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I. General Information 

General remarks: NMR spectra were recorded on 400 MHz or 600MHz Bruker 

spectrometers. Chemical shifts are given in ppm. The spectra are calibrated to the 

residual 1H and 13C signals of the solvents. Multiplicities are abbreviated as follows: 

singlet (s), doublet (d), triplet (t), quartet (q), doublet-doublet (dd), quintet (quint), 

septet (sept), multiplet (m), and broad (br). High-pressure liquid chromatography 

(HPLC) was performed on Agilent 1200 Series chromatographs using a chiral column 

(25 cm) as noted for each compound. Enantiomer excess was determined by HPLC 

analysis employing Darcel Chiracel OD-H, AD-H, AS-H, IA and OJ-H column. High-

resolution electrospray ionization and electronic impact mass spectrometry was 

performed on a Finnigan MAT 900 (Thermo Finnigan, San Jose, CA; USA) double 

focusing magnetic sector mass spectrometer. A mass accuracy ≤ 2 ppm was obtained in 

the peak matching acquisition mode by using a solution containing 2 <l PEG200, 2 <l 

PPG450, and 1.5 mg NaOAc (all obtained from Sigma‐Aldrich, CH‐Buchs) dissolved 

in 100 mL MeOH (HPLC Supra grade, Scharlau, E‐Barcelona) as internal standard.  

Materials: Unless otherwise noted, commercial reagents were purchased from Energy-

Chemical Limited, J&K, Adamas-beta®, Aladdin, Macklin Reagent, Bidepharm and 

used directly without further purification. Ether was distilled over CaH2 and stored 

under nitrogen atmosphere. 
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II. Preparation of Substrates and Chiral Ligand L9 

General Procedure for the Preparation of Acyl Enamines:  

 
Acyl enamines were prepared following literature procedure.1 N-vinylformamide (10 

mmol, 1.0 equiv), triethylamine (12 mmol, 1.2 equiv), and anhydrous THF (30 mL) 

were added to a three-necked round-bottomed flask equipped with an overhead stirrer, 

an addition funnel, and a nitrogen balloon. The mixture was cooled to 0 ℃ in an 

icewater bath. Freshly distilled aryl chloride (11.5 mmol, 1.15 equiv) was loaded into 

the addition funnel and slowly added at a rate such that temperature was maintained 

below 5 ℃ over 1 h. A solution of 5 N NaOH (30 mmol/6 mL H2O) was then slowly 

added at 0-5 ℃ over 2 h. The water layer was removed and extracted with EtOAc. The 

organic layers were combined, washed with a solution of NaCl, and dried over 

anhydrous Na2SO4. After filtering off insoluble, the solvents were evaporated under 

reduced pressure using rotary evaporation, the residue was purified by chromatography 

on silica gel to afford the products. Characterization data is consistent with reported 

data. 

General Procedure for the Preparation of Enol Esters 

 

Enol esters were prepared following literature procedure.2 To a pressure tube were 

added acid (10 mmol, 1.0 equiv), Pd(OAc)2 (0.22 g, 1.0 mmol, 0.1 equiv) and vinyl 

acetate (20 mL). The reaction mixture was heated to reflux and stirred for 8 h at 80 ºC. 

After cooling down to room temperature, the mixture was filtered through a short pad 

of Celite and washed with CH2Cl2. The filtrate was concentrated under reduced pressure, 

and the residue was purified by column chromatography on silica gel with gradient of 

petroleum ether/ethyl acetate to afford products. Characterization data is consistent with 

reported data. 

Preparation of Chiral Ligand L9: 
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Compound 1 was synthesized according to literature.3 Under argon atmosphere 1-

bromoadamantane (10 mmol), toluene (35 mL) and a catalytic amount of InCl3 (5 mol%) 

added to a round bottom flask. After stirring for 24 h at room temperature, the mixture 

was washed by water (3×50 mL) until the pH was neutralized. Then the mixture was 

extracted with ether spirit (3×50 mL). The organic layer was dried over anhydrous 

MgSO4 and concentrated under vacuum. The solid residue was filtered in a small 

column with hexane give the compound 1 as crystalline solid in 93% yield. 

Compound 2 was synthesized according to literature.3 Compound 1 (4.42 mmol), N-

bromosuccinimide (NBS, 4.86 mmol), 2.2-azobisisobutyronitrile (AIBN, 0.11 mmol) 

and cyclohexane (7 mL) were added to a round bottom flask at room temperature. The 

mixture was stirred and refluxed for 2 h. The reaction was monitored by TLC. Then the 

mixture was allowed to cool to room temperature and water (30 mL) was added and 

reside was extracted with ethyl acetate (3×10 mL), dried over anhydrous MgSO4 and 

concentrated under vacuum. The residue was filtered in a small silica column and to 

give the title compound 2 as white solid in 85% yield. 

Compound 3 was synthesized according to literature.4 A mixture of (1R,2S)-2-amino-

1,2-diphenylethan-1-ol (10.0 mmol) and diethyl malonimidate dihydrochloride (10.0 
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mmol) in CH2Cl2 was stirred at room temperature for 24 hours. Water was added and 

the organic layer was separated, dried over Na2SO4, filtered and concentrated in vacuo. 

The residue was purified by chromatography on silica gel to give compound 3 as a 

white solid in 81% yield. 

  To a flask with compound 3 (10.0 mmol) in dry THF (30 mL) was added LiHMDS 

(30.0 mmol) at -40 oC and stirred at this temperature for 0.5 h, then compound 2 (30 

mmol) was added. After the addition, the cooling bath was removed and the reaction 

mixture was allowed to warm to room temperature to continue reaction for 3 h. After 

the reaction was completed, the reaction mixture was quenched with saturated aqueous 

NH4Cl and the aqueous layer was extracted with diethyl ether (3 × 50 mL). The 

combined organic layer was washed with saturated aqueous brine, dried over anhydrous 

Na2SO4, filtered and concentrated in vacuum. The residue was purified by 

chromatography on silica gel to give the L9 as a white solid in 75% yield.5 

(4S,4'S,5R,5'R)-2,2'-(1-(4-((1r,3R,5S)-adamantan-1-yl)phenyl)-3-(4-((1s,3S)-

adamantan-1-yl)phenyl)propane-2,2-diyl)bis(4,5-diphenyl-4,5-dihydrooxazole) 

(L9) 

 

White solid, 48% yield. 

1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.02 

– 6.86 (m, 10H), 5.77 (d, J = 10.4 Hz, 1H), 5.41 (d, J = 10.4 Hz, 1H), 3.83 (d, J = 14.0 

Hz, 1H), 3.51 (d, J = 14.0 Hz, 1H), 2.12 (s, 3H), 1.96 (d, J = 3.2 Hz, 6H), 1.84 – 1.76 

(m,6H), 1.57 (s, 22H). 

13C NMR (151 MHz, CDCl3) δ 168.26, 150.12, 137.47, 135.92, 133.95, 130.62, 128.13, 

127.64, 127.47, 127.06, 127.02, 124.78, 86.27, 73.69, 49.56, 43.42, 39.81, 37.00, 36.17, 
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29.15. 

HRMS (ESI-TOF) Calcd for C65H66N2O2 (M+H)+ 907.5197. Found 907.5194. 

1H NMR and 13C NMR Spectra of (1S,2R)-L9 
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III. Evaluation of Reaction Parameters 

Table S1. Effect of Ligand 
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Table S2. Effect of Silane 

NiBr2.dme (10 mol%)
Ligand (12 mol%)

K3PO4.H2O (3 equiv.)

Silane (3 equiv.)
Et2O (2 mL), rt, 16 hA 0.1 mmol B 0.2 mmol

C
+N

O

Ph N

O

PhI O

N N

O

Ph

PhPh

Ph

Ad-1 1-Ad

Ligand

entry Silane Yield (%) ee (%)

1

2

3

4

5

6�

7

8�

(MeO)3SiH

(EtO)3SiH

Ph3SiH

Ph2SiH2

DEMS

(MeO)2MeSiH

PMHS

(Me2SiH)2O

17

14

3

56

24

31

9

22

90

94

--

64

94

90

82

60

The yield was determined by GC analysis with n-dodecane as an internal standard.
The ee value determined by HPLC analysis on a chiral stationary phase.  
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Table S3. Effect of Additive 
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Table S4. Effect of Solvent 
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Table S5. Effect of Co-solvent 

 

Table S6. Effect of Co-solvent Ratio 
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Table S7. Effect of Concentration 

Table S8. Effect of Catalyst 
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Table S9. Effect of Base 

Ni(cod)2 (10 mol%)
Ligand (12 mol%)
Base (3 equiv.)

DEMS (3 equiv.)
Et2O/DMF (3:1) (1 mL)

rt, 16 h
A 0.1 mmol B 0.2 mmol

C
+N

O

Ph N

O

PhI O

N N

O

Ph

PhPh

Ph

Ligand

Ad-1 1-Ad

Base Yield (%) ee (%)

K3PO4

K3PO4.3H2O

K3PO4.H2O

K2CO3

Cs2CO3

26

>99

>99

40

18

83

88

88

85

--

entry

1

2

3

4

5

The yield was determined by GC analysis with n-dodecane as an internal standard.
The ee value determined by HPLC analysis on a chiral stationary phase.  

Table S10. Effect of Substrate Ratio 
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Table S11. Effect of Temperature and Silane 
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Table S12. Ligand Effect for N-H Containing Substrate 

 

IV. General Procedures for Reductive Hydroalkylations 

Method A (3a-3m): In a nitrogen-filled glovebox, Ni(COD)2 (5.5 mg, 0.02 mmol, 10 

mol%) and (1S, 2R)-L9 (21.8 mg, 0.024 mmol, 12 mol%) were dissolved in solvent (2 

mL, Et2O: DMF = 3:1) in Schlenk tube with screw-cap equipped with a magnetic stirrer. 

The mixture was stirred at room temperature for 10 min, then alkyl halides (0.4 mmol, 

2 equiv.), alkene (0.2 mmol, 1 equiv.), K3PO4.H2O (0.6 mmol, 3 equiv.) were 

sequentially added, the mixture was cooled to 0 ℃ before silane (0.6 mmol, 3 equiv.) 

was added dropwise. The resulting mixture was stirred at 0 ℃ for 24 h.  

Work up: The mixture was filtered through a pad of silica gel and washed with ethyl 

acetate (3 × 15 mL), then washed with water (15 mL). The organic phase was dried 

over Na2SO4, filtered, concentrated under reduced pressure, purified by flash 

chromatography with silica gel to give the pure product. 

Method B (4a-4v): In a nitrogen-filled glovebox, Ni(COD)2 (5.5 mg, 0.02 mmol, 10 
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mol%) and (1S, 2R)-L41 (8.4 mg, 0.024 mmol, 12 mol%) were dissolved in solvent (2 

mL, Et2O: DMF = 3:1) in Schlenk tube with screw-cap equipped with a magnetic stirrer. 

The mixture was stirred at room temperature for 10 min, then alkyl halides (0.4 mmol, 

2 equiv.), alkene (0.2 mmol, 1 equiv.), K3PO4.H2O (0.6 mmol, 3 equiv.) were 

sequentially added, the mixture was stirred at room temperature for another 5 minutes 

before silane (0.6 mmol, 3 equiv.) was added dropwise. The resulting mixture was 

stirred at room temperature for 12 h.  

Work up: Same as Method A 

Method C (5a-5m, 6a-6k): In a nitrogen-filled glovebox, Ni(COD)2 (5.5 mg, 0.02 

mmol, 10 mol%) and (1S, 2R)-L41 (8.4 mg, 0.024 mmol, 12 mol%) were dissolved in 

solvent (2 mL, Et2O: DMF = 3:1) in Schlenk tube with screw-cap equipped with a 

magnetic stirrer. The mixture was stirred at room temperature for 10 min, then alkyl 

halides (0.4 mmol, 2 equiv.) was added and the mixture was stirred for another 5 

minutes, followed by the sequential addition of alkene (0.2 mmol, 1 equiv.), K3PO4.H2O 

(0.6 mmol, 3 equiv.). The mixture was stirred at room temperature for 5 minutes before 

silane (0.6 mmol, 3 equiv.) was added dropwise. The resulting mixture was stirred at 

room temperature for 20 h.  

Work up: Same as Method A. 

V. Characterization of Products 

(R)-1-(5-phenylpentan-2-yl)pyrrolidin-2-one (3a) 

 

Obtained as colorless oil (42.9 mg, 93% yield, 92% ee). 

1H NMR (600 MHz, CDCl3) δ 7.28 – 7.26 (m, 2H), 7.19 – 7.15 (m, 3H), 4.27 – 4.22 

(m, 1H), 3.28 – 3.25 (m, 1H), 3.17 – 3.13 (m, 1H), 2.68 – 2.64 (m, 1H), 2.60 – 2.55 (m, 

1H), 2.38 (t, J = 8.4 Hz, 3H), 2.00 – 1.94 (m, 2H), 1.67 – 1.38 (m, 4H), 1.09 (d, J = 6.6 

Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.75, 142.28, 128.54, 128.42, 125.89, 46.42, 41.77, 



S17 
 

35.60, 33.45, 31.69, 28.30, 18.32, 18.22. 

HRMS (ESI-TOF) Calcd for C15H22NO (M+H)+ 232.1696. Found 232.1695. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 11.2 min (major) and 13.5 min (minor). 

(R)-1-(6-phenylhexan-2-yl)pyrrolidin-2-one (3b) 

 

Obtained as colorless oil (45.6 mg, 93% yield, 92% ee). 

1H NMR (600 MHz, CDCl3) δ 7.29 – 7.21 (m, 2H), 7.18 – 7.09 (m, 3H), 4.31 – 4.10 

(m, 1H), 3.33 – 3.23 (m, 1H), 3.21 – 3.14 (m, 1H), 2.57 (t, J = 7.8 Hz, 3H), 2.35 (t, J = 

7.8 Hz, 3H), 1.87 – 1.98 (m, 2H), 1.72 – 1.51 (m, 2H), 1.49 – 1.39 (m, 2H), 1.33 – 1.17 

(m, 2H), 1.08 (d, J = 6.6 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.73, 142.49, 128.30, 125.71, 46.54, 41.82, 35.81, 

33.85, 31.65, 31.13, 26.03, 18.24, 18.17. 

HRMS (ESI-TOF) Calcd for C16H24NO (M+H)+ 246.1852. Found 246.1852. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 33.4 min (minor) and 37.5 min (major). 

(R)-1-(4-phenylbutan-2-yl)pyrrolidin-2-one (3c) 

N

O

Ph

3c  

Obtained as colorless oil (37.7 mg, 87% yield, 89% ee). 

1H NMR (400 MHz, CDCl3) δ 7.28 – 7.20 (m, 2H), 7.18 – 7.10 (m, 3H), 4.31 – 4.22 

(m, 1H), 3.30 – 3.25 (m, 1H), 3.22 – 3.16 (m, 1H), 2.63 – 2.55 (m, 1H), 2.53 – 2.43 (m, 

1H), 2.34 (t, J = 7.6 Hz, 3H), 2.00 – 1.61 (m, 4H), 1.11 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.84, 141.82, 128.49, 128.38, 126.01, 46.81, 41.90, 

35.83, 33.16, 31.70, 18.40, 18.17. 

HRMS (ESI-TOF) Calcd for C14H20NO (M+H)+ 218.1539. Found 218.1539. 
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HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 11.9 min (major) and 13.1 min (minor). 

(R)-1-(1-cyclohexylpropan-2-yl)pyrrolidin-2-one (3d) 

 

Obtained as colorless oil (24.2 mg, 58% yield, 89% ee). 

1H NMR (400 MHz, CDCl3) δ 4.42 – 4.24 (m, 1H), 3.31 – 3.20 (m, 2H), 2.44 – 2.30 

(m, 2H), 2.05 – 1.91 (m, 2H), 1.89 – 1.78 (m, 1H), 1.68 – 1.60 (m, 4H), 1.42 – 1.35 (m, 

1H), 1.26 – 1.12 (m, 5H), 1.07 (d, J = 6.8 Hz, 3H), 1.01 – 0.74 (m, 2H). 

13C NMR (151 MHz, CDCl3) δ 174.58, 43.99, 41.81, 41.75, 34.69, 33.76, 32.99, 31.75, 

26.63, 26.42, 26.26, 18.62, 18.26. 

HRMS (ESI-TOF) Calcd for C13H24NO (M+H)+ 210.1852. Found 210.1853. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 17.6 min (major) and 19.9 min (minor). 

(R)-1-(5-(9H-carbazol-9-yl)pentan-2-yl)pyrrolidin-2-one (3e) 

 

Obtained as white solid (58.9 mg, 92% yield, 91% ee). 

1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.6 Hz, 2H), 7.34 – 7.21 (m, 4H), 7.12 – 

7.01 (m, 2H), 4.25 – 4.09 (m, 3H), 2.99 – 2.94 (m, 2H), 2.74 – 2.68 (m, 2H), 2.24 – 

2.11 (m, 2H), 1.77 – 1.54 (m, 4H), 1.30 (q, J = 7.6 Hz, 2H), 0.88 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.95, 140.50, 125.79, 122.95, 120.44, 118.94, 108.81, 

45.94, 42.49, 41.52, 31.58, 31.12, 25.61, 18.42, 18.05. 

HRMS (ESI-TOF) Calcd for C17H23N2O (M+H)+ 321.1961. Found 321.1961. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 20.9 min (major) and 28.6 min (minor).  
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(R)-1-(5-(1H-indol-1-yl)pentan-2-yl)pyrrolidin-2-one (3f) 

 

Obtained as colorless oil (50.7 mg, 94% yield, 91% ee). 

1H NMR (600 MHz, CDCl3) δ 7.62 (d, J = 7.8 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.22 

– 7.17 (m, 1H), 7.10 – 7.08 (m, 2H), 6.48 (d, J = 3.0 Hz, 1H), 4.29 – 4.23 (m, 1H), 4.21 

– 4.17 (m, 1H), 4.13 – 4.08 (m, 1H), 3.20 – 3.12 (m, 1H), 2.96 – 2.91 (m, 1H), 2.39 – 

2.29 (m, 2H), 1.96 – 1.87 (m, 1H), 1.84 – 1.76 (m, 3H), 1.43 – 1.38 (m, 2H), 1.07 (d, J 

= 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.98, 136.04, 128.75, 127.97, 121.58, 121.11, 119.40, 

109.53, 101.21, 45.94, 45.91, 41.61, 31.63, 31.00, 27.01, 18.44, 18.12. 

HRMS (ESI-TOF) Calcd for C17H23N2O (M+H)+ 271.1805. Found 271.1803. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 8.9 min (major) and 10.5 min (minor).  

(R)-1-(5-(thiophen-2-yl)pentan-2-yl)pyrrolidin-2-one (3g) 

 

Obtained as colorless oil (30.3 mg, 64% yield, 91% ee). 

1H NMR (400 MHz, CDCl3) δ 7.10 (dd, J = 5.2, 1.6 Hz, 1H), 6.90 – 6.89 (m, 1H), 6.77 

– 6.76 (m, 1H), 4.28 – 4.19 (m, 1H), 3.30 – 3.23 (m, 1H), 3.20 – 3.15 (m, 1H), 2.90 – 

2.76 (m, 2H), 2.41 – 2.37 (m, 2H), 2.00 – 1.93 (m, 3H), 1.70 – 1.41 (m, 4H), 1.10 (d, J 

= 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.87, 145.09, 126.82, 124.41, 123.09, 46.39, 41.85, 

33.22, 31.67, 29.58, 28.63, 18.32, 18.23. 

HRMS (ESI-TOF) Calcd for C13H20NOS (M+H)+ 238.1260. Found 238.1260. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 10.3 min (major) and 12.3 min (minor). 

(R)-2-(4-(2-oxopyrrolidin-1-yl)pentyl)isoindoline-1,3-dione (3h) 
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Obtained as colorless oil. (49.8 mg, 83% yield, 91% ee) 

1H NMR (400 MHz, CDCl3) δ 7.85 – 7.80 (m, 2H), 7.73 – 7.68 (m, 2H), 4.29 – 4.18 

(m, 1H), 3.67 (t, J = 6.8 Hz, 2H), 3.32 – 3.18 (m, 2H), 2.40 – 2.35 (m, 2H), 2.06 – 1.93 

(m, 2H), 1.69 – 1.45 (m, 4H), 1.11 (d, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.85, 168.45, 134.02, 132.18, 123.29, 46.29, 41.85, 

37.77, 31.58, 31.25, 25.76, 18.27, 18.21. 

HRMS (ESI-TOF) Calcd for C17H21N2O3 (M+H)+ 301.1547. Found 301.1546. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 80/20, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 34.3 min (major) and 12.3 min (minor).  

(R)-ethyl 5-(2-oxopyrrolidin-1-yl)hexanoate (3i) 

 

Obtained as colorless oil (37.8 mg, 83% yield, 89% ee). 

1H NMR (400 MHz, CDCl3) δ 4.26 – 4.15 (m, 1H), 4.10 (q, J = 8.0 Hz, 2H), 3.33 – 

3.22 (m, 2H), 2.45 – 2.18 (m, 4H), 2.04 – 1.93 (m, 2H), 1.60 – 1.39 (m, 3H), 1.24 (t, J 

= 7.2 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.93, 173.57, 60.40, 46.35, 41.84, 33.85, 33.40, 31.68, 

21.85, 18.31, 18.24, 14.34. 

HRMS (ESI-TOF) Calcd for C13H24NO3 (M+H)+ 228.1594. Found 228.1594. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 15.6 min (major) and 18.6 min (minor).  

(R)-1-(6-methoxyhexan-2-yl)pyrrolidin-2-one (3j) 
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Obtained as colorless oil (25.9mg, 65% yield, 92% ee). 

1H NMR (400 MHz, CDCl3) δ 4.22 – 4.13 (m, 1H), 3.38 – 3.20 (m, 7H), 2.37 (t, J = 

8.0 Hz, 2H), 2.01 – 1.93 (m, 2H), 1.63 – 1.36 (m, 4H), 1.33 – 1.20 (m, 2H), 1.09 (d, J 

= 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.79, 72.67, 58.60, 46.64, 41.87, 31.68, 29.44, 23.19, 

18.25, 18.21. 

HRMS (ESI-TOF) Calcd for C11H22NO2 (M+H)+ 200.1645. Found 200.1645. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 11.4 min (major) and 13.2 min(minor).  

(R)-1-(4-phenoxybutan-2-yl)pyrrolidin-2-one (3k) 

 

Obtained as colorless oil (26.1 mg, 56% yield, 89% ee). 

1H NMR (600 MHz, CDCl3) δ 7.22 – 7.16 (m, 2H), 6.87 – 6.85 (m, 1H), 6.80 (d, J = 

8.0 Hz, 2H), 4.37 – 4.32 (m, 1H), 3.92 – 3.89 (m, 1H), 3.86 – 3.81 (m, 1H), 3.33 – 3.24 

(m, 2H), 2.30 (t, J = 6.0 Hz, 1H), 2.00 – 1.85 (m, 4H), 1.14 (d, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.91, 158.83, 129.57, 120.86, 114.60, 65.49, 44.84, 

42.43, 33.60, 31.67, 18.45, 18.26. 

HRMS (ESI-TOF) Calcd for C14H20NO2 (M+H)+ 234.1489. Found 234.1488. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 41.1 min (major) and 44.8 min (minor).  

(R)-1-(7-((tert-butyldiphenylsilyl)oxy)heptan-2-yl)pyrrolidin-2-one (3l) 

 

Obtained as colorless oil (74.3 mg, 85% yield, 74% ee). 

1H NMR (400 MHz, CDCl3) δ 7.67 – 7.65 (m, 4H), 7.45 – 7.32 (m, 6H), 4.21 – 4.12 

(m, 1H), 3.64 (t, J = 6.8 Hz, 2H), 3.34 – 3.18 (m, 2H), 2.38 (t, J = 8.0 Hz, 2H), 2.03 – 
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1.87 (m, 3H), 1.57 – 1.51 (m, 2H), 1.45 – 1.28 (m, 4H), 1.29 – 1.15 (m, 2H), 1.09 (d, J 

= 6.8 Hz, 3H), 1.04 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 174.70, 135.63, 134.18, 129.58, 127.66, 63.92, 46.76, 

41.88, 34.09, 32.52, 31.68, 26.96, 26.34, 25.74, 19.29, 18.24, 18.21. 

HRMS (ESI-TOF) Calcd for C27H40NO2Si (M+H)+ 438.2823. Found 438.2823. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 13.3 min (major) and 14.8 min (minor).  

(R)-1-(4-(3-chlorophenyl)butan-2-yl)pyrrolidin-2-one (3m) 

 

Obtained as colorless oil (47.7 mg, 95% yield, 88% ee). 

1H NMR (400 MHz, CDCl3) δ 7.21 – 7.14 (m, 3H), 7.06-7.03 (m, 1H), 4.35 – 4.21 (m, 

1H), 3.34 – 3.28(m, 1H), 3.24 – 3.18 (m, 1H), 2.63 – 2.55 (m, 1H), 2.52 – 2.45 (m, 1H), 

2.43 – 2.33 (m, 2H), 2.05 – 1.84 (m, 2H), 1.84 – 1.67 (m, 2H), 1.14 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.93, 143.82, 134.18, 129.73, 128.42, 126.67, 126.19, 

46.71, 41.92, 35.52, 32.81, 31.63, 18.37, 18.14. 

HRMS (ESI-TOF) Calcd for C14H19ClNO (M+H)+ 252.1150. Found 252.1150. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 11.4 min (major) and 15.6 min (minor).  

(R)-1-(6-(9H-carbazol-9-yl)hexan-3-yl)pyrrolidin-2-one (3n) 

 

Obtained as colorless oil (25.6 mg, 40% yield, 93% ee). 

1H NMR (600 MHz, CDCl3) δ 8.09 (d, J = 9.6 Hz, 2H), 7.47 – 7.45 (m, 2H), 7.42 (d, 

J = 7.8 Hz, 2H), 7.24 – 7.21 (m, 2H), 4.41 – 4.36 (m, 1H), 4.32 – 4.28 (m, 1H), 4.09 – 

4.04 (m, 1H), 3.05 – 3.01 (m, 1H), 2.82 – 2.78 (m, 1H), 2.42 – 2.31 (m, 2H), 1.92 – 
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1.70 (m, 4H), 1.54 – 1.47 (m, 1H), 1.43 – 1.31 (m, 3H), 0.78 (t, J = 7.2 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 175.75, 140.50, 125.78, 122.93, 120.44, 118.92, 108.87, 

51.92, 42.48, 41.45, 31.56, 29.34, 25.67, 25.40, 18.21, 10.89. 

HRMS (ESI-TOF) Calcd for C22H27N2O (M+H)+ 335.2118. Found 335.2114. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 18.1 min (major) and 28.8 min (minor).  

(R)-N-(5-phenylpentan-2-yl)benzamide (4a) 

 

Obtained as white solid (44.8 mg, 84% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 6.8 Hz, 2H), 7.50 – 7.43 (m, 1H), 7.39 – 

7.36 (m 2H), 7.28 – 7.21 (m, 2H), 7.16 – 7.13 (m, 3H), 5.82 (d, J = 8.4 Hz, 1H), 4.26 – 

4.16 (m, 1H), 2.67 – 2.56 (m, 2H), 1.73 – 1.65 (m, 1H), 1.56 – 1.53 (m, 1H), 1.20 (d, J 

= 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 166.98, 142.27, 135.09, 131.42, 128.66, 128.55, 128.46, 

126.94, 125.93, 45.72, 36.70, 35.79, 28.03, 21.21. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 15.7 min (major) and 18.5 min (minor).  

(R)-4-(tert-butyl)-N-(5-phenylpentan-2-yl)benzamide (4b) 

 

Obtained as white solid (52.9 mg, 82% yield, 93% ee). 

1H NMR (600 MHz, CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.12 

– 7.09 (m, 2H), 7.06 – 6.98 (m, 3H), 5.69 (d, J = 8.4 Hz, 1H), 4.11 – 4.04 (m, 1H), 2.52 

– 2.44 (m, 2H), 1.61 – 1.51 (m, 2H), 1.44 – 1.37 (m, 2H), 1.17 (s, 9H), 1.05 (d, J = 6.8 

Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 166.91, 154.89, 142.28, 132.15, 128.54, 128.44, 126.77, 
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125.89, 125.56, 45.59, 36.72, 35.79, 35.00, 31.29, 28.03, 21.23. 

HRMS (ESI-TOF) Calcd for C22H30NO (M+H)+ 324.2322. Found 324.2321. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 18.0 min (major) and 23.4 min (minor).  

(R)-4-methoxy-N-(5-phenylpentan-2-yl)benzamide (4c) 

 

Obtained as white solid. (53.4 mg, 90% yield, 94% ee) 

1H NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 2H), 7.26 – 7.23 (m, 2H), 7.19 – 

7.12 (m, 3H), 6.88 (d, J = 8.4 Hz, 2H), 5.81 (d, J = 7.8 Hz, 1H), 4.23 – 4.17 (m, 1H), 

3.82 (s, 3H), 2.66 – 2.58 (m, 2H), 1.71 – 1.66 (m, 1H), 1.58 – 1.52 (m, 1H), 1.19 (d, J 

= 6.6 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 166.51, 162.19, 142.30, 128.73, 128.56, 128.45, 127.30, 

125.91, 113.84, 55.54, 45.64, 36.75, 35.80, 28.04, 21.26. 

HRMS (ESI-TOF) Calcd for C19H24NO2 (M+H)+ 298.1802. Found 298.1801. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 14.5 min (major) and 16.7 min (minor).  

(R)-3-methyl-N-(5-phenylpentan-2-yl)benzamide (4d) 

 

Obtained as white solid (48.9 mg, 87% yield, 94% ee). 

1H NMR (400 MHz, CDCl3) δ 7.48 (s, 1H), 7.44 – 7.42 (m, 1H), 7.25 – 7.16 (m, 4H), 

7.14 – 7.07 (m, 3H), 5.78 (d, J = 8.4 Hz, 1H), 4.23 – 4.10 (m, 1H), 2.61 – 2.52 (m, 2H), 

2.32 (s, 3H), 1.68 – 1.61 (m, 2H), 1.55 – 1.44 (m, 2H), 1.15 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.17, 142.26, 138.46, 135.04, 132.11, 128.53, 128.50, 

128.43, 127.70, 125.89, 123.87, 45.63, 36.67, 35.76, 28.00, 21.45, 21.19. 

HRMS (ESI-TOF) Calcd for C19H24NO (M+H)+ 282.1852. Found 282.1852. 
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HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 25.2 min (major) and 27.8 min (minor). 

(R)-3,5-dimethyl-N-(5-phenylpentan-2-yl)benzamide (4e) 

 

Obtained as white solid (46.6 mg, 79% yield, 95% ee). 

1H NMR (400 MHz, CDCl3) δ 7.25 (s, 2H), 7.28 – 7.17 (m, 2H), 7.13 – 7.08 (m, 3H), 

7.04 (s, 1H), 5.72 (d, J = 8.4 Hz, 1H), 4.20 – 4.13 (m, 1H), 2.64 – 2.52 (m, 2H), 2.28 

(s, 6H), 1.71 – 1.60 (m, 2H), 1.53 – 1.44 (m, 2H), 1.15 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.34, 142.29, 138.32, 135.08, 132.97, 128.55, 128.43, 

125.89, 124.69, 45.59, 36.70, 35.77, 28.00, 21.34, 21.22. 

HRMS (ESI-TOF) Calcd for C20H26NO (M+H)+ 296.2009. Found 296.2009. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time =12.8 min (major) and 24.2 min (minor).  

(R)-2-methyl-N-(5-phenylpentan-2-yl)benzamide (4f) 

 

Obtained as white solid (38.2 mg, 68% yield, 90% ee). 

1H NMR (600 MHz, CDCl3) δ 7.26 – 7.22 (m, 4H), 7.19 – 7.11 (m, 6H), 5.49 (d, J = 

8.4 Hz, 1H), 4.21 – 4.14 (m, 1H), 2.68 – 2.55 (m, 2H), 2.38 (s, 3H), 1.73 – 1.65 (m, 

2H), 1.55 – 1.44 (m, 2H), 1.18 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 169.63, 142.23, 137.07, 135.84, 131.00, 129.76, 128.52, 

128.44, 126.61, 125.91, 125.80, 45.44, 36.61, 35.75, 28.05, 21.22, 19.79. 

HRMS (ESI-TOF) Calcd for C19H24NO (M+H)+ 282.1852. Found 282.1852. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 15.4 min (major) and 20.4 min (minor).  

(R)-N-(5-phenylpentan-2-yl)-4-(trifluoromethyl)benzamide (4g) 
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Obtained as white solid (58.9 mg, 88% yield, 95% ee). 

1H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.26 

– 7.21 (m, 2H), 7.18 – 7.11 (m, 3H), 5.83 (d, J = 8.4 Hz, 1H), 4.27 – 4.15 (m, 1H), 

2.67 – 2.59 (m, 2H), 1.71 – 1.67 (m, 2H), 1.58 – 1.55 (m, 2H), 1.22 (d, J = 6.6 Hz, 

3H). 

13C NMR (151 MHz, CDCl3) δ 165.70, 142.15, 138.38, 133.21 (q, J = 37.7 Hz), 

128.55, 128.51, 127.44, 126.01, 125.72 (q, J = 4.5 Hz), 123.82 (q, J = 273.3 Hz ), 

46.07, 36.60, 35.76, 28.04, 21.13. 

19F NMR (564 MHz, CDCl3) δ -62.92 (s, 3F). 

HRMS (ESI-TOF) Calcd for C19H21F3NO (M+H)+ 336.1570. Found 336.1569. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 23.1 min (major) and 29.8 min (minor).  

(R)-4-cyano-N-(5-phenylpentan-2-yl)benzamide (4h) 

 

Obtained as white solid (51.9 mg, 89% yield, 94% ee). 

1H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.28 

– 7.22 (m, 2H), 7.19 – 7.11 (m, 3H), 5.89 (d, J = 8.4 Hz, 1H), 4.22 – 4.18 (m, 1H), 2.66 

– 2.58 (m, 2H), 1.70 – 1.66 (m, 2H), 1.58 – 1.54 (m, 2H), 1.21 (d, J = 6.6 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 165.17, 142.08, 138.98, 132.54, 128.53, 128.52, 127.71, 

126.03, 118.16, 115.05, 46.22, 36.53, 35.73, 28.03, 21.09. 

HRMS (ESI-TOF) Calcd for C19H20N2O (M+H)+ 293.1648. Found 293.1649. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 14.9 min (major) and 18.5 min (minor). 

(R)-ethyl 4-((5-phenylpentan-2-yl)carbamoyl)benzoate (4i) 
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Obtained as white solid (50.3 mg, 74% yield, 96% ee). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.28 

– 7.21 (m, 2H), 7.18 – 7.11 (m, 3H), 5.85 (d, J = 8.4 Hz, 1H), 4.36 – 4.16 (m, 1H), 3.91 

(s, 3H), 2.66 – 2.58 (m, 2H), 1.73 – 1.65 (m, 2H), 1.58 – 1.52 (m, 2H), 1.21 (d, J = 6.6 

Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.45, 166.10, 142.16, 138.99, 132.66, 129.92, 128.53, 

128.48, 127.02, 125.97, 52.50, 45.98, 36.58, 35.74, 28.03, 21.12. 

HRMS (ESI-TOF) Calcd for C20H24NO3 (M+H)+ 340.1907. Found 340.1907. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 25.6 min (major) and 30.1 min (minor).  

(R)-2-fluoro-N-(5-phenylpentan-2-yl)benzamide (4j) 

 

Obtained as white solid (46.7 mg, 82% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 7.38– 7.33 (m, 2H), 7.31 – 7.26 (m, 1H), 7.23 – 7.14 

(m, 2H), 7.11 – 7.04 (m, 3H), 5.72 (d, J = 8.4 Hz, 1H), 4.17 – 4.07 (m, 1H), 2.60 – 2.45 

(m, 2H), 1.65 – 1.56 (m, 2H), 1.50 – 1.42 (m, 2H), 1.13 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 165.68 (d, J = 2.5 Hz), 162.87 (d, J = 247.7 Hz), 142.18, 

137.35 (d, J = 6.6 Hz), 130.31 (d, J = 7.9 Hz), 128.54, 128.48, 125.97, 122.37 (d, J = 

3.0 Hz), 118.42 (d, J = 21.3 Hz), 114.41 (d, J = 22.8 Hz), 45.93, 36.59, 35.75, 28.03, 

21.13. 

19F NMR (376 MHz, CDCl3) δ -104.79 – -114.80 (m). 

HRMS (ESI-TOF) Calcd for C18H21FNO (M+H)+ 286.1602. Found 286.1601. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 13.4 min (major) and 19.9 min (minor).  



S28 
 

(R)-N-(5-phenylpentan-2-yl)-2-naphthamide (4k) 

 

Obtained as white solid (55.8 mg, 88% yield, 95% ee). 

1H NMR (600 MHz, CDCl3) δ 8.16 (s, 1H), 7.85 – 7.79 (m, 3H), 7.73 (dd, J = 8.4, 1.8 

Hz, 1H), 7.50 – 7.44 (m, 2H), 7.23 – 7.17 (m, 2H), 7.13 – 7.08 (m, 3H), 5.94 (d, J = 8.4 

Hz, 1H), 4.27 – 4.19 (m, 1H), 2.64 – 2.56 (m, 2H), 1.71 – 1.66 (m, 2H), 1.60 – 1.51 (m, 

2H), 1.20 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.06, 142.26, 134.76, 132.73, 132.25, 128.97, 128.55, 

128.51, 128.45, 127.84, 127.64, 127.29, 126.82, 125.91, 123.72, 45.86, 36.69, 35.78, 

28.06, 21.23. 

HRMS (ESI-TOF) Calcd for C22H23NO (M+H)+ 318.1852. Found 318.1852 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 36.3 min (major) and 45.7 min (minor).  

(R)-N-(5-phenylpentan-2-yl)-1-naphthamide (4l) 

 

Obtained as white solid (43.1mg, 68% yield, 93% ee). 

1H NMR (600 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.77 – 7.67 (m, 2H), 7.41 – 

7.33 (m, 3H), 7.28 (t, J = 7.2 Hz, 1H), 7.14 – 7.10 (m, 2H), 7.05 – 7.02 (m, 3H), 5.61 

(d, J = 9.0 Hz, 1H), 4.23 – 4.16 (m, 1H), 2.58 – 2.49 (m, 2H), 1.65 – 1.59 (m, 2H), 1.46 

– 1.43 (m, 2H), 1.13 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 169.10, 142.25, 135.13, 133.76, 130.45, 130.20, 128.54, 

128.46, 128.39, 127.15, 126.49, 125.93, 125.47, 124.83, 124.73, 45.71, 36.65, 35.76, 

28.12, 21.26. 

HRMS (ESI-TOF) Calcd for C22H24NO (M+H)+ 318.1852. Found 318.1853 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 
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detection at 210 nm) retention time = 22.6 min (major) and 28.5 min (minor).  

(R)-N-(5-phenylpentan-2-yl)furan-2-carboxamide (4m) 

 

Obtained as white solid (41.6 mg, 81% yield, 95% ee). 

1H NMR (600 MHz, CDCl3) δ 7.34 (d, J = 1.2 Hz, 1H), 7.22 – 7.18 (m, 2H), 7.12 – 

7.08 (m, 3H), 7.02 (d, J = 3.6 Hz, 1H), 6.41 (q, J = 1.8 Hz, 1H), 6.03 (d, J = 8.4 Hz, 

1H), 4.17 – 4.08 (m, 1H), 2.63 – 2.50 (m, 2H), 1.69 – 1.58 (m, 2H), 1.54 – 1.44 (m, 

2H), 1.14 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 157.88, 148.27, 143.71, 142.21, 128.52, 128.42, 125.88, 

114.08, 112.23, 44.96, 36.64, 35.73, 27.92, 21.20. 

HRMS (ESI-TOF) Calcd for C16H20NO2 (M+H)+ 258.1849. Found 258.1849 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 34.6 min (major) and 42.5 min (minor).  

(R)-N-(5-phenylpentan-2-yl)thiophene-2-carboxamide (4n) 

 

Obtained as white solid (37.1 mg, 68% yield, 95% ee). 

1H NMR (600 MHz, CDCl3) δ 7.43 (d, J = 4.8 Hz, 2H), 7.26 – 7.23 (m, 2H), 7.17 – 

7.13 (m, 3H), 7.04 (t, J = 4.2 Hz, 1H), 5.67 (d, J = 7.8 Hz, 1H), 4.21 – 4.14 (m, 1H), 

2.66 – 2.58 (m, 2H), 1.73 – 1.65 (m, 2H), 1.57 – 1.48 (m, 2H), 1.20 (d, J = 6.6 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 161.33, 142.23, 139.48, 129.76, 128.55, 128.46, 127.84, 

127.66, 125.93, 45.82, 36.64, 35.75, 27.99, 21.20. 

HRMS (ESI-TOF) Calcd for C16H20NOS (M+H)+ 274.1260. Found 274.1260. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 20.3 min (major) and 30.4 min (minor).  

(R)-N-(5-phenylpentan-2-yl)thiophene-2-carboxamide (4o) 
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Obtained as white solid (29.6 mg, 49% yield, 89% ee). 

1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.35 (s, 1H), 7.27 

– 7.17 (m, 2H), 7.16 – 7.05 (m, 3H), 5.82 (d, J = 8.4 Hz, 1H), 4.21 – 4.10 (m, 1H), 2.63 

– 2.51 (m, 2H), 1.71 – 1.42 (m, 4H), 1.17 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 164.01, 154.17, 147.92, 142.05, 138.06, 129.59, 128.51 

(d, J = 1.3 Hz), 126.02, 124.45, 46.21, 36.45, 35.70, 28.04, 21.06. 

HRMS (ESI-TOF) Calcd for C17H20ClN2O (M+H)+ 303.1259. Found 303.1260 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 17.3 min (major) and 19.3 min (minor).  

(R)-N-(5-phenylpentan-2-yl)acetamide (4p) 

 

Obtained as white solid (27.9 mg, 68% yield, 90% ee). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.20 (m, 2H), 7.16 – 7.12 (m, 3H), 5.15 (s, 1H), 

4.06 – 3.87 (m, 1H), 2.65 – 2.50 (m, 2H), 1.91 (s, 3H), 1.67 – 1.56 (m, 3H), 1.44 – 1.39 

(m, 2H), 1.08 (d, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 169.63, 142.27, 128.52, 128.44, 125.91, 45.37, 36.53, 

35.77, 27.98, 23.59, 21.08.  

HRMS (ESI-TOF) Calcd for C13H20NO (M+H)+ 206.1539. Found 206.1540. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 254m) retention time = 8.0 min (major) and 10.2 min (minor). 

(R)-N-(5-phenylpentan-2-yl)butyramide (4q) 
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Obtained as white solid (23.7 mg, 51% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.21 (m, 2H), 7.17 – 7.11 (m, 3H), 5.25 (d, J = 

8.4 Hz, 1H), 4.07 – 3.90 (m, 1H), 2.64 – 2.52 (m, 2H), 2.08 (t, J = 7.2 Hz, 2H), 1.69 – 

1.54 (m, 4H), 1.46 – 1.36 (m, 2H), 1.08 (d, J = 6.8 Hz, 3H), 0.91 (t, J = 7.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.38, 142.31, 128.52, 128.43, 125.88, 45.00, 39.06, 

36.62, 35.76, 27.98, 21.21, 19.39, 13.84. 

HRMS (ESI-TOF) Calcd for Chemical Formula: C15H24NO (M+H)+ 234.1852. Found 

234.1853. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 10.8 min (major) and 12.3 min (minor).  

(R)-N-(5-phenylpentan-2-yl)isobutyramide (4r) 

 

Obtained as white solid (31.7 mg, 68% yield, 90% ee). 

1H NMR (600 MHz, CDCl3) δ 7.27 – 7.22 (m, 2H), 7.18 – 7.10 (m, 3H), 5.13 (d, J = 

8.4 Hz, 1H), 4.03 – 3.96 (m, 1H), 2.62 – 2.56 (m, 2H), 2.28 – 2.34 (m, 1H), 1.64 – 1.59 

(m, 2H), 1.46 – 1.38 (m, 2H), 1.11 (dd, J = 6.6, 2.4 Hz, 6H), 1.08 (d, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 176.37, 142.35, 128.49 (d, J = 13.1 Hz), 125.89, 44.80, 

36.67, 35.94, 35.76, 27.97, 21.19, 19.90, 19.73. 

HRMS (ESI-TOF) Calcd for C15H24NO (M+H)+ 234.1852. Found 234.1853. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 11.9 min (major) and 13.8 min (minor).  

(R)-N-(5-phenylpentan-2-yl)cyclopropanecarboxamide (4s) 

 

Obtained as white solid (40.6 mg, 88% yield, 96% ee). 

1H NMR (600 MHz, CDCl3) δ 7.26 – 7.25 (m, 2H), 7.18 – 7.12 (m, 3H), 5.41 (d, J = 

7.8 Hz, 1H), 4.04 – 4.00 (m, 1H), 2.63 – 2.55 (m, 2H), 1.67 – 1.59 (m, 2H), 1.47 – 1.39 
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(m, 2H), 1.26 – 1.22 (m, 1H), 1.09(d, J = 6.8 Hz, 3H), 0.93 – 0.90 (m, 2H), 0.69 – 0.66 

(m, 2 H) 

13C NMR (151 MHz, CDCl3) δ 172.85, 142.38, 128.54, 128.43, 125.88, 45.29, 36.76, 

35.80, 27.99, 21.20, 15.00, 7.11, 7.06. 

HRMS (ESI-TOF) Calcd for C15H22NO (M+H)+ 232.1696. Found 232.1697. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 16.2 min (major) and 22.5 min (minor).  

(R)-N-(5-phenylpentan-2-yl)cyclohexanecarboxamide (4t) 

 

Obtained as white solid (39.8 mg, 73% yield, 93% ee). 

1H NMR (600 MHz, CDCl3) δ 7.27 – 7.23 (m, 2H), 7.18 – 7.11 (m, 3H), 5.14 (2, J = 

7.8 Hz, 1H), 4.04 – 3.93 (m, 1H), 2.64 – 2.53 (m, 2H), 2.01 – 1.96 (m, 1H), 1.81 – 1.74 

(m, 4H), 1.64 – 1.58 (m, 3H), 1.47 – 1.35 (m, 4H), 1.29 – 1.15 (m, 3H), 1.06 (d, J = 8.4 

Hz , 3H). 

13C NMR (151 MHz, CDCl3) δ 175.49, 142.36, 128.53, 128.43, 125.87, 45.87, 44.66, 

36.69, 35.76, 29.99, 29.80, 27.96, 25.90, 25.88, 25.86, 21.25. 

HRMS (ESI-TOF) Calcd for C18H28NO (M+H)+ 274.2165. Found 274.2164. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 11.1 min (major) and 15.5 min (minor). 

(R)-N-(5-phenylpentan-2-yl)pivalamide (4u) 

 

Obtained as white solid (41.5 mg, 84% yield, 92% ee). 

1H NMR (600 MHz, CDCl3) δ 7.27 – 7.23 (m, 2H), 7.17 – 7.11 (m, 3H), 5.31 (d, J = 

7.8 Hz, 1H), 4.02 – 3.95 (m, 1H), 2.63 – 2.55 (m, 2H), 1.64 – 1.58 (m, 2H), 1.47 – 1.38 

(m, 2H), 1.15 (s, 9H), 1.08 (d, J = 6.8 Hz, 3H). 
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13C NMR (151 MHz, CDCl3) δ 177.77, 142.35, 128.50, 128.42, 125.86, 44.82, 38.68, 

36.62, 35.73, 27.96, 27.73, 21.12. 

HRMS (ESI-TOF) Calcd for C16H26NO (M+H)+ 248.2009. Found 248.2008. 

HPLC (OD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 0.5 

mL/min, detection at 210 nm) retention time = 20.3min (major) and 21.8 min (minor). 

(R)-N-methyl-N-(5-phenylpentan-2-yl)acetamide (4v) 

 

Obtained as white solid (34.6 mg, 79% yield, 80% ee). 

1H NMR (400 MHz, CDCl3) δ 7.28 – 7.20 (m, 2H), 7.18 – 7.07 (m, 3H), 4.79 – 4.70 

(M, 0.5H), 3.81 – 3.68 (m, 0.5H), 2.69 (s, 1.5H), 2.66 (s, 1.5H), 2.63 – 2.48 (M, 2H), 

2.04 (d, J = 7.0 Hz, 3H), 1.56 – 1.35 (m, 4H), 1.10 (d, J = 6.6 Hz, 1.5H), 1.00 (d, J = 

6.8 Hz, 1.5H). 

13C NMR (101 MHz, CDCl3) δ 170.76, 170.47, 142.33, 141.78, 128.50, 128.43, 

128.37, 126.06, 125.82, 53.44, 47.60, 35.73, 35.65, 33.89, 33.17, 29.10, 28.35, 28.26, 

25.76, 22.48, 21.83, 19.01, 18.02. 

HRMS (ESI-TOF) Calcd for C14H22NO (M+H)+ 220.1696. Found 220.1696. 

HPLC (OB-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 19.0 min (minor) and 24.2 min (major). 

(R)-N-(4-(2,3-dihydrobenzofuran-5-yl)butan-2-yl)benzamide (5a) 

 

Obtained as white solid (49.5 mg, 84% yield, 96% ee). 

1H NMR (600 MHz, CDCl3) δ 7.66 (d, J = 6.0 Hz, 2H), 7.49 – 7.47 (m, 1H), 7.42 – 

7.40 (m, 2H), 7.03 (s, 1H), 6.93 (d, J = 1.8 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H), 5.86 (d, J 

= 8.4 Hz, 1H), 4.55 – 4.46 (m, 2H), 4.29 – 4.25 (m, 1H), 3.17 – 3.05 (m, 2H), 2.71 – 

2.62 (m, 2H), 1.86 (q, J = 7.8 Hz, 2H), 1.28 (d, J = 6.6 Hz, 3H). 
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13C NMR (151 MHz, CDCl3) δ 166.86, 158.47, 134.99, 133.84, 131.41, 128.60, 127.77, 

127.33, 126.90, 125.06, 109.22, 71.26, 45.88, 39.08, 32.03, 29.87, 21.21. 

HRMS (ESI-TOF) Calcd for C19H22NO2 (M+H)+ 296.1645. Found 296.1645. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 80/20, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 16.2 min (major) and 19.7 min (minor). 

(R)-N-(sec-butyl)benzamide (5b) 

 

Obtained as white solid (23.0 mg, 65% yield, 94% ee). 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.52 – 7.39 (m, 3H), 5.86 (s, 

1H), 4.19 – 4.08 (M, 1H), 1.62-1.56 (m, 2H), 1.23 (d, J = 6.8 Hz, 3H), 0.97 (t, J = 8.0 

Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.07, 135.19, 131.37, 128.64, 126.93, 47.23, 29.92, 

20.63, 10.54. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 15.9 min (major) and 21.6 min (minor).  

(R)-N-(hexan-2-yl)benzamide (5c) 

 

Obtained as white solid (25.8 mg, 63% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.0 Hz, 2H), 7.37 – 7.34 (m, 1H), 7.31 – 

7.27 (m, 2H), 5.20 (d, J = 8.0 Hz ,1H), 4.1 – 4.01 (m, 1H), 1.44 – 1.38 (m, 2H), 1.25 – 

1.19 (m, 4H), 1.10 (d, J = 6.8 Hz, 3H), 0.77 (t, J = 8.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.97, 135.19, 131.38, 128.65, 126.94, 45.91, 36.91, 

28.39, 22.73, 21.19, 14.15. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 30.2 min (major) and 34..3 min (minor).  
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(R)-N-(decan-2-yl)benzamide (5d) 

 

Obtained as white solid (39.3 mg, 75% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.51 – 7.47 (m, 1H), 7.44 – 

7.41 (m, 2H), 5.85 (d, J = 8.0 Hz, 1H), 4.24 – 4.14 (m, 1H), 1.57 – 1.51 (m, 2H), 1.42 

– 1.19 (m, 14H), 0.87 (t, J = 8.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.97, 135.21, 131.37, 128.65, 126.94, 45.94, 37.22, 

31.98, 29.67, 29.65, 29.38, 26.23, 22.78, 21.18, 14.22. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 14.0 (major) and 18.0 min (minor). 

(R)-N-(5,5,5-trifluoropentan-2-yl)benzamide (5e) 

 

Obtained as white solid (39.2 mg, 80% yield, 98% ee). 

1H NMR (600 MHz, CDCl3) δ 7.75 (d, J = 6.0 Hz, 2H), 7.53 – 7.50 (m, 1H), 7.46 – 

7.43 (m, 2H), 5.90 (d, J = 6.0 Hz, 1H), 4.32 – 4.25 (m, 1H), 2.26 – 2.15 (m, 2H), 1.88 

– 1.82 (m, 1H), 1.80 – 1.75 (m, 1H), 1.30 (d, J = 6.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.31, 134.53, 131.75, 128.76, 127.14 (q, J = 413.7 

Hz), 126.97, 44.92, 31.16 (q, J = 29.1 Hz), 29.67 (d, J = 2.9 Hz), 21.19. 

19F NMR (565 MHz, CDCl3) δ -66.47 (t, J = 10.7 Hz). 

HRMS (ESI-TOF) Calcd for C12H15F3NO (M+H)+ 246.1100. Found 246.1100. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 15.1min (major) and 16.8 min (minor). 

(R)-N-(8-hydroxyoctan-2-yl)benzamide (5f) 
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Obtained as colorless oil (32.3mg, 65% yield, 92% ee). 

HRMS (ESI-TOF) Calcd for C15H23NO2 (M+H)+ 250.1802. Found 250.1801. 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 2H), 7.51 – 7.47 (m, 1H), 7.44 – 

7.40 (m, 2H), 5.89 (d, J = 8.0 Hz, 1H), 4.23 – 4.16 (m, 1H), 3.63 (t, J = 8.0 Hz, 2H), 

1.59 – 1.51 (m, 4H), 1.43 – 1.31 (m, 6H), 1.23 (d, J = 8.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.05, 135.12, 131.43, 128.67, 126.94, 62.98, 45.81, 

37.09, 32.73, 29.26, 26.12, 25.73, 21.18. 

HRMS (ESI-TOF) Calcd for C15H24NO2 (M+H)+ 250.1802. Found 250.1801. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 80/20, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 10.2 min (major) and 13.9 min (minor). 

(R)-N-(8-((tert-butyldimethylsilyl)oxy)octan-2-yl)benzamide (5g) 

 

Obtained as colorless oil (45.0 mg, 62% yield, 94% ee). 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 6.0 Hz, 2H), 7.49 – 7.46 m, 1H), 7.43 – 7.39 

(m, 2H), 5.91 (d, J = 8.4 Hz, 1H), 4.23 – 4 13 (m, 1H), 3.58 (t, J = 6.8 Hz, 2H), 1.56 – 

1.46 (m, 4H), 1.43 – 1.29 (m, 5H), 1.22 (d, J = 6.8 Hz, 3H), 0.88 (s, 9H), 0.03 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 166.95, 135.18, 131.38, 128.65, 126.93, 63.35, 45.89, 

37.17, 32.90, 29.46, 26.22, 26.11, 25.86, 21.19, 18.50. 

HRMS (ESI-TOF) Calcd for C21H38NO2Si (M+H)+ 364.2666. Found 364.2665. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 7.5 min (major) and 9.6 min (minor). 

(R)-N-(1-(oxetan-3-yl)ethyl)benzamide (5h) 
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Obtained as white solid (27.1 mg, 66% yield, 98% ee). 

1H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 9.6 Hz, 2H), 7.51 – 7.48 (m, 1H), 7.44 – 

7.41 (m 2H), 6.17 (d, J = 8.4 Hz, 1H), 4.79 – 4.76 (m, 2H), 4.63 – 4.52 (m, 2H), 4.48 

(t, J = 6.6 Hz, 1H), 3.15 – 3.09 (m, 1H), 1.19 (d, J = 7.2 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 167.63, 134.65, 131.70, 128.72, 127.01, 74.37, 74.26, 

47.30, 40.91, 18.23. 

HRMS (ESI-TOF) Calcd for C12H16NO2 (M+H)+ 205.1103. Found 206.1175. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 18.3 min (major) and 23.0 min (minor). 

(R)-4-(1-benzamidoethyl)piperidin-1-ylpivalate (5i) 

 

Obtained as white solid (40.5mg, 61% yield, 92% ee). 

1H NMR (600 MHz, CDCl3) δ 7.70 – 7.66 (m, 2H), 7.46 – 7.42 (m, 1H), 7.37 (t, J = 

7.4 Hz, 2H), 5.84 (d, J = 8.8 Hz, 1H), 4.09 (q, J = 6.2, 5.8 Hz, 3H), 2.60 (tt, J = 13.1, 

3.3 Hz, 2H), 1.65 (dd, J = 35.6, 13.2 Hz, 2H), 1.38 (s, 9H), 1.20 (td, J = 12.8, 4.5 Hz, 

2H). 

13C NMR (101 MHz, CDCl3) δ 167.11, 154.88, 134.87, 131.56, 128.70, 126.95, 79.55, 

49.24, 43.96, 43.83, 41.85, 28.54, 28.35, 17.97. 

HRMS (ESI-TOF) Calcd for C19H29N2O3 (M+Na)+ 355.1992. Found 355.1991. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 16.3 min (major) and 23.5 min (minor). 

(1R,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl-(R)-7-benzamidooctanoate 

(5j) 
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Obtained as white solid (49.5 mg, 62% yield, 98:2 dr). 

1H NMR (600 MHz, CDCl3) δ 7.75 (d, J = 7.2 Hz, 2H), 7.45 – 7.48 (m, 1H), 7.44 – 

7.41 (m, 2H), 5.86 (d, J = 8.4 Hz, 1H), 4.89 – 4.86 (m, 1H), 4.24 – 4.15 (m, 1H), 2.37 

– 2.29 (m, 3H), 1.96 – 1.89 (m, 1H), 1.76 – 1.70 (m, 2H), 1.68 – 1.60 (m, 3H), 1.58 – 

1.51 (m, 2H), 1.43 – 1.35 (m, 4H), 1.31 – 1.18 (m, 6H), 0.94 (dd, J = 13.8, 3.6 Hz, 1H), 

0.89 (s, 3H), 0.86 (s, 3H), 0.81 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ 174.19, 167.00, 135.11, 131.43, 128.67, 126.95, 79.78, 

48.86, 45.84, 45.02, 29.17, 28.18, 27.25, 25.93, 25.12, 21.21, 19.83, 18.96, 13.64. 

HRMS (ESI-TOF) Calcd for C25H38NO3 (M+H)+ 400.2846. Found 400.2846. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 14.4 min (major) and 17.0 min (minor). 

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl-(R)-6-benzamidoheptanoate (5k) 

 

Obtained as white solid (67.3mg, 87% yield, 97:3 dr). 

1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 1H), 7.42 (t, J = 7.2 Hz, 1H), 7.35 

(t, J = 7.2 Hz, 2H), 5.88 (d, J = 6.8 Hz, 1H), 4.62 – 4.56 (m, 1H), 4.17 – 4.07 (m, 1H), 

2.22 (t, J = 8.8 Hz, 2H), 1.88 – 1.24 (m, 14H), 1.16 (d, J = 6.4 Hz, 3H), 1.04 – 0.86 (m, 

2H), 0.85 – 0.76 (m, 6H), 0.68 (d, J = 6.8 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 173.32, 166.96, 135.02, 131.37, 128.60, 126.94, 74.11, 

47.06, 45.75, 41.01, 36.67, 34.62, 34.33, 31.45, 26.35, 25.69, 25.04, 23.50, 22.09, 21.10, 

20.84, 16.40. 

HRMS (ESI-TOF) Calcd for C24H38NO3 (M+H)+ 387.2773. Found 388.2843. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 
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detection at 210 nm) retention time = 8.4 min (minor) and 10.3 min (major). 

(10R,13R,14S)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-

2-yl-(6R)-6-benzamidoheptanoate (5l) 

 

Obtained as white solid (88.8 mg, 72% yield, 98:2 dr). 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 6.8 Hz, 2H), 7.51 – 7.47 (m, 1H), 7.44 – 

7.40 (m, 2H), 5.88 (d, J = 8.4 Hz, 1H), 5.32 (d, J = 5.2 Hz, 1H), 4.63 – 4.55 (m, 1H), 

4.27 – 4.11 (m, 1H), 2.32 – 2.23 (m, 3H), 2.05 – 1.91 (m, 2H), 1.88 – 1.77 (m, 3H), 

1.70 – 1.62 (m, 2H), 1.60 – 1.29 (m, 21H), 1.24 (d, J = 6.6 Hz, 3H), 1.16 – 1.07 (m, 

6H), 1.00 (s, 3H), 0.91 (d, J = 6.8 Hz, 3H), 0.86 (dd, J = 6.8, 2.0 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 173.17, 139.73, 131.40, 128.65, 126.94, 122.73, 73.95, 

56.80, 56.25, 50.13, 45.75, 42.42, 39.85, 39.64, 38.25, 37.10, 36.80, 36.69, 36.30, 35.91, 

34.62, 32.01, 31.96, 28.35, 28.13, 27.91, 25.71, 25.01, 24.41, 23.95, 22.95, 22.69, 21.20, 

21.14, 19.43, 18.84, 11.98. 

HRMS (ESI-TOF) Calcd for C41H64NO3 (M+H)+ 617.4808. Found 618.4880. 

HPLC (IA, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 14.7 min (major) and 20.9 min (minor). 

N-((R)-7-(((S)-2,5,7,8-tetramethyl-2-((4S,8S)-4,8,12-trimethyltridecyl)chroman-6-

yl)oxy)heptan-2-yl)benzamide (5m) 
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Obtained as white solid (60.3 mg, 45% yield, 97:3 dr). 

1H NMR (600 MHz, CDCl3) δ 7.75 (d, J = 7.2 Hz, 2H), 7.51 – 7.47 (m, 1H), 7.44 – 

7.41 (m, 2H), 5.86 (d, J = 8.4 Hz, 1H), 4.24 – 4.20 (m, 1H), 2.60 – 2.57 (m, 4H), 2.08 

(s, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.85 – 1.70 (m, 6H), 1.61 – 1.34 (m,14H), 1.32 – 

0.98 (m, 20H), 0.92 – 0.81 (m, 12H). 

13C NMR (151 MHz, CDCl3) δ 172.40, 167.00, 149.47, 140.61, 135.10, 131.43, 128.67, 

126.94, 126.77, 125.00, 123.12, 117.48, 75.15, 45.82, 39.50, 37.58, 37.55, 37.42, 37.09, 

34.15, 32.93, 32.83, 29.35, 28.11, 25.95, 25.15, 24.93, 24.57, 22.85, 22.76, 20.73, 19.88, 

19.79, 13.11, 12.27, 11.95. 

HRMS (ESI-TOF) Calcd for C42H68NO3 (M+Na)+ 670.5170. Found 670.5123. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 0.7 

mL/min, detection at 210 nm) retention time = 15.5 min (major) and 17.6 min (minor). 

ethyl (R)-5-benzamidohexanoate 

 

Obtained as white solid (37.9 mg, 72% yield, 94% ee). 

1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 6.8 Hz, 2H), 7.49 – 7.44 (m, 1H), 7.43 – 

7.36 (m, 2H), 6.12 (d, J = 8.4 Hz, 1H), 4.24 – 4.19 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 

2.35 – 2.31 (m, 2H), 1.74 – 1.63 (m, 2H), 1.61 – 1.53 (m, 2H), 1.25 – 1.22 (m, 6H). 

13C NMR (101 MHz, CDCl3) δ 173.69, 167.08, 134.95, 131.42, 128.62, 126.97, 60.46, 

45.64, 36.28, 33.97, 21.43, 21.13, 14.34. 

HRMS (ESI-TOF) Calcd for C15H22NO3 (M+H)+ 264.1594. Found 264.1592. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 95/5, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 15.9 min (major) and 17.0 min (minor). 

(R)-5-phenylpentan-2-ylbenzoate (6a) 
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Obtained as colorless oil (37.5 mg, 73% yield, 91% ee). 

1H NMR (400 MHz, CDCl3) δ 8.04 – 7.94 (m, 2H), 7.56 – 7.48 (m, 1H), 7.42 – 7.38 

(m, 2H), 7.30 – 7.19 (m, 2H), 7.16-7.31 (m, 3H), 5.22 – 5.10 (m, 1H), 2.62 (t, J = 6.8 

Hz, 2H), 1.85 – 1.59 (m, 4H), 1.30 (d, J = 6.4 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 166.35, 142.24, 132.87, 130.96, 129.66, 128.53, 128.47, 

128.43, 125.94, 71.58, 35.80, 35.74, 27.33, 20.22. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 8.2 min (minor) and 8.7 min (major). 

(R)-5-phenylpentan-2-yl-2-naphthoate (6b) 

 

Obtained as colorless oil (42.6 mg, 67% yield, 92% ee). 

1H NMR (400 MHz, CDCl3) δ 8.55 (s, 1H), 8.03 (dd, J = 8.4, 1.6 Hz, 1H), 7.92 (d, J 

= 9.6 Hz, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.59 – 7.46 (m, 2H), 7.30 – 7.21 (m, 2H), 

7.16 – 7.12 (m, 3H), 5.27 – 5.19 (m, 1H), 2.64 (t, J = 7.2 Hz, 2H), 1.87 – 1.62 (m, 

4H), 1.35 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.50, 142.24, 135.60, 132.64, 131.00, 129.46, 128.54, 

128.47, 128.25, 128.19, 127.88, 126.70, 125.95, 125.43, 71.74, 35.79 (d, J = 3.0 Hz), 

27.38, 20.30. 

HRMS (ESI-TOF) Calcd for C22H22O2Na (M+Na)+ 341.1512. Found 341.1511. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 11.9 min (major) and 14.2 min (minor). 

(R)-N-(4-methylhexan-2-yl)benzamide (6c) 

 

Obtained as colorless oil (26.2 mg, 53% yield, 80% ee). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.20 (m, 2H), 7.18 – 7.10 (m, 3H), 4.91-4.83 (m, 
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1H), 2.68 – 2.52 (m, 2H), 1.70 – 1.45 (m, 4H), 1.20 – 1.06 (m, 11H). 

13C NMR (101 MHz, CDCl3) δ 178.30, 142.32, 128.49, 128.45, 125.90, 70.37, 38.85, 

35.76, 35.58, 27.29, 20.02. 

13C NMR (101 MHz, CDCl3) δ 178.30, 142.32, 128.49, 128.45, 125.90, 70.37, 38.85, 

35.75, 35.58, 27.29, 27.27, 20.02. 

HRMS (ESI-TOF) Calcd for C16H24O2 Na (M+Na)+ 271.1669. Found 271.1677. 

HPLC (OD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99.8/0.2, flow rate = 1 

mL/min, detection at 210 nm) retention time = 13.2 min (major) and 17.3 min (minor). 

(R)-6-ethoxy-6-oxohexan-2-ylbenzoate (6d) 

 

Obtained as colorless oil (35.9mg, 68% yield, 93% ee). 

1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.4 Hz, 1H), 7.56 – 7.52 (m, 1H), 7.45 – 

7.41 (m, 2H), 5.20 – 5.13 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 2.34 (t, J = 6.8 Hz, 2H), 

1.84 – 1.61 (m, 4H), 1.35 (d, J = 6.6 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 173.47, 166.27, 132.90, 130.83, 129.64, 128.42, 71.25, 

60.43, 35.48, 34.11, 20.97, 20.12, 14.34. 

HRMS (ESI-TOF) Calcd for C15H20O4 Na (M+Na)+ 287.1254. Found 287.1252. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 254 nm) retention time = 7.5 min (minor) and 7.8 min (major). 

(R)-6-methoxyhexan-2-ylbenzoate (6e) 

 

Obtained as colorless oil (30.7 mg, 65% yield, 93% ee). 

1H NMR (600 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 2H), 7.56 – 7.52 (m, 1H), 7.44 – 

7.41 (m, 2H), 5.18 – 5.13 (m, 1H), 3.37 (t, J = 6.6 Hz, 2H), 3.31 (s, 2H), 1.81 – 1.72 

(m, 1H), 1.68 – 1.58 (m, 2H), 1.53 – 1.38 (m, 1H), 1.34 (d, J = 6.0 Hz, 3H), 1.26 – 1.18 

(m, 1H). 
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13C NMR (151 MHz, CDCl3) δ 166.33, 132.84, 130.99, 129.64, 128.40, 72.73, 71.70, 

58.68, 36.02, 29.63, 22.25, 20.16. 

HRMS (ESI-TOF) Calcd for C14H20O3 Na (M+Na)+ 259.1305. Found 259.1302. 

HPLC (AS-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 4.0 min (major) and 4.5 min (minor). 

(R)-5-(thiophen-2-yl)pentan-2-ylbenzoate (6f) 

 

Obtained as colorless oil (43.8 mg, 80% yield, 90% ee). 

1H NMR (600 MHz, CDCl3) δ 8.04 (d, J = 6.6 Hz, 2H), 7.58 – 7.53 (m, 1H), 7.45 – 

7.42 (m, 2H), 7.11 (d, J = 6.0 Hz, 1H), 6.91 (dd, J = 4.8, 3.0 Hz, 1H), 6.79 (d, J = 3.6 

Hz, 1H), 5.23 – 5.16 (m, 1H), 2.88 (t, J = 7.2 Hz, 2H), 1.86 – 1.67 (m, 4H), 1.35 (d, J 

= 6.6 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.32, 145.05, 132.89, 130.90, 129.66, 128.43, 126.84, 

124.36, 123.14, 71.42, 35.48, 29.79, 27.68, 20.21. 

HRMS (ESI-TOF) Calcd for C16H18O2S Na (M+Na)+ 297.0920. Found 297.0919. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99/1, flow rate = 0.5 

mL/min, detection at 210 nm) retention time = min10.2 (major) and 10.9 min (minor). 

(R)-5-(1,3-dioxoisoindolin-2-yl)pentan-2-ylbenzoate (6g) 

 

Obtained as colorless oil (34.4 mg, 51% yield, 95% ee). 

1H NMR (600 MHz, CDCl3) δ 8.01 (d, J = 6.6 Hz, 2H), 7.83 – 7.81 (m, 2H), 7.70 – 

7.68 (m, 2H), 7.54 – 7.50 (m, 1H), 7.42 – 7.39 (m, 2H), 5.21 – 5.16 (m, 1H), 3.72 (t, J 

= 6.0 Hz, 2H), 1.83 – 1.75 (m, 3H), 1.72 – 1.67 (m, 1H), 1.34 (d, J = 6.0 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 168.47, 166.20, 134.03, 132.88, 132.20, 129.64, 128.40, 
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123.32, 71.10, 37.88, 33.38, 24.81, 20.14. 

HRMS (ESI-TOF) Calcd for C20H20NO4 (M+H)+ 338.1387. Found 338.1385. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 240 nm) retention time = 16.5 min (major) and 18.1 min (minor). 

(R)-octan-2-ylbenzoate (6h) 

 

Obtained as colorless oil (36.0 mg, 77% yield, 90% ee). 

1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 6.8 Hz, 2H), 7.57 – 7.52 (m, 1H), 7.45 – 

7.41 (m, 2H), 5.19 – 5.11 (m, 1H), 1.77 – 1.70 (m, 1H), 1.65 – 1.56 (m, 1H), 1.44 – 

1.20 (m, 13H), 0.87 (t, J = 6.8 Hz , 3H). 

13C NMR (101 MHz, CDCl3) δ 166.38, 132.81, 131.09, 129.64, 128.41, 71.89, 36.21, 

31.88, 29.31, 25.55, 22.73, 20.21, 14.19. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99.5/0.5, flow rate = 1 

mL/min, detection at 254 nm) retention time = 5.0 min (major) and 5.4 min (minor). 

(R)-hexan-2-ylbenzoate (6i) 

 

Obtained as colorless oil (22.2 mg, 54% yield, 96% ee). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 6.8 Hz, 2H), 7.57 – 7.52 (m, 1H), 7.45 – 

7.41 (m, 2H), 5.20 – 5.12 (m, 1H), 1.79 – 1.70 (m, 1H), 1.66 – 1.57 (m, 1H), 1.45 – 

1.33 (m, 7H), 0.91 (t, J = 6.8 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 166.37, 132.81, 131.08, 129.64, 128.41, 71.87, 35.91, 

27.74, 22.71, 20.22, 14.14, 1.16. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99.5/0.5, flow rate = 1 

mL/min, detection at 210 nm) retention time = 7.3 min (major) and 8.3 min (minor). 

(R)-1-(oxetan-3-yl)ethyl benzoate (6j) 
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Obtained as colorless oil (15.2 mg, 37% yield, 97% ee). 

1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.2 Hz, 2H), 7.59 – 7.55 (m, 1H), 7.45 (t, J 

= 7.6 Hz, 2H), 5.45 – 5.38 (m, 1H), 4.79 (dt, J = 14.0, 6.0 Hz, 2H), 4.71 (t, J = 6.4 Hz, 

1H), 4.53 (t, J = 6.4 Hz, 1H), 3.35 – 3.26 (m, 1H), 1.31 (d, J = 6.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.31, 133.20, 130.43, 129.76, 128.55, 74.03, 73.27, 

71.57, 40.03, 17.52. 

HRMS (ESI-TOF) Calcd for C12H15O3 (M+H)+ 207.1016. Found 207.1015. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 98/2, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 9.9 min (minor) and 13.1 min (major). 

(R)-1-phenylnonan-4-yl benzoate (6k) 

 

Obtained as colorless oil (25.9 mg, 40% yield, 97% ee). 

1H NMR (600 MHz, CDCl3) δ 7.97 (d, J = 6.6 Hz, 2H), 7.49 – 7.46 (m, 1H), 7.37 – 

7.35 (m, 2H), 7.20 – 7.17 (m, 2H), 7.11 – 7.08 (m, 2H), 5.12 – 5.08 (m, 1H), 2.61 – 

2.52 (m, 2H), 1.68 – 1.52 (m, 6H), 1.35 – 1.12 (m, 6H), 0.80 – 0.78 (m, 3H). 

13C NMR (151 MHz, CDCl3) δ 166.51, 142.29, 132.86, 130.92, 129.69, 128.45, 

125.91, 74.92, 35.86, 34.32, 33.93, 31.86, 27.25, 25.14, 22.66. 

HPLC (AD-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 99.5/0.5, flow rate = 1 

mL/min, detection at 210 nm) retention time = 15.2 min (major) and 18.9 min (minor). 

VI. Mechanistic Study 

Experimental procedure: 

In a nitrogen-filled glovebox, Ni(COD)2 (5.5 mg, 0.02 mmol, 10 mol%) and L41 (8.4 

mg, 0.024 mmol, 12 mol%) were dissolved in solvent (2 mL, Et2O: DMF = 3:1) in 

Schlenk tube with screw-cap equipped with a magnetic stirrer. The mixture was stirred 
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at room temperature for 10 min, then alkyl halide B (98.4 mg, 0.4 mmol, 2 equiv.), 

enamide A (29.4 mg, 0.2 mmol, 1 equiv.), and K3PO4.H2O (138.0 mg, 0.6 mmol, 3 

equiv.) were added sequentially. The mixture was stirred at room temperature for 

another 5 minutes before Ph2SiD2 (111.6 mg, 0.6 mmol, 3 equiv.) was added dropwise. 

The resulting mixture was stirred at room temperature for 12 h.  

Work up: Same as Method A to afford 4a-d. 

 

(R)-N-(5-phenylpentan-2-yl-1-d)benzamide (4a-d) 

Obtained as white solid (32.6 mg, 61% yield, 92% ee). 

1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 6.8 Hz, 2H), 7.48 – 7.42 (m, 1H), 7.39 – 

7.36 (m, 2H), 7.26 – 7.22 (m, 2H), 7.16 – 7.13 (m, 3H), 5.83 (d, J = 8.4 Hz, 1H), 4.25 

– 4.16 (m, 1H), 2.67 – 2.56 (m, 2H), 1.73 – 1.65 (m, 2H), 1.57 – 1.52 (m, 2H), 1.20 – 

1.69 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 167.01, 142.25, 135.05, 131.42, 128.65, 128.54, 128.45, 

126.94, 125.92, 45.66, 36.65, 35.78, 28.03, 20.91 (t, J = 19.6 Hz). 

HRMS (ESI-TOF) Calcd for C18H20DNO (M+H)+ 269.1759. Found 269.1755. 

HPLC (OJ-H, 0.46*25 cm, 5 μm, hexane/isopropanol = 90/10, flow rate = 1 mL/min, 

detection at 210 nm) retention time = 15.6 min (major) and 18.7 min (minor). 
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HPLC data using Rac-L41 

 

 

HPLC data using (1S, 2R)-L41 
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VII. X-Ray Diffraction Data of 4l and 5a 

X-ray structure of 4l (CCDC 2042844) 

 

Table S13. Crystal data and structure refinement for cxy3098_0m (4l)  

Identification code  cxy3098_0m  

Empirical formula  C22H23NO  

Formula weight  317.41  

Temperature/K  100.0  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  5.0313(3)  

b/Å  11.7146(8)  

c/Å  29.492(2)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  1738.2(2)  

Z  4  
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ρcalcg/cm3  1.213  

μ/mm-1  0.568  

F(000)  680.0  

Crystal size/mm3  0.28 × 0.14 × 0.12  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  5.994 to 136.612  

Index ranges  -6 ≤ h ≤ 6, -14 ≤ k ≤ 11, -35 ≤ l ≤ 35  

Reflections collected  34281  

Independent reflections  3163 [Rint = 0.0409, Rsigma = 0.0188]  

Data/restraints/parameters  3163/0/219  

Goodness-of-fit on F2  1.052  

Final R indexes [I>=2σ (I)]  R1 = 0.0245, wR2 = 0.0620  

Final R indexes [all data]  R1 = 0.0248, wR2 = 0.0622  

Largest diff. peak/hole / e Å-3  0.15/-0.13  

Flack parameter 0.03(6) 

 

X-ray structure of 5a (CCDC 2042842) 

 

Table S14. Crystal data and structure refinement for cxy3096_0m (5a) 

Identification code  cxy3096_0m  

Empirical formula  C19H21NO2  



S51 
 

Formula weight  295.37  

Temperature/K  100.0  

Crystal system  monoclinic  

Space group  P21  

a/Å  5.0731(2)  

b/Å  9.5645(3)  

c/Å  16.3910(5)  

α/°  90  

β/°  91.7680(10)  

γ/°  90  

Volume/Å3  794.94(5)  

Z  2  

ρcalcg/cm3  1.234  

μ/mm-1  0.630  

F(000)  316.0  

Crystal size/mm3  0.38 × 0.38 × 0.12  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  5.394 to 136.616  

Index ranges  -6 ≤ h ≤ 6, -11 ≤ k ≤ 11, -19 ≤ l ≤ 19  

Reflections collected  13404  

Independent reflections  2878 [Rint = 0.0263, Rsigma = 0.0238]  

Data/restraints/parameters  2878/1/201  

Goodness-of-fit on F2  1.070  

Final R indexes [I>=2σ (I)]  R1 = 0.0249, wR2 = 0.0612  

Final R indexes [all data]  R1 = 0.0253, wR2 = 0.0614  

Largest diff. peak/hole / e Å-3  0.16/-0.12  
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Flack parameter 0.00(5) 
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IX. 1H NMR, 13C NMR and 19F NMR Spectra of Products 
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X. HPLC Traces of Products 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 
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HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 
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HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 
 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

HPLC data using Rac-L4 
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HPLC data using (1S,2R)-L9 

 

 

 

 

HPLC data using Rac-L4 

 

 

HPLC data using (1S,2R)-L9 
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HPLC data using Rac-L4 

 

 

 

HPLC data using (1S,2R)-L9 
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HPLC data using Rac-41 

 

 

 

HPLC data using (1S, 2R)-L41 
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HPLC data using Rac41 

 

 

HPLC data using (1S, 2R)-L41 
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HPLC data using Rac-41 

 

 

HPLC data using (1S, 2R)-L41 
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HPLC data using Rac-L41 
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HPLC data using (1S, 2R)-L41 

 

 

 

HPLC data using Rac-L41 

 

 

 

HPLC data using (1S, 2R)-L41 

 



S134 
 

 

 

 

HPLC data using Rac-L41 

 

 

HPLC data using (1S, 2R)-L41 
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