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Materials and methods.  

All reagents and solvents were obtained from commercial suppliers without further 

purification unless noted otherwise. The chiral N4 ligands and the corresponding manganese 

complexes C1-C6 were prepared according to the published methods
1
. Flash column 

chromatography was performed over silica gel (200-300 mesh) to provide the products. 

Instrumentation.  

1
H and 

13
C NMR spectra were recorded using a 400 MHz spectrometer. Chemical shifts for 

protons are reported in ppm, and the spectra are referenced to residual 
1
H and 

13
C signals of 

the solvents (CDCl3, δH = 7.26 ppm; δC = 77.2 ppm ). The high resolution mass spectra 

(HRMS) were recorded on an Agilent 6530 Q-TOF LC-MS. GC-MS analysis were performed 

with an Agilent 7890A/5975C GC-MS system with an HP-5MS column. Optical rotation was 

recorded with a Perkin-Elmer 341 polarimeter (sodium lamp, 1-dm cuvette, c in g/100 mL, 20 

o
C). HPLC analysis for measuring enantiomeric excess (ee) values was performed with a 

SHIMADZU system (SHIMADZU LC-20AT pump, SHIMADZU LC-20A Absorbance 

Detector) with Chiralpak AD and OD columns (Daicel Chemical Industries, LTD). 

 

General procedure for synthesis of spirocyclic substrates 1 

The spirocyclic oxindole and dihydroquinolinone substrates were synthesized according to the 

published strategies
2,3

. 

 

To a solution of 2-oxindole (15.0 mmol) in THF (60 mL) at RT was added anhydrous Na2CO3 

(14.3 g, 135.0 mmol) and Boc2O (8.62 mL, 37.6 mmol) sequentially. The reaction mixture 

was heated to reflux and maintained at this temperature for 2 h after which it was cooled to 

RT. The resulting precipitated material was filtered off under suction using THF (3 × 10 mL) 

and concentrated in vacuo. Purification by column chromatography (SiO2, Petroleum 

ether/EtOAc, 50:1→20:1) gave the title compounds as solid. Then, to a solution of above 
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compounds (4.29 mmol) in DMF (68 mL) at 0 °C was added NaH (60% in mineral oil, 377 

mg, 9.43 mmol) in one portion. The mixture was stirred for 1 h 30 min at 0 °C after which a 

solution of o-xylylene dibromide (5.15 mmol) in DMF (6.3 mL) was added dropwise via 

syringe over 30 min. Following the addition, the mixture was allowed to warm to RT slowly 

over 16 h. The reaction was quenched with H2O (40 mL) and diluted with EtOAc (40 mL). 

The layers were separated and the aqueous layer further extracted with EtOAc (40 mL). The 

combined organic layers were washed with brine (80 mL), dried (MgSO4) and concentrated in 

vacuo. Purification by column chromatography (SiO2, Petroleum ether/EtOAc, 20:1) gave the 

desired spirocyclic compounds 1a-g, 1i-k (33%-39% isolated yield based on tert-butyl 

2-oxoindoline-1-carboxylate). 

 

The compound 1h was prepared in analogy to a literature procedure, which obtained by Heck 

cross-coupling reaction with the substrate 1e and phenylboronic acid
4
.
 

 

To a solution of 1e (0.414g, 1.0 mmol) in Toluene/H2O (10 mL/3 mL) at RT was added 

PhB(OH)2 (0.304 g, 1.5mmol), Pd(PPh3)4 (60 mg, 0.05 mmol) and K3PO4 (0.53g, 2.5 mmol) 

sequentially under argon atmosphere. The reaction mixture was heated to 80 
o
C and 

maintained at this temperature for 6 h after which it was cooled to RT. The reaction was 

extracted with toluene (10 mL) and the organic layer was washed with H2O (3 × 5 mL), brine 

(10 mL), dried (MgSO4) and concentrated in vacuo. Purification by column chromatography 

(SiO2, dry load, Petroleum ether/EtOAc, 50:1) afforded the title compound 1h as light yellow 

solid (353 mg, 86% isolated yield). 
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To a solution of 1a (0.335 g, 1.0 mmol) in CH2Cl2 (10 mL) at 0 °C was added TFA (1.0 mL, 

13.0 mmol) dropwise. The reaction mixture was stirred at 0 °C for 30 min, after which it was 

added aq. NaHCO3 (10 mL) and diluted with CH2Cl2 (10 mL). The layers were separated and 

the aqueous layer further extracted with CH2Cl2 (10 mL). The combined organic layers were 

washed with H2O (3 × 10 mL), brine (10 mL), dried (MgSO4) and concentrated in vacuo to 

obtain crude product. Then, to a solution of the crude product in CH2Cl2 (20 mL) at RT was 

added DMAP (N,N-dimethylpyridin-4-amine, 12 mg, 0.1 mmol), DIPEA 

(N,N-diisopropylpropan- ethylamine, 0.33 mL, 2.0 mmol) and acyl chloride (1.5 mmol) under 

argon atmosphere. The reaction mixture was heated to reflux and maintained at this 

temperature for 4 h after which it was cooled to RT. The reaction was quenched with H2O (10 

mL) and diluted with CH2Cl2. The layers were separated and the aqueous layer further 

extracted with CH2Cl2 (20 mL). The combined organic layers were washed with H2 10 

mL), brine (10 mL), dried (MgSO4) and concentrated in vacuo. Purification by column 

chromatography (SiO2, dry load, Petroleum ether:EtOAc, 20:1) gave the title compound 1l as 

White solid (271 mg, 85% isolated yield). 

 

tert-butyl 2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1a) 

 

White solid, 503 mg, 35% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.85 (d, J = 

8.0 Hz, 1H), 7.25-7.29 (m, 5H), 7.00 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 3.69 (d, J = 

15.6 Hz, 2H), 3.13 (d, J = 15.6 Hz, 2H), 1.67 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

178.8, 149.2, 140.5, 138.0, 134.8, 128.1, 127.0, 124.7, 124.4, 121.3, 114.8, 84.3, 54.3, 45.3, 

28.0. 
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tert-butyl 5'-fluoro-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1b) 

 

Orange red solid, 560 mg, 37% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.85 (dd, 

J = 8.8, 4.4 Hz, 1H), 7.26 (s, 4H), 7.96 (td, J = 8.8, 2.8 Hz, 1H), 6.54 (dd, J = 8.0, 2.8 Hz, 1H), 

3.69 (d, J = 15.6 Hz, 2H), 3.12 (d, J = 15.6 Hz, 2H), 1.66 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 178.4, 160.1 (d, J = 242 Hz), 149.3, 140.2, 136.6 (d, J = 9 Hz), 134.1, 127.4, 

124.6, 116.3 (d, J = 8 Hz), 114.7 (d, J = 23 Hz), 109.0 (d, J = 24 Hz), 84.7, 54.7, 45.3, 28.1. 

tert-butyl 5'-chloro-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1c) 

 

White solid, 602 mg, 38% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.82 (d, J = 

8.4 Hz, 1H), 7.23-7.26 (m, 5H), 6.80 (s, 1H), 3.68 (d, J = 15.6 Hz, 2H), 3.12 (d, J = 15.6 Hz, 

2H), 1.66 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 178.2, 149.2, 140.2, 136.8, 136.6, 

130.1 128.3, 127.4, 124.6, 121.7, 116.3, 84.8, 54.5, 45.3, 28.1. 

tert-butyl 6'-chloro-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1d) 

 

Light yellow solid, 617 mg, 39% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.93 

(d, J = 2.0 Hz 1H), 7.25 (s, 4H), 6.98 (dd, J = 8.0 , 2.0 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 3.68 

(d, J = 16.0 Hz, 2H), 3.10 (d, J = 15.6 Hz, 2H), 1.67 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in 

ppm: δ 178.4, 149.1, 140.4, 139.2, 133.9, 133.3, 127.4, 124.8, 124.6, 122.3, 115.7, 85.0, 54.3, 

45.4, 28.1. 

tert-butyl 5'-bromo-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1e) 
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White solid, 638 mg, 36% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.77 (d, J = 

8.8 Hz, 1H), 7.40 (dd, J = 8.4, 2.0 Hz, 1H), 7.26 (s, 4H), 6.94 (d, J = 2.8 Hz, 1H), 3.68 (d, J = 

15.6 Hz, 2H), 3.13 (d, J = 15.6 Hz, 2H), 1.66 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

178.1, 149.2, 140.1, 137.3, 137.0, 131.2, 127.4, 124.6, 124.5, 117.7, 116.7, 84.9, 54.4, 45.4, 

28.1. 

tert-butyl 6'-bromo-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1f) 

 

White solid, 638 mg, 36% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.10 (t, J = 

2.0 Hz, 1H), 7.25 (s, 4H), 7.13 (dt, J = 8.0, 1.6 Hz, 1H), 6.70 (dd, J = 8.0 1.6 Hz, 1H), 3.68 (d, 

J = 15.6 Hz, 2H), 3.10 (d, J = 16.8 Hz, 2H), 1.67 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in 

ppm: δ 178.2, 149.1, 140.3, 139.3, 133.8, 127.7, 127.4, 124.6, 122.7, 121.7, 118.5, 85.0, 54.3, 

45.3, 28.1. 

tert-butyl 5'-methyl-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1g) 

 

White solid, 494 mg, 33% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.72 (d, J = 

8.4 Hz, 1H), 7.25 (s, 4H), 7.07 (d, J = 8.0 Hz, 1H), 6.65 (s, 1H), 3.67 (d, J = 15.6 Hz, 2H), 

3.13 (d, J = 15.6 Hz, 2H), 2.20 (s, 3H), 1.66 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: 

δ179.2, 149.4, 140.8, 135.8, 135.0, 134.5, 128.7, 127.1, 124.5, 122.0, 114.7, 84.3, 54.3, 45.5, 

28.2, 21.0. 

tert-butyl 2'-oxo-5'-phenyl-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (1h) 

 

Light yellow solid, 353 mg, 86% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.93 

(dd, J = 8.4, 2.4 Hz, 1H), 7.51 (dt, J = 8.4, 2.0 Hz, 1H), 7.34-7.42 (m, 4H), 7.30 (dd, J = 6.4, 

1.6 Hz, 1H), 7.26 (s, 4H), 7.08 (t, J = 2.0 Hz, 1H), 3.72 (d, J = 17.2 Hz, 2H), 3.22 (d, J = 16.8 
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Hz, 2H), 1.69 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ179.1, 149.4, 140.6, 140.4, 

138.1, 137.6, 135.6, 128.8, 127.3, 127.1, 126.9, 124.6, 120.1, 115.3, 84.6, 54.4, 45.6, 28.2; 

HRMS [M+Na]
+
 Calcd for C27H25NO3Na: 434.1727, found: 434.1725. 

tert-butyl 5,6-dimethoxy-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(1i) 

 

White solid, 559 mg, 33% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.85 (d, J = 

8.4 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.78 

(s, 2H), 3.89 (s, 6H), 3.63 (d, J = 15.2 Hz, 2H), 3.07 (d, J = 15.2 Hz, 2H), 1.67 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) in ppm: δ 178.9, 149.4, 148.7, 138.3, 135.2, 132.2, 128.2, 124.8, 

121.5, 114.9, 107.6, 84.4, 56.1, 54.8, 45.5, 28.2. 

tert-butyl 5'-chloro-5,6-dimethoxy-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'- 

carboxylate (1j) 

 

White solid, 610 mg, 36% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.80 (d, J = 

8.8 Hz, 1H), 7.23 (dd, J = 8.8, 2.4 Hz, 1H), 6.86 (d, J = 2.0 Hz, 1H), 6.77 (s, 2H), 3.88 (s, 6H), 

3.61 (d, J = 15.2 Hz, 2H), 3.03 (d, J = 15.2 Hz, 2H), 1.64 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 178.0, 149.2, 148.8, 136.9, 136.8, 131.6, 130.1, 128.2, 121.7, 116.2, 107.6, 

84.7, 56.1, 54.8, 45.3, 28.1. 

tert-butyl 6'-chloro-5,6-dimethoxy-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'- 

carboxylate (1k) 
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White solid, 593 mg, 35% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.93 (d, J = 

2.0 Hz, 1H), 7.01 (dd, J = 8.0, 2.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.78 (s, 2H), 3.88 (s, 6H), 

3.62 (d, J = 15.2 Hz, 2H), 3.03 (d, J = 15.2 Hz, 2H), 1.67 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 178.3, 149.1, 148.9, 139.2, 133.9, 133.5, 131.8, 124.8, 122.3, 115.7, 107.7, 

84.9, 56.1, 54.6, 45.4, 28.1.  

1'-pivaloyl-1,3-dihydrospiro[indene-2,3'-indolin]-2'-one (1l) 

 

White solid, 271 mg, 85% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.52 (d, J = 

8.0 Hz, 1H), 7.22-7.28 (m, 5H), 7.00 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 3.65 (d, J = 

16.0 Hz, 2H), 3.19 (d, J = 16.0 Hz, 2H), 1.45 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

182.8, 179.8, 140.6, 139.5, 135.6, 128.2, 127.3, 124.7, 124.6, 121.7, 114.1, 54.4, 45.0, 43.5, 

26.9. 

1,3-dihydrospiro[indene-2,3'-indolin]-2'-one (1m) 

 

White solid, 119 mg, 92% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.86 (s, 1H, 

NH), 7.18-7.26 (m, 5H), 6.83-6.94 (m, 3H), 3.65 (d, J = 15.6 Hz, 2H), 3.13 (d, J = 15.6 Hz, 

2H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 183.3, 141.2, 139.9, 136.8, 128.0, 127.1, 124.6, 

122.7, 121.9, 110.0, 54.8, 44.1. 

General procedure for the asymmetric oxidation of spirocyclic substrate 1 
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A 10 mL Schlenk tube was charged with substrate 1 (0.2 mmol, 1.0 equiv), manganese 

catalyst C1 (2.0 mol%),1 mL of CH2Cl2, 2,2-dimethylbutanoic acid (DMBA, 0.35 mL, 14 

equiv) and a stir bar under argon. Then a solution of H2O2 (7.0 equiv, 30% aqueous solution 

diluted in 1 mL of MeCN) was added dropwise over 2 h using a syringe pump and the mixture 

was stirred at 0 °C for additional 2 h. The reaction mixture was then quenched with sodium 

sulfite and NaHCO3 then purified by silica gel chromatography (petroleum ether/ethyl acetate 

= 20:1) to give the desired spirocyclic compound. 

 

tert-butyl (R)-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (2a) 

 

White solid, 44 mg, 63% isolated yield; [α]20
D  = +32.8 (c = 0.68 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.94 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.70 (t, J = 7.2 Hz, 

1H), 7.60 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.10 (t, J = 7.4 

Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 3.87 (d, J = 17.2 Hz, 1H), 3.46 (d, J = 17.2 Hz, 1H), 1.64 (s, 

9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 198.8, 173.2, 153.6, 148.9, 140.9, 135.9, 134.4, 

129.1, 128.8, 128.4, 126.5, 125.7, 124.9, 121.9, 115.6, 84.7, 63.6, 38.7, 28.1; HRMS [M+Na]
+
 

Calcd for C21H19NO4Na: 372.1206, found: 372.1212; HPLC-separation conditions: Sample 

dissolved in EtOH, tR [racemate] = 6.85 min, 11.18 min; Chiralcel AD-H, 20 
o
C, 210 nm, 

90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [2a] = 6.86 min, tR = [ent-2a] = 11.45 min; 91% ee. 

tert-butyl (R)-5'-fluoro-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2b) 

 

Light yellow solid, 41 mg, 56% isolated yield; [α]20
D  = +47.5 (c = 0.116 in CHCl3), 

1
H NMR 

(400 MHz, CDCl3) in ppm: δ 7.94 (dd, J = 9.2, 4.4 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.73 (t, 

J = 7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.4 Hz, 1H), 7.05 (td, J = 9.0, 2.8 Hz, 

1H), 6.66 (dd, J = 7.6, 2.8 Hz, 1H), 3.89 (d, J = 17.6 Hz, 1H), 3.45 (d, J = 17.2 Hz, 1H), 1.63 
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(s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 198.2, 172.8, 160.0 (d, J = 243.0 Hz), 153.4, 

148.9, 136.9, 136.2, 134.2, 130.2 (d, J = 9.0 Hz), 128.6, 126.6, 125.9, 117.0 (d, J = 8.0 Hz), 

115.6 (d, J = 22.0 Hz), 109.7 (d, J = 25.0 Hz), 84.9, 63.7, 38.5, 28.1; HRMS [M+Na]
+
 Calcd 

for C21H18FNO4Na: 390.1112, found: 390.1125; HPLC-separation conditions: Sample 

dissolved in EtOH, tR [racemate] = 6.53 min, 9.13 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 

n-hexane/i-PrOH, 1.0 mL/min, tR [2b] = 6.67 min, tR = [ent-2b] = 9.29 min; 88% ee. 

 

tert-butyl (R)-5'-chloro-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2c) 

 

White solid, 51 mg, 67% isolated yield; [α]20
D  = +78.1 (c = 0.22 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.91 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.72 (t, J = 7.2 Hz, 

1H), 7.61 (d, J = 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.32 (dd, J = 8.8, 2.0 Hz, 1H), 6.89 (s, 

1H), 3.87 (d, J = 17.2 Hz, 1H), 3.45 (d, J = 17.6 Hz, 1H), 1.63 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 198.0, 172.5, 153.3, 148.7, 139.5, 136.2, 134.2, 130.4, 130.3 129.1, 128.6, 

126.5, 125.9, 122.3, 116.9, 85.1, 63.4, 38.5, 28.1; HRMS [M+Na]
+
 Calcd for C21H18ClNO4Na: 

406.0817, found: 406.0817; HPLC-separation conditions: Sample dissolved in EtOH, tR 

[racemate] = 7.32 min, 11.02 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 

1.0 mL/min, tR [2c] = 7.32 min, tR = [ent-2c] = 11.05 min; 89% ee. 

tert-butyl (R)-6'-chloro-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2d) 

 

Light yellow solid, 50 mg, 65% isolated yield; [α]20
D  = +56.5 (c = 0.32 in CHCl3), 

1
H NMR 

(400 MHz, CDCl3) in ppm: δ 8.03 (s, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H), 

7.61 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.4 Hz, 1H), 7.11 (dd, J = 8.4, 2.0 Hz, 1H), 6.85 (d, J = 
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8.0 Hz, 1H), 3.87 (d, J = 17.2 Hz, 1H), 3.44 (d, J = 17.6 Hz, 1H), 1.64 (s, 9H); 
13

C NMR (100 

MHz, CDCl3) in ppm: δ 198.3, 172.7, 153.4, 148.7, 141.8, 136.1, 134.9, 134.2, 128.6, 127.0, 

126.5, 125.9, 125.0, 122.9, 116.4, 85.3, 63.2, 38.5, 28.0; HRMS [M+Na]
+
 Calcd for 

C21H18ClNO4Na: 406.0817, found: 406.0827; HPLC-separation conditions: Sample dissolved 

in EtOH, tR [racemate] = 6.72 min, 10.91 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 

n-hexane/i-PrOH, 1.0 mL/min, tR [2d] = 6.73 min, tR = [ent-2d] = 10.92 min; 88% ee. 

tert-butyl (R)-5'-bromo-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2e) 

 

White solid, 50 mg, 58% isolated yield; [α]20

D = +35.6 (c = 0.50 in CHCl3), 
1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.86 (d, J = 8.8 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.74 (t, J = 7.6 Hz, 

1H), 7.61 (d, J = 7.6 Hz, 1H), 7.46-7.51 (m, 2H), 7.04 (d, J = 2.0 Hz, 1H), 3.87 (d, J = 17.2 

Hz, 1H), 3.46 (d, J = 17.6 Hz, 1H), 1.63 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

198.1, 172.5, 153.4, 148.7, 139.9, 136.2, 134.1, 132.0, 130.7, 128.6, 126.6, 125.9, 125.1, 

117.7, 117.3, 85.1, 63.3, 38.5, 28.1; HRMS [M+Na]
+
 Calcd for C21H18BrNO4Na: 450.0311, 

found: 450.0322; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 

7.58 min, 11.88 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR 

[2e] = 7.79 min, tR = [ent-2e] = 12.49 min; 88% ee. 

tert-butyl (R)-6'-bromo-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2f) 

 

White solid, 44 mg, 52% isolated yield; [α]20
D  = +37.1 (c = 0.66 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.18 (d, J = 1.6 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.72 (td, J = 7.4, 

1.2 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.26 (dd, J = 8.0, 2.0 Hz, 1H), 

6.80 (d, J = 8.0 Hz, 1H), 3.86 (d, J = 17.6 Hz, 1H), 3.44 (d, J = 17.2 Hz, 1H), 1.64 (s, 9H); 
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13
C NMR (100 MHz, CDCl3) in ppm: δ 198.2, 172.6, 153.4, 148.7, 141.9, 136.2, 134.2, 128.6, 

127.9, 127.6, 126.6, 125.8, 123.2, 122.7, 119.2, 85.3, 63.3, 38.4, 28.0.; HRMS [M+Na]
+
 

Calcd for C21H18BrNO4Na: 450.0311, found: 450.0305; HPLC-separation conditions: Sample 

dissolved in EtOH, tR [racemate] = 6.96 min, 11.39 min; Chiralcel AD-H, 20 
o
C, 210 nm, 

90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [2f] = 6.97 min, tR = [ent-2f] = 11.41 min; 87% ee. 

tert-butyl (R)-5'-methyl-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2g) 

 

White solid, 35 mg, 48% isolated yield; [α]20
D  = +44.7 (c = 0.30 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.81 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 7.4 Hz, 1H), 7.60 (d, J = 7.6 Hz, 

1H), 7.47 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 6.71 (s, 1H), 3.86 (d, J = 17.2 Hz, 1H), 

3.44 (d, J = 17.6 Hz, 1H), 2.26 (s, 3H), 1.63 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

199.0, 173.4, 153.7, 149.0, 138.5, 135.9, 134.6, 134.5, 129.6, 128.8, 128.4, 126.5, 125.7, 

122.5, 115.4, 84.5, 63.6, 38.7, 28.1, 21.0; HRMS [M+Na]
+
 Calcd for C22H21NO4Na: 386.1363, 

found: 386.1367; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 

8.45 min, 12.18 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR 

[2g] = 8.27 min, tR = [ent-2g] = 11.83 min; 88% ee. 

tert-butyl (R)-1,2'-dioxo-5'-phenyl-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate 

(2h) 

 

White solid, 38 mg, 45% isolated yield; [α]20
D  = +32.5 (c = 0.24 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.01 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.6 Hz, 

1H), 7.62 (d, J = 8.0 Hz, 1H), 7.58 (dd, J = 8.4, 2.0 Hz, 1H), 7.45-7.50 (m, 3H), 7.37 (t, J = 

7.6 Hz, 2H), 7.31 (d, J = 7.6 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 3.92 (d, J = 17.6 Hz, 1H), 3.53 

(d, J = 17.6 Hz, 1H), 1.66 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 198.8, 173.3, 153.6, 
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148.9, 140.2, 138.3, 136.0, 134.4, 129.4, 128.8, 128.5, 128.0, 127.4, 127.0, 126.5, 125.8, 

120.6, 116.0, 84.8, 63.7, 38.7, 28.1; HRMS [M+Na]
+
 Calcd for C27H23NO4Na: 448.1519, 

found: 448.1527; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 

14.14 min, 21.73 min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, 

tR [2h] = 14.23 min, tR = [ent-2h] = 21.84 min; 77% ee. 

tert-butyl (R)-5,6-dimethoxy-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'- 

carboxylate (2i) 

 

White solid, 46 mg, 56% isolated yield; [α]20
D  = +53.8 (c = 0.65 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.94 (d, J = 8.4 Hz, 1H), 7.34 (t, J = 7.8 Hz, 1H), 7.19 (s, 1H), 7.12 (t, 

J = 7.6 Hz, 1H), 7.01 (s, 1H), 6.94 (d, J = 7.6 Hz, 1H), 4.02 (s, 3H), 3.92 (s, 3H), 3.76 (d, J = 

16.8 Hz, 1H), 3.36 (d, J = 16.8 Hz, 1H), 1.64 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

197.2, 173.5, 156.5, 150.2, 149.4, 148.9, 140.9, 129.0, 127.1, 124.8, 121.9, 115.6, 107.3, 

105.6, 84.6, 63.9, 56.5, 56.2, 38.5, 28.1; HRMS [M+Na]
+
 Calcd for C23H23NO6Na: 432.1418, 

found: 432.1419; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 

18.92 min, 26.31 min; Chiralcel OD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, 

tR [2i] = 18.69 min, tR = [ent-2i] = 26.42 min; 69%; ee. 

tert-butyl (R)-5'-chloro-5,6-dimethoxy-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline] 

-1'- carboxylate (2j) 

 

White solid, 47 mg, 53% isolated yield; [α]20
D  = +40.0 (c = 0.21 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.89 (d, J = 8.8 Hz, 1H), 7.31 (dd, J = 8.8, 2.4 Hz, 1H), 7.18 (s, 1H), 

7.01 (s, 1H), 6.91 (d, J = 2.0 Hz, 1H), 4.03 (s, 3H), 3.93 (s, 3H), 3.76 (d, J = 17.2 Hz, 1H), 

3.34 (d, J = 16.8 Hz, 1H), 1.63 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 196.3, 172.8, 

156.8, 150.4, 149.1, 148.8, 139.5, 130.7, 130.2, 129.0, 126.8, 122.2, 116.8, 107.3, 105.7, 84.9, 
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63.7, 56.5, 56.3, 38.3, 28.1; HRMS [M+Na]
+
 Calcd for C23H22NO6ClNa: 466.1028, found: 

466.1031; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 37.94 min, 

44.91 min; Chiralcel IA, 20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 0.8 mL/min, tR [2j] = 38.24 

min, tR = [ent-2j] = 45.29 min; 60% ee. 

 

tert-butyl (R)-6'-chloro-5,6-dimethoxy-1,2'-dioxo-1,3-dihydrospiro[indene-2,3'-indoline] 

-1'-carboxylate (2k) 

 

White solid, 51 mg, 57% isolated yield; [α]20
D  = +21.0 (c = 0.10 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.01 (d, J = 2.0 Hz, 1H), 7.18 (s, 1H), 7.11 (dd, J = 8.0, 2.0 Hz, 1H), 

7.00 (s, 1H), 6.86 (d, J = 8.0 Hz, 1H), 4.02 (s, 3H), 3.92 (s, 3H), 3.75 (d, J = 17.2 Hz, 1H), 

3.33 (d, J = 17.2 Hz, 1H), 1.63 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 196.5, 173.0, 

156.7, 150.4, 149.1, 148.7, 141.8, 134.7, 127.4, 126.9, 124.8, 122.8, 116.4, 107.3, 105.6, 85.1, 

63.5, 56.5, 56.3, 38.3, 28.0; HRMS [M+Na]
+
 calcud for C23H22NO6ClNa: 466.1028, found: 

466.1032; HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 17.05 min, 

23.51 min; Chiralcel IA, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [2k] = 16.98 

min, tR = [ent-2k] = 23.47 min, 55% ee.  

(R)-1'-pivaloylspiro[indene-2,3'-indoline]-1,2'(3H)-dione (2l) 

 

White solid, 28 mg, 42% isolated yield; [α]20
D  = +37.6 (c = 0.21 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.82 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H), 7.63 (d, J = 7.6 Hz, 

1H), 7.58 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.32 (td, J = 7.8, 1.6 Hz, 1H), 7.09 (t, J 

= 7.6 Hz, 1H), 6.92 (dd, J = 7.6, 1.2 Hz, 1H), 3.88 (d, J = 17.2 Hz, 1H), 3.50 (d, J = 17.2 Hz, 

1H), 1.43 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 198.6, 182.4, 174.5, 153.7, 142.1, 

136.0, 134.2, 129.8, 129.0, 128.4, 126.5, 125.8, 124.7, 122.0, 114.6, 63.8, 43.6, 37.8, 26.9; 
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HRMS [M+Na]
+
 Calcd for C21H19NO3Na: 356.1257, found: 356.1269; HPLC-separation 

conditions: Sample dissolved in EtOH, tR [racemate] = 6.48 min, 8.10 min; Chiralcel AD-H, 

20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [2l] = 6.49 min, tR = [ent-2l] = 8.11 

min; 87% ee. 

 

(R)-5'-chlorospiro[indene-2,3'-indoline]-1,2'(3H)-dione (2c’) 

 

To a solution of 2c (66 mg, 0.171 mmol) in CH2Cl2 (5 mL) at 0 °C was added TFA (0.5 mL, 

6.5 mmol) dropwise. The reaction mixture was stirred at 0 °C for 30 min, after which it was 

added aq. NaHCO3 (10 mL) and diluted with CH2Cl2 (10 mL). The layers were separated and 

the aqueous layer further extracted with CH2Cl2 (10 mL). The combined organic layers were 

washed with H2O (3 × 10 mL), brine (10 mL), dried (MgSO4) and concentrated in vacuo. 

Purification by column chromatography (SiO2, dry load, Petroleum ether:EtOAc, 3:1) gave 

the title compound 2c'. 

Light orange solid, 41 mg, 82% isolated yield; [α]20
D  = +78.3 (c = 0.22 in CHCl3) [[α] 20

D  = 

+33.1 (c = 0.175, CDCl3), 61% ee]
2
; 

1
H NMR (400 MHz, CDCl3) in ppm: δ 8.62 (s, 1H, N-H), 

7.84 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.6 Hz, 

1H), 7.20 (dd, J = 8.4, 2.0 Hz, 1H), 6.85-6.87 (m, 2H), 3.85 (d, J = 17.2 Hz, 2H), 3.45 (d, J = 

17.2 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 198.9, 153.5, 140.5, 136.0, 134.7, 

132.2, 128.9, 128.5, 128.3, 126.6, 125.8, 122.9, 111.4, 63.5, 37.4. 

tert-butyl 1-hydroxy-2'-oxo-1,3-dihydrospiro[indene-2,3'-indoline]-1'-carboxylate (3a) 

 

White solid, 16 mg, 23% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.90 (d, J = 

8.0 Hz, 1H), 7.40-7.41 (m, 1H), 7.26-7.35 (m, 5H), 6.98 (t, J = 7.4 Hz, 1H), 6.64 (d, J = 7.2 
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Hz, 1H), 5.72 (s, 1H), 3.61 (d, J = 15.6 Hz, 1H), 3.12 (d, J = 15.6 Hz, 1H), 1.66 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) in ppm: δ 177.4, 149.2, 142.5, 140.1, 139.2, 129.0, 128.9, 127.7, 

124.9, 124.8 ,124.5, 124.2, 122.5, 115.4, 84.6, 83.0, 62.1, 41.6, 28.2; HRMS [M+Na]
+
 Calcd 

for C21H21NO4Na: 374.1363, found: 374.1364. HPLC-separation conditions: Sample 

dissolved in EtOH, Chiralcel AD-H, 20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 0.5 mL/min. 

Gram-scale reaction for the asymmetric oxidation of 1a 

 

Substrate 1a (1.005 g, 2.86 mmol, 1.0 equiv), manganese catalyst C1 (2.0 mol %) were added 

into a 50 mL of Schlenk tube, followed by 6 mL of CH2Cl2 and 2,2-dimethylbutanoic acid 

(DMBA, 5.0 mL, 14 equiv) with a magnetic stir bar under argon. Then 7 equiv of H2O2 (30% 

aqueous solution diluted in 6 mL of MeCN) was added dropwise over 3 h using a syringe 

pump and the mixture was stirred at 0 °C for additional 3 h. The reaction mixture was then 

quenched with sodium sulfite and then purified by silica gel chromatography (petroleum 

ether/ethyl acetate = 20:1-10:1) to give the desired spirocyclic compound 2a (white solid, 

0.408 g, 39% yield, 90% ee) and 3a (white solid, 0.211 g, 20% yield, 0% ee). 

 

General procedure for synthesis of spirocyclic substrates 4 

The 2,3-dihydroquinolin-4(1H)-one derivatives were synthesized according to the reported 

method
5,6

.  

 

To a solution of 2,3-dihydroquinolin-4-one (0.74 g, 5 mmol) in CH2Cl2 (30 mL) at rt was 

added DMAP (60 mg, 0.5 mmol), DIPEA (1.65 mL, 10.0 mmol) and Boc2O (1.73 mL, 7.5 
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mmol) under argon atmosphere. The reaction mixture was heated to reflux and maintained at 

this temperature for 4 h after which it was cooled to RT. Purification by column 

chromatography (SiO2, dry load, Petroleum ether/EtOAc, 20:1) gave the compound. Then, to 

a mixture of t-BuOK (0.50 g, 4.44 mmol, 2.22 equiv.) in dry t-BuOH (10 mL) was added 

ketone (2.0 mmol, 1.0 equiv.) under an inert atmosphere. The mixture was stirred at rt for 

10-15 min. To this mixture, α,α’-dibromo xylene (2.0 mmol, 1.0 equiv.) was added and 

resulting mixture was stirred at rt for 2 h. The reaction mixture was concentrated on a rotary 

evaporator to give residue. The residue was diluted with water (5 mL) and 15% HCl (5 mL). 

The mixture was extracted with CH2Cl2 (3 x 20 mL). The combined organic layer was dried 

over anhydrous Na2SO4, filtered and evaporated to give crude product. It was purified by 

column chromatography (petroleum ether/ethyl acetate, 50:1-25:1) to give the product 4 

(53%-85% isolated yield based on tert-butyl 4-oxo-3,4-dihydroquinoline-1(2H)-carboxylate). 

 

tert-butyl 4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)-carboxylate (4a) 

 

White solid, 524 mg, 75% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.05 (d, J = 

7.6 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.14-7.24 (m, 5H), 3.98 (s, 2H), 

3.42 (d, J = 16.0 Hz, 2H), 2.87 (d, J = 16.0 Hz, 2H), 1.47 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 197.3, 153.3, 143.9, 140.3, 134.1, 128.2, 127.0, 124.9, 123.9, 123.4, 82.1, 

55.2, 52.2, 39.1, 28.2. HRMS [M+H]
+
 Calcd for C22H24NO3: 350.1751, found: 350.1751. 

tert-butyl 6'-chloro-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)- 

carboxylate (4b) 

 

White solid, 605 mg, 79% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.01 (s, 1H), 

7.90 (d, J = 9.2 Hz, 1H), 7.46 (dd, J = 9.2, 2.4 Hz, 1H), 7.21 (s, 4H), 3.98 (s, 2H), 3.42 (d, J = 
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16.0 Hz, 2H), 2.87 (d, J = 16.8 Hz, 2H), 1.47 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

196.2, 153.1, 142.3, 140.0, 133.9, 129.6, 127.6, 127.1, 124.9, 82.5, 54.9, 52.1, 39.0, 28.1. 

HRMS [M+H]
+
 Calcd for C22H23ClNO3: 384.1361, found: 384.1358. 

4'-oxo-6'-(trifluoromethyl)-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)-carboxy

late (4c) 

 

White solid, 567 mg, 68% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.34 (s, 1H), 

8.10 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.21 (s, 4H), 4.02 (s, 2H), 3.44 (d, J = 16.0 

Hz, 2H), 2.89 (d, J = 16.0 Hz, 2H), 1.49 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

196.1, 153.0, 146.4, 139.8, 130.3, 127.1, 125.7, 124.9, 123.8, 123.4, 83.0, 54.8, 52.1, 39.0, 

28.1. HRMS [M+H]
+
 Calcd for C23H23F3NO3: 418.1625, found: 418.1623. 

6'-methoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)-carboxylate (4d)  

 

White solid, 622 mg, 82% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.81 (d, J = 

9.2 Hz, 1H), 7.50 (s, 1H), 7.21 (s, 4H), 7.12 (dd, J = 9.2, 2.8 Hz, 1H), 3.96 (s, 2H), 3.84 (s, 

3H), 3.43 (d, J = 16.0 Hz, 2H), 2.88 (d, J = 16.4 Hz, 2H), 1.46 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 197.5, 155.9, 153.5, 140.2, 137.7, 127.0, 125.0, 124.9, 124.6, 122.6, 109.1, 

81.9, 55.7, 55.3, 52.3, 39.2, 28.2. HRMS [M+H]
+
 Calcd for C23H26NO4: 380.1856, found: 

380.1857. 

8'-methoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)-carboxylate (4e) 

 

White solid, 402 mg, 53% isolated yield;
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.63 (d, J = 

7.6 Hz, 1H), 7.19-7.24 (m, 5H), 7.11 (d, J = 8.0 Hz, 1H), 3.86-4.10 (m, 5H), 3.43 (d, J = 16.8 
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Hz, 2H), 2.91 (d, J = 16.8 Hz, 2H), 1.47 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 

198.4, 153.8, 152.8, 134.1, 127.0, 126.5, 125.6, 124.8, 119.3, 116.7, 81.1, 56.9, 56.0, 53.8, 

40.1, 28.0. HRMS [M+H]
+
 Calcd for C23H26NO4: 380.1856, found: 380.1862. 

tert-butyl 6',7'-dimethoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)- 

carboxylate (4f)  

 

White solid, 695 mg, 85% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 7.50 (s, 1H), 

7.49 (s, 1H), 7.20 (s, 4H), 3.98 (s, 3H), 3.96 (s, 2H), 3.92 (s, 3H), 3.43 (d, J = 16.0 Hz, 2H), 

2.85 (d, J = 16.0 Hz, 2H), 1.47 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 196.3, 153.9, 

153.3, 145.8, 140.4, 139.5, 126.9, 124.9, 117.1, 108.3, 105.7, 82.0, 56.3, 56.1, 54.8, 52.7, 39.1, 

28.2. HRMS [M+H]
+
 Calcd for C24H28NO5: 410.1962, found: 410.1963. 

tert-butyl 4'-oxo-6'-phenyl-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)- 

carboxylate (4g) 

 

White solid, 655 mg, 77% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.31 (s, 1H), 

8.00 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 7.6 Hz, 2H), 7.45 (t, J = 7.6 Hz, 

2H), 7.35 (t, J = 7.2 Hz, 1H), 7.21 (s, 4H), 4.02 (s, 2H), 3.47 (d, J = 16.0 Hz, 2H), 2.91 (d, J = 

16.0 Hz, 2H), 1.49 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 197.3, 153.4, 143.0, 140.2, 

139.6, 136.7, 132.6, 128.9, 127.6, 127.0, 126.9, 126.3, 124.9, 124.0, 123.7, 82.3, 55.1, 52.3, 

39.2, 28.2. HRMS [M+H]
+
 Calcd for C28H28NO3: 426.2064, found: 426.2064. 

tert-butyl 4-oxo-1',3'-dihydro-2H-spiro[benzo[g]quinoline-3,2'-indene]-1(4H)- 

carboxylate (4h) 
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Light yellow solid, 551 mg, 69% isolated yield;
1
H NMR (400 MHz, CDCl3) in ppm: δ 9.36 (d, 

J = 8.8 Hz, 1H), 7.91-7.96 (m, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.62 (t, J = 7.8 Hz, 1H), 7.48 (t, 

J = 7.6 Hz, 1H), 7.20-7.25 (m, 4H), 4.03 (s, 2H), 3.53 (d, J = 15.6 Hz, 2H), 2.95 (d, J = 16.0 

Hz, 2H), 1.51 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 199.7, 153.5, 146.0, 140.5, 

134.7, 131.5, 130.9, 129.3, 128.3, 127.0, 126.8, 125.7, 124.8, 122.6, 118.3, 82.4, 57.9, 52.8, 

40.6, 28.2. HRMS [M+H]
+
 Calcd for C26H26NO3: 400.1907, found: 400.1907. 

5,6-dimethoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)-carboxylate 

(4i)  

 

Light yellow solid, 515 mg, 63% isolated yield; 
1
H NMR (400 MHz, CDCl3) in ppm: δ 8.06 

(d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 7.18 (t, J = 7.4 Hz, 1H), 

6.74 (s, 2H), 4.03 (s, 2H), 3.86 (s, 6H), 3.37 (d. J = 15.6 Hz, 2H), 2.84 (d, J = 15.6 Hz, 2H), 

1.50 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 197.4, 153.4, 148.5, 143.8, 134.1, 131.7, 

128.2, 123.9, 123.7, 123.3, 107.9, 82.1, 56.1, 55.5, 52.5, 39.2, 28.2. HRMS [M+H]
+
 Calcd for 

C24H28NO5: 410.1962, found: 410.1960. 

 

General procedure for the asymmetric hydroxylation of spirocyclic substrate 4  

 

A 10 mL Schlenk tube was charged with substrate 4 (0.2 mmol, 1.0 equiv), manganese 

catalyst C1 (1.0 mol%),1 mL of CH2Cl2, 2,2-dimethylbutanoic acid (DMBA, 0.35 mL, 14 

equiv) and a stir bar under argon. Then a solution of H2O2 (1.0 equiv, 30% aqueous solution 
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diluted in 0.5 mL of MeCN) was added dropwise over 30 min using a syringe pump and the 

mixture was stirred at -20 °C for additional 30 min. After, manganese catalyst C1 (1.0 mol%) 

and H2O2 (1.0 equiv, 30% aqueous solution diluted in 0.5 mL of MeCN, over 30 min) were 

added again, total reaction time was 2 h. The reaction mixture was then quenched with 

sodium sulfite and NaHCO3 then purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 20:1) to give the desired spirocyclic alcohol compound. 
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Table S1 Optimization of asymmetric hydroxylation catalysed by manganese catalyst 

 

entry Mn cat. H2O2 

(equiv) 

t 

(
o
C) 

conv. (%) yield (%) 

6a/5a 

ee (%) 

1
b
 C1 2.0 0 54 27/14 98/90 

2
c
 C1 7.0 0 63 26/34 97/94 

3 C1 2.0 0 60 37/14 98/90 

4
d
 C1 2.0 0 66 37/17 98/90 

5 C2 2.0 0 53 34/19 94/82 

6 C3 2.0 0 51 34/14 94/89 

7 C1 2.0 -20 63 38/15 98/96 

8 C1 7.0 -20 61 22/23 98/96 

9
e
 C1 2.0 -20 12 8/Trace 92 

10
f
 C1 2.0 -20 47 20/8 91/77 

a
Reaction conditions: substrate 4a (0.2 mmol), manganese Mn catalyst (1.0 mol%) and 

2,2-dimethylbutanoic acid (DMBA, 14.0 equiv) were dissolved in 1.0 mL of CH2Cl2 under Ar atmosphere, 

H2O2 (1.0 equiv, 30% aqueous solution diluted in 0.5 mL of MeCN) was added dropwise over 30 min and 

stirred for additional 30 min; after, Mn catalyst (1.0 mol%) was added to the reaction, and  second 

addition of H2O2 (1.0 equiv) was performed in the same manner, total reaction time of 2 h, isolated yield.
 

b
 C1 (2.0 mol%) was added in one times and H2O2 (2.0 equiv, 30% aqueous solution diluted in 1.0 mL of 

MeCN) was added dropwise over 1 h. 
c
 C1 (2.0 mol%) was added in one times and H2O2 (7.0 equiv, 30% aqueous solution diluted in 1.0 mL of 

MeCN) was added dropwise over 1 h.  
d
 3.0 mol% of C1. 

e
 14 equic of EHA. 

f
 14 equic of AcOH. 

 

tert-butyl (S)-1,4'-dioxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]-1'(4'H)- 

carboxylate (5a) 
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White solid, 25mg, 34% isolated yield; [α]20
D  = -40.3 (c = 0.33 in CHCl3), 

1
H NMR (400 MHz, 

CDCl3) in ppm: δ 8.01 (dd, J = 7.6, 1.6 Hz, 1H), 7.78 (t, J = 7.2 Hz, 2H), 7.64 (t, J = 7.6 Hz, 

1H), 7.56 (td, J = 7.8, 1.6 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.19 (td, 

J = 7.6, 1.2 Hz, 1H), 4.51 (d, J = 13.6 Hz, 1H), 4.16 (d, J = 14.0 Hz, 1H), 3.73 (d, J = 17.2 Hz, 

1H), 3.03 (d, J = 17.2 Hz, 1H), 1.52 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 201.2, 

193.5, 152.3, 144.3, 135.5, 135.1, 134.4, 128.1, 126.6, 124.8, 124.4, 124.2, 124.1, 82.5, 61.5, 

51.1, 35.3, 28.2; HRMS [M+Na]
+
 Calcd for C22H21NO4Na: 386.1363, found: 386.1368; 

HPLC-separation conditions: Sample dissolved in EtOH, tS [racemate] = 19.48 min, 21.41 

min; Chiralcel AD-H, 20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 0.8 mL/min, tR [5a] = 21.02 min, 

tR= [ent-5a] = 22.76 min; 94% ee. 

tert-butyl (1R,2R)-1-hydroxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'-quinoline]- 

1'(4'H)-carboxylate (6a)  

 

White solid, 28 mg, 38% isolated yield; [α]20
D  = +51.7 (c = 0.232 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.02 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.53 (t , J = 7.8 Hz, 

1H), 7.43-7.44 (m, 1H), 7.28-7.30 (m, 2H), 7.20-7.22 (m, 1H), 7.16 (t, J = 7.4 Hz, 1H), 5.16 

(s, 1H), 4.18 (d, J = 13.2 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 3.57 (d, J = 16.4 Hz, 1H), 2.85 

(d, J = 16.8 Hz, 1H), 1.51 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 196.8, 153.1, 143.8, 

143.0, 139.3, 134.4, 128.9, 128.0, 127.6, 125.1, 124.7, 123.9, 123.8, 123.3, 82.5, 79.7, 58.6, 

52.0, 37.5, 28.2; HRMS [M+Na]
+
 Calcd for C22H23NO4Na: 388.1519, found: 388.1536; 

HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 12.17 min, 16.27 

min; Chiralcel IA, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [6a] = 11.70 min, 

tR = [ent-6a] = 15.62 min; 98% ee, dr > 20:1 

tert-butyl (1R,2R)-6'-chloro-1-hydroxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'- 

quinoline]-1'(4'H)-carboxylate (6b) 
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White solid, 26mg, 33% isolated yield; [α]20
D  = +34.9 (c = 0.172 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.97 (s, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.42-7.48 (m, 2H), 7.29-7.31 

(m, 2H), 7.21-7.23 (m, 1H), 5.17 (s, 1H), 4.20 (d, J = 13.6 Hz, 1H), 4.06 (d, J = 13.6 Hz, 1H), 

3.60 (d, J = 16.4 Hz, 1H), 2.81 (d, J = 16.8 Hz, 1H), 1.51 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) in ppm: δ 195.4, 152.9, 152.3, 142.6, 142.2, 139.3, 134.2, 129.6, 129.1, 127.8, 127.5, 

125.2, 124.8, 82.9, 79.6, 58.6, 51.9, 37.4, 28.2; HRMS [M+Na]
+
 Calcd for C22H22ClNO4Na: 

422.1130, found: 422.1128; HPLC-separation conditions: Sample dissolved in EtOH, tR 

[racemate] = 11.97 min, 19.07 min; Chiralcel IA, 20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 1.0 

mL/min, tR [6b] = 12.00 min, tR = [ent-6b] = 19.11 min; 94% ee, dr > 20:1 

tert-butyl (1R,2R)-1-hydroxy-4'-oxo-6'-(trifluoromethyl)-1,3-dihydro-2'H-spiro [indene- 

2,3' -quinoline]-1'(4'H)-carboxylate (6c) 

 

White solid, 21mg, 24% isolated yield; [α]20
D  = +37.9 (c = 0.290 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.31 (s, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 

7.43-7.45 (m, 1H), 7.30-7.33 (m, 2H), 7.23-7.24 (m, 1H), 5.19 (s, 1H), 4.26 (d, J = 13.6 Hz, 

1H), 4.10 (d, J = 13.6 Hz, 1H), 3.64 (d, J = 16.4 Hz, 1H), 2.82 (d, J = 16.8 Hz, 1H), 1.53 (s, 

9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 195.2, 152.7, 146.3, 142.5, 139.2, 130.6, 129.2, 

127.8, 126.1, 125.6, 125.2, 124.8, 123.7, 123.4, 83.4, 79.6, 58.5, 51.9, 37.3, 28.2; HRMS 

[M+Na]
+
 Calcd for C23H22F3NO4Na: 456.1393, found: 456.1412; HPLC-separation 

conditions: Sample dissolved in EtOH, tR [racemate] = 18.63 min, 25.61 min; Chiralcel AD-H, 

20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 0.8 mL/min, tR [6c] = 18.60 min, tR = [ent-6c] = 25.79 

min; 94% ee, dr > 20:1 

 

tert-butyl (1R,2R)-1-hydroxy-6'-methoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'- 

quinoline]-1'(4'H)-carboxylate (6d) 
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White solid, 32 mg, 41% isolated yield; [α]20
D  = +34.4 (c = 0.960 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.75-7.81 (m, 1H), 7.43-7.46 (m, 1H), 7.28-7.30 (m ,2H), 7.20-7.23 

(m, 1H), 7.10-7.14 (m, 2H), 5.16 (s, 1H), 4.16 (d, J = 13.2 Hz, 1H), 4.09 (d, J = 14.0 Hz, 1H), 

3.82 (s, 3H), 3.58 (d, J = 16.4 Hz, 1H), 2.85 (d, J = 16.4 Hz, 1H), 1.50 (s, 9H); 
13

C NMR (100 

MHz, CDCl3) in ppm: δ 196.8, 155.9, 153.3, 143.0, 139.4, 137.7, 129.0, 127.7, 125.1, 125.0, 

124.8, 124.5, 123.0, 109.0, 82.2, 79.7, 58.7, 55.7, 52.1, 37.6, 28.3; HRMS [M+Na]
+
 Calcd for 

C23H25NO5Na: 418.1625, found: 418.1642; HPLC-separation conditions: Sample dissolved in 

EtOH, tR [racemate] = 14.61 min, 25.85 min; Chiralcel IA, 20 
o
C, 210 nm, 90/10 

n-hexane/i-PrOH, 1.0 mL/min, tR [6d] = 14.61 min, tR = [ent-6d] = 26.05 min; 98% ee, dr = 

1.6:1 

tert-butyl (1S,2R)-1-hydroxy-8'-methoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3'- 

quinoline]-1'(4'H)-carboxylate (6e) 

 

White solid, 18 mg, 23% isolated yield; [α]20
D  = +46.7 (c = 0.214 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.58 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 6.4 Hz, 1H), 7.18-7.29 (m, 4H), 

7.11 (d, J = 8.0 Hz, 1H), 5.18 (s, 1H), 3.90-4.35 (m, 5H), 3.41-3.55 (m, 1H), 2.83-3.06 (m, 

1H), 1.49 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 197.7, 152.8, 134.1, 128.8, 127.6, 

125.7, 124.9, 119.2, 116.9, 81.4, 80.6, 60.6, 55.9, 53.7, 38.2, 28.0; HRMS [M+Na]
+
 Calcd for 

C23H25NO5Na: 418.1625, found: 418.1633; HPLC-separation conditions: Sample dissolved in 

EtOH, tR [racemate] = 41.42 min, 56.14 min; Chiralcel IA, 20 
o
C, 210 nm, 95/5 

n-hexane/i-PrOH, 1.0 mL/min, tR [6e] = 41.36 min, tR = [ent-6e] = 56.61. min; 99% ee, dr > 

20 :1 

 

tert-butyl (1R,2R)-1-hydroxy-6',7'-dimethoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3' 

-quinoline]-1'(4'H)-carboxylate (6f) 
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White solid, 31 mg, 37% isolated yield; [α]20
D  = +103.3 (c = 0.300 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 7.48-7.50 (m, 1H), 7.44 (s, 2H), 7.27-7.30 (m ,2H), 7.22-7.23 (m, 

1H), 5.12 (s, 1H), 4.12 (s, 2H), 3.97 (s, 3H), 3.89 (s, 3H), 3.56 (d, J = 16.4 Hz, 1H), 2.85 (d, J 

= 16.0 Hz, 1H), 1.51 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 195.8, 154.3, 153.1, 

145.9, 143.1, 139.6, 128.9, 127.6, 125.1, 124.8, 116.9, 108.1, 105.7, 82.3, 79.6, 57.8, 56.3, 

56.0, 52.5, 37.6, 28.3; HRMS [M+Na]
+
 Calcd for C24H27NO6Na: 448.1731, found: 448.1737; 

HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 43.60 min, 81.41 

min; Chiralcel IA, 20 
o
C, 210 nm, 96/4 n-hexane/i-PrOH, 1.0 mL/min, tR [6f] = 43.37 min, tR 

= [ent-6f] = 82.37 min; 98% ee, dr = 3.3:1 

tert-butyl (1R,2R)-1-hydroxy-4'-oxo-6'-phenyl-1,3-dihydro-2'H-spiro[indene-2,3'- 

quinoline]-1'(4'H)-carboxylate (6g) 

 

White solid, 32 mg, 36% isolated yield; [α]20
D  = +35.1 (c = 0.228 in CHCl3), 

1
H NMR (400 

MHz, CDCl3) in ppm: δ 8.26 (s, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.60 

(d, J = 6.8 Hz, 2H), 7.42-7.46 (m, 3H), 7.22-7.37 (m, 4H), 5.19 (s, 1H), 4.22 (d, J = 13.6 Hz, 

1H), 4.15 (d, J = 13.6 Hz, 1H), 3.62 (d, J = 16.4 Hz, 1H), 2.87 (d, J = 16.4 Hz, 1H), 1.53 (s, 

9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 196.8, 153.1, 143.0, 142.9, 139.5, 139.3, 136.7, 

133.0, 129.0, 128.9, 127.7, 127.6, 126.8, 126.1, 125.2, 124.8, 124.0, 123.7, 82.6, 79.8, 58.6, 

52.0, 37.6, 28.3; HRMS [M+Na]
+
 Calcd for C28H27NO4Na: 464.1832, found: 464.1827; 

HPLC-separation conditions: Sample dissolved in EtOH, tR [racemate] = 33.96 min, 42.78 

min; Chiralcel AD-H, 20 
o
C, 210 nm, 90/10 n-hexane/i-PrOH, 1.0 mL/min, tR [6g] = 34.11 

min, tR = [ent-6g] = 43.84 min; 96% ee, dr = 15.7:1 

 

tert-butyl (1'R,3R)-1'-hydroxy-4-oxo-1',3'-dihydro-2H-spiro[benzo[g]quinoline-3,2'- 

indene]-1(4H)-carboxylate (6h) 
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Light yellow solid, 18 mg, 22% isolated yield; [α]20
D  = +29.3 (c = 0.256 in CHCl3), 

1
H NMR 

(400 MHz, CDCl3) in ppm: δ 9.30 (d, J = 8.8 Hz, 1H), 7.89-7.97 (m, 2H), 7.79 (d, J = 8.0 Hz, 

1H), 7.60 (t, J = 7.8 Hz, 1H), 7.46-7.49 (m 2H), 7.30-7.32 (m, 2H), 7.22-7.25 (m, 1H), 5.20 (s, 

1H), 4.21 (d, J = 13.2 Hz, 1H), 4.16 (d, J = 12.8 Hz, 1H), 3.61 (d, J = 16.0 Hz, 1H), 2.96 (d, J 

= 16.4 Hz, 1H), 1.54 (s, 9H); 
13

C NMR (100 MHz, CDCl3) in ppm: δ 199.6, 153.2, 146.4, 

143.3, 139.8, 135.2, 131.3, 130.9, 129.5, 128.9, 128.4, 127.6, 126.7, 125.9, 125.1, 124.8, 

122.6, 118.2, 82.8, 80.4, 60.4, 52.6, 39.0, 28.2; HRMS [M+Na]
+
 Calcd for C26H25NO4Na: 

438.1676, found: 438.1686; HPLC-separation conditions: Sample dissolved in EtOH, tR 

[racemate] = 12.83 min, 17.96 min; Chiralcel IA, 20 
o
C, 210 nm, 95/5 n-hexane/i-PrOH, 1.0 

mL/min, tR [6h] = 12.72 min, tR = [ent-6h] = 17.87 min; 99% ee, dr = 18.6:1 

tert-butyl (1R,2R)-1-hydroxy-5,6-dimethoxy-4'-oxo-1,3-dihydro-2'H-spiro[indene-2,3' 

-quinoline]-1'(4'H)-carboxylate (6i) 

 

Light yellow solid, 26 mg, 31% isolated yield; [α]20
D  = +8.3 (c = 0.156 in CHCl3), 

1
H NMR 

(400 MHz, CDCl3) in ppm: δ 7.98 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.53 (t , J = 

7.8 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 6.94 (s, 1H), 6,71 (s, 1H), 5.69 (s, 1H), 4.23 (d, J = 13.6 

Hz, 1H), 4.16 (d, J = 14.0 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 2.97 (s, 2H), 1.51 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) in ppm: δ 197.1, 153.7, 149.9, 148.9, 143.9, 134.3, 134.2, 130.7, 

128.0, 123.9, 123.9, 123.3, 107.4, 107.1, 82.3, 78.3, 59.7, 56.1, 48.4, 37.2, 28.2; HRMS 

[M+Na]
+
 Calcd for C24H27NO6Na: 448.1731, found: 448.1729; HPLC-separation conditions: 

Sample dissolved in EtOH, tR [racemate] = 16.69 min, 18.97 min; Chiralcel AD-H, 20 
o
C, 210 

nm, 99/1 n-hexane/i-PrOH, 1.0 mL/min, tR [6i] = 16.47 min, tR = [ent-6i] = 18.52 min; 70% 

ee, dr = 14.3:1 
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