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1. General Experimental Details

Unless stated otherwise, all reactions were carried out in flame-dried glassware under a dry
nitrogen atmosphere. All solvents were purified and dried according to standard methods prior to use.

The NMR spectra were recorded on the Varian MERCURY plus-400 (400 MHz, H; 101 MHz,
13C), Bruker AscendTM 400 (400 MHz, *H; 101 MHz, *3C) and Bruker AscendTM 500 (500 MHz, *H;
126 MHz, 13C) spectrometers with chemical shifts reported in ppm relative to the residual deuterated
solvent and the internal standard tetramethylsilane. °F NMR spectra were recorded on the Bruker
AscendTM 400 (376 MHz, *°F) and Bruker AscendTM 500 (470 MHz, '°F), and referenced relative to
PhCFs. Data for *H NMR are recorded as follows: chemical shift (5, ppm), multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling constant(s) in Hz,
integration). The ee values were determined by HPLC using the Daicel and Enantiocol chiral columns.
Mass spectrometry analysis was carried out using an electrospray spectrometer Waters Micromass
Q-TOF Premier Mass Spectrometer. 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.
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2. Preparation of Starting Materials

Reagents were purchased from Sigma-Aldrich, TCI, or Alfa Aesar and used as received unless
otherwise stated. L1 was purchased from Daicel chiral reagents. L2,' allylic acetates,®> and
3-hydroxyoxindoles® were prepared according to literature procedures. The racemic samples were
prepared by running reactions with a racemic catalyst.

General Procedure for the Synthesis of Substituted 3-Hydroxyoxindoles:

O (6] OH
X i X X
R{I%ﬁo alkylating agent R o NaBH4 R o
Z N NaH, DMF Z N DCM, MeOH Z =N
H PG PG

A solution of the isatin (10 mmol) in 15 mL of dry DMF was slowly added to a suspension of
sodium hydride (15 mmol, 1.5 eq) in 10 mL of dry DMF at 0 €. The suspension was stirred for 15 min
at 25 €. Then 1.5 equivalent of the alkylating agent (1-naphthylmethyl bromide, 2-naphthylmethyl
bromide, benzyl bromide, etc.) was added at 0 €. The mixture was stirred for 1 h at room temperature
and water was added until precipitation of the N-protected isatin. Crystallization from hexane/ethyl
acetate afforded the pure product.

Sodium borohydride (7.5 mmol, 1.5 eq) was added in small portions to a stirred suspension of the
pure N-protected isatin (5 mmol) in 30 mL of a 1:1 dichloromethane/ethanol mixture at 0 €. The
mixture was vigorously stirred at 0 <€ until the suspension became colorless (about 10 min). Then
water (5 mL) was added and the reaction mixture was stirred until bubbling stop. The mixture was
extracted with dichloromethane (3 x 20 mL). The combined organic extracts were dried (MgS04) and
the solvent evaporated under reduced pressure below 30 <. The residue was purified by
chromatography on silica gel quickly using a 1:1 mixture of hexane/diethyl ether, or crystallized by
ethyl acetate/hexane to separate the 3-hydroxy-2-oxoindole derivative from the pigments formed
during the extraction and evaporation procedures. The isatin reductions generally proceed smoothly
providing the corresponding dioxindoles in good overall yield after chromatography or crystallization.

1-Benzylindoline-2,3-dione
0

Orange solid (1.99 g, 84% yield). m.p. = 127 — 129 °C.*H NMR (400 MHz, CDCls) § 7.60 (d, J = 7.4
Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 7.39 — 7.24 (m, 5H), 7.09 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H),
4.93 (s, 2H). 3C NMR (101 MHz, CDCls) & 183.3, 158.3, 150.7, 138.3, 134.5, 129.1, 128.2, 127.4,
125.4, 123.9, 117.7, 111.0, 44.1. HRMS (Q-TOF Premier) calcd for C15sH12NO, (M+H)*: 238.0863;
found: 238.0870.

1-(2-Fluorobenzyl)indoline-2,3-dione
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Orange solid (1.91 g, 75% yield). m.p. = 153 — 155 °C. *H NMR (400 MHz, CDCl3) & 7.61 (d, J = 6.8
Hz, 1H), 7.58 — 7.49 (m, 1H), 7.39 — 7.27 (m, 2H), 7.14 — 7.08 (m, 3H), 6.90 (d, J = 7.8 Hz, 1H), 4.99
(s, 2H). 3C NMR (101 MHz, CDCls) & 183.0, 160.6(d, J = 247.5 Hz), 158.4, 150.4, 138.5, 130.1 (d, J
= 8.1 Hz), 129.9(d, J = 3.0 Hz), 125.4, 124.8(d, J = 3.0 Hz), 124.0, 121.7(d, J = 14.1 Hz), 117.7,
115.7(d, J = 31.3 Hz), 110.7(d, J = 3.0 Hz), 37.3(d, J = 5.1 Hz). **F NMR (376 MHz, CDCl3) § -118.1.
HRMS (Q-TOF Premier) calcd for C1sH1:NO2F (M+H)*: 256.0774; found: 256.0776.

1-(2,6-Dichlorobenzyl)indoline-2,3-dione

o)

Cl

Cl

Orange solid (2.41 g, 79% vyield). m.p. = 180 — 182 °C. *H NMR (400 MHz, CDCl3) § 7.61 (d, J = 7.4
Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.29 — 7.25 (m, 1H), 7.08 (t, J = 7.6 Hz, 1H),
6.75 (d, J = 8.0 Hz, 1H), 5.26 (s, 2H). *C NMR (126 MHz, CDCls3) § 182.9, 157.8, 150.5, 138.4, 136.3,
130.3, 129.1, 125.4, 123.7, 117.9, 111.2, 100.0, 40.2. HRMS (Q-TOF Premier) calcd for
C15H10CINO; (M+H)*: 306.0083; found: 306.0088.

1-(Naphthalen-1-ylmethyl)indoline-2,3-dione
@)

L

Orange solid (2.35 g, 82% yield). m.p. = 191 — 193 °C. *H NMR (500 MHz, CDCl3) § 8.07 (d, J = 8.4
Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.82 (dd, J = 7.0 Hz, 1.6Hz, 1H), 7.63 — 7.51 (m, 3H), 7.43 — 7.36
(m, 3H), 7.06 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 5.39 (s, 2H). 3C NMR (126 MHz, CDCls) §
183.1, 158.4, 151.1, 138.4, 133.9, 130.9, 129.3, 129.1, 128.9, 126.9, 126.3, 125.4, 125.2, 125.0, 123.9,
122.7, 117.8, 111.5, 42.4. HRMS (Q-TOF Premier) calcd for C19H12NO, (M+H)*: 288.1019; found:
288.1021.

1-(Naphthalen-2-ylmethyl)indoline-2,3-dione
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Orange solid (2.30 g, 80% yield). m.p. = 155 — 157 °C. 'H NMR (400 MHz, CDCl3) § 7.83 — 7.78 (m,
4H), 7.60 (d, J = 7.4 Hz, 1H), 7.52 — 7.37 (m, 4H), 7.06 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H),
5.07 (s, 2H). *C NMR (101 MHz, CDCls) § 183.3, 158.4, 150.7, 138.4, 133.3, 133.0, 131.9, 129.1,
127.8, 127.8, 126.6, 126.4, 126.4, 125.4, 125.0, 123.9, 117.7, 111.1, 44.3. HRMS (Q-TOF Premier)
calcd for C19H14NO, (M+H)*: 288.1019; found: 288.1016.

7-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione
)

@)
N

Foo

Orange solid (2.29 g, 75% vyield). m.p. = 140 — 142 °C. *H NMR (500 MHz, CDCl3) § 8.02 (d, J = 8.4
Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.60 — 7.51 (m, 2H), 7.48 (d, J = 7.4 Hz,
1H), 7.37 (t, J = 7.8 Hz, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.20 (dd, J = 10.8, 8.4 Hz, 1H), 7.06 (td, J = 7.8,
3.8 Hz, 1H), 5.55 (s, 2H). 3C NMR (126 MHz, CDCls) & 182.2 (d, J = 3.4 Hz), 158.2, 148.0 (d, J =
250.0 Hz), 137.0 (d, J = 9.1 Hz), 133.8, 130.6, 130.5, 129.0, 128.4, 126.8, 126.7 (d, J = 19.8 Hz), 126.6,
125.3, 124.9 (d, J = 5.8 Hz), 122.9 (d, J = 2.0 Hz), 122.6, 121.5 (d, J = 3.3 Hz), 120.4 (d, J = 2.5 Hz),
43.6 (d, J = 4.7 Hz). *F NMR (471 MHz, CDCl3) & -131.5. HRMS (Q-TOF Premier) calcd for
Ci19H13FNO, (M+H)*: 306.0925; found: 306.0923.

1-naphthyl

7-Chloro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione
0

@)
N

c

Orange solid (2.44 g, 76% yield). m.p. = 150 — 152 °C. *H NMR (400 MHz, CDCl3) § 7.98 (d, J = 8.4
Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.69 (dd, J = 7.4, 1.2 Hz, 1H), 7.66 — 7.49
(m, 3H), 7.37 (t, J = 7.8 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 7.03 (dd, J = 8.0, 7.6 Hz, 1H), 5.87 (s, 2H).
13C NMR (101 MHz, CDCls) § 182.3, 158.9, 147.9, 144.2, 133.8, 131.1, 130.0, 129.0, 128.0, 126.6,
126.1, 125.4, 125.3, 124.8, 122.2, 121.5, 120.8, 104.8, 42.9. HRMS (Q-TOF Premier) calcd for
C19H13CINO; (M+H)*: 322.0629; found: 322.0632.

1-naphthyl

7-Bromo-1-(naphthalen-1-ylmethyl)indoline-2,3-dione
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Orange solid (2.81 g, 77% yield). m.p. = 123 — 125 °C. *H NMR (400 MHz, CDClz) 6 7.99 (d, J = 8.2
Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.65 (dd, J = 7.2, 1.2 Hz, 1H), 7.63 — 7.53
(m, 2H), 7.45 (dd, J = 8.2, 1.2 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.20 — 7.03 (m, 2H), 5.83 (s, 2H). 1*°C
NMR (101 MHz, CDCls) 6 182.3, 158.8, 146.4, 140.8, 133.8, 131.1, 130.1, 129.0, 128.0, 126.6, 126.1,
125.4,125.0, 124.3, 122.2, 121.4, 120.4, 117.9, 43.2. HRMS (Q-TOF Premier) calcd for C19H13BrNO,
(M+H)*: 366.0124; found: 366.0120.

1-naphthyl

7-Methyl-1-(naphthalen-1-ylmethyl)indoline-2,3-dione
]

@)
N

.

Orange solid (2.47 g, 82% yield). m.p. = 94 — 96 °C. 'H NMR (400 MHz, CDCls) §7.96 (d, J = 8.2 Hz,
1H), 7.92 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.70 — 7.48 (m, 3H), 7.38 (t, J = 7.8 Hz, 1H),
7.25(d, J=4.8 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 5.63 (s, 2H), 2.06 (s, 3H).
13C NMR (101 MHz, CDCls) & 183.6, 159.5, 148.6, 142.6, 133.9, 130.9, 129.9, 129.1, 128.2, 126.8,
126.2, 1255, 124.1, 123.7, 122.2, 122.0, 121.7, 118.9, 43.4, 17.9. HRMS (Q-TOF Premier) calcd for
C20H16NO, (M+H)*: 302.1176; found: 302.1180.

1-naphthyl

6-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

jons
F N

L

Orange solid (2.35 g, 77% vyield). m.p. = 146 — 148 °C. 'H NMR (500 MHz, CDCl3) § 8.04 (d, J = 8.4
Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.64 (dd, J = 8.2, 5.6 Hz, 1H), 7.62 — 7.53
(m, 2H), 7.47 - 7.37 (m, 2H), 6.73 (td, J = 8.8, 2.2 Hz, 1H), 6.47 (dd, J = 8.8, 2.2 Hz, 1H), 5.39 (s, 2H).
13C NMR (126 MHz, CDCls) § 180.9, 169.0 (d, J = 261.7 Hz), 158.6, 153.7 (d, J = 12.6 Hz), 134.0,
130.9, 129.2, 129.1, 128.9, 128.2, 128.1, 127.1, 126.4, 125.3, 122.7, 114.3 (d, J = 2.5 Hz), 110.9 (d, J =
22.7 Hz), 100.4 (d, J = 27.7 Hz), 42.7. °F NMR (471 MHz, CDCls) § -92.7. HRMS (Q-TOF Premier)
calcd for C19H13FNO, (M+H)*: 306.0925; found: 306.0927.

1-naphthyl

6-Chloro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

joas
Cl N

.

1-naphthyl
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Orange solid (2.50 g, 78% vyield). m.p. = 158 — 160 °C. *H NMR (500 MHz, CDCl3) § 8.01 (d, J = 8.4
Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.60 — 7.55 (m, 1H), 7.53 (d, J = 7.8 Hz,
1H), 7.51 (d, J = 7.8 Hz, 1H), 7.44 — 7.37 (t, 10Hz, 1H), 7.35 (d, J = 7.0 Hz, 1H), 7.01 (d, J = 8.0 Hz,
1H), 6.73 (s, 1H), 5.34 (s, 2H). *C NMR (126 MHz, CDCl3) § 181.6, 158.3, 152.0, 144.8, 133.8, 130.8,
129.2, 129.1, 128.8, 127.1, 126.4, 126.3, 125.3, 124.9, 124.2, 122.7, 116.1, 112.2, 42.6. HRMS
(Q—TOF Premier) calcd for C19H13CINO, (M+H)*: 322.0629; found: 322.0628.

6-Bromo-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

joas
Br N

.

Orange solid (2.92 g, 80% yield). m.p. = 156 — 158 °C. *H NMR (400 MHz, CDCls) & 8.03 (d, J = 8.4
Hz, 1H), 7.87 (dd, J = 26.0, 8.2 Hz, 2H), 7.57 (ddd, J = 15.0, 14.0, 6.8 Hz, 2H), 7.43 (dd, J = 13.8, 8.0
Hz, 2H), 7.35 (d, J = 7.0 Hz, 1H), 7.21 (dd, J = 8.0, 1.4 Hz, 1H), 6.92 (d, J = 1.0 Hz, 1H), 5.37 (s, 2H).
13C NMR (101 MHz, CDCls) & 181.8, 158.2, 151.8, 134.0, 133.6, 130.8, 129.2, 129.1, 128.7, 127.2,
127.0, 126.4, 126.3, 125.3, 124.9, 122.6, 116.5, 115.0, 42.6. HRMS (Q-TOF Premier) calcd for
C19H13BrNO; (M+H)*: 366.0124; found: 366.0117.

1-naphthyl

6-Methyl-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

ot

.

Orange solid (2.47 g, 82% vyield). m.p. = 168 — 170 °C. *H NMR (500 MHz, CDCl3) § 8.06 (d, J = 8.4
Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.4 Hz,
1H), 7.51 (d, J = 7.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.35 (d, J = 7.0 Hz, 1H), 6.87 (d, J = 7.8 Hz,
1H), 6.54 (s, 1H), 5.38 (s, 2H), 2.26 (s, 3H). 3C NMR (126 MHz, CDCl3) § 182.4, 159.1, 151.5, 150.9,
133.9, 130.8, 129.4, 129.1, 128.8, 126.9, 126.2, 125.4, 125.3, 124.7, 124.5, 122.7, 115.7, 112.1, 42.2,
22.9. HRMS (Q-TOF Premier) calcd for C2HisNO2 (M+H)*: 302.1176; found: 302.1178.

1-naphthyl

6-Methoxy-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

joas
MeO N

.-

Orange solid (2.63 g, 83% yield). m.p. = 136 — 138 °C. *H NMR (500 MHz, CDClI3) § 8.06 (d, J = 8.4
Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.62 — 7.51 (m, 3H), 7.44 — 7.35 (m, 2H),
6.49 (dd, J=8.6, 2.2 Hz, 1H), 6.23 (d, J = 2.2 Hz, 1H), 5.36 (s, 2H), 3.71 (s, 3H). *C NMR (126 MHz,
CDCl3) 6 180.4, 168.2, 159.8, 153.7, 133.9, 130.9, 129.6, 129.1, 128.9, 127.9, 126.9, 126.3, 125.2,
125.1, 122.7, 111.4, 108.3, 98.5, 56.0, 42.3. HRMS (Q-TOF Premier) calcd for CxHi1sNO3 (M+H)*:
318.1125; found: 318.1129.

1-naphthyl
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5-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione

F
T
N
(.

Orange solid (2.44 g, 80% yield). m.p. = 150 — 152 °C. *H NMR (500 MHz, CDClI3) & 8.05 (d, J = 8.4
Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.62 — 7.52 (m, 2H), 7.44 — 7.36 (m, 2H),
7.31(dd, J =6.4, 2.8 Hz, 1H), 7.11 (td, J = 8.6, 2.8 Hz, 1H), 6.70 (dd, J = 8.8, 3.6 Hz, 1H), 5.39 (s, 2H).
13C NMR (126 MHz, CDCls) & 182.5, 159.3 (d, J = 246.7 Hz), 158.2 (d, J = 1.3 Hz), 147.1, 134.0,
130.9, 129.1 (d, J = 1.3 Hz), 129.0, 127.1, 126.4, 125.2, 125.1, 124.8, 124.6, 122.7, 118.4 (d, J = 7.6
Hz), 112.7 (d, J = 7.6 Hz), 112.4 (d, J = 25.2Hz), 42.6. *°F NMR (471 MHz, CDCl3)  -117.8. HRMS
(Q-TOF Premier) calcd for C19H13FNO, (M+H)*: 306.0925; found: 306.0927.

1-naphthyl

4-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione
F o

O
N

(.

Orange solid (2.47 g, 81% yield). m.p. = 136 — 138 °C.*H NMR (500 MHz, CDCl3) § 8.04 (d, J = 8.4
Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.62 — 7.51 (m, 2H), 7.45 — 7.34 (m, 3H),
6.71 (t, J = 8.4 Hz, 1H), 6.54 (d, J = 7.8 Hz, 1H), 5.39 (s, 2H). 3C NMR (126 MHz, CDCl3) & 178.7,
158.8 (d, J = 268.6 Hz), 157.8, 151.4 (d, J = 6.3 Hz), 140.6 (d, J = 10.1 Hz), 133.93, 130.81, 129.12,
129.08, 129.02, 127.04, 126.34, 125.2, 125.0, 122.62, 111.9 (d, J = 20.2 Hz), 107.6 (d, J = 3.8 Hz),
106.0 (d, J = 18.9 Hz), 42.82. °F NMR (471 MHz, CDCls) § -105.9. HRMS (Q-TOF Premier) calcd
for C19H13FNO2 (M+H)*: 306.0925; found: 306.0922.

1-naphthyl

3-Hydroxy-1-methylindolin-2-one

PR

\

1a

White solid (0.60 g, 73% vyield). m.p. = 151 — 153 °C. *H NMR (400 MHz, DMSO) §7.37 — 7.27 (m,
2H), 7.07 — 7.01 (m, 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.24 (d, J = 7.4 Hz, 1H), 4.90 (d, J = 7.4 Hz, 1H),
3.08 (s, 3H). *C NMR (101 MHz, DMSO) & 176.5, 144.1, 129.5, 129.0, 124.9, 122.6, 108.8, 69.2, 26.2.
HRMS (Q-TOF Premier) calcd for CsHgNNaO, (M+Na)*: 186.0531; found: 186.0525.

3-Hydroxyindolin-2-one
OH

I
N
H

1b
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White solid (0.55 g, 74% yield). m.p. = 166 — 168 °C. *H NMR (400 MHz, DMSO) § 10.22 (s, 1H),
7.28 (d, J= 7.2 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 7.6 Hz,
1H), 6.15 (d, J = 7.6 Hz, 1H), 4.83 (d, J = 7.4 Hz, 1H). 3C NMR (101 MHz, DMSO) & 178.4, 142.6,
129.8, 129.4, 125.2, 121.9, 109.9, 69.6. HRMS (Q-TOF Premier) calcd for CgHsNO, (M+H)*:
150.0550; found: 150.0547.

1-Benzyl-3-hydroxyindolin-2-one
OH

rh

1c

White solid (0.85 g, 71% yield). m.p. = 138 — 140 °C. *H NMR (500 MHz, DMSO) § 7.38 — 7.30 (m,
5H), 7.26 (ddd, J = 10.8, 5.6, 2.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.06 — 6.99 (m, 1H), 6.84 (d, J = 7.8
Hz, 1H), 6.52 — 6.24 (s, 1H), 5.05 (s, 1H), 4.85 (s, 2H). *C NMR (126 MHz, DMSO) & 176.7, 143.1,
136.8, 129.4, 129.1, 129.0, 127.8, 127.7, 125.1, 122.8, 109.5, 69.3, 42.9. HRMS (Q-TOF Premier)
calcd for CisH13NNaO, (M+Na)*: 262.0838; found: 262.0840.

1-(2-Fluorobenzyl)-3-hydroxyindolin-2-one
OH

e

1d
F

White solid (0.86 g, 67% yield). m.p. = 96 — 98 °C. *H NMR (400 MHz, DMSO) § 7.38 — 7.31 (m, 2H),
7.30 - 7.19 (m, 3H), 7.14 (td, J = 7.4, 1.2 Hz, 1H), 7.08 — 7.01 (m, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.37
(d, J=7.8 Hz, 1H), 5.05 (d, J = 7.8 Hz, 1H), 4.93 (d, J = 16.2 Hz, 1H), 4.86 (d, J = 16.2 Hz, 1H). *C
NMR (101 MHz, DMSO) § 176.65, 160.6 (d, J = 245.4 Hz), 142.93, 130.0 (d, J = 8.1 Hz), 129.6 (d, J
= 4.0 Hz), 129.5, 129.1, 125.2, 125.1 (d, J = 3.0 Hz), 123.4 (d, J = 15.2 Hz), 122.86, 115.9 (d, J = 21.2
Hz), 109.1, 69.2, 37.1 (d, J = 5.1 Hz). °F NMR (376 MHz, DMSO) § -117.8 HRMS (Q-TOF Premier)
calcd for CisH12FNNaO, (M+Na)*: 280.0744; found: 280.0751.

1-(2,6-Dichlorobenzyl)-3-hydroxyindolin-2-one

OH
(=
N
Cl
1e
Cl
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Light pink solid (1.04 g, 68% yield). m.p. = 150 — 152 °C. *H NMR (400 MHz, DMSO) & 7.52 — 7.44
(m, 2H), 7.38 (dd, J = 8.6, 7.6 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 7.00 (t, J =
7.4 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.35 (d, J = 6.6 Hz, 1H), 5.14 (d, J = 15.2 Hz, 1H), 5.00 (d, J =
15.2 Hz, 1H), 4.96 (d, J = 6.0 Hz, 1H). 3C NMR (101 MHz, DMSO) § 176.2, 142.9, 135.9, 131.0,
130.8, 1295, 129.4, 129.1, 1252, 122.7, 109.0, 68.8, 40.2. HRMS (Q-TOF Premier) calcd for
C1sH11:Cl,NNaO; (M+Na)*: 330.0059; found: 330.0057.

3-Hydroxy-1-(naphthalen-1-yImethyl)indolin-2-one

White solid (1.01 g, 70% yield). m.p. = 156 — 158 °C. *H NMR (500 MHz, DMSO) & 8.25 (d, J = 8.2
Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.60 (dt, J = 14.6, 7.0 Hz, 2H), 7.43 - 7.40
(m, 2H), 7.31 (d, J = 6.8 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 6.76 (d, J = 7.8 Hz,
1H), 6.46 (d, J = 7.6 Hz, 1H), 5.39 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.14 (d, J = 7.6 Hz,
1H). BC NMR (126 MHz, DMSO) § 176.9, 143.4, 133.9, 131.5, 131.1, 129.5, 129.2, 129.1, 128.3,
126.9, 126.5, 125.8, 125.1, 124.4, 123.7, 122.8, 109.7, 69.3, 41.3. HRMS (Q-TOF Premier) calcd for
Ci19H16NO, (M+H)*: 290.1181; found: 290.1178.

3-Hydroxy-1-(naphthalen-2-yImethyl)indolin-2-one

White solid (0.98 g, 68% yield). m.p. = 142 — 144 °C. *H NMR (400 MHz, DMSO) § 7.93 — 7.82 (m,
4H), 7.55 — 7.44 (m, 3H), 7.38 (d, J = 7.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.01 (td, J = 7.7, 0.8 Hz,
1H), 6.88 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 7.8 Hz, 1H), 5.10 (d, J = 7.8 Hz, 1H), 5.04 (d, J = 16.4 Hz,
1H), 5.00 (d, J = 16.4 Hz, 1H). ®C NMR (101 MHz, DMSO) § 176.8, 143.2, 134.4, 133.3, 132.8,
129.4, 129.2, 128.8, 128.1, 128.0, 126.8, 126.5, 126.3, 125.9, 125.1, 122.8, 109.5, 69.3, 43.2. HRMS
(Q-TOF Premier) calcd for C19H1sNNaO, (M+Na)*: 312.0995; found: 312.0996.

7-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one
OH

O
N

I
1h

1-naphthyl
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White solid (0.98 g, 64% yield). m.p. = 153 — 155 °C. *H NMR (400 MHz, DMSO) & 8.18 (d, J = 8.2
Hz, 1H), 8.03 — 7.97 (m, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.67 — 7.57 (m, 2H), 7.44 — 7.37 (m, 1H), 7.33
—7.28 (m, 1H), 7.16 (d, J = 6.8 Hz, 1H), 7.13 — 7.04 (m, 2H), 6.61 (d, J = 7.8 Hz, 1H), 5.47 (d, J =
17.4 Hz, 1H), 5.41 (d, J = 17.4 Hz, 1H), 5.26 (d, J = 7.6 Hz, 1H). 3C NMR (101 MHz, DMSO) & 176.7,
147.1 (d, J = 243.4 Hz), 133.7, 132.5, 132.4 (d, J = 3.0 Hz), 130.5, 129.7 (d, J = 8.1 Hz), 129.1, 127.9,
126.9, 126.5, 125.9, 124.0 (d, J = 7.1 Hz), 123.3, 122.1, 121.5 (d, J = 3.0 Hz), 117.4 (d, J = 19.3 Hz),
69.4 (d, J = 3.0 Hz), 42.7 (d, J = 5.1 Hz). F NMR (376 MHz, DMSO) & -136.4. HRMS (Q-TOF
Premier) calcd for C1gH14FNNaO; (M+Na)*: 330.0901; found: 330.0905.
7-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

OH

O
N

Cl —

1i

1-naphthyl

White solid (0.98 g, 65% yield). m.p. = 114 — 116 °C. *H NMR (400 MHz, DMSO) 6 8.17 (d, J = 8.4
Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.66 — 7.56 (m, 2H), 7.47 (dt,J =7.2, 1.2
Hz, 1H), 7.42 — 7.36 (m, 2H), 7.08 — 7.01 (m, 2H), 6.59 (d, J = 7.8 Hz, 1H), 5.70 (d, J = 17.8 Hz, 1H),
5.64 (d, J = 17.8 Hz, 1H), 5.24 (d, J = 7.8 Hz, 1H). *C NMR (101 MHz, DMSO) § 177.5, 140.5, 134.9,
133.8, 133.1, 133.0, 130.2, 129.1, 127.7, 127.0, 126.5, 125.9, 124.8, 124.7, 123.2, 121.9, 102.1, 68.9,
42.6. HRMS (Q-TOF Premier) calcd for C1oHisCINO, (M+H)*: 324.0786; found:324.0788.
7-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

OH

O
N

Br \\
1j

1-naphthyl

White solid (1.23 g, 67% yield). m.p. = 149 — 151 °C. 'H NMR (400 MHz, DMSO) 6 8.18 (d, J = 8.4
Hz, 1H), 7.99 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.67 — 7.56 (m, 2H), 7.44 (dt, J = 7.3, 1.0
Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.23 (d, J = 8.2 Hz, 1H), 7.16 — 7.05 (m, 2H), 6.60 (d, J = 7.8 Hz,
1H), 5.67 (d, J = 17.8 Hz, 1H), 5.62 (d, J = 17.8 Hz, 1H), 5.25 (d, J = 7.8 Hz, 1H). 3C NMR (101 MHz,
DMSO0) & 177.3, 139.1, 133.7, 133.2, 132.6, 131.5, 130.2, 129.1, 127.7, 126.9, 126.5, 125.9, 124.4,
124.3, 123.2, 121.8, 114.7, 68.9, 42.7. HRMS (Q-TOF Premier) calcd for CigHisBrNO, (M+H)*:
368.0281; found: 368.0285.

3-Hydroxy-7-methyl-1-(naphthalen-1-ylmethyl)indolin-2-one
OH

O
N

(.
k

1-naphthyl

White solid (1.06 g, 70% yield). m.p. = 120 — 122 °C. *H NMR (400 MHz, DMSO) & 8.19 (d, J = 8.2
Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.46 — 7.36 (m, 1H),
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7.36 — 7.26 (m, 1H), 7.10 (d, J = 6.8 Hz, 1H), 7.06 — 6.92 (m, 2H), 6.45 (d, J = 7.6 Hz, 1H), 5.56 (d, J
= 18.8 Hz, 1H), 5.51 (d, J = 18.8 Hz, 1H), 5.15 (d, J = 7.6 Hz, 1H), 1.99 (s, 3H). *C NMR (101 MHz,
DMSO) 3 177.7, 141.1, 133.8, 133.4, 133.1, 130.1, 130.0, 129.2, 127.9, 127.1, 126.1, 126.0, 123.2,
123.2, 122.4, 122.4, 119.9, 68.9, 42.6, 17.8. HRMS (Q-TOF Premier) calcd for C2H1sNO, (M+H)*:
304.1332; found: 304.1337.

6-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

o
F N

\\

1-naphthyl

11
White solid (1.00 g, 65% yield). m.p. = 166 — 168 °C. 'H NMR (400 MHz, DMSO) & 8.22 (d, J = 7.8
Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.65 — 7.56 (m, 2H), 7.46 — 7.39 (m, 2H),
7.31 (d, J = 6.8 Hz, 1H), 6.83 (t, J = 8.8 Hz, 1H), 6.74 (d, J = 9.4 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H),
5.40 (d, J = 16.6 Hz, 1H), 5.31 (d, J = 16.6 Hz, 1H), 5.12 (d, J = 7.2 Hz, 1H). *C NMR (101 MHz,
DMSO) & 177.2, 163.2 (d, J = 243.4 Hz), 145.3 (d, J = 12.1 Hz), 133.9, 131.3, 131.0, 129.1, 128.4,
126.9, 126.7, 126.6, 125.8, 125.1 (d, J = 3.0 Hz), 124.3, 123.8, 108.7 (d, J =22.2 Hz), 98.4 (d, J = 18.2
Hz), 68.8, 41.5. F NMR (471 MHz, DMSO) & -111.5. HRMS (Q-TOF Premier) calcd for
Ci9H14FNNaO, (M+Na)*: 330.0901; found: 330.0903.
6-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

jons
Cl N

(.

1m 1-naphthyl

White solid (1.08 g, 67% vyield). m.p. = 106 — 108 °C. *H NMR (400 MHz, DMSO) & 8.22 (d, J = 8.0
Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.68 — 7.56 (m, 2H), 7.46 — 7.40 (m, 2H),
7.28 (d, J = 6.8 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 6.54 (d, J = 7.6 Hz, 1H), 5.42 (d, J =
16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H), 5.16 (d, J = 7.4 Hz, 1H). 3C NMR (101 MHz, DMSO) § 176.9,
145.0, 133.9, 133.9, 131.2, 131.0, 129.1, 128.4, 128.1, 126.9, 126.6, 126.6, 125.8, 124.0, 123.8, 122.5,
110.0, 68.9, 41.4. HRMS (Q-TOF Premier) calcd for CigHisCINO, (M+H)*: 324.0786; found:
324.0781.

6-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

mo
Br N

1n\\

White solid (1.25 g, 68% yield). m.p. = 160 — 162 °C. *H NMR (400 MHz, DMSO) & 8.21 (d, J = 8.2

Hz, 1H), 7.9 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.68 — 7.54 (m, 2H), 7.44 (t, J = 8.0 Hz,

1H), 7.36 (d, J = 7.8 Hz, 1H), 7.32 — 7.17 (m, 2H), 7.05 (d, J = 1.6 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H),

5.42 (d, J = 16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H), 5.14 (d, J = 7.6 Hz, 1H). *C NMR (101 MHz,

DMSO) § 176.8, 145.1, 133.8, 131.2, 131.0, 129.1, 128.6, 128.3, 126. 9, 126.6, 125.8, 125.4, 123.9,
S12
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123.9, 123.8, 122.1, 112.7, 68.9, 41.3. HRMS (Q-TOF Premier) calcd for C19H1sBrNO, (M+H)*:
368.0281; found: 368.0287.
3-Hydroxy-6-methyl-1-(naphthalen-1-ylmethyl)indolin-2-one

OH

Jone
N
10 \_
White solid (1.06 g, 70% yield). m.p. = 125 — 127 °C. 'H NMR (400 MHz, DMSO) & 8.23 (d, J = 8.2
Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.65 — 7.57 (m, 2H), 7.42 (t, J = 7.6 Hz,
1H), 7.28 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 7.0 Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.62 (s, 1H), 6.36 (d, J
= 7.4 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.27 (d, J = 16.8 Hz, 1H), 5.08 (d, J = 7.4 Hz, 1H), 2.18 (s,
3H). ¥C NMR (101 MHz, DMSO) § 177.2, 143.6, 139.2, 133.8, 131.5, 131.0, 129.1, 128.2, 126.9,
126.5, 126.3, 125.8, 125.0, 123.9, 123.7, 123.3, 110.3, 69.2, 41.2, 21.8. HRMS (Q-TOF Premier) calcd
for C20H1sNO2 (M+H)*: 304.1332; found: 304.1335.
3-Hydroxy-6-methoxy-1-(naphthalen-1-ylmethyl)indolin-2-one

jons
MeO N

1p\\

White solid (1.15 g, 72% yield). m.p. = 136 — 138 °C. *H NMR (500 MHz, DMSO) & 8.23 (d, J = 8.2
Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.63 — 7.56 (m, 2H), 7.44 (t, J = 7.6 Hz,
1H), 7.32 (d, J = 7.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H),6.57 (dd, J = 8.2, 1.8 Hz, 1H), 6.40 (d, J = 1.8
Hz, 1H), 6.32 (d, J = 7.4 Hz, 1H), 5.37 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.03 (d, J = 7.4
Hz, 1H), 3.63 (s, 3H). *C NMR (126 MHz, DMSO) & 177.3, 160.8, 144.9, 133.8, 131.7, 131.1, 129.1,
128.3, 126.9, 126.5, 126.0, 125.8, 124.5, 123.8, 121.0, 106.8, 97.5, 68.9, 55.8, 41.3. HRMS (Q-TOF
Premier) calcd for CoH17NNaOs (M+Na)*: 342.1101; found: 342.1102.
5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

F
T
N
1q .

White solid (1.03 g, 67% vield). m.p. = 162 — 164 °C. *H NMR (400 MHz, DMSO) & 8.24 (d, J = 7.8
Hz, 1H), 7.98 (d, J = 7.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.72 — 7.53 (m, 2H), 7.43 (t, J = 7.2 Hz,
1H), 7.29 (dd, J = 12.8, 7.2 Hz, 2H), 7.02 (t, J = 7.8 Hz, 1H), 6.76 (d, J = 4.2 Hz, 1H), 6.57 (d, J = 7.2
Hz, 1H), 5.40 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.17 (d, J = 6.8 Hz, 1H). 3C NMR (101
MHz, DMSO) & 176.7, 159.0 (d, J = 239.4 Hz), 139.6, 133.9, 131.3, 131.2 (d, J = 8.1 Hz), 131.0, 129.1,
128.4, 126.9, 126.5, 125.8, 124.4, 123.7, 115.5 (d, J = 23.2 Hz), 113.0 (d, J = 24.2 Hz), 110.6 (d, J =
8.1 Hz), 69.5, 41.4. F NMR (376 MHz, DMSO) & -121.0. HRMS (Q-TOF Premier) calcd for
CigH14FNNaO, (M+Na)*: 330.0901; found: 330.0903.
4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

1-naphthyl

1-naphthyl

1-naphthyl
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O
N
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White solid (1.04 g, 68% vield). m.p. = 164 — 166 °C. *H NMR (400 MHz, DMSO) § 8.23 (d, J = 8.2
Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.69 — 7.55 (m, 2H), 7.43 (t, J = 7.6 Hz,
1H), 7.30 (d, J = 7.0 Hz, 1H), 7.23 (dd, J = 13.8, 8.0 Hz, 1H), 6.84 (t, J = 8.8 Hz, 1H), 6.63 (d, J = 7.8
Hz, 1H), 6.58 (d, J = 8.2 Hz, 1H), 5.41 — 5.26 (m, 3H). *C NMR (101 MHz, DMSO) § 176.19, 159.5
(d, J = 248.5 Hz), 145.8 (d, J = 9.1 Hz), 133.8, 131.8 (d, J = 8.1 Hz), 131.2, 131.0, 129.1, 128.3, 126.9,
126.5, 125.8, 124.2, 123.7, 114.7 (d, J = 21.2 Hz), 110.4 (d, J = 20.2 Hz), 106.3 (d, J = 3.0 Hz), 67.7,
41.7. F NMR (376 MHz, DMSO) 3 -118.4. HRMS (Q-TOF Premier) calcd for CioHisFNNaO,
(M+Na)*: 330.0901; found: 330.0900.

1-naphthyl

S14



3. General Procedure for Stereoselective a-Allylation of

3-Hydroxyoxindoles

A flame dried Schlenk tube was cooled to rt and filled with N,. To this flask were added
[Ir(COD)CI]: (3.4 mg, 0.005 mmol, 2 mol%), phosphoramidite ligand L1 (5.4 mg, 0.010 mmol, 4
mol%), THF (0.5 mL) and n-propylamine (0.5 mL). The reaction mixture was heated at 50 °C for 30
min and then the volatile solvents were removed under vacuum to give a pale yellow solid.
3-Hydroxyoxindoles (0.25 mmol), allylic acetate (0.30 mmol), 4A MS (100 mg), TEA (1 equiv) and
THF (1.5 mL) were then added. The reaction mixture was stirred at rt for 24 h. The crude reaction
mixture was concentrated by rotary evaporation. The residue was then purified by SiO, column
chromatography (petroleum ether/ethyl acetate = 3:1) to give the desired product including both of the
diastereoisomers and the overall yield was obtained. The dr value was determined by *H NMR analysis
of the diastereocisomers. Then the diastereocisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5:1) to give the major diastereomer and the minor
diastereomer respectively. The NMR was determined with both of them. The ee value was determined
by HPLC using a Daicel chiral column. The analytical data of the products were summarized below.

Table S1. Optimization of the Reaction Conditions?

Ph
OH HO _

2 mol % [Ir(cod)Cl],
% L1
0 4+ prN\uppe —Amol% L1 TEA o
N THF,4AMS, rt, 12h N

1a\ 2c 3

entry solvent yield (%)® dr® ee (%)°

1 toluene 16 2:1 91
2 MeOH 31 2:1 94
3 DCM 37 31 94
4 EA 42 31 95
5 NMP 34 2:1 95
6 MeCN trace ND ND
7 DMF 55 31 95
8 1,4-dioxane 28 31 95
9 THF 60 31 95
10° THF 23 31 95

@Reaction conditions: 1a (0.25 mmol, 1.0 equiv), 2c (0.30 mmol, 1.2 equiv), [Ir(cod)Cl]2 (2 mol %), L1 (4 mol %),
1 equiv TEA, 100mg 4A MS, THF (2 ml), 25 °C, 12 h. POverall yield of the diastereoisomers. ND = not
determined. °Ratio of dr determined by 'H NMR integration. “Determined by HPLC analysis using an IC-3 column.
®None of 4A MS.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (63.5 mg, 91% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO» column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:

(R)-3-Hydroxy-1-methyl-3-((R)-1-phenylallyl)indolin-2-one (3)

Light yellow solid (47.4 mg, 68% yield). m.p. = 57 — 59 °C. 95% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 13.540 min (major), tre = 17.908 min (minor)].
[a]p?° = -40.8 (c 1.0, CHCIs). *H NMR (400 MHz, CDCls) § 7.44 (dd, 7.6, 0.8 Hz, 1H), 7.30 (td, J =
7.8, 1.2 Hz, 1H), 7.14 — 7.03 (m, 4H), 6.78 (dd, 8.0, 1.0 Hz, 2H), 6.58 (d, J = 7.8 Hz, 1H), 6.47 (ddd, J
=17.0, 10.2, 8.4 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.28 (dt, J = 17.0, 1.2 Hz, 1H), 3.88 (d, J = 8.4 Hz,
1H), 2.93 (br, 1H), 2.78 (s, 3H). *C NMR (101 MHz, CDCls) 5176.8, 143.8, 136.5, 134.3, 129.9, 128.8,
128.0, 127.7, 127.2, 124.7, 122.6, 120.1, 108.1, 78.8, 58.2, 25.7. HRMS (Q-TOF Premier) calcd for
Ci1sH17NNaO; (M+Na)*: 302.1151; found: 302.1156.

Minor diastereomer:

(S)-3-Hydroxy-1-methyl-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (15.3 mg, 22% yield). m.p. = 88 — 90 °C. 89% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr1 = 15.139 min (minor), tr, =20.718 min (major)].
[a]o®=-11.8 (c 1.0, CHCIs). *H NMR (400 MHz, CDCl3) & 7.21 (d, J = 7.4 Hz, 2H), 7.14 — 7.11 (m,
3H), 7.10 — 6.98 (m, 3H), 6.56 (d, J = 7.6 Hz, 1H), 6.38 (dt, J = 16.8, 10.2 Hz, 1H), 5.40 (dd, J = 16.8,
1.4 Hz, 1H), 5.35 (dd, J = 10.2, 1.4 Hz, 1H), 3.83 (d, J = 10.2 Hz, 1H), 2.98 (s, 3H). *C NMR (101
MHz, CDCls) 6 176.9, 143.5, 136.9, 133.9, 129.7, 128.8, 128.3, 127.8, 127.1, 124.3, 122.6, 120.7,
108.0, 78.2, 58.8, 25.8. HRMS (Q-TOF Premier) calcd for C1sHi7NNaO, (M+Na)*: 302.1151; found:
302.1159.

Purification by flash column chromatography (petroleum ether/ethyl acetate = 1/1) afforded the product
including both of the diastereoisomers (62.3 mg, 94% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 3/1) to give the major diastereomer and the minor
diastereomer respectively.

We achieved the acetylation of the hydroxyl group of 4.# Then the reaction product was compared with
11 to identify the absolute configuration.
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Major diastereomer:

(S)-3-Hydroxy-3-((R)-1-phenylallyl)indolin-2-one

White solid (40.4 mg, 61% yield). m.p. = 146 — 148 °C. 98% ee, HPLC [DAICEL CHIRALPAK IE,
hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tr; = 16.977 min (minor), tr; = 18.374 min (major)]. [a]p?°
=-37.2 (c 1.0, CHCls). *H NMR (400 MHz, CDCls) & 8.09 (s, 1H), 7.20 — 7.04 (m, 7H), 6.99 (td, J =
7.6, 0.8 Hz, 1H), 6.67 (d, J = 7.8 Hz, 1H), 6.30 (dt, J = 16.8, 10.2 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H),
5.31 (dd, J=10.2, 1.6 Hz, 1H), 3.87 (d, J = 10.2 Hz, 1H), 3.43 (s, 1H). *C NMR (101 MHz, CDCls) §
179.4, 140.6, 137.0, 133.8, 129.7, 129.1, 128.8, 128.0, 127.2, 125.1, 122.6, 120.7, 110.0, 78.4, 58.1.
HRMS (Q-TOF Premier) calcd for C17H1sNNaO; (M+Na)*: 288.0905; found: 288.0908.

Minor diastereomer:

(R)-3-Hydroxy-3-((R)-1-phenylallyl)indolin-2-one

White solid (20.1 mg, 30% yield). m.p. = 162 — 164 °C. 97% ee, HPLC [DAICEL CHIRALPAK IE,
hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tr; = 16.307 min (major), trz = 18.392 min (minor)]. [o]p%°
=-63.0 (c 1.0, CHCI3). 'H NMR (400 MHz, DMSO) § 9.02 (s, 1H), 6.46 (d, J = 7.2 Hz, 1H), 6.34 (td, J
= 7.8, 1.2 Hz, 1H), 6.20 (ddd, J = 15.8, 7.8, 3.6 Hz, 3H), 6.12 (td, J = 7.4, 0.8 Hz, 1H), 5.84 — 5.80 (m,
2H), 5.73 (d, J = 7.8 Hz, 1H), 5.66 (ddd, J = 17.4, 10.4, 7.2 Hz, 1H), 5.29 (s, 1H), 4.41 —4.34 (dt, J =
10.4, 1.6 Hz, 1H), 4.17 — 4.08 (dt, J = 17.4, 1.6 Hz, 1H), 2.94 (d, J = 7.2 Hz, 1H). **C NMR (101 MHz,
DMSO) & 178.7, 142.7, 138.1, 136.8, 130.2, 129.7, 129.5, 128.0, 127.2, 125.7, 121.6, 118.4, 109.7,
78.4, 56.8. HRMS (Q-TOF Premier) calcd for C17H1sNNaO, (M+Na)*: 288.0905; found: 288.0904.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (79.9 mg, 90% overall yield). H NMR analysis of the
diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:

(R)-1-Benzyl-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (62.9 mg, 71% vyield). m.p. = 70 — 72 °C. 98% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 12.152 min (major), tro = 14.811 min (minor)].
[a]p?°=-33.2 (c 1.0, CHCI3). *H NMR (400 MHz, CDCls) & 7.55 (dd, J = 7.2, 0.8 Hz, 1H), 7.25 — 7.05
(m, 8H), 6.83 (d, J = 7.2 Hz, 2H), 6.55 (ddd, J = 17.2, 10.2, 8.2 Hz, 1H), 6.48 (d, J = 7.2 Hz, 2H), 6.40
(d, J=7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.31 (d, J = 17.2 Hz, 1H), 4.94 (d, J = 16.0 Hz, 1H), 4.26
(d, J = 16.0 Hz, 1H), 4.05 (d, J = 8.2 Hz, 1H), 3.16 (s, 1H). *C NMR (101 MHz, CDCl) & 177.1,
143.3, 136.6, 134.9, 134.8, 129.9, 129.3, 128.6, 128.3, 128.1, 127.4, 127.2, 126.5, 125.0, 122.8, 120.0,
109.6, 78.4, 57.9, 43.8. HRMS (Q-TOF Premier) calcd for C24H22NO, (M+H)*: 356.1645; found:
356.1638.

Minor diastereomer:

(S)-1-Benzyl-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (14.8 mg, 17% vyield). m.p. = 65 — 67 °C. 85% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr1 = 9.945 min (major), trz = 12.020 min (minor)].
[a]o® = -50.2 (¢ 1.0, CHCIs). *H NMR (400 MHz, CDCl3) & 7.28 — 7.20 (m, 5H), 7.16 — 7.10 (m, 3H),
7.10 — 7.05 (m, 2H), 7.04 — 6.99 (m, 1H), 6.99 — 6.94 (m, 2H),, 6.50 (dt, J = 17.0, 10.2 Hz, 1H), 6.44 (d,
J=7.8Hz, 1H), 5.45 (dd, J = 17.0, 1.6 Hz, 1H), 5.38 (dd, J = 10.2, 1.6 Hz, 1H), 4.89 (d, J = 15.8 Hz,
1H), 4.54 (d, J = 15.8 Hz, 1H), 3.94 (d, J = 10.2 Hz, 1H) , 3.20 (s, 1H). *C NMR (101 MHz, CDCls) §
177.1, 143.1, 137.0, 135.1, 134.0, 129.7, 129.1, 128.6, 128.4, 128.1, 127.4, 127.1, 127.1, 124.5, 122.7,
121.1, 109.3, 77.9, 58.3, 43.8. HRMS (Q-TOF Premier) calcd for C24H2NO, (M+H)*: 356.1645;
found: 356.1642.

Ph
=

O

HO

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (79.3 mg, 85% overall yield). *H NMR analysis of the
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diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:

(R)-1-(2-Fluorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (62.8 mg, 67% yield). m.p. = 50 — 52 °C. 97% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; try = 11.111 min (major), tre = 13.527 min (minor)].
[a]o® = -41.7 (c 1.0, CHCIs3). *H NMR (500 MHz, CDCl3) § 7.54 (d, J = 7.2 Hz, 1H), 7.23 (t, J = 7.8Hz,
1H), 7.18 (t, J = 7.4 Hz, 1H), 7.14 — 7.11 (m, 2H), 7.07 (t, J = 7.8 Hz, 2H), 6.97 (t, J = 10.0 Hz, 1H),
6.82 (d, J = 7.6 Hz, 2H), 6.75 (t, J = 7.4 Hz, 1H), 6.54 (ddd, J = 17.0, 10.2, 8.2 Hz, 1H), 6.49 (d, J =
8.0 Hz, 1H), 5.92 (t, J = 7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 4.85(d, J =
16.4 Hz, 1H), 4.45 (d, J = 16.4 Hz, 1H), 4.01 (d, J = 8.2 Hz, 1H), 2.97 (s, 1H). **C NMR (126 MHz,
CDCl3) 6 177.2, 160.2 (d, J = 245.7 Hz), 143.0, 136.5, 134.7, 130.1, 129.3, 128.9 (d, J = 8.8 Hz), 128.4
(d, J=3.8 Hz), 128.3, 128.1, 127.4, 125.1, 124.5 (d, J = 2.5 Hz), 123.0, 121.9 (d, J = 13.9 Hz), 120.1,
115.0 (d, J = 21.4 Hz), 109.2, 78.4, 57.9, 37.1 (d, J = 6.3 Hz). °F NMR (471 MHz, CDCl3) 6 -119.0.
HRMS (Q-TOF Premier) calcd for C2sH21FNO2 (M+H)*: 374.1551; found: 374.1546.

Minor diastereomer:

(S)-1-(2-Fluorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (15.1 mg, 16% yield). m.p. = 47 — 49 °C. 89% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr1 = 8.250 min (major), trz = 10.417 min (minor)].
[a]o®=-14.1 (c 1.0, CHCIs). *H NMR (500 MHz, CDCls) & 7.28 (s, 1H), 7.23 — 7.19 (m, 1H), 7.16 —
7.09 (m, 4H), 7.06 — 7.01 (m, 4H), 6.93 (t, J = 7.4 Hz, 1H), 6.73 (t, J = 7.2 Hz, 1H), 6.56 — 6.44 (m,
2H), 5.45 (dd, J = 16.8, 1.2 Hz, 1H), 5.38 (dd, J = 10.2, 1.6 Hz, 1H), 4.88 (d, J = 16.2 Hz, 1H), 4.65 (d,
J =16.2 Hz, 1H), 3.92 (d, J = 10.2 Hz, 1H), 3.18 (s, 1H). *C NMR (126 MHz, CDCls) § 177.3, 160.4
(d, J=247.0 Hz), 142.8, 136.9, 133.9, 129.9, 129.3 (d, J = 3.8 Hz), 129.2 (d, J = 8.8 Hz), 129.0, 128.4,
128.1, 127.1, 124.4, 124.3 (d, J = 3.8 Hz), 122.9, 122.2 (d, J = 15.1 Hz), 121.2, 115.2 (d, J = 21.4 Hz),
109.0, 77.8, 58.4, 37.2 (d, J = 5.0 Hz). F NMR (471 MHz, CDCls) § -118.3. HRMS (Q-TOF Premier)
calcd for C2aH21FNO, (M+H)*: 374.1551; found: 374.1553.

Cl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (93.1 mg, 88% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:

(R)-1-(2,6-Dichlorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one (7)
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Light yellow solid (78.8 mg, 75% yield). m.p. = 55 — 57 °C. >99% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; try = 16.228 min (major), tre = 21.879 min (minor)].
[]o®=-1.1 (c 1.0, CHCI3). *H NMR (400 MHz, CDCls) § 7.30 — 7.25 (m, 3H), 7.22 — 7.06 (m, 5H),
7.00 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 7.2 Hz, 2H), 6.54 (d, J = 8.0 Hz, 1H), 6.48 (ddd, J = 17.0, 10.2,
8.2 Hz, 1H), 5.31 (d, J = 10.2 Hz, 1H), 5.16 (d, J = 17.0 Hz, 1H), 4.93 (d, J = 15.0 Hz, 1H), 4.77 (d, J =
15.0 Hz, 1H), 3.85 (d, J = 8.2 Hz, 1H), 2.81 (s, 1H). *C NMR (101 MHz, CDCls) 6 176.4, 142.9, 136.8,
136.4, 134.6, 130.1, 129.7, 129.7, 129.4, 128.7, 128.5, 128.0, 127.4, 125.0, 122.4, 119.7, 109.3, 77.8,
57.9, 40.2. HRMS (Q-TOF Premier) calcd for C24H19Cl,NNaO; (M+Na)*: 446.0685; found: 446.0695.

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (94.2 mg, 93% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8)

Light yellow solid (80.2 mg, 79% yield). m.p. = 66 — 68 °C. 99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 14.585 min (major), trz = 26.536 min
(minor)]. [a]o?®=-100.2 (c 1.0, CHCI3). *H NMR (500 MHz, CDCls) § 7.87 (d, J = 8.0 Hz, 1H), 7.82
(d, J =8.0 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.61 — 7.55 (m, 1H), 7.53 — 7.44 (m, 2H), 7.25 (dd, J =
15.4, 8.0 Hz, 1H), 7.16 — 7.06 (m, 4H), 6.99 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.6 Hz, 2H), 6.67 — 6.56
(ddd, J = 16.8, 10.2, 8.0 Hz, 1H), 6.31 (d, J = 6.8 Hz, 1H), 5.70 (d, J = 7.0 Hz, 1H), 5.42 (d, J = 10.2
Hz, 1H), 5.35 (d, J = 4.8 Hz, 1H), 5.32 (d, J = 4.8 Hz, 1H), 4.77 (d, J = 16.8 Hz, 1H), 4.13 (d, J = 8.0
Hz, 1H), 3.68 (s, 1H). *C NMR (126 MHz, CDCls)  177.8, 143.6, 136.8, 134.9, 133.6, 130.5, 130.0,
129.6, 129.4, 128.9, 128.4, 128.4, 127.6, 127.5, 126.4, 125.8, 125.7, 125.1, 123.0, 122.8, 122.4, 120.0,
109.8, 78.8, 57.8, 41.7. HRMS (Q-TOF Premier) calcd for CsH24NO, (M+H)*: 406.1802; found:
406.1791.

Minor diastereomer:
(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one

Light yellow solid (12.5 mg, 12% yield). m.p. = 73 — 75 °C. 86% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 17.861 min (major), trz = 20.847 min
(minor)]. [a]p? = -32.0 (c 1.0, CHCls). *H NMR (500 MHz, CDCl3)  8.03 (d, J = 8.2 Hz, 1H), 7.87 (d,
J=8.0Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.8, 7.0 Hz, 2H), 7.35 (d, J = 6.8 Hz, 1H), 7.23
—7.03 (m, 8H), 6.61 (dt, J = 17.0, 10.2 Hz, 1H), 6.45 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.4 Hz, 1H), 5.49
(d, J = 17.0 Hz, 1H), 5.42 (d, J = 16.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 4.99 (d, J = 16.6 Hz, 1H),
3.98 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H). **C NMR (126 MHz, CDCls) & 177.4, 143.4, 137.0, 134.0,
133.7, 130.7, 129.8, 129.7, 129.2, 128.9, 128.6, 128.2, 127.9, 127.2, 126.5, 125.9, 125.4, 124.4, 123.8,
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122.9, 122.7, 121.4, 109.7, 78.0, 58.4, 41.9. HRMS (Q-TOF Premier) calcd for CzsH2aNO, (M+H)*:
406.1802; found: 406.1790.

Ph
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (90.1 mg, 89% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 5:1. Then the diastereocisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-3-Hydroxy-1-(naphthalen-2-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (9)

Light yellow solid (74.6 mg, 74% yield). m.p. =47 — 49 °C. 98% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 14.126 min (major), tre = 17.798 min (minor)].
[a]p?®=-42.1 (c 1.0, CHCI3). *H NMR (500 MHz, CDCls) 6 7.80 — 7.74 (m, 1H), 7.74 — 7.68 (m, 1H),
7.56 (d, J = 8.6 Hz, 1H), 7.53 (d, J = 7.4 Hz, 1H), 7.44 (p, J = 7.0 Hz, 2H), 7.38 (s, 1H), 7.21 (t, J=7.4
Hz, 1H), 7.16 — 7.06 (m, 4H), 6.86 (d, J = 7.4 Hz, 2H), 6.54 (ddd, J = 17.0, 10.2, 8.2 Hz, 1H), 6.50 (d,
J=8.2 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 5.02 (d,
J =15.8 Hz, 1H), 4.48 (d, J = 15.8 Hz, 1H), 4.04 (d, J = 8.2 Hz, 1H), 2.93 (s, 1H). *C NMR (126 MHz,
CDCls) 6 177.1, 143.4, 136.6, 134.8, 133.1, 132.7, 132.6, 129.9, 129.2, 128.6, 128.2, 128.1, 127.7,
127.6, 127.5, 126.1, 125.9, 125.7, 125.0, 124.6, 122.8, 120.0, 109.7, 78.4, 58.0, 44.2. HRMS (Q-TOF
Premier) calcd for CasH24NO, (M+H)*: 406.1802; found: 406.1793.

1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereocisomers (97.3 mg, 92% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.
Major diastereomer:
(R)-7-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8hc)
Light yellow solid (82.7 mg, 78% yield). m.p. = 117 — 119 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 11.899 min (major), trz = 22.925 min
(minor)]. [a]o®=-110.8 (c 1.0, CHCIl3). *H NMR (400 MHz, CDCls)  7.85 — 7.78 (m, 2H), 7.62 (d, J
= 8.2 Hz, 1H), 7.50 — 7.40 (m, 3H), 7.29 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.8 Hz, 2H), 7.09 — 7.02 (m,
1H), 7.02 — 6.98 (m, 1H), 6.94 — 6.85 (m, 3H), 6.59 (ddd, J = 17.2, 10.2, 7.8 Hz, 1H), 5.75 (d, J = 6.8
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Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.31 (d, J = 17.2 Hz, 1H), 5.06 (d, J =
16.8 Hz, 1H), 4.13 (d, J = 7.8 Hz, 1H), 3.88 (5, 1H). °F NMR (376 MHz, CDCls) § -134.5. HRMS
(Q-TOF Premier) calcd for CosHasFNO, (M+H)*: 424.1707; found: 424.1694.

Cl —

8ic

1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (98.8 mg, 90% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 11:1. Then the diastereoisomers were further separated by SiO;
column chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-7-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8ic)

Light yellow solid (89.5 mg, 82% yield). m.p. = 83 — 85 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 13.442 min (major), trz = 24.457 min
(minor)]. [a]o® = -66.1 (c 1.0, CHCI3). *H NMR (500 MHz, CDCl3) § 7.86 — 7.79 (m, 2H), 7.63 (d, J =
8.2 Hz, 1H), 7.58 (dd, J = 7.4, 0.8 Hz, 1H), 7.52 — 7.44 (m, 2H), 7.38 — 7.32 (m, 2H), 7.22 (d, J = 18.0
Hz, 1H), 7.20 (d, J = 15.4 Hz, 1H), 7.07 — 6.95 (m, 2H), 6.89 (d, J = 7.4 Hz, 2H), 6.56 (ddd, J = 17.2,
10.4, 7.8 Hz, 1H), 5.66 (d, J = 7.0 Hz, 1H), 5.49 (d, J = 17.2 Hz, 1H), 5.43 (d, J = 10.4 Hz, 1H), 5.42 (d,
J =17.0 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.45 (s, 1H). *C NMR (126 MHz,
CDCls) 6 178.1, 141.1, 136.2, 135.9, 134.5, 133.5, 132.0, 131.6, 129.9, 129.6, 128.8, 128.6, 127.8,
127.0, 126.1, 125.8, 125.7, 124.3, 124.2, 122.2, 121.5, 120.4, 103.0, 77.8, 57.9, 43.2. HRMS (Q-TOF
Premier) calcd for CasH2,CINNaO, (M+Na)*: 462.1231; found: 462.1239.

(.

Br 1-naphthyl

8jc
Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (100.2 mg, 83% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.
Major diastereomer:
(R)-7-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8jc)
Light yellow solid (88.3 mg, 73% yield). m.p. = 82 — 84 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 12.850 min (major), trz = 23.343 min
(minor)]. [a]o®=-69.8 (c 1.0, CHCls3). *H NMR (500 MHz, CDCls3) § 7.82 (d, J = 8.4 Hz, 2H), 7.63 (d,
J=8.2Hz, 1H), 7.54 (d, J = 7.4 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.25 — 7.17 (m,
3H), 7.08 (t, J = 7.8 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 6.57 (ddd, J = 17.0,
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10.2, 7.8 Hz 1H), 5.67 (d, J = 7.2 Hz, 1H), 5.50 (d, J = 17.0 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.38 (d,
J=17.0 Hz, 1H), 5.31 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.46 (s, 1H). *C NMR (126 MHz,
CDCl3) 8 177.9, 139.7, 136.2, 134.5, 133.5, 132.5, 131.9, 131.3, 129.9, 129.5, 128.8, 128.6, 127.8,
127.0, 126.1, 125.8, 125.7, 123.8, 123.8, 122.2, 121.3, 120.4, 116.1, 77.9, 57.9, 43.3. HRMS (Q-TOF
Premier) calcd for CsH23sBrNO, (M+H)*: 484.0907; found: 484.0905.

1-naphthyl

8kc

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (97.4 mg, 93% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-3-Hydroxy-7-methyl-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8kc)

Light yellow solid (86.0 mg, 82% yield). m.p. = 88 — 90 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 15.456 min (major), trz = 32.521 min
(minor)]. [a]o® = -74.8 (c 1.0, CHCls). *H NMR (500 MHz, CDCl3) 8 7.81 (d, J = 7.8 Hz, 1H), 7.78 (d,
J=7.8Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.52 — 7.44 (m, 3H), 7.31 (t, J=7.4 Hz, 1H), 7.17 (t, J = 7.6
Hz, 2H), 7.05 (t, J = 7.6 Hz, 1H), 7.01 — 6.94 (m, 2H), 6.88 (d, J = 7.6 Hz, 2H), 6.61 (ddd, J = 17.2,
10.2, 7.8 Hz, 1H), 5.62 (d, J = 7.0 Hz, 1H), 5.45 (d, J = 17.4 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d,
J =17.2 Hz, 1H), 5.05 (d, J = 17.4 Hz, 1H), 4.12 (d, J = 7.8 Hz, 1H), 3.61 (s, 1H), 1.82 (s, 3H). *C
NMR (126 MHz, CDCls) 6 178.5, 141.6, 136.9, 135.1, 134.0, 133.5, 131.9, 129.8, 129.7, 129.2, 128.9,
128.4,127.5,127.3, 126.3, 126.0, 125.8, 123.2, 123.0, 122.0, 121.7, 120.4, 119.9, 77.8, 57.9, 43.4, 17.8.
HRMS (Q-TOF Premier) calcd for Ca9H2sNNaO, (M+Na)*: 442.1778; found: 442.1788.

\\1 -naphthyl

8lc
Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (100.5 mg, 95% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.
Major diastereomer:
(R)-6-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8Ic)
Light yellow solid (82.1 mg, 78% vyield). m.p. = 63 — 65 °C. 97% ee, HPLC [Enantiocol OX-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tg; = 12.786 min (major), tr; = 20.261 min (minor)].
[0]o® = -73.4 (c 1.0, CHCls). *H NMR (500 MHz, CDCls) & 7.83 (t, J = 6.6 Hz, 2H), 7.66 (d, J = 8.2
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Hz, 1H), 7.54 —7.46 (m, 3H), 7.28 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.6 Hz, 2H), 7.01 (t, J = 7.8 Hz, 1H),
6.90 (d, J= 7.8 Hz, 2H), 6.81 — 6.75 (m, 1H), 6.58 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.07 (dd, J = 8.8,
1.8 Hz, 1H), 5.71 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.32 (d, J = 17.0 Hz, 1H),5.31 (d, J =
16.8 Hz, 1H), 4.74 (d, J = 16.8 Hz, 1H), 4.11 (d, J = 7.8 Hz, 1H), 3.76 (s, 1H). *3C NMR (126 MHz,
CDCls) 6 178.1, 163.94 (d, J = 248.2 Hz), 145.3 (d, J = 11.3 Hz), 136.5, 134.6, 133.6, 130.4, 129.5,
128.9, 128.8, 128.5, 127.8, 127.6, 126.5, 126.4 (d, J = 8.8 Hz), 125.9, 125.6, 123.9 (d, J = 3.8 Hz),
122.8,122.3,120.3, 109.2 (d, J = 21.4 Hz), 98.6 (d, J = 27.7 Hz), 78.4, 57.6, 41.9. *°F NMR (471 MHz,
CDCl3) 6 -109.1. HRMS (Q-TOF Premier) calcd for CasH22FNNaO, (M+Na)*: 446.1527; found:
446.1530.

N
Cl \

1-naphthyl
8mc naphiny

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (96.6 mg, 88% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-6-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8mc)
Light yellow solid (79.5 mg, 72% yield). m.p. = 72 — 74 °C. 94% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 12.462 min (major), trz = 17.839 min
(minor)]. [a]o®=-96.3 (¢ 1.0, CHCI3). *H NMR (500 MHz, CDCls) 6 7.88 — 7.82 (m, 2H), 7.67 (d, J =
8.2 Hz, 1H), 7.52 (ddd, J = 15.4, 10.2, 4.7 Hz, 3H), 7.29 (t, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H),
7.10 (dd, J = 8.0, 1.8 Hz, 1H), 7.06 — 7.00 (m, 1H), 6.91 (d, J = 7.2 Hz, 2H), 6.57 (ddd, J = 17.0, 10.2,
8.0 Hz, 1H), 6.36 (d, J = 1.8 Hz, 1H), 5.70 (d, J = 6.8 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.34 (d, J =
17.0 Hz, 1H), 5.33 (d, J = 17.0 Hz, 1H), 4.76 (d, J = 17.0 Hz, 1H), 4.08 (d, J = 8.0 Hz, 1H), 3.48 (s,
1H). C NMR (126 MHz, CDCls) & 177.7, 144.9, 136.3, 135.8, 134.4, 133.6, 130.4, 129.5, 128.9,
128.8, 128.5, 127.8, 127.7, 126.8, 126.5, 126.0, 125.9, 125.6, 122.9, 122.5, 122.2, 120.4, 110.3, 78.3,
57.6, 41.9. HRMS (Q-TOF Premier) calcd for C2sH22CINNaO, (M+Na)*: 462.1231; found: 462.1239.

(.
8nc 1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (105.1 mg, 87% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.
Major diastereomer:
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(R)-6-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8nc)

Light yellow solid (88.8 mg, 74% yield). m.p. = 85 — 87 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 12.815 min (major), trz = 18.553 min
(minor)]. [a]o® = -95.2 (¢ 1.0, CHCI3). *H NMR (500 MHz, CDCl3) § 7.82 (t, J = 7.2 Hz, 2H), 7.66 (d,
J=8.2Hz, 1H), 7.52 — 7.45 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H), 7.24 (d, J= 7.8
Hz, 1H), 7.16 (t, J = 7.6 Hz, 2H), 7.01 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6 Hz, 2H), 6.57 (ddd, 17.0,
10.2, 7.8Hz, 1H), 6.49 (s, 1H), 5.66 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.32 (d, J = 17.0 Hz,
2H), 4.71 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.87 (s, 1H). 3°C NMR (126 MHz, CDCls) §
177.8, 144.9, 136.4, 134.5, 133.6, 130.4, 129.5, 128.9, 128.8, 128.6, 127.8, 127.7, 127.5, 126.5, 125.9,
125.7, 123.7, 122.5, 122.3, 120.4, 113.0, 78.5, 57.5, 41.9. HRMS (Q-TOF Premier) calcd for
C2gH23BrNO; (M+H)*: 484.0907; found: 484.0912.

Ph
HO _

O
N

(.

8oc 1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (84.8 mg, 81% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-3-Hydroxy-6-methyl-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8oc)

Light yellow solid (71.7 mg, 68% yield). m.p. = 80 — 82 °C. 99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 11.976 min (major), trz = 26.233 min
(minor)]. [a]o® = -106.3 (c 1.0, CHCls). *H NMR (400 MHz, CDCl3) § 7.89 (d, J = 8.0 Hz, 1H), 7.86 —
7.81 (m, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.54 — 7.45 (m, 3H), 7.30 — 7.23 (m, 1H), 7.14 (dd, J = 10.6, 4.8
Hz, 2H), 7.04 — 6.97 (m, 1H), 6.96 — 6.87 (m, 3H), 6.61 (ddd, J = 17.0, 10.2, 8.0 Hz, 1H), 6.17 (s, 1H),
5.67 (dd, J=7.0, 0.8 Hz, 1H), 5.44 — 5.39 (dt, J = 10.2, 1.2 Hz, 1H), 5.39 (d, J = 16.8 Hz, 1H), 5.30 (d,
J =16.8 Hz, 1H), 4.76 (d, J = 17.0 Hz, 1H), 4.09 (d, J = 8.0 Hz, 1H), 3.40 (s, 1H), 2.18 (s, 3H). *°C
NMR (101 MHz, CDCls) 6 178.0, 143.7, 140.4, 136.9, 135.0, 133.6, 130.4, 129.6, 129.5, 128.9, 128.4,
127.5,127.4,126.3, 125.8, 125.7, 125.4, 124.9, 123.6, 122.5, 122.3, 119.9, 110.4, 78.5, 57.7, 41.7, 21.8.
HRMS (Q-TOF Premier) calcd for CagH2sNO, (M+H)*: 420.1958; found: 420.1949.

Ph
HO _
O
MeO N\\
8pc 1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (86.0 mg, 79% overall yield). *H NMR analysis of the
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diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer.

Major diastereomer:
(R)-3-Hydroxy-6-methoxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8pc)
Light yellow solid (71.9 mg, 66% yield). m.p. = 59 — 61 °C. 99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 15.302 min (major), trz = 42.278 min
(minor)]. [a]o® = -18.4 (c 1.0, CHCI3). *H NMR (400 MHz, CDCls3) § 7.90 (d, J = 8.2 Hz, 1H), 7.86 —
7.81 (m, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.51 (m, 3H), 7.28 (s, 1H), 7.15 (t, J = 7.6 Hz, 2H), 7.05 — 6.99
(m, 1H), 6.92 (d, J = 7.2 Hz, 2H), 6.66 — 6.54 (m, 2H), 5.94 (d, J = 2.2 Hz, 1H), 5.75 (d, J = 6.8 Hz,
1H), 5.42 (d, J = 10.2 Hz, 1H), 5.34 (d, J = 16.8 Hz, 1H), 5.32 (d, J = 17.2 Hz, 1H), 4.79 (d, J = 16.8
Hz, 1H), 4.04 (d, J = 8.2 Hz, 1H), 3.64 (s, 3H), 3.08 (s, 1H). *C NMR (101 MHz, CDCls) § 178.0,
161.4, 145.1, 136.9, 135.0, 133.6, 130.5, 129.5, 129.4, 128.9, 128.4, 127.6, 127.4, 126.3, 125.9, 125.8,
125.6, 122.8, 122.3, 120.2, 119.9, 106.7, 97.6, 78.3, 57.8, 55.4, 41.7. HRMS (Q-TOF Premier) calcd
for Ca9H26NO3 (M+H)*: 436.1907; found: 436.1907.

L

8qc 1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (84.6 mg, 80% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.
Major diastereomer:
(R)-5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8qc)
Light yellow solid (66.1 mg, 62% yield). m.p. = 81 — 83 °C. 99% ee, HPLC [Enantiocol OX-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; trr = 12.660 min (major), trz = 21.699 min (minor)].
[a]o?®=-28.1 (c 1.0, CHCI5). *H NMR (500 MHz, CDCls) & 7.89 (d, J = 8.2 Hz, 1H), 7.87 — 7.81 (m,
1H), 7.67 (d, J = 8.2 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.33 (dd, J = 7.8, 2.6 Hz, 1H), 7.29 (t, J = 7.4 Hz,
1H), 7.16 (t, J = 7.8 Hz, 2H), 7.07 — 6.99 (m, 1H), 6.92 (d, J = 7.2 Hz, 2H), 6.85 (td, J = 8.8, 2.6 Hz,
1H), 6.57 (ddd, J = 17.2, 10.2, 8.0 Hz, 1H), 6.26 (dd, J = 8.6, 4.2 Hz, 1H), 5.74 (d, J = 6.8 Hz, 1H),
5.46 (d, J = 10.2 Hz, 1H), 5.36 (d, J = 17.2 Hz, 1H), 5.35 (d, J = 16.8 Hz, 1H), 4.80 (d, J = 16.8 Hz,
1H), 4.08 (d, J = 8.0 Hz, 1H), 3.31 (s, 1H). **C NMR (126 MHz, CDCl3) § 177.4, 159.2 (d, J = 241.9
Hz), 139.5 (d, J = 2.6 Hz), 136.3, 134.2, 133.6, 130.4, 129.9 (d, J = 7.6 Hz), 129.5, 129.1, 128.9, 128.5,
127.7, 127.6, 126.4, 125.9, 125.6, 122.8, 122.3, 120.6, 116.2 (d, J = 23.9 Hz), 113.2 (d, J = 25.2 Hz),
110.4 (d, J = 8.8 Hz), 78.8 (d, J = 1.3 Hz), 57.7, 41.9. F NMR (471 MHz, CDCl3) § -119.5. HRMS
(Q-TOF Premier) calcd for CosH22FNNaO, (M+Na)*: 446.1527; found: 446.1532.
Minor diastereomer:
(S)-5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one
Light yellow solid (15.1 mg, 14% vyield). m.p. = 70 — 72 °C. 94% ee, HPLC [Enantiocol OX-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 13.317 min (minor), tr, = 26.488 min (major)].
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[a]o® = -11.2 (¢ 1.0, CHCls). *H NMR (500 MHz, CDCls) & 8.01 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.0
Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.61 — 7.54 (m, 2H), 7.23 (d, J = 7.2 Hz, 1H), 7.21 — 7.13 (m, 3H),
7.15-7.13 (m, 3H), 6.77 (td, J = 8.8, 2.6 Hz, 1H), 6.61 (dt, J = 17.0, 10.2 Hz, 1H), 6.44 (d, J = 7.2 Hz,
1H), 6.29 (dd, J = 8.6, 4.2 Hz, 1H), 5.50 (d, J = 17.0 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.38 (d, J =
16.6 Hz, 1H), 4.98 (d, J = 16.6 Hz, 1H), 3.93 (d, J = 10.2 Hz, 1H), 3.33 (s, 1H). *C NMR (126 MHz,
CDCls) § 177.2, 159.2 (d, J = 241.9 Hz), 139.3 (d, J = 2.6 Hz), 136.6, 133.7, 133.6, 130.7, 130.2 (d, J =
7.9 Hz), 129.4, 129.0, 128.9, 128.4, 128.1, 127.4, 126.5, 126.0, 125.3, 123.8, 122.6, 121.7, 116.0 (d, J
= 23.9 Hz), 112.4 (d, J = 25.2 Hz), 110.4 (d, J = 7.6 Hz), 78.1, 58.6, 42.0. °F NMR (471 MHz, CDCls)
§ -119.6. HRMS (Q-TOF Premier) calcd for CosHzFNNaO, (M+Na)*: 446.1527; found: 446.1530.

.-

8rc 1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (87.8 mg, 83% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.
Major diastereomer:
(R)-4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8rc)
Light yellow solid (57.6 mg, 54% vyield). m.p. = 110 — 112 °C. 95% ee, HPLC [Enantiocol OX-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; trr = 16.846 min (major), trz = 23.454 min (minor)].
[a]o?®=-68.1 (c 1.0, CHCIs). *H NMR (500 MHz, CDCls) & 7.92 (d, J = 8.2 Hz, 1H), 7.85 (d, J = 7.8
Hz, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.28 (t, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H),
7.09 (td, J = 8.2, 5.4 Hz, 1H), 7.07 — 7.02 (m, 3H), 6.81 (t, J = 8.8 Hz, 1H), 6.55 (dt, J = 17.0, 10.0 Hz,
1H), 6.13 (d, J = 7.8 Hz, 1H), 5.84 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.0 Hz, 1H), 5.41 (d, J = 17.0 Hz,
1H), 5.39 (d, J = 16.8 Hz, 1H), 4.85 (d, J = 16.8 Hz, 1H), 4.16 (d, J = 10.0 Hz, 1H), 3.27 (s, 1H). *3C
NMR (126 MHz, CDCls) 6 176.5, 159.4 (d, J = 249.5 Hz), 145.5 (d, J = 8.8 Hz), 136.7, 135.6 (d, J =
6.4 Hz), 133.6, 131.8 (d, J = 8.8 Hz), 130.4, 129.2, 129.1, 128.9, 128.5, 127.8, 127.6, 126.5, 125.9,
125.5, 122.9, 122.3, 120.6, 114.4 (d, J = 20.2 Hz), 110.8 (d, J = 21.4 Hz), 105.9 (d, J = 2.5 Hz), 79.2 (d,
J = 2.3 Hz), 58.7, 42.1. °F NMR (471 MHz, CDCl3) § -112.8. HRMS (Q-TOF Premier) calcd for
CasH23FNO, (M+H)*: 424.1707; found: 424.1699.
Minor diastereomer:
(S)-4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one
Light yellow solid (28.2 mg, 27% yield). m.p. = 83 — 85 °C. 71% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 14.872 min (major), trz = 23.997 min
(minor)]. [a]p? = -41.1 (c 1.0, CHCls). *H NMR (500 MHz, CDCl3) 8 7.99 (d, J = 8.4 Hz, 1H), 7.87 (d,
J=8.0Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.8, 7.2 Hz, 2H), 7.19 (t, J = 6.8 Hz, 1H), 7.14
—7.09 (m, 5H), 7.03 — 6.99 (m, 1H), 6.89 (dt, J = 17.0, 10.2 Hz, 1H), 6.74 (t, J = 8.8 Hz, 1H), 6.24 (d,
J=7.2Hz, 1H), 6.09 (d, J = 7.8 Hz, 1H), 5.58 (d, J = 17.0 Hz, 1H), 5.53 (d, J = 10.2 Hz, 1H), 5.36 (d,
J = 16.8 Hz, 1H), 4.96 (d, J = 16.8 Hz, 1H), 4.29 (d, J = 10.2 Hz, 1H), 3.45 (s, 1H). **C NMR (126
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MHz, CDCl3) 6 176.3, 159.4 (d, J = 250.7 Hz), 145.1 (d, J = 8.8 Hz), 137.0, 133.8, 133.6, 131.7 (d, J =
8.8 Hz), 130.6, 129.2, 128.9, 128.5, 128.4, 128.0, 127.3, 126.5, 125.9, 125.3, 123.5, 122.5,121.9, 114.4
(d, J =18.9 Hz), 110.7 (d, J = 21.4 Hz), 105.8 (d, J = 2.6 Hz), 78.4 (d, J = 1.3 Hz), 56.7, 42.0. *°F
NMR (471 MHz, CDCls3) 6 -118.5. HRMS (Q-TOF Premier) calcd for CosHasFNO, (M+H)*: 424.1707;
found: 424.1701.

N

8fe \\

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (89.9 mg, 85% overall yield). 'H NMR analysis of the

1-naphthyl

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(2-Fluorophenylallyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fe)

Light yellow solid (70.4 mg, 67% yield). m.p. = 70 — 72 °C. 97% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.291 min (major), trz = 19.877 min
(minor)]. [a]o? = -55.5 (¢ 1.0, CHCI3). *H NMR (500 MHz, CDCls) § 7.95 (d, J = 8.2 Hz, 1H), 7.88 —
7.82 (m, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.56 — 7.48 (m, 3H), 7.25 - 7.20 (m, 1H), 7.17 (td, J =7.8, 1.2
Hz, 1H), 7.12 — 7.04 (m, 2H), 6.98 — 6.92 (m, 1H), 6.92 — 6.86 (m, 1H), 6.74 (td, J = 7.6, 1.6 Hz, 1H),
6.56 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.45 (d, J = 7.8 Hz, 1H), 6.11 (d, J = 6.8 Hz, 1H), 5.45 (d, J =
16.6 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.26 (d, J = 17.0 Hz, 1H), 4.86 (d, J = 16.6 Hz, 1H), 4.56 (d, J
= 7.8 Hz, 1H), 3.41 (s, 1H). 3C NMR (126 MHz, CDCls) 8 177.5, 160.9 (d, J = 248.2 Hz), 143.6,
134.0, 133.7, 130.6, 130.1 (d, J = 2.6 Hz), 130.0, 129.7, 128.9, 128.8, 128.4, 127.8, 126.5, 125.9, 125.4,
125.2,124.2, 124.1, 123.6 (d, J = 2.6 Hz), 123.0 (d, J = 3.8 Hz), 122.5, 120.2, 115.9 (d, J = 23.9 Hz),
109.7, 78.2, 49.0, 41.9. F NMR (471 MHz, CDCl3) & -114.7. HRMS (Q-TOF Premier) calcd for
CasH23FNO, (M+H)*: 424.1707; found: 424.1700.

Minor diastereomer:
(5)-3-((R)-1-(2-Fluorophenylallyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (16.8 mg, 16% yield). m.p. = 58 — 60 °C. 83% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.676 min (major), trz = 24.375 min
(minor)]. [a]o® = -27.1 (c 1.0, CHCls). *H NMR (500 MHz, CDCl3) & 8.09 (d, J = 8.4 Hz, 1H), 7.89 (d,
J=8.0 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.53 (t, J=7.2 Hz, 1H), 7.35(d, J = 7.4
Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 7.25 - 7.22 (m, 1H), 7.20 — 7.15 (m, 1H), 7.11 — 7.06 (m, 1H), 7.02
(t, J=7.4 Hz, 1H), 6.98 — 6.89 (m, 2H), 6.83 (d, J = 7.2 Hz, 1H), 6.50 — 6.36 (m, 2H), 5.47 (d, J = 17.0
Hz, 1H), 5.45 (d, J = 16.4 Hz, 1H), 5.37 (dd, J = 10.0, 1.4 Hz, 1H), 5.08 (d, J = 16.4 Hz, 1H), 4.47 (d, J
= 10.2 Hz, 1H), 3.31 (s, 1H). ®°C NMR (126 MHz, CDCls) § 177.5, 160.4 (d, J = 245.7 Hz), 143.3,
133.7, 133.4, 130.8, 129.9, 129.9, 129.4 (d, J = 3.9 Hz), 128.9, 128.7 (d, J = 8.9 Hz), 128.1, 127.7,
126.5, 126.0, 125.2, 125.1 (d, J = 1.9 Hz), 124.8, 124.7, 124.2, 123.9 (d, J = 2.6 Hz), 122.8 (d, J = 1.3
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Hz), 121.5, 115.5 (d, J = 23.9 Hz), 109.5, 77.9, 49.5, 42.0. °F NMR (471 MHz, CDCl3) & -115.4.
HRMS (Q-TOF Premier) calcd for CasH2sFNO2 (M+H)*: 424.1707; found: 424.1709.

Me

8ff N\\

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (85.9 mg, 82% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor

1-naphthyl

diastereomer respectively.

Major diastereomer:
(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(m-tolyl)allyl)indolin-2-one (8ff)

Light yellow solid (56.1 mg, 54% yield). m.p. = 58 — 60 °C. >99% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.077 min (major), tre = 14.230 min (minor)].
[a]o?® = -53.7 (c 1.0, CHCI5). *H NMR (500 MHz, CDCl3) & 7.91 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 7.6
Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 — 7.58 (m, 1H), 7.55 — 7.47 (m, 2H), 7.17 — 7.08 (m, 3H), 7.01
(dt, J =10.0, 7.8 Hz, 2H), 6.71 — 6.65 (m, 2H), 6.58 (ddd, J = 17.2, 10.2, 8.4 Hz, 1H), 6.38 — 6.31 (m,
1H), 5.68 (d, J = 7.0 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.41 (d, J = 17.0 Hz, 1H), 5.34 (d, J = 17.0 Hz,
1H), 4.80 (d, J = 16.8 Hz, 1H), 4.03 (d, J = 8.4 Hz, 1H), 3.19 (s, 1H), 2.12 (s, 3H). 3C NMR (126 MHz,
CDCl3) 6 177.6, 143.7, 138.0, 136.6, 134.9, 133.6, 130.5, 130.3, 129.9, 129.4, 128.9, 128.4, 128.2,
128.2, 127.6, 126.3, 126.3, 125.8, 125.6, 125.0, 122.9, 122.6, 122.3, 120.0, 109.7, 78.6, 57.9, 41.7, 21.4.
HRMS (Q-TOF Premier) calcd for CagH2sNO, (M+H)*: 420.1958; found: 420.1966.

Minor diastereomer:
(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(m-tolylallyl)indolin-2-one

Light yellow solid (27.4 mg, 26% yield). m.p. = 51 — 53 °C. 92% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 15.837 min (major), tgz = 18.321 min
(minor)]. [a]o® = -14.1 (c 1.0, CHCls). *H NMR (500 MHz, CDCls) § 8.02 (d, J = 8.2 Hz, 1H), 7.87 (d,
J=7.6 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.59 — 7.48 (m, 2H), 7.41 — 7.34 (m, 1H), 7.17 — 7.13 (m,
1H), 7.11 — 7.02 (m, 4H), 6.94 (s, 1H), 6.89 — 6.83 (m, 1H), 6.62 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 —
6.32 (m, 2H), 5.48 (d, J = 17.0 Hz, 1H), 5.45 (d, J = 16.8 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 4.97 (d, J
= 16.8 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H), 2.17 (s, 3H). **C NMR (126 MHz, CDCls) §
177.4, 1435, 137.9, 136.8, 134.1, 133.6, 130.7, 129.8, 129.8, 129.7, 128.9, 128.7, 128.1, 128.0, 127.8,
126.4, 126.3, 125.9, 125.4, 124.4, 1235, 122.8, 122.6, 121.2, 109.7, 78.0, 58.4, 41.8, 21.4. HRMS
(Q-TOF Premier) calcd for CooH26NO, (M+H)*: 420.1958; found: 420.1961.
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1-naphthyl

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (96.8 mg, 89% overall yield). H NMR analysis of the
diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-Hydroxy-3-((R)-1-(3-methoxyphenyl)allyl)-1-(naphthalen-1-ylmethyl)indolin-2-one (8fg)
Light yellow solid (76.6 mg, 70% yield). m.p. = 57 — 59 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.950 min (major), trz = 20.491 min
(minor)]. [a]o?=-32.3 (¢ 1.0, CHCls). *H NMR (500 MHz, CDCl3) 8 7.92 (d, J = 8.2 Hz, 1H), 7.85 (d,
J=7.8Hz, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 6.8 Hz, 1H), 7.52 (dt, J = 18.8, 7.2 Hz, 2H), 7.18
—7.11 (m, 2H), 7.06 (td, J = 7.8, 3.6 Hz, 2H), 6.83 (dd, J = 8.2, 2.2 Hz, 1H), 6.62 — 6.55 (m, 2H), 6.40
—6.31 (m, 2H), 5.81 (d, J = 7.2 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.42 (d, J = 17.0 Hz, 1H), 5.34 (d, J
= 17.0 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.05 (d, J = 8.2 Hz, 1H), 3.46 (s, 3H), 3.10 (s, 1H). *C
NMR (126 MHz, CDCls) 6 177.4, 159.3, 143.8, 138.1, 134.8, 133.6, 130.5, 130.0, 129.4, 129.4, 128.9,
128.4, 127.7, 126.4, 125.8, 125.6, 125.0, 122.9, 122.7, 122.3, 122.1, 120.2, 114.3, 113.6, 109.8, 78.5,
57.9, 55.0, 41.7. HRMS (Q-TOF Premier) calcd for Cy9HzsNNaOz; (M+Na)*: 458.1727; found:
458.1732.

Minor diastereomer:
(S)-3-Hydroxy-3-((R)-1-(3-methoxyphenyl)allyl)-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (17.8 mg, 16% yield). m.p. = 51 — 53 °C. 96% ee, HPLC [DAICEL CHIRALPAK
AD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 44.273 min (minor), tr; = 58.668 min
(major)]. [a]o® = -100.2 (c 1.0, CHCI3). *H NMR (400 MHz, CDCls) & 8.02 (d, J = 8.4 Hz, 1H), 7.87
(d, J=8.4Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.59 — 7.50 (m, 2H), 7.38 (dd, J = 6.8, 1.6 Hz, 1H), 7.18 (t,
J =7.8Hz, 1H), 7.11 — 7.04 (m, 3H), 6.78 (dd, J = 8.2, 1.8 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.65 —
6.55 (m, 2H), 6.45 (d, J = 7.0 Hz, 1H), 6.42 — 6.35 (m, 1H), 5.52 — 5.40 (m, 3H), 4.98 (d, J = 16.6 Hz,
1H), 3.97 (d, J = 10.2 Hz, 1H), 3.58 (s, 3H), 3.28 (s, 1H). **C NMR (101 MHz, CDCl3) & 177.4, 159.2,
143.5, 138.4, 133.9, 133.7, 130.7, 129.8, 129.7, 129.2, 128.9, 128.7, 127.9, 126.4, 125.9, 125.4, 124.3,
123.6, 122.8, 122.6, 121.4, 121.4, 114.4, 113.4, 109.7, 77.9, 58.4, 55.1, 41.8. HRMS (Q-TOF Premier)
calcd for CaH2sNNaOs (M+Na)*: 458.1727; found: 458.1719.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diastereoisomers (95.2 mg, 90% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(3-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fh)

Light yellow solid (70.1 mg, 66% yield). m.p. = 60 — 62 °C. >99% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 11.716 min (major), tre = 12.830 min (minor)].
[a]p?® = -62.7 (c 1.0, CHCIs3). *H NMR (400 MHz, CDCl3) & 7.90 (d, J = 8.0 Hz, 1H), 7.88 — 7.81 (m,
1H), 7.68 (d, J = 8.2 Hz, 1H), 7.59 — 7.47 (m, 3H), 7.19 — 7.04 (m, 4H), 6.95 (td, J = 8.4, 2.0 Hz, 1H),
6.73(d, J =7.8 Hz, 1H), 6.61 — 6.52 (m, 2H), 6.40 (d, J = 7.2 Hz, 1H), 5.93 (d, J = 7.0 Hz, 1H), 5.44 (d,
J =10.2 Hz, 1H), 5.36 (d, J = 16.8 Hz, 1H), 5.32 (d, J = 17.6 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.10
(d, J=7.8 Hz, 1H), 3.52 (s, 1H). 3C NMR (101 MHz, CDCl3) 6 177.5, 162.4 (d, J = 246.4 Hz), 143.5,
139.4 (d, J = 7.1 Hz), 134.3, 133.6, 130.5, 130.2, 129.8, 129.7, 129.4, 128.9, 128.0, 127.8, 126.4, 125.9,
125.4, 125.1, 123.1, 122.8, 122.4, 120.4, 116.2 (d, J = 22.2 Hz), 114.4 (d, J = 21.2 Hz), 109.9, 78.4,
57.3, 41.8. F NMR (376 MHz, CDCl3) § -112.6. HRMS (Q-TOF Premier) calcd for CysH23sFNO;
(M+H)*: 424.1707; found: 424.1712.

Minor diastereomer:
(5)-3-((R)-1-(3-Fluorophenylallyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (22.4 mg, 21% yield). m.p. = 65 — 67 °C. 97% ee, HPLC [DAICEL CHIRALPAK
AD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 30.786 min (minor), tr; = 32.885 min
(major)]. [e]o?°=-33.1 (¢ 1.0, CHCI3). *H NMR (500 MHz, CDCls3) & 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d,
J=7.8Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.63 — 7.50 (m, 2H), 7.30 (dd, J = 7.2, 1.2 Hz, 1H), 7.24 -
7.18 (m, 1H), 7.14 — 7.03 (m, 3H), 6.94 — 6.88 (m, 2H), 6.86 — 6.81 (m, 1H), 6.61 (d, J = 7.0 Hz, 1H),
6.50 (dt, J = 16.8, 10.2 Hz, 1H), 6.44 (d, J = 7.4 Hz, 1H), 5.48 (dd, J = 16.8, 1.2 Hz, 1H), 5.41 (d, J =
10.2 Hz, 1H), 5.41 (d, J = 16.4 Hz, 1H), 5.04 (d, J = 16.4 Hz, 1H), 3.97 (d, J = 10.2 Hz, 1H), 3.23 (s,
1H). 3C NMR (126 MHz, CDCls) § 177.2, 162.4 (d, J = 247.0 Hz), 143.4, 139.7 (d, J = 7.6 Hz), 133.7,
133.5, 130.7, 130.0, 129.7, 129.5 (d, J = 7.6 Hz), 128.9, 128.2, 128.1, 126.5, 125.9, 125.3, 124.9 (d, J =
2.5 Hz), 124.4, 123.7, 123.0, 122.7, 121.7, 116.2 (d, J = 21.4 Hz), 114.1 (d, J = 21.4 Hz), 109.8, 77.8,
58.0, 41.9. F NMR (471 MHz, CDCl3) & -112.8. HRMS (Q-TOF Premier) calcd for CasH23FNO;
(M+H)*: 424.1707; found: 424.1705.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diasterecisomers (101.0 mg, 92% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(3-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fi)

Light yellow solid (74.4 mg, 68% yield). m.p. = 73 — 75 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 14.617 min (major), trz = 32.144 min
(minor)]. [o]o® = -72.4 (¢ 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § 7.90 (d, J = 7.8 Hz, 1H), 7.87
—7.81 (m, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.57 (dd, J = 7.2, 1.1 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.24
—7.21 (m, 1H), 7.17 — 7.01 (m, 4H), 6.80 (d, J = 7.4 Hz, 2H), 6.56 (ddd, J = 17.2, 10.2, 7.8 Hz,
1H), 6.41 (d, J = 7.6 Hz, 1H), 5.90 (d, J = 7.0 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.37 (d, J = 16.8
Hz, 1H), 5.30 (d, J = 17.2 Hz, 1H), 4.82 (d, J = 16.8 Hz, 1H), 4.07 (d, J = 7.8 Hz, 1H), 3.54 (s,
1H). *C NMR (101 MHz, CDCl3) & 177.5, 143.5, 138.9, 134.2, 134.0, 133.6, 130.5, 130.2, 129.6,
129.4, 1294, 128.9, 127.9, 127.8, 127.7, 126.4, 125.9, 125.5, 125.1, 123.1, 122.7, 122.4, 120.5,
109.9, 78.5, 57.3, 41.8. HRMS (Q-TOF Premier) calcd for CzsH22CINNaO, (M+Na)*": 462.1231;
found: 462.1237.

Minor diastereomer:
(S)-3-((R)-1-(3-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (23.8 mg, 22% yield). m.p. = 67 — 69 °C. 94% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; trs = 11.332 min (minor), trz = 13.763 min (major)].
[a]p?° = -14.2 (c 1.0, CHCI3). *H NMR (500 MHz, CDCls) & 8.04 (d, J = 8.4 Hz, 1H), 7.88 (d, J =
7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.60 — 7.51 (m, 2H), 7.31 — 7.27 (m, 1H), 7.25 — 7.18 (m,
2H), 7.13 — 7.04 (m, 4H), 6.99 (d, J = 7.8 Hz, 1H), 6.62 (d, J = 6.8 Hz, 1H), 6.48 (dt, J = 16.8,
10.2 Hz, 1H), 6.44 (d, J = 7.4 Hz, 1H), 5.47 (d, J = 16.8 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.40
(d, J = 16.4 Hz, 1H), 5.05 (d, J = 16.4 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.25 (s, 1H). *C NMR
(126 MHz, CDCls) 6 177.2, 143.3, 139.2, 134.0, 133.7, 133.3, 130.7, 130.1, 129.7, 129.3, 129.3,
128.9, 128.1, 128.1, 127.4, 127.4, 126.5, 125.9, 125.4, 124.4, 123.7, 123.0, 122.7, 121.8, 109.9,
77.8, 58.0, 41.9. HRMS (Q-TOF Premier) calcd for CzsH2CINNaO, (M+Na)*: 462.1231; found:
462.1241.

S32



8fj L

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diastereoisomers (88.0 mg, 84% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(p-tolyl)allyl)indolin-2-one (8fj)

Light yellow solid (65.3 mg, 62% yield). m.p. = 68 — 70 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; tr; = 8.565 min (major), tr> = 21.535 min (minor)].
[a]p?° = -69.8 (c 1.0, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.91 (d, J = 8.2 Hz, 1H), 7.86 — 7.82 (m,
1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.55 — 7.47 (m, 2H), 7.17 — 7.09 (m, 2H), 6.96 (dd,
J=15.4,7.8 Hz, 3H), 6.78 (d, J = 8.0 Hz, 2H), 6.59 (ddd, J = 17.2, 10.2, 8.2 Hz, 1H), 6.39 — 6.32 (m,
1H), 5.79 (d, J = 7.0 Hz, 1H), 5.44 (d, J = 17.2 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.33 (d, J = 17.0 Hz,
1H), 4.79 (d, J = 16.8 Hz, 1H), 4.06 (d, J = 8.2 Hz, 1H), 3.27 (s, 1H), 2.34 (s, 3H). 3C NMR (101 MHz,
CDCls) 6 177.6, 143.6, 137.0, 135.0, 133.6, 133.5, 130.5, 129.9, 129.4, 129.3, 129.1, 129.0, 128.9,
128.4, 127.6, 126.4, 125.8, 125.2, 125.1, 122.9, 122.9, 122.4, 119.9, 109.8, 78.6, 57.5, 41.8, 21.3.
HRMS (Q-TOF Premier) calcd for CasH2sNNaO, (M+Na)*: 442.1778; found: 442.1787.

Minor diastereomer:
(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(p-tolylallyl)indolin-2-one

Light yellow solid (21.2 mg, 20% yield). m.p. = 59 — 61 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.741 min (major), trz = 19.142 min
(minor)]. [a]o®=-32.3 (c 1.0, CHCls3). *H NMR (400 MHz, CDCls) § 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d,
J=7.8Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.60 — 7.50 (m, 2H), 7.40 — 7.33 (m, 1H), 7.14 (t, J = 7.8 Hz,
1H), 7.11 - 7.03 (m, 2H), 6.97 (q, J = 8.4 Hz, 4H), 6.59 (dt, J = 17.0, 10.2 Hz, 1H), 6.46 (d, J = 7.2 Hz,
1H), 6.39 (d, J = 7.0 Hz, 1H), 5.47 (d, J = 17.0 Hz, 2H), 5.41 (dd, J = 10.2, 1.2 Hz, 1H), 4.98 (d, J =
17.0 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.22 (s, 1H), 2.31 (s, 3H). **C NMR (101 MHz, CDCls) §
177.5, 1435, 136.7, 134.2, 133.9, 133.7, 130.7, 129.7, 129.7, 129.0, 129.0, 128.9, 127.9, 126.5, 125.9,
125.1, 124.4, 123.8, 122.8, 122.7, 121.1, 109.7, 77.9, 58.0, 41.8, 21.1. HRMS (Q-TOF Premier) calcd
for CagH2sNNaO, (M+Na)*: 442.1778; found: 442.1781.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diastereoisomers (99.5 mg, 94% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO» column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(4-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fk)

Light yellow solid (65.2 mg, 62% yield). m.p. = 66 — 68 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tr; = 8.596 min (major), trz = 19.036 min (minor)].
[a]p?® = -54.5 (c 1.0, CHCI3). *H NMR (500 MHz, CDCl3) & 7.91 (d, J = 8.2 Hz, 1H), 7.85(d, J = 7.8
Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.57 — 7.47 (m, 2H), 7.18 — 7.07 (m, 3H),
6.88 — 6.78 (m, 4H), 6.59 (ddd, J = 17.6, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 5.79 (d, J = 7.2
Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.40 (d, J = 16.8 Hz, 1H), 5.29 (d, J = 17.6 Hz, 1H), 4.80 (d, J =
16.8 Hz, 1H), 4.09 (d, J = 7.8 Hz, 1H), 3.35 (s, 1H). **C NMR (126 MHz, CDCls) 6 177.5, 162.2 (d, J
= 247.0 Hz), 143.6, 134.6, 133.6, 132.5 (d, J = 3.8 Hz), 131.2 (d, J = 8.8 Hz), 130.5, 130.1, 129.3,
128.9, 128.0, 127.9, 126.4, 125.9, 125.2, 125.1, 123.0, 122.7, 122.3, 120.2, 115.2 (d, J = 21.4 Hz),
109.8, 78.6, 56.8, 41.7. °F NMR (471 MHz, CDCls) § -114.57. HRMS (Q-TOF Premier) calcd for
CasH2sFNO, (M+H)*: 424.1707; found: 424.1717.

Minor diastereomer:
(5)-3-((R)-1-(4-Fluorophenylallyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (31.9 mg, 30% yield). m.p. = 62 — 64 °C. 95% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 16.660 min (major), trz = 19.045 min
(minor)]. [a]p? = -15.8 (c 1.0, CHCls). *H NMR (500 MHz, CDCl3) & 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d,
J=7.8Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.62 — 7.50 (m, 2H), 7.35 (dd, J = 7.2, 1.2 Hz, 1H), 7.23 -
7.18 (m, 1H), 7.13 —6.99 (m, 4H), 6.86 — 6.79 (m, 2H), 6.59 (dt, J = 16.8, 10.2 Hz, 1H), 6.43 (t, J=7.8
Hz, 2H), 5.49 (dd, J = 16.8, 1.2 Hz, 1H), 5.43 (d, J = 16.6 Hz, 1H), 5.44 (d, J = 10.2, 2.0 Hz, 1H), 4.98
(d, J = 16.6 Hz, 1H), 3.96 (d, J = 10.2 Hz, 1H), 3.22 (s, 1H). 3C NMR (126 MHz, CDCls) § 177.2,
161.9 (d, J = 247.0 Hz), 143.4, 133.8, 133.7, 132.8 (d, J = 2.6 Hz), 130.7, 130.6, 130.0, 129.6, 128.9,
128.4, 128.1, 126.5, 125.9, 125.2, 124.2, 123.8, 123.0, 122.7, 121.6, 115.0 (d, J = 21.4 Hz), 109.8, 77.9,
57.6, 41.9. F NMR (471 MHz, CDCl3) § -115.1. HRMS (Q-TOF Premier) calcd for CasH23FNO;
(M+H)*: 424.1707; found: 424.1711.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diasterecisomers (102.1 mg, 93% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(4-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fl)

Light yellow solid (75.2 mg, 68% yield). m.p. = 66 — 68 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 14.121 min (major), trz = 29.391 min
(minor)]. [o]o® = -87.2 (¢ 1.0, CHCl3). *H NMR (400 MHz, CDCl3) § 7.92 (d, J = 7.8 Hz, 1H), 7.88
—7.81 (m, 1H), 7.70 (d, J = 8.2 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.56 — 7.49 (m, 2H), 7.19 — 7.09 (m,
5H), 6.81 (d, J = 8.4 Hz, 2H), 6.58 (ddd, J = 17.8, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 5.76
(d, J=7.2 Hz, 1H), 5.46 — 5.41 (m, 2H), 5.30 (d, J = 17.0 Hz, 1H), 4.80 (d, J = 17.0 Hz, 1H), 4.08
(d, J = 7.8 Hz, 1H), 3.28 (s, 1H). °C NMR (101 MHz, CDCly) & 177.4, 143.6, 135.3, 134.4, 133.6,
133.4, 130.9, 130.4, 130.2, 129.2, 128.9, 128.6, 127.9, 126.4, 125.9, 125.4, 125.1, 123.1, 122.7,
122.3, 120.4, 109.9, 78.4, 56.9, 41.8. HRMS (Q-TOF Premier) calcd for C2sH22CINNaO, (M+Na)*:
462.1231; found: 462.1235.

Minor diastereomer:
(S)-3-((R)-1-(4-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (24.3 mg, 22% yield). m.p. = 62 — 64 °C. 98% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr1 = 11.591 min (minor), trz = 14.550 min (major)].
[]o?° = -25.1 (c 1.0, CHCls). *H NMR (400 MHz, CDCl3) & 8.03 (d, J = 8.2 Hz, 1H), 7.88 (d, J =
7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.62 — 7.50 (m, 2H), 7.36 (d, J = 6.8 Hz, 1H), 7.29 — 7.21
(m, 1H), 7.16 — 7.05 (m, 4H), 7.01 (d, J = 8.4 Hz, 2H), 6.58 (dt, J = 16.0, 10.2 Hz, 1H), 6.42 (d, J
=7.6 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H), 5.59 (d, J = 16.8 Hz, 1H), 5.47 (d, J = 16.0 Hz, 1H), 5.44
(d, J =10.2 Hz, 1H), 4.96 (d, J = 16.8 Hz, 1H), 3.96 (d, J = 10.2 Hz, 1H), 3.26 (s, 1H). °C NMR
(101 MHz, CDCls) 6 177.2, 143.4, 135.6, 133.7, 133.5, 133.1, 130.7, 130.5, 130.0, 129.5, 128.9,
128.4,128.3,128.1, 126.5, 125.9, 125.2, 124.2, 123.7, 123.0, 122.6, 121.8, 109.9, 77.8, 57.7, 41.9.
HRMS (Q-TOF Premier) calcd for C2sH22CINNaO, (M+Na)*: 462.1231; found: 462.1230.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diasterecisomers (111.1 mg, 92% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO» column

1-naphthyl

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(4-Bromophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fm)
Light yellow solid (90.7 mg, 75% vyield). m.p. = 70 — 72 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tr; = 8.516 min (major), trx = 24.404 min (minor)].
[a]p?° = -20.5 (c 1.0, CHCIs3). *H NMR (400 MHz, CDCl3) 6 7.91 (d, J = 7.6 Hz, 1H), 7.88 — 7.80 (m,
1H), 7.71 (d, J = 8.2 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.27 — 7.19 (m, 3H), 7.19 -
7.07 (m, 2H), 6.74 (d, J = 8.2 Hz, 2H), 6.58 (ddd, J = 17.8, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H),
5.81 (d, J= 7.0 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.42 (d, J = 17.0 Hz, 1H), 5.28 (d, J = 17.0 Hz, 1H),
4.79 (d, J = 17.8 Hz, 1H), 4.07 (d, J = 7.8 Hz, 1H), 3.44 (s, 1H). C NMR (101 MHz, CDCls) § 177.5,
143.6, 135.8, 134.3, 133.6, 131.5, 131.3, 130.4, 130.2, 129.2, 128.9, 127.9, 127.9, 126.4, 125.9, 125.5,
125.1, 123.1, 122.7, 122.3, 121.6, 120.3, 109.9, 78.4, 57.0, 41.8. HRMS (Q-TOF Premier) calcd for
Ca2sH23BrNO; (M+H)*: 484.0907; found: 484.0911.

Minor diastereomer:
(S)-3-((R)-1-(4-Bromophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (17.6 mg, 15% yield). m.p. = 62 — 64 °C. 91% ee, HPLC [DAICEL CHIRALPAK
IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr1 = 15.347 min (minor), tr2 = 20.825 min (major)].
[a]o?® = -46.4 (c 1.0, CHCIs). 'H NMR (400 MHz, CDCls) 6 8.03 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.8
Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.56 (dd, J = 18.0, 7.6 Hz, 2H), 7.35 (d, J = 6.8 Hz, 1H), 7.29 — 7.24
(m, 3H), 7.14 —7.04 (m, 2H), 6.95 (d, J = 8.2 Hz, 2H), 6.57 (dt, J = 17.0, 10.2 Hz, 1H), 6.48 — 6.36 (m,
2H), 5.48 (d, J = 17.0 Hz, 1H), 5.47 (d, J = 16.6 Hz, 1H), 5.46 (d, J = 10.2 Hz, 1H), 4.96 (d, J = 16.6
Hz, 1H), 3.94 (d, J = 10.2 Hz, 1H), 3.26 (s, 1H). **C NMR (101 MHz, CDCls) § 177.2, 143.4, 136.1,
133.7, 133.4, 131.3, 130.8, 130.7, 130.1, 129.5, 128.9, 128.3, 128.1, 126.5, 125.9, 125.3, 124.2, 123.7,
123.0, 122.6, 121.8, 121.3, 109.9, 77.7, 57.8, 41.9. HRMS (Q-TOF Premier) calcd for C2sH23BrNO;
(M+H)*: 484.0907; found: 484.0915.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diasterecisomers (106.4 mg, 90% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 4/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(4-(trifluoromethyl)phenyl)allyl)indolin-2-one
(8fn)

Yellow solid (78.4 mg, 66% yield). m.p. = 63 — 65 °C. 98% ee, HPLC [DAICEL CHIRALPAK IC-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 7.575 min (major), trz = 9.791 min (minor)]. [a]o®=
-55. 3 (¢ 1.0, CHClI3). *H NMR (400 MHz, CDCl3) & 7.91 (d, J = 7.8 Hz, 1H), 7.88 — 7.80 (m, 1H), 7.68
(d, J=8.2 Hz, 1H), 7.61 — 7.56 (m, 1H), 7.55 — 7.46 (m, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.20 — 7.10 (m,
2H), 7.05 —7.00 (m, 3H), 6.60 (ddd, J = 17.2, 10.2, 7.8 Hz, 1H), 6.42 (d, J = 7.2 Hz, 1H), 598 (d, J =
7.2 Hz, 1H), 5.45 (d, J = 10.2 Hz, 1H), 5.35 (d, J = 16.8 Hz, 1H), 5.28 (d, J = 17.2 Hz, 1H), 4.82 (d, J =
16.8 Hz, 1H), 4.16 (d, J = 7.8 Hz, 1H), 3.50 (s, 1H). *C NMR (101 MHz, CDCls) § 177.4, 143.5, 141.0,
134.1, 133.6, 130.5, 130.3, 129.9, 129.8, 129.5, 129.4, 129.2, 128.9, 128.0, 127.9, 126.4, 125.9, 125.4,
125.2 (g, J = 3.7 Hz), 125.1, 125.1, 123.2, 122.8, 122.4, 120.6, 110.1, 78.3, 57.4, 41.9. F NMR (471
MHz, CDCl3) & -62.2. HRMS (Q-TOF Premier) calcd for Cz9H22F3sNNaO, (M+Na)*: 496.1495; found:
496.1498.

Minor diastereomer:
(S)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(4-(trifluoromethyl)phenylallyl)indolin-2-one
Yellow solid (25.4 mg, 21% yield). m.p. = 84 — 86 °C. 97% ee, HPLC [DAICEL CHIRALPAK IC-3,
hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 7.747 min (major), trz = 10.366 min (minor)]. [o]p%°
=-24.9 (c 1.0, CHClIs3). *H NMR (500 MHz, CDCls) § 8.06 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H),
7.75 (d, J = 8.2 Hz, 1H), 7.56 (dt, J = 14.8, 7.0 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 7.2 Hz,
1H), 7.22 (d, J=8.2 Hz, 2H), 7.19 (t, J = 7.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H),
6.58 (d, J =7.2 Hz, 1H), 6.53 (dt, J = 17.0, 10.2 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 5.49 (d, J = 17.0 Hz,
1H), 5.46 (d, J = 16.4 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 4.99 (d, J = 16.4 Hz, 1H), 4.03 (d, J = 10.2
Hz, 1H), 3.24 (s, 1H). *C NMR (126 MHz, CDCls)  177.1, 143.3, 141.3, 133.7, 133.2, 130.7, 130.2,
129.7, 129.6, 129.5, 129.2, 128.9, 128.2, 128.0, 126.5, 126.0, 125.1, 125.0 (q, J = 3.8 Hz), 124.3, 123.8,
123.0, 122.7, 122.0, 109.9, 77.7, 58.1, 42.0. °F NMR (471 MHz, CDCl3) § -62.4. HRMS (Q-TOF
Premier) calcd for CyHz2FsNNaO, (M+Na)*: 496.1495; found: 496.1496.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product

1-naphthyl

including both of the diastereoisomers (83.4 mg, 77% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-((R)-1-(2,4-Dimethylphenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fo)
Light yellow solid (72.7 mg, 67% yield). m.p. = 56 — 58 °C. 98% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 11.833 min (major), trz = 26.739 min
(minor)]. [a]o® = -27.7 (c 1.0, CHCIs). *H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 8.0 Hz, 1H), 7.84 (d,
J=7.2Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 — 7.58 (m, 1H), 7.51 (td, J = 13.6, 6.8 Hz, 2H), 7.18 —
7.10 (m, 2H), 6.91 (dd, J = 14.2, 7.4 Hz, 2H), 6.66 (s, 1H), 6.62 — 6.50 (m, 2H), 6.36 (d, J = 6.8 Hz,
1H), 5.77 (d, J = 6.8 Hz, 1H), 5.45 (d, J = 16.8 Hz, 1H), 5.39 (d, J = 10.2 Hz, 1H), 5.31 (d, J = 17.0 Hz,
1H), 4.80 (d, J = 16.8 Hz, 1H), 4.00 (d, J = 8.4 Hz, 1H), 3.27 (d, J = 8.4 Hz, 1H), 2.25 (s, 3H), 2.02 (s,
3H). ¥C NMR (101 MHz, CDCl3) & 177.7, 143.7, 136.6, 135.5, 135.2, 134.1, 133.5, 130.8, 130.5,
129.9, 129.6, 129.5, 128.9, 128.6, 127.6, 126.6, 126.3, 125.8, 125.2, 125.0, 122.9, 122.8, 122.4, 119.8,
109.7, 78.5, 57.5, 41.8, 19.7, 19.6. HRMS (Q-TOF Premier) calcd for CsHzsNNaO, (M+Na)*:
456.1934; found: 456.1927.

Minor diastereomer:
(5)-3-((R)-1-(2,4-Dimethylphenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one

Light yellow solid (8.6 mg, 8% vyield). m.p. = 44 — 46 °C. 91% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 13.708 min (major), tgz = 15.835 min
(minor)]. [a]o?®=-7.7 (c 1.0, CHCIs). *H NMR (400 MHz, CDCls) § 8.02 (d, J = 8.2 Hz, 1H), 7.87 (d,
J=82Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.6, 6.8 Hz, 2H), 7.38 — 7.33 (m, 1H), 7.13 -
7.04 (m, 3H), 6.94 — 6.89 (m, 2H), 6.81 (d, J = 7.8 Hz, 1H), 6.57 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 (d, J
= 7.0 Hz, 1H), 6.37 (d, J = 6.8 Hz, 1H), 5.48 (d, J = 14.4 Hz, 1H), 5.45 (d, J = 14.4 Hz, 1H), 5.38 (d, J
=10.2 Hz, 1H), 4.96 (d, J = 17.0 Hz, 1H), 3.93 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H), 2.23 (s, 3H), 2.08 (s,
3H). ®C NMR (101 MHz, CDCl3) § 177.6, 143.5, 136.4, 135.4, 134.4, 134.4, 133.6, 130.7, 130.4,
129.7, 129.7, 129.5, 128.9, 128.8, 127.8, 126.6, 126.4, 125.9, 125.2, 124.4, 123.6, 122.7, 122.6, 121.0,
109.7, 78.0, 58.0, 41.8, 19.7, 19.5. HRMS (Q-TOF Premier) calcd for CsH27NNaO, (M+Na)*:
456.1934; found: 456.1941.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (92.1 mg, 81% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(naphthalen-2-yl)allyl)indolin-2-one (8fp)
Light yellow solid (67.8 mg, 60% yield). m.p. = 89 — 91 °C. >99% ee, HPLC [DAICEL CHIRALPAK
AD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tgx = 18.047 min (major), trz = 32.285 min
(minor)]. [a]o?®= -82.6 (¢ 1.0, CHCIs3). *H NMR (400 MHz, CDCl3) 6 7.81 (d, J = 8.0 Hz, 2H), 7.76 —
7.71 (m, 1H), 7.71 - 7.65 (m, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.53 — 7.37 (m, 6H), 7.22 — 7.12 (m, 2H),
6.94 (d, J = 8.4 Hz, 1H), 6.74 (ddd, J = 16.8, 10.2, 7.8 Hz, 1H), 6.33 — 6.23 (m, 1H), 5.84 (t, J = 7.8 Hz,
1H), 5.47 (d, J = 10.2 Hz, 1H), 5.39 (d, J = 16.8 Hz, 1H), 5.36 (d, J = 16.8 Hz, 1H), 5.22 (d, J = 7.2 Hz,
1H), 4.71 (d, J = 16.8 Hz, 1H), 4.29 (d, J = 7.8 Hz, 1H), 3.34 (s, 1H). **C NMR (126 MHz, CDCl3) §
177.7, 143.7, 134.9, 134.3, 133.4, 133.4, 132.8, 130.2, 130.1, 128.9, 128.9, 128.8, 128.3, 128.2, 127.8,
127.6, 127.3, 127.1, 126.2, 126.1, 126.1, 125.6, 125.2, 124.9, 123.0, 122.4, 122.2, 120.3, 109.8, 78.7,
57.9, 41.8. HRMS (Q-TOF Premier) calcd for CsH2sNNaO, (M+Na)*: 478.1778; found: 478.1783.
Minor diastereomer:
(S)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(naphthalen-2-yl)allyl)indolin-2-one

Light yellow solid (22.4 mg, 20% yield). m.p. = 126 — 128 °C. 94% ee, HPLC [DAICEL CHIRALPAK
AD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; tr; = 27.613 min (minor), tr; = 39.235 min
(major)]. [a]o?°=-19.9 (c 1.0, CHCls3). *H NMR (400 MHz, CDCls) § 7.96 (d, J = 8.2 Hz, 1H), 7.80 (t,
J=8.0 Hz, 2H), 7.62 (t, J = 10.2 Hz, 3H), 7.56 — 7.39 (m, 6H), 7.17 (d, J = 8.6 Hz, 1H), 7.10 — 7.02 (m,
2H), 6.79 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 (t, J = 7.8 Hz, 1H), 6.28 (d, J = 7.0 Hz, 1H), 6.05(d, J = 7.0
Hz, 1H), 5.54 (d, J = 17.0 Hz, 1H), 5.48 (d, J = 10.2 Hz, 1H), 5.44 (d, J = 16.8 Hz, 1H), 4.92 (d, J =
16.8 Hz, 1H), 4.17 (d, J = 10.2 Hz, 1H), 3.34 (s, 1H). ¥C NMR (101 MHz, CDCls) & 177.4, 143.4,
134.6, 134.1, 133.6, 133.2, 132.5, 130.5, 129.9, 129.3, 128.8, 128.6, 128.1, 128.0, 127.6, 127.6, 127.5,
127.4, 126.3, 126.1, 126.0, 125.8, 125.1, 124.4, 123.3, 122.9, 122.5, 121.5, 109.8, 78.1, 58.5, 41.8.
HRMS (Q-TOF Premier) calcd for Cs,HosNNaO, (M+Na)*: 478.1778; found: 478.1777.

S39



N
8fq \\1 -naphthyl
Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (98.8 mg, 88% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO» column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.
Major diastereomer:
(R)-3-((R)-1-(Benzo[d][1,3]dioxol-5-yl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one
(8fq)
Light yellow solid (78.1 mg, 70% yield). m.p. = 73 — 75 °C. >99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 21.549 min (major), trz = 65.262 min
(minor)]. [a]n?® = -70.5 (c 1.0, CHCIl3). *H NMR (400 MHz, CDCl3) & 7.93 (d, J = 8.2 Hz, 1H), 7.85 (d,
J=7.4Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.61 — 7.46 (m, 3H), 7.20 — 7.07 (m, 3H), 6.60 (d, J = 8.2 Hz,
1H), 6.54 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.47 — 6.38 (m, 2H), 6.30 (s, 1H), 5.93 (d, J = 7.0 Hz, 1H),
5.88 (d, J = 1.0 Hz, 1H), 5.83 (d, J = 1.0 Hz, 1H), 5.48 (d, J = 16.8 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H),
5.30 (d, J = 17.0 Hz, 1H), 4.81 (d, J = 16.8 Hz, 1H), 4.02 (d, J = 7.8 Hz, 1H), 3.38 (s, 1H). 3C NMR
(126 MHz, CDCls) 6 177.6, 147.4, 146.9, 143.7, 134.9, 133.6, 130.6, 130.5, 130.1, 129.6, 128.9, 128.3,
127.8, 126.4, 125.8, 125.1, 125.0, 123.0, 123.0, 122.9, 122.4, 119.9, 109.8, 109.7, 108.2, 100.9, 78.5,
57.3, 41.7. HRMS (Q-TOF Premier) calcd for C2H23NNaO4 (M+Na)*: 472.1519; found: 472.1526.
Minor diastereomer:
(5)-3-((R)-1-(Benzo[d][1,3]dioxol-5-yallyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one
Light yellow solid (17.9 mg, 16% yield). m.p. = 80 — 82 °C. 95% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 27.704 min (major), tgz = 30.860 min
(minor)]. [a]p? = -19.5 (c 1.0, CHCls). *H NMR (400 MHz, CDCl3) & 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d,
J=8.2Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.60 — 7.51 (m, 2H), 7.35 (d, J = 7.2 Hz, 1H), 7.25 — 7.20 (m,
1H), 7.13 - 7.04 (m, 2H), 6.63 — 6.42 (m, 6H), 5.89 (s, 2H), 5.48 (d, J = 16.6 Hz, 1H), 5.45 (d, J = 16.8
Hz, 1H), 5.40 (d, J = 10.2 Hz, 1H), 5.00 (d, J = 16.6 Hz, 1H), 3.91 (d, J = 10.2 Hz, 1H), 3.21 (s, 1H).
13C NMR (101 MHz, CDCls) § 177.4, 147.4, 146.7, 143.5, 134.1, 133.7, 130.8, 130.7, 129.9, 129.7,
128.9, 128.6, 128.0, 126.5, 125.9, 125.1, 124.3, 123.7, 122.9, 122.7, 122.5, 121.2, 109.8, 109.6, 108.0,
101.0, 77.9, 57.9, 41.8. HRMS (Q-TOF Premier) calcd for CaoH23NNaOs (M+Na)*: 472.1519; found:
472.1530.
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 1/1) afforded the product

1-naphthyl

including both of the diastereoisomers (84.2 mg, 83% overall yield). 'H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 2/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:
(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(pyridin-3-yl)allyl)indolin-2-one (8fr)

Light yellow solid (62.4 mg, 61% yield). m.p. = 185 — 187 °C. >99% ee, HPLC [DAICEL
CHIRALPAK AD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; trs = 41.983 min (minor), tr; =
58.668 min (major)]. [a]o? = -49.6 (c 1.0, CHCI3). *H NMR (500 MHz, CDCl3) 6 8.42 (d, J = 4.6 Hz,
1H), 8.12 (s, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.86 — 7.80 (m, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.58 — 7.45
(m, 3H), 7.19 — 7.06 (m, 4H), 6.99 (dd, J = 7.8, 4.8 Hz, 1H), 6.58 (ddd, J = 17.6, 10.2, 7.6 Hz, 1H),
6.41 (d, J = 7.8 Hz, 1H), 6.07 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.26 (d, J = 16.8 Hz, 1H),
5.22 (d, J = 17.6 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.07 (d, J = 7.6 Hz, 1H). *C NMR (126 MHz,
CDCls) 6 177.3, 150.5, 148.5, 143.3, 137.2, 133.8, 133.6, 132.8, 130.5, 130.3, 129.5, 128.9, 128.0,
127.9, 126.5, 125.9, 125.4, 125.1, 123.2, 123.1, 123.1, 122.4, 120.5, 109.9, 78.3, 55.1, 41.7. HRMS
(Q-TOF Premier) calcd for C27H23N20, (M+H)*: 407.1754; found: 407.1749.

Minor diastereomer:
(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(pyridin-3-yl)allyl)indolin-2-one

Light yellow solid (20.3 mg, 20% yield). m.p. = 99 — 101 °C. 99% ee, HPLC [DAICEL CHIRALPAK
OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tr; = 25.045 min (major), tgz = 38.781 min
(minor)]. [a]p? = -26.4 (c 1.0, CHCI3). *H NMR (500 MHz, CDCls) & 8.40 (d, J = 4.0 Hz, 1H), 8.28 (s,
1H), 8.05 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.59 — 7.50 (m, 3H),
7.25-7.17 (m, 2H), 7.12 — 7.01 (m, 3H), 6.75 (d, J = 7.0 Hz, 1H), 6.49 (d, J = 7.8 Hz, 1H), 6.37 (dt, J
=17.0, 10.2 Hz, 1H), 5.46 (d, J = 17.0 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.38 (d, J = 16.6 Hz, 1H),
5.05 (d, J = 16.6 Hz, 1H), 4.01 (d, J = 10.2 Hz, 1H), 3.80 (s, 1H). *C NMR (126 MHz, CDCl3) & 177.2,
150.5, 148.3, 143.2, 136.5, 133.7, 133.2, 132.8, 130.8, 130.1, 129.8, 128.9, 128.2, 128.0, 126.6, 126.0,
125.2, 124.6, 124.1, 123.1, 123.0, 122.8, 121.9, 109.9, 77.8, 55.6, 42.0. HRMS (Q-TOF Premier) calcd
for Ca7H23N20, (M+H)*: 407.1754; found: 407.1758.

N

8fs \\

1-naphthyl
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product
including both of the diastereoisomers (83.5 mg, 90% overall yield). *H NMR analysis of the
diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor
diastereomer respectively.

Major diastereomer:

(R)-3-((S)-Hex-1-en-3-yl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fs)

Light yellow oil (61.3 mg, 66% yield). 93% ee, HPLC [DAICEL CHIRALPAK OD-H, hexane/i-PrOH
= 90/10, 220 nm, 1 mL/min; tg; = 11.511 min (major), tr, = 29.034 min (minor)]. [a]o? = 22.8 (c 1.0,
CHCls). *H NMR (500 MHz, CDClI3) 6 8.16 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.84 — 7.78
(m, 1H), 7.58 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.56 — 7.48 (m, 1H), 7.40 — 7.35 (m, 2H), 7.34 (dd, J =
7.4,0.8 Hz, 1H), 7.17 (td, J = 7.8, 1.2 Hz, 1H), 7.04 (td, J = 7.6, 0.8 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H),
5.83 (dt, J=17.0, 10.2 Hz, 1H), 5.63 (d, J = 16.2 Hz, 1H), 5.36 (dd, J = 10.2, 1.7 Hz, 1H), 5.32 (dd, J
=17.0, 1.2 Hz, 1H), 5.15 (d, J = 16.2 Hz, 1H), 2.84 (s, 1H), 2.81 — 2.72 (m, 1H), 1.31 — 1.10 (m, 4H),
0.73 (t, J = 7.2 Hz, 3H). ¥°C NMR (126 MHz, CDCl3) 6 177.9, 143.5, 135.6, 133.9, 131.0, 130.4, 129.5,
129.1, 128.9, 128.5, 126.6, 126.1, 125.2, 125.1, 124.7, 123.1, 122.9, 120.8, 109.9, 77.6, 52.0, 42.4, 30.3,
20.6, 13.8. HRMS (Q-TOF Premier) calcd for CasH26NO, (M+H)*: 372.1958; found: 372.1957.

Minor diastereomer:

(S)-3-((S)-Hex-1-en-3-yl)-3-hydroxy-1-(naphthalen-1-yImethyl)indolin-2-one

Light yellow oil (18.9 mg, 20% yield). 98% ee, HPLC [DAICEL CHIRALPAK OD-H, hexane/i-PrOH
=90/10, 220 nm, 1 mL/min; tr; = 11.689 min (minor), tr; = 28.521 min (major)]. [a]o®* = -23.0 (c 1.0,
CHCls). 'H NMR (500 MHz, CDCl3) & 8.11 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.79 (d, J =
8.0 Hz, 1H), 7.60 — 7.52 (m, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.38 — 7.32 (m, 2H), 7.17 (t, J = 7.6 Hz, 1H),
7.07 (t, J = 7.6 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 5.73 (dt, J = 17.2, 9.8 Hz, 1H), 5.54 (d, J = 16.2 Hz,
1H), 5.31 (d, J = 17.0 Hz, 1H), 5.29 (d, J = 9.8 Hz, 1H), 5.14 (d, J = 16.2 Hz, 1H), 3.00 (s, 1H), 2.65 (t,
J =10.4 Hz, 1H), 1.44 — 1.27 (m, 4H), 0.81 (t, J = 6.8 Hz, 3H). 3C NMR (126 MHz, CDCls) 5 177.9,
143.8, 136.0, 133.8, 131.0, 130.3, 129.7, 129.0, 128.9, 128.3, 126.5, 126.0, 125.2, 124.6, 124.1, 123.1,
123.0, 121.1, 109.7, 77.5, 53.0, 42.1, 30.0, 20.6, 13.8. HRMS (Q-TOF Premier) calcd for CasH2sNO>
(M+H)*: 372.1958; found: 372.1962.
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4. Procedure for the Scale-up Experiment

A flame dried Schlenk tube was cooled to rt and filled with N.. To this flask were added
[Ir(COD)CI]z (17.0 mg, 0.025 mmol, 2 mol%), phosphoramidite ligand L2 (29.5 mg, 0.050 mmol, 4
mol%), THF (2.5 mL) and n-propylamine (2.5 mL). The reaction mixture was heated at 50 °C for 30
min and then the volatile solvents were removed under vacuum to give a pale yellow solid.
3-Hydroxyoxindoles (1.25 mmol), allylic acetate (1.50 mmol), 4A MS (500 mg), TEA (1 equiv) and
THF (7.5 mL) were then added. The reaction mixture was stirred at rt for 24 h. The crude reaction
mixture was concentrated by rotary evaporation. The residue was then purified by SiO, column
chromatography (petroleum ether/ethyl acetate = 5/1) afforded the product including both of the
diastereoisomers (458.4 mg, 90% overall yield). 'H NMR analysis of the diastereoisomers showed a dr
of 5:1. The ee values were determined by HPLC using the Daicel chiral column. The ee value of the
major diastereomer is 98%.
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5. Procedures for the Transformations of the 3-Allyl-3-hydroxyoxindoles
(R)-1-(Naphthalen-1-ylmethyl)-2-oxo0-3-((R)-1-phenylallyl)indolin-3-yl acetate (10)*

Ph Ph
H Ac

0 Ac,0, DMAP 0
N - N
10

O 8 pyridine, 40 °C, 10 h C

DMAP (12.2 mg, 0.10 mmol) and acetic anhydride (0.045 mL, 0.40 mmol) were added to a stirred
solution of 8 (91.0 mg, 0.20 mmol ) in pyridine (2 mL). The resulting mixture was stirred at 40 °C for
10 h, after which time the reaction mixture was added to H,O. The organic layer was separated, and the

aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with H,O, brine,
dried over Na;SO,, filtered and concentrated under reduced pressure. The crude product purified by
column chromatography (silica) to afford 10 (87.6 mg, 98% yield) as a light yellow oil.

ee = 99%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tr; =
8.706 min (minor), trz = 35.632 min (major)]. [a]p?® = -64.7 (¢ 1.0, CHCIl3). 'H NMR (400 MHz,
CDCl3) 6 7.88 (d, J = 8.0 Hz, 1H), 7.86 — 7.80 (m, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.54 — 7.45 (m, 2H),
7.41 (dd, J=7.2, 0.8 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.20 — 7.03 (m, 5H), 6.80 (d, J = 7.2 Hz, 2H), 6.54
(ddd, J =17.2,10.2, 7.8 Hz, 1H), 6.30 (d, J = 7.6 Hz, 1H), 6.10 — 5.99 (m, 1H), 5.39 (dd, J = 10.2, 1.2
Hz, 1H), 5.30 (dt, J = 17.2, 1.2 Hz, 1H), 5.18 (d, J = 17.0 Hz, 1H), 4.89 (d, J = 17.0 Hz, 1H), 4.15 (d, J
= 7.8 Hz, 1H), 2.15 (s, 3H). *C NMR (101 MHz, CDCl3) § 174.4, 168.9, 144.4, 135.5, 134.5, 133.6,
130.4, 130.1, 129.8, 129.8, 128.8, 128.2, 127.6, 127.4, 126.2, 125.7, 125.7, 125.5, 123.8, 122.9, 122.4,
122.3, 119.7, 109.6, 81.9, 55.3, 41.9, 20.8. HRMS (Q-TOF Premier) calcd for C3H2sNNaO3z (M+Na)*:
470.1727; found: 470.1721.

(R)-2-Ox0-3-((R)-1-phenylallyl)indolin-3-yl acetate (11)°

Ph

= Ph
Ac

Ac

N NBS, chlorlbenzene

ABIN, reflux, 12 h H
>

11

A solution of 10 (44.7 mg, 0.100 mmol) in chlorobenzene (3 ml) containing NBS (21.36 mg, 0.120
mmol) and AIBN (3.28 mg, 0.020 mmol) was heated to reflux under a nitrogen atmosphere. After 4h
further AIBN (0.1 equiv.) and NBS (0.2 equiv.) were added. The solution was heated overnight then
cooled, filtered and concentrated. Diethyl ether (2 ml) and water (4 ml) were added to the residue
which was stirred for 4 h, the organic layer separated, dried (MgSO4), evaporated and the crude
product purified by column chromatography (silica) to afford 11 (22.4 mg, 73% yield) as a white solid.

m.p. = 148 — 150 °C. ee = 99%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 90/10, 220
nm, 1 mL/min; tra= 19.717 min (major), tro= 22.114 min (minor)]. [a]o®®= -38.7 (c 1.0, CHCIs). H
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NMR (400 MHz, CDCls3) 67.26 (s, 1H), 7.21 (d, J = 8.5 Hz, 1H), 7.14 (d, J = 7.1 Hz, 1H), 7.05 (m, 4H),
6.75 (d, J = 7.3 Hz, 2H), 6.62 (d, J = 7.8 Hz, 1H), 6.44 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 5.34 (d, J =
10.2 Hz, 1H), 5.22 (d, J = 17.0 Hz, 1H), 3.96 (d, J = 7.8 Hz, 1H), 2.11 (s, 3H). **C NMR (101 MHz,
CDCl3) 6 174.9, 168.8, 141.4, 135.4, 134.3, 129.9, 129.5, 127.9, 127.5, 125.9, 124.2, 122.2, 119.5,
109.8, 81.7, 55.3, 20.7 HRMS (Q-TOF Premier) calcd for CioHisNO; (M+H)*: 308.1281;
found:308.1276.

(R)-3-Hydroxy-3-((1R,2S)-3-hydroxy-2-iodo-1-phenylpropyl)-1-(naphthalen-1-ylmethyl)indolin-2
-one (12)’

|2, NaHCO3
MeCN, 0 °C,2 days
8 \\1-naphthyl 12 \\1-naphthyl

40.5 mg (0.100 mmol) of 8 was taken in 10 mL round bottom flask and it was dissolved in 3 mL
of dry acetonitrile. Then 16.5 mg (0.13 mmol) of iodine and 25.2 mg (0.30 mmol) of sodium
bicarbonate were added to the stirred solution of 8 under argon atm at 0 °C. The reaction was continued
to stir for 2 days at 0 °C and quenched with ice cold sodium sulfite then extracted with ethyl acetate
twice (20 mL). The organic fractions were combined and dried with anhydrous Na,SO4 followed by
rotary evaporation yielded the crude product of 12. Then it was purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to afford 12 as a white solid of a
white solid (45.0 mg, 82% yield).

m.p. = 63 — 65 °C. ee = 98%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 90/10, 220 nm,
1 mL/min; try = 26.619 min (major), try = 40.525 min (minor)]. [a]o® = -33.0 (c 1.0, CHCIs). *H NMR
(400 MHz, CDCl3) & 7.89 (dd, J = 5.6, 3.0 Hz, 1H), 7.87 — 7.78 (m, 2H), 7.64 (d, J = 8.2 Hz, 1H), 7.59
— 7.43 (m, 2H), 7.32 (d, J = 7.4 Hz, 1H), 7.25 — 7.07 (m, 4H), 6.99 (t, J = 7.6 Hz, 1H), 6.76 (s, 2H),
6.41 — 6.27 (m, 1H), 5.63 (d, J = 7.0 Hz, 1H), 5.15 (d, J = 16.8 Hz, 1H), 5.05 — 4.97 (m, 1H), 4.93 (s,
1H), 4.83 — 4.67 (m, 2H), 4.47 (dd, J = 12.6, 6.0 Hz, 1H), 4.34 (s, 1H), 3.99 (d, J = 11.6 Hz, 1H). 13C
NMR (101 MHz, CDCl3) 6 177.1, 143.7, 139.5, 133.6, 130.5, 130.3, 129.0, 128.9, 128.2, 128.0, 127.7,
126.8, 126.4, 126.0, 125.8, 125.6, 123.5, 122.6, 122.2, 110.2, 79.2, 69.1, 58.8, 42.0, 41.8, 29.7. HRMS
(Q-TOF Premier) calcd for CsH2sINO3 (M+H)*: 550.0874; found: 550.0869.

(2S,3R)-3-((R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-2-oxoindolin-3-yl)-2-iodo-3-phenylpropyl
4-nitrobenzoate (13)

Ph

H N o)
oo . /@)kcl DMAP, pyrldlne K\Q\
N 0N DCM rt, 12 h

12 k1-naphthyl 1naphthy|
(R)—3-Hydroxy—3—((1R,28)—3—hydroxy—2—iodo—1—pheny|propyl)—l—(naphthalen—l-ylmethyl)mdol|n-2—o
ne (12) (24.7 mg, 0.045 mmol) and DMAP (3 mg, 0.0246 mmol) was dissolved in dry pyridine (1.5
mL), cooled to 0 °C, then p-NO,CsH.COCI (16.9 mg, 0.060 mmol) in CH.Cl, (0.5 mL) was added
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dropwise. The mixture was stirred at 25 °C for 12 h. The mixture was cooled to room temperature and
EtOACc (10 mL) was added. The organic phase was washed with saturated sodium bicarbonate, brine,
dried over Na;SO4 and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 3/1) to afford
13 as a white solid (29.8 mg, 95% yield).

m.p. =90 - 92 °C. ee = 98%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 80/20, 220 nm,
1 mL/min; try = 31.828 min (minor), tr, = 37.694 min (major)]. [a]o®=-21.9 (c 1.0, CHCIs). *H NMR
(400 MHz, CDCls) 5 8.34 (m, 4H), 7.90 — 7.81 (m, 2H), 7.67 (d, J = 8.2 Hz, 1H), 7.52 (m, 2H), 7.34 (t,
J=7.4Hz, 1H), 7.28 — 7.21 (m, 3H), 7.16 (t, J = 7.0 Hz, 2H), 7.02 (m, 1H), 6.82 (s, 2H), 6.40 (d, J =
8.2 Hz, 1H), 5.69 (m, 2H), 5.20 (m, 2H), 4.99 (t, J = 10.8 Hz, 1H), 4.80 (d, J = 16.6 Hz, 1H), 3.99 (d, J
= 11.4 Hz, 1H), 3.60 (s, 1H). *3C NMR (101 MHz, CDCl;) § 176.8, 164.5, 150.8, 143.7, 138.3, 135.3,
133.6, 131.1, 130.7, 130.4, 129.1, 128.9, 128.6, 128.5, 128.3, 128.3, 127.8, 126.6, 126.4, 125.9, 125.5,
125.4, 123.7, 122.7, 122.2, 110.3, 79.2, 70.1, 58.5, 41.8, 35.1. HRMS (Q-TOF Premier) calcd for
CasH2sIN206 (M+H)*: 699.0987; found: 699.0982.
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6. ORTEP Representations of 8fk and 13

The data were collected on an Agilent Technologies Gemini Atlas Ultra diffractometer using a ultra Cu
radiation (1=1.54184A) with collimating mirror monochromators and at 293 K. Data collection, unit
cell refinement and data reduction were performed using Agilent Technologies CrysAlisPro V
1.171.35.11.1 The structure was solved by direct methods and refined by full-matrix least-squares on
F2 with anisotropic displacement parameters for the non-H atoms using Olex2/ SHELXTL program
package. The hydrogen atoms on carbon were calculated in ideal positions with isotropic displacement
parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms). The hydrogen
atoms bound to nitrogen were located in a AF map and refined with isotropic displacement parameters.
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ORTEP Representation of 8fk

Bond precision: C-C = 0.010& A Wavelength=1.54178
Cell: a=21.5078(15) b=9.2660(&) c=13.4784 (8)
alpha=90 beta=9%0 gamma=530

Temperature: 297 K
Calculated Reported

Volume 2686.1(3) 2686.1(3)

Space group P 21 21 2 P 21 21 2

Hall group P 2 2ab P 2 2ab

Moiety formula 2(C28 H1S F N 02), 2{(C3 H72(C28 H19 F N 02), 2(C3 H7
o)y, O o), O

Sum formula CeZ H52 F2 N2 07 Ce2 H52 F2 N2 07

Mr 875.06 875.05

Dx,g cm—3 1.206 1.206

Z 2 2

Mu (mm-1) 0.676 0.87¢

FOOD 1024.0 1024.0

Fooo” 1027.21

h, k, lmax 23,10,14 23,9,14

Nref 3857 2217] 3779

Tmin, Tmax 0.862,0.885 0.055,0.162

Tmin’ 0.8862

Correction method= # Reported T Limits: Tmin=0.055 Tmax=0.162
AbsCorr = 7

Data completeness= 1.70/0.98 Theta (max)= 58.920
Rireflections)= 0.0565( 2402) wR2 (reflections)= 0.1522( 3779)
5 = 1.047 Npar= 337
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ORTEP Representation of 13

Bond precision: C-C = 0.0305 & Wavelength=1.54178
Cell: a=8.5130(18) b=13.017(3) c=14.940(3)
alpha=81.55Z2 (9) beta=82.416(10) gamma=71.669(8)

Temperature: 299 K

Calculated Reported
Volume 1548.0(6) 1548 .1 (6)
Space group P -1 F -1
Hall group -P 1 -P 1
Moiety formula C35 H26 I N2 06 C35 H26 I N2 06
Sum formula C35 H26 I N2 06 C35 H26 I N2 06
Mr 697.48 697.48
Dx,g cm-3 1.496 1.49¢
Z 2 2
Mu (mm-1) 8.531 8.531
FOO0O0 702.0 702.0
FOO0’ 703.40
h,k, lmax 9,14,16 9,14,16
Nref 4470 3922
Tmin, Tmax 0.227,0.278 0.058,0.167
Tmin'’ 0.145

Correction method= # Reported T Limits: Tmin=0.058 Tmax=0.167
AbsCorr = ?

Data completeness= 0.877 Theta (max)= 58.930
R(reflections)= 0.1564( 3145) wRZ (reflections)= 0.4492( 3922)
5 = 1.535 Npar= 397
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8. NMR and HPLC Spectra
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Total 18064725 342483 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 16.950 42385330 932167 99837 99.842
2 20.491 69131 1475 0.163 0.158
Total 42454461 933642 100.000 100.000
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PeakTable
Pealk# Ret. Time Area Height Area % Height %
1 44 275 46398275 658316 51.577 65241
2 58416 43560102 350731 48 423 34759
Total 89958377 1009047 100.000 100.000
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PeakTable
Peald Ret. Time Area Height Area % Height %
1 44273 642586 9005 1.947 3.164
2 58.668 32367313 275633 98.053 96.836
Total 33009899 284638 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.509 84290280 3843592 47.014 53.041
2 12.613 94997302 3402845 52986 46959
Total 179287582 7246438 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.716 22479959 978808 99893 99.871
2 12.830 24030 1260 0.107 0.129
Total 22503989 980067 100.000 100.000
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PeakTable
Peak# Ret. Time Area Height Area % Height %
1 30.763 1444486 29451 50915 52.960
2 32.705 1392578 26158 49.085 47.040
Total 2837064 55609 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 30.786 87100 1855 1.362 1.535
2 32.885 6308688 118982 98.638 98.465
Total 6395788 120837 100.000 100.000
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min
PeakTable
Peald# Ret. Time Area Height Area % Height %
1 13.807 896540 24671 45.649 67.872
2 31.462 1067443 11678 54.351 32.128
Total 1963983 36349 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 14.617 114753539 2589952 99822 99.928
2 32.144 204734 1861 0.178 0.072
Total 114958273 2591814 100.000 100.000
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PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.578 9914598 438130 55.584 62.593
2 14.556 7922472 261841 44 416 37.407
Total 17837070 699971 100.000 100.000
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PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11332 627273 25523 3.209 3.969
2 13.763 18917833 617553 96.791 96.031
Total 19545106 643076 100.000 100.000
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1] 5 10 15 20 25 30
min
PeakTable
Peald# Ret. Time Area Height Area % Height %
1 8.393 17788808 479187 41.898 64.791
2 21.019 24668811 260404 58.102 35209
Total 42457618 739591 100.000 100.000
mV
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h| w
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T T T T T T.I T T T T T T T T |‘r T T T T
0 5 10 15 20 25 30
min
PeakTable
Peak## Ret. Time Area Height Area % Height %
1 8.565 50546424 1978241 99.770 99.925
2 21.535 116402 1434 0.230 0.075
Total 50662826 1979725 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 16.818 3364137 71527 47.052 50.586
2 19241 3785748 69871 52.948 49 414
Total 7149885 141398 100.000 100.000
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0 5 10 15 20 25 30 35 40
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 16.741 8486791 181363 99.652 99.487
2 19.142 29662 935 0.348 0.513
Total 8516453 182298 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 3618 60497329 2385507 43.486 64.197
2 18.833 78623302 1330427 56.514 35.803
Total 139120631 3715934 100.000 100.000
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0 5 10 15 20 25 30
min
PeakTable
Peald? Ret. Time Area Height Area % Height %
1 8.596 91739177 3004986 99.537 99.735
2 19.036 426532 7977 0.463 0.265
Total 92165708 3012963 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 16.872 8506507 191264 44 586 48.150
2 19.073 10572341 205964 55.414 51.850
Total 19078847 397228 100.000 100.000
\\1-naphthyl
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0 5 10 15 20 25 30 35
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 16.660 83873476 1894966 97.626 97.899
2 19.045 2039517 40667 2374 2.101
Total 85912993 1935633 100.000 100.000
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0 5 10 15 20 25 30 35 40 45
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 15.192 13701072 331929 47.383 64.459
2 28.403 15214488 183014 52.617 35.541
Total 28915559 514944 100.000 100.000
mV
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] s &
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0 5 10 15 20 25 30 35 40 45
min
PeakTable
Peal# Ret. Time Area Height Area % Height %
1 14.121 65692751 1672585 99.560 99.872
2 29391 290350 2145 0.440 0.128
Total 65983102 1674731 100.000 100.000
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o e
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0 5 10 15 20
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11229 30062783 1311253 52725 59.188
2 13.756 26955697 904162 47.275 40.812
Total 57018480 2215415 100.000 100.000
'\\1—naphthyl
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. 8
1 s
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T T T T T T T T T T T T T T T B T
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11.591 244201 10928 1.140 1.522
2 14.550 21177455 706925 98.860 98.478
Total 21421656 717853 100.000 100.000
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min
PeakTable
Peald# Ret. Time Area Height Area % Height %
1 8.556 31255499 1324543 53.875 79.800
2 24386 26759741 335276 46.125 20.200
Total 58015240 1659819 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 3.516 89636543 3065051 98.975 99.576
2 24.404 928478 13064 1.025 0424
Total 90565021 3078114 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 14.377 26907836 611783 48.986 51.618
2 20.032 28021389 573439 51014 483382
Total 54929225 1185222 100.000 100.000
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5 10 15 20 25 30
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 15.347 9109478 239556 4.379 6.843
2 20.825 198921044 3260994 95.621 93.157
Total 208030522 3500550 100.000 100.000
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0.0 25 50 75 10.0 12.5 15.0 17.5 20.0
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.560 35484707 2316190 44742 52.010
2 9617 43824290 2137123 55.258 47.990
Total 79308997 4453313 100.000 100.000
8fn hk‘\1-naphthy
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.575 8789572 623840 99.164 99.552
2 9.791 74122 2805 0.836 0.448
Total 8863693 626645 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.751 23041164 1519352 52.130 61454
2 10.374 21158389 952978 47.870 38.546
Total 44199553 2472330 100.000 100.000
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min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 7.747 224820 12337 1.629 1.974
2 10.366 13572065 612523 98.371 98.026
Total 13796885 624860 100.000 100.000

S174



8fo \\1 -naphthyl

20—

S2°2—

UL_J"L_JK__A#&

M

J

L A

|

UL JHL JM

882

Fo0

Faso

EL6'0

0.0

0.5

4.0 3.8 3.0

4.5

5.0

5.5

8.0

8.5

f1 (ppm)

29°6T
pm.mﬁv

T —

P5OLG—

PSBA—

4geeT
S58°22T
£0'5ET
B8T'GET
S8L°5ET
PEPET—=

35°LETE
98°821
98°62T
3L 0ET

TLEPT—

ZLILLT—

-10

200 180 180 170 180 180 140 130 120 110 100 80 80 7o 60 50 40 30 20 10
f1 (ppm)

210

S175



. 1-naphthyl
major rac P y
mV
2000
] 8
1 B
1500+
] 9
1000+ 3
4 o™
500+
i il
U T T
T B R — T T B —— T
0 5 10 15 20 25 30 35 40 45
min
PeakTable
Peal# Ret. Time Area Height Area % Height %
1 12.041 55446864 1531124 43.086 64.091
2 26.445 73243310 857878 56914 35909
Total 128690174 2389002 100.000 100.000
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min
PeakTable
Peal# Ret. Time Area Height Area % Height %
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8fr N\\1 -naphthyl
mV
: o
S
1 &
500+
2501
] g
i 8y
G T T T T T T T T T TI T T T T T T T T T T
0 10 20 30 40 50
min
PeakTable
Peald Ret. Time Area Height Area % Height %
1 25045 25053122 324209 99.556 99.761
2 38.781 111704 1257 0.444 0239
Total 25164826 525466 100.000 100.000

S188



'\{\1 -naphthyl

oge—
o0
No.wV

O W Wb
BEH GGG
wd g mg %mm

,
_

e

e k=E=R=ak]

3.0

4.5 4.0

5.0

]

7.0

7.5

f1 (ppm!

L6 T —

25 55—

gLl

=18

BET
"BET
"BET
"OET

CpT-
"8I~
0T~

AT

I

—d

-10

200 190 180 170 180 180 140 130 120 110 100 90 80 O 60 50 40 30 20 10
f1 (ppm)

210



1-naphthyl

minor rac
mV
300
| o
1 &
200 ¥
| 8
| r~
o
4 w
100+
ol L .
———T— 77— ] —
0 10 20 30 40 50 60 70 80 90
min
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Peak# Ret. Time Area Height Area % Height %
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1 41.983 600208 4148 0.440 0.558
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Total 136392023 742975 100.000 100.000
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PeakTable
Peald# Ret. Time Area Height Area % Height %
1 10.765 7455089 297532 45573 71479
2 27.693 8903395 118721 54.427 28521
Total 16358485 416253 100.000 100 000
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1 11.511 125495967 3004088 96.669 98.332
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Total 129820499 3055037 100.000 100.000
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Peak# Ret. Time Area Height Area % Height %
1 12.164 12739336 413622 55.688 77.038
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Total 22876449 536906 100.000 100.000
\\1-naphthyl
mV
2500
1 3
2000 &
1500
1000
500
] @
] 8
C_ | T ) T 4
T I L T e B B A e e e T
0 5 10 15 20 25 30 35 40 45
min
PeakTable
Peak# Ret. Time Area Height Area % Height %
1 11 689 1407182 39062 0.873 2.045
2 28.521 159757790 1871182 99.127 97.955
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Peak# Ret. Time Area Height Area % Height %
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Total 68429546 1111318 100.000 100.000
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PeakTable
Peak# Ret. Time Area Height Area % Height %
1 31.713 6575301 100316 46.892 50.857
2 37.432 7447035 96937 53.108 49.143
Total 14022336 197253 100.000 100.000
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