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Materials and Methods

Unless otherwise stated, all reactions were carried out under air atmosphere.
Reaction progress was monitored by thin-layer chromatography (TLC) or Agilent 1290 U
HPLC-MS. TLC was performed using E. Merck silica gel 60 F254 precoated glass plates
(0.25 mm) and visualized by UV fluorescence quenching, p-anisaldehyde, or KMnO4
staining. Silicycle SiliaFlash® P60 Academic Silica gel (particle size 40—63 nm) or 230-
400 Mesh 60 A Silica Gel (Merck Inc.). was used for flash chromatography. All
alkynylation reactions were performed in 10 ml vial sealed with a screw cap. At the
Gwangju Institute of Science and Technology (GIST) all NMR spectra was recorded on a
JEOL spectrometer, operating at 400 MHz or 300 MHz for "H NMR and at 100 MHz or
75 MHz for *C NMR. At the California Institute of Technology (Caltech), '"H NMR
spectra were recorded on Bruker 400 MHz or Varian Mercury 300 MHz spectrometers.
3C NMR spectra were recorded on Bruker 400 MHz spectrometer (101 MHz). ’F NMR
spectra were recorded on Varian Mercury 300 MHz spectrometer (282 MHz). Data for 'H
NMR are reported as follows: chemical shift (6 ppm) (multiplicity, coupling constant
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(Hz), integration). Multiplicities are reported as follows: s = singlet, d = doublet, t =
triplet, q = quartet, p = pentet, sept = septuplet, m = multiplet, br s = broad singlet, br d =
broad doublet, app = apparent. Data for ?*C NMR are reported in terms of chemical
shifts (8 ppm). All chemical shifts for '"H and *C NMR were referenced to residual
signals from CDCl; ('H) 7.26 ppm and (**C) 77.16 ppm. High-resolution mass spectra
(HRMS) were recorded on a JEOL JMS-700 MStation mass spectrometer. At the GIST,
Infrared (IR) spectra were obtained on a Nicolet iS10 FT-IR spectrometer with an ATR
unit and recorded in wave numbers (cm™). At Caltech, the IR spectra were obtained using
Perkin Elmer Spectrum BXII spectrometer or Nicolet 6700 FTIR spectrometer using thin
films deposited on NaCl plates and reported in frequency of absorption (cm™') High-
performance liquid chromatography (HPLC) was performed on an Agilent 1260 Infinity
Series machine equipped with a variable wavelength detector and Daicel Chiralpak I
Series columns (0.46 cm x 25 cm). Analytical SFC was performed with a Mettler SFC
supercritical CO, analytical chromatography system utilizing Chiralpak (AD-H, AS-H or
IC) or Chiralcel (OD-H, OJ-H, or OB-H) columns (4.6 mm x 25 cm) obtained from
Daicel Chemical Industries, Ltd. High resolution mass spectra (HRMS) were obtained
from Agilent 6200 Series TOF with an Agilent G1978 A Multimode source in electrospray
ionization (ESI+), atmospheric pressure chemical ionization (APCI+), or mixed
ionization mode (MM: ESI-APCI+), or obtained from Caltech mass spectrometry
laboratory. Specific optical rotations were measured with a Jasco P-2000 polarimeter
operating on the sodium D-line (589 nm), using a 100 mm path-length cell and are
reported as: [a]p’ (concentration in 10 mg/1 mL, solvent). Yields refer to isolated yield of

analytically pure material, unless otherwise noted.

All chemicals were purchased from Aldrich, Acros, TCI, or Alfa-Aesar Chemical
Co. and used as received unless otherwise noted. At GIST, anhydrous tetrahydrofuran
(THF), diethyl ether (Et,O) and dichloromethane (CH,Cl,) were dried using J.C. Meyer
solvent purification system. Hexane was distilled from calcium hydride (CaH;). At
Caltech, solvents were dried by passage through an activated alumina column under
argon. Unless specified, all the other chemicals were purchased from Sigma-Aldrich Co.,
Acros Organics, TCI, Alfa Aesar, and Strem Chemicals Inc. and were used as received

without further purification.
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Synthesis of Salen-Crown Ether Ligands

L2 and L4 are both known compounds, and were synthesized according to previously

reported procedures.'”

General Procedure for Aldehyde Synthesis

o
/O /0 -z
Br OH
Br OH BBr, Br OH 4. NaH (2 equiv)
—_— o
2
ome CHeCh OH 0

' OTs
Me0” N~ K/OMe

95% yield Sl 58% yield SI2

Spectroscopic Data for Ligand Intermediates

/O
Br OH
OH

Sit

6-bromo-2,3-dihydroxybenzaldehyde (SI1): To a flame-dried round bottom flask
under argon was added 6-bromo-2-hydroxy-3-methoxybenzaldehyde (5.74 g, 24.8 mmol,
1.0 equiv) and methylene chloride (50 mL). The solution was cooled to —78 °C and boron
tribromide (7.1 mL, 74.5 mmol, 3.0 equiv) in methylene chloride (68 mL) was added
dropwise. The reaction was warmed to room temperature and stirred for 5 h. Upon
reaction completion the crude reaction mixture was poured into ice water and stirred for 1
h. The aqueous layer was extracted with methylene chloride three times. The combined
extracts were washed with water and dried with sodium sulfate, and concentrated by
rotary evaporator. The crude solid was then rinsed with hexanes to afford 6-bromo-2,3-

dihydroxybenzaldehyde (SI1) as an orange solid (4.58 g, 21.1 mmol, 85% yield). 'H
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NMR (300 MHz, CDCl3) 6 12.24 — 12.06 (m, 1H), 10.27 (s, 1H), 7.17 — 6.95 (m, 2H),
5.65 (s, 1H). All characterization data match those reported.’

/0
Br OH

(o)
K/OMe

Si2

6-bromo-2-hydroxy-3-(2-methoxyethoxy)benzaldehyde (SI2): Sodium hydride (1.17
g, 48.75 mmol, 2.3 equiv) was added to a flame-dried flask under argon. This flask
placed in an ice bath, and a solution of 6-bromo-2,3-dihydroxybenzaldehyde (SI1, 4.6 g,
21.2 mmol, 1.0 equiv) in DMSO (42 mL) was added dropwise. The resulting solution
was stirred for 3 hours and then 2-methoxyethyl 4-methylbenzenesulfonate® (5.37 g,
23.22 mmol, 1.1 equiv) in DMSO (4.2 mL) was added dropwise. The reaction was stirred
for 24 hours at room temperature. The reaction was quenched with water and the pH was
checked and adjusted to pH = 7. The aqueous layer was extracted with methylene
chloride three times and the combined organic extracts were washed with 1M HCI, dried
with Na;SO,4, and then concentrated. The crude reaction mixture was filtered through a
pad of silica and concentrated to  afford  6-bromo-2-hydroxy-3-(2-
methoxyethoxy)benzaldehyde as an yellow solid (3.38 g, 12.3 mmol, 58% yield); 'H
NMR (300 MHz, CDCls) 6 12.25 (s, 1H), 10.29 (s, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.99 (d,
J=8.6 Hz, 1H), 4.23 — 4.15 (m, 2H), 3.82 — 3.75 (m, 2H), 3.45 (s, 3H); °C NMR (101
MHz, CDCls) 6 198.5, 155.3, 147.8, 123.6, 121.3, 117.6, 71.0, 69.4, 59.4; IR (neat) 2984,
2942, 2933, 2932, 2750, 1686, 1641, 1579, 1467, 1454, 1438, 1388, 1370, 1332, 1317,
1285, 1274, 1250, 1211, 1202, 1127, 1102, 1081, 898, 861, 822, 789, 749, 676; HRMS
CioH,BrO, (M+H)": 274.9913, Found: 274.9921.

The corresponding aldehydes for other ligands tested were synthesized according to the

procedure described above.
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Synthesis of Salen Crown Ether Ligands: Imine Formation

Si2 77% yield

6,6'-((1E,1'E)-(((R)-[1,1'-binaphthalene]-2,2'-
diyl)bis(azanylylidene))bis(methanylylidene))bis(5-bromo-2-(2-
methoxyethoxy)phenol)(LL7):  6-bromo-2-hydroxy-3-(2-methoxyethoxy)benzaldehyde
(2.38 g, 8.67 mmol, 2.0 equiv) and (R)-(+)-1,1"-Binaphthyl-2,2'-diamine (1.7 g, 4.33
mmol, 1.0 equiv) were combined in EtOH (14 mL). The reaction mixture was heated to
120 °C and stirred for 6 h. Upon completion the reaction was cooled to room
temperature and subsequently filtered. The filtered solid were washed with EtOH,
concentrated under reduced pressure, affording scarlet solids (2.69 g, 3.36 mmol, 77%
yield); [a]p®® = —=301.6 (c 0.652, CH,CL,); '"H NMR (400 MHz, C¢D¢) & 13.84 (s, 1H),
9.08 (s, 1H), 7.65 (d, 12 Hz, 1H), 7.56 (d, 8 Hz, 1H), 7.30 (d, 12 Hz, 1H), 7.25 (d, 8 Hz,
1H), 7.03 (t, 8 Hz, 1H), 6.87 (t, 8 Hz, 1H), 6.54 (d, 8 Hz, 1H), 6.12 (d, 8Hz, 1H), 3.55 (4,
6 Hz, 2H), 3.21 (t, 4 Hz, 2H), 3.01 (s, 3H); >C NMR (75 MHz, C¢Ds) & 162.8, 155.0,
147.8, 143.6, 133.5, 132.8, 130.3, 129.4, 128.4, 127.2, 126.5, 126.1, 121.7, 118.2, 117.6,
117.0, 116.8, 70.7, 68.8, 58.5; IR (neat) 2925, 2876, 2817, 1600, 1586, 1440, 1338, 1246,
1224.50, 1125, 1085, 871, 814, 790, 752; HRMS (EI) Calcd. for CisH34BroN»Og:
796.0784, Found: 796.0782.
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L1

6,6'-((1E,1'E)-(((R)-[1,1'-binaphthalene]-2,2'-
diyl)bis(azanylylidene))bis(methanylylidene))bis(2-(2-methoxyethoxy)phenol)(L1):

2-hydroxy-3-(2-methoxyethoxy)benzaldehyde (365 mg, 1.86 mmol, 2.0 equiv) and
(R)-(+)-1,1"-binaphthyl-2,2'-diamine (264.5 mg, 0.930 mmol, 1.0 equiv) were combined
in EtOH (7 mL). The reaction mixture was stirred at room temperature for 48 h. The
suspension was filtered. The filtered solid were washed with EtOH, concentrated under
reduced pressure, affording orange solids (556.8 mg, 0.869 mmol, 94% yield); [a]p™’ = —
371.3 (c = 0.6, CH,Cl,); 'H NMR (400 MHz, CDCl3) § 12.33 (s, 2H), 8.05, 8.02 (d, J =
12 Hz, 2H), 8.55 (s, 2H), 7.93, 7.91 (d, J = 8 Hz, 2H), 7.54, 7.51 (d, J = 12 Hz, 2H), 7.40
—7.44 (t,J=8 Hz, 2H), 7.22 - 7.24 (d, /= 8 Hz, 2H), 7.19, 7.17 (d, J = 8 Hz, 2H), 6.89,
6.88 (d, /=4 Hz, 2H), 6.80, 6.79 (d, J =4 Hz, 2H), 6.66 — 6.70 (t, J = 8 Hz, 2H), 4.03 —
4.06 (m, 4H), 3.65 — 3.68 (t, J = 6 Hz, 4H), 3.39 (s, 6H); HRMS (EI) Calcd. for
C40H36N20¢: 640.2573, Found: 640.2573.
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6,6'-((1E,1'E)-(((R)-[1,1'-binaphthalene]-2,2'-
diyl)bis(azanylylidene))bis(methanylylidene))bis(2-(2-(2-
methoxyethoxy)ethoxy)phenol)(L3):

2-hydroxy-3-(2-(2-methoxyethoxy)ethoxy)benzaldehyde (191.3 mg, 0.797 mmol, 2.0
equiv) and (R)-(+)-1,1'-binaphthyl-2,2'-diamine (96.4 mg, 0.339 mmol, 1.0 equiv) were
combined in EtOH (3 mL). The reaction mixture was stirred at room temperature for 48
h. The suspension was filtered. The filtered solid were washed with EtOH, and
concentrated under reduced pressure to afford an orange solid (196.5 mg, 0.2697 mmol,
80% yield); [a]p™® = —352.1 (c 0.518, CH,Cl,); '"H NMR (400 MHz, CDCls) & 12.28 (s,
2H), 8.03 (d, /=8 Hz, 2H ), 7.92 (d, J = 8 Hz, 2H), 7.52 (d, J = 8 Hz, 2H), 7.44-7.40 (m,
2H), 7.26-7.22 (m, 2H), 7.18 (d, J = 8 Hz, 2H), 6.88 (d, J = 8 Hz, 2H), 6.79 (d, J = 8 Hz,
2H), 6.70 — 6.66 (m, 2H), 4.09 — 4.06 (m, 4H), 3.79 — 3.76 (m, 4H), 3.67 — 3.65 (m, 4H),
3.53 — 3.51 (m, 4H), 3.37 (s, 6H); °C NMR (75 MHz, CDCl3) & 163.0, 151.7, 147.2,
144.4, 133.3, 132.6, 130.2, 128.4, 127.0, 126.6, 125.8, 124.9, 119.7, 118.2, 118.0, 117.8,
72.0, 70.7, 69.7, 69.1, 59.1; IR (neat) 3269, 3046, 2955, 2362, 1603, 1574, 1506, 1470,
1429, 1389, 1359, 1306, 1261, 1194, 1143, 1087, 969, 856, 815, 744, 700; HRMS (EI)
Calcd. for C44H44N>Og: 728.3098, Found: 728.3096.

6,6'-(1E,1'E)-(((1R,2R)-cyclohexane-1,2-
diyl)bis(azanylylidene))bis(methanylylidene))bis(2-(2-methoxyethoxy)phenol)(L5):
2-hydroxy-3-(2-methoxyethoxy)benzaldehyde (193 mg, 0.986 mmol, 2.0 equiv) and
(1R,2R)-cyclohexane-1,2-diamine (56.3 mg, 0.493 mmol, 1.0 equiv) were combined in
EtOH (8 mL). The reaction mixture was stirred at room temperature for 48 h. The solvent

was removed under reduced pressure. The residue was purified by column
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chromatography on silica-gel (n-hexane/EtOAc = 2/1, 1/2, 1/4), affording an oil (195 mg,
0.414 mmol, 84% yield): [a]p*® = +120.0 (¢ = 0.5, CH,Cl,); '"H NMR (300 MHz, CDCls)
0 13.83 (s, 2H), 8.21 (s, 2H), 6.88 — 6.90 (m, 2H), 6.77 — 6.80 (m, 2H), 6.67 — 6.71 (t, J =
6 Hz, 2H), 4.13 - 4.16 (t, J = 4.5 Hz, 4H), 3.76 — 3.78 (t, /= 3 Hz, 4H), 3.43 (s, 6H), 1.84
~1.93 (m, 4H), 1.66 —1.69 (d, J = 9 Hz, 2H), 1.42 — 1.47 (m, 2H) ppm; *C NMR (75
MHz, CDCls) & 164.8, 152.2, 147.4, 124.0, 118.7, 117.9, 116.6, 72.5, 71.2, 68.6, 59.3,
33.1, 24.1; IR (neat) 3315, 2929, 2856, 1625, 1578, 1477, 1450, 1376, 1338, 1289, 1233,
1022; HRMS (EI) Calcd. for C6H34N2Og: 470.2417, Found: 470.2425.

L6
6,6'-((1E,1'E)-(((R)-[1,1'-binaphthalene]-2,2'-
diyl)bis(azanylylidene))bis(methanylylidene))bis(4-bromo-2-(2-
methoxyethoxy)phenol)(L6): 5-bromo-2-hydroxy-3-(2-(2-
ethoxyethoxy)ethoxy)benzaldehyde (80 mg, 0.291 mmol) and (R)-(+)-1,1’-Binaphthyl-
2,2'-diamine (41.232 mg, 0.145 mmol) were combined in EtOH (10 mL). The reaction

mixture was stirred at room temperature for 48 h. The suspension was filtered. The
filtered solid were washed with EtOH, concentrated under reduced pressure, affording
scarlet solids (100 mg, 0.125 mmol, 86% yield); [a]p”® = —298.5 (¢ 0.5, CH.CL,); 'H
NMR (400 MHz, CDCls) 6 12.32 (s, 2H), 8.45 (s, 2H), 8.02 (d, 12 Hz, 2H), 7.91 (d, 8 Hz,
2H), 7.48 (d, 12 Hz, 2H), 7.41 (m, 2H), 7.21 (m, 2H), 7.13 (d, 8 Hz, 2H), 6.96 (d, 4 Hz,
2H), 6.91 (d, 4 Hz, 2H), 4.01 (m, 4H), 3.65 (t, 4Hz, 4H), .38 (s, 6H); °C NMR (75 MHz,
CDCl) 6 161.6, 150.9, 148.2, 143.7, 133.2, 132.8, 130.4, 126.2, 120.4, 120.2, 117.5,
109.5, 77.5, 77.2, 76.9, 70.8, 69.1, 59.2; IR (neat) 2875, 2360, 2342, 1605, 1569, 1450,
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1398, 1363, 1332, 1250, 1199, 1125, 1089, 1026, 972, 900, 817, 751; HRMS (EI) Calcd.
for C40H34Br2N2Og: 796.0784, Found: 796.0784.

Complexation Procedure (Ni/L synthesis)

Ni(OAc),+4H,0
——
EtOH

77% yield

L7 Ni-L7

Ni-Salen Complex (Ni-L7): Ni(OAc),*4H,0 (1.17 g, 4.7 mmol, 1.4 equiv) and L7 (2.69
g, 3.36 mmol, 1.0 equiv) were combined in EtOH and heated to 100 °C for 12 h. While
still hot, the crude mixture was transferred into a 20 mL vial, rinsing with a small amount
of additional EtOH. The vial was placed in the freezer for 12h. The crude mixture was
then centrifuged down, and the EtOH was decanted. The mother liquor was then reduced
via rotary evaporator, and the crude reaction mixture was allowed to rest in the freezer,
and centrifuged a second time. The combined precipitates were washed with hexanes, and

dried under vacuum to afford a yellow solid (2.2 g, 2.58 mmol, 77% yield).

All other metal complexes were prepared using this identical procedure.

HRMS for the Catalysts with Nickel

The normal spectral region could not be determined by 'H NMR, since Ni(I)-salen
complexes 1d, 2, 3a-c¢, 4 and 5 are paramagnetic. High-resolution mass spectra (HRMS)
shows desired Ni(Il)-salen complexes bearing one nickel atom. Similar effects for Ni(Il)-

salen complexes have been reported before.>
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L1:
L2:
L3:
L4

L1-Ni:
L2-Ni:
L3-Ni:
L4-Ni:
L5-Ni:
L6-Ni:
L7-Ni:

R1 = O'CH2CH20'CH3

R1 = ()_CH3 L5 Lé6: Rz = Br, R3 =H
R1 = O-[CHQCHZO]Z-CH3 L7: R2 = H, R3 =Br
R1 = t‘BU

HRMS (EI) Calcd. C40H34N2NiOg: 696.1770, Found: 696.1769
HRMS (EI) Calcd. C36H26N2N1O4: 608.1246, Found: 608.1243
HRMS (EI) Calcd. C44H4>,NoNiOg: 784.2295, Found: 784.2294
HRMS (EI) Calcd. C4,H33N2NiO,: 660.2287, Found: 660.2286
HRMS (EI) Calcd. C6H3,NoNiOg: 526.1614, Found: 526.1614
HRMS (EI) Calcd. C40H33Br2N>NiOg: 853.0059, Found: 853.0068
HRMS (EI) Calcd. C4H3BraN>NiOg: 851.9980, Found: 851.9981

Synthesis of Trifluoromethylketones:

Aryl trifluoromethylketone 1h was prepared according to a previously reported

procedure.’

All other aryl trifluoromethylketones were purchased from Alfa Aesar,

Sigma-Aldrich, or TCI and used without further purification.

Synthesis of Vinyl Trifluoromethylketones:

Previously reported methods were used to prepare 4a®, 4b°, 4¢’, 4d®, 4e®, 4i'°, 4j'°, 4K°,

and 4n'°.
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General Procedure for the Synthesis of Vinyl Trifluoromethylketones:

(o]

o)
o HOAc, piperidine AN
Me CF3 toluene, 0 °C to 23 °C

Me Me 49

(E)-1,1,1-trifluoro-4-(m-tolyl)but-3-en-2-one (4g): 3-methylbenzaldehyde (601 mg, 5.0
mmol, 1.0 equiv), piperidine (493 uL, 5.0 mmol, 1.0 equiv) and acetic acid ( 429 uL, 7.5
mmol, 1.5 equiv) were all combined in dry toluene (5 mL) in a flame-dried flask under
argon. The resultant solution was cooled to 0 °C, and then trifluoroacetone (1.8 mL, 20
mmol, 4 equiv) in toluene (5 mL) was added slowly. The reaction was stirred at 0 °C for
2 hours and then allowed to stir at room temperature for 24 h. The reaction was quenched
with saturated ammonium chloride solution and the aqueous layer was extracted three
times with ethyl acetate. The combined organic extracts were washed with water, and
dried with sodium sulfate.  Product 4g purified by column chromatography (5% EtOAc
in hexanes) to provide a colorless oil (415 mg, 38% yield); '"H NMR (500 MHz, CDCls) &
7.95 (d, J =159 Hz, 1H), 7.48 — 7.42 (m, 2H), 7.37 — 7.29 (m, 2H), 7.01 (dq, J = 16.0,
1.0 Hz, 1H), 2.41 (t, J= 0.7 Hz, 3H). All characterization data match those reported."’

o]

Me

4h
(E)-1,1,1-trifluoro-4-(o-tolyl)but-3-en-2-one (4h): Product 4h purified by column
chromatography (8% EtOAc in hexanes) to provide a colorless oil (107 mg, 50% yield);
'H NMR (300 MHz, CDCl3) & 8.31 (dt, J = 15.9, 0.6 Hz, 1H), 7.74 — 7.64 (m, 1H), 7.38
(td, J=17.3, 1.4 Hz, 1H), 7.26 (m, 2H), 6.96 (dq, J = 15.8, 0.9 Hz, 1H), 2.50 (s, 3H). All

characterization data match those reported."’

o]
N

Me/ 4
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(E)-1,1,1-trifluoro-4-(1-methyl-1H-indol-3-yl)but-3-en-2-one (41): Product 41 purified
by column chromatography (20% EtOAc in hexanes) to provide a yellow oil (192 mg,
15% yield); "H NMR (500 MHz, CDCl3) & 8.21 (dd, J = 15.5, 0.7 Hz, 1H), 7.97 — 7.91
(m, 1H), 7.58 (s, 1H), 7.44 — 7.32 (m, 3H), 6.97 (dt, J=15.6, 1.0 Hz, 1H), 3.88 (s, 3H).

All characterization data match those reported.'?

o
CF3
4m

(E)-1,1,1-trifluoro-4-(naphthalen-2-yl)but-3-en-2-one (4m): Product 4m purified by
column chromatography (8% EtOAc in hexanes) to provide a light yellow oil (500 mg,
40% yield); "H NMR (500 MHz, CDCl3) & 8.19 — 8.05 (m, 2H), 7.95 — 7.86 (m, 3H), 7.75
(dd, J = 8.6, 1.8 Hz, 1H), 7.64 — 7.52 (m, 2H), 7.13 (dq, J = 16.0, 0.9 Hz, 1H). All

characterization data match those reported.'?

o]

X CF;
tBuO
4f

)
tert-butyl (E)-4-(4,4,4-trifluoro-3-oxobut-1-en-1-yl)benzoate (4f): Product 4f was
prepared using the general procedure and purified by column chromatography (8%
EtOAc in hexanes) to provide a colorless oil (687 mg, 2.3 mmol, 46% yield); '"H NMR
(400 MHz, CDCl;) ¢ 8.05 (d, J= 8.1 Hz, 2H), 7.97 (d, J = 16.0 Hz, 1H), 7.68 (d, J = 8.1
Hz, 2H), 7.07 (dt, J = 16.0, 1.0 Hz, 1H), 1.61 (d, J= 0.9 Hz, 9H); °*C NMR (101 MHz,
CDCl3) & 164.8, 148.8, 136.9, 135.2, 130.3, 129.0, 118.5, 82.0, 28.30; '’F NMR (282
MHz, CDCls) 8 —77.66; IR (Neat Film, NaCl) 3051, 2995, 1709, 1613, 1568, 1417, 1392,
1368, 1305, 1265, 1189, 1141, 1063, 994, 896, 844, 772, 733, 705, 683 cm ™.

Procedure for Enantioselective Alkynylation of Aryl Trifluoromethyl Ketones

To a stirred solution of catalyst (0.012 mmol, 0.05 equiv) in THF (0.5 mL), alkyne
(0.968 mmol, 4 equiv), 4 A molecular sieve (377 mg), and KOsBu (0.484 mmol, 0.2

equiv) were added at room temperature slowly. After the solution had been stirred at
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room temperature for 30 min to give a dark yellow mixture, ketone (0.242 mmol, 1.0
equiv) was added dropwise to a solution. After the resulting mixture was stirred at room
temperature for 24 h, saturated ammonium chloride (2mL) was added to quench the
reaction. The solution was extracted with ethyl acetate (3x15 mL). The combined organic
layers were washed with brine, dried over anhydrous magnesium sulfate, and
concentrated by rotary evaporation. The residue was purified by flash column
chromatography ethyl acetate/hexane. Enantiomeric excesses were determined by HPLC

on chiral stationary phase (Daicel Chiralpak IB or ID column (0.46 cm x 25 cm)).

1,1,1-trifluoro-2,4-diphenylbut-3-yn-2-ol (3aa) : Product 3aa was prepared using the
general procedure to provide a pale yellow oil (93% yield, 93% ee); [a]p>! = +26.8 (c =
0.5, CH,Cl,); The enantiomeric excess was determined by chiral HPLC analysis: Daicel
Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1 mL/min, 254 nm wave length
UV; minor tg = 11.081 min, major tg = 9.556 min. All characterization data match those

reported. *

1,1,1-trifluoro-2-(4-fluorophenyl)-4-phenylbut-3-yn-2-ol (3ba):

Product 3ba was prepared using the general procedure to provide a pale yellow oil (93%
yield, 90% ee); [a]p™* = +25.2 (¢ = 0.5, CH,Cl,); The enantiomeric excess was
determined by chiral HPLC analysis: Daicel Chiralpak ID column; Hexane/i-PrOH =
99:1; flow rate 0.5 mL/min, 254 nm wave length UV; minor tg = 11.809 min, major tg =

11.014 min. All characterization data match those reported.'®
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2-(4-chlorophenyl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-ol (3ca): Product 3ca was
prepared using the general procedure to provide a pale yellow oil (94% yield, 89% ee);
[(X]D24 = +17.8 (¢ = 0.5, CH,Cl,); The enantiomeric excess was determined by chiral
HPLC analysis: Daicel Chiralpak ID column; Hexane/i-PrOH = 99:1; flow rate 0.5
mL/min, 254 nm wave length UV; minor tg = 12.818 min, major tg = 11.254 min. All

characterization data match those reported.'*

2-(4-bromophenyl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-ol (3da): Product 3da was
prepared using the general procedure to provide a pale yellow oil (97% yield, 89% ee);
[(X]D24 = +14.2 (¢ = 0.8, CH,Cly); The enantiomeric excess was determined by chiral
HPLC analysis: Daicel Chiralpak ID column; Hexane/i-PrOH = 99:1; flow rate 0.5
mL/min, 254 nm wave length UV; minor tg = 14.004 min, major tg = 11.924 min. All

characterization data match those reported.'’

HO CF

LFs
Q)\
Ph
MeO

3ea
(R)-1,1,1-trifluoro-2-(4-methoxyphenyl)-4-phenylbut-3-yn-2-0l (3ea): Product 3ea
was prepared using the general procedure to provide a pale yellow oil (86% yield, 97%
ee); [o]p! = +22.7 (¢ = 0.6, CH,CL,); The enantiomeric excess was determined by chiral
HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1
mL/min, 254 nm wave length UV; minor tg = 12.240 min, major tg = 22.694 min. All

characterization data match those reported.'*
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1,1,1-trifluoro-4-phenyl-2-(p-tolyl)but-3-yn-2-ol (3fa): Product 3fa was prepared using
the general procedure to provide a pale yellow oil (86% yield, 97% ee); [a]p”’ = +22.4 (c
= 0.6, CH,Cl); The enantiomeric excess was determined by chiral HPLC analysis:
Daicel Chiralpak ID column; Hexane/i-PrOH = 99:1; flow rate 1 mL/min, 254 nm wave
length UV; minor tg = 8.663 min, major tg = 7.225 min. All characterization data match

those reported."

2-(3-bromophenyl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-ol (3ga) : Product 3ga was
prepared using the general procedure to provide a pale yellow oil (92% yield, 85% ee);
[a]p®* = +23.0 (c = 0.7, CH,Cl,); 'H NMR (400 MHz, CDCl3) & 7.96 (s, 1H), 7.74 (d, 8
Hz, 1H), 7.53 (m, 3H), 7.35 (m, 3H), 7.29 (t, 8 Hz, 1H), 3.25 (s, 1H); *C NMR (75 MHz,
CDCl3) 6 137.6, 132.8, 132.2, 130.44, 129.9, 128.6, 126.1, 125.2, 122.5, 121.4, 120.7,
88.7, 83.8, 73.1, 72.7; ""F NMR (282 MHz, CDCl;) & —80.08; IR (Neat) 3547, 3066,
2233, 1594, 1570, 1490, 1473, 1444, 1423, 1348, 1246, 1168, 1111, 1074, 1012, 997,
937, 884, 782, 755, 735, 708, 687; HRMS (EI) Calcd. for C;¢H;oBrFs;O: 353.9867,
Found: 353.9871. The enantiomeric excess was determined by chiral HPLC analysis:
Daicel Chiralpak ID column; Hexane/i-PrOH = 99:1; flow rate 0.5 mL/min, 254 nm wave
length UV; minor tg = 12.137 min, major tg = 11.398 min.

F HO CF;

SN
Ph

3ha
1,1,1-trifluoro-2-(2-fluorophenyl)-4-phenylbut-3-yn-2-ol (3ha): Product 3ha was
prepared using the general procedure to provide a pale yellow oil (70% yield, 87% ee);
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[a]p® = +10.6 (c = 0.2, CH,Cl,); '"H NMR (400 MHz, CDCl3) & 7.83 (m, 1H), 7.53 (m,
2H), 7.32 (m, 4H), 7.11(m, 2H), 3.55 (s, 1H); °C NMR (75 MHz, CDCl3) § 162.4, 158.9,
132.2, 131.8, 131.7, 129.9, 129.6, 128.5, 124.3, 124.2, 121.0, 117.0, 116.7, 88.2, 83.1,
72.4,71.9; F NMR (282 MHz, CDCls) & —80.24, —110.69; IR (neat) 3576, 2927, 2235,
1655, 1613, 1585, 1489, 1453, 1377, 1249, 1228, 1174, 1153, 1120, 1000, 1010, 922,
823, 755, 740, 711, 689; HRMS (EI) Calcd. for C;sH;oF40: 294.0668, Found: 294.0670;
The enantiomeric excess was determined by chiral HPLC analysis: Daicel Chiralpak 1D
column; Hexane/i-PrOH = 99:1; flow rate 1 mL/min, 254 nm wave length UV; minor tg

=7.523 min, major tg = 6.467 min.

3ab
(R)-1,1,1-trifluoro-2-phenyl-4-(p-tolyl)but-3-yn-2-ol (3ab) : Product 3ab was prepared

using the general procedure to provide a pale yellow oil (98% yield, 91% ee); [a]p>’ =
+18.0 (c = 0.2, CH,Cl,); The enantiomeric excess was determined by chiral HPLC
analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1 mL/min, 254
nm wave length UV; minor tg = 12.079 min, major tg = 8.448 min. All characterization

data match those reported."

Br

3ac

(R)-4-(4-bromophenyl)-1,1,1-trifluoro-2-phenylbut-3-yn-2-ol (3ac): Product 3ac was

prepared using general procedure to provide a pale yellow oil (90% yield, 91% ee); [a]p™*
=429.9 (c = 0.7, CH,Cl,); '"H NMR (400 MHz, CDCl3) § 7.80 (m, 2H), 7.38(m, 7H),
3.19(s, 1H); >C NMR (75 MHz, CDCls) & 135.1, 133.6, 131.9, 129.7, 128.4, 127.2,
125.3, 124.2, 121.5, 119.9, 87.1, 85.6, 73.7, 73.3; ’F NMR (282 MHz, CDCls) & —80.06;
IR (neat) 3566, 2926, 2360, 2234, 1605, 1587, 1452, 1394, 1361, 1248, 1166, 1116,
1098, 1064, 1012, 932, 906, 822, 761, 729, 696, 668; HRMS (EI) Calcd. for
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Ci6H10BrF;0: 353.9867, Found: 353.9868; The enantiomeric excess was determined by
chiral HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1

mL/min, 254 nm wave length UV; minor tg = 13.405 min, major tg = 9.004 min.

Me

(R)-1,1,1-trifluoro-2-phenyl-4-(p-tolyl)but-3-yn-2-ol (3ae) : Product 3ae was prepared
using general procedure to provide a pale yellow oil (94% yield, 90% ee); [a]p>* = +26.5
(c = 0.6, CH,Cl,); The enantiomeric excess was determined by chiral HPLC analysis:
Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1 mL/min, 254 nm wave
length UV; minor tg = 10.213 min, major tg = 7.287 min. All characterization data match

those reported."

OMe

3ad
(R)-1,1,1-trifluoro-4-(4-methoxyphenyl)-2-phenylbut-3-yn-2-0l (3ad): Product 3ad

was prepared using general procedure to provide a pale yellow oil (99% yield, 93% ee);
[a]p®* = +26.7 (c = 0.2, CH,Cl,); '"H NMR (300 MHz, CDCl3) & 7.81 (m, 2H), 7.41 (m,
5H), 6.86 (m, 2H), 3.83 (s, 3H), 3.12 (s, 1H); C NMR (75 MHz, CDCl;) & 160.6, 135.6,
133.7,129.5, 128.3, 127.3, 114.2, 113.0, 88.3, 83.3, 73.7, 73.2, 55.4, 29.7; "’F NMR (282
MHz, CDCls) 6 —80.19; IR (neat) 3428, 2923, 2230, 1605, 1570, 1510, 1451, 1359, 1294,
1248, 1172, 1108, 1065, 1016, 933, 907, 832, 764, 706; HRMS (EI) Calcd. for
Ci17H13F30,: 306.0868, Found: 306.0869; The enantiomeric excess was determined by
chiral HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1

mL/min, 254 nm wave length UV; minor tg = 17.337 min, major tg = 12.175 min.
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(R)-1,1,1-trifluoro-4-(naphthalen-2-yl)-2-phenylbut-3-yn-2-ol (3af): Product 3af was
prepared using general procedure to provide a pale orange solid (89% yield, 89% ee);
[a]p®* = +2.59 (¢ = 0.6, CH,Cl,); '"H NMR (300 MHz, CDCI3) & 8.09 (s, 1H), 7.81 (m,
5H), 7.47 (m, 6H), 3.23 (s, 1H); ?C NMR (75 MHz, CDCl3) § 135.5, 133.5, 132.9, 132.7,
129.7, 128.4, 128.3, 128.2, 128.0, 127.9, 127.4, 127.3, 127.0, 125.5, 121.7, 118.3, 88.6,
84.8,73.8, 73.4,29.8; "’F NMR (282 MHz, CDCl;) 8 —80.01; IR (neat) 3528, 3061, 2924,
2853, 2360, 2228, 1595, 1501, 1488, 1450, 1360, 1226, 1168, 1097, 1063, 1005, 906,
868, 822, 767, 751, 700, 663; HRMS (EI) Calcd. for CyoH3F30: 326.0918, Found:
326.0918; The enantiomeric excess was determined by chiral HPLC analysis: Daicel
Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1 mL/min, 254 nm wave length
UV; minor tg = 16.764 min, major tg = 11.734 min.

(R)-2-(4-chlorophenyl)-1,1,1-trifluoro-4-(4-fluorophenyl)but-3-yn-2-ol (3c¢cb)

Product 3cb was prepared using general procedure to provide a pale yellow oil (92%
yield, 89% ee); [o]p”* = +14.6 (c = 0.7, CH,Cl,); '"H NMR (300 MHz, CDCl3) & 7.71 (d,
9 Hz, 2H), 7.49 (m, 2H), 7.40 (m, 2H), 7.03 (m, 2H), 3.10 (s, 1H); °*C NMR (75 MHz,
CDCl3) & 165.1, 161.7, 135.9, 134.3, 134.2, 133.8, 128.7, 128.6, 125.2, 121.4, 116.9,
116.2, 115.9, 87.4, 83.8, 73.3, 72.8; '’F NMR (282 MHz, CDCl;) 8 —80.27, —108.15; IR
(neat) 3453, 2928, 2235, 1706, 1652, 1601, 1507, 1491, 1406, 1359, 1233, 1184, 1121,
1093, 1010, 949, 917, 765, 730, 717, 694; HRMS (EI) Calcd. for C;sHoCIF4O: 328.0278,
Found: 328.0278; The enantiomeric excess was determined by HPLC through chiral
HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1

mL/min, 254 nm wave length UV; minor tg = 9.181 min, major tg = 7.976 min.
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(R)-1,1,1-trifluoro-2-(4-methoxyphenyl)-4-(p-tolyl)but-3-yn-2-0l (3ee): Product 3ee
was prepared using general procedure to provide a pale yellow oil (92% yield, 96% ee);
[(X]D24 = +17.5 (¢ = 0.5, CH,Cl,); The enantiomeric excess was determined by chiral
HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 98:2; flow rate 1
mL/min, 254 nm wave length UV; minor tg = 28.064 min, major tg = 9.684 min. All

characterization data match those reported.'’

HO, CF,
R «

MeO seq

(R)-4-cyclopropyl-1,1,1-trifluoro-2-(4-methoxyphenyl)but-3-yn-2-0l (3eg): Product
3eg was prepared using general procedure to provide a pale yellow solid (93% yield, 96%
ee); [a]p>* = +3.84 (¢ = 0.3, CH,Cl,); 'H NMR (300 MHz, CDCl3) & 7.61 (d, 9 Hz, 2H),
6.89 (m, 2H), 3.82 (s, 3H), 2.93 (s, 1H), 1.26 (m, 1H), 0.76 (m, 4H); *C NMR (75 MHz,
CDCl;) & 160.4, 128.6, 127.9, 125.4, 121.6, 113.5, 92.5, 71.3, 55.4, 8.5; ’F NMR (282
MHz, CDCls) 6 —80.69; IR (neat) 2994, 2931, 2828, 1605, 1573, 1505, 1458, 1431, 1396,
1345, 1249, 1204, 1078, 970, 923, 818, 781, 733, 713, 687, HRMS (EI) Calcd. for
Ci14H13F30,: 270.0868, Found: 270.0868; The enantiomeric excess was determined by
HPLC through chiral HPLC analysis: Daicel Chiralpak ID column; Hexane/i-PrOH =
99:1; flow rate 1 mL/min, 254 nm wave length UV; minor tg = 12.873 min, major tg =

11.879 min.

HO, CF,

Cl
X

3eh
(R)-2-(3-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol (3eh): Product 3eh
was prepared using general procedure to provide a pale yellow oil (95% yield, 80% ee);
[a]p®* = +2.4 (c = 0.3, CH,Cl,); '"H NMR (300 MHz, CDCl3) & 7.70 (s, 1H), 7.58 (m,
1H), 7.30 (m, 2H), 2.95 (s, 1H), 1.32 (m, 1H), 0.78 (m, 4H); *C NMR (75 MHz, CDCl;)
8§ 137.7, 134.2, 129.6, 129.4, 127.6, 125.5, 93.2, 72.7, 72.1, 70.6, 29.8, 8.6, 0.6 '°’F NMR
(282 MHz, CDCls) 6 —80.46; IR (neat) 3458, 3016, 2441, 1597, 1578, 1475, 1428, 1364,
1261, 1165, 1106, 1076, 1027, 943, 925, 884, 814, 787, 721, 688; HRMS (EI) Calcd. for
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Ci13H0CIF;0: 274.0323, Found: 274.0372; The enantiomeric excess was determined by
chiral HPLC analysis: Daicel Chiralpak IB column; Hexane/i-PrOH = 99:1; flow rate 1

mL/min, 254 nm wave length UV; minor tg = 9.858 min, major tg = 9.287 min.

Procedure for Enantioselective Alkynylation of Vinyl Trifluoromethyl Ketones

H L7-Ni (5 mol %)

HO CF
/\i I KO#-Bu (10 mol %) Q5
+ > R A
R CF; o 4A MS, THF (0.1 M) N Ph
40°C,24h
4a-n 2a 5
1 equiv 4 equiv

n = number of reactions. All reactions were set-up in a Ny-filled glovebox. To a vial
containing L7-Ni (8.6n mg, 0.01n mmol, 0.05 equiv) was added KO#-Bu (2.24n mg, 0.02
n mmol, 0.1 equiv) in THF (1.6n mL). The resulting solution was stirred until the solids
were fully dissolved. To a new 4 dram vial was added 4 A MS (32 mg) and
phenylacetylene (88 uL, 0.8 mmol, 4.0 equiv). The L7-Ni + KO#-Bu solution (1.6 mL)
was then added to this vial, and the solution was stirred for 30 min. The vinyl
trifluoromethylketone (0.2 mmol, 1.0 equiv) in THF (0.8 mL) was then added and the
reaction was stirred at 40 °C for 24 h. The reaction was then quenched with sat. NH4Cl
solution and the aqueous layer was extracted three times with ethyl acetate. The
combined organic extracts were dried with sodium sulfate and concentrated by rotary
evaporator. The crude oil was then purified by column chromatography to afford the

desired product.

HO, CF,

A
X
Ph
5aa

(R,E)-1,5-diphenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-0l (5aa). Product Saa was
purified by column chromatography (8% EtOAc in hexanes) to provide a colorless oil
(51.8 mg, 86% yield); 90% ee, [a]p>> +11.8 (¢ 1.0, CHCl3); 'H NMR (400 MHz, CDCls)
0 7.55(dd, J=8.0, 1.6 Hz, 2H), 7.48 (dd, J= 8.3, 1.3 Hz, 2H), 7.45 — 7.27 (m, 6H), 7.21
(d, J = 15.8 Hz, 1H), 6.35 (d, J = 15.8 Hz, 1H), 2.91 (s, 1H); *C NMR (101 MHz,
CDCl3) 6 135.8, 135.3, 132.2, 129.7, 129.0, 128.9, 128.6, 127.4, 123.6 (d, J = 285.3 Hz),
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122.4, 121.1, 88.7, 82.7, 72.4 (q, J = 32.9 Hz);"’F NMR (282 MHz, CDCl3) & 80.72 IR
(Neat Film, NaCl) 3412, 3030, 2924, 1491, 1445, 1249, 1187, 1130, 1056, 966, 753, 690
cm'; HRMS (MM) m/z calc’d for CigHy,F3 [M-OH]™: 285.0886 found 285.0883; SFC
Conditions: 15% IPA, 2.5 mL/min, Chiralpak OD-H column, A = 254 nm, tg (min): major
= 3.89, minor = 4.43.

HO, CF,
X
X
Ph

We 5ba

(R,E)-5-phenyl-1-(p-tolyl)-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (Sba):

Product (Sba) was prepared using general procedure and purified by column
chromatography (10% EtOAc in hexanes) to provide a colorless oil (62.2 mg, 98%
yield); 92% ee, [a]p”> +8.5 (¢ 0.99, CHCls); '"H NMR (400 MHz, CDCl3) § 7.55 (dd, J =
8.0, 1.6 Hz, 2H), 7.46 — 7.32 (m, 5H), 7.23 — 7.15 (m, 3H), 6.31 (d, J = 15.8 Hz, 1H),
2.96 (s, 1H), 2.38 (s, 3H); °C NMR (101 MHz, CDCl5) & 139.1, 135.7, 132.5, 132.2,
129.63, 129.55, 128.6, 127.3, 123.6 (q, J = 285.3 Hz), 121.3, 121.1, 88.7, 82.8, 72.5 (q, J
= 32.8 Hz); "’F NMR (282 MHz, CDCl;) & —80.72; IR (Neat Film, NaCl) 3412, 2924,
1654, 1515, 1491, 1444, 1361, 1249, 1186, 1131, 1054, 968, 797, 756, 727, 689 cm';
HRMS (MM) m/z calc’d for CigH;4F3 [M-OH]™: 299.1042 found 299.1041; SFC
Conditions: 6% IPA, 2.5 mL/min, Chiralpak OD-H column, A = 254 nm, tg (min): major
= 14.12, minor = 15.02.

MeO
€ 5ca

(R,E)-1-(4-methoxyphenyl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-0l  (5ca):
Product (5ca) was prepared using general procedure and purified by column
chromatography (10% EtOAc in hexanes) to provide a colorless oil (63.9 mg, 98%
yield); 92% ee, [a]p™> +7.7 (¢ 0.97, CHCls); "H NMR (400 MHz, CDCl38 7.58 — 7.50 (m,
2H), 7.46 — 7.32 (m, 5H), 7.15 (d, J = 15.8 Hz, 1H), 6.94 — 6.85 (m, 2H), 6.20 (dd, J =
15.8, 0.7 Hz, 1H), 3.83 (s, 3H), 2.92 (s, 1H); °C NMR (101 MHz, CDCl;) & 160.3,
135.3, 132.2, 129.6, 128.7, 128.6, 128.0, 125.0, 122.2, 121.2, 120.1, 114.3, 88.6, 82.9,

S22



72.5 (q, 32.8 Hz), 55.5; ’F NMR (282 MHz, CDCl3) & —80.73; IR (Neat Film, NaCl)
3411, 2936, 2840, 1654, 1608, 1513, 1466, 1444, 1422, 1250, 1176, 1132, 1106, 1059,
967, 850, 824, 803, 757, 728, 690 cm'; HRMS (MM) m/z calc’d for CioH4F30 [M-
OH]": 315.0991 found 315.0993; SFC Conditions: 15% IPA, 2.5 mL/min, Chiralpak OD-

H column, A = 254 nm, tg (min): major = 5.17, minor = 5.42.

F
5da

(R, E)-1-(4-fluorophenyl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (5da):
Product S5da was prepared using general procedure and purified by column
chromatography (8% EtOAc in hexanes) to provide a colorless oil (61.7 mg, 92% yield);
91% ee, [a]p> +12.0 (¢ 1.0, CHCl3); "H NMR (400 MHz, CDCl3) § 7.54 (dd, J=8.1, 1.6
Hz, 2H), 7.45 (dd, J = 8.7, 5.3 Hz, 2H), 7.42 — 7.34 (m, 3H), 7.16 (d, J = 15.8 Hz, 1H),
7.06 (t, J = 8.7 Hz, 2H), 6.25 (d, J = 15.8 Hz, 1H), 2.92 (s, 1H); °C NMR (101 MHz,
CDCl3) 0 164.4, 161.9, 134.6, 132.2, 131.5 (q, J = 3.3 Hz), 129.7, 129.1 (d, J = 8.2 Hz)
128.6, 125.0, 122.2, 121.0, 116.0, 115.8, 88.8, 82.7, 72.3 (q, J = 32.9 Hz); "’F NMR (282
MHz, CDCls) & —80.76, —112.35; IR (Neat Film, NaCl) 3401, 3056, 2927, 1602, 1510,
1492, 1444, 1362, 1234, 1187, 1159, 1130, 1094, 1055, 967, 854, 826, 808, 757, 728, 690
cm'; HRMS (MM) m/z calc’d for CigHy Fy [M-OH]™: 303.0791 found 303.0794; SFC
Conditions: 20% IPA, 2.5 mL/min, Chiralpak AD-H column, A = 254 nm, tg (min): major
=7.83, minor = 10.52.

HO, CF,
AN
X
Ph

Br
5ea

(R, E)-1-(4-bromophenyl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (Sea):

Product Sea was prepared using general procedure and purified by column
chromatography (15% Et,O in hexanes) to provide a colorless oil (70.8 mg, 93% yield);
90% ee, [a]p> 0.6 (¢ 0.98, CHCls); 'H NMR (400 MHz, CDCls) & 7.59 — 7.46 (m, 4H),
7.45 —7.31 (m, 5H), 7.13 (d, J = 15.8 Hz, 1H), 6.32 (d, J = 15.8 Hz, 1H), 2.93 (s, 1H);
C NMR (101 MHz, CDCl3) & 134.5, 134.2, 132.2, 132.0, 129.8, 128.9, 128.6, 123.5 (q,
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J = 285.4 Hz), 123.1, 123.0, 120.9, 88.9, 82.5, 72.3 (q, J = 33.0 Hz); '’F NMR (282
MHz, CDCls) 6 —80.71; IR (Neat Film, NaCl) 3400, 1489, 1248, 1187, 1130, 1056, 1010,
967, 816, 756, 690 cm™'; HRMS (MM) m/z calc’d for CgsH;BrF;0 [M-OH]™: 362.9991
found 362.9984; SFC Conditions: 8% IPA, 2.5 mL/min, Chiralpak OD-H column, A =
254 nm, tg (min): major = 12.79, minor = 13.56.

HO CF,

~
N

X
X
t-BuO Ph
o 5fa

tert-butyl(R,E)-4-(3-hydroxy-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-1-
yh)benzoate (5fa) Product Sfa was prepared using general procedure and purified by
column chromatography (15% EtOAc in hexanes) to provide a colorless oil (65.9 mg,
82% yield); 89% ee, [a]p”> —10.4 (¢ 0.95, CHCls); 'H NMR (400 MHz, CDCls) & 7.97 (d,
J=28.4Hz, 2H), 7.58 — 7.47 (m, 4H), 7.45 — 7.32 (m, 3H), 7.22 (d, J=15.8 Hz, 1H), 6.41
(d, J = 15.8 Hz, 1H), 2.95 (s, 1H), 1.60 (s, 9H); °C NMR (101 MHz, CDCl;) & 165.7,
139.3, 134.6, 132.2, 132.0, 130.0, 129.7, 128.6, 127.1, 125.0, 124.8, 123.5 (q, J = 285.5
Hz), 88.7, 82.6, 81.6, 72.2 (q, J = 32.9 Hz), 28.3; "°F NMR (282 MHz, CDCl;) § —80.66
IR (Neat Film, NaCl) 3402, 2979, 1711, 1691, 1608, 1478, 1492, 1445, 1394, 1370,
1317, 1299,1250, 1184, 1127, 1070, 1018, 972, 846, 757, 691, 613 cm™'; HRMS (MM)
m/z calc’d for CysHyoF30; [M-OH]+: 385.1410 found 385.1409; SFC Conditions: 10%
IPA, 2.5 mL/min, Chiralpak IC column, A = 210 nm, tg (min): minor = 3.47, major =
4.28.

5ga

(R,E)-5-phenyl-1-(m-tolyl)-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (5ga)

Product S5ga was prepared using general procedure and purified by column
chromatography (8% EtOAc in hexanes) to provide a colorless oil (61.2 mg, 97% yield);
90% ee, [o]p> +8.5 (¢ 0.88, CHCl3); "H NMR (400 MHz, CDCl3) & 7.53 (dd, J = 8.0, 1.6
Hz, 2H), 7.43 —7.31 (m, 3H), 7.30 - 7.21 (m, 3H), 7.17 (d, /= 15.8 Hz, 1H), 7.13 (d, J =
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6.8 Hz, 1H), 6.32 (d, J = 15.8 Hz, 1H), 2.93 (s, 1H), 2.36 (s, 3H); °C NMR (101 MHz,
CDCl) 6 138.5, 135.9, 135.2, 132.2, 129.8, 129.7, 128.8, 128.6, 128.0, 126.1 (q, J =
229.9 Hz), 124.6, 122.2, 121.1, 88.7, 82.8, 72.5 (q, J = 32.8 Hz), 21.5; '’F NMR (282
MHz, CDCl3) 6 —80.7; IR (Neat Film, NaCl) 3407, 2924, 1490, 1444, 1379, 1252, 1186,
1130, 1055, 1000, 966, 918, 844, 778, 756, 726, 689, 629 cm™'; HRMS (MM) m/z calc’d
for CioH4F3 [M-OH]": 299.1042 found 299.1045; SFC Conditions: 15% IPA, 2.5
mL/min, Chiralpak OD-H column, A = 254 nm, tg (min): major = 3.83, minor = 4.20.

HO, CF;
A
A
Ph

M
€ 5ha

(R,E)-5-phenyl-1-(o-tolyl)-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (Sha)

Product Sha was prepared using general procedure and purified by column
chromatography (8% EtOAc in hexanes) to provide a colorless oil (57.8 mg, 92% yield);
86% ee, [o]p> +15.4 (¢ 0.87, CHCls); 'H NMR (400 MHz, CDCl3) § 7.57 — 7.46 (m,
4H), 7.45 — 7.33 (m, 3H), 7.25 — 7.16 (m, 3H), 6.24 (d, J = 15.7 Hz, 1H), 2.93 (s, 1H),
2.42 (s, 3H); °C NMR (101 MHz, CDCls) & 136.4, 134.5, 133.8, 132.2, 130.6, 129.7,
128.8, 128.6, 126.4, 126.3, 123.7, 123.6 (q, J = 285.3 Hz), 121.1, 88.7, 82.9, 72.6 (q, J =
32.8 Hz), 19.9; "’F NMR (282 MHz, CDCl;) & —80.73; IR (Neat Film, NaCl) 3411, 3061,
2926, 1600, 1490, 1462, 1444, 1381, 1261, 1248, 1185, 1133, 1098, 1058, 1000, 967,
817, 753, 690, 628 cm'; HRMS (MM) m/z calc’d for CioH4F3 [M-OH]™: 299.1042
found 299.1043; SFC Conditions: 15% IPA, 2.5 mL/min, Chiralpak OD-H column, A =

254 nm, tg (min): major = 3.58, minor = 4.33.

OMe 5ia
(E)-1-(2-methoxyphenyl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (5ia):
Product S5ia was prepared using general procedure and purified by column
chromatography (12% EtOAc in hexanes) to provide a colorless oil (59.6 mg, 92%
yield); 86% ee, [a]p> +19.5 (¢ 0.97, CHCls); '"H NMR (400 MHz, CDCl3) & 7.58 — 7.50

(m, 3H), 7.48 (d, J= 7.7 Hz, 1H), 7.43 — 7.33 (m, 3H), 7.33 — 7.27 (m, 1H), 6.96 (t, J =
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7.5 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 6.43 (d, J = 15.9 Hz, 1H), 3.88 (s, 3H), 2.88 (s,
1H). *C NMR (101 MHz, CDCl;) & 157.5, 132.2, 131.0, 130.1, 129.6, 128.6, 128.1,
123.6 (q, J =285.2 Hz), 124.2, 123.0, 121.3, 120.8, 111.4, 111.2, 88.6, 83.0, 72.8 (q, J =
32.7 Hz), 55.7; "’F NMR (282 MHz, CDCl;) & —80.66; IR (Neat Film, NaCl) 3429, 2940,
2360, 2237, 1599, 1490, 1465, 1248, 1185, 1136, 1103, 1048, 971, 754, 690 cm';
HRMS (MM) m/z calc’d for CjoH 4F30 [M-OH]": 315.09860 found 315.09993; SFC
Conditions: 15% IPA, 2.5 mL/min, Chiralpak OD-H column, A = 254 nm, tg (min): major
=495, minor = 5.67.

(R,E)-1-(4-bromophenyl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (5ja):
Product 5ja was prepared using general procedure and purified by column
chromatography (15% Et,O in hexanes) to provide a colorless oil (52 mg, 89% yield);
90% ee, [a]p>—7.42 (¢ 1.0, CHCls); '"H NMR (400 MHz, CDCl3) & 7.52 (d, J = 8.2 Hz,
2H), 7.45 — 7.32 (m, 4H), 6.99 (d, J = 15.6 Hz, 1H), 6.42 (m, 2H), 6.29 (d, J = 15.6 Hz,
1H), 2.85 (s, 1H); °C NMR (101 MHz, CDCls) & 151.1, 143.3, 132.2, 129.7, 128.6,
123.5 (q, J = 285.3 Hz), 123.5, 121.0, 120.6, 111.8, 111.2, 88.6, 82.6, 72.2 (q, J = 33.1
Hz); "’F NMR (282 MHz, CDCl3) & —80.78; IR (Neat Film, NaCl) 3429, 3060, 2926,
1661, 1600, 1564, 1491, 1445, 1400, 1300, 1266, 1249, 1188, 1154, 1127, 1056, 1016,
1000, 960, 928, 884, 844, 804, 757, 742, 728, 690, 673, 654, 612 cm™'; HRMS (MM) m/z
calc’d for C;¢H;oF50 [M-OH]+: 275.0678 found 275.0668; SFC Conditions: 15% IPA,
2.5 mL/min, Chiralpak OJ-H column, A = 210 nm, tg (min): major = 3.12, minor = 3.86.

5ka
(R,E)-5-phenyl-1-(thiophen-2-yl)-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (5ka):
Product Ska was prepared using general procedure and purified by column
chromatography (8% EtOAc in hexanes) to provide a colorless oil (51.8 mg, 84% yield);
90% ee, [a]p> +25.8 (c 0.88, CHClz); 'H NMR (400 MHz, CDCl3) & 7.54 (dd, J = 8.0,
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1.5 Hz, 2H), 7.45 — 7.30 (m, 5H), 7.28 (dd, J = 4.8, 1.5 Hz, 1H), 7.21 (d, J = 15.7 Hz,
1H), 6.20 (d, J=15.7 Hz, 1H), 2.94 (s, 1H);">*C NMR (101 MHz, CDCl;) & 137.9, 132.2,
129.8, 129.7, 128.6, 126.7, 125.2, 125.0, 122.1, 121.0, 88.7, 82.7, 72.4 (q, J = 32.9 Hz);
F NMR (282 MHz, CDCl;) & —80.78; IR (Neat Film, NaCl) 3406, 2924, 1656, 1491,
1444, 1358, 1308, 1249, 1186, 1126, 1054, 1000, 964, 868, 775, 757, 725, 690, 606 cm';
HRMS (MM) m/z calc’d for CjsHoF3S [M-OH]": 291.045 found 291.045; SFC
Conditions: 15% IPA, 2.5 mL/min, Chiralpak OD-H column, A = 210 nm, tg (min): major
=4.20, minor = 4.50.

HO CF,
X
| X
N Ph
Me/ 5la

(R,E)-1-(1-methyl-1H-indol-3-yl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol

(Sla): Product Sla was prepared using general procedure and purified by column
chromatography (30% EtOAc in hexanes) to provide a yellow oil (32.2 mg, 63% yield);
96% ee, [o]p> +4.2 (¢ 0.95 CHCl3); 'H NMR (400 MHz, CDCl;) 6 7.81 (d, J = 7.8 Hz,
1H), 7.48 (d, J= 8.1 Hz, 2H), 7.30 (dd, J=11.5, 4.2 Hz, 4H), 7.26 — 7.19 (m, 2H), 7.18 —
7.12 (m, 2H), 6.22 (d, J = 15.8 Hz, 1H), 3.71 (s, 3H); °C NMR (101 MHz, CDCl;) &
137.8, 132.2, 130.3, 129.5, 128.8, 128.6, 126.1, 122.6, 121.4, 120.6, 120.3, 117.6, 111.9,
88.6, 83.3, 73.13 (q, J = 32.8 Hz), 33.1, 29.9; '°F NMR (282 MHz, CDCl;) § —80.83; IR
(Neat Film, NaCl) 3382, 2922, 1651, 1535, 1491, 1444, 1378, 1333, 1255, 1184, 1125,
1060, 960, 787, 758, 741, 691, 645 cm™'; HRMS (MM) m/z calc’d for CoH sF3N [M-
OH]": 338.1151 found 338.1151; SFC Conditions: 30% IPA, 2.5 mL/min, Chiralpak AD-

H column, A = 254 nm, tg (min): major = 6.29, minor = 7.80.

HO, CF,

OO N
Ph
5ma

(R, E)-1-(naphthalen-2-yl)-5-phenyl-3-(trifluoromethyl)pent-1-en-4-yn-3-ol (Sma):
Product Sma was prepared using general procedure and purified by column

chromatography (10% EtOAc in hexanes) to provide a colorless oil (67.7 mg, 96%
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yield); 92% ee, [a]p™ +13.8 (¢ 1.0, CHCl3); "H NMR (400 MHz, CDCl3) & 7.90 — 7.80
(m, 4H), 7.66 (dd, J= 8.7, 1.6 Hz, 1H), 7.58 (d, J = 6.3 Hz, 2H), 7.50 (d, J = 9.4 Hz, 2H),
7.46 — 7.34 (m, 4H), 6.47 (d, J = 15.8 Hz, 1H), 2.98 (s, 1H); °C NMR (101 MHz,
CDCly) 6 135.9, 133.7, 133.5, 132.7, 132.2, 129.7, 128.62, 128.60, 128.3, 128.2, 127.9,
126.7, 126.6, 123.2 (q, J = 110.0 Hz), 88.8, 82.8, 72.5 (q, J = 32.9 Hz); '°F NMR (282
MHz, CDCls) 6 —80.62; IR (Neat Film, NaCl) 3400, 3057, 1652, 1491, 1444, 1361, 1252,
1186, 1126, 1054, 965, 894, 843, 810 cm™'; HRMS (MM) m/z calc’d for CigH;BrF;O
[M-OH]": 335.1042 found 335.1043; SFC Conditions: 8% IPA, 2.5 mL/min, Chiralpak

IC column, A = 210 nm, tg (min): major = 6.56, minor = 7.11.

HO CF,

XX
X
Ph
5na

(R,4E,6E)-1,7-diphenyl-3-(trifluoromethyl)hepta-4,6-dien-1-yn-3-ol (5na): Product
Sna was prepared using general procedure and purified by column chromatography (8%
EtOAc in hexanes) to provide a colorless oil (28.1 mg, 43% yield); 91% ee, [a]p> +11.3
(¢ 0.67, CHCls); "H NMR (400 MHz, CDCl3) & 7.54 (dd, J = 8.0, 1.6 Hz, 2H), 7.47 —
7.26 (m, 8H), 6.99 (dd, J = 14.9, 10.4 Hz, 1H), 6.86 (dd, J=15.4, 10.5 Hz, 1H), 6.74 (d,
J=15.5Hz, 1H), 5.95 (d, J= 14.9 Hz, 1H), 2.85 (s, 1H); *C NMR (101 MHz, CDCl3) &
136.6, 136.5, 135.9, 132.2, 129.7, 128.9, 128.6, 128.4, 126.9, 126.7, 125.6, 123.5 (q, J =
285.3 Hz), 121.1, 88.6, 82.7, 72.3 (q, J = 33.0 Hz); "’F NMR (282 MHz, CDCl3) & —
80.78; IR (Neat Film, NaCl) 3396, 3027, 2922, 2850, 1644, 1491, 1447, 1253, 1186,
1127, 1051, 990, 974, 828, 756, 726, 690 cm™'; HRMS (MM) m/z calc’d for CaoH 4F3
[M-OH]": 311.1042 found 311.1037; SFC Conditions: 35% IPA, 2.5 mL/min, Chiralpak

AD-H column, A = 254 nm, tg (min): major = 3.3, minor =4.4.
UV-Vis Data for Metal Titration

A sample solution containing L7-Ni (20 M) and different amounts of KO#Bu (0, 1, 2, 5,
7, 10, 12, 15, 17, 20, 25, 30, 35, 40, 45, 50, 60, and 70 M) prepared in dry THF,
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respectively. After incubation for 30 min at room temperature, UV-Vis spectra were

recorded at 25 °C and each measurement was repeated thrice.

—0um
0.4

0.3+

0.2+

Absorbance

0.1

o-o L v L L)
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Isobestic point 1. 376 nm 2. 460 nm

Job plot
A solutions of L7-Ni (40 M) in THF were mixed with solutions of KOtBu in THF (40

M) at varying ratios. After incubation for 30 min at room temperature, UV-Vis spectra

were recorded at 25 °C and each measurement was repeated thrice.
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The program DynaFit was used for non-linear regression fitting of the titration data based
on absorbance changes observed at 403 nm. From the result of Job plot, the fitting of
titration data were performed as a 1:1 binding mode. The DynaFit scripts for the binding
models used are provided below.

[task]

task = fit
data = equilibria
[mechanism]
L +M <==> LM : K1 association
[constants]
K1=0.5?
[concentrations]
L=20
[responses]|
L =0.0092?
LM =0.0125
[data]
variable M
file C:\./Users/skang/Desktop/dynafit4-win/DynaFit4/input/titration.txt
[output]
directory C:\./Users/skang/Desktop/dynafit4-win/DynaFit4/output
[end]

The association constant for the binding of L.7-Ni and K+ ion. K, = 6.6 X 10° ML,
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HPLC and SFC data for Trifluoromethyl Alcohol Products:

Racemic propargylic alcohols were prepared according to reported literature protocols.

HPLC data for Aryl Trifluoromethyl Ketones:

Racemic 3aa

13,14

mAU 3 HO_ CF; 2 9
] =) <
] S o ®
1500 O A ‘\
] | R
1000 O | \‘ \
] [ |
500 | |
0 1 A - W J
T T T i T r T T T T T T T T T
0 2 4 6 8 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
+ [min] [min] [MAU*s] [mAU] %
—mmm oo Rl |=mmmmmmmmm |==mmmmm |-==mmmm- !
1 9.002 BV 0.2129 2.85165e4 2119.92139 48.4080
2 10.452 VB 0.2642 3.03921e4 1825.36560 51.5920
Totals : 5.89086ed4 3945.28699
Enantioenriched 3aa
mAU 1
] 8
800 4 [t}
] @
600 [\
400
] I ©
200 H I e
0 L/ . b .
— —T — — T — — T B — T T T T — T
0 2 4 6 8 10 12 14 16 mi
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
niniall Bttt |====]====== | === [ === [======== |
1 9.556 BB 0.1813 7575.20215 653.19965 96.6815
2 11.081 BB 0.1965 260.01358 20.42832 3.3185
Totals : 7835.21573 673.62797
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Racemic 3ba

mAU ] 3 3
] R i
300 HO CF, ﬁ’ i
] I
] | |
250 | O X “a [l
2004 F O “ ||
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] | [
100 ‘\ \
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] N ANV S
| T T
o+ : — ‘
0 2 4 6 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= | === [ === |======== I
1 10.950 BV 0.1752 3802.66162 338.24939 49.7561
2 11.738 VB 0.1838 3839.94897 320.52200 50.2439
Totals : 7642.61060 658.77139
Enantioenriched 3ba
mAU 5
E i
350 C‘L
] |
300 I
E [
250 ‘ |
] |
200 ‘\ \
] |
150 | \‘
] i
100 | =)
] | ©
50 | pa
0,: ~ ) 4‘/\ ,
T T T T T T T i T T T T T T T T T T T T i
0 2 4 6 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= |=======—=- | === [ === |
1 11.015 BV 0.1778 4391.09912 382.97543 95.0508
2 11.810 VB 0.1966 228.63799 17.94620 4.9492
Totals : 4619.73711 400.92163
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Racemic 3ca

mAU 5 % g
4003 b o
350% HO CF; ‘\ “\‘
300 O X [ ;\‘
2509 ¢ O i A
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07 T T T T T T T T T T T T T T T T T T T T T T T ‘I T T
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
it Bttt |====== === | === [======—- I
1 11.289 BV 0.1786 4981.56006 431.86307 49.7393
2 12.841 VB 0.2088 5033.77783 374.57556 50.2607
Totals : 1.00153e4 806.43863

Enantioenriched 3ca

mAU
350
300
250
200
150
100

11257

[$))
o

[ N P SR P ST T R

o

o
N
N
[}
[e2]
-
o
-
N

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.257 BV 0.1776 4376.18311 382.06796 94.2957
2 12.818 BV 0.2167 264.73257 18.74982 5.7043

Totals : 4640.91568 400.81779
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Racemic 3da
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU] %
Il Bttt | ===l === [ === [ ===
1 11.983 BB 0.1939 2885.78491 230.71150 49.9867
2 14.034 VB 0.2364 2887.32275 190.96884 50.0133

Totals 5773.10767 421.68034

Enantioenriched 3da

mAU
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU] %
e R |=mmmm e [===mmmmm | === |
1 11.924 BB 0.2017 8857.81738 681.41754 94.5631
2 14.004 BB 0.2339 509.27783 33.40222 5.4369

Totals 9367.09521 714.81976

Racemic 3ea
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e Rl R — R |-=------ \
1 11.796 BB 0.2126 5615.20752 408.01105 49.6589
2 21.192 BB 0.3985 5692.34326 218.12773 50.3411
Totals : 1.13076e4 626.13878

Enantioenriched 3ea

mAU - g
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Ittt Bttt [====]======= [=====m==== [ === [======== I
1 12.240 MM T 0.2478 1.03469e4 695.88904 97.9445
2 22.694 MM T 0.4294 217.14453 8.42797 2.0555
Totals : 1.05640e4 704.31701
Racemic 3fa
mAU 4 3
4 N
800 HO CFj3 N
] |
] X
600 O N ““
] Me
400 | “
] R
200 I
1 |
o+ : ‘ ‘ —
0 2 4 6 10 12 14 min|

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt [====]======= === | === [======- I
1 7.208 VB 0.1318 6763.79443 790.41278 49.6057

2 8.601 BV 0.1660 6871.33252 657.30743 50.3943

Totals : 1.36351ed 1447.72021
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Enantioenriched 3fa

mAU
800

600
400

200

v b b b bl

| 8.663

o

Signal 2: MWDl B,

# [min]

1 7.225 VB
2 8.663 BB

Totals

Peak RetTime Type

Sig=254,4 Ref=off

Width
[min]

Area
[mAU*s]

0.1334 4580.36963
0.1504 72.09988

4652.46951

Height Area
[mAU] %

537.67596 98.4503
7.35334 1.5497

545.02931

Racemic 3ga

mAU
900

800
700
600
500
400
300
200
100

11.550
= 12.300

Signal 2: MWDl B,

Peak RetTime Type
# [min]

1 11.550 BV
2 12.300 VB

Totals

Sig=254,4 Ref=off

Width Area

0.1889 5098.31445
0.1898 5102.57080

1.02009e4

Height
[mAU] %

422.24817
413.86041

49.9791
50.0209

836.

10858

Enantioenriched 3ga

mAU
900

800
700
600
500
400
300
200
100
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Height Area
# [min] [min] [mAU] %
il Bt [====]======= [ === === [ I
1 11.398 BV 0.1909 5573.68750 455.13403 92.6746
2 12.137 VvV 0.1960 440.57138 34.26094 7.3254
Totals : 6014.25888 489.39498

Racemic 3ha

3

>

c
|

F HO CF;4

fes]
o
o

400
200

(2]
8
el b b by
4
6.579
7.662

o
N
N
o
o

Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt | === === [ [====== I
1 6.579 BB 0.1575 5030.50830 499.48083 55.6302
2 7.662 BV 0.1671 4012.25366 368.32654 44.3698
Totals : 9042.76196 867.80737

Enantioenriched 3ha

mAU

1500
1250
1000
750
500
250

F HO, CF5

~
[}
<
©
N\

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
Ittt Bt | === === [===mm= === [======== [
1 6.467 MM T 0.2475 1.30589e4 879.53400 93.6053
2 7.523 MM T 0.2215 892.12994 67.11796 6.3947

Totals : 1.39510e4 946.65195
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Racemic 3ab

mAU HO CF,4
800 I
A I
600 O |
| =} <
400 F | 3 o
I © o
200 [ I\ N
| Ja
0+ T T T T T I L = T T i
0 2 4 6 8 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] 3
il Bttt |==== == === [ === === I
1 8.540 BV 0.1593 2771.67334 271.11499 47.2416
2 12.124 BV 0.2162 3095.34009 219.89032 ©52.7584
Totals : 5867.01343 491.00531
Enantioenriched 3ab
mAU 1
1 g
2000 <
] ®
1500 I\
] I
1000 - i
1 I o
500 |\ '5
] | o~
0 T T T T T T T T T T — T T T
0 2 4 6 8 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt |==== === | === | === [ === |
1 8.448 VvV 0.1713 1.85722e4 1701.68274 95.4708
2 12.079 vV 0.2142 881.07227 63.35938 4.5292
Totals : 1.94533e4 1765.04211
Racemic 3ac
mAU ] S Q2
] [ts} [te}
1500 ] &
] HO CF, [ M
1000 [
; X N R
500 | O [ |
1 | |
0 Br | .
-500 |
1 [
-1000 4 |
1 . - — - 1_%\
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 min|
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= === [ === === |
1 8.547 VB 0.2459 4.44456e4 2914.54517 40.3203
2 14.545 BB 0.3686 6.57857e4 2811.18628 59.6797
Totals 1.10231e5 5725.73145
Enantioenriched 3ac
mAU
1 3
4000 A S
] 2
3000 | )\
2000 i
] o)
1000 g
] |\ e
0 T T T T T T T e T T L
0 2 4 6 10 12 14 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- R R R— R —— |
1 9.004 vV 0.2305 4.88785e4 3385.17822 96.8035
2 13.405 BB 0.2407 1614.00610 104.20264 3.1965
Totals 5.04925e4 3489.38087
Racemic 3ad
= <
mAUT HO CF, g
1000 o~
4 -~ [te}
800 O X I R
] I ©
600 O A n
1 OMe ‘
400 I
200 “ \ “‘: '-‘\
] . J )N
0 ———r ‘ — k . VS ‘ —
0 2.5 5 7.5 10 12.5 15 17.5 minj
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt [====]======= [ === === [
1 12.364 BV 0.2492 1.37259e4 846.13507 50.3008
2 18.175 BB 0.3607 1.35618e4 580.18530 49.6992

2.72877e4

1426.32037
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Enantioenriched 3ad

mAU é
1200
1000 3
800 4
600
400 [
200 |

117.337

0 — I N L
—FF———F—— 7

0 25 5 75 10 12.5 15

N
~—

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
il B | === [———— [—————— | === I
1 12.175 BV 0.2292 1.93857e4 1306.10767 96.6746
2 17.337 BB 0.3178 666.82703 32.70996 3.3254

Totals : 2.00525e4 1338.81763

Racemic 3ae

mAUY  Ho CF,
150% A
1001 O
50 1
e

o
N
N
(]
(e}
-
o

Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] B
i R R [==mmmmmmme | == e | === |
1 6.998 VvV 0.1267 1602.97388 197.45538 52.4931
2 9.664 BV 0.1732 1450.71130 130.96457 47.5069
Totals : 3053.68518 328.41995

Enantioenriched 3ae

mAU

1500
1250
1000

750

=7.287

250 4

)10.213
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= | === [ === | === I
1 7.287 BV 0.1452 1.30561led4 1420.86133 95.2771
2 10.213 vV 0.1892 647.19513 52.72830 4.7229
Totals 1.37033e4 1473.58963
Racemic 3af
mAU 7
E HO CF3
600 S
1 A
400 O IN]
— N
200 - S S
] - @
0] <
-200
400 o - AN
1 T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 12 14 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
it Bttt | ===l === | === === |
1 10.722 BV 0.2016 6669.84424 513.04938 49.2508
2 14.802 BBA 0.2769 6872.76123 383.90787 50.7492
Totals 1.35426e4 896.95724
Enantioenriched 3af
mAU - 3
1 b
2500 ] 1‘:
2000 ‘ \:
1500 \ \
1000 ‘
] | <
] | \ g
500 o | ©
0 ~ _ - L \ . VAN :
—— T i — i — i — —
0 25 5 7.5 10 12.5 15 17.5 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====] === | === [ === [======== |
1 11.734 BV 0.4197 7.37367e4 2795.73999 94.5055
2 16.764 BV 0.3041 4287.04248 215.23865 5.4945
Totals 7.80238e4 3010.97864
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Racemic 3cb

mAU HO, CF,
2500
] X
2000 4
15004 ©
El F
1000 5
500 - \
04 _ . . : /A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |====] === | === === [ === |
1 7.877 VV 0.1687 2.23440e4 2090.93481 48.8914
2 9.281 BB 0.2003 2.33573e4 1837.32886 51.1086
Totals : 4.57013e4 3928.26367
Enantioenriched 3cb
mAU HO, CFs 8
800 "
507 ¢ |
|
400 F | |
[ —
200 J ®
0+ : : : . : : : — : : ‘ : — : ; e : ‘
0 2 4 6 8 10 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [ === === | === [ === [
1 7.976 VV 0.1624 8487.25586 822.15076 94.3225
2 9.181 BV 0.1736 510.86423 45.28932 5.6775
Totals : 8998.12009 867.44008
Racemic 3ee
mAU ]
800 HO_CF, S
] ©
B o
600 O S ‘:
] i <
g |
4004 MeO O I &
] I (y;
200+ H N
o] N L - AN
T T T : T T T ; T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min|
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
i B [ | === | === |==mmmm - !
1 9.600 VvV 0.1712 6343.68701 572.83759 50.7212

2 27.284 BBA 0.5220 6163.29248 180.65030 49.2788

Totals : 1.25070e4 753.48788

Enantioenriched 3ee

mAU
2500

2000
1500
1000

500

PRI U I F e

128.064

o
a1
-
o
-
o
N
o
N
a
W
o

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt |==== === | === | === [ === |
1 9.684 VV 0.2616 4.36613e4 2658.75806 97.9380
2 28.064 BB 0.5130 919.27368 27.71325 2.0620

Totals : 4.45806e4 2686.47131

Racemic 3eg

mAU 1 <

] HQ CF, s 8

] ~— ©
3004 NS

: N N
200 peo M\
100

0_: N~ e~ o~
— — e ————

o
N
A
o
o]
3

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e [====l===-==- [======mmm- |====mmmmms |=====mm- [
1 10.145 MM T 0.2390 4132.77051 288.21365 50.1379
2 10.627 MM T 0.3213 4110.03418 213.22989 49.8621

Totals : 8242.80469 501.44354
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Enantioenriched 3eg

mAU

400
300
2004 MeO

100

12.873

o
I
N
|
|
|

o
N
. |
(o2}

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === |========—= |======—==- [======== |
1 11.879 MM T 0.3534 5950.80176 280.63693 97.6302
2 12.873 MM T 0.3043 144.44800 7.91217 2.3698

Racemic 3eh

mAU ]
70
60
] HO CF,
507 ¢

—9.372

o
ro)
@«
o

Signal 1: MWDl A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R [====m=mmm [=====m-mm- [=====--= I
1 9.372 BB 0.1246 140.50111 18.09298 53.5707
2 9.850 BB 0.1342 121.77124 14.46669 46.4293

Totals : 262.27235 32.55967

Enantioenriched 3eh
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Signal 1: MWDl A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
Ittt Bl [====]===== | === [ === | === |
1 9.287 BB 0.1629 603.86737 59.24526 89.7577
2 9.858 BBA 0.1350 68.90726 7.96194 10.2423
Totals : 672.77464 67.20720

SFC data for Vinyl Trifluoromethyl Ketone Products:

Racemic 5aa

DAD1 C, Sig=254,16 Ref=370,60 (RFT\EJA 2019-09-30 11-14-43\CIJ_II_89_C.D)

2mo%ltJ) A@Q’b /}'b%%
1500 /\ /1
1000 u H
| | \
500 \
0 ] 2 3 i 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== == e e | === | === | ===mm=- |
1 3.885 VvV 0.1234 1.776206ed4 2267.70264 48.5024
2 4.388 VB 0.1356 1.88595e4 2208.62769 51.4976
Enantioenriched Saa
DAD1 D, Sig=254,8 Ref=360,100 (D:\CI\CIJ_IV_15_A.D)
mAU )
1750 1“‘%?’
1500 1
1250 H
= I
500 | ,,5?’%
ok I ] IR N
o 1 2 3 Ly T T TS 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] $
- | -——= - | ——— - | -—————— == | ———————- |
1 3.886 BB 0.0932 1.16488e4 1963.02271 94.8547
2 4.427 MM 0.0985 631.87439 106.89740 5.1453
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Racemic Sba

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_II_157_A_6.D)

mAU il A 2B 2
; ‘ @ “‘\ §$Q;
2004 R
] [ T
100 | \\ [\
o
6 o 2‘ A‘l é ‘ é 10 12 14 16 S 18 ‘min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] $
el EEEEE i B |- ——mm - | —mmm - |- - |
1 15.897 MF 0.4483 1.06618e4 396.33667 49.7431
2 16.831 FM 0.4871 1.07719e4 368.60919 50.2569
Enantioenriched S5ba
DAD1 D, Sig=254,8 Ref=360,100 (CI\CIJ_IV_17_A_PC.D)
mAU 1 NS
aooé pﬁ;@‘@
600 ‘ N
400—2 ‘( oj:h\«'%
200 | @
e J f‘[ |
6 é th é é 1|0 12 14 1|6 18 min|
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %
e EEEEESE R | == | == |-—— - |
1 14.116 MM 0.3030 1.91040e4 1050.90735 95.7318
2 15.019 MM 0.3204 851.75140 44 .30221 4.2682
Racemic 5ca
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2016\CIJ_II_89_A_COL3_2.D)
mAU 1 - .
; ((b?b“-’ fr;?n,
1250 5 | |
1000 .
750 5 Lo | \
500 ‘,‘ | ’
1 NN N
) s 3 S s T e 7 i
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s ] [mAU] %
e R B | == ——m - | —mmm - | —- = |
1 3.963 BV 0.2325 2.33956e4 1620.28918 47.7740
2 4.536 VV 0.2561 2.55758e4 1620.41089 52.2260

Enantioenriched 5ca

DAD1 D, Sig=254,8 Ref=360,100 (D:\CIJ\CIJ_IV_15_B_PC.D)

HorE I
1250 - [
1000 4 I
750 I
500 I
250 3 [ o
0 é — : : ~ L / \\l/‘(g‘? .
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

1 5.172 BV 0.1119 1.25042e4 1738.45972 96.0937
2 5.414 VB 0.1121 508.31110 70.54485 3.9063
Racemic 5da

DAD1 D, Sig=254,87Ref=360,100 (CIJ\CIJ_2016\CIJ_lI_89_B_20_COL2.D)

mAU N A N
1000 ; *\0 /,%Q{}V
800 A I
600 - I I
400 - [

o4+ - )\ o ,J \

R R T
Peak RetTime Type Width Area Height Area

# [min] [min] [MAU* s ] [MAU] %

1 7.72°7 VB 0.2539 1.99510ed4 1252.39722 49.0524
2 10.241 BB 0.3000 2.07219%e4 1079.43774 50.9476¢6
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Enantioenriched S5da

DAD1 D, Sig=254,8 Ref=360,100 (CI\CIJ_IV_15_C_PC_COL2_10.D)

mAU_; “‘m\«‘@b
1500§ [
1000% “
500? ‘\ \\ \Q(p»\%
e — e e —— — e — :
6 2‘ 1‘1 é 8 10 1|2 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
SRl EEEEEEE | === R | —m—m - | ---—--- |
1 7.829 BB 0.2428 3.18149%9e4 2075.78711 94.7337
2 10.516 BB 0.2476 1768.60828 110.00776 5.2663
Racemic Sea
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_II_157_D_C3_8.D)
mAU 3 RS
1200 3 102 o
1000 - h C:\
800 A
600 5 A
4007 | “\ I
200 | \ \\
Oé, N e - \J \\{/"
6 ‘ 25 5 75 10 ‘ 125‘ ‘ ‘ 1‘5 T ‘17‘.5‘ o ‘min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e R R R |-—-— - |
49.8502

1 12.617 BV 0.2555 2.39572e4 1459.49976
2 13.310 VB 0.2898 2.41012e4 1303.09802 50.1498

Enantioenriched Sea

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_17_C_PC.D)

mAUj N\ 031/ 9;.1’
| \q,'.\ AQ
1 NN
600 || o2
: +
400 I
] | \
1 [ )
200 ] o &
9 | \ N
0- — Joo N~
— - ‘ T T
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
el EEEEEE | —=== |- R |- mmm - R |
1 12.792 MM 0.2605 1.37052e4 876.92377 95.0351
2 13.559 VB 0.2631 715.99207 41.95095 4.9649
Racemic 5fa
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_A D)
mAU _ 6\\
soo—f 4
eoo—f
400—2
200 N——o
' ‘ 4 6 & 1w min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %
=== |- |====|======= | =========- | =========- |=======- |
1 3.671 BB 0.1490 8086.00391 834.70844 49.7844
2 4.540 BB 0.1717 8156.03906 722.36987 50.2156
Enantioenriched Sfa
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_43_C.D)
mAU J Ne® o
E RN
700 -| ““ ‘\ &Fgﬂ
600 © ’f ‘f
500 é Arb‘bbg "\ “\\
400 : |
300 : B g\/ngf-f%¥ @P& J \\_r -
I e T T T min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S
=== | —===]======= | === | —======== | —=====—= |
1 3.465 MM 0.1624 386.02798 39.61908 5.8366
2 4.279 MM 0.1831 6227.94189 566.79132 94.1634
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Racemic 5ga

DAD1 A, Sig=210,8 Ref=360,100 (D:\CI)\CIJ_IV_41_B.D)

mAU n @ W
4 [\
1250 (T’ ‘\‘\’
1000 | ‘i\ “
750 | |
500 ““ \‘ ‘\ \‘
250 [
0 . N\ L \,] \;
0 e 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S

1 3.968 VvV 0.1195 1.18848e4 1585.30981 48.8014
4.342 VvV 0.1260 1.24686e4 1547.48511 51.1986

Enantioenriched Sga

DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_65_C.D)

mAU | N )
] \‘ ib,b ".')'u
500; J“\b ,5?’(’0%
| A
400*: }\ \\“ \rbq,bb‘
] \ :
300 — J/\ /'“‘L,,,* N féi - -
2004 /‘ T T T T ] L 1 T T
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S

0.1139 2523.45898 369.41278 94.7672

1 3.834 MF
139.33974 14.92964 5.2328

2 4.191 FM 0.1556

Racemic Sha

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_71_B_5.D)
mAU _ ?;19 bf.’-’
1500
1250 3
1000 5

750 3
500 3

250 5
E L
—

T
min

o
o—
~

0
L B — T T
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Peak RetTime Type Width Area Height Area

= [min] [min] [MAU*s] [mAU] %
- |-—-—-- |- |[-—————— [-——————- |
1 3.620 VvV 0.0938 1.09643e4 1831.39258 48.9468
2 4,389 VvV 0.1102 1.14361e4 1623.07410 51.0532
Enantioenriched Sha
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_65_B.D)
mAUE 9551*
400—5
300 3 ™
2007 n,%‘”‘;»
100 &vﬁ?
E : o .
N D D e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 3.582 BB 0.1456 5064.83740 559.75128 92.9795
2 4.325 MM 0.1644 382.42398 38.77777 7.0205

Racemic 5ia

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_lI_157_B.D)

mAU RIS
] [ > [ R
1500 4 /‘(q\ | j ,5."'@
] [ |
1000 0 / |
] I \
4 | | \
500 . |
0 ] - S — B _7lj kﬁ\/‘ — .
R D
Peak RetTime Type Width Area Height Area
[min] [mMAU*s] [mAU] %

# [min]

1 5.344 VV
2 6.007 MM

0.1902 2.40919e4 2033.53210 49.22¢64
0.2077 2.48491ed4 1993.68933 50.7736
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Enantioenriched Sia

DAD1 D, Sig=254,8 Ref=360,100 (CI/\CIJ_IV_17_B.D)

mAU Ml o
1500 3 ;‘gb"
1250? “\ |
1000 3 [
. | <
- A
258: B \\\ - j,y‘
0 1 2 3 2 s s 7 i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
el EEEESES i et | —mm - R i |
1 4.949 BB 0.1256 1.51929e4 1935.24060 93.0819
2 5.665 MM 0.1293 1129.16772 145.50713 6.9181
Racemic 5ja
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_lI_161_D .D)
mAU - N\ N
200 E “;’ }r?'ﬁbi\'f\ggbﬁ;b ‘K‘b‘g\« %q)'b~/\
-400 C “;»\"’Q’ “‘Hﬁ&
-800 | I B
0004 ) J \ - - ,/f/
'12005\ [ A ‘\‘ S T i
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] &
== | ———= === | === | === | === |
1 3.147 MM 0.1045 7004.62793 1117.27197 48.7523
2 3.877 MM 0.1277 7363.17383 961.19696 51.2477
Enantioenriched Sja
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_IV_25_A.D)
mAU - Lo P
800 o Q)Q;&‘
£ A ¥
200 /| &
0- S S R
-200 \/
o 1 2 3 4 5 6 7 min
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Peak RetTime Type Width Area
# [min] [min] [MAU*s]

1 3.118 MM 0.1040 6620.28564 1060.52246
45.96951

2 3.863 MM 0.1079 297.47842

Racemic Ska
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_C.D)

95.6998

mAU 3 RSl
1000 3 e Hx
ot i
400 - o
200 [
0 I NG . o A\ \_ .
0 1 2 3 4 5 min
Peak RetTime Type Width Area
# [min] [min] [MAU*s]

1 4.416 VV 0.1109 9051.17480 1273.78198
2 4.722 VV 0.1177 9297.46680 1209.88831

Enantioenriched Ska

DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_43_B_PC.D)

49.3289
50.6711

mAU n o \
1250 “ “#‘f\%‘ R
1000 | &
750 w‘# &
500 [ &
250 “‘ \“ 5
o ‘ L\v&\?@i
o T T T min
Peak RetTime Type Width Area
# [min] [min] [MAU*s]
R EEEEEEE | ===l === | == Rl Rttt |
1 4.195 MF 0.1430 1.43214e4 1668.58252 94.8955
108.20892 5.1045

2 4.500 FM 0.1187 770.35632
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Racemic Sla
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_D_.D)

"o ] s &
600 | “‘ ‘\ ‘/‘
4001 ‘( \\ ‘ ‘
200 - }‘ ‘\‘ , \‘u\
I J )\
o 2 T 4T & 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] S
el EEEEE === R | —=m- - | —=——-—-- |
1 6.239 VB 0.1726 1.05089e4 968.62952 49.4613
2 7.695 VB 0.2052 1.07378e4 817.57489 50.5387
Enantioenriched 5la
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_65_A_CONC .D)
mAU 7 IR
1000 &P']'
800 - ““
600 3 [
400 3 f \‘ \,\‘f’%
3] I [ >
200 Il [ &
0; : ‘/‘\/" \\\/\\ _— - 1 / /é : :
0 2 4 é é 1‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e R R | == | = | == |
1 6.288 BB 0.1869 1.34793e4 1149.03198 97.7380
2 7.796 MM 0.2344 311.95532 22.18306 2.2620
Racemic Sma
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_II_161_A_CONC.D)
mAuE & ‘9’9 A Qu“
200 - “f |/
100—2 / “\ /,f“‘ ‘\\
A E | o R SN
0 ‘ ‘ 2 ‘ ‘ 4 ‘ ‘ ‘ 6 ‘ ‘ ‘ é 16 min
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [mAU] %
e R | =-mmmmm - | == mmmmmm - | —-mmm - |
1 6.527 BV 0.2267 6022.24268 402.25772 49.7994
2 7.047 VB 0.2426 6070.75537 371.66992 50.2006

Enantioenriched Sma

DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_IV_19_A_DIL.D)
mAU
800 -]

600
400

200

0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s ] [mAU] 3
] R | == | == | === |
1 6.562 BV 0.2463 1.49132e4 914.24634 96.2033
2 7.107 VB 0.2379 588.55762 37.34389 3.7967

Racemic Sna

DAD1 D, Sig=254,8 Ref=360,100 (D:\CIJ\CIJ_IV_165_B_2 .D)
mAU o

™
1200 4 ‘;5\
1000
800
600
400
200
o ! T
(I) é J« é é 1b min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %

e R | === | === | === | === | ===~ |
1 3.293 BB 0.1487 1.21569e4 1258.85498 47.9847
2 4.374 BB 0.1971 1.31781e4 1059.61987 52.0153
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Enantioenriched Sna

DAD1 D, Sig=254,8 Ref=360,100 (D:\CI\CIJ_IV_165_B_2.D)

mAU
800
600%
400 o
200—3 &s‘;{b
0] P
0 1 2 s T 5 6 7 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== === | —===]======= |-=======-- | —========- |======== |
1 3.298 MM 0.1606 542.38373 56.29001 4.5637
2 4.369 BB 0.1819 1.13423e4 988.30817 95.4363
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'H, BC, ”’F NMR Spectra for Ligands Synthesized:
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NMR and IR Data for Trifluoromethyl Products

oTe—

6EL
6E'L
[Uys

FE—00'L

—

HO CF3

4

F—E0T

|“b E-0T

8Te—

©@©
a8
o
hiy
T —

HO CFa

4

uht

=00

S68



£TE~—

ST L
SE'L
GE'L
€L
€KL
BE'L
ov'e
oy'L
[
EvL
5L
5L
peL
beL

vili—
92 7\.

I

=

HQ CF;

V4

Cl

Il

——

E—=00'}

TFovs

F-L0T

F-uwT

ae—

T2

vE'L

524
SEL

9€'2
Y

2
8e'2
8e'2
vz
ov' 2
ov'2
WL
2
£ 2~
e 2]
2
w24
1524
252
2524
€52
€54
vg 24
5524
952

1524
852

8524
190

692

HO_ CF,4

F-ool

Feve |
=~
F-207

S69



oze—

Zve—

vz 1
9z i
e i
52
54
ag i
9L

181
182
181
8¢ 2
e 2
6E 4
64
6E 4
o 2+
o i
0 4+
Wi
Wi

"a
&7

HO CF4

4

Me

0.4

1.0

1.5

=—G0'E

3.0

oo

F—L0T
F-ere "
=0T -~

E—L0T

ETE~—

£8E—

PEI~
959"
STL
SEL
sEL—~%
g5

Tl
be s.\

HO CF4

V4

MeO

E—00')

=—8T°E

E-TTT

F-sie
E-TT

=T

S70



STE—

T2
6729
1L

€24
SEL
962
9L

®
8L

BE'L

6e'L]
o'
o'z
1w
'L
'L
er'2

s W

LS\

g5
vii—

86 L—

HO CF3

V4

I

E-00°4

0TI~
eves”

8'e8—

89°88~—

L0z L

6E'1T fk
8reTl—
81eTL—
Ya8T I~
6LZEL—

9528 1—

HO CF;

|H,_AMHJL“ i

yn

T
110

ppm

T

150

T T

190

200

90

100

130 120

140

170 160

180

210

220

S71



80'08-—

HO CFj

V4

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

T
0
ppm

T
10

SGE—

wiq
vLL
mF.L
812
122
[
oz 2]
17
£e2
o
0g 2
66 L
ov 2
Wi
£ 2
egs
€L
9L
9L
092
0L

V4

F HO CFy3

U

oo

ez
ey

F91'T

=0

S72



18" Hi~y
evze”

80°€8—

1'88—

0491k
00 2L
oLz L
eTrel—
1582 1—
Z96T
E6'6T 1
89°LEL
BLLEL
SLZEL

685 —
§ETaL—

V4

F HO CF,3

T
80

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
ppm

T
220

690}

¥Z'08-—

4

F HO CF;

T

T
=150 =170 =180

=130

=110

T
130

T
150

S73



PLE—

mn_vn./.
0L~
m_”_.._..\
v

Ghi~x
V& L7
mm.._.\

084~

HO CF;

V4

TF—o04

F-see

S9°E
8T

ez

6le—

aT L
8e's
8e's
ov'L
W
Wi
e
S¥e
av'L
052
054
5L
5L

08's
=03

HQ CF3

! Br

VA

Wnu._‘

Fo52

=T

10,0

13.0

14,0

120 115 110 105

12,5

13.5

14.5

5.0

S74



LTEI~N
wers

79'68~—
048"

PE B~
BY LT L—
v l—
STV,

oz (\
3414 r\v
[74:14 f\v
061E L
SGEEL
Week

4

HQ CF3

WUMWMMWM

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0
ppm

T
220

9008-—

HO CF3

4

Br

T T T
=50 =70 -90 -10 =130

T
-30

T
130

S75



ZVE—

£8E—

98'9
89
88'9
68'9

9T Li—
S L—

(X3
8 NN.
€84

HO CFs

4

OMe

oo

—-—gG'e

=T

E—819

ETe

| o
~

69'62—

SY'6G—

YTEIN
1€l

1EEg—

8r'es—

T0ELI~
arpL~

[Ioprat
6292 1\
Z56TL—

TLEEV—
25581

65091—

HO CFs

V4

OMe

Lo

Ll

y

T

200

180 170 160 150 140 130 120 110 100 a0
ppm

180

210

220

S76



6108-—

HO CF4

OMe

Vi

T

T T T
=130 =150 =170 =180

-110

T
-90

T

ppm

8E'T—

60E~—

SV

8L~k
aTLi—
Wi—s
wit

08’4
08'L
184
€84

HO CF;

Vi

s

n

Fo

o

n

Lo

—i o
=0l

n

Mo

L=

_— 0| 7

[ n

@

Lo

k -

n

=

2

wa

Lo

I

o

Fo

n

Fo

o

=
— = E-607

E-805 | 1

e
=6l

o

[

[w

o

o

=

[ w

e

)

S77



£2'e—

92'Lt—
=
18—

60’8~

HO CF;

4

Hl_a_

F—svo
F—aos

E—sll

6.0
1 {(ppm}

T
B.S

£8'62—

BE'EL~.
[CXTE

9L'pe—
95'e8—

V4

HO CF,

SOPRRPPr Y
"

T T T T T T T T
160 150 140 130 120 110 100 ?D
1 {ppm)

T
170

r
nso

S78



1008

HO CF;

7

T
-30

ppm

oLe—

59—
20~
9ZTLi—
oy'i—
05 L—

Vi
vn#.\.

HO CF;

4

Cl

F-oot

F-ooz
E-£0T
o1z
E-20T

0.q

0.5

1.0

1.5

T
2,0

T
2,5

3.0

o
~

S79



V86T~

18T~
szl

78'e8—
Sp'i8—

886k
LV9LL
88'9Ll—
2802V —
SLGTL—

BG8T L

£28T1
VBEE L2

m_.vmv\
omvm_.\

98'GE L

gL
20691

HO CFs4

sk

4

Cl

T T T T T T T T T
180 170 160 150 140 130 120 110 100
ppm

T
180

T
200

G180 b—

208

HO CF;

4

Cl

T T
=70 =80 =110 =130 =150

T
=50

T
130

ppm

S80



=
s
(e
S
=)
[
&= Forz [~
o
[
8eT— F-eze | |,
J Lo
e
60— oot [ 7
w
[Fei
o
[ =
w
[ =
o
[[w
w
["w
of
Log
w
[Cw
512 F=
=
HAN ——— E 1T
Wi F—2£6 [
ers ~
082
19 L Foz|
[
Lw
@
o
[
w
Mo
o
O Im
<
Lo
e A i
[$)
o
e} e
- O )
w
% =
= o
Lo

HO CFy

V4

MeO

lem.«
wﬁ_m._‘

F—oo

Foze

F-oz

60z

S81



@ oma =
o e o 3 3 8 o 2
= g ] : o 2
2 E&& & o < o > =
< =< 2 8 b 8 @ >
SN
HO CFy
X
MeO
T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 130 120 ':'1')1"? 100 90 70 60 50 40 30 20 10 0
2
8
|
HO CF,4
X
MeO
R B S s S B S L, A L B L S B S S S B S B S B R S
190 170 150 130 110 90 80 30 20 10 0 -10 -30 -50 -70 -90 -10 =130 -150 -170 =190
ppm

S82




56—

HO CFs

4

Cl

I

Foov

v

Tt

Tz

E-L01
F-s01

£9'8—

6L 60—

6504~
EVTi~
59 NN\

ze6—

£56Z1
5 Rﬂ/
[ (W
IGBT L
1ZveL—
Yo EL—

HO CF4

Cl

/

ey

W

L

T
110

T

180

T

200

160 150 140 130 120 100
ppm

170

190

210

220

S83



-80.46

HO CF4
Cl
X
190 170 150 130 10 90 80 70 60 S0 40 30 20 10 0 -10 -30 -50 =70 -90 =110 =130 -150 =170 -180
ppm

S84



16°¢—

€€°9q
€9
6T/
€L
927/
T€ /L
€€/
14
95'11
8¢/
6€°/7
0¥/
02
A A
Yy LA
YA A
8/

—

T

6v'2”

T
€527
WA

—

95'4
95/

HO CF,

74

Ph

5aa

— 1001}

S85

IfZO'T |
180'&
v0'Z
g0zt

4
ppm

'"H NMR (400 MHz, CDCl,) of compound 5aa



101.8_

100

98

96 |

94 |

92
90
T 884

86

84 |

82

80 |

78|

76 |

74-8 T T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound 5aa.
NOWOWENHMNNWOWON O
NANNOVOOOWOWWOMO T O NTONOO T
BANGRBINNNT N NN QNNG
MMM MANANANNNNANNNN CONMNANANN —
A A A A A A A 0000 MNMNNNMN
shednirdrdnininininieinbnBiih L NN
| |
| L
| | k
200 180 160 140 120 100 80 60 40 20 0

ppm

BC NMR (101 MHz, CDCl3) of compound 5aa
S86



—-80.72

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5aa

S87

-160

-180



8¢ ¢—

96°¢—

629
€€9
LT°L
61"/
12721
922
SE'[W
L€ 24
6¢°/n
Ob L}
A AN
Yyl
W
W
95/
95/

Me

_

S88

Frogl

680

Loot|

526721
— P96t
rS6'T|

ppm

"H NMR (400 MHz, CDCI:) of compound 5ba



4000.0

T T T
3000 2000 1500 1000
em-1

Infrared spectrum (Thin Film, NaCl) of compound Sba.

T} iy

1
600.0

200

180

160 140 120 100 80 60 40
ppm

3C NMR (101 MHz, CDCl;) of compound 5ba
S89

20



—-80.72

20

-20 -40 -60 -80 -100 -120 -140 -160 -180

ppm

F NMR (282 MHz, CDCl;) of compound 5ba

S90



26'¢—

€8'€—

819~
29

889
06°9
€12
zu\
9Z°/
9£'A
LE°LT
6E°L
ov'2
A aVA
€57/
GG/

B

MeO

S91

:é

L160|

LEoE|

FoO'1f

ppm

"H NMR (400 MHz, CDCI:) of compound Sca



T T T T 1
4000.0 3000 2000 1500 1000 600.0

em-1
Infrared spectrum (Thin Film, NaCl) of compound Sca.

~ SO N—=O QI NN
~ N—{ONINOON—HON —“NOMO 0L 0
<) NANRBONINN S LadeonNmo <
© MMM ANANANNNNNN— OANMNMANNN n
— o 00 00 NI NI Cal
[ T\ e e [
\ [ ‘
| I
| l‘AA ‘ n M ) A h
200 180 160 140 120 100 80 60 40 20

ppm
C NMR (101 MHz, CDCls) of compound 5ca

S92



—-80.73

-140

-160

-180

20

-80 -100 -120

-20 -40 -60
ppm

F NMR (282 MHz, CDCl3) of compound 5ca

S93



¢6°¢—

172'91
LZ'91
€074
907/
807/
VI'LW
8'['11
9L
SE°/T
SE€ZA
LE LA
6€ /2
0¥ LA
v/
€v/
Sv'/—
9/

VAV

4 WA

€9/

1A WA

SS°/

HO CF,

4

Ph

5da

_

S94

Fe60|

ppm

'"H NMR (400 MHz, CDCl,) of compound 5da



T T 1
4000.0 3000 2000 1500 1000 600.0

Infrared spectrum (Thin Film, NaCl) of compound 5da

_-164.41
~161.94

| WL L |

200 180 160 140 120 100 80 60 40 20
ppm

C NMR (101 MHz, CDCls) of compound 5da
S95



—-80.76
-112.35

20

-20

-40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5da

S96

-160

-180



€6'¢—

0€9~

79

92'1\
EE'L\
SE€/A
LE LA

ov'L7/¢

8L
052’
252

=

T

14 WA
14 WA

(R

Br

S97

Foot|

Foot1|

bro1l
0T'S|
160

ppm

'"H NMR (400 MHz, CDCI,) of compound Sea



T T T 1
4000.0 3000 2000 1500 1000 600.0
em-1

Infrared spectrum (Thin Film, NaCl) of compound Sea

A.MAA N

200 180 160 140 120 100 80 60 40 20
ppm

BC NMR (101 MHz, CDCl;) of compound 5ea
S98



—-80.71

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5ea

S99

-160

-180



09'1T—

S6°¢—

6€9
€v'9
0z'L-
veL
9¢'2

i
zs'z\\
v/

617'A
18727
55'4/
96"/~
86,7

HO CF

V4

Ph

t-BuO

5fa

1860,

= E00'T|

S100

=196

4
ppm

'"H NMR (400 MHz, CDCl,) of compound 5fa



1047 _
102 |
100 |

98 |

96 | (W

94 |

92 |

90 |
%T 88 ]
86 |
84|
82 ]
80
78 |
76 |
74 |
727 T T T T 1
4000.0 3000 2000 1500 1000 600.0
Infrared spectrum (Thin F 11m NacCl) of compound 5fa
I\OOOVOOOO\C\QU\NH
l\ OO VWINOOO—O AT INO—AOOM [
A D e e e N bl ~
[(e} MMM MNMANNNANNNNN CON NN AN~ ©0
— L B B B B e B B B B B B | COOOOOMNMNINNN o~
\ e S \
| | iy
ILL. j A
200 180 160 140 120 100 80 60 40 20

ppm
3C NMR (101 MHz, CDCl;) of compound 5fa

S101



80.66

-20 -40 -60 -80 -100 -120 -140 -160 -180

ppm

F NMR (282 MHz, CDCl3) of compound 5fa

S102



9€'¢—

€6°¢—

0€79,
7€791
17/
14 Wa
ST/
617/
LA
v/
172'[}

92/ {
92"/

8¢/
EE'LW
pE /A
S/
L€724)
8E /L
8E /LT
017'[%
v/
2527
25727
179'4
1A WA

Me

- 680

—————= 001

S103

=90°€}L

4
ppm
"H NMR (400 MHz, CDCl5) of compound Sga



1063

104
102 |
100 |
98 |
96 |
94 |
92
90|
%T 88 ]
86
84|
82|
80
78 |
76 |
74 |
713_ T T T T 1
4000.0 3000 2000 1500 1000 600.0
Infrared spectrum (Thin F 11m NaCl) of compound 5ga
ml\OOﬁOmmc\HOOm-—cm
TON—HOONINONLNANO NOWOT OO 0
0 LA LA N O OY 060000 N S N L=V N <
MMM MMANANANNNNNON N cONMNANANAN —
R B B B B B B B B B e B | OO0 NMNMNININ o~
N e \
| |
L
L | ‘
200 180 160 140 120 100 80 60 40 20

ppm
C NMR (101 MHz, CDCl) of compound 5ga

S104



—-80.73

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5ga

S105

-160

-180



ve—

€6°¢—

S106

———— F/60

R 56T

= €0°E}
= 2oyl

ESO'Ey
— »

4
ppm

"H NMR (400 MHz, CDCI:) of compound 5ha



103.8_

102 |
100 |
98 |
96
94 |
92|
wr 90|
88|
86|
84 |
82
80
77'97 T T T T 1
4000.0 3000 2000 1500 1000 600.0
cm-1
Infrared spectrum (Thin Film, NaCl) of compound Sha
ONAAOOAONNMO C0OMLN O —
TINHINOODOUMANONEHOM MINWOOST —O O
CYMNCFBB G Fmarda NRAONTS °°.
MMM MNMANNNNNNNNNH ONNMAN NN [}
HrA A A A A A A A A A A A A~ COONNNNMN —
kninirkelnlndpinininknininbnil & AL ‘
| |
i1 |
ijk} . ‘ R A
200 180 160 140 120 100 80 60 40 20

ppm

BC NMR (101 MHz, CDCl;) of compound 5Sha
S107



-80.73

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl3) of compound 5ha

S108

-160

-180



88°¢—

88'¢—

I¥'9,
Y94
069
26°91
Y6791
969
86'91
92'[}
82'[1
(0}
ZE'LW
vEL]
9¢.
8¢L
6€.
vz
v/l —
sy 2 f
6v/.

4" WA

AWA

997/

652

T

HO CF

4

-— 66°0]

Ph

5ia

OMe

S109

50°€|

T

4
ppm

'"H NMR (400 MHz, CDCl,) of compound Sia



600.0

1000

1500

2000

3000

4000.0

40

60

O <

N O

MmN

NN~
=
T

100
ppm

BC NMR (101 MHz, CDCls) of compound 5

120

(o2}
o
N
o~
—

.
T

em-1
Infrared spectrum (Thin Film, NaCl) of compound Sia
ke ialale

180

20

80

140

160

200

1a

S110



—-80.66

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCls) of compound 5ia

S111

-160

-180



S8'¢—

LT9~

168,

1072
9¢°,
92,
9¢€/
9¢€L
8¢/
8¢’/
IvL
vs
1§72
€S,

———= F00'T|

,é 001 |

Ph

5ja

S112

=002

j £66°0
= =— 20y
Fsoz|

T

ppm

"H NMR (400 MHz, CDCI) of compound 5ia



103.8_

100

95

90 |

85 |

80
75|
%T
70
65 |
60
55 ]
50
45 |
420 T T T T 1
4000.0 3000 2000 1500 1000 600.0
cm-1
Infrared spectrum (Thin Film, NaCl) of compound Sja
< N O AN—=HOON— N
— N INNOINO OV NANNOOONOOM
e = e L ANl
[T St ANNNANANNNNAAHONNANN N
— A A A A A A A A A A A A0 ONNNNMN
I e e e
| |
i i
LI l ny ‘
200 180 160 140 120 100 80 60 40 20
ppm

BC NMR (101 MHz, CDCl;) of compound 5ja
S113



—-80.78

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCls) of compound 5ja

S114

-160

-180



v6°¢—

8179,
2291
6121
€'/
9221
9¢° /1
L2/
8¢/
6L
6L
4 WA

4 WA

€eL

ve L]
SE€/7
9€°/
IAWA

6‘6'1} £
652

ov'z\& /A

oL . g
Iw/ 2 ©
€b'/
€9/ ) »
€9/ P~
55/

55/

Js
T

86°0

S115

£6°0]|

L6’V |
E\IO'Z'

ppm

"H NMR (400 MHz, CDCI») of compound 5ka



103.9_

102 ]

100 |

98|

96 |

94|

92 |

90 |

%T
88
86
84
82|
80
78 |
76 |
750 T T T T 1
4000.0 3000 2000 1500 1000 600.0
cm-1
Infrared spectrum (Thin Film, NaCl) of compound Ska
NOOONOONMS I
O-NOVOONO O N—=HON<TNO
NA OGO AN — enN—HxXmnN®
MM ANANANANANNNAN oNNANANAN
Ll B B B B B B B B | COOOMNMNINMNMN
R R
| | |
AL L |
200 180 160 140 120 100 80 60 40 20

ppm

BC NMR (101 MHz, CDCl;) of compound 5ka
S116



—-80.78

-160

-180

20

-20

-40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5ka

S117



| AR

02'91
vZ'91
(A
[
ST°Zq
9T /L
9'['11
LT1°L
8T/
02°ZA
12/
€L

ST/
szq%

62'1/
T€Z
44

LYl
6v'.
082
8L

M

S118

50°€|

oot

£90°¢|
I\68'1 I

vy

e
90Ty

4
ppm

"H NMR (400 MHz, CDCI:) of compound Sla



600.0

1000

1500

cm-1

Infrared spectrum (Thin Film, NaCl) of compound Sla

2000

3000

102.8_
102 |
101 |
100

99 |
98|
97 |
96 |
94 |
93 |
92 |
91 |
90
89 |
87.7
4000.0

%T 95

86—
0T'€E—

6€'1¢1
97T~
£0°92T~
257821
wn.wNHN
0§°'621
0€'0€T
6T°CET

¥8LET

LSLTT
s2oct
mw.ONH/

40 20

60

80

100

ppm
BC NMR (101 MHz, CDCl3) of compound 5la
S119

160 140 120

180

200




—-80.83

s e

-140 -160 -180

-80 -100 -120

-20 -40 -60
ppm

F NMR (282 MHz, CDCls) of compound 5la

S120



86°¢—

S17'9W
617'9\
92'[1
95'11
6€°/7
v L
€V /A
6v°LA
TS ZA
AWA
65/

HO, CF,

SO
Ph

5ma

2=

59/
59/
L9/

89/
€8/
S8/
98/

e

S121

Foot|

At
Moo T O
[eNeNe NoNe)

%660;

<+ =N

ppm

"H NMR (400 MHz, CDCI:) of compound Sma



600.0

1000

1500

2000

3000

4000.0

cm-

Infrared spectrum (Thin Film, NaCl) of compound Sma.

L0°12T,
61°22TH
€9°22T1
2L€TTH
€0°S2T
¥9°9214
99°921T4
98°/2T~
L1821/
v€82T
09'82T/
29821
02621
€TZET
69°Z€T
€5°€ET
99°€€T
68°S€T’

Fr—

160 140 120 100 80 60 40 20
ppm
C NMR (101 MHz, CDCl;) of compound 5Sma

180

200

S122



—-80.62

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCl;) of compound 5ma

S123

-160

-180



S8'¢—

€6°9
26°G1
2.9
92791
€879
$8791
28791
68791
9691
86791
0072+
202 L
|
L2/
62/
€€/
F WA
9¢L
yAA
6€/
ov'Z
vl—F
ET?'Z{
vy .

€9/

€9/

WA

SS°/

k

|

M,

B

S124

ﬁ F00°T]

ppm
'"H NMR (400 MHz, CDCl,) of compound 5na



101.3_

100 |

99 |

98 |

97 |

96 |

95 |

%T

94 |
93]
92
o1 |
90|
89 |
88|
876 T T T 1
4000.0 3000 1500 1000 600.0
em-1
Infrared spectrum (Thin Film, NaCl) of compound Sna
TOTOOINON 0N o o N~
OTOOA = OO MN0O QUOUNNOOMOX ()
CONNGBBBN GG InE o NN N T AN %
MM MMANNNNNNNNNNN—AONNNNN [«
HreA A A A A A A A A A A A A A A OO NNNNN [a\]
e e
l | | |
]
““u ‘ ‘ ! A .
200 180 160 140 120 100 80 60 40 20
ppm

3C NMR (101 MHz, CDCl;) of compound 5na

S125



—-80.78

-160

-180

20

-20 -40 -60 -80 -100 -120 -140
ppm

F NMR (282 MHz, CDCls) of compound 5na

S126



S127



Racemic 3ca

mAU 5 % g
4003 b o
350% HO CF; ‘\ “\‘
300 O X [ ;\‘
2509 ¢ O i A
200 | I
150 3 “ ‘\ [
] |
100 [ [
50 - I |
07 T T T T T T T T T T T T T T T T T T T T T T T ‘I T T
0 2 4 6 8 10 12

Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
it Bttt |====== === | === [======—- I
1 11.289 BV 0.1786 4981.56006 431.86307 49.7393
2 12.841 VB 0.2088 5033.77783 374.57556 50.2607
Totals : 1.00153e4 806.43863

Enantioenriched 3ca

mAU
350
300
250
200
150
100

11257

[$))
o

[ N P SR P ST T R

o

o
N
N
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o
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N

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.257 BV 0.1776 4376.18311 382.06796 94.2957
2 12.818 BV 0.2167 264.73257 18.74982 5.7043

Totals : 4640.91568 400.81779
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Racemic 3da
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU] %
Il Bttt | ===l === [ === [ ===
1 11.983 BB 0.1939 2885.78491 230.71150 49.9867
2 14.034 VB 0.2364 2887.32275 190.96884 50.0133

Totals 5773.10767 421.68034

Enantioenriched 3da

mAU
900

800
700
600
500
400
300
200
100

—11.924

min

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU] %
e R |=mmmm e [===mmmmm | === |
1 11.924 BB 0.2017 8857.81738 681.41754 94.5631
2 14.004 BB 0.2339 509.27783 33.40222 5.4369

Totals 9367.09521 714.81976

Racemic 3ea

mAU

1000 HO CF;
800
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S
<
)
(o]
Y4
— 11.796

30

min
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e Rl R — R |-=------ \
1 11.796 BB 0.2126 5615.20752 408.01105 49.6589
2 21.192 BB 0.3985 5692.34326 218.12773 50.3411
Totals : 1.13076e4 626.13878

Enantioenriched 3ea

mAU - g
4 N
800 o
600 - I
1 I
400 ‘H 3
] | ©
200 I |
0 . . T . . ‘ . — T T
0 5 10 15 20 mi
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Ittt Bttt [====]======= [=====m==== [ === [======== I
1 12.240 MM T 0.2478 1.03469e4 695.88904 97.9445
2 22.694 MM T 0.4294 217.14453 8.42797 2.0555
Totals : 1.05640e4 704.31701
Racemic 3fa
mAU 4 3
4 N
800 HO CFj3 N
] |
] X
600 O N ““
] Me
400 | “
] R
200 I
1 |
o+ : ‘ ‘ —
0 2 4 6 10 12 14 min|

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt [====]======= === | === [======- I
1 7.208 VB 0.1318 6763.79443 790.41278 49.6057

2 8.601 BV 0.1660 6871.33252 657.30743 50.3943

Totals : 1.36351ed 1447.72021
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Enantioenriched 3fa

mAU
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v b b b bl

| 8.663

o

Signal 2: MWDl B,

# [min]

1 7.225 VB
2 8.663 BB

Totals

Peak RetTime Type

Sig=254,4 Ref=off

Width
[min]

Area
[mAU*s]

0.1334 4580.36963
0.1504 72.09988

4652.46951

Height Area
[mAU] %

537.67596 98.4503
7.35334 1.5497

545.02931

Racemic 3ga

mAU
900

800
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100

11.550
= 12.300

Signal 2: MWDl B,

Peak RetTime Type
# [min]

1 11.550 BV
2 12.300 VB

Totals

Sig=254,4 Ref=off

Width Area

0.1889 5098.31445
0.1898 5102.57080

1.02009e4

Height
[mAU] %

422.24817
413.86041

49.9791
50.0209

836.

10858

Enantioenriched 3ga
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Height Area
# [min] [min] [mAU] %
il Bt [====]======= [ === === [ I
1 11.398 BV 0.1909 5573.68750 455.13403 92.6746
2 12.137 VvV 0.1960 440.57138 34.26094 7.3254
Totals : 6014.25888 489.39498

Racemic 3ha
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o
o
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o
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N
o
o

Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt | === === [ [====== I
1 6.579 BB 0.1575 5030.50830 499.48083 55.6302
2 7.662 BV 0.1671 4012.25366 368.32654 44.3698
Totals : 9042.76196 867.80737

Enantioenriched 3ha

mAU

1500
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500
250

F HO, CF5

~
[}
<
©
N\

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
Ittt Bt | === === [===mm= === [======== [
1 6.467 MM T 0.2475 1.30589e4 879.53400 93.6053
2 7.523 MM T 0.2215 892.12994 67.11796 6.3947

Totals : 1.39510e4 946.65195
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Racemic 3ab

mAU HO CF,4
800 I
A I
600 O |
| =} <
400 F | 3 o
I © o
200 [ I\ N
| Ja
0+ T T T T T I L = T T i
0 2 4 6 8 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] 3
il Bttt |==== == === [ === === I
1 8.540 BV 0.1593 2771.67334 271.11499 47.2416
2 12.124 BV 0.2162 3095.34009 219.89032 ©52.7584
Totals : 5867.01343 491.00531
Enantioenriched 3ab
mAU 1
1 g
2000 <
] ®
1500 I\
] I
1000 - i
1 I o
500 |\ '5
] | o~
0 T T T T T T T T T T — T T T
0 2 4 6 8 10 12 14 min|
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt |==== === | === | === [ === |
1 8.448 VvV 0.1713 1.85722e4 1701.68274 95.4708
2 12.079 vV 0.2142 881.07227 63.35938 4.5292
Totals : 1.94533e4 1765.04211
Racemic 3ac
mAU ] S Q2
] [ts} [te}
1500 ] &
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; X N R
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= === [ === === |
1 8.547 VB 0.2459 4.44456e4 2914.54517 40.3203
2 14.545 BB 0.3686 6.57857e4 2811.18628 59.6797
Totals 1.10231e5 5725.73145
Enantioenriched 3ac
mAU
1 3
4000 A S
] 2
3000 | )\
2000 i
] o)
1000 g
] |\ e
0 T T T T T T T e T T L
0 2 4 6 10 12 14 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- R R R— R —— |
1 9.004 vV 0.2305 4.88785e4 3385.17822 96.8035
2 13.405 BB 0.2407 1614.00610 104.20264 3.1965
Totals 5.04925e4 3489.38087
Racemic 3ad
= <
mAUT HO CF, g
1000 o~
4 -~ [te}
800 O X I R
] I ©
600 O A n
1 OMe ‘
400 I
200 “ \ “‘: '-‘\
] . J )N
0 ———r ‘ — k . VS ‘ —
0 2.5 5 7.5 10 12.5 15 17.5 minj
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bt [====]======= [ === === [
1 12.364 BV 0.2492 1.37259e4 846.13507 50.3008
2 18.175 BB 0.3607 1.35618e4 580.18530 49.6992

2.72877e4

1426.32037
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Enantioenriched 3ad

mAU é
1200
1000 3
800 4
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0 — I N L
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0 25 5 75 10 12.5 15

N
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
il B | === [———— [—————— | === I
1 12.175 BV 0.2292 1.93857e4 1306.10767 96.6746
2 17.337 BB 0.3178 666.82703 32.70996 3.3254

Totals : 2.00525e4 1338.81763

Racemic 3ae

mAUY  Ho CF,
150% A
1001 O
50 1
e

o
N
N
(]
(e}
-
o

Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] B
i R R [==mmmmmmme | == e | === |
1 6.998 VvV 0.1267 1602.97388 197.45538 52.4931
2 9.664 BV 0.1732 1450.71130 130.96457 47.5069
Totals : 3053.68518 328.41995

Enantioenriched 3ae

mAU

1500
1250
1000

750

=7.287

250 4

)10.213
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Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====]======= | === [ === | === I
1 7.287 BV 0.1452 1.30561led4 1420.86133 95.2771
2 10.213 vV 0.1892 647.19513 52.72830 4.7229
Totals 1.37033e4 1473.58963
Racemic 3af
mAU 7
E HO CF3
600 S
1 A
400 O IN]
— N
200 - S S
] - @
0] <
-200
400 o - AN
1 T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 12 14 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
it Bttt | ===l === | === === |
1 10.722 BV 0.2016 6669.84424 513.04938 49.2508
2 14.802 BBA 0.2769 6872.76123 383.90787 50.7492
Totals 1.35426e4 896.95724
Enantioenriched 3af
mAU - 3
1 b
2500 ] 1‘:
2000 ‘ \:
1500 \ \
1000 ‘
] | <
] | \ g
500 o | ©
0 ~ _ - L \ . VAN :
—— T i — i — i — —
0 25 5 7.5 10 12.5 15 17.5 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [====] === | === [ === [======== |
1 11.734 BV 0.4197 7.37367e4 2795.73999 94.5055
2 16.764 BV 0.3041 4287.04248 215.23865 5.4945
Totals 7.80238e4 3010.97864
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Racemic 3cb

mAU HO, CF,
2500
] X
2000 4
15004 ©
El F
1000 5
500 - \
04 _ . . : /A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |====] === | === === [ === |
1 7.877 VV 0.1687 2.23440e4 2090.93481 48.8914
2 9.281 BB 0.2003 2.33573e4 1837.32886 51.1086
Totals : 4.57013e4 3928.26367
Enantioenriched 3cb
mAU HO, CFs 8
800 "
507 ¢ |
|
400 F | |
[ —
200 J ®
0+ : : : . : : : — : : ‘ : — : ; e : ‘
0 2 4 6 8 10 min
Signal 2: MWDl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [ === === | === [ === [
1 7.976 VV 0.1624 8487.25586 822.15076 94.3225
2 9.181 BV 0.1736 510.86423 45.28932 5.6775
Totals : 8998.12009 867.44008
Racemic 3ee
mAU ]
800 HO_CF, S
] ©
B o
600 O S ‘:
] i <
g |
4004 MeO O I &
] I (y;
200+ H N
o] N L - AN
T T T : T T T ; T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min|
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Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
i B [ | === | === |==mmmm - !
1 9.600 VvV 0.1712 6343.68701 572.83759 50.7212

2 27.284 BBA 0.5220 6163.29248 180.65030 49.2788

Totals : 1.25070e4 753.48788

Enantioenriched 3ee

mAU
2500

2000
1500
1000

500

PRI U I F e

128.064

o
a1
-
o
-
o
N
o
N
a
W
o

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt |==== === | === | === [ === |
1 9.684 VV 0.2616 4.36613e4 2658.75806 97.9380
2 28.064 BB 0.5130 919.27368 27.71325 2.0620

Totals : 4.45806e4 2686.47131

Racemic 3eg

mAU 1 <

] HQ CF, s 8

] ~— ©
3004 NS

: N N
200 peo M\
100

0_: N~ e~ o~
— — e ————

o
N
A
o
o]
3

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e [====l===-==- [======mmm- |====mmmmms |=====mm- [
1 10.145 MM T 0.2390 4132.77051 288.21365 50.1379
2 10.627 MM T 0.3213 4110.03418 213.22989 49.8621

Totals : 8242.80469 501.44354
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Enantioenriched 3eg

mAU

400
300
2004 MeO

100

12.873

o
I
N
|
|
|

o
N
. |
(o2}

Signal 2: MWDl B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === |========—= |======—==- [======== |
1 11.879 MM T 0.3534 5950.80176 280.63693 97.6302
2 12.873 MM T 0.3043 144.44800 7.91217 2.3698

Racemic 3eh

mAU ]
70
60
] HO CF,
507 ¢

—9.372

o
ro)
@«
o

Signal 1: MWDl A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R [====m=mmm [=====m-mm- [=====--= I
1 9.372 BB 0.1246 140.50111 18.09298 53.5707
2 9.850 BB 0.1342 121.77124 14.46669 46.4293

Totals : 262.27235 32.55967

Enantioenriched 3eh
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Signal 1: MWDl A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
Ittt Bl [====]===== | === [ === | === |
1 9.287 BB 0.1629 603.86737 59.24526 89.7577
2 9.858 BBA 0.1350 68.90726 7.96194 10.2423
Totals : 672.77464 67.20720

SFC data for Vinyl Trifluoromethyl Ketone Products:

Racemic 5aa

DAD1 C, Sig=254,16 Ref=370,60 (RFT\EJA 2019-09-30 11-14-43\CIJ_II_89_C.D)

2mo%ltJ) A@Q’b /}'b%%
1500 /\ /1
1000 u H
| | \
500 \
0 ] 2 3 i 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== == e e | === | === | ===mm=- |
1 3.885 VvV 0.1234 1.776206ed4 2267.70264 48.5024
2 4.388 VB 0.1356 1.88595e4 2208.62769 51.4976
Enantioenriched Saa
DAD1 D, Sig=254,8 Ref=360,100 (D:\CI\CIJ_IV_15_A.D)
mAU )
1750 1“‘%?’
1500 1
1250 H
= I
500 | ,,5?’%
ok I ] IR N
o 1 2 3 Ly T T TS 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] $
- | -——= - | ——— - | -—————— == | ———————- |
1 3.886 BB 0.0932 1.16488e4 1963.02271 94.8547
2 4.427 MM 0.0985 631.87439 106.89740 5.1453
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Racemic Sba

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_II_157_A_6.D)

mAU il A 2B 2
; ‘ @ “‘\ §$Q;
2004 R
] [ T
100 | \\ [\
o
6 o 2‘ A‘l é ‘ é 10 12 14 16 S 18 ‘min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] $
el EEEEE i B |- ——mm - | —mmm - |- - |
1 15.897 MF 0.4483 1.06618e4 396.33667 49.7431
2 16.831 FM 0.4871 1.07719e4 368.60919 50.2569
Enantioenriched S5ba
DAD1 D, Sig=254,8 Ref=360,100 (CI\CIJ_IV_17_A_PC.D)
mAU 1 NS
aooé pﬁ;@‘@
600 ‘ N
400—2 ‘( oj:h\«'%
200 | @
e J f‘[ |
6 é th é é 1|0 12 14 1|6 18 min|
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %
e EEEEESE R | == | == |-—— - |
1 14.116 MM 0.3030 1.91040e4 1050.90735 95.7318
2 15.019 MM 0.3204 851.75140 44 .30221 4.2682
Racemic 5ca
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2016\CIJ_II_89_A_COL3_2.D)
mAU 1 - .
; ((b?b“-’ fr;?n,
1250 5 | |
1000 .
750 5 Lo | \
500 ‘,‘ | ’
1 NN N
) s 3 S s T e 7 i
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s ] [mAU] %
e R B | == ——m - | —mmm - | —- = |
1 3.963 BV 0.2325 2.33956e4 1620.28918 47.7740
2 4.536 VV 0.2561 2.55758e4 1620.41089 52.2260

Enantioenriched 5ca

DAD1 D, Sig=254,8 Ref=360,100 (D:\CIJ\CIJ_IV_15_B_PC.D)

HorE I
1250 - [
1000 4 I
750 I
500 I
250 3 [ o
0 é — : : ~ L / \\l/‘(g‘? .
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

1 5.172 BV 0.1119 1.25042e4 1738.45972 96.0937
2 5.414 VB 0.1121 508.31110 70.54485 3.9063
Racemic 5da

DAD1 D, Sig=254,87Ref=360,100 (CIJ\CIJ_2016\CIJ_lI_89_B_20_COL2.D)

mAU N A N
1000 ; *\0 /,%Q{}V
800 A I
600 - I I
400 - [

o4+ - )\ o ,J \

R R T
Peak RetTime Type Width Area Height Area

# [min] [min] [MAU* s ] [MAU] %

1 7.72°7 VB 0.2539 1.99510ed4 1252.39722 49.0524
2 10.241 BB 0.3000 2.07219%e4 1079.43774 50.9476¢6
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Enantioenriched S5da

DAD1 D, Sig=254,8 Ref=360,100 (CI\CIJ_IV_15_C_PC_COL2_10.D)

mAU_; “‘m\«‘@b
1500§ [
1000% “
500? ‘\ \\ \Q(p»\%
e — e e —— — e — :
6 2‘ 1‘1 é 8 10 1|2 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
SRl EEEEEEE | === R | —m—m - | ---—--- |
1 7.829 BB 0.2428 3.18149%9e4 2075.78711 94.7337
2 10.516 BB 0.2476 1768.60828 110.00776 5.2663
Racemic Sea
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_II_157_D_C3_8.D)
mAU 3 RS
1200 3 102 o
1000 - h C:\
800 A
600 5 A
4007 | “\ I
200 | \ \\
Oé, N e - \J \\{/"
6 ‘ 25 5 75 10 ‘ 125‘ ‘ ‘ 1‘5 T ‘17‘.5‘ o ‘min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e R R R |-—-— - |
49.8502

1 12.617 BV 0.2555 2.39572e4 1459.49976
2 13.310 VB 0.2898 2.41012e4 1303.09802 50.1498

Enantioenriched Sea

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_17_C_PC.D)

mAUj N\ 031/ 9;.1’
| \q,'.\ AQ
1 NN
600 || o2
: +
400 I
] | \
1 [ )
200 ] o &
9 | \ N
0- — Joo N~
— - ‘ T T
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
el EEEEEE | —=== |- R |- mmm - R |
1 12.792 MM 0.2605 1.37052e4 876.92377 95.0351
2 13.559 VB 0.2631 715.99207 41.95095 4.9649
Racemic 5fa
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_A D)
mAU _ 6\\
soo—f 4
eoo—f
400—2
200 N——o
' ‘ 4 6 & 1w min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %
=== |- |====|======= | =========- | =========- |=======- |
1 3.671 BB 0.1490 8086.00391 834.70844 49.7844
2 4.540 BB 0.1717 8156.03906 722.36987 50.2156
Enantioenriched Sfa
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_43_C.D)
mAU J Ne® o
E RN
700 -| ““ ‘\ &Fgﬂ
600 © ’f ‘f
500 é Arb‘bbg "\ “\\
400 : |
300 : B g\/ngf-f%¥ @P& J \\_r -
I e T T T min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S
=== | —===]======= | === | —======== | —=====—= |
1 3.465 MM 0.1624 386.02798 39.61908 5.8366
2 4.279 MM 0.1831 6227.94189 566.79132 94.1634
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Racemic 5ga

DAD1 A, Sig=210,8 Ref=360,100 (D:\CI)\CIJ_IV_41_B.D)

mAU n @ W
4 [\
1250 (T’ ‘\‘\’
1000 | ‘i\ “
750 | |
500 ““ \‘ ‘\ \‘
250 [
0 . N\ L \,] \;
0 e 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S

1 3.968 VvV 0.1195 1.18848e4 1585.30981 48.8014
4.342 VvV 0.1260 1.24686e4 1547.48511 51.1986

Enantioenriched Sga

DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_65_C.D)

mAU | N )
] \‘ ib,b ".')'u
500; J“\b ,5?’(’0%
| A
400*: }\ \\“ \rbq,bb‘
] \ :
300 — J/\ /'“‘L,,,* N féi - -
2004 /‘ T T T T ] L 1 T T
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] S

0.1139 2523.45898 369.41278 94.7672

1 3.834 MF
139.33974 14.92964 5.2328

2 4.191 FM 0.1556

Racemic Sha

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_71_B_5.D)
mAU _ ?;19 bf.’-’
1500
1250 3
1000 5

750 3
500 3

250 5
E L
—

T
min

o
o—
~

0
L B — T T
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Peak RetTime Type Width Area Height Area

= [min] [min] [MAU*s] [mAU] %
- |-—-—-- |- |[-—————— [-——————- |
1 3.620 VvV 0.0938 1.09643e4 1831.39258 48.9468
2 4,389 VvV 0.1102 1.14361e4 1623.07410 51.0532
Enantioenriched Sha
DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_IV_65_B.D)
mAUE 9551*
400—5
300 3 ™
2007 n,%‘”‘;»
100 &vﬁ?
E : o .
N D D e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 3.582 BB 0.1456 5064.83740 559.75128 92.9795
2 4.325 MM 0.1644 382.42398 38.77777 7.0205

Racemic 5ia

DAD1 D, Sig=254,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_lI_157_B.D)

mAU RIS
] [ > [ R
1500 4 /‘(q\ | j ,5."'@
] [ |
1000 0 / |
] I \
4 | | \
500 . |
0 ] - S — B _7lj kﬁ\/‘ — .
R D
Peak RetTime Type Width Area Height Area
[min] [mMAU*s] [mAU] %

# [min]

1 5.344 VV
2 6.007 MM

0.1902 2.40919e4 2033.53210 49.22¢64
0.2077 2.48491ed4 1993.68933 50.7736
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Enantioenriched Sia

DAD1 D, Sig=254,8 Ref=360,100 (CI/\CIJ_IV_17_B.D)

mAU Ml o
1500 3 ;‘gb"
1250? “\ |
1000 3 [
. | <
- A
258: B \\\ - j,y‘
0 1 2 3 2 s s 7 i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
el EEEESES i et | —mm - R i |
1 4.949 BB 0.1256 1.51929e4 1935.24060 93.0819
2 5.665 MM 0.1293 1129.16772 145.50713 6.9181
Racemic 5ja
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_2017\CIJ_lI_161_D .D)
mAU - N\ N
200 E “;’ }r?'ﬁbi\'f\ggbﬁ;b ‘K‘b‘g\« %q)'b~/\
-400 C “;»\"’Q’ “‘Hﬁ&
-800 | I B
0004 ) J \ - - ,/f/
'12005\ [ A ‘\‘ S T i
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] &
== | ———= === | === | === | === |
1 3.147 MM 0.1045 7004.62793 1117.27197 48.7523
2 3.877 MM 0.1277 7363.17383 961.19696 51.2477
Enantioenriched Sja
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_IV_25_A.D)
mAU - Lo P
800 o Q)Q;&‘
£ A ¥
200 /| &
0- S S R
-200 \/
o 1 2 3 4 5 6 7 min
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Peak RetTime Type Width Area
# [min] [min] [MAU*s]

1 3.118 MM 0.1040 6620.28564 1060.52246
45.96951

2 3.863 MM 0.1079 297.47842

Racemic Ska
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_C.D)

95.6998

mAU 3 RSl
1000 3 e Hx
ot i
400 - o
200 [
0 I NG . o A\ \_ .
0 1 2 3 4 5 min
Peak RetTime Type Width Area
# [min] [min] [MAU*s]

1 4.416 VV 0.1109 9051.17480 1273.78198
2 4.722 VV 0.1177 9297.46680 1209.88831

Enantioenriched Ska

DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_43_B_PC.D)

49.3289
50.6711

mAU n o \
1250 “ “#‘f\%‘ R
1000 | &
750 w‘# &
500 [ &
250 “‘ \“ 5
o ‘ L\v&\?@i
o T T T min
Peak RetTime Type Width Area
# [min] [min] [MAU*s]
R EEEEEEE | ===l === | == Rl Rttt |
1 4.195 MF 0.1430 1.43214e4 1668.58252 94.8955
108.20892 5.1045

2 4.500 FM 0.1187 770.35632
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Racemic Sla
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_41_D_.D)

"o ] s &
600 | “‘ ‘\ ‘/‘
4001 ‘( \\ ‘ ‘
200 - }‘ ‘\‘ , \‘u\
I J )\
o 2 T 4T & 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] S
el EEEEE === R | —=m- - | —=——-—-- |
1 6.239 VB 0.1726 1.05089e4 968.62952 49.4613
2 7.695 VB 0.2052 1.07378e4 817.57489 50.5387
Enantioenriched 5la
DAD1 A, Sig=210,8 Ref=360,100 (D:\CIJ\CIJ_IV_65_A_CONC .D)
mAU 7 IR
1000 &P']'
800 - ““
600 3 [
400 3 f \‘ \,\‘f’%
3] I [ >
200 Il [ &
0; : ‘/‘\/" \\\/\\ _— - 1 / /é : :
0 2 4 é é 1‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e R R | == | = | == |
1 6.288 BB 0.1869 1.34793e4 1149.03198 97.7380
2 7.796 MM 0.2344 311.95532 22.18306 2.2620
Racemic Sma
DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_II_161_A_CONC.D)
mAuE & ‘9’9 A Qu“
200 - “f |/
100—2 / “\ /,f“‘ ‘\\
A E | o R SN
0 ‘ ‘ 2 ‘ ‘ 4 ‘ ‘ ‘ 6 ‘ ‘ ‘ é 16 min
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [mAU] %
e R | =-mmmmm - | == mmmmmm - | —-mmm - |
1 6.527 BV 0.2267 6022.24268 402.25772 49.7994
2 7.047 VB 0.2426 6070.75537 371.66992 50.2006

Enantioenriched Sma

DAD1 A, Sig=210,8 Ref=360,100 (CIJ\CIJ_IV_19_A_DIL.D)
mAU
800 -]

600
400

200

0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s ] [mAU] 3
] R | == | == | === |
1 6.562 BV 0.2463 1.49132e4 914.24634 96.2033
2 7.107 VB 0.2379 588.55762 37.34389 3.7967

Racemic Sna

DAD1 D, Sig=254,8 Ref=360,100 (D:\CIJ\CIJ_IV_165_B_2 .D)
mAU o

™
1200 4 ‘;5\
1000
800
600
400
200
o ! T
(I) é J« é é 1b min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %

e R | === | === | === | === | ===~ |
1 3.293 BB 0.1487 1.21569e4 1258.85498 47.9847
2 4.374 BB 0.1971 1.31781e4 1059.61987 52.0153
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Enantioenriched Sna

DAD1 D, Sig=254,8 Ref=360,100 (D:\CI\CIJ_IV_165_B_2.D)

mAU
800
600%
400 o
200—3 &s‘;{b
0] P
0 1 2 s T 5 6 7 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== === | —===]======= |-=======-- | —========- |======== |
1 3.298 MM 0.1606 542.38373 56.29001 4.5637
2 4.369 BB 0.1819 1.13423e4 988.30817 95.4363
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'H, BC, ”’F NMR Spectra for Ligands Synthesized:
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"H NMR (300 MHz, CDCl5) of compound SI2
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Infrared spectrum (Thin Film, NaCl) of compound SI2.
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