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1 General information

NMR characterization data were collected on Bruker ASCEND™ 400M and 600M. "H NMR and 3C{'"H} NMR: chemical shifts & were
recorded in ppm relative to tetramethylsilane and internally referenced to the residual solvent signal. Data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, td = triplet of doublets, dt = doublet
of triplets, ddd = doublet of doublet of doublets, m = multiplet), coupling constants (Hz), integration.Ultra Performance Convergence
Chromatography (UPC?2) was performed on using Daicel Chiralcel IA-3, IC-3, ID-3, IE-3, IG-3, IH-3, OD-3, OX-3, OZ-3, AD-3. at 35 °C
with UV detector at 211 nm, and enantiomeric excesses were determined in comparison with the authentic racemates. High resolution
mass spectra (HRMS) were performed on Thermo Q-Exactive Focus (FTMS+c ESI) and data were reported as (m/z). Infrared spectra
(IR) were recorded on Bruker Tensor II spectrometer with Plantium ATR accessory and the peaks are reported as absorption maxima
(v, cm-1). Optical rotations were measured on Rudolph Research Analytic Automatic Polarimeter, and reported as follows: [a]pT (c:
g/100 mL, in CH,CI,, 4 = 589 nm). Melting point ranges were determined on OptiMelt. X-ray crystallographic data were collected by a
Bruker D8 Venture Photon Il. The experiments requiring substrates 3-Bromo-3-substituted oxindoles [ and chiral N,N-dioxide ligands.?
were synthesized according to known procedures and purified by recrystallization prior to use. All of the starting materials including the
metal salts were purchased from TCI, Aladdin, Adamas, Acros, Aldrich and other companies, and used without further purification. The
3A MS and inorganic base was purchased from Acros and oven-dried by the muffle furnace for 4 h prior to use. All the solvents were
pre-dried over appropriate desiccants, and distilled prior to use. other commercial reagents were used without further purification.
Reactions were monitored using thin-layer chromatography (TLC) on GF254 silica gel. Visualization of the developed plates was
performed under UV light (254 nm) or using iodine, cobalt thiocyanate or KMnO,. The products were purified by flash column
chromatography with silicycle 300-400 mesh silica gel.



2 Typical procedure for preparation of substrates and products

2.1 Typical Synthesis Procedure of A and B
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Synthesis Procedure of A1-A5, A10: N-bromosuccinimide (30.0 mmol, 5.34 g) was dissolved in cold THF (100 mL). The resulting THF
solution was added dropwise via addition funnel to a stirring solution of 3-substituted indole (15 mmol) in BuOH (100 mL) at room
temperature over a period of 1 hour. The mixture was stirred for an additional hour. The solution was concentrated under reduced
pressure. The crude material was subjected to column chromatography on silica gel (elute: petroleum ether/ethyl acetate = 10/1, v/v)

to obtain the product.

Synthesis Procedure of A6-A9, A11-A16: a solution of isatin (30 mmol) was dissolved in DMF and the corresponding acid (33 mmol)
was added at room temperature, followed by addition of triethylamine (20 mol%). The mixture was stirred at 70 °C for 12 h and then
washed with H,O. The aqueous layer was extracted with EA in three times, concentrated under reduced pressure, and then washed
with DCM to obtain the crude product. The crude product (10 mmol) was dissolved in 10 mL DCM at -10°C, followed by addition of
PBr; (10mmol), and monitored by TLC. The reaction mixture was quenched by with H,O, and extracted with DCM. The combined
organic extracts were dried over Na,SQO,, filtered and concentrated under reduce pressure. The residue was subjected to flash
chromatograph on silica gel (petroleum ether/ethyl acetate = 10:1, v/v) and then recrystallized from the mixture of petroleum ether and

ethyl acetate to afford 3-bromo-3-substituted oxindoles as a yellow solid.
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B1 was prepared according to previous literature.l®l Synthesis Procedure of B2-B19: Glycidic acid ester (4.0 g, 39.2 mmol) was added
in one portion by syringe to a mixture of indole (78.4 mmol) and Yb(OTf); (7.3 g, 11.7 mmol) in DCE (50 mL) under N,. The mixture
was refluxed for 1.5 h. The reaction was quenched with sat. Na,COj3; (50 mL) and the solution was acidified with 2M HCI (150 mL). The
solution was extracted with CH,Cl,(3 x 50 mL) and the combined organic layers were washed with brine (50 mL), dried (Na,SO,), and
concentrated under reduced pressure. The residue was subjected to flash chromatograph on silica gel (petroleum ether/ethyl acetate

= 8:1, v/v) to give methyl -a-hydroxy-1H-indole-3-propanoate. Methyl -a-hydroxy-1H-indole-3-propanoate (10 mmol) was dissolved in
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ethyl acetate (20 mL) in a round-bottomed flask equipped with a reflux condenser. Next, o-iodoxybenzoic acid (IBX) was added and
the mixture was heated at reflux temperature (monitored by TLC). Upon completion, the reaction was cooled to room temperature and
the crude mixture was passed through a pad of silica gel using ethyl acetate to rinse. Upon concentration, the residue was subjected
to flash chromatograph on silica gel (petroleum ether/ethyl acetate = 8:1, v/v) and then recrystallized from the mixture of petroleum

ether and ethyl acetate to afford the final product as a white solid.

2.3 Typical procedure for preparation of the racemic products

o(OTf)3 (5 mol%)
K2CO3 (3 0 eq)
DCE (1.0 mL)

3A MS (20 mg)
A1 B1 20°C C1

A dry reaction tube was charged with 3-Bromo-3-substituted oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-
yl)acrylate B1 (21.7 mg, 0.1 mmol), K,COs (41.4 mg, 0.3 mmol, 3.0 equiv.), 3A MS. (20.0 mg), and 1.0 mL DCE in the air. The reaction
was performed at 20 °C for 19 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent:

petroleum ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1.

2.4 Typical procedure for preparation of the asymmetric products

MeO 00
Ho(OTf)3 (5 mol%) COsMe
L3-PiPryAd (6 mol%)
KaCO3 (3.0 eq) " No)
DCE (1.0 mL) N N

3A MS (20 mg) H H
A1 B1 20 °C 1

An oven-dried test tube was charged with N,N-dioxide L3-PiPr,Ad (5.5 mg, 0.006 mmol), Ho(OTf)3 (3.1 mg, 0.005 mmol), and 0.5 mL
DCM under N, atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-
substituted oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (21.7 mg, 0.1 mmol), K,CO; (41.4
mg, 0.3 mmol, 3.0 equiv.), 3A MS. (20 mg), and 1.0 mL DCE were added in the glovebox. The reaction was performed at 20 °C for

11 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C (eluent: petroleum
ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1. By the way, the product suffered somewhat
epimerization after the chromatography on silica gel at room temperature.



3 Optimization of the reaction conditions

Table S1. Screening of metal salts

NI Moo
e
Oo— metal salt (5 mol%) 00 COsMe
Br, —_— _Pi
5 . OH L3-PiPr; (6 mol%) ‘
W
o N K,COj3 (1.0 equiv) ol
N N DCE (1.0 mL) N N
H H 3A MS (20 mg) H H
A1 B1 20°C C1
entry? metal salts yield (%)? dre ee (%)°
1 Mg(OTf), Messy - -
2 Sc(OTf); Messy - -
3 Ni(OTf), Messy - -
4 La(OTf); 50 69/31 76/70
5 Ce(OTf); 60 81/19 78/65
6 Pr(OTf); 62 86/14 78/55
7 Nd(OTf)s 62 89/11 85/50
8 Sm(OTf); 62 79/21 82/57
9 Eu(OTf)s 64 86/14 88/57
10 Gd(OTf)3 62 80/20 86/51
11 Tb(OTf)s 60 88:12 86/71
12 Dy(OTf)s 62 90:10 85/70
13 Ho(OTf)s 64 90:10 88/70
14 Er(OTf); 62 91:9 86/68
15 Tm(OTf); 52 92:8 89/99
16 Yb(OTf); 42 95:5 87/59
17 Lu(OTf); 40 95:5 87/40
18d Ho(OTf)s 42 62:38 70/13
19¢ Ho(OTf)s 50 937 84/55
207 Ho(OTf)s 56 95:5 84/61
219 Ho(OTf)3 complex - -




a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,COs (0.1 mmol), 3 A molecular sieves (20.0 mg) and metal
salt/L3-PiPr; (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at 20 °C for 19 h. ?Yield of the NMR product. ¢ Determined by UPC? analysis on
a chiral stationary phase. ¢ Without 3 A molecular sieves. ¢4 A molecular sieves (20.0 mg) instead of 3 A molecular sieves. f5 A

molecular sieves (20.0 mg) instead of 3 A molecular sieves. 91.8 uL H,0 instead of 3 A molecular sieves.

Table S2. Screening of ligands

o [/ MeO
o— 0 Ho(OTf)3 (5 mol%) 00y _co,Me
Br _— Ligand (6 mol%)
(e} + OH — we
(0] \ K2003 (1 .0 equw) (o) |
N N DCE (1.0 mL) N

N
3A MS (20 mg) H H
Al B1 20°C c1
D <
O%\\“ NoN 9
Ney® OyN
AN~H H ™ SN N
R R Oﬁo No~N o
L3-PrPryAd: R = 2,6-Pry-4(1-Ad)CgHy R,N\H’O* _O\H’N~R
\\‘ Ls-PiMe,: R = 2,6-Me,CgH3
- Ls-PiEt,: R = 2,6-Et,CgH3
L 4 L3-PiPry: R = 2,6-Pr,CgHg
OQ\\‘ No~N o Ly-PiPry: R = 2,4,6-Pr,CeH,
N, O- NN L3-PiPr,Ad: R = 2,6-Pr,-4(1-Ad)CgH,
R H H™oR

L3-RaPr,Ad: 2,6-Pr,-4(1-Ad)CeHa

entry? Ligand yield (%) dre ee (%)°
1 L;-PiMe, 48 80/20 59/22
2 L;-PiEt, 68 79/21 72/40
3 Ls-PiPr; 64 90/10 88/70
4 L3-PiPr; 66 89:11 86/27
5 Ls-PiPr,Ad 64 >19:1 92
6 L;-PrPr,Ad 44 >19:1 84
7 L;-RaPr.Ad 34 >19:1 35

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,CO3 (0.1 mmol), 3 A molecular sieves (20.0 mg) and
Ho(OTf)s/Ligand (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at 20 °C for 19 h. *Yield of the NMR product. ¢ Determined by UPC? analysis

on a chiral stationary phase.



Table S3. Screening of base

O MeO
o— 0 Ho(OTfs (5 mol%) 00y _co,Me
Br, _— L3-PiPr,Ad (6 mol%)
o + OH - W
e N\ Base (1.0 equiv) ol
N DCE (1.0 mL) N N
H N 3AMS (20 mg) H H
A1 B1 20°C c1
entrya base yield (%)> dre ee (%)°
1 KHCO; 46 >19:1 88
2 Na,CO3 48 >19:1 93
3 K,COs 64 >19:1 92
4 K3POy4 62 >19:1 90
5 Cs,CO3 complex - -
6 NEt; complex - -
7 DBU complex - -

aThe reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), base (0.1 mmol), 3 A molecular sieves (20.0 mg) and Ho(OTf)s/
L;-PiPr,Ad (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at 20 °C for 19 h. ?Yield of the NMR product. ¢ Determined by UPC? analysis on

a chiral stationary phase.

Table S4. Screening of temperature.

MeO
o— 0 Ho(OTf); (5 mol%) 00y _co,Me
Br, _ L3-PiPr Ad (6 mol%)
0 + OH ) e
0 \ K2003 (1 .0 equw) (o) |
N N DCE (1.0 mL) N N
H N 3AMS (20 mg) H H
A1 B1 T*c C1
entry? T (°C) yield (%)? dre ee (%)°
1d -20 trace - -
2¢ 0 22 >19:1 93
3f 20 64 >19:1 92
49 40 56 94:6 87/22

aThe reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,CO3 (0.1 mmol), 3 A molecular sieves (20.0 mg) and Ho(OTf)s/
L;-PiPr,Ad (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at T °C. *Yield of the NMR product. ¢ Determined by UPC? analysis on a chiral

stationary phase. ¢ Reaction time 48 h. ¢ Reaction time 36 h. fReaction time 19 h. 9 Reaction time 11 h.



Table S5. Screening of solvents.

MeO
o— 0 Ho(OTf)3 (5 mol%) 00y _co,Me
Br _ L3-PiPr Ad (6 mol%)
(0] + OH K W
0 N\ K5>COs3 (1.0 equiv) ol
N solvent (1.0 mL) N N
H N 3A M280 (02((:) mg) H H
A1 B1 C1
entry? solvent yield (%)P dre ee (%)°
1 DCM 46 >19:1 88
2 CHCl, 66 >19:1 73
3 DCE 64 >19:1 92
4 EA complex - -
5 Toluene 16 >19:1 84
6 Et,O 20 >19:1 87
7 THF 14 >19:1 31

aThe reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,COs (0.1 mmol), 3 A molecular sieves (20.0 mg) and

Ho(OTf)s/ L3-PiPr,Ad (1:1.2, 5 mol %) in solvent (1.0 mL) at 20 °C for 19 h. ?Yield of the NMR product. ¢ Determined by UPC?

analysis on a chiral stationary phase.

Table S6. Ratio of Ho(OTf); and L3-PiPr.Ad.

-4 MO
e
o— Ho(OTf)3 (x mol%) 0O\ co,Me
Br — -Pi
Y . OH L3-PiProAd (y mol%) N
o N K,COj3 (1.0 equiv) ' o)
N N DCE (1.0 mL) N N
H H 3A MS (20 mg) H H
A1 B1 20°C Cc1
entry? Xy yield (%)P dre ee (%)°
1 7.5:5 68 >19:1 70
2 6:5 64 >19:1 70
3 5:5 64 >19:1 90
4 5:6 64 >19:1 92
5 5:7.5 64 >19:1 92
6 5:10 69 >19:1 93

aThe reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,CO5 (0.1 mmol), 3A molecular sieves (20.0 mg) and Ho(OTf)s/Ls-
PiPr,Ad (x:y) in CH,CICH,CI (1.0 mL) at 20 °C for 19 h. ®Yield of the NMR product. ¢Determined by UPC2 analysis on a chiral stationary

phase.



Table S7. Screening of ratio of substrate.

o / MeO
o— 0 Ho(OTf)5 (5 mol%) 0 Oy_co,Me
Br _ L3-PiPr,Ad (6 mol%)
(0] + OH | W
[0) \ K2003 (1 .0 equw) (o) |
N N DCE (1.0 mL) N N
H N 3A Mzsa (028 mg) H H
A1 B1 Cc1
x mmol y mmol
entrya x:y yield (%)° dre ee (%)°
1d 0.2:0.1 95 >19:1 91
24d 0.15:1 95 >19:1 92
3 0.1:0.1 64 >19:1 91
4 0.1:0.15 64 >19:1 a0
5 0.1:0.2 62 >19:1 91

aThe reactions were performed with A1 (x mmol), B1 (y mmol), K,COs (0.1 mmol), 3 A molecular sieves (20.0 mg) and Ho(OTf),/ L~
PiPr,Ad (1:1.2, 5 mol %) in DCE (1.0 mL) at 20 °C for 19 h. ®Yield of the NMR product. ¢ Determined by UPC? analysis on a chiral

stationary phase. ¢ Reaction time 11 h.

Table S8. Screening of the amount of base.

o ! MeO
o— o) Ho(OTf)5 (5 mol%) 00y _co,Me
Br. _ L3-PiPryAd (6 mol%)
o} + OH > "
o] N\ K2CO3 ol
N DCE (1.0 mL) N N
H N 3A MZSO ("2((:) mg) H H
A1 B1 C1
the amount of K,CO;
entry? yield (%)P dre ee (%)°
(x mmol)
1 0.1 95 >19:1 92
2 0.2 95 >19:1 94
3 0.3 95 >19:1 96

aThe reactions were performed with A1 (0.15 mmol), B1 (0.1 mmol), K,CO5 (x mmol), 3 A molecular sieves (20.0 mg) and Ho(OTf)/

L;-PiPr,Ad (1:1.2, 5 mol %) in DCE (1.0 mL) at 20 °C for 11 h. > Yield of the NMR product. ¢ Determined by UPC? analysis on a chiral
stationary phase.
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4 Gram-scale synthesis of C1

o. / MeO
o— o) Ho(OTf)s (5 mol%) 00y _co,Me
Br. _ L3-PiPr,Ad (6 mol%)
(@] + OH > w
o N K>CO3 (3.0 eq) ol
N N DCE (30.0 mL) N N
H N 3A Ms2 éso%o mg) H H
4.5 mmol, 1.28 g 3.0 mmol, 0.65 g 1119
88% vyield
95% ee
>19:1dr

An oven-dried 100 mL flask was charged with N,N-dioxide L;-PiPr.Ad (165.1 mg, 0.18 mmol), Ho(OTf); (91.8 mg, 0.15 mmol), and
DCM (7.5 mL) under N, atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-
substituted oxindoles A1 (1.28 g, 4.5 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (0.65 g, 3 mmol), K,CO3 (1.24 g, 9
mmol, 3.0 equiv.), 3A MS. (600.0 mg), and 30.0 mL DCE were added subsequently in the glovebox. The reaction was performed at 20
°C for 16 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C (eluent: petroleum
ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1. By the way, the product suffered from somewhat
epimerization after the solvent was removed in vacuo.

5 Synthetic transformations

o— OH  Ho(OTf)3 (5 mol%)
Br _ L3-PiPr,Ad (6 mol%)
o + OH
o A K,CO3 (3.0 eq)
N N DCE (1.0 mL)
H N 3A MS (20 mg)
A1 B1 20°C,19h (S,R)-C1
then warm to 30 °C, 72h yield: 96%
ee: 90%/92%
dr: 77/23
COZMe
Silica gel 3 E@
EA, 30 °C, 64 h \
N
H
(S,R)-C1 (S,R)-C1
ee: 90%/92% yield: 99%
dr: 77/23 ee: 89%/92%
dr: 85/15

An oven-dried test tube was charged with N,N-dioxide L3-PiPr,Ad (5.5 mg, 0.006 mmol), Ho(OTf); (3.1 mg, 0.005 mmol), and 0.5 mL
DCM under N, atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-substituted
oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (21.7 mg, 0.1 mmol), K,COj3 (41.4 mg, 0.3 mmol,
3.0 equiv.), 3A MS. (20 mg), and 1.0 mL DCE were added in the glovebox. The reaction was performed at 20 °C. After 19 h, the reaction
was performed at 30 °C for 72 h. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C
(eluent: petroleum ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products (S,R)-C1. An over-dried test tube was
charged with (S,R)-C1 (0.05 mmol, 21.1 mg), 0.3 g Silica gel and 1 mL EA. The reaction was performed at 30 °C for 64 h. The reaction
mixture was directly subjected to flash filtration to afford the (S,R)-C1 in 99% yield. The dr value and ee value were determined by
UPC? analysis using a chiral stationary phase.

5.1 Procedure for the synthesis of D1
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|
O0_o0o0
COzMe In(OTf)3 (10% mol)
D + \/\BF3K _—
o] THF, rt.
N N
H H

dr: >19/1 .
) yield: 87%
ee: 95% dr: 94/6
C1 ee: 95%/99%
D1

An over-dried test tube was charged with In(OTf); (0.01mmol, 5.6 mg), C1 (0.1 mmol, 42.1 mg) and 1 mL THF in the glovebox. The
mixture was stirred at room temperature for 30 min. Potassium allyltrifluoroborate was added (0.2 mmol, 29.6 mg) to the test tube. The
reaction was performed at room temperature for 30 min. The reaction mixture was directly subjected to flash column chromatography
on silica gel (eluent: petroleum ether/ethyl acetate = 1:1 to 1:2, v/v) to afford the corresponding products D1 in 87% yield. The dr value

was determined by NMR. The ee value was determined by UPC? analysis using a chiral stationary phase.

5.2 Procedure for the synthesis of D2

/
@)
OOy _co,Me
NH,OH-HCI
W' +
o | pyridine
N N MeOH, 40 °C
: : 50% vyield
o .
dr: >19/1 dr: >19/1 50% yield
ee: 95% Z/E: >19/1 o o,
c1 ee: 95% ee: °
(S,R)-C1
D2

An over-dried test tube was charged with NH,OH-HCI (0.12mmol, 8.4 mg), pyidine (0.11 mmol, 8.9 yL) and 1.0 mL MeOH. The mixture
was stirred at 40 °C for 0.5 h. C1 (0.1 mmol, 42.1 mg) was added to the test tube. The reaction was performed at the 40 °C for 36 h.
The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 1:1
to 2:3, v/v) to afford the corresponding products D1 in 50% yield. The dr value and Z/E value were determined by NMR. The ee value

was determined by UPC? analysis using a chiral stationary phase.
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COOBn

Br, /—CO;Me ~ OH 1) Standard Contion
+ A\
o N 2) NaBH,4
\

N MeOH, -20 °C
A1 B19
yield: 73%
ee: 98%
dr: >19/1
o) OH
T™MG
—_ 1) Pd/C, H,, MeOH .
CH3CN, 80 °C )
2) CICOO'Bu, NEt3, THF, 30 min N N
then NaBH,4, MeOH, 0 °C H \
F1
yield: 79% yield: 85%
dr: >19/1 total yield: 49%
ee: >99%
dr: >19/1

An oven-dried test tube was charged with N,N-dioxide L;-PiPr,Ad (5.5 mg, 0.006 mmol), Ho(OTf); (3.1 mg, 0.005 mmol), and 0.5 mL
DCM under N, atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-substituted
oxindoles A1 (42.6 mg, 0.15 mmol), benzyl (Z)-2-hydroxy-3-(1-methyl-1H-indol-3-yl)acrylate B19 (21.7 mg, 0.1 mmol), K,CO; (41.4
mg, 0.3 mmol, 3.0 equiv.), 3A MS. (20 mg), and 1.0 mL DCE were added subsequently in the glovebox. The reaction was performed
at 20 °C. Atfer 15 h, The reaction mixture was directly subjected to flash filtration, the solvent was removed in vacuo. The mixture was
dissolved in 2.0 mL MeOH at -20°C. NaBH, (11.4 mg, 0.3 mmol) was added. The reaction was performed at -20 °C for 30 minutes.
The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 3:2
to 1:1, vl/v) to afford the corresponding products D3 in 73% yield. D3 (51.2 mg, 0.1 mmol), TMG (12.55 pL, 0.1 mmol), and 1.0 mL
CH3CN were added to a test tube. The reaction was performed at 80 °C for 13 h. The reaction mixture was directly subjected to flash
column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 3:2 to 1:1 v/v,) to afford the corresponding products E1
in 79% yield. An oven-dried test tube was charged with E1 (48.1 mg, 0.1 mmol), Pd/C (4.0 mg), and 2 mL MeOH under H, atmosphere.
After 16h, the product was filtered with coarse silica gel, the solvent was removed in vacuo. the mixture was dissolved in 2.0 mL THF.
NEt;(15.3 uL, 0.11 mmol) and CICOOBu (16.5 uL, 0.12 mmol) were added under N, atmosphere. The reaction was performed at room
temperature for 30 minutes, and then 1.0 mL MeOH and NaBH, (11.4 mg, 0.3 mmol) were added at 0 °C. After for 30 minutes, the
reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 1:1 to 1:2,
v/v) to afford the corresponding products F1 in 85% yield. The dr value was determined by NMR and UPC? analysis using a chiral

stationary phase. The ee value was determined by UPC? analysis using a chiral stationary phase.
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6 Control experiments

o. / MeO
e
o— Ho(OTf)s (5 mol%) 0Oy co,Me
Br X . — OH L3-PiProAd(6 mol%)
o \ K,COs (1.0 equiv) h oY

N N DCE (1.0 mL) N N

H H 3A MS (20 mg) H H

Al B1 20 °C o1

entrya Variations yield (%)? dre ee (%)°
1 ; 64 >19:1 92
Without Ho(OTf); and

2 Ls-PiPr,Ad trace ” )
3 Without Ls-PiPr,Ad 62 9/1 -

aThe reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K,CO5 (0.1 mmol), 3A molecular sieves (20.0 mg) and Ho(OTf)s/Ls-
PiPr,Ad (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at 20 °C for 19 h. ®Yield of the NMR product. ¢ Determined by UPC? analysis on a

chiral stationary phase.

7 The relationship between ee of the ligand and ee of the product C1

o. / MeO
o— 0 Ho(OTf)s (5 mol%) 00y _co,Me
Br, _ L3-PiPryAd (6 mol%)
O + OH > W
N N DCE (1.0 mL) N N
H N 3A MS (20.0 mg) H H
20 °C
A1 B1 C1
entry? ee of ligand yield (%)P dre ee (%)°
1 0 94 >19:1 2
2 20 95 >19:1 15
3 40 96 >19:1 30
4 60 94 >19:1 55
5 80 95 >19:1 70
6 100 95 >19:1 96

aThe reactions were performed with A1 (0.15 mmol), B1 (0.1 mmol), K,CO5 (0.3 mmol), 3A molecular sieves (20.0 mg) and Ho(OTf)s/Ls-
PiPr,Ad (1:1.2, 5 mol %) in CH,CICH,CI (1.0 mL) at 20 °C for 11 h. ?Yield of the NMR product. ¢ Determined by UPC? analysis on a

chiral stationary phase.
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9 Determination of absolute configuration of compound C25

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of compound C25 in CHCI; (ca. 5 mL) at room
temperature. The yellow crystal in rod-shape, with approximate dimensions of 0.194 x 0.244 x 0.577 mm?3, was selected and mounted
for the single-crystal X-ray diffraction. The data set was collected by Bruker D8 Venture Photon Il diffractometer at 173(2)K equipped
with micro-focus Cu radiation source (Ka = 1.54178A). Applied with face-indexed numerical absorption correction, the structure solution
was solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package.® The structure was analyzed
by ADDSYM routine implemented in PLATON suite and no higher symmetry was suggested.®!

16



CrySta"OgraphiC Data for C30H250|3N205

Formula C30H25CIsN206
Formula mass (amu) 615.87
Space group P 212121
a(A) 9.4395(2)
b (A) 17.2117(4)
c(A) 18.1895(4)
o (deg) 90

B (deg) 90

y (deg) 90

Vv (A3) 2955.25(11)
z 4
AA) 1.54178
T(K) 173
Pealca (9 €M) 1.384

4 (mm-) 3.195
Transmission factors 0.475-0.944
20 max (deg) 68.241
No. of unique data, including F,2 < 0 5364
No. of unique data, with F,? > 206(F,?) 5204
No. of variables 379
R(F) for F,2 > 20(F,2) 2 0.0354
Ru(Fo?) ® 0.0916
Goodness of fit 1.040

? R(F) = X|IFo| = IFell / 21Fol-

b Ru(Fo?) = [XIw(Fo? — F2)?] | YwF.Y"2; wt = [0%(F,2) + (Ap)? + Bp], where p = [max(F.2,0) + 2F2] / 3.
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10 Characterization of the products

Propyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A3)

O—/_

0]
)

Br

N
H
A3

Yellow solid.

H NMR (600 MHz, Chloroform-d) 8 9.11 (s, 1H), 7.37 (s, 1H), 7.06 (s, 1H), 6.97 — 6.90 (m, 2H), 3.86 (t, J = 6.0, 2H), 3.62 (dd, J =
48.0, 18.0 Hz, 2H), 1.43 (s, 2H,) 0.77 (s, 3H).

3C NMR (151 MHz, CDCl;) d 176.4, 168.2, 140.4, 130.6, 129.8, 124.1, 123.3, 111.0, 67.0, 51.4, 43.4, 21.7, 10.3.

Isopropyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A4)

o
Br

@)
@)

N
H
A4

Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.92 (s, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.27 — 7.25 (m, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.93 (d, J =
7.8 Hz, 1H), 4.76 (p, J = 6.2 Hz, 1H), 3.56 (dd, J = 64.0, 18.0 Hz ,2H), 1.03 (d, J = 6.2 Hz, 3H), 0.92 (d, J = 6.2 Hz, 3H).

3C NMR (151 MHz, CDCl;) 5 176.4, 167.5, 140.4, 130.6, 129.9, 124.1, 123.3, 110.9, 69.2, 51.4, 43.8, 21.5, 21.3.

Butyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A5)

el

O
O

Br

N
H
A5
Yellow solid.

H NMR (400 MHz, Chioroform-d) & 8.54 (s, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.31 = 7.23 (m, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.92 (d, J =
7.8 Hz, 1H), 4.05 — 3.78 (m, 2H), 3.61 (dd, J = 48.0, 16.0 Hz, 2H), 1.45 — 1.34 (m, 2H), 1.22 — 1.14 (m, 2H), 0.82 (t, J = 7.3 Hz, 3H).

3C NMR (101 MHz, CDCl;) d 175.9, 168.3, 140.3, 130.6, 129.9, 124.1, 123.4, 110.8, 65.3, 51.2, 43.5, 30.4, 19.0, 13.7.

Methyl 2-(3-bromo-5-fluoro-2-oxoindolin-3-yl)acetate (A6)
18



Br

Iz

A6

Yellow solid.

H NMR (400 MHz, Acetonitrile-ds) & 8.71 (s, 1H), 7.25 (dd, J = 8.2, 2.7 Hz, 1H), 7.05 (td, J = 9.1, 2.6 Hz, 1H), 6.92 (dd, J = 8.6, 4.3
Hz, 1H), 3.63 (d, J = 17.2 Hz, 1H), 3.53 — 3.49 (m, 4H).

3C NMR (101 MHz, Acetonitrile-d3) 5 175.65 , 169.72 , 159.71 (d, J = 239.0 Hz), 138.00 (d, J = 2.1 Hz), 132.32 (d, J = 9.1 Hz),
117.64 (d, J = 23.9 Hz), 112.67 (d, J = 25.5 Hz), 112.31 (d, J = 8.0 Hz).

19F NMR (377 MHz, CD;CN) 5 -121.8.

Methyl 2-(3-bromo-6-fluoro-2-oxoindolin-3-yl)acetate (A7)

O_
Br

@]
)

A7

Yellow solid.

H NMR (400 MHz, Acetonitrile-ds) & 8.81 (s, 1H), 7.43 (dd, J = 8.4, 5.4 Hz, 1H), 6.84 — 6.68 (m, 2H), 3.65 (d, J = 17.1 Hz, 1H), 3.513
-3.49 (m, J = 15.9 Hz, 4H).

13C NMR (101 MHz, Acetonitrile-ds) 5 175.87 , 169.73 , 164.71 (d, J = 246.2 Hz), 143.59 (d, J = 12.5 Hz), 126.70 (d, J = 10.1 Hz),
126.69 , 109.89 (d, J = 23.3 Hz), 99.74 (d, J = 27.8 Hz), 52.55 , 51.78 , 43.14 .

19F NMR (377 MHz, CD;CN) 5 -110.3.

Methyl 2-(3-bromo-6-chloro-2-oxoindolin-3-yl)acetate (A8)

O_
Br,

)
@)

Cl

Iz

A8

Yellow solid.

H NMR (400 MHz, Chloroform-d) & 8.56 (s, 1H), 7.28 (d, J = 8.1 Hz, 1H), 7.04 (dd, J = 8.1, 1.9 Hz, 1H), 6.94 (d, J = 1.9 Hz, 1H),
3.65 (d, J = 17.1 Hz, 1H), 3.56 - 3.51 (m, 4H).

3C NMR (101 MHz, CDCI3) 5 175.8, 168.8, 141.4, 136.4, 128.2, 125.1, 123.5, 111.6, 52.4, 50.1, 43.1.
Methyl 2-(3,4-dibromo-2-oxoindolin-3-yl)acetate (A9)
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=z

A9
Yellow solid.

H NMR (600 MHz, Chioroform-d) & 8.60 (s, 1H), 7.18 (d, J = 8.1 Hz, 1H), 7.14 (t, J = 7.9 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 3.90 (dd,
J=364.9, 17.4 Hz, 2H), 3.56 (s, 3H).

3C NMR (151 MHz, CDCl;) d 175.2, 169.2, 142.4, 131.7, 127.6, 127.4, 119.9, 109.9, 52.3, 51.8, 41.3.

Methyl 2-(3,5-dibromo-2-oxoindolin-3-yl)acetate (A10)

O_
Br.

Br 0

O

Iz

A10

Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.16 (s, 1H), 7.47 (d, J = 2.1 Hz, 1H), 7.40 (dd, J = 8.2, 2.0 Hz, 1H), 6.81 (d, J = 8.3 Hz, 1H),
3.65 (d, J = 17.3 Hz, 1H), 3.57 (s, 3H), 3.51 (d, J = 17.3 Hz, 1H).

3C NMR (151 MHz, CDCl3) 3 175.1, 168.8, 139.2, 133.4, 131.9, 127.3, 115.8, 112.3, 52.4, 49.9, 43.0.

Methyl 2-(3,6-dibromo-2-oxoindolin-3-yl)acetate (A11)

O_
Br.

O
O

Br H
A11

H NMR (600 MHz, Chloroform-d) & 8.90 (s, 1H), 7.25 - 7.17 (m, 2H), 7.11 (d, J = 1.7 Hz, 1H), 3.65 (d, J = 17.1 Hz, 1H), 3.59 — 3.50
(m, 4H).

3C NMR (151 MHz, CDCl3) 3 175.9, 168.8, 141.6, 128.8, 126.4, 125.3, 124.3, 114.5, 52.4, 50.2, 43.0.

Methyl 2-(3-bromo-5-methyl-2-oxoindolin-3-yl)acetate (A12)

o_
Br

6]
o

Iz

A12
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Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.72 (s, 1H), 7.17 (d, J = 1.5 Hz, 1H), 7.06 (dd, J = 8.0, 1.6 Hz, 1H), 6.81 (d, J = 7.9 Hz, 1H),
3.65 (d, J = 17.0 Hz, 1H), 3.56 -3.53 (m, 4H), 2.31 (s, 3H).

3C NMR (151 MHz, CDCl;) 5 176.1, 168.8, 137.9, 133.0, 131.1, 129.7, 124.7, 110.7, 52.3, 51.5, 43.2, 21.2.
Methyl 2-(3-bromo-7-methyl-2-oxoindolin-3-yl)acetate (A13)
O_
Br

O
o)

N
H
A13

Yellow solid.

H NMR (600 MHz, Chloroform-d) & 9.37 (s, 1H), 7.20 (d, J = 7.5 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 3.61 (dd,
J=60.0, 18.0 Hz 2H), 3.51 (s, 3H), 2.31 (s, 3H).

3C NMR (151 MHz, CDCI3) 5 176.7, 168.8, 139.2, 132.0, 129.3, 123.2, 121.4, 120.5, 52.2, 51.9, 43.1, 16.5.
methyl 2-(3-bromo-5-methoxy-2-oxoindolin-3-yl)acetate (A14)
O_
Br

0 o)
0]

Iz

A14

Yellow solid.

H NMR (400 MHz, Chloroform-d) & 7.98 (s, 1H), 7.02 — 6.91 (m, 1H), 6.81 (t, J = 1.6 Hz, 2H), 3.79 (s, 3H), 3.64 (d, J = 17.0 Hz, 1H),
3.55 — 3.49 (d, 4H).

3C NMR (101 MHz, CDCl3) 5 175.5, 168.8, 156.3, 133.4, 130.9, 115.4, 111.3, 110.9, 55.9, 52.3, 51.3, 43.2.
Benzyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate (B2)

0]
OBn

B2
Red solid.

H NMR (600 MHz, Chioroform-d) & 8.41 (s, 1H), 7.98 (d, J = 2.6 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.1 Hz, 2H), 7.44 —
7.37 (m, 4H), 7.27 = 7.23 (m, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.01 (s, 1H), 6.25 (s, 1H), 5.36 (s, 2H).
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3C NMR (151 MHz, CDCl;) 5 166.1, 136.7, 135.7, 135.6, 128.8, 128.6, 128.4, 127.6, 126.9, 122.9, 120.6, 118.8, 111.4, 110.8, 104.5,
67.8.

Methyl (Z)-3-(4-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B3)

o. /
(0]
F —
OH
A\
N
H
B3
Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.50 (s, 1H), 7.98 (d, J = 2.3 Hz, 1H), 7.21 (s, 1H), 7.18 — 7.11 (m, 2H), 6.84 (dd, J = 11.2, 7.6 Hz,
1H), 3.92 (s, 3H).

3C NMR (151 MHz, Chloroform-d) 6 166.77 , 157.60 (d, J = 247.3 Hz), 138.15 (d, J = 11.0 Hz), 136.91, 127.64 , 123.29 (d, /= 8.5
Hz), 115.48 (d, J = 18.5 Hz), 109.58 (d, J = 3.2 Hz), 107.50 (d, J = 3.0 Hz), 106.08 (d, J = 19.6 Hz), 105.44 (d, J = 5.4 Hz), 53.1.

9F NMR (565 MHz, CDCl3) 5 -123.4.

Methyl (Z)-3-(5-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B4)

o. /
0

White solid.

H NMR (600 MHz, Chloroform-d) & 8.45 (s, 1H), 7.99 (d, J = 2.7 Hz, 1H), 7.43 (dd, J = 9.5, 2.5 Hz, 1H), 7.31 (dd, J = 8.8, 4.3 Hz,
1H), 6.99 (td, J = 8.9, 2.5 Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.28 (d, J = 1.7 Hz, 1H), 3.93 (s, 3H).

13C NMR (151 MHz, Chloroform-d) & 166.58, 158.53 (d, J = 236.4 Hz), 136.76 , 132.09 , 129.04 , 127.46 (d, J = 9.8 Hz), 112.09 (d, J
= 9.8 Hz), 111.21 (d, J = 26.2 Hz), 110.98 (d, J = 4.4 Hz), 104.04 (d, J = 23.9 Hz), 103.79 , 53.09.

9F NMR (565 MHz, CDCl3) 5 -123.2.

Methyl (Z)-3-(6-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B5)

o. /
0
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Red solid.

H NMR (400 MHz, Acetonitrile-ds) 8 9.64 (s, 1H), 7.88 (d, J = 2.7 Hz, 1H), 7.72 (dd, J = 8.7, 5.3 Hz, 1H), 7.19 (dd, J = 9.9, 2.4 Hz,
1H), 6.94 (ddd, J = 9.8, 8.7, 2.4 Hz, 1H), 6.88 — 6.82 (m, 2H), 3.85 (s, 3H).

3C NMR (101 MHz, Acetonitrile-ds) & 166.55 , 160.79 (d, J = 235.4 Hz), 138.31, 136.64 (d, J = 12.9 Hz), 129.03 (d, J = 3.1 Hz),
124.29,120.34 (d, J=10.2 Hz), 110.83 , 109.18 (d, J = 24.7 Hz), 104.27 , 98.56 (d, J = 26.2 Hz), 53.12 .

°F NMR (377 MHz, CD3CN) & -122.7.

Methyl (Z)-3-(4-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B6)

o. [/
(e}
Cl _—

OH

A\

N

H

B6
White solid.

H NMR (400 MHz, Chloroform-d) & 8.56 (s, 1H), 8.12 (d, J = 2.8 Hz, 1H), 7.76 (s, 1H), 7.36 — 7.23 (m, 1H), 7.18 — 7.06 (m, 2H), 6.35
(d, J = 1.7 Hz, 1H).

3C NMR (101 MHz, CDCl;) 5 167.0, 137.1, 136.4, 129.2, 126.7, 123.2, 123.1, 122.1, 111.1, 110.3, 105.1, 53.2.
Methyl (Z)-3-(5-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B7)

o. /
@)

cl OH

White solid.

H NMR (600 MHz, Chloroform-d) & 8.44 (s, 1H), 7.97 (s, 1H), 7.75 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 7.20 (d, J = 8.5 Hz, 1H), 6.85 (s,
1H), 6.27 (s, 1H), 3.93 (s, 3H).

3C NMR (151 MHz, CDCl;) d 166.5, 137.0, 134.0, 128.5, 128.0, 126.4, 123.2, 118.5, 112.4, 110.6, 103.4, 53.1.

Methyl (Z)-3-(6-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B8)
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o. /
(0]
~ OH

A\

N

Cl H

B8

Red solid.

H NMR (600 MHz, Chloroform-d) & 8.41 (s, 1H), 7.94 (d, J = 2.7 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 1.8 Hz, 1H), 7.17 (dd,
J=85,1.8Hz, 1H), 6.88 (d, J = 1.5 Hz, 1H), 6.28 (d, J = 1.6 Hz, 1H), 3.93 (s, 3H).

3C NMR (151 MHz, CDCl;) 5 166.5, 137.1, 136.0, 128.7, 127.9, 125.5, 121.3, 119.7, 111.4, 110.9, 103.5, 53.1.

methyl (Z)-3-(5,6-dichloro-1H-indol-3-yl)-2-hydroxyacrylate (B8)

o. [/
ol ~ “OH
A\
N
Cl H
B9
White solid.

H NMR (400 MHz, Chloroform-d) & 8.43 (s, 1H), 7.96 (d, J = 2.7 Hz, 1H), 7.85 (s, 1H), 7.51 (s, 1H), 6.79 (d, J = 1.7 Hz, 1H), 6.31 (d,
J=1.8 Hz, 1H), 3.93 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 166.4, 137.4, 134.4, 128.9, 126.6, 124.8, 120.1, 112.9, 111.7, 110.6, 102.9, 53.2.

Methyl (Z)-3-(4-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B10)

o. [/
(e}
Br _—

OH

A\

N

H

B10

White solid.

H NMR (400 MHz, Chloroform-d) & 8.57 (s, 1H), 8.15 (d, J = 2.8 Hz, 1H), 7.93 (s, 1H), 7.40 — 7.30 (m, 2H), 7.05 (t, J = 7.9 Hz, 1H),
6.35 (d, J = 1.6 Hz, 1H), 3.93 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 167.0, 137.0, 136.1, 129.5, 125.6, 124.3, 123.5, 114.5, 111.5, 110.9, 104.7, 53.2.

Methyl (Z)-3-(5-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B11)
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Br: OH

Pink solid.

H NMR (600 MHz, Acetonitrile-ds) & 9.72 (s, 1H), 7.95 (s, 1H), 7.91 (d, J = 2.5 Hz, 1H), 7.39 (d, J = 8.6 Hz, 1H), 7.29 (dd, J = 8.6,
1.5 Hz, 1H), 6.86 (s, 1H), 6.83 (s, 1H), 3.85 (s, 3H).

3C NMR (151 MHz, CD3;CN) d 166.5, 138.4, 135.5, 129.8, 129.4, 125.8, 122.0, 114.3, 113.7, 110.5, 104.1, 53.1.

Methyl (Z)-3-(6-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B12)

Br

Iz __

B12

White solid.

H NMR (400 MHz, Chloroform-d) & 8.42 (s, 1H), 7.93 (d, J = 2.6 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.55 (s, 1H), 7.30 (dd, J = 8.5, 1.7
Hz, 1H), 6.87 (s, 1H), 6.28 (d, J = 1.8 Hz, 1H), 3.93 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 166.5, 137.2, 136.4, 127.8, 125.8, 123.9, 120.1, 116.3, 114.3, 111.0, 103.5, 53.1.

Methyl (Z)-2-hydroxy-3-(5-iodo-1H-indol-3-yl)acrylate (B13)

o. /
o)

—

| OH
A\
N

-

B13

White solid.

H NMR (600 MHz, Chloroform-d) & 8.44 (s, 1H), 8.11 (s, 1H), 7.92 (d, J = 2.6 Hz, 1H), 7.49 (dd, J = 8.5, 1.6 Hz, 1H), 7.18 (d, J = 8.4
Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.28 (d, J = 1.7 Hz, 1H), 3.93 (s, 3H).

3C NMR (151 MHz, CDCl;) d 166.5, 137.1, 134.7, 131.2, 129.4, 128.0, 127.8, 113.3, 110.2, 103.3, 84.1, 53.1.

Methyl (Z)-2-hydroxy-3-(4-methyl-1H-indol-3-yl)acrylate (B14)
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A IZ

B1

White solid.

H NMR (400 MHz, Chioroform-d) & 8.43 (s, 1H), 8.09 (s, 1H), 7.31 (s, 1H), 7.26 — 7.24 (m, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.94 (d, J =
7.1 Hz, 1H), 6.29 (s, 1H), 3.93 (s, 3H), 2.80 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 166.9, 136.1, 135.9, 131.2, 128.3, 125.1, 122.7, 111.7, 109.5, 106.4, 53.1, 21.3.

Methyl (Z)-2-hydroxy-3-(6-methyl-1H-indol-3-yl)acrylate (B15)

o. /
o)

WrIz

5

Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.29 (s, 1H), 7.90 (d, J = 2.5 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.19 (s, 1H), 7.04 (dd, J = 8.0, 1.4
Hz, 1H), 6.94 (d, J = 1.6 Hz, 1H), 6.22 (d, J = 1.8 Hz, 1H), 3.93 (s, 3H), 2.48 (s, 3H).

3C NMR (151 MHz, CDCl;) 5 166.7, 136.6, 136.1, 132.7, 127.0, 124.8, 122.3, 118.4, 111.3, 110.6, 104.4, 53.0, 21.8.

Methyl (Z)-2-hydroxy-3-(7-methyl-1H-indol-3-yl)acrylate (B16)

o. /
(0]
~ “OH
A\
N
H
B16
White solid.

H NMR (600 MHz, Chloroform-d) & 8.35 (s, 1H), 7.96 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.06 (d, J
= 7.1 Hz, 1H), 6.97 (s, 1H), 6.27 (s, 1H), 3.93 (s, 3H), 2.51 (s, 3H).

3C NMR (151 MHz, CDCl;) d 166.7, 136.7, 135.2, 127.2, 126.5, 123.4, 120.7, 120.6, 116.4, 111.2, 104.5, 53.0, 16.7.

Methyl (Z)-2-hydroxy-3-(4-methoxy-1H-indol-3-yl)acrylate (B17)
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Yellow solid.

H NMR (600 MHz, Chloroform-d) & 8.41 (s, 1H), 7.95 (s, 1H), 7.56 (s, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.60 (d,
J=7.8 Hz, 1H), 6.26 (s, 1H), 4.00 (s, 42H), 3.92 (s, 3H).

3C NMR (151 MHz, CDCl;) 5 167.0, 155.2, 137.2, 136.1, 126.9, 123.5, 116.3, 111.1, 107.0, 104.7, 100.9, 55.4, 53.0.

Methyl (Z)-2-hydroxy-3-(5-methoxy-1H-indol-3-yl)acrylate (B18)

Q

White solid.

H NMR (600 MHz, Acetonitrile-ds) & 9.50 (s, 1H), 7.87 (d, J = 2.7 Hz, 1H), 7.34 (d, J = 8.8 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 6.90 (s,
1H), 6.83 (dd, J = 8.7, 2.5 Hz, 1H), 6.7 (s, 1H), 3.86 (s, 3H), 3.84 (s, 3H).

3C NMR (151 MHz, CD;CN) & 166.7, 155.6, 137.6, 131.7, 129.2, 128.2, 113.3, 110.6, 105.0, 100.9, 56.2, 53.0.

Benzyl (Z)-2-hydroxy-3-(1-methyl-1H-indol-3-yl)acrylate (B19)

White solid.

H NMR (400 MHz, DMSO-ds) & 9.14 (d, J = 1.7 Hz, 1H), 7.90 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.51 — 7.33 (m, 6H), 7.22 (t, J= 7.3
Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 6.87 (d, J = 1.6 Hz, 1H), 5.31 (s, 2H), 3.84 (s, 3H).

3C NMR (101 MHz, DMSO) 6 164.6, 137.3, 136.4, 136.2, 131.8, 128.6, 128.1, 128.0, 126.8, 122.0, 119.8, 118.3, 110.1, 108.8, 104.9,

66.1, 32.8.



oxopropanoate (C1)

= 0.81 in CH,Cly).

(major) = 8.20 min, tg (minor) = 10.68 min.

Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

Yellow sold; 38.5 mg, 92% yield, >19:1 dr, 96% ee; melting point: 106 — 110 °C; [a]p'4® = -255.8 (¢

UPCC DAICEL CHIRALCEL 0OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, L = 211 nm, tg

H NMR (400 MHz, Chloroform-d) & 8.76 (s, 1H), 8.46 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.23 — 7.15 (m, 3H),
6.91 —6.82 (m, 2H), 6.81 (d, J = 2.4 Hz, 1H), 6.72 (d, J = 7.2 Hz, 1H), 5.50 (s, 1H), 3.54 (s, 3H), 3.33 (s, 3H), 3.15 (dd, J = 52.0, 16.0

Hz, 2H).

3C NMR (101 MHz, CDCl3) 5 187.8, 180.1, 170.0, 160.9, 142.3, 136.5, 129.3, 128.7, 127.8, 126.9, 125.0, 123.0, 121.7, 120.9, 119.0,

111.9, 110.1, 103.9, 53.2, 51.7, 51.5, 49.9, 40.2.

IR: 3365, 2953, 2349, 1620, 1471, 1533, 1470, 1435, 1340, 747 cm-".

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3H20N,O¢ 419.1249; found 419.1248.

The UPCC chromatograms of racemic product C1

Minutes

Retention Time |  Area % Area | Height
1 5.312 1379872 | 12.09 | 75677
2 8.424 4442531 | 38.92 | 155097
3 10.755 4234268 | 37.10 | 110819
4 13.249 1356487 | 11.89 | 29024
The UPCC chromatograms of product from asymmetric reaction
1.007
] ©
2 050 N
] ©
0.004——rd e _— .
0.00 1.60 2.50 3.‘00 4.60 5.60 6.‘50 7.‘00 8.60 9.60 10ﬁ00 11‘.00 12.‘00 13ﬁ00 14‘.00 15‘.00
Minutes
Retention Time Area % Area | Height
1 8.198 30985121 | 97.79 [ 1022971
2 10.677 699846 2.21 24821

Methyl (S)-3-((S)-3-(2-ethoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C2)
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EtO

00 Red oil; 38.1 mg, 88% yield, >19:1 dr, 97% ee; [a]p'*” = -192.38 (¢ = 0.78 in CH,Cl,).
CO,Me
UPCC DAICEL CHIRALCEL 0OZz-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg
" o) | (major) = 8.17 min, tg (minor) = 10.36 min.
N N
H H H NMR (400 MHz, Chloroform-d) & 8.76 (m, 1H), 8.51 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.35(d, J =
C2

7.9 Hz, 1H), 7.24 — 7.15 (m, 3H), 6.92 — 6.82 (m, 2H), 6.80 (d, J = 4.0 Hz, 1H), 6.73 (d, J = 7.2 Hz,
1H), 5.49 (s, 1H), 3.84 — 3.72 (m, 2H), 3.54 (s, 3H), 3.13 (dd, J =60.0, 16.0 Hz, 2H), 0.89 (t, J = 8.0 Hz, 3H).

13C NMR (101 MHz, CDCl;) 5 187.8, 180.2, 169.4, 160.9, 142.4, 136.5, 129.3, 128.7, 127.8, 126.9, 125.1, 123.0, 121.7, 120.9, 119.0,
111.8, 110.0, 103.9, 60.8, 53.1, 51.6, 50.0, 40.5, 13.8.

IR: 3358, 2910, 2850, 2350, 1728, 1620, 1532, 1470, 1433, 747 cm™".
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,4H2,N206 433.1405; found 433.1403.

The UPCC chromatograms of racemic product

o

[

7
5.498

o
N
2
8.2
10.30

0.007 AN
0.00 2.00 4.00 ‘ 6.00 8.00 " 10l00 | " 1200 " 1400 |
Minutes

Retention Time | Area % Area | Height
1 5.498 4524009 | 16.28 | 222931
2 8.246 9574881 34.47 | 314336
3 10.302 9309435 [ 33.51 | 252258
4 13.400 4372666 | 15.74 | 90073

The UPCC chromatograms of product from asymmetric reaction

Minutes

T
10.00

Retention Time | Area % Area | Height
1]8.173 19440205 [ 98.35 | 609606
2110.356 326417 1.65 11402

L B e
11.00 12.00

T
13.00

Methyl (S)-3-(1H-indol-3-yl)-2-0x0-3-((S)-2-0x0-3-(2-ox0-2-propoxyethyl)indolin-3-yl)propanoate (C3)
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Yellow solid; 35.8 mg, 80% yield, >19:1 dr, 96% ee; melting point: 139 — 142 °C; [a]p"*7 = -

COMe 192.82 (¢ = 0.40 in CH,Cly).
" 0 | UPCC DAICEL CHIRALCEL OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, & = 211 nm, tg
N N (major) = 8.54 min, tg (minor) = 10.10 min.
H H
C3 H NMR (400 MHz, Chloroform-d) 5 8.64 (s, 1H), 8.21 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.39 (s,

1H), 7.25 — 7.16 (m, 3H), 6.92 — 6.80 (m, 3H), 6.72 (d, J = 7.4 Hz, 1H), 5.49 (s, 1H), 3.69 (t, J =
6.8 Hz, 2H), 3.55 (s, 3H), 3.26 — 2.98 (dd, J = 58.0, 16.0 Hz ,2H), 1.34 — 1.28 (m, 2H), 0.70 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCl;) 5 187.8, 180.0, 169.5, 160.9, 142.3, 136.5, 129.3, 128.7, 127.9, 126.8, 125.1, 123.1, 121.7, 121.0, 119.1,
111.8, 109.9, 104.1, 66.4, 53.1, 51.5, 50.0, 40.6, 21.7, 10.3.

IR: 3741, 3365, 2960, 2924, 2350, 1728, 1620, 1470, 1433, 748 cm™".
HRMS (FTMS+c ESI) m/z: [M - H calcd for Cy5H,4N,O6 447.1562; found 447.1559.

The UPCC chromatograms of racemic product C3

0.40-

2 0201

0.00
0.00‘ 1.(‘)0‘ ‘2.‘00‘ ‘3.2)0‘ ‘4.(‘)0‘ 5.‘00‘ 6.60‘ o 7.&)0‘ ‘8.‘00‘ ‘9.60‘ ‘10.‘00‘ ‘ ‘11.‘06 o EIZ‘.OO‘ o ‘13.‘00‘ o ‘14.‘06 o ‘15.00
Minutes
Retention Time Area % Area | Height
1 5.782 3193277 8.22 | 113770
2 8.549 16638615 | 42.85 |[430520
3 10.075 15794829 | 40.67 | 363374
4 11.752 3207365 8.26 60405
The UPCC chromatograms of product from asymmetric reaction
0.109
5 0,05
<
0.004 iy
000 100 200 300 400 500 600 700 800 900 1000 100 1200 1300 1400 1500
Minutes
Retention Time  Area % Area Height
1 8.542 3595844 98.01 @ 96000
2 10.099 73027 1.99 2392
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O 00 Methyl (S) -3-(1H-indol-3-yl)-3-((S)-3-(2-isopropoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-
CO.Me oxopropanoate (C4)

w 0 | Yellow solid; 42.9 mg, 96% yield, >19:1 dr, 93% ee; melting point: 161 — 163 °C; [a]p'4® = -153.25
N N (c =0.55 in CH,Cly,).
H H

c4 UPCC DAICEL CHIRALCEL OD-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 2.76 min, tg (minor) = 3.83 min.

H NMR (400 MHz, Chloroform-d) & 8.85 (s, 1H), 8.60 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.26 — 7.10 (m, 3H),
6.90 — 6.78 (m, 3H), 6.73 (d, J = 7.2 Hz, 1H), 5.47 (s, 1H), 4.63 (hept, J = 6.0 Hz, 1H)., 3.53 (s, 3H), 3.09 (dd, J = 68.4, 16.0 Hz, 2H),
0.86 (dd, J = 8.1, 6.4 Hz, 6H).

3C NMR (101 MHz, CDCl3) 5 187.8, 180.3, 168.9, 161.0, 142.5, 136.5, 129.2, 128.6, 127.9, 126.9, 125.2, 123.0, 121.6, 120.9, 119.0,
111.9, 110.0, 103.9, 68.4, 53.1, 51.7, 50.1, 40.9, 21.4, 21.2.

IR: 3741, 3610, 3365, 2981, 2350, 1728, 1620, 1470, 1262, 749 cm™",
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cy5H,4N,O¢ 447.1562; found 447.1560.

The UPCC chromatograms of racemic product C4

2.00

2.776
3.760

1.50-]

1.00

AU
2.292
2.464

0.50

0.00]

Retention Time Area % Area | Height
1 2.292 2801181 5.76 | 287965
2 2.464 2658790 | 5.46 [ 272782
3 2.776 22065947 | 45.35 | 2075487
4 3.760 21133562 | 43.43 | 1362057

The UPCC chromatograms of product from asymmetric reaction

0.40-

2.763

5 1
< 0.207

0.00-]

L e eyt Bt S T A L A — T T Sy B e B
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Minutes

Retention Time | Area % Area | Height
2.763 4513624 | 96.30 | 461116
2 3.834 173441 3.70 11713

RN

Methyl (S)-3-((S)-3-(2-butoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

\/\/O 00 oxopropanoate (C5)

COzMe
Yellow solid; 32.8 mg, 70% vyield, >19:1 dr, 95% ee; melting point: 156 — 160 °C; [a]p'47 = -
W oY 217.98 (c = 0.48 in CH,Cl,).
N N
H H 31



UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg (major) = 8.67 min, tg (minor) = 12.56

min.

H NMR (400 MHz, Chloroform-d) & 8.70 (s, 1H), 8.31 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.25 — 7.16 (m, 3H),
6.922 — 6.79 (m, 3H), 6.73 (d, J = 7.2 Hz, 1H), 5.49 (s, 1H), 3.74 (t, J = 6.8 Hz, 2H), 3.55 (s, 3H), 3.12 (dd, J = 48.0, 16.0 Hz, 2H), 1.33
—1.19 (m, 2H), 1.15 — 1.04 (m, 2H), 0.76 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 187.8, 180.0, 169.5, 160.9, 142.3, 136.5, 129.3, 128.7, 127.8, 126.8, 125.0, 123.0, 121.7, 120.9, 119.1,
111.8, 110.0, 104.0, 64.7, 53.1, 51.5, 50.0, 40.6, 30.4, 19.0, 13.7.

IR: 3742, 3610, 3360, 2958, 2350, 1729, 1621, 1471, 1262, 749 cm™".
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for CyH26N,O¢ 461.1718; found 461.1714.

The UPCC chromatograms of racemic product C5

0.20-

o 0.10
z 1

0.00

L o e B B e B By B B By B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Minutes

Retention Time |  Area % Area | Height
1 7.176 2706204 | 20.30 | 143735
2 8.635 4029712 | 30.22 | 184608
3 12.409 3875042 | 29.06 | 125855
4 13.828 2722745 | 20.42 | 82346
The UPCC chromatograms of product from asymmetric reaction
oocg'xvfw JAN AN ’/;\41\
0700‘ o ‘1 ‘DO‘ o ‘2(‘)0‘ o ‘3 l‘JD‘ o 4‘00 5.00 660 7‘00‘ ) 8‘00‘ o 960 ' ‘10‘0[‘) ‘11‘00‘ ' ‘12}00‘ o ‘13‘0[‘) o ‘14‘00‘ o ‘15,00
Retention Time | Area % Area | Height
1]8.669 6095932 [ 97.35 | 270073
2112.560 165797 | 2.65 6495
Methyl 3-(5-fluoro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-
MeO 00 CO,Me oxopropanoate (C6)
F = Yellow solid; 38.0 mg, 87% yield, >19:1 dr, 95% ee; melting point: 111 — 116 °C; [a]p'*6 = -242.16
o || (c = 0.68 in CH,Cl,).
N N
H H UPCC DAICEL CHIRALCEL 0OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg
C6
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(major) = 5.06 min, tg (minor) = 5.72 min.



H NMR (400 MHz, Chloroform-d) & 8.81 (s, 1H), 8.59 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.39 — 7.35 (m, 1H), 7.25 — 7.16 (m, 2H), 6.91
(td, J = 8.0, 2.4 Hz, 1H), 6.84 — 6.77 (m, 2H), 6.47 (dd, J = 8.0, 4.0 Hz, 1H), 5.50 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.13 (dd, J = 72.0,
16.0 Hz, 2H).

3C NMR (101 MHz, Chloroform-d) 6 187.71 , 180.05 , 169.73 , 160.82 , 158.35 (d, J = 239.1 Hz), 138.44 , 136.60, 131.01 (d, J=8.5
Hz), 127.68 ,126.77 ,123.21,118.92, 114.94 (d, J = 23.3 Hz), 112.96 (d, J = 25.3 Hz), 111.95, 110.49 (d, J = 8.1 Hz), 103.59 , 563.23
,51.90, 51.86, 50.01 , 40.22 .

19F NMR (377 MHz, CDCl3) 5 -121.0.
IR: 3368, 2923, 2350, 1730, 1630, 1486, 1340, 1260, 1198, 747 cm™".
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cy3H19FN,Og 437.1154; found 437.1152.

The UPCC chromatograms of racemic product C6
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0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 9.00 10.00

Minutes

Retention Time |  Area % Area | Height
1 3.135 8871869 | 29.48 | 738485
2 5.206 6187804 | 20.56 | 321236
3 5.837 6202977 | 20.61 | 284067
4 7.977 8829377 | 29.34 | 274286

The UPCC chromatograms of product from asymmetric reaction

4 ©
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0.00 1.00 2,00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes
Retention Time | Area % Area | Height
1]5.046 15404946 | 97.61 | 783354
215.718 376959 2.39 19508
MeO 00 Methyl 3-(6-fluoro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

CO;Me oxopropanoate (C7)
w Yellow oil; 42.0 mg, 96% yield, >19:1 dr, 92% ee; [a]p'%0 = -229.77 (¢ = 0.70 in CH,CI,).

F H H UPCC DAICEL CHIRALCEL 0OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 4.70 min, tg (minor) = 6.02 min.

C7
H NMR (400 MHz, Chloroform-d) & 8.83 (d, J = 2.8 Hz, 1H), 8.77 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.20 (m,

2H), 6.80 (d, J = 2.8 Hz, 1H), 6.66 — 6.59 (m, 2H), 6.53 (ddd, J = 10.4, 8.4, 2.4 Hz, 1H), 5.47 (s, 1H), 3.55 (s, 3H), 3.35 (s, 3H), 3.15
33



(dd, J=56.0, 16.0 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) & 187.89 , 180.54 , 169.92 , 163.17 (d, J = 245.2 Hz), 160.89 , 143.87 (d, J = 12.0 Hz), 136.58 ,
127.66 , 126.83 , 125.93 (d, J = 9.6 Hz), 124.72 (d, J = 2.9 Hz), 123.13 , 120.99 , 118.95 , 111.93 , 107.94 (d, J = 22.4 Hz), 103.67 ,
98.88 (d, J = 27.3 Hz), 53.21, 51.82 , 51.12 , 50.01 .

19F NMR (377 MHz, CDCl3) 5 -111.7.

IR: 3364, 2954, 2350, 1730, 1628, 1437, 1339, 1264, 1210, 746 cm-".

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cy3H19FN,Og 437.1154; found 437.1151.

The UPCC chromatograms of racemic product C7

1.20
1.004
0.80

0.60

AU
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0.204 5
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0.0‘ 1.60 2.60 ‘3.‘00‘ s 4.60 ‘ ‘5.&)0‘ s ‘6.‘00 7.60 8.‘00 ‘9.‘00‘ C ‘10.00
Minutes
Retention Time Area % Area | Height
1 3.163 | 2359905 4.48 | 138839
2 4.814 | 24366588 | 46.26 | 1165845
3 6.024 | 23495175 44.60 | 912359
4 7.025| 2452565 4.66 76330
The UPCC chromatograms of product from asymmetric reaction
1.00i
] ¥
2 050 <
0.007”“ A
0.00 1.60 3. 60 4.‘00 5.60 6.‘0 7.00 8.‘00 9.‘00 10.00
Minutes
Retention Time Area % Area | Height
1 4.693 | 22448099 | 96.09 | 1020136
2 6.024 914607 3.91 43082
MeO Methyl (S)-3-((S)-6-chloro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-
e
00 CO,Me 2-oxopropanoate (C8)
w Yellow solid; 43.9 mg, 97% vyield, >19:1 dr, 95% ee; melting point: 106 — 114 °C; [a]p'*7 = -
ol 200.28 (c = 0.73 in CH,Cly).
cl N N
H UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, » =211 nm, tg
Cc8

(major) = 6.75 min, tg (minor) = 10.89 min.

1H NMR (400 MHz, Chloroform-d) & 8.77 (s, 1H), 8.71 (s, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.24 — 7.17 (m, 2H),
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6.90 (d, J = 2.0 Hz, 1H), 6.87 — 6.75 (m, 2H), 6.61 (d, J = 8.0 Hz, 1H), 5.47 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.15 (dd, J = 56.0, 16.0
Hz, 2H).

13C NMR (101 MHz, CDCl;) 5 187.8, 180.2, 169.8, 160.8, 143.6, 136.6, 134.4, 127.8, 127.7, 126.8, 125.8, 123.2, 121.6, 121.1, 118.9,
111.9, 110.8, 103.7, 53.2, 51.9, 51.2, 50.1, 40.2. '3C NMR (101 MHz, CDCl;) d 187.8, 180.2, 169.8, 160.8, 143.6, 136.6, 134.4, 127.8,
127.7,126.8, 125.8, 123.2, 121.6, 121.1, 118.9, 111.9, 110.8, 103.7, 53.2, 51.9, 51.2, 50.1, 40.2.

IR: 3365, 2953, 2350, 1730, 1616, 1485, 1337, 1262, 1125, 746 cm™".
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,3H19CIN,Og 453.0859, 455.0829; found 453.0860, 455.0833.

The UPCC chromatograms of racemic product C8
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Retention Time | Area % Area | Height
4.946 [ 3538432 | 21.17 | 226907
6.804 [ 4857716 | 29.06 | 275052
9.885 [ 3447818 | 20.63 | 148894
10.796 | 4871483 | 29.14 | 189760

AIW[IN|—=

The UPCC chromatograms of product from asymmetric reaction
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Retention Time Area % Area | Height

1 6.751 [ 15438711 | 97.37 | 850182
2 10.888 416934 2.63 | 21835
MeO 00 COM Methyl (S)-3-((S)-4-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-
e
Br 2 oxopropanoate (C9)
' o) | Yellow oil; 34.8 mg, 70% yield, >19:1 dr, 89% ee; [a]p'4® = -217.92 (¢ = 0.42 in CH,Cl,).
N N
H H UPCC DAICEL CHIRALCEL ID-3, CO,/EtOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tg (major)
Cc9 = 3.84 min, tg (minor) = 4.29 min.

H NMR (400 MHz, Chloroform-d) & 8.95 (s, 1H), 8.84 (s, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 2.8 Hz,
1H), 7.02 (t, J = 8.0 Hz, 2H), 6.97 — 6.92 (m, 1H), 6.74 (t, J = 8.0 Hz, 1H), 6.35 (d, J = 7.6 Hz, 1H), 5.93 (s, 1H), 3.78 (dd, J = 40.0, 16.0
Hz, 2H), 3.58 (s, 3H), 3.42 (s, 3H).
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3C NMR (101 MHz, CDCl3) 5 187.0, 179.0, 170.5, 162.1, 144.0, 135.9, 130.4, 128.3, 127.5, 126.8, 126.6, 122.3, 120.1, 118.3, 118.2,
111.5, 109.1, 103.4, 55.2, 53.2, 52.0, 46.4, 36.8.

IR: 3362, 2923, 2349, 1736, 1615, 1450, 1348, 1262, 176, 745 cm™",
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3H19BrN,Og 497.0354, 499.0333; found 497.0355, 499.0334.

The UPCC chromatograms of racemic product C9
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-5-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-
MeO 00 CO,Me 2-oxopropanoate (C10)
Br: e Yellow solid; 41.7 mg, 84% vyield, >19:1 dr, 96% ee; melting point: 106 — 108 °C; [a]p'*7 = -
ol 168.06 (¢ = 0.29 in CH,Cly).
N N
H H UPCC DAICEL CHIRALCEL 0OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, » =211 nm, tg
c10 (major) = 7.30 min, tg (minor) = 8.50 min.

H NMR (400 MHz, Chloroform-d) & 8.64 (s, 1H), 8.27 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 8.0, 2.0
Hz, 1H), 7.29 — 7.20 (m, 2H), 6.85 (d, J = 2.8 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 5.48 (s, 1H), 3.57 (s, 3H), 3.39

(s, 3H), 3.10 (dd, J = 94.0, 16.0 Hz, 2H).
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3C NMR (101 MHz, CDCl3) 5 187.7, 179.4, 169.6, 160.7, 141.6, 136.6, 131.5, 128.1, 127.6, 126.6, 123.4, 121.2, 119.0, 114.2, 111.9,
111.3, 103.9, 53.2, 51.9, 51.4, 50.2, 40.4.

IR: 3365, 2953, 2350, 1730, 1617, 1457, 1338, 1262, 1176, 745 cm™".
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3H19BrN,Og 497.0354, 499.0333; found 497.0354, 499.0334.

The UPCC chromatograms of racemic product C10
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-6-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-
MeO 00 2-oxopropanoate (C11)
COzMe
Yellow solid; 43.7 mg, 88% vyield, >19:1 dr, 96% ee; melting point: 121 — 124 °C; [a]p'4® = -
w o) 167.98 (c = 0.51 in CH,Cl,).
Br H H UPCC DAICEL CHIRALCEL IH-3, CO,/MeCOH = 85/15, flow rate = 1.5 mL/min, L =211 nm, tg
(major) = 11.35 min, tg (minor) = 10.55 min.
Cc11

H NMR (400 MHz, Chloroform-d) & 8.75 (s, 1H), 8.72 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.37 (d,
J = 8.0 Hz, 1H), 7.26 — 7.23 (m, 1H), 7.20 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 1.6 Hz, 1H), 6.99 (dd, J = 8.0, 1.6 Hz, 1H), 6.79 (d, J = 2.8
Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 5.46 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.15 (dd, J = 52.0, 16.0 Hz, 2H).

3C NMR (101 MHz, CDCl;) 5 187.8, 180.1, 169.8, 160.8, 143.8, 136.6, 128.4, 127.6, 126.8, 126.2, 124.6, 123.2, 122.4, 121.1, 118.9,
113.6, 111.9, 103.7, 51.9, 51.2, 50.0, 40.1.
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IR: 3366, 2953, 2350, 1730, 1611, 1482, 1337, 1208, 1084, 747 cm™".
HRMS (FTMS+c ESI) m/z: [M - HJ calcd for C,3H19BrN,Og 497.0354, 499.0333; found 497.0352, 499.0332.

The UPCC chromatograms of racemic product C11
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-5-methyl-2-oxoindolin-3-yl)-2-
MeO 00 oxopropanoate (C12)
CO,Me
Yellow oil; 37.2 mg, 86% yield, >19:1 dr, 98% ee; [a]p'53 = -283.25 (¢ = 0.4 in CH,Cly).
[
o) | UPCC DAICEL CHIRALCEL 0OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg
H H (major) = 9.51 min, tg (minor) = 10.94 min.
Cc12 H NMR (400 MHz, Chloroform-d) & 8.76 (s, 1H), 8.33 (s, 1H), 7.61 (d, J= 7.6 Hz, 1H), 7.34 (d, J

=8.0 Hz, 1H), 7.21 (t, J= 7.2 Hz, 1H), 7.15 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 6.84 (d, J
= 2.4 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.54 (s, 1H), 5.47 (s, 1H), 3.55 (s, 3H), 3.36 (s, 3H), 3.14 (dd, J = 40.0, 16.0 Hz, 2H), 2.16 (s,
3H).

3C NMR (101 MHz, CDCl;) 5 187.9, 180.1, 170.0, 161.0, 139.7, 136.5, 131.0, 129.4, 129.0, 127.8, 126.9, 125.8, 123.0, 120.8, 119.1,
111.8, 109.6, 104.0, 53.1, 51.7, 51.5, 50.0, 40.1, 21.3.

IR: 3367, 2953, 2350, 1730, 1625, 1492, 1339, 1263, 1080, 740 cm™".

HRMS (FTMS+c ESI) m/z: [M - H] calcd for C24H2oN2,Og 433.1405; found 433.1402.
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The UPCC chromatograms of racemic product C12
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-7-methyl-2-oxoindolin-3-yl)-2-

MeO
° ©0 CO,Me  oxopropanoate (C13)

w'

o
N N
H H

=6.96 min, tg (minor) = 13.62 min.

C13

Yellow oil; 30.7 mg, 71% yield, >19:1 dr, 92% ee; [a]p'%% = -122.50 (¢ = 0.4 in CH,Cl,).

UPCC DAICEL CHIRALCEL 0Oz-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tg (major)

H NMR (400 MHz, Chloroform-d) 5 8.59 (s, 1H), 8.49 (s, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.37 (d, J =

8.0 Hz, 1H), 7.25 — 7.15 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.85 (s, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 7.4 Hz, 1H), 3.55 (s, 3H),

3.35 (s, 3H), 3.13 (dd, J = 52.0, 16.0 Hz 2H), 2.24 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 187.9, 180.3, 169.9, 160.9, 140.9, 136.5, 130.1, 128.9, 127.9, 126.8, 123.1, 122.4, 121.6, 120.9, 119.1,

119.0, 111.7, 104.2, 563.1, 51.8, 51.7, 49.9, 40.2, 16.6.

IR: 3366, 2922, 2350, 1730, 1627, 1459, 1437, 1262, 1202, 749 cm-".

HRMS (FTMS+c ESI) m/z: [M - H calcd for C,4H,,N,O6 433.1405; found 433.1402.

The UPCC chromatograms of racemic product C13
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The UPCC chromatograms of product from asymmetric reaction
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MeO Methyl (S)-3-(1H-indol-3-yl)-3-((S)-5-methoxy-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-
0]
0 CO,Me  yl)-2-oxopropanoate (C14)
/O W | Yellow oil; 40.9 mg, 91% yield, >19:1 dr, 90% ee; [a]p'5® = -232.07 (¢ = 0.18 in CH,Cl,).
(0]
N H UPCC DAICEL CHIRALCEL IE-3, CO,/i-PrOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tr
(major) = 12.73 min, tg (minor) = 11.61 min.
Cc14

H NMR (400 MHz, Chloroform-d) & 8.90 (s, 1H), 8.36 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.35
(d, J = 8.0 Hz, 1H), 7.23 — 7.17 (m, 2H), 6.85 (d, J = 2.4 Hz, 1H), 6.77 — 6.69 (m, 2H), 6.33 (d, J = 2.0 Hz, 1H), 5.50 (s, 1H), 3.60 (s,
3H), 3.55 (s, 3H), 3.36 (s, 3H), 3.11 (dd, J = 72.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) 8 187.9, 180.0, 169.9, 160.9, 154.8, 136.6, 135.9, 130.7, 127.8, 126.9, 123.0, 120.9, 119.0, 112.9, 112.7,
111.9, 110.1, 103.8, 55.7, 53.2, 51.8, 50.1, 40.4.

IR: 3364, 2954, 2350, 1731, 1604, 1489, 1340, 1207, 1030, 744 cm-".
HRMS (FTMS+c ESI) m/z: [M - H] calcd for Cy4H,,N,07 449.1354; found 449.1351.

The UPCC chromatograms of racemic product C14

40



0.05-

AU

0.00—

T I T T 5 e B B B B B B
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Minutes

Retention Time | Area | % Area | Height
1 7.462 1426344 | 31.21 | 70679
2 9.518 1447067 | 31.67 | 52971
3 11.057 853574 | 18.68 | 32952
4 12.751 842593 | 18.44 | 24392

The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-methyl-2-oxoindolin-3-yl)-2-oxopropanoate (C15)

Yellow solid; 28.9 mg, 80% yield, >19:1 dr, 80% ee; melting point: 117 — 120 °C; [a]p'6? = -294.05 (c
=0.37in CHQC'Q)

UPCC DAICEL CHIRALCEL OZ-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tg (major)

=6.09 min, tg (minor) = 7.52 min.

H NMR (600 MHz, Chloroform-d) & 8.65 (s, 1H), 8.47 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.27 (m, 1H), 7.23 —
7.17 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.83 (t, J = 4.0 Hz, 2H), 6.59 (d, J = 7.4 Hz, 1H), 5.51 (s, 1H), 3.54 (s, 3H), 1.46 (s, 3H).

13C NMR (151 MHz, CDCl3) 5 189.6, 182.2, 161.2, 141.1, 136.6, 132.5, 128.1, 127.9, 126.2, 124.8, 123.0, 121.7, 121.7, 120.7, 119.6,

111.7, 110.0, 105.2, 53.0, 51.2, 49.7, 24.3.

IR: 3370, 2919, 2350, 1727, 1705, 1619, 1470, 1337, 1131, 746 cm"".

HRMS (FTMS+c ESI) m/z: [M - H] calcd for C,41H1gN,O4 361.1194; found 361.1193.

The UPCC chromatograms of racemic product C15
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-3-ethyl-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C16)

Yellow solid; 32.0 mg, 85% yield, >19:1 dr, 91% ee; melting point: 90 — 97 °C; [a]5'64 = -265.83 (c =

UPCC DAICEL CHIRALCEL IH-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg (major)

=4.15 min, tg (minor) = 3.86 min.

C16 H NMR (400 MHz, Chloroform-d) & 8.53 (s, 1H), 8.15 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.42 (d, J =

7.6 Hz, 1H), 7.29 — 7.16 (m, 3H), 6.91 (d, J = 7.6 Hz, 1H), 6.85 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 2.4 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H),
5.51 (s, 1H), 3.54 (s, 3H), 2.11 (td, J = 12.4, 4.4 Hz, 1H), 1.81 (td, J = 12.8, 4.0 Hz, 1H), 0.67 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) 8 189.3, 181.3, 161.1, 142.0, 136.6, 130.5, 128.1, 127.9, 126.4, 125.1, 123.0, 121.6, 120.8, 119.7, 111.6,
109.6, 105.4, 54.3, 53.0, 51.6, 39.8, 16.8, 14.1.

IR: 3370, 2957, 2350, 1727, 1704, 1620, 1468, 1340, 1085, 746 cm-".
HRMS (FTMS+c ESI) m/z: [M + H]* calcd for C,H20N,04 377.1496; found 377.1490.

The UPCC chromatograms of racemic product C16
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-3-allyl-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C17)
Yellow oil; 31.0 mg, 80% yield, >19:1 dr, 75% ee; [a]p'87 = -277.27 (¢ = 0.09 in CH,Cl,).

UPCC DAICEL CHIRALCEL IG-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A =211 nm, tg (major)

=11.90 min, tg (minor) = 5.05 min.

c17 H NMR (400 MHz, Chloroform-d) & 8.60 (s, 1H), 8.14 (s, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.43 (d, J =
8.0 Hz, 1H), 7.31 — 7.13 (m, 3H), 6.92 — 6.78 (m, 3H), 6.58 (d, J = 7.6 Hz, 1H), 5.54 (s, 1H), 5.17 —
5.04 (m, 1H), 4.94 — 4.73 (m, 2H), 3.54 (s, 3H), 2.72 (ddd, J = 98.4, 13.6, 7.2 Hz, 2H).

13C NMR (101 MHz, CDCl;) 5 189.2, 180.6, 161.1, 141.9, 136.6, 131.1, 129.8, 128.1, 128.0, 126.4, 125.3, 123.1, 121.6, 120.9, 119.6,
119.5, 111.7, 109.8, 105.0, 54.2, 53.0, 51.1, 41.9.

IR: 3370, 2924, 2406, 1727, 1706, 1620, 1470, 1339, 1261, 747 cm™
HRMS (FTMS+c ESI) m/z: [M - H] calcd for C23H20N2,O, 387.1350; found 387.1349.

The UPCC chromatograms of racemic product C17
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The UPCC chromatograms of product from asymmetric reaction
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o) Methyl (S)-3-((S)-3-(cyclopropylmethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate

CO,Me
(C18)
h o) | Yellow oil; 32.2 mg, 80% yield, >19:1 dr, 87% ee; [a]p'66 = -199.21 (¢ = 0.38 in CH,Cl,).
N N
H H UPCC DAICEL CHIRALCEL IH-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A =211 nm, tz (major)
C18 = 9.85 min, tz (minor) = 8.22 min.

H NMR (400 MHz, Chloroform-d) & 8.58 (s, 1H), 8.37 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.30 — 7.14 (m, 3H),
6.94 (d, J = 7.6 Hz, 1H), 6.89 — 6.78 (m, 2H), 6.58 (d, J = 7.2 Hz, 1H), 5.48 (s, 1H), 3.54 (s, 3H), 2.12 (dd, J = 13.2, 4.8 Hz, 1H), 1.81
(dd, J = 13.2, 8.0 Hz, 2H), 0.15 - 0.09 (m, 2H), 0.07 — -0.04 (m, 2H), -0.29 (dq, J = 9.2, 4.0 Hz, 1H).

3C NMR (101 MHz, CDCl3) 5 189.2, 181.8, 161.2, 142.3, 136.6, 130.7, 128.1, 127.9, 126.4, 125.3, 123.0, 121.5, 120.8, 119.6, 111.7,
109.7, 105.2, 54.6, 53.0, 51.4, 42.3, 5.6, 4.1, 3.5.

IR: 3371, 2923, 2357, 1728, 1704, 1620, 1469, 1260, 1114, 747 cm-",
HRMS (FTMS+c ESI) m/z: [M - HJ calcd for Cy4H,,N,0,4 401.1057; found 401.1055.

The UPCC chromatograms of racemic product C18
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1 6.493 5376493 | 12.20 [299213
2 8.146 16389080 | 37.18 | 789825
3 9.116 5691430 | 12.91 [ 251463
4 9.813 16627202 | 37.72 | 662338

The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-3-(2-azidoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C19)
CO,Me
Yellow solid; 39.6 mg, 95% vyield, >19:1 dr, 87% ee; melting point: 95 — 104 °C; [a]p'%2 = -225.80 (c

[
0 | 45
N N
H H

C19



= 0.75 in CH,Cl,).

UPCC DAICEL CHIRALCEL OD-3, CO,/MeOH = 90/10, flow rate = 1.5 mL/min, » =211 nm, tg (major) = 11.91 min, tg (minor) = 14.57

min.

H NMR (400 MHz, Chloroform-d) & 8.61 (s, 1H), 8.46 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.32 — 7.19 (m, 3H),
6.96 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 7.2 Hz, 1H), 5.51 (s, 1H), 3.55 (s, 3H), 2.90 —
2.74 (m, 2H), 2.47 (dt, J = 13.6, 8.0 Hz, 1H), 2.14 (ddd, J = 13.2, 8.0, 4.8 Hz, 2H).

13C NMR (101 MHz, CDCl;) 5 188.7, 180.5, 161.0, 142.0, 136.6, 128.7, 127.9, 126.5, 125.2, 123.2, 121.9, 121.0, 119.3, 111.8, 110.3,

104.6, 53.1, 52.6, 51.3, 46.9, 36.0.

IR: 3369, 2920, 2350, 2100, 1727, 1707, 1620, 1469, 1261, 74

HRMS (FTMS+c ESI) m/z: [M - H calcd for C3H19NsO,4 416.1364; found 416.1362.

The UPCC chromatograms of racemic product C19
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1 9.435 863037 5.67 23114
2 10.436 880343 5.79 | 23168
3 11.953 6765741 | 44.48 | 155738
4 14.303 6701973 | 44.06 | 146204

The UPCC chromatograms of product from asymmetric reaction
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20.00

Methyl (S)-3-((S)-3-(2-chloroethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C20)

cl
O\ Cco,Me

e

o |
N N
H H

C20
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Yellow solid; 37.3 mg, 91% yield, >19:1 dr, 82% ee; melting point: 152 — 158 °C; [a]p'%8 = -249.66 (c



=0.30 in CH,Cly).
UPCC DAICEL CHIRALCEL IE-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A = 211 nm, tg (major) = 6.00 min, tg (minor) = 8.18 min.

H NMR (400 MHz, Chloroform-d) & 8.67 (s, 1H), 8.62 (s, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.30 — 7.20 (m, 3H),
6.94 (d, J= 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.59 (d, J = 7.2 Hz, 1H), 5.52 (s, 1H), 3.54 (s, 3H), 3.14 (td,
J=10.8, 6.0 Hz, 1H), 2.82 (td, J = 10.8, 4.8 Hz, 1H), 2.66 (ddd, J = 13.2, 10.4, 6.0 Hz, 1H), 2.38 (ddd, J = 13.2, 10.8, 4.4 Hz, 1H).

13C NMR (101 MHz, CDCl;) 5 188.7, 180.4, 161.0, 142.0, 136.6, 128.7, 128.6, 127.8, 126.6, 125.3, 123.2, 122.0, 121.0, 119.3, 111.8,
110.3, 104.4, 53.3, 63.1, 51.2, 39.7, 39.3.

IR: 3369, 2919, 2357, 1727, 1708, 1620, 1470, 1261, 1084, 748 cm™",
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,,H19CIN,O4 409.0961, 411.0931; found 409.0958, 411.0926.

The UPCC chromatograms of racemic product C20
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1 4.815 750157 | 12.80 | 37521
2 5.475 2213905 37.79 | 103914
3 6.205 746189 | 12.74 | 36131
4 7.677 2148637 | 36.67 | 68127

The UPCC chromatograms of product from asymmetric reaction

0.15+] S
] 3 2
2 © -
P —t E
B B e e Ny
8.00 9.00

T T T T — e S B e e ey B T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Minutes
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1]6.000 496395 |9.12 24890
218.179 4947310 | 90.88 | 163967

Methyl (S)-3-((S)-3-(2-bromoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C21)

Br 0
CO,Me
Yellow solid; 40.9 mg, 90% yield, >19:1 dr, 93% ee; melting point: 164 — 166 °C; [a]p'%® = -190.73
we (c =0.25in CH,Cly).
o |

H H UPCC DAICEL CHIRALCEL IE-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A =211 nm, tg (major)

=10.37 min, tg (minor) = 7.73 min.
Cc21

H NMR (400 MHz, Chloroform-d) & 8.67 (s, 1H), 8.64 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.42 (d, J =
7.6 Hz, 1H), 7.32 = 7.19 (m, 3H), 6.94 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 6.60 (d, J = 7.6 Hz, 1H),
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5.51 (s, 1H), 3.54 (s, 2H), 3.00 (ddd, J = 12.0, 9.6, 5.2 Hz, 1H), 2.74 (td, J = 12.4, 12.0, 5.2 Hz, 1H), 2.61 (td, J = 11.2, 10.4, 4.4 Hz,

1H), 2.46 (td, J = 12.4, 4.4 Hz, 1H).

3C NMR (101 MHz, CDCl;) 5 188.7, 180.2, 161.0, 142.0, 136.6, 128.7, 128.6, 127.8, 126.6, 125.3, 123.2, 122.1, 121.0, 119.3, 111.8,

110.3, 104.4, 54.3, 53.1, 51.2, 40.1, 26.5.

IR: 3369, 2955, 2349, 1727, 1707, 1620, 1469, 1470, 1261, 746 cm™".

HRMS (FTMS+c ESI) m/z: [M - HJ calcd for C,,H19BrN,O4 453.0455, 455.0435; found 453.0453, 455.0429.

The UPCC chromatograms of racemic product C21
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The UPCC chromatograms of product from asymmetric reaction
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117.730 292043 | 3.46 10517
2110.372 8157135 | 96.54 | 220500
I 0] CO.,Me Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-iodoethyl)-2-oxoindolin-3-yl)-2-oxopropanoate (C22)
2
Yellow solid; 46.7 mg, 93% yield, >19:1 dr, 92% ee; melting point: 143 — 153 °C; [a]p'%® = -169.91 (c
W
o || = 0.68 in CH,Cl,).
N N
H H UPCC DAICEL CHIRALCEL IE-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, » = 211 nm, tg (major)
C22 =9.77 min, tg (minor) = 7.90 min.

H NMR (400 MHz, Chloroform-d) & 8.63 (s, 1H), 8.59 (s, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.35 — 7.17 (m, 3H),
6.94 (d, J = 7.6 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 7.2 Hz, 1H), 5.50 (s, 1H), 3.54 (s, 3H), 2.88 —
2.70 (m, 2H), 2.48 (td, J = 13.2, 12.4, 4.4 Hz, 1H), 2.36 (ddd, J = 14.4, 9.2, 4.4 Hz, 1H).
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3C NMR (101 MHz, CDCl3) 5 188.7, 180.0, 160.9, 142.0, 136.6, 128.6, 128.5, 127.7, 126.5, 125.3, 123.2, 122.1, 121.1, 119.3, 111.8,
110.3, 104.4, 55.8, 53.1, 51.0, 41.6, -2.9.

IR: 3371, 2952, 2349, 1727, 1707, 1620, 1469, 1261, 1016, 747 cm-".
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,H19IN,O4 501.0317; found 501.0311.

The UPCC chromatograms of racemic product C22
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1 6.562 346696 | 8.63 | 12592
2 7.301 1676971 | 41.74 | 63507
3 8.063 359310 | 8.94 | 13111
4 9.255 1634867 | 40.69 | 47349

The UPCC chromatograms of product from asymmetric reaction
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Methyl  (S)-3-((S)-3-(furan-2-ylmethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate
(C23)

Yellow solid; 35.1 mg, 82% vyield, >19:1 dr, 90% ee; melting point: 110 — 115 °C; [a]p'%° = -168.60
(c =0.48 in CH,Cly).

UPCC DAICEL CHIRALCEL IG-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A = 211 nm, tg (major)

Cc23

=15.10 min, tgr (minor) = 8.18 min.

H NMR (400 MHz, Chloroform-d) & 8.55 (s, 1H), 7.81 — 7.72 (m, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.31 = 7.20 (m, 2H), 7.12 (t, J = 7.6 Hz,
1H), 6.99 (d, J = 1.2 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 7.2 Hz, 1H), 5.96
(dd, J = 3.2, 1.8 Hz, 1H), 5.61 (s, 1H), 5.52 (d, J = 3.2 Hz, 1H), 3.56 (s, 3H), 3.35 (dd, J = 128.4, 14.4 Hz, 2H).

13C NMR (101 MHz, CDCl,) & 188.8, 180.2, 161.1, 149.7, 141.8, 141.5, 136.6, 129.5, 128.2, 127.9, 126.5, 125.6, 123.2, 121.5, 121.0,
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119.5, 111.7, 110.0, 109.6, 107.7, 104.9, 54.2, 53.0, 50.7, 36.0.
IR: 3367, 2918, 2350, 1728, 1708, 1620, 1470, 1261, 1014, 747 cm-",

HRMS (FTMS+c ESI) m/z: [M - H] calcd for CsH20N,O5 427.1299; found 427.1296.

The UPCC chromatograms of racemic product C23
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(1H-indol-3-yl)-2-ox0-3-((S)-2-ox0-3-(thiophen-2-ylmethyl)indolin-3-
yl)propanoate (C24)

Yellow oil; 35.1 mg, 78% yield, >19/1 dr, 79% ee; [a]p?°? = -149.38 (¢ = 0.48 in CH,Cl,).

UPCC DAICEL CHIRALCEL IG-3, CO,/MeOH = 87/13, flow rate = 1.5 mL/min, A =211 nm, tg (major)
= 34.76 min, tg (minor) = 13.52 min.

C24

1H NMR (400 MHz, Chloroform-d) & 8.57 (s, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.66 (s, 1H), 7.46 (d, J =
8.0 Hz, 1H), 7.32 = 7.27 (m, 1H), 7.25 - 7.22 (m, 1H), 7.17 (td, J = 7.6, 1.2 Hz, 1H), 6.92 — 6.87 (m, 2H), 6.85 (dd, J = 5.1, 1.2 Hz, 1H),
6.72 (d, J = 8.0 Hz, 2H), 6.64 (dd, J = 5.2 3.6 Hz, 1H), 6.49 (d, J = 3.2 Hz, 1H), 5.66 (s, 1H), 3.71 (d, J = 14.0 Hz, 1H), 3.56 (s, 3H),
3.27 (d, J = 14.0 Hz, 1H).

13C NMR (101 MHz, CDCI3) 6 188.9, 180.0, 161.1, 142.3, 136.7, 136.0, 129.3, 128.5, 127.9, 127.4, 126.5, 126.2, 125.7, 124.7, 123.2,
121.6, 121.0, 119.6, 111.8, 109.8, 105.0, 55.5, 53.0, 51.2, 38.1.

IR: 3370, 2924, 2406, 1727, 1706, 1620, 1470, 1339, 1261, 746 cm""
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HRMS (FTMS+c ESI) m/z: [M - H] calcd for CsH20N,04S 443.1071; found 443.1070.

The UPCC chromatograms of racemic product C24
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The UPCC chromatograms of product from asymmetric reaction
0.155
: €
4 <
0.10 S )
4 [te}
2 o
o.océ-{}w VAN PN PAN
0.00 L ‘ 5.60 ‘ ‘ 10‘.00 o 15.‘00 ‘ ‘ 20i00 ‘ ‘ 25[00 ‘ ‘ 30‘.00 ‘ ‘ 35.‘00 L 40{00 ‘ ‘ 45.00
Minutes
Retention Area % Height
Time Area
1 13.520 | 1965954 | 10.64 | 41813
2 34.764 | 16516533 | 89.36 | 160175

oxopropanoate (C25)

C25 = 7.64 min, tz (minor) = 6.85 min.

Benzyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

Yellow oil; 35.7 mg, 70% yield, >19:1 dr, 95% ee; [a]p'%3 = -224.08 (c = 0.71 in CH,Cl,).

UPCC DAICEL CHIRALCEL IC-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, > =211 nm, tg (major)

H NMR (400 MHz, Chloroform-d) & 8.73 (s, 1H), 8.48 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.25 — 7.14 (m, 4H),
7.1 (t, J = 7.6 Hz, 2H), 6.87 — 6.81 (m, 4H), 6.71 (d, J = 8.0 Hz, 2H), 5.45 (s, 1H), 4.92 (q, J = 12.4 Hz, 2H), 3.32 (s, 3H), 3.13 (dd, J

= 56.0, 16.0 Hz, 2H).

3C NMR (101 MHz, CDCl3) 5 187.7, 180.1, 169.9, 160.5, 142.4, 136.6, 134.2, 129.2, 128.7, 128.6, 128.5, 128.5, 128.2, 127.8, 126.9,

125.0, 128.0, 121.7,120.9, 119.1, 111.9, 110.1, 103.8, 68.0, 51.7, 51.3, 50.5, 40.4.

IR: 3367, 2923, 2351, 1728, 1620, 1470, 1340, 1261, 1210, 746 cm-",

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C30H26N206 509.1718.
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The UPCC chromatograms of racemic product C25
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The UPCC chromatograms of product from asymmetric reaction
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C26

4H), 3.14 (d, J = 15.9 Hz, TH).

13C NMR (101 MHz, Chloroform-d) & 187.76 , 179.98 , 170.12 , 160.87 , 156.97 (d, J = 247.1 Hz), 142.34 , 139.07 (d, J = 10.2 Hz),
129.24 ,128.72,126.92 , 125.04 , 123.63 (d, J = 8.1 Hz), 121.71 , 116.70 (d, J = 18.1 Hz), 110.01, 108.19 (d, J = 3.5 Hz), 106.17 (d,

J=19.1 Hz), 102.28 , 53.23, 51.70, 51.40, 50.44 , 39.53 .

IR: 3352, 2954, 2350, 1731, 1621, 1470, 1346, 1230, 1034, 742 cm™",

HRMS (FTMS+c ESI) m/z: [M - H caled for CosH1oFN,Og 437.1154; found 437.1152.

The UPCC chromatograms of racemic product C26
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Methyl (S)-3-(4-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C26)
Yellow oil; 39.0 mg, 89% yield, >19:1 dr, 93% ee; [a]p'%5 = -245.55 (¢ = 0.29 in CH,CI,).

UPCC DAICEL CHIRALCEL OD-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 2.49 min, tg (minor) = 3.10 min.

H NMR (400 MHz, Chloroform-d) & 8.99 (s, 1H), 8.31 (s, 1H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.15 —
7.06 (m, 2H), 6.96 — 6.78 (m, 3H), 6.78 — 6.69 (m, 1H), 6.66 (d, J = 2.8 Hz, 1H), 5.69 (d, J = 1.6 Hz, 1H), 3.59 (s, 3H), 3.34 — 3.30 (m,



AU

Minutes

Retention Time |  Area % Area | Height
1 2.447 7508697 | 37.60 | 804623
2 2.739 2451071 | 12.27 | 292639
3 3.076 7805039 | 39.08 | 759438
4 3.301 2205000 | 11.04 | 182583

The UPCC chromatograms of product from asymmetric reaction

0.40-]
- ™~
3
B N
5 0.20
< : 8
] ©
000y T YA\ yA 7/%#
000 ok 100 15 200 250 3.00 ‘350 400 45 500
Minutes
Retention Time | Area % Area | Height
1]2.487 3742058 [ 96.44 | 392431
213.100 138226 | 3.56 16253

Methyl (S)-3-(5-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C27)
Yellow oil; 38.1 mg, 87% yield, >19:1 dr, 96% ee; [a]p'®7 = -264.28 (¢ = 0.45 in CH,Cl,).

UPCC DAICEL CHIRALCEL 0OZz-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, & = 211 nm, tg

(major) = 5.08 min, tg (minor) = 6.81 min.

Cc27

H NMR (400 MHz, Chloroform-d) & 8.92 (d, J = 2.8 Hz, 1H), 8.53 (s, 1H), 7.30 — 7.16 (m, 3H),
6.93 (td, J = 9.2, 2.4 Hz, 1H), 6.90 — 6.83 (m, 3H), 6.77 (d, J = 7.6 Hz, 1H), 5.39 (s, 1H), 3.57 (s, 3H), 3.36 (s, 3H), 3.15 (J = 28.0, 16.0
Hz, 2H).

13C NMR (101 MHz, Chloroform-d) & 187.72, 179.97, 170.05, 160.88, 158.51 (d, J = 215.2 Hz), 142.15, 132.98, 129.38, 128.86, 128.52,
128.27 (d, J = 9.6 Hz), 124.85, 121.89, 112.72 (d, J = 9.7 Hz), 111.61 (d, J = 26.6 Hz), 110.16, 104.04 (d, J = 1.8 Hz), 103.90 (d, J =
17.2 Hz), 53.24, 51.83, 51.55, 49.86, 39.83.

19F NMR (377 MHz, CDCl3) 5 -122.6.
IR:3353, 2954, 2350, 1728, 1621, 1486, 1344, 1259, 1167, 753 cm™".
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cy3H19FN,Og 437.1154; found 437.1153.

The UPCC chromatograms of racemic product C27
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Methyl (S)-3-(6-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C28)

Yellow solid; 41.6 mg, 95% vyield, >19:1 dr, 95% ee; melting point: 108 — 110 °C; [a]p'° = -
219.23 (¢ = 0.73 in CH,Cly).

UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 5.03 min, tg (minor) = 8.08 min.

H NMR (400 MHz, Chloroform-d) & 8.97 (s, 1H), 8.68 (s, 1H), 7.51 (dd, J = 8.8, 5.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.00 (dd, J = 9.2,
2.4 Hz, 1H), 6.95 — 6.73 (m, 5H), 5.44 (s, 1H), 3.56 (s, 3H), 3.35 (s, 3H), 3.15 (dd, J = 24.0, 16.0 Hz, 2H).

3C NMR (101 MHz, Chloroform-d) & 187.72 , 180.16 , 170.09 , 160.93 , 160.26 (d, J = 12.4 Hz) 142.16 , 136.49 (d, J = 12.4 Hz),
129.39, 128.86 , 127.23 , 124.86 , 124.25, 121.88 , 119.82 (d, J = 10.1 Hz), 110.20, 109.73 (d, J = 24.8 Hz), 104.00 , 98.21 (d, J =
26.2 Hz), 53.24 ,51.83 , 51.50, 49.78 , 39.83 .

°F NMR (377 MHz, CDCl;) 5 -119.8.

IR:3355, 2954, 2350, 1730, 1623, 1471, 1343, 1261, 1143, 753 cm™",

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cy3H19FN,Og 437.1154; found 437.1154.

The UPCC chromatograms of racemic product C28
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The UPCC chromatograms of product from asymmetric reaction
0.504
o.4o—f
0A3Oé
= 1
0.20*:
OA‘IOé §
1 .
0.00—————"\" '
0.00 T 1.60 T 2.60 T 3.60 T 4.60 ‘ ‘ 5.60 ‘ 6.60 7.60 ‘ 8.60 9.60 ‘10.00
Minutes
Retention Area % Height
Time Area
1 5.027 [ 5825617 | 97.43 [ 501866
2 8.077 | 153513 2.57| 10571

oxopropanoate (29)

C29

Methyl (S)-3-(4-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

Yellow oil; 37.7 mg, 83% yield, >19:1 dr, 90% ee; [a]p'®® = -338.38 (c = 0.28 in CH,Cl,).

UPCC DAICEL CHIRALCEL IC-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, > =211 nm, tg (major)

=4.43 min, tg (minor) = 6.34 min.

H NMR (400 MHz, Chloroform-d) & 9.30 (d, J = 2.8 Hz, 1H), 8.44 (s, 1H), 7.23-7.13 (m, 3H), 7.06
(t, J = 7.6 Hz, 1H), 6.92 — 6.84 (m, 2H), 6.80 — 6.74 (m, 1H), 6.67 (d, J = 2.8 Hz, 1H), 6.25 (s, 1H), 3.57 (s, 3H), 3.29 (dd, J = 96.0, 16.0

Hz) 3.27 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 187.6, 180.2, 170.3, 161.0, 142.4, 138.1, 129.5, 128.7, 128.6, 126.0, 125.3, 123.8, 123.5, 122.3, 121.8,

111.2, 110.1, 103.4, 53.2, 51.7, 51.3, 49.3, 39.4.

IR:3349, 2921, 2350, 1730, 1620, 1470, 1340, 1261, 1117, 747 cm™",

HRMS (FTMS+c ESI) m/z: [M - H] calcd for C,3H19CIN,Og 453.0859, 455.0829; found 453.0858, 455.0828.

The UPCC chromatograms of racemic product C29
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oxopropanoate (C30)

C30 (major) = 6.22 min, tg (minor) = 8.27 min.

Methyl (S)-3-(5-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

Yellow oil; 39.1 mg, 86% yield, >19:1 dr, 91% ee; [a]p'%2 = -197.86 (¢ = 0.28 in CH,Cl,).

UPCC DAICEL CHIRALCEL 0OZz-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, & = 211 nm, tg

H NMR (400 MHz, Chloroform-d) 5 8.95 (s, 1H), 8.55 (s, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.25 — 7.11 (m, 3H), 6.92 — 6.77 (m, 4H), 5.41
(s, 1H), 3.58 (s, 3H), 3.36 (s, 3H), 3.16 (dd, J = 24.0, 16.0 Hz, 2H).

3C NMR (101 MHz, CDCl;) 5 187.7, 180.0, 170.1, 160.9, 142.1, 134.8, 129.4, 128.9, 128.9, 128.1, 126.6, 124.8, 123.5, 121.9, 118.4,

113.0, 110.2, 103.8, 53.3, 51.9, 51.5, 49.6, 39.7.

IR:3352, 2925, 2350, 1730, 1620, 1469, 1342, 1260, 1082, 747 cm™".

HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,3H19CIN,Og 453.0859, 455.0829; found 453.0858, 455.0830.

The UPCC chromatograms of racemic product C30
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The UPCC chromatograms of product from asymmetric reaction
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MeO 00 Methyl (S)-3-(6-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-
COxMe 2-oxopropanoate (C31)
Cl . . ;
w | Yellow oil; 35.0 mg, 77% yield, >19:1 dr, 94% ee; [a]p'%2 = -197.86 (¢ = 0.17 in CH,Cl,).
0]
N H UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, L = 211 nm, tg
major) = 6.91 min, tg (minor) = 12.40 min.
c31 (major) R ( )

H NMR (400 MHz, Chloroform-d) & 8.85 (s, 1H), 8.49 (s, 1H), 7.50 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 1.6 Hz, 1H), 7.19 (td, J = 7.6, 1.2
Hz, 1H), 7.1 (dd, J = 8.8, 1.6 Hz, 1H), 6.91 — 6.82 (m, 3H), 6.76 (d, J = 7.6 Hz, 1H), 5.44 (s, 1H), 3.57 (s, 3H), 3.37 (s, 3H), 3.14 (dd,

J=24.0,12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) 5 187.8, 180.0, 170.0, 160.9, 142.1, 136.8, 129.4, 128.9, 127.4, 126.3, 124.8, 121.9, 121.7, 119.9, 111.8,

110.2, 104.3, 53.3, 51.9, 51.5, 49.7, 39.8.

IR:3365, 2955, 2350, 1731, 1620, 1471, 1338, 1260, 1116, 753 cm-".

HRMS (FTMS+c ESI) m/z: [M - H] calcd for C,3H19CIN,Og 453.0859, 455.0829; found 453.0856, 455.0829.

The UPCC chromatograms of racemic product C31
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Methyl (S)-3-(5,6-dichloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-
yl)-2-oxopropanoate (C32)

Yellow solid; 39.9 mg, 80% yield, >19:1 dr, 97% ee; melting point: 117 — 123 °C; [0]p?%! = -
204.17 (c = 0.24 in CH,CL).

UPCC DAICEL CHIRALCEL OD-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tg

(major) = 4.37 min, tg (minor) = 3.96 min.

H NMR (400 MHz, Chloroform-d) & 9.10 (s, 1H), 8.66 (s, 1H), 7.64 (s, 1H), 7.42 (s, 1H), 7.19 (td, J = 7.6, 1.4 Hz, 1H), 6.96 — 6.82 (m,
3H), 6.77 (d, J = 7.6 Hz, 1H), 5.38 (s, 1H), 3.60 (s, 3H), 3.40 (s, 3H), 3.20 (dd, J = 32.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) 8 187.7, 179.9, 170.2, 160.8, 141.9, 135.2, 129.5, 129.1, 128.5, 127.5, 126.9, 125.0, 124.6, 122.1, 119.9,
113.5, 110.3, 103.9, 53.4, 52.0, 51.6, 49.4, 39.0.

IR:3341, 2917, 2350, 1731, 1621, 1471, 1451, 1229, 1082, 753 cm™".

HRMS (FTMS+c ESI) m/z: [M - H] calcd for Cy3H15CI,N,Og 487.0469, 489.0440; found 487.0468, 489.0440.

The UPCC chromatograms of racemic product C32
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(4-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C33)
Yellow oil; 47.3 mg, 95% yield, >19:1 dr, 84% ee; [a]p'®! = -259.91 (¢ = 0.24 in CH,CI,).

UPCC DAICEL CHIRALCEL AD-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 6.61 min, tg (minor) = 5.47 min.

C33 1H NMR (400 MHz, Acetonitrile-d3) 8 9.90 (s, 1H), 8.66 (s, 1H), 7.52 (dd, J = 8.4, 0.8 Hz, 1H), 7.38
(dd, J= 7.6, 0.8 Hz, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 7.11 (t, J = 7.8 Hz, 1H), 6.97 — 6.87 (m, 3H), 6.81 (d, J = 7.6 Hz, 1H), 6.26 (s,
1H), 3.52 (s, 3H), 3.41 (d, J = 15.6 Hz, 1H), 3.24 (s, 3H), 2.92 (d, J = 15.6 Hz, 1H).

3C NMR (101 MHz, CD3CN) 5 188.9, 180.1, 170.6, 162.2, 144.3, 139.2, 130.5, 130.4, 129.3, 126.3, 126.2, 125.6, 124.4, 122.0, 114.1,
113.0, 110.3, 104.5, 53.5, 51.9, 51.7, 49.6, 40.5.

IR:3348, 2921, 2350, 1729, 1620, 1437, 1337, 1176, 1080, 745 cm-".
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3H19BrN,Og 497.0354, 499.0334; found 497.0352, 499.0333.

The UPCC chromatograms of racemic product C33
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C34

2H).

Methyl (S)-3-(5-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C34)

Yellow solid; 41.0 mg, 84% yield, >19:1 dr, 97% ee; melting point: 127 — 133 °C; [a]p?%5 = -252.35

(c=10.43 in CH.Cl,).

UPCC DAICEL CHIRALCEL OZz-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

(major) = 7.36 min, tg (minor) = 5.08 min.

H NMR (400 MHz, Chloroform-d) & 8.96 (s, 1H), 8.54 (s, 1H), 7.74 (s, 1H), 7.28 — 7.24 (m, 1H),
7.23-7.16 (m, 2H), 6.89 (t, J = 7.3 Hz, 1H), 6.85 — 6.79 (m, 3H), 5.41 (s, 1H), 3.58 (s, 3H), 3.36 (s, 3H), 3.16 (dd, J = 20.0, 16.0 Hz,

3C NMR (101 MHz, CDCl3) 6 187.7, 179.9, 170.1, 160.9, 142.1, 135.1, 129.5, 129.4, 128.9, 127.9, 126.0, 124.8, 122.0, 121.5, 114.2,
113.4, 110.2, 103.7, 53.3, 51.9, 51.5, 49.6, 39.6.

IR:3363, 2920, 2350, 1730, 1620, 1469, 1259, 1115, 1080, 753 cm™",

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3H19BrN,Og 497.0354, 499.0334; found 497.0344, 499.0332.

The UPCC chromatograms of racemic product C34
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Methyl (S)-3-(6-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-
MeO___o 0 2-oxopropanoate (C35)
CO,Me
Br Yellow solid; 41.0 mg, 92% yield, 92:8 dr, 95/81% ee; melting point: 135 — 136 °C; [a]p?*® = -
v
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166.97 (¢ = 0.25 in CH,Cl,).

UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, major isomer: tg (major) = 8.26 min, tg

(minor) = 14.70 min; minor isomer: tg (major) = 5.82 min, tg (minor) = 9.12 min.

H NMR (400 MHz, Chloroform-d) 5 9.04 (s, 1H), 8.77 (s, 1H), 7.48 (s, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.19 (dd, J = 16.4, 8.4 Hz, 2H),
6.89 — 6.77 (m, 4H), 5.43 (s, 1H), 3.55 (s, 3H), 3.36 (s, 3H), 3.16 (t, J = 16.0, 2H).

13C NMR (101 MHz, CDCl;) 5 187.8, 180.1, 170.1, 160.9, 142.1, 137.2, 129.4, 128.9, 127.5, 126.6, 124.8, 124.1, 122.0, 120.2, 116.5,
114.9, 110.3, 104.2, 53.3, 51.9, 51.5, 49.7, 39.6.

IR:3353, 2922, 2350, 1730, 1618, 1470, 1259, 1115, 1052, 754 cm™",
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for Cp3H19BrN,Og 497.0354, 499.0334; found 497.0353, 499.0334.

The UPCC chromatograms of racemic product C35
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(5-iodo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C36)
Yellow solid; 49.7 mg, 91% yield, 88:12 dr, 94/80% ee; melting point: 153-156 °C; [a]D'%8 = -165.01
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(¢ = 0.3 in CH,Cl,).

UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, major isomer: tg (major) = 9.03 min, tg

(minor) = 12.09 min; minor isomer: tg (major) = 6.29 min, tg (minor) = 10.11 min.

H NMR (400 MHz, Chloroform-d) & 8.94 (s, 1H), 8.54 (s, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.21 (t, J = 7.6 Hz,
1H), 7.10 (d, J = 8.4 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.85 — 6.78 (m, 3H), 5.41 (s, 1H), 3.58 (s, 3H), 3.37 (s, 3H), 3.14 (dd, J = 20.0,
16.0 Hz, 2H).

13C NMR (101 MHz, CDCl;) 5 187.7, 179.9, 170.1, 160.9, 142.1, 135.6, 131.4, 130.2, 129.4, 129.0, 127.7, 127.4, 124.8, 122.0, 113.8,
110.2, 103.4, 84.4, 53.3, 51.9, 51.6, 49.6, 39.6.

IR:3364, 2921, 2350, 1730, 1620, 1470, 1260, 1115, 1081, 755 cm™".
HRMS (FTMS+c ESI) m/z: [M - HJ- calcd for C,3H19IN,Og 545.0215; found 545.0214.

The UPCC chromatograms of racemic product C36
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(4-methyl-1H-indol-3-yl)-2-

oxopropanoate (C37)
Yellow solid; 42.1 mg, 97% yield, >19:1 dr, 91% ee; melting point: 116-121 °C; [a]D'%5 = -295.95 (c
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= 0.64 in CH,Cl,).

UPCC DAICEL CHIRALCEL IE-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg (major) = 8.05 min, tg (minor) = 7.15 min.

H NMR (400 MHz, Chloroform-d) & 8.86 (d, J = 2.9 Hz, 1H), 8.49 (s, 1H), 7.25 — 7.20 (m, 1H), 7.13 (d, J = 8.1 Hz, 1H), 7.07 (dd, J =
8.4,7.2 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.87 (d, J = 7.6 Hz, 2H), 6.85 — 6.80 (m, 1H), 6.69 (d, J = 2.8 Hz, 1H), 5.74 (s, 1H), 3.57 (s,

3H), 3.34 — 3.14 (m, 5H), 2.87 (s, 3H).

13C NMR (101 MHz, CDCl;) d 186.7, 180.4, 170.1, 161.2, 142.5, 137.2, 130.7, 129.6, 128.8, 127.8, 126.0, 125.7, 123.2, 123.1, 121.8,

110.3, 110.2, 103.5, 53.2, 51.7, 51.5, 50.4, 39.6, 20.8.
IR:3363, 2953, 2350, 1728, 1619, 1470, 1342, 1260, 1115, 752 cm™",
HRMS (FTMS+c ESI) m/z: [M - HJ calcd for C,4H2,N206433.1405; found 433.1401.

The UPCC chromatograms of racemic product C37
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The UPCC chromatograms of product from asymmetric reaction
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C38

(major) = 9.50 min, tg (minor) = 14.90 min.

Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(6-methyl-1H-indol-3-yl)-2-

Yellow oil; 39.1 mg, 90% vyield, >19:1 dr, 95% ee; [a]p'%* = -234.48 (c = 0.52 in CH,Cl,).

UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, & = 211 nm, tg

H NMR (400 MHz, Chloroform-d) & 8.62 (s, 1H), 8.49 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.23 — 7.13 (m, 2H), 7.01 (dd, J = 8.4, 1.2 Hz,
1H), 6.92 — 6.82 (m, 2H), 6.77 — 6.69 (m, 2H), 5.46 (s, 1H), 3.55 (s, 3H), 3.33 (s, 3H), 3.16 (dd, J =44.0, 16.0 Hz, 2H), 2.44 (s, 3H).
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3C NMR (101 MHz, CDCl3) 5 187.7, 180.1, 170.0, 161.0, 142.3, 137.0, 132.9, 129.4, 128.7, 126.3, 125.7, 125.0, 122.7, 121.7, 118.7,
111.7, 110.0, 103.7, 53.1, 51.7, 51.5, 50.1, 40.2, 21.8.

IR: 3365, 2953, 2349, 1729, 1620, 1470, 1342, 1263, 1116, 756 cm™",
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C4H,,N,06433.1405; found 433.1401.

The UPCC chromatograms of racemic product C38
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(7-methyl-1H-indol-3-yl)-2-

MeO
00Q CO,Me oxopropanoate (C39)
W Yellow oil; 33.9 mg, 78% yield, >19:1 dr, 96% ee; [a]p'%® = -319.57 (¢ = 0.14 in CH,Cl,).
o |
N N UPCC DAICEL CHIRALCEL IE-3, CO,/i-PrOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, tg (major)
H H = 13.39 min, tgr (Minor) = 12.66 min.
C39

H NMR (400 MHz, Chloroform-d) & 8.60 (s, 1H), 8.36 (s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.19 (t, J =
8.0 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 6.89 — 6.84 (m, 3H), 6.72 (d, J = 7.2 Hz, 1H), 5.48 (s, 1H), 3.55 (s, 3H),
3.33 (s, 3H), 3.15 (dd, J = 56.0, 16.0 Hz, 2H), 2.46 (s, 3H).

3C NMR (101 MHz, CDCl;) 5 187.9, 180.0, 169.9, 160.9, 142.3, 136.2, 129.3, 128.7, 127.4, 126.5, 125.0, 123.6, 121.6, 121.1, 121.0,
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116.8, 110.0, 104.5, 53.1, 51.7, 51.5, 50.2, 40.4, 16.6.
IR: 3365, 2953, 2349, 1729, 1620, 1470, 1342, 1263, 1116, 756 cm™",
HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C4H,,N,06433.1405; found 433.1401.

The UPCC chromatograms of racemic product C39
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-3-(4-methoxy-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

Yellow oil; 40.1 mg, 91% yield, >19:1 dr, 90% ee; [a]p'92 = -147.39 (¢ = 0.80 in CH,Cl,).

UPCC DAICEL CHIRALCEL OD-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg

C40 H NMR (400 MHz, Chloroform-d) & 8.78 (s, 1H), 8.32 (s, 1H), 7.18 (td, J = 7.6, 1.2 Hz, 1H), 7.13 (t,
J=8.0Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H), 6.83 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 7.6 Hz, 1H), 6.62 — 6.51 (m, 2H),

6.06 (s, 1H), 4.01 (s, 3H), 3.55 (s, 3H), 3.37 (d, J = 15.6 Hz, 1H), 3.27 (s, 3H), 3.02 (d, J = 15.6 Hz, 1H).

3C NMR (101 MHz, CDCl;) 5 188.2, 180.5, 170.4, 161.2, 154.6, 142.6, 138.2, 129.5, 128.4, 125.7, 125.2, 123.9, 121.4, 117.6, 109.8,
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105.1, 103.8, 100.9, 55.3, 53.0, 51.5, 51.4, 50.8, 40.1.

IR: 3364, 2923, 2350, 1729, 1619, 1468, 1352, 1264, 1090, 756 cm".

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C4H,,N,07449.1354, found 449.1353.

The UPCC chromatograms of racemic product C40
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The UPCC chromatograms of product from asymmetric reaction
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C41

1H), 7.19 (td, J = 7.6, 1.2 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.91 — 6.83 (m, 3H), 6.80 (d, J = 2.8 Hz, 1H), 6.73 (d, J = 7.2 Hz, 1H), 3.83
(s, 3H), 3.56 (s, 3H), 3.35 (s, 3H), 3.12 (dd, J = 56.0, 12.0 Hz, 2H).

yl)-2-oxopropanoate (C41)

Methyl (S)-3-(5-methoxy-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-

Yellow oil; 36.9 mg, 80% yield, >19:1 dr, 95% ee; [a]p'%® = -273.39 (¢ = 0.50 in CH,Cl,).

UPCC DAICEL CHIRALCEL OX-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, & = 211 nm,

tr (major) = 8.90 min, tg (Minor) = 11.19 min.

"H NMR (400 MHz, Chloroform-d) & 8.64 (d, J = 2.8 Hz, 1H), 8.36 (s, 1H), 7.24 (d, J = 8.8 Hz,

3C NMR (101 MHz, CDCl;) 5 187.8, 180.0, 169.9, 161.0, 155.0, 142.3, 131.6, 129.4, 128.7, 128.3, 127.4, 125.0, 121.7, 113.5, 112.6,

110.0, 103.6, 100.4, 56.0, 53.2, 51.8, 51.6, 50.1, 40.4.
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IR: 3365, 2953, 2350, 1731, 1621, 1487, 1352, 1216, 1164, 752 cm™",

HRMS (FTMS+c ESI) m/z: [M - H calcd for Cy4H,,N,07 449.1354, found 449.1353.

The UPCC chromatograms of racemic product C41
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Methyl (R)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-
oxopropanoate ((S,R)-C1)

Yellow oil; 40.0 mg, 95% yield, 85:15 dr, 89%/92% ee; [a]p?'® = 114.08 (¢ = 0.28 in CH,Cly)

UPCC DAICEL CHIRALCEL 0z-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A =211 nm, major
(S,R)-C1 isomer: tg (major) = 4.77 min, tg (minor) = 11.94 min; minor isomer : tg (major) = 7.51 min, tg (minor)

=9.70 min.

The UPCC chromatograms of racemic product C1
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The UPCC chromatograms of (S,R)-C1
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Methyl 2-((S)-(1H-indol-3-yl)((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)methyl)-2-
hydroxypent-4-enoate (D1)

Yellow solid; 36.9 mg, 87% yield, 94:6 dr, 95%/99% ee.
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UPCC DAICEL CHIRALCEL IH-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, major isomer: tg (major) = 2.96 min, tg

(minor) = 4.48 min; minor isomer: tg (major) = 6.25.

H NMR (400 MHz, DMSO-ds) 8 10.91 (s, 1H), 10.79 (s, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.4 Hz, 1H), 7.23 — 7.14 (m, 2H),
6.96 — 6.80 (M, 3H), 6.70 (t, J = 7.6 Hz, 1H), 6.45 (d, J = 7.6 Hz, 1H), 6.08 — 6.01 (m, 1H), 5.55 — 5.46 (m, 1H), 4.83 (d, J = 11.6 Hz,
1H), 4.72 (d, J = 17.2 Hz, 1H), 4.17 (s, 1H), 3.69 (s, 3H), 3.20 (s, 3H), 3.05 — 2.88 (m, 2H), 1.80 (ddd, J = 76.4, 13.6, 7.6 Hz, 2H).

3C NMR (101 MHz, DMSO) & 182.1, 176.1, 169.1, 141.7, 134.4, 132.8, 131.6, 128.7, 127.8, 123.4, 121.3, 120.6, 118.5, 117.8, 117.6,
111.1, 109.0, 108.6, 80.7, 55.1, 51.9, 51.3, 46.7, 44.7.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for CsH26N206461.1718; found 461.1720.

The UPCC chromatograms of racemic product D1
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The UPCC chromatograms of product from asymmetric reaction
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Methyl (S)-2-(hydroxyimino)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-
yl)propanoate (D2)

Yellow oil; 21.8 mg, 50% vyield, >19:1 dr, >19/1 Z/E, 95% ee.
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UPCC DAICEL CHIRALCEL IH-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg (major) = 6.98 min, tg (minor) = 6.03 min.

H NMR (400 MHz, Chloroform-d) & 11.13 (s, 1H), 8.61 (s, 1H), 8.47 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.23 -
7.06 (m, 4H), 6.92 — 6.77 (m, 3H), 4.96 (s, 1H), 3.59 (s, 3H), 3.31 — 3.27 (m, 4H), 2.97 (d, J = 16.0 Hz, 1H).

3C NMR (101 MHz, CDCl3) 5 180.8, 170.1, 163.2, 148.2, 142.3, 135.8, 129.9, 128.5, 128.0, 126.5, 124.7, 122.4, 121.7, 120.3, 119.0,

111.6, 110.1, 108.8, 53.5, 52.7, 51.7, 43.3, 41.5.

HRMS (FTMS+c ESI) m/z: [M + Na]* calcd for Co3H,1N30 458.1323; found 458.1327.

The UPCC chromatograms of racemic product D2
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The UPCC chromatograms of product from asymmetric reaction
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Benzyl (2S,3S)-2-hydroxy-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1-methyl-1H-
indol-3-yl)propanoate (D3)

Yellow oil; 37.4 mg, 73% yield, >19:1 dr, 98% ee.

UPCC DAICEL CHIRALCEL IA-3, CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, major
isomer: tg (major) = 6.61 min, tg (minor) = 11.18 min; minor isomer: tg (major) = 8.88 min, tg (minor)
=13.41 min.

H NMR (400 MHz, Chloroform-d) & 8.56 (s, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.27 — 7.18 (m, 3H), 7.15 — 7.06 (m, 5H), 7.00 — 6.91 (m,
2H), 6.90 — 6.84 (m, 2H), 6.70 (d, J = 7.8 Hz, 1H), 4.88 (t, J = 2.4 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.33 (d
J=2.4 Hz, 1H), 4.18 (d, J = 2.4 Hz, 1H), 3.65 (s, 3H), 3.33 (s, 3H), 3.16 (dd, J = 77.6, 16.0 Hz, 2H).

3C NMR (101 MHz, CDCl;) d 182.0, 172.9, 170.2, 141.5, 135.8, 134.9, 131.0, 129.4, 129.0, 128.5, 128.4, 128.4, 128.2, 124.1, 122.0,
121.4,119.3, 118.7, 109.9, 109.1, 106.3, 72.0, 67.5, 54.3, 51.7, 44.6, 40.6, 33.0.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C3oH2sN,06 511.1875; found 511.1877.

The UPCC chromatograms of racemic product D3

T T T T U U T
0.00 2.00 4.00 6.00 8.00 10.00
Minutes

Retention Time [ Area % Area | Height
1 6.837 | 2920994 | 33.01 | 121506
2 8.896 | 1672674 | 18.90| 70130
3 11.106 [ 2735874 | 30.92 | 77152
4 13.440 [ 1518685 | 17.16| 36676

The UPCC chromatograms of product from asymmetric reaction

0.157

— T
10.00
Minutes

T T T
12.00

T T T
14.00

Retention Time |  Area % Area | Height
1 6.612 | 4173564 | 95.42 | 167388
2 8.878 89029 2.04 5374
3 11.178 41839 0.96 1655
4 13.407 69348 1.59 2931

Benzyl (2'S,3S,3'S)-3'-(1-methyl-1H-indol-3-yl)-2,6'-dioxo-2',3',5',6'-tetrahydrospiro[indoline-
3,4'-pyran]-2'-carboxylate (E1)

-\‘COan

72

T T T
16.00

T T T
18.00

20.00



Yellow solid; 37.9 mg, 79% yield, >19:1 dr.

H NMR (400 MHz, Chloroform-d) & 8.15 (s, 1H), 7.35 — 7.29 (m, 2H), 7.22 — 7.16 (m, 1H), 7.14 — 7.05 (m, 4H), 7.03 — 6.92 (m, 3H),
6.86 (s, 1H), 6.69 (d, J = 7.2 Hz, 2H), 6.59 (d, J = 8.0 Hz, 1H), 5.95 (d, J = 11.2 Hz, 1H), 4.76 (s, 2H), 4.19 (d, J = 11.2 Hz, 1H), 3.35
(s, 3H), 2.99 (dd, J = 68.0, 20.0 Hz, 2H).

3C NMR (101 MHz, CDCl3) 5 179.8, 168.6, 167.6, 140.1, 136.2, 134.6, 130.5, 129.1, 128.4, 128.3, 128.1, 127.6, 126.9, 123.4, 123.0,
121.9, 119.5, 118.4, 110.2, 109.2, 105.2, 78.5, 67.5, 51.2, 39.9, 38.1, 32.7.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for CH24N,05479.1612; found 479.1616.

(2'S,3S,3'S)-2'-(hydroxymethyl)-3'-(1-methyl-1H-indol-3-yl)-2',3'-dihydrospiro[indoline-3,4'-
pyran]-2,6'(5'H)-dione (F1)

White solid; 31.9 mg, 85% yield, >19:1 dr, >99% ee.

UPCC DAICEL CHIRALCEL IH-3, CO,/MeCH = 80/20, flow rate = 1.5 mL/min, A = 211 nm, tg (major)

=6.61 min, tg (minor) = 11.18 min.

H NMR (400 MHz, Chloroform-d) & 8.39 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.33 (d, J = 6.8 Hz, 1H),
7.14 — 7.06 (m, 2H), 7.02 — 6.90 (m, 3H), 6.84 (s, 1H), 6.57 (dd, J = 6.8, 1.6 Hz, 1H), 5.49 (d, J = 11.2 Hz, 1H), 4.06 (d, J = 11.3 Hz,
1H), 3.76 (d, J = 11.2 Hz, 1H), 3.40 (m, 3H), 2.95 (dd, J = 52.0, 16.0 Hz, 2H), 2.69 (s, 1H).

3C NMR (101 MHz, CDCl3) 5 180.5, 169.8, 140.1, 136.3, 131.1, 128.8, 127.7, 126.6, 123.2, 122.9, 121.9, 119.4, 118.6, 110.2, 109.3,
107.5, 81.4, 62.6, 51.3, 38.4, 32.6.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for Cx,H3oN,0,4 375.1350; found 375.1351.

The UPCC chromatograms of racemic product F1

13.224

0.00 —

— — — ——— T T T T T T T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Mnutes

Retention Area % Height
Time Area
1 10.901 [ 35549445 | 50.56 | 115012
8
2 13.224 [ 34755554 | 49.44 | 792611

The UPCC chromatograms of product from asymmetric reaction

Retention Area % Height
Time Area
1 11.464 | 6021957 | 100.00 | 207437

11 Copies of NMR spectra for products
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£1 (ppm)
0 MmN 0O — N =
ERERE R ISR R e o R R o
] dJuidsdddaplddsS o R
b grassdrsdnzgs g g
e Yl /o
—\
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o
| Parameter Value
QK 1 Title pdata/ 1
X 2 Solvent CDCI3
3 Temperature 295.0
/ ™~ NH 4 Spectrometer| Fr¢quency150.91
5 Nucleus 13C
B2
\
I 1 1 I
T i " Ay Pl etn i, LTLOW 7Y TN i VPPN VPR PO WYV 1]
v T A v ¥ b M prn e P
T - T . T . T . T T T T T T T T T T T T T T T T
137.0 136. 0 35. 0 129.|0 128.Q 127.0 126.0 114 11 1 109
£1 |(ppn]) f1 (ppm £1 (plpn
1
| |
|
! I
1
R " i " | u”A .[' | e Ly \ »m IO T I i | Jah il
aaie e , il I W il AR L s i AU i ) g g Umamtaiin ket
L | L Sy | L S I S N S O | L ! N SN E LS B H N B A E S R L I S R R I R
210 2 190 180 17 160 5 140 130 120Q 110 | 100 90 80 70 60 50 40 3 20 10 0 -10
£l (ppm)
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Parameter Value
B3 1 Title pdata/ 1
2 Solvent CDCI13
3 Temperature 292.4
4 Spectrometer Frequency 600.17
5 Nucleus 1H
T T T T T T T
7.3 7.2 7.1 7.0 6.9 4.8 6.7
f1 (ppm)
i
Jo Jt I L
. )
~
T f —R f
1.08 1.04 0.96 4.14 1.04 00 3.08
T T T T T T T T T T T T T T T T T T
9.5 9. 8.5 8.0 7.5 7.0 6. 6.0 5.5 5.0 4.5 4.0 3. 3. 2.5 2.0 1.5 1.0 5 0.0 -0.5
1 (ppm)
o~ N 0 e~ < o~ TN DT T O
o~ Al H—=0 © ~N WYl v~ [ g
© 0 S 5 o6 15 ~offed B8 PP NS BB ] T
s 28 Pof 33 ZZRRESSIEER !
\ \/ N \ ' =TT
CH.
o) ;12
}/O
F /%(
/< OH
Z T~ NH «l po v et T “‘ w
N T T T T T i U T T T T T T
R3 [ |12 W21 12 11 s 117 116 115
B3
aml o
aramete Valu
1 Citle pdata/ 1
2 Solyent C¢IDCI13
3 Cemperatyre 29312 |
M‘ 4 Spectromgter Frequency 1/50(91 “" Ahd il /e d Ve e g
dviaroy o, L o Nudleus 13lg e : : el
1Hib.5 108 07, 106. 5 105. 5
T T T T
138.5 137. 5 136] 5 1t <
1 (ppm)
L L
‘ i L ‘ . ‘ ‘ . st
? ¥ y i ; " "
I |
LN | o I S O I s | Iy A By | St L B L O B S L L L T T T
210 200 19 80 170 60 14 40 130 120 [Lf 10 90 80| 6 5 40 3| 2o 10 0 -10
1 (gp)
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Parameter Value
1 Title pdata/ 1
2 Solyent CDCI13
3 Temperatpre 29310
4 Spectrometer Frequency 564172
5 Nucleus 19F
" b Ll o | o . M | ” | RPTWORR .
\a e nae sty ; ' Y I s " " Y o MR o
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -1 -20 -30 -40 -50 -60 170 —8| -90 |l -11 <4120 +130 {140 -150 [-160\-170 |+180 -190 -200 -210
£1 |(ppm)
I 2T NANN = OO DD W T ¥ DI o
< FEISTTans e FERF0 AN >
% e S S (R RN RN RN o
T em—————
CH
O, / 3
(@)
_—
E OH
[T
Z T~ NH X .
MW :
U I
i N -
B4 T T T T
7.45 7. 40 7.35 7.30
£1 (ppm)
Parameter Value
1 Title pdata/ 1
2 Solvent CDCI13
il 3 Temperature 202 8
VU U Las
4 Spectrometer Frequenc$00.17
T T 6.86 6.84 6.82 s Nuecl H
7.00 6. 95 £1 (ppm) ueieus
£1 (ppm)
‘ JHJ [
\ ) W L A i
ox Jﬂ S i oy
0.97| 1.000.950.93 0.95 0.92 0.91 3.09
T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
£1 (ppm)
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1 (gpm)
B4 Parameter Value
Title| pdata/ 1
2) Solvent CDCI13
B Temperature 293.5
4 Spectrometer Frequency 150.91
J’ i S L,WW 5 Nucleus 13C
. . T . T T T T U
104.5 | 104.0 103.5 12.0 1.0
1 (ppm) £l pin)
|
" ‘ . n . . - o .
“ i " "
T T T T T T T T T T T T T T T T T
210 200 190 180 170 14 50 110 BO 120 110| 1p0 90 80 70 6 50 0] BO 20} 10 0 -10
L [(ppm)
b
&
CH
o ;R
L-O
—=
E OH
[T NH
B4
Paramieter Value
1 Title pdata/ 1
2] Solvent CDCI3
3 Temperatir 292.5
4 Spectriomgter |[Frequenc$64.72
5 Nuclgps 19F
e A e e o o S I B N 1 B T A B e I L L o B B B 1 o o A A o
10 0 -0l |20 i -40 -5 160 -70 80  -90 |[-100 |11 -120 -{130 |-140 -150 [-160 |-{170] —180 -190 -200 -210
1 {ppm)
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= Parameter Value
OH 1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 293.5
F/ NH 4 Spectrometer Frequency 400.18
5 Nucleus 1H
B5
M |
LM 1 "
—
! T " T " T " T T T T T T T T T T T T T T T
8.0 o f17'<8 ) [-7 7.6 7.3 7.2 7.1 7.0 6.9 6.8 6.7
m 3
pp f1 (ppm)
|
]
[ !
‘ l
o o i i
0.89 1.00 1.02 0.99 1.02 1.93 3.05
T T T T T T T T T T T T T T T T T
10. ¢ 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2 .5
1 (ppm)
n Y N —~|—= © wiN o o o g W~
R B Al n S|o Qs 8 BHASN o » o
< 4o dls s gla<lsd Sddw o i
° 0 AR w Q& SgdSS Bw o3
2% = ams IRIES S22 && B
/A v v NV [
ok Pargameter Value
[o) / 3 1 Tlitle pdatay 1
-0 2 Solvent CD3CN
3 Tlemperature 294.0
— | 4 Spectrometer| Frequency 00.48
OH 5 Nucleus 3¢
I=d NH
VANS
Bg
T T T T T
120/5 0.3 120. 1
f1 (ppm|
L M | h
¥ I
T T T T T T T
: : : : —T T 110| [108|106 104| 102|100 98
137.0 136. 0 135.0 | 1£9.2|124. 0 128/ 8 1 (gpm
1 (ppm) 1 [fppm)
\ |
N |
T T T T T T T T T T i T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 17 16 ‘150 140 130 120 110 100 D 8 7 6 0] 40 3 20 10 -10
1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 293.8
4 Spectrometer Frequency 376.55
5 Nucleus 19F
—T 1 T T *~ T * T * T ' T *~ T * T *~ T " T T " T T T "~ T T " T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)
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Parameter Value
1 Title B5
2 Solvent CDC13
3 Temperature 294.6
4 Spectrometer Frequency 400.18
‘I 5 Nucleus 1H
o
I /\/ vl
./ N
T T T T T
0 725 7.20 7.18(7.10 7.05
£1 (ppm)
I
1
|
AL - A ‘ \ J
TR B WP oy
0.98 0.99 0.92 1. |8 2. 02 1.[00 3.15
T T T T T T T T T T T T T T T T T T T T
9. 8.5 8.0 715 7.0 6. 5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm)
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8 Title BS5
P Solvent CDCI13
B  Tempergturg 295.2
4 Spectrometer Frequend90.63
MJUL_ 5 Nucleus 13C
v T v v T v v
124.0 123. 5 123.0 122.5
£1 (ppm)
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Parameter Value
1 Title pdata/ 1
[\ I\ /\ 2 Solvent CDCI13
1] / 3 Temperature 293.3
j k \ 4 Spectrometer Frequency 600.17
5 Nucleus 1H
T T T T T T T T
7.35 7.25 7.15 7.05
f1 (ppm)
|
A A J 1 4 J
R R R R i
1.04 1.05 0.98 1.04 1.02 1. 0.99 3.20
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0. f 0.0 -0.5 -1
1 (ppm)
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[Parameter Value
1 Tlitle B6
) 2 Splvent CDCI3
Mt i by nlv LT T W (3 3 Tlemperaturg 294.1
T v 4 Spectromjeter [Frequency 150.91
1gol | 128 126 12 | 123| 120 5 Nucleus 13C
1 (pp)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCI3
3 Temperature 292.5
!
M J Jr JA 4 Spectrometer Frequency00.17
e 5 Nuctew TH
L e B L1 L B B B
7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0
1 (gpm)
|
] .
A H ‘ I A b L
e r’MrJJ—“ — i i
1.01 0.99 1.03 0.96 1. 00 1. 00 0.97 3. 14

T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 —1.
£1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solyent CDCI3
3 Tempegraturg 293.0
4 A 4 Spectrometgr Frequency 150.91
T T T T T T T T T
L12. 1.5 111.0 110.5 110.
1 (ppm)
h
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1 Title pdata/ 1
2 Solvent CDCI13
B9 3 Temperature 294.8
4 Spectrometer Frequency00.18
5 Nucleus 1H
|
1 ~ ‘
I . , . :
[
= s A i T T
0.95 1.00 1. 02 1. 00 1.02  0.96 3.16
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.
f1 (ppm)
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Par. ter Value
Titlg pdata/ 1
2 Solyle CDCI13
3 Temperature 295.4
‘ 4 egtrometer Hreqpencyl 00.63
| | 3 Nug¢leus 13C
" ’ | M |
v v T v T v T v T
1# 13 120 110 00
F1 |(opm)
j
T T T N T T T T T T T T T T T T T T T T T T T m T T T T T N T T T T T T T T T T
210 20| 19 0 | 17 16 15 40 30 120(| 7110 0 90 70 0 50 40 3 200} 10 0 10
£1 |(ppm)
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Parameter Value
1 Title Cc9
N ) 2 Solvent CDCI13
| | 3 Temperature 294.6
/l \ 4 Spectrometer Frequency 400.18
A \Q/L 5 Nucleus 1H
T T T T T T T T T
7.40 7.36 7.32 7.28 7.24
1 (ppm)
|
|
|
\
| H
A ! J A 1
ot o
1.03 1.00 0. 95 2.03 1.02 1.02 3.17
T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£f1 (ppm)
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B10
1 Title pdata/ 1
2 Solvent CDCIl3
3 Tempegrature 2952
4 Spectrometer Frequency 100.63
5 Nuclleus 13C
|
[P ) | o N " ], ‘ | I} | n I \ AL 1 L A I
o " M . Y [ \ NN Y APy ron t
LI L L A L UL T 7 L L L L L L A L L L L L P L
210 | 200 | 190| (180 [IT0 L160| 15 0 30 20| 1]0 100 90 8() 1o 60 5 30 20 10 0 -10
f1 (ppm)
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Br. OH
NH
B11
Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 295.0
4 Spectrometer Frequency 600.17
| ( 5 Nucleus 1H
T T I T
8.0 7.5 7.0
£f1 (ppm)
|
| |
[
‘ l
"L T \ B0 | I __‘__41
o S N
0.99 1.00 1.A301 0.99 0.94 1. 02
T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 5 1.0

1 (ppm)
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£1 (ppm)
Parameter Viallue
1 Tlitle pdata/| 1
22 Slolvent CDB(N
l B Tlemperature 295(0
@ Spectrometer Freqiiency 150(9
LA I L ! N SN SN B S N A B
13)] 130|129 128 127| 196 125 P Nugleus 139
f1 (ppm)
|
|
|
! ‘ ol \
| i | .
‘ T
LN I L L SR B R R I T T T T [ T [ T [T T T T [ T T T T
21 20 190 180 | 170 16 4 130 12 110 | 100 90 BO 70 60 50 40 30 0] 10 0 -10
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OH
Br NH
Parameter Value
B12 1 Title pdata/ 1
2 Solvent CDC13
3 Temperature 294.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
T T T T T T T T
7.65 7.60 7.55 7.50 7.45 7.40 7.35 |7.30
f1 (ppm)
!
|
[
'|
A A o
A L‘,‘ 4+ A 4 JL
d=i i oy i
1.D0 1.05 1.09 1. 03 1. 05 1. 03 L. ot 3.23
T T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 5 0.0 -0.5 -1
£1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solyen CDC13
3 Temperature 2953
4 Spectrometdr Frequency 100.63
5 Nug¢leus 13C
| |
el ipergntrgh ; Mmjm
— T T T LI ¥ B N DR B B B R L 8 L L L L L N
21 2P0 190 180 1y 160 150 40 1B 120 110 100 90 80 70 5 40 30| 20 10 0
fil (ppm
<+ — N NOOOX O ®© <+ ¢ 0 b~ [}
S FoobBBIT A~ 0@ aQ )
B B NNNNN NN © G < S o
AN == V¥ 4
Parameter Value
1 Title pdata/ 1
o Chs 2 Solvent cpci3
(o] 3 Temperaturg 292.7
4 Spectrometer Frequency 600.17
- 5 Nucleus 1H
OH
NH
B13
i h A
2 JUC
LI L EL B I B B
T T T T T T T 7.21 7.19 7.17 7.15
8.0 7.9 7.8 7.7 7.6 7.5 7.4 1 (ppm)
f1 (ppm)
| | |
| 1
L .
A " A M SR MP_,L .
1.03 1.07 1.01 1.00 1. 04 1.02 0.96 2./98
SR A S S T A S e . . A e m
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 .0 2.0 1.5 1.0 0.5 0.0 -0.5 -1.
1 (ppm)
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B13

OH

CHy

137.13

131.16
129
51
127
T
— 110. 20
— 103. 32

o

=t

itle

olvent

7Z w04 un -4

ucleus

Parameter|

emperature

pectromgeter Frequg

ncy

lue

jole

298
15
13

Y

84.13

53.12

12

128
pm)

CHy

— 8.43
— 8.09

OH

B14

110
f1

93

3.

2.80

Title

Solvent

Parameter

Temperature

Value

pdata/ 1
CDCI13
294.7

Spectrometer Frequency 400.18

0.98 1.001.01 1.29 0.99 1.03 0.

6.7

HH
99

wmlh W N =

Nucleus

1H

T T T
10.5 10.0 9.5

9.

T

T T

8.5

8.

0

T
7.5

7.

T

0

6.

T

5| 6.

0.5

0.0

-0.5 -1.0

—-1.
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CHy
(@]
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CH, L
QH
\ ,/\
A TN
BH4 aramjeter Value
1 Mitle pdata/ 1
2 Solvient CDCI13
3 Memiperature 295.4
4 Spedtrometer Frequenc¢y 100.63
l ‘ \‘ 5 Nucleus 13C
Aude e N )
T T T
139 13
1 (bgm)
|
L | L Ll " ‘ " e " o ) " PN L L DRI S bl U " L
p— T — : m-wL« A A A A I 01 A A O T O
T T T T T T T T T T T T T T T T T T
210 200 19 180 70 150 15 13 12 10 100 0 80 7 60 50 49 B0 2 10 0 -10
f1 (ppm
- ok ©
& & i <
o © B o o
[
o CHj
C/) Parameter Value
1 Title pdata/ 1
— 2 Solvent CDCI13
OH 3 Temperature 292.8
\ 4 Spectrometer Frequency 600.17
5 Nucleus 1H
H,C NH
B15
e
T T T T T T T
7.957.90 7.85 7.80 7.757.70 7.65 /\k !
1 (ppm) ) U}
T T T T T T T T
7.05 7.00 6. 95 6. 90
1 (ppm)
|
! I
AL \ Ao A
A f !
1.05 1.08 1. 10 1.08 1. 10 1. 04 1. 00 3.[28 3.15
— T 17— T -—t— 77— 77— —— T T
9.0 85 8.0 7.5 7.0 6.5 [6.0 5. 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3
1 (ppm)
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Parameter Value
1 [Title pdata/ 1
A Solvent CDCI13
B Temperature 293.7
“ Spectrometer Frequency 150.91
5 Nucleus 13C
|
\ |
i " l
|
. ot P W 1 VO | L NPV VO L O | e
" i / ” ’ u , Nmaai Pabond ey oy ’ ey
B o S { —— B e e T
21 20 190 180 170 160 150 140 130 20 110 100 90 0 b0 4 30 20 10 0 -10
1 (ppm)
0 ©O LY LT OO ~ ) -
E I3 83 RIZSES N E I
@ SR ST S S S S S ] © o o
Y Y SN
CH
o) ;e
o
—_—
OH
NH
CHj
B16
[
It
‘\ | l Parameter Value
1 u(k L ) - | M 1 Title pdata/ 1
: : : : : : 2 Solvent CDCI3
7.15 7.10 7.05 7.00 6.95 6.90 79 78 77 3 Temperature 293.1
1 (ppm) f1 (ppm) 4 Spectrometer Frequency 600.17
5 Nucleus 1H
|
|
I
]
| J .J
Jk J i A |
R R R 1[N i i i
1.00 0.94 1.00 0.97 0.97 0.93 0.94 3.10 3.05
T T T T T T T T T T T T T T T T T
9.5 .0 .5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

1 (ppm)
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Paramet Val
CH, arameter alue
1 Title pdata/l
ele 2 Solvent CDCI3
3 Temperature 293.6
4 Spectrometer Frequency 150.91
5 Nucleus 13C
L
—t T
122 {121 120 119 118 |17 116 ({115 114
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9.5 0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
1 (ppm)
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T T T T T T T T T T T T T T T T T T
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f1 (ppm)
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40
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N~ o
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"
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10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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1 Title pdata/1
2 Solvent CDCI3
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Bl.5 130.5 129.5 128. e 110
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-109 —-111 -113 -115 —-121 -123 -125 -127 -129 —-131 -133
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3 Temperature 294.0
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Parameter Value
1 Title pdata/1
2 Solvent CDCI13
3 Temperature 294.2
4 Spectrometer Frequency 376.55
5 Nucleus 19F
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T T T T T T T T T T T T T T T
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1 (ppm)
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1 Title pdata/1
2 Solyvent CDCI13
3 Termperature 294.0
4 Spectrometer Frequency400.18
5 Nucleus 1H
4 |
| V!
NN | i\l
— L JV
T T T
- T T T T T
7.30 1‘71' 2(5 ) 7.20 6.9 6.8 6.7 6.6 6.5
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|
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J M J A L !
e T Y i e
0.98 0.95 1.00 1.00 1.97 (0. 94 1. 98 0. 99 1.00 3.02(3.09 2.7
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 .5 3. 2.5 2.0 1.5 0 0.5 0.0 -0.5
1 (ppm)
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Temperature 294.3
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F 1 7 -
T T T T T T 5 Nucleus 1H
7.6 7.5 7.4 7.3 7.2 7.1

1 (ppm)

il | L

J I [ACTUL J‘ PR, W L NEVANNY.N 1
Ll R Y o
1.001.04 1.02 1.08 1.08 0./97 1.03 2.00 1.03 2. 00 1. 11 1.02 1.00 1.00 3.00 1. 06

T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 §.|0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1

1 (ppm)

130



© ° N WO aotnyola o~
= - ™ COMIOMTF G ©O|N © =2} (| ©°
o 4 P I S e ] 4 ! <
= s JoeIfIoNssgsEs S e S
[N N - \
Parameter [Value
Title| pdata/ 1
Sollvgnt CD(CI13 |
Tempagrature 294.4 | J l 'J
Spegtrometer Frequency 100.63 »1. s WL. ) Lol gmsonp
Nuycleus 13C LI L AL L L o B I B B B S
12 127 125 123 121 119
f1 (ppm)
! \
|
| | L l]m LI AR
. | ‘ - " - ‘ 4 u
T T T T N T i T T T T T T T T T T T T T T T T T T T T U N T T T T T T T T
180 L70 16 150 140 130 120 L10 10 9 80 70 60| ) 40 0 20 10 0 -10
1 (gpm)
MO ANOWNTN—AOOTDOOAN~DSOFNANOD 0 >~ ®©
FTOCOOMMANNNN—~—~—~ O 0000 00 00 00 0~ © < oo o ®
Lo S S S S S A e A S S S S S S S F A R R R Rt it} [t} o o
Sy FErr. I | NP

Cc25

& Jl; ﬁJ Parameter Value
Lmj ] Title pdata/ 1

Solvent CDCI3

Temperature 293.7
Spectrometer Frequency400.18
Nucleus 1H

0w A WN =

| ! |
‘ [
ﬂL L - P " ‘ __}'\,J (. \ .JL L J‘l
P A R oo iy

.95 1} 0

1.00 0.98 4. 12 4. 06 3.93 1. 95 0.99 2.03 2.99 2.00
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Tempgrature 294.2

Spectrometer| Frequency 100.63
Nucleus 13C

NN T

w\ N

H

9.66
8.99
7.22
7.22
7.21

L 6. 66

L5.70

L5.69

Parameter Value
Title pdata/1
Solvent CDCIl3
Temperature 293 8

[V N

Spectrometer Frequency 400.18
Nucleus 1H

L Jk A
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1 Title pdata/1
2 Soflvent CDCI3
3 Temperatuyj 294 .4
4 Spigctrometgr|Fraquencyl 00.63
5 Nuycleus 13C
it 4 f "
T T T T T
126 124 1 110 1
f1 (ppm) 1 (ppm) U
- A e 1 AR w«ﬁmww
T T T T T T
56 [|55 54 b3 52 51 50 49
(ppm)
[
|
|
\ }\ 1o I
- ‘ Lol - | N
N d Mk g (i ‘ " o
T T T T T T T T T
180 1 120 110 La 70 5 40 [0) 20 10 0
r1
o~
&
o
Q
I
Parameter Value
1 Title pdata/ 1
2 Solven CDCIl3
3 Temperature 294.0
4 Spectrometer Frequency376.55
5 Nucleu 19F
T T L 11 L LA S I B I R Y I T T
-2 ﬂﬁ -90 -130 140 1150 -1 -170| =180 -190 -200
f1
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCI13
3 Temperature 294.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
Iy
L i J
L . L L A |
it s
72.92 1. 00 0.98 2.97|2.98 1.94

T T T T T T T T T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)
o o 0 © @ of[bh © e oo g ol <[ © W o of o
= S 3 % T ® FIoidh 0y ~fons =33 d 4@k @
N S| Saw ol @ ks < el A= S5 “eE
0 ~ o~ © 0w NN N N = —--—0 0 gg — e =
2 3 b =t Rl AR R | i o o RS g q o0~ @
[ \ [ N/ T N =T
|
4«ﬂw) k/\/ TR wjkv’w/« Mwwj s
/ T T T T T T T
113.5 114.|5 111.5 110.5 109. 5
| ! \ £1 (ppn
T T U T T T
1491 4 129.(0 128. 6 L,{ 2|
1 || (ogm)
Paramejter Value
1 Title pdata/1
2 Solvent CDCI3
\/ %AJ\« 3 Temperdture 295.4
Y M 4 Spectrorheter Frequency 100.63
T[T LI L S I 5 Niucleus 13C
0441 103.9 03. 7|
1) (ppm)
q
: §
| l
T T T T T T T T T T T T T T
/1/' 14 13 120 110 100| 90 80 70 0 50 40 30 20 10 0] -10
£1 (ppm|
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Parameter Valu o
&
1Title pdata/|1 n
2Solvent CDCl1
3 Temperature 295.0
4 Spectrometer Frequdi6ys
5Nucleus 19F
L L T 1 T T T T T " T T T T T T T T T T T T T " T T T T
20 10 0 -10  -20 -30 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)
o~ o0 O WYL N~ WO
o © o 00 00 00 00 0 b~ b~
I R R R R R T
| _—
N
czs
Parameter Value
1 Title pdata/1
2 Solvent CDCI13
3 Temperature 293.8 F
4 Spectrometer Frequency 400.18 l
5 Nucleus 1H N ’
o
(Y, \
T T T T T T T T T T
7.6 7.4 7.2 7.0 6.8 6.6
1 (ppm)
[
|
}( jl gt A
i VAN P A 1
s e s
0.98 0.98 1.03 0.97 0.99 5.01 1.00 3.04 3.02 2.09
— T T T T T T T T T T T~ T T T T T " T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm)
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Parameter Value
Title pdata/1
D Splvent CDCI13
Températurg 294.4
3 Spectipmeter|Frequency 100.63
> Nuclens 13C
| ‘
. » Ll !
DNV LN WL N i . M -
I T T[T T L B B |
T T T T T T T 55 54 53| b c
122 21 120 115 105  [l00 95 5 54 5 f12( )'30 49 48 47
1 |(ppm) £1 (ppm)
! |
|
i I
|
e s d i ki " ; " "+ Aol pe ity
-~ -ttt
210 200 190 180 170 60 130 140 13 120 11 100 90 80 70 6 5 Q B 20 10 0 -10
1 (ppm)
o
2
g
Parameter Value
1 Title pdata/1
2 Solvent CDC13
3 Temperature 294.0
4 Spectrometer Frequency 376.55
5 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 —-180 —-190 —-200 -210 -2
1 (ppm)
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\ 3 Temperature 293.9
3 d - m}l M 4 Spectrometer Frequency 400.18
5 Nucleus 1H
T T T T T T T T T T
7.17.0 6.9 6.8 6.7 6.6
f1 (ppm)
k ‘ ‘1 | _JL
ﬂ J y A_/'L |
T T — R —
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1 3 Temperature 294.5
| J l t 1 l W' y 4 Spectromgeter frequency 100.63
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32| 1pO 28| 126 12 12 12Q
£1| (dpm 1 (ppmp)
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| | m | |
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 19 80 17 16 150 4o 130 12 11j0 100 9 8 70 50 50 4 0 20 10 0 -10
£1 (ppm
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7.49
7.33
7.33
7.21

T
5

7.
7.
J-7.19

717
\ 7. 17
L 7. 12
L 7. 12
| 6. 89
| 6. 89
| 6. 87
| 6. 87
| 6.87
| 6. 86

L7.10
L 7. 09
L 6.8
L 6.84
L6 77
L6.75
L5 44

— 8.85
— 8.49
£ 7.19

\

57
3.37
3.37
3.19
3.16
3.13
3.09

3.

y
/
/
X

[oxch|
Parameter Value
1 Title pdata/ 1
2 Solvent CDCI13
’J\/\ JUX Y f\ J \ 3 Temperature 294.7
4 Spectrometer Frequency400.18
T. '7‘.1'7‘.0'6‘.9'6‘8'6;7' 5 Nucleus 1H

L | i | R L

—

3.01 3.04 1.95

;
f

0.99 0.93 1.03 1.05 1. 06 1. (2 3. 08 1. 00 1. 00

e | | T
.0 85 80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.E

f1 (ppm)
< o~ q o~ © B e & gy o [ [}
=2} 0 [~ [ oo & gy oo [~ o ~ o [=3
S 3 S i Nold=deddke < Y .
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Bargmleter Value
Title pdata/ 1
2  Solvent CDCI13
J l ‘ Temperature 2954
v Y b e i ot s et 4  $pectrometer Frequent§0.63
T[T T LI 1 LA T T 7 T 5> Nucleu: 13C
5 b 48 4 134139 130 128 12p 14 122 1 118
1 |(Gopm) £1 |(ppfp
|
|
| R A TR [
L il IRIAR ol ‘ bl

y i " i ; " y " ™

Lo L L N A L T L L I s B B S R B [ L B B T T T T T T

19 180 170 1 150 140 130 12 10 100 90 80 70 60 50 40 3 20 10 0 -10

f1 gm)

139



(=} QO I N~ =[O0 0O P00 0 SO WA N~Mm
- COFNN|~— =D 00 00 0 00 - b~ o O FANANN A~
@ S N R R R R R R R R R R} [t @il
e S N— NSNS
MeO Ie]
o COzMe
O
L 3=0)
BN
c32
Parameter Value
q 1 Title pdata/ 1
2 Solvent CDCI3
JJ\(A hULjM
oo J NS 3 Temperature 293.8
T T T T T T T T T T 4 Spectrometer Frequency 400.18
7.2 7.1 7.0 6.9 6.8 6.7
- 5 Nucleus 1H
f1 (pph)
|
|
I
|
1 I\h iffr | Jl
J’ [N J AV U L\ &
T T — T — A
0.99 0.95 1100 1. 00 1. 06 3. 05 1. 02 1.05 3.08 3.03 2. 08
— T 1 T T [~ T ‘T [ T *~ T *~ T *~ T *~ T T T T~ T * T T T T T~ T T T T T T T T T T T
2.0 9.5 9.0 8.5 o 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
@ o o o~ o~ - <
© E a @ b < ) o iog 9
. . . . Al TR | [=
o~ oz (=} e — o~ S ™ . .
2| | 9 s i = 9 SR BHEY E
[ \ [ l /
Parameter) Value
1 Tlitle pdata/ 1
2 Solvient CDCI3
. N Wt ! * 3 Tlemperature 294.3
T T T T T T T T i T T T
k2 | 130 | 128] b2 124 2 120 s 4 $pedtrometer Frequency 100.63
11 |(ppm) 5 Nucleus 13C
! |
[l
k ‘ ' | . o N
‘ ‘ " e g i orterr o
— T 0/y,,‘,,x,,y,x,y,x,‘,y,‘,‘,y,x,
210 200 190 180 17Q 60 15 140 130 120 110 100 9 80 70 6 50 4 30| 2 10 0 -10
1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Tempernature 293.8
4 Spectrometer Frequency400.18
5 Nucleus 1H
}U “ f\M ’ (! M
T T T T T T T T T
7.7 7.5 7.3 7.1 6.9 6.7
£1| (ppm)
| |
‘ | (i b Ll
A ) L i Ly l A A
s s —— S —HH N
1.02 1.03 1.04 1. 06 1.09 1.01 3.08 0.98 1. 00 3.09 1.08 3.07 1.05
——— 1 T T ‘T [T ~ T[T *~ T T~ T *~ T *~ T T~ T *~ T ‘T " T "~ T ‘"~ T " T " T " T
10.5 10.0 9.5 9.0 8.5 8.0 7.b 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
© E P o ° ora o
3] 'l © N ™ Y=y < © 0~ <
. . . PRI SOk | o
% : S o < $d3 < I .
2 £ = g ) 23 =22 2 Bepe | S
[ [ [ [ TSN N S ‘
\
arameter Valye
1 Titlg pdata/ 1
2 Solyent CID3CN
3 Temperature 294 .2
4 Speftrometer Frequency 100.63
5 Nugleu 13C

B ¥ 50 O O | P O J i

—
131.0 130

——
Do 128.0 12f7. 0 126.0
(ppm)

(=]

£1 (ppn})

)

T T T T T T T T T T T T
210 200 L9 o) 170 160 15 140| 130 120 110 100 9 0 7 0 50 40 30 20 10 0 -10

£1 (ppm)
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C34
Parameter Value
1 Title pdata/ 1 |
2 Solvent CDCI3
0 j 3 Temperature 294.7 n \[L\
.L, L /’J'\ /K 4 Spectrometer Frequency 400.18 U\ )\ /Jh
. . . . . . . 5 Nucleus 1H ———— 11—
7.4 7.3 7.2 7.1 .0 6.9 6.8 7.4 7.2 7.0 6.8 6.6
£1 (ppm) f1 (ppm)
|
|
ey |
J A JA i | A4 4‘1 A j A Al

1 (ppm)
N ks w ~pdpolondrpda
~ = S ~AfFFpole~d Al —_ o
= I3 =} o BRgEelS s =EfS B “ ©
£ = = R Ay S el 4 3 a
[ [ e el
MeO 00
Paramgte Value
1 Title pdata/ 1
2 Solyent DCI13
3| Temperature 295.2
4 Spectrometer Hrequency 00.63
_1{ 5 Npuclleus| 13C . ] ) »
- - e t i !
T T T T T T T T T T T T T T T T T T
130 128 12 12 22 7 56/ 5p|[54 58 52 |51 50 49 48 47 46
11 (pdi) 1 (ppm)
L
| | |
i . " |4 ‘ ' " e ’ m ' ' 0 " n o ‘{ el o L
g i ‘ 4 ) &l ‘ M ‘, e i AN Yo . ‘ " it it
T T T T U T T T T T T T T T T T T T T T T
21 200 190 18 70 160 150 140 30 12 110 1 90 80 7 60 50| 4 30 20 10 0 -10
£ pm)
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Parameter Value

f 1 Title pdata/ 1
\ A/\\/ J\-/\ 2 Solvent CDC13

J U\ L }\\/\} \/\L \/L 3 Temperature 293.7
4 Spectrometer Frequency 400.18

T T T T T T T T T T T
7.8 7.4 7.3 7.2 7.1 6.95 6. 90 6. 85 6.80 6.75 6. 70 5 Nucleus 1H
1 (ppm) f1 (ppm)

S
—
=
—————
s

ol b\w‘ ‘ In / h_ I

P

98 4. 03 0.08 1. 00 0.28 2.88 0.28 2.85 1. 98

3
I
k

- A
I
L
A

0.96 0.93 0.99 1.02

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

9.0 B. b 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)
] jg E o~ o 1w oo~ oo~
2] T @ =} N ™ N~ =3 ™ © =
. R [} n © o
o q S § g f S < B .
00 © < 0N H—~ O N = = O -
2 £ b 2 I =22 L= = i
[ [ Ly [ N [
C35
Parameter Value
1 Title pdata/||l
22 Solvent CDCI7
B Temperature 294.3
4 Spectrometer Frequency|100.63
s N N 5 Nucleus 13C
WMy “"'\"“' I bt
T T T T LM v e AW
13() 12 120 |
£1 ) T T T T T T
56 54 b2 5 48 46
£1 (ppm)
o ! |
. bbbl \ " w‘ ot | ) L " bt " i
bt / ' i bk ot i il i ity s gl byt gl P i ik et
— 7 -ttt "ttt
210 [0) 90 0| 170 160 150 140 130 120 110 100 B0 70 6 50 1o 3 20 10 0 -10
1 |(ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCIl3
3 Temperature 294.7
4 Spectromegter Frequency00.18
5 Nucleus 1H
N — JUJ\AWMM,/ /‘ﬂ \ [\
1\ N\
T T T T T T T T T T |
4 7.2 7.0 6.8 6.6 AN /
£1| (ppm)
T T T T T T
3.4 3.3 3.2 3.1 3.0 2.9
£1 (ppm)
|
jj‘t
il
A i b | A L
— L i —' ——
1.06 1.07 1.05 1. 10 1. 11 1.10 1.10 3. 18 0.11 1.00 0.33 2.99 0.33 3.05 2.20
-~ — T T T T T T T
10.0 9./0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0 —3.
f1 (ppm)
=) o | ~ © ~ k| )
= > S S o [N < L ~ lo
. . ) . 0 LR X = > 0 bl B fo
o~ [ =] =3 N 0 =l 2l =] 2] . A .
= = | £ iR R v R el i | B 5 2o H S B
[ [ | SSSN\e=s= | 1] Y
IParametgr Yallue
1 Title pdata/|1
2 Solvent] CDCI13
3 Temperaturg 295.2
4 Spe¢trometer Fiequency 00.63
5 Nucleu: 13Q j
L o g s e, P A L 1 WL PO
’ ¥ T LEini| WA st o W
U IR T T TN T T T 1 T T T T T T T T
1 129 [7 2b 23 5 56| 54 [[52 | 50 48] |46 44
f1 (p 11 pm)
I ‘
| | A | |
¥ b O i " e i ; } f ‘ ' ¥ (s o ‘ by ” ANy n "
T Tl T T T T T T T T T T T T U T T Tl T T T
21 2 190 18 Y 160 50 140 13 120 1 100 0 80 70 6 50 no 30 20 10 (0] -10
1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDC13
3 Temperature 294.7
4 Spectrometer Frequency00.18
5 Nucleus 1H
|
| m(\ﬁ /J\ U\A !
T T T T
7.2 7.1 7.0 6.9 6.8
f1 (ppm)
| i J
‘»k A |
T i B S f s A
0.99 1.0l  1.080.98 1.02 1.05 1.96 1.0{ |. 00 1.02 3.05 5.03 3.08
T e B B L L L B LI B — T T T T T T T T
.5 9.0 8.5 8.0 7.5 7.0 6.p 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 -0.5 -—1.
f1 (ppm)
n o <+ [y o
(. = q b oo - b
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