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1. General Information

All reactions were carried out under an atmosphere of argon in sealed tube with 

magnetic stirring. 1H NMR spectra, 19F NMR spectra, 31P NMR spectra, 13C NMR 

spectra were recorded on a Bruker 300, 400 and 500 MHz spectrometer in CDCl3. 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, dd = doublet of doublets, m = multiplet), coupling 

constant (Hz), and intergration. 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 substrates 1a-1v, 

4a-4f, 6a-6n were synthesized according to published procedures.1,2 The spectral data 

of the substrates were consisted with that reported in the literature. A Sadphos kit was 

purchased from Daicel. The enantionmeric excesses of the products were determined 

by chiral stationary phase HPLC using a Chiralpak IA, IB, IC, IE, IF, IG, ODH, OJH, 

OZ3, ADH.
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2. Table S1. Screening of Solvents, Palladium Salts, Bases and silver 

salts for Enantioselective Cascade Heck/Intermolecular C(sp2)−H 

Alkylation Reactiona

2a1a 3a

[Pd] (10 mol%)
Xu4 (20 mol%)
[Ag] (0.75 equiv)
Base (2.0 equiv)

Solvent, 90 oC, 15 h

+

O

MeO

I

F

F
F

F

F
H

F

F
F

F

F

Entry Pd Base Solvent Ag 3a Yield(%)b 3a Ee(%)c

1 Pd2(dba)3 K2CO3 Et2O Ag2CO3 66 76

2 Pd2(dba)3 K2CO3
iPr2O Ag2CO3 80 84

3 Pd2(dba)3 K2CO3 MTBE Ag2CO3 74 80

4 Pd2(dba)3 K2CO3 DCM Ag2CO3 44 28

5 Pd2(dba)3 K2CO3 DMF Ag2CO3 10 5

6 Pd2(dba)3 K2CO3 PhCF3 Ag2CO3 54 68

7 Pd2(dba)3 K2CO3 CH3CN Ag2CO3 45 49

8 Pd2(dba)3 K2CO3 DCE Ag2CO3 48 35

9 Pd2(dba)3 K2CO3 1,4-Dioxane Ag2CO3 70 61

10 Pd2(dba)3 K2CO3 DMSO Ag2CO3 - -

11 Pd-G3 K2CO3
iPr2O Ag2CO3 76 83

12 Pd2(dba)3•CHCl3 K2CO3
iPr2O Ag2CO3 82 88

13 PdCl2 K2CO3
iPr2O Ag2CO3 80 78

14 [PdCl(allyl)]2 K2CO3
iPr2O Ag2CO3 78 75

15 Pd(OAc)2 K2CO3
iPr2O Ag2CO3 24 25

16 Pd(TFA)2 K2CO3
iPr2O Ag2CO3 60 32

17 Pd(acac)2 K2CO3
iPr2O Ag2CO3 15 3

18 Pd(MeCN)2(OTs)2 K2CO3
iPr2O Ag2CO3 34 24

19 Pd(dmdba)2 K2CO3
iPr2O Ag2CO3 40 92

20 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O Ag2CO3 83 90

21 Pd2(dba)3•CHCl3 CsOAc iPr2O Ag2CO3 52 21

22 Pd2(dba)3•CHCl3 CsCO2H iPr2O Ag2CO3 - -

23 Pd2(dba)3•CHCl3 CsTFA iPr2O Ag2CO3 48 4

24 Pd2(dba)3•CHCl3 CsF iPr2O Ag2CO3 78 82

25 Pd2(dba)3•CHCl3 CsOPiv iPr2O Ag2CO3 46 7
26 Pd2(dba)3•CHCl3 NaOtBu iPr2O Ag2CO3 72 65
27 Pd2(dba)3•CHCl3 KOtBu iPr2O Ag2CO3 74 63
28 Pd2(dba)3•CHCl3 NaOH iPr2O Ag2CO3 70 79



 3

29 Pd2(dba)3•CHCl3 KOH iPr2O Ag2CO3 70 80
30 Pd2(dba)3•CHCl3 Cs2CO3

iPr2O AgF 58 85

31 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O AgCl 68 88

33 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O AgOAc 36 50

34 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O AgNO3 69 87

35 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O None Trace -

aUnless otherwise noted, all reactions were performed with 1a (0.1 mmol), 2a (0.3 mmol), Ag2CO3 
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 90 oC for 
15-48 h. bNMR yield with CH2Br2 as an internal standard. c Enantionselectivity Determined by 
chiral HPLC. 

3. Table S2. Screening of Solvents, Palladium Salts, additives for 

C(sp2)−H Alkylation Reaction with oxadiazole

1

Xu4 (20 mol%)
Pd(allyl)Cl2 (5 mol%)

PivOH, Cs2CO3
Solvent, 80 oC, 24 h

+
O

I PCy2

N
Me

Ar
S

tBu

O

Ar = 3,5-(tBu)2-4-MeOC6H2
Xu48a 9a

O

O
N

N

O
N

N

Entrya Solvent 9a Yield(%)b 9a Ee(%)c

1 THF 76 76

2 Et2O 72 (70) 84

3 iPr2O 68 80

4 MTBE 71 28

5 DCM 40 5

6 DMF 28 68

7 PhCF3 42 49

8 CH3CN 85 35

9 DCE 55 61

10 Dixane 78 88
aUnless otherwise noted, all reactions were performed with 1 (0.2 mmol), 8a 
(0.1 mmol), PivOH (0.03 mmol), Cs2CO3 (0.2 mmol), 10 mol% [Pd] and 20 
mol% ligand in 1.0 mL solvent at 80 oC for 24-30 h. bNMR yield with CH2Br2 
as an internal standard. cEnantionselectivity Determined by chiral HPLC. 

4. Table S3. Screening of Solvents and temperature for C(sp2)−H 

Alkylation Reaction with thiophene
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1

Xu4 (20 mol%)
Pd(allyl)Cl2 (5 mol%)

PivOH, Cs2CO3
Solbent, 100 oC, 30 h

+
O

I PCy2

N
Me

Ar
S

tBu

O

Ar = 3,5-(tBu)2-4-MeOC6H2
Xu4

8c 9c

O
S

O
S

O

Entrya Solvent 9c Yield(%)b 9c Ee(%)c

1 THF 24 87

2 THF 46 84

3 Et2O 51 91

4 iPr2O 57 (52) 92

5 MTBE 54 92

6 DCM trace -

7 PhCF3 38 91

8 Tol 32 90

9 CH3CN 53 70

10 DCE trace -

11 Dixane 57 87

12 DMSO 30 87

13 DMA 22 87
aUnless otherwise noted, all reactions were performed with 1 (0.2 mmol), 9c (0.1 
mmol), PivOH (0.03 mmol), Cs2CO3 (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 
1.0 mL solvent at 100 oC for 30 h. bNMR yield with CH2Br2 as an internal standard. 
cEnantionselectivity Determined by chiral HPLC. d80 oC

5. Table S4. Screening of Solvents, base and temperature and for 

C(sp2)−H Alkylation Reaction with benzothiophene

1

Xu4 (20 mol%)
Pd(allyl)Cl2 (5 mol%)

PivOH, Base
Solvent, 110 oC, 20 h

+
O

I PCy2

N
Me

Ar
S

tBu

O

Ar = 3,5-(tBu)2-4-MeOC6H2
Xu48d 9d

O

SS

Entry Solvent 9d Yield(%)b 9d Ee(%)c Entry Base 9d Yield(%)b 9d Ee(%)c

1 THF 21 70 13 K2CO3 66 76

2 Et2O 23 84 14 CsTFA 80 84

3 iPr2O 18 82 15 CsF 74 80

4 MTBE 24 82 16 CsOPiv 44 28

5 DCM trace - 17 NaOtBu 10 5

6 PhCF3 12 73 18 KOtBu 54 68

7 Tol 15 78 19 NaOH 45 49

8 CH3CN 26 60 20 KOH 48 35
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9 DCE trace - 21d Cs2CO3 70 61

10 Dixane 24 75 22e Cs2CO3 - -

11 DMSO 78 13 23f NaOtBu 76 83

12 DMA 71 42 24g NaOtBu 82 88
aUnless otherwise noted, all reactions were performed with 1a (0.1 mmol), 8d (0.3 mmol), Ag2CO3 
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 110 oC for 
15-48 h. bNMR yield with CH2Br2 as an internal standard. cEnantionselectivity Determined by chiral 
HPLC. dDMSO (10 uL). dDMSO (50 uL). f 100 oC. g80 oC

6. Table S5. Screening of Solvents, Palladium Salts, Bases for 

C(sp2)−H Alkylation Reaction with other fluorobenzenes with 

fewer fluorine atoms.

1

Xu4 (20 mol%)
[Pd] (5 mol%)

Ag2CO3, Cs2CO3
Solvent, 110 oC, 20 h

+
O

I
PCy2

N
Me

Ar
S

tBu

O

Ar = 3,5--(tBu)2-4-MeOC6H2
Xu46o 7o

O

H
F

F

F

F
F

F

Entry a Pd Base Solvent Ag 7o Yield(%)b 7o Ee(%)c

1 Pd2(dba)3•CHCl3 Cs2CO3 Et2O Ag2CO3 48 59

2 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O Ag2CO3 51 68

3 Pd2(dba)3•CHCl3 Cs2CO3 MTBE Ag2CO3 46 64

4 Pd2(dba)3•CHCl3 Cs2CO3 DCM Ag2CO3 trace -

5 Pd2(dba)3•CHCl3 Cs2CO3 Tol Ag2CO3 53 60

6 Pd2(dba)3•CHCl3 Cs2CO3 PhCF3 Ag2CO3 54 58

7 Pd2(dba)3•CHCl3 Cs2CO3 CH3CN Ag2CO3 trace -

8 Pd2(dba)3•CHCl3 Cs2CO3 Dioxane Ag2CO3 32 64

9 Pd2(dba)3•CHCl3 Cs2CO3 DMSO Ag2CO3 trace -

10 Pd2(dba)3•CHCl3 Cs2CO3 DMA Ag2CO3 70 20

11 Pd-G3 Cs2CO3
iPr2O Ag2CO3 34 60

12 Pd2(dba)3•CHCl3 Cs2CO3
iPr2O Ag2CO3 51 68

13 PdCl2 Cs2CO3
iPr2O Ag2CO3 53 66

14 [PdCl(allyl)]2 Cs2CO3
iPr2O Ag2CO3 46 67

15 Pd(OAc)2 Cs2CO3
iPr2O Ag2CO3 67 54

16 [Pd(dmba)Cl]2 Cs2CO3
iPr2O Ag2CO3 55 64

17 Pd(cod)2Cl2 Cs2CO3
iPr2O Ag2CO3 62 60

18 Pd(dba)2 Cs2CO3
iPr2O Ag2CO3 48 67
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19 Pd(dmdba)2 Cs2CO3
iPr2O Ag2CO3 69 62

20 Pd2(dba)3•CHCl3 K2CO3
iPr2O Ag2CO3 51 67

21 Pd2(dba)3•CHCl3 CsTFA iPr2O Ag2CO3 56 40

22 Pd2(dba)3•CHCl3 CsF iPr2O Ag2CO3 trace -

23 Pd2(dba)3•CHCl3 CsOPiv iPr2O Ag2CO3 15 11

24 Pd2(dba)3•CHCl3 NaOtBu iPr2O Ag2CO3 63 60

25 Pd2(dba)3•CHCl3 KOtBu iPr2O Ag2CO3 21 41
28 Pd2(dba)3•CHCl3 NaOH iPr2O Ag2CO3 53 52
29 Pd2(dba)3•CHCl3 KOH iPr2O Ag2CO3 23 21
30 Pd2(dba)3•CHCl3 Cs2CO3

iPr2O Ag2CO3 53 68

31 Pd2(dba)3•CHCl3 CsOAc iPr2O Ag2CO3 30 25
aUnless otherwise noted, all reactions were performed with 1a (0.1 mmol), 6o (0.3 mmol), Ag2CO3 
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 80 oC for 
20-48 h. bNMR yield with CH2Br2 as an internal standard. c Enantionselectivity Determined by 
chiral HPLC. 

7. General Procedure for the Synthesis of products 3a-3u, 5a-5f, 7a-7n, 

9a-9e.

Typical procedure A for the 2,3-dihydrobenzofuran derivatives.

To a 10 mL oven-dried sealed tube was added substrate 1 (0.30 mmol, 1.0 equiv.), 

Pd2(dba)3•CHCl3 (15.5 mg, 0.015 mmol, 5 mol%), Xu4 (38.3 mg, 0.06 mmol, 20 

mol%), Cs2CO3 (195.5 mg, 0.6 mmol, 3.0 equiv.), Ag2CO3 (61.6 mg, 0.225 mmol, 0.75 

equiv.). The flask was evacuated and refilled with argon. Then, substrate 2, 4 or 6 (0.90 

mmol, 3.0 equiv.), iPr2O (3 mL) was added to the tube, and stirred at room temperature 

for 1 h. Then the mixture was stirred at 80 °C for 15-48 h. After the reaction was 

complete (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 3, 5, 7.

Typical procedure B for the Heteroarene substrates derivatives.

To a 10 mL oven-dried sealed tube was added substrate 1 (0.30 mmol, 3.0 equiv.), 

[Pd(η-allyl)Cl]2 (5.4 mg, 0.015 mmol, 5 mol%), Xu4 (38.3 mg, 0.06 mmol, 20 mol%), 
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Cs2CO3 (195.5 mg, 0.6 mmol, 3.0 equiv.), PivOH (9.0 mg, 0.09 mmol, 0.03 equiv.). 

The flask was evacuated and refilled with argon. Then, substrate 8 (0.10 mmol, 1.0 

equiv.), Et2O (3 mL) was added to the tube, and stirred at room temperature for 1 h. 

Then the mixture was stirred at 80 °C for 24-48 h. After the reaction was complete 

(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 9.

7.1 Synthesis of (R)-3-methyl-3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran 

(3a).

O F

F
F

F

F
3a

Prepared according to typical procedure A from allyl ether 1a (82.2 mg, 0.3 mmol), 

after a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3a 

as a colorless liquid (81.0 mg, 86% yield) with 92% ee. 1H NMR (400 MHz, CDCl3) δ 

7.18-7.14 (m, 1 H), 7.01 (dd, J = 7.5, 1.4 Hz, 1 H), 6.90-6.86 (m, 1 H), 6.77 (d, J = 8.0 

Hz, 1 H), 4.50 (d, J = 9.0 Hz, 1 H), 4.11 (d, J = 9.0 Hz, 1 H), 3.07-2.96 (m, 2 H), 1.41 

(s, 3 H). 13C NMR (101 MHz, CDCl3) δ 159.33, 146.65, 144.21, 141.18 (m, J F = 49.2 

Hz), 138.64-138.60 (m, J F = 79.7 Hz), 136.10, 111.57-110.24 (m, J F = 33.0 Hz), 

133.06, 128.82, 122.80, 120.74, 109.91, 82.14 (t, JF = 2.5 Hz), 46.65, 32.79, 23.75. 19F 

NMR (376 MHz, CDCl3) δ -140.33 (dd, J = 23.2, 8.1 Hz), -155.93, -162.34 – -162.43 

(m). HRMS (EI) calculated for [C16H11F5O]+: 314.0725 found: 314.0724. Enantiomeric 

excess was determined by HPLC with a Chiralpak OZ3 column (hexanes = 100, 1.0 

mL/min, 210 nm); minor enantiomer tr = 20.0 min, major enantiomer tr = 22.5 min. 

[α]D
20 = 21.6 (c = 0.5, CHCl3). 

7.2 Synthesis of (R)-3-((perfluorophenyl)methyl)-3-propyl-2,3-dihydrobenzofuran 

(3b).
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O F

F
F

F

F
3b

Prepared according to typical procedure from allyl ether 1b (90.7 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3b as a 

colorless liquid (75.8 mg, 74% yield) with 94% ee. 1H NMR (400 MHz, CDCl3) δ 7.15-

7.11 (m, 1 H), 6.95 (d, J = 7.4 Hz, 1 H), 6.87-6.81 (m, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 

4.44 (d, J = 9.2 Hz, 1 H), 4.28 (d, J = 9.2 Hz, 1 H), 3.11-2.99 (m, 2 H), 1.77-1.66 (m, 2 

H), 1.49-1.36 (m, 1 H), 1.22-1.07 (m, 1 H), 0.92 (t, J = 7.3 Hz, 3 H). 13C NMR (101 

MHz, CDCl3) δ 159.80, 146.72, 144.26, 141.14 (m, J F = 49.2 Hz), 138.56(m, J F = 79.7 

Hz), 136.04, 131.37, 128.81, 123.43, 120.52, 111.43 (m, JF = 38.0 Hz), 109.63, 79.88 

(t, JF = 2.8 Hz), 50.35, 39.75, 31.64, 17.85, 14.52. 19F NMR (376 MHz, CDCl3) δ -

140.06 (dd, J = 22.5, 8.1 Hz), -156.10 (t, J = 20.8 Hz), -162.51– -162.65 (m). HRMS 

(EI) calculated for [C18H15F5O]+: 342.1038 found: 342.1035. Enantiomeric excess was 

determined by HPLC with a Chiralpak IA column (hexanes = 100, 1.0 mL/min, 210 

nm); minor enantiomer tr = 10.0 min, major enantiomer tr = 11.0 min. [α]D
20 = 8.3 (c = 

0.3, CHCl3). 

7.3 Synthesis of (R)-3-butyl-3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran (3c).

O F

F
F

F

F
3c

Prepared according to typical procedure from allyl ether 1c (94.9 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3c as a 

colorless liquid (81.2 mg, 76% yield) with 94% ee. 1H NMR (400 MHz, CDCl3) δ 7.13 

(td, J = 7.7, 1.4 Hz, 1 H), 6.94 (dd, J = 7.5, 1.4 Hz, 1 H), 6.85 (d, J = 0.9 Hz, 1 H), 6.71 

(d, J = 8.0 Hz, 1 H), 4.43 (d, J = 9.2 Hz, 1 H), 4.27 (d, J = 9.2 Hz, 1 H), 3.11-2.98 (m, 

2 H), 1.78-1.68 (m, 2 H), 1.42-1.26 (m, 3 H), 1.18- 1.04 (m, 1 H), 0.88 (t, J = 7.2 Hz, 3 

H). 13C NMR (101 MHz, CDCl3) δ 159.75, 146.67, 144.22, 141.10 (m, J F = 49.2 Hz), 

138.56 (m, J F = 79.7 Hz), 136.00, 131.33, 128.78, 123.43, 120.51, 111.41 (m, JF = 38.0 
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Hz), 109.62, 79.85 (d, JF = 2.8 Hz), 50.25, 37.15, 31.68, 26.64, 23.17, 13.90. 19F NMR 

(376 MHz, CDCl3) δ -140.02 (dd, J = 22.6, 8.1 Hz), -156.04 (t, J = 21.2 Hz), -162.55 

(td, J = 22.0, 8.0 Hz). HRMS (EI) calculated for [C19H17F5O]+: 356.1194 found: 

356.1198. Enantiomeric excess was determined by HPLC with a Chiralpak IA column 

(hexanes = 100, 1.0 mL/min, 210 nm); minor enantiomer tr = 10.1 min, major 

enantiomer tr = 15.0 min. [α]D
20 = 8.3 (c = 0.5, CHCl3). 

7.4 Synthesis of (R)-3-pentyl-3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran  

(3d).

O F

F
F

F

F
3d

Prepared according to typical procedure from allyl ether 1d (99.1 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3d as a 

colorless liquid (84.0 mg, 76% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.15-

7.11 (m, 1 H), 6.95-6.93 (m, 1 H), 6.88 (td, J = 7.4, 1.0 Hz, 1 H), 6.74 (dt, J = 8.0, 0.7 

Hz, 1 H), 4.46 (d, J = 9.2 Hz, 1 H), 4.30 (d, J = 9.2 Hz, 1 H), 3.11-2.98 (m, 2 H), 1.79-

1.68 (m, 2 H), 1.45-1.36 (m, 1 H), 1.31-1.22 (m, 4 H), 1.17-1.09 (m, 1 H), 0.89-0.85 

(m, 3 H).13C NMR (101 MHz, CDCl3) δ 159.76, 146.66, 144.22, 141.10 (m, J F = 49.2 

Hz), 138.51(m, J F = 79.7 Hz), 135.99, 131.34, 128.79, 123.41, 120.51, 111.43 (m, J F 

= 33.0 Hz), 109.62, 79.83 (t, JF = 2.8 Hz), 50.29, 37.37, 32.30, 31.69, 24.16, 22.45, 

13.98.19F NMR (376 MHz, CDCl3) δ -139.98 – -140.06 (m), -156.04 (t, J = 21.0 Hz), -

162.47 – -162.61 (m). HRMS (EI) calculated for [C20H19F5O]+: 370.1351 found: 

370.1351. Enantiomeric excess was determined by HPLC with a Chiralpak IA column 

(hexanes: 2-propanol = 99:1, 1.0 mL/min, 210 nm); minor enantiomer tr = 4.6 min, 

major enantiomer tr = 5.0 min. [α]D
20 = 15.3 (c = 0.2, CHCl3).

7.5 Synthesis of (S)-3-isopropyl-3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran 

(3e).
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O F

F
F

F

F
3e

Prepared according to typical procedure from allyl ether 1e (90.7 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3e as a 

colorless liquid (73.2 mg, 71% yield) with 94% ee. 1H NMR (400 MHz, CDCl3) δ 7.09 

(td, J = 7.7, 1.4 Hz, 1 H), 6.96 (d, J = 7.4 Hz, 1 H), 6.82 (t, J = 7.4 Hz, 1 H), 6.64 (d, J 

= 8.0 Hz, 1 H), 4.36 (q, J = 9.5 Hz, 2 H), 3.17-3.04 (m, 2 H), 2.20-2.13 (m, J = 6.8 Hz, 

1 H), 1.08 (d, J = 6.8 Hz, 3 H), 0.89 (d, J = 6.8 Hz, 3 H). 13C NMR (101 MHz, CDCl3) 

δ 159.97, 146.64, 144.22, 140.99 (m, J F = 49.2 Hz), 138.48 (m, J F = 79.7 Hz), 136.08, 

129.59, 128.76, 124.46 (d, JF = 22.2 Hz), 120.19, 111.68 (m, J F = 33.0 Hz), 109.38, 

54.13, 33.83, 30.45, 18.58, 17.73. 19F NMR (376 MHz, CDCl3) δ -139.72 (d, J = 15.1 

Hz), -156.19, -162.80 (d, J = 6.2 Hz). HRMS (EI) calculated for [C18H15F5O]+: 

342.1038 found: 342.1040. Enantiomeric excess was determined by HPLC with a 

Chiralpak IA column (hexanes = 100, 1.0 mL/min, 210 nm); minor enantiomer tr = 10.0 

min, major enantiomer tr = 14.0 min. [α]D
20 = 26.1 (c = 0.4, CHCl3). 

7.6 Synthesis of (S)-3-cyclohexyl-3-((perfluorophenyl)methyl)-2,3- 

dihydrobenzofuran (3f).

O F

F
F

F

F

3f

Prepared according to typical procedure from allyl ether 1f (102.7 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3f as a 

colorless liquid (86.7 mg, 76% yield) with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.11-

7.07 (m, 1 H), 6.90 (d, J = 7.4 Hz, 1 H), 6.81 (t, J = 7.4 Hz, 1 H), 6.64 (d, J = 8.0 Hz, 1 

H), 4.39 (d, J = 9.4 Hz, 1 H), 4.32 (d, J = 9.4 Hz, 1 H), 3.16-3.03 (m, 2 H), 2.12 (dt, J = 

12.9, 3.2 Hz, 1 H), 1.88-1.83 (m, 1 H), 1.78-1.68 (m, 3 H), 1.60-1.56 (m, 1 H), 1.36-

0.88 (m, 6 H). 13C NMR (101 MHz, CDCl3) δ 159.96, 146.67, 144.23,140.98 (m, J F = 
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49.2 Hz), 138.37 (m, J F = 79.7 Hz), 135.87, 129.40, 128.69, 124.59, 120.09, 111.67 

(m, J F = 33.3 Hz), 109.42, 53.95, 43.86, 30.11, 28.36, 27.93, 26.57, 26.36. 19F NMR 

(376 MHz, CDCl3) δ -139.81 – -139.89 (m), -156.25 (t, J = 20.9 Hz), -162.84 (td, J = 

22.1, 7.6 Hz). HRMS (EI) calculated for [C21H19F5O]+: 382.1351 found: 382.1351. 

Enantiomeric excess was determined by HPLC with a Chiralpak IG column (hexanes: 

2-propanol = 99:1, 0.3 mL/min, 210 nm); minor enantiomer tr = 14.8 min, major 

enantiomer tr = 18.6 min. [α]D
20 = 23.6 (c = 0.3, CHCl3).

7.7 Synthesis of (S)-trimethyl((3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-

3-yl)methyl)silane (3g).

O F

F
F

F

F
3g

TMS

Prepared according to typical procedure from allyl ether 1g (99.7 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3g as a 

yellow liquid (82.4 mg, 75% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.13-

7.09 (m, 1 H), 7.03 (d, J = 7.4 Hz, 1 H), 6.88-6.84 (m, 1 H), 6.68 (d, J = 8.0 Hz, 1 H), 

4.51 (d, J = 9.2 Hz, 1 H), 4.23 (d, J = 9.2 Hz, 1 H), 3.13-2.97 (m, 2 H), 1.26-1.16 (m, 2 

H), -0.06 (s, 9 H). 13C NMR (101 MHz, CDCl3) δ 159.11, 146.66, 144.27, 141.06 (m, 

J F = 49.2 Hz), 138.55 (m, J F = 79.7 Hz), 136.00, 133.17, 128.74, 123.55, 120.58, 111.58 

(m, J F = 33.2 Hz), 109.61, 81.09 (t, JF = 3.2 Hz), 9.38, 35.28, 27.57, 0.06. 19F NMR 

(376 MHz, CDCl3) δ -139.85 (dd, J = 22.6, 8.0 Hz), -156.07 (t, J = 20.8 Hz), -162.51 – 

-162.65 (m). HRMS (ESI) calculated for [M+H]+ = [C19H20F5OSi]+: 387.1198 found: 

387.1204. Enantiomeric excess was determined by HPLC with a Chiralpak ODH 

column (hexanes = 100, 1.0 mL/min, 210 nm); minor enantiomer tr = 8.9 min, major 

enantiomer tr = 9.6 min. [α]D
20 = 4.2 (c = 0.5, CHCl3). 

7.8 Synthesis of methyl (R)-4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)butanoate (3h).
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O F

F
F

F

F

3h

MeO2C

Prepared according to typical procedure from allyl ether 1h (108.1 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 20:1) afforded the product 3h as a 

light yellow liquid (92.4 mg, 77% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 

7.15-7.11 (m, 1 H), 6.95 (d, J = 7.7 Hz, 1 H), 6.88-6.83 (m, 1 H), 6.71 (dd, J = 8.2, 2.4 

Hz, 1 H), 4.44 (dd, J = 9.2, 2.6 Hz, 1 H), 4.30 (dd, J = 9.2, 2.6 Hz, 1 H), 3.65 (d, J = 2.5 

Hz, 3 H), 3.05 (q, J = 13.8 Hz, 2 H), 2.32-2.28 (m, 2 H), 1.76 (d, J = 6.7 Hz, 3 H), 1.49-

1.40 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 173.50, 159.78, 146.68, 144.22, 141.20 

(m, J F = 49.2 Hz), 138.62 (d, JF = 13.7 Hz), 136.05, 130.69, 129.02, 123.44, 120.64, 

111.16 (m, JF = 35.2 Hz), 109.78, 79.55 (t, JF = 2.9 Hz), 51.57, 50.18, 36.71, 34.03, 

31.64, 20.03. 19F NMR (376 MHz, CDCl3) δ -139.98 (dd, J = 22.5, 8.0 Hz), -155.76 (t, 

J = 20.8 Hz), -162.36 (td, J = 22.3, 8.0 Hz).  HRMS (EI) calculated for [C20H17F5O3]+: 

400.1092 found: 400.1096. Enantiomeric excess was determined by HPLC with a 

Chiralpak OJH column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 210 nm); minor 

enantiomer tr = 17.8 min, major enantiomer tr = 20.2 min. [α]D
20 = 14.2 (c = 0.3, 

CHCl3).

7.9 Synthesis of (R)-3-(3-chloropropyl)-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran (3i).

O F

F
F

F

F

3i

Cl

Prepared according to typical procedure from allyl ether 1i (101.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3i as a 

colorless liquid (101.0 mg, 87% yield) with 92% ee. 1H NMR (400 M Hz, CDCl3) δ 

7.19–7.11 (m, 1 H), 6.99–6.95 (m, 1 H), 6.88 (td, J = 7.4, 1.0 Hz, 1 H), 6.75–6.72 (m, 

1 H), 4.45 (d, J = 9.3 Hz, 1 H), 4.27 (d, J = 9.4 Hz, 1 H), 3.50 (t, J = 6.1 Hz, 2 H), 3.14–
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3.02 (m, 2 H), 1.93–1.81 (m, 3 H), 1.64–1.55 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 

159.76, 146.65, 144.20, 141.26 (m, J F = 49.2 Hz), 138.58 (m, J F = 79.7 Hz), 136.07, 

130.42, 129.11, 123.37, 120.74, 110.99 (m, JF = 37.4 Hz), 109.82, 79.46 (t, JF = 2.9 

Hz), 49.91, 44.92, 34.73, 31.83, 27.77. 19F NMR (376 MHz, CDCl3) δ -139.84 (dd, J = 

22.7, 8.0 Hz), -155.51 (t, J = 20.9 Hz), -162.07– -162.23 (m). HRMS (EI) calculated 

for [C18H14ClF5O]+: 376.0648 found: 376.0646. Enantiomeric excess was determined 

by HPLC with a Chiralpak ADH column (hexanes: 2-propanol = 99:1, 0.5 mL/min, 210 

nm); minor enantiomer tr = 13.6 min, major enantiomer tr = 15.4 min. [α]D
20 = 15.5 (c 

= 0.5, CHCl3).

7.10 Synthesis of (R)-3-(4-chlorobutyl)-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran (3j).

O F

F
F

F
3j

Cl

F

Prepared according to typical procedure from allyl ether 1j (105.2 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3j as a 

colorless liquid (83.3 mg, 71% yield) with 91% ee. 1H NMR (400 MHz, CDCl3) δ 7.17-

7.12 (m, 1 H), 6.94 (dd, J = 7.5, 1.6 Hz, 1 H), 6.86 (t, J = 7.4 Hz, 1 H), 6.73 (d, J = 8.0 

Hz, 1 H), 4.45 (d, J = 9.3 Hz, 1 H), 4.28 (d, J = 9.2 Hz, 1 H), 3.50 (td, J = 6.6, 2.0 Hz, 

2 H), 3.12-3.00 (m, 2 H), 1.80-1.72 (m, 4 H), 1.61-1.50 (m, 1 H), 1.38-1.22 (m, 1 H). 
13C NMR (101 MHz, CDCl3) δ 159.74, 146.65, 144.19, 141.19 (m, J F = 49.2 Hz), 

138.67 (d, JF = 13.2 Hz), 136.04, 130.87, 128.99, 123.33, 120.63, 111.16(m, JF = 35.3 

Hz), 109.77, 79.66 (t, JF = 2.8 Hz), 50.19, 44.50, 36.60, 32.81, 31.61, 21.86. 19F NMR 

(376 MHz, CDCl3) δ -139.98 (dd, J = 22.8, 7.9 Hz), -155.69 (t, J = 20.8 Hz), -162.11 – 

-162.34 (m). HRMS (EI) calculated for [C19H16ClF5O]+: 390.0804 found: 390.0805. 

Enantiomeric excess was determined by HPLC with a Chiralpak OZ3 column (hexanes: 

2-propanol = 99.5:0.5, 0.3 mL/min, 210 nm); minor enantiomer tr = 28.5 min, major 

enantiomer tr = 30.1 min. [α]D
20 = 3.6 (c = 0.5, CHCl3). 
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7.11 Synthesis of (R)-3-(5-fluoropentyl)-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran (3k).

O F

F
F

F

F
3k

F

Prepared according to typical procedure from allyl ether 1k (104.5 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 3k as a 

colorless liquid (72.0 mg, 62% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.17-

7.12 (m, 1 H), 6.94 (d, J = 7.3 Hz, 1 H), 6.89-6.84 (m, 1 H), 6.73 (dd, J = 8.1, 3.1 Hz, 

1 H), 4.49-4.43 (m, 2 H), 4.35 (t, J = 6.0 Hz, 1 H), 4.27 (dd, J = 9.3, 2.9 Hz, 1 H), 3.11-

2.99 (m, 2 H), 1.77-1.60 (m, 4 H), 1.46-1.39 (m, 3 H), 1.21-1.11 (m, 1 H). 13C NMR 

(101 MHz, CDCl3) δ 159.76, 146.65, 144.22, 141.15 (m, J F = 49.2 Hz), 138.55 (m, J F 

= 79.7 Hz), 136.02, 131.09, 128.89, 123.36, 120.58, 111.27(m, JF = 35.4 Hz), 109.70, 

83.90 (d, JF= 164.3 Hz), 79.73 (t, JF = 2.8 Hz), 50.23, 37.31, 31.70, 30.19 (d, JF = 19.6 

Hz), 25.75 (d, JF = 5.1 Hz), 24.15. 19F NMR (376 MHz, CDCl3) δ -140.01 (dd, J = 24.6, 

8.2 Hz), -155.90 (t, J = 21.1 Hz), -162.43 (td, J = 23.5, 6.5 Hz), -218.42 (dd, J = 48.3, 

23.9 Hz). HRMS (EI) calculated for [C20H18F6O]+: 388.1256 found: 388.1254. 

Enantiomeric excess was determined by HPLC with a Chiralpak OZ3 column (hexanes: 

2-propanol = 99.5:0.5, 0.3 mL/min, 210 nm); minor enantiomer tr = 27.5 min, major 

enantiomer tr = 28.8 min. [α]D
20 = 5.3 (c = 0.5, CHCl3). 

7.12 Synthesis of (R)-3-(3-(4-chloro-3,5-dimethylphenoxy)propyl)-3-

((perfluorophenyl)methyl)-2,3-dihydrobenzofuran (3l).
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O F

F
F

F

F

3l

O

Cl

Prepared according to typical procedure from allyl ether 1l (137.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 3l as a 

yellow liquid (152.8 mg, 84% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.19–

7.14 (m, 1 H), 7.00–6.97 (m, 1 H), 6.91–6.86(m, 1 H), 6.76 (dd, J = 8.2, 3.5 Hz, 1 H), 

6.60 (d, J = 3.4 Hz, 2 H), 4.48 (dd, J = 9.4, 3.6 Hz, 1 H), 4.33 (dd, J = 9.5, 3.4 Hz, 1 H), 

3.89–3.86 (m, 2 H), 3.17-3.04 (m, 2 H), 2.34 (s, 6 H), 1.94–1.83 (m, 3 H), 1.64–1.57 

(m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.80, 156.60, 146.64, 144.22, 141.15 (m, J 

F = 49.2 Hz), 138.54 (m, J F = 79.7 Hz), 137.06, 136.04, 130.71, 129.02, 126.22, 123.40, 

120.66, 114.40, 111.12 (d, JF = 3.5 Hz), 109.78, 79.60 (t, JF = 2.9 Hz), 67.77, 50.04, 

33.75, 31.71, 24.60, 20.86. 19F NMR (376 MHz, CDCl3) δ -139.82 (dd, J = 23.4, 8.2 

Hz), -155.66 (dd, J = 23.7, 18.2 Hz), -162.24 (td, J = 22.2, 8.0 Hz). HRMS (EI) 

calculated for [C26H22ClF5O2]+: 496.1223 found: 496.1224. Enantiomeric excess was 

determined by HPLC with a Chiralpak OZ3 column (hexanes: 2-propanol = 99:1, 0.3 

mL/min, 210 nm); major enantiomer tr = 19.1 min, minor enantiomer tr = 25.4 min. 

[α]D
20 = 16.0 (c = 0.5, CHCl3). 

7.13 Synthesis of (R)-3-(4-(naphthalen-1-ylthio)butyl)-3-((perfluorophenyl)methyl)-

2,3-dihydrobenzofuran (3m).

O F

F
F

F

F

3m

S
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Prepared according to typical procedure from allyl ether 1m (142.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 3m as a 

blue liquid (133.8 mg, 87% yield) with 91% ee. 1H NMR (400 MHz, CDCl3) δ 7.79–

7.70 (m, 4 H), 7.52–7.38 (m, 3 H), 7.14 (td, J = 7.7, 1.5 Hz, 1 H), 6.92 (d, J = 6.6 Hz, 1 

H), 6.85 (td, J = 7.4, 1.0 Hz, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 4.43 (d, J = 9.2 Hz, 1 H), 

4.26 (d, J = 9.2 Hz, 1 H), 3.09–2.93 (m, 4 H), 1.75–1.64 (m, 4 H), 1.56–1.52 (m, 1 H), 

1.34–1.24 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.81, 146.68, 144.23, 141.19 (m, 

J F = 49.2 Hz), 138.57 (m, J F = 79.7 Hz), 136.07, 134.10, 133.81, 131.76, 131.01, 

128.96, 128.37, 127.72, 127.39, 127.01, 126.89, 126.56, 125.63, 123.40, 120.62, 

111.26 (t, JF = 18.3 Hz), 109.76, 79.72, 50.24, 36.96, 33.33, 31.67, 29.56, 23.74. 19F 

NMR (376 MHz, CDCl3) δ -139.91 (dt, J = 22.4, 6.9 Hz), -155.74 (t, J = 20.9 Hz), -

162.28 (td, J = 22.1, 7.9 Hz). HRMS (EI) calculated for [C29H23F5OS]+: 514.1384 

found: 514.1390. Enantiomeric excess was determined by HPLC with a Chiralpak IG 

column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr = 14.4 

min, major enantiomer tr = 15.4 min. [α]D
20 = 7.3 (c = 0.5, CHCl3).

7.14 Synthesis of (R)-3-((perfluorophenyl)methyl)-3-(3-(p-tolylthio)propyl)-2,3-

dihydrobenzofuran (3n).

O F

F
F

F

F

3n

S

Prepared according to typical procedure from allyl ether 1n (127.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 3n as a 

colorless liquid (116.5 mg, 84% yield) with 93% ee. 1H NMR (400 MHz, CDCl3) δ 

7.21–7.18 (m, 2 H), 7.16–7.11 (m, 1 H), 7.09–7.07 (m, 2 H), 6.92 (dd, J = 7.4, 1.4 Hz, 

1 H), 6.85 (td, J = 7.4, 1.0 Hz, 1 H), 6.71 (dd, J = 8.0, 0.9 Hz, 1 H), 4.41 (d, J = 9.3 Hz, 

1 H), 4.22 (d, J = 9.3 Hz, 1 H), 3.10–2.98 (m, 2 H), 2.93–2.78 (m, 2 H), 2.32 (s, 3 H), 
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1.97–1.81 (m, 2 H), 1.76–1.65 (m, 1 H), 1.50–1.39 (m, 1 H). 13C NMR (101 MHz, 

CDCl3) δ 159.75, 146.66, 144.20, 141.18 (m, J F = 49.2 Hz), 138.70 (m, J F = 79.7 Hz), 

136.30, 136.06, 132.35, 130.75, 130.16, 129.71, 129.00, 123.44, 120.67, 111.18(m, JF 

= 35.2 Hz), 109.76, 79.60 (t, JF = 2.9 Hz), 50.16, 36.25, 34.79, 31.80, 24.26, 20.99. 19F 

NMR (376 MHz, CDCl3) δ -139.87 (dd, J = 23.2, 8.2 Hz), -155.72 (t, J = 20.9 Hz), -

162.27 (td, J = 22.3, 8.0 Hz). HRMS (EI) calculated for [C25H21F5OS]+: 464.1228 

found: 464.1231. Enantiomeric excess was determined by HPLC with a Chiralpak OZ3 

column (hexanes: 2-propanol = 80:20, 0.5 mL/min, 254 nm); major enantiomer tr = 8.4 

min, minor enantiomer tr = 9.1 min. [α]D
20 = 2.4 (c = 0.5, CHCl3).

7.15 Synthesis of (R)-3-(4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)butyl)oxazolidin-2-one (3o).

O F

F
F

F

F

3o

N

O

O

Prepared according to typical procedure from allyl ether 1o (120.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 3o as a 

colorless liquid (115.1 mg, 87% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 

7.12 (t, J = 7.7 Hz, 1 H), 6.92 (d, J = 7.4 Hz, 1 H), 6.84 (t, J = 7.4 Hz, 1 H), 6.70 (d, J = 

8.0 Hz, 1 H), 4.41 (d, J = 9.3 Hz, 1 H), 4.28–4.23 (m, 3H), 3.52–3.45 (m, 2 H), 3.21 (t, 

J = 7.2 Hz, 2 H), 3.04 (q, J = 13.9 Hz, 2 H), 1.79 –1.72 (m, 2 H), 1.57-1.49 (m, 2 H), 

1.45–1.34 (m, 1 H), 1.19–1.06 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.67, 158.38, 

146.55, 144.11 (m, J F = 49.2 Hz), 141.06, 138.44 (m, J F = 79.7 Hz), 135.94, 130.79, 

128.83, 123.31, 120.50, 111.37 – 110.90 (m, JF = 53.6 Hz), 109.59, 79.54 (d, JF = 3.0 

Hz), 61.54, 50.09, 44.33, 43.66, 36.73, 31.51, 27.52, 21.33. 19F NMR (376 MHz, 

CDCl3) δ -139.98 (dd, J = 23.2, 8.0 Hz), -155.88 (t, J = 20.9 Hz), -162.42 (td, J = 22.2, 

7.8 Hz). HRMS (ESI) calculated for [M+H]+ = [C22H21F5NO3]+: 442.1437 found: 

442.1442. Enantiomeric excess was determined by HPLC with a Chiralpak OJH 
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column (hexanes: 2-propanol = 60:40, 0.5 mL/min, 210 nm); minor enantiomer tr = 

17.7 min, major enantiomer tr = 19.2 min. [α]D
20 = 7.1 (c = 0.5, CHCl3).

7.16 Synthesis of (R)-1-(4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)butyl)pyrrolidine-2,5-dione (3p).

O F

F
F

F

F

3p

NO
O

Prepared according to typical procedure from allyl ether 1p (124.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 3p as a 

colorless liquid (112.0 mg, 85% yield) with 91% ee. 1H NMR (400 MHz, CDCl3) δ 

7.14-7.10 (m, 1 H), 6.94-6.92 (m, 1 H), 6.85 (td, J = 7.4, 1.0 Hz, 1 H), 6.71 (dt, J = 8.0, 

0.7 Hz, 1 H), 4.41 (d, J = 9.2 Hz, 1 H), 4.24 (d, J = 9.3 Hz, 1 H), 3.47-3.43 (m, 2 H), 

3.09-2.98 (m, 2 H), 2.66 (s, 4 H), 1.78-1.70 (m, 2 H), 1.59 -1.52 (m, 2 H), 1.41-1.30 

(m, 1 H), 1.14-1.01 (m, 1 H).13C NMR (101 MHz, CDCl3) δ 177.11, 159.72, 146.60, 

144.15, 141.11 (m, J F = 49.2 Hz), 138.47 (m, J F = 79.7 Hz), 135.92 (d, JF = 14.3 Hz), 

130.76, 128.88, 123.37, 120.52, 111.97 – 110.88 (m, JF = 109.2 Hz), 109.64, 79.54 (t, 

JF = 2.7 Hz), 60.31, 50.12, 38.23, 36.75, 31.62, 27.98 (d, JF = 13.1 Hz), 21.59. 19F NMR 

(376 MHz, CDCl3) δ -139.96 (dd, J = 22.8, 8.0 Hz), -155.81 (t, J = 21.0 Hz), -162.27 – 

-162.42 (m). HRMS (ESI) calculated for [M+H]+ = [C23H21F5NO3]+: 454.1437 found: 

454.1442. Enantiomeric excess was determined by HPLC with a Chiralpak ODH 

column (hexanes: 2-propanol = 60:40, 0.5 mL/min, 210 nm); minor enantiomer tr = 

26.8 min, major enantiomer tr = 29.7 min. [α]D
20 = 6.2 (c = 0.4, CHCl3).

7.17 Synthesis of (R)-2-(3-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)propyl)isoindoline-1,3-dione (3q).
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O F

F
F

F

F

3q

N

O

O

Prepared according to typical procedure from allyl ether 1q (134.2 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 3q as a 

white solid (112.3 mg, 77% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.85–

7.78(m, 2 H), 7.73–7.69 (m, 2 H), 7.11 (td, J = 7.7, 1.4 Hz, 1 H), 6.93 (d, J = 7.4 Hz, 1 

H), 6.83 (td, J = 7.4, 1.0 Hz, 1 H), 6.70 (s, 1 H), 4.41 (d, J = 9.3 Hz, 1 H), 4.24 (d, J = 

9.3 Hz, 1 H), 3.72–3.63 (m, 2 H), 3.10–2.98 (m, 2 H), 1.84–1.72 (m, 3 H), 1.57–1.47 

(m, 1 H). 13C NMR (101 MHz, CDCl3) δ 168.31, 159.71, 146.65, 144.20, 141.22 (m, J 

F = 49.2 Hz), 138.56 (m, J F = 79.7 Hz), 136.04, 133.99, 132.02, 130.55, 129.07, 123.43, 

123.34, 120.74, 111.05 (m, JF = 36.3 Hz), 109.81, 79.64(t, JF = 2.9 Hz), 49.95, 37.99, 

34.46, 31.55, 23.88. 19F NMR (376 MHz, CDCl3) δ -139.90 (dd, J = 23.3, 8.2 Hz), -

155.64 (t, J = 20.8 Hz), -162.25 (td, J = 22.2, 8.1 Hz). HRMS (EI) calculated for 

[C26H18F5NO3]+: 487.1201 found: 487.1204. Enantiomeric excess was determined by 

HPLC with a Chiralpak OZ3 column (hexanes: 2-propanol = 80:20, 0.5 mL/min, 210 

nm); major enantiomer tr = 18.7 min, minor enantiomer tr = 20.7 min. [α]D
20 = 6.1 (c = 

0.5, CHCl3).

7.18 Synthesis of (R)-1-(4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)butyl)benzo[cd]indol-2(1H)-one (3r).

O F

F
F

F

F

3r

NO

Prepared according to typical procedure from allyl ether 1r (145.0 mg, 0.3 mmol), after 
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a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 3r as a 

light yellow liquid (136.6 mg, 87% yield) with 92% ee. 1H NMR (400 MHz, CDCl3) δ 

8.02 (dd, J = 19.7, 7.5 Hz, 2 H), 7.70 (dd, J = 8.1, 7.0 Hz, 1 H), 7.52 (d, J = 8.4 Hz, 1 

H), 7.43 (dd, J = 8.5, 7.0 Hz, 1 H), 7.10 (td, J = 7.7, 1.4 Hz, 1 H), 6.93 (dd, J = 7.5, 1.3 

Hz, 1 H), 6.85–6.77 (m, 2 H), 6.69 (d, J = 8.0 Hz, 1 H), 4.40 (d, J = 9.3 Hz, 1 H), 4.25 

(d, J = 9.3 Hz, 1 H), 3.88 (t, J = 7.2 Hz, 2 H), 3.06 (dt, J = 13.8, 1.8 Hz, 2 H), 1.86– 

1.71 (m, 4 H), 1.56–1.44 (m, 1 H), 1.34–1.17 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 

167.99, 159.77, 146.64, 144.20, 141.16 (m, J F = 49.2 Hz), 139.34, 138.57 (m, J F = 79.7 

Hz), 136.02, 130.90, 130.77, 129.13, 128.91, 128.68, 128.44, 126.63, 125.15, 124.24, 

123.44, 120.59, 120.24, 111.24 (t, JF = 18.2 Hz), 109.69, 104.87, 79.64 (t, JF = 2.8 Hz), 

50.22, 39.81, 37.07, 31.69, 29.09, 21.84. 19F NMR (376 MHz, CDCl3) δ -139.89 (dd, J 

= 23.7, 8.0 Hz), -155.81 (t, J = 20.9 Hz), -162.26 – -162.41 (m, J = 27.1, 16.1, 6.1 Hz). 

HRMS (EI) calculated for [C30H22F5NO2]+: 523.1565 found: 523.1567. Enantiomeric 

excess was determined by HPLC with a Chiralpak ODH column (hexanes: 2-propanol 

= 80:20, 0.5 mL/min, 254 nm); minor enantiomer tr = 20.5 min, major enantiomer tr = 

22.0 min. [α]D
20 = 11.6 (c = 0.5, CHCl3). 

7.19 Synthesis of (3R)-3-(3-(((4R,6S)-6-(2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-

dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)oxy)propyl)-3-

((perfluorophenyl)methyl)-2,3-dihydrobenzofura (3s).

O F

F
F

F

F

O

O
O

O
OO

3s

Prepared according to typical procedure from allyl ether 1s (168.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 4s as a 

colorless liquid (118.1 mg, 81% yield) with 18:1 dr. 1H NMR (400 MHz, CDCl3) δ 

7.15–7.09 (m, 1 H), 6.95 (d, J = 7.4 Hz, 1 H), 6.87–6.83 (m, 1 H), 6.71 (d, J = 8.0 Hz, 
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1 H), 4.92 (s, 1 H), 4.76 (dd, J = 5.9, 3.6 Hz, 1 H), 4.54 (d, J = 5.9 Hz, 1 H), 4.44–4.33 

(m, 2 H), 4.26 (d, J = 9.3 Hz, 1 H), 4.09 (dd, J = 8.7, 6.3 Hz, 1 H), 4.00 (dd, J = 8.7, 4.5 

Hz, 1 H), 3.88 (dd, J = 7.6, 3.6 Hz, 1 H), 3.58 (dt, J = 9.8, 6.3 Hz, 1 H), 3.33 (dt, J = 

9.7, 6.3 Hz, 1 H), 3.11–2.99 (m, 2 H), 1.76 (q, J = 7.9 Hz, 2 H), 1.69–1.60 (m, 2 H), 

1.45 (d, J = 3.4 Hz, 6 H), 1.37 (s, 3 H), 1.31 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 

159.74, 146.63, 144.19, 141.18 (m, J F = 49.2 Hz), 138.60 (m, J F = 79.7 Hz), 136.02, 

130.76, 128.95, 123.39, 120.61, 112.58, 111.16 (t, J = 19.0 Hz), 109.73, 109.17, 106.26, 

84.99, 80.27, 79.61, 79.49 (d, J = 4.1 Hz), 73.10, 67.21, 66.86, 49.98, 33.98, 31.58, 

26.84, 25.83, 25.12, 24.65, 24.46. 19F NMR (376 MHz, CDCl3) δ -139.89 (dd, J = 23.3, 

8.2 Hz), -155.72 (t, J = 20.8 Hz), -162.31 (td, J = 22.0, 7.9 Hz). HRMS (ESI) calculated 

for [M+H]+ = [C30H34F5O7]+: 601.2220 found: 601.2225. [α]D
20 = 46.7 (c = 0.3, CHCl3).

7.20 Synthesis of (R)-3-(3-((R)-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran-3-yl)propyl)-4-phenyloxazolidin-2-one (3t).

3t
O F

F
F

F

F

NO

O

Prepared according to typical procedure from allyl ether 1t (139.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 2:1) afforded the product 4t as a white 

solid (124.7 mg, 83% yield) with >20:1 dr. Mp: 161-162 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.39 (dd, J = 5.2, 1.9 Hz, 3 H), 7.20 (dd, J = 6.8, 2.7 Hz, 2 H), 7.16-7.11 (m, 

1 H), 6.85 (d, J = 6.7 Hz, 2 H), 6.71 (d, J = 8.0 Hz, 1 H), 4.64–4.54 (m, 2 H), 4.37 (d, J 

= 9.2 Hz, 1 H), 4.16 (d, J = 9.3 Hz, 1 H), 4.10 (dd, J = 8.2, 6.3 Hz, 1 H), 3.39-3.32 (m, 

1 H), 3.00 (q, J = 13.9 Hz, 2 H), 2.78-2.71 (m, 1 H), 1.71-1.56 (m, 2 H), 1.52-1.44 (m, 

1 H), 1.33-1.21 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.70, 158.18, 146.57, 

144.14, 141.16 (m, J F = 49.2 Hz), 138.61 (d, JF = 15.1 Hz), 137.61, 136.02, 130.41, 

129.29, 129.15, 129.01, 127.02, 123.34, 120.63, 110.94, 109.75, 79.44 (t, JF = 2.8 Hz), 
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69.72, 59.89, 49.97, 42.38, 34.37, 31.49, 22.22. 19F NMR (376 MHz, CDCl3) δ -139.88 

(dd, J = 23.0, 8.1 Hz), -155.49 (t, J = 21.0 Hz), -162.10 (td, J = 22.4, 7.9 Hz). HRMS 

(ESI) calculated for [M+H]+ = [C27H23F5NO3]+: 504.1593 found: 504.1598. [α]D
20 = 

44.637 (c = 0.5, CHCl3).

7.21 Synthesis of (S)-2,5,7,8-tetramethyl-6-(3-((R)-3-((perfluorophenyl)methyl)-

2,3-dihydrobenzofuran-3-yl)propoxy)-2-((4S,8S)-4,8,12-trimethyltridecyl)chromane 

(3u).

3u
O F

F
F

F

F

O

O

Prepared according to typical procedure from allyl ether 1v (219.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 40:1) afforded the product 3u as a 

yellow liquid (184.1 mg, 80% yield) with >20:1 dr. 1H NMR (400 MHz, CDCl3) δ 

7.18 (td, J = 7.7, 1.4 Hz, 1 H), 7.05 (d, J = 7.4 Hz, 1 H), 6.91 (t, J = 7.4 Hz, 1 H), 6.78 

(d, J = 8.0 Hz, 1 H), 4.52 (d, J = 9.3 Hz, 1 H), 4.39 (d, J = 9.3 Hz, 1 H), 3.62 (q, J = 5.8 

Hz, 2 H), 3.21–3.08 (m, 2 H), 2.59 (t, J = 6.8 Hz, 2 H), 2.15 (s, 3 H), 2.10 (s, 6 H), 2.06–

2.02 (m, 2 H), 1.94-1.72 (m, 3 H), 1.64–1.50 (m, 5 H), 1.44–1.28 (m, 11 H), 1.22–1.05 

(m, 8 H), 0.98–0.87 (m, 13 H). 13C NMR (101 MHz, CDCl3) δ 159.89, 147.99, 147.77, 

146.69, 144.25, 141.22 (m, J F = 49.2 Hz), 138.63 (m, J F = 79.7 Hz), 136.09, 130.89, 

128.94, 127.67, 125.65, 123.45, 122.86, 120.66, 117.51, 111.29(m, JF = 35.2 Hz), 

109.74, 79.61(t, JF = 2.9 Hz), 74.75, 72.47, 50.16, 40.03, 39.37, 37.47, 37.45, 37.41, 

37.28, 34.11, 32.79, 32.69, 32.11, 31.29, 27.97, 25.53, 24.79, 24.43, 23.84, 22.70, 

22.61, 21.01, 20.63, 19.73, 19.64, 12.60, 11.74. 19F NMR (376 MHz, CDCl3) δ -139.73 

(dd, J = 22.9, 8.1 Hz), -155.76 (t, J = 21.0 Hz), -162.32 (td, J = 22.4, 7.9 Hz). HRMS 

(ESI) calculated for [M+H]+ = [C47H64F5O3]+: 771.4770 found: 771.4791. [α]D
20 = 

15.719 (c = 0.5, CHCl3).
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7.22 Synthesis of (S)-5-chloro-3'-methyl-2H-spiro[benzofuran-3,7'-bicyclo[4.2.0] 

octane]-1'(6'),2',4'-triene (5a).

O F

F
F

F

F
5a

Prepared according to typical procedure from allyl ether 4a (90.7 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 5a as a 

colorless liquid (71.7 mg, 70% yield) with 93% ee. 1H NMR (400 MHz, CDCl3) δ 6.77 

(s, 1 H), 6.59 (s, 1 H), 4.44 (d, J = 8.9 Hz, 1 H), 4.05 (d, J = 8.9 Hz, 1 H), 3.06 – 2.91 

(m, 2 H), 2.22 (s, 3 H), 2.19 (s, 3 H), 1.36 (d, J = 1.6 Hz, 3 H). 13C NMR (101 MHz, 

CDCl3) δ 157.57, 146.66, 144.19, 138.62, 137.12, 136.10, 130.55, 128.59, 123.58, 

111.66(m, JF = 36.3 Hz), 111.00,107.14, 82.14 (t, JF = 2.8 Hz), 46.64, 32.68, 23.90, 

20.14, 19.28. 19F NMR (376 MHz, CDCl3) δ -140.24 (dd, J = 23.0, 8.4 Hz), -156.09 (t, 

J = 20.8 Hz), -162.45 (td, J = 22.2, 8.0 Hz). HRMS (EI) calculated for [C18H15F5O]+: 

342.1038 found: 342.1037. Enantiomeric excess was determined by HPLC with a 

Chiralpak OZ3 column (hexanes = 100, 1.0 mL/min, 210 nm); minor enantiomer tr = 

20.5 min, major enantiomer tr = 31.1 min. [α]D
20 = -23.4 (c = 0.3, CHCl3).

7.23 Synthesis of (R)-5-fluoro-3-methyl-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran (5b).

O F

F
F

F

F
5b

F

Prepared according to typical procedure from allyl ether 4b (87.6 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 5b as a 

white solid (58.6 mg, 60% yield) with 87% ee. Mp: 80-82 oC. 1H NMR (400 MHz, 

CDCl3) δ 6.83 (td, J = 8.8, 2.7 Hz, 1 H), 6.72-6.65 (m, 2 H), 4.50 (d, J = 9.0 Hz, 1 H), 

4.13 (d, J = 9.0 Hz, 1 H), 3.05-2.95 (m, 2 H), 1.40 (t, J = 1.2 Hz, 3 H). 13C NMR (101 

MHz, CDCl3) δ 158.84, 156.48, 155.22, 146.58 (d, JF = 10.5 Hz), 144.13 (d, JF = 9.2 



 24

Hz), 141.31, 138.72 (d, JF = 15.0 Hz), 136.05 (d, JF = 16.3 Hz), 134.56 (d, JF = 7.7 Hz), 

115.03 (d, JF = 24.1 Hz), 111.03 (t, JF = 17.1 Hz), 110.24-109.91 (m, JF = 33.1 Hz), 

82.59 (t, JF = 2.5 Hz), 47.04, 32.62, 23.61. 19F NMR (376 MHz, CDCl3) δ -123.49 (d, 

J = 8.2 Hz), -140.42 (dd, J = 23.1, 8.3 Hz), -155.48 (t, J = 21.1 Hz), -162.03 – -162.17 

(m). HRMS (EI) calculated for [C16H10F6O]+: 332.0630 found: 332.0628. Enantiomeric 

excess was determined by HPLC with a Chiralpak IA column (hexanes = 100, 1.0 

mL/min, 210 nm); major enantiomer tr = 15.7 min, minor enantiomer tr = 22.4 min. 

[α]D
20 = -15.5 (c = 0.5, CHCl3).

7.24 Synthesis of methyl (R)-3-methyl-3-((perfluorophenyl)methyl)-2,3-

dihydronaphtho[2,3-b]furan (5c).

O F

F
F

F

5c

F

Prepared according to typical procedure from allyl ether 4c (97.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 5c as a 

white solid (86.1 mg, 79% yield) with 90% ee. Mp: 151-152 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.74-7.69 (m, 2 H), 7.45-7.39 (m, 2 H), 7.32 (t, J = 7.6 Hz, 1 H), 7.11 (s, 1 

H), 4.56 (d, J = 8.9 Hz, 1 H), 4.18 (d, J = 8.9 Hz, 1 H), 3.11 (q, J = 13.8 Hz, 2 H), 1.48 

(s, 3 H). 13C NMR (101 MHz, CDCl3) δ 157.88, 146.75, 144.20, 141.28, 138.65, 

136.00, 136.16, 134.65, 129.55, 127.78, 126.85, 126.10, 123.49, 121.81, 111.12 (m, JF 

= 33.6 Hz), 104.47, 82.21 (t, JF = 2.8 Hz), 46.27, 32.72, 23.71. 19F NMR (376 MHz, 

CDCl3) δ -140.14 (dd, J = 22.6, 8.3 Hz), -155.53 (t, J = 20.9 Hz), -162.03 (td, J = 22.4, 

8.0 Hz). HRMS (EI) calculated for [C20H13F5O]+: 364.0881 found: 364.0876. 

Enantiomeric excess was determined by HPLC with a Chiralpak IB column (hexanes: 

2-propanol = 99:1, 1.0 mL/min, 210 nm); minor enantiomer tr = 6.5 min, major 

enantiomer tr = 7.6 min. [α]D
20 = 40.8 (c = 0.3, CHCl3).

7.25 Synthesis of (R)-(3-methyl-3-((perfluorophenyl)methyl)-2,3-
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dihydrobenzofuran-6-yl)(piperidin-1-yl)methanone (5d).

O F

F
F

F

F

5d

N

O

Prepared according to typical procedure from allyl ether 1y (115.3 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 4y as a 

colorless liquid (109.3 mg, 86% yield) with 87% ee. 1H NMR (400 MHz, CDCl3) δ 7.00 

(d, J = 7.6 Hz, 1 H), 6.89 (dd, J = 7.6, 1.4 Hz, 1 H), 6.76 (d, J = 1.3 Hz, 1 H), 4.53 (d, J 

= 9.1 Hz, 1 H), 4.14 (d, J = 9.1 Hz, 1 H), 3.68 (s, 2 H), 3.30 (s, 2 H), 3.09-2.92 (m, 2 

H), 1.70–1.52 (m, 6 H), 1.42 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 169.80, 159.29, 

146.55, 144.10, 141.15, 138.50, 137.51, 136.00, 134.20, 122.87, 119.20, 111.13(m, JF 

= 35.4 Hz), 108.22, 82.34 (d, JF = 2.6 Hz), 48.58, 46.59, 43.01, 32.81, 26.39, 25.57, 

24.51, 23.51. 19F NMR (376 MHz, CDCl3) δ -140.31 (dd, J = 22.6, 8.0 Hz), -155.72 

(td, J = 20.8, 11.0 Hz), -162.42 (td, J = 22.1, 10.5 Hz). HRMS (ESI) calculated for 

[M+H]+ = [C22H21F5NO2]+: 426.1487 found: 426.1492. Enantiomeric excess was 

determined by HPLC with a Chiralpak IA column (hexanes: 2-propanol = 70:30, 0.5 

mL/min, 210 nm); major enantiomer tr = 16.8 min, minor enantiomer tr = 22.8 min. 

[α]D
20 = -35.4 (c = 0.4, CHCl3).

7.26 Synthesis of tert-butyl (R)-5-methoxy-3-methyl-3-

((perfluorophenyl)methyl)indoline-1-carboxylate (5e).

N
Boc

F

F
F

F

F

5e

MeO

Prepared according to typical procedure from allyl ether 4e (121.0 mg, 0.3 mmol), after 

a flash column chromatography (hexanes: Et2O = 10:1) afforded the product 5e as a 

yellow liquid (111.4 mg, 84% yield) with 82% ee. 1H NMR (400 MHz, CDCl3) δ 7.66-

7.28 (m, 1 H), 6.72 (dd, J = 8.8, 2.6 Hz, 1 H), 6.62 (d, J = 27.6 Hz, 1 H), 4.02 (d, J = 

11.4 Hz, 1 H), 3.75 (s, 3 H), 3.54 (d, J = 20.4 Hz, 1 H), 2.92 (d, J = 6.1 Hz, 2 H), 1.53 
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(s, 9 H), 1.37 (d, J = 1.4 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 155.60, 152.02, 

146.61, 144.16, 141.07, 138.50 (dd, JF = 17.3, 10.9 Hz), 138.07, 135.98 (t, JF = 15.6 

Hz), 135.51, 115.27, 112.87, 111.91-110.33 (m, JF = 158.2 Hz), 109.10, 80.34, 59.85 

(d, J = 2.7 Hz), 55.63, 44.22, 33.59, 28.24, 24.16. 19F NMR (376 MHz, CDCl3) δ -

139.91 – -140.39 (m), -155.83 – -156.13 (m), -162.52 (td, J = 22.1, 8.1 Hz). HRMS (EI) 

calculated for [C22H22F5NO3]+: 443.1514 found: 443.1517. Enantiomeric excess was 

determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol = 99:1, 0.3 

mL/min, 210 nm); major enantiomer tr = 21.7 min, minor enantiomer tr = 24.0 min. 

[α]D
20 = -12.5 (c = 0.5, CHCl3).

7.27 Synthesis of (R)-1-methyl-1-((perfluorophenyl)methyl)-2,3-dihydro-1H-

indene (5f).

F

F
F

F

F

5f

Prepared according to typical procedure from allyl 4f (81.6mg, 0.3 mmol), after a flash 

column chromatography (hexanes = 1) afforded the product 5f as a colorless liquid 

(57.9 mg, 62% yield) with 88 % ee. 1H NMR (400 MHz, CDCl3) δ 7.25-7.16 (m, 3 H), 

7.06-7.02 (m, 1 H), 2.99-2.83 (m, 4 H), 2.20-2.11 (m, 1 H), 1.84 (dt, J = 12.8, 8.5 Hz, 

1 H), 1.32 (t, J = 1.7 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 149.46, 146.72, 144.29, 

142.97, 140.88, 138.57, 136.08, 127.02, 126.35, 124.71, 122.38, 112.73 (d, JF = 19.3 

Hz), 48.73, 39.03, 33.02, 29.95, 25.57. 19F NMR (376 MHz, CDCl3) δ -140.38 (dd, J = 

22.8, 8.2 Hz), -156.96 (d, J = 20.7 Hz), -162.90 (dd, J = 30.9, 21.5 Hz). HRMS (EI) 

calculated for [C17H13F5]+: 312.0932 found: 312.0935. Enantiomeric excess was 

determined by HPLC with a Chiralpak IE column (hexanes = 100, 0.3 mL/min, 210 

nm); major enantiomer tr = 17.5 min, minor enantiomer tr = 19.8 min. [α]D
20 = -4.5 (c 

= 0.5, CHCl3).

7.28 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluorobenzyl)-2,3-
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dihydrobenzofuran (7a).

O F

F
F

F
7a

Prepared according to typical procedure from 6a (135.1 mg, 0.9 mmol), after a flash 

column chromatography (hexanes: Et2O = 100:1) afforded the product 6a as a colorless 

liquid (59.4 mg, 67% yield) with 91% ee. 1H NMR (400 MHz, CDCl3) δ 7.16 (td, J = 

7.7, 1.4 Hz, 1 H), 7.03 (dd, J = 7.5, 1.4 Hz, 1 H), 6.99-6.94 (m, J = 9.7, 7.3, 2.3 Hz, 1 

H), 6.92 – 6.87 (m, 1 H), 6.79 (d, J = 8.0 Hz, 1 H), 4.53 (d, J = 8.9 Hz, 1 H), 4.12 (d, J 

= 9.0 Hz, 1 H), 3.13-3.01 (m, J = 13.5, 2.0 Hz, 2 H), 1.41 (d, J = 1.8 Hz, 3 H). 13C NMR 

(101 MHz, CDCl3) δ 159.31, 147.57- 145.79 (dm, JF = 21.2 Hz), 145.04 – 143.33 (dm, 

JF = 171.3 Hz), 133.45, 128.70, 122.81, 120.67, 117.42 (t, JF = 18.3 Hz), 109.85, 104.53 

(t, JF = 22.7 Hz), 82.19 (t, JF = 2.6 Hz), 46.72, 33.21 (d, JF = 2.1 Hz), 23.84 (d, JF = 2.1 

Hz). 19F NMR (376 MHz, CDCl3) δ -139.34 – -139.55 (m), -140.87 – -140.99 (m). 

HRMS (EI) calculated for [C16H12F4O]+: 296.0819 found: 296.0819. Enantiomeric 

excess was determined by HPLC with a Chiralpak OZ3 column (hexanes = 100, 1.0 

mL/min, 210 nm); minor enantiomer tr = 26.8 min, major enantiomer tr = 32.2 min. 

[α]D
20 = 31.0 (c = 0.5, CHCl3).

7.29 Synthesis of (R)-2,3,5,6-tetrafluoro-4-((3-methyl-2,3-dihydrobenzofuran-3-

yl)methyl)pyridine (7b).

O

N
F

F
F

F
7b

Prepared according to typical procedure from 6b (136.0 mg, 0.9 mmol), after a flash 

column chromatography (hexanes: Et2O = 50:1) afforded the product 7b as a white 

solid (62.7 mg, 70% yield) with 90% ee. Mp: 80-82 oC. 1H NMR (400 MHz, CDCl3) δ 

7.17 (td, J = 7.7, 1.4 Hz, 1 H), 7.01 (d, J = 7.4 Hz, 1 H), 6.89 (t, J = 7.4 Hz, 1 H), 6.77 

(d, J = 8.0 Hz, 1 H), 4.53 (d, J = 9.1 Hz, 1 H), 4.13 (d, J = 9.1 Hz, 1 H), 3.18-3.06 (m, 
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2 H), 1.47 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 159.23, 143.44 (d, JF = 258.4 Hz), 

139.31, 132.33, 131.17 (d, JF = 17.4 Hz), 129.13, 122.71, 120.92, 110.06, 82.06 (t, JF = 

2.5 Hz), 46.85, 34.19, 23.73. 19F NMR (376 MHz, CDCl3) δ -91.27 – -91.45 (m), -

141.91 – -142.09 (m). HRMS (EI) calculated for [C15H11F4NO]+: 297.0771 found: 

297.0773. Enantiomeric excess was determined by HPLC with a Chiralpak IA column 

(hexanes: 2-propanol = 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 12.1 min, 

major enantiomer tr = 15.9 min. [α]D
20 = -13.3 (c = 0.4, CHCl3). 

7.30 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-methoxybenzyl)-2,3-

dihydrobenzofuran (7c).

O F

F
F

F

OMe

7c

Prepared according to typical procedure from 6c (162.1 mg, 0.9 mmol), after a flash 

column chromatography (hexanes: Et2O = 50:1) afforded the product 7c as a colorless 

liquid (80.0 mg, 82% yield) with 88% ee. 1H NMR (400 MHz, CDCl3) δ 7.16 (td, J = 

7.6, 1.4 Hz, 1 H), 7.03 (dd, J = 7.4, 1.4 Hz, 1 H), 6.89 (td, J = 7.4, 1.0 Hz, 1 H), 6.79 

(dd, J = 8.0, 0.9 Hz, 1 H), 4.51 (d, J = 8.9 Hz, 1 H), 4.11 (d, J = 8.9 Hz, 1 H), 4.06 (t, J 

= 1.3 Hz, 3 H), 3.05-2.95 (m, 2 H), 1.39 (d, J = 1.3 Hz, 3 H). 13C NMR (101 MHz, 

CDCl3) δ 159.31, 146.77, 144.30, 141.84, 139.39, 133.59, 128.63 (d, JF = 2.8 Hz), 

122.82, 120.63, 109.80, 82.15 (d, JF = 2.9 Hz), 62.04 (t, JF = 3.6 Hz), 46.67, 32.62, 

23.88.19F NMR (376 MHz, CDCl3) δ -142.03 – -142.37 (m), -158.21 – -158.55 (m). 

HRMS (EI) calculated for [C17H14F4O2]+: 326.0924 found: 326.0929. Enantiomeric 

excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 

99:1, 0.3 mL/min, 254 nm); minor enantiomer tr = 15.9 min, major enantiomer tr = 17.6 

min. [α]D
20 = -20.1 (c = 0.5, CHCl3).

7.31 Synthesis of (R)-3-(4-(tert-butoxy)-2,3,5,6-tetrafluorobenzyl)-3-methyl-2,3-

dihydrobenzofuran (7d).
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O F

F
F

F

OtBu

7d

Prepared according to typical procedure from allyl ether 6d (200.0 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7d as a 

colorless liquid (95.8 mg, 87% yield) with 87% ee. 1H NMR (400 MHz, CDCl3) δ 7.19-

7.11 (m, 1 H), 6.99 (dd, J = 7.4, 1.4 Hz, 1 H), 6.86 (td, J = 7.4, 1.0 Hz, 1 H), 6.76 (dt, J 

= 7.9, 0.8 Hz, 1 H), 4.53 (d, J = 8.9 Hz, 1 H), 4.11 (d, J = 8.9 Hz, 1 H), 3.06-2.95 (m, 2 

H), 1.40 (dt, J = 2.3, 1.2 Hz, 12 H). 13C NMR (101 MHz, CDCl3) δ 159.38, 146.70, 

144.48-144.28 (m, JF = 20.0 Hz)), 141.88, 133.50, 132.70, 128.65, 122.87, 120.61, 

111.20 (t, JF = 18.9 Hz), 109.76, 84.73, 82.35(t, JF = 2.9 Hz), 46.74, 32.91, 28.33, 23.82. 
19F NMR (376 MHz, CDCl3) δ -142.62 (dd, J = 22.6, 9.3 Hz), -152.11 (dd, J = 23.0, 9.3 

Hz). HRMS (EI) calculated for [C20H20F4O2]+: 368.1394 found: 368.1395. 

Enantiomeric excess was determined by HPLC with a Chiralpak IG column (hexanes: 

2-propanol = 99:1, 0.3 mL/min, 210 nm); minor enantiomer tr = 15.7 min, major 

enantiomer tr = 16.6 min. [α]D
20 = -22.5 (c = 0.5, CHCl3).

7.32 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(naphthalen-1-

yloxy)benzyl)-2,3-dihydrobenzofuran (7e).

O F

F
F

F

O

7e

Prepared according to typical procedure from allyl ether 6e (263.0 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7e as a 

white solid (114.4 mg, 87% yield) with 90% ee. Mp: 120-122 oC. 1H NMR (400 MHz, 

CDCl3) δ 8.45-8.42 (m, 1 H), 7.94-7.88 (m, 1 H), 7.66-7.58 (m, 3 H), 7.41-7.32 (m, 1 

H), 7.24-7.18 (m, 1 H), 7.10 (dd, J = 7.4, 1.4 Hz, 1 H), 6.94 (td, J = 7.4, 1.0 Hz, 1 H), 

6.85 (dt, J = 8.0, 0.8 Hz, 1 H), 6.68-6.63 (m, 1 H), 4.60 (d, J = 9.0 Hz, 1 H), 4.18 (d, J 
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= 9.0 Hz, 1 H), 3.17-3.06 (m, 2 H), 1.49 (t, J = 1.2 Hz, 3 H).13C NMR (101 MHz, 

CDCl3) δ 159.39, 153.15, 146.98, 144.51 (dm, JF = 12.8 Hz), 142.59 (dm, JF = 17.4 

Hz), 140.08 (dm, JF = 12.5 Hz), 134.73, 133.25, 132.27, 128.79, 127.62, 126.93, 

126.18, 125.15, 124.80, 123.43, 122.88, 121.59, 120.73, 112.77 (t, JF = 18.9 Hz), 

109.83, 107.44, 82.25 (t, JF = 2.5 Hz), 46.78, 33.04, 23.85. 19F NMR (376 MHz, CDCl3) 

δ -140.57 (dd, J = 22.2, 9.6 Hz), -154.55 – -154.68 (m). HRMS (EI) calculated for 

[C26H18F4O2]+: 438.1237 found: 438.1237. Enantiomeric excess was determined by 

HPLC with a Chiralpak ADH column (hexanes: 2-propanol = 99:1, 1.0 mL/min, 230 

nm); minor enantiomer tr = 8.6 min, major enantiomer tr = 9.5 min. [α]D
20 = -10.5 (c = 

0.5, CHCl3). 

7.33 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(naphthalen-2-

yloxy)benzyl)-2,3-dihydrobenzofuran (7f).

O F

F
F

F

O

7f

Prepared according to typical procedure from allyl ether 6f (263.0 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7f as a 

white solid (112.2 mg, 85% yield) with 93% ee. Mp: 125-127 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.85 (t, J = 8.3 Hz, 2 H), 7.72 (dd, J = 8.2, 1.2 Hz, 1 H), 7.53 – 7.38 (m, 2 H), 

7.31 (dd, J = 9.0, 2.6 Hz, 1 H), 7.19 – 7.15 (m, 2 H), 7.08 (dd, J = 7.5, 1.4 Hz, 1 H), 

6.92 (td, J = 7.4, 1.0 Hz, 1 H), 6.83 (dt, J = 8.0, 0.7 Hz, 1 H), 4.59 (d, J = 9.0 Hz, 1 H), 

4.17 (d, J = 9.0 Hz, 1 H), 3.15 – 3.04 (m, 2 H), 1.48 (d, J = 1.2 Hz, 3 H). 13C NMR (101 

MHz, CDCl3) δ 159.47, 155.11, 147.02, 144.58, 142.71 (dm, JF = 14.9 Hz), 140.30 (dm, 

JF = 18.0 Hz), 133.97, 133.29, 130.34, 130.19, 128.87, 127.84, 127.12, 126.94, 125.03, 

122.97, 120.79, 117.20, 113.03,112.85 (d, JF = 18.0 Hz), 110.16, 109.89, 82.34, 46.87, 

33.16, 23.95. 19F NMR (376 MHz, CDCl3) δ -140.59 (dt, J = 19.8, 8.9 Hz), -154.60 (dd, 

J = 21.5, 9.4 Hz). HRMS (EI) calculated for [C26H18F4O2]+: 438.1237 found: 438.1237. 
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Enantiomeric excess was determined by HPLC with a Chiralpak ADH column 

(hexanes: 2-propanol = 99:1, 1.0 mL/min, 230 nm); minor enantiomer tr = 7.6 min, 

major enantiomer tr = 8.2 min. [α]D
20 = -2.5 (c = 0.3, CHCl3).

7.34 Synthesis of ethyl (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-((1-

methylnaphthalen-2-yl)oxy)benzyl)-2,3-dihydrobenzofuran (7g).

O F

F
F

F

O

7g

Prepared according to typical procedure from allyl ether 6g (275.7 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7g as a 

white solid (116.4 mg, 86% yield) with 90% ee. Mp: 81-83 oC. 1H NMR (400 MHz, 

CDCl3) δ 8.06 (d, J = 8.5 Hz, 1 H), 7.84-7.81 (m, 1 H), 7.67 (d, J = 9.0 Hz, 1 H), 7.61-

7.56 (m, 1 H), 7.52-7.44 (m, 1 H), 7.19 (td, J = 7.7, 1.4 Hz, 1 H), 7.07 (dd, J = 7.5, 1.4 

Hz, 1 H), 6.93 (q, J = 8.1 Hz, 2 H), 6.83 (d, J = 8.0 Hz, 1 H), 4.57 (d, J = 9.0 Hz, 1 H), 

4.16 (d, J = 9.0 Hz, 1 H), 3.08 (qt, J = 13.6, 1.9 Hz, 2 H), 2.75 (s, 3 H), 1.46 (s, 3 H). 
13C NMR (101 MHz, CDCl3) δ 159.37, 152.04, 146.94, 144.50, 142.62(dm, JF = 15.2 

Hz), 140.15 (dm, JF = 13.0 Hz), 138.01, 133.61, 133.33, 130.49, 128.76, 128.44, 

127.51, 126.69, 124.67, 123.88, 122.87, 121.03, 120.72, 115.09, 111.92 (d, JF = 19.0 

Hz)), 109.84, 82.25 (t, JF = 2.8 Hz), 46.77, 32.96, 23.86, 10.90. 19F NMR (376 MHz, 

CDCl3) δ -140.96 (dd, J = 22.4, 9.5 Hz), -155.72 – -155.80 (m). HRMS (EI) calculated 

for [C27H20F4O2]+: 452.1394 found: 452.1393. Enantiomeric excess was determined by 

HPLC with a Chiralpak IG column (hexanes: 2-propanol = 99:1, 0.3 mL/min, 210 nm); 

minor enantiomer tr = 21.2 min, major enantiomer tr = 27.0 min. [α]D
20 = -11.4 (c = 0.5, 

CHCl3).

7.35 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-phenoxybenzyl)-2,3-

dihydrobenzofuran (7h).
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O F

F
F

F

O

7h

Prepared according to typical procedure from allyl ether 6h (218.0 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7h as a 

white solid (105.6 mg, 90% yield) with 90% ee. Mp: 59-60 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.41-7.31 (m, 2 H), 7.15-7.06 (m, 2 H), 7.05 (dd, J = 7.4, 1.4 Hz, 1 H), 6.97-

6.88 (m, 3 H), 6.80 (dt, J = 8.0, 0.8 Hz, 1 H), 4.56 (d, J = 9.0 Hz, 1 H), 4.15 (d, J = 9.0 

Hz, 1 H), 3.12-3.01 (m, 2 H), 1.45 (t, J = 1.2 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 

159.37, 157.18, 146.97 (dm, JF = 11.7 Hz), 144.47, 142.60 (dm, JF = 16.0 Hz), 140.11 

(dm, JF = 16.5 Hz), 133.27, 132.12, 129.77, 128.78, 123.64, 122.87, 120.72, 115.44, 

112.58 (t, JF = 18.9 Hz), 109.83, 82.26 (t, JF = 2.9 Hz), 46.78, 33.02, 23.86. 19F NMR 

(376 MHz, CDCl3) δ -140.81 (dd, J = 22.3, 9.5 Hz), -154.69 – -154.81 (m). HRMS (EI) 

calculated for [C22H16F4O2]+: 388.1081 found: 388.1083.  Enantiomeric excess was 

determined by HPLC with a Chiralpak IG column (hexanes: 2-propanol = 99:1, 0.3 

mL/min, 210 nm); minor enantiomer tr = 19.9 min, major enantiomer tr = 21.8 min. 

[α]D
20 = -15.6 (c = 0.5, CHCl3).

7.36 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(p-tolyloxy)benzyl)-2,3-

dihydrobenzofuran (7i).

O F

F
F

F

O

7i

Prepared according to typical procedure from allyl ether 6i (230.6 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7i as a 

white solid (103.7 mg, 86% yield) with 90% ee. Mp: 92-94 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.19-7.11 (m, 3 H), 7.05 (dd, J = 7.4, 1.4 Hz, 1 H), 6.92 -6.79 (m, 4 H), 4.56 

(d, J = 9.0 Hz, 1 H), 4.15 (d, J = 9.0 Hz, 1 H), 3.12-3.01 (m, 2 H), 2.33 (s, 3 H), 1.45 (t, 

J = 1.2 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 159.42, 155.28, 146.97–146.81 (dm, 
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JF = 16.0 Hz), 144.62-144.37 (dm, JF = 25.3 Hz), 142.67 (dm, J F = 16.0 Hz), 140.18 

(dm, JF = 16.4 Hz), 133.35, 133.23, 132.56, 130.21, 128.80, 122.91, 120.75, 115.40, 

112.37 (t, JF = 19.0 Hz), 109.86, 82.31 (t, JF = 2.9 Hz), 46.82, 33.04, 23.90, 20.60. 19F 

NMR (376 MHz, CDCl3) δ -140.97 (dd, J = 22.2, 9.3 Hz), -154.86 – -154.94 (m). 

HRMS (EI) calculated for [C23H18F4O2]+: 402.1237 found: 402.1238. Enantiomeric 

excess was determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol 

= 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 17.3 min, major enantiomer tr = 

20.1 min. [α]D
20 = -10.3 (c = 0.5, CHCl3).

7.37 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(4-

methoxyphenoxy)benzyl)-2,3-dihydrobenzofuran (7j) .

O F

F
F

F

O

7j

OMe

Prepared according to typical procedure from allyl ether 6j (245.0 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 30:1) afforded the product 7j as a 

white solid (107.5 mg, 86% yield) with 89% ee. Mp: 60-62 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.21-7.14 (m, 1 H), 7.06 (dd, J = 7.4, 1.4 Hz, 1 H), 6.96-6.91 (m, 3 H), 6.89-

6.84 (m, 2 H), 6.81 (dt, J = 8.0, 0.8 Hz, 1 H), 4.56 (d, J = 9.0 Hz, 1 H), 4.15 (d, J = 9.0 

Hz, 1 H), 3.79 (s, 3 H), 3.12-3.01 (m, 2 H), 1.45 (t, J = 1.2 Hz, 3 H). 13C NMR (101 

MHz, CDCl3) δ 159.35, 155.85, 151.28, 146.95-146.75 (dm, JF = 20.2 Hz), 144.55-

144.35 (dm, JF = 20.2 Hz), 142.65-142.50 (dm, JF = 15.2 Hz), 140.17-139.97  (dm, JF 

= 20.2 Hz), 133.30, 133.02, 128.72, 122.84, 120.67, 116.80, 114.69, 112.15 (t, JF = 18.9 

Hz), 109.78, 82.20 (t, JF = 2.8 Hz), 55.58, 46.72, 32.92, 23.80. 19F NMR (376 MHz, 

CDCl3) δ -140.97 (dd, J = 22.3, 9.4 Hz), -155.01 – -155.16 (m). HRMS (EI) calculated 

for [C23H18F4O3]+: 418.1187 found: 418.1189. Enantiomeric excess was determined by 

HPLC with a Chiralpak IA column (hexanes: 2-propanol = 99:1, 0.3 mL/min, 210 nm); 

minor enantiomer tr = 27.0 min, major enantiomer tr = 28.4 min. [α]D
20 = -10.0 (c = 

0.5, CHCl3).
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7.38 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(4-

(trifluoromethyl)phenoxy)benzyl)-2,3-dihydrobenzofuran (7k).

O F

F
F

F

O

7k

CF3

Prepared according to typical procedure from allyl ether 6k (279.2 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7k as a 

white solid (119.1 mg, 87% yield) with 92% ee. Mp: 79-81 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.63-7.60 (m, 2 H), 7.19-7.14 (m, 1 H), 7.09-7.01 (m, 3 H), 6.91 (td, J = 7.4, 

1.0 Hz, 1 H), 6.79 (dt, J = 8.0, 0.8 Hz, 1 H), 4.57 (d, J = 9.0 Hz, 1 H), 4.15 (d, J = 9.0 

Hz, 1 H), 3.14-3.03 (m, 2 H), 1.47 (t, J = 1.1 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 

159.40, 159.30, 147.09-146.84 (tm, JF = 25.3 Hz), 144.63-144.39 (tm, JF = 24.2 Hz), 

142.46-142.23 (dm, JF = 20.2 Hz), 139.97-139.73 (dm, JF = 24.2 Hz), 133.06, 131.13, 

128.85, 127.33 (q, JF = 3.7 Hz), 126.02 (q, JF = 33.0 Hz), 123.91 (q, JF = 270.0 Hz), 

122.90, 120.76, 115.53, 113.54 (t, JF = 18.7 Hz), 109.81, 82.25 (d, JF = 2.8 Hz), 46.82, 

33.16, 23.87. 19F NMR (376 MHz, CDCl3) δ -61.93, -140.08 (dd, J = 22.3, 9.6 Hz), -

154.46 – -154.55 (m). HRMS (EI) calculated for [C23H15F7O2]+: 456.0955 found: 

456.0957. Enantiomeric excess was determined by HPLC with a Chiralpak ODH 

column (hexanes: 2-propanol = 99:1, 0.3 mL/min, 210 nm); minor enantiomer tr = 24.4 

min, major enantiomer tr = 26.6 min. [α]D
20 = -7.6 (c = 0.5, CHCl3). 13C NMR (101 

MHz, CDCl3) δ 126.02 (q, J = 33.0 Hz).

7.39 Synthesis of (R)-3-methyl-3-((2,3,5,6-tetrafluoro-[1,1'-biphenyl]-4-

yl)methyl)-2,3-dihydrobenzofuran (7l).

O F

F
F

F

7l

Prepared according to typical procedure from allyl ether 6l (203.6 mg, 0.9 mmol), after 
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a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 7l as a 

white solid (96.1 mg, 86% yield) with 87% ee. Mp: 79-80 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.55-7.44 (m, 5 H), 7.20 (td, J = 7.7, 1.4 Hz, 1 H), 7.12 (dd, J = 7.4, 1.4 Hz, 

1 H), 6.93 (td, J = 7.4, 1.0 Hz, 1 H), 6.84 (d, J = 8.0 Hz, 1 H), 4.60 (d, J = 8.9 Hz, 1 H), 

4.18 (d, J = 8.9 Hz, 1 H), 3.18-3.08 (m, 2 H), 1.47 (t, J = 1.3 Hz, 3 H). 13C NMR (101 

MHz, CDCl3) δ 159.32, 146.72 (tm, JF = 9.6 Hz), 144.83 (dm, JF = 15.5 Hz), 144.38-

144.27 (tm, JF = 12.1 Hz), 142.50-142.30 (dm, JF = 20.2 Hz), 133.66, 130.13-130.09 

(tm, JF = 4.0 Hz), 129.03, 128.69, 128.56, 127.44, 122.84, 120.70, 119.44-119.11 (tm, 

JF = 33.3 Hz), 115.54 (t, JF = 18.6 Hz), 109.87, 82.15 (t, JF = 2.6 Hz), 46.80, 33.10, 

23.99. 19F NMR (376 MHz, CDCl3) δ -141.16 (dd, J = 23.2, 12.5 Hz), -144.47 (dd, J = 

22.7, 12.7 Hz). HRMS (EI) calculated for [C22H16F4O]+: 372.1132  found: 372.1132. 

Enantiomeric excess was determined by HPLC with a Chiralpak IF column (hexanes: 

2-propanol = 99:1, 0.3 mL/min, 190 nm); minor enantiomer tr = 18.4 min, major 

enantiomer tr = 19.5 min. [α]D
20 = -26.2 (c = 0.5, CHCl3).

7.40 Synthesis of (R)-3-(4-benzyl-2,3,5,6-tetrafluorobenzyl)-3-methyl-2,3-

dihydrobenzofuran (7m).

O F

F
F

F
7m

Prepared according to typical procedure from allyl ether 6m (279.2 mg, 0.9 mmol), 

after a flash column chromatography (hexanes: Et2O = 100:1) afforded the product 7m 

as a white solid (98.5 mg, 85% yield) with 88% ee. Mp: 90-92 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.33-7.22 (m, 5 H), 7.18-7.11 (m, 1 H), 7.04 (dd, J = 7.4, 1.4 Hz, 1 H), 6.89 

(td, J = 7.4, 1.0 Hz, 1 H), 6.79 (dt, J = 8.0, 0.8 Hz, 1 H), 4.52 (d, J = 9.0 Hz, 1 H), 4.10 

(d, J = 9.0 Hz, 1 H), 4.05 (d, J = 1.8 Hz, 2 H), 3.10-2.96 (m, 2 H), 1.39 (t, J = 1.3 Hz, 3 

H). 13C NMR (101 MHz, CDCl3) δ 159.30, 146.25 (dm, JF = 16.2 Hz), 145.94, 143.84, 

143.51 (dm, JF = 33.3 Hz), 137.77, 133.71, 128.69, 128.65, 128.43, 126.79, 122.82, 

120.65, 118.11 (t, JF = 18.7 Hz), 114.66 (t, JF = 18.6 Hz), 109.84, 82.16 (t, JF = 2.8 Hz), 
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46.74, 33.00, 28.59, 23.92. 19F NMR (376 MHz, CDCl3) δ -141.43 (dd, J = 22.7, 12.8 

Hz), -144.25 (dd, J = 22.7, 12.7 Hz). HRMS (EI) calculated for [C23H18F4O3]+: 

386.1288 found: 386.1288. Enantiomeric excess was determined by HPLC with a 

Chiralpak IG column (hexanes: 2-propanol = 99:1, 0.3 mL/min, 210 nm); minor 

enantiomer tr = 18.0 min, major enantiomer tr = 21.9 min. [α]D
20 = -22.5 (c = 0.5, 

CHCl3).

7.41 Synthesis of (R)-1-(2,3,5,6-tetrafluoro-4-((3-methyl-2,3-dihydrobenzofuran-

3-yl)methyl)phenyl)-1H-indole (7n).

O F

F
F

F

N

7n

Prepared according to typical procedure from allyl ether 6n (238.7 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7n as a 

white solid (105.7 mg, 86% yield) with 91% ee. Mp: 130-132 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.72-7.71 (m, 1 H), 7.33-7.27 (m, 1 H), 7.26-7.11 (m, 5 H), 6.95 (td, J = 7.4, 

1.0 Hz, 1 H), 6.84 (dt, J = 8.0, 0.6 Hz, 1 H), 6.80 (dd, J = 3.3, 0.9 Hz, 1 H), 4.62 (d, J = 

9.0 Hz, 1 H), 4.20 (d, J = 9.0 Hz, 1 H), 3.22-3.11 (m, 2 H), 1.51 (t, J = 1.2 Hz, 3 H). 13C 

NMR (101 MHz, CDCl3) δ 159.43, 146.98 (tm, JF = 74.7 Hz), 144.52, 143.84 (dm, JF 

= 16.3 Hz), 141.41-141.25 (dm, JF = 16.2 Hz), 136.31, 133.25, 128.96, 128.72, 128.27, 

123.14, 122.93, 121.25, 121.24, 120.87, 117.35, 116.01 (tm, JF = 18.8 Hz), 110.45, 

109.99, 105.49, 82.25 (t, JF = 2.6 Hz), 46.97, 33.37, 24.01. 19F NMR (376 MHz, CDCl3) 

δ -139.70, -146.64 (dd, J = 21.9, 10.2 Hz). HRMS (EI) calculated for [C24H17F4NO]+: 

411.1241 found: 411.1245. Enantiomeric excess was determined by HPLC with a 

Chiralpak IG column (hexanes: 2-propanol = 99:1, 0.3 mL/min, 254 nm); minor 

enantiomer tr = 23.7 min, major enantiomer tr = 24.9 min. [α]D
20 = -18.1 (c = 0.5, 

CHCl3). 

7.42 Synthesis of (R)-3-methyl-3-(2,3,6-trifluorobenzyl)-2,3-dihydrobenzofuran 
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(7o).

O F

F

F

7o

Prepared according to typical procedure from allyl ether 6o (118.8 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7o as a 

colorless liquid (41.5 mg, 51% yield) with 68% ee. 1H NMR (400 MHz, CDCl3) δ 7.19 

-7.13 (m, 1 H), 7.08-6.98 (m, 2 H), 6.88 (t, J = 7.4 Hz, 1 H), 6.81-6.75 (m, 2 H), 4.55 

(d, J = 8.9 Hz, 1 H), 4.11 (d, J = 8.9 Hz, 1 H), 3.04 (qt, J = 13.6, 1.9 Hz, 2 H), 1.39 (s, 

3 H). 13C NMR (101 MHz, CDCl3) 159.39, 158.13 (d, JF = 6.4 Hz), 155.68, 151.05– 

148.22 (dm, JF = 230.3 Hz), 148.24–145.29 (dm, JF = 231.3 Hz), 134.02, 128.55, 

122.94, 120.59, 116.03 (dd, JF = 22.4, 16.7 Hz), 115.26 (m, JF = 19.3 Hz), 110.36 (m, 

J = 25.9 Hz), 109.82, 82.34 (t, JF = 2.8 Hz), 46.75, 32.94 (d, JF = 1.6 Hz), 24.01 (d, JF 

= 1.9 Hz). 19F NMR (376 MHz, CDCl3) δ -117.24 (dt, J = 14.1, 6.3 Hz), -135.06 (dd, J 

= 21.5, 8.8 Hz), -142.31– -142.45 (m). HRMS (EI) calculated for [C24H17F4NO]+: 

278.0918 found: 278.0922. Enantiomeric excess was determined by HPLC with a 

Chiralpak OJH column (hexanes: 2-propanol = 98:2, 1.0 mL/min, 210 nm); minor 

enantiomer tr = 7.4 min, major enantiomer tr = 8.2 min. [α]D
20 = -12.0 (c = 0.4, CHCl3). 

7.43 Synthesis of (R)-3-methyl-3-(2,4,6-trifluorobenzyl)-2,3-dihydrobenzofuran 

(7p).

O

F

F

F

7p

Prepared according to typical procedure from allyl ether 6p (118.8 mg, 0.9 mmol), after 

a flash column chromatography (hexanes: Et2O = 50:1) afforded the product 7p as a 
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colorless liquid (39.9 mg, 51% yield) with 67% ee. 1H NMR (400 MHz, CDCl3) δ 7.14 

(td, J = 7.7, 1.4 Hz, 1 H), 7.01 (dd, J = 7.5, 1.4 Hz, 1 H), 6.87 (td, J = 7.4, 1.0 Hz, 1 H), 

6.78 (d, J = 8.0 Hz, 1 H), 6.67 – 6.55 (m, 2 H), 4.52 (d, J = 8.9 Hz, 1 H), 4.10 (d, J = 

8.8 Hz, 1 H), 2.90-3.01 (m, 2 H), 1.37 (d, J = 1.3 Hz, 3 H). 13C NMR (101 MHz, CDCl3) 

δ 163.41-162.20 (dm, JF = 122.2 Hz), 161.57-159.95 (dm, JF = 163.6 Hz), 159.42, 

134.07, 128.46, 122.98, 120.51, 110.10, 109.77, 101.35-96.86 (dm, JF = 453.5 Hz), 

82.38 (t, JF = 2.8 Hz), 46.68, 32.27, 23.97 (t, JF = 1.8 Hz). 19F NMR (376 MHz, CDCl3) 

δ -109.01 – -109.18 (m), -109.88 – -110.10 (m). HRMS (EI) calculated for 

[C24H17F4NO]+: 278.0918 found: 278.0915. Enantiomeric excess was determined by 

HPLC with a Chiralpak OJH column (hexanes: 2-propanol = 98:2, 1.0 mL/min, 210 

nm); minor enantiomer tr = 5.7 min, major enantiomer tr = 6.7 min. [α]D
20 = -14.4 (c = 

0.4, CHCl3). 

7.44 Synthesis of (R) -2-((3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-5-phenyl-

1,3,4-oxadiazole (9a).

O
O

N
N

9a

Prepared according to typical procedure B from 8a (44.0 mg, 0.3 mmol), after a flash 

column chromatography (hexanes: Et2O = 5:1) afforded the product 9a as a white solid 

(62.0 mg, 72% yield) with 91% ee. Mp: 85-86 oC. 1H NMR (400 MHz, CDCl3) δ 7.95- 

7.93 (m, 2 H), 7.55–7.46 (m, 3 H), 7.21-7.14 (m, 2 H), 6.95-6.80 (m, 2 H), 4.71 (d, J = 

9.1 Hz, 1 H), 4.28 (d, J = 9.1 Hz, 1 H), 3.45-2.89 (m, 2 H), 1.52 (s, 3 H).13C NMR (101 

MHz, CDCl3) δ 164.90, 164.05, 159.30, 131.69, 128.99, 126.80, 123.80, 122.80, 

120.93, 110.14, 81.71, 45.07, 36.15, 24.67. HRMS (EI) calculated for [C24H17F4NO]+: 

292.1212 found: 292.1210. Enantiomeric excess was determined by HPLC with a 

Chiralpak OJH column (hexanes: 2-propanol = 85:15, 0.5 mL/min, 254 nm); major 

enantiomer tr = 32.1 min, minor enantiomer tr = 36.4 min. [α]D
20 = -11.5 (c = 0.3, 

CHCl3).
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7.45 Synthesis of (R)-2-(4-methoxyphenyl)-5-((3-methyl-2,3-dihydrobenzofuran-

3-yl)methyl)-1,3,4-oxadiazole (9b).

O
O

N
N

OMe9b

Prepared according to typical procedure B from 8b (52.4 mg, 0.3 mmol), after a flash 

column chromatography (hexanes: Et2O = 3:1) afforded the product 9b as a white solid 

(68.8 mg, 72% yield) with 90% ee. Mp: 91-92 oC. 1H NMR (400 MHz, CDCl3) δ 7.80 

(dd, J = 8.6, 1.6 Hz, 2 H), 7.13-7.07 (m, 2 H), 6.94–6.84 (m, 3 H), 6.75–6.72 (m, 1 H), 

4.63 (dd, J = 9.1, 1.1 Hz, 1 H), 4.20 (dd, J = 9.1, 1.2 Hz, 1 H), 3.80 (d, J = 1.8 Hz, 3 H), 

3.22-3.04 (m, 2 H), 1.45 (d, J = 1.1 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 164.89, 

163.52, 162.30, 159.34, 133.30, 128.93, 128.53, 122.83, 120.89, 116.28, 114.48, 

110.08, 81.71, 55.45, 45.03, 36.09, 24.68. HRMS (EI) calculated for [C24H17F4NO]+: 

322.1317 found: 322.1314. Enantiomeric excess was determined by HPLC with a 

Chiralpak ODH column*2 (hexanes: 2-propanol = 75:25, 0.5 mL/min, 254 nm); minor 

enantiomer tr = 48.8 min, major enantiomer tr = 57.6 min. [α]D
20 = -9.1 (c = 0.4, CHCl3).

7.46 Synthesis of (R) -1-(5-((3-methyl-2,3-dihydrobenzofuran-3-

yl)methyl)thiophen-2-yl)ethan-1-one (9c).

O

S
O

9c

Prepared according to typical procedure B from 8c (40.2 mg, 0.3 mmol), after a flash 

column chromatography (hexanes: Et2O = 10:1) afforded the product 9c as a yellow 

solid (41.4 mg, 52% yield) with 92% ee. Mp: 78-79 oC. 1H NMR (400 MHz, CDCl3) δ 

7.31 (d, J = 5.4 Hz, 1 H), 7.14 (td, J = 7.1, 1.5 Hz, 2 H), 7.02 (d, J = 5.4 Hz, 1 H), 6.91 

(td, J = 7.4, 1.0 Hz, 1 H), 6.70 (dd, J = 8.4, 1.0 Hz, 1 H), 4.50 (d, J = 9.0 Hz, 1 H), 4.14 
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(d, J = 9.0 Hz, 1 H), 4.05 (d, J = 14.1 Hz, 1 H), 3.21 (d, J = 14.1 Hz, 1 H), 2.47 (s, 3 H), 

1.46 (s, 3 H). 13C NMR (101 MHz, CDCl3) 13C NMR (101 MHz, CDCl3) δ 194.67, 

159.99, 148.64, 137.30, 133.83, 128.58, 128.41, 123.27, 123.25, 120.46, 109.66, 81.39, 

47.20, 38.49, 30.26, 26.16. HRMS (EI) calculated for [C24H17F4NO]+: 272.0871 found: 

272.0873. Enantiomeric excess was determined by HPLC with a Chiralpak OZ3 

column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr =14.9 

min, major enantiomer tr = 16.4 min. [α]D
20 = 85.6 (c = 0.3, CHCl3).

7.47 Synthesis of (R) -3-(benzo[b]thiophen-2-ylmethyl)-3-methyl-2,3-

dihydrobenzofurane (9d).

O

S

9d

Prepared according to typical procedure from 8d (120.6 mg, 0.9 mmol), after a flash 

column chromatography (hexanes: Et2O = 20:1) afforded the product 9d as a yellow 

solid (64.0 mg, 76% yield) with 90% ee. Mp: 62-63 oC 1H NMR (400 MHz, CDCl3) δ 

1H NMR (400 MHz, CDCl3) δ 7.79-7.75 (m, 1 H), 7.70–7.61 (m, 1 H), 7.38-7.26 (m, 

2 H), 7.21-7.09 (m, 2 H), 7.03-6.92 (m, 2 H), 6.83 (dd, J = 8.0, 0.9 Hz, 1 H), 4.62 (d, J 

= 8.8 Hz, 1 H), 4.20 (d, J = 8.9 Hz, 1 H), 3.27–3.16 (m, 2 H), 1.50 (s, 3 H). 13C NMR 

(101 MHz, CDCl3) δ 13C NMR (101 MHz, CDCl3) δ 159.66, 140.69, 139.93, 139.76, 

134.38, 128.62, 124.19, 123.84, 123.08, 122.97, 122.05, 120.62, 109.93, 81.76, 46.22, 

41.62, 25.54. HRMS (EI) calculated for [C24H17F4NO]+: 280.0922 found: 280.0926. 

Enantiomeric excess was determined by HPLC with a Chiralpak ODH column*2 

(hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); major enantiomer tr = 27.2 min, 

minor enantiomer tr = 28.6 min. [α]D
20 = 9.0 (c = 0.3, CHCl3).

7.48 Synthesis of (R)-2-((3-methyl-2,3-dihydrobenzofuran-3-

yl)methyl)benzofurane (9e).
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O

O

9e

Prepared according to typical procedure from 8e (120.6 mg, 0.9 mmol), after a flash 

column chromatography (hexanes: Et2O = 20:1) afforded the product 9e as a yellow 

solid (59.2 mg, 76% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.50-7.48 (m, 

1 H), 7.44-7.41 (m, 1 H), 7.23-7.12 (m, 3 H), 7.09 (dd, J = 7.4, 1.5 Hz, 1 H), 6.92-6.88 

(m, 1 H), 6.82 (dd, J = 7.9, 1.0 Hz, 1 H), 6.36 (s, 1 H), 4.68 (dd, J = 8.9, 1.6 Hz, 1 H), 

4.20 (dd, J = 8.9, 1.5 Hz, 1 H), 3.14-3.00 (m, 2 H), 1.43 (d, J = 1.5 Hz, 3 H). 13C NMR 

(101 MHz, CDCl3) δ 159.39, 155.63, 154.81, 134.65, 128.47, 123.57, 122.86, 122.62, 

120.61, 120.48, 110.93, 109.88, 104.94, 82.23, 45.74, 39.16, 24.93. HRMS (EI) 

calculated for [C24H17F4NO]+: 264.1150 found: 264.1153. Enantiomeric excess was 

determined by HPLC with a Chiralpak ODH column (hexanes: 2-propanol = 99:1, 0.5 

mL/min, 254 nm); major enantiomer tr = 16.4 min, minor enantiomer tr = 17.8 min. 

[α]D
20 = 3.7 (c = 0.3, CHCl3).

8. General Procedure for the Synthesis of products 8-14

8.1 Synthesis of (R)-3-(3-iodopropyl)-3-((perfluorophenyl)methyl)-2,3-

dihydrobenzofuran (8) 1.

8
O F

F
F

F

F

I

3i (112.8 mg, 0.3 mmol) and CuSO4 (48 mg, 0.3 mmol, 1.0 equiv) were suspended in 

acetone (0.5 mL). The reaction mixture was stirred under 3i (112.8 mg, 0.3 mmol) and 

NaI (225.0 mg, 1.5 mmol, 5.0 equiv) were suspended in acetone (1.2 mL) and the 

reaction mixture was stirred under 80℃ for 10 h. The solvent was removed under 

reduced pressure and the residue was purified by flash column chromatography 

(hexanes: Et2O = 40:1) to provide analytical pure product 8 as colorless liquid (100 mg, 

97% yield) with 92% ee. 1H NMR (400 MHz, CDCl3) δ 7.15 (td, J = 7.7, 1.4 Hz, 1 H), 
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6.98 (d, J = 7.4 Hz, 1 H), 6.88 (t, J = 7.4 Hz, 1 H), 6.73 (d, J = 8.0 Hz, 1 H), 4.44 (d, J 

= 9.3 Hz, 1 H), 4.26 (d, J = 9.3 Hz, 1 H), 3.26-3.01 (m, 4 H), 1.93–1.83 (m, 3 H), 1.68–

1.56 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.76, 146.68, 144.24, 141.26, 138.77, 

136.11, 130.46, 129.17, 123.41, 120.77, 110.98 (tm, JF = 38.4 Hz), 109.87, 79.56 (d, JF 

= 3.2 Hz), 49.89, 38.34, 31.89, 28.53, 6.27. 19F NMR (376 MHz, CDCl3) δ -139.81 (dd, 

J = 23.2, 8.2 Hz), -155.45 (t, J = 21.0 Hz), -162.11 (td, J = 22.1, 7.7 Hz). HRMS (EI) 

calculated for [C18H14F5IO]+: 468.0004  found: 467.9992. Enantiomeric excess was 

determined by HPLC with a Chiralpak ODH column (hexanes: 2-propanol = 98:2, 0.5 

mL/min, 210 nm); minor enantiomer tr = 17.7 min, major enantiomer tr = 20.4 min. 

[α]D
20 = 12.5 (c = 0.5, CHCl3).

8.2 Synthesis of (R)-3-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-

yl)propan-1-ol (9) 2.

O F

F
F

F

F

HO

9

3i (112.8 mg, 0.3 mmol) and CuSO4 (48 mg, 0.3 mmol, 1.0 equiv) were suspended in 

H2O (0.35 mL) and DMSO (0.8 mL). The reaction mixture was stirred under 100℃ for 

72 h and extracted with EA. The combined organic phases were washed with brine, 

dried over anhydrous Na2SO4, and concentrated at the reduced pressure. The residue 

was purified by flash silica gel column chromatography (hexanes: Et2O = 3:1) to 

provide analytical pure product 9 as colorless liquid (62 mg, 58% yield) with 89% ee. 
1H NMR (400 MHz, CDCl3) δ 7.13 (t, J = 7.7 Hz, 1 H), 6.97 (d, J = 7.4 Hz, 1 H), 6.86 

(t, J = 7.4 Hz, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 4.44 (d, J = 9.2 Hz, 1 H), 4.28 (d, J = 9.2 

Hz, 1 H), 3.63-3.59 (m, 2 H), 3.13–3.01 (m, 2 H), 1.86–1.76 (m, 2 H), 1.73–1.58 (m, 1 

H), 1.42–1.32 (m, 2 H). 13C NMR (101 MHz, CDCl3) δ 159.81, 146.68, 144.25, 141.20, 

138.71, 130.89, 128.99, 123.42, 120.67, 111.20 (tm, JF = 38 Hz), 109.76, 79.64 (t, JF = 

2.9 Hz), 62.82, 50.06, 33.64, 31.82, 27.79. 19F NMR (376 MHz, CDCl3) δ -139.87 (dd, 

J = 23.0, 8.2 Hz), -155.74 (t, J = 21.0 Hz), -162.28 (td, J = 22.5, 7.9 Hz). HRMS (EI) 
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calculated for [C18H15F5O]+: 358.0987  found: 358.0989. Enantiomeric excess was 

determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol = 80:20, 0.5 

mL/min, 210 nm); minor enantiomer tr = 9.1 min, major enantiomer tr = 10.3 min. 

[α]D
20 = 16.6 (c = 0.5, CHCl3).

8.3 Synthesis of (R)-3-(3-chloropropyl)-3-(2,3,5,6-tetrafluoro-4-(phenylthio)benzyl)-

2,3-dihydrobenzofuran (10) 1.

O F

F
F

SPh

F

Cl

10

3i (75.2 mg, 0.2 mmol, 1.0 equiv) and NaSPh (31.7 mg, 0.24 mmol, 1.2 equiv) were 

suspended in acetone (1 mL). The reaction mixture was stirred under 80℃ for 8 h. After 

the indicated time the reaction mixture was quenched with water and extracted with 

EA. The combined organic phases were washed with brine, dried over anhydrous 

Na2SO4, and concentrated at the reduced pressure. The residue was purified by flash 

silica gel column chromatography (hexanes: Et2O = 30:1) to provide analytical pure 

product 10 as colorless liquid (65.9 mg, 71% yield) with 92% ee. 1H NMR (400 MHz, 

CDCl3) δ 7.33–7.21 (m, 5 H), 7.15 (t, J = 7.7 Hz, 1 H), 7.00 (d, J = 7.4 Hz, 1 H), 6.87 

(t, J = 7.4 Hz, 1 H), 6.73 (d, J = 8.0 Hz, 1 H), 4.50 (d, J = 9.3 Hz, 1 H), 4.28 (d, J = 9.4 

Hz, 1 H), 3.50 (t, J = 6.1 Hz, 2 H), 3.19–3.08 (m, 2 H), 1.97-1.80 (m, 3 H), 1.63–1.57 

(m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.80, 148.06 (dm, JF = 14.9 Hz), 146.68, 

145.60 (dm, JF = 14.5 Hz), 144.29, 133.30, 130.59, 130.15, 129.32, 129.13, 127.66, 

123.46, 120.75, 117.77(t, JF = 39.4 Hz), 112.25 (tm, JF = 38.0 Hz), 109.81, 79.70 (t, JF 

= 3.1 Hz), 50.16, 44.98, 34.87, 32.54, 27.84. 19F NMR (376 MHz, CDCl3) δ -133.24 – 

-133.38 (m), -139.14 (dd, J = 24.3, 12.0 Hz). HRMS (ESI) calculated for [M+H]+ = 

[C24H20ClF4OS]+: 467.0855 found: 467.0916.  Enantiomeric excess was determined 

by HPLC with a Chiralpak OZ3 column (hexanes: 2-propanol = 99:1, 0.5 mL/min, 210 

nm); minor enantiomer tr = 18.0 min, major enantiomer tr = 21.7 min. [α]D
20 = 24.5 (c 

= 0.3, CHCl3).
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8.4 Synthesis of (R)-3-(3-(phenylthio)propyl)-3-(2,3,5,6-tetrafluoro-4-

(phenylthio)benzyl)-2,3-dihydrobenzofuran (11) 1.

O F

F
F

SPh

F

PhS

11

3i (75.2 mg, 0.2 mmol, 1.0 equiv) and NaSPh (79.2 mg, 0.6 mmol, 3.0 equiv) were 

suspended in acetone (1 mL). The reaction mixture was stirred under 80℃ for 24 h. 

After the indicated time the reaction mixture was quenched with water and extracted 

with EA. The combined organic phases were washed with brine, dried over anhydrous 

Na2SO4, and concentrated at the reduced pressure. The residue was purified by flash 

silica gel column chromatography (hexanes: Et2O = 30:1) to provide analytical pure 

product 11 as colorless liquid (87.2 mg, 81% yield) with 92% ee. 1H NMR (400 MHz, 

CDCl3) δ 7.33–7.24 (m, 9 H), 7.21–7.11 (m, 2 H), 6.94 (d, J = 7.4 Hz, 1 H), 6.84 (td, J 

= 7.5, 1.1 Hz, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 4.46 (d, J = 9.3 Hz, 1 H), 4.23 (d, J = 9.3 

Hz, 1 H), 3.16–3.04 (m, 2 H), 2.95–2.84 (m, 2 H), 1.91 (dt, J = 10.2, 4.7 Hz, 2 H), 1.79-

1.70 (m, 1 H), 1.56–1.43 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.78, 148.06 (dm, 

JF = 18.8 Hz), 146.70, 145.59 (dm, JF = 15.2 Hz), 144.24, 136.23, 133.38, 130.83, 

130.10, 129.33, 129.29, 129.01, 128.94, 127.64, 126.07, 123.47, 120.67, 117.96 (t, JF 

= 39.4 Hz), 111.97 (d, JF = 20.2 Hz), 109.73, 79.79 (t, JF = 2.9 Hz), 50.39, 36.37, 34.04, 

32.50, 24.24. 19F NMR (376 MHz, CDCl3) δ -133.31 – -133.40 (m), -139.12 (dd, J = 

24.4, 12.2 Hz). HRMS (ESI) calculated for [M+H]+ = [C30H25F4OS2]+: 541.1278 found: 

541.1610. Enantiomeric excess was determined by HPLC with a Chiralpak ID column 

(hexanes: 2-propanol = 99:1, 0.5 mL/min, 210 nm); minor enantiomer tr = 19.1 min, 

major enantiomer tr = 20.5 min. [α]D
20 = 7.7 (c = 0.5, CHCl3).

8.5 Synthesis of (R)-1-(4-((3-(3-chloropropyl)-2,3-dihydrobenzofuran-3-yl)methyl)-

2,3,5,6-tetrafluorophenyl)-1H-indole (12) 4. 



 45

O F

F
F

N

F

12

Cl

Under nitrogen atmosphere, 3i (75.2 mg, 0.2 mmol, 1.0 equiv), indole (46.8 mg, 0.4 

mmol, 2.0 equiv), NaOH (16 mg, 0.4 mmol) and DMF (2 mL) were added to a Schlenk 

flask. The reaction mixture was stirred under 70℃ for 24 h. After the indicated time 

the reaction mixture was quenched with water and extracted with EA. The combined 

organic phases were washed with brine, dried over anhydrous Na2SO4, and 

concentrated at the reduced pressure. The residue was purified by flash silica gel 

column chromatography (hexanes: Et2O = 30:1) to provide analytical pure product 12 

as yellow liquid (74.8 mg, 79% yield) with 90% ee. 1H NMR (400 MHz, CDCl3) δ 7.71 

(d, J = 7.7 Hz, 1 H), 7.29–7.27 (m, 1 H), 7.24–7.18 (m, 3 H), 7.11 (dd, J = 12.7, 7.8 Hz, 

2 H), 6.96-6.90 (m, 1 H), 6.80–6.78 (m, 2 H), 4.56 (d, J = 9.3 Hz, 1 H), 4.35 (d, J = 9.3 

Hz, 1 H), 3.54 (t, J = 6.2 Hz, 2 H), 3.22 (q, J = 13.6 Hz, 2 H), 2.05-1.85 (m, 3 H), 1.70-

1.61 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 159.80, 146.92, 144.50, 143.83 (dm, JF 

= 17.2 Hz), 141.32 (dm, JF = 16.2 Hz), 136.21, 130.52, 129.17, 128.65, 128.17, 123.46, 

123.07, 121.19, 121.17, 120.82, 120.79, 115.48 (t, JF = 38.2 Hz), 110.38, 109.83, 

105.44, 79.57, 50.16, 44.95, 34.94, 32.36, 27.81. 19F NMR (376 MHz, CDCl3) δ -

139.24, -146.45 (dt, J = 23.6, 11.1 Hz). HRMS (EI) calculated for [C26H20ClF4NO]+: 

473.1164  found: 473.1162. Enantiomeric excess was determined by HPLC with a 

Chiralpak IG column (hexanes: 2-propanol = 99:1, 0.5 mL/min, 210 nm); major 

enantiomer tr = 26.2 min, minor enantiomer tr = 28.8 min. [α]D
20 = 20.7 (c = 0.5, 

CHCl3).

8.6 Synthesis of diphenyl (R)-(4-((3-(3-chloropropyl)-2,3-dihydrobenzofuran-3-

yl)methyl)-2,3,5,6-tetrafluorophenyl)phosphonate5. 
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O F

F
F

P

F

13

Cl

O
OPh
OPh

Under nitrogen atmosphere, dimethyl phosphite (70.2 mg, 0.3 mmol, 1.0 equiv), 

Cs2CO3 (293.4 mg, 0. 9 mmol), tetrabutylammonium iodide (333 mg, 0.9 mmol) and 

DMF (2 mL) were added to a Schlenk flask. The reaction mixture was stirred for 1 h at 

room temperature. After this time period, 3i (135.4 mg, 0.3 mmol, 1.0 equiv) in DMF 

(1 mL) was added and stirred for an additional 48 h. The reaction mixture was quenched 

with water and extracted with EA. The combined organic phases were washed with 

brine, dried over anhydrous Na2SO4, and concentrated at the reduced pressure. The 

residue was purified by flash silica gel column chromatography (hexanes: Et2O = 20:1) 

to provide analytical pure product 13 as colorless liquid (111.8 mg, 63% yield) with 

92% ee. 1H NMR (400 MHz, CDCl3) δ 7.36-7.26 (m, 4 H), 7.19–7.10 (m, 2 H)), 7.03 

(d, J = 7.4 Hz, 1 H), 6.97–6.93 (m, 3 H), 6.91–6.86 (m, 3 H), 6.77 (d, J = 8.0 Hz, 1 H), 

4.55 (d, J = 9.3 Hz, 1 H), 4.36 (d, J = 9.3 Hz, 1 H), 3.95 (t, J = 6.0 Hz, 2 H), 3.21–3.10 

(m, 2 H), 2.06–1.85 (m, 3 H), 1.71–1.61 (m, 1 H). 13C NMR (101 MHz, CDCl3) δ 

159.87, 158.80, 157.16, 146.93, 144.50 (dm, JF = 22.2 Hz), 142.64 (dm, JF = 14.2 Hz), 

139.99, 130.95, 129.76, 129.43, 128.96, 123.63, 123.53, 120.71, 120.64, 115.43, 

114.43, 112.33 (t, JF = 38.5 Hz), 109.68, 79.85 (d, JF = 3.0 Hz), 67.59, 50.20, 33.88, 

32.00, 24.68. 19F NMR (376 MHz, CDCl3) δ -140.34 (dd, J = 22.4, 9.3 Hz), -154.61 – 

-154.71 (m). 31P NMR (162 MHz, CDCl3) δ 31.50. HRMS (ESI) calculated for [M+H]+ 

= [C30H25ClF4O4P]+: 591.1110 found: 591.1347. Enantiomeric excess was determined 

by HPLC with a Chiralpak OZ3 column (hexanes: 2-propanol = 98:2, 0.5 mL/min, 210 

nm); major enantiomer tr = 15.0 min, minor enantiomer tr = 15.9 min. [α]D
20 = 22.5 (c 

= 0.5, CHCl3).

8.7 Synthesis of (R)-3-allyl-3-(4-(tert-butoxy)-2,3,5,6-tetrafluorobenzyl)-2,3-

dihydrobenzofuran (14) 6.
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O F

F
F

OtBu

F

14

Under nitrogen atmosphere, 3i (112.8 mg, 0.3 mmol, 1.0 equiv ), tBuOK (67.3 mg, 0.6 

mmol), 18-crown-6 (39.6 mg, 0.15 mmol) and Et2O (3 mL) were added to a Schlenk 

flask. The reaction mixture was stirred under 60℃ for 24 h. After the indicated time 

the reaction mixture was quenched with water and extracted with EA. The combined 

organic phases were washed with brine, dried over anhydrous Na2SO4, and 

concentrated at the reduced pressure. The residue was purified by flash silica gel 

column chromatography (hexanes: Et2O = 20:1) to provide analytical pure product 14 

as colorless liquid (118.2 mg, 84% yield) with 88% ee. 1H NMR (400 MHz, CDCl3) δ 

7.12 (td, J = 7.7, 1.4 Hz, 1 H), 6.99 (d, J = 7.4 Hz, 1 H), 6.85 (td, J = 7.4, 1.1 Hz, 1 H), 

6.70 (d, J = 8.0 Hz, 1 H), 5.73-5.63 (m, 1 H), 5.14 – 5.08 (m, 2 H), 4.45 (d, J = 9.2 Hz, 

1 H), 4.32 (d, J = 9.2 Hz, 1 H), 3.12-3.02 (m, 2 H), 2.61 – 2.47 (m, 2 H), 1.38 (t, J = 1.2 

Hz, 9 H). 13C NMR (101 MHz, CDCl3) δ 159.90, 146.74, 144.38 (dm, JF = 13.4 Hz), 

141.85 (dm, JF = 18.2 Hz), 133.31, 131.08, 128.83, 123.58, 120.45, 118.97, 110.97 (t, 

JF = 18.9 Hz), 109.56, 84.74, 79.52, 50.04, 41.89, 31.90, 28.32. 19F NMR (376 MHz, 

CDCl3) δ -142.17 (dd, J = 22.9, 9.0 Hz), -152.18 (dd, J = 23.0, 9.1 Hz). HRMS (ESI) 

calculated for [M+H]+ = [C22H23F4O2]+: 395.1629  found: 395.1274. Enantiomeric 

excess was determined by HPLC with a Chiralpak OZ3 column (hexanes: 2-propanol 

= 99:1, 0.3 mL/min, 210 nm); minor enantiomer tr = 16.1 min, major enantiomer tr = 

17.4 min. [α]D
20 = -10.1 (c = 0.5, CHCl3).
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9. Non-linear effect experiments 8

Non-linear effect reactions were set up with standard substrates (0.1 mmol), catalyst 

and N-Me-Xu3 with varied ee following the standard procedure as described in 

previous section. In this case, the amount of palladium precatalyst and N-Me-Xu3 

enantiomers was weighed on an analytical balance, and the amount of solvent was 

measured with volumetric syringe. The reactions were allowed to run for 15 h, 

purification as described in standard procedure. Each experiment was repeated three 

times. The relationship between enantiomeric excess of N-Me-Xu3 ligand and product 

is listed here.

Table S6. Non-linear effect experiments

Ligand

ee

(S,R)-N-

Me-Xu3 

amount

weighed 

(mg)

(R,S)-N-

Me-Xu3 

amount

weighed 

(mg)

Product 

first ee

Product

second ee

Product

third ee

Product

average 

ee

0 6.4 6.4 0.3% 1.0% 1.5% 0.9%

20% 7.7 5.1 20.8% 22.8% 20.0% 21.2%

40% 9.0 3.8 41.8% 37.4% 38.8% 39.3%

60% 10.2 2.6 51.2% 54.4% 56.4% 54.0%

80% 11.5 1.3 71.4% 73.2% 70.8% 71.8%

100% 12.8 0 91.4% 92.0% 91.2% 91.5%
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10. Kinetic Data: Order in Catalyst

General procedure: Catalyst was measured from a stock solution (64.7 mg Pd2(dba)3 

and 159.5 mg Xu4 dissolved in 5 mL iPr2O using a Hamilton gastight syringe into 10 

mL oven-dried sealed tube. Solvent was removed under reduced pressure, to the oven-

dried sealed tube containing the resulting solid was added substrate 1a (27.4 mg, 0.10 

mmol, 1.0 equiv.), Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 equiv.), Ag2CO3 (20.5 mg, 0.075 

mmol, 0.75 equiv.). The flask was evacuated and refilled with argon. Then, 2a (50.4 

mg, 0.30 mmol, 3.0 equiv.), 1,3-dimethoxybenzene (13.8 mg, 0.10 mmol, 1.0 equiv.), 
iPr2O (1 mL) was added to the tube. The tube was tightly sealed with a Teflon-lined 

screw cap and heated to 80 °C in a preheated aluminum heating block. After the desired 

reaction time (measured precisely by a timer), the reaction was flash-cooled in a liquid 

nitrogen bath until frozen solid (about 45 s). The reaction was then allowed to warm 

back up to room temperature and analyzed by GC. Yields and concentrations of 3a are 

reported as averages of two independent vial reactions. The concentrations of 3a were 

used to obtain initial rates and the rates were then plotted as a function of concentration 

of the varied catalyst.

Table S7. Amounts of catalyst and results used to determine the order in catalyst

Entry Concentration of 

catalyst

Reaction time 

(min)

Average Yield 

(%)

3a 

(mM)

1 30 2.9 2.9

2 60 4.9 4.9

3 90 6.4 6.4

4 120 8.1 8.1

5

100 μL of stock 

solution = 2.5 mol%, 

12.5 mM

180 10.9 10.9

6 25 3.1 3.1

7 35 3.9 3.9

8 45 5.0 5.0

9

200 μL of stock 

solution = 5.0 mol%, 

25 mM
55 6.3 6.3
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10 65 7.2 7.2

11 25 3.6 3.6

12 35 4.7 4.7

13 45 7.3 7.3

14 55 8.3 8.3

15

300 μL of stock 

solution = 7.5 mol%, 

37.5 mM

65 9.6 9.6

16 15 3.2 3.2

17 25 4.2 4.2

18 35 7.4 7.4

19 55 11.6 11.6

20

400 μL of stock 

solution = 10.0 mol%, 

50 mM

65 13.6 13.6

Figure S1. Plot of 3a (mM) verse time (min) using different concentrations of catalyst
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Table S8. Rates determined while varying the concentrations of catalyst

Entry Concentration of catalyst (mM) Rate (mM/min)

1 12.5 0.053

2 25.0 0.1062

3 37.5 0.1565

4 50.0 0.217

Figure S2. Rates determined while varying the concentrations of catalyst.
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11. Kinetic Data: Deuterium Kinetic Isotope Experiment 9

Side-by- side reaction

I

O

1a

+
F

F
F

F

F
H/D

standard
condition

4b

O F

F
F

F

F

2a/2a-[D1]

General procedure: Catalyst was measured from a stock solution (103.5 mg 

Pd2(dba)3•CHCl3 and 255.2 mg N-CD3-Xu4 dissolved in 2.0 mL iPr2O) using a 

Hamilton gastight syringe into 10 mL oven-dried sealed tube. Solvent was removed 

under reduced pressure, to the oven-dried sealed tube containing the resulting solid was 
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added substrate 1a (27.4 mg, 0.10 mmol, 1.0 equiv.), Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 

equiv.), Ag2CO3 (20.5 mg, 0.075 mmol, 0.75 equiv.). The flask was evacuated and 

refilled with argon. Then, 2a (50.4 mg, 0.30 mmol, 3.0 equiv.) or 2a-[D1] (50.7 mg, 

0.30 mmol, 3.0 equiv.), iPr2O (1 mL) was added to the tube. The tube was tightly sealed 

with a Teflon-lined screw cap and heated to 80 °C in a preheated aluminum heating 

block. After the desired reaction time (measured precisely by a timer), the reaction was 

flash-cooled in a liquid nitrogen bath until frozen solid (about 45 s). The reaction was 

then allowed to warm back up to room temperature and analyzed by NMR. Yields and 

concentrations of 4a are reported as averages of two independent vial reactions. The 

concentrations of 4a were used to obtain initial rates and the rates were then plotted as 

a function of concentration of the varied catalyst.

Table S9. Yield(%) verse time (h) using 2a-[D1] as a substrate. 

Entry Concentration of catalyst Reaction time (h) Average Yield (%)

1 2 7

2 4 16

3 6 25

4

100 μL of stock solution = 

2.5 mol%

8 31

Figure S3. Plot of yield(%) verse time (h) using 2a-[D1] as a substrate.
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Table S10. Yield(%) verse time (h) using 2a as a substrate.
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Entry Concentration of catalyst Reaction time (h) Average Yield (%)

1 2 29

2 4 42

3 6 59

4

100 μL of stock solution = 

2.5 mol%

8 70

Figure S4. Plot of yield(%) verse time (h) using 2a as a substrate.

0 1 2 3 4 5 6 7 8 9
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

2a as a substrate

Time (h)

Y
ie

ld
 (%

)

Intermolecular competition reaction 
General procedure: The general procedure for reaction monitoring by 19F NMR was 
used, with the use of internal standard α,α,α-trifluorotoluene (10 µL) and using 1.5 
equiv of both 2a and 2a-[D1]. The KIE value was obtained using the consumption of 
(2a or 2a-[D1]).
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Table S11. Intermolecular competition experiments 

I

O
Me

1a (0.1 mmol)

+

F

F
F

F

F
H

standard
condition

3a
O

Me

F

F
F

F

F

2a (1.5 eq)

KH/KD = 1.3

b. Deuterium kinetic isotope effect (KIE): intermolecular competition

F

F
F

F

F
D

2a-D1 (1.5 eq)

and

Figure S5. Intermolecular competition reaction monitoring by 19F NMR.

F

F
F

F

F
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H

product 3a



 56

12. Control experiments of C6F5Ag and H/D exchanging control 

experiments.
General procedure: To a 10 mL oven-dried sealed tube was added substrate 1 (0.10 
mmol, 1.0 equiv.), Pd2(dba)3•CHCl3 (5.2 mg, 0.005 mmol, 5 mol%), Xu4 (12.8 mg, 
0.02 mmol, 20 mol%), Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 equiv.), Ag2CO3 (20.5 mg, 
0.075 mmol, 0.75 equiv.). The flask was evacuated and refilled with argon. Then, 
substrate 2 (0.30 mmol, 3.0 equiv.), C6D6 (1 mL) was added to the tube, and stirred at 
room temperature for 1 h. Then the mixture was stirred at 80 °C for 10 h. The resulting 
slurry was cooled to room temperature, and a 19F NMR spectrum was acquired at 25 
ºC, showing the presence of C6F5Ag.

Table S12.C6F5Ag species control experiments.

Xu4 (20 mol%)
Pd2dba3•CHCl3 (5 mol%)

Ag2CO3, Cs2CO3
C6D6, 80 oC, 10 h

+

O

O

I

H
F

F
F

F

F

F
F

F

F
F

H
F

F
F

F

FF
F

F
Ag

F

F
standard

without Ag2CO3

without Pd2dba3•CHCl3

without Pd2dba3•CHCl3
without Cs2CO3

19F NMR spectra (between −95 and−140 ppm): (a)Standard condition; (b)without Ag2CO3 (c) without
Pd2dba3•CHCl3 (d) without Pd2dba3•CHCl3 and Cs2CO3

a)

b)

c)

d)

product 3a

1a 2a 3a

4a

H/D exchanging control experiments.
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General procedure: To a 10 mL oven-dried sealed tube was added Pd2(dba)3•CHCl3 

(5.2 mg, 0.005 mmol, 1.7 mol%), Xu4 (12.8 mg, 0.02 mmol, 6.7 mol%), Cs2CO3 (65.2 
mg, 0.2 mmol, 0.7 equiv.), Ag2CO3 (20.5 mg, 0.075 mmol, 0.25 equiv.). The flask was 
evacuated and refilled with argon. Then C6F5H (0.3 mmol, 1.0 eq), iPr2O (1 mL) and 
D2O (27 µL, 1.5 mmol, 5 equiv) was added to the tube, and stirred at room temperature 
for 1 h. Then the mixture was stirred at 80 °C for 10 h. The reaction mixture was cooled 
to room temperature and filtered through a plug of Celite. Acetone-d6 (20 µL, 272 
µmol) was added as an internal standard. 2 H NMR spectra were acquired at 25 °C to 
determine the amount of deuterium incorporation.
Table S13. H/D exchanging control experiments.

Xu4 (20 mol%)
Pd2dba3•CHCl3 (5 mol%)

Ag2CO3, Cs2CO3
D2O (0.15 mmol)
iPr2O, 80 oC, 10 h

H
F

F
F

F

F

Entrya Deuteration incorporation (%)

1 standard

2 without Ag2CO3+ 1a (0.01mmol)

3 without Pd2(dba)3•CHCl3

without Pd2(dba)3•CHCl3;
without Cs2CO3

4

D
F

F
F

F

F

63% D

<1% D

52% D

61% D

a Standard condition: Ag2CO3 (0.075 mmol), Cs2CO3 (0.2 mmol), D2O (0.15 mmol),
10 mol% [Pd] and 20 mol% ligand in 1.0 mL iPr2O at 80 °C for 10 h.

F
F

F
D

F

F
standard

without Ag2CO3
+ 1a (0.1 mmol)

without Pd2dba3•CHCl3

without Pd2dba3•CHCl3
without Cs2CO3

2H NMR spectra for H/D exchange studies of pentafluorobenzene: (a)Standard condition; (b)without Ag2CO3
but with 1a (0.1 mmol) (c) without Pd2dba3•CHCl3 (d) without Pd2dba3•CHCl3 and Cs2CO3

D2O

Standard
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13. X-Ray Structure and Crystal Data of 7n

7n

O F

F
F

F

N

Table 1 Crystal data and structure refinement for 7n.
Identification code 7n
Empirical formula C24H17F4NO
Formula weight 411.38
Temperature/K 296.3(6)
Crystal system orthorhombic
Space group P212121

a/Å 6.42860(10)
b/Å 8.7411(2)
c/Å 33.5094(6)
α/° 90
β/° 90
γ/° 90
Volume/Å3 1882.99(6)
Z 4
ρcalcg/cm3 1.451
μ/mm-1 0.985
F(000) 848.0
Crystal size/mm3 0.26 × 0.22 × 0.18
Radiation CuKα (λ = 1.54184)
2Θ range for data collection/° 10.46 to 134.134
Index ranges -7 ≤ h ≤ 7, -10 ≤ k ≤ 10, -40 ≤ l ≤ 40
Reflections collected 40249
Independent reflections 3362 [Rint = 0.0608, Rsigma = 0.0250]
Data/restraints/parameters 3362/0/273
Goodness-of-fit on F2 1.060
Final R indexes [I>=2σ (I)] R1 = 0.0302, wR2 = 0.0769
Final R indexes [all data] R1 = 0.0334, wR2 = 0.0790
Largest diff. peak/hole / e Å-3 0.10/-0.11
Flack parameter -0.07(7)

Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for 7n. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor.
Atom x y z U(eq)
F1 8260(2) 3636(2) 6426.7(4) 67.4(4)
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F2 7504(2) 2975.4(18) 7184.6(4) 62.7(4)
F3 1848(2) 6245.2(18) 6348.3(4) 66.8(4)
F4 1188(2) 5696.7(19) 7116.2(4) 68.3(4)
O1 1414(3) 4899(2) 5367.6(6) 69.7(5)
N1 4000(3) 4069(2) 7586.2(5) 48.3(4)
C1 2910(4) 5304(3) 5091.8(7) 55.0(6)
C2 2525(5) 6107(3) 4745.9(8) 69.1(7)
C3 4199(6) 6399(3) 4503.5(8) 71.3(8)
C4 6184(5) 5924(3) 4602.0(7) 69.6(8)
C5 6536(4) 5140(3) 4956.3(7) 60.4(6)
C6 4861(4) 4837(3) 5201.4(6) 48.5(5)
C7 4740(4) 4103(3) 5609.8(6) 48.2(5)
C8 2392(4) 3803(3) 5630.0(7) 57.0(6)
C9 5456(4) 5318(3) 5920.7(6) 48.5(5)
C10 6009(5) 2641(3) 5640.7(8) 64.8(7)
C11 5060(3) 4931(3) 6353.1(6) 46.3(5)
C12 6455(3) 4129(3) 6587.3(6) 47.9(5)
C13 6104(3) 3809(3) 6983.0(6) 47.6(5)
C14 4336(3) 4336(3) 7176.4(6) 45.8(5)
C15 2920(3) 5148(3) 6947.5(6) 48.6(5)
C16 3275(4) 5421(3) 6548.9(6) 48.4(5)
C17 2230(4) 3426(3) 7755.4(7) 56.4(6)
C18 2404(4) 3445(3) 8155.3(7) 60.0(6)
C19 4323(4) 4163(3) 8253.7(6) 51.1(5)
C20 5311(5) 4584(3) 8609.1(7) 64.3(7)
C21 7158(5) 5359(3) 8593.6(7) 68.6(7)
C22 8091(4) 5715(3) 8232.5(8) 64.9(7)
C23 7180(4) 5312(3) 7876.0(7) 54.4(6)
C24 5305(3) 4549(3) 7892.1(6) 45.4(5)

Table 3 Anisotropic Displacement Parameters (Å2×103) for 7n. The Anisotropic 
displacement factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…].
Atom U11 U22 U33 U23 U13 U12

F1 47.6(8) 102.2(12) 52.4(7) 0.8(8) 7.9(6) 15.8(8)
F2 55.5(8) 83.1(11) 49.5(7) 5.0(7) -5.1(6) 21.9(8)
F3 72.5(9) 71.1(10) 56.9(8) 5.4(7) -6.6(7) 25.8(8)
F4 59.1(8) 86.1(11) 59.8(8) -2.4(7) 10.3(6) 24.9(8)
O1 51.8(9) 79.4(13) 78.0(12) 12.7(10) -2.7(9) 0.7(10)
N1 45.6(9) 60.3(11) 39.1(9) 0.8(8) 3.6(7) -4.2(9)
C1 56.8(14) 53.8(13) 54.4(12) -2.6(11) -6.1(11) -1.4(12)
C2 75.8(18) 65.3(17) 66.3(15) 4.0(13) -21.1(15) 3.0(15)
C3 103(2) 62.9(17) 47.6(13) 3.4(12) -16.0(15) -5.7(17)
C4 88(2) 78.0(19) 42.4(12) -2.5(12) 8.6(13) -10.1(18)
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C5 62.1(14) 71.5(17) 47.4(12) -6.5(11) 2.9(11) 6.1(14)
C6 58.6(13) 46.8(12) 40.2(10) -5.4(9) -2.9(9) 0.9(11)
C7 54.5(12) 45.9(12) 44.2(11) -0.9(9) -1.2(10) -0.4(11)
C8 57.9(14) 57.6(15) 55.5(13) 0.9(11) -3.7(11) -6.3(13)
C9 55.7(13) 49.2(12) 40.5(11) 2.0(9) 1.0(9) -4.4(11)
C10 75.7(18) 53.4(14) 65.2(15) -0.2(12) -0.4(14) 8.2(14)
C11 50.4(12) 48.5(12) 40.0(10) -1.6(9) -0.6(9) -2.3(10)
C12 40.5(10) 59.5(14) 43.7(11) -3.5(10) 2.7(9) 1.3(11)
C13 44.0(11) 57.2(13) 41.5(11) 1.3(9) -3.4(9) 3.7(11)
C14 46.2(11) 52.1(13) 39.2(10) -2.3(9) 1.1(9) -1.4(10)
C15 45.3(12) 52.9(13) 47.4(11) -5.9(10) 4.7(9) 6.1(11)
C16 50.1(12) 49.2(12) 45.9(11) 1.3(10) -5.6(9) 8.0(11)
C17 46.1(12) 64.0(15) 58.9(13) -1.3(11) 8.4(11) -7.5(12)
C18 60.7(15) 66.2(16) 53.2(13) 4.2(11) 15.0(11) -3.5(13)
C19 60.1(13) 50.9(13) 42.3(11) 3.2(10) 8.9(10) 4.7(12)
C20 88.5(19) 64.8(15) 39.8(11) 3.2(11) 3.9(12) 6.9(16)
C21 89(2) 68.0(16) 49.0(13) -7.5(12) -11.4(13) 1.2(16)
C22 62.4(15) 64.1(16) 68.3(15) -7.2(13) -8.8(13) -6.6(13)
C23 55.7(13) 60.5(14) 47.0(11) -0.9(11) 3.8(10) -7.8(12)
C24 49.6(12) 46.5(12) 40.1(10) -0.3(9) 2.4(9) 3.7(10)

Table 4 Bond Lengths for 7n.
Atom Atom Length/Å Atom Atom Length/Å

F1 C12 1.350(3) C7 C9 1.557(3)
F2 C13 1.341(3) C7 C10 1.520(4)
F3 C16 1.347(3) C9 C11 1.509(3)
F4 C15 1.338(3) C11 C12 1.383(3)
O1 C1 1.380(3) C11 C16 1.389(3)
O1 C8 1.444(3) C12 C13 1.373(3)
N1 C14 1.410(3) C13 C14 1.387(3)
N1 C17 1.390(3) C14 C15 1.386(3)
N1 C24 1.389(3) C15 C16 1.376(3)
C1 C2 1.377(4) C17 C18 1.345(3)
C1 C6 1.369(3) C18 C19 1.423(4)
C2 C3 1.372(4) C19 C20 1.399(4)
C3 C4 1.382(4) C19 C24 1.407(3)
C4 C5 1.389(4) C20 C21 1.369(4)
C5 C6 1.380(3) C21 C22 1.386(4)
C6 C7 1.513(3) C22 C23 1.376(3)
C7 C8 1.534(3) C23 C24 1.378(3)
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Table 5 Bond Angles for 7n.
Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚

C1 O1 C8 105.92(19) F1 C12 C13 117.4(2)
C17 N1 C14 126.16(19) C13 C12 C11 123.0(2)
C24 N1 C14 125.17(18) F2 C13 C12 119.2(2)
C24 N1 C17 108.39(18) F2 C13 C14 119.65(18)
C2 C1 O1 124.7(2) C12 C13 C14 121.2(2)
C6 C1 O1 112.5(2) C13 C14 N1 121.8(2)
C6 C1 C2 122.9(2) C15 C14 N1 121.53(19)
C3 C2 C1 116.9(3) C15 C14 C13 116.71(19)
C2 C3 C4 121.8(2) F4 C15 C14 119.77(19)
C3 C4 C5 120.2(3) F4 C15 C16 119.1(2)
C6 C5 C4 118.4(2) C16 C15 C14 121.1(2)
C1 C6 C5 119.9(2) F3 C16 C11 119.46(19)
C1 C6 C7 108.8(2) F3 C16 C15 117.7(2)
C5 C6 C7 131.3(2) C15 C16 C11 122.8(2)
C6 C7 C8 99.35(18) C18 C17 N1 109.5(2)
C6 C7 C9 107.50(18) C17 C18 C19 108.0(2)
C6 C7 C10 113.0(2) C20 C19 C18 135.0(2)
C8 C7 C9 112.2(2) C20 C19 C24 117.8(2)
C10 C7 C8 112.4(2) C24 C19 C18 107.2(2)
C10 C7 C9 111.7(2) C21 C20 C19 119.5(2)
O1 C8 C7 106.8(2) C20 C21 C22 121.3(2)
C11 C9 C7 116.07(19) C23 C22 C21 121.1(3)
C12 C11 C9 123.3(2) C22 C23 C24 117.5(2)
C12 C11 C16 115.06(19) N1 C24 C19 106.96(19)
C16 C11 C9 121.6(2) C23 C24 N1 130.17(19)
F1 C12 C11 119.56(18) C23 C24 C19 122.8(2)

Table 6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for 7n.

Atom x y z U(eq)
H2 1193.1 6434.96 4679.77 83
H3 3991.94 6931.38 4266.47 86
H4 7287.15 6129.43 4430.7 84
H5 7869.49 4826.27 5026.57 72

H8A 2081.94 2768.65 5543.92 68
H8B 1890.7 3932.66 5900.97 68
H9A 6936.76 5485.6 5886.3 58
H9B 4758.63 6275.06 5860.88 58

H10A 5561.55 1932.85 5439.28 97
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H10B 5812.54 2193.59 5899.63 97
H10C 7455.55 2872.74 5602.77 97
H17 1100.68 3040.88 7613.96 68
H18 1439.62 3057.2 8335.83 72
H20 4716.33 4339.25 8853.94 77
H21 7801 5653.31 8830.08 82
H22 9353.62 6234.2 8230.96 78
H23 7805.69 5545.03 7633.27 65
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14. 1H , 19F, 31P, 13C NMR and HPLC Spectra 
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128
分子量：496.1228
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