
R1=0.0212, wR2 = 0.0534
0.017(5)

n/a

0.292 and -0.280 e.A"-3
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checkCIF/PLATON report
Structure factors have been supplied for datablock(s) t a
THIS REPORT IS FOR. GUIDANCE ONLY . IF USED AS PART OF A REVIEW PROCEDURE

FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE

No syntax errors found. |[CIF dictionary]  [Interpreting this repor

Datablock: t_a

Bond precision: C-C = 0.0039 A Wavelength=1.54178
Cell: a=9.4837(7) b=21.349(2) c=9.5572(10)
alpha=90 beta=95.070(7) gamma=90
Temperatura: 173 K
Calculated Eeported
Volume 1927.5(3) 1927.5(3)
Space group P 21 P 21
Hall group P 2vb P 2vb
Moiety formula C19% H24 Br N 04 ?
Sum formula C19 H24 Br N 04 C19 H24 Br N 04
Mr 410.29 410.30
Dx,g cm-3 1.414 1.414
Z 4 4
Mu (mm-1) 3.085 3.0895
FOoO 848.0 848.0
Fooo’ 847.48
h,k, lmax 11,25,11 11,25,11
Nref T065[ 3636] 6958
Tmin, Tmax 0.565,0.538 0.541,0.753
Tmin’ 0.513

Correction method= # Reported T Limits: Tmin=0.541 Tmax=0.753
LbsCorr = ?

Data completeness= 1.91/0.98 Theta(max)= 68.181
E(reflections)= 0.0208( 6866) wR2 (reflections)= 0.0534( 6958)
S = 1.014 Npar= 461
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7. Spectra of New Products and HPLC Charts
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mV

300+ ° -
200-]
100-
07 7 L - )
T . 1 T | T T T [ T —
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.186 10021417 333302 50.735 50.221
2 11.753 9731211 330366 49.265 49.779
Total 19752628 663668 100.000 100.000
mV
1000+
750
500 -
250+
0 . L
0.0 25 50 75 100 125 15.0 175 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.209 22119336 1136117 75.867 78.540
2 11.801 7036126 310429 24.133 21.460
Total 29155462 1446546 100.000 100.000
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mV

200
150-|
100-]
50~ . 3
0 . L
10.0 125 ' " 150 175 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.274 1605314 49409 51.761 54.590
2 14.616 1496098 41100 48.239 45.410
Total 3101413 90509 100.000 100.000
mV
750-
500-
250- e
o] ¢ ¢/\
T — 1 T ‘
10.0 12.5 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.267 19190773 890459 80.888 83.159
2 14.610 4534215 180337 19.112 16.841
Total 23724989 1070797 100.000 100.000
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mV

500 2
400
300 "
2001
100
0 i
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.749 8555552 491382 50.838 61.442
2 17.238 8273472 308370 49.162 38.558
Total 16829024 799752 100.000 100.000
mV
300-
200-
100+ §
O T ”\A/\
L 1 T L 1
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.758 6134360 372711 75.583 82.763
2 17.236 1981693 77622 24.417 17.237
Total 8116053 450333 100.000 100.000
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mV

mVv

7.144

R

0 10 20 30 40 50 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.144 1145313 78905 49.939 84.603
2 40.003 1148099 14360 50.061 15.397
Total 2293412 93264 100.000 100.000
500
250+
0 . 4
0 I 1o 20 I 30 " 40 50 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.023 8763570 585279 82.054 96.251
2 40.141 1916646 22796 17.946 3.749
Total 10680217 608075 100.000 100.000
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mvV

mv

S12
75 5
50
251
0 1‘/\‘]{
o 10 20 30 40 50 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.706 1646604 77586 50.854 88.098
2 53.534 1591301 10482 49.146 11.902
Total 3237905 88068 100.000 100.000
500 —
400
300
200
100
o] T
0 I 1b I 2|0 I 3|O I 4‘0 I Sb I I 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.667 9731670 470862 82.616 97.351
2 55.024 2047786 12811 17.384 2.649
Total 11779456 483673 100.000 100.000
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mVv

750 g s
500
250
0 T -
00 25 50 75 100 125 15.0 175 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.098 15407239 669526 49.817 45,957
2 10.975 15520428 787336 50.183 54.043
Total 30927667 1456862 100.000 100.000
mv }
1250 g
1000
750
500
250-] g
0{ { L WAQ;AT
00 25 50 75 100 125 15.0 75 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.061 16110840 1290913 88.832 90.834
2 10.961 2025383 130261 11.168 9.166
Total 18136223 1421174 100.000 100.000
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MV 300
200 g 2
1 ® <
100
0,
0 ‘5 1|0 1‘ 5 2|0 2‘5 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.085 4153623 176837 50.150 51.259
2 14.590 4128836 168148 49.850 48.741
Total 8282459 344985 100.000 100.000
mV
750+ 2
: 3
500
250 N
: N it
0 ‘5 1‘0 1‘ 5 2‘0 2|5 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.075 9428131 733155 78.485 85.562
2 14.657 2584473 123715 21.515 14.438
Total 12012604 856870 100.000 100.000
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mV

300 :
200;
100;
0
00 35 ' 50 " 7s 10,0 125 150 175 ' 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.199 5406773 265318 50.650 43.634
2 9.915 5268064 342733 49.350 56.366
Total 10674837 608051 100.000 100.000
mV
] 8
1000 "
750
500
250 2
: .
0.0 25 50 75 100 125 150 75 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.185 13152391 1108325 85.846 88.181
2 9.754 2168494 148552 14.154 11.819
Total 15320884 1256877 100.000 100.000
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MeO

mV
o 5 10 C 5 20 o5 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.981 2953627 145512 50.542 56.267
2 15.058 2890223 113096 49.458 43.733
Total 5843850 258608 100.000 100.000
mV
500
250
] B
o A
0 1‘5 1‘0 1‘5 2‘0 2|5 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 10.847 11797156 697977 86.098 88.795
2 14.880 1904841 88076 13.902 11.205
Total 13701997 786053 100.000 100.000
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mV

8.878

1 8
300 3
200;
100;
o4
0 I I ‘5 1‘0 I 1|5 2|0 2‘5 | 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.878 6212479 325704 50.329 54.474
2 12.108 6131307 272200 49.671 45.526
Total 12343786 597904 100.000 100.000
mV
750+ §
500
250
| ]
0
! ! [ [ [ I | !
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.003 11019615 745527 83.483 86.400
2 12.268 2180220 117349 16.517 13.600
Total 13199835 862875 100.000 100.000
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mV

1 g
750 2
500
250;
o
0.0‘ 2‘.5‘ 51.0 I 7‘.5‘ - 1(‘).0‘ I 1‘2.5| 1‘5.0‘ - 175 | 2b.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.328 14947280 865628 51.556 56.777
2 12.363 14045316 658995 48.444 43.223
Total 28992596 1524623 100.000 100.000
750 ‘ﬁé
] \
1 I
] |
500 i
1 \
: |
] 1 .
250 \ |‘ 8
| n r;:
] | il
0l o - A ARN VAV
T T T L N T - . 1 iy
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.901 11135324 762007 80.134 82.200
2 11.084 2760517 165007 19.866 17.800
Total 13895841 927014 100.000 100.000
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mV

750- \ \
| |‘ u
J ‘ [
] ‘ i
500+ ‘ ‘ ‘ ‘|
, 1
: |
250 ‘ \
: ]
] , o
) /{\“ AN ‘ I‘\ “ I‘\
o AR N e —
. — — — ‘ ‘ ‘
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.125 16568372 841494 48.727 52.115
2 11.323 17433828 773197 51.273 47.885
Total 34002200 1614691 100.000 100.000
MV 750 s
T 15
i U
] ‘\
500 ‘
il ‘ ‘
250 ‘ | o
] | 2
| Jl l\ A
07 S I“L,, “I “'\ TL“AL?,* I B R .
| T I T I I T I T T
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.167 10850821 715259 83.803 85.528
2 11.392 2097130 121030 16.197 14.472
Total 12947951 836289 100.000 100.000
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mV

9.658

300 0
] g
200
100
0
0 5 10 5 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.658 5930720 356810 50.013 58.891
2 13.805 5927681 249070 49.987 41.109
Total 11858401 605880 100.000 100.000
mV
750 &
500;
250;
1 &
0 i TA/\J/
0 I % {0 | I 45 éO I 55 I 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 9.361 11759829 793974 86.421 89.077
2 12.428 1847793 97361 13.579 10.923
Total 13607622 891334 100.000 100.000
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mV

8.568

500 -
250+
0 T
0 é I 40 - {5 éo I 55 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.568 9029738 587567 51.083 59.117
2 13.045 8646966 406333 48917 40.883
Total 17676704 993900 100.000 100.000
mV
750 3
4 o«
500+
250+
0,
! I ! [ ! | | ! | !
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.334 9706391 742329 88.422 91.412
2 12.432 1270968 69737 11.578 8.588
Total 10977359 812066 100.000 100.000
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mV

400 .
300
200
100
0-
0 é {0 | {5 I éO éS | 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.697 6605896 444907 50.959 58.202
2 12.187 6357389 319515 49.041 41.798
Total 12963285 764421 100.000 100.000
mV
'
500+
250
- :
. il
0 5 0 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.440 7360072 549358 83.707 86.626
2 11.490 1432625 84815 16.293 13.374
Total 8792697 634173 100.000 100.000
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0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.747 6533673 318008 50.286 51.305
2 11.249 6459300 301824 49.714 48.695
Total 12992974 619832 100.000 100.000
mV )
1000 2
750
500
250
.
0 I I5 1|0 1|5 I éO 2‘5 I 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.813 12666706 1000820 86.546 89.425
2 11.317 1969176 118355 13.454 10.575
Total 14635882 1119175 100.000 100.000
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mvV

S128

1000
750-
] 3
500- N g
] i
I
’ i
b |
250~ inl
| ]
| ]
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.694 16591417 532832 51.348 53.279
2 9.857 15720527 467254 48.652 46.721
Total 32311943 1000085 100.000 100.000
7 -
500- f\lg
|
1 [
i I
I
| |
i | |
250 ‘ ‘
i | | g
1 [
| | A
i B
] B
0 o ,,f\",;"‘ \ I o - ]
" - L T T " \ ‘
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.684 16789721 532773 81.327 81.085
2 9.866 3855111 124278 18.673 18.915
Total 20644833 657051 100.000 100.000




] 8 o
1000+ lo o
| L
7501 H I
] I ‘I
500-] M
] | “
1 ‘ \ |
250 | \\ |
] [ \\
] [ ] \
ol AN S AN *T"*H’\* o - ]
0 é | 1‘0 o 1‘5 2‘0 ' 2'5 | 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 6.662 18192296 1033320 51.354 51.624
2 9.619 17232925 968290 48.646 48.376
Total 35425221 2001610 100.000 100.000
mV )
750
500
250i §
07 A
0 5 1‘0 15 2|0 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 6.725 10008884 903681 82.970 86.025
2 9.686 2054378 146803 17.030 13.975
Total 12063262 1050484 100.000 100.000
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mV

8.374

B
i b
200;
100;
0,_ i) =
0 5 I {0 o 45 éO I 55 I | 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.374 7316099 344098 50.821 55.488
2 14.687 7079659 276028 49.179 44512
Total 14395758 620125 100.000 100.000
mV }
: Z
500
250+
| 3
: A
0 ] % {0 | 45 éO I 55 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.400 9796157 621959 81.489 86.719
2 14.732 2225276 95250 18.511 13.281
Total 12021433 717209 100.000 100.000
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mV
1000 S 2
N ®© @
750
500
250
0; e i
) 1 ] ] PR 7
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 6.892 17067852 885008 49.329 47.922
2 9.923 17532333 961772 50.671 52.078
Total 34600185 1846780 100.000 100.000
mV
750;
500
250-| -
0; ALV
0 I I5 1|0 1|5 I éO é5 I 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 6.946 10080843 896214 83.974 87.307
2 9.914 1923873 130300 16.026 12.693
Total 12004715 1026514 100.000 100.000
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1500
1000
500+
0
—— —— — ——— 7
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.036 28620885 1426618 49.525 47.924
2 11.148 29170144 1550223 50.475 52.076
Total 57791030 2976842 100.000 100.000
mV
750+ o
500
250
o L ﬁA&
0.0‘ I 2|.5| Ifl.O I 7‘.5 I ‘16.0| | ‘1|2.5‘ I 1‘5.0‘ I ‘1‘7.5| ‘2‘0.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.042 10143698 784697 88.609 90.778
2 11.041 1304048 79713 11.391 9.222
Total 11447746 864411 100.000 100.000

S132



mV

| |
200-| %
100
0 —
0 ' I5 ' 1‘0 ' ' 1‘5 éo ' ' 2‘5 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.402 4256790 262743 51.075 59.838
2 14.481 4077674 176351 48.925 40.162
Total 8334464 439093 100.000 100.000
mV
] 3
1000i ~
750
500-]
250 .
1 :
0] —%}¢
l \ \ L ] I
0 5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.424 13389030 1069135 88.495 92.672
2 14.529 1740736 84544 11.505 7.328
Total 15129766 1153679 100.000 100.000
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mV

100 !|§ o
] L
75 ‘ ‘I
] o
|
il ‘ 2 “ o
25+ ‘| N
1 ‘ M R
_ | i \
B | \ “ \ | \ |
0 _ ’P \y -
0 I 1‘0 - 2|D 3‘0 - 4‘0 I Sb
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 14.033 2275647 104196 38.516 45.210
2 15.709 704541 28838 11.925 12.513
3 17.788 2265434 83641 38.343 36.291
4 33.258 662706 13797 11.216 5.986
Total 5908328 230472 100.000 100.000
mV
| %8
100-| “ |
50| “
, \\ | s
| 0 | \I ‘l ‘I IM \Q
0 R 8l [V AL ¢" N o
| o . R | P
0 10 20 30 40 50
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 13.988 2745078 130979 44.120 49.258
2 15.650 2731955 112650 43.909 42.365
3 17.713 394899 14767 6.347 5.554
4 33.124 349874 7507 5.623 2.823
Total 6221806 265903 100.000 100.000

S134




mV

4 ’ §
100 “ |
50 ‘ |
1 | \ | o
Bl i\ | ‘ ‘ ‘I “‘I“"w
0 U AN ,,7% ‘L\h‘ \\7 Yoo A N o
— 1 T 1 7 T \ 7
0 10 20 30 40 50 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 13.988 2819750 132212 88.375 90.196
2 17.713 370932 14371 11.625 9.804
Total 3190682 146582 100.000 100.000
MV 00
150-|
100
50|
O__ T T T ‘ T T T ‘ | T ‘ T ‘ T T
0 10 20 30 40 50 60
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 15.650 2638700 111708 89.062 93.904
2 33.124 324071 7252 10.938 6.096
Total 2962772 118960 100.000 100.000
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\
5 Me 4r> 20:1

and

\
6 Me 4r>20:1

mV
7504 o
500; ;
250;
: ® 5
0 — h—— —— — ‘
10 20 30 40 50 60 70
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 13.932 15299904 640298 41.843 50.526
2 17.640 15510325 519065 42.418 40.960
3 24991 2830202 70026 7.740 5.526
4 48.002 2924809 37868 7.999 2.988
Total 36565242 1267256 100.000 100.000
mV '
300 g
i [l @
200+
100+
] - g
0 T — R
0 0 20 30 I 40 %o 60 70
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 13.986 6444545 303928 36.604 51.628
2 17.726 922736 35753 5.241 6.073
3 25.068 8765055 230380 49.785 39.135
4 48.185 1473557 18623 8.370 3.163
Total 17605894 588684 100.000 100.000
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mV

500 —
400~
300 o
200
100 -
] g
] g
07 4 /I\/\\b
0 10 20 & 80 6o 70
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 25.068 8754642 230320 87.463 92.996
2 48.185 1254932 17346 12.537 7.004
Total 10009575 247666 100.000 100.000
mVY
300 £
200+
100
0 1
0 10 0 30 ' 50 60 70
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 13.986 6444545 303928 88.397 89.820
2 17.726 845884 34448 11.603 10.180
Total 7290430 338376 100.000 100.000
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mV

500
400
300
200
100
o]
‘ " [ T T " N 1 T T T
0.0 2.5 5.0 75 10.0 15.0 17.5 200
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.648 10664562 511637 49.176 50.282
2 12.785 11021934 505897 50.824 49.718
Total 21686496 1017534 100.000 100.000
mV
2000 =
1500
1000
500 @
0] A¢ L
‘ o e R e T R |
0.0 25 5.0 75 10.0 125 15.0 175
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.652 6162146 315744 11.125 12.325
2 12.766 49226269 2246019 88.875 87.675
Total 55388415 2561763 100.000 100.000
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o + /\/BFSK

N
(R)-1a"1®
opt
>99% ee

Co(Cl04),*6H,0 (10 mol%)

rac-BOX-6

Boc,O (5.0 equiv)

(12 mol%)

toluene, 70 °C, 24 h

(S)-3a
49% vyield, 2% ee

O
+ o) 1
N (1)
Me
(R)-1a
28% vyield, >99% ee

1la HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min.)

mV
150 : 0
] ¢
100+ N\
i M
] (+)-1a
50-
07 —r 1 . N
25 " 250 C s ' 300 35 350
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 25.928 5791739 149254 49.966 51.340
2 29.503 5799733 141464 50.034 48.660
Total 11591472 290719 100.000 100.000
mV
400 ko o
i O
300 N
-4 \
] opt Me
200
100
0 . L
- | T T T | T T | T T | T T | T T T
225 25.0 27.5 30.0 325 35.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 25.481 19589413 431225 100.000 100.000
Total 19589413 431225 100.000 100.000

S139



3a HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, 254 nm, 0.8 mL/min.)

mv
750_, = . OBoc
] g %
500; N O
) \
1 Me
] rac
250
o T -
0.0 | | 2‘.5| I 5‘.0 | 7‘.5 I | 1(‘).0‘ o 1é.5| | 15|.0l | 17‘.5‘ I 26.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.252 12066139 779455 51.111 56.560
2 11.583 11541616 598646 48.889 43.440
Total 23607755 1378100 100.000 100.000
mV
] {|‘ p OBoc
300 || 2
: I
200 | \ |
] | | " | (S)-3a
i |
100-| i “ \
1 \ \
i |
] Jl l‘ R
0 — 7_.,_,,,_,1{_&_ o~ T‘i L
0.0 25 50 75 10.0 125 15.0 175 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.458 4854673 371509 50.915 58.427
2 11.937 4680144 264338 49.085 41.573
Total 9534817 635847 100.000 100.000
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OBoc

C0(ClO4)2*6H,0 (10 mol%) o)
o (S)-BOX-6 (12 mol%)
o * /\/BFsK Boc,0 (5.0 equiv) o (2
N toluene, 70 °C, 24 h N
M Me Me
e
(*)-1a 2 (R)-3a (R)-1a
57% yield, 73% ee 25% yield, 22% ee
mVv .
100 ' o
] 5 0]
75 p N
4 N \
1 (R)-1aMe
50i
25
o L J
225 25‘_0 | 27"_5 | | 36_0 32|_5 ‘35.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 25.738 4417917 109992 61.141 62.348
2 29.351 2807905 66424 38.859 37.652
Total 7225822 176417 100.000 100.000
mv
% OBoc
500+
250+ (R)-3a
0| . 4
O_O‘ | 2‘_5I I 7‘_5‘ 1(|J_O - 12|_5 I‘IT"_SI | 26.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 8.418 1770303 138809 13.515 17.910
2 11.860 11328631 636245 86.485 82.090
Total 13098934 775054 100.000 100.000
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