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1. General methods  

Unless otherwise noted, all reactions were carried out under ambient atmosphere; when the 

reactions required heating, the heat source was oil bath. 1H NMR (400 or 600 MHz ), 13C NMR (100 

or 150 MHz) and 19F NMR (376 MHz) spectra were recorded on Varian INOVA-400/54, Agilent 

DD2-600/54, Bruker AVANCE NEO 400 or Bruker AscendTM 400 instruments (Chemical shifts were 

reported in ppm from tetramethylsilane with the solvent resonance as the internal standard in CDCl3 

solution, unless otherwise noted). The following abbreviations were used to explain the multiplicities: 

s = singlet, d = doublet, t = triplet, dd = double doublet, ddd = double double doublet, dt = double 

triplet; td = triple doublet; tt = triple triplet, m = multiplet, br = broad, and coupling constants J) are 

reported in Hertz (Hz). High resolution mass spectra (HRMS) were recorded on a Waters SYNAPT 

G2, Agilent G1969-85000 or Shimadzu LCMS-IT-TOF using a time-of-flight mass spectrometer 

equipped with electrospray ionization (ESI) source. X-ray diffraction experiments were carried out 

on an Agilent Gemini or Xcalibur E and the data obtained were deposited at the Cambridge 

Crystallographic Data Centre. In each case, diastereomeric ratio was determined by 1H NMR analysis 

and enantiomeric excess was determined by HPLC (Agilent Technologies: 1220 Infinity ІІ, 1200 

Series, 1260 Infinity) analysis on a chiral column in comparison with authentic racemate, using a 

Daicel Chiralpak AD-H Column (250 × 4.6 mm), Chiralpak IG Column (250 × 4.6 mm), Chiralpak 

ID Column (250 × 4.6 mm), Chiralpak IB Column (250 × 4.6 mm), Chiralpak IF Column (250 × 4.6 

mm) or Chiralpak IE Column (250 × 4.6 mm). UV detection was monitored at 254 nm. The specific 

optical rotation was obtained from Rudolph Research Analytical Autopol I automatic polarimeter in 

CHCl3 solution at 25 C. The melting point was obtained from WRX-4 Mel-Temp apparatus. Column 

chromatography was performed on silica gel (200300 mesh) eluting with ethyl acetate (EtOAc) and 

petroleum ether or dichloromethane (DCM)/methanol (MeOH). TLC was performed on glass-backed 

silica plates. UV light, I2, and solution of potassium permanganate were used to visualize products or 

starting materials. All chemicals were used without purification as commercially available unless 

otherwise noted. Petroleum ether (6090 °C), dichloromethane (DCM) and 1,2-dichloroethane (DCE) 

was redistilled. The enones 2,1 cyclic 2,4-dienones 7a7f,2,3 primary amine catalysts C1, C2, C5, 

C6,4 and C12,5 were synthesized according to the literature procedures. 
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2. Preparation of substrates and catalysts 

2.1 General procedure for the preparation of activated N-alkyl pyridinium salts6,7  

 

 

In a flask equipped with a magnetic stirring bar and a reflux condenser, pyridine derivative (2.0 

mmol, 1.0 equiv) and alkyl bromide (3.0 mmol, 1.2 equiv) were dissolved in acetonitrile (5.0 mL) 

and the resulting mixture was heated at 80 ºC. After completion (monitored by TLC, EtOAc/ 

petroleum ether = 1:5), the mixture was cooled to 0 °C and EtOAc (4.0 mL) was added dropwise until 

a white precipitate was formed. The solid was then filtered and washed with cold Et2O to afford the 

desired N-alkyl pyridinium salt 1. 

2.2 General procedure for the preparation of N-benzyl 4-methyl-3-nitropyridinium salt8 

 

In a flask equipped with a magnetic stirring bar and a reflux condenser, 4-methyl-3- substituted 

(2.0 mmol, 1.0 equiv) and alkyl bromide (0.36 mL, 3.0 mmol, 1.5 equiv) were dissolved in acetonitrile 

(2.0 mL) and the resulting mixture was heated at 80 ºC for 18 h. After completion (monitored by TLC, 

EtOAc/petroleum ether = 1:5), the mixture was cooled to 0 °C and EtOAc (4.0 mL) was added 

dropwise until a precipitate was formed. The solid was then filtered and washed repeatedly with cold 

Et2O to afford the desired pyridinium salt 6. 
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2.3 Procedure for the preparation of N-benzyl quinolinium salts 

General procedure for the preparation of N-benzyl quinolinium salts 4 

 

In a flask equipped with a magnetic stirring bar and a reflux condenser, quinoline derivative (2.0 

mmol, 1.0 equiv) and alkyl bromide (3.0 mmol, 1.2 equiv) were dissolved in acetonitrile (5.0 mL) 

and the resulting mixture was heated at 80 ºC for 48 h. After completion (monitored by TLC, 

EtOAc/petroleum ether = 1:5), the mixture was cooled to 0 °C and EtOAc (4.0 mL) was added 

dropwise until a precipitate was formed. The solid was then filtered and washed with EtOAc to afford 

the desired N-benzyl quinolinium salt 4 (except for 4a). 

Typical procedure for the preparation of N-benzyl quinolinium salts 4a 

 

In a sealed tube equipped with a magnetic stirring bar, 6-nitroquinoline (0.87 g, 5.0 mmol, 1.0 
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equiv) and benzyl bromide (0.61 ml, 5.0 mmol, 1.0 equiv) were dissolved in EtOAc (10.0 mL) and 

the resulting mixture was heated at 105 ºC for 3 days. A yellow precipitate was formed, which was 

cooled to rt, filtered and washed repeatedly with EtOAc to afford the 1-benzyl-6-nitroquinolin-1-ium 

bromide 4a. 

3-Cyano-1-(2-methylbenzyl)pyridin-1-ium bromide 1d: white solid, 99% yield, mp 

= 199200 C; 1H NMR (400 MHz, D2O) : δ (ppm) 1H NMR (400 MHz, D2O) δ 9.32 

(d, J = 1.6 Hz, 1H), 9.13 (d, J = 6.3 Hz, 1H), 8.97 (dt, J = 8.2, 1.4 Hz, 1H), 8.28 (dd, J 

= 8.1, 6.4 Hz, 1H), 7.56 – 7.44 (m, 1H), 7.45 – 7.33 (m, 3H), 5.97 (s, 2H), 2.27 (s, 3H); 

13C NMR (100 MHz, D2O): δ (ppm) 149.2, 147.8, 147.7,  138.6, 131.5, 131.4, 131.0, 129.0, 128.9, 

127.1, 114.2, 113.2, 63.7, 18.1. 

3-Cyano-1-(2-hydroxyethyl)pyridin-1-ium bromide 1f: white solid, 84% yield, mp = 

126127 C; 1H NMR (400 MHz, D2O) : δ (ppm) 9.61 – 9.48 (m, 1H), 9.29 – 9.19 (m, 

1H), 9.04 (dt, J = 8.1, 1.5 Hz, 1H), 8.37 (ddd, J = 9.3, 6.3, 2.6 Hz, 1H), 4.95 – 4.84 (m, 

2H), 4.21 – 4.06 (m, 2H); 13C NMR (100 MHz, D2O): δ (ppm) 149.2, 148.6, 148.5, 128.9, 

113.9, 113.3, 64.6, 59.9. 

1-Benzyl-6-nitroquinolin-1-ium bromide 4a: yellow solid, 20% yield, mp = 

112113 C; 1H NMR (400 MHz, DMSO-d6) : δ (ppm) 10.02 (dd, J = 5.9, 1.5 

Hz, 1H), 9.68 (d, J = 8.4 Hz, 1H), 9.55 (d, J = 2.6 Hz, 1H), 8.84 (dd, J = 9.7, 2.6 

Hz, 1H), 8.76 (d, J = 9.7 Hz, 1H), 8.51 (dd, J = 8.4, 5.8 Hz, 1H), 7.53–7.32 (m, 

5H), 6.50 (s, 2H); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 154.1, 150.5, 147.1, 140.1, 133.9, 130.2, 

129.6, 129.4, 128.9, 128.0, 127.4, 125.0, 122.3, 61.0. 

 1-Benzyl-6-cyanoquinolin-1-ium bromide 4b: white solid, 49% yield, mp = 

191192 C; 1H NMR (400 MHz, DMSO-d6) : δ (ppm) 9.92 (dd, J = 5.9, 1.5 

Hz, 1H), 9.44 (dt, J = 8.5, 1.2 Hz, 1H), 9.20 (d, J = 1.9 Hz, 1H), 8.70 (d, J = 

9.3 Hz, 1H), 8.54 (dd, J = 9.3, 1.9 Hz, 1H), 8.45 (dd, J = 8.4, 5.8 Hz, 1H), 7.54–

7.20 (m, 5H), 6.44 (s, 2H); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 153.6, 149.1, 139.4, 137.6, 

136.4, 134.0, 129.9, 129.6, 129.4, 128.0, 124.8, 121.5, 117.5, 113.0, 60.7.  
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 1-Benzyl-7-nitroquinolin-1-ium bromide 4c: yellow solid, 79% yield, mp 

= 235236 C; 1H NMR (400 MHz, D2O): δ (ppm) 9.58 (dd, J = 5.8, 1.5 Hz, 

1H), 9.37–9.30 (m, 2H), 8.69 (dd, J = 9.1, 1.9 Hz, 1H), 8.63 (d, J = 9.0 Hz, 

1H), 8.31 (dd, J = 8.6, 5.8 Hz, 1H), 7.62–7.31 (m, 5H), 6.43 (s, 2H); 13C NMR (100 MHz, D2O): δ 

(ppm) 154.5, 153.1, 151.1, 140.2, 135.8, 135.4, 134.5, 132.2, 132.1, 130.5, 127.4, 126.1, 118.0, 64.1. 

2.4 General procedure for the preparation of primary amine catalysts C3, C4, C7C10 

Preparation of S2：Amino acid S1 (10 mmol) was dissolved in dioxane/water (2:1, 30 mL), and 

NaOH (1 M, 10 mL) was added. The mixture was cooled in an ice-bath, and (Boc)2O (3.27 g, 15.0 

mmol) and NaHCO3 (840 mg, 10.0 mmol) were added. The reaction mixture was stirred at room 

temperature overnight, and then it was evaporated in vacuo. The residue was diluted with EtOAc (40 

mL), and cooled in an ice-bath and acidified to pH = 2.5–3 with 1 M KHSO4 aqueous solution. The 

organic layer was separated, and the aqueous fraction was extracted with EtOAc (20 mL  2). The 

combined organic layers were washed with water, dried and evaporated, leaving products as a 

colorless oil in a quantitative yield. The crude product was used for the condensation step without 

further purification.  

Preparation of S3: cinchona alkaloid was added to a solution of crude residue S2 in dry DCM (50 

mL). The mixture was cooled in an ice-bath, and DCC (2.06 g, 10.0 mmol), Et3N (1.40 mL, 10.0 

mmol) and DMAP (122 mg, 1.00 mmol) were added. After stirring at room temperature overnight, 

the precipitates were filtered and the cake was washed with DCM. The filtrate was dried and 

evaporated, and the residue was purified by chromatography on silica (DCM/MeOH = 50:1 to 25:1). 

Preparation of C3, C4 and C7C10: TFA (3 mL) was added to a solution of S3 (3.0 mmol) in DCM 

(15 mL) in an ice-bath, and the mixture was stirred at room temperature for 5 h. The solution was 
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evaporated, and a solution of NaOH (1M) was added slowly at 0 °C until pH was adjusted to 9. The 

organic layer was separated, and the aqueous layer was extracted with DCM (25 mL  2). The 

combined organic layers were dried and evaporated, and the residue was purified 

chromatographically on silica gel (DCM/MeOH = 50:1). 

Quinyl (S)-2-amino-3,3-dimethylbutanoate C3: white solid, 13% yield 

for 3 steps, mp = 101102 C; [α]D
25 = (c = 1.0 in CHCl3); 

1H NMR 

(400 MHz, CHCl3): δ (ppm) 8.75 (d, J = 4.6 Hz, 1H), 8.01 (d, J = 9.2 Hz, 

1H), 7.52 (d, J = 2.7 Hz, 1H), 7.40 (d, J = 4.6 Hz, 1H), 7.37 (dd, J = 9.2, 

2.7 Hz, 1H), 6.57 (s, 1H), 5.99–5.70 (m, 1H), 5.05 (dt, J = 5.4, 1.6 Hz, 

1H), 5.02 (d, J = 1.5 Hz, 1H), 3.97 (s, 3H), 3.44 (t, J = 13.2 Hz, 1H), 3.20 (s, 1H), 3.13–2.89 (m, 2H), 

2.78–2.49 (m, 2H), 2.37–2.21 (m, 1H), 2.08–1.95 (m, 1H), 1.94–1.83 (m, 1H), 1.73 (m, 2H), 1.61–

1.53 (m, 2H), 1.51–1.42 (m, 1H), 0.82 (s, 9H); 13C NMR (100 MHz, CHCl3): δ (ppm) 174.6, 157.9, 

147.4, 144.9, 143.2, 141.7, 131.8, 127.3, 121.9, 119.6, 114.6, 101.6, 63.7, 59.2, 56.4, 55.6, 42.3, 42.3, 

39.6, 34.7, 27.7, 27.4, 26.2, 25.4; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C26H36N3O3 438.2751; 

Found 438.2751.  

 

Quinidinyl (R)-2-amino-3,3-dimethylbutanoate C4: white solid, 15% 

yield for 3 steps, mp = 11516 C; [α]D
25 =  (c = 0.75 in CHCl3); 

1H NMR (400 MHz, CHCl3): δ (ppm) 8.74 (d, J = 4.4 Hz, 1H), 8.01 (d, 

J = 9.2 Hz, 1H), 7.48 (d, J = 2.7 Hz, 1H), 7.42–7.21 (m, 2H), 6.69–6.51 

(m, 1H), 6.10–5.89 (m, 1H), 5.22–4.95 (m, 2H), 3.97 (s, 3H), 3.37 (q, J = 8.7 Hz, 1H), 3.21 (s, 1H), 

2.94–2.82 (m, 2H), 2.81–2.59 (m, 2H), 2.42–2.16 (m, 1H), 1.88–1.82 (m, 1H), 1.82–1.75 (m, 1H), 

1.71–1.50 (m, 5H), 0.84 (s, 9H); 13C NMR (100 MHz, CHCl3): δ (ppm) 174.6, 157.9, 147.4, 144.8, 

143.5, 140.3, 131.8, 127.3, 121.9, 119.3, 115.0, 101.5, 63.7, 59.3, 55.6, 49.7, 49.1, 39.7, 34.7, 29.7, 

27.7, 26.4, 26.3, 24.6; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C26H36N3O3 438.2751; Found 

438.2747.  
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3. Detailed screening conditions for dearomative cascade reactions 

3.1 Complete screening conditions for dearomative cascade reaction of enone 2a and activated 

N-alkyl pyridinium salt 1a 

 

entrya cat B A solvent T (C) t (h) yield (%)b ee (%)c 

1 C1 B2 A1 CHCl3 rt 36 45 94 

2 C5 B2 A1 CHCl3 rt 36 58 89 

3 C6 B2 A1 CHCl3 rt 36 51 90 

4 C13 B2 A1 CHCl3 rt 36 35 74 

5 C11 B2 A1 CHCl3 rt 36 30 23 

6 C1 B2 A3 CHCl3 rt 48 56 81 

7 C1 B2 A4 CHCl3 rt 48 29 82 

8 C1 B2 A5 CHCl3 rt 48 15 86 

9 C1 B2 A2 CHCl3 rt 48 45 85 

10 C1 B2 A6 CHCl3 rt 48 30 84 

11 C1 B1 A1 CHCl3 rt 36 56 96 

12 C1 AcONa A1 CHCl3 rt 48 44 71 
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13 C1 B1 A1 CHCl3 40 36 63 94 

14 C1 B1 A1 THF 40 36 37 87 

15 C1 B1 A1 DCE 40 60 65 97 

16 C1 B1 A1 CH3CN 40 40 56 91 

17 C1 B1 A1 DCM 40 18 62 95 

18 C1 B1 A1 DCM 25 48 78 98 

aUnless noted otherwise, reactions were performed with pyridinium salt 1a (0.11 mmol, 1.1 equiv), enone 2 (0.1 mmol, 1.0 equiv), C (20 

mol %), A (20 mol %), B (1.1 equiv) in sovent (1.0 mL) at rt . bYield of the isolated product. cDetermined by HPLC analysis on a chiral 

stationary phase. 

 

3.2 Complete screening conditions for dearomative cascade reaction with enone 2a and N-alkyl 

quinolinium salt 4a  

 
entrya cat A B solvent yield (%)b ee (%)c 

1 C1 A1 Na2HPO4 DCM 71 3 

2 C7 A1 Na2HPO4 DCM 18 17 

3 C8 A1 Na2HPO4 DCM 48 37 

4 C3 A1 Na2HPO4 DCM 27 66 

5 C9 A1 Na2HPO4 DCM 31 37 

6 C10 A1 Na2HPO4 DCM 31 40 

7 C11 A1 Na2HPO4 DCM 0 / 

8 C12 A1 Na2HPO4 DCM 33 –62 

9 C3 A3 Na2HPO4 DCM 37 70 

10 C3 A5 Na2HPO4 DCM 40 67 

11 C3 A4 Na2HPO4 DCM 23 70 

12 C3 (R)-A2 Na2HPO4 DCM 54 75 

13 C3 (R)-A2 B1 DCM 52 48 

14 C3 (R)-A2 B2 DCM 48 45 

15 C3 (R)-A2 K2CO3 DCM 0 / 

16 C3 (R)-A2 Na2HPO4 DCE 54 83 

17 C3 (R)-A2 Na2HPO4 CHCl3 43 71 

18 C3 (R)-A2 Na2HPO4 Tol 14 66 

19d C3 (R)-A2 Na2HPO4 DCE 70 87 

20d C3 A2 Na2HPO4 DCE 70 89 
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aUnless noted otherwise, reactions were performed with alkylquinolinium salt 4a (0.12 mmol, 1.2 equiv), enone 2a (0.1 mmol, 1.0 

equiv), C (20 mol %), A (20 mol %), B (1.1 equiv) in sovent (1.0 mL) at rt. bYield of the isolated product. cDetermined by HPLC 

analysis on a chiral stationary phase. dIn 2 ml DCE. 

 

3.3 Complete screening conditions for dearomative cascade reaction with cyclic dienone 7a and 

N,4-dialkyl pyridinium salt 6 

 

entrya cat A B solvent yield (%)b ee (%)c 

1 C1 (R)-A2 Na2HPO4 CHCl3 38 75 

2 C6 (R)-A2 Na2HPO4 CHCl3 19 66 

3 C8 (R)-A2 Na2HPO4 CHCl3 16 -17 

4 C10 (R)-A2 Na2HPO4 CHCl3 14 -48 

5 C12 (R)-A2 Na2HPO4 CHCl3 0 - 

6 C1 A1 B2 CHCl3 57 53 

7 C1 A4 B2 CHCl3 30 52 

8 C1 (R)-A2 B2 CHCl3 45 70 

10 C1 (R)-A7 B2 CHCl3 60 63 

11 C1 A7 B2 CHCl3 38 60 

12 C1 AcOH B2 CHCl3 27 67 

13 C1 (R)-A2 B1 CHCl3 63 15 

14 C1 (R)-A2 TEA CHCl3 0 - 

15 C1 (R)-A2 DBU CHCl3 0 - 

16 C1 (R)-A2 NaHCO3 CHCl3 33 45 

17 C1 (R)-A2 KOAc CHCl3 24 60 

18d C1 (R)-A2 Na2HPO4 CHCl3 43 70 

19d C1 (R)-A2 Na2HPO4 DCM 64 78 

20d C1 (R)-A2 Na2HPO4 DCE 58 75 

21d C1 (R)-A2 Na2HPO4 THF 60 70 

23d C1 (R)-A2 Na2HPO4 Tol 20 76 

23d C1 (R)-A2 Na2HPO4 CH3CN 57 71 

24d, e C1 (R)-A2 Na2HPO4 DCM 75 81 

aUnless noted otherwise, reactions were performed using 7a (0.05 mmol,1.0 equiv), 6 (0.06 mmol,1.2 equiv), C (20 mol %), A (40 

mol %), B (2.2 equiv) in solution (0.5mL) at 25 ºC for 48 h. bYield of the isolated product; cDetermined by HPLC analysis on a chiral 

stationary phase. dB (1.2 equiv). e7a (0.1 mmol, 1.0 equiv), amine C1 (20 mol %), and A (40 mol %) were stirred in solution (1.0 mL) 

at 25 ºC. Followed by B (0.12 mmol, 1.2 equiv) and 6 (0.12 mmol, 1.2 equiv) were added uniformly in four portions in the period of 

12 hours.  



 

S11 

 

4. General procedure for dearomative cascade reaction with enones 2 and 

activated azaarene salts 

4.1 General procedure for dearomative cascade reaction with enones 2 and activated N-

alkyl pyridinium salts 1 

 

General procedure A: A mixture of activated N-alkyl pyridinium salt 1 (0.11 mmol, 1.1 equiv), 

enone 2 (0.1 mmol, 1.0 equiv), amine C1 (20 mol %), acid A1 (20 mol %) and B1 (0.11 mmol, 1.1 

equiv) was stirred in DCM (1.0 mL) at rt, and the reaction was monitored by TLC. After completion, 

the product 3 was obtained by flash chromatography on silica gel. The racemic 3 was generally 

obtained under the catalysis of benzylamine. The enantiomers were obtained with amine C2. 

Synthesis of 3a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a 

(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium 

bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol, 

20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 mg, 

0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After 

completion, it was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) to 

give product 3a: 27.8 mg (0.0781 mmol), as a white solid, 78% yield; mp = 9697 C; [α]D
25 = +73.6 

(c = 0.60 in CHCl3); 98% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH 

= 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.45 min, t (major) = 16.70 min; 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.42–7.32 (m, 3H), 7.28–7.25 (m, 2H), 7.12 (m, 2H), 7.98–6.94 (m, 1H), 6.92 

(s, 1H), 6.85 (d, J = 8.2 Hz, 1H), 4.87 (d, J = 2.5 Hz, 1H), δ 4.57 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 

14.8 Hz, 1H), 3.85–3.76 (m, 1H), 2.98 (ddd, J = 13.7, 8.7, 3.7 Hz, 1H), 2.93–2.78 (m, 3H), 2.53 (dd, 

J = 18.4, 3.7 Hz, 1H), 2.29 (dd, J = 18.4, 13.9 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 204.3, 

149.8, 141.3, 131.6, 125.0, 124.43, 124.37, 124.3, 124.2, 120.1, 119.0, 116.3, 113.9, 78.2, 77.2, 53.0, 
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40.9, 37.3, 29.2, 27.7, 24.5; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C23H20N2O2Na 379.1417; 

Found 379.1422.  

  

Synthesis of ent-3a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium 

bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), and amine C2 (6.5 mg, 0.020 

mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 

(19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 

h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) 

gave product ent-3a: 16.2 mg (0.0455 mmol), as a white solid, 46% yield; [α]D
25 = 70.3 (c = 0.60 

in CHCl3); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 

1.0 mL min-1, λ = 254 nm]: t (minor) = 17.08min, t (major) = 13.61 min. 

 

Synthesis of 3b: A mixture of (E)-4-(2-hydroxy-3-methylphenyl)but-3-en-2-

one 2b (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-

ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 

mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After 

completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave 

product 3b: 10.0 mg (0.0270 mmol), as a white semi solid, 27% yield; [α]D
25 = +61.8 (c = 0.22 in 

CHCl3); 91% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 

mL min-1, λ = 254 nm]: t (minor) = 12.48 min, t (major) = 14.14 min; 1H NMR (400 MHz, CDCl3): 

δ (ppm) 7.42–7.31 (m, 3H), 7.30–7.26 (m, 2H), 7.02–6.91 (m, 3H), 6.90–6.80 (m, 1H), 4.85 (d, J = 

2.4 Hz, 1H), 4.59 (d, J = 14.8 Hz, 1H), 4.44 (d, J = 14.8 Hz, 1H), 3.82 (dt, J = 9.0, 4.1 Hz, 1H), 3.04–

2.94 (m, 1H), 2.90 (dd, J = 16.3, 4.7 Hz, 1H), 2.87–2.83 (m, 1H), 2.79 (dd, J = 16.3, 3.5 Hz, 1H), 

2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.31 (dd, J = 18.4, 13.9 Hz, 1H), 2.16 (s, 3H); 13C NMR (150 MHz, 

CDCl3): δ (ppm) 208.4, 151.9, 145.4, 135.6, 129.4, 129.1, 128.4, 128.1, 127.3, 125.9, 123.8, 122.4, 

120.4, 82.5, 81.2, 57.2, 45.1, 41.4, 33.2, 32.0, 28.7, 15.6; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd 

for C24H22N2O2Na 393.1573; Found 393.1574. 
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Synthesis of 3c: A mixture of (E)-4-(3-chloro-2-hydroxyphenyl)but-3-en-2-

one 2c (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-

ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 

mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 

(19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 60 

h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) 

gave product 3c: 10.5 mg (0.0228 mmol), as a white solid, 23% yield; mp = 7880 C; [α]D
25 = +29.1 

(c = 0.36 in CHCl3); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane: i-PrOH 

= 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 12.97 min, t (major) = 15.56 min; 1H NMR (400 

MHz, CDCl3): δ (ppm) 7.42–7.28 (m, 5H), 7.22 (dd, J = 8.0, 1.5 Hz, 1H), 7.02 (dt, J = 7.9, 1.3 Hz, 

1H), 6.94 (d, 1H), 6.90 (d, J = 7.9 Hz, 1H), 4.85 (d, J = 2.6 Hz, 1H), 4.64 (d, J = 14.6 Hz, 1H), 4.46 

(d, J = 14.6 Hz, 1H), 3.88–3.77 (m, 1H), 3.01 (ddd, J = 13.8, 8.7, 3.8 Hz, 1H), 2.97–2.83 (m, 2H), 

2.79 (dd, J = 16.2, 3.6 Hz, 1H), 2.57 (dd, J = 18.6, 3.7 Hz, 1H), 2.31 (dd, J = 18.6, 13.8 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 207.7, 149.6, 145.4, 135.2, 129.1, 128.9, 128.5, 128.4, 126.8, 

126.2, 123.3, 123.2, 120.0, 82.8, 81.7, 57.0, 45.0, 41.3, 33.0, 32.2, 28.7; HRMS (ESI-TOF) m/z: [M 

 Na]+ Calcd for C23H19N2O2
37ClNa 415.0998; Found 415.1038; Calcd for C23H19N2O2

35ClNa 

413.1027; Found 413.1024. 

 

Synthesis of 3d: A mixture of (E)-4-(2-hydroxy-4-methylphenyl)but-3-

en-2-one 2d (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine 

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) 

was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product 3d: 20.0 mg (0.0541 mmol), as a white solid, yield 54%; 

mp = 129130 C[α]D
25 = +57.7 (c = 0.60 in CHCl3); 94% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.67 min, t (major) 

=15.23 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.41–7.31 (m, 3H), 7.29–7.26 (m, 2H), 6.98 (d, J 

= 8.0 Hz, 1H), 6.91 (s, 1H), 6.78 (dd, J = 8.0, 1.8 Hz, 1H), 6.67 (s, 1H), 4.85 (d, J = 2.8 Hz, 1H), 4.57 
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(d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.82–3.72 (m, 1H), 3.02–2.93 (m, 1H), 2.91–2.75 (m, 

3H), 2.53 (dd, J = 18.4, 3.7 Hz, 1H), 2.28 (dd, J = 18.4, 14.0 Hz, 1H), 2.26 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 208.5, 153.6, 145.4, 138.6, 135.6, 129.1, 128.4, 128.20, 128.16, 124.1, 120.9, 

120.3, 118.2, 82.2, 81.3, 57.1, 44.9, 41.3, 33.2, 31.5, 28.6, 21.0; HRMS (ESI-TOF) m/z: [M  Na]+ 

Calcd for C24H22N2O2Na 393.1573; Found 393.1573. 

 

Synthesis of 3e: A mixture of (E)-4-(2-hydroxy-4-methoxyphenyl) 

but-3-en-2-one 2e (19.2 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (2.0 mL) was stirred at 4 ºC for 8 days. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 3e: 16.6 mg (0.0430 mmol), as a white solid, 

43% yield; mp = 133135 C; [α]D
25 = +31.1 (c = 1.1 in CHCl3); 96% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

19.69 min, t (major) = 22.43 min; 1H NMR (400 MHz, CDCl3): (ppm) δ 7.43–7.30 (m, 3H), 7.287.25 

(m, 2H), 6.99 (d, J = 8.6 Hz, 1H), 6.91 (s, 1H), 6.55 (dd, J = 8.6, 2.6 Hz, 1H), 6.37 (d, J = 2.6 Hz, 

1H), 4.87 (d, J = 2.6 Hz, 1H), 4.57 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.713.80 (m, 

1H), 3.75 (s, 3H), 2.97 (ddd, J = 13.4, 8.8, 3.8 Hz, 1H), 2.82 (m, 2.712.92, 3H), 2.53 (dd, J = 18.4, 

3.8 Hz, 1H), 2.26 (dd, J = 18.4, 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.5, 159.5, 

154.6, 145.3, 135.6, 129.1, 128.4, 128.2, 120.3, 115.9, 110.2, 102.4, 82.3, 81.4, 57.1, 55.4, 44.9, 41.3, 

33.1, 31.3, 28.5; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C24H22N2O3Na 409.1523; Found 

409.1526. 

 

Synthesis of 3f: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl)but-3-

en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv),  

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM 
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(1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1:5) gave product 3f: 27.0 mg (0.0692 mmol), as a white solid, yield 

69%; mp = 156157 C; [α]D
25 = +49.5 (c = 1.60 in CHCl3); 96% ee, determined by HPLC analysis 

[Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 6.50 min, 

t (major) = 7.71 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.49–7.32 (m, 3H), 7.32–7.21 (m, 2H), 

7.07–6.98 (m, 1H), 6.94 (dd, J = 8.3, 2.2 Hz, 1H), 6.91 (d, J = 1.1 Hz, 1H), 6.87 (d, J = 2.2 Hz, 1H), 

4.86 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.723.84 (m, 1H), 

3.05–2.93 (m, 1H), 2.93–2.70 (m, 3H), 2.54 (dd, J = 18.5, 3.8 Hz, 1H), 2.22 (dd, J = 18.5, 14.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 207.7, 154.5, 145.2, 135.4, 133.5, 129.5, 129.1, 128.5, 

128.2, 123.4, 122.7, 120.1, 118.2, 82.5, 81.6, 57.1, 44.8, 41.2, 33.0, 31.6, 28.5; HRMS (ESI-TOF) 

m/z: [M  Na]+ Calcd for C23H19N2O2
37ClNa 415.0998; Found 415.1009; Calcd for 

C23H19N2O2
35ClNa 413.1027; Found 413.1027. 

 

Synthesis of 3g: A mixture of (E)-4-(2-hydroxy-5-methylphenyl)but-3-

en-2-one 2g (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine 

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) 

was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product 3g: 31.4 mg (0.0849 mmol), as a white solid, 85% yield; 

mp = 155156 C; [α]D
25 = +95.6 (c = 0.55 in CHCl3); 95% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.40 min, t (major) 

= 16.05 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.40–7.31 (m, 3H), 7.29–7.26 (m, 2H), 6.96–6.87 

(m, 3H), 6.74 (d, J = 8.2 Hz, 1H), 4.83 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 

14.8 Hz, 1H), 3.723.80 (m, 1H), 2.97 (ddd, J = 13.9, 8.7, 3.7 Hz, 1H), 2.92–2.75 (m, 3H), 2.53 (dd, 

J = 18.4, 3.7 Hz, 1H), 2.31 (dd, J = 18.4, 13.9 Hz, 1H), 2.23 (s, 3H)；13C NMR (100 MHz, CDCl3): 

δ (ppm) 208.6, 151.6, 145.4, 135.6, 132.4, 129.14, 129.06, 128.6, 128.4, 128.2, 123.8, 120.4, 117.7, 

82.2, 81.2, 57.1, 44.9, 41.4, 33.2, 31.8, 28.6, 20.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for 

C24H22N2O2Na 393.1573; Found 393.1571. 
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Synthesis of 3h: A mixture of (E)-4-(2-hydroxy-5-methoxyphenyl) 

but-3-en-2-one 2h (19.2 mg, 0.999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (2.0 mL) was stirred at 4 ºC for 7 days. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 3h: 25.0 mg (0.0648 mmol), as a white 

solid, 65% yield; mp = 142143 C; [α]D
25 = +71.2 (c = 1.7 in CHCl3); 96% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane: i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

18.76 min, t (major) = 21.40 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.327.41 (m, J = 3H), 7.31–

7.23 (m, 2H), 6.91 (s, 1H), 6.78 (d, J = 8.9 Hz, 1H), 6.69 (dd, J = 8.9, 2.9 Hz, 1H), 6.60 (d, J = 2.9 

Hz, 1H), 4.81 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 14.8 Hz, 1H), 3.743.82 (m, 

1H), 3.72 (s, 3H), 2.97 (ddd, J = 12.5, 8.7, 3.8 Hz, 1H), 2.92–2.70 (m, 3H), 2.55 (dd, J = 18.4, 3.8 

Hz, 1H), 2.34 (dd, J = 18.4, 13.9 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.3, 155.2, 147.6, 

145.3, 135.6, 129.1, 128.4, 128.2, 125.0, 120.3, 118.8, 114.6, 112.8, 82.4, 81.2, 57.1, 55.7, 44.9, 41.4, 

33.2, 32.2, 28.7; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C24H23N2O3
 387.1703; Found 387.1702. 

 

Synthesis of 3i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl)but-3-

en-2-one 1i (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 2a (30.2 mg, 0.110 mmol, 1.1 equiv), 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM 

(1.0 mL) was stirred at 4 ºC for 60 h. After completion, purification by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1:4) gave product 3i: 25.1 mg (0.0643 mmol), as a white solid, 64% 

yield; mp = 105106 C; [α]D
25 = +102.6 (c = 1.20 in CHCl3); 97% ee, determined by HPLC analysis 

[Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 16.44 min, t 

(major) = 19.49min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.43–7.30 (m, 3H), 7.27 (d, J = 1.9 Hz, 

1H), 7.25 (d, J = 1.6 Hz, 1H), 7.12–7.04 (m, 2H), 6.92 (d, J = 1.2 Hz, 1H), 6.79 (d, J = 9.4 Hz, 1H), 

4.84 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.743.84 (m, 1H), 
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3.04–2.94 (m, 1H), 2.94–2.72 (m, 3H), 2.56 (dd, J = 18.4, 3.6 Hz, 1H), 2.26 (dd, J = 18.4, 14.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 207.8, 152.5, 145.3, 135.4, 129.1, 128.6, 128.5, 128.2, 

127.9, 125.9, 120.1, 119.4, 82.5, 81.4, 57.1, 44.8, 41.3, 32.9, 31.9, 28.5; HRMS (ESI-TOF) m/z: [M 

 Na]+ Calcd for C23H19N2O2
37ClNa 415.0998; Found 415.1029; Calcd for C23H19N2O2

35ClNa 

413.1027; Found 413.1029. 

 

Synthesis of 3j: A mixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-en-

2-one 1j (18.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 2a (30.2 mg, 0.110 mmol, 1.1 equiv), amine 

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) 

was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product 3j: 27.0 mg (0.0722 mmol), as a white solid, 72% yield; 

mp = 160161 C; [α]D
25 = +56.9 (c = 0.90 in CHCl3); 97% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.12 min, t (major) 

= 16.05 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.307.43 (m, 3H), 7.31–7.22 (m, 2H), 6.92 (s, 

1H), 6.86–6.73 (m, 3H), 4.84 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 

3.753.82 (m, 1H), 3.03–2.95 (m, 1H), 2.91 (dd, J = 16.3, 4.7 Hz, 1H), 2.83 (td, J = 9.1, 2.6 Hz, 1H), 

2.75 (dd, J = 16.3, 3.5 Hz, 1H), 2.56 (dd, J = 18.4, 3.7 Hz, 1H), 2.29 (dd, J = 18.4, 13.9 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 207.7, 158.2 (d, J = 241.9 Hz), 149.8 (d, J = 2.2 Hz), 145.2, 135.5, 

129.1, 128.5, 128.2, 125.6 (d, J = 7.1 Hz), 120.1, 119.3 (d, J = 8.3 Hz), 115.6 ( d, J = 23.4 Hz), 114.48 

(d, J = 23.4 Hz), 82.5, 81.3, 57.1, 44.8, 41.3, 32.9, 32.2, 28.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 

119.45; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C23H19N2O2FNa 397.1323; Found 397.1327. 

 

Synthesis of ent-3j: A mixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-

en-2-one 1j (18.0 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-

1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C2 (6.5 mg, 

0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and 

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 
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48 h. After completion, purification by flash chromatography on silica gel ( EtOAc/petroleum ether 

= 1:4) gave product ent-3j: 21.5 mg (0.0574 mmol), as a white solid, 57% yield; [α]D
25 = 53.3 (c = 

0.63 in CHCl3); 96% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 

60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 15.22 min, t (major) = 12.36min. 

 

Synthesis of 3k: A mixture of (E)-4-(2-hydroxy-5-(trifluoromethyl) 

phenyl)but-3-en-2-one 2k (23.0 mg, 0.0999 mmol, 1.0 equiv) and N-

benzyl 3-cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 

equiv, amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 

mg, 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1:4) gave product 3k: 34.4 mg (0.0811 mmol), as a white solid, 

81% yield; mp = 220 C; [α]D
25 = +96.2 (c = 1.1 in CHCl3); 97% ee, determined by HPLC analysis 

[Daicel Chiralpak IF, n-hexane/i-PrOH = 80:20, 1.0 mL min-1, λ = 254 nm]: t (minor) = 18.92 min, t 

(major) = 20.51 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.23–7.36 (m, 5H), 7.22–7.14 (m, 2H), 

6.89–6.81 (m, 2H), 4.82 (d, J = 2.6 Hz, 1H), 4.49 (d, J = 14.8 Hz, 1H), 4.36 (d, J = 14.8 Hz, 1H), 

3.72–3.80 (m, J = 8.8, 4.1 Hz, 1H), 3.00–2.86 (m, 1H), 2.89–2.68 (m, 3H), 2.47 (dd, J = 18.4, 3.7 Hz, 

1H), 2.13 (dd, J = 18.4, 13.9 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 207.3, 156.6, 145.2, 

135.3, 129.1, 128.6, 128.2, 125.9 (q, J = 3.8 Hz), 125.6 (q, J = 3.5 Hz), 125.3 (q, J = 32.5 Hz), 124.8, 

123.8 (q, J = 270 Hz), 120.0, 118.6, 82.6, 81.6, 57.2, 44.7, 41.3, 32.9, 31.8, 28.5; 19F NMR (376 MHz, 

CDCl3): δ (ppm) 61.76; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C24H20N2O2F3 447.1291; Found 

447.1287. 

 

Synthesis of 3l: A mixture of (E)-4-(2-hydroxy-5-nitrophenyl)but-3-

en-2-one 2l (20.7 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (2.0 mL) was stirred at rt for 24 h. After completion, purification by flash chromatography on 
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silica gel (EtOAc/petroleum ether = 1:4) gave product 3l: 24.3 mg (0.0606 mmol), as a white 

semisolid, 61% yield; [α]D
25 = +265.0 (c = 0.56 in CHCl3); 96% ee, determined by HPLC analysis 

[Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 35.32 min, t 

(major) = 30.06 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.99 (d, J = 2.6 Hz, 1H), 7.94 (dd, J = 

9.0, 2.6 Hz, 1H), 7.36–7.25 (m, 3H), 7.24–7.17 (m, 2H), 6.90–6.85 (m, 2H), 4.88 (d, J = 2.6 Hz, 1H), 

4.51 (d, J = 14.8 Hz, 1H), 4.39 (d, J = 14.8 Hz, 1H), 3.90–3.76 (m, 1H), 3.01–2.92 (m, 1H), 2.94–

2.75 (m, 3H), 2.51 (dd, J = 18.6, 3.8 Hz, 1H), 2.07 (dd, J = 18.6, 13.9 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 206.8, 159.2, 145.0, 143.0, 135.1, 129.2, 128.7, 128.2, 125.1, 124.8, 124.3, 119.7, 

118.8, 83.0, 82.0, 57.3, 44.7, 41.1, 32.6, 31.9, 28.3; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for 

C23H20N3O4 402.1448; Found 402.1448. 

 

Synthesis of 3m: A mixture of (E)-4-(2-hydroxy-6-methylphenyl)but-3-en-

2-one 2m (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-

1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 

0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and 

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 

24 h. After completion, purification by flash chromatography on silica gel (EtOAc/ petroleum ether 

= 1:4) gave product 3m: 28.9 mg (0.0781 mmol), as a white solid, 78% yield; mp = 189190 C; 

[α]D
25 = +101.3 (c = 0.60 in CHCl3); 96% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-

hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.46 min, t (major) = 20.21 min; 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.29–7.39 (m, 3H), 7.20–7.25 (m, 2H), 7.02 (t, J = 7.8 Hz, 1H), 

6.93 (s, 1H), 6.81 (d, J = 7.5 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 4.74 (d, J = 2.9 Hz, 1H), 4.54 (d, J = 

15.0 Hz, 1H), 4.42 (d, J = 15.0 Hz, 1H), 3.93 (ddd, J = 10.2, 5.7, 2.8 Hz, 1H), 3.03 (dt, J = 10.7, 7.6 

Hz, 1H), 2.91 (ddd, J = 10.5, 7.8, 2.8 Hz, 1H), 2.85 (dd, J = 15.8, 5.7 Hz, 1H), 2.70 (dd, J = 15.8, 2.9 

Hz, 1H), 2.66–2.54 (m, 2H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.9, 154.9, 145.0, 

137.0, 135.7, 129.1, 128.4, 128.1, 127.8, 125.6, 124.2, 120.6, 115.9, 83.7, 80.9, 57.1, 42.9, 41.4, 34.1, 

31.2, 29.4, 19.3; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C24H23N2O2 371.1754; Found 371.1759. 
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Synthesis of 3n: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-

2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-

1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 

0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and 

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 

48 h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 

1:4) gave product 3n: 35.1 mg (0.090 mmol), as a white solid, 90% yield; mp = 148149 C; [α]D
25 

= +109.9 (c = 1.7 in CHCl3); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-

PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.24 min, t (major) = 16.17 min; 1H NMR 

(400 MHz, CDCl3): δ (ppm) 7.41–7.29 (m, 3H), 7.26–7.20 (m, 2H), 7.10–6.99 (m, 2H), 6.93 (s, 1H), 

6.78 (dd, J = 7.9, 1.6 Hz, 1H), 4.75 (dd, J = 2.7, 1.4 Hz, 1H), 4.54 (d, J = 15.0 Hz, 1H), 4.42 (d, J = 

15.0 Hz, 1H), 4.03 (ddd, J = 10.5, 5.8, 2.8 Hz, 1H), 3.12 (dd, J = 16.2, 2.8 Hz, 1H), 3.09–2.98 (m, 

1H), 2.92 (ddd, J = 10.5, 7.8, 2.8 Hz, 1H), 2.84 (dd, J = 16.2, 5.8 Hz, 1H), 2.66–2.45 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 208.6, 155.8, 144.8, 135.4, 133.9, 129.1, 128.7, 128.5, 128.1, 

124.7, 124.0, 120.3, 117.0, 84.2, 81.2, 57.2, 42.2, 41.4, 33.7, 31.8, 29.3; HRMS (ESI-TOF) m/z: [M 

 Na]+ Calcd for C23H19N2O2
37ClNa 415.0998; Found 415.1035; Calcd for C23H19N2O2

35ClNa 

413.1027; Found 413.1024. 

 

Synthesis of ent-3n: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-

2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-

ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C2 (6.5 mg, 0.020 

mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After 

completion, purification by flash chromatography on silica gel ( EtOAc/petroleum ether = 1:4) gave 

product ent-3n: 32.5 mg (0.0833 mmol), as a white solid, 83% yield; [α]D
25 = 137.0 (c = 0.79 in 

CHCl3); 94% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane: i-PrOH = 60:40, 

1.0 mL min-1, λ = 254 nm]: t (minor) = 16.43 min, t (major) = 13.25 min. 
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Synthesis of 3o: A mixture of (E)-4-(6-bromo-2-hydroxyphenyl)but-3-en-

2-one 2o (24.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-

1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 

0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and 

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 

36 h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 

1:4) gave product 3o: 35.1 mg (0.0808 mmol), as a white solid, 81% yield; mp = 126127 C; [α]D
25 

= +142.3 (c = 1.60 in CHCl3); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-

hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 14.79 min, t (major) = 18.29 min; 1H 

NMR (400 MHz, CDCl3): δ (ppm) 7.44–7.30 (m, 3H), 7.28–7.16 (m, 3H), 6.99 (t, J = 8.1 Hz, 1H), 

6.93 (s, 1H), 6.81 (dd, J = 8.2, 1.2 Hz, 1H), 4.74 (s, 1H), 4.54 (d, J = 15.0 Hz, 1H), 4.42 (d, J = 15.0 

Hz, 1H), 4.00 (ddd, J = 10.5, 6.0, 2.8 Hz, 1H), 3.15 (dd, J = 16.0, 2.8 Hz, 1H), 3.09–2.99 (m, 1H), 

2.92 (ddd, J = 10.7, 7.8, 2.9 Hz, 1H), 2.83 (dd, J = 16.0, 6.0 Hz, 1H), 2.65–2.50 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 208.5, 155.8, 144.7, 135.4, 129.12, 129.10, 128.5, 128.1, 125.6, 123.9, 

120.3, 117.7, 84.4, 81.2, 57.2, 42.6, 41.5, 33.9, 33.8, 29.4; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd 

for C23H19N2O2
79BrNa 457.0522; Found 457.0528; Calcd for C23H19N2O2

81BrNa 459.0502; Found 

459.0504. 

 

Synthesis of 3p: A mixture of (E)-4-(3-hydroxynaphthalen-2-yl)but-3-

en-2-one 2p (21.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), and 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1:4) gave product 3p: 21.4 mg (0.0527 mmol), as a white solid, 

53% yield; mp = 213214 C; [α]D
25 = +273.0 (c = 0.37 in CHCl3); 96% ee, determined by HPLC 

analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80:20, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

22.99 min, t (major) = 31.23 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.68 (dd, J = 8.2, 3.9 Hz, 

2H), 7.61 (s, 1H), 7.44–7.31 (m, 5H), 7.30 (d, J = 1.8 Hz, 2H), 7.25 (s, 1H), 6.95 (s, 1H), 4.94 (d, J 
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= 2.6 Hz, 1H), 4.61 (d, J = 14.8 Hz, 1H), 4.46 (d, J = 14.8 Hz, 1H),3.94–4.05 (m, 1H), 2.99–3.06 (m, 

1H), 2.98 (d, J = 4.1 Hz, 2H), 2.90 (td, J = 9.1, 2.7 Hz, 1H), 2.56 (dd, J = 18.3, 3.8 Hz, 1H), 2.34 (dd, 

J = 18.3, 13.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.1, 152.0, 145.4, 135.5, 133.3, 

129.9, 129.1, 128.5, 128.3, 128.2, 127.6, 126.6, 126.5, 125.3, 124.7, 120.2, 113.4, 82.4, 81.6, 57.1, 

45.6, 41.4, 33.0, 32.1, 28.7; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H22N2O2Na 429.1573; 

Found 429.1573. 

 

Synthesis of 3q: A mixture of (E)-4-(4-hydroxypyridin-3-yl)but-3-en-2-one 

2q (16.3 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium 

bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol, 

20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at 4 ºC for 60 h. 

After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 2:1) 

gave product 3q: 22.1 mg (0.0619 mmol), as a white solid, 62% yield; mp = 135137 C; [α]D
25 = 

+63.1 (c = 0.70 in CHCl3); 98% ee (the peaks of two enantiomers were assigned by using a mixture 

of 3q and its enantiomer obtained with amine C2), determined by HPLC analysis [Daicel Chiralpak 

ID, n-hexane/i-PrOH = 70:30, 1.0 mL min-1, λ = 254 nm]: t (major) = 46.27 min, t (minor) = 52.73min; 

1H NMR (400 MHz, CDCl3): δ (ppm) 8.36 (s, 1H), 8.29 (d, J = 5.6 Hz, 1H), 7.43–7.34 (m, 3H), 7.27 

(dd, J = 7.9, 1.8 Hz, 2H), 6.92 (t, J = 1.2 Hz, 1H), 6.77 (d, J = 5.6 Hz, 1H), 4.92 (d, J = 2.7 Hz, 1H), 

4.56 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 14.8 Hz, 1H), 3.82–3.1 (m, 1H), 3.06–2.97 (m, 1H), 2.97–2.81 

(m, 3H), 2.58 (dd, J = 18.4, 3.7 Hz, 1H), 2.14 (dd, J = 18.4, 13.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 206.9, 160.6, 150.7, 149.5, 145.1, 135.1, 129.2, 128.6, 128.2, 120.6, 119.7, 112.7, 

82.5, 82.0, 57.2, 44.4, 41.1, 32.8, 29.6, 28.3; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C22H20N3O2 

358.1550; Found 358.1549. 
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Synthesis of 3r: A mixture of (E)-1-(2-chloro-6-hydroxyphenyl)pent-1-en-

3-one 2r (21.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-

1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 

0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and 

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 

4 days. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether 

= 1:4) gave product 3r as inseparable diastereomers: 20.6 mg (0.0510mmol), as a white solid, 51% 

yield; mp = 141142 C; [α]D
25 = +131.2 (c = 0.59 in CHCl3); 3.6:1 dr; 97% ee, 96% ee, determined 

by HPLC analysis [Daicel Chiralpak ID, n-hexane: i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t1 

(minor) = 8.76 min, t1 (major) = 10.22 min, t2 (minor) = 11.73 min, t2 (major) = 12.17 min; for major 

diastereomer: 1H NMR (400 MHz, CDCl3): δ (ppm) 7.40–7.32 (m, 3H), 7.25–7.19 (m, 2H), 7.07–

7.02 (m, 2H), 6.98 (s, 1H), 6.77 (dd, J = 7.6, 1.9 Hz, 1H), 4.72 (dd, J = 3.3, 1.5 Hz, 1H), 4.56 (d, J = 

15.1 Hz, 1H), 4.45 (d, J = 15.1 Hz, 1H), 4.04 (ddd, J = 10.9, 6.2, 2.5 Hz, 1H), 2.99 (dd, J = 15.8, 2.6 

Hz, 1H), 2.95–2.83 (m, 1H), 2.79–2.69 (m, 2H), 1.30 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 210.5, 154.7, 144.4, 134.3, 132.8, 128.1, 127.51, 127.50, 127.0, 123.8, 123.7, 121.1, 

115.8, 83.5, 77.9, 55.9, 45.2, 40.2, 34.2, 33.4, 29.8, 13.4; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for 

C24H22N2O2
37Cl 407.1335; Found 407.1337; Calcd for C24H22N2O2

35Cl 405.1364, Found 405.1369.  

 

Synthesis of 3s: A mixture of (E)-4-(6-

hydroxyphenyl)-2-oxobut-3-en-1-yl acetate 2s 

(22.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 

3-cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 

mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) 

in DCM (1.0 mL) was stirred at rt for 60 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 3s (as a mixture of diastereomers, only 3s-

1 can be partially isolated): 26.5 mg (0.0640 mmol), as a white solid, 64% yield; mp (3s-1) = 113115 

C; [α]D
25 (3s-1) = 74.0 (c = 0.47 in CHCl3); 1:1 dr; 3s-1: 91% ee, determined by HPLC analysis 
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[Daicel Chiralpak IB-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) =35.83 min, 

t (major) = 38.50 min; 3s-2: 94% ee, determined by HPLC analysis [Daicel Chiralpak IB-H, n-

hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) =30.94 min, t (major) = 43.39 min; 1H 

NMR (400 MHz, CDCl3, 3s-1): δ (ppm) 7.33 (dd, J = 5.0, 1.9 Hz, 3H), 7.25–7.15 (m, 1H), 7.14–7.05 

(m, 3H), 7.01 (d, J = 8.1 Hz, 1H), 6.97 (s, 1H), 5.74 (d, J = 3.7 Hz, 1H), 5.03 (d, J = 3.7 Hz, 1H), 

4.21 (d, J = 14.5 Hz, 1H), 4.11 (d, J = 14.5 Hz, 1H), 3.62 (ddd, J = 13.7, 9.2, 4.7 Hz, 1H), 3.45 (dd, 

J = 8.2, 3.7 Hz, 1H), 3.24 (ddd, J = 8.7, 3.7, 9.2 Hz, 1H), 2.97 (dd, J = 18.9, 4.7 Hz, 1H), 2.61 (dd, J 

= 18.9, 13.7 Hz, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3, 3s-1): δ (ppm) 201.3, 170.2, 150.7, 

149.3, 134.7, 129.1, 128.74, 128.71, 128.5, 128.4, 123.3, 122.3, 119.2, 117.6, 80.6, 78.6, 76.0, 53.9, 

43.0, 35.2, 34.2, 27.2, 20.7; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C25H22N2O4Na 437.1472; 

Found 437.1478. 

 

Synthesis of 3t: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(4-bromobenzyl) 3-

cyanopyridin-1-ium bromide 1b (38.6 mg, 0.109 mmol, 1.1 equiv), 

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in 

DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification 

by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3t: 37.3 mg 

(0.0859 mmol), as a white solid, 86% yield; mp = 211212 C; [α]D
25 = +63.8 (c = 0.93 in CHCl3); 

96% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-

1, λ = 254 nm]: t (minor) = 14.99 min, t (major) = 18.40 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.51 (d, J = 8.4 Hz, 2H), 7.14 (dd, J = 19.6, 8.3 Hz, 4H), 6.97 (dd, J = 8.0, 6.5 Hz, 1H), 6.89 (s, 1H), 

6.83 (d, J = 8.0 Hz, 1H), 4.83 (d, J = 2.6 Hz, 1H), 4.53 (d, J = 15.0 Hz, 1H), 4.37 (d, J = 15.0 Hz, 

1H), 3.76–3.85 (m, 1H), 3.04–2.93 (m, 1H), 2.75–2.95 (m, 3H), 2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.28 

(dd, J = 18.4, 13.9 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.1, 153.7, 145.1, 134.6, 132.2, 

129.9, 128.5, 128.4, 124.1, 123.2, 122.5, 120.0, 117.9, 82.1, 82.0, 56.5, 44.9, 41.3, 33.3, 31.8, 28.6; 

HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C23H19N2O2
79BrNa 457.0522; Found 457.0524, Calcd 

for C23H19N2O2
81BrNa 459.0502; Found 459.0503.  



 

S25 

 

 

Synthesis of 3u: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(4-cyanobenzyl) 3-cyano-

pyridin-1-ium bromide 1c (33.0 mg, 0.110 mmol, 1.1 equiv), amine C1 

(6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) 

was stirred at rt for 60 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3u: 28.1 mg (0.0738 

mmol), as a white solid, 74% yield; mp = 117118 C; [α]D
25 = +68.0 (c = 0.96 in CHCl3); 97% ee, 

determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 

nm]: t (minor) = 28.86 min, t (major) = 33.63 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.68 (d, J 

= 8.3 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 7.3 Hz, 2H), 7.06–6.94 (m, 1H), 6.89 (s, 1H), 

6.80 (dd, J = 8.5, 1.4 Hz, 1H), 4.84 (d, J = 2.6 Hz, 1H), 4.66 (d, J = 15.7 Hz, 1H), 4.48 (d, J = 15.7 

Hz, 1H), 3.94–3.62 (m, 1H), 2.96–3.10 (m, 1H), 2.95–2.78 (m, 3H), 2.54 (dd, J = 18.3, 3.7 Hz, 1H), 

2.28 (dd, J = 18.3, 13.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.0, 153.5, 145.0, 141.3, 

132.8, 128.7, 128.53, 128.50, 124.0, 123.3, 119.8, 118.3, 117.9, 112.4, 82.8, 82.4, 56.6, 44.8, 41.2, 

33.3, 31.8, 28.5; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C24H19N3O2Na 404.1375; Found 

404.1371. 

 

Synthesis of 3v: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a 

(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(2-methylbenzyl) 3-cyano-

pyridin-1-ium bromide 1d (31.7 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 

mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) 

and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt 

for 60 h. After completion, purification by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1:4) gave product 3v: 26.0 mg (0.0703 mmol), as a white solid, 70% 

yield; mp = 114115 C; [α]D
25 = +85.2 (c = 0.65 in CHCl3); 95% ee, determined by HPLC analysis 

[Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 13.00 min, t 

(major) = 15.71 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.23–7.26 (m, 1H), 7.22–7.17 (m, 3H), 
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7.16–7.08 (m, 2H), 6.97 (td, J = 7.5, 1.3 Hz, 1H), 6.88–6.83 (m, 1H), 6.87 (s, 1H), 4.82 (d, J = 2.6 

Hz, 1H), 4.58 (d, J = 14.3 Hz, 1H), 4.42 (d, J = 14.3 Hz, 1H), 3.76–3.86 (m, 1H), 2.90–3.00 (m, 1H), 

2.92–2.78 (m, 3H), 2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.32 (s, 1H), 2.29 (dd, J = 18.4, 14 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 208.4, 153.9, 145.1, 137.1, 133.0, 131.1, 129.6, 128.7, 128.5, 

128.4, 126.5, 124.2, 123.1, 120.4, 117.9, 82.0, 81.3, 55.0, 44.9, 41.4, 33.2, 31.9, 28.7, 19.2; HRMS 

(ESI-TOF) m/z: [M  Na]+ Calcd for C24H22N2O2Na 393.1579; Found 393.1574. 

 

Synthesis of 3w: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a 

(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-butyl 3-cyanopyridin-1-ium 

bromide 1e (26.5 mg, 0.110 mmol, 1.1 equiv) , amine C1 (6.5 mg, 0.020 mol, 

20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After 

completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product 3w: 27.3 mg (0.0848 mmol), as a white solid, 85% yield; 

mp = 154 C; [α]D
25 = +85.2 (c = 0.65 in CHCl3); 97% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 10.98 min, t (major) 

= 14.36 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.13 (t, J = 7.5 Hz, 2H), 6.98 (td, J = 7.5, 1.3 Hz, 

1H), 6.85 (s, 1H), 6.83 (d, J = 7.8 Hz, 1H), 4.94 (d, J = 2.6 Hz, 1H), 3.92–3.84 (m, 1H), 3.39 (dt, J = 

14.3, 7.3 Hz, 1H), 3.24 (dt, J = 14.3, 7.3 Hz, 1H), 3.01–2.78 (m, 4H), 2.53 (dd, J = 18.4, 3.8 Hz, 1H), 

2.29 (dd, J = 18.4, 14.0 Hz, 1H), 1.56–1.68 (m, 2H), 1.43–1.31 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 208.5, 154.0, 145.3, 128.5, 128.4, 124.2, 123.1, 120.6, 118.1, 83.2, 

79.8, 53.9, 45.1, 41.3, 33.4, 32.0, 31.5, 28.5, 19.8, 13.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for 

C24H22N2O2Na 345.1573; Found 345.1576. 
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Synthesis of 3x: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-2-

one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-(2-hydroxyethyl) 3-cyano-

pyridin-1-ium bromide 1f (25.1 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 

mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) 

and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt 

for 4 days. After completion, purification by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1:1) gave product 3x: 30.6 mg (0.0889 mmol), as a white semisolid, 

89% yield; [α]D
25 = +152.0 (c = 0.01 in CHCl3); 93% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 10.44 min, t (major) 

= 20.96 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.16–7.00 (m, 2H), 6.93 (s, 1H), 6.78 (dd, J = 

7.2, 2.2 Hz, 1H), 4.90 (s, 1H), 4.11 (ddd, J = 10.1, 5.9, 2.7 Hz, 1H), 3.90–3.74 (m, 2H), 3.56 (ddd, J 

= 14.9, 6.7, 4.2 Hz, 1H), 3.36 (ddd, J = 14.9, 5.3, 3.9 Hz, 1H), 3.16 (dd, J = 16.1, 2.7 Hz, 1H), 3.10–

2.95 (m, 2H), 2.87 (dd, J = 16.1, 5.8 Hz, 1H), 2.62–2.45 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 208.5, 155.5, 144.8, 134.1, 128.8, 125.0, 124.1, 120.2, 116.9, 86.0, 80.9, 61.4, 57.0, 42.2, 41.2, 

33.6, 31.9, 29.1; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C18H17N2O3
37Cl 347.0971; Found 

347.0971; Calcd for C18H17N2O3
35Cl 345.1000; Found 345.0997. 

Asymmetric reaction on a 1.0 mmol scale   

 

A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a (162 mg, 1.00 mmol, 1.0 equiv) and N-

benzyl 3-cyanopyridin-1-ium bromide 1a (302 mg, 1.10 mmol, 1.1 equiv), amine C1 (65.0 mg, 0.20 

mmol, 20 mol %), acid additive A1 (28.0 mg, 0.200 mmol, 20 mol %) and B1 (197 mg, 1.10 mmol, 

1.1 equiv) in DCM (10.0 mL) was stirred at rt for 48 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3a: 263.4 mg (0.739 mmol), 

as a white solid, 74% yield; 98% ee. 
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4.2 General procedure for dearomative cascade reaction with enones 2 and activated N-

alkyl quinolinium salts 4 

 

General procedure B: A mixture of activated N-alkyl quinolinium salt 4a (0.12 mmol, 1.2 equiv), 

enone 2 (0.1 mmol, 1.0 equiv), amine C2 (20 mol %), acid A2 (20 mol %) and Na2HPO4 (0.12 mmol, 

1.2 equiv) were stirred in DCE (2.0 mL) at rt, and the reaction was monitored by TLC. After 

completion, the product 5 were obtained by flash chromatography on silica gel. The racemic 5 was 

obtained under the catalysis of (±)-1,2-diphenylethane-1,2-diamine. The enantiomers were obtained 

with amine C4. 

Synthesis of 5a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-nitroquinolin-1-

ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), amine C3 (8.7 mg, 

0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.018 mol, 20 mol %) 

and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was 

stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel (EtOAc/ 

petroleum ether = 1:4) gave product 5a: 29.9 mg (0.0702 mmol), as a yellow solid, 70% yield, mp = 

196 C; [α]D
25 = +10.4 (c = 0.87 in CHCl3); 89% ee, determined by HPLC analysis [Daicel Chiralpak 

ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 16.64 min, t (major) = 17.90 

min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J = 2.6 Hz, 1H), 7.95 (dd, J = 9.2, 2.7 Hz, 1H), 

7.43–7.27 (m, 5H), 7.19–7.12 (m, 1H), 7.14–7.08 (m, 1H), 6.98 (td, J = 7.5, 1.3 Hz, 1H), 6.84 (dd, J 

= 8.1, 1.3 Hz, 1H), 6.70 (d, J = 9.2 Hz, 1H), 5.21 (d, J = 3.0 Hz, 1H), 4.91 (d, J = 17.0 Hz, 1H), 4.83 

(d, J = 17.0 Hz, 1H), 4.01–3.92 (m, 1H), 3.70–3.58 (m, 1H), 3.19 (td, J = 9.1, 2.8 Hz, 1H), 3.06 (dd, 

J = 16.2, 4.8 Hz, 1H), 2.87 (dd, J = 16.2, 3.1 Hz, 1H), 2.71 (dd, J = 18.4, 13.9 Hz, 1H), 2.61 (dd, J = 

18.4, 4.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.7, 154.3, 147.1, 139.7, 136.3, 129.0, 
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128.5, 128.3, 127.8, 126.5, 125.4, 124.9, 124.5, 123.2, 123.1, 118.1, 112.5, 87.2, 55.0, 45.1, 44.9, 

33.3, 32.4, 31.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C26H22N2O4Na 449.1472; Found 

449.1472. 

 

Synthesis of ent-5a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-

one 2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-nitroquinolin-

1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), amine C4 (8.7 mg, 

0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %) 

and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was 

stirred at rt for 60 h. After completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product ent-5a: 28.2 mg (0.0662 mmol), as a yellow solid, 66% 

yield, [α]D
25 = 12.5 (c = 0.59 in CHCl3); 89% ee, determined by HPLC analysis [Daicel Chiralpak 

ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 18.07 min, t (major) = 16.48 

min. 

 

Synthesis of 5b: A mixture of (E)-4-(2-hydroxy-3-methylphenyl)but-3-

en-2-one 2b (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 5a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5b: 29.6 mg (0.0672 mmol), as a yellow 

solid, 67% yield; mp = 138140 C; [α]D
25 = 32.7 (c = 0.41 in CHCl3); 84% ee, determined by 

HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) 

= 15.78 min, t (major) = 17.10 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.04 (d, J = 2.7 Hz, 1H), 

7.96 (dd, J = 9.2, 2.7 Hz, 1H), 7.43–7.32 (m, 4H), 7.30 (dd, J = 6.3, 2.4 Hz, 1H), 7.03–6.93 (m, 2H), 

6.92–6.82 (m, 1H), 6.69 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.89 (s, 2H), 4.04–3.87 (m, 

1H), 3.74–3.50 (m, 1H), 3.23–3.14 (m, 1H), 3.07 (dd, J = 16.1, 5.0 Hz, 1H), 2.83 (dd, J = 16.1, 3.0 

Hz, 1H), 2.76 (dd, J = 18.5, 14.3 Hz, 1H), 2.60 (dd, J = 18.5, 4.3 Hz, 1H), 2.10 (s, 3H); 13C NMR 
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(100 MHz, CDCl3): δ 208.9, 152.4, 147.1, 139.6, 136.3, 129.4, 129.0, 127.7, 127.5, 126.4, 126.0, 

125.4, 124.7, 124.5, 123.0, 122.5, 112.4, 87.7, 55.1, 45.3, 45.0, 33.2, 32.6, 32.1, 15.7; HRMS (ESI-

TOF) m/z: [M  Na]+ Calcd for C27H24N2O4Na 463.1628; Found 463.1632. 

 

Synthesis of 5c: A mixture of (E)-4-(3-chloro-2-hydroxyphenyl)but-3-

en-2-one 2c (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5c: 26.6 mg (0.0578 mmol), as a yellow 

solid, 58% yield; mp = 124126 C; [α]D
25 = 56.7 (c = 0.65 in CHCl3); 81% ee, determined by 

HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) 

= 15.83 min, t (major) = 19.60 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J = 2.7 Hz, 1H), 

7.96 (dd, J = 9.2, 2.6 Hz, 1H), 7.46–7.31 (m, 4H), 7.34–7.25 (m, 1H), 7.19 (dd, J = 7.8, 1.5 Hz, 1H), 

7.06 (dd, 1H), 6.96–6.86 (m, 1H), 6.74 (d, J = 9.2 Hz, 1H), 5.21 (d, J = 2.8 Hz, 1H), 4.94 (d, J = 16.9 

Hz, 1H), 4.88 (d, J = 16.9 Hz, 1H), 4.03–3.94 (m, 1H), 3.73–3.59 (m, 1H), 3.27–3.14 (m, 1H), 3.09 

(dd, J = 16.1, 5.0 Hz, 1H), 2.82 (dd, J = 16.1, 3.0 Hz, 1H), 2.73 (dd, J = 18.6, 13.9 Hz, 1H), 2.62 (dd, 

J = 18.6, 4.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.4, 150.1, 146.9, 139.8, 136.0, 129.1, 

128.9, 127.8, 127.1, 126.9, 126.6, 125.3, 124.6, 123.4, 123.3, 122.8, 112.6, 88.1, 54.8, 45.2, 44.8, 

33.1, 32.8, 31.9; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C26H21N2O4
37Cl 485.1053; Found 

485.1059; Calcd for C26H21N2O4
35Cl 483.1082; Found 483.1080. 

 

Synthesis of 5d: A mixture of (E)-4-(2-hydroxy-4-methylphenyl)but-

3-en-2-one 2d (17.6 mg, 0.0999 mmol, 1.0 equiv)  and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

and amine C2 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 

mg, 0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 

equiv) in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash 
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chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5d: 29.1 mg (0.0661 

mmol), as a yellow solid, 66% yield; mp = 106108 C; [α]D
25 = 27.1 (c = 0.73 in CHCl3); 86% ee, 

determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 

nm]: t (minor) = 17.02 min, t (major) = 15.70 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J 

= 2.7 Hz, 1H), 7.95 (dd, J = 9.2, 2.7 Hz, 1H), 7.43–7.27 (m, 5H), 7.03 (d, J = 7.9 Hz, 1H), 6.80 (dd, 

J = 8.0, 1.8 Hz, 1H), 6.69 (d, J = 9.2 Hz, 1H), 6.65 (d, J = 1.8 Hz, 1H), 5.19 (d, J = 2.7 Hz, 1H), 4.91 

(d, J = 17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 4.02–3.86 (m, 1H), 3.68–3.55 (m, 1H), 3.17 (td, J = 

9.0, 2.8 Hz, 1H), 3.03 (dd, J = 16.2, 4.7 Hz, 1H), 2.85 (dd, J = 16.1, 3.1 Hz, 1H), 2.70 (dd, J = 18.4, 

14.0 Hz, 1H), 2.60 (dd, J = 18.4, 4.6 Hz, 1H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.1, 

154.0, 147.1, 139.6, 138.5, 136.4, 129.0, 128.2, 127.7, 126.4, 125.4, 124.5, 124.2, 123.1, 121.6, 118.4, 

112.5, 87.2, 55.0, 45.1, 44.9, 33.2, 32.1, 31.7, 21.0; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for 

C27H24N2O2Na 463.1628; Found 463.1624. 

 

Synthesis of 5e: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl)but-

3-en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 

equiv) in DCE (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5e: 25.2 mg (0.0548 mmol), 

as a yellow solid, 55% yield; mp = 127128 C; [α]D
25 = 40.0 (c = 0.45 in CHCl3); 83% ee, 

determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 

nm]: t (minor) = 18.50 min, t (major) = 16.15 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J 

= 2.7 Hz, 1H), 7.96 (dd, J = 9.2, 2.6 Hz, 1H), 7.45–7.28 (m, 5H), 7.08 (d, J = 8.4 Hz, 1H), 6.96 (dd, 

J = 8.4, 2.1 Hz, 1H), 6.86 (d, J = 2.1 Hz, 1H), 6.72 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.91 

(d, J = 16.9 Hz, 1H), 4.81 (d, J = 16.9 Hz, 1H), 3.98–3.85 (m, 1H), 3.73–3.56 (m, 1H), 3.19 (td, J = 

9.1, 2.8 Hz, 1H), 3.06 (dd, J = 16.2, 4.8 Hz, 1H), 2.83 (dd, J = 16.2, 3.1 Hz, 1H), 2.72–2.52 (m, 2H); 

13C NMR (100 MHz, CDCl3): δ (ppm) 208.3, 154.9, 146.8, 139.8, 136.1, 133.5, 129.5, 129.1, 127.9, 

126.5, 125.3, 124.5, 123.5, 123.4, 122.9, 118.3, 112.6, 87.5, 55.0, 44.9, 44.8, 33.0, 32.1, 31.6; HRMS 
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(ESI-TOF) m/z: [M  Na]+ Calcd for C26H21N2O4
37Cl 485.1053; Found 485.1060; Calcd for 

C26H21N2O4
35Cl 483.1082; Found 483.1074. 

 

Synthesis of ent-5e: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl) 

but-3-en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 

6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C4 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 

equiv) in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:5) gave product ent-5e: 30.9 mg (0.0672 

mmol), as a yellow solid, 67% yield; [α]D
25 = +35.6 (c = 0.82 in CHCl3); 88% ee, determined by 

HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) 

= 15.60 min, t (major) =17.80 min. 

 

Synthesis of 5f: A mixture of (E)-4-(2-hydroxy-5-methylphenyl)but-

3-en-2-one 2g (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5f: 34.4 mg (0.0782 mmol), as a yellow 

solid, 78% yield; mp = 110112 C; [α]D
25 = 32.0 (c = 0.79 in CHCl3); 86% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

16.14 min, t (major) = 17.49 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J = 2.7 Hz, 1H), 

7.95 (dd, J = 9.2, 2.7 Hz, 1H), 7.41–7.27 (m, 5H), 6.94 (d, J = 2.1 Hz, 1H), 6.91 (dd, J = 8.3, 2.1 Hz, 

1H), 6.73 (d, J = 8.2 Hz, 1H), 6.69 (d, J = 9.3 Hz, 1H), 5.16 (d, J = 2.6 Hz, 1H), 4.90 (d, J = 17.0 Hz, 

1H), 4.81 (d, J = 17.0 Hz, 1H), 3.99–3.86 (m, 1H), 3.70–3.51 (m, 1H), 3.16 (td, J = 9.1, 2.8 Hz, 1H), 

3.04 (dd, J = 16.3, 4.8 Hz, 1H), 2.87 (dd, J = 16.2, 3.1 Hz, 1H), 2.73 (dd, J = 18.4, 14.1 Hz, 1H), 2.60 

(dd, J = 18.4, 4.3 Hz, 1H), 2.25 (s, 3H); 13C NMR (150 MHz, CDCl3): δ (ppm) 209.0, 151.9, 147.1, 
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139.6, 136.3, 132.4, 129.1, 129.0, 128.7, 127.7, 126.4, 125.3, 124.5, 124.4, 123.0, 117.8, 112.4, 87.2, 

54.9, 45.0, 45.0, 33.2, 32.3, 31.7, 20.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H24N2O2Na 

463.1628; Found 463.1622. 

 

Synthesis of 5g: A mixture of (E)-4-(2-hydroxy-5-methoxyphenyl) 

but-3-en-2-one 2h (19.2 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4mg, 0.120 mmol, 1.2 equiv), 

amine C2 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 

mg, 0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 

1.2 equiv) in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5g: 33.5 mg (0.0734 mmol), 

as a yellow solid, 73% yield; mp = 115117 C; [α]D
25 = 38.3 (c = 0.82 in CHCl3); 88% ee, 

determined by HPLC analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 

254 nm]: t (minor) = 13.74 min, t (major) = 16.79 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.02 

(d, J = 2.6 Hz, 1H), 7.94 (dd, J = 9.2, 2.7 Hz, 1H), 7.40–7.27 (m, 5H), 6.77 (d, J = 8.7 Hz, 1H), 6.72–

6.62 (m, 3H), 5.14 (d, J = 2.2 Hz, 1H), 4.90 (d, J = 17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 3.97–

3.88 (m, 1H), 3.73 (s, 3H), 3.693.57 (m, 1H), 3.16 (td, J = 9.1, 2.8 Hz, 1H), 3.06 (dd, J = 16.2, 4.9 

Hz, 1H), 2.84 (dd, J = 16.2, 3.0 Hz, 1H), 2.76 (dd, J = 18.4, 14.2 Hz, 1H), 2.60 (dd, J = 18.4, 4.2 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.9, 155.2, 148.0, 147.1, 139.6, 136.4, 129.0, 127.8, 

126.5, 125.7, 125.4, 124.5, 123.1, 118.9, 114.4, 112.9, 112.4, 87.4, 55.7, 55.0, 45.1, 45.0, 33.1, 32.8, 

31.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H24N2O5Na 479.1577; Found 479.1583. 

 

Synthesis of 5h: A mixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-

en-2-one 2j (18.0 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5h: 32.2 mg (0.0725 mmol), as a yellow 
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solid, 73% yield; mp = 117119 C; [α]D
25 = 5.8 (c = 0.65 in CHCl3); 87% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

15.07 min, t (major) = 16.92 min; 1H NMR (400 MHz, CDCl3): δ 8.03 (d, J = 2.7 Hz, 1H), 7.95 (dd, 

J = 9.2, 2.7 Hz, 1H), 7.45–7.28 (m, 5H), 6.94–6.77 (m, 3H), 6.70 (d, J = 9.2 Hz, 1H), 5.17 (d, J = 2.7 

Hz, 1H), 4.91 (d, J = 17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 4.00–3.84 (m, 1H), 3.77–3.52 (m, 1H), 

3.18 (td, J = 9.1, 2.8 Hz, 1H), 3.08 (dd, J = 16.2, 4.9 Hz, 1H), 2.81 (dd, J = 16.2, 3.1 Hz, 1H), 2.71 

(dd, J = 18.5, 13.6 Hz, 1H), 2.62 (dd, J = 18.6, 4.9 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

208.3, 158.2 (d, J = 241.7 Hz), 150.2, 146.9, 139.7, 136.1, 129.0, 127.8, 126.4, 126.3 (d, J = 7.3 Hz), 

125.3, 124.5, 122.8, 119.4 (d, J = 8.2 Hz), 115.5 (d, J = 23.5 Hz), 114.5 (d, J = 23.4 Hz), 112.4, 87.4, 

54.9, 44.9, 44.8, 32.8, 32.7, 31.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 119.4; HRMS (ESI-TOF) 

m/z: [M  Na]+ Calcd for C26H21N2O4FNa 467.1378; Found 467.1370. 

 

Synthesis of 5i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl)but-

3-en-2-one 2i (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5i: 38.2 mg (0.0830 mmol), as a yellow 

solid, 83% yield; mp = 116117 C; [α]D
25 = 69.3 (c = 0.15 in CHCl3); 89% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

16.58 min, t (major) = 17.45 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.03 (d, J = 2.7 Hz, 1H), 

7.95 (dd, J = 9.1, 2.7 Hz, 1H), 7.41–7.28 (m, 5H), 7.13 (d, J = 2.5 Hz, 1H), 7.07 (dd, J = 8.7, 2.5 Hz, 

1H), 6.78 (d, J = 8.7 Hz, 1H), 6.71 (d, J = 9.2 Hz, 1H), 5.17 (d, J = 2.8 Hz, 1H), 4.90 (d, J = 16.9 Hz, 

1H), 4.81 (d, J = 16.9 Hz, 1H), 3.97–3.87 (m, 1H), 3.72–3.52 (m, 1H), 3.18 (td, J = 9.1, 2.8 Hz, 1H), 

3.06 (dd, J = 16.3, 4.9 Hz, 1H), 2.83 (dd, J = 16.3, 3.1 Hz, 1H), 2.74–2.55 (m, 2H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 208.2, 152.9, 146.8, 139.8, 136.1, 129.1, 128.6, 128.3, 128.0, 127.9, 126.6, 

126.5, 125.3, 124.5, 122.9, 119.6, 112.6, 87.4, 55.0, 44.91, 44.89, 32.9, 32.5, 31.6; HRMS (ESI-TOF) 

m/z: [M  Na]+ Calcd for C26H21N2O4
37Cl 485.1053; Found 485.1060; Calcd for C26H21N2O4

35Cl 
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483.1082; Found 483.1075. 

 

Synthesis of ent-5i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl) 

but-3-en-2-one 2i (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 

6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C4 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:5) gave product 5i: 37.6 mg (0.0817 mmol), as a yellow 

solid, 82% yield, [α]D
25 = 70.8 (c = 0.65 in CHCl3); 86% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 18.50 min, t (major) 

=17.11 min. 

 

Synthesis of 5j: A mixture of (E)-4-(2-hydroxy-6-methylphenyl)but-3-

en-2-one 2m (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5j: 25.2 mg (0.0573 mmol), as a yellow 

solid, 57% yield; mp = 219220 C; [α]D
25 = 3.5 (c = 0.69 in CHCl3); 81% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

15.10 min, t (major) = 19.80 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.04 (d, J = 2.4 Hz, 1H), 

7.95 (dd, J = 9.2, 2.5 Hz, 1H), 7.38–7.31 (m, 2H), 7.31–7.27 (m, 3H), 7.07–6.99 (m, 1H), 6.84 (d, J 

= 7.5 Hz, 1H), 6.72 (d, J = 8.1 Hz, 1H), 6.65 (d, J = 9.1 Hz, 1H), 5.05 (d, J = 2.2 Hz, 1H), 4.85 (m, 

2H), 4.16–4.05 (m, 1H), 3.79–3.64 (m, 1H), 3.30–3.17 (m, 1H), 3.14–2.95 (m, 2H), 2.66 (dd, J = 

15.6, 2.3 Hz, 1H), 2.59 (dd, J = 19.2, 4.2 Hz, 1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

209.3, 155.2, 146.6, 139.3, 136.8, 136.2, 129.0, 127.8, 127.7, 126.3, 125.6, 125.4, 125.2, 124.8, 123.1, 

116.1, 111.8, 88.7, 54.1, 44.6, 43.3, 34.0, 33.5, 31.2, 19.1; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd 
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for C27H24N2O4Na 463.1628; Found 463.1624. 

 

Synthesis of 5k: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-

en-2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:6) gave product 5k: 20.1 mg (0.0436 mmol), as a yellow 

solid, 44% yield; mp = 246 C; [α]D
25 = 65.2 (c = 0.84 in CHCl3); 80% ee, determined by HPLC 

analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 

15.67 min, t (major) = 17.48min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.06 (dd, J = 2.6, 0.7 Hz, 

1H), 7.98 (dd, J = 9.2, 2.7 Hz, 1H), 7.40–7.32 (m, 2H), 7.32–7.26 (m, 3H), 7.12–7.03 (m, 2H), 6.81 

(dd, J = 7.0, 2.3 Hz, 1H), 6.68 (d, J = 9.2 Hz, 1H), 5.09 (dd, J = 3.1, 1.4 Hz, 1H), 4.89 (d, J = 17.5 

Hz, 1H), 4.83 (d, J = 17.5 Hz, 1H), 4.29–4.17 (m, 1H), 3.80–3.67 (m, 1H), 3.31–3.17 (m, 1H), 3.14–

2.99 (m, 2H), 2.98 (dd, J = 19.0, 14.2 Hz, 1H), 2.62 (ddd, J = 19.0, 4.7, 1.2 Hz, 1H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 209.1, 156.0, 146.3, 139.6, 136.0, 133.8, 129.1, 128.7, 127.8, 126.3, 125.3, 

124.9, 124.8, 124.6,122.9, 117.1, 112.0, 89.1, 54.3, 44.8, 42.5, 33.5, 33.2, 32.0; HRMS (ESI-TOF) 

m/z: [M  Na]+ Calcd for C26H21N2O4
37Cl 485.1053; Found 485.1068; Calcd for C26H21N2O4

35Cl 

483.1082; Found 483.1082. 

 

Synthesis of 5l: A mixture of (E)-4-(3,5-dibromo-2-hydroxyphenyl) 

but-3-en-2-one 2t (31.8 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 

6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 

equiv) in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5l: 37.0 mg (0.0636 mmol), 

as a yellow solid, 64% yield; mp = 146148 C; [α]D
25 = 69.3 (c = 0.15 in CHCl3); 80% ee, 
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determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 

nm]: t (minor) = 17.23 min, t (major) = 19.90 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.05–7.99 

(m, 1H), 7.99–7.89 (m, 1H), 7.49 (s, 1H), 7.42–7.33 (m, 4H), 7.33–7.27 (m, 1H), 7.23 (d, J = 2.3 Hz, 

1H), 6.75 (dd, J = 9.4, 3.2 Hz, 1H), 5.16 (s, 1H), 4.94 (d, J = 16.9 Hz, 1H), 4.87 (d, J = 16.9 Hz, 1H), 

4.01–3.90 (m, 1H), 3.73–3.58 (m, 1H), 3.26–3.14 (m, 1H), 3.10 (dd, J = 16.2, 5.2 Hz, 1H), 2.78 (dd, 

J = 16.3, 3.0 Hz, 1H), 2.72–2.57 (m, 2H); 13C NMR (100 MHz, CDCl3): δ (ppm) 207.9, 150.3, 146.7, 

139.9, 135.8, 134.2, 130.5, 129.1, 128.8, 127.9, 126.7, 125.3, 124.6, 122.7, 115.3, 113.5, 112.7, 88.4, 

54.7, 45.1, 44.8, 33.0, 32.8, 31.9; HRMS (ESI-TOF) m/z: [M  H]+ Calcd for C26H21N2O4
81Br79Br 

584.9842; Found 584.9848; C26H21N2O4
79Br2 582.9863; Found 582.9801. C26H21N2O4

81Br2 586.9822; 

Found 586.9838. 

 

Synthesis of 5m: A mixture of (E)-4-(3-hydroxynaphthalen-2-yl) 

but-3-en-2-one 1p (21.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 

6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5m: 25.3 mg (0.0532 mmol), as a yellow 

solid, 53% yield; mp = 235236 C; [α]D
25 = 47.1 (c = 0.79 in CHCl3); 85% ee, determined by 

HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) 

= 24.03 min, t (major) = 21.64 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (d, J = 2.6 Hz, 1H), 

7.89 (dd, J = 9.2, 2.7 Hz, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.60–7.51 (m, 2H), 7.41–7.19 (m, 6H), 7.19 

(d, J = 6.0 Hz, 2H), 6.65 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.87 (d, J = 16.9 Hz, 1H), 4.78 

(d, J = 16.9 Hz, 1H), 4.18–3.99 (m, 1H), 3.65–3.49 (m, 1H), 3.16 (td, J = 9.0, 2.8 Hz, 1H), 3.06 (dd, 

J = 16.3, 4.9 Hz, 1H), 2.93 (dd, J = 16.2, 3.2 Hz, 1H), 2.68 (dd, J = 18.5, 14.0 Hz, 1H), 2.55 (dd, J = 

18.5, 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.6, 152.5, 147.1, 139.7, 136.3, 133.4, 

130.0, 129.1, 128.2, 127.8, 127.6, 126.58, 126.56, 126.5, 126.1, 125.3, 124.6, 124.5, 123.2, 113.5, 

112.6, 87.5, 55.0, 45.8, 44.9, 33.1, 32.7, 31.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for 

C30H24N2O4Na 499.1628; Found 499.1630. 



 

S38 

 

Synthesis of 5n: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-cyanoquinolin-

1-ium bromide 4b (39.0 mg, 0.12 mmol, 1.2 equiv), amine C3 (8.7 mg, 

0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %) 

and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was 

stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel (EtOAc/ 

petroleum ether = 1:4) gave product 5n: 31.1 mg (0.0766 mmol), as a yellow solid, 77% yield; mp = 

119121 C; [α]D
25 = +38.9 (c = 0.54 in CHCl3); 82% ee, determined by HPLC analysis [Daicel 

Chiralpak IB, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 15.29 min, t (major) 

= 17.89 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.45–7.27 (m, 6H), 7.19–7.06 (m, 2H), 7.02–6.93 

(m, 1H), 6.83 (dd, J = 8.1, 1.2 Hz, 1H), 6.69 (d, J = 8.7 Hz, 1H), 5.18 (d, J = 2.7 Hz, 1H), 4.85 (d, J 

= 17.0 Hz, 1H), 4.78 (d, J = 17.0 Hz, 1H), 4.01–3.83 (m, 1H), 3.65–3.49 (m, 1H), 3.17 (td, J = 9.1, 

2.8 Hz, 1H), 3.04 (dd, J = 16.2, 4.8 Hz, 1H), 2.87 (dd, J = 16.3, 3.2 Hz, 1H), 2.69 (dd, J = 18.4, 14.3 

Hz, 1H), 2.53 (dd, J = 18.4, 4.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 208.9, 154.3, 145.2, 

136.6, 133.1, 132.2, 129.0, 128.5, 128.3, 127.7, 126.5, 124.9, 123.7, 123.0, 119.5, 118.1, 113.2, 101.6, 

87.2, 54.7, 45.0, 45.0, 33.3, 32.5, 31.5; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H22N2O2Na 

429.1573; Found 429.1574. 

 

Synthesis of 5o: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 

2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 7-nitroquinolin-1-

ium bromide 4c (41.4 mg, 0.120 mmol, 1.2 equiv), amine C3 (8.7 mg, 

0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %) 

and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was 

stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1:4) gave product 5o: 26.2 mg (0.0615 mmol), as a yellow solid, 62% yield; 

mp = 187189 C; [α]D
25 = +40.0 (c = 0.44 in CHCl3); 89% ee, determined by HPLC analysis [Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 17.37 min, t (major) 

= 22.51 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.64 (dd, J = 8.3, 2.2 Hz, 1H), 7.59 (d, J = 2.2 

Hz, 1H), 7.41–7.33 (m, 4H), 7.32–7.26 (m, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.17–7.08 (m, 2H), 6.97 
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(td, J = 7.5, 1.3 Hz, 1H), 6.84 (dd, J = 8.1, 1.3 Hz, 1H), 5.19 (d, J = 2.6 Hz, 1H), 4.88 (d, J = 16.4 Hz, 

1H), 4.75 (d, J = 16.4 Hz, 1H), 4.02–3.89 (m, 1H), 3.68–3.55 (m, 1H), 3.18 (td, J = 9.1, 2.7 Hz, 1H), 

3.02 (dd, J = 16.4, 4.6 Hz, 1H), 2.90 (dd, J = 16.4, 3.2 Hz, 1H), 2.73–2.51 (m, 2H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 209.1, 154.4, 147.9, 142.6, 136.5, 130.3, 129.7, 129.0, 128.38, 128.35, 127.8, 

127.0, 124.7, 122.9, 118.2, 113.9, 107.7, 86.7, 54.7, 44.9, 44.8, 33.4, 32.5, 31.8; HRMS (ESI-TOF) 

m/z: [M  Na]+ Calcd for C26H22N2O4Na 449.1472; Found 449.1468. 

 

Synthesis of 5p: A mixture of (E)-4-(2-(phenylamino)phenyl)but-3-en-

2-one 2u (23.7 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), 

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) 

in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5p: 31.7 mg (0.0631 mmol), as a yellow 

solid, 63% yield; mp = 222223 C; [α]D
25 = 68.0 (c = 0.75 in CHCl3); 61% ee (the peaks of two 

enantiomers were assigned by using a mixture of 5p and its enantiomer obtained with amine C4), 

determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 

nm]: t (minor) = 25.71 min, t (major) = 28.23 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.09 (s, 

1H), 7.85 (d, J = 9.2 Hz, 1H), 7.50–7.07 (m, 7H), 7.07–6.68 (m, 6H), 6.38 (dd, J = 29.0, 8.7 Hz, 2H), 

5.20 (s, 1H), 4.29 (d, J = 16.5 Hz, 1H), 4.07 (d, J = 16.5 Hz, 1H), 3.93–3.82 (m, 1H), 3.79–3.58 (m, 

1H), 3.41–3.22 (m, 1H), 3.09–2.64 (m, 4H); 13C NMR (100 MHz, CDCl3): δ (ppm) 209.4, 149.5, 

145.5, 144.3, 139.2, 136.9, 129.8, 128.8, 128.0, 127.5, 127.5, 126.8, 126.7, 126.04, 125.96, 125.1, 

124.3, 123.9, 121.3, 119.1, 113.5, 74.1, 53.8, 44.4, 44.2, 37.0, 32.3, 32.0; HRMS (ESI-TOF) m/z: [M 

 H]+ Calcd for C32H28N3O3 502.2125; Found 502.2127.  
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4.3 General procedure for dearomative cascade reaction with cyclic dienones 7 and activated 

N,4-dialkyl pyridinium salt 6 

 

General procedure C: To the mixture of methyl (E)-3-(3-oxocyclohex-1-en-1-yl) acrylate 7 (0.1 

mmol, 1.0 equiv), amine C1 (20 mol %), and acid (R)-A2 (40 mol %) in DCM (1.0 mL) were added 

Na2HPO4 (0.12 mmol, 1.2 equiv) and N-benzyl 4-methyl-3-nitropyridin-1-ium bromide 6 (0.12 mmol, 

1.2 equiv) in four portions (12 h) at 25 ºC. The reaction was monitored by TLC. After 48 h, the 

product 8 were obtained by flash chromatography on silica gel. The racemic 8 was generally obtained 

under the catalysis of (±)-1,2-diphenylethane-1,2-diamine. 

Synthesis of 8a: A mixture of methyl (E)-3-(3-oxocyclohex-1-en-1-yl)acrylate 

7a (18.0 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) 

was stirred at 25 ºC. Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) 

were added uniformly in four portions in the period of 12 h. After 48 h, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 8a: 30.5 mg (0.0747 mmol), 

as a yellow solid, 75% yield; mp = 185C; [α]D
25 = +344.7 (c = 0.89 in CHCl3); >19:1 dr; 81% ee, 

determined by HPLC analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80:20, 1.0 mL min-1, λ = 

254 nm]: t (minor) = 17.37 min, t (major) = 22.51 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.30 

(s, 1H), 7.52–7.27 (m, 3H), 7.28–7.11 (m, 2H), 4.55 (d, J = 15.4 Hz, 1H), 4.33 (d, J = 15.4 Hz, 1H), 

4.16 (s, 1H), 3.72 (s, 3H), 2.92–2.85 (m, 1H), 2.83–2.76 (m, 2H), 2.74–2.63 (m, 1H), 2.27– 2.12 (m, 

2H), 2.06–1.92 (m, 1H), 1.92–1.85 (m, 2H), 1.84–1.75 (m, 1H), 1.70 (t, J = 13.1 Hz, 1H), 1.47–1.36 

(m, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 209.1, 174.0, 148.0, 131.8, 128.5, 128.0, 126.9, 126.8, 

122.6, 119.9, 55.8, 54.9, 51.0, 48.1, 45.0, 35.8, 35.5, 33.3, 30.5, 27.5, 17.6; HRMS (ESI-TOF) m/z: 

[M  H]+ Calcd for C23H25N2O5 409.1758; Found 409.1756. 



 

S41 

 

Synthesis of 8b: A mixture of (E)-3-styrylcyclohex-2-en-1-one 7b (19.8 mg, 

0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid 

additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) was stirred 

at 25 ºC. Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 4-methyl-

3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) were added 

uniformly in four portions in the period of 12 h. After 48 h, purification by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1:5) gave product 8b: 19.7 mg (0.0462 mmol), as a yellow solid, 

46% yield; mp = 176 C; [α]D
25 = +363.9 (c = 0.31 in CHCl3); >19:1 dr; 65% ee, determined by 

HPLC analysis [Daicel Chiralpak IE-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t 

(minor) = 25.71min, t (major) = 28.27 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.31 (s, 1H), 7.52–

7.09 (m, 10H), 4.56 (d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 3.04–2.88 (m, 2H), 

2.79–2.67 (m, 2H), 2.21 (s, 2H), 2.13–1.97 (m, 2H), 1.91–1.69 (m, 3H), 1.55–1.33 (m, 1H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 210.9, 149.0, 145.0, 132.9, 129.5, 129.0, 128.7, 128.1, 127.9, 127.0, 

126.7, 125.1, 121.1, 56.8, 56.0, 49.5, 46.1, 39.1, 37.9, 36.8, 34.1, 31.7, 18.8; HRMS (ESI-TOF) m/z: 

[M  Na]+ Calcd for C27H26N2O3Na 449.1836; Found 449.1840. 

 

Synthesis of 8c: A mixture of (E)-3-(4-chlorostyryl)cyclohex-2-en-1-one 7c 

(23.2 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) 

was stirred at 25 ºC. Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) 

were added uniformly in four portions in the period of 12 h. After 48 h, 

purification by flash chromatography on silica gel (EtOAc/petroleum ether = 

1:5) gave product 8c: 20.3 mg (0.0441 mmol), as a yellow solid, 44% yield; mp = 107 C; [α]D
25 

= +299.4 (c = 0.35 in CHCl3); >19:1 dr; 69% ee, determined by HPLC analysis [Daicel Chiralpak IE-

H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 29.77 min, t (major) = 32.37 

min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.31 (s, 1H), 7.47–7.34 (m, 3H), 7.34–7.24 (m, 4H), 7.18 

(d, J = 8.1 Hz, 2H), 4.56 (d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 2.97–2.79 (m, 

2H), 2.70 (dd, J = 8.7, 2.4 Hz, 2H), 2.21 (s, 2H), 2.05 (d, J = 8.4 Hz, 2H), 1.88–1.68 (m, 3H), 1.48–
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1.35 (m, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 210.6, 149.0, 143.5, 132.8, 132.3, 129.5, 129.0, 

128.7, 128.4, 128.0, 127.8, 124.8, 121.0, 56.9, 55.9, 49.4, 46.1, 39.1, 37.9, 36.3, 34.0, 31.7, 18.7; 

HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H25N2O3
37Cl 485.1416; Found 485.1412; Calcd for 

C27H25N2O3
35Cl 483.1446; Found 483.1412. 

 

Synthesis of 8d: A mixture of (E)-3-(4-nitrostyryl)cyclohex-2-en-1-one 7d 

(24.3 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) 

was stirred at 25 ºC. Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) 

were added uniformly in four portions in the period of 12 h. After 48 h, 

purification by flash chromatography on silica gel (EtOAc/petroleum ether = 

1:4) gave product 8d: 28.5 mg (0.0605 mmol), as a yellow solid, 61% yield; mp = 137 C; [α]D
25 

= +403.8 (c = 0.63 in CHCl3); >19:1 dr; 82% ee, determined by HPLC analysis [Daicel Chiralpak IG, 

n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 47.40min, t (major) = 51.63 min; 

1H NMR (400 MHz, CDCl3): δ (ppm) 8.33 (s, 1H), 8.19 (d, J = 8.7 Hz, 2H), 7.49–7.33 (m, 5H), 7.27 

(d, J = 6.1 Hz, 2H), 4.58 (d, J = 15.4 Hz, 1H), 4.37 (d, J = 15.4 Hz, 1H), 4.21 (s, 1H), 3.21–3.00 (m, 

1H), 2.97–2.91 (m, 1H), 2.75 (dd, J = 8.4, 2.3 Hz, 2H), 2.24 (s, 2H), 2.05 (t, J = 10.1 Hz, 2H), 1.93–

1.70 (m, 3H), 1.47 (td, J = 8.4, 8.0, 3.5 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 210.2, 152.6, 

149.2, 146.8, 132.7, 129.5, 129.0, 128.0, 127.9, 127.8, 124.4, 124.0, 121.0, 56.9, 55.9, 49.3, 46.0, 

38.7, 37.7, 37.0, 33.6, 31.7, 18.7; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C27H25N3O5Na 

494.1686; Found 494.1682. 

 

Synthesis of 8e: A mixture of (E)-3-(4-methylstyryl)cyclohex-2-en-1-one 7e 

(21.2 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) 

was stirred at 25 ºC. Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) 

were added uniformly in four portions in the period of 12 h. After 48 h, 
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purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:5) gave product 8e: 

21.7 mg (0.0493 mmol), as a yellow solid, 49% yield; mp = 201204 C; [α]D
25 = +373.8 (c = 0.31 

in CHCl3); >19:1 dr; 66% ee, determined by HPLC analysis [Daicel Chiralpak IE, n-hexane/i-PrOH 

= 60:40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 27.91min, t (major) = 35.36 min; 1H NMR (400 

MHz, CDCl3): δ (ppm) 8.31 (s, 1H), 7.47–7.32 (m, 3H), 7.27 (d, J = 6.3 Hz, 2H), 7.14 (s, 4H), 4.56 

(d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 2.96–2.86 (m, 2H), 2.76–2.67 (m, 2H), 

2.33 (s, 3H), 2.21 (s, 2H), 2.12–2.00 (m, 2H), 1.86–1.69 (m, 3H), 1.48–1.37 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 210.9, 148.9, 142.1, 136.2, 132.9, 129.5, 129.3, 129.0, 128.2, 127.8, 126.9, 

125.1, 121.0, 56.8, 55.9, 49.5, 46.1, 39.3, 37.9, 36.4, 34.2, 31.7, 21.0, 18.8; HRMS (ESI-TOF) m/z: 

[M  Na]+ Calcd for C28H28N2O3Na 463.1992; Found 463.1994. 

 

Synthesis of 8f: A mixture of (E)-3-(prop-1-en-1-yl)cyclohex-2-en-1-one 7f 

(13.6 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 

mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) 

was stirred at 25 ºC. Na2HPO4 (17.0 mg, 0.145 mmol, 1.45 equiv) and N-

benzyl 4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.145 mmol, 1.45 

equiv) were added uniformly in five portions in the period of 16 h. After 48 h, purification by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1:8) gave product 8f: 12.7 mg (0.0349 mmol), 

as a yellow solid, 35% yield; mp = 74 C; [α]D
25 = +546.7 (c = 0.26 in CHCl3); >19:1 dr; 85% ee, 

determined by HPLC analysis [Daicel Chiralpak IE-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, λ = 

254 nm]: t (minor) = 23.54 min, t (major) = 21.13 min; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.29 

(s, 1H), 7.49–7.32 (m, 3H), 7.30–7.14 (m, 2H), 4.54 (d, J = 15.5 Hz, 1H), 4.32 (d, J = 15.5 Hz, 1H), 

4.14 (s, 1H), 2.92–2.72 (m, 1H), 2.50 (dd, J = 17.8, 5.0 Hz, 1H), 2.30–2.18 (m, 1H), 2.13 (s, 2H), 

2.05–1.94 (m, 1H), 1.89 (t, J = 11.9 Hz, 1H), 1.84–1.70 (m, 1H), 1.58–1.47 (m, 1H), 1.42–1.29 (m, 

1H), 1.29–1.17 (m, 2H), 1.04 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 211.3, 148.9, 

132.9, 129.4, 128.9, 128.2, 127.8, 125.0, 121.3, 56.8, 55.9, 49.6, 46.2, 40.8, 37.5, 34.4, 31.8, 25.3, 

21.9, 18.8; HRMS (ESI-TOF) m/z: [M  Na]+ Calcd for C22H24N2O3Na 387.1679; Found 387.1684. 
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5.  Transformations of products 

 

Synthesis of 10: To a solution of 3a (35.6 mg, 0.0999 mmol) and 2-aminobenzaldehyde 9 (14.5 

mg, 0.119 mol, 1.2 equiv) in EtOH (1.0 mL) was added KOH (6.7 mg, 0.12 mol, 1.2 equiv). The 

mixture was stirred at room temperature for 18 h. Then the mixture was concentrated under reduced 

pressure and purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4 to 1:3) 

gave product 10: 36.8 mg (0.0831 mmol), as a white solid, 83% yield; mp = 239240 C; [α]D
25 = 

(c = 0.36 in CHCl3); 99% ee, determined by HPLC analysis [Daicel Chiralpak AD-H, n-

hexane/i-PrOH = 60/40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 18.30 min, t (major) = 11.74 min; 

1H NMR (400 MHz, CDCl3): δ 8.07 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.85 (dd, J = 8.1, 1.4 Hz, 1H), 

7.72–7.61 (m, 1H), 7.53 (td, J = 7.4, 6.8, 1.2 Hz, 1H), 7.43–7.28 (m, 5H), 7.09–7.01 (m, 1H), 6.94 (t, 

J = 1.2 Hz, 1H), 6.89–6.81 (m, 2H), 6.79–6.68 (m, 1H), 5.02 (d, J = 2.7 Hz, 1H), 4.68 (d, J = 9.0 Hz, 

1H), 4.61 (d, J = 14.7 Hz, 1H), 4.46 (d, J = 14.7 Hz, 1H), 3.26 (dd, J = 14.4, 3.0 Hz, 1H), 3.00 (td, J 

= 9.2, 2.7 Hz, 1H), 2.90 (t, J = 13.9 Hz, 1H), 2.68–2.56 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 160.2, 154.1, 146.7, 145.6, 135.8, 134.1, 132.9, 129.9, 129.3, 129.0, 128.9, 128.4, 128.3, 128.1, 

127.6, 127.3, 126.3, 123.2, 122.3, 120.4, 117.7, 83.8, 82.5, 57.2, 40.0, 36.7, 34.4, 33.0; HRMS (ESI-

TOF) m/z: [M  H]+ Calcd for C30H24N3O 442.1914; Found 442.1920.  

 

A mixture of product 8a (40.8 mg, 0.0999 mmol) and 10% palladium on charcoal (40.8 mg, 0.0100 

mmol, 10 mol %,) in methanol (2 mL) was purged with hydrogen. The mixture was stirred at room 

temperature for 3 h, filtered through celite, washed with DCM and concentrated in vacuo. The residue 

was purified by column chromatography on silica gel (petroleum ether/EtOAc = 1:1 to 3:1) to give 
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product 12: 12.0 mg (0.0419 mmol), as a white solid, 42% yield; mp = 203 C; [α]D
25 = (c 

= 0.37 in CHCl3); 80% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 

60/40, 1.0 mL min-1, λ = 254 nm]: t (minor) = 20.71 min, t (major) = 23.97 min; 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.87 (s, 1H), 3.77 (s, 3H), 3.73 (q, J = 4.1, 3.3 Hz, 1H), 2.93–2.71 (m, 2H), 2.58 (dd, 

J = 16.0, 11.0 Hz, 1H), 2.36 (d, J = 18.4 Hz, 1H), 2.28 (dt, J = 13.6, 2.2 Hz, 1H), 2.19–2.02 (m, 1H), 

1.98–1.86 (m, 2H), 1.82–1.63 (m, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 209.5, 174.9, 145.8, 

139.8, 134.3, 134.1, 126.5, 54.2, 52.2, 48.3, 37.5, 37.0, 35.3, 31.0, 25.7, 24.3; HRMS (ESI-TOF) m/z: 

[M  H]+ Calcd for C16H18N2O3 287.1390; Found 287.1381. 
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6. More substrate exploration 

 

Scheme S1. More exploration on the reactions with diverse enones  

Then we explored the dearomative cascade reactions between other enones and pyridinium salt 

1a under the catalysis of C1. Unfortunately, there was no success and results were outlined in the 

above Scheme S1. 
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Scheme S2. More exploration on other pyridinium and quinolinium salts 

We found the 3-cyano group was essential for the dearomative cascade reaction. When other 3-

EWG substituted pyridinium salts were tested, the reaction was messy for the 3-NO2 substituted 

pyridinium salt. In addition, the reaction didn’t occur for the salts with other weaker electron 

withdrawing groups. In addition, the unsuccessful attempts were summarized in Scheme S2.  
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7.  Proposed catalytic mechanism 

 

Scheme S3 Proposed mechanism and transition state for the formation of 3a. 

As outlined in Scheme S3, after condensation of chiral amine C1 with compound 2a, a cross 

dienamine intermediate I was formed and then attacked 1a from Re-face to give II. Then a Michael 

reaction occurred for the dearomatized enamine-type intermediates, followed by hydrolysis of III to 

regenerate the catalyst. Finally, the hydroxyl group captured iminium ion from Si-face to give the 

desired product 3a.  
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Scheme S4 Proposed reaction pathway for the formation of 8a. 

As outlined in Scheme S4, 7a first was condensed with chiral amine C1 to form an iminium ion 

intermediate. On the other hand, the activated nucleophile 6a' formed by the deprotonation of 6a, 

attacked the iminium ion intermediate to deliver int-1, followed by dearomatization and 

tautomerization to give int-3, and then an intramolecular Michael addition occurred to furnish 

spirocyclic int-4. After the second aromatization and tautomerization, int-5 was generated and the 

enamine moiety attacked the pyridinium ring, finally furnishing fused and bridged architecture 8 after 

the release of the catalyst.  
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8. Crystal data and structural refinement 

8.1 Procedure for the recrystallization of 3t 

To a 10 mL tube containing 3t (20 mg) was added a 1:3 mixture of n-hexane and 

dichloromethane (about 3 mL). The mixture was heated until a clear solution was formed, which was 

kept aside overnight at room temperature to obtain crystals. The crystals were subjected for single 

crystal XRD to determine the absolute configuration of 3t. The data were collected by an Xcalibur E 

equipped with a Mo radiation source (K = 0.71073 Å) at 293.15 K. CCDC 2022384 (3t) contains 

the supplementary crystallographic data for this paper. These data can be obtained free of charge 

via www.ccdc.cam.ac.uk/data_request/cif. 

     

(ellipsoid contour probability 50%) 

Identification code 3t 

Empirical formula C23H19BrN2O2 

Formula weight 435.31 

Temperature/K 293.15 

Crystal system orthorhombic 

Space group P212121 

a/Å 5.7376(4) 

b/Å 8.6079(7) 

c/Å 39.542(3) 

α/° 90 

http://www.ccdc.cam.ac.uk/data_request/cif.
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β/° 90 

γ/° 90 

Volume/Å3 1952.9(3) 

Z 4 

ρcalcg/cm3 1.481 

μ/mm-1 2.126 

F(000) 888.0 

Crystal size/mm3 0.35 × 0.3 × 0.25 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.182 to 52.72 

Index ranges -6 ≤ h ≤ 7, -10 ≤ k ≤ 9, -49 ≤ l ≤ 48 

Reflections collected 11104 

Independent reflections 3945 [Rint = 0.0406, Rsigma = 0.0474] 

Data/restraints/parameters 3945/0/253 

Goodness-of-fit on F2 1.072 

Final R indexes [I>=2σ (I)] R1 = 0.0491, wR2 = 0.1043 

Final R indexes [all data] R1 = 0.0626, wR2 = 0.1144 

Largest diff. peak/hole / e Å-3 0.25/-0.65 

Flack parameter -0.004(6) 

 

8.2 Procedure for the recrystallization of 5k 

To an NMR tube containing 5k (25 mg) was added CDCl3 (about 1.5 mL). Crystals were obtained by 

solvent evaporation at room temperature. The crystals were subjected for single crystal XRD to 

determine the absolute configuration of 5k. The data were collected by an Agilent Gemini equipped 

with a Cu radiation source (Kα = 1.54184 Å) at 296.11 K. CCDC 2022385 (5k) contains the 

supplementary crystallographic data for this paper. These data can be obtained free of charge 

via www.ccdc.cam.ac.uk/data_request/cif. 

http://www.ccdc.cam.ac.uk/data_request/cif.
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(ellipsoid contour probability 50%) 

Identification code 5k 

Empirical formula  C26H21ClN2O4  

Formula weight  460.90  

Temperature/K  296.11  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  8.9839(3)  

b/Å  10.1735(3)  

c/Å  23.7806(8)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  2173.48(12)  

Z  4  

ρcalcg/cm3 1.408  

μ/mm-1 1.869  

F (000)  960.0  

Crystal size/mm3  0.6 × 0.4 × 0.3  

Radiation  CuKα (λ= 1.54184) 

2Θ range for data collection/°  7.434 to 142.634  
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Index ranges  -7 ≤ h ≤ 10, -12 ≤ k ≤ 12, -25 ≤ l ≤ 28 

Reflections collected  11768 

Independent reflections  4160 [Rint = 0.0475, Rsigma = 0.0394]  

Data/restraints/parameters 4248/0/298 

Goodness-of-fit on F2 1.059 

Final R indexes [I>=2σ (I)] R1 = 0.0559, wR2 = 0.1394 

Final R indexes [all data] R1 =0.0559, wR2 = 0.1464 

Largest diff. peak/hole / e Å-3 0.26/-0.40 

Flack parameter 0.005(13) 

 

8.3 Procedure for the recrystallization of 10 

To a 10 mL tube containing 10 (25 mg) was added a 4:1 mixture of EtOAc and dichloromethane 

(about 2 mL). A clear solution was formed by ultrasound treatment, which was kept aside for 2 days 

at room temperature to obtain crystals. The crystals were subjected for single crystal XRD to 

determine the absolute configuration of 10. The data were collected by an Agilent Gemini equipped 

with a Cu radiation source (Kα = 1.54184 Å) at 295.9(4) K. CCDC 2023072 (10) contains the 

supplementary crystallographic data for this paper. These data can be obtained free of charge 

via www.ccdc.cam.ac.uk/data_request/cif. 

   

(ellipsoid contour probability 50%) 

Identification code  10 

Empirical formula  C30H23N3O  

Formula weight  441.51 

http://www.ccdc.cam.ac.uk/data_request/cif.
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Temperature/K   295.9(4)  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  9.3601(3)  

b/Å  12.7584(4)  

c/Å 18.9146(6) 

α/°  90  

β/°   90  

γ/°  90  

Volume/Å3 2258.78(12) 

Z  4  

ρcalcg/cm3 1.298 

μ/mm-1 0.626 

F (000) 928.0 

Crystal size/mm3  0.55 × 0.3 × 0.2 

Radiation  CuKα (λ = 1.54184)  

2Θ range for data collection/°  8.36 to 128.742  

Index ranges  -10 ≤ h ≤ 6, -14 ≤ k ≤ 14, -21 ≤ l ≤ 22 

Reflections collected  10552  

Independent reflections   3761 [Rint = 0.0615, Rsigma = 0.0488] 

Data/restraints/parameters  3761/14/307 

Goodness-of-fit on F2  1.037 

Final R indexes [I>=2σ (I)]   R1 = 0.0673, wR2 = 0.1655 

Final R indexes [all data]  R1 = 0.0711, wR2 = 0.1733 

Largest diff. peak/hole / e Å-3  0.23/-0.38  

Flack parameter  -0.1(4) 
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8.4 Procedure for the recrystallization of 11 

To a 10 mL tube containing 11 (15 mg) was added a 5:1 mixture of EtOAc and dichloromethane 

(about 2 mL). A clear solution was formed by ultrasound treatment, which was kept aside for 2 days 

at room temperature to obtain crystals. The crystals were subjected for single crystal XRD to 

determine the absolute configuration of 11. The data were collected by an Agilent Gemini equipped 

with a Cu radiation source (Kα = 1.54184 Å) at 296.3(4) K. CCDC 2022386 (11) contains the 

supplementary crystallographic data for this paper. These data can be obtained free of charge 

via www.ccdc.cam.ac.uk/data_request/cif. 

      

(ellipsoid contour probability 50%) 

Identification code  11 

Empirical formula  C16H18N2O3  

Formula weight  286.32  

Temperature/K   296.3(4)  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  5.70829(12)  

b/Å  11.8370(3)  

c/Å 21.2874(5)  

α/°  90  

β/°   90  

γ/°  90  

http://www.ccdc.cam.ac.uk/data_request/cif.
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Volume/Å3 1438.37(6)  

Z  4  

ρcalcg/cm3 1.322  

μ/mm-1 0.753  

F (000) 608.0  

Crystal size/mm3  0.6 × 0.4 × 0.2  

Radiation  CuKα (λ = 1.54184)  

2Θ range for data collection/°  8.548 to 134.106  

Index ranges  -6 ≤ h ≤ 4, -14 ≤ k ≤ 14, -25 ≤ l ≤ 25 

Reflections collected  7455  

Independent reflections   2564 [Rint = 0.0407, Rsigma = 0.0374] 

Data/restraints/parameters  2564/0/198  

Goodness-of-fit on F2  1.057  

Final R indexes [I>=2σ (I)]   R1 = 0.0464, wR2 = 0.1257 

Final R indexes [all data]  R1 = 0.0495, wR2 = 0.1304 

Largest diff. peak/hole / e Å-3  0.19/-0.22  

Flack parameter  -0.1(2) 
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9.   NMR, HRMS spectra and HPLC chromatograms 
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