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1. General Information

All reactions were carried out under an atmosphere of argon in sealed tube with
magnetic stirring. '"H NMR spectra, °’F NMR spectra, 3'P NMR spectra, 3C NMR
spectra were recorded on a Bruker 300, 400 and 500 MHz spectrometer in CDCl;. All
signals are reported in ppm with the internal TMS signal at 0 ppm as a standard. Data
for 'TH 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 '*C NMR are reported in terms of chemical
shift (ppm) relative to residual solvent peak (CDCl;: 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.!? 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,
0Z3, ADH.



2. Table S1. Screening of Solvents, Palladium Salts, Bases and silver
salts for Enantioselective Cascade Heck/Intermolecular C(sp?)—H

Alkylation Reaction”

H [Pd] (10 mol%) F

E £ Xu4 (20 mol%) F
o . [Ag] (0.75 equiv) Me O
@l . . Base (2.0 equiv) O F
g F

Solvent, 90 °C, 15 h E

1a 2a 3a
Entry Pd Base Solvent Ag 3a Yield(%)? 3a Ee(%)°
1 Pd,(dba), K,CO4 Et,O Ag,CO; 66 76
2 Pd,(dba); K,CO;4 Pr,0 Ag,CO; 80 84
3 Pd,(dba); K,CO4 MTBE Ag,CO; 74 80
4 Pd,(dba); K,CO;4 DCM Ag,CO; 44 28
5 Pd,(dba); K,CO4 DMF Ag,CO; 10 5
6 Pd,(dba); K,CO;4 PhCF; Ag,CO; 54 68
7 Pd,(dba); K,CO4 CH;CN Ag,CO; 45 49
8 Pd,(dba); K,CO;4 DCE Ag,CO; 48 35
9 Pdy(dba); K,CO3 1,4-Dioxane Ag,COs3 70 61
10 Pd,(dba); K,CO;4 DMSO Ag,CO; - -
11 Pd-G3 K,CO4 Pr,0 Ag,CO; 76 83
12 Pd,(dba);*CHCl; K,CO;4 Pr,0 Ag,CO; 82 88
13 PdCl, K,CO4 Pr,0 Ag,CO; 80 78
14 [PdCl(allyD)], K,CO;4 Pr,0 Ag,CO; 78 75
15 Pd(OAc), K,CO4 Pr,0 AgyCO; 24 25
16 Pd(TFA), K,CO;4 Pr,0 Ag,CO; 60 32
17 Pd(acac), K,CO;4 Pr,0 Ag,CO; 15 3
18 Pd(MeCN),(OTs), K,CO;4 Pr,0 Ag,CO; 34 24
19 Pd(dmdba), K,CO4 Pr,0 Ag,CO; 40 92
20 Pd,(dba);*CHCl; Cs,CO; Pr,0 Ag,CO; 83 90
21 Pd,(dba);*CHCl; CsOAc Pr,0 AgyCO; 52 21
22 Pd,(dba);*CHCl; CsCO,H Pr,0 Ag,CO; - -
23 Pd,(dba);*CHCl; CsTFA Pr,0 AgyCO; 48 4
24 Pd,(dba);*CHCl; CsF Pr,0 Ag,CO; 78 82
25 Pd,(dba);*CHCl; CsOPiv Pr,0 AgyCO; 46 7
26 Pdy(dba);*CHCl;  NaO'Bu Pr,0 Ag,CO; 72 65
27 Pd,(dba);*CHCl; KOBu Pr,0 AgyCO; 74 63

28 Pdy(dba);*CHCl, NaOH ‘Pr,0 AgyCO;5 70 79
2



29
30
31
33
34
35

Pd,(dba);*CHCl;
Pd,(dba);*CHCl;
Pd,(dba);*CHCl;
Pd,(dba);*CHCl;
Pd,(dba);*CHCl;
Pd,(dba);*CHCl;

KOH
Cs,CO;
Cs,CO;
Cs,CO;
Cs,CO;
Cs,CO;

Pr,0O
Pr,0
Pr,0
Pr,0
Pr,0O
Pr,0

AgyCOs
AgF
AgCl

AgOAc

AgNO;

None

70
58

68
36
69

Trace

80
85

88
50
87

@Unless otherwise noted, all reactions were performed with 1a (0.1 mmol), 2a (0.3 mmol), Ag,CO;
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 90 °C for
15-48 h. "™NMR yield with CH,Br; as an internal standard. ¢ Enantionselectivity Determined by

chiral HPLC.

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

4. Table S3. Screening of Solvents and temperature for C(sp?)—H

C(sp?>)—H Alkylation Reaction with oxadiazole

Xu4 (20 mol%)

Ar

[e]
I

Bu

o ey Pd(n-allyl)Cl (5 mol%) ©f§\g I NS
Solvent, 80°°C, 24h | Ar=3,54Bu),4-MeOCH,
1 8a 9a ' Xu4d
Entry* Solvent 9a Yield(%)? 9a Ee(%)°

1 THF 76 76

2 Et,0 72 (70) 84

3 Pr,0O 68 80

4 MTBE 71 28

5 DCM 40 5

6 DMF 28 68

7 PhCF; 42 49

8 CH;CN 85 35

9 DCE 55 61

10 Dixane 78 88

@Unless otherwise noted, all reactions were performed with 1 (0.2 mmol), 8a
(0.1 mmol), PivOH (0.03 mmol), Cs,CO3 (0.2 mmol), 10 mol% [Pd] and 20
mol% ligand in 1.0 mL solvent at 80 °C for 24-30 h. ®NMR yield with CH,Br,

as an internal standard. ‘Enantionselectivity Determined by chiral HPLC.

Alkylation Reaction with thiophene



OJL s
@[I U

1

0]

8c

(o}

Xu4 (20 mol%)
Pd(n-allyl)Cl, (5 mol%) /
R @me
PivOH, Cs,CO3 PCy,

Solbent, 100 °C, 30 h :
onen ! = 3,5-(Bu),-4-MeOCgH,

Xu4

Entry? Solvent 9¢ Yield(%)? 9¢ Ee(%)°
1 THF 24 87
2 THF 46 84
3 Et,0 51 91
4 Pr,0 57 (52) 92
5 MTBE 54 92
6 DCM trace -
7 PhCF; 38 91
8 Tol 32 90
9 CH;CN 53 70
10 DCE trace -
11 Dixane 57 87
12 DMSO 30 87
13 DMA 22 87

@Unless otherwise noted, all reactions were performed with 1 (0.2 mmol), 9¢ (0.1
mmol), PivOH (0.03 mmol), Cs,COj3 (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in
1.0 mL solvent at 100 °C for 30 h. ®NMR yield with CH,Br, as an internal standard.
‘Enantionselectivity Determined by chiral HPLC. 480 °C

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

o
cL o

C(sp?>)—H Alkylation Reaction with benzothiophene

1

0

8d

Xu4 (20 mol%)

Pd(n-allyl)Cl; (5 mol%)
O
PivOH, Base PCy,

Solvent, 110 °C, 20 h H "
! Ar = 3,5-(Bu),-4-MeOCgH,
: Xu4

Entry Solvent  9d Yield(%)”  9d Ee(%)° Entry Base 9d Yield(%)?  9d Ee(%)°
1 THF 21 70 13 K,CO;4 66 76
2 Et,O 23 84 14 CsTFA 80 84
3 Pr,0O 18 82 15 CsF 74 80
4 MTBE 24 82 16 CsOPiv 44 28
5 DCM trace - 17 NaOBu 10 5
6 PhCF; 12 73 18 KOBu 54 68
7 Tol 15 78 19 NaOH 45 49
8 CH;CN 26 60 20 KOH 48 35



9 DCE trace - 214 Cs,COs 70 61

10 Dixane 24 75 22¢ Cs,CO; - -
11 DMSO 78 13 23 NaOBu 76 83
12 DMA 71 42 248 NaO’Bu 82 88

@Unless otherwise noted, all reactions were performed with 1a (0.1 mmol), 8d (0.3 mmol), Ag,CO;
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 110 °C for
15-48 h. 'NMR yield with CH,Br; as an internal standard. “Enantionselectivity Determined by chiral
HPLC. “DMSO (10 uL). “DMSO (50 uL)./ 100 °C. £80 °C

6. Table S5. Screening of Solvents, Palladium Salts, Bases for
C(sp2)-H Alkylation Reaction with other fluorobenzenes with

fewer fluorine atoms.

F ! Ar

H o)
Xu4 (20 mol%) } F : 8
F. F P 19 E | N
! PCy,
| F c :

Ag,CO3, Cs,CO3

, oo Solvent, 110 °C, 20 h 7o Ar= 3,5--(fB)l:Lz:-MeoceH2
Entry ¢ Pd Base Solvent Ag 70 Yield(%)? 7o Ee(%)°

1 Pdy(dba);*CHCl;  Cs,CO; Et,O Ag,CO; 48 59
2 Pd,(dba);*CHCl;  Cs,COs Pr,0 Ag,CO; 51 68
3 Pdy(dba);*CHCl;  Cs,CO; MTBE Ag,CO; 46 64
4 Pd,(dba);*CHCI; Cs,CO4 DCM Ag,CO3 trace -

5 Pdy(dba);*CHCl;  Cs,CO; Tol Ag,CO4 53 60
6 Pdy(dba);*CHCl;  Cs,COs PhCF; Ag,CO; 54 58
7 Pd,(dba);*CHCl; Cs,CO;s CH;CN Ag,COs trace -

8 Pd,(dba);*CHCI; Cs,CO4 Dioxane Ag,CO3 32 64
9 Pd,(dba);*CHCl; Cs,CO;5 DMSO Ag,COs trace -

10 Pdy(dba);*CHCl;  Cs,COs DMA Ag,CO; 70 20
11 Pd-G3 Cs,CO; Pr,0 Ag,CO; 34 60
12 Pdy(dba);*CHCl;  Cs,COs Pr,0 Ag,CO; 51 68
13 PdCl, Cs,CO; Pr,0 Ag,CO4 53 66
14 [PdCl(allyD)], Cs,CO;4 Pr,0 Ag,CO; 46 67
15 Pd(OAc), Cs,CO; Pr,0 Ag,CO; 67 54
16 [Pd(dmba)Cl], Cs,CO;4 Pr,0 Ag,CO; 55 64
17 Pd(cod),Cl, Cs,CO; Pr,0 Ag,CO; 62 60

18 Pd(dba)2 CSzCO3 iPI'zO Ag2C03 48 67



19 Pd(dmdba)z C52CO3 iPI'QO Ag2C03 69 62

20 Pdy(dba);*CHCl;  K,COs iPr,0 Ag,CO; 51 67
21 Pd,(dba);*CHCl; CsTFA Pr,0 Ag,CO; 56 40
22 Pd,(dba);*CHCl; CsF Pr,0 AgyCO; trace -

23 Pdy(dba);*CHCl;  CsOPiv Pr,0 Ag,CO; 15 11
24 Pdy(dba);*CHCl;  NaO'Bu iPr,0 Ag,COs; 63 60
25 Pdy(dba);*CHCI;  KO'Bu Pr,0 AgyCO; 21 41
28 Pdy(dba);*CHCl;  NaOH iPr,0 Ag,CO; 53 52
29 Pd,(dba);*CHCl; KOH Pr,0 Ag,CO; 23 21
30 Pdy(dba);*CHCl;  Cs,CO; iPr,0 Ag,COs; 53 68
31 Pd,(dba);*CHCl; CsOAc Pr,0 Ag,CO; 30 25

“Unless otherwise noted, all reactions were performed with 1a (0.1 mmol), 60 (0.3 mmol), Ag,CO3
(0.075 mmol), Base (0.2 mmol), 10 mol% [Pd] and 20 mol% ligand in 1.0 mL solvent at 80 °C for
20-48 h. '"NMR yield with CH,Br, as an internal standard. ¢ 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.),
Pd,(dba);*CHCI; (15.5 mg, 0.015 mmol, 5 mol%), Xu4 (38.3 mg, 0.06 mmol, 20
mol%), Cs,CO; (195.5 mg, 0.6 mmol, 3.0 equiv.), Ag,CO;5 (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.), 'Pr,0O (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( n -ally])CI], (5.4 mg, 0.015 mmol, 5 mol%), Xu4 (38.3 mg, 0.06 mmol, 20 mol%),

6



Cs,CO3 (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.), Et,O (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).

Prepared according to typical procedure A from allyl ether 1a (82.2 mg, 0.3 mmol),
after a flash column chromatography (hexanes: Et,0 = 100:1) afforded the product 3a
as a colorless liquid (81.0 mg, 86% yield) with 92% ee. 'H NMR (400 MHz, CDCls) &
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). ®C NMR (101 MHz, CDCl) 8 159.33, 146.65, 144.21, 141.18 (m, Jp = 49.2
Hz), 138.64-138.60 (m, J f = 79.7 Hz), 136.10, 111.57-110.24 (m, J ¢ = 33.0 Hz),
133.06, 128.82, 122.80, 120.74, 109.91, 82.14 (t, Jr = 2.5 Hz), 46.65, 32.79, 23.75. 1°F
NMR (376 MHz, CDCl;) & -140.33 (dd, J = 23.2, 8.1 Hz), -155.93, -162.34 — -162.43
(m). HRMS (EI) calculated for [CiH;FsO]": 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.

[o]p2 =21.6 (c = 0.5, CHCl;).

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

Prepared according to typical procedure from allyl ether 1b (90.7 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3b as a
colorless liquid (75.8 mg, 74% yield) with 94% ee. '"H NMR (400 MHz, CDCl3)  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),
444 (d,J=9.2Hz, 1H),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). 3C NMR (101
MHz, CDCl;) 6 159.80, 146.72, 144.26, 141.14 (m, J f = 49.2 Hz), 138.56(m, J g =79.7
Hz), 136.04, 131.37, 128.81, 123.43, 120.52, 111.43 (m, Jr = 38.0 Hz), 109.63, 79.88
(t, Jr = 2.8 Hz), 50.35, 39.75, 31.64, 17.85, 14.52. ''F NMR (376 MHz, CDCl3) 8 -
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 [C;gHsFsO]": 342.1038 found: 342.1035. Enantiomeric excess was
determined by HPLC with a Chiralpak TA column (hexanes = 100, 1.0 mL/min, 210
nm); minor enantiomer tr = 10.0 min, major enantiomer tr = 11.0 min. [a]p?*=8.3 (¢ =

0.3, CHCL).

7.3 Synthesis of (R)-3-butyl-3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran (3c).
1 Rk
O T
o F

e
Prepared according to typical procedure from allyl ether 1¢ (94.9 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3¢ as a
colorless liquid (81.2 mg, 76% yield) with 94% ee. '"H NMR (400 MHz, CDCl5) 6 7.13
(td,J=7.7,1.4Hz, 1 H),6.94 (dd,J=7.5,1.4Hz, 1 H), 6.85(d,J=0.9 Hz, 1 H), 6.71
(d,J=8.0Hz, 1 H),4.43 (d,J=9.2 Hz, 1 H), 4.27 (d, ] =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). 3C NMR (101 MHz, CDCls) 6 159.75, 146.67, 144.22, 141.10 (m, J f = 49.2 Hz),
138.56 (m, Jg=79.7 Hz), 136.00, 131.33, 128.78, 123.43, 120.51, 111.41 (m, Jg =38.0

8



Hz), 109.62, 79.85 (d, Jr = 2.8 Hz), 50.25, 37.15, 31.68, 26.64, 23.17, 13.90. °"F NMR
(376 MHz, CDCls) & -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 [Ci9H;;FsO]": 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. [a]p?° = 8.3 (¢ = 0.5, CHCL,).

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

F

3d).

3d
Prepared according to typical procedure from allyl ether 1d (99.1 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3d as a
colorless liquid (84.0 mg, 76% yield) with 90% ee. '"H NMR (400 MHz, CDCl3) 8 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, ] = 8.0, 0.7
Hz, 1 H), 4.46 (d,J=9.2 Hz, 1 H), 4.30 (d, ] =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).3C NMR (101 MHz, CDCls) 8 159.76, 146.66, 144.22, 141.10 (m, J = 49.2
Hz), 138.51(m, J = 79.7 Hz), 135.99, 131.34, 128.79, 123.41, 120.51, 111.43 (m, J ¢
= 33.0 Hz), 109.62, 79.83 (t, Jr = 2.8 Hz), 50.29, 37.37, 32.30, 31.69, 24.16, 22.45,
13.98.19F NMR (376 MHz, CDCls) 6 -139.98 — -140.06 (m), -156.04 (t, J = 21.0 Hz), -
162.47 — -162.61 (m). HRMS (EI) calculated for [Cy)H;oFsO]+: 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. [a]p?* = 15.3 (¢ = 0.2, CHCl3).

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



Prepared according to typical procedure from allyl ether 1e (90.7 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3e as a
colorless liquid (73.2 mg, 71% yield) with 94% ee. '"H NMR (400 MHz, CDCl5) 6 7.09
(td,J=7.7,14Hz, 1 H),6.96 (d,J=74Hz, 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). 3C NMR (101 MHz, CDCl;)
0 159.97, 146.64, 144.22, 140.99 (m, J  =49.2 Hz), 138.48 (m, J g = 79.7 Hz), 136.08,
129.59, 128.76, 124.46 (d, Jg = 22.2 Hz), 120.19, 111.68 (m, J ¢ = 33.0 Hz), 109.38,
54.13, 33.83, 30.45, 18.58, 17.73. ’F NMR (376 MHz, CDCls) 6 -139.72 (d, J = 15.1
Hz), -156.19, -162.80 (d, J = 6.2 Hz). HRMS (EI) calculated for [C;sH;sFsO]":
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. [a]p?° = 26.1 (¢ = 0.4, CHCI).

7.6 Synthesis of (8)-3-cyclohexyl-3-((perfluorophenyl)methyl)-2,3-
dihydrobenzofuran (3f).

Prepared according to typical procedure from allyl ether 1f (102.7 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3f as a
colorless liquid (86.7 mg, 76% yield) with 92% ee. 'H NMR (400 MHz, CDCl5) 8 7.11-
7.07 (m, 1 H), 6.90 (d,J=7.4Hz, 1 H), 6.81 (t,J=7.4Hz, 1 H), 6.64 (d,J]=8.0 Hz, 1
H),4.39(d,J=9.4Hz,1H),4.32(d,J=9.4Hz, 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). 3C NMR (101 MHz, CDCl;) 8 159.96, 146.67, 144.23,140.98 (m, J =

10



49.2 Hz), 138.37 (m, J ¢ = 79.7 Hz), 135.87, 129.40, 128.69, 124.59, 120.09, 111.67
(m, J ¢ =33.3 Hz), 109.42, 53.95, 43.86, 30.11, 28.36, 27.93, 26.57, 26.36. 1°F NMR
(376 MHz, CDCl;) & -139.81 —-139.89 (m), -156.25 (t, ] = 20.9 Hz), -162.84 (td, J =
22.1, 7.6 Hz). HRMS (EI) calculated for [C;;H9oFsO]": 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. [a]p?’ = 23.6 (¢ = 0.3, CHCLy).

7.7 Synthesis of (S)-trimethyl((3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-
3-yl)methyl)silane (3g).

Prepared according to typical procedure from allyl ether 1g (99.7 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,0 = 100:1) afforded the product 3g as a
yellow liquid (82.4 mg, 75% yield) with 90% ee. '"H NMR (400 MHz, CDCls) 6 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=9.2Hz, 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). 3C NMR (101 MHz, CDCls) 8 159.11, 146.66, 144.27, 141.06 (m,
JF=49.2 Hz), 138.55 (m, Jg=79.7 Hz), 136.00, 133.17, 128.74, 123.55, 120.58, 111.58
(m, J§ = 33.2 Hz), 109.61, 81.09 (t, J;r = 3.2 Hz), 9.38, 35.28, 27.57, 0.06. '°F NMR
(376 MHz, CDCls) 6 -139.85 (dd, J =22.6, 8.0 Hz), -156.07 (t, ] = 20.8 Hz), -162.51 —

-162.65 (m). HRMS (ESI) calculated for [M+H]* = [C19H,,FsOSi]*: 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. [o]p?° = 4.2 (¢ = 0.5, CHCl;).

7.8 Synthesis of methyl (R)-4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-
yl)butanoate (3h).
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Prepared according to typical procedure from allyl ether 1h (108.1 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 20:1) afforded the product 3h as a
light yellow liquid (92.4 mg, 77% yield) with 90% ee. '"H NMR (400 MHz, CDCl;) &
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). 3C NMR (101 MHz, CDCl;) & 173.50, 159.78, 146.68, 144.22, 141.20
(m, Jr =49.2 Hz), 138.62 (d, Jr = 13.7 Hz), 136.05, 130.69, 129.02, 123.44, 120.64,
111.16 (m, Jg = 35.2 Hz), 109.78, 79.55 (t, Jg = 2.9 Hz), 51.57, 50.18, 36.71, 34.03,
31.64, 20.03. 1F NMR (376 MHz, CDCl;) 6 -139.98 (dd, J = 22.5, 8.0 Hz), -155.76 (t,
J=20.8 Hz), -162.36 (td, ] = 22.3, 8.0 Hz). HRMS (EI) calculated for [C;oH7,Fs05]":
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. [a]p*® = 14.2 (¢ = 0.3,

CHCl,).

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

dihydrobenzofuran (3i).

Prepared according to typical procedure from allyl ether 1i (101.0 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,0 = 100:1) afforded the product 3i as a
colorless liquid (101.0 mg, 87% yield) with 92% ee. 'H NMR (400 M Hz, CDCl;) &
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,
1H),4.45(d,J=9.3Hz, 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). *C NMR (101 MHz, CDCl;) 6
159.76, 146.65, 144.20, 141.26 (m, J p = 49.2 Hz), 138.58 (m, J = 79.7 Hz), 136.07,
130.42, 129.11, 123.37, 120.74, 110.99 (m, Jg = 37.4 Hz), 109.82, 79.46 (t, Jg = 2.9
Hz), 49.91,44.92,34.73,31.83, 27.77. °F NMR (376 MHz, CDCl3) 6 -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 [C;gH4CIFsO]": 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. [a]p?® = 15.5 (¢

=0.5, CHCL).

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

dihydrobenzofuran (3j).

Prepared according to typical procedure from allyl ether 1j (105.2 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3j as a
colorless liquid (83.3 mg, 71% yield) with 91% ee. 'H NMR (400 MHz, CDCl5) & 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, ] =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, ] = 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, CDCl;) 8 159.74, 146.65, 144.19, 141.19 (m, J f = 49.2 Hz),
138.67 (d, Jr = 13.2 Hz), 136.04, 130.87, 128.99, 123.33, 120.63, 111.16(m, Jg =35.3
Hz), 109.77, 79.66 (t, Jr = 2.8 Hz), 50.19, 44.50, 36.60, 32.81, 31.61, 21.86. °F NMR
(376 MHz, CDCl;) 6 -139.98 (dd, J =22.8, 7.9 Hz), -155.69 (t, ] = 20.8 Hz), -162.11 —
-162.34 (m). HRMS (EI) calculated for [C;9HsCIFsO]": 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. [a]p?° = 3.6 (¢ = 0.5, CHCL,).
13



7.11 Synthesis of (R)-3-(5-fluoropentyl)-3-((perfluorophenyl)methyl)-2,3-
dihydrobenzofuran (3k).

Prepared according to typical procedure from allyl ether 1k (104.5 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 3k as a
colorless liquid (72.0 mg, 62% yield) with 90% ee. 'H NMR (400 MHz, CDCls) & 7.17-
7.12 (m, 1 H), 6.94 (d, ] = 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). 3C NMR
(101 MHz, CDCl;) 8 159.76, 146.65, 144.22, 141.15 (m, J g =49.2 Hz), 138.55 (m, J ¢
=179.7 Hz), 136.02, 131.09, 128.89, 123.36, 120.58, 111.27(m, Jr = 35.4 Hz), 109.70,
83.90 (d, J;=164.3 Hz), 79.73 (t, Jr = 2.8 Hz), 50.23, 37.31, 31.70, 30.19 (d, J; = 19.6
Hz), 25.75 (d, Jr= 5.1 Hz), 24.15. ’"F NMR (376 MHz, CDCl3) 6 -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 [Cy)HgFsO]": 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. [a]p?° = 5.3 (¢ = 0.5, CHCL,).

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

((perfluorophenyl)methyl)-2,3-dihydrobenzofuran (31).

14



Prepared according to typical procedure from allyl ether 11 (137.0 mg, 0.3 mmol), after

a flash column chromatography (hexanes: Et,0O = 10:1) afforded the product 31 as a

yellow liquid (152.8 mg, 84% yield) with 90% ee. '"H NMR (400 MHz, CDCl;) 6 7.19—
7.14 (m, 1 H), 7.00-6.97 (m, 1 H), 6.91-6.86(m, 1 H), 6.76 (dd, ] = 8.2, 3.5 Hz, 1 H),
6.60 (d,J =3.4Hz, 2 H),4.48 (dd,J =9.4,3.6 Hz, 1 H),4.33 (dd,J=9.5,3.4 Hz, | 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). BC NMR (101 MHz, CDCls) & 159.80, 156.60, 146.64, 144.22, 141.15 (m, J
r=49.2 Hz), 138.54 (m, Jr =79.7 Hz), 137.06, 136.04, 130.71, 129.02, 126.22, 123.40,
120.66, 114.40, 111.12 (d, Jg = 3.5 Hz), 109.78, 79.60 (t, Jr= 2.9 Hz), 67.77, 50.04,
33.75, 31.71, 24.60, 20.86. '°F NMR (376 MHz, CDCl;) 6 -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 [CysH,CIF50,]": 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.

[0]p2 = 16.0 (¢ = 0.5, CHCl,).

7.13 Synthesis of (R)-3-(4-(naphthalen-1-ylthio)butyl)-3-((perfluorophenyl)methyl)-
2,3-dihydrobenzofuran (3m).
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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: Et,O = 50:1) afforded the product 3m as a
blue liquid (133.8 mg, 87% yield) with 91% ee. '"H NMR (400 MHz, CDCl;) 6 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, ] = 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). BC NMR (101 MHz, CDCl;) 8 159.81, 146.68, 144.23, 141.19 (m,
JF=49.2 Hz), 138.57 (m, J g = 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, Jr = 18.3 Hz), 109.76, 79.72, 50.24, 36.96, 33.33, 31.67, 29.56, 23.74. '°F
NMR (376 MHz, CDCl;) 6 -139.91 (dt, J = 22.4, 6.9 Hz), -155.74 (t, ] = 20.9 Hz), -
162.28 (td, J = 22.1, 7.9 Hz). HRMS (EI) calculated for [C,oH,3FsOS]*: 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. [a]p?° = 7.3 (¢ = 0.5, CHCI;).

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

dihydrobenzofuran (3n).

Prepared according to typical procedure from allyl ether 1n (127.3 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,0O = 50:1) afforded the product 3n as a
colorless liquid (116.5 mg, 84% yield) with 93% ee. 'H NMR (400 MHz, CDCl;) 6
7.21-7.18 (m, 2 H), 7.16-7.11 (m, 1 H), 7.09-7.07 (m, 2 H), 6.92 (dd, ] = 7.4, 1.4 Hz,
1 H), 6.85(td,J=7.4,1.0Hz, 1 H), 6.71 (dd, J = 8.0, 0.9 Hz, 1 H), 4.41 (d, J = 9.3 Hz,
1 H), 422 (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). '*C NMR (101 MHz,
CDCl,) 6 159.75, 146.66, 144.20, 141.18 (m, Jr = 49.2 Hz), 138.70 (m, J = 79.7 Hz),
136.30, 136.06, 132.35, 130.75, 130.16, 129.71, 129.00, 123.44, 120.67, 111.18(m, J¢
=35.2 Hz), 109.76, 79.60 (t, Jr=2.9 Hz), 50.16, 36.25, 34.79, 31.80, 24.26, 20.99. '°F
NMR (376 MHz, CDCls) & -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 [C,sH,FsOS]™: 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. [a]p*’ = 2.4 (¢ = 0.5, CHCI,).

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

yl)butyl)oxazolidin-2-one (30).

Prepared according to typical procedure from allyl ether 10 (120.3 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 10:1) afforded the product 30 as a
colorless liquid (115.1 mg, 87% yield) with 90% ee. '"H NMR (400 MHz, CDCls) &
7.12(t,J=7.7Hz, 1 H),6.92(d,J=7.4Hz, 1 H),6.84 (t,]=7.4Hz, 1 H),6.70 (d, ] =
8.0Hz, 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=72Hz 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). BC NMR (101 MHz, CDCl5) 8 159.67, 158.38,
146.55, 144.11 (m, J = 49.2 Hz), 141.06, 138.44 (m, J r = 79.7 Hz), 135.94, 130.79,
128.83, 123.31, 120.50, 111.37 — 110.90 (m, Jg = 53.6 Hz), 109.59, 79.54 (d, Jr = 3.0
Hz), 61.54, 50.09, 44.33, 43.66, 36.73, 31.51, 27.52, 21.33. '”F NMR (376 MHz,
CDCl3) 6 -139.98 (dd, J =23.2, 8.0 Hz), -155.88 (t, ] =20.9 Hz), -162.42 (td, ] = 22.2,
7.8 Hz). HRMS (ESI) calculated for [M+H]* = [CyH;,FsNO;]+: 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. [a]p?° = 7.1 (¢ = 0.5, CHCI;).

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

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

Prepared according to typical procedure from allyl ether 1p (124.0 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,0O = 10:1) afforded the product 3p as a
colorless liquid (112.0 mg, 85% yield) with 91% ee. 'H NMR (400 MHz, CDCl;) 6
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, ] = 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).)3C NMR (101 MHz, CDCl3) 6 177.11, 159.72, 146.60,
144.15, 141.11 (m, J g = 49.2 Hz), 138.47 (m, J g = 79.7 Hz), 135.92 (d, Jr = 14.3 Hz),
130.76, 128.88, 123.37, 120.52, 111.97 — 110.88 (m, Jg = 109.2 Hz), 109.64, 79.54 (t,
Jr=2.7Hz), 60.31, 50.12, 38.23, 36.75, 31.62, 27.98 (d, Jr = 13.1 Hz), 21.59. 'F NMR
(376 MHz, CDCls) 6 -139.96 (dd, J =22.8, 8.0 Hz), -155.81 (t, ] = 21.0 Hz), -162.27 —
-162.42 (m). HRMS (ESI) calculated for [M+H]*" = [C,3H,1FsNO3]"™: 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. [a]p?° = 6.2 (¢ = 0.4, CHCI;).

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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Prepared according to typical procedure from allyl ether 1q (134.2 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 10:1) afforded the product 3q as a
white solid (112.3 mg, 77% yield) with 90% ee. 'H NMR (400 MHz, CDCls) 8 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, ] =
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). BC NMR (101 MHz, CDCls) 8 168.31, 159.71, 146.65, 144.20, 141.22 (m, J
r=49.2 Hz), 138.56 (m, J =79.7 Hz), 136.04, 133.99, 132.02, 130.55, 129.07, 123.43,
123.34, 120.74, 111.05 (m, Jg = 36.3 Hz), 109.81, 79.64(t, Jg = 2.9 Hz), 49.95, 37.99,
34.46, 31.55, 23.88. %F NMR (376 MHz, CDCl3) 8 -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
[CosHigFsNO3]*: 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. [a]p?* = 6.1 (¢ =

0.5, CHCL,).

7.18 Synthesis of (R)-1-(4-(3-((perfluorophenyl)methyl)-2,3-dihydrobenzofuran-3-
yl)butyl)benzo[cd]indol-2(1H)-one (3r).

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: Et,O = 10:1) afforded the product 3r as a
light yellow liquid (136.6 mg, 87% yield) with 92% ee. '"H NMR (400 MHz, CDCls) 6
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, ] = 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, ] =8.0 Hz, 1 H), 4.40 (d, ] = 9.3 Hz, 1 H), 4.25
(d, J=9.3 Hz, 1 H), 3.88 (t, ] = 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). 3C NMR (101 MHz, CDCl5) 6
167.99, 159.77, 146.64, 144.20, 141.16 (m, J f =49.2 Hz), 139.34, 138.57 (m, J g =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, Jr = 18.2 Hz), 109.69, 104.87, 79.64 (t, Jr = 2.8 Hz),
50.22, 39.81, 37.07, 31.69, 29.09, 21.84. '°’F NMR (376 MHz, CDCl3) & -139.89 (dd, J
=23.7, 8.0 Hz), -155.81 (t,J = 20.9 Hz), -162.26 — -162.41 (m, ] = 27.1, 16.1, 6.1 Hz).
HRMS (EI) calculated for [C30H,,FsNO,]™: 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. [0]p2 = 11.6 (¢ = 0.5, CHCls).

7.19  Synthesis of (3R)-3-(3-(((4R,6S5)-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

o

ubo

o .
A F
0) Y

g F F

3s

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

a flash column chromatography (hexanes: Et,O = 50:1) afforded the product 4s as a
colorless liquid (118.1 mg, 81% yield) with 18:1 dr. 'H NMR (400 MHz, CDCls)
7.15-7.09 (m, 1 H), 6.95 (d, ] = 7.4 Hz, 1 H), 6.87-6.83 (m, 1 H), 6.71 (d, ] = 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, ] = 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). *C NMR (101 MHz, CDCl;) &
159.74, 146.63, 144.19, 141.18 (m, J ¢ = 49.2 Hz), 138.60 (m, J ; = 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. F NMR (376 MHz, CDCl3) § -139.89 (dd, J = 23.3,
8.2 Hz), -155.72 (t, = 20.8 Hz), -162.31 (td, J = 22.0, 7.9 Hz). HRMS (ESI) calculated
for [M+H]" = [C3oH34F505]": 601.2220 found: 601.2225. [o]p2 = 46.7 (¢ = 0.3, CHCL;).

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

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

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

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

solid (124.7 mg, 83% vyield) with »20:1 dr. Mp: 161-162 °C. 'H NMR (400 MHz,
CDCP) 6 7.39 (dd, J = 5.2, 1.9 Hz, 3 H), 7.20 (dd, ] = 6.8, 2.7 Hz, 2 H), 7.16-7.11 (m,
1 H), 6.85 (d, ] = 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
=9.2Hz, 1 H), 4.16 (d, ] =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, ] = 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). *C NMR (101 MHz, CDCP) § 159.70, 158.18, 146.57,
144.14, 141.16 (m, J § = 49.2 Hz), 138.61 (d, J = 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, Ji = 2.8 Hz),
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69.72, 59.89,49.97, 42.38, 34.37, 31.49, 22.22. '9F NMR (376 MHz, CDC13) § -139.88
(dd, J = 23.0, 8.1 Hz), -155.49 (¢, J = 21.0 Hz), -162.10 (td, J = 22.4, 7.9 Hz). HRMS
(ESI) calculated for [M+H]* = [C,7H,3FsNOs]*: 504.1593 found: 504.1598. [a]p?° =
44.637 (¢ = 0.5, CHCL,).

7.21 Synthesis of (5)-2,5,7,8-tetramethyl-6-(3-((R)-3-((perfluorophenyl)methyl)-
2,3-dihydrobenzofuran-3-yl)propoxy)-2-((4S,8S5)-4,8,12-trimethyltridecyl)chromane
(3u).

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

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

yellow liquid (184.1 mg, 80% yield) with >20:1 dr. 'H NMR (400 MHz, CDCI3) &
7.18 (td, ] = 7.7, 1.4 Hz, 1 H), 7.05 (d, J = 7.4 Hz, 1 H), 6.91 (t, ] = 7.4 Hz, 1 H), 6.78
(d,J=8.0Hz, 1H),4.52(d,J=9.3Hz, 1 H),4.39(d,J=9.3Hz, 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). 3C NMR (101 MHz, CDCI3) § 159.89, 147.99, 147.77,
146.69, 144.25, 141.22 (m, J ¢ = 49.2 Hz), 138.63 (m, J ¢ = 79.7 Hz), 136.09, 130.89,
128.94, 127.67, 125.65, 123.45, 122.86, 120.66, 117.51, 111.29(m, Jr = 35.2 Hz),
109.74, 79.61(t, Jg = 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. ’F NMR (376 MHz, CDC13) 4 -139.73
(dd, J =22.9, 8.1 Hz), -155.76 (t, ] = 21.0 Hz), -162.32 (td, J = 22.4, 7.9 Hz). HRMS
(ESI) calculated for [M+H]" = [C47HgsFsO3]": 771.4770 found: 771.4791. [a]p®° =
15.719 (¢ = 0.5, CHCL,).
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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).

Prepared according to typical procedure from allyl ether 4a (90.7 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 5a as a
colorless liquid (71.7 mg, 70% yield) with 93% ee. 'H NMR (400 MHz, CDCl5) 6 6.77
(s, 1 H), 6.59 (s, 1 H), 4.44 (d, ] =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). >*C NMR (101 MHz,
CDCly) & 157.57, 146.66, 144.19, 138.62, 137.12, 136.10, 130.55, 128.59, 123.58,
111.66(m, Jg = 36.3 Hz), 111.00,107.14, 82.14 (t, Jr = 2.8 Hz), 46.64, 32.68, 23.90,
20.14, 19.28. 'F NMR (376 MHz, CDCl3) & -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 [C,gH;5F50]":
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. [a]p?* = -23.4 (¢ = 0.3, CHCI;).

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

Prepared according to typical procedure from allyl ether 4b (87.6 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 5b as a
white solid (58.6 mg, 60% yield) with 87% ee. Mp: 80-82 °C. '"H NMR (400 MHz,
CDCl,) 6 6.83 (td, ] = 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, ] = 1.2 Hz, 3 H). 3C NMR (101
MHz, CDCl;) 6 158.84, 156.48, 155.22, 146.58 (d, Jg = 10.5 Hz), 144.13 (d, J; =9.2
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Hz), 141.31, 138.72 (d, J; = 15.0 Hz), 136.05 (d, Jg = 16.3 Hz), 134.56 (d, J; = 7.7 Hz),
115.03 (d, Jg = 24.1 Hz), 111.03 (t, Jg = 17.1 Hz), 110.24-109.91 (m, Jr = 33.1 Hz),
82.59 (t, Jr = 2.5 Hz), 47.04, 32.62, 23.61. '°F NMR (376 MHz, CDCl3) 6 -123.49 (d,
J=8.2 Hz), -140.42 (dd, J = 23.1, 8.3 Hz), -155.48 (t, ] = 21.1 Hz), -162.03 — -162.17
(m). HRMS (EI) calculated for [CisH0FsO]": 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.

[0]p2 = -15.5 (¢ = 0.5, CHCl;).

7.24  Synthesis of methyl (R)-3-methyl-3-((perfluorophenyl)methyl)-2,3-
dihydronaphtho[2,3-b]furan (5¢).

5c

Prepared according to typical procedure from allyl ether 4¢ (97.3 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 5c as a
white solid (86.1 mg, 79% yield) with 90% ee. Mp: 151-152 °C. '"H NMR (400 MHz,
CDCI3) 6 7.74-7.69 (m, 2 H), 7.45-7.39 (m, 2 H), 7.32 (t, ] = 7.6 Hz, 1 H), 7.11 (s, 1
H),4.56 (d,J=8.9Hz 1 H),4.18 (d,]=8.9Hz 1 H),3.11 (q, J = 13.8 Hz, 2 H), 1.48
(s, 3 H). 3C NMR (101 MHz, CDCI3) & 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, J§
= 33.6 Hz), 104.47, 82.21 (t, Jr = 2.8 Hz), 46.27, 32.72, 23.71. '°F NMR (376 MHz,
CDCI3) § -140.14 (dd, J = 22.6, 8.3 Hz), -155.53 (t, ] = 20.9 Hz), -162.03 (td, J = 22.4,
8.0 Hz). HRMS (EI) calculated for [C,oH;3FsO]": 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. [o]p?° = 40.8 (¢ = 0.3, CHCI3).

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

Prepared according to typical procedure from allyl ether 1y (115.3 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 10:1) afforded the product 4y as a
colorless liquid (109.3 mg, 86% yield) with 87% ee. 'H NMR (400 MHz, CDCl3) 6 7.00
(d,J=7.6 Hz, 1 H), 6.89 (dd,J=7.6, 1.4 Hz, 1 H), 6.76 (d,J =13 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). 3C NMR (101 MHz, CDCls) 6 169.80, 159.29,
146.55, 144.10, 141.15, 138.50, 137.51, 136.00, 134.20, 122.87, 119.20, 111.13(m, J¢
= 35.4 Hz), 108.22, 82.34 (d, Jr = 2.6 Hz), 48.58, 46.59, 43.01, 32.81, 26.39, 25.57,
24.51, 23.51. %F NMR (376 MHz, CDCls) & -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]* = [CyH,FsNO,]*: 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.

[o]p2 = -35.4 (c = 0.4, CHCl,).

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

((perfluorophenyl)methyl)indoline-1-carboxylate (Se).

Prepared according to typical procedure from allyl ether 4e (121.0 mg, 0.3 mmol), after
a flash column chromatography (hexanes: Et,O = 10:1) afforded the product Se as a
yellow liquid (111.4 mg, 84% yield) with 82% ee. "H NMR (400 MHz, CDCl3) 8 7.66-
7.28 (m, 1 H), 6.72 (dd, J = 8.8, 2.6 Hz, 1 H), 6.62 (d, ] =27.6 Hz, 1 H), 4.02 (d, J =
11.4 Hz, 1 H), 3.75 (s, 3 H), 3.54 (d, ] =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, ] = 1.4 Hz, 3 H). 3C NMR (101 MHz, CDCl) § 155.60, 152.02,
146.61, 144.16, 141.07, 138.50 (dd, Jg = 17.3, 10.9 Hz), 138.07, 135.98 (t, Jp = 15.6
Hz), 135.51, 115.27, 112.87, 111.91-110.33 (m, Jg = 158.2 Hz), 109.10, 80.34, 59.85
(d, J = 2.7 Hz), 55.63, 44.22, 33.59, 28.24, 24.16. '°F NMR (376 MHz, CDCI;) 5 -
139.91 —-140.39 (m), -155.83 —-156.13 (m), -162.52 (td, J =22.1, 8.1 Hz). HRMS (EI)
calculated for [Cy,H,FsNOs]*: 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.

[o]p2 =-12.5 (¢ = 0.5, CHCl,).

7.27 Synthesis of  (R)-1-methyl-1-((perfluorophenyl)methyl)-2,3-dihydro-1H-
indene (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. 'H NMR (400 MHz, CDCl3) & 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, ] = 12.8, 8.5 Hz,
1 H), 1.32 (t, J=1.7 Hz, 3 H). C NMR (101 MHz, CDCl;) 6 149.46, 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. 9F NMR (376 MHz, CDCl3) & -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 [Ci;H3Fs]": 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. [a]p?® = -4.5 (c

= 0.5, CHCL).

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

Prepared according to typical procedure from 6a (135.1 mg, 0.9 mmol), after a flash
column chromatography (hexanes: Et,O = 100:1) afforded the product 6a as a colorless
liquid (59.4 mg, 67% yield) with 91% ee. '"H NMR (400 MHz, CDCl3) 6 7.16 (td, J =
7.7, 1.4 Hz, 1 H), 7.03 (dd, ] = 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=8.9Hz, 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). 3C NMR
(101 MHz, CDCl3) & 159.31, 147.57- 145.79 (dm, Jg = 21.2 Hz), 145.04 — 143.33 (dm,
Je=171.3 Hz), 133.45, 128.70, 122.81, 120.67, 117.42 (t, J, = 18.3 Hz), 109.85, 104.53
(t, Js=22.7 Hz), 82.19 (t, Jr = 2.6 Hz), 46.72, 33.21 (d, Jr = 2.1 Hz), 23.84 (d, J = 2.1
Hz). °F NMR (376 MHz, CDCl3) & -139.34 — -139.55 (m), -140.87 — -140.99 (m).
HRMS (EI) calculated for [CicH2F4O]": 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.

[o]p2 =31.0 (c = 0.5, CHCl;).

7.29 Synthesis of (R)-2,3,5,6-tetrafluoro-4-((3-methyl-2,3-dihydrobenzofuran-3-
yl)methyl)pyridine (7b).

Prepared according to typical procedure from 6b (136.0 mg, 0.9 mmol), after a flash
column chromatography (hexanes: Et,O = 50:1) afforded the product 7b as a white
solid (62.7 mg, 70% yield) with 90% ee. Mp: 80-82 °C. 'H NMR (400 MHz, CDCI3) &
7.17(td,J=7.7,14Hz, 1 H), 7.01 (d,J=7.4Hz, 1 H), 6.89 (t, J =7.4 Hz, 1 H), 6.77
(d,J=8.0Hz, 1 H),4.53 (d,J=9.1 Hz, 1 H), 4.13 (d, ] = 9.1 Hz, 1 H), 3.18-3.06 (m,
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2 H), 1.47 (s, 3 H). *C NMR (101 MHz, CDCI®) 6 159.23, 143.44 (d, Jr = 258.4 Hz),
139.31, 132.33, 131.17 (d, Jg = 17.4 Hz), 129.13, 122.71, 120.92, 110.06, 82.06 (t, Jr =
2.5 Hz), 46.85, 34.19, 23.73. 'F NMR (376 MHz, CDCI®) § -91.27 — -91.45 (m), -
141.91 — -142.09 (m). HRMS (EI) calculated for [C;sH;;F;NO]": 297.0771 found:
297.0773. Enantiomeric excess was determined by HPLC with a Chiralpak TA column
(hexanes: 2-propanol = 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 12.1 min,

major enantiomer tr = 15.9 min. [a]p?® =-13.3 (¢ = 0.4, CHCI3).

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

dihydrobenzofuran (7c¢).

Prepared according to typical procedure from 6c (162.1 mg, 0.9 mmol), after a flash
column chromatography (hexanes: Et,O = 50:1) afforded the product 7¢ as a colorless
liquid (80.0 mg, 82% yield) with 88% ee. 'H NMR (400 MHz, CDCl3) 6 7.16 (td, J =
7.6,1.4Hz, 1 H),7.03 (dd, J=7.4, 1.4 Hz, 1 H), 6.89 (td, ] = 7.4, 1.0 Hz, 1 H), 6.79
(dd, J=8.0,0.9 Hz, 1 H), 4.51 (d,J=8.9Hz, 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,
CDCly) o 159.31, 146.77, 144.30, 141.84, 139.39, 133.59, 128.63 (d, Jr = 2.8 Hz),
122.82, 120.63, 109.80, 82.15 (d, Jr = 2.9 Hz), 62.04 (t, Jr = 3.6 Hz), 46.67, 32.62,
23.88.19F NMR (376 MHz, CDCl;) 6 -142.03 — -142.37 (m), -158.21 — -158.55 (m).
HRMS (EI) calculated for [C7H4F40;]": 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. [o]p2 = -20.1 (c = 0.5, CHCL;).

7.31 Synthesis of (R)-3-(4-(tert-butoxy)-2,3,5,6-tetrafluorobenzyl)-3-methyl-2,3-
dihydrobenzofuran (7d).
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Prepared according to typical procedure from allyl ether 6d (200.0 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,0 = 50:1) afforded the product 7d as a
colorless liquid (95.8 mg, 87% yield) with 87% ee. 'H NMR (400 MHz, CDCl5) & 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
=7.9,0.8Hz, 1 H),4.53 (d,J=8.9Hz 1 H),4.11 (d, ] =8.9 Hz, 1 H), 3.06-2.95 (m, 2
H), 1.40 (dt, J = 2.3, 1.2 Hz, 12 H). 3C NMR (101 MHz, CDCl;) 6 159.38, 146.70,
144.48-144.28 (m, Jg = 20.0 Hz)), 141.88, 133.50, 132.70, 128.65, 122.87, 120.61,
111.20 (t,Jg=18.9 Hz), 109.76, 84.73, 82.35(t, Jy = 2.9 Hz), 46.74, 32.91, 28.33, 23.82.
9F NMR (376 MHz, CDCl5) 6 -142.62 (dd, J =22.6, 9.3 Hz), -152.11 (dd, ] =23.0, 9.3
Hz). HRMS (EI) calculated for [Cy)H;0F40,]": 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. [a]p?’ = -22.5 (¢ = 0.5, CHCI,).

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

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

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

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

white solid (114.4 mg, 87% yield) with 90% ee. Mp: 120-122 °C. '"H NMR (400 MHz,
CDCl;) 6 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)."*C NMR (101 MHz,
CDCls) 6 159.39, 153.15, 146.98, 144.51 (dm, Jg = 12.8 Hz), 142.59 (dm, Jp = 17.4
Hz), 140.08 (dm, Jr = 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, Jr = 18.9 Hz),
109.83, 107.44, 82.25 (t, Jr = 2.5 Hz), 46.78, 33.04, 23.85. °’F NMR (376 MHz, CDCl3)
0 -140.57 (dd, J = 22.2, 9.6 Hz), -154.55 — -154.68 (m). HRMS (EI) calculated for
[CosH sF40;,]": 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. [a]p?* =-10.5 (¢ =

0.5, CHCL).

7.33 Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-(naphthalen-2-
yloxy)benzyl)-2,3-dihydrobenzofuran (7f).

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

a flash column chromatography (hexanes: Et,0 = 50:1) afforded the product 7f as a

white solid (112.2 mg, 85% yield) with 93% ee. Mp: 125-127 °C. '"H NMR (400 MHz,
CDCl;) 6 7.85 (t, ] =8.3 Hz, 2 H), 7.72 (dd, ] = 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, ] = 8.0, 0.7 Hz, 1 H), 4.59 (d, ] = 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). 3.C NMR (101
MHz, CDCl;) 6 159.47,155.11, 147.02, 144.58, 142.71 (dm, Jg = 14.9 Hz), 140.30 (dm,
Je=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, Jr = 18.0 Hz), 110.16, 109.89, 82.34, 46.87,

33.16, 23.95. 9F NMR (376 MHz, CDCl3) § -140.59 (dt, J = 19.8, 8.9 Hz), -154.60 (dd,

J=21.5,9.4 Hz). HRMS (EI) calculated for [C,sHgF4,O,]": 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. [a]p?° =-2.5 (¢ = 0.3, CHCI;).

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).

Prepared according to typical procedure from allyl ether 6g (275.7 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,O = 50:1) afforded the product 7g as a
white solid (116.4 mg, 86% yield) with 90% ee. Mp: 81-83 °C. 'H NMR (400 MHz,
CDCl;) 6 8.06 (d,J=8.5Hz, 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, ] =8.0 Hz, 1 H), 4.57 (d,J =9.0 Hz, 1 H),
4.16 (d, ] =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).
3C NMR (101 MHz, CDCl3) 8 159.37, 152.04, 146.94, 144.50, 142.62(dm, Jp = 15.2
Hz), 140.15 (dm, Jg = 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, Jr = 19.0
Hz)), 109.84, 82.25 (t, Jr = 2.8 Hz), 46.77, 32.96, 23.86, 10.90. '°F NMR (376 MHz,
CDCls) 6 -140.96 (dd, J =22.4, 9.5 Hz), -155.72 — -155.80 (m). HRMS (EI) calculated
for [C,7H,0F40,]": 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. [a]p?* =-11.4 (¢=0.5,

CHCL;).

7.35  Synthesis of (R)-3-methyl-3-(2,3,5,6-tetrafluoro-4-phenoxybenzyl)-2,3-
dihydrobenzofuran (7h).
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Prepared according to typical procedure from allyl ether 6h (218.0 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,0 = 50:1) afforded the product 7h as a
white solid (105.6 mg, 90% yield) with 90% ee. Mp: 59-60 °C. 'H NMR (400 MHz,
CDCl,) 6 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, ] = 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). 3C NMR (101 MHz, CDCl;) §
159.37, 157.18, 146.97 (dm, Jg=11.7 Hz), 144.47, 142.60 (dm, Jg = 16.0 Hz), 140.11
(dm, Jg = 16.5 Hz), 133.27, 132.12, 129.77, 128.78, 123.64, 122.87, 120.72, 115.44,
112.58 (t, Jr = 18.9 Hz), 109.83, 82.26 (t, Jr = 2.9 Hz), 46.78, 33.02, 23.86. 'F NMR
(376 MHz, CDCl;) 6 -140.81 (dd, ] =22.3,9.5 Hz), -154.69 — -154.81 (m). HRMS (EI)
calculated for [C,,H 6F40;]": 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.

[0]p2 = -15.6 (c = 0.5, CHCl;).

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

dihydrobenzofuran (7i).

7i
Prepared according to typical procedure from allyl ether 6i (230.6 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,O = 50:1) afforded the product 7i as a
white solid (103.7 mg, 86% yield) with 90% ee. Mp: 92-94 °C. 'H NMR (400 MHz,
CDClI3) 6 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=9.0Hz, 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=1.2Hz, 3 H). ®C NMR (101 MHz, CDCl;) 8 159.42, 155.28, 146.97-146.81 (dm,
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Je=16.0 Hz), 144.62-144.37 (dm, Jg = 25.3 Hz), 142.67 (dm, J f = 16.0 Hz), 140.18
(dm, Jp = 16.4 Hz), 133.35, 133.23, 132.56, 130.21, 128.80, 122.91, 120.75, 115.40,
112.37 (t, Jr=19.0 Hz), 109.86, 82.31 (t, Jr = 2.9 Hz), 46.82, 33.04, 23.90, 20.60. '°F
NMR (376 MHz, CDCl;) & -140.97 (dd, J = 22.2, 9.3 Hz), -154.86 — -154.94 (m).
HRMS (EI) calculated for [Cy3H;gF4O,]": 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. [a]p2 =-10.3 (c = 0.5, CHCL;).

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

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

F OMe
3
Oo
(e} F =
7j

Prepared according to typical procedure from allyl ether 6j (245.0 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,0O = 30:1) afforded the product 7j as a
white solid (107.5 mg, 86% yield) with 89% ee. Mp: 60-62 °C. 'H NMR (400 MHz,
CDCl3) 6 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, ] = 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, CDCl;) & 159.35, 155.85, 151.28, 146.95-146.75 (dm, Jr = 20.2 Hz), 144.55-
144.35 (dm, Jg=20.2 Hz), 142.65-142.50 (dm, Jg= 15.2 Hz), 140.17-139.97 (dm, J¢
=20.2 Hz), 133.30, 133.02, 128.72, 122.84, 120.67, 116.80, 114.69, 112.15 (t,Jr = 18.9
Hz), 109.78, 82.20 (t, Jr = 2.8 Hz), 55.58, 46.72, 32.92, 23.80. '°’F NMR (376 MHz,
CDCl,) 6 -140.97 (dd, J = 22.3, 9.4 Hz), -155.01 — -155.16 (m). HRMS (EI) calculated
for [C3H gF4053]": 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. [a]p?* = -10.0 (¢ =

0.5, CHCL).
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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).

F CFs
3
°
g F F
7k

Prepared according to typical procedure from allyl ether 6k (279.2 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,0O = 50:1) afforded the product 7k as a
white solid (119.1 mg, 87% yield) with 92% ee. Mp: 79-81 °C. 'H NMR (400 MHz,
CDCl3) 6 7.63-7.60 (m, 2 H), 7.19-7.14 (m, 1 H), 7.09-7.01 (m, 3 H), 6.91 (td, ] = 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, = 1.1 Hz, 3 H). 13C NMR (101 MHz, CDCl3) &
159.40, 159.30, 147.09-146.84 (tm, Jp = 25.3 Hz), 144.63-144.39 (tm, Jg = 24.2 Hz),
142.46-142.23 (dm, Jg = 20.2 Hz), 139.97-139.73 (dm, Jg = 24.2 Hz), 133.06, 131.13,
128.85, 127.33 (q, Jr = 3.7 Hz), 126.02 (q, Jr = 33.0 Hz), 123.91 (q, Jg = 270.0 Hz),
122.90, 120.76, 115.53, 113.54 (t, Jg= 18.7 Hz), 109.81, 82.25 (d, Jr = 2.8 Hz), 46.82,
33.16, 23.87. 1F NMR (376 MHz, CDCl;) 3 -61.93, -140.08 (dd, J = 22.3, 9.6 Hz), -
154.46 — -154.55 (m). HRMS (EI) calculated for [Cy3H;5F;,0,]+: 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. [a]p?* = -7.6 (¢ = 0.5, CHCI;). 3C NMR (101
MHz, CDCl;) 6 126.02 (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 (71).
F
Cry <
7l

Prepared according to typical procedure from allyl ether 61 (203.6 mg, 0.9 mmol), after
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a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 71 as a
white solid (96.1 mg, 86% yield) with 87% ee. Mp: 79-80 °C. 'H NMR (400 MHz,
CDCl3) 6 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=7.4,1.0Hz, 1 H), 6.84 (d, ] =8.0 Hz, 1 H), 4.60 (d, ] = 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). ®*C NMR (101
MHz, CDCl3) 6 159.32, 146.72 (tm, Jr = 9.6 Hz), 144.83 (dm, Jg = 15.5 Hz), 144.38-
144.27 (tm, Jg = 12.1 Hz), 142.50-142.30 (dm, Jg = 20.2 Hz), 133.66, 130.13-130.09
(tm, Jr = 4.0 Hz), 129.03, 128.69, 128.56, 127.44, 122.84, 120.70, 119.44-119.11 (tm,
Je =33.3 Hz), 115.54 (t, Jr = 18.6 Hz), 109.87, 82.15 (t, Jg = 2.6 Hz), 46.80, 33.10,
23.99. 9F NMR (376 MHz, CDCl;) 6 -141.16 (dd, J =23.2, 12.5 Hz), -144.47 (dd, J =
22.7,12.7 Hz). HRMS (EI) calculated for [Cy,H;cF,O]*: 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. [a]p?° = -26.2 (¢ = 0.5, CHCl5).

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

dihydrobenzofuran (7m).

Prepared according to typical procedure from allyl ether 6m (279.2 mg, 0.9 mmol),
after a flash column chromatography (hexanes: Et,O = 100:1) afforded the product 7m
as a white solid (98.5 mg, 85% yield) with 88% ee. Mp: 90-92 °C. 'H NMR (400 MHz,
CDCl,) 6 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=7.4,1.0Hz, 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=9.0Hz, 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). 3C NMR (101 MHz, CDCl3) 8 159.30, 146.25 (dm, Jg = 16.2 Hz), 145.94, 143.84,
143.51 (dm, Jg = 33.3 Hz), 137.77, 133.71, 128.69, 128.65, 128.43, 126.79, 122.82,
120.65, 118.11 (t, Jr=18.7 Hz), 114.66 (t, Jr = 18.6 Hz), 109.84, 82.16 (t, Jr = 2.8 Hz),
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46.74, 33.00, 28.59, 23.92. '°F NMR (376 MHz, CDCls) 6 -141.43 (dd, J =22.7, 12.8
Hz), -144.25 (dd, J = 22.7, 12.7 Hz). HRMS (EI) calculated for [Cy3;H;sF4O5]":
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. [a]p?® = -22.5 (¢ = 0.5,

CHCL;).

7.41 Synthesis of (R)-1-(2,3,5,6-tetrafluoro-4-((3-methyl-2,3-dihydrobenzofuran-
3-yl)methyl)phenyl)-1H-indole (7n).

Prepared according to typical procedure from allyl ether 6n (238.7 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,0O = 50:1) afforded the product 7n as a
white solid (105.7 mg, 86% yield) with 91% ee. Mp: 130-132 °C. '"H NMR (400 MHz,
CDCl) 6 7.72-7.71 (m, 1 H), 7.33-7.27 (m, 1 H), 7.26-7.11 (m, 5 H), 6.95 (td, ] = 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). 3C
NMR (101 MHz, CDCl;) 6 159.43, 146.98 (tm, Jp = 74.7 Hz), 144.52, 143.84 (dm, J¢
=16.3 Hz), 141.41-141.25 (dm, Jg = 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, Jr = 18.8 Hz), 110.45,
109.99, 105.49, 82.25 (t, Jr=2.6 Hz), 46.97, 33.37, 24.01. °’F NMR (376 MHz, CDCl3)

0 -139.70, -146.64 (dd, J =21.9, 10.2 Hz). HRMS (EI) calculated for [C,4H7F4;NO]*:

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. [o]p?® = -18.1 (¢ = 0.5,

CHCl,).

7.42 Synthesis of (R)-3-methyl-3-(2,3,6-trifluorobenzyl)-2,3-dihydrobenzofuran
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(70).

Prepared according to typical procedure from allyl ether 60 (118.8 mg, 0.9 mmol), after
a flash column chromatography (hexanes: Et,O = 50:1) afforded the product 70 as a
colorless liquid (41.5 mg, 51% yield) with 68% ee. 'H NMR (400 MHz, CDCl5) 6 7.19
-7.13 (m, 1 H), 7.08-6.98 (m, 2 H), 6.88 (t, ] = 7.4 Hz, 1 H), 6.81-6.75 (m, 2 H), 4.55
(d,J=89Hz, 1H),4.11 (d,J=89Hz, 1 H), 3.04 (qt, J = 13.6, 1.9 Hz, 2 H), 1.39 (s,
3 H). BC NMR (101 MHz, CDCls) 159.39, 158.13 (d, Jr = 6.4 Hz), 155.68, 151.05—
148.22 (dm, Jg = 230.3 Hz), 148.24-145.29 (dm, Jr = 231.3 Hz), 134.02, 128.55,
122.94, 120.59, 116.03 (dd, Jg = 22.4, 16.7 Hz), 115.26 (m, Jg = 19.3 Hz), 110.36 (m,
J =259 Hz), 109.82, 82.34 (t, J = 2.8 Hz), 46.75, 32.94 (d, Jr = 1.6 Hz), 24.01 (d, J§
= 1.9 Hz). "F NMR (376 MHz, CDCl5) 6 -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 [C,4H;7;F4NO]*:
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. [a]p?’ =-12.0 (¢ = 0.4, CHCl5).

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

(7p).

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

a flash column chromatography (hexanes: Et,O = 50:1) afforded the product 7p as a
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colorless liquid (39.9 mg, 51% yield) with 67% ee. 'H NMR (400 MHz, CDCl;) 6 7.14
(td,J=7.7,1.4Hz, 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, ] =89 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). B3C NMR (101 MHz, CDCl5)
0 163.41-162.20 (dm, Jg = 122.2 Hz), 161.57-159.95 (dm, Jg = 163.6 Hz), 159.42,
134.07, 128.46, 122.98, 120.51, 110.10, 109.77, 101.35-96.86 (dm, Jr = 453.5 Hz),
82.38 (t, Jr=2.8 Hz), 46.68, 32.27,23.97 (t, Jr = 1.8 Hz). '°F NMR (376 MHz, CDCl;)
o -109.01 — -109.18 (m), -109.88 — -110.10 (m). HRMS (EI) calculated for
[Co4H 7 F4NO]J*: 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. [a]p?’ =-14.4 (¢ =

0.4, CHCL).

7.44  Synthesis of (R) -2-((3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-5-phenyl-
1,3,4-oxadiazole (9a).

9a

Prepared according to typical procedure B from 8a (44.0 mg, 0.3 mmol), after a flash
column chromatography (hexanes: Et,O = 5:1) afforded the product 9a as a white solid
(62.0 mg, 72% yield) with 91% ee. Mp: 85-86 °C. 'H NMR (400 MHz, CDCl;) 6 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).]3C NMR (101
MHz, CDCl;) 6 164.90, 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 [C,4H;7F4NO]*:
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. [a]p?° = -11.5 (¢ = 0.3,

CHCL;).
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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).

9 OMe
Prepared according to typical procedure B from 8b (52.4 mg, 0.3 mmol), after a flash
column chromatography (hexanes: Et,O = 3:1) afforded the product 9b as a white solid
(68.8 mg, 72% yield) with 90% ee. Mp: 91-92 °C. 'H NMR (400 MHz, CDCl;) & 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=09.1,1.1 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). *C NMR (101 MHz, CDCls) 5 164.89,
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 [C,4H7F4NO]*:
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. [a]p?°=-9.1 (¢ = 0.4, CHCl5).

7.46  Synthesis of (R) -1-(5-((3-methyl-2,3-dihydrobenzofuran-3-
yl)methyl)thiophen-2-yl)ethan-1-one (9¢).

Prepared according to typical procedure B from 8¢ (40.2 mg, 0.3 mmol), after a flash
column chromatography (hexanes: Et,O = 10:1) afforded the product 9¢ as a yellow
solid (41.4 mg, 52% yield) with 92% ee. Mp: 78-79 °C. 'H NMR (400 MHz, CDCl3) &
7.31(d,J=5.4Hz 1H),7.14(td,J=7.1,1.5 Hz,2 H), 7.02 (d, ] = 5.4 Hz, 1 H), 6.91
(td,J=7.4,1.0Hz, 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=9.0Hz, 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). *C NMR (101 MHz, CDCl3) 13C NMR (101 MHz, CDCI3) & 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 [C,4H;7F4sNO]*": 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. [a]p?° = 85.6 (¢ = 0.3, CHCl;).

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

s 0

9d

dihydrobenzofurane (9d).

Prepared according to typical procedure from 8d (120.6 mg, 0.9 mmol), after a flash
column chromatography (hexanes: Et,O = 20:1) afforded the product 9d as a yellow
solid (64.0 mg, 76% yield) with 90% ee. Mp: 62-63 °C 'H NMR (400 MHz, CDCl3) &
IH NMR (400 MHz, CDCI3) 6 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). 3C NMR
(101 MHz, CDCl3) & 13C NMR (101 MHz, CDCI3) 6 159.66, 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 [C,4H7F4NO]*": 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. [a]p?’ = 9.0 (¢ = 0.3, CHCIly).

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

yl)methyl)benzofurane (9e).
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9e
Prepared according to typical procedure from 8e (120.6 mg, 0.9 mmol), after a flash
column chromatography (hexanes: Et,0O = 20:1) afforded the product 9e as a yellow
solid (59.2 mg, 76% yield) with 90% ee. 'H NMR (400 MHz, CDCl3) 8 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, ] = 8.9, 1.6 Hz, 1 H),
420 (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). 3C NMR
(101 MHz, CDCl3) 6 159.39, 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 [CyH7F4NO]*: 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.

[0]p2 = 3.7 (c = 0.3, CHCL;).

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) !.

3i (112.8 mg, 0.3 mmol) and CuSO,4 (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
Nal (225.0 mg, 1.5 mmol, 5.0 equiv) were suspended in acetone (1.2 mL) and the
reaction mixture was stirred under 80°C for 10 h. The solvent was removed under
reduced pressure and the residue was purified by flash column chromatography
(hexanes: Et,0 =40:1) to provide analytical pure product 8 as colorless liquid (100 mg,

97% yield) with 92% ee. 'H NMR (400 MHz, CDCl3) 6 7.15 (td, J = 7.7, 1.4 Hz, 1 H),
a1



6.98(d,J=7.4Hz, 1 H),6.88(t,J=7.4Hz 1 H),6.73 (d,J=8.0Hz, 1 H),4.44 (d,J
=93 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). ®C NMR (101 MHz, CDCl;) 8 159.76, 146.68, 144.24, 141.26, 138.77,
136.11, 130.46, 129.17, 123.41, 120.77, 110.98 (tm, Jg = 38.4 Hz), 109.87, 79.56 (d, J§
=3.2 Hz), 49.89, 38.34, 31.89, 28.53, 6.27. '°F NMR (376 MHz, CDCl3) 4 -139.81 (dd,
J=23.2,8.2 Hz), -155.45 (t, ] = 21.0 Hz), -162.11 (td, J = 22.1, 7.7 Hz). HRMS (EI)
calculated for [C;gH4FsIO]": 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.

[0]p2 = 12.5 (c = 0.5, CHCly).

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

yl)propan-1-ol (9) 2.

3i (112.8 mg, 0.3 mmol) and CuSO,4 (48 mg, 0.3 mmol, 1.0 equiv) were suspended in
H,0 (0.35 mL) and DMSO (0.8 mL). The reaction mixture was stirred under 100°C for
72 h and extracted with EA. The combined organic phases were washed with brine,
dried over anhydrous Na,SO,, and concentrated at the reduced pressure. The residue
was purified by flash silica gel column chromatography (hexanes: Et,0O = 3:1) to
provide analytical pure product 9 as colorless liquid (62 mg, 58% yield) with 89% ee.
'"H NMR (400 MHz, CDCI13) 6 7.13 (t,J =7.7 Hz, 1 H), 6.97 (d, J = 7.4 Hz, 1 H), 6.86
(t,J=7.4Hz, 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). 3C NMR (101 MHz, CDCI3) 4 159.81, 146.68, 144.25, 141.20,
138.71, 130.89, 128.99, 123.42, 120.67, 111.20 (tm, Jg = 38 Hz), 109.76, 79.64 (t, Jr =
2.9 Hz), 62.82, 50.06, 33.64, 31.82, 27.79. ’"F NMR (376 MHz, CDCI3) 6 -139.87 (dd,
J=23.0,8.2 Hz), -155.74 (t, ] = 21.0 Hz), -162.28 (td, J = 22.5, 7.9 Hz). HRMS (EI)
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calculated for [CigH sFsO]™: 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.

[0]p2 = 16.6 (c = 0.5, CHCl,).

8.3 Synthesis of (R)-3-(3-chloropropyl)-3-(2,3,5,6-tetrafluoro-4-(phenylthio)benzyl)-
2,3-dihydrobenzofuran (10) '.

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°C 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
Na,SO,, and concentrated at the reduced pressure. The residue was purified by flash
silica gel column chromatography (hexanes: Et,O = 30:1) to provide analytical pure
product 10 as colorless liquid (65.9 mg, 71% yield) with 92% ee. 'H NMR (400 MHz,
CDCly) 6 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=74Hz, 1 H),6.73 (d,J=8.0Hz, 1 H),4.50 (d,J=9.3 Hz, 1 H),4.28 (d,J] =94
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). BC NMR (101 MHz, CDCl;) 8 159.80, 148.06 (dm, Jr = 14.9 Hz), 146.68,
145.60 (dm, Jg = 14.5 Hz), 144.29, 133.30, 130.59, 130.15, 129.32, 129.13, 127.66,
123.46, 120.75, 117.77(t, Jg = 39.4 Hz), 112.25 (tm, Jr = 38.0 Hz), 109.81, 79.70 (t, J§
= 3.1 Hz), 50.16, 44.98, 34.87, 32.54, 27.84. 1F NMR (376 MHz, CDCls) 6 -133.24 —
-133.38 (m), -139.14 (dd, J = 24.3, 12.0 Hz). HRMS (ESI) calculated for [M+H]* =
[Co4H,oCIF4OS]*: 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. [a]p?* = 24.5 (c

= 0.3, CHCL).
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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) !.

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°C 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
Na,SO,, and concentrated at the reduced pressure. The residue was purified by flash
silica gel column chromatography (hexanes: Et,0O = 30:1) to provide analytical pure
product 11 as colorless liquid (87.2 mg, 81% yield) with 92% ee. 'H NMR (400 MHz,
CDCl,) 6 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
=7.5,1.1Hz, 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). 3C NMR (101 MHz, CDCl;) & 159.78, 148.06 (dm,
Jg = 18.8 Hz), 146.70, 145.59 (dm, Jg = 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, J§
=39.4Hz), 111.97 (d, Jr=20.2 Hz), 109.73, 79.79 (t, J;=2.9 Hz), 50.39, 36.37, 34.04,
32.50, 24.24. 9F NMR (376 MHz, CDCl;) & -133.31 — -133.40 (m), -139.12 (dd, J =
24.4,12.2 Hz). HRMS (ESI) calculated for [M+H]" = [C5oH,sF40S,]": 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. [a]p*’ = 7.7 (¢ = 0.5, CHCIy).

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.
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12

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°C 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 Na,SO,, and
concentrated at the reduced pressure. The residue was purified by flash silica gel
column chromatography (hexanes: Et,O = 30:1) to provide analytical pure product 12
as yellow liquid (74.8 mg, 79% yield) with 90% ee. 'H NMR (400 MHz, CDCI?) § 7.71
(d,J=7.7Hz, 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, | 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). 3C NMR (101 MHz, CDCI3) 8 159.80, 146.92, 144.50, 143.83 (dm, Jr
=17.2 Hz), 141.32 (dm, Jg = 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, Jr = 38.2 Hz), 110.38, 109.83,
105.44, 79.57, 50.16, 44.95, 34.94, 32.36, 27.81. ’F NMR (376 MHz, CDCD) 6 -

139.24, -146.45 (dt, J = 23.6, 11.1 Hz). HRMS (EI) calculated for [C,sH,oC1F4;NO]*:

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. [a]p*® = 20.7 (¢ = 0.5,

CHCl,).

8.6 Synthesis of diphenyl (R)-(4-((3-(3-chloropropyl)-2,3-dihydrobenzofuran-3-

yl)methyl)-2,3,5,6-tetrafluorophenyl)phosphonate’.
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13

Under nitrogen atmosphere, dimethyl phosphite (70.2 mg, 0.3 mmol, 1.0 equiv),
Cs,CO5 (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 Na,SO,, and concentrated at the reduced pressure. The
residue was purified by flash silica gel column chromatography (hexanes: Et,0 =20:1)
to provide analytical pure product 13 as colorless liquid (111.8 mg, 63% yield) with
92% ee. 'H NMR (400 MHz, CDCl3) 6 7.36-7.26 (m, 4 H), 7.19-7.10 (m, 2 H)), 7.03
(d,J=7.4Hz, 1 H), 6.97-6.93 (m, 3 H), 6.91-6.86 (m, 3 H), 6.77 (d, ] = 8.0 Hz, 1 H),
4.55(d,J=93Hz 1 H),4.36(d,J=93Hz, 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) &
159.87, 158.80, 157.16, 146.93, 144.50 (dm, Jg = 22.2 Hz), 142.64 (dm, Jr = 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, Jg = 38.5 Hz), 109.68, 79.85 (d, Jr = 3.0 Hz), 67.59, 50.20, 33.88,
32.00, 24.68. '°F NMR (376 MHz, CDCly) 6 -140.34 (dd, J =22.4, 9.3 Hz), -154.61 —
-154.71 (m). 3'P NMR (162 MHz, CDCl5) 4 31.50. HRMS (ESI) calculated for [M+H]*
= [C350H,5CIF404P]: 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. [a]p?* = 22.5 (c

= 0.5, CHCL).

8.7 Synthesis of (R)-3-allyl-3-(4-(tert-butoxy)-2,3,5,6-tetrafluorobenzyl)-2,3-
dihydrobenzofuran (14)9.
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14

Under nitrogen atmosphere, 3i (112.8 mg, 0.3 mmol, 1.0 equiv ), ‘BuOK (67.3 mg, 0.6
mmol), 18-crown-6 (39.6 mg, 0.15 mmol) and Et,O (3 mL) were added to a Schlenk
flask. The reaction mixture was stirred under 60°C 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 Na,SO,, and
concentrated at the reduced pressure. The residue was purified by flash silica gel
column chromatography (hexanes: Et,O = 20:1) to provide analytical pure product 14
as colorless liquid (118.2 mg, 84% yield) with 88% ee. '"H NMR (400 MHz, CDCls) 6
7.12(td,J=7.7,1.4 Hz, 1 H), 6.99 (d,]=7.4 Hz, 1 H), 6.85 (td, ] = 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, ] = 9.2 Hz,
1 H),4.32(d,J=9.2Hz, 1 H), 3.12-3.02 (m, 2 H), 2.61 —2.47 (m, 2 H), 1.38 (t, ] =1.2
Hz, 9 H). 3*C NMR (101 MHz, CDCl;) & 159.90, 146.74, 144.38 (dm, Jr = 13.4 Hz),
141.85 (dm, Jg = 18.2 Hz), 133.31, 131.08, 128.83, 123.58, 120.45, 118.97, 110.97 (t,
Jr = 18.9 Hz), 109.56, 84.74, 79.52, 50.04, 41.89, 31.90, 28.32. '’F NMR (376 MHz,
CDCl3) 6 -142.17 (dd, J = 22.9, 9.0 Hz), -152.18 (dd, J = 23.0, 9.1 Hz). HRMS (ESI)
calculated for [M+H]*" = [CyH»;F40,]": 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. [a]p?° =-10.1 (¢ = 0.5, CHCIy).
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9. Non-linear effect experiments 3

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

(S’R)'N' (R,S)-N—
Me-Xu3 Me-Xu3 Product
Ligand Product Product Product
amount amount average
ee firstee second ee third ee
weighed  weighed ee
(mg) (mg)

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 Pd,(dba);
and 159.5 mg Xu4 dissolved in 5 mL ‘Pr,O 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.), Cs,CO; (65.2 mg, 0.2 mmol, 2.0 equiv.), Ag,CO; (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.),
Pr,0 (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 Reaction time Average Yield 3a

catalyst (min) (%) (mM)

1 30 29 29

2 100 pL of stock 60 4.9 4.9

3 solution = 2.5 mol%, 90 6.4 6.4

4 12.5 mM 120 8.1 8.1

5 180 10.9 10.9

6 25 3.1 3.1

200 pL of stock
7 35 3.9 3.9
solution = 5.0 mol%,

8 45 5.0 5.0
25 mM

9 55 6.3 6.3
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10 65 7.2 7.2
11 25 3.6 3.6
12 300 pL of stock 35 4.7 4.7
13 solution = 7.5 mol%, 45 7.3 7.3
14 37.5 mM 55 8.3 8.3
15 65 9.6 9.6
16 15 3.2 3.2
17 400 pL of stock 25 4.2 4.2
18 solution = 10.0 mol%, 35 7.4 7.4
19 50 mM 55 11.6 11.6
20 65 13.6 13.6

Figure S1. Plot of 3a (mM) verse time (min) using different concentrations of catalyst

12.5 mM catalyst

Product (mM)
T S N S =

[w)
o

20 40 60 80 100 120 140 160 180 200

Time (min)
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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.

0.25

Rate (mM/min)
(=)
— S
oy to

e
=

0.05

5 10 15 20 25 30 35 40 45 50 55
Catalyst (mM)

11. Kinetic Data: Deuterium Kinetic Isotope Experiment °

Side-by- side reaction

F
F
O\JL E F stam:l?rd
condition
L ® s
I F F F
F © F
1a 2al2a-[D1] ab

General procedure: Catalyst was measured from a stock solution (103.5 mg

Pd,(dba);*CHCI; and 255.2 mg N-CDs;-Xu4 dissolved in 2.0 mL ‘Pr,O) 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.), Cs,CO; (65.2 mg, 0.2 mmol, 2.0
equiv.), Ag,CO;5 (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.), ‘Pr,O (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
2 100 pL of stock solution = 4 16
3 2.5 mol% 6 25
4 8 31

Figure S3. Plot of yield(%) verse time (h) using 2a-[D1] as a substrate.

2a-|D1] as a substrate

0.35

Yield (%)
(e
[\)

0.15
0.1
0.05
0
0 1 2 3 4 5 6 7 8 9
Time (h)

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
2 100 pL of stock solution = 4 42
3 2.5 mol% 6 59
4 8 70

Figure S4. Plot of yield(%) verse time (h) using 2a as a substrate.

2a as a substrate

0 1 2 3 4 5 6 7 8 9
Time (h)

Intermolecular competition reaction

General procedure: The general procedure for reaction monitoring by °F NMR was
used, with the use of internal standard a,a,a-trifluorotoluene (10 pL) 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

b. Deuterium kinetic isotope effect (KIE): intermolecular competition

H
F F
F F
F standard
\)L 2a (1.5 eq) condition
O:O Me + and

| D
F F
1a (0.1 mmol) j@:
A
F

2a-D1 (1.5 eq)

Figure S5. Intermolecular competition reaction monitoring by '°F NMR

H
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12. Control experiments of C¢FsAg 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.), Pdy(dba);*CHCI; (5.2 mg, 0.005 mmol, 5 mol%), Xu4 (12.8 mg,
0.02 mmol, 20 mol%), Cs,CO3 (65.2 mg, 0.2 mmol, 2.0 equiv.), Ag,CO; (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.), C¢D¢ (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 '°’F NMR spectrum was acquired at 25
°C, showing the presence of C¢FsAg.

Table S12.C¢FsAg species control experiments.

H Xud (20 mol%) F

O\)L E F Pd,dbag*CHCl3 (5 mol%) 2
cLT e
| F F AngO3, 052003 o F F

CeDs, 80°C, 10 h

F F. F
F F
F F product 3a
F F F \ L
A
4a 9

b)
without Ag,CO3

c
) [ without szdba3-CHCI3]

without Pd,dbaz*CHCI3
without Cs,CO3

7 . v . v . T - T - T - T - T - T - T - T - T - T
65 -0 6 -1 16 -110 118 -120 126 -130 -138 -140 -145
F1 {nrm)

9F NMR spectra (between —95 and-140 ppm): (a)Standard condition; (b)without Ag,COj (c) without
Pd,dbagz*CHCI; (d) without Pdydbag*CHCI3 and Cs,CO3

H/D exchanging control experiments.
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General procedure: To a 10 mL oven-dried sealed tube was added Pd,(dba);*CHCI;
(5.2 mg, 0.005 mmol, 1.7 mol%), Xu4 (12.8 mg, 0.02 mmol, 6.7 mol%), Cs,CO; (65.2
mg, 0.2 mmol, 0.7 equiv.), Ag,CO3 (20.5 mg, 0.075 mmol, 0.25 equiv.). The flask was
evacuated and refilled with argon. Then C¢FsH (0.3 mmol, 1.0 eq), ‘Pr,O (1 mL) and
D,0 (27 puL, 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 uL, 272
pumol) 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.

Pr,0,80°C, 10 h

H Xu4 (20 mol%) D
E F Pdydbag*CHCl3 (5 mol%) F F
F F Ag2CO3, Cs,CO3 F F
F D,0 (0.15 mmol) F

Entry?@ Deuteration incorporation (%)
1 standard 63% D
2 without Ag,CO3+ 1a (0.01mmol) <1% D
3 without Pdy(dba)z*CHCl, 52% D
4 without Pd(dba)3*CHClj; 61% D

without Cs,CO3

@ Standard condition: Ag,CO3 (0.075 mmol), Cs,CO3 (0.2 mmol), D,O (0.15 mmol),
10 mol% [Pd] and 20 mol% ligand in 1.0 mL 'Pr,0O at 80 °C for 10 h.

tandard
ol

D “ Standard

-M
I |

without Ag,CO3 ‘\
+1a (0.1 mmol)

)

without szdbag-CHCIsJ |

without szdba3'CHC|3 ﬂ ‘
without Cs,CO3

'S

T T T T T T T T
30 2.5 2.0 15 10 0.5 0.0 —0.5 -1.0 -1.5

r T T T T T T T T
¢ 73 10 63 &0 55 30 43 40 3.5
1 (ppu

2H NMR spectra for H/D exchange studies of pentafluorobenzene: (a)Standard condition; (b)without Ag,CO5
but with 1a (0.1 mmol) (c) without Pd,dbas*CHCI5 (d) without Pd,dbaz*CHCI; and Cs,CO3
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13. X-Ray Structure and Crystal Data of 7n

7n
Table 1 Crystal data and structure refinement for 7n.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

n

Cy4H7F4NO

411.38

296.3(6)

orthorhombic

P2,2,2,

6.42860(10)

8.7411(2)

33.5094(6)

90

90

90

1882.99(6)

4

1.451

0.985

848.0

0.26 x0.22 x 0.18

CuKa (A =1.54184)

10.46 to 134.134
-7<h<7,-10<k<10,-40<1<40
40249

3362 [Rint = 0.0608, Rgjgma = 0.0250]
3362/0/273

1.060

R;=0.0302, wR, =0.0769
R;=0.0334, wR, =0.0790
0.10/-0.11

-0.07(7)

Table 2 Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x103) for 7n. Ugq is defined as 1/3 of of the trace of

the orthogonalised Uy, tensor.

Atom x
F1 8260(2)
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4 U(eq)
6426.7(4) 67.4(4)



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)
Cl 2910(4) 5304(3) 5091.8(7) 55.0(6)
2 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)
Cc8  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)
Cll  5060(3) 4931(3) 6353.1(6) 46.3(5)
Cl12  6455(3) 4129(3) 6587.3(6) 47.9(5)
CI3  6104(3) 3809(3) 6983.0(6) 47.6(5)
Cl4  4336(3) 4336(3) 7176.4(6) 45.8(5)
C15  292003) 5148(3) 6947.5(6) 48.6(5)
Cl6  3275(4) 5421(3) 6548.9(6) 48.4(5)
Cl17  2230(4) 3426(3) 7755.4(7) 56.4(6)
CI8  2404(4) 3445(3) 8155.3(7) 60.0(6)
Cl19  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)
23 7180(4) 5312(3) 7876.0(7) 54.4(6)
24 5305(3) 4549(3) 7892.1(6) 45.4(5)

Table 3 Anisotropic Displacement Parameters (A2x10%) for 7n. The Anisotropic
displacement factor exponent takes the form: -2a%[h2a*2U+2hka*b*U;,+...].

Atom Uy Uz, Uss Uz Uz U
FI  47.6(8) 1022(12) 52.4(7) 0.88)  7.9(6) 15.8(8)
F2 5558) 83.1(11) 49.5(7) 50(7)  -5.1(6) 21.9(8)
F3  72.509) 71.1(10) 56.9(8) 547 -6.6(7) 25.8(8)
F4  59.1(8) 86.1(11) 59.8(8) D47 10.3(6) 24.9(8)
Ol 51.8(9) 79.4(13) 78.0(12) 12.7(10)  -2.7(9) 0.7(10)
NI 45.6(9) 60.3(11) 39.1(9) 0.88)  3.6(7) 42(9)
Cl 56.8(14) 53.8(13) 544(12)  2.6(11) -6.1(11)  -1.4(12)
C2 75.8(18) 65.3(17) 663(15)  4.0(13) -21.1(15)  3.0(15)
C3 103Q2)  62.9(17) 47.6(13) 34(12) -160(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
C6
C7
C8
C9
C10
Cl1
Cl12
C13
Cl4
CI5
Cl16
C17
CI8
C19
C20
C21
C22
C23
C24

Table 4 Bond Lengths for 7n.

60

62.1(14)
58.6(13)
54.5(12)
57.9(14)
55.7(13)
75.7(18)
50.4(12)
40.5(10)
44.0(11)
46.2(11)
45.3(12)
50.1(12)
46.1(12)
60.7(15)
60.1(13)
88.5(19)
89(2)
62.4(15)
55.7(13)
49.6(12)

Atom
F1
F2
F3
F4
o1
o1
NI
NI
N1
Cl
Cl
C2
C3
C4
C5
Co6
C7

71.5(17)
46.8(12)
45.9(12)
57.6(15)
49.2(12)
53.4(14)
48.5(12)
59.5(14)
57.2(13)
52.1(13)
52.9(13)
49.2(12)
64.0(15)
66.2(16)
50.9(13)
64.8(15)
68.0(16)
64.1(16)
60.5(14)
46.5(12)

Atom
CI12
C13
Clé6
Cl15

Cl
C8
Cl4
C17
C24
C2
Co6
C3
C4
C5
Co6
C7
C8

47.4(12)
40.2(10)
44.2(11)
55.5(13)
40.5(11)
65.2(15)
40.0(10)
43.7(11)
41.5(11)
39.2(10)
47.4(11)
45.9(11)
58.9(13)
53.2(13)
42.3(11)
39.8(11)
49.0(13)
68.3(15)
47.0(11)
40.1(10)

Length/A
1.350(3)
1.341(3)
1.347(3)
1.338(3)
1.380(3)
1.444(3)
1.410(3)
1.390(3)
1.389(3)
1.377(4)
1.369(3)
1.372(4)
1.382(4)
1.389(4)
1.380(3)
1.513(3)
1.534(3)

-6.5(11)
-5.4(9)
-0.9(9)
0.9(11)
2.09)
-0.2(12)
-1.6(9)
-3.5(10)
1.3(9)
-2.3(9)
-5.9(10)
1.3(10)
-1.3(11)
4.2(11)
3.2(10)
3.2(11)
-7.5(12)
-7.2(13)
-0.9(11)
-0.3(9)

Atom
C7
C7
C9

Cll1
Cl1
C12
C13
Cl4
C15
C17
C18
C19
C19
C20
C21
C22
C23

2.9(11)
2.9(9)
-1.2(10)
3.7(11)
1.0(9)
-0.4(14)
-0.6(9)
2.7(9)
-3.4(9)
1.1(9)
4.7(9)
-5.6(9)
8.4(11)
15.0(11)
8.9(10)
3.9(12)
-11.4(13)
-8.8(13)
3.8(10)
2.4(9)

Atom
C9
C10
Cl1
Cl12
Clé6
Cl13
Cl4
Cl15
Cl6
C18
C19
C20
C24
C21
C22
C23
C24

6.1(14)
0.9(11)
-0.4(11)
-6.3(13)
-4.4(11)
8.2(14)
-2.3(10)
1.3(11)
3.7(11)
-1.4(10)
6.1(11)
8.0(11)
-7.5(12)
-3.5(13)
4.7(12)
6.9(16)
1.2(16)
-6.6(13)
-7.8(12)
3.7(10)

Length/A
1.557(3)
1.520(4)
1.509(3)
1.383(3)
1.389(3)
13733)
1.387(3)
1.386(3)
1.376(3)
1.345(3)
1.423(4)
1.399(4)
1.407(3)
1.369(4)
1.386(4)
1.376(3)
1.378(3)



Table S Bond Angles for 7n.
Atom Atom Atom

Cl Ol
C17 NI
C24 N1
C24 NI
C2 Cl
C6 Cl1
C6 Cl1
C3 C2
C2 (3
C3 C4
C6 C5
Cl Ceo
Cl Ceo
Cs Co
c6 C7
co C7
Cc6 C7
c8 C7
C1o0 C7
Cc10 C7
01 C8
Cl1 C9
Cl12 Cl11
Cl12 Cl1
Cl6 Cl11
F1 Cl2

C8
Cl4
Cl4
C17
Ol
Ol
C2
Cl
C4
Cs
C4
C5
C7
C7
C8
C9
C10
C9
C8
C9
C7
C7
C9
Cleé
C9
Cll1

Angle/’
105.92(19)
126.16(19)
125.17(18)
108.39(18)

124.7(2)

112.5(2)

122.9(2)

116.9(3)

121.8(2)

120.2(3)

118.4(2)

119.9(2)

108.8(2)

131.3(2)
99.35(18)
107.50(18)

113.0(2)

112.2(2)

112.4(2)

111.7(2)

106.8(2)
116.07(19)

123.3(2)
115.06(19)

121.6(2)
119.56(18)

Atom
F1 C12
Cl13 Cl12
F2 C13
F2 C13
CI12 C13
Cl13 Cl4
Cl15 Cl4
Cl15 Cl4
F4 C15
F4 Cl15
Clé6 Cl15
F3 Cl6
F3 Clo
Cl15 Cl6
C18 C17
C17 C18
C20 C19
C20 C19
C24 C19
C21 C20
C20 C21
C23 C22
C22 C23
NI C24
C23 C24
C23 C24

C13
Cl1
C12
Cl14
Cl4
N1

N1

C13
Cl4
Cl6
Cl4
Cll1
CI15
Cl1
N1

C19
C18
C24
CI8
C19
C22
C21
C24
C19
N1

C19

Atom Atom  Angle/

117.4(2)
123.0(2)
119.2(2)
119.65(18)
121.2(2)
121.8(2)
121.53(19)
116.71(19)
119.77(19)
119.1(2)
121.1(2)
119.46(19)
117.7(2)
122.8(2)
109.5(2)
108.0(2)
135.0(2)
117.8(2)
107.2(2)
119.5(2)
121.3(2)
121.1(3)
117.5(2)
106.96(19)
130.17(19)
122.8(2)

Table 6 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (A2x103) for 7n.

Atom
H2
H3
H4
H5

H8A
HS8B
HO9A
H9B

HIOA
61

x
1193.1
3991.94
7287.15
7869.49
2081.94
1890.7
6936.76
4758.63
5561.55

y
6434.96

6931.38
6129.43
4826.27
2768.65
3932.66
5485.6
6275.06
1932.85

4
4679.77
4266.47

4430.7
5026.57
5543.92
5900.97

5886.3
5860.88
5439.28

U(eq)
83
86
84
72
68
68
58
58
97
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HI10B
HI10C
H17
HI8
H20
H21
H22
H23

5812.54
7455.55
1100.68
1439.62
4716.33
7801
9353.62
7805.69

2193.59
2872.74
3040.88
3057.2
4339.25
5653.31
6234.2
5545.03

5899.63
5602.77
7613.96
8335.83
8853.94
8830.08
8230.96
7633.27

97
97
68
72
77
82
78
65



14. 'H, F, 3P, 3C NMR and HPLC Spectra
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{Chromatogram>

mV
50: FEMAFA Ch2 210nm]
0]
-50
-100 e x
] = 55 racemic-3a
o ]
1501 , N
I [\
: | \ | \
-200 : \\\M £y
] | [ \
s - "' e e
—230|||||_|||||||||||||||||||| LA S S S B
10.0 12.:5 15.0 | [7 95 20.0 225 25.0 27.5 30.0
min
{Peak Table>
FEJ#5A Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 18. 848 91867 47. 342 4474509 49. 803
2 22:312 102185 52.658 4509948 50. 197
Total 194052 100. 000 8984457 100. 000
{Chromatogram>
mV
e KL E5A Ch2 210nd]
0_
_ 3
i
~100 3a 1\
ch \
I\
i [\
i [
4 z | "\.I
~200] 3 [\
. 2
1 - o ,'I \,__
— — T — — T
10.0 2k 15.0  f Sl 20.0 P AR 25.0 24,5 30.0
min
{Peak Table>
I EFA Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 20. 011 6346 4.018 298261 4.040
2 22.524 151585 95.982 7085097 95. 960
Total 157931 100. 000 7383358 100. 000
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{Chromatogram>
m¥

e FEWITEA ChZ 210nd
150

100

9. 861
10. 911

50-]
1 f |

o S P R

e — :
2.0 e 10. 0 12.5 15.0
min

<Peak Table>
F #3254 Ch2 210nm

No. Ret. Time (min) Height Height% Area Areak
1 - 9. 861 - TTT04 55. 426 1973809 49. 743

2 10.911 62490 44,574 1994177 50. 257
Total 140195 100. 000 3967987 100. 000
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<Chromatogram>

oV
150+ E#IEA ChZ2 2100
100+
3 g
alH E
: : [\\\\uh
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-50 T T T T E— T T T T T T T T | T T T
5.0 7.5 10. 0 12.5 15. 0
min
¢Peak Table>
Firf 384 Ch2 210nm
No. Ret. Time (min) Height Height% Area Areak
1 10. 058 1841 4, 455 42754 3,153
2 10. 987 36429 95. bdb 1296548 96. 305
Total 41330 100. 000 1339343 100. 000
SRR RRIYJEEEEEESTEEFTEEIEIRRRRRIZTARIZIEC-ZRE £
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<Chromatogram:>

m¥
~150+ E ML Ch? 210no
-175
-200+ £
: ol racemic-3c
] ||I\ z
-225 [ =
] | L\ /\
| /
PSR, . RSP, - - =
25—
2.0 7.0 10.0 12. 5 15.0 17. 5 20.0 2 h 25.0
min
<Peak Table>
firi32A Ch2? 210mm
No. Ret. Time (min) Height Height% Area Area%
1 9, 386 33271 71.8617 839602 49, 346
2 14. 549 13186 28. 383 344799 50. 154
Total 46456 100, 000 1684401 100, 000
<Chromatogram>
m¥
il EEA Ch2 210
~1751
~200-
] &
~095] _ ’,
4 I - — -)ll — ]
20— T T | Ry | 72 P N . ) S L
5.0 7.5 10,0 125 15.0 17.5 20,0 2.5 EE.lCI
min
{Peak Table>
Fri2Es Ch2 210nm
No. _ Ret. Time(min) Height Height% Area Areak
1 10. 134 2374 3. 029 BT603 2. 4998
2 _ 14. 952 27082 91. 941 1863609 97. 002
Total 29455 100. 000 1921212 100. 000

70



e e
4 | < 86 °€T—
\J Tmuw L= G 78~
e o1 ‘¥~
e H|-.w
<= Toot | 6916~
b 66T - 0% "2
——— w e LE—
_
62 "05—
= |61
| 18°6L
= £8 6L
|- & 98 '6L
= 2 = 60
— = LrE0 |
“ 29 60T~
€T~
I R
———— wcoc
) WS.C Fo
J Lo0'T
\ |- 9L '6GT—

£1 (ppm)

I e

71



2828 22TESTIRABARS
8BS SS HRERREEEEEEES
fEEY FEEZTFPREITRC
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£1 (ppm)
<Chromatogram>
mV
S R A #2A ChZ 210nd
5001
4004
] racemic-3d =
300 E o=
4 - =
] | :F
i || it
2001 N
] [
] Lo
100] A NN ”
T T T
0.0 2.5 5.0 7.5 10.0
min
<{Peak Tahle>
Fr#l 834 Ch2 210nm
No. Ret. Time (min) Height Height% Area Areah
1 4. 550 167029 53. 558 1168686 50. 180
2 4. 979 144836 46, 442 1160303 49, 820
Total 311865 100. 000 2328989 100. 000
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<Chromatogram>

mV¥
] EMZEA Ch2 2100
2500
20004
1500+ =
1 <
10004 A
] I
] | |
500 2|
i _‘_ [ i
] S o) IK |
T . T . T ; ; : : : T ; T : : T : T T
0.0 2.5 2.0 T. 0 10.0
min
<Peak Table>
Fri|32A Ch2 210nm : ) :
No. Ret. Time (min} Height Height% Area Area%
1 4, 50 65057 6. 049 431049 4, 369
2 4, 958 1013245 83, 951 8422027 95. 131
Total 1083802 100. 000 8853076 100. 000
T A I I LT §58 LYo neE NN I AN UYL Y
NN NN W B O 8 WY O O + <+ F F A A A A A A nmMmeAan A ndddd A A S S
Tt e = S B e e e
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CRLgn 18 o A Flgas
85 80 7.5 770 6.5 6.0 5.5 5.0 45 1o 35 30 25 2o s 1o 0’5 ) 0.5

73



BLLT~
i

G 0E—
B EE—

€1 F5—

BE "60T~—
BOCTIT—

61 081~
oF ¥
.vnmur
9L 88T~
65 ‘631"

BO '9ET—
8F "881—
66 '0FT—

¥ wI—

ok

IR

F2

2

f1 {ppm)

T§TIT-
m_m..ﬂwﬂ.v‘

6195 1-—"

FLBET

OLBET UY

110 -120 130 -140 -150 -1860 -170 -180 190 -200 -210 -2

T
-100

f1 {ppm)

74



{Chromatogram>
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_ e EFA chZ 210no
500+
2504
=] rll‘.'?:
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0+ | \
] [\
) PRSP -, Je
8 R 75 " 30
min
<Peak Table>
Rl g5 Ch2 210nm
No. Ret. Time (min) Height Height% Area Areak
1 5. 828 234376 66, 839 6768372 50. 205
2 14. 531 116279 33. 161 6713205 49, 795
Total 300655 100. 000 13481577 100. 000
<Chromatogram>
m¥
] B WA Ch2 210ndg
500+
2504
- Ir\_
i &= | ;
] | \
7 - |
- J —
—— —— — —
3 10 15 20 25 30
min
<{Peak Table
Erd3EA Ch? 210nm
No. Ret. Time (min) Height Height% Area Aresh
1 10. 009 14282 6. 821 376417 3203
2 13. 986 195102 93. 179 11376753 96. 797
Total 209384 100. 000 11753171 100, 000
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139.81
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f1 {ppm)
<Chromatogram>
m¥
M FIWIZEA Ch2 210nd
4000
3000
2000 racemic-3f : .
] ||1| f_
4 | b
1000 I n
: || l' 'Ill'n
4 |
o] e ) _H/ \ ”
—_— = =
B 10 15 20 25 30
min
<Peak Table>
R #ll 834 Ch2 210nm
No. Ret. Time (min) Height Height% Area Areah
1 14, 811 1760480 61. 359 37711092 h0. 367
2 18.614 1108656 38. 641 37161924 49,633
Total 2869136 100. 000 T4873017 100. 000
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{Chromatogram>

mY
E{IIUG_ EFEA Ch? 210nd
1500H
1000
S00 FII
] |I |
=] I
] ] |
- -1: | |II
-l )
N . S\ -
—— T [—T—T—T—T——T— T
3 10 15 20 25 30
min
<Peak Table>
far g 3%A Ch? 210nm _ _ .
No. Ret. Time (min) Height Heipht% Area Ares®
1 14. 820 50514 7.089 77411 3.908
2 18. 616 662058 g2. 911 24036209 96. 092
Total T125T 100. 000 25013621 100. 000
B B e st B A S "
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<Chromatogram>

mV
foe FEWEA Ch2 210nd
730+
300+ racemic-3g =
7 = w
g Ir=]
o w
o
| Il"ul A
250 [ [\
i I | \
|| I|I J| \
| |
AN AN _
. . ; . T . T . r
5.0 7=h 10.0 125 15.0
min
{Peak Table>
R #9484 Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 8.789 361357 53.007 4826023 49. 799
2 9. 866 320352 46.993 4864993 50. 201
Total 681709 100. 000 9691016 100. 000
<Chromatogram>
mV
J FeM 254 Ch2 210nd
1500
1000 o
- w
4 =
! |
7 !
500+ f '||
] |
] 3 | l"
| JAN
|
J
T . T . T : . T : - . : . T . .
5.0 7.5 10. 0 12.5 15.0
min
{Peak Table>
frf##%A Ch2 210nm
No. Ret. Time (min) Height Height% Area Areak
1 8. 894 55699 6. 628 652953 4. 964
2 9. 657 784612 93.372 12500499 95.036
Total 840310 100. 000 13153452 100. 000
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0 -0 20 -3 -4 -50 60 -0 -8 €0 -100 -110 -120 -130 -1%0 -1s0 -160 -170 -180 190 200
1 {ppm)
<Chromatogram-
mAU
Lad PDA Malti 1 210nm, ing
300-]
200- 8 g
] M r‘\-
] 'II Il'u |II IIl
100 II' \ 1
J | A\ I
] |\ ,.'I |
P NN - ]
77—
10.0 12. 5 15.0 175 20.0 22.5 25.0 27. 30,0
min
<{Peak Table>
PDA Chl 210nm
Na. Ret. Time{(min) Height Height% Area Areal
1 18. 026 146415 49, 335 5676632 49,981
2 20. 485 150362 50. 665 5680863 50.019
Total 296777 100. 000 11357495 100. 000
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<Chromatogram>

mAU
Ly PDA Multi 1 210nm, 4
300-}
200}
100 N
] - \
] ; ||I II'\
T o 4 N
N g T —T T T L L R B
10. 0 12.5 15.0 5 20. 0 22.5 25.0 27.5 30.0
min
<{Peak Table>
PDA Chl 210nm
Ne. Ret. Time (min) Height Height% Area Area%
1 17. 838 5408 4. T80 207684 4. 979
2 20. 188 10772 95. 220 3963353 95. 021
Total 113133 100. 000 4171036 100. 000
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TR i A
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s& 53 =} S o
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T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm}
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{Chromatogram>

mV
750 REf3%A ChZ 210nd
200+
] £
| racemic-3i “ﬁ =
2501 A -
| IIlI ;
)
i | [
] I\ A
[ \
J ' |
[]— S NE— 'l I\L .'I \\._
T — T ™ T ™ T — T — T —
5.0 L5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
min
<Peak Table>
EE U EEA Ch2 210nm
Na. Ret. Time (min) Height Height% Area Areal
1 13. D86 262008 56, 404 5114316 49,978
2 15. 531 202511 43. 596 5118815 50. 022
Total 464519 100, 000 10233131 100. 000
<Chromatogram>
mV
e FIWIEA Ch2 210nd
750+ B
J i
500 |||
] |
i |
| | {
250-] R
1 = | I|
_ ‘:'; II
] RN
1 E— 2 e o~ | Ay R . S
T T e L B e — T T T
5.0 10.0 12.5 15.0 17.5 20.0 22. 5 25.0
min
{Peak Table>
Rl 224 ch2 210nm
Na. Ret. Time (min) Height Height% Ares Areak
1 13. 626 31179 5. 209 611807 4. 080
2 15. 454 567439 94, 791 14383470 95. 920
Total 598618 100. 000 14995277 100. 000
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1 {ppm)
{Chromatogram>
mV
FEMIZFA Ch2 210nd
10001
750
500 : 3
: “t\] C(;;'
] Il' 'I il
250+ || III '.I
] [ |
1 | [\
I|| I‘ll | '||
] [\ ]
Lz I I W
T T T T I T T I T T T T I T T T
10 15 20 25 30 35
min
{Peak Table>
I 2EA Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 28. 444 428489 TP 14702874 00. 245
2 30. 204 383701 47. 243 145595562 49,755
Total 812190 100. 000 29262426 100. 000
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<Chromatogram>

mV
1 EAREA Ch2 210nm
2500
] Cl
2000
1500 <
1000 .“.IH
1 i
] A
- | 1
500 g Al
] @ | 1
] g | I'n
He—— e — / N
10 15 % 25 30 35
min
<Peak Table
K324 Ch2 210nm , . :
No. Ret. Time (min} Height Height% Area Areah
1 28. 465 63231 5.533 2026910 4. 636
2 30. 145 1079487 94, 467 41696622 95, 364
Total 1142718 100. 000 43723533 100. 000
Il AR R s s R RYRERREEEEEESSRLLRRE Z T IIITEER
[ - R - - - - . B R R T T T T T T I T I I R R I I - o e
______ I e e B o e e M e R chmien S e D o F D ce
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= ] .= =3 = o o

e a g b Lo [ e |

-~ = =g a - I + @ -
T T T T T T T T T T T T T T T T T T T
B.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 ] 30 25 2.0 L5 Lo 0.5 0.0 -0.5
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<Chromatogram>
oV

] E#TEA Ch2 2100
500
250+
1 5 g
i racemic-3k & il
A
o |'ﬂ|' | |
i M\ |I
] (I
' J VA
15....2|U... :,5....3,0....3,5....m
min
{Peak Table>
frd3EA Ch?2 210nm
No. Ret. Time (min} Height Height% Area Aresh
1 27. 547 204236 44, 809 8320998 b0. 193
2 28. 816 251552 a5, 191 8256943 49. 307
Total 455788 100. 000 16077941 100. 000
<Chromatogram?
oV
EOU{)_ EMEA ChZ 2100
1 F
1500H
1000H |'|I
1 |
] [ 1
i f 1
500 [
] [ |
i - | |
J " |I |I
s 5
1 e ol
——— —— 7
15 20 25 30 35 40
min
{Peak Table>
fri3EA Ch? 210nm
No. Ret. Time (min} Height Height% Area Aresh
1 27. 534 56083 4, 51T 2257787 5. 197
2 28,835 1185611 95, 433 41182564 94, 803
Total 1241694 100. 000 43440351 100. 000
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Sl bog Bl i ol N dn s
Cl
EIEI lh 6 iD éﬂ éﬂ ‘lﬂ .‘30 év() 'I‘G QD fIJO lIOO i o ‘20 IED lliﬂ) 1‘50 1‘60 ll?ﬂ l‘El] llﬂl] ZIOO 2‘10
fl (ppm}
{Chromatogram>
mAU
S FDA Wulti 1 210mm, in]
" Cl
10004
. | z
500 ||| =
N i .':
| (| N\
[ [
4 - |
| racemic-3l .I '. | "n
: . )\ _d N
T T T A S
1] 10 15 20 2b 30
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areal
1 19. 151 634879 G1. 686 15131763 49,937
2 25. 464 394330 38. 314 15169993 50. 063
Total 1029209 100. 000 30301756 100. 000
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<Chromatogram~

mATU
ZhLig PDA Wulti 1 210nm, dnd]
] Cl
1000
3000
2000 i
1 I
|l
1000 [
g 3 (| 2
4 | =
1 [\ g
U . r
T I | I
5 10 15 20 25 30
min
<Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 19. 072 1BTT447 96. 590 47002215 94, 981
2 25. 458 66289 3. 410 2483930 h. 019
Total 1943736 100. 000 49486144 100. 000
RN AINRRER IS ST ICISIRAl0a0eennYa483383888860

o T . L
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<Chromatogram>

mAU
200 PDA Multl 1 254nm, 4n]
1500 C
1 S
1000 %
: 2
500 ||| |"|
] racemic-3m IH il
] [ || |
G n'l l\." \\
T T T T ~
5 10 15 20 25
min
<{Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Area’
i 14. 359 603764 52. 064 10600889 49. 700
2 15. 395 555894 47. 936 10728756 50. 300
Total 1159657 100. 000 21329645 100. 000
{Chromatogram>
mAU
] PDA Multi 1 254nm, 4nm
4000 CO
3000-
20001 -
J ?
] ||
1 ||
1000 |
] 2 ||I
J -
4 - I| I|
G T T T | T T T I T T | T T I T T T T
5 10 15 20 25
min
{Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Areal
1 14. 365 94357 5. 257 1598394 4. 631
2 15. 385 1700593 94. 743 32915480 95. 369
Total 1794950 100. 000 34513874 100. 000
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<Chromatogram”
mV
1000
750
500+
250+
] racemic-3n
e S o e e Fan o
0.0 2.5 5.0 12.5 15.0
{Peak Table>
Fr #1284 Chl 254nm
No. Ret. Time (min) Height Area Area%
1 8. 438 330374 3518989 a0. 430
2 9.251 291282 3458943 49. 570
Total 621656 6977932 100. 000
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{Chromatogram>
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0.0 2. hy 5.0 7.5 10.0 12.8 15.0 £1.b 20.0
min
{Peak Table>
FE i &5A Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 8. 3b6 395550 96. 540 4264119 96. 557
2 9.121 14176 3. 460 152050 3. 443
Total 409726 100. 000 4416169 100. 000
R b T R bR bbb F L L L L EE EL L L
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<Chromatogram>

m¥

300

19, 233

EMIEA Ch? 210ng

'20.0 295 95.0
min
<Peak Table>
fri3Es Ch? 210nm
Ne. | Ret.Time (min)} Height Height% Area Area%
1 17. 6560 53354 33, 760 1951328 49, 232
2 19. 233 45890 46, 240 2012238 50. 768
Total 99243 100. 000 3963565 100. 000
<Chromatogram>
mV¥
] EFEA Ch? 210no
400+
300 2
: N
200+ =
ot ol ohdiml 6 &, Temlod: Tl et e | A O P P T T . D
7.5 10. 0 12.5 15.0 17.5 20,0 22.5 25.0
min
‘{Peak Table>
fri2EA Ch2 210nm
No. | Ret.Time {min) Height Height% Area Area%
1 17.671 7096 6. 371 205826 b, 398
2 _ 19. 189 104253 93, 628 4433580 94, 602
Total 111390 100. 000 4739416 100, 000

100



L8394
7694
69
76'94)
76'9-)
$6'94
P69
orLh
ris
TI'L
z1'L)
z1's)

m

ered

L1

H/mo. 1

£TT
Wh#.ﬂ
m&.qﬂ

bl

Tz&
Fere

E-56'0

Feot

LEQ
mas
00T

W:.._

1 {ppm)

25°6L
be6L-

562t

vo.moT_
96011
PITIL

|

66'SETL
S.mmim

099¥1)
TLEST—

IULLT—

T
90

=)

T
0 160 150

T
17

T
180

101



8 3% 8 Ha2FEIIIRI AL
ARARS RERELELEEEE L
e N Gl A R R
T
-0 %0 = -0 5 60 -fo -8 90  -100 -110 -120 -13 -1 -15 -180 -170  -180  -190  -200
£1 {ppm)
{Chromatogram>
mV
—6007 el 254 Ch2 210nd]
7001
8001
900 =
~1000 A\ N
] |"I “\ | \"".
i [\ [\
15 — / A,
1100_ sovee g e~ / \_ ./ \ i
— T T T T —
20.0 225 25.0 27. 5 30.0 32.5 35.0 37.5 40.0
min
{Peak Table>
Frll#3A Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
I 26. 955 160300 b2. 468 7212174 49, 889
2 30. 060 145218 47. 532 7244241 50. 111
Total 305518 100. 000 14456414 100. 000
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{Chromatogram>

mV
750 FRfI#FA Ch2 210nd
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min
{Peak Table>
F il #5A Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 26. 792 15003 5. 246 639111 4.514
2 29. 701 270962 94. 754 13520168 95. 486
Total 280964 100. 000 14159280 100. 000
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<Chromatogram.>

mAll
i o PDA Multi 1 210nm, 4nm
1500+
1000+ -
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i i =2
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4 A [ [
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10. 0 iz.5 5.0 i7.5 20.0 22.5 25.0
min
¢{Peak Table>
FDA Chl 210nm
No. Ret. Time(min) Height Height% Area Areak
1 18. 714 672354 54. 813 17713947 50. 964
2 20, 672 554279 45. 187 17043750 49, 038
Total 1226633 100. 000 34757696 100. 000
<Chromatogram?
mAl
| FDA Multi 1 210mm, 4nm
J O
1500+
1000+
] &
p Il‘ill_
500 (1
- i
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m I 1 -
] [ \ =
.~ 7l SR
L S — T v L LU S ML L o) P e o
10.0 12. 5 15.0 17.5 20.0 22.5 25.0
min
<Peak Table
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areak
1 18. 684 628708 85. 318 17061797 94, 493
2 20. 710 30829 4, 682 993337 5. b2
Total 660638 100. 000 13055135 100. 000
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T T
10.0 12. 5

17.5 20. 0 22,5 25.0 27.5  30.0
min
{Peak Table>
28 Chi 254nm
No. Ret. Time (min) Height Height% Area Area®
1 20. 524 417622 bl. 986 13518143 50. 085
2 22,046 380717 48. 014 13472005 49, 915
Total 803340 100, 000 26990148 100. 000
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Chromatogram>

4 M FA Ch2 210ng

=
f
N\
|4
E N
J a——
T T T T | T T T T | T T T T
30 35 40
min
FPeak Tahle>
M EL Ch? 210nm
No. Ret. Time (min! Height Height% Ares Aresk
1 19. 431 360367 bB. 127 17636414 50. 203
2 20420 304512 43.873 17543719 49797
Total 504079 100, 000 35230133 100. 000
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Chromatogram?®
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1EIEII3_ M EA Ch? 210nm
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250 A
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10 15 20 25 30 35 40
min
Peak Tablex
¥R EA Ch2 210mm
No. Ret. Time (min) Height Heisht% Ares Aresk
1 20. 524 139092 4504 646014 3. 351
2 31.085 271913 95, 106 16629501 06, 649
Totel 2B5005 100. 000 18275603 100. 400
R TSR R IR g s s v A ge g Gae s 1gig g
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<Chromatogram~
mV
= TAMEL ChZ 210nd]
-100]
0]
] racemic-5b r-.; =
2004 |' =
] | K ]\
] |
i . o _,l'_ b .
-250+
=300 —— 77— T
5 10 15 20 25 30
min
<{Peak Tahle>
Fr 384 Ch2 210nm
No. Ret. Time (min) Height Height% Area Areah
1 15. 445 63481 68. 730 2401003 49, 796
2 21. 340 28882 31. 270 2420682 50. 204
Total 92364 100. 000 4821685 100. 000
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<{Chromatogram>
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30— | | T '
b 10 15 20 25 30
min
{Peak Table>
Fi #1224 Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 15. 664 136322 96. 292 5630016 93.023
2 22. 427 5250 3. 708 422287 6. 977
Total 141572 100. 000 6032304 100, 000
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{Chromatogram>

mAU
e PDA Multi 1 210nm, 4nn
1500+
1000+ racemic-5¢
500 ‘"l N
I
||I |‘I
|| \ '\
e e e e e =
0.0 ZAl 5.0 T.D 10.0 125 15.0
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 6. 429 571480 53.576 4192264 49.723
2 7. 407 495187 46. 424 4239026 50. 277
Total 1066667 100. 000 8431290 100. 000
<Chromatogram~
mAU
o PDA Wulti 1 210nm, inn
1000+
i 5¢c
500-] "
- ]
i i
g |
7 = ||
1 - R
o SN T R = i
T T T T T — T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
<{Peak Table>
PDA Chl 210nm
Na. Ret. Time (min) Height Height% Area Area%
1 6. 502 27399 5. 860 205035 5. 093
2 7. hb2 440197 94. 140 3820646 94, 907
Total 467596 100. 000 4025681 100. 000
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<Chromatogram>
mAl
PDA Multi 1 210nm, 4nm
] =
racemic-5d i
| f
250 A 2
E | =
1 |I II| §
1 I|I Illl f-'/’\
" I T BY & WY
G F i r | E Y E i T T E : T 3 T [ ' z F T T T E Y z
10.0 12.5 15. 20.0 22.5 25.0
in
<Peak Table>
PDA Chl 210nm
Na. Ret. Time (min) Height Height% Area Area’
1 16. 507 321378 69. 219 7510249 50. 314
2 21. 775 142917 30. 781 7416518 49. 686
Total 464295 100. 000 14926766 100. 000
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{Chromatogram>
mAU

FDA Multi 1 210nm, 4nm

i A
1
500+ >d [\
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d [ ;
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] |\
D....I."...,."..\‘I....,.—...I‘_.‘...
10.0 12.5 15.0 17. 5 20.0 22.5 26.0

min
<Peak Table
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Aresh
1 16. 767 648003 06, 695 15730956 92, 989
2 22. 197 22146 3. 306 1136085 7.011
Tatal 670149 100. 000 16917041 100. 000
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{Chromatogram>

mAU
il PDA Wultl 1 210nm, 4nd
30004
000
2000 N i 1
] Boc 2 =
i racemic-5e = R
A I
10004 \ |I '|I
i i i
i | [
] | !
-1 '\ | I'.
B = e e = -
h 10 15 20 25 30
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areal
1 21. 864 1127208 47. 620 37897519 49, 976
2 24. 003 1239897 52. 380 37934401 50. 024
Total 2367105 100. 000 ThB31920 100. 000
<Chromatogram>
mAU
2000 PDA Wultl 1 210nm, ind
3000+
2000- g
; |In|||I
1000 I
7 [ 1 =
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afi I T ' I | J T 5
5 10 15 20 25 30
min
<Peak Table>
PDA Chl 2i0nm
No. Ret. Time (min) Height Height% Area Area%
1 21. 734 1569451 89. 264 53829598 90. 971
2 23.998 188771 10. 736 5342637 9. 029
Total 17h8222 100. 000 59172235 100. 000
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{Chromatogram>
mAU
Ly PDA Multi 3 210nm, 4nd
o0
500 .
1 racemic-5f S
i fl ."\_‘ ?C
1 I =
250 I A ES
1 | [
1 II I| |I I', .'{\'\
1 [ I\
O_ e "I I‘\_ ;'l A. /‘ — _
T T T T | T T T | T T T T T T | T T T | T T T T | T T T T | T T T T
ha1 T 10.0 2.6 12.0 17.5 20.0 2255 25.0
min
{Peak Table>
PDA Ch3 210nm
No. Ret. Time (min) Height Height% Area Area%
1 16. 672 336510 63. 838 8758341 50. 754
2 18. 378 190621 36. 162 8498183 49. 246
Total 527132 100. 000 17256524 100. 000
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<Chromatogram>

mAU
Loy PDA Waltl 1 210nm, dnd
7504
200+
250+ f\\
- II|I 'ulll :-;'
_ ’.' \ =
U_ s ——
T T LI R PR T PR R T % &
15.0 17.5 20.0 22.5 25.0
min
¢{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areab
1 17. 549 274868 96. 354 8157942 93. 961
2 19. 839 10401 3. 646 024312 6. 039
Total 285270 100. 000 8682254 100. 000
LRCEZNICYSRRELLEZIE 2 RE2R BE AR/ IBBEELHEE 34
oy e o e - '{;’ “5;‘ ieipeieieicigoiedeied T;j

e o & &
EEEER H = - =
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{Chromatogram>

mV¥
iy EAEA Ch2 2i0md]
=100+
~150- .
~20iH Il/\ /-\
1 N R—— ) . / S
25— —
10 15 20 25 30 35 40
min
¢Peak Table>
FrsEA Ch? 210nm
No. Ret. Time (min} Height Height% Area Arezh
1 25. 848 37454 bh. 260 2949330 50. 061
2 32. 536 30323 44, 740 2042142 49, 935
Total BTTTT 100. 000 5891522 100. 000
<Chromatogram>
mV
A FEM%EA Ch2 210nd
=100+
-1504 =
J £ i
-200 " '
_ e |
— / —
=2501— T T EREL N e | % !
10 15 20 25 30 30 40
min
<Peak Table>
R @854 Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 26. 799 2898 6. 073 198478 4. 354
2 32.191 44830 93. 927 4359740 95, 646
Total 47728 100. 000 45bH8218 100. 000
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{Chromatogram>
mV
] Fifi35A Ch2 210ng
5004
1004
i R
300+ = b
i F| o
] || l"|I
- I I
200 (! Al
s R O WSSO - T J\ g i
T T T T T
5 10 15 20 25 30
min
¢{Peak Table>
Frfijg2A Ch2 210nm
No. Ret. Time (min) Height Height% Area Areak
1 12.200 124859 56. 076 1692671 49, 472
2 16. 136 97802 43. 924 1728814 50. 528
Total 222662 100. 000 3421484 100. 000
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Chromatogram>

mV
230 FeWIEA Ch2 210nd
2000
1500
: !_zi
1000 S
4 [}
i |
g I
500 - [
] g i
1 s [\
0 L
T T T T !
5 10 15 20 25 30
min
<Peak Table>
FIfi 354 ch2 210nm
No. Ret. Time (min) Height Height% Area Areal
1 12.095 58242 6. 156 801235 4,972
2 15.929 843853 93. 544 15313729 95. 028
Total 902095 100. 000 16114965 100. 000
e Sep e ARy Ru g R EERE T RSB R R R
Lol e el e R e N R e 00, R W i o, i L L O 1 L 3 O P . e M PR

I
I lhl M, ;
I Wi Ly i L
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8.5 2.0 7.5 7.0 6.5 55 4.5 40 35 30 2.5 2.0 15§ L0 0.5 0.0 0.5
1 {ppa)
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{Chromatogram>

mAU
o PDA Multi 1 210mm, 4m
790+
500
i racemic-7¢ - =
250 fi f
] I [\
| 1
] I' |I I|
: I| ll |I
0 - - k '
T T T ; T 7 T T T —T T
5.0 AT 10.0 12.5 15.0 17.5 20.0 22.5 25.0
min
¢{Peak TableX
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areal
1 15. 697 273395 49. 884 6067721 50. 125
2 17. 341 274668 50. 116 6037466 49. 875
Total 548063 100. 000 12105188 100. 000
<Chromatogram>
mAU
e PDA Wultl 1 254nm, ind]
100+
] A
50+ ;n
] (
_ % :E
o B |
o . ) ) \
h. UI T.Iﬁl I'.C'I. 0 12.5 I15|. 0 IlTI. ] IE[]I. OI o IEEI. 5I I Ifﬁl. 0
min
<Peak Table>
PDA Chl 254nm
No. Ret. Time(min) Height Height% Area Area’
i 15. 888 4120 6. 474 83952 5. 980
2 17. 617 59519 93. 526 1319909 94,020
Total 653639 100. 000 1403862 100. 000
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<Chromatogram>
mAU
1O PDA Multi 1 210mm, 4ng
TalH
500-] g =
] racemic-7d -
. o
e |I I
R || III
250 |
1 | | | |
] [1 14
] | IlI [\
D_ e S —m .lI 'l..-'l I\
N e i v o LR o e o o o s e A R e e 2
b0 7.5 10,0 12. 5 15. 0 17.5 20,0 22.5 25.0
min
{Peak Table
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 15. 960 386409 52. 001 7080008 19. 992
2 16. 910 356677 47, 999 7092228 b0. 008
Total 7430886 100. 000 14182236 100. 000
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{Chromatogram>

mAl
g TDA Wolt: 1 210nm 4]
20001
15004
1000} =
] ]
J I| ||
5004 2
] 211
] = \
- o |I i
o A R+, 0 B
————— 77— 7T
.0 7.5 10,0 12.5 15. 0 17. 5 20.0 22.0 25.0
min
¢Peak Table>
FDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areskh
1 15. 734 7H638 7.919 1364831 6. 627
Focal 16. 632 879472 92. 081 19231212 93.373
Bit 055109 100, 000 20506042 100. 000
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T e e e R i & e
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<Chromatogram>

mAU
10007 PDA Mult: 1 210nm, ing
790+
500 ) QO
| i z racemic-Te
- 1 -
250 (\ i
] | i || i
] [\ [
i |\ [
0 - . __/-"‘--—-';__JI_
T T T T T T
5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area®
1 8. 741 352827 52. 185 4082899 50. 385
2 9. 592 286528 44, 815 4020496 49, 615
Total 639355 100. 000 8103395 100. 000
Chromatogram>
mAU
o PDA Wultl 2 230mm, ind
300
200
: g
i 7e 4=
100 [\
1 = |\
4 o [\
G /
U—- o % i \\-‘_ e
i T T T
5.0 D 10.0 12.5 15.0
min
<Peak Table>
PDA Ch? 230nm
No. Ret. Time{min) Height Height% Area Area%k
1 B. 620 8343 6. 472 98781 h.114
2 9. 506 120565 93. 528 1832677 94, 886
Total 128908 100. 000 1931458 100. 000
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1 (ppa)

<Chromatogram~
mAL
Sl PDA Multi 3 230nm, ind
100
3[][]—: o
0 __ ]
20 B Q
] Ao racemic-7f Q
1004 II ] i\
] 1 | I|
) iy
i - EAVEAN
_ [T S P ' T S | PR S
5.0 T-h 10.0 12.5 15.0
min
Peak Table>
PDA Ch3 230nm
No. Ret. Time (min) Height Height% Area Area%
1 7.283 132265 52. 722 1410528 30. 166
2 7.819 118609 47. 278 1401178 49, 834
Total 250874 100, 000 2811706 100. 000
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<{Chromatogram>

mAll
" PDA Multl 2 230nm, 4]
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5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
PDA Ch2 230nm
No. Ret. Time (min) Height Height% Area Area%
1 7. 8557 904 3.925 9808 3. 775
2 B.175 22117 96. 075 250023 96. 225
Total 23021 100. 000 259831 100. 000
SN2 RRRBIF|III2IAOCEEEEEIRRLERRE 2283858880 %
I
G G SN Rl o
883333333 g = 2 3 2
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{Chromatogram>
mAU

g PDA Wulti 1 210nm, ind
2000
15001
10004 = _
: |I1I ?
J i 5]
5004 [\ A
. I I|| ‘II
] [} | \\'
E I| |I i
v, — o . il Mopoor o -
———— = =
15.0 17.5 20.0 22.5 25.0 27.5 30.0 325 35.0
min
<Peak Table
FDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areak
1 21.088 786132 60. 353 18839404 49. 830
2 26. 888 316430 39, 647 189974385 50. 170
Total 1302561 100, 000 39813780 100, 000
{Chromatogram>
mAU
ey PDA Malti 1 210nm, 4n
300+
200- g
i I.-p'\
100+ .‘I |
o J N\
— — ——— ] —— ——— —
150 li(=h 20:0 220 25.0 2 30.0 3y 35.0
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 21.162 11869 T.743 281337 0. 095
2 26. 987 141412 92. 257 5240612 94. 905
Total 153281 100. 000 5521949 100. 000
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<Chromatogram>
mAU
o PDA Multi 1 210nm, 4nd]
2000
15004
; racemic-7h o
1000 ? =
E ||1' (:
500] I
: I|I I|I III I|I
o —— — X &
L I ) R S (R T e ] N N ) N S S N T e ) N ) I S
10.0 12.5 15.0 17.5 20.0 22.5 25.0 275 30.0
min
<{Peak Table>
FDA Chl 210nm
Ne. Ret. Time (min} Height Height% Area Areal
1 19. 841 762873 53. 694 17218868 50. 036
2 21. 509 657895 46, 306 1719377 49, 964
Total 1420768 100. 000 34412639 100. 000
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<{Chromatogram>
mAT

2500 FDA Multi 1 210nm, 4nm

2000

min

{Peak Table

PDA Chl 210nm

No. Ret. Time (min) Height Height% Ares Ares%
1 19. 916 53794 6.073 1106647 5. 006
2 21, 797 831984 93,927 20999612 94, 994

Total 885778 100. 000 20106258 100. 000
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<Chromatogram>

mAU
oy FDA Wulti 1 210mm, ind
2000+
B racemic-7i E
1000 = R
u IllII :L_,;
i II |II I-'n'-,
4 I| |III I| I.".
G A )II J }J \\\_
T T 5 [ E T I .
] 10 15 20 25 30
min
<{Peak Table>
PDA Chl 210nm
No. Ret. Time (min} Height Height% Area Area%
1 17. 341 866840 58. 627 27580992 49,911
2 20. 643 611727 41, 373 27679429 20. 089
Total 1478567 100. 000 55260421 100. 000
{Chromatogram.
mAU
ialon PDA Wult: 1 210mm, in]
5000
4000
3000 =
| L=1
] 7i =
2000 i
] I
] [\
1000 2 |\
: ]\
U_: g e e _/_: ."I \\
R I . T T
3] 10 15 20 2b 30
min
<Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areal
1 17. 308 178894 7. 697 5942919 0. 323
2 20. 078 2157480 92, 343 98004924 94, 647
Total 2336374 100. 000 103547843 100. 000
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1 {ppm)
{Chromatogram>
mAU
2000_ PDA Multi 1 210nm, 4nm
1500+
1000 5 s
1 racemic-7j <P
1 |'II |"-‘
1 |
500 || II ‘l II
] R 'H
] AT
- e e e i o N AN
T T T T ‘ T T T T | T T T T | T T T | T T T T | T T T T | T T T
5 10 15 20 25 30 35 40
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 27.395 760043 51.326 22207130 49.912
2 28.916 7212H4 48.674 22285139 50. 088
Total 1481797 100. 000 44492269 100. 000
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{Chromatogram>

mAU
000 PDA Wulti 1 210mm, dn
1000
3000 =
] %
1 7j i
2000-] I
] (l
] I
1000 o ||
] 2|
] e |
N
O . - fl R
T T T T | T T T T | T T T T | T T T T | T T T T | T T T | T T T T
5 10 15 20 25 30 35 40
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areah
1 27.003 150541 6. 101 4081788 5. 656
2 28. 401 2316803 93. 899 68088196 94. 344
Total 2467344 100. 000 72169985 100. 000
2882882228 NbEELELETsEonsEeeReRERETE=2gsE8s0e
}lh LLJH 1 l
T DR T g =
2 EERZZ : B E a
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<Chromatogram>

mAU
il PDA Multi 1 210nm, 4ng
T30
500 = -
1 racemic-7k = =
: |rl|I |'|I
250 i II |
] A [
1 |1 |1
i |1 [
b [\ |
0 o P / N
T T T T g
3 10 13 20 25 30 30
min
¢Peak Table>
PDA Chl Z210nm
No. Ret. Time (min) Height Height% Area Areak
1 24211 349514 52. 006 10315712 49.914
2 26. 476 322545 47. 994 10351293 50. 086
Total 672060 100. 000 20667004 100. 000
<Chromatogram>
mAl
1 PDA Multi 1 210nm, 4nm
3000
2000+ “::
| |'|I
: |'|
1000 | ||
] |
| E | |
] = ||
St N
0 T T T R T T
5 10 15 20 25 30 35
min
{Peak Table>
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 24. 409 84324 4,531 2499006 4,240
2 26.613 1776731 95. 469 56440430 95. 760
Total 1861083 100. 000 58939436 100. 000
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¢Chromatogram~
mAl
13007 FDA Wulti 1 190mm, ind]
1000+
: racemic-71 |f| |' %
[
500 1
1 (|l
i
) |
4 || |I || I|I
0 g e A
—— — — — T —
10 15 20 25
min
{Peak Table>
PDA Chl 190nm
Na. Ret. Time (min) Height Height% Area Area%
1 18. 306 675724 51. 200 13566758 49. 673
2 19. 425 644051 48. 800 13745373 50. 327
Total 1319774 100. 000 27312131 100. 000
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¢Chromatogram>

mAU
ccn PDA Wult 1 190nm, ing
2500
2000 E
1500 '
] 7 f
1000 || ||
1 Il =
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] II | =i}
0 T T 'I L'AI 2
5 10 15 20 25
min
<Peak Table>
PDA Chl 190nm
Nao. Ret. Time (min) Height Height% Area Areak
1 18. 377 1627633 93. 526 31996404 93.628
2 19. 509 112664 6. 474 2177743 6. 372
Total 1740297 100. 000 34174147 100. 000
P Rmme NN RILLLELEEYReeRe3RRRNR 28833388347
LR B S i e
P o1 = ~ 3|
a5 ) 75 70 6.5 6.0 55 50 45 "o s EY) 2’5 20 15 i) os 00 05
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<Chromatogram>

mAl
Loy PDA Wulti 1 210mm, 4nd
750+
200 % -
: |ﬁ| n-:_:l
|l i
250+ /1 {1
] {1 I
| i || 1
] |I I'u | I'.
:__ o [\ /o
U_
L U s N GO P N e R Y e L TN R N i D
125 15.0 I Pl 20.0 22.5 25.0 2.5 30.0
min
<{Peak Table>:
PDA Chl 210nm
No. Ret. Time (min) Height Height% Area Areak
1 18. 147 306262 52. 515 7081566 20. 220
2 21. 889 276929 47. 485 7019657 49, 780
Total 583191 100. 000 14101223 100. 000
<Chromatogram>
mAl
ol PDA Multi 1 210mm ing
TaH
s00] -
: l"I 3
_ |I |
250 M
] % [
. I A
] 1 [
N ALY
Tt " 7 ol L T o e e PO 2 AL e vy e S, e
12. 5 15.0 17.5 20.0 225 25.0 27.5 30.0
min
<Peak Table
FDA Chl 210nm
No. Ret. Time (min} Height Heighth Area Areah
1 18. 000 31304 7.579 648073 6. 043
2 21.927 381746 02,421 10091398 93. 927
Total 413051 100, 000 10740976 100, 000
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{Chromatogram>
mAlT
s PDA Wulti 1 254nm, inn
200
150
1004 2 3
7] racemic-7n g
] : \
50 it N
i A
7 R
3 L
o] e ab A N
~50-] . r . r -
5 10 156 20 25 30
min
<{Peak Table>
PDA Chl 254nm
No. Ret. Time(min) Height Height% Area Area
1 23. 952 64254 49,093 1921184 49, 350
2 25. 261 66629 50. 907 1971763 50. 650
Total 130883 100. 000 3892946 100. 000
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{Chromatogram>

mAU
o
e PDA Wulti 1 254nm, ing
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1504 -
100
3 I|I
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50 = 1|
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U__ g = _.2._»'_“\._ ok
T VN — ——————— S
] 10 15 20 25 30
min
<{Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Areab
1 23. 654 b327 4. 960 152929 4. 731
2 24,914 102071 95. 040 3079232 95. 269
Total 107397 100. 000 3232161 100. 000
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<Chromatogram>

mV

10

i T T T
5 6 T 8 9
min
<Peak Table>
Eringss ch? 210nm
Ne. Ret. Time{min) Height Height% Area Areak
1 7. 363 165694 53.493 2522916 49, 450
2 8.178 144053 46. 507 2579075 50. 550
Total 309747 100. 000 5101991 100. 000
<Chromatogram>
mV
400
300+
2004 o
i s
i {\
- II|I I|II
100 N
] e / \
] : [\
U___ — — \‘\._ /!I \,__ ]
i T T T T
H] G i 8 9 10
min
<Peak Table>
Erill22a ch? 210nm
No. Ret. Time (min) Height Height% Area Areak
1 7.377 33122 14. 965 507079 13. 516
2 8. 184 138206 85. 035 3244711 86. 484
Total 221328 100. 000 3731790 100. 000
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{Chromatogram>
mV
500+ K
] O O F )
q F .: £
_ 0] o
250+ " ]
. I il
1 racemic-7p f M\
ud || I|I Il I|I
g ' |I \ |I |
i I|I \ |\ [\
0 . T o ) S - W03 =
L ™ ™ T T T
2 3 4 o G 7 3] 9 10
min
{Peak Table>
Eril2s ch? 210nm
Ne. Ret. Time (min) Height Height% Area Areal
1 5. 669 246979 52. 355 3216619 50. 267
2 6. 667 224764 47. 640 3182459 49.733
Total 471744 100. 000 6399078 100. 000
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<{Chromatogram>

mV
200
95[]- |'PI'
& = 1
| |
i 7p (1
| |I
7 |
] = I\
III\ = |I |
A | i ! ! \
0—H— - Lo AR AN ;’(\‘J \ o =
LA T T T T T T
2 3 4 h 6 T 8 9 10
min
{Peak Table>
Brfigss ch? 210nm
No. Ret. Time (min) Height Height% Area Area®
1 5. 683 46284 13. 615 863389 16. 922
2 6. 655 293662 86. 385 4238701 83.078
Total 339947 100. 000 5102090 100. 000
WP L B RPLM LR T T R e B e D 6D R R N 00 [ [ WD i ) ) 50 50 MDD T T LA D O] O ] O N D S e 0] O
Ch b Oh R LM U LM LM LM UM LM O R wH o wl ol wl ol w6 6] £ et e et et e ot Ch 50 &0 G0 P bn ] & o) ©] 6 e W
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| I M L“L
s e s v h L T o
S g8 ® 2 & 3 & =
- o = = = = eri
8’5 B0 1.5 70 65 60 55 5.0 45 40 a5 30 25 20 s 10 0 00 0.5
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<Chromatogram>
mAU

el PDA Multi 1 254nm, 4nd
] N

300+ N
| O
] o]

200+ T
] racemic-9a ,.-”-..I

100 IlI I / \
m |I Il'_l IIII 4
G — / —
e e e e e e L L e B
25.0 27.5 30.0 32.5 35.0 37.9 40.0

min
<Peak Table>
PDA Chl 254nm
No. Ret. Time(min) Height Height% Area Areak
1 31. 649 149627 52. 565 6943698 50. 028
2 35. 633 135023 47, 435 6935901 49,972
Total 284650 100. 000 13879599 100. 000
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<Chromatogram>

PDA Multi 1 254nm, 4nm
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{Peak Table>
PDA Chl 254nm
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{Chromatogram>»
mAU
406 PDA Multi 1 254nm, 4nm
] N.
300 N
1 (0]
] (0]
200 % i
] = ic-9b
] | ".I e racemic OMe
| £y
- [ ."I "\
100 F A [\
: \II ‘ |II I‘\
B .'I 4 ."I ‘.\
] / \
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. — 7 —
1o o0 b 60 65 70
min
{Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 48. 605 177611 55. 036 9495713 49. 977
2 57.520 145108 44. 964 9504556 50. 023
Total 322719 100. 000 19000269 100. 000
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{Chromatogram>

mAU
et PDA Wulti 1 254nm, 4nd
2004
] 9b =
100 OMe
- I|I III
] | \
G - _//
————— —— —
45 a0 L) 60 63 70
min
<Peak Table>
PDA Chl 254nm
Ne. Ret. Time (min) Height Height% Area Area%
1 48. 832 7150 6. 080 JBGE336 5. 047
2 a7. 651 110454 93. 920 7268720 94. 953
Total 117604 100. 000 7655055 100. 000
— O W WY MO =M e R~ o~ A W N s oY O N i
R e R R R e R R Rl o e R R e e = I =
Lo S T I N T e T T T T s i o e YD e - e ot T o e o) —
e e e el ottt S b
1
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R T e i *r
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S-S p i = i ol
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f1 {ppm)
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{Chromatogram>
mV
e | O
300+ S
] o ” Z
250 racemic-9¢ N =
¥ i n
i | (R
|I \ f1
R I\ I| '.I
b II \ .
,I I'. I| \
i | % |
0 e ;NN
L A e e e e L s B e e B LI B S S
45 11 5.0 Ty 10.0 12.5 15.0
min
{Peak Table>
Hrf]25a Chl 254nm
Neo. Ret. Time (min) Height Height% Area Area%
1 14. 946 266947 53. 074 6661003 49, 950
2 16. 411 236021 46, 926 6674519 50, 050
Total h02968 100. 000 13336572 100. 000
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¢Chromatogram>
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<Peak Table
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<Chromatogram.>
mV
4 FEJ3FA Chl 254nd
] S
200 \ O
1504 O o} I
] racemic-9d S
100 |
] (|
] |
1 i o
50- | 1.
i I |
i I| | || \ | ||II
H— ol N s
A T T T T
15 20 25 30 35 10
min
<Peak Table>
Frfi2EA chl 254nm
No. Ret. Time (min) Height Height% Area Areah
1 37.178 109719 h1.91b 2574957 a0. 390
2 28. 607 101625 48. 085 2535127 49. 610
Total 211344 100Q. 000 5110084 100. 000

174



£¥F 1
£ 11
20°Eq
20'¢
617
61 O
[T

54nn

gl

FEEZA Chl

40
min

1T
r 997
L9
697
. €9,
1894
1894
€99
€99
0694
[ | 069

0694 —_—_—— WY
r 769
/0L
6L
it 0T°L

9o g7 riq 560
) .n_m B 9744
L =0T

he

={0'¢

Area®
94. 785

5.215
100. 000

30
Area
731983
328

3
315345
6047

L 914
o1 'LZ I FAWE
s T # | < 814
814
074
074
I 074
7 7Ly =960
TTLA 5610
L] ¥l
7T LA
I €T L SLE
w«.u..._u_.L :._
& 00'1
& BT
ar
T
£
B/
B
st
9t

Height%
94. 994
3. 006
100. 000

5507

Height

242305
7
L

0

t. Time (min)
27. 162
28. 636

Re

¢Chromatogram.>
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<Peak Table>
Frfi 224 chl 254nm
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<Chromatogram>
mAU
i PDA Multi 1 254nm, And
] )
1504 \ O
] O 0
1004 ) =
. racemic-9e =
] n %
50__ |II III'- ,.'({
] AN
\ /
C'—-— — \__ i ol
: : : : T . . . . . : : : : : : . :
10.0 12.5 15.0 17. 5 20.0
min
{Peak Tahle>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Areal
i 16. 439 65885 7. 798 1640250 50. 098
2 17. 805 48107 42, 202 1633860 49,902
Total 113992 100. 000 3274110 100. 000
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{Chromatogram>

mAL
L PDA Mult: 1 254nm, ind
300
200] % :
T =
] ||'r \I"I
100 [\
i [ N
[\ =
1 /| \
o — = R —
T T T T
10.0 12.5 15.0 17. 5 20.0
min
{Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Areak
1 16. 352 153625 95. 991 4002564 94. 987
2 17. BLT 6415 4, 009 211221 5.013
Total 160040 100. 000 4213785 100. 000
SE AR R RN NSRS SN0 223888888585 08588322X 828R TLELEET
A b e I R K R e R R Rl R A R e R B B B

A iy i ae
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<Chromatogram~

mAL
M PDA Wulti 2 210nm, 4nd
7904
) g .
500 n: =
7] racemic-8 [l =
7 || fi
i | I
aﬁU_- | | l ||
- | l II I|
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: || I'. |I Ill
0 e —~—L N A
T T T | T T ) T R T
5.0 (5 10.0 12: 5 15.0 17.h 20.0 22.5 25.0
min
<{Peak Tahle>
PDA ChZ2 Z10nm
No. Ret. Time (min) Height Height% Area Areak
1 17. 679 484020 h4. 472 10520402 50. 045
2 20. 516 404540 45, 528 10501433 49, 955
Total 888360 100. 000 21021835 100. 000
{Chromatogram>
mAU
Ly PDA Wulti 1 210nm, 4]
] |
2000 F
o F
1500 =
] (0] F 2
] 8 \
1000 (|

] A

1 [

o | [
DOO*_ o | |I

] 2 [

] = |
Y ‘_}'Hl‘.‘
5.0 1.5 10.0 ) 15.0 17.5 20.0 22_.5 25.0

min
{Peak Table>
FDA Chl 210nm
No. Ret. Time (min) Height Height% Area Area%
1 17. 662 59841 4.926 1239125 3.782
2 20. 381 1155045 95. 074 31524318 96. 218
Total 1214886 100. 000 32763443 100. 000
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{Peak Table>
Ex il 254 Ch2 210nm
No. Ret. Time (min) Height Height% Area Area%
1 9. 064 137137 b5. bl14 1829053 49, 802
2 10. 307 109896 44, 486 1843607 50. 198
Total 247033 100. 000 3672660 100. 000

181



<Chromatogram>

mV

B =
=}
-
L]
(3]
[ =]
(&)
=T,
mm, et
] |
7 | e
—
o
s |
—
—
[
I
!
e ——
ﬁ.,lll
../_ =
—
6506 T
J o
T T T T [ T T T T o
(=) (=) (=] (=]
(L] (=] [Lx]
b= Y] e

¢{Peak Table>

Frfli 2 ch? 210nm

- | =
x| |52
GleE| 5|
e Tl
|| &S

o anl

o | R|5
912 | <=
Llm | ofm

O | =
)@@=

- (L]
= =
ARt b=
== =
oy | ca | ! f
Rl A | =

]

n | =
m L 1
._h - | =2 w
w38
=] ¢
Gl iy | b=
['F] 0] [=3] —
m 1| e
=
-
Elal=
= b=
VI =] =
813|3
(RN W=
it}
[
i
st
A 4]
S| |eal &
4 o
=

£57T
B9
651
0914
1914
90

BOE
:.mW
are-k

LT
6TF

729
291
9891
L8991
6891
6691
101
€14
ST
LU
g |
A% |
9T
9T
L
s

J

Feso

chc.m

Faz
H‘NC.N

Far
Frot

660

H6'0
FO00'l
Esot
Egng

182



PR LT— -
¥6'TE 18 6U6EL-
o ] 9r6EL

€r6el-
6061
26— gE'EEl-

PEEEr
OE'eEr-
LTEED
: B PUEEL

or'0e— —) 3

mw_mm
ch.ohw
£L6L

1 (ppad

19601
STTII
2011
52021
9%zl
99'271 ——
£1'621

76Tl

STOEI-X ls
E.:m_.m —32 7
0€'EEl _
6TFYL -
Q.mE/

89°5H1 =
89951 =
66'L¥1
PI9BI — ¥ls
ogestd

L,

1 (ppm)

183



<Chromatogram>
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min
<{Peak Table>
Erfl]284 Ch2 210nm
Neo. Ret. Time (min) Height Height% Area Area%
1 18. 206 1784132 56. 415 38058507 50. 256
2 21. 771 1378391 43. 585 37670333 49, T44
Total 3162522 100. 000 75728840 100. 000
<Chromatogram>
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min
<Peak Tablex
Erilig8a ch2 210nm
No. Ret. Time (min) Height Height% Area Areak
1 18. 035 18265 5.914 276605 3. 536
2 21.731 290607 94. 086 7545019 96. 464
Total 308872 100. 000 7821624 100. 000
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<Peak Table>
i 224 ch? 210nm
Na. Ret. Time (min) Height Height% Area Area%
1 19. 104 3996610 52. 340 135286896 49, 804
2 20. 525 3639228 47. 660 136351073 50. 196
Total 7635838 100. 000 271637970 100. 000
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<Chromatogram>-
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{Peak Table>
Frfi28A ch? 210om
No. Ret. Time (min) Height Height% Area Area%
1 26. 215 778161 53. 425 32000741 49, 609
2 28. 633 678379 46. 575 32505355 50. 391
Total 1456541 100. 000 64506097 100. 000
<Chromatogram>
mV
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¢Peak Table>
Er 28 ch2 210nm
No. Ret. Time(min) Height Height% Area Areak
1 26. 245 1596583 95. 276 67045314 94, 370
2 28. 843 79159 4,724 3999910 h. 630
Total 1675741 100. 000 71045224 100. 000
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<Chromatogram>
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¢{Peak Table>
Rl #2A ch? 210nm
No. Ret. Time (min) Height Height% Area Areal
1 15. 153 209174 50. 159 4647445 49, 158
2 16. 022 207849 49, B41 4806708 50. 842
Total 417023 100. 000 9454154 100. 000
{Chromatogram.
mV
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min
Peak Table>
Rl g%a Ch2 210nm
Ne. Ret. Time (min) Height Height% Area Areak
1 15. 044 419979 95.999 9291599 935, 822
2 15. 867 17505 4. 001 405083 1. 178
Total 437483 100. 000 9696682 100. 000
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{Chromatogram>-
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5000 FEMIEFA Ch2 210ndg
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min
{Peak Tabhle>
Rrfli 234 Ch2 210nm
Nea. Ret. Time (min) Height Height% Area Areak
1 15. 736 2287485 50. 200 48643111 49. 749
2 16. 854 2269238 49, 800 49133147 50. 251
Total 4556723 100. 000 97776258 100. 000
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{Chromatogram>

mV
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min
{Peak Table>
Fiii 23A Ch2 210nm
No. Ret. Time(min) Height Height% Area Area%
1 16. 068 176423 8.028 3363185 6. 609
2 17. 407 2021272 91.972 47522120 93. 391
Total 2197694 100. 000 50885305 100. 000
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