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1. General information

Chemicals reagents and solvents were purchased from commercial suppliers and used
without further purification. "H NMR and '*C NMR spectra were recorded on Brucker-400 (400
MHz for 'H, 100MHz for '3C)spectrometer, *)F NMR were recorded on a Varian NMR 400
spectrometer. The chemical shifts are reported in ppm from tetramethylsilane (TMS) with the
solvent resonance as the internal standard. The following abbreviations were used to designate
chemical shift mutiplicities: s = singlet, d = doublet, t =triplet, q = quartet, m = multiplet. All
first-order splitting patterns were assigned on the basis of the appearance of the multiplet. Splitting
patterns that could not be easily interpreted are designated as multiplet (m). HPLC analysis was
performed using Chiralcel columns purchased. Mass spectra were obtained using electrospray
ionization (ESI) mass spectrometer. ESI-MS studies on catalytic complex were conducted on
Thermo LTQ XL. Isatin-derived ketimines (1a-1t) were prepared according to the reference.!
Phenols were obtained following the reported procedure.?



2. Optimization of reaction conditions*4

Table S1. Optimization of the catalysts
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S)-AT: Ar= 3,5-(CF3),CeHs
S)-A8: Ar= triphenylsilyl
Entry? CPA Time (h) Lewis acid Yield (%)” ee (3a)° 3a/4a¢

1 Al 18 - 77 17 0.7/1
2 Al 18 Bi(OAc)s 91 47 1.6/1
3 A2 18 Bi(OAc)s 99 61 13/1
4 A3 18 Bi(OAc); 83 39 1.8/1
5 A4 18 Bi(OAc); 94 30 1.9/1
6 A5 18 Bi(OAc); 87 44 1.0/1
7 A6 18 Bi(OAc); 76 17 0.2/1
8 A7 18 Bi(OAc)s 88 0 0.4/1
9 A8 18 Bi(OAc); 86 221 0.6/1
10 B1 18 Bi(OAc); 65 66 0.5/1
11 B2 18 Bi(OAc); 99 73 2.3/1
12 B3 18 Bi(OAc); 99 46 0.9/1
13 B4 18 Bi(OAc); 99 30 1.0/1
14 C1 18 Bi(OAc); 87 -41 3.2/1
15 C2 18 Bi(OAc); 98 9 1.0/1

aThe reaction was carried out with 1a (0.1 mmol), 2a (0.1 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and solvent (1.0 mL) at rt. *Isolated yield. “Determined by HPLC analysis. ‘The regioselectivity
is determined by HPLC analysis.

Table S2. Optimization of the solvents and lewis acids*¢
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NHBoc OH
Ch O, o™ - wigae | L8R
N, HaCO OCH; ’ O o ‘O
N Ar
1a 2 4a Bn (S)-B2: Ar= 9-anthyl
Entry® Lewis acid Time (h) Solvent Yield (%)? ee (3a)  3a/4al
1 Bi(OAc); 18 CH;CN 82 53 1.5/1
2 Bi(OAc); 18 o-xylene 87 69 0.9/1
3 Bi(OAc); 18 MTBE 90 82 3.3/1
4 Bi(OAc); 18 EA 86 86 4.1/1
5 Bi(OAc); 18 Cyclohexane 59 69 1.2/1
6 Bi(OAc); 18 CHCI3 73 50 0.8/1
7 Bi(OAc); 18 1,4-dioxane 66 88 3.2/1
8 Bi(OAc); 18 THF 62 89 2.9/1
9 Bi(OAc); 18 1,4-dioxane:CH>Cl, = 1:1 96 84 4.6/1
10 Bi(OAc); 18 1,4-dioxane:CH>Cl, = 1:2 91 88 4.7/1
11 Bi(OAc); 18 1,4-dioxane:CH>Cl, = 2:1 98 91 4.8/1
12 BiCl3 18 99 57 2.8/1
13 BiBr; 18 98 67 2.6/1
14 Bi(OH); 18 91 92 5.3/1
15 Sc(OAc)s 18 1,4-dioxane:CH,Cl, = 2:1 89 71 3.0/1
16 InBr3 18 54 0 1.0/1
17 Sc(OThs 18 99 ; 0.0/1
18 Ca(OTf), 18 99 0 0.4/1
19 Mg(Cl04), 18 95 0 0.2/1

aThe reaction was carried out with 1a (0.1 mmol), 2a (0.1 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and solvent (1.0 mL) at rt. *Isolated yield. “Determined by HPLC analysis. “The regioselectivity
is determined by HPLC analysis.

Table S3. Optimization of the ritio of 1a / 2a, additive and temperature®

HO H3CO Ar
NHBoc OH ‘O
0.,-0

Bi(OH)s, (S)-B2 OCH OCH ~PZ
©j:§:0 ¥ /@\ 1,4-dioxane:CH,Cl, = H3CO ,\\NHB°°3 * HO NHB°°3 0" "OH
H,CO OCH-. 2:1, T, additive ‘O
b ner Sl TR g |
Bn Bn A
1a 2a 3a 4a (S)-B2: Ar= 9-anthyl
Entry® la:2a Additive (20 mg) Time (h) Yield (%)” ee (3a)° 3a:4al
1 1:1 - 18 91 92 53
2 1.2:1 - 18 99 91 6.4
1:1.2 - 18 99 89 5.2
4¢ 1.2:1 - 18 99 91 6.4
5f 1.2:1 - 18 99 89 53
1.2:1 3 A Ms 18 99 92 5.6
1.2:1 4 A Ms 18 99 92 6.1
1.2:1 5 A Ms 18 99 93 6.4
92 1.2:1 5 A Ms 18 99 97 8.0



10" 1.2:1 5A Ms 18 99 97 12.2

1 1.2:1 5A Ms 18 99 97 12.2
aThe reaction was carried out with 1a (0.1 mmol), 2a (0.1 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and solvent (1.0 mL) at rt. *Isolated yield. “Determined by HPLC analysis. ‘The regioselectivity
is determined by HPLC analysis. °CPA/lewis acid = 2:1. ‘CPA/lewis acid = 1:2. ¢T = 0 °C. "T =-15 °C. 'T
=-20 °C.

3. General procedure for the the synthesis of 3a , (rac)-3a, and 6

HO HsCO Ar
NBoc OH Bi(OH)3 (3 mol%) Q O ‘O

(S)-B2 (3 mol%) OCH, OCH,4 O-p20
Vel 1 4-dioxane:CH,Cl, = 13 “NHBoc™ * HO™ ™{ NHBoc 0" "oH
HaCO OCHj 2:1, -15°C, 5A MS O O ‘O
N

Bn
Ar

(S)-B2: Ar= 9-anthyl

1a 2a 3a 4a

To an oven-dried reaction tube under nitrogen atmosphere, chiral phosphoric acid (S)-B2 (0.003
mmol, 2.1 mg), Bi(OH); (0.003 mmol, 0.8 mg) were dissolved in anhydrous solvent
(1,4-dioxane:CH>Cl> = 2:1, 1 mL) and stirred for 1 hour at 25 °C. Next, 5 A MS (20 mg) and the
corresponding 1a (0.12 mmol, 40.4 mg) were added. Then, the reaction was cooled to -15 °C and 2a
(0.1 mmol, 15.4 mg) was added. The mixture was stirred at -15 °C for 36 h. The reaction mixture was
purified directly by flash chromatography on silica gel PE/EA (3/1 to 1/1) to give the product 3a and
4a.

3co
NBoc OH Bi(OAc)s (10 mol%)
_(rac)-E1 (10 mol%) _ CH
©fzg:0 : /©\ T CHChrt 3 O Ho NBoe’ 8:'3//0
N, H;CO OCH; O

(rac)-E1

1a 2a (rac) -3a (rac)—4a

To an oven-dried reaction tube under nitrogen atmosphere, phosphoric acid (rac)-E1 (0.01 mmol,
2.5 mg), Bi(OAc); (0.01 mmol, 3.9 mg) were dissolved in anhydrous CH>Cl, (1 mL), and the
corresponding 1a (0.12 mmol, 40.4 mg) and 2a (0.1 mmol, 15.4 mg) was added. The mixture was
stirred at r.t. for 2h. The reaction mixture was purified directly by flash chromatography on silica gel
PE/EA (3/1 to 1/1) to give the product (rac)-3a and (rac)-4a.

EtO EtO

Nbee CHel(Bea)  Meo NOME " HCI (2 molL in
N K2CO;3 (3 eq) N methanol)
O CHCN,50°C y o 0 °C-RT
Bn
5 6
97% ee 62% yield 33% yield, 92% ee

C>H5sI (0.3 mmol, 24 ul), K2COs3 (0.3 mmol, 31.8 mg) and 3a (0.1 mmol, 49.0 mg) were dissolved
in 3mL of CH3CN and the mixture was stirred at 50 °C until the reaction was completed. Then, the

solvent was removed, and the crude mixture was dissolved in DCM and directly poured to the column
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chromatograpy, using PE/EA (5:1) as eluent to afford compound 5 (32.1 mg, 62% yield).

Compound 5 (0.6 mmol, 32.1 mg) was dissolved in 2 M HCI in methanol (5 mL) and stirred at r.t.
for 30 min. Reaction was monitored by TLC. After all starting compounds were consumed, reaction
content was concentrated in vacuo. Then, reaction mixture diluted with DCM was quenched with 30
mL of 10% (w/w) K2COs(aq) and aqueous phase was washed with DCM (3 x 20 mL). Organic phase,
dried over NaSO4 and solvent was evaporated, the crude mixture was dissolved in DCM and directly
poured to the column chromatograpy, using PE/EA (1:3) as eluent to afford compound 6 as a
colourless oil (8 mg, 33% yield, 92% ee).P]

4. Compared with quinine-derived thiourea

NBoc OH

: =0 /@\ D1 (2 mol%)
N + t
H.CO OCH oluene (1 ml)
Bn s ® RT,24h
0.12 mmol 0.1 mmol

D1: R= 3,5-(CF3),CeHs3

60% yield
9% ee; plo=0.4

We also carried out a comparative experiment of bifunctional thiourea D1 catalyzed reaction
under Pedro’s conditions. As a result, poor enantioselectivity (9% ee) and regioselectivity (0.4/1)

was obtained.

5. Plausible enantio-control model.

Backbone
\

o O
o)
I-0 0
o
=
(0]

Based on the experimental results, a plausible enantio-control mode of the aza-Friedel-Crafts
reaction was proposed. We speculated that the chiral phosphoric acid acted as dual catalyst. When
bismuth salt was added, the CPA’s acidity was enhanced and the chiral environment was also
changed, which makes the enantioselectivity and regioselectivity better controlled. And a lower

temperature was beneficial to kinetic control product of 3a.


https://fanyi.sogou.com/
file:///D:/Program%20Files%20(x86)/Youdao/Dict/8.0.0.0/resultui/html/index.html

6. Single crystal X-ray structure of compound 3a

Figure S1 X-ray crystallography data of 3a

Table S4. Crystal data and structure refinement for CCDC 1936165.

Identification code

CCDC 1936165

Empirical formula C23H30N206
Formula weight 490.54
Temperature/K 294.15
Crystal system orthorhombic
Space group P212124

a/A 8.51250(10)
b/A 16.33800(10)
c/A 17.88090(10)
a/° 90

p/° 90

v/° 90
Volume/A? 2486.83(4)

Z 4

Pealeg/cm? 1.310

wmm-! 0.757

F(000) 1040.0

Crystal size/mm?

Radiation

0.36 x 0.22 x 0.08
CuKa (A= 1.54184)



20 range for data collection/°  7.33 to 148.99

-5<h<10,-20<k<20,-22<1<
Index ranges

22

Reflections collected 16130

Independent reflections 4929 [Rin = 0.0214, Reigma =
0.0218]

Data/restraints/parameters 4929/0/336

Goodness-of-fit on F2 1.044

Final R indexes [[>=2c (I)] Ri1=0.0479, wR>=0.1156

Final R indexes [all data] R =0.0700, wR2 =0.1250

Largest diff. peak/hole /e A®  0.28/-0.34

7. Analytical data

Compound 3a: fert-butyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxoindolin-3-yl)
carbamate, white solid, 49 mg (99% of total yield), ee = 97%, regioselectivity ratio (p/o = 12/1);
[a] 3° = -209.0 (c = 1.275, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1 mL/min,
hexane/i-PrOH = 3/1, tmajor = 7.3 min, tminor = 13.1 min.

'H NMR (400 MHz, CDCl3) 6 8.04 (s, 1H), 7.84 (br, 1H), 7.55 (d, J= 7.0 Hz, 2H), 7.39 - 7.20 (m,
4H), 7.13 (t, J= 7.3 Hz, 1H), 6.91 (t, J = 7.4 Hz, 1H), 6.75 (d, J= 7.4 Hz, 1H), 5.95 (s, 2H), 5.17 -
4.73 (m, 2H), 3.46 (s, 6H), 1.31 (s, 9H).

13C NMR (101 MHz, CDCls) § 178.4, 158.5, 158.0, 143.6, 136.5, 128.6, 128.4, 128.2, 127.4,
123.5,122.6, 108.6, 106.2, 95.0, 77.2, 63.2, 56.0, 45.0, 28.4.

HRMS (ESI) calcd for C23H31N206 (M+H)*: 491.2177, found: 491.2180.




Compound 3b: tert-butyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-5-methyl-2-
oxoindolin-3-yl) carbamate, white solid, 50 mg (99% of total yield), ee = 98%, regioselectivity
ratio (p/o = 15/1); [a];’ =-173.3, (¢ = 0.25, CH30H); HPLC condition: chiralpak 1A, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 10.0 min, tminor = 16.4 min.

H NMR (400 MHz, CDCl3) § 8.11 (s, 1H), 7.88 (s, 1H), 7.53 (d, J = 7.2 Hz, 2H), 7.39 - 7.14 (m,
3H), 7.05 (s, 1H), 6.90 (d, /= 7.8 Hz, 1H), 6.61 (d, J= 7.6 Hz, 1H), 5.93 (s, 2H), 4.97 (s, 2H),
3.42 (s, 6H), 2.11 (s, 3H), 1.22 (s, 9H).

13C NMR (101 MHz, CDCls) 8§ 178.4, 158.4, 158.0, 141.2, 136.6, 132.0, 128.8, 128.6, 128.2,
127.4,124.3,108.4, 106.1, 95.0, 77.3, 63.4, 56.0, 45.1, 28.4, 21.1.

HRMS (ESI) caled for C29H33N>06 (M+H)™: 505.2333, found: 505.2340.

Compound 3c: tert-butyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-5-methoxy-2-oxoin
dolin-3-yl)carbamate, white solid, 52 mg (99% of total yield), ee = 95%, regioselectivity ratio (p/o
= 11/1); [a]3® = -186.6, (c = 0.89, CH30H); HPLC condition: chiralpak 1A, 210 nm, 1 mL/min,
hexane/i-PrOH = 4/1, tmajor = 14.4 min, tminor = 23.2 min.

'TH NMR (400 MHz, CDCl3) 8 8.11 (s, 1H), 7.76 (br, 1H), 7.53 (d, J = 7.3 Hz, 2H), 7.42 - 7.17 (m,
3H), 6.93 (s, 1H), 6.63 (q, J = 8.3 Hz, 2H), 5.94 (s, 2H), 5.00 (s, 2H), 3.69 (s, 3H), 3.39 (s, 6H),
1.30 (s, 9H).

13C NMR (101 MHz, CDCls) § 178.0, 158.5, 158.1, 155.8, 137.4, 136.5, 133.1, 128.6, 128.1,
127.4,112.2,111.4,108.9, 106.1 , 95.0, 77.2, 63.4, 56.0, 557, 45.1, 28 .4.

HRMS (ESI) caled for C29H33N>O7 (M+H)™: 521.2282, found: 521.2284.

Compound 3d: tert-butyl  (R)-(1-benzyl-5-fluoro-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 43 mg, (84% of total yield), ee = 99%, regioselectivity
ratio (p/o = 22/1); [a];® = -207.5, (c = 0.81, CH30H); HPLC condition: chiralpak 1A, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 10.6 min, tminor = 22.2 min.
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IH NMR (400 MHz,CDCls) 8 8.01 (s, 1H), 7.75 (s, 1H), 7.52 (d, J = 7.3 Hz, 2H), 7.40 - 7.24 (m,
3H), 7.05 (d, J = 6.6 Hz, 1H), 6.81 (t, J= 8.3 Hz, 1H), 6.62 (dd, J = 8.1, 3.5 Hz, 1H), 5.97 (s, 2H),
5.00 (s, 2H), 3.50 (s, 6H), 1.31 (s, 9H).

13C NMR (101 MHz, CDCLy) § 178.2, 159.3 (d, J = 239.9 Hz), 158.5, 158.2, 139.6, 136.2, 128.6
128.0, 127.5, 114.6 (d, J = 23.4 Hz), 111.5 (d, J = 25.0 Hz), 109.1 (d, J = 8.1 Hz), 105.6, 94.9,
77.2,63.2, 56.0, 45.1, 28.4.

19F NMR (376 MHz, CDCl3) 5 -120.8.

HRMS (ESI) caled for CosHioFN,06 (M+H)*: 509.2082, found: 509.2080.

Compound 3e: fert-butyl (R)-(1-benzyl-5-chloro-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 52 mg (99% of total yield), ee = 99%, regioselectivity
ratio (p/o =20/1); [a];’ =-183.9, (¢ = 0.87, CH30H); HPLC condition: chiralpak 1A, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 6.9 min, tminor = 11.0 min.

TH NMR (400 MHz,CDCls) & 7.88 (s, 1H), 7.85 (s, 1H), 7.52 (d, J = 7.1 Hz, 2H), 7.39 - 7.22 (m,
4H), 7.09 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.2 Hz, 1H), 5.96 (s, 2H), 4.99 (s, 2H), 3.50 (s, 6H),
1.34 (s, 9H).

13C NMR (101 MHz, CDCl3) 178.0, 158.5, 158.2, 142.2, 136.0, 133.2, 128.7, 128.4, 128.0, 127.7,
127.6,123.9, 109.7, 105.5, 94.8, 77.2, 63.1, 56.0), 45.1, 28.4.

HRMS (ESI) caled for CosH30CIN2Os (M+H)™: 525.1787, found: 525.1788.

Compound  3f:  fert-butyl  (R)-(1-benzyl-5-bromo-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 56 mg (99% of total yield), ee = 99%, regioselectivity
ratio (p/o = 22/1); [a];’ = -175.4, (¢ = 1.29, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 6.9 min, tminor = 10.7 min.

TH NMR (400 MHz,CDCls) & 7.85 (s, 1H), 7.71 (s, 1H), 7.52 (d, J = 6.1 Hz, 2H), 7.41 - 7.18 (m,
5H), 6.60 (d, J=7.7 Hz, 1H), 5.95 (s, 2H), 4.99 (s, 2H), 3.51 (s, 6H), 1.35 (s, 9H).

13C NMR (101 MHz, CDCls) 8§ 177.7, 158.5, 158.1, 142.7, 136.0, 136.0, 131.2, 128.7, 128.0,
127.6,126.6, 115.1, 110.2, 105.5, 94.8, 77.2, 63.0, 56.0, 45.1, 28.4.
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HRMS (ESI) calcd for C2sH30BrN2Og (M+H)*: 569.1282, found: 569.1284.

Compound 3g: fert-butyl  (R)-(1-benzyl-6-chloro-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 52 mg (99% of total yield), ee = 97%, regioselectivity
ratio (p/o = 22/1); [a];’ = -233.7, (¢ = 0.50, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 5.7 min, tminor = 11.9 min.

'H NMR (400 MHz,CDCls) 6 7.83 (s, 2H), 7.53 (d, J = 7.3 Hz, 2H), 7.38 - 7.28 (m, 3H), 7.19 (d,
J="1.7 Hz, 1H), 6.88 (d, J = 7.9 Hz, 1H), 6.73 (s, 1H), 5.94 (s, 2H), 4.97 (s, 2H), 3.47 (s, 6H),
1.30 (s, 9H).

13C NMR (101 MHz, CDCI3) & 178.5, 158.4, 158.0, 144.8, 135.9, 134.0, 128.7, 128.1, 127.6,
124.4,122.5,109.2, 105.6, 100.0, 94.8, 77.3, 62.7, 56.0, 45.1, 28.4.

HRMS (ESI) caled for CosH30CIN2Os (M+H)™: 525.1787, found: 525.1788.

Compound 3h: fert-butyl (R)-(1-benzyl-6-fluoro-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 46 mg (99% of total yield), ee = 96%, regioselectivity
ratio (p/o = 10/1); [a];’ =-98.1, (¢ = 0.50, CH30H); HPLC condition: chiralpak IA, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 9.3 min, tminor = 20.4 min.

TH NMR (400 MHz,CDCls) § 7.82 (s, 2H), 7.53 (d, J = 7.1 Hz, 2H), 7.38 - 7.28 (m, 3H), 7.24 -
7.18 (m, 1H), 6.63 - 6.52 (m, 1H), 6.46 (d, J= 8.7 Hz, 1H), 5.96 (s, 2H), 4.99 (s, 2H), 3.48 (s, 6H),
1.33 (s, 9H).

13C NMR (101 MHz, CDCls) & 178.7, 163.0 (d, J = 244.4 Hz), 158.4, 158.0, 145.2 (d, J = 11.9
Hz), 135.9, 128.7, 128.1, 127.6 , 124.5 (d, J = 9.7 Hz), 108.6 (d, J = 22.3 Hz), 106.1, 97.4 (d, J =
27.3 Hz), 94.9,77.2,62.7,56.0 ,45.2, 28.4.

1F NMR (376 MHz, CDCl3) 6 -111.7.

HRMS (ESI) caled for CosH30FN20s (M+H)™: 509.2082, found: 509.2086.
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Compound  3i:  fert-butyl  (R)-(1-benzyl-6-bromo-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 56 mg (99% of total yield), ee = 99%, regioselectivity
ratio (p/o = 25/1), [a];® = -239.3, (¢ = 0.50, CH30H); HPLC condition: chiralpak IA, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 8.9 min, tminor = 20.3 min.

TH NMR (400 MHz,CDCls) & 7.81 (s, 1H), 7.65 (s, 1H), 7.53 (d, J = 7.1 Hz, 2H), 7.40 - 7.21 (m,
3H), 7.14 (d, J = 7.5 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 6.88 (s, 1H), 5.93 (s, 2H), 4.97 (s, 2H),
3.48 (s, 6H), 1.30 (s, 9H).

13C NMR (101 MHz, CDCls) & 178.3, 158.5, 158.0, 145.0, 135.9, 130.6, 128.7, 128.1, 127.6,
125.4,124.8,121.9,111.9, 105.6, 94.8, 77.2, 62.8, 56.0, 45.1, 28.4.

HRMS (ESI) caled for CosH30BrN2Og (M+H)*: 569.1282, found: 569.1285.

Compound 3j: tert-butyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-0x0-6-
(trifluoromethyl)indolin-3-yl)carbamate, white solid, 55 mg (99% of total yield), ee = 98%,
regioselectivity ratio (p/o = 14/1), [a]3* =-217.0, (c = 0.47, CH30H); HPLC condition: chiralpak
ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 3/1, tmajor = 4.6 min, tminor = 10.0 min.

'"H NMR (400 MHz,CDCl3) 8 7.82 (s, 1H), 7.67 (d, J = 5.6 Hz, 1H), 7.53 (d, /= 7.2 Hz, 2H), 7.41
-7.24 (m, 4H), 7.19 (d, J= 7.6 Hz, 1H), 6.97 (d, J= 17.4 Hz, 1H), 5.94 (s, 2H), 5.02 (s, 2H), 3.60
(s, 6H), 1.29 (s, 9H).

13C NMR (101 MHz, CDCl3) & 178.2, 158.6, 158.2, 144.2, 135.7, 130.6 (q, J = 32.3 Hz), 128.7,
128.1, 127.7, 123.9 (q, J = 270.1 Hz), 123.6, 119.8 (d, J = 3.7 Hz), 105.2, 94.8, 77.2, 62.8, 56.0,
45.2,28.3.

YF NMR (376 MHz, CDCls) & -62.2.

HRMS (ESI) caled for C2oH30F3N20s (M+H)*: 559.2050, found: 559.2054.
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Compound 3k: tert-butyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-7-methyl-2-
oxoindolin-3-yl)carbamate, white solid, 42 mg (83% of total yield), ee = 97%, regioselectivity
ratio (p/o = 10/1); [a];® = -180.2, (¢ = 0.47, CH30H); HPLC condition: chiralpak IA, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 28.2 min, tminor = 51.6 min.

TH NMR (400 MHz,CDCl3) 6 8.13 (s, 1H), 7.79 (s, 1H), 7.56 (d, J= 7.2 Hz, 2H), 7.36 (t, J = 7.4
Hz, 2H), 7.32 - 7.15 (m, 2H), 6.93 (d, J = 7.3 Hz, 1H), 6.86 (t, /= 7.5 Hz, 1H), 6.00 (s, 2H), 5.30
(d, J=16.4 Hz, 1H), 5.18 (d, J= 16.2 Hz, 1H), 3.61 (s, 6H), 2.29 (s, 3H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCls) & 179.8, 158.4, 157.9, 141.8, 138.6, 132.6, 128.5, 126.9, 126.7,
122.7,121.6, 119.1, 106.6, 95.1, 77.3, 62.7, 56.2, 46.7, 28.4, 18.9.

HRMS (ESI) caled for C29H33N>06 (M+H)™: 505.2333, found: 505.2341.

Compound 3I: tert-butyl (R)-(1-benzyl-7-chloro-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 50 mg (96% of total yield), ee = 96%, regioselectivity
ratio (p/o = 20/1); [a];’ =-232.8, (c = 0.74, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 4.8 min, tminor = 9.6 min.

'H NMR (400 MHz,CDCls) & 7.78 (s, 1H), 7.65 (s, 1H), 7.59 (d, J = 7.2 Hz, 2H), 7.31 (t, J=7.1
Hz, 2H), 7.22 (m, 2H), 7.12 (d, J = 7.9 Hz, 1H), 6.85 (t, J = 7.6 Hz, 1H), 5.91 (s, 2H), 5.50 (d, J =
15.9 Hz, 1H), 5.27 (d, J = 16.1 Hz, 1H), 3.48 (s, 6H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCls) § 179.3, 158.5, 158.0, 139.8, 138.2, 131.0, 128.2, 127.8, 126.9,
123.4,122.2,114.8,105.8,94.9, 77.2, 62.7, 56.1, 46.3, 28.3.

HRMS (ESI) caled for CosH30CIN2Os (M+H)™: 525.1787, found: 525.1790.

14



Compound 3m:  .fert-butyl  (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxo-7-
(trifluoromethyl)indolin-3-yl)carbamate, white solid, 51 mg (91% of total yield), ee = 92%,
regioselectivity ratio (p/o = 5/1); [a]3’ = -180.2, (¢ = 0.47, CH30H); HPLC condition: chiralpak
ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 3/1, tmajor = 7.4 min, tminor = 15.3 min.

'H NMR (400 MHz,CDCls) & 7.95 (s, 1H), 7.86 (s, 1H), 7.51 (d, J = 7.5 Hz, 2H), 7.46 (t, J= 7.7
Hz, 2H), 7.28 (t, J = 7.5 Hz, 2H), 7.24 - 7.17 (m, 1H), 7.00 (t, /= 7.7 Hz, 1H), 5.91 (d, /= 8.4 Hz,
2H), 5.26 (d, J=16.9 Hz, 1H), 5.16 (d, J = 16.9 Hz, 1H), 3.57 (s, 6H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCls) & 181.2, 158.6, 158.2, 153.6, 142.1, 137.2, 135.1, 128.0, 127.2,
126.6 (d, J=5.8 Hz), 122.2, 112.2 (d, J = 29.6 Hz), 105.4, 95.0, 77.2, 61.8, 56.2, 48.2, 28.3.

9F NMR (376 MHz, CDCl3) § -54.2.

HRMS (ESI) caled for C2o0H30F3N20s (M+H)*: 559.2050, found: 559.2054.

Compound 3n: tert-butyl (R)-(1-benzyl-7-bromo-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 55 mg (96% of total yield), ee = 94%, regioselectivity

ratio (p/o = 5/1); [a]5’ = -176.0, (¢ = 0.68, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 6.7 min, tminor = 16.3 min.

TH NMR (400 MHz, DMSO) § 9.75 (s, 1H), 7.94 (s, 1H), 7.48 (t, J = 20.1 Hz, 2H), 7.37 (d, J =
7.1 Hz, 1H), 7.30 (t, J= 7.6 Hz, 3H), 7.23 (t, /= 7.1 Hz, 1H), 6.80 (t, /= 7.7 Hz, 1H), 6.10 (s, 2H),
85.31(d,J=16.9 Hz, 1H), 5.25 (d, J=16.9 Hz, 1H), 3.63 (s, 6H), 1.26 (s, 9H).

13C NMR (101 MHz, DMSO) & 176.6, 159.1, 159.0, 153.7, 145.6, 137.0, 128.8, 128.2, 127.7,
125.1, 124.6, 121.1, 111.5, 106.1, 94.4, 79.0, 62.1, 56.6, 44.2, 28.6.

HRMS (ESI) caled for CosH30BrN2Og (M+H)*: 569.1282, found: 569.1281.
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Compound 30: ethyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxoindolin-3-yl)
carbamatewhite solid, 31 mg (68% of total yield), ee = 97%, regioselectivity ratio (p/o = 22/1);
[a] 5° = -115.4 (¢ = 0.2, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1 mL/min,
hexane/i-PrOH = 3/1, tmajor = 11.8 min, tminor = 24.2 min.

'H NMR (400 MHz,CDCl3) 8 8.24 (s, 1H), 8.09 (s, 1H), 7.55 (d, J = 7.4 Hz, 2H), 7.39 - 7.22 (m,
4H), 7.14 (t, J = 7.7 Hz, 1H), 6.93 (t, J= 7.5 Hz, 1H), 6.77 (d, J = 7.7 Hz, 1H), 5.94 (s, 2H), 5.06
(d, J=15.7 Hz, 1H), 4.97 (d, J = 15.6 Hz, 1H), 4.03 (d, J = 7.0 Hz, 1H), 3.93 (s, 1H), 3.48 (s, 6H),
1.16 (s, 3H).

13C NMR (101 MHz, CDCl3) § 178.4, 158.5, 158.0, 143.6, 136.5, 128.6, 128.4, 128.2, 1274,
123.5, 122.6, 108.6, 106.2, 95.0, 77.2, 63.2, 56.0, 45.0, 28 4.

HRMS (ESI) calcd for CasH27N206 (M+H)*: 463.1864, found: 463.1870.

Compound 3p: benzyl (R)-(1-benzyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxoindolin-3-yl)
carbamate, white solid, 48 mg (91% of total yield), ee = 91%, regioselectivity ratio (p/o = 4/1);
[a];’ =-205.0, (¢ = 0.27, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1 mL/min,
hexane/i-PrOH = 3/1, tmjor = 8.4 min, tminor = 16.0 min.

TH NMR (400 MHz,CDCls) 8 8.32 (s, 1H), 7.82 (s, 1H), 7.57 (s, 2H), 7.41 - 7.23 (m, 9H), 7.18 (t,
J="1.7Hz, 1H), 6.96 (t, J = 7.4 Hz, 1H), 6.78 (s, 1H), 5.95 (s, 2H), 5.21 - 4.71 (m 4H), 3.46 (s,
6H).

13C NMR (101 MHz, CDCls) § 178.3, 158.4, 158.0, 143.6, 136.4, 128.8, 128.7, 128.4, 128.1,
128.0, 127.5, 123.6, 122.8, 108.9, 105.6, 95.0, 77.2, 66.7, 63.4, 56.0.

HRMS (ESI) caled for C31H20N>06 (M+H)™: 525.2020, found: 525.2025.
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Compound 3q: tert-butyl (R)-(3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxo-1-phenylindolin-3-
yl)carbamate, white solid, 44 mg (93% of total yield), ee = 92%, regioselectivity ratio (p/o = 6/1);
[a];’=-161.9, (¢ = 0.2, CH30H); HPLC condition: chiralpak IA, 210 nm, 1 mL/min,
hexane/i-PrOH = 4/1, tmgjor = 9.6 min, tminor = 16.0 min.

'TH NMR (400 MHz, DMSO-d¢) 6 9.75 (s, 1H), 8.03 (s, 1H), 7.60 (t, J = 7.5 Hz, 2H), 7.51 (d, J =
7.1 Hz, 2H), 7.44 (t, J= 7.2 Hz, 1H), 7.31 (s, 1H), 7.14 (t, J= 7.7 Hz, 1H), 6.93 (t, J= 7.2 Hz, 1H),
6.68 (s, 1H), 6.14 (s, 2H), 3.67 (s, 6H), 1.27 (s, 9H).

13C NMR (101 MHz, DMSO-ds) 8 175.4, 159.0, 158.9, 153.7, 135.9, 129.8, 128.7, 127.7, 126.8,
123.8, 122.7, 108.6, 106.7, 94.4, 56.8, 28.5.

HRMS (ESI) caled for C27H20N>06 (M+H)™: 476.1947, found: 476.1947.

Compound 3r: fert-butyl (R)-(1-allyl-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-oxoindolin-3-yl)
carbamate, white solid, 34 mg (78% of total yield), ee = 96%, regioselectivity ratio (p/o = 17/1);
[a];’ =-205.0, (c = 0.27, CH30H); HPLC condition: chiralpak IA, 210 nm, 1 mL/min,
hexane/i-PrOH = 4/1, tmajor = 17.9 min, tminor = 23.8 min.

TH NMR (400 MHz, CDCl3) & 8.01 (s, 1H), 7.77 (s, 1H), 7.29 (d, J = 6.7 Hz, 1H), 7.17 (t, J= 7.6
Hz, 1H), 6.92 (t, J= 7.5 Hz, 1H), 6.80 (d, /= 7.7 Hz, 1H), 5.98 (m, 3H), 5.48 (d, /= 17.2 Hz, 1H),
5.28 (d,/=10.2 Hz, 1H), 4.69 - 4.22 (m, 2H), 3.64 (s, 6H), 1.28 (s, 9H).

13C NMR (101 MHz, CDCl3) § 177.8, 158.5, 158.0, 143.3, 132.2, 128.4, 123.4, 122.5, 118.0,
108.6, 106.2,94.9, 77.2, 63.1, 56.0, 43.4, 28.3.

HRMS (ESI) caled for C24H20N>O06 (M+H)™: 440.1947, found: 440.1947.
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Compound 3s: fert-butyl (R)-(1-(3-fluorobenzyl)-3-(4-hydroxy-2,6-dimethoxyphenyl)-2-
oxoindolin-3-yl)carbamate, white solid, 50 mg (99% of total yield), ee = 97%, regioselectivity
ratio (p/o = 12/1), [a]3* = -229.8, (c = 0.95, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 7.2 min, tminor = 14.8 min.

TH NMR (400 MHz,CDCl3) 8 8.08 - 7.95 (m, 1H), 7.87 (s, 1H), 7.39 - 7.18 (m, 4H), 7.12 (t, J =
7.6 Hz, 1H), 7.03 - 6.85 (m, 2H), 6.66 (d, J = 7.7 Hz, 1H), 5.96 (s, 2H), 5.18 - 4.75 (m, 2H), 3.53
(s, 6H), 1.33 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 178.4, 163.1 (d, J = 245.7 Hz), 143.3, 139.0 (d, J = 7.1 Hz), 131.7,
130.0 (d,J=8.2 Hz), 128.5, 123.5, 123.4, 122.8, 115.0 (d, /= 22.2 Hz), 114.33 (d, /= 21.3 Hz),
108.5, 106.2, 95.0, 77.2, 63.2, 56.0, 44.5, 28 4.

YF NMR (376 MHz, CDCI3) § -112.7

HRMS (ESI) caled for CosH30FN20s (M+H)":509.2082, found: 509.2087.

Compound 3t: tert-butyl (R)-(3-(4-hydroxy-2,6-dimethoxyphenyl)-1-(4-methylbenzyl)-2-
oxoindolin-3-yl)carbamate, white solid, 49 mg (97% of total yield), ee = 98%, regioselectivity
ratio (p/o = 15/1); [a];’ = -256.4, (¢ = 0.95, CH30H); HPLC condition: chiralpak 1A, 210 nm, 1
mL/min, hexane/i-PrOH = 4/1, tmajor = 9.3 min, tminor = 16.0 min.

TH NMR (400 MHz,CDCl3) 8 8.11 (s, 1H), 7.81 (s, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.29 (d, J= 7.0
Hz, 1H), 7.12 (t, J = 8.1 Hz, 3H), 6.91 (t, J = 7.4 Hz, 1H), 6.73 (d, J = 7.7 Hz, 1H), 5.96 (s, 2H),
4.99 (s, 2H), 3.49 (s, 6H), 2.33 (s, 3H), 1.31 (s, 9H).

13C NMR (101 MHz, CDCls) & 178.3, 158.5, 158.0, 143.7, 137.0, 133.4, 129.2, 128.4, 128.1,
123.4,122.6, 108.7, 106.1, 95.0, 77.3, 63.2, 56.0, 44.8, 28.4, 21.1.

HRMS (ESI) caled for C29H33N>06 (M+H)™: 505.2333, found: 505.2333.
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Compound 3u: fert-butyl (R)-(1-benzyl-3-(2,6-diethoxy-4-hydroxyphenyl)-2-oxoindolin-3-yl)
carbamate, white solid, 51 mg (96% of total yield), ee = 99%, regioselectivity ratio (p/o =20/1);
[a];’ =-60.2, (c = 0.4, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1 mL/min,
hexane/i-PrOH = 3/1, tmgjor = 6.6 min, tminor = 13.7 min.

TH NMR (400 MHz,CDCls) 6 8.43 (s, 1H), 8.21 (s, 1H), 7.61 (d, J = 7.3 Hz, 2H), 7.39 - 7.23 (m,
4H), 7.12 (t, J= 7.4 Hz, 1H), 6.92 (t, J= 7.4 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 5.96 (s, 2H), 5.28
(d,J=15.2 Hz, 1H), 4.74 (d, J= 15.7 Hz, 1H), 4.34 - 3.23 (m, 4H), 1.35 (m, 15H).

I3C NMR (101 MHz, CDCl3) 4 178.5, 157.9, 143.7, 136.0, 132.1, 128.5, 128.3, 128.2, 127.4,
123.3,122.7,108.6, 105.5, 95.3, 79.1, 64.6, 63.5, 45.2, 28.4, 14.5.

HRMS (ESI) caled for C30H3sN206 (M+H)*: 519.2490, found:519.2496.

Compound 3v: fert-butyl (R)-(1-benzyl-3-(2-ethoxy-4-hydroxy-6-methoxyphenyl)-2-oxoindolin-
3-yl)carbamate, white solid, 35 mg (70% of total yield), ee = 93%, regioselectivity ratio (p/o
=11/1); [a]5® = -60.2, (¢ = 0.75, CH30H); HPLC condition: chiralpak ADH, 210 nm, 1 mL/min,
hexane/i-PrOH = 3/1, tmgjor = 6.7 min, tminor = 14.5 min.

TH NMR (400 MHz, CDCls)  8.32 (br, 1H), 8.00 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.38 - 7.19 (m, 4H),
7.12 (t, J=7.3 Hz, 1H), 6.91 (t, J = 7.5 Hz, 1H), 6.73 (d, J= 7.8 Hz, 1H), 6.05 (s, 1H), 5.81 (s, 1H),
5.15 - 4.81 (m, 2H), 4.01 (s, 2H), 3.21 (s, 3H), 1.32 (s, 12H).

13C NMR (101 MHz, CDCl3) 8 178.5, 157.9, 143.7, 136.47, 128.6, 128.4, 128.2, 127.4, 123.3, 122.6,
108.7, 105.8, 95.5, 95.0, 77.3, 64.8, 63.3, 55.9, 45.0, 28.4, 14.7.

HRMS (ESI) calcd for C2oH33N206s (M+H)*: 505.2333, found: 505.2338.
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Compound 3w: tert-butyl (R)-(1-benzyl-3-(4-hydroxy-2-methoxy-6-propoxyphenyl)-2-
oxoindolin-3-yl) carbamate, white solid, 46 mg (89% of total yield), ee = 88%, regioselectivity
ratio (p/o =8/1); [a]3* =-107.520, (c = 0.62, CH3OH); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/1, tmajor = 5.7 min, tminor = 14.0 min.

'H NMR (400 MHz, CDCls) § 8.27 (br, 1H), 7.98 (s, 1H), 7.56 (d, J= 7.1 Hz, 2H), 7.36 - 7.21 (m, 4H),
7.11 (t, J=7.3 Hz, 1H), 6.90 (t, J = 7.2 Hz, 1H), 6.73 (d, J= 7.8 Hz, 1H), 6.07 (s, 1H), 5.79 (s, 1H),
5.15 - 4.86 (m, 2H), 3.91 (s, 2H), 3.13 (s, 3H), 1.89 (s, 2H), 1.32 (s, 9H), 1.14 (s, 3H).

13C NMR (101 MHz, CDCl3) & 178.5, 157.9, 143.7, 136.5, 128.6, 128.4, 128.2, 127.4, 123.2, 122.6,
108.7,105.8, 95.3,94.9, 77.2, 70.8, 63.3, 55.9, 45.0, 28.4, 22.6, 11.1.

HRMS (ESI) caled for C30H3sN2O0s (M+H)™: 519.2490, found: 519.2484.

Compound 6: (R)-3-amino-1-benzyl-3-(4-ethoxy-2,6-dimethoxyphenyl)indolin-2-one

white oil, ee = 92%, [a]3’ = -76.5, (¢ = 0.25, CHCI3); HPLC condition: chiralpak ADH, 210 nm, 1
mL/min, hexane/i-PrOH = 3/2, tmajor = 10.3 min, tminor = 22.9 min.

TH NMR (400 MHz, CDCl3) § 7.45 (d, J = 7.3 Hz, 2H), 7.39 - 7.25 (m, 4H), 7.15 (t, /= 7.6 Hz,
1H), 6.94 (t, J= 7.4 Hz, 1H), 6.76 (d, J= 7.7 Hz, 1H), 6.76 (d, J = 7.7 Hz, 1H), 6.17 (s, 2H), 5.08
(d, J=15.7 Hz, 1H), 4.96 (d, J= 16.0 Hz, 1H), 4.01 (q, J = 6.9 Hz, 2H), 3.67 (s, 6H), 3.04 (s, 2H),
1.42 (t, ] = 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 159.7, 142.5, 136.6, 128.6, 128.3, 127.5, 127.3, 126.2, 123.4,
122.4,109.1, 93.1, 63.6, 61.9, 56.0, 43.9.

HRMS (ESI) caled for CosH27N204 (M+H)*: 419.5005, found: 419.5005
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9. NMR and HPLC spectra
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PeakTable
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Peaki#t Ret. Time Area Height Area % Height %
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