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1. General information 

All reactions were carried out in Schlenk tube under a dry argon atmosphere. All solvents were purified 

and dried according to standard methods prior to use. Reactions were monitored by thin layer 

chromatography (TLC) using silica gel plates. Flash chromatography was carried out utilizing silica gel 

200-300 mesh. 
1
H NMR, 

19
F NMR spectra were recorded on a Bruker Avance II 400 MHz and Bruker 

Avance III 471 MHz respectively, 
13

C NMR spectra were recorded on a Bruker Avance II 101 MHz or 

Bruker Avance III 126 MHz. The solvent used for NMR spectroscopy was CDCl3, using 

tetramethylsilane as the internal reference. Data for 
1
H NMR are recorded as follows: chemical shift (δ, 

ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, 

dd = double doublet, coupling constants in Hz, integration). Data for 
13

C NMR and 
19

F NMR are 

reported in terms of chemical shift (δ, ppm). HRMS (ESI) was determined by a HRMS/MS instrument 

(LTQ Orbitrap XL TM). Enantiomeric excess values were determined by HPLC employing a chiral 

column on Agilent 1100 series. Optical rotations were reported as follows: [α]
T 

D(c g/100 mL, solvent). 

The absolute configuration of 5f was assigned by the X-ray analysis. All the aldehydes were 

commercially obtained and recrystallized or distilled prior to use. 3-Amino oxindole hydrochlorides
1
 

and α,β-ynones
2
 were prepared according to literature methods.
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2. General procedure for the synthesis of products 5 and 6. 
 
General procedure for the synthesis of spiro[dihydropyrrole-2,3’-oxindoles] (5) 

 

In a Schlenk tube, 3-amino oxindole hydrochloride 2 (0.2 mmol), NaHCO3 (0.3 mmol), α,β-ynone 

4 (0.22 mmol), MgSO4 (200 mg) and catalyst (0.02 mmol) were added into CH2Cl2 (2 mL) under a dry 

argon atmosphere at 25 
o
C. Then, aldehyde 3 (0.24 mmol) was added and the reaction solution was 

stirred at the same temperature. After the reaction was complete (monitored by TLC), the crude product 

was purified by column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on silica gel to 

give the product 5. 

 

Synthesis of spiro[pyrrole-2,3’-oxindoles] (6)  

 

A reaction tube was charged with 5 (0.1 mmol) and dioxane (1 mL), then DDQ (0.12 mmol) was 

added at room temperature. After the reaction was stirred for 2 h, the crude product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1/8) on silica gel to give the product 6. 

 

Procedure for gram-scale reaction 

 

 

In a Schlenk tube, 3-amino oxindole hydrochloride 2c (2.2 mmol), BPA 1g (0.22 mmol), 

α,β-ynone 4a (2.42 mmol), MgSO4 (2.2 g) and NaHCO3 (3.3 mmol) were added in CH2Cl2 (22 mL) 

under an argon atmosphere at 25 
o
C. Then, benzaldehyde 3a (2.64 mmol) was added and the solution 

was stirred at the same temperature for 21 h. The crude product was purified by column 

chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on silica gel to give the product 5c. 
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3. Characterization data  

 

 

(2R,5R)-4-Benzoyl-3,5-diphenyl-1,5-dihydrospiro[pyrrol-2,3’-oxindole] 

White solid, mp: 88-90 
o
C, > 99% ee. [α]

22

D  = 170.5 (c 0.40, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 8.40 (s, 1H), 7.79 (d, J = 7.6 Hz, 2H), 7.61 (d, J = 7.3 Hz, 

1H), 7.54 (d, J = 7.4 Hz, 2H), 7.32 (t, J = 6.8 Hz, 3H), 7.24 – 7.13 (m, 5H), 

6.97 (t, J = 7.1 Hz, 1H), 6.89 (t, J = 7.4 Hz, 2H), 6.84 (d, J = 7.5 Hz, 2H), 6.79 

(d, J = 7.7 Hz, 1H), 6.10 (s, 1H), 2.92 (br, 1H) ; 
13

C NMR (101 MHz, CDCl3) 

δ 194.4, 180.1, 145.0, 144.4, 141.4, 141.3, 136.5, 133.0, 131.8, 130.7, 130.0, 

129.4, 128.7, 128.5, 128.3, 128.1, 128.0, 127.8, 125.1, 123.4, 110.6, 79.1, 70.8; HRMS (ESI) for 

C30H23N2O2 [M+H]
+
 calcd 443.1754, found 443.1752. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) 

= 22.3 min, tR (minor) = 38.6 min. 

 

 

(2R,5R)-4-Benzoyl-1’-methyl-3,5-diphenyl-1,5-dihydrospiro[pyrrol-2,3’-o

xindole] 

White solid, mp: 71-73 
o
C, 98% ee. [α]

22

D  = 144.2 (c 0.24, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.84 (d, J = 7.7 Hz, 2H), 7.59 (d, J = 7.4 Hz, 1H), 7.53 (d, 

J = 7.6 Hz, 2H), 7.39 – 7.30 (m, 4H), 7.30 – 7.23 (m, 3H), 7.16 (t, J = 7.4 Hz, 

1H), 7.01 – 6.95 (m, 1H), 6.92 (t, J = 7.4 Hz, 2H), 6.83 (d, J = 7.7 Hz, 2H), 

6.74 (d, J = 7.8 Hz, 1H), 6.10 (s, 1H), 3.10 (s, 3H), 2.72 (s, 1H);
 13

C NMR 

(101 MHz, CDCl3) δ 194.3, 177.8, 145.1, 144.5, 144.1, 141.4, 136.6, 133.1, 131.9, 130.2, 130.0, 129.4, 

128.7, 128.3, 128.2, 128.1, 127.9, 127.8, 124.8, 123.4, 108.5, 78.7, 70.9, 26.4; HRMS (ESI) for 

C31H25N2O2 [M+H]
+
 calcd 457.1911, found 457.1901. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) 

= 44.9 min, tR (minor) = 22.6 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-3,5-diphenyl-1,5-dihydrospiro[pyrrol-2,3’-ox

indole] 

White solid, mp: 86-88 
o
C, 99% ee. [α]

22

D = 214.1 (c 0.24, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.80 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 6.7 Hz, 1H), 7.58 (d, 

J = 7.7 Hz, 2H), 7.34 (t, J = 7.2 Hz, 3H), 7.26 – 7.17 (m, 5H), 7.12 (d, J = 7.0 

Hz, 1H), 7.06 (t, J = 7.4 Hz, 3H), 6.92 (t, J = 7.5 Hz, 2H), 6.78 (d, J = 7.8 Hz, 

2H), 6.66 (d, J = 7.5 Hz, 2H), 6.54 (d, J = 7.2 Hz, 1H), 6.20 (s, 1H), 5.13 (d, J 

= 16.0 Hz, 1H), 4.43 (d, J = 16.0 Hz, 1H), 2.81 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.1, 177.9, 

145.7, 144.4, 143.3, 141.6, 136.7, 135.0, 133.0, 131.9, 130.3, 130.0, 129.3, 128.7, 128.6, 128.5, 128.3, 

128.1, 127.8, 127.3, 126.6, 124.9, 123.4, 109.7, 79.0, 70.7, 43.8; HRMS (ESI) for C37H29N2O2 [M+H]
+
 

calcd533.2224, found 533.2212. Enantiomeric excess was determined by HPLC with a Chiralpak 

AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 31.8 min, tR 

(minor) = 22.4 min. 
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(2R,5R)-4-Benzoyl-1’-benzyl-5-(4-fluorophenyl)-3-phenyl-1,5-dihydrospir

o[pyrrol-2,3’-oxindole] 

White solid, mp: 80-82 
o
C, 98% ee. [α]

22

D  = 160.3 (c 0.95, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H), 7.69 (d, J = 6.5 Hz, 1H), 7.58 – 

7.52 (m, 2H), 7.31 (d, J = 7.3 Hz, 1H), 7.24 – 7.17 (m, 4H), 7.10 (d, J = 7.2 

Hz, 1H), 7.07 – 6.97 (m, 5H), 6.89 (t, J = 7.4 Hz, 2H), 6.76 (d, J = 7.5 Hz, 2H), 

6.64 (d, J = 7.5 Hz, 2H), 6.53 (d, J = 6.4 Hz, 1H), 6.21 (s, 1H), 5.11 (d, J = 

16.0 Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H), 2.86 (s, 1H); 
13

C NMR (101 MHz, 

CDCl3) δ 194.1, 177.9, 162.5 (J = 247.4 Hz), 145.7, 144.2, 143.3, 137.48 ( J = 

3.1 Hz), 136.7, 135.0, 133.1, 131.8, 130.3, 130.1, 129.4 (J = 8.1 Hz), 129.3, 

128.7, 128.6, 128.3, 128.1, 127.3, 126.6, 124.9, 123.5, 115.6 (J = 21.2 Hz), 109.8, 78.9, 69.7, 43.8; 
19

F 

NMR (470 MHz, CDCl3) δ -114.33; HRMS (ESI) for C37H28FN2O2 [M+H]
+
 calcd 551.2129, found 

533.2215. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column. (n-hexane: 

i-propanol = 70 : 30, 0.5 mL/min, λ = 254 nm) tR (major) = 17.1 min, tR (minor) = 15.8 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-5-(3,4-dichlorophenyl)-3-phenyl-1,5-dihydro

spiro[pyrrol-2,3’-oxindole] 

White solid, mp: 91-93 
o
C, 99% ee. [α]

22

D = 161.2 (c 1.09, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.71 (d, J = 8.9 Hz, 4H), 7.43 – 7.29 (m, 3H), 7.21 (dd, J 

= 14.6, 8.1 Hz, 4H), 7.11 (t, J = 7.2 Hz, 1H), 7.04 (t, J = 7.2 Hz, 3H), 6.88 (t, J 

= 7.5 Hz, 2H), 6.71 (d, J = 7.6 Hz, 2H), 6.60 (d, J = 7.5 Hz, 2H), 6.53 (d, J = 

3.5 Hz, 1H), 6.22 (s, 1H), 5.11 (d, J = 16.0 Hz, 1H), 4.38 (d, J = 16.0 Hz, 1H), 

2.97 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.7, 177.8, 146.2, 143.3, 143.2, 

142.3, 136.6, 134.9, 133.1, 132.7, 131.8, 131.5, 130.5, 130.2, 130.1, 129.8, 

129.3, 128.8, 128.7, 128.3, 128.1, 127.3, 127.1, 126.5, 125.0, 123.6, 109.8, 

78.9, 68.9, 43.9; HRMS (ESI) for C37H26Cl2N2NaO2 [M+Na]
+
 calcd 623.1264, found 623.1255. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol 

= 70 : 30, 0.5 mL/min, λ = 254 nm) tR (major) = 51.2 min, tR (minor) = 46.9 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-5-(4-bromophenyl)-3-phenyl-1,5-dihydrospi

ro[pyrrol-2,3’-oxindole] 

White solid, mp: 84-86 
o
C, 98% ee. [α]

22

D = 164.6 (c 1.15, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.75 (d, J = 7.5 Hz, 2H), 7.69 (d, J = 6.2 Hz, 1H), 7.45 

(m, 4H), 7.31 (t, J = 7.3 Hz, 1H), 7.22 – 7.18 (m, 4H), 7.14 – 7.08 (m, 1H), 

7.04 (t, J = 7.5 Hz, 3H), 6.89 (t, J = 7.5 Hz, 2H), 6.74 (d, J = 7.5 Hz, 2H), 6.63 

(d, J = 7.4 Hz, 2H), 6.53 (d, J = 6.7 Hz, 1H), 6.20 (s, 1H), 5.11 (d, J = 16.0 Hz, 

1H), 4.39 (d, J = 16.0 Hz, 1H), 3.05 (br, 1H); 
13

C NMR (101 MHz, CDCl3) δ 

194.0, 177.8, 146.0, 143.8, 143.2, 140.8, 136.6, 135.0, 133.1, 131.8, 131.7, 

130.3, 130.1, 129.5, 129.3, 128.7, 128.6, 128.3, 128.1, 127.3, 126.6, 124.9, 

123.5, 122.0, 109.8, 78.9, 69.7, 43.9; HRMS (ESI) for C37H28BrN2O2 [M+H]
+ 

calcd 613.1314, found 

613.1307. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column. (n-hexane: 

i-propanol = 70 : 30, 0.5 mL/min, λ = 254 nm) tR (major) = 19.7 min, tR (minor) = 17.4 min. 
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(2R,5R)-4-Benzoyl-1’-benzyl-5-(4-nitrophenyl)-3-phenyl-1,5-dihydrospiro

[pyrrol-2,3’-oxindole] 

White solid, mp: 104-106 
o
C, 98% ee. [α]

22

D  = 186.5 (c 0.47, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 8.17 (d, J = 8.5 Hz, 2H), 7.81 (d, J = 8.5 Hz, 2H), 

7.78 – 7.74 (m, 1H), 7.67 (d, J = 7.6 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.25 – 

7.23 (m, 2H), 7.18 (t, J = 7.6 Hz, 2H), 7.12 (t, J = 7.3 Hz, 1H), 7.06 – 7.02 (m, 

3H), 6.89 (t, J = 7.6 Hz, 2H), 6.70 (d, J = 7.7 Hz, 2H), 6.60 (d, J = 7.5 Hz, 2H), 

6.58 – 6.54 (m, 1H), 6.39 (s, 1H), 5.12 (d, J = 16.0 Hz, 1H), 4.39 (d, J = 16.0 

Hz, 1H), 3.11 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.7, 177.7, 149.3, 

147.6, 146.5, 143.2, 142.9, 136.5, 134.8, 133.2, 131.3, 130.2, 129.2, 128.9, 

128.7, 128.6, 128.3, 128.1, 127.4, 126.5, 125.0, 123.8, 123.6, 109.9, 79.0, 77.4, 69.1, 43.9; HRMS (ESI) 

for C37H27N3NaO4 [M+Na]
+
 calcd 600.1894, found 600.1880. Enantiomeric excess was determined by 

HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR 

(major) = 68.0 min, tR (minor) = 46.9 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-3-phenyl-5-(m-tolyl)-1,5-dihydrospiro[pyrro

l-2,3’-oxindole] 

White solid, mp: 80-82 
o
C, 97% ee. [α]

22

D  = 182.3 (c 0.26, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.81 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.0 Hz, 1H), 7.40 – 

7.32 (m, 3H), 7.24 (d, J = 8.2 Hz, 3H), 7.21 – 7.17 (m, 2H), 7.12 (d, J = 7.1 

Hz, 1H), 7.06 (t, J = 6.4 Hz, 4H), 6.92 (t, J = 7.6 Hz, 2H), 6.79 (d, J = 7.6 Hz, 

2H), 6.66 (d, J = 7.5 Hz, 2H), 6.53 (d, J = 7.1 Hz, 1H), 6.15 (s, 1H), 5.13 (d, J 

= 16.0 Hz, 1H), 4.42 (d, J = 16.0 Hz, 1H), 2.75 (br, 1H), 2.32 (s, 3H); 
13

C 

NMR (101 MHz, CDCl3) δ 194.1, 177.9, 145.8, 144.5, 143.3, 141.5, 138.3, 136.8, 135.0, 132.9, 131.9, 

130.3, 130.0, 129.4, 128.9, 128.7, 128.6, 128.5, 128.2, 127.3, 126.6, 124.8, 124.7, 123.4, 109.7, 79.1, 

70.8, 43.8, 21.5; HRMS (ESI) for C38H31N2O2 [M+H]
+
 calcd 547.2380, found 547.2378. Enantiomeric 

excess was determined by HPLC with a Chiralpak OD-H column. (n-hexane: i-propanol = 90 : 10, 0.8 

mL/min, λ = 254 nm) tR (major) = 22.1 min, tR (minor) = 19.1 min. 

 

(2R,5R)-4-Benzoyl-1’-benzyl-5-(4-methoxyphenyl)-3-phenyl-1,5-dihydros

piro[pyrrol-2,3’-oxindole] 

White solid, mp: 92-94 
o
C, 97% ee. [α]

22

D = 180.5 (c 0.85, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.82 (d, J = 7.4 Hz, 2H), 7.67 (d, J = 6.5 Hz, 1H), 7.48 (d, 

J = 8.2 Hz, 2H), 7.33 (t, J = 7.3 Hz, 1H), 7.22 (d, J = 7.7 Hz, 2H), 7.19 – 7.09 

(m, 3H), 7.07–7.03 (m, 3H), 6.91 (t, J = 7.6 Hz, 2H), 6.86 (d, J = 8.2 Hz, 2H), 

6.79 (d, J = 7.4 Hz, 2H), 6.67 (d, J = 7.4 Hz, 2H), 6.53 (d, J = 6.8 Hz, 1H), 

6.14 (s, 1H), 5.12 (d, J = 16.0 Hz, 1H), 4.41 (d, J = 16.0 Hz, 1H), 3.72 (s, 3H), 

2.73 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.3, 178.0, 159.4, 145.5, 144.7, 

143.3, 136.7, 135.1, 133.7, 133.0, 132.1, 130.3, 130.0, 129.4, 128.9, 128.7, 

128.6, 128.5, 128.3, 128.1, 127.3, 126.6, 124.8, 123.4, 114.2, 109.7, 78.9, 70.3, 55.2, 43.8; HRMS (ESI) 

for C38H31N2O3 [M+H]
+
 calcd 563.2329, found 563.2329. Enantiomeric excess was determined by 

HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR 

(major) = 58.1 min, tR (minor) = 53.2 min. 
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(2R,5R)-4-Benzoyl-1’-benzyl-5-(naphthalen-2-yl)-3-phenyl-1,5-dihydrospi

ro[pyrrol-2,3’-oxindole] 

White solid, mp: 75-77 
o
C, 99% ee. [α]

22

D = 192.8 (c 0.92, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.93 (s, 1H), 7.85–7.76 (m, 7H), 7.46 – 7.37 (m, 2H), 

7.30 (t, J = 7.2 Hz, 1H), 7.22 – 7.17 (m, 4H), 7.14 – 7.09 (m, 1H), 7.05 (t, J = 

7.3 Hz, 3H), 6.91 (t, J = 7.4 Hz, 2H), 6.81 (d, J = 7.6 Hz, 2H), 6.65 (d, J = 7.4 

Hz, 2H), 6.53 (d, J = 6.7 Hz, 1H), 6.38 (s, 1H), 5.13 (d, J = 16.0 Hz, 1H), 4.40 

(d, J = 16.0 Hz, 1H), 2.90 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.2, 178.0, 

145.9, 144.4, 143.3, 138.9, 136.7, 135.1, 133.4, 133.3, 133.0, 131.9, 130.4, 

130.1, 129.4, 128.7, 128.6, 128.3, 128.2, 128.1 127.7, 127.3, 127.2, 126.6, 

126.1, 125.3, 125.0, 123.5, 109.8, 79.1, 70.8, 43.9; HRMS (ESI) for C41H31N2O2 [M+H]
+
 calcd 

583.2380, found 583.2374. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H 

column. (n-hexane: i-propanol = 90 : 10, 0.8 mL/min, λ = 254 nm) tR (major) = 43.9 min, tR (minor) = 

31.8 min. 

 

 

(2R,5S)-4-Benzoyl-1’-benzyl-3-phenyl-5-(thiophen-2-yl)-1,5-dihydrospiro[

pyrrol-2,3’-oxindole] 

White solid, mp: 58-60 
o
C, 98% ee. [α]

22

D = 191.1 (c 0.64, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.89 – 7.78 (m, 1H), 7.72 (d, J = 7.8 Hz, 2H), 7.27 (t, J = 

7.4 Hz, 1H), 7.24 – 7.14 (m, 5H), 7.09 (t, J = 7.3 Hz, 1H), 7.06 – 6.98 (m, 4H), 

6.86 (t, J = 7.1 Hz, 3H), 6.67 (d, J = 7.8 Hz, 2H), 6.56 (s, 1H), 6.55 – 6.47 (m, 

3H), 5.09 (d, J = 16.0 Hz, 1H), 4.33 (d, J = 16.0 Hz, 1H), 3.09 (s, 1H); 
13

C 

NMR (101 MHz, CDCl3) δ 193.7, 177.6, 147.2, 145.6, 143.4, 143.1, 136.8, 

135.0, 132.9, 131.6, 130.5, 130.0, 129.3, 128.7, 128.6, 128.1, 128.0, 127.2, 

127.2, 126.5, 125.3, 125.3, 125.1, 123.6, 109.7, 79.1, 77.5, 77.1, 76.8, 66.1, 43.9; HRMS (ESI) for 

C35H27N2O2S [M+H]
+ 

calcd 539.1788, found 539.1779. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) 

= 36.8 min, tR (minor) = 27.2 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-5’-methyl-3,5-diphenyl-1,5-dihydrospiro[

pyrrol-2,3’-oxindole] 

White solid, mp: 91-93 
o
C, 94% ee. [α]

22

D = 212.7 (c 0.22, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.7 Hz, 2H), 7.57 (d, J = 7.6 Hz, 

2H), 7.47 (s, 1H), 7.38 – 7.33 (m, 3H), 7.25 (d, J = 6.0 Hz, 3H), 7.17 – 7.03 

(m, 4H), 7.00 (d, J = 7.8 Hz, 1H), 6.93 (t, J = 7.6 Hz, 2H), 6.81 (d, J = 7.7 

Hz, 2H), 6.66 (d, J = 7.4 Hz, 2H), 6.43 (d, J = 7.9 Hz, 1H), 6.18 (s, 1H), 

5.12 (d, J = 16.0 Hz, 1H), 4.41 (d, J = 16.0 Hz, 1H), 2.79 (s, 1H), 2.40 (s, 3H); 
13

C NMR (101 MHz, 

CDCl3) δ 194.2, 177.9, 145.9, 144.4, 141.6, 140.9, 136.7, 135.1, 133.0, 131.9, 130.3, 130.2, 129.4, 

128.7, 128.6, 128.5, 128.3, 128.1, 127.8, 127.2, 126.6, 125.5, 109.4, 79.1, 70.8, 43.8, 21.3; HRMS (ESI) 

for C38H31N2O2 [M+H]
+
 calcd 547.2380, found 547.2377. Enantiomeric excess was determined by 

HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR 

(major) = 26.0min, tR (minor) = 18.7 min. 



 

S9 
 

(2R,5R)-4-Benzoyl-1’-benzyl-5’-fluoro-3,5-diphenyl-1,5-dihydrospiro[

pyrrol-2,3’-oxindole] 

White solid, mp: 74-76 
o
C, 98% ee. [α]

22

D = 168.1 (c 0.21, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.8 Hz, 2H), 7.56 (d, J = 7.6 Hz, 

2H), 7.45 (d, J = 5.5 Hz, 1H), 7.34 (t, J = 7.4 Hz, 3H), 7.26 – 7.21 (m, 3H), 

7.14–7.05 (m, 4H), 6.96 – 6.88 (m, 3H), 6.79 (d, J = 7.7 Hz, 2H), 6.63 (d, 

J = 7.6 Hz, 2H), 6.44 (dd, J = 8.5, 3.9 Hz, 1H), 6.22 (s, 1H), 5.13 (d, J = 

16.0 Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H), 2.90 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.9, 177.8, 

159.7 (J = 243.4 Hz), 144.8, 144.7, 141.4, 139.1 (J = 2.0 Hz), 136.6, 134.7, 133.0, 132.1 (J = 7.3 Hz), 

131.6, 129.3, 128.8, 128.7, 128.6, 128.3, 128.2, 127.7, 127.4, 126.6, 116.3 (J = 23.2 Hz), 112.9 (J = 

25.3 Hz), 110.4 (d, J = 7.8 Hz), 79.1, 70.5, 44.0; 
19

F NMR (470 MHz, CDCl3) δ -119.07; HRMS (ESI) 

for C37H28FN2O2 [M+H]
+
 calcd 551.2129, found 551.2120. Enantiomeric excess was determined by 

HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR 

(major) = 26.0min, tR (minor) = 22.0 min. 

 

(2R,5R)-4-Benzoyl-1’-benzyl-3-(4-fluorophenyl)-5-phenyl-1,5-dihyd

rospiro[pyrrol-2,3’-oxindole] 

White solid, mp: 81-83 
o
C, > 99% ee. [α]

22

D  = 197.2 (c 0.55, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.8 Hz, 2H), 7.69 (d, J = 6.8 Hz, 

1H), 7.57 (d, J = 7.7 Hz, 2H), 7.33 (q, J = 7.7 Hz, 3H), 7.26 – 7.17 (m, 

5H), 7.16 – 7.11 (m, 1H), 7.08 (t, J = 7.4 Hz, 2H), 6.73 (dd, J = 7.9, 5.7 

Hz, 2H), 6.68 (d, J = 7.5 Hz, 2H), 6.58 (dd, J = 10.7, 7.0 Hz, 3H), 6.20 

(s, 1H), 5.11 (d, J = 16.0 Hz, 1H), 4.39 (d, J = 16.0 Hz, 1H), 2.82 (s, 1H); 
13

C NMR (101 MHz, CDCl3) 

δ 194.0, 177.8, 162.8 (J = 249.5 Hz), 144.7 (J = 14.2 Hz), 143.3, 141.4, 136.6, 135.0, 133.2, 130.6 (J = 

8.3 Hz), 130.2, 130.1, 129.3, 128.8, 128.6, 128.4, 128.2, 127.9 (J = 4.0 Hz), 127.8, 127.5, 126.7, 124.9, 

123.5, 115.2 ( J = 21.2 Hz), 109.8, 79.0, 70.7, 43.8; 
19

F NMR (470 MHz, CDCl3) δ -112.36; HRMS 

(ESI) for C37H27FN2NaO2 [M+Na]
+
 calcd 573.1949, found 573.1930. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 

254 nm) tR (major) = 28.2 min, tR (minor) = 18.9 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-3-(4-chlorophenyl)-5-phenyl-1,5-dih

ydrospiro[pyrrol-2,3’-oxindole] 

White solid, mp: 85-87 
o
C, > 99% ee. [α]

22

D   = 195.6 (c 0.61, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.8 Hz, 2H), 

7.68 (d, J = 6.9 Hz, 1H), 7.55 (d, J = 7.7 Hz, 2H), 7.39 – 7.29 (m, 

3H), 7.24 (dd, J = 16.1, 8.0 Hz, 4H), 7.18 – 7.08 (m, 4H), 6.87 (d, J 

= 8.3 Hz, 2H), 6.68 (t, J = 7.0 Hz, 4H), 6.57 (d, J = 7.3 Hz, 1H), 6.19 (s, 1H), 5.13 (d, J = 16.0 Hz, 1H), 

4.39 (d, J = 16.0 Hz, 1H), 2.82 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.9, 177.7, 145.1, 144.3, 

143.2, 141.3, 136.6, 135.0, 134.7, 130.3, 130.0, 129.3, 128.8, 128.7, 128.5, 128.4, 128.2, 127.7, 127.6, 

126.7, 124.9, 123.6, 109.8, 78.9, 70.8, 43.9; HRMS (ESI) for C37H28ClN2O2 [M+H]
+
 calcd 567.1834, 

found 567.1827. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. 

(n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 31.0 min, tR (minor) = 17.9 

min. 



 

S10 
 

(2R,5R)-4-Benzoyl-1’-benzyl-5-phenyl-3-(p-tolyl)-1,5-dihydrospiro[p

yrrol-2,3’-oxindole] 

White solid, mp: 86-88 
o
C, 98 % ee. [α]

22

D   = 168.5 (c 0.54, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.8 Hz, 2H), 7.68 (d, J = 6.8 Hz, 

1H), 7.56 (d, J = 7.7 Hz, 2H), 7.34 – 7.29 (m, 3H), 7.22 (t, J = 7.6 Hz, 

3H), 7.19 – 7.11 (m, 3H), 7.04 (t, J = 7.5 Hz, 2H), 6.72 – 6.65 (m, 6H), 

6.53 (d, J = 7.1 Hz, 1H), 6.18 (s, 1H), 5.13 (d, J = 16.0 Hz, 1H), 4.40 (d, 

J = 16.0 Hz, 1H), 2.80 (s, 1H), 2.12 (s, 3H) 
13

C NMR (101 MHz, CDCl3) δ 194.3, 178.0, 145.8, 144.0, 

143.3, 141.7, 138.3, 136.7, 135.1, 133.3, 130.4, 130.0, 129.4, 128.9, 128.8, 128.7, 128.5, 128.3, 128.1, 

127.8, 127.3, 126.7, 124.9, 123.4, 109.7, 79.0, 70.8, 43.8, 21.2. HRMS (ESI) for C38H31N2O2 [M+H]
+ 

calcd 547.2380, found 547.2366. Enantiomeric excess was determined by HPLC with a Chiralpak 

AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 25.8 min, tR 

(minor) = 17.0 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-5-phenyl-3-(m-tolyl)-1,5-dihydrospiro[pyr

rol-2,3’-oxindole] 

White solid, mp: 68-70 
o
C, 97 % ee. [α]

22

D  = 166.7 (c 0.49, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.5 Hz, 2H), 7.69 (d, J = 6.1 Hz, 1H), 

7.58 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 7.4 Hz, 3H), 7.25 – 7.17 (m, 5H), 7.12 

(d, J = 7.0 Hz, 1H), 7.05 (t, J = 7.3 Hz, 2H), 6.86 (d, J = 7.6 Hz, 1H), 6.78 (t, 

J = 7.5 Hz, 1H), 6.64 (d, J = 7.4 Hz, 2H), 6.57 – 6.52 (m, 3H), 6.19 (s, 1H), 

5.15 (d, J = 16.0 Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H), 2.84 (s, 1H), 1.94 (s, 3H); 
13

C NMR (101 MHz, 

CDCl3) δ 194.2, 178.0, 146.1, 144.0, 143.3, 141.7, 137.6, 136.9, 135.1, 132.9, 131.7, 130.5, 129.9, 

129.4, 129.3, 128.8, 128.6, 128.2, 128.1, 128.0, 127.8, 127.3, 126.5, 125.6, 124.9, 123.4, 109.6, 79.1, 

70.7, 43.8, 21.1; HRMS (ESI) for C38H31N2O2 [M+H]
+
 calcd 547.2380, found 547.2366. Enantiomeric 

excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 

mL/min, λ = 254 nm) tR (major) = 21.3 min, tR (minor) = 18.2 min. 

 

 

(2R,5R)-4-Benzoyl-1’-benzyl-3-(4-methoxyphenyl)-5-phenyl-1,5-

dihydrospiro[pyrrol-2,3’-oxindole] 

White solid, mp: 77-79 
o
C, 99 % ee. [α]

22

D  = 203.3 (c 0.54, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.9 Hz, 2H), 7.70 (d, J = 

6.8 Hz, 1H), 7.57 (d, J = 7.7 Hz, 2H), 7.31 (t, J = 7.3 Hz, 3H), 7.24 – 

7.15 (m, 5H), 7.11 (d, J = 7.0 Hz, 1H), 7.04 (t, J = 7.5 Hz, 2H), 6.67 

– 6.64 (m, 4H), 6.54 (d, J = 7.2 Hz, 1H), 6.41 (d, J = 8.1 Hz, 2H), 

6.18 (s, 1H), 5.13 (d, J = 16.0 Hz, 1H), 4.37 (d, J = 16.0 Hz, 1H), 

3.56 (s, 3H), 2.80 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.4, 178.0, 159.8, 145.7, 143.6, 143.3, 

141.8, 136.8, 135.1, 133.0, 130.5, 130.0, 129.4, 128.7, 128.5, 128.3, 128.1, 127.8, 127.3, 126.7, 124.9, 

124.2, 123.4, 113.6, 109.7, 79.0, 70.6, 55.0, 43.8; HRMS (ESI) for C38H31N2O3 [M+H]
+
 calcd 

563.2329, found 563.2316. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H 

column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 37.6 min, tR (minor) = 

24.8 min. 



 

S11 
 

(2S,5R)-4-Benzoyl-1’-benzyl-5-phenyl-3-(thiophen-2-yl)-1,5-dihydrospiro

[pyrrol-2,3’-oxindole] 

White solid, mp: 92-94 
o
C, 97 % ee. [α]

22

D  = 199.1 (c 0.22, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.90 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.2 Hz, 1H), 7.52 

(d, J = 7.4 Hz, 2H), 7.42 (d, J = 7.2 Hz, 1H), 7.34 – 7.28 (m, 5H), 7.24 – 7.12 

(m, 5H), 6.97 (d, J = 4.9 Hz, 1H), 6.91 (d, J = 6.4 Hz, 2H), 6.69 (d, J = 7.8 

Hz, 1H), 6.61 (t, J = 4.2 Hz, 1H), 6.53 (d, J = 3.1 Hz, 1H), 6.14 (s, 1H), 5.12 

(d, J = 16.0 Hz, 1H), 4.59 (d, J = 16.0 Hz, 1H), 2.77 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.4, 

177.7, 144.1, 144.0, 140.9, 137.6, 136.4, 135.2, 133.3, 132.2, 130.5, 129.9, 129.3, 129.0, 128.7, 128.5, 

128.2, 127.9, 127.5, 127.0, 126.9, 125.2, 123.6, 109.8, 77.9, 71.0, 44.0; HRMS (ESI) for C35H27N2O2S 

[M+H]
+
 calcd 539.1788, found 539.1784. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 44.1 

min, tR (minor) = 37.0 min. 

 

 

 

(2R,5R)-1’-Benzyl-4-(4-fluorobenzoyl)-3,5-diphenyl-1,5-dihydros

piro[pyrrol-2,3’-oxindole] 

White solid, mp: 85-87 
o
C, 99 % ee. [α]

22

D   = 172.0 (c 1.03, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.84 – 7.78 (m, 2H), 7.69 (d, J = 6.5 

Hz, 1H), 7.58 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.20 – 

7.02 (m, 7H), 6.95 – 6.84 (m, 4H), 6.77 (d, J = 7.6 Hz, 2H), 6.66 (d, 

J = 7.4 Hz, 2H), 6.54 (d, J = 7.2 Hz, 1H), 6.18 (s, 1H), 5.11 (d, J = 16.0 Hz, 1H), 4.41 (d, J = 16.0 Hz, 

1H), 2.83 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 192.6, 177.9 (s), 165.5 (J = 255.5 Hz), 145.7, 144.2, 

143.3, 141.5, 135.0, 133.1 (J = 3.0 Hz), 132.0 ( J = 10.1 Hz), 131.8, 130.2, 130.1, 128.8, 128.7, 128.6, 

128.2, 127.7, 127.3, 126.6, 124.9, 123.5, 115.5 (J = 20.2 Hz), 109.7, 79.0, 70.7, 43.9; 
19

F NMR (470 

MHz, CDCl3) δ -104.78; HRMS (ESI) for C37H28FN2O2 [M+H]
+
 calcd 551.2129, found 551.2124. 

Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column. (n-hexane: i-propanol 

= 90 : 10, 0.8 mL/min, λ = 254 nm) tR (major) = 58.8 min, tR (minor) = 47.1 min. 

 

 

(2R,5R)-1’-Benzyl-4-(3-chlorobenzoyl)-3,5-diphenyl-1,5-dihydrospi

ro[pyrrol-2,3’-oxindole] 

White solid, mp: 78-80 
o
C, 98 % ee. [α]

22

D   = 171.8 (c 1.22, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.75  7.69 (m, 1H), 7.64 (s, 2H), 7.59 

(d, J = 7.4 Hz, 2H), 7.33 (t, J = 7.3 Hz, 2H), 7.25 – 7.17 (m, 4H), 

7.12–7.01 (m, 5H), 6.91 (t, J = 7.5 Hz, 2H), 6.74 (d, J = 7.6 Hz, 2H), 

6.61 (d, J = 7.4 Hz, 2H), 6.52 (d, J = 5.9 Hz, 1H), 6.21 (s, 1H), 5.10 (d, 

J = 16.0 Hz, 1H), 4.37 (d, J = 16.0 Hz, 1H), 2.84 (s, 1H); 
13

C NMR 

(101 MHz, CDCl3) δ 192.6, 177.7, 147.1, 143.8, 143.3, 141.6, 138.3, 135.0, 134.4, 132.7, 131.7, 130.1, 

129.6, 129.1, 128.8, 128.7, 128.2, 127.7, 127.6, 127.3, 126.6, 124.9, 123.5, 109.8, 79.2, 70.4, 43.8; 

HRMS (ESI) for C37H28ClN2O2 [M+H]
+
 calcd 567.1834, found 567.1825. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 

254 nm) tR (major) = 26.1 min, tR (minor) = 20.0 min. 



 

S12 
 

(2R,5R)-1’-Benzyl-4-(4-bromobenzoyl)-3,5-diphenyl-1,5-dihydr

ospiro[pyrrol-2,3’-oxindole] 

White solid, mp: 90-82 
o
C, 99 % ee. [α]

22

D   = 150.0 (c 1.20, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 6.6 Hz, 1H), 7.63 (d, J = 

7.8 Hz, 2H), 7.57 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 8.4 Hz, 4H), 7.22 

– 7.02 (m, 7H), 6.92 (t, J = 7.5 Hz, 2H), 6.75 (d, J = 7.6 Hz, 2H), 

6.66 (d, J = 7.4 Hz, 2H), 6.53 (d, J = 6.9 Hz, 1H), 6.18 (s, 1H), 5.11 

(d, J = 16.0 Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H), 2.82 (s, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.1, 

177.8, 146.1, 144.0, 143.3, 141.4, 135.5, 135.0, 131.7, 131.6, 130.8, 130.2, 130.1, 128.8, 128.7, 128.6, 

128.2, 127.7, 127.3, 126.6, 124.9, 123.5, 109.8, 79.0, 70.6, 43.9; HRMS (ESI) for C37H28BrN2O2 

[M+H]
+
 calcd 613.1314, found 613.1323. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 46.1 

min, tR (minor) = 44.7 min. 

 

 

(2R,5R)-1’-Benzyl-4-(4-nitrobenzoyl)-3,5-diphenyl-1,5-dihydr

ospiro[pyrrol-2,3’-oxindole] 

Pale yellow solid, mp: 99-101 
o
C, 92 % ee. [α]

22

D  = 171.8 (c 1.22, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.2 Hz, 2H), 

7.80–7.74 (m, 3H), 7.61 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.4 Hz, 

2H), 7.24–7.20 (m, 3H), 7.14 – 7.01 (m, 4H), 6.89 (t, J = 7.5 Hz, 

2H), 6.70 (d, J = 7.7 Hz, 2H), 6.61 (d, J = 7.5 Hz, 2H), 6.54 (d, J 

= 7.2 Hz, 1H), 6.23 (s, 1H), 5.10 (d, J = 16.0 Hz, 1H), 4.38 (d, J = 16.0 Hz, 1H), 2.91 (s, 1H); 
13

C 

NMR (101 MHz, CDCl3) δ 192.4, 177.6, 149.8, 148.4, 143.6, 143.3, 141.6, 141.5, 134.9, 131.4, 130.3, 

130.0, 129.1, 128.8, 128.7, 128.3, 127.7, 127.3, 126.5, 124.9, 123.5, 123.3, 109.9, 79.1, 70.1, 43.8; 

HRMS (ESI) for C37H28N3O4 [M+H
]+

 calcd 578.2074, found 578.2054. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 

254 nm) tR (major) = 44.5 min, tR (minor) = 35.6 min. 

 

 

(2R,5R)-1’-Benzyl-4-(3-methylbenzoyl)-3,5-diphenyl-1,5-dihydrosspi

ro[pyrrol-2,3’-oxindole] 

White solid, mp: 79-81 
o
C, 97 % ee. [α]

22

D  = 166.1 (c 1.03, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.71 – 7.63 (m, 2H), 7.57 (d, J = 6.5 Hz, 3H), 

7.32 (t, J = 7.2 Hz, 2H), 7.21–7.10 (m, 6H), 7.05 (t, J = 7.5 Hz, 3H), 6.91 

(t, J = 7.4 Hz, 2H), 6.78 (d, J = 7.7 Hz, 2H), 6.65 (d, J = 7.4 Hz, 2H), 

6.52 (d, J = 6.6 Hz, 1H), 6.20 (s, 1H), 5.12 (d, J = 16.0 Hz, 1H), 4.40 (d, 

J = 16.0 Hz, 1H), 2.80 (s, 1H), 2.22 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 194.2, 177.9, 145.6, 144.5, 

143.3, 141.7, 138.0, 136.6, 135.1, 133.8, 132.0, 130.4 130.0, 128.7, 128.6, 128.0, 128.2, 128.1, 128.0, 

127.8, 127.3, 127.0, 126.6, 124.9, 123.4, 109.7, 79.1, 70.9, 43.8, 21.2; HRMS (ESI) for C38H31N2O2 

[M+H]
+ 

calcd 547.2380, found 547.2373. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column. (n-hexane: i-propanol = 90 : 10, 0.8 mL/min, λ = 254 nm) tR (major) = 75.8 

min, tR (minor) = 55.9 min. 

 



 

S13 
 

(2R,5R)-4-(2-Naphthoyl)-1’-benzyl-3,5-diphenyl-1,5-dihydrospi

ro[pyrrol-2,3’-oxindole] 

White solid, mp: 95-97 
o
C, 99 % ee. [α]

22

D   = 173.5 (c 1.06, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 8.49 (s, 1H), 7.90–7.84 (m, 

2H), 7.72–7.66 (m, 3H), 7.59 (d, J = 7.5 Hz, 2H), 7.51 – 7.42 (m, 

2H), 7.31 (t, J = 7.3 Hz, 2H), 7.21 – 7.03 (m, 6H), 6.98 – 6.93 (m, 

1H), 6.88–6.85 (m, 4H), 6.71 (d, J = 7.4 Hz, 2H), 6.55 (d, J = 6.5 

Hz, 1H), 6.27 (s, 1H), 5.15 (d, J = 16.0 Hz, 1H), 4.46 (d, J = 16.0 Hz, 1H), 2.85 (s, 1H); 
13

C NMR (101 

MHz, CDCl3) δ 194.1, 178.0, 145.3, 144.7, 143.4, 141.5, 135.6, 135.1, 133.9, 132.4, 132.2, 132.0, 

130.3, 123.0, 128.7, 128.7, 128.5, 128.3, 128.1, 127.8, 127.7, 127.3, 126.7, 126.6, 124.9 124.5, 123.5, 

109.7, 79.0, 71.1, 43.9; HRMS (ESI) for C38H31N2O2 [M+H]
+
 calcd 547.2380, found 547.2373. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol 

= 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 53.8 min, tR (minor) = 31.1 min. 

 

 

(R)-4-Benzoyl-1’-benzyl-3,5-diphenylspiro[pyrrol-2,3’-oxindole] 

White solid, mp: 113-135 
o
C, 97 % ee. [α]

22

D  = 115.9 (c 0.49, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.7 Hz, 2H), 7.74 (d, J = 7.5 Hz, 2H), 

7.46 (t, J = 7.3 Hz, 1H), 7.38–7.34 (m, 3H), 7.31–7.26 (m, 3H), 7.25–7.22 (m, 

3H), 7.15–7.12 (m, 4H), 7.04–6.97 (m, 5H), 6.81 (d, J = 7.9 Hz, 1H), 5.27 (d, 

J = 16.0 Hz, 1H), 4.75 (d, J = 16.0 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 

194.6, 175.6, 170.6, 162.7, 144.0, 140.6, 136.3, 135.1, 134.1, 133.1, 131.1, 

130.8, 123.0, 129.9, 129.3, 128.9, 128.8, 128.6, 128.5, 128.4, 127.7, 127.3, 124.8, 124.4, 123.6, 110.1, 

89.4, 44.8; HRMS (ESI) for C37H27N2O2 [M+H]
+
 calcd 531.2067, found 531.2063. Enantiomeric 

excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 

mL/min, λ = 254 nm) tR (major) = 28.1 min, tR (minor) = 26.2 min. 

 

 

(R)-4'-Benzoyl-1-benzyl-5'-(4-fluorophenyl)-3'-phenylspiro[pyrrol-2,3’-ox

indole] 

White solid, mp: 129-131 
o
C, 96 % ee. [α]

22

D  = 103.0 (c 0.24, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.0 Hz, 2H), 7.75 (dd, J = 8.4, 5.5 Hz, 

2H), 7.48 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 2H), 7.26 (s, 1H), 7.25–7.22 

(m, 3H), 7.15 – 7.11 (m, 4H), 7.05 – 6.94 (m, 7H), 6.82 (d, J = 7.9 Hz, 1H), 

5.26 (d, J = 16.0 Hz, 1H), 4.77 (d, J = 15.7 Hz, 1H); 
13

C NMR (101 MHz, 

CDCl3) δ 194.6, 174.4, 170.5, 164.3 (J = 252.5 Hz), 162.9, 144.0, 140.3, 136.2, 

135.0, 134.3, 131.1, 130.7 ( J = 8.8 Hz), 130.1, 129.9, 129.4, 129.3 (J = 3.3 

Hz) 129.0, 128.8, 128.6, 127.8, 127.7, 127.3, 124.8, 124.3, 123.7, 115.6 (J = 

21.2 Hz), 110.2, 89.4, 44.8; 
19

F NMR (470 MHz, CDCl3) δ -108.91; HRMS (ESI) for C37H26FN2O2 

[M+H]
+
 calcd 549.1973, found 549.1968. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 26.1 

min, tR (minor) = 32.8 min. 
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(R)-4-Benzoyl-1’-benzyl-3-phenyl-5-(m-tolyl)spiro[pyrrol-2,3’-oxindole] 

White solid, mp: 78-80 
o
C, 95 % ee. [α]

22

D   = 92.8 (c 0.65, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 8.07 (d, J = 7.7 Hz, 2H), 7.66 (s, 1H), 7.45 (t, J = 7.1 Hz, 

2H), 7.35 (t, J = 7.6 Hz, 2H), 7.24– 7.20 (m, 4H), 7.15 – 7.11 (m, 6H), 7.03 – 

7.97 (m, 5H), 6.80 (d, J = 7.9 Hz, 1H), 5.27 (d, J = 16.0 Hz, 1H), 4.73 (d, J = 

15.7 Hz, 1H), 2.26 (s, 3H); 
13

C NMR (101 MHz, CDCl3) δ 194.7, 175.8, 170.6, 

162.6, 144.0, 140.8, 138.3, 136.4, 135.1, 134.1, 132.9, 131.7, 131.1, 130.0, 

129.8, 129.3, 129.2, 128.9, 128.8,  128.6, 128.2, 127.7, 127.3, 125.6, 124.8, 

124.4, 123.6, 110.1, 89.4, 44.8, 21.3; HRMS (ESI) for C38H29N2O2 [M+H]
+
 

calcd 545.2224, found 545.2215. Enantiomeric excess was determined by HPLC with a Chiralpak 

AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 15.4 min, tR 

(minor) = 13.5 min. 

 

 

(R)-4-Benzoyl-1’-benzyl-5-(naphthalen-2-yl)-3-phenylspiro[pyrrol-2,3’-o

xindole] 

White solid, mp: 92-94 
o
C, 98 % ee. [α]

22

D  = 92.8 (c 0.65, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 8.24 (s, 1H), 8.13 (d, J = 7.5 Hz, 2H), 7.89 (d, J = 8.5 

Hz, 1H), 7.75 (d, J = 8.7 Hz, 3H), 7.49 – 7.38 (m, 3H), 7.34 (t, J = 7.5 Hz, 

2H), 7.24–7.21(m, 4H), 7.17 – 7.14 (m, 4H), 7.06 – 6.99 (m, 5H), 6.81 (d, J = 

7.9 Hz, 1H), 5.29 (d, J = 16.0 Hz, 1H), 4.76 (d, J = 15.7 Hz, 1H); 
13

C NMR 

(101 MHz, CDCl3) δ 194.9, 175.5, 170.6, 162.7, 144.0, 140.8, 136.4, 135.1, 

134.4, 134.2, 132.8, 131.1, 130.5, 130.1, 129.9, 129.4, 129.1, 129.0, 128.9, 

128.6, 128.3, 127.7, 127.4, 127.3, 126.5, 125.3, 124.9, 124.4, 123.7, 110.2, 89.6, 44.8; HRMS (ESI) for 

C41H29N2O2 [M+H]
+
 calcd 581.2224, found 581.2219. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) 

= 43.8 min, tR (minor) = 32.4 min. 

 

 

(R)-4-Benzoyl-1’-benzyl-3-phenyl-5-(thiophen-2-yl)spiro[pyrrol-2,3’-oxin

dole] 

White solid, mp: 146-148 
o
C, 95 % ee. [α]

22

D  = 113.9 (c 0.74, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 8.14 (d, J = 7.8 Hz, 2H), 7.50 (t, J = 7.3 Hz, 1H), 

7.39 (dd, J = 15.2, 6.5 Hz, 3H), 7.30 (d, J = 3.7 Hz, 1H), 7.24 – 7.18 (m, 4H), 

7.17 – 7.07 (m, 4H), 7.03 – 6.94 (m, 5H), 6.91 (t, J = 4.4 Hz, 1H), 6.79 (d, J = 

7.9 Hz, 1H), 5.27 (d, J = 15.7 Hz, 1H), 4.71 (d, J = 15.7 Hz, 1H); 
13

C NMR 

(101 MHz, CDCl3) δ 194.7, 170.6, 168.3, 162.1, 144.0, 139.4, 136.6, 136.3, 

135.1, 134.5, 130.9, 130.5, 130.2, 130.1, 130.0, 129.4, 129.1, 128.8, 128.6, 127.8, 127.7, 127.4, 124.9, 

124.5, 123.6, 110.1, 89.1, 44.8; HRMS (ESI) for C35H25N2O2S [M+H]
+
 calcd 537.1631, found 

537.1625. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: 

i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 41.3 min, tR (minor) = 44.8 min. 
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(R)-4-Benzoyl-1’-benzyl-3-(4-fluorophenyl)-5-phenylspiro[pyrrol-2,

3’-oxindole] 

White solid, mp: 146-148 
o
C, 98 % ee. [α]

22

D = 113.9 (c 0.74, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.7 Hz, 2H), 7.74 (d, J = 7.5 

Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.35 (dd, J = 15.3, 7.5 Hz, 3H), 

7.28–7.22 (m, 6H), 7.16 – 7.10 (m, 3H), 7.02 (t, J = 7.5 Hz, 1H), 6.95 

(dd, J = 8.6, 5.4 Hz, 2H), 6.84 (d, J = 7.9 Hz, 1H), 6.68 (t, J = 8.6 Hz, 

2H), 5.25 (d, J = 15.7 Hz, 1H), 4.73 (d, J = 15.7 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.5, 175.6, 

170.4, 164.3, 161.1 (J = 251.6 Hz), 161.6, 144.0, 140.7, 136.2, 135.0, 134.3, 133.0, 130.9, 130.2, 129.8, 

129.7, 129.0, 128.8, 128.5, 127.9, 127.4, 127.3 (J = 34.3 Hz), 124.8, 124.1, 123.7, 115.8 (J = 22.2 Hz), 

115.7, 110.2, 89.5, 44.8; HRMS (ESI) for C37H26FN2O2 [M+H]
+
 calcd 549.1973, found 549.1972. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol 

= 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 35.5 min, tR (minor) = 22.3 min 

 

 

(R)-4-Benzoyl-1’-benzyl-5-phenyl-3-(p-tolyl)spiro[pyrrol-2,3’-oxindo

le] 

White solid, mp: 141-143 
o
C, 97 % ee. [α]

22

D  = 114.4 (c 0.32, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.8 Hz, 2H), 7.73 (d, J = 7.7 

Hz, 2H), 7.46 (t, J = 7.3 Hz, 1H), 7.35 (dd, J = 15.9, 7.8 Hz, 3H), 7.31 – 

7.25 (m, 4H), 7.25–7.21 (m, 2H), 7.19–7.17 (m, 2H), 7.11 (d, J = 7.4 Hz, 

1H), 7.01 (t, J = 7.5 Hz, 1H), 6.87 (d, J = 7.8 Hz, 2H), 6.83–6.80 (m, 3H), 

5.27 (d, J = 15.7 Hz, 1H), 4.76 (d, J = 15.7 Hz, 1H), 2.16 (s, 3H); 
13

C NMR (101 MHz, CDCl3) δ 194.9, 

175.7, 170.7, 162.7, 144.0, 140.0, 139.5, 136.4, 135.1, 134.1, 133.2, 130.7, 123.0, 129.9, 129.3, 128.9, 

128.8, 128.5, 128.4, 128.2, 127.7, 127.6, 127.4, 124.8, 124.7, 123.6, 110.1, 89.3, 44.8, 21.2; HRMS 

(ESI) for C38H29N2O2 [M+H]
+
 calcd 545.2224, found 545.2222. Enantiomeric excess was determined 

by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) 

tR (major) = 24.0 min, tR (minor) = 18.8 min 

 

 

(S)-4-Benzoyl-1’-benzyl-5-phenyl-3-(thiophen-2-yl)spiro[pyrrol-2,3’-oxin

dole] 

White solid, mp: 132-135 
o
C, 97 % ee. [α]

22

D  = 84.7 (c 0.32, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.9 Hz, 2H), 7.74 (d, J = 7.9 Hz, 2H), 

7.52 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.35–7.26 (m, 9H), 7.18 – 

7.11 (m, 2H), 7.05 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 7.9 Hz, 1H), 6.71 (t, J = 

4.4 Hz, 1H), 6.67 (d, J = 3.7 Hz, 1H), 5.19 (d, J = 15.6 Hz, 1H), 4.89 (d, J = 

15.6 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 195.2, 175.2, 170.6, 154.4, 144.3, 138.1, 136.2, 135.2, 

134.4, 133.1, 132.5, 130.8, 130.4, 129.9, 129.3, 129.1, 128.8, 128.5, 128.4, 127.9, 127.8, 125.5, 125.3, 

123.8, 110.2, 88.6, 45.0; HRMS (ESI) for C35H25N2O2S [M+H]
+
 calcd 537.1631, found 537.1628. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol 

= 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 56.7 min, tR (minor) = 53.8 min. 
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(R)-1’-Benzyl-4-(3-chlorobenzoyl)-3,5-diphenylspiro[pyrrol-2,3’-o

xindole] 

White solid, mp: 89-91 
o
C, 97 % ee. [α]

22

D   = 109.7 (c 0.74, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.93 (d, J = 7.7 Hz, 1H), 

7.73 (d, J = 7.9 Hz, 2H), 7.41–7.28 (m, 4H), 7.26 – 7.20 (m, 5H), 7.16 

– 7.10 (m, 4H), 7.06 – 6.98 (m, 3H), 6.96 (d, J = 8.0 Hz, 2H), 6.81 (d, 

J = 7.9 Hz, 1H), 5.26 (d, J = 15.6 Hz, 1H), 4.75 (d, J = 16.0 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 193.2, 175.4, 170.4, 163.6, 144.0, 139.9, 137.8, 135.2, 135.0, 134.1, 

132.9, 131.0, 130.3, 130.1, 129.5, 129.0, 128.9, 128.7, 128.6, 128.5, 127.8, 127.6, 127.3, 124.8, 124.2, 

123.7, 110.2, 89.6, 44.8; HRMS (ESI) for C37H26ClN2O2 [M+H]
+
 calcd 565.1677, found 565.1673. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column. (n-hexane: i-propanol 

= 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) = 20.8 min, tR (minor) = 30.5 min. 

 

 

(R)-4-(2-naphthoyl)-1’-Benzyl-3,5-diphenylspiro[pyrrol-2,3’-oxi

ndole] 

White solid, mp: 106-108 
o
C, 96 % ee. [α]

22

D  = 109.7 (c 0.74, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 8.71 (s, 1H), 8.14 (d, J = 

8.6 Hz, 1H), 7.94 (d, J = 8.1 Hz, 1H), 7.86 – 7.73 (m, 4H), 7.53 (t, J 

= 7.5 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.32–7.23 (m, 7H), 7.21 – 

7.14 (m, 3H), 7.09 – 6.94 (m, 6H), 6.82 (d, J = 7.9 Hz, 1H), 5.30 (d, 

J = 15.7 Hz, 1H), 4.79 (d, J = 15.7 Hz, 1H); 
13

C NMR (101 MHz, CDCl3) δ 194.7, 175.6, 170.7, 162.5, 

144.0, 140.7, 136.1, 135.1, 133.8, 133.5, 133.1, 132.6, 131.2, 130.9, 130.3, 130.1, 129.3, 129.1, 128.9, 

128.6, 128.5, 127.8, 127.7, 127.4, 126.8, 124.9, 124.5, 124.2, 123.7, 110.2, 89.5, 44.8; HRMS (ESI) for 

C41H29N2O2 [M+H]
+ 

calcd 581.2224, found 581.2226. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column. (n-hexane: i-propanol = 70 : 30, 0.8 mL/min, λ = 254 nm) tR (major) 

= 39.0 min, tR (minor) = 44.0 min. 
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4. Copies of 
1
H NMR and 

13
C NMR spectra  
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5. Copies of HPLC chromatographs  
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6. Crystal data of 5f  

Empirical formula   C37 H27 Br N2 O2 

Formula weight     611.52   

Temperature (K)    297(2)  

Crystal system      Monoclinic     

Space group        P2(1) 

a (Å)             17.9007(6) 

b (Å)             13.4705(4) 

c (Å)             18.9244(7) 

α(°)  90.00 

β(°)  98.1603(16) 

γ(°)  90.00 

Volume (Å
3
)         4517.1(3) 

Z                6 

Dcalcd (g cm
3
) = 1.349 

μ(mm
-1

) =1.401 

F (000) = 1884   

Theta range for data collection 2.11 to 25.00   

Index ranges  -21<=h<=21, -16<=k<=16, -20<=l<=22  

Reflections collected  101610 

Independent reflections  15834 [R(int) = 0.0434] 

Data/restraints/parameters  15834/1/1135 

GOF (on F
2
)  0.988 

Final R indexes [I>=2σ (I)]  R1 = 0.0391, wR2 = 0.0839 

Final R indexes [all data]  R1 = 0.0736, wR2 = 0.0923 

Largest diff. peak and hole (e Å
-3

) 0.273/-0.391 

Flack parameter 0.009(4) 
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