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1. General Information
1H (400 MHz) and 13C NMR (100 MHz or 125 MHz) spectra were recorded on 

JEOL (400 MHz) or Agilent (500 MHz) [7.26 ppm for 1H NMR, 77.00 ppm for 13C 

NMR as internal references when CDCl3 used]. High-resolution mass spectra were 

recorded by ESI method. The used organic solvents were dried by standard methods if 

it was necessary. Optical rotations were determined at 589 nm (sodium D line) by using 

a Perkin-Elmer-341 MC digital polarimeter; [α]D values are given in unit of 10 deg-1 

cm2 g-1. Chiral HPLC was performed on a SHIMADZU LC-20AT LC System with 

chiral columns [Chiralpak AD-H, OD-H, IB-H and IF-H columns 4.6*250 mm, (Daicel 

Chemical Ind., Ltd.)]. Commercially obtained reagents were used without further 

purification. All these reactions were monitored by TLC with silica-gel-coated plates. 

Flash column chromatography was carried out by using silica gel at increased pressure. 

All the racemic products were carried out with tertiary phosphine (PMePh2, 20 

mol%) or tertiary amine (DABCO, 20 mol%) as catalyst in ethyl acetate at room 

temperature.
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2. Screening of reaction conditions

Table S1. Optimization of the reaction conditions a-c

N

O

Ph MVK
N
H

O

Ph O

1a 2a 3a

add. (20 mol%)

sol., T

Entry

LB20 (10 mol%)

Sol. T [°C] Yield [%] ee [%]

1
2

toluene 25 99 75
DCM 25 27 79

MeCN 79 81253

4 fluorobenzene 25

o-xylene5 25

trace

99 79

6 Et2O 25 74 87

7 MTBE 25 71 80

9 25 99 88

10

add.

25

None
None

None

None

None

None

None

None

PhOH 99 81

11

25 2-chlorophenol 99 55

12

25 PhCOOH trace

13

25 MeOH 99 86

H2O 99 83

14

25

15

25 4Å MS 99 87

16

10 None 99 87

17

0 None 99 88

18

-10 None 82 69

CH3CO2tBu

CH3CO2CH3

HCO2Me

HCO2Et

CO(OCH3)2

25

25

25

25

25

None

None

None

None

None

99 83

81 87

44

trace

99 85

19

20

21
22

23

-

-

-

43

[a] All reactions were run with 1a (0.05 mmol), 2a (0.075 mmol) and LB20 (10 mol%) under argon
atmosphere in solvents (1.0 ml) at indicated temperature for 6 h. [b] Isolated yields. [c] ee values were
determined by stationary chiral HPLC.

H
N

PPh2

H
N

S

CF3

CF3LB20

8 25 24 88NoneTHF

EtOAc

EtOAc

EtOAc
EtOAc

EtOAc

EtOAc

EtOAc

EtOAc

EtOAc

EtOAc
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Table S2. The screening of chiral phosphines a-c

H
N

PPh2

H
N

O

CF3

CF3

52% yield
65% ee

H
N

PPh2

H
N

S

99% yield
85% ee

N
H

HN

O O

CF3

CF3

PPh2

99% yield
86% ee

H
N

PPh2

H
N

S

87% yield
84% ee

N

O
LB (10 mol%)

EA, rt N
H

O

Ph
O

MVK

H
N

PPh2

H
N

S

tBu

tBu

99% yield
79% ee

H
N

PPh2

H
N

S

CF3

CF3

87% yield
84% ee

H
N

PPh2

H
N

S

CF3

CF3

99% yield
88% ee

H
N

PPh2

H
N

S

CF3

CF3

99% yield
69% ee

Ph

Ph

H
N

PPh2

H
N

S

CF3

CF3

99% yield
89% ee

H
N

PPh2

H
N

S

99% yield
86% ee

Ph

H
N

PPh2

H
N

S CF3

CF3

LB21 LB22 LB23 LB24

LB25 LB26 LB27 LB28

LB29 LB30 LB32
99% yield
90% ee

1a 2a 3a

[a] All reactions were run with 1a (0.05 mmol), 2a (0.075 mmol) and LB (10 mol%) under nitrogen atmosphere in EtOAc (1.0 ml) at room
temperature for 6h. [b] Isolated yields. [c] ee values were determined by stationary chiral HPLC.

H
N

PPh2

H
N

S OMe

OMeLB31

94% yield
87% ee
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3. Experimental procedure and characterization data

General procedure (I) for the synthesis of C2-substituted-3H-indol-3-one (1a-1x).

N
Ph

O

1a

N

O

N

O

Br

1b 1c

N

O

N

O

CH3 F

1d 1e
N

O

Cl

1f

N

O

Br

1g
N

O

CF3

1h

N

O

CN

N

O CF3

CF31i 1j

N

O

1k
N

O

1l

O

O

N

O
S

N

O

N

1m 1n

N

O

1o

NTs

1p

N

OCl

N

O
Br

N

O
Br

CN
N

O

1q 1r 1s 1t

N

O
MeO

1u

N

O

1v

H3C N

O

1w

H3C

N

O

Br

N
H

Pyridine, O2, MB

MeOH, RT N
H

O

OMe heating

100 °C N

O

R2

1

N
H

B(OH)2

AcOH, RT

Pd(OAc)2, O2

A B C

Method A:

Method B:

I

NH2 R4

O
KOtBu, N N

N
H

FD E

Method C:

N
H

R4

F

1) I2, KOH, DMF,RT, 2 h;
2) air, silliga, 120 °C, 8 h

R1 R2 R1

R2
R1 R1

R2

R3

R4 = aryl, heteroaryl
DMSO, 60 °C, 8 h

R3 R4
Pyridine, O2, MB

MeOH, RT N
H

O

OMe heating

100 °C N

O

1

R3 R3

R3

R4
R4

N

O

1

R3 R4

Method D:

N
H

R4

F

Pyridine (2.0 equiv.)
CuI (20 mol%)R3

N

O

1

R3 R4

DMSO, O2, RT, 12 h

N

O

F

1x

(1a-i)

(1k-n, 1p-r, 1t-1v, 1x)

(1j, 1s)(1o, 1w)

Compounds 1 were prepared according to the modified procedure of literature. [1]

General Procedure I:

Method A: Indole derivatives (A) (1.0 equiv.), aryl boronic acid (B) (1.3 equiv.) and 

Pd(OAc)2 (0.1 equiv.) were added to an oven dried Schlenck flask. AcOH was added 

by syringe and resulting solution was degassed twice and refilled with O2. The reaction 

mixture was stirred for 8 hrs at room temperature. Then AcOH was recovered by 

distillation under reduced pressure, and the residue was dissolved in DCM, washed with 

aqueous NaHCO3. The organic layer was dried over anhydrous Na2SO4. After removal 



6

of the solvent, the product (C) was purified by flash chromatography on silica gel. 

Irradiation of a methanol solution of 2-arylindoles (C, 1.0 equiv.) in the presence 

of methylene blue (MB, 0.1 equiv.) and pyridine (1 M) was carried out with a lighting 

operated at 180 V at 20 ℃ under oxygen bubbling. After complete disappearance of 

the starting 2-arylindoles (TLC monitoring), the reaction mixture was concentrated in 

vacuo, diluted with ether and washed with water. The ether layer was dried over 

anhydrous Na2SO4, evaporated to dryness and heated at 100 ℃ under reduced pressure 

for 1 h. The product 1 was purified by flash chromatography on silica gel (Compounds 

1a-i were prepared by method A). 

Method B: Reactions were performed in a dry Schlenck flask equipped with a 

magnetic stirring bar under N2. Aniline derivatives (D) (1.0 equiv.), KOt-Bu (3.0 

equiv.), and bathophenanthroline (0.2 equiv.) were added to the Schlenck tube. A 

solution of ketone (E) (2.0 equiv.) was added through a syringe and the reaction mixture 

was stirred at 60 ℃ for 8 hrs. After the solution was cooled to room temperature, the 

reaction was quenched with water. The organic layer was extracted with ethyl acetate 

and the combineg layer was concentrated under reduced pressure. The product (F) was 

purified by flash chromatography on silica gel. Then the procedure for the preparation 

of 1 followed method A from compound F (Compounds 1k-n, 1p-r, 1t-v and 1x were 

prepared by method B).

Method C: A solution of I2 (1.0 equiv.) in DMF was dropped into a solution of F 

(1.0 equiv.) and KOH (2.5 equiv.) in DMF at room temperature and stirred for 2 hrs. 

The mixture was then purged with air, silica was added and the mixture heated to 120 

℃. Upon cooling, water was added and the mixture extracted with ethyl acetate. The 

organic extracts were combined, dried over anhydrous Na2SO4, filtered and 

concentrated in vacuum. Purification by flash chromatography on silica get eluting with 

petroleum ether/ethyl acetate to give product 1 (Compounds 1o and 1w were prepared 

by method C). 

Method D: Reactions were performed in a dry Schlenck flask equipped with a 

magnetic stirring bar under N2. Compound F (1.0 equiv.), CuI (0.2 equiv.) were added 

to the Schlenck flask, DMSO was added as solvent, then pyridine (2.0 equiv.) was 
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added through a syringe, the resulting solution was degassed twice and refilled with O2. 

The reaction mixture was stirred for 12 hours at room temperature, water was added 

and the mixture extracted with ethyl acetate. The organic extracts were combined, dried 

over anhydrous Na2SO4, filtered and concentrated in vacuum. The crude materials were 

purified by flash chromatography on silica gel eluting with petroleum ether/ethyl 

acetate to give product 1 (Compounds 1j and 1s were prepared by method D).

Compounds 1a-1i, 1m-1n and 1p-1v were known compounds. The spectra data were 

correspondence with the literature data. [1]

2-(3,5-bis(trifluoromethyl)phenyl)-3H-indol-3-one (1j)

N

O CF3

CF3
1j

Compound 1j (175 mg, 73% yield) was obtained as a red solid following the general 

procedure I (Method D) from F (0.70 mmol, 240 mg), CuI (0.14 mmol, 26.7 mg), 

pyridine (1.4 mmol, 110.6 mg, 110 μL) in DMSO. 

1H NMR (400 MHz, DMSO-d6) 8.73 (s, 2H), 8.36 (s, 1H), 7.70-7.63 (m, 2H), 7.55 

(d, J = 7.6 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) 191.0, 

159.2, 158.1, 136.9, 132.6, 130.8 (q, J = 33.1 Hz), 129.4, 128.7, 124.9, 124.7, 123.1, 

123.0 (q, J = 271.4 Hz), 122.5; 19F NMR (376 MHz, DMSO-d6) -61.5 (s); HRMS 

Calcd. for C16H8ONF6
+ [M+H]+: 344.0505, found: 344.0500; M.p.: 102-104 ºC.

4-(3-oxo-3H-indol-2-yl)benzonitrile (1k)

N

O

CN

1k

Compound 1k (206 mg, 34% yield) was obtained as a red solid following the general 

procedure I (Method B) from F (2.65 mmol, 578 mg), MB (0.265 mmol, 84.8 mg), 
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pyridine (2.5 mL) in MeOH.

1H NMR (400 MHz, CDCl3) 8.49 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.60-

7.56 (m, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) 192.4, 159.6, 159.0, 137.0, 134.0, 132.4, 129.4, 129.3, 125.0, 122.8, 122.6, 

118.3, 115.1; HRMS Calcd. for C15H9ON2
+ [M+H]+: 233.0709, found: 233.0703; M.p.: 

179-181 ºC.

2-(pyridin-4-yl)-3H-indol-3-one (1l)

1l
N

O

N

Compound 1l (51.1 mg, 12% yield) was obtained as a red solid following the general 

procedure I (Method B) from F (2 mmol, 388 mg), MB (0.2 mmol, 64 mg), pyridine (2 

mL) in MeOH.

1H NMR (400 MHz, CDCl3) 8.78 (d, J = 4.8 Hz, 2H), 8.19 (dd, J = 4.8, 1.6 Hz, 2H), 

7.61-7.57 (m, 2H), 7.49-7.47 (m, 1H), 7.36-7.32 (m, 1H); 13C NMR (100 MHz, CDCl3) 

192.1, 159.8, 158.9, 150.5, 137.0, 136.9, 129.5, 125.0, 122.9, 122.8, 122.3; HRMS 

Calcd. for C13H9ON2
+ [M+H]+: 209.0715, found: 209.0706; M.p.: 138-140 ºC.

2-(benzo[d][1,3]dioxol-5-yl)-3H-indol-3-one (1o).

N

O

O

O

1o

Compound 1o (106 mg, 37% yield) was obtained as a red solid following the general 

procedure I (Method C) from F (1.14 mmol, 270 mg), KOH (2.85 mmol, 160 mg), I2 

(1.14 mmol, 290 mg) and sillica gel (570 mg) in DMF. 

1H NMR (400 MHz, CDCl3)  8.09 (dd, J = 8.4, 1.6 Hz, 1H), 7.85 (d, J = 1.6 Hz, 1H), 

7.53-7.50 (m, 2H), 7.37-7.34 (m, 1H), 7.24-7.20 (m, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.05 

(s, 2H); 13C NMR (100 MHz, CDCl3)  193.8, 160.7, 159.5, 151.4, 148.3, 136.8, 127.8, 
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125.6, 124.7, 124.3, 123.2, 121.6, 108.7, 108.4, 101.7; HRMS Calcd. for C15H10NO3
+ 

[M+H]+: 252.0655, found: 252.0653; M.p.: 141-143 ºC.

6-Methyl-2-(naphthalen-2-yl)-3H-indol-3-one (1w).

N

O

1w

Compound 1w (64.9 mg, 20% yield) was obtained as a red solid following the general 

procedure I (Method C) from F (1.2 mmol, 308 mg), KOH (3 mmol, 168 mg), I2 (1.2 

mmol, 305 mg) and sillica gel (600 mg) in DMF.

1H NMR (400 MHz, CDCl3) 9.03 (s, 1H), 8.37 (dd, J = 8.8, 1.6 Hz, 1H), 8.00 (d, J = 

7.6 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.60-7.52 (m, 2H), 7.48 

(d, J = 7.2 Hz, 1H), 7.25 (s, 1H), 7.06 (d, J = 7.2 Hz, 1H), 2.45 (s, 3H); 13C NMR (100 

MHz, CDCl3)  193.2, 161.5, 160.4, 148.6, 135.0, 133.0, 131.3, 129.6, 128.7, 128.5, 

128.2, 127.8, 127.6, 126.6, 124.8, 124.7, 123.0, 121.0, 22.4; HRMS Calcd. for 

C19H14ON+ [M+H]+: 272.1075, found: 272.1077; M.p.: 163-165 ºC.

4-(5-Bromo-1H-indol-2-yl)benzonitrile (1x)

N
CN

Br

1x

O

Compound 1x (185.7 mg, 40% yield) was obtained as a red solid following the general 

procedure I (Method B) from F (1.5 mmol, 443 mg), MB (0.15 mmol, 48 mg) and 

pyridine (1.5 mL) in MeOH. 

1H NMR (400 MHz, CDCl3)  8.49 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.71 

(td, J = 8.0, 2.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) 191.4, 

159.3, 157.7, 139.3, 133.6, 132.5, 129.5, 128.2, 124.2, 124.0, 122.9, 118.2, 115.4; 

HRMS Calcd. for C15H8N2OBr+ [M+H]+: 310.9815, found: 310.9807; M.p.: 259-261 

ºC.
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Structures of compounds 2

O O O

Ph

O

H

O O

OEt

O
CN

2a (MVK) 2b (EVK) 2c 2d (PVK)

2e (acrolein) 2f 2g 2h

Compounds 2a-2c and 2e-2h are commercially available, using directly without any 

purification. Compound 2d (PVK) was prepared according to literature. [2]

General procedure (II) for the synthesis of chiral phosphines.

NH2

PPh2

R1

DCM, rt

NCS

PPh2

R1 HN N
H

S

R2R2 NCO

PPh2

R1 HN N
H

O

R2

LB21
LB12
LB15-16
LB19
LB21-24
LB26-28
LB29-32

LBa-d
LBa, R1 = isopropyl
LBb, R1 = Me
LBc, R1 = Et
LBd, R1 = isopentyl

NH2

PPh2 DCM, rt

R2 NCS

PPh2

R1 HN N
H

S

R2

LB28
LB33

LBe, R1 = diphenylmethyl
LBf, R1 = isopentyl

R1

R2 or
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OH

PPh2

LB5 LB6LB2 LB3 LB4

LB7 LB8 LB9 LB10 LB11

LB12 LB13 LB14 LB15 LB16

LB17 LB18 LB19 LB20

N
H
PPh2

O

NHBoc

(S)

PPh2

N
H

S

N
H

PPh2

Bn N
H

S

N
H

Ph

PPh2

N
H

S

N
H

Ph

Ph

PPh2

N
H

S

N
H

PPh2

N
H

S

N
H

Ph

PPh2

N
H

S

N
H

PPh2

N
H

S

N
H

PPh2

N
H

S

N
H

CF3

CF3

tBu

PPh2

N
H

S

N
H

PPh2

N
H

S

N
H 4

PPh2

Ph N
H

S

N
H

Ph

PPh2

N
H

S

N
H

PPh2

N
H

S

N
H

OMe

PPh2

N
H

S

N
H

Cl

PPh2

N
H

S

N
H Cl

PPh2

N
H

S

N
H

Cl

LB1

PPh2

N
H

S

N
H

Ph

N
H
PPh2

Ph

O

H
N

PPh2

H
N

S N
H

HN

O O

CF3

CF3

PPh2

H
N

PPh2

H
N

S

H
N

PPh2

H
N

S

tBu

tBu

H
N

PPh2

H
N

S

CF3

CF3

H
N

PPh2

H
N

S

CF3

CF3

H
N

PPh2

H
N

S

CF3

CF3

Ph

Ph H
N

PPh2

H
N

S

CF3

CF3

H
N

PPh2

H
N

S
Ph

H
N

PPh2

H
N

S CF3

CF3

LB21

LB22 LB23 LB24 LB25

LB26 LB27 LB28 LB29 LB30

LB32

H
N

PPh2

H
N

S OMe

OMeLB31

PPh2

N
H

O

N
H

CF3

CF3

H
N

PPh2

H
N

S CF3

CF3LB33

Structures of Phosphine Catalyst

LBa-f, isothiocyanate and isocyanate was prepared according to the reported 

literature.[3,4] LB1-11, LB13-14, LB17-18, LB20 and LB25 were known compounds.[5]

Procedure (II): To a solution of LBa-f (1.0 eq) in DCM under N2 atmosphere was 

added isothiocyanate or isocyanate (1.2 eq), and the reaction mixture was stirred at 

room temperature for 24 hrs. Solvent was then removed under reduced pressure, and 

the residue was directly subjected to column chromatographic separation on silica gel 

(hexane/ethyl acetate = 15:1 to 10:1) to afford chiral phosphines (LB12, LB15-16, 

LB19, LB21-24, LB26-33) as white solid.

(S)-1-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)-3-isopropylthiourea (LB12)

HN

PPh2

N
H

S

LB12
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Compound LB12 (70 mg, 94% yield) was obtained as a white solid following the 

general procedure II from LBa (0.2 mmol, 54.2 mg) and 2-isothiocyanatopropane 

(0.24 mmol, 24 mg, 26 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 7.47-7.41 (m, 4H), 7.35-7.31 (m, 6H), 5.75 (brs, 1H), 

4.28 (brs, 1H), 3.79 (brs, 1H), 2.42 (dd, J = 14.0, 4.8Hz, 1H), 2.33-2.28 (m, 1H), 2.19-

2.10 (m, 1H), 1.09 (dd, J = 6.4, 1.6 Hz, 6H), 0.91 (t, J = 6.4Hz, 6H); 13C NMR (100 

MHz, CDCl3) (d, J = 11.8 Hz), 132.8 (d, J = 19.2 Hz), 132.6 (d, J = 18.9 

Hz), 128.74, 128.66, 128.50 (d, J = 6.8 Hz), 128.47 (d, J = 6.9 Hz), 99.8, 57.6, 45.4, 

32.0 (d, J = 8.9 Hz), 31.2 (d, J = 12.1 Hz), 22.4 (d, J = 9.6 Hz), 18.7, 18.0, 14.0; 31P 

NMR (160 MHz, CDCl3) δ -23.7; HRMS Calcd. for C21H30N2PS+ [M+H]+: 373.1862, 

found: 373.1854; M.p.: 105-106 ºC; []20
D = +2.0 (c 0.05, CH2Cl2).

(S)-1-(2-chlorophenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)thiourea 

(LB15)

LB15
PPh2

HN N
H

S

Cl

Compound LB15 (83.1 mg, 94% yield) was obtained as a white solid following the 

general procedure II from LBa (0.2 mmol, 54.2 mg) and 1-chloro-2-

isothiocyanatobenzene (0.24 mmol, 40.7 mg, 31 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 7.77 (brs, 1H), 7.49-7.41 (m, 5H), 7.34-7.17 (m, 9H), 

6.06 (brs, 1H), 4.60 (brs, 1H), 2.43-2.31 (m, 2H), 2.16 (h, J = 6.4 Hz, 1H), 0.87 (dd, J 

= 11.2, 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3)  180.1, 138.0 (d, J = 11.9 Hz), 

133.4, 132.8 (d, J = 4.8 Hz), 132.6 (d, J = 4.8 Hz), 130.6, 129.7, 128.7, 128.5, 128.4, 

128.3, 127.8 (d, J = 11.1 Hz), 126.8, 58.5 (d, J = 14.3 Hz), 31.54 (d, J = 8.4 Hz), 31.49 

(d, J = 14.7 Hz), 18.7, 17.9; 31P NMR (160 MHz, CDCl3) δ -24.2; HRMS Calcd. for 

C24H27ClN2PS+ [M+H]+: 441.1327, found: 441.1319; M.p.: 43-45 ºC; []20
D = +63.6 

(c 0.11, CH2Cl2).
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(S)-1-(3-chlorophenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)thiourea

(LB16)

Compound LB16 (88 mg, 91% yield) was obtained as a white solid following the 

general procedure II from LBa (0.22 mmol, 59.6 mg) and 1-chloro-3-

isothiocyanatobenzene (0.24 mmol, 40.7 mg, 32 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.64 (brs, 1H) 7.47-7.40 (m, 4H), 7.32-7.29 (m, 6H), 

7.24-7.22 (m, 1H), 7.18-7.16 (m, 1H), 7.13-7.11 (m, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.12 

(brs, 1H), 4.59 (brs, 1H), 2.47-2.42 (m, 1H), 2.27 (dd, J = 11.4, 8.4 Hz, 1H), 2.13 (h, J 

= 6.4Hz, 1H), 0.88 (dd, J = 9.2, 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 179.7, 

138.1 (d, J = 11.5 Hz), 137.9 (d, J = 12.2 Hz), 137.4, 135.4, 132.9 (d, J = 6.9 Hz), 132.7 

(d, J = 7.0 Hz), 130.8, 128.8, 128.5 (d, J = 6.8 Hz), 126.7, 124.7, 122.6, 58.6 (d, J = 

13.9 Hz), 31.8 (d, J = 8.4 Hz), 31.0 (d, J = 14.5 Hz), 18.7, 18.2; 31P NMR (160 MHz, 

CDCl3) δ -24.2; HRMS Calcd. for C24H27ClN2PS+ [M+H]+: 441.1327, found: 

441.1332; M.p.: 50-52 ºC; [a]20
D = +52.0 (c 0.10, CH2Cl2).

(S)-1-(3,5-dimethylphenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-

yl)thiourea (LB19)

HN

PPh2

N
H

S

LB19

Compound LB19 (90.0 mg, 90% yield) was obtained as a white solid following the 

general procedure II from LBa (0.23 mmol, 62.3 mg) and 1-isothiocyanato-3,5-

dimethylbenzene (0.24 mmol, 39.2 mg, 39 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.22 (brs, 1H) 7.50-7.44 (4H, m, ArH), 7.34-7.29 (m, 

LB16
PPh2

HN N
H

S

Cl
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6H), 6.88 (s, 1H), 6.73 (s, 2H), 6.15 (d, J = 8.0 Hz, 1H), 4.60 (brs, 1H), 2.44 (dd, J = 

14.4, 5.6 Hz, 1H), 2.28 (s, 6H), 2.15 (h, J = 6.4 Hz, 1H), 0.87 (dd, J = 16.4, 6.8 Hz, 

6H); 13C NMR (100 MHz, CDCl3)  179.8, 139.8, 138.2 (d, J = 11.9 Hz), 135.7, 132.8 

(d, J = 19.3 Hz), 132.7 (d, J = 19.1 Hz), 128.6, 128.42, 128.36, 122.6, 58.3 (d, J = 14.5 

Hz), 31.6 (d, J = 8.6 Hz), 31.2 (d, J = 14.6 Hz), 21.1, 18.8, 17.9; 31P NMR (160 MHz, 

CDCl3) δ -24.3; M.p.: 117-118 ºC; HRMS Calcd. for C26H32N2PS+ [M+H]+: 435.2018, 

found: 435.2013; []20
D = +72.5 (c 0.04, CH2Cl2).

(S)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)-3-

methylbutan-2-yl)urea (LB21)

LB21

PPh2

HN N
H

O

CF3

CF3

Compound LB21 (36.0 mg, 40% yield) was obtained as a white solid following the 

general procedure II from LBa (0.17 mmol, 46.4 mg) and 1-isothiocyanato-3,5-

bis(trifluoromethyl)benzene (0.24 mmol, 61.2 mg, 41 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 7.66 (s, 2H), 7.41-7.38 (m, 5H), 7.30-7.25 (m, 6H), 5.18 

(d, J = 8.8 Hz, 1H), 3.85 (brs, 1H), 2.36 (d, J = 12.8 Hz, 1H), 2.16 (t, J = 12.8 Hz, 1H), 

1.95-1.89 (m, 1H), 0.87-0.84 (m, 6H); 13C NMR (100 MHz, CDCl3)  154.8, 140.4, 

138.0 (d, J = 10.8 Hz), 137.7 (d, J = 11.7 Hz), 132.7 (q, J = 8.6 Hz), 132.6 (d, J = 8.6 

Hz), 132.0 (d, J = 33.0 Hz), 131.5, 128.9 (d, J = 13.5 Hz), 128.6 (d, J = 7.0 Hz), 123.1 

(q, J = 271.5 Hz), 118.5, 115.6, 53.4 (d, J = 14.3 Hz), 32.7 (d, J = 7.9 Hz), 32.2 (d, J = 

12.9 Hz), 18.9, 17.5; 31P NMR (160 MHz, CDCl3) δ -22.7; 19F NMR (376 MHz, 

CDCl3) δ -63.0; M.p.: 189-191 ºC; HRMS Calcd. for C26H26ON2F6P+ [M+H]+: 

527.1681, found: 527.1676; []20
D = -10.0 (c 0.05, CH2Cl2).

(S)-1-(3,5-di-tert-butylphenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-

yl)thiourea (LB22)
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PPh2

HN N
H

S

tBu

tBu

LB22

Compound LB22 (214.8 mg, 83% yield) was obtained as a white solid following the 

general procedure II from LBa (0.5 mmol, 136 mg) and 1,3-di-tert-butyl-5-

isothiocyanatobenzene (0.6 mmol, 148 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 7.53-7.44 (m, 4H), 7.34-7.28 (m, 7H), 7.09 

(s, 2H), 6.17 (d, J = 8.4 Hz, 1H), 4.60 (brs, 1H), 2.36 (d, J = 6.4 Hz, 2H), 2.21-2.12 (m, 

1H), 1.32 (s, 18 H), 0.87 (dd, J = 21.6, 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

179.6, 152.7, 138.3 (d, J = 12.6 Hz), 137.8 (d, J = 11.5 Hz), 135.4, 132.7 (d, J = 19.2 

Hz), 132.6 (d, J = 19.1 Hz), 128.4 (d, J = 5.6 Hz), 128.3 (d, J = 4.2 Hz), 128.2 (d, J = 

4.1 Hz), 120.8, 119.2, 57.7 (d, J = 14.6 Hz), 34.8, 31.4 (d, J = 14.5 Hz), 31.2, 18.9,17.5; 
31P NMR (160 MHz, CDCl3) δ -24.6; HRMS Calcd. for C32H44N2PS+ [M+H]+: 

519.2968, found: 519.2965; M.p.: 60-62 ºC; []20
D = +52.7 (c 0.11, CH2Cl2).

(S)-1-([1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-

yl)thiourea (LB23)

PPh2

HN N
H

S

Ph

LB23

Compound LB23 (131.2 mg, 82% yield) was obtained as a white solid following the 

general procedure II from LBa (0.33 mmol, 71.2 mg) and 4-isothiocyanato-1,1'-

biphenyl (0.39 mmol, 83.6 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.23 (s, 1H), 7.59 (d, J = 8.0 Hz, 4H), 7.51-7.45 (m, 

6H), 7.39 (d, J = 7.2 Hz, 1H), 7.36-7.31 (m, 6H), 7.17 (d, J = 8.4 Hz, 2H), 6.13 (d, J = 

8.4 Hz, 1H), 4.65 (brs, 1H), 2.46 (dd, J = 14.4, 5.6 Hz, 1H), 2.32 (dd, J = 14.4, 8.0 Hz, 

1H), 2.22-2.14 (m, 1H), 0.90 (dd, J = 14.8, 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) 
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δ 179.9, 139.7 (d, J = 11.7 Hz), 138.2 (d, J = 12.3 Hz), 135.1, 132.9 (d, J = 8.1 Hz), 

132.7 (d, J = 8.1 Hz), 128.9, 128.73, 128.68, 128.51, 128.47, 128.44, 128.40, 127.6, 

126.9, 125.1, 58.5 (d, J = 14.3 Hz), 31.7 (d, J = 8.6 Hz), 31.1 (d, J = 14.4 Hz), 18.8, 

18.131P NMR (160 MHz, CDCl3) δ -24.2; HRMS Calcd. for C30H32N2SP+ [M+H]+: 

483.2018, found: 483.2003; M.p.: 60-62 ºC; []20
D = +103.0 (c 0.10, CH2Cl2).

(S)-1-([1,1':4',1''-terphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-

yl)thiourea (LB24)

H N

PPh2

N
H

S

Ph

LB24

Compound LB24 (207 mg, 81% yield) was obtained as a white solid following the 

general procedure II from LBa (0.46 mmol, 127 mg) and 4-isothiocyanato-1,1':4',1''-

terphenyl (0.55 mmol, 158 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 7.73-7.63 (m, 8H), 7.52-7.47 (m, 6H), 7.40 

(d, J = 7.6 Hz, 1H), 7.37-7.31 (m, 6H), 7.20 (d, J = 8.4 Hz, 2H), 6.15 (d, J = 8.4 Hz, 

1H), 4.67 (s, 1H), 2.48 (dd, J = 14.4, 4.0 Hz, 1H), 2.34 (dd, J = 14.4, 8.0 Hz, 1H), 2.24-

2.16 (m, 1H), 0.92 (dd, J = 14.0, 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 179.9, 

140.5, 140.4, 139.1, 138.6, 138.2 (d, J = 9.3 Hz), 135.2, 132.9 (d, J = 8.5 Hz), 132.7 (d, 

J = 8.4 Hz), 128.8, 128.7 (d, J = 4.8 Hz), 128.5 (d, J = 3.7 Hz), 128.43 (d, J = 3.8 Hz), 

128.37, 127.9, 127.6, 127.4, 127.2, 126.9, 126.1, 125.1 (d, J = 0.8 Hz), 58.5 (d, J = 14.3 

Hz), 31.8 (d, J = 9.2 Hz), 31.2 (d, J = 14.8 Hz), 18.8, 18.1; 31P NMR (160 MHz, CDCl3) 

δ -24.1; HRMS Calcd. for C36H36N2PS+ [M+H]+: 559.2331, found: 559.2317; M.p.: 

136-138 ºC; []20
D = +118.0 (c 0.10, CH2Cl2).

(S)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)propan-2-

yl)thiourea (LB26)
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LB26
PPh2

HN N
H

S

CF3

CF3

Compound LB26 (130 mg, 51% yield) was obtained as a white solid following the 

general procedure II from LBb (0.5 mmol, 122 mg) and 1-isothiocyanato-3,5-

bis(trifluoromethyl)benzene (0.6 mmol, 162 mg, 110 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 7.2 Hz, 3H), 7.48-7.39 (m, 4H), 7.34-7.30 

(m, 6H), 6.18 (brs, 1H), 4.65 (brs, 1H), 2.53 (dd, J = 14.0, 6.0 Hz, 1H), 2.41 (dd, J = 

14.0, 6.4 Hz, 1H), 1.38 (d, J = 6.4 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 178.9, 

139.0, 137.2 (d, J = 9.8 Hz), 137.1 (d, J = 9.6 Hz), 132.7 (d, J = 4.6 Hz), 132.5 (d, J = 

4.6 Hz), 128.9, 128.57 (d, J = 7.0 Hz), 128.55 (d, J = 7.0 Hz), 123.4, 122.7 (q, J = 217.3 

Hz), 118.8, 49.3 (d, J = 14.8 Hz), 35.8 (d, J = 12.4 Hz), 21.6 (d, J = 8.6 Hz); 31P NMR 

(160 MHz, CDCl3) δ -24.9; 19F NMR (376 MHz, CDCl3) δ -62.8; HRMS Calcd. for 

C24H22F6N2PS+ [M+H]+: 515.1140, found: 515.1129; M.p.: 106-108 ºC; []20
D = +24.8 

(c 0.20, CH2Cl2).

(S)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)butan-2-

yl)thiourea (LB27)

PPh2

HN N
H

S

CF3

CF3

LB27

Compound LB27 (69.5 mg, 40% yield) was obtained as a white solid following the 

general procedure II from LBc (0.33 mmol, 85 mg) and 1-isothiocyanato-3,5-

bis(trifluoromethyl)benzene (0.4 mmol, 108 mg, 73 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.26 (brs, 1H), 7.67 (d, J = 10.4 Hz, 3H), 7.46-7.39 (m, 

4H), 7.31-7.30 (m, 6H), 6.25 (brs, 1H), 4.62 (brs, 1H), 2.60 (d, J = 12.4 Hz, 1H), 2.37 

(dd, J = 14.4, 7.2 Hz, 1H), 1.82-1.66 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H); 13C NMR (125 

MHz, CDCl3) (d, J = 19.0 Hz), 132.69 (d, J = 19.0 



18

Hz), 129.0, 128.6 (d, J = 6.9 Hz), 123.6, 122.8 (q, J = 271.8 Hz), 119.11 (d, J = 3.5 Hz), 

119.05 (d, J = 3.8 Hz), 55.0 (d, J = 13.6 Hz), 33.2, 28.4, 10.2; 31P NMR (160 MHz, 

CDCl3) δ -25.2 (s); 19F NMR (376 MHz, CDCl3) δ -62.9 (s); HRMS Calcd. for 

C25H24F6N2PS+ [M+H]+: 529.1307, found: 529.1302; M.p.: 133-135 ºC; []20
D = +7.5 

(c 0.04, CH2Cl2).

(R)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(3-(diphenylphosphaneyl)-1,1-

diphenylpropan-2-yl)thiourea (LB28)

PPh2

HN N
H

S

Ph
CF3

CF3
Ph

LB28

Compound LB28 (183.4 mg, 64% yield) was obtained as a white solid following the 

general procedure II from LBe (0.43 mmol, 171 mg) and 1-isothiocyanato-3,5-

bis(trifluoromethyl)benzene (0.52 mmol, 141 mg, 95 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.24 (brs, 1H), 7.65 (s, 1H), 7.49-7.45 (m, 2H), 7.37-

7.29 (m, 9H), 7.25-7.15 (m, 9H), 7.05 (s, 2H), 5.80 (brs, 2H), 4.60 (d, J = 7.6 Hz, 1H), 

2.99 (d, J = 10.0 Hz, 1H), 2.12 (d, J = 14.8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 

179.2, 141.0 (d, J = 18.6 Hz), 138.1 (d, J = 9.6 Hz), 137.7, 136.9 (d, J = 11.3 Hz), 133.1 

(d, J = 19.9 Hz), 132.8 (d, J = 32.9 Hz), 132.2 (d, J = 18.3 Hz), 129.1, 128.9 (d, J = 9.8 

Hz), 128.6 (d, J = 7.3 Hz), 128.5, 128.4 (d, J = 6.8 Hz), 128.3, 127.9, 127.1, 127.0, 

123.9 (d, J = 2.9 Hz), 122.6 (q, J = 271.9 Hz), 119.4 (d, J = 6.6 Hz), 56.1 (d, J = 73.9 

Hz), 31.6, 22.6; 31P NMR (160 MHz, CDCl3) δ -27.7; 19F NMR (376 MHz, CDCl3) δ -

62.6; M.p.: 79-81 ºC; HRMS Calcd. for C36H30F6N2SP+ [M+H]+: 667.1766, found: 

667.1749; []20
D = -58.0 (c 0.05, CH2Cl2).

(S)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)-4-

methylpentan-2-yl)thiourea (LB29)
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PPh2

HN N
H

S

CF3

CF3

LB29

Compound LB29 (173.2 mg, 62% yield) was obtained as a white solid following the 

general procedure II from LBd (0.5 mmol, 143 mg) and 1-isothiocyanato-3,5-

bis(trifluoromethyl)benzene (0.6 mmol, 163 mg, 110 μL) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.95 (brs, 1H), 7.69 (d, J = 10.4 Hz, 3H), 7.50-7.42 (m, 

4H), 7.34-7.31 (m, 6H), 6.41 (brs, 1H), 4.85 (brs, 1H), 2.68 (s, 1H), 2.40 (dd, J = 14.0, 

6.0 Hz, 1H), 1.62 (brs, 3H), 0.91-0.87 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 179.3, 

138.8, 137.6 (d, J = 10.2 Hz), 132.9, 132.7, 132.5, 129.0, 128.9, 128.6, 128.5, 123.4, 

122.8 (q, J = 271.6 Hz), 118.9, 51.9 (d, J = 12.9 Hz), 44.6 (d, J = 8.9 Hz), 34.1, 25.1, 

22.4; 31P NMR (160 MHz, CDCl3) δ -25.4; 19F NMR (376 MHz, CDCl3) δ -62.9; M.p.: 

145-146 ºC; HRMS Calcd. for C27H28F6N2SP+ [M+H]+: 557.1610, found: 557.1616; 

[]20
D = -2.50 (c 0.20, CH2Cl2).

(S)-1-([1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-4-methylpentan-2-

yl)thiourea (LB30)

PPh2

HN N
H

S

Ph

LB30

Compound LB30 (109 mg, 88% yield) was obtained as a white solid following the 

general procedure II from LBd (0.25 mmol, 71 mg) and 4-isothiocyanato-1,1'-biphenyl 

(0.3 mmol, 63.3 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.24 (brs, 1H), 7.59 (d, J = 7.6 Hz, 4H), 7.53-7.44 (m, 

6H), 7.40-7.29 (m, 7H), 7.14 (d, J = 8.4 Hz, 2H), 6.10 (brs, 1H), 4.87 (brs, 1H), 2.59 

(dd, J = 14.4, 6.4 Hz, 1H), 2.42 (dd, J = 14.0, 6.0 Hz, 1H), 1.62-1.53 (m, 3H), 0.88 (d, 

J = 4.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 179.3, 139.7 (d, J = 16.6 Hz), 138.3 

(d, J = 11.1 Hz), 138.0 (d, J = 11.5 Hz), 135.1, 133.0 (d, J = 19.3 Hz), 132.6 (d, J = 
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19.0 Hz), 128.8, 128.7, 128.6, 128.49, 128.45, 128.41, 128.38, 127.6, 126.9, 125.1, 52.1 

(d, J = 14.3 Hz), 44.5 (d, J = 9.4 Hz), 34.4 (d, J = 14.5 Hz), 25.1, 22.7, 22.4; 31P NMR 

(160 MHz, CDCl3) δ -24.9; M.p.: 55-57 ºC; HRMS Calcd. for C31H34N2SP+ [M+H]+: 

497.2175, found: 497.2163; []20
D = +75.0 (c 0.20, CH2Cl2).

(S)-1-(3',5'-dimethoxy-[1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-4-

methylpentan-2-yl)thiourea (LB31)

HN

PPh2

N
H

S OMe

OMe

LB31

Compound LB31 (189.8 mg, 68% yield) was obtained as a white solid following the 

general procedure II from LBd (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-

dimethoxy-1,1'-biphenyl (0.6 mmol, 163 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 7.58-7.43 (m, 6H), 7.38-7.27 (m, 6H), 7.15 

(d, J = 8.4 Hz, 2H), 6.72 (d, J = 2.0 Hz, 2H), 6.50 (t, J = 2.0 Hz, 1H), 6.14 (brs, 1H), 

6.88 (brs, 1H), 3.85 (s, 6H), 2.59 (dd, J = 14.4, 6.4 Hz, 1H), 2.42 (dd, J = 14.0, 4.8 Hz, 

1H), 1.63-1.54 (m, 3H), 0.88 (d, J = 6.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 179.4, 

161.1, 142.0, 139.6, 138.3 (d, J = 11.7 Hz), 138.1 (d, J = 11.2 Hz), 135.3, 133.0 (d, J = 

19.5 Hz), 132.6 (d, J = 19.1 Hz), 128.8, 128.6, 128.5 (d, J = 3.6 Hz), 128.4 (d, J = 3.3 

Hz), 125.0, 105.3, 99.5, 55.4, 52.2 (d, J = 14.1 Hz), 44.5 (d, J = 9.5 Hz), 34.4 (d, J = 

14.6 Hz), 25.1, 22.7, 22.5; 31P NMR (160 MHz, CDCl3) δ -24.9; M.p.: 57-59 ºC; 

HRMS Calcd. for C33H38N2O2SP+ [M+H]+: 557.2386, found: 557.2381; []20
D = +82.0 

(c 0.05, CH2Cl2).

(S)-1-(3',5'-bis(trifluoromethyl)-[1,1'-biphenyl]-4-yl)-3-(1-

(diphenylphosphaneyl)-4-methylpentan-2-yl)thiourea (LB32)
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PPh2

HN N
H

S

CF3

CF3

LB32

Compound LB32 (195.4 mg, 62% yield) was obtained as a white solid following the 

general procedure II from LBd (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-

bis(trifluoromethyl)-1,1'-biphenyl (0.6 mmol, 208 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 7.99 (s, 2H), 7.88 (s, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.51-

7.43 (m, 4H), 7.35-7.29 (m, 6H), 7.21 (d, J = 8.4 Hz, 2H), 6.07 (brs, 1H), 4.84 (brs, 

1H), 2.61 (dd, J = 14.0, 6.0 Hz, 1H), 2.38 (dd, J = 14.4, 5.6 Hz, 1H), 1.58-1.53 (m, 3H), 

0.87 (dd, J = 6.0, 3.6 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 179.4, 142.0, 138.2 (d, 

J = 9.8 Hz), 138.0 (d, J = 11.0 Hz), 136.8, 136.3, 133.0 (d, J = 19.4 Hz), 132.6 (d, J = 

18.9 Hz), 132.3 (d, J = 33.1 Hz), 131.9, 128.9 (d, J = 10.3 Hz), 128.7 (d, J = 16.1 Hz), 

128.54, 128.51 (d, J = 5.4 Hz), 127.0 (d, J = 2.9 Hz), 125.1, 123.2 (q, J = 271.4 Hz), 

121.2, 52.4 (d, J = 14.5 Hz), 44.6 (d, J = 9.4 Hz), 34.4 (d, J = 14.0 Hz), 25.2, 22.6, 22.5; 
31P NMR (160 MHz, CDCl3) δ -25.2; 19F NMR (376 MHz, CDCl3) δ -62.7; M.p.: 138-

139 ºC; HRMS Calcd. for C33H32F6N2SP+ [M+H]+: 633.1928, found: 633.1932; []20
D 

= +88.0 (c 0.10, CH2Cl2).

(R)-1-(3',5'-bis(trifluoromethyl)-[1,1'-biphenyl]-4-yl)-3-(1-

(diphenylphosphaneyl)-4-methylpentan-2-yl)thiourea (LB33)

PPh2

HN N
H

S

CF3

CF3

LB33

Compound LB33 (229 mg, 73% yield) was obtained as a white solid following the 

general procedure II from LBf (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-

bis(trifluoromethyl)-1,1'-biphenyl (0.6 mmol, 208 mg) stirred for 24 hours.
1H NMR (400 MHz, CDCl3) δ 8.30 (brs, 1H), 7.99 (s, 2H), 7.88 (s, 1H), 7.59 (d, J = 

8.0 Hz, 2H), 7.52-7.43 (m, 4H), 7.34-7.31 (m, 6H), 7.24 (d, J = 8.0 Hz, 2H), 6.15 (brs, 
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1H), 4.86 (brs, 1H), 2.62 (dd, J = 14.0, 5.6 Hz, 1H), 2.39 (dd, J = 14.4, 6.0 Hz, 1H), 

1.56 (d, J = 6.8 Hz, 2H), 1.27 (s, 1H), 0.89-0.86 (m, 6H); 13C NMR (100 MHz, CDCl3) 

δ 179.3, 142.0 138.2 (d, J = 10.8 Hz), 138.0 (d, J = 10.9 Hz), 137.0, 136.1, 133.0 (d, J 

= 19.3 Hz), 132.6 (d, J = 18.9 Hz), 132.3 (q, J = 33.2 Hz), 131.8, 128.9, 128.7, 128.6 

(d, J = 4.6 Hz), 128.5 (d, J = 4.5 Hz), 127.0, 125.0, 123.2 (q, J = 271.4 Hz), 121.1, 52.2 

(d, J = 14.0 Hz), 44.6 (d, J = 9.1 Hz), 34.4 (d, J = 13.7 Hz), 25.2, 22.6, 22.5; 31P NMR 

(160 MHz, CDCl3) δ -25.2; 19F NMR (376 MHz, CDCl3) δ -62.7; M.p.: 136-138 ºC; 

HRMS Calcd. for C33H32F6N2SP+ [M+H]+: 633.1928, found: 633.1926; []20
D = -47.0 

(c 0.10, CH2Cl2).

General procedure (III) for the synthesis of C2-quaternary indolin-3-ones (3aa-

3xe).

N

O

R2

O

ArR1
LB32 (10 mol%)

EA, RT N
H

O

R1 Ar
R2

O

1 2 3
2a, R = Me
2b, R = Et
2c, R = nPr
2d, R = Ph
2e, R = H
2f, Cyclohexenone

Procedure (III): To a solution of compound 1 (0.1 mmol, 1.0 equiv.) and chiral 

phosphine LB32 (0.01 mmol, 0.1 equiv.) in ethyl acetate (2.0 mL) was added 

compound 2 (0.15 mmol, 1.5 equiv.) under nitrogen atmosphere at room temperature. 

TLC monitor until the compound 1 consumed after six hours. The reaction mixture was 

then concentrated on a rotary evaporator under reduce pressure and the residue was 

subjected to purification by column chromatography (silica gel, PE/EtOAc: 15/1 to 

10/1, Rf = 0.2-0.3) to afford the corresponding product 3.

(S)-2-(3-oxobut-1-en-2-yl)-2-phenylindolin-3-one (3aa)
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N
H

O

O

3aa

Compound 3aa (26.3 mg, 95% yield) was obtained as a yellow solid following the 

general procedure III from 1a (0.1 mmol, 20.7 mg) and 2a (0.15 mmol, 10.5 mg, 12.5 

μL) stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 7.6 Hz, 1H), 7.50-7.42 (m, 3H), 7.32-7.29 

(m, 2H), 7.25-7.21 (m, 1H), 6.92-6.90 (m, 1H), 6.79 (t, J = 7.6 Hz, 1H), 6.41-6.40 (m, 

2H), 6.26 (brs, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 200.1, 198.5, 159.6, 

145.4, 137.9, 137.8, 128.58, 128.55, 127.6, 125.4, 125.2, 118.7, 118.4, 111.6, 72.6, 

27.1; HRMS Calcd. for C18H16NO2
+ [M+H]+: 278.1187, found: 278.1186; M.p.: 158-

160 ºC.

[]20
D = -677.0 (c 0.10, CH2Cl2) for 90% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 29.862 min, tmajor = 26.359 min.

Racemic Sample of 3aa 

Enantiomeric Sample of 3aa
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(S)-2-(3-oxopent-1-en-2-yl)-2-phenylindolin-3-one (3ab)

N
H

O
Et

O

3ab

Compound 3ab (27.4 mg, 94% yield) was obtained as a yellow solid following the 

general procedure III from 1a (0.1 mmol, 20.7 mg) and 2b (0.15 mmol, 12.6 mg, 14.8 

μL) stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.6 Hz, 1H), 7.50-7.42 (m, 3H), 7.31-7.27 

(m, 2H), 7.25-7.21 (m, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.38 (s, 

1H), 6.34 (s, 1H), 6.27 (brs, 1H), 2.85-2.64 (m, 2H), 1.02 (t, J = 7.2Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 202.8, 198.5, 159.6, 145.1, 138.0, 137.8, 128.6, 127.6, 127.2, 

125.4, 124.8, 118.7, 118.5, 111.7, 72.9, 32.1, 8.0; HRMS Calcd. for C19H18NO2
+ 

[M+H]+: 292.1332, found: 292.1331; M.p.: 131-133 ºC.

[]20
D = -328.0 (c 0.10, CH2Cl2) for 90% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 26.566 min, tmajor = 31.697 min.
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Racemic Sample of 3ab 

Enantiomeric Sample of 3ab

(S)-2-(3-oxohex-1-en-2-yl)-2-phenylindolin-3-one (3ac)

N
H

O nPr

O

3ac

Compound 3ac (27.4 mg, 90% yield) was obtained as a yellow solid following the 
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general procedure III from 1a (0.1 mmol, 20.7 mg) and 2c (0.15 mmol, 14.7 mg, 17.5 

μL) stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 1H), 7.50-7.42 (m, 3H), 7.31-7.27 

(m, 2H), 7.24-7.21 (m, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.37 (s, 

1H), 6.34 (s, 1H), 6.29 (brs, 1H), 2.74-2.61 (m, 2H), 1.56 (h, J = 7.6 Hz, 2H), 0.85 (t, J 

= 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 202.5, 198.5, 159.6, 145.4, 138.0, 137.8, 

128.5, 127.6, 127.2, 125.4, 125.2, 118.7, 118.5, 111.7, 72.9, 40.8, 17.6, 13.6; HRMS 

Calcd. for C20H20NO2
+ [M+H]+: 306.1489, found: 306.1487; M.p.: 42-44 ºC.

[]20
D = -828.0 (c 0.05, CH2Cl2) for 91% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IF-H column, Hexane/iPrOH = 95/5, 0.2 mL/min, 230 nm, tminor 

= 99.826 min, tmajor = 93.696 min.

Racemic Sample of 3ac 

Enantiomeric Sample of 3ac
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(S)-2-(3-oxo-3-phenylprop-1-en-2-yl)-2-phenylindolin-3-one (3ad)

N
H

O
Ph

O

3ad

Compound 3ad (17.1 mg, 50% yield) was obtained as a yellow solid following the 

general procedure III from 1a (0.1 mmol, 20.7 mg) and 2d (0.15 mmol, 19.8 mg, 19.4 

μL) stirred for 8 hours.
1H NMR (400 MHz, CDCl3) δ 7.94-7.92 (m, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.61-7.55 

(m, 2H), 7.52-7.46 (m, 4H), 7.41-7.34 (m, 4H), 7.29 (d, J = 4.0 Hz, 1H), 7.04 (d, J = 

8.4 Hz, 1H), 6.96-6.92 (m, 1H), 5.25 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 198.2, 

190.5, 160.1, 145.5, 138.0, 137.9, 137.3, 133.1, 129.1, 128.7, 128.6, 128.5, 126.2, 

125.73, 125.66, 120.1, 119.1, 112.6, 73.1; M.p.: 125-127 ºC; HRMS Calcd. for 

C23H18NO2
+ [M+H]+: 340.1343, found: 340.1336.

[]20
D = -4.2 (c 0.13, CH2Cl2) for 3% ee; Enantiomeric excess was determined by HPLC 

with a Chiralcel IB-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, tminor = 

23.500 min, tmajor = 42.696 min.
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Racemic Sample of 3ad

Enantiomeric Sample of 3ad
 

(S)-2-(3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3ae)
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N
H

O
H

O

3ae

Compound 3ae (24.7 mg, 94% yield) was obtained as a yellow solid following the 

general procedure III from 1a (0.1 mmol, 20.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 3 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.51-7.43 (m, 

3H), 7.33-7.24 (m, 3H), 6.93 (d, J = 6.4 Hz, 2H), 6.81 (t, J = 8.0 Hz, 1H), 6.39 (s, 1H), 

6.16(brs, 1H); 13C NMR (100 MHz, CDCl3) δ 197.9, 194.4, 159.8, 146.0, 137.9, 137.1, 

136.9, 128.6, 127.9, 125.5, 125.4, 119.0, 118.2, 111.7, 71.0; M.p.: 154-156 ºC; HRMS 

Calcd. for C17H14NO2
+ [M+H]+: 264.1019, found: 264.1012.

[]20
D = -439.0 (c 0.20, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 34.447 min, tmajor = 32.086 min.

Racemic Sample of 3ae 

Enantiomeric Sample of 3ae
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(S)-2-(3-oxo-2-(p-tolyl)indolin-2-yl)acrylaldehyde (3be)

N
H

O
HO

CH3
3be

Compound 3be (18.5 mg, 67% yield) was obtained as a yellow solid following the 

general procedure III from 1b (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.49 (t, J = 8.0 

Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 

6.80 (t, J = 7.6 Hz, 1H), 6.38 (s, 1H), 6.13 (brs, 1H), 2.29 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 198.1, 194.5, 159.8, 146.1, 137.9, 137.7, 137.0, 133.9, 129.4, 125.5, 125.3, 

118.9, 118.2, 111.7, 70.9, 21.0; HRMS Calcd. for C18H16NO2
+ [M+H]+: 278.1176, 

found: 278.1176; M.p.: 119-121 ºC.

[]20
D = -1160.0 (c 0.04, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 36.846 min, tmajor = 29.235 min.

Racemic Sample of 3be
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Enantiomeric Sample of 3be

(S)-2-(2-(4-fluorophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ce)

N
H

O
HO

F
3ce
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Compound 3ce (26.3 mg, 94% yield) was obtained as a yellow solid following the 

general procedure III from 1c (0.1 mmol, 22.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 8.0 

Hz, 1H), 7.45-7.41 (m, 2H), 6.99 (t, J = 8.4 Hz, 2H), 6.93-6.90 (m, 2H), 6.82 (t, J = 7.6 

Hz, 1H), 6.39 (s, 1H), 6.15 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 197.8, 194.4, 

162.5 (d, J = 245.5 Hz), 159.7, 145.9, 138.1, 137.3, 132.7 (d, J = 2.9 Hz), 127.3 (d, J = 

8.1 Hz), 125.5, 119.2, 118.1, 115.5 (d, J = 21.6 Hz), 111.8, 70.5; 19F NMR (376 MHz, 

CDCl3) δ -114.7 (s); HRMS Calcd. for C17H13NO2F+ [M+H]+: 282.0925, found: 

282.0922; M.p.: 118-120 ºC.

[]20
D = -480.0 (c 0.04, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 38.129 min, tmajor = 30.637 min.

Racemic Sample of 3ce

Enantiomeric Sample of 3ce
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(S)-2-(2-(4-chlorophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3de)

N
H

O
HO

Cl
3de

Compound 3de (25.9 mg, 87% yield) was obtained as a yellow solid following the 

general procedure III from 1d (0.1 mmol, 24.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 8.0 

Hz, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 1H), 

6.89 (s, 1H), 6.82 (t, J = 7.6 Hz, 1H), 6.40 (s, 1H), 6.12 (brs, 1H); 13C NMR (100 MHz, 

CDCl3) δ 197.5, 194.4, 159.7, 145.7, 138.1, 137.4, 135.6, 133.9, 128.8, 127.0, 125.6, 

119.3, 118.1, 111.8, 70.5; HRMS Calcd. for C17H13NO2Cl+ [M+H]+: 298.0629, found: 

298.0627; M.p.: 145-148 ºC.

[]20
D = -1043.6 (c 0.07, CH2Cl2) for 90% ee; Enantiomeric excess was determined 

by HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 

nm, tminor = 41.556 min, tmajor = 34.505 min. 
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Racemic Sample of 3de

Enantiomeric Sample of 3de

(S)-2-(2-(4-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ee)
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N
H

O
HO

Br

3ee

Compound 3ee (23 mg, 67% yield) was obtained as a yellow solid following the general 

procedure III from 1e (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) stirred 

for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 7.6 

Hz, 1H), 7.43 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.4 Hz, 1H), 

6.89 (s, 1H), 6.83 (t, J = 7.6 Hz, 1H), 6.40 (s, 1H), 6.12 (brs, 1H); 13C NMR (100 MHz, 

CDCl3) δ 197.4, 194.3, 159.7, 145.7, 138.2, 137.4, 136.2, 131.7, 127.3, 125.6, 122.2, 

119.3, 118.1, 111.9, 70.6; HRMS Calcd. for C17H13NO2Br+ [M+H]+: 342.0124, found: 

342.0123; M.p.: 115-117 ºC.

[]20
D = -815.0 (c 0.04, CH2Cl2) for 91% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 44.565 min, tmajor = 36.272 min.

Racemic Sample of 3ee

Enantiomeric Sample of 3ee 
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(S)-2-(2-(3-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3fe)

N
H

O
HO

Br

3fe

Compound 3fe (25.6 mg, 75% yield) was obtained as a yellow solid following the 

general procedure III from 1f (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 7.59 (d, J = 9.2 Hz, 2H), 7.51 (t, J = 8.0 

Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.18 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 

6.90 (s, 1H), 6.83 (t, J = 7.6 Hz, 1H), 6.41 (s, 1H), 6.14 (brs, 1H); 13C NMR (100 MHz, 

CDCl3) δ 197.2, 194.3, 159.7, 145.6, 139.4, 138.2, 137.6, 131.0, 130.1, 128.5, 125.6, 

124.3, 122.8, 119.3, 118.0, 111.9, 70.5; HRMS Calcd. for C17H13NO2Br+ [M+H]+: 

342.0124, found: 342.0123; M.p.: 142-144 ºC.

[]20
D = -777.5 (c 0.04, CH2Cl2) for 90% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 39.394 min, tmajor = 33.075 min.
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Racemic Sample of 3fe

Enantiomeric Sample of 3fe

(R)-2-(2-(2-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ge)

N
H

O
HO

Br
3ge

Compound 3ge (13.7 mg, 40% yield) was obtained as a yellow solid following the 
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general procedure III from 1g (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 36 hours.
1H NMR (400 MHz, CDCl3) δ 9.64 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 8.0 

Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.32-7.27 (m, 2H), 7.19-7.16 (m, 1H), 6.89-6.84 (m, 

2H), 6.40 (d, J = 12.0 Hz, 2H), 6.25 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 198.0, 

193.1, 159.9, 145.5, 137.72, 137.67, 136.3, 135.2, 130.5, 129.8, 127.5, 125.0, 123.0, 

120.2, 119.4, 112.5, 73.5; M.p.: 169-171 ºC; HRMS Calcd. for C17H13BrNO2
+ [M+H]+: 

342.0124, found: 342.0132.

[]20
D = -1.82 (c 0.11, CH2Cl2) for 11% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 91.515 min, tmajor = 43.878 min.

Racemic Sample of 3ge

Enantiomeric Sample of 3ge
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(S)-2-(3-oxo-2-(o-tolyl)indolin-2-yl)acrylaldehyde (3he)

N
H

O
HO

H3C

3he

Compound 3he (11.9 mg, 43% yield) was obtained as a yellow solid following the 

general procedure III from 1h (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.70 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.51-7.47 (m, 

1H), 7.21-7.17 (m, 1H), 7.13 (t, J = 4.0 Hz, 3H), 6.88-6.83 (m, 2H), 6.62 (s, 1H), 6.41 

(s, 1H), 6.03 (brs, 1H), 2.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 199.2, 194.4, 

159.3, 145.9, 137.8, 137.6, 136.9, 135.3, 132.5, 128.5, 128.3, 125.9, 125.0, 119.8, 

119.2, 112.3, 21.0; M.p.: 125-127 ºC; HRMS Calcd. for C18H16NO2
+ [M+H]+: 

278.1176, found: 278.1180.

[]20
D = -15.0 (c 0.04, CH2Cl2) for 9% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 76.915 min, tmajor = 38.117 min.
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Racemic Sample of 3he

Enantiomeric Sample of 3he 

(S)-2-(3-oxo-2-(4-(trifluoromethyl)phenyl)indolin-2-yl)acrylaldehyde (3ie)
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N
H

O
HO

CF3

3ie

Compound 3ie (26.9 mg, 81% yield) was obtained as a yellow solid following the 

general procedure III from 1i (0.1 mmol, 27.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours. 
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.61-7.51 (m, 6H), 6.97-6.93 (m, 2H), 6.85 

(t, J = 7.6 Hz, 1H), 6.44 (s, 1H), 6.16 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 197.1, 

194.3, 159.7, 145.7, 141.1, 138.3, 137.6, 130.1 (q, J = 32.2 Hz), 126.0, 125.6 (q, J = 

3.7 Hz), 124.0 (q, J = 270.9 Hz), 119.5, 118.0, 111.9, 99.9, 70.8; 19F NMR (376 MHz, 

CDCl3) δ -62.5 (s); HRMS Calcd. for C18H13NO2F3
+ [M+H]+: 332.0893, found: 

332.0887; M.p.: 115-117 ºC.

[]20
D = -555.0 (c 0.05, CH2Cl2) for 87% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 34.681 min, tmajor = 27.444 min.

Racemic Sample of 3ie

Enantiomeric Sample of 3ie 
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(S)-2-(2-(3,5-bis(trifluoromethyl)phenyl)-3-oxoindolin-2-yl)acrylaldehyde (3je)

Compound 3je (25.6 mg, 64% yield) was obtained as a yellow solid following the 

general procedure III from 1j (0.1 mmol, 34.3 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.96 (s, 2H), 7.79 (s, 1H), 7.62-7.54 (m, 

2H), 7.01 (d, J = 8.0 Hz, 1H), 6.95 (s, 1H), 6.90 (t, J = 7.6 Hz, 1H), 6.49 (s, 1H), 6.14 

(brs, 1H); 13C NMR (100 MHz, CDCl3) δ 196.3, 194.2, 159.7, 145.3, 140.1, 138.6, 

138.3, 131.8 (q, J = 33.3 Hz), 126.1 (q, J = 3.5 Hz), 125.6, 123.2 (q, J = 271.4 Hz), 

122.0 (q, J = 3.7 Hz), 120.0, 117.9, 112.4, 70.4; 19F NMR (376 MHz, CDCl3) δ -62.5 

(s); HRMS Calcd. for C19H12NO2F6
+ [M+H]+: 400.0767, found: 400.0756; M.p.: 162-

164 ºC.

[]20
D = -780.0 (c 0.04, CH2Cl2) for 88% ee; Enantiomeric excess was determined by 

N
H

O
HO

F3C

CF3

3je
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HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 19.957 min, tmajor = 13.945 min.

Racemic Sample of 3je

Enantiomeric Sample of 3je

(S)-4-(3-oxo-2-(3-oxoprop-1-en-2-yl)indolin-2-yl)benzonitrile (3ke) 
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N
H

O
HO

CN3ke

Compound 3ke (20.1 mg, 70% yield) was obtained as a yellow solid following the 

general procedure III from 1k (0.1 mmol, 23.2 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 7.61-7.51 (m, 6H), 6.98-6.84 (m, 3H), 6.45 

(s, 1H), 6.14 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 196.6, 194.2, 159.7, 145.5, 

142.5, 138.4, 137.8, 132.3, 126.4, 125.6, 119.7, 118.6, 117.9, 112.1, 111.7, 70.8; 

HRMS Calcd. for C18H13N2O2
+ [M+H]+: 289.0972, found: 289.0964; M.p.: 98-100 ºC.

[]20
D = -737.5 (c 0.40, CH2Cl2) for 87% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 110.507 min, tmajor = 96.747 min.

Racemic Sample of 3ke

Enantiomeric Sample of 3ke
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(S)-2-(3-oxo-2-(pyridin-4-yl)indolin-2-yl)acrylaldehyde (3le)

N
H

O
HO

N

3le

Compound 3le (16.5 mg, 63% yield) was obtained as a yellow solid following the 

general procedure III from 1l (0.1 mmol, 20.8 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.53 (s, 1H), 8.54 (d, J = 5.6 Hz, 2H), 7.59 (d, J = 8.0 

Hz, 1H), 7.53 (t, J = 6.8 Hz, 1H), 7.39 (d, J = 6.4 Hz, 2H), 6.97-6.94 (m, 2H), 6.85 (t, 

J = 7.6 Hz, 1H), 6.45 (s, 1H), 6.13 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 196.4, 

194.1, 159.8, 150.0, 146.4, 145.4, 138.4, 137.7, 125.6, 120.6, 119.6, 118.0, 112.0, 70.4; 

HRMS Calcd. for C16H13N2O2
+ [M+H]+: 265.0977, found: 265.0972; M.p.: 114-115 

ºC.

[]20
D = -676.4 (c 0.18, CH2Cl2) for 97% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IB-H column, Hexane/iPrOH = 80/20, 0.5 mL/min, 230 nm, 

tminor = 51.126 min, tmajor = 54.844 min.
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Racemic Sample of 3le

Enantiomeric Sample of 3le

(S)-2-(3-oxo-2-(thiophen-2-yl)indolin-2-yl)acrylaldehyde (3me)
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N
H

O
HO

S

3me

Compound 3me (16.8 mg, 62% yield) was obtained as a yellow solid following the 

general procedure III from 1m (0.1 mmol, 21.3 mg) and 2e (0.15 mmol, 8.4 mg, 10 

μL) stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.56 (s, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 7.6 

Hz, 1H), 7.19 (d, J = 5.2 Hz, 1H), 7.03 (d, J = 3.2 Hz, 1H), 6.97-6.90 (m, 3H), 6.85 (t, 

J = 7.6 Hz, 1H), 6.36 (s, 1H), 6.29 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 196.9, 

194.1, 159.5, 145.8, 141.9, 138.0, 137.2, 127.6, 125.6, 125.3, 124.8, 119.5, 118.1, 

112.0, 69.0; HRMS Calcd. for C15H12NO2S+ [M+H]+: 270.0589, found: 270.0583; 

M.p.: 130-132 ºC.

[]20
D = -468.0 (c 0.05, CH2Cl2) for 92% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 50.817 min, tmajor = 43.986 min.

Racemic Sample of 3me

Enantiomeric Sample of 3me
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(S)-2-(2-(naphthalen-2-yl)-3-oxoindolin-2-yl)acrylaldehyde (3ne)

N
H

O
HO

3ne

Compound 3ne (19.0 mg, 61% yield) was obtained as a yellow solid following the 

general procedure III from 1n (0.1 mmol, 25.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.58 (s, 1H), 7.91 (s, 1H), 7.80-7.79 (m, 3H), 7.61-7.51 

(m, 3H), 7.45-7.44 (m, 2H), 6.99 (s, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.46 (s, 1H), 6.27 

(brs, 1H); 13C NMR (100 MHz, CDCl3) δ 197.9, 194.4, 159.8, 145.9, 138.0, 137.4, 

134.3, 133.2, 132.9, 128.5, 128.1, 127.5, 126.16, 126.15, 125.6, 124.6, 123.3, 119.1, 

118.3, 111.8, 71.1; HRMS Calcd. for C21H16NO2
+ [M+H]+: 314.1176, found: 314.1174; 

M.p.: 84-86 ºC.

[]20
D = -423.5 (c 0.04, CH2Cl2) for 95% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 64.359 min, tmajor = 52.177 min.
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Racemic Sample of 3ne

Enantiomeric Sample of 3ne
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(S)-2-(2-(benzo[d][1,3]dioxol-5-yl)-3-oxoindolin-2-yl)acrylaldehyde (3oe)

N
H

O
HO

O

O

3oe

Compound 3oe (26.4 mg, 86% yield) was obtained as a yellow solid following the 

general procedure III from 1o (0.1 mmol, 25.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.6 

Hz, 1H), 6.92-6.87 (m, 4H), 6.81 (t, J = 7.2 Hz, 1H), 6.74 (d, J = 7.2 Hz, 1H), 6.37 (s, 

1H), 6.11 (brs, 1H), 5.91 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 197.9, 194.5, 159.6, 

148.0, 147.4, 145.9, 138.0, 137.2, 130.7, 125.5, 119.0, 118.8, 118.1, 111.7, 108.3, 

106.2, 101.2, 70.7; HRMS Calcd. for C18H14NO4
+ [M+H]+: 308.0917, found: 308.0909; 

M.p.: 147-149 ºC.

[]20
D = -812.5 (c 0.04, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 66.796 min, tmajor = 72.289 min.

Racemic Sample of 3oe



51

Enantiomeric Sample of 3oe

(S)-2-(3-oxobut-1-en-2-yl)-2-(1-tosyl-1H-indol-3-yl)indolin-3-one (3pe)

N
H

O
NTs

HO
3pe

Compound 3pe (19.2 mg, 42% yield) was obtained as a yellow solid following the 

general procedure III from 1p (0.1 mmol, 40 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 8 hours.
1H NMR (400 MHz, CDCl3) δ 9.60 (s, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 8.4 

Hz, 2H), 7.63 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.55-7.48 (m, 2H), 7.25-7.23 (m, 1H), 

7.21 (s, 1H), 7.19 (s, 1H), 7.15-7.11 (m, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.87 (t, J = 8.0 

Hz, 1H), 6.78 (s, 1H), 6.42 (s, 1H), 5.99 (brs, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 197.7, 193.7, 159.6, 145.1, 144.9, 138.1, 137.9, 135.7, 134.7, 129.9, 127.8, 

126.8, 125.4, 125.1, 124.9, 123.3, 121.4, 119.44, 119.36, 119.0, 113.7, 112.2, 67.9, 

21.6; M.p.: 123-125 ºC; HRMS Calcd. for C26H21N2O4S+ [M+H]+: 457.1228, found: 

457.1224.
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[]20
D = -362.5 (c 0.04, CH2Cl2) for 88% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IF-H column, Hexane/iPrOH = 80/20, 0.5 mL/min, 230 nm, 

tminor = 58.202 min, tmajor = 70.844 min.

Racemic Sample of 3pe

Enantiomeric Sample of 3pe

(S)-2-(5-bromo-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3qe)
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N
H

O
HO

Br

3qe

Compound 3qe (30.7 mg, 90% yield) was obtained as a yellow solid following the 

general procedure III from 1q (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.68 (s, 1H), 7.55 (d, J = 8.8 Hz, 1H), 7.41 

(d, J = 7.2 Hz, 2H), 7.34-7.27 (m, 3H), 6.88 (s, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.41 (s, 

1H),6.20 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 196.6, 194.2, 158.2, 145.7, 140.4, 

137.3, 136.3, 128.8, 128.1, 127.9, 125.3, 119.8, 113.3, 111.0, 71.6; HRMS Calcd. for 

C17H13NO2Br+ [M+H]+: 342.0124, found: 342.0123; M.p.: 179-181 ºC.

[]20
D = -576.0 (c 0.05, CH2Cl2) for 92% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 38.327 min, tmajor = 41.696 min.

Racemic Sample of 3qe

Enantiomeric Sample of 3qe
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(S)-2-(4-chloro-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3re)

3re

N
H

O
HOCl

Compound 3re (18.8 mg, 63% yield) was obtained as a yellow solid following the 

general procedure III from 1r (0.1 mmol, 24.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.52 (s, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.38-7.27 (m, 

4H), 6.98 (s, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H) 6.42 (s, 1H), 6.31 

(brs, 1H); 13C NMR (100 MHz, CDCl3) δ 195.0, 194.4, 160.9, 145.7, 138.0, 137.5, 

136.5, 133.3, 128.7, 128.1, 125.4, 120.0, 114.8, 109.9, 71.2; HRMS Calcd. for 

C17H13NO2Cl+ [M+H]+: 298.0629, found: 298.0623; M.p.: 118-120 ºC.

[]20
D = -1185.0 (c 0.04, CH2Cl2) for 93% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 55.244 min, tmajor = 43.204 min.

Racemic Sample of 3re
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Enantiomeric Sample of 3re

(S)-2-(6-fluoro-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3se)

N
H

O
HO

F

3se
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Compound 3se (27.3 mg, 97% yield) was obtained as a yellow solid following the 

general procedure III from 1s (0.1 mmol, 22.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.57 (dd, J = 8.4, 5.6 Hz, 1H), 7.43-7.40 

(m, 2H), 7.34-7.24 (m, 3H), 6.94 (s, 1H), 6.58-6.49 (m, 2H), 6.41 (s, 1H), 6.33 (brs, 

1H); 13C NMR (100 MHz, CDCl3) δ 195.9, 194.3, 169.9 (d, J = 255.3 Hz), 161.2 (d, J 

= 14.3 Hz), 145.8, 137.2, 136.6, 128.7, 128.1, 127.9 (d, J = 12.6 Hz), 125.3, 114.8 (d, 

J = 0.9 Hz), 107.9 (d, J = 24.8 Hz), 98.0 (d, J = 26.0 Hz), 71.6; 19F NMR (376 MHz, 

CDCl3) δ -98.1 (s); M.p.: 125-127 ºC; HRMS Calcd. for C17H11FNO2
- [M-H]-: 

280.0774, found: 280.0783.

[]20
D = -692.8 (c 0.91, CH2Cl2) for 90% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 31.656 min, tmajor = 40.417 min.

Racemic Sample of 3se

Enantiomeric Sample of 3se



57

(S)-2-(5-methoxy-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3te)

N
H

O
HO

MeO

3te

Compound 3te (19.7 mg, 67% yield) was obtained as a yellow solid following the 

general procedure III from 1t (0.1 mmol, 23.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.33-7.24 (m, 

3H), 7.20-7.17 (m, 1H), 7.00 (s, 1H), 6.91-6.88 (m, 2H), 6.39 (s, 1H), 5.88 (brs, 1H), 

3.75 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 198.2, 194.3, 155.7, 153.4, 146.3, 137.1, 

137.0, 128.7, 127.9, 125.4, 118.3, 113.3, 105.0, 72.0, 55.7; HRMS Calcd. for 

C18H16NO3
+ [M+H]+: 294.1125, found: 294.1117; M.p.: 169-170 ºC.

[]20
D = -940.0 (c 0.04, CH2Cl2) for 85% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 95/5, 0.5 mL/min, 230 nm, 

tminor = 78.973 min, tmajor = 82.414 min.

Racemic Sample of 3te



58

Enantiomeric Sample of 3te

(S)-2-(6-methyl-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3ue)

N
H

O
HO

H3C

3ue
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Compound 3ue (21.0 mg, 76% yield) was obtained as a yellow solid following the 

general procedure III from 1u (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.45 (dd, J = 17.2, 8.0 Hz, 3H), 7.32-7.23 

(m, 3H), 6.93 (s, 1H), 6.73 (s, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.38 (s, 1H), 6.10 (brs, 

1H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.1, 194.5, 160.2, 149.8, 146.1, 

137.13, 137.10, 128.6, 127.8, 125.3, 125.2, 120.9, 115.9, 111.7, 71.2, 22.5; HRMS 

Calcd. for C18H16NO2
+ [M+H]+: 278.1176, found: 278.1167; M.p.: 141-143 ºC.

[]20
D = -1070.0 (c 0.05, CH2Cl2) for 92% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IF-H column, Hexane/iPrOH = 95/5, 0.5 mL/min, 230 nm, tminor 

= 35.014 min, tmajor = 48.313 min.

Racemic Sample of 3ue

Enantiomeric Sample of 3ue
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(S)-2-(5-methyl-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3ve)

N
H

O
HO

H3C

3ve

Compound 3ve (24.5 mg, 88% yield) was obtained as a yellow solid following the 

general procedure III from 1v (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.37 (s, 1H), 7.34-

7.28 (m, 3H), 7.25-7.23 (m, 1H), 6.89 (s, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.37 (s, 1H), 

5.98 (brs, 1H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 198.0, 194.3, 158.3, 146.3, 

139.4, 137.2, 136.9, 128.6, 127.8, 125.5, 124.8, 118.4, 111.7, 71.4, 20.5; M.p.: 141-

143 ºC; HRMS Calcd. for C18H16NO2
+ [M+H]+: 278.1176, found: 278.1174.

[]20
D = -1461.0 (c 0.05, CH2Cl2) for 95% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IF-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 33.131 min, tmajor = 29.494 min.
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Racemic Sample of 3ve

Enantiomeric Sample of 3ve

(S)-2-(6-methyl-2-(naphthalen-2-yl)-3-oxoindolin-2-yl)acrylaldehyde (3we)
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3we

N
H

O
HO

H3C

Compound 3we (15.0 mg, 46% yield) was obtained as a yellow solid following the 

general procedure III from 1w (0.1 mmol, 27.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.58 (s, 1H), 7.89 (s, 1H), 7.79 (d, J = 8.0 Hz, 3H), 7.55-

7.42 (m, 4H), 6.99 (s, 1H), 6.79 (s, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 6.19 

(brs, 1H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.1, 194.5, 160.3, 149.9, 

146.1, 137.4, 134.6, 133.2, 132.9, 128.5, 128.1, 127.5, 126.11, 126.08, 125.3, 124.5, 

123.3, 121.0, 116.1, 111.8, 71.3, 22.6; HRMS Calcd. for C22H18NO2
+ [M+H]+: 

328.1332, found: 328.1326; M.p.: 75-77 ºC.

[]20
D = -836.0 (c 0.05, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 57.515 min, tmajor = 50.001 min.

Racemic Sample of 3we

Enantiomeric Sample of 3we
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(S)-4-(5-bromo-3-oxo-2-(3-oxoprop-1-en-2-yl)indolin-2-yl)benzonitrile (3xe)

3xe

N
H

O
HO

Br

CN

Compound 3xe (26.1 mg, 71% yield) was obtained as a yellow solid following the 

general procedure III from 1x (0.1 mmol, 30.9 mg) and 2e (0.15 mmol, 8.4 mg, 10 μL) 

stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.52 (s, 1H), 7.69 (s, 1H), 7.59 (dd, J = 18.8, 8.8 Hz, 

5H), 6.88 (t, J = 4.8 Hz, 2H), 6.47 (s, 1H), 6.17 (s, 1H); 13C NMR (100 MHz, CDCl3) 

δ 195.3, 194.0, 158.2, 145.1, 141.8, 140.9, 137.9, 132.4, 128.0, 126.4, 119.5, 118.5, 

113.7, 112.0, 111.7, 71.4; M.p.: 88-90 ºC; HRMS Calcd. for C18H10N2O2Br- [M-H]-: 

364.9931, found: 364.9938.

[]20
D = -652.5 (c 0.04, CH2Cl2) for 78% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel IF-H column, Hexane/iPrOH = 80/20, 0.5 mL/min, 230 nm, 

tminor = 34.686 min, tmajor = 28.998 min.

Racemic Sample of 3xe
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Enantiomeric Sample of 3xe

(R)-2-(3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3ae’)
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N

O

H

O

Ph
LB33 (10 mol%)

EA, RT N
H

O

Ph
H

O

2e 3ae'1a

PPh2

HN N
H

S

CF3

CF3

Procedure (IIIa): To a solution of compound 1a (0.1 mmol, 1.0 equiv., 20.7 mg) and 

chiral phosphine LB33 (0.01 mmol, 0.1 equiv., 6.3 mg) in ethyl acetate (2.0 mL) was 

added compound 2e (0.15 mmol, 1.5 equiv., 10 μL) under nitrogen atmosphere at room 

temperature. TLC monitor until the compound 1a was consumed after three hours. The 

reaction mixture was then concentrated on a rotary evaporator under reduce pressure 

and the residue was subjected to purification by column chromatography (silica gel, 

PE/EtOAc: 15/1 to 10/1, Rf = 0.2-0.3) to afford the corresponding product 3ae’.

Compound 3ae’ (24.7 mg, 94% yield) was obtained as a yellow solid following the 

general procedure IIIa from 1a (0.1 mmol, 20.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 

μL) stirred for 6 hours.
1H NMR (400 MHz, CDCl3) δ 9.54 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.51-7.42 (m, 

3H), 7.31-7.24 (m, 3H), 6.93-6.91 (m, 2H), 6.81 (t, J = 7.2 Hz, 1H), 6.40 (s, 1H), 6.17 

(brs, 1H); 13C NMR (100 MHz, CDCl3) δ 197.9, 194.4, 159.8, 146.0, 137.9, 137.1, 

136.9, 128.6, 127.9, 125.5, 125.4, 119.0, 118.2, 111.7, 71.0; M.p.: 155-157 ºC.

[]20
D = +904.0 (c 0.05, CH2Cl2) for -95% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 32.868 min, tmajor = 37.239 min.

Racemic Sample of 3ae’
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Enantiomeric Sample of 3ae’
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4. Synthetic applications

a) Scale-up experiments for the synthesis of 3aa and 3ae

N

O

R

O

Ph
LB32 (5 mol%)

EtOAc, RT N
H

O

Ph
R

O

2a, R = Me;
2e, R = H

3aa, R = Me;
3ae, R = H

1a

PPh2

HN N
H

S

CF3

CF3

The scale up experiment was followed the general procedure III. To a solution of 

compound 1a (1.0 mmol for 3aa, 5.0 mmol for 3ae, 1.0 equiv.) and chiral phosphine 

LB32 (5 mol%) in ethyl acetate was added compound 2a or 2e (1.5 equiv.) under 

nitrogen atmosphere at room temperature. TLC monitor until the compound 1a 

consumed after six hours. The reaction mixture was then concentrated on a rotary 

evaporator under reduce pressure and the residue was subjected to purification by 

column chromatography (silica gel, PE/EtOAc: 20/1 to 15/1, Rf = 0.3) to afford the 

corresponding product 3aa (0.21 g, 76% yield, 90% ee) and 3ae (0.971 g, 74% yield, 

94% ee) as yellow solid.

b) Synthesis of N-Boc product 3ae

N
H

O

Ph
H

O

3ae

(Boc)2O, DMAP

N
Boc

O

Ph
H

O

4

MeCN, RT, 20 hrs

Procedure (IV): To a solution of 3ae (1 mmol, 263 mg) and DMAP (3.3 mmol, 720 

mg) in MeCN was added (Boc)2O (2.2 mmol, 489 mg) under nitrogen, then the reaction 

mixture was stirred at room temperature for 20 hrs. After conversion, the solvent was 

removed in vacuum and extracted twice with EtOAc and water, the organic layers were 

dried over anhydrous Na2SO4 and purified by column chromatography (Petroleum 

ether/EtOAc: 30/1 to 20/1) to afford the product 4 in 75% yield with 94% ee.

tert-Butyl (S)-3-oxo-2-(3-oxoprop-1-en-2-yl)-2-phenylindoline-1-carboxylate (4)

Compound 4 (272.9 mg, 75% yield) was obtained as yellow solid following the 
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procedure IV from 3ae (1 mmol, 263 mg), DMAP (3.3 mmol, 720 mg) and (Boc)2O 

(2.2 mmol, 489 mg) stirred for 20 hrs. 1H NMR (400 MHz, CDCl3) δ 9.56 (s, 1H), 8.27 

(s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.36-

7.30 (m, 3H), 7.13 (t, J = 7.6 Hz, 1H), 6.58 (d, J = 17.2 Hz, 2H), 1.44 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ 196.0, 191.6, 152.3, 150.7, 149.1, 141.4, 136.6, 133.6, 128.3, 

128.2, 127.3, 124.4, 123.4, 122.7, 117.1, 83.0, 74.1, 28.1; HRMS Calcd. for 

C22H21NO4Na+ [M+Na]+: 386.1368, found: 386.1372; M.p.: 49-51 ºC.

[]20
D = -103.0 (c 0.10, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 22.596 min, tmajor = 14.894 min.

Racemic Sample of 4

Enantiomeric Sample of 4



69

c) Preparation of compound 5

N
H

O

Ph
H

O

3ae

Pd/CaCO3, H2
N
H

O

Ph
H

O

5

EtOH, RT

Procedure (V): Compound 3ae was dissolved in ethanol, and then 5% Pd/CaCO3 was 

added. The mixture was stirred overnight under a hydrogen balloon at room 

temperature. Then the mixture was filtered through a Celite pad and the solvent 

removed in vacuum, the residue obtained was purified by column chromatography 

(petroleum ether/EtOAc: 20/1 to 15/1) to afford the product 5 in 91% yield with 91% 

ee/94% ee and 43/57 dr.

Note: Compound 5 were inseparable diastereoisomers. 

2-((R)-3-oxo-2-phenylindolin-2-yl)propanal (5)

Compound 5 (48.1 mg, 91% yield, diastereomers, 43:57 dr) were obtained as yellow 

solid following the procedure V from 3ae (0.2 mmol, 52.6 mg) and 5% Pd/CaCO3 (0.1 

mmol, 41.3 mg) stirred for 24 hrs. 1H NMR (400 MHz, CDCl3, diastereomers) δ 9.61 

(s, 1H), 9.48 (s, 1H), 7.60-7.57 (m, 3H), 7.53-7.51 (m, 3H), 7.49-7.45 (m, 2H), 7.36-

7.29 (m, 5H), 7.25-7.22 (m, 1H), 6.98-6.93 (m, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.78 (t, J 
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= 7.6 Hz, 1H), 5.70 (brs, 1H), 5.39 (brs, 1H), 3.83 (q, J = 7.2 Hz, 1H), 3.59 (q, J = 7.2 

Hz, 1H), 1.05 (s, 3H), 1.04 (s, 3H); 13C NMR (100 MHz, CDCl3, diastereomers) δ 

202.9, 201.1, 200.2, 200.0, 160.9, 160.0, 137.8, 137.68, 137.65, 136.7, 129.0, 128.8, 

128.0, 127.9, 125.43, 125.35, 125.29, 125.25, 119.9, 119.8, 119.0, 112.1, 111.5, 72.6, 

71.6, 53.8, 52.5, 9.1, 8.8; HRMS Calcd. for C17H16NO2
+ [M+H]+: 266.1176, found: 

266.1183; M.p.: 167-169 ºC.

[]20
D = -364.0 (c 0.05, CH2Cl2) for 91% and 94% ee; Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/iPrOH = 95/5, 0.5 

mL/min, 230 nm, tminor = 65.593 min, tmajor = 57.335 min and tminor = 104.012 min, tmajor 

= 73.380 min.

Racemic Sample of 5

Enantiomeric Sample of 5
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d) Luche reduction

N
H

O
Ph

H

O

3ae

N
H

O
Ph

OH

6
THF, 0 °C, 18 hrs

NaBH4, CeCl3

Procedure (VI): A solution of NaBH4 and CeCl3 in anhydrous THF was cooled to 0 ℃ 

under nitrogen atmosphere, the solution of 3ae in anhydrous THF was added dropwised 

while maintained temperature at 0 ℃ for full conversion. The mixture was then 

quenched with saturated NH4Cl solution and extracted twice with EtOAc, the organic 

layers were combined and dried over anhydrous Na2SO4. The residue obtained was 

purified by column chromatography (Petroleum ether/EtOAc: 8/1) to afford the product 

6 in 93% yield with 94% ee.

(S)-2-(3-hydroxyprop-1-en-2-yl)-2-phenylindolin-3-one (6)

Compound 6 (24.7 mg, 93% yield) were obtained as yellow solid following the 

procedure VI from 3ae (0.1 mmol, 26.3 mg), NaBH4 (0.11 mmol, 4.2 mg) and CeCl3 

(0.1 mmol, 24.6 mg) stirred for 18 hrs. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 7.6 

Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.36-7.29 (m, 3H), 6.94 (d, 

J = 8.0 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 5.80 (brs, 1H), 5.40 (d, J = 10.8 Hz, 2H), 4.21 

(d, J = 12.8 Hz, 1H), 4.15 (d, J = 12.8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 200.0, 
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160.0, 145.7, 138.4, 137.6, 128.7, 127.9, 126.5, 125.4, 119.8, 119.3, 116.7, 112.6, 75.1, 

65.2; HRMS Calcd. for C17H16NO2
+ [M+H]+: 266.1176, found: 266.1182; M.p.: 47-49 

ºC.

[]20
D = -199.5 (c 0.21, CH2Cl2) for 94% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 80/20, 0.5 mL/min, 230 nm, 

tminor = 14.368 min, tmajor = 12.197 min.

Racemic Sample of 6

Enantiomeric Sample of 6
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e) Tsuji-Wilkinson Decarbonylation

N
Boc

O
Ph

H

O

4

N
Boc

O
Ph

7

Toluene, 120 °C, 20 hrs

(Ph3P)3RhCl

Procedure (VII): The compound 4a (0.1 mmol, 1 equiv.) in dry toluene (2 mL) was 

vigorously purged with nitrogen for 30 min. In an inert atmosphere box, the reaction 

mixture was added Rh(PPh3)3Cl (0.1 mmol, 1 equiv.) and then heated at 120 ℃ for 20 

hrs. The reaction mixture was cooled to room temperature and quenched with H2O, 

Then the mixture was diluted with EtOAc, filtered through a Celite pad and the solvent 

was extracted twice with EtOAc, the organic layers were combined and dried over 

anhydrous Na2SO4. The residue obtained was purified by column chromatography 

(petroleum ether/EtOAc: 40/1 to 30/1) to afford the product 7 in 73% yield with 88% 

ee.

tert-Butyl (R)-3-oxo-2-phenyl-2-vinylindoline-1-carboxylate (7)

Compound 7 (24.6 mg, 73% yield) were obtained as yellow solid following the 

procedure VII from 4a (0.1 mmol, 36.3 mg) and Rh(PPh3)3Cl (0.1 mmol, 93 mg) stirred 

for 20 hrs. 1H NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 7.72 (dd, J = 19.2, 8.0 Hz, 2H), 

7.34-7.27 (m, 3H), 7.24 (d, J = 7.6 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 6.54 (dd, J = 17.6, 

10.8 Hz, 1H), 5.45 (d, J = 10.4 Hz, 1H), 5.38 (d, J = 17.2 Hz, 1H), 1.23 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 196.6, 153.3, 150.5, 138.4, 137.4, 133.3, 128.6, 127.8, 

125.7, 125.0, 123.4, 121.5, 118.0, 116.8, 82.4, 76.2, 27.8; HRMS Calcd. for 

C21H22NO3
+ [M+H]+: 336.1600, found: 336.1601; M.p.: 74-75 ºC.

[]20
D = -176.7 (c 0.38, CH2Cl2) for 88% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel OD-H column, Hexane/iPrOH = 95/5, 0.5 mL/min, 230 nm, 

tminor = 10.745 min, tmajor = 9.639 min.

Racemic Sample of 7
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Enantiomeric Sample of 7
 

f) Pinnick oxidation for the preparation of compound 8

N
Boc

O

Ph
H

O

4

N
Boc

O

Ph

8

THF:t-BuOH:H2O = 1:2:1
0 °C, 5 hrs

COOH

NaClO2, NaH2PO4•H2O,
2-Me-2-butene
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Procedure (VIII): The compound 4 (0.1 mmol, 1 equiv.), NaH2PO4 (0.6 mmol, 6 

equiv.) was dissolved in the mixture solution of THF, t-BuOH and H2O (1:2:1 mL)，2-

Me-2-butene (1 mmol, 10 equiv.) was added dropwised by a syringe at 0 ℃, then 

NaClO (0.5 mmol, 5 equiv.) was added in above solution while mataining temperature 

at 0 ℃ for full conversion. After conversion, the reaction solution was quenched with 

Na2SO3 (0.8 mmol, 8 equiv.), then 0.5 M HCl was added for acidification. The obtained 

mixture was extracted twice with EtOAc and water, the organic layers obtained were 

dried over anhydrous Na2SO4 and purified by column chromatography (DCM/MeOH: 

10/1) to afford the product 8 in 95% yield.

(S)-2-(1-(tert-butoxycarbonyl)-3-oxo-2-phenylindolin-2-yl)acrylic acid (8)

Compound 8 (36 mg, 95% yield) were obtained as yellow solid following the procedure 

VIII from 4a (0.1 mmol, 36.3 mg), NaH2PO4 (0.6 mmol, 93.6 mg), 2-Me-2-butene (1 

mmol, 0.11 mL) and NaClO2 (0.5 mmol, 45.2 mg) stirred for 5 hrs. 1H NMR (400 

MHz, CDCl3) δ 8.23 (d, J = 7.2 Hz, 1H), 7.55-7.50 (m, 2H), 7.44 (d, J = 6.8 Hz, 2H), 

7.32-7.28 (m, 3H), 7.02 (t, J = 7.2 Hz, 1H), 6.54 (s, 1H), 5.71 (s, 2H), 1.38 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 197.5, 170.2, 152.4, 151.3, 142.1, 136.1, 134.5, 132.0, 

128.0, 127.9, 124.3, 123.1, 117.1, 82.9, 76.3, 28.0; HRMS Calcd. for C22H21NO5Na+ 

[M+Na]+: 402.1317, found: 402.1321; M.p.: 170-172 ºC; []20
D = -25.2 (c 0.70, 

CH2Cl2).

g) Preparation of compound 9

N
H

O

Ph
H

O

3ae

N
H

O

Ph

9

MeOH, 0 °C, 45 min

30% H2O2,
24% NaOH

H

O

O

Procedure (IX): A solution of 3ae (0.1 mmol, 1 equiv.) in MeOH was cooled to 0 ℃ 

under nitrogen atmosphere, 30% H2O2 (0.2 mmol, 2 equiv.) was added dropwised 

slowly while keeping temperature at 0 ℃, then 24% NaOH (0.03 mmol, 0.3 equiv.) 

was added in above solution while keeping temperature at 0 ℃ for full conversion. The 

mixture was then quenched with saturated Na2S2O3 solution and extracted twice with 
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EtOAc, the organic layers were combined and dried over anhydrous Na2SO4. The 

residue obtained was purified by column chromatography (Petroleum ether/EtOAc: 

8/1) to afford the product 9 in 44% yield with 93% ee.

2-((S)-3-oxo-2-phenylindolin-2-yl)oxirane-2-carbaldehyde (9)

Compound 9 (12.3 mg, 44% yield) were obtained as yellow solid following the 

procedure IX from 3ae (0.1 mmol, 26.3 mg), 30% H2O2 (0.2 mmol, 22.7 mg, 15 μL) 

and 24% NaOH (0.03 mmol, 5 mg, 5 μL) stirred for 45 mins.
1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 7.50 (dd, J = 18.8, 7.6 Hz, 4H), 7.37-7.29 

(m, 3H), 6.94 (d, J = 8.4 Hz, 1H), 6.83 (t, J = 7.6 Hz, 1H), 5.73 (s, 1H), 4.22 (d, J = 4.4 

Hz, 1H), 3.35 (d, J = 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 196.9, 196.6, 160.5, 

138.0, 136.2, 129.0, 128.4, 125.53, 125.51, 119.5, 118.3, 111.6, 68.8, 61.6, 48.5; 

HRMS Calcd. for C17H14NO3
+ [M+H]+: 280.0968, found: 280.0975; M.p.: 166-168 ºC; 

[]20
D = -307.8 (c 0.20, CH2Cl2). for 93% ee; Enantiomeric excess was determined by 

HPLC with a Chiralcel AD-H column, Hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, 

tminor = 22.317 min, tmajor = 24.102 min.

Racemic Sample of 9

Enantiomeric Sample of 9
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6. X-ray data

N
H

O
Ph

3aa
O

  Table 1.  Crystal data and structure refinement for WD-LY687-ORTH_a-finalcif.

Identification code WD-LY687-ORTH_a

Empirical formula C18 H15 N O2

Formula weight 277.31

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a = 8.8982(5) Å = 90°.

b = 12.1235(7) Å = 90°.

c = 13.0719(7) Å  = 90°.

Volume 1410.16(14) Å3

Z 4

Density (calculated) 1.306 Mg/m3

Absorption coefficient 0.683 mm-1

F(000) 584

Crystal size 0.15 x 0.12 x 0.1 mm3

Theta range for data collection 6.016 to 67.487°.

Index ranges -10<=h<=10, -14<=k<=14, -15<=l<=15

Reflections collected 13582

Independent reflections 2449 [R(int) = 0.0572]

Completeness to theta = 67.487° 97.3 % 

Absorption correction Semi-empirical from equivalents

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2449 / 0 / 191

Goodness-of-fit on F2 1.646
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Final R indices [I>2sigma(I)] R1 = 0.0541, wR2 = 0.1838

R indices (all data) R1 = 0.0555, wR2 = 0.1889

Absolute structure parameter 0.05(11)

Extinction coefficient n/a

Largest diff. peak and hole 0.368 and -0.371 e.Å-3

O

N
H

O
Ph

CHO

3te

Table 1.  Crystal data and structure refinement for LY929_a-finalcif.

Identification code LY929_a

Empirical formula C18 H15 N O3

Formula weight 293.31

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a = 10.4311(17) Å = 90°.

b = 11.3052(17) Å = 90°.

c = 12.2205(18) Å  = 90°.

Volume 1441.1(4) Å3

Z 4

Density (calculated) 1.352 Mg/m3

Absorption coefficient 0.753 mm-1

F(000) 616

Crystal size 0.10 x 0.09 x 0.07 mm3

Theta range for data collection 5.330 to 68.068°.

Index ranges -12<=h<=12, -13<=k<=13, -14<=l<=11

Reflections collected 12864

Independent reflections 2506 [R(int) = 0.0904]

Completeness to theta = 67.679° 97.1 % 



81

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7528 and 0.5246

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2506 / 0 / 200

Goodness-of-fit on F2 1.033

Final R indices [I>2sigma(I)] R1 = 0.0504, wR2 = 0.1031

R indices (all data) R1 = 0.0753, wR2 = 0.1184

Absolute structure parameter 0.0(2)

Extinction coefficient n/a

Largest diff. peak and hole 0.265 and -0.233 e.Å-3
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7. NMR Spectra
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1H, 13C, 31P and 19F NMR spectra of compound LB33 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 3ad (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 3ae (400 MHz, CDCl3)



121

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5

f1 (ppm)

3.
00

0.
92

1.
00

0.
99

2.
01

2.
03

2.
01

1.
00

0.
98

0.
96

2.
29

3

6.
12

9
6.

38
2

6.
78

3
6.

80
2

6.
82

0
6.

90
8

6.
92

8
7.

10
7

7.
12

7
7.

26
0

7.
30

2
7.

32
2

7.
46

6
7.

48
6

7.
50

4
7.

56
6

7.
58

5

9.
54

5

0102030405060708090100110120130140150160170180190200210220

f1 (ppm)

21
.0

03

70
.8

46
76

.6
82

77
.0

00
77

.3
18

11
1.

66
7

11
8.

21
3

11
8.

91
0

12
5.

24
6

12
5.

51
8

12
9.

40
9

13
3.

86
7

13
7.

02
1

13
7.

69
9

13
7.

86
4

14
6.

01
5

15
9.

72
9

19
4.

46
1

19
8.

10
2

1H and 13C NMR spectra of compound 3be (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 3we (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 3xe (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 4 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 5 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 6 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 7 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 8 (400 MHz, CDCl3)
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1H and 13C NMR spectra of compound 9
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8. Tertiary amine catalyzed the reaction

N

O

Ph
N
H

O

Ph O

1a 2a 3aa, 71% yield, 54% ee

EtOAc, rt

-ICD (10 mol%)
O

N

O

N

OH
Et

To a solution of compound 1a (0.1 mmol, 1.0 equiv.) and tertiary amine catalyst 

-ICD (0.01 mmol, 0.1 equiv.) in ethyl acetate (2.0 mL) was added compound 2a (0.15 

mmol, 1.5 equiv.) under nitrogen atmosphere at room temperature. TLC monitor until 

the compound 1a consumed after six hours. The reaction mixture was then concentrated 

on a rotary evaporator under reduce pressure and the residue was subjected to 

purification by column chromatography (silica gel, PE/EtOAc: 15/1 to 10/1, Rf = 0.2-

0.3) to afford the corresponding product 3aa in 71% yield with 54% ee.


