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Supplementary Table 1 HPLC data and optical rotation of 5a in literatures. 1-4 

entry absolute 
configuration 

of 5 

chiral resolution 
conditions 

tR 

(minor) 
tR 

(major) 
[α] references 

1 R (89% ee) OD-H (n hexane/i-PrOH 
= 99.5/0.5; flow: 0.8 

mL/min) 

13.60 19.32 [α]D
27 = −12.8 

(c 0.71, CHCl3). 
this work 

2 R (82% ee) OD-H (n hexane; flow: 
0.5 mL/min) 

20.67 26.00 -- Chem. Eur. J. 14, 
741-746 (2008) 

3 S (84% ee) OD-H (n hexane; flow: 
0.5 mL/min) 

27.54 20.79 [α]D
20 = +12.1 

(c 1.85, CHCl3) 
Chem. Eur. J. 14, 
741-746 (2008) 

4 S (90% ee) IA (n hexane; flow: 0.5 
mL/min) 

25.3 18.1 [α]D
20 = +12.7 

(c 0.70, CH2Cl2) 
Chem. Eur. J. 18, 
9775-9779 (2012) 

5 S (74% ee) OD-H (n hexane; flow: 
0.5 mL/min) 

55.0 44.0 [α]D
25 = +9.4 (c 

0.89, CHCl3) 
Synlett  29, 2251-

2256 (2018) 
6 R (98% ee) ID [CO2], 1.0 mL/min 24.5 22.9 [α]D

20 = −16.3 
(c 1.0, CHCl3). 

J. Am. Chem. Soc. 
139, 8448-8451 

(2017) 
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Supplementary Figure 1 Mechanistic studies of Sonogashira-type enantioselective oxidative 
cross-coupling reaction. a The reaction was significantly inhibited by addition of common 
radical inhibitors TEMPO and BHT. b and c An intramolecular KIE of 1.94 and an 
intermolecular KIE of 1.16 were observed, respectively, on substrate 1aa and its corresponding 
deuterated derivatives, thus indicating the HAA step might not be involved in the rate-determing 
step(s). 
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The absolute configuration of 3a was determined by comparing the HPLC spectrum and specific 
rotation of prepared 5 with those reported in literature, as shown below.1-4  The product 3a was 
determined to be of an “S” absolute configuration according to the “R” absolute configuration of 
5. 
 

 

 
 

 

Supplementary Figure 2 Determination of absolute stereochemistry  
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Supplementary Figure 3 1H NMR of 1aa 

 

 
Supplementary Figure 4 13C NMR of 1aa 
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Supplementary Figure 5 19F NMR of 1aa 

 
Supplementary Figure 6 1H NMR of 1ab 
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Supplementary Figure 7 1H NMR of 1ab 

 
Supplementary Figure 8 1H NMR of 1ac 
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Supplementary Figure 9 13C NMR of 1ac 

 
Supplementary Figure 10 1H NMR of [D1]-1aa 
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Supplementary Figure 11 13C NMR of [D1]-1aa 

 

 
Supplementary Figure 12 19F NMR of [D1]-1aa 
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Supplementary Figure 13 1H NMR of [D2]-1aa 

 
Supplementary Figure 14 13C NMR of [D2]-1aa 

 

N
F

O

tBu

DD

[D2]-1aa

N
F

O

tBu

DD

[D2]-1aa



11 
 

 
Supplementary Figure 15 19F NMR of [D2]-1aa 

 
Supplementary Figure 16 1H NMR of 1b 
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Supplementary Figure 17 13C NMR of 1b 

 
Supplementary Figure 18 19F NMR of 1b 

 



13 
 

 
Supplementary Figure 19 1H NMR of 1c 

 
Supplementary Figure 20 13C NMR of 1c 
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Supplementary Figure 21 19F NMR of 1c 

 

 
Supplementary Figure 22 1H NMR of 1d 



15 
 

 
Supplementary Figure 23 13C NMR of 1d 

 
Supplementary Figure 24 19F NMR of 1d 
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Supplementary Figure 25 1H NMR of 1e 

 
Supplementary Figure 26 13C NMR of 1e 
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Supplementary Figure 27 19F NMR of 1e 

 
Supplementary Figure 28 1H NMR of 1f 
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Supplementary Figure 29 13C NMR of 1f 

 
Supplementary Figure 30 19F NMR of 1f 
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Supplementary Figure 31 1H NMR of 1g 

 
Supplementary Figure 32 13C NMR of 1g 
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Supplementary Figure 33 19F NMR of 1g 

 
Supplementary Figure 34 1H NMR of 1h 
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Supplementary Figure 35 13C NMR of 1h 

 
Supplementary Figure 36 19F NMR of 1h 
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Supplementary Figure 37 1H NMR of 1i 

 
Supplementary Figure 38 13C NMR of 1i 
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Supplementary Figure 39 19F NMR of 1i 

 
Supplementary Figure 40 1H NMR of 1j 
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Supplementary Figure 41 13C NMR of 1j 

 
Supplementary Figure 42 19F NMR of 1j 
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Supplementary Figure 43 1H NMR of 1k 

 
Supplementary Figure 44 13C NMR of 1k 
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Supplementary Figure 45 19F NMR of 1k 

 
Supplementary Figure 46 1H NMR of 1l 
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Supplementary Figure 47 13C NMR of 1l 

 
Supplementary Figure 48 19F NMR of 1l 
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Supplementary Figure 49 1H NMR of 1m 

 
Supplementary Figure 50 13C NMR of 1m 
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Supplementary Figure 51 19F NMR of 1m 

 
Supplementary Figure 52 1H NMR of 1n 
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Supplementary Figure 53 13C NMR of 1n 

 

 
Supplementary Figure 54 19F NMR of 1n 
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Supplementary Figure 55 1H NMR of 1o 

 
Supplementary Figure 56 13C NMR of 1o 
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Supplementary Figure 57 19F NMR of 1o 

 
Supplementary Figure 58 1H NMR of 1p 
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Supplementary Figure 59 13C NMR of 1p 

 
Supplementary Figure 60 19F NMR of 1p 
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Supplementary Figure 61 1H NMR of 1q 

 
Supplementary Figure 62 13C NMR of 1q 
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Supplementary Figure 63 19F NMR of 1q 

 
Supplementary Figure 64 1H NMR of 3a 

 



36 
 

 
Supplementary Figure 65 13C NMR of 3a 

 
Supplementary Figure 66 1H NMR of 3a’ 
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Supplementary Figure 67 13C NMR of 3a’ 

 
Supplementary Figure 68 1H NMR of 3a” 
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Supplementary Figure 69 13C NMR of 3a” 

 
Supplementary Figure 70 1H NMR of 3b 
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Supplementary Figure 71 13C NMR of 3b 

 
Supplementary Figure 72 1H NMR of 3c 
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Supplementary Figure 73 13C NMR of 3c 

 
Supplementary Figure 74 1H NMR of 3d 
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Supplementary Figure 75 13C NMR of 3d 

 
Supplementary Figure 76 19F NMR of 3d 
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Supplementary Figure 77 1H NMR of 3e 

 
Supplementary Figure 78 13C NMR of 3e 
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Supplementary Figure 79 1H NMR of 3f 

 
Supplementary Figure 80 13C NMR of 3f 
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Supplementary Figure 81 1H NMR of 3g 

 
Supplementary Figure 82 13C NMR of 3g 
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Supplementary Figure 83 1H NMR of 3h 

 
Supplementary Figure 84 13C NMR of 3h 
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Supplementary Figure 85 1H NMR of 3i 

 
Supplementary Figure 86 13C NMR of 3i 
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Supplementary Figure 87 1H NMR of 3j 

 
Supplementary Figure 88 13C NMR of 3j 
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Supplementary Figure 89 19F NMR of 3j 

 
Supplementary Figure 90 1H NMR of 3k 
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Supplementary Figure 91 13C NMR of 3k 

 
Supplementary Figure 92 1H NMR of 3l 
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Supplementary Figure 93 13C NMR of 3l 

 
Supplementary Figure 94 1H NMR of 3m 
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Supplementary Figure 95 13C NMR of 3m 

 
Supplementary Figure 96 1H NMR of 3n 
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Supplementary Figure 97 13C NMR of 3n 

 
Supplementary Figure 98 1H NMR of 3o 
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Supplementary Figure 99 13C NMR of 3o 

 
Supplementary Figure 100 1H NMR of 3p 
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Supplementary Figure 101 13C NMR of 3p 

 
Supplementary Figure 102 1H NMR of 3q 
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Supplementary Figure 103 13C NMR of 3q 

 
Supplementary Figure 104 1H NMR of 3r 
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Supplementary Figure 105 13C NMR of 3r 

 
Supplementary Figure 106 1H NMR of 3s 
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Supplementary Figure 107 13C NMR of 3s 

 
Supplementary Figure 108 1H NMR of 3t 
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Supplementary Figure 109 13C NMR of 3t 

 
Supplementary Figure 110 1H NMR of 3u 
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Supplementary Figure 111 13C NMR of 3u 

 
Supplementary Figure 112 1H NMR of 3v 

 



60 
 

 
Supplementary Figure 113 13C NMR of 3v 

 
Supplementary Figure 114 1H NMR of 3w 
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Supplementary Figure 115 13C NMR of 3w 

 
Supplementary Figure 116 1H NMR of 3x 
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Supplementary Figure 117 13C NMR of 3x 

 
Supplementary Figure 118 1H NMR of 3y 
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Supplementary Figure 119 13C NMR of 3y 

 
Supplementary Figure 120 1H NMR of 3z 
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Supplementary Figure 121 13C NMR of 3z 

 
Supplementary Figure 122 1H NMR of 3za 
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Supplementary Figure 123 13C NMR of 3za 

 
Supplementary Figure 124 1H NMR of 3zb 
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Supplementary Figure 125 13C NMR of 3zb 

 
Supplementary Figure 126 1H NMR of 3zc 
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Supplementary Figure 127 13C NMR of 3zc 

 
Supplementary Figure 128 1H NMR of 3zd 
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Supplementary Figure 129 13C NMR of 3zd 

 
Supplementary Figure 130 1H NMR of 3ze 
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Supplementary Figure 131 13C NMR of 3ze 

 
Supplementary Figure 132 1H NMR of 3zf 
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Supplementary Figure 133 13C NMR of 3zf 

 
Supplementary Figure 134 1H NMR of 3zg 
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Supplementary Figure 135 13C NMR of 3zg 

 
Supplementary Figure 136 1H NMR of 3zh 
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Supplementary Figure 137 13C NMR of 3zh 

 
Supplementary Figure 138 1H NMR of 3zi 
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Supplementary Figure 139 13C NMR of 3zi 

 
Supplementary Figure 140 1H NMR of 3zj 
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Supplementary Figure 141 13C NMR of 3zj 

 
Supplementary Figure 142 1H NMR of 3zk 
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Supplementary Figure 143 13C NMR of 3zk 

 
Supplementary Figure 144 1H NMR of 3zl 
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Supplementary Figure 145 13C NMR of 3zl 

 
Supplementary Figure 146 1H NMR of 3zm 
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Supplementary Figure 147 13C NMR of 3zm 

 
Supplementary Figure 148 1H NMR of 3zn 
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Supplementary Figure 149 13C NMR of 3zn 

 
Supplementary Figure 150 1H NMR of 3zo 
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Supplementary Figure 151 13C NMR of 3zo 

 
Supplementary Figure 152 1H NMR of 3zp 
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Supplementary Figure 153 13C NMR of 3zp 

 
Supplementary Figure 154 1H NMR of 3zq 
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Supplementary Figure 155 13C NMR of 3zq 

 
Supplementary Figure 156 1H NMR of 3zr 
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Supplementary Figure 157 13C NMR of 3zr 

 
Supplementary Figure 158 1H NMR of 3zs 
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Supplementary Figure 159 13C NMR of 3zs 

 
Supplementary Figure 160 1H NMR of 3zt 
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Supplementary Figure 161 13C NMR of 3zt 

 
Supplementary Figure 162 1H NMR of 3zu 
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Supplementary Figure 163 13C NMR of 3zu 

 
Supplementary Figure 164 1H NMR of 3zv 
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Supplementary Figure 165 13C NMR of 3zv 

 
Supplementary Figure 166 1H NMR of 4 
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Supplementary Figure 167 13C NMR of 4 

 
Supplementary Figure 168 1H NMR of 5 
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Supplementary Figure 169 13C NMR of 5 

 
Supplementary Figure 170 1H NMR of 6 
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Supplementary Figure 171 13C NMR of 6 

 
Supplementary Figure 172 1H NMR of 7 
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Supplementary Figure 173 13C NMR of 7 

 
Supplementary Figure 174 1H NMR of 8 
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Supplementary Figure 175 13C NMR of 8 

 
Supplementary Figure 176 1H NMR of 9 
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Supplementary Figure 177 13C NMR of 9 

 
Supplementary Figure 178 19F NMR of 9 
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Supplementary Figure 179 1H NMR of 10 

 
Supplementary Figure 180 13C NMR of 10 
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Supplementary Figure 181 1H NMR of [D1]-3a 

 
Supplementary Figure 182 13C NMR of [D1]-3a 
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Supplementary Figure 183 HPLC spectra for racemic and chiral 3a. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) 
= 5.96 min, tR (major) = 8.93 min, 94% ee. 
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Supplementary Figure 184 HPLC spectra for racemic and chiral 3b. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.30 min, tR 
(major) = 15.69 min, 93% ee. 
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Supplementary Figure 185 HPLC spectra for racemic and chiral 3c. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.69 min, tR 
(major) = 10.25 min, 94% ee. 
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Supplementary Figure 186 HPLC spectra for racemic and chiral 3d. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.45 min, tR 
(major) = 12.19 min, 93% ee. 
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Supplementary Figure 187 HPLC spectra for racemic and chiral 3e. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.46 min, tR 
(major) = 14.36 min, 92% ee. 
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Supplementary Figure 188 HPLC spectra for racemic and chiral 3f. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 10.69 min, tR 
(major) = 15.99 min, 92% ee. 
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Supplementary Figure 189 HPLC spectra for racemic and chiral 3g. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.07 min, tR 
(major) = 8.73 min, 93% ee. 
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Supplementary Figure 190 HPLC spectra for racemic and chiral 3h. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.60 min, tR 
(major) = 15.87 min, 92% ee. 
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Supplementary Figure 191 HPLC spectra for racemic and chiral 3i. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.81 min, tR 
(major) = 6.80 min, 92% ee. 
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Supplementary Figure 192 HPLC spectra for racemic and chiral 3j. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.92 min, tR 
(major) = 15.01 min, 92% ee. 



105 
 

 

 

 

 
 

 

 
 

Supplementary Figure 193 HPLC spectra for racemic and chiral 3k. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 13.07 min, tR 
(major) = 23.37 min, 89% ee. 



106 
 

 

 

 

 
 

 

 
Supplementary Figure 194 HPLC spectra for racemic and chiral 3l. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 11.70 min, tR 
(major) = 21.85 min, 91% ee. 
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Supplementary Figure 195 HPLC spectra for racemic and chiral 3m. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 8.40 min, tR 
(major) = 11.80 min, 87% ee. 
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Supplementary Figure 196 HPLC spectra for racemic and chiral 3n. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 8.27 min, tR 
(major) = 19.26 min, 92% ee. 
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Supplementary Figure 197 HPLC spectra for racemic and chiral 3o. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.35 min, tR 
(major) = 14.91 min, 94% ee. 
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Supplementary Figure 198 HPLC spectra for racemic and chiral 3p. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.53 min, tR 
(major) = 12.38 min, 92% ee. 
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Supplementary Figure 199 HPLC spectra for racemic and chiral 3q. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.91 min, tR 
(major) = 15.28 min, 86% ee. 
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Supplementary Figure 200 HPLC spectra for racemic and chiral 3r. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.24 min, tR 
(major) = 8.40 min, 95% ee. 
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Supplementary Figure 201 HPLC spectra for racemic and chiral 3s. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.09 min, tR 
(major) = 14.33 min, 94% ee. 
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Supplementary Figure 202 HPLC spectra for racemic and chiral 3t. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 7.25 min, tR 
(major) = 10.10 min, 94% ee. 
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Supplementary Figure 203 HPLC spectra for racemic and chiral 3u. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 8.32 min, tR 
(major) = 10.33 min, 93% ee. 
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Supplementary Figure 204 HPLC spectra for racemic and chiral 3v. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 8.38 min, tR 
(major) = 12.18 min, 90% ee. 
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Supplementary Figure 205 HPLC spectra for racemic and chiral 3w. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 7.51 min, tR 
(major) = 10.03 min, 94% ee. 
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Supplementary Figure 206 HPLC spectra for racemic and chiral 3x. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 6.98 min, tR 
(major) = 10.08 min, 94% ee. 
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Supplementary Figure 207 HPLC spectra for racemic and chiral 3y. HPLC analysis: Chiralcel 
IC (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 14.65 min, tR 
(major) = 19.40 min, 94% ee. 
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Supplementary Figure 208 HPLC spectra for racemic and chiral 3z. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 214 nm), tR (major) = 10.66 min, tR 
(minor) = 13.63 min, 89% ee. 
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Supplementary Figure 209 HPLC spectra for racemic and chiral 3za. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 48.66 min, tR 
(major) = 52.79 min, 88% ee. 
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Supplementary Figure 210 HPLC spectra for racemic and chiral 3zb. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 8.70 
min, tR (major) = 11.37 min, 93% ee. 
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Supplementary Figure 211 HPLC spectra for racemic and chiral 3zc. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 10.38 min, tR 
(major) = 17.83 min, 93% ee. 
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Supplementary Figure 212 HPLC spectra for racemic and chiral 3zd. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 5.55 
min, tR (major) = 7.97 min, 93% ee. 
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Supplementary Figure 213 HPLC spectra for racemic and chiral 3ze. HPLC analysis: Chiralcel 
AS3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 214 nm), tR (minor) = 7.52 min, tR 
(major) = 7.98 min, 97% ee. 
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Supplementary Figure 214 HPLC spectra for racemic and chiral 3zf. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.51 min, tR 
(major) = 7.57 min, 94% ee. 
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Supplementary Figure 215 HPLC spectra for racemic and chiral 3zg. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.52 min, tR 
(major) = 9.66 min, 94% ee. 
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Supplementary Figure 216 HPLC spectra for racemic and chiral 3zh. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 
17.78 min, tR (major) = 20.22 min, 92% ee. 
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Supplementary Figure 217 HPLC spectra for racemic and chiral 3zi. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.60 min, tR 
(major) = 9.17 min, 96% ee. 
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Supplementary Figure 218 HPLC spectra for racemic and chiral 3zj. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 6.26 min, tR 
(major) = 14.59 min, 93% ee. 
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Supplementary Figure 219 HPLC spectra for racemic and chiral 3zk. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 
5.82 min, tR (major) = 11.10 min, 90% ee. 
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Supplementary Figure 220 HPLC spectra for racemic and chiral 3zl. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 8.04 min, tR 
(major) = 14.57 min, 90% ee. 
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Supplementary Figure 221 HPLC spectra for racemic and chiral 3zm. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 13.86 
min, tR (major) = 38.41 min, 92% ee. 
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Supplementary Figure 222 HPLC spectra for racemic and chiral 3zn. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 5.79 
min, tR (major) = 10.13 min, 93% ee. 
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Supplementary Figure 223 HPLC spectra for racemic and chiral 3zo. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.37 min, tR 
(major) = 7.95 min, 88% ee. 
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Supplementary Figure 224 HPLC spectra for racemic and chiral 3zp. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 12.87 
min, tR (major) = 20.06 min, 93% ee. 
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Supplementary Figure 225 HPLC spectra for racemic and chiral 3zq. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, λ = 254 nm), tR (major) = 16.54 
min, tR (minor) = 19.30 min, 89% ee. 
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Supplementary Figure 226 HPLC spectra for racemic and chiral 3zr. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 9.59 min, tR 
(major) = 13.82 min, 91% ee. 
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Supplementary Figure 227 HPLC spectra for racemic and chiral 3zs. HPLC analysis: Chiralcel 
AD3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 13.31 min, tR 
(major) = 13.63 min, 78% ee. 
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Supplementary Figure 228 HPLC spectra for racemic and chiral 3zt. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 230 nm), tR (major) = 26.30 min, tR 
(minor) = 32.30 min, 75% ee. 
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Supplementary Figure 229 HPLC spectra for racemic and chiral 3zu. HPLC analysis: 
Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 230 nm), tR (minor) = 
11.20 min, tR (major) = 17.91 min, 87% ee. 
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Supplementary Figure 230 HPLC spectra for racemic and chiral 3zv. HPLC analysis: Chiralcel 
IA (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 28.03 min, tR 
(major) = 30.70 min, 0% ee. 
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Supplementary Figure 231 HPLC spectra for racemic and chiral 4. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.25 min, tR 
(major) = 8.22 min, 89% ee. 
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Supplementary Figure 232 HPLC spectra for racemic and chiral 5. HPLC analysis: Chiralcel 
OD-H (n-hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, λ = 254 nm), tR (minor) = 13.60 min, 
tR (major) = 19.33 min, 89% ee. 
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Supplementary Figure 233 HPLC spectra for racemic and chiral 6. HPLC analysis: Chiralcel 
AD3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 16.19 min, tR 
(major) = 18.13 min, 89% ee. 
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Supplementary Figure 234 HPLC spectra for racemic and chiral 7. HPLC analysis: Chiralcel 
AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 7.50 min, tR 
(major) = 13.52 min, 88% ee. 
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Supplementary Figure 235 HPLC spectra for racemic and chiral 8. HPLC analysis: Chiralcel 
OD-3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 214 nm), tR (minor) = 8.86 min, tR 
(major) = 10.06 min, 97% ee. 
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Supplementary Figure 236 HPLC spectra for racemic and chiral 10. HPLC analysis: Chiralcel 
OZ3 (n-hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, λ = 254 nm), tR (minor) = 7.53 min, tR 
(major) = 11.43 min, 74% ee.
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Supplementary Methods  
Most of reactions were carried out under argon atmosphere using Schlenk techniques. Reagents 

were purchased at the highest commercial quality and used without further purification, unless 

otherwise stated. CuI was purchased from Sigma-Aldrich. 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). Visualization on 

TLC was achieved by use of UV light (254 nm) or iodine. NMR spectra were recorded on 

Bruker DRX-400 and DPX-500 spectrometers at 400 or 500 MHz for 1H NMR, 100 or 125 MHz 

for 13C NMR and 376 MHz for 19F NMR, respectively, in CDCl3 with tetramethylsilane (TMS) 

as internal standard. The chemical shifts are expressed in ppm and coupling constants are given 

in Hz. Data for 1H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, 

doublet; t, triplet; q, quarter; 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 Hatachi 

detector (at appropriate wavelength). Column conditions are reported in the experimental section 

below. Specific optical rotation was measured on a Rudolph-Autopol I. 
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General synthesis of N-(tert-butyl)benzamides S-1a–S-1l. 

 
Supplementary Figure 237 General synthesis of N-(tert-butyl)benzamides S-1a–S-1l 

According to the literature procedures.5,6 
To a stirred solution of 2-iodobenzoic acid in THF (0.33 M) in an oven-dried flask was added 

MeMgBr (1 equiv.) at 30 °C under argon and the reaction mixture was stirred under the same 
conditions for 5 mins. Next, iPrMgCl (1.2 equiv.) was added slowly and the stirring was 
continued under the same conditions for another 1 h. Then, the reaction mixture was cooled to 

40 °C and a solution of CuCNꞏ2LiCl in THF (5 mol%, 0.34 M) was added slowly. The reaction 

mixture was stirred for 10 mins while being warmed to 30 °C. Subsequently, alkyl bromide or 
alkyl iodide (3.0 equiv.) was added in one portion and the reaction was allowed to warm to 
ambient temperature overnight while stirring. Upon completion, the reaction was diluted with 
EtOAc, acidified with 1 M HCl to pH = 3, and extracted with EtOAc. The combined organic 
layers were washed with brine and dried over Na2SO4. The crude mixture was concentrated and 
purified by column chromatography on silica gel to yield 2-subsituted benzoic acid. 
To a solution of 2-subsituted benzoic acid (1.0 equiv.) and DMF (0.05 equiv.) in DCM (0.3 M) 
was added oxalyl chloride (1.50 equiv.) dropwise at rt. The reaction was stirred under the same 
conditions until bubbling stopped. Then, volatiles were removed by rotary evaporation under 
high vacuum. The crude reaction product was dissolved in DCM (0.3 M) and tert-butylamine 
(1.5 equiv.) as well as triethylamine (2.0 equiv.) were sequentially added at room temperature. 
The reaction was stirred for 1 to 3 h before being quenched with 1.0 M aqueous HCl. The crude 
mixture was diluted with DCM (0.1 M) and water (0.1 M). The organic layer was removed and 
then, the aqueous layer was extracted with DCM. The combined organic layers were washed 
with saturated aqueous NaHCO3 and brine, dried with NaSO4, filtered, and concentrated by 
rotary evaporation. The residue thus obtained was purified by silica gel column chromatography 
(typically 20% EtOAc in hexanes) to afford the pure amide.  
 

N-(tert-butyl)-2-ethylbenzamide (S-1a) 
White powder, 1.86 g (91% yield). 1H NMR (400 MHz, CDCl3): δ 7.35-7.27 (m, 
2H), 7.23 (dd, J = 7.6, 1.4 Hz, 1H), 7.17 (td, J = 7.4, 1.4 Hz, 1H), 5.57 (s, 1H), 
2.79 (q, J = 7.5 Hz, 2H), 1.46 (s, 9H), 1.25 (t, J = 7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 169.8, 141.8, 137.5, 129.5, 129.3, 126.6, 125.7, 51.8, 28.8, 26.3, 
15.9. 

 
N-(tert-butyl)-2-butylbenzamide (S-1b) 
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White powder, 1.00 g (43% yield). 1H NMR (400 MHz, CDCl3): δ 7.33-7.25 (m, 2H), 7.23-7.10 
(m, 2H), 5.57 (s, 1H), 2.81-2.71 (m, 2H), 1.64-1.54 (m, 2H), 1.46 (s, 9H), 1.42-1.35 (m, 2H), 
0.92 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.9, 140.4, 137.8, 130.0, 129.3, 
126.6, 125.6, 51.7, 33.9, 33.0, 28.8, 22.8, 14.0. 
HRMS (ESI) m/z calcd. for C15H24NO [M+H]+ 234.1852, found 234.1851. 
 

N-(tert-butyl)-2-phenethylbenzamide (S-1c) 
White powder, 1.55 g (55% yield). 1H NMR (400 MHz, CDCl3): δ 7.33-7.23 
(m, 4H), 7.22-7.14 (m, 5H), 5.47 (s, 1H), 3.11-3.00 (m, 2H), 2.96-2.88 (m, 
2H), 1.44 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.8, 141.9, 139.5, 138.0, 
130.2, 129.5, 128.6, 128.3, 126.6, 126.0, 125.9, 51.7, 38.1, 35.5, 28.8. 

 
N-(tert-butyl)-2-(3-phenylpropyl)benzamide (S-1d) 
White powder, 1.13 g (38% yield). 1H NMR (400 MHz, CDCl3): δ 7.33-7.24 
(m, 4H), 7.23-7.14 (m, 5H), 5.53 (s, 1H), 2.86-2.78 (m, 2H), 2.71-2.63 (m, 
2H), 2.01-1.90 (m, 2H), 1.44 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.8, 
142.2, 140.0, 137.9, 130.0, 129.4, 128.4, 128.3, 126.6, 125.8, 125.7, 51.8, 

35.9, 33.2, 32.9, 28.8. 
 

2-(but-3-en-1-yl)-N-(tert-butyl)benzamide (S-1e) 
White powder, 0.80 g (35% yield). 1H NMR (400 MHz, CDCl3): δ 7.38-7.27 
(m, 2H), 7.25-7.11 (m, 2H), 5.91-5.79 (m, 1H), 5.57 (s, 1H), 5.06-4.99 (m, 
1H), 4.98-4.93 (m, 1H), 2.94-2.82 (m, 2H), 2.45-2.29 (m, 2H), 1.46 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 169.8, 139.4, 138.1, 137.9, 130.1, 129.4, 

126.6, 125.9, 115.0, 51.8, 35.6, 32.6, 28.8. 
 

N-(tert-butyl)-2-ethyl-5-methylbenzamide (S-1f) 
White powder, 1.60 g (73% yield). 1H NMR (400 MHz, CDCl3): δ 7.14-7.08 
(m, 3H), 5.55 (s, 1H), 2.74 (q, J = 7.5 Hz, 2H), 2.31 (s, 3H), 1.46 (s, 9H), 
1.22 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 170.0, 138.7, 137.5, 
135.2, 130.2, 129.2, 127.2, 51.7, 28.8, 25.8, 20.8, 16.0. 

HRMS (ESI) m/z calcd. for C14H22NO [M+H]+ 220.1696, found 220.1695. 
 

N-(tert-butyl)-2-ethyl-4-methylbenzamide (S-1g) 
White powder, 1.51 g (69% yield). 1H NMR (400 MHz, CDCl3): δ 7.17 (d, 
J = 7.8 Hz, 1H), 7.02 (d, J = 1.8 Hz, 1H), 6.95 (dd, J = 7.8, 1.8 Hz, 1H), 
5.61 (s, 1H), 2.76 (q, J = 7.6 Hz, 2H), 2.32 (s, 3H), 1.44 (s, 9H), 1.22 (t, J = 
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.9, 141.9, 139.4, 134.8, 

130.1, 126.7, 126.2, 51.6, 28.8, 26.3, 21.3, 15.9. 
HRMS (ESI) m/z calcd. for C14H22NO [M+H]+ 220.1696, found 220.1695. 
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N-(tert-butyl)-2-ethyl-4-methoxybenzamide (S-1h) 
White powder, 1.12 g (48% yield). 1H NMR (400 MHz, CDCl3): δ 7.24 (d, 
J = 8.4 Hz, 1H), 6.74 (d, J = 2.6 Hz, 1H), 6.67 (dd, J = 8.4, 2.6 Hz, 1H), 
5.59 (s, 1H), 3.79 (s, 3H), 2.79 (q, J = 7.6 Hz, 2H), 1.44 (s, 9H), 1.23 (t, J 
= 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.6, 160.4, 144.2, 130.2, 

128.3, 115.0, 110.5, 55.2, 51.6, 28.8, 26.6, 15.7. 
HRMS (ESI) m/z calcd. for C14H22NO2 [M+H]+ 236.1645, found 236.1643. 
 

N-(tert-butyl)-4-ethyl-[1,1'-biphenyl]-3-carboxamide (S-1i) 
Orange powder, 0.67 g (48 % yield). 1H NMR (400 MHz, CDCl3): δ 7.57-
7.48 (m, 4H), 7.46-7.39 (m, 2H), 7.37-7.31 (m, 1H), 7.29 (d, J = 8.0 Hz, 
1H), 5.65 (s, 1H), 2.82 (q, J = 7.6 Hz, 2H), 1.47 (s, 9H), 1.28 (t, J = 7.6 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 169.8, 140.8, 140.4, 138.8, 138.1, 

129.8, 128.8, 128.1, 127.4, 127.0, 125.3, 51.9, 28.9, 26.0, 15.8. 
HRMS (ESI) m/z calcd. for C19H24NO [M+H]+ 282.1852, found 282.1851. 

N-(tert-butyl)-5-chloro-2-ethylbenzamide (S-1j) 
White powder, 1.25 g (53% yield). 1H NMR (400 MHz, CDCl3): δ 7.23-
7.19 (m, 2H), 7.14 (dd, J = 8.2, 2.0 Hz, 1H), 5.57 (s, 1H), 2.76 (q, J = 7.6 
Hz, 2H), 1.45 (s, 9H), 1.23 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 168.8, 144.0, 135.9, 135.3, 129.3, 127.9, 125.8, 51.9, 28.8, 26.1, 

15.5. 
HRMS (ESI) m/z calcd. for C13H19

34.9689ClNO [M+H]+ 240.1150, found 240.1149; calcd. for 
C13H19

36.9659ClNO [M+H]+ 242.1120, found 240.1118. 
 

N-(tert-butyl)-3-ethylthiophene-2-carboxamide (S-1k) 
Orange powder, 1.40 g (66% yield). 1H NMR (400 MHz, CDCl3): δ 7.22 (d, J 
= 5.1 Hz, 1H), 6.93 (d, J = 5.1 Hz, 1H), 5.66 (s, 1H), 2.92 (q, J = 7.6 Hz, 2H), 
1.45 (s, 9H), 1.26 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 162.5, 
146.8, 131.8, 130.2, 125.8, 51.9, 28.9, 22.8, 15.0. 

HRMS (ESI) m/z calcd. for C11H18NOS [M+H]+ 212.1104, found 212.1103. 
 

2-ethyl-N-(2,4,4-trimethylpentan-2-yl)benzamide (S-1l) 
White powder, 2.09 g (80% yield). 1H NMR (400 MHz, CDCl3): δ 7.37-
7.29 (m, 2H), 7.28-7.24 (m, 1H), 7.20 (td, J = 7.4, 1.4 Hz, 1H), 5.59 (s, 1H), 
2.83 (q, J = 7.6 Hz, 2H), 1.88 (s, 2H), 1.54 (s, 6H), 1.27 (t, J = 7.6 Hz, 3H), 
1.08 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.4, 142.1, 137.7, 129.5, 

129.4, 126.3, 125.7, 55.8, 51.9, 31.7, 31.6, 29.2, 26.2, 15.9. 
HRMS (ESI) m/z calcd. for C17H28NO [M+H]+ 262.2165, found 262.2164. 
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General synthesis of N-alkylbenzamides S-1m–S-1q 
 

 
Supplementary Figure 238 General synthesis of N-alkylbenzamides S-1m–S-1q 

 
According to the literature procedures.5,7 
To a solution of freshly distilled diisopropylamine (1.05 equiv.) in anhydrous THF (0.33 M) was 

added n-butyllithium (2.4 M, 1.05 equiv.) dropwise at 78 °C under argon. Upon completion, the 
reaction mixture was allowed to warm to 0 °C and stirred for 0.5 h. Next, the reaction solution 

was cooled to 78 °C and ethyl isobutyrate (1.0 equiv.) was added dropwise. The stirring was 

continued for 1 h at 78 °C and then, alkyl iodide (1.0 equiv.) was added. The stirring was 
continued overnight at room temperature. Upon completion, the reaction mixture was poured 
into ice-water and extracted with diethyl ether. The combined organic phase was washed with 
brine and dried over anhydrous MgSO4. Evaporation of organic solvent gave the crude product 
ester without further purification for the next step. 
The crude ester was dissolved in methanol (1.0 M) and 30% aqueous NaOH (2.5 equiv.) was 
added. The reaction solution was then refluxed for 2 h. After being cooled, the mixture was 
diluted with water and extracted once with diethyl ether. Then, the aqueous solution was 
acidified with 10% HCl at 0 °C until pH = 1. The mixture was extracted with diethyl ether. The 
combined organic phase was washed with brine and dried over anhydrous Na2SO4. Evaporation 
of organic solvent gave the crude acid without further purification for the next step. 
To a stirred solution of the crude acid (1.0 equiv.) and triethylamine (1.05 equiv.) in dry toluene 
(0.2 M) was added diphenylphosphoryl azide (DPPA) (1.05 equiv) at 0 °C for 1 h under argon. 
The reaction was stirred for 1 h at rt and then refluxed for 12 h (evolution of N2) under argon. 
Upon completion, the solution was cooled and washed with water. The toluene phase was 
separated and dried over anhydrous Na2SO4. Next, toluene was removed by evaporation and a 
mixture of 15 % HCl (10 mL) and acetic acid (10 mL) was added. After about 10 mins of a rapid 
evolution of CO2, the reaction mixture was stirred at rt overnight. Upon completion, the mixture 
was extracted once with diethyl ether and then, the aqueous solution was basified by a cooled 
10% aqueous solution of NaOH until pH =13. The mixture was extracted with diethyl ether. The 
combined extracts were washed with water and brine and dried over anhydrous Na2SO4. 
Evaporation of organic solvent gave the crude amine without further purification for the next 
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step. 
To a solution of the crude amine in DCM (0.3 M) were sequentially added benzoyl chloride (1.5 
equiv.) and triethylamine (1.5 equiv.) at rt. The reaction mixture was stirred for 1 to 3 h under the 
same conditions. Upon completion, the mixture was quenched with 1 M aqueous HCl and 
transferred to a separatory funnel. The crude mixture was diluted with DCM and water. The 
organic layer was removed and the aqueous layer was extracted with DCM. The combined 
organic layers were washed with saturated aqueous NaHCO3 and then brine. The organic layer 
was dried with NaSO4, filtered, and concentrated by rotary evaporation. The residue thus 
obtained was purified by silica gel column chromatography (typically 20% EtOAc in hexanes) to 
afford the pure amide. 
 

N-(1-(2-ethylphenyl)-2-methylpropan-2-yl)benzamide (S-1m) 
White powder, 1.46 g (26% yield). 1H NMR (400 MHz, CDCl3): δ 7.71-7.64 
(m, 2H), 7.49-7.44 (m, 1H), 7.42-7.37 (m, 2H), 7.25-7.11 (m, 3H), 7.07 (td, J 
= 7.2, 1.6 Hz, 1H), 5.84 (s, 1H), 3.23 (s, 2H), 2.75 (q, J = 7.5 Hz, 2H), 1.47 

(s, 6H), 1.20 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 167.3, 143.4, 136.0, 135.4, 
131.5, 131.2, 128.7, 128.5, 126.8, 126.7, 125.4, 55.2, 40.4, 27.5, 26.0, 15.6. 
HRMS (ESI) m/z calcd. for C19H24NO [M+H]+ 282.1852, found 282.1851. 
 

N-(2-methyl-5-phenylpentan-2-yl)benzamide (S-1n) 
White powder, 2.18 g (39% yield). 1H NMR (400 MHz, CDCl3): δ 7.70-
7.67 (m, 2H), 7.49-7.44 (m, 1H), 7.43-7.37 (m, 2H), 7.29-7.26 (m, 2H), 
7.20-7.14 (m, 3H), 5.81 (s, 1H), 2.63 (t, J = 7.7 Hz, 2H), 1.93-1.86 (m, 

2H), 1.69-1.60 (m, 2H), 1.42 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 166.9, 142.5, 135.9, 131.1, 
128.5, 128.40, 128.36, 126.7, 125.8, 54.1, 39.9, 36.2, 27.1, 26.4. 
HRMS (ESI) m/z calcd. for C19H24NO [M+H]+ 282.1852, found 282.1850. 
 

N-(2-methyl-7-phenylhept-6-yn-2-yl)benzamide (S-1o) 
Yellow oil, 1.35 g (22% yield). 1H NMR (400 MHz, CDCl3): δ 7.76-
7.69 (m, 2H), 7.49-7.35 (m, 5H), 7.29-7.24 (m, 3H), 5.96 (s, 1H), 2.54-
2.34 (m, 2H), 2.12-1.92 (m, 2H), 1.78-1.59 (m, 2H), 1.47 (s, 6H); 13C 

NMR (100 MHz, CDCl3): δ 167.0, 135.8, 131.6, 131.2, 128.5, 128.2, 127.6, 126.7, 123.9, 90.0, 
81.0, 54.0, 39.6, 27.1, 23.9, 19.7. 
HRMS (ESI) m/z calcd. for C21H24NO [M+H]+ 306.1852, found 306.1850. 
 

N-fluoro-N-(2,8,8-trimethylnon-6-yn-2-yl)benzamide (S-1p) 
Yellow oil, 2.00 g (35% yield). 1H NMR (400 MHz, CDCl3): δ 7.75-
7.69 (m, 2H), 7.52-7.37 (m, 3H), 5.89 (s, 1H), 2.17 (t, J = 7.1 Hz, 2H), 
1.93-1.84 (m, 2H), 1.59-1.47 (m, 2H), 1.45 (s, 6H), 1.19 (s, 9H); 13C 
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NMR (100 MHz, CDCl3): δ 166.8, 135.9, 131.1, 128.5, 126.7, 89.5, 78.2, 54.0, 39.7, 31.4, 27.3, 
27.0, 24.3, 19.0. 
HRMS (ESI) m/z calcd. for C19H28NO [M+H]+ 286.2165, found 286.2164. 
 

N-(2-methylhexan-2-yl)benzamide (S-1q) 
White powder, 1.75 g (40% yield). 1H NMR (400 MHz, CDCl3): δ 7.75-
7.66 (m, 2H), 7.51-7.37 (m, 3H), 5.84 (s, 1H), 1.85-1.76 (m, 2H), 1.43 (s, 
6H), 1.41-1.23 (m, 4H), 0.91 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 166.8, 136.1, 131.1, 128.5, 126.7, 54.1, 40.2, 27.0, 26.4, 23.1, 14.1. 
HRMS (ESI) m/z calcd. for C14H22NO [M+H]+ 220.1696, found 220.1695. 
 
General synthesis of N-alkylbenzamides [D1]-S-1aa and [D2]-S-1aa 

 
Supplementary Figure 239 General synthesis of [D1]-S-1aa and [D2]-S-1aa 

 
To a flame-dried 50 mL round-bottom flask with a stir bar was added S-1aa (10 mmol). The 
contents were evacuated and backfilled three times with argon. THF (20 mL, 0.2 M) was added 
via syringe and the flask was cooled on an ice bath for 15 minutes. n-Butyllithium (2.8 mL, 2.1 
equiv., 2.2 M in hexanes) was added dropwise. The blood-red solution was stirred at 0 °C for 45 
minutes, and then quenched with D2O (4 mL). The biphasic mixture was transferred to a 
separatory funnel and diluted with DCM and brine. The organic layer was removed, and the 
aqueous layer was extracted with DCM. The combined organic layers were dried with MgSO4, 
filtered, and concentrated by rotary evaporation to afford [D1]-S-1aa. 1H NMR analysis 
showed >95% D-incorporation. The compound [D2]-S-1aa was prepared following the same 
procedure described above using [D1]-S-1aa (5 mmol) as substrate, and 1H NMR analysis 
showed >95% D-incorporation after the procedure was repeated twice. 
 

N-(tert-butyl)-2-(ethyl-1-d)benzamide ([D1]-S-1aa) 
White powder, 2.06 g (100% yield). 1H NMR (400 MHz, CDCl3): δ 7.34-7.27 
(m, 2H), 7.25-7.21 (m, 1H), 7.17 (td, J = 7.4, 1.4 Hz, 1H), 5.56 (s, 1H), 2.82-
2.72 (m, 1H), 1.46 (s, 9H), 1.24 (d, J = 7.6 Hz, 2H); 13C NMR (100 MHz, 
CDCl3): δ 169.8, 141.8, 137.6, 129.5, 129.3, 126.5, 125.6, 51.7, 28.8, 25.9 (t, J = 
19.5 Hz), 15.8. 

HRMS (ESI) m/z calcd. for C13H19DNO [M+H]+ 207.1602, found 207.1602. 
N-(tert-butyl)-2-(ethyl-1,1-d2)benzamide ([D2]-S-1aa) 
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White powder, 1.01 g (97% yield). 1H NMR (400 MHz, CDCl3): δ 7.34-7.25 (m, 2H), 7.24-7.21 
(m, 1H), 7.17 (td, J = 7.4, 1.2 Hz, 1H), 5.56 (s, 1H), 1.46 (s, 9H), 1.23 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ 169.8, 141.8, 137.6, 129.6, 129.3, 126.5, 125.7, 51.7, 28.84, 28.82, 25.6 (p, J = 
18.8 Hz), 15.7. 
HRMS (ESI) m/z calcd. for C13H18D2NO [M+H]+ 208.1665, found 208.1664. 
 
General procedure for the synthesis of N-fluoro-N-alkylcarboxamides. 

 
Supplementary Figure 240 General synthesis of N-fluoro-N-alkylcarboxamides. 

 
All the N-fluoro-N-alkylcarboxamides were prepared by N-fluorination of their parent 
carboxamides according to conventional methods.5,8 To a flame-dried round-bottom flask with a 
stir bar was added amide (1.0 equiv.). The contents were evacuated and backfilled three times 
with argon. Anhydrous THF (0.13 M) was added and the stirred solution was cooled on an ice 
bath for 15 min. n-Butyllithium (1.1 equiv., 2.4 M in hexanes) was added dropwise. The reaction 
was maintained at 0 °C for 1.5 h. NFSI (1.5 equiv., 0.6 M in THF) was added dropwise. The 
reaction was left overnight in the ice bath and allowed to warm to rt. After 10 to 14 h, the 
reaction was quenched with 1 M aqueous HCl and transferred to a separatory funnel. The crude 
mixture was diluted with DCM (0.1 M) and water (0.1 M). The organic layer was removed, and 
the aqueous layer was extracted with DCM. The combined organic layers were washed with 
saturated aqueous NaHCO3 and then brine, dried with MgSO4, filtered, and concentrated by 
rotary evaporation. The residue thus obtained was purified by silica gel column chromatography 
(15% EtOAc in hexanes) to afford pure fluoroamides. 
 

N-(tert-butyl)-2-ethyl-N-fluorobenzamide (1aa) 

N
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1aa was synthesized according to the procedures.5 
Yellow oil, 590 mg (27% yield). 1H NMR (400 MHz, CDCl3): δ 7.38 (td, J = 7.4, 1.4 Hz, 1H), 
7.34-7.28 (m, 2H), 7.24 (td, J = 7.4, 1.4 Hz, 1H), 2.77 (q, J = 7.6 Hz, 2H), 1.58 (d, J = 2.0 Hz, 
9H), 1.27 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 175.0 (d, J = 10.9 Hz), 141.6 (d, J 
= 2.2 Hz), 134.6, 130.0 (d, J = 1.1 Hz), 128.9, 127.1 (d, J = 4.4 Hz), 125.4, 64.3 (d, J = 10.5 Hz), 
27.1 (d, J = 5.6 Hz), 26.1, 15.7; 19F NMR (376 MHz, CDCl3): δ -63.36. 
 

N-(tert-butyl)-N-chloro-2-ethylbenzamide (1ab) 
1ab was synthesized according to the procedures.5 
Colorless oil, 370 mg (21% yield). 1H NMR (400 MHz, CDCl3): δ 7.36-7.31 
(m, 1H), 7.28-7.20 (m, 3H), 2.73 (q, J = 7.6 Hz, 2H), 1.64 (s, 9H), 1.28 (t, J = 
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 174.6, 140.5, 137.2, 129.3, 128.7, 

126.3, 125.5, 64.5, 28.6, 26.0, 15.1. 
 

N-(benzoyloxy)-N-(tert-butyl)-2-ethylbenzamide (1ac) 
1ab was synthesized according to the procedures.9 
Colorless oil, 490 mg (41% yield). 1H NMR (400 MHz, CDCl3): δ 7.55-7.51 
(m, 2H), 7.43-7.34 (m, 2H), 7.32-7.26 (m, 3H), 7.23-7.18 (m, 1H), 7.13 (td, J = 
7.6, 1.2 Hz, 1H), 2.70-2.60 (m, 2H), 1.61 (s, 9H), 1.00 (t, J = 7.5 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 171.7, 166.0, 146.8, 136.4, 132.9, 130.2, 130.0, 

129.7, 127.9, 127.2, 125.9, 125.6, 62.8, 27.7, 26.7, 15.6. 
HRMS (ESI) m/z calcd. for C20H24NO3 [M+H]+ 326.1751, found 326.1746. 
 

N-(tert-butyl)-2-(ethyl-1-d)-N-fluorobenzamide ([D1]-1aa) 
Yellow oil, 390 mg (35% yield). 1H NMR (400 MHz, CDCl3): δ 7.37-7.32 (m, 
1H), 7.31-7.24 (m, 2H), 7.20 (td, J = 7.5, 1.4 Hz, 1H), 2.76-2.67 (m, 1H), 1.55 
(d, J = 2.0 Hz, 9H), 1.25-1.21 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 175.0 (d, 
J = 10.8 Hz), 141.6 (d, J = 2.0 Hz), 134.7, 130.0 (d, J = 1.4 Hz), 128.9, 127.1 (d, 
J = 4.4 Hz), 125.4, 64.3 (d, J = 10.5 Hz), 27.2 (d, J = 5.5 Hz), 25.8 (t, J = 19.5 

Hz), 15.6; 19F NMR (376 MHz, CDCl3) δ -63.39. 
HRMS (ESI) m/z calcd. for C13H18DFNO [M+H]+ 225.1508, found 225.1505. 
 

N-(tert-butyl)-2-(ethyl-1,1-d2)-N-fluorobenzamide ([D2]-1aa) 
Yellow oil, 310 mg (29% yield). 1H NMR (400 MHz, CDCl3): δ 7.37-7.32 (m, 
1H), 7.31-7.23 (m, 2H), 7.23-7.18 (m, 1H), 1.55 (d, J = 2.0 Hz, 9H), 1.22 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ 175.0 (d, J = 10.9 Hz), 141.6, 134.6, 130.0 (d, J 
= 1.4 Hz), 128.9, 127.1 (d, J = 4.4 Hz), 125.4, 64.3 (d, J = 10.5 Hz), 27.2 (d, J = 
5.7 Hz), 25.4 (p, J = 18.7 Hz),15.5; 19F NMR (376 MHz, CDCl3) δ -63.4. 

HRMS (ESI) m/z calcd. for C13H17D2FNO [M+H]+ 226.1571, found 226.1568. 
 

N
F

O

tBu

DD

[D2]-1aa



158 
 

N-(tert-butyl)-2-butyl-N-fluorobenzamide (1b) 
Yellow oil, 440 mg (41% yield). 1H NMR (400 MHz, CDCl3): δ 7.35-7.27 (m, 
2H), 7.26-7.17 (m, 2H), 2.77-2.65 (m, 2H), 1.62-1.56 (m, 2H), 1.55 (d, J = 2.0 
Hz, 9H), 1.42-1.32 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 175.0 (d, J = 10.9 Hz), 140.4 (d, J = 2.1 Hz), 134.8, 129.8, 129.6, 

127.2 (d, J = 4.3 Hz), 125.3, 64.2 (d, J = 10.5 Hz), 33.7, 32.8, 27.2 (d, J = 5.6 Hz), 22.7, 13.9; 
19F NMR (376 MHz, CDCl3): δ -63.35. 
HRMS (ESI) m/z calcd. for C15H23FNO [M+H]+ 252.1758, found 252.1754. 
 

N-(tert-butyl)-N-fluoro-2-phenethylbenzamide (1c) 
Yellow oil, 420 mg (26% yield). 1H NMR (400 MHz, CDCl3): δ 7.44-7.08 (m, 
9H), 3.05-2.96 (m, 2H), 2.96-2.86 (m, 2H), 1.56 (d, J = 1.8 Hz, 9H); 13C NMR 
(100 MHz, CDCl3): δ 174.9 (d, J = 10.8 Hz), 141.7, 139.3 (d, J = 2.0 Hz), 
134.8, 130.0, 129.9, 128.45, 128.38, 127.5 (d, J = 4.5 Hz), 126.0, 125.7, 64.3 

(d, J = 10.5 Hz), 38.0, 35.5, 27.2 (d, J = 5.6 Hz); 19F NMR (376 MHz, CDCl3): δ -63.08. 
HRMS (ESI) m/z calcd. for C19H23FNO [M+H]+ 300.1758, found 300.1755. 
 

N-(tert-butyl)-N-fluoro-2-(3-phenylpropyl)benzamide (1d) 
Yellow oil, 430 mg (26% yield). 1H NMR (400 MHz, CDCl3): δ 7.37-7.20 (m, 
6H), 7.20-7.14 (m, 3H), 2.79-2.70 (m, 2H), 2.66 (t, J = 7.7 Hz, 2H), 2.01-1.90 
(m, 2H), 1.52 (d, J = 1.8 Hz, 9H); 13C NMR (100 MHz, CDCl3): δ 174.9 (d, J 
= 10.9 Hz), 142.1, 139.8 (d, J = 2.0 Hz), 134.9, 129.9, 129.6, 128.5, 128.3, 

127.3 (d, J = 4.4 Hz), 125.8, 125.5, 64.3 (d, J = 10.4 Hz), 35.8, 33.0, 32.8, 27.1 (d, J = 5.6 Hz); 

19F NMR (376 MHz, CDCl3): δ -63.28. 
HRMS (ESI) m/z calcd. for C20H25FNO [M+H]+ 314.1915, found 314.1911. 
 

2-(but-3-en-1-yl)-N-(tert-butyl)-N-fluorobenzamide (1e) 
Yellow oil, 250 mg (29% yield). 1H NMR (400 MHz, CDCl3): δ 7.38-7.29 (m, 
2H), 7.27-7.18 (m, 2H), 5.90-5.78 (m, 1H), 5.08-5.93 (m, 2H), 2.85-2.75 (m, 
2H), 2.43-2.29 (m, 2H), 1.55 (d, J = 1.9 Hz, 9H); 13C NMR (100 MHz, CDCl3): 
δ 174.8 (d, J = 10.9 Hz), 139.3 (d, J = 2.1 Hz), 137.9, 134.9, 129.9 (d, J = 1.4 

Hz), 129.7, 127.3 (d, J = 4.4 Hz), 125.6, 115.0, 64.3 (d, J = 10.5 Hz), 35.5, 32.5, 27.2 (d, J = 5.6 
Hz); 19F NMR (376 MHz, CDCl3) δ -63.26. 
HRMS (ESI) m/z calcd. for C15H21FNO [M+H]+ 250.1602, found 250.1599. 
 

N-(tert-butyl)-2-ethyl-N-fluoro-5-methylbenzamide (1f) 
Yellow oil, 730 mg (42% yield). 1H NMR (400 MHz, CDCl3): δ 7.18-7.07 
(m, 3H), 2.69 (q, J = 7.5 Hz, 2H), 2.32 (s, 3H), 1.55 (d, J = 2.0 Hz, 9H), 
1.21 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 175.2 (d, J = 11.2 
Hz), 138.5 (d, J = 2.2 Hz), 135.0, 134.6, 130.8, 128.8, 127.5 (d, J = 4.2 Hz), 
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64.3 (d, J = 10.5 Hz), 27.2 (d, J = 5.6 Hz), 25.7, 20.8, 15.7; 19F NMR (376 MHz, CDCl3): δ -
63.49. 
HRMS (ESI) m/z calcd. for C14H21FNO [M+H]+ 238.1602, found 238.1598. 
 

N-(tert-butyl)-2-ethyl-N-fluoro-4-methylbenzamide (1g) 
610 mg (39% yield). 1H NMR (400 MHz, CDCl3): δ 7.22 (d, J = 7.8 Hz, 
1H), 7.06 (s, 1H), 7.04-6.98 (m, 1H), 2.71 (q, J = 7.6 Hz, 2H), 2.34 (s, 3H), 
1.54 (d, J = 2.0 Hz, 9H), 1.23 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 175.4 (d, J = 10.5 Hz), 141.9 (d, J = 1.9 Hz), 140.2, 131.7, 129.8, 

127.5 (d, J = 4.7 Hz), 126.1, 64.2 (d, J = 10.5 Hz), 27.2 (d, J = 5.6 Hz), 26.1, 21.4, 15.8; 19F 
NMR (376 MHz, CDCl3): δ -62.95. 
HRMS (ESI) m/z calcd. for C14H21FNO [M+H]+ 238.1602, found 238.1598. 
 

N-(tert-butyl)-2-ethyl-N-fluoro-4-methoxybenzamide (1h) 
Yellow oil, 520 mg (43% yield). 1H NMR (400 MHz, CDCl3): δ 7.32 (d, J 
= 8.5 Hz, 1H), 6.81-6.66 (m, 2H), 3.82 (s, 3H), 2.75 (q, J = 7.6 Hz, 2H), 
1.53 (d, J = 1.9 Hz, 9H), 1.24 (t, J = 7.7 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 175.3 (d, J = 10.5 Hz), 161.0, 144.7 (d, J = 1.9 Hz), 129.8 (d, J = 

5.0 Hz), 126.9, 114.7, 110.4, 64.11 (d, J = 10.6 Hz), 55.2, 27.1 (d, J = 5.7 Hz), 26.4, 15.7; 19F 
NMR (376 MHz, CDCl3): δ -62.16. 
HRMS (ESI) m/z calcd. for C14H21FNO2 [M+H]+ 254.1551, found 254.1547. 
 

N-(tert-butyl)-4-ethyl-N-fluoro-[1,1'-biphenyl]-3-carboxamide(1i) 
Yellow oil, 330 mg (46% yield). 1H NMR (400 MHz, CDCl3): δ 7.59-7.55 
(m, 3H), 7.54-7.50 (m, 1H), 7.45-7.40 (m, 2H), 7.36-7.30 (m, 2H), 2.77 (q, J 
= 7.6 Hz, 2H), 1.57 (d, J = 1.9 Hz, 9H), 1.27 (t, J = 7.6 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 174.9 (d, J = 10.9 Hz), 140.6 (d, J = 2.1 Hz), 140.3, 

138.5, 135.1, 129.4, 128.8, 128.7, 127.4, 127.1, 125.8 (d, J = 4.3 Hz), 64.4 (d, J = 10.5 Hz), 27.2 
(d, J = 5.5 Hz), 25.8, 15.6; 19F NMR (376 MHz, CDCl3) δ -63.19. 
HRMS (ESI) m/z calcd. for C19H23FNO [M+H]+ 300.1758, found 300.1755. 
 

N-(tert-butyl)-5-chloro-2-ethyl-N-fluorobenzamide (1j) 
Yellow oil, 650 mg (48% yield). 1H NMR (400 MHz, CDCl3): δ 7.27-7.23 
(m, 2H), 7.18 (dd, J = 8.2, 2.0 Hz, 1H), 2.71 (q, J = 7.6 Hz, 2H), 1.54 (d, J = 
2.0 Hz, 9H), 1.23 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 174.0 
(d, J = 10.9 Hz), 143.8 (d, J = 2.2 Hz), 135.9 (d, J = 1.7 Hz), 133.0, 129.0, 

128.7 (d, J = 4.6 Hz), 125.6, 64.4 (d, J = 10.5 Hz), 27.1 (d, J = 5.6 Hz), 26.0, 15.3; 19F NMR 
(376 MHz, CDCl3) δ -63.23. 
HRMS (ESI) m/z calcd. for C13H18

34.9689ClFNO [M+H]+ 258.1055, found 258.1052; calcd. for 
C13H18

36.9659ClFNO [M+H]+ 260.1026, found 260.1023. 
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N-(tert-butyl)-3-ethyl-N-fluorothiophene-2-carboxamide (1k) 
Yellow oil, 670 mg (44% yield). 1H NMR (400 MHz, CDCl3): δ 7.43 (d, J = 5.1 
Hz, 1H), 6.97 (dd, J = 5.1, 1.7 Hz, 1H), 2.93 (q, J = 7.5 Hz, 2H), 1.51 (d, J = 2.0 
Hz, 9H), 1.25 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.2 (d, J = 
7.0 Hz), 152.2, 129.9 (d, J = 6.3 Hz), 129.2, 127.5 (d, J = 2.6 Hz), 64.5 (d, J = 

10.7 Hz), 26.9 (d, J = 6.2 Hz), 23.4, 14.8; 19F NMR (376 MHz, CDCl3): δ -64.22. 
HRMS (ESI) m/z calcd. for C11H17FNOS [M+H]+ 230.1009, found 230.1007. 
 

2-ethyl-N-fluoro-N-(2,4,4-trimethylpentan-2-yl)benzamide (1l) 
Yellow oil, 690 mg (31% yield). 1H NMR (400 MHz, CDCl3): δ 7.38-7.30 
(m, 1H), 7.26 (dd, J = 7.2, 1.6 Hz, 2H), 7.20 (td, J = 7.4, 1.2 Hz, 1H), 2.73 
(q, J = 7.6 Hz, 2H), 1.90 (d, J = 2.0 Hz, 2H), 1.62 (d, J = 2.2 Hz, 6H), 1.24 
(t, J = 7.6 Hz, 3H), 1.08 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.8 (d, J 

= 11.4 Hz),141.5 (d, J = 2.2 Hz), 134.9, 129.9 (d, J = 1.5 Hz), 128.9, 126.8 (d, J = 4.5 Hz), 125.4, 
68.1 (d, J = 9.6 Hz), 51.3 (d, J = 3.6 Hz), 31.6, 31.3, 27.6 (d, J = 6.0 Hz), 26.0, 15.7; 19F NMR 
(376 MHz, CDCl3): δ -61.33. 
HRMS (ESI) m/z calcd. for C17H27FNO [M+H]+ 280.2071, found 280.2069. 
 

N-(1-(2-ethylphenyl)-2-methylpropan-2-yl)-N-fluorobenzamide (1m) 
Yellow oil, 430 mg (28% yield). 1H NMR (400 MHz, CDCl3): δ 7.73-7.67 
(m, 2H), 7.52-7.47 (m, 1H), 7.41 (dd, J = 8.2, 6.8 Hz, 2H), 7.25-7.18 (m, 3H), 
7.15-7.09 (m, 1H), 3.28 (s, 2H), 2.76 (q, J = 7.5 Hz, 2H), 1.51 (d, J = 2.3 Hz, 
6H), 1.20 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 174.1 (d, J = 

7.8 Hz), 143.5, 134.6, 134.3, 131.8, 131.6, 128.9 (d, J = 6.0 Hz), 128.7, 128.1, 127.0, 125.4, 68.1 
(d, J = 9.4 Hz), 38.9 (d, J = 3.7 Hz), 26.0, 25.2 (d, J = 6.5 Hz), 16.0; 19F NMR (376 MHz, 
CDCl3): δ -63.82. 
HRMS (ESI) m/z calcd. for C19H23FNO [M+H]+ 300.1758, found 300.1755. 
 

N-fluoro-N-(2-methyl-5-phenylpentan-2-yl)benzamide (1n) 
Yellow oil, 910 mg (39% yield). 1H NMR (400 MHz, CDCl3): δ 7.70-7.65 
(m, 2H), 7.53 – 7.45 (m, 1H), 7.42 – 7.37 (m, 2H), 7.30-7.25 (m, 2H), 7.22-
7.15 (m, 3H), 2.64 (t, J = 7.6 Hz, 2H), 1.94-1.87 (m, 2H), 1.82-1.73 (m, 2H), 

1.49 (d, J = 1.9 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 174.3 (d, J = 7.7 Hz), 142.3, 134.2 (d, 
J = 1.3 Hz), 131.7, 129.7, 128.8 (d, J = 6.1 Hz), 128.4 (d, J = 4.0 Hz), 128.0, 125.8, 66.7 (d, J = 
9.7 Hz), 39.8 (d, J = 4.8 Hz), 36.2, 26.1, 25.1 (d, J = 6.2 Hz); 19F NMR (376 MHz, CDCl3) δ -
66.11. 
HRMS (ESI) m/z calcd. for C19H23FNO [M+H]+ 300.1758, found 300.1755. 
 

N-fluoro-N-(2-methyl-7-phenylhept-6-yn-2-yl) benzamide (1o) 
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Yellow oil, 310 mg (23% yield). 1H NMR (400 MHz, CDCl3): δ 7.73-7.67 (m, 2H), 7.55-7.47 
(m, 1H), 7.44-7.37 (m, 4H), 7.30-7.24 (m, 3H), 2.45 (t, J = 7.1 Hz, 2H), 2.07-1.99 (m, 2H), 1.84-
1.72 (m, 2H), 1.55 (d, J = 1.9 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 174.3 (d, J = 7.6 Hz), 
134.1, 131.8, 131.6, 128.9 (d, J = 6.2 Hz), 128.2, 128.0, 127.6, 123.9, 89.8, 81.0, 66.6 (d, J = 9.9 
Hz), 39.5 (d, J = 5.0 Hz), 25.1 (d, J = 6.1 Hz), 23.7, 19.7; 19F NMR (376 MHz, CDCl3): δ -66.08. 
HRMS (ESI) m/z calcd. for C21H23FNO [M+H]+ 324.1758, found 324.1756. 
 

N-fluoro-N-(2,8,8-trimethylnon-6-yn-2-yl)benzamide (1p) 
Yellow oil, 410 mg (19% yield). 1H NMR (400 MHz, CDCl3): δ 7.73-
7.65 (m, 2H), 7.53-7.46 (m, 1H), 7.45-7.37 (m, 2H), 2.17 (t, J = 7.1 Hz, 
2H), 1.98-1.89 (m, 2H), 1.67-1.60 (m, 2H), 1.52 (d, J = 1.9 Hz, 6H), 

1.20 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.3 (d, J = 7.7 Hz), 134.2, 131.7, 128.9 (d, J = 
6.1 Hz), 128.0, 89.5, 78.0, 66.6 (d, J = 9.8 Hz), 39.3 (d, J = 5.0 Hz), 31.4, 27.3, 25.1 (d, J = 6.0 
Hz), 24.1, 19.0; 19F NMR (376 MHz, CDCl3): δ -66.15. 
HRMS (ESI) m/z calcd. for C19H26FNO [M+H]+ 304.2071, found 304.2069. 
 

N-fluoro-N-(2-methylhexan-2-yl)benzamide (1q) 
Yellow oil, 870 mg (46% yield). 1H NMR (400 MHz, CDCl3): δ 7.72-
7.66 (m, 2H), 7.53-7.44 (m, 1H), 7.43-7.36 (m, 2H), 1.92-1.80 (m, 2H), 
1.51 (d, J = 2.1 Hz, 6H), 1.47-1.27 (m, 4H), 0.92 (t, J = 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 174.1 (d, J = 7.8 Hz), 134.3 (d, J = 1.4 Hz), 

131.6, 128.8 (d, J = 6.2 Hz), 128.0, 66.8 (d, J = 9.6 Hz), 39.7 (d, J = 4.9 Hz), 26.3, 25.1 (d, J = 
6.1 Hz), 23.1, 14.1; 19F NMR (376 MHz, CDCl3): δ -66.25. 
HRMS (ESI) m/z calcd. for C14H21FNO [M+H]+ 238.1602, found 238.1598. 
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General procedure for enantioselective Sonogashira-type oxidative cross-coupling of 
unactivated C(sp3)–H bonds with terminal alkynes 
 

 
Supplementary Figure 241 General procedure for enantioselective reaction 

 
General procedure A: 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuI (3.8 mg, 0.020 mmol, 10 mol%), L5 (12.2 mg, 0.020mmol, 10 mol%), 
Cs2CO3 (65.2 mg, 0.20 mmol, 1.0 equiv.), and anhydrous THF (2.4 mL). Then, N-
fluorocarocarboxamide (0.20 mmol, 1.0 equiv.) and alkyne (0.40 mmol, 2.0 equiv.) were 
sequentially added into the mixture and the reaction mixture was stirred at rt for 16 h. Upon 
completion (monitored by TLC), the precipitate was filtered off and washed by DCM. The 
filtrate was evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product. 
General procedure B: 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuTc (5.7 mg, 0.030 mmol, 15 mol%), L5 (12.2 mg, 0.020mmol, 10 
mol%), Cs2CO3 (130.4 mg, 0.40 mmol, 2.0 equiv.), and anhydrous THF (2.4 mL). Then, N-
fluorocarocarboxamide (0.20 mmol, 1.0 equiv.) and alkyne (0.40 mmol, 2.0 equiv.) were 
sequentially added into the mixture and the reaction mixture was stirred at rt for 24 h. Upon 
completion (monitored by TLC), the precipitate was filtered off and washed by DCM. The 
filtrate was evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product. 

 
Supplementary Figure 242 General procedure for enantioselective reaction 

 
General procedure C: 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuI (3.8 mg, 0.020 mmol, 10 mol%), L6 (16.7 mg, 0.020mmol, 10 mol%), 
Cs2CO3 (65.2 mg, 0.20 mmol, 1.0 equiv.), and anhydrous DCM (2.4 mL). Then, N-
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fluorocarocarboxamide (0.20 mmol, 1.0 equiv.) and alkyne (0.40 mmol, 2.0 equiv.) were 
sequentially added into the mixture and the reaction mixture was stirred at rt for 24 h. Upon 
completion (monitored by TLC), the precipitate was filtered off and washed by DCM. The 
filtrate was evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product. 
General procedure D: 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuI (3.8 mg, 0.020 mmol, 10 mol%), L7 (13.9 mg, 0.020mmol, 10 mol%), 
Cs2CO3 (65.2 mg, 0.20 mmol, 1.0 equiv.), and anhydrous chloroform (2.4 mL). Then, N-
fluorocarocarboxamide (0.20 mmol, 1.0 equiv.) and alkyne (0.40 mmol, 2.0 equiv.) were 
sequentially added into the mixture and the reaction mixture was stirred at rt for 24 h. Upon 
completion (monitored by TLC), the precipitate was filtered off and washed by DCM. The 
filtrate was evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product. 
Since the reaction is sensitive to water and air, Schlenk tubes and the reagents must be dried 
prior to use. 
 
General procedure for preparation of the racemates: 

 
Supplementary Figure 243 General procedure for racemic reaction 

 
The racemates of products were prepared following the same procedure described above using 
CuI (0.020 mmol, 20 mol%) and Lrac (0.020 mmol, 20 mol%) as catalyst and ligand, 
respectively, at rt or 40 °C in anhydrous THF (1.2 mL) for 16 to 24 h. Upon completion 
(monitored by TLC), the precipitate was filtered off and washed with DCM. The filtrate was 
concentrated, and the residue was purified by column chromatography on silica gel to afford the 
desired product. 
 

(S)-N-(tert-butyl)-2-(4-phenylbut-3-yn-2-yl)benzamide (3a) 
According to general procedure A: Colorless oil, 50.8 mg (83%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.96 min, tR (major) = 8.93 min. 
1H NMR (400 MHz, CDCl3): δ 7.72 (dd, J = 7.9, 1.2 Hz, 1H), 7.51-7.38 (m, 
3H), 7.33 (dd, J = 7.6, 1.5 Hz, 1H), 7.30-7.21 (m, 4H), 5.76 (s, 1H), 4.48 (q, J = 
7.0 Hz, 1H), 1.61 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, 
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CDCl3): δ 169.3, 141.1, 136.6, 131.6, 130.1, 128.2, 127.9, 127.8, 126.8, 126.7, 123.6, 93.1, 82.1, 
52.0, 29.0, 28.8, 24.1. 
HRMS (ESI) m/z calcd. for C21H24NO [M+H]+ 306.1852, found 306.1849. 
 

1,4-diphenylbuta-1,3-diyne (3a’)  
3a’ matched the reported spectra.10 
1H NMR (400 MHz, CDCl3): δ 7.57-7.49 (m, 2H), 7.39-7.29 (m, 3H); 13C 
NMR (100 MHz, CDCl3): δ 132.5, 129.3, 128.5, 121.8, 81.6, 74.0. 

 
(Z)-N-(tert-butyl)-3-methylisobenzofuran-1(3H)-imine (3a”) 
Colorless oil, 1H NMR (400 MHz, CDCl3): δ 7.64-7.40 (m, 3H), 7.35-7.28 (m, 
1H), 5.68 (q, J = 6.6 Hz, 1H), 1.62 (d, J = 6.6 Hz, 3H), 1.47 (s, 9H); 13C NMR 
(100 MHz, CDCl3): δ 147.3, 132.2, 129.0, 128.3, 125.1, 120.7, 81.8, 54.7, 29.5, 
20.9. 

HRMS (ESI) m/z calcd. for C13H18NO [M+H]+ 204.1383, found 204.1380. 
 

(S)-N-(tert-butyl)-2-(4-(4-methoxyphenyl)but-3-yn-2-yl)benzamide (3b) 
According to general procedure A: Colorless oil, 47.3 mg (71%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 7.30 min, tR (major) = 15.69 min. 
1H NMR (400 MHz, CDCl3): δ 7.71 (dd, J = 8.0, 1.2 Hz, 1H), 7.41 (td, J = 7.6, 
1.6 Hz, 1H), 7.36-7.30 (m, 3H), 7.27-7.21 (m, 1H), 6.83-6.77 (m, 2H), 5.78 (s, 
1H), 4.45 (q, J = 7.0 Hz, 1H), 3.79 (s, 3H), 1.60 (d, J = 7.0 Hz, 3H), 1.47 (s, 
9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 159.2, 141.2, 136.6, 133.0, 130.1, 
127.9, 126.9, 126.7, 115.8, 113.8, 91.6, 81.8, 55.3, 52.0, 29.0, 28.8, 24.1. 

HRMS (ESI) m/z calcd. for C22H26NO2 [M+H]+ 336.1958, found 336.1953. 
 

(S)-N-(tert-butyl)-2-(4-(p-tolyl)but-3-yn-2-yl)benzamide (3c) 
According to general procedure A: Colorless oil, 46.2 mg (73%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.69 min, tR (major) = 10.25 min. 
1H NMR (400 MHz, CDCl3): δ 7.71 (dd, J = 8.0, 1.2 Hz, 1H), 7.40 (td, J = 7.6, 
1.6 Hz, 1H), 7.35-7.27 (m, 3H), 7.24 (td, J = 8.0, 1.6 Hz, 1H), 7.12 -7.05 (m, 2H), 
5.78 (s, 1H), 4.46 (d, J = 7.0 Hz, 1H), 2.32 (s, 3H), 1.60 (d, J = 7.0 Hz, 3H), 1.46 
(s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 141.2, 137.8, 136.6, 131.5, 130.1, 
129.0, 127.9, 126.9, 126.7, 120.5, 92.4, 82.1, 52.0, 29.0, 28.8, 24.1, 21.4. 

HRMS (ESI) m/z calcd. for C22H26NO [M+H]+ 320.2009, found 320.2006. 
 
(S)-N-(tert-butyl)-2-(4-(4-fluorophenyl)but-3-yn-2-yl)benzamide (3d) 
According to general procedure A: Colorless oil, 50.1 mg (78%, 93% ee). 
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HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), 
tR (minor) = 6.45 min, tR (major) = 12.19 min. 
1H NMR (400 MHz, CDCl3): δ 7.70 (dd, J = 8.0, 1.2 Hz, 1H), 7.45-7.36 (m, 3H), 7.33 (dd, J = 
7.6, 1.6 Hz, 1H), 7.28-7.22 (m, 1H), 7.00-6.94 (m, 2H), 5.75 (s, 1H), 4.48 (q, J = 7.0 Hz, 1H), 
1.60 (d, J = 7.1 Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 162.2 (d, J = 248.6 
Hz), 141.1, 136.5, 133.4 (d, J = 8.2 Hz), 130.1, 127.9, 126.83, 126.75, 119.7 (d, J = 3.5 Hz), 
115.4 (d, J = 22.0 Hz), 92.8, 80.9, 52.0, 28.9, 28.8, 24.1; 19F NMR (376 MHz, CDCl3): δ -
111.84. 
HRMS (ESI) m/z calcd. for C21H23FNO [M+H]+ 324.1758, found 324.1755. 
 

(S)-N-(tert-butyl)-2-(4-(4-chlorophenyl)but-3-yn-2-yl)benzamide (3e) 
According to general procedure A: Colorless oil, 56.4 mg (83%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.46 min, tR (major) = 14.36 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 7.9, 1.2 Hz, 1H), 7.41 (td, J = 7.6, 
1.5 Hz, 1H), 7.36 -7.30 (m, 3H), 7.28 -7.23 (m, 3H), 5.75 (s, 1H), 4.50 (q, J = 
7.0 Hz, 1H), 1.60 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): 
δ 169.2, 140.9, 136.5, 133.7, 132.8, 130.2, 128.5, 127.9, 126.84, 126.78, 122.1, 
94.2, 80.9, 52.0, 29.0, 28.8, 24.1. 

HRMS (ESI) m/z calcd. for C21H23
34.9689ClNO [M+H]+ 340.1463, found 340.1460; calcd. for 

C21H23
36.9659ClNO [M+H]+ 342.1433, found 342.1430. 

 
(S)-N-(tert-butyl)-2-(4-(3-chlorophenyl)but-3-yn-2-yl)benzamide (3f) 
According to general procedure A: Colorless oil, 51.6 mg (76%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 10.69 min, tR (major) = 15.99 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 8.0, 1.2 Hz, 1H), 7.46-7.38 (m, 
2H), 7.33 (dd, J = 7.6, 1.6 Hz, 1H), 7.31-7.18 (m, 4H), 5.74 (s, 1H), 4.51 (q, J = 
7.0 Hz, 1H), 1.60 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, 
CDCl3): δ 169.2, 140.9, 136.5, 134.0, 131.5, 130.2, 129.7, 129.5, 128.1, 127.9, 

126.82, 126.81, 125.4, 94.6, 80.7, 52.0, 28.9, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C21H23

34.9689ClNO [M+H]+ 340.1463, found 340.1459; calcd. for 
C21H23

36.9659ClNO [M+H]+ 342.1433, found 342.1430. 
 

(S)-N-(tert-butyl)-2-(4-(2-chlorophenyl)but-3-yn-2-yl)benzamide (3g) 
According to general procedure A: Colorless oil, 66.5 mg (98%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 7.07 min, tR (major) = 8.73 min. 
1H NMR (400 MHz, CDCl3): δ 7.80 (dd, J = 8.0, 1.2 Hz, 1H), 7.46-7.39 (m, 
2H), 7.38-7.30 (m, 2H), 7.25-7.14 (m, 3H), 5.76 (s, 1H), 4.56 (q, J = 7.0 Hz, 
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1H), 1.64 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 140.9, 136.5, 
136.0, 133.2, 130.1, 129.2, 128.8, 128.1, 126.8, 126.4, 123.5, 98.7, 79.1, 52.0, 29.3, 28.8, 24.2. 
HRMS (ESI) m/z calcd. for C21H23

34.9689ClNO [M+H]+ 340.1463, found 340.1460; calcd. for 
C21H23

36.9659ClNO [M+H]+ 342.1433, found 342.1431. 
 

(S)-2-(4-(4-bromophenyl)but-3-yn-2-yl)-N-(tert-butyl)benzamide (3h) 
According to general procedure A: White powder, 64.7 mg (84%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.60 min, tR (major) = 15.87 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 7.9, 1.2 Hz, 1H), 7.44 -7.39 (m, 
3H), 7.33 (dd, J = 7.6, 1.5 Hz, 1H), 7.29 -7.23 (m, 3H), 5.74 (s, 1H), 4.49 (q, J = 
7.0 Hz, 1H), 1.60 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, 
CDCl3): δ 169.2, 140.9, 136.5, 133.1, 131.5, 130.2, 127.9, 126.83, 126.79, 122.6, 

121.9, 94.5, 81.0, 52.0, 29.0, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C21H23

78.9183BrNO [M+H]+ 384.0958, found 384.0954; calcd. for 
C21H23

80.9163BrNO [M+H]+ 386.0937, found 386.0932. 
 

(S)-2-(4-(3-bromophenyl)but-3-yn-2-yl)-N-(tert-butyl)benzamide (3i) 
According to general procedure A: White powder, 63.3 mg (83%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.81 min, tR (major) = 6.80 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 7.8, 1.2 Hz, 1H), 7.56 (t, J = 1.8 
Hz, 1H), 7.45-7.38 (m, 2H), 7.35-7.30 (m, 2H), 7.28-7.23 (m, 1H), 7.15 (t, J = 
7.9 Hz, 1H), 5.74 (s, 1H), 4.51 (q, J = 7.0 Hz, 1H), 1.60 (d, J = 7.1 Hz, 3H), 
1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 140.9, 136.5, 134.4, 131.0, 

130.19, 130.15, 129.7, 127.9, 126.8, 125.7, 122.0, 94.7, 80.6, 52.0, 28.9, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C21H23

78.9183BrNO [M+H]+ 384.0958, found 384.0954; calcd. for 
C21H23

80.9163BrNO [M+H]+ 386.0937, found 386.0932. 
 

(S)-N-(tert-butyl)-2-(4-(4-(trifluoromethyl)phenyl)but-3-yn-2-yl)benzamide 
(3j) 
According to general procedure A: Colorless oil, 56.8 mg (76%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.92 min, tR (major) = 15.01 min. 
1H NMR (400 MHz, CDCl3): δ 7.70 (d, J = 8.0 Hz, 1H), 7.57-7.48 (m, 4H), 7.43 
(td, J = 7.6, 1.6 Hz, 1H), 7.34 (dd, J = 7.6, 1.6 Hz, 1H), 7.29-7.23 (m, 1H), 5.73 
(s, 1H), 4.55 (q, J = 7.0 Hz, 1H), 1.62 (d, J = 7.1 Hz, 3H), 1.48 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 169.2, 140.8, 136.5, 131.8, 130.2, 129.0 (q, J = 32.5 

Hz ), 127.9, 127.5, 126.9, 126.8, 125.1 (q, J = 3.8 Hz), 124.0 (q, J = 271.0 Hz ), 95.9, 80.8, 52.0, 
28.9, 28.8, 24.0; 19F NMR (376 MHz, CDCl3): δ -62.73. 
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HRMS (ESI) m/z calcd. for C22H23F3NO [M+H]+ 374.1726, found 374.1722. 
 

(S)-N-(tert-butyl)-2-(4-(4-cyanophenyl)but-3-yn-2-yl)benzamide (3k) 
According to general procedure A: Colorless oil, 45.9 mg (70%, 89% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 13.07 min, tR (major) = 23.37 min. 
1H NMR (400 MHz, CDCl3): δ 7.68 (dd, J = 7.8, 1.3 Hz, 1H), 7.59-7.54 (m, 
2H), 7.51-7.46 (m, 2H), 7.43 (td, J = 7.6, 1.6 Hz, 1H), 7.34 (dd, J = 7.6, 1.5 Hz, 
1H), 7.30-7.23 (m, 1H), 5.76 (s, 1H), 4.59 (q, J = 7.0 Hz, 1H), 1.61 (d, J = 7.1 
Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.1, 140.6, 136.4, 
132.2, 131.9, 130.2, 128.7, 127.9, 126.92, 126.86, 118.6, 111.1, 98.2, 80.6, 52.0, 

29.0, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C22H23N2O [M+H]+ 331.1805, found 331.1802. 
 

(S)-N-(tert-butyl)-2-(4-(4-formylphenyl)but-3-yn-2-yl)benzamide (3l) 
According to general procedure A: White powder, 40.8 mg (62%, 91% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 11.70 min, tR (major) = 21.85 min. 
1H NMR (400 MHz, CDCl3): δ 10.0 (s, 1H), 7.80 (d, J = 8.0 Hz, 2H), 7.71 
(dd, J = 8.0, 1.2 Hz, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.43 (td, J = 7.6, 1.6 Hz, 
1H), 7.35 (dd, J = 7.6, 1.6 Hz, 1H), 7.27 (t, J = 6.4 Hz, 1H), 5.77 (s, 1H), 4.58 
(q, J = 7.0 Hz, 1H), 1.62 (d, J = 7.0 Hz, 3H), 1.48 (s, 9H); 13C NMR (100 
MHz, CDCl3): δ 191.5, 169.2, 140.7, 136.4, 135.1, 132.2, 130.2, 130.1, 129.5, 

127.9, 126.88, 126.85, 97.8, 81.3, 52.0, 29.1, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C22H24NO2 [M+H]+ 334.1802, found 334.1798. 
 

(S)-N-(tert-butyl)-2-(4-(2-formylphenyl)but-3-yn-2-yl)benzamide (3m) 
According to general procedure A: Colorless oil, 50.3 mg (76%, 87% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 8.40 min, tR (major) = 11.80 min. 
1H NMR (400 MHz, CDCl3): δ 10.51 (s, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.70 
(dd, J = 8.0, 1.2 Hz, 1H), 7.55-7.50 (m, 2H), 7.47-7.37 (m, 2H), 7.34 (dd, J = 
7.6, 1.6 Hz, 1H), 7.27 (td, J = 7.6, 1.2 Hz, 1H), 5.77 (s, 1H), 4.64 (q, J = 7.0 Hz, 
1H), 1.64 (d, J = 7.1 Hz, 3H), 1.48 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 

192.0, 169.1, 140.7, 136.3, 136.1, 133.8, 133.4, 130.3, 128.2, 127.9, 127.4, 127.1, 126.93, 126.85, 
100.7, 77.7, 52.0, 29.1, 28.8, 24.1. 
HRMS (ESI) m/z calcd. for C22H24NO2 [M+H]+ 334.1802, found 334.1798. 

 
methyl-(S)-4-(3-(2-(tert-butylcarbamoyl)phenyl)but-1-yn-1-yl)benzoate (3n) 
According to general procedure A: Colorless oil, 54.7 mg (76%, 92% ee). 
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HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), 
tR (minor) = 8.27 min, tR (major) = 19.26 min. 
1H NMR (400 MHz, CDCl3): δ 7.99-7.91 (m, 2H), 7.70 (dd, J = 8.0, 1.2 Hz, 1H), 7.49-7.45 (m, 
2H), 7.42 (td, J = 7.6, 1.6 Hz, 1H), 7.33 (dd, J = 7.6, 1.6 Hz, 1H), 7.25 (td, J = 7.4, 1.2 Hz, 1H), 
5.80 (s, 1H), 4.55 (q, J = 7.0 Hz, 1H), 3.89 (s, 3H), 1.62 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 169.2, 166.6, 140.8, 136.5, 131.5, 130.2, 129.4, 129.1, 128.5, 127.9, 
126.85, 126.82, 96.6, 81.4, 52.2, 52.0, 29.0, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C23H26NO3 [M+H]+ 364.1907, found 364.1904. 
 

(S)-N-(tert-butyl)-2-(4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe
nyl)but-3-yn-2-yl)benzamide (3o) 
According to general procedure A: Colorless oil, 61.9 mg (72%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.35 min, tR (major) = 14.91 min. 
1H NMR (400 MHz, CDCl3): δ 7.74-7.67 (m, 3H), 7.45-7.38 (m, 3H), 7.33 
(dd, J = 7.6, 1.6 Hz, 1H), 7.27-7.22 (m, 1H), 5.78 (s, 1H), 4.49 (q, J = 7.0 Hz, 
1H), 1.61 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H), 1.33 (s, 12H); 13C NMR (100 
MHz, CDCl3): δ 169.3, 140.9, 136.6, 134.5, 130.8, 130.1, 127.9, 126.9, 126.7, 

126.4, 94.6, 83.9, 82.2, 52.0, 29.1, 28.8, 24.9, 24.0. 
HRMS (ESI) m/z calcd. for C27H35BNO3 [M+H]+ 432.2705, found 432.2700. 
 

(S)-N-(tert-butyl)-2-(4-(4-ethynylphenyl)but-3-yn-2-yl)benzamide (3p) 
According to general procedure A: Colorless oil, 47.2 mg (72%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.53 min, tR (major) = 12.38 min. 
1H NMR (400 MHz, CDCl3): δ 7.70 (dd, J = 7.8, 1.2 Hz, 1H), 7.45-7.38 (m, 
3H), 7.38-7.31 (m, 3H), 7.29-7.22 (m, 1H), 5.75 (s, 1H), 4.51 (q, J = 7.0 Hz, 
1H), 3.14 (s, 1H), 1.60 (d, J = 7.1 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, 
CDCl3): δ 169.2, 140.9, 136.5, 132.0, 131.5, 130.2, 127.9, 126.84, 126.79, 
124.2, 121.4, 95.4, 83.3, 81.5, 78.7, 52.0, 29.0, 28.8, 24.0. 

HRMS (ESI) m/z calcd. for C23H24NO [M+H]+ 330.1852, found 330.1848. 
 

(S)-N-(tert-butyl)-2-(4-(pyridin-3-yl)but-3-yn-2-yl)benzamide (3q) 
According to general procedure B: Colorless oil, 34.7 mg (57%, 86% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 80/20, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.91 min, tR (major) = 15.28 min. 
1H NMR (400 MHz, CDCl3): δ 8.68-8.60 m, 1H), 8.53-8.45 (m, 1H), 7.76-7.65 
(m, 2H), 7.43 (td, J = 7.6, 1.6 Hz, 1H), 7.34 (dd, J = 7.6, 1.6 Hz, 1H), 7.30-7.15 
(m, 2H), 5.77 (s, 1H), 4.55 (q, J = 7.0 Hz, 1H), 1.62 (d, J = 7.0 Hz, 3H), 1.48 (s, 
9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 152.3, 148.2, 140.8, 138.5, 136.5, 
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130.2, 127.9, 126.9, 126.8, 123.0, 120.8, 96.8, 78.7, 52.0, 28.9, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C20H23N2O [M+H]+ 307.1805, found 307.1800. 
 

(S)-N-(tert-butyl)-2-(4-(thiophen-2-yl)but-3-yn-2-yl)benzamide (3r) 
According to general procedure A: Colorless oil, 38.8 mg (63%, 95% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.24 min, tR (major) = 8.40 min. 
1H NMR (400 MHz, CDCl3): δ 7.67 (dd, J = 8.0, 1.2 Hz, 1H), 7.45-7.38 (m, 
1H), 7.33 (dd, J = 7.6, 1.6 Hz, 1H), 7.26 (td, J = 8.0, 1.2 Hz, 1H), 7.18 (dd, J = 
5.2, 1.2 Hz, 1H), 7.14 (dd, J = 3.6, 1.2 Hz, 1H), 6.93 (dd, J = 5.2, 3.6 Hz, 1H), 
5.75 (s, 1H), 4.50 (q, J = 7.0 Hz, 1H), 1.61 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 169.2, 140.7, 136.6, 131.3, 130.2, 127.9, 126.84, 126.80, 126.3, 
123.7, 97.1, 75.2, 52.0, 29.2, 28.8, 23.8. 
HRMS (ESI) m/z calcd. for C19H22NOS [M+H]+ 312.1417, found 312.1412. 
 

(S)-N-(tert-butyl)-2-(4-(thiophen-2-yl)but-3-yn-2-yl)benzamide (3s) 
According to general procedure A: Colorless oil, 51.6 mg (83%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 7.09 min, tR (major) = 14.33 min. 
1H NMR (400 MHz, CDCl3): δ 7.70 (dd, J = 8.0, 1.2 Hz, 1H), 7.41 (td, J = 7.6, 
1.6 Hz, 1H), 7.36 (dd, J = 3.0, 1.2 Hz, 1H), 7.32 (dd, J = 7.6, 1.6 Hz, 1H), 7.27-
7.21 (m, 2H), 7.07 (dd, J = 5.0, 1.2 Hz, 1H), 5.77 (s, 1H), 4.46 (q, J = 7.0 Hz, 
1H), 1.60 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 

169.3, 141.0, 136.6, 130.1, 130.0, 128.0, 127.9, 126.9, 126.7, 125.1, 122.6, 92.7, 77.1, 52.0, 29.0, 
28.8, 24.0. 
HRMS (ESI) m/z calcd. for C19H22NOS [M+H]+ 312.1417, found 312.1412. 
 

(S)-N-(tert-butyl)-2-(non-3-yn-2-yl)benzamide (3t) 
According to general procedure B: White powder, 34.7 mg (58%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 7.25 min, tR (major) = 10.10 min. 
1H NMR (400 MHz, CDCl3): δ 7.64 (dd, J = 8.0, 1.2 Hz, 1H), 7.38 (td, J = 
7.6, 1.6 Hz, 1H), 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.22 (td, J = 7.6, 1.2 Hz, 1H), 
5.77 (s, 1H), 4.22-4.14 (m, 1H), 2.18 (td, J = 7.2, 2.3 Hz, 2H), 1.53-1.44 (m, 

14H), 1.39-1.28 (m, 4H), 0.89 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.3, 141.7, 
136.5, 129.9, 127.7, 126.8, 126.5, 83.5, 82.2, 51.9, 31.1, 28.8, 28.7, 28.5, 24.3, 22.2, 18.8, 14.0. 
HRMS (ESI) m/z calcd. for C20H30NO [M+H]+ 300.2322, found 300.2317. 
 

(S)-N-(tert-butyl)-2-(5-phenylpent-3-yn-2-yl)benzamide (3u) 
According to general procedure B: Colorless oil, 38.4 mg (60%, 93% ee). 
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HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), 
tR (minor) = 8.32 min, tR (major) = 10.33 min. 
1H NMR (400 MHz, CDCl3): δ 7.68 (dd, J = 8.0, 1.2 Hz, 1H), 7.39 (td, J = 7.6, 1.6 Hz, 1H), 
7.35-7.28 (m, 5H), 7.25-7.19 (m, 2H), 5.72 (s, 1H), 4.34-4.25 (m, 1H), 3.63 (d, J = 2.4 Hz, 2H), 
1.54 (d, J = 7.0 Hz, 3H), 1.45 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 141.5, 137.3, 
136.5, 130.0, 128.4, 127.9, 127.8, 126.8, 126.6, 126.5, 85.9, 79.4, 51.9, 28.8, 28.5, 25.2, 24.3. 
HRMS (ESI) m/z calcd. for C22H26NO [M+H]+ 320.2009, found 320.2006. 
 

(S)-N-(tert-butyl)-2-(4-(cyclohex-1-en-1-yl)but-3-yn-2-yl)benzamide (3v) 
According to general procedure A: Colorless oil, 39.2 mg (64%, 90% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 8.38 min, tR (major) = 12.18 min. 
1H NMR (400 MHz, CDCl3): δ 7.64 (dd, J = 8.0, 1.2 Hz, 1H), 7.38 (td, J = 7.6, 
1.6 Hz, 1H), 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.22 (td, J = 7.4, 1.2 Hz, 1H), 6.04 
(dt, J = 4.0, 2.0 Hz, 1H), 5.75 (s, 1H), 4.33 (q, J = 7.0 Hz, 1H), 2.13-2.03 (m, 
4H), 1.67-1.55 (m, 4H), 1.52 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 169.3, 141.3, 136.5, 133.9, 130.0, 127.8, 126.8, 126.6, 120.8, 90.3, 83.9, 51.9, 
29.5, 28.9, 28.8, 25.6, 24.2, 22.4, 21.6. 
HRMS (ESI) m/z calcd. for C21H28NO [M+H]+ 310.2165, found 310.2161. 
 

(S)-N-(tert-butyl)-2-(5-methylhex-5-en-3-yn-2-yl)benzamide (3w) 
According to general procedure B: Colorless oil, 44.0 mg (81%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 7.51 min, tR (major) = 10.03 min. 
1H NMR (400 MHz, CDCl3): δ 7.63 (dd, J = 8.0, 1.2 Hz, 1H), 7.40 (td, J = 7.6, 
1.6 Hz, 1H), 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.23 (td, J = 7.4, 1.2 Hz, 1H), 5.73 
(s, 1H), 5.26-5.13 (m, 2H), 4.35 (q, J = 7.0 Hz, 1H), 1.88 (t, J = 1.2 Hz, 3H), 

1.53 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 141.1, 136.5, 
130.1, 127.8, 127.1, 126.8, 126.6, 120.9, 92.2, 83.3, 51.9, 28.9, 28.8, 24.1, 23.8. 
HRMS (ESI) m/z calcd. for C18H24NO [M+H]+ 270.1852, found 270.1848. 
 

(S)-N-(tert-butyl)-2-(4-cyclopropylbut-3-yn-2-yl)benzamide (3x) 
According to general procedure B: Colorless oil, 45.9 mg (85%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 6.98 min, tR (major) = 10.08 min. 
1H NMR (400 MHz, CDCl3): δ 7.60 (d, J = 7.8 Hz, 1H), 7.37 (td, J = 7.6, 1.6 Hz, 
1H), 7.33-7.26 (m, 1H), 7.21 (td, J = 7.6, 1.2 Hz, 1H), 5.79 (s, 1H), 4.15 (qd, J = 
7.0, 2.0 Hz, 1H), 1.47 (m, J = 6.0 Hz, 12H), 1.25-1.19 (m, 1H), 0.74-0.67 (m, 

2H), 0.67-0.58 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 169.7, 141.8, 136.9, 130.3, 128.0, 127.2, 
126.9, 85.4, 79.2, 52.3, 29.2, 28.8, 24.6, 8.5, 8.4, 0.0. 
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HRMS (ESI) m/z calcd. for C18H24NO [M+H]+ 270.1852, found 270.1848. 
 

(S)-N-(tert-butyl)-2-(5,5-diethoxypent-3-yn-2-yl)benzamide (3y) 
According to general procedure A: Colorless oil, 62.5 mg (94%, 94% ee). 
HPLC analysis: Chiralcel IC (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ 
= 214 nm), tR (minor) = 14.65 min, tR (major) = 19.40 min. 
1H NMR (400 MHz, CDCl3): δ 7.64 (dd, J = 7.8, 1.2 Hz, 1H), 7.39 (td, J = 7.6, 
1.6 Hz, 1H), 7.30 (dd, J = 7.6, 1.6 Hz, 1H), 7.23 (td, J = 7.4, 1.2 Hz, 1H), 5.68 
(s, 1H), 5.30 (d, J = 1.6 Hz, 1H), 4.34 (qd, J = 7.0, 1.6 Hz, 1H), 3.80-3.68 (m, 
2H), 3.63-3.52 (m, 2H), 1.53 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H), 1.23 (td, J = 7.1, 

2.0 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 169.1, 140.6, 136.4, 130.1, 128.0, 126.72, 126.67, 
91.5, 89.1, 77.2, 60.72, 60.70, 52.0, 28.8, 28.4, 24.0, 15.11, 15.10. 
HRMS (ESI) m/z calcd. for C20H29NO3Na [M+Na]+ 354.2040, found 354.2036. 
 

(S)-2-(5-(9H-carbazol-9-yl)pent-3-yn-2-yl)-N-(tert-butyl)benzamide (3z) 
According to general procedure A: Yellow powder, 65.7 mg (81%, 89% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 214 nm), tR (major) = 10.66 min, tR (minor) = 13.63 min. 
1H NMR (400 MHz, CDCl3): δ 8.08 (dt, J = 7.8, 1.0 Hz, 2H), 7.52 -7.39 (m, 
5H), 7.32-7.22 (m, 4H), 7.17 (td, J = 7.4, 1.2 Hz, 1H), 5.54 (s, 1H), 5.05 (d, 
J = 2.1 Hz, 2H), 4.22 (dt, J = 7.0, 2.1 Hz, 1H), 1.43 (d, J = 7.0 Hz, 3H), 1.34 
(s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 140.8, 140.0, 136.4, 130.0, 
127.9, 126.7, 125.8, 123.2, 120.4, 119.3, 109.0, 87.8, 75.8, 51.9, 32.9, 28.7, 

28.3, 24.1. 
HRMS (ESI) m/z calcd. for C28H29N2O [M+H]+ 409.2274, found 409.2269. 
 

(S)-N-(tert-butyl)-2-(6-cyano-6,6-diphenylhex-3-yn-2-yl)benzamide (3za) 
According to general procedure A: Yellow oil, 42.4 mg (49%, 88% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 99/1, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 48.66 min, tR (major) = 52.79 min. 
1H NMR (400 MHz, CDCl3): δ 7.41-7.30 (m, 11H), 7.29-7.23 (m, 2H), 7.20-
7.15 (m, 1H), 5.62 (s, 1H), 4.20-4.11 (m, 1H), 3.35-3.12 (m, 2H), 1.41 (s, 9H), 
1.38 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.3, 140.8, 139.19, 
139.16, 136.3, 130.0, 128.8, 128.20, 128.16, 127.9, 127.2, 126.6, 126.5, 121.9, 

88.8, 76.4, 51.9, 51.7, 31.4, 28.8, 28.3, 23.9. 
HRMS (ESI) m/z calcd. for C30H31N2O [M+H]+ 435.2431, found 435.2427. 
 

(S)-N-(tert-butyl)-2-(8-chlorooct-3-yn-2-yl)benzamide (3zb) 
According to general procedure B: Colorless oil, 52.6 mg (82%, 93% ee). 
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HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 214 nm), 
tR (minor) = 8.70 min, tR (major) = 11.37 min. 
1H NMR (400 MHz, CDCl3): δ 7.63 (dd, J = 8.0, 1.2 Hz, 1H), 7.39 (td, J = 7.6, 1.5 Hz, 1H), 
7.30 (dd, J = 7.6, 1.6 Hz, 1H), 7.22 (td, J = 7.4, 1.2 Hz, 1H), 5.75 (s, 1H), 4.29-4.16 (m, 1H), 
3.55 (t, J = 6.6 Hz, 2H), 2.24 (td, J = 6.9, 2.4 Hz, 2H), 1.94-1.81 (m, 2H), 1.66 (dt, J = 14.6, 7.2 
Hz, 2H), 1.48 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 141.6, 
136.5, 130.0, 127.7, 126.8, 126.5, 84.3, 81.1, 51.9, 44.6, 31.6, 28.8, 28.4, 26.1, 24.4, 18.2. 
HRMS (ESI) m/z calcd. for C19H27

34.9689ClNO [M+H]+ 320.1776, found 320.1772; calcd. for 
C19H27

36.9659ClNO [M+H]+ 322.1746, found 322.1742. 
 

(S)-4-(2-(tert-butylcarbamoyl)phenyl)pent-2-yn-1-yl acetate (3zc) 
According to general procedure A: Colorless oil, 41.6 mg (69%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 10.38 min, tR (major) = 17.83 min. 
1H NMR (400 MHz, CDCl3): δ 7.61 (dd, J = 8.0, 1.2 Hz, 1H), 7.40 (td, J = 7.6, 
1.6 Hz, 1H), 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 5.72 
(s, 1H), 4.70 (d, J = 2.1 Hz, 2H), 4.32 (dt, J = 7.1, 2.1 Hz, 1H), 2.08 (s, 3H), 

1.52 (d, J = 7.1 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 170.3, 169.1, 140.6, 
136.5, 130.1, 127.8, 126.8, 90.5, 75.5, 52.8, 52.0, 28.8, 28.4, 23.8, 20.8. 
HRMS (ESI) m/z calcd. for C18H24NO3 [M+H]+ 302.1751, found 302.1746. 
 

(S)-N-(tert-butyl)-2-(6-hydroxyhex-3-yn-2-yl)benzamide (3zd) 
According to general procedure B: Colorless oil, 50.7 mg (92%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 80/20, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 5.55 min, tR (major) = 7.97 min. 
1H NMR (400 MHz, CDCl3): δ 7.61 (dd, J = 7.8, 1.2 Hz, 1H), 7.39 (td, J = 7.6, 
1.6 Hz, 1H), 7.30 (dd, J = 7.6, 1.6 Hz, 1H), 7.23 (td, J = 7.6, 1.2 Hz, 1H), 5.75 
(s, 1H), 4.28-4.17 (m, 1H), 3.67 (q, J = 6.0 Hz, 2H), 2.45 (td, J = 6.4, 2.4 Hz, 

2H), 2.17 (s, 1H), 1.50 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 
141.3, 136.5, 130.1, 127.6, 126.8, 126.6, 85.8, 78.3, 61.2, 52.0, 28.8, 28.4, 24.1, 23.3. 
HRMS (ESI) m/z calcd. for C17H24NO2 [M+H]+ 274.1802, found 274.1797. 
 

(R)-N-(tert-butyl)-2-(4-(trimethylsilyl)but-3-yn-2-yl)benzamide (3ze) 
According to general procedure B:White powder, 46.9 mg (78%, 97% ee). 
HPLC analysis: Chiralcel AS3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, 
λ = 214 nm), tR (minor) = 7.52 min, tR (major) = 7.98 min. 
1H NMR (400 MHz, CDCl3): δ 7.65 (dd, J = 7.8, 1.2 Hz, 1H), 7.40 (td, J = 7.6, 
1.6 Hz, 1H), 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.23 (td, J = 7.6, 1.2 Hz, 1H), 5.74 
(s, 1H), 4.25 (q, J = 7.0 Hz, 1H), 1.51 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H), 0.16 (s, 
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9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 140.8, 136.5, 130.1, 127.8, 126.8, 126.7, 110.1, 85.9, 
52.0, 29.4, 28.8, 24.3, 0.2. 
HRMS (ESI) m/z calcd. for C18H28NOSi [M+H]+ 302.1935, found 302.1930. 
 

(S)-N-(tert-butyl)-2-(1-phenylhex-1-yn-3-yl)benzamide (3zf) 
According to general procedure A: Colorless oil, 52.1 mg (78%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.51 min, tR (major) = 7.57 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 7.8, 1.2 Hz, 1H), 7.44-7.36 (m, 
3H), 7.32 (dd, J = 7.6, 1.6 Hz, 1H), 7.29-7.21 (m, 4H), 5.74 (s, 1H), 4.39 (dd, 
J = 8.8, 5.7 Hz, 1H), 1.89-1.78 (m, 2H), 1.69-1.52 (m, 2H), 1.46 (s, 9H), 0.96 

(t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.3, 140.1, 136.9, 131.6, 129.9, 128.4, 
128.2, 127.8, 126.8, 126.6, 123.8, 92.1, 83.0, 51.9, 40.2, 34.4, 28.8, 21.0, 13.8. 
HRMS (ESI) m/z calcd. for C23H28NO [M+H]+ 334.2165, found 334.2161. 
 

(S)-N-(tert-butyl)-2-(1,4-diphenylbut-3-yn-2-yl)benzamide (3zg) 
According to general procedure A: Colorless oil, 43.7 mg (58%, 94% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.52 min, tR (major) = 9.66 min. 
1H NMR (400 MHz, CDCl3): δ 7.70 (dd, J = 8.0, 1.2 Hz, 1H), 7.43-7.37 (m, 
1H), 7.36-7.30 (m, 3H), 7.29-7.18 (m, 9H), 5.56 (s, 1H), 4.62 (dd, J = 9.2, 5.3 
Hz, 1H), 3.29 (dd, J = 12.9, 5.3 Hz, 1H), 3.01 (dd, J = 12.9, 9.2 Hz, 1H), 1.45 (s, 

9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 139.5, 139.3, 136.9, 131.6, 129.9, 129.7, 128.9, 
128.2, 128.1, 127.8, 126.9, 126.7, 126.4, 123.7, 91.4, 84.0, 51.9, 44.6, 37.3, 28.8. 
HRMS (ESI) m/z calcd. for C27H28NO [M+H]+ 382.2165, found 382.2160. 
 

(R)-N-(tert-butyl)-2-(1,5-diphenylpent-1-yn-3-yl)benzamide (3zh) 
According to general procedure A: Colorless oil, 66.8 mg (85%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 96/4, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 17.78 min, tR (major) = 20.22 min. 
1H NMR (400 MHz, CDCl3): δ 7.71 (dd, J = 8.0, 1.2 Hz, 1H), 7.48-7.38 (m, 
3H), 7.35-7.20 (m, 9H), 7.18-7.12 (m, 1H), 5.71 (s, 1H), 4.41 (dd, J = 9.4, 5.2 
Hz, 1H), 2.99-2.89 (m, 1H), 2.87-2.77 (m, 1H), 2.29-2.06 (m, 2H), 1.41 (s, 9H); 

13C NMR (100 MHz, CDCl3): δ 169.1, 141.7, 139.5, 136.9, 131.7, 130.0, 128.6, 128.39, 128.38, 
128.3, 127.9, 127.0, 126.8, 125.9, 123.6, 91.6, 83.7, 51.9, 39.5, 34.4, 34.1, 28.8. 
HRMS (ESI) m/z calcd. for C28H30NO [M+H]+ 396.2322, found 396.2317. 
 

(S)-N-(tert-butyl)-2-(1-phenylhex-5-en-1-yn-3-yl)benzamide (3zi) 
According to general procedure A: Colorless oil, 51.7 mg (78%, 96% ee). 
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HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 254 nm), 
tR (minor) = 5.60 min, tR (major) = 9.17 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J = 7.9, 1.2 Hz, 1H), 7.44-7.37 (m, 3H), 7.33 (dd, J = 
7.6, 1.5 Hz, 1H), 7.30-7.22 (m, 4H), 6.04-5.85 (m, 1H), 5.74 (s, 1H), 5.19-5.00 (m, 2H), 4.48 (dd, 
J = 8.6, 5.4 Hz, 1H), 2.75-2.47 (m, 2H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.2, 
139.2, 136.8, 135.5, 131.7, 129.9, 128.6, 128.2, 127.9, 126.83, 126.82, 123.6, 117.2, 91.4, 83.5, 
52.0, 42.1, 34.7, 28.8. 
HRMS (ESI) m/z calcd. for C23H26NO [M+H]+ 332.2009, found 332.2003. 
 

(S)-N-(tert-butyl)-5-methyl-2-(4-phenylbut-3-yn-2-yl)benzamide (3zj) 
According to general procedure A: Colorless oil, 53.9 mg (85%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 6.26 min, tR (major) = 14.59 min. 
1H NMR (400 MHz, CDCl3): δ 7.58 (d, J = 7.9 Hz, 1H), 7.42-7.36 (m, 2H), 
7.29-7.20 (m, 4H), 7.14 (s, 1H), 5.77 (s, 1H), 4.42 (q, J = 7.0 Hz, 1H), 2.33 
(s, 3H), 1.59 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): 

δ 169.4, 138.0, 136.52, 136.45, 131.6, 130.8, 128.2, 127.8, 127.4, 123.7, 93.4, 82.0, 51.9, 28.8, 
28.7, 24.1, 20.9. 
HRMS (ESI) m/z calcd. for C22H26NO [M+H]+ 320.2009, found 320.2005. 
 

(S)-N-(tert-butyl)-4-methyl-2-(4-phenylbut-3-yn-2-yl)benzamide (3zk) 
According to general procedure A: Colorless oil, 38.2 mg (60%, 90% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.82 min, tR (major) = 11.10 min. 
1H NMR (400 MHz, CDCl3): δ 7.50 (d, J = 1.1 Hz, 1H), 7.44-7.39 (m, 2H), 
7.30-7.22 (m, 4H), 7.07-7.02 (m, 1H), 5.76 (s, 1H), 4.49 (q, J = 7.0 Hz, 1H), 

2.38 (s, 3H), 1.60 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.4, 141.1, 
140.2, 133.8, 131.6, 128.5, 128.2, 127.8, 127.4, 126.9, 123.7, 93.4, 82.0, 51.9, 28.84, 28.82, 24.1, 
21.5. 
HRMS (ESI) m/z calcd. for C22H26NO [M+H]+ 320.2009, found 320.2006. 
 

(S)-N-(tert-butyl)-4-methoxy-2-(4-phenylbut-3-yn-2-yl)benzamide (3zl) 
According to general procedure A: White powder, 36.9 mg (55%, 90% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 8.04 min, tR (major) = 14.57 min. 
1H NMR (400 MHz, CDCl3): δ 7.44-7.37 (m, 2H), 7.30-7.22 (m, 5H), 6.75 
(dd, J = 8.4, 2.6 Hz, 1H), 5.75 (s, 1H), 4.57 (q, J = 7.0 Hz, 1H), 3.83 (s, 3H), 

1.60 (d, J = 7.0 Hz, 3H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.1, 160.8, 143.5, 
131.6, 129.1, 128.6, 128.2, 127.8, 123.6, 113.6, 111.6, 93.1, 82.2, 55.3, 51.8, 29.1, 28.8, 24.1. 
HRMS (ESI) m/z calcd. for C22H26NO2 [M+H]+ 336.1958, found 336.1954. 
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(S)-N-(tert-butyl)-4-(4-phenylbut-3-yn-2-yl)-[1,1'-biphenyl]-3-carboxami
de (3zm) 
According to general procedure A: White powder, 62.1 mg (81%, 92% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 95/5, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 13.86 min, tR (major) = 38.41 min. 
1H NMR (400 MHz, CDCl3): δ 7.78 (d, J = 8.0 Hz, 1H), 7.62 (dd, J = 8.1, 

2.1 Hz, 1H), 7.59-7.53 (m, 3H), 7.47-7.40 (m, 4H), 7.38-7.32 (m, 1H), 7.30-7.25 (m, 3H), 5.82 (s, 
1H), 4.49 (q, J = 7.0 Hz, 1H), 1.65 (d, J = 7.0 Hz, 3H), 1.48 (s, 9H); 13C NMR (100 MHz, 
CDCl3): δ 169.2, 140.2, 140.0, 139.9, 137.1, 131.6, 128.9, 128.7, 128.4, 128.3, 127.9, 127.6, 
127.1, 125.6, 123.6, 93.1, 82.2, 52.1, 28.8, 24.0. 
HRMS (ESI) m/z calcd. for C27H28NO [M+H]+ 382.2165, found 382.2161. 
 

(S)-N-(tert-butyl)-5-chloro-2-(4-phenylbut-3-yn-2-yl)benzamide (3zn) 
According to general procedure A: Colorless oil, 56.4 mg (83%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 5.79 min, tR (major) = 10.13 min. 
1H NMR (400 MHz, CDCl3): δ 7.69 (d, J = 2.0 Hz, 1H), 7.45-7.38 (m, 2H), 
7.32-7.25 (m, 4H), 7.21 (dd, J = 8.0, 2.0 Hz, 1H), 5.78 (s, 1H), 4.48 (q, J = 
7.0 Hz, 1H), 1.59 (d, J = 7.0 Hz, 3H), 1.45 (s, 9H); 13C NMR (101 MHz, 

CDCl3): δ 168.3, 143.2, 136.0, 134.9, 131.6, 128.32, 128.27, 128.1, 128.0, 126.9, 123.3, 92.2, 
82.7, 52.1, 28.9, 28.8, 23.9. 
HRMS (ESI) m/z calcd. for C21H23

34.9689ClNO [M+H]+ 340.1463, found 340.1459; calcd. for 
C21H23

36.9659ClNO [M+H]+ 342.1433, found 342.1429. 
 

(S)-N-(tert-butyl)-3-(4-phenylbut-3-yn-2-yl)thiophene-2-carboxamide (3zo) 
According to general procedure A: Colorless oil, 42.7 mg (69%, 88% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 7.37 min, tR (major) = 7.95 min. 
1H NMR (400 MHz, CDCl3): δ 7.39 (dd, J = 6.7, 3.0 Hz, 2H), 7.33-7.18 (m, 
5H), 6.02 (s, 1H), 4.74 (q, J = 7.1 Hz, 1H), 1.61 (d, J = 7.1 Hz, 3H), 1.45 (s, 
9H); 13C NMR (100 MHz, CDCl3): δ 162.1, 145.5, 132.2, 131.6, 129.0, 128.2, 

127.9, 126.1, 123.4, 92.4, 82.1, 52.1, 28.9, 26.4, 23.0. 
HRMS (ESI) m/z calcd. for C19H22NOS [M+H]+ 312.1417, found 312.1413. 
 

(S)-2-(4-phenylbut-3-yn-2-yl)-N-(2,4,4-trimethylpentan-2-yl)benzamide 
(3zp) 
According to general procedure A: Colorless oil, 60.9 mg (84%, 93% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 12.87 min, tR (major) = 20.06 min. 

O

N
H

Ph

3zp
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1H NMR (400 MHz, CDCl3): δ 7.73 (dd, J = 8.0, 1.2 Hz, 1H), 7.44-7.38 (m, 3H), 7.32 (dd, J = 
7.6, 1.6 Hz, 1H), 7.28 -7.22 (m, 4H), 5.74 (s, 1H), 4.53 (q, J = 7.0 Hz, 1H), 1.92 (d, J = 15.0 Hz, 
1H), 1.80 (d, J = 15.0 Hz, 1H), 1.61 (d, J = 7.0 Hz, 3H), 1.54 (s, 3H), 1.51 (s, 3H), 1.05 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 168.9, 141.5, 136.6, 131.6, 130.1, 128.2, 128.1, 127.8, 126.7, 
126.5, 123.7, 93.3, 81.9, 56.0, 51.9, 31.7, 31.6, 29.2, 29.1, 28.9, 24.3. 
HRMS (ESI) m/z calcd. for C25H32NO [M+H]+ 362.2478, found 362.2474. 
 

(S)-N-(2-methyl-1-(2-(4-phenylbut-3-yn-2-yl)phenyl)propan-2-yl)benzam
ide (3zq) 
According to general procedure A: Colorless oil, 52.8 mg (69%, 89% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 96/4, flow rate 0.8 
mL/min, λ = 254 nm), tR (major) = 16.54 min, tR (minor) = 19.30 min. 
1H NMR (400 MHz, CDCl3): δ 7.73-7.66 (m, 3H), 7.46-7.41 (m, 1H), 7.39-

7.33 (m, 4H), 7.28-7.23 (m, 4H), 7.15-7.09 (m, 2H), 5.84 (s, 1H), 4.38 (q, J = 7.0 Hz, 1H), 3.32-
3.24 (m, 2H), 1.56 (s, 3H), 1.51 (d, J = 7.0 Hz, 3H), 1.47 (s, 3H); 13C NMR (100 MHz, CDCl3): 
δ 167.5, 143.2, 135.9, 134.1, 131.8, 131.6, 131.2, 128.5, 128.1, 127.70, 127.67, 127.3, 126.8, 
126.3, 123.8, 93.5, 81.5, 55.1, 40.1, 28.8, 27.9, 27.4, 24.6. 
HRMS (ESI) m/z calcd. for C27H28NO [M+H]+ 382.2165, found 382.2161. 
 

(R)-N-(2-methyl-5,7-diphenylhept-6-yn-2-yl)benzamide (3zr) 
According to general procedure C: Colorless oil, 57.6 mg (72%, 91% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 9.59 min, tR (major) = 13.82 min. 
1H NMR (400 MHz, CDCl3): δ 7.71-7.64 (m, 2H), 7.47-7.40 (m, 5H), 
7.40-7.24 (m, 8H), 5.86 (s, 1H), 3.85 (t, J = 7.1 Hz, 1H), 2.07-1.99 (m, 

2H), 1.91-1.84 (m, 2H), 1.44 (s, 3H), 1.43 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 166.9, 141.9, 
135.8, 131.7, 131.1, 128.6, 128.5, 128.3, 127.9, 127.5, 126.9, 126.7, 123.6, 91.3, 83.7, 54.0, 38.5, 
38.3, 33.6, 27.1, 27.0. 
HRMS (ESI) m/z calcd. for C27H28NO [M+H]+ 382.2165, found 382.2161. 
 

(S)-N-(2,8,8-trimethyl-5-(phenylethynyl)non-6-yn-2-yl)benzamide 
(3zs) 
According to general procedure C: Colorless oil, 52.9 mg (69%, 78% 
ee). 
HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 98/2, flow rate 

0.8 mL/min, λ = 254 nm), tR (minor) = 13.31 min, tR (major) = 13.63 min. 
1H NMR (400 MHz, CDCl3): δ 7.77-7.66 (m, 2H), 7.47-7.35 (m, 6H), 7.30-7.26 (m, 2H), 5.94 (s, 
1H), 3.57 (t, J = 6.8 Hz, 1H), 2.13-2.02 (m, 2H), 1.86-1.77 (m, 2H), 1.48 (d, J = 1.7 Hz, 6H), 
1.22 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 166.9, 135.8, 131.8, 131.1, 128.5, 128.2, 128.0, 
126.8, 123.3, 90.2, 88.7, 80.9, 76.5, 53.9, 37.9, 31.4, 31.1, 27.4, 27.0, 24.1. 
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HRMS (ESI) m/z calcd. for C27H32NO [M+H]+ 386.2478, found 386.2476. 
 

(R)-N-(8-(9H-carbazol-9-yl)-2-methyl-5-(phenylethynyl)oct-6-yn-2-
yl)benzamide (3zt) 
According to general procedure C: Yellow oil, 54.7 mg (56%, 87% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 
0.8 mL/min, λ = 230 nm), tR (major) = 26.30 min, tR (minor) = 32.30 
min. 
1H NMR (400 MHz, CDCl3): δ 8.07 (d, J = 7.7 Hz, 2H), 7.68-7.62 (m, 
2H), 7.54-7.49 (m, 2H), 7.48-7.42 (m, 3H), 7.41-7.36 (m, 4H), 7.31-

7.25 (m, 3H), 7.23 (t, J = 7.4 Hz, 2H), 5.71 (s, 1H), 5.08 (d, J = 2.1 Hz, 2H), 3.54 (td, J = 6.6, 5.7, 
3.3 Hz, 1H), 2.02-1.89 (m, 2H), 1.78-1.68 (m, 2H), 1.32 (d, J = 2.5 Hz, 6H); 13C NMR (100 
MHz, CDCl3): δ 166.9, 140.0, 135.8, 131.8, 131.2, 128.5, 128.2, 128.1, 126.7, 125.8, 123.2, 
122.8, 120.4, 119.4, 109.0, 87.0, 82.8, 81.1, 75.8, 53.7, 37.4, 32.8, 30.8, 26.9, 24.1. 
HRMS (ESI) m/z calcd. for C36H33N2O [M+H]+ 509.2587, found 509.2586. 
 

(R)-N-(5-(3-(9H-carbazol-9-yl)prop-1-yn-1-yl)-2,8,8-trimethylnon-6
-yn-2-yl)benzamide (3zu) 
According to general procedure D: Yellow oil, 58.4 mg (72%, 75% ee). 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 
0.8 mL/min, λ = 230 nm), tR (minor) = 11.20 min, tR (major) = 17.91 
min. 
1H NMR (400 MHz, CDCl3): δ 8.06 (dt, J = 7.7, 0.9 Hz, 2H), 7.70-
7.62 (m, 2H), 7.54-7.36 (m, 7H), 7.22 (dd J = 7.9, 7.0 Hz, 2H), 5.69 (s, 

1H), 5.03 (d, J = 2.1 Hz, 2H), 3.27 (td, J = 5.7, 4.7, 3.4 Hz, 1H), 1.85-1.76 (m, 2H), 1.63-1.52 (m, 
2H), 1.30 (s, 6H), 1.17 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 166.8, 140.0, 135.9, 131.1, 
128.5, 126.7, 125.8, 123.2, 120.3, 119.4, 109.0, 90.1, 83.4, 76.2, 75.0, 53.7, 37.6, 32.9, 31.1, 27.3, 
26.79, 26.77, 23.4. 
HRMS (ESI) m/z calcd. for C34H37N2O [M+H]+ 489.2900, found 489.2898. 
 

(S)-N-(2,5-dimethyl-7-phenylhept-6-yn-2-yl)benzamide (3zv) 
According to general procedure C: Colorless oil, 32.1 mg (50%, 0% ee). 
HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 28.03 min, tR (major) = 30.70 min. 
1H NMR (400 MHz, CDCl3): δ 7.75-7.64 (m, 2H), 7.48-7.36 (m, 5H), 7.31-

7.24 (m, 3H), 5.91 (s, 1H), 2.66 (q, J = 6.9 Hz, 1H), 2.15-1.90 (m, 2H), 1.60-1.52 (m, 2H), 1.47 
(d, J = 6.5 Hz, 6H), 1.27 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 166.9, 135.9, 
131.6, 131.1, 128.5, 128.2, 127.6, 126.7, 123.9, 94.4, 81.1, 54.0, 38.3, 31.7, 27.1, 27.0, 26.8, 21.1. 
HRMS (ESI) m/z calcd. for C22H26NO [M+H]+ 320.2009, found 320.2006. 
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Removing the amide group to afford indirect enantioselective oxidative C(sp3)–C(sp) 
coupling 

 

Supplementary Figure 244 Removing the amide group 
 

In a glovebox, the Schwartz reagent (103.2 mg, 0.4 mmol) and a stir bar were added to a Schlenk 
tube, which was then sealed with a rubber septum and removed from the box. Next, amide 3a 
(30.5 mg, 0.10 mmol) in anhydrous THF (2.0 mL) was added into the tube via syringe and the 
heterogeneous mixture was stirred vigorously at rt for 4 h. The resulting reaction mixture was 
then transferred to a separatory funnel and diluted with 20 mL water. The resulting mixture was 
extracted with DCM and the combined organic layers were dried over anhydrous MgSO4. After 
removal of the solvent under reduced pressure, the crude product was purified by column 
chromatography on silica gel to give the corresponding aldehyde 4 (17.8 mg, 76%, 89% ee) as a 
colorless oil. 
Under argon atmosphere, an oven-dried Schlenk tube equipped with a magnetic stir bar was 
charged with aldehyde 4 (11.7 mg, 0.050 mmol), RhCl(PPh3)3 (55.5 mg, 0.060 mmol), and 
anhydrous toluene (1.0 mL). Then, the mixture was stirred at 90 °C for 12 h. The reaction 
mixture was filtered through celite and washed with EtOAc. After removal of solvent, the 
residue was purified by silica gel column chromatography to give alkyne 5 (7.1 mg, 70%, 89% 
ee) as a colorless oil. 
 

(S)-2-(4-phenylbut-3-yn-2-yl)benzaldehyde (4) 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, 
λ = 254 nm), tR (minor) = 7.25 min, tR (major) = 8.22 min. 
1H NMR (400 MHz, CDCl3): δ 10.30 (s, 1H), 7.89 (dd, J = 7.8, 1.2 Hz, 1H), 7.82 
(dd, J = 7.6, 1.5 Hz, 1H), 7.62 (td, J = 7.6, 1.5 Hz, 1H), 7.50-7.40 (m, 3H), 7.34-
7.26 (m, 3H), 5.09 (q, J = 7.0 Hz, 1H), 1.59 (d, J = 7.0 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 192.7, 145.6, 134.2, 133.6, 132.4, 131.6, 128.8, 128.3, 127.9, 127.3, 123.5, 92.3, 
82.7, 28.2, 24.6. 
HRMS (ESI) m/z calcd. for C17H15O [M+H]+ 235.1117, found 235.1114. 
 

(-)-(R)-but-1-yne-1,3-diyldibenzene (5) 
HPLC analysis: Chiralcel OD-H (n-hexane/i-PrOH = 99.5/0.5, flow rate 1.0 
mL/min, λ = 254 nm), tR (minor) = 13.60 min, tR (major) = 19.33 min. 
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[α]D
27 = −12.8 (c 0.71, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.49-7.41 (m, 4H), 7.39-7.27 (m, 5H), 7.27-7.21 (m, 1H), 3.98 (q, 
J = 7.1 Hz, 1H), 1.58 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 143.4, 131.7, 128.6, 
128.2, 127.8, 127.0, 126.7, 123.7, 92.6, 82.5, 32.5, 24.6. 
HRMS (ESI) m/z calcd. for C16H15 [M+H]+ 207.1168, found 207.1161. 
 
Versatile transformations for construction of chiral C(sp3)–C(sp2) and C(sp3)–C(sp3) bonds 

 
Supplementary Figure 245 Construction of chiral C(sp3)–C(sp2) and C(sp3)–C(sp3) bonds 

 
To a solution of Ni(OAc)2ꞏH2O (3.7 mg, 0.015 mmol) in EtOH (0.5 mL) under H2 atmosphere (1 
atm) was added a solution of NaBH4 (1.9 mg, 0.05 mmol) in EtOH (0.5 mL) at rt. After stirring 
for 1 h, a solution of amide 3a (15.3 mg, 0.05 mmol) and ethylenediamine (3.0 mg, 0.05 mmol) 
in EtOH (0.5 mL) was added and the reaction was stirred overnight. Solvent was evaporated and 
the residue was purified by column chromatography on silica gel to give product 6 (13.8 mg, 
90%, 89% ee) as a colorless oil. 
 

(S,Z)-N-(tert-butyl)-2-(4-phenylbut-3-en-2-yl)benzamide (6) 
HPLC analysis: Chiralcel AD3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 16.19 min, tR (major) = 18.13 min. 
1H NMR (400 MHz, CDCl3): δ 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.35 (td, J = 
7.6, 1.6 Hz, 1H), 7.31-7.25 (m, 3H), 7.24-7.15 (m, 4H), 6.42 (d, J = 11.6 Hz, 

1H), 5.95 (dd, J = 11.6, 9.8 Hz, 1H), 5.40 (s, 1H), 4.49-4.36 (m, 1H), 1.45 (d, J = 6.8 Hz, 3H), 
1.27 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.6, 144.3, 137.5, 137.2, 136.7, 129.8, 128.7, 
128.4, 128.3, 127.10, 127.06, 126.8, 125.9, 51.6, 35.0, 28.6, 24.4. 
HRMS (ESI) m/z calcd. for C21H26NO [M+H]+ 308.2009, found 308.2006. 
 
A 10 mL Schlenk tube was charged with amide 3a (15.3 mg, 0.050 mmol) and palladium on 
carbon (10%w, 2.0 mg). The tube was evacuated and refilled with hydrogen through a hydrogen 
balloon. After addition of 0.5 mL of methanol, the mixture was stirred at rt for 24 h under 
hydrogen. The reaction mixture was filtered through celite and washed with EtOAc. After 
removal of solvent, the residue was purified by silica gel chromatography to give 14.8 mg (96%, 
88%ee) of amide 7 as a colorless oil. 
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(S)-N-(tert-butyl)-2-(4-phenylbutan-2-yl)benzamide (7) 
HPLC analysis: Chiralcel AD-H (n-hexane/i-PrOH = 90/10, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 7.50 min, tR (major) = 13.52 min. 
1H NMR (400 MHz, CDCl3): δ 7.40-7.31 (m, 2H), 7.29-7.21 (m, 3H), 7.20-7.09 
(m, 4H), 5.50 (s, 1H), 3.28-3.17 (m, 1H), 2.66-2.53 (m, 1H), 2.51-2.40 (m, 1H), 
2.04-1.83 (m, 2H), 1.43 (s, 9H), 1.30 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 170.0, 144.8, 142.5, 138.1, 129.7, 128.29, 128.27, 126.4, 126.3, 125.68, 125.66, 51.8, 
39.8, 35.2, 34.2, 28.9, 22.8. 
HRMS (ESI) m/z calcd. for C21H28NO [M+H]+ 310.2165, found 310.2160. 
 
Synthesis of chiral terminal alkyne building blocks  

 
Supplementary Figure 246 Synthesis of chiral terminal alkyne building blocks 

 
To a solution of 3ze (30.1 mg, 0.10 mmol) in MeOH (2.0 mL) was added NH4F (29.6 mg, 0.8 
mmol), and the reaction was stirred at rt for 24 h. After removal of solvent, the residue was 
purified by silica gel chromatography to give amide 8 (19.7 mg, 86%, 97% ee) as a colorless 
solid. 
 

(S)-2-(but-3-yn-2-yl)-N-(tert-butyl)benzamide (8) 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 
mL/min, λ = 214 nm), tR (minor) = 8.86 min, tR (major) = 10.06 min. 
1H NMR (400 MHz, CDCl3): δ 7.65 (d, J = 7.8 Hz, 1H), 7.40 (t, J = 7.6 Hz, 
1H), 7.31 (d, J = 7.4 Hz, 1H), 7.26-7.21 (m, 1H), 5.72 (s, 1H), 4.29 (dd, J = 7.1, 
2.7 Hz, 1H), 2.22 (d, J = 2.6 Hz, 1H), 1.54 (d, J = 7.0 Hz, 3H), 1.47 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 169.2, 140.5, 136.5, 130.1, 127.7, 126.8, 87.7, 69.8, 52.0, 28.8, 28.1, 
23.8. 
HRMS (ESI) m/z calcd. for C15H20NO [M+H]+ 230.1539, found 230.1536. 
 
  
Radical inhibition experiments 
Supplementary Table 2 Radical inhibition experiments 
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entry additive yield 

1 no 88% 
2 BHT trace 
3 TEMPO trace 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuI (1.9 mg, 0.010 mmol, 10 mol%), L5 (6.1 mg, 0.010mmol, 10 mol%), 
Cs2CO3 (32.3 mg, 0.10 mmol, 1.0 equiv.), additive (0.20 mmol), and anhydrous THF (1.2 mL). 
Then, N-fluorocarocarboxamide 1aa (0.10 mmol, 1.0 equiv.) and alkyne (0.20 mmol, 2.0 equiv.) 
were sequentially added into the mixture and the reaction mixture was stirred at rt for 16 h. Then, 
the precipitate was filtered off and washed by DCM. The filtrate was evaporated and the yield of 
product 3a was determined by 1H NMR analysis using CH2Br2 as an internal standard. 
 
Synthesis of the clock substrate (±)-9: 
(±)-9 was synthesized according to the literature procedures.5 
 

N-(tert-butyl)-N-fluoro-2-((trans-2-phenylcyclopropyl)methyl)benzami
de ((±)-9) 
Yellow oil, 400 mg (27% yield). 1H NMR (400 MHz, CDCl3): δ 7.42-7.30 
(m, 3H), 7.26-7.19 (m, 3H), 7.14-7.09 (m, 1H), 7.07-7.01 (m, 2H), 2.94-
2.76 (m, 2H), 1.81 (dt, J = 8.6, 4.9 Hz, 1H), 1.54 (d, J = 1.9 Hz, 9H), 1.45-
1.34 (m, 1H), 1.01-0.91 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 174.9 (d, 
J = 10.7 Hz), 143.2, 138.8 (d, J = 2.0 Hz), 134.8, 130.1, 129.2, 128.3, 

127.2 (d, J = 4.5 Hz), 125.8, 125.7, 125.4, 64.4 (d, J = 10.5 Hz), 36.8, 27.2 (d, J = 5.7 Hz), 23.6, 
23.5, 16.2; 19F NMR (376 MHz, CDCl3): δ -63.28. 

HRMS (ESI) m/z calcd. for C21H25FNO [M+H]+ 325.1915, found 325.1912. 
 
Radical clock experiment 
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Supplementary Figure 247 Radical clock experiment 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with CuI (3.8 mg, 0.020 mmol, 10 mol%), L5 (12.2 mg, 0.020mmol, 10 mol%), 
Cs2CO3 (65.2 mg, 0.20 mmol, 1.0 equiv.), and anhydrous THF (2.4 mL). Then, N-
fluorocarocarboxamide (±)-9 (65 mg, 0.20 mmol, 1.0 equiv.) and phenylacetylene 2a (40.8 mg, 
0.40 mmol, 2.0 equiv.) were sequentially added into the mixture and the reaction mixture was 
stirred at rt for 16 h. Upon completion (monitored by TLC), the precipitate was filtered off and 
washed by DCM. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel to afford the desired product 10 (58.9 mg, 72%, 74% ee). 
 

(R,E)-N-(tert-butyl)-2-(4,6-diphenylhex-1-en-5-yn-1-yl)benzamide (10) 
HPLC analysis: Chiralcel OZ3 (n-hexane/i-PrOH = 80/20, flow rate 0.8 
mL/min, λ = 254 nm), tR (minor) = 7.53 min, tR (major) = 11.43 min. 
Colorless oil, 1H NMR (400 MHz, CDCl3): δ 7.51-7.41 (m, 5H), 7.40-7.31 (m, 
4H), 7.31-7.18 (m, 5H), 6.80-6.74 (m, 1H), 6.28 (dt, J = 15.7, 7.1 Hz, 1H), 5.55 
(s, 1H), 4.00 (t, J = 7.1 Hz, 1H), 2.77 (td, J = 7.2, 1.5 Hz, 2H), 1.41 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 169.0, 141.3, 136.4, 135.1, 131.7, 130.1, 129.73, 

129.70, 128.6, 128.3, 127.9, 127.6, 127.3, 127.2, 127.0, 126.5, 123.6, 90.8, 84.1, 51.9, 42.2, 38.9, 
28.9. 
HRMS (ESI) m/z calcd. for C29H30NO [M+H]+ 408.2322, found 408.2314. 
 
Intramolecular kinetic isotope effect (KIE) study 

 
Supplementary Figure 248 Intramolecular kinetic isotope effect (KIE) study 

 
According to the General Procedure A, the intramolecular KIE experiment was performed using 

O

N
H

tBu

Ph

Ph
10
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[D1]-1aa (0.1 mmol, run in triplicate) for 1 h. The crude reaction mixture was analyzed by 1H 
NMR, and the intramolecular KIE was calculated by the observed ratio of [D1]-3a/3a, with a 
range from 1.78 to 2.14. 
 
Intermolecular KIE study 

 
Supplementary Figure 249 Intermolecular KIE study 

 
According to the General Procedure A, the intermolecular KIE experiment was performed using 
a 1:1 mixture of 1aa and [D2]-1aa (0.05 mmol each, run in triplicate) for 30 mins. The crude 
reaction mixture was analyzed by 1H NMR, and the intramolecular KIE was calculated by the 
observed ratio of 3a/[D1]-3a, with a range from 1.11 to 1.27. 
 

(S)-N-(tert-butyl)-2-(4-phenylbut-3-yn-2-yl-2-d)benzamide ([D1]-3a) 
According to general procedure A: 55.0 mg (85% yield).  
Colorless oil, 1H NMR (400 MHz, CDCl3): δ 7.72 (dd, J = 8.0, 1.2 Hz, 1H), 
7.46-7.36 (m, 3H), 7.33 (dd, J = 7.6, 1.6 Hz, 1H), 7.30-7.23 (m, 4H), 5.76 (s, 
1H), 1.60 (s, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.3, 141.1, 
136.6, 131.6, 130.1, 128.2, 127.9, 127.8, 126.8, 126.7, 123.7, 93.2, 82.1, 52.0, 
28.8, 28.4(t, J = 19.5 Hz), 24.0. 

HRMS (ESI) m/z calcd. for C21H23DNO [M+H]+ 307.1915, found 307.1911. 
 
Control experiment with copper phenylacetylide 

 
Supplementary Figure 250 Control experiment with copper phenylacetylide 
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Copper phenylacetylide was synthesized according to literature procedures.11 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir 
bar was charged with copper phenylacetylide (16.5 mg, 0.10 mmol, 1.0 equiv.), N-
fluorocarocarboxamide 1aa (22.3 mg, 0.10 mmol, 1.0 equiv.), L5 (61.1 mg, 0.10 mmol, 1.0 
equiv.), and anhydrous THF (1.2 mL). The resulting reaction mixture was stirred at rt for 16 h. 
Then, the reaction mixture was filtered and washed by DCM. The filtrate was concentrated and 
the residue was purified by column chromatography on silica gel (petroleum ether) to afford 3a 
(18.3 mg, 61% yield, 83% ee). 
The procedure for the reaction without L5 was the same with that described above except that L5 
was not added. No desired product 3a was observed. 
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