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1. Supplementary tables for experiments 

Table S1. Effect of copper salts in the model reaction.a 

 

Entry [Cu] Conv. of E1 

(%) 

Yield of 1 (%) Ee of 1 (%) Yield of 1 

(%) 1 CuCl 84 84 88 0 

2 CuBr 84 82 87 Trace 

3 CuI 84 79 56 Trace 

4 CuTc 85 75 83 8 

5 CuBr•SMe2 84 85 89 0 

6 Cu(PPh3)3•CF3 86 77 <5 9 

7 Cu(MeCN)4•BF4 86 84 88 0 

8 Cu(OTf)•tol1/2 86 86 89 0 

9 Cu(OTf)•(C6H6)1/2 90 90 89 0 

10 Cu(OAc)2 89 86 84 0 

11 Cu(OTf)2 85 86 89 0 

aReaction conditions: Racemic E1 (0.05 mmol), H2O (0.075 mmol, 1.5 equiv), [Cu] (10 mol%), L9* (15 

mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane (0.50 mL) at room temperature (rt) for 2 days under argon. 

Conversion of E1, yields of 1 and 1' were based on 1H NMR analysis of the crude products using 1,3,5-

trimethoxybenzene as an internal standard; ee values were based on HPLC analysis. Tc, 2-

thiophenecarboxylate. 
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Table S2. Effect of bases in the model reaction.a 

 

Entry Base Conv. of E1 (%) Yield of 1 (%) Ee of 1 (%) Yield of 1 (%) 

1 K3PO4 90 90 89 0 

2 K2CO3 47 48 88 Trace 

3 Rb2CO3 79 76 80 Trace 

4 Cs2CO3 82 71 25 9 

5 K2HPO4 0 0 – 0 

6 KOAc 0 0 – 0 

7 KOtBu 85 57 <5 26 

8 DBU 83 31 <5 50 

9 DIPEA 0 0 – 0 

aReaction conditions: Racemic E1 (0.05 mmol), H2O (0.075 mmol, 1.5 equiv), Cu(OTf)•(C6H6)1/2 (10 

mol%), L9* (15 mol%), and base (3.0 equiv) in 1,4-dioxane (0.50 mL) at room temperature (rt) for 2 

days under argon. Conversion of E1, yields of 1 and 1' were based on 1H NMR analysis of the crude 

products using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC 

analysis. DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene. DIPEA, diisopropylethylamine. 
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Table S3. Effect of solvents in the model reaction.a 

 

Entry Solvent Conv. of E1 

(%) 

Yield of 1 (%) Ee of 1 (%) Yield of 1 

(%) 1 1,4-dioxane 90 90 89 0 

2 1,3-dioxolane 82 81 80 Trace 

3 THF 84 81 68 Trace 

4 MTBE 85 86 84 0 

5 MeCN 84 85 <5 0 

6 DCM 81 80 87 0 

7 CHCl3 66 50 85 0 

8 DCE 86 83 86 0 

9 PhCl 65 51 81 0 

10 toluene 71 71 82 0 

11 PhCF3 82 80 80 0 

12 EtOAc 84 85 37 0 

13b 
1,4-dioxane/ 

1,3-dioxolane 
86 81 86 Trace 

14c 
1,4-dioxane/ 

1,3-dioxolane 
85 86 88 0 

15c,d 
1,4-dioxane/ 

1,3-dioxolane 
>99 97 93 0 

aReaction conditions: Racemic E1 (0.05 mmol), H2O (0.075 mmol, 1.5 equiv), Cu(OTf)•(C6H6)1/2 (10 

mol%), L9* (15 mol%), and K3PO4 (3.0 equiv.) in solvent (0.50 mL) at room temperature (rt) for 2 days 

under argon. Conversion of E1, yields of 1 and 1' were based on 1H NMR analysis of the crude products 

using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis. 

bA mixture of 1,4-dioxane/1,3-dioxolane (3/2, v/v) was used as solvent. cA mixture of 1,4-dioxane/1,3-

dioxolane (4/1, v/v) was used as solvent. dAt 0 C for 5 days. MTBE, methyl t-butyl ether; DCE, 1,2-

dichloroethane. 
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Table S4. Effect of water loading in the model reaction.a 

 

Entry X Conv. of E1 (%) Yield of 1 (%) Ee of 1 (%) 

1 1.5 >99 97 93 

2 5.0 57 54 90 

3 10 47 44 86 

4 50 32 32 67 

5 100 30 28 12 

6 200 28 27 11 

7b 1.5 92 90 90 

aReaction conditions: Racemic E1 (0.05 mmol, 1.0 equiv), H2O (X equiv), Cu(OTf)•(C6H6)1/2 (10 mol%), 

L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (0.50 mL, v/v = 4/1) at 0 ℃ for 5 

days under argon. Conversion of E1 and yield of 1 were based on 1H NMR analysis of the crude product 

using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis. 

bPerformed under air.
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Table S5. Control experiments in the model reaction.a 

 

Entry Variations Conv. of E1 (%) Yield of 1 (%) Ee of 1 (%) 

1 None >99 97 93 

2 Without [Cu] 5 6 <5 

3 Without L*9 8 6 0 

4 Without K3PO4 0 0 – 

aStandard conditions: Racemic E1 (0.05 mmol, 1.0 equiv), H2O (1.5 equiv), Cu(OTf)•(C6H6)1/2 (10 

mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (0.50 mL, v/v = 4/1) at 0 ℃ 

for 5 days under argon. Yields were based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis. 
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Table S6. Effect of N-aryl substituent on the amide moiety in the substrate.a 

 
aReaction conditions: racemic α-tertiary haloamides E (0.10 mmol, 1.0 equiv), H2O (1.5 equiv), 

Cu(OTf)•(C6H6)1/2 (10 mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (1.0 

mL, v/v = 4/1) at 0 ℃ for 5 days under argon. The yields were isolated yields, and ee values were based 

on chiral HPLC analysis. b0.20 mmol scale. 
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2. Supplementary figures for experiments 

 

Figure S1. Preliminary investigation on the O-alkylation of water with racemic -

secondary haloamide. Reaction conditions: racemic α-tertiary haloamide ES1 (0.20 

mmol, 1.0 equiv), H2O (1.5 equiv), CuBr (10 mol%), L*11 (15 mol%), and Rb2CO3 

(3.0 equiv) in 1,4-dioxane at rt for 3 days under argon. The yield was isolated yield, 

and ee value was based on chiral HPLC analysis. 
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Figure S2. The X-ray structure of 2. (CCDC 2526649, 50% probability ellipsoids). 
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Figure S3. The X-ray structure of (Cu-L*9)2. (CCDC 2526651, 50% probability 

ellipsoids). Ar', 4-CF3C6H4. 
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Figure S4. The 18O-labeling experiment and high resolution mass spectrum (HRMS). 
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Figure S5. Radical clock experiment. Reaction conditions: racemic α-tertiary 

haloamides E36 (0.20 mmol, 1.0 equiv), H2O (1.5 equiv), Cu(OTf)•(C6H6)1/2 (10 

mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane (2.0 mL) at 80 ℃ for 3 

days under argon. The yield was isolated yield.
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3. General information 

Most of the reactions were carried out under argon atmosphere using Schlenk 

techniques. All the solvents used for the reactions were dried according to standard 

procedures. Schlenk tube was oven dried before use. Reagents were purchased at the 

highest commercial quality and used without further purification, unless otherwise 

stated. Cu(OTf)•(C6H6)1/2 (CAS 37234-97-2) was purchased from Bide Pharmatech Ltd. 

CuI was purchased from Sigma-Aldrich. Anhydrous 1,4-dioxane and 1,3-dioxolane 

were purchased from J&K Scientific and stored under argon. K3PO4 was purchased 

from Bide Pharmatech Ltd, and pretreated prior to use by heating at 200 ℃ for 3 hours 

in vacuum. Analytical thin layer chromatography (TLC) was performed on precoated 

silica gel 60 GF254 plates. Flash column chromatography was performed using 

Tsingdao silica gel (60, particle size 0.040–0.063 mm). As the eluent, the petroleum 

ether (PE) and EtOAc were purchased from Shanghai Titan Scientific Co. Ltd without 

further purification. Visualization on TLC was achieved by use of UV light (254 nm), 

iodine or basic KMnO4 indicator. NMR spectra were recorded on Bruker DRX-400 

spectrometers at 400 MHz for 1H NMR, 100 MHz for 13C NMR and 376 MHz for 19F 

NMR, respectively, in CDCl3 with tetramethylsilane (TMS) as an internal standard. The 

chemical shifts are expressed in ppm and coupling constants were given in Hz. Data for 

1H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, 

doublet; t, triplet; q, quartet; p, pentet, m, multiplet; br, broad), coupling constant (Hz), 

integration. Data for 13C NMR are reported in terms of chemical shift (δ, ppm). Mass 

spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric excess 

(ee) was determined using Agilent high-performance liquid chromatography (HPLC) 

with a Hitachi detector. Column conditions were reported in the experimental section 

below. Specific optical rotation was measured on a Rudolph-Autopol I. X-ray 

diffraction was measured on a Bruker APEX-II CCD diffractometer with Ga–Kα 

radiation. 
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4. The preparation of substrates and ligands 

Preparation of α-tertiary haloamides 

Table S7. Previously reported α-tertiary haloamides. 

 

The α-tertiary haloamide substrates reported in the literature are listed in Table S7. The 

corresponding substrates E1, E15, E17, E18, E19, E22, E24, E26-E29 and E31 were 

prepared according to the reported procedure1. 

Table S8. General procedures for preparing new α-tertiary haloamides. 

 



 

S15 

The synthesis of α-cyclobutyl substituted phenylacetic acid S2. 

 

The α-cyclobutyl substituted phenylacetic acid S2 was prepared according to the 

previously reported procedure2. A solution of phenylacetic acid (5.0 mmol) in dry THF 

(10 mL) was cooled in ice bath. Then LiHMDS (15 mL, 1M solution in THF) was added 

dropwise. After 1 h, a solution of bromocyclobutane (0.74 g, 5.5 mmol) in dry THF 

(5mL) was slowly added and the cold bath was removed. The reaction mixture was 

stirred overnight, then carefullyly quenched with water and extracted with EtOAc (10 

mL x 3). The aqueous layer was acidified with 2.0 N HCI and extracted with EtOAc 

(10 mL x 3). The organic layers were combined and washed with brine, dried with 

Na2SO4, and purified by silica gel column chromatography (eluent: petroleum 

ether/EtOAc = 10/1 to 5/1) to afford the α-cyclobutyl substituted phenylacetic acid S2 

as a white solid. 

Table S9. The structures of new α-tertiary haloamide substrates. 

 

The new α-tertiary haloamides are listed in Table S9. Substrates E2, E3, E6–E8, E10, 

E12, E13, E20, and E23 were prepared using General Method A (Table S8); substrates 

E4, E5, E9, E11, E14, E16, E21, E25, E30, E31, and E35 were prepared using General 

Method B (Table S8); and substrate E32 and E34 were prepared using General 

Method C (Table S8), according to the previously reported procedures1. 
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Characterization data for new α-tertiary haloamides 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(m-tolyl)butanamide (E2) 

 

According to General Method A, the synthesized substrate E2 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.56 – 7.50 (m, 

2H), 7.51 – 7.44 (m, 1H), 7.43 (d, J = 2.0 Hz, 1H), 7.31 – 7.22 (m, 1H), 7.14 (d, J = 7.5 

Hz, 1H), 3.24 – 3.10 (m, 1H), 2.37 (s, 3H), 2.24 (s, 3H), 1.17 (d, J = 6.4 Hz, 3H), 0.82 

(d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.3, 139.6, 138.4, 138.1, 133.8, 131.1, 129.2, 128.3, 

126.9, 123.4, 120.9, 118.7, 107.7, 86.1, 37.3, 21.6, 18.9, 17.2, 16.9. 

HRMS (ESI) m/z calcd. for C20H21ClN2NaO [M + Na]+ 363.1235, found 363.1229. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(3,5-dimethylphenyl)-3-methyl-

butanamide (E3) 

 
According to General Method A, the synthesized substrate E3 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.65 (s, 1H), 8.21 (d, J = 8.5 Hz, 1H), 7.53 – 7.47 (m, 

1H), 7.46 – 7.42 (m, 1H), 7.32 (s, 2H), 6.96 (s, 1H), 3.21 – 3.11 (m, 1H), 2.33 (s, 6H), 

2.25 (s, 3H), 1.16 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.4, 139.7, 138.4, 138.0, 133.8, 131.1, 130.1, 128.3, 

124.1, 120.9, 118.8, 107.7, 86.2, 37.3, 21.5, 19.0, 17.3, 17.1. 

HRMS (ESI) m/z calcd. for C21H23ClN2NaO [M + Na]+ 377.1391, found 377.1387. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(p-tolyl)butanamide (E4) 

 

According to General Method B, the synthesized substrate E4 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
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1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.18 (d, J = 8.5 Hz, 1H), 7.65 – 7.56 (m, 

2H), 7.51 – 7.45 (m, 1H), 7.44 – 7.38 (m, 1H), 7.24 – 7.11 (m, 2H), 3.22 – 3.10 (m, 

1H), 2.34 (s, 3H), 2.24 (s, 3H), 1.16 (d, J = 6.4 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.4, 139.6, 138.3, 135.6, 133.7, 131.0, 129.1, 128.3, 

126.2, 120.9, 118.7, 107.7, 86.0, 37.3, 20.8, 18.9, 17.2, 16.9. 

HRMS (ESI) m/z calcd. for C20H21ClN2NaO [M + Na]+ 363.1235, found 363.1229. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-isobutylphenyl)-3-methylbutanamide 

(E5) 

 

According to General Method B, the synthesized substrate E5 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a yellow oil. 
1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.62 (d, 2H), 7.52 

– 7.44 (m, 1H), 7.45 – 7.39 (m, 1H), 7.15 (d, J = 8.2 Hz, 2H), 3.24 – 3.07 (m, 1H), 2.46 

(d, J = 7.2 Hz, 2H), 2.23 (s, 3H), 1.94 – 1.78 (m, 1H), 1.16 (d, J = 6.4 Hz, 3H), 0.88 (d, 

J = 6.6 Hz, 6H), 0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.4, 142.1, 139.6, 135.8, 133.7, 131.0, 129.1, 128.4, 

126.1, 121.0, 118.7, 107.7, 86.1, 44.7, 37.4, 30.0, 22.3, 22.2, 18.9, 17.2, 16.9. 

HRMS (ESI) m/z calcd. for C23H27ClN2NaO [M + Na]+ 405.1704, found 405.1704. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(3-methoxyphenyl)-3-methyl-

butanamide (E6) 

 
According to General Method A, the synthesized substrate E6 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a light yellow 

solid. 
1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.49 (dd, J = 8.5, 

2.0 Hz, 1H), 7.43 (d, J = 1.9 Hz, 1H), 7.33 – 7.27 (m, 3H), 6.91 – 6.86 (m, 1H), 3.82 

(s, 3H), 3.24 – 3.10 (m, 1H), 2.24 (s, 3H), 1.16 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 

3H). 
13C NMR (100 MHz, CDCl3) δ 168.1, 159.6, 140.1, 139.6, 133.8, 131.1, 129.5, 128.4, 

121.0, 118.7, 118.6, 113.2, 112.9, 107.8, 85.8, 55.3, 37.5, 19.0, 17.3, 16.9. 

HRMS (ESI) m/z calcd. for C20H21ClN2NaO2 [M + Na]+ 379.1184, found 379.1178. 
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2-(3-(Benzyloxy)phenyl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methyl- 

butanamide (E7) 

 

According to General Method A, the synthesized substrate E7 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 8.20 (d, J = 8.5 Hz, 1H), 7.53 – 7.31 (m, 

10H), 7.01 – 6.95 (m, 1H), 5.11 (s, 2H), 3.26 – 3.10 (m, 1H), 2.25 (s, 3H), 1.19 (d, J = 

6.4 Hz, 3H), 0.84 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.2, 158.8, 140.2, 139.6, 136.6, 133.9, 131.2, 129.6, 

128.7, 128.5, 128.1, 127.6, 121.1, 119.0, 118.8, 114.4, 113.8, 107.9, 85.9, 70.1, 37.6, 

19.1, 17.3, 17.0. 

HRMS (ESI) m/z calcd. for C26H25ClN2NaO2 [M + Na]+ 455.1497, found 455.1493. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(4-(methylthio)phenyl)-

butanamide (E8) 

 

According to General Method A, the synthesized substrate E8 was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.73 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.72 – 7.63 (m, 

2H), 7.55 – 7.42 (m, 2H), 7.31 – 7.20 (m, 2H), 3.32 – 3.08 (m, 1H), 2.49 (s, 3H), 2.27 

(s, 3H), 1.17 (d, J = 6.4 Hz, 3H), 0.85 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.1, 139.4, 139.3, 135.0, 133.8, 131.0, 128.4, 

126.8, 125.8, 120.9, 118.6, 107.8, 85.8, 37.3, 18.8, 17.2, 16.8, 15.2. 

HRMS (ESI) m/z calcd. for C20H21ClN2NaOS [M + Na]+ 395.0955, found 395.0954. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-fluorophenyl)-3-methylbutanamide 

(E9) 

 

According to General Method B, the synthesized substrate E9 was purified by column 



 

S19 

chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.75 (s, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.92 – 7.67 (m, 

2H), 7.53 – 7.37 (m, 2H), 7.19 – 6.95 (m, 2H), 3.26 – 3.08 (m, 1H), 2.25 (s, 3H), 1.16 

(d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.0, 162.4 (d, J = 248.6 Hz), 139.3, 134.3 (d, J = 3.3 

Hz), 133.7, 130.9, 128.6, 128.3 (d, J = 8.2 Hz), 121.1, 118.5, 115.2 (d, J = 21.5 Hz), 

107.9, 85.3, 37.6, 18.8, 17.1, 16.7. 
19F NMR (376 MHz, CDCl3) δ –113.7. 

HRMS (ESI) m/z calcd. for C19H18ClFN2NaO [M + Na]+ 367.0984, found 367.0979. 

 

2-(4-Bromophenyl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methylbutanamide 

(E10) 

 

According to General Method A, the synthesized substrate E10 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.16 (d, J = 8.5 Hz, 1H), 7.71 – 7.58 (m, 

2H), 7.57 – 7.47 (m, 3H), 7.45 (s, 1H), 3.22 – 3.05 (m, 1H), 2.26 (s, 3H), 1.16 (d, J = 

6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.9, 139.4, 137.7, 133.9, 131.6, 131.2, 128.63, 128.3, 

122.9, 121.2, 118.7, 108.1, 85.6, 37.8, 19.0, 17.4, 16.9. 

HRMS (ESI) m/z calcd. for C19H18BrClN2NaO [M + Na]+ 427.0183, found 427.0179.    

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-iodophenyl)-3-methylbutanamide 

(E11) 

 

According to General Method B, the synthesized substrate E11 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.11 (d, J = 8.5 Hz, 1H), 7.82 – 7.63 (m, 

2H), 7.54 – 7.46 (m, 2H), 7.46 – 7.42 (m, 1H), 7.41 – 7.38 (m, 1H), 3.22 – 3.02 (m, 

1H), 2.24 (s, 3H), 1.13 (d, J = 6.4 Hz, 3H), 0.79 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.5, 139.1, 138.2, 137.3, 133.7, 130.8, 128.6, 128.2, 

121.0, 118.4, 107.8, 94.5, 85.4, 37.4, 18.7, 17.2, 16.7. 
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HRMS (ESI) m/z calcd. for C19H18ClIN2NaO [M + Na]+ 475.0045, found 475.0044. 

 

2-([1,1'-Biphenyl]-4-yl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methyl-

butanamide (E12) 

 

According to General Method A, the synthesized substrate E12 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 8.6 

Hz, 2H), 7.68 – 7.58 (m, 4H), 7.55 – 7.44 (m, 4H), 7.42 – 7.35 (m, 1H), 3.34 – 3.20 (m, 

1H), 2.30 (s, 3H), 1.24 (d, J = 6.4 Hz, 3H), 0.93 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.3, 141.3, 140.0, 139.6, 137.6, 133.9, 131.2, 128.9, 

128.6, 127.8, 127.2, 127.1, 127.0, 121.1, 118.8, 107.9, 86.1, 37.6, 19.1, 17.4, 17.1. 

HRMS (ESI) m/z calcd. for C25H23ClN2NaO [M + Na]+ 425.1391, found 425.1387. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(naphthalen-2-yl)butanamide 

(E13) 

 

According to General Method A, the synthesized substrate E13 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.79 (s, 1H), 8.31 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 8.01 

– 7.81 (m, 4H), 7.62 – 7.50 (m, 2H), 7.47 (dd, J = 8.5, 1.6 Hz, 1H), 7.40 (s, 1H), 3.44 

– 3.26 (m, 1H), 2.24 (s, 3H), 1.28 (d, J = 6.4 Hz, 3H), 0.90 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.3, 139.6, 136.0, 133.9, 133.0, 132.9, 131.1, 128.8, 

128.6, 128.4, 127.5, 126.9, 126.7, 126.1, 123.9, 121.2, 118.8, 107.9, 86.3, 37.5, 19.2, 

17.4, 17.1. 

HRMS (ESI) m/z calcd. for C23H21ClN2NaO [M + Na]+ 399.1235, found 399.1230. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-ethyl-2-phenylpentanamide (E14) 
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According to General Method B, the synthesized substrate E14 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.15 (d, J = 8.5 Hz, 1H), 7.81 – 7.70 (m, 

2H), 7.50 – 7.30 (m, 5H), 2.75 – 2.59 (m, 1H), 2.22 (s, 3H), 1.67 – 1.50 (m, 2H), 1.36 

– 1.22 (m, 2H), 1.06 (t, J = 7.5 Hz, 3H), 0.78 (t, J = 7.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.5, 139.7, 138.7, 133.9, 131.1, 128.6, 128.5, 128.4, 

126.6, 121.1, 118.8, 107.9, 86.7, 50.6, 26.5, 23.8, 17.3, 13.7, 13.4. 

HRMS (ESI) m/z calcd. for C21H23ClN2NaO [M + Na]+ 377.1391, found 377.1386. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-cyclobutyl-2-phenylacetamide (E16) 

 
According to General Method B, the synthesized substrate E16 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.22 (d, J = 8.5 Hz, 1H), 7.64 – 7.56 (m, 

2H), 7.52 (dd, J = 8.5, 1.6 Hz, 1H), 7.46 (s, 1H), 7.43 – 7.34 (m, 3H), 3.76 – 3.58 (m, 

1H), 2.33 – 2.26 (m, 1H), 2.24 (s, 3H), 2.21 – 2.10 (m, 2H), 2.03 – 1.89 (m, 2H), 1.88 

– 1.77 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 167.9, 139.6, 138.9, 133.9, 131.2, 128.8, 128.7, 128.5, 

126.4, 121.2, 118.8, 107.9, 82.5, 43.7, 24.9, 24.5, 17.3, 17.1. 

HRMS (ESI) m/z calcd. for C20H19ClN2NaO [M + Na]+ 361.1078, found 361.1073. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(2,3-dihydro-1H-inden-2-yl)-2-

phenylacetamide (E20) 

 

According to General method A, the synthesized substrate E20 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.21 (d, J = 8.5 Hz, 1H), 7.80 (d, J = 7.4 
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Hz, 2H), 7.59 – 7.35 (m, 5H), 7.25 – 7.03 (m, 4H), 4.14 – 3.94 (m, 1H), 3.40 – 3.14 (m, 

2H), 3.03 – 2.87 (m, 1H), 2.84 – 2.69 (m, 1H), 2.23 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.1, 142.0, 141.6, 139.6, 138.7, 134.0, 131.2, 128.9, 

128.6, 126.6, 126.5, 126.3, 124.5, 124.3, 121.2, 118.8, 108.1, 83.5, 48.4, 36.1, 34.9, 

17.3. 

HRMS (ESI) m/z calcd. for C25H21ClN2NaO [M + Na]+ 423.1235, found 423.1234. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4,4-difluorocyclohexyl)-2-

phenylacetamide (E21) 

 

According to General Method B, the synthesized substrate E21 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 8.16 (d, J = 8.5 Hz, 1H), 7.75 – 7.69 (m, 

2H), 7.53 – 7.47 (m, 1H), 7.46 – 7.34 (m, 4H), 2.85 (t, J = 11.0 Hz, 1H), 2.22 (s, 3H), 

2.19 – 2.01 (m, 2H), 1.96 – 1.63 (m, 4H), 1.59 – 1.45 (m, 1H), 1.38 – 1.29 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 167.7, 139.3, 137.7, 134.0, 131.2, 128.9, 128.8, 128.7, 

126.1, 121.2, 118.7, 108.2, 83.16 (d, J = 2.4 Hz), 45.5, 33.3 (t, J = 24.6 Hz), 25.2 (d, J 

= 10.3 Hz), 23.1 (d, J = 10.3 Hz), 17.3. 
19F NMR (376 MHz, CDCl3) δ –92.1 (d, J = 235.4 Hz), –102.8 (d, J = 235.7 Hz). 

HRMS (ESI) m/z calcd. for C22H21ClF2N2NaO [M + Na]+ 425.1203, found 425.1202. 

 

2-Chloro-N-(4-cyano-2-methylphenyl)-2-phenyl-2-(tetrahydro-2H-thiopyran-4-

yl)acetamide (E23) 

 
According to General Method A, the synthesized substrate E23 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.64 (s, 1H), 8.12 (d, J = 8.5 Hz, 1H), 7.71 (dd, J = 7.6, 

1.9 Hz, 2H), 7.45 (dd, J = 8.5, 2.0 Hz, 1H), 7.43 – 7.33 (m, 4H), 2.87 – 2.76 (m, 2H), 

2.67 – 2.58 (m, 2H), 2.55 – 2.47 (m, 1H), 2.20 (s, 3H), 2.18 – 2.11 (m, 1H), 1.94 – 1.82 

(m, 1H), 1.62 – 1.51 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 167.7, 139.4, 137.2, 133.9, 131.1, 128.8, 126.5, 121.2, 

118.7, 108.1, 84.6, 47.1, 31.0, 28.8, 28.7, 28.4, 17.3. 

HRMS (ESI) m/z calcd. for C21H21ClN2NaOS [M + Na]+ 407.0955, found 407.0954.  
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2-Chloro-N-(4-cyano-2-methylphenyl)-2-phenylpropanamide (E25) 

 
According to General Method B, the synthesized substrate E25 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.43 (s, 1H), 8.23 (d, J = 8.5 Hz, 1H), 7.67 – 7.57 (m, 

2H), 7.51 (dd, J = 8.5, 1.5 Hz, 1H), 7.47 – 7.33 (m, 4H), 2.23 (s, 3H), 2.19 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.8, 140.7, 139.6, 133.9, 131.3, 129.0, 128.9, 128.4, 

125.9, 121.0, 118.8, 108.0, 73.6, 30.1, 17.2. 

HRMS (ESI) m/z calcd. for C17H15ClN2NaO [M + Na]+ 321.0765, found 321.0762. 

 

2-Chloro-3-methyl-N-(2-methyl-4-(trifluoromethyl)phenyl)-2-phenylbutanamide 

(E30) 

 

According to General Method B, the synthesized substrate E30 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 25/1) to afford as a 

light yellow solid. 
1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 7.80 – 7.72 (m, 2H), 7.64 (d, J = 8.6 Hz, 

2H), 7.56 (d, J = 8.7 Hz, 2H), 7.40 – 7.33 (m, 2H), 3.27 – 3.09 (m, 1H), 1.18 (d, J = 6.4 

Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.5, 140.3, 138.6, 128.5, 128.4, 126.6 (q, J = 32.7 

Hz), 126.5, 126.2 (q, J = 3.7 Hz), 124.0 (q, J = 270.0 Hz), 119.6, 85.5, 37.7, 19.1, 17.0. 
19F NMR (376 MHz, CDCl3) δ –62.2. 

HRMS (ESI) m/z calcd. for C19H20ClF3NO [M + H]+ 370.1180, found 370.1178. 

 

Methyl 4-(2-chloro-3-methyl-2-phenylbutanamido)-3-methylbenzoate (E31) 

 

According to General Method B, the synthesized substrate E31 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.71 (s, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.95 – 7.79 (m, 

2H), 7.78 – 7.68 (m, 2H), 7.43 – 7.26 (m, 3H), 3.89 (s, 3H), 3.28 – 3.12 (m, 1H), 2.27 
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(s, 3H), 1.18 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.1, 166.6, 139.6, 138.8, 131.7, 128.6, 128.5, 128.4, 

127.7, 126.5, 126.2, 120.5, 86.2, 52.0, 37.5, 19.1, 17.5, 17.0. 

HRMS (ESI) m/z calcd. for C20H23ClNO3 [M + H]+ 360.1361, found 360.1361. 

 

2-((1S,3S)-adamantan-1-yl)-2-bromo-N-(4-cyano-2-methylphenyl)propanamide 

(E32) 

 

According to General Method C, the synthesized substrate E32 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.54 – 7.48 (m, 

1H), 7.46 (s, 1H), 2.33 (s, 3H), 2.02 (s, 6H), 1.94 – 1.76 (m, 6H), 1.70 – 1.54 (m, 6H). 
13C NMR (100 MHz, CDCl3) δ 168.3, 139.9, 133.9, 131.2, 128.1, 120.4, 118.9, 107.5, 

84.7, 40.7, 38.2, 36.4, 28.6, 25.3, 17.7. 

HRMS (ESI) m/z calcd. for C21H25BrN2NaO [M + Na]+ 423.1042, found 423.1038. 

 

2-Bromo-N-(4-cyano-2-methylphenyl)-2-cyclohexylpropanamide (E34) 

 
According to General Method C, the synthesized substrate E34 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 15/1) to afford as a 

white solid. 
1H NMR (400 MHz, CDCl3) δ 8.86 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.57 – 7.46 (m, 

2H), 2.35 (s, 3H), 1.99 (s, 3H), 1.93 – 1.73 (m, 6H), 1.34 – 1.18 (m, 5H). 
13C NMR (100 MHz, CDCl3) δ 169.8, 139.7, 133.9, 131.2, 128.2, 120.7, 118.8, 107.8, 

77.7, 48.2, 29.6, 28.4, 28.0, 26.0, 25.9, 25.8, 17.5. 

HRMS (ESI) m/z calcd. for C17H22BrN2O [M + H]+ 349.0910, found 349.0905. 

 

2-Chloro-2-cyclopentyl-N-(2-methyl-4-(trifluoromethyl)phenyl)-2-

phenylacetamide (E35) 
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According to General Method B, the synthesized substrate E35 was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 25/1 to 20/1) to afford 

as a colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.54 (s, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 7.4 

Hz, 2H), 7.51 – 7.32 (m, 5H), 3.52 – 3.33 (m, 1H), 2.26 (s, 3H), 2.09 – 1.91 (m, 1H), 

1.81 – 1.63 (m, 4H), 1.60 – 1.42 (m, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.5, 139.8, 138.5, 128.8, 128.5, 128.4, 127.3 (q, J = 

3.7 Hz), 126.8 (q, J = 32.3 Hz), 126.5, 124.1 (q, J = 270.1 Hz), 124.0 (q, J = 3.7 Hz), 

121.5, 84.6, 48.7, 29.2, 28.2, 26.2, 25.9, 17.5. 
19F NMR (376 MHz, CDCl3) δ –62.2. 

HRMS (ESI) m/z calcd. for C21H22ClF3NO [M + H]+ 396.1337, found 396.1339. 
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The synthesis of chiral ligands 

 

The chiral ligand L*7-L*9 and L*11 were synthesized according to the reported 

procedure1
. 

To a solution of chiral diamine (S,S)-L*1 (5.0 mmol, 1.0 equiv) in anhydrous CH2Cl2 

(10 mL) were successively added the substituted 5-bromo-picolinic acid (5.5 mmol, 1.1 

equiv), DMAP (0.12 g, 1.0 mmol, 0.2 equiv) and EDCI (5.5 mmol, 1.1 equiv) under 

argon at room temperature. The reaction mixture was stirred at room temperature for 4 

h. After completion (monitored by TLC), the reaction mixture was concentrated under 

reduced pressure. The residue was purified by silica gel column chromatography 

(eluent: petroleum ether/EtOAc = 10/1 to 5/1) to give the ligand intermediate (S, S)-

L*2 as a white solid. 

To a solution of the ligand (S,S)-L*2 in THF/H2O (10 mL, v/v: 3/1) were successively 

added Pd(PPh3)4 (0.06 equiv), K2CO3 (6.0 equiv) and arylboronic acid (1.1 equiv) under 

argon. The reaction was reflux at 80 ℃ for 24 hours. Then the reaction was quenched 

by H2O (10 mL). The organic layer was separated and the aqueous layer was extracted 

with ethyl acetate (10 mL x 3). The combined organic phase was dried with Na2SO4, 

filtered and concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (eluent: petroleum ether/EtOAc = 5/1 to 2/1) to give the 

ligands L*7-L*9 and L*11 as white solids.  

The diamine (S,S)-L*1 was synthesized according to the reported literature3. The chiral 

ligand ent-L*9 was synthesized according to the same procedures as L*9. And the 

NMR date of ent-L*9 were identical to those of L*9. 

Characterization data for new chiral ligands 

N-((1S,2S)-2-(dimethylamino)-1,2-diphenylethyl)-5-phenylpicolinamide (L*7) 
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1H NMR (400 MHz, CDCl3) δ 9.32 (d, J = 5.4 Hz, 1H), 8.86 (d, J = 2.2 Hz, 1H), 8.21 

(dd, J = 8.0, 0.8 Hz, 1H), 7.98 (dd, J = 8.1, 2.3 Hz, 1H), 7.64 – 7.57 (m, 2H), 7.56 – 

7.47 (m, 2H), 7.45 – 7.41 (m, 1H), 7.28 – 7.26 (m, 1H), 7.25 – 7.17 (m, 4H), 7.15 – 

7.08 (m, 4H), 7.07 – 7.03 (m, 1H), 5.49 – 5.41 (m, 1H), 3.95 (d, J = 10.6 Hz, 1H), 2.25 

(s, 6H). 
13C NMR (100 MHz, CDCl3) δ 164.2, 149.0, 146.8, 140.9, 138.8, 137.1, 135.3, 133.1, 

129.7, 129.2, 128.5, 127.9, 127.7, 127.6, 127.5, 127.2, 126.9, 122.3, 73.5, 54.6, 41.0. 

HRMS (ESI) m/z calcd. for C28H28N3O [M + H]+ 422.2227, found 422.2228. 

 

N-((1S,2S)-2-(dimethylamino)-1,2-diphenylethyl)-5-phenyl-3-(trifluoromethyl) 

picolinamide (L*8) 

 

1H NMR (400 MHz, CDCl3) δ 9.00 (d, J = 1.3 Hz, 1H), 8.87 (d, J = 4.8 Hz, 1H), 8.28 

(s, 1H), 7.62 (d, J = 7.2 Hz, 2H), 7.55 – 7.45 (m, 3H), 7.25 – 7.20 (m, 5H), 7.14 – 7.03 

(m, 5H), 5.43 (dd, J = 10.6, 5.1 Hz, 1H), 3.85 (d, J = 10.6 Hz, 1H), 2.21 (s, 6H). 
13C NMR (100 MHz, CDCl3) δ 163.5, 149.0, 148.7, 136.9 (q, J = 255.2 Hz), 134.0 (q, 

J = 5.6 Hz), 129.8, 129.5, 129.4, 128.0, 127.8, 127.7, 127.5, 127.3, 126.9, 125.8 (q, J = 

33.8 Hz), 123.01 (q, J = 272.3 Hz), 73.7, 54.8, 41.0. 
19F NMR (376 MHz, CDCl3) δ –59.2. 

HRMS (ESI) m/z calcd. for C29H27F3N3O [M + H]+ 490.2101, found 490.2099. 

 

N-((1S,2S)-2-(dimethylamino)-1,2-diphenylethyl)-3-(trifluoromethyl)-5-(4-

(trifluoromethyl)phenyl)picolinamide (L*9) 

 
1H NMR (400 MHz, CDCl3) δ 9.06 (d, J = 1.9 Hz, 1H), 8.88 (d, J = 4.6 Hz, 1H), 8.33 
(d, J = 1.8 Hz, 1H), 7.90 – 7.73 (m, 4H), 7.32 – 7.22 (m, 5H), 7.21 – 7.03 (m, 5H), 5.44 

(dd, J = 10.6, 5.0 Hz, 1H), 3.87 (d, J = 10.7 Hz, 1H), 2.24 (s, 6H). 
13C NMR (100 MHz, CDCl3) δ 163.3, 149.6, 149.1, 140.6, 139.1, 136.8, 134.4 (q, J = 

5.8 Hz), 133.0, 131.3 (q, J = 32.5 Hz), 129.8, 128.1, 127.9, 127.8, 127.7, 127.4, 127.0, 

126.4 (q, J = 3.6 Hz), 126.0 (q, J = 34.2 Hz), 123.4 (q, J = 105.1 Hz), 73.7, 54.9, 41.0.  
19F NMR (376 MHz, CDCl3) δ –59.3, –62.7. 

HRMS (ESI) m/z calcd. for C30H26F6N3O [M + H]+ 558.1975, found 558.1974. 
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5-(4,4''-di-tert-butyl-[1,1':3',1''-terphenyl]-5'-yl)-N-((1S,2S)-2-(dimethylamino) 

cyclohexyl)picolinamide (L*10) 

 

The chiral ligand L*10 was synthesized according to the similar procedure as L*9. 
1H NMR (400 MHz, CDCl3) δ 8.91 (d, J = 0.7 Hz, 1H), 8.43 – 8.25 (m, 2H), 8.17 –

8.08 (m, 1H), 7.87 (s, 1H), 7.77 (s, 2H), 7.64 (d, J = 8.2 Hz, 4H), 7.54 (d, J = 8.2 Hz, 

4H), 3.96 – 3.80 (m, 1H), 2.60 – 2.50 (m, 2H), 2.31 (s, 6H), 1.98 – 1.82 (m, 2H), 1.80 

– 1.70 (m, 1H), 1.40 (s, 18H), 1.33 – 1.27 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 164.1, 150.9, 149.5, 146.9, 142.7, 138.9, 138.2, 137.8, 

135.6, 127.0, 126.2, 126.0, 124.8, 122.3, 66.5, 51.1, 40.2, 34.7, 33.0, 31.4, 25.4, 24.9, 

22.1. 

HRMS (ESI) m/z calcd. for C40H50N3O [M + H]+ 588.3948, found 588.3947.
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5. General procedure for the synthesis of products 

The preparation of the mixed solvents for this reaction 

Under argon atmosphere, an oven-dried resealable 100 mL Schlenk tube was charged 

with anhydrous 1,4-dioxane (40 mL) and 1,3-dioxolane (10 mL). Then water (7.5 mmol, 

135.0 mg) was added to the mixed solvent, and the mixture was shaken thoroughly. 

Note: The other solvent or mixed solvents were prepared by analogy, and the 

corresponding prepared mixed solvent was used and stored under argon atmosphere. 

General procedure for the synthesis of chiral products 

 

General Procedure A: 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamides (0.20 mmol, 1.0 equiv), 

Cu(OTf)•(C6H6)1/2 (5.03 mg, 0.02 mmol, 10 mol%), chiral ligand L*9 (16.72 mg, 0.03 

mmol, 15 mol%) and K3PO4 (128.0 mg, 0.60 mmol, 3.0 equiv). Then the mixed solvent 

(1,4-dioxane/1,3-dioxolane = 4/1, 2.0 mL) was added into the mixture, and the reaction 

mixture was stirred at 0 ℃ for 5 days. Upon completion (monitored by TLC), the 

reaction mixture was diluted with CH2Cl2, filtered off and rinsed three times with 

CH2Cl2. The filtrate was concentrated, and the residue was purified by column 

chromatography on silica gel to afford the desired product. 

General procedure for the synthesis of racemates 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

amagnetic stir bar was charged with CuI (0.95 mg, 0.005 mmol, 10 mol%), Lrac (1.34 

mg, 0.0075 mmol, 15 mol%), K3PO4 (32.0 mg, 0.15 mmol, 3.0 equiv), and anhydrous 

1,4-dioxane (0.50 mL). Then α-tertiary haloamides (0.05 mmol, 1.0 equiv) and water 

(0.075 mmol, 1.5 equiv) were sequentially added into the mixture, and the resulting 

mixture was stirred at room temperature for 12 hours. Upon completion (monitored by 

TLC), the precipitate was filtered off and rinsed by CH2Cl2. The filtrate was 

concentrated, and the residue was purified by column chromatography on silica gel to 

afford the desired racemic product.  
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Characterization data for products 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-phenylbutanamide (1) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol), the reaction was run at 0 ℃ for 

5 days, and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 1 as a white solid (59.2 mg, 

96% yield, 93% ee). 

[α]
25 

D  = ‒25 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 11.90 min, tR (major) = 17.31 min. 
1H NMR (400 MHz, CDCl3) δ 8.89 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.75 – 7.55 (m, 

2H), 7.52 – 7.28 (m, 5H), 3.05 – 2.91 (m, 1H), 2.81 (s, 1H), 2.26 (s, 3H), 1.08 (d, J = 

6.7 Hz, 3H), 0.76 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.9, 140.9, 139.8, 133.8, 131.2, 128.6, 127.9, 127.7, 

125.2, 120.6, 119.0, 107.1, 82.8, 34.9, 17.3, 17.0, 15.8. 

HRMS (ESI) m/z calcd. for C19H20N2NaO2 [M + Na]+ 331.1417, found 331.1416. 

 

(R)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-phenylbutanamide (ent-

1) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol) using ent-L*9 as the ligand, the 

reaction was run at 0 ℃ for 5 days, and the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 

ent-1 as a white solid (58.0 mg, 94% yield, 93% ee). 

[α]
25 

D  = +20 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 12.01 min, tR (minor) = 17.24 min. 

HRMS (ESI) m/z calcd. for C19H20N2NaO2 [M + Na]+ 331.1417, found 331.1416. 

Note: The 1H NMR and 13C NMR data of ent-1 was same as product 1. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(m-tolyl)butanamide (2) 



 

S31 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-(m-tolyl)butanamide E2 (68.2 mg, 0.20 mmol), the reaction was run in mixed 

solvent (1,4-dioxane:1,3-dioxolane:CHCl3, 3:1:1, 2.0 mL) at ‒10 ℃ for 7 days, and the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 10/1 to 5/1) to yield the product 2 as a white solid (51.6 mg, 80% yield, 

92% ee). 

[α]
25 

D  = ‒16 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 9.84 min, tR (major) = 16.73 min. 
1H NMR (400 MHz, CDCl3) δ 8.90 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.50 – 7.38 (m, 

4H), 7.29 – 7.22 (m, 1H), 7.11 (d, J = 7.5 Hz, 1H), 3.02 – 2.92 (m, 1H), 2.93 (s, 1H), 

2.37 (s, 3H), 2.26 (s, 3H), 1.07 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 140.8, 139.8, 138.1, 133.7, 131.1, 128.6, 128.4, 

127.6, 125.9, 122.2, 120.5, 119.0, 106.9, 82.6, 34.8, 21.6, 17.2, 17.0, 15.8. 

HRMS (ESI) m/z calcd. for C20H22N2NaO2 [M + Na]+ 345.1573, found 345.1570. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-(3,5-dimethylphenyl)-2-hydroxy-3-methyl-

butanamide (3) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

(3,5-dimethylphenyl)-3-methyl-butanamide E3 (71.0 mg, 0.20 mmol), the reaction was 

run at 0 ℃ for 5 days, and the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 3 as a light 

yellow oil (63.9 mg, 95% yield, 92% ee). 

[α]
25 

D  = ‒9 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 7.90 min, tR (major) = 14.45 min. 
1H NMR (400 MHz, CDCl3) δ 8.90 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.47 – 7.40 (m, 

1H), 7.42 – 7.37 (m, 1H), 7.30 – 7.24 (m, 2H), 6.93 (s, 1H), 3.01 (s, 1H), 3.00 – 2.89 

(m, 1H), 2.32 (s, 6H), 2.26 (s, 3H), 1.06 (d, J = 6.7 Hz, 3H), 0.77 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 140.8, 139.9, 138.0, 133.6, 131.1, 129.5, 127.5, 

122.9, 120.4, 119.0, 106.8, 82.6, 34.7, 21.5, 17.2, 16.9, 15.9. 

HRMS (ESI) m/z calcd. for C21H24N2NaO2 [M + Na]+ 359.1730, found 359.1724. 
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(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(p-tolyl)butanamide (4) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-(p-tolyl)butanamide E4 (68.2 mg, 0.20 mmol), the reaction was run in mixed 

solvent (1,4-dioxane:1,3-dioxolane:CHCl3, 3:1:1, 2.0 mL) at ‒10 ℃ for 7 days, and the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 10/1 to 5/1) to yield the product 4 as a white solid (50.3 mg, 78% yield, 

88% ee). 

[α]
25 

D  = ‒18 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 11.80 min, tR (major) = 16.03 min. 
1H NMR (400 MHz, CDCl3) δ 8.91 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.61 – 7.51 (m, 

2H), 7.49 – 7.37 (m, 2H), 7.18 (d, J = 8.2 Hz, 2H), 3.00 – 2.91 (m, 1H), 2.90 (s, 1H), 

2.33 (s, 3H), 2.26 (s, 3H), 1.07 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 139.8, 137.9, 137.6, 133.7, 131.1, 129.2, 127.5, 

125.1, 120.5, 119.0, 106.9, 82.6, 34.7, 20.9, 17.2, 16.9, 15.8. 

HRMS (ESI) m/z calcd. for C20H22N2NaO2 [M + Na]+ 345.1573, found 345.1571. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(4-isobutylphenyl)-3-methyl-

butanamide (5) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-

isobutylphenyl)-3-methylbutanamide E5 (76.6 mg, 0.20 mmol), the reaction was run at 

0 ℃ for 5 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 5 as a white solid 

(54.7 mg, 75% yield, 86% ee). 

[α]
25 

D  = ‒9 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 9.98 min, tR (major) = 13.25 min. 
1H NMR (400 MHz, CDCl3) δ 8.88 (s, 1H), 8.29 (d, J = 8.5 Hz, 1H), 7.55 (d, J = 8.1 

Hz, 2H), 7.51 – 7.36 (m, 2H), 7.15 (d, J = 8.1 Hz, 2H), 3.01 – 2.90 (m, 1H), 2.84 (s, 

1H), 2.45 (d, J = 7.1 Hz, 2H), 2.25 (s, 3H), 1.92 – 1.76 (m, 1H), 1.07 (d, J = 6.7 Hz, 

3H), 0.88 (d, J = 6.5 Hz, 6H), 0.76 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 141.5, 139.9, 138.2, 133.8, 131.2, 129.3, 127.6, 
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125.0, 120.6, 119.0, 107.0, 82.7, 45.0, 34.8, 30.2, 22.4, 22.3, 17.3, 17.0, 15.9. 

HRMS (ESI) m/z calcd. for C23H28N2NaO2 [M + Na]+ 387.2043, found 387.2042. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(3-methoxyphenyl)-3-methyl-

butanamide (6) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(3-

methoxyphenyl)-3-methyl-butanamide E6 (71.4 mg, 0.20 mmol), the reaction was run 

at 0 ℃ for 5 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 6 as a white solid 

(59.5 mg, 88% yield, 94% ee). 

[α]
25 

D  = ‒30 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 19.03 min, tR (major) = 20.75 min. 
1H NMR (400 MHz, CDCl3) δ 8.88 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.50 – 7.36 (m, 

2H), 7.34 – 7.28 (m, 1H), 7.27 – 7.23 (m, 2H), 6.88 – 6.80 (m, 1H), 3.82 (s, 3H), 3.01 

– 2.87 (m, 2H), 2.26 (s, 3H), 1.07 (d, J = 6.7 Hz, 3H), 0.77 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.8, 159.8, 142.7, 139.8, 133.8, 131.2, 129.6, 127.7, 

120.6, 119.0, 117.6, 112.8, 111.6, 107.0, 82.7, 55.3, 34.9, 17.3, 17.0, 15.9. 

HRMS (ESI) m/z calcd. for C20H22N2NaO3 [M + Na]+ 361.1523, found 361.1520. 

 

(S)-2-(3-(Benzyloxy)phenyl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-

butanamide (7) 

 

According to General Procedure A with 2-(3-(benzyloxy)phenyl)-2-chloro-N-(4-

cyano-2-methylphenyl)-3-methyl- butanamide E7 (86.6 mg, 0.20 mmol), the reaction 

was run in mixed solvent (1,4-dioxane: DCM, 4:1, 2.0 mL) at 0 ℃ for 7 days, and the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 10/1 to 5/1) to yield the product 7 as a white solid (68.0 mg, 82% yield, 

91% ee). 

[α]
25 

D  = ‒30 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 19.05 min, tR (major) = 41.02 min. 
1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.29 (d, J = 8.5 Hz, 1H), 7.59 – 7.29 (m, 
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10H), 7.04 – 6.87 (m, 1H), 5.09 (s, 2H), 3.09 (s, 1H), 3.02 – 2.90 (m, 1H), 2.26 (s, 

3H), 1.10 (d, J = 6.7 Hz, 3H), 0.78 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.9, 159.0, 142.8, 139.9, 136.8, 133.8, 131.2, 129.6, 

128.6, 128.1, 127.8, 127.6, 120.6, 119.1, 117.9, 113.8, 112.6, 107.0, 82.7, 70.1, 35.0, 

17.3, 17.1, 15.9. 

HRMS (ESI) m/z calcd. for C26H26N2NaO3 [M + Na]+ 437.1836, found 437.1832. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(4-(methylthio)phenyl)-

butanamide (8) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-(4-(methylthio)phenyl)-butanamide E8 (74.6 mg, 0.20 mmol), the reaction 

was run at 0 ℃ for 5 days, and the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 

8 as a white solid (58.1 mg, 82% yield, 84% ee). 

[α]
25 

D  = ‒8 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 18.44 min, tR (major) = 28.94 min. 
1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 7.59 (d, J = 8.5 

Hz, 2H), 7.46 – 7.35 (m, 2H), 7.23 (d, J = 8.5 Hz, 2H), 3.14 (s, 1H), 3.00 – 2.87 (m, 

1H), 2.46 (s, 3H), 2.26 (s, 3H), 1.06 (d, J = 6.7 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 139.9, 138.3, 137.8, 133.8, 131.2, 127.8, 126.3, 

125.9, 120.6, 119.0, 107.0, 82.6, 34.9, 17.3, 17.0, 15.8, 15.6. 

HRMS (ESI) m/z calcd. for C20H22N2NaO2S [M + Na]+ 377.1294, found 377.1291. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-(4-fluorophenyl)-2-hydroxy-3-methyl-

butanamide (9) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-

fluorophenyl)-3-methylbutanamide E9 (68.9 mg, 0.20 mmol), the reaction was run in 

mixed solvent (1,4-dioxane/1,3-dioxolane/CHCl3, 3/1/1, 2.0 mL) at ‒10 ℃ for 7 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 9 as a white solid (52.2 mg, 

80% yield, 90% ee). 
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[α]
25 

D  = ‒25 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 10.15 min, tR (major) = 13.89 min. 
1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.26 (d, J = 8.5 Hz, 1H), 7.72 – 7.60 (m, 

2H), 7.52 – 7.39 (m, 2H), 7.11 – 6.99 (m, 2H), 3.02 – 2.87 (m, 2H), 2.27 (s, 3H), 1.08 

(d, J = 6.7 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.8, 162.3 (d, J = 246.9 Hz), 139.7, 136.6 (d, J = 2.9 

Hz), 133.7, 131.2, 127.7, 127.1 (d, J = 8.1 Hz), 120.6, 118.9, 115.2 (d, J = 21.4 Hz), 

107.1, 82.4, 35.1, 17.2, 16.9, 15.6. 
19F NMR (376 MHz, CDCl3) δ –114.8. 

HRMS (ESI) m/z calcd. for C19H19FN2NaO2 [M + Na]+ 349.1323, found 349.1321. 

 

(S)-2-(4-Bromophenyl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-

butanamide (10) 

 

According to General Procedure A with 2-(4-bromophenyl)-2-chloro-N-(4-cyano-2-

methylphenyl)-3-methylbutanamide E10 (81.1 mg, 0.20 mmol), the reaction was run at 

0 ℃ for 7 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 10 as a white solid 

(46.1 mg, 84% yield, 85% ee). 

[α]
25 

D  = ‒24 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 11.96 min, tR (major) = 18.03 min. 
1H NMR (400 MHz, CDCl3) δ 8.97 (s, 1H), 8.26 (d, J = 8.5 Hz, 1H), 7.63 – 7.54 (m, 

2H), 7.54 – 7.44 (m, 3H), 7.43 (s, 1H), 3.10 (s, 1H), 3.00 – 2.87 (m, 1H), 2.29 (s, 3H), 

1.09 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.7, 140.1, 139.7, 133.8, 131.5, 131.2, 127.9, 127.3, 

122.1, 120.7, 119.0, 107.1, 82.6, 35.1, 17.3, 17.0, 15.7. 

HRMS (ESI) m/z calcd. for C19H19BrN2NaO2 [M + Na]+ 409.0522, found 409.0519. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(4-iodophenyl)-3-methyl-

butanamide (11) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-
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iodophenyl)-3-methylbutanamide E11 (90.5 mg, 0.20 mmol), the reaction was run at 

0 ℃ for 5 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 11 as a white solid 

(62.5 mg, 72% yield, 87% ee). 

[α]
25 

D  = ‒23 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 13.38 min, tR (major) = 21.15 min. 
1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.6 

Hz, 2H), 7.55 – 7.38 (m, 4H), 3.00 – 2.88 (m, 2H), 2.29 (s, 3H), 1.09 (d, J = 6.7 Hz, 

3H), 0.76 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.5, 140.8, 139.7, 137.6, 133.8, 131.3, 127.8, 127.4, 

120.7, 119.0, 107.2, 93.9, 82.7, 35.1, 17.3, 17.0, 15.7. 

HRMS (ESI) m/z calcd. for C19H19IN2NaO2 [M + Na]+ 457.0383, found 457.0378. 

 

(S)-2-([1,1'-Biphenyl]-4-yl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-

butanamide (12) 

 

According to General Procedure A with 2-([1,1'-biphenyl]-4-yl)-2-chloro-N-(4-

cyano-2-methylphenyl)-3-methyl-butanamide E12 (80.6 mg, 0.20 mmol), the reaction 

was run in mixed solvent (1,4-dioxane/1,3-dioxolane/CHCl3, 3/1/1, 2.0 mL) at ‒10 ℃ 

for 7 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 12 as a white solid (63.8 

mg, 83% yield, 87% ee). 

[α]
25 

D  = ‒15 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 15.96 min, tR (major) = 26.41 min. 
1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 8.30 (d, J = 8.5 Hz, 1H), 7.74 (d, J = 8.5 

Hz, 2H), 7.64 – 7.53 (m, 4H), 7.48 – 7.39 (m, 4H), 7.37 – 7.31 (m, 1H), 3.08 – 2.96 (m, 

1H), 2.92 (s, 1H), 2.28 (s, 3H), 1.10 (d, J = 6.7 Hz, 3H), 0.81 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 140.7, 140.4, 140.0, 139.9, 133.8, 131.2, 128.9, 

127.7, 127.5, 127.2, 127.1, 125.8, 120.6 119.0, 107.1, 82.8, 35.0, 17.3, 17.1, 15.9. 

HRMS (ESI) m/z calcd. for C25H24N2NaO2 [M + Na]+ 407.1730, found 407.1725. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(naphthalen-2-yl)-

butanamide (13) 
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-(naphthalen-2-yl)butanamide E13 (75.4 mg, 0.20 mmol), the reaction was run 

at 0 ℃ for 7 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 13 as a white solid 

(61.7 mg, 86% yield, 92% ee). 

[α]
25 

D  = ‒94 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 16.21 min, tR (major) = 23.46 min. 
1H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 8.18 (s, 1H), 7.92 

– 7.79 (m, 4H), 7.55 – 7.47 (m, 2H), 7.46 – 7.35 (m, 2H), 3.33 (s, 1H), 3.23 – 3.05 (m, 

1H), 2.27 (s, 3H), 1.16 (d, J = 6.7 Hz, 3H), 0.80 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 139.9, 138.6, 133.8, 133.0, 132.8, 131.2, 128.4, 

128.3, 127.8, 127.6, 126.4, 126.3, 124.3, 123.6, 120.7, 119.1, 107.0, 83.0, 34.9, 17.3, 

17.1, 15.9. 

HRMS (ESI) m/z calcd. for C23H22N2NaO2 [M + Na]+ 381.1573, found 381.1567. 

 

(S)-N-(4-Cyano-2-methylphenyl)-3-ethyl-2-hydroxy-2-phenylpentanamide (14) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

ethyl-2-phenylpentanamide E14 (35.5 mg, 0.10 mmol), the reaction was run in 1.0 mL 

1,4-dioxane at 12 ℃ for 5 days, and the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 

14 as a white solid (28.6 mg, 85% yield, 84% ee). 

[α]
25 

D  = ‒32 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IG (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 11.75 min, tR (major) = 13.99 min. 
1H NMR (400 MHz, CDCl3) δ 8.98 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.76 – 7.59 (m, 

2H), 7.43 (dd, J = 8.5, 2.0 Hz, 1H), 7.40 – 7.33 (m, 3H), 7.32 – 7.27 (m, 1H), 3.01 (s, 

1H), 2.58 – 2.46 (m, 1H), 2.24 (s, 3H), 1.66 – 1.55 (m, 1H), 1.53 – 1.41 (m, 1H), 1.30 

– 1.20 (m, 1H), 1.19 – 1.10 (m, 1H), 1.04 (t, J = 7.4 Hz, 3H), 0.81 (t, J = 7.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 141.2, 140.0, 133.8, 131.2, 128.4, 127.8, 127.7, 

125.4, 120.6, 119.1, 106.9, 84.2, 47.7, 23.0, 21.4, 17.3, 13.1, 12.8. 

HRMS (ESI) m/z calcd. for C21H24N2NaO2 [M + Na]+ 359.1730, found 359.1730. 
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(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-3-propylhexanamide (15) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenyl-3-propylhexanamide E15 (76.6 mg, 0.20 mmol), the reaction was run at 0 ℃ 

for 5 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 15 as a white solid (52.5 

mg, 72% yield, 86% ee). 

[α]
25 

D  = ‒27 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 11.75 min, tR (major) = 13.99 min. 
1H NMR (400 MHz, CDCl3) δ 8.91 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.68 (d, J = 7.7 

Hz, 2H), 7.46 (d, J = 8.6 Hz, 1H), 7.42 (s, 1H), 7.37 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 

Hz, 1H), 2.71 (s, 1H), 2.68 – 2.59 (m, 1H), 2.25 (s, 3H), 1.54 – 1.23 (m, 6H), 1.15 – 

1.07 (m, 2H), 0.91 (t, J = 6.3 Hz, 3H), 0.73 (t, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 141.1, 139.9, 133.8, 131.2, 128.4, 127.8, 127.7, 

125.3, 120.6, 119.0, 107.0, 84.1, 44.4, 33.3, 31.6, 21.7, 21.4, 17.3, 14.7, 14.5. 

HRMS (ESI) m/z calcd. for C23H28N2NaO2 [M + Na]+ 387.2043, found 387.2042. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-cyclobutyl-2-hydroxy-2-phenylacetamide (16) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

cyclobutyl-2-phenylacetamide E16 (67.8 mg, 0.20 mmol), the reaction was run at 0 ℃ 

for 5 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 16 as a white solid (62.1 

mg, 97% yield, 90% ee). 

[α]
25 

D  = ‒6 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 16.65 min, tR (major) = 23.59 min. 
1H NMR (400 MHz, CDCl3) δ 8.83 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.63 – 7.50 (m, 

2H), 7.47 – 7.28 (m, 5H), 3.66 (s, 1H), 3.62 – 3.49 (m, 1H), 2.22 (s, 3H), 2.19 – 2.08 

(m, 1H), 1.97 – 1.81 (m, 4H), 1.80 – 1.69 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 171.7, 140.5, 139.9, 133.8, 131.2, 128.7, 128.2, 127.9, 

125.7, 120.8, 119.0, 107.1, 80.2, 41.9, 22.6, 22.0, 17.3. 

HRMS (ESI) m/z calcd. for C20H2N2NaO2 [M + Na]+ 343.1417, found 343.1412. 
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(S)-N-(4-Cyano-2-methylphenyl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide (17) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

cyclopentyl-2-phenylacetamide E17 (70.6 mg, 0.20 mmol), the reaction was run at 0 ℃ 

for 5 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 17 as a white solid (63.5 

mg, 95% yield, 91% ee). 

[α]
25 

D  = ‒15 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel ID (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 23.23 min, tR (major) = 29.17 min. 
1H NMR (400 MHz, CDCl3) δ 8.78 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 7.72 – 7.64 (m, 

2H), 7.48 – 7.44 (m, 1H), 7.43 – 7.34 (m, 3H), 7.34 – 7.27 (m, 1H), 3.34 – 3.14 (m, 

1H), 2.95 (s, 1H), 2.25 (s, 3H), 1.89 – 1.74 (m, 1H), 1.68 – 1.53 (m, 6H), 1.23 – 1.07 

(m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 141.6, 139.9, 133.8, 131.2, 128.6, 128.0, 127.7, 

125.4, 120.7, 119.0, 107.1, 81.0, 46.7, 26.8, 26.6, 26.2, 25.9, 17.3. 

HRMS (ESI) m/z calcd. for C21H22N2NaO2 [M + Na]+ 357.1573, found 357.1572. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-cyclohexyl-2-hydroxy-2-phenylacetamide (18) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

cyclohexyl-2-phenylacetamide E18 (73.4 mg, 0.20 mmol), the reaction was run at 0 ℃ 

for 5 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 18 as a white solid (64.8 

mg, 93% yield, 90% ee). 

[α]
25 

D  = ‒14 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel ID (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 14.90 min, tR (major) = 17.27 min. 
1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.78 – 7.58 (m, 

2H), 7.47 – 7.33 (m, 4H), 7.32 – 7.27 (m, 1H), 3.01 (s, 1H), 2.66 – 2.49 (m, 1H), 2.25 

(s, 3H), 1.85 – 1.63 (m, 4H), 1.44 – 1.20 (m, 4H), 1.17 – 1.02 (m, 1H), 0.95 – 0.80 (m, 

1H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 140.6, 139.9, 133.8, 131.2, 128.5, 127.8, 127.7, 

125.4, 120.6, 119.1, 107.0, 82.7, 45.0, 27.4, 26.3, 26.2, 26.0, 17.3. 

HRMS (ESI) m/z calcd. for C22H24N2NaO2 [M + Na]+ 371.1730, found 371.1730. 
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(S)-N-(4-Cyano-2-methylphenyl)-2-cycloheptyl-2-hydroxy-2-phenylacetamide (19) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

cycloheptyl-2-phenylacetamide E19 (76.2 mg, 0.20 mmol), the reaction was run in 

mixed solvent (1,4-dioxane/1,3-dioxolane/CHCl3, 3/1/1, 2.0 mL) at ‒10 ℃ for 7 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 19 as a white solid (57.3 mg, 

79% yield, 89% ee). 

[α]
25 

D  = ‒21 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IF (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 12.36 min, tR (major) = 13.93 min. 
1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.67 (d, J = 7.8 

Hz, 2H), 7.48 – 7.43 (m, 1H), 7.43 – 7.35 (m, 3H), 7.33 – 7.27 (m, 1H), 2.87 – 2.75 (m, 

2H), 2.26 (s, 3H), 1.84 – 1.71 (m, 2H), 1.64 – 1.35 (m, 9H), 1.19 – 1.06 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 141.2, 139.9, 133.8, 131.2, 128.6, 127.8, 127.6, 

125.3, 120.6, 119.0, 107.0, 84.3, 45.6, 29.3, 28.0, 27.7, 27.6, 27.3, 27.2, 17.3. 

HRMS (ESI) m/z calcd. for C23H26N2NaO2 [M + Na]+ 385.1886, found 385.1887. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-(2,3-dihydro-1H-inden-2-yl)-2-hydroxy-2-

phenylacetamide (20) 

 

According to General Procedure A with 2-([1,1'-biphenyl]-3-yl)-2-chloro-N-(4-

cyano-2-methylphenyl)butanamide E20 (77.8 mg, 0.20 mmol), the reaction was run at 

0 ℃ for 5 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 20 as a white solid 

(71.1 mg, 93% yield, 88% ee). 

[α]
25 

D  = ‒3 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 80/20, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 11.11 min, tR (major) = 23.48 min. 
1H NMR (400 MHz, CDCl3) δ 8.91 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.73 (d, J = 7.4 

Hz, 2H), 7.51 – 7.31 (m, 5H), 7.24 – 7.08 (m, 4H), 3.97 – 3.81 (m, 1H), 3.22 – 3.11 (m, 

1H), 3.11 – 2.99 (m, 2H), 2.88 (dd, J = 16.6, 8.9 Hz, 1H), 2.65 (dd, J = 16.6, 7.8 Hz, 

1H), 2.24 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.7, 142.1, 141.8, 140.8, 139.8, 133.8, 131.3, 128.8, 
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128.2, 127.8, 126.9, 126.7, 125.4, 124.7, 124.6, 120.7, 119.0, 107.2, 81.8, 45.7, 33.8, 

33.4, 17.3. 

HRMS (ESI) m/z calcd. for C25H22N2NaO2 [M + Na]+ 405.1573, found 405.1572. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-(4,4-difluorocyclohexyl)-2-hydroxy-2-

phenylacetamide (21) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

(4,4-difluorocyclohexyl)-2-phenylacetamide E21 (80.6 mg, 0.20 mmol), the reaction 

was run at 0 ℃ for 5 days, and the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 

21 as a white solid (70.7 mg, 92% yield, 90% ee). 

[α]
25 

D  = ‒21 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 35.04 min, tR (major) = 39.38 min. 
1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.66 (d, J = 7.5 

Hz, 2H), 7.48 – 7.28 (m, 5H), 3.22 (s, 1H), 2.68 (t, J = 12.1 Hz, 1H), 2.25 (s, 3H), 2.20 

– 2.01 (m, 2H), 1.84 – 1.65 (m, 4H), 1.44 – 1.22 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 171.4, 140.1, 139.7, 133.9, 131.2, 128.8, 128.2, 127.9, 

125.0, 120.7, 118.9, 107.2, 81.8 (d, J = 1.8 Hz), 43.1, 33.83 – 32.92 (m), 23.4 (d, J = 

10.2 Hz), 22.2 (d, J = 10.2 Hz), 17.3. 
19F NMR (376 MHz, CDCl3) δ –92.0 (d, J = 235.8 Hz), –102.9 (d, J = 235.8 Hz). 

HRMS (ESI) m/z calcd. for C22H22F2N2NaO2 [M + Na]+ 407.1542, found 407.1539. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-2-(tetrahydro-2H-pyran-4-

yl)acetamide (22) 

 
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenyl-2-(tetrahydro-2H-pyran-4-yl)acetamide E22 (73.8 mg, 0.20 mmol), the reaction 

was run in 1,4-dioxane (2.0 mL) at room temperature for 3 days, and the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether/EtOAc 

= 10/1 to 5/1) to yield the product 22 as a white solid (62.4 mg, 89% yield, 90% ee). 

[α]
25 

D  = ‒20 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 92/8, flow rate 0.8 mL/min, λ = 254 

nm), tR (minor) = 20.67 min, tR (major) = 22.60 min. 
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1H NMR (400 MHz, CDCl3) δ 8.92 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.72 – 7.60 (m, 

2H), 7.47 (d, J = 8.5 Hz, 1H), 7.44 – 7.36 (m, 3H), 7.35 – 7.29 (m, 1H), 4.10 – 3.92 (m, 

2H), 3.55 – 3.35 (m, 2H), 3.04 (s, 1H), 2.94 – 2.80 (m, 1H), 2.27 (s, 3H), 1.80 – 1.67 

(m, 2H), 1.36 – 1.25 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 171.2, 139.7, 139.6, 133.8, 131.2, 128.7, 128.1, 127.7, 

125.2, 120.6, 118.9, 107.2, 81.9, 67.9, 67.7, 42.4, 27.0, 25.8, 17.3. 

HRMS (ESI) m/z calcd. for C21H22N2NaO3 [M + Na]+ 373.1523, found 373.1522. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-2-(tetrahydro-2H-

thiopyran-4-yl)acetamide (23) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenyl-2-(tetrahydro-2H-thiopyran-4-yl)acetamide E23 (77.0 mg, 0.20 mmol), the 

reaction was run in 1,4-dioxane (2.0 mL) at room temperature for 3 days, and the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 5/1 to 3/1) to yield the product 23 as a white solid (55.0 mg, 75% yield, 

86% ee). 

[α]
25 

D  = –24 (c 0.5, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 37.47 min, tR (major) = 43.50 min. 
1H NMR (400 MHz, CDCl3) δ 8.94 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.71 – 7.60 (m, 

2H), 7.46 (dd, J = 8.5, 2.0 Hz, 1H), 7.44 – 7.36 (m, 3H), 7.35 – 7.29 (m, 1H), 2.99 (s, 

1H), 2.84 (t, J = 12.8 Hz, 1H), 2.74 – 2.51 (m, 4H), 2.26 (s, 3H), 2.12 – 2.05 (m, 1H), 

1.82 – 1.71 (m, 1H), 1.67 – 1.61 (m, 1H), 1.37 – 1.29 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 171.3, 139.7, 139.6, 133.8, 131.2, 128.8, 128.1, 127.7, 

125.2, 120.6, 118.9, 107.3, 83.1, 44.6, 29.0, 28.9, 28.8, 27.4, 17.3. 

HRMS (ESI) m/z calcd. for C21H22N2NaO2S [M + Na]+ 389.1294, found 389.1293. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylbutanamide (24) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenylbutanamide E24 (62.4 mg, 0.20 mmol), the reaction was run at 0 ℃ for 5 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 24 as a white solid (55.9 mg, 

95% yield, 86% ee). 
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[α]
25 

D  = ‒23 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 14.56 min, tR (major) = 22.27 min. 
1H NMR (400 MHz, CDCl3) δ 8.87 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 7.6 

Hz, 2H), 7.45 (d, J = 8.6 Hz, 1H), 7.42 – 7.35 (m, 3H), 7.32 (t, J = 7.3 Hz, 1H), 3.07 (s, 

1H), 2.52 – 2.38 (m, 1H), 2.25 (s, 3H), 2.22 – 2.10 (m, 1H), 0.98 (t, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 141.5, 139.8, 133.8, 131.3, 128.7, 128.2, 127.7, 

125.3, 120.6, 119.0, 107.1, 80.3, 32.4, 17.3, 7.8. 

HRMS (ESI) m/z calcd. for C18H18N2NaO2 [M + Na]+ 317.1260, found 317.1259. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylpropanamide (25) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenylpropanamide E25 (59.7 mg, 0.20 mmol), the reaction was run at 0 ℃ for 5 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 25 as a white solid (51.6 mg, 

92% yield, 57% ee). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 11.14 min, tR (major) = 13.15 min. 
1H NMR (400 MHz, CDCl3) δ 9.00 (s, 1H), 8.27 – 8.11 (m, 1H), 7.70 – 7.56 (m, 2H), 

7.45 – 7.28 (m, 5H), 3.98 (s, 1H), 2.23 (s, 3H), 1.88 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.1, 142.7, 139.9, 133.8, 131.2, 128.6, 128.1, 127.9, 

125.2, 120.6, 119.0, 106.9, 77.3, 27.1, 17.2. 

HRMS (ESI) m/z calcd. for C17H16N2NaO2 [M + Na]+ 303.1104, found 303.1098. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylpentanamide (26) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenylpentanamide E26 (65.4 mg, 0.20 mmol), the reaction was run at 0 ℃ for 5 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 26 as a white solid (57.4 mg, 

93% yield, 80% ee). 

[α]
25 

D  = ‒30 (c 0.5, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 12.47 min, tR (major) = 22.70 min. 
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1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 7.75 – 7.54 (m, 

2H), 7.48 – 7.27 (m, 5H), 3.33 (s, 1H), 2.44 – 2.32 (m, 1H), 2.24 (s, 3H), 2.16 – 2.01 

(m, 1H), 1.55 – 1.29 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 141.8, 139.9, 133.8, 131.2, 128.6, 128.1, 127.8, 

125.3, 120.6, 119.0, 107.0, 80.0, 41.7, 17.3, 16.9, 14.2. 

HRMS (ESI) m/z calcd. for C19H20N2NaO2 [M + Na]+ 331.1417, found 331.1412. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylhexanamide (27) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenylhexanamide E27 (68.2 mg, 0.20 mmol), the reaction was run at 0 ℃ for 5 days, 

and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 27 as a white solid (57.4 mg, 

89% yield, 77% ee). 

[α]
25 

D  = ‒20 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 12.03 min, tR (major) = 20.88 min. 
1H NMR (400 MHz, CDCl3) δ 8.87 (s, 1H), 8.29 (d, J = 8.5 Hz, 1H), 7.71 – 7.57 (m, 

2H), 7.48 – 7.29 (m, 5H), 3.03 (s, 1H), 2.47 – 2.36 (m, 1H), 2.25 (s, 3H), 2.18 – 2.07 

(m, 1H), 1.44 – 1.29 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 141.7, 139.9, 133.8, 131.3, 128.7, 128.1, 127.6, 

125.2, 120.5, 119.0, 107.1, 80.0, 39.4, 25.6, 22.8, 17.3, 14.0. 

HRMS (ESI) m/z calcd. for C20H22N2NaO2 [M + Na]+ 345.1573, found 345.1567. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-4-methoxy-2-phenylbutanamide (28) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-4-

methoxy-2-phenylbutanamide E28 (68.5 mg, 0.20 mmol), the reaction was run at 0 ℃ 

for 5 days, and the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 28 as a light yellow oil 

(57.1 mg, 88% yield, 72% ee). 

[α]
25 

D  = ‒62 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (major) = 13.36 min, tR (minor) = 15.49 min. 
1H NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 8.33 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 7.4 

Hz, 2H), 7.50 – 7.28 (m, 5H), 5.69 (s, 1H), 3.76 – 3.66 (m, 1H), 3.55 – 3.43 (m, 1H), 
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3.32 (s, 3H), 2.65 – 2.54 (m, 1H), 2.50 – 2.40 (m, 1H), 2.28 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.5, 141.3, 140.0, 133.8, 131.2, 128.4, 127.8, 127.6, 

125.3, 120.3, 119.0, 107.0, 80.6, 70.7, 59.2, 38.0, 17.3. 

HRMS (ESI) m/z calcd. for C19H20N2NaO3 [M + Na]+ 347.1366, found 347.1359. 

 

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylpent-4-enamide (29) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-

phenylpent-4-enamide E29 (64.9 mg, 0.20 mmol), the reaction was run at 0 ℃ for 5 

days, and the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 29 as a light yellow oil (52.1 

mg, 85% yield, 72% ee). 

[α]
25 

D  = ‒45 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 15.57 min, tR (major) = 25.64 min. 
1H NMR (400 MHz, CDCl3) δ 8.90 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.77 – 7.59 (m, 

2H), 7.54 – 7.27 (m, 5H), 5.81 – 5.63 (m, 1H), 5.41 – 5.21 (m, 2H), 3.31 (s, 1H), 3.18 

(dd, J = 14.0, 7.2 Hz, 1H), 2.90 (dd, J = 14.0, 7.5 Hz, 1H), 2.25 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.6, 140.9, 139.8, 133.8, 132.1, 131.2, 128.6, 128.1, 

127.8, 125.2, 122.0, 120.5, 119.0, 107.1, 78.3, 44.5, 17.3. 

HRMS (ESI) m/z calcd. for C19H18N2NaO2 [M + Na]+ 329.1260, found 329.1259. 

 

(S)-2-Hydroxy-3-methyl-N-(2-methyl-4-(trifluoromethyl)phenyl)-2-

phenylbutanamide (30) 

 

According to General Procedure A with 2-chloro-3-methyl-N-(2-methyl-4-

(trifluoromethyl)phenyl)-2-phenylbutanamide E30 (73.9 mg, 0.20 mmol), the reaction 

was run at 0 ℃ for 5 days, and the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 15/1 to 10/1) to yield the 

product 30 as a white solid (62.5 mg, 89% yield, 93% ee). 

[α]
25 

D  = ‒5 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 6.53 min, tR (major) = 10.19 min. 
1H NMR (400 MHz, CDCl3) δ 8.81 (s, 1H), 8.16 (d, J = 8.3 Hz, 1H), 7.80 – 7.64 (m, 

2H), 7.50 – 7.28 (m, 5H), 3.07 – 2.91 (m, 2H), 2.25 (s, 3H), 1.10 (d, J = 6.7 Hz, 3H), 

0.77 (d, J = 7.0 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 172.0, 141.2, 138.6, 128.5, 127.8, 127.7, 127.1 (q, J = 

3.7 Hz), 126.2 (q, J = 32.2 Hz), 125.3, 124.1 (q, J = 270.2 Hz), 123.9 (q, J = 3.8 Hz), 

120.9, 82.6, 34.8, 17.5, 17.0, 15.8. 
19F NMR (376 MHz, CDCl3) δ ‒62.1. 

HRMS (ESI) m/z calcd. for C19H21F3NO2 [M + H]+ 352.1519, found 352.1517. 

 

Methyl (S)-4-(2-Hydroxy-3-methyl-2-phenylbutanamido)-3-methylbenzoate (31) 

 

According to General Procedure A with methyl 4-(2-chloro-3-methyl-2-

phenylbutanamido)-3-methylbenzoate E31 (72.0 mg, 0.20 mmol), the reaction was run 

at 0 ℃ for 5 days, and the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 31 as a white solid 

(58.0 mg, 85% yield, 93% ee). 

[α]
25 

D  = ‒17 (c 0.7, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 92/8, flow rate 0.80 mL/min, λ = 254 

nm), tR (minor) = 16.94 min, tR (major) = 18.15 min. 
1H NMR (400 MHz, CDCl3) δ 8.87 (s, 1H), 8.18 (d, J = 9.0 Hz, 1H), 7.91 – 7.78 (m, 

2H), 7.69 (d, J = 7.5 Hz, 2H), 7.44 – 7.33 (m, 2H), 7.32 – 7.27 (m, 1H), 3.86 (s, 3H), 

3.19 (s, 1H), 3.06 – 2.86 (m, 1H), 2.24 (s, 3H), 1.09 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 7.0 

Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 166.9, 141.2, 139.9, 131.7, 128.6, 128.5, 127.8, 

126.8, 125.5, 125.4, 120.1, 82.6, 52.0, 34.9, 17.3, 17.1, 15.9. 

HRMS (ESI) m/z calcd. for C20H24NO4 [M + H]+ 342.1700, found 342.1701. 

 

2-(Adamantan-1-yl)-N-(4-cyano-2-methylphenyl)-2-hydroxypropanamide (32) 

 
According to General Procedure A with 2-((1S,3S)-Adamantan-1-yl)-2-bromo-N-(4-

cyano-2-methylphenyl)-propenamide E32 (80.3 mg, 0.20 mmol), the reaction was run 

using L*10 (17.6 mg, 15 mol%) as the ligand, K2CO3 (83.0 mg, 3.0 equiv.) as the base, 

in benzene (2.0 mL) at room temperature for 5 days, and the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) 

to yield the product 32 as a white solid (48.7 mg, 72% yield, 65% ee). 

[α]
25 

D  = ‒14 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 8.28 min, tR (major) = 11.99 min. 
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1H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.41 (d, J = 8.5 Hz, 1H), 7.48 (dd, J = 8.5, 

1.5 Hz, 1H), 7.64 (s, 1H), 2.64 (s, 1H), 2.28 (s, 3H), 1.99 (s, 3H), 1.92 – 1.83 (s, 3H), 

1.73 – 1.54 (m, 9H), 1.45 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.2, 140.1, 133.8, 131.3, 127.5, 120.2, 119.1, 106.5, 

80.8, 39.2, 36.7, 36.3, 28.4, 20.3, 17.4. 

HRMS (ESI) m/z calcd. for C21H26N2NaO2 [M + Na]+ 361.1886, found 361.1880. 

 

N-(4-Cyano-2-methylphenyl)-2-hydroxy-2,3,3-trimethylbutanamide (33) 

 

According to General Procedure A with 2-bromo-N-(4-cyano-2-methylphenyl)-2,3,3-

trimethylbutanamide E33 (64.6 mg, 0.20 mmol), the reaction was run using K2CO3 

(83.0 mg, 3.0 equiv.) as the base at 0 ℃ for 5 days, and the reaction mixture was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield 

the product 33 as a white solid (29.1 mg, 56% yield, 38% ee). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 8.07 min, tR (major) = 11.06 min. 
1H NMR (400 MHz, CDCl3) δ 9.03 (s, 1H), 8.38 (d, J = 8.5 Hz, 1H), 7.55 – 7.47 (m, 

1H), 7.45 (d, J = 0.9 Hz, 1H), 2.29 (s, 3H), 2.25 (s, 1H), 1.52 (s, 3H), 1.08 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 173.2, 140.0, 133.8, 131.3, 127.5, 120.3, 119.1, 106.8, 

80.8, 37.8, 25.4, 22.0, 17.4. 

HRMS (ESI) m/z calcd. for C15H21N2O2 [M + H]+ 261.1598, found 261.1592. 

 

N-(4-Cyano-2-methylphenyl)-2-cyclohexyl-2-hydroxypropanamide (34) 

 

According to General Procedure A with 2-bromo-N-(4-cyano-2-methylphenyl)-2-

cyclohexylpropanamide E34 (69.8 mg, 0.20 mmol), the reaction was run using K2CO3 

(83.0 mg, 3.0 equiv.) as the base at 0 ℃ for 5 days, and the reaction mixture was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield 

the product 34 as a white solid (30.0 mg, 52% yield, 43% ee). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 9.79 min, tR (major) = 12.22 min. 
1H NMR (400 MHz, CDCl3) δ 8.99 (s, 1H), 8.37 (d, J = 8.5 Hz, 1H), 7.50 (d, J = 8.5 

Hz, 1H), 7.44 (s, 1H), 2.57 (s, 1H), 2.29 (s, 3H), 1.92 – 1.72 (m, 4H), 1.70 – 1.62 (m, 

1H), 1.48 (s, 3H), 1.34 – 1.19 (m, 4H), 1.18 – 1.02 (m, 2H). 
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13C NMR (100 MHz, CDCl3) δ 174.4, 139.9, 133.8, 131.3, 127.6, 120.4, 119.0, 106.9, 

79.1, 45.4, 27.3, 26.3, 26.2, 26.1, 25.8, 24.4, 17.3. 

HRMS (ESI) m/z calcd. for C17H23N2O2 [M + H]+ 287.1754, found 287.1749. 

2-Hydroxy-N,2-diphenylacetamide (S1) 

 

According to General Procedure A, under argon atmosphere, an oven-dried 10 mL 

resealable Schlenk tube equipped with a magnetic stir bar was charged with L*11 (13.9 

mg, 0.03 mmol, 15 mol%), CuBr (2.87 mg, 0.02 mmol, 10 mol%), Rb2CO3 (89.0 mg, 

0.60 mmol, 3.0 equiv), and 1,4-dioxane (2.0 mL) was added into the mixture, the 

reaction was stired at room temperature for 1 h. Then 2-chloro-N,2-diphenylacetamide 

ES1 (49.1 mg, 0.20 mmol) and water (1.5 equiv) were added into the reaction mixture. 

The reaction was stired at room temperature for 3 days, and the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 8/1 to 5/1) 

to yield the product S1 as a white solid (7.3 mg, 16% yield, 64% ee). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 15.53 min, tR (major) = 26.59 min. 
1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 7.55 – 7.44 (m, 4H), 7.41 – 7.34 (m, 3H), 

7.33 – 7.28 (m, 2H), 7.12 (t, J = 7.4 Hz, 1H), 5.15 (s, 1H), 3.64 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 170.0, 139.0, 137.1, 129.1, 129.0, 128.9, 126.9, 124.7, 

119.8, 74.7. 

HRMS (ESI) m/z calcd. for C14H13NNaO2 [M + Na]+ 250.0838, found 250.0835. 

 

N-(4-Cyano-2-methylphenyl)-3-methyl-2-phenylbut-2-enamide (1') 

 

The β-H elimination side product 1' was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1 to 8/1) to afford as a white solid. 
1H NMR (400 MHz, CDCl3) δ 8.40 (d, J = 8.5 Hz, 1H), 7.56 – 7.36 (m, 4H), 7.33 – 

7.25 (m, 3H), 7.03 (s, 1H), 2.34 (s, 3H), 1.73 (s, 6H). 
13C NMR (100 MHz, CDCl3) δ 166.2, 148.3, 140.6, 138.3, 133.6, 131.4, 131.3, 129.9, 

129.4, 128.3, 126.8, 120.1, 119.1, 106.5, 24.7, 22.5, 16.6. 

HRMS (ESI) m/z calcd. for C19H18N2NaO [M + Na]+ 313.1311, found 313.1306. 
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6. Synthetic utility 

The scale-up experiment 

 
Under argon atmosphere, an oven-dried 50 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamide E1 (817.0 mg, 2.50 mmol, 

1.0 equiv), Cu(OTf)•(C6H6)1/2 (62.4 mg, 0.25 mmol, 10 mol%), chiral ligand L*9 (209.0 
mg, 0.375 mmol, 15 mol%) and K3PO4 (1.60 g, 0.60 mmol, 3.0 equiv). Then the mixed 

solvent (1,4-dioxane/1,3-dioxolane = 4/1, 25.0 mL) was added into the reaction, and 
the resulting mixture was stirred at 0 ℃ for 7 days. Upon completion (monitored by 

TLC), the reaction mixture was diluted with CH2Cl2, filtered off and rinsed three times 

with CH2Cl2. The filtrate was concentrated, and the residue was purified by column 
chromatography on silica gel to afford the desired product 1 as a white solid (0.72 g, 

93% yield, 92% ee). 

The synthesis of enantioenriched α-tertiary haloamide ((S)-E1) 

 

To a solution of 1 (61.7 mg, 0.20 mmol) in anhydrous DCM (1.0 mL) was slowly added 
Et3N (101.0 mg, 1.0 mmol, 5.0 equiv) under argon atmosphere at ‒78 ℃. After stirred 

at ‒78 ℃ for 10 mins, a solution of SOCl2 (119.0 mg, 1.0 mmol, 5.0 equiv) in anhydrous 

DCM (0.50 mL) was slowly added into the reaction mixture, which was then allowed 
to warm slowly to room temperature over 6 h. Upon completion (monitored by TLC), 

the reaction mixture was concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (eluent: petroleum ether/EtOAc = 20/1 to 15/1) 

to give (S)-E1 as a light yellow oil (53.6 mg, 82% yield, 92% ee). 

One-Pot protocol for synthesis of enantioenriched α-tertiary haloamide ((S)-E1) 

 

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-

methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol), the reaction was run at 0 ℃ for 

5 days under standard conditions. Upon completion (monitored by TLC), a solution of 

Et3N (101.0 mg, 1.0 mmol, 5.0 equiv) in anhydrous DCM (0.50 mL) was slowly added 
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into the reaction mixture under argon atmosphere at 0 ℃, and the resulting mixture was 

stirred for 5 min. Then, a solution of SOCl2 (119.0 mg, 1.0 mmol, 5.0 equiv) in 

anhydrous DCM (0.50 mL) was slowly added, and the reaction mixture was stirred for 

an additional 10 min. Upon completion (monitored by TLC), the reaction mixture was 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (eluent: petroleum ether/EtOAc = 20/1 to 15/1) to give (S)-E1 as a 

light yellow oil (41.8 mg, 64% yield, 92% ee). 

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-phenylbutanamide ((S)-E1)  

 

[α]
25 

D  = ‒102 (c 0.8, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, λ = 254 

nm), tR (minor) = 9.19 min, tR (major) = 9.76 min. 
1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.18 (d, J = 8.5 Hz, 1H), 7.77 – 7.67 (m, 

2H), 7.53 – 7.29 (m, 5H), 3.26 – 3.08 (m, 1H), 2.24 (s, 3H), 1.17 (d, J = 6.4 Hz, 3H), 

0.82 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.3, 139.6, 138.6, 133.9, 131.2, 128.6, 128.5, 126.4, 

121.1, 118.8, 107.9, 86.2, 37.6, 19.0, 17.3, 17.0. 

HRMS (ESI) m/z calcd. for C19H19ClN2NaO [M + Na]+ 349.1078, found 349.1078. 

Assignment of the absolute configuration of enantioenriched E1 

To assign the absolute configuration of enantioenriched E1, we performed the AgOTf-
catalyzed stereospecific hydroxylation of the above enantioenriched tertiary alkyl 

halide E1 in a retentive manner, following the same procedures as reported in the 

literature4. By comparing the HPLC spectra of the obtained chiral compound 1 with 
those of an authentic sample 1 with known configuration prepared according to the 

General Procedure A of this work, the absolute configuration of enantioenriched E1 
was assigned as S. 
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The synthesis of chiral -amino alcohol 35 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with 30 (35.1 mg, 0.10 mmol, 1.0 equiv). Anhydrous 

1,4-dioxane (1.0 mL) was added into the Schlenk tube under argon atmosphere at room 

temperature and stirred for 2 min. The BH3 (0.50 mL, 5.0 equiv, 1.0 M in THF) was 

then added into the reaction mixture under argon atmosphere at room temperature. The 

tube was then heated in an oil bath at 100 ℃ and stirred for 24 h. Upon completion 

(monitored by TLC), the reaction mixture was concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (eluent: petroleum 

ether/EtOAc = 15/1 to 10/1) to give the chiral -amino alcohol 35 as a colorless oil 

(29.0 mg, 86% yield, 93% ee). 

(S)-3-Methyl-1-((2-methyl-4-(trifluoromethyl)phenyl)amino)-2-phenylbutan-2-ol 

(35) 
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[α]
25 

D  = ‒10 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 98/2, flow rate 1 mL/min, λ = 254 

nm), tR (major) = 12.91 min, tR (minor) = 15.24 min. 
1H NMR (400 MHz, CDCl3) δ 7.48 – 7.27 (m, 6H), 7.20 (s, 1H), 6.67 (d, J = 8.4 Hz, 

1H), 3.68 (d, J = 11.5 Hz, 1H), 3.55 (s, 1H), 3.50 (d, J = 11.8 Hz, 1H), 2.28 (s, 1H), 

2.24 – 2.13 (m, 1H), 1.83 (s, 3H), 1.07 (d, J = 6.8 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.9, 143.2, 128.4, 127.2, 126.8 (q, J = 3.6 Hz), 125.8, 

124.9 (q, J = 268.8 Hz), 124.5 (q, J = 3.8 Hz), 122.5, 118.9 (q, J = 32.3 Hz), 109.3, 

78.8, 51.8, 36.5, 17.4, 17.0, 16.8. 
19F NMR (376 MHz, CDCl3) δ –60.9. 

HRMS (ESI) m/z calcd. for C19H23F3NO [M + H]+ 338.1726, found 338.1726. 

The synthesis of α-hydroxycarboxylic acid 36 

 

An oven-dried 25 mL resealable Schlenk tube equipped with a magnetic stir bar was 
charged with 30 (440.0 mg, 1.0 mmol, 1.0 equiv), potassium hydroxide (1.35 g, 24.0 

mmol) and ethylene glycol (5.0 mL). The reaction mixture was heated to 150 ℃ and 
stirred for 48 h. After cooling to room temperature, water (10.0 mL) was added. The 

resulting mixture was then washed three times with CH2Cl2 (10.0 mL), the aqueous 

layer was acidified with a 3 M aqueous HCl solution until pH = 1 and extracted with 

CH2Cl2 (10.0 mL × 3). The combined organic layers were dried over Na2SO4 and 

concentrated to afford the corresponding α-hydroxycarboxylic acid 36 as a white solid 
(184.5 mg, 95% yield), which was used in the next step without further purification. 

(S)-2-Hydroxy-3-methyl-2-phenylbutanoic acid (36) 

 
[α]

25 

D  = +27 (c 1.0, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 7.4 Hz, 2H), 7.46 – 7.29 (m, 3H), 3.58 (s, 

1H), 2.74 – 2.58 (m, 1H), 1.07 (d, J = 6.6 Hz, 3H), 0.73 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 180.4, 140.4, 128.2, 127.8, 125.9, 81.0, 35.8, 17.2, 15.7. 

HRMS (ESI) m/z calcd. for C11H13O3 [M ‒ H]– 193.0870, found 193.0862. 
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Synthesis of chiral α-hydroxyester 37 

 
An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar was 
charged with the α-hydroxycarboxylic acid 36 (97.0 mg, 0.50 mmol, 1.0 equiv) and p-

toluenesulfonic acid monohydrate (115.0 mg, 0.50 mmol) in methanol (2 mL). The 
solution was heated at 100 ℃ for 24 h. Upon completion (monitored by TLC), the 

solvent was then removed under reduced pressure, and the residue was purified by silica 

gel column chromatography (eluent: petroleum ether/EtOAc = 30/1 to 20/1) to give the 
chiral α-hydroxyester 37 as a colorless oil (76.0 mg, 73% yield, 93% ee). 

Methyl (S)-2-Hydroxy-3-methyl-2-phenylbutanoate (37)  

 
[α]

25 

D  = +35 (c 0.6, CHCl3). 

HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 100/0, flow rate 1 mL/min, λ = 

214 nm), tR (major) = 14.15 min, tR (minor) = 16.88 min. 
1H NMR (400 MHz, CDCl3) δ 7.72 – 7.54 (m, 2H), 7.41 – 7.31 (m, 2H), 7.30 – 7.28 

(m, 1H), 3.78 (s, 3H), 3.66 (s, 1H), 2.69 – 2.55 (m, 1H), 0.98 (d, J = 6.6 Hz, 3H), 0.70 
(d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 176.2, 141.1, 128.1, 127.5, 126.0, 81.0, 53.3, 35.8, 17.2, 
15.8. 

HRMS (ESI) m/z calcd. for C12H16NaO3 [M + Na]+ 231.0992, found 231.0987. 

The synthesis of chiral diol 38 

 
An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar was 

charged with 37 (20.8 mg, 0.10 mmol, 1.0 equiv). Anhydrous THF (1.0 mL) was added 

into the tube under argon atmosphere at room temperature and stirred at 0 ℃ for 5 min. 
Then LiAlH4 (11.4 mg, 0.30 mmol, 3.0 equiv) was slowly added into the reaction 

mixture under argon atmosphere at 0 ℃. The resulting mixture was slowly warmed up 
to room temperature and stirred at 60 ℃ for 6 h. Upon completion (monitored by TLC), 

water (1.0 mL) was slowly added, and the reaction mixture was extracted with EtOAc 

(5.0 mL × 3). The combined organic layers were dried over Na2SO4, and the solvent 

was removed under reduced pressure. The residue was purified by silica gel column 

chromatography (eluent: petroleum ether/EtOAc = 5/1 to 3/1) to give the chiral diol 38 
as a colorless oil (16.5 mg, 91% yield, 93% ee). 

(S)-3-Methyl-2-phenylbutane-1,2-diol (38) 
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[α]

25 

D  = ‒10 (c 0.3, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, λ = 254 

nm), tR (major) = 8.08 min, tR (minor) = 8.75 min. 
1H NMR (400 MHz, CDCl3) δ 7.54 – 7.31 (m, 4H), 7.27 (d, J = 8.0 Hz, 1H), 3.98 (d, 
J = 11.2 Hz, 1H), 3.80 (d, J = 11.2 Hz, 1H), 2.55 – 1.55 (m, 3H), 0.92 (d, J = 6.8 Hz, 

3H), 0.75 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 142.9, 128.2, 127.0, 126.2, 79.3, 68.4, 35.2, 17.4, 16.7. 

HRMS (ESI) m/z calcd. for C11H17O2 [M + H]+ 181.1223, found 181.1222. 

Enantioselective synthesis of drug molecules 

(1) The synthesis of sofpironium bromide 

Synthetic route for the key precursor 41 of sofpironium bromide. 

 

Step 1: According to the General Procedure A with 2-chloro-2-cyclopentyl-N-(2-

methyl-4-(trifluoromethyl)phenyl)-2-phenylacetamide E35 (79.2 mg, 0.20 mmol) 
using ent-L*9, the reaction was run at 0 ℃ for 6 d. The reaction mixture was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 15/1 to 10/1) to 
afford the desired product 39 as a white solid (69.5 mg, 92% yield, 90% ee). 

Step 2: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar 
was charged with 39 (56.5 mg, 0.15 mmol, 1.0 equiv), potassium hydroxide (0.20 g, 

3.6 mmol, 24.0 equiv) and ethylene glycol (3.0 mL). The reaction mixture was heated 

to 150 ℃ and stirred for 48 h. After cooling to room temperature, water (3.0 mL) was 
added. The resulting mixture was then washed three times with CH2Cl2 (10.0 mL), the 

aqueous layer was acidified with a 3 M aqueous HCl solution until the pH = 1 and 
extracted with CH2Cl2 (10.0 mL × 3). The combined organic layers were dried over 

Na2SO4 and concentrated to give the corresponding α-hydroxycarboxylic acid 40 as a 

white solid (31.0 mg, 94% yield), which was used in the next step without further 
purification. 

Step 3: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar 

was charged with 40 (22.0 mg, 0.10 mmol, 1.0 equiv). Anhydrous toluene (1.0 mL) was 

added into the tube under argon atmosphere at room temperature and stirred at 0 ℃ for 
5 min. Then CDI (18.0 mg, 0.11 mmol, 1.1 equiv) was slowly added under argon 
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atmosphere. The reaction mixture was stirred at 0 ℃ for 0.5 h to prepare solution A. 
Another oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar 

was charged with (R)-1-methylpyrrolidin-3-ol (12.0 mg, 0.12 mmol, 1.2 equiv) and 
tBuONa (11.5 mg, 0.12 mmol, 1.2 equiv). Anhydrous toluene (1.0 mL) was added into 

the tube under argon atmosphere at room temperature and stirred at 50 ℃ for 2 hour to 

prepare solution B. Then solution A was slowly added into solution B under argon 
atmosphere, and the resulting mixture was stirred at 50 ℃ for 6 h. Upon completion 

(monitored by TLC), the mixture was cooled to room temperature and water (2.0 mL) 
was added. The reaction mixture was then washed with a 2M aqueous HCl solution 

until pH = 1. The organic layer was separated, and the aqueous layer was washed with 

saturated aqueous K2CO3 solution until pH = 10. The aqueous solution was extracted 

with EtOAc (5.0 mL × 3). The combined organic layers were dried over Na2SO4 and 

the solvent was removed under reduced pressure. The residue was purified by silica gel 
column chromatography (eluent: petroleum ether/EtOAc = 2/1 to 1/1) to give the 41 as 
a colorless oil (20.0 mg, 63% yield, >20:1 dr). 

(R)-2-Cyclopentyl-2-hydroxy-N-(2-methyl-4-(trifluoromethyl)phenyl)-2-

phenylacetamide (39) 

 

[α]
25 

D  = ‒3 (c 0.5, CHCl3). 

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 5.51 min, tR (minor) = 6.17 min. 
1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 8.11 (d, J = 8.3 Hz, 1H), 7.68 (d, J = 7.3 

Hz, 2H), 7.47 – 7.25 (m, 5H), 3.28 – 3.16 (m, 1H), 3.12 (s, 1H), 2.23 (s, 3H), 1.88 – 

1.72 (m, 1H), 1.67 – 1.47 (m, 6H), 1.26 – 1.08 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 141.9, 138.6, 128.6, 127.9, 127.2 (q, J = 3.8 Hz), 

126.2 (q, J = 32.4 Hz), 125.5, 124.1 (q, J = 270.1 Hz), 124.0 (q, J = 3.8 Hz), 121.0, 

80.9, 46.6, 26.8, 26.7, 26.2, 25.9, 17.5. 
19F NMR (376 MHz, CDCl3) δ –62.1. 

HRMS (ESI) m/z calcd. for C21H23F3NO2 [M + H]+ 378.1675, found 378.1677. 

(R)-2-Cyclopentyl-2-hydroxy-2-phenylacetic acid (40) 

 

[α]
25 

D  = ‒12 (c 0.6, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 9.87 (br, 1H), 7.73 – 7.57 (m, 2H), 7.37 – 7.29 (m, 2H), 

7.28 – 7.24 (m, 1H), 3.00 – 2.84 (m, 1H), 1.75 – 1.25 (m, 8H). 
13C NMR (100 MHz, CDCl3) δ 180.9, 141.0, 128.2, 127.8, 125.9, 79.2, 47.2, 26.9, 26.4, 

26.3, 25.9. 
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HRMS (ESI) m/z calcd. for C13H15O3 [M ‒ H]– 219.1027, found 219.1020. 

The NMR data match with those reported in literature6. 

(R)-1-Methylpyrrolidin-3-yl (R)-2-cyclopentyl-2-hydroxy-2-phenylacetate (41) 

 

[α]
25 

D  = ‒14 (c 0.4, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.74 – 7.56 (m, 2H), 7.40 – 7.30 (m, 2H), 7.30 – 7.25 

(m, 1H), 5.31 – 5.16 (m, 1H), 3.89 (br, 1H), 2.98 – 2.89 (m, 1H), 2.87 – 2.75 (m, 2H), 

2.64 – 2.57 (m, 1H), 2.56 – 2.47 (m, 1H), 2.37 (s, 3H), 2.34 – 2.23 (m, 1H), 1.95 – 1.85 

(m, 1H), 1.74 – 1.22 (m, 9H). 
13C NMR (100 MHz, CDCl3) δ 175.3, 141.7, 128.1, 127.4, 125.9, 79.3, 76.3, 61.5, 54.9, 

47.0, 42.1, 32.6, 26.8, 26.5, 26.4, 26.1. 

HRMS (ESI) m/z calcd. for C18H26NO3 [M + H] + 304.1907, found 304.1903. 

The NMR data match with those reported in literature5. 

(2) The synthesis of (S)-oxybutynin 

Synthetic route for (S)-oxybutynin. 

 

Step 1: According to the General Procedure A with 2-chloro-N-(4-cyano-2-

methylphenyl)-2-cyclohexyl-2-phenylacetamide E18 (73.4 mg, 0.20 mmol) using L*9, 

the reaction was run at 0 ℃ for 5 d. The reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to afford the 

desired product 18 as a white solid (64.8 mg, 93% yield, 90% ee). 

Step 2: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar 

was charged with 18 (52.3 mg, 0.15 mmol, 1.0 equiv), potassium hydroxide (0.20 g, 

3.6 mmol, 24.0 equiv) and ethylene glycol (2.0 mL). The reaction mixture was heated 

to 150 ℃ and stirred for 48 h. After cooling to room temperature, water (3.0 mL) was 

added. The resulting mixture was then washed three times with CH2Cl2 (10.0 mL), the 
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aqueous layer was acidified with a 3 M aqueous HCl solution until pH = 1 and extracted 

with CH2Cl2 (10.0 mL × 3). The combined organic layers were dried over Na2SO4 and 

concentrated to give the corresponding α-hydroxycarboxylic acid 42 as a white solid 

(32.7 mg, 93% yield), which was used in the next step without further purification. 

Step 3: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar 

was charged with the α-hydroxycarboxylic acid 42 (23.4 mg, 0.10 mmol, 1.0 equiv), 4-

(diethylamino)but-2-yn-1-ol (14.1 mg, 0.10 mmol, 1.0 equiv) and anhydrous DCM (1.0 

mL). Then 1-hydroxybenzotriazole hydrate (HOBT) (13.6 mg, 1.0 mmol, 1.0 equiv) 

and 4-methylmorpholine (34.0 uL, 0.30 mmol, 3.0 equiv) were added sequentially to 

the reaction mixture at 0 ℃ for 1 h. Then EDCI (38.3 mg, 0.20 mmol, 2.0 equiv.) was 

added and the reaction mixture was stirred at room temperature for 12 h. The solvent 

was removed under reduced pressure, and the residue was quenched with H2O (4.0 mL) 

and washed with EtOAc (5.0 mL). The organic layer was separated, and the aqueous 

phase was extracted with EtOAc (10.0 mL × 3). The combined organic layers were 

dried over Na2SO4, and the solvent was then removed under reduced pressure. The 

residue was purified by silica gel column chromatography (eluent: petroleum 

ether/EtOAc = 5/1 to 3/1) to give the corresponding drug (S)-oxybutynin as a yellow 

oil (30.4 mg, 85% yield, 90% ee). 

(S)-2-Cyclohexyl-2-hydroxy-2-phenylacetic acid (42) 

 
[α]

25 

D  = +10 (c 0.5, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.68 – 7.59 (m, 2H), 7.39 – 7.31 (m, 2H), 7.30 – 7.27 

(m, 1H), 2.30 – 2.18 (m, 1H), 1.84 – 1.75 (m, 1H), 1.66 – 1.59 (m, 2H), 1.48 – 0.97 (m, 

7H). 
13C NMR (100 MHz, CDCl3) δ 180.7, 139.9, 128.2, 127.7, 125.9, 80.9, 45.6, 27.3, 26.3, 

26.2, 26.1, 25.4. 

HRMS (ESI) m/z calcd. for C14H18NaO3 [M + Na]+ 257.1148, found 257.1146. 

The analytical data are consistent with those reported in literature7. 

4-(Diethylamino)but-2-yn-1-yl (S)-2-Cyclohexyl-2-hydroxy-2-phenylacetate ((S)-

oxybutynin) 

 
[α]

25 

D  = ‒32 (c 0.4, CHCl3). 

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 214 

nm), tR (minor) = 5.73 min, tR (major) = 6.53 min. 
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1H NMR (400 MHz, CDCl3) δ 7.69 – 7.58 (m, 2H), 7.38 – 7.29 (m, 2H), 7.28 – 7.23 

(m, 1H), 4.83 (dt, J = 15.2, 1.9 Hz, 1H), 4.71 (dt, J = 15.2, 1.9 Hz, 1H), 3.64 (s, 1H), 

3.42 (t, J = 1.8 Hz, 2H), 2.46 (q, J = 7.2 Hz, 4H), 2.31 – 2.20 (m, 1H), 1.83 – 1.72 (m, 

1H), 1.69 – 1.59 (m, 2H), 1.58 – 1.50 (m, 1H), 1.48 – 1.36 (m, 1H), 1.36 – 1.26 (m, 

1H), 1.23 – 1.06 (m, 4H), 1.03 (t, J = 7.2 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 175.0, 140.4, 128.1, 127.5, 126.1, 82.6, 81.0, 77.8, 54.1, 

47.2, 45.7, 40.7, 27.2, 26.3, 26.2, 25.4, 12.6. 

HRMS (ESI) m/z calcd. for C22H32NO3 [M + H]+ 358.2377, found 358.2373. 

The analytical data are consistent with those reported in literature8.
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7. Experimental mechanistic studies 

The preparation of Cu(II)-ligand complex (Cu-L*9)2 

 

To a solution of ligand L*9 (55.7 mg, 0.1 mmol) in MeOH/DCM (v/v = 1/1, 2.0 mL) 

was added Cu(OAc)2 (36.5 mg, 0.2 mmol). The reaction mixture was stirred at room 

temperature for 6 h. Then the mixture was filtered off and washed three times by CH2Cl2. 

The filtrate was concentrated, and the residue was slowly diffused with a mixed solution 

of n-hexane and dichloromethane (v/v, 4/1) and recrystallized at room temperature to 

give the Cu(II)-ligand complex (Cu-L*9)2 as a slightly blue solid. The structure of (Cu-

L*9)2 was confirmed by X-ray diffraction analysis. 

The catalytic activity of (Cu-L*9)2 complex 

 
With (Cu-L*9)2: According to the General Procedure A with 2-chloro-N-(4-cyano-2-

methylphenyl)-3-methyl-2-phenylbutanamide E1 (16.4 mg, 0.05 mmol) using (Cu-

L*9)2 complex (5.2 mg, 15 mol%) under standard conditions. The reaction afforded the 

desired product 1 as a white solid (95% yield, 90% ee). 

With Cu(OAc)2/L*9: According to the General Procedure A with 2-chloro-N-(4-

cyano-2-methylphenyl)-3-methyl-2-phenylbutanamide E1 (16.4 mg, 0.05 mmol) using 

Cu(OAc)2 (0.91 mg, 10 mol%) and L*9 (4.18 mg, 15 mol%) under standard conditions. 

The reaction afforded the desired product 1 as a white solid (83% yield, 87% ee). 

Enantiopurity of recovered α-tertiary alkyl chloride and tertiary alcohol 

 

Entry Substrate Ee of 24 (%) Ee of recovered substrate 

(%) 1 E24 (>99% ee) 84 (with L*9) >99 (E24) 

2 E24 (>99% ee) –85 (with ent-L*9) >99 (E24) 

3 E24 (> –99% ee) 85 (with L*9) > –99 (E24) 
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aReaction conditions: Enantioenriched tertiary alkyl chloride E24 or E24 (0.05 mmol, 1.0 equiv), 

H2O (1.5 equiv), Cu(OTf)•(C6H6)1/2 (10 mol%), L*9 or ent-L*9 (15 mol%), and K3PO4 (3.0 equiv) 

in 1,4-dioxane/1,3-dioxolane (0.50 mL, v/v = 4/1) at 0 ℃ for 12 h. Ee values were based on chiral 

HPLC analysis. Note: E24 and E24 correspond to the two enantiomers of E24, respectively. 

The nonlinear effect experiments 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamide E1 (0.05 mmol, 1.0 equiv), 

Cu(OTf)•(C6H6)1/2 (1.26 mg, 0.005 mmol, 10 mol%), ligand (4.18 mg, 0.0075 mmol, 

15 mol%), K3PO4 (32.0 mg, 0.15 mmol, 3.0 equiv) and solvent (1,4-dioxane/1,3-

dioxolane, v/v = 4/1, 0.50 mL). The resulting mixture was stirred at 0 ℃ for 5 d. Upon 

completion (monitored by TLC), the product was purified by preparative thin-layer 

chromatography (PTLC) on silica gel. The ee values of product 1 were determined by 

chiral HPLC, which revealed a linear relationship between the ee values of product 1 

and those of the corresponding ligands. The ligands with different ee values were 

prepared by mixing L*9 (99% ee) and ent-L*9 (99% ee) in appropriate ratios. 

Entry Ee of ligand (%) Ee of 1 (%) 

1 100 93 

2 80 64 

3 60 45 

4 20 16 

5 0 0 

6 –20 –24 

7 –60 –48 

8 –80 –68 

9 –100 –92 
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The time-course experiments 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamide E1 (0.05 mmol, 1.0 equiv), 

Cu(OTf)•(C6H6)1/2 (1.26 mg, 0.005 mmol, 10 mol%), ligand (4.18 mg, 0.0075 mmol, 

15 mol%), K3PO4 (32.0 mg, 0.15 mmol, 3.0 equiv) and solvent (1,4-dioxane/1,3-

dioxolane, v/v = 4:1, 0.50 mL). The reaction mixture was stirred at 0 ℃ for a specified 

period of time. The reaction mixture was filtered off and washed with CH2Cl2 for three 

times. The combined organic layers were dried over Na2SO4 and concentrated to afford 

the crude product.  

The yields of 1 were analyzed by 1H NMR analysis using 1,3,5-trimethoxybenzene as 

an internal standard. The crude product was then purified by preparative thin-layer 

chromatography (PTLC) on silica gel, resulting in the isolation of product 1 and the 

recovery of E1. The ee values of 1 and the recovered E1 were determined by chiral 

HPLC analysis. 

Entry Time (h) Yield of 1 (%) Recovered E1 (%) 

ofo11211 

Ee of 1 (%) Ee of E1(%)  

1 6 15 84 89 0 

2 12 36 62 89 4 

3 24 44 52 90 4 

4 36 58 38 90 2 

5 48 66 31 92 2 

6 60 75 21 92 3 

7 72 85 13 92 0 

8 84 89 9 92 0 

9 96 93 5 91 4 

10 108 93 4 93 2 

11 120 94 2 92 2 
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The radical clock experiment 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamide E36 (57.6 mg, 0.20 mmol, 

1.0 equiv), Cu(OTf)•(C6H6)1/2 (5.03 mg, 0.02 mmol, 10 mol%), chiral ligand L*9 (16.72 

mg, 0.03 mmol, 15 mol%) and K3PO4 (128.0 mg, 0.60 mmol, 3.0 equiv). Then the 

anhydrous solvent 1,4-dioxane (2.0 mL) and H2O (1.5 equiv) was added into the 

mixture, and the reaction mixture was stirred at 80 ℃ for 3 days. Upon completion 

(monitored by TLC), the reaction mixture was diluted with CH2Cl2, filtered off and 

rinsed three times with CH2Cl2. The filtrate was concentrated, and the residue was 

purified by column chromatography on silica gel to afford the intramolecular 

cyclization product 43 (26.1 mg, 52% yield). 

3-Ethyl-1-methyl-3-phenylindolin-2-one (43) 

 

1H NMR (400 MHz, CDCl3) δ 7.39 – 7.15 (m, 7H), 7.13 – 7.05 (m, 1H), 6.91 – 6.85 

(m, 1H), 3.20 (s, 3H), 2.48 – 2.34 (m, 1H), 2.29 – 2.13 (m, 1H), 0.66 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 178.6, 144.2, 140.3, 132.1, 128.5, 128.1, 127.2, 127.0, 

124.8, 122.6, 108.2, 57.3, 30.9, 26.3, 9.0. 

HRMS (ESI) m/z calcd. for C17H18NO [M + H]+ 252.1383, found 252.1383.
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The 18O labeling experiment 

 

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with 

a magnetic stir bar was charged with α-tertiary haloamide E1 (32.7 mg, 0.10 mmol, 1.0 

equiv), Cu(OTf)•(C6H6)1/2 (2.52 mg, 0.01 mmol, 10 mol%), L*9 (8.36 mg, 0.015 mmol, 

15 mol%), K3PO4 (64.0 mg, 0.30 mmol, 3.0 equiv) and anhydrous mixed solvents (1,4-

dioxane/1,3-dioxolane, v/v = 4/1, 1.0 mL). Then the H2
18O (3.0 mg, 0.15 mmol, 1.5 

equiv, 98% 18O purity) was added into the reaction mixture. The reaction mixture was 

stirred at 0 ℃ for 5 days. Upon completion (monitored by TLC), the reaction mixture 

was diluted with CH2Cl2, filtered off and rinsed three times with CH2Cl2. The filtrate 

was concentrated, and the residue was purified by column chromatography on silica gel 

to afford the 18O- and 16O-labeled products (27.6 mg, 89% yield).  

HRMS (ESI) m/z calcd. for C19H20N2NaO18O [M + Na]+ 333.1459, found 333.1454. 
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8. X-ray crystallographic data 

Sample preparation of product 2 

The single crystals of product 2 suitable for X-ray diffraction were obtained by slow 

evaporation of a mixed solution of 2 in n-hexane and dichloromethane (v/v, 3/1) at room 

temperature. The crystal data of compound 2 have been deposited at the Cambridge 

Crystallographic Data Centre (CCDC 2526649). 
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Crystal data and structure refinement for 2. 

 

 

 

 

  

Identification code 2 

Empirical formula C20H22N2O2 

Formula weight 322.39 

Temperature/K 100.0(2) 

Crystal system monoclinic 

Space group C2 

a/Å 22.2760(15) 

b/Å 6.9882(5) 

c/Å 23.4446(16) 

α/° 90 

β/° 102.237(3) 

γ/° 90 

Volume/Å3 3566.7(4) 

Z 8 

ρcalcg/cm3 1.201 

μ/mm-1 0.411 

F(000) 1376.0 

Crystal size/mm3 0.31 × 0.28 × 0.12 

Radiation GaKα (λ = 1.34138) 

2Θ range for data collection/ 6.712 to 113.988 

Index ranges –27≤ h ≤27, –8≤ k ≤8, –29≤ l ≤29 

Reflections collected 61906 

Independent reflections 7278 [Rint = 0.0531, Rsigma = 0.0320] 

Data/restraints/parameters 7278/1/443 

Goodness-of-fit on F2 1.037 

Final R indexes [I>=2σ (I)] R1 = 0.0456, wR2 = 0.1165 

Final R indexes [all data] R1 = 0.0489, wR2 = 0.1191 

Largest diff. peak/hole / e Å-3 0.58/–0.27 

Flack parameter –0.01(7) 
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Sample preparation of complex (Cu-L*9)2 

The single crystals of complex (Cu-L*9)2 suitable for X-ray diffraction were obtained 

by slow evaporation of a mixed solution of (Cu-L*9)2 in n-hexane and dichloromethane 

(v/v, 4/1) at room temperature. The crystal data of complex (Cu-L*9)2 have been 

deposited at the Cambridge Crystallographic Data Centre (CCDC 2526651). 
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Crystal data and structure refinement for complex (Cu-L*9)2. 

Identification code (Cu-L*9)2 

Empirical formula C68H63Cl2Cu2F12N6O6 

Formula weight 1486.22 

Temperature/K 100.0(2) 

Crystal system orthorhombic 

Space group P21212 

a/Å 22.0556(15) 

b/Å 31.513(2) 

c/Å 9.5391(7) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 6630.0(8) 

Z 4 

ρcalcg/cm3 1.489 

μ/mm-1 4.433 

F(000) 3044.0 

Crystal size/mm3 0.32 × 0.28 × 0.03 

Radiation GaKα (λ = 1.34138) 

2Θ range for data collection/° 4.88 to 114.282 

Index ranges 
–27≤ h ≤27, –39≤ k ≤38, –11≤ l 

≤11 

Reflections collected 88592 

Independent reflections 13590 [Rint = 0.0996, Rsigma = 0.0626] 

Data/restraints/parameters 13590/456/975 

Goodness-of-fit on F2 1.121 

Final R indexes [I>=2σ (I)] R1 = 0.0576, wR2 = 0.1527 

Final R indexes [all data] R1 = 0.0697, wR2 = 0.1589 

Largest diff. peak/hole / e Å-3 1.04/–0.82 

Flack parameter –0.034(4) 
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9. NMR spectra 

1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 
 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 

 

  



 

S81 

1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3)
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19F NMR (376 MHz, CDCl3)

 

  



 

S98 

1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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