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1. General Information
Unless otherwise noted, all reagents were obtained commercially and used without 
further purification. Unless otherwise specified, all other reagents were purchased from 
Acros, Aldrich, Fisher, Adamas-beta Co. Ltd. or TCI and used without further 
purification. The NMR spectra were recorded on a Varian MERCURY plus-400 (400 
MHz, 1H; 100 MHz, 13C) spectrometer with chemical shifts reported in ppm relative to 
the residual deuterated solvent and the internal standard tetramethylsilane. Data for 1H 
NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = 
doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling constant(s) 
in Hz, integration). Chromatography was carried out with silica gel (200-300 mesh) or 
neutral alumina (200-300 mesh) using mixtures of petroleum ether (b.p. 60-90 ºC) and 
ethyl acetate as eluents. The enantiomeric ratios of products were detected on HPLC 
(Shimadzu LC-LabSolutions) using a Daicel chiral column. Mass Spectra were 
obtained by using an electrospray spectrometer Waters Micromass Q-TOF Premier 
Mass Spectrometer from East China University of Science and Technology mass 
spectral facility.

2. Procedure for the synthesis of catalysts
Catalysts I,[1a] II,[1b] III,[1c] IV,[1d,1e] V,[1f] VI,[1g] and VIII[1h] were known in the 
literature and VII were prepared according to the literature methods.[1a]
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(R)-(-)-3,3’-bis(3,5-Diphenylphenyl)-1,1’-binaphthalene-2,2’-sulfonimide VII: To 
a solution of (R)-(-)-3,3’-Dibromo-1,1’-binaphthalene-2,2’-sulfonimide (1.16 g, 2.1 
mmol, 1 equiv ), Pd(OAc)2 (24 mg, 1.05 mmol, 0.05 equiv), and (3,5-
diphenylphenyl)boronic acid (1.73 g, 6.3 mmol, 3 equiv) in THF (60 mL) under the 
protection of N2, was added 2 M aqueous K2CO3 (13 mL). Then P(t-Bu)3 (1M in 
hexane, 0.21 mL, 0.1 equiv) was added quickly. The reaction mixture was heated for 
24 h at 85 oC. After the reaction was completed, the resulting mixture was acidified 
with 1 M HCl and extracted with CHCl3 (30 mL×3). The combined organic phase was 
dried over Na2SO4 followed by filtration and concentrated in vacuo. The crude product 
was purified by silica gel column chromatography (petroleum ether/EtOAc 3:1). Then 
the product was dissolved in DCM and acidified with a 2 M HCl aqueous solution. The 
combined organic phase was evaporated to give the desired product as a white solid 
(702 mg, 40% yield). 1H NMR (400 MHz, CDCl3): 8.20 (s, 2H), 8.03 (d, J = 8.0 Hz, 
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2H), 7.87 (s, 2H), 7.82 (s, 2H), 7.66-7.77 (m, 12H), 7.33-7.49 (m, 14H), 7.22 (d, J = 
8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): 141.4, 140.8, 140.7, 139.9, 138.5, 136.7, 
134.4, 133.9, 132.3, 132.0, 129.9, 128.9, 128.8, 128.5, 128.2, 127.6, 127.5, 127.4, 
126.3, 125.6; HRMS (ESI) calcd for C56H31NO4S2 [M-H]- 850.2086, found 850.2085.

3. General procedure for the synthesis of compound 2-methylquinolin-3-
carbaldehyde derivatives 1[2-4] and Characterization data
Unless otherwise specified, 2-methylquinoline-3-carbaldehyde (as examples) 
derivatives were synthesized via the following 5 steps: 
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O

O O

1a

1aa 1ab 1ac
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1ab,[2] 1ac,[3] 1ad[4] were prepared according to the literature.

1ae: To an ice-cooled solution of 2-methyl-3-quinolinecarboxylic acid ethyl ester 1ad 
(17.66 g, 82.1 mmol) in dry THF (100 mL), a solution of LiAlH4 in THF (1M, 125 mL) 
was added dropwise. The resulting mixture was stirred for 3 h at room temperature. The 
mixture was slowly treated with ethyl acetate (100 mL), partitioned by saturated 
NaHCO3 (200 mL), and extracted with ethyl acetate three times. The combined organic 
phase was washed with brine, dried over MgSO4, filtered and concentrated to afford 2-
methyl-3-quinolinemethanol 1ae quantitatively without further purification. 

1a: To a solution of 2-methyl-3-quinolinemethanol 1ad (14 g, 81 mmol) in DCM (300 
mL) was treated with MnO2 (50 g, 567 mmol). The mixture was stirred for 2 d at room 
temperature. After the reaction was completed (monitored by TLC, PE/EA 3:1, Rf = 
0.6), the resulting mixture was filtered through celite, washed with DCM, and the 
combined organic phase was evaporated. The crude product was purified by silica gel 
column chromatography (PE/EA 12:1) to give the pure product 2-methylquinolin-3-
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carbaldehyde 1a (7.45 g, 53% total yield).

1bdd: To a solution of Pd(OAc)2 (2.2 mg, 0.01 mmol), Sphos (8.2 mg, 0.02 mmol), 
K3PO4 (849 mg, 4 mmol), 6-bromo-2-methylquinoline-3-carboxylate 1bd (294 mg, 1 
mmol) in toluene was added relevant phenylboronic acid (2 equiv, 2 mmol). Then the 
reaction was stirred at 100 °C for 24 h. After the reaction was completed (monitored by 
TLC), the mixture was filtered and evaporated. The crude product was purified by flash 
silica gel column chromatography to give the product.

N

H

O

2-Methylquinolin-3-carbaldehyde (1a): yellow solid, 53% total yield. 1H NMR (400 
MHz, CDCl3): δ 10.39 (s, 1H), 8.60 (s, 1H), 8.08 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 
Hz, 1H), 7.85 (t, J = 8 Hz, 1H), 7.59 (t, J = 8 Hz, 1H), 3.04 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ 191.5, 158.3, 149.2, 142.5, 132.7, 129.1, 128.8, 128.0, 127.0, 126.1, 
24.0; HRMS (EI) m/z calcd for C11H9NO (M) 171.0684, found 171.0685.

N

H

O
Br

6-Bromo-2-methylquinoline-3-carbaldehyde (1b): yellow solid, 22% total yield. 1H 
NMR (400 MHz, CDCl3): δ 10.38 (s, 1H), 8.50 (s, 1H), 8.10 (s, 1H), 7.88-7.96 (m, 2H), 
3.02 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 191.1, 158.8, 147.8, 141.0, 136.0, 130.8, 
130.5, 128.5, 127.2, 120.7, 24.0; HRMS (EI) m/z calcd for C11H8BrNO (M) 248.9789, 
found 248.9786.

N

H

O
Cl

6-Chloro-2-methylquinoline-3-carbaldehyde (1c): yellow solid, 14% total yield. 1H 
NMR (400 MHz, CDCl3): δ 10.37 (s, 1H), 8.49 (s, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.91 
(s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 3.01 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 191.1, 
158.6, 147.6, 141.2, 133.5, 132.7, 130.4, 128.6, 127.5, 126.7, 23.9; HRMS (EI) m/z 
calcd for C11H8ClNO (M) 205.0294, found 205.0296.

N

H

O
O

6-Methoxy-2-methylquinoline-3-carbaldehyde (1d): pale yellow solid, 12% total 
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yield. 1H NMR (400 MHz, CDCl3): δ 10.31 (s, 1H), 8.47 (s, 1H), 7.79 (d, J = 8.0 Hz, 
1H), 7.37 (s, 1H), 7.21 (d, J = 8.0 Hz, 1H), 3.98 (s, 3H), 3.00 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ 191.1, 163.5, 159.0, 151.3, 141.6, 130.2, 126.2, 121.2, 120.2, 106.9, 
55.8, 23.8; HRMS (EI) m/z calcd for C12H11NO2 (M) 201.0790, found 201.0791.

N

H

O
Ph

2-Methyl-6-phenylquinoline-3-carbaldehyde (1e): yellow solid, 16% total yield. The 
title compound was prepared from 1bd and phenylboronic acid according to the above 
steps of 1bdd, 1ae and 1a. 1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H), 8.65 (s, 1H), 
8.09-8.16 (m, 3H), 7.71-7.72 (m, 2H), 7.50-7.54 (m, 2H), 7.41-7.45 (m, 1H), 3.06 (s, 
3H); 13C NMR (100 MHz, CDCl3): δ 191.4, 158.3, 148.6, 142.6, 139.8, 139.7, 132.5, 
129.2, 129.1, 128.4, 128.1, 127.4, 126.5, 126.3, 24.0; HRMS (EI) m/z calcd for 
C17H13NO (M) 247.0997, found 247.0998.

N

H

O

CF3

F3C

6-(3,5-bis(Trifluoromethyl)phenyl)-2-methylquinoline-3-carbaldehyde (1f): 
yellow solid, 14% total yield. The title compound was prepared from 1bd and 3,5-
bis(Trifluoromethyl)phenylboronic acid according to the above steps of 1bdd, 1ae and 
1a. 1H NMR (400 MHz, CDCl3): δ 10.42 (s, 1H), 8.70 (s, 1H), 8.08-8.23 (m, 5H), 7.94 
(s, 1H), 3.08 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 191.1, 159.4, 149.0, 142.5, 141.9, 
136.7, 132.7, 132.4, 131.5, 130.1, 128.8, 127.4, 126.3, 124.6, 121.9, 121.7, 24.1; 
HRMS (EI) m/z calcd for C19H11F6NO (M) 383.0745, found 383.0743.

N

H

O

2-Methylbenzo[g]quinoline-3-carbaldehyde (1g): yellow solid, 4% total yield. 1H 
NMR (400 MHz, CDCl3): δ 10.36 (s, 1H), 8.77 (s, 1H), 8.63 (s, 1H), 8.55 (s, 1H), 8.09 
(t, J = 8.0 Hz, 2H), 7.55-7.63 (m, 2H), 3.07 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 
191.3, 158.3, 144.9, 144.5, 135.9, 131.9, 129.2, 128.6, 128.5, 128.1, 127.8, 126.6, 
126.5, 124.3, 24.7; HRMS (EI) m/z calcd for C15H11NO (M) 221.0841, found 221.0842.

N

H

O
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2-Methylnicotinaldehyde (1h): yellow oil, 42% total yield. The title compound was 
prepared from commercial availability ethyl 2-methylnicotinate, according to a simple 
procedure of 1ae and 1a. 1H NMR (400 MHz, CDCl3): δ 10.34 (s, 1H), 8.69 (d, J = 8.0 
Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 2.90 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ 191.4, 160.3, 153.2, 138.3, 129.5, 121.8, 22.3; HRMS (EI) m/z calcd 
for C7H7NO (M) 121.0528, found 121.0529.

N

H

O

Br

8-Bromo-2-methylquinoline-3-carbaldehyde (1i): white solid, 24% total yield. 1H 
NMR (400 MHz, CDCl3): δ 10.41 (s, 1H), 8.57 (s, 1H), 8.15 (d, J = 8.0 Hz, 1H), 7.90 
(d, J = 8.0 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 3.09 (s, 3H); 13C NMR (100 MHz, CDCl3): 
δ 191.0, 159.5, 146.1, 142.4, 136.1, 128.9, 128.5, 127.4, 127.3, 124.4, 24.3; HRMS (EI) 
m/z calcd for C11H8BrNO (M) 248.9789, found 248.9787.

N

H

O

O

8-Methoxy-2-methylquinoline-3-carbaldehyde (1j): yellow solid, 27% total yield. 1H 
NMR (400 MHz, CDCl3): δ 10.42 (s, 1H), 8.60 (s, 1H), 7.53 (d, J = 4.0 Hz, 2H), 7.21 
(t, J = 4.0 Hz, 1H), 4.13 (s, 3H), 3.11 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 191.5, 
157.4, 154.8, 141.1, 140.9, 128.4, 127.2, 127.1, 120.7, 110.7, 56.3, 24.2; HRMS (EI) 
m/z calcd for C12H11NO2 (M) 201.0790, found 201.0788.

Unless otherwise noted, all compounds 2 were obtained commercially and used without 
further purification. Compound 2d was prepared according to the literature methods.5

4. General procedure for the synthesis of compound 2,3-dimethoxy-6,8,15,15a-
tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine derivatives 3 and 
Characterization Data
Under N2, a mixture of 1a (0.1 mmol) and catalyst VII (0.03 mmol) was stirred in 
toluene (1.0 mL) for 30 min at room temperature. Then 3 Å molecular sieves (50 mg), 
secondary amine 2a (0.13 mmol) were added and the reaction was heated to 60 oC. 
After the reaction was completed (monitored by TLC), the mixture was cooled to room 
temperature, filtered, and washed with DCM. The combined organic phase was 
evaporated and purified by column chromatography (neutral alumina) to give the 
corresponding product 3a.
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(S)-2,3-Dimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3a): yellow solid, 91% yield. 1H NMR (400 MHz, CDCl3): δ 
8.01 (d, J = 12.0 Hz, 1H), 7.88 (s, 1H), 7.76 (d, J = 12.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 
1H), 7.49 (t, J = 8.0 Hz, 1H), 6.84 (s, 1H), 6.65 (s, 1H), 4.26 (d, J = 16.0 Hz, 1H), 3.89 
(s, 6H), 3.79-3.86 (m, 3H), 3.15-3.27 (m, 3H), 2.67-2.75 (m, 2H); 13C NMR (100 MHz, 
CDCl3): δ 156.5, 147.6, 147.5, 147.1, 132.7, 129.1, 129.0, 128.4, 128.2, 127.3, 127.0, 
126.2, 126.0, 111.3, 108.2, 59.7, 58.0, 55.9, 55.8, 51.5, 40.9, 29.0; HRMS (EI) m/z 
calcd for C22H22N2O2 (M) 346.1681, found 346.1679. (Chiralpak OD-3, i-PrOH/hexane 
= 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tmajor = 15.14 min, tminor = 21.69 min, e.r. 

= 86:14, [α]  = 19.2o (c = 0.15, CH2Cl2).
25D

N

N
Br

O
O

H

(S)-11-Bromo-2,3-dimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3b): yellow solid, 88% yield. 1H NMR (400 MHz, CDCl3): δ 
7.92 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.78 (s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 6.81 (s, 
1H), 6.65 (s, 1H), 4.25 (d, J = 16.0 Hz, 1H), 3.75-3.89 (m, 9H), 3.16-3.27 (m, 3H), 
2.67-2.75 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 157.1, 147.6, 146.6, 132.5, 131.6, 
130.2, 129.3, 128.9, 128.1, 126.2, 119.7, 111.3, 108.2, 59.6, 57.8, 55.9, 55.9, 51.5, 40.9, 
28.9; HRMS (EI) m/z calcd for C22H21BrN2O2 (M) 424.0786, found 424.0779. 
(Chiralpak OD-3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tmajor 

= 15.91 min, tminor = 24.12 min, e.r. = 90:10; [α]  = 5.3o (c = 0.16, CH2Cl2)
25D

N

N
Cl

O
O

H

(S)-11-Chloro-2,3-dimethoxy-6,8,15,15a-tetrahydro-5H-
benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3c): yellow solid, 41% yield. 1H 
NMR (400 MHz, CDCl3): δ 7.94 (d, J = 8.0 Hz, 1H), 7.79 (s, 1H), 7.75 (s, 1H), 7.59 
(d, J = 8.0 Hz, 1H), 6.81 (s, 1H), 6.65 (s, 1H), 4.26 (d, J = 12.0 Hz, 1H), 3.76-3.89 (m, 
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9H), 3.14-3.27 (m, 3H), 2.68-2.75 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 157.0, 
147.7, 145.4, 131.7, 131.6, 130.1, 130.0, 129.3, 128.9, 127.6, 126.2, 125.9, 111.28, 
108.2, 59.6, 57.9, 55.9, 55.8, 51.5, 40.8, 29.0; HRMS (EI) m/z calcd for C22H21ClN2O2 
(M) 380.1292, found 4380.1284. (Chiralpak OD-3, i-PrOH/hexane = 20/80, flow rate 

= 1.0 mL/min, λ = 210 nm): tmajor = 13.47 min, tminor = 21.77 min, e.r. = 87:13; [α]  

25D

= 8.8o (c = 0.2, CH2Cl2).

N

N
O

O
O

H

(S)-2,3,11-Trimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3d): yellow solid, 86% yield. 1H NMR (400 MHz, CDCl3): δ 
7.79 (s, 1H), 7.64 (d, J = 12.0 Hz, 1H), 7.35 (s, 1H), 7.15 (d, J = 8.0 Hz, 1H), 6.83 (s, 
1H), 6.65 (s, 1H), 4.21 (d, J = 16.0 Hz, 1H), 3.74-3.98 (m, 12H), 3.16-3.25 (m, 3H), 
2.66-2.75 (m, 2H); 13C NMR (100 MHz, CDCl3): δ160.5, 156.4, 148.7, 147.6, 147.5, 
132.5, 129.1, 128.3, 126.2, 125.9, 122.3, 119.3, 111.3, 108.2, 106.4, 59.7, 57.8, 55.9, 
55.5, 51.5, 40.8, 29.0; HRMS (EI) m/z calcd for C23H24N2O3 (M) 376.1787, found 
376.1789. (Chiralpak OD-3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 220 

nm): tmajor = 14.40 min, tminor = 22.10 min, e.r. = 66:34; [α]  = 12.2o (c = 0.15, 
25D

CH2Cl2).

N

N
Ph

O
O

H

(S)-2,3-Dimethoxy-11-phenyl-6,8,15,15a-tetrahydro-5H-
benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3e): yellow solid, 81% yield. 1H 
NMR (400 MHz, CDCl3): δ 8.08 (d, J = 8.0 Hz, 1H), 7.91-7.94 (m, 3H), 7.72 (d, J = 
8.0 Hz, 2H), 7.50 (t, J = 8.0 Hz, 2H), 7.40 (t, J = 8.0 Hz, 1H), 6.84 (s, 1H), 6.65 (s, 1H), 
4.28 (d, J = 16.0 Hz, 1H), 3.80-3.91 (m, 9H), 3.16-3.28 (m, 3H), 2.68-2.76 (m, 2H); 
13C NMR (100 MHz, CDCl3): δ 156.5, 147.6, 147.5, 146.5, 140.5, 138.7, 132.8, 129.1, 
129.0, 128.9, 128.8, 128.6, 127.6, 127.4, 127.2, 126.2, 125.0, 111.3, 108.2, 59.7, 58.0, 
55.9, 55.8, 51.5, 40.9, 29.0; HRMS (EI) m/z calcd for C28H26N2O2 (M) 422.1994, found 
422.1995. (Chiralpak OD-3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 

nm): tmajor = 19.84 min, tminor = 29.97 min, e.r. = 76:24; [α]  = 21.8o (c = 0.2, CH2Cl2).
25D
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N

N

O
O

CF3

F3C

H

(S)-11-(3,5-bis(Trifluoromethyl)phenyl)-2,3-dimethoxy-6,8,15,15a-tetrahydro-
5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3f): yellow solid, 43% yield. 1H 
NMR (400 MHz, CDCl3): δ 8.15 (m, 3H), 7.99 (d, J = 8.0 Hz, 2H), 7.92 (d, J = 8.0 Hz, 
2H), 6.84 (s, 1H), 6.66 (s, 1H), 4.31 (d, J = 16.0 Hz, 1H), 3.82-3.94 (m, 9H), 3.17-3.31 
(m, 3H), 2.71-2.77 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 157.8, 147.7, 146.9, 142.6, 
135.6, 133.0, 132.5, 132.2, 129.7, 129.3, 128.8, 128.1, 127.4, 127.1, 126.2, 125.9, 
124.7, 122.0, 121.2, 111.3, 108.2, 59.6, 57.9, 55.9, 55.8, 51.5, 41.0, 29.0; HRMS (EI) 
m/z calcd for C30H24F6N2O2 (M) 558.1742, found 558.1735. (Chiralpak OD-3, i-
PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tminor = 18.00 min, tmajor = 

22.70 min, e.r. = 88:12; [α]  = 44.7o (c = 0.15, CH2Cl2).
25D

N

N

O
O

H

(S)-2,3-Dimethoxy-6,8,17,17a-tetrahydro-5H-isoquinolino[2,1-g]naphtho[2,3-
b][1,6]naphthyridine (3g): yellow solid, 84% yield. 1H NMR (400 MHz, CDCl3): δ 
8.60 (s, 1H), 8.35 (s, 1H), 8.00-8.07 (m, 3H), 7.50 (t, J = 4.0 Hz, 2H), 6.86 (s, 1H), 6.66 
(s, 1H), 4.34 (d, J = 16.0 Hz, 1H), 3.87- 3.96 (m, 9H), 3.19-3.32 (m, 3H), 2.71-2.77 (m, 
2H); 13C NMR (100 MHz, CDCl3): δ 158.1, 147.7, 143.7, 133.8, 132.4, 131.6, 129.1, 
128.5, 128.0, 127.9, 126.2, 126.1, 126.0, 125.9, 125.8, 125.7, 111.3, 108.3, 104.6, 59.8, 
58.3, 56.0, 55.9, 51.6, 41.4, 29.0; HRMS (EI) m/z calcd for C26H24N2O2 (M) 396.1838, 
found 396.1834. (Chiralpak OD-3, i-PrOH/hexane = 15/85, flow rate = 1.0 mL/min, λ 

= 254 nm): tmajor = 32.55 min, tminor = 50.00 min, e.r. = 92:8; [α]  = 6.6o (c = 0.2, 
25D

CH2Cl2).

N

N

H

(S)-6,8,15,15a-Tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3i): 
yellow solid, 75% yield. 1H NMR (400 MHz, CDCl3): δ 8.02 (d, J = 8.0 Hz, 1H), 7.87 
(s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.36 
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(d, J = 8.0 Hz, 1H), 7.17-7.28 (m, 3H), 4.26 (d, J = 16.0 Hz, 1H), 3.81-3.91 (m, 3H), 
3.21-3.30 (m, 3H), 2.72-2.85 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 156.6, 147.1, 
137.3, 134.2, 132,6, 129.0, 128.9, 128.5, 128.2, 127.2, 127.0, 126.4, 126.0, 125.6, 60.1, 
58.0, 51.3, 40.7, 29.5; HRMS (EI) m/z calcd. for C20H18N2 (M) 286.1470, found 
286.1469. (Chiralpak AD-3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 

nm): tminor = 8.49 min, tmajor = 12.36 min, e.r. = 73:27; [α]  = -25.7o (c = 0.15, 
25D

CH2Cl2).

N

N

O
H

(S)-3-Methoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3j): yellow solid, 84% yield. 1H NMR (400 MHz, CDCl3): δ 
8.01 (d, J = 8.0 Hz, 1H), 7.86 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 
7.48 (t, J = 8.0 Hz, 1H), 7.26-7.28 (m, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.70 (s, 1H), 4.25 
(d, J = 16.0 Hz, 1H), 3.78-3.90 (m, 6H), 3.17-3.27 (m, 3H), 2.67-2.81 (m, 2H); 13C 
NMR (100 MHz, CDCl3): δ 157.9, 156.6, 147.1, 135.5, 132.6, 129.6, 129.0, 128.5, 
128.2, 127.2, 127.0, 126.6, 125.9, 113.3, 112.6, 59.7, 58.0, 55.3, 51.3, 40.9, 29.7; 
HRMS (EI) m/z calcd for C21H20N2O (M) 316.1576, found 316.1583. (Chiralpak AD-
3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tminor = 11.94 min, 

tmajor = 23.58 min, e.r. = 76:24; [α]  = 32.9o (c = 0.2, CH2Cl2).
25D

N

N

O
O

H

(S)-6,8,15,15a-Tetrahydro-5H-[1,3]dioxolo[4',5':6,7]isoquinolino[2,1-
g]benzo[b][1,6]naphthyridine (3k): yellow solid, 82% yield. 1H NMR (400 MHz, 
CDCl3): δ 7.94 (d, J = 8.0 Hz, 1H), 7.79 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 
8.0 Hz, 1H), 7.41 (t, J = 8.0 Hz, 1H), 6.73 (s, 1H), 6.54 (s, 1H), 5.87 (s, 2H), 4.16 (d, J 
= 16.0 Hz, 1H), 3.63-3.81 (m, 3H), 3.05-3.15 (m, 3H), 2.57-2.65 (m, 2H); 13C NMR 
(100 MHz, CDCl3): δ 156.4, 147.1, 146.4, 146.2, 132.6, 130.2, 129.1, 128.4, 128.1, 
127.4, 127.2, 127.0, 126.0, 108.4, 105.5, 100.9, 60.0, 57.9, 51.3, 40.9, 29.5; HRMS (EI) 
m/z calcd for C21H18N2O2 (M) 330.1368, found 330.1364. (Chiralpak AD-3, i-
PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tminor = 12.73 min, tmajor = 

24.99 min, e.r. = 71:29; [α]  = -30.7o (c = 0.2, CH2Cl2).
25D
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N

N

Br
H

(S)-3-Bromo-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3l): yellow solid, 55% yield. 1H NMR (400 MHz, CDCl3): δ 
8.01 (d, J = 8.0 Hz, 1H), 7.86 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 
7.49 (t, J = 8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.32 (s, 1H), 7.21 (d, J = 8.0 Hz, 1H), 
4.24 (d, J = 16.0 Hz, 1H), 3.75-3.90 (m, 3H), 3.17-3.23 (m, 3H), 2.64-2.80 (m, 2H); 
13C NMR (100 MHz, CDCl3): δ 156.1, 147.1, 136.6, 136.4, 132.7, 131.6, 129.5, 129.2, 
128.4, 128.0, 127.3, 127.2, 127.0, 126.1, 120.2, 59.7, 57.8, 50.9, 40.5, 29.3; HRMS (EI) 
m/z calcd for C20H17BrN2 (M) 364.0575, found 364.0571. (Chiralpak AD-3, i-
PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ = 210 nm): tminor = 11.26 min, tmajor = 

18.33 min, e.r. = 62:38; [α]  = 23.5o (c = 0.15, CH2Cl2).
25D

N

N

HN
H

(S)-5,6,8,15,15a,16-Hexahydrobenzo[b]indolo[2',3':3,4]pyrido[1,2-
g][1,6]naphthyridine (3m): yellow solid, 62% yield. 1H NMR (400 MHz, CDCl3): δ 
8.01 (d, J = 8.0 Hz, 1H), 7.91 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 
7.49-7.56 (m, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.12-7.21 (m, 2H), 4.35 (d, J = 16.0 Hz, 
1H), 3.96-4.00 (m, 2H), 3.67 (d, J = 16.0 Hz, 1H), 3.32-3.41 (m, 2H), 3.08-3.11 (m, 
1H), 2.81-2.91 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 155.4, 146.9, 136.5, 133.8, 
133.2, 129.3, 128.3, 128.2, 127.3, 127.1, 127.0, 126.2, 121.8, 119.5, 118.2, 111.1, 
108.5, 57.2, 56.5, 52.3, 38.7,21.5; HRMS (EI) m/z calcd for C22H19N3 (M) 325.1579, 
found 325.1577. (Chiralpak AD-3, i-PrOH/hexane = 20/80, flow rate = 1.0 mL/min, λ 

= 210 nm): tminor = 14.19 min, tmajor = 22.38 min, e.r. = 63:37; [α]  = 54.1o (c = 0.17, 
25D

CH2Cl2).

5. Determination of X-ray crystallographic structure 3b

The data were collected on an Agilent Technologies Gemini Atlas Ultra diffractometer 
using a ultra Cu radiation (l=1.54184Å) with collimating mirror monochromators and 
at 293 K. Data collection, unit cell refinement and data reduction were performed using 
Agilent Technologies CrysAlisPro V 1.171.35.11.1 The structure was solved by direct 
methods and refined by full-matrix least-squares on F2 with anisotropic displacement 
parameters for the non-H atoms using Olex2/ SHELXTL program package.2 The 
hydrogen atoms on carbon were calculated in ideal positions with isotropic 
displacement parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl 
hydrogen atoms). The hydrogen atoms bound to nitrogen were located in a ∆F map and 
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refined with isotropic displacement parameters.

1. CrysAlisPro, Agilent Technologies, Version 1.171.35.11 (release 16-05-2011 
CrysAlis171 .NET) (compiled May 16 2011, 17:55:39) Empirical absorption correction 
using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm.

2. Dolomanov, O. V., Bourhis, L. J., Gildea, R. J., Howard, J. A. K. & Puschmann, H. 
J. Appl. Cryst. 2009, 42, 339-341.
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Fig S1. The X-ray crystallographic structure of compound 3b
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(R)-(–)-3,3’-bis(3,5-Diphenylphenyl)-1,1’-Binaphthalene-2,2’-sulfonimide (VII)

2-Methylquinolin-3-carbaldehyde (1a)
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6-Bromo-2-methylquinoline-3-carbaldehyde (1b)
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6-Chloro-2-methylquinoline-3-carbaldehyde (1c)
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6-Methoxy-2-methylquinoline-3-carbaldehyde (1d)
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2-Methyl-6-phenylquinoline-3-carbaldehyde (1e)
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6-(3,5-bis(Trifluoromethyl)phenyl)-2-methylquinoline-3-carbaldehyde (1f)
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2-Methylbenzo[g]quinoline-3-carbaldehyde (1g)
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2-Methylnicotinaldehyde (1h)
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8-Bromo-2-methylquinoline-3-carbaldehyde (1i)
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8-Methoxy-2-methylquinoline-3-carbaldehyde (1j)
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(S)-2,3-Dimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine 
(3a)
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(S)-11-Bromo-2,3-dimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3b)
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(S)-11-Chloro-2,3-dimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3c)
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(S)-2,3,11-Trimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3d)
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(S)-2,3-Dimethoxy-11-phenyl-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine (3e)
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(S)-11-(3,5-bis(Trifluoromethyl)phenyl)-2,3-dimethoxy-6,8,15,15a-tetrahydro-5H-
benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3f)
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(S)-2,3-Dimethoxy-6,8,17,17a-tetrahydro-5H-isoquinolino[2,1-g]naphtho[2,3-
b][1,6]naphthyridine (3g)
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(S)-6,8,15,15a-Tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3i)
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(S)-3-Methoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3j)
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(S)-6,8,15,15a-Tetrahydro-5H-[1,3]dioxolo[4',5':6,7]isoquinolino[2,1-
g]benzo[b][1,6]naphthyridine(3k)
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(S)-3-Bromo-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-g][1,6]naphthyridine (3l)
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(S)-5,6,8,15,15a,16-Hexahydrobenzo[b]indolo[2',3':3,4]pyrido[1,2-g][1,6]naphthyridine (3m)

8. Chiral HPLC analysis spectra
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9. Other Substrates

N
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(S)-1,2,3-Trimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine: yellow solid, 94% yield. 1H NMR (400 MHz, CDCl3): δ 8.03 
(d, J = 8.0 Hz, 1H), 7.88 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.48 
(t, J = 8.0 Hz, 1H), 6.46 (s, 1H), 4.20-4.32 (m, 3H), 3.93-4.00 (m, 1H), 3.96 (s, 3H), 
3.86 (s, 6H), 3.01-3.19 (m, 3H), 2.88-2.93 (m, 1H), 2.76-2.82 (m, 1H); 13C NMR (100 
MHz, CDCl3): δ 156.9, 152.3, 150.9, 147.1, 140.2, 133.0, 129.7, 129.1, 128.4, 127.3, 
127.2, 127.0, 125.9, 123.2, 107.1, 60.8, 60.7, 57.0, 55.9, 55.8, 47.8, 37.6, 29.8; HRMS 
(EI) m/z calcd for C23H24N2O3 (M) 376.1787, found 376.1788.
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(S)-1,2,3-Trimethoxy-6,8,15,15a-tetrahydro-5H-benzo[b]isoquinolino[2,1-
g][1,6]naphthyridine 
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