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General Information 

All commercially available chemicals including solvents, unless otherwise 

mentioned, were used without purification. DCM was distilled from CaH2. Toluene 

and THF were distilled from Na/benzophenone. MeOH, EtOH, iPrOH and tBuOH 

were dried by 4Å Molecular Sieves. B2Pin2 was purchased from Frontier Scientific. 

(CuOTf)2.Benzene was purchased from Alfa Asear. The Josiphos ligands were 

purchased from Strem Chemicals Inc. HPLC analyses were performed using a Waters 

Delta 600 instrument with a Waters 2996 PDA detector. All the glasswares used were 

dried overnight at 110 oC. The NMR spectra were recorded at 400, 100, and 162 MHz 

for 1H, 13C, and 31P, respectively with a JEOL ECS 400 MHz Spectrometer. Optical 

rotations were determined using an Autopol® IV automatic polarimeter.  

 

General procedure for asymmetric boron conjugate addition 

To a dry and clean 10 mL schlenk tube was added (CuOTf)2.Benzene (1.2 mg, 2.4 × 

10-3 mmol, 2.5 mol%) and chiral ligand (5.8 × 10-3 mmol, 6.0 mol%). Then replace 

the atmosphere by Argon for three times. Toluene (2.0 mL) was added and the mixture 

was stirred for 24 hrs. Then the ,-unsaturated carbonyl compound and B2Pin2 in 0.5 

mL toluene was added by syringe, followed by addition of MeOH (100 μL). The 

reaction was stirred vigorously for 48 hrs. The reaction mixture was concentrated in 

vacuum and analyzed with 1H NMR. The crude product was purified by flash column 

chromatography eluted by ethyl acetate / hexanes (v/v = 1/10 to 1/15). The product 

obtained was checked by HPLC analysis.  
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(R)-1,3-Diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one (2a) 

90% yield, 91% ee. 1H NMR (400 MHz, CDCl3) δ 1.16 (CH3, 

s, 6H), 1.24 (CH3, s, 6H), 2.79 (CH, dd, J = 5.0 Hz, J = 10.6 

Hz, 1H), 3.42 (CH2, dd, J = 5.0 Hz, J = 18.3 Hz, 1H), 3.55 (CH2, dd, J = 10.6 Hz, J = 

18.3 Hz, 1H), 7.15–7.54 (Ar-H, m, 8H), 7.95 (Ar-H, d, J = 7.8 Hz, 2H). [α]
25

D  –17.2 (c 

0.50, CHCl3). The enantiomeric excess was determined by HPLC with a Chiralpak 

AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 15.5 min 

(minor); tR = 22.8 min (major). 

 

(R)-3-(2-Chlorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop

an-1-one (2b) 

24% yield, 93% ee. 1H NMR (400 MHz, CDCl3) δ 1.22 (CH3, 

s, 6H), 1.27 (CH3, s, 6H), 3.27–3.32 (CH, m, 1H), 3.45–3.48 

(CH2, m, 2H), 7.06–7.55 (Ar-H, m, 7H), 7.94 (Ar-H, d, J = 7.3 Hz, 2H). [α]
25

D  +17.5 (c 

0.20, CHCl3). The enantiomeric excess was determined by HPLC with a Chiralpak 

AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 12.8 min 

(minor); tR = 14.6 min (major). 

 

3-(3-Nitrophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-

one (2c) 

95% yield, 95% ee. 1H NMR (400 MHz, CDCl3) δ 1.17 

(CH3, s, 6H), 1.23 (CH3, s, 6H), 2.92 (CH, dd, J = 5.5 Hz, 

BPin O

BPin OCl

BPin O

O2N
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J = 9.6 Hz, 1H), 3.47 (CH2, dd, J = 5.5 Hz, J = 12.4 Hz, 1H), 3.57 (CH2, dd, J = 9.6 

Hz, J = 12.4 Hz, 1H), 7.40–7.66 (Ar-H, m, 4H), 7.96–8.04 (Ar-H, m, 3H), 8.19 (Ar-H, 

t, J = 1.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 24.6, 42.6, 83.9, 120.9, 123.2, 

128.2, 128.7, 129.3, 133.3, 135.1, 136.5, 144.4, 148.5, 199.0. HRMS (ESI) m/z calcd 

for C21H25BNO5 ([M + H]+): 382.1820; found: 382.1817. [α]
25

D  +3.4 (c 0.90, CHCl3). 

The enantiomeric excess was determined by HPLC with a Chiralpak AD column: 

eluent, hexanes/iPrOH (90:10); flow rate = 1.0 mL/min; tR = 17.8 min (minor); tR = 

23.1 min (major). 

 

(R)-3-(4-Methoxyphenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pr

opan-1-one (2d) 

89% yield, 93% ee. 1H NMR (400 MHz, CDCl3) δ 1.16 

(CH3, s, 6H), 1.23 (CH3, s, 6H), 2.73 (CH, dd, J = 5.0 

Hz, J = 11.0 Hz, 1H), 3.37 (CH2, dd, J = 5.0 Hz, J = 18.3 Hz, 1H), 3.49 (CH2, dd, J = 

11.0 Hz, J = 18.3 Hz, 1H), 3.77 (OMe, s, 3H), 6.80–7.95 (Ar-H, m, 9H). [α]
25

D  –21.5 (c 

1.00, CHCl3). The enantiomeric excess was determined by HPLC with a Chiralpak 

AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 24.8 min 

(minor); tR = 38.9 min (major). 

 

3-(4-Fluorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1

-one (2e) 

96% yield, 95% ee. 1H NMR (400 MHz, CDCl3) δ 1.15 

BPin O

MeO

BPin O

F
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(CH3, s, 6H), 1.22 (CH3, s, 6H), 2.76 (CH, dd, J = 5.0 Hz, J = 10.5 Hz, 1H), 3.38 

(CH2, dd, J = 5.0 Hz, J = 17.9 Hz, 1H), 3.49 (CH2, dd, J = 10.5 Hz, J = 17.9 Hz, 1H), 

6.92–7.55 (Ar-H, m, 7H), 7.94 (ArH, d, J = 7.3 Hz, 1H ). 13C NMR (100 MHz, CDCl3) 

δ 24.6, 24.6, 43.4, 83.5, 115.2, 115.4, 128.1, 128.6, 129.7, 129.8, 133.1, 136.8, 137.6, 

137.6, 160.0, 162.5, 199.6. HRMS (ESI) m/z calcd for C21H25BFO3 ([M + H]+): 

355.1875; found: 355.1872. [α]
25

D  –15.1 (c 0.90, CHCl3). The enantiomeric excess was 

determined by HPLC with a Chiralpak AD column: eluent, hexanes/iPrOH (98:2); 

flow rate = 1.0 mL/min; tR = 17.0 min (minor); tR = 24.6 min (major). 

 

(R)-3-(4-Chlorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop

an-1-one (2f) 

98% yield, 95% ee. 1H NMR (400 MHz, CDCl3) δ 1.16 

(CH3, s, 6H), 1.23 (CH3, s, 6H), 2.77 (CH, dd, J = 5.5 Hz, 

J = 10.6 Hz, 1H), 3.42 (CH2, dd, J = 5.5 Hz, J = 18.4 Hz, 1H), 3.50 (CH2, dd, J = 10.6 

Hz, J = 18.4 Hz, 1H), 7.13–7.56 (Ar-H, m, 7H), 7.95 (ArH, d, J = 7.3 Hz, 1H ). [α]
25

D  

–30.5 (c 1.00, CHCl3). The enantiomeric excess was determined by HPLC with a 

Chiralpak AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 

18.4 min (minor); tR = 27.9 min (major). 

 

(R)-1-(4-Methoxyphenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pr

opan-1-one (2g) 

98% yield, 90% ee. 1H NMR (400 MHz, CDCl3) δ 1.15 

BPin O

Cl

BPin O

OMe
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(CH3, s, 6H), 1.24 (CH3, s, 6H), 2.76 (CH, dd, J = 5.5 Hz, J = 11.0 Hz, 1H), 3.37 

(CH2, dd, J = 5.5 Hz, J = 18.3 Hz, 1H), 3.48 (CH2, dd, J = 11.0 Hz, J = 18.3 Hz, 1H), 

3.84 (OMe, s, 3H), 6.89 (Ar-H, d, J = 9.2 Hz, 2H), 7.12–7.30 (Ar-H, m, 5H), 

7.93–7.56 (Ar-H, d, J = 9.2 Hz, 2H). [α]
25

D  –12.5 (c 1.00, CHCl3).The enantiomeric 

excess was determined by HPLC with a Chiralpak AD column: eluent, hexanes/iPrOH 

(98:2); flow rate = 1.0 mL/min; tR = 34.3 min (minor); tR = 50.8 min (major). 

 

(R)-1-(4-Fluorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop

an-1-one (2h) 

96% yield, 95% ee. 1H NMR (400 MHz, CDCl3) δ 1.15 

(CH3, s, 6H), 1.23 (CH3, s, 6H), 2.78 (CH, dd, J = 5.0 Hz, J 

= 11.0 Hz, 1H), 3.37 (CH2, dd, J = 5.0 Hz, J = 18.3 Hz, 1H), 3.51 (CH2, dd, J = 11.0 

Hz, J = 18.3 Hz, 1H), 7.08–7.99 (Ar-H, m, 9H). [α]
25

D  –23.4 (c 1.00, CHCl3). The 

enantiomeric excess was determined by HPLC with a Chiralpak AD column: eluent, 

hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 16.5 min (minor); tR = 22.6 min 

(major). 

 

1-(4-Chlorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-

1-one (2i) 

86% yield, 92% ee. 1H NMR (400 MHz, CDCl3) δ 1.16 

(CH3, s, 6H), 1.25 (CH3, s, 6H), 2.79 (CH, dd, J = 5.0 Hz, 

J = 10.7 Hz, 1H), 3.36 (CH2, dd, J = 5.0 Hz, J = 18.3 Hz, 1H), 3.51 (CH2, dd, J = 10.7 

BPin O

F

BPin O

Cl
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Hz, J = 18.3 Hz, 1H), 7.13–7.41 (Ar-H, m, 7H), 7.89 (Ar-H, d, J = 8.2 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 24.6, 24.6, 43.3, 83.5, 125.8, 128.4, 128.6, 128.9, 129.6, 

135.2, 139.4, 141.8, 198.6. HRMS (ESI) m/z calcd for C21H25BClO3 ([M + H]+): 

371.1580; found: 371.1577. [α]
25

D  –15.0 (c 0.60, CHCl3). The enantiomeric excess was 

determined by HPLC with a Chiralpak AD column: eluent, hexanes/iPrOH (98:2); 

flow rate = 1.0 mL/min; tR = 18.0 min (minor); tR = 27.5 min (major). 

 

1,3-Bis(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one 

(2j) 

95% yield, 94% ee. 1H NMR (400 MHz, CDCl3) δ 1.15 

(CH3, s, 6H), 1.22 (CH3, s, 6H), 2.75 (CH, dd, J = 5.0 

Hz, J = 10.5 Hz, 1H), 3.34 (CH2, dd, J = 5.0 Hz, J = 17.9 Hz, 1H), 3.45 (CH2, dd, J = 

10.5 Hz, J = 17.9 Hz, 1H), 6.92–7.25 (Ar-H, m, 6H), 7.94–7.98 (Ar-H, m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 24.6, 24.6, 43.2, 83.6, 115.2, 115.5, 115.6, 115.8, 129.7, 

129.8, 130.7, 130.8, 133.2, 133.2, 137.5, 137.5, 160.0, 162.5, 164.5, 167.1, 198.0. 

HRMS (ESI) m/z calcd for C21H24BF2O3 ([M + H]+): 373.1781; found: 373.1777. [α]
25

D  

–16.3 (c 0.60, CHCl3). The enantiomeric excess was determined by HPLC with a 

Chiralpak AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 

19.5 min (minor); tR = 22.3 min (major). 

 

3-(2,4-Dimethoxyphenyl)-1-(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborol

an-2-yl)propan-1-one (2k) 

BPin O

FF
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50% yield, 82% ee. 1H NMR (400 MHz, CDCl3) δ 

1.18 (CH3, s, 6H), 1.24 (CH3, s, 6H), 2.99 (CH, dd, J 

= 6.4 Hz, J = 8.2 Hz, 1H), 3.22 (CH2, dd, J = 6.4 Hz, J = 17.9 Hz, 1H), 3.37 (CH2, dd, 

J = 8.2 Hz, J = 17.9 Hz, 1H), 3.74 (OCH3, s, 3H), 3.75 (OCH3, s, 3H), 6.36–6.39 

(Ar-H, m, 2H), 7.02–7.16 (Ar-H, m, 3H), 7.90–7.94 (Ar-H, m, 3H). 13C NMR (100 

MHz, CDCl3) δ 24.7, 24.9, 41.5, 55.2, 55.3, 83.3, 115.3, 115.5, 123.1, 130.6, 130.7, 

130.8, 133.8, 158.0, 159.1, 164.3, 166.8, 198.7. HRMS (ESI) m/z calcd for  

C23H29BFO5 ([M + H]+): 415.2087; found: 415.2079. [α]
25

D  –30.9 (c 0.75, CHCl3). The 

enantiomeric excess was determined by HPLC with a Chiralpak OD-H column: eluent, 

hexanes/iPrOH (90:10); flow rate = 1.0 mL/min; tR = 11.9 min (major); tR = 14.7 min 

(minor). 

 

(R)-4-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butan-2-one (2l) 

76% yield, 72% ee. 1H NMR (400 MHz, CDCl3) δ 1.14 (CH3, s, 

6H), 1.21 (CH3, s, 6H), 2.12 (CH3, s, 3H), 2.62 (CH, dd, J = 5.5 Hz, 

J = 10.5 Hz, 1H), 2.82 (CH, dd, J = 5.5 Hz, J = 18.3 Hz, 1H), 3.02 (CH, dd, J = 10.5 

Hz, J = 18.3 Hz, 1H), 7.10–7.25 (Ar-H, m, 5H). [α]
25

D  –8.8 (c 0.50, CHCl3). The 

enantiomeric excess was determined by HPLC with a Chiralpak AD column: eluent, 

hexanes/iPrOH (98:2); flow rate = 0.5 mL/min; tR = 27.7 min (minor); tR = 28.9 min 

(major). 

 

(S)-1-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butan-1-one (2m) 

BPin O

BPin O

FMeO

OMe
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95% yield, 96% ee. 1H NMR (400 MHz, CDCl3) δ 1.04 (CH3, d, 

J = 7.8 Hz, 3H), 1.23 (CH3, s, 6H), 1.24 (CH3, s, 6H), 1.39–1.48 

(CH, m, 1H), 3.10 (CH2, d, J = 6.8 Hz, 2H), 7.42 (Ar-H, t, J = 7.8 Hz, 2H), 7.52 

(Ar-H, t, J = 6.9 Hz, 1H), 7.94 (Ar-H, d, J = 7.4 Hz, 2H). [α]
25

D  +25.1 (c 0.75, CHCl3). 

The enantiomeric excess was determined by HPLC with a Chiralpak AD column: 

eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 11.2 min (minor); tR = 

14.8 min (major). 

 

(R)-Benzyl 3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propanoate (2n) 

62% yield, 84% ee. 1H NMR (400 MHz, CDCl3) δ 1.04 (CH3, s, 

6H), 1.10 (CH3, s, 6H), 2.60–2.70 (CH, CH2, m, 2H), 2.86 (CH2, 

dd, J = 9.2 Hz, J = 15.6 Hz, 1H), 5.00 (CH2, d, d, J = 12.4 Hz, 2H), 7.02–7.25 (Ar-H, 

m, 10H). [α]
25

D  –19.6 (c 0.50, CHCl3). The enantiomeric excess was determined by 

HPLC with a Chiralpak AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 

mL/min; tR = 16.8 min (minor); tR = 18.0 min (major). 

 

(S)-Benzyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate (2o) 

96% yield, 88% ee. 1H NMR (400 MHz, CDCl3) δ 0.99 (CH3, d, J 

= 7.3 Hz, 3H), 1.19 (CH3, s, 6H), 1.20 (CH3, s, 6H), 1.35–1.44 (CH, 

m, 1H), 2.41 (CH2, dd, J = 6.9 Hz, J = 16.5 Hz, 1H), 2.49 (CH2, dd, J = 7.8 Hz, J = 

16.5 Hz, 1H), 5.09 (CH2, d, d, J = 12.5 Hz, 2H), 7.28–7.36 (Ar-H, m, 5H). [α]
25

D  +7.6 

(c 1.00, CHCl3). The enantiomeric excess was determined by HPLC with a Chiralpak 

Me

BPin O

BPin

OBn

O

Me

BPin

OBn

O
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AD column: eluent, hexanes/iPrOH (98:2); flow rate = 1.0 mL/min; tR = 10.4 min 

(minor); tR = 11.0 min (major). 

 

NMR spectra of new compounds 

3-(3-Nitrophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-
one (2c) 
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3-(4-Fluorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1
-one (2e) 

 

BPin O

O2N

13C NMR, CDCl3

BPin O

1H NMR, CDCl3

F
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1-(4-Chlorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-
1-one (2i) 

 

BPin O

13C NMR, CDCl3

F

BPin O

1H NMR, CDCl3

Cl
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1,3-Bis(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one 
(2j) 

 

BPin O

13C NMR, CDCl3

Cl

BPin O

1H NMR, CDCl3

FF
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3-(2,4-Dimethoxyphenyl)-1-(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborol
an-2-yl)propan-1-one (2k) 

 

BPin O

13C NMR, CDCl3

FF
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HPLC charts for products 

(R)-1,3-Diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one (2a) 
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(R)-3-(2-Chlorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop
an-1-one (2b) 

 

 

BPin O

BPin O

)-

Cl
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3-(3-Nitrophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-
one (2c) 
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(R)-3-(4-Methoxyphenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pr
opan-1-one (2d) 
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3-(4-Fluorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1
-one (2e) 
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(R)-3-(4-Chlorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop
an-1-one (2f) 
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(R)-1-(4-Methoxyphenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pr
opan-1-one (2g) 
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(R)-1-(4-Fluorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop
an-1-one (2h) 
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1-(4-Chlorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-
1-one (2i)   

 

 

BPin O

)-

Cl
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1,3-Bis(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one 
(2j) 
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3-(2,4-Dimethoxyphenyl)-1-(4-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborol
an-2-yl)propan-1-one (2k) 
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(R)-4-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butan-2-one (2l) 

 

 



S‐27 
 

 

 

 

(S)-1-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butan-1-one (2m) 
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(R)-Benzyl 3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propanoate (2n) 
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(S)-Benzyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate (2o) 
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