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1. General Information

Methods: All data were collected on Bruker ASCEND™ operating at 400 MHz for 'H
NMR, 101 MHz for BC{*H} NMR, and 376 MHz for ®F{*H} NMR (with complete
proton decoupling). Chemical shifts are reported in parts per million (ppm). *H NMR
spectra data were assigned CDCls resonance as 7.26 ppm and reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet,
and br = broad), coupling constant (J values) in Hz, and integration. Chemical shifts for
13C NMR spectra were recorded in ppm with the central peak of residue CDCls (77.16
ppm) as the internal standard. Visualization of the developed chromatogram was
performed by UV absorbance (254 nm). All datas were acquired on Waters G2-S Qtof
spectrometer (electrospray ionization: ESI). X-ray crystallography studies were carried
out on Rigaku ROD, Synergy Custom DW system using Cu-K, radiation (A = 1.54184
A). Enantiomeric ratio (ee) values were determined by chiral HPLC with chiral AS-H,
AD-H, OJ-H, IC, IA, IB columns with n-hexane and i-PrOH as solvents. Optical
rotations were measured on a PerkinElmer 343 polarimeter. UV-Vis absorption spectra
were recorded on a UH5700 spectrophotometer S2 (Hitachi). Stern-VVolmer quenching
experiments were carried by Agilent Technologices F-4600 spectrofluorometer.
Photocatalytic reaction was carried out using photoreactor from WATTCAS
(https://www.wattcas.com). The light source used in gram scale reaction is purple lamp
(20 W, 410 nm), which is bought from Xuzhou Ai Jia electronic technology Co. LTD.
Materials: Unless otherwise noted, all reagents obtained from commercial suppliers
were used without further purification. Commercially available chemicals were
obtained from Infinity Heowns, Admas, J&K, Leyan, Bide Pharmatech. Flash
chromatography was performed using 200-300 mesh silica gel (Yantai Xinnuo
Chemicals) with the indicated eluents according to standard techniques. Analytical
thin-layer chromatography (TLC) was performed on glass-backed silica gel plates

(YYantai Xinnuo Chemicals or Energy Chemical).
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photoreactor quartz tube

2. Synthesis of Substrates

2.1 Preparation of alkene substrates
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Unless otherwise stated, all starting materials were commercially available. The starting
compounds 1b-1m!# 10l 10-1s% 1z-1acl"®), 1aeP 1afl'y and 1agl!l were

prepared according to the literature procedure.
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2.2 Preparation of trifluoromethylarene substrates
CFs
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Unless otherwise stated, all starting materials were commercially available. The starting
compounds 21121, Zg[13], 2h(14, 2{l12] 2j[14], 2n(31) 201121 2¢l'3) and 2w-2z!"31 were

prepared according to the literature procedure.

Synthesis of 1-(pent-4-en-1-yloxy)-3,5-bis(trifluoromethyl)benzene (2k)

F3C OH F3C NP
K,CO3 (2.5 equiv) S
AN
MeCN

CF3 CF3

To a 25 mL oven-dried round-bottom flask equipped with a Teflon-coated magnetic stir
bar was added 3,5-bis(trifluoromethyl)phenol (1.0 g, 4.3 mmol, 1.0 equiv), CH;CN
(20.0 mL), and K>CO3 (1.5 g, 10.8 mmol, 2.5 equiv). 5-bromopent-1-ene (1.281 g, 8.6
mmol, 2.0 equiv) was then added, and the resulting mixture was refluxed for 12 h. Upon
completion, the solvent was removed under vacuum. The residue was diluted with
water and extracted with Et20 (20.0 mLx3). The combined organic phases were washed

with 20.0 mL water and 40.0 mL brine, dried over anhydrous Na>SOs, and concentrated
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in vacuo. The crude product was purified by silica gel chromatography (petroleum ether:
ethyl acetate = 20:1, Ry= 0.3) to give the title compound 2k as a colorless oil (0.846 g,
66% yield). "TH NMR (400 MHz, CDCl3) & 7.45 (s, 1H), 7.30 (s, 2H), 5.86 (m, 1H),
5.14 -5.00 (m, 2H), 4.05 (t, /= 6.4 Hz, 2H), 2.27 (q, J = 7.2 Hz, 2H), 1.94 (p, /= 6.8
Hz, 2H). BC{!H} NMR (101 MHz, CDCl3) & 159.8, 137.4, 132.9 (q, J = 33.2 Hz),
123.4(q,J=272.7Hz), 115.8,115.0 (q,/=3.9 Hz), 114.3 - 114.2 (m), 68.1, 30.1, 28.3.
YF{'H} NMR (376 MHz, CDCl3) & -63.12; HRMS-ESI (m/z): [M-H] calcd. for
C13H11F60: 297.0714; found 297.0709.

Synthesis of tert-butyl 3-(2-(2-(3-(trifluoromethyl)phenyl)acetoxy)ethyl)azetidine-
1-carboxylate (2m)

FsC FsC o
’ COOH _Boc  DMAP (10 mol%) : \/\E\
+ N :
DCC (1.2 N
/\/C/ ( oqulV) © \BOC
HO DCM

CF3 CF,4

To a 50 mL round-bottom flask was added 2-(3,5-bis(trifluoromethyl)phenyl)acetic
acid (1.36 g, 5.0 mmol, 1.0 equiv) and fert-butyl 3-(2-hydroxyethyl)azetidine-1-
carboxylate (1.106 g, 5.5 mmol, 1.1 equiv) in dichloromethane (10 mL). The mixture
was stirred at room temperature for 30 min. Then, a solution of N,N-
dicyclohexylcarbodiimide (1.24 g, 6.0 mmol, 1.2 equiv) and 4-dimethylaminopyridine
(61 mg, 0.50 mmol, 10 mol%) in dichloromethane (10 mL) was added slowly under
ice-coling. The reaction mixture was allowed to warm to room temperature and stirred.
The combined organic layers were dried over anhydrous Na>xSO4 and concentrated
under reduced pressure. The crude product was purified by silica gel column
chromatography (petroleum ether: ethyl acetate = 20:1, Ry = 0.3) afforded the
compound 2m as a pale-yellow oil. (2.11 g, 93 %). "TH NMR (400 MHz, CDCl3) § 7.81
(s, 1H), 7.74 (s, 2H), 4.11 (dt, /= 6.3, 3.9 Hz, 2H), 4.05 — 3.94 (m, 2H), 3.79 — 3.70 (m,
2H), 3.57 (td, J=5.8, 2.8 Hz, 2H), 2.60 — 2.48 (m, 1H), 1.95 (t, J=7.2 Hz, 2H), 1.43
(s, 9H). BC{'H} NMR (101 MHz, CDCl3) 8 170.0, 156.4, 136.2, 132.0 (q,J = 33.6 Hz),
129.8 (d,J=4.0 Hz), 123.3 (q,J=273.8 Hz), 121.8 — 121.2 (m), 79.6, 63.6, 40.7, 33.2,
28.5,26.3.F{'H} NMR (376 MHz, CDCl3) § -62.88; HRMS-ESI (m/z): [M-H] calcd.
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for C2oH22FsNO4: 454.1453; found 454.1462.

2.3 Preparation of photoredox catalysts
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Unless otherwise stated, all starting materials were commercially available. The starting
compounds PTH-2!'8], PTH-31'"), PTH-4[!7], PTH-5!!71, PTH-8!'3] prepared according

to the literature procedure.

3. Detailed Optimization of Reaction Conditions
Table S1. Screening of different ligands.”

[Cu(MeCN),]PFg (2.5 mol%) CNE F

F3C CF; chiral ligand (3.0 mol%) R S
X : CF,
AN+ \©/ * TMSCN “5TH17(10 mol%), 410 nm, 20 W AT
Ar = 4-PhCqH, DMF [0.05 M], 25 °C, Ar, 24 h
1a 2a 3 4a

In Et Et
e
NN L2 0= N MNJ\%
L3, n=3 le} 0
L4, n=4
LS

|
. DO
et | e

photoredox catalyst

L7 L8 PTH-1
Entry Ligand Conv. (1a %) Yield (4a %)’ (ee %)°
1 L1 >99 52(92)
2 L2 >99 38 (46)
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3 L3 >99 37 (15)

4 L4 >99 47 (n.d.)
5 L5 90 39(2)

6 L6 92 38 (n.d.)
7 L7 >99 33 (n.d.)
8 LS8 >99 36 (n.d.)

“Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),
[Cu(MeCN)4]PFs (2.5 mol%), and chiral ligand (3.0 mol%) in DMF [0.05 M] were stirred,
irradiation with 20 W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere.
Yields were detected by 'H NMR using 1,3,5-trimethoxybenzene as the internal standard. ©

Determined by HPLC analysis on a chiral stationary phase. Note: n.d. = not detected.

Table S2. Optimization of the copper salts.

PTH-1 (10 mol%)

AT \©/ + IO 0 m, 20 W, DMF [0.05 M] . Ar ’
Ar = 4-PhCeH, 25°C, Ar, 24 h
1a 2a 3 4a
Entry Cu salt Conv. (1a %) Yield (4a %)’ (ee %)°
1 [Cu(MeCN)4]PFs 99 52 (92)
2 CuTe 61 16 (88)
3 CuOAc >99 46 (90)
4 [Cu(MeCN)4]BF, ~99 47 (90)
5 CuBr 99 42 (90)
6 CuCN ~99 45 (86)
8 CuSCN >99 40 (84)
9 Cu(OTY) Toluene 70 19 (86)
10 CuDPP 99 21 (63)
11 Cu(OTH), 84 17 87)

“Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),

Cu salt (2.5 mol%), and L1 (3.0 mol%) in DMF [0.05 M] were stirred, irradiation with 20 W 410
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nm violet LEDs at room temperature for 24 h under argon atmosphere. ? Yields were detected by 'H
NMR using 1,3,5-trimethoxybenzene as the internal standard. “ Determined by HPLC analysis on a

chiral stationary phase. Note: CuDPP (Cu(I) diphenylphosphinate).

Table S3. Screening of the photoredox catalysts.*

PC (10 mol%)
Cu(MeCN)4PFg (2.5 mol%) N
FsC CF3 L1 (3.0 mol%) C RS
A+ + TMSCN Ar CF3
410 nm, 20 W, DMF [0.05 M]
Ar = 4-PhCgH, 25°C,Ar, 24 h
1a 2a 3 4a
chiral ligand T byproducts T lphotocatalys'

H

Ar Ar

: H
! N
| | R
H OWXVO H : ! PTH-1,R=H S
L‘ '\} PBArs 4-PhCeHg PTH-2,R=Cl PTH-6
H H CN ! PTH-3, R = OMe N N
- P : N
! Ar | PTH-4, R = SMe
L1 | ! o o
S

B-2 PTH-5, R = N(CH3), o s
Entry PC Conv. (1a %) Yield (B-1 %)  Yield (B-2 %) Yield (4a %)’ (ee %)°
1 fac-Ir(ppy)3 80 45 n.d. n.d.
2 4-CzIPN 60 50 n.d. n.d.
3 [Ir(dtbpy)(ppy)2]PFs <5 trace n.d. n.d.
4 [Mes-Acr]|"BF4 42 28 n.d. n.d.
5 Thioxanthone <5 trace n.d. n.d.
6 PTH-1 >99 <5 <5 52 (92)
7 PTH-2 >99 <5 <5 32 (92)
8 PTH-3 >99 <5 <5 40 (92)
9 PTH-4 >99 <5 <5 41 (94)
10 PTH-5 >99 <5 n.d. 43 (90)
11 PTH-6 >99 <5 12 38 (93)
12 PTH-7 16 <5 n.d. trace
13 PTH-8 21 n.d. n.d. trace

¢ Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PC (10 mol%),
[Cu(MeCN)4]PFs (2.5 mol%), and L1 (3.0 mol%) in DMF [0.05 M] were stirred, irradiation with
20 W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere. ® Yields were

detected by "H NMR using 1,3,5-trimethoxybenzene as the internal standard. ¢ Determined by HPLC
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analysis on a chiral stationary phase. Note: n.d. = not detected.

Table S4. Screening of the light source wavelengths.*

PTH-1 (10 mol%)
0,
[Cu(MeCN),]PF¢ (2.5 mol%) CNE F

F2C CF L1 (3.0 mol%)
AN 3 3 CF
ArTS \©/ * TMSCN  “DMF[0.05 M], 25 °C, Ar, 24 h . Ar 3

wavelength 20 W

Ar = 4-PhCgH,
1a 2a 3 4a
chiral ligand . photocatalyst
H o\’X(o d i
| (S !
N N— !
“ O
! s
L1 i PTH-1

Entry Wavelengths Conv. (1a %) Yield (4a %)’ (ee %)°
1 365 nm >99 28 (92)
2 390 nm >99 37 (91)
3 410 nm >99 52 (92)
4 430 nm 46 21 (91)
5 450 nm <5 n.d.
6¢ 410 nm >99 19 (92)

“Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),
[Cu(MeCN)4]PF¢ (2.5 mol%) and L1 (3.0 mol%) in DMF [0.05 M] were stirred, irradiation with 20
W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere. ® Yields were detected
by "H NMR using 1,3,5-trimethoxybenzene as the internal standard. “ Determined by HPLC analysis

on a chiral stationary phase. [0.1 M] instead of [0.05 M]. Note: n.d. = not detected.
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Table SS. Screening of the solvents.”

PT

[Cu(MeCN)4]PFg (2.5 mol%)

H-1 (10 mol%)
CNF F

AT - T o+ msen 410 nm, ::) i/?/;ostﬁli/;i [0.05M] Ar CFa
Ar = 4-PhCqH, 25°C, Ar, 24 h
1a 2a 3 4a
chiral ligand —(photocatalyst
s
fove
L1 ; PTH-1
Entry Solvent Conv. (1a %) Yield (4a %)’ (ee %)°
1 DMF >99 52 (92)
2 DMAc 95 35091
3 MeCN 19 11 (90)
4 DMSO 35 18 (89)
5 NMP >99 13 (90)
6 EA <5 n.d.
7 MTBE 83 n.d.
8 MeCN: DMF = 3:1 >99 73 (92)
9 DMA: DMF = 3:1 >99 55 (90)
10 NMP: DMF = 3:1 >99 43 (90)
11 Toluene: DMF = 3:1 95 32 (91)

?Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv),

3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),

[Cu(MeCN)4]PF¢ (2.5 mol%), and L1 (3.0 mol%) in solvent [0.05 M] were stirred, irradiation with

20 W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere. ® Yields were

detected by "H NMR using 1,3,5-trimethoxybenzene as the internal standard. ¢ Determined by HPLC

analysis on a chiral stationary phase. Note: n.d. = not detected.

S9



Table S6. Screening of additives.”

PTH-1 (10 mol%)
Cu(MeCN),PFg (2.5 mol%) N E F

F3C CF3 L1 (3.0 mol%)
AT+ + TMSCN Ar CFs3
MeCN: DMF = 3:1 [0.05 M]
Ar = 4-PhCqH, 410 nm, 20 W, 25 °C, Ar, 24 h

1a 2a 3 additive (20 mol%) 4a
Entry Additive Conv. (1a %) Yield (4a %)’ (ee %)°
1 Zn(OAc), >99 37 (88)

2 Zn(OTf) >99 39 (90)

3 Sc(0OTH)s >99 70 (80)

4 Yb(OTf); >99 71 (85)

5 B(CeFs)3 >99 73 (77)

6 TMSOTf >99 53 (88)

“Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),
[Cu(MeCN)4]PFs (2.5 mol%), and L1 (3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred,
irradiation with 20 W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere.
Yields were detected by 'H NMR using 1,3,5-trimethoxybenzene as the internal standard. ©

Determined by HPLC analysis on a chiral stationary phase.

Table S7. Control experiments.*

PTH-1 (10 mol%)
Cu(MeCN),4PFg (2.5 mol%) N E F

F3C CF3 L1 (3.0 mol%)
AT+ + TMSCN A CFs
MeCN: DMF = 3:1 [0.05 M] r

410nm, 20 W, 25 °C, Ar, 24 h

Ar = 4-PhCgH,
1a 2a 3 4a
Entry Variation from above conditions Conv. (1a %) Yield (42 %)°  ee (%)°
1 none >99 73 (65)¢ 92
2 no Cu >99 n.d. n.d.
3 no L1 >99 32 n.d.
4 no PC <5 n.d. n.d.
5 in dark <5 n.d. n.d.
6 blue LED <5 n.d. n.d.

“Conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2.0 equiv), 3 (0.15 mmol, 1.5 equiv), PTH-1 (10 mol%),
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[Cu(MeCN)4]PFs (2.5 mol%), and L1 (3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred,
irradiation with 20 W 410 nm violet LEDs at room temperature for 24 h under argon atmosphere.
Yields were detected by 'H NMR using 1,3,5-trimethoxybenzene as the internal standard. ©

Determined by HPLC analysis on a chiral stationary phase. “Isolated yield. Note: n.d. = not detected.

4. General Procedure and Experiment Details

4.1 General procedure A for the synthesis of chiral products

PC (10 mol%)
F.C [Cu(MeCN)4]PF¢ (2.5-10 mol%) CN F F
3 % TMSCN L1 (6-12 mol%) Ar/\)\/\
* EWG + 3
AN XA MeCN: DMF = 3:1 [0.05 M] xo U EWG
X

390-410 nm, 25 °C, Ar

@Xr% > ©

Lo CEJ@

PTH-1 PTH-8

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
charged sequentially with Cu(MeCN)4PF¢ and L1 under Ar atmosphere, followed by
the addition of super dry N,N-dimethylformamide (1.0 mL). The mixture was stirred at
room temperature for 30 min. To the resulting mixture was added PTH-1 or PTH-8
(0.02 mmol, 10 mol%), alkene 1 (0.2 mmol, 1.0 equiv), trifluoromethylarenes 2 (0.4
mmol, 2.0 equiv), 3 (0.3 mmol, 1.5 equiv) and super dry acetonitrile (3.0 mL) under Ar.
The reaction mixture was stirred at a distance of 2~3 cm from a 390-410 nm LEDs at
25 °C for about 10-48 h until the reaction was completed, as monitored by TLC analysis.
The mixture was then diluted with water (10 mL) and extracted with ethyl acetate (10
mLx3), dried over anhydrous Na>SO4, and concentrated under reduced pressure. The

residue was purified by flash chromatography on silica gel to give the product.
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4.2 General procedure for preparation of racemic products

PC (10 mol%)
- [Cu(MeCN),]PF (10 mol%) CNF F
3 w/\ dtbbpy (12 mol%) NS
it TMSCN Ar his

AT x\x/)EWG : MeCN : DMF = 3:1 [0.05 M] X. U EWG

) o “X

X=C, N 390-410 nm, 25 °C, Ar
1 2 4
%tBU :
dtbbpy ‘ : : : :
| PTH 1 PTH 8 J

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
sequentially charged with Cu(MeCN)4PFs (7.5 mg, 20 umol) and dtbbpy (6.4 mg, 24
umol) under Ar atmosphere, followed by the addition of super dry N,N-
Dimethylformamide (1.0 mL). The mixture was stirred at room temperature for 30 min.
To the resulting mixture was then added PTH-1 or PTH-8 (0.02 mmol, 0.1 equiv),
alkene 1 (0.20 mmol, 1.0 equiv), trifluoromethylarenes 2 (0.4 mmol, 2.0 equiv),
TMSCN (0.30 mmol, 1.5 equiv) and super dry acetonitrile (3.0 mL) under Ar. The
mixture was stirred at a distance of 2~3 cm from a 390-410 nm LEDs at room
temperature for about 10-48 h until the reaction was completed, as monitored by TLC
analysis. The mixture was diluted with water (10 mL) and then extracted with ethyl
acetate (10 mLx3), dried over anhydrous Na>SO4, and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel to give the

product.

4.3 Characterization Data of Products
(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4a)

Chemical Formula: Cy3H4gF5N
Molecular Weight: 401.3800

The compound 4a was prepared according to the general procedure employing 1a (36.1
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mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 51.9 mg, 65%
isolated yield, white solid, mp: 48 — 50 °C, (petroleum ether: ethyl acetate = 12:1, Ry=
0.3, [a]p® = 7.7 (¢ = 1.0 in CHCl3); 92% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), fr (major) = 14.07
min, #r (minor) = 11.91 min.

'"H NMR (400 MHz, CDCl3) 8 7.79 (s, 1H), 7.74 (t, J = 8.0 Hz, 2H), 7.65 — 7.54 (m,
5H), 7.47 (t, J=7.5 Hz, 2H), 7.45 — 7.37 (m, 3H), 4.20 (dd, /=9.7, 4.3 Hz, 1H), 3.03
—2.84 (m, 1H), 2.70 — 2.57 (m, 1H).

BC{'H} NMR (101 MHz, CDCls3) 6 141.8, 140.1, 136.9 (t, J = 26.5 Hz), 133.6, 131.5
(9,J=33.1Hz),129.7,128.0, 128.5 (t, J = 6.2 Hz), 128.2, 127.9, 127.8, 127.5 - 127.4
(m), 127.2,123.9 (q, J=273.8 Hz), 122.2 — 122.0 (m), 120.3 (t,J=244.0), 119.7, 45.1
(t, J=27.5Hz),31.1 (t,J = 3.4 Hz).

BF{TH} NMR (376 MHz, CDCl3) § -62.76 (s), -96.05 (d, J = 249.4 Hz), -97.30 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C23HisFsN: 400.1125; found 400.1128.

(R)-4,4-difluoro-2-(4'-methyl-[1,1'-biphenyl]-4-yl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4b)

Chemical Formula: Cy4HgFsN
Molecular Weight: 415.4070

The compound 4b was prepared according to the general procedure employing 1b (38.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm

violet LEDs at room temperature for 24 h under argon atmosphere. 56.5 mg, 68%
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isolated yield, white solid, mp: 86 — 88 °C, (petroleum ether: ethyl acetate = 12:1, Ry=
0.2, [a]p® = 8.1 (¢ = 1.0 in CHCl3); 92% ee, determined by HPLC analysis (IB,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 12.53
min, fr (minor) = 13.60 min.

'H NMR (400 MHz, CDCl3) & 7.68 (s, 1H), 7.64 (t, J= 8.1 Hz, 2H), 7.49 (d, J = 8.1
Hz, 3H), 7.38 (s, 2H), 7.30 (d, /= 7.9 Hz, 2H), 7.17 (d, /= 7.8 Hz, 2H), 4.09 (dd, J =
9.7,4.3 Hz, 1H), 2.90 — 2.76 (m, 1H), 2.59 — 2.46 (m, 1H), 2.31 (s, 3H).

BC{'H} NMR (101 MHz, CDCl3) & 141.8, 137.8, 137.2, 136.9 (t, J = 26.5 Hz), 133.3,
131.5 (q,J=33.1 Hz), 129.8, 129.7, 128.5 (t, J= 6.1 Hz), 128.0, 127.8, 127.6 — 127.4
(m), 127.0, 123.7 (q, J = 274.6 Hz), 122.4 — 122.0 (m), 120.3 (t, J = 246.5 Hz), 119.7,
45.1(t, J=27.6 Hz), 31.1 (t, J=3.4 Hz), 21.2.

YF{TH} NMR (376 MHz, CDCl3) § -62.78, -96.01 (d, J = 249.5 Hz), -97.28 (d, J =
249.6 Hz).

HRMS-ESI (m/z): [M-H]  calcd. for C24H17FsN: 414.1281; found 414.1289.

(R)-4,4-difluoro-2-(4'-methoxy-[1,1'-biphenyl]-4-yl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4¢)

Chemical Formula: Cy4H1gF5sNO
Molecular Weight: 431.4060

The compound 4¢ was prepared according to the general procedure employing 1c¢ (42.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 57.8 mg, 67%
isolated yield, white solid, mp: 94 — 96 °C, (petroleum ether: ethyl acetate = 6:1, Ry=
0.3, [a]p® = 6.9 (¢ = 1.0 in CHCI3); 90% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 20.08

min, fr (minor) = 16.84 min.
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'"H NMR (400 MHz, CDCls) & 7.77 (s, 1H), 7.73 (t, J = 8.2 Hz, 2H), 7.60 (t, J = 7.9
Hz, 1H), 7.58 — 7.53 (m, 2H), 7.52 — 7.47 (m, 2H), 7.40 — 7.37 (m, 2H), 7.02 — 6.95 (m,
2H), 4.17 (dd, J=9.6, 4.4 Hz, 1H), 3.86 (s, 3H), 3.00 — 2.85 (m, 1H), 2.69 — 2.53 (m,
1H).

BC{'H} NMR (101 MHz, CDCl3) & 159.7, 141.4, 136.9 (t, J = 26.6 Hz), 133.0, 132.6,
131.5(q, J=33.1 Hz), 129.7, 128.5 (t,J = 6.1 Hz), 128.3, 127.8, 127.7, 127.5 — 127.4
(m), 123.7 (q, J = 273.7 Hz), 122.2 — 121.9 (m), 120.4 (t, J = 246.4 Hz), 119.7, 114.5,
55.5,45.1 (t,J=27.6 Hz), 31.1 (t,J=3.4 Hz).

YF{IH} NMR (376 MHz, CDCl3) § -62.80, -96.03 (d, J = 250.0 Hz), -97.26 (d, J =
249.8 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C24H17FsNO: 430.1230; found 430.1233.

methyl (R)-4'-(1-cyano-3,3-difluoro-3-(3-(trifluoromethyl)phenyl)propyl)-[1,1'-
biphenyl]-4-carboxylate (4d)

MGOZC

Chemical Formula: Co5H41gF5sNO,
Molecular Weight: 459.4160

The compound 4d was prepared according to the general procedure employing 1d (47.2
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 28.5 mg, 31%
isolated yield, white solid, mp: 106 — 108 °C, (petroleum ether: ethyl acetate = 6:1, Ry
=0.2, [a]p?® = 6.4 (c = 1.0 in CHCl3); 89% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 13.05
min, fr (minor) = 11.37 min.

'"H NMR (400 MHz, CDCl3) 6 8.11 (d, J= 8.1 Hz, 2H), 7.74 (dd, J= 14.5, 6.8 Hz, 3H),
7.66 — 7.58 (m, SH), 7.45 (d, J= 7.9 Hz, 2H), 4.21 (dd, /= 9.7, 4.4 Hz, 1H), 3.94 (s,
3H), 2.93 (m, 1H), 2.63 (m, 1H).
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3C{'H} NMR (101 MHz, CDCls) § 166.9, 144.4, 140.6, 136.8 (t, J = 26.5 Hz), 134.6,
131.6 (q, J=32.4 Hz), 130.3, 129.7, 129.5, 128.5 (1, J = 5.6 Hz), 128.4, 128.0, 127.6 —
127.4 (m), 127.4, 122.1, 123.6 (q, J = 273.5 Hz), 122.2 — 122.0 (m), 120.3 (t, J = 246.5
Hz), 52.3,45.0 (t, J = 27.5 Hz), 31.2 (t, J = 3.5 Hz).

BF{'H} NMR (376 MHz, CDCl3) & -62.80, -96.09 (d, J = 249.7 Hz), -97.18 (d, J =
249.8 Hz).

HRMS-ESI (m/2): [M-H]" calcd. for CosHi7FsNO2: 458.1179; found 458.1187.

(R)-4,4-difluoro-2-(4'-fluoro-[1,1'-biphenyl]-4-yl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4¢)

Chemical Formula: Co3H15FgN
Molecular Weight: 419.3704

The compound 4e was prepared according to the general procedure employing 1e (39.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 48.6 mg, 58%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p* = -
2.0 (c = 1.0 in CHCL); 92% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 15.47 min, fr (minor)
=13.40 min.

'"H NMR (400 MHz, CDCl3) & 7.80 — 7.68 (m, 3H), 7.60 (t, J = 7.8 Hz, 1H), 7.58 —
7.47 (m, 4H), 7.42 (s, 1H), 7.40 (s, 1H), 7.14 (t, J = 8.6 Hz, 2H), 4.19 (dd, J = 9.5, 4.5
Hz, 1H), 3.00 — 2.86 (m, 1H), 2.69 — 2.56 (m, 1H).

BC{'H} NMR (101 MHz, CDCls)  162.9 (d, J = 247.3 Hz), 140.9, 136.9 (t, J = 26.6
Hz), 136.2 (d,/J=3.1 Hz), 133.7, 131.59 (q, J = 33.1 Hz), 129.7, 128.8 (d, J = 8.2 Hz),
128.5 (t, J= 6.0 Hz), 128.1, 127.9, 127.7 - 127.4 (m), 123.7 (q, J = 273.6 Hz), 122.22
—122.0 (m), 120.3 (t, J=246.4 Hz), 116.0 (d, J=21.4 Hz), 45.1 (t, J=27.6 Hz), 31.1
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(t,J=3.4 Hz).

PF{TH} NMR (376 MHz, CDCl3) & -62.81, -96.08 (d, J = 249.5 Hz), -97.23 (d, J =
249.7 Hz), -114.80.

HRMS-ESI (m/z): [M-H]  calcd. for C23H14FsN: 418.1030; found 418.1034.

(R)-4,4-difluoro-2-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yI)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4f)

Chemical Formula: Cy4H45FgN
Molecular Weight: 469.3782

The compound 4f was prepared according to the general procedure employing 1f (49.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 33.8 mg, 36%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.3, [0]p** = 7.3
(c=1.0in CHCI3); 90% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 14.93 min, fr (minor) =
13.13 min.

'"H NMR (400 MHz, CDCl3) 8 7.78 — 7.69 (m, 5H), 7.68 — 7.65 (m, 2H), 7.63 — 7.59
(m, 3H), 7.46 (d, J= 8.3 Hz, 2H), 4.21 (dd, J = 9.4, 4.6 Hz, 1H), 3.00 — 2.87 (m, 1H),
2.70 — 2.54 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 143.6, 140.4, 136.8 (t,J=26.4 Hz), 134.7, 131.59
(q, J = 33.4 Hz), 131.59 (q, J = 32.7 Hz), 129.7, 128.5 (t, J =5.7 Hz), 128.4, 128.1,
127.5, 126.00 (q, J = 3.8 Hz), 126.00 (q, J = 273.1 Hz), 123.7 (q, /= 273.8 Hz), 122.1
—122.0 (m), 120.3 (t,J=246.4 Hz), 119.5, 45.0 (t, J=27.6 Hz), 31.2 (t, /= 3.5 Hz).
PYF{TH} NMR (376 MHz, CDCl3) 8 -62.50, -62.82, -96.15 (d, J = 249.5 Hz), -97.23 (d,
J=1249.3 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C24H14FsN: 468.0999; found 468.1002.
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(R)-4,4-difluoro-2-(4-(naphthalen-2-yl)phenyl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4g)

Chemical Formula: Cy7HgFsN
Molecular Weight: 451.4400

The compound 4g was prepared according to the general procedure employing 1g (46.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 55.1 mg, 61%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry = 0.2, [a]p*® =
10.3 (¢ =1.0 in CHCI3); 94% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), #r (major) = 15.70 min, 7r (minor)
= 14.34 min.

'TH NMR (400 MHz, CDCl3) § 8.02 (s, 1H), 7.91 (q,J= 10.3, 9.4 Hz, 3H), 7.79 (s, 1H),
7.77 —7.67 (m, 5H), 7.61 (t, J= 8.4 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.46 (d, J = 6.8 Hz,
2H), 4.22 (dd, J=9.3, 4.2 Hz, 1H), 3.04 — 2.86 (m, 1H), 2.71 — 2.58 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 141.8, 137.4, 136.9 (t, J= 26.5 Hz), 133.7, 132.9,
131.6 (q, J = 33.2 Hz), 129.7, 128.8, 128.5, 128.4, 127.9, 127.8, 127.7 — 127.3 (m),
126.6, 126.4, 126.1, 125.3, 123.7 (q, J = 273.3 Hz), 122.3 — 121.9 (m), 120.4 (t, J =
246.2 Hz), 119.7,45.1 (t, J=27.5 Hz), 31.2 (t, J = 3.5 Hz).

YF{ITH} NMR (376 MHz, CDCl3) § -62.76, -96.03 (d, J = 249.4 Hz), -97.21 (d, J =
249.6 Hz).

HRMS-ESI (m/z): [M-H]™ calcd. for C27H17FsN: 450.1287; found 450.1284.
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(R)-4,4-difluoro-2-(4-(thiophen-2-yl)phenyl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4h)

Chemical Formula: Cy1H4FsNS
Molecular Weight: 407.4020

The compound 4h was prepared according to the general procedure employing 1h (37.2
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 40.7 mg, 50%
isolated yield, yellow solid, mp: 74 — 76 °C, (petroleum ether: ethyl acetate = 10:1, Ry
= 0.3, [a]p® = 12.5 (c = 1.0 in CHCl3); 94% ee, determined by HPLC analysis (IA,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), tr (major) = 13.29
min, fr (minor) = 11.61 min.

'TH NMR (400 MHz, CDCl3) 6 7.77 —7.70 (m, 3H), 7.62 — 7.58 (m, 3H), 7.34 — 7.31(m,
4H), 7.09 (t, J=4.4 Hz, 1H), 4.16 (dd, J=9.6, 4.5 Hz, 1H), 2.97 — 2.83 (m, 1H), 2.66
—2.53 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) 6 143.1, 136.9 (t, J = 26.5 Hz), 135.1, 133.7, 131.6
(q, J=32.6 Hz), 129.7, 128.5 (t, J = 5.9 Hz), 128.3, 128.0, 127.6 — 127.5 (m), 126.9,
125.7,123.9,123.7 (q, J=273.6 Hz), 122.2 - 121.9 (m), 120.3 (t, /= 246.3 Hz), 119.5,
45.0 (t,J=27.5Hz),31.1 (t,J=3.7 Hz).

YF{TH} NMR (376 MHz, CDCl3) § -62.80, -96.12 (d, J = 249.5 Hz), -97.21 (d, J =
249.6 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C21H13FsNS: 406.0689; found 406.0692.
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(R)-4,4-difluoro-2-(3-methyl-[1,1'-biphenyl]-4-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4i)

CN F F

CF3
Ph Me

Chemical Formula: Cy4HgFsN
Molecular Weight: 415.4070

The compound 4i was prepared according to the general procedure employing 1i (38.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 55.7 mg, 67%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p® =
35.7 (¢ = 1.0 in CHClg); 94% ee, determined by HPLC analysis (IB, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 12.11 min, fg (minor)
= 11.64 min.

!H NMR (400 MHz, CDCls3) & 7.79 (s, 1H), 7.75 (t, J = 6.3 Hz, 2H), 7.62 (t, J = 7.9
Hz, 1H), 7.56 (d, J = 7.7 Hz, 2H), 7.52 — 7.43 (m, 5H), 7.38 (t, J = 7.4 Hz, 1H), 4.36
(dd, J=10.1, 3.5 Hz, 1H), 2.99 — 2.85 (m, 1H), 2.60 — 2.48 (m, 1H), 2.41 (s, 3H).
1BC{*H} NMR (101 MHz, CDCl3) 6 141.9, 140.2, 136.9 (t, J = 26.5 Hz), 135.3, 132.1,
131.6 (d, J = 32.9 Hz), 130.2, 129.7, 129.0, 128.5 (t, J = 6.0 Hz), 128.0, 127.8, 127.7 —
127.3 (m), 127.2,126.0, 123.7 (q, J = 273.4 Hz), 122.4 — 121.7 (m), 120.4 (t, J = 246.0
Hz), 120.0, 43.9 (t, J = 27.6 Hz), 27.9 (t, J = 3.4 Hz), 19.3.

PF{IH} NMR (376 MHz, CDCl3) 5 -62.78, -96.53 (d, J = 249.2 Hz), -97.98 (d, J =
249.2 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C2sH17FsN: 414.1281; found 414.1278.
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(R)-4,4-difluoro-2-(3-methoxy-[1,1'-biphenyl]-4-yI)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4j)

CN F F

Ph OCH,

Chemical Formula: Cy4HgFsNO
Molecular Weight: 431.4060

The compound 4j was prepared according to the general procedure employing 1j (42.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 62.1 mg, 72%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.2, [a]p* = 1.8
(c=1.0 in CHCl3); 90% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), g (major) = 19.73 min, fr (minor) =
18.55 min.

'TH NMR (400 MHz, CDCls) § 7.77 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.60 (d, J= 7.9
Hz, 1H), 7.55 (d, J=7.9 Hz, 2H), 7.48 — 7.42 (m, 3H), 7.40 — 7.37 (m, 1H), 7.18 (d, J
=7.9 Hz, 1H), 7.05 (s, 1H), 4.39 (dd, J=9.7, 4.0 Hz, 1H), 3.90 (s, 3H), 2.94 — 2.80 (m,
1H), 2.75 - 2.62 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) 6 156.3, 143.7, 140.5, 137.0 (t, J = 26.5 Hz), 131.4
(q,/=32.9 Hz), 129.5, 129.0, 128.6 (t, /= 6.1 Hz), 128.0, 127.3 - 127.2 (m), 123.8 (q,
J=273.7 Hz), 122.4 — 122.2 (m), 121.6, 120.7 (t, J = 246.1 Hz), 120.0, 119.8, 110.0,
55.7,42.4 (t,J=27.7 Hz), 26.4 (t, J=4.2 Hz).

YF{TH} NMR (376 MHz, CDCls) § -62.71, -93.32 (d, J = 250.8 Hz), -98.38 (d, J =
250.7 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C2sH17FsNO: 430.1230; found 430.1234.
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(R)-4,4-difluoro-2-(2-methoxy-[1,1'-biphenyl]-4-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4k)

CN F F

Haco:‘/\)\‘/ l"CFs
Ph
Chemical Formula: Co4H4gFsNO
Molecular Weight: 431.4060

The compound 4k was prepared according to the general procedure employing 1k (42.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere. 51.4 mg, 60%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 8:1, Ry= 0.2, [a]p** = 6.7
(c=1.0 in CHCl3); 95% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 9.83 min, fr (minor) = 8.83
min.

'TH NMR (400 MHz, CDCls) & 7.79 (s, 1H), 7.75 (t, J = 7.5 Hz, 2H), 7.61 (t, J = 7.9
Hz, 1H), 7.50 — 7.48 (m, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.37 — 7.31 (m, 2H), 6.99 (d, J
=7.9 Hz, 1H), 6.93 (s, 1H), 4.18 (dd, J=9.8, 4.2 Hz, 1H), 3.83 (s, 3H), 3.02 — 2.88 (m,
1H), 2.72 — 2.59 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) 8 157.2, 137.6, 136.9 (t, J = 26.6 Hz), 135.1, 131.8,
131.4,131.3 (q,J=33.0 Hz), 129.7, 129.5, 128.5 (t, /= 5.9 Hz), 128.2, 127.6 — 127.5
(m), 123.5 (q, J = 273.7 Hz), 122.3 — 122.0 (m), 120.4 (t, J = 246.3 Hz), 119.7, 110.2,
55.9,45.1 (t,J=27.6 Hz), 31.5 (t, J=3.5 Hz).

YF{TH} NMR (376 MHz, CDCl3) § -62.78, -95.97 (d, J = 249.7 Hz), -97.35 (d, J =
249.7 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C24H17FsNO: 430.1230; found 430.1237.
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(R)-4,4-difluoro-2-(3-fluoro-[1,1'-biphenyl]-4-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (41)

CN F F

Ph F

Chemical Formula: Cy3H5FgN
Molecular Weight: 419.3704

The compound 41 was prepared according to the general procedure employing 11 (39.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 24 h under argon atmosphere.34.4 mg, 41%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry = 0.3, [a]p*® =
19.6 (¢ =1.0 in CHCI3); 93% ee, determined by HPLC analysis AD-H, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 10.36 min, fr (minor)
=9.35 min.

!H NMR (400 MHz, CDCl3) 8 7.76 (s, 1H), 7.71 (d, J = 5.9 Hz, 2H), 7.61 - 7.57 (m ,
1H), 7.52 (t, J = 8.9 Hz, 3H), 7.46 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.30 (d,
J =11.6 Hz, 1H), 4.43 (dd, J = 9.3, 4.6 Hz, 1H), 2.99 — 2.85 (m 1H), 2.75 — 2.62 (m,
1H).

BC{!H} NMR (101 MHz, CDClIs) & 156.0 (d, J = 248.9 Hz), 144.5 (d, J = 8.1 Hz),
138.9, 136.7 (t, J = 27.7 Hz), 131.6 (q, J = 32.9 Hz), 129.7, 129.5 (d, J = 3.4 Hz), 129.2,
128.6, 128.6 (t, J = 4.7 Hz), 127.6 — 127.4 (m), 127.1, 123.7 (d, J = 3.3 Hz), 123.7 (q,
J=274.2 Hz), 122.2 - 122.0 (m), 120.4 (d, J = 14.2 Hz), 120.3 (t, J = 246.5 Hz), 118.7,
114.8 (d, J=21.7 Hz), 43.1 (t, J = 27.7 Hz), 25.7 (9, J = 3.6 Hz).

BF{*H} NMR (376 MHz, CDCls) & -62.82, -95.33 (d, J = 250.2 Hz), -98.08 (d, J =
250.1 Hz), -117.21.

HRMS-ESI (m/z): [M-H]  calcd. for C2sH1sFeN: 418.1030; found 418.1037.
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(R)-4,4-difluoro-2-(2-fluoro-[1,1'-biphenyl]-4-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4m)

CN F F

FCF3
Ph
N

Chemical Formula: C3H45F g
Molecular Weight: 419.3704

The compound 4m was prepared according to the general procedure employing 1m
(39.6 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 24 h under argon atmosphere.43.6 mg, 52%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.2, [0]p** = 4.4
(c = 1.0 in CHCl3); 91% ee, determined by HPLC analysis (IB, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), g (major) = 13.96 min, fr (minor) =
13.18 min.

'"H NMR (400 MHz, CDCl3) § 7.80 — 7.69 (m, 3H), 7.61 (t, J = 7.8 Hz, 1H), 7.58 —
7.51 (m, 1H), 7.51 — 7.43 (m, 4H), 7.43 — 7.35 (m, 1H), 7.25 — 7.13 (m, 2H), 4.20 (dd,
J=9.4,4.5Hz, 1H), 3.00 — 2.86 (m, 1H), 2.70 — 2.57 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 160.0 (d, J = 250.7 Hz), 136.8 (t, J = 26.4 Hz),
135.7(d,J=17.7Hz), 134.8,131.9 (d,/=3.9 Hz), 131.3 (q,/=33.2 Hz), 129.8, 129.7,
129.0 (d, J=2.9 Hz), 128.7, 128.5 (t, J = 6.1 Hz), 128.3, 127.7 — 127.5 (m), 123.5 (q,
J=273.5Hz), 123.4 (d,J=3.3 Hz), 122.2 — 122.0 (m), 120.3 (t, J = 249.2 Hz), 119.2,
115.5(d,J=25Hz),44.9 (t,J=27.6 Hz), 30.9 (t, /= 3.5 Hz).

YF{TH} NMR (376 MHz, CDCl3) & -62.80, -96.18 (d, J = 249.5 Hz), -97.30 (d, J =
249.9 Hz), -115.55.

HRMS-ESI (m/z): [M-H] calcd. for C23H14FsN: 418.1030; found 418.1039.
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(2R,2'R)-2,2'-([1,1'-biphenyl]-4,4'-diyl)bis(4,4-difluoro-4-(3-
(trifluoromethyl)phenyl)butanenitrile) (4n)

Chemical Formula: C34H55F 19N>
Molecular Weight: 648.5480

The compound 4n was prepared according to the general procedure employing 1n (41.2
mg, 0.2 mmol), 2a (171.2 mg, 0.8 mmol, 4.0 equiv), 3 (59.6 mg, 0.6 mmol, 3.0 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.2 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 69.9 mg, 54%
isolated yield, white solid, mp: 128 — 130 °C, (petroleum ether: ethyl acetate = 5:1, Ry
= 0.3, [a]p* = 2.7 (¢ = 1.0 in CHCl3); 99% ee, 7:1 dr. determined by HPLC analysis
(IA, hexane/i-PrOH, 70:30 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) =
16.38 min, tr (minor) = 8.99 min, fr (meso-4n) = 11.05 min.

!H NMR (400 MHz, CDClz) § 7.78 — 7.68 (m, 6H), 7.60 (t, J = 7.7 Hz, 1H), 7.58 —
7.56 (m, 4H), 7.46 — 7.39 (m, 4H), 4.20 (dd, J = 9.5, 4.5 Hz, 2H), 3.0 — 2.86 (m, 2H),
2.68 — 2.55 (m, 2H).

BC{'H} NMR (101 MHz, CDCls) & 139.8, 136.8 (t, J = 26.6 Hz), 131.5 (q, J = 33.0
Hz), 131.2, 129.7, 128.4 (t, J= 6.2 Hz), 127.8, 127.6 — 127.4 (m), 127.1, 123.6 (q, J =
273.7 Hz), 122.2 - 122.0 (m), 120.3 (t, J = 245.4 Hz), 119.6, 45.0 (t,J=27.6 Hz), 30.9
(t,J=3.4 Hz), 15.6.

PF{TH} NMR (376 MHz, CDCl3) & -62.80, -96.17 (d, J = 249.3 Hz), -97.27 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C3aH21F10N2: 647.1545; found 647.1553.
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(R)-4,4-difluoro-2-(4-(thiophen-2-ylethynyl)phenyl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (40)

Chemical Formula: Co3H14F5NS
Molecular Weight: 431.4240

The compound 40 was prepared according to the general procedure employing 10 (42.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 31.7 mg, 37%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 8:1, R= 0.3, [a]p** = -5.9
(c=1.0 in CHCl3); 90% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 15.06 min, fr (minor) =
13.13 min.

!H NMR (400 MHz, CDCls) 6 7.71 — 7.70 (m, 3H), 7.60 (t, J = 8.0 Hz, 1H), 7.52 (d, J
=7.9 Hz, 2H), 7.35 - 7.30 (m, 4H), 7.02 (t, J = 4.4 Hz, 1H), 4.15 (dd, J = 9.6, 4.4 Hz,
1H), 3.00 — 2.82 (m, 1H), 2.64 — 2.51 (m, 1H).

BC{*H} NMR (101 MHz, CDCls3) 5 136.8 (t, J = 26.7 Hz), 134.7, 132.5, 132.4, 131.6
(9,J =32.4 Hz), 129.7, 128.5 (t, J = 5.7 Hz), 127.9, 127.7 — 127.6 (m), 127.5, 127.3,
123.8,123.6 (q, J = 272.6 Hz), 122.9, 122.2 — 122.0 (m), 120.3 (t, J = 246.7 Hz), 119.1,
91.2,84.1,44.95 (t, J = 27.5 Hz), 31.3 (t, J = 3.3 Hz).

BF{*H} NMR (376 MHz, CDCls) 6 -62.82, -96.34 (d, J = 249.5 Hz), -97.27 (d, J =
249.5 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C23H13FsNS: 430.0689; found 430.0697.

(R)-4,4-difluoro-2-(4-(hex-1-yn-1-yl)phenyl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4p)
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CN F F
=

Chemical Formula: C,3H5oF5N
Molecular Weight: 405.4120

Me

The compound 4p was prepared according to the general procedure employing 1p (36.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 33.3 mg, 41%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 12:1, R;= 0.2, [0]p** = 4.4
(c = 1.0 in CHCIl3); 94% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 98:2
v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), fr (major) = 19.69 min, fr (minor) =
18.30 min.

'TH NMR (400 MHz, CDCl3) 8 7.67 (d, J = 5.1 Hz, 2H), 7.62 (d, J= 7.9 Hz, 1H), 7.52
(t,J=8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.18 (d, /= 8.0 Hz, 2H), 4.04 (dd, J = 9.6,
4.4 Hz, 1H), 2.86 — 2.72 (m, 1H), 2.53 — 2.70 (m, 1H), 2.33 (t, /= 7.0 Hz, 2H), 1.55 —
1.50 (m, 2H), 1.44 — 1.35 (m, 2H), 0.87 (t, J= 7.3 Hz, 3H).

BC{'H} NMR (101 MHz, CDCl3) & 136.8 (t, J = 26.5 Hz), 133.7, 132.6, 131.6 (q, J =
33.1 Hz), 129.7, 128.4 (t, J= 5.9 Hz), 127.7 — 127.4 (m), 127.2, 124.9, 123.6 (q, J =
273.5 Hz), 122.2 — 121.9 (m), 120.3 (t, J = 246.3 Hz), 119.4, 92.1, 79.7, 45.0 (t, J =
27.5 Hz), 31.2 (t,J=3.2 Hz), 30.8,22.2, 19.2, 13.8.

YF{TH} NMR (376 MHz, CDCl3) § -62.84, -96.31 (d, J = 249.6 Hz), -97.25 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C23H1oFsN: 404.1438; found 404.1445.

(R)-2-(4-(cyclopropylethynyl)phenyl)-4,4-difluoro-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4q)

Chemical Formula: C,H4gF5N
Molecular Weight: 389.3690
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The compound 4q was prepared according to the general procedure employing 1q (33.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 34.3 mg, 44%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry = 0.3, [a]p*® =
14.1 (c = 1.0 in CHCl3); 93% ee, determined by HPLC analysis (IB, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 9.87min, fr (minor) =
10.60 min.

'TH NMR (400 MHz, CDCl3) 8 7.65 (d, J = 5.0 Hz, 2H), 7.61 (d, J= 7.9 Hz, 1H), 7.52
(t,J=8.1 Hz, 1H), 7.30 (d, /= 7.9 Hz, 2H), 7.17 (d, J= 5.6 Hz, 2H), 4.00 (dd, J=9.7,
4.3 Hz, 1H), 2.85 — 2.71 (m, 1H), 2.52 — 2.39 (m, 1H), 1.26 (td, J = 8.3, 4.2 Hz, 1H),
0.83 - 0.78 (m, 2H), 0.75 - 0.71 (q, J = 3.5, 2.8 Hz, 2H).

BC{'H} NMR (101 MHz, CDCl3) & 136.8 (t, J = 26.5 Hz), 133.7, 132.7, 131.3 (q, J =
33.2 Hz), 129.7, 128.5 (t, J = 6.1 Hz), 127.6 — 127.5 (m), 127.3, 124.8, 123.5 (q, J =
273.6 Hz), 122.3 — 122.0 (m), 120.3 (t, J = 246.2 Hz), 119.4, 95.1, 74.9, 45.0 (t, J =
27.6 Hz), 31.3 (t,J=3.4 Hz), 8.8, 0.3.

YF{TH} NMR (376 MHz, CDCl3) § -62.83, -96.32 (d, J = 249.5 Hz), -97.28 (d, J =
249.5 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C22H1sFsN: 388.1125; found 388.1130.

(R)-2-(4-(5-chloropent-1-yn-1-yl)phenyl)-4,4-difluoro-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4r)
CN F F

=

Chemical Formula: C,,H47CIF5N
Molecular Weight: 425.8270

Cl

The compound 4r was prepared according to the general procedure employing 1r (40.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PF¢ (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
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mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 44.3 mg, 52%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry = 0.2, [a]p®® =
16.1 (c=1.0 in CHCI3); 91% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 12.26 min, #r (minor)
= 13.52 min.

'"H NMR (400 MHz, CDCl3) 8 7.70 — 7.65 (m, 2H), 7.64 — 7.59 (m, 1H), 7.53 (t, J =
8.0 Hz, 1H), 7.37 — 7.29 (m, 2H), 7.21 (d, J = 1.9 Hz, 2H), 4.05 (dd, J = 9.5, 4.5 Hz,
1H), 3.63 (t,J= 6.4 Hz, 2H), 2.86 — 2.73 (m, 1H), 2.54 (t, J = 6.8 Hz, 2H), 2.52 — 2.38
(m, 1H), 1.99 (p, J = 6.6 Hz, 2H).

BC{TH} NMR (101 MHz, CDCl3) 8 136.8 (t,J=26.5 Hz), 134.1, 132.7, 131.6 (q, ] =
34.3 Hz), 129.7, 128.4 (t, J = 6.0 Hz), 127.6 — 127.5 (m), 127.3, 124.4, 123.6 (q, J =
273.4 Hz), 122.2 — 121.9 (m), 120.3 (t, J = 248.8 Hz), 117.8, 89.7, 80.6, 45.0 (t, J =
27.5 Hz), 43.8,31.4,31.3 (t,J=3.3 Hz), 17.0.

YF{IH} NMR (376 MHz, CDCl3) & -62.83, -96.32 (d, J = 249.5 Hz), -97.25 (d, J =
249.5 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C22H16CIFsN: 424.0897; found 424.0891.

(R)-4,4-difluoro-2-(4-(5-hydroxypent-1-yn-1-yl)phenyl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4s)

Chemical Formula: C,HgF5NO
Molecular Weight: 407.3840

The compound 4s was prepared according to the general procedure employing 1s (37.2
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 34 h under argon atmosphere. 31.1 mg, 38%

isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, R,= 0.3, [a]p*° = -2.8
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(c =1.0 in CHCL); 89% ee, determined by HPLC analysis (IB, hexane/i-PrOH, 85:15
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 13.65 min, fr (minor) =
15.23 min.

TH NMR (400 MHz, CDCl3) 8 7.69 — 7.64 (m, 2H), 7.62 (d, J= 7.9 Hz, 1H), 7.52 (t, J
=8.0 Hz, 1H), 7.32 (d, /= 8.3 Hz, 2H), 7.19 (d, J = 8.3 Hz, 2H), 4.05 (dd, /=9.6, 4.4
Hz, 1H), 3.73 (t, /= 6.2 Hz, 2H), 2.90 — 2.69 (m, 1H), 2.54 — 2.38 (m, 3H), 1.79 (p, J
=6.6 Hz, 2H), 1.59 (s, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 136.8 (t, J = 26.6 Hz), 133.9, 132.6, 131.6 (q, J =
33.0 Hz), 129.7, 128.4 (t, J = 5.9 Hz), 127.6 — 127.5 (m), 127.3, 124.6, 123.6 (q, J =
273.7Hz), 122.1 — 121.9 (m), 120.3 (t, J=244.2 Hz), 119.4,91.0, 80.2, 61.8,44.9 (t,J
=27.5Hz),31.4,31.2 (t,J=3.3 Hz), 16.1.

YF{TH} NMR (376 MHz, CDCl3) & -62.82, -96.27 (d, J = 254.3 Hz), -97.25 (d, ] =
249.6 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C22H17FsNO: 406.1230; found 406.1232.

(R)-4,4-difluoro-2-phenyl-4-(3-(trifluoromethyl)phenyl)butanenitrile (4t)
CN F F

Chemical Formula: C47H45F5N
Molecular Weight: 325.2820

The compound 4t was prepared according to the general procedure employing 1t (20.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 32.6 mg, 50%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, Ry= 0.3, [a]p®® =
12.9 (¢ =1.0 in CHCl); 91% ee, determined by HPLC analysis (AS-H, hexane/i-PrOH,
98:2 v/v, flow rate 0.8 mL/min, A =210 nm, 25 °C), fr (major) = 24.14 min, fr (minor)
=23.24 min.

'"H NMR (400 MHz, CDCl3) 8 7.77 — 7.68 (m, 3H), 7.66 — 7.54 (m, 1H), 7.41 — 7.38
(m, 1H), 7.37 (d, J= 0.8 Hz, 1H), 7.37 — 7.32 (m, 3H), 4.14 (dd, /= 9.7, 4.4 Hz, 1H),
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2.96 —2.82 (m, 1H), 2.67 — 2.50 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 136.9 (t, J = 26.6 Hz), 134.8, 131.5 (q, J = 33.1
Hz), 129.7, 129.6, 128.8, 128.5 (t, J = 5.9 Hz), 127.6 — 127.3 (m), 127.4, 123.6 (q, J =
273.6 Hz), 122.3 — 122.0 (m), 120.3 (t,J =246.4 Hz), 119.7,45.1 (t,J=27.5 Hz), 31.4
(t, J= 3.3 Hz).

PYF{TH} NMR (376 MHz, CDCl3) & -62.80, -96.19 (d, J = 249.3 Hz), -97.39 (d, J =
2493 Hz).

HRMS-ESI (m/z): [M-H] calcd. for Ci7H11FsN: 324.0812; found 324.0812.

(R)-4,4-difluoro-2-(p-tolyl)-4-(3-(trifluoromethyl)phenyl)butanenitrile (4u)

CN F F

Me

Chemical Formula: C4gH4F5sN
Molecular Weight: 339.3090

The compound 4u was prepared according to the general procedure employing 1u (23.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 33.6 mg, 50%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, Ry = 0.3, [a]p® =
18.9 (¢ =1.0 in CHCI3); 93% ee, determined by HPLC analysis (OJ-H, hexane/i-PrOH,
98:2 v/v, flow rate 0.8 mL/min, A = 210 nm, 25 °C), fr (major) = 22.1 min, fr (minor)
=25.98 min.

'TH NMR (400 MHz, CDCl3) 8 7.77 — 7.68 (m, 3H), 7.59 (t, J = 8.0 Hz, 1H), 7.20 (q, J
= 8.1 Hz, 4H), 4.09 (dd, J=9.6, 4.4 Hz, 1H), 2.94 — 2.80 (m, 1H), 2.62 — 2.50 (m, 1H),
2.34 (s, 3H).

BC{'H} NMR (101 MHz, CDCl3) & 138.7, 137.0 (t, J = 26.9 Hz), 131.8, 131.5 (q, J =
33.1 Hz), 130.2, 129.7, 128.5 (t, J = 6.1 Hz), 127.5 — 127.4 (m), 127.22, 123.7 (q, J =
273.5 Hz), 122.3 — 122.0 (m), 120.4 (t,J=246.3 Hz), 119.9, 45.1 (t,J=27.5 Hz), 31.0
(t,J=3.5Hz), 21.2.

YF{TH} NMR (376 MHz, CDCl3) § -62.82, -96.02 (d, J = 249.5 Hz), -97.30 (d, J =
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249.6 Hz).
HRMS-ESI (m/z): [M-H] calcd. for C1gH13FsN: 338.0968; found 338.0970.

(R)-4,4-difluoro-2-(4-methoxyphenyl)-4-(3-(trifluoromethyl)phenyl)butanenitrile
(4v)

CN F F

CF3
MeO

Chemical Formula: C1gH44F5NO
Molecular Weight: 355.3080

The compound 4v was prepared according to the general procedure employing 1v (26.8
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 34.1 mg, 48%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.3, [0]p** = 7.7
(c=1.0in CHCl3); 91% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 97:3
v/v, flow rate 0.8 mL/min, A = 210 nm, 25 °C), g (major) = 16.85 min, fr (minor) =
18.00 min.

'"H NMR (400 MHz, CDCI3) 8 7.69 — 7.57 (m, 3H), 7.51 (t,J= 8.0 Hz, 1H), 7.15 (d, J
= 8.4 Hz, 2H), 6.80 (d, J = 8.3 Hz, 2H), 4.00 (dd, J = 9.6, 4.6 Hz, 1H), 3.71 (s, 3H),
2.87 -2.70 (m, 1H), 2.55 — 2.40 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 159.8, 136.9 (t, J = 26.5 Hz), 131.5 (q, J = 32.9
Hz), 129.7, 128.5, 128.5 (t, J = 6.9 Hz), 127.5 — 127.4 (m), 126.6, 123.7 (q, J = 273.5
Hz), 122.1 — 120.0 (m), 120.4 (t, J = 246.3 Hz), 120.0, 114.8, 55.5, 45.1 (t, J = 27.5
Hz), 30.6 (t, /= 3.4 Hz).

PF{'H} NMR (376 MHz, CDCl3) & -62.82, -95.88 (d, J = 249.4 Hz), -97.32 (d, J =
249.9 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C1sH13FsNO: 354.0917; found 354.0919.

(R)-4,4-difluoro-2-(4-(methylthio)phenyl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4w)
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CN F F

CF3
MeS

Chemical Formula: C4gH4FsNS
Molecular Weight: 371.3690

The compound 4w was prepared according to the general procedure employing 1w
(30.0 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3
mg, 6.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 41.6 mg, 56%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p® = -
4.0 (c = 1.0 in CHCI3); 93% ee, determined by HPLC analysis (IA, hexane/i-PrOH,
98:2 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 16.10 min, fr (minor)
= 15.40 min.

'"H NMR (400 MHz, CDCl3) § 7.69 — 7.58 (m, 3H), 7.51 (t, J = 8.0 Hz, 1H), 7.19 —
7.14 (m, 4H), 4.02 (dd, J=9.5, 4.5 Hz, 1H), 2.86 — 2.72 (m, 1H), 2.57 — 2.42 (m, 1H),
2.39 (s, 3H).

BC{TH} NMR (101 MHz, CDCl3) & 139.9, 136.8 (t, J = 26.6 Hz), 131.5 (q, J = 33.1
Hz), 131.2, 129.7, 128.4 (t, J= 6.0 Hz), 127.8, 127.5 - 127.4 (m), 127.1, 131.5(q, J =
273.6 Hz), 122.4 - 121.9 (m), 120.3 (t, J=246.5 Hz), 119.6, 44.9 (d, /= 27.6 Hz), 30.9
(t,J=3.4Hz), 15.6.

YF{ITH} NMR (376 MHz, CDCl3) & -62.80, -96.17 (d, J = 249.3 Hz), -97.27 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C1sH13FsNS: 370.0689; found 370.0689.

(R)-4,4-difluoro-2-(4-fluorophenyl)-4-(3-(trifluoromethyl)phenyl)butanenitrile
(4x)
CN F F

CF3
F

Chemical Formula: C47H1FgN
Molecular Weight: 343.2724

The compound 4x was prepared according to the general procedure employing 1x (24.4
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mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PF¢ (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 24.6 mg, 36%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, R= 0.3, [0]p** =4.0
(c=1.0 in CHCl3); 92% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 98:2
v/v, flow rate 0.8 mL/min, A = 210 nm, 25 °C), tr (major) = 15.50 min, fr (minor) =
16.79 min.

TH NMR (400 MHz, CDCls) § 7.70 — 7.59 (m, 3H), 7.52 (t, J = 8.0 Hz, 1H), 7.29 —
7.21 (m, 2H), 7.00 (t, J = 8.4 Hz, 2H), 4.06 (dd, J = 9.4, 4.7 Hz, 1H), 2.87 — 2.73 (m,
1H), 2.55 —2.42 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 162.8 (d, J = 248.6 Hz), 136.8 (t, J = 26.5 Hz),
131.6 (q, /= 33.0 Hz), 130.6 (d,J=3.4 Hz), 129.7, 129.2 (d, /= 8.5 Hz), 128.4 (t, J =
6.0 Hz), 127.9 — 126.9 (m), 123.6 (q, J = 273.6 Hz), 122.2 — 121.9 (m), 120.3 (t,J =
246.5 Hz), 119.5, 116.5 (d, J=21.9 Hz), 45.1 (t,J =27.5 Hz), 30.8 (t,J = 3.5 Hz).
YF{TH} NMR (376 MHz, CDCl3) § -62.85, -96.20 (d, J = 249.7 Hz), -97.32 (d, J =
249.9 Hz), -112.63.

HRMS-ESI (m/z): [M-H]" calcd. for C17H10FsN: 342.0717; found 342.0725.

(R)-2-(4-chlorophenyl)-4,4-difluoro-4-(3-(trifluoromethyl)phenyl)butanenitrile

(4y)

CN F F

CF3
Cl

Chemical Formula: C47H44CIFsN
Molecular Weight: 359.7240

The compound 4y was prepared according to the general procedure employing 1y (27.6
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PF¢ (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 24.5 mg, 34%

isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, R= 0.3, [0]p** = 9.2
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(c = 1.0 in CHCIl3); 92% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 26.60 min, fr (minor) =
23.69 min.

'TH NMR (400 MHz, CDCI3) 8 7.78 — 7.66 (m, 3H), 7.60 (t, J= 7.8 Hz, 1H), 7.38 (d, J
=8.2 Hz, 2H), 7.29 (d, /= 8.2 Hz, 2H), 4.14 (dd, /= 9.4, 4.6 Hz, 1H), 2.96 — 2.80 (m,
1H), 2.64 — 2.46 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 136.8 (t, J = 26.9 Hz), 135.0, 133.3, 131.6 (q, J =
33.5 Hz), 129.8, 129.8, 128.8, 128.4 (t, J = 6.0 Hz), 127.7 — 127.5 (m), 123.6 (q, J =
273.9 Hz), 122.2 — 122.0 (m), 120.2 (t, J=246.4 Hz), 119.3, 45.0 (t, /=27.6 Hz), 31.0
(t,J=3.5Hz).

YF{IH} NMR (376 MHz, CDCl3) & -62.83, -96.34 (d, J = 249.6 Hz), -97.27 (d, J =
249.8 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C17H10CIFsN: 358.0422; found 358.0427.

(R)-4,4-difluoro-2-(4-isobutylphenyl)-4-(3-(trifluoromethyl)phenyl)butanenitrile
(42)
CN F F

~ X CF
3
Me

Chemical Formula: C1HogFsN
Molecular Weight: 381.3900

The compound 4z was prepared according to the general procedure employing 1z (32.0
mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3 mg, 6.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 33.6 mg, 44%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, R;= 0.3, [a]p* = 6.8
(c=1.0 in CHCI); 91% ee, determined by HPLC analysis (OJ-H, hexane/i-PrOH, 98:2
v/v, flow rate 0.8 mL/min, A = 210 nm, 25 °C), fr (major) = 12.75 min, fr (minor) =
14.21 min.

'"H NMR (400 MHz, CDCls) & 7.78 (s, 1H), 7.75 (t, J = 8.8 Hz, 2H), 7.62 (t, J = 7.8
Hz, 1H), 7.26 (d, /= 7.9 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H), 4.13 (dd, J=9.8, 4.2 Hz,
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1H), 2.98 — 2.84 (m, 1H), 2.66 —2.53 (m, 1H), 2.49 (d, J= 7.2 Hz, 2H), 1.92 — 1.81 (m,
1H), 0.92 (d, J = 6.6 Hz, 6H).

BC{IH} NMR (101 MHz, CDCl3) § 142.5, 137.0 (t, J = 26.5 Hz), 132.0, 131.5 (q, J =
32.8 Hz), 130.2, 129.7, 128.5 (t, J = 6.0 Hz), 127.6 — 127.3 (m), 127.1, 123.9 (q, J =
273.5 Hz), 122.2 — 122.0 (m), 120.4 (t, J = 246.3 Hz), 119.9, 45.2 (t, J = 27.5 Hz), 45.0,
31.1(t,J=3.5Hz),30.3,22.4.

YF{IH} NMR (376 MHz, CDCl:) & -62.82, -96.04 (d, J = 249.6 Hz), -97.43 (d, J =
249.6 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C21H19FsN: 380.1438; found 380.1447.

(R)-4,4-difluoro-2-(4-hydroxy-2-methoxyphenyl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4aa)

CN F F

HO OCH,

Chemical Formula: C1gH4F5NO,
Molecular Weight: 371.3070

The compound 4aa was prepared according to the general procedure employing 1aa
(30.0 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 24 h under argon atmosphere. 30.5 mg, 41%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 5:1, Ry= 0.3, [a]p?° = 3.1
(c=1.0in CHCI3); 92% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 98:2
v/v, flow rate 0.8 mL/min, A = 210 nm, 25 °C), tr (major) = 15.50 min, fr (minor) =
16.79 min.

"H NMR (400 MHz, CDCl3) & 7.82 — 7.66 (m, 3H), 7.59 (t, J= 8.0 Hz, 1H), 6.89 (d, J
= 8.7 Hz, 1H), 6.80 (d, J = 1.9 Hz, 2H), 5.67 (s, 1H), 4.06 (dd, J = 9.7, 4.5 Hz, 1H),
3.90 (s, 3H), 2.96 — 2.80 (m, 1H), 2.62 — 2.49 (m 1H).

BC{'H} NMR (101 MHz, CDCl3) & 147.2, 146.0, 136.9 (t, J = 26.8 Hz), 131.5 (q, J =
32.9 Hz), 129.7, 128.5 (t, J = 6.1 Hz), 127. 5 - 127.4 (m), 126.4, 123.7 (q, J = 273.4
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Hz), 122.1 - 121.8 (m), 120.5, 120.3 (t, J = 245.3 Hz), 120.0, 115.2, 109.6, 56.2, 45.3
(t,J=27.4 Hz),31.1 (t,J = 3.5 Hz).

YF{IH} NMR (376 MHz, CDCl:) & -62.81, -95.93 (d, J = 249.1 Hz), -97.43 (d, J =
249.5 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C1sH13FsNO: 370.0866; found 370.0870.

(R)-4,4-difluoro-2-(naphthalen-2-yl)-4-(3-(trifluoromethyl)phenyl)butanenitrile
(4ab)

CN F F

Chemical Formula: C1H44F5N
Molecular Weight: 375.3420

The compound 4ab was prepared according to the general procedure employing 1ab
(30.8 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 24 h under argon atmosphere. 40.2 mg, 54%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p®® =
19.6 (c=1.0 in CHCI3); 93% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
98:2 v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), fr (major) = 16.81 min, fr (minor)
=18.11 min.

'"H NMR (400 MHz, CDCls) & 7.88 (d, J = 8.6 Hz, 1H), 7.86 — 7.80 (m, 3H), 7.78 (s,
1H), 7.72 (d, J= 7.9 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.40 (dd, J
= 8.5, 2.0 Hz, 1H), 4.31 (dd, J=9.6, 4.3 Hz, 1H), 3.04 — 2.90 (m, 1H), 2.74 — 2.61 (m
1H).

BC{'H} NMR (101 MHz, CDCl3) 6 136.8 (t, J=26.7 Hz), 133.3, 133.0, 131.9, 131.5
(q, J=33.0 Hz), 129.7, 129.6, 128.5 (t, J = 5.9 Hz), 128.0, 127.8, 127.6 — 127.3 (m),
127.1, 127.0, 126.7, 124.5, 123.6 (q, J = 273.6 Hz), 122.2 — 122.0 (m), 120.4 (t, J =
246.1 Hz), 119.7,45.0 (t, J=27.6 Hz), 31.6 (t, J = 3.4 Hz).

PF{TH} NMR (376 MHz, CDCl3) 8 -62.77, -96.04 (d, J = 249.4 Hz), -97.20 (d, J =
251.0 Hz).
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HRMS-ESI (m/z): [M-H]" calcd. for C21H13FsN: 374.0968; found 374.0973.

(R)-4,4-difluoro-2-(6-methoxynaphthalen-2-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4ac)

CN F F

CF3
MeO

Chemical Formula: Cy,H1gF5NO
Molecular Weight: 405.3680

The compound 4ac was prepared according to the general procedure employing lac
(36.8 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 24 h under argon atmosphere. 51.8 mg, 64%
isolated yield, yellow solid, mp: 74 — 76 °C, (petroleum ether: ethyl acetate = 8:1, Ry=
0.3, [a]p*®> = 19.6 (c = 1.0 in CHCI3); 92% ee, determined by HPLC analysis (OB-H,
hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 10.79
min, fr (minor) = 9.25 min.

'"H NMR (400 MHz, CDCI3) 8 7.79 — 7.67 (m, 6H), 7.57 (t,J= 7.9 Hz, 1H), 7.35 (d, J
= 8.5 Hz, 1H), 7.19 (d, J = 9.0 Hz, 1H), 7.13 (s, 1H), 4.26 (dd, J = 9.7, 4.3 Hz, 1H),
3.92 (s, 3H), 3.02 — 2.88 (m, 1H), 2.72 — 2.59 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 158.5, 136.9 (t, J = 26.5 Hz), 134.4, 131.5 (q, J =
33.0 Hz), 129.6, 129.5, 129.4, 128.8, 128.5 (t, /= 5.05 Hz), 128.4, 127.5 — 126.5 (m),
126.5,125.0,123.9 (q, J=273.5 Hz), 122.2 - 122.0 (m), 120.4(t, J=246.1 Hz), 120.0,
119.9, 105.8, 55.5,45.0 (t,J=27.6 Hz), 31.4 (t,J = 3.4 Hz).

YF{TH} NMR (376 MHz, CDCl3) & -62.79, -95.88 (d, J = 249.7 Hz), -97.16 (d, J =
249.7 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C22H15FsNO: 404.1074; found 404.1073.

(R)-4,4-difluoro-2-(6-methylpyridin-3-yl)-4-(3-

(trifluoromethyl)phenyl)butanenitrile (4ad)
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CN F F

= CF;

X
Me N

Chemical Formula: C47H3F5N>»
Molecular Weight: 340.2970

The compound 4ad was prepared according to the general procedure employing 1ad
(23.8 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5.0 mol%), and L1 (4.3
mg, 6.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 24.5 mg, 36%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, R;= 0.2, [a]p** = 20.5
(c = 1.0 in CHCl); 78% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 90:10
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 12.62 min, fr (minor) =
11.86 min.

'TH NMR (400 MHz, CDCl3) & 8.46 (s, 1H), 7.78 — 7.66 (m, 3H), 7.65 — 7.56 (m, 2H),
7.20 (d,J=8.1 Hz, 1H), 4.17 (dd, J=9.2, 5.0 Hz, 1H), 2.96 — 2.82 (m, 1H), 2.63—2.51
(m, 4H).

BC{TH} NMR (101 MHz, CDCl3) § 159.4, 148.1, 136.6 (t, J = 26.5 Hz), 135.2, 131.6
(q,/=33.1Hz), 129.8, 128.4 (t,J=6.1 Hz), 127.7, 127.7 — 127.6 (m), 123.8, 123.6 (q,
J=273.3 Hz), 122.1 — 122.0 (m), 120.2 (t, J = 246.4 Hz), 119.0, 44.7 (t, J = 27.6 Hz),
28.9 (t,J=3.5 Hz), 24.3.

YF{ITH} NMR (376 MHz, CDCl3) § -62.84, -96.34 (d, J = 249.5 Hz), -97.21 (d, J =
249.8 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C17H12FsN2: 339.0921; found 339.0919.

(R)-4-(1-cyano-3,3-difluoro-3-(3-(trifluoromethyl)phenyl)propyl)phenyl  5-(2,5-
dimethylphenoxy)-2,2-dimethylpentanoate (4ae)

CNF F

M A N CF.
NS N

Me Me

Chemical Formula: C3,H3,F5sNO3
Molecular Weight: 573.6040

The compound 4ae was prepared according to the general procedure employing 1ae
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(70.4 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W
410 nm violet LEDs at room temperature for 48 h under argon atmosphere. 51.6 mg,
45% isolated yield, colorless oil, (petroleum ether: ethyl acetate = 5:1, Ry= 0.3, [a]p®®
= 5.8 (¢ = 1.0 in CHCI); 88% ee, determined by HPLC analysis (IA, hexane/i-PrOH,
90:10 v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), fr (major) = 8.49 min, fr (minor)
=7.14 min.

'H NMR (400 MHz, CDCl3) 8 7.76 — 7.72 (m, 2H), 7.71 (d, J = 7.9 Hz, 1H), 7.61 (t, J
=7.8 Hz, 1H), 7.35 (d, J = 8.5 Hz, 2H), 7.08 — 7.01 (m, 3H), 6.68 (d, J = 7.6 Hz, 1H),
6.64 (s, 1H), 4.16 (dd, J = 9.8, 4.2 Hz, 1H), 4.00 (t, J = 5.5 Hz, 2H), 2.98 — 2.82 (m,
1H), 2.65 — 2.49 (m, 1H), 2.32 (s, 3H), 2.18 (s, 3H), 1.89 (s, 4H), 1.38 (d, J = 2.3 Hz,
6H).

BC{!H} NMR (101 MHz, CDCl3)  176.2, 156.9, 151.3, 136.8 (t, J = 26.4 Hz), 136.6,
132.1, 131.5 (g, J = 33.2 Hz), 130.5, 129.7, 128.5, 128.4, 128.4, 127.6 — 127.5 (m),
123.7,123.6 (q, J = 273.5 Hz), 122.8, 122.2 — 122.0 (m), 120.9, 120.3 (t, J = 246.3 Hz),
119.5,112.0,67.845.1 (t,J=27.5Hz), 42.6,37.2,30.9 (t, J = 3.4 Hz), 25.4, 25.2, 21.5,
15.9.

BF{*H} NMR (376 MHz, CDCls) & -62.78, -96.35 (d, J = 249.6 Hz), -97.25 (d, J =
249.5 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C32Hz2FsNO3zNa: 596.2200; found 596.2200.

(R)-N-(4-(1-cyano-3,3-difluoro-3-(3-(trifluoromethyl)phenyl)propyl)phenyl)-4-
(N,N-dipropylsulfamoyl)benzamide (4af)

CNF F
o}

- X CF
(0] 3
/©)’LN
H
i\
"Pr\N/S

\Y

r 0

"Pr

Chemical Formula: C3qH30F5N303S
Molecular Weight: 607.6400

The compound 4af was prepared according to the general procedure employing 1af

(77.4 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
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equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 48 h under argon atmosphere. 51.5 mg, 42%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, R,=0.3, [a]p** = 15.4
(c =1.0 in CHCL); 92% ee, determined by HPLC analysis (IC, hexane/i-PrOH, 70:30
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), g (major) = 20.24 min, fr (minor) =
12.69 min.

'"H NMR (400 MHz, CDCls) 6 8.67 (d, J = 7.4 Hz, 1H), 7.91 (d, J = 8.1 Hz, 2H), 7.79
—7.67 (m, 7H), 7.61 (t, J = 8.0 Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 4.15 (dd, J = 9.6, 4.4
Hz, 1H), 3.07 (t, J = 7.2 Hz, 4H), 2.98 — 2.79 (m, 1H), 2.65 — 2.52 (m, 1H), 1.51 (h, J
=7.5Hz, 4H), 0.86 (t, J = 7.4 Hz, 6H).

BC{'H} NMR (101 MHz, CDCl3) & 165.0, 142.8, 138.7, 138.5, 136.8 (t, J = 26.5 Hz),
131.5 (q, J=32.9 Hz), 130.7, 129.7, 128.5 (t, /= 6.2 Hz), 128.2, 128.1, 127.6 — 127.5
(m), 127.3,123.6 (q, J = 273.7 Hz), 122.2 — 121.9 (m), 121.2, 120.3 (t, J = 246.0 Hz),
119.8, 50.1, 44.9 (t,J=27.4 Hz), 30.9 (t, /= 3.4 Hz), 22.0, 11.3.

BF{TH} NMR (376 MHz, CDCI3) & -62.78, -96.20 (d, J = 249.3 Hz), -97.20 (d, J =
249.3 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C30H29FsN303S: 606.1850; found 606.1853.

(R)-4,4-difluoro-2-((8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopenta[a]phenanthren-3-yl)-4-(3-
(trifluoromethyl)phenyl)butanenitrile (4ag)

Chemical Formula: CygH,gF5sNO
Molecular Weight: 501.5410

The compound 4ag was prepared according to the general procedure employing lag
(56.0 mg, 0.2 mmol), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
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nm violet LEDs at room temperature for 48 h under argon atmosphere. 45.1 mg, 45%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 4:1, R;=0.3, [a]p** = 83.8
(c = 1.0 in CHCl3); 88% ee, >20:1 dr. determined by HPLC analysis (IA, hexane/i-
PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 26.52 min, fr
(minor) = 25.37 min.

"H NMR (400 MHz, CDCl3) 8 7.78 — 7.71 (m, 3H), 7.61 (t, J = 7.9 Hz, 1H), 7.30 (d, J
=8.2 Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 7.08 (s, 1H), 4.08 (dd, J = 9.8, 4.3 Hz, 1H),
2.98 — 2.84 (m, 3H), 2.66 — 2.57 (m, 1H), 2.53 (dd, J = 18.7, 8.6 Hz, 1H), 2.45 — 2.40
(m, 1H), 2.29 (t, J = 7.5 Hz, 1H), 2.21 - 2.01 (m, 3H), 1.98 (d, J = 8.1 Hz, 1H), 1.71 -
1.40 (m, 6H), 0.93 (s, 3H).

BC{!H} NMR (101 MHz, CDClz) 8 220.6, 140.5, 137.9, 136.9 (t, J = 26.5 Hz), 132.1,
131.4 (q, J = 32.9 Hz), 129.6, 128.4 (t, J = 6.0 Hz), 127.8, 127.4 — 127.3 (m), 126.5,
124.6, 123.6 (g, J = 273.6 Hz), 122.1 — 121.9 (m), 120.3 (t, J = 246.1 Hz), 119.8, 50.5,
48.0,44.9 (t, J = 27.5 Hz), 44.3, 38.0, 35.9, 31.6, 30.9 (t, J = 3.2 Hz), 29.4, 26.3, 25.7,
21.6, 13.9.

YF{'H} NMR (376 MHz, CDCls) § -62.74, -95.96 (d, J = 249.6 Hz), -97.30 (d, J =
249.6 Hz).

HRMS-ESI (m/z): [M+H]" calcd. for C20H2FsNO: 502.2169; found 502.2165.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(4-
(trifluoromethyl)phenyl)butanenitrile (4ah)

CNF F

PhCF3

Chemical Formula: Cy3H4gFsN
Molecular Weight: 401.3800

The compound 4ah was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2b (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-8 (5.2 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 44.3 mg, 54%

isolated yield, white solid, mp: 120 — 122 °C, (petroleum ether: ethyl acetate = 10:1, Ry
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= 0.3, [a]p® = 17.4 (c = 1.0 in CHCl3); 96% ee, determined by HPLC analysis (IB,
hexane/i-PrOH, 98:2 v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), tr (major) =27.32
min, fr (minor) = 29.15 min.

'"H NMR (400 MHz, CDCl3)  7.73 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 7.8 Hz, 2H), 7.62
—7.56 (m, 4H), 7.45 (t, /= 7.6 Hz, 2H), 7.42 — 7.38 (m, 3H), 4.17 (dd, /=9.7, 4.4 Hz,
1H), 3.00 — 2.84 (m, 1H), 2.68 —2.55 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 141.9, 140.1, 139.4 (t, J= 26.3 Hz), 133.7, 133.0
(q,J=32.4 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 126.0 (q, J = 3.8 Hz), 125.7 (t, J =
6.2 Hz), 123.7 (q, J = 273.7 Hz), 120.4 (t, J = 246.3 Hz), 119.7, 45.1 (t, J = 27.5 Hz),
31.1(t,J=3.5Hz).

PF{'H} NMR (376 MHz, CDCl3) 8 -62.94, -96.13 (d, J = 249.8 Hz), -97.70 (d, J =
249.8 Hz).

HRMS-ESI (m/z): [M-H]  calcd. for C23sH1sFsN: 400.1125; found 400.1132.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(2-
(trifluoromethyl)phenyl)butanenitrile (4ai)

CNF F

Ph O FsC O

Chemical Formula: Cy3H4gFsN
Molecular Weight: 401.3800

The compound 4ai was prepared according to the general procedure employing 1a (36.1
mg, 0.2 mmol), 2¢ (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-8 (5.2 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. 48.9 mg, 61%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.3, [a]p*® = —
4.8 (c=1.0in CHCl3); 93% ee, determined by HPLC analysis (IB hexane/i-PrOH, 98:2
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 19.10 min, fr (minor) =
20.67 min.

'TH NMR (400 MHz, CDCl3) 4 7.83 (d, J = 8.0 Hz, 1H), 7.75 (d, J= 8.1 Hz, 1H), 7.68
(d, J=8.0 Hz, 1H), 7.60 — 7.57 (m, 5H), 7.45 (d, J= 7.9 Hz, 4H), 7.38 (t, /= 7.5 Hz,
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1H), 4.28 (d, J= 8.8 Hz, 1H), 3.01 — 2.86 (m, 1H), 2.76 — 2.63 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 141.7, 140.2, 134.4 (t, J= 28.0 Hz), 133.9, 132.4,
130.8, 129.0, 128.2, 128.1 (t, J = 9.4 Hz), 128.0 (q, J = 6.0 Hz), 127.9, 127.8, 127.2,
123.6 (q, J=274.4 Hz), 120.5 (t, J=248.0 Hz), 119.8, 45.7 (t, J = 26.6 Hz), 31.0 (t, J
= 3.2 Hz).

YF{H} NMR (376 MHz, CDCl3) & -57.65 (t, J = 14.3 Hz, 1H), -92.87 (dq, J = 252.6,
13.9 Hz), -94.39 (dq, J = 252.7, 17.4 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C23sH1sFsN: 400.1125; found 400.1130.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-(methoxymethyl)-5-
(trifluoromethyl)phenyl)butanenitrile (4aj)

CN F F
Ph
CFs

Chemical Formula: CosHogFsNO
Molecular Weight: 445.4330

The compound 4aj was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2d (103.2 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 55.2 mg, 62%
isolated yield, white solid, mp: 50 — 52 °C, (petroleum ether: ethyl acetate = 10:1, Ry=
0.3, [a]p® = 4.7 (¢ = 1.0 in CHCIs); 90% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 11.04
min, fr (minor) = 9.14 min.

"H NMR (400 MHz, CDCls) 8 7.70 (s, 1H), 7.68 (s, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.56
(d, J=17.5Hz, 2H), 7.46 (t, J = 7.5 Hz, 2H), 7.40 (dd, J = 11.0, 7.7 Hz, 3H), 4.53 (s,
2H), 4.20 (dd, J=9.6, 4.4 Hz, 1H), 3.45 (s, 3H), 3.00 — 2.86 (m, 1H), 2.69 — 2.56 (m,
1H).

BC{'H} NMR (101 MHz, CDCl3) 6 141.9, 141.0, 140.1, 137.1 (t, J = 26.6 Hz), 133.7,
131.7 (q,J=33.1 Hz), 129.1, 128.2, 127.9, 127.8, 127.3, 127.1 (t, /= 5.8 Hz), 126.2 —
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126.1 (m), 123.6 (q, J = 273.8 Hz), 121.3 — 121.1 (m), 120.3 (t, J = 246.3 Hz), 119.7,
73.4,58.8,45.1 (t, J=27.5 Hz), 31.1 (t, J = 3.5 H2).

YF{IH} NMR (376 MHz, CDCl3) & -62.72, -95.98 (d, J = 249.2 Hz), -97.30 (d, J =
249.3 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C2sH20FsNONa: 468.1363; found 468.1353.

(R)-2-([1,1'-biphenyl]-4-yl)-4-(3-((benzyloxy)methyl)-5-(trifluoromethyl)phenyl)-
4,4-difluorobutanenitrile (4ak)

CN F F
Ph
CF3

Chemical Formula: C31Ho4F5sNO
Molecular Weight: 521.5310

The compound 4ak was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2e (133.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 49.8 mg, 48%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.3, [0]p** = 8.3
(c=1.01n CHCI); 91% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 14.02 min, fr (minor) =
11.85 min.

'TH NMR (400 MHz, CDCl3) & 7.72 (s, 1H), 7.69 (s, 2H), 7.61 — 7.56 (m, 4H), 7.46 (t,
J=17.5 Hz, 2H), 7.41 — 7.36 (m, 7H), 7.35 — 7.31 (m, 1H), 4.62 (d, J = 4.3 Hz, 4H),
4.19 (dd, J=9.6, 4.4 Hz, 1H), 2.99 — 2.85 (m, 1H), 2.68 — 2.55 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 141.8, 141.0, 140.1, 137.5, 137.1 (t, J = 26.5 Hz),
133.6, 131.7 (q, J = 33.0 Hz), 129.0, 128.7, 128.2, 128.2, 128.0, 127.9, 127.8, 127.2,
126.3 — 126.2 (m), 123.6 (q, J=273.9 Hz), 121.3— 121.1 (m), 120.3 (t, J = 246.7 Hz),
119.7,73.1,70.8, 45.0 (t, J=27.4 Hz), 31.1 (t,J= 3.3 Hz).

YF{TH} NMR (376 MHz, CDCl3)  -62.69, -95.83 (dd, J = 249.3, 3.3 Hz), -97.25 (d, J
= 249.4 Hz).
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HRMS-ESI (m/z): [M+Na]" calcd. for Ca1H24FsNONa: 544.1676; found 544.1677.

(R)-2-([1,1'-biphenyl]-4-yI)-4-(3-((3-chloropropoxy)methyl)-5-
(trifluoromethyl)phenyl)-4,4-difluorobutanenitrile (4al)

CN F F

Ph
CF3

Chemical Formula: Cy7H,3CIFsNO
Molecular Weight: 507.9290

The compound 4al was prepared according to the general procedure employing 1a (36.1
mg, 0.2 mmol), 2f (128.0 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm
violet LEDs at room temperature for 40 h under argon atmosphere. 53.8 mg, 53%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p*® = -
0.8 (¢ =1.0 in CHCI3); 88% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 13.75 min, fg (minor)
=11.40 min.

TH NMR (400 MHz, CDCl3) 6 7.69 — 7.67 (m, 3H), 7.63 — 7.58 (m, 2H), 7.56 (d, J =
7.6 Hz, 2H), 7.48 — 7.38 (m, SH), 4.60 (s, 2H), 4.20 (dd, J=9.7, 4.4 Hz, 1H), 3.68 (q,
J=17.1 Hz, 4H), 3.00 — 2.86 (m, 1H), 2.69 — 2.56 (m, 1H), 2.09 (p, J = 6.1 Hz, 2H).
I3C{TH} NMR (101 MHz, CDCl3) & 141.8, 141.0, 140.1, 137.1 (t, J = 26.6 Hz), 133.6,
131.7 (q, J=33.1 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 127.0 (t, J= 6.1 Hz), 126.2 —
125.9 (m), 123.6 (q, J = 273.8 Hz), 121.3 — 121.1 (m), 120.3 (t, J = 246.3 Hz), 119.7,
71.5,67.4,45.0 (t,J=27.4 Hz),41.9,32.6,31.1 (t, /= 3.2 Hz).

YF{TH} NMR (376 MHz, CDCls) § -62.67, -95.91 (d, J = 249.2 Hz), -97.25 (d, J =
249.3 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C27H23CIFsNONa: 530.1286; found 530.1283.
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(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-((pent-4-yn-1-yloxy)methyl)-5-
(trifluoromethyl)phenyl)butanenitrile (4am)

CN F F

O
Ph
CFs3

Chemical Formula: CygHy4FsNO
Molecular Weight: 497.5090

The compound 4am was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2g (124.0 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 64.7 mg, 65%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 12:1, R;= 0.3, [0]p** = 6.6
(c=1.0in CHCl3); 91% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 12.32 min, fr (minor) =
10.40 min.

'TH NMR (400 MHz, CDCls) § 7.71 (s, 1H), 7.68 (s, 2H), 7.62 — 7.56 (m, 4H), 7.48 —
7.36 (m, 5H), 4.59 (s, 2H), 4.20 (dd, /= 9.6, 4.4 Hz, 1H), 3.64 (t,J= 6.1 Hz, 2H), 3.00
—2.87 (m, 1H), 2.70 — 2.57 (m, 1H), 2.35 (t, /= 7.0 Hz, 2H), 1.95 (s, 1H), 1.87 (p, J =
6.6 Hz, 2H).

BC{'H} NMR (101 MHz, CDCl3) & 141.8, 141.2, 140.1, 137.0 (t, J = 26.5 Hz), 133.6,
131.6 (q, J=33.2 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 127.0 (t, J= 5.9 Hz), 126.3 —
125.9 (m), 123.6 (q, J = 273.7 Hz), 121.4 — 120.8 (m), 120.3 (t, J = 246.3 Hz), 119.7,
83.7,71.7,69.4,68.9,45.0 (t,J=27.4 Hz), 31.1 (t, /= 3.3 Hz), 28.5, 15.4.

YF{TH} NMR (376 MHz, CDCl3) & -62.68, -95.82 (d, J = 253.3 Hz), -97.30 (d, J =
249.3 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C29H24FsNONa: 520.1676; found 520.1678.
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(R)-2-([1,1'-biphenyl]-4-y1)-4-(3-((cyclopropylmethoxy)methyl)-5-
(trifluoromethyl)phenyl)-4,4-difluorobutanenitrile (4an)

CN F F
SRS
Ph
CF3

Chemical Formula: CygHo4FsNO
Molecular Weight: 485.4980

The compound 4an was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2h (119.2 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 36.9 mg, 38%
isolated yield, colorless oil, (petroleum ether: ethyl acetate =4:1, Ry= 0.3, [a]p*> = 11.0
(c=1.0 in CHCl3); 94% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 11.13 min, fr (minor) =
10.03 min.

'"H NMR (400 MHz, CDCls) § 7.72 (s, 1H), 7.68 (d, J = 9.5 Hz, 2H), 7.60 (d, J = 8.3
Hz, 2H), 7.56 (d, J=7.0 Hz, 2H), 7.46 (t, J=7.5 Hz, 2H), 7.43 — 7.37 (m, 3H), 4.61 (s,
2H), 4.20 (dd, J=9.6, 4.4 Hz, 1H), 3.38 (d, /= 6.9 Hz, 2H), 3.01 — 2.85 (m, 1H), 2.69
—2.56 (m, 1H), 1.17 - 1.06 (m, 1H), 0.59 (dt, J=8.0, 5.2 Hz, 2H), 0.24 (dt, /= 6.0, 4.6
Hz, 2H).

BC{'H} NMR (101 MHz, CDCI3) 8 141.9, 141.4, 140.1, 137.1 (t, J = 26.5 Hz), 133.7,
131.7 (g, J=33.2 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 126.3 — 126.2 (m), 123.7 (q,
J=273.6 Hz), 121.2 — 120.3 (m), 120.4 (t, J = 245.8 Hz), 119.7, 75.9, 71.3,45.1 (t, J
=27.5Hz), 31.1 (t,J=3.4 Hz), 10.7, 3.3.

PF{'H} NMR (376 MHz, CDCl3) 8 -62.70, -95.90 (d, J = 249.1 Hz), -97.32 (d, J =
249.1 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C2sH24FsNONa: 508.1676; found 508.1673.
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(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-methoxy-5-
(trifluoromethyl)phenyl)butanenitrile (4ao)

CN F F

! X ! OMe
Ph
CF3

Chemical Formula: Co4H1gFsNO
Molecular Weight: 431.4060

The compound 4ao0 was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2i (97.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 49.1 mg, 57%
isolated yield, white solid, mp: 60 — 62 °C, (petroleum ether: ethyl acetate = 8:1, Ry=
0.3, [a]p*® = 4.9 (¢ = 1.0 in CHCl3); 90% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 12.81
min, fr (minor) = 10.29 min.

'TH NMR (400 MHz, CDCl3)  7.60 (d, J = 7.9 Hz, 2H), 7.56 (d, J = 7.6 Hz, 2H), 7.45
(t, J=7.5 Hz, 2H), 7.42 — 7.36 (m, 3H), 7.32 (s, 1H), 7.20 (s, 2H), 4.17 (dd, J = 9.6,
4.4 Hz, 1H), 3.88 (s, 3H), 2.98 — 2.84 (m, 1H), 2.67 — 2.54 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) 8 160.3, 141.9, 140.1, 138.3 (t, J = 26.6 Hz), 133.7,
132.9 (q,/=33.1Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 123.5 (q, /= 273.8 Hz), 120.2
(t, J=246.4 Hz), 119.7, 114.4 (t, J = 6.2 Hz), 114.1 — 113.9 (m), 113.1 — 112.9 (m),
56.0,45.0 (t,J=27.6 Hz), 31.2 (t,J=3.4 Hz), 29.9.

PF{'H} NMR (376 MHz, CDCl3) & -62.87, -95.82 (d, J = 248.7 Hz), -97.42 (d, J =
248.6 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C2sH17FsNO: 430.1230; found 430.1232.
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(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-((5-fluoropentyl)oxy)-5-
(trifluoromethyl)phenyl)butanenitrile (4ap)

CN F F

O : ' O o~ F
Ph
CFs

Chemical Formula: CogHy5FgNO
Molecular Weight: 505.5044

The compound 4ap was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2j (127.2 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 64.5 mg, 64%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R;= 0.3, [0]p** = 7.5
(c=1.0in CHCl3); 91% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), g (major) = 13.71 min, fr (minor) =
11.46 min.

'"H NMR (400 MHz, CDCl3) § 7.64 — 7.55 (m, 4H), 7.46 (t, J = 7.5 Hz, 2H), 7.43 —
7.36 (m, 3H), 7.33 (s, 1H), 7.20 (s, 2H), 4.55 (t, J = 6.0 Hz, 1H), 4.43 (t, J = 5.9 Hz,
1H), 4.17 (dd, J=9.5, 4.4 Hz, 1H), 4.03 (t, J= 6.3 Hz, 2H), 3.01 — 2.83 (m, 1H), 2.61
(m, 1H), 1.91 — 1.71 (m, 4H), 1.56 — 1.50 (m, 2H).

BC{'H} NMR (101 MHz, CDCl3) & 159.8, 141.8, 140.1, 138.3 (t, J = 26.5 Hz), 133.7,
132.8 (q,J=33.0Hz), 129.0, 128.2, 127.9, 127.8,127.2, 123.5 (q, J=273.7 Hz), 120.2
(t, J=246.5 Hz), 119.7, 114.8 (t, J = 6.5 Hz), 114.0 — 113.8 (m), 113.4 — 113.3 (m),
84.0 (d, J=165.2 Hz), 68.5, 45.0 (t, J=27.6 Hz), 31.2 (t, J=3.4 Hz), 30.2 (d, J=19.6
Hz), 28.8, 22.1 (d, J=5.1 Hz).

PF{'H} NMR (376 MHz, CDCl3) & -62.84, -95.62 (d, J = 249.0 Hz), -97.41 (d, J =
248.7 Hz), -218.57 (m).

HRMS-ESI (m/z): [M+Na]" calcd. for C2sH2sFsNONa: 528.1738; found 528.1735.
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(R)-2-([1,1'-biphenyl]-4-y1)-4,4-difluoro-4-(3-(pent-4-en-1-yloxy)-5-

(trifluoromethyl)phenyl)butanenitrile (4aq)

CNF F
O - - ‘ O\/\/\
Ph
CF3

Chemical Formula: CygHo4F5NO
Molecular Weight: 485.4980

The compound 4aq was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2k (159.2 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 57.8 mg, 60%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 15:1, R= 0.3, [a]p* = 9.2
(c = 1.0 in CHCIl3); 91% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), fr (major) = 8.79 min, #r (minor) = 7.64
min.

'TH NMR (400 MHz, CDCl3) § 7.62 — 7.56 (m, 4H), 7.48 — 7.36 (m, 5H), 7.32 (s, 1H),
7.21 (s, 2H), 5.91 — 5.81 (m, 1H), 5.09 (d, /= 17.0 Hz, 1H), 5.04 (d, J=10.3 Hz, 1H),
4.18 (dd,J=9.7,4.4 Hz, 1H), 4.03 (t,J= 6.3 Hz, 2H), 2.99 — 2.85 (m, 1H), 2.68 — 2.55
(m, 1H), 2.26 (q, /= 7.3 Hz, 2H), 1.92 (p, /= 6.9 Hz, 2H).

BC{'H} NMR (101 MHz, CDCl3) & 159.8, 141.8, 140.1, 138.3 (t, J = 26.5 Hz), 137.5,
133.7, 132.8 (q, J/ = 32.9 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 123.5 (q, J = 273.8
Hz), 120.2 (t,J=246.7 Hz), 119.7, 115.7, 114.8 (t,/=6.2 Hz), 114.0 — 113.7 (m), 113.5
—113.3 (m), 68.0, 45.0 (t, /=27.6 Hz), 31.2 (t, J = 3.6 Hz), 30.0, 28.3.

YF{TH} NMR (376 MHz, CDCl3) & -62.83, -95.64 (d, J = 248.6 Hz), -97.44 (d, J =
248.5 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C2sH23FsNO: 484.1700; found 484.1706.
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(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-(hydroxymethyl)-5-
(trifluoromethyl)phenyl)butanenitrile (4ar)
CNF F
O A O OH
SO
CF3

Chemical Formula: Cy4H1gF5NO
Molecular Weight: 431.4060

The compound 4ar was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 21 (97.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 53.3 mg, 62%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 4:1, Ry= 0.3, [a]p*® = 8.5
(c=1.0 in CHCl3); 89% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), g (major) = 16.91 min, fr (minor) =
15.21 min.

'"H NMR (400 MHz, CDCls) 8 7.72 (d, J = 7.9 Hz, 2H), 7.68 (s, 1H), 7.59 (d, J= 7.9
Hz, 2H), 7.56 (d, J=7.5 Hz, 2H), 7.46 (t, J=7.5 Hz, 2H), 7.47 — 7.36 (m, 3H), 4.80 (s,
2H), 4.19 (dd, J=9.7, 4.3 Hz, 1H), 3.00 — 2.86 (m, 1H), 2.70 — 2.60 (m, 1H), 2.13 (s,
1H).

BC{'H} NMR (101 MHz, CDCl3) & 143.2, 141.9, 140.1, 137.1 (t, J = 26.5 Hz), 133.6,
131.8 (q,/=32.8 Hz), 129.1, 128.2, 128.0, 127.8, 127.2, 126.6 (t, J = 5.6 Hz), 125.6 —
125.5 (m), 123.6 (q, J = 273.8 Hz). 121.2 — 120.7 (m), 120.3 (t, J = 246.4 Hz), 119.7,
64.0,45.0 (t, J=27.6 Hz), 31.1 (t,J= 3.6 Hz).

YF{TH} NMR (376 MHz, CDCls) § -62.72, -95.64 (d, J = 246.3 Hz), -97.44 (d, J =
246.3 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C2sH17FsNO: 430.1230; found 430.1239.

tert-butyl  (R)-3-(2-(2-(3-(3-(|1,1'-biphenyl]-4-yl)-3-cyano-1,1-difluoropropyl)-5-

(trifluoromethyl)phenyl)acetoxy)ethyl)azetidine-1-carboxylate (4as)
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CNF F

h 0
N.
Ph O O (0] Boc
CF3

Chemical Formula: C35H35F5N,04
Molecular Weight: 642.6670

The compound 4as was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2m (182.1 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 52.4 mg, 41%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 5:1, Ry= 0.3, [a]p?® = 5.1
(c = 1.0 in CHCl3); 90% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), fr (major) = 18.49 min, fr (minor)
=15.01 min.

'"H NMR (400 MHz, CDCls) & 7.68 (s, 1H), 7.64 (d, J = 4.7 Hz, 2H), 7.61 — 7.55 (m,
4H), 7.48 — 7.39 (m, 4H), 7.39 — 7.34 (m, 1H), 4.19 (dd, /=9.6, 4.4 Hz, 1H), 4.11 (t, J
=6.4 Hz, 2H), 4.00 (t, /= 8.4 Hz, 2H), 3.71 (s, 2H), 3.57 (dd, /= 8.6, 5.5 Hz, 2H), 3.00
—2.86 (m, 1H), 2.71 — 2.50 (m, 2H), 1.93 (q, /= 6.7 Hz, 2H), 1.43 (s, 9H).

BC{'H} NMR (101 MHz, CDCl3) 6 170.2, 156.4, 141.9, 140.1, 137.3 (t, J = 26.4 Hz),
136.0, 133.6, 131.9 (q, J = 33.0 Hz), 129.5 (t, J = 6.1 Hz), 129.0, 128.5 — 128.3 (m),
128.2, 127.9, 127.8, 127.2, 123.5 (q, J = 271.2 Hz), 121.2 — 120.9 (m), 120.2 (t, J =
246.6 Hz), 119.6, 79.5, 63.5, 54.4,45.0 (t,J=27.5 Hz), 40.7, 33.2, 31.1 (t, /= 3.3 Hz),
28.2,26.3.

PF{'H} NMR (376 MHz, CDCl3) 4 -62.70, -95.53 (d, /= 4.2 Hz), -97.22 (d, J= 249.6
Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for CssHasFsN2OsNa: 665.2415; found 665.2416.

(R)-4-(3-(1,3-dioxolan-2-yl)-5-(trifluoromethyl)phenyl)-2-([1,1'-biphenyl]-4-yl)-

4,4-difluorobutanenitrile (4at)
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CNFE F O/>
Ph

CF;

Chemical Formula: CogHyoFsNO,
Molecular Weight: 473.4430

The compound 4at was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2n (114.4 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 37.8 mg, 40%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 4:1, Ry= 0.3, [a]p** = 9.2
(c =1.0 in CHCl3); 90% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 90:10
v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), g (major) = 13.13 min, fr (minor) =
9.79 min.

'TH NMR (400 MHz, CDCl3) 6 7.84 (d, J = 11.9 Hz, 2H), 7.76 (s, 1H), 7.62 — 7.56 (m,
4H), 7.48 — 7.36 (m, SH), 5.87 (s, 1H), 4.21 (dd, J=9.7, 4.3 Hz, 1H), 4.18 — 4.03 (m,
4H), 3.00 — 2.86 (m, 1H), 2.69 — 2.55 (m, 1H).

BC{'H} NMR (101 MHz, CDCI3) 8 141.9, 140.7, 140.1, 137.2 (t, J = 26.8 Hz), 133.6,
131.8(q,33.4 Hz), 129.0,128.2, 127.9,127.8, 127.2,126.6 (t,J=7.0 Hz) 125.8 — 125.7
(m), 123.5 (q, J = 275.7 Hz), 122.8 — 122.6 (m), 120.2 (t, J = 246.6), 119.7, 102.20,
65.6,45.0 (t,J=27.3 Hz), 31.0 (t, J=3.1 Hz).

PF{'H} NMR (376 MHz, CDCl3) § -62.70, -96.02 (d, J = 249.4 Hz), -97.55 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M+H]" calcd. for C26H21FsNO2: 474.1492; found 474.1490.

tert-butyl (R)-(3-(3-([1,1'-biphenyl]-4-yl)-3-cyano-1,1-difluoropropyl)-5-

(trifluoromethyl)phenyl)carbamate (4au)

CNF F
O - 2 O NHBoc
Ph
CFs

Chemical Formula: CygHo5F5N20,
Molecular Weight: 516.5120
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The compound 4au was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 20 (131.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 68.1 mg, 66%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 2:1, Ry= 0.2, [a]p*® = 3.9
(c =1.0 in CHCl3); 90% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 90:10
v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), fr (major) = 8.24 min, #r (minor) = 7.04
min.

'TH NMR (400 MHz, CDCl3) 8 7.76 (s, 2H), 7.60 — 7.55 (m, 4H), 7.46 (t, J = 7.5 Hz,
2H), 7.41 — 7.36 (m, 4H), 6.84 (s, 1H), 4.17 (dd, J=9.8, 4.3 Hz, 1H), 2.98 — 2.84 (m,
1H), 2.68 — 2.55 (m, 1H), 1.53 (s, 9H).

BC{TH} NMR (101 MHz, CDCl3) & 152.3, 141.8, 140.1, 140.0, 137.7 (t, J = 26.7 Hz),
133.6, 132.3 (q, J = 32.9 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 123.4 (q, J = 274.1
Hz), 120.2 (t, J = 246.2 Hz), 119.7, 117.8 (t, J = 8.2 Hz), 117.1 — 116.8 (m), 116.1 —
115.8 (m), 81.9, 44.9 (t, J=27.3 Hz), 31.1 (d, J= 3.4 Hz), 28.3.

PF{'H} NMR (376 MHz, CDCl3) 8 -62.89, -95.69 (d, J = 248.8 Hz), -97.57 (d, J =
248.7 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C2gH2sFsN202Na: 539.1734; found 539.1733.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-hydroxy-5-

(trifluoromethyl)phenyl)butanenitrile (4av)

CNF F
Ph
CFs3

Chemical Formula: Co3H4gFsNO
Molecular Weight: 417.3790

The compound 4av was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2p (92.0 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
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nm violet LEDs at room temperature for 40 h under argon atmosphere. 38.4 mg, 46%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, Ry= 0.3, [a]p** = 6.2
(c = 1.0 in CHCl3); 91% ee, determined by HPLC analysis (IB, hexane/i-PrOH, 97:3
v/v, flow rate 0.8 mL/min, A = 254 nm, 25 °C), tr (major) = 37.00 min, fr (minor) =
35.24 min.

'TH NMR (400 MHz, CDCl3) 8 7.60 (d, J = 8.0 Hz, 2H), 7.56 (d, J= 7.1 Hz, 2H), 7.46
(dd, /= 8.4, 6.6 Hz, 2H), 7.40 (dd, J= 7.7, 5.8 Hz, 3H), 7.29 (s, 1H), 7.19 (d, J=7.2
Hz, 2H), 6.34 (s, 1H), 4.20 (dd, J/=9.9, 4.2 Hz, 1H), 2.97 — 2.84 (m, 1H), 2.67 — 2.54
(m, 1H).

BC{'H} NMR (101 MHz, CDCI3) 8 156.9, 142.0, 140.1, 138.4 (t, J = 26.6 Hz), 133.3,
133.0 (q,/=33.2 Hz), 129.1, 128.3, 128.0, 127.8, 127.2, 123.4 (q, J=273.7 Hz), 120.1
(t, J=246.6 Hz), 119.8, 115.6 (t, J = 6.0 Hz), 114.9 — 114.8 (m), 114.0 — 113.8 (m),
449 (t,J=27.6 Hz), 31.1 (t,J = 3.4 Hz).

YF{TH} NMR (376 MHz, CDCl3) 8 -62.92, -96.02 (d, J = 248.3 Hz), -97.44 (d, J =
248.5 Hz).

HRMS-ESI (m/z): [M-H]" calcd. for C23sHisFsNO: 416.1074; found 416.1081.

(R)-2-([1,1'-biphenyl]-4-yl)-4-(3-amino-5-(trifluoromethyl)phenyl)-4,4-

difluorobutanenitrile (4aw)

CNF F
A N NH,
Ph ‘ g
CFj

Chemical Formula: 023H17F5N2
Molecular Weight: 416.3950

The compound 4aw was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2q (91.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 40 h under argon atmosphere. 40.8 mg, 49%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, R,= 0.3, [a]p?* = 15.5
(c = 1.0 in CHCl3); 92% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 80:20
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v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 14.67 min, fr (minor) =
12.12 min.

'"H NMR (400 MHz, CDCl3)  7.60 (d, J = 7.9 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.46
(t, J=17.5 Hz, 2H), 7.40 (d, J = 7.6 Hz, 3H), 7.09 (s, 1H), 6.97 (s, 2H), 4.14 (dd, J =
9.8,4.3 Hz, 1H), 3.80 (brs, 2H), 2.96 — 2.82 (m, 1H), 2.64 — 2.51 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 147.3, 141.8, 140.1, 137.9 (t, J = 26.4 Hz), 133.7,
132.6 (q,/=32.8 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 123.7 (q, /= 274.2 Hz), 120.4
(t, J=246.2 Hz), 119.8, 114.2 (t, J = 6.2 Hz), 113.4 — 113.2 (m), 111.6 — 111.3 (m),
45.0 (t,J=27.7Hz),31.2 (t,J=3.4 Hz).

YF{TH} NMR (376 MHz, CDCl3) & -63.06, -95.85 (d, J = 247.5 Hz), -97.86 (d, J =
247.7 Hz).

HRMS-ESI (m/z): [M+H]" calcd. for C23H1gFsN2: 417.1390; found 417.1391.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(1-methyl-1H-benzo[d]imidazol-2-

yl)butanenitrile (4ax)

CNF F
< > N

/@/\)\(/
N
Ph Me’ @

Chemical Formula: Co4H 9FoN3
Molecular Weight: 387.4338

The compound 4ax was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2r (80.0 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (7.5 mg, 10 mol%), and L1 (8.6
mg, 12 mol%) in Vmecn: Vowmr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 25.6 mg, 33%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, Ry = 0.3, [a]p®® = -
35.77 (¢ = 1.0 in CHCl3); 83% ee, determined by HPLC analysis (AD-H, hexane/i-
PrOH, 90:10 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 23.51 min, fr
(minor) =21.81 min.

'"H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.0 Hz, 1H), 7.66 (s, 1H), 7.65 (d, J = 2.1
Hz, 1H), 7.60 (d, J = 1.9 Hz, 2H), 7.59 (dt, J = 3.2, 1.8 Hz, 2H), 7.49 — 7.44 (m, 4H),
7.41 —7.34 (m, 2H), 4.66 (dd, /= 8.2, 6.2 Hz, 1H), 4.01 (s, 3H), 3.35 — 3.25 (m, 2H).
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BC{'H} NMR (101 MHz, CDCl3) 6 145.3 (t, J = 30.4 Hz), 141.7, 141.1, 140.3, 136.4,
134.1, 129.0, 128.2, 128.0, 127.8, 127.3, 125.0, 123.4, 121.0, 120.1, 117.9 (t, J = 240.6
Hz), 110.2, 41.7 (t, J = 23.0 Hz), 31.3 (t, /= 3.9 Hz), 31.2 (t, J = 3.9 Hz).

YF{IH} NMR (376 MHz, CDCl3) § -90.22 (d, J = 284.3 Hz), -94.44 (d, J = 284.3 Hz).
HRMS-ESI (m/z): [M-H] calcd. for C2sH1sF2N3: 386.1469; found 386.1472.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(6-methylpyridin-2-yl)butanenitrile

(4ay)

CNF F
X {__N_ _Me

~

Ph X

Chemical Formula: CppH1sF,N,
Molecular Weight: 348.3968

The compound 4ay was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2s (64.4 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (7.5 mg, 10 mol%), and L1 (8.6
mg, 12 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 23.0 mg, 33%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 4:1, R;= 0.3, [a]p* =-3.5
(c = 1.0 in CHCI3); 87% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), fr (major) = 10.53 min, #r (minor)
= 8.77 min.
'TH NMR (400 MHz, CDCl3) 8 7.71 (t,J = 8.1 Hz, 1H), 7.61 — 7.58 (m, 4H), 7.52 (d, J
=7.9 Hz, 1H), 7.48 — 7.44 (m, 4H), 7.39 — 7.35 (m, 1H), 7.24 (d, J= 7.5 Hz, 1H), 4.24
(dd, J=9.9,4.7 Hz, 1H), 3.17 — 3.05 (m, 1H), 3.03 — 2.88 (m, 1H), 2.58 (s, 3H).
BC{'H} NMR (101 MHz, CDCl3) 6 158.8, 152.7 (t, J = 28.5 Hz), 141.5, 140.3, 137.6,
134.3, 129.0, 128.0, 127.9, 127.8, 127.2, 125.1, 120.1, 119.8 (t,J=243.8 Hz), 117.3 (t,
J=4.4Hz),41.9 (t, J=25.7Hz), 31.2 (d, /= 4.8 Hz), 24.5.
PYF{'H} NMR (376 MHz, CDCl3) § -96.59 (d, J = 259.0 Hz), -97.90 (d, J = 259.0 Hz).
HRMS-ESI (m/z): [M-H] calcd. for Co2H17F2N2: 347.1360; found 347.1367.

(R)-2-([1,1'-biphenyl]-4-yl)-4-(6-(benzyloxy)pyridin-2-yl)-4,4-
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difluorobutanenitrile (4az)

CNF F
~

Ph X

Chemical Formula: CpgHyoF ;N,0
Molecular Weight: 440.4938

The compound 4az was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2t (70.8 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (7.5 mg, 10 mol%), and L1 (8.6
mg, 12 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 34.2 mg, 39%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, Ry= 0.3, [a]p® = -
16.5 (¢ = 1.0 in CHCIl3); 92% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), g (major) = 17.05 min, fg (minor)
= 14.45 min.
TH NMR (400 MHz, CDCl3) & 7.67 (t, J = 7.8 Hz, 1H), 7.55 (d, J = 8.0 Hz, 4H), 7.48
—7.39 (m, 4H), 7.39 — 7.26 (m, 6H), 7.24 (s, 1H), 6.88 (d, /= 8.3 Hz, 1H), 5.36 (s, 2H),
4.09 (dd, J=9.5,4.9 Hz, 1H), 3.11 —2.92 (m, 1H), 2.87 — 2.76 (m, 1H).
BC{'H} NMR (101 MHz, CDCl3) § 163.2, 150.4 (t,J=28.9 Hz), 141.6, 140.23, 139.8,
137.1,134.1, 129.0, 128.7, 128.1, 128.0, 127.9, 127.9, 127.2, 120.0, 119.5 (t, J = 244.2
Hz), 113.6, 113.2 (t, J=4.8 Hz), 68.1, 41.7 (t, J = 26.1 Hz), 31.1 (t,J = 4.3 Hz).
PF{'H} NMR (376 MHz, CDCl3) 8 -96.91 (d, J = 256.5 Hz), -98.69 (d, J = 256.6
Hz).
HRMS-ESI (m/z): [M-H]" calcd. for C2sH21F2N20: 439.1622; found 439.1612.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(6-methoxypyridin-2-yl)butanenitrile
(4ba)

CNF F
5 <__N_ _OMe
]
Ph X

Chemical Formula: Cy,H4gF,N,O
Molecular Weight: 364.3958

The compound 4ba was prepared according to the general procedure employing 1a
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(36.1 mg, 0.2 mmol), 2u (101.2 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (7.5 mg, 10 mol%), and L1 (8.6
mg, 12 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 29.5 mg, 41%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 10:1, R,= 0.3, [a]p® = -
23.5 (¢ =1.0in CHCI3); 90% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
93:7 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 13.23 min, #r (minor)
= 10.80 min.

'"H NMR (400 MHz, CDCl3) 6 7.68 (t,J= 7.9 Hz, 1H), 7.58 (t, J= 8.4 Hz, 4H), 7.48 —
7.39 (m, 4H), 7.38 (t,J=7.3 Hz, 1H), 7.29 (d, /= 7.3 Hz, 1H), 6.83 (d, /= 8.4 Hz, 1H),
4.18 (dd, J=9.5, 4.8 Hz, 1H), 3.95 (s, 3H), 3.19 — 3.08 (m, 1H), 2.99 — 2.86 (m, 1H).
BC{'H} NMR (101 MHz, CDCI3) 8 163.9, 150.5 (t, J = 28.9 Hz), 141.6, 140.3, 139.7,
134.2,129.0, 128.1, 127.9, 127.9, 127.2, 120.0, 119.6 (t, J = 244.2 Hz), 113.3, 113.0 (t,
J=4.9 Hz), 53.8,41.7 (t, J=25.9 Hz), 31.2 (t, J = 4.4 Hz).

YF{IH} NMR (376 MHz, CDCl3) 6 -96.42 (d, J= 257.8 Hz), -98.29 (d, J = 257.6 Hz).
HRMS-ESI (m/z): [M-H] calcd. for C22H17F2N20: 363.1309; found 363.1311.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(2-methoxypyridin-3-yl)butanenitrile

CT;N F \F
< Q _

X
Ph MeO™ N

Chemical Formula: Cy,H1gF2N>O
Molecular Weight: 364.3958

The compound 4bb was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2v (70.8 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (7.5 mg, 10 mol%), and L1 (8.6
mg, 12 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390
nm violet LEDs at room temperature for 10 h under argon atmosphere. 31.8 mg, 44%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 3:1, R;= 0.3, [a]p*’ =-5.6
(c = 1.0 in CHCl3); 89% ee, determined by HPLC analysis (AD-H, hexane/i-PrOH,
90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), fr (major) = 12.21 min, #r (minor)
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=10.66 min.

TH NMR (400 MHz, CDCls) & 8.25 (dd, J= 5.0, 1.7 Hz, 1H), 7.85 (dd, J= 7.5, 1.9 Hz,
1H), 7.58 — 7.55 (m, 4H), 7.46 (t, J = 7.5 Hz, 2H), 7.40 — 7.34 (m, 3H), 6.97 (dd, J =
7.5,5.0 Hz, 1H), 4.05 (dd, J=9.5, 4.9 Hz, 1H), 4.01 (s, 3H), 3.18 — 3.04 (m, 1H), 3.00
—2.88 (m, 1H).

BC{IH} NMR (101 MHz, CDCl3) & 160.5, 149.3, 141.4, 140.2, 136.1 (t, J = 8.2 Hz),
133.8, 129.0, 128.0, 127.9, 127.8, 127.2, 119.9, 119.7 (t, J = 245.3 Hz), 117.7 (t, J =
26.7 Hz), 116.7, 54.0, 42.2 (t, J=27.1 Hz), 31.4 (t, J = 4.3 Hz).

YF{IH} NMR (376 MHz, CDCl3) & -94.90 (d, J = 253.5 Hz), -96.03 (d, J = 253.7 Hz).
HRMS-ESI (m/z): [M-H] calcd. for C22H17F2N20: 363.1309; found 363.1303.

(2R)-2-(|1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-((methyl(3-phenyl-3-(4-
(trifluoromethyl)phenoxy)propyl)amino)methyl)-5-
(trifluoromethyl)phenyl)butanenitrile (4bc)

E \j CF.
QN 5 \F /©/ ’
N O
Me
Ph
CF3

Chemical Formula: C44H34FgN,O
Molecular Weight: 722.7232

The compound 4bc was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2w (214.1 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 48 h under argon atmosphere. 78 mg, 54%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 4:1, R;= 0.3, [a]p*> =-1.6
(c =1.0 in CHCI3); 84% ee, 1:1 dr. determined by HPLC analysis (IA, hexane/i-PrOH,
95:5 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major-1) = 10.18 min, tr (minor-
1) =9.68 min; fr (major-2) = 11.48 min, fr (minor-2) = §.78 min.

'"H NMR (400 MHz, CDCl3) 8 7.57 (s, 1H), 7.55 (s, 1H), 7.50 (d, J = 8.2 Hz, 3H), 7.48
—7.44 (m, 2H), 7.36 (t, J= 7.5 Hz, 2H), 7.33 — 7.27 (m, 5H), 7.21 (d, /= 5.6 Hz, 4H),
7.18 —7.13 (m, 1H), 6.75 (d, J = 6.4 Hz, 2H), 5.16 (dd, /= 10.8, 4.6 Hz, 1H), 4.08 (dt,
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J=9.6,4.0 Hz, 1H), 3.47 (t,J= 3.0 Hz, 2H), 2.89 — 2.70 (m, 1H), 2.61 — 2.40 (m, 3H),
2.14-2.01 (m, 4H), 1.98 — 1.90 (m, 1H).

BC{'H} NMR (101 MHz, CDCI3) 6 160.6, 141.9, 141.1, 140.1, 136.9 (t, J = 26.3 Hz),
133.7, 131.6 (q, J = 32.8 Hz), 129.0, 128.9, 128.8 — 128.6 (m), 128.2, 128.0, 127.8,
127.7,127.2,126.9 (q, J = 3.7 Hz), 125.9, 124.5 (q, J = 275.2 Hz), 123.7 (q, J=272.3
Hz), 122.9 (q, J = 33.2 Hz), 120.9 — 120.7 (m), 120.4 (t, J = 246.1 Hz), 119.7 (d, J =
2.5Hz), 115.7,78.2, 61.8, 53.7,45.1 (t, J=27.6 Hz), 42.4, 36.7, 31.1.

PYF{TH} NMR (376 MHz, CDCl3) § -61.51, -62.57, -95.96 (dd, J = 249.2, 53.8 Hz), -
96.91 (dd, J=249.3, 31.1 Hz).

HRMS-ESI (m/z): [M+H]" calcd. for C41H3sFsN>O: 723.2622; found 723.2625.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-((((1S,2R,5S)-2-isopropyl-5-

methylcyclohexyl)oxy)methyl)-5-(trifluoromethyl)phenyl)butanenitrile (4bd)

Me

CNE F Me/KO
AR
Ph
CF,4

Chemical Formula: C34H36F5NO
Molecular Weight: 569.6600

The compound 4bd was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2x (152.9 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 48 h under argon atmosphere. 58.1 mg, 51%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 5:1, Ry = 0.3, [a]p* = -
33.1 (c = 1.0 in CHCI3); 92% ee, >20:1 dr. determined by HPLC analysis (AD-H,
hexane/i-PrOH, 95:5 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 5.53
min, 7r (minor) = 4.72 min.

'"H NMR (400 MHz, CDCl3) § 7.75 (s, 1H), 7.70 (d, J = 7.3 Hz, 2H), 7.61 (m, 4H),
7.45 (m, SH), 4.77 (d, J = 12.4 Hz, 1H), 4.51 (d, J = 12.4 Hz, 1H), 4.22 (dd, J = 9.7,
4.4 Hz, 1H), 3.24 (td, J = 10.6, 4.1 Hz, 1H), 2.95 (m, 1H), 2.65 (m, 1H), 2.34 — 2.24
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(m, 1H), 2.20 (d, J=12.2 Hz, 1H), 1.70 (t, /= 10.0 Hz, 2H), 1.45 — 1.33 (m, 2H), 1.09
—0.85 (m, 9H), 0.78 (d, J = 6.9 Hz, 3H).

BC{'H} NMR (101 MHz, CDCl3) 6 141.9, 141.4, 140.1, 136.9 (t, J = 26.4 Hz), 133.7,
131.6 (q, J=32.8 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 126.5 — 125.8 (m), 123.7 (q,
J=273.8 Hz), 121.1 — 120.7 (m), 120.4 (t, J = 246.0 Hz), 119.7, 79.8, 69.1, 48.4, 45.0
(t,J=27.4Hz),40.4,34.6,31.7,31.1 (t, J=3.4 Hz), 25.9, 23.5, 22.5, 21.1, 16.3.
YF{TH} NMR (376 MHz, CDCls) § -62.70, -95.70 (d, J = 249.2 Hz), -97.52 (d, J =
249.0 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C34H3sFsNONa: 592.2615; found 592.2614.

(R)-2-([1,1'-biphenyl]-4-y1)-4-(3-((((3aS,5S,6R,6aS)-5-((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-yl)oxy)methyl)-5-
(trifluoromethyl)phenyl)-4,4-difluorobutanenitrile (4be)

Me Me
o ©

o r VH\”(}\
R ) o
o
O 0+Me
Ph Me
CF3

Chemical Formula: C3gH36F5NOg
Molecular Weight: 673.6770

The compound 4be was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol), 2y (194.5 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5
equiv), PTH-1 (5.5 mg, 10 mol%), [Cu(MeCN)4]PF¢ (1.9 mg, 2.5 mol%), and L1 (2.1
mg, 3.0 mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 48 h under argon atmosphere. 75.4 mg, 56%
isolated yield, colorless oil, (petroleum ether: ethyl acetate = 1:1, Ry = 0.3, [a]p®® = -
15.0 (¢ = 1.0 in CHCI3); 91% ee, >20:1 dr. determined by HPLC analysis (AD-H,
hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major)=11.16
min, 7r (minor) = 9.73 min.

"H NMR (400 MHz, CDCls) & 7.78 (s, 1H), 7.69 (s, 2H), 7.60 (d, J = 7.8 Hz, 2H), 7.56
(d, J=7.0 Hz, 2H), 7.45 (t, J=7.5 Hz, 2H), 7.42 — 7.36 (m, 3H), 5.92 (d, /= 3.6 Hz,
1H), 4.81 (d, /= 12.8 Hz, 1H),4.72 (d, J = 12.8 Hz, 1H), 4.64 (d, J=3.7 Hz, 1H), 4.37
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(dd, /=10.2, 5.7 Hz, 1H), 4.19 (dd, J = 9.6, 4.4 Hz, 1H), 4.15 — 4.10 (m, 2H), 4.06 —
4.02 (m, 2H), 3.00 — 2.86 (m, 1H), 2.69 — 2.56 (m, 1H), 1.51 (s, 3H), 1.43 (s, 3H).1.36
(s, 3H), 1.33 (s, 3H).

BC{IH} NMR (101 MHz, CDCl3) & 141.9, 140.3, 140.0, 137.1 (t, J = 26.5 Hz), 133.6,
131.8 (q,J=33.3 Hz), 129.0, 128.2, 127.9, 127.8, 127.2, 127.1 (t,J= 5.6 Hz), 126.3 —
126.2 (m), 123.6 (q, J = 273.7 Hz), 121.5 — 121.3 (m), 120.3 (t, J = 246.2 Hz), 119.6,
112.1,109.5, 105.4, 82.5, 82.4, 81.4,72.4,71.0, 67.7,45.0 (t, J=27.5 Hz), 31.1 (t,J =
3.4),27.0,26.9,26.3, 25.3.

YF{IH} NMR (376 MHz, CDCl3) § -62.62, -95.69 (d, J = 249.8 Hz), -97.23 (d, J =
249.4 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C36H36FsNOgNa: 696.2360; found 696.2363.

(R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-((R)-1-(((2R,3S)-3-(4-fluorophenyl)-
4-((5-0x0-2,5-dihydro-1H-1,2,4-triazol-3-yl)methyl)morpholin-2-yl)oxy)ethyl)-5-
(trifluoromethyl)phenyl)butanenitrile (4bf)

CNE F Me O HN-NH

LY 5 N\/L\N>:o
Ph g !
CFy

F

Chemical Formula: C3gH33FgN503
Molecular Weight: 721.7044

The compound 4bf was prepared according to the general procedure employing 1a
(36.1 mg, 0.2 mmol, 2.0 equiv), 2z (53.4 mg, 0.1 mmol), 3 (14.9 mg, 0.15 mmol, 1.5
equiv), PTH-1 (2.8 mg, 10 mol%), [Cu(MeCN)4]PFs (0.9 mg, 2.5 mol%), and L1 (1.1
mg, 3.0 mol%) in Vimecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410
nm violet LEDs at room temperature for 48 h under argon atmosphere. 33.2 mg, 46%
isolated yield, white solid, mp: 182 — 184 °C, (dichloromethane: methanol = 20:1, Ry=
0.3, [a]p* = 41.8 (¢ = 1.0 in CHCl3); 82% ee, >20:1 dr. determined by HPLC analysis
(AD-H, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), #r (major)
= 17.10 min, fr (minor) = 11.50 min.

'"H NMR (400 MHz, CDCl3) 6 10.84 (s, 1H), 10.53 (s, 1H), 7.65 — 7.56 (m, 4H), 7.53
(s, IH), 7.51 —7.35 (m, 7H), 7.16 (s, 1H), 7.05 (d, /= 8.9 Hz, 3H), 4.87 (q, /= 6.6 Hz,
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1H), 4.37 (s, 1H), 4.30 (t, /= 11.0 Hz, 1H), 4.15 (dd, /= 9.4, 4.4 Hz, 1H), 3.68 (d, J =
10.5 Hz, 1H), 3.59 (d, J = 14.5 Hz, 1H), 3.47 (s, 1H), 2.95 (d, /= 13.5 Hz, 2H), 2.86 —
2.72 (m, 1H), 2.57 (t, J = 11.8 Hz, 1H), 2.51 — 2.42 (m, 1H), 1.47 (d, J= 6.5 Hz, 3H).
BC{'H} NMR (101 MHz, CDCl3) 8 163.8 (d, J = 248.4 Hz), 157.4, 1453 (d, J=4.8
Hz), 141.8, 140.0, 136.9 (t, J=26.4 Hz), 133.6, 132.4 (d,J=3.2 Hz), 131.7 (q, J=33.2
Hz), 131.1 (d,J=7.9 Hz), 129.0, 128.2, 128.0, 127.9, 127.2, 126.2 (t,J= 4.0 Hz), 125.0
(m), 123.3 (q, J =273.9 Hz), 121.5 — 120.9 (m), 120.1 (t, J = 246.7 Hz), 119.6, 115.6
(d,J=21.5Hz), 95.5,72.8,69.0,59.4,52.4,51.0,44.7 (t, J=27.6 Hz), 31.0 (t, /= 3.5
Hz), 24.5.

YF{TH} NMR (376 MHz, CDCl3) § -62.73, -95.50 (d, J = 250.1 Hz), -97.15 (d, J =
249.8 Hz), -113.41.

HRMS-ESI (m/z): [M+H]" caled. for C3sH34F¢NsO3: 722.2566; found 722.2568.

5. Product Derivatization

5.1 Gram-scale reaction (4a)

PTH-1 (10 mol%)
Cu(MeCN)4PFg (2.5 mol%) CN F F

FaC CFy
L1 (3.0 mol?
I + TMSCN (3.0 mol%) A CFs
MeCN: DMF = 3:1 [0.05 M] r

410 nm, 20 W, 25 °C, Ar

Ar = 4-PhCgH,4
1a 2a 3 4a
6.0 mmol 2.0 equiv 1.5 equiv 1.252 g, 52% vyield, 92% ee

In a flame-dried 250.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
sequentially charged with Cu(MeCN)4PFs (55.9 mg, 2.5 mol%) and L1 (64.2 mg, 3
mol%) under Ar atmosphere, followed by the addition of super dry N,N-
Dimethylformamide (30 mL). The mixture was stirred at room temperature for 30 min.
To the resulting mixture was then added PTH-1 (165.2 mg, 0.6 mmol, 10 mol%), 1a
(1.08 g, 6.0 mmol), 2a (2.568 g, 12 mmol, 2.0 equiv), 3 (892.9 mg, 9.0 mmol, 1.5 equiv)
and super dry acetonitrile (90 mL) under Ar. The mixture was stirred at a distance of
2~3 cm from a 410 nm LEDs at 25 °C until the reaction was completed, as monitored
by TLC analysis. The mixture was diluted with water (100 mL) and then extracted with
ethyl acetate (50 mLx3), Combine organic phase and wash saturated NaCl (100 mL),

dried over anhydrous Na>SQO4, and concentrated under reduced pressure. The residue
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was purified by flash chromatography on silica gel (petroleum ether: ethyl acetate =

12:1) to give the product 4a with 52 % yield and 92% ee.

5.2 General procedure for synthesis of 5-14
Synthesis of methyl (R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-(trifluorometh
yl)phenyl)butanoate (5)!'")

N E F Ph
=\ CF3 37% HCI
O ‘ MeOH, 80 °C, 48 h FaC N
Ph

F F  Cco,Me
4a, 92% ee 5,77%,91% ee

To a solution of 4a (80.3 mg, 0.2 mmol) in methanol (2.0 mL) was added 37% HCI (2.0
mL), the reaction was heated to 80 °C in a sealed tube and stirred 48 h under argon
atmosphere. After cooling to room temperature, the reaction was quenched with cold
water and extracted with ethyl acetate (10 mLx3). The combined organic phase was
dried over Na;SOq, filtered and concentrated under vacuum. The product was purified
by silica gel column chromatography (petroleum ether: ethyl acetate = 15:1, Ry=0.3)
to give 5 as a colorless oil. (66.9 mg, 77% yield, [0]p?® = -43.5 (c = 1.0 in CHCl3); 91%
ee, determined by HPLC analysis (AD-H, hexane/i-PrOH, 95:5 v/v, flow rate 1.0
mL/min, A =254 nm, 25 °C), fr (major) = 6.90 min, #r (minor) = 5.70 min)

'"H NMR (400 MHz, CDCl3) & 7.66 (s, 1H), 7.61 (t, J = 7.9 Hz, 2H), 7.57 — 7.52 (m,
5H), 7.36 (t,J=17.5 Hz, 2H), 7.37 — 7.33 (m, 3H), 3.94 (dd, J = 9.5, 3.9 Hz, 1H), 3.56
(s, 3H), 3.33 —3.16 (m, 1H), 2.60 — 2.47 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 173.3, 140.9, 140.6, 137.8 (t, J = 27.0 Hz), 137.0,
131.2 (q, J = 32.8 Hz), 129.3, 128.9, 128.7 (t, J = 6.8 Hz), 128.2, 127.8, 127.6, 127.2,
127.1 = 126.7 (m), 123.8 (q, J=273.9 Hz), 122.3 — 122.2 (m), 121.4 (t, J = 245.3 Hz),
52.6,45.2 (t,J=3.3 Hz), 42.7 (t, J=27.0 Hz).

YF{TH} NMR (376 MHz, CDCls) § -62.75, -96.34 (d, J = 247.8 Hz), -96.39 (d, J =
247.8 Hz).

HRMS-ESI (m/z): [M-H]™ calcd. for C24H18Fs02: 433.1227; found 433.1227.

Synthesis of (R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-(trifluoromethyl)phen
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yl)butan-1-amine (6)>"

CN F F Ph
X CF, BH3'S(CHa), O O
Sl A
Ph

THF, 80 °C, Ar

F F  CH,NH,
4a, 92% ee 6, 80%, 93% ee

BH3-SMe; (0.3 mmol) was added to a solution of 4a (80.3 mg, 0.2 mmol) in dry THF
(2 mL) at room temperature under an Ar atmosphere, and then refluxed for 18 h. The
reaction was quenched by the dropwise addition of 6 M aqueous HCI (1 mL). After
refluxing for a further 2 h, the solution was made basic with 6 M aqueous NaOH, then
extracted three times with CH2Clz. The combined extracts were dried over Na;SO4 and
the solvent was removed in vacuo. The product was purified by silica gel column
chromatography (dichloromethane: methanol = 10/1, Ry= 0.3) to give 6 as a colorless
oil. (64.8 mg, 80% yield, [a]p* =-2.2 (c = 1.0 in CHCl3); 93% ee, determined by HPLC
analysis (IC, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), tr
(major) = 14.07 min, fr (minor) = 13.05 min)

'TH NMR (400 MHz, CDCl3) 8 7.67 — 7.59 (m, 2H), 7.58 — 7.55 (m, 3H), 7.50 — 7.40
(m, 5H), 7.36 (t,J=7.3 Hz, 1H), 7.14 (d, /= 7.8 Hz, 2H), 3.03 — 2.90 (m, 3H), 2.65 —
2.49 (m, 2H), 1.37 (s, 2H).

BC{'H} NMR (101 MHz, CDCl3) § 141.1, 140.8, 139.9, 138.3 (t, J=27.3 Hz), 131.0
(q,J=32.8 Hz), 129.1, 128.9, 128.6 (t, J = 5.9 Hz), 128.3, 127.5, 127.4, 127.1, 126.6
—126.5 (m), 123.8 (q, J=272.9 Hz) , 122.4 — 122.1 (m), 122.2 (t, J = 244.9 Hz), 48.3,
43.5 (t,J=2.9 Hz), 42.8 (t, J=26.6 Hz).

PF{'H} NMR (376 MHz, CDCl3) 8 -62.74, -90.81 (d, J = 247.3 Hz), -96.35 (d, J =
247.3 Hz).

HRMS-ESI (m/z): [M+H]" calcd. for C23H21FsN: 406.1594; found 406.1597.

Synthesis of tert-butyl (R)-(2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-(trifluorom
ethyl)phenyl)butyl)carbamate (7)>!!

CN E F NiCl,"6H,0 (3.0 equiv)

Ph
- : CFg (Boc),0 (3.0 equiv) O O
O O F3C < V
Ph F

NaBH,4, MeOH :
rt., Ar, 12 h F CH,NHBoc

4a, 92% ee 7, 85%, 92% ee
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To a solution of 4a (40.1 mg, 0.1 mmol), NiCl,-6H>0O (0.3 mmol, 3.0 equiv) and
(Boc)20 (0.3 mmol, 3.0 equiv) in methanol (4 mL) was added NaBH4 (0.5 mmol, 5
equiv) slowly at 0 °C, the reaction was stirred 12 h under argon atmosphere at 25 °C.
Filter through a Celite bed, concentrate and extract with ethyl acetate (10 mLx3). The
combined organic phase was dried over Na>SQOs, filtered and concentrated under
vacuum. The product was purified by silica gel column chromatography (petroleum
ether: ethyl acetate = 5:1, Ry=0.3) to give 7 as a white solid, mp: 138 — 140 °C. (42.9
mg, 85% yield, [a]p?® = 14.2 (c = 1.0 in CHCls); 92% ee, determined by HPLC analysis
(IB, hexane/i-PrOH, 93:7 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) =
12.19 min, fr (minor) = §.12 min)

'TH NMR (400 MHz, CDCls) 8 7.61 (d, J = 8.8 Hz, 2H), 7.58 — 7.53 (m, 3H), 7.50 —
7.41 (m, 5SH), 7.35 (t, J=7.2 Hz, 1H), 7.13 (d, /= 8.3 Hz, 2H), 4.47 (t,J = 6.1 Hz, 1H),
3.62 — 3.56 (m, 1H), 3.27 — 3.20 (m, 1H), 3.17 — 3.06 (m, 1H), 2.66 — 2.51 (m, 2H),
1.41 (s, 9H).

BC{TH} NMR (101 MHz, CDCIl3) & 156.0, 140.8, 140.4, 140.0, 138.2 (t, J=27.2 Hz),
131.0 (g, J = 32.5 Hz), 129.2, 128.9, 128.6 (t, J = 6.2 Hz), 128.2, 127.5, 127.4, 127.1,
126.7 —126.5 (m), 123.8 (q, J=273.5 Hz), 122.4 — 122.2 (m), 122.1 (t, J = 245.1 Hz),
79.6, 46.5,42.5 (t,J=26.7 Hz), 40.6, 28.4.

PF{'H} NMR (376 MHz, CDCl3) 8 -62.75, -90.63 (d, J = 247.4 Hz), -96.57 (d, J =
247.4 Hz).

HRMS-ESI (m/z): [M+Na]" caled. for C2sHasFsNO2Na: 528.1938; found 528.1933.

Synthesis of 2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-
(trifluoromethyl)phenyl)butanal (8) ')

toulene, -78 °C, 2.0 h

CN E F Ph
: N CF
3 DIBAL-H (1.2 equiv) O ‘
FsC
Ph FF

CHO

4a, 92% ee 8, 70%, racemate

DIBAL-H (1.0 M hexane solution, 0.12 mmol) was slowly added to a solution of 4a
(40.1 mg, 0.1 mmol) in dry toluene (2 mL) at —78 °C under Ar. After stirring for 2.0 h

at the same temperature, the solution was poured into 1 M HCI aq and extracted with
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CHxCl,. The combined organic layers were dried over MgSO4 and concentrated in
vacuo. The residue was purified by silica column chromatography (petroleum ether:
ethyl acetate = 15:1, Ry=0.3) to give 8 as a colorless oil. (28.5mg, 70%)

'TH NMR (400 MHz, CDCls) § 9.67 (s, 1H), 7.71 (s, 1H), 7.69 — 7.64 (m, 2H), 7.58 —
7.51 (m, 5SH), 7.45 (t,J=7.6 Hz, 2H), 7.37 (t,J= 7.3 Hz, 1H), 7.21 (d, J= 8.3 Hz, 2H),
4.03 (t,J= 6.3 Hz, 1H), 3.32 - 3.18 (m,1H), 2.60 — 2.41 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) 6 197.4, 141.2, 140.4, 137.9 (t, J = 27.1 Hz), 133.9,
131.2 (q, J=32.8 Hz), 129.4, 129.4, 129.0, 128.6 (t, J = 6.0 Hz), 128.2, 127.8, 127.2,
127.0 — 126.9 (m), 123.8 (q, J=272.9 Hz), 122.3 — 122.1 (m), 121.7 (t, J = 245.0 Hz),
52.8 (t,J=2.2 Hz), 38.8 (t, /=27.1 Hz).

YF{IH} NMR (376 MHz, CDCl3) & -62.77, -93.73 (d, J = 247.8 Hz), -96.30 (d, J =
247.9 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C23H16F50: 403.1121; found 403.1128.

Synthesis of (R)-2-([1,1'-biphenyl]-4-yl)-4,4-difluoro-4-(3-

(trifluoromethyl)phenyl)butanamide (9) !

CN F F Pd(OAc), (10 mol%) Ph
' CF, PPhs (20 mol%)
O O F3C ] V
Ph

acetaldoxime (4.0 equiv) R s
EtOH/ H,0 (3:1) F F CONH,

Ar,75°C,3h
4a, 92% ee 9, 81%, 83% ee

A mixture of 4a (80.3 mg, 0.2 mmol), acetaldoxime (47.3 mg, 0.8 mmol), Pd(OAc)
(4.5 mg, 0.02 mmol) and PPh3z (10.5 mg, 0.04 mmol) in aqueous EtOH (EtOH/H,0 =
3/1, 4 mL) was heated to 75 °C in a 25 mL round-bottomed flask for 3 hours under
argon atmosphere. The reaction mixture was filtered through a pad of Celite and washed
with DCM. The combined organic layers were concentrated under vacuum. The product
was purified by silica gel column chromatography (petroleum ether: ethyl acetate = 2:1,
Ry=0.3) to give 9 as a white solid, mp: 146 — 148 °C. (67.9 mg, 81% yield, [a]p*® = -
51.8 (c = 1.0 in CHCls); 83% ee, determined by HPLC analysis (IB, hexane/i-PrOH,
80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C), tr (major) = 7.56 min, fr (minor)
= 8.34 min)

'"H NMR (400 MHz, CDCl3) & 7.73 (s, 1H), 7.68 (t, J = 6.3 Hz, 2H), 7.60 — 7.51 (m,
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5H), 7.46 (t,J=17.5 Hz, 2H), 7.40 — 7.35 (m, 3H), 5.50 (s, 2H), 3.87 (t, /= 6.4 Hz, 1H),
3.45-3.30 (m, 1H), 2.63 —2.49 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) 6 174.3, 140.8, 140.5, 138.1, 138.0 (t, J =27.1 Hz),
131.1 (g, J =32.6 Hz), 129.3, 128.9, 128.6 (t, J = 6.1 Hz), 128.3, 127.9, 127.6, 127.1,
127.0 — 126.6 (m), 123.8 (q, J=273.5 Hz), 122.3 — 122.0 (m), 121.8 (t, J = 244.7 Hz),
46.2 (t,J=2.6 Hz), 42.1 (t, J =26.6 Hz).

YF{TH} NMR (376 MHz, CDCls) § -62.73, -95.35 (d, J = 247.1 Hz), -96.34 (d, J =
246.9 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C23H7FsNO: 418.1230; found 418.1223.

Synthesis of (R)-5-(1-([1,1'-biphenyl]-4-yl)-3,3-difluoro-3-(3-

(trifluoromethyl)phenyl)propyl)-1H-tetrazole (10)>*

N=N
/ \

CN F F NVN? E

B N TMSN; (10 equiv) z d

CFs nBu3SnO (2.0 equiv) ; CF3
toluene, 80 °C, 48 h O ‘
Ph Ph
4a, 92% ee 10, 72%, 94% ee

To a solution of 4a (40.1 mg, 0.1 mmol) in toluene (2.0 mL) was added
trimethylsilylazide (115 mg, 1.0 mmol) and tributyltin oxide (61.5 mg, 0.2 mmol). The
reaction mixture was stirred at 80 °C for 48 h. The reaction mixture was concentrated
under vacuum, the product was purified by silica gel column chromatography
(dichloromethane: methanol = 20:1, Ry=0.3) to give 10 as a colorless oil. (32.0 mg, 72%
yield, [a]p* = -3.3 (c = 1.0 in CHCl3); 94% ee, determined by HPLC analysis (AD-H,
hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 8.19
min, fr (minor) = 5.74 min)

'TH NMR (400 MHz, CDCl3) 6 15.12 (s, 1H), 7.67 (s, 1H), 7.61 — 7.57 (m, 2H), 7.48 —
7.42 (m, 4H), 7.42 — 7.38 (m, 3H), 7.35 (t, /= 7.5 Hz, 2H), 7.33 — 7.28 (m, 1H), 5.06
(t,J=2.0 Hz, 1H), 3.64 — 3.50 (m, 1H), 3.08 — 2.94 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 141.2, 140.1, 137.3 (t, /= 26.8 Hz), 131.1 (q, J =
32.8 Hz), 129.4, 128.9, 128.5 (t,J = 5.4 Hz), 128.2, 128.0, 127.7, 127.1, 123.6 (q, J =
273.3 Hz), 122.1 - 122.0 (m), 121.3 (t, J=245.2 Hz), 43.9 (t, J = 26.9 Hz), 35.7.
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SF{'H} NMR (376 MHz, CDCl3) § -62.79 (d, J = 4.7 Hz), -94.71 (d, J = 247.6 Hz), -
96.78 (d, J = 247.4 Hz).
HRMS-ESI (m/2): [M-H] calcd. for Co3HisFsNy: 443.1295; found 443.1302.

Synthesis of dimethyl (R)-2-(1-([1,1'-biphenyl]-4-yl)-3,3-difluoro-3-(3-(trifluoro

methyl)phenyl)propyl)-5,7-dihydro-6 H-cyclopenta[b]pyridine-6,6-dicarboxylate

(11)[23]
CO,Me
— MeO,C
MeO,C —
MeO,C N
CN
N F _:F Rh(COD),BF, (5 mol%) N‘ P
CFs rac-BINAP (5 mol%) T F F
DCM, 50 °C, 24 h CFs
Ph
Ph
4a, 92% ee 11, 68%, 92% ee

rac-BINAP (5 mol%) and [Rh(COD);]BF4 (5 mol%) were dissolved in DCM (1.0 mL),
and the mixture was stirred at room temperature for 20 min. To this mixture was added
4a (40.1 mg, 0.1 mmol) and dimethyl 2,2-di(prop-2-yn-1-yl) malonate (31.5 mg, 0.15
mmol). The reaction was stirred at 50 °C for 24 hours. The reaction mixture was filtered
through a pad of Celite and washed with DCM. The combined organic layers were
concentrated under vacuum. The product was purified by silica gel column
chromatography (petroleum ether: ethyl acetate = 3:1, Ry/=0.3) to give 11 as a colorless
oil. (41.2 mg, 68% yield, [0]p?* =-5.9 (¢ = 1.0 in CHCls); 92% ee, determined by HPLC
analysis (AD-H, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C),
fr (major) = 11.59 min, #r (minor) = 9.89 min)

'TH NMR (400 MHz, CDCls) 8 8.33 (s, 1H), 7.61 (s, 1H), 7.56 (d, J= 8.0 Hz, 2H), 7.52
(d, J=8.3 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.41 (t, J= 7.7 Hz, 3H), 7.38 — 7.29 (m,
3H), 6.92 (s, 1H), 4.35 (t, /= 6.8 Hz, 1H), 3.77 (s, 3H), 3.72 (s, 3H), 3.61 — 3.42 (m,
5H), 3.01 — 2.82 (m, 1H).

BC{'H} NMR (101 MHz, CDCl3) & 171.6, 160.2, 150.6, 144.9, 142.1, 140.9, 139.8,
138.2 (t,J=26.9 Hz), 134.2, 130.7 (q, J = 32.9 Hz), 129.0, 128.8 (t, J= 6.1 Hz),128.3,
128.8, 127.5, 127.3, 127.1, 126.6 — 126.2 (m), 123.8 (q, J = 272.0 Hz), 122.6 — 122.3
(m), 122.2 (t, J=244.7 Hz), 119.2, 60.1, 53.3, 47.3,43.9 (t, /= 27.0 Hz), 40.3, 38.1.
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BF{'H} NMR (376 MHz, CDCl3) & -62.72, -92.39 (d, J = 247.3 Hz), -95.79 (d, J =
247.1 Hz).
HRMS-ESI (m/z): [M+H]" caled. for C34HaoFsNO4: 610.2017; found 610.2017.

(R)-4,4-difluoro-2-phenyl-4-(2-(trifluoromethyl)phenyl)butanenitrile (12)

PTH-8 (10 mol%)
CF, [Cu(MeCN)4]PF¢ (5.0 mol%) CNE F

L1 (6.0 mol%) :
+ TMSCN N
CF, MeCN: DMF = 3:1 [0.05 M] ©: :@
FsC
3 0

390 nm, 20 W, 25 °C, Ar

The compound 12 was prepared according to the general procedure employing 1t (20.8
mg, 0.2 mmol), 2¢ (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv),
PTH-8 (5.2 mg, 10 mol%), [Cu(MeCN)4]PFs (3.7 mg, 5 mol%), and L1 (4.3 mg, 6
mol%) in Vmecn: Vomr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 390 nm
violet LEDs at room temperature for 10 h under argon atmosphere. (33.8 mg, 52%
isolated yield, colorless oil, petroleum ether: ethyl acetate = 10:1, Ry=0.3, [a]p** = 16.1
(c = 1.0 in CHCl3); 91% ee, determined by HPLC analysis (IB, hexane/i-PrOH, 98:2
v/v, flow rate 1.0 mL/min, A =210 nm, 25 °C), tr (major) =9.87 min, tr (minor) = 10.70
min)

"H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 7.8 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.66
(t,J=7.6 Hz, 1H), 7.60 (t, J= 7.6 Hz, 1H), 7.42 — 7.32 (m, 5H), 4.2 (dd, /= 10.2, 4.0
Hz, 1H), 3.0 — 2.8 (m, 1H), 2.7 - 2.5 (m, 1H).

BC{TH} NMR (101 MHz, CDCl3) & 135.0, 134.4 (t, J =26.9 Hz), 132.4, 130.8, 129.5,
128.7,128.0 (t,J=9.1 Hz), 127.7 (q, J= 6.4 Hz), 127.3, 123.6 (q, /= 274.2 Hz), 120.5
(t,J=246.4 Hz), 119.8, 45.7 (tq, /= 26.9, 2.8 Hz), 31.3 (t, /= 3.3 Hz).

YF{TH} NMR (376 MHz, CDCl3) § -57.7 (dd, J = 18.0, 13.9 Hz), -93.0 (dq, J = 252.5,
14.3 Hz), -94.5 (dq, J = 252.7, 14.3 Hz).

HRMS-ESI (m/z): [M-H]  calcd. for C17H11FsN: 324.0812; found 324.0811.

(R)-4,4-difluoro-2-phenyl-4-(2-(trifluoromethyl)phenyl)butanamide (13) 12!l

S72



CNE F |: F CONH,

H N Pd(OAc), (10 mol%)
« oy __PPha20moi%)
TN TEtOH/H,0, 75 °C
FsC CF,
12, 91 ee% 13, 73%, 74% ee

A mixture of 12 (65.1 mg, 0.2 mmol), acetaldoxime (47.3 mg, 0.8 mmol), Pd(OAc)
(4.5 mg, 0.02 mmol) and PPh3z (10.5 mg, 0.04 mmol) in aqueous EtOH (EtOH/H>0 =
3/1, 4 mL) was heated to 75 °C in a 25 mL round-bottomed flask for 3 hours under
argon atmosphere. The reaction mixture was filtered through a pad of Celite and washed
with DCM. The combined organic layers were concentrated under vacuum. The product
was purified by silica gel column chromatography (petroleum ether: ethyl acetate = 3:1,
=0.2) to give 13 as a yellow solid, mp: 114 — 116 °C. (49.8 mg, 73% isolated yield,
[0]p? =-15.9 (c = 1.0 in CHCI3); 74% ee, determined by HPLC analysis (IB, hexane/i-
PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 210 nm, 25 °C), tr (major) = 5.75 min, fr
(minor) = 9.65 min)
'TH NMR (400 MHz, CDCl3) 8 7.74 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.60
—7.51 (m, 2H), 7.32 — 7.28 (m, 5H), 5.5 (s, 2H), 3.94 (dd, /= 7.5, 5.4 Hz, 1H), 3.35 —
3.21 (m, 1H), 2.63 — 2.47 (m, 1H).
BC{'H} NMR (101 MHz, CDCl3) 6 174.4, 139.4, 135.8 (t, J = 27.4 Hz), 132.0, 130.2,
129.1,128.2 (t,J=9.0 Hz), 127.9, 127.8, 127.5 (q,J= 6.4 Hz), 123.6 (q, J=274.7 Hz),
122.0 (t, J=246.4 Hz), 46.4 (t,J = 3.0 Hz), 42.8 (t, /= 24.2 Hz).
PF{'H} NMR (376 MHz, CDCl3) § -57.7 (dd, J = 19.5, 13.5 Hz), -93.1 (dq, /= 250.1,
13.9 Hz), -94.1 (dq, J = 250.1, 13.9 Hz).
HRMS-ESI (m/z): [M-H]™ calcd. for C17H13FsNO: 342.0917; found 342.0923.

(R)-3,3-difluoro-1-phenyl-3-(2-(trifluoromethyl)phenyl)propan-1-amine (14)1>%

|: F CONH,

FRF NH:
PIFA 40eqU|v X
MeCN/H,0, rt., 10 h O O
CFs3 CF3
13, 74% ee 14, 81%, 75% ee

[Bis(trifluoroacetoxy)iodo]benzene (51.6 mg, 0.12 mmol) and H>O (0.2 mL) were
added sequentially to a stirred solution of 13 (34.3 mg, 0.1 mmol) in MeCN (1.0 mL)
at rt. After 10 h the reaction mixture was acidified with 6 M aq HCI1 (0.1 mL) and

washed with Et,0 (2x5 mL). The resultant aqueous solution was then basified (to pH
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14) using 2.0 M aq NaOH and extracted with CH>Cl, (2x10 mL). The combined organic
layers were concentrated under vacuum. The product was purified by silica gel column
chromatography (dichloromethane: methanol = 10:1, Ry=0.3) to give 14 as a colorless
oil. (25.6 mg, 81% isolated yield, [0]p** = -5.9 (¢ = 1.0 in CHCl3); 75% ee, determined
by HPLC analysis (IB, hexane/i-PrOH, 85:15 v/v, flow rate 1.0 mL/min, A =210 nm,
25 °C), tr (major) = 5.45 min, fr (minor) = 6.25 min).

'"H NMR (400 MHz, CDCl3) 6 7.77 (d, J = 7.8 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.60
(t,J=17.6 Hz, 1H), 7.52 (t, J= 7.6 Hz, 1H), 7.37 — 7.30 (m, 4H), 7.26 — 7.22 (m, 1H),
4.5(dd,J=8.1,4.2 Hz, 1H), 2.6 — 2.4 (m, 2H), 1.8 (s, 2H).

BC{'H} NMR (101 MHz, CDCl3) & 145.3, 136.2 (t, J = 26.3 Hz), 132.0, 130.1, 128.8,
127.9 (t,J=9.1 Hz), 127.7 (q, J= 6.6 Hz), 127.5, 126.4, 123.7 (q, J = 273.7 Hz), 122.4
(t,J=246.4 Hz), 51.1,49.3 (t, /=253 Hz).

YF{IH} NMR (376 MHz, CDCl3) § -57.6 (t, J = 15.0 Hz), -91.6 (dq, J = 250.0, 15.8
Hz), -94.2 (dq, J=249.7, 15.8 Hz).

HRMS-ESI (m/z): [M-H] calcd. for C16H13FsN: 314.0968; found 314.0961.

6. Mechanistic Studies

6.1 Radical trapping experiments

PTH-1 (10 mol%)

[Cu(MeCN),]PFg (2.5 mol%) CNF F
A F3C CF3 L1 (3.0 mol%) R
AT+ + TMSCN Ar CFs
MeCN : DMF = 3:1 [0.05 M]
Ar = 4-PhCgH, 410 nm, 20 W, 25 °C, Ar, 24 h
TEMPO (3.0 equiv.) 4a, not detected
1a 2a 3 or
BHT (3.0 equiv.) 4a, 15%
. R F HO
F3C CF; N CF3 or F F
TR
15 16 O
HRMS (ESI) m/z HRMS (ESI) m/z
calcd for C17H23F5NO calcd for C23H26F50
[M+H]*: 352.1700 [M—H]": 413.1904
found: 352.1702. found: 413.1901. )

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
charged sequentially with Cu(MeCN)4PFs (1.9 mg, 2.5 mol%) and L1 (2.1 mg, 3.0

mol%) under Ar atmosphere, followed by the addition of super dry N,N-
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Dimethylformamide (3.0 mL). Then the mixture was stirred at room temperature for 30
min. To the resulting mixture were added PTH-1 (5.5 mg, 0.02 mmol, 10 mol%), 1a
(36.1 mg, 0.20 mmol, 1.0 equiv), 2a (85.6 mg, 0.4 mmol, 2.0 equiv), TMSCN (29.8 mg,
0.3 mmol, 1.5 equiv), super dry acetonitrile (3.0 mL) and TEMPO or BHT (0.60 mmol
3.0 equiv) under Ar. The mixture was stirred at a distance of 2~3 cm from a 410 nm
LEDs at rt for about 24 h as monitored by TLC analysis. The corresponding trapping
product 15 and 16 were detected by HRMS.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
288 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:17-17 H:23-23 N:0-1 :0-50 F:5-5 Na:0-1

5
251016-13-CFX11 15 (0.104)

1: TOF MS ES+
o CF3 3.206+006
10 352.1702
15
%
363.1726
338.2474 |/
ol 2281525 1970579 30 1888 2750751 2920779 | 3542410 3952015 424 2024 467.3005_512.2910521.3474
RR R Ao Na e an e e L I N R e s e LTt M
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520
Minimum: -1.5
Maximum: 5.0 1.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
352, 1702 352. 1700 0.2 0.6 4.5 1051.6 n/a n/a Cl7 H23 N 0 IS

Figure S1: Image for HRMS analysis of 15
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

456 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
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Figure S2: Image for HRMS analysis of 16

6.2 Radical clock experiment

Ph
FsC CF3
Ph \©/ EF
N " g Ph
V . 2a standard conditions  F.c X :
Ph (2.0 equiv.) CN
18
17, 0.
+ 0.2 mmel TM§CN Z/E=81,64%, 71% ee
(1.5 equiv.)
Via Ph Ph
E F - - FEF
F30\©/"§ $ Ph F30\©/’§ X Ph

(23] This reaction

The compound 17 as synthesized according to literature procedures
was conducted according to the general procedure employing 17 (59.3 mg, 0.2 mmol),
2a (85.6 mg, 0.4 mmol, 2.0 equiv), 3 (29.8 mg, 0.3 mmol, 1.5 equiv), PTH-1 (5.5 mg,
10 mol%), [Cu(MeCN)4]PFs (1.9 mg, 2.5 mol%), and L1 (2.1 mg, 3.0 mol%) in Vmecn:
Vpwmr = 3: 1 [0.05 M] were stirred, irradiation with 20 W 410 nm violet LEDs at room
temperature for 24 h under argon atmosphere.
(R)-5-([1,1'-biphenyl]-4-yl)-7,7-difluoro-2-phenyl-7-(3-
(trifluoromethyl)phenyl)hept-4-enenitrile (18); 64% isolated yield, colorless oil, Z/E
= 8:1, petroleum ether: ethyl acetate = 10:1, Ry= 0.3, [a]p® = 14.2 (¢ = 1.0 in CHCl3);
71% ee, determined by HPLC analysis (IA, hexane/i-PrOH, 95:5 v/v, flow rate 1.0
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mL/min, A = 254 nm, 25 °C), tr (major-1) = 10.27 min, fr (minor-1) = 8.94 min; #r
(major-2) = 15.27 min, fr (minor-2) = 19.52 min.

'H NMR (400 MHz, CDCl3) 8 7.50 — 7.42 (m, 5H), 7.36 — 7.31 (m, 5H), 7.30 — 7.21
(m, 4H), 7.14 —7.01 (m, 2H), 6.76 (d, J= 7.9 Hz, 2H), 5.58 (t, J=7.4 Hz, 1H), 3.67 (t,
J=17.0Hz, 1H), 3.18 (t, /= 15.4 Hz, 2H), 2.50 (t, J= 7.2 Hz, 2H).

BC{'H} NMR (101 MHz, CDCl3) 6 140.6, 140.2, 137.8, 136.4 (t, J = 27.1 Hz), 136.4
(t,J=4.1 Hz), 134.9, 130.8 (q, J = 32.7 Hz), 129.3, 129.2, 129.1, 128.9, 128.8 (t, J =
5.6 Hz), 128.6, 128.6, 128.3, 127.5, 127.5, 127.1, 127.0, 126.7 — 126.4 (m), 123.8 (q, J
=270.2 Hz), 122.5 — 122.4 (m), 121.2 (t, J = 246.2 Hz), 120.3, 48.3 (t, /= 27.8 Hz),
37.4,35.2.

PF{'H} NMR (376 MHz, CDCl3) 8 -62.69, -93.48 (d, J = 39.9 Hz).

HRMS-ESI (m/z): [M+Na]" calcd. for C32H24FsNNa: 540.1727; found 540.1730.

6.3 UV-Vis absorption spectra

UV-Vis spectra of the individual component were recorded, including substrate 1a, 2a,
PTH-1, copper salts Cu(MeCN)4PFs, and copper complexes Cu(MeCN)4PFs/L1
(generated in situ by stirring a 1:1.2 mixture of Cu(MeCN)4PFs and chiral ligand L1).
All of the samples were prepared as a 1.0 mM solution in DMF (super dry) and used

freshly for the measurement.

1a
0.8 2a
—— Cu salt/L1
Cu salt/L1+1a
—— Cu salt/L1+TMSCN
0.8 —— PTH-1+1a
5 -PTH-1+2a
< —— PTH-1
2 0.4
<
0.2
0.0

T T T T T 1
300 325 350 375 400 425 450
Wavelength (nm)

Figure S3. UV/Vis absorption spectra of the related components recorded in DMF.
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6.4 Stern-Volmer luminescence quenching studies

Stern-Volmer quenching experiments were carried by Agilent Technologices F-4600
spectrofluorometer, using a 2x10# M solution of photoredox catalyst PTH-1 variable
concentrations (2x1073, 4x10, 6x1073, 8x107* M) of 1,3-bis(trifluoromethyl)-benzene,
Cu(MeCN)4PFs and Cu(MeCN)4PF¢/L1, 1,3-bis(trifluoromethyl)-benzene (4x1073,
0.8x1073, 1.2x103, 1.6x10, 4x10°> M) in super dry DMF. The samples were prepared
in 4 mL quartz cuvettes, equipped with PTFE stoppers, and sealed with parafilm inside
Ar filled glove-box. The solution was irradiated at 350 nm and the fluorescence was
measured from 370 nm to 600 nm. The intensity of the emission peak at 445.6 nm
expressed as the ratio Io/I, where o is the emission intensity of photoredox catalyst at
445.6 nm in the absence of a quencher and I is the observed intensity, as a function of
the quencher concentration was measured. Stern-Volmer plots for each component were

given in Figures S4-S6 below.
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Figure S4. Photoredox catalyst emission quenching by 2a.
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Figure S5. Photoredox catalyst emission quenching by Cu salt/L1.
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Figure S6. Photoredox catalyst emission quenching by Cu salt/L1+2a.
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Figure S7. Stern-Volmer fluorescence quenching studies of photoredox catalyst with different

concentrations of quencher. (2a, Cu salt/L1, Cu salt/L1+2a)

6.5 Light on/off experiments

PTH-1 (10 mol%)
[Cu(MeCN),]PFg (2.5 mol%) CNE F

F.C CF L1 (3.0 mol®
AN ¢ ® 4+ TMscN (8.9 mol’%) Ar CFs
MeCN : DMF = 3:1 [0.05 M]

Ar = 4-PhCgH, 410 nm, 20 W, 25 °C, Ar

1a 2a 3 4a

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
charged sequentially with Cu(MeCN)4PF¢ (0.9 mg, 2.5 pmol) and L1 (1.1 mg, 3.0 umol)
under Ar atmosphere, followed by the addition of super dry N,N-Dimethylformamide
(0.5 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting

mixture was added PTH-1 (0.01 mmol, 10 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2
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mmol, 2.0 equiv), TMSCN (0.15 mmol, 1.5 equiv) and super dry acetonitrile (1.5 mL)
under Ar. The mixture was stirred at a distance of 2~3 cm from a 410 nm LEDs at 25 °C
for 2 h and then stirred in the dark for 2 h. This procedure was repeated alternatively
for 10 h, and the yield of the product was determined by 'H NMR with 1,3,5-
trimethoxybenzene as an internal standard at each point the light was turned off or on.
The results are shown in Figure S8 below. This result shows that constant light

irradiation is needed to progress the reaction.

— light on/off
40 4

30 4 @

Yield (%)

2L 20

10

Time (h)

Figure S8. Light-on/light-off experiments.

6.6 Quantum yield calculation

PTH-1 (10 mol%)
[Cu(MeCN),]PFg (2.5 mol%) CNFE F

FiC CF L1 (3. 9
I ® + TMsCN (8.0 mol’%) Ar CFs
MeCN : DMF = 3:1 [0.05 M]

Ar = 4-PhCgH, 410 nm, 20 W, 25 °C, Ar

1a 2a 3 4a

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
charged sequentially with Cu(MeCN)4PF¢ (0.9 mg, 2.5 pmol) and L1 (1.1 mg, 3.0 umol)
under Ar atmosphere, followed by the addition of super dry N,N-Dimethylformamide
(0.5 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting
mixture was added PTH-1 (0.01 mmol, 10 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2
mmol, 2.0 equiv), TMSCN (0.15 mmol, 1.5 equiv) and super dry acetonitrile (1.5 mL)
under Ar. The sample was irradiated (A = 410 nm with intensity of 1.782 W/cm?) for
7200s. After irradiation, the yield of product was determined by 'H NMR with 1,3,5-

trimethoxybenzene as an internal standard. The quantum yield was determined as
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follows: [26]
M = 0.1 mmol x 21.9% = 0.0219 mmol = 2.19 x 10~ mol
The light intensity of purple LED strip light (A, =410 nm, 20 W) was 1.782 W/cm?

Ne 2XMXN 4 2XMXN gxXhXc
==X ofy — £ X Ofy =~ £° "~ X 0,
=32 X 100% = Zgr X 100% = =245 X 100%
hXx=
A

_2x%(2.19x107%)x(6.022x10%3)x(6.63x1073*)x(3x108)
- 1.766X1.782X7200%X(410X10~9)

X 100% = 0.06%

Where, M represents the amount of formed product (mol), N, is the Avogadro constant
(6.022x10% mol™), 4 is the Planck constant (6.63x1073 J-s), ¢ is the light speed (3x10%
m-s), S is the irradiation area (rquartz wbe = 0.75 cm, S = mr?>=1.766 cm?), P is the light
intensity (1.782 W-cm™), t is irradiation time (7200 s), 4 is the wavelength of light (m).
Therefore, the low quantum yield (¢ = 0.06%) indicates that a radical chain process did

not appear to be involved.

6.7 Non-linear effect experiments

PTH-1 (10 mol%)
[Cu(MeCN),]PFg (2.5 mol%) CNE F

Fs;C CF L1 (3. [
AT ¢ ® + TMscN (8.0 mol%) Ar CFs
MeCN : DMF = 3:1 [0.05 M]

Ar = 4'PhC6H4 410 nm, 20 W, 25 oC’ Ar, 24 h

1a 2a 3 4a

Table S8. The ee values of product catalyzed by ligand in different ee value

Entry L1 (ee %) Product 4a (ee %)
1 100 92

2 50 41

3 0 0

4 -50 -41

5 -100 -92
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Figure S9. Relationship between ee values of ligand L1 and product 4a.

In a flame-dried 10.0 mL Schlenk quartz tube equipped with a magnetic stir bar was
charged sequentially with Cu(MeCN)4PF¢ (0.9 mg, 2.5 pmol) and L1 (1.1 mg, 3.0 umol)
under Ar atmosphere, followed by the addition of super dry N,N-Dimethylformamide
(0.5 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting
mixture was added PTH-1 (0.01 mmol, 10 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2
mmol, 2.0 equiv), TMSCN (0.15 mmol, 1.5 equiv) and super dry acetonitrile (1.5 mL)
under Ar. The mixture was stirred at a distance of 2~3 cm from a 410 nm LEDs at room
temperature for about 24 h until the reaction completed, as monitored by TLC analysis.
The concentrated reaction residue was purified by flash column chromatography on
silica gel with petroleum ether/ethyl acetate (10:1) as eluent to give corresponding
product. The purified product 4a was analyzed by chiral HPLC.

7. DFT calculation

DFT calculations were performed with the Gaussian 16 software package.*”! All
geometry optimizations of compounds were achieved using M06-2X functional and the
Def2-TZVP basis set. Frequency calculations were also conducted at the same level of
theory to obtain vibrational frequencies and thermal corrections to enthalpy at 298 K.
The carbon—halogen bond dissociation energies (BDEs) of a series of difluoroalkyl
halides (F, Cl ,Br and I) were obtained: 119.2 kcal mol™! (C-F, PhCF>F), 78.4 kcal mol™*
(C-Cl, PhCF2(l), 62.3 kcal mol™ (C—Br, PhCF2Br), and 44.7 kcal mol ™ [C—I, PhCF-/].

S82



PhCF3

C -0.96100281 0.30638046 0.00401074
C -1.67115081  -0.88854454 0.00410674

C -3.05544681  -0.87010154 0.00404074
C -3.72548081 0.34770346 0.00407474
C -3.02399581 1.54246546 0.00402574
C -1.63539881 1.51773746 0.00405574
H 0.12105919 0.29082946 0.00403174
H -1.14493581  -1.83370454 0.00422174
H -3.61934381  -1.79438254 0.00401174
H -3.55771181 248260746 0.00405374
H -1.08222881 2.44742746 0.00413374
C -5.22766181 0.33261346 0.00426574
F -5.75187081 1.56141346 0.00423674
F -5.71429881  -0.30528954  -1.06989326

F -5.71453881  -0.30568054 1.07759474

Zero-point correction= 0.106441 (Hartree/Particle)

Thermal correction to Energy= 0.114275
Thermal correction to Enthalpy= 0.115219
Thermal correction to Gibbs Free Energy= 0.070879

Sum of electronic and zero-point Energies= -569.211720
Sum of electronic and thermal Energies= -569.203886
Sum of electronic and thermal Enthalpies= -569.202942
Sum of electronic and thermal Free Energies= -569.247283
PhCF,Cl

C -0.26462396 0.54317548 0.00000000
C 0.42130104  -0.65968152 0.09926300
C 1.79351304  -0.66344452 0.29728500
C 247197704 0.54311748 0.39871700
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C 1.79355504 1.74968948 0.29733600
C 0.42132204 1.74598948 0.09931100
H -1.33572496 0.54315648  -0.15401000
H -0.11275496  -1.59748652 0.02394700
H 2.33622404  -1.59583052 0.37759500
H 2.33627004 2.68207348 0.37766500
H -0.11265696 2.68384048 0.02404200
C 3.96103904 0.54313048 0.58931400
F 4.36956904 1.62122848 1.27342500
F 4.36957704  -0.53504952 1.27330800
Cl 4.82271204 0.54319448  -0.97440900

Zero-point correction= 0.104554 (Hartree/Particle)

Thermal correction to Energy= 0.112753
Thermal correction to Enthalpy= 0.113697
Thermal correction to Gibbs Free Energy= 0.069890

Sum of electronic and zero-point Energies= -929.545855
Sum of electronic and thermal Energies= -929.537655
Sum of electronic and thermal Enthalpies= -929.536711
Sum of electronic and thermal Free Energies= -929.580519\
PhCF>Br

C -2.18662957 0.59883454 0.00783917
C -2.84835357 1.80182154 0.21325917
C -4.17186857 1.80606354 0.62550217
C -4.82573957 0.59937254 0.83450217
C -4.17191957  -0.60758846 0.62691017
C -2.84840457  -0.60388346 0.21466217
H -1.15327857 0.59862554  -0.31324083
H -2.33292157 2.73954954 0.05415517
H -4.69545657 2.73854154 0.78872717
H -4.69554657  -1.53985346 0.79122317
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H -2.33301157  -1.54181746 0.05665017
C -6.25889257 0.59965054 1.27017317
F -6.55393157  -0.47797146 2.00781917
F -6.55393157 1.67819654 2.00646417
Br -7.47711257 0.59867554  -0.27226683

Zero-point correction= 0.103857 (Hartree/Particle)

Thermal correction to Energy= 0.112343
Thermal correction to Enthalpy= 0.113287
Thermal correction to Gibbs Free Energy= 0.067975

Sum of electronic and zero-point Energies= -3043.538281

Sum of electronic and thermal Energies= -3043.529794

Sum of electronic and thermal Enthalpies= -3043.528850

Sum of electronic and thermal Free Energies= -3043.574163

PhCFl

C -1.82451257 0.02785277 0.00036461
C -2.45795157 0.30996077  -1.20242639
C -3.72487157 0.87227477  -1.20649139
C -4.35155957 1.15470577 0.00039261
C -3.72487857 0.87219977 1.20726361
C -2.45795957 0.30988177 1.20317061
H -0.83579057  -0.41184223 0.00035361
H -1.96449157 0.09271577  -2.14033339
H -4.22594557 1.09450377  -2.13921139
H -4.22595757 1.09436877 2.13999461
H -1.96450657 0.09257677 2.14106661
C -5.72409957 1.74943677 0.00040761
F -5.93373257 2.51641677 1.07987961
F -5.93373257 2.51647677  -1.07902239
I -7.26263757 0.20510677 0.00036761

Zero-point correction=
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Thermal correction to Energy= 0.112078

Thermal correction to Enthalpy= 0.113022
Thermal correction to Gibbs Free Energy= 0.066878

Sum of electronic and zero-point Energies= -766.971787
Sum of electronic and thermal Energies= -766.963133
Sum of electronic and thermal Enthalpies= -766.962189
Sum of electronic and thermal Free Energies= -767.008333

PhCF; (Free radical)

C -0.09749304  -1.00269969  -0.01312606

C 0.60439696 0.20222431  -0.01313306
C 1.98117196 0.21850631  -0.01312206
C 2.70034496  -1.00269869  -0.01310306
C 1.98117196  -2.22390569  -0.01309706
C 0.60439796  -2.20762469  -0.01310906
H -1.17867204  -1.00270069  -0.01313406
H 0.06375496 1.13979331  -0.01315006
H 2.52304196 1.15411831  -0.01312806
H 2.52304396  -3.15951669  -0.01308406
H 0.06375396  -3.14519269  -0.01310606
C 4.08703196  -1.00270069  -0.01306906
F 4.82577396  -2.08914169  -0.01312206
F 4.82577296 0.08374331  -0.01313506
Zero-point correction= 0.100337 (Hartree/Particle)
Thermal correction to Energy= 0.107855
Thermal correction to Enthalpy= 0.108800
Thermal correction to Gibbs Free Energy= 0.067218

Sum of electronic and zero-point Energies= -469.290040
Sum of electronic and thermal Energies= -469.282521
Sum of electronic and thermal Enthalpies= -469.281577

Sum of electronic and thermal Free Energies= -469.323159
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F (Free radical)

F 0.00000000 0.00000000 0.00000000

Zero-point correction= 0.000000 (Hartree/Particle)
Thermal correction to Energy= 0.001416

Thermal correction to Enthalpy= 0.002360

Thermal correction to Gibbs Free Energy= -0.014813

Sum of electronic and zero-point Energies= -99.733728

Sum of electronic and thermal Energies= -99.732311

Sum of electronic and thermal Enthalpies= -99.731367

Sum of electronic and thermal Free Energies= -99.748541

Cl (Free radical)

Cl 0.00000000 0.00000000 0.00000000

Zero-point correction= 0.000000 (Hartree/Particle)
Thermal correction to Energy= 0.001416

Thermal correction to Enthalpy= 0.002360

Thermal correction to Gibbs Free Energy= -0.015677

Sum of electronic and zero-point Energies= -460.132584

Sum of electronic and thermal Energies= -460.131168

Sum of electronic and thermal Enthalpies= -460.130223

Sum of electronic and thermal Free Energies= -460.148261

Br (Free radical)

Br -0.66852369 0.30640668 0.00000000

Zero-point correction= 0.000000 (Hartree/Particle)
Thermal correction to Energy= 0.001416

Thermal correction to Enthalpy= 0.002360

Thermal correction to Gibbs Free Energy= -0.016830

Sum of electronic and zero-point Energies= -2574.150304

Sum of electronic and thermal Energies= -2574.148888

Sum of electronic and thermal Enthalpies= -2574.147944

Sum of electronic and thermal Free Energies= -2574.167134
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I (Free radical)

I 2.11699169 1.74079807  -0.02278830

Zero-point correction= 0.000000 (Hartree/Particle)
Thermal correction to Energy= 0.001416

Thermal correction to Enthalpy= 0.002360

Thermal correction to Gibbs Free Energy= -0.017503

Sum of electronic and zero-point Energies= -297.611788

Sum of electronic and thermal Energies= -297.610372

Sum of electronic and thermal Enthalpies= -297.609428

Sum of electronic and thermal Free Energies= -297.629291
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9. Crystallographic Data of 4a (CCDC 2533995)

The crystal of 4a was obtained through slow evaporation of a CH>Cly/hexane solution
of 4a at room temperature. The molecular structure of 4a was then determined by X-
ray crystallography.

Data for the single-crystal structure determination were collected with Rigaku ROD,
Synergy Custom DW system using Cu-K, radiation (A= 1.54184 A). Software packages

used: Olex 2 for structure solution and refinement, and Mercury for graphics.

&
5] e

EW

‘s .

CCDC 2533995

Figure S10. Molecular structure of 4a. Thermal ellipsoids at 50% probability level, H

atoms omitted for clarity.

Empirical formula CasHieFsN
Formula weight 401.37
Temperature/K 100.00(10)
Crystal system triclinic
Space group Pl

a/A 6.6933(3)
b/A 8.0103(3)
c/A 17.6619(6)
a/° 95.624(3)
/e 97.569(3)
v/° 94.704(3)
Volume/A? 929.85(6)
Z 2
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Pealcg/cm’ 1.434

w/mm’! 1.020

F(000) 412.0

Crystal size/mm? 0.06 x 0.04 x 0.03
Radiation CuKa (A =1.54184)

20 range for data collection/® 10.166 to 152.274

Index ranges -7<h<8§,-9<k<10,-22<1<22
Reflections collected 15188

Independent reflections 6607 [Rint=0.0465, Rsigma = 0.0436]
Data/restraints/parameters ~ 6607/3/523

Goodness-of-fit on F? 1.080

Final R indexes [[>=2c (I)] Ri1=0.0535, wR>=0.1527

Final R indexes [all data] R1=0.0559, wR,=0.1547

Largest diff. peak/hole / e A= 0.37/-0.31

Flack parameter  0.01(7)
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10.NMR Spectra of Starting Materials and Products

Figure S11. "H NMR (400 MHz, CDCls, 298 K) of compound 2Kk.
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Figure S12. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 2k.

62'8C ~
100

€189 —

v8'9L
mv.ﬂhw
8v'LL

LLwLL
14433
STyLL
62 vLL
€EPLL
68 7Ll
€6 7Ll
L6°7LL
00°GLL
6LGLL
veE6LL
sozeh
9LveL
PAPEAS
or'zel
6L°zel
cLeet
Steel
ey LEL

e

18651 —

50

T T T
90 80 70

T
100

1 (ppm)

S94



Figure S13. YF{'H} NMR (376 MHz, CDCl;, 298 K) of compound 2Kk.
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Figure S14. "TH NMR (400 MHz, CDCl3, 298 K) of compound 2m.
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Figure S15. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 2m.

o NANT-TODNOOWONOIINTOOT DN
o SALCRIUONNCEBBHBETION Neey 2 09 o aye
S P e gy N e o BI=o B @ ~oandQ
~ WOHOOOHOOMONNNNNNNNNNNN— oON~NN© (3] < o ™M 0 ©
- FrfrrrrerreTeceee e [N N © 0 <+ ® NN
AN DA
= e SN N

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

Figure S16. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 2m.
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Figure S17. "H NMR (400 MHz, CDCls, 298 K) of compound 4a.
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Figure S18. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4a.
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Figure S19. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4a.
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Figure S20. "H NMR (400 MHz, CDCI3, 298 K) of compound 4b.
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Figure S21. 13C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4b.
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Figure S22. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4b.
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Figure S23. '"H NMR (400 MHz, CDCls, 298 K) of compound 4c.
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Figure S24. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4c.
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Figure S25. YF{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4c.
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Figure S26. "TH NMR (400 MHz, CDCI3, 298 K) of compound 4d.
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Figure S27. 13C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4d.
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Figure S28. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4d.
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Figure S$29. '"H NMR (400 MHz, CDCls, 298 K) of compound 4e.
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Figure S30. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4e.
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Figure S31. YF{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4e.
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Figure S32. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4f.
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Figure S33. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4f.
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Figure S34. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4f.
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Figure S35. "H NMR (400 MHz, CDCls, 298 K) of compound 4g.
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Figure S36. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4g.
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Figure S37. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4g.
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Figure S38. "TH NMR (400 MHz, CDCI3, 298 K) of compound 4h.
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Figure S39. 13C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4h.
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Figure S40. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4h.
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Figure S41. '"H NMR (400 MHz, CDCls, 298 K) of compound 4i.
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Figure S42. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4i.
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Figure S43. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4i.
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Figure S44. "TH NMR (400 MHz, CDCls, 298 K) of compound 4j.
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Figure S45. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4;j.
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Figure S46. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4;j.
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Figure S47. "H NMR (400 MHz, CDCls, 298 K) of compound 4k.
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Figure S48. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4k.
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Figure S49. "F{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4k.
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Figure S50. "H NMR (400 MHz, CDCIl3, 298 K) of compound 4.
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Figure S51. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4l.
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Figure S52. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 41.
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Figure S53. '"H NMR (400 MHz, CDCls, 298 K) of compound 4m.

0.5
1852
1652
8092
6197
v29'Z
§£9'C
99z
1592
£99'C
v29°C
689 |
10272
198 |
¥88°Z |
668 |
806 |
916
226°Z
6£6'C
96T
£66'2
296 >
116C

ooo.m\
181y
261y
v0T'¥
9Lz
1512
29L'L
y8L°L
68L°L
2022
2TL
1221
2€eTL
09z'L
8.€°L
28¢e'L
g8e.
£6€°2 |
002 |
90v'2 |
YLt L
L1Y° LA
12h'L A
2oy LA
8vy'L A
952
Loy 2~
89'L -]
vy L
6Ly L]
z8v°2 ]
881,
9052
6052
€162 ]
2162
9252 |
€52
SeS'L
S65°L
vL9°L
£€9°L
oLLL
9eL'L
ovLL
ovLL
89L°L
SLL°L

— o

Feor
Feor

1.5 1.0 0.5 0.0 -0.5

2.0

4.5 4.0 3.5 3.0 2.5

5.0
1 (ppm)

Figure S54. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4m
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Figure S55. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4m.

LGS GLL-—

9€9'26-
€16'96- W
806796~
S¥8°66- \

§08'29- —

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
1 (ppm)

Figure S56. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4n.
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Figure S57. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4n
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Figure S58. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4n.
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Figure $59. '"H NMR (400 MHz, CDCls, 298 K) of compound 4o.
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Figure S60. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 40
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Figure S61. "F{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4o.
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Figure S62. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4p.
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Figure S63. 13C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4p.
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Figure S64. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4p.

T
190

986726
£26'96~ W
9¥9°96~
£86'56~ \

9€8'29- —

-100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160

T
90 -95
1 (ppm)

T
-85

T
-75 -80

T T
-55 -60 -65 -70

-50

40 -45

T
-35

-30

S120



Figure $65. "H NMR (400 MHz, CDCls, 298 K) of compound 4q.
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Figure S66. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4q.
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Figure S67. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4q.
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Figure S68. "H NMR (400 MHz, CDCl3, 298 K) of compound 4r.
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Figure S69. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4r.
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Figure S70. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4r.
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Figure S71. '"H NMR (400 MHz, CDCls, 298 K) of compound 4s.
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Figure S72. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4s.
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Figure $73. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4s.

¥85'L6-
12696 M
219'96-
1£6'56~ s

€2829- —

-90 -95 -100  -105 -110 -115  -120 -125 -130 -1

-85
1 (ppm)

Figure S74. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4t.

-35

980°0
52521
A4 KA

w

Feot
Feot

l\);f);\l%

DO 3R
N+-+-oa

0.0 -0.5

0.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
1 (ppm)

10.5

S125



Figure S75. 13C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4t.

LE71E
ov.FmW.

ev'Le

[3:824
:.mvw
8€°SY

v8'9L
E.RW
8y’ LL
884111
LL6LL A
ze0z} |
66121
202zt
s0zel |
6022l |
z1zel |
91221 |
62'221 |
§2°221 A
00'521 |
9221 |
£v'221 o
Sv'L2L A
L2
19221 ]
61221
15221
€5121
¥S'L2) ]
[VAVEA
0182} |
or'szl ]
25821
0882
wm.mmi
89'6Z1
20'LEL
SELEL
19'LEL
00'2EL
9L'VEL
19'9EL
18'9EL
vLLEL

T
80 70

T
90
1 (ppm)

Figure S76. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4t.
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Figure S77. "TH NMR (400 MHz, CDCls, 298 K) of compound 4u.
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Figure S78. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4u.
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Figure S79. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4u.
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Figure S80. "H NMR (400 MHz, CDCI3, 298 K) of compound 4v.
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Figure S81. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4v.
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Figure S82. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4v.
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Figure S83. 'H NMR (400 MHz, CDCls, 298 K) of compound 4w.
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Figure S84. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4w.
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Figure S85. "F{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4w.
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Figure S87. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4x.

L2
Lo
LS
Lg i
sL0e )
"
mhomW —3 = =)
z8'0e =)
o
LS muy
08y
Buva _ _ m
se'oy ] g 5
o
[
F3 o
E A~ regTI-—
e M
o0
(@)
H8 AN 199°26-
- 8986'96-
T —  ogg9e
L %W m gogse’
g ©
N
e =
——3F |8 Nel
— = oﬂ
——— L3 bt 1¥8'29-—
= -
— e W
W ladve)
=
L8 =9
— - o
-
E o
o
o 9]
|- mm e
1
i 18 B
* p—(
o

-110 -120 -130 -140 -150 -160 -17¢

-100

1 (ppm)

-90
S132

T
-80

-40

T
-30




Figure S89. 'H NMR (400 MHz, CDCls, 298 K) of compound 4y.
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Figure S90. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4y.
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Figure S91. YF{'H} NMR (376 MHz, CDCl;, 298 K) of compound 4y.
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Figure S92. "H NMR (400 MHz, CDCI3, 298 K) of compound 4z.
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Figure S93. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4z.
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Figure S94. PF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4z.
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Figure S95. "H NMR (400 MHz, CDCls, 298 K) of compound 4aa.
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Figure S96. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4aa.
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Figure $97. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4aa.
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Figure S98. "H NMR (400 MHz, CDCl3, 298 K) of compound 4ab.
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Figure S99. 13C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ab.
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Figure 100. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4ab.
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Figure S101. 'TH NMR (400 MHz, CDCls, 298 K) of compound 4ac.
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Figure S102. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ac.
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Figure S103. “F{'H} NMR (376 MHz, CDCl, 298 K) of compound 4ac.
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Figure S104. "H NMR (400 MHz, CDCl3, 298 K) of compound 4ad.
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Figure S105. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ad.
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Figure S106. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4ad.
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Figure S107. "H NMR (400 MHz, CDCls, 298 K) of compound 4ae.
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Figure S108. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ae.
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Figure $109. “F{'H} NMR (376 MHz, CDCl, 298 K) of compound 4ae.

285726
616°96- W
¥89°96- \
120°96-

182°29-—

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
1 (ppm)

Figure S110. '"H NMR (400 MHz, CDCl3, 298 K) of compound 4af.
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Figure S111. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4af.
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Figure S112. YF{!H} NMR (376 MHz, CDCI3, 298 K) of compound 4af.
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Figure S113. "H NMR (400 MHz, CDCl, 298 K) of compound 4ag.
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Figure S114. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4ag.
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Figure S115. ®F{'H} NMR (376 MHz, CDCls, 298 K) of compound 4ag.
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Figure S116. '"H NMR (400 MHz, CDCl3, 298 K) of compound 4ah.
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Figure S117. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ah.
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Figure S118. F{!H} NMR (376 MHz, CDCl3, 298 K) of compound 4ah.
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Figure S119. '"H NMR (400 MHz, CDCls, 298 K) of compound 4ai.
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Figure S120. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ai.
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Figure S121. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 4ai.
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Figure S122. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4aj.
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Figure S123. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4aj.
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Figure S124. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4aj.
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Figure S125. "H NMR (400 MHz, CDCls, 298 K) of compound 4ak.
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Figure S126. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ak.
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Figure S127. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 4ak.
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Figure S128. "H NMR (400 MHz, CDCl3, 298 K) of compound 4al.
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Figure S129. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4al.
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Figure S130. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4al.
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Figure S131. "H NMR (400 MHz, CDCls, 298 K) of compound 4am.
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Figure S132. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4am.
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Figure S133. “F{'H} NMR (376 MHz, CDCls, 298 K) of compound 4am.

€€9°26
116796~ W
GG1°96-
£€8¥°66- \

81929 —

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
1 (ppm)

Figure S134. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4an.
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Figure S135. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4an.
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Figure S137. 'TH NMR (400 MHz, CDCls, 298 K) of compound 4ao.
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Figure S138. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4ao.
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Figure S139. “F{'H} NMR (376 MHz, CDCls, 298 K) of compound 4ao.
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Figure S140. "H NMR (400 MHz, CDCl3, 298 K) of compound 4ap.
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Figure S141. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ap.
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Figure S142. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4ap.
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Figure S143. "H NMR (400 MHz, CDCls, 298 K) of compound 4aq.
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Figure S144. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4aq.
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Figure S145. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4aq.
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Figure S146. "H NMR (400 MHz, CDCl3, 298 K) of compound 4ar.
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Figure S147. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ar.
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Figure S148. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4ar.
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Figure S149. 'H NMR (400 MHz, CDCls, 298 K) of compound 4as.
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Figure S150. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4as.
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Figure S151. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 4as.
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Figure S152. "TH NMR (400 MHz, CDCl3, 298 K) of compound 4at.
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Figure S153. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4at.
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Figure S154. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4at.
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Figure S155. "TH NMR (400 MHz, CDCls, 298 K) of compound 4au.
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Figure S156. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4au.
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Figure S157. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4au.
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Figure S158. "H NMR (400 MHz, CDCl3, 298 K) of compound 4av.
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Figure S159. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4av.
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Figure S161. "TH NMR (400 MHz, CDCls, 298 K) of compound 4aw.

C
o
805°Z
815C "
S€5°T Fo
SPS'T
955°Z
2952 L2
€152 .
€85 | o W
6852 | L@ ©
109°Z § -
1192 4 <
829°Z o Tz
8€9°Z 4 o [ m:mW
618z 3 elle
2v8'Z W © o
2582 g I N o
Nom.mgw — =€ foou g ur
228'T = ) 6677
668°C T = b | = O e/
z16C o
616C Y—
SE6'C L © (@]
1562 oz | © —~~
2108 — ~ &
9Ly L2
03 — — o [T R
291y 0 ANl v8oL
F< - E,RW
S
o~ or'LiL
Lge Q e
a nu 1
= 911l
ox QO s
Fo G
N 6L€hl
° T e
o vZeLL
M 9zELL
6zl
L — el
O  teel
— 9iPLL kw
o ~— Tyl “ F
L2 '
8zyLL
X ] i
0 19°611
S M €8°641 W
- y
s 602! |
° ££'eTL
Fo [t S.NNL
v0'STL
I vosz]
] RS |
L2 - S.RJ
(@) 06221 |
o 6reTL]
L2 — mo,mNJ
o = LLzEL
AN vrze
© © gzl
ro 1 soeelL
) vLesl
o 19281
] n_r.v €6'L€EL
e
© o cor
Lo O e
- LL seeirk

20

30

40

50

60

70

80

100 90
1 (ppm)
S169

110

120

180 170 160 150 140 130

190




Figure S163. F{'H} NMR (376 MHz, CDCls, 298 K) of compound 4aw.
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Figure S164. "H NMR (400 MHz, CDCl3, 298 K) of compound 4ax.
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Figure S165. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ax.
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Figure S166. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4ax.
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Figure S167. 'TH NMR (400 MHz, CDCls, 298 K) of compound 4ay.
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Figure S168. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4ay.
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Figure S169. F{'H} NMR (376 MHz, CDCls, 298 K) of compound 4ay.
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Figure S170. "H NMR (400 MHz, CDCl3, 298 K) of compound 4az.
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Figure S171. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4az.
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Figure S172. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4az.
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Figure S173. "H NMR (400 MHz, CDCls, 298 K) of compound 4ba.
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Figure S174. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4ba.
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Figure S176. "H NMR (400 MHz, CDCl3, 298 K) of compound 4bb.
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Figure S175. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4ba.
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Figure S177. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4bb.
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Figure S178. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4bb.
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Figure $179. 'H NMR (400 MHz, CDCls, 298 K) of compound 4bc.
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Figure S180. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4bc.
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Figure S181. YF{'H} NMR (376 MHz, CDCls, 298 K) of compound 4bc.
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Figure S182. "H NMR (400 MHz, CDCl3, 298 K) of compound 4bd.
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Figure S183. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4bd.
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Figure S184. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4bd.
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Figure S185. 'TH NMR (400 MHz, CDCls, 298 K) of compound 4be.
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Figure S186. 3C{*H} NMR (101 MHz, CDClIs, 298 K) of compound 4be.
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Figure S187. YF{!H} NMR (376 MHz, CDCls, 298 K) of compound 4be.
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Figure S188. "H NMR (400 MHz, CDCl3, 298 K) of compound 4bf.
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Figure S189. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 4bf,
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Figure S190. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 4bf.
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Figure S191. "TH NMR (400 MHz, CDCls, 298 K) of compound 5.
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Figure $192. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 5.
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Figure $193. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 5.
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Figure S194. "TH NMR (400 MHz, CDCl3, 298 K) of compound 6.
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Figure S195. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 6.
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Figure S196. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 6.
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Figure S197. "TH NMR (400 MHz, CDCls, 298 K) of compound 7.
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Figure S198. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 7.
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Figure $199. “F{'H} NMR (376 MHz, CDCl, 298 K) of compound 7.
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Figure S200. "H NMR (400 MHz, CDCl3, 298 K) of compound 8.
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Figure S201. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 8.
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Figure S202. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 8.
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Figure $203. 'TH NMR (400 MHz, CDCls, 298 K) of compound 9.
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Figure S204. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 9.
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Figure S205. “F{'H} NMR (376 MHz, CDCls, 298 K) of compound 9.
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Figure S206. "H NMR (400 MHz, CDCl3, 298 K) of compound 10.
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Figure S207. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 10.

vL'S€—

L9°ey
mm.mvw

ozvy

¥8'9L
mvﬁww

8v'LL
788117
09611 |
8z'1zl |
16121
002z} |
€022} |
9022} |
0122} |
€122
91°2Z1
1£221
0L°€Z1
20521
20221

W

€L 121~

¥0'821 7]
s2'821 ]
6v'821 |
55'8Z1
09'8Z!
S6'8Z1 |
ev'62) |
1908} ]
66°0€1 |
ze'Lel |
vo'LeL ]
90°2¢1 |
mm&m;
657281

w
ﬁ

cLorL H“
4844

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

T
200

1 (ppm)

Figure S208. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 10.
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Figure $209. 'H NMR (400 MHz, CDCls, 298 K) of compound 11.
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Figure S210. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 11.
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Figure S211. ®F{'H} NMR (376 MHz, CDCls, 298 K) of compound 11.
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Figure S212. "TH NMR (400 MHz, CDCl3, 298 K) of compound 12.
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Figure S213. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 12,
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Figure S215. 'TH NMR (400 MHz, CDCls, 298 K) of compound 13.
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Figure S216. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 13.
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Figure S217. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 13.
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Figure S218. "TH NMR (400 MHz, CDCl3, 298 K) of compound 14.
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Figure $219. 3C{'H} NMR (101 MHz, CDCls, 298 K) of compound 14.

L0'6Y
9z'6¥

LS'6Y
60°LS \

¥8°9L
9LLL
8y LL

v9'6iL
16641

ozzh

ereeh

98'vzh

10521 |
8'9Z}
96'9Z1
05224
6522}
59224
2L zh
8121
2622
10'8Z}
01821
82821
€1°08L —
sozeL

86'GEL
vN,om_\\“
€5°9€L

82°SYL —

10

20

30

40

50

60

70

80

1021 (ppgn(ﬁ))
Figure S220. YF{'H} NMR (376 MHz, CDCl3, 298 K) of compound 14.
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Figure S221. 'H NMR (400 MHz, CDCls, 298 K) of compound 18.
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Figure S222. 3C{*H} NMR (101 MHz, CDCls, 298 K) of compound 18.
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Figure $223. YF{'H} NMR (376 MHz, CDCl, 298 K) of compound 18.
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Figure S224. "TH-NOESY NMR (400 MHz, CDCl3, 298 K) of compound 18.

T W

| 1.0

LO.5

H1 O » Lo

Las
o
Lao

4.5

1 (ppm)

+5.0
= ; ©
L
6.0
L6.5
¥ .

H7.0

+8.0

-85

: : : : : : ! : : : : : ' : ' . :
&5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
2 (ppm)

5200



11.HPLC Analysis of Products

Chiral HPLC spectrum of chiral 4a

B00D

600

400

200

UL

CN F F

Ph

A
] "‘::'/\“T
_0 8 10 18
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.905 871.17750 0.465 49.282 3.959
2 14.072 21134.69831 0.576 916.911 96.041
3 22005.87581 0.520 966.193 100.000

Chiral HPLC spectrum of racemic 4a

1200

1000

800

&00

400

200

i

L P =

Retention time
11.987
14.203

Peak Area(mAu*s)
22313.03435
21657.39658
43970.43093

Peak list
Peak width Peak height
0492 1157.771
0.568 984.563
0.530 2142.334
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Area Ratio(%)
50.746
49.254
100.000




Chiral HPLC spectrum of chiral 4b

1200_ mAu

1000

600

200

(1]

_ ml'nl
Peak list

No '  Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.528 20687.42746 0.479 1145.605 95.968

2 13.592 869.12480 0.434 54.008 4.032

3 21556.55225 0.457 1199.613 100.000

Chiral HPLC spectrum of racemic 4b
7 [mau
A
300

o

R mrnI

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 12.527 7940.21755 0.421 496.659 49.904

2 13.392 7970.72691 0.461 457.218 50.096

3 15910.94446 0.441 953.878 100.000
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Chiral HPLC spectrum of chiral 4¢

300

200

02

&£
0 1/\\
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.837 529.60105 0.635 21.005 4967
2 20.078 10131.97847 0.781 322.096 95.033
3 10661.57953 0.708 343.102 100.000
Chiral HPLC spectrum of racemic 4¢
7] [maa
250 6.‘53
I
200
150
100
50
Y o | S o
(1]
_ rw'r\I
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.849 7047.99623 0.633 271.668 50.230
2 20.035 6983.39925 0.746 232.510 49.770
3 14031.39548 0.689 504.178 100.000
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Chiral HPLC spectrum of chiral 4d

7 [mba
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.367 1038.26816 0.505 53.727 5.476
2 13.050 17921.23937 0592 775483 94.524
3 18959.50753 0.548 829.210 100.000
Chiral HPLC spectrum of racemic 4d
mAu
F00
500
400
300
200
&

No | Retention time

1 11.087
2 12.853
3

PeakArea(mAu*s)
2620.70230
2315.85246
4936.55476

Peak list
Peak width Peak height
0.538 127.164
0612 96.886
0.575 224.051
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Area Ratio(%)
53.088
46912
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Chiral HPLC spectrum of chiral 4e

My

&
200
100
&
o d-._.jmf\._ 1
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.398 333.06810 0.483 17.416 4.051

2 15.473 7889.72813 0.587 324.580 95.949

3 8222.79623 0.535 341.996 100.000

Chiral HPLC spectrum of racemic 4e
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20

10
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 13.321 52007225 0.511 25.460 49942

2 15418 521.27663 0.569 22.780 50.058

3 1041.34888 0.540 48.240 100.000
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Chiral HPLC spectrum of chiral 4f

1 frau
m
S00 -
400
300
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&
M
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B [i] 5 10 15
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.133 757.11875 0.502 38.145 5.248
2 14.933 13670.86635 0.593 557.547 94.752
3 14427.98511 0.548 595.692 100.000

Chiral HPLC spectrum of racemic 4f

500 i

200
100

0

B ('] 5 10 15 20
Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.136 9929.36985 0.517 468.855 49.455

2 14.941 10148.32821 0.590 417.333 50.545

3 20077.69806 0.553 886.188 100.000
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Chiral HPLC spectrum of chiral 4g

2000

1500

500

i

10

Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 14.337 1903.49510 0.574 84218 3.160
2 15.703 58339.12967 0.696 2129.036 96.840
3 6024262477 0.635 2213.254 100.000
Chiral HPLC spectrum of racemic 4g
120 ] [mau
100
80
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 14.425 2719.29040 0.591 115.716 49682
2 15.825 2754.09105 0.649 106.638 50318
3 5473.38145 0.620 222.354 100.000
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Chiral HPLC spectrum of chiral 4h

&
o S
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Peak list
N Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.610 186.07910 0.349 14.430 3.006
2 13.293 6004.73734 0.432 357.745 96.994
3 6190.81644 0.390 372175 100.000
Chiral HPLC spectrum of racemic 4h
] frau
200
150
&
100 - I‘l;,&
S0
0
B T e 10 n 12 12 14 15 1;
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.603 1572.67330 0.372 109.254 49.888
2 13.303 1579.76116 0.432 94.213 50.112
3 3152.43446 0.402 203.467 100.000
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Chiral HPLC spectrum of chiral 4i
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[1] 2 4 [] a 10 12 14 ltf!
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.638 549.02410 0.331 46.165 3.241
2 12.105 16391.47947 0.448 967.539 96.759
3 1694050357 0.389 1013.704 100.000
Chiral HPLC spectrum of racemic 4i
7] [
100
L~ i
&0
&0
40
20
0
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I 1
L] 10 n 12 13
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.623 1439.99485 0.383 100.217 49.638
2 12.223 1460.97820 0.402 95.969 50.362
3 2900.97305 0.392 196.186 100.000
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Chiral HPLC spectrum of chiral 4j
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500
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300
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0
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[ s 10 15 20
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 18.547 813.41508 0.610 33.791 5.029
2 19.725 15362.65081 0.713 535.631 94971
3 16176.06589 0.662 569.422 100.000
Chiral HPLC spectrum of racemic 4j
7] fra
120 @ﬂ’
100 .
80
&0
40
20
o
= ; minI
14 16 1% 20 22 24
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 18463 3217.45530 0.619 129.016 50.869
2 19.683 3107.53430 0.668 116.599 49.131
3 6324.98960 0.644 245.615 100.000
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Chiral HPLC spectrum of chiral 4k

&
0 T
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2 4 & a 10 12 14 18
Peak list
No| Retention time PeakArea(mAu¥*s) Peak width Peak height Area Ratio(%)
1 8.825 53.55125 0.336 4.027 2.480
2 9.826 2105.97480 0.386 133.638 97.520
3 2159.52605 0.361 137.665 100.000
Chiral HPLC spectrum of racemic 4k
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300
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0 T -
. =
6 a 9 10 n 12 13 14
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.809 5341.25865 0.344 381.947 49.083
2 9.810 5540.88378 0.391 345.247 50917
3 10882.14243 0.367 727.195 100.000
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Chiral HPLC spectrum of chiral 41

7 [mAa
600
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100

&

0

| minI

Peak list

MNo | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.347 37894570 0.383 26.635 3.377
2 10.363 10842.14352 0.428 639.811 96.623
3 11221.08922 0.406 666.446 100.000

Chiral HPLC spectrum of racemic 41

i

100

i =
7 & L] 10 i 2 i3
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9177 5593.51809 0.380 384.440 49433
2 10.160 5721.93826 0.404 358.703 50.567
3 1131545635 0.392 743.142 100.000
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Chiral HPLC spectrum of chiral 4m

500

Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.178 1593.69155 0.404 103.644 4.442
2 13.956 34287.06908 0.569 1611.070 95.558
3 35880.76063 0.487 1714.714 100.000
Chiral HPLC spectrum of racemic 4m
T [
10
0
-10
-20
-30
~40
4| =
10 12 14 16 18
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.837 769.81870 0.396 51.544 49927
2 13.738 772.05636 0.429 47.497 50.073
3 1541.87506 0.413 99.040 100.000
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Chiral HPLC spectrum of chiral 4n

100

L

F3C

20

No

1
2
3
4

Retention time

8.995
11.045
16.378

PeakArea(mAu*s)
71.59790
228993085
16625.39276
18986.92152

Chiral HPLC spectrum of racemic 4n

CN

(o
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N

Peak list
Peak width

CN
o
C :
CN
(S)-4n

0.428
0.525
0.777
0.577

Peak height
4.400
113.437
556.359
674.197

Area Ratio(%)
0.377
12.061
87.562
100.000

CN
(R)-4n (meso)-4n
1 1 2

7] [mau
500
400
300
200

&

100
[1]

] : minI

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.002 5007.99305 0.446 288.747 25.259
2 11.052 10226.08350 0.534 499.973 51.577
3 16.368 4592.75090 0.783 153.698 23.164
4 19826.82745 0.587 942.419 100.000
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Chiral HPLC spectrum of chiral 40

o0

&0

T

&0

50

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.127 103.34525 0.484 5.294 4.837

2 15.058 2033.07554 0.572 84.967 95.163

3 2136.42079 0.528 90.261 100.000

Chiral HPLC spectrum of racemic 40

1 fau
120
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&
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o $ &
40
20
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.038 1353.57920 0.499 65.933 50.097

2 15.055 1348.35370 0.575 57.652 49.903

3 2701.93290 0.537 123.585 100.000
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Chiral HPLC spectrum of chiral 4p

s

500

28

Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height
1 18.303 35102.76196 0.586 1561.806
2 19.687 1176.81610 0.568 55.106
3 36279.57806 0.577 1616.912

Chiral HPLC spectrum of racemic 4p

Area Ratio(%)
96.756
3.244
100.000
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&00
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s 10 15 20
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 18.148 9156.55268 0.553 433.422 49418
2 19.648 9372.21026 0.606 400.940 50.582
3 18528.76294 0.579 834.362 100.000
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Chiral HPLC spectrum of chiral 4q
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.869 12298.49353 0.349 926.606 96.402
2 10.598 459.03620 0.325 37.868 3.598
3 12757.52973 0.337 964.474 100.000
Chiral HPLC spectrum of racemic 4q
7 [mau
30
20
10
0
- | minI
a 10 11 2 13
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.697 49151370 0.329 39.322 54.408
2 10314 411.86320 0.357 30.137 45.592
3 903.37690 0.343 69.459 100.000
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Chiral HPLC spectrum of chiral 4r

L
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 12.262 24396.36694 0.499 1188.475 95638

2 13518 1112.71555 0.502 56.175 4.362

3 25509.08249 0.500 1244.649 100.000

Chiral HPLC spectrum of racemic 4r

T fmaa
150 pﬁ
100
L]

—_f\r\-——‘"—wf\_._

0
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0 5 10 15
Peak list

MNo| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.263 3067.59320 0.465 162.172 49984
2 13.501 3069.57895 0.524 142.263 50.016
3 6137.17215 0.494 304.435 100.000
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Chiral HPLC spectrum of chiral 4s

00

BOD

7o

GO0

500

400

300

200

A

100 H.,’?
1]
= ; minI
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 13.647 22128.01998 0.631 914.824 94.551

2 15.230 1275.16240 0.650 52.219 5.449

3 23403.18238 0.641 967.043 100.000

Chiral HPLC spectrum of racemic 4s
20 | [maAc
o
&
o
10
5
Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.435 409.29665 0.554 19.106 57.020

2 14.768 308.51300 0.612 12.054 42.980

3 717.80965 0.583 31.161 100.000
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Chiral HPLC spectrum of chiral 4t

E 8 & 8 & 8

0

28

a0

Peak list
N Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 23.243 1460.72230 0.727 55.978 4.389
2 24.139 31824.00862 1.117 775.750 95611
3 33284.73092 0.922 831.728 100.000
Chiral HPLC spectrum of racemic 4t
soo | frAu
400 o
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100
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18 18 2 24 26 !
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 22783 16899.74326 1.008 459.063 49927
2 24.185 16949.44921 0.994 462.981 50.073
3 33849.19247 1.001 922.044 100.000
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Chiral HPLC spectrum of chiral 4u

o .
o -] 10 15 20 25 30 35
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 22.109 35099.52894 1.598 550.352 96.262
2 25.985 1362.93403 1.524 23.544 3.738
3 36462.46297 1.561 573.896 100.000
Chiral HPLC spectrum of racemic 4u
mAu =
250
200
150
&
v
100 r‘{’v f\?,\@
50
0
f 15 20 25 o 35 !
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 22.493 5549.12187 1.346 105.818 49.280
2 25.756 5711.23731 1.527 95.242 50.720
3 11260.35918 1.436 201.060 100.000
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Chiral HPLC spectrum of chiral 4v

imin

25

Peak list
MNo | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.853 51225.99298 0.643 2013.605 95.495
2 18.003 2416.67094 0.579 110.521 4.505
3 53642.66392 0.611 2124.126 100.000
Chiral HPLC spectrum of racemic 4v
T [
100
a0
&0
40
20
(]
=20
. I I|'II|I
12 14 18 18 0 22
Peak list
Mo | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.758 1386.35830 0.594 51.896 56.043
2 17.825 1087.38010 0.613 45.442 43957
3 2473.73840 0.604 97.338 100.000
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Chiral HPLC spectrum of chiral 4w

400

200

100

I
Peak list

No  Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 15.397 305.29215 0.450 18.660 3.557

2 16.097 8277.05709 0.526 413.262 96.443

3 8582.34925 0.488 431.922 100.000

Chiral HPLC spectrum of racemic 4w

150 # ‘gp
50
(1]

. min|

f 10 11 12 13 14 15 16 17 18I
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.735 2750.00279 0.480 153.661 49.968
2 16.452 2753.54320 0.502 147.553 50.032
3 5503.54599 0.491 301.214 100.000
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Chiral HPLC spectrum of chiral 4x

T e
S00
400
300
200
100
&
o L T
[1] 5 10 15 20
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.503 12265.38011 0.568 529.047 96.090
2 16.788 499.15385 0579 21.958 3910
3 12764.53395 0574 551.005 100.000
Chiral HPLC spectrum of racemic 4x
250
1000 _‘I‘P
K &
=50 : min
Peak list
Mo | Retention time PeakArea(mAu®s) Peak width Peak height Area Ratio(%)
1 15416 161791675 0.543 72.524 51.310
2 16.690 1535.31510 0.601 63.763 48.690
3 3153.23185 0.572 136.287 100.000
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Chiral HPLC spectrum of chiral 4y

Foo

18 20 22 24 26 28 a0

3

Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 23.685 1328.63505 0.937 37.131 3.766
2 26.602 33951.76583 1.275 710.402 96.234
3 35280.40089 1.106 747.533 100.000
Chiral HPLC spectrum of racemic 4y
1 [moa
200
150
«Bféy ¢
100 (L\
50
o 1
- min
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 23.582 4527.68499 1.019 117.310 50.055
2 27.182 4517.65745 1.063 113.000 49,945
3 9045.34244 1.041 230.310 100.000
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Chiral HPLC spectrum of chiral 4z

UL
1000

CN FE F »
; L CF '
600 Me

400

A
0 T
_6 5 10 15 20
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.747 32819.64335 0.919 958.494 95.624
2 14.208 1501.84498 0.845 49.859 4.376
3 34321.48833 0.882 1008.353 100.000
Chiral HPLC spectrum of racemic 4z
]
400
00
200
100
0 T
- I
10 12 14 16 148 20
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.397 9657.62699 0.862 295.680 50.179
2 14.801 9588.71283 0.992 253.890 49.821
3 19246.33982 0.927 549.570 100.000
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Chiral HPLC spectrum of chiral 4aa

7 [mha
500
400
300
100
o
_l) L] 10 15 20
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.503 12265.38011 0.568 529.047 96.090
2 16.788 499.15385 0.579 21.958 3.910
3 12764.53395 0.574 551.005 100.000
Chiral HPLC spectrum of racemic 4aa
250
200
150
100 S
2 &
50
=0 min
! 14 18 18 20 22 !
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.416 1617.91675 0.543 72524 51310
2 16.690 1535.31510 0.601 63.763 48690
3 3153.23185 0.572 136.287 100.000
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Chiral HPLC spectrum of chiral 4ab

mAiu

CN F F

1500 CF3

500

i
1] T
1I> ] 10 18 20
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.808 63756.12984 0.827 2039.959 96418
2 18.108 2368.44863 0.760 85.260 3.582
3 66124.57847 0.794 2125.220 100.000
Chiral HPLC spectrum of racemic 4ab
7 [mAa
120
A
100 & &
80
&0
40
20
0
- ! 2 14 18 i8 20 22
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 16.687 3262.24726 0.687 124.046 50.290
2 17.903 3224.67700 0.790 110.345 49.710
3 6486.92426 0.739 234.392 100.000
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Chiral HPLC spectrum of chiral 4ac

mAu

300
CNFE F &
= P CF,
- SORAe
MeO
150
100
50
&
o ‘V’\r L
- | minI
1] 2 4 L] L] 10 12 14 16
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.251 184.16465 0.310 15.901 4.181
2 10.793 4220.45992 0.372 298.492 95.819
3 4404.62457 0.341 314.394 100.000
Chiral HPLC spectrum of racemic 4ac
7 [t
500
400
= $
o
200
100
o ML_-—)I\_‘—"—‘U\-__#»_—._/M ;
_ : minI
o 2 4 a 10 12
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.305 3476.83631 0.318 289.357 49.855
2 10.866 3497.05699 0.372 248.536 50.145
3 6973.89330 0.345 537.893 100.000
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Chiral HPLC spectrum of chiral 4ad

mL

0 CNF F o
_ : < CF4
&0 ~ |
Me N
40
20 @
4]
1 min
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.857 263.69030 0.532 13.555 10.800
2 12.623 2177.77370 0.595 93.070 89.200
3 2441.46400 0.564 106.625 100.000

Chiral HPLC spectrum of racemic 4ad

iy

min|

No

1
2
3

Retention time

11.877
12.710

PeakArea(mAu*s)
1483.06000
1344.32485
2B827.38485

Peak list
Peak width Peak height
0.565 70.395
0.593 60.153
0.579 130.548
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Area Ratio(%)
52.453
47.547
100.000




Chiral HPLC spectrum of chiral 4ae

1000

500

CNF F

Me Me

M 5 N CF
/@[ e o 3
Me ON}J\o

B
[} ‘\;/{\.,_ .
_0 2 4 3 a 10 12'
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 7137 1236.35120 0.239 136.764 6.149
2 8487 18870.96631 0.309 1583.135 93.851
3 20107.31751 0.274 1719.900 100.000

Chiral HPLC spectrum of racemic 4ae

400

No| Retention time
1 7.353

2 9.070

3

PeakArea(mAu*s)
7362.28928
7075.34963
14437.63891

Peak list
Peak width

S231

0416
0.491
0.453

Peak height Area Ratio(%)
447121 50.994
376.385 49.006
823.506 100.000




Chiral HPLC spectrum of chiral 4af

] [t
CNF F \a
200 CF3
Q H
"Pr\N/S\\
100 |
"Pr
S50
&
0
_ min|
[1] 10 15 20 25 !
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.693 556.60150 0.701 20.703 3.833
2 20.243 13962.81016 1.602 228.502 96.167
3 14519.41166 1.152 249.205 100.000
Chiral HPLC spectrum of racemic 4af
[
15
55 &
10
5
N ! 10 12 14 16 18 20 2 2‘4
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.200 482.53940 1.078 11.545 44.822
2 20.233 594.01980 1.597 10.084 55.178
3 1076.55920 1.337 21629 100.000

5232




Chiral HPLC spectrum of chiral 4ag

700 | fmAu
&00
S00
400
300
200
100
o hd
[+] & 10 15 20 5 30 35 !
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 25.365 1518.30125 0.768 54.010 5.973
2 26,515 23901.36561 0.951 647.332 94.027
3 25419.66686 0.859 701.342 100.000

Chiral HPLC spectrum of racemic 4ag

7] fraw

250

200

150

100

L]

0

=0 min|
- I 1

20 25 30 as
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 25.553 5298.74281 0.869 160.591 46.757

2 27.053 6033.74588 0.887 176.704 53.243

3 11332.48869 0.878 337.295 100.000
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Chiral HPLC spectrum of chiral 4ah

400

L)

100

CNF F

PhCFg

&
o o -
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 27.317 27210.86783 1.346 546.496 97.955
2 29.150 568.13475 1.080 14.500 2.045
3 27779.00258 1.213 560.995 100.000
Chiral HPLC spectrum of racemic 4ah
7 [l
&0
50
40
ﬁ;‘;
30 '-{t\
20
10
o
-10
20 min
- I 1
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 27.375 968.01430 0.858 31.224 50.518
2 28.442 948.15670 1.033 24.701 49.482
3 1916.17100 0.945 55.924 100.000
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Chiral HPLC spectrum of chiral 4ai

[

20

Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 19.103 26454.76362 0.844 827.197 96.502
2 20.670 959.04710 0.725 35.675 3.498
3 27413.81072 0.785 862.872 100.000
Chiral HPLC spectrum of racemic 4ai
7] [
200
150
100
50
o —
_ : - minI
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 19.367 5617.49961 0.706 213.078 49.362
2 20.433 5762.64119 0.785 195.105 50.638
3 11380.14080 0.745 408.183 100.000
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Chiral HPLC spectrum of chiral 4aj

Chiral HPLC spectrum of racemic 4aj

7 fmdu
A
200 :
150
100
S0
K3
R . AN . :
= minI
o 4 & & 10 12 14 18
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 203.06577 0.340 14.957 4.951
2 3898.09839 0.420 228.270 95.049
3 4101.16416 0.380 243.227 100.000

BOO

00

400

200

il

4

I 1

4 [ a 10 12 14 16

Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 12327.95320 0.342 875.992 50.352
2 12155.72683 0.416 721.281 49648
3 24483.68003 0.379 1597.273 100.000
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Chiral HPLC spectrum of chiral 4ak

200

150

100

50

&
0 A T
. min|
T 1
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.847 290.12002 0.461 16.061 4.319
2 14.025 6426.64063 0.579 272.567 95.681
3 6716.76066 0.520 288.628 100.000
Chiral HPLC spectrum of racemic 4ak
] [méu
250
200
150
100
50
_ min|
r 1

No

1
2
3

Retention time

11.774
13.936

PeakArea(mAu*s)
5134.16545
5186.14550

10320.31094

Peak list

Peak width
0.474
0.563
0.519
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Peak height
267.397
227.147
494.543

Area Ratio(%)
49.748
50.252

100.000




Chiral HPLC spectrum of chiral 4al

7 [mta
250 ;'\
200
100
50
A
h min
L] 10 i8 20 !
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.396 419.59744 0.461 22.506 6.087
2 13.747 6474.20577 0.577 272.689 93913
3 6893.80322 0.519 295.195 100.000

Chiral HPLC spectrum of racemic 4al

st

50

-50 —

"% 16

No | Retention time
1 11.479
2 13.801
3

PeakArea(mAu*s)
716.11365
73541295

1451.52659

Peak list

Peak width
0.442
0.543
0.492
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Peak height
40.502
34.330
74.832

Area Ratio(%)
49.335
50.665

100.000




Chiral HPLC spectrum of chiral 4am

&
5
0 "?/’\I 1
. ] 10 15
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.400 1428.98628 0.401 87.897 4.618

2 12323 29512.37300 0.506 1421.403 95.382

3 30941.35927 0.454 1509.299 100.000

Chiral HPLC spectrum of racemic 4am

T fraa
140
120 ,{\f';?
100
80
&0
40
20
0 ""f\" T .

B I6 a 10 iz 14 18 !

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.388 2366.75535 0.405 141.346 49967

2 12.330 2369.88228 0.487 118.194 50.033

3 4736.63762 0.446 259.540 100.000
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Chiral HPLC spectrum of chiral 4an

200

100

50

4
o k>
B 1
Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 10.027 128.73045 0.400 8.299 3.081

2 11.127 4049.12665 0.466 214.995 96.919

3 4177.85710 0.433 223.294 100.000

Chiral HPLC spectrum of racemic 4an
300 | [PAu
&

250 A o
200
150
100
50
[+]

_ minI

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.138 4524.94940 0.399 279.805 49.860
2 11.222 4550.41035 0.449 250.714 50.140
3 9075.35975 0.424 530.518 100.000
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Chiral HPLC spectrum of chiral 4ao

400 rm
K
&
300
200
100
o L T
| o
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.288 425.83733 0.417 24614 4,931
2 12.815 8209.73341 0.528 378.696 95.069
3 8635.57075 0.472 403.310 100.000
Chiral HPLC spectrum of racemic 4ao
= [mdu
150
100 q‘@] '5;
Y
S0
o
50 min
T 1
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.968 1440.86810 0.361 99,739 49,190
2 12.318 1488.30155 0.467 80.786 50.810
3 2929.16965 0.414 180.525 100.000
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Chiral HPLC spectrum of chiral 4ap

mAu

£
[+] u T
i =2
[:] L] 10 15
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11463 362.75090 0.449 20.203 4.427
2 13.708 7831.72254 0.568 338.712 95.573
3 8194.47344 0.508 358.915 100.000
Chiral HPLC spectrum of racemic 4ap
T fran
300
250
200
150
100
S50
o
- ; minI
L] 10 12 14 16 18

No| Retention time
1 11393
2 13.649
3

PeakArea(mAu*s)
5813.61847
6121.34834

11934.96681

Peak list

Peak width
0.454
0.560
0.507
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Peak height
316.388
267.655
584.043

Area Ratio(%)
48.711
51.289
100.000




Chiral HPLC spectrum of chiral 4aq

600
500 q;\qg.;
400
300
200
100
&

0 N :

- r

Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 7638 259.14265 0.247 28.303 4.587
2 8.788 5390.39780 0.304 459.020 95.413
3 5649.54045 0.275 487.323 100.000
Chiral HPLC spectrum of racemic 4aq

7] [mAu
1500
1000
500
o

- ; mi|j|I

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 7.703 15305.74673 0.262 1526.674 49.222
2 8.853 15789.58262 0.308 1328.781 50.778
3 31095.32936 0.285 2855.456 100.000
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Chiral HPLC spectrum of chiral 4ar

7] fraa
150 ¢':‘
100
50

é;z’

L] -

B o s 10 15 20 28

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.214 285.79830 0.636 11.458 5.726
2 16911 4705.40775 0.728 159.925 94274
3 4991.20605 0.682 171.383 100.000

Chiral HPLC spectrum of racemic 4ar

A

o 5 10 i 20
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.500 1400.45500 0.662 53.323 49419
2 17.153 1433.35965 0.740 48.275 50.581
3 2833.81465 0.701 101.598 100.000
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Chiral HPLC spectrum of chiral 4as
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&00
A
w00 ¥
O\/\C\
400
N.
Boc
300
200
100
S
. S /AN ; ,
0 5 10 15 20
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.005 1122.31195 0.694 40.021 5.116
2 18.487 20814.42588 0.886 573.441 94.884
3 21936.73782 0.790 613.462 100.000
Chiral HPLC spectrum of racemic 4as
7 [mAn
8
[ mﬁ e
. &)
2
0
-2
-4
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: 12 14 16 18 20 2
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 15.225 282.28320 0.701 9.927 48353
2 18.875 301.51830 0.880 8.549 51.647
3 583.80150 0.790 18.476 100.000
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Chiral HPLC spectrum of chiral 4at

B,

. min|
o & 10 15 I
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.793 634.67982 0.390 39.843 4741
2 13.127 12751.18525 0.534 586.083 95.259
3 13385.86506 0.462 625.926 100.000
Chiral HPLC spectrum of racemic 4at
7] [mau
140
120
100
BO
&0
40
& &
) M
. miin
T ]

Peak list
No| Retention time Peak Area(mAu*s) Peak width Peak height Area Ratio(%)
1 9.565 463.67770 0.370 31.197 46.881
2 12.732 525.38010 0.514 25.091 53.119
3 989.05780 0.442 56.288 100.000
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Chiral HPLC spectrum of chiral 4au

200

minI
L] 2 4 & a 10 12 14
Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 7.041 617.24010 0.251 65.975 5.190

2 8.243 11276.62822 0.316 916.973 94810

3 11893.86832 0.284 982.948 100.000

Chiral HPLC spectrum of racemic 4au
7 [maa
70 .
&0 ] &Q
-
S50
40
i0
20
10
o \!\‘_ : :
-10 | min|
] 2 4 & a 10 ﬂ!
Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)

1 7.043 706.81773 0.261 70173 49413
2 8.270 723.60810 0.317 59.163 50.587
3 1430.42583 0.289 129.336 100.000

S247




Chiral HPLC spectrum of chiral 4av

0

&
m"q’
a L
. min]
L] 10 20 30 40 80
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 35.235 972.62489 1.400 20.173 4.328
2 37.002 21499.01089 3.163 168.130 95,672
3 2247163578 2.281 188.303 100.000
Chiral HPLC spectrum of racemic 4av
T [raa
20
oF &
10
5
[\]
5
- 25 k] 40 45 50 88 '
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 34.593 1561.36320 2.178 20.341 49420
2 36.977 1598.04363 2.811 15.582 50.580
3 3159.40683 2.494 35923 100.000
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Chiral HPLC spectrum of chiral 4aw

g

BOO

600

400

200

&
o LTS :
- min|
T 1
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.122 974.49820 0.525 49.142 4.050
2 14.672 23088.70987 0.647 934.190 95.950
3 24063.20807 0.586 983.333 100.000
Chiral HPLC spectrum of racemic 4aw
&
150 L -
100
o 1 T
- : minI
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.190 3614.16157 0.504 187.910 50.089
2 14.757 3601.34440 0.618 152.900 49.911
3 7215.50597 0.561 340.810 100.000
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Chiral HPLC spectrum of chiral 4ax

500

400
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 21.810 1768.21160 0.823 55.099 8.557
2 23.510 18896.79419 0.968 487.725 91.443
3 20665.00579 0.895 542.825 100.000
Chiral HPLC spectrum of racemic 4ax
mb
150
100
S0 § d:’

25

g

Retention time

22.093
23.943

PeakArea(mAu*s)
1006.79405
1047.09744
2053.89149

Peak list
Peak width Peak height
0.797 33.452
0.891 31.059
0.844 64.511
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Area Ratio(%)
49.019
50.981
100.000




Chiral HPLC spectrum of chiral 4ay

AL
CNF F
an - _N_ _Me
|
200 Ph X
200
100
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L] 2 4 & & 10 12 14
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.774 488.97100 0.303 40.159 6.506
2 10.528 7026.93929 0.376 457.545 93.494
3 7515.91029 0.339 497.704 100.000
Chiral HPLC spectrum of racemic 4ay
=
i&
10
5
0
- | minI
9 10 n 12 13
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.821 292.32155 0.357 20.589 50.198
2 10.575 290.01141 0.378 18.875 49.802
3 582.33296 0.368 39.464 100.000
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Chiral HPLC spectrum of chiral 4az

b
CNF F

BO

so || Ph

40

20

Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 14.462 101.43982 0.548 4.637 3.949

2 17.062 2467.47431 0.657 91.990 96.051

3 2568.91413 0.602 96.627 100.000

Chiral HPLC spectrum of racemic 4az
T [maa
100
80
G
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40
20
0
20
|12 14 16 18 20 2z
Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 14.828 1384.45140 0.556 62.693 49.413

2 17.478 1417.35210 0.658 50.907 50.587

3 2801.80350 0.607 113.600 100.000
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Chiral HPLC spectrum of chiral 4ba
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 3638.82950 0.517 187.199 5.020
2 68848.85220 0.696 2625454 94.980
3 7248768170 0.607 2812.653 100.000

Chiral HPLC spectrum of racemic 4ba

! L] 10 n 12 13 14 15
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.815 611.17167 0.477 33418 51.608
2 13.248 573.08184 0.573 25438 48392
3 1184.25351 0.525 58.857 100.000
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Chiral HPLC spectrum of chiral 4bb
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.655 1280.36700 0.522 67.966 5.720
2 12.205 21103.72570 0.628 889.723 94.280
3 22384.09269 0.575 957.689 100.000
Chiral HPLC spectrum of racemic 4bb
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 10.567 6456.09185 0.603 288.494 49.781
2 12.167 6512.76740 0.667 258.499 50.219
3 12968.85926 0.635 546.993 100.000

S254




Chiral HPLC spectrum of chiral 4be
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_0 5 10 15
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.778 49095970 0.325 39.496 4.186
2 9.678 355.13440 0.354 27.843 3.028
3 10178 5367.32021 0.377 371.863 45764
4 11478 5514.80203 0.460 310.025 47.022
5 11728.21634 0.379 749.226 100.000
Chiral HPLC spectrum of racemic 4bc
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.927 977.92665 0.333 75.705 27.013
2 9.877 818.75715 0.386 57.472 22616
3 10.377 831.78510 0.364 61.027 22976
4 11.727 991.79520 0.466 55.396 27.39%6
5 3620.26410 0.387 249.599 100.000
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Chiral HPLC spectrum of chiral 4bd

- ; minI
1 3 4 L3 L3 T & 9 10
Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 4.721 24479460 0.183 32.951 4.100
2 5.531 5725.31460 0.224 626.124 95.900
3 5970.10920 0.203 659.075 100.000
Chiral HPLC spectrum of racemic 4bd
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 4.767 1199.94205 0.186 159.379 50.283
2 5.620 1186.41260 0.225 129.683 49717
3 2386.35465 0.206 289.062 100.000
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Chiral HPLC spectrum of chiral 4be
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Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.730 595.60608 0.508 30.119 4.414
2 11.164 12897.10078 0.554 583.215 95.586
3 13492.70685 0.531 613.334 100.000

Chiral HPLC spectrum of racemic 4be
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Peak list

Peak width
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0.515
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Peak height
13.672
13.171
26.843

Area Ratio(%)
49.678
50322
100.000




Chiral HPLC spectrum of chiral 4bf

] [Au
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.502 2819.60011 0.893 80.763 9.008
2 17.102 2847999712 1.701 432.150 90.992
3 31299.59723 1.297 512.913 100.000

Chiral HPLC spectrum of racemic 4bf
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Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 11.515 103198.66511 1.246 2222414 49,601
2 17.565 104859.87938 2.234 1248.726 50.399
3 208058.54449 1.740 3471.139 100.000
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Chiral HPLC spectrum of chiral 5
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.698 136.30470 0.194 17.365 4.725
2 6.898 2748.51900 0.243 277.259 95.275
3 2884.82370 0.218 294.624 100.000
Chiral HPLC spectrum of racemic 5
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.748 29656.10116 0.278 2787.354 47496
2 6.982 32783.53184 0.312 2690.544 52.504
3 62439.63301 0.295 5477.898 100.000
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Chiral HPLC spectrum of chiral 6
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 13.053 1030.10700 0.547 47.432 3.262

2 14.070 3055228188 0.488 1519.504 96.738

3 31582.38887 0.517 1566.935 100.000

Chiral HPLC spectrum of racemic 6
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 12.865 5034.75363 0.822 158.218 51.456
2 14.148 4749.80241 0.810 147.214 48.544
3 9784.55605 0.816 305.432 100.000
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Chiral HPLC spectrum of chiral 7
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8120 353.59189 0.319 28.658 3.910
2 12.187 8690.62786 0.769 296.120 96.090
3 9044.21974 0.544 324.778 100.000
Chiral HPLC spectrum of racemic 7
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.318 44966435 0.314 37.062 47583
2 12.402 495.34515 0.725 18475 52417
3 945.00950 0.520 55.537 100.000
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Chiral HPLC spectrum of chiral 9
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 7.555 5918.40379 0.317 479.871 91.729
2 8338 533.63650 0.338 41.685 8.271
3 6452.04030 0.328 521.556 100.000

Chiral HPLC spectrum of racemic 9

7 [
250
200
150
0
. min|
/] 2 4 [] a8 10 12 ldl
Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 7.627 3672.42580 0.394 243.365 50.088
2 8493 3659.52211 0.380 250.711 49912
3 7331.94790 0.387 494.077 100.000

5262




Chiral HPLC spectrum of chiral 10
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.742 41967971 1.337 8.385 2.787
2 8.192 14640.41704 1.517 224.715 97.213
3 15060.09675 1.427 233.100 100.000

Chiral HPLC spectrum of racemic 10
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.273 14988.82617 0.902 368.123 49.238
2 8.223 15452.95667 1.082 309.811 50.762
3 30441.78283 0.992 677.934 100.000
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Chiral HPLC spectrum of chiral 11
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.890 943.83760 0.434 56.043 4.134
2 11.590 21889.74810 0.614 903.721 95.866
3 22833.58570 0.524 959.764 100.000
Chiral HPLC spectrum of racemic 11
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.798 13586.97119 0.438 783.865 49.824
2 11.532 13682.83792 0.598 577.173 50.176
3 27269.80912 0.518 1361.039 100.000
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Chiral HPLC spectrum of chiral 12
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Peak list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.865 10967.21209 0329 884.424 95.433

2 10.698 524.81140 0.305 45.085 4567

3 11492.02349 0317 929.508 100.000

Chiral HPLC spectrum of racemic 12
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Peak 1list

No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9957 16096.25850 0367 1178909 49.270

2 10.690 16573.08378 0389 1149.106 50.730

3 32669.34228 0378 2328014 100.000
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Chiral HPLC spectrum of chiral 13
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.750 631.32165 0.212 76.318 13.063
2 9.650 4201.44688 0.360 303.027 86.937
3 4832.76853 0.286 379.345 100.000
Chiral HPLC spectrum of racemic 13
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.862 6735.18119 0.214 812.667 50.040
2 9.828 6724.44267 0.363 482.683 49.960
3 13459.62386 0.288 1295.349 100.000
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Chiral HPLC spectrum of chiral 14

Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.453 9960.99551 0.292 821.369 87.727
2 6.253 1393.58316 0.311 118.409 12.273
3 11354.57867 0.301 939.779 100.000
Chiral HPLC spectrum of racemic 14
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12 12
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Peak list
No | Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 5.535 3388.60070 0.385 221.764 49 446
2 6.335 3464.52585 0.387 225.767 50.554
3 6853.12655 0.386 447.532 100.000
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Chiral HPLC spectrum of chiral 18
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Peak list
No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 8.938 2656.82360 1.018 0.802 13.001
2 10.272 15878.53577 0.356 1165.564 77.700
3 15.272 1705.29530 0.536 80.571 8.345
4 19.522 195.15070 0.623 8.753 0.955
5 20435.80537 0.633 1255.690 100.000

Chiral HPLC spectrum of racemic 18
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Peak list

No| Retention time PeakArea(mAu*s) Peak width Peak height Area Ratio(%)
1 9.303 514.55380 0.317 42121 44.569

2 10.253 536.95030 0.345 40.973 46.508

3 15.253 52.89440 0.524 2.704 4.581

4 19.470 50.12385 0.688 1.949 4.342

5 1154.52235 0.469 87.746 100.000
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