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1. General Information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. Reactions were monitored by TLC. 
1
H NMR (300 MHz) and 

13
C NMR (75 MHz) 

spectra were recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are reported in ppm 

relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal standard 

(CDCl3 at 7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, 

multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 

coupling constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 77.20 ppm, 

DMSO-d6 at 39.51 ppm). The enantiomeric excesses were determined by chiral HPLC analysis. 

HPLC analysis was performed on Shimadzu SCL-10AVP HPLC systems consisting of the 

followings: pump, LC-10AD; detector, SPD-10A measured at 254 nm. HRMS was recorded on 

Bruker Q TOF. Optical rotations were measured with a Perkin-Elmer-341 polarimeter. Melting 

points were recorded on a Büchi Melting Point B-545. 

 

2. General procedure for the synthesis of ketimines 1 

 

A mixture of homophthalic anhydride (1 equiv), amine (1.2 equiv) in dry xylene (0.5 M) was 

refluxed using a Dean–Stark apparatus for 6-10 h. After completion of the reaction, monitored by 

TLC, the solvent was evaporated. The residue was recrystallized with methanol to produce the 

homophthalimide. 

To a solution of homophthalimide (1equiv) in toluene (0.2 M) was added SeO2 (1.5 equiv), and 

then, the mixture was refluxed until the homophthalimide disappeared, monitored by TLC. The 

mixture was filtered through a Celite plug, and the filtrate was concentrated in vacuo. The residue 

and aza-Wittig reagent (1.5 equiv) were placed in an oven-dried Schlenk flask under argon 

atmosphere. After an injection of anhydrous 1,4-dioxane (0.2 M), the mixture was heated under 

reflux until complete disappearance of the starting materials. Then the reaction was cooled to 

room temperature. After an evaporation of the volatile organic solvents, the crude residue was 

purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 3:1) and 

afforded the resulting ketimine as described below. 

 

tert-butyl (1,3-dioxo-2-phenyl-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamate 

(1a): White solid; 46% yield; mp 228.7-230.5 ºC; 
1
H NMR (300 MHz, DMSO-d6) δ 

8.29-8.21 (m, 1H), 8.21-8.12 (m, 1H), 7.94-7.82 (m, 2H), 7.59-7.41 (m, 3H), 

7.41-7.29 (m, 2H), 1.50 (s, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 162.6, 160.2, 155.8, 146.5, 

135.0, 134.2, 133.4, 131.4, 128.9, 128.7, 128.6, 128.5, 125.5, 82.0, 27.8; HRMS (ESI-TOF) calcd. 

for C20H18N2NaO4 [M + Na]
+
 373.1159; found: 373.1158. 

tert-butyl (2-benzyl-1,3-dioxo-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamate 

(1b): White solid; 35% yield; mp 166.8-168.5 ºC; 
1
H NMR (300 MHz, DMSO-d6) δ 

8.27-8.08 (m, 2H), 7.95-7.77 (m, 2H), 7.44-7.15 (m, 5H), 5.07 (s, 2H), 1.53 (s, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 162.5, 160.1, 156.0, 146.3, 136.3, 134.2, 133.4, 131.3, 128.6, 
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128.2, 128.1, 127.6, 127.1, 125.4, 82.0, 43.6, 27.8; HRMS (ESI-TOF) calcd. for C21H20N2NaO4 

[M + Na]
+
 387.1315; found: 387.1316. 

tert-butyl 

(1,3-dioxo-2-propyl-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamate (1c): 

White solid; 40% yield; mp 149.4-150.9 ºC; 
1
H NMR (300 MHz, DMSO-d6) δ 

8.25-8.07 (m, 2H), 7.94-7.75 (m, 2H), 3.83 (t, J = 7.4 Hz, 2H), 1.65-1.50 (m, 11H), 

0.89 (t, J = 7.4 Hz, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 162.4, 160.2, 155.8, 146.2, 134.0, 133.3, 

131.1, 128.5, 128.3, 125.4, 81.9, 41.9, 27.8, 20.5, 11.3; HRMS (ESI-TOF) calcd. for 

C17H20N2NaO4 [M + Na]
+
 339.1315; found: 339.1311. 

tert-butyl (1,3-dioxo-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamate (1d)：

White solid; 31% yield; mp 225.7-227.5 ºC; 
1
H NMR (300 MHz, CDCl3) δ 8.72 (s, 

1H), 8.42-8.16 (m, 2H), 7.92-7.64 (m, 2H), 1.63 (s, 9H); 
13

C NMR (75 MHz, 

CDCl3) δ 162.3, 160.7, 155.0, 146.2, 134.9, 133.8, 132.1, 129.2, 127.6, 127.1, 83.9, 

28.2; HRMS (ESI-TOF) calcd. for C14H14N2NaO4 [M + Na]
+
 297.0846; found: 

297.0855. 

tert-butyl 

(7-chloro-1,3-dioxo-2-phenyl-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamat

e (1e): White solid; 18% yield; mp 226.5-228.3 ºC; 
1
H NMR (300 MHz, CDCl3) δ 

8.37-8.17 (m, 2H), 7.75 (d, J = 8.5 Hz, 1H), 7.61-7.40 (m, 3H), 7.30-7.14 (m, 2H), 

1.58 (s, 9H); 
13

C NMR (75 MHz, CDCl3) δ 161.8, 160.4, 155.4, 145.2, 140.7, 134.9, 133.8, 129.9, 

129.6, 129.5, 129.4, 128.5, 128.4, 84.0, 28.2; HRMS (ESI-TOF) calcd. for C20H17ClN2NaO4 [M + 

Na]
+
 407.0769; found: 407.0780. 

tert-butyl 

(7-nitro-1,3-dioxo-2-phenyl-2,3-dihydroisoquinolin-4(1H)-ylidene)carbamate 

(1f): White solid; 21% yield; mp 225.0-226.3 ºC; 
1
H NMR (300 MHz, CDCl3) δ 

9.10 (d, J = 2.2 Hz, 1H), 8.59 (dd, J = 8.7, 2.3 Hz, 1H), 8.53 (d, J = 8.6 Hz, 1H), 7.61-7.46 (m, 

3H), 7.30-7.16 (m, 2H), 1.57 (s, 9H); 
13

C NMR (75 MHz, CDCl3) δ 161.1, 159.9, 154.9, 151.0, 

144.7, 136.2, 133.4, 129.7, 128.6, 128.2, 124.9, 84.7, 28.2; HRMS (ESI-TOF) calcd. for 

C20H17N3NaO6 [M + Na]
+
 418.1010; found: 418.1015. 

tert-butyl 

(7-methoxy-1,3-dioxo-2-phenyl-2,3-dihydroisoquinolin-4(1H)-ylidene)carba

mate (1g): White solid; 10% yield; mp 227.5-229.4 ºC; 
1
H NMR (300 MHz, 

CDCl3) δ 8.27 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 2.7 Hz, 1H), 7.56-7.42 (m, 3H), 7.29 (dd, J = 8.8, 

2.7 Hz, 1H), 7.25-7.17 (m, 2H), 3.95 (s, 3H), 1.58 (s, 9H); 
13

C NMR (75 MHz, CDCl3) δ 164.1, 

162.9, 161.0, 155.9, 145.3, 134.1, 130.0, 129.5, 129.2, 129.0, 128.4, 124.4, 122.3, 112.3, 83.3, 

56.2, 28.2; HRMS (ESI-TOF) calcd. for C21H20N2NaO5 [M + Na]
+
 403.1264; found: 403.1259. 

 

3. General procedure for the synthesis of compounds 3 

In an ordinary vial equipped with a magnetic stirring bar, the ketimines 1 (0.05 mmol, 1.0 

equiv) were added to a solution of indoles 2 (0.055 mmol, 1.1 equiv or 0.1 mmol, 2.0 equiv) and 

catalyst D (2 mol %) in toluene (1.0 or 0.5 mL) at 60 
o
C. And then, the mixture was stirred at the 

same temperature for specified time. After completion of the reaction, as indicated by TLC, the 

products 3 were isolated by flash chromatography on silica gel (petroleum ether/ethyl acetate = 

10/1～3/1). 
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(S)-tert-butyl 

(4-(1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-4-yl)carba

mate (3aa): White solid; 22.7 mg, 97% yield; >99% ee; [α]D
20

 = -50.8 (c 1.15, 

CH2Cl2); mp 235.2-237.0 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm, tminor = 8.3 min, tmajor = 

5.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.23 (s, 1H), 8.64 (br s , 1H), 8.16 (d, J = 7.8 Hz, 

1H), 7.83 (br s , 1H), 7.77-7.51 (m, 3H), 7.48-7.28 (m, 4H), 7.11 (t, J = 7.2 Hz, 1H), 6.99 (t, J = 

7.5 Hz, 1H), 6.87 (br s , 2H), 6.56 (d, J = 2.8 Hz, 1H), 1.40-1.04 (m, 9H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 170.8, 163.6, 155.0, 143.4, 136.7, 135.8, 134.3, 128.9, 128.3, 128.2, 128.0, 127.5, 

126.3, 125.5, 125.1, 124.4, 121.6, 120.7, 119.2, 113.6, 111.9, 79.0, 61.5, 28.0; HRMS (ESI-TOF) 

calcd. for C28H25N3NaO4 [M + Na]
+
 490.1737; found: 490.1727. 

(S)-tert-butyl 

(2-benzyl-4-(1H-indol-3-yl)-1,3-dioxo-1,2,3,4-tetrahydroisoquinolin-4-yl)car

bamate (3ba): White solid; 23.3 mg, 97% yield; 98% ee; [α]D
20

 = -48.4 (c 1.59, 

CH2Cl2); mp 145.0-146.9 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.5 min, tmajor = 

6.0 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.63 (br s , 1H), 8.12 (d, J = 6.9 Hz, 

1H), 7.82-7.76 (m, 1H), 7.69-7.57 (m, 3H), 7.38 (d, J = 8.1 Hz, 1H), 7.13-6.96 (m, 7H), 6.39 (s, 

1H), 5.04-4.90 (m, 2H), 1.35-0.82 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 171.0, 163.2, 155.0, 

143.3, 136.9, 136.7, 134.1, 128.1, 127.8, 127.4, 126.9, 126.7, 126.1, 125.4, 124.9, 124.5, 121.6, 

120.9, 119.2, 113.7, 111.8, 79.0, 61.4, 43.2, 28.1; HRMS (ESI-TOF) calcd. for C29H27N3NaO4 [M 

+ Na]
+
 504.1894; found: 504.1889. 

(S)-tert-butyl 

(4-(1H-indol-3-yl)-1,3-dioxo-2-propyl-1,2,3,4-tetrahydroisoquinolin-4-yl)carba

mate (3ca): White solid; 21.2 mg, 98% yield; >99% ee; [α]D
20

 = -59.0 (c 1.52, 

CH2Cl2); mp 229.2-231.0 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.3 min, tmajor = 

5.7 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.13 (s, 1H), 8.49 (br s , 1H), 8.15 (d, J = 7.7 Hz, 

1H), 7.79-7.74 (m, 1H), 7.65-7.57 (m, 3H), 7.34 (d, J = 8.1 Hz, 1H), 7.08 (t, J = 7.3 Hz, 1H), 6.99 

(t, J = 7.2 Hz, 1H), 6.37 (s, 1H), 3.88-3.55 (m, 2H), 1.38-1.23 (m, 9H), 0.98 (br s , 2H), 0.61 (t, J 

= 7.3 Hz, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.8, 163.4, 154.9, 143.2, 136.6, 133.9, 128.0, 

127.3, 126.1, 125.3, 125.1, 124.4, 121.5, 120.9, 119.1, 113.9, 111.8, 78.8, 61.1, 41.5, 28.0, 20.6, 

10.7; HRMS (ESI-TOF) calcd. for C29H27N3NaO4 [M + Na]
+
 456.1894; found: 456.1884. 

(S)-tert-butyl 

(4-(1H-indol-3-yl)-1,3-dioxo-1,2,3,4-tetrahydroisoquinolin-4-yl)carbamate 

(3da):White solid; 19.3 mg, 99% yield; >99% ee; [α]D
20

 = -107.9 (c 1.90, 

CH2Cl2); mp 179.2-180.8 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 7.4 min, tmajor 

= 10.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.14 (s, 2H), 8.48 (s, 1H), 8.10 

(d, J = 7.8 Hz, 1H), 7.87-7.71 (m, 1H), 7.71-7.48 (m, 3H), 7.35 (d, J = 8.0 Hz, 1H), 7.09 (t, J = 7.6 

Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 6.34 (s, 1H), 1.17 (d, J = 86.8 Hz, 9H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 171.0, 164.2, 155.0, 144.5, 136.6, 134.0, 128.0, 126.7, 126.5, 125.3, 124.6, 121.6, 

121.2, 119.0, 114.1, 111.8, 78.8, 60.8, 28.2, 27.5; HRMS (ESI-TOF) calcd. for C22H21N3NaO4 [M 

+ Na]
+
 414.1424; found: 414.1426. 
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(S)-tert-butyl 

(7-chloro-4-(1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3ea): White solid; 24.6 mg, 98% yield; >99% ee; [α]D
20

 = 

-92.1 (c 2.38, CH2Cl2); mp 174.8-176.5 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

4.9 min, tmajor = 5.6 min); 
1
H NMR (300 MHz, Chloroform-d) δ 11.28 (s, 1H), 8.49 (d, J = 146.1 

Hz, 1H), 8.09 (s, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.74-7.53 (m, 2H), 7.43-7.25 (m, 4H), 7.11 (t, J = 

7.6 Hz, 1H), 7.01 (t, J = 7.4 Hz, 1H), 6.87 (brs, 2H), 6.63 (s, 1H), 1.42-1.22 (m, 7H), 1.10 (s, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.3, 162.4, 155.2, 142.2, 136.8, 135.5, 134.3, 133.0, 129.0, 

128.7, 128.2, 126.7, 125.7, 124.3, 123.3, 121.7, 120.7, 119.3, 118.4, 113.1, 112.0, 79.3, 61.2, 28.0; 

HRMS (ESI-TOF) calcd. for C28H24ClN3NaO4 [M + Na]
+
 524.1348; found: 524.1345. 

(S)-tert-butyl 

(4-(1H-indol-3-yl)-7-nitro-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin

-4-yl)carbamate (3fa): Yellow solid; 24.6 mg, 96% yield; >99% ee; [α]D
20

 = 

-80.0 (c 1.17, CH2Cl2); mp 173.2-175.0 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor 

= 5.9 min, tmajor = 6.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.37 (s, 1H), 8.93 (s, 1H), 8.84 (s, 

1H), 8.80-8.62 (m, 1H), 7.97 (d, J = 8.7 Hz, 1H), 7.73 (d, J = 8.1 Hz, 1H), 7.53-7.32 (m, 4H), 7.14 

(t, J = 7.5 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.91 (brs, 2H), 6.73-6.55 (m, 1H), 1.45-1.04 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 169.9, 162.0, 155.3, 149.5, 147.5, 136.8, 135.3, 129.1, 128.7, 

128.4, 128.2, 126.2, 126.0, 124.3, 122.8, 121.9, 120.8, 119.5, 112.4, 112.0, 79.5, 61.7, 28.1; 

HRMS (ESI-TOF) calcd. for C28H24N4NaO6 [M + Na]
+
 535.1588; found: 535.1594. 

(S)-tert-butyl 

(4-(1H-indol-3-yl)-7-methoxy-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoqui

nolin-4-yl)carbamate (3ga): White solid; 24.6 mg, 99% yield; >99% ee; 

[α]D
20

 = -127.5 (c 1.24, CH2Cl2); mp 168.5-170.2 ºC; The ee was determined 

by HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 

nm, tminor = 6.4 min, tmajor = 7.4 min); 
1
H NMR (300 MHz, Chloroform-d) δ 11.22 (s, 1H), 8.34 (d, 

J = 140.1 Hz, 1H), 7.70-7.47 (m, 3H), 7.45-7.16 (m, 5H), 7.09 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.5 

Hz, 1H), 6.93-6.70 (m, 2H), 6.68-6.46 (m, 1H), 3.89 (s, 3H), 1.44-1.01 (m, 9H); 
13

C NMR (75 

MHz, DMSO-d6) 
13

C NMR (75 MHz, DMSO) δ 170.8, 163.4, 158.8, 154.9, 136.8, 135.9, 128.9, 

128.3, 128.1, 128.0, 126.1, 125.5, 124.4, 121.7, 121.6, 120.7, 119.1, 115.9, 114.0, 111.9, 110.2, 

79.0, 61.0, 55.5, 28.0; HRMS (ESI-TOF) calcd. for C29H27N3NaO5 [M + Na]
+
 520.1843; found: 

520.1840. 

(S)-tert-butyl 

(4-(4-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-

4-yl)carbamate (3ab): White solid; 20.9 mg, 87% yield; >99% ee; [α]D
20

 = -20.7 

(c 1.04, CH2Cl2); mp 183.8-185.4 ºC; The ee was determined by HPLC (Chiralpak 

AD-H, EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tminor = 11.5 min, 

tmajor = 14.9 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.59 (br s , 1H), 8.14 (d, J = 

7.8 Hz, 1H), 7.83 (t, J = 7.5 Hz, 1H), 7.71-7.61 (m, 2H), 7.42-7.34 (m, 3H), 7.24 (d, J = 8.0 Hz, 

1H), 7.02 (t, J = 7.6 Hz, 1H), 6.88-6.82 (m, 3H), 6.23 (d, J = 2.3 Hz, 1H), 2.89 (s, 3H), 1.25 (s, 

9H); 
13

C NMR (75 MHz, DMSO-d6) δ 171.4, 163.6, 154.0, 145.0, 138.1, 136.0, 134.5, 131.4, 
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129.0, 128.4, 128.1, 127.1, 127.0, 126.9, 125.4, 124.1, 122.7, 121.8, 115.3, 109.8, 79.0, 61.7, 28.1, 

23.2; HRMS (ESI-TOF) calcd. for C29H27N3NaO4 [M + Na]
+
 504.1894; found: 504.1895. 

(S)-tert-butyl 

(4-(5-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3ac): White solid; 23.8 mg, 99% yield; >99% ee; [α]D
20

 = 

-118.3 (c 1.07, CH2Cl2); mp 165.9-167.6 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

4.9 min, tmajor = 6.8 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.11 (s, 1H), 8.64 (br s , 1H), 8.17 (d, 

J = 7.6 Hz, 1H), 7.83 (br s , 1H), 7.77-7.57 (m, 2H), 7.57-7.33 (m, 4H), 7.29 (d, J = 8.3 Hz, 1H), 

7.04-6.72 (m, 3H), 6.45 (br s , 1H), 2.33 (s, 3H), 1.45-0.97 (m, 9H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 170.8, 163.6, 155.2, 143.5, 135.9, 135.2, 134.4, 129.0, 128.4, 128.2, 128.1, 127.6, 

126.4, 125.6, 125.1, 124.7, 123.3, 120.4, 113.2, 111.7, 79.1, 61.5, 28.2, 21.5; HRMS (ESI-TOF) 

calcd. for C29H27N3NaO4 [M + Na]
+
 504.1894; found: 504.1889. 

(S)-tert-butyl 

(4-(6-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3ad): White solid; 23.6 mg, 98% yield; >99% ee; [α]D
20

 = 

-70.0 (c 1.20, CH2Cl2); mp 166.5-168.2 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

5.3 min, tmajor = 7.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.08 (s, 1H), 8.57 (br s , 1H), 8.16 (d, 

J = 7.8 Hz, 1H), 7.82 (br s , 1H), 7.76-7.56 (m, 2H), 7.54-7.31 (m, 4H), 7.18 (s, 1H), 7.02-6.74 (m, 

3H), 6.50 (s, 1H), 2.36 (s, 3H), 1.44-1.00 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.8, 163.6, 

155.0, 143.4, 137.2, 135.8, 134.2, 130.8, 128.9, 128.3, 128.1, 128.0, 127.5, 126.3, 125.1, 124.8, 

122.3, 121.0, 120.3, 113.5, 111.6, 79.0, 61.5, 28.0, 21.2; HRMS (ESI-TOF) calcd. for 

C29H27N3NaO4 [M + Na]
+
 504.1894; found: 504.1895. 

(S)-tert-butyl 

(4-(7-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-

4-yl)carbamate (3ae): White solid; 23.8 mg, 99% yield; >99% ee; [α]D
20

 = -43.6 

(c 1.15, CH2Cl2); mp 176.7-178.5 ºC; The ee was determined by HPLC (Chiralpak 

IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 5.6 min, tmajor 

= 7.2 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.25 (s, 1H), 8.63 (s, 1H), 8.16 (d, J = 7.9 Hz, 1H), 

7.82 (brs, 1H), 7.75-7.56 (m, 2H), 7.50-7.25 (m, 4H), 7.04-6.74 (m, 4H), 6.62 (s, 1H), 2.42 (s, 3H), 

1.49-0.94 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.9, 163.6, 155.1, 143.4, 136.2, 135.8, 

134.3, 128.9, 128.3, 128.2, 128.1, 127.5, 126.4, 125.1, 125.0, 124.0, 122.1, 121.0, 119.4, 118.1, 

114.1, 79.1, 61.4, 28.0, 16.7; HRMS (ESI-TOF) calcd. for C29H27N3NaO4 [M + Na]
+
 504.1894; 

found: 504.1896. 

(S)-tert-butyl 

(4-(4-methoxy-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquino

lin-4-yl)carbamate (3af): White solid; 24.6 mg, 99% yield; >99% ee; [α]D
20

 = 

-38.1 (c 1.08, CH2Cl2); mp 173.7-175.3 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

21.2 min, tmajor = 18.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.36 (d, J = 2.8 Hz, 1H), 8.44 (s, 

1H), 8.12 (dd, J = 7.8, 1.5 Hz, 1H), 7.63-7.31 (m, 7H), 7.12 (d, J = 7.0 Hz, 2H), 7.00 (d, J = 3.8 

Hz, 2H), 6.41 (t, J = 4.4 Hz, 1H), 3.59 (s, 3H), 1.31 (s, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 

172.5, 164.6, 155.1, 152.2, 144.1, 138.6, 136.4, 133.5, 128.9, 128.4, 128.0, 127.3, 127.2, 126.5, 
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126.0, 124.0, 122.5, 114.7, 113.9, 105.4, 100.0, 79.3, 60.4, 54.9, 27.9; HRMS (ESI-TOF) calcd. 

for C29H27N3NaO5 [M + Na]
+
 520.1843; found: 520.1850. 

(S)-tert-butyl 

(4-(5-methoxy-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquin

olin-4-yl)carbamate (3ag): White solid; 24.6 mg, 99% yield; >99% ee; [α]D
20

 

= -138.2 (c 1.24, CH2Cl2); mp 212.9-214.5 ºC; The ee was determined by 

HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, 

tminor = 11.8 min, tmajor = 29.5 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.12 (s, 1H), 8.60 (br s , 

1H), 8.17 (d, J = 7.8 Hz, 1H), 7.83 (br s , 1H), 7.77-7.53 (m, 2H), 7.49-7.32 (m, 3H), 7.28 (d, J = 

8.8 Hz, 1H), 7.09-6.80 (m, 3H), 6.77 (dd, J = 8.8, 2.5 Hz, 1H), 6.66-6.49 (m, 1H), 3.63 (s, 3H), 

1.45-0.95 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.8, 163.6, 155.0, 153.1, 143.3, 135.8, 

134.3, 131.8, 128.9, 128.3, 128.1, 127.5, 126.4, 126.2, 125.2, 124.8, 112.8, 112.5, 111.3, 102.8, 

79.1, 61.4, 55.2, 28.0; HRMS (ESI-TOF) calcd. for C29H27N3NaO5 [M + Na]
+
 520.1843; found: 

520.1832. 

(S)-tert-butyl 

(4-(7-methoxy-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3ah): White solid; 23.4 mg, 94% yield; >99% ee; [α]D
20

 = 

-45.4 (c 1.16, CH2Cl2); mp 170.8-172.4 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

7.2 min, tmajor = 10.5 min); 1H NMR (300 MHz, DMSO-d6) δ 11.40 (s, 1H), 8.64 (s, 1H), 8.15 (d, J 

= 7.9 Hz, 1H), 7.82 (br s, 1H), 7.76-7.57 (m, 2H), 7.48-7.31 (m, 3H), 7.13 (d, J = 8.1 Hz, 1H), 

7.02-6.74 (m, 3H), 6.67 (d, J = 7.7 Hz, 1H), 6.43 (s, 1H), 3.88 (s, 3H), 1.42-0.98 (m, 9H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 170.8, 163.7, 155.2, 146.2, 143.4, 135.9, 134.4, 129.0, 128.3, 128.2, 

127.6, 127.0, 126.4, 125.9, 125.2, 124.9, 119.9, 114.4, 113.4, 102.1, 79.1, 61.4, 55.2, 28.2; HRMS 

(ESI-TOF) calcd. for C29H27N3NaO5 [M + Na]
+
 520.1843; found: 520.1837. 

(S)-tert-butyl 

(4-(5-(benzyloxy)-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoq

uinolin-4-yl)carbamate (3ai): White solid; 27.8 mg, 97% yield; >99% ee; 

[α]D
20

 = -161.6 (c 1.31, CH2Cl2); mp 147.4-149.0 ºC; The ee was determined by 

HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, 

tminor = 5.4 min, tmajor = 7.7 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.09 (d, J = 46.7 Hz, 1H), 

8.65 (s, 1H), 8.19 (d, J = 7.9 Hz, 1H), 8.02-7.52 (m, 3H), 7.52-7.24 (m, 9H), 7.25-7.02 (m, 1H), 

7.00-6.70 (m, 3H), 6.67-6.49 (m, 1H), 5.11-4.76 (m, 2H), 1.61-0.93 (m, 9H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 170.8, 163.6, 155.2, 152.2, 143.3, 137.4, 135.9, 134.4, 132.1, 129.0, 128.4, 128.3, 

128.2, 127.8, 127.6, 127.1, 126.5, 125.7, 125.2, 124.9, 115.1, 113.0, 112.6, 111.9, 104.7, 79.1, 

69.9, 61.4, 28.2; HRMS (ESI-TOF) calcd. for C35H31N3NaO5 [M + Na]
+
 596.2156; found: 

596.2161. 

(S)-tert-butyl 

(4-(5-hydroxy-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquino

lin-4-yl)carbamate (3aj): White solid; 23.4 mg, 97% yield; 99% ee; [α]D
20

 = 

-132.9 (c 1.72, CH2Cl2); mp 190.3-191.0 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

6.9 min, tmajor = 10.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.26-10.63 (m, 1H), 8.78 (s, 1H), 

8.49 (br s , 1H), 8.24-8.03 (m, 1H), 7.90-7.73 (m, 1H), 7.73-7.49 (m, 2H), 7.49-7.32 (m, 3H), 
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7.27-7.00 (m, 2H), 6.98-6.72 (m, 2H), 6.63 (dd, J = 8.7, 2.4 Hz, 1H), 6.35 (s, 1H), 1.44-1.22 (m, 

7H), 1.09 (br s , 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.6, 163.5, 155.2, 150.6, 146.9, 143.5, 

142.8, 135.9, 134.2, 131.2, 128.9, 128.3, 128.1, 128.0, 127.5, 126.2, 125.6, 125.2, 112.7, 112.2, 

104.9, 79.0, 61.5, 27.9; HRMS (ESI-TOF) calcd. for C28H25N3NaO5 [M + Na]
+
 506.1686; found: 

506.1695. 

(S)-tert-butyl 

(4-(4-chloro-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-4

-yl)carbamate (3ak): White solid; 16.8 mg, 37% yield; 98% ee; [α]D
20

 = +9.7 (c 

0.58, CH2Cl2); mp 169.1-170.9 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm, tminor = 27.4 min, tmajor = 

18.1 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.72 (d, J = 2.9 Hz, 1H), 8.23 (s, 1H), 8.07 (dd, J = 

7.7, 1.5 Hz, 1H), 7.70 (d, J = 2.8 Hz, 1H), 7.65-7.55 (m, 1H), 7.56-7.44 (m, 3H), 7.44-7.34 (m, 

2H), 7.24 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.04 (t, J = 7.9 Hz, 1H), 6.91 (d, J = 7.5 Hz, 

1H), 1.39-1.21 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 171.4, 164.5, 154.4, 142.8, 139.0, 136.4, 

133.7, 128.9, 128.4, 128.1, 127.7, 127.0, 126.4, 123.6, 122.2, 121.4, 120.7, 113.5, 111.2, 79.3, 

60.5, 28.0; HRMS (ESI-TOF) calcd. for C28H24ClN3NaO4 [M + Na]
+
 524.1348; found: 524.1328. 

 

(S)-tert-butyl 

(4-(5-chloro-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin

-4-yl)carbamate (3al): White solid; 24.8 mg, 99% yield; 99% ee; [α]D
20

 = -103.0 

(c 1.39, CH2Cl2); mp 205.7-207.3 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

4.7 min, tmajor = 5.9 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.42 (s, 1H), 8.61 (d, J = 137.1 Hz, 

1H), 8.16 (d, J = 7.6 Hz, 1H), 7.98-7.82 (m, 1H), 7.82-7.58 (m, 3H), 7.49-7.32 (m, 4H), 7.14 (dd, 

J = 8.7, 2.1 Hz, 1H), 6.87 (brs, 2H), 6.44 (d, J = 2.7 Hz, 1H), 1.41-0.99 (m, 9H); 
13

C NMR (75 

MHz, DMSO-d6)
 
δ 170.6, 163.4, 155.1, 143.0, 135.7, 135.3, 134.5, 129.0, 128.4, 128.3, 128.1, 

127.7, 127.5, 126.2, 125.6, 125.1, 123.8, 121.7, 120.5, 113.6, 79.2, 61.2, 28.1; HRMS (ESI-TOF) 

calcd. for C28H24ClN3NaO4 [M + Na]
+
 524.1348; found: 524.1330. 

(S)-tert-butyl 

(4-(6-chloro-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3am): White solid; 24.8 mg, 99% yield; >99% ee; [α]D
20

 = 

-83.5 (c 1.34, CH2Cl2); mp 187.6-189.4 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor 

= 4.5 min, tmajor = 6.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.32 (s, 1H), 8.71 (br s , 1H), 8.15 

(d, J = 7.5 Hz, 1H), 7.99-7.78 (m, 1H), 7.78-7.53 (m, 3H), 7.53-7.20 (m, 4H), 7.06-6.85 (m, 1H), 

6.86 (br s , 2H), 6.50 (d, J = 2.5 Hz, 1H), 1.45-0.95 (m, 9H); 13C NMR (75 MHz, DMSO-d6) δ 

170.7, 163.5, 155.1, 143.0, 137.3, 135.8, 134.5, 129.0, 128.4, 128.2, 128.1, 127.7, 126.8, 126.5, 

126.3, 125.1, 123.3, 122.5, 119.6, 114.1, 111.5, 79.2, 61.3, 28.1; HRMS (ESI-TOF) calcd. for 

C28H24ClN3NaO4 [M + Na]
+
 524.1348; found: 524.1350. 

(S)-tert-butyl 

(4-(5-bromo-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin

-4-yl)carbamate (3an): White solid; 26.2 mg, 96% yield; >99% ee; [α]D
20

 = 

-167.0 (c 1.32, CH2Cl2); mp 206.6-208.3 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 15/85, flow rate 1.0 mL/min, λ = 254 nm, tminor = 
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5.7 min, tmajor = 7.7 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.42 (s, 1H), 8.62 (d, J = 136.4 Hz, 

1H), 8.16 (d, J = 7.6 Hz, 1H), 8.02-7.77 (m, 2H), 7.76-7.60 (m, 2H), 7.48-7.32 (m, 4H), 7.29-7.18 

(m, 1H), 6.88 (brs, 2H), 6.42 (d, J = 2.7 Hz, 1H), 1.50-0.94 (m, 9H); 
13

C NMR (75 MHz, 

DMSO-d6)
 
δ 170.6, 163.4, 155.2, 153.2, 143.0, 135.7, 135.5, 134.5, 129.0, 128.4, 128.3, 128.2, 

127.7, 127.3, 126.2, 125.1, 124.2, 123.5, 114.0, 113.4, 111.9, 79.2, 61.2, 28.1; HRMS (ESI-TOF) 

calcd. for C28H24BrN3NaO4 [M + Na]
+
 568.0842; found: 568.0848. 

(S)-tert-butyl 

(4-(6-bromo-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (3ao): White solid; 27.0 mg, 99% yield; >99% ee; [α]D
20

 = 

-84.6 (c 1.06, CH2Cl2); mp 180.7-182.6 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

4.6 min, tmajor = 6.4 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.32 (s, 1H), 8.71 (br s , 1H), 8.15 (d, 

J = 7.7 Hz, 1H), 7.84 (br s , 1H), 7.77-7.50 (m, 4H), 7.48-7.28 (m, 3H), 7.22-7.08 (m, 1H), 6.86 

(br s , 2H), 6.49 (d, J = 2.7 Hz, 1H), 1.48-0.90 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.6, 

163.5, 155.1, 143.0, 137.7, 135.8, 134.5, 129.0, 128.4, 128.3, 128.2, 127.7, 126.7, 126.3, 125.1, 

123.6, 122.8, 122.2, 114.6, 114.5, 114.1, 79.2, 61.3, 28.1; HRMS (ESI-TOF) calcd. for 

C28H24BrN3NaO4 [M + Na]
+
 568.0842; found: 568.0845. 

(S)-tert-butyl 

(4-(5-fluoro-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-

4-yl)carbamate (3ap): White solid; 19.4 mg, 80% yield; 99% ee; [α]D
20

 = -76.7 

(c 1.00, CH2Cl2); mp 174.8-176.7 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 

4.9 min, tmajor = 6.2 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.33 (s, 1H), 8.72 (br s , 1H), 8.17 (d, 

J = 7.8 Hz, 1H), 7.96-7.78 (m, 1H), 7.78-7.58 (m, 2H), 7.48-7.27 (m, 5H), 7.04-6.94 (m, 1H), 

6.94-6.61 (m, 2H), 6.50 (d, J = 2.8 Hz, 1H), 1.51-0.91 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 

170.6, 163.4, 158.2, 155.1, 143.0, 135.7, 134.4, 133.4, 129.0, 128.4, 128.3, 128.1, 127.7, 126.2, 

125.1, 124.7 (d, J = 10.4 Hz, 1C), 113.7, 113.0 (d, J = 9.7 Hz, 1C), 110.0 (d, J = 26.1 Hz, 1C), 

105.8 (d, J = 24.5 Hz, 1C), 79.1, 61.3, 28.1; HRMS (ESI-TOF) calcd. for C28H24FN3NaO4 [M + 

Na]
+
 508.1643; found: 508.1623. 

(S)-tert-butyl 

(4-(5,6-dimethoxy-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetra

hydroisoquinolin-4-yl)carbamate (3aq): White solid; 25.3 mg, 96% 

yield; >99% ee; [α]D
20

 = -61.3 (c 1.45, CH2Cl2); mp 169.0-170.7 ºC; The ee 

was determined by HPLC (Chiralpak IC, EtOH/hexane = 30/70, flow rate 1.0 

mL/min, λ = 254 nm, tminor = 6.4 min, tmajor = 15.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.95 

(s, 1H), 8.54 (br s , 1H), 8.15 (d, J = 7.8 Hz, 1H), 7.92-7.76 (m, 1H), 7.75-7.60 (m, 2H), 7.45-7.35 

(m, 3H), 7.03-6.72 (m, 4H), 6.52-6.32 (m, 1H), 3.74 (s, 3H), 3.59 (s, 3H), 1.41-1.26 (m, 6H), 1.05 

(br s , 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.9, 163.7, 155.2, 146.8, 144.2, 143.3, 135.8, 

134.3, 131.3, 129.0, 128.3, 128.2, 127.6, 126.4, 125.2, 123.9, 117.3, 113.1, 103.2, 95.2, 79.1, 61.5, 

55.9, 55.6, 28.2; HRMS (ESI-TOF) calcd. for C30H29N3NaO6 [M + Na]
+
 550.1949; found: 

550.1954. 

(S)-tert-butyl 

(4-(6-bromo-5-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroi

soquinolin-4-yl)carbamate (3ar): White solid; 23.2 mg, 83% yield; >99% ee; 
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[α]D
20

 = -92.5 (c 1.16, CH2Cl2); mp 173.5-175.3 ºC; The ee was determined by HPLC (Chiralpak 

IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.6 min, tmajor = 5.9 min); 
1
H 

NMR (300 MHz, DMSO-d6) δ 11.21 (s, 1H), 8.50 (d, J = 137.8 Hz, 1H), 8.15 (d, J = 7.8 Hz, 1H), 

7.97-7.77 (m, 1H), 7.76-7.49 (m, 4H), 7.48-7.31 (m, 3H), 7.00-6.71 (m, 2H), 6.43 (s, 1H), 2.36 (s, 

3H), 1.42-1.21 (m, 6H), 1.05 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.6, 163.5, 155.1, 143.1, 

136.2, 135.7, 134.4, 129.0, 128.7, 128.4, 128.1, 127.6, 126.9, 126.7, 126.3, 125.0, 124.2, 122.3, 

117.7, 115.0, 113.3, 79.2, 61.3, 28.1, 23.1; HRMS (ESI-TOF) calcd. for C29H26BrN3NaO4 [M + 

Na]
+
 582.0999; found: 582.0990. 

(S)-tert-butyl 

(4-(2-methyl-1H-indol-3-yl)-1,3-dioxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-

4-yl)carbamate (3as): White solid; 23.6 mg, 98% yield; 99% ee; [α]D
20

 = -23.5 (c 

2.52, CH2Cl2); mp 160.5-162.3 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.5 min, tmajor = 

6.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.21 (s, 1H), 8.70 (s, 1H), 8.18 (d, J = 7.7 Hz, 1H), 

7.95-7.73 (m, 2H), 7.68 (brs, 1H), 7.47-7.30 (m, 3H), 7.25 (d, J = 8.0 Hz, 1H), 7.03-6.93 (m, 1H), 

6.89 (brs, 2H), 6.81-6.65 (m, 2H), 1.94 (s, 3H), 1.42-0.98 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) 

δ 170.5, 163.6, 154.9, 143.7, 135.9, 135.6, 135.0, 134.7, 134.5, 128.9, 128.5, 128.4, 128.0, 127.4, 

126.3, 125.9, 120.4, 119.9, 118.8, 110.6, 106.5, 79.0, 61.8, 28.0, 13.2; HRMS (ESI-TOF) calcd. 

for C29H27N3NaO4 [M + Na]
+
 504.1894; found: 504.1903. 

 

4. General procedure for the synthesis of compounds 5 

In an ordinary vial equipped with a magnetic stirring bar, the ketimines 1 (0.05 mmol, 1.0 

equiv) were added to a solution of pyrrole 4 (0.1 mmol, 2.0 equiv) and catalyst D (2 mol %) in 

toluene (0.5 mL) at 60 
o
C. And then, the mixture was stirred at the same temperature for specified 

time. After completion of the reaction, as indicated by TLC, the products 5 were isolated by flash 

chromatography on silica gel (petroleum ether/ethyl acetate = 10/1～3/1). 

 

(R)-tert-butyl 

(1,3-dioxo-2-phenyl-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinolin-4-yl)car

bamate (5a): White solid; 20.5 mg, 98% yield; 93% ee; [α]D
20

 = -14.5 (c 1.15, 

CH2Cl2); mp 102.7-104.2 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 5.4 min, tmajor = 6.7 min); 
1
H 

NMR (300 MHz, DMSO-d6) δ 10.92 (s, 1H), 8.42 (d, J = 136.8 Hz, 1H), 8.10 (d, J = 7.7 Hz, 1H), 

7.92-7.76 (m, 1H), 7.75-7.67 (m, 1H), 7.66-7.55 (m, 1H), 7.54-7.31 (m, 3H), 6.99 (d, J = 7.3 Hz, 

2H), 6.75 (s, 1H), 5.89 (s, 1H), 5.53-5.25 (m, 1H), 1.43-0.95 (m, 9H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 171.0, 163.4, 155.1, 142.4, 135.8, 134.4, 129.1, 128.5, 128.3, 127.8, 127.6, 126.2, 

124.8, 120.6, 108.5, 107.4, 79.3, 61.1, 28.1; HRMS (ESI-TOF) calcd. for C24H23N3NaO4 [M + 

Na]
+
 440.1586; found: 440.1583. 

(R)-tert-butyl 

(2-benzyl-1,3-dioxo-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinolin-4-yl)carba

mate (5b): White solid; 21.4 mg, 99% yield; 88% ee; [α]D
20

 = -5.7 (c 1.48, CH2Cl2); 

mp 114.9-116.5 ºC; The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 

20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.5 min, tmajor = 5.4 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 10.91 (d, J = 17.8 Hz, 1H), 8.40 (d, J = 147.6 Hz, 1H), 8.07 (d, J = 7.7 Hz, 1H), 7.77 
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(t, J = 7.2 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.23-6.96 (m, 5H), 6.73 (s, 

1H), 5.83 (s, 1H), 5.27-5.09 (m, 1H), 5.09-4.93 (m, 2H), 1.39-1.22 (m, 7H), 0.79 (s, 2H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 171.4, 163.1, 155.1, 142.3, 136.9, 134.1, 128.2, 128.1, 127.6, 127.5, 

126.7, 126.5, 126.0, 124.6, 120.5, 108.8, 107.1, 79.2, 60.8, 43.2, 28.0; HRMS (ESI-TOF) calcd. 

for C25H25N3NaO4 [M + Na]
+
 454.1743; found: 454.1738. 

(R)-tert-butyl 

(1,3-dioxo-2-propyl-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinolin-4-yl)carb

amate (5c): White solid; 18.2 mg, 95% yield; 90% ee; [α]D
20

 = -28.2 (c 0.91, 

CH2Cl2); mp 203.2-205.0 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 4.3 min, tmajor = 4.8 min); 
1
H 

NMR (300 MHz, DMSO-d6) δ 10.86 (s, 1H), 8.51 (s, 1H), 8.09 (d, J = 7.8 Hz, 1H), 7.73 (t, J = 7.4 

Hz, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 6.69 (s, 1H), 5.79 (s, 1H), 5.14 (d, J = 

34.2 Hz, 1H), 3.90-3.67 (m, 2H), 1.52-1.37 (m, 2H), 1.28 (s, 7H), 0.92 (s, 2H), 0.77-0.61 (m, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 171.2, 163.3, 155.0, 142.2, 133.9, 128.1, 127.7, 127.5, 126.0, 

124.8, 120.4, 108.4, 107.1, 79.1, 60.4, 41.5, 28.1, 20.6, 10.8; HRMS (ESI-TOF) calcd. for 

C21H25N3NaO4 [M + Na]
+
 406.1743; found: 406.1757. 

(R)-tert-butyl 

(7-chloro-1,3-dioxo-2-phenyl-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinol

in-4-yl)carbamate (5d): White solid; 22.3 mg, 99% yield; 93% ee; [α]D
20

 = 

-33.3 (c 1.13, CH2Cl2); mp 124.4-126.0 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 3/97, flow rate 0.8 mL/min, λ = 254 nm, tminor = 18.6 min, tmajor = 

20.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.95 (s, 1H), 8.48 (d, J = 141.9 Hz, 1H), 8.05 (s, 

1H), 7.89 (d, J = 8.6 Hz, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.55-7.39 (m, 3H), 6.99 (d, J = 7.4 Hz, 2H), 

6.76 (s, 1H), 5.91 (s, 1H), 5.48 (s, 1H), 1.31 (s, 7H), 1.06 (s, 2H); 
13

C NMR (75 MHz, DMSO-d6) 

δ 170.5, 162.3, 155.1, 141.2, 135.5, 134.2, 133.1, 129.1, 128.6, 128.4, 128.3, 126.9, 126.5, 120.7, 

108.6, 107.5, 79.5, 60.8, 28.0; HRMS (ESI-TOF) calcd. for C24H22ClN3NaO4 [M + Na]
+
 474.1197; 

found: 474.1206. 

(R)-tert-butyl 

(7-nitro-1,3-dioxo-2-phenyl-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinoli

n-4-yl)carbamate (5e): White solid; 18.9 mg, 82% yield; 97% ee; [α]D
20

 = 

-38.8 (c 0.89, CH2Cl2); mp 125.8-127.5 ºC; The ee was determined by HPLC 

(Chiralpak IC, EtOH/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm, tminor = 18.2 min, tmajor = 

21.8 min); 
1
H NMR (300 MHz, DMSO-d6) δ 11.03 (s, 1H), 8.90 (s, 1H), 8.76 (s, 1H), 8.63 (d, J = 

7.5 Hz, 1H), 7.97 (d, J = 8.9 Hz, 1H), 7.58-7.39 (m, 3H), 7.03 (d, J = 7.3 Hz, 2H), 6.78 (s, 1H), 

5.92 (s, 1H), 5.56 (s, 1H), 1.32 (s, 7H), 1.05 (s, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 170.2, 

161.8, 155.3, 148.4, 147.4, 135.2, 129.2, 128.6, 128.3, 128.2, 126.1, 125.9, 122.8, 120.9, 108.8, 

107.6, 79.8, 61.2, 28.0; HRMS (ESI-TOF) calcd. for C24H22N4NaO6 [M + Na]
+
 485.1437; found: 

485.1458. 

(R)-tert-butyl 

(7-methoxy-1,3-dioxo-2-phenyl-4-(1H-pyrrol-2-yl)-1,2,3,4-tetrahydroisoqu

inolin-4-yl)carbamate (5f): White solid; 14.5 mg, 65% yield; 86% ee; [α]D
20

 

= -18.5 (c 0.72, CH2Cl2); mp 116.8-118.3 ºC; The ee was determined by HPLC 

(Chiralpak IA, EtOH/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm, tminor = 10.7 min, tmajor = 

11.5 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.88 (s, 1H), 8.57 (s, 1H), 7.60 (d, J = 8.6 Hz, 1H), 
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7.57-7.27 (m, 5H), 6.97 (d, J = 7.3 Hz, 2H), 6.73 (s, 1H), 5.88 (s, 1H), 5.39 (brs, 1H), 3.87 (s, 3H), 

1.45-0.92 (m, 9H); 
13

C NMR (75 MHz, DMSO-d6) δ 171.0, 163.2, 158.8, 154.9, 135.8, 134.5, 

129.0, 128.4, 128.2, 127.9, 125.8, 121.6, 120.4, 110.4, 108.4, 107.3, 79.1, 60.6, 55.5, 28.0; HRMS 

(ESI-TOF) calcd. for C25H25N3NaO5 [M + Na]
+
 470.1692; found: 470.1691. 

 

5. Procedure for the Scale-up Experiment 

In a 100 mL dry round bottom flask equipped with a magnetic stirring bar, the ketimines 1 

(2.80 mmol, 1.0 equiv) were added to a solution of indoles 2 (3.08 mmol, 1.1 equiv) and catalyst 

D (1 mol %) in toluene (56 mL) at 60 
o
C. And then, the mixture was stirred at the same 

temperature for 96 h. After completion of the reaction, as indicated by TLC, the toluene were 

evaporated under vacuum, and the residues were isolated by flash chromatography on silica gel 

(petroleum ether/ethyl acetate = 10/1～3/1) to obtain product 3aa as a white solid; 1.22 g, 94% 

yield, >99 ee. 

 

6. Procedure for the deprotection of 3aa to prepare primary amine 6 

To a suspension of compound 3aa (0.25 mmol, 1.0 equiv, >99 ee) in ethyl acetate (5 mL) was 

added concentrated hydrochloric acid (0.5 mL) at room temperature and the mixture was stirred at 

room temperature for 5 h, after which the mixture was quenched with NaHCO3 (sat.) solution and 

adjusted the pH to 9. The mixture was extracted with EtOAc (5 mL×2). The combined organic 

layers were washed with brine and dried over Na2SO4. After filtered, it was concentrated under 

vacuum and the residues were isolated by flash chromatography on silica gel (petroleum 

ether/ethyl acetate = 5/1~1/1) to obtain product 6. 

(S)-4-amino-4-(1H-indol-3-yl)-2-phenylisoquinoline-1,3(2H,4H)-dione (6): 

White solid; 79.5 mg, 87% yield; 99% ee; [α]D
20

 = +137.1 (c 1.04, CH2Cl2); mp 

173.6-175.3 ºC; The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 

20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 11.0 min, tmajor = 9.1 min);
 1

H 

NMR (300 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.15 (d, J = 7.7 Hz, 1H), 7.77 (d, J = 

7.8 Hz, 1H), 7.69 (t, J = 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.51-7.34 (m, 4H), 7.32-7.21 (m, 

2H), 7.14 (d, J = 7.1 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 3.42 (s, 2H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 176.1, 164.0, 143.9, 136.8, 136.0, 134.0, 129.0, 128.6, 128.3, 128.2, 

128.0, 127.5, 124.4, 124.1, 123.8, 121.3, 119.1, 119.0, 118.6, 112.0, 59.7; HRMS (ESI-TOF) 

calcd. for C23H17N3NaO2 [M + Na]
+
 390.1213; found: 390.1233. 

 

7. Procedure for the synthesis of isoindolinone derivative 7 

To a suspension of compound 3aa (0.1 mmol, 1.0 equiv, >99 ee) in MeOH/DMSO (4 mL, v/v 

= 1:1) was added KOH (1 mmol, 10 equiv) at room temperature and the mixture was stirred at 65 
o
C for 0.5 h, after which the mixture was cooled to room temperature, quenched with H2O (5 mL), 

extracted with EtOAc (5 mL×2). The combined organic layers were washed with brine and dried 

over Na2SO4. After filtered, it was concentrated under vacuum and the residues were isolated by 

flash chromatography on silica gel (petroleum ether/ethyl acetate = 3/1~1/1) to obtain product 7. 

(S)-1-(1H-indol-3-yl)-3-oxo-N-phenylisoindoline-1-carboxamide (7): White 

solid; 30.8 mg, 84% yield; >99% ee; [α]D
20

 = +77.4 (c 0.86, CHCl3); mp 

263.9-265.6 ºC; The ee was determined by HPLC (Chiralpak IC, EtOH/hexane 

= 5/95, flow rate 1.0 mL/min, λ = 254 nm, tminor = 36.9 min, tmajor = 32.0 min); 
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1
H NMR (300 MHz, DMSO-d6) δ 11.20 (s, 1H), 9.76 (s, 1H), 9.25 (s, 1H), 7.85 (d, J = 7.2 Hz, 

1H), 7.78 (d, J = 7.5 Hz, 1H), 7.68-7.53 (m, 4H), 7.40 (d, J = 8.8 Hz, 1H), 7.32 (t, J = 7.9 Hz, 2H), 

7.24 (d, J = 2.6 Hz, 1H), 7.15-6.99 (m, 3H), 6.89 (t, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 168.9, 168.3, 146.7, 138.2, 136.6, 132.1, 131.0, 129.0, 128.7, 125.0, 124.8, 124.4, 

124.2, 122.9, 121.4, 120.5, 119.1, 118.8, 112.8, 111.9, 67.6; HRMS (ESI-TOF) calcd. for 

C23H17N3NaO2 [M + Na]
+
 390.1213; found: 390.1206. 

 

8. X-ray crystal data for compound 3aa, 5c and 7. 

  

Identification code 3aa 

Empirical formula C28H25N3O4 

Formula weight 467.51 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21 

a/Å 8.0685(2) 

b/Å 18.8284(6) 

c/Å 8.1393(2) 

α/° 90 

β/° 95.576(2) 

γ/° 90 

Volume/Å
3
 1230.64(6) 

Z 2 

ρcalcg/cm
3
 1.262 

μ/mm
-1

 0.694 

F(000) 492.0 

Crystal size/mm
3
 0.2 × 0.16 × 0.15 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 9.394 to 134.15 

Index ranges -9 ≤ h ≤ 9, -22 ≤ k ≤ 22, -9 ≤ l ≤ 6 

Reflections collected 10206 

Independent reflections 4407 [Rint = 0.0206, Rsigma = 0.0257] 

Data/restraints/parameters 4407/4/341 

Goodness-of-fit on F
2
 1.029 

Final R indexes [I>=2σ (I)] R1 = 0.0345, wR2 = 0.0902 

Final R indexes [all data] R1 = 0.0365, wR2 = 0.0924 

Largest diff. peak/hole / e Å
-3

 0.14/-0.13 
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Flack parameter 0.09(10) 

 

  

Identification code 5c 

Empirical formula C21H25N3O4 

Formula weight 383.44 

Temperature/K 293(2) 

Crystal system tetragonal 

Space group P41212 

a/Å 10.81497(10) 

b/Å 10.81497(10) 

c/Å 37.0777(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 4336.74(9) 

Z 8 

ρcalcg/cm
3
 1.175 

μ/mm
-1

 0.671 

F(000) 1632.0 

Crystal size/mm
3
 0.16 × 0.13 × 0.11 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.516 to 141.784 

Index ranges -13 ≤ h ≤ 12, -13 ≤ k ≤ 9, -44 ≤ l ≤ 38 

Reflections collected 18060 

Independent reflections 4153 [Rint = 0.0302, Rsigma = 0.0207] 

Data/restraints/parameters 4153/5/276 

Goodness-of-fit on F
2
 1.043 

Final R indexes [I>=2σ (I)] R1 = 0.0423, wR2 = 0.1131 

Final R indexes [all data] R1 = 0.0471, wR2 = 0.1178 

Largest diff. peak/hole / e Å
-3

 0.12/-0.20 

Flack parameter -0.20(11) 
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Identification code 7 

Empirical formula C23H17N3O2 

Formula weight 367.39 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.05116(14) 

b/Å 10.41903(19) 

c/Å 21.8099(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 1829.53(6) 

Z 4 

ρcalcg/cm
3
 1.334 

μ/mm
-1

 0.701 

F(000) 768.0 

Crystal size/mm
3
 0.15 × 0.12 × 0.09 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.108 to 141.838 

Index ranges -9 ≤ h ≤ 9, -12 ≤ k ≤ 7, -25 ≤ l ≤ 26 

Reflections collected 13473 

Independent reflections 3496 [Rint = 0.0393, Rsigma = 0.0296] 

Data/restraints/parameters 3496/0/265 

Goodness-of-fit on F
2
 1.032 

Final R indexes [I>=2σ (I)] R1 = 0.0378, wR2 = 0.0993 

Final R indexes [all data] R1 = 0.0410, wR2 = 0.1033 

Largest diff. peak/hole / e Å
-3

 0.16/-0.17 

Flack parameter -0.06(13) 
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