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1. General information

General procedures and methods

Experiments involving moisture and/or air sensitive components were performed under a
positive pressure of argon in oven-dried glassware equipped with a rubber septum inlet. Dried
solvents and liquid reagents were transferred by oven-dried syringes or hypodermic syringe
cooled to ambient temperature in a desiccator. Reactions mixtures were stirred in 10 mL
sample vial with Teflon-coated magnetic stirring bars unless otherwise stated. Moisture in
non-volatile reagents/compounds was removed in high vacuo by means of an oil pump and
subsequent purging with nitrogen. Solvents were removed in vacuo under ~30 mmHg and
heated with a water bath at 30-35 °C using rotary evaporator with aspirator. The condenser
was cooled with running water at 0 °C.

All experiments were monitored by analytical thin layer chromatography (TLC). TLC was
performed on pre-coated plates, 60 Fass. After elution, plate was visualized under UV
illumination at 254 nm and 365 nm for UV active material. Further visualization was
achieved by staining phosphomolybdic acid and anisaldehyde solution. For those using the
aqueous stains, the TLC plates were heated on a hot plate.

Columns for flash chromatography (FC) contained silica gel 200-300 mesh. Columns were
packed as slurry of silica gel in petroleum ether and equilibrated solution using the
appropriate solvent system. The elution was assisted by applying pressure of about 2 atm with
an air pump.

Instrumentations

Proton nuclear magnetic resonance ('"H NMR), carbon NMR (*C NMR) and fluorous ("°F
NMR) spectra were recorded in CDCls otherwise stated. Chemical shifts are reported in parts
per million (ppm), using the residual solvent signal as an internal standard: CDCl; ("H NMR:
6 7.26, singlet; 3C NMR: 6 77.0, triplet). Coupling constants (J) were recorded in Hertz (Hz).
The number of proton atoms (n) for a given resonance was indicated by #nH. The number of
carbon atoms (n) for a given resonance was indicated by nC. HRMS (Analyzer: TOF) was
reported in units of mass of charge ratio (m/z). Mass samples were dissolved in CH3CN

(HPLC Grade) unless otherwise stated. Optical rotations were recorded on a polarimeter with
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a sodium lamp of wavelength 589 nm and reported as follows; [a]§°c (¢ = g/100 mL,

solvent). Melting points were determined on a melting point apparatus.

Enantiomeric excesses were determined by chiral High Performance Liquid Chromatography
(HPLC) analysis. UV detection was monitored at 254 nm, 230 nm and 210 nm at the same
time. HPLC samples were dissolved in HPLC grade isopropanol (IPA) unless otherwise
stated.

Materials

All commercial reagents were purchased with the highest purity grade. They were used
without further purification unless specified. All solvents used, mainly petroleum ether (PE)
and ethyl acetate (EtOAc) were distilled. Anhydrous dichloromethane (DCM),
1,2-dichloroethane (DCE) and chloroform (CHCIs;) were freshly distilled from CaH, and
stored under N, atmosphere. THF, Et;O and toluene were freshly distilled from
sodium/benzophenone before use. Other solvent were purchased with the highest purity grade
and without further treatment. Substrates 1, 3, 4 and 7 were prepared according to the relevant
literatures. '* D-Amine-1 was prepared according to the relevant literature.’ All compounds
synthesized were stored in a —20 °C freezer and light-sensitive compounds were protected

with aluminium foil.
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2. Optimization of reaction conditions

Table S1. Optimization of Reaction Conditions for Enantioselectivity of Approaching
Chiral Secondary a-Fluoroketones”

? DPZ (0.5 mol%) ? £ | meo 1 N en
chiral organocatalyst (COC) (10 mol%) S | I
Cl " amine (0.6 equiv), base (2.0 equiv) H Voo \S I NZCN

solvent (0.5 mL), 3 W blue LED

1a 2a DPZ
o Bu R
)/\ tBu 0 )"\
o NH N X FaC Y-NH N
) y—NH N NH

NH n Ar—NH C6: R = Bu

A C7:R=Pr
C1:n=1Ar=24BrCeH;  C4 X=S Ar=24-Br,CH, 3C o R 2 Qyclohexy!

C2:n= 1, Ar = 3,5-(CF3)206H3 C5: X = O, Ar = 2,4-Br206H3 C10: R = Ph
C3:n=2, Ar=24-Br,CgHs '

tBu tBu tBu NQ
FaC 2 >’\N FaC ° >/\N—R 0 j";\
3 S—NH 3 S-NH D CF,
NH Q NH R
tBu jl\l—|
C12: R=FEt C14:X=0
FsC c11 FsC C13: R=nPr =N CFs C15:X=8
R
CF o
tBu : —
se I X o NH N
FaC S—NH b L
< NN CF
NH i H H P FC NH
C17:X=0 \Q/ C19: R = cyclohexyl
FaC c16 C18:X =S C20: R = Ph
CF,
o tBu o tBu 0

' ' A
sal=Ee‘ade L
FoC NH Ar/NH

C22: Ar = 3,5-(MeO),CgHs
CF3 c21 C23: Ar= 3,5-[’BU2CGH3
C24: Ar= 2-C|-4-BFCBH3 C25: Ar = 3,5-(CF3)2CGH3

i
: H H
N EtOOC COOEt
% O @NIMe @NJ I TI
N
“Ph Me N Me
Ar/NH ” Me ” H

C26: Ar = 2,4-BryCeHs
C27: Ar= 3,5-(CF3)206H3

iPr o) H
N
o e ()Y ()
iPr N N N N N
§ Et” > CEt i H N N N
iPr Et H H

Amine-1 Amine-2 Amine-3 Amine-4

Amine-5 Amine-6 Amine-7 Amine-8 Amine-9 Amine-10 Amine-11
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entry COC amine base solvent T (°C) ee (%)°

1 Ceé Et;N Na,COs3 PhBr 25 12
2 Ceé DIPEA Na,CO3; PhBr 25 49
3 Ceé Amine-3 Na,COs3 PhBr 25 0
4 Ceé Amine-4 Na,COs3 PhBr 25 26
5 Ceé Amine-5 Na,COs3 PhBr 25 20
6 Ceé Amine-6 Na,COs3 PhBr 25 —4
7 Ceé Amine-7 Na,COs3 PhBr 25 27
8 Ceé Amine-8 Na,COs3 PhBr 25 0
9 Ceé Amine-9 Na,COs3 PhBr 25 2
10 Ceé Amine-10  NaxCO; PhBr 25 31
11 Ceé Amine-11  NayCO; PhBr 25 45
12 Ceé Amine-2 Na,COs3 PhBr 25 73
13 Ceé Amine-2 NaF PhBr 25 18
14 Ceé Amine-2 NaxSO3 PhBr 25 22
15 Ceé Amine-2 PhCOONa PhBr 25 27
16 Ceé Amine-2  NaHCO; PhBr 25 22
17 Ceé Amine-2 NaOAc PhBr 25 38
18 Ceé Amine-2 EtONa PhBr 25 61
19 Ceé Amine-2  Na,HPOq PhBr 25 43
20 Ceé Amine-2 Naz;PO4 PhBr 25 68
21 Ceé Amine-2  PhSO:Na PhBr 25 68
22 Ceé Amine-2 KF PhBr 25 69
23 Ceé Amine-2 KOAc PhBr 25 49
24 Ceé Amine-2 KoHPO4 PhBr 25 67
25 Ceé Amine-2 K>COs PhBr 25 62
26 Ceé Amine-2 K5POq4 PhBr 25 30
27 Ceé Amine-2 Cs2CO; PhBr 25 15
28 Ceé Amine-2 Li>COs3 PhBr 25 32
29 Ceé Amine-2 LizPOq4 PhBr 25 13
30 C7 Amine-2 Na,COs3 PhBr 25 60
31 C8 Amine-2 Na,COs3 PhBr 25 51
32 Cc9 Amine-2 Na,COs3 PhBr 25 35
33 C10 Amine-2 Na,COs3 PhBr 25 34
34 C11 Amine-2 Na,COs3 PhBr 25 62
35 C12 Amine-2 Na,COs3 PhBr 25 11
36 C13 Amine-2 Na,COs3 PhBr 25 43
37 C14 Amine-2 Na,COs3 PhBr 25 52
38 C15 Amine-2 Na,COs3 PhBr 25 60
39 C16 Amine-2 Na,COs3 PhBr 25 78
40 C17 Amine-2 Na,COs3 PhBr 25 —32
41 C18 Amine-2 Na,COs3 PhBr 25 —54
42 C2 Amine-2 Na,COs3 PhBr 25 81
43 C19 Amine-2 Na,COs3 PhBr 25 76
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44 C20 Amine-2 NaxCOs3 PhBr 25 50
45 C21 Amine-2 NaxCOs3 PhBr 25 8
46 C22 Amine-2 NaxCOs3 PhBr 25 16
47 C23 Amine-2 NaxCOs3 PhBr 25 75
48 C24 Amine-2 NaxCOs3 PhBr 25 82
49 C25 Amine-2 NaxCOs3 PhBr 25 46
50 C26 Amine-2 NaxCOs3 PhBr 25 48
51 C27 Amine-2 NaxCOs3 PhBr 25 44
52 C1 Amine-2 NaxCOs3 PhBr 25 84
53 C1 Amine-1 NaxCOs3 PhBr 25 85
54 C1 Amine-1 Na,COs toluene 25 73
55 C1 Amine-1 NaxCOs3 PhCI 25 82
56 C1 Amine-1 NaxCOs3 PhCF; 25 82
57 C1 Amine-1 NaxCOs3 CsFsH 25 81
58 C1 Amine-1 NaxCOs3 BuPh 25 68
59 C1 Amine-1 NaxCOs3 anisole 25 80
60 C1 Amine-1 NaxCO3  2-bromoanisole 25 83
61 C1 Amine-1 Na,CO3  3-bromoanisole 25 84
62 C1 Amine-1 Na,CO3  4-bromoanisole 25 85
63 C1 Amine-1 NaxCO3  2-fluoroanisole 25 84
64 C1 Amine-1 NaxCO3  3-fluoroanisole 25 84
65 C1 Amine-1 NaxCO3  4-fluoroanisole 25 85
66 C1 Amine-1 NaxCOs3 DCM 25 73
67 C1 Amine-1 NaxCOs3 DCE 25 90
68 C1 Amine-1 NaxCOs3 CHCl3 25 80
69 C1 Amine-1 NaxCOs3 THF 25 55
70 C1 Amine-1 NaxCOs3 Et,O 25 64
71 C1 Amine-1 NaxCOs3 DCE 15 91
72 C1 Amine-1 NaxCOs3 DCE 10 93
73 C1 Amine-1 NaxCOs3 DCE 5 94¢
74 C1 Amine-1 NaxCOs3 DCE 0 944
75 C1 Amine-1 NaxCOs3 DCE =5 93
76 C1 Amine-1 NaxCOs3 DCE -10 93

“0.05 mmol scale. For catalyst C3-C5, we attempted their viability under the standard reaction
conditions. The results could be checked in Table 1 of the manuscript. “Determined by HPLC
analysis on a chiral stationary phase. 36 h, “Yield = 72%. 36 h, “Yield = 52%.

Table S2. Optimization of Reaction Conditions for Isolated Yield of Approaching Chiral
Secondary a-Fluoroketones”

0
F photocatalyst (PC, X mol%), C1 (X mol%), Amine-1 (X equiv) F
Cl' NayCOs (X equiv), H,0 (X equiv), DCE, 5 °C, 3 W blue LED, 36 h H

1a 2a
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mol% of  equivof  equivof  equivof yield ee
entry PC (X mol%) . b .

C1 Amine-1  NayCO; H>O (%) (%)

1 DPZ (0.2) 10 0.6 2.0 - 68 94
2 DPZ (1.0) 10 0.6 2.0 - 73 92
3 DPZ (2.0) 10 0.6 2.0 - 72 92
4 DPZ (0.5) 10 0.6 1.5 - 71 91
5 DPZ (0.5) 10 0.6 2.5 - 74 94
6 DPZ (0.5) 10 0.6 3.0 - 72 91
7 DPZ (0.5) 10 0.4 2.5 - 67 93
8 DPZ (0.5) 10 1.0 2.5 - 74 95
9 DPZ (0.5) 10 2.0 2.5 - 74 93
10 DPZ (0.5) 15 0.6 2.5 - 73 92
11 DPZ (0.5) 5 0.6 2.5 - 74 95
12 DPZ (0.5) 5 0.6 2.5 1.0 92 96
13 DPZ (0.5) 5 0.6 2.5 2.0 91 96
14 DPZ (0.5) 5 0.6 2.5 5.0 89 96
15 DPZ (0.5) 5 0.6 2.5 10.0 72 96
16 Rose Bangel (0.5) 5 0.6 2.5 1.0 54 95
17 Eosin Y (0.5) 5 0.6 2.5 1.0 47 93
1g RubPYCL6H0 5 0.6 25 1.0 87 95

(0.5)
Jg  MPPY):(dibbpy)PFs 5 0.6 25 1.0 75 90
(0.5)
21 [Acr-Mes]ClO4 (0.5) 5 0.6 2.5 1.0 44 84

%0.05 mmol scale. *Yield of isolated product. ‘Determined by HPLC analysis on a chiral stationary
phase.

Table S3. Optimization of Reaction Conditions for Chiral a-Chlorohydrin”

0 cl a) DPZ (0.5 mol%), C1 (5 mol%), Amine (0.6 equiv) QH cl
@4 Na,COj3 (2.5 equiv), H,0 (2.0 equiv), DCE, 3 W blue LED, under Ar @O\
Cl H
b) DIBAL-H (3.0 equiv), -40 °C ,under Ar

4a 6a
entry amine temperature dr yield (%)° ee (%)°
1 Amine-1 0°C >20:1 62% 92%
2 Amine-2 0°C >20:1 73% 89%
3 Amine-2 =30 °C >20:1 79% 92%

0.1 mmol scale. “Yield of isolated product. “Determined by HPLC analysis on a chiral
stationary phase.
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3. General experimental procedures

(1) Reaction setup

10 mL Schlenk tube is placed at the center of a stir plate. A 3 W blue LED lamp
(HW-450-455LED-3W) is placed to one sidewall of reaction tube (at approximately 2 cm
away from the light source). The transformations were conducted in a cryostat which allows a

stable and certain temperature.

Side view Top View

0.016
0.014
0.012
0.010
0.008
0.006

0.004

Normalized Intensity

0.002

0.000 4 410 510

-0.002

mr—r T T T T T T T T T T T T T T
360 380 400 420 440 460 480 500 520 540 560 580 600
‘Wavelength (nm)

Emission spectrum of the 3 W LED light.
(2) General procedure for the synthesis of chiral secondary a-fluoketones

0O . DPZ (0.5 mol%), C1 (5 mol%), Amine-1 (0.6 equiv) j>\F

R

R
R’ ClI Na,CO3 (2.5 equiv), H,O (1.0 equiv), DCE, 5 °C, 3 W blue LED, 24-36 h R K

1 2
35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.

Subsequently, C1/C25/C26 (0.005 mmol, 0.05 equiv), Na,CO; (0.25 mmol, 2.5 equiv),
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Amine-1 (0.06 mmol, 0.6 equiv), 1 (0.1 mmol, 1.0 equiv), distilled H,O (0.1 mmol, 1.0
equiv), stir bar and DCE (1.0 mL) were added sequentially and then degassed for three times
by freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
5 °C for 30 min without light, then irradiated by a 3 W blue LED (/1 = 450—455 nm) from a
2.0 cm distance for another 24-36 hours. The reaction mixture was directly loaded onto a
short silica gel column, followed by gradient elution with petroleum ether/dichloromethane
(5/1-2/1 ratio). Removing the solvent in vacuo, afforded products 2a-zd.
o} . . o
DPZ (0.5 mol%), C25 (5 mol%), Amine-1 (0.6 equiv)
MeﬁF MemlF
Me cl Na,COj (2.5 equiv), THF, 40 °C, 3 W blue LED, 60 h Me H
1ze 2ze

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous

toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C25 (0.005 mmol, 0.05 equiv), Na;COs (0.25 mmol, 2.5 equiv), Amine-2 (0.06
mmol, 0.6 equiv), 1ze (0.1 mmol, 1.0 equiv), stir bar and THF (1.0 mL) were added
sequentially and then degassed for three times by freeze-pump-thaw method. The reaction
mixture was stirred under an argon atmosphere at 40 °C for 30 min without light, then
irradiated by a 3 W blue LED (1 = 450—455 nm) from a 2.0 cm distance for another 60 hours.
The reaction mixture was directly loaded onto a short silica gel column, followed by gradient
elution with petroleum ether/ ethyl acetate (40/1-10/1 ratio). Removing the solvent in vacuo,
afforded products 2ze.

(3) General procedure for the synthesis of chiral secondary a-chloroketones

o
C'CI DPZ (0.5 mol%), C25 (5 mol%), Amine-2 (0.6 equiv) C:_I
R R' Na,CO3 (2.5 equiv), H,O (1.0 equiv) R R'

20 0
4m-o DCE, -30 °C, 3 W blue LED, under Ar

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C25 (0.005 mmol, 0.05 equiv), Na,COs (0.25 mmol, 2.5 equiv), Amine-2 (0.06
mmol, 0.6 equiv), 4 (0.1 mmol, 1.0 equiv), distilled HO (0.1 mmol, 1.0 equiv), stir bar and
DCE (1.0 mL) were added sequentially and then degassed for three times by

freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
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—30 °C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a
2.0 cm distance for another 2242 hours until 4 exhausted monitored by TLC. The reaction
mixture was directly loaded onto a short silica gel column, followed by gradient elution with
petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent in vacuo, afforded
products 5m-o.

(4) General procedure for the synthesis of chiral a-chlorohydrins

T a) DPZ (0.5 mol%), C1 (5 mol%), Amine-2 (0.6 equiv) o
R X cl Na,CO3 (2.5 equiv), H,0 (1.0 equiv), DCE, -30 °C, 3 W blue LED R X < H
| |
F b) DIBAL-H (3.0 equiv), -40 °C, under argon, 3 h (One-pot) Z
4a-k 6a-k

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (0.005 mmol, 0.05 equiv), Na,COs (0.25 mmol, 2.5 equiv), Amine-2 (0.06
mmol, 0.6 equiv), 4a-k (0.1 mmol, 1.0 equiv), distilled H>O (0.1 mmol, 1.0 equiv), stir bar
and DCE (1.0 mL, 4b for 2 mL) were added sequentially and then degassed for three times by
freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
—30 °C for 30 min without light, then irradiated by a 3 W blue LED (1 = 450—455 nm) from a
2.0 cm distance for another 5—-18 hours until 4a-k exhausted monitored by TLC. Then 3.0
equiv DIBAL-H (1.0 M in toluene) was added slowly at —40 °C under an argon atmosphere.
After stirring for 3 hours, added two drops of H,O and warmed to room temperature. The
reaction mixture was filtered and washed with DCM (5.0 mL), concentrated in vacuo,
followed by gradient elution with petroleum ether/dichloromethane (5/1-2/1 ratio). Removing

the solvent in vacuo, afforded products 6a—6k.
o a) DPZ (0.5 mol%), C1 (20 mol%), Amine-2 (0.6 equiv) H
Na,CO3 (1.5 equiv), H,0 (1.0 equiv), DCM, -60 °C, 3 W blue LED
@Egg? b) DIBAL-H (3.0 equiv), -40 °C, under argon, 3 h (One-pot) ®E>\::I
4 6l

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous

"Q

toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (0.02 mmol, 0.2 equiv), Na,CO; (0.15 mmol, 1.5 equiv), Amine-2 (0.06
mmol, 0.6 equiv), 41 (0.1 mmol, 1.0 equiv), distilled H,O (0.1 mmol, 1.0 equiv), stir bar and

DCM (1.0 mL) were added sequentially and then degassed for three times by
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freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
—60 °C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a
2.0 cm distance for another 48 hours until 41 exhausted monitored by TLC under Ar
atmosphere. Then 3.0 equiv DIBAL-H (1.0 M in toluene) was added slowly at =40 °C under
an argon atmosphere. After stirring for 3 hours, added two drops of H,O and warmed to room
temperature. The reaction mixture was filtered and washed with DCM (5 mL), concentrated
in vacuo, followed by gradient elution with petroleum ether/dichloromethane (5/1-2/1 ratio).
Removing the solvent in vacuo, afforded products 6l.

(5) Procedure for the synthesis of chiral secondary a-bromohydrin 8

0] a) DPZ (0.5 mol%), C1 (5 mol%), Amine-2 (0.6 equiv) OH
Br Na,CO3 (2.5 equiv), H,O (1.0 equiv), DCE, -30 °C, 3 W blue LED - a\\\Br
Br H
b) DIBAL-H (3.0 equiv), -40 °C, under argon, 3 h (One-pot) ©ij\
7 8

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (0.005 mmol, 0.05 equiv), Na,COs (0.25 mmol, 2.5 equiv), Amine-2 (0.06
mmol, 0.6 equiv), 7 (0.1 mmol, 1.0 equiv), distilled HO (0.1 mmol, 1.0 equiv), stir bar and
DCE (1.0 mL) were added sequentially and then degassed for three times by
freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
—30 °C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a
2.0 cm distance for another 2 hours until 7 exhausted monitored by TLC. Then 3.0 equiv
DIBAL-H (1.0 M in toluene) was added slowly at —40 °C under an argon atmosphere. After
stirring for 3 hours, added two drops of H,O and warmed to room temperature. The reaction
mixture was filtered and washed with DCM (5.0 mL), concentrated in vacuo. followed by
gradient elution with petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent
in vacuo, afforded products 8.

Note: All racemic samples for determining HPLC conditions and ee values of chiral
compounds were prepared through: 0.5 mol% DPZ, 0.6 equiv. of Amine-1, 2.5 equiv. of
Na;COs in DCE at 25 °C (for racemic products 2 and 5m-o0); 0.5 mol% DPZ, 0.6 equiv. of
Amine-1, 2.5 equiv. of Na>COj3 in DCE at 25 °C. After 6 h, 3.0 equiv. of DIBAL-H was added

and the transformations were conducted at —40 °C (for racemic products 6 and 8)
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4. Mechanism studies

Emission quenching experiments

Emission intensities were recorded on a spectrofluorometer. DPZ solution was excited at 448
nm and the emission intensity at 544 nm was observed. A solution of DPZ (2.5X10*M) in
MeCN was added to the appropriate amount of quencher in 5.0 mL volumetric flask under Na.
The solution was transferred to a 1.5 mL quartz cell and the emission spectrum of the sample

was collected.

1.4 -

1.2

Iy/l

0.8

0.6 - | - | ' | ' |
0.0000 0.0005 0.0010 0.0015 0.0020

la(M)

Fig. S1 Stern—Volmer quenching experiment of DPZ and 1a.

(Result: no quenching observed)
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2.07 y=450.4x+1.0
2
R2=0.99

1.8

16
- 1.4
=

1.2

1.0

0.8 T T g T " T i 1

0.0000 0.0005 0.0010 0.0015 0.0020
Amine-1(M)

Fig. S2 Stern—Volmer quenching experiment of DPZ and Amine-1.

(Result: quenching observed)

Cyclic voltammetry measurement

Cyclic voltammetry experiments were performed on a CHI600E Workstation. Measurements
were performed for anhydrous acetonitrile solutions ([sample] = 1.0 mM, [(NBu4)PF¢] = 0.10
M) with a radium glassy carbon (working electrode) and platinum wire (counter electrode),
and a Ag/AgCl(AgNO:;) reference electrode under N at room temperature. The scan rate was
50 mV/s. Ferrocene (Cp2Fe) was used as a reference. The obtained value was referenced to
Ag/AgCl and converted to SCE by adding 0.03 V. The obtained value was referenced to

Ag/AgNO; and converted to SCE by adding 0.337 V.
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2.0x10° E,, = +0.390 V vs Ag/AgClI +0.350 V
| (0.420 vs.SCE)
1.0x10°
1
2 | Fe
j
o . @’
-1.0x10° H
-2.0x10° H
. +0.420 V
-3.0x10 T T T T T T T T T T 1
1.0 0.8 0.6 0.4 0.2 0.0
Potential/V

Fig. S3. Cyclic voltammogram of Ferrocene with a Ag/AgCl reference electrode.

0.00004 o _ *
p— E,,=+0.083 V vs Ag/Ag|

0.00003 |
_ (+0.42 V vs SCE)
0.00002 —
0.00001

0.00000

-0.00001 4

e

Current/A

-0.00002 A
-0.00003

-0.00004 —

-0.00005 - +0.129
T i T L T L T : T
0.4 0.2 0.0 -0.2 -0.4
Potential/V

Fig. S4. Cyclic voltammogram of Ferrocene in MeCN with a Ag/AgNOs reference electrode.
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0.00002
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Fig. SS. Cyclic voltammogram of Amine-1 in MeCN. E;» = +0.686 V versus SCE in CH3CN,
Ei2=+0.069 V versus SCE in CH3CN.
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Fig. S6 Cyclic voltammogram of Amine-2 in MeCN. E;; = +0.642 V versus SCE in CH3;CN,
Ei2=+0.067 V versus SCE in CH3CN.
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Fig. S7 Cyclic voltammogram of 1a in MeCN. E;; = —0.797 V versus SCE in CH3CN,
Ei2=-1.234 V versus SCE in CH3CN.
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Fig. S8 Cyclic voltammogram of 2a in MeCN. E;, =—-0.786 V versus SCE in CH3;CN.
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E,,=-1.231V vs Ag/AgNO,
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Fig. S9 Cyclic voltammogram of 1b in MeCN. E;» = —0.894 V versus SCE in CH;CN,
Ei2=-1.402 V versus SCE in CH3;CN.
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Fig. S10 Cyclic voltammogram of 2zb in MeCN. E;, =-0.790 V versus SCE in CH3CN
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Fig. S11 Cyclic voltammogram of 4a in MeCN. E;» = —0.853 V versus SCE in CH3;CN,
Ei2=-1.125 V versus SCE in CH3;CN.
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Fig. S12 Cyclic voltammogram of 5a in MeCN. E;; =—0.894 V versus SCE in CH3;CN
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Fig. S13 Cyclic voltammogram of 4n in MeCN. E;» = —-1.209 V versus SCE in CH3CN, Ei
=—-1.541 V versus SCE in CH;CN.
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Fig. S14 Cyclic voltammogram of 5n in MeCN. E» =-1.369 V versus SCE in CH3CN.
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Fig. S15 Cyclic voltammogram of 7 in MeCN. E;» = —1.074 V versus SCE in CH3CN,
Ei2=-1.404 V versus SCE in CH3;CN.
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Fig. S16 Cyclic voltammogram of 8 in MeCN. E;» =—1.302 V versus SCE in CH3;CN.
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Fig. S17 Cyclic voltammogram of C1 in MeCN. E» = —0.224 V versus SCE in CH3;CN,
Ei2=-0.790 V versus SCE in CH3CN.
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Fig. S18 Cyclic voltammogram of C25 in MeCN. E;» = -0.165 V versus SCE in CH3;CN,
Ei»=-0.851 V versus SCE in CH;CN.
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Fig. S19 Cyclic voltammogram of C26 in MeCN. E;» = —0.204 V versus SCE in CH3;CN,
Ei»=-0.843 V versus SCE in CH;CN.

UV-vis experiments.
Solutions of different complexes were introduced to a 3 cm path length quartz cuvette

equipped with a Teflon® septum and analyzed using a TU-1901 spectrophotometer.

For the solutions of 1a in DCE: 1a (7.92 mg, 0.04 mmol) was dissolved in DCE (40 mL),

then transformed to 3 cm path length quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of Amine-1 in DCE: Amine-1 (3.89 mg, 0.024 mmol) was dissolved in
DCE (40 mL), then transformed to 3 cm path length quartz cuvettes, and sealed with a

Teflon® septa.

For the solutions of 1a and Na,COj3 in DCE: 1a (7.92 mg, 0.04 mmol) and Na,COs (10.6 mg,
0.1 mmol) were dissolved in DCE (40 mL), then transformed to 3 cm path length quartz

cuvettes, and sealed with a Teflon® septa.

For the solutions of 1a and Amine-1 in DCE: 1a (7.92 mg, 0.04 mmol) and Amine-1 (3.89

mg, 0.024 mmol) were dissolved in DCE (40 mL), then transformed to 3 cm path length
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quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of 1a, Amine-1, and Na,CO3 in DCE: 1a (7.92 mg, 0.04 mmol), Amine-1
(3.89 mg, 0.024 mmol), and Na,CO;(10.6 mg, 0.1 mmol) were dissolved in DCE (40 mL),

then transformed to 3 cm path length quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of 1a, Amine-1, Na,COs, and C1 in DCE: 1a (7.92 mg, 0.04 mmol),
Amine-1 (3.89 mg, 0.024 mmol), Na,CO; (10.6 mg, 0.1 mmol) and C1 (0.99 mg, 0.002 mmol)
were dissolved in DCE (40 mL), then transformed to 3 cm path length quartz cuvettes, and

sealed with a Teflon® septa.

— la

Amine-1

+
1a Na2C03

la+Amine-1

+Amine-1+
la+Amine-1 Na2C03

3
g 0.8 1a+Amine-1+Na_CO_+C1
2773
2
ot
2
2 064
<
0.4 4
0.2 4
0.0 T T T T T T T T T T
300 350 400 450 500 550
Wavelength(nm)

Fig. S20 Absorption spectra of various complexes.

For the solutions of 2a in DCE: 2a (6.56 mg, 0.04 mmol) was dissolved in DCE (40 mL),

then transformed to 3 cm path length quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of Amine-1 in DCE: Amine-1 (3.89 mg, 0.024 mmol) was dissolved in
DCE (40 mL), then transformed to 3 cm path length quartz cuvettes, and sealed with a

Teflon® septa.

For the solutions of 2a and Na,COs in DCE: 2a (6.56 mg, 0.04 mmol) and Na,CO; (10.6 mg,

0.1 mmol) were dissolved in DCE (40 mL), then transformed to 3 c¢m path length quartz
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cuvettes, and sealed with a Teflon® septa.

For the solutions of 2a and Amine-1 in DCE: 2a (6.56 mg, 0.04 mmol) and Amine-1 (3.89
mg, 0.024 mmol) were dissolved in DCE (40 mL), then transformed to 3 cm path length

quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of 2a, Amine-1, and Na,CO3 in DCE: 2a (6.56 mg, 0.04 mmol), Amine-1
(3.89 mg, 0.024 mmol), and Na,CO;(10.6 mg, 0.1 mmol) were dissolved in DCE (40 mL),

then transformed to 3 cm path length quartz cuvettes, and sealed with a Teflon® septa.

For the solutions of 2a, Amine-1, Na,COs, and C1 in DCE: 2a (6.56 mg, 0.04 mmol),
Amine-1 (3.89 mg, 0.024 mmol), Na,CO; (10.6 mg, 0.1 mmol) and C1 (0.99 mg, 0.002 mmol)

were dissolved in DCE (40 mL), then transformed to 3 cm path length quartz cuvettes, and

sealed with a Teflon® septa.

—2a

Amine-1

2a+Na2CO3

2a+Amine-1

0.8

2a+Amine-1+Na2CO3

_2a+Amine-1+Na2C03+C1

0.4 1
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0.0 ===

T T T T T 1
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Fig. S21 Absorption spectra of various complexes.
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The study of the proton source

0 DPZ (0.5 mol%), C1 (5 mol%) 6 Eo HD .
F D-Amine-1 (0.6 equiv) | @[ e
Cl' Na,COj, (2.5 equiv), DCE WD N e
5°C, 3 Wblue LED, 36 h 23 53% vield | HD
1a a o557 yie !D-Amine-1, 100% D

69% ee, 0% D

equiv), D-Amine-1 (9.84 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0

)

2

*y
1.06°

g

o

—_

E)

1.0

2.061
11.08]

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

'"H NMR of 2a (D-Amine-1 as the sacrificial reductant)

o O Tt

F DPZ (0.5 mol%), C1 (5 mol%), Amine-1 (0.6 equiv) F H
cl Na,COj3 (2.5 equiv), D,O (200.0 equiv), DCE, 5 °C H/D N
3 Whblue LED, 36 h !

1a 2a: 72% yield | N

96% ee, 91% D -

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), and
stir bar and DCE (1.0 mL) were added sequentially and then degassed for three times by
freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at 5
°C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a 2.0
cm distance for another 36 hours. The reaction mixture was directly loaded onto a short silica
gel column, followed by gradient elution with petroleum ether/dichloromethane (5/1-2/1

ratio). Removing the solvent in vacuo, afforded products 2a with 0% D incorporation.
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35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0 equiv), D,O
(0.4 mL, 20 mmol, 200 equiv), stir bar and DCE (1.0 mL) were added sequentially and then
degassed for three times by freeze-pump-thaw method. The reaction mixture was stirred
under an argon atmosphere at 5 °C for 30 min without light, then irradiated by a 3 W blue
LED (4 = 450—455 nm) from a 2.0 cm distance for another 36 hours. The reaction mixture
was directly loaded onto a short silica gel column, followed by gradient elution with
petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent in vacuo, afforded

products 2a in 72% yield with 96% ee and 91% D incorporation.

"""" r5500
5000
r4500
r4000
r3500
3000
2500
2000

r 1500

r 1000

F500

. A ANJ Lo
I & £ & IR
e e < N S
; —— ; ; — ; ; —— ; ; ; 300
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

“f1 (ppm)

'"H NMR of 2a (D;O as the proton source)

These reasults indicated that the proton might be from free H* of the reaction system.
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Control experiments

(a) 0] DPZ (0.5 mol%) 0

F Amine-1 (0.6 equiv) F
cl Na,CO3 (2.5 equiv) cl
H,0 (1.0 equiv), DCE, 5 °C
1a no light, 30 min 1a: 99% yield

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0 equiv), H,O
(1.8 puL, 0.1 mmol, 1.0 equiv), stir bar and DCE (1.0 mL) were added sequentially and then
degassed for three times by freeze-pump-thaw method. The reaction mixture was stirred
under an argon atmosphere at 5 °C for 30 min without light. The reaction mixture was directly
loaded onto a short silica gel column, followed by gradient elution with petroleum
ether/dichloromethane (5/1-3/1 ratio). Removing the solvent in vacuo, recovered 1a in 99%

yield.
DPZ (0.5 mol%)

CHO €1 (5 mol%), Amine-1 (0.6 equiv) 2 E
©/ Na,CO; (2.5 equiv), H,O (1.0 equiv) ®H
DCE, 5 °C, 3 W blue LED, 36 h

1.5 equiv. 2a: 72% yield
94% ee

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0 equiv),
benzaldehyde(15.3 pL, 0.15 mmol, 1.5 equiv), H,O (1.8 uL, 0.1 mmol, 1.0 equiv), stir bar and
DCE (1.0 mL) were added sequentially and then degassed for three times by
freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at 5
°C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a 2.0
cm distance for another 10 hours. The reaction mixture was directly loaded onto a short silica
gel column, followed by gradient elution with petroleum ether/dichloromethane (5/1-2/1

ratio). Removing the solvent in vacuo, afforded products 2a in 72% yield with 94% ee.
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© o) DPZ (0.5 mol%) Q 0

F Amine-1 (0.6 equiv) s\F F
H +
cl Na,CO; (2.5 equiv) cl
I o]
H20 (1.0equiv), DCE, 5°C 9, 359, yield 1a : 59% yield
1a 3Whlue LED, 10 h 96% oo 0% e

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0 equiv), H,O
(1.8 puL, 0.1 mmol, 1.0 equiv), stir bar and DCE (1.0 mL) were added sequentially and then
degassed for three times by freeze-pump-thaw method. The reaction mixture was stirred
under an argon atmosphere at 5 °C for 30 min without light, then irradiated by a 3 W blue
LED (4 = 450—455 nm) from a 2.0 cm distance for another 10 hours. The reaction mixture
was directly loaded onto a short silica gel/ column, followed by gradient elution with
petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent in vacuo, afforded

products 2a in 38% yield with 96% ee, and recovered 1a in 59% yield with O ee.

(d o o)

E DPZ (0.5 mol%), C1 (5 mol%), Amine-1 (0.6 equiv) F
@ij&H NayCO3 (2.5 equiv), HyO (1.0 equiv), DCE, 5 °C @i‘:ﬁH
3 Wblue LED, 36 h

rac-2a 2a: 94% yield
0% ee

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C1 (2.48 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), rac-2a (16.4 mg, 0.1 mmol, 1.0 equiv),
H,O (1.8 uL, 0.1 mmol, 1.0 equiv), stir bar and DCE (1.0 mL) were added sequentially and
then degassed for three times by freeze-pump-thaw method. The reaction mixture was stirred
under an argon atmosphere at 5 °C for 30 min without light, then irradiated by a 3 W blue
LED (4 = 450—455 nm) from a 2.0 cm distance for another 10 hours. The reaction mixture
was directly loaded onto a short silica gel column, followed by gradient elution with
petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent in vacuo, afforded

products 2a in 94% yield with O ee.
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© © 0

F DPZ (0.5 mol%), Amine-1 (0.6 equiv) F
H  NayCO, (2.5 equiv), HoO (1.0 equiv), DCE, 5 °C H
W blue LED, 36 h
2a: 96% ee 3 Whlue LED. 36 2a: 96% yield

95% ee

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, Na,CO; (26.5 mg, 0.25 mmol, 2.5 equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6
equiv), 2a (96% ee, 16.4 mg, 0.1 mmol, 1.0 equiv), H,O (1.8 pL, 0.1 mmol, 1.0 equiv), stir
bar and DCE (1.0 mL) were added sequentially and then degassed for three times by
freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at 5
°C for 30 min without light, then irradiated by a 3 W blue LED (4 = 450—455 nm) from a 2.0
cm distance for another 10 hours. The reaction mixture was directly loaded onto a short silica
gel column, followed by gradient elution with petroleum ether/dichloromethane (5/1-2/1

ratio). Removing the solvent in vacuo, afforded products 2a in 96% yield with 95% ee.

® o tBu 5
n
© . DPZ(0.5mol%), C28 (5 mol%) ? ¢ N>;QN'
@ijgm Amine-1 (0.6 equiv), Hy0 (1 equiv) @é\H 0 cl @
Na,CO3 (2.5 equiv), DCE Ar/NH
5°C, 3 W blue LED, 48 h 78% yield
1a 2T el | c28: Ar = 24-Br,CHy

35 uL (0.0005 mmol, 0.005 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of anhydrous
toluene) was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo.
Subsequently, C28 (3.1 mg, 0.005 mmol, 0.05 equiv), Na,COs (26.5 mg, 0.25 mmol, 2.5
equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 1a (19.8 mg, 0.1 mmol, 1.0 equiv), H,O
(1.8 uL, 0.1 mmol, 1.0 equiv), stir bar and DCE (1.0 mL) were added sequentially and then
degassed for three times by freeze-pump-thaw method. The reaction mixture was stirred
under an argon atmosphere at 5 °C for 30 min without light, then irradiated by a 3 W blue
LED (4 = 450—455 nm) from a 2.0 cm distance for another 10 hours. The reaction mixture
was directly loaded onto a short silica gel column, followed by gradient elution with
petroleum ether/dichloromethane (5/1-2/1 ratio). Removing the solvent in vacuo, afforded

products 2a in 78% yield with 84% ee.
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(9) Bn
? €28 (5 mol%) ? F N>|E>\N'
©ijLC| Amine-1 (0.6 equiv), H,O (1 equiv) @ij"" O CI@
Na,CO; (2.5 equiv), DCE r/NH
5°C, 3 W blue LED, 48 h 2a:18% yield
1a 200 o | €28 Ar=2,4Br,CoHs

Na,CO; (26.5 mg, 0.25 mmol, 2.5 equiv), Amine-1 (9.72 mg, 0.06 mmol, 0.6 equiv), 2a
(96% ee, 16.4 mg, 0.1 mmol, 1.0 equiv), H.O (1.8 uL, 0.1 mmol, 1.0 equiv), stir bar and DCE
(1.0 mL) were added to a 10 mL Schlenk tube sequentially and then degassed for three times
by freeze-pump-thaw method. The reaction mixture was stirred under an argon atmosphere at
5 °C for 30 min without light, then irradiated by a 3 W blue LED (/1 = 450—455 nm) from a
2.0 cm distance for another 10 hours. The reaction mixture was directly loaded onto a short
silica gel column, followed by gradient elution with petroleum ether/dichloromethane
(5/1-2/1 ratio). Removing the solvent in vacuo, afforded products 2a in 18% yield with 80%

ccC.
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5. Proposed mechanism

Proposed reaction process:

*DPZ—— N\

K
—
4

F o . F
protonation
H B
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@ T v
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o
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|
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H. H

N._ _Me
N
L X
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Could be detected and

isolated from the reaction
mixture

Fig. S22 Plausible reaction process and transition states.
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6. Determination of the absolute configurations

Absolute configurations of 2 are determined by X-ray structure analysis of the product 2d.

Fig. S21 Absolute configuration of 2d (CCDC 1590512).

Displacement ellipsoids are drawn at the 30% probability level. (Solvent: dichloromethane)

Table S4 Crystal data and structure refinement.

Identification code HMT70074
Empirical formula CioHsBrFO
Formula weight 243.07
Temperature/K 293(2)
Crystal system monoclinic
Space group P2,

a/A 7.8209(6)
b/A 6.9066(8)
c/A 8.6288(6)
a/° 90

pre 100.372(7)
v/° 90
Volume/A3 458.47(7)
V4 2

Pealcg/cm’ 1.761
pw/mm'! 5.892
F(000) 240.0

Crystal size/mm?

Radiation

0.23 x 0.13 x 0.08
CuKa (A = 1.54184)

20 range for data collection/° 10.422 to 134.124

Index ranges
Reflections collected

Independent reflections

-9<h<8,-7<k<8§,-10<1<10
3410

1530 [Rint = 0.0269, Rsigma = 0.0345]
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Data/restraints/parameters ~ 1530/1/118
Goodness-of-fit on F? 1.064

Final R indexes [I>=26 (I)] R;=10.0342, wR, =0.0855
Final R indexes [all data] R;=0.0410, wR> = 0.0922
Largest diff. peak/hole / € A= 0.43/-0.35

Flack parameter -0.04(6)

Table S5 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A2x10%. U is defined as 1/3 of of the trace of the orthogonalised
Uy tensor.

Atom X y Z U(eq)

Brl 8986.6(7) 4963.8(2) 6006.1(7) 66.0(3)
C1 6489(7) 4910(30) 3177(6) 51.0(16)
C2 6706(6) 4950(30) 4785(6) 47.7(11)
C3 5288(7) 4980(30) 5553(6) 52.8(13)
C4 3654(7) 5010(30) 4661(6) 51.8(13)
C5 3375(6) 4990(30) 3020(6) 47.7(11)
Cé6 4830(6) 4940(30) 2284(5) 45.2(11)
C7 4619(7) 4950(30) 530(6) 55.1(15)
C8 2784(9) 4640(30) -327(7) 67(5)
C9 1487(9) 5749(13) 420(8) 63(2)
C10 1564(6) 4940(30) 2080(6) 57.8(14)
F1 2697(6) 5260(30) -1862(4) 121(4)
o1 5835(5) 5010(30) -146(4) 68.9(13)

Table S6 Anisotropic Displacement Parameters (A2x10%). The Anisotropic displacement
factor exponent takes the form: -2n?[h?a**U;+2hka*b* U +...].

Atom Up Uz Uss Uz U3 Ui

Brl  49.8(3) 93.05)  51.703) 1.9(9) -0.6(2) 1.3(10)
c1 49(3) 65(4) 4(2) () 14Q2)  14(8)
2 43 58(3) 42(2) 68) 52) 409
3 56(3) 65(4) 37(2) 8@®)  102)  6(10)
4 5103) 66(4) 44(2) @) 212)  98)
s 470) 53(3) 45(2) 608)  132)  109)
C6  46(2) 55(3) 36(2) 18) 11.0(19)  0(9)
C7 6003) 71(4) 37(2) 509) 162)  13(9)
8 62(4) 100(14) 37(3) 8(5)  43) 205
9 51(4) 85(6) 50(4) 63) 203) 203)
CI0  44(3) 77(4) 54(3) 01l)  12(2) -8(10)
F1 77(3) 242(11)  41.6(19) 30(6) 5.9(19)  0(7)

ol 63(2) 107(4)  41.0(18) -10(8) 20.2(18)  -5(8)
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Table S7 Bond Lengths.

Atom Atom Length/A AtomAtom Length/A

Brl C2 1.901(5) Cc5 Clo 1.501(7)

C1 C2 1.367(7) c6o C7 1.492(6)

C1 C6 1.385(7) C7 C8 1.506(11)

c2 C3 1.390(7) C7 Ol 1.203(7)

C3 C4 1.368(7) c8 9 1.504(15)

c4 Cs5 1.393(7) C8 Fl1 1.380(12)

C5 Cé6 1.400(7) c9 Cl10 1.530(12)

Table S8 Bond Angles.

Atom Atom Atom Angle/ Atom Atom Atom Angle/°
cC2 (1 Co 119.9(4) Cl Ceo C7 119.1(4)
Cl C2 Brl 119.7(4) C5 Ceo C7 120.6(5)
Cl C2 C3 121.3(4) c6 C7 C8 114.8(6)
c3 C2 Brl 119.0(4) o1 C7 Co6 122.6(5)
c4 C3 C2 118.5(4) o1 C7 C8 122.3(5)
C3 (4 C5 122.1(4) Cc9 C8 Cc7 112.1(12)
c4 C5 C6 118.0(5) F1 C8 Cc7 107.909)
c4 C5 C10 120.6(4) F1 C8 C9 109.6(14)
c6 C5 C10 121.3(4) c8 (€9 C10 107.4(9)
C1 C6 C5 120.3(4) C5 C10 C9 111.8(7)
Table S9 Torsion Angles.

A B C D Angle A B C D Angle/

Br1C2C3 Cc4 178.8(15) C5 C6C7 Ol 176(2)

Cl1 C2C3 Cc4 -1(3) C6 C1C2 Brl -178.7(18)

Cl1 CoC7 C8 170(2) C6 C1C2 C3 1(3)

Cl1 CoC7 01 -3(4) C6 C5C10 C9 -26(3)

C2 C1C6 C5 -1(3) C6 C7C8 (€9 41(3)

C2 C1C6 C7 179(2) C6 C7C8 Fl 162.1(19)

C2 C3C4 C5 1(4) C7 C8C9 Cl10 -63.5(17)

C3 C4Cs C6 0(3) C8 C9C10 C5 54.8(18)

C3 C4Cs C10 177(2) C10C5C6 Cl -177(2)

C4 C5C6 C1 0(3) C10Cs5C6 C7 3(3)

C4 C5Co6 Cc7 -179(3) F1 C8C9 Cl10 176.8(14)

C4 C5C10 (€9 156.1(19) O1 C7C8 (9 -144.9(18)

C5 CoC7 C8 -10(3) O1 C7C8 Fl -24(3)

Table S10 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters
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(A2x10%).

Atom X y z U(eq)

H1 7452 4868 2685 61
H3 5447 4983 6647 63
H4 2700 5048 5166 62
HS8 2505 3261 -326 80
H9A 328 5594 -194 76
H9B 1772 7117 470 76
HI10A 801 5684 2620 69
H10B 1150 3609 2007 69
Experimental

The crystal was kept at 293(2) K during data collection. Using Olex2, the structure was
solved with the ShelXS structure solution program using Patterson Method and refined with
the ShelXL [3] refinement package using Least Squares minimisation.

Crystal structure determination

Crystal Data for C;)HsBrFO (M =243.07 g/mol): monoclinic, space group P2 (no. 4), a =
7.8209(6) A, b= 6.9066(8) A, ¢ = 8.6288(6) A, f=100.372(7)°, V=458.47(7)A*>, Z=2,T=
293(2) K, p(CuKo) = 5.892 mm™, Dcalc = 1.761 g/cm?, 3410 reflections measured (10.422°
< 20 < 134.124°), 1530 unique (Rin= 0.0269, Rgigma = 0.0345) which were used in all
calculations. The final R; was 0.0342 (I > 25(I)) and wR, was 0.0922 (all data).

Refinement model description

Number of restraints - 1, number of constraints - unknown.
Details:
1. Fixed Uiso
At 1.2 times of:
All C(H) groups, All C(H,H) groups
2.a Ternary CH refined with riding coordinates:
C8(H8)
2.b Secondary CH2 refined with riding coordinates:
C9(H9A,HIB), C10(H10A,H10B)
2.c Aromatic/amide H refined with riding coordinates:
CI1(H1), C3(H3), C4(H4)

2) Absolute configurations of 6 and 8 are determined by X-ray structure analysis of the
product 6f
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Fig. S22 Absolute configuration of 6f (CCDC 1840318).
Table S11 Crystal data and structure refinement.

Identification code HM23026
Empirical formula CioH10C120
Formula weight 217.08
Temperature/K 293(2)

Crystal system orthorhombic
Space group P2:2:2,

a/A 5.04728(18)
b/A 19.5159(6)

c/A 20.2528(8)

a/° 90

p/e 90

v/° 90

Volume/A3 1994.94(12)

V4 8

Pealeg/cm’ 1.446

wmm'! 5.490

F(000) 896.0

Crystal size/mm? 0.16 x 0.11 x 0.1
Radiation CuKa (A =1.54184)
20 range for data collection/®8.732 to 134.138
Index ranges -6<h<4,-23<k<22,-24<1<23
Reflections collected 8713

Independent reflections 3534 [Riny = 0.0378, Rigma = 0.0418]
Data/restraints/parameters ~ 3534/0/243

Goodness-of-fit on F? 1.032

Final R indexes [[>=26 (I)] R =10.0464, wR,=0.1189

Final R indexes [all data] R;=0.0553, wR, =0.1265

Largest diff. peak/hole / € A= 0.38/-0.17
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Flack parameter -0.014(19)

Table S12 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A2x10%. U is defined as 1/3 of of the trace of the orthogonalised
Uy tensor.

Atom X y z U(eq)

Cl 4524(9) 6731(2) 7674(2) 47.7(10)
C2 4476(10) 6342(2) 7032(3) 53.2(11)
C3 4213(10) 6830(3) 6451(3) 55.9(12)
C4 6554(11) 7322(2) 6413(2) 51.8(12)
C5 7370(10) 7602.9(19) 7081(2) 42.4(9)
Cé6 6518(9) 7310(2) 7673(2) 43.0(10)
C7 7456(12) 7577(2) 8270(2) 52.5(11)
C8 9208(12) 8115(2) 8285(3) 58.1(13)
C9 9983(11) 8402(2) 7697(3) 54.0(12)
C10 9145(11) 8152(2) 7100(2) 50.7(12)
cl 7467(3) 5836.2(6) 6946.7(7) 65.1(3)
CI2 12146(4) 9103.6(7) 7711.0(8) 88.9(6)
01 5028(8) 6297(2) 8222(2) 59.8(10)
C1' 5328(10) 4323(3) 4308(3) 51.7(11)
Cc2' 5348(10) 3782(3) 4849(3) 57.0(13)
C3' 5594(11) 4117(3) 5515(3) 69.2(16)
c4' 3414(12) 4631(3) 5660(3) 65.0(15)
Cs' 2453(12) 5030(2) 5072(2) 50.1(11)
Co' 3274(9) 4873(2) 4428(2) 47.4(11)
Cc7 2238(12) 5243(2) 3900(2) 52.7(11)
C8' 414(12) 5757(2) 3999(2) 57.5(13)
Co' -387(11) 5906(2) 4629(3) 56.0(12)
C10' 620(11) 5550(2) 5166(2) 54.8(13)
cin' 2346(3) 3271.8(6) 4820.3(7) 62.6(3)
C12' -2718(4) 6557.0(7) 4756.7(8) 80.5(5)
or' 4947(8) 4041(2) 3666.1(19) 58.4(9)

Table S13 Anisotropic Displacement Parameters (A2x10%). The Anisotropic
displacement factor exponent takes the form: -2n[h?a*2U;1+2hka*b* U +...].

Atom  Un Uz Uss Uz U3 Ui

c1 28(2) 612)  543) 52 4Q) 52)
) 32(2) 562  71(3) 302) -4 -6(2)
3 38(3) 76(3)  54(3) 502) -122) 202)
C4 60(3) 552)  40(2) 32(19)  -8(2) 1)

Cs 43(2) 41.4(19) 42.8(19) 1.0(1S)  -6(2) 5(2)
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6 39(2) £(2)
7 58(3) 57(2)
8 74(4) 53(3)
9 60(3) 40(2)
10 65(3) 412)
Cll 63.0(8) 51.6(5)
Cl2  120.9(15) 65.4(8)
o1 40(2) 73(2)
cr 29(2) 713)
2 29(2) 713)
c3' 46(3) 99(4)
c4 63(4) 82(3)
cs' 51(3) 56(2)
e’ 413) 53(2)
c7 59(3) 57(2)
g 65(3) 54(3)
o 55(3) 53(2)
10 60(3) 61(3)
Cl' 48.7(7) 63.0(6)
cr 86.7(11) 70.6(8)
Ol'  40.4(19) 78(2)
Table S14 Bond Lengths.

Atom Atom Length/A Atom
Cl C2 1.506(7) C1'

Cl Ceo 1.513(6) C1'

Cl Ol 1.420(6) C1'

2 1.519(7) C2'

C2 Cl 1.812(5) C2'

C3 C4 1.524(7) C3'

c4 Cs 1.517(6) C4'

cs  C6 1.395(6) C5'

Ccs5  Cl10 1.397(7) C5'

Cco C7 1.400(6) C6'

7 C8 1373(7) CT'

8 C9 1.372(7) C8'

c9 Cl10 1.371(7) C9'

c9 CI2 1.751(5) C9'

Table S15 Bond Angles.

47(2)
43(2)
48(3)
62(3)
46(2)

80.7(8)
80.3(9)

67(2)
55(3)
70(3)
63(3)
45(3)
43(2)
48(2)
42(2)
54(3)
59(3)
43(2)

75.9(8)
84.1(9)

57(2)

Atom

C2'
Co6'
or
C3'
Clr
c4
Cs'
Co'
C10'
CT'
C8'
C9'
C10'
C12'

1.1(18)
-2.3(18)
-11(2)
42)
4.6(18)
-7.7(5)
-5.5(6)
24.1(19)
-10(2)
2(3)
11(3)
1)
-5.3(17)
-4.4(19)
-4.3(18)
6(2)
42)
-10(2)
6.5(5)
-3.7(6)

220.1(18)

Length/A

1.521(7)
1.512(7)
1.425(6)
1.505(8)
1.814(5)
1.517(9)
1.505(7)
1.402(7)
1.386(8)
1.392(7)
1.375(8)
1.371(7)
1.387(8)
1.750(6)

0.2(19)
93)
-33)
-4(3)
2(2)
3.8(8)
-9.9(11)
6.0(18)
0(2)
-72)
-16(3)
-73)
-4(3)
32)
93)
43)
9(2)
102)
-5.8(7)
22.0(10)
5.6(17)

10.2(18)
53)
2(3)

-6(2)
0(2)
10.5(7)

-41.3(10)

-4.7(18)
-14(2)
2(2)
-14(3)
-14(3)
-17(3)

-17.8(19)

-12(3)
-6(3)
9(2)
-18(3)
-11.1(6)
10.7(8)

-5.8(18)
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Atom Atom Atom Angle/® Atom Atom Atom Angle/®

cC2 (i C6 112.7(4) C6' C1' C2 112.5(4)
01 (1 C2 112.2(4) o1' C1' C2 112.9(4)
o1 (i C6 109.2(4) O1' C1' C¢ 109.2(4)
Cl 2 C3 110.7¢4) C1' C2' CII 110.6(3)
Cl 2 Cl1 110.14) C3* C2' CI 110.2(5)
C3 2 Cl1 109.94) C3' C2' CII 109.6(4)
Cc2 C3 C4 111.54) C2' C3' ¢4 113.6(5)
C5 ¢4 C3 113.14) C5' C4' C3 115.0(5)
c6 C5 C4 122.3(4) C6' C5' C4 121.9(5)
c6 C5 C10 119.2(4) C10' C5' C4 119.0(4)
C10 C5 C4 118.4(4) C10' C5' Ce' 119.0(4)
C5 Cé6 Cl 120.8(4) C5' Ceo' CI' 120.5(5)
C5 Ceo Cc7 119.14) C7"  C6' CI' 120.2(4)
C7 Ceé Cl 120.14) C7"  C6' C5 119.3(5)
cs8 C7 Co6 121.4¢4) C8 C7' Cé6 121.2(4)
c9 C8 Cc7 118.5(5) C9' C8 C7 119.2(5)
c8 9 CI12 1189(4) C8' C9' Cl10 121.0(5)
C10 C9 C8 122.1(5) C8 C9' CI2 119.4(4)
C10 C9 Cl2 119.0(4) C100 C9' CI2 119.7(4)
c9 Cl10 C5 119.7¢4) C5' Cl10" C9 120.3(4)
Table S16 Hydrogen Bonds.

D H A dD-HY/A d(H-A)/A d(D-A)/A D-H-A/°

Ol H1A O1" 0.71(7) 2.05(7) 2.747(6) 165(7)
OI'HI'AO1? 0.76(9) 2.03(9) 2.771(6) 163(9)
1/2-X,1-Y,1/2+Z; 23/2-X,1-Y ,-1/2+Z

Table S17 Torsion Angles.

A B C D Angle/ A B C D Angle/

Cl C2C3 C4 61.4(6) C1' C2'C3' C4 57.5(6)

Cl C6C7 C8 -178.1(4) C1' C6'C7' C8' -178.5(4)

C2 CIC6 C5 23.3(6) C2' C1'Ce' CS5' 27.0(6)

C2 Ci1Co6 C7 -159.2(4) C2' C1'Ce' CT7T' -154.9(4)

C2 C3C4 C5 -42.4(6) C2' C3'C4' C5 -34.8(7)

C3 C4Cs5 C6 15.2(7) C3' C4'C5' C6' 7.9(7)

C3 C4Cs5 Cl10 -168.2(4) C3' C4'C5' C10' -174.7(5)

C4 C5C6 Cl -5.5(7) C4' C5'Cé6' C1' -4.4(7)

C4 C5Co6 C7 176.9(4) C4' C5'C6' CT' 177.5(5)

C4 C5C10C9 -178.0(5) C4' C5'C10'CY -177.2(5)
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C5 C6C7 C8
Co6 CIC2 C3
C6 Ci1C2 Cll1
C6 C5C10C9
Co6 C7C8 C9
C7 C8C9Y Cl10
C7 C8CY CI2
C8 C9C10Cs5
C10C5C6 Cl1
Cl10C5C6 C7
Cll1 C2C3 C4
Cl2 C9C10C5
01 C1C2 C3
01 Ci1C2 Cll
01 CI1C6 C5
01 C1C6 C7

-0.6(7) C5' C6'C7" C8'
-50.6(5) Ce' C1'C2' C3'
71.2(4) C6' C1'C2' CII'
-1.2(7) C6' C5'C10'CY
1.6(8) C6' C7'C8' C9'
-2.6(8) C7' C8'C9" C10'
178.3(4) C7' C8'C9' CI2'
2.4(8) C8' C9'Cl0'Cs'
177.9(4) C10'C5'C6" CI'
0.3(7) C10'C5'Ceé' CT'
-60.4(5) CI1' C2'C3" C4'
-178.5(4) CI2' C9'C10'C5'
-174.2(4) O1' C1'C2' C3'
-52.5(5) O1' C1'C2' C11'
148.6(4) O1' C1'C6' C5'
-33.8(6) O1' C1'C6' CT'

-0.3(8)
-52.6(6)
68.8(5)
0.2(8)
0.2(8)
0.2(8)
-179.7(4)
-0.4(8)
178.2(4)
0.1(7)
-64.5(6)
179.5(4)
_176.6(4)
-55.2(5)
153.2(4)
-28.7(6)

Table S18 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters

(A2x10%).

Atom X

H1 2765
H2 2947
H3A 2586
H3B 4109
H4A 8051
H4B 6091
H7 6881
H8 9855
H10 9755
H1A 3870(130)
H1' 7068
H2' 6875
H3'A 7292
H3'B 5570
H4'A 1921
H4'B 4053
H7' 2788
HS' -268
H10' 64

HI'A 6180(180)

6934
6033
7091
6569
7086
7702
7386
8281
8346

6190(30)
4546
3480
4349
3765
4388
4951
5141
5999
5660

3880(40)

7737
7033
6495
6045
6217
6126
8665
8684
6709

8400(30)
4311
4781
5541
5853
5851
5990
3473
3642
5590

3510(40)

57
64

67

67

62

62

63

70

61
60(19)
62

68

83

83

78

78

63

69

66
120(30)
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Experimental

The crystal was kept at 293(2) K during data collection. Using Olex2, the structure was
solved with the ShelXS structure solution program using Direct Methods and refined with the
ShelXL refinement package using Least Squares minimisation.

Crystal structure determination

Crystal Data for CioH;0Cl,O (M =217.08 g/mol): orthorhombic, space group P2:2:2; (no.
19), a = 5.04728(18) A, b= 19.5159(6) A, c = 20.2528(8) A, V= 1994.94(12) A3, Z= 8, T=
293(2) K, w(CuKa) = 5.490 mm™!, Dcalc = 1.446 g/cm’, 8713 reflections measured (8.732° <
20 < 134.138°), 3534 unique (Rin= 0.0378, Rsigma= 0.0418) which were used in all
calculations. The final R, was 0.0464 (1> 2o(I)) and wR, was 0.1265 (all data).

Refinement model description

Number of restraints - 0, number of constraints - unknown.
Details:
1. Fixed Uiso
At 1.2 times of:
All C(H) groups, All C(H,H) groups
2.a Ternary CH refined with riding coordinates:
CI(H1), C2(H2), C1'(H1"), C2'(H2")
2.b Secondary CH2 refined with riding coordinates:
C3(H3A,H3B), C4(H4A ,H4B), C3'(H3'A,H3'B), C4'(H4'A,H4'B)
2.c Aromatic/amide H refined with riding coordinates:
C7(H7), C8(HS8), C10(H10), C7'(H7"), C8'(H8"), C10'(H10"
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8. Characterization of products

O F  2a: white solid; Mp 44.6—46.0 °C; 15.1 mg, 92% vyield; 96% ee (On a 1.0

S

—~H
mmol scale: 141.0 mg, 86% yield; 97% ee); [a]s +157.1 (¢ 1.0, CHCLs); 'H

NMR (300 MHz, CDCl3) 6 7.99 (d, J = 7.8 Hz, 1H), 7.46 (t, J= 7.5 Hz, 1H), 7.30 (d, J = 7.6
Hz, 1H), 7.21 (d, J = 5.8 Hz, 1H), 5.08 (ddd, J=47.9, 12.7, 5.2 Hz, 1H), 3.07 (dd, J=9.1, 3.8
Hz, 2H), 2.57-2.45 (m, 1H), 2.36-2.20 (m, 1H); '*C NMR (75 MHz, CDCls) & 193.3 (d, J =
14.7 Hz), 143.0 (d, J = 1.4 Hz), 134.1, 131.2, 128.6, 127.8 (d, /= 2.2 Hz), 127.1,91.2 (d, J =
188.0 Hz), 30.1 (d, J=19.1 Hz), 27.0 (d, J = 11.5 Hz); '°F NMR (376 MHz, CDCl;) & —190.3;
HRMS (ESI) m/z 187.0541 (M+Na)", calc. for C;0(HyOFNa* 187.0535.

The ee was determined by HPLC analysis: LUX CELLULOSE-3 (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 12.6 min

(minor) and 14.5 min (major).

B [
Entry Retention Time Area Height %Area
| 12.304 127.9981 376.82 49.98
2 14.198 128.1223 235.75 50.02
B CRE R R R IR DR R OO
Entry Retention Time Area Height %Area
1 12.556 1.4671 4.39 1.47
2 14.503 98.3747 189.86 98.53




S45

o . 2b: yellow solid; Mp 119.8—121.0 °C; 17.5 mg, 96% yield; 92% ee; [a]p
F\Céi"' +70.0 (¢ 1.0, CHCI3); '"H NMR (300 MHz, CDCls) & 7.70 (dd, J = 8.8, 2.0
Hz, 1H), 7.29-7.19 (m, 2H), 5.14 (ddd, J = 47.7, 12.6, 5.1 Hz, 1H), 3.10
(dd, J = 8.1, 3.6 Hz, 2H), 2.57 (qd, J = 9.3, 4.3 Hz, 1H), 2.43-2.27 (m, 1H); *C NMR (75
MHz, CDCls) 6 192.3 (dd, J = 15.0 Hz, 1.8 Hz), 161.7 (d, J = 247.2 Hz), 138.8 (dd, J = 3.0
Hz, 1.4 Hz), 132.8 (dd, J = 6.6 Hz, 1.2 Hz), 130.6 (d, J = 7.3 Hz), 121.6 (d, J = 22.4 Hz),
113.5 (dd, J=22.2 Hz, 2.3 Hz), 90.9 (dd, J = 188.3 Hz, 1.1 Hz), 30.0 (d, /= 19.2 Hz), 26.3 (d,
J = 11.5 Hz); F NMR (376 MHz, CDCl3) § —114.1, —191.0; HRMS (ESI) m/z 205.0438
(M+Na)*, calc. for C;0HsOF,Na* 205.0441.
The ee was determined by HPLC analysis: CHIRALPAK AS-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 10.2 min
(minor) and 14.1min (major).

541
500

mAU

11-10.250

12-14.328

L

L

T

min

875 10000 1125

it [&] min]

T
1250

1375 15,00

T
16.25

T
17.50

1875 2000

2107

Entry Retention Time Area Height %Area
1 10.250 205.5293 361.14 49.91
2 14.328 206.2378 242.43 50.09
. Ng/k \1-10. 17? |
’ 0.0 1'0 2.‘0 370 4.‘0 570 6.‘0 7'0 87‘0?:”kﬂ i 970 10‘,0 11‘.0 12‘,0 13‘.0 14‘,0 15‘.0 15‘,0 16.8
Entry Retention Time Area Height %Area
1 10.175 2.7524 5.49 4.04
2 14.146 65.2943 85.89 95.96
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(0]

2¢: white solid; Mp 119.8-121.5 °C; 16.7 mg, 84% yield; 95% ee; [a]

F
cl
\Cij"* +27.1 (¢ 1.0, CHCl3); "H NMR (300 MHz, CDCls) 8 8.07 (d, J = 2.1 Hz,

1H), 7.53 (dd, J = 8.2, 2.3 Hz, 1H), 7.30 (d, J = 5.7 Hz, 1H), 5.19 (ddd, J

=47.7, 12.6, 5.1 Hz, 1H), 3.15 (dd, J = 8.8, 4.2 Hz, 2H), 2.62 (qd, J = 9.1, 4.3 Hz, 1H),

2.48-2.32 (m, 1H); 3C NMR (75 MHz, CDCls) 6 192.1 (d, J = 15.0 Hz), 141.2 (d, J = 1.3

Hz), 134.1, 133.5, 132.5 (d, J = 1.2 Hz), 130.2, 127.4 (d, J = 2.2 Hz), 90.8 (d, J = 188.7 Hz),

29.8 (d, J = 19.3 Hz,), 26.4 (d, J = 11.4 Hz); F NMR (376 MHz, CDCls) § —190.9; HRMS

(ESI) m/z 221.0145 (M+Na)*, calc. for C;0HsOFNaCl* 221.0145.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 34.0min

(minor) and 31.8 min (major).

0o 50 100 150 200 250 o 300 380 400 450 500 539
Entry Retention Time Area Height %Area
1 31.613 214.5172 274.63 49.79
2 33.531 216.3284 247.32 50.21
oo 25 50 75 100 125 150 17‘5Wtﬂ [minlzd.c 25 250 275 300 25 350 375
Entry Retention Time Area Height %Area
1 31.833 107.0252 130.86 97.28
2 33.991 2.9914 3.91 2.72
o 2d: white solid; Mp 122.1-123.8 °C; 22.6 mg, 93% yield; 92% ec; [(1]2]32
F
B s
r H  +234.1 (¢ 1.0, CHCL); 'H NMR (300 MHz, CDCl3) 8 8.16 (d, /= 1.7 Hz,
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1H), 7.62 (dd, J= 8.2, 1.9 Hz, 1H), 7.16 (d, J = 8.2 Hz, 1H), 5.14 (ddd, J=47.7, 12.7, 5.1 Hz,

1H), 3.07 (dd, J = 8.7, 4.0 Hz, 2H), 2.57 (qd, J = 9.3, 4.3 Hz, 1H), 2.41-2.25 (m, 1H); 13C

NMR (75 MHz, CDCL3) § 192.1 (d, J = 14.9 Hz), 141.6 (d, J= 1.4 Hz), 136.9, 132.7 (d, J =

1.1 Hz), 130.5, 121.2, 90.8 (d, J = 188.9 Hz), 29.8 (d, J = 19.3 Hz), 26.5 (d, J = 11.5 Hz); °F

NMR (376 MHz, CDCl;) & —190.8; HRMS (ESI) m/z 264.9637 (M+Na)’, calc. for

C10H30FN8.B1‘+ 264.9640.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 21.5 min

(minor) and 18.3 min (major).

80.0

750 MAU

6254

50.04

ince [MAU]

375
5
£
H
2 250
<

y I 0

,1-18.990

L

1222315

T
0.0 20

T
4.0

T T
6.0 8.0

T T
10.0 120

T T
14.0 1

Soﬂ:j[ﬂ [mir‘:]BO 32‘0 3‘4‘2
Entry Retention Time Area Height %Area
1 18.990 31.5624 74.07 50.07
2 22.315 31.4733 59.70 49.93
0 _/\ : L/g
Entry Retention Time Area Height %Area
1 18.298 142.0097 337.21 96.09
2 21.531 5.7725 12.86 3.91
0 2e: white solid; Mp 106.9—108.8 °C; 15.9 mg, 80% yield; 95% ee; [oc]ZD2

F
m’*‘ +53.7 (¢ 1.0, CHCL); 'H NMR (300 MHz, CDCls) & 7.99 (d, J = 8.4 Hz,
Cl

1H), 7.32 (d, J = 8.4 Hz, 1H), 7.28 (s, 1H), 5.13 (ddd, J = 47.7, 12.6, 5.1

Hz, 1H), 3.10 (dd, J = 9.0, 4.0 Hz, 2H), 2.63-2.51 (m, 1H), 2.43-2.27 (m, 1H);

BC NMR

(75 MHz, CDCl3) 5 192.2 (d, J = 14.9 Hz), 144.5 (d, J = 1.4 Hz), 140.6, 129.6 (d, J = 0.9 Hz),




S48

129.4 (d, J= 2.2 Hz), 128.5, 127.7, 90.8 (d, J = 188.3 Hz), 29.8 (d, /= 19.4 Hz), 26.7 (d, J =
11.5 Hz); F NMR (376 MHz, CDCls) & —190.7; HRMS (ESI) m/z 199.0334 (M+H)', calc.
for C10HoOCIF' 199.0326.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 17.1 min

(minor) and 18.5 min (major).

600+

AU 11-16783  2-18.315
000 125 250 375 5.00 625 750 875 ﬁ};‘?:‘ o 11725 12’50 1375 1500 1625 17550 1875 2003
Entry Retention Time Area Height %Area
1 16.783 251.0569 553.69 49.95
2 18.315 251.5918 550.62 50.05
32ﬂ: mAU |2-18.495
] -1y
0.00 125 250 375 5.00 525 750 875 ﬁ};i{::“n] 1125 12’50 1375 1500 1625 17’50 1875 2001
Entry Retention Time Area Height %Area
1 17.103 8.2298 21.37 2.54
2 18.495 315.2299 719.29 97.46

Me

F

2f: white solid; Mp 51.7-53.4 °C; 13.5 mg, 76% yield; 94% ee; [o]}

SH  +74.6 (¢ 1.0, CHCls); '"H NMR (300 MHz, CDCl3) 8 7.85(s, 1H), 7.33 (d,

J=178Hz, 1H), 7.15 (d, J= 7.8 Hz, 1H), 5.13 (ddd, J = 47.9, 12.8, 5.2
Hz, 1H), 3.08 (d, J = 5.7 Hz, 2H), 2.61-2.50 (m, 1H), 2.36 (s, 3H), 2.35-2.23 (m, 1H); 1°C
NMR (75 MHz, CDCLs) § 193.6 (d, J = 14.5 Hz), 140.1 (d, J= 1.4 Hz), 136.9, 135.2, 130.9 (d,
J=0.7Hz), 128.5, 127.7 (d, J= 2.2 Hz), 91.3 (d, J = 187.9 Hz), 30.2 (d, J = 18.9 Hz), 26.6 (d,
J = 11.7 Hz), 20.8; '°F NMR (376 MHz, CDCls) & —190.3; HRMS (ESI) m/z 201.0695

(M+Na)*, calc. for C;;H;;OFNa" 201.0692.
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The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 32.3 min

(minor) and 30.3min (major).

14004

12004

10004

8004

600

4004

|1-30.049

12-31.811

r T T
00 20 40

T
6.0

T T ™
300 320 342

Entry Retention Time Area Height %Area
1 30.049 909.1999 1191.13 49.56
2 31.811 925.2250 1051.03 50.44
Entry Retention Time Area Height %Area

30.279

369.5150

97.05

32.239

11.2422

2.95

1

2
0 2g: yellow solid; Mp 162.8—163.4 °C; 15.2 mg, 81% yield; 94% ee; [o]5
\\\©ij£H +48.3 (¢ 1.0, CHCl3); '"H NMR (300 MHz, CDCls) 8 8.21 (s, 1H), 7.64 (d,
J =177 Hz, 1H), 7.29 (s, 1H), 5.18 (ddd, J = 47.7, 12.6, 5.0 Hz, 1H),
3.16 (d, J = 5.2 Hz, 2H), 3.14 (s, 1H), 2.66-2.57 (m, 1H), 2.47-2.31 (m, 1H); *C NMR (75
MHz, CDCl3) 6 192.4 (d, J = 14.9 Hz), 143.3 (d, /= 1.2 Hz), 137.0, 131.4 (d, J = 2.2 Hz),
131.2,128.8, 121.3, 90.9 (d, J = 188.6 Hz), 82.0, 78.3,29.8 (d, J=19.2 Hz), 26.9 (d, J=11.5
Hz); F NMR (376 MHz, CDCl;) 8 —190.6; HRMS (ESI) m/z 211.0539 (M+Na)*, calc. for

Ci2H11OFNa' 211.0535.

The ee was determined by HPLC analysis: CHIRALCEL OD-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 10.9 min

(minor) and 12.4 min (major).
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[mAU]

Absorbance

7004
600
500
400
3004
200

100+

-100
r T T
00 10 20

\1-10.956

\2-12.555

T T T
30 40 50

T T T
60 80 9.0

W(t;lolmln]

Entry Retention Time Area Height %Area

1 10.956 221.9637 644.15 49.83

2 12.555 223.4855 587.31 50.17

o] B S

’ _OvO 1'0 270 370 410 570 6.‘0 7'0 Wi ["B‘;:] 970 10‘0 11‘0 12‘.0 1:{0 14va 15‘.0 155

Entry Retention Time Area Height %Area

1 10.918 6.7516 21.82 3.17

2 12.393 206.3097 556.03 96.83
o} 2h: white solid; Mp 87.2-88.7 °C; 15.2 mg, 86% yield; 94% ee; [o]}

F
MeO s
C@*H +82.7 (¢ 1.0, CHCl;); 'H NMR (300 MHz, CDCl3) § 7.50 (d, J = 2.6 Hz,

1H), 7.17 (d, J = 8.5 Hz, 1H), 7.09 (dd, J = 8.5, 2.7 Hz, 1H), 5.13 (ddd,

J =479, 128, 5.2 Hz, 1H), 3.84 (s, 3H), 3.06 (dd, J= 9.3, 3.9 Hz, 2H), 2.61-2.50 (m, 1H),

2.40-2.24 (m, 1H); °C NMR (75 MHz, CDCL:) § 193.3 (d, J = 14.7 Hz), 158.6, 135.6 (d, J =

1.4 Hz), 132.0 (d, J = 1.0 Hz), 129.9, 122.7, 109.3 (d, J = 2.3 Hz), 91.3 (d, J = 187.8 Hz),

55.5, 30.3 (d, J = 19.0 Hz), 26.2 (d, J = 11.7 Hz); °F NMR (376 MHz, CDCls) & —190.4;

HRMS (ESI) m/z 217.0647 (M+Na)", calc. for C;1H;10,FNa* 217.0641.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 16.6 min

(minor) and 17.7 min (major).
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B
Entry Retention Time Area Height %Area
1 16.445 240.4402 649.34 49.77
2 17.631 242.6733 559.53 50.23
B T S et e R O AT R ORRT
Entry Retention Time Area Height %Area
1 16.566 3.0162 8.94 3.17
2 17.693 92.2742 227.09 96.83

2i: white solid; Mp 113.4-115.0 °C; 13.2 mg, 68% yield; 97% ee; [a];
“H +51.4 (¢ 1.0, CHCl3); '"H NMR (300 MHz, CDCl;) & 8.03 (d, J = 8.8 Hz,
MeO 1H), 6.86 (dd, J= 8.8, 2.4 Hz, 1H), 6.69 (d, J= 2.1 Hz, 1H), 5.09 (ddd, J
=479, 12.5, 5.1 Hz, 1H), 3.86 (s, 3H), 3.07 (dd, J = 9.1, 4.0 Hz, 2H), 2.59-2.47 (m, 1H),
2.40-2.24 (m, 1H); *C NMR (75 MHz, CDCl3) 8 192.0 (d, J = 14.7 Hz), 164.2, 145.5 (d, J =
1.4 Hz), 130.3 (d, J = 2.3 Hz), 124.6, 113.8, 112.4, 90.9 (d, J = 185.6 Hz), 55.5, 30.1 (d, J =
19.1 Hz), 27.2 (d, J = 11.5 Hz); 'F NMR (376 MHz, CDCl3) & —190.4; HRMS (ESI) m/z
217.0646 (M+Na)*, calc. for C;;Hi1O.FNa* 217.0641.
The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 29.0 min

(minor) and 30.4 min (major).




§52

W18 i)
Entry Retention Time Area Height %Area
1 30.033 228.3652 343.65 49.83
2 31.756 229.8979 307.77 50.17
Entry Retention Time Area Height %Area
1 28.973 2.0324 3.70 1.45
2 30.381 114.0388 174.82 98.55

o 2j: yellow solid; Mp 87.2-88.7 °C; 26.1mg, 78% yield; 95% ee; [o]}
/@éjH +29.3 (¢ 1.0, CHCl3); '"H NMR (300 MHz, CDCls) & 7.94 (d, J= 8.6 Hz,
TsO 1H), 7.70 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.04 (s, 1H),
6.82 (d, J=8.5 Hz, 1H), 5.11 (ddd, J=47.7, 12.6, 5.1 Hz, 1H), 3.08 (dd, J = 8.7, 3.7 Hz, 2H),
2.68-2.49 (m, 1H), 2.45 (s, 3H), 2.40-2.23 (m, 1H); *C NMR (75 MHz, CDCls) 8 192.0 (d, J
= 14.9 Hz), 153.4, 1459, 145.1 (d, J = 1.4 Hz), 131.9, 129.9, 129.8, 129.8, 128.3, 122.3,
121.0, 90.7 (d, J = 187.3 Hz), 29.7 (d, J = 19.3 Hz), 26.8 (d, J = 11.5 Hz), 21.7; '°F NMR
(376 MHz, CDCl3) 8 —190.8; HRMS (ESI) m/z 357.0578 (M+Na)', calc. for C17H;sO4FNaS’
357.0573.
The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 46.4 min

(minor) and 43.3 min (major).
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OVD 5‘0 |C; 0 ’IE: Q 26.0 2;?5] i 30‘ Q 35:.0 40‘ Q 45".0 50;.0 51‘.8
Entry Retention Time Area Height %Area
1 43.416 160.3057 151.45 49.95
2 45.885 160.6545 138.34 50.05
’ ;).0 570 10‘0 15‘.0 26.0 ZSV(BJT“E“"“"] 30‘0 3?;.0 46.0 450 50‘0 529
Entry Retention Time Area Height %Area
1 43.293 350.0930 312.40 97.34
2 46.381 10.3014 8.95 2.66
0 2k: white solid; Mp 100.9-102.2 °C; 15.2 mg, 69% yield; 94% ee; [a]p

F
@6% +70.6 (¢ 1.0, CHCl3); 'H NMR (300 MHz, CDCl;) & 8.03 (d, J= 8.8 Hz,
AllylO

1H), 6.87 (dd, J = 8.7, 2.1 Hz, 1H), 6.71 (s, 1H), 6.03 (ddd, J = 22.4,
10.5, 5.2 Hz, 1H), 5.37 (ddd, J = 13.9, 11.5, 1.1 Hz, 2H), 5.09 (ddd, J = 47.9, 12.4, 5.1 Hz,
1H), 4.60 (d, J = 5.2 Hz, 2H), 3.07 (dd, J = 8.8, 3.7 Hz, 2H), 2.54 (qd, J = 9.2, 4.2 Hz, 1H),
2.40-2.24 (m, 1H); C NMR (75 MHz, CDCl;) 6 191.9 (d, J = 14.6 Hz), 163.2, 145.5 (d,J =
1.3 Hz), 132.2, 130.3 (d, J=2.3 Hz), 124.7, 118.3, 114.3, 113.3, 90.9 (d, J = 185.6 Hz), 68.9,
30.1 (d, J =19.2 Hz), 27.2 (d, J = 11.5 Hz); 'F NMR (376 MHz, CDCls) & —190.4; HRMS
(ESI) m/z 221.0979 (M+H)", calc. for Ci3H40:F" 221.0978.
The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 19.9 min

(minor) and 18.8 min (major).
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600+

5004

400

bsorbance [MAU]

|1-18.448

12-19.420

B i
Entry Retention Time Area Height %Area
1 18.448 221.1624 513.09 49.73
2 19.420 223.5872 461.37 50.27
() 2; 10540
B T T T S T T Y W WRwR ww W v wR mw o
Entry Retention Time Area Height %Area
1 18.801 131.9842 300.36 96.96
2 19.940 4.1422 8.98 3.04

21: white solid; Mp 122.4-123.8 °C; 18.4 mg, 95% yield; >99% ee; [a];

+26.9 (¢ 1.0, CHCI3); '"H NMR (300 MHz, CDCl;) & 7.50 (d, J= 2.3 Hz, 1H),

7.17 (d, J = 8.5 Hz, 1H), 7.09 (dd, J = 8.5, 2.5 Hz, 1H), 5.12 (ddd, J = 47.9,

OMe

12.7, 5.1 Hz, 1H), 3.83 (s, 3H), 3.05 (dd, J = 8.9, 3.6 Hz, 2H), 2.61-2.49 (m, 1H), 2.40-2.24
(m, 1H); *C NMR (75 MHz, CDCl;) & 193.3 (d, J = 14.6 Hz), 158.6, 135.6 (d, J = 1.3 Hz),
132.0 (d, J=0.7 Hz), 129.9, 122.7, 109.3 (d, J = 2.3 Hz), 91.3 (d, J= 186.6 Hz), 55.5, 30.3 (d,
J=18.8 Hz), 26.2 (d, J = 11.6 Hz); '°F NMR (376 MHz, CDCls) & —190.4; HRMS (ESI) m/z
217.0647 (M+Na)*, calc. for C;;Hi1O.FNa* 217.0641.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 23.1 min

(minor) and 20.5 min (major).
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\1-20.785

1223378

min

r T
00 25

T T T T
5.0 75 100 125

T
15.0

T T
175 200

T
350

T i
375 391

Wi i
Entry Retention Time Area Height %Area
1 20.668 22.3796 47.30 50.21
2 23.215 22.1894 41.68 49.79
o % w0 % % 80 D 80 80 %o 0 oo & o
Entry Retention Time Area Height %Area
1 20.501 137.3159 283.76 100.00
2 23.1 0 0 0

OMs
5.1 Hz, 1H), 3.40-3.32 (m, 1H), 3.12-3.01 (m, 1H), 2.66-2.57 (m, 1H), 2.45-2.22 (m, 1H);

2m: white solid; Mp 104.3-105.9 °C; 17.6 mg, 68% yield; 94% ee; [a];

—H  164.0 (c 1.0, CHCL); '"H NMR (300 MHz, CDCl;) & 8.06 (d, J = 7.8 Hz, 1H),

7.54 (d, J = 7.9 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 5.18 (ddd, J = 47.9, 12.8,

13C NMR (75 MHz, CDCl3) § 192.1 (d, J = 14.9 Hz), 146.4, 136.5 (d, J = 1.4 Hz), 133.4 (d, J

=0.7 Hz), 128.2, 127.7, 126.8 (d, J = 2.1 Hz), 90.5 (d, J = 188.9 Hz), 38.5, 29.0 (d, J=19.5

Hz), 21.7 (d, J= 11.7 Hz); "/F NMR (376 MHz, CDClz) § —191.1; HRMS (ESI) m/z 281.0259

(M+Na)*, calc. for C;1H;104FNaS* 281.0260.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 2.0 mL/min; 25 °C; 254 nm; retention time: 35.3 min

(minor) and 31.8 min (major).
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-31.225

12-33.958

T T T T
75 100 125 15.0

T T T
175 200 225

B4
Entry Retention Time Area Height %Area
1 31.225 425.4863 409.32 49.70
2 33.958 430.6803 339.17 50.30
R~ O O A A A O DR RS
Entry Retention Time Area Height %Area
1 31.850 73.6254 76.38 96.92
2 35.310 2.3414 2.67 3.08

2n: yellow oil; 20.6 mg, 70% yield; 97% ee; [o]5 +50.5 (¢ 1.0, CHCl3); 'H

—H NMR (300 MHz, CDCls) & 7.99 (d, J = 8.6 Hz, 1H), 6.79 (dd, J= 8.6, 2.1 Hz,

1H), 6.66 (s, 1H), 5.10 (ddd, J = 47.9, 12.5, 5.1 Hz, 1H), 3.05 (dd, J= 8.8, 4.0

OTBS
Hz, 2H), 2.54 (qd, J = 9.2, 4.3 Hz, 1H), 2.40-2.25 (m, 1H), 0.98 (s, 9H), 0.24 (s, 6H); 13C

NMR (75 MHz, CDCls3) 6 192.2 (d, J = 15.8 Hz), 161.1, 145.4 (d, /= 1.3 Hz), 130.3 (d, J =
2.3 Hz), 125.1, 1194, 119.0, 91.0 (d, J = 185.7 Hz), 30.1 (d, J = 19.1 Hz), 27.0 (d, J = 11.5
Hz), 25.5, 18.2, —4.3, —4.3; YF NMR (376 MHz, CDCl3) & —190.9; HRMS (ESI) m/z
295.1529 (M+H)", calc. for Ci16H2402FNSi* 295.1530.

The ee was determined by HPLC analysis: CHIRALCEL OD-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 5.0 min

(minor) and 6.2 min (major).
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\1-4.958

12-6.136

T T
350 4.00

T T
7.00 7.50

B4 i
Entry Retention Time Area Height %Area
1 4.958 41.2355 208.11 49.99
2 6.136 41.2497 184.39 50.01
B R I T S T T e I R R R R R IR IR TR
Entry Retention Time Area Height %Area
1 4.985 4.5785 26.63 1.45
2 6.158 310.1722 1336.86 98.55

20: white solid; Mp 174.9-196.4 °C; 20.6 mg, 72% yield; 92% ee; [a]h

+46.8 (¢ 1.0, CHCl3); "H NMR (300 MHz, CDsOD) § 7.46 (d, J= 7.7 Hz, 1H),

7.19 (t, J = 7.9 Hz, 1H), 7.02 (d, J = 7.9 Hz, 1H), 5.24 (ddd, J = 48.1, 13.1,

OH
5.2 Hz, 1H), 3.23 (ddd, J = 17.9, 8.1, 4.7 Hz, 1H), 2.96-2.73 (m, 1H), 2.55 (tt, J = 14.6, 5.0

Hz, 1H), 2.41-2.08 (m, 1H); '*C NMR (75 MHz, CD;0D) § 196.3 (d, J = 14.2 Hz), 156.2,
133.3,131.9 (d, J = 1.5 Hz), 128.4, 120.7, 118.8 (d, /= 2.2 Hz), 92.3 (d, J = 185.2 Hz), 30.4
(d, J=18.7 Hz), 21.8 (d, J = 12.0 Hz); 'F NMR (376 MHz, CD;0D) & —192.6; HRMS (ESI)
m/z 181.0671 (M+H)", calc. for CioH10O2F" 181.0665.

The ee was determined by HPLC analysis: CHIRALPAK AS-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 9.9 min

(minor) and 13.8 min (major).
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\1-9.795

12-13.698

r T T T T T T
00 10 20 30 40 5.0 6.0

T
7.0

SDBH‘IEJ [mm]9
Entry Retention Time Area Height %Area
1 9.795 70.2708 113.95 50.47
2 13.698 68.9706 78.14 49.53
’ 0_ 0 1.'25 21’)0 1'75 SbU Sv'25 7'50 &'75 B:}?;jo?min] 11.‘25 12750 13775 15700 15725 17750 18775 '2024
Entry Retention Time Area Height %Area
1 9.946 8.2645 14.92 4.18
2 13.766 184.7350 201.24 95.82
0 2p: white solid; Mp 71.8—73.2 °C; 14.8 mg, 89% yield; 93% ee; [a]h +166.8

F
©\)th (c 1.0, CHCls); 'H NMR (300 MHz, CDCl3) § 7.92 (d, J = 7.9 Hz, 1H), 7.53
° (dd, J=11.3, 4.2 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H),

5.17 (ddd, J = 47.0, 9.2, 4.8 Hz, 1H), 4.69-4.49 (m, 2H); '3C NMR (75 MHz, CDCL) 5 187.1

(d, J=15.7 Hz), 161.2, 136.8, 127.6 (d, J = 1.3 Hz), 122.3, 119.4, 117.9, 85.5 (d, J = 187.0

Hz), 68.6 (d, J = 25.8 Hz); “F NMR (376 MHz, CDCl;) & —204.0; HRMS (ESI) m/z

189.0330 (M+Na)", calc. for CoH;0,FNa" 189.0328.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 8.6 min

(minor) and 10.4 min (major).
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800
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[mAU]

3754

Absorbance

2504

1254

-1007

11-8.536

12-10.283

min

r T
00 10

T
20

T T
30 40

T
60

T
80

T T
9.0 100

T T ]
120 130 135

Esf 8] [rm7r:]cl
Entry Retention Time Area Height %Area
1 8.536 222.9058 852.26 49.86
2 10.283 224.1198 768.28 50.14
’ _OYO 1'0 270 370 470 510 ot rﬂsjlﬂmin] 7'0 8.0 9.0 16.0 1.0 120
Entry Retention Time Area Height %Area
1 8.618 5.0461 22.03 3.60
2 10.381 135.1093 505.15 96.40
o - 2q: white solid; Mp 87.3—88.9 °C; 16.4 mg, 90% yield; 93% ee; [o]5 +4.5 (¢
- 1.0, CHCl3); '"H NMR (300 MHz, CDCl;) 6 8.11 (J = 8.0 Hz, 1H), 7.46-7.41
S

(m, 1H), 7.28 (s, 1H), 7.26-7.21 (m, 1H), 5.43 (ddd, J = 47.5, 13.4, 4.9 Hz,

1H), 3.61 (td, J = 13.0, 2.9 Hz, 1H), 3.33-3.24 (m, 1H); *C NMR (75 MHz, CDCl;) & 189.8

(d, J=15.4 Hz), 140.4, 134.0, 130.2, 129.9 (d, J = 2.1 Hz), 127.1, 125.5, 89.3 (d, J = 195.0

Hz), 30.8 (d, J = 23.3 Hz); “F NMR (376 MHz, CDCl;) & —184.0; HRMS (ESI) m/z

205.0099 (M+Na)", calc. for CoH;OFSNa" 205.0099.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 14.4 min

(minor) and 12.9 min (major).
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800

750

625

[mAU]

Absorbance

1254

-1007

500

3754

2504

|1-12.886

12-14.321

T

T
8.75

T
10.00

T T T
11.25 12,50 13.75

T
15.00

T —
16.25 17.90

i [8] [min]
Entry Retention Time Area Height %Area
1 12.886 252.6142 796.43 49.94
2 14.321 253.1922 720.53 50.06
o] /\ . . ‘2-1‘4390
’ AOYO 1'0 270 370 470 570 670 770 Wi [:‘ji:] 970 16.0 11‘.0 12‘.0 13‘.0 14‘.0 15‘.0 156
Entry Retention Time Area Height %Area
1 12.931 232.5183 733.59 96.61
2 14.390 8.1545 24.30 3.39
o 2r: white solid; Mp 54.6-56.0 °C; 11.3 mg, 75% yield; 91% ee; [a]5 +7.0 (¢

@éf 1.0, CHCl3); "H NMR (300 MHz, CDCl3) 5 7.78 (d, J = 7.7 Hz, 1H), 7.67 (t, J
H
=7.5 Hz, 1H), 7.44 (dd, J = 14.1, 7.3 Hz, 2H), 5.27 (ddd, J = 51.0, 7.8, 4.4 Hz,

1H), 3.68-3.57 (m, 1H), 3.39-3.15 (m, 1H); *C NMR (75 MHz, CDCI3) § 200.0 (d, J = 14.7

Hz), 149.6 (d,J= 5.7 Hz), 133.8 (d, J = 1.1 Hz), 133.8, 128.4, 126.8 (d, J = 1.6 Hz), 124.7 (d,

J =13 Hz), 90.5 (d, J = 189.2 Hz), 33.4 (d, J = 21.3 Hz); '°F NMR (376 MHz, CDCls) &

~194.0; HRMS (ESI) m/z 173.0376 (M+Na)", calc. for CoH,OFNa* 173.0379.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 10.3 min

(minor) and 11.3 min (major).
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1160

1000] 11-10.020
12-11.053
7504
500 4
0 T T
-160 : : : : : : : - - : .
0.00 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 15.01
Entry Retention Time Area Height %Area
1 10.020 208.8269 953.60 49.71
2 11.053 211.2550 900.59 50.29
01— 2-1130
375+
2504
1254
1-10.267
0 1 "Iil -
-50"'| —T —t T+ T T 1 T+ T~ T~ [ T+ T T [ T T T [ T Tt T [ Tt Tt T [ T T T [ T T T [ T T T
0!0 1.0 20 3.0 40 5.0 6.0 70 8.0 9.0 10.0 11.0 121
Entry Retention Time Area Height %Area
1 10.267 5.5552 24.36 4.68
2 11.300 113.1396 459.35 95.32
o 2s: white solid; Mp 89.1-91.3 °C; 13.5 mg, 73% yield; 87% ee; [a]s

~15.6 (¢ 1.0, CHCL3); "H NMR (300 MHz, CDCl3) & 7.72 (d, J = 8.2 Hz,

cl
~F
H

(m, 1H), 3.28-3.13 (m, 1H); '*C NMR (75 MHz, CDCls) § 198.3 (d, J = 14.9 Hz), 151.1 (d, J

1H), 7.46-7.39 (m, 2H), 5.26 (ddd, J = 50.9, 7.7, 4.3 Hz, 1H), 3.66-3.55

= 5.5 Hz), 142.9, 132.3 (d, J = 1.2 Hz), 129.3, 127.0 (d, J = 1.6 Hz), 125.9 (d, J = 1.3 Hz),
90.1 (d, J = 189.7 Hz), 33.2 (d, J = 22.0 Hz); F NMR (376 MHz, CDCls) 8 —193.3; HRMS
(ESI) m/z 206.9991 (M+Na)", calc. for CoOHsOFNaCl" 206.9989.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 15.8 min

(minor) and 17.5 min (major).
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\1-15.261

Entry Retention Time Area Height %Area
1 15.261 146.4709 268.32 49.95
2 17.139 146.7617 260.18 50.05
S \ 1 -15733‘ \
Entry Retention Time Area Height %Area
1 15.788 11.2989 22.61 6.48
2 17.529 163.0464 286.77 93.52

o) 2t: white solid; Mp 67.9-69.4 °C; 13.6 mg, 83% yield; 91% ee; [o]}
Me\©:l§{\:: —14.7 (¢ 1.0, CHCl3); "H NMR (300 MHz, CDCl;) & 7.58 (s, 1H), 7.48 (d,
J=17.9Hz, 1H), 7.34 (d, J=7.8 Hz, 1H), 5.25 (ddd, J=51.0, 7.7, 4.3 Hz,
1H), 3.62-3.52 (m, 1H), 3.23-3.09 (m, 1H), 2.40 (s, 3H); *C NMR (75 MHz, CDCl;) & 200.0
(d, J=14.8 Hz), 147.0 (d, J = 5.8 Hz), 138.5, 137.6, 134.0 (d, /= 1.3 Hz), 126.4 (d, J=1.6
Hz), 124.6 (d, J = 1.2 Hz), 90.8 (d, J = 189.1 Hz), 33.1 (d, J = 21.3 Hz), 21.1; 'F NMR (376
MHz, CDCl3) 6 —193.6; HRMS (ESI) m/z 187.0536 (M+Na)’, calc. for Ci;oHyOFNa"
187.0535.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 70/30; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 11.8 min

(minor) and 16.0 min (major).




S63

(1-11.781

12-16.003

T T T
4.0 50 6.0

T
7.0

T T
8.0 9.0

Entry Retention Time Area Height %Area
1 11.781 32.3695 111.76 49.60
2 16.093 32.8877 82.83 50.40
Entry Retention Time Area Height %Area
1 11.789 9.1073 32.51 4.65
2 15.996 186.7234 470.98 95.35
o) 2u: white solid; Mp 81.1-82.5 °C; 13.6 mg, 83% yield; 92% ee; [a]h

H
Me

—8.7 (¢ 1.0, CHCI3); "H NMR (300 MHz, CDCl3) & 7.69 (d, J = 7.8 Hz,

1H), 7.25 (t, J = 5.5 Hz, 2H), 5.25 (ddd, J = 51.1, 7.7, 4.3 Hz, 1H),

3.63-3.52 (m, 1H), 3.26-3.10 (m, 1H), 2.46 (s, 3H); *C NMR (75 MHz, CDCl3) 5 199.4 (d, J

= 14.8 Hz), 150.1 (d, J = 5.6 Hz), 147.9, 131.6 (d, J = 1.4 Hz), 129.7, 127.1 (d, J = 1.5 Hz),

124.6 (d, J= 1.4 Hz), 90.6 (d, J= 188.8 Hz), 33.3 (d, /= 21.4 Hz), 22.3; "’F NMR (376 MHz,

CDCls) & —193.4; HRMS (ESI) m/z 187.0540 (M+Na)", calc. for C1o0HyOFNa* 187.0535.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 14.3 min

(minor) and 16.9 min (major).
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2,000

1,500 4

[mAU]

|1-14.055

\2-16.705

OYU 2'0 A‘O 6'0 B‘U ’IU‘B(T]Naj i 12‘0 14‘0 1é0 15‘0 20‘0 210
Entry Retention Time Area Height %Area
1 14.055 670.0501 1914.53 49.21
2 16.705 691.5219 1711.24 50.79
’ l; 0 1.‘25 250 375 5'00 6.25 7.'50 8'73:5”@ i 10700 11725 12750 13775 15700 15725 17.‘50 18.36
Entry Retention Time Area Height %Area
1 14.261 10.6185 35.28 4.25
2 16.928 239.3537 660.20 95.75
O 2v: white solid; Mp 64.8—66.3 °C; 14.8 mg, 90% yield; 91% ee; [a]r —9.0 (¢
oF
©:”>\H 1.0, CHCl3); "H NMR (300 MHz, CDCl3) 6 7.62 (d, J= 7.6 Hz, 1H), 7.47 (d, J
Me

= 7.4 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 5.26 (ddd, J = 50.9, 7.7, 4.1 Hz, 1H),

3.59-3.49 (m, 1H), 3.14-2.99 (m, 1H), 2.35 (s, 3H); *C NMR (75 MHz, CDCls) 5 200.3 (d, J

= 14.6 Hz), 148.7 (d, J = 5.1 Hz), 136.8, 136.1 (d, J = 1.4 Hz), 133.7 (d, J = 1.2 Hz), 128.5,

122.0 (d, J = 1.2 Hz), 90.5 (d, J = 188.7Hz), 32.1 (d, J = 21.3 Hz), 17.7; "F NMR (376 MHz,

CDCls) & —193.9; HRMS (ESI) m/z 187.0537 (M+Na)", calc. for C1o0HyOFNa* 187.0535.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 12.0 min

(minor) and 13.2 min (major).
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W18 i)
Entry Retention Time Area Height %Area
1 12.248 194.1255 706.12 50.00
2 13.691 194.1314 644.35 50.00
Entry Retention Time Area Height %Area
1 11.971 16.8186 67.60 4.56
2 13.198 352.1670 1188.46 95.44

0O

2w: white solid; Mp 67.8-68.8 °C; 14.9 mg, 83% yield; 84% ee; [a]p
MeO
j@:é\g ~18.2 (¢ 1.0, CHCLs); '"H NMR (300 MHz, CDCL3) & 7.42 (d, J = 8.4 Hz,

1H), 7.34-7.30 (m, 1H), 7.26 (d, J = 2.2 Hz, 1H), 5.33 (ddd, J = 51.0,

7.6, 4.2 Hz, 1H), 3.90 (s, 3H), 3.67-3.57 (m, 1H), 3.32-3.12 (m, 1H); '*C NMR (75 MHz,

CDCls) § 199.9 (d, J = 15.1 Hz), 159.9, 142.4 (d, J = 5.9 Hz), 134.9 (d, /= 1.1 Hz), 127.5 (d,

J=1.6 Hz), 125.7, 105.7 (d, J = 1.1 Hz), 91.0 (d, J = 189.3 Hz), 55.6, 32.7 (d, J = 21.2 Hz);

F NMR (376 MHz, CDCL) & —193.2; HRMS (ESI) m/z 203.0492 (M+Na)", calc. for

C1oHyO2FNa* 203.0484.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 13.1 min

(minor) and 14.3 min (major).
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OYU 1.0 2'0 3‘0 A'O 5‘0 5‘0 7'0 Bvﬂarﬂaj i 9'0 160 11‘0 12'0 ’I:’;O 14‘0 15‘0 16‘0 1é9
Entry Retention Time Area Height %Area
1 13.178 72.7721 243.42 49.96
2 14.561 72.8893 221.28 50.04
) 0.0 1'0 270 310 410 570 6.‘0 770 Wi [i{lﬁn] 970 16.0 11‘.0 12‘.0 13‘.0 14‘.0 15‘.0 157
Entry Retention Time Area Height %Area
1 13.088 30.2802 107.65 8.16
2 14.340 340.8339 1006.39 91.84
0 2x: white solid; Mp 122.9-124.1 °C; 9.9 mg, 55% yield; 91% ee; [a];
\\F
N y 112 (c 1.0, CHCI3); '"H NMR (300 MHz, CDCl;) 6 7.73 (d, J = 8.6 Hz,
MeO

1H), 6.87 (s, 1H), 5.22 (ddd, J = 51.3, 7.6, 4.1 Hz, 1H), 3.90 (s, 3H),

3.68-3.43 (m, 1H), 3.15 (ddd, J = 25.3, 14.6, 6.0 Hz, 1H); '*C NMR (75 MHz, CDCl;) &

197.8 (d,J = 15.0 Hz), 166.5, 152.8 (d, J = 5.6 Hz), 127.1, 126.6 (d, J= 1.2 Hz), 116.4, 109.9

(d, J = 1.6 Hz), 90.5 (d, J = 187.9 Hz), 55.8, 33.6 (d, J = 21.7 Hz); F NMR (376 MHz,

CDClz) 6 —192.2; HRMS (ESI) m/z 203.0487 (M+Na)", calc. for Ci10HoO.FNa" 203.0484.

The ee was determined by HPLC analysis: CHIRALPAK ID (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 24.6 min

(minor) and 28.3 min (major).
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OYU 2'0 A‘O 6'0 B‘U 160 12‘0 14‘0 ﬁ@[;ﬁ:ﬂ? 15‘0 26.0 220 24‘.0 2610 28‘0 36.0 3;‘.0
Entry Retention Time Area Height %Area
1 24.940 577.0831 943.36 49.72
2 28.788 583.5189 783.87 50.28
Entry Retention Time Area Height %Area
1 24.604 3.5844 7.47 4.47
2 28.261 76.5542 129.42 95.53
o F 2y: yellow oil;15.2 mg, 85% yield; 93% ee; [a]; +95.9 (¢ 1.0, CHCl3); 'H

H
NMR (300 MHz, CDCl3) 6 7.76 (d, J = 6.0 Hz, 1H), 7.43 (t, J = 15.0, 9.0, 6.0

e:

Hz, 1H), 7.32 (t, J = 15.0, 9.0, 6.0 Hz, 1H), 7.22 (d, J = 9.0 Hz, 1H),
5.36-5.15 (m, 1H), 3.08-2.90 (m, 2H), 2.40-2.27 (m, 1H), 2.19-1.81 (m, 3H); *C NMR (75
MHz, CDCls) 6 200.2 (d, J=19.5 Hz), 141.8, 135.8, 132.3, 130.1, 129.2 (d, J =7.5 Hz), 126.7,
94.7 (d, J=183.0 Hz), 34.2, 30.5 (d, /= 21.0 Hz), 22.9 (d, J = 8.2 Hz); "F NMR (376 MHz,
CDCl3) 6 —182.6; HRMS (ESI) m/z 201.1920 (M+Na)", calc. for C1o0HoO>FNa" 201.1921.
The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 11.9 min

(minor) and 11.0 min (major).
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Entry Retention Time Area Height %Area
1 11.080 53.7328 198.94 50.13
2 12.006 53.4511 183.79 49.87
Entry Retention Time Area Height %Area
1 11.036 125.1085 485.78 96.28
2 11.923 4.8349 18.91 3.72
O

F
~H
Me

2za: colorless oil; 14.0 mg, 92% yield; 82% ee; [a]h —55.1 (¢ 1.0, CHCL);

"H NMR (300 MHz, CDCl3) 4 7.95 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 7.4 Hz,

1H), 7.45 (t, J = 7.6 Hz, 2H), 5.70 (dq, J = 48.6, 6.8 Hz, 1H), 1.63 (dd, J = 24.0, 6.8 Hz, 3H);

3C NMR (75 MHz, CDCls) 8 196.8 (d, J= 19.4 Hz), 133.9 (d, /= 0.8 Hz), 133.7, 128.8 (d, J

= 3.6 Hz), 128.6,90.0 (d, J= 179.9 Hz), 18.2 (d, J = 22.8 Hz); '°F NMR (376 MHz, CDCls) 5

—191.7, HRMS (ESI) m/z 175.0533 (M+Na)', calc. for CoHoOFNa" 175.0529.

The ee was determined by HPLC analysis: CHIRALPAK AS-H (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.0 min

(major) and 9.6 min (minor).
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2,004
mAU
1,500 -
1,250 ] 1-7.011
1,000 ] 12 - 9.604
750
250
0 T . T -
.150 = = = = = = = = = = min 1
5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
Entry Retention Time Area Height %Area
1 7.011 479.1758 1230.89 51.68
2 9.604 448.0692 992.85 48.32
666
mAU
500
400 \1-7.001
300 4
2004
100 4
12 -9.608
0 T ! T
.77 E = = = = = = = = = = Min 1
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
Entry Retention Time Area Height %Area
1 7.001 132.1674 404.57 90.81
2 9.608 13.3826 37.24 9.19

F  2zb: colorless oil; 13.4 mg, 81% yield; 90% ee; [a]s =37.1 (c 1.0, CHCl3);
Et "H NMR (300 MHz, CDCl3) 4 7.94 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.4 Hz,
1H), 7.46 (t, J= 7.6 Hz, 2H), 5.50 (ddd, J = 49.3, 7.5, 4.7 Hz, 1H), 2.17 — 1.85 (m, 2H), 1.06
(t,J=7.4 Hz, 3H); *C NMR (75 MHz, CDCls) 8 196.7 (d, J = 19.4 Hz), 134.3 (d, J= 0.7 Hz),
133.62, 128.7 (d, J = 3.8 Hz), 128.6, 94.6 (d, J = 183.4 Hz), 26.0 (d, /= 21.7 Hz), 8.9 (d, J =
4.5 Hz); "F NMR (376 MHz, CDCls) & —191.0; HRMS (ESI) m/z 189.0688 (M+Na), calc.

for C1oH;1OFNa" 189.0686.
The ee was determined by HPLC analysis: CHIRALPAK IE-CHIRALPAK IE (4.6 mm i.d.

x 250 mm); Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time:

14.1 min (major) and 15.8 min (minor).
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160

mAU
140 \1-14.444
120 12-16.2
100
80+
60
40
20
0 1 T
20 L : : : : : : : : min'
7.80 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 16.75
Entry Retention Time Area Height %Area
1 14.444 47.8291 137.24 51.16
2 16.254 45.6551 120.76 48.84
358
| mAU
300
250
\1-14.084
200
150
100
50
2-15.82
0 1 : T
534 : : : : : : : : min
7.88 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 16.34
Entry Retention Time Area Height %Area
| 14.084 94.3707 207.68 95.00
2 15.821 4.9624 11.74 5.00
Q F 2z¢: colorless oil; 18.3 mg, 88% yield; 83% ee; [a]5 —61.5 (c 1.0,
N H

Me

CHCls); 'H NMR (300 MHz, CDCl3) § 7.96 (d, J = 7.6 Hz, 2H), 7.60

(t,J = 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 5.56 (dt, J = 12.4, 5.9 Hz, 1H), 2.06 — 1.83 (m,

2H), 1.53 (d, J = 7.1 Hz, 2H), 1.38 — 1.27 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H); °C NMR (75

MHz, CDClL;) 6 197.0 (d, J = 19.6 Hz), 134.4 (d, J = 0.8 Hz), 133.7, 128.8 (d, J = 3.8 Hz),

128.7,93.9 (d, J = 183.1 Hz), 32.7 (d, /= 21.3 Hz), 31.3, 24.4 (d, J = 3.1 Hz), 22.4, 13.9; °F

NMR (376 MHz, CDCL) & —189.5; HRMS (ESI) m/z 231.1152 (M+Na)’, calc. for

C13H17OFNa* 231.1155.
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The ee was determined by HPLC analysis: CHIRALPAK AS-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 4.9 min

(major) and 7.9 min (minor).

200

\1-5.056
100 12 -8.404
50
o] -~ : T : T min
_18»0.15 125 250 3.75 5.00 625 7.50 8.75 10,00 1125 12550 13.75 14.94
Entry Retention Time Area Height %Area
1 5.506 35.8924 114.95 50.26
2 8.404 35.5269 86.99 49.74
498
mAU
4001 1-4.939
300
200 4
100
\2-7.906
() L T
77 = = = = = = = = = = = min'
0.19 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 15.10
Entry Retention Time Area Height %Area
1 4.939 115.3989 369.10 91.69
2 7.906 10.4575 30.33 8.31
o F 2zd: colorless oil; 15.8 mg, 89% yield; 90% ee; [a]; —46.2 (¢ 1.0, CHCL3);
—H
_ 'HNMR (300 MHz, CDCls) 8 7.96 (d, J = 7.7 Hz, 2H), 7.61 (t, J = 7.4 Hz,

1H), 7.48 (t, J= 7.6 Hz, 2H), 5.88 (ddt, J = 17.3, 10.4, 6.9 Hz, 1H), 5.61 (ddd, J = 48.9, 7.3,
4.8 Hz, 1H), 5.20 (d, J = 6.4 Hz, 1H), 5.15 (s, 1H), 2.88 — 2.58 (m, 2H); '*C NMR (75 MHz,
CDCl3) 8 196.1 (d, J = 19.5 Hz), 134.3, 133.8, 131.4 (d, J = 3.8 Hz), 128.9 (d, J = 3.9 Hz),
128.7, 92.8 (d, J = 185.1 Hz), 36.8 (d, J = 21.5 Hz); "”F NMR (376 MHz, CDCl3) 4 —181.5;
HRMS (ESI) m/z 201.0683 (M+Na)", calc. for C;1H;;OFNa* 201.0686.

The ee was determined by HPLC analysis: CHIRALPAK AS-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 6.1 min

(major) and 10.4 min (minor).
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1,408 -
mAU
1,250
\1-6.081
750 12-10.081
250
01 T T min
-aao- 04 125 250 375 5.00 625 750 8.75 10,00 1125 12550 1375 14.91
Entry Retention Time Area Height %Area
1 6.081 338.0516 1045.45 48.93
2 10.081 352.8729 734.21 51.07
916
mAU
800
1-6.111
600 4
400 4
200 4
\2-10.378
0 T ! .
-101 E = = = = = = = = = = = min <
0.08 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 1125 12.50 13.75 14.97
Entry Retention Time Area Height %Area
1 6.111 232.0810 695.35 95.15
2 10.387 11.8350 30.14 4.85
ﬁo 2ze: white solid; Mp 46.3—47.9 °C; 10.6 mg, 75% yield; 90% ee; [a]; —30.2
Ml\ejle |_;F (c 1.0, CHCl3); 'TH NMR (300 MHz, CDCls) & 6.65 (d, J = 10.0 Hz, 1H), 5.84

(dd, J=10.0, 4.4 Hz, 1H), 5.06 (ddd, J=47.9, 13.2, 5.7 Hz, 1H), 2.24 (dt, J=11.9, 5.9 Hz,
1H), 2.04 (dd, J = 22.4, 12.7 Hz, 1H), 1.22 (d, J = 13.3 Hz, 6H); *C NMR (75 MHz, CDCl;)
6 194.5 (d, J=14.7 Hz), 159.6 (d, J= 1.6 Hz), 124.4, 88.0 (d, /= 186.4 Hz), 42.2 (d, J=16.8
Hz), 35.5 (d, J = 11.0 Hz), 30.5, 26.1; °F NMR (376 MHz, CDCls) & -195.6 (six peaks),
-195.7 (three peaks), -195.8 (three peaks); HRMS (ESI) m/z 165.0684 (M+Na)", calc. for
CsHi1OFNa' 165.0686.

The ee was determined by HPLC analysis: CHIRALPAK IG (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 230 nm; retention time: 14.0 min

(major) and 15.0 min (minor).
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1000

800

6004

4004

2004

5.342

T T
4 [

T

T
16

Entry Retention Time Area Height %Area
1 14.353 19164.6 1059.8 49.756
2 15.342 193524 985.4 50.244

T T T T T T T T
2 4 6 8 10 12 1 16

Entry Retention Time Area Height %Area
1 14.023 3890.7 213 94.860
2 15.002 210.8 13 5.140

?H o 6a: white solid; Mp 80.4—81.8 °C; 14.4 mg, 79% yield; 92% ee; > 20:1 dr;
~H [a]s —6.0 (¢ 1.0, CHCls); 'H NMR (300 MHz, CDCl3) § 7.52-7.49 (m, 1H),
7.27-7.25 (m, 2H), 7.15 (d, J = 3.3 Hz, 1H), 4.86 (s, 1H), 4.56 (dd, J = 5.5,
2.9 Hz, 1H), 3.13 (dt, J = 16.7, 6.3 Hz, 1H), 2.90-2.80 (m, 1H), 2.44 (td, J = 14.2, 6.8 Hz,
2H), 2.23-2.19 (m, 1H); '*C NMR (75 MHz, CDCl3) § 135.8, 134.8, 128.8, 128.5, 128.1,
126.5, 70.1, 63.2, 27.5, 26.6; HRMS (ESI) m/z 183.0575 (M+H)", calc. for CioHi2OCI"
183.0577.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.9 min

(minor) and 10.9 min (major).
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750

625

[mAU]

Absorbance

2504

125

3754

\1-8.741

12-10.676

min

T T T
8.00 850 9.00

T T
950 10.00

T
10.50

T T N
11.00 1150 11.70

e i IRF 8] [min]
Entry Retention Time Area Height %Area
1 8.741 146.6750 445.57 49.82
2 10.676 147.7391 42421 50.18
, f\\ l \1-8.903 l ‘
0.0 1'0 ZYO 370 470 570 B—?"gj i 7.‘0 870 9.0 16.0 11.0 i 123
Entry Retention Time Area Height %Area
1 8.903 8.903 8.903 4.08
2 10.926 10.926 10.926 95.92
6b: white solid; Mp 84.9—86.5 °C; 13.0 mg, 60% yield; 90% ee; > 20:1 dr;

-mQ

Cl «Cl
mm [a] —56.1 (¢ 1.0, CHCl;); 'H NMR (300 MHz, CDCl3) 5 7.51 (s, 1H),

7.20 (d, J = 8.2 Hz, 1H), 7.05 (d, J = 8.2 Hz, 1H), 4.80 (s, 1H), 4.56 (dd, J

= 4.4, 3.0 Hz, 1H), 3.13-3.02 (m, 1H), 2.78 (dt, J = 17.3, 5.9 Hz, 1H), 2.47-2.34 (m, 2H),

2.24-2.15 (m, 1H); ®C NMR (75 MHz, CDCl;) 8 137.7, 133.2, 132.1, 129.9, 128.3, 128.2,

69.7, 62.7, 27.6, 25.4; HRMS (ESI) m/z 239.0003 (M+Na)’, calc. for CioHi0ONaCl"

239.

0006.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.2 min

(minor) and 11.2 min (major).
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Entry Retention Time Area Height %Area
1 8.189 372.8273 909.62 49.96
2 11.183 373.3544 923.61 50.04
Entry Retention Time Area Height %Area
1 8.196 10.4827 26.91 4.96
2 11.211 200.6826 500.11 95.04
6c: white solid; Mp 90.2-92.1 °C; 16.0 mg, 61% yield; 84% ee; > 20:1 dr;

[0]2 —46.6 (c 1.0, CHCls); 'H NMR (300 MHz, CDCl3) § 7.67 (d, J = 1.4

Hz, 1H), 7.35 (dd, J = 8.2, 1.9 Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 4.81 (d,

J=3.0 Hz, 1H), 4.65-4.46 (m, 1H), 3.11-3.01 (m, 1H), 2.76 (dt, J = 17.4, 6.0 Hz, 1H), 2.40

(td, J = 13.6, 5.9 Hz, 1H), 2.25-2.15 (m, 2H); *C NMR (75 MHz, CDCl;) & 138.1, 133.8,

131.3, 131.1, 130.2, 120.1, 69.7, 62.7, 27.6, 25.6; HRMS (ESI) m/z 282.9504 (M+Na)", calc.

for C1oH;0ONaCIBr" 282.9501.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.4 min

(minor) and 11.7 min (major).
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4,'19 5. EJU 6,60 7 bU B,l)ﬂ U 9. EJU 10‘00 11'00 12'00 12'75
Entry Retention Time Area Height %Area
1 8.470 205.9142 549.95 50.06
2 11.813 205.4494 548.22 49.94
’ ; 0 5'00 6'00 760 BbU B i 91)0 10700 11700 12700 12.92
Entry Retention Time Area Height %Area
1 8.416 13.3986 37.15 8.13
2 11.688 151.3247 399.00 91.87
OH 6d: white solid; Mp 103.9-105.1 °C; 13.1 mg, 67% yield; 90% ee; > 20:1
: Cl
Me

m“‘ dr; [a]p —9.5 (¢ 1.0, CHCLs); 'H NMR (300 MHz, CDCl3) & 7.30 (s, 1H),
7.08-7.00 (m, 1H), 4.81 (d, J = 3.1 Hz, 1H), 4.53 (dt, J = 8.7, 3.0 Hz,
1H), 3.06 (dt, J = 16.8, 6.3 Hz, 1H), 2.85-2.75(m, 1H), 2.47-2.35 (m, 1H), 2.33 (s, 2H), 2.18
(dtd, J = 9.3, 6.6, 2.7 Hz, 1H); '*C NMR (75 MHz, CDCl5) § 136.1, 135.5, 131.8, 129.3, 129.1,
128.5, 70.1, 63.4, 27.7, 26.4, 21.0, HRMS (ESI) m/z 219.0554 (M+Na)’, calc. for
CiH;30CINa" 219.0553.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.9 min

(minor) and 10.9 min (major).
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6.17 7.60 B.l)D SEJU U ’IU‘OO 11'00 12'00 '13t11
Entry Retention Time Area Height %Area
1 8.576 61.1470 187.91 49.87
2 10.486 61.4718 176.27 50.13
) ;49 B,I)U 5'50 9'00 9,‘50 10700 12'1?%] i 11700 11750 12.‘00 12750 13700 13750 13.73
Entry Retention Time Area Height %Area
1 8.903 3.6232 12.39 491
2 10.926 70.2000 204.76 95.09
OH 6e: white solid; Mp 94.9-96.5 °C; 16.0 mg, 75% yield; 90% ee; > 20:1
: Cl
MeO S

=H dr; [a]2 —5.0 (c 1.0, CHCl3); "H NMR (300 MHz, CDCls) & 7.03 (d, J =

8.4 Hz, 2H), 6.82 (dd, J = 8.4, 2.4 Hz, 1H), 4.81 (s, 1H), 4.56 (dd, J =

4.8,3.2 Hz, 1H), 3.80 (s, 3H), 3.09-3.00 (m, 1H), 2.76 (dt, J = 16.9, 6.2 Hz, 1H), 2.39 (dt, J =

13.9, 6.2 Hz, 2H), 2.19 (ddd, J = 13.7, 9.7, 4.0 Hz, 1H); *C NMR (75 MHz, CDCls) & 158.2,

136.9, 129.6, 126.7, 115.0, 112.6, 70.2, 63.3, 55.3, 27.8, 25.4; HRMS (ESI) m/z 235.0503

(M+Na)*, calc. for C;;H30,NaCl* 235.0502.

The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 21.6 min

(major) and 24.6 min (minor).
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\1-21.646

\2-24.444

T

150

210

280 260

27

Entry Retention Time Area Height %Area
1 21.646 291.1048 502.78 49.98
2 24.444 291.2826 458.95 50.02

Entry Retention Time Area Height %Area
1 21.646 200.3435 345.93 95.12
2 24.608 10.2791 17.30 4.88

H

6f: white solid; Mp 133.9-136.8 °C; 14.1 mg, 65% yield; 90% ee; > 20:1

-nmQ

dr; [a]2 =7.3 (¢ 1.0, CHCls); '"H NMR (300 MHz, CDCls) & 7.44 (d, J =

.\\\\CI
S
Cl

1H), 4.54 (dt, J= 7.9, 3.0 Hz, 1H), 3.09 (dt, /= 17.3, 6.8 Hz, 1H), 2.80 (dt, /= 17.5, 6.2 Hz,

8.3 Hz, 1H), 7.20 (d, J = 8.3 Hz, 1H), 7.12 (s, 1H), 4.81 (d, J = 3.2 Hz,

1H), 2.40 (dt, J= 14.1, 6.2 Hz, 2H), 2.19 (ddd, J = 13.9, 8.6, 2.6 Hz, 1H); >*C NMR (75 MHz,
CDCl:) 6 136.8, 134.4, 133.8, 130.1, 128.3, 126.8, 69.6, 62.8, 27.4, 26.2; HRMS (ESI) m/z
239.0011 (M+Na)", calc. for C1oH;0OCl:Na" 239.0006.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.0 min

(minor) and 9.6 min (major).
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U'O ’IYO 2'0 3'0 4'0 5‘0 il [':;3 7'0 5‘0 9'0 10.0 1 1‘ 0 16
Entry Retention Time Area Height %Area
1 8.193 307.8653 791.58 50.31
2 9.895 304.1234 779.17 49.69
’ ;).0 1'0 270 310 470 570 B i 670 7'0 BYO 910 10‘,0 '111
Entry Retention Time Area Height %Area
1 8.056 6.2293 17.42 4.85
2 9.640 122.1139 325.71 95.15
H 6g: white solid; Mp 115.7-117.1 °C; 15.3 mg, 72% yield; 94% ee; >

mQ

“‘\CI
mH 20:1 dr; [o]”> +8.1 (¢ 1.0, CHCls); 'H NMR (300 MHz, CDCls) & 7.38
MeO
° (d,J=8.6 Hz, 1H), 6.80 (dd, J= 8.5, 2.3 Hz, 1H), 6.64 (s, 1H), 4.80 (d,

J=2.9 Hz, 1H), 4.50 (dt, /= 9.0, 2.9 Hz, 1H), 3.79 (s, 3H), 3.07 (dt, /= 17.3, 6.2 Hz, 1H),
2.87-2.76 (m, 1H), 2.41 (dt, J = 13.8, 7.4 Hz, 1H), 2.17 (dtd, J = 8.9, 6.3, 2.7 Hz, 2H); "*C
NMR (75 MHz, CDCl;) ¢ 159.4, 136.4, 130.3, 128.1, 113.0, 112.8, 69.7, 63.4, 55.2, 27.4,
27.2; HRMS (ESI) m/z 235.0500 (M+Na)*, calc. for C;;H130,NaCl" 235.0502.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 18.0 min

(major) and 19.0 min (minor).
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11-18.008

\2-18.791

min

T
8.75

T T T
10.00 11.25 12550

T T T
13.75 15.00 16.25

T
1750

T
18.75

5 el 21?25 22750 23775 24‘52
Entry Retention Time Area Height %Area
1 18.006 39.7601 136.18 51.53
2 18.791 37.3934 62.07 48.47
o] VAN . % ‘2-133‘955
’ l; 0 1.'25 Zv'50 3'75 51)0 6'25 7.'50 &'75 1031?‘% i 11.‘25 12.‘50 13775 15700 15725 17750 18775 20'00 20.75
Entry Retention Time Area Height %Area
1 18.025 200.7196 773.56 97.01
2 18.988 6.1952 9.81 2.99
OH 6h: white solid; Mp 92.8—93.9 °C; 16.5 mg, 69% yield; 94% ee; > 20:1

dr; [a]2 +3.8 (¢ 1.0, CHCL:); 'H NMR (300 MHz, CDCls) & 7.37 (d, J

~ .‘\\\CI
OO
AllylO

6.04 (ddd, /=224, 10.5, 5.3 Hz, 1H), 5.40 (dd, J=17.3, 1.4 Hz, 1H), 5.28 (dd, J=10.5, 1.2

= 8.5 Hz, 1H), 6.81 (dd, J = 8.5, 2.4 Hz, 1H), 6.65 (d, J = 2.1 Hz, 1H),

Hz, 1H), 4.80 (s, 1H), 4.52-4.51 (m, 2H), 4.48 (t, /= 3.1 Hz, 1H), 3.06 (dt, /= 17.3, 6.2 Hz,
1H), 2.81 (dt, J = 17.3, 6.9 Hz, 1H), 2.46-2.35 (m, 2H), 2.16 (dtd, J = 8.9, 6.3, 2.7 Hz, 1H);
BC NMR (75 MHz, CDCls) & 158.4, 136.4, 133.1, 130.3, 128.3, 117.7, 113.9, 113.5, 69.7,
68.7, 63.3, 27.4, 27.2; HRMS (ESI) m/z 261.0653 (M+Na)’, calc. for Ci3HisO.NaCl®
261.0651.

The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 24.6 min

(major) and 28.4 min (minor).
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|1 -24.361

80| \2-27.966

Absorbance [mAU]

224 230 240 280 260 270

Entry Retention Time Area Height %Area
1 25.199 53.0888 86.83 49.84
2 29.038 53.4388 72.23 50.16
;é 754
Entry Retention Time Area Height %Area
1 24.559 119.6923 197.34 96.90
2 28.409 3.8348 5.77 3.10

OH 6i: colourless oil; 20.3 mg, 65% yield; 90% ee; > 20:1 dr; [a]h +8.0 (¢

: Cl

mH 1.0, CHCLs) ; 'H NMR (300 MHz, CDCl3) 8 7.30 (d, J = 8.4 Hz, 1H),
TBSO
6.71 (dd, J = 8.4, 2.4 Hz, 1H), 6.58 (d, J= 2.2 Hz, 1H), 4.78 (d, J = 2.3

Hz, 1H), 4.47 (dt, J=9.3, 3.1 Hz, 1H), 3.02 (dt, J=17.3, 6.1 Hz, 1H), 2.78 (dt, J = 17.3, 7.0
Hz, 1H), 2.47-2.34 (m, 2H), 2.14 (dtd, J = 9.0, 6.2, 2.8 Hz, 1H), 0.99 (s, 9H), 0.20 (s, 6H);
BC NMR (75 MHz, CDCls)  155.5, 136.3, 130.3, 128.6, 119.4, 118.5, 69.8, 63.3, 27.3, 27.2,
25.6, 18.1, —4.4; HRMS (ESI) m/z 335.1205 (M+Na)", calc. for Ci¢H250,NaCl" 335.1203.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 12.4 min

(minor) and 13.6 min (major).
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0 N~~~
U'O ’IYO 2'0 3‘0 4'0 5‘0 6‘0 710 B_?;(;_J i 9'0 160 11‘0 12'0 ’I:’;O ’IA‘O 15‘0 T |é4
Entry Retention Time Area Height %Area
1 12.449 298.9512 805.95 50.93
2 13.673 288.0571 772.92 49.07
: ;éQ SZ)D 92)0 10'00 11'00 B min 12'00 13'00 16'00 T 15‘21
Entry Retention Time Area Height %Area
1 12.369 15.3647 43.85 4.93
2 13.571 296.4483 783.38 95.07
OH 6j: colourless oil; 17.7 mg, 73% yield; 93% ee; > 20:1 dr; [o]; —4.7 (c
: Cl
O 5
- —H 1.0, CHCl5); '"H NMR (300 MHz, CDCls) 8 6.96 (s, 1H), 6.57 (s, 1H),
~
(0)

4.78 (d, J=2.6 Hz, 1H), 4.51 (dt, J= 8.5, 2.8 Hz, 1H), 3.86 (s, 3H), 3.84
(s, 3H), 3.01 (dt, J=16.8, 6.4 Hz, 1H), 2.75 (dt, J=16.9, 6.5 Hz, 1H), 2.38 (dt, /= 14.5, 6.6
Hz, 2H), 2.15 (dtd, J = 9.0, 6.6, 2.4 Hz, 1H); '*C NMR (75 MHz, CDCls) & 148.9, 147.7,
127.6, 127.1, 111.1, 110.7, 69.8, 63.3, 55.8, 55.8, 27.6, 26.3; HRMS (ESI) m/z 265.0602
(M+Na)*, calc. for C;0HyO.FNa* 265.0599.
The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 16.4 min

(major) and 19.9 min (minor).
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\1-16.581

2-19.983

Entry Retention Time Area Height %Area
1 16.581 335.1269 730.99 49.63
2 19.983 340.0737 626.04 50.37
Entry Retention Time Area Height %Area
| 16.423 381.9103 846.15 96.55
2 19.868 13.6577 31.54 3.45
OH ol 6k: white solid; Mp 119.8—121.1 °C; 17.4 mg, 82% yield; 91% ee; > 20:1 dr;
@H [a> —13.0 (¢ 1.0, CHCL;); "H NMR (300 MHz, CDCl3) § 7.22 (d, J = 7.9 Hz,
OMe 1H), 7.11 (d, J = 7.7 Hz, 1H), 6.79 (d, J = 8.1 Hz, 1H), 4.83 (d, J = 3.1 Hz,

1H), 4.51 (dt, J = 8.7, 3.0 Hz, 1H), 3.83 (s, 3H), 2.96 (dt, /= 18.1, 6.6 Hz, 1H), 2.70 (dt, J =
18.1, 6.7 Hz, 1H), 2.47-2.35 (m, 1H), 2.18 (dtd, J = 9.1, 6.5, 2.5 Hz, 2H); *C NMR (75 MHz,
CDCl) & 156.8, 137.0, 127.1, 124.0, 120.6, 109.2, 70.1, 63.0, 55.3, 27.0, 21.2; HRMS (ESI)
m/z 235.0499 (M+Na)*, calc. for C;1H;30,NaCl* 235.0502.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 10.7 min

(minor) and 12.9 min (major).
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0] 1-10.745
12 -13.063
Entry Retention Time Area Height %Area
1 10.745 118.4533 351.74 50.41
2 13.063 116.5267 319.96 49.59
600 12 -12.942
\1-10.662 |
Entry Retention Time Area Height %Area
| 10.662 9.4449 32.01 4.73
2 12.942 190.1631 512.34 95.27
OH 6l: white solid; Mp 111.4-112.6 °C; 10.9 mg, 65% yield; 87% ee; >20:1 dr;
@Q{\\CI [a]y —7.4 (¢ 1.0, CHCL); '"H NMR (300 MHz, CDCls) & 7.49-7.46 (m, 1H),
H

7.34-7.28 (m, 3H), 5.18 (d, J = 4.5 Hz, 1H), 4.83 (dd, J = 8.4, 5.0 Hz, 1H),
3.33 (qd, J = 16.6, 4.2 Hz, 2H), 2.53 (s, 1H); *C NMR (75 MHz, CDCl;) & 141.4, 138.9,
128.8, 127.5, 125.0, 124.7, 76.4, 65.9, 39.7; HRMS (ESI) m/z 191.0242 (M+Na)", calc. for
C1oHyO2FNa* 191.0240.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 8.5 min

(minor) and 10.3 min (major).
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|1-8.491
12-10.204

min

T T T T T T T T T
37 40 5.0 6.0 7.0 8.0 9.0 120 14.0 150 154

Entry Retention Time Area Height %Area
1 8.491 34.78 34.7752 49.93
2 10.294 34.87 34.8705 50.07
gzou
Entry Retention Time Area Height %Area
| 8.478 11.4190 31.25 6.63
2 10.294 160.9188 427.47 93.37
/lOS\CI 5m: colorless oil; 12.3 mg, 73% yield; 82% ee; [a]h, —28.2 (¢ 1.0, CHCly); 'H
N
Me ‘H NMR (300 MHz, CDCIs) 6 8.06 — 7.97 (m, 2H), 7.59 (t, /= 7.4 Hz, 1H), 7.48 (t,

J=17.5Hz, 2H), 5.25 (g, J= 6.7 Hz, 1H), 1.74 (d, J = 6.7 Hz, 3H); 3C NMR (75 MHz, CDCl;)
5193.6, 134.1, 133.7, 128.9, 128.7, 52.8, 19.9; HRMS (ESI) m/z 191.0236 (M+Na)", calc. for

CoHyOCINa" 191.0234.
The ee was determined by HPLC analysis: CHIRALPAK IE-CHIRALPAK IE (4.6 mm i.d.

x 250 mm); Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time:

12.6 min (major) and 13.6 min (minor).
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435

400

3004

2004

100

(1-12.6432 - 13,643

T T

T
125

T
2.50

3.75 5.00

T
6.25

7.50 8.75

10,00

T
11.25

T
12.5

0 13.75 15.00

0.00 15.97
Entry Retention Time Area Height %Area
1 12.643 86.1726 257.62 50.46
2 13.643 84.5988 254.76 49.54
b \1-12.573
800
600 -
400 4
200 4
\2-13.58
0 L -+
-100 = = - = = = - = = = =
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 14.52
Entry Retention Time Area Height %Area
1 12.573 310.2536 889.72 91.25
2 13.581 29.7635 90.48 8.75
? 5n: colorless oil; 14.2 mg, 78% yield; 82% ee; [OL]ZDZ —41.3 (¢ 1.0, CHCL); 'H
Ph o
Et' 'y NMR (300 MHz, CDCls) 6 8.00 (d, J = 7.4 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H),

7.49 (t, J= 7.6 Hz, 2H), 5.06 (dd, J = 7.7, 5.9 Hz, 1H), 2.27 - 1.91 (m, 2H), 1.08 (t, J=7.3

Hz, 3H); '*C NMR (75 MHz, DMSO) & 193.5, 134.5, 133.6, 128.8, 128.7, 59.3, 27.0, 10.8;

HRMS (ESI) m/z 205.0393 (M+Na)", calc. for CioH;;OCINa* 205.0390.

The ee was determined by HPLC analysis: CHIRALPAK ID-CHIRALPAK ID (4.6 mm i.d.

x 250 mm); Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time:

11.3 min (minor) and 12.1 min (major).
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574

500 4

400

300+

\1-11.1392 - 11.964

200

100

-46

Entry Retention Time Area Height %Area
1 11.139 68.7268 274.42 49.31
2 11.964 70.6429 274.22 50.69
400
mAU o
3004
200-
100
\1- 11259
0 . T
N D IR A A I R e
Entry Retention Time Area Height %Area
1 11.259 10.3188 36.76 9.24
2 12.066 101.4056 346.86 90.76
o

50: colorless oil; 16.3 mg, 83% yield; 80% ee; [OL]ZDZ —67.9 (c 1.0, CHCly); 'H

WCl

np’ %y NMR (300 MHz, CDCLs) & 8.05 — 7.95 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t,

Ph

J=17.5Hz, 2H), 5.13 (dd, J= 8.1, 5.8 Hz, 1H), 2.17 — 1.90 (m, 2H), 1.69 — 1.35 (m, 2H), 0.97
(t,J = 7.4 Hz, 3H); *C NMR (75 MHz, CDCls) 6 193.6, 134.5, 133.6, 128.8, 128.7, 57.5, 35.5,
19.5, 13.5; HRMS (ESI) m/z 219.0544 (M+Na)", calc. for C;1Hi30CINa" 219.0547.

The ee was determined by HPLC analysis: CHIRALPAK IE-CHIRALPAK IE (4.6 mm i.d.

x 250 mm); Hexane/2-propanol = 98/2; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time:

11.9 min (major) and 13.7 min (minor).
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476
400
800+ 11-11.696 12 - 13.454
200
100
0 L
-37 : : : : : . - - - :
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 14.43
Entry Retention Time Area Height %Area
1 11.696 112.0732 287.85 51.66
2 13.454 104.8790 280.93 48.34
600
11-11.898
500
400
300
200+
100 2.1
0 I —L
-100 : - - - - - - - - - - - <
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 14.28
Entry Retention Time Area Height %Area
| 11.898 546.49 220.4470 89.89
2 13.696 65.04 24.8064 10.11
8: white solid; Mp 62.7-64.0 °C; 13.8 mg, 61% yield; 90% ee; > 20:1 dr; [(X]ZDZ

~5.4 (¢ 1.0, CHCL); 'H NMR (300 MHz, CDCL) § 7.50-7.47 (m, 1H),

7.26-7.23 (m, 2H), 7.13-7.10 (m, 1H), 4.80 (d, J = 3.0 Hz, 1H), 4.71 (dt, J =

8.3,3.0 Hz, 1H), 3.11 (dt, J= 17.2, 6.5 Hz, 1H), 2.87 (dt, J = 17.2, 6.3 Hz, 1H), 2.52 (td, J =

14.3, 6.4 Hz, 1H), 2.30 (dtd, J = 9.4, 6.9, 2.7 Hz, 1H); >C NMR (75 MHz, CDCls) 5 136.0,

134.6, 128.6, 128.5, 128.2, 126.5, 70.2, 58.4, 28.3, 27.5; HRMS (ESI) m/z 248.9886 (M+Na)",

calc. for C1oH;1ONaBr" 248.9891.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 0.5 mL/min; 25 °C; 210 nm; retention time: 17.3 min

(minor) and 20.9 min (major).
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Absorbance [mAU]

:

\1-17.483

12-21.223

T

125

12'50 1375 15100

1625 17550 1875
B (] [min]

2000

21725 22'50

23175

25,00 26125 2730

Retention Time
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Height
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b
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89’ 100

160 170 180
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9. Crude 'H NMR spectra to determine dr
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dr > 20:1
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—7.2605

Br S
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dr > 20:1
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—7.2596

MeO N
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—7.2603

o)
I

~H

MeO
6g
dr > 20:1

r 14000

r 13000

r 12000

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r 1000

r-1000

&N
[l =)
O‘O
S
75 7.0 6.5 6.0 5.5 0 45 40 35 30 25 2.0 1.5 1.0 0.5
f1 (ppm)
o
2
N
o~
|
OH
- \\CI
“H
AllylO
6h
dr> 20:1
&5
s o
w2
N —
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

1 (ppm)

EZ4AY
r2100
2000
r 1900
r 1800
r 1700
r 1600
r 1500
r 1400
r 1300
r 1200
r 1100
r 1000
900
800
700
r 600
r500
400
r300
200
r 100
ro
r-100
=-200




S94
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dr > 20:1
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10. Copies of NMR spectra

(=1 (=1 (=1 (=1 (=1 (=3 (=3 (=3 (=3 (=1 o (=1 (=3 (=1 (=1 (=3 (=1
=3 =3 =3 =3 =3 =3 =3 =3 = =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 S =3 =3 =3 =3 =3 =3
N oo o~ o vy < o o™ — (=1 (=1 (=1 (=] (=3 (=3 = (= (=3 (= — O < o (=1 oo =
— — — — — — —_— —_— —_— — N oo o~ 3=l el < N o - (=] 0 [ag] o o o o~ o
B e P P L P AP LR PP - I
$sTTT e
LEETT - -
vryTT 70207 — r H ro
9TsTT
9L9TT §STTT— | =
TSLTTA LESTTS “ - MMMNNM
6v67°C 1 Fal )
+60€°C @mmmm M L H 205S6°6CT
€17€7 LEOT0E
S9EET - - -
PhOET orece F o N
€2SHT v60eT —
L99K°T | » 1001°LT1
QN@.NW S9EET — " o TTLLLTT W
8660 Fa 0108°LT1
9L50°€E PHOET — %;ﬁm Fa 719871 —
1SL0°€ Mw 1
6L80°€ 2 & " 69LSOL
L ¥ Lo .
o= v000'LL OLLITET —
EVTYLL
L =
@ N 780668 ~
€eShT — Mo 26—
STL6Y 100bT — “ Lo 00or’cs PLEIPEL —
L686'% ) £
6¥10°S 6T8Y'C— - .
0zEL'S - =
orle 0915°T . ‘
SPLT'S y ) 1001°LTT
Sl61s Lovs'T— | 94 weLLLe W
0LSST— o = 0108°LT1
61L5T— © ¥T19'8T1 M
0LLTIEL
0961°L L2 PLETYEL
YSITL 81S6THI 8lsoTyl
865T'L - SIL6TPL siLeeyl
6V8T'L re
101€°L
EPEYL el
Y6SH'L T
: w
et I
v O
[T oo
L2 012z€61
9S1H°€61
]
o

126
60 50 40 30 20 10

129
70

132
f1 (ppm)
9 80

135
100

141 138
130 120 110
fl (ppm)

140

2a
144
190 180 170 160 150

200




S98

k70000
65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

r-5000

9€Te061-—

n,

2a

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10

S S S S 8 o = o = o = o = o =4
s 28 =2 2 g8 8§ 8 8 8§ &8 & & o %
TSICT
0v67C
601€'C €897°C
weee 0v6T'CT S
95€€°T | 601€'T
£rSET 1tTsT _
199 { 95€€T <2 Lo
€LLETH £PSET =
678€C 1997 =
088€°C ELLETF = (A
996£°C @Nw@iﬁ =
080t'Z :
SQ.TW mﬁm.m | n
011sT %wm.mz = o
s Wi = |
5166 SLLSTY, =, [Tz
$901°€ £c09 h H
T .
sl
%0
sl
€1€0°S
¥8Y0°S Lo
€€L0°S
$060°S = .
P061°S | = M Tf
PLOT'S «
€2ETS 06L0°€
vovTs 9160 €~ _ | =
SOOI TS
e

40 35 3.0 25 20 1.5 1.0 05 00

55 50 45
fl (ppm)

6.0

6.5

7.0

7.5

9.0 85 8.0

9.5



S99

= o = =) = = =
2 8 8 8 8 8 8 8 8 8 8 8 g 8 8 S
22 2 2 = 2 8§ 8 R 8 %8 8§ 8 &8 2 o ~
8161°9C
TUYE9T 1€8€°€ll —_
LS16°6T €EIPELL EE—
€0LI0S Y grroEll = | .
T80L°ELL =
(=1
a
LTSHITI~ _
06vL 11~ D
99L$°9L
€000°LL I
ITy'LL =
965968 =
851968 = —
€LS1°T6 ]
969126 °
THSS0EL _ i
1€8€°€11 LOS90ET W
EEIPELL
LT8LTEL ]
Z80L°€ 11 66LZE] -
LTSYITL 0698°CE1 @
06YL1T1 1988°C¢1
TWSS0El —  6THLSEL —
£€9L°8E1
6TYL8E1 SESL'SET = ]
€€9L'8€T N L108°8€1 J =
SE8LBEL
T
9570091 — w,, —
11ze'e91 — —
®)
o]
N
65161
6£81°761 ]
¥8sET6l
0€8€°61 L

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

r 1E+08
r 1E+08

r 1E+08

r 1LE+08

r9E+07

r 8E+07

r 7E+07

r 6E+07

rSE+07

F4E+07

r3E+07

r2E+07

r 1E+07

r-1E+07

LLIO'TOI-—

68CIVI1-—

210 -20 30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10



$100

(=1 (=1 (=3 =3 (=1 (=1 (=3 (=1 (=1 =3 (=3 (=1 (=1 o
(=] Ya) (=3 el (=3 sl =3 vy (=3 el (=3 ) (= (=3 ey
o~ o o wy wy <t < o o o o — — wy (=] 0
I3TET
6YvET
Y19€'T
NMMMQ L8IETA e
] 6YYETH
67012 $19€Z 1 |
9177 PrLET o
it B .
| 6v0F'C ol
SLYPTA S;.L —
C8SHCY SLTHTA N
£081'T Isep7—
LE9ST W "
18L5°C [
0v6S'T—+ L€9S'T— ©
. 18LS°T/L Fei
B e i
. LE19°T BBER=Y
Orse 00€9°C4 =
¥891'¢ ecoz ) o
91,9774 o
85897 o
[ e
¥8L0°S LS
¥S60'S
€0T1°S 0sTI's \ L=
SLET'S 88E1°E NM
€LETS ovmﬁmw a = Il
SYST'S ¥89T°€ Mo
Y6LT'S
S96T'S
. I
T09T'L w
EWSW K
L90S'L o =01
STIS'L— = 01
68€S°L / %_v T
8890°8 .
65L0'8 Foot
O

0.0

0.5

2.0 1.5 1.0

2.5

40 35 3.0

4.5

5.0
f1 (ppm)

70 65 6.0 55

7.5

9.0 85 8.0

9.5

< < < < <
g 2 g 2 g <
S g g z = = -
1 1 1 1 1 1 1
=
SOvE9T . L&
026597 6LIYLT1 _
colL67 PLYY'LTL [ = ]
S0L6'6T -
L3
L&
TLITOET — \‘L -
L=
o
Fo
SLSYTEl _
6TLYTEL «
Fo
LOLY'EET — -
. 32
1€90PE1 — - Fog
€565°68 ~ = _
656076 — L= —
° 1
Fo
-
6L1Y'LTI Fe
PLYY'LTL
TLITOEL L&
SLSYTEL
6TLYTE 2
L6LYEET re -
1€£90°P€1 3 ——
B
3
69L111 -—
LY61 171 -
69L1 1YL _ FX
LY61 1YL
T =
F\S.
O
N
1S10°T61 ]
8E1TTO1
(@)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



$101

26000
24000

22000

20000

r 18000

r 16000

r 14000

12000

10000

8000

6000

4000

2000

r-2000

1986°061-—

210 -20 30 -40 50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10

S 8 8 g S 8 8 g =
¢ &4 @ & & S a = 2 =
JESTT
008T°C
Y96C°C
L60€'T
SITET 9€$T'T
P6E€T 008T°C
91$€T ¥96T°C ~
1€9€°T L60E'T o
TELETH S1TET
LE6ETA Y6£€T 9
8SIH°T Emmm%
8TIST 1€9€°T~
6975 et N
SEPSTA LE6ET
€19574 8TIS'T “
6LLST/ 69TS°T\ N
9750°€ SEPST~
L590°€ msmaw © .~
TI80°€ 6LLS T ~E
860°€ 8209°C &
8€TI'E a_ﬁ\« =@
8€€9°T o
&
¥920°S o
9E¥0°S o
L890°S
$681°S 97S0°¢ =
ST0T'S LS90E~:
LLTTS 7180°¢ M =
YT 8¥60°¢ \
8€TI'E
I
08¥1°L L,
YSLT'L .
96STL— O - Fsot
T665°L = 5] - TE
sozoL/ N
€7S1°8 .
1851°8 Foort
| .
m

0.0

0.5

2.0 1.5 1.0

25

4.0 35 3.0

4.5
fl (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

8.5 8.0

9.0



$102

4500

4000

3500

3000
2500

2000

r 1500

1000

r500

=-500

IY1¥'9T
89969¢
€179°6C
§968'6C

YOLS 9L
1000°LL
ommvsh /

0995768 ~
¥890°C6 —

0SLI'ICl —

TLSY0ElL /
£C59°Cel AN

86069¢1 —

6TY9 IV
99 1vl

1596161
§T91°CT61

LSy 0El —

£C59Cel
999°cel

86069¢1 —

6CY9' IVl
99 1vl

)

—

s,

Br

2d

130

132

134

140 138 136
f1 (ppm)

142

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

200

28000
26000

24000

22000

20000

18000

r 16000

r 14000

r 12000

10000

8000

6000

4000

2000

r-2000

66£8°061-—

‘i,

Br

2d

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10



§103

r 1400

r 1300

r 1200

r 1100

1000

900

800

700

r 600

r500
400
r300
200
r 100

r-100

£590°S
¥80°S
£€C81°S
661°S
eveTs
Yives

865T'L
1SLTL

L90ELT
SYEE'L \
06L6'L~,
0L00'8~"

L

n.,

Cl

2e

o

60
0’1

HO0'L

0.0

0.5

4.0 3.5 30 25 2.0 1.5 1.0

4.5

55 50
fl (ppm)

6.0

6.5

7.0

7.5

9.0 8.5 8.0

9.5

o o o o o 9o 2o < o o
=4 =3 =3 =3 =3 =3 = =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 S S
ST 2 3Ia2s S8 8gREREEREE TS
L L L L L L L L L L L ! L L L L L 1 ! !
L6659T . _
775197 07TS8Cl [
0829°6C 6£5€°6C1 - -
6788°6C 9€8¢°6C1 r<
6CSS°6C1
6¥95°6C1 [
o
rs
<
r<
99L59L [ 22
ESEW T &
EVTYLL [
S
o0
TT1S68 ~ r<
2900°C6 — [ -
<
r3
LT8S OV — -—
o
9689°LTI [~
0CTS8Cl
6£S€°6T1 [
9€8€°6T1 [ I -
675S6Z1 8E PP -
6795671 618y vl M L
LT8S OV — -
8E9V PP 1
618V 1 T
F\\?
@)
()]
N
$660°C61 A
€L6TTO1 (@]

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

200



$104

32000
30000

28000

26000

24000

22000

20000

r 18000

r 16000

r 14000

12000

10000

8000

6000

4000

2000

r-2000

LITLO61-—

.,

Cl

2e

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

1000

500

r-500

o
=
vy
\n
o

_

0020°S
€LEO'S
8290°S
1080°S
L6LI'S
0Le6l's
§TTTS
86€£T’S

i,

Me

2f

60

3
Feort
Fire

o

Hot
o1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

2.0



$105

193.7307
193.5387

—92.5620
~90.0722
77.4238
77.0001
76.5763

¢

v

!

140.1038
140.0850
— 136.8957
— 135.1739

<

N

30.3142
30.0632
26.6729

/

130.9170
130.9075

e

i

26.5182
—20.8431

— 128.5178
127.7430
127.7137

AY

i

T T T T T T

137 136 135 134 133 132
1 (ppm)

|

T T
141 140 139 138

—

T

131

T

T
130

129

T

T
128 127

17000

16000

r 15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r—1000

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

Me

y,

2f

—-188.2962

L L B T L B e L e S
-0 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140
fl (ppm)

T T

-160 -180

T T T

-200

r 8E+07

r 8E+07

r 7E+07

r 6E+07

r 6E+07

r 6E+07

r SE+07

r4E+07

r4E+07

r4E+07

r3E+07

r2E+07

r2E+07

r2E+07

r 1E+07

r SE+06




$106

900

800

+700
F600
F500
400
300
200
F100

690€°C
SIEET
0vLET
T00¥°Z
19144
EEPY T
£99%°C
9695°T
$S85°T
18197
LEVIT
1099

PIvIE—
seore”/

VILO'S
7880°S
LELT'S
[QUARY
€0€T'S
ILYT'S
LTLT'S
Y68T'S

009T°L
168T°L V

mwmw.h1
wso'L /

9CIT8 —

/1, 60
o —

'l

L __

2g

————————— L0

VA

0.0

0.5

40 35 30 25 20 1.5 1.0

4.5

5.0
fl (ppm)

70 6.5 6.0 55

7.5

9.0 8.5 8.0

9.5

S 2o 2 2 2 2 2 2 2 2 2 2 s o
§sgsEs5:8z2s5s 288888888888 . =58
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 k. k.

3
3
&
0r18'9C r=
0£96'9T ar _ o —
0829°6¢ THEs'8Tl — L3 ]
8T88'6C - E
Fa
3
SO8ITET L= 3
PS6ETEL = -
PHTrIEL [ o
o
L& 1
N 3
F o
19L5°9L " 5
8666'9L L@
9ETH'LL =
cE=
L66T8L— L 2g =
SPE0T8 — = -
S8POLET — — r2 3
788968 ~ - ]
SL81'T6— L2 z
- ]
L& 3
LS
L3 3
o

90vE 1T — X 3

TrEs'8Tl .

PS6ETEL 6LLTEVI Fx -

\ £Y6TER] = - —
L3

S8POLET — - e

6LLTEYT —F

£P6T Y

I
F\S.
@) 3
(o2} 3
N

98bET61 M1

65YS°T61 \\

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



$107

30000

25000

20000
r 15000

10000

5000

L1T9061-—

Ay,

2g

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10

17000
r 16000

r 15000

r 14000

r 13000

12000

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
r 1000

r-1000

ITECt
$€97T
$L9TT
96LT°T
1062°C
$50€°T
61€€°T
9LYET
PISET
LLSETA
IPLET
666€°T
90621
LY0S'TH
SITST
08€5°T
PSHS'T

£586°€
LEVO'E
1190°€
PHLOE

8€ER'E—

I710's
€1e0’s
§950°S
LELO'S
LELL'S
6061°S
wITs
YEETS

11L0L
€080°L
660°L
S801°L
(U233 A\

00972/
656°L
Lr0S'L

Wl

60
10°1

oot

0.0

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
fl (ppm)

8.0



$108

3000
2800

2600

2400
2200

2000
r 1800

r 1600

r 1400

r 1200

1000

800

r 600

400

r200

r-200

81€19C
¥987°9¢
7r61°0¢
LSYY0E

PLES'SS —

0LLSOL
000°LL
:nmvsh /

S€T0°06 ~
YLIST6 —

66CE601
665€601
clevcel —

6LL8°6TI —
g1e0cel

wrocel
S919°6¢El

IPe9SEl

1S79°8ST —

YOLT'E61
s9ee61

cle9cel —

6LL8'6TI —

£1€0cel

wroTel

S919°6El
IPe9SEl

135 133 131 129 127 125 123 121
f1 (ppm)

137

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

200

24000
22000

20000

r 18000

r 16000

r 14000

r 12000

10000

8000

6000

4000

2000

r-2000

EvIy06l-—

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10



$109

8000

7000

6000

5000

4000

3000

2000

r 1000

L186'Y
8866'%
£€C0°S
€0v0°S
SIvl'S
S8S1°S
0€81°S
100T°S

10699
0,699
66£89
whvwdv
6989
€09TL—

80108~
10108

e

o

Ho'1
Ieot

0.0

0.5

2.0 L5 1.0

25

4.0 35 3.0

50 45
f1 (ppm)

6.0 5.5

6.5

7.0

9.0 8.5 8.0 7.5

9.5

[ £du0u
24000
23000
22000
21000
20000
r 19000
r 18000
r 17000
r 16000
r 15000
r 14000
r 13000
12000
r 11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

r-1000
r-2000

08¢CI'LT
SI8T'LT
89¢6'6C
6l610¢

L60S'SS —

oowm.on
mooo.R W
6ETYLL

1899°68 ~
STrlce —

YLTYTIT ~
LISLEIT

8¥6S Tl —
88T 0¢El
688C°0¢1

080S°St1
69TS'Sy1

68STV91 —

¥Ts8l61
0870°C61

YLV T — ———
LISL'EIT— =

8¥6S VTl — -

88T 0¢el L
688C°0¢1

0805°St1 r
69CS'Sr1

n,

2i

135 130 125 120 115 110
fl (ppm)

140

145

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200



§110

r 11000
10000

9000

8000

7000

6000

5000

4000

3000

2000

r 1000

~-1000

€EIr06l-—

-120 -140 -160 -180 -200

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
f1 (ppm)

10

500

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

ro

~-500

wy
9FECT
€857T
T8LTT
LLSTT
£00€°C |
011 |
162€C
e
PrSET
TILETA
8L6€T
SSPPTA
0L8Y'T
6108°T

€816°CT~
SreST
8856°¢
91L0E
6L80°¢
€001°¢

S¥00°S
91¢C0°s
99%0°S
LE90'S
SE91'S
S081°S
950T'S
LTTT'S

88089
TLER9 V
Yero'L —

wieL—
0689°L —

mmmoﬁ‘
0Ts6'L /

A

MOA
8T

bsot
Fooz

o

Feso
Fio
86’1
et
Foo't

0.0

0.5

2.0 1.5 1.0

2.5

4.0 35 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.5 8.0

9.0



- 10VVY
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

S111

0
r 11000
10000
9000
8000
7000
r 6000

5000
r4000
r3000
F-1000

r2000
r 1000

10

20

98917 — eriescl— - I

9TeL 9T 7 €eoLocl - — YTr8061-—
vﬁw.omx Lsesozt -~ Fe —_—

30

cTLS6T €L166T1

¥678'6C L
L906'1€1 — -/ r

T
133
50

T
136
60

f1 (ppm)
70

LSLS9L
L666'9L +
mevSn !

T
139
80

LELY'68 ~ o —— L
01L6'16 — -

100 90
f1 (ppm)

110

. LTRO'SHT
OTL60CT~ 0101°sP1 —r
9TLTTI = Qb6sch] — It

145
T
120

6v1€8C1 —
€€6L°6C1 1

13341 g

8¥68'Sv1 —

140

8l6e'eSl —

180

1668161
SL60TO1

TsO
i
1‘90
TsO

-200

-40 -60 -80 -100 -120 -140 -160 -180
f1 (ppm)

-20




S112

2 S S S 8 S S S S 8 = = o o =4
(=3
0 = < o (=1 o0 o <t o (=1 (=1 (=1 =3 (=1 A
o o o o a1 — — — — — o0 = <t o (=] D
SEPCT
899T°C
6v8T°C
€80€°C SE86'Y — = L=
bLIET $000° /- - "
vomﬂﬁ 6¥20°S _
96v¢C 1 43400 [
9€9¢°T T091°S ~ =
08LE'TH LY81'S = = FS
£507°C 1 Loz
86LYT -
€61 6£0€°S — - F o
LOIST -
§87S°T 658€°S — = L
BYETT sepp -
$695°C . -
9.¥0°¢ vLYY'S N
£090°€ a
TLLOE °Z
9680°€ [ns
o
*®
[ v
TL8S
. €1L6'S L
SH09'y 0886c i
segey— 19009 _z =
6110/ wMS@M = 1€
LYST'S T esr09— =
<f oe0097 = | =
TLOE'S \ 7T z
11809
- 8609
Fke
Goo@\
619 T
@mw@/ w,,
omowow
TL88°9 O
€09T°L — u2n
0r108~
o —_——" 01
TEP0'8 @) fo
=
<

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

2.0

[= (=] (=] (=) (=] (=)
o (=] T (= ) 3 [+ [+ o [~ ] o o (=] (=] =
o o = oo | (=) o (=) (=] (=] (=] o o (=] (=] S
- o o~ — (=) (=) Q o Q (=] (=) (=] (=) (=] —
i i T T T < i T b ki ¥ T G T bk !
€60TEN— —
09C1I'LT 9¢6T FI1— —t
TOLTLT - —
9EH6'6T = -—
¥661°0€
velesi— ——— [
(=
ra
=
e
00ZL¥T1— -—
2T68'89— H -
LoLs9L F& - -
2000°LL wm@m.om_w &
EFTE 01 — [ =
879968~ . s
I8E1T6-  L80TTEI— ———— [ O —
el
EGOTETI e
9E6TFTT— L T
PeIEsII— -
; L8
00ZLFT1— = ]
8€6T 01 L o —
mwmm.om_w
LBOTTEL I
029k 'S+1
0eor's Tl POLY'SFL — L —
voLY ST
I
W,
F8O1'€91— ]
O
X
N
PPIS TGl
Eoo.Nm_v. ]

Allylo

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200



§113

r 14000
r 13000

r 12000

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r 1000

r-1000

09¢€061-—

m,

2k

AllylO

-120 -140 -160 -180 -200

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
f1 (ppm)

10

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

F-500

€LETT
1597°C

S6LTT

750€°C

02€€'T

wureT
£95€'7 1
SELET
066€C 1
v687'C 1
SE05T
L61S°TH
69€ST
1€55°T
TLLS'T

@m@w‘mﬁ
1809°C
0€0°¢
mmvoﬁw
mamo;m

1€€8°¢ —

LI10°S
88¢C0°S
1750°S
T1LO'S ~¥
VILL'S
¥881°¢S
LEITS
LOET'S

90LO°L
06L0°L
8860°L
1L01'L
0ESTL~Y

i
Bobt

6£0S°L

n.,

OMe 21

o

60
60

0.5

4.0 35 3.0 25 2.0 1.5 1.0

f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5



S114

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
vy (=3 al (=3 sl (=3 wy S wy (=3 wy (=} (=3
N=l = wy vy <t <t o o o [} — — vy (=]
651601 J -
€91E601 L2
172197
L8LT9T s —
SS81°0€ -
89€1°0€ L=
2
x
20€5°5§ — B
8ILSOL  9£89'TTI — -— &
$000°LL L =
IWThLL
O
L E
881006 ~ =
890576 I
6€L8°671 — — L&
651601
£9YE°601 1220°zel J1 ;
PIE0TEL
<
L o
9689721 — =
0E19°SEL |
6EL86TI —  60£9°SEl F —
1220°2€ 1 1
PIE0TEL
0E19°SEL
60€9°SET
) T
LT€9°8ST — w —
.,
) N
)
=
O
12L1€61
1L9€°€61

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

5500
5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

~-500

SE0'061-—

.,

OMe 2I

-120 -140 -160 -180 -200

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
f1 (ppm)

10



§115

1200
r 1100

r 1000

900

800

700

600

500

400

r300

r200

r 100

F-100

66ST'L

ooows/
mmmw‘h/

n.,

OMs 2m

o

0'1
0'1

60

0.0

0.5

2.0 L5 1.0

25

3.0

85 80 75 70 65 60 55 50 45 40
f1 (ppm)

2.0

F4500
4000

3500

3000

2500

2000

1500

1000

500

H9'1e
066L'1T

6898'8C
rLCL .@NW

8058 —

mowm.on/
Nooo.nn.ﬂ
O6ECrLL

06768~
8TOL'T6—

60CL°LTl
80TT8T1I—
656EeEl
hwov.mmﬁw
8TLFIEL
0L9E9F ] —

6LLLITL
omow.oﬂ%

65L6°161
6ELTTOL

6LLLOTI~
65089717

60TLLTl—
80CT8TI—

mmom.mm_v

LSOFEE]

8TLF9Cl
L16votl

n,

2m

OMs

130 129 128 127 12

131

136 135 134 133 132
f1 (ppm)

137

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

100



S116

‘y

2m

OMs

—-191.1281

23000
22000
21000
20000
r 19000
r 18000
r 17000
r 16000
r 15000
r 14000
13000
r 12000
r 11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

ro
r-1000
-2000

8.0027
\-7.9740

-20

Uy

T

—7.2596
6.8043
6.7973
6.7756
6.7684
6.6600

/¢

OTBS 2n

T
-30 -40

-50

!

60 70 -80 -90 -100 -120 -140 -16
f1 (ppm)

5.2080
5.1910
5.1663
5.1494
5.0482
5.0312
5.0065
4.9897
3.0671
3.0537
3.0375
30449
2.4793
2.3826
2.3507
23213
2.2869
22452

1.10H =

0

-180

ﬁ
\

—0.9813

-200

8000

—0.2363

r 7500

7000

6500

6000

5500

5000

4500

4000

r3500

3000

2500

2000

r 1500

r 1000

500

r-500

2.0

8.5



§117

6500
6000

5500

5000
4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

r-500

mwmmﬁ.
9Tee Y- v.

090T'81 —
081S°ST—

OLLS9L \

081§°ST—

S196'9T~
Ly1ILT

00L6°6C ~
weeoe —

T
25

T
27

T
29

30

fl (ppm)

Letriid
91YL'68 —
6L17T6 7

Lye0611l
yoLE 6L
101°scl —
LSSTOET
968T°0¢1

9eEr Syl
[UsS 2941

S8EITI91 —

LLY0T61
8S¥TTol1

LSSTOEL
968T0¢1

Bi2a 494!
[U54%4!

.,

OTBS 2n

130

135

140

145

f1 (ppm)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

2> < < =] o [=] o
2 (=1 (=4 (=1 (=3 (=3 =3 (=3 (=1 [=] =3 < (=1 (=3 =3 S
2 (=] (=1 (=1 (=1 =1 (=1 =1 (=1 =1 (=1 (=1 (=1 (=1 (=1 S
a2 < on o] — §on (=] (=) (=] foas (=3 (=1 (=] (=3 (=) —
. T 5 F .. % B ¥ B ¥ 8 T % {
€906°061-—

n., c

410 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10



$118

3800
3600

3400

3200

3000

2800

2600

2400

2200

2000

r 1800

r 1600

r 1400

r 1200

1000

800

r 600

400

r200

r-200

¥001°C
14¥1%4
(U404
1291°C
81T
920T'T
6£TTT
6TvT'T
WITT—

96v'T—
S98L'T—

1181°¢
8961°¢
8L0T'¢
0veee
90vT'e

Y60¢°¢

LYY —

otl's
89Y1'S
0ELl'S
S061°S
S68T'S
1L0€°S
Peee's

1110°L
SLEO'L

88SI°L

omwﬁn/
eHTL—=
S8'L—
m#i\h /

I,

k

OH 20

Feot
o1
Foo't

0.0

0.5

2.0 L5 1.0

4.0 35 3.0 25

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

r 7500
7000

6500

6000
5500
5000

4500

4000

3500

3000

2500

2000

r 1500
1000
500

F-500

¥L68'1T
0LS0°CC

8TPY0¢
9169°0¢

16¥1°8y
ommvka

JITL SV
¥000°6%
£V8T61
18956
1cs8’6y

691€°16 ~
618L°¢6 —

9YL6'811
8€00°611
69801 —

66658C1 —
¥906°'1€1

§9T6'1¢ElL \
peeseel

091T9S1 —

6£8€961
LELS 961

IYL6'8TT
8€00°611

698°0C1 —

666S'8C1 —

¥906°1€1
§9c6'1¢€l

PESEEl —

I
[T

I,

O

OH 20

129 126 123 120
fl (ppm)

132

135

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200



§119

r 1LE+08

r 9E+07

- 8E+07

r 7E+07

r 6E+07

r SE+07

r4E+07

r3E+07

r2E+07

r 1E+07

1L9¢°C61-—

-120 -140 -160 -180 -200

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
f1 (ppm)

10

3200
3000

2800

2600

2400

2200

2000

r 1800

r 1600

r 1400

r 1200

r 1000

800

r 600
400
r200

r-200

088t
LEISY
L81SF
LTS
PrrSY
SE55 Y
9SS 1
9285¥
0865 1
L1T9tA
€569
9059
€Loy 7
1069t
1690°
7580°S
L660°S
8SII°S
957T’S
YIvTS
$95T'S

§S66'9
SETO'L
0590°L
€060°L
CSITL~¥
109T°L —

980S'L —

8206'L =
06T6'L /

n.,

2p

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

8.0

8.5



$120

187.1759
186.9668

<

O
-

“

T

2p

—161.1837

—136.7824

—136.7824

127.6604
127.6426

L

—122.3178
- 1193571
117.8614

\

127.6604
127.6426

<

_86.7316
—84.2380
—76.5765
68.7884
68.4439

\

—122.3178
—119.3571
—117.8614
774235
~—77.0000
\.76.5765
_-68.7884
- 68.4439

130

126
fl (ppm)

T T T T T T T T T T T

118 78 76 74 72
f1 (ppm)

66

9000

8000

7000

6000

5000

4000

3000

2000

r 1000

L1000

T T T T

200 190 180 170

T

160

“y,

2p

150

T

T

140

T

130

T

120

T

110

T T T T T T T T T
100 9 8 70 60 50 40 30 20
f1 (ppm)

-203.9785

0 o

-10

-20

-30

-40

-50

-60

=70

-80

-90

-100
f1 (ppm)

-120

-140

-160

-180

-200

[F20000
19000
F18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
Y
-1000
F-2000




§121

1800
r 1700

r 1600

r 1500

r 1400

r 1300
r 1200
r 1100
r 1000

900

800

700

r 600

500

400

300

r200
r 100

r-100

n.,

2q

e
biet

0.5

1.0

L5

2.0

2.5

3.0

4.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

8.5 8.0 7.5 7.0

9.0

(=3 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
v (=1 2l (=1 v =1 a2l (=1 vy (=1 vy (=1 (=1 )
N=l = vy vy <t <t o o o o — — vy (=] v
YL8S'STI — - 9
9€1L0€ [ = ]
LOTEL oo _ L
o0
Fs
LSS6'6T1 w 2
886671 — re
siszost i
o
Lo
L9799, [ E 3
vogtw L&
6£6v'LLY 9901 HET — — [ 2=
20088 — F o
¥0£9°06 3 T
o0
FE
vL85°ST1 F
08Z1°LT1 2
LSS6'6T1 . BEE
wmwmmﬁw 88K 01 sl - ]
SISTOET “ —
9901%€1 — FE
S88H0FT — ——
T
rrsa
O 9)]
(=3
N
¥SSL681 ]
¥096'681

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200



§122

[=] [=] =} =3 =3 o
(=3 (= (=1 (=3 =3 (=3 (=3 (=1 < =1 [=3 (=3 (=1 =3 S
= [= (=1 (=1 (=1 =1 = (=1 (=1 (=1 (=] (=1 (=1 (=1 S
< o (] — (= (=] (=] (=] (=3 (=3 (=] (= (=] (=) —
T T .5 T T .o 8 % P L F L T !
066 €81-—
.,

410 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

2400
2300
2200
2100
2000
r 1900
- 1800
r 1700
r 1600
r 1500
r 1400
r 1300
r 1200
r 1100
r 1000
900
800
700
r 600

500
400
r300
200
r 100
r-100
F-200

ro

9syI'e
86S1°¢
LT0T'E
colTe
ELET'E
108T°¢
Pr6T¢

6CLS € —¢
8L6S°¢
LETY'E
8¥€9°¢
96L9°¢

6091°S
PLLL'S
L88I'S
£€0T’S
9Tee's
LYE'S
§85E°S
1ELES

09T L
1oL

€9Tt'L

6vhL

9TLYL ¥

0TH9'L~ o
1999'L

L169'L

1L

LL6L'L

2r

I — Lot

Eeo'1

Koo't

2.0 L5 1.0 0.5 0.0

2.5

3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

8.5 8.0 7.5 7.0

9.0



§123

200.0569
199.8615

<

1

2r

O

%
N

T

-

149.6559
149.5796

L

136.3586
133.8181
133.8032
—128.4053

—136.3586 %

126.7936
126.7719

124.6956
124.6787

917263

—89.2043
77.4241
77.0001

133.8181
133.8032

<

1

76.5765

—128.4053

126.7936
126.7719

<

33.5167
33.2331

<

124.6956
124.6787

<

}_

137

T

T T

136

135

134 133 132 131 130
f1 (ppm)

T

129

T

128

T T

127

126

125

2r

T T

130

T

12

0 110 100 90 80
f1 (ppm)

70

60

50

40

30

—-193.9871

3800
3600
3400
r3200
3000
2800
2600
2400
2200
2000
r 1800
r 1600
r 1400
r 1200
r 1000
800
r 600
400
r200

r-200

F-400

r 6E+09

r 6E+09

r 6E+09

r SE+09

r4E+09

r4E+09

r4E+09

r3E+09

r 2E+09

r2E+09

r2E+09

r 1E+09

r SE+08

r-5E+08

T

-10

T

-20

T

-30

T

-40

T

-50

T

-60

T

-70

T

-80

T

-90

T
-100
f1 (ppm)

T

-120

T

-140

T

-160

T T

-180

-200



$124

1900
r 1800

r 1700

r 1600

r 1500

r 1400
r 1300
r 1200

r 1100

r 1000

900

r 800

700

600

500

400

r300

r200

r 100

ro

r-100

peere
89v1'e
€161
1L0T°¢
wiTe
L89T'¢
[44:143

(42
6vLS'¢
£209°¢
8CE9°¢
$859°¢

LEST'S
6L91°S
YoLL'S
9cel's
1€2e°S
ELEE'S
88YE'S
1€9¢€°S

vowm&
mmoms/
ho:\hV
Yosy'L —
080L'L =
€SEL’L /

s\\\\ F
H
2s

Cl

0l

Fss

0.5

2.0 L5 1.0

25

4.0 35 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

(=3 (=3 0
(=3 (=1 (=3 =3 (=1 (=3 (=1 (=1 (=3 (=) o S
(=] (=3 (=3 (=] 1<) S S 1= S S S s
= =1 3 I3 <3 3 =3 =3 S S 1S3 S
n in < % N \° n < A Q = o v
: : L L L L L h L | L 1 h
€L88STI
4 SY06'STI — 0
LEOEEN 116691 —
WLEEET ye102LTl L& —
€T6T6Tl —  ——
€08TTE I
096TT€1
=
o
€9L59L
86669L ¥ -
pETyLL &
(=3
L Mﬂ
$SL8'88 —
£507°16 7" L
€L06THT — i
s -
r3
€L88STI
SY06'STI i
LL66'9T1
1610°L21 I
267671 — PPSOTIST ]
€08TTEl-f  SLTIIST [ o ]
0967T€1 =
€L06THT — |
PPSOTIST ]
8LZIIST
w I
@)
7]
Y
€9v7'861 / B
Erph861 O

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



§125

) ) o
(=3 (=3 (=3 (=3 (= (=3 (=3 (=3 (=3 (=3 (=3 S
S S S S S S S S S S S S
— (= (=3 (=3 =4 =3 (=3 (=3 (=3 (=3 (= —
— — (=3} oo ©~ o wvy < o o - 1
L L 1 | L ! I h L L L ! L
6297 ¢61-— -
K
N

Cl

6500
6000

5500
5000
4500
4000
3500
3000
2500
2000
r 1500
r 1000
500
-500

-200

210 20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180
f1 (ppm)

0

10

Prov'Cc—
TL80'E

@mvﬁm/
SyeTe

lelse—=
9ErS'e
¥695°¢
2009°¢
LYT9'e

1€44%7
69S1°S
[2:89
9T8I'S
yCles
89T¢’S
18€€°S
9Tse’s

€09T'L
%NS/
0TseL~+
SLOY'LF
wgiw

918S°L

oF

2t

Me

0.5

2.0 1.5 1.0

25

4.0 35 3.0

1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0



$126

199.4570
199.2604

<

Me

2t

150.1594
150.0852

/

— 147.9442
131.5847
131.5668
129.6848
127.0742
127.0541
124.6063
124.5876

150.1594
150.0852

<

— 147.9442 }
s

919079
—89.3911
77.4237
77.0003
76.5767

%

I

131.5847
131.5668
— 129.6848
127.0742
127.0541

<

|

<
<

33.4544
33.1705

<

124.6063
124.5876

—22.2700

150

T T T T T T T
148 146 144 142 140 138 136
f1 (ppm)

134

T T T

132 130 128

T T

126

124

Me

2t

150 140

130 120 110 100 90 80
f1 (ppm)

T

70

T T T

60 50 4

T

0 30

—-193.3858

T

-10

T

-20

T

-30

T

-40

T

-50

T

-60

T

-70

T

-80

T

-90

T
-100
f1 (ppm)

T

-120

T

-140

T T T

-160

T T

-180

-200

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

r-500

24000
23000
22000
21000
20000
r 19000
r 18000
r 17000
r 16000
r 15000
r 14000
r 13000
r 12000
r 11000
r 10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000
ro

r-1000
F-2000




§127

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000
500

=-500

SEOV'T—
$901°¢

mmoﬁm/
£55TE

90TS'€ =
LSYS'E
9ILS'E
8209°¢
6L79°¢

ILYI'S
6191°¢S
YELT'S
LL8T'S
6LIES
(44329
9Eve's
6LSE'S

61€TL
S09T'L A
989T'L
9189'L—+F
vhoﬁh /

B F

Me

2u

o
o

-

BT

H0'1

T

0.0

0.5

4.0 3.5 3.0 2.5 20 L5 1.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)

(=3 (=3 (=1 (=1 (=3 (=3 (=3 (=1 (=1 (=3 (=3 (=3 (=1 (=1 (=3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 S
(=3 vy (=] v (=3 Nal (=3 vy =1 vy (=3 vy (=1 vy (=1 (=3 Iy
oo o~ o~ o 3=l wy wy <t <t o (32} o™ o — — el (=] v
00LTTT— = —
9.85T1 i r=
soLrge~ 09V ©
) 8 —
YrSYEES pgoszt
THLO'LTT ®
8589°6T1 — — 2
8995 1€1 d T a
LYSSTET ot
<
[ag}
L9LS9L -
mooo.RW e _
LETY'LL -
o
00@
116€°68 — O ——
6L06'16 7
(=1
=
o
=
9.86T1 3
£909'vC1 -
1¥S0°LT1 © ]
THLO'LTT —~ ——
8789'6T1 7 o —
899G 1€1 H\, ye'Lyl — -— =
LYSSTET )
7680°0ST 4 L3
e Ly1— TOSTOSI - —
7580°051 B
Y6ST'0ST
w I
%,
o
-]
N
$09T'661 ® 3
0LSY'661
=

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

10



$128

=
wy
5
]
o
2
|
,\\\\F
H
Me
2u
T T T T T T T T T T T T T T T T T T T T T
0o 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)
ANt en Al DN — OO T 0 ol 00 < W) = o~ A 0
oAl =0 —Oo Al e e = o =] [ =51 o — O~ <F =N
N — 0 O O N — O ol R N e D O o0 — o O VoD <
CcoF Tt M = == nrninE SS S8 @
L N A L S S VNN nn N NN N en en en am noenen A S
e = —_— = e | N\ |
.\\\\F
Me 2v
|
mom “\‘ "I
L A
= ENEY e
=N S S S
(= - - o
T T T T T T T T T T T T T
6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5

24000
23000
22000
21000
20000
r 19000
r 18000
r 17000
r 16000
r 15000
r 14000
r 13000
r 12000
r 11000
r 10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

r-1000
F-2000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

r500

r-500




§129

(=3 (=3 (=1 (=1 (=1 (=1 (=1 (=1 (=3 (=3 (=3 (=3 (=3 (=1 =3 o
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 = (=3 (=3 (=3 (=3 (=3 (=3 S S
=l <t o (=1 o0 = < N (=3 o0 o < o (=1 (=1 (=1 =1 (=1 A <
[3a} [3g} o o o o o o o™ — — — — — =} = <t o (=] ' I
YTrLLl —
. §920°TTl m Q
SP6TEN oevocel —
€82C°CE
-
a
=l
a 3
o0
€FLSIL W 8
wgm.ﬁw TL9V'8TT —
91TH'LL =
2E
9YET68 — =% :
00SLT6 «
o
jas]
8€69°€E1 _ -
$9z0cel  1OOLEEL = 3
00Tl
TL9r'8TI —  TPSO9ET < 3
seovel 7 97L0'9€1 U @
_oohmﬂx SOLL9ET — - -
" 3
S9LL9ET “
30L9°8Y1 —
68€L'8Y1
w I
’ >
© (]
[0)
=
€9L1°00T

80L£°00T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

9000
8000

7000

6000

5000

4000

3000

2000

r 1000

LSL8'E61-—

\\F

2v

Me

-10 20 -30 40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
fl (ppm)

0

10



$130

r 13000
r 12000

r 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r 1000

r-1000

0scr'e
98¢€1'¢E
8081°¢
§961°¢
SYITe
L9ST'E
€0LT'E

YOLS € —

9006'€ —

weTs
¥8ET'S
00ST'S
6£9T°S
Prete's
£801°S
861%'S
LEEY'S

Y09T'L
9L9T'L
1S6T°L
Te0eL
1€Te’L
clee’L
wreL
SToT'L
POEY'L

R\ F
H

MeO

2w

0.0

0.5

2.0 L5 1.0

4.0 35 3.0 2.5

f1 (ppm)

5.5 5.0 4.5

6.0

6.5

7.0

7.5

8.0

8.5

(=1 =3 (=3 (=1 (=1 (=3 (=1
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
=1 vy (=3 vy (=1 wy (=1 (=1
<t o o o o — — v (=]
h ! ! ) ) ’ ! f T
88SSTEN 1699'501 g
0I+8°C¢ 1089°S01 v. -
m
€6LS°SS —
]
6€LS 9L IS4
OBQQOBW -
SITY'LL =
vy W
$989°68 ~ . 8
01726 — ¥LS9°STI — =
€EESLTI -_—
YPSSLTI o
$99°601 @
1089°S01
P98Vl 1 n
YLS9°ST1 YOL8VET -
€EESLTT W
YPSSLTT
=3
<
P98 vEl — . -
Nvmmwﬁl ]
Wl STorTrl -
STOY'Trl =
8TC6'6ST — _|_U\\ T
O
N
€918°661 w
6S10°00C
=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

200



§131

12000

—-193.1621

11000

10000

O 9000
MeO

N F 8000
2W 7000
6000
5000
4000
3000

2000

1000

-1000

T T T T T T T T T T T
-10 20 -30 -40 -50 -60 -70 -80 -90 -100 -120
f1 (ppm)

T T T T
-140 -160 -180 -200

—
(=1
(=1

r 12000

= 6.9519
\69234
6.8694
5.3287
5.3151
5.3033
5.2897
5.1577
5.1441
5.1323
5.1187
3.1827
3.1650
3.1490

:
K

177407
77122
—17.2601
—3.8955
3.2405
3.2273
3.1045
3.0913

r 11000

10000

9000

e

o\

H 18000

MeO
2x k7000

6000
5000
4000
3000

2000

" 1000
' J Uik Lo

100 A

0.88]
1.051

r-1000

8.0 7.5 7.0 6.5 6.0 5.5 .0 4.5 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0



§132

r 16000

r 15000

197.9252
197.7256
—166.5352
152.8582
152.7844
127.0564
126.6363
126.6198
109.8884
109.8673
77.4209
76.9975
76.5740

152.8582 {

Y 152.7844

—116.3888
917736
—89.2683

{

— 55.7682
< 33.7164
33.4277

{
T

r 14000

13000

12000

I
T

127.0564
126.6363
126.6198
—116.3888
109.8884
109.8673

-r|
<

r 11000

MeO H . ‘j ‘ [ 10000

N ;
2x 9000

T T T T T T T T T

150 145 140 135 125 120 115 110 1 8000

o\

130
f1 (ppm)
i 7000

6000
5000
4000
3000

2000

| ‘ ’ 1000

r-1000

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

r3E+06

r3E+06

—-192.1511

F3E+06
F3E+06
O F3E+06
F2E+06

N
r2E+06
H

MeO L 2E+06
2x

r 2E+06
r2E+06
r 1E+06
r LE+06
r 1E+06
r 8E+05
r 6E+05
r4E+05

r 2E+05

10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)



§133

2200
2100

2000
r 1900
r 1800
r 1700
r 1600
r 1500
r 1400
r 1300
r 1200
r 1100
r 1000
900
800
700
600
500
400
r300
r200
r 100

r-100
~-200

TE0ST 1
£€6£6'1 1
01L61 {
8€00°C 1
0S20'T 1
80S0°C 1
08L0°C
0201°C 4
YT
9ILYT'TH
60L1°C A
6£61°TH
99T T~
mmmmd\

e
6686'C
w00'e
L8T0'E
6SL0°E

LLYT'S
6ELL'S
0zel's

€01¢E°S
S6CES
0LEE'S
195€°S

660T'L
0S€TL
€09CT'L
186T°L
1€CeL

Clev'L /
oYvL'L —+
€0LL'L /

o

35 3.0 25 2.0 L5 1.0 0.5

4.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

10000

9000
8000

7000

6000

5000

4000

3000

2000
r 1000

F-1000

SIL8TT
r86'CC

8€8€0¢ N.
£299°0¢ \
mw—m.vm

:Rm.on
wnmm.on W
SITV'LL

SIISE6~
88¥6°66

80TL9C1
8SLT'6CI
oselrecl
8LOT'0ET
LETETEL ~
L9€8'SEl —

06281171 —

€121°00T
LLLE00T

80CL9C1 —

8SLT'6C1
ose16cl

8LOT0ET —

LETETEL —

L9€8'SEl —

06281171 —

L

—

]

137 135 133 131 129 127
f1 (ppm)

139

141

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S134

26000

—-182.6264

24000

22000

20000

18000

r 16000

r 14000

r 12000

10000

8000

6000

4000

2000

r-2000

10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

7.9616
L 79356
7.4794
7.4537
\7,4290
72595
5.8123
5.7896
57669
5.7442
5.6504
5.6277
5.6050
5.5823
1.6812
f 1.6584
Y 1.6011
1.5783

9000

/ 7.5736

r 8000

O 7000
Me

W

L6000
F H

2za L5000
L 4000

3000

2000

r 1000

1 200
] 0.99¢
1988

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)



§135

2400

196.8854
196.6285
133.8920
133.8811
133.6583
128.8147
128.7670
128.6083
77.4250
77.0004
76.5759
18.3476
18.0458

912183
~88.8345

<
f
\
{
<

L2200
k2000
(0] - 1800

Me r 1600

_n
v

r 1400
2za r 1200
1000
r 800
600

400

r200

r-200

210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

r2E+05

r 1E+05

—-191.6612

r 1E+05
r 1E+05
r 1E+05

Me
r1E+05

N\

F H 90000
2za 80000
70000
60000
50000
140000
30000
20000

r 10000

r-10000

0 -10 -30 -50 70 90 -110 -130 -150 -170 -190 210
f1 (ppm)



$136

r 11000

10000

9000

8000
r 7000

r 6000

5000

4000

3000

2000

r 1000

~-1000

[a2301
6S0°1
mmmo._ 7

SEPS'T

6L98'1

Y7681 —
1L16'1 kw
L1v6'1

£996'1 4
L1661 4
¥910°C
€820°C
€6€0°C |
£650°Z |
2690
€8L0°T 1

£C0r'S
181¥°S
69TY'S

LTYY'S

§99¢°S
8185
L16S°S

6909°S

SIEY'L
09S¥'L
SI8Y'L
91sS’L
09LS°L

mmmm.n‘
6¥S6°L /

Et

N

2zb

fere

0T
Foo1

EcoT

T

0.5

40 35 30 25 20 15 1.0

45
f1 (ppm)

70 65 6.0 55 50

7.5

85 8.0

9.0

r 800
r750

r 700

r650

r 600

F550

r500

r450

r400

r350

r300

r250
r200
r150
r 100

r-50

9€06'8
9796’8

(453254
P8I11'9C

w:m@n
mooo.cnw
1¥Cy'LL

79076 ~
86€8°6

mos.wﬁ
m»wo.wﬁ W
TLEL'STI
Po19°€El —
4324 \,
NNVm.wﬂ

6LSS961
0518961

Et

N

F H

2zb

0

50 40 30 20 10

170 150 130 110 90 80 70 60
f1 (ppm)

190

210



$137

r2E+05
r2E+05
r2E+05
r2E+05
r2E+05
r 1E+05
r 1E+05
r 1E+05
r 1E+05
r 1E+05
90000
r 80000
r 70000
60000
50000
40000
30000
20000
r 10000

r-10000

1950°161-—

Et

N

F H

2zb

-40 -60 -80 -100 -120 -140 -160 -180 200
f1 (ppm)

-20

10

4000

r3500

3000

r2500

2000

r 1500

r 1000

r500

86980
owww.ow
Cle’o
L16TT—
6516°1
Y6£S'1
€LL8'T —¢
1868°1
88T6'1
60S6'1
8856°1
TLY6'T
w86'l
§966°'1
9600°C
9€€0°C

mmmw.m
GD\m/
LI6Y'S ~=
LOTY'S —F
vao.m\
0299°¢

€09TL —
LISV L —
€9LS’L

€916'L
€9v6°L
SIL6'L

SIL6'L

Me

R

2zc

Esee
Froe

MIS.N

0.5

2.0 1.5 1.0

2.5

4.0 3.5 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5



$138

N ol D= O = 00O
23 Eesazz X8 88§ fs8¥ ¥ 3
S oo N N \O 00 00 O — 00 ol N >~ - N — ~ ol
~ 8 <+ < 1 6 6 B — 9 T N Q) o« Lo
a3 AnEaad Ny gZge dds 8 ¢
2 — = [N = | |
(0]
Me
%
F H
2zc
]
11
TR TR | R . —
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
=)
3
\n
2
‘.
(0]
Me
)
F H
2zc
10 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)

2800

2600

2400

r2200

2000

1800

r 1600

r 1400

r 1200

r 1000

r 800

r 600

r400

r200

r-200

r 7500

r 7000

r 6500

r 6000

r5500

5000

4500

4000

r3500

3000

r2500

2000

r 1500

r 1000

r500

r-500



§139

6000

r5500

r 5000

r4500
4000
r3500
3000
r2500

2000
r 1500
r 1000

r500
F-500

9029°C
LEYO'T
¥0L9°C
8€69°C
8CTIL'T
691L°C
€9vL'T
0ILLT
896L°C
8618°C
€188°C
€0L8°C

mvﬂ.m
vmwﬁmw
LOIT'S
L80S'S —~
STES'S v
wﬁwo.m\
9969°¢
€018°S

(2289
6L98°S

86STL—
009%°'L —

wwwm.n‘
€VL6'L /

— TO.N

%
F H
2zd

0.5

70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

75

8.0

8.5

9.0

r 1600
r 1500

r 1400

1300

r 1200

r 1100

r 1000

r900

r 800

r 700

r 600

r500

950L9¢
0066'9¢

99LS9L
€000°LL
wmmw.ww /

0895716 ~
€12016 —

0L60611 —
POIL'8TI
LOL8'8TI W
0T6'8tl
1S0¥'1ET
8SSY'1€EL

€LBLEET
coeevel

8LS6'S61
6517961

2zd

30 20 10

80 70 60 50 40

170 150 130 110 90
f1 (ppm)

190

210



$140

—-181.4982

r 1E+05

r 1E+05

r 1E+05

90000

r 80000

r 70000

60000

50000

40000

30000

20000

r 10000

r-10000

-80 -100 -120
f1 (ppm)

—7.2598
6.6677
N 6.6344
5.8678
5.8533
5.8344
5.8198
5.1234
5.1045
5.0078
4.9890
4.9639
4.9450
2.2793
2.2596
2.2381

/
\
|
|
i

Me -||||F

Me
2ze

-140

22178
2.1983
2.0991
2.0567
2.0246
1.9822

T

-1

T

60

T

-180

12434
N 1.1992

T

-200

13000

12000

11000

r 10000

r9000

r 8000

r 7000

r 6000

r5000

r4000

r3000

2000

r 1000

r-1000

9.0 85



$141

6000
r5500

r5000

r4500

r4000
r3500

r3000

r2500

r2000

r 1500

r 1000

r500

r-500

mNE.oN/
m@Om.Om/
SE0P'Se V
€615 'SE
orrey
STEC Ty

Snm.oh
vooo.RW
WTV'LL

1S€L°98 —
9p0T 687

66y ¥l —

G865°6S1
8619651

Uad!
8965 V61

QU F
2ze

Me
Me

10 0

30 20

50 40

110 90 80 70 60

f1 (ppm)

170 150 130

190

210

e -
TYTY YR T E T Y Y+ Eot ot ot o+ o+ h o5
S S & 6 o o 6 o o A A e A ea N ca i ca i ca i c A s Al s a B | N <
<t <t N0 NN N Al Al A A A~ = — 00 O < A ' 1
e e S
799L°S61- 1
€7SLS61-
617L'S61-
90€LS61-
1L1L°S61-
8059°S61- L
78£9°661-1
8979°S61- L
9€19°561-1 ®
repecgl] loLLssi e
799L°S61-— L
€/SL'S61-—
617L'S61-— L
90€L'S61-— Q
1L1L°S61-— re
‘g
r [=5
&
=
Nej
o
L
N
8059'S61-— I
78€9'S61-— -
8979°S61-— i
9E19'561-— 2
7209°S61-— L
7685'S61-— i
Th
Q %
)
N
N
©
0=
=

T

T

-210

-30 -50 -70 -90 -110 -130 -150 -170 -190

-10

20

f1 (ppm)



S142

ANy
1900
r 1800

r 1700

r 1600
r 1500
r 1400

r 1300

r 1200

r 1100

1000

900

800

700

600

r500

400

r300

200

r 100

r-100

ylel'c
6v1TT
60€T'T
88LET
y10v'C
19¢¥'C
16v¥'C
SELY'T
£961'C —

LE08'T
0ST8'C
8098'C
LT88'C
0¥06'C

8660°¢
SEVS'Y
£ESSY
819¢'Y
LILSY

0798y —

SOv1'L
LIST'L
8SYT'L
€09T'L
E€ELTL

howwﬁ
ﬁmomﬁw
1LIS°L

C\:<
T
O__.

6a

Wwo
0T

Feo1

0.0

0.5

2.0 L5 1.0

2.5

70 65 60 55 50 45 40 35 3.0
f1 (ppm)

7.5

8.0

8.5

F 150U
r 1700
r 1600

r 1500

r 1400
r 1300
r 1200
r 1100
r 1000
900
800
700
r 600
500
400
r300
200
r 100
ro

r-100

~-200

6809°9T ~
LOYS'LTY

081°¢9 —

TL900L —

Eﬁm.on
Nwmm.on N
6lTYLL

LT9v'9C1
68¢18C1
L10S8C1
¥¥8L8CI

86v8vEl —
EVLL'SEL s

A g i i

6a

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190



$143

2400

2200

2000
r 1800

r 1600

r 1400

r 1200

r 1000

800

600
400
200

-200

£6r1Ty
10L1°T
1961°C
$91T°T
1LETT
SEPTT
9LEET
SLSETY
€T8€°T
1507 §
98TH T

SLOV'T—

9IEL'T—

6vC0'€ =
S810°€
EVLO'E
L901°¢
10€1°¢

Ly¥S'y
eSSy

969S'¥
0008'% —

Cl

6b

Fes0
Fe60

0°1
60

4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S o o 9 9 9 9 9o 9 o o
S S S S S S S S S 9 9 9 9 9 9 9o 9o 9o S 8
o0 o~ O wy < o o — = (=3 (=3 (=3 (=3 (=3 =3 (=3 (=3 = — o
— — — —_— —_— — —_— — —_— (=3} oo o~ =) wvy < o o~ - (=] 0 0
T R M R S SSRGS MU P ST W
1
68YP'ST~ M
¥09S°LT— E
3
3
00L9C9 — m
¥L69°69 — W
EVLS9L =
Nm@o@n\
YITYLL
T0L1°8T1
9967'8C1
Smwdﬁ/
LSTITET
80TTEET —
LTLYLET — T -
O, ]
H 3
O__. Wy
3 3
z
]
O

170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
f1 (ppm)

180



$144

=3
=3
w

5000

4500
4000
r3500
3000
2500

2000
r 1500
r 1000

500

=-500

wy
TSHTC
1€5T°T
TELTT
$081°T 1
TT61°T
9007C {
9617
$9TTTA
96€7°T 1
6LYTTA
€1PETA
osmfw
P98€°T
99017 =

8CILT—

¥L00°¢
90£0°¢
§650°€
680°¢
8CIT'E

€9y
movm&/

v/
By

19L6'9
S€00°L V

96ST'L —

8€99°L
9899°L

6¢c

Br

Foso
60

0.5

2.0 L5 1.0

25

4.0 35 3.0

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

f1 (ppm)

10000
9000

8000

7000

6000

5000

4000

3000

2000

1000

=-1000

YLYS' ST~
6SYS'LT

L8999 —

119969 —

1LLS9L
S000°LL W
mme.R

8960°0C1 —
LEBTOET

ov:gmﬁ/
vN:w;;V

1LS0°8ET —

Br:

6¢c

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



$145

r 1700
r 1600
r 1500
r 1400
r 1300
r 1200
r 1100
1000
900
r 800
700
600
500
400
r300
r200
r 100
r-100

6¥6€T~E

OLYL'T—¢
€69L°C
¥¥08'C
§9T8'C
88¥8'C

8900'¢
9ISy
0LTS Y
9SESY
8SYSy

9808y
68181

01s0°L

8080°L =
€09TL—=
LL6T'L 7

S000°L
L9T0°L W

10000
9000

0.5

1.0

1.5

2.0

4.0 35 3.0 25

45
f1 (ppm)

5.5 5.0

6.0

6.5

7.0

6d

Me
8.5 8.0 7.5

9.0

0500°1C—

0€5€°97 —
855927/

LY6£'€9 —

IY1'0L —

mwnmdn
wgowhw
Cler'LL

woo?wﬁ
~m~ﬁmﬁ W
£€9T°6C1

96YL'IEl —

mimwmﬁ‘
66609¢1 /

8000
7000
=-1000

6000
5000

4000
3000

2000
r 1000

T
60 50 40 30 20 10

70

6d
150 140 130 120 110 100 90 80
f1 (ppm)

160

Me

170



$146

6500

6000

5500

5000
4500
4000
3500
3000
2500
2000
r 1500
r 1000
500

r-500

€672
99€£°T 1
pLEET
1€8€7
Le0v'T |
a6TrTy
00st'T £

LTILT—

¥$66'C—F
ozoﬁx
9IYLO'E

8108°¢ —

1evsy
PESSy

8698V
trI8Y —

986L°9
$908'9
99789
9Y€89
€610°L—

009T'L—

6e

MeO

Feot
ot

Foot
Fot

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

8.5

3800
3600

3400

3200

3000

2800
2600

2400

2200

2000

r 1800

r 1600

r 1400

r 1200

r 1000

800

r 600

400

r200

r-200

F-400

LYSY' ST~
S8ER'LT—

796T°SS —
€9LTE9 —
SYITOL—

mwhm.on
ﬁwmm.onw
9ITY'LL

688SCIT ~
68L6VIT —

CEVLIOTI ~
¥8¥S 6l —

1€L8°9¢1 —

CTLTT8ST —

MeO

g

6e

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180



$147

r 1400

r 1300

r 1200

r 1100

r 1000

900

800

700

600

r500

400

r300
200
r 100

r-100

L19€°TH
088€Z
¥807'T
prerf
6vSPT—=

18¥L'C—

88€0°€ —=
L190°¢
Ly80°¢
¥960°¢

6611°¢
SISy

€SSy
09¢S'y
LI¥SYy
€SSy

6£08'y
Y18y

O,

I
O

Cl

6f

Foo't
Fot

60
60

Feo

0.5

2.0 1.5 1.0

55 50 45 40 35 30 25
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

rL/uu
r 1600
r 1500

r 1400

r 1300

r 1200
r 1100
r 1000
900
800
700
r 600
500
400
r300
200
r 100

r-100

€E91°9T~
YOy LT

€68L°C9 —

200969 —

OVLS9L —¢
¥L66'9L \
mONw.R

~NE©§ /
608781 ~\
SO10€l —
PLY8EE] N
€BreETEL \
Omoﬁof

o,

I
O

6f

Cl

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

f1 (ppm)



$148

-3500

3000

2500

2000
r 1500
r 1000

r500

TSI T
SLTIT
96€1°C
18V1°C
1291
90LT'T |
Pr81°C |
876171
LYOTTA
€€1TT
§15€Z1
99LET A
mgmfﬁ
Y9TH T
SLYPT~E

€v9L'T—
Smw‘mw
8L98°C
@:\o‘mx
8L0'€

€88L°€ —

mn;w
onm?w%
SLISY

686L'Y
$808'1

X@@
meE/
206L°9
8018°9
9818°9

989¢'L =
Smm&\

MeO

oot
Feot

4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0

f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

3.5

3200
3000

2800

2600

2400
2200

2000

r 1800

r 1600

r 1400

r 1200

r 1000

800

600

400

200

r-200

Y6£TLT
091v'LT

68CTSS —

§T9€°€9 —
YrvL'69 —

mmhm.on
wnmm.on N
90TY'LL

1818°CIT
¥C86CIL

6611°8C1 ~
00€0€1 —

SL9E9E] —

S00¥'651T —

MeO

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180



$149

r 1700

r 1600
r 1500

r 1400
r 1300
r 1200
r 1100
r 1000

900
800
700
r 600
500
400
300
200
r 100
r-100

€LTSY
696L'Yy —

1€9C's
:awmk
TILES —
v/
8L6'S

NMS@V
62509+
188097
16+9'9

1959'9

LT6L9~

BiEEL
ves

1€9T°S
Nncﬂm/
186T°S
oe’s V
CILE'S

@mhmﬁ
nmm?m\
PeEY's

8L6'S
9566'S
e109
LOE09 ~
67509 7
LOLO'9 \
18809

LSOT'9

16¥9°9~
19599
LT6L9

80089 ~\
71897

Iy
52

1
5.4

5.6

Feor
Fost

Frot
Eseo

T
5.8

f1 (ppm)

T
6.2

10°1
6’1

60

6.4

60
60

6.6

F96'0
E860

Foor

6h

AllylO

0.5

2.0 L5 1.0

2.5

4.0 35 3.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

.0

900

r 800

700
600
500

400

r300

r200

r 100

ro

F-100

YIvTLT
096€°LT

15€€°€9 —
66TL'89 —

8YLSIL —¢
owmm.on\
wa.R

06LYETT
1crecll V
Y8S9LIT —

9697°8C1 ~
L68TOET —
06€1°€ET
795€9¢1

890¥'8S1 —

AllylO

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180



$150

r 14000

r 13000

r 12000
r 11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
r 1000

r-1000

9986'0 —

2960
9z1T
6191C
8161°C
€196

stere”
it
01L6C

L110°¢E

16¥0°€
68¥Y'y

[ 4%
S69t'Y
108%'%
S067'v

CTLLLY
LY8L'Yy

vowm‘o
@hwm‘o
89699
8¥0L9

.

o

s

TBSO

Fern

oot
o1

0.0

0.5

2.0 L5 1.0

2.5

4.0 35 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

AREIY
5000

4500

4000
3500
3000

2500
2000
r 1500
r 1000
500

~-500

80SY'v-—

091181 —
8CI9'ST—

SLLI'LT
620€°LT

016T'¢9 —
T8YL'69 —

mmhm.on
cnmm.on N
CITr'LL

8797811~
LEGE6TT

10981 —

89LT9E1 —

9CLY'SS1 —

—

TBSO

‘
80

-10

180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10
f1 (ppm)

190



§151

=3
=3
S

6500

6000

5500

5000
4500
4000
3500
3000
2500
2000
r 1500
1000
500
r-500

7
650TC
6€11°T
8LT1'T
85€1°T
0ST'T
$8S1°C
TEL1°T
60817 1
SH61'T
8207
612€T1
0rPET
ERTW
1€6€7T
0LIHT %

9L69°CT—
1TyL'e

8SLL'T
mmoo&\
80¥0°¢

12r8'e
8¥98°¢

8T8Y'Y
o:m‘v%

CILLY
66LLY

LS9 —

$956'9 —

09T L —

-= ot
= foot

8T
6'C

Es60

T . B TOA
O
- Fo0'1

4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

r 1100
r 1000

900

800
700
r 600

r500

400

r300
r200
r 100

r-100

69€€°9T~
9€9°LT

¥98L'SS
1433399

9L6T°€9 —
TE8L'69 —

YELSOL —
mgm.on\
ENQ.R

L9ELOTT
SSO0'TIT

OPLO'LTI ~,
8LE9°LT1

08TLLYT ~
€€L8'8FT

L)

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200



§152

4500

4000

r3500

3000

2500

2000

r 1500

r 1000

r500

98T
UgIT

T051°T

1651C

8TLI'T
L181C
LS61°T
SHOT'T
€817°7 1
€92T°T 1
PovET
SILET
Smmfﬁ
00042
A
11597 —
R%a\
65€L°T

0€06'C

£686'C
69C8'¢ —

oomwé
moﬁmé W
£6CS'Y

9678y
86£8'Y

16LL9
65089 V

9260°L =
slIIL y
950T'L
12€TL
86ST'L

OMe

Feot
Ho1

o1
2660

hygo

0.0

0.5

2.0 1.5 1.0

2.5

4.0 35 3.0

65 60 55 50 45
f1 (ppm)

7.0

7.5

8.0

8.5

4000

3500

3000
2500
2000
r 1500
r 1000
500

0TsTIT—
CTLS6'9T —

Pryess —

L810°€9 —

7890°0L —

Zﬁm.on‘
owmm.on*
ClTr'LL

9617601 —

800901 —
6L007C1 —
98L0'LTT —

08869¢1 —

9SSL9ST —

OMe

160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
f1 (ppm)

170



§153

r 1400

r 1300

r 1200

r 1100

1000
900
800
700
600
500
400
300
200
100

r-100

1§28'c—

€8rT'e
oomﬂm/.
9¢0¢°¢
Sylee
PSeee
0€see

80¥'¢

wos'y
61€8'Y

PrLL'S
¥681°S

09LTL
6L8T'L
£60€°L
LOTE'L
9TeL
P8EEL
€EO1'L
ESLY'L
806%'L

Oum,

6l

HO€
oot

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.5

0.0

ey
r 1000

900

800

700

600

500

400

r300

r200
r 100

0€89°6¢ —

LTY6'S9 —

Te9e9L
8SYLS9L
866'9L
9ITY'LL

€069vC1L
S120°sTlL
088%°LT1 %
foﬁwﬁ

6988E1 —
69TY 1v1 -~

I
Oum.,

WCl

6l

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180



S154

8.0249
8.0004
7.9958

7.5940
7.5695
7.5084

|

Cl

5m

Me

7.4824

7.4582
7.2603

7.6185
7.5940
—7.5695

1.7518
1.7296

< .

3.001

—193.5719

Cl

5m

Me

v

134.0638
133.6717

L
A}

128.9196
128.7028

77.4239
77.0001
76.5761

/
\

2.0

— 52.7473

1.0

—19.9156

19000
- 18000
17000
r 16000
r 15000
r 14000
r 13000
r 12000
11000
10000
9000
r 8000
7000
6000
5000
4000
3000
2000
- 1000
F0
F-1000
--2000

5000

r4500

4000

r3500

3000

r2500

2000

r 1500

r 1000

r500

F-500

T

200

T

190

T

180

T

170

T

160

T

150

T

140

T

130

T

120

110 100 90
f1 (ppm)

T

80

T

70



§155

9000

8000

7000
6000

5000

4000

3000

2000

1000
ro

0090°1
SY80°1 W
68011
L1961
79861
8010°C
8¥€0°C
£650°C
1¥80°C
L601°C
LYIT'C
Y6€1°C
0€91°C

[43308Y
8¥S0°S
6090°S
S080°S

66ST'L
6v9Y'L
€68Y'L
SSIS’L
0LLS'L
€109°L

NN@@S‘
8910°8 /

6Y9P'L~
€681 L~
SIS —

0LLS'L—
€109°L~
LseoLY

T66'L ~
89108 —

Et

Cl

5n

7.4

76 75

7.7
f1 (ppm)

79 1.8

8.0

8.1

6’1
0°1

st

2.0 1.0

3.0

4.0
f1 (ppm)

7.0 6.0 5.0

8.0

16000
r 15000

r 14000

r 13000

12000

r 11000

r 10000

9000

r 8000

r 7000

r 6000

5000

4000
3000
2000
r 1000

r-1000

S09L°01 —

S¥86'9C —

996765 —

N@nm.ow
ooooAE W
wir'LL

LT0L'8TI
1€8L°8C1

6879°¢El —
LITSYETL s

SEPSTE6] —

Et

Cl

5n

80 70 60 50 40 30 20 10

150 130 110 90
f1 (ppm)

170

190



$156

14000
r 13000

r 12000
r 11000
r 10000
9000
r 8000
r 7000
r 6000
5000
4000
3000
2000
r 1000
r-1000

r 8000
7500

8976°0
ES.OW
09660
T8I~
98251 —

9%6'1 4
£956°1 4
T9L6'1 ]
6€66'1
$00°C 4
S120°C
6v20°T 4
09€0°C
6950°C

6826°1 ﬁw

mmmo.m;

1601°S
¥8CI'S
09€1°S

€esI's

€097 —
6ISHL —
1205, 7
Q686°L
NQSW
96008

0.5

R
35 30 25 20 15 1.0

4.0

50 45
f1 (ppm)

5.5

Me
6.5 6.0

7.0

Cl

75

8.0

8.5

I8y eEl —
09LV'61 —

PIpsse —

6€67'LS —

woww.ow
vooo.hh W
WTY'LL

170L°8C1
$06L°8C1

6079°¢El —
S96¥ vl /

0119°¢61 —

r 7000
6500
r 6000
r5500
5000
r4500
4000
r3500
3000
r2500
2000
r 1500
r 1000
r500
r-500

9 80 70 60 50 40 30 20 10

f1 (ppm)

110

130

Me
H
50
170 150

Cl

190

210



§157

900

800

700

600

r500

400

r300

r200
r 100

816T°C
$00€T 1
1S1€T
T€TET
TLECT
9vET
8T9r'C
658Y°T
11157
12€5°T
085ST~E
68187 7
16€8°T
91987
1987
LL68°T
061671

www@t
9669t
P60Lt
1LILY
9LTLY
ELELY
Lb6LY
P08y

-

9Y01'L
90TI'L
PeelL
86TT'L
LEYTL
09T'L
YSov'L
monwﬁw
omowﬁ

60
60

60
6’1

Foot

_L-100

0.0

0.5

2.0 L5 1.0

25

4.0 35 3.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

2500

2000

r 1500

r 1000

r500

90¥S'LT~
§997'8C "

00¥¥'8S —

LTSTOL—

EVLSOL =
nnoo@n\
oﬁmvsh

€L6Y'9TI
£681°8C1
LTTS8Cl
2009°8C1

LI6SHET —
6£€09¢1 7

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

70



