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1. General experimental information

Unless otherwise noted, all reactions were carried out under the nitrogen atmosphere, Anhydrous 

Et2O and toluene were distilled from sodium benzophenone. Anhydrous acetonitrile and CH2Cl2 

were distilled from CaH2; materials obtained from commercial suppliers were used directly 

without further purification. The [α]D was recorded using AUTOPOL V polarimeter. 1H NMR 

spectra, 13C NMR spectra, 31P NMR spectra were recorded on a Bruker 400 MHz spectromer in 

CDCl3. Chemical shifts were reported in ppm from the solvent resonance as the internal standard 

(CDCl3: 7.26 ppm, 77.0 ppm). HPLC analyses were performed using Agilent 1100 equipped with 

AD-H and OD-H column.

2. General procedure for the synthesis of Products 3
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To a 10 mL dried Schlenk charged with γ-substituted allenoates 1 (0.18 mmol), pyrazoloneyldiene 

oxindole components 2 (0.15 mmol), γ-substituted allenoates 1 (0.30 mmol) and K2CO3 (10 mol%) 

and P8 (10 mol%) was purged under N2 atmosphere. Then, 3.0 mL toluene was added and the 

mixture was stirred at -20 oC for 4-6 h. After the reaction was complete, and directly purified by 

chromatography on silica gel with hexane/ethyl acetate = 6:1 affording spiro-cyclopentene-linked 

oxindole and pyrazolone compounds 3. 
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3. The attempt of Lu’s catalyst1

Lu’s catalyst was performed on the allenoate 1a and 2a under standard conditions, the desired 

product 3aa was obtained with 86% yield and 95% ee.
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Yield and ee value of 3aaCatalyst

86% yield and 95% ee

1. (a) W.-L. Chan, X. Tang, F. Zhang, G. Quek, G.-J. Mei and Y. Lu, Phosphine-catalyzed (3+2) 
annulation of isoindigos with allenes: enantioselective formation of two vicinal quaternary 
stereogenic centers, Angew. Chem., Int. Ed., 2019, 58, 6260; (b) X. Han, W.-L. Chan, W. Yao, Y. 
Wang, Y. Lu, PhosphineMediated Highly Enantioselective Spirocyclization with Ketimines as 
Substrates. Angew. Chem., Int. Ed., 2016, 55, 6492; (c) W. Yao, X. Dou, Y. Lu, Highly 
Enantioselective Synthesis of 3,4-Dihydropyrans through a Phosphine-Catalyzed [4+2] 
Annulation of Allenones and β,γ-Unsaturated α-Keto Esters, J. Am. Chem. Soc., 2015, 137, 54; (d) 
F. Zhong, X. Han, Y. Wang, Y. Lu, Highly Enantioselective [4+2] Annulations Catalyzed by 
Amino Acid-Based Phosphines: Synthesis of Functionalized Cyclohexenes and 3-
Spirocyclohexene-2-oxindoles. Chem. Sci., 2012, 3, 1231.
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4. General Datas and HPLC Spectra for 3

1) ethyl (2'R, 3R, 5'R)-1-benzyl-5-bromo-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3aa)

N
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O

Me

O

Bn

Ph

CO2Et

Ph
Br

88% yield, 98% ee; m.p.: 106-107 °C; = +141.0 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 8.01 (s, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.71 (s, 1H), 7.40 (t, J = 8.0 Hz, 2H), 7.31 (t, J = 7.6 
Hz, 1H), 7.23-7.19 (m, 4H), 7.13 (t, J = 7.2 Hz, 1H), 7.07-7.0 (m, 4H), 6.31 (d, J = 7.6 Hz, 2H), 6.26 (d, 
J = 8.4 Hz, 1H), 5.40 (s, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.30-4.12 (m, 3H), 2.08 (s, 3H), 1.29 (t, J = 7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 171.9, 171.1, 162.3, 157.8, 150.6, 142.0, 137.1, 134.7, 134.3, 
133.9, 132.7, 129.0 (2C), 128.8 (2C), 128.7 (2C), 128.4 (2C), 128.0, 127.9, 127.4, 126.3 (2C), 126.0, 
125.6, 119.6, 115.8, 110.7, 70.8, 65.9, 61.3, 55.8, 43.2, 17.1, 14.0; HRMS (ESI) m/z calculated for 
C37H30BrN3NaO4 [M+H]+ = 682.1311, found = 682.1327; Enantiomeric excess: 98%, determined 
by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr 

(major) = 7.731 min, tr (minor) = 10.199 min.



S5

2) ethyl (2'R, 3R, 5'R)-1-benzyl-5-fluoro-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ab)

N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph
F

90% yield, 92% ee; white solid; m.p.: 96-97 °C; = +32.0 (c = 1.0, CH2Cl2); 1H NMR (400 [𝛼]25𝐷

MHz, CDCl3): δ 7.78 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 1.2 Hz, 1H), 7.64-7.2 (m, 1H), 7.39 (t, J = 8.0 Hz, 
2H), 7.34-7.28 (m, 1H), 7.23-7.17 (m, 3H), 7.13 (t, J = 7.2 Hz, 1H), 7.05 (t, J = 7.6 Hz, 2H), 7.00 (d, J 
= 7.6 Hz, 2H), 6.82-6.77 (m, 1H), 6.33-6.30 (m, 3H), 5.40 (s, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.30-4.14 
(m, 3H), 2.09 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.3, 171.2, 162.3, 
158.0, 150.6, 144.7 (d, JC-F = 251.0 Hz), 139.0 (d, JC-F =2.0 Hz), 137.4, 134.8, 134.5, 134.1, 129.0 
(2C), 128.9 (2C), 128.7 (2C), 128.4 (2C), 127.9, 127.4, 126.4 (2C), 125.7, 125.6, 119.4 (2C), 116.3 (d, 
JC-F = 21.0 Hz), 112.9, 110.0 (d, JC-F = 8.0 Hz), 70.9, 66.1, 61.3, 56.1, 43.3, 17.2, 14.0; HRMS (ESI) 
m/z calculated for C37H20FN3NaO4 [M+Na]+ = 622.2112, found = 622.2120; Enantiomeric excess: 
92%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 
°C; 254 nm), tr (major) = 6.865 min, tr (minor) = 9.283 min.
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3) ethyl (2'R, 3R, 5'R)-1-benzyl-5-chloro-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ac)
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93 % yield, 90% ee; white solid; m.p.: 115-116 °C; = +137.8 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.86-7.73 (m, 4H), 7.38 (t, J = 8.0 Hz, 2H), 7.32-7.27 (m, 1H), 7.19 (t, J = 7.6 Hz, 
3H), 7.14-7.05 (m, 4H), 6.98 (t, J = 7.6 Hz, 3H), 6.42 (d, J = 7.6 Hz, 1H), 6.37 (d, J = 7.6 Hz, 2H), 5.45 
(d, J = 0.8 Hz, 1H), 5.03 (d, J = 15.6 Hz, 1H), 4.32-4.18 (m, 3H), 2.10 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 172.5, 171.4, 162.4, 158.1, 150.8, 143.0, 137.5, 135.1, 134.6, 134.5, 
129.8, 129.0 (2C), 128.7 (2C), 128.6 (2C), 128.3 (2C), 127.7, 127.2, 126.4 (2C), 125.4, 124.9, 123.9, 
123.0, 119.4 (2C), 109.3, 71.0, 66.1, 61.2, 55.8, 43.2, 17.2, 14.0; HRMS (ESI) m/z calculated for 
C37H31N3NaO4 [M+Na]+ = 604.2206, found = 604.2210; Enantiomeric excess: 90%, determined 
by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr 

(major) = 7.010 min, tr (minor) = 8.997 min.
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4) ethyl (2'R, 3R, 5'R)-1-benzyl-3'',5-dimethyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ad)

N
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N

O

Me

O

Bn

Ph

CO2Et

Ph
Me

85% yield, 90% ee; m.p.: 113-114 °C; = +559.0 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 7.76-7.73 (m, 3H), 7.62 (s, 1H), 7.37 (t, J = 8.0 Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H), 7.20-7.16 
(m, 3H), 7.11 (t, J = 7.2 Hz, 1H), 7.07-6.96 (m, 4H), 6.86 (d, J = 7.8 Hz, 1H), 6.34 (d, J = 7.2 Hz, 2H), 
6.28 (d, J = 8.0 Hz, 1H), 5.39 (s, 1H), 4.99 (d, J = 15.6 Hz, 1H), 4.31-4.10 (m, 3H), 2.15 (s, 3H), 2.07 
(s, 3H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.4, 171.5, 162.5, 158.2, 150.9, 
140.5, 137.5, 135.2, 134.6, 134.3, 132.6, 130.1, 129.0 (2C), 128.7 (2C), 128.5 (2C), 128.3 (2C), 127.7, 
127.1, 126.5 (2C), 125.5, 125.3, 123.8, 119.3 (2C), 109.0, 71.1, 66.3, 61.2, 55.5, 43.2, 20.9, 17.1, 14.0; 
HRMS (ESI) m/z calculated for C38H33N3NaO4 [M+H]+ = 618.2363, found = 618.2380; 
Enantiomeric excess: 90%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow 
rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 6.428 min, tr (minor) = 8.509 min.
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5) ethyl (2'R, 3R, 5'R)-1-benzyl-5-methoxy-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ae)
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82% yield, 92% ee; m.p.: 115-116 °C; = +204.4 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 7.81 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 1.6 Hz, 1H), 7.41 (d, J = 2.4 Hz, 1H), 7.36 (t, J = 8.0 
Hz, 2H), 7.30 (d, J = 7.2 Hz, 1H), 7.22-7.09 (m, 4H), 7.08-6.97 (m, 4H), 6.63-6.6 (m, 1H), 6.34 (d, J = 
7.6 Hz, 2H), 6.29 (d, J = 8.8 Hz, 1H), 5.40 (s, 1H), 4.99 (d, J = 15.6 Hz, 1H), 4.29-4.13 (m, 3H), 3.56 
(s, 3H), 2.10 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.2, 171.4, 162.4, 
158.3, 156.2, 150.7, 137.6, 136.4, 135.1, 134.5 (2C), 129.0 (2C), 128.7 (2C), 128.6 (2C), 128.3 (2C), 
127.7, 127.2, 126.4 (2C), 125.3, 124.9, 119.1 (2C), 115.7, 111.0, 109.9, 71.1, 66.5, 61.2, 55.8 (2C), 
43.2, 17.2, 14.0; HRMS (ESI) m/z calculated for C38H33N3NaO5 [M+H]+ = 634.2312, found = 
634.2328; Enantiomeric excess: 92%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 
70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 7.473 min, tr (minor) = 9.924 min.
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6) ethyl (2'R, 3R, 5'R)-1-benzyl-7-fluoro-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3af)

N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph

F

86% yield, 93% ee; m.p.: 98-99 °C; = +311.8 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, CDCl3): [𝛼]25𝐷

δ 7.76 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 1.6 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H), 
7.29 (t, J = 7.2 Hz, 1H), 7.21-7.17 (m, 3H), 7.12 (t, J = 7.2 Hz, 1H), 7.07-6.97 (m, 4H), 6.96-6.84 (m, 
2H), 6.41 (d, J = 7.6 Hz, 2H), 5.43 (s, 1H), 5.05 (d, J = 15.6 Hz, 1H), 4.45 (d, J = 15.6 Hz, 1H), 4.29-
4.15 (m, 2H), 2.06 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.2, 171.2, 
162.3, 157.9, 150.6, 146.9 (d, JC-F = 244.0 Hz), 137.4, 135.6, 134.7, 134.3, 129.9 (d, JC-F = 9.0 Hz), 
128.9 (2C), 128.7 (2C), 128.4 (4C), 127.9, 127.0, 126.9, 126.4 (2C), 125.4, 123.6 (d, JC-F = 6.0 Hz), 
120.8, 119.3 (2C), 118.0 (d, JC-F = 19.0 Hz), 71.2, 66.1, 61.3, 55.8, 44.8, 17.1, 14.0; HRMS (ESI) 
m/z calculated for C37H20FN3NaO4 [M+Na]+ = 622.2112, found = 622.2134; Enantiomeric excess: 
90%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 
°C; 254 nm), tr (major) = 6.545 min, tr (minor) = 8.990 min.
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7) ethyl (2'R, 3R, 5'R)-1-benzyl-7-chloro-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ag)
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85% yield, 92% ee; m.p.: 91-92 °C; = +363.6 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, CDCl3): [𝛼]25𝐷

δ 7.81 (d, J = 7.2 Hz, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 2.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H), 
7.33-7.29 (m, 1H), 7.21 (t, J = 8.0 Hz, 3H), 7.12-7.07 (m, 2H), 7.04-7.01 (m, 4H), 6.93 (t, J = 8.0 Hz, 
1H), 6.26 (d, J = 7.6 Hz, 2H), 5.43 (s, 1H), 5.20 (d, J = 16.0 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 4.27-
4.16 (m, 2H), 2.05 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 173.0, 171.2, 
162.3, 157.9, 150.7, 139.2, 137.3, 136.3, 134.7, 134.2, 132.5, 129.1 (2C), 128.8 (2C), 128.44 (2C), 
128.40 (2C), 128.0, 126.8, 126.6, 125.55 (2C), 125.48, 123.7, 123.6, 119.4 (2C), 115.3, 71.41, 65.6, 
61.3, 55.8, 44.5, 17.1, 14.0; HRMS (ESI) m/z calculated for C37H30ClN3NaO4 [M+H]+ = 638.1817, 
found = 638.1826; Enantiomeric excess: 92%, determined by HPLC (Chiralpak OD-H, hexane/i-
PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 6.586 min, tr (minor) = 10.199 
min.
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8) ethyl (2'R, 3R, 5'R)-1-benzyl-7-bromo-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ah)

N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph

Br

82% yield, 96% ee; m.p.: 110-111 °C; = +19.0 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 7.86 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 1.6 Hz, 1H), 7.37 (t, J = 8.0 
Hz, 2H), 7.33-7.28 (m, 2H), 7.22-7.17 (m, 3H), 7.09 (t, J = 7.2 Hz, 1H), 7.01 (t, J = 6.8 Hz, 4H), 6.87 (t, 
J = 8.0 Hz, 1H), 6.24 (d, J = 7.6 Hz, 2H), 5.42 (s, 1H), 5.17 (d, J = 16.4 Hz, 1H), 5.00 (d, J = 16.4 Hz, 
1H), 4.26-4.16 (m, 2H), 2.04 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 173.2, 
171.2, 162.3, 157.9, 150.7, 139.0, 137.3, 136.2, 136.0, 134.7, 134.2, 129.1 (2C), 128.8 (2C), 128.5 
(2C), 128.4 (2C), 128.1, 127.2, 126.6, 125.5 (3C), 124.1 (2C), 119.4 (2C), 102.4, 65.5, 61.3, 55.9, 
44.2, 39.3, 17.1, 14.0; HRMS (ESI) m/z calculated for C37H30BrN3NaO4 [M+H]+ = 682.1311, 
found = 682.1340; Enantiomeric excess: 98%, determined by HPLC (Chiralpak OD-H, hexane/i-
PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 6.857 min, tr (minor) = 10.693 
min.
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9) ethyl (2'R, 3R, 5'R)-1-benzyl-3'',7-dimethyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ai)
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N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph

Me

79% yield, 95% ee; m.p.: 112-113 °C; = +68.8 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 7.75 (d, J = 7.8 Hz, 3H), 7.72 (d, J = 1.6 Hz, 1H), 7.36 (t, J = 8.0 Hz, 2H), 7.30 (t, J = 7.2 Hz, 
1H), 7.12-7.15 (m, 3H), 7.09 (t, J = 7.2 Hz, 1H), 7.02 (dd, J = 13.6, 7.1 Hz, 4H), 6.94-6.84 (m, 2H), 
6.15 (d, J = 7.6 Hz, 2H), 5.44 (s, 1H), 5.21 (d, J = 16.8 Hz, 1H), 4.58 (d, J = 16.8 Hz, 1H), 4.26-4.16 
(m, 2H), 2.09 (s, 3H), 2.02 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 173.4, 
171.5, 162.5, 158.1, 151.0, 141.1, 137.5, 136.4, 135.2, 134.2, 134.0, 129.2 (2C), 128.7 (4C), 128.3 
(2C), 127.8, 126.7, 125.3, 125.0 (2C), 124.4, 123.0, 122.8, 119.6, 119.5 (2C), 71.4, 65.6, 61.2, 55.8, 
44.6, 18.6, 17.2, 14.0; HRMS (ESI) m/z calculated for C38H33N3NaO4 [M+H]+ = 618.2363, found = 
618.2391; Enantiomeric excess: 95%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 
70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 7.005 min, tr (minor) = 10.560 min.
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10) ethyl (2'R, 3R, 5'R)-1-benzyl-6-chloro-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3aj)

N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph

Cl

86% yield, 93% ee; m.p.: 112-113 °C; = +100.4 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]25𝐷

CDCl3): δ 7.78 (d, J = 8.0 Hz, 2H), 7.74-7.70 (m, 2H), 7.38 (t, J = 8.0 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H), 
7.22-7.13 (m, 5H), 7.07 (t, J = 7.6 Hz, 2H), 6.98-6.93 (m, 3H), 6.40 (d, J = 1.2 Hz, 1H), 6.34 (d, J = 7.6 
Hz, 2H), 5.41 (s, 1H), 4.99 (d, J = 15.6 Hz, 1H), 4.28-4.12 (m, 3H), 2.06 (s, 3H), 1.28 (t, J = 7.2 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 172.5, 171.3, 162.3, 158.0, 150.6, 144.2, 137.4, 135.7, 134.8, 
134.6, 133.8, 129.0 (2C), 128.81 (2C), 128.76 (2C), 128.4 (2C), 127.9, 127.5, 126.3 (2C), 125.9, 
125.5, 123.0, 122.4, 119.3 (2C), 109.9, 70.9, 65.7, 61.3, 55.8, 43.3, 17.2, 14.0; HRMS (ESI) m/z 
calculated for C37H30ClN3NaO4 [M+H]+ = 638.1817, found = 638.1837; Enantiomeric excess: 
93%, determined by HPLC (Chiralpak OD-H, hexane/EtOH = 70/30; flow rate 0.8 mL/min; 25 °C; 
254 nm), tr (major) = 7.197 min, tr (minor) = 8.594 min.



S18

11) ethyl (2'R, 3R, 5'R)-1-benzyl-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro[indoline-3,1'- cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ak)



S19

N

N
N

O

Me

O

Bn

Ph

CO2Et

Ph

93 % yield, 90% ee; white solid; m.p.: 115-116 °C; = +137.8 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.86-7.73 (m, 4H), 7.38 (t, J = 8.0 Hz, 2H), 7.32-7.27 (m, 1H), 7.19 (t, J = 7.6 Hz, 
3H), 7.14-7.05 (m, 4H), 6.98 (t, J = 7.6 Hz, 3H), 6.42 (d, J = 7.6 Hz, 1H), 6.37 (d, J = 7.6 Hz, 2H), 5.45 
(d, J = 0.8 Hz, 1H), 5.03 (d, J = 15.6 Hz, 1H), 4.32-4.18 (m, 3H), 2.10 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 172.5, 171.4, 162.4, 158.1, 150.8, 143.0, 137.5, 135.1, 134.6, 134.5, 
129.8, 129.0 (2C), 128.7 (2C), 128.6 (2C), 128.3 (2C), 127.7, 127.2, 126.4 (2C), 125.4, 124.9, 123.9, 
123.0, 119.4 (2C), 109.3, 71.0, 66.1, 61.2, 55.8, 43.2, 17.2, 14.0; HRMS (ESI) m/z calculated for 
C37H31N3NaO4 [M+Na]+ = 604.2206, found = 604.2210; Enantiomeric excess: 90%, determined 
by HPLC (Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr 

(major) = 7.683 min, tr (minor) = 9.549 min.



S20

12) methyl (2'R, 3R, 5'R)-1-benzyl-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3bk)

N

N
N

O

Me

O

Bn

Ph

CO2Me

Ph

91 % yield, 92% ee; white solid; m.p.: 115-116 °C; = +70.2 (c = 1.0, CH2Cl2); 1H NMR (400 [𝛼]25𝐷

MHz, CDCl3): δ 7.82-7.77 (m, 3H), 7.73 (s, 1H), 7.37 (t, J = 8.0 Hz, 2H), 7.30 (d, J = 7.2 Hz, 1H), 7.18 
(t, J = 7.2 Hz, 3H), 7.13-7.03 (m, 4H), 7.00-6.94 (m, 3H), 6.41 (d, J = 7.6 Hz, 1H), 6.35 (d, J = 7.2 Hz, 
2H), 5.45 (s, 1H), 5.02 (d, J = 15.6 Hz, 1H), 4.21 (d, J = 15.6 Hz, 1H), 3.78 (s, 3H), 2.09 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 172.4, 171.3, 162.9, 158.0, 151.0, 142.9, 137.4, 135.0, 134.4, 134.3, 129.8, 
129.0 (2C), 128.7 (2C), 128.6 (2C), 128.3 (2C), 127.7, 127.2, 126.4 (2C), 125.3, 124.8, 123.8, 123.0, 
119.4 (2C), 109.3, 70.9, 66.1, 55.8, 52.1, 43.1, 17.2; HRMS (ESI) m/z calculated for C36H29N3NaO4 
[M+Na]+ = 590.2050, found = 590.2066; Enantiomeric excess: 92%, determined by HPLC 
(Chiralpak OD-H, hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 
8.513 min, tr (minor) = 14.617 min.



S21

13) benzyl (2'R, 3R, 5'R)-1-benzyl-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ck)



S22

N

N
N

O

Me

O

Bn

Ph

CO2Bn

Ph

90 % yield, 80% ee; white solid; m.p.: 122-123 °C; = +229.2 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.81 (d, J = 7.6 Hz, 1H), 7.78 (d, J = 1.6 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.39-
7.27 (m, 8H), 7.20-7.15 (m, 3H), 7.12-7.03 (m, 4H), 6.99-6.96 (m, 3H), 6.40 (d, J = 7.6 Hz, 1H), 6.35 
(d, J = 7.2 Hz, 2H), 5.44 (s, 1H), 5.20 (q, J = 12.4 Hz, 2H), 5.00 (d, J = 15.6 Hz, 1H), 4.20 (d, J = 15.6 
Hz, 1H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.4, 171.4, 162.2, 158.0, 151.6, 143.0, 137.4, 
135.1, 135.0, 134.4, 134.2, 129.8, 129.0 (2C), 128.7 (2C), 128.6 (2C), 128.5 (2C), 128.34 (2C), 
128.27 (2C), 127.7, 127.2, 126.4 (2C), 125.3, 124.9, 123.8, 123.1, 119.4 (2C), 109.3, 70.9, 67.0, 66.2, 
55.8, 43.2, 17.2; HRMS (ESI) m/z calculated for C42H33N3NaO4 [M+Na]+ = 666.2363, found = 
666.2402; Enantiomeric excess: 80%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 
70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 10.160 min, tr (minor) = 12.637 min.



S23

14) ethyl (2'R, 3R, 5'R)-1-(4-isopropylbenzyl)-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3al)

N

N
N

O

Me

O

Ph

CO2Et

Ph

iPr

95 % yield, 70% ee; white solid; m.p.: 122-123 °C; = +479.4 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.81 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 7.6 Hz, 2H), 7.73 (d, J = 2.0 Hz, 1H), 7.37 
(t, J = 8.0 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H), 7.17 (t, J = 7.6 Hz, 3H), 7.10 (t, J = 7.6 Hz, 1H), 6.98-6.94 
(m, 3H), 6.91 (d, J = 8.0 Hz, 2H), 6.45 (d, J = 8.0 Hz, 1H), 6.34 (d, J = 8.0 Hz, 2H), 5.43 (s, 1H), 4.91 
(d, J = 15.7 Hz, 1H), 4.30–4.14 (m, 3H), 2.85–2.76 (m, 1H), 2.08 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.19 
(d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 172.4, 171.4, 162.4, 158.2, 150.8, 147.8, 143.1, 
137.5, 135.0, 134.5, 131.7, 129.8, 128.9 (2C), 128.7 (2C), 128.2 (2C), 127.7, 126.6 (2C), 126.4 (2C), 
125.3, 124.8, 123.9, 122.9, 119.4 (2C), 109.3, 71.0, 66.1, 61.2, 55.8, 42.9, 33.6, 23.8, 23.9, 17.2, 14.0; 
HRMS (ESI) m/z calculated for C40H37N3NaO4 [M+H]+ = 646.2676, found = 646.2698; 
Enantiomeric excess: 70%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 95/5; flow 
rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 21.928 min, tr (minor) = 25.748 min.



S24

15) ethyl (2'R, 3R, 5'R)-1-(4-fluorobenzyl)-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3am)



S25

N

N
N

O

Me

O

Ph

CO2Et

Ph

F

86 % yield, 88% ee; white solid; m.p.: 113-114 °C; = +148.2 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.83 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.73 (s, 1H), 7.36 (t, J = 7.6 
Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H), 7.17 (t, J = 7.2 Hz, 3H), 7.10 (t, J = 7.6 Hz, 1H), 7.00-6.95 (m, 3H), 
6.73 (t, J = 8.4 Hz, 2H), 6.40 (d, J = 7.7 Hz, 1H), 6.33-6.26 (m, 2H), 5.44 (s, 1H), 5.01 (d, J = 15.6Hz, 
1H), 4.29-4.12 (m, 3H), 2.09 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.5, 
171.4, 162.4, 161.8 (d, JC-F = 244.0 Hz), 158.0, 150.7, 142.7, 137.4, 135.1, 134.5, 130.13 (d, JC-F = 
3.0 Hz), 129.8, 129.0 (2C), 128.7 (2C Hz), 128.3 (2C), 128.1 (d, JC-F = 8.0 Hz) (2C), 127.7, 125.4, 
125.0, 123.9, 123.2, 119.3 (2C), 115.5 (d, JC-F = 22.0 Hz) (2C), 109.1, 71.0, 66.0, 61.2, 55.7, 42.5, 
17.2, 14.0; HRMS (ESI) m/z calculated for C37H20FN3NaO4 [M+Na]+ = 622.2112, found = 
622.2138; Enantiomeric excess: 88%, determined by HPLC (Chiralpak OD-H, hexane/EtOH = 
95/5; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 22.132 min, tr (minor) = 24.572 min.

 

 



S26

 

16) ethyl (2'R, 3R, 5'R)-1-(3-fluorobenzyl)-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3an)

N

N
N

O

Me

O

Ph

CO2Et

Ph
F

87 % yield, 86% ee; white solid; m.p.: 120-121 °C; = +270.6 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.82 (d, J = 7.6 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 1.6 Hz, 1H), 7.36 
(t, J = 8.0 Hz, 2H), 7.24 (d, J = 7.2 Hz, 1H), 7.20-.08 (m, 4H), 7.03-.92 (m, 4H), 6.82 (td, J = 8.4, 
1.6Hz, 1H), 6.41 (d, J = 7.6Hz, 1H), 6.18 (d, J = 9.2 Hz, 1H), 6.10 (d, J = 7.6 Hz, 1H), 5.43 (s, 1H), 
5.00 (d, J = 15.6 Hz, 1H), 4.31-4.14 (m, 3H), 2.08 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR 
(100MHz, CDCl3): 172.5, 171.4 162.8 (d, JC-F = 246.0 Hz), 162.4, 161.5, 158.0, 150.7, 142.8, 137.5, 
137.1 (d, JC-F = 7.0 Hz), 134.9, 134.5, 130.2 (d, JC-F = 9.0 Hz), 129.9, 128.8 (2C), 128.7 (2C), 128.3 
(2C), 128.1, 125.4, 125.0, 123.9, 123.2, 122.0, 119.4 (2C), 117.2, 114.4 (d, JC-F = 22.0 Hz), 113.6 (d, 
JC-F = 22.0 Hz), 113.5, 109.1, 71.0, 66.1, 61.2, 55.8, 42.8, 17.2, 14.0; HRMS (ESI) m/z calculated for 
C40H37N3NaO4 [M+H]+ = 646.2676, found = 646.2696; Enantiomeric excess: 86%, determined by 
HPLC (Chiralpak OD-H, hexane/i-PrOH = 85/15; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) 
= 21.928 min, tr (minor) = 25.748 min.



S27

17) ethyl (2'R, 3R, 5'R)-3''-methyl-1-(3-methylbenzyl)-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ao)



S28

N

N
N

O

Me

O

Ph

CO2Et

Ph
Me

85 % yield, 84% ee; white solid; m.p.: 124-125 °C; = +97.5 (c = 1.0, CH2Cl2); 1H NMR (400 [𝛼]25𝐷

MHz, CDCl3): δ 7.81 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 1.6 Hz, 1H), 7.36 (t, J = 
8.0 Hz, 2H), 7.23 (d, J = 7.2 Hz, 1H), 7.19-7.13 (m, 3H), 7.10 (t, J = 7.6 Hz, 1H), 6.99-6.94 (m, 4H), 
6.90 (t, J = 7.6 Hz, 1H), 6.66 (s, 1H), 6.44 (d, J = 7.6 Hz, 1H), 5.95 (d, J = 7.2 Hz, 1H), 5.42 (s, 1H), 
4.88 (d, J = 15.6 Hz, 1H), 4.31-4.13 (m, 3H), 2.23 (s, 3H), 2.07 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 172.5, 171.5, 162.4, 158.1, 150.8, 143.2, 138.1, 137.5, 135.1, 134.52, 
134.49, 129.8, 128.9 (2C), 128.7 (2C), 128.6, 128.2 (2C), 128.1, 127.8, 127.5, 125.3, 124.8, 123.9, 
123.4, 123.0, 119.4 (2C), 109.3, 71.0, 66.1, 61.2, 55.8, 43.3, 21.3, 17.2, 14.0; HRMS (ESI) m/z 
calculated for C38H33N3NaO4 [M+Na]+ = 618.2363, found = 618.2380; Enantiomeric excess: 84%, 
determined by HPLC (Chiralpak OD-H, hexane/EtOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 
nm), tr (major) = 6.899 min, tr (minor) = 7.495 min.

 

 



S29

 

18) ethyl (2'R, 3R, 5'R)-1-(2,5-difluorobenzyl)-3''-methyl-2,5''-dioxo-1'',5'-diphenyl- 1'',5''-
dihydrodispiro- [indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ap)

N

N
N

O

Me

O

Ph

CO2Et

Ph
F

F

86 % yield, 90% ee; white solid; m.p.: 124-125 °C; = +136.8 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.83 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.72 (s, 1H), 7.36 (t, J = 7.6 
Hz, 2H), 7.22-7.10 (m, 5H), 7.01 (t, J = 7.6 Hz, 1H), 6.93-6.89 (m, 3H), 6.83-6.75 (m, 1H), 6.51 (d, J = 
7.6 Hz, 1H), 5.56-5.52 (m, 1H), 5.43 (s, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.41 (d, J = 16.0 Hz, 1H), 4.30-
4.13 (m, 2H), 2.09 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.7, 171.3, 
162.3, 158.5  (d, JC-F = 242.0 Hz), 157.9, 156.1 (d, JC-F = 242.0 Hz), 150.6, 142.4, 137.4, 134.6, 
134.5, 130.0, 128.7 (2C), 128.5 (2C), 128.4, 128.1 (2C), 125.3, 125.0, 123.8, 123.5 (d, JC-F = 7.0 Hz), 
123.3, 119.3 (2C), 116.2 (dd, JC-F = 24.0, 8.0 Hz), 115.7 (dd, JC-F = 24.0, 8.0 Hz), 114.9 (d, JC-F = 24.0 
Hz), 108.7, 70.94, 66.0, 61.2, 55.75, 36.4 (d, JC-F = 4.0 Hz), 17.2, 14.0; HRMS (ESI) m/z calculated 
for C37H29F2N3NaO4 [M+Na]+ = 640.2018, found = 640.2046; Enantiomeric excess: 90%, 
determined by HPLC (Chiralpak OD-H, hexane/EtOH = 85/15; flow rate 0.8 mL/min; 25 °C; 254 
nm), tr (major) = 7.998 min, tr (minor) = 9.426 min.



S30

19) ethyl (2'R, 3R, 5'R)-1,3''-dimethyl-2,5''-dioxo-1'',5'-diphenyl-1'',5''-dihydrodispiro- 
[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3aq)



S31

N

N
N

O

Me

O

Me

Ph

CO2Et

Ph

80 % yield, 98% ee; white solid; m.p.: 96-97 °C; = +173.0 (c = 1.0, CH2Cl2); 1H NMR (400 [𝛼]25𝐷

MHz, CDCl3): δ 7.77 (d, J = 8.8 Hz, 3H), 7.68 (d, J = 2.0 Hz, 1H), 7.36 (t, J = 8.0 Hz, 2H), 7.23 (d, J = 
8.0 Hz, 1H), 7.20-7.08 (m, 4H), 7.00 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 6.8 Hz, 2H), 6.60 (d, J = 7.6 Hz, 
1H), 5.34 (s, 1H), 4.28-4.14 (m, 2H), 2.77 (s, 3H), 2.07 (s, 3H), 1.27 (t, J = 7.0 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 172.3, 171.5, 162.4, 158.3, 150.5, 144.0, 137.5, 135.0, 134.6, 129.8, 128.7 (2C), 
128.4 (2C), 127.9 (2C), 127.6, 125.3, 124.8, 124.1, 123.1, 119.4 (2C), 108.0, 70.6, 66.2, 61.2, 55.9, 
25.6, 17.2, 14.0; HRMS (ESI) m/z calculated for C31H27F2N3NaO4 [M+Na]+ = 528.1893, found = 
528.1911; Enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-H, hexane/EtOH = 
70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 6.400 min, tr (minor) = 16.098 min.



S32

20) ethyl (2'R, 3R, 5'R)-1-benzyl-1''-(4-chlorophenyl)-3''-methyl-2,5''-dioxo-5'-phenyl-
1'',5''- dihydrodispiro[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3ar)

N

N
N

O

Me

O

Bn

Cl

CO2Et

Ph

92 % yield, 94% ee; white solid; m.p.: 113-114 °C; = +131.2 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.77-7.74 (m, 3H), 7.72 (d, J = 1.6 Hz, 1H), 7.36-7.27 (m, 3H), 7.21-7.01 (m, 
7H), 6.99-6.92 (m, 3H), 6.41 (d, J = 7.6 Hz, 1H), 6.35 (d, J = 7.6 Hz, 2H), 5.41 (s, 1H), 5.01 (d, J = 
15.6 Hz, 1H), 4.28–4.15 (m, 3H), 2.08 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 
δ 172.4, 171.4, 162.4, 158.5, 150.8, 143.0, 136.1, 135.0, 134.4 (2C), 130.4, 129.9, 129.0 (2C), 128.8 
(2C), 128.6 (2C), 128.3 (2C), 127.8, 127.2, 126.4 (2C), 124.7, 123.8, 123.0, 120.2 (2C), 109.4, 71.1, 
66.1, 61.3, 55.8, 43.2, 17.2, 14.0; HRMS (ESI) m/z calculated for C37H30ClN3NaO4 [M+H]+ = 
638.1817, found = 638.1835; Enantiomeric excess: 94%, determined by HPLC (Chiralpak OD-H, 
hexane/i-PrOH = 70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 7.020 min, tr (minor) 
= 12.039 min.



S33

  

 

21) ethyl  (2'R, 3R, 5'R)-1-benzyl-3''-methyl-2,5''-dioxo-5'-phenyl-1''-(p-tolyl)- 1'',5''-
dihydrodispiro-[indoline-3,1'-cyclopentane-2',4''-pyrazol]-3'-ene-3'-carboxylate (3as)



S34

N

N
N

O

Me

O

Bn

Me

CO2Et

Ph

85 % yield, 88% ee; white solid; m.p.: 113-114 °C; = +114.6 (c = 1.0, CH2Cl2); 1H NMR [𝛼]25𝐷

(400 MHz, CDCl3): δ 7.82 (d, J = 7.2 Hz, 1H), 7.72 (d, J = 2.0 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.29 
(d, J = 6.8 Hz, 1H), 7.19-7.15 (m, 4H), 7.12-7.02 (m, 4H), 7.00-6.94 (m, 3H), 6.40 (d, J = 7.6 Hz, 1H), 
6.35 (d, J = 7.2 Hz, 2H), 5.43 (s, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.27-4.16 (m, 3H), 2.33 (s, 3H), 2.07 
(s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.5, 171.3, 162.4, 157.9, 150.7, 
143.0, 135.13, 135.11, 135.06, 134.6, 134.5, 129.7, 129.3 (2C), 129.0 (2C), 128.6 (2C), 128.3 (2C), 
127.7, 127.2, 126.4 (2C), 124.9, 123.9, 123.0, 119.5 (2C), 109.3, 70.9, 66.1, 61.2, 55.8, 43.2, 20.9, 
17.2, 14.02; HRMS (ESI) m/z calculated for C38H33N3NaO4 [M+Na]+ = 618.2363, found = 
618.2376; Enantiomeric excess: 88%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 
70/30; flow rate 0.8 mL/min; 25 °C; 254 nm), tr (major) = 7.884 min, tr (minor) = 9.602 min.
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5. General Datas for P3-P5
(R)-3-acetamido-N-[1'-(S)-2'-(diphenylphosphanyl)ferrocenyl)ethyl]-thiophene-2-

carboxamide (P3)

Fe PPh2
N
H S

O

HN

O

A yellow solid，m.p.:131.9-133.4 oC; = -158.8 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]20𝐷

CDCl3): δ 11.96 (s, 1H), 7.54-7.50 (m, 2H), 7.38 (d, J = 4.8 Hz, 3H), 7.19-7.08 (m, 5H), 6.99 (t, J = 7.2 

Hz, 1H), 6.76 (d, J = 5.6 Hz, 1H), 6.65 (d, J = 5.6 Hz, 1H), 5.74-5.30 (m, 1H), 4.51 (s, 1H), 4.34 (s, 

1H), 4.01 (s, 5H), 3.83 (s, 1H), 2.26 (s, 3H), 1.41 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

166.9, 163.3, 146.6, 138.2, 136.1, 136.0, 134.9, 134.7, 132.3, 132.2, 129.4, 128.3, 128.2, 128.14, 

128.08, 128.0, 120.4, 117.2, 115.9, 114.2, 95.4, 95.3, 72.14, 72.11, 70.80, 70.76, 69.8, 69.4, 44.70, 

44.67, 23.5, 22.6; 31P NMR (162 MHz, CDCl3): δ -23.87; HRMS (ESI) m/z calculated for 

C31H30FeN2O2PS [M+H]+ =581.1110, found = 581.1158.

(R)-5-chloro-N-[1'-(S)-2'-(dicyclohexylphosphanyl)ferrocenyl)ethyl]-3,5-

bis(trifluoromethyl)benzamide (P4)

Fe PPh2
N
H

O

CF3

F3C

A yellow solid，m.p.:201.7-202.0 oC; = -339.8 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, [𝛼]20𝐷

CDCl3): δ 8.05 (s, 2H), 7.93 (s, 1H), 7.52-7.48 (m, 2H), 7.38-7.37 (m, 3H), 7.13 (t, J = 7.2 Hz, 2H), 

7.02 (t, J = 7.2 Hz, 2H), 6.97-6.89 (m, 2H), 5.44 (p, J = 6.5 Hz, 1H), 4.59 (s, 1H), 4.38 (s, 1H), 4.04 (s, 

5H), 3.86 (s, 1H), 1.52 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 162.0, 138.6, 138.6, 136.2, 

135.93, 135.88, 134.9, 134.7, 132.3, 132.1, 131.9, 131.5, 128.3, 128.2, 128.13, 128.06, 127.1, 124.5, 

124.3, 121.6, 94.6, 94.3, 72.24, 72.20, 70.66, 70.62, 69.9, 69.5, 46.0, 45.9, 21.7; 31P NMR (162 MHz, 

CDCl3): δ -24.34; 19F NMR (376 MHz, CDCl3): δ -62.70; HRMS (ESI) m/z calculated for 

C33H27F6FeNOP [M+H]+ = 654.1079, found = 654.1112.

(R)-5-chloro-N-[1'-(S)-2'-(dicyclohexylphosphanyl)ferrocenyl)ethyl]-2,3,4,5,6-

pentafluorobenzamide (P5)

Fe PPh2
N
H

O

F

F

F

F
F
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A yellow solid, m.p.:160.2-161.7 oC; = -158.8 (c = 1.0, CH2Cl2); 1H NMR (400 MHz, CDCl3): [α]20𝐷

δ 7.50-7.45 (m, 2H), 7.38-7.36 (m, 3H), 7.14-7.09 (m, 4H), 7.06-7.03 (m, 1H), 6.42 (s, 1H), 5.38-5.31 
(m, 1H), 4.53 (s, 1H), 4.35 (s, 1H), 4.06 (s, 5H), 3.80 (s, 1H), 1.52 (d, J = 6.8 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 155.4, 145.3, 139.33, 139.25, 136.1, 136.0, 135.0, 134.8, 132.2, 132.1, 129.4, 128.23, 
128.15, 128.0, 127.9, 127.8, 93.6, 93.4, 74.5, 74.4, 72.34, 72.30, 70.51, 70.47, 70.0, 69.5, 46.6, 46.5, 
21.1; 31P NMR (162 MHz, CDCl3): δ -24.46; 19F NMR (376 MHz, CDCl3): δ -139.81 (d, J = 15.5 Hz), 
-151.75 (t, J = 20.8 Hz), -160.71 (qd, J = 10.8, 4.3 Hz); HRMS (ESI) m/z calculated for 
C31H24F6FeNOP [M+H]+ = 608.0860, found = 608.0891.
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6. Copies of NMR Spectra
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