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1. General Information

All reactions were carried out in oven-dried reaction vessel unless otherwise noted and solvents were 

dried according to established procedures. Reactions were monitored by thin layer chromatography (TLC). 

Purification of reaction product was carried out by flash chromatography using Qing Dao Sea Chemical 

Reagent silica gel (200-300 mesh). 1H, 13C and 19F NMR spectra were recorded on Bruker 400 MHz or 500 

MHz spectrometer in CDCl3 unless otherwise noted. Chemical shifts in 1H NMR spectra are reported in parts 

per million (ppm, δ) downfield from the internal standard Me4Si (TMS, δ = 0 ppm). Chemical shifts in 13C NMR 

spectra are reported relative to the central line of the chloroform signal (δ = 77.0 ppm). Data are presented as 

follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet) 

and coupling constant in Hertz (Hz). HPLC analyses were conducted on an Agilent instrument using a Daicel 

Chiralpak IA, IB, IC and AD-H column. High resolution mass spectra were obtained with a Shimadzu LCMS-

IT-TOF mass spectrometer. The single crystal X-ray diffraction studies were carried out on a Xcalibur Onyx 

Nova diffractometer equipped with CuK/α radiation.

Substrates 2,1a 5,1b and 71b were synthesized according to the literature method.
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2. Screening of Catalysts and Condition Optimization

Table S1. Screening of catalysts and optimization of reaction conditions[a]

NN

O

O
+

EtOOC COOEt

N

CF3
Cat. (x mol%)

Solvent, Temperature

1u 2 3u

NN

O

NH
O CF3

COOEtEtOOC

I

H
N

H
N

S

N
F3C

CF3
VIII

N

NH
N

N
H

O O

R1

R2

R3

II R1=H, R2=H R3=H
III R1=H, R2=CF3 R3=CF3

IV R1=OMe, R2=CF3 R3=CF3

N

9
H
N

N H
N

S

R2

R3

R1

V (8R,9R), R1=H, R2=CF3 R3=CF3
VI (8S,9S), R1=H, R2=CF3 R3=CF3

VII (8S,9S), R1=OMe, R2=CF3 R3=CF3

HN

O O

N
H

N

8

N

O
N H

N

S

R2

R3

IX N

H
N

N

S
O

O
CF3

X

Entry Catalyst
(x mol%)

Solvent
(x mL)

Temperature
[oC]

Time Yield[b]

[%]
dr[c] ee[d]

1 I (10) DCM (1) 35 1h 99 >20:1 15
2 II (10) DCM (1) 35 <5min 96 >20:1 5
3 III (10) DCM (1) 35 1.5h 96 >20:1 18
4 IV (10) DCM (1) 35 2h 96 >20:1 19
5 V (10) DCM (1) 35 <30min 96 >20:1 82
6 VI (10) DCM (1) 35 40min 96 >20:1 -75
7 VII (10) DCM (1) 35 <30min 96 >20:1 -55
8 VIII (10) DCM (1) 35 40min 92 >20:1 60
9 IX (10) DCM (1) 35 2h 96 >20:1 76

10 X (10) DCM (1) 35 24h 90 >20:1 84
11 V (10) DCE (1) 35 <30min 96 >20:1 72
12 V (10) CHCl3 (1) 35 <30min 96 >20:1 70
13 V (10) THF (1) 35 <30min 96 >20:1 78
14 V (10) Toluene (1) 35 <30min 96 >20:1 45
15 V (10) MeOH (1) 35 <30min 90 1:8 0
16 V (10) MeCN (1) 35 <30min 90 >20:1 70
17 V (10) MTBE (1) 35 <30min 96 >20:1 75
18 V (10) DCM (1) -20 72h 68 >20:1 63
19 V (10) DCM (1) 0 72h 82 >20:1 81
20 V (10) DCM (1) 10 36h 92 >20:1 82
21 V (10) DCM (1) 25 30min 98 >20:1 84
22 V (5) DCM (1) 25 30min 98 >20:1 68
23 V (20) DCM (1) 25 <30min 98 >20:1 82
24 V (10) DCM (3) 25 1h 98 >20:1 88
25 V (10) DCM (5) 25 1h 98 >20:1 90

26[e] V (10) DCM (5) 25 4h 98 >20:1 46

aUnless otherwise specified, all reactions were carried out with catalyst (x mol%), 1u (0.10 mmol) and 2 (0.15 

mmol) in the indicated solvent (x mL) at 35 oC. [b] Isolated yield of 3u. [c] Determined by 1H NMR analysis of 

the crude product. [d] Determined by chiral-phase HPLC analysis. [e] 50 mg 4Å was used.
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3. Experimental Procedure and Characterization of Products

a. General Procedure to Prepare Racemic Products 3a-3t, 3aa

DCM, RT

Et3N

N

EtOOC COOEt

N

CF3

+
N

O

R1

O

N

NH
O

CF3
O

R1

EtOOC COOEt

1 2 3

R2
R2

Et3N (10 mol%)

To a solution of diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 2 (0.15 mmol, 1.5 equiv.), and catalyst Et3N 

(0.01 mmol, 10 mol%) in DCM (1 mL) was added isatin 1 (0.10 mmol, 1.0 equiv.). The mixture was stirred at 

room temperature until the reaction was completed (monitored by TLC analysis). The crude product was 

purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 8:1~3:1) to 

give the desired racemic products 3a-3t, 3aa.

b. General Procedure to Prepare Chiral Products 3a-3t, 3aa

EtOOC COOEt

N

CF3

+
N

O

R1

O

1 2

R2

N

H
N

N H
N

S

CF3

CF3

V

N

NH
O

CF3
O

R1

EtOOC COOEt

3

R2
V (10 mol%)

DCE, -20oC

To a solution of diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 2 (0.15 mmol, 1.5 equiv.) and catalyst V 

(0.01 mmol, 10 mol%) in DCE (1 mL) was added isatin 1 (0.10 mmol, 1.0 equiv.). The mixture was stirred at -

20 oC until the reaction was completed (monitored by TLC analysis). The crude product was purified directly 

by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 8:1~3:1) to give the desired 

chiral products 3a-3t, 3aa.

c. Analytical Data for Products 3a-3t, 3aa

(3S,4'R)-diethyl 1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3a): 
petroleum ether/ ethyl acetate = 3:1, Rf=0.6.

N

NH
O

CF3
O

EtOOC COOEt

White solid, 95% yield, >20:1 dr, 96% ee, = +40.12 (c = 0.42, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.60 (dd, J = 7.4, 0.6 Hz, 1H), 7.38 (td, J = 7.8, 1.2 Hz, 1H), 7.14 (t, J = 7.2 Hz, 

1H), 6.82 (d, J = 7.8 Hz, 1H), 4.67 (d, J = 13.6 Hz, 1H), 4.51-4.38 (m, 2H), 4.37-4.26 (m, 3H), 3.15 (s, 3H), 

1.34 (dt, J = 8.8, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.82, 167.43, 165.26, 144.64, 131.33, 124.84, 123.70, 123.68, 122.51 (q, J = 

279.6 Hz), 108.87, 94.32, 81.25, 67.66 (q, J = 31.3 Hz), 63.28, 63.07, 26.43, 14.07, 14.04;
19F NMR (376 MHz, CDCl3) δ: -69.09.
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HRMS (ESI): m/z calcd. for C18H20N2O6F3 [M+H]+: 417.1268; found: 417.1264.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 90/10, flow rate 1.0 mL·min-1, λ = 254 nm): tmajor = 6.4 min, tminor = 7.5 min.

(3S,4'R)-diethyl 5-fluoro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3b): petroleum ether/ ethyl acetate = 3:1, Rf=0.6.

N

NH
O

CF3
O

EtOOC COOEt

F

Light yellow oil, 97% yield, >20:1 dr, 94% ee, = +52.38 (c = 0.37, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.40 (dd, J = 7.4, 2.6 Hz, 1H), 7.08 (td, J = 8.8, 2.6 Hz, 1H), 6.76 (dd, J = 8.5, 

3.9 Hz, 1H), 4.66 (d, J = 13.7 Hz, 1H), 4.51-4.37 (m, 2H), 4.36-4.24 (m, 3H), 3.14 (s, 3H), 1.34 (dt, J = 9.8, 7.1 

Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.61, 167.28, 165.01, 159.70 (d, J = 243.0 Hz), 140.57 (d, J = 2.1 Hz), 

125.46 (d, J = 8.2 Hz), 122.40 (q, J = 279.5 Hz), 117.63 (d, J = 23.7 Hz), 113.18 (d, J = 25.5 Hz), 109.61 (d, J 

= 7.9 Hz), 94.51, 81.09, 67.91 (q, J = 31.6 Hz), 63.38, 63.20, 26.59, 14.06, 14.04;
19F NMR (376 MHz, CDCl3) δ: -69.09, -118.71.

HRMS (ESI): m/z calcd. for C18H19N2O6F4 [M+H]+: 435.1174; found: 435.1169.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 8.2 min, tminor = 10.9 min.

(3S,4'R)-diethyl 5-chloro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3c): petroleum ether/ ethyl acetate = 3:1, Rf=0.6.

N

NH
O

CF3
O

EtOOC COOEt

Cl

Colorless oil, 92% yield, >20:1 dr, 95% ee, = +70.02 (c = 0.40, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.61 (d, J = 2.1 Hz, 1H), 7.35 (dd, J = 8.3, 2.1 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 

4.65 (d, J = 13.7 Hz, 1H), 4.50-4.37 (m, 2H), 4.36-4.24 (m, 3H), 3.13 (s, 3H), 1.34 (dt, J = 13.9, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.42, 167.23, 164.98, 143.16, 131.24, 129.15, 125.51, 125.43, 122.38 (q, J = 

279.6 Hz), 109.91, 94.50, 80.91, 67.87 (q, J = 31.6 Hz), 63.38, 63.23, 26.57, 14.05, 14.02;
19F NMR (376 MHz, CDCl3) δ: -69.04.

HRMS (ESI): m/z calcd. for C18H19ClN2O6F3 [M+H]+: 451.0878; found: 451.0873.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 8.4 min, tminor = 10.3 min.

(3S,4'R)-diethyl 5-bromo-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3d): petroleum ether/ ethyl acetate = 3:1, Rf=0.6.

N

NH
O

CF3
O

EtOOC COOEt

Br

Yellow solid, 95% yield, >20:1 dr, 95% ee, = +77.26 (c = 0.28, MeOH).20][ Da

1H NMR (500 MHz, CDCl3) δ: 7.75 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 8.1 Hz, 1H), 4.65 (d, J = 13.6 



S7

Hz, 1H), 4.50-4.38 (m, 2H), 4.37-4.25 (m, 3H), 3.14 (s, 3H), 1.40-1.29 (m, 6H);
13C NMR (126 MHz, CDCl3) δ: 172.33, 167.24, 164.99, 143.70, 134.17, 128.19, 125.86, 122.40 (q, J = 279.6 

Hz), 116.30, 110.35, 94.53, 80.88, 67.92 (q, J = 31.5 Hz), 63.39, 63.24, 26.57, 14.08, 14.04;
19F NMR (471 MHz, CDCl3) δ: -69.01.

HRMS (ESI): m/z calcd. for C18H19BrN2O6F3 [M+H]+: 495.0373; found: 495.0363.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 90/10, 0.8 mL·min-1, λ = 254 nm): tmajor = 8.1 min, tminor = 9.3 min.

(3S,4'R)-diethyl 1-methyl-2-oxo-5-(trifluoromethoxy)-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-

dicarboxylate (3e): petroleum ether/ ethyl acetate = 3:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

F3CO

colourless foam, 98% yield, >20:1 dr, 93% ee, = +44.49 (c = 0.45, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.53 (d, J = 1.7 Hz, 1H), 7.26 (dd, J = 8.5, 1.5 Hz, 1H), 6.83 (d, J = 8.5 Hz, 1H), 

4.66 (d, J = 13.7 Hz, 1H), 4.52-4.37 (m, 2H), 4.32 (tdd, J = 10.2, 6.9, 3.3 Hz, 3H), 3.16 (s, 3H), 1.34 (dt, J = 9.4, 

7.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 172.69, 167.17, 165.01, 145.45, 143.24, 125.47, 124.38, 122.37 (q, J = 279.4 

Hz), 120.59 (q, J = 257.1 Hz), 118.98, 109.52, 94.59, 80.94, 67.98 (q, J = 31.7 Hz), 63.45, 63.26, 26.64, 14.04;
19F NMR (376 MHz, CDCl3) δ: -58.35, -69.10.

HRMS (ESI): m/z calcd. for C19H19N2O7F6 [M+H]+: 501.1092; found: 501.1096.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 7.0 min, tminor = 13.8 min.

(3S,4'R)-diethyl 5-methoxy-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-

dicarboxylate (3f): petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

MeO

colourless foam, 92% yield, >20:1 dr, 97% ee, = +75.65 (c = 0.37, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.23 (d, J = 2.6 Hz, 1H), 6.89 (dd, J = 8.5, 2.6 Hz, 1H), 6.73 (d, J = 8.5 Hz, 1H), 

4.67 (d, J = 13.7 Hz, 1H), 4.51-4.38 (m, 2H), 4.35-4.23 (m, 3H), 3.81 (s, 3H), 3.12 (s, 3H), 1.34 (dt, J = 10.1, 

7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.59, 167.41, 165.21, 156.76, 137.92, 124.89, 122.50 (q, J = 279.5 Hz), 

115.95, 111.70, 109.46, 94.38, 81.47, 67.84 (q, J = 31.4 Hz), 63.27, 63.06, 55.97, 26.51, 14.09, 14.04;
19F NMR (376 MHz, CDCl3) δ: -69.08.

HRMS (ESI): m/z calcd. for C19H22N2O7F3 [M+H]+: 447.1374; found: 447.1368.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 11.2 min, tminor = 21.0 min.

(3S,4'R)-diethyl 1,5-dimethyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3g): 

petroleum ether/ ethyl acetate = 3:1, Rf=0.5.
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N

NH
O

CF3
O

EtOOC COOEt

colourless foam, 90% yield, >20:1 dr, 96% ee, = +67.31 (c = 0.35, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.40 (s, 1H), 7.16 (d, J = 8.6 Hz, 1H), 6.70 (d, J = 7.9 Hz, 1H), 4.68 (d, J = 13.7 

Hz, 1H), 4.49-4.38 (m, 2H), 4.37-4.24 (m, 3H), 3.12 (s, 3H), 2.35 (s, 3H), 1.33 (dt, J = 14.1, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.77, 167.53, 165.25, 142.26, 133.41, 131.56, 125.49, 123.59, 122.53 (q, J = 

279.6 Hz), 108.65, 94.25, 81.36, 67.61 (q, J = 31.3 Hz), 63.22, 63.05, 26.43, 21.16, 14.06, 14.03;
19F NMR (376 MHz, CDCl3) δ: -69.07.

HRMS (ESI): m/z calcd. for C19H22N2O6F3 [M+H]+: 431.1424; found: 431.1423.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 90/10, 1 mL·min-1, λ = 254 nm): tmajor = 5.7 min, tminor = 6.6 min.

(3S,4'R)-diethyl 4-fluoro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3h): petroleum ether/ ethyl acetate = 8:1, Rf=0.5.

N

NH
O

CF3
O

EtOOC COOEt

F

colourless foam, 95% yield, >20:1 dr, 95% ee, = +56.36 (c = 0.28, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.37 (td, J = 8.2, 5.5 Hz, 1H), 6.79 (t, J = 8.8 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 

4.74-4.62 (m, 2H), 4.47-4.39 (m, 1H), 4.38-4.26 (m, 3H), 3.13 (s, 3H), 1.33 (td, J = 7.1, 2.4 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 171.95, 166.78, 165.54, 159.80 (d, J = 253.7 Hz), 146.65 (d, J = 7.6 Hz), 

133.64 (d, J = 9.0 Hz), 122.46 (q, J = 279.5 Hz), 111.47 (d, J = 20.3 Hz), 108.45 (d, J = 18.2 Hz), 105.16 (d, J 

= 3.2 Hz), 94.66, 80.77, 64.50 (qd, J = 31.5, 1.1 Hz), 63.26, 63.03, 26.79, 14.02, 13.94;
19F NMR (376 MHz, CDCl3) δ: -69.13, -116.81.

HRMS (ESI): m/z  calcd. for C18H19N2O6F4 [M+H]+: 435.1174; found: 435.1180.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 11.8 min, tminor = 22.3 min.

(3S,4'R)-diethyl 4-chloro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3i): petroleum ether/ ethyl acetate = 8:1, Rf=0.6.

N

NH
O

CF3
O

EtOOC COOEt

Cl

colourless foam, 88% yield, >20:1 dr, 95% ee, = +40.36 (c = 0.45, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.31 (t, J = 8.1 Hz, 1H), 7.04 (d, J = 8.2 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 5.00 

(dq, J = 13.8, 6.9 Hz, 1H), 4.60 (d, J = 12.9 Hz, 1H), 4.45-4.27 (m, 4H), 3.13 (s, 3H), 1.32 (td, J = 7.1, 5.1 Hz, 

6H);
13C NMR (101 MHz, CDCl3) δ: 171.90, 166.36, 165.74, 146.60, 132.66, 132.24, 124.86, 122.46 (q, J = 279.5 

Hz), 118.66, 107.54, 94.88, 81.79, 63.22, 63.01, 63.00 (q, J = 31.5 Hz), 26.60, 14.07;
19F NMR (376 MHz, CDCl3) δ: -69.16.

HRMS (ESI): m/z calcd. for C18H19ClN2O6F3 [M+H]+: 451.0878; found: 451.0870.
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HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 99/1, 1 mL·min-1, λ = 254 nm): tmajor = 28.4 min, tminor = 55.2 min.

(3S,4'R)-diethyl 6-chloro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3j): petroleum ether/ ethyl acetate = 3:1, Rf=0.4.

N

NH
O

CF3
O

EtOOC COOEt

Cl

colourless foam, 93% yield, >20:1 dr, 95% ee, = +43.76 (c = 0.38, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.54 (d, J = 8.0 Hz, 1H), 7.11 (dd, J = 8.0, 1.7 Hz, 1H), 6.83 (d, J = 1.7 Hz, 1H), 

4.64 (d, J = 13.7 Hz, 1H), 4.51-4.37 (m, 2H), 4.36-4.23 (m, 3H), 3.13 (s, 3H), 1.33 (dd, J = 13.5, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.77, 167.31, 165.05, 145.79, 137.32, 125.93, 123.58, 122.42 (q, J = 279.4 

Hz), 122.21, 109.75, 94.39, 80.81, 67.71 (q, J = 31.5 Hz), 63.37, 63.15, 26.57, 14.06, 14.04;
19F NMR (376 MHz, CDCl3) δ: -69.06.

HRMS (ESI): m/z calcd. for C18H19ClN2O6F3 [M+H]+: 451.0878; found: 451.0873.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 99/1, 1 mL·min-1, λ = 254 nm): tmajor = 15.0 min, tminor = 43.8 min.

(3S,4'R)-diethyl 6-bromo-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3k): petroleum ether/ ethyl acetate = 3:1, Rf=0.5.

N

NH
O

CF3
O

EtOOC COOEt

Br

colourless oil, 98% yield, >20:1 dr, 94% ee, = +32.65 (c = 0.37, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.48 (d, J = 7.9 Hz, 1H), 7.28 (dd, J = 7.9, 1.6 Hz, 1H), 6.98 (d, J = 1.6 Hz, 1H), 

4.65 (d, J = 13.7 Hz, 1H), 4.51-4.37 (m, 2H), 4.37-4.23 (m, 3H), 3.13 (s, 3H), 1.34 (dd, J = 13.2, 7.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 172.67, 167.32, 165.05, 145.85, 126.57, 126.22, 125.25, 122.79, 122.43 (q, J = 

281.0 Hz), 112.54, 94.42, 80.87, 67.70 (q, J = 31.4 Hz), 63.39, 63.18, 26.59, 14.07, 14.06;
19F NMR (376 MHz, CDCl3) δ: -69.04.

HRMS (ESI): m/z calcd. for C18H19BrN2O6F3 [M+H]+: 495.0373; found: 495.0366.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 280 nm): tmajor = 9.5 min, tminor = 20.5 min.

(3S,4'R)-diethyl 7-fluoro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate 

(3l): petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

F

colourless oil, 93% yield, >20:1 dr, 96% ee, = +49.03 (c = 0.32, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.43 (dd, J = 6.9, 1.4 Hz, 1H), 7.15-7.04 (m, 2H), 4.67 (d, J = 13.7 Hz, 1H), 4.51-

4.38 (m, 2H), 4.38-4.24 (m, 3H), 3.36 (d, J = 2.6 Hz, 3H), 1.34 (dd, J = 13.5, 7.0 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.54, 167.32, 165.09, 147.78 (d, J = 244.9 Hz), 131.12 (d, J = 9.1 Hz), 

126.62 (d, J = 3.2 Hz), 124.42 (d, J = 6.3 Hz), 122.42 (q, J = 280.5 Hz), 120.82 (d, J = 3.2 Hz), 119.40 (d, J = 
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19.2 Hz), 94.46, 81.00, 68.03 (q, J = 31.6 Hz), 63.37, 63.15, 29.03 (d, J = 5.5 Hz), 14.07;
19F NMR (376 MHz, CDCl3) δ: -69.08, -135.67.

HRMS (ESI): m/z calcd. for C18H19N2O6F4 [M+H]+ : 435.1174; found: 435.1172.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 220 nm): tmajor = 6.2 min, tminor = 11.1 min.

(3S,4'R)-diethyl 1,7-dimethyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3m): 

petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

colourless foam, 98% yield, >20:1 dr, 95% ee, = +37.33 (c = 0.15, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.44 (d, J = 7.2 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 4.68 

(d, J = 13.6 Hz, 1H), 4.49-4.36 (m, 2H), 4.36-4.21 (m, 3H), 3.40 (s, 3H), 2.52 (s, 3H), 1.33 (dd, J = 15.4, 7.2 Hz, 

6H);
13C NMR (126 MHz, CDCl3) δ: 173.60, 167.48, 165.36, 142.24, 135.03, 124.28, 123.60, 122.74, 122.53 (q, J = 

279.6 Hz), 120.56, 94.16, 80.81, 67.85 (q, J = 31.3 Hz), 63.20, 63.00, 29.79, 18.88, 14.05, 14.03;
19F NMR (376 MHz, CDCl3) δ: -69.11.

HRMS (ESI): m/z calcd. for C19H22N2O6F3 [M+H]+: 431.1424; found: 431.1422.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 9.4 min, tminor = 20.7 min.

(3S,4'R)-diethyl 4,6-difluoro-1-methyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-

dicarboxylate (3n): petroleum ether/ ethyl acetate = 3:1, Rf=0.5.

N

NH
O

CF3
O

EtOOC COOEt

F

F

colourless oil, 93% yield, >20:1 dr, 93% ee, = +30.94 (c = 0.35, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 6.53 (td, J = 9.5, 2.0 Hz, 1H), 6.42 (dd, J = 8.1, 1.8 Hz, 1H), 4.67-4.60 (m, 2H), 

4.47-4.40 (m, 1H), 4.36-4.25 (m, 3H), 3.12 (s, 3H), 1.33 (t, J = 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.18, 166.70, 165.73 (dd, J = 252.4, 12.8 Hz), 165.46, 160.06 (dd, J = 255.4, 

14.6 Hz), 147.72 (dd, J = 14.0, 10.0 Hz), 122.41 (q, J = 279.3 Hz), 104.18 (dd, J = 18.4, 3.6 Hz), 99.20 (dd, J 

= 26.0, 24.8 Hz), 94.67 (dd, J = 27.8, 3.6 Hz), 94.59, 80.46, 64.47 (q, J = 31.5 Hz), 63.37, 63.11, 26.92, 14.04, 

13.96;
19F NMR (376 MHz, CDCl3) δ: -69.11, -102.27 (d, J = 9.9 Hz), -112.76 (d, J = 9.9 Hz).

HRMS (ESI): m/z calcd. for C18H18N2O6F5 [M+H]+: 453.1080; found: 453.1083.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 8.8 min, tminor = 16.9 min.

(3S,4'R)-diethyl 5-chloro-1,7-dimethyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-

dicarboxylate (3o): petroleum ether/ ethyl acetate = 3:1, Rf=0.4.
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N

NH
O

CF3
O

EtOOC COOEt

Cl

colourless oil, 97% yield, >20:1 dr, 96% ee, = +56.19 (c = 0.37, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.46 (d, J = 2.1 Hz, 1H), 7.10 (d, J = 1.8 Hz, 1H), 4.66 (d, J = 13.7 Hz, 1H), 

4.49-4.38 (m, 2H), 4.36-4.20 (m, 3H), 3.39 (s, 3H), 2.50 (s, 3H), 1.34 (dt, J = 13.5, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 173.27, 167.29, 165.11, 140.88, 134.51, 128.74, 126.09, 123.11, 122.39 (q, J = 

279.6 Hz), 122.21, 94.33, 80.52, 68.05 (q, J = 31.4 Hz), 63.33, 63.20, 29.81, 18.70, 14.06, 14.03;
19F NMR (376 MHz, CDCl3) δ: -69.05.

HRMS (ESI): m/z  calcd. for C19H21ClN2O6F3 [M+H]+: 465.1035; found: 465.1039.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 8.3 min, tminor = 20.9 min.

(3S,4'R)-diethyl 1,5,7-trimethyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3p): 

petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

colourless oil, 91% yield, >20:1 dr, 98% ee, = +49.82 (c = 0.38, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.24 (s, 1H), 6.90 (s, 1H), 4.68 (d, J = 13.7 Hz, 1H), 4.52-4.40 (m, 2H), 4.34-

4.21 (m, 3H), 3.38 (s, 3H), 2.47 (s, 3H), 2.29 (s, 3H), 1.36-1.29 (m, 6H);
13C NMR (101 MHz, CDCl3) δ: 173.56, 167.59, 165.37, 139.80, 135.47, 133.25, 124.23, 123.29, 122.55 (q, J = 

279.6 Hz), 120.28, 94.09, 80.95, 67.80 (q, J = 31.2 Hz), 63.17, 63.02, 29.74, 20.85, 18.73, 14.06, 14.03;
19F NMR (376 MHz, CDCl3) δ: -69.07.

HRMS (ESI): m/z calcd. for C20H24N2O6F3 [M+H]+: 445.1581; found: 445.1576.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 7.4 min, tminor = 13.9 min.

(3S,4'R)-diethyl 2-oxo-1-propyl-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3q): 

petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

EtOOC COOEt

colourless oil, 98% yield, >20:1 dr, 97% ee, = +54.91 (c = 0.11, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.59 (d, J = 7.4 Hz, 1H), 7.35 (td, J = 7.8, 1.0 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 

6.83 (d, J = 7.9 Hz, 1H), 4.68 (d, J = 13.7 Hz, 1H), 4.50-4.38 (m, 2H), 4.38-4.24 (m, 3H), 3.73 (dt, J = 14.4, 7.4 

Hz, 1H), 3.43 (dt, J = 14.1, 7.1 Hz, 1H), 1.71-1.60 (m, 2H), 1.33 (dt, J = 11.6, 7.1 Hz, 6H), 0.93 (t, J = 7.4 Hz, 

3H);
13C NMR (101 MHz, CDCl3) δ: 172.82, 167.45, 165.31, 144.27, 131.24, 124.95, 123.78, 123.41, 122.55 (q, J = 

279.5 Hz), 109.10, 94.28, 81.18, 67.67 (q, J = 31.3 Hz), 63.24, 63.05, 41.97, 20.70, 14.07, 14.04, 11.28;
19F NMR (376 MHz, CDCl3) δ: -68.99.

HRMS (ESI): m/z calcd. for C20H24N2O6F3 [M+H]+: 445.1581; found: 445.1578.
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HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 6.2 min, tminor = 9.2 min.

(3S,4'R)-diethyl 1-benzyl-2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3r): 

petroleum ether/ ethyl acetate = 8:1, Rf=0.4.

N

NH
O

CF3
O

Bn

EtOOC COOEt

colourless foam, 92% yield, >20:1 dr, 96% ee, = +41.71 (c = 0.43, MeOH).20][ Da

1H NMR (500 MHz, CDCl3) δ: 7.61 (d, J = 6.8 Hz, 1H), 7.30 (d, J = 6.0 Hz, 2H), 7.26 (s, 4H), 7.10 (t, J = 6.6 Hz, 

1H), 6.68 (d, J = 7.3 Hz, 1H), 5.05 (d, J = 15.7 Hz, 1H), 4.73 (d, J = 13.6 Hz, 1H), 4.61 (d, J = 15.6 Hz, 1H), 

4.52-4.28 (m, 5H), 1.35 (dd, J = 14.5, 7.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 172.99, 167.43, 165.30, 143.90, 135.10, 131.26, 128.93, 127.92, 127.37, 

124.92, 123.71, 122.40 (q, J = 330.4 Hz), 110.02, 94.38, 81.28, 67.69 (q, J = 31.4 Hz), 63.31, 63.10, 44.23, 

14.09, 14.07;
19F NMR (471 MHz, CDCl3) δ: -68.75.

HRMS (ESI): m/z calcd. for C24H24N2O6F3 [M+H]+: 493.1581; found: 493.1572.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 220 nm): tmajor = 8.6 min, tminor = 10.5 min.

(3S,4'R)-diethyl 2-oxo-1-phenyl-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3s): 

petroleum ether/ ethyl acetate = 8:1, Rf=0.3.

N

NH
O

CF3
O

Ph

EtOOC COOEt

colourless foam, 90% yield, >20:1 dr, 94% ee, = +22.52 (c = 0.16, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.70 (d, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.40 (t, J = 7.5 Hz, 1H), 7.35 (d, 

J = 7.2 Hz, 2H), 7.31 (dd, J = 7.8, 1.2 Hz, 1H), 7.18 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 7.9 Hz, 1H), 4.73 (d, J = 

13.7 Hz, 1H), 4.50-4.37 (m, 3H), 4.36-4.28 (m, 2H), 1.35 (dt, J = 19.8, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 172.30, 167.44, 165.13, 144.56, 133.53, 131.23, 129.84, 128.59, 126.28, 

125.19, 124.18, 123.57, 122.67 (q, J = 279.4 Hz), 110.21, 94.54, 81.46, 68.32 (q, J = 31.3 Hz), 63.35, 63.14, 

14.11, 14.06;
19F NMR (376 MHz, CDCl3) δ: -68.77.

HRMS (ESI): m/z calcd. for C23H22N2O6F3 [M+H]+: 479.1424; found: 479.1422.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 99/1, 1 mL·min-1, λ = 254 nm): tmajor = 16.0 min, tminor = 32.5 min.

(3S,4'R)-diethyl 2-oxo-4'-(trifluoromethyl)spiro[indoline-3,5'-oxazolidine]-2',2'-dicarboxylate (3t): petroleum 

ether/ ethyl acetate = 3:1, Rf=0.4.

N
H

NH
O

CF3
O

EtOOC COOEt

Yellow oil, 58% yield, >20:1 dr, 96% ee, = +22.37 (c = 0.35, MeOH).20][ Da
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1H NMR (400 MHz, CDCl3) δ: 8.14 (s, 1H), 7.59 (d, J = 7.4 Hz, 1H), 7.32 (td, J = 7.8, 1.2 Hz, 1H), 7.12 (td, J = 

7.7, 0.7 Hz, 1H), 6.87 (d, J = 7.8 Hz, 1H), 4.64 (d, J = 13.7 Hz, 1H), 4.49-4.39 (m, 2H), 4.38-4.26 (m, 3H), 1.34 

(dt, J = 14.5, 7.1 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ: 174.85, 167.39, 165.34, 141.68, 131.36, 125.27, 124.14, 123.76, 122.52 (q, J = 

279.6 Hz), 110.80, 94.38, 81.52, 67.88 (q, J = 31.4 Hz), 63.34, 63.15, 14.10, 14.06;
19F NMR (376 MHz, CDCl3) δ: -69.12.

HRMS (ESI): m/z calcd. for C17H18N2O6F3 [M+H]+: 403.1111; found: 403.1105.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 220 nm): tmajor = 9.1 min, tminor = 14.8 min.

(4R,5S)-triethyl 4,5-bis(trifluoromethyl)oxazolidine-2,2,5-tricarboxylate (3aa): petroleum ether/ ethyl acetate = 

8:1, Rf=0.6.

F3C
COOEt

NH
O

CF3

EtOOC COOEt

Colorless oil, 86% yield, >20:1 dr, 80% ee, = +16.32 (c = 0.28, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 4.51 – 4.19 (m, 8H), 1.37 – 1.29 (m, 9H);
13C NMR (101 MHz, CDCl3) δ: 165.94, 165.41, 163.07, 122.26 (q, J = 280.1 Hz), 122.03 (q, J = 284.8 Hz), 

95.86, 84.00 (q, J = 31.1 Hz), 64.43 (q, J = 33.2 Hz), 63.77, 63.46, 63.41, 14.03, 13.93, 13.71;
19F NMR (376 MHz, CDCl3) δ: -70.09 (dq, J = 7.8, 3.9 Hz), -73.87 (q, J = 3.9 Hz).

HRMS (ESI): m/z calcd. for C14H18NO7F6 [M+H]+: 426.0982; found: 426.0984.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH 

= 98/2, 1 mL·min-1, λ = 220 nm): tmajor = 7.2 min, tminor = 22.8 min.
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d. General Procedure to Prepare Racemic Products 3u-3z

DCM, 25 oC

Et3N

N

EtOOC COOEt

N

CF3

+
N N

O

R3

O

N N

NH
O

CF3
O

R3

EtOOC COOEt

1 2 3

Et3N (10 mol%)

To a solution of diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 2 (0.15 mmol, 1.5 equiv.), and catalyst Et3N 

(0.01 mmol, 10 mol%) in DCM (1 mL) was added pyrazolone 1 (0.10 mmol, 1.0 equiv.). The mixture was 

stirred at room temperature until the reaction was completed (monitored by TLC analysis). The crude product 

was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~10:1) 

to give the desired racemic products 3u-3z.

e. General Procedure to Prepare Chiral Products 3u-3z

EtOOC COOEt

N

CF3

+
N N

O

R3

O

1 2

N

H
N

N H
N

S

CF3

CF3

V

N N

NH
O

CF3
O

R3

EtOOC COOEt

3

V (10 mol%)

DCM, 25oC

To a solution of diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 2 (0.15 mmol, 1.5 equiv.) and catalyst V 

(0.01 mmol, 10 mol%) in DCE (1 mL) was added pyrazolone 1 (0.10 mmol, 1.0 equiv.). The mixture was 

stirred at 25 oC until the reaction was completed (monitored by TLC analysis). The crude product was purified 

directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~10:1) to give the 

desired chiral products 3u-3z.

f. Analytical Data for Products 3u-3z

(4R,5R)-diethyl-6-methyl-9-oxo-8-phenyl-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-2,2-

dicarboxylate (3u): petroleum ether/ ethyl acetate = 10:1, Rf=0.5.

N N

NH
O

CF3
O

EtOOC COOEt

Colorless oil, 98% yield, >20:1 dr, 90% ee, = +28.31 (c = 0.38, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.77 (d, J = 7.7 Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.20 (t, J = 7.4 Hz, 1H), 4.68 (d, 

J = 13.6 Hz, 1H), 4.51 – 4.43 (m, 1H), 4.42 – 4.33 (m, 2H), 4.33 – 4.21 (m, 2H), 2.32 (s, 3H), 1.34 (td, J = 7.1, 

4.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 168.22, 166.64, 164.73, 155.72, 137.29, 129.06, 125.83, 122.05 (q, J = 279.2 

Hz), 118.88, 95.05, 82.32, 65.05 (q, J = 32.6 Hz), 63.68, 63.32, 14.04, 13.05;
19F NMR (376 MHz, CDCl3) δ: -68.94.

HRMS (ESI): m/z calcd. for C19H21N3O6F3 [M+H]+: 444.1377; found: 444.1375.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-
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PrOH = 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 7.9 min, tminor = 7.3 min.

(4R,5R)-diethyl-8-(2-chlorophenyl)-6-methyl-9-oxo-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-

2,2-dicarboxylate (3v): petroleum ether/ ethyl acetate = 10:1, Rf=0.5.

N N

NH
O

CF3
O

EtOOC COOEt

Cl

Colorless oil, 96% yield, >20:1 dr, 85% ee, = +22.33 (c = 0.30, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ 7.54 – 7.45 (m, 1H), 7.39 – 7.27 (m, 3H), 4.63 (d, J = 13.6 Hz, 1H), 4.49 – 4.41 

(m, 1H), 4.41 – 4.33 (m, 2H), 4.32 – 4.21 (m, 2H), 2.30 (s, 3H), 1.34 (t, J = 7.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 168.91, 166.62, 164.57, 155.65, 133.83, 131.67, 130.76, 130.11, 128.13, 

127.56, 122.05 (q, J = 279.4 Hz), 95.07, 81.23, 64.91 (q, J = 32.7 Hz), 63.67, 63.34, 14.03, 13.08;
19F NMR (376 MHz, CDCl3) δ -68.72.

HRMS (ESI): m/z calcd. for C19H20N3O6F3Cl [M+H]+: 478.0987; found: 478.0989.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IC column (hexane/i-PrOH 

= 95/5, 0.8 mL·min-1, λ = 254 nm): tmajor = 9.5 min, tminor = 8.5 min.

(4R,5R)-diethyl-8-(3-chlorophenyl)-6-methyl-9-oxo-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-

2,2-dicarboxylate (3w): petroleum ether/ ethyl acetate = 10:1, Rf=0.4.

N N

NH
O

CF3
O

EtOOC COOEt

Cl

Colorless oil, 96% yield, >20:1 dr, 80% ee, = +6.40 (c = 0.25, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.85 (t, J = 2.0 Hz, 1H), 7.79 – 7.66 (m, 1H), 7.30 (t, J = 8.2 Hz, 1H), 7.17 (dd, J 

= 8.4, 1.5 Hz, 1H), 4.66 (d, J = 13.6 Hz, 1H), 4.53 – 4.43 (m, 1H), 4.42 – 4.33 (m, 2H), 4.31 – 4.21 (m, 2H), 

2.32 (s, 3H), 1.38 – 1.32 (m, 6H);
13C NMR (126 MHz, CDCl3) δ: 168.16, 166.42, 164.55, 156.10, 138.20, 134.76, 130.02, 125.61, 121.87 (q, J = 

279.4 Hz), 118.56, 116.39, 94.98, 82.22, 65.01 (q, J = 32.6 Hz), 63.63, 63.25, 13.92, 12.95;
19F NMR (376 MHz, CDCl3) δ: -68.91

HRMS (ESI): m/z calcd. for C19H20N3O6F3Cl [M+H]+: 478.0987; found: 478.0988.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IC column (hexane/i-PrOH 

= 95/5, 0.8 mL·min-1, λ = 254 nm): tmajor = 6.1 min, tminor = 7.8 min.

(4R,5R)-diethyl-8-(4-bromophenyl)-6-methyl-9-oxo-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-

2,2-dicarboxylate (3x): petroleum ether/ ethyl acetate = 10:1, Rf=0.4.

N N

NH
O

CF3
O

EtOOC COOEt

Br

Colorless oil, 98% yield, >20:1 dr, 77% ee, = +14.33 (c = 0.31, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 7.70 (d, J = 9.0 Hz, 2H), 7.49 (d, J = 9.0 Hz, 2H), 4.65 (d, J = 13.6 Hz, 1H), 4.52 
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– 4.42 (m, 1H), 4.41 – 4.32 (m, 2H), 4.31 – 4.19 (m, 2H), 2.32 (s, 3H), 1.34 (td, J = 7.1, 3.7 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 168.18, 166.57, 164.68, 156.18, 136.39, 132.10, 122.00 (q, J = 279.4 Hz), 

120.19, 118.74, 95.10, 82.32, 65.13 (q, J = 32.5 Hz), 63.75, 63.38, 14.06, 13.09;
19F NMR (376 MHz, CDCl3) δ: 68.93.

HRMS (ESI): m/z calcd. for C19H20N3O6F3Br [M+H]+: 522.0482; found: 522.0483.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IC column (hexane/i-PrOH 

= 95/5, 1 mL·min-1, λ = 254 nm): tmajor = 5.0 min, tminor = 6.5 min.

(4R,5R)-diethyl-8-(tert-butyl)-6-methyl-9-oxo-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-2,2-

dicarboxylate (3y): petroleum ether/ ethyl acetate = 10:1, Rf=0.3.

N N

NH
O

CF3
O

EtOOC COOEt

Colorless oil, 98% yield, >20:1 dr, 82% ee, = +39.67 (c = 0.30, MeOH).20][ Da

1H NMR (500 MHz, CDCl3) δ: 4.54 (d, J = 13.6 Hz, 1H), 4.50 – 4.41 (m, 1H), 4.40 – 4.31 (m, 2H), 4.29 – 4.21 

(m, 1H), 4.08 (dq, J = 13.5, 6.7 Hz, 1H), 2.14 (s, 3H), 1.42 (s, 9H), 1.35 – 1.29 (m, 6H);
13C NMR (126 MHz, CDCl3) δ: 169.93, 166.82, 164.87, 152.95, 122.15 (q, J = 279.3 Hz), 94.80, 82.50, 64.57 

(q, J = 32.2 Hz), 63.52, 63.15, 58.01, 27.90, 14.03, 12.87;
19F NMR (471 MHz, CDCl3) δ: -69.19.

HRMS (ESI): m/z calcd. for C17H25N3O6F3 [M+H]+: 424.1690; found: 424.1688.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IC column (hexane/i-PrOH 

= 98/2, 1 mL·min-1, λ = 254 nm): tmajor = 8.4 min, tminor = 7.7 min.

(4R,5R)-diethyl 6,8-dimethyl-9-oxo-4-(trifluoromethyl)-1-oxa-3,7,8-triazaspiro[4.4]non-6-ene-2,2-dicarboxylate 

(3z): petroleum ether/ ethyl acetate = 10:1, Rf=0.3.

N N

NH
O

CF3
O

EtOOC COOEt

Colorless oil, 98% yield, >20:1 dr, 83% ee, = +46.67 (c = 0.24, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 4.56 (d, J = 13.5 Hz, 1H), 4.50 – 4.41 (m, 1H), 4.39 – 4.29 (m, 2H), 4.28 – 4.21 

(m, 1H), 4.14 (td, J = 13.4, 6.6 Hz, 1H), 3.22 (s, 3H), 2.18 (s, 3H), 1.32 (dt, J = 9.6, 7.1 Hz, 6H);
13C NMR (126 MHz, CDCl3) δ: 169.91, 166.69, 164.71, 154.72, 122.02 (q, J = 279.3 Hz), 94.87, 81.17, 64.59 

(q, J = 32.5 Hz), 63.59, 63.24, 31.61, 14.02, 12.86.
19F NMR (376 MHz, CDCl3) δ: -69.24.

HRMS (ESI): m/z calcd. for C14H19N3O6F3 [M+H]+: 382.1220; found: 382.1202.

HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IC column (hexane/i-PrOH 

= 95/5, 0.8 mL·min-1, λ = 254 nm): tmajor = 10.3 min, tminor = 17.1 min.

g. Transformation of 3a to 4a
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N

NH
O

O
CF3

EtOOC COOEt

N

* *

NH2HO

O
CF3

68% yield
>20:1 dr , 96% ee

>20:1 dr , 96% ee

MeOH, rt, 4h

6M, HCl

3a 4a

To a solution of spirooxindole-oxazoline 3a (0.30 mmol) in MeOH (5 mL) was added 6M HCl (3 mL). The 

mixture was stirred at room temperature until the reaction was completed (monitored by TLC analysis). 

Remove the solvent under vacuum. Then 5 mL water was added and extract three times with 10 mL of DCM. 

The water phase uses ammonia to adjust pH to alkaline. Then extract with DCM (10 mL x 3). The organic 

phase was dried with Na2SO4 and the solution was removed to obtain the desired product 4a as a colourless 

oil.

(S)-3-((R)-1-amino-2,2,2-trifluoroethyl)-3-hydroxy-1-methylindolin-2-one (4a): petroleum ether/ ethyl acetate = 

3:1, Rf=0.2.

N

NH2HO

O
CF3

colourless oil, 68% yield, >20:1 dr, 96% ee, = +42.17 (c=0.29, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 2H), 7.11 (t, J = 7.6 Hz, 1H), 6.85 

(d, J = 8.2 Hz, 1H), 4.85 (s, 1H), 3.78 – 3.61 (m, 1H), 3.18 (s, 3H), 2.11 (s, 2H).
13C NMR (101 MHz, CDCl3) δ: 175.77, 144.24, 130.61, 126.44, 124.84 (q, J = 284.5 Hz), 124.45, 123.22, 

108.68, 72.61, 59.98 (q, J = 28.5 Hz), 26.15.
19F NMR (376 MHz, CDCl3) δ: -71.94.

HRMS (ESI): m/z [M+H]+ calcd. for [C11H12N2F3O2]+: 261.0846, found: 261.0853;

HPLC analysis: The enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (hexane/i-

PrOH = 95/5, 1.0 mL·min-1, λ = 245 nm): tmajor = 57.5 min, tminor = 39.0 min.

h. Transformation of 3y to 4y

N N
O

tBu

NH
O

CF3

COOEtEtOOC

3y
>20:1 dr , 82% ee

MeOH, rt, 12h

6M, HCl

N N
O

tBu

NH2HO
CF3

90% yield
>20:1 dr , 80% ee

4y

To a solution of spiropyrazolones-oxazolidine 3y (0.30 mmol) in MeOH (5 mL) was added 6M HCl (3 mL). The 

mixture was stirred at room temperature until the reaction was completed (monitored by TLC analysis). 

Remove the solvent under vacuum. Then 5 mL water was added and extract three times with 10 mL of DCM. 

The water phase uses ammonia to adjust pH to alkaline. Then extract with DCM (10 mL x 3). The organic 

phase was dried with Na2SO4 and the solution was removed to obtain the desired product 4y as a colourless 

oil.

(R)-4-((R)-1-amino-2,2,2-trifluoroethyl)-1-(tert-butyl)-4-hydroxy-3-methyl-1H-pyrazol-5(4H)-one (4y): petroleum 

ether/ ethyl acetate = 3:1, Rf=0.4.
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N N
O

tBu

NH2HO
CF3

colourless oil, 90% yield, >20:1 dr, 80% ee, = +21.16 (c=0.23, MeOH).20][ Da

1H NMR (400 MHz, CDCl3) δ: 1H NMR (400 MHz, CDCl3) δ 3.41 (q, J = 7.4 Hz, 1H), 2.03 (s, 3H), 1.46 (s, 9H).
13C NMR (126 MHz, CDCl3) δ: 172.58, 156.26, 124.52 (q, J = 282.4 Hz), 74.25, 58.31 (q, J = 29.6 Hz), 57.83, 

27.98, 12.99.
19F NMR (376 MHz, CDCl3) δ: -73.28.

HRMS (ESI): m/z [M+H]+ calcd. for [C10H17N3F3O2]+: 268.1267, found: 268.1262;

HPLC analysis: The enantiomeric excess was determined by HPLC with a Chiralpak IA column (hexane/i-

PrOH = 90/10, 1.0 mL·min-1, λ = 254 nm): tmajor = 6.4 min, tminor = 7.3 min.

i. Application of oxa-1,3-DC in desymmetrization

O O O

H
N

O

CF3
EtOOC

EtOOC

3ab
20h, 98% yield

>20:1 dr

1ab

EtOOC COOEt

N

CF3

+

2

N

H
N

N H
N

S

CF3

CF3

V

V (10 mol%)

DCM, 25oC

To a solution of diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 2 (0.15 mmol, 1.5 equiv.) and catalyst V (0.01 

mmol, 10 mol%) in DCE (1 mL) was added phenanthrenequinone 1ab (0.10 mmol, 1.0 equiv.). The mixture 

was stirred at 25 oC until the reaction was completed (monitored by TLC analysis). The crude product was 

purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~10:1) to 

give the desired chiral products 3ab.

Diethyl 10'-oxo-4-(trifluoromethyl)-10'H-spiro[oxazolidine-5,9'-phenanthrene]-2,2-dicarboxylate (3ab): 

petroleum ether/ ethyl acetate = 20:1, Rf=0.4.

O

H
N

O

CF3
EtOOC

EtOOC

colourless oil, 98% yield, >20:1 dr.
1H NMR (400 MHz, CDCl3) δ: 1H NMR (400 MHz, CDCl3) δ: 8.69 (d, J = 8.0 Hz, 2H), 7.94 (d, J = 8.6 Hz, 2H), 

7.70 – 7.54 (m, 4H), 4.49 (d, J = 8.0 Hz, 1H), 4.38 (d, J = 8.0 Hz, 1H), 4.25 – 4.15 (m, 2H), 4.14 – 4.05 (m, 2H), 

1.09 (t, J = 7.1 Hz, 6H).
13C NMR (126 MHz, CDCl3) δ: 167.43, 137.14, 127.69, 127.42, 125.61, 123.55, 120.35, 120.30, 120.03 (q, J = 

288.1 Hz), 116.45 (q, J = 35.7 Hz), 62.68, 56.59, 13.84.
19F NMR (376 MHz, CDCl3) δ: -85.37.

HRMS (ESI): m/z [M+H]+ calcd. for [C23H21NF3O6]+: 464.1315, found: 464.1313;
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4. Proposed Reaction Mechanism

N

NH
O

CF3
O

EtOOC COOEt

V H+
V

N
H

chiral backone

N
R1

R2 2

N

O

O

1a

3a

N
H

O

O
N

chiral backone

N
R1

R2

S

N
H

Ar

EtOOC

N

F3C

O

OEt

H

N
H

S
Ar EtOOC COOEt

N

CF3

EtOOC COOEt

NH

CF3

Re face attack

A

Figure S1. Proposed reaction mechanism

According to the absolute configuration of 3a and literature reports,1a,2 we proposed a possible reaction 

mechanism for the catalytic asymmetric oxa-1,3-dipolar cycloaddition as shown in Figure S1. Catalyst V 

initially promoted the formation of an intermediate A through the deprotonation of the precursor 2. Both the 

intermediate A and 1a are simultaneously activated via hydrogen-bonding interactions. The thiourea moiety of 

catalyst V formed two hydrogen bonds with the carbonyl group of the isatin 1a. The tertiary amine moiety 

deprotonated and activated the diethyl 2-(2,2,2-trifluoroethylimino)malonate 2 via double hydrogen bonds. In 

this oxa-1,3-dipolar cycloaddition step, the trifluoromethyl ortho carbon position of activated diethyl 2-(2,2,2-

trifluoroethylimino)malonate 2 attacks the 3-position of isatin 1a (Re-face), Subsequently, an intramolecular 

cycloaddition generates the product 3a (Figure S1).
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6. Data for X-Ray Crystal Structure of 3a

Procedure for the recrystallization of 3a: To a 10 mL vial containing 3a (35 mg), was added a 1:9 mixture of 

isopropanol and n-hexane until it formed a clear solution. The mixture was kept aside 3 days at room 

temperature to obtain crystals by slow evaporation. These crystals were subjected for single crystal XRD to 

determine the absolute configuration of 3a.

Table 1 Crystal data and structure refinement

Compound

N

NH
O

CF3
O

EtOOC COOEt

3a

 

3s

4'R

Empirical formula C18H19F3N2O6

Formula weight 416.35

Temperature/K 100.0

Crystal system orthorhombic

Space group P212121

a/Å 8.80560(10)

b/Å 8.83160(10)

c/Å 24.7208(3)

α/° 90

β/° 90

γ/° 90

Volume/Å3 1922.48(4)

Z 4

ρcalcg/cm3 1.438

μ/mm-1 1.102

F(000) 864.0

Crystal size/mm3 0.3 × 0.2 × 0.1

Radiation CuKα (λ = 1.54178)

2Θ range for data collection/° 14.202 to 151.914

Index ranges -10 ≤ h ≤ 10,

-10 ≤ k ≤ 11,

-31 ≤ l ≤ 30

Reflections collected 19227

Independent reflections 3936 [Rint = 0.0335,

Rsigma = 0.0184]Data/restraints/parameters 3936/8/317

Goodness-of-fit on F2 1.082

Final R indexes [I>=2σ (I)] R1 = 0.0401, wR2 = 0.1109

Final R indexes [all data] R1 = 0.0404, wR2 = 0.1114

Largest diff. peak/hole/e Å-3 0.42/-0.43
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7. Copies of NMR Spectra of Compounds
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19F NMR of compound 3a (in CDCl3)

1H NMR of compound 3b (in CDCl3) 
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13C NMR of compound 3b (in CDCl3)

19F NMR of compound 3b (in CDCl3)

N

NH
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EtOOC COOEt

3b

F

N

NH
O
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O
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F
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1H NMR of compound 3c (in CDCl3) 

13C NMR of compound 3c (in CDCl3)
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19F NMR of compound 3c (in CDCl3)

1H NMR of compound 3d (in CDCl3) 
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13C NMR of compound 3d (in CDCl3)

19F NMR of compound 3d (in CDCl3)
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1H NMR of compound 3e (in CDCl3) 

13C NMR of compound 3e (in CDCl3)
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19F NMR of compound 3e (in CDCl3)

1H NMR of compound 3f (in CDCl3) 
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13C NMR of compound 3f (in CDCl3)

19F NMR of compound 3f (in CDCl3)
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1H NMR of compound 3g (in CDCl3) 

13C NMR of compound 3g (in CDCl3)
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19F NMR of compound 3g (in CDCl3)

1H NMR of compound 3h (in CDCl3) 
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13C NMR of compound 3h (in CDCl3)

19F NMR of compound 3h (in CDCl3)
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1H NMR of compound 3i (in CDCl3) 

13C NMR of compound 3i (in CDCl3)
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19F NMR of compound 3i (in CDCl3)

1H NMR of compound 3j (in CDCl3) 
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13C NMR of compound 3j (in CDCl3)

19F NMR of compound 3j (in CDCl3)
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1H NMR of compound 3k (in CDCl3) 

13C NMR of compound 3k (in CDCl3)
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19F NMR of compound 3k (in CDCl3)

1H NMR of compound 3l (in CDCl3) 
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13C NMR of compound 3l (in CDCl3)

19F NMR of compound 3l (in CDCl3)
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1H NMR of compound 3m (in CDCl3) 

13C NMR of compound 3m (in CDCl3)
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19F NMR of compound 3m (in CDCl3)

1H NMR of compound 3n (in CDCl3) 
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13C NMR of compound 3n (in CDCl3)

19F NMR of compound 3n (in CDCl3)
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1H NMR of compound 3o (in CDCl3) 

13C NMR of compound 3o (in CDCl3)
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19F NMR of compound 3o (in CDCl3)

1H NMR of compound 3p (in CDCl3) 
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13C NMR of compound 3p (in CDCl3)

19F NMR of compound 3p (in CDCl3)
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1H NMR of compound 3q (in CDCl3) 

13C NMR of compound 3q (in CDCl3)
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19F NMR of compound 3q (in CDCl3)

1H NMR of compound 3r (in CDCl3) 
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13C NMR of compound 3r (in CDCl3)

19F NMR of compound 3r (in CDCl3)
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1H NMR of compound 3s (in CDCl3) 

13C NMR of compound 3s (in CDCl3)
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19F NMR of compound 3s (in CDCl3)

1H NMR of compound 3t (in CDCl3) 
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13C NMR of compound 3t (in CDCl3)

19F NMR of compound 3t (in CDCl3)
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1H NMR of compound 3aa (in CDCl3) 

13C NMR of compound 3aa (in CDCl3)
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19F NMR of compound 3aa (in CDCl3)

1H NMR of compound 3u (in CDCl3) 
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13C NMR of compound 3u (in CDCl3)

19F NMR of compound 3u (in CDCl3)
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1H NMR of compound 3v (in CDCl3) 

13C NMR of compound 3v (in CDCl3)

N N
O

NH
O

CF3

COOEtEtOOC

3v

Cl

N N
O

NH
O

CF3

COOEtEtOOC

3v

Cl



S55

19F NMR of compound 3v (in CDCl3)

1H NMR of compound 3w (in CDCl3) 
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13C NMR of compound 3w (in CDCl3)
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1H NMR of compound 3x (in CDCl3) 
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19F NMR of compound 3x (in CDCl3)

1H NMR of compound 3y (in CDCl3) 
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13C NMR of compound 3y (in CDCl3)

19F NMR of compound 3y (in CDCl3)
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1H NMR of compound 3z (in CDCl3) 

13C NMR of compound 3z (in CDCl3)
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19F NMR of compound 3z (in CDCl3)

1H NMR of compound 4a (in CDCl3) 
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13C NMR of compound 4a (in CDCl3)

19F NMR of compound 4a (in CDCl3)
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1H NMR of compound 4y (in CDCl3) 

13C NMR of compound 4y (in CDCl3)
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19F NMR of compound 4y (in CDCl3)

1H NMR of compound 3ab (in CDCl3) 
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13C NMR of compound 3ab (in CDCl3)

19F NMR of compound 3ab (in CDCl3)
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8. Copies of HPLC Spectra of Compounds
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CF3
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EtOOC COOEt

3a

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3b

F

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N
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O

CF3
O

EtOOC COOEt

3c

Cl

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3d

Br

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3e

F3CO

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3f

MeO

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N
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O

CF3
O

EtOOC COOEt

3g

Me

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound



S73

N
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O
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EtOOC COOEt

3h

F

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3i

Cl

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3j

Cl

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3k

Br

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3lF

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3mMe

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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EtOOC COOEt
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F

F

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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Cl

Me

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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EtOOC COOEt
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Me

Me

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N

NH
O

CF3
O

EtOOC COOEt

3q

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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EtOOC COOEt

3r
Bn

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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O

CF3
O

EtOOC COOEt

3s
Ph

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N N
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COOEtEtOOC
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HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N N
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Cl

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N N
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Cl

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N N
O
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O
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COOEtEtOOC

3x Br

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N N
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O
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3y

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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N
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4a

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound
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O
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NH2HO
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4y

HPLC spectrum of the racemate

HPLC spectrum of the chiral compound


