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General information 

Reactions were carried out under an argon atmosphere using Schlenk techniques. 
Reagents were purchased at the highest commercial quality and used without further 
purification, unless otherwise stated. CuBrMe2S was purchased from Aladdin. 
Anhydrous THF and 1,4-dioxane were purchased from J&K Chemical Ltd. Lithium 
tert-butoxide (99%) was purchased from Macklin, which was dry at 90 °C for 3 h under 
reduced pressure. Analytical thin layer chromatography (TLC) was performed on 
precoated silica gel 60 GF254 plates. Flash column chromatography was performed 
using Tsingtao silica gel (60, particle size 0.040–0.063 mm). Visualization on TLC was 
achieved by use of UV light (254 nm), iodine or basic KMnO4 indicator. NMR spectra 
were recorded on Bruker DRX-400 spectrometer at 400 MHz for 1H NMR, 101 MHz 
for 13C NMR and 376 MHz for 19F NMR, respectively, in CDCl3 with tetramethylsilane 
(TMS) as internal standard. The chemical shifts were expressed in ppm and coupling 
constants were given in Hz. Data for 1H NMR are recorded as follows: chemical shift 
(ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; p, pentet, m, multiplet; 
br, broad), coupling constant (Hz), integration. Data for 13C NMR were reported in 
terms of chemical shift (δ, ppm). High-resolution mass spectroscopy (HRMS) was 
obtained on Thermo Scientific Q Exactive using ESI ion source. Enantiomeric excess 
(ee) was determined using SHIMADZU LC-20AD with SPD-20AV detector or Agilent 
high-performance liquid chromatography (HPLC) with Hatachi detector (at appropriate 
wavelength). Column conditions were reported in the experimental section below. X-
ray diffraction was measured on a 'Bruker APEX-II CCD' diffractometer with Cu–Kα 
radiation. 
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Figure S1. Crude 1H NMR analysis of E1 under LiOtBu/DMF conditions: E1 
decomposed in the absence of the catalyst under the LiOtBu/DMF conditions (E1 (0.05 
mmol), LiOtBu (3.0 equiv.) and H2O (1.0 equiv.) in DMF (1.0 mL) at rt for 20 h under 
argon). 
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Figure S2. The X-ray structure of 19. 
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Table S1. Evaluating the reaction of tertiary α-bromo--lactam with alkyl chain[a] 

 

Entry solvent L* Yield of 18 [%] Ee [%] 
1 1,4-dioxane/THF L*3 0 - 
2 DMF L*3 <5 - 
3 DMF L*1 72 40 
4 DMF L*5 85 (80) 56 
5 DMF L*6 77 45 
6 DMF L*7 50 43 

[a] Reaction conditions: E18 (0.1 mmol), A1 (0.12 mmol), CuBrSMe2 (10 mol%), L* (15 mol%), 

LiOtBu (3.0 equiv.) and H2O (1.0 equiv.) in solvent (2.0 mL) at rt for 24 h under argon (Ar). Yields were 

based on 1H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Isolated yield in 

parenthesis. Ee values were based on HPLC analysis. 

 
Table S2. Effect of ligands in the reaction of alkenylboronate esters[a] 

 

 

Entry L* Temp. (°C) Conversion of E1 
(%) Yield of 34 (%) Ee (%) 

1 L*3 0 >95 26 81 

2 L*4 0 >95 30 90 

3[b] L*4 20 >95 51 93 

4[c] L*4 40 >95 75 98 

[a] Reaction conditions: E1 (0.15 mmol), A18 (0.10 mmol), CuBrMe2S (10 mol %), L* (15 mol %), 

LiOtBu (3.0 equiv.) and H2O (1.0 equiv.) in THF (2.0 mL) at 0 °C for 45 h under argon. Conversion 

of E1 and yield of 34 was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Yield of 34 was based on A18. Ee values were based on 

chiral HPLC analysis. [b] Conducted at 20 °C for 3 d. [c] Conducted at 40 °C for 5 d. 
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The synthesis of ligands, α-bromo-β-lactams and boron reagents 

The synthesis of chiral ligands 

Chiral ligand L*3 was synthesized according to the reported literature.[1] 
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2-isopropyl-N-((S)-(6-methoxyquinolin-4-yl)((1S,2S,4S,5R)-5-vinylquinuclidin-2-
yl)methyl)quinoline-8-sulfonamide (L*4) 

 

Step A: Under an argon atmosphere, SSL4 (3.59 g, 21 mmol) was added slowly to the 
chlorosulfonic acid (32 mL) while stirring in an ice bath. the reaction mixture was 
heated to 130 °C for 6 h. Then the mixture was cooled to room temperature with 
continuous stirring and poured gradually on crushed ice. The mixture was extracted 
with CH2Cl2 for three times. The combined organic phase was dried over Na2SO4, 
filtered and concentrated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (eluent: petroleum ether/ethyl acetate 5/1) to give SL4-1 
as a white solid (1.98 g, 35% yield). 
Step B: Quinine-derived chiral amine SL4-2 was prepared from quinine according to 
the previously reported literature procedure.[1] Under an argon atmosphere, chiral amine 
SL4-2 (1.05 g, 3.25 mmol) was dissolved in CH2Cl2 (20 mL), followed by the addition 
of triethylamine (1.36 mL, 9.75 mmol) and SL4-1 (1.05 g, 3.90 mmol) at ice water bath. 
The reaction mixture was allowed to warm up to room temperature and stirred overnight. 
After completion, water was poured to above mixture, and the mixture was extracted 
with CH2Cl2. The combined organic phase was dried over Na2SO4, filtered and 
concentrated under reduced pressure. The crude product was purified by flash 
chromatography on silica gel (gradient eluent: petroleum ether/ethyl acetate 1/1 to ethyl 
acetate) to provide the product L*4 as a white solid (1.31 g, 76% yield). 
1H NMR (400 MHz, CDCl3) δ 8.67 (d, J = 4.5 Hz, 1H), 8.13 (t, J = 7.1 Hz, 2H), 8.00 
(d, J = 9.2 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.74 – 7.50 (m, 1H), 7.45 (t, J = 8.7 Hz, 
2H), 7.39 – 7.31 (m, 1H), 7.18 (m, 1H), 5.76 – 5.24 (m, 1H), 4.86 (d, J = 17.2 Hz, 2H), 
4.76 (d, J = 10.6 Hz, 1H), 3.88 (s, 3H), 3.34 (p, J = 6.9 Hz, 1H), 3.04 – 2.75 (m, 2H), 
2.48 (d, J = 14.1 Hz, 1H), 2.15 – 1.87 (m, 1H), 1.84 (d, J = 17.5 Hz, 1H), 1.51 (m, 8H), 
1.30 – 0.90 (m, 3H), 0.86 – 0.47 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 168.21, 157.63, 147.46, 144.86, 144.26, 142.62, 141.09, 
136.51, 135.32, 132.86, 131.62, 130.24, 127.03, 123.96, 120.98, 119.64, 114.39, 100.94, 
60.94, 55.37, 55.29, 53.19, 36.70, 27.50, 27.04, 25.04, 21.99. 
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HRMS (ESI) m/z calcd. for C32H37N4O3S [M+H]+ 557.2581, found 557.2577. 

The synthesis of α-bromo-β-lactams 

Substrates E1–E18 were prepared according to the previously reported literature 
procedure.[2] 
 

 
 

3-bromo-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (E1) 

 
1H NMR (400 MHz, CDCl3) δ 7.67 – 7.56 (m, 4H), 7.43 – 7.31 (m, 5H), 4.62 (d, J = 
15.5 Hz, 1H), 4.43 (d, J = 15.5 Hz, 1H), 3.92 (ABq, JAB = 6.0 Hz, = 13.3 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 165.40, 138.62, 137.42, 130.60 (q, J = 32.6 Hz), 129.41, 
129.12, 128.41, 127.25, 126.17 (q, J = 3.8 Hz), 124.03 (q, J = 272.2 Hz), 60.75, 57.99, 
45.85. 
19F NMR (376 MHz, CDCl3) δ -62.65. 
HRMS (ESI) m/z calcd. for C17H14BrF3NO [M+H]+ 384.0205, found 384.0203. 
 
3-bromo-1-(4-bromobenzyl)-3-phenylazetidin-2-one (E3) 
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1H NMR (400 MHz, CDCl3) δ 7.63 – 7.55 (m, 2H), 7.52 – 7.45 (m, 2H), 7.41 – 7.30 
(m, 3H), 7.15 – 7.08 (m, 2H), 4.51 (d, J = 15.2 Hz, 1H), 4.32 (d, J = 15.3 Hz, 1H), 3.87 
(ABq, JAB = 6.0 Hz, = 12.4 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 165.28, 137.49, 133.50, 132.33, 129.88, 129.35, 129.08, 
127.24, 122.31, 60.66, 57.76, 45.74. 
HRMS (ESI) m/z calcd. for C16H14Br2NO [M+H]+ 393.9437, found 393.9436. 
 
 

3-bromo-1-(4-(tert-butyl)benzyl)-3-phenylazetidin-2-one (E4) 

 
 

1H NMR (400 MHz, CDCl3) δ 7.65 – 7.57 (m, 2H), 7.42 – 7.30 (m, 5H), 7.17 (d, J = 
8.2 Hz, 2H), 4.52 (d, J = 15.1 Hz, 1H), 4.37 (d, J = 15.1 Hz, 1H), 3.89 (ABq, JAB = 6.1 
Hz, = 4.0 Hz, 2H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 165.21, 151.24, 137.80, 131.30, 129.20, 129.01, 127.92, 
127.29, 126.03, 60.66, 57.77, 45.97, 34.71, 31.43. 
HRMS (ESI) m/z calcd. for C20H23BrNO [M+H]+ 372.0958, found 372.0956. 
 
 
3-bromo-1-(4-methoxybenzyl)-3-phenylazetidin-2-one (E5) 

 
1H NMR (400 MHz, CDCl3) δ 7.63 – 7.52 (m, 2H), 7.42 – 7.29 (m, 3H), 7.20 – 7.08 
(m, 2H), 6.92 – 6.82 (m, 2H), 4.48 (d, J = 14.9 Hz, 1H), 4.31 (d, J = 14.9 Hz, 1H), 3.84 
(ABq, J = 6.0 Hz, = 9.1 Hz, 2H), 3.79 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 165.00, 159.42, 137.60, 129.49, 129.10, 128.89, 127.14, 
126.20, 114.37, 60.44, 57.37, 55.29, 45.66. 
HRMS (ESI) m/z calcd. for C17H17BrNO2 [M+H]+ 346.0437, found 346.0435. 
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3-bromo-1-phenethyl-3-phenylazetidin-2-one (E6) 

 

1H NMR (400 MHz, CDCl3) δ 7.54 – 7.47 (m, 2H), 7.38 – 7.28 (m, 3H), 7.25 – 7.18 
(m, 3H), 7.18 – 7.13 (m, 2H), 3.78 (ABq, J = 5.8 Hz, = 9.9 Hz, 2H)，3.55 (t, J = 
7.1 Hz, 2H), 2.89 (t, J = 7.1 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 164.91, 137.79, 137.56, 128.98, 128.77, 128.69, 128.60, 
127.07, 126.75, 60.18, 58.66, 43.43, 33.92. 
HRMS (ESI) m/z calcd. for C17H17BrNO [M+H]+ 330.0488, found 330.0487. 
 

3-bromo-3-(3-methoxyphenyl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (E12) 

 

 
1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.29  
(t, J = 8.2 Hz, 1H), 7.18 – 7.12 (m, 1H), 6.88 (dd, J = 8.3, 2.6 Hz, 1H), 4.61 (d, J = 15.5 
Hz, 1H), 4.44 (d, J = 15.5 Hz, 1H), 3.90 (ABq, J = 5.9 Hz, = 16.6 Hz, 2H), 3.82 
(s, 3H). 
13C NMR (101 MHz, CDCl3) δ165.19, 159.76, 138.58, 138.46 (d, J = 1.5 Hz), 130.41 
(q, J = 32.8 Hz), 130.02, 128.27, 126.02 (q, J = 3.8 Hz), 123.89 (q, J = 272.2 Hz), 
119.25, 115.07, 112.57, 60.44, 57.88, 55.36, 45.68. 
19F NMR (376 MHz, CDCl3) δ -62.61.  
HRMS (ESI) m/z calcd. for C18H16BrF3NO2 [M+H]+ 414.0311, found 414.0309. 
 

3-bromo-3-(4-fluorophenyl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (E14) 

 

 
1H NMR (400 MHz, CDCl3) δ 7.70 – 7.51 (m, 4H), 7.36 (d, J = 7.9 Hz, 2H), 7.12 – 
7.01 (m, 2H), 4.62 (d, J = 15.5 Hz, 1H), 4.43 (d, J = 15.5 Hz, 1H), 3.89 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 165.17, 163.05 (d, J = 250.1 Hz), 138.51, 133.47 (d, J 
= 3.4 Hz), 130.68 (q, J = 32.7 Hz), 129.29 (d, J = 8.5 Hz), 128.42, 126.21 (q, J = 3.8 
Hz), 124.02 (q, J = 272.3 Hz), 116.22 (d, J = 21.9 Hz), 59.86, 58.05, 45.88. 



S10 
 

19F NMR (376 MHz, CDCl3) δ -62.66, -111.02.  
HRMS (ESI) m/z calcd. for C17H12BrF4NO [M+H]+ 402.0111, found 402.0109. 
 

 

3-bromo-3-(4-bromophenyl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (E16) 

 
1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 7.9 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.47 
(d, J = 8.3 Hz, 2H), 7.36 (d, J = 7.9 Hz, 2H), 4.61 (d, J = 15.5 Hz, 1H), 4.44 (d, J = 15.5 
Hz, 1H), 3.89 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 164.80, 138.32, 136.33, 132.22, 130.52 (q, J = 32.6 
Hz), 128.76, 128.29, 126.09 (q, J = 3.8 Hz), 123.88 (q, J = 272.2 Hz), 123.60, 59.56, 
57.66, 45.77. 
19F NMR (376 MHz, CDCl3) δ -62.61. 
HRMS (ESI) m/z calcd. for C17H13Br2F3NO [M+H]+ 461.9311, found 461.9308. 
 
3-([1,1'-biphenyl]-4-yl)-3-bromo-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(E17) 

 
 

1H NMR (400 MHz, CDCl3) δ 7.73 – 7.55 (m, 8H), 7.46 (t, J = 7.5 Hz, 2H), 7.41 – 
7.34 (m, 3H), 4.64 (d, J = 15.4 Hz, 1H), 4.45 (d, J = 15.5 Hz, 1H), 3.96 (ABq, J = 6.0 
Hz, = 17.8 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 165.35, 142.34, 140.17, 138.63, 136.24, 130.61 (q, J 
= 32.5 Hz), 129.03, 128.43, 127.97, 127.79, 127.71, 127.24, 126.18 (q, J = 3.7 Hz), 
124.04 (q, J = 272.5 Hz), 60.66, 57.98, 45.88. 
19F NMR (376 MHz, CDCl3) δ -62.61. 
HRMS (ESI) m/z calcd. for C23H17BrF3NO [M+H]+ 460.0518, found 460.0516. 
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General procedure A for the synthesis of (hetero)arylboronates 

 
The boron reagents (A1, A3–A11, A13, A15 and A17) were synthesized according to 
the modified reported procedure.[3] To a 50-mL flask equipped with a stir bar was added 
(hetero)aryl boronic acid (5 mmol, 1.0 equiv.), neopentyl glycol (0.55 g, 1.05 equiv.) 
and magnesium sulfate (1.20 g). Then dry CH2Cl2 (20 mL) was added. The reaction 
mixture was stirred at room temperature overnight. After completion of the reaction, 
the reaction mixture was filtered, and concentrated under reduced pressure. The crude 
product was purified by silica gel chromatography to afford the desired product.  
A12, A14 and A16 were prepared according to the reported procedure.[4] 

 
2-(3,5-dimethoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (A4) 

 

According to the general procedure A starting from 3,5-dimethoxyphenylboronic acid 
(5 mmol), the product was obtained as a white solid (1.15 g, 4.6 mmol, 92% yield). 
1H NMR (400 MHz, CDCl3) δ 6.96 (d, J = 2.4 Hz, 2H), 6.55 (t, J = 2.4 Hz, 1H), 3.81 
(s, 6H), 3.77 (s, 4H), 1.03 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 160.50, 110.93, 104.08, 72.48, 55.47, 32.01, 22.04. 
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HRMS (ESI) m/z calcd. for C13H20BO4 [M+H]+ 251.1449, found 251.1447. 
 

2-(dibenzo[b,d]furan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane (A10) 

 

According to the general procedure A starting from dibenzo[b,d]furan-2-ylboronic 
acid (5 mmol), the product was obtained as a white solid (1.20 g, 4.3 mmol, 86% yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.52 – 8.43 (m, 1H), 8.04 – 7.93 (m, 2H), 7.63 – 7.54 
(m, 2H), 7.46 (t, J = 7.7 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 3.85 (s, 4H), 1.07 (s, 6H).  
13C NMR (101 MHz, CDCl3) δ 158.33, 156.33, 133.16, 127.05, 126.86, 124.45, 123.91, 
122.91, 120.81, 111.71, 111.01, 72.50, 32.05, 22.04. 
HRMS (ESI) m/z calcd. for C17H18BO3 [M+H]+ 281.1344, found 281.1339. 
 
2-chloro-5-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)pyridine (A13) 

 
According to the general procedure A starting from 2-chloropyridine-5-boronic acid 
(5 mmol), the product was obtained as a white solid (0.92 g, 4.1 mmol, 82% yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 7.97 (d, J = 7.9 Hz, 1H), 7.29 (d, J = 7.9 
Hz, 1H), 3.76 (s, 4H), 1.01 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 155.29, 153.81, 144.21, 123.70, 72.47, 32.08, 21.98. 
HRMS (ESI) m/z calcd. for C10H14BClNO2 [M+H]+ 226.0801, found 226.0799. 
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General procedure B for the synthesis of alkenylboronate esters 

 

 
The boron reagents (A2, A18, A19, A20, A21, A24)[5] and (A23, A26, A27)[6] were 
synthesized according to the modified reported procedure. In a Schlenk tube were 
placed alkyne (2 mmol) and catecholborane (1 M in THF, 3 mL, 3 mmol). The resulting 
mixture was stirred at 75 °C for 16 h and then allowed to cool to room temperature. The 
reaction was quenched with water (10 mL). The precipitate was isolated by filtration 
and washed with water. The crude product was placed in a two-neck round flask, and 
neopentyl glycol (208.3 mg, 2 mmol) and Et2O (25 mL) were added. The resulting 
mixture was stirred at room temperature for 12 h, concentrated under reduced pressure, 
and purified by flash column chromatography on silica gel. 
 
(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)-5,5-dimethyl-1,3,2-dioxaborinane (A22) 

 

According to the general procedure B starting from 4-ethynyl-1,1'-biphenyl (2 mmol), 
the product was obtained as a white solid (455.2 mg, 1.56 mmol, 78% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.50 (m, 6H), 7.48 – 7.37 (m, 3H), 7.37 – 7.31 
(m, 1H), 6.15 (dd, J = 18.4, 2.3 Hz, 1H), 3.70 (s, 4H), 1.00 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 146.63, 141.25, 140.68, 136.83, 128.80, 127.74, 127.48, 
127.40, 127.24, 126.99, 72.22, 31.88, 21.90. 
HRMS (ESI) m/z calcd. for C19H22BO2 [M+H]+ 293.1707, found 293.1705. 
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(E)-5,5-dimethyl-2-(2-(thiophen-3-yl)vinyl)-1,3,2-dioxaborinane (A25) 

 

According to the general procedure B starting from 3-ethynylthiophene (2 mmol), the 
product A25 was obtained as a white solid (310.9 mg, 1.40 mmol, 70% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.52 – 6.91 (m, 4H), 5.88 (d, J = 18.2 Hz, 1H), 3.68 (s, 
4H), 0.99 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 141.50, 140.83, 125.98, 125.17, 124.23, 72.19, 31.87, 
21.88. 
HRMS (ESI) m/z calcd. for C11H16BO2S [M+H]+ 223.0959, found 223.0957. 
 
(E)-5,5-dimethyl-2-(3-(phenylthio)prop-1-en-1-yl)-1,3,2-dioxaborinane (A28) 

 
According to the general procedure B starting from phenyl(prop-2-yn-1-yl)sulfane (2 
mmol), the product was obtained as a colorless oil (314.3 mg, 1.20 mmol, 60% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.29 – 7.21 (m, 2H), 7.17 (dd, J = 8.6, 6.8 Hz, 2H), 7.11 
– 7.04 (m, 1H), 6.46 (dt, J = 17.5, 6.7 Hz, 1H), 5.62 – 5.29 (m, 1H), 3.53 (d, J = 7.1 Hz, 
2H), 3.52 (s, 4H), 0.86 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 144.95, 136.22, 129.23, 128.76, 125.93, 72.01, 38.32, 
31.72, 21.81. 
HRMS (ESI) m/z calcd. for C14H20BO2S [M+H]+ 263.1272, found 263.1270. 
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Experimental procedures 

General procedure C for enantioconvergent C(sp3)–C(sp2) coupling with 
(hetero)arylboronate esters. 

 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*3 (7.90 mg, 15 mol%), α-bromo-β-
lactam E (0.12 mmol, 1.2 equiv.), (hetero)arylboronate ester A (0.1 mmol, 1.0 equiv.), 
LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.). The tube was evacuated and backfilled with 
argon three times. Then 1,4-dioxane/THF (v/v = 4/1, 2.0 mL) and H2O (1.8 mg, 1.0 
equiv.) were sequentially added into the mixture under argon. The tube was sealed and 
the reaction mixture was allowed to stir at 0 °C for 45 h. Upon completion of the 
reaction (monitored by TLC), the mixture was then filtered through a pad of celite and 
rinsed with EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel to afford the desired product.  
 
General procedure D for enantioconvergent C(sp3)–C(sp2) coupling with 
alkenylboronate esters. 
 

CuBr Me2S (10 mol%) 
L*4 (15 mol%)

LiOtBu (3.0 equiv.)

H2O (1.0 equiv.)

THF, 40 °C, 5 d

+
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N

O

Br
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E1 A 34 45

R

N

OMe

N

NH

SO
O

N

iPr

L*4

B(neop)
R

 
An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*4 (8.40 mg, 15 mol%), α-bromo-β-
lactam E1 (0.15 mmol, 1.5 equiv.), alkenylboronate ester A (0.1 mmol, 1.0 equiv.), 
LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.). The tube was evacuated and backfilled with 
argon three times. Then THF (2.0 mL) and H2O (1.8 mg, 1.0 equiv.) were added under 
argon. The tube was sealed and the reaction mixture was allowed to stir at −40 °C for 5 
d. Upon completion of the reaction (monitored by TLC), After the reaction, the mixture 
was then filtered through a pad of celite and rinsed with EtOAc. The filtrate was 
evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product.  
 
The synthesis of 18. 
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An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*5 (3.71 mg, 15 mol%), α-bromo-β-
lactam E18 (34.7 mg, 0.1 mmol, 1.0 equiv.), arylboronate ester A1 (23.2 mg, 0.12 mmol, 
1.2 equiv.), LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.). The tube was evacuated and 
backfilled with argon three times. Then dry DMF (2.0 mL) and H2O (1.8 mg, 1.0 equiv.) 
were sequentially added into the mixture under argon. The tube was sealed and the 
reaction mixture was allowed to stir at rt for 24 h. Upon completion of the reaction 
(monitored by TLC), the mixture was then filtered through a pad of celite and rinsed 
with EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel (eluent: petroleum ether/ethyl acetate 5/1) to yield the 
product 18 as a white solid (30.9 mg, 0.08 mmol, 80% yield). 
 
General procedure E for the synthesis of racemates 1–17 and 19–33. 
 

 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), ligand Lrac (4.19 mg, 15 mol%), α-bromo-β-lactam 
E (0.12 mmol, 1.2 equiv.), (hetero)arylboronate ester A (0.1 mmol, 1.0 equiv.), LiOtBu 
(24.0 mg, 0.3 mmol, 3.0 equiv.). The tube was evacuated and backfilled with argon 
three times. Then 1,4-dioxane (2.0 mL) and H2O (1.8 mg, 1.0 equiv.) were sequentially 
added into the mixture under argon. The tube was sealed and the reaction mixture was 
allowed to stir at rt for 12 h. Upon completion of the reaction (monitored by TLC), the 
mixture was then filtered through a pad of celite and rinsed with EtOAc. The filtrate 
was evaporated and the residue was purified by column chromatography on silica gel 
to afford the desired product. 
 
General procedure F for the synthesis of racemates 34–45. 

 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
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CuBrMe2S (2.06 mg, 10 mol%), ligand Lrac (4.19 mg, 15 mol%), α-bromo-β-lactam 
E1 (0.15 mmol, 1.5 equiv.), alkenylboronate ester A (0.1 mmol, 1.0 equiv.), LiOtBu 
(24.0 mg, 0.3 mmol, 3.0 equiv.). The tube was evacuated and backfilled with argon 
three times. Then 1,4-dioxane (2.0 mL) and H2O (1.8 mg, 1.0 equiv.) were added under 
argon. The tube was sealed and the reaction mixture was allowed to stir at rt for 12 h. 
Upon completion of the reaction (monitored by TLC), After the reaction, the mixture 
was then filtered through a pad of celite and rinsed with EtOAc. The filtrate was 
evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product.   
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Analytical data 

 

3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (1a) 
 

 
 
1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 7.9 Hz, 2H), 7.42 (d, J = 7.8 Hz, 2H), 7.38 
– 7.31 (m, 2H), 7.31 – 7.27 (m, 2H), 4.53 (ABq, JAB = 15.4 Hz, = 23.7 Hz, 2H), 
4.43 (dd, J = 5.9, 2.5 Hz, 1H), 3.61 (t, J = 5.5 Hz, 1H), 3.24 (dd, J = 5.4, 2.6 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 168.61, 139.81, 135.43, 130.31 (d, J = 32.7 Hz), 129.04, 
128.58, 127.73, 127.34, 126.03 (q, J = 3.7 Hz), 124.10 (d, J = 272.2 Hz), 54.94, 47.52, 
45.85. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HRMS (ESI) m/z calcd. for C17H14F3NO [M+H]+ 306.1100, found 306.1092. 

 

3-(3,5-di-tert-butyl-1-methyl-4-oxocyclohexa-2,5-dien-1-yl)-3-phenyl-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (1b) 

 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.0 Hz, 2H), 7.42 – 7.28 (m, 7H), 6.56 (s, 
2H), 4.42 (s, 2H), 3.30 (ABq, JAB = 5.6 Hz, = 21.1 Hz, 2H), 1.32 (s, 3H), 1.16 (s, 
18H). 
13C NMR (101 MHz, CDCl3) δ 185.77, 168.91, 148.86, 147.13, 143.00, 141.99, 139.33, 
136.05, 130.41 (q, J = 32.6 Hz), 129.19, 128.79, 127.97, 127.71, 126.07 (q, J = 3.8 Hz), 
124.04 (q, J = 272.4 Hz), 67.95, 49.49, 45.73, 42.66, 35.03, 35.00, 29.44, 29.40, 21.62. 
19F NMR (376 MHz, CDCl3) δ -62.67. 
HRMS (ESI) m/z calcd. for C32H37F3NO2 [M+H]+ 524.2771, found 524.2772. 

 

(S)-3-(4-acetylphenyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (1) 
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According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (32.6 mg, 0.077 
mmol, 77% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.51 
(d, J = 8.2 Hz, 2H), 7.42 – 7.27 (m, 7H), 4.56 (ABq, JAB = 15.4 Hz, = 12.4 Hz, 
2H), 3.83 (ABq, JAB = 5.6 Hz, = 5.7 Hz, 2H), 2.57 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.68, 169.02, 145.30, 139.48, 139.30, 136.23, 130.36 
(q, J = 32.6 Hz), 129.04, 128.92, 128.47, 127.83, 127.36, 127.01, 126.06 (q, J = 3.8 
Hz), 124.02 (q, J = 272.1 Hz), 66.99, 54.03, 45.80, 26.74. 
19F NMR (376 MHz, CDCl3) δ -62.59. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 254 nm, t(major) = 30.7 min, t(minor) = 41.7 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H21F3NO2 [M+H]+ 424.1519, found 424.1515. 
 
(S)-3-(4-acetylphenyl)-1-benzyl-3-phenylazetidin-2-one (2) 

 
 
According to the general procedure C with E2 (37.9 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (27.0 mg, 0.076 
mmol, 76% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.2 Hz, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.45 
– 7.19 (m, 10H), 4.53 (ABq, JAB = 15.0 Hz, = 25.4 Hz, 2H), 3.88 – 3.70 (m, 2H), 
2.59 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.54, 168.72, 145.41, 139.52, 135.98, 134.99, 128.14, 
127.89, 127.51, 127.28, 126.96, 66.43, 53.69, 46.12, 26.54. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 

1 

2 
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1.0 mL/min. λ = 254 nm, t(major) = 23.6 min, t(minor) = 28.4 min, 99% ee. 
HRMS (ESI) m/z calcd. for C24H22NO2 [M+H]+ 356.1645, found 356.1643. 
 

(S)-3-(4-acetylphenyl)-1-(4-bromobenzyl)-3-phenylazetidin-2-one (3) 

 

 

According to the general procedure C with E3 (47.4 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (31.3 mg, 0.072 
mmol, 72% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.97 – 7.89 (m, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.49 – 
7.45 (m, 2H), 7.42 – 7.26 (m, 5H), 7.13 (d, J = 8.3 Hz, 2H), 4.47 (ABq, JAB = 15.1 Hz, 
= 16.9 Hz, 2H), 3.80 (ABq, JAB = 5.5 Hz, = 6.2 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 197.64, 168.87, 145.36, 139.52, 136.18, 134.23, 132.19, 
129.94, 128.99, 128.87, 127.75, 127.36, 127.03, 122.06, 66.77, 53.84, 45.65, 26.71. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 28.6 min, t(minor) = 34.7 min, 98% ee. 
HRMS (ESI) m/z calcd. for C24H21BrNO2 [M+H]+ 434.0750, found 434.0749. 
 

(S)-3-(4-acetylphenyl)-1-(4-(tert-butyl)benzyl)-3-phenylazetidin-2-one (4) 

 

According to the general procedure C with E4 (44.7 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (33.7 mg, 0.082 
mmol, 82% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H), 7.41 
– 7.30 (m, 6H), 7.29 – 7.23 (m, 1H), 7.16 (d, J = 8.1 Hz, 2H), 4.47 (ABq, JAB = 15.0 
Hz, = 24.3 Hz, 2H), 3.82 – 3.75 (m, 2H), 2.57 (s, 3H), 1.30 (s, 9H). 

3 

4 
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13C NMR (101 MHz, CDCl3) δ 197.73, 168.84, 151.02, 145.65, 139.75, 136.08, 132.01, 
128.92, 128.82, 127.96, 127.63, 127.45, 127.12, 125.92, 66.46, 53.88, 45.85, 34.66, 
31.40, 26.73. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 15.9 min, t(minor) = 25.5 min, 98% ee. 
HRMS (ESI) m/z calcd. for C28H30NO2 [M+H]+ 412.2271, found 412.2267. 
 

(S)-3-([1,1'-biphenyl]-4-yl)-1-(4-methoxybenzyl)-3-phenylazetidin-2-one (5) 

 

According to the general procedure C with E5 (41.4 mg, 0.12 mmol) and 2-([1,1'-
biphenyl]-4-yl)-5,5-dimethyl-1,3,2-dioxaborinane A17 (26.6 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (28.4 mg, 0.068 
mmol, 68% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.62 – 7.49 (m, 4H), 7.48 – 7.39 (m, 6H), 7.37 – 7.31 
(m, 3H), 7.30 – 7.22 (m, 1H), 7.23 – 7.12 (m, 2H), 6.95 – 6.79 (m, 2H), 4.45 (s, 2H), 
3.79 (s, 3H), 3.76 (ABq, JAB = 5.4 Hz, = 4.9 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.39, 159.27, 140.63, 140.30, 140.16, 139.39, 129.62, 
128.80, 128.74, 127.54, 127.40, 127.38, 127.33, 127.29, 127.18, 127.08, 114.29, 66.12, 
55.32, 53.98, 45.56. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 80/20, flow rate 
0.4 mL/min. λ = 254 nm, t(major) = 21.1 min, t(minor) = 29.0 min, 93% ee. 
HRMS (ESI) m/z calcd. for C29H26NO2 [M+H]+ 420.1958, found 420.1955. 
 

(S)-3-(4-acetylphenyl)-1-phenethyl-3-phenylazetidin-2-one (6) 

 

 

According to the general procedure C with E6 (39.6 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (28.1 mg, 0.076 
mmol, 76% yield). 

6 
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1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 7.33 
– 7.19 (m, 8H), 7.18 – 7.13 (m, 2H), 3.69 (ABq, JAB = 5.4 Hz, = 9.1 Hz, 2H), 3.66 
– 3.55 (m, 2H), 2.91 (t, J = 7.1 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 197.74, 168.73, 145.51, 139.60, 138.17, 136.03, 128.84, 
128.78, 128.75, 128.73, 127.57, 127.46, 127.15, 126.80, 66.36, 54.92, 43.13, 34.18, 
26.71. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 26.7 min, t(minor) = 30.3 min, 99% ee. 
HRMS (ESI) m/z calcd. for C25H24NO2 [M+H]+ 370.1802, found 370.1800. 
 

(S)-3-(4-acetylphenyl)-1-ethyl-3-phenylazetidin-2-one (7) 

 

 

According to the general procedure C with E7 (30.5 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (27.0 mg, 0.092 
mmol, 92% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.42 
– 7.37 (m, 2H), 7.37 – 7.31 (m, 2H), 7.30 – 7.24 (m, 1H), 3.88 (ABq, JAB = 5.4 Hz, 
= 4.2 Hz, 2H), 3.38 (q, J = 7.3 Hz, 2H), 2.57 (s, 3H), 1.20 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.75, 168.49, 145.72, 139.82, 136.11, 128.94, 128.83, 
127.64, 127.47, 127.12, 65.99, 53.66, 36.70, 26.73, 12.83. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 14.3 min, t(minor) = 17.2 min, 99% ee. 
HRMS (ESI) m/z calcd. for C19H20NO2 [M+H]+ 294.1489, found 294.1486. 
 

(S)-3-(4-acetylphenyl)-1-cyclopropyl-3-phenylazetidin-2-one (8) 

 

 

According to the general procedure C with E8 (31.9 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (24.1 mg, 0.079 
mmol, 79% yield). 

7 
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1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.39 
– 7.30 (m, 4H), 7.29 – 7.24 (m, 1H), 3.83 (ABq, JAB = 5.5 Hz, = 4.0 Hz, 2H), 2.69 
– 2.61 (m, 1H), 2.57 (s, 3H), 0.87 – 0.81 (m, 2H), 0.80 – 0.73 (m, 2H).  
 
13C NMR (101 MHz, CDCl3) δ 197.72, 169.21, 145.63, 139.74, 136.10, 128.93, 128.82, 
127.64, 127.41, 127.08, 65.09, 54.72, 26.72, 24.43, 5.43. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 20.6 min, t(minor) = 22.5 min, 98% ee. 
HRMS (ESI) m/z calcd. for C20H20NO2 [M+H]+ 306.1489, found 306.1486. 
 

(S)-3-(4-acetylphenyl)-1-cyclopentyl-3-phenylazetidin-2-one (9) 

 

 

According to the general procedure C with E9 (35.3 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (22.0 mg, 0.066 
mmol, 66% yield). 
 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.89 (m, 2H), 7.54 – 7.47 (m, 2H), 7.41 – 7.31 
(m, 4H), 7.30 – 7.24 (m, 2H), 4.23 – 4.12 (m, 1H), 3.84 (ABq, JAB = 5.4 Hz, = 
4.3 Hz, 2H), 2.57 (s, 3H), 1.96 – 1.83 (m, 2H), 1.76 – 1.57 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 197.76, 168.31, 145.80, 139.87, 136.08, 128.92, 128.83, 
127.59, 127.49, 127.15, 64.72, 53.39, 52.33, 30.31, 30.29, 26.73, 24.15. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 17.6 min, t(minor) = 22.9 min, 98% ee. 
HRMS (ESI) m/z calcd. for C20H24NO2 [M+H]+ 334.1802, found 334.1799. 
 

(S)-3-(4-acetylphenyl)-1-cyclohexyl-3-phenylazetidin-2-one (10) 

 
According to the general procedure C with E10 (37.0 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (21.9 mg, 0.063 
mmol, 63% yield). 

9 
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1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.41 
– 7.30 (m, 4H), 7.30 – 7.24 (m, 1H), 3.92 – 3.79 (m, 2H), 3.73 – 3.60 (m, 1H), 2.58 (s, 
3H), 1.98 – 1.57 (m, 6H), 1.48 – 1.18 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 197.76, 168.03, 145.83, 139.90, 136.09, 128.92, 128.82, 
127.58, 127.53, 127.18, 64.76, 51.93, 51.30, 30.83, 26.72, 25.38, 24.92. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 90/10, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 33.9 min, t(minor) = 51.2 min, 97% ee. 
HRMS (ESI) m/z calcd. for C23H26NO2 [M+H]+ 348.1958, found 348.1954. 
 

(S)-3-(4-acetylphenyl)-1-cycloheptyl-3-phenylazetidin-2-one (11) 

 

According to the general procedure C with E11 (38.7 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (19.9 mg, 0.055 
mmol, 55% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.97 – 7.87 (m, 2H), 7.51 (dd, J = 8.6, 2.9 Hz, 2H), 
7.41 – 7.24 (m, 5H), 3.95 – 3.78 (m, 3H), 2.58 (s, 3H), 2.03 – 1.89 (m, 2H), 1.75 – 1.42 
(m, 12H). 
13C NMR (101 MHz, CDCl3) δ 197.75, 167.58, 145.81, 139.88, 136.08, 128.92, 128.82, 
127.58, 127.53, 127.18, 64.91, 53.29, 52.06, 32.94, 32.92, 28.04, 26.72, 24.36. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 90/10, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 33.6 min, t(minor) = 45.7 min, 97% ee. 
HRMS (ESI) m/z calcd. for C24H28NO2 [M+H]+ 362.2115, found 362.2112. 
 
(R)-3-(4-acetylphenyl)-3-(3-methoxyphenyl)-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (12) 

 

According to the general procedure C with E12 (49.7 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
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petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (35.8 mg, 0.079 
mmol, 79% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 7.51 
(d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.26 (t, J = 7.9 Hz, 1H), 6.98 – 6.90 (m, 
2H), 6.82 (dd, J = 8.2, 2.5 Hz, 1H), 4.55 (s, 2H), 3.84 (ABq, JAB = 5.5 Hz, = 9.3 
Hz, 2H), 3.76 (s, 3H), 2.57 (s, 3H).  
13C NMR (101 MHz, CDCl3) δ 197.66, 168.87, 159.95, 145.16, 140.94, 139.31, 136.22, 
130.32 (q, J = 32.7 Hz), 130.04, 128.89, 128.47, 127.32, 126.04 (q, J = 3.7 Hz), 124.01 
(q, J = 272.1 Hz),119.27, 113.09, 112.93, 66.89, 55.33, 54.07, 45.78, 26.71. 
19F NMR (376 MHz, CDCl3) δ -62.59. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 27.2 min, t(minor) = 46.1 min, 99% ee. 
HRMS (ESI) m/z calcd. for C26H23F3NO3 [M+H]+ 454.1625, found 454.1621. 
 

(S)-3-(4-acetylphenyl)-1-benzyl-3-(4-(tert-butyl)phenyl)azetidin-2-one (13) 

 

According to the general procedure C with E13 (44.6 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a white solid (32.9 mg, 0.080 
mmol, 80% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.41 
– 7.23 (m, 9H), 4.52 (ABq, JAB = 15.0 Hz, = 41.9 Hz, 2H), 3.80 (ABq, JAB = 5.5 
Hz, = 13.4 Hz, 2H), 2.60 (s, 3H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 197.66, 169.01, 150.49, 145.69, 136.57, 136.01, 135.17, 
128.96, 128.74, 128.29, 127.96, 127.44, 126.65, 125.78, 66.23, 53.89, 46.22, 34.52, 
31.30, 26.64. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 15.5 min, t(minor) = 18.1 min, 98% ee. 
HRMS (ESI) m/z calcd. for C28H30NO2 [M+H]+ 412.2271, found 412.2268. 
 
 
(R)-3-(4-acetylphenyl)-3-(4-fluorophenyl)-1-(4-(trifluoromethyl)benzyl)azetidin-
2-one (14) 
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According to the general procedure C with E14 (48.3 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (37.1 mg, 0.084 
mmol, 84% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 7.47 
(d, J = 8.4 Hz, 2H), 7.39 – 7.30 (m, 4H), 7.07 – 6.97 (m, 2H), 4.56 (ABq, JAB = 15.8 
Hz, = 6.9 Hz, 2H), 3.80 (ABq, JAB = 5.6 Hz, = 10.6 Hz, 2H), 2.57 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.56, 168.81, 162.23 (d, J = 247.4 Hz), 145.08, 
139.23, 136.39, 135.34 (d, J = 3.3 Hz), 130.46 (q, J = 32.6 Hz), 128.99, 128.77 (d, J = 
8.0 Hz), 128.47, 127.27, 126.10 (q, J = 3.8 Hz), 124.02 (q, J = 272.1 Hz), 115.97 (d, J 
= 21.6 Hz), 66.35, 54.13, 45.85, 26.71. 
19F NMR (376 MHz, CDCl3) δ -62.62, -114.17. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 20.8 min, t(minor) = 29.5 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H20F4NO2 [M+H]+ 442.1425, found 442.1423. 
 

(R)-3-(4-acetylphenyl)-1-benzyl-3-(4-chlorophenyl)azetidin-2-one (15) 

 

According to the general procedure C with E15 (42.1 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (33.1 mg, 0.085 
mmol, 85% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.37 
– 7.25 (m, 7H), 7.22 (d, J = 7.4 Hz, 2H), 4.49 (s, 2H), 3.75 (ABq, JAB = 5.7 Hz, = 
11.9 Hz, 2H), 2.57 (s, 3H). 
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13C NMR (101 MHz, CDCl3) δ 197.62, 168.42, 145.02, 138.17, 136.30, 134.99, 133.68, 
129.12, 129.09, 128.94, 128.52, 128.28, 128.14, 127.34, 66.00, 53.73, 46.33, 26.72. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 26.7 min, t(minor) = 31.1 min, 99% ee. 
HRMS (ESI) m/z calcd. for C24H21ClNO2 [M+H]+ 390.1255, found 390.1252. 
 

(R)-3-(4-acetylphenyl)-3-(4-bromophenyl)-1-(4-(trifluoromethyl)benzyl)azetidin-
2-one (16) 

 

According to the general procedure C with E16 (55.6 mg, 0.12 mmol) and 1-(4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 6/1) to yield the product as a colorless oil (38.2 mg, 0.076 
mmol, 76% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 7.51 
– 7.42 (m, 4H), 7.33 (d, J = 8.0 Hz, 2H), 7.29 – 7.23 (m, 2H), 4.55 (s, 2H), 3.79 (ABq, 
JAB = 5.6 Hz, = 12.0 Hz, 2H), 2.57 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.55, 168.47, 144.70, 139.13, 138.50, 136.42, 132.17, 
130.46 (q, J = 32.6 Hz), 129.02, 128.75, 128.46, 127.25, 126.11 (q, J = 3.8 Hz), 123.99 
(q, J = 272.2 Hz), 121.97, 66.46, 53.86, 45.86, 26.73. 
19F NMR (376 MHz, CDCl3) δ -62.60. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 28.1 min, t(minor) = 36.9 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H20BrF3NO2 [M+H]+ 502.0624, found 502.0623. 
 

(S)-3-([1,1'-biphenyl]-4-yl)-3-(4-acetylphenyl)-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (17) 

 

According to the general procedure C with E17 (55.2 mg, 0.12 mmol) and 1-(4-(5,5-
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dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A1 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a white solid (39.9 mg, 0.080 
mmol, 80% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.4 Hz, 2H), 7.64 – 7.51 (m, 8H), 7.48 – 
7.40 (m, 4H), 7.39 – 7.32 (m, 3H), 4.58 (ABq, JAB = 15.4 Hz, = 12.4 Hz, 2H), 
3.86 (ABq, JAB = 5.5 Hz, = 11.6 Hz, 2H), 2.59 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 197.66, 168.98, 145.25, 140.76, 140.41, 139.30, 138.46, 
136.31, 130.40 (q, J = 32.6 Hz), 128.98, 128.95, 128.50, 127.73, 127.65, 127.43, 127.39, 
127.15, 126.09 (q, J = 3.8 Hz), 124.03 (q, J = 272.2 Hz), 66.79, 54.06, 45.85, 26.74. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 39.2 min, t(minor) = 45.6 min, 99% ee. 
HRMS (ESI) m/z calcd. for C31H25F3NO2 [M+H]+ 500.1832, found 500.1831. 
 

(S)-3-(4-acetylphenyl)-1-(4-bromophenyl)-3-isopropylazetidin-2-one (18) 

 

 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 7.9 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H), 7.48 
– 7.40 (m, 2H), 7.31 – 7.22 (m, 2H), 3.86 (ABq, JAB = 5.9 Hz, AB= 7.7 Hz, 2H), 2.61 
(s, 3H), 2.38 – 2.23 (m, 1H), 1.01 (d, J = 6.8 Hz, 3H), 0.99 (d, J = 6.7 Hz, 3H).  
13C NMR (101 MHz, CDCl3) δ 197.71, 167.27, 143.08, 136.95, 136.06, 132.14, 128.17, 
127.90, 117.83, 116.56, 66.28, 48.50, 34.57, 26.64, 18.47, 17.73. 
HPLC conditions: Chiralcel ODH, n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min. λ 
= 254 nm, t(major) = 13.3 min, t(minor) = 18.9 min, 56% ee. 
HRMS (ESI) m/z calcd. for C20H21BrNO2 [M+H]+ 386.0750, found 386.0746. 
 

(S)-3-(4-methoxyphenyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(19) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-(4-
methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane A3 (22.0 mg, 0.10 mmol), the 



S29 
 

reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 7/1) to yield the product as a white solid (18.9 mg, 0.046 
mmol, 46% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.9 Hz, 2H), 7.42 – 7.21 (m, 9H), 6.86 (d, 
J = 8.6 Hz, 2H), 4.55 (s, 2H), 3.83 – 3.70 (m, 5H). 
13C NMR (101 MHz, CDCl3) δ 170.06, 158.93, 140.50, 139.64, 132.37, 130.29 (q, J 
= 32.5 Hz), 128.85, 128.50, 128.30, 127.45, 127.11, 126.02 (q, J = 3.7 Hz), 124.10 (q, 
J = 272.0 Hz), 114.24, 66.49, 55.41, 54.66, 45.72. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Chiralcel IH, n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min. λ = 
230 nm, t(minor) = 22.7 min, t(major) = 33.4 min, 95% ee. 
HRMS (ESI) m/z calcd. for C24H21F3NO2 [M+H]+ 412.1519, found 412.1517. 
 

(S)-3-(3,5-dimethoxyphenyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-
one (20) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-(3,5-
dimethoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane A4 (25.0 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 7/1) to yield the product as a white solid (29.1 mg, 0.066 
mmol, 66% yield). 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.1 Hz, 2H), 7.46 – 7.19 (m, 7H), 6.54 (s, 
2H), 6.36 (s, 1H), 4.54 (ABq, JAB = 15.4 Hz, = 22.2 Hz, 2H), 3.85 – 3.62 (m, 8H). 
13C NMR (101 MHz, CDCl3) δ 169.56, 161.04, 142.43, 139.95, 139.58, 130.28 (q, J 
= 32.6 Hz), 128.84, 128.53, 127.57, 127.07, 126.02 (q, J = 3.7 Hz), 124.08 (q, J = 272.0 
Hz), 105.51, 99.21, 67.05, 55.44, 54.54, 45.74. 
19F NMR (376 MHz, CDCl3) δ -62.58. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 214 nm, t(minor) = 13.9 min, t(major) = 22.2 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H23F3NO3 [M+H]+ 442.1625, found 442.1621. 
 

(S)-3-(4-bromophenyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (21) 
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According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-(4-
bromophenyl)-5,5-dimethyl-1,3,2-dioxaborinane A5 (26.9 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil (33.1 mg, 
0.072 mmol, 72% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.1 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.38 
– 7.30 (m, 6H), 7.29 – 7.23 (m, 3H), 4.54 (ABq, JAB = 15.5 Hz, = 9.5 Hz, 2H), 
3.77 (ABq, JAB = 5.5 Hz, = 18.4 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.29, 139.68, 139.37, 139.25, 132.01, 130.41 (q, J 
= 32.6 Hz), 129.01, 128.88, 128.49, 127.76, 127.02, 126.08 (q, J = 3.7 Hz), 124.06 (q, 
J = 272.1 Hz), 121.65, 66.55, 54.25, 45.81. 
19F NMR (376 MHz, CDCl3) δ -62.58. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 95/05, flow rate 
0.8 mL/min. λ = 214 nm, t(minor) = 30.3 min, t(major) = 32.3 min, 98% ee. 
HRMS (ESI) m/z calcd. for C23H18BrF3NO [M+H]+ 460.0518, found 460.0515.  
 

(S)-3-(3-acetylphenyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (22) 
 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 1-(3-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)ethan-1-one A6 (23.2 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (30.1 mg, 0.071 
mmol, 71% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.98 (t, J = 1.8 Hz, 1H), 7.85 (dt, J = 7.8, 1.4 Hz, 1H), 
7.68 – 7.63 (m, 1H), 7.59 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.41 – 7.31 (m, 
6H), 7.31 – 7.24 (m, 1H), 4.56 (s, 2H), 3.84 (ABq, JAB = 5.5 Hz, = 15.1 Hz, 2H), 
2.57 (s, 3H).  
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13C NMR (101 MHz, CDCl3) δ 197.96, 169.26, 140.89, 139.76, 139.36, 137.63, 132.00, 
130.36 (q, J = 32.5 Hz), 129.20, 129.04, 128.51, 127.77, 127.65, 127.02, 126.57, 126.07 
(q, J = 3.7 Hz), 124.04 (q, J = 272.2 Hz), 66.77, 54.27, 45.81, 26.77. 
19F NMR (376 MHz, CDCl3) δ -62.59. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 230 nm, t(major) = 16.3 min, t(minor) = 17.7 min, 99% ee. 
HRMS (ESI) m/z calcd. for C25H21F3NO2 [M+H]+ 424.1519, found 424.1516. 
 

Methyl (S)-4-(2-oxo-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-3-yl)benzoate 
(23) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and methyl 4-
(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)benzoate A7 (24.8 mg, 0.10 mmol), the reaction 
mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 7/1) to yield the product as a colorless oil (35.2 mg, 0.080 mmol, 80% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 7.9 Hz, 2H), 7.48 
(d, J = 8.3 Hz, 2H), 7.41 – 7.27 (m, 7H), 4.62 – 4.49 (m, 2H), 3.90 (s, 3H), 3.82 (ABq, 
JAB = 5.6 Hz, = 7.1 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 169.08, 166.77, 145.11, 139.52, 139.33, 130.35 (q, J 
= 32.5 Hz), 130.15, 129.36, 129.02, 128.46, 127.79, 127.18, 127.03, 126.05 (q, J = 3.8 
Hz), 124.03 (q, J = 272.2 Hz), 67.01, 54.10, 52.28, 45.78. 
19F NMR (376 MHz, CDCl3) δ -62.58. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 214 nm, t(major) = 21.8 min, t(minor) = 30.2 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H21F3NO3 [M+H]+ 440.1468, found 440.1465. 
 

(S)-4-(2-oxo-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-3-yl)benzonitrile (24) 

N

O

F3C

CN

24
 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)benzonitrile A8 (24.8 mg, 0.10 mmol), the reaction 



S32 
 

mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 7/1) to yield the product as a white solid (36.2 mg, 0.089 mmol, 89% 
yield). 
 

1H NMR (400 MHz, CDCl3) δ 7.61 (t, J = 8.5 Hz, 4H), 7.52 (d, J = 8.2 Hz, 2H), 7.40 
– 7.27 (m, 7H), 4.56 (s, 2H), 3.81 (ABq, JAB = 5.6 Hz, = 19.3 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 168.56, 145.34, 139.12, 138.96, 132.69, 130.47 (q, J 
= 32.5 Hz), 129.18, 128.49, 128.07, 127.91, 126.98, 126.10 (q, J = 3.7 Hz), 123.99 (q, 
J = 272.0 Hz), 118.58, 111.52, 66.83, 53.88, 45.87. 
19F NMR (376 MHz, CDCl3) δ -62.59. 
HPLC conditions: Chiralcel IH, n-hexane/i-PrOH = 85/15, flow rate 0.8 mL/min. λ = 
230 nm, t(major) = 32.8 min, t(minor) = 38.2 min, 99% ee. 
HRMS (ESI) m/z calcd. for C24H18F3NO [M+H]+ 407.1366, found 407.1364. 
 

(S)-3-([1,1'-biphenyl]-4-yl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(25) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-([1,1'-
biphenyl]-4-yl)-5,5-dimethyl-1,3,2-dioxaborinane A17 (26.6 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to yield the product as a white solid (27.9 mg, 0.061 
mmol, 61% yield). 
1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 7.9 Hz, 2H), 7.57 (d, J = 7.8 Hz, 4H), 7.50 
– 7.41 (m, 6H), 7.40 – 7.32 (m, 5H), 7.32 – 7.27 (m, 1H), 4.58 (s, 2H), 3.89 – 3.78 (m, 
2H).  
13C NMR (101 MHz, CDCl3) δ 169.74, 140.60, 140.43, 140.16, 139.54, 139.22, 130.30 
(q, J = 32.7 Hz), 128.94, 128.92, 128.51, 127.60, 127.58, 127.54, 127.17, 126.04 (q, J 
= 3.8 Hz), 124.09 (q, J = 272.2 Hz), 66.85, 54.44, 45.78. 
19F NMR (376 MHz, CDCl3) δ -62.54. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 254 nm, t(major) = 15.9 min, t(minor) = 17.8 min, 97% ee. 
HRMS (ESI) m/z calcd. for C29H23F3NO [M+H]+ 458.1726, found 458.1723. 
 

(S)-3-(benzo[d][1,3]dioxol-5-yl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-
one (26) 
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According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-
(benzo[d][1,3]dioxol-5-yl)-5,5-dimethyl-1,3,2-dioxaborinane A9 (23.4 mg, 0.10 
mmol), the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/ethyl acetate 6/1) to yield the product as a white solid (25.9 
mg, 0.061 mmol, 61% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.0 Hz, 2H), 7.42 – 7.29 (m, 6H), 7.29 – 
7.21 (m, 1H), 6.91 – 6.81 (m, 2H), 6.76 (d, J = 8.6 Hz, 1H), 5.93 (s, 2H), 4.54 (ABq, 
JAB = 15.4 Hz, = 13.2 Hz, 2H), 3.75 (ABq, JAB = 5.4 Hz, = 14.3 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.77, 148.08, 146.98, 140.31, 139.54, 134.11, 130.30 
(q, J = 32.6 Hz), 128.88, 128.48, 127.55, 127.05, 126.03 (q, J = 3.7 Hz), 124.09 (q, J = 
272.2 Hz), 120.32, 108.42, 107.93, 101.29, 66.72, 54.62, 45.72. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 90/10, flow rate 
0.8 mL/min. λ = 230 nm, t(minor) = 20.5 min, t(major) = 23.3 min, 97% ee. 
HRMS (ESI) m/z calcd. for C24H19F3NO3 [M+H]+ 426.1312, found 426.1308. 
 
(S)-3-(dibenzo[b,d]furan-2-yl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-
one (27) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-
(dibenzo[b,d]furan-2-yl)-5,5-dimethyl-1,3,2-dioxaborinane A10 (28.0 mg, 0.10 mmol), 
the reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 8/1) to yield the product as a white solid (37.2 mg, 0.079 
mmol, 79% yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 1.6 Hz, 1H), 7.92 (d, J = 7.7 Hz, 1H), 7.60 
(d, J = 8.0 Hz, 2H), 7.58 – 7.51 (m, 2H), 7.48 (d, J = 1.9 Hz, 1H), 7.47 – 7.42 (m, 3H), 
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7.41 – 7.33 (m, 5H), 7.33 – 7.26 (m, 1H), 4.60 (ABq, JAB = 15.5 Hz, = 8.8 Hz, 
2H), 3.95 – 3.86 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.95, 156.72, 155.42, 140.49, 139.53, 134.91, 130.31 
(q, J = 32.5 Hz), 128.95, 128.51, 127.59, 127.56, 127.08, 126.42, 126.04 (q, J = 3.8 
Hz), 124.68, 124.07 (q, J = 272.0 Hz), 124.04, 122.95, 120.96, 119.30, 112.00, 111.83, 
66.95, 54.86, 45.77. 
19F NMR (376 MHz, CDCl3) δ -62.53. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(minor) = 13.7 min, t(major) = 15.9 min, 98% ee. 
HRMS (ESI) m/z calcd. for C29H21F3NO2 [M+H]+ 472.1519, found 472.1518. 
 
(S)-3-phenyl-3-(quinolin-6-yl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (28) 

N

O

Ph

F3C

N

28

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 6-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)quinoline A11 (24.1 mg, 0.10 mmol), the reaction 
mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 3/1) to yield the product as a colorless oil (29.8 mg, 0.069 mmol, 69% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.90 (dd, J = 4.3, 1.7 Hz, 1H), 8.16 – 8.11 (m, 1H), 
8.08 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 2.0 Hz, 1H), 7.67 (dd, J = 8.8, 2.1 Hz, 1H), 7.59 
(d, J = 8.0 Hz, 2H), 7.47 – 7.32 (m, 7H), 7.32 – 7.26 (m, 1H), 4.59 (s, 2H), 3.90 (ABq, 
JAB = 5.5 Hz, = 15.5 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.40, 150.79, 147.54, 139.62, 139.37, 138.44, 136.38, 
130.35 (q, J = 32.7 Hz), 130.24, 129.02, 128.86, 128.49, 128.21, 127.78, 127.13, 126.05 
(q, J = 3.6 Hz), 125.65, 124.03 (q, J = 272.3 Hz), 121.69, 66.94, 54.18, 45.81. 
19F NMR (376 MHz, CDCl3) δ -62.57. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 254 nm, t(major) = 31.3 min, t(minor) = 43.6 min, 98% ee. 
HRMS (ESI) m/z calcd. for C26H20F3N2O [M+H]+ 433.1522, found 433.1520. 
 

(S)-3-phenyl-3-(pyridin-3-yl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (29) 
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According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 3-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)pyridine A12 (19.1 mg, 0.10 mmol), the reaction 
mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 3/1) to yield the product as a colorless oil (12.2 mg, 0.032 mmol, 32% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 8.53 (s, 1H), 7.75 (dt, J = 8.0, 2.0 Hz, 1H), 
7.60 (d, J = 8.1 Hz, 2H), 7.42 – 7.32 (m, 6H), 7.32 – 7.23 (m, 2H), 4.56 (s, 2H), 3.83 
(s, 2H). 
13C NMR (101 MHz, CDCl3) δ 168.76, 148.87, 148.30, 139.22, 139.18, 136.01, 134.96, 
130.50 (q, J = 32.7 Hz), 129.16, 128.52, 127.97, 127.07, 126.14 (q, J = 3.8 Hz), 124.03 
(q, J = 272.1 Hz), 123.74, 65.11, 53.89, 45.90. 
19F NMR (376 MHz, CDCl3) δ -62.64. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 214 nm, t(major) = 14.4 min, t(minor) = 25.3 min, 94% ee. 
HRMS (ESI) m/z calcd. for C22H18F3N2O [M+H]+ 383.1366, found 383.1363. 
 

(S)-3-(6-chloropyridin-3-yl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(30) 

 

According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 2-chloro-5-
(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)pyridine A13 (22.5 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 3/1) to yield the product as a colorless oil (17.9 mg, 0.043 
mmol, 43% yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 2.6 Hz, 1H), 7.71 (dd, J = 8.3, 2.5 Hz, 1H), 
7.60 (d, J = 8.0 Hz, 2H), 7.40 – 7.27 (m, 8H), 4.56 (ABq, JAB = 15.4 Hz, = 14.0 
Hz, 2H), 3.81 (ABq, JAB = 5.7 Hz, = 11.5 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 168.29, 150.77, 148.09, 139.07, 138.79, 137.84, 135.00, 
130.56 (q, J = 32.7 Hz), 129.28, 128.52, 128.16, 126.94, 126.17 (q, J = 3.8 Hz), 124.49, 
124.01 (d, J = 272.1 Hz), 64.47, 53.75, 45.93. 
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19F NMR (376 MHz, CDCl3) δ -62.63. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
0.8 mL/min. λ = 225 nm, t(major) = 18.8 min, t(minor) = 38.2 min, 98% ee. 
HRMS (ESI) m/z calcd. for C22H17ClF3N2O [M+H]+ 417.0976, found 417.0973. 
 

(S)-3-phenyl-3-(pyridin-4-yl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (31) 

 
According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 4-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)pyridine A14 (19.1 mg, 0.10 mmol), the reaction 
mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 2/1) to yield the product as a colorless oil (16.2 mg, 0.042 mmol, 42% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 8.59 – 8.53 (m, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.41 – 
7.31 (m, 7H), 7.31 – 7.28 (m, 2H), 4.56 (ABq, JAB = 15.4 Hz, = 9.0 Hz, 2H), 3.80 
(ABq, JAB = 5.6 Hz, = 9.3 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 168.34, 150.34, 148.85, 139.16, 138.55, 130.53 (q, J 
= 32.8 Hz), 129.18, 128.51, 128.13, 127.10, 126.14 (q, J = 3.8 Hz), 122.12, 124.02 (q, 
J = 272.1 Hz), 66.36, 53.61, 45.91. 
19F NMR (376 MHz, CDCl3) δ -62.64. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 214 nm, t(major) = 16.6 min, t(minor) = 22.3 min, 98% ee. 
HRMS (ESI) m/z calcd. for C22H18F3N2O [M+H]+ 383.1366, found 383.1362.  
 

(S)-3-phenyl-3-(thiophen-3-yl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (32) 

 
According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 5,5-
dimethyl-2-(thiophen-3-yl)-1,3,2-dioxaborinane A15 (19.6 mg, 0.10 mmol), the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 8/1) to yield the product as a colorless oil (12.0 mg, 0.031 
mmol, 31% yield). 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.42 – 7.28 (m, 9H), 7.11 (dd, 
J = 3.0, 1.4 Hz, 1H), 6.99 (dd, J = 5.0, 1.4 Hz, 1H), 4.55 (ABq, JAB = 15.4 Hz, = 
22.2 Hz, 2H), 3.74 (ABq, JAB = 5.3 Hz, = 13.2 Hz, 2H). 
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13C NMR (101 MHz, CDCl3) δ 169.48, 140.78, 139.58, 130.38 (q, J = 32.9 Hz), 128.89, 
128.53, 127.69, 127.07, 126.75, 126.52, 126.07 (q, J = 3.8 Hz), 124.10 (q, J = 272.3 
Hz), 122.23, 64.28, 54.74, 45.81. 
19F NMR (376 MHz, CDCl3) δ -62.60. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 90/10, flow rate 
0.8 mL/min. λ = 230 nm, t(major) = 17.9 min, t(minor) = 20.0 min, 92% ee. 
HRMS (ESI) m/z calcd. for C21H17F3NOS [M+H]+ 388.0977, found 388.0973. 
 

(S)-3-phenyl-3-(pyrimidin-5-yl)-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (33) 

 
According to the general procedure C with E1 (46.1 mg, 0.12 mmol) and 5-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)pyrimidine A16 (19.2 mg, 0.10 mmol), the reaction 
mixture was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 3/1) to yield the product as a colorless oil (16.9 mg, 0.044 mmol, 44% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 8.75 (s, 2H), 7.61 (d, J = 8.0 Hz, 2H), 7.43 
– 7.29 (m, 7H), 4.57 (ABq, JAB = 15.5 Hz, = 9.3 Hz, 2H), 3.83 (ABq, JAB = 5.8 
Hz, = 22.3 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 167.64, 157.89, 155.53, 138.90, 137.95, 134.01, 130.65 
(q, J = 32.5 Hz), 129.46, 128.57, 128.44, 127.04, 126.24 (q, J = 3.7 Hz), 123.98 (q, J = 
272.5 Hz), 63.30, 53.33, 46.04. 
19F NMR (376 MHz, CDCl3) δ -62.66. 
HPLC conditions: Nu-Analytical Solutions INA, n-hexane/i-PrOH = 85/15, flow rate 
1.0 mL/min. λ = 254 nm, t(major) = 16.8 min, t(minor) = 36.4 min, 97% ee. 
HRMS (ESI) m/z calcd. for C21H17F3N3O [M+H]+ 384.1318, found 384.1314. 
 
(R,E)-3-phenyl-3-styryl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (34) 

 
According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-styryl-1,3,2-dioxaborinane A18 (21.6 mg, 0.10 mmol) at −40 °C for 5 d, the 
reaction mixture was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil (28.8 mg, 
0.071 mmol, 71% yield). 
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1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.1 Hz, 2H), 7.49 – 7.43 (m, 2H), 7.41 – 
7.26 (m, 9H), 7.25 – 7.21 (m, 1H), 6.51 (s, 2H), 4.54 (ABq, JAB = 15.4 Hz, = 28.9 
Hz, 2H), 3.61 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.28, 136.33, 131.77, 130.16 (q, J = 32.5 Hz), 128.82, 
128.61, 128.59, 128.35, 127.93, 127.60, 127.06, 126.50, 125.92 (q, J = 3.8 Hz), 123.98 
(q, J = 272.1 Hz), 65.47, 53.52, 45.57. 
19F NMR (376 MHz, CDCl3) δ -62.55. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(major) = 24.3 min, t(minor) = 30.6 min, 98% ee. 
HRMS (ESI) m/z calcd. for C25H21F3NO [M+H]+ 408.1570, found 408.1567. 
 

(R,E)-3-(3-methoxystyryl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(35) 

 

According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(3-
methoxystyryl)-5,5-dimethyl-1,3,2-dioxaborinane A2 (24.6 mg, 0.10 mmol) at −40 °C 
for 5 d, the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil (30.5 
mg, 0.070 mmol, 70% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.5 Hz, 2H), 7.42 
– 7.34 (m, 4H), 7.34 – 7.26 (m, 1H), 7.25 – 7.13 (m, 1H), 6.93 (d, J = 7.7 Hz, 1H), 6.87 
(t, J = 2.0 Hz, 1H), 6.78 (dd, J = 8.2, 2.5 Hz, 1H), 6.50 (s, 2H), 4.53 (ABq, JAB = 15.4 
Hz, = 23.8 Hz, 2H), 3.77 (s, 3H), 3.60 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.22, 159.80, 139.45, 138.46, 137.76, 131.64, 130.13 
(q, J = 32.6 Hz), 129.55, 128.91, 128.81, 128.32, 127.92, 127.63, 127.59, 125.89 (q, J 
= 3.8 Hz), 123.97 (q, J = 272.1 Hz), 119.11, 113.74, 111.66, 65.42, 55.19, 53.47, 45.54. 
19F NMR (376 MHz, CDCl3) δ -62.55. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
1.0 mL/min. λ = 254 nm, t(minor) = 24.5 min, t(major) = 46.4 min, 94% ee. 
HRMS (ESI) m/z calcd. for C26H23F3NO [M+H]+ 438.1675, found 438.1673. 
 

(R,E)-3-(4-methylstyryl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one 
(36) 
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According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-(4-methylstyryl)-1,3,2-dioxaborinane A19 (23.0 mg, 0.10 mmol) at −40 °C 
for 5 d, the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil (30.2 
mg, 0.072 mmol, 72% yield). 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 7.3 Hz, 2H), 7.41 
– 7.35 (m, 4H), 7.31 (d, J = 7.3 Hz, 1H), 7.27 – 7.19 (m, 2H), 7.10 (d, J = 7.9 Hz, 2H), 
6.47 (ABq, JAB = 16.0 Hz, = 9.8 Hz, 2H), 4.54 (ABq, JAB = 15.4 Hz, = 30.5 
Hz, 2H), 3.60 (s, 2H), 2.32 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 169.44, 139.52, 138.64, 137.83, 133.57, 131.64, 130.18 
(q, J = 32.4 Hz), 129.30, 128.81, 128.36, 127.56, 127.08, 126.42, 125.93 (q, J = 3.8 
Hz), 124.00 (q, J = 272.1 Hz), 65.50, 53.59, 45.58, 21.21. 
19F NMR (376 MHz, CDCl3) δ -62.55. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.5 mL/min. λ = 254 nm, t(major) = 27.3 min, t(minor) = 28.5 min, 98% ee. 
HRMS (ESI) m/z calcd. for C26H23F3NO [M+H]+ 422.1726, found 422.1723.  
 

(R,E)-3-(4-chlorostyryl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (37) 

 

According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(4-
chlorostyryl)-5,5-dimethyl-1,3,2-dioxaborinane A20 (25.0 mg, 0.10 mmol) at −40 °C 
for 5 d, the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/dichloromethane 2/1) to yield the product as a colorless oil 
(30.0 mg, 0.068 mmol, 68% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.1 Hz, 2H), 7.45 (dd, J = 8.2, 1.5 Hz, 2H), 
7.41 – 7.35 (m, 4H), 7.34 – 7.29 (m, 1H), 7.25 (s, 4H), 6.46 (ABq, JAB = 15.7 Hz, 
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= 14.0 Hz, 2H), 4.54 (ABq, JAB = 15.4 Hz, = 18.2 Hz, 2H), 3.60 (ABq, JAB 
= 5.4 Hz, = 8.0 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.07, 139.40, 138.27, 134.84, 133.56, 130.66, 130.22 
(q, J = 32.6 Hz), 129.36, 128.88, 128.75, 128.37, 127.73, 127.70, 127.07, 125.94 (q, J 
= 3.7 Hz), 123.97 (q, J = 272.1 Hz), 65.42, 53.49, 45.62. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 36.6 min, t(major) = 37.9 min, 90% ee. 
HRMS (ESI) m/z calcd. for C25H20ClF3NO [M+H]+ 442.1180, found 442.1179. 
 

(R,E)-3-(4-bromostyryl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-one (38) 

 

According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(4-
bromostyryl)-5,5-dimethyl-1,3,2-dioxaborinane A21 (29.5 mg, 0.10 mmol) at −40 °C 
for 5 d, the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/dichloromethane 2/1) to yield the product as a colorless oil 
(35.0 mg, 0.072 mmol, 72% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.48 – 7.42 (m, 2H), 7.42 – 
7.34 (m, 6H), 7.34 – 7.27 (m, 1H), 7.19 (d, J = 8.5 Hz, 2H), 6.46 (ABq, JAB = 16.0 Hz, 
= 26.5 Hz, 2H), 4.53 (ABq, JAB = 15.4 Hz, = 17.4 Hz, 2H), 3.60 (ABq, JAB 
= 5.4 Hz, = 7.5 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 169.01, 139.39, 139.37, 138.21, 135.27, 131.67, 130.70, 
130.18 (q, J = 32.6 Hz), 129.48, 128.86, 128.35, 128.03, 127.69, 127.06, 125.92 (q, J 
= 3.7 Hz), 123.95 (q, J = 272.1 Hz), 121.70, 65.41, 53.44, 45.60. 
19F NMR (376 MHz, CDCl3) δ -62.51. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 26.0 min, t(major) = 27.9 min, 94% ee. 
HRMS (ESI) m/z calcd. for C25H20BrF3NO [M+H]+ 486.0675, found 486.0673. 
 
(R,E)-3-(2-([1,1'-biphenyl]-4-yl)vinyl)-3-phenyl-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (39) 
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According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(2-
([1,1'-biphenyl]-4-yl)vinyl)-5,5-dimethyl-1,3,2-dioxaborinane A22 (29.2 mg, 0.10 
mmol) at −40 °C for 5 d, the reaction mixture was purified by column chromatography 
on silica gel (eluent: petroleum ether/dichloromethane 2/1) to yield the product as a 
colorless oil (30.8 mg, 0.064 mmol, 64% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.57 – 7.42 (m, 6H), 7.42 – 7.36 (m, 2H), 7.38 – 7.27 
(m, 8H), 7.27 – 7.20 (m, 2H), 6.47 (s, 2H), 4.45 (ABq, JAB = 15.4 Hz, = 29.5 Hz, 
2H), 3.53 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.26, 140.66, 140.54, 139.48, 138.50, 135.37, 131.32, 
130.18 (q, J = 32.6 Hz), 128.85, 128.81, 128.71, 128.36, 127.63, 127.41, 127.26, 127.09, 
126.96, 126.93, 125.94 (q, J = 3.7 Hz), 123.99 (q, J = 272.0 Hz), 65.54, 53.54, 45.59. 
19F NMR (376 MHz, CDCl3) δ -62.49. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(major) = 40.9 min, t(minor) = 61.0 min, 94% ee. 
HRMS (ESI) m/z calcd. for C31H25F3NO [M+H]+ 484.1883, found 484.1881. 
 

(R,E)-3-(2-(naphthalen-2-yl)vinyl)-3-phenyl-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (40) 

N

O

Ph

F3C

40

 
According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-(2-(naphthalen-2-yl)vinyl)-1,3,2-dioxaborinane A23 (26.6 mg, 0.10 mmol) 
at −40 °C for 5 d, the reaction mixture was purified by column chromatography on 
silica gel (eluent: petroleum ether/dichloromethane 2/1) to yield the product as a 
colorless oil (27.8 mg, 0.061 mmol, 61% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 9.0, 6.7 Hz, 3H), 7.68 (d, J = 1.7 Hz, 1H), 
7.61 (d, J = 8.0 Hz, 2H), 7.55 (dd, J = 8.6, 1.8 Hz, 1H), 7.53 – 7.47 (m, 2H), 7.47 – 7.36 
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(m, 6H), 7.35 – 7.29 (m, 1H), 6.65 (ABq, JAB = 16.0 Hz, = 10.7 Hz, 2H), 4.55 
(ABq, JAB = 15.5 Hz, = 22.1 Hz, 2H), 3.64 (ABq, JAB = 5.4 Hz, = 3.9 Hz, 
2H).  
13C NMR (101 MHz, CDCl3) δ 169.32, 139.48, 138.52, 133.78, 133.52, 133.10, 131.96, 
130.21 (q, J = 32.4 Hz), 129.00, 128.88, 128.39, 128.26, 128.03, 127.68, 127.15, 126.80, 
126.37, 126.07, 125.96 (q, J = 3.7 Hz), 123.99 (q, J = 272.1 Hz), 123.39, 65.61, 53.59, 
45.63. 
19F NMR (376 MHz, CDCl3) δ -62.54. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.5 mL/min. λ = 280 nm, t(minor) = 44.3 min, t(major) = 49.6 min, 96% ee. 
HRMS (ESI) m/z calcd. for C29H23F3NO [M+H]+ 458.1726, found 458.1723.  
 
(R,E)-3-phenyl-3-(2-(thiophen-2-yl)vinyl)-1-(4-(trifluoromethyl)benzyl)azetidin-
2-one (41) 

 
According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-(2-(thiophen-2-yl)vinyl)-1,3,2-dioxaborinane A24 (22.2 mg, 0.10 mmol) at 
−40 °C for 5 d, the reaction mixture was purified by column chromatography on silica 
gel (eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil 
(23.0 mg, 0.056 mmol, 56% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.50 – 7.42 (m, 2H), 7.42 – 
7.28 (m, 6H), 7.14 (dd, J = 4.9, 1.3 Hz, 1H), 6.97 – 6.89 (m, 2H), 6.61 (d, J = 15.7 Hz, 
1H), 6.34 (d, J = 15.8 Hz, 1H), 4.53 (ABq, JAB = 15.4 Hz, = 11.6 Hz, 2H), 3.58 
(ABq, JAB = 5.4 Hz, = 12.0 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.05, 141.40, 139.43, 138.26, 130.22 (q, J = 32.5 
Hz), 129.16 (d, J = 29.3 Hz), 128.86, 128.37, 128.31, 128.11, 127.68, 127.45, 127.12, 
126.45, 125.95 (q, J = 3.7 Hz), 125.32, 124.62, 123.99 (q, J = 272.1 Hz), 65.35, 53.63, 
53.46, 45.63. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(major) = 23.7 min, t(minor) = 40.3 min, 95% ee. 
HRMS (ESI) m/z calcd. for C23H19F3NOS [M+H]+ 414.1134, found 414.1130. 
 
(R,E)-3-phenyl-3-(2-(thiophen-3-yl)vinyl)-1-(4-(trifluoromethyl)benzyl)azetidin-
2-one (42) 
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According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-(2-(thiophen-3-yl)vinyl)-1,3,2-dioxaborinane A25 (22.2 mg, 0.10 mmol) at 
−40 °C for 5 d, the reaction mixture was purified by column chromatography on silica 
gel (eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil 
(19.2 mg, 0.047 mmol, 47% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 7.2 Hz, 2H), 7.38 
(t, J = 7.9 Hz, 4H), 7.34 – 7.28 (m, 1H), 7.28 – 7.22 (m, 1H), 7.18 (d, J = 5.1 Hz, 1H), 
7.12 (d, J = 2.9 Hz, 1H), 6.51 (d, J = 15.9 Hz, 1H), 4.54 (ABq, JAB = 15.4 Hz, = 
21.3 Hz, 2H), 3.59 (ABq, JAB = 5.3 Hz, = 7.8 Hz, 2H).  
13C NMR (101 MHz, CDCl3) δ 169.30, 139.47, 138.97, 138.50, 130.21 (q, J = 32.4 
Hz), 128.84, 128.49, 128.37, 127.61, 127.10, 126.10, 125.95 (q, J = 3.8 Hz), 124.80, 
123.99 (q, J = 272.1 Hz), 122.86, 65.43, 53.56, 45.61. 
19F NMR (376 MHz, CDCl3) δ -62.55. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(major) = 27.8 min, t(minor) = 45.5 min, 95% ee. 
HRMS (ESI) m/z calcd. for C23H19F3NOS [M+H]+ 414.1134, found 414.1130. 
 
(R,E)-3-(2-(cyclohex-1-en-1-yl)vinyl)-3-phenyl-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (43) 

 

According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(2-
(cyclohex-1-en-1-yl)vinyl)-5,5-dimethyl-1,3,2-dioxaborinane A26 (22.0 mg, 0.10 
mmol) at −40 °C for 5 d, the reaction mixture was purified by column chromatography 
on silica gel (eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a 
colorless oil (18.8 mg, 0.046 mmol, 46% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.9 Hz, 2H), 7.53 – 7.29 (m, 5H), 7.31 – 
7.02 (m, 1H), 6.11 (d, J = 15.8 Hz, 1H), 5.82 (d, J = 15.9 Hz, 1H), 5.71 (d, J = 3.7 Hz, 
1H), 4.51 (ABq, JAB = 15.4 Hz, = 8.5 Hz, 2H), 3.53 (ABq, JAB = 5.3 Hz, = 
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5.3 Hz, 2H), 2.19 – 2.00 (m, 4H), 1.93 – 1.34 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 169.83, 139.59, 139.09, 135.42, 134.82, 131.00, 130.11 
(q, J = 32.6 Hz), 128.70, 128.35, 127.37, 127.03, 125.88 (q, J = 3.8 Hz), 124.36, 124.01 
(q, J = 272.1 Hz), 65.37, 53.83, 45.53, 25.90, 24.43, 22.42, 22.36. 
19F NMR (376 MHz, CDCl3) δ -62.55. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 13.4 min, t(major) = 15.0 min, 90% ee. 
HRMS (ESI) m/z calcd. for C25H25F3NO [M+H]+ 412.1883, found 412.1880.  
 

(R,E)-3-(2-cyclopropylvinyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-
one (44) 

 

According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-2-(2-
cyclopropylvinyl)-5,5-dimethyl-1,3,2-dioxaborinane A27 (18.0 mg, 0.10 mmol) at 
−40 °C for 5 d, the reaction mixture was purified by column chromatography on silica 
gel (eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a colorless oil 
(15.0 mg, 0.040 mmol, 40% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.9 Hz, 2H), 7.43 – 7.31 (m, 6H), 7.31 – 
7.25 (m, 1H), 5.85 (d, J = 15.4 Hz, 1H), 5.07 (dd, J = 15.4, 9.0 Hz, 1H), 4.50 (ABq, JAB 
= 15.4 Hz, = 41.0 Hz, 2H), 3.48 (ABq, JAB = 5.2 Hz, = 21.0 Hz, 2H),  1.45 
– 1.34 (m, 1H), 0.77 – 0.63 (m, 2H), 0.42 – 0.27 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 169.84, 139.65, 138.93, 136.99, 130.09 (q, J = 32.6 
Hz), 128.64, 128.30, 127.30, 126.95, 126.62, 125.84 (q, J = 3.7 Hz), 124.00 (q, J = 
272.1 Hz), 65.12, 53.73, 45.42, 13.94, 6.86, 6.84. 
19F NMR (376 MHz, CDCl3) δ -62.54. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 22.4 min, t(major) = 26.9 min, 92% ee. 
HRMS (ESI) m/z calcd. for C22H21F3NO [M+H]+ 372.1570, found 372.1566. 
 

(R,E)-3-phenyl-3-(3-(phenylthio)prop-1-en-1-yl)-1-(4-
(trifluoromethyl)benzyl)azetidin-2-one (45) 
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According to the general procedure D with E1 (57.4 mg, 0.15 mmol) and (E)-5,5-
dimethyl-2-(3-(phenylthio)prop-1-en-1-yl)-1,3,2-dioxaborinane A28 (26.2 mg, 0.10 
mmol) at −40 °C for 5 d, the reaction mixture was purified by column chromatography 
on silica gel (eluent: petroleum ether/ethyl acetate 10/1) to yield the product as a 
colorless oil (21.7 mg, 0.048 mmol, 48% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.0 Hz, 2H), 7.40 – 7.10 (m, 12H), 5.87 – 
5.72 (m, 1H), 5.67 (dt, J = 15.4, 6.8 Hz, 1H), 4.54 (d, J = 15.4 Hz, 1H), 4.38 (d, J = 
15.4 Hz, 1H), 3.51 (dt, J = 6.9, 1.3 Hz, 2H), 3.42 (d, J = 5.3 Hz, 1H), 3.29 (d, J = 5.3 
Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 169.06, 139.47, 138.22, 135.15, 132.29, 130.97, 130.14 
(q, J = 32.6 Hz), 128.80, 128.71, 128.28, 127.92, 127.48, 126.85, 126.66, 125.89 (q, J 
= 3.8 Hz), 123.99 (q, J = 272.2 Hz), 64.93, 53.25, 45.45, 36.53. 
19F NMR (376 MHz, CDCl3) δ -62.54. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 30.4 min, t(major) = 32.0 min, 96% ee. 
HRMS (ESI) m/z calcd. for C26H23F3NOS [M+H]+ 454.1447, found 454.1444. 
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One-mmol scale reaction 

 
Large Scale: according to the general procedure C with E5 (345 mg, 1.0 mmol) and 
2-([1,1'-biphenyl]-4-yl)-5,5-dimethyl-1,3,2-dioxaborinane (266 mg, 1.0 mmol) at 0 °C 
for 45 h, the reaction mixture was purified by column chromatography on silica gel 
(eluent: petroleum ether/ethyl acetate 5/1) to yield the product as a colorless oil (272 
mg, 0.65 mmol, 65% yield). 

Derivatizations of 𝛼-quaternary -lactams 

 

 

(S)-3-([1,1'-biphenyl]-4-yl)-3-phenylazetidin-2-one (46) 

 
To a stirred solution of 5 (154.5 mg, 0.369 mmol, 1.0 equiv.) in a mixture solvent of 
CH2Cl2 (6 mL) and H2O (0.6 mL) was added 2,3-dichloro-5,6-dicyano-para-
benzoquinone (DDQ, 251 mg, 1.11 mmol, 3.0 equiv.) at room temperature. The reaction 
mixture was stirred at that temperature for 24 h. Upon completion (monitored by TLC), 
the reaction mixture was diluted with CH2Cl2, quenched with saturated NaHCO3 
solution, and extracted with CH2Cl2 three times (3 × 10 mL). The combined organic 
layer was washed with saturated NaHCO3 solution, dried with Na2SO4, filtered and 
concentrated in vacuo. The residue was purified by column chromatography on silica 
gel (eluent: petroleum ether/ethyl acetate 4/1) to give product 46 as a colorless oil (77.3 
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mg, 70% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.53 (m, 4H), 7.52 – 7.40 (m, 6H), 7.39 – 7.32 
(m, 3H), 7.32 – 7.23 (m, 1H), 6.04 (s, 1H), 3.98 (ABq, JAB = 5.3 Hz, = 4.4 Hz, 
2H). 
13C NMR (101 MHz, CDCl3) δ 170.54, 140.60, 140.31, 140.07, 139.17, 128.87, 128.82, 
128.79, 128.71, 127.47, 127.45, 127.41, 127.10, 68.05, 51.27. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 80/20, flow rate 
0.5 mL/min. λ = 254 nm, t(major) = 17.5 min, t(minor) = 19.8 min, 93% ee. 
HRMS (ESI) m/z calcd. for C21H18NO [M+H]+ 300.1383, found 300.1381. 
 
tert-butyl (S)-3-([1,1'-biphenyl]-4-yl)-2-oxo-3-phenylazetidine-1-carboxylate (47) 

 
To a solution of 46 (29.9 mg, 0.1 mmol, 1.0 equiv.) and 4-dimethylaminopyridine 
(DMAP, 24.4 mg, 0.20 mmol, 2.0 equiv.) in anhydrous CH2Cl2 (2.0 mL) was added 
Boc2O (115 μL, 0.50 mmol, 5.0 equiv.) under argon atmosphere. The resulting mixture 
was stirred at room temperature for 1 h. Upon completion (monitored by TLC), the 
reaction mixture was quenched by HCl (0.5 M, 5.0 mL). The mixture was extracted 
with CH2Cl2 three times (3 × 10 mL). The combined organic layer was washed with 
water and brine, dried over anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to give product 47 as a colorless oil (36.4 mg, 91% 
yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.56 (t, J = 8.4 Hz, 4H), 7.51 – 7.40 (m, 6H), 7.40 – 
7.33 (m, 3H), 7.33 – 7.26 (m, 1H), 4.25 (ABq, JAB = 6.6 Hz, = 4.8 Hz, 2H), 1.54 
(s, 9H). 
13C NMR (101 MHz, CDCl3) δ 166.66, 148.19, 140.70, 140.42, 139.27, 138.29, 128.96, 
128.85, 127.79, 127.61, 127.53, 127.32, 127.11, 126.99, 126.92, 83.81, 65.23, 52.90, 
28.06. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 90/10, flow rate 
0.5 mL/min. λ = 254 nm, t(minor) = 12.9 min, t(major) = 14.7 min, 93% ee. 
HRMS (ESI) m/z calcd. for C26H26NO3 [M+Na]+ 422.1727, found 422.1721. 
 

tert-butyl (S)-(2-([1,1'-biphenyl]-4-yl)-3-hydroxy-2-phenylpropyl)carbamate (48) 
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To a solution of 47 (20.0 mg, 0.05 mmol, 1.0 equiv.) in anhydrous THF (1.0 mL) was 
added LiAlH4 (5.7 mg, 0.15 mmol, 3.0 equiv.) at 0 °C under argon atmosphere. The 
reaction mixture was stirred at that temperature for 4 h. Upon completion (monitored 
by TLC), the reaction mixture was quenched by saturated NH4Cl (2.0 mL), filtered 
through a short pad of celite and rinsed with EtOAc. The filtrate was extracted with 
EtOAc three times (3 × 10 mL). The combined organic layer was washed with water 
and brine, dried over anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 3/1) to give 48 as a colorless oil (18.5 mg, 92% yield).  
 
1H NMR (400 MHz, CDCl3) δ 7.70 – 7.47 (m, 4H), 7.42 (t, J = 7.5 Hz, 2H), 7.33 (t, J 
= 7.4 Hz, 3H), 7.28 – 7.18 (m, 5H), 4.59 (t, J = 6.6 Hz, 1H), 4.21 (s, 2H), 4.11 – 3.95 
(m, 2H), 3.58 (s, 1H), 1.43 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 157.48, 144.13, 143.31, 140.60, 139.42, 128.81, 128.57, 
128.32, 127.91, 127.33, 127.13, 127.03, 126.75, 80.29, 66.36, 52.23, 45.50, 28.35. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 80/20, flow rate 
0.5 mL/min. λ = 254 nm, t(minor) = 14.8 min, t(major) = 20.0 min, 92% ee. 
HRMS (ESI) m/z calcd. for C26H30NO3 [M+H]+ 404.2220, found 404.2215. 
 
tert-butyl (S)-(2-([1,1'-biphenyl]-4-yl)-3-oxo-2-phenylpropyl)carbamate (49) 

 
To a solution of 47 (20.0 mg, 0.05 mmol, 1.0 equiv.) in anhydrous CH2Cl2 (1.0 mL) 
was added DIBALH (0.1 mL, 0.10 mmol, 1 M in hexane, 2.0 equiv.) at 78 °C under 
argon atmosphere. The reaction mixture was stirred at that temperature for 2 h. Upon 
completion (monitored by TLC), the reaction mixture was quenched by saturated 
NH4Cl (2.0 mL) at 78 °C, filtered through a short pad of celite and rinsed with EtOAc. 
The filtrate was extracted with EtOAc (3 × 10 mL). The combined organic layer was 
washed with water and brine, dried over anhydrous Na2SO4, filtered and concentrated 
under reduced pressure. The residue was purified by column chromatography on silica 
gel (eluent: petroleum ether/ethyl acetate 10/1) to give 49 as a colorless oil (14.2 mg, 
71% yield). 
 
1H NMR (400 MHz, CDCl3) δ 9.91 (s, 1H), 7.72 – 7.52 (m, 4H), 7.52 – 7.31 (m, 6H), 
7.32 – 7.03 (m, 4H), 4.80 (s, 1H), 4.11 (d, J = 6.5 Hz, 2H), 1.29 (s, 9H). 
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13C NMR (101 MHz, CDCl3) δ 199.23, 155.51, 140.68, 140.32, 138.26, 137.16, 129.36, 
129.05, 128.93, 128.89, 127.89, 127.62, 127.11, 64.14, 53.47, 43.96, 28.28. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 13.3 min, t(major) = 16.3 min, 93% ee. 
HRMS (ESI) m/z calcd. for C26H28NO3 [M+H]+ 402.2064, found 402.2060. 
 

Methyl (S)-2-([1,1'-biphenyl]-4-yl)-3-((tert-butoxycarbonyl)amino)-2-
phenylpropanoate (50) 

 
To a solution of 47 (20.0 mg, 0.05 mmol, 1.0 equiv.) in anhydrous MeOH (1.0 mL) was 
added LiOH (6.0 mg, 0.25 mmol, 5.0 equiv.) at room temperature under argon 
atmosphere. The resulting mixture was stirred at that temperature for 2 h. Upon 
completion (monitored by TLC), the reaction mixture was quenched by saturated, 
filtered through a short pad of celite, and rinsed with EtOAc. The filtrate was extracted 
with EtOAc three times (3 × 10 mL). The combined organic layer was washed with 
water and brine, dried over anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to give 50 as a white solid (12.9 mg, 60% yield). 
 
1H NMR (400 MHz, CDCl3) δ 7.57 – 7.41 (m, 4H), 7.36 (t, J = 7.6 Hz, 2H), 7.32 – 
7.10 (m, 8H), 4.93 (s, 1H), 4.07 (d, J = 6.4 Hz, 2H), 3.71 (s, 3H), 1.21 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 174.70, 155.50, 140.54, 140.52, 140.14, 139.50, 129.27, 
128.81, 128.77, 128.27, 127.42, 127.08, 126.84, 61.15, 52.76, 46.98, 29.74, 28.29. 
HPLC conditions: Nu-Analytical Solutions ND, n-hexane/i-PrOH = 95/5, flow rate 
0.7 mL/min. λ = 254 nm, t(minor) = 19.4 min, t(major) = 22.1 min, 92% ee. 
HRMS (ESI) m/z calcd. for C27H30NO4 [M+H]+ 432.2169, found 432.2167. 
 

 

The procedure followed the general procedure D, except the following changes: After 
completion of the reaction, the reaction mixture was filtered by a short pad of silica gel 
(eluent: EtOAc) and concentrated under reduced pressure. Then crude product was 
dissolved in MeOH (3 mL), followed by the addition of 4 mg Pd/C as solid (5 wt.%, 
wetted with ca. 55% water). Then a hydrogen-filled balloon was attached. The reaction 
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was stirred at 50 °C for 8 h. The resulting mixture was filtered and concentrated, and 
the residue was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate 10/1) to give 51 as a colorless oil (27.2 mg, 63% yield). 
 
(R)-3-(3-methoxyphenethyl)-3-phenyl-1-(4-(trifluoromethyl)benzyl)azetidin-2-
one (51) 

N

O

Ph

F3C

OMe

51

 

 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.1 Hz, 2H), 7.51 – 7.42 (m, 2H), 7.42 – 
7.27 (m, 5H), 7.15 (t, J = 7.9 Hz, 1H), 6.74 – 6.66 (m, 2H), 6.64 (t, J = 2.1 Hz, 1H), 
4.47 (ABq, JAB = 15.3 Hz, = 37.8 Hz, 2H), 3.75 (s, 3H), 3.45 (d, J = 5.4 Hz, 1H), 
3.32 (d, J = 5.4 Hz, 1H), 2.77 – 2.66 (m, 1H), 2.53 – 2.41 (m, 1H), 2.35 – 2.19 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 170.89, 159.71, 142.96, 139.67, 139.37, 130.15 (q, J 
= 32.5 Hz), 129.43, 128.70, 128.41, 127.90 (d, J = 4.8 Hz), 127.35, 126.69, 125.88 (q, 
J = 3.7 Hz), 124.00 (q, J = 272.2 Hz), 120.60, 114.01, 111.40, 63.08, 55.16, 51.92, 
45.43, 39.33, 31.37. 
19F NMR (376 MHz, CDCl3) δ -62.56. 
HPLC conditions: Nu-Analytical Solutions INB, n-hexane/i-PrOH = 90/10, flow rate 
1.0 mL/min. λ = 254 nm, t(minor) = 15.7 min, t(major) = 26.6 min, 92% ee. 
HRMS (ESI) m/z calcd. for C34H28N2O2P [M+H]+ 440.1832, found 440.1829. 
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Radical trap experiments 

 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*3 (7.90 mg, 15 mol%), α-bromo-β-
lactam E1 (46.1 mg, 0.12 mmol, 1.2 equiv.), A1 (23.2 mg, 0.1 mmol, 1.0 equiv.), 
LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.) and BHT (44.1 mg, 0.2 mmol, 2.0 equiv.). The 
tube was evacuated and backfilled with argon three times. Then 1,4-dioxane/THF (v/v 
= 3/1, 2.0 mL) and H2O (1.8 mg, 1.0 equiv.) were sequentially added into the mixture 
under argon. The tube was sealed and the reaction mixture was allowed to stir at 10 °C 
for 45 h. Upon completion, the mixture was filtered through a pad of silica gel and 
rinsed with EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel (gradient eluent: petroleum ether/ethyl acetate 10/1‒5/1) 
to give 1b as colorless oil (42.0 mg, 67% yield based on E1) and the coupling product 
1 as a colorless oil (6.6 mg, 13% yield based on E1). 
 

 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*3 (7.90 mg, 15 mol%), α-bromo-β-
lactam E1 (46.1 mg, 0.12 mmol, 1.2 equiv.), LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.) 
and BHT (44.1 mg, 0.2 mmol, 2.0 equiv.). The tube was evacuated and backfilled with 
argon three times. Then 1,4-dioxane/THF (v/v = 3/1, 2.0 mL) and H2O (1.8 mg, 1.0 
equiv.) were sequentially added into the mixture under argon. The tube was sealed and 
the reaction mixture was allowed to stir at 10 °C for 45 h. Upon completion, the 
mixture was filtered through a pad of silica gel and rinsed with EtOAc. The filtrate was 
evaporated and the residue was purified by column chromatography on silica gel (eluent: 
petroleum ether/ethyl acetate 10/1) to give 1b as colorless oil (46.5 mg, 74% yield based 
on E1). 
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Kinetic experiments 

 

 

Reaction time Yield of 1b 
15 min 3% 
30 min 6% 
45 min 12% 
60 min 18% 
75 min 21% 

 
An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*3 (7.90 mg, 15 mol%), α-bromo-β-
lactam E1 (46.1 mg, 0.12 mmol, 1.2 equiv.), LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.) 
and BHT (44.1 mg, 0.2 mmol, 2.0 equiv.). The tube was evacuated and backfilled with 
argon three times. Then 1,4-dioxane/THF (v/v = 3/1, 2.0 mL) and H2O (1.8 mg, 1.0 
equiv.) were sequentially added into the mixture under argon. The tube was sealed and 
the reaction mixture was allowed to stir at 10 °C for the indicated time. Upon 
completion, the mixture was then filtered through a pad of silica gel eluting with EtOAc. 
The filtrate was evaporated and the yield of 1b (based on E1) was determined by 1H 
NMR spectra with 1,3,5-trimethoxybenzene as an internal standard. 
 

 

 

Reaction time Yield of 1b 
15 min 4% 
30 min 6% 
45 min 13% 
60 min 17% 
75 min 20% 

 
An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuBrMe2S (2.06 mg, 10 mol%), chiral ligand L*3 (7.90 mg, 15 mol%), α-bromo-β-
lactams E1 (46.1 mg, 0.12 mmol, 1.2 equiv.), A1 (23.2 mg, 0.1 mmol, 1.0 equiv.), 
LiOtBu (24.0 mg, 0.3 mmol, 3.0 equiv.) and BHT (44.1 mg, 0.2 mmol, 2.0 equiv.). The 
tube was evacuated and backfilled with argon three times. Then 1,4-dioxane/THF (v/v 
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= 3/1, 2.0 mL) and H2O (1.8 mg, 1.0 equiv.) were sequentially added into the mixture 
under argon. The tube was sealed and the reaction mixture was allowed to stir at 10 °C 
for the indicated time. Upon completion, the mixture was then filtered through a pad of 
silica gel and rinsed with EtOAc. The filtrate was evaporated and the yield of 1b (based 
on E1) was determined by 1H NMR spectra with 1,3,5-trimethoxybenzene as an internal 
standard. 
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