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1. General Methods 

Chemical reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by thin-layer chromatography (TLC). 1H NMR 

(300, 400, and 600 MHz) and 13C NMR (75, 101, and 151 MHz) spectra were recorded in DMSO-

d6 and CDCl3. 1H NMR chemical shifts are reported in ppm relative to tetramethylsilane (TMS), 

with the solvent resonance employed as the internal standard (DMSO-d6 at 2.50 ppm and CDCl3 at 

7.26 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, brs = broad singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz) and integration. 13C 

NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) with the solvent resonance 

as the internal standard (DMSO-d6 at 39.52 ppm and CDCl3 at 77.16 ppm). The enantiomeric 

excesses were determined by chiral HPLC analysis. HPLC analysis was performed on Agilent 1260 

II. Chiral AD-H and IC columns were manufactured by Daicel Chemical Industries. HRMS was 

recorded on the Agilent 6545 LC/Q-TOF mass spectrometer. Optical rotations were measured with 

a Rudolph Autopol-III polarimeter. Melting points were recorded on a OptiMelt MPA 1000. 

2. General procedure for the synthesis of tryptanthrin-derived ketimines 1 

 

The tryptanthrin and substituted tryptanthrins were prepared according to the reported literature 

with modifications.1 To a flame-dried flask was added substituted isatin (20 mmol), substituted 

isatoic anhydride (22 mmol, 1.1 equiv), toluene (25 mL), and triethyl amine (100 mmol, 5 equiv). 

The mixture was refluxed for 12 h. After completion (monitored by TLC), the mixture was cooled 

to room temperature and filtered. The filter cake was washed with EtOH (15 mL2) and dried to 

give the substituted tryptanthrin, which was used for the next step without further purification.  

To a flame-dried flask was added the substituted tryptanthrin (5 mmol), BocN=PPh3 (10 mmol), 

and toluene (20 mL). The resulting mixture was refluxed to completion (monitored by TLC). After 

cooling to room temperature, the solvent was removed under vacuum. The residue was purified by 

flash chromatography on silica gel (petroleum ether /ethylacetate/ dichloromethane = 15:1:1‒10:1:1) 

to give ketimine 1. 

 

tert-butyl (12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1a) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 10:1:1 as the eluent). Yellow solid; 62% yield, 1.08 g; mp 231.6–233.2 oC. 

1H NMR (300 MHz, CDCl3) δ 8.71 – 8.39 (m, 1H), 8.33 (d, J = 7.9 Hz, 1H), 8.02 – 7.67 (m, 3H), 

7.67 – 7.41 (m, 2H), 7.33 (t, J = 7.7 Hz, 1H), 1.71 (s, 9H). 
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13C NMR (75 MHz, CDCl3) δ 160.0, 158.3, 153.2, 146.7, 143.3, 142.1, 135.5, 134.8, 129.5, 127.4, 

126.9, 124.1, 124.1, 123.0, 117.4, 83.8, 28.3. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H17N3O3Na 370.1162, found 370.1169. 

 

tert-butyl (2-methyl-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1b) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 57% yield, 1.03 g; mp 228.3–230.4 oC. 

1H NMR (300 MHz, CDCl3) δ 8.50 (d, J = 7.9 Hz, 1H), 8.16 (s, 1H), 7.88 (d, J = 7.5 Hz, 1H), 7.80 

– 7.47 (m, 3H), 7.35 (t, J = 7.6 Hz, 1H), 2.50 (s, 3H), 1.71 (s, 9H). 
13C NMR (75 MHz, CDCl3) δ 160.2, 158.5, 153.3, 144.7, 143.4, 141.5, 140.4, 136.1, 135.5, 129.4, 

127.2, 126.9, 124.1, 123.3, 122.8, 117.5, 83.8, 28.4, 21.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C21H19N3O3Na 384.1319, found 384.1327. 

 

tert-butyl (2-chloro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1c) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 68% yield, 1.30 g; mp 229.4–231.2 oC. 

1H NMR (300 MHz, CDCl3) δ 8.71 – 8.41 (m, 1H), 8.35 (s, 1H), 8.08 – 7.56 (m, 4H), 7.39 (t, J = 

7.6 Hz, 1H), 1.71 (s, 9H). 
13C NMR (151 MHz, CDCl3) δ 159.9, 157.2, 152.8, 145.1, 143.0, 142.2, 135.8, 135.6, 135.1, 130.8, 

127.3, 127.0, 124.2, 124.1, 123.0, 117.5, 83.9, 28.3. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16ClN3O3Na 404.0772, found 404.0776. 

 

tert-butyl (2-bromo-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1d) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 42% yield, 0.89 g; mp 229.5–231.9 oC. 

1H NMR (400 MHz, CDCl3) δ 8.83 – 8.18 (m, 2H), 7.88 (t, J = 10.0 Hz, 2H), 7.81 – 7.49 (m, 2H), 

7.38 (t, J = 7.6 Hz, 1H), 1.70 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 160.0, 157.2, 152.9, 145.5, 143.1, 142.3, 138.1, 135.7, 131.0, 130.2, 

127.3, 124.4, 124.3, 123.8, 123.1, 117.6, 84.0, 28.3. 
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HRMS (ESI-TOF) m/z [M + H]+ calcd. for C20H17BrN3O3 426.0448, found 426.0450. 

 

tert-butyl (2-fluoro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1e) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 39% yield, 0.71 g; mp 210.8–212.5 oC. 

1H NMR (400 MHz, CDCl3) δ 8.79 – 8.44 (m, 1H), 8.07 (dd, J = 8.3, 2.9 Hz, 1H), 7.93 (d, J = 7.4 

Hz, 1H), 7.82 (s, 1H), 7.69 (t, J = 7.9 Hz, 1H), 7.52 (s, 1H), 7.42 (d, J = 7.5 Hz, 1H), 1.72 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 162.7 (d, J = 254.5 Hz, 1C), 160.1, 157.6, 153.0, 143.3 (d, J = 22.2 

Hz, 1C), 138.5, 135.7, 131.9, 127.3, 125.6, 124.9 (d, J = 9.1 Hz, 1C), 124.3, 123.1, 118.2, 117.6, 

113.1 (d, J = 24.2 Hz, 1C), 83.99, 28.36. 

HRMS (ESI-TOF) m/z [M + K]+ calcd. for C20H16FN3O3K 404.0807, found 404.0814. 

 

tert-butyl (3-chloro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1f) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 45% yield, 0.86 g; mp 210.7–212.3 oC. 

1H NMR (400 MHz, CDCl3) δ 8.66 – 8.40 (m, 1H), 8.33 (d, J = 8.5 Hz, 1H), 7.99 – 7.85 (m, 1H), 

7.74 (s, 1H), 7.67 (t, J = 7.8 Hz, 1H), 7.56 (dd, J = 8.5, 2.1 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 1.72 

(s, 9H). 
13C NMR (101 MHz, CDCl3) δ 159.9, 157.8, 152.9, 147.7, 143.2, 141.2, 138.5, 135.7, 130.0, 128.9, 

128.8, 127.3, 124.3, 123.0, 121.5, 117.5, 84.1, 28.4. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16ClN3O3Na 404.0772, found 404.0779. 

 

tert-butyl (3-bromo-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1g) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 65% yield, 1.38 g; mp 219.3–222.6 oC. 

1H NMR (400 MHz, CDCl3) δ 8.72 – 8.36 (m, 2H), 7.98 – 7.81 (m, 2H), 7.75 – 7.54 (m, 2H), 7.38 

(t, J = 7.7 Hz, 1H), 1.70 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 160.0, 157.2, 152.9, 145.5, 143.0, 138.1, 135.7, 132.8, 131.0, 130.2, 

128.8, 127.3, 124.4, 124.3, 123.8, 117.5, 84.0, 28.3. 
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HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16BrN3O3Na 448.0267, found 448.0272. 

 

tert-butyl (4-methyl-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1h) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 36% yield, 0.65 g; mp 208.5–210.3 oC. 

1H NMR (300 MHz, DMSO-d6) δ 8.50 (s, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.85 (s, 1H), 7.72 – 7.50 

(m, 2H), 7.49 – 7.27 (m, 2H), 2.65 (s, 3H), 1.68 (s, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 159.7, 158.6, 152.6, 145.1, 143.1, 141.0, 138.7, 135.8, 135.5, 

129.1, 126.7, 125.0, 124.1, 123.0, 117.5, 83.3, 28.5, 18.0. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C21H19N3O3Na 384.1319, found 384.1326. 

 

tert-butyl (8-methyl-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1i) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 61% yield, 1.10 g; mp 205.6–206.9 oC. 

1H NMR (300 MHz, DMSO-d6) δ 8.32 (d, J = 8.0 Hz, 2H), 8.09 – 7.69 (m, 2H), 7.69 – 7.49 (m, 

2H), 7.39 (d, J = 8.3 Hz, 1H), 2.36 (s, 3H), 1.70 (s, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.1, 158.1, 153.2, 146.7, 142.3, 141.2, 137.0, 136.2, 134.6, 

129.4, 127.3, 126.0, 124.3, 123.1, 117.1, 83.7, 28.3, 21.2. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C21H19N3O3Na 384.1319, found 384.1323. 

 

tert-butyl (8-fluoro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1j) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 66% yield, 1.21 g; mp 193.1–194.8 oC. 

1H NMR (300 MHz, DMSO-d6) δ 8.77 – 8.46 (m, 1H), 8.42 (d, J = 7.9 Hz, 1H), 7.81 (d, J = 4.7 

Hz, 2H), 7.70 – 7.53 (m, 2H), 7.38 (t, J = 7.6 Hz, 1H), 1.72 (s, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 161.1 (d, J = 249.5 Hz, 1C), 159.6, 158.1, 152.5, 146.5, 142.0, 

139.4, 134.9, 129.7, 129.6, 127.4, 125.0 (d, J = 9.1 Hz, 1C), 122.9, 122.1 (d, J = 23.2 Hz, 1C), 119.0 

(d, J = 8.1 Hz, 1C), 111.0 (d, J = 25.2 Hz, 1C), 84.1, 28.3. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16FN3O3Na 388.1068, found 388.1074. 
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tert-butyl (8-chloro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1k) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 58% yield, 1.11 g; mp 208.8–210.6 oC. 

1H NMR (300 MHz, DMSO-d6) δ 8.46 (d, J = 8.6 Hz, 1H), 8.37 (d, J = 7.9 Hz, 1H), 8.05 – 7.70 

(m, 3H), 7.70 – 7.47 (m, 2H), 1.71 (s, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 159.7, 158.3, 152.2, 146.7, 141.6, 135.2, 135.0, 132.9, 129.8, 

129.7, 127.6, 124.8, 124.2, 123.0, 118.7, 84.2, 28.4. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16ClN3O3Na 404.0772, found 404.0778. 

 

tert-butyl (9-chloro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1l) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 40% yield, 0.76 g; mp 226.1–227.9 oC. 

1H NMR (400 MHz, DMSO-d6) δ 8.80 – 8.46 (m, 1H), 8.40 (d, J = 7.8 Hz, 1H), 8.07 – 7.68 (m, 

3H), 7.67 – 7.58 (m, 1H), 7.36 (d, J = 7.9 Hz, 1H), 1.72 (s, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 159.9, 158.3, 152.2, 146.6, 143.9, 142.0, 141.6, 135.1, 129.8, 

129.7, 127.6, 127.5, 125.0, 122.8, 121.6, 118.1, 84.1, 28.4. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16ClN3O3Na 404.0772, found 404.0774. 

 

tert-butyl (9-bromo-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)carbamate (1m) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate : 

dichloromethane = 15:1:1 as the eluent). Yellow solid; 49% yield, 1.04 g; mp 207.4–209.1 oC. 

1H NMR (400 MHz, DMSO-d6) δ 8.98 – 8.69 (m, 1H), 8.42 (d, J = 7.9 Hz, 1H), 8.13 – 7.71 (m, 

3H), 7.67 – 7.62 (m, 1H), 7.55 (d, J = 8.0 Hz, 1H), 1.72 (s, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 159.9, 158.2, 152.4, 146.6, 143.7, 141.8, 135.1, 130.4, 130.0, 

129.8, 129.6, 127.6, 125.1, 122.8 122.0, 120.8, 84.1, 28.3. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C20H16BrN3O3Na 448.0267, found 448.0270. 
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3. General procedure for the synthesis of chiral tryptanthrin derivatives 3 

 
To a suspension of substitute ketimine 1 (0.1 mmol) and CPA D (0.002 mmol, 2 mol%) in ethyl 

acetate (1.0 ml) was added substituted indole 2 (0.1 mmol). The resulted reaction mixture was stirred 

at 25 oC till reaction completion (monitored by TLC). The reaction mixture was concentrated under 

vacuum and the residue was purified by flash chromatography on silica gel (petroleum ether : 

ethylacetate = 3:1–2:1) to give the product 3. 

 

tert-butyl (R)-(6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-yl)carbamate 

(3aa) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 45.1 mg, 97% yield; mp 121.2‒122.9 ºC; 98% ee; [α]D
20 = ‒197.46 (c 2.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 14.4 min (minor), 10.2 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.64 – 8.50 (m, 1H), 8.29 (dd, J = 7.8, 1.5 Hz, 

2H), 7.82 (t, J = 7.6 Hz, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.64 – 7.49 (m, 4H), 7.43 (t, J = 7.5 Hz, 1H), 

7.34 (d, J = 8.3 Hz, 1H), 7.16 – 7.01 (m, 2H), 6.94 (t, J = 7.6 Hz, 1H), 1.05 (brs, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.9, 159.3, 154.2, 147.1, 138.9, 137.0, 134.9, 134.8, 129.2, 

127.5, 127.1, 126.8, 126.4, 124.4, 123.8, 121.5, 120.8, 120.7, 118.9, 115.9, 112.4, 111.8, 78.9, 63.4, 

27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H24N4O3Na 487.1741, found 487.1744. 

 

tert-butyl (R)-(6-(4-methyl-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ab) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 46.8 mg, 98% yield; mp 198.6‒200.3 ºC; >99% ee; [α]D
20 = ‒463.0 (c 1.1, CH2Cl2). 
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The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 8.9 min (minor), 11.2 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.10 (s, 1H), 8.56 (d, J = 7.9 Hz, 1H), 8.25 (d, J = 9.0 Hz, 1H), 

7.77 (t, J = 7.5 Hz, 1H), 7.68 – 7.46 (m, 6H), 7.23 (d, J = 8.0 Hz, 1H), 7.08 – 7.03 (m, 1H), 6.96 (d, 

J = 7.2 Hz, 1H), 6.39 (s, 1H), 3.31 (s, 3H), 1.27 – 0.76 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.6, 159.4, 153.7, 146.9, 138.8, 138.5, 136.0, 134.7, 132.1, 

129.4, 127.2, 127.0, 126.9, 126.2, 125.3, 124.5, 124.4, 122.4, 121.8, 120.5, 115.9, 113.5, 109.7, 78.6, 

63.2, 27.8, 23.8. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1897, found 501.1899. 

 

tert-butyl (R)-(6-(4-methoxy-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ac) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 42.9 mg, 87% yield; mp 112.5‒114.2 ºC; 72% ee; [α]D
20 = –104.1 (c 1.5, CH2Cl2). 

The ee was determined by HPLC (Chiralpak IC, i-propanol/n-hexane 20/80, flow rate = 0.5 

mL/min, λ = 254 nm) tR = 16.2 min (minor), 18.4 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.32 (s, 1H), 8.52 (d, J = 7.9 Hz, 1H), 8.37 (d, J = 9.2 Hz, 1H), 

7.98 (s, 1H), 7.85 – 7.79 (m, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.63 – 7.57 (m, 1H), 7.52 – 7.33 (m, 

3H), 7.28 – 7.22 (m, 1H), 6.97 (d, J = 6.2 Hz, 2H), 6.37 (d, J = 5.1 Hz, 1H), 3.53 (s, 3H), 1.08 (s, 

9H). 

13C NMR (151 MHz, DMSO-d6) δ 162.0, 159.5, 154.2, 152.1, 147.2, 139.5, 138.7, 136.4, 134.5, 

128.5, 127.5, 127.1, 126.4, 123.6, 123.5, 122.5, 121.4, 115.7, 114.2, 112.8, 105.4, 100.0, 79.0, 63.2, 

54.8, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O4Na 517.1846, found 517.1841. 

 

tert-butyl (R)-(6-(4-chloro-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ad) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 24.4 mg, 49% yield; mp 120.5‒121.5 ºC; 96% ee; [α]D
20 = ‒55.3.0 (c 0.6, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 
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mL/min, λ = 254 nm) tR = 13.7 min (minor), 7.1 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.67 (s, 1H), 8.48 (d, J = 8.0 Hz, 1H), 8.32 (d, J = 7.7 Hz, 1H), 

8.10 (s, 1H), 7.88 – 7.77 (m, 1H), 7.68 – 7.57 (m, 3H), 7.50 – 7.28 (m, 4H), 7.07 – 6.91 (m, 2H), 

1.09 (s, 9H). 

13C NMR (75 MHz, DMSO-d6) δ 161.2, 153.9, 147.2, 139.4, 139.2, 135.8, 134.6, 129.0, 127.5, 

127.4, 127.3, 126.5, 126.4, 124.6, 124.0, 122.2, 121.8, 121.3, 121.2, 116.0, 112.1, 111.2, 78.8, 63.2, 

27.8. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1353. 

 

tert-butyl (R)-(6-(5-methyl-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ae) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.3 mg, 99% yield; mp 123.6‒125.4 ºC; 97% ee; [α]D
20 = ‒246.5 (c 0.9, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 13.7 min (minor), 17.5 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.06 (s, 1H), 8.56 (d, J = 7.9 Hz, 1H), 8.30 (d, J = 7.9 Hz, 2H), 

7.87 – 7.78 (m, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.67 – 7.49 (m, 4H), 7.48 – 7.41 (m, 1H), 7.24 (d, J 

= 8.3 Hz, 1H), 7.02 – 6.84 (m, 2H), 2.33 (s, 3H), 1.01 (d, J = 102.0 Hz, 9H). 

13C NMR (75 MHz, DMSO-d6) δ 160.9, 159.3, 154.1, 147.1, 138.9, 135.4, 135.0, 134.8, 129.1, 

127.5, 127.2, 127.0, 126.7, 126.4, 124.8, 124.6, 123.8, 123.1, 120.8, 120.7, 116.0, 111.8, 111.5, 

78.9, 63.4, 27.6, 21.5. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1897, found 501.1901. 

 

tert-butyl (R)-(6-(5-methoxy-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3af) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.9 mg, 99% yield; mp 134.9‒136.5 ºC; 97% ee; [α]D
20 = ‒314.8 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 
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mL/min, λ = 254 nm) tR = 6.9 min (minor), 11.4 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.08 (s, 1H), 8.56 (d, J = 7.8 Hz, 1H), 8.29 (d, J = 7.7 Hz, 2H), 

7.89 – 7.77 (m, 1H), 7.75 – 7.39 (m, 5H), 7.24 (d, J = 8.6 Hz, 1H), 7.04 (d, J = 37.0 Hz, 2H), 6.71 

(d, J = 8.2 Hz, 1H), 3.65 (s, 3H), 1.02 (d, J = 105.9 Hz, 9H). 

13C NMR (75 MHz, DMSO-d6) δ 160.9, 159.2, 152.9, 147.0, 138.9, 134.8, 132.0, 129.2, 127.4, 

127.0, 126.8, 126.4, 125.2, 124.8, 123.8, 120.8, 115.9, 112.4, 111.7, 111.5, 102.7, 78.9, 63.3, 55.2, 

27.6. 

HRMS (ESI-TOF) m/z [M + H]+ calcd. for C29H27N4O4 495.2027, found 495.2032. 

 

tert-butyl (R)-(6-(5-(benzyloxy)-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ag) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 55.9 mg, 98% yield; mp 110.9‒112.6 ºC; 97% ee; [α]D
20 = ‒331.9 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 9.1 min (minor), 15.1 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.08 (s, 1H), 8.55 (d, J = 8.3 Hz, 1H), 8.29 (d, J = 8.2 Hz, 2H), 

7.96 – 7.50 (m, 6H), 7.50 – 7.19 (m, 7H), 7.14 – 6.72 (m, 2H), 4.95 (s, 2H), 1.00 (d, J = 49.1 Hz, 

9H). 

13C NMR (75 MHz, DMSO-d6) δ 160.9, 159.3, 154.2, 151.9, 147.1, 138.9, 137.5, 134.9, 132.3, 

129.3, 128.4, 127.7, 127.6, 127.5, 127.1, 126.8, 126.4, 125.3, 124.8, 123.8, 120.8, 116.0, 112.5, 

112.4, 111.8, 104.5, 78.9, 69.8, 63.3, 27.6. 

HRMS (ESI-TOF) m/z [M + K]+ calcd. for C35H30N4O4K 609.1899, found 609.1934. 

 

tert-butyl (R)-(6-(5-fluoro-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ah) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.7 mg, 99% yield; mp 137.1‒139.0 ºC; 96% ee; [α]D
20 = ‒339.4 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 10/90, flow rate = 1.0 
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mL/min, λ = 254 nm) tR = 21.3 min (minor), 30.2 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.29 (s, 1H), 8.73 – 8.05 (m, 3H), 7.81 (t, J = 7.3 Hz, 1H), 7.70 

(s, 1H), 7.55 – 7.39 (m, 5H), 7.36 (dd, J = 8.8, 4.7 Hz, 1H), 7.03 (s, 1H), 6.95 (td, J = 9.1, 2.6 Hz, 

1H), 1.31 – 0.63 (m, 9H). 

13C NMR (151 MHz, DMSO-d6) δ 160.7, 159.3, 156.6 (d, J = 232.5 Hz, 1C), 154.7, 147.0, 138.9, 

134.9, 134.4, 133.8, 129.4, 127.5, 127.1, 126.9, 126.7, 126.4, 124.9 (d, J = 10.6 Hz, 1C), 123.9, 

120.8, 116.0, 112.8 (d, J = 10.6 Hz, 1C), 112.5 (d, J = 4.5 Hz, 1C), 109.9 (d, J = 27.2 Hz, 1C), 106.2 

(d, J = 27.2 Hz, 1C), 78.9, 63.2, 27.4. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23FN4O3Na 505.1646, found 505.1650. 

 

tert-butyl (R)-(6-(5-chloro-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ai) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.9 mg, 98% yield; mp 123.7‒125.6 ºC; 98% ee; [α]D
20 = ‒324.7 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 20/80, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 7.1 min (minor), 10.5 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.33 (s, 1H), 8.75 – 8.10 (m, 3H), 8.09 – 7.77 (m, 2H), 7.72 – 

7.53 (m, 4H), 7.48 (t, J = 7.4 Hz, 1H), 7.37 (d, J = 8.6 Hz, 1H), 7.10 (dd, J = 8.7, 2.1 Hz, 1H), 6.93 

(s, 1H), 1.27 – 0.75 (m, 9H). 

13C NMR (75 MHz, DMSO-d6) δ 160.6, 159.2, 154.1, 146.9, 138.8, 135.6, 134.8, 134.2, 129.4, 

127.3, 127.1, 126.8, 126.4, 126.3, 125.7, 123.8, 123.4, 121.5, 120.9, 120.7, 116.0, 113.3, 112.1, 

78.9, 63.1, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1352. 

 

tert-butyl (R)-(6-(5-bromo-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3aj) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 53.7 mg, 99% yield; mp 141.0‒142.9 ºC; 98% ee; [α]D
20 = ‒232.4 (c 0.8, CH2Cl2). 
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The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 5.3 min (minor), 7.4 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.35 (s, 1H), 8.53 (d, J = 7.4 Hz, 1H), 8.46 – 7.96 (m, 3H), 7.85 

(t, J = 7.1 Hz, 1H), 7.66 – 7.47 (m, 5H), 7.34 – 7.26 (m, 1H), 7.20 (d, J = 8.7 Hz, 1H), 6.90 (s, 1H), 

1.02 (d, J = 94.1 Hz, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.6, 159.2, 154.2, 146.9, 138.9, 135.8, 135.0, 134.2, 129.5, 

127.3, 127.2, 126.9, 126.5, 126.4, 126.3, 124.1, 123.8, 120.8, 116.0, 113.8, 112.0, 111.5, 79.0, 63.1, 

27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23BrN4O3Na 567.0830, found 567.0831. 

 

tert-butyl (R)-(6-(5-cyano-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ak) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 45.5 mg, 93% yield; mp 148.9‒150.7 ºC; 96% ee; [α]D
20 = ‒458.7 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 6.9 min (minor), 11.4 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.69 (s, 1H), 8.80 – 8.28 (m, 3H), 8.26 (d, J = 7.9 Hz, 1H), 7.85 

(t, J = 7.3 Hz, 1H), 7.75 – 7.59 (m, 3H), 7.59 – 7.42 (m, 4H), 6.99 (s, 1H), 1.33 – 0.53 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.5, 159.2, 153.7, 146.9, 139.0, 138.9, 135.0, 133.9, 129.6, 

127.8, 127.5, 127.4, 127.2, 127.0, 126.4, 124.6, 124.2, 123.9, 120.8, 116.1, 113.5, 113.3, 100.9, 

79.1, 63.0, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H23N5O3Na 512.1693, found 512.1696. 

 

tert-butyl (R)-(6-(6-methyl-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3al) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 46.9 mg, 98% yield; mp 115.2‒117.1 ºC; 98% ee; [α]D
20 = ‒208.1 (c 1.6, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 
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mL/min, λ = 254 nm) tR = 25.9 min (minor), 13.1 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.58 – 8.52 (m, 1H), 8.44 – 7.72 (m, 2H), 7.71 – 

7.46 (m, 5H), 7.42 (t, J = 8.0 Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.16 – 7.01 (m, 2H), 6.93 (t, J = 7.6 

Hz, 1H), 2.44 (s, 3H), 1.27 – 0.69 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.1, 159.3, 154.4, 145.1, 139.0, 137.0, 136.9, 136.0, 135.0, 

129.2, 127.3, 126.7, 125.8, 124.5, 124.4, 123.8, 121.5, 120.7, 120.6, 118.9, 116.0, 112.6, 111.8, 

78.9, 63.3, 27.7, 20.8. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1897, found 501.1898. 

 

tert-butyl (R)-(6-(6-chloro-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3am) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.4 mg, 97% yield; mp 131.9‒133.0 ºC; 98% ee; [α]D
20 = ‒248.2 (c 1.5, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 14.3 min (minor), 10.0 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.27 (d, J = 2.8 Hz, 1H), 8.74 – 8.06 (m, 3H), 7.82 (t, J = 7.6 

Hz, 2H), 7.69 (d, J = 8.1 Hz, 1H), 7.63 – 7.51 (m, 3H), 7.46 (t, J = 7.3 Hz, 1H), 7.40 (d, J = 1.9 Hz, 

1H), 7.05 (d, J = 8.3 Hz, 1H), 6.98 (s, 1H), 1.43 – 0.50 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.6, 159.2, 154.3, 147.0, 138.9, 137.5, 134.8, 134.4, 129.4, 

127.5, 127.1, 126.8, 126.4, 125.7, 123.8, 123.4, 122.9, 122.8, 120.8, 119.2, 116.0, 112.8, 111.3, 

78.9, 63.1, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1388. 

 

tert-butyl (R)-(6-(6-bromo-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3an) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 37.5 mg, 69% yield; mp 145.2‒146.1 ºC; 97% ee; [α]D
20 = ‒195.3 (c 1.1, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 
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mL/min, λ = 254 nm) tR = 14.6 min (minor), 10.2 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.27 (s, 1H), 8.78 – 8.06 (m, 3H), 8.02 – 7.65 (m, 3H), 7.64 – 

7.51 (m, 4H), 7.46 (s, 1H), 7.16 (d, J = 8.4 Hz, 1H), 6.96 (s, 1H), 1.29 – 0.66 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.6, 159.2, 153.7, 147.0, 138.9, 138.0, 134.8, 134.4, 129.4, 

127.5, 127.1, 126.8, 126.4, 125.6, 123.8, 123.7, 123.2, 121.8, 120.8, 116.0, 114.4, 114.3, 112.8, 

78.9, 63.2, 27.6. 

HRMS (ESI-TOF) m/z [M + H]+ calcd. for C28H24BrN4O3 543.1026, found 543.1029. 

 

tert-butyl (R)-(6-(7-methyl-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ao) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.3 mg, 99% yield; mp 155.7‒157.4 ºC; >99% ee; [α]D
20 = ‒176.9 (c 1.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 20/80, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 29.9 min (minor), 11.7 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.55 (d, J = 7.8 Hz, 1H), 8.29 (d, J = 7.7 Hz, 2H), 

7.84 – 7.76 (m, 1H), 7.69 – 7.52 (m, 4H), 7.48 – 7.36 (m, 1H), 7.20 (s, 2H), 6.90 – 6.74 (m, 2H), 

2.38 (s, 3H), 1.24 – 0.67 (m, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 161.0, 159.4, 154.3, 147.1, 139.0, 136.4, 135.0, 134.9, 129.3, 

127.5, 127.2, 126.9, 126.4, 124.1, 123.9, 121.9, 121.0, 120.8, 119.2, 117.9, 116.0, 112.8, 79.0, 63.4, 

27.7, 16.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1897, found 501.1902. 

 

tert-butyl (R)-(6-(7-methoxy-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ap) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.4 mg, 98% yield; mp 205.6‒207.2 ºC; 98% ee; [α]D
20 = ‒160.6 (c 1.6, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 34.6 min (minor), 16.2 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.32 (s, 1H), 8.54 (d, J = 7.1 Hz, 1H), 8.29 (d, J = 7.1 Hz, 2H), 

7.95 – 7.76 (m, 1H), 7.68 (d, J = 6.0 Hz, 1H), 7.63 – 7.48 (m, 3H), 7.48 – 7.33 (m, 1H), 7.06 (brs, 
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2H), 6.83 (t, J = 6.7 Hz, 1H), 6.60 (d, J = 6.2 Hz, 1H), 3.84 (s, 3H), 1.12 (brs, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 161.0, 159.3, 154.2, 147.1, 146.3, 138.9, 135.0, 134.9, 129.3, 

127.5, 127.2, 126.8, 126.4, 125.9, 123.9, 123.8, 120.8, 119.6, 116.0, 113.2, 113.0, 102.0, 79.0, 63.3, 

55.2, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O4Na 517.1846, found 517.1877. 

 

tert-butyl (R)-(6-(7-bromo-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3aq) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 44.5 mg, 82% yield; mp 195.6‒197.4 ºC; 99% ee; [α]D
20 = ‒107.5 (c 1.6, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 20/80, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 30.1 min (minor), 15.1 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.41 (s, 1H), 8.82 – 7.97 (m, 3H), 7.96 – 7.79 (m, 1H), 7.79 – 

7.35 (m, 6H), 7.30 (d, J = 6.9 Hz, 1H), 7.05 (s, 1H), 6.93 (s, 1H), 1.54 – 0.40 (m, 9H).k 
13C NMR (151 MHz, DMSO-d6) δ 160.9, 159.5, 154.9, 147.3, 139.2, 135.5, 135.2, 134.6, 129.8, 

127.8, 127.5, 127.2, 126.7, 126.6, 125.9, 124.5, 124.1, 121.1, 120.7, 116.3, 114.2, 104.7, 79.3, 63.5, 

27.8. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23BrN4O3Na 565.0846, found 565.0848. 

 

tert-butyl (R)-(6-(2-methyl-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ar) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 46.4 mg, 97% yield; mp 130.9‒132.6 ºC; 93% ee; [α]D
20 = ‒41.6 (c 1.4, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 20.3 min (minor), 5.4 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.17 (s, 1H), 8.57 (d, J = 7.9 Hz, 1H), 8.28 (d, J = 8.7 Hz, 2H), 

7.79 (t, J = 7.0 Hz, 1H), 7.73 – 7.57 (m, 3H), 7.53 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H), 7.22 

(d, J = 8.0 Hz, 1H), 6.93 (t, J = 7.4 Hz, 1H), 6.76 (t, J = 7.5 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 2.37 

(s, 3H), 1.36 – 0.61 (m, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 161.4, 159.2, 154.3, 147.2, 139.1, 135.2, 134.8, 134.7, 129.3, 
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127.5, 127.0, 126.7, 126.3, 126.1, 124.4, 120.8, 120.2, 119.4, 118.6, 116.0, 110.6, 106.8, 78.8, 63.8, 

27.6, 13.9. 

HRMS (ESI-TOF) m/z [M + H]+ calcd. for C29H27N4O3 479.2078, found 479.2083. 

 

tert-butyl (R)-(6-(5,6-dimethoxy-1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-

6-yl)carbamate (3as) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 39.3 mg, 75% yield; mp 119.8‒121.7 ºC; 96% ee; [α]D
20 = ‒242.3 (c 1.4, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 9.7 min (minor), 16.0 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 10.88 (s, 1H), 8.54 (d, J = 8.0 Hz, 1H), 8.47 – 7.93 (m, 2H), 7.84 

(t, J = 7.6 Hz, 1H), 7.69 (s, 1H), 7.57 (d, J = 7.6 Hz, 3H), 7.47 (d, J = 7.6 Hz, 1H), 7.32 – 6.68 (m, 

3H), 3.70 (s, 3H), 3.65 (s, 3H), 1.36 – 0.61 (m, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.9, 159.3, 154.2, 147.0, 146.7, 144.0, 138.9, 134.9, 131.5, 

129.2, 127.5, 127.1, 126.8, 126.4, 123.8, 122.9, 120.7, 117.4, 115.9, 111.8, 103.5, 95.2, 78.9, 63.4, 

55.8, 55.7, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C30H28N4O5Na 547.1952, found 547.1951. 

 

tert-butyl (R)-(6-(1H-indol-3-yl)-2-methyl-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ba) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.3 mg, 99% yield; mp 132.8‒134.1 ºC; 98% ee; [α]D
20 = ‒200.1(c 2.1, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 15/85, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 39.8 min (minor), 30.1 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.54 (d, J = 7.8 Hz, 1H), 8.07 (s, 2H), 7.87 – 7.36 

(m, 6H), 7.34 (d, J = 8.1 Hz, 1H), 7.11 (s, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.4 Hz, 1H), 

2.44 (s, 3H), 1.40 – 0.55 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.1, 159.3, 154.4, 145.1, 139.0, 137.0, 136.8, 136.0, 135.0, 

129.2, 127.3, 126.7, 125.8, 124.5, 124.4, 123.8, 121.5, 120.7, 120.6, 118.9, 116.0, 112.5, 111.8, 
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78.9, 63.2, 27.6, 20.8. 

HRMS (ESI-TOF) m/z [M + H]+ calcd. for C29H27N4O3 479.2078, found 479.2086. 

 

tert-butyl (R)-(2-chloro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ca) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 32.4 mg, 65% yield; mp 130.4‒132.2 ºC; 99% ee; [α]D
20 = ‒216.4 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 15/85, flow rate = 0.8 

mL/min, λ = 254 nm) tR = 30.0 min (minor), 20.4 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.19 (d, J = 2.8 Hz, 1H), 8.74 – 7.91 (m, 3H), 7.83 (dd, J = 8.7, 

2.5 Hz, 1H), 7.77 – 7.49 (m, 4H), 7.46 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.06 (t, J = 7.2 

Hz, 2H), 6.95 (t, J = 7.6 Hz, 1H), 1.25 – 0.74 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 161.4, 158.2, 154.0, 145.8, 138.6, 137.0, 134.9, 131.4, 129.7, 

129.4, 127.1, 125.4, 124.6, 124.5, 123.9, 122.1, 121.5, 120.9, 119.0, 116.0, 112.0, 111.8, 79.0, 63.4, 

27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1358. 

 

tert-butyl (R)-(2-bromo-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3da) 

 
The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 53.7 mg, 99% yield; mp 142.4‒143.9 ºC; 99% ee; [α]D
20 = ‒214.8 (c 2.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 15/85, flow rate = 0.8 

mL/min, λ = 254 nm) tR = 30.6 min (minor), 21.3 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.52 (d, J = 8.0 Hz, 2H), 8.12 (d, J = 8.5 Hz, 1H), 

7.88 (s, 1H), 7.81 – 7.49 (m, 4H), 7.46 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.17 – 7.01 (m, 

2H), 6.98 (t, J = 7.7 Hz, 1H), 1.38 – 0.57 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 162.4, 158.8, 154.1, 148.2, 138.7, 137.0, 134.8, 130.1, 129.7, 

129.3, 128.4, 128.3, 127.0, 124.7, 124.5, 123.8, 121.5, 121.0, 119.9, 119.0, 116.0, 112.0, 111.8, 

79.0, 63.5, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23BrN4O3Na 565.0846, found 565.0849. 
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tert-butyl (R)-(2-fluoro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ea) 

 
The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.6 mg, 99% yield; mp 121.9‒123.1 ºC; 98% ee; [α]D
20 = ‒220.0 (c 1.9, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 9.7 min (minor), 16.0 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.53 (d, J = 7.9 Hz, 1H), 8.50 – 8.00 (m, 1H), 7.97 

(dd, J = 8.5, 3.0 Hz, 1H), 7.88 – 7.73 (m, 1H), 7.72 – 7.68 (m, 1H), 7.68 – 7.37 (m, 4H), 7.34 (d, J 

= 8.2 Hz, 1H), 7.18 – 7.01 (m, 2H), 6.95 (t, J = 7.7 Hz, 1H), 1.41 – 0.53 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.5, 160.3 (d, J = 246.1 Hz, 1C), 158.5, 154.2, 143.9, 138.6, 

137.0, 134.9, 130.2 (d, J = 7.6 Hz, 1C), 129.3, 127.0, 124.5, 124.4, 123.9, 123.2 (d, J = 22.6 Hz, 

1C), 122.1 (d, J = 7.6 Hz, 1C), 121.5, 120.8, 119.0, 116.0, 112.2, 111.8, 111.2 (d, J = 24.2 Hz, 1C), 

78.9, 63.3, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23FN4O3 505.1646, found 505.1654. 

 

tert-butyl (R)-(3-chloro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3fa) 

 
The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 46.9 mg, 94% yield; mp 129.4‒131.6 ºC; 89% ee; [α]D
20 = ‒202.28 (c 1.8, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 15.9 min (minor), 7.4 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.20 (s, 1H), 8.52 (d, J = 8.0 Hz, 1H), 8.23 (d, J = 8.5 Hz, 2H), 

7.98 – 7.39 (m, 6H), 7.35 (d, J = 8.1 Hz, 1H), 7.21 – 7.01 (m, 2H), 6.98 (d, J = 7.8 Hz, 1H), 1.30 – 

0.69 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 162.4, 158.6, 154.3, 148.2, 139.4, 138.7, 137.0, 134.7, 129.3, 

128.4, 127.3, 127.0, 126.6, 124.7, 124.5, 123.8, 121.5, 121.0, 119.6, 119.0, 116.0, 112.0, 111.8, 

79.0, 63.5, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1354. 
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tert-butyl (R)-(3-bromo-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ga) 

 
The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 53.8 mg, 99% yield; mp 142.2‒143.9 ºC; 93% ee; [α]D
20 = ‒148.8 (c 0.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 14.9 min (minor), 7.3 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.52 (d, J = 8.0 Hz, 1H), 8.33 (d, J = 2.4 Hz, 2H), 

7.87 (dd, J = 8.7, 2.4 Hz, 1H), 7.82 – 7.48 (m, 4H), 7.47 – 7.37 (m, 1H), 7.34 (d, J = 8.1 Hz, 1H), 

7.17 – 7.00 (m, 2H), 6.97 (t, J = 7.7 Hz, 1H), 1.30 – 0.59 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 161.5, 158.1, 153.6, 146.1, 138.6, 137.6, 137.0, 134.8, 129.8, 

129.4, 128.4, 127.1, 124.6, 124.5, 123.9, 122.4, 121.6, 120.9, 119.6, 119.0, 116.1, 112.0, 111.8, 

79.0, 63.5, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23BrN4O3Na 565.0846, found 565.0852. 

 

tert-butyl (R)-(6-(1H-indol-3-yl)-4-methyl-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ha) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 45.3 mg, 95% yield; mp 143.7‒145.3 ºC; 82% ee; [α]D
20 = ‒21.1 (c 0.1, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 5.2 min (minor), 8.9 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.11 (s, 1H), 8.53 (d, J = 8.0 Hz, 1H), 8.51 – 8.25 (m, 1H), 8.25 

– 8.09 (m, 1H), 8.09 – 8.04 (m, 1H), 7.77 – 7.55 (m, 3H), 7.50 (s, 1H), 7.42 – 7.27 (m, 2H), 7.19 – 

7.02 (m, 2H), 6.74 – 6.63 (m, 1H), 2.55 (s, 3H), 1.30 – 0.62 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 159.6, 154.6, 145.7, 138.9, 137.2, 135.3, 135.1, 129.3, 126.7, 

126.4, 124.7, 124.5, 124.0, 123.9, 122.6, 121.7, 120.6, 118.5, 116.0, 112.4, 111.8, 78.7, 63.2, 28.0, 

17.2. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1897, found 501.1904. 

 

tert-butyl (R)-(6-(1H-indol-3-yl)-8-methyl-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ia) 
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The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 46.2 mg, 97% yield; mp 128.2‒129.5 ºC; 84% ee; [α]D
20 = ‒142.4 (c 1.8, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 8.4 min (minor), 10.2 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.41 (d, J = 7.9 Hz, 1H), 8.27 (d, J = 8.0 Hz, 2H), 

7.80 (t, J = 7.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.61 – 7.44 (m, 2H), 7.37 (d, J = 8.5 Hz, 3H), 7.15 

(s, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.93 (d, J = 7.7 Hz, 1H), 2.38 (s, 3H), 1.03 (s, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 161.0, 159.0, 154.1, 147.0, 136.9, 136.6, 136.2, 134.9, 134.6, 

129.5, 127.4, 126.9, 126.2, 124.4, 124.0, 121.4, 120.8, 120.5, 118.8, 115.7, 112.4, 111.8, 78.8, 63.3, 

27.6, 21.0. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C29H26N4O3Na 501.1987, found 501.1900. 

 

tert-butyl (R)-(8-fluoro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ja) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 45.4 mg, 94% yield; mp 130.1‒132.3 ºC; 98% ee; [α]D
20 = ‒170.8 (c 1.8, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 10.0 min (minor), 19.1 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.24 (s, 1H), 8.61 – 8.53 (m, 1H), 8.29 (d, J = 7.9 Hz, 2H), 7.82 

(t, J = 7.8 Hz, 1H), 7.77 – 7.49 (m, 3H), 7.49 – 7.29 (m, 3H), 7.17 (s, 1H), 7.07 (t, J = 7.7 Hz, 1H), 

6.97 (t, J = 7.7 Hz, 1H), 1.34 – 0.67 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 160.8, 160.6 (d, J = 267.7 Hz, 1C), 159.1, 154.5, 147.0, 137.5, 

137.0, 135.1, 134.9, 127.5, 127.2, 126.4, 124.6, 124.3, 121.6, 120.7, 120.6, 119.1, 117.6 (d, J = 8.1 

Hz, 1C), 115.9 (d, J = 23.2 Hz, 1C), 111.9, 111.7, 111.2 (d, J = 25.2 Hz, 1C), 79.2, 63.3, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23FN4O3Na 505.1646, found 505.1653. 

 

tert-butyl (R)-(8-chloro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ka) 
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The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.7 mg, 98% yield; mp 111.8‒112.6 ºC; 99% ee; [α]D
20 = ‒184.4 (c 2.1, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 11.5 min (minor), 8.8 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.25 (s, 1H), 8.54 (d, J = 8.5 Hz, 1H), 8.29 (d, J = 7.9 Hz, 2H), 

7.82 (t, J = 7.6 Hz, 1H), 7.76 – 7.45 (m, 5H), 7.37 (d, J = 8.1 Hz, 1H), 7.18 (s, 1H), 7.08 (t, J = 7.6 

Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 1.10 (brs, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.3, 159.1, 154.2, 147.0, 137.6, 137.2, 137.0, 134.9, 130.8, 

129.2, 127.5, 127.2, 126.4, 124.5, 124.3, 123.6, 121.6, 120.6, 120.5, 119.0, 117.5, 111.9, 111.7, 

79.2, 63.2, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1349. 

 

tert-butyl (R)-(9-chloro-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3la) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 49.6 mg, 99% yield; mp 139.4‒142.1 ºC; 95% ee; [α]D
20 = ‒200.0 (c 2.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 10.3 min (minor), 11.5 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.22 (s, 1H), 8.55 (s, 1H), 8.52 – 7.95 (m, 2H), 7.95 – 7.63 (m, 

3H), 7.61 (d, J = 8.0 Hz, 1H), 7.54 (q, J = 8.6, 8.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 1H), 7.22 – 7.03 (m, 

2H), 6.99 (t, J = 7.6 Hz, 1H), 1.41 – 0.66 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 160.5, 159.3, 154.5, 146.9, 139.7, 137.0, 135.1, 133.8, 133.1, 

127.6, 127.3, 126.8, 126.5, 125.3, 124.6, 124.4, 121.6, 120.9, 120.6, 119.0, 115.8, 111.9, 111.8, 

79.1, 63.1, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23ClN4O3Na 521.1351, found 521.1356. 

 

tert-butyl (R)-(9-bromo-6-(1H-indol-3-yl)-12-oxo-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (3ma) 
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The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 53.8 mg, 99% yield; mp 135.3‒137.8 ºC; 92% ee; [α]D
20 = ‒160.8 (c 2.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 20/80, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 10.5 min (minor), 12.6 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.22 (s, 1H), 8.70 (s, 1H), 8.48 (brs, 1H), 8.26 (d, J = 7.9 Hz, 

1H), 7.82 (t, J = 7.8 Hz, 1H), 7.79 – 7.58 (m, 3H), 7.54 (t, J = 7.3 Hz, 2H), 7.35 (d, J = 8.2 Hz, 1H), 

7.20 – 7.03 (m, 2H), 6.99 (t, J = 7.6 Hz, 1H), 1.38 – 0.64 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 160.4, 159.3, 153.9, 147.0, 139.9, 137.0, 135.1, 134.3, 129.6, 

127.6, 127.3, 126.5, 125.6, 124.6, 124.4, 121.6, 121.4, 120.9, 120.6, 119.0, 118.6, 111.9, 111.7, 

79.1, 63.2, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H23BrN4O3Na 565.0846, found 565.0851. 

 

4. General procedure for the synthesis of chiral tryptanthrin derivatives 5 

 

To a suspension of substitute ketimine 1 (0.1 mmol) and CPA D (0.002 mmol, 2 mol%) in ethyl 

acetate (1.0 ml) was added pyrrole 4 (0.1 mmol). The resulted reaction mixture was stirred at 25 oC 

till reaction completion (monitored by TLC). The reaction mixture was concentrated under vacuum 

and the residue was purified by flash chromatography on silica gel (petroleum ether /ethylacetate = 

3:1–2:1) to give the product 5. 

 

tert-butyl (S)-(12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-yl)carbamate 

(5a) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 40.6 mg, 98% yield; mp 104.6‒106.5 ºC; 92% ee; [α]D
20 = ‒50.5 (c 1.2, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 20/80, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 26.1 min (minor), 11.2 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.46 (d, J = 8.0 Hz, 1H), 8.30 (dd, J = 8.0, 1.5 Hz, 
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2H), 7.88 (t, J = 7.4 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.60 (t, J = 7.5 Hz, 

1H), 7.52 (t, J = 7.7 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 6.75 (td, J = 2.8, 1.6 Hz, 1H), 5.86 (q, J = 2.7 

Hz, 1H), 5.71 (s, 1H), 1.45 – 0.43 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.0, 159.2, 154.1, 147.0, 138.6, 134.8, 134.0, 129.2, 127.4, 

127.2, 126.8, 126.7, 126.4, 123.8, 121.0, 120.3, 116.0, 107.6, 106.9, 78.9, 62.6, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H22N4O3Na 437.1584, found 437.1587. 

 

tert-butyl (S)-(2-methyl-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5b) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 30.3 mg, 71% yield; mp 96.5‒98.3 ºC; 90% ee; [α]D
20 = ‒82.0 (c 0.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 14.2 min (minor), 8.9 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.02 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 8.10 (s, 2H), 7.88 – 7.57 

(m, 3H), 7.51 (t, J = 7.8 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 6.74 (q, J = 2.3 Hz, 1H), 5.85 (q, J = 2.8 

Hz, 1H), 5.69 (s, 1H), 2.49 (s, 3H), 1.32 – 0.57 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 159.2, 159.1, 153.7, 145.0, 138.6, 137.0, 136.0, 134.1, 129.1, 

127.2, 126.9, 126.5, 125.8, 123.7, 120.8, 120.2, 115.9, 107.5, 106.8, 78.8, 62.4, 27.6, 20.8. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C25H24N4O3Na 451.1741, found 451.1745. 

 

tert-butyl (S)-(2-chloro-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5c) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 44.5 mg, 99% yield; mp 93.5‒95.0 ºC; 96% ee; [α]D
20 = ‒69.3 (c 1.4, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 20.8 min (minor), 7.5 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.76 – 7.96 (m, 3H), 7.89 (dd, J = 8.7, 2.5 Hz, 

1H), 7.80 (d, J = 8.7 Hz, 1H), 7.65 (d, J = 7.3 Hz, 1H), 7.53 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.5 Hz, 

1H), 6.75 (td, J = 2.7, 1.6 Hz, 1H), 5.86 (dt, J = 3.5, 2.5 Hz, 1H), 5.73 (s, 1H), 1.23 – 0.63 (m, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 160.6, 158.1, 153.5, 145.8, 138.3, 134.9, 134.2, 131.6, 129.5, 

129.2, 127.0, 126.5, 125.4, 123.8, 122.4, 120.3, 116.0, 107.7, 107.0, 79.0, 62.6, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21ClN4O3Na 471.1194, found 471.1200. 
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tert-butyl (S)-(2-bromo-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5d) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 47.8 mg, 97% yield; mp 113.8‒115.7 ºC; 96% ee; [α]D
20 = ‒48.2 (c 1.7, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 17.1 min (minor), 7.1 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.74 – 7.83 (m, 4H), 7.72 (d, J = 8.6 Hz, 1H), 7.65 

(d, J = 7.5 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 7.43 (t, J = 7.3 Hz, 1H), 6.75 (td, J = 2.7, 1.5 Hz, 1H), 

5.86 (q, J = 2.6 Hz, 1H), 5.74 (d, J = 5.9 Hz, 1H), 1.37 – 0.54 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.7, 158.0, 154.0, 146.0, 138.3, 137.6, 134.2, 129.7, 129.2, 

128.5, 127.0, 126.4, 123.8, 122.7, 120.3, 119.8, 116.0, 107.8, 107.0, 79.0, 62.7, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21BrN4O3Na 517.0672, found 517.0679. 

 

tert-butyl (S)-(2-fluoro-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5e) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 42.7 mg, 99% yield; mp 86.5‒88.1 ºC; 93% ee; [α]D
20 = ‒95.2 (c 0.4, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 21.1 min (minor), 5.9 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 7.98 (dd, J = 8.5, 3.0 Hz, 

2H), 7.86 (d, J = 8.1 Hz, 1H), 7.75 (t, J = 7.1 Hz, 1H), 7.66 (d, J = 7.5 Hz, 1H), 7.52 (t, J = 7.8 Hz, 

1H), 7.42 (t, J = 7.5 Hz, 1H), 6.75 (td, J = 2.8, 1.6 Hz, 1H), 5.86 (q, J = 2.7 Hz, 1H), 5.74 (s, 1H), 

1.34 – 0.41 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 160.4 (d, J = 246.1 Hz, 1C), 159.6, 158.4, 154.2, 143.8, 138.4, 

134.2, 130.1 (d, J = 9.1 Hz, 1C), 129.2, 126.9, 126.7, 123.8, 123.1 (d, J = 24.2 Hz, 1C), 122.4 (d, J 

= 9.1 Hz, 1C), 120.3, 116.0, 111.3 (d, J = 24.2 Hz, 1C), 107.7, 106.9, 79.0, 62.6, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21FN4O3Na 455.1490, found 455.1498. 

 

tert-butyl (S)-(3-chloro-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5f) 
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The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 44.5 mg, 99% yield; mp 103.9‒104.9 ºC; 91% ee; [α]D
20 = ‒8.6 (c 1.7, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 10.2 min (minor), 6.6 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.00 (s, 1H), 8.71 – 7.92 (m, 3H), 7.82 (s, 1H), 7.64 (dd, J = 

15.3, 8.7 Hz, 2H), 7.52 (t, J = 7.8 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 6.83 – 6.67 (m, 1H), 5.94 – 5.84 

(m, 1H), 5.76 (s, 1H), 1.28 – 0.50 (m, 9H). 
13C NMR (151 MHz, DMSO-d6) δ 161.6, 158.6, 154.3, 148.1, 139.4, 138.4, 134.0, 129.2, 128.4, 

127.5, 126.9, 126.5, 126.3, 123.8, 120.3, 119.9, 116.0, 107.8, 107.0, 79.0, 62.7, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21ClN4O3Na 471.1194, found 471.1201. 

 

tert-butyl (S)-(3-bromo-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5g) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 48.7 mg, 99% yield; mp 96.3‒98.1 ºC; 92% ee; [α]D
20 = +3.6 (c 0.3, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 9.6 min (minor), 6.7 min (major). 

1H NMR (600 MHz, DMSO-d6) δ 11.00 (s, 1H), 8.30 (dd, J = 151.5, 8.3 Hz, 3H), 7.96 (s, 1H), 

7.69 (dd, J = 34.0, 8.1 Hz, 2H), 7.47 (dt, J = 56.4, 7.6 Hz, 2H), 6.75 (s, 1H), 5.97 – 5.80 (m, 1H), 

5.74 (d, J = 12.2 Hz, 1H), 1.56 – 0.43 (m, 9H). 

13C NMR (151 MHz, DMSO-d6) δ 161.5, 158.7, 154.0, 148.1, 138.4, 134.0, 130.3, 129.6, 129.2, 

128.4, 126.9, 126.3, 123.8, 120.4, 120.2, 116.0, 107.9, 107.0, 79.1, 62.7, 27.7. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21BrN4O3Na 517.0672, found 517.0676. 

 

tert-butyl (S)-(4-methyl-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5h) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–
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2:1 as the eluent). 

White solid; 42.3 mg, 99% yield; mp 75.6‒77.5 ºC; 98% ee; [α]D
20 = ‒27.4 (c 1.6, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 6.0 min (minor), 10.2 min (major). 

1H NMR (400 MHz, DMSO-d6) δ 10.98 (s, 1H), 8.62 – 7.98 (m, 3H), 7.72 (dt, J = 7.7, 2.3 Hz, 2H), 

7.63 – 7.28 (m, 3H), 6.77 (q, J = 2.4 Hz, 1H), 5.86 (q, J = 2.7 Hz, 1H), 5.69 (d, J = 3.6 Hz, 1H), 

2.61 (s, 3H), 1.35 – 0.57 (m, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 159.4, 158.8, 153.9, 145.5, 138.5, 135.6, 135.2, 134.2, 129.0, 

126.8, 126.6, 126.5, 124.0, 123.8, 121.0, 120.3, 115.9, 107.6, 106.8, 78.8, 62.5, 27.6, 17.3. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C25H24N4O3Na 451.1741, found 451.1744. 

 

tert-butyl (S)-(8-methyl-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5i) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 41.0 mg, 96% yield; mp 105.8‒107.1 ºC; 80% ee; [α]D
20 = ‒44.6 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 14.2 min (minor), 6.7 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 10.99 (s, 1H), 8.47 – 8.03 (m, 3H), 7.86 (t, J = 7.4 Hz, 1H), 7.77 

(d, J = 8.1 Hz, 1H), 7.59 (t, J = 7.3 Hz, 1H), 7.45 (s, 1H), 7.32 (d, J = 8.1 Hz, 1H), 6.74 (q, J = 2.3 

Hz, 1H), 5.86 (q, J = 2.8 Hz, 1H), 5.75 (s, 1H), 2.39 (s, 3H), 1.03 (brs, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 160.1, 158.9, 153.8, 147.0, 136.4, 136.0, 134.6, 134.1, 129.4, 

127.2, 127.0, 126.8, 126.3, 124.1, 121.0, 120.1, 115.6, 107.6, 106.9, 78.9, 62.5, 27.5, 20.9. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C25H24N4O3Na 451.1741, found 451.1743. 

 

tert-butyl (S)-(8-chloro-12-oxo-6-(1H-pyrrol-2-yl)-6,12-dihydroindolo[2,1-b]quinazolin-6-

yl)carbamate (5j) 

 

The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 3:1–

2:1 as the eluent). 

White solid; 44.0 mg, 98% yield; mp 141.5‒142.8 ºC; 92% ee; [α]D
20 = ‒56.7 (c 1.2, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 13.9 min (minor), 6.7 min (major). 

1H NMR (300 MHz, DMSO-d6) δ 11.12 (s, 1H), 8.60 – 8.05 (m, 3H), 7.89 (t, J = 7.5 Hz, 1H), 7.78 

(d, J = 8.1 Hz, 1H), 7.73 (d, J = 2.2 Hz, 1H), 7.67 – 7.53 (m, 2H), 6.77 (q, J = 2.4 Hz, 1H), 5.88 (q, 
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J = 2.8 Hz, 1H), 5.78 (s, 1H), 1.11 (brs, 9H). 
13C NMR (75 MHz, DMSO-d6) δ 159.6, 159.1, 154.2, 146.9, 137.2, 136.6, 135.0, 130.8, 129.1, 

127.5, 127.4, 126.5, 126.2, 123.7, 120.9, 120.4, 117.5, 107.6, 107.1, 79.2, 62.5, 27.6. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C24H21ClN4O3Na 471.1194, found 471.1193. 

 

5. Gram-scale experiment 

 

In a 50 mL dry round bottom flask equipped with a magnetic stirring bar, the ketimine 1a (2.5 

mmol, 1.0 equiv) were added to a solution of indoles 2 (3.0 mmol, 1.2 equiv) and CPA D (1 mol %) 

in ethyl acetate (25 mL) at 25 oC. And then, the mixture was stirred at the same temperature for 5 h. 

After completion of the reaction (monitored by TLC), the ethyl acetate was removed under vacuum 

and the residues were isolated by flash chromatography on silica gel (petroleum ether/ethyl acetate 

= 3:1–2:1) to give the product 3aa as a white solid, 1.14 g, 98% yield, 98% ee. 

 

6. Procedure for the synthesis of compound 6 

 
To a suspension of compound 3 (0.3 mmol, 139 mg) in dry tetrahydrofuran (6.0 ml) was added 

LiAlH4 (1.5 mmol, 57 mg, 5 equiv) at 0 oC. The resulted reaction mixture was stirred at 0 oC for 1.0 

hour. After completion of the reaction (monitored by TLC), the mixture was quenched with ice water 

(5 mL) at 0 oC and extracted with ethyl acetate (15 mL3). The combined organic layer was dried 

with anhydrous Na2SO4, filtered, and concentrated under vacuum. The residue was purified by flash 

chromatography on silica gel (petroleum ether /ethylacetate = 5:1–3:1) to give the product 6. 

 

tert-butyl ((5aR,6R)-6-(1H-indol-3-yl)-12-oxo-5,5a,6,12-tetrahydroindolo[2,1-b]quinazolin-6-

yl)carbamate (6) 

 
The product was purified by flash column chromatography (petroleum ether : ethyl acetate = 5:1–

3:1 as the eluent). 

White solid; 130.0 mg, 93% yield; mp 140.6‒141.5 ºC; 90% ee; [α]D
20 = ‒75.2 (c 1.0, CH2Cl2). 

The ee was determined by HPLC (Chiralpak AD-H, ethanol/n-hexane 30/70, flow rate = 1.0 

mL/min, λ = 254 nm) tR = 6.8 min (minor), 8.3 min (major). 
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1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 8.42 (d, J = 8.1 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.41 

(d, J = 8.2 Hz, 1H), 7.32 (t, J = 7.9 Hz, 1H), 7.21 (q, J = 8.1 Hz, 2H), 7.07 (t, J = 8.4 Hz, 2H), 6.95 

(dd, J = 16.4, 8.7 Hz, 3H), 6.86 (t, J = 7.6 Hz, 1H), 6.50 (d, J = 8.1 Hz, 1H), 5.93 (d, J = 6.5 Hz, 

2H), 5.43 (s, 1H), 1.48 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 171.4, 161.3, 155.6, 147.3, 139.9, 136.9, 133.7, 129.9, 128.4, 125.4, 

124.8, 123.5, 123.2, 122.1, 120.4, 120.1, 119.6, 116.8, 116.4, 116.0, 114.6, 111.7, 81.2, 80.8, 66.6, 

28.4. 

HRMS (ESI-TOF) m/z [M + Na]+ calcd. for C28H26N4O3Na 489.1897, found 489.1911. 

 

7. X-ray Crystal Structure of Compounds 5f and 6 
Single crystals of compound 6 were prepared from the mixture solvent of THF and pentane. 

Single crystals of compound 5f were prepared from the mixture solvent of EtOH and CH2Cl2. For 

the X-ray analysis of both of compounds 5f and 6, a suitable crystal was selected for structure 

determination on a Xcalibur, Eos, Gemini diffractometer. Each crystal was kept at 293(2) K during 

data collection. Using Olex22, the structure was solved with the ShelXS3 structure solution program 

using Direct Methods and refined with the ShelXL3 refinement package using Least Squares 

minimisation. 

 
ORTEP of 6 (at 50% level) 

Crystal data and structure refinement (after solvents removal) for 6 (CCDC: 2267719) 

Identification code 6 • THF • H2O 

Empirical formula C32H36N4O5 

Formula weight 556.65 

Temperature/K 193.00 

Crystal system monoclinic 

Space group C2 

a/Å 21.4211(19) 

b/Å 10.3788(8) 

c/Å 15.9818(14) 

α/° 90 

β/° 93.591(5) 

γ/° 90 

Volume/Å3 3546.2(5) 

Z 4 

ρcalcg/cm3 1.043 

μ/mm-1 0.367 

F(000) 1184.0 
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Crystal size/mm3 0.12 × 0.11 × 0.1 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 7.194 to 120.4 

Index ranges -27 ≤ h ≤ 26, -13 ≤ k ≤ 13, -20 ≤ l ≤ 20 

Reflections collected 21563 

Independent reflections 7656 [Rint = 0.0604, Rsigma = 0.0575] 

Data/restraints/parameters 7656/175/436 

Goodness-of-fit on F2 0.990 

Final R indexes [I>=2σ (I)] R1 = 0.0923, wR2 = 0.2367 

Final R indexes [all data] R1 = 0.1273, wR2 = 0.2736 

Largest diff. peak/hole / e Å-3 0.73/-0.38 

Flack parameter 0.14(18) 

 

 

ORTEP of 5f (at 50% level) 

Crystal data and structure refinement for 5f (CCDC: 2267720) 

Identification code 5f 

Empirical formula C24H21ClN4O3 

Formula weight 448.90 

Temperature/K 99.99(10) 

Crystal system monoclinic 

Space group C2/c 

a/Å 34.4794(6) 

b/Å 9.4307(2) 

c/Å 14.3293(2) 

α/° 90 

β/° 111.9310(10) 

γ/° 90 

Volume/Å3 4322.20(14) 

Z 8 

ρcalcg/cm3 1.380 

μ/mm-1 1.854 

F(000) 1872.0 

Crystal size/mm3 0.14 × 0.12 × 0.11 

Radiation Cu Kα (λ = 1.54178) 
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2Θ range for data collection/° 5.526 to 142.9 

Index ranges -42 ≤ h ≤ 28, -11 ≤ k ≤ 10, -14 ≤ l ≤ 17 

Reflections collected 11801 

Independent reflections 4086 [Rint = 0.0296, Rsigma = 0.0302] 

Data/restraints/parameters 4086/0/296 

Goodness-of-fit on F2 1.094 

Final R indexes [I>=2σ (I)] R1 = 0.0438, wR2 = 0.0935 

Final R indexes [all data] R1 = 0.0570, wR2 = 0.0975 

Largest diff. peak/hole / e Å-3 0.24/-0.28 

 

8. Biological activities evaluation 

8.1 The results of biological activities evaluation with products 3 and 5 

In the basis of preparation of diverse optically pure tryptanthrin derivatives 3 and 5, 

we set out to identify the potential bioactivity of these compounds. Two human cancer 

cell lines, K562 leukemia and A549 lung cancer cells, were selected for an in vitro 

cytotoxicity assay to assess the anti-tumor activity of randomly chosen products.5 The 

results indicated that most of tested compounds demonstrated good cytotoxicity against 

K562 and A549 cell lines, with IC50 values in the micromolar range (Figure S1, partial 

data). Generally, for the compounds obtained in this manuscript, the cytotoxicity 

against K562 cell lines was higher than that against A549 cell lines. Particularly, some 

compounds, such as 3aj, 3ao, 3ea, and 3ha showed impressive cytotoxicity against the 

K562 leukemia cells with promising IC50 values that are equivalent to or lower than 

that of cisplatin. Therefore, further structural modulation and biological investigations 

may render this class of tryptanthrin derivatives a promising candidate for medicinal 

applications. 

 

Fig. S1 Biological activities evaluation. 

8.2 General experimental procedures for in vitro cytotoxicity assay 

Two human cancer cell lines, human leukemia cells K562 and human lung cancer cells A549, 

were purchased from Chinese Academy of Sciences, Kunming Cell Bank and Chinese Academy of 
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Sciences, Shanghai Cell Bank respectively. All the cells were cultured in RPMI-1640 medium 

(GIBICO, USA), supplemented with 10% fetal bovine serum (Hyclone, USA) and Penicillin-

Streptomycin (respectively 100 U/mL) in 5% CO2 at 37 °C. The cytotoxicity assay was performed 

according to the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) method in 

96-well microplates. Briefly, 5000 cells were seeded into each well of 96-well cell culture plates 

and allowed to grow for 24 h before the drug is added. K562 tumor cell line was exposed to 

compounds (3aa, 3ah, 3ai, 3aj, 3ao, 3ca, 3ea, 3ha, 3ka, 5c, 5i and 5j) at the concentrations of 1, 2, 

4, 8 and 20 μmol·L-1 and A549 tumor cell line was exposed to the test compounds (3aa, 3ah, 3ai, 

3aj, 3ao, 3ca, 3ea, 3ha, 3ka, 5c, 5i and 5j) at the concentrations of 5, 10, 20, 40 and 80 μmol·L-1 in 

triplicates for 48 h, comparable to cisplatin (Aladdin, China). Then the MTT reagent was added to 

reaction with the cancer cells for 4 hours. At least, measure the OD value at 490 wavelengths. The 

average 50% inhibitory concentration (IC50) of all the compounds is calculated by IBM SPSS 

Statistics (version 19). Each concentration was analyzed in triplicate at least, and the whole 

experiment was repeated three times. 

Table S1. Cell Inhibitory Assay of target products in K562 and A549 Cells 

compound 
IC50 (uM)a 

K562 A549 

3aa 31.450 52.742 

3ah 30.790 52.781 

3ai 29.064 45.553 

3aj 27.178 41.564 

3ao 27.398 30.335 

3ca 31.158 70.995 

3ea 22.767 61.709 

3ha 20.982 24.834 

3ka 30.652 44.175 

5c 34.811 63.331 

5i 32.469 >100 

5j 25.514 >100 

cisplatinb 23.734 24.311 
aIC50 is the concentration of a compound that affords a 50% reduction in cell growth (after 48 h of 

incubation), expressed as the mean of triplicate experiments. bCommercially available broad-

spectrum anticancer drug cisplatin as a positive control. 
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10. HPLC spectra of compounds 3, 5, and 6 

 

HPLC spectra of 3aa 
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HPLC spectra of 3ab 
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HPLC spectra of 3ac 
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HPLC spectra of 3ad 
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HPLC spectra of 3ae 
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HPLC spectra of 3af 
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HPLC spectra of 3ag 
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HPLC spectra of 3ah 
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HPLC spectra of 3ai 
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HPLC spectra of 3aj 
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HPLC spectra of 3ak 
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HPLC spectra of 3al 
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HPLC spectra of 3am 
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HPLC spectra of 3an 
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HPLC spectra of 3ao 
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HPLC spectra of 3ap 
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HPLC spectra of 3aq 
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HPLC spectra of 3ar 
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HPLC spectra of 3as 
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HPLC spectra of 3ba 
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HPLC spectra of 3ca 
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HPLC spectra of 3da 
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HPLC spectra of 3ea 
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HPLC spectra of 3fa 
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HPLC spectra of 3ga 
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HPLC spectra of 3ha 
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HPLC spectra of 3ia 
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HPLC spectra of 3ja 
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HPLC spectra of 3ka 
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HPLC spectra of 3la 
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HPLC spectra of 3ma 
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HPLC spectra of 5a 
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HPLC spectra of 5b 
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HPLC spectra of 5c 
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HPLC spectra of 5d 
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HPLC spectra of 5e 
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HPLC spectra of 5f 
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HPLC spectra of 5g 
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HPLC spectra of 5i 
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HPLC spectra of 5j 
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HPLC spectra of 6 
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