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1. General Information

All reactions were carried out under an atmosphere of nitrogen in flame-dried glassware with 
magnetic stirring. 1H NMR spectra, 19F NMR spectra, 13C NMR spectra were recorded on a 
Bruker 300, 400 and 500 MHz spectrometer in CDCl3 or acetone-d6. All signals are reported in 
ppm with the internal TMS signal at 0 ppm as a standard. Data for 1H NMR spectra are reported as 
follows: chemical shift (ppm, referenced to TMS; s = singlet, d = doublet, t = triplet, q = quarte, 
dd = doublet of doublets, dt = doublet of triplets, m = multiplet), coupling constant (Hz), and 
integration. Data for 13C NMR are reported in terms of chemical shift (ppm) relative to residual 
solvent peak (CDCl3: 77.0 ppm). Reactions were monitored by thin layer chromatography (TLC) 
using silica gel plates. Flash column chromatography was performed over silica gel (300-400 
mesh). The ligands (R, Rs)-N-Me-PC1,[1] Wei-Phos,[2] (S, Rs)-X1, (S, Rs)-N-Me-X1,[3] (R, Rs)-
M1, (R, Rs)-N-Me-M1, (S, Rs)-M1, (S, Rs)-N-Me-M1,[4] (R, Rs)-Xu1, (R, Rs)-N-Me-Xu1, (S, 
Rs)-Xu1, (S, Rs)-N-Me-Xu1, (S, Rs)-N-Me- Xu3[5] and substrates 1a-1aa, 3a-3g, 3i, 3j[6] ,3h[7], 
3k[8],  were synthesized according to published procedures. The spectral data of the substrates 
were consisted with that reported in the literature. The enantionmeric excesses of the products 
were determined by chiral stationary phase HPLC using a Chiralpak AD-3, IC, AD-H, OJH.

2. Table S1. Screening of the ligands

PP
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PPh2Ph2P

(R,R)-Me-Duphos (S,S)-DIOP
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NMe2

(R)-(S)-PPFA

MeO OMe
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PAr2

Ar = 3,5-(tBu)2-4-MeOC6H2
(R)-DTBM-BIPHEP

MeO

(R)-BIDIME

OMe
PPh2

(R)-MOP

78% yield, 0% ee 78% yield, 41% ee50% yield, 20% ee

NR NR

83% yield, 5% ee

Ar = p-MeC6H4
(R)-XylBINAP

81% yield, 3% ee

PAr2
PAr2

Fe

P
P

OMe

MeO

Josiphos SL-J425-1
NR

(S,RS)-X1: Ar = Ph, R = Ad, R= H, 16% yield, 16% ee
(S,RS)-N-Me-X1: Ar = Ph, R = Ad, R= Me, 70% yield, 23% ee
(R,RS)-M1: Ar = R = Ph, R= H, 56% yield, 0% ee
(R,RS)-N-Me-M1: Ar = R = Ph, R= Me, 80% yield, -44% ee
(S,RS)-M1: Ar = R = Ph, R= H, 36% yield, 20% ee
(S,RS)-N-Me-M1: Ar = R = Ph, R= Me, 81% yield, 60% ee

O
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S
Ph

Me

tBuO
(S,RS)-N-Me-PC1
49% yield, 10% ee

NH
Ph2P

S
tBuO

PPh2

Wei-Phos
20% yield, 51% ee

Me
O

I

B2Pin2

Pd2(dba)3•CHCl3 (5 mol%), ligand (20 mol% )
Cs2CO3 (2.0 equiv.)

MTBE, 100 °C

1a

+

aReaction conditions: 1a (0.1 mmol), B2Pin2 (1.1 equiv.), Pd2(dba)3•CHCl3 (5 mol%), Ligand (20 mol%), Cs2CO3 (2.0 equiv.),
1 mL of solvent under N2 atmosphere at 100 oC for 12 h. bDetermined by 1H NMR analysis with CH2Br2 as an internal
standard. cThe ee value of 2a was determined by HPLC analysis.

NAr
S
tBuO

PR2
R

(R,RS)-Xu1: Ar = Ph, R = Cy, R= H, trace
(R,RS)-N-Me-Xu1: Ar = Ph, R = Cy, R= Me, 49% yield, -64% ee
(S,RS)-Xu1: Ar = Ph, R = Cy, R= H, trace
(S,RS)-N-Me-Xu1: Ar = Ph, R = Cy, R= Me, 72% yield, 67% ee
(S,RS)-N-Me-Xu3: Ar = 3,5-(tBu)2-4-MeOC6H2, R = Cy, R= Me, 84% yield, 87% ee
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3. Table S2. Screening of the Amount of H2O for Heck/Borylation 

Sequence

I

O
Me

Ar = 3,5-(tBu)2-4-MeOC6H2
N-Me-Xu3

PCy2

N

Ar
S

Me
tBu

O
Pd2(dba)3•CHCl3 (2.5 mol%), N-Me-Xu3 (7.5 mol%),

Cs2CO3 (2.0 equiv.), H2O (x equiv.)
B2Pin2+

Et2O, 100 °C

1a

O

Me
Bpin

2a

Entry H2O (x) Yield (%)b ee (%)c

1 1.0 97 88

2 2.0 98 89

3 3.0 97 90

4 4.0 97 91

5 5.0 95 91

6 6.0 96 90

aReaction conditions: 1a (0.1 mmol), B2Pin2 (1.1 equiv), Pd2(dba)3·CHCl3 (2.5 mol%), N-Me-Xu3 (10 mol%), 

Cs2CO3 (2.0 equiv), 1 mL of Et2O under N2 atmosphere at 100 °C for 12h. bDetermined by 1H NMR analysis with 

CH2Br2 as the internal standard. cDetermined by HPLC analysis.

4. Typical procedure for Palladium-Catalyzed Enantioselective 

Heck/Borylation Sequence.

To a sealed tube was added Pd2(dba)3•CHCl3 (2.5 mol%), N-Me-Xu3 (7.5 mol%), B2Pin2 (0.33 
mmol) and Cs2CO3 (0.6 mmol). The flask was evacuated and refilled with argon. Then o-
iodophenol-derived allyl ether 1 (0.3 mmol), Et2O (3 mL) and H2O (22 L) was added to the tube, 
and stirred at 80 °C. Following complete consumption of the allyl ether 1 (monitored by TLC), 
solvent was removed under reduced pressure. The crude product was then purified by flash 
column chromatography on silica gel to afford the desired product.
4.1 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-
dioxaborolane (2a).

O

Me
Bpin

2a

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1a (82.2 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
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Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2a as a colorless ropy liquid (81 mg, 98% yield) with 
91% ee. 1H NMR (400 MHz, CDCl3) δ 7.14 (dd, J = 7.4, 1.4 Hz, 1H), 7.08 (td, J = 7.7, 1.5 Hz, 
1H), 6.84 (td, J = 7.4, 1.0 Hz, 1H), 6.79-6.72 (m, 1H), 4.41 (d, J = 8.6 Hz, 1H), 4.25 (d, J = 8.6 Hz, 
1H), 1.37 (s, 3H), 1.30 (d, J = 15.5 Hz, 1H), 1.24 (d, J = 13.7 Hz, 1H), 1.19 (s, 6H), 1.18 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 158.95, 137.29, 127.64, 122.54, 120.31, 109.40, 84.04, 83.13, 
43.11, 28.04, 24.75, 24.69. MS (EI): m/z (%) = 275 (M+H+, 2.75), 133 (100); HRMS calculated 
for [C16H24BO3]+: 275.1803 found: 275.1807. Enantiomeric excess was determined by HPLC with 
a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer 
tr = 9.8 min, major enantiomer tr = 10.3 min. [α]D

25 = 20.6 (c = 0.4, CHCl3).
4.2 Synthesis of (S)-2-((3-ethyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2b).

O

Bpin

2b

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1b (86.5 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2b as a colorless ropy liquid (60.5 mg, 70% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.07-6.96 (m, 2H), 6.79-6.73 (m, 1H), 6.66 (d, J = 8.0 
Hz, 1H), 4.38-4.25 (m, 2H), 1.70-1.53 (m, 2H), 1.24 (d, J = 15.4 Hz, 1H), 1.13 (d, J = 15.4 Hz, 
1H), 1.08 (s, 6H), 1.05 (s, 6H), 0.72 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 159.70, 
135.07, 127.70, 123.33, 120.04, 109.17, 83.08, 81.81, 46.90, 34.09, 24.69, 24.63, 8.89. MS (EI): m/z 
(%) = 289 (M+H+, 7.85), 147 (100); HRMS calculated for [C17H26BO3]+: 289.1970 found: 
289.1964. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.5 min, major enantiomer tr = 
13.0 min. [α]D

25 = 25.4 (c = 0.4, CHCl3).
4.3 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-propyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-
dioxaborolane (2c).

O

Bpin

2c

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1c (90.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2c as a colorless ropy liquid (73 mg, 81% yield) with 
91% ee. 1H NMR (400 MHz, CDCl3) δ 7.08-6.95 (m, 2H), 6.79-6.71 (m, 1H), 6.69-6.62 (m, 1H), 
4.35-4.26 (m, 2H), 1.64-1.45 (m, 2H), 1.35-1.22 (m, 2H), 1.22-1.10 (m, 2H), 1.08 (s, 6H), 1.06 (s, 
6H), 0.77 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 159.59, 135.50, 127.67, 123.30, 
120.05, 109.19, 83.07, 82.26, 46.60, 44.10, 24.68, 24.63, 17.79, 14.49. MS (EI): m/z (%) = 303 
(M+H+, 7.22), 83 (100); HRMS calculated for [C18H28BO3]+: 303.2126 found: 303.2120. 
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Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol 
= 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.1 min, major enantiomer tr = 12.7 min. 
[α]D

25 = 27.7 (c = 0.4, CHCl3).
4.4 Synthesis of (S)-2-((3-butyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2d).

O

Bpin

2d

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1d (94.9 mg, 0.3 mmol), B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2d as a colorless ropy liquid (76.6 mg, 81% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.08-6.96 (m, 2H), 6.80-6.72 (m, 1H), 6.69-6.63 (m, 
1H), 4.35 -4.27 (m, 2H), 1.67-1.47 (m, 2H), 1.25 (d, J = 15.5 Hz, 2H), 1.20-1.10 (m, 4H), 1.09 (s, 
6H), 1.06 (s, 6H), 0.77 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 159.60, 135.58, 127.68, 
123.33, 120.08, 109.23, 83.10, 82.28, 46.54, 41.38, 26.70, 24.70, 24.67, 23.13, 13.96. MS (EI): 
m/z (%) = 317 (M+H+, 4.40), 83 (100); HRMS calculated for [C19H30BO3]+: 317.2283 found: 
317.2275. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 8.9 min, major enantiomer tr = 
12.3 min. [α]D

25 = 21.8 (c = 0.4, CHCl3).
4.5 Synthesis of (S)-2-((3-isopropyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (2e).

2e

O

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1e (90.7 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2e as a colorless ropy liquid (77.7 mg, 90% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.06-6.95 (m, 2H), 6.77-6.70 (m, 1H), 6.66-6.60 (m, 
1H), 4.42-4.30 (m, 2H), 1.91-1.78 (m, 1H), 1.26 (d, J = 15.2 Hz, 1H), 1.14 (d, J = 15.2 Hz, 1H), 
1.02 (s, 6H), 0.97 (s, 6H), 0.78 (d, J = 6.8 Hz, 3H), 0.72 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 
CDCl3) δ 160.08, 133.84, 127.73, 124.05, 119.73, 108.96, 82.94, 79.73, 49.96, 37.15, 24.65, 24.43, 
17.74, 17.57. MS (EI): m/z (%) = 303 (M+H+, 3.19), 259 (100); HRMS calculated for 
[C18H27BO3]+: 303.2126 found: 303.2119. Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr 
= 9.4 min, major enantiomer tr = 10.1 min. [α]D

25 = 32.8 (c = 0.4, CHCl3).
4.6 Synthesis of (S)-2-((3-(tert-butyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (2f).
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2f

O

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1f (94.9 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2f as a colorless ropy liquid (80.4 mg, 85% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.08-7.02 (m, 1H), 7.02-6.95 (m, 1H), 6.75-6.67 (m, 
1H), 6.64 -6.58(m, 1H), 4.55-4.45 (m, 2H), 1.39 (d, J = 14.9 Hz, 1H), 1.02 (d, J = 14.7 Hz, 1H), 
0.93 (s, 6H), 0.82 (s, 15H). 13C NMR (101 MHz, CDCl3) δ 160.56, 132.61, 127.78, 125.75, 119.19, 
108.83, 82.80, 78.75, 52.43, 37.02, 25.22, 24.64, 24.17. MS (EI): m/z (%) = 317 (M+H+, 0.97), 83 
(100); HRMS calculated for [C19H30BO3]+: 317.2283 found: 317.2276. Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 
220 nm); minor enantiomer tr = 10.5 min, major enantiomer tr = 8.5 min. [α]D

25 = 41.5 (c = 0.4, 
CHCl3).
4.7 Synthesis of (S)-2-((3-benzyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2g).

2g

O

Bpin
Ph

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1g (105.1 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2g as a colorless ropy liquid (81.8 mg, 78% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.14-7.07 (m, 3H), 7.05-6.95 (m, 1H), 6.88-6.76 (m, 
3H), 6.71 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 4.44 (d, J = 8.8 Hz, 1H), 4.26 (d, J = 8.8 Hz, 
1H), 2.86 (s, 2H), 1.26 (d, J = 15.6 Hz, 1H), 1.15 (d, J = 15.6 Hz, 1H), 1.09 (s, 6H), 1.06 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 159.58, 137.65, 134.64, 130.50, 127.94, 127.68, 126.24, 124.05, 
119.80, 109.32, 83.17, 81.72, 47.51, 46.96, 24.72, 24.64. MS (EI): m/z (%) = 350 (M+, 1.84), 259 
(100); HRMS calculated for [C22H27BO3Na]+: 373.1945 found: 373.1938. Enantiomeric excess 
was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 
220 nm); minor enantiomer tr = 12.1 min, major enantiomer tr = 16.1 min. [α]D

25 = 27.5 (c = 0.4, 
CHCl3).
4.8 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(4-methylbenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2h).

O

Bpin

Me

2h
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Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1h (109.2 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2h as a colorless ropy liquid (91.8 mg, 84% yield) 
with 94% ee. 1H NMR (400 MHz, CDCl3) δ 7.11-7.03 (m, 1H), 6.99 (d, J = 7.7 Hz, 2H), 6.93-
6.87 (m, 1H), 6.85-6.74 (m, 3H), 6.69 (d, J = 7.9 Hz, 1H), 4.51 (d, J = 8.8 Hz, 1H), 4.33 (d, J = 
8.8 Hz, 1H), 2.90 (s, 2H), 2.28 (s, 3H), 1.32 (d, J = 15.7 Hz, 1H), 1.22 (d, J = 15.6 Hz, 1H), 1.15 
(s, 6H), 1.13 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.60, 135.65, 134.79, 134.54, 130.36, 
128.41, 127.87, 124.05, 119.78, 109.28, 83.12, 81.69, 47.49, 46.56, 24.71, 24.62, 20.96. MS (EI): 
m/z (%) = 365 (M+H+, 0.33), 259 (100); HRMS calculated for [C23H30BO3]+: 365.2283 found: 
365.2275. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 13.1 min, major enantiomer tr = 
16.7 min. [α]D

25 = 32.6 (c = 0.4, CHCl3).
4.9 Synthesis of (S)-2-((3-(4-fluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2i).

O

Bpin

F

2i

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1i (110.5 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2i as a colorless ropy liquid (101.2 mg, 92% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.11-7.04 (m, 1H), 6.92-6.76 (m, 6H), 6.69 (d, J = 8.0 
Hz, 1H), 4.48 (d, J = 8.9 Hz, 1H), 4.33 (d, J = 8.9 Hz, 1H), 2.90 (s, 2H), 1.34 (d, J = 15.6 Hz, 1H), 
1.22 (d, J = 15.6 Hz, 1H), 1.18 (s, 6H), 1.15 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 161.65 (d, J = 
244.3 Hz), 159.60, 134.31, 133.33 (d, J = 3.3 Hz), 131.81 (d, J = 7.8 Hz), 128.07, 123.99, 119.86, 
114.45 (d, J = 21.0 Hz), 109.40, 83.27, 81.66, 47.51, 46.11, 24.74, 24.67. 19F NMR (376 MHz, 
CDCl3) δ -116.91. MS (EI): m/z (%) = 369 (M+H+, 0.28), 259 (100); HRMS calculated for 
[C22H27BFO3]+: 369.2032 found: 369.2015. Enantiomeric excess was determined by HPLC with a 
Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 
11.0 min, major enantiomer tr = 17.6 min. [α]D

25 = 27.4 (c = 0.4, CHCl3).
4.10 Synthesis of (S)-2-((3-(4-chlorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2j).

O

Bpin

Cl

2j

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1j (115.4 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
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Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2j as a colorless ropy liquid (110.2 mg, 95% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.18-7.11 (m, 2H), 7.10-7.05 (m, 1H), 6.88-6.75 (m, 
4H), 6.69 (d, J = 8.0 Hz, 1H), 4.47 (d, J = 8.9 Hz, 1H), 4.33 (d, J = 8.9 Hz, 1H), 2.89 (s, 2H), 1.30 
(d, J = 9.7 Hz, 1H), 1.24 (d, J = 7.8 Hz, 1H), 1.17 (s, 6H), 1.15 (s, 6H). 13C NMR (101 MHz, 
CDCl3) δ 159.55, 136.09, 134.17, 132.18, 131.72, 128.10, 127.77, 123.94, 119.87, 109.43, 83.25, 
81.61, 47.44, 46.23, 24.72, 24.63. MS (EI): m/z (%) = 384 (M+, 0.56), 259 (100); HRMS 
calculated for [C22H27BClO3]+: 385.1736 found: 385.1725. Enantiomeric excess was determined 
by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor 
enantiomer tr = 11.0 min, major enantiomer tr = 17.8 min. [α]D

25 = 38.7 (c = 0.4, CHCl3).
4.11 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(4-(trifluoromethyl)benzyl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1,3,2-dioxaborolane (2k).

O

Bpin

F3C

2k

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1k (125.5 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2k as a colorless ropy liquid (103.4 mg, 82% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 8.0 Hz, 2H), 7.14-7.05 (m, 1H), 6.99 (d, J 
= 8.0 Hz, 2H), 6.88-6.77 (m, 2H), 6.71 (d, J = 8.0 Hz, 1H), 4.50 (d, J = 9.0 Hz, 1H), 4.35 (d, J = 
8.9 Hz, 1H), 2.99 (s, 2H), 1.35 (d, J = 15.7 Hz, 1H), 1.27 (d, J = 15.3 Hz, 1H), 1.19 (s, 6H), 1.16 
(s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.51, 141.76, 133.99, 130.73, 128.53 (d, J = 32.2 Hz), 
128.25, 124.55 (q, J = 3.7 Hz), 124.29 (q, J = 272.9 Hz), 123.94, 119.98, 109.55, 83.34, 81.66, 
47.48, 46.65, 24.74, 24.65. 19F NMR (376 MHz, CDCl3) δ -62.25. MS (EI): m/z (%) = 418 (M+, 
1.40), 259 (100); HRMS calculated for [C23H26BF3O3]+: 418.1972 found: 418.1930. Enantiomeric 
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 
mL/min, 220 nm); minor enantiomer tr = 9.3 min, major enantiomer tr = 16.0 min. [α]D

25 = 24.7 (c 
= 0.4, CHCl3).
4.12 Synthesis of (S)-2-((3-(3-fluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2l).

O

Bpin
F

2l

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1l (110.5 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2l as a colorless ropy liquid (99.5 mg, 90% yield) 
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with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.10-6.95 (m, 2H), 6.83-6.75 (m, 2H), 6.72 (t, J = 7.4 
Hz, 1H), 6.60 (t, J = 7.4 Hz, 2H), 6.52 (d, J = 10.1 Hz, 1H), 4.41 (d, J = 8.9 Hz, 1H), 4.24 (d, J = 
9.0 Hz, 1H), 2.85 (s, 2H), 1.26 (d, J = 15.7 Hz, 1H), 1.18 (d, J = 16.4 Hz, 1H), 1.09 (s, 6H), 1.07 
(s, 6H). 13C NMR (101 MHz, CDCl3) δ 162.25 (d, J = 245.0 Hz), 159.54, 140.20 (d, J = 7.3 Hz), 
134.26, 128.98 (d, J = 8.4 Hz), 128.13, 126.11 (d, J = 2.9 Hz), 123.88, 119.92, 117.23 (d, J = 21.0 
Hz), 113.12 (d, J = 20.9 Hz), 109.43, 83.25, 81.65, 47.46, 46.54 (d, J = 2.0 Hz), 24.71, 24.62. 19F 
NMR (376 MHz, CDCl3) δ -114.10. MS (EI): m/z (%) = 369 (M+H+, 0.32), 259 (100); HRMS 
calculated for [C22H27BFO3]+: 369.2032 found: 369.2022. Enantiomeric excess was determined by 
HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor 
enantiomer tr = 10.7 min, major enantiomer tr = 15.4 min. [α]D

25 = 28.9 (c = 0.4, CHCl3).
4.13 Synthesis of (S)-2-((3-(3-chlorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2m).

O

Bpin
Cl

2m

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1m (115.4 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2m as a colorless ropy liquid (102.9 mg, 89% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.07 (d, J = 8.1 Hz, 1H), 7.01 (t, J = 7.7 Hz, 2H), 
6.81 (d, J = 9.3 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 7.5 Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 
4.40 (d, J = 8.9 Hz, 1H), 4.24 (d, J = 9.1 Hz, 1H), 2.82 (s, 2H), 1.24 (d, J = 15.4 Hz, 1H), 1.13 (d, 
J = 16.0 Hz, 1H), 1.10 (s, 6H), 1.07 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.51, 139.70, 
134.19, 133.41, 130.50, 128.85, 128.55, 128.17, 126.41, 123.89, 119.91, 109.45, 83.26, 81.65, 
47.43, 46.45, 24.74, 24.63. MS (EI): m/z (%) = 385 (M+H+, 0.33), 259 (100); HRMS calculated 
for [C22H27BClO3]+: 385.1736 found: 385.1726. Enantiomeric excess was determined by HPLC 
with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor 
enantiomer tr = 10.6 min, major enantiomer tr = 15.3 min. [α]D

25 = 30.0 (c = 0.4, CHCl3).
4.14 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(3-nitrobenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2n).

O

Bpin
O2N

2n

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1n (118.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2n as a white soild (73.6 mg, 62% yield) with 90% ee. 
1H NMR (400 MHz, CDCl3) δ 8.02-7.86 (m, 1H), 7.71 (t, J = 2.0 Hz, 1H), 7.23 (t, J = 7.9 Hz, 1H), 
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7.09-6.97 (m, 2H), 6.83-6.71 (m, 2H), 6.59 (d, J = 8.0 Hz, 1H), 4.42 (d, J = 9.0 Hz, 1H), 4.25 (d, J 
= 9.0 Hz, 1H), 3.10-2.77 (m, 2H), 1.29 (d, J = 15.8 Hz, 1H), 1.19 (d, J = 11.3 Hz, 1H), 1.15 (s, 
6H), 1.12 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 159.50, 147.68, 139.67, 136.44, 133.58, 
128.50, 128.40, 125.13, 123.70, 121.45, 120.16, 109.64, 83.48, 81.58, 47.52, 46.37, 24.76, 24.68. 
MS (EI): m/z (%) = 395 (M+H+, 1.63), 259 (100); HRMS calculated for [C22H27BNO5]+: 
395.1904 found: 395.1908. Enantiomeric excess was determined by HPLC with a Chiralpak IC 
column (hexanes : 2-propanol = 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 14.9 min, 
major enantiomer tr = 19.3 min. [α]D

20 = 24.6 (c = 0.4, acetone).
4.15 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(3-methylbenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2o).

O

Bpin
Me

2o

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1o (109.2 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2o as a colorless ropy liquid (92.3 mg, 85% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.11-7.03 (m, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.93-
6.88 (m, 1H), 6.83-6.77 (m, 1H), 6.76-6.68 (m, 3H), 4.52 (d, J = 8.8 Hz, 1H), 4.33 (d, J = 8.8 Hz, 
1H), 2.90 (s, 2H), 2.24 (s, 3H), 1.32 (d, J = 15.7 Hz, 1H), 1.23 (d, J = 15.6 Hz, 1H), 1.16 (s, 6H), 
1.13 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.61, 137.56, 137.08, 134.82, 131.41, 127.91, 
127.57, 127.50, 126.95, 124.07, 119.75, 109.29, 83.14, 81.72, 47.47, 46.92, 24.73, 24.63, 21.29. 
MS (EI): m/z (%) = 365 (M+H+, 0.50), 259 (100); HRMS calculated for [C23H30BO3]+: 365.2283 
found: 365.2274. Enantiomeric excess was determined by HPLC with a Chiralpak IC column 
(hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 11.5 min, major 
enantiomer tr = 14.9 min. [α]D

25 = 28.8 (c = 0.4, CHCl3).
4.16 Synthesis of (S)-2-((3-(3-methoxybenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2p).

O

Bpin
MeO

2p

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1p (114.1 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2p as a colorless ropy liquid (70.2 mg, 62% yield) 
with 93% ee. 1H NMR (400 MHz, CDCl3) δ 7.07-6.97 (m, 2H), 6.88-6.80 (m, 1H), 6.78-6.69 (m, 
1H), 6.68-6.59 (m, 2H), 6.48 (d, J = 7.6 Hz, 1H), 6.35-6.28 (m, 1H), 4.44 (d, J = 8.9 Hz, 1H), 4.25 
(d, J = 8.8 Hz, 1H), 3.57 (s, 3H), 2.84 (s, 2H), 1.32-1.25 (m, 1H), 1.18 (s, 1H), 1.09 (s, 6H), 1.07 

http://dict.youdao.com/w/acetone/#keyfrom=E2Ctranslation
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(s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.63, 158.93, 139.19, 134.69, 128.58, 127.97, 124.06, 
122.94, 119.80, 115.71, 112.23, 109.37, 83.19, 81.70, 54.95, 47.52, 46.99, 24.72, 24.67. MS (EI): 
m/z (%) = 380 (M+, 1.94), 259 (100); HRMS calculated for [C23H29BO4]+: 381.2232 found: 
381.2221. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.4 min, major enantiomer tr = 
12.1 min. [α]D

25 = 21.4 (c = 0.4, CHCl3).
4.17 Synthesis of (S)-2-((3-(3-(tert-butyl)benzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2q).

O

Bpin
tBu

2q

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1q (121.9 mg, 0.3 mmol), B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2q as a colorless ropy liquid (114.6 mg, 94% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.25-7.11 (m, 2H), 7.10-7.03 (m, 1H), 6.89-6.74 (m, 
4H), 6.72-6.66 (m, 1H), 4.52 (d, J = 8.8 Hz, 1H), 4.34 (d, J = 8.8 Hz, 1H), 3.12-2.83 (m, 2H), 1.32 
(d, J = 7.2 Hz, 1H), 1.25-1.22 (m, 1H), 1.20 (s, 9H), 1.18 (s, 6H), 1.15 (s, 6H). 13C NMR (101 
MHz, CDCl3) δ 159.60, 150.22, 137.08, 134.62, 127.88, 127.82, 127.60, 127.32, 124.23, 123.08, 
119.77, 109.30, 83.16, 81.92, 47.54, 47.12, 34.36, 31.22, 24.72. MS (EI): m/z (%) = 407 (M+H+, 
0.33), 259 (100); HRMS calculated for [C26H36BO3]+: 407.2752 found: 404.2744. Enantiomeric 
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 
mL/min, 220 nm); minor enantiomer tr = 9.3 min, major enantiomer tr = 12.6 min. [α]D

25 = 24.6 (c 
= 0.4, CHCl3).
4.18 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(2-methylbenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2r).

2r

O

Bpin

Me

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1r (109.2 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2r as a white soild (77.7 mg, 71% yield) with 94% ee. 
1H NMR (400 MHz, CDCl3) δ 7.12-7.00 (m, 4H), 6.96-6.92 (m, 1H), 6.74-6.69 (m, 2H), 6.65-6.54 
(m, 1H), 4.48 (d, J = 8.8 Hz, 1H), 4.39 (d, J = 8.9 Hz, 1H), 3.09 (d, J = 13.5 Hz, 1H), 2.88 (d, J = 
13.5 Hz, 1H), 1.81 (s, 3H), 1.47 (d, J = 15.8 Hz, 1H), 1.27 (d, J = 12.7 Hz, 1H), 1.18 (s, 6H), 1.15 
(s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.57, 137.65, 135.99, 134.64, 131.06, 130.14, 127.91, 
126.30, 125.13, 124.00, 119.93, 109.23, 83.23, 82.38, 47.84, 42.35, 24.76, 24.62, 19.47. MS (EI): 
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m/z (%) = 365 (M+H+, 0.34), 259 (100); HRMS calculated for [C23H30BO3]+: 365.2283 found: 
365.2277. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 10.6 min, major enantiomer tr = 
15.8 min. [α]D

25 = 34.2 (c = 0.4, CHCl3).
4.19 Synthesis of (S)-2-((3-(3,5-difluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2s).

2s
O

Bpin

F

F

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1s (115.9 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2s as a colorless ropy liquid (101.7 mg, 88% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.12 (d, J = 7.9 Hz, 1H), 6.91 (d, J = 7.3 Hz, 1H), 
6.83 (t, J = 7.3 Hz, 1H), 6.72 (s, 1H), 6.63 (t, J = 9.0 Hz, 1H), 6.41 (d, J = 6.5 Hz, 2H), 4.47 (d, J 
= 9.0 Hz, 1H), 4.32 (d, J = 8.9 Hz, 1H), 2.92 (d, J = 1.7 Hz, 2H), 1.36 (d, J = 16.2 Hz, 1H), 1.27 
(d, J = 15.9 Hz, 1H), 1.20 (s, 6H), 1.17 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 162.28 (dd, J = 
247.4, 12.9 Hz), 159.48, 141.53 (t, J = 9.1 Hz), 133.88, 128.38, 123.74, 120.11, 113.15 (dd, J = 
24.6, 11.9 Hz), 109.58, 101.80 (t, J = 25.3 Hz), 83.38, 81.59, 47.46, 46.47, 24.76, 24.66. 19F NMR 
(376 MHz, CDCl3) δ -111.05. MS (EI): m/z (%) = 386 (M+, 2.08), 259 (100); HRMS calculated 
for [C22H25BF2O3]+: 386.1865 found: 386.1867. Enantiomeric excess was determined by HPLC 
with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor 
enantiomer tr = 9.6 min, major enantiomer tr = 15.3 min. [α]D

25 = 21.8 (c = 0.4, CHCl3).
4.20 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(3,4,5-trifluorobenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2t).

2t
O

Bpin

F

F

F

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1t (121.3 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2t as a colorless ropy liquid (86 mg, 71% yield) with 
94% ee. 1H NMR (400 MHz, CDCl3) δ 7.12 (t, J = 7.6 Hz, 1H), 6.95-6.79 (m, 2H), 6.70 (d, J = 
8.0 Hz, 1H), 6.52-6.40 (m, 2H), 4.44 (d, J = 9.0 Hz, 1H), 4.31 (d, J = 9.0 Hz, 1H), 2.86 (s, 2H), 
1.36 (d, J = 15.6 Hz, 1H), 1.25 (s, 1H), 1.21 (s, 6H), 1.18 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 
159.50, 150.34 (ddd, J = 248.8, 9.8, 4.0 Hz), 138.47 (dt, J = 249.8, 15.3 Hz), 133.93 (td, J = 7.3, 
4.8 Hz), 133.57, 128.51, 123.63, 120.18, 114.14 (dd, J = 15.5, 5.3 Hz), 109.65, 83.45, 81.42, 
47.44, 46.13, 24.75, 24.66. 19F NMR (376 MHz, CDCl3) δ -135.68 (d, J = 20.6 Hz), -163.79 (t, J = 
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20.7 Hz). MS (EI): m/z (%) = 404 (M+, 1.58), 259 (100); HRMS calculated for [C22H24BF3O3]+: 
404.1771 found: 404.1766. Enantiomeric excess was determined by HPLC with a Chiralpak IC 
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.8 min, major 
enantiomer tr = 18.1 min. [α]D

25 = 19.2 (c = 0.4, CHCl3).
4.21 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(naphthalen-1-ylmethyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2u).

2u
O

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1u (120.0 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2u as a white soild (107.8 mg, 90% yield) with 92% 
ee. 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 
7.34-7.25 (m, 1H), 7.25-7.19 (m, 1H), 7.19-7.13 (m, 1H), 7.00-6.92 (m, 1H), 6.88 (d, J = 6.6 Hz, 
1H), 6.67 (d, J = 7.2 Hz, 1H), 6.59 (t, J = 8.6 Hz, 2H), 4.46 (d, J = 8.9 Hz, 1H), 4.22 (d, J = 8.9 Hz, 
1H), 3.52 (d, J = 13.8 Hz, 1H), 3.20 (d, J = 13.7 Hz, 1H), 1.39 (d, J = 15.9 Hz, 1H), 1.25 (d, J = 
15.8 Hz, 1H), 1.10 (s, 6H), 1.07 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 159.44, 135.01, 134.07, 
133.65, 133.29, 128.66, 128.46, 127.92, 127.03, 125.27, 124.99, 124.83, 124.34, 123.96, 119.96, 
109.34, 83.26, 81.60, 48.28, 41.82, 24.83, 24.60. MS (EI): m/z (%) = 401 (M+H+, 0.21), 259 (100); 
HRMS calculated for [C26H30BO3]+: 401.2283 found: 401.2273. Enantiomeric excess was 
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 
nm); minor enantiomer tr = 14.4 min, major enantiomer tr = 24.9 min. [α]D

25 = -34.7 (c = 0.4, 
CHCl3).
4.22 Synthesis of (S)-2-((3-(dibenzo[b,d]thiophen-4-ylmethyl)-2,3-dihydrobenzofuran-3-yl)methyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2v).

O

BpinS

2v

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1v (136.9 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2v as a colorless ropy liquid (112.2 mg, 82% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 8.12-8.01 (m, 1H), 7.95 (s, 1H), 7.83-7.70 (m, 1H), 
7.47-7.32 (m, 2H), 7.23 (t, J = 7.8 Hz, 1H), 7.08 (t, J = 7.7 Hz, 1H), 6.97 (d, J = 7.3 Hz, 1H), 
6.86-6.73 (m, 2H), 6.70 (d, J = 8.0 Hz, 1H), 4.65 (d, J = 9.0 Hz, 1H), 4.38 (d, J = 9.0 Hz, 1H), 
3.32-3.17 (m, 2H), 1.54-1.38 (m, 2H), 1.17 (s, 6H), 1.13 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 
159.68, 141.40, 138.99, 136.07, 135.51, 134.56, 132.57, 128.38, 128.16, 126.46, 124.19, 123.83, 
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122.50, 121.55, 120.10, 119.74, 109.49, 83.27, 81.62, 48.39, 46.10, 24.81, 24.60. MS (EI): m/z (%) 
= 456 (M+, 1.11), 259 (100); HRMS calculated for [C28H30BO3S]+: 457.2003 found: 457.1996. 
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol 
= 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 20.6 min, major enantiomer tr = 30.2 min. 
[α]D

25 = -46.1 (c = 0.4, CHCl3). 
4.23 Synthesis of (S)-trimethyl((3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
dihydrobenzofuran-3-yl)methyl)silane (2w).

O

Bpin

TMS

2w

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1w (103.8 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2w as a colorless ropy liquid (93.3 mg, 90% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.30-7.15 (m, 2H), 7.00-6.81 (m, 2H), 4.54 (d, J = 8.7 
Hz, 1H), 4.45 (d, J = 8.7 Hz, 1H), 1.52 (d, J = 15.2 Hz, 1H), 1.45-1.36 (m, 2H), 1.28 (s, 6H), 1.25 
(s, 6H), 1.19 (d, J = 14.7 Hz, 1H), 0.00 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 158.97, 137.32, 
127.62, 123.23, 120.16, 109.35, 83.71, 83.04, 45.56, 32.05, 24.70. MS (EI): m/z (%) = 346 (M+, 
5.71), 259 (100); HRMS calculated for [C19H31BO3Si]+: 346.2136 found: 346.2139. Enantiomeric 
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 
mL/min, 220 nm); minor enantiomer tr = 9.0 min, major enantiomer tr = 11.8 min. [α]D

25 = 6.1 (c 
= 0.4, CHCl3).
4.24 Synthesis of (S)-2-((3-(4-chlorobutyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2x).

O

Bpin

Cl
4

2x

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1x (105.2 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2x as a colorless ropy liquid (87.9 mg, 84% yield) 
with 97% ee. 1H NMR (400 MHz, CDCl3) δ 7.10 (dd, J = 12.2, 7.5 Hz, 2H), 6.84 (t, J = 7.4 Hz, 
1H), 6.74 (d, J = 7.9 Hz, 1H), 4.38 (s, 2H), 3.46 (t, J = 6.8 Hz, 2H), 1.77-1.56 (m, 4H), 1.47 (q, J 
= 14.8, 13.5 Hz, 1H), 1.38-1.20 (m, 3H), 1.16 (s, 6H), 1.14 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 
159.53, 135.06, 127.86, 123.21, 120.17, 109.33, 83.14, 82.09, 46.42, 44.63, 40.70, 32.93, 24.68, 
24.64, 21.91. MS (EI): m/z (%) = 350 (M+, 16.07), 259 (100); HRMS calculated for 
[C19H28BClO3]+: 350.1820 found: 350.1816. Enantiomeric excess was determined by HPLC with 
a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 
11.6 min, major enantiomer tr = 19.0 min. [α]D

25 = 20.9 (c = 0.4, CHCl3).
4.25 Synthesis of (S)-2-(4-(3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
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dihydrobenzofuran-3-yl)butyl)isoindoline-1,3-dione (2y).

O

Bpin

N

O

O

2y

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1y (138.3 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2y as a colorless ropy liquid (101.6 mg, 74% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.88-7.77 (m, 2H), 7.73-7.65 (m, 2H), 7.15-7.00 (m, 
2H), 6.82 (t, J = 7.3 Hz, 1H), 6.72 (d, J = 7.9 Hz, 1H), 4.38 (s, 2H), 3.60 (t, J = 7.5 Hz, 2H), 1.82-
1.53 (m, 4H), 1.44-1.18 (m, 4H), 1.15 (s, 6H), 1.13 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 168.19, 
159.47, 134.96, 133.73, 132.02, 127.74, 123.20, 123.03, 120.09, 109.19, 83.06, 81.97, 46.37, 
40.95, 37.65, 28.85, 24.63, 24.57, 21.75. MS (EI): m/z (%) = 461 (M+H+, 13.22), 259 (100); 
HRMS calculated for [C27H32BNO5]+: 461.2374 found: 461.2376. Enantiomeric excess was 
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 
nm); minor enantiomer tr = 18.0 min, major enantiomer tr = 21.8 min. [α]D

25 = 24.4 (c = 0.4, 
CHCl3).
4.26 Synthesis of (R)-3-methyl-1-((3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1H-indole (2z). 

O

Bpin
N

2z

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1z (121.0 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 2z as a colorless ropy liquid (66.0 mg, 55% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.53-7.45 (m, 1H), 7.17-7.01 (m, 4H), 6.99-6.92 (m, 
1H), 6.88-6.71 (m, 2H), 6.53 (s, 1H), 4.53 (d, J = 9.2 Hz, 1H), 4.27 (ddd, J = 29.2, 16.0, 9.6 Hz, 
3H), 2.27-2.23 (m, 3H), 1.44 (d, J = 16.0 Hz, 1H), 1.35 (d, J = 15.9 Hz, 1H), 1.19 (s, 6H), 1.15 (s, 
6H). 13C NMR (101 MHz, CDCl3) δ 159.76, 137.71, 133.05, 128.68, 128.24, 126.62, 124.03, 
121.34, 120.42, 118.71, 118.49, 110.47, 109.70, 109.39, 83.51, 80.20, 53.92, 49.24, 24.85, 24.59, 
9.51. MS (EI): m/z (%) = 404 (M+H+, 6.92), 145 (100); HRMS calculated for [C25H31BNO3]+: 
404.2392 found: 404.2382. Enantiomeric excess was determined by HPLC with a Chiralpak IC 
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 13.5 min, 
major enantiomer tr = 19.5 min. [α]D

25 = -14.2 (c = 0.4, CHCl3).
4.27 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-
dioxaborolane (2aa).
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2aa
O

Ph
Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 1aa (100.9 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol), H2O (22 L, 1.2 mmol) and EA (3 mL), after a flash column 
chromatography (hexanes: EA = 100:1) afforded the product 1aa as a colorless ropy liquid (51.8 
mg, 52% yield) with 82% ee. 1H NMR (400 MHz, CDCl3) δ 7.32-7.22 (m, 4H), 7.19-7.09 (m, 3H), 
6.92-6.77 (m, 2H), 4.77-4.68 (m, 2H), 1.84 (d, J = 15.4 Hz, 1H), 1.61 (d, J = 15.4 Hz, 1H), 1.05 (s, 
12H). 13C NMR (101 MHz, CDCl3) δ 159.60, 147.65, 135.70, 128.21, 128.13, 126.17, 126.07, 124.71, 
120.60, 109.69, 85.44, 83.20, 50.94, 24.60, 24.48. ESI-MS calculated for C21H25BNaO3: m/z (%): 
359.1789 (M+Na+), found: 359.1791. Enantiomeric excess was determined by HPLC with a 
Chiralpak OJH column (hexanes : 2-propanol = 90:10, 0.5 mL/min, 220 nm); minor enantiomer tr 
= 16.5 min, major enantiomer tr = 22.0 min. [α]D

20 = -3.1 (c = 0.3, CHCl3).
4.28 Synthesis of (R)-2-((5-fluoro-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4a).

O

Me
F

4a

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3a (87.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4a as a colorless ropy liquid (80.2 mg, 92% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 6.86 (dd, J = 8.2, 2.7 Hz, 1H), 6.75 (td, J = 8.8, 2.8 
Hz, 1H), 6.64 (dd, J = 8.6, 4.1 Hz, 1H), 4.41 (d, J = 8.6 Hz, 1H), 4.25 (d, J = 8.6 Hz, 1H), 1.36 (s, 
3H), 1.33-1.25 (m, 2H), 1.21 (s, 6H), 1.20 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 157.55 (d, J = 
236.6 Hz), 154.84 (d, J = 1.5 Hz), 138.78 (d, J = 7.8 Hz), 113.67 (d, J = 24.2 Hz), 109.89 (d, J = 
24.6 Hz), 109.49 (d, J = 8.4 Hz), 84.72, 83.25, 43.58, 27.61, 24.74, 24.70. 19F NMR (282 MHz, 
CDCl3) δ -124.34. MS (EI): m/z (%) = 292 (M+, 20.62), 151 (100); HRMS calculated for 
[C16H22BFO3]+: 292.1646 found: 292.1642. Enantiomeric excess was determined by HPLC with a 
Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 
8.9 min, major enantiomer tr = 9.7 min. [α]D

20 = 14.3 (c = 0.4, acetone).
4.29 Synthesis of (R)-2-((5-chloro-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4b).

O

Me
Cl

4b

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3b (92.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4b as a colorless ropy liquid (79.7 mg, 86% yield) 
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with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.04 (d, J = 2.3 Hz, 1H), 6.97-6.91 (m, 1H), 6.58 (d, J 
= 8.4 Hz, 1H), 4.33 (d, J = 8.7 Hz, 1H), 4.18 (d, J = 8.6 Hz, 1H), 1.29 (s, 3H), 1.20 (d, J = 15.5 Hz, 
2H), 1.13 (s, 6H), 1.12 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 157.70, 139.20, 127.49, 124.92, 
123.08, 110.41, 84.77, 83.27, 43.43, 27.70, 24.77, 24.69. MS (EI): m/z (%) = 309 (M+H+, 6.67), 
167 (100); HRMS calculated for [C16H23BClO3]+: 309.1423 found: 309.1427. Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 
mL/min, 220 nm); minor enantiomer tr = 10.3 min, major enantiomer tr = 11.1 min. [α]D

25 = 34.2 
(c = 0.4, CHCl3).
4.30 Synthesis of (R)-2-((3,5-dimethyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (4c).

O

Me
Me

4c

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3c (86.5 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4c as a colorless ropy liquid (77.3 mg, 89% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 6.87 (d, J = 1.9 Hz, 1H), 6.82-6.76 (m, 1H), 6.56 (d, J 
= 8.1 Hz, 1H), 4.31 (d, J = 8.6 Hz, 1H), 4.14 (d, J = 8.6 Hz, 1H), 2.19 (s, 3H), 1.28 (s, 3H), 1.21 (d, 
J = 15.5 Hz, 2H), 1.12 (s, 6H), 1.11 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 156.86, 137.27, 
129.44, 127.99, 123.14, 108.93, 84.21, 83.10, 43.14, 27.83, 24.76, 24.67, 20.82. MS (EI): m/z (%) 
= 289 (M+H+, 3.42), 147 (100); HRMS calculated for [C17H26BO3]+: 289.1970 found: 289.1965. 
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol 
= 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 11.2 min, major enantiomer tr = 15.5 min. 
[α]D

25 = 32.8 (c = 0.4, CHCl3).
4.31 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (4d).

O

Me
Ph

4d

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3d (105.1 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4d as a white soild (97.7 mg, 93% yield) with 95% ee. 
1H NMR (400 MHz, CDCl3) δ 7.48-7.41 (m, 2H), 7.35-7.27 (m, 3H), 7.26-7.21 (m, 1H), 7.18 (t, J 
= 7.4 Hz, 1H), 6.73 (d, J = 8.3 Hz, 1H), 4.39 (d, J = 8.6 Hz, 1H), 4.22 (d, J = 8.6 Hz, 1H), 1.33 (s, 
3H), 1.26 (d, J = 15.5 Hz, 1H), 1.18 (d, J = 15.2 Hz, 1H), 1.09 (s, 6H), 1.08 (s, 6H). 13C NMR 
(101 MHz, CDCl3) δ 158.80, 141.56, 137.88, 133.88, 128.57, 126.77, 126.70, 126.31, 121.64, 
109.54, 84.61, 83.16, 43.19, 28.22, 24.73. MS (EI): m/z (%) = 350 (M+, 58.53), 209 (100); HRMS 
calculated for [C22H27BO3Na]+: 373.1945 found: 373.1938. Enantiomeric excess was determined 
by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor 
enantiomer tr = 11.2 min, major enantiomer tr = 12.9 min. [α]D

25 = -65.5 (c = 0.4, CHCl3).
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4.32 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-5-(2-phenylpropan-2-yl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1,3,2-dioxaborolane (4e).

O

Me

Ph

4e

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3e (117.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4e as a colorless ropy liquid (113.1 mg, 96% yield) 
with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.19-7.11 (m, 4H), 7.10-7.01 (m, 1H), 6.97 (d, J = 2.1 
Hz, 1H), 6.88-6.80 (m, 1H), 6.55 (d, J = 8.3 Hz, 1H), 4.31 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.5 Hz, 
1H), 1.57 (s, 6H), 1.25 (s, 3H), 1.15 (t, J = 16.1 Hz, 2H), 1.09 (s, 6H), 1.08 (s, 6H). 13C NMR (101 
MHz, CDCl3) δ 156.90, 151.19, 142.80, 136.75, 127.81, 126.66, 126.27, 125.36, 120.94, 108.48, 
84.47, 83.06, 43.22, 42.57, 31.14, 27.95, 24.76, 24.70. MS (EI): m/z (%) = 392 (M+, 58.25), 377 
(100); HRMS calculated for [C25H33BO3]+: 392.2523 found: 392.2518. Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 
220 nm); minor enantiomer tr = 10.9 min, major enantiomer tr = 9.5 min. [α]D

20 = 23.5 (c = 0.4, 
acetone).
4.33 Synthesis of (R)-2-((5-(tert-butyl)-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4f).

O

Me

tBu
4f

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3f (99.1 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4f as a colorless ropy liquid (90.2 mg, 91% yield) 
with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.12 (d, J = 2.1 Hz, 1H), 7.06-7.00 (m, 1H), 6.60 (d, J 
= 8.3 Hz, 1H), 4.32 (d, J = 8.5 Hz, 1H), 4.16 (d, J = 8.5 Hz, 1H), 1.29 (s, 3H), 1.26 (d, J = 2.8 Hz, 
1H), 1.21 (s, 9H), 1.16 (s, 1H), 1.12 (s, 6H), 1.10 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 156.79, 
143.25, 136.72, 124.40, 119.55, 108.49, 84.48, 83.08, 43.27, 34.33, 31.75, 28.07, 24.78, 24.72. 
MS (EI): m/z (%) = 331 (M+H+, 9.23), 315 (100); HRMS calculated for [C20H32BO3]+: 331.2439 
found: 331.2431. Enantiomeric excess was determined by HPLC with a Chiralpak IC column 
(hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 8.8 min, major 
enantiomer tr = 9.2 min. [α]D

25 = 31.8 (c = 0.4, CHCl3). 
4.34 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-2,3-dihydronaphtho[2,3-b]furan-3-
yl)methyl)-1,3,2-dioxaborolane (4g).

O

Me

4g

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
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N-Me-Xu3 (7.5 mol%) from allyl ether 3g (97.3 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 100:1) afforded the product 4g as a white soild (76.1 mg, 78% yield) with 93% ee. 
1H NMR (400 MHz, CDCl3) δ 7.66-7.54 (m, 2H), 7.48 (s, 1H), 7.26 (d, J = 6.9 Hz, 1H), 7.20-7.14 
(m, 1H), 6.98 (s, 1H), 4.40 (d, J = 8.5 Hz, 1H), 4.24 (d, J = 8.5 Hz, 1H), 1.37 (d, J = 1.4 Hz, 3H), 
1.35-1.19 (m, 2H), 1.10 (s, 6H), 1.08 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 158.14, 140.29, 
134.34, 129.63, 127.68, 126.66, 125.46, 122.94, 121.27, 103.71, 84.35, 83.23, 42.77, 27.98, 24.78, 
24.69. MS (EI): m/z (%) = 325 (M+H+, 11.31), 183 (100); HRMS calculated for [C20H26BO3]+: 
325.1970 found: 325.1963. Enantiomeric excess was determined by HPLC with a Chiralpak IC 
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 12.0 min, 
major enantiomer tr = 14.5 min. [α]D

25 = 46.8 (c = 0.4, CHCl3).
4.35 Synthesis of (R)-1-methyl-6-(phenylsulfonyl)-1-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)-1,6-dihydro-2H-furo[3,2-e]indole (4h).

NS
O

O

Ph

O

Me
BPin

4h

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3h (136 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 6:1) afforded the product 4h as a white soild (98.3 mg, 73% yield) with 80% ee. 
1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.5 Hz, 2H), 7.73 (d, J = 8.7 Hz, 1H), 7.56-7.47 (m, 2H), 
7.41 (t, J = 7.5 Hz, 2H), 6.76 (d, J = 8.8 Hz, 1H), 6.66 (d, J = 2.7 Hz, 1H), 4.49 (d, J = 8.6 Hz, 1H), 
4.27 (d, J = 8.6 Hz, 1H), 1.45 (s, 3H), 1.39 (d, J = 12.8 Hz, 1H), 1.32 (d, J = 15.6 Hz, 1H), 1.05 (s, 
12H). 13C NMR (101 MHz, CDCl3) δ 155.43, 138.29, 133.58, 130.46, 129.13, 127.30, 127.13, 126.78, 
126.57, 112.60, 107.37, 106.17, 83.88, 83.11, 44.21, 27.64, 24.59. ESI-MS calculated for 
C24H28BNNaO5S: m/z (%): 476.1673 (M+Na+), found: 476.1680. Enantiomeric excess was 
determined by HPLC with a Chiralpak ADH column (hexanes : 2-propanol = 80:20, 0.5 mL/min, 
250 nm); major enantiomer tr = 16.7 min, minor enantiomer tr = 20.1 min. [α]D

20 = 34.1 (c = 0.3, 
CHCl3).
4.36 Synthesis of (S)-4,4,5,5-tetramethyl-2-((4-methylchroman-4-yl)methyl)-1,3,2-dioxaborolane 
(4i).

O

Me

4i

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3i (86.4 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 20:1) afforded the product 4i as a colorless oil (63.2 mg, 73% yield) with 85% ee. 
1H NMR (400 MHz, CDCl3) δ 7.29 (dd, J = 7.8, 1.6 Hz, 1 H), 7.03 (ddd, J = 8.2, 7.3, 1.6 Hz, 1 H), 
6.85 (td, J = 7.7, 1.3 Hz, 1 H), 6.75 (dd, J = 8.1, 1.2 Hz, 1 H), 4.20 (dddd, J = 20.1, 13.9, 7.6, 3.2 
Hz, 2 H), 2.25 (ddd, J = 13.6, 9.0, 3.6 Hz, 1 H), 1.80 (ddd, J = 13.9, 6.1, 2.9 Hz, 1 H), 1.40 (s, 3 
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H), 1.30 (s, 2 H), 1.16 (s, 6H), 1.12 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 153.52, 132.53, 
127.19, 126.79, 120.18, 116.63, 82.88, 63.05, 36.37, 32.06, 31.58, 24.72, 24.59. MS (EI): m/z (%) 
= 288 (M+H+, 18.61), 147 (100); HRMS calculated for [C17H26BO3]+: 288.1897 found: 288.1902. 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-
propanol = 99.5:0.5, 0.3 mL/min, 254 nm); minor enantiomer tr = 18.2 min, major enantiomer tr = 
19.4 min. [α]D

20 = 14.8 (c = 0.4, acetone).
4.37 Synthesis of (S)-4,4,5,5-tetramethyl-2-((1-methyl-2,3-dihydro-1H-inden-1-yl)methyl)-1,3,2-
dioxaborolane (4j).

Me

4j

Bpin

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3j (81.6 mg, 0.3 mmol) , B2Pin2 (83.8 mg, 0.33 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 20:1) afforded the product 4j as a colorless oil (62.1 mg, 77% yield) with 89% ee. 
1H NMR (400 MHz, CDCl3) δ 7.30-7.02 (m, 4 H), 2.88 (td, J = 7.2, 3.2 Hz, 2 H), 2.21-2.06 (m, 1 
H), 1.94 (ddd, J = 12.5, 7.6, 6.2 Hz, 1 H), 1.31 (s, 3 H), 1.26 (d, J = 14.9 Hz, 1 H), 1.19 (s, 6H), 
1.18 (s, 6H), 1.11 (d, J = 14.9 Hz, 1 H). 13C NMR (101 MHz, CDCl3) δ 153.36, 142.44, 126.12, 
125.96, 124.26, 122.29, 82.80, 45.32, 40.76, 30.08, 28.68, 24.81, 24.74. MS (EI): m/z (%) = 272 
(M+H+, 4.49), 131 (100); HRMS calculated for [C17H26BO2]+: 272.1948 found: 272.1950. 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-
propanol = 99.5:0.5, 0.3 mL/min, 254 nm); minor enantiomer tr = 12.3 min, major enantiomer tr = 
13.9 min. [α]D

20 = 23.0 (c = 0.4, acetone).
4.38 Synthesis of (R)-1-(3-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)indolin-
1-yl)ethan-1-one (4k).

N

Me
BPin

Ac

4k

Prepared according to typical procedure at 80 °C for 12 h by using Pd2(dba)3•CHCl3 (2.5 mol%), 
N-Me-Xu3 (7.5 mol%) from allyl ether 3k (94.5 mg, 0.3 mmol) , B2Pin2 (99 mg, 0.39 mmol), 
Cs2CO3 (195.5 mg, 0.6 mmol) and H2O (22 L, 1.2 mmol), after a flash column chromatography 
(hexanes: EA = 5:1) afforded the product 4k as a yellow solid (87.1 mg, 92% yield) with 53% ee. 
1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 7.9 Hz, 1H), 7.21-7.11 (m, 2H), 7.02 (t, J = 7.0 Hz, 1H), 
4.06 (d, J = 10.2 Hz, 1H), 3.76 (d, J = 10.2 Hz, 1H), 2.22 (s, 3H), 1.39 (s, 3H), 1.26 (s, 1H), 1.24 (s, 
1H), 1.11 (s, 12H). 13C NMR (101 MHz, CDCl3) δ 168.59, 141.52, 140.85, 127.47, 123.63, 122.04, 
116.82, 83.14, 62.86, 41.48, 29.78, 24.70, 24.60, 24.18. ESI-MS calculated for C18H26BNNaO3: m/z 
(%): 338.1898 (M+Na+), found: 338.1905. Enantiomeric excess was determined by HPLC with a 
Chiralpak ADH column (hexanes : 2-propanol = 96:4, 0.5 mL/min, 220 nm); major enantiomer tr 
= 29.9 min, minor enantiomer tr = 33.6 min. [α]D

20 = -1.1 (c = 0.3, CHCl3).
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5. Synthetic Transformations

5.1 Synthesis of (S)-(3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-yl)methanol (5).

O

Me
Ph OH

5

The synthesis was conducted according to a modified literature procedure.[9] An aqueous hydrogen 
peroxide solution (0.4 mL, 30% w/w) was added dropwise to a solution of 4d (105 mg, 0.3 mmol) 
in THF and aqueous sodium phosphate monobasic (1.5 mL, 0.75 mmol, 0.5 M) at 0 °C. The 
mixture was stirred at 0 °C for 30 min and at room temperature for 1.5 h. Upon the completion of 
the reaction as determined by TLC, the mixture was cooled to 0 °C and quenched with water. The 
aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers were dried over 
magnesium sulfate, filtered and concentrated. The crude product was purified by column 
chromatography on silica gel (hexanes: EA = 5:1) to provide 5 as a colorless oil (45.4 mg, 99%) 
with 94% ee. 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.2 Hz, 2H), 7.36-7.26 (m, 3H), 7.25-
7.16 (m, 2H), 6.77 (d, J = 8.3 Hz, 1H), 4.51 (d, J = 8.9 Hz, 1H), 4.12 (d, J = 8.8 Hz, 1H), 3.58 (d, 
J = 10.8 Hz, 1H), 3.49 (d, J = 10.9 Hz, 1H), 1.30 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 159.86, 
141.08, 134.18, 132.53, 128.68, 127.81, 126.73, 126.59, 121.88, 109.93, 80.51, 68.91, 47.62, 
21.82. ESI-MS calculated for C16H16NaO2: m/z (%): 263.1042 (M+Na+), found: 263.1043. 
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol 
= 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 16.3 min, major enantiomer tr = 17.8 min. 
[α]D

20 = 29.2 (c = 0.4, acetone).
5.2 Synthesis of (R)-trifluoro((3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)-4-borane, 
potassium salt (6).

O

Me
Ph BF3K

6

The synthesis was conducted according to a modified literature procedure.[10] The boronic ester 4d 
(140 mg, 0.4 mmol) was dissolved in acetonitrile (2.5 mL) and saturated aqueous KHF2 (4.5 M, 
0.45 mL, 5.1 equiv) was added. The reaction mixture was stirred at room temperature for 3 h, 
concentrated, azeotroped with methanol, and placed on the vacuum for 3 h. The crude product was 
dissolved in hot acetone, filtered, and Then the solvent was removed under vacuum and the crude 
product was recrystallized from acetone to give the desired product 6 as a white solid (130.4 mg, 
98%). 1H NMR (400 MHz, Acetone-d6) δ 7.61-7.51 (m, 2H), 7.41-7.35 (m, 3H), 7.31-7.19 (m, 
2H), 6.71 (d, J = 8.2 Hz, 1H), 4.48 (d, J = 8.6 Hz, 1H), 4.23 (d, J = 8.6 Hz, 1H), 1.33 (s, 3H), 0.89 
(dq, J = 13.8, 6.8 Hz, 1H), 0.63 (dq, J = 13.7, 6.8 Hz, 1H). 13C NMR (101 MHz, Acetone-d6) δ 
159.87, 143.44, 142.75, 133.96, 129.47, 127.26, 126.91, 126.26, 122.11, 109.74, 109.65, 86.01, 
44.91 (d, J = 1.9 Hz), 28.30. 19F NMR (376 MHz, Acetone-d6) δ -135.50. ESI-MS calculated for 
C16H15BF3KNaO: m/z (%):353.0700 (M+Na+), found: 353.0691. [α]D

20 = 33.2 (c = 0.4, acetone).
5.3 Synthesis of (R)-3-allyl-3-methyl-5-phenyl-2,3-dihydrobenzofuran (7).
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O

Me
Ph

7

The synthesis was conducted according to a modified literature procedure.[11] The boronic ester 4d 
(140 mg, 0.4 mmol) was dissolved in THF (2.0 mL) under argon. The mixture was cooled to -78 
°C, vinyl magnesium bromide (1.0 M in THF, 1.2 mL, 1.2 mmol) was added dropwise and the 
solution was stirred at room temperature for 2 h. Then a solution of I2 (152 mg, 1.2 mmol) in 
MeOH (3.0 mL) was added dropwise at -78 °C. After 2 h, a solution of MeONa (108 mg, 2.0 
mmol) in MeOH (3.0 mL) was dropwised at room temperature for 2 h. The reaction was quenched 
by the addition of saturated aqueous Na2S2O3 (10 mL). The organic layer was separated and the 
aqueous phase extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with 
brine (10 mL), dried over magnesium sulfate and concentrated. The crude product was purified by 
column chromatography on silica gel (hexanes: EA = 50:1) to give 7 as a colorless oil (50 mg, 
99%) with 92% ee.1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 7.4 Hz, 2H), 7.36-7.26 (m, 3H), 
7.24-7.18 (m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 5.75-5.54 (m, 1H), 5.03 (s, 1H), 4.99 (d, J = 6.7 Hz, 
1H), 4.36 (d, J = 8.6 Hz, 1H), 4.10 (d, J = 8.6 Hz, 1H), 2.33 (d, J = 7.3 Hz, 2H), 1.31 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 159.25, 141.43, 135.53, 134.08, 133.89, 128.66, 127.23, 126.81, 
126.50, 121.74, 118.45, 109.75, 82.32, 45.18, 45.10, 25.17. MS (ESI): m/z (%) = 250 (M+H+, 
17.78); HRMS calculated for [C20H25BO3]+: 250.1358 found: 250.1356. Enantiomeric excess was 
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 95:5, 0.5 mL/min, 220 
nm); minor enantiomer tr = 11.5 min, major enantiomer tr = 10.6 min. [α]D

20 = 85.0 (c = 0.2, 
acetone).
5.4 Synthesis of (R)-3-(furan-2-ylmethyl)-3-methyl-5-phenyl-2,3-dihydrobenzofuran (8).

O

Me
Ph

O

8

The synthesis was conducted according to a modified literature procedure.[11] n-BuLi (2.4 M in 
hexanes, 0.1 mL, 0.24 mmol) was added dropwise at -78 °C to a solution of furan (16.3 mg, 0.24 
mmol) in THF (1.0 mL). The cooling bath was removed and the mixture was stirred at room 
temperature for 1 h. The mixture was cooled to -78 °C and boronic ester 4d (70 mg, 0.2 mmol) 
was added dropwise as a solution in THF (1.0 mL). The mixture was stirred for 1 h at -78 °C and a 
solution of N-bromosuccinimide (42.7 mg, 0.24 mmol) in THF (1.0 mL) was added dropwise. 
After 1 h at -78 °C, a saturated aqueous solution of Na2S2O3 was added and the reaction mixture 
was allowed to warm to room temperature. After addition of Et2O and water, the layers were 
separated and the aqueous layer was extracted with Et2O (3 x 5 mL). The combined organic layers 
were dried over MgSO4 and concentrated in vacuo. The crude product was purified by column 
chromatography on silica gel (hexanes: EA = 50:1) to give 8 as a colorless oil (44 mg, 76%) with 
95% ee. 1H NMR (400 MHz, CDCl3) δ 7.56-7.47 (m, 2H), 7.43-7.35 (m, 3H), 7.34-7.32 (m, 1H), 
7.31-7.25 (m, 1H), 7.23-7.19 (m, 1H), 6.85 (d, J = 8.2 Hz, 1H), 6.29 (t, J = 2.5 Hz, 1H), 5.97 (d, J 
= 3.1 Hz, 1H), 4.60 (d, J = 8.8 Hz, 1H), 4.19 (d, J = 8.8 Hz, 1H), 2.96 (s, 2H), 1.39 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 159.12, 152.50, 141.53, 141.35, 135.35, 134.06, 128.65, 127.38, 
126.77, 126.51, 121.77, 110.21, 109.81, 107.88, 82.72, 45.84, 38.73, 24.82. MS (EI): m/z (%) = 
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290 (M+, 9.31), 209 (100); HRMS calculated for [C20H25BO3]+: 290.1307 found: 290.1311. 
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol 
= 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.5 min, major enantiomer tr = 8.1 min. 
[α]D

20 = 76.6 (c = 0.4, acetone).

6. X-ray structure of 4d.

O

B
O

O

4d

H H
H

7. 1H , 19F, 13C NMR and HPLC Spectra
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