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1.1 General 

All commercial reagents and solvents were used without purification. TLC analyses were carried out on pre-coated silica 

gel plates with F254 indicator. Visualization was accomplished by UV light (254 nm), I2, p-anisaldehyde, ninhydrin, and 

phosphomolybdic acid solution as an indicator. Purification of reaction products was carried out by flash chromatography 

using E. Merck silica gel 60 (230-400 mesh). 
1
H NMR and 

13
C NMR spectra were recorded on a Bruker 400 MHz NMR (400 

MHz for 
1
H, 100 MHz for 

13
C). Chemical shift values () are reported in ppm relative to Me4Si (0.0 ppm). Optical rotations 

were measured on a JASCO-DIP-1000 digital polarimeter with a sodium lamp. The enantiomeric excesses (ee’s) were 

determined by HPLC. HPLC analysis was performed on Younglin M930 Series and Younglin M720 Series, measured at 254 

nm using the indicated chiral column.  

 

1.2 Preparation of starting materials 
(3-(2-(Dialkylamino)aryl)propanal derivatives were prepared in accordance with literature methods.

1 

 

2.1 Optimization of the nonchiral reaction conditions 

In an attempt to validate the feasibility of the proposed organocatalytic oxidative enamine catalysis and intramolecular 

redox reactions, 3-(2-(azepan-1-yl)phenyl)propanal (1a) was reacted in the presence of oxidant and nonchiral secondary amine 

as an organocatalyst in dichloromethane. The results of a representative selection of oxidative enamine catalysis and 

intramolecular redox reactions are summarized in Table SI-1. We started the study on the effect of various oxidants for the 

oxidative coupling reaction of 3-(2-(azepan-1-yl)phenyl)propanal (1a) in the presence of pyrrolidinium 

trifluoromethanesulfonate (20 mol %) as a catalyst in dichloromethane. The reaction gave a moderate yield (55%) when using 

a 1.0 equiv. of 2,3-dichloro-5,6-dicyanoquinone (DDQ) (Table SI-1, entry 1). Other oxidants including organic and metal 

oxidants were also used to improve the activity of this reaction. The organic oxidant, such as Dess-Martin periodinane (DMP) 

and o-iodoxybenzoic acid (IBX), could give the desired product in moderate yields (Table SI-1, entries 2-3). However, the 

reaction of 1a with metal oxidant such as ceric ammonium nitrate (CAN), Pd(OAc)2/O2, CuBr/TBHP, and (bpy)2RuCl2/CFL, 

did not occur and the starting 1a was recoverd (Table SI-1, entries 4-7).  

Table SI-1. Optimization of the reaction conditions.
a 

 
Entry Oxidant Yield

 
(%)

b
 dr

 
(%)

c
 

1 DDQ 55 1.5:1 

2 DMP 45 1.5:1 

3 IBX 38 1.5:1 

4
d
 CAN n.r.  

5
e
 Pd(OAc)2/O2 n.r.  

6
f
 CuBr/TBHP n.r.  

7
g
 (bpy)3RuCl2/23 W CFL n.r.  

a
 Reactions were carried out with 1a (0.2 mmol), catalyst (20 mol%), oxidant (1.0 equiv.) in CH2Cl2 (0.1 M). 

b
 Combined yield 

of both diastereomers. 
c
 Diastereomeric ratio is determined by 

1
H NMR spectroscopic analysis. 

d
 CAN (2.0 equiv.) was used. 

e
 

Pd(OAc)2 (20 mol%) and O2 (1 atm) were used. 
f
 CuBr (20 mol%)/TBHP (1.5 eq, 5.0-6.0 M in decane) was used. 

g
 

(bpy)3RuCl2 (20 mol%) was used. n.r.: no reaction, CFL: compact fluorescent light. 

 

2.2 General procedure for the catalytic enantioselective 1,5-hydride transfer/ring closure of 1. 

To a stirred solution of starting material 1 (0.1 mmol) in CHCl3 (1.0 mL) was added catalyst I (11.9 mg, 0.02 mmol) and 

DNBS (4.9 mg, 0.02 mmol). After the mixture was stirred for 1 min, IBX (56.0 mg, 0.2 mmol) was added into reaction 

mixture at room temperature. Reaction mixture was stirred for indicated time, diluted with saturated NaHCO3 solution (10 mL) 

and extracted with ethyl acetate (2×10 mL). The combined organic layers were dried over MgSO4, filtered, concentrated, and 

purified by flash chromatography (EtOAc/hexane = 1:10) to afford analytically pure 2  
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3. Product data 

 

(6R,6aS)-5,6,6a,7,8,9,10,11-Octahydroazepino[1,2-a]quinoline-6-carbaldehyde (2a) 

 
Major diastereomer.

 
[]

28
D = -42.2 (c = 0.9, CH2Cl2)

1
H NMR (400 MHz, CDCl3)  = 9.55 (s, 1H), 7.06-7.01 (m, 2H), 6.52-

6.54 (m, 1H), 6.40-6.48 (m, 1H), 3.85 (dd, J = 6.0 Hz, 3.0 Hz, 1H), 3.82-3.79 (m, 1H), 3.22-3.09 (m, 2H), 3.02 (dd, J = 8.0 Hz, 

6.5 Hz, 1 H), 2.54-2.52 (m, 1H), 1.81-1.95 (m, 1H), 1.67-1.57 (m, 6H), 1.37-1.34 (m, 1H) ; 
13

C NMR (100 MHz, CDCl3)  = 

203.17, 144.90, 129.50, 127.53, 117.15, 115.67, 110.39, 58.26, 49.58, 47.95, 35.02, 26.63, 26.13, 25.94, 23.80; EI-MS : 

m/z=230.1 [M+H]
+
; ESI-HRMS : m/z calcd for C15H20NO [M+H]

+ 
:
 
230.1545; found 230.1541; HPLC (95 : 5, n-hexane : i-

PrOH, 254 nm, 0.5 mL/min) Chiralpak IC column, tR = 22.2 (major), tR = 23.8 (minor), 93% ee. 

 

(6R,6aS)-2-Chloro-5,6,6a,7,8,9,10,11-octahydroazepino[1,2-a]quinoline-6-carbaldehyde (2b) 

 
Major diastereomer.

 
[]

28
D = -52.2 (c = 1.0, CH2Cl2) 

1
H NMR (400 MHz, CDCl3)  = 9.52 (s, 1H), 6.95-6.93 (m, 1H), 6.54 (dd, 

J = 8.0 Hz, 2.0 Hz, 1H), 6.51-6.50 (m, 1H), 3.85-3.76 (m, 2H), 3.21-2.90 (m, 2H), 2.97 (dd, J = 17.2 Hz, 6.4 Hz, 1H), 2.58-

2.53 (m, 1H), 2.15-2.04 (m, 1H), 1.80-1.50 (m, 6H), 1.45-1.32 (m, 1H); 
13

C NMR (100 MHz, CDCl3)  = 202.41, 144, 76, 

133.06, 130.37, 119.85, 115.50, 110.11, 57.90, 49.76, 47.73, 35.10, 26.21, 26.04, 25.84, 23.16; EI-MS : m/z=264.1 [M+H]
+
; 

HPLC (95 : 5, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak OJ-H column, tR = 10.1 (minor), tR = 11.0 (major), 91% ee. 

 

(6R,6aS)-2-Methoxy-5,6,6a,7,8,9,10,11-octahydroazepino[1,2-a]quinoline-6-carbaldehyde (2c) 

 
Major diastereomer.

 
[]

28
D = -95.3 (c = 1.4, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.54 (s, 1H), 6.96-6.94 (m, 1H), 6.18 

(dd, J = 8.4 Hz, 2.4 Hz, 1H), 6.12-6.11 (m, 1H), 3.85-3.79 (m, 2H), 3.79 (s, 3H), 3.20-3.06 (m, 2H), 2.98 (dd, J = 16.1 Hz, 6.0 

Hz, 1H), 2.54-2.51 (m, 1H), 2.14-2.04 (m, 1H), 1.74-1.60 (m, 6H), 1.40-1.36 (m, 1H); 
13

C NMR (100 MHz, CDCl3)  = 

203.31, 159.50, 144.87, 129.98, 110.03, 100.24, 97.02, 58.14, 55.10, 49.68, 48.03, 35.08, 26.50, 26.10, 25.91, 23.14; EI-MS : 

m/z=260.1 [M+H]
+
; HPLC (95 : 5, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak IC column, tR = 17.6 (minor), tR = 22.4 

(major), 81% ee. 

 

(6R,6aR)-6,6a,7,8,9,10,11,12-Octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2d) 

 
Major diastereomer. []

28
D = 45.2 (c = 1.3, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.51 (d, J = 0.8 Hz, 1H), 7.09-7.04 (m, 

2H) 6.62-6.55 (m, 2H), 3.85-3.80 (m, 2H), 3.25-3.21 (m, 1H), 3.21-3.10 (m, 2H), 2.55-2.52 (m, 1H), 1.71-1.32 (m, 10H);
 13

C 

NMR (100 MHz, CDCl3)  = 203.32, 143.98, 129.52, 127.54, 117.37, 115.53, 111.33, 55.45, 53.15, 48.65, 33.90, 27.82, 26.91, 

26.26, 26.09, 24.17; EI-MS : m/z=244.1 [M+H]
+
;ESI-HRMS : m/z calcd for C16H22NO [M+H]

+ 
:
 
244.1701; found 244.1697; 

HPLC (90 : 10, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak AS-H column, tR = 16.6 (major), tR = 27.7 (minor), 98% ee. 

 

(6R,6aR)-3-Bromo-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2e) 

 
Major diastereomer. []

28
D = 33.4 (c = 1.0, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.47 (s, 1H), 7.14-7.10 (m, 2H), 6.62-

6.39 (m, 1H), 3.85-3.80 (m, 1H), 3.74 (dt, J = 15.2 Hz, 4.4 Hz, 1H), 3.23-3.16 (m, 1H), 3.10-3.06 (m, 1H), 3.02 (dd, J = 16.8 
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Hz, 6.0 Hz, 1H), 2.54-2.51 (m, 1H), 1.95-1.35 (m, 10H) ;
 13

C NMR (100 MHz, CDCl3)  = 202.44, 142.88, 131.84, 130.16, 

119.57, 112.90, 107.20, 58.35, 53.21, 48.47, 33.82, 27.79, 26.59, 26.08, 26.05, 23.75; EI-MS : m/z=322.0 [M+H]
+
; ESI-

HRMS : m/z calcd for C16H21BrNO [M+H]
+ 

:
 
322.0807; found 322.0807; HPLC (90 : 10, n-hexane : i-PrOH, 254 nm, 0.5 

mL/min) Chiralpak AS-H column, tR = 16.6 (major), tR = 22.6 (minor), 99% ee. 

 

(6R,6aR)-3-(Trifluoromethyl)-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2f) 

 
Major diastereomer. []

28
D = 27.6 (c = 0.9, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.49 (s, 1H), 7.25-7.20 (m, 2H), 6.56-

6.54 (m, 1H), 3.89-3.80 (m, 2H), 3.25 (ddd, J = 14.4 Hz, 10.8 Hz, 3.6 Hz, 1H), 3.17-3.13 (m, 1H), 3.06 (dd, J = 16.8 Hz, 6.4 

Hz, 1H), 2.58 (dt, J = 6.4 Hz, 2.4 Hz, 1H), 2.00-1.30 (m, 10H);
 13

C NMR (100 MHz, CDCl3)  = 202.18, 146.32, 126.50 (q, J 

= 3.5 Hz), 124.74 (q, J = 3.8 Hz), 123.86 (q, J = 265.5 Hz), 117.19, 116.99 (q, J = 32.2 Hz), 110.71, 58.62, 53.25, 48.40, 34.08, 

27.75, 26.42, 26.01, 25.81, 23.83; EI-MS : m/z=312.1 [M+H]
+
; ESI-HRMS : m/z calcd for C17H21F3NO [M+H]

+ 
:
 
312.1575; 

found 312.1571; HPLC (98 : 2, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak AS-H column, tR = 10.0 (major), tR = 12.7 

(minor), 96% ee. 

 

(6R,6aR)-3-Fluoro-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2g) 

 
Major diastereomer. []

28
D = 36.5 (c = 0.5, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.51 (s, 1H), 6.79-6.75 (m, 2H), 6.46-

6.43 (m, 1H), 3.84 (dt, J = 6.4 Hz, 2.4 Hz, 1H), 3.74 (dt, J = 14.8 Hz, 4.4 Hz, 1H), 3.24-3.20 (m, 1H), 3.12-3.08 (m, 1H), 3.01 

(dd, J = 16.8 Hz, 6.0 Hz, 1H), 2.56-2.53 (m, 1H)1.95-1.40 (m, 10H) ;
 13

C NMR (100 MHz, CDCl3)  = 201.67, 153.44 (d, J = 

232.7 Hz), 139.21, 114.61 (d, J = 6.7 Hz), 112.97 (d, J = 21.8 Hz), 110.70 (d, J = 21.7 Hz), 57.09, 52.42, 47.65, 32.59, 26.76, 

25.83, 25.36, 22.03, 23.00; EI-MS : m/z=262.1 [M+H]
+
; HPLC (95 : 5, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak 

AS-H column, tR = 10.5 (major), tR = 13.9 (minor), 97% ee. 

 

(6R,6aR)-2-Methoxy-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2h) 

 
Major diastereomer. []

28
D = 36.0 (c = 1.8, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.48 (s, 1H), 7.05-7 (m, 1H), 6.15-5.90 

(m, 2H), 3.80-3.75 (m, 5H), 3.28-3.21 (m, 1H), 3.02 (dd, J = 16.4 Hz, 2.4 Hz, 1H), 2.99 (dd, J = 6.0 Hz, 0.8 Hz, 1H), 2.53-2.51 

(m, 1H), 2.00-1.30 (m, 10H);
 13

C NMR (100 MHz, CDCl3)  = 203.44, 159.48, 144.96, 129.99, 110.31, 100.26, 97.84, 58.45, 

55.09, 53.20, 48.81, 33.97, 27.83, 26.77, 26.18, 26.09, 23.51; EI-MS : m/z=274.1 [M+H]
+
; HPLC (90 : 10, n-hexane : i-PrOH, 

254 nm, 1.0 mL/min) Chiralpak IC column, tR = 10.0 (major), tR = 13.9 (minor), 95% ee. 

 

(6R,6aS)-5,6,6a,7,8,9,10,11,12,13-Decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2i) 

 
Major diastereomer. []

28
D = -145.8 (c = 1.0, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  9.83 (d, J = 0.8 Hz, 1H), 7.14-7.07 (m, 

2H), 6.80-6.77 (m, 1H), 6.70 (td, J = 7.2 Hz, 1.2 Hz, 1H), 3.76 (dt, J = 10.8 Hz, 2.4 Hz, 1H), 3.67 (ddd, J = 14.8 Hz, 8.0 Hz, 

3.6 Hz, 1H), 3.22 (ddd, J = 14.8 Hz, 6.8 Hz, 3.6 Hz, 1H), 3.05-2.98 (m, 1H), 2.87 (dd, J = 16.8 Hz, 5.6 Hz, 1H), 2.70-2.65 (m, 

1H), 1.84-1.10 (m, 12H); 
13

C NMR (100 MHz, CDCl3)  =203.24, 144.98, 129.78, 127.36, 120.32, 117.05, 115.26, 58.89, 

56.80, 48.00, 28.88, 27.62, 27.26, 25.45, 25.11, 24.75, 23.33; EI-MS : m/z=258.1 [M+H]
+
; ESI-HRMS : m/z calcd for 

C17H24NO [M+H]
+ 

:
 
258.1861; found 258.1858; HPLC (97 : 3, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak AS-H 

column, tR = 6.41 (major), tR = 7.21 (minor), 98% ee. 

 

(6R,6aS)-3-Bromo-5,6,6a,7,8,9,10,11,12,13-decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2j) 
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Major diastereomer.

 
[]

28
D = -51.8 (c = 1.0, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.81 (d, J = 0.8 Hz,1H), 7.19-7.17 (m, 

2H), 6.65-6.62 (m, 1H), 3.76 (dt, J = 10.4 Hz, 2.8 Hz, 1H), 3.61 (ddd, J = 14.8 Hz, 7.6 Hz, 3.2 Hz, 1H), 3.21 (ddd, J = 14.8 Hz, 

6.8 Hz, 3.2 Hz, 1H), 3.01 (dd, J = 16.8 Hz, 13.6 Hz, 1H), 2.82 (dd, J = 17.2 Hz, 5.6 Hz, 1H), 2.67-2.61 (m, 1H), 1.90-1.10 (m, 

12H); 
13

C NMR (100 MHz, CDCl3)  = 202.46, 143.95, 132.07, 130.11, 122.40, 116.58, 108.80, 58.92, 56.75, 47.82, 28.81, 

27.46, 27.10, 25.51, 25.16, 24.74, 23.15; EI-MS : m/z=336.0 [M+H]
+
; HPLC (95 : 5, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) 

Chiralpak AS-H column, tR = 8.41 (major), tR = 9.71 (minor), 91% ee. 

(6R,6aS)-3-(Trifluoromethyl)-5,6,6a,7,8,9,10,11,12,13-decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2k) 

 
Major diastereomer. []

28
D = -41.5 (c = 1.2, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) = 9.50 (s, 1H), 7.30-7.28 (m, 2H), 6.66-

6.64 (m, 1H), 3.92-3.88 (m, 1H), 3.72 (ddd, J = 12.4 Hz, 6.4 Hz, 3.2 Hz, 1H), 3.27 (ddd, J = 15.2 Hz, 7.6 Hz, 3.2 Hz, 1H), 

3.18-3.14 (m, 1H), 3.12-3.10 (m, 1H), 2.61 (dt, J = 6.4 Hz, 2.4 Hz, 1H), 1.90-1.30 (m, 12H);
 13

C NMR (100 MHz, CDCl3)  = 

202.31, 147.19, 126.57 (q, J = 3.6 Hz), 124.60 (q, J = 4.1 Hz), 123.81 (q, J = 265.2), 117.19, 116.99 (q, J = 32.2 Hz), 

110.71,59.84, 56.65, 48.75, 33.22, 30.92, 27.69, 26.57, 26.39, 25.35, 23.75; EI-MS : m/z=326.1 [M+H]
+
;HPLC (97 : 3, n-

hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak IB column, tR = 8.51 (minor), tR = 8.91 (major), 95% ee. 

 

(6R,6aS)-2-Chloro-5,6,6a,7,8,9,10,11,12,13-decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2l) 

 
Major diastereomer.

 
[]

28
D = -129.4 (c = 0.8, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.81 (d, J = 0.4 Hz, 1H), 6.98-6.96 (m, 

1H), 6.72-6.70 (m, 1H), 6.64 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 3.77 (dt, J = 10.8 Hz, 2.4 Hz, 1H), 3.64 (ddd, J = 15.2 Hz, 7.2 Hz, 

3.6 Hz, 1H), 3.22 (ddd, J = 14.8 Hz, 7.2 Hz, 3.6 Hz, 1H), 3.02-2.94 (m, 1H), 2.82 (dd, J = 17.2 Hz, 5.6 Hz, 1H), 2.64 (ddd, J = 

13.6 Hz, 5.2 Hz, 4 Hz, 1H), 1.90-1.10 (m, 12H); 
13

C NMR (100 MHz, CDCl3)  = 202.53, 145.92, 132.75, 130.66, 118.62, 

116.85, 114.40, 58.98, 56.75, 48.11, 29.06, 27.40, 17.10, 25.60, 25.24, 24.77, 22.87; EI-MS : m/z=292.1 [M+H]
+
;HPLC (97 : 3, 

n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak AS-H column, tR = 7.80 (major), tR = 8.76 (minor), 98% ee. 

 

(6R,6aS)-3-Fluoro-5,6,6a,7,8,9,10,11,12,13-decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2m) 

 
Major diastereomer. []

28
D = -85.4 (c = 1.0, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  =9.82 (d, J = 0.4 Hz, 1H), 6.86-6.77 (m, 

2H), 6.71 (dd, J = 8.8 Hz, 4.8 Hz, 1H), 3.75 (dt, J = 11.2 Hz, 2.8 Hz, 1H), 3.54 (ddd, J = 14.8 Hz, 8.4 Hz, 3.6 Hz, 1H), 3.21 

(ddd, J = 14.8 Hz, 6.4 Hz, 3.2 Hz, 1H), 3.03 (dd, J = 16.4 Hz, 13.6 Hz, 1H), 2.82 (dd, J = 16.8 Hz, 5.2 Hz, 1H), 2.70-2.64 (m, 

1H), 1.90-1.25 (m, 11H), 1.15-1.05 (m, 1H); 
13

C NMR (100 MHz, CDCl3)  = 202.77, 155.38 (d, J = 234.7 Hz), 141.38, 

121.78 (d, J = 7.1 Hz), 116.55 (d, J = 8.4 Hz), 115.62 (d, J = 21.7 Hz), 114.08 (d, J = 22.0 Hz), 58.20, 57.21, 47.47, 28.52, 

27.53, 27.44, 24.89, 24.55, 24.31, 23.38; EI-MS : m/z=276.1 [M+H]
+
; HPLC (97 : 3, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) 

Chiralpak AS-H column, tR = 7.43 (major), tR = 8.91 (minor), 96% ee. 

 

(6R,6aS)-2-Methoxy-5,6,6a,7,8,9,10,11,12,13-decahydroazonino[1,2-a]quinoline-6-carbaldehyde (2n) 
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Major diastereomer.
 
[]

28
D = -108.6 (c = 1.4, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.81 (d, J = 0.8 Hz, 1H), 7.00-6.98 (m, 

1H), 6.31-6.29 (m, 2H), 3.78 (s, 3H), 3.73-3.64 (m, 2H), 3.22 (ddd, J = 15.2 Hz, 7.2 Hz, 3.6 Hz, 1H), 3.00-2.94 (m, 2H), 2.82 

(dd, J = 16.0 Hz, 5.2 Hz, 2.68-2.63 (m, 1H), 1.90-1.10 (m, 12H); 
13

C NMR (100 MHz, CDCl3)  = 203.38, 159.33, 146.03, 

130.37, 113.17, 102.23, 101.07, 59.31, 56.92, 55.20, 48.64, 29.14 27.76, 26.78, 25.75, 25.36, 24.98, 22.81; EI-MS : m/z=288.1 

[M+H]
+
; HPLC (95 : 5, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak AS-H column, tR = 7.40 (major), tR = 8.43 (minor), 

98% ee. 

(3aS,4R)-1,2,3,3a,4,5-Hexahydropyrrolo[1,2-a]quinoline-4-carbaldehyde (2o) 

 
Major diastereoisomer. []

25
D = -14 (c = 1.0, CHCl3); 

1
H NMR (400 MHz, CDCl3)  = 9.91 (d, J = 2.0 Hz, 1H), 7.13-7.05 (m, 

1H), 7.10 (d, J = 1.6 Hz. 1H), 6.60-6.60 (m, 1H), 6.46 (d, J = 8.0 Hz, 1H) 3.50 (ddd, J = 10.4 Hz, 10.1 Hz, 4.9 Hz, 1H), 3.32 

(ddd, J = 11.1 Hz, 8.9 Hz, 2.1 Hz, 1H), 3.23-3.20 (m, 1H), 2.93-2.91 (m, 2H), 2.50-2.44 (m, 1H), 2.33-2.31 (m, 1H), 2.16-2.10 

(m, 1H), 1.99-1.97 (m, 1H), 1.58-1.57 (m, 1H); 
13

C NMR (100 MHz, CDCl3)  = 202.99, 143.89, 128.70, 127.76, 119.06, 

115.48, 110.45, 57.75, 50.35, 46.64, 31.62, 28.59, 24.02; EI-MS : m/z=202.1 [M+H]
+
; ESI-HRMS : m/z calcd for C13H16NO 

[M+H]
+ 

:
 
202.1232; found 202.1238; HPLC (98 : 2, n-hexane : i-PrOH, 254 nm, 1.0 mL/min) Chiralpak IC column, tR = 10.3 

(minor), tR = 10.8 (major), 87% ee. 

 

(3aS,4R)-8-chloro-1,2,3,3a,4,5-Hexahydropyrrolo[1,2-a]quinoline-4-carbaldehyde (2p) 

 
Major diastereoisomer. []

25
D = -19 (c = 1.0, CHCl3) 

1
H NMR (400 MHz, CDCl3)  = 9.91 (d, J = 2.0 Hz, 1H), 6.95-6.93 (m, 

1H), 6.55 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 6.41-6.40 (m, 1H), 3.48 (ddd, J = 15.2 Hz, 10.8 Hz, 5.2 Hz, 1H), 3.36 (ddd, J = 10.8 Hz, 

8.8 Hz, 1.6 Hz, 1H), 3.18 (ddd, J = 16.8 Hz, 9.2 Hz, 7.2 Hz, 1H), 2.95-2.81 (m, 2H), 2.44-2.32 (m, 2H), 2.19-2.12 (m, 1H), 

2.05-1.92 (m, 1H), 1.62-1.55 (m, 1H); 
13

C NMR (100 MHz, CDCl3)  = 202.60, 150.04, 133.34, 129.60, 121.51, 115.19, 

110.15, 57.81, 50.44, 46.78, 31.76, 28.29, 24.14; EI-MS : m/z=236.0 [M+H]
+
; HPLC (97 : 3, n-hexane : i-PrOH, 254 nm, 1.0 

mL/min) Chiralpak IC column, tR = 11.1 (minor), tR = 11.4 (major), 90% ee.] 

 

(4aS,5R)-2,3,4,4a,5,6-Hexahydro-1H-pyrido[1,2-a]quinoline-5-carbaldehyde (2q) 

 
Major diastereomer.

 
[]

28
D = -50.6 (c = 0.5, CH2Cl2); 

1
H NMR (400 MHz, CDCl3)  = 9.63 (d, J = 1.6 Hz, 1H), 7.10 (td, J = 

8.4 Hz, 1.6 Hz, 1H), 7.03-7.01 (m, 1H), 6.78-6.76 (m, 1H), 6.67 (td, J = 7.2 Hz, 0.8 Hz, 1H), 3.95-3.91 (m, 1H), 3.45 (ddd, J = 

10.8 Hz, 5.2 Hz, 2.0 Hz, 1H), 2.99 (dd, J = 15.2 Hz, 6.4 Hz, 1H), 2.90-2.84 (m, 2H), 2.63-2.58 (m, 1H), 1.90-1.50 (m,  6H); 
13

C NMR (100 MHz, CDCl3)  = 202.72, 145.73, 128.89, 127.65, 122.10, 117.62, 112.60, 56.53, 52.01, 48.39, 31.26, 25.99, 

24.98, 24.06; EI-MS : m/z=216.1 [M+H]
+
; HPLC (90 : 10, n-hexane : i-PrOH, 254 nm, 0.5 mL/min) Chiralpak AS-H column, 

tR = 21.3 (major), tR = 27.9 (minor), 80% ee. 

 

(11bR,12R)-7,11b,12,13-Tetrahydro-6H-isoquinolino[2,1-a]quinoline-12-carbaldehyde (2r) 

 
Major diastereomer. 

1
H NMR (400 MHz, CDCl3)  = 9.40 (s, 1H), 7.35-7.20 (m, 2H), 7.25-7.20 (m, 2H), 7.14-7.11 (m, 2H), 

6.86-6.80 (m, 1H), 6.79 (td, J = 7.2 Hz, 0.8 Hz, 1H), 4.66-4.67 (m, 1H), 4.02-3.99 (m, 1H), 3.42 (d, J = 15.6 Hz, 1H), 3.29 (dt, 

J = 7.2 Hz, 1.6 Hz, 1H), 3.17 (dd, J = 16.4 Hz, 6.8 Hz, 1H), 3.08-3.04 (m, 1H), 3.02-2.99 (m, 1H), 2.93-2.89 (m, 1H);
 13

C 

NMR (100 MHz, CDCl3)  = 202.02, 146.38, 135.36, 134.98, 129.86, 128.81, 126.95, 126.83, 126.24, 121.32, 118.87, 112.11 

(one aromatic carbon missing), 57.61, 51.21, 42.06, 29.89, 27.67; EI-MS : m/z=264.1 [M+H]
+
; 
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(12bR,13R)-6,7,8,12b,13,14-Hexahydrobenzo[3,4]azepino[1,2-a]quinoline-13-carbaldehyde (2s) 

 
Major diastereomer. 

1
H NMR (400 MHz, CDCl3)  = 9.64 (d, J = 1.6 HZ, 1H), 7.18-7.02 (m, 6H), 6.67-6.58 (m, 2H), 5.05 (d, 

J = 6.4 Hz, 1H), 2.99-2.90 (m, 2H), 2.65 (dt, J = 14 Hz, 4.8 Hz, 1H), 2.27-2.19 (m, 1H), 1.68-1.61 (m, 1H); 
13

C NMR (100 

MHz, CDCl3)  = 203.02, 143.42, 139.63, 139.28, 130.80, 129.28, 127.86, 127.65, 127.16, 126.54, 119.34, 116.07, 110.66, 

63.26, 49.49, 46.33, 31.88, 26.72, 24.73; EI-MS : m/z=278.1 [M+H]
+
. 

 

(12bR,13R)-2-Fluoro-6,7,8,12b,13,14-hexahydrobenzo[3,4]azepino[1,2-a]quinoline-13-carbaldehyde (2t) 

 
Major diastereomer. 

1
H NMR (400 MHz, CDCl3)  = 9.65 (d, J = 0.8 Hz, 1H), 7.17-7.11 (m, 4H), 6.78-6.72 (m, 2H), 6.55-6.52 

(m, 1H), 5.07 (d, J = 5.6 Hz, 1H), 3.85 (ddd, J = 15.2 Hz, 5.2 Hz, 1.6 Hz, 1H), 3.32 (ddd, J = 16.8 Hz, 12.0 Hz, 5.2 Hz, 1H), 

3.23-3.13 (m, 2H), 3.00-2.87 (m, 2H), 2.72 (ddd, J = 14.4 Hz, 6.0 Hz, 4.0 Hz, 1H), 2.22-2.12 (m, 1H), 1.71-1.63 (m, 1H);
 13

C 

NMR (100 MHz, CDCl3)  = 202.42, 154.82 (d, J = 233.5 Hz), 140.03, 139.84, 139.42, 130.84, 127.83, 126.89, 126.51, 

120.88 (d, J = 7.0 Hz), 115.66 (d, J = 22.0 Hz), 113.74 (d, J = 21.5 Hz), 111.42 (d, J = 7.4 Hz), 62.34, 49.38, 47.70, 32.59, 

25.99, 24.55; EI-MS : m/z=296.1 [M+H]
+
. 

 

4.  Mechanistic studies 

 

To obtain information on the reaction pathway, we investigated the  reaction of 3-(2-(azepan-1-yl)phenyl)propanal (1a) in 

the presence of catalyst I (20 mol %) and (-)-camphorsulfonic acid (CSA) in CDCl3. After 1 d, 
1
H NMR analysis of the 

reaction mixture revealed the formation of 3-(2-(azepan-1-yl)phenyl)propenal (1a’) as reaction intermediate. This result 

indicate that the saturated aldehyde 1a is converted in situ into the corresponding -unsaturated aldehyde 1a’ through 

oxidative enamine catalysis. Based on this experimental result, we proposed the reaction mechanism that the saturated 

aldehyde is converted in situ into the corresponding -unsaturated aldehyde which can then be manipulated with 1,5-hydride 

transfer/cyclization towards the asymmetric synthesis of tetrahydroquinolines as shown in Scheme 1.  

 

IBX (2.0 eq)
cat.  I (20 mol%)

(-)-CSA (20 mol%)

.

N

CHO

CDCl3, rt, 1 d

1a 2a

N

CHO

1a'

N

CHO
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6. NMR spectra and HPLC chromatogram 
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