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1. General considerations 

Unless otherwise noted, all chemicals and reagents were purchased from commercial suppliers and 

were used without further purification. All glassware was oven-dried at 120 °C. All photoreactions 

were conducted in single neck round bottom flask unless otherwise noted. The light source was a 9 

W blue LED lamp (450 nm, placed approximately 5 cm from the reaction flask) without any filters. 

All reactions were monitored by thin-layer chromatography (TLC) with GF 254 silica gel pre-coated 

plates (0.25 mm, Qingdao Haiyang chemical industry Co. Ltd., Qingdao, China) using UV light and 

vanillic aldehyde as visualizing agents. Flash chromatography was performed using silica gel (200-

300 mesh) at increased pressure. NMR spectra were recorded on Bruker AVANCE III (400 MHz) 

and Bruker AVANCE DMX600 (600 MHz) spectrometers. Chemical shifts for 1H NMR and 13C 

NMR were referenced to TMS (0.00 ppm) or residual undeuterated solvent signals (7.26 ppm for 

1H NMR in CDCl3, 77.16 ppm for 13C NMR in CDCl3) respectively. 19F NMR data were calibrated 

using CFCl3 as an external reference (0.0 ppm). Data for NMR are reported as follows: chemical 

shift (ppm), integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, dd 

= doublet of doublets, br = broad and m = multiplet), and coupling constant (Hz). High-resolution 

mass spectra (HRMS) were acquired on Bruker Impact II TOF mass spectrometer using ESI 

ionization sources. Optical rotations were measured on a Perkin Elmer 341 Polarimeter at λ = 589 

nm. The diastereomeric ratio (dr) and enantiomeric excess (ee) of products were determined by 

chiral HPLC analysis carried out on a Shimadzu LC-20A instrument using Chiralpak AD-H, 

Chiralpak OD-H, Chiralpak AS-H, Chiralpak IC and Chiralpak OJ-H (0.46 cm Φ × 25 cm, 5 μm, 

Daicel Chiral Technologies CO., LTD.). Cyclic voltammograms were obtained on a CHI 700E 

potentiostat (CH Instruments, Inc.). Single-crystal X-ray diffraction measurements were carried out 

on an Agilent SuperNova, Dual, Cu at home/near EosS2 diffractometer.  
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2. General procedure for the visible-light-induced enantioselective oxidative 

cross-dehydrogenative coupling of acyclic benzylic secondary amines with ketones 

 

To a 10 mL round-bottom flask equipped with a magnetic stirring bar was added 1 (0.3 mmol, 1.0 

equiv), Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 2 mol%), and DMF (dried over 3Å molecular sieves, 

2 mL). The mixture was irradiated with a 9 W blue LED lamp under the air atmosphere at room 

temperature. After full conversion of 1 as monitored by TLC, the light was turned off. 2 (1.5–6.0 

mmol, 5.0–20.0 equiv, as indicated), the chiral catalyst (0.009 mmol, 30 mol% A or B, as indicated) 

and the base (0.6 mmol, 2.0 equiv KHCO3 or KOH, as indicated) were added, then the mixture was 

stirred without light. The reaction was monitored by TLC. After completion of the reaction, the 

mixture was diluted with 20 mL EtOAc, and washed with brine (10 mL × 2). The organic phase was 

dried over anhydrous Na2SO4 and filtered. The filtrate was collected and concentrated in vacuum to 

remove the solvent. The residue was purified by flash column chromatography on silica gel using 

petroleum ether/EtOAc (v/v, 25:1 to 5:1) as eluent to obtain the corresponding product 3 or 4. 

3. Preparation and characterization of substrates 1 

The following substrates 1 were purchased from commercial sources (Figure S1). 
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Figure S1. Substrates 1 purchased from commercial sources. 

The other substrates 1 were synthesized according to literature: 

General procedure[1] 

 

A 100 mL round-bottomed flask equipped with a magnetic stirring bar was charged with 5 (5.0 

mmol, 1.0 equiv), 6 (7.5 mmol, 1.5 equiv), K2CO3 (1.38 g, 10.0 mmol, 2.0 equiv) and MeCN (70 

mL). The reaction mixture was vigorously stirred at room temperature. The reaction was monitored 

by TLC. Upon completion, the reaction mixture was filtered by Celite and washed with EtOAc. The 

filtrate was collected and concentrated in vacuum to remove the solvent. The residue was directly 

submitted to flash column chromatography on silica gel using petroleum ether/EtOAc (300:1 to 20:1) 

to obtain the corresponding compound 1. 

 

N-(4-(tert-butyl)benzyl)aniline (1c)[1] 

White solid. 

1H NMR (600 MHz, CDCl3): δ 7.36 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.17 (t, J = 7.7 

Hz, 2H), 6.71 (t, J = 7.3 Hz, 1H), 6.64 (d, J = 7.8 Hz, 2H), 4.28 (s, 2H), 4.10 (br s, 1H), 1.32 (s, 9H). 
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13C NMR (151 MHz, CDCl3): δ 150.3, 148.2, 136.3, 129.3, 127.4, 125.6, 117.6, 113.0, 34.5, 31.4. 

 

N-(4-methylbenzyl)aniline (1d)[2] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.24 (d, J = 7.6 Hz, 2H), 7.14 (q, J = 7.6 Hz, 4H), 6.69 (t, J = 7.1 

Hz, 1H), 6.61 (d, J = 7.9 Hz, 2H), 4.25 (s, 2H), 3.92 (br s, 1H), 2.33 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 148.3, 136.9, 136.5, 129.4, 129.3, 127.6, 117.6, 113.0, 48.2, 

21.1. 

  

N-(3-methylbenzyl)aniline (1e)[3] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.24 – 7.19 (m, 1H), 7.19 – 7.11 (m, 4H), 7.07 (d, J = 7.2 Hz, 1H), 

6.70 (t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.9 Hz, 2H), 4.26 (s, 2H), 3.99 (br s, 1H), 2.33 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 148.3, 139.4, 138.3, 129.2, 128.5, 128.3, 128.0, 124.6, 117.6, 

112.9, 48.4, 21.4. 

 

N-(2-methylbenzyl)aniline (1f)[4] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.32 (d, J = 7.1 Hz, 1H), 7.20 – 7.16 (m, 5H), 6.71 (t, J = 7.2 Hz, 

1H), 6.62 (d, J = 7.9 Hz, 2H), 4.25 (s, 2H), 3.82 (br s, 1H), 2.36 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 148.4, 137.1, 136.3, 130.4, 129.3, 128.3, 127.4, 126.2, 117.6, 

112.8, 46.5, 18.9. 



S5 
 

 

N-(4-nitrobenzyl)aniline (1g)[4] 

Red oil. 

1H NMR (600 MHz, CDCl3): δ 8.16 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.16 (t, J = 7.9 

Hz, 2H), 6.73 (t, J = 7.3 Hz, 1H), 6.57 (d, J = 8.0 Hz, 2H), 4.45 (s, 2H), 4.01 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 147.6, 147.4, 147.3, 129.4, 127.7, 123.9, 118.2, 113.0, 47.7. 

 

N-(4-fluorobenzyl)aniline (1h)[1] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.33 – 7.31 (m, 2H), 7.16 (t, J = 7.9 Hz, 2H), 7.01 (t, J = 8.6 Hz, 

2H), 6.72 (t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.7 Hz, 2H), 4.29 (s, 2H), 4.04 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 162.1 (d, J = 245.2 Hz), 147.9, 135.1 (d, J = 3.0 Hz), 129.3, 129.0 

(d, J = 8.0 Hz), 117.9, 115.4 (d, J = 21.4 Hz), 113.0, 47.7. 

19F NMR (376 MHz, CDCl3): δ -115.6. 

  

N-(4-chlorobenzyl)aniline (1i)[4] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.29 – 7.26 (m, 4H), 7.16 – 7.14 (m, 2H), 6.71 (t, J = 7.3 Hz, 1H), 

6.59 (d, J = 8.3 Hz, 2H), 4.28 (s, 2H), 4.02 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 147.9, 138.1, 132.9, 129.3, 128.8, 128.7, 117.9, 113.0, 47.7. 

  

N-(4-bromobenzyl)aniline (1j)[4] 
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Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.44 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.16 (t, J = 7.6 

Hz, 2H), 6.72 (t, J = 7.1 Hz, 1H), 6.59 (d, J = 8.0 Hz, 2H), 4.27 (s, 2H), 4.04 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 147.8, 138.6, 131.7, 129.3, 129.1, 121.0, 117.9, 113.0, 47.8. 

  

1-(4-((Phenylamino)methyl)phenyl)ethan-1-one (1k)[1] 

White solid. 

1H NMR (600 MHz, CDCl3): δ 7.92 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.16 (t, J = 7.8 

Hz, 2H), 6.73 (t, J = 7.2 Hz, 1H), 6.61 (d, J = 8.2 Hz, 2H), 4.41 (s, 2H), 4.30 (br s, 1H), 2.58 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 197.6, 147.7, 145.1, 136.3, 129.3, 128.7, 127.3, 118.0, 113.0, 48.1, 

26.5. 

  

N-(3-bromobenzyl)aniline (1l)[3] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.50 (s, 1H), 7.37 (d, J = 7.9 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 

7.16 (q, J = 8.2 Hz, 3H), 6.71 (t, J = 7.3 Hz, 1H), 6.58 (d, J = 8.0 Hz, 2H), 4.27 (s, 2H), 4.01 (br s, 

1H). 

13C NMR (151 MHz, CDCl3): δ 147.8, 142.1, 130.4, 130.3, 130.2, 129.4, 125.9, 122.8, 117.9, 

113.0, 47.8. 

  

N-(2-bromobenzyl)aniline (1m)[1] 

Yellow oil. 
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1H NMR (600 MHz, CDCl3): δ 7.56 (d, J = 7.9 Hz, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.25 – 7.22 (m, 

1H), 7.19 – 7.14 (m, 2H), 7.14 – 7.10 (m, 1H), 6.72 (t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.7 Hz, 2H), 

4.40 (s, 2H), 4.06 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 147.6, 138.2, 132.8, 129.3 × 2 (129.29, 129.26), 128.7, 127.6, 

123.3, 117.9, 113.1, 48.5. 

  

N-(2,4-difluorobenzyl)aniline (1n)[1] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.35 – 7.31 (m, 1H), 7.18 – 7.15 (m, 2H), 6.82 – 6.79 (m, 2H), 6.72 

(t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.8 Hz, 2H), 4.35 (s, 2H), 4.02 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 162.3 (dd, J = 248.2, 12.0 Hz), 160.8 (dd, J = 248.8, 11.9 Hz), 

147.6, 130.2 (dd, J = 9.6, 6.1 Hz), 129.3, 122.3 (dd, J = 14.8, 3.5 Hz), 118.0, 113.0, 111.2 (dd, J = 

21.0, 3.7 Hz), 103.8 (t, J = 25.4 Hz), 41.5 (d, J = 3.5 Hz). 

19F NMR (565 MHz, CDCl3): δ -115.2 (d, J = 7.1 Hz), -114.9 (d, J = 7.1 Hz). 

  

N-(naphthalen-2-ylmethyl)aniline (1o)[1] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.84 – 7.75 (m, 4H), 7.49 – 7.41 (m, 3H), 7.20 – 7.12 (m, 2H), 6.71 

(t, J = 7.3 Hz, 1H), 6.65 (d, J = 7.9 Hz, 2H), 4.46 (s, 2H), 4.08 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 148.2, 137.0, 133.6, 132.8, 129.3, 128.4, 127.8, 127.7, 126.2, 

126.0, 125.8 × 2 (125.78, 125.76), 117.7, 113.0, 48.6. 

  

N-benzyl-4-fluoroaniline (1t)[4] 

Yellow oil. 
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1H NMR (400 MHz, CDCl3): δ 7.40 – 7.31 (m, 4H), 7.30 – 7.24 (m, 1H), 6.86 (t, J = 8.6 Hz, 2H), 

6.59 – 6.51 (m, 2H), 4.26 (s, 2H), 3.76 (br s, 1H). 

13C NMR (101 MHz, CDCl3): δ 155.9 (d, J = 235.9 Hz), 144.5 (d, J = 1.6 Hz), 139.3, 128.7, 127.5, 

127.3, 115.7 (d, J = 22.4 Hz), 113.7 (d, J = 7.4 Hz), 49.0. 

19F NMR (376 MHz, CDCl3): δ -127.8. 

  

N-benzyl-3-fluoroaniline (1u)[5] 

Yellow oil. 

1H NMR (600 MHz, CDCl3): δ 7.33 (d, J = 4.1 Hz, 4H), 7.30 – 7.24 (m, 1H), 7.10 – 7.03 (m, 1H), 

6.42 – 6.34 (m, 2H), 6.33 – 6.28 (m, 1H), 4.28 (s, 2H), 4.13 (br s, 1H). 

13C NMR (151 MHz, CDCl3): δ 164.2 (d, J = 243.0 Hz), 150.0 (d, J = 10.7 Hz), 138.9, 130.3 (d, J 

= 10.2 Hz), 128.7, 127.5, 127.4, 108.8, 104.0 (d, J = 21.7 Hz), 99.6 (d, J = 25.4 Hz), 48.3. 

19F NMR (565 MHz, CDCl3): δ -112.8. 

  

Ethyl (4-methoxyphenyl)glycinate (1am)[6] 

Yellow solid. 

1H NMR (600 MHz, CDCl3): δ 6.77 (d, J = 8.9 Hz, 2H), 6.57 (d, J = 8.9 Hz, 2H), 4.21 (q, J = 7.1 

Hz, 2H), 4.05 (br s, 1H), 3.83 (s, 2H), 3.72 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H). 

13C NMR (151 MHz, CDCl3): δ 171.4, 152.7, 141.4, 114.9, 114.4, 61.2, 55.7, 46.8, 14.2. 

4. General procedure for preparing racemic products as chiral HPLC controls[7] 

 

A round-bottomed flask equipped with a magnetic stirring bar was charged with 7 (0.3 mmol, 1.0 

equiv), 6 (0.3 mmol, 1.0 equiv), 2 (6.0 mmol, 20.0 equiv), Hf(OTf)4 (1.2 mg, 0.0015 mmol, 0.5 
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mol%) and DMSO (3.0 mL). The reaction mixture was stirred at room temperature and monitored 

by TLC. After completion of the reaction, CH2Cl2 (5 mL) was added to the reaction to dissolve the 

residue. the crude material was purified by preparative thin layer chromatography (silica gel, 

petroleum ether/EtOAc = 5:1 to 1:1) to give the desired racemic product (Rac-3 or Rac-4). 

5. Optimization details 

Table S1. Screening of catalysts.[a] 

 

Entry Catalyst Yield [%][b] ee [%][c] 

1 A 50 90 

2 B 49 –90 

3 C 47 56 

4 D 45 90 

5 E 20 22 

 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O (6 mg, 0.009 mmol, 3 mol%) and Catalyst (0.09 

mmol, 30 mol%) in DMF (dried over 3Å molecular sieves, 3.0 mL) irradiated with 9 W blue LEDs 

under air at room temperature. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak 

AD-H column. 

Table S2. Screening of the amounts of A.[a] 
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Entry A [mol%] Yield [%][b] ee [%][c] 

1 10 38 90 

2 20 46 90 

3 30 50 90 

4 40 50 90 

5 50 50 90 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O (6 mg, 0.009 mmol, 3 mol%) and A in DMF (dried 

over 3Å molecular sieves, 3.0 mL) irradiated with 9 W blue LEDs under air at room temperature. 

[b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-H column. 

Table S3. Screening of photocatalysts.[a] 

  

Entry Photocatalyst Yield [%][b] ee [%][c] 

1 Ru(bpy)3Cl2·6H2O 50 90 

2 Eosin Y Trace —— 

3 Rose Bengal Trace —— 

4 Rhodamine 6G 38 90 

5 Mes-Acr-Me+ClO
4

- 43 76 

6 fac-Ir(ppy)3 35 89 

7 Ru(bpy) 3PF6 26 82 

8 Methyene blue 18 90 

9 Fluorescein 7 88 

10 [Ir(dF(CF3)ppy)2(dtbbpy)PF6 35 88 

11 Ir(ppy)2(dtbbpy)PF6 49 87 

12 None N.R.[d] —— 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 
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μL, 9.0 mmol, 30.0 equiv), Photocatalyst (0.009 mmol, 3 mol%) and A (11 mg, 0.09 mmol, 30 

mol%) in DMF (dried over 3Å molecular sieves, 3.0 mL) irradiated with 9 W blue LEDs under air 

at room temperature. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-H 

column. [d] No reaction. 

Table S4. Screening of the amounts of Ru(bpy)3Cl2·6H2O.[a] 

  

Entry Ru(bpy)3Cl2·6H2O (mol%) Yield [%][b] ee [%][c] 

1 1 31 90 

2 2 50 90 

3 3 50 90 

4 4 47 91 

5 5 46 88 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O and A (11 mg, 0.09 mmol, 30 mol%) in DMF (dried 

over 3Å molecular sieves, 3.0 mL) irradiated with 9 W blue LEDs under air at room temperature. 

[b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-H column. 

Table S5. Screening of solvents.[a] 

  

Entry Solvent Yield [%][b] ee [%][c] 

1 DMF 50 90 

2 MeCN N.D.[d] —— 

3 MeOH 14 90 

4 EtOH 15 88 
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5 THF N.R.[e] —— 

6 DMSO 48 54 

7 DCE Trace —— 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 2 mol%) and A (11 mg, 0.09 

mmol, 30 mol%) in solvent (dried over molecular sieves, 3.0 mL) irradiated with 9 W blue LEDs 

under air at room temperature. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak 

AD-H column. [d] Not detected. [e] No reaction. 

Table S6. Screening of the amounts of DMF.[a] 

  

Entry DMF [mL] Yield [%][b] ee [%][c] 

1 1.0 46 89 

2 2.0 50 90 

3 3.0 50 90 

4 4.0 49 88 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 2 mol%) and A (11 mg, 0.09 

mmol, 30 mol%) in DMF (dried over 3Å molecular sieves) irradiated with 9 W blue LEDs under 

air at room temperature. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-

H column. 

Table S7. Screening of additives.[a] 

  

Entry Additive Yield [%][b] ee [%][c] 
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1 None 50 90 

2 CH3COOH 44 89 

3 PhCOOH Trace —— 

4 Cu(OAc)2H2O N.R.[d] —— 

5 CuI N.R.[d] —— 

6 2,6-Lutidine 50 91 

7 K2CO3 55 97 

8[e] K2CO3 60 96 

9[e] Na2CO3 42 97 

10[e] Cs2CO3 Trace —— 

11[e] KHCO3 65 97 

12[e] KOH Trace —— 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv), 2a (dried over 3Å molecular sieves, 666 

μL, 9.0 mmol, 30.0 equiv), Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 2 mol%), A (11 mg, 0.09 mmol, 

30 mol%) and additive (0.6 mmol, 2.0 equiv) in DMF (dried over 3Å molecular sieves, 2.0 mL) 

irradiated with 9 W blue LEDs under air at room temperature. [b] Isolated yield. [c] Determined by 

HPLC analysis using a chiralpak AD-H column. [d] No reaction. [e] 2a, A and additive were added 

after the photo-oxidation process was completed, and then the mixture was stirred without light. 

Table S8. Screening of the amounts of KHCO3.
[a] 

  

Entry KHCO3 (x equiv) Yield [%][b] ee [%][c] 

1 0.5 50 91 

2 1.0 54 94 

3 1.5 56 94 

4 2.0 65 97 

5 2.5 65 97 
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6 3.0 61 95 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 

2 mol%) in DMF (dried over 3Å molecular sieves, 2.0 mL) irradiated with 9 W blue LEDs under 

air at room temperature. After full conversion of 1a, the light was turned off. 2a (dried over 3Å 

molecular sieves, 666 μL, 9.0 mmol, 30.0 equiv), A (11 mg, 0.09 mmol, 30 mol%) and KHCO3 

were added. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-H column. 

Table S9. Screening of the amounts of 2a.[a] 

  

Entry 2a [equiv] Yield [%][b] ee [%][c] 

1 5.0 50 96 

2 10.0 56 95 

3 15.0 60 97 

4 20.0 65 97 

5[d] 20.0 57 97 

6 25.0 65 97 

7 30.0 65 97 

8 40.0 61 97 

9 50.0 56 94 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 

2 mol%) in DMF (dried over 3Å molecular sieves, 2.0 mL) irradiated with 9 W blue LEDs under 

air at room temperature. After full conversion of 1a, the light was turned off. 2a (dried over 3Å 

molecular sieves), A (11 mg, 0.09 mmol, 30 mol%) and KHCO3 (60 mg, 0.6 mmol, 2.0 equiv) were 

added. [b] Isolated yield. [c] Determined by HPLC analysis using a chiralpak AD-H column. [d] All 

components were added at one time and irradiation. 

Table S10. Screening of additives (for the reaction using cyclohexanone).[a] 
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Entry Additive Yield [%][b] dr [syn/anti][c] ee [%[syn]/%[anti]][c] 

1 None 45 37/63 50/19 

2 K2CO3 63 58/42 75/35 

3 Na2CO3 69 51/49 72/29 

4 Cs2CO3 51 54/46 85/79 

5 KHCO3 74 55/45 80/43 

6 KOH 74 62/38 87/58 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (4 mg, 0.006 mmol, 

2 mol%) in DMF (dried over 3Å molecular sieves, 2.0 mL) irradiated with 9 W blue LEDs under 

air at room temperature. After full conversion of 1a, the light was turned off. 2f (156 μL, 1.5 mmol, 

5.0 equiv), A (11 mg, 0.09 mmol, 30 mol%) and additive (0.6 mmol, 2.0 equiv) were added. [b] 

Isolated yield. [c] Determined by HPLC analysis using a chiralpak OJ-H column. 

Table S11. Screening of the amounts of KOH (for the reaction using cyclohexanone).[a] 

  

Entry KOH (equiv) Yield [%][b] dr [syn/anti][c] ee [%[syn]/%[anti]][c] 

1 0.3 68 48/52 60/27 

2 0.6 73 56/44 60/27 

3 0.9 72 42/58 65/33 

4 1.5 73 56/44 76/26 

5 2.0 74 62/38 87/58 

6 2.5 73 54/46 81/48 

[a] Reaction conditions: 1a (55 mg, 0.3 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (4 mg, 0.006 

mmol, 2 mol%) in DMF (dried over 3Å molecular sieves, 2.0 mL) irradiated with 9 W blue LEDs 
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under air at room temperature. After full conversion of 1a, the light was turned off. 2f (156 μL, 1.5 

mmol, 5.0 equiv), A (11 mg, 0.09 mmol, 30 mol%) and KOH were added. [b] Isolated yield. [c] 

Determined by HPLC analysis using a chiralpak OJ-H column. 

6. Scale-up experiments 

 

Figure S2. Scale-up experiments. 

Reaction conditions:  

a) 1a (183 mg, 1.0 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (13 mg, 0.02 mmol, 2 mol%) in 

DMF (dried over 3Å molecular sieves, 7 mL) irradiated with 9 W blue LEDs under air at room 

temperature for 17 h. Then, the light was turned off. 2a (1.5 mL, 20 mmol, 20.0 equiv), A (34 mg, 

0.3 mmol, 30 mol%) and KHCO3 (200 mg, 2.0 mmol, 2.0 equiv) were added at room temperature 

for 24 h. 

b) 1w (933 mg, 4.0 mmol, 1.0 equiv) and Ru(bpy)3Cl26H2O (51 mg, 0.08 mmol, 2 mol%) in 

DMF (dried over 3Å molecular sieves, 27 mL) irradiated with 40 W blue LEDs under air at room 

temperature for 16 h. Then, the light was turned off. 2e (7.4 mL, 80 mmol, 20.0 equiv), B (138 mg, 

1.2 mmol, 30 mol%) and KHCO3 (801 mg, 8.0 mmol, 2.0 equiv) were added at room temperature 

for 19 h.  

Isolated yield. ee and dr of products were determined by chiral HPLC analysis 
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7. Crystallographic data of compound 3a 

Crystallographic data (excluding structure factors) for the structure reported in this work has been 

deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. 

CCDC 2217984. Copy of the data can be obtained free of charge on application to The director, 

CCDC, 12 Union Road, Cambridge DB21EZ, UK (fax: + 44 (1223) 336033; e-mail: 

deposit@ccdc.cam.ac.uk). 

 

Table S12. Crystal data and structure refinement for 3a. 

Identification code gz-6-14 

Empirical formula C16H17NO 

Formula weight 239.30 

Temperature/K 289 (1) 

Crystal system monoclinic 

Space group P21 

a/Å 6.1534 (5) 

b/Å 14.2426 (10) 

c/Å 7.9499 (6) 

α/° 90 

β/° 93.172 (7) 
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γ/° 90 

Volume/Å3 695.66 (9) 

Z 2 

ρcalcg/cm3 1.142 

μ/mm-1 0.554 

F(000) 256.0 

Crystal size/mm3 0.44 × 0.43 × 0.21 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 11.146 to 143.44 

Index ranges -7 ≤ h ≤ 6, -17 ≤ k ≤ 16, -9 ≤ l ≤ 9 

Reflections collected 6709 

Independent reflections 2605 [Rint = 0.0768, Rsigma = 0.0578] 

Data/restraints/parameters 2605/1/164 

Goodness-of-fit on F2 1.058 

Final R indexes [I>=2σ (I)] R1 = 0.0763, wR2 = 0.2125 

Final R indexes [all data] R1 = 0.0827, wR2 = 0.2356 

Largest diff. peak/hole / e Å-3 0.21/-0.35 

Flack parameter -0.1 (8) 

Table S13. Fractional atomic coordinates (×104) and equivalent isotropic displacement parameters 

(Å2×103) for 3a. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U (eq) 

O1 -1010 (7) -2981 (3) -1991 (8) 95.1 (15) 

N1 -7142 (7) -4154 (3) -2719 (5) 60.3 (10) 

C1 -9761 (9) -5344 (5) -3497 (7) 72.8 (14) 

C2 -10316 (12) -6277 (6) -3778 (11) 96 (2) 

C3 -8797 (12) -6974 (6) -3494 (11) 100 (2) 

C4 -6702 (12) -6745 (4) -2916 (9) 86.0 (17) 
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C5 -6121 (10) -5815 (4) -2610 (7) 70.4 (12) 

C6 -7655 (8) -5099 (4) -2905 (5) 57.1 (10) 

C7 -5111 (7) -3834 (3) -1881 (5) 54.1 (9) 

C8 -4952 (7) -4052 (3) -1 (5) 52.5 (9) 

C9 -3038 (8) -4443 (4) 723 (6) 61.8 (11) 

C10 -2878 (9) -4626 (4) 2440 (7) 74.6 (14) 

C11 -4539 (9) -4407 (4) 3437 (6) 72.1 (13) 

C12 -6432 (8) -4014 (4) 2733 (6) 65.9 (12) 

C13 -6622 (8) -3834 (3) 1012 (6) 58.6 (10) 

C14 -4818 (9) -2788 (3) -2235 (7) 65.2 (12) 

C15 -2525 (9) -2452 (4) -1968 (7) 66.9 (12) 

C16 -2157 (14) -1411 (5) -1775 (13) 104 (2) 

Table S14. Anisotropic displacement parameters (Å2×103) for 3a. The anisotropic displacement 

factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

O1 69 (2) 61 (2) 156 (4) 11 (3) 20 (3) 15.5 (18) 

N1 61 (2) 54 (2) 64.0 (18) -0.3 (17) -7.1 (16) 16.0 (17) 

C1 59 (2) 81 (3) 77 (3) -15 (3) -6 (2) 5 (2) 

C2 78 (4) 93 (5) 116 (5) -25 (4) 2 (3) -16 (3) 

C3 98 (5) 72 (4) 129 (6) -13 (4) 4 (4) -17 (4) 

C4 89 (4) 59 (3) 109 (4) 2 (3) -4 (3) 9 (3) 

C5 69 (3) 57 (3) 84 (3) 3 (2) -3 (2) 11 (2) 

C6 61 (2) 56 (2) 53.6 (18) -4.3 (18) -2.9 (17) 10.0 (19) 

C7 59 (2) 43.9 (19) 58.8 (19) 6.6 (17) 0.4 (16) 9.4 (17) 

C8 57 (2) 40.0 (18) 60.1 (19) 1.2 (17) -4.6 (16) 1.9 (16) 

C9 57 (2) 61 (3) 67 (2) 10 (2) -3.0 (17) 12.2 (19) 

C10 75 (3) 75 (3) 72 (3) 13 (3) -17 (2) 5 (3) 
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C11 83 (3) 74 (3) 58 (2) 5 (2) -5 (2) -5 (3) 

C12 66 (2) 66 (3) 65 (2) -6 (2) 4.7 (19) -7 (2) 

C13 59 (2) 48 (2) 68 (2) 0 (2) -2.9 (18) 1.9 (19) 

C14 69 (3) 46 (2) 81 (3) 11 (2) 4 (2) 16 (2) 

C15 72 (3) 48 (2) 81 (3) 10 (2) 14 (2) 5 (2) 

C16 104 (5) 58 (3) 152 (7) -2 (4) 30 (5) 0 (3) 

Table S15. Bond lengths for 3a. 

Atom Atom Length/Å 

O1 C15 1.200 (6) 

N1 C6 1.388 (7) 

N1 C7 1.456 (6) 

C1 C2 1.387 (10) 

C1 C6 1.399 (7) 

C2 C3 1.374 (12) 

C3 C4 1.384 (10) 

C4 C5 1.389 (9) 

C5 C6 1.401 (7) 

C7 C8 1.524 (6) 

C7 C14 1.529 (6) 

C8 C9 1.398 (6) 

C8 C13 1.376 (7) 

C9 C10 1.388 (7) 

C10 C11 1.364 (9) 

C11 C12 1.383 (8) 

C12 C13 1.391 (7) 

C14 C15 1.494 (8) 

C15 C16 1.506 (8) 
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Table S16. Bond angles for 3a. 

Atom Atom Atom Angle/˚ 

C6 N1 C7 122.4 (3) 

C2 C1 C6 120.6 (6) 

C3 C2 C1 120.5 (6) 

C2 C3 C4 119.8 (7) 

C3 C4 C5 120.7 (6) 

C4 C5 C6 120.0 (6) 

N1 C6 C1 118.6 (4) 

N1 C6 C5 122.8 (5) 

C1 C6 C5 118.5 (5) 

N1 C7 C8 113.1 (4) 

N1 C7 C14 109.1 (4) 

C8 C7 C14 112.1 (4) 

C9 C8 C7 119.5 (4) 

C13 C8 C7 121.2 (4) 

C13 C8 C9 119.3 (4) 

C10 C9 C8 119.5 (5) 

C11 C10 C9 120.9 (5) 

C10 C11 C12 119.9 (5) 

C11 C12 C13 119.7 (5) 

C8 C13 C12 120.6 (4) 

C15 C14 C7 114.0 (4) 

O1 C15 C14 121.7 (5) 

O1 C15 C16 120.5 (6) 

C14 C15 C16 117.8 (5) 
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Table S17. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) 

for 3a. 

Atom x y z U (eq) 

H1 -8057 -3742 -3112 72 

H1A -10799 -4877 -3705 87 

H2 -11725 -6432 -4162 115 

H3 -9176 -7599 -3688 120 

H4 -5673 -7217 -2731 103 

H5 -4713 -5669 -2209 84 

H7 -3923 -4169 -2393 65 

H9 -1880 -4579 59 74 

H10 -1621 -4903 2917 90 

H11 -4398 -4521 4590 87 

H12 -7574 -3871 3408 79 

H13 -7890 -3563 541 70 

H14A -5317 -2661 -3391 78 

H14B -5731 -2432 -1509 78 

H16A -1848 -1264 -608 155 

H16B -3439 -1080 -2182 155 

H16C -948 -1226 -2413 155 

Experimental 

Single crystals of C16H17NO [3a] were obtained by slow evaporation of the solvent from a 

petroleum ether and EtOAc (v/v, 25/1) solution of 3a. A suitable crystal was selected and [] on 

a SuperNova, Dual, Cu at home/near, EosS2 diffractometer. The crystal was kept at 289 (1) K 

during data collection. Using Olex2 [1], the structure was solved with the Superflip [2] structure 

solution program using Charge Flipping and refined with the ShelXL [3] refinement package using 

Least Squares minimisation. 
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Crystal structure determination of 3a 

Crystal Data for C16H17NO (M =239.30 g/mol): monoclinic, space group P21 (no. 4), a = 6.1534 

(5) Å, b = 14.2426 (10) Å, c = 7.9499 (6) Å, β = 93.172 (7)°, V = 695.66 (9) Å3, Z = 2, T = 289 

(1) K, μ (CuKα) = 0.554 mm-1, Dcalc = 1.142 g/cm3, 6709 reflections measured (11.146° ≤ 2Θ ≤ 

143.44°), 2605 unique (Rint = 0.0768, Rsigma = 0.0578) which were used in all calculations. The 

final R1 was 0.0763 (I > 2σ(I)) and wR2 was 0.2356 (all data). 

Refinement model description 

Number of restraints - 1, number of constraints - unknown. 

Details: 

1. Fixed Uiso 

At 1.2 times of: 

  All C (H) groups, All C (H, H) groups, All N (H) groups 

At 1.5 times of: 

  All C (H, H, H) groups 

2.a Ternary CH refined with riding coordinates: 

 C7 (H7) 

2.b Secondary CH2 refined with riding coordinates: 

 C14 (H14A, H14B) 

2.c Aromatic/amide H refined with riding coordinates: 

 N1 (H1), C1 (H1A), C2 (H2), C3 (H3), C4 (H4), C5 (H5), C9 (H9), C10 (H10), C11 (H11), C12 

(H12), C13 (H13) 

2.d Idealised Me refined as rotating group: 

 C16 (H16A, H16B, H16C) 
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8. Stern-Volmer luminescence quenching experiments 

The measurements were performed using a 0.05 mM solution of Ru(bpy)3Cl26H2O in DMF with 

varying concentration of a quencher. The samples were excited at 450 nm and emission intensity 

was recorded at 622 nm. The results revealed that 1a could significantly quench Ru(bpy)3
2+ (Figure 

S3, Figure S4). 
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Figure S3. Fluorescence quenching of 0.05 mM Ru(bpy)3Cl26H2O (in DMF) by increasing 

concentration of 1a. 
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Figure S4. Stern-Volmer plots of fluorescence quenching 0.05 mM Ru(bpy)3Cl26H2O (in DMF) 

by 1a. 

9. Cyclic voltammetry studies 

The cyclic voltammetry experiments were performed in a three-electrode undivided cell, and were 

recorded with a CHI 700E potentiostat (CH Instruments, Inc.) at room temperature in DMF or 

MeCN (15 mL). n-Bu4NPF6 (0.05 M) was used as the supporting electrolyte, and the concentration 

of the tested compound was 2.0 mM. The scan rate was 100 mV/s. The potential ranges investigated 

for oxidations were 0 to +4.5 V vs. SCE (saturated aqueous KCl). CV plotting convention is IUPAC. 

Working electrode: The working electrode is a 3 mm diameter glassy carbon working 

electrode. Polished with 0.05 μm aluminum oxide and then sonicated in distilled water and ethanol 

before measurements. 

Reference electrode: The reference electrode is SCE (saturated aqueous KCl) that was washed 

with water and ethanol before measurements. 

Counter electrode: The counter electrode is a platinum wire that was polished with 0.05 μm 

aluminum oxide and then sonicated in distilled water and ethanol before measurements. 
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Figure S5. Cyclic voltammograms of background, 1a (2 mM) and 3a (2 mM) in an electrolyte of 

n-Bu4NPF6 (0.05 mM) in DMF from 0 to +2.0 V. The onset potential for the oxidation of 1a is 

around +0.70 V and the Eox is approximately +1.02 V. The onset potential for the oxidation of 3a is 

around +0.86 V and the Eox is approximately +1.09 V. 
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Figure S6. Cyclic voltammograms of background and 1a (2 mM) in an electrolyte of n-Bu4NPF6 

(0.05 mM) in MeCN from 0 to +2.0 V. The onset potential for the oxidation of 1a is around +0.72 

V and the Eox is approximately +1.07 V. 
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Figure S7. Cyclic voltammograms of background and 3a (2 mM) in an electrolyte of n-Bu4NPF6 

(0.05 mM) in MeCN from 0 to +2.0 V. The onset potential for the oxidation of 3a is around +0.86 

V and the Eox is approximately +1.15 V. 
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Figure S8. Cyclic voltammograms of background and proline (2 mM) in an electrolyte of n-

Bu4NPF6 (0.05 mM) in MeCN from 0 to +2.0 V. Proline has no oxidation peak in this range. 

0 1 2 3 4 5

0.0

2.0x10
-4

4.0x10
-4

6.0x10
-4

8.0x10
-4

C
u

rr
e

n
t 
(A

)

Potential (V)

 Background

 N-Benzylacetamide

 N-Benzylacrylamide

 

Figure S9. Cyclic voltammograms of background, N-benzylacetamide (2 mM) and N-

benzylacrylamide (2 mM) in an electrolyte of n-Bu4NPF6 (0.05 mM) in MeCN from 0 to +4.5 V. 

The onset potential for the oxidation of N-benzylacetamide is around +1.89 V and the Eox is 
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approximately +2.20 V. The onset potential for the oxidation of N-benzylacrylamide is around +2.23 

V and the Eox is approximately +2.56 V. 

10. Unsuccessful substrates 

 

Figure S10. Unsuccessful substrates. 

11. Possible mechanism for the reaction without KHCO3 

A possible mechanism for the reaction without KHCO3 was proposed, as illustrated in Figure S11. 

Initially, the visible light irradiation of Ru(II) generates the excited state *Ru(II). A subsequent SET 

between *Ru(II) and 1a produces Ru(I) and the N-centered radical cation I. Ru(I) is oxidized by O2 

to regenerate Ru(II), and the active species superoxide anion O2
- is produced at the same time. Next, 

O2
- abstracts a hydrogen atom from I to generate the iminium ion II, which deprotonates to afford 

the imine III. Meanwhile, in the L-proline catalysis cycle, 2a is converted to enamine VII in the 

presence of catalyst A. The acidic proton of L-proline can activate intermediate III through a 

hydrogen bond.[8] Subsequently, the nucleophilic attack of VII to the imine III via VIII-a from the 

Si face may be more favorable due to the more suitable position for the C-C bond formation (VIII-

a),[9,10] thus leading to the target product 3a with the S-configuration in good stereoselectivity. 

 

Figure S11 Possible mechanism for the reaction without KHCO3. 
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12. Characterization data of the products 3 and 4 

  

(S)-4-phenyl-4-(phenylamino)butan-2-one (3a)[1] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

47 mg, 65% yield, white solid. 

Enantiomeric excess (ee): 97%. 

[α]
20 

D  = +20.0° (c = 0.20, CHCl3). 

Rf = 0.40 (Petroleum ether/EtOAc, v/v, 5:1).  

1H NMR (600 MHz, CDCl3): δ 7.36 (d, J = 7.3 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.23 (t, J = 7.3 

Hz, 1H), 7.11 – 7.07 (m, 2H), 6.66 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 7.7 Hz, 2H), 4.84 (t, J = 6.5 Hz, 

1H), 4.43 (br s, 1H), 2.92 (d, J = 6.5 Hz, 2H), 2.09 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.1, 146.8, 142.5, 129.1, 128.8, 127.4, 126.3, 117.9, 113.8, 54.4, 

51.2, 30.7.  

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm), 

retention time: 20.194 min (major), 14.566 min (minor).  

 

(S)-4-(4-methoxyphenyl)-4-(phenylamino)butan-2-one (3b)[1] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

58 mg, 72% yield, yellow oil. 

Enantiomeric excess (ee): 90%. 

[α]
20 

D  = +11.2° (c = 0.80, CHCl3). 

Rf = 0.40 (Petroleum ether/EtOAc, v/v, 5:1).  
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1H NMR (400 MHz, CDCl3): δ 7.27 (d, J = 8.5 Hz, 2H), 7.09 (t, J = 7.8 Hz, 2H), 6.84 (d, J = 8.4 

Hz, 2H), 6.66 (t, J = 7.2 Hz, 1H), 6.54 (d, J = 7.8 Hz, 2H), 4.79 (t, J = 6.3 Hz, 1H), 4.43 (br s, 1H), 

3.77 (s, 3H), 2.90 (d, J = 5.4 Hz, 2H), 2.08 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.1, 158.9, 146.8, 134.5, 129.1, 127.4, 117.9, 114.2, 113.9, 55.2, 

54.0, 51.2, 30.7.  

HRMS (ESI): Calculated for C17H20NO2 ([M+H]+): 270.1489. Found: 270.1488; Calculated for 

C17H19NNaO2 ([M+Na]+): 292.1308, Found: 292.1308; Calculated for C17H19KNO2 ([M+K]+): 

308.1047, Found: 308.1046. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 28.909 min (major), 23.131 min (minor). 

 

(S)-4-(4-(tert-butyl)phenyl)-4-(phenylamino)butan-2-one (3c) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

51 mg, 58% yield, yellow oil. 

Enantiomeric excess (ee): 84%. 

[α]
20 

D  = +25.2° (c = 0.33, CHCl3). 

Rf = 0.60 (Petroleum ether/EtOAc, v/v, 5:1).  

1H NMR (600 MHz, CDCl3): δ 7.32 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 7.10 (t, J = 7.6 

Hz, 2H), 6.66 (t, J = 7.0 Hz, 1H), 6.56 (d, J = 8.1 Hz, 2H), 4.83 (t, J = 6.4 Hz, 1H), 4.41 (br s, 1H), 

2.92 (d, J = 6.4 Hz, 2H), 2.09 (s, 3H), 1.29 (s, 9H). 

13C NMR (151 MHz, CDCl3): δ 207.1, 150.2, 146.9, 139.4, 129.1, 125.9, 125.6, 117.8, 113.8, 54.0, 

51.1, 34.4, 31.3, 30.6. 

HRMS (ESI): Calculated for C20H26NO ([M+H]+): 296.2009. Found: 296.2009; Calculated for 

C20H25NNaO ([M+Na]+): 318.1828, Found: 318.1829; Calculated for C20H25KNO ([M+K]+): 

334.1568, Found: 334.1569. 
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HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 99:1, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 44.807 min (major), 20.985 min (minor). 

 

(S)-4-(phenylamino)-4-(p-tolyl)butan-2-one (3d)[11] 

Followed the general procedure (Irradiation was conducted for 19 h, followed by the asymmetric 

catalytic reaction for 25 h). 

41 mg, 54% yield, yellow oil. 

Enantiomeric excess (ee): 84%. 

[α]
20 

D  = +12.0° (c = 0.50, CHCl3). 

Rf = 0.50 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.23 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 7.09 – 7.06 (m, 

2H), 6.65 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 8.4 Hz, 2H), 4.80 (t, J = 6.5 Hz, 1H), 4.35 (br s, 1H), 2.89 

(d, J = 6.5 Hz, 2H), 2.30 (s, 3H), 2.07 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.1, 146.9, 139.5, 137.0, 129.5, 129.1, 126.2, 117.8, 113.8, 54.2, 

51.3, 30.7, 21.0. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 16.794 min (major), 13.114 min (minor). 

 

(S)-4-(phenylamino)-4-(m-tolyl)butan-2-one (3e) 

Followed the general procedure (Irradiation was conducted for 19 h, followed by the asymmetric 

catalytic reaction for 25 h). 

38 mg, 54% yield, yellow oil. 

Enantiomeric excess (ee): 86%. 

[α]
20 

D  = -6.0° (c = 0.50, CHCl3). 
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Rf = 0.50 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.19 (t, J = 7.4 Hz, 1H), 7.16 – 7.13 (m, 2H), 7.10 – 7.06 (m, 2H), 

7.03 (d, J = 7.4 Hz, 1H), 6.65 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 7.8 Hz, 2H), 4.79 (t, J = 6.5 Hz, 1H), 

4.36 (br s, 1H), 2.89 (d, J = 6.5 Hz, 2H), 2.31 (s, 3H), 2.07 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.1, 147.0, 142.6, 138.4, 129.2, 128.7, 128.2, 127.0, 123.3, 

117.8, 113.8, 54.5, 51.3, 30.7, 21.5. 

HRMS (ESI): Calculated for C17H20NO ([M+H]+): 254.1538. Found: 254.1538; Calculated for 

C17H19NNaO ([M+Na]+): 276.1359, Found: 276.1358; Calculated for C17H19KNO ([M+K]+): 

292.1098, Found: 292.1097. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 13.454 min (major), 11.026 min (minor).  

 

(S)-4-(phenylamino)-4-(o-tolyl)butan-2-one (3f) 

Followed the general procedure (Irradiation was conducted for 19 h, followed by the asymmetric 

catalytic reaction for 25 h). 

46 mg, 61% yield, yellow oil. 

Enantiomeric excess (ee): 90%. 

[α]
20 

D  = +14.0° (c = 0.50, CHCl3). 

Rf = 0.50 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.37 – 7.34 (m, 1H), 7.18 – 7.13 (m, 3H), 7.10 – 7.06 (m, 2H), 6.65 

(t, J = 7.3 Hz, 1H), 6.48 (d, J = 7.8 Hz, 2H), 5.03 (dd, J = 7.9, 5.2 Hz, 1H), 4.34 (br s, 1H), 2.90 – 

2.80 (m, 2H), 2.45 (s, 3H), 2.11 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.1, 146.8, 140.2, 134.8, 130. 9, 129.2, 127.2, 126.7, 125.6, 

117.9, 113.6, 50.9, 49.6, 30.5, 19.1. 

HRMS (ESI): Calculated for C17H20NO ([M+H]+): 254.1539. Found: 254.1538; Calculated for 

C17H19NNaO ([M+Na]+): 276.1359, Found: 276.1358; Calculated for C17H19KNO ([M+K]+): 

292.1098, Found: 292.1100. 
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HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 14.990 min (major), 11.345 min (minor). 

 

(S)-4-(4-nitrophenyl)-4-(phenylamino)butan-2-one (3g)[12] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 23 h). 

33 mg, 39% yield, yellow oil. 

Enantiomeric excess (ee): 84%. 

[α]
20 

D  = +13.3° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 3:1). 

1H NMR (600 MHz, CDCl3): δ 8.17 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.12 – 7.07 (m, 

2H), 6.70 (t, J = 7.1 Hz, 1H), 6.49 (d, J = 8.0 Hz, 2H), 4.93 (t, J = 6.1 Hz, 1H), 4.47 (s, 1H), 2.97 

(d, J = 6.1 Hz, 2H), 2.14 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 205.8, 150.4, 146.1, 129.3, 127.4, 124.2, 124.0, 118.6, 113.9, 53.9, 

50.6, 30.6. 

HRMS (ESI): Calculated for C16H17N2O3 ([M+H]+): 285.1234. Found: 285.1232; Calculated for 

C16H16N2NaO3 ([M+Na]+): 307.1053, Found: 307.1052. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 90:10, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 24.755 min (major), 19.082 min (minor).  

 

(S)-4-(4-fluorophenyl)-4-(phenylamino)butan-2-one (3h)  

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

55 mg, 71% yield, yellow oil. 
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Enantiomeric excess (ee): 66%. 

[α]
20 

D  = +14.0° (c = 0.50, CHCl3). 

Rf = 0.50 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.32 (dd, J = 8.6, 5.4 Hz, 2H), 7.11 – 7.06 (m, 2H), 6.99 (t, J = 8.6 

Hz, 2H), 6.67 (t, J = 7.3 Hz, 1H), 6.52 (d, J = 8.3 Hz, 2H), 4.82 (t, J = 6.4 Hz, 1H), 4.40 (br s, 1H), 

2.90 (d, J = 6.4 Hz, 2H), 2.09 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 206.9, 162.0 (d, J = 246.5 Hz), 146.6, 138.3 (d, J = 3.1 Hz), 129.2, 

127.9 (d, J = 8.1 Hz), 118.1, 115.6 (d, J = 21.5 Hz), 113.8, 53.7, 51.2, 30.7. 

19F NMR (376 MHz, CDCl3): δ -115.3. 

HRMS (ESI): Calculated for C16H17FNO ([M+H]+): 258.1289, Found: 258.1287; Calculated for 

C16H16FNNaO ([M+Na]+): 280.1108, Found: 280.1107. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 21.894 min (major), 15.443 min (minor).  

 

(S)-4-(4-chlorophenyl)-4-(phenylamino)butan-2-one (3i)[12]  

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

56 mg, 68% yield, yellow oil. 

Enantiomeric excess (ee): 96%. 

[α]
20 

D  = +13.3° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.24 – 7.18 (m, 4H), 7.04 – 6.98 (m, 2H), 6.62 – 6.58 (m, 1H), 6.43 

(d, J = 8.4 Hz, 2H), 4.73 (t, J = 6.4 Hz, 1H), 4.36 (br s, 1H), 2.81 (d, J = 6.4 Hz, 2H), 2.02 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 206.6, 146.6, 141.2, 133.0, 129.2, 129.0, 127.8, 118.2, 113.9, 53.8, 

51.0, 30.7. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 22.484 min (major), 19.843 min (minor). 
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(S)-4-(4-bromophenyl)-4-(phenylamino)butan-2-one (3j)  

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

67 mg, 70% yield, yellow oil. 

Enantiomeric excess (ee): 36%. 

[α]
20 

D  = +9.3° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.42 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H), 7.10 – 7.06 (m, 

2H), 6.67 (t, J = 7.4 Hz, 1H), 6.50 (d, J = 7.8 Hz, 2H), 4.79 (t, J = 6.4 Hz, 1H), 4.41 (br s, 1H), 2.88 

(d, J = 6.4 Hz, 2H), 2.09 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 206.6, 146.6, 141.8, 131.9, 129.2, 128.2, 121.1, 118.2, 113.9, 53.9, 

51.0, 30.7. 

HRMS (ESI): Calculated for C16H17BrNO ([M+H]+): 318.0488, Found: 318.0487; Calculated for 

C16H16BrNNaO ([M+Na]+): 340.0307, Found: 340.0306. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 23.849 min (major), 17.741 min (minor).  

 

(S)-4-(4-acetylphenyl)-4-(phenylamino)butan-2-one (3k) 

Followed the general procedure (Irradiation was conducted for 19 h, followed by the asymmetric 

catalytic reaction for 25 h). 

38 mg, 45% yield, yellow oil. 

Enantiomeric excess (ee): 82%. 

[α]
20 

D  = +14.0° (c = 0.50, CHCl3). 

Rf = 0.15 (Petroleum ether/EtOAc, v/v, 5:1).  
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1H NMR (400 MHz, CDCl3): δ 7.90 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.12 – 7.04 (m, 

2H), 6.67 (t, J = 7.3 Hz, 1H), 6.51 (d, J = 8.3 Hz, 2H), 4.89 (t, J = 6.3 Hz, 1H), 4.58 (br s, 1H), 2.94 

(d, J = 6.3 Hz, 2H), 2.56 (s, 3H), 2.11 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 206.5, 197.6, 148.2, 146.5, 136.4, 129.2, 128.9, 126.6, 118.2, 

113.8, 54.1, 50.8, 30.7, 26.6. 

HRMS (ESI): Calculated for C18H20NO2 ([M+H]+): 282.1489, Found: 282.1487; Calculated for 

C18H19NNaO2 ([M+Na]+): 304.1308, Found: 304.1307; Calculated for C18H19KNO2 ([M+K]+): 

320.1047, Found: 320.1047. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 80.081 min (major), 73.352 min (minor).  

 

(S)-4-(3-bromophenyl)-4-(phenylamino)butan-2-one (3l) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

45 mg, 47% yield, yellow oil. 

Enantiomeric excess (ee): 54%. 

[α]
20 

D  = +11.7° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1).  

1H NMR (600 MHz, CDCl3): δ 7.52 (s, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 

7.17 (t, J = 7.8 Hz, 1H), 7.10 (t, J = 7.8 Hz, 2H), 6.69 (t, J = 7.3 Hz, 1H), 6.52 (d, J = 8.0 Hz, 2H), 

4.79 (t, J = 6.4 Hz, 1H), 4.48 (br s, 1H), 2.90 (d, J = 6.3 Hz, 2H), 2.11 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 206.4, 146.5, 145.2, 130.5, 130.4, 129.4, 129.2, 125.0, 123.0, 

118.2, 113.9, 54.0, 51.0, 30.6. 

HRMS (ESI): Calculated for C16H17BrNO ([M+H]+): 318.0488, Found: 318.0486; Calculated for 

C16H16BrNNaO ([M+Na]+): 340.0307, Found: 340.0306. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 17.909 min (major), 14.631 min (minor).  
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(S)-4-(2-bromophenyl)-4-(phenylamino)butan-2-one (3m)[1]  

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

41 mg, 43% yield, yellow oil. 

Enantiomeric excess (ee): 84%. 

[α]
20 

D  = +10.7° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1).  

1H NMR (600 MHz, CDCl3): δ 7.56 (d, J = 7.9 Hz, 1H), 7.43 (dd, J = 7.7, 1.2 Hz, 1H), 7.24 – 7.20 

(m, 1H), 7.12 – 7.05 (m, 3H), 6.68 – 6.64 (m, 1H), 6.45 (d, J = 7.8 Hz, 2H), 5.13 (dd, J = 9.1, 3.4 

Hz, 1H), 4.64 (br s, 1H), 3.01 (dd, J = 15.5, 3.5 Hz, 1H), 2.72 (dd, J = 15.5, 9.1 Hz, 1H), 2.18 (s, 

3H). 

13C NMR (151 MHz, CDCl3): δ 207.2, 146.3, 140.6, 133.2, 129.2, 128.9, 128.1, 128.0, 122.6, 

118.1, 113.6, 54.0, 49.2, 30.1. 

HRMS (ESI): Calculated for C16H17BrNO ([M+H]+): 318.0488, Found: 318.0486; Calculated for 

C16H16BrNNaO ([M+Na]+): 340.0307, Found: 340.0306. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 99:1, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 30.511 min (major), 26.070 min (minor).  

 

(S)-4-(2,4-difluorophenyl)-4-(phenylamino)butan-2-one (3n) 

Followed the general procedure (Irradiation was conducted for 19 h, followed by the asymmetric 

catalytic reaction for 25 h). 

45 mg, 54% yield, yellow solid. 

Enantiomeric excess (ee): 84%. 

[α]
20 

D  = +14.6° (c = 0.50, CHCl3). 
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Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.37 – 7.30 (m, 1H), 7.12 – 7.07 (m, 2H), 6.83 - 6.73 (m, 2H), 6.70 

– 6.65 (m, 1H), 6.54 (d, J = 8.3 Hz, 2H), 5.07 (t, J = 6.2 Hz, 1H), 4.50 (br s, 1H), 3.00 – 2.88 (m, 

2H), 2.12 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 206.8, 162.1 (dd, J = 249.3, 12.2 Hz), 160.4 (dd, J = 248.2, 11.9 

Hz), 146.3, 134.6, 129.3, 124.9 (dd, J = 13.4, 3.7 Hz), 118.3, 113.7, 111.5 (dd, J = 21.1, 3.5 Hz), 

104.0 (t, J = 25.8 Hz), 49.2, 48.5, 30.4. 

19F NMR (565 MHz, CDCl3): δ -111.6 (d, J = 6.1 Hz), -115.6 (d, J = 6.1 Hz). 

HRMS (ESI): Calculated for C16H16F2NO ([M+H]+): 276.1194, Found: 276.1192; Calculated for 

C16H15F2NNaO ([M+Na]+): 298.1014, Found: 298.1013; Calculated for C16H15F2KNO ([M+K]+): 

314.0753, Found: 314.0753. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 15.396min (major), 10.056 min (minor).  

 

(S)-4-(naphthalen-2-yl)-4-(phenylamino)butan-2-one (3o)[1] 

Followed the general procedure (Irradiation was conducted for 24 h, followed by the asymmetric 

catalytic reaction for 24 h). 

56 mg, 64% yield, yellow oil. 

Enantiomeric excess (ee): 90%. 

[α]
20 

D  = +7.5° (c = 0.50, CHCl3). 

Rf = 0.50 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.82 – 7.77 (m, 4H), 7.48 (d, J = 8.4 Hz, 1H), 7.46 – 7.42 (m, 2H), 

7.07 (t, J = 7.6 Hz, 2H), 6.65 (t, J = 7.2 Hz, 1H), 6.58 (d, J = 7.8 Hz, 2H), 5.00 (t, J = 6.3 Hz, 1H), 

4.54 (br s, 1H), 3.02 – 2.97 (m, 2H), 2.10 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 206.8, 146.9, 140.1, 133.5, 132.9, 129.2, 128.7, 127.9, 127.7, 

126.2, 125.8, 125.1, 124.4, 118.0, 113.9, 54.7, 51.2, 30.7. 
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HRMS (ESI): Calculated for C20H20NO ([M+H]+): 290.1539, Found: 290.1537; Calculated for 

C20H19NNaO ([M+Na]+): 312.1359, Found: 312.1358; Calculated for C20H19KNO ([M+K]+): 

328.1098, Found: 328.1099. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 24.756 min (major), 21.974 min (minor). 

  

(S)-4-((4-methoxyphenyl)amino)-4-phenylbutan-2-one (3p)[13] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 31 h). 

37 mg, 46% yield, yellow oil. 

Enantiomeric excess (ee): 91%. 

[α]
20 

D  = +55.5° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.36 – 7.30 (m, 4H), 7.25 – 7.20 (m, 1H), 6.70 – 6.66 (m, 2H), 

6.53 – 6.49 (m, 2H), 4.76 (t, J = 6.5 Hz, 1H), 3.68 (s, 3H), 2.89 (d, J = 6.5 Hz, 2H), 2.09 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.2, 152.4, 142.7, 141.0, 128.8, 127.3, 126.3, 115.4, 114.8, 55.7, 

55.4, 51.4, 30.7. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 66.631 min (major), 53.004 min (minor). 

 

(S)-4-phenyl-4-(p-tolylamino)butan-2-one (3q)[11] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 23 h). 

49 mg, 64% yield, white solid. 

Enantiomeric excess (ee): 96%. 
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[α]
20 

D  = -15.6° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 3:1). 

1H NMR (600 MHz, CDCl3): δ 7.27 (d, J = 7.1 Hz, 2H), 7.25 – 7.21 (m, 2H), 7.17 – 7.14 (m, 1H), 

6.82 (d, J = 8.0 Hz, 2H), 6.39 (d, J = 8.2 Hz, 2H), 4.73 (t, J = 6.4 Hz, 1H), 4.15 (br s, 1H), 2.82 (d, 

J = 6.4 Hz, 2H), 2.10 (s, 3H), 2.01 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.1, 144.5, 142.7, 129.6, 128.8, 127.3, 127.1, 126.3, 114.0, 54.8, 

51.3, 30.6, 20.3. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 24.049 min (major), 17.663 min (minor). 

 

(S)-4-((3-methoxyphenyl)amino)-4-phenylbutan-2-one (3r) 

Followed the general procedure (Irradiation was conducted for 13 h, followed by the asymmetric 

catalytic reaction for 34 h). 

62 mg, 77% yield, yellow oil. 

Enantiomeric excess (ee): 94%. 

[α]
20 

D  = +66.2° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.37 – 7.27 (m, 4H), 7.24 – 7.20 (m, 1H), 6.99 (t, J = 8.1 Hz, 1H), 

6.23 (dd, J = 8.1, 2.0 Hz, 1H), 6.17 (dd, J = 8.1, 1.6 Hz, 1H), 6.10 (s, 1H), 4.82 (t, J = 6.5 Hz, 1H), 

4.47 (br s, 1H), 3.67 (s, 3H), 2.91 (d, J = 6.5 Hz, 2H), 2.08 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.1, 160.7, 148.2, 142.5, 129.9, 128.8, 127.4, 126.2, 106.8, 

103.2, 99.8, 55.0, 54.4, 51.2, 30.7. 

HRMS (ESI): Calculated for C17H20NO2 ([M+H]+): 270.1489, Found: 270.1489. 

HPLC: Daicel Chiralpak AS-H, hexane/isopropanol = 88:12, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 11.470 min (major), 15.769 min (minor). 
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(S)-4-((2-methoxyphenyl)amino)-4-phenylbutan-2-one (3s)[14] 

Followed the general procedure (Irradiation was conducted for 13 h, followed by the asymmetric 

catalytic reaction for 35 h). 

50 mg, 62% yield, yellow oil. 

Enantiomeric excess (ee): 21%. 

[α]
20 

D  = +43.3° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/Acetone, v/v, 10:1). 

1H NMR (400 MHz, CDCl3): δ 7.38 – 7.18 (m, 5H), 6.76 – 6.68 (m, 2H), 6.65 – 6.59 (m, 1H), 

6.43 (d, J = 7.7 Hz, 1H), 4.97 – 4.76 (m, 2H), 3.85 (d, J = 2.2 Hz, 3H), 3.01 – 2.89 (m, 2H), 2.10 

(d, J = 2.2 Hz, 3H). 

13C NMR (101 MHz, CDCl3): δ 206.7, 147.0, 142.7, 136.6, 128.8, 127.3, 126.3, 121.1, 117.0, 

111.4, 109.5, 55.5, 54.2, 51.7, 30.6. 

HPLC: Daicel Chiralpak AS-H, hexane/isopropanol = 90:10, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 13.699 min (major), 10.262 min (minor). 

 

(S)-4-((4-fluorophenyl)amino)-4-phenylbutan-2-one (3t) 

Followed the general procedure (Irradiation was conducted for 13 h, followed by the asymmetric 

catalytic reaction for 36 h). 

45 mg, 58% yield, yellow solid. 

Enantiomeric excess (ee): 95%. 

[α]
20 

D  = +16.4° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 10:1). 

1H NMR (400 MHz, CDCl3): δ 7.35 – 7.29 (m, 4H), 7.27 – 7.20 (m, 1H), 6.82 – 6.65 (m, 2H), 

6.50 – 6.44 (m, 2H), 4.75 (t, J = 6.5 Hz, 1H), 4.35 (br s, 1H), 2.90 (d, J = 6.5 Hz, 2H), 2.09 (s, 3H). 
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13C NMR (101 MHz, CDCl3): δ 207.1, 156.1 (d, J = 236.5 Hz), 143.2 (d, J = 1.9 Hz), 142.3, 128.8, 

127.5, 126.3, 115.6 (d, J = 19.6 Hz), 114.8 (d, J = 7.5 Hz), 55.1, 51.2, 30.8. 

19F NMR (376 MHz, CDCl3): δ -127.4. 

HRMS (ESI): Calculated for C16H17FNO ([M+H]+): 258.1289, Found: 258.1287; Calculated for 

C16H16FNNaO ([M+Na]+): 280.1108, Found: 280.1108. 

HPLC: Daicel Chiralpak IC, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 11.805 min (major), 14.095 min (minor). 

 

(S)-4-((3-fluorophenyl)amino)-4-phenylbutan-2-one (3u)[15] 

Followed the general procedure (Irradiation was conducted for 18 h, followed by the asymmetric 

catalytic reaction for 22 h). 

47 mg, 61% yield, white solid. 

Enantiomeric excess (ee): 81%. 

[α]
20 

D  = +23.3° (c = 0.50, CHCl3). 

Rf = 0.35 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.36 – 7.29 (m, 4H), 7.26 – 7.22 (m, 1H), 7.04 – 6.96 (m, 1H), 6.36 

– 6.30 (m, 2H), 6.21 (d, J = 11.6 Hz, 1H), 4.79 (t, J = 6.3 Hz, 1H), 4.66 (br s, 1H), 2.92 (d, J = 6.3 

Hz, 2H), 2.09 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.0, 163.9 (d, J = 243.8 Hz), 148.6 (d, J = 10.7 Hz), 142.0, 130.2 

(d, J = 10.2 Hz), 128.9, 127.5, 126.2, 109.6, 104.3 (d, J = 21.6 Hz), 100.5 (d, J = 25.5 Hz), 54.4, 

50.9, 30.8. 

19F NMR (376 MHz, CDCl3): δ -112.8. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 17.645 min (major), 13.648 min (minor). 
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(S)-4-((3-bromophenyl)amino)-4-phenylbutan-2-one (3v) 

Followed the general procedure (Irradiation was conducted for 13 h, followed by the asymmetric 

catalytic reaction for 35 h). 

71 mg, 74% yield, yellow solid. 

Enantiomeric excess (ee): 93%. 

[α]
20 

D  = +29.5° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 10:1). 

1H NMR (400 MHz, CDCl3): δ 7.34 – 7.28 (m, 4H), 7.27 – 7.20 (m, 1H), 6.91 (t, J = 8.0 Hz, 1H), 

6.78 – 6.73 (m, 1H), 6.68 (t, J = 2.0 Hz, 1H), 6.46 – 6.40 (m, 1H), 4.79 (t, J = 6.4 Hz, 1H), 4.60 (br 

s, 1H), 2.90 (d, J = 6.4 Hz, 2H), 2.07 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 207.0, 148.2, 141.9, 130.5, 128.9, 127.6, 126.2, 123.1, 120.6, 

116.5, 112.3, 54.2, 50.9, 30.8. 

HRMS (ESI): Calculated for C16H17BrNO ([M+H]+): 318.0488, Found: 318.0487; Calculated for 

C16H16BrNNaO ([M+Na]+): 340.0307, Found: 340.0308. 

HPLC: Daicel Chiralpak AS-H, hexane/isopropanol = 90:10, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 12.098 min (major), 16.541 min (minor). 

 

(S)-4-(naphthalen-2-ylamino)-4-phenylbutan-2-one (3w) 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 19 h). 

73 mg, 84% yield, white solid. 

Enantiomeric excess (ee): 90%. 

[α]
20 

D  = +33.8° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 
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1H NMR (600 MHz, CDCl3): δ 7.61 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.47 (d, J = 8.2 

Hz, 1H), 7.39 (d, J = 7.5 Hz, 2H), 7.33 – 7.26 (m, 3H), 7.24 – 7.20 (m, 1H), 7.17 – 7.12 (m, 1H), 

6.91 – 6.87 (m, 1H), 6.68 (s, 1H), 4.97 (t, J = 6.4 Hz, 1H), 4.62 (br s, 1H), 2.98 – 2.94 (m, 2H), 2.08 

(s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.0, 144.4, 142.2, 135.0, 128.9, 128.8, 127.8, 127.6, 127.5, 

126.3, 126.2, 126.1, 122.2, 118.2, 106.4, 54.5, 51.0, 30.7. 

HRMS (ESI): Calculated for C20H20NO ([M+H]+): 290.1539, Found: 290.1535; Calculated for 

C20H19NNaO ([M+Na]+): 312.1359, Found: 312.1358; Calculated for C20H19KNO ([M+K]+): 

328.1098, Found: 328.1098. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 30.621 min (major), 37.347 min (minor). 

 

(3S,4S)-3-methyl-4-phenyl-4-(phenylamino)butan-2-one (3x) and (S)-1-phenyl-1-

(phenylamino)pentan-3-one (3y)[11] (inseparable mixture of regioisomers, 3x:3y = 63:37) 

Followed the general procedure (Irradiation was conducted for 18 h, followed by the asymmetric 

catalytic reaction for 40 h). 

54 mg, 71% yield, white solid. 

Diastereomeric ratio (dr): > 99:1 (3x). 

Enantiomeric excess (ee): 99% (3x), 90% (3y). 

Rf = 0.40 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.34 (d, J = 7.5 Hz, 1.18H), 7.31 – 7.28 (m, 5.18H), 7.23 – 7.20 

(m, 1.59H), 7.09 – 7.04 (m, 3.18H), 6.66 – 6.62 (m, 1.59H), 6.54 (d, J = 7.8 Hz, 1.18H), 6.49 (d, J 

= 7.8 Hz, 2H), 4.83 (t, J = 6.4 Hz, 0.59H), 4.74 (d, J = 5.4 Hz, 1H), 4.27 (br s, 1.59H), 3.01 (p, J = 

6.8 Hz, 1H), 2.88 (d, J = 6.4 Hz, 1.18H), 2.38 – 2.26 (m, 1.18H), 2.07 (s, 3H), 1.08 (d, J = 7.0 Hz, 

3H), 0.96 (t, J = 7.3 Hz, 1.77H). 
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13C NMR (151 MHz, CDCl3): δ 210.5, 209.8, 147.0, 146.9, 142.7, 141.1, 129.1 × 2 (129.13, 

129.10), 128.8, 128.6, 127.3 × 2 (127.325, 127.316), 126.9, 126.3, 117.8 × 2 (117.82, 117.77), 113.8, 

113.7, 59.0, 54.6, 53.1, 50.0, 36.9, 29.3, 11.1, 7.4. 

HRMS (ESI): Calculated for C17H20NO ([M+H]+): 254.1539, Found: 254.1540; Calculated for 

C17H19NNaO ([M+Na]+): 276.1359, Found: 276.1359; Calculated for C17H19KNO ([M+K]+): 

292.1098, Found: 292.1098. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 99:1, flow rate 1.0 mL/min, λ = 254 nm, 

retention time of 3x: 19.735 min (major), 13.867 min (minor); retention time of 3y: 28.980 min 

(major), 20.763 min (minor). 

 

(3S,4S)-4-(4-methoxyphenyl)-3-methyl-4-(phenylamino)butan-2-one (3z)[16] and (S)-1-(4-

methoxyphenyl)-1-(phenylamino)pentan-3-one (3aa)[16]  (inseparable mixture of regioisomers, 

3z:3aa = 57:43) 

Followed the general procedure (Irradiation was conducted for 15 h, followed by the asymmetric 

catalytic reaction for 26 h). 

58 mg, 68% yield, yellow oil. 

Diastereomeric ratio (dr): > 99:1 (3z). 

Enantiomeric excess (ee): 96% (3z), 95% (3aa). 

Rf = 0.25 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.30 – 7.18 (m, 3.50H), 7.11 – 7.03 (m, 3.50H), 6.84 (d, J = 8.0 

Hz, 3.5H), 6.68 – 6.61 (m, 1.50H), 6.54 (d, J = 7.8 Hz, 1.50H), 6.50 (d, J = 7.8 Hz, 2H), 4.79 (t, J 

= 6.3 Hz, 0.75H), 4.67 (d, J = 5.4 Hz, 1H), 4.63 – 3.93 (m, 1.75H), 3.77 (s, 5.25H), 3.02 – 2.95 (m, 

1H), 2.92 – 2.83 (m, 1.50H), 2.40 – 2.27 (m, 1.50H), 2.07 (s, 3H), 1.09 (d, J = 7.0 Hz, 3H), 0.97 (t, 

J = 7.2 Hz, 2.25H). 

13C NMR (101 MHz, CDCl3): δ 210.8, 210.0, 158.8 × 2 (158.80, 158.77), 147.0, 146.8, 134.5, 

132.9, 129.1 × 2 (129.12, 129.07), 127.9, 127.4, 117.8, 117.7, 114.2, 114.0, 113.9, 113.6, 58.4, 55.2 

× 2 (55.24, 55.22), 54.1, 53.2, 50.0, 36.9, 29.5, 11.3, 7.4. 
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HRMS (ESI): Calculated for C18H22NO2 ([M+H]+): 284.1645, Found: 284.1644; Calculated for 

C18H21NNaO2 ([M+Na]+): 306.1464, Found: 306.1463. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time of 3z: 16.518 min (major), 14.325 min (minor); retention time of 3aa: 23.656 min 

(major), 19.386 min (minor). 

 

(1S,2S)-2-methyl-1-phenyl-1-(phenylamino)pentan-3-one (3ab)[17] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 32 h). 

11 mg, 14% yield, white solid. 

Diastereomeric ratio (dr): 56:44. 

Enantiomeric excess (ee): 18% (syn), 4% (anti). 

[α]
20 

D  = +5.8° (c = 0.50, CHCl3). 

Rf = 0.65 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (400 MHz, CDCl3): δ 7.32 – 7.24 (m, 4H), 7.23 – 7.16 (m, 1H), 7.05 (t, J = 7.7 Hz, 2H), 

6.65 – 6.57 (m, 1H), 6.54 – 6.46 (m, 2H), 4.66 (d, J = 5.8 Hz, 0.56H), 4.49 (d, J = 6.3 Hz, 0.44H), 

3.07 – 2.94 (m, 1H), 2.40 – 1.93 (m, 2H), 1.15 (d, J = 7.0 Hz, 1.32H), 1.09 (d, J = 7.0 Hz, 1.68H), 

0.91 (t, J = 7.2 Hz, 1.68H), 0.87 (t, J = 7.2 Hz, 1.32H). 

13C NMR (151 MHz, CDCl3): δ 215.3, 213.3, 147.1, 147.0, 141.7, 141.3, 129.1 × 2 (129.14, 

129.11), 128.7, 128.6, 127.4, 127.3, 126.9, 126.6, 117.7, 117.3, 113.7, 113.4, 60.7, 59.3, 52.3, 52.2, 

36.3, 35.6, 15.6, 11.7, 7.6, 7.3. 

HPLC: Daicel Chiralpak IC, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 7.698 min (syn major enantiomer), 5.978 min (syn minor enantiomer), 10.406 min 

(anti major enantiomer), 9.114 min (anti minor enantiomer). 
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(3S,4R)-3-hydroxy-4-phenyl-4-(phenylamino)butan-2-one (3ac)[18] 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 24 h). 

55 mg, 72% yield, yellow solid. 

Diastereomeric ratio (dr): 96:4. 

Enantiomeric excess (ee): 76%. 

[α]
20 

D  = -13.0° (c = 0.33, CHCl3). 

Rf = 0.25 (Petroleum ether/EtOAc, v/v, 3:1). 

1H NMR (600 MHz, CDCl3): δ 7.37 (d, J = 7.3 Hz, 2H), 7.35 – 7.31 (m, 2H), 7.27 – 7.23 (m, 1H), 

7.10 – 7.05 (m, 2H), 6.66 (t, J = 7.3 Hz, 1H), 6.53 (d, J = 8.1 Hz, 2H), 4.95 (d, J = 1.9 Hz, 1H), 4.42 

(d, J = 2.3 Hz, 1H), 3.74 (br s, 1H), 2.29 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.3, 146.2, 139.3, 129.2, 128.7, 127.6, 127.0, 118.2, 113.9, 80.8, 

58.4, 25.2. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 95:5, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 28.110 min (syn major enantiomer), 17.779 min (syn minor enantiomer). 

 

(3S,4R)-3-methoxy-4-phenyl-4-(phenylamino)butan-2-one (3ad) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 26 h). 

67 mg, 83% yield, yellow oil. 

Diastereomeric ratio (dr): 91:9. 

Enantiomeric excess (ee): 94% (syn), 97% (anti). 

[α]
20 

D  = +62.6° (c = 0.33, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 5:1). 
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Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.35 (d, J = 7.4 Hz, 2H), 7.32 – 7.27 (m, 2H), 7.25 – 7.20 (m, 1H), 

7.11 – 7.03 (m, 2H), 6.68 – 6.66 (m, 0.09H), 6.63 (t, J = 7.2 Hz, 0.09H), 6.58 (d, J = 8.3 Hz, 0.18H), 

6.52 (d, J = 8.2 Hz, 1.82H), 4.82 (d, J = 2.5 Hz, 0.91H), 4.69 (d, J = 5.4 Hz, 0.91H), 3.92 (d, J = 5.2 

Hz, 0.09H), 3.84 (d, J = 2.5 Hz, 0.91H), 3.37 (s, 0.27H), 3.28 (s, 2.73H), 2.16 (s, 2.73H), 1.82 (s, 

0.27H). 

13C NMR (101 MHz, CDCl3): δ 210.7, 210.0, 146.4, 146.2, 139.7, 138.5, 129.2 × 2 (129.20, 

129.16), 128.6, 128.5, 127.8 × 2 (127.85, 127.77), 127.5, 127.0, 118.1, 117.9, 114.0, 113.8, 90.6, 

89.7, 59.7, 59.4, 59.1, 58.7, 27.3, 26.6. 

HRMS (ESI): Calculated for C17H20NO2 ([M+H]+): 270.1489, Found: 270.1490; Calculated for 

C17H19NNaO2 ([M+Na]+): 292.1308, Found: 292.1310; Calculated for C17H19KNO2 ([M+K]+): 

308.1047, Found: 308.1049. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 99:1, flow rate 0.7 mL/min, λ = 254 nm, 

retention time: 23.324 min (syn major enantiomer), 20.982 min (syn minor enantiomer), 43.307 min 

(anti major enantiomer), 27.774 min (anti minor enantiomer). 

 

(3S,4R)-3-methoxy-4-(4-methoxyphenyl)-4-(phenylamino)butan-2-one (3ae) 

Followed the general procedure (Irradiation was conducted for 15 h, followed by the asymmetric 

catalytic reaction for 26 h). 

77 mg, 86% yield, yellow oil. 

Diastereomeric ratio (dr): 83:17. 

Enantiomeric excess (ee): 96% (syn), 98% (anti). 

[α]
20 

D  = -46.0° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.30 – 7.22 (m, 2H), 7.09 – 7.03 (m, 2H), 6.86 – 6.80 (m, 2H), 6.63 

(t, J = 7.3, 1H), 6.58 (d, J = 7.8 Hz, 0.34H), 6.52 (d, J = 7.8 Hz, 1.66H), 4.83 – 4.69 (m, 1.83H), 
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4.64 (d, J = 5.2 Hz, 0.17H), 3.90 (d, J = 5.2 Hz, 0.17H), 3.80 (d, J = 3.1 Hz, 0.83H), 3.75 (s, 3H), 

3.37 (s, 0.51H), 3.31 (s, 2.49H), 2.14 (s, 2.49H), 1.83 (s, 0.51H). 

13C NMR (101 MHz, CDCl3): δ 210.8, 210.2, 159.2, 159.0, 146.5, 146.2, 131.6, 130.4, 129.2, 

129.1, 128.8, 128.1 × 2 (128.11, 128.08), 117.8, 114.1, 114.0, 113.9, 113.8, 90.6, 89.8, 59.6, 59.4, 

58.5, 58.2, 55.2, 27.3, 26.6. 

HRMS (ESI): Calculated for C18H22NO3 ([M+H]+): 300.1594, Found: 300.1592; Calculated for 

C18H21NNaO3 ([M+Na]+): 322.1414, Found: 322.1412; Calculated for C18H21KNO3 ([M+K]+): 

338.1153, Found: 338.1151. 

HPLC: Daicel Chiralpak OJ-H, hexane/isopropanol = 80:20, flow rate 0.75 mL/min, λ = 254 nm, 

retention time: 12.846 min (syn major enantiomer), 20.152 min (syn minor enantiomer), 21.892 min 

(anti major enantiomer), 16.583 min (anti minor enantiomer). 

 

(3S,4R)-3-methoxy-4-((4-methoxyphenyl)amino)-4-phenylbutan-2-one (3af) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 27 h). 

71 mg, 79% yield, yellow oil. 

Diastereomeric ratio (dr): 90:10. 

Enantiomeric excess (ee): 98% (syn), 83% (anti). 

[α]
20 

D  = +57.2° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 10:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.35 – 7.32 (m, 2H), 7.30 – 7.25 (m, 2H), 7.23 – 7.20 (m, 1H), 6.65 

– 6.62 (m, 2H), 6.49 – 6.45 (m, 2H), 4.74 (d, J = 3.1 Hz, 0.90H), 4.68 – 4.47 (m, 1.1H), 3.90 (d, J 

= 5.3 Hz, 1H), 3.80 (d, J = 3.2 Hz, 0.90H), 3.64 (s, 0.30H), 3.62 (s, 2.70H), 3.33 (s, 0.30H), 3.25 (s, 

2.70H), 2.14 (s, 2.70H), 1.81 (s, 0.30H). 
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13C NMR (101 MHz, CDCl3): δ 210.6, 210.1, 152.6, 152.4, 140.6, 140.3, 139.9, 138.7, 128.5, 

128.4, 127.8 × 2 (127.83, 127.79), 127.4, 127.1, 115.6, 115.2, 114.8 × 2 (114.84, 114.81), 90.7, 

89.8, 60.2, 59.7, 59.6, 59.3, 55.7, 55.6, 27.3, 26.5. 

HRMS (ESI): Calculated for C18H22NO3 ([M+H]+): 300.1594, Found: 300.1593; Calculated for 

C18H21NNaO3 ([M+Na]+): 322.1414, Found: 322.1413; Calculated for C18H21KNO3 ([M+K]+): 

338.1153, Found: 338.1154. 

HPLC: Daicel Chiralpak OD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 12.688 min (syn major enantiomer), 11.280 min (syn minor enantiomer), 14.065 min 

(anti major enantiomer), 16.083 min (anti minor enantiomer). 

 

(3S,4R)-3-methoxy-4-((3-methoxyphenyl)amino)-4-phenylbutan-2-one (3ag) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 27 h). 

72 mg, 80% yield, yellow oil. 

Diastereomeric ratio (dr): 87:13. 

Enantiomeric excess (ee): 97% (syn), 91% (anti). 

[α]
20 

D  = +34.8° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 10:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.36 – 7.33 (m, 2H), 7.31 – 7.25 (m, 3H), 7.23 – 7.20 (m, 1H), 6.97 

– 6.92 (m, 1H), 6.21 – 6.18 (m, 1H), 6.16 – 6.12 (m, 1H), 6.07 (t, J = 2.2 Hz, 1H), 4.86 – 4.77 (m, 

1.87H), 4.67 (d, J = 5.2 Hz, 0.13H), 3.91 (d, J = 4.8 Hz, 0.13H), 3.82 (d, J = 1.4 Hz, 0.87H), 3.65 

(s, 0.39H), 3.63 (s, 2.61H), 3.33 (s, 0.39H), 3.26 (s, 2.61H), 2.13 (s, 2.61H), 1.80 (s, 0.39H). 

13C NMR (101 MHz, CDCl3): δ 210.5, 209.8, 160.7 × 2 (160.75, 160.73), 147.9, 147.7, 139.8, 

138.5, 130.0, 129.9, 128.6, 128.5, 127.9, 127.8, 127.5, 127.0, 107.0, 106.8, 103.4, 103.2, 100.1, 

99.9, 90.4, 89.7, 59.7, 59.4, 59.1, 58.7, 55.0 × 2 (54.99, 54.97), 27.3, 26.6. 
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HRMS (ESI): Calculated for C18H22NO3 ([M+H]+): 300.1594, Found: 300.1593; Calculated for 

C18H21NNaO3 ([M+Na]+): 322.1414, Found: 322.1412. 

HPLC: Daicel Chiralpak AS-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 22.080 min (syn major enantiomer), 13.843 min (syn minor enantiomer), 21.425 min 

(anti major enantiomer), 16.762 min (anti minor enantiomer). 

 

(3S,4R)-3-methoxy-4-((2-methoxyphenyl)amino)-4-phenylbutan-2-one (3ah) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 27 h). 

48 mg, 53% yield, yellow oil. 

Diastereomeric ratio (dr): 79:21. 

Enantiomeric excess (ee): 70% (syn), 51% (anti). 

[α]
20 

D  = +61.3° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 10:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.35 – 7.31 (m, 2H), 7.30 – 7.25 (m, 2H), 7.23 – 7.17 (m, 1H), 6.75 

– 6.71 (m, 1H), 6.69 – 6.56 (m, 2H), 6.47 (dd, J = 7.7, 1.5 Hz, 0.21H), 6.32 (dd, J = 7.7, 1.6 Hz, 

0.79H), 5.26 (br s, 1H), 4.82 (d, J = 2.9 Hz, 0.79H), 4.70 (d, J = 5.4 Hz, 0.21H), 3.92 (d, J = 5.4 Hz, 

0.21H), 3.86 (s, 2.37H), 3.84 (s, 0.63H), 3.82 (d, J = 8.7 Hz, 0.79H), 3.35 (s, 0.21H), 3.26 (s, 2.37H), 

2.17 (s, 2.37H), 1.84 (s, 0.63H). 

13C NMR (101 MHz, CDCl3): δ 210.7, 210.4, 147.3, 147.2, 139.9, 138.7, 136.4, 136.1, 128.5, 

128.4, 127.8, 127.7, 127.4, 127.0, 121.2, 118.5, 117.4, 117.0, 111.6, 111.4, 109.8, 109.7, 90.9, 90.0, 

59.8, 59.5, 59.0, 58.8, 55.6 × 2 (55.61, 55.60), 27.4, 26.4. 

HRMS (ESI): Calculated for C18H22NO3 ([M+H]+): 300.1594, Found: 300.1594; Calculated for 

C18H21NNaO3 ([M+Na]+): 322.1414, Found: 322.1412; Calculated for C18H21KNO3 ([M+K]+): 

338.1153, Found: 338.1153. 

HPLC: Daicel Chiralpak OD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 
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retention time: 11.633 min (syn major enantiomer), 12.532 min (syn minor enantiomer), 10.623 min 

(anti major enantiomer), 11.217 min (anti minor enantiomer). 

 

(3S,4R)-4-((4-fluorophenyl)amino)-3-methoxy-4-phenylbutan-2-one (3ai) 

Followed the general procedure (Irradiation was conducted for 17 h, followed by the asymmetric 

catalytic reaction for 27 h). 

64 mg, 74% yield, yellow oil. 

Diastereomeric ratio (dr): 90:10. 

Enantiomeric excess (ee): 99% (syn), 83% (anti). 

[α]
20 

D  = +43.5° (c = 0.50, CHCl3). 

Rf = 0.40 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.34 – 7.26 (m, 4H), 7.23 – 7.19 (m, 1H), 6.77 – 6.71 (m, 2H), 6.52 

– 6.48 (m, 0.20H), 6.46 – 6.42 (m, 1.80H), 4.82 – 4.64 (m, 1.90H), 4.61 (d, J = 5.3 Hz, 0.20H), 3.91 

(d, J = 5.3 Hz, 0.10H), 3.81 (d, J = 3.1 Hz, 0.90H), 3.34 (s, 0.30H), 3.25 (s, 2.70H), 2.14 (s, 2.70H), 

1.80 (s, 0.30H). 

13C NMR (101 MHz, CDCl3): δ 210.7, 209.9, 156.1 (d, J = 236.7 Hz), 156.0 (d, J = 236.4 Hz), 

142.8 (d, J = 1.8 Hz), 142.6 (d, J = 1.9 Hz), 139.5, 138.3, 128.8, 128.6, 127.9, 127.8, 127.6, 127.1, 

115.6 × 2 [115.63 (d, J = 22.4 Hz), 115.57 (d, J = 22.4 Hz)], 115.1 (d, J = 7.5 Hz), 114.7 (d, J = 7.5 

Hz), 90.5, 89.6, 59.8, 59.7 59.4, 59.3, 27.3, 26.6. 

19F NMR (376 MHz, CDCl3): δ -127.0, -127.4. 

HRMS (ESI): Calculated for C17H19FNO2 ([M+H]+): 288.1394, Found: 288.1393; Calculated for 

C17H18FNNaO2 ([M+Na]+): 310.1214, Found: 310.1213. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 89.488 min (syn major enantiomer), 9.511 min (syn minor enantiomer), 16.912 min 

(anti major enantiomer), 11.515 min (anti minor enantiomer). 
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(3S,4R)-3-methoxy-4-(naphthalen-2-ylamino)-4-phenylbutan-2-one (3aj) 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 19 h). 

79 mg, 82% yield, white solid. 

Diastereomeric ratio (dr): 85:15. 

Enantiomeric excess (ee): 92% (syn), 74% (anti). 

[α]
20 

D  = +63.6° (c = 0.33, CHCl3). 

Rf = 0.35 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.61 – 7.54 (m, 2H), 7.44 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 6.9, 1.5 

Hz, 2H), 7.32 – 7.25 (m, 3H), 7.24 – 7.20 (m, 1H), 7.16 – 7.10 (m, 1H), 6.93 – 6.88 (m, 1H), 6.73 

(d, J = 2.2 Hz, 0.15H), 6.64 – 6.61 (m, 0.85H), 5.06 – 4.85 (m, 1.85H), 4.84 – 4.82 (m, 0.15H), 4.01 

– 3.98 (m, 0.15H), 3.88 (s, 0.85H), 3.36 (s, 0.45H), 3.29 (s, 2.55H), 2.16 (s, 2.55H), 1.82 (s, 0.45H). 

13C NMR (101 MHz, CDCl3): δ 210.7, 209.91, 144.2, 143.9, 139.50, 138.3, 135.0 × 2 (135.00, 

134.95), 129.4, 129.2, 129.1, 129.0, 128.6 × 2 (128.63, 128.59), 128.0 × 2 (128.01, 127.97), 127.8, 

127.7, 127.6, 127.0, 126.3, 126.2, 126.0, 125.8, 122.4, 122.2, 118.3, 118.0, 108.6, 106.5, 90.5, 89.5, 

59.7, 59.4, 59.1, 58.7, 27.3, 26.7. 

HRMS (ESI): Calculated for C21H22NO2 ([M+H]+): 320.1645, Found: 320.1645; Calculated for 

C21H21NNaO2 ([M+Na]+): 342.1464, Found: 342.1465; Calculated for C21H21KNO2 ([M+K]+): 

358.1204, Found: 358.1207. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 15.559 min (syn major enantiomer), 14.849 min (syn minor enantiomer), 24.594 min 

(anti major enantiomer), 17.174 min (anti minor enantiomer). 
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(S)-2-((S)-phenyl(phenylamino)methyl)cyclohexan-1-one (3ak)[19] 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 25 h). 

62 mg, 74% yield, white solid. 

Diastereomeric ratio (dr): 62:38. 

Enantiomeric excess (ee): 87% (syn), 58% (anti). 

[α]
20 

D  = -33.0° (c = 0.33, CHCl3). {Ref. 18, [α]
25 

D  = -44.2° (c = 0.98, CHCl3, > 99% ee)}. 

Rf = 0.35 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (600 MHz, CDCl3): δ 7.38 – 7.32 (m, 2H), 7.31 – 7.26 (m, 2H), 7.22 – 7.18 (m, 1H), 7.10 

– 7.02 (m, 2H), 6.66 – 6.60 (m, 1H), 6.57 – 6.51 (m, 2H), 4.80 (d, J = 4.3 Hz, 0.62H), 4.76 – 4.28 

(m, 1.38H), 2.82 – 2.77 (m, 0.62H), 2.77 – 2.73 (m, 0.38H), 2.45 – 2.38 (m, 1H), 2.35 – 2.26 (m, 

1H), 2.08 – 1.99 (m, 1H), 1.93 – 1.81 (m, 2H), 1.72 – 1.63 (m, 2H), 1.62 – 1.58 (m, 1H). 

13C NMR (151 MHz, CDCl3): δ 212.6, 211.2, 147.5, 147.2, 141.7, 141.6, 129.0 × 2 (129.04, 

129.00), 128.5, 128.4, 127.5, 127.3, 127.2, 127.0, 117.7, 117.6, 114.1, 113.8, 58.2, 57.4 × 2 (57.45, 

57.41), 56.6, 42.4, 41.8, 31.2, 28.8, 27.8, 26.9, 24.8, 23.7. 

HRMS (ESI): Calculated for C19H22NO ([M+H]+): 280.1696, Found: 280.1696; Calculated for 

C19H21NNaO ([M+Na]+): 302.1515, Found: 302.1515; Calculated for C19H21KNO ([M+K]+): 

318.1255, Found: 318.1255. 

HPLC: Daicel Chiralpak OJ-H, hexane/isopropanol = 80:20, flow rate 0.75 mL/min, λ = 254 nm, 

retention time: 25.390 min (syn major enantiomer), 19.037 min (syn minor enantiomer), 16.664 min 

(anti major enantiomer), 12.149 min (anti minor enantiomer). 

 

(3S,4R)-3-methoxy-4-((4-methoxyphenyl)amino)-5-methylhexan-2-one (3al) 
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Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 28 h). 

57 mg, 72% yield, yellow oil. 

Diastereomeric ratio (dr): > 99:1. 

Enantiomeric excess (ee): 83%. 

[α]
20 

D  = +14.7° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 3:1). 

1H NMR (400 MHz, CDCl3): δ 6.80 – 6.73 (m, 2H), 6.66 – 6.54 (m, 2H), 3.96 (s, 3H), 3.75 – 3.67 

(m, 4H), 3.37 (s, 3H), 2.62 – 2.54 (m, 2H), 1.97 – 1.87 (m, 1H), 0.96 (d, J = 6.8 Hz, 3H), 0.91 (d, J 

= 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3): δ 203.8, 147.4, 136.9, 110.3, 110.2, 73.3, 54.5, 51.6, 51.0, 35.9, 

26.9, 14.0, 13.6. 

HRMS (ESI): Calculated for C15H24NO3 ([M+H]+): 266.1751, Found: 266.1751; Calculated for 

C15H23NNaO3 ([M+Na]+): 288.1570, Found: 288.1572. 

HPLC: Daicel Chiralpak AS-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 23.463 min (syn major enantiomer), 31.452 min (syn minor enantiomer). 

 

Ethyl (2S,3S)-3-methoxy-2-((4-methoxyphenyl)amino)-4-oxopentanoate (3am)[20] 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 28 h). 

67 mg, 76% yield, yellow oil. 

Diastereomeric ratio (dr): 96:4. 

Enantiomeric excess (ee): 98%. 

[α]
20 

D  = +65.5° (c = 0.50, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 3:1). 
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1H NMR (400 MHz, CDCl3): δ 6.74 (d, J = 8.9 Hz, 2H), 6.60 (d, J = 8.9 Hz, 2H), 4.40 (s, 1H), 4.28 

– 4.12 (m, 3H), 4.10 (d, J = 2.6 Hz, 1H), 3.72 (s, 3H), 3.47 (s, 3H), 2.25 (s, 3H), 1.25 (t, J = 7.1 Hz, 

3H). 

13C NMR (101 MHz, CDCl3): δ 204.6, 166.5, 148.6, 136.1, 111.4, 110.0, 82.7, 56.7, 55.9, 55.1, 

50.9, 22.4, 9.4. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 214 nm, 

retention time: 27.804 min (syn major enantiomer), 30.092 min (syn minor enantiomer). 

  

(R)-4-phenyl-4-(phenylamino)butan-2-one (4a)[1] 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 24 h). 

46 mg, 64% yield, white solid. 

Enantiomeric excess (ee): 95%. 

[α]
20 

D  = -18.9° (c = 0.20, CHCl3). 

Rf = 0.40 (Petroleum ether/EtOAc, v/v, 5:1).  

1H NMR (600 MHz, CDCl3): δ 7.35 (d, J = 7.3 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 7.1 

Hz, 1H), 7.10 – 7.06 (m, 2H), 6.66 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 7.8 Hz, 2H), 4.84 (t, J = 6.4 Hz, 

1H), 4.41 (br s, 1H), 2.91 (d, J = 6.4 Hz, 2H), 2.08 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 207.0, 146.9, 142.6, 129.2, 128.8, 127.4, 126.3, 117.9, 113.8, 54.5, 

51.2, 30.7.  

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm), 

retention time: 12.943 min (major), 16.832 min (minor).  

 

(R)-4-(naphthalen-2-ylamino)-4-phenylbutan-2-one (4b) 
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Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 19 h). 

69 mg, 79% yield, white solid. 

Enantiomeric excess (ee): 90%. 

[α]
20 

D  = -30.1° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

1H NMR (600 MHz, CDCl3): δ 7.55 (d, J = 8.1 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.41 (d, J = 8.2 

Hz, 1H), 7.33 (d, J = 7.5 Hz, 2H), 7.25 (t, J = 7.6 Hz, 2H), 7.23 – 7.20 (m, 1H), 7.16 (t, J = 7.4 Hz, 

1H), 7.10 – 7.07 (m, 1H), 6.83 (dd, J = 8.8, 2.1 Hz, 1H), 6.61 (s, 1H), 4.91 (t, J = 6.4 Hz, 1H), 4.62 

(br s, 1H), 2.92 (d, J = 6.9 Hz, 2H), 2.04 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 206.0, 143.4, 141.2, 133.9, 127.9, 127.8, 126.7, 126.5, 126.4, 

125.3, 125.2, 125.1, 121.2, 117.2, 105.3, 53.4, 50.0, 29.7. 

HRMS (ESI): Calculated for C20H20NO ([M+H]+): 290.1539, Found: 290.1536; Calculated for 

C20H19NNaO ([M+Na]+): 312.1359, Found: 312.1357; Calculated for C20H19KNO ([M+K]+): 

328.1098, Found: 328.1097. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 37.366 min (major), 30.320 min (minor). 

 

(3R,4R)-4-(4-methoxyphenyl)-3-methyl-4-(phenylamino)butan-2-one (4c)[16] and (S)-1-(4-

methoxyphenyl)-1-(phenylamino)pentan-3-one (4d)[16]  (inseparable mixture of regioisomers, 

4c:4d = 52:48) 

Followed the general procedure (Irradiation was conducted for 15 h, followed by the asymmetric 

catalytic reaction for 26 h). 

55 mg, 65% yield, yellow oil. 

Diastereomeric ratio (dr): > 99:1 (4c). 

Enantiomeric excess (ee): 89% (4c), 94% (4d). 

Rf = 0.25 (Petroleum ether/EtOAc, v/v, 5:1). 
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1H NMR (600 MHz, CDCl3): δ 7.27 – 7.24 (m, 2H), 7.21 (d, J = 8.4 Hz, 1.84H), 7.10 – 7.04 (m, 

3.84H), 6.84 (d, J = 7.9 Hz, 3.84H), 6.67 – 6.62 (m, 1.84H), 6.54 (d, J = 7.9 Hz, 1.84H), 6.49 (d, J 

= 7.9 Hz, 2H), 4.79 (t, J = 6.4 Hz, 0.92H), 4.67 (d, J = 5.6 Hz, 1H), 4.59 – 4.12 (m, 1.92H), 3.76 (s, 

5.76H), 3.00 – 2.96 (m, 1H), 2.90 – 2.86 (m, 1.84H), 2.36 – 2.29 (m, 1.84H), 2.06 (s, 3H), 1.09 (d, 

J = 7.0 Hz, 3H), 0.96 (t, J = 7.3 Hz, 2.76H). 

13C NMR (151 MHz, CDCl3): δ 210.6, 209.9, 158.8 × 2 (158.86, 158.83), 147.0, 146.9, 134.6, 

133.0, 129.1 × 2 (129.10, 129.06), 127.9, 127.4, 117.8, 117.7, 114.2, 114.1, 113.9, 113.7, 58.5, 55.2 

× 2 (55.23, 55.21), 54.1, 53.2, 49.9, 36.9, 29.4, 11.4, 7.4. 

HRMS (ESI): Calculated for C18H22NO2 ([M+H]+): 284.1645, Found: 284.1644; Calculated for 

C18H21NNaO2 ([M+Na]+): 306.1464, Found: 306.1463; Calculated for C18H21KNO2 ([M+K]+): 

322.1204, Found: 322.1205. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time of 4c: 14.038 min (major), 16.241 min (minor); retention time of 4d: 19.007 min 

(major), 23.184 min (minor). 

 

(3R,4S)-3-methoxy-4-phenyl-4-(phenylamino)butan-2-one (4e) 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 24 h). 

66 mg, 82% yield, yellow oil. 

Diastereomeric ratio (dr): 86:14. 

Enantiomeric excess (ee): 98% (syn), 91% (anti). 

[α]
20 

D  = -62.4° (c = 0.33, CHCl3). 

Rf = 0.30 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.35 (d, J = 7.2 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.24 – 7.20 (m, 

1H), 7.08 – 7.03 (m, 2H), 6.66 – 6.61 (m, 1H), 6.60 – 6.56 (m, 0.28H), 6.54 – 6.50 (m, 1.72H), 4.85 
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– 4.74 (m, 1.86H), 4.69 (d, J = 5.4 Hz, 0.14H), 3.92 (d, J = 5.3 Hz, 0.14H), 3.83 (d, J = 2.8 Hz, 

0.86H), 3.36 (s, 0.42H), 3.28 (s, 2.58H), 2.15 (s, 2.58H), 1.82 (s, 0.42H). 

13C NMR (101 MHz, CDCl3): δ 210.6, 210.0, 146.4, 146.2, 139.7, 138.5, 129.2 × 2 (129.21, 

129.16), 128.6, 128.5, 127.8 × 2 (127.86, 127.78), 127.5, 127.0, 118.2, 117.9, 114.1, 113.8, 90.6, 

89.7, 59.7, 59.4, 59.1, 58.7, 27.3, 26.6. 

HRMS (ESI): Calculated for C17H20NO2 ([M+H]+): 270.1489, Found: 270.1488; Calculated for 

C17H19NNaO2 ([M+Na]+): 292.1308, Found: 292.1307; Calculated for C17H19KNO2 ([M+K]+): 

308.1047, Found: 308.1048. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 99:1, flow rate 0.7 mL/min, λ = 254 nm, 

retention time: 21.007 min (syn major enantiomer), 22.543 min (syn minor enantiomer), 26.512 min 

(anti major enantiomer), 42.136 min (anti minor enantiomer). 

 

(3R,4S)-3-methoxy-4-(4-methoxyphenyl)-4-(phenylamino)butan-2-one (4f) 

Followed the general procedure (Irradiation was conducted for 15 h, followed by the asymmetric 

catalytic reaction for 26 h). 

74 mg, 82% yield, yellow oil. 

Diastereomeric ratio (dr): 85:15. 

Enantiomeric excess (ee): 96% (syn), 86% (anti). 

[α]
20 

D  = +49.7° (c = 0.50, CHCl3). 

Rf = 0.20 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (600 MHz, CDCl3): δ 7.27 – 7.22 (m, 2H), 7.10 – 7.03 (m, 2H), 6.85 – 6.80 (m, 2H), 6.67 

– 6.61 (m, 1H), 6.58 (d, J = 7.7 Hz, 0.30H), 6.51 (d, J = 7.8 Hz, 1.70H), 4.84 – 4.55 (m, 2H), 3.90 

(d, J = 5.2 Hz, 0.15H), 3.79 (d, J = 2.9 Hz, 0.85H), 3.75 (s, 3H), 3.36 (s, 0.45H), 3.30 (s, 2.55H), 

2.13 (s, 2.55H), 1.83 (s, 0.45H). 
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13C NMR (151 MHz, CDCl3): δ 210.6, 210.0, 159.2, 159.0, 146.6, 146.3, 131.6, 130.5, 129.2, 

129.1, 128.9, 128.1 × 2 (128.12, 128.08), 118.1, 117.8, 114.1, 114.0, 113.9, 90.6, 89.8, 59.6, 59.4, 

58.6, 58.2, 55.2 × 2 (55.19, 55.18), 27.3, 26.6. 

HRMS (ESI): Calculated for C18H22NO3 ([M+H]+): 300.1594, Found: 300.1592; Calculated for 

C18H21NNaO3 ([M+Na]+): 322.1414, Found: 322.1412; Calculated for C18H21KNO3 ([M+K]+): 

338.1153, Found: 338.1152. 

HPLC: Daicel Chiralpak OJ-H, hexane/isopropanol = 80:20, flow rate 0.75 mL/min, λ = 254 nm, 

retention time: 19.951 min (syn major enantiomer), 13.448 min (syn minor enantiomer), 16.756 min 

(anti major enantiomer), 22.922 min (anti minor enantiomer). 

 

(3R,4S)-3-methoxy-4-(naphthalen-2-ylamino)-4-phenylbutan-2-one (4g) 

Followed the general procedure (Irradiation was conducted for 16 h, followed by the asymmetric 

catalytic reaction for 19 h). 

74 mg, 77% yield, white solid. 

Diastereomeric ratio (dr): 89:11. 

Enantiomeric excess (ee): 94% (syn), 79% (anti). 

[α]
20 

D  = -67.6° (c = 0.33, CHCl3). 

Rf = 0.35 (Petroleum ether/EtOAc, v/v, 5:1). 

Mixture of two diastereomers: 

1H NMR (400 MHz, CDCl3): δ 7.61 – 7.54 (m, 2H), 7.44 (d, J = 8.2 Hz, 1H), 7.41 – 7.37 (m, 2H), 

7.31 – 7.25 (m, 3H), 7.24 – 7.20 (m, 1H), 7.15 – 7.10 (m, 1H), 6.90 (dd, J = 8.8, 2.3 Hz, 1H), 6.73 

(d, J = 1.8 Hz, 0.11H), 6.62 (d, J = 2.1 Hz, 0.89H), 5.02 – 4.89 (m, 1.89H), 4.82 (d, J = 5.4 Hz, 

0.11H), 3.99 (d, J = 5.2 Hz, 0.11H), 3.88 (d, J = 2.4 Hz, 0.89H), 3.36 (s, 0.33H), 3.29 (s, 2.67H), 

2.16 (s, 2.67H), 1.82 (s, 0.33H). 

13C NMR (101 MHz, CDCl3): δ 210.7, 209.9, 144.1, 143.9, 139.5, 138.3, 135.0 × 2 (135.02, 

134.95), 129.0 × 2 (129.06, 129.00), 128.6 × 2 (128.62, 128.58), 128.0, 127.8 × 2 (127.84, 127.81), 
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127.7, 127.6, 127.0, 126.3, 126.2, 126.1, 126.0, 122.4, 122.2, 118.3, 118.0, 106.7, 106.5, 90.5, 89.5, 

59.7, 59.4, 59.1, 58.7, 27.3, 26.7. 

HRMS (ESI): Calculated for C21H22NO2 ([M+H]+): 320.1645, Found: 320.1643; Calculated for 

C21H21NNaO2 ([M+Na]+): 342.1464, Found: 342.1463; Calculated for C21H21KNO2 ([M+K]+): 

358.1204, Found: 358.1200. 

HPLC: Daicel Chiralpak AD-H, hexane/isopropanol = 97:3, flow rate 1.0 mL/min, λ = 254 nm, 

retention time: 14.000 min (syn major enantiomer), 14.438 min (syn minor enantiomer), 16.069 min 

(anti major enantiomer), 23.398 min (anti minor enantiomer). 
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14. NMR spectra 

1H NMR Spectrum (600 MHz, CDCl3) of 1c 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1c 
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1H NMR Spectrum (600 MHz, CDCl3) of 1d 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1d 
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1H NMR Spectrum (600 MHz, CDCl3) of 1e 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1e 
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1H NMR Spectrum (600 MHz, CDCl3) of 1f 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1f 
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1H NMR Spectrum (600 MHz, CDCl3) of 1g 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1g 
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1H NMR Spectrum (600 MHz, CDCl3) of 1h 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1h 
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19F NMR Spectrum (376 MHz, CDCl3) of 1h 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1i 
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13C NMR Spectrum (151 MHz, CDCl3) of 1i 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1j 
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13C NMR Spectrum (151 MHz, CDCl3) of 1j 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1k 
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13C NMR Spectrum (151 MHz, CDCl3) of 1k 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1l 
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13C NMR Spectrum (151 MHz, CDCl3) of 1l 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1m 
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13C NMR Spectrum (151 MHz, CDCl3) of 1m 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1n 
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13C NMR Spectrum (151 MHz, CDCl3) of 1n 

 

 

19F NMR Spectrum (565 MHz, CDCl3) of 1n 
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1H NMR Spectrum (600 MHz, CDCl3) of 1o 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1o 
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1H NMR Spectrum (400 MHz, CDCl3) of 1t 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 1t 
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19F NMR Spectrum (376 MHz, CDCl3) of 1t 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 1u 
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13C NMR Spectrum (151 MHz, CDCl3) of 1u 

 

19F NMR Spectrum (565 MHz, CDCl3) of 1u 
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1H NMR Spectrum (600 MHz, CDCl3) of 1am 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 1am 



S83 
 

1H NMR Spectrum (600 MHz, CDCl3) of 3a 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3a 
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1H NMR Spectrum (600 MHz, CDCl3) of 3b 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3b 
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1H NMR Spectrum (600 MHz, CDCl3) of 3c 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3c 
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1H NMR Spectrum (600 MHz, CDCl3) of 3d 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3d 
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1H NMR Spectrum (600 MHz, CDCl3) of 3e 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3e 
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1H NMR Spectrum (600 MHz, CDCl3) of 3f 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3f 
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1H NMR Spectrum (600 MHz, CDCl3) of 3g 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3g 
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1H NMR Spectrum (400 MHz, CDCl3) of 3h 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3h 
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1H NMR Spectrum (600 MHz, CDCl3) of 3i 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3i 
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1H NMR Spectrum (600 MHz, CDCl3) of 3j 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3j 
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1H NMR Spectrum (400 MHz, CDCl3) of 3k 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3k 
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1H NMR Spectrum (600 MHz, CDCl3) of 3l 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3l 
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1H NMR Spectrum (600 MHz, CDCl3) of 3m 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3m 
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1H NMR Spectrum (400 MHz, CDCl3) of 3n 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3n 
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19F NMR Spectrum (565 MHz, CDCl3) of 3n 

 

1H NMR Spectrum (600 MHz, CDCl3) of 3o 
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13C NMR Spectrum (151 MHz, CDCl3) of 3o 

 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3p 
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13C NMR Spectrum (101 MHz, CDCl3) of 3p 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 3q 
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13C NMR Spectrum (151 MHz, CDCl3) of 3q 

 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3r 
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13C NMR Spectrum (101 MHz, CDCl3) of 3r 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3s 
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13C NMR Spectrum (101 MHz, CDCl3) of 3s 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3t 
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13C NMR Spectrum (101 MHz, CDCl3) of 3t 

 

19F NMR Spectrum (376 MHz, CDCl3) of 3t 
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1H NMR Spectrum (400 MHz, CDCl3) of 3u 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3u 
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19F NMR Spectrum (376 MHz, CDCl3) of 3u 

 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3v 
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13C NMR Spectrum (101 MHz, CDCl3) of 3v 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 3w 
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13C NMR Spectrum (151 MHz, CDCl3) of 3w 

 

1H NMR Spectrum (600 MHz, CDCl3) of 3x and 3y 
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13C NMR Spectrum (151 MHz, CDCl3) of 3x and 3y 

 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3z and 3aa 
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13C NMR Spectrum (101 MHz, CDCl3) of 3z and 3aa 

 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3ab 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ab 

 

 

1H NMR Spectrum (600 MHz, CDCl3) of 3ac 
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13C NMR Spectrum (151 MHz, CDCl3) of 3ac 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3ad 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ad 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3ae 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ae 

 

1H NMR Spectrum (400 MHz, CDCl3) of 3af 
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13C NMR Spectrum (101 MHz, CDCl3) of 3af 

1H NMR Spectrum (400 MHz, CDCl3) of 3ag 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ag 

1H NMR Spectrum (400 MHz, CDCl3) of 3ah 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ah 

1H NMR Spectrum (400 MHz, CDCl3) of 3ai 
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13C NMR Spectrum (101 MHz, CDCl3) of 3ai 

 

19F NMR Spectrum (376 MHz, CDCl3) of 3ai 
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1H NMR Spectrum (400 MHz, CDCl3) of 3aj 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3aj 
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1H NMR Spectrum (600 MHz, CDCl3) of 3ak 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 3ak 
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1H NMR Spectrum (400 MHz, CDCl3) of 3al 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3al 
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1H NMR Spectrum (400 MHz, CDCl3) of 3am 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 3am 
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1H NMR Spectrum (600 MHz, CDCl3) of 4a 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 4a 



S123 
 

1H NMR Spectrum (600 MHz, CDCl3) of 4b 

 

13C NMR Spectrum (151 MHz, CDCl3) of 4b 
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1H NMR Spectrum (600 MHz, CDCl3) of 4c and 4d 

 

13C NMR Spectrum (151 MHz, CDCl3) of 4c and 4d 
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1H NMR Spectrum (400 MHz, CDCl3) of 4e 

 

 

13C NMR Spectrum (101 MHz, CDCl3) of 4e 
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1H NMR Spectrum (600 MHz, CDCl3) of 4f 

 

 

13C NMR Spectrum (151 MHz, CDCl3) of 4f 
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1H NMR Spectrum (400 MHz, CDCl3) of 4g 

 

13C NMR Spectrum (101 MHz, CDCl3) of 4g 
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15. HRMS spectra 

HRMS spectrum of 3b 

 

HRMS spectrum of 3c 

 

HRMS spectrum of 3e 
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HRMS spectrum of 3f 

 

 

HRMS spectrum of 3g 

 

HRMS spectrum of 3h 
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HRMS spectrum of 3j 

 

HRMS spectrum of 3k 

 

 

HRMS spectrum of 3l 
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HRMS spectrum of 3m 

 

HRMS spectrum of 3n 

HRMS spectrum of 3o 
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HRMS spectrum of 3r 

 

 

HRMS spectrum of 3t 

 

 

HRMS spectrum of 3v 
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HRMS spectrum of 3w 

 

 

HRMS spectrum of 3x and 3y 

 

 

HRMS spectrum of 3z and 3aa 
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HRMS spectrum of 3ad 

 

 

HRMS spectrum of 3ae 

 

HRMS spectrum of 3af 

 

 



S135 
 

HRMS spectrum of 3ag 

 

 

HRMS spectrum of 3ah 

 

 

HRMS spectrum of 3ai 
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HRMS spectrum of 3aj 

 

 

HRMS spectrum of 3ak 

 

HRMS spectrum of 3al 
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HRMS spectrum of 4b 

 

HRMS spectrum of 4c and 4d 

 

HRMS spectrum of 4e 
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HRMS spectrum of 4f 

 

 

HRMS spectrum of 4g 
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16. Chiral HPLC spectra 

HPLC spectrum of Rac-3a 

 

 

HPLC spectrum of 3a 
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HPLC spectrum of Rac-3b 

 

 

HPLC spectrum of 3b 
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HPLC spectrum of Rac-3c 

 

 

HPLC spectrum of 3c 
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HPLC spectrum of Rac-3d 

 

 

HPLC spectrum of 3d 
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HPLC spectrum of Rac-3e 

 

 

HPLC spectrum of 3e 
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HPLC spectrum of Rac-3f 

 

 

HPLC spectrum of 3f 
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HPLC spectrum of Rac-3g 

 

 

HPLC spectrum of 3g 
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HPLC spectrum of Rac-3h 

 

 

HPLC spectrum of 3h 
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HPLC spectrum of Rac-3i 

 

HPLC spectrum of 3i 
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HPLC spectrum of Rac-3j 

 

 

HPLC spectrum of 3j 
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HPLC spectrum of Rac-3k 

 

 

HPLC spectrum of 3k 
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HPLC spectrum of Rac-3l 

 

 

HPLC spectrum of 3l 

 

 

 



S151 
 

HPLC spectrum of Rac-3m 

 

 

HPLC spectrum of 3m 
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HPLC spectrum of Rac-3n 

 

 

HPLC spectrum of 3n 
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HPLC spectrum of Rac-3o 

 

 

HPLC spectrum of 3o 
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HPLC spectrum of Rac-3p 

 

 

HPLC spectrum of 3p 
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HPLC spectrum of Rac-3q 

 

 

HPLC spectrum of 3q 
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HPLC spectrum of Rac-3r 

 

 

HPLC spectrum of 3r 
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HPLC spectrum of Rac-3s 

 

 

HPLC spectrum of 3s 
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HPLC spectrum of Rac-3t 

 

 

HPLC spectrum of 3t 

 

 

 

 



S159 
 

HPLC spectrum of Rac-3u 

 

 

HPLC spectrum of 3u 
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HPLC spectrum of Rac-3v 

  

 

HPLC spectrum of 3v 
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HPLC spectrum of Rac-3w 

 

 

HPLC spectrum of 3w 
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HPLC spectrum of Rac-3x and Rac-3y 

 

 

HPLC spectrum of 3x and 3y 
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HPLC spectrum of Rac-3z and Rac-3aa 

 

 

HPLC spectrum of 3z and 3aa 
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HPLC spectrum of Rac-3ab 

 

HPLC spectrum of 3ab 
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HPLC spectrum of Rac-3ac 

 

 

HPLC spectrum of 3ac 
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HPLC spectrum of Rac-3ad  

 

 

HPLC spectrum of 3ad 
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HPLC spectrum of Rac-3ae 

 

 

HPLC spectrum of 3ae 
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HPLC spectrum of Rac-3af 

 

 

HPLC spectrum of 3af 
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HPLC spectrum of Rac-3ag 

 

 

HPLC spectrum of 3ag 
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HPLC spectrum of Rac-3ah 

 

 

HPLC spectrum of 3ah 
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HPLC spectrum of Rac-3ai 

 

 

HPLC spectrum of 3ai 
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HPLC spectrum of Rac-3aj 

 

 

HPLC spectrum of 3aj 
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HPLC spectrum of Rac-3ak 

 

 

HPLC spectrum of 3ak 

 

 



S174 
 

HPLC spectrum of Rac-3al 

 

 

HPLC spectrum of 3al 

 

 

 



S175 
 

HPLC spectrum of Rac-3am 

 

 

HPLC spectrum of 3am 
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HPLC spectrum of Rac-4a 

 

 

HPLC spectrum of 4a 
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HPLC spectrum of Rac-4b 

 

 

HPLC spectrum of 4b 
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HPLC spectrum of Rac-4c and Rac-4d 

 

HPLC spectrum of 4c and 4d 
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HPLC spectrum of Rac-4e 

 

HPLC spectrum of 4e 
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HPLC spectrum of Rac-4f 

 

HPLC spectrum of 4f 
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HPLC spectrum of Rac-4g 

 

HPLC spectrum of 4g 

 


