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1. Materials and Methods

Commercial reagents were purchased from Adamas, Aldrich, TCI, Energy
Chemical, Bide, Leyan.com, Aladdin, Merck, Alfer and J&K chemical, and were used
as received.

All reactions were carried out in oven-dried glassware under an atmosphere of nitrogen
or CO unless otherwise noted. Research grade carbon monoxide (99.99%) was used as
received. Warning: CO is a poisonous gas that requires all the experiments to be
conducted in well-ventilated fume hoods. Chromatographic purification of products
was accomplished by flash chromatography using silica gel. Thin-layer
chromatography (TLC) was performed on Silicycle 250 mm silica gel F-254 plates. "'H,
B¢, PF and *'P NMR spectra were recorded on Bruker 400 (400, 101 and 377 MHz)
and are internally referenced to residual solvent signals (for CDCls, 7.26 and 77.16 ppm,
and for Acetone-ds, 2.05, and 29.84, 206.26 ppm). Data for 'H NMR, ’F NMR and
3P NMR are reported as follows: chemical shift (8 ppm), multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet, br = broad), integration, coupling constant (Hz). *C
spectra were reported as chemical shifts in ppm and multiplicity where appropriate.
High resolution mass spectra were obtained at Shanghai Institute of Organic Chemistry
mass spectrometry facilities. EPR spectra for radicals were obtained at East China
Normal University on BrukerEMX instrument EMXPLUS-10/12. EPR spectra
simulation was conducted on the Bruker SpinFit software. Optical rotations were
measured on an automatic polarimeter. [a]p’ values reported in 10" deg cm” g';
concentrations (c) are quoted in g/100 mL. D refers to the D-line of sodium (589 nm);
temperatures (T) are given in degrees Celsius (°C). High performance liquid
chromatography (HPLC) analysis on chiral stationary phase was performed on a
Shimadzu 20-series instrument. Chiralpak IA-H or AD-H columns with hexane: ‘PrOH
as the eluents were used. Photochemical experiments have been performed using a blue

LED light (Amax =467 nm, 393 mW/cm?, Kessil A360W E-SERIES TUNA Blue LED).

Benzyl chlorides,' anilines, >* and chiral ligands ° prepared according to the previously

reported procedures.
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2. Supplementary Tables and Figures

Supplementary Table S1: Effect of chiral ligands

Ir(ppy)2(dCO2Etbpy)PFg
(2 mol%)

Vo NiCly*6H,0 (8 mol%)

)\ co PhNH, L* (10 mol%) PhWNHPh
Ph Cl BnBpin (1.0 equiv.)
MgBr; (1.0 equiv.) 0
0.1 mmol 1 atm 1.5 equiv. DME:EtOAc = 7:3 [0.1 M] 3
blue LEDs, 50 °C, 12 h
@YO ©Y° > @YO
-/ W -/ )
PPhy, N—/ PPhy, N—/ PPhy, N—/ PCy, N—/
Pr *Bu Ph Ph

(S)-L1 13%, 14% ee (S)-L2 19%, 11% ee (S)-L3 47%, 43% ee

OMe

o o
—
N \} £/> <J
N sgy” N N “sgy

(0]
)
PCy; N—/
Ph

(S)-L5 75%, 92% ee (S)-L6 7%, 0% ee (S,5)-L7 0%

|\ Me_ Me CN
NG OO
D D »,
N N— N N/ NH N—
ipf “ipr Bn Bn Ph Ph

(S,S)-L9 0% (S,S)-L10 6%, 14% ee (S,S)-L11 0%

SBu

(S)-L4 70%, 90% ee

Ph Ph

R
Fi =

SBu

(S,S)-L8 10%, 9% ee

E O PPh,
l ! PPh,

(S)-L12 10%, 7% ee

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH; (0.15 mmol), CO (1
atm), Ir(ppy)2(dCO,Etbpy)PF¢ (2 mol%), NiCl,-6H,O (8 mol%), chiral ligand (10
mol%), BnBpin (1.0 equiv.), MgBr; (1.0 equiv.), DME/EtOAc (0.1 M, v/v = 7:3), ~50

°C, 12 hours, blue LED.

Comment: The chiral PHOX ligand (S)-LS was selected as the optimal ligand.
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Supplementary Table S2: Effect of solvents

Ir(ppy)2(dCO,Etbpy)PFg

(2 mol%)
Ve NiCl,*6H,0 (8 mol%) Me

(S)-L5 (10 mol%) “_NHPh
Ph/‘\CI 0 PR BnBpin (1.0 equiv.) Ph/ﬁf

MgBr, (1.0 equiv.) o
0.1 mmol 1 atm 1.5 equiv. Solvent = 7:3 [0.1 M] 3

blue LEDs, 50 °C, 12 h
Entry solvents yield of 3 (%) ee of 3 (%)

1 THF 65 88
2 DME 72 89
3 Dioxane 46 81
4 DMA 53 88
5 EtOAc 68 90
6 PhCl 45 86
7 DME/DMA =17:3 60 83
8 DME/EtOAc=7:3 75 92

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH, (0.15 mmol), CO (1
atm), Ir(ppy)2(dCO,Etbpy)PF¢ (2 mol%), NiCl,-6H,0O (8 mol%), (S)-L5 (10 mol%),
BnBpin (1.0 equiv.), MgBr;, (1.0 equiv.), solvent (0.1 M), ~50 °C, 12 hours, blue LED.

Supplementary Table S3: Effect of catalysts

Ir(ppy)2(dCO,Etbpy)PFg

o i o P éil)?:;i (<11.(()) :;LIK;)) P
MgBr, (1.0 equiv.) 0
0.1 mmol 1atm 1.5 equiv. Dsfuiitgc?: 207%01-; M 3
Entry conditions yield of 3 (%) ee of 3 (%)
1 NiBr,: DME 67 92
2 NiCl,'6H,0 75 92
3 NiCl,-DME 72 91
4 Ni(COD), 66 90

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH, (0.15 mmol), CO (1
atm), Ir(ppy)(dCO,Etbpy)PFs (2 mol%), Ni catalyst (8 mol%), (S)-LS (10 mol%),
BnBpin (1.0 equiv.), MgBr; (1.0 equiv.), DME/EtOAc (0.1 M, v/v = 7:3), ~50 °C, 12

hours, blue LED.
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Supplementary Table S4: Effect of photocatalysts

PC (2 mol%)
Ve NiClp*6H,0 (8 mol%) Me
(S)-LS (10 mol%) - NHPh
Ph/J\CI c0 PRNT, BnBpin (1.0 equiv.) Ph/ﬁf
MgBr, (1.0 equiv.) 0
0.1 mmol 1 atm 1.5 equiv. DME:EtOAC = 7;3 (0.1 M] 3
blue LEDs, 50 °C, 12 h
PFs' FsC Fole m\ﬁ_l@ PFy N °
E Et0,C_— (J\g
= Ir: = N//'?:“\\
L,& EtO,C < ,'\I'l
FsC \ N
Ir[dF (CF3)ppy),(dtbbpy)*PF(Ir-l) Ir[dFppy),(dtbbpy)-PFg(lr-ll) Ir(ppy),(dCO,Etbpy)+PFg (Ir-lll)
. Lg“’ r\L@ ﬂo
/ \\\\\ 1,0 W \ \N_
Ir(pPY),(dtbbpy)-PF(Ir-IV) Ir(ppY)s (Ir-V) Ru(bpy)s(PFo);
Entry Photocatalyst yield of 3 (%) ee of 3 (%)
1 Ir[dF(CF;)ppy]2(dtbbpy) PFs 67 91
2 Ir[dFppy]2(dtbbpy)-PFs 64 90
3 Ir(ppy)2(dCO,Etbpy)-PFg 75 92
4 Ir(ppy)2(dtbbpy)-PFs 55 90
5 Ir(ppy)s 29 82
6 Ru(bpy)3 ' PF6 0 -

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH, (0.15 mmol), CO (1
atm), Photocatalyst (2 mol%), NiCl,-6H,0 (8 mol%), (5)-L5 (10 mol%), BnBpin (1.0
equiv.), MgBr; (1.0 equiv.), DME/EtOAc (0.1 M, v/v = 7:3), ~50 °C, 12 hours, blue

LED.

Supplementary Table S5: Effect of additives

Ir(ppy)2(dCO2Etbpy)PFg
(2 mol%)
NiCl,*6H,0 (8 mol%)

/MC co PhNH, (S)-L5 (10 mol%)
Ph cl additive (1.0 equiv.)
MgBr, (1.0 equiv.)
0.1 mmol 1 atm 1.5 equiv. DME:EtOAc = 7:3 [0.1 M]

blue LEDs, 50 °C, 12 h
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Entry additives yield of 3 (%) ee of 3 (%)

1 BnBpin 75 92
2 CyBpin 52 84
3 allylBpin 45 78
4 CyB(OH), 64 92
5 PhB(OH), 61 77

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH, (0.15 mmol), CO (1
atm), Ir(ppy)2(dCO,Etbpy)PF¢ (2 mol%), NiCl,-6H,0 (8 mol%), (S)-L5 (10 mol%),
additive (1.0 equiv.), MgBr; (1.0 equiv.), DME/EtOAc (0.1 M, v/v = 7:3), ~50 °C, 12
hours, blue LED.

Comment: The BnBpin was selected as the optimal additive.

Supplementary Table S6: Control experiments

Ir(ppy)2(dCO2Etbpy)PFg

(2 mol%)
- i
- mol% __NHPh
Ph/J\CI 0 PR, BnBpin (1.0 equiv.) Ph/ﬁ(
MgBr; (1.0 equiv.) o
0.1 mmol 1 atm 1.5 equiv. DME:EtOAc = 7:3[0.1 M] 3
blue LEDs, 50 °C, 12 h
Entry Reaction conditions yield of 3 (%) ee of 3 (%)
1 w/o Ir(ppy)2(dCO,Etbpy)PFe 0 -
2 w/o NiCl,-6H,0 0 -
3 w/o (S)-LS 0 -
4 w/o light 0 -
5 w/0 BnBpin 65 71
6 w/o MgBr; 68 86

Reaction conditions: (1-chloroethyl)benzene (0.1 mmol), PhNH, (0.15 mmol), CO (1
atm), Ir(ppy)2(dCO,Etbpy)PF¢ (2 mol%), NiCl,-6H,0 (8 mol%), (S)-L5 (10 mol%),
BnBpin (1.0 equiv.), MgBr; (1.0 equiv.), DME/EtOAc (0.1 M, v/v = 7:3), ~50 °C, 12
hours, blue LED.
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Supplementary Figure S1: Electron paramagnetic resonance (EPR) study

We carried out paramagnetic resonance (EPR) studies by using 5,5-dimethyl-pyrroline
N-oxide (DMPO) as free radical spin-trapping agent. Operando spin trapping
experiments were carried out using the aniline solution (0.1 M) and DMPO (0.1 M) in
anhydrous 1,4-dioxane in a capillary tube under light irradiation (blue LEDs). the
radical species was dissolved into solvent to a certain concentration, then solution was
drawn into the capillary tube, and the capillary tube was sealed. After that, the capillary
tube was loaded into EPR tube to be measured. Such spectra were in good agreement

with the simulated EPR spectroscopy of amido radical adduct 55.

Ir(ppy)2(dCOLEtbpy)PFg D<Me
0,
PhNH, (2 mol%) Hof N Me
DMPO H 1 o
1,4-dioxane [0.1 M] Ph
blue LED, 50 °C, 2 min 55
’ Iy .
L _ —~,-"" A KR ~ Sim. of 55
TomeseTTE L “~ /7 V27 YRSV bk A
v v v’ )

W

Ay =15.9G, Ay, =19.3G, g=2.005

I T T ¥ 1
3450 3500 3550

Magnetic Field (G)

Supplementary Figure S2: Reaction with (L4)NiCl, (A)

Synthesis of (L4)NiCl, (A)

(0] o) ":Ilza—u' .
\J +  NClDME - > \\) gl el
PCy, N 2 THF [0.125 M] CY2PI,N_\\N / g f-:-g;\f I 4
- i 2 e A ettt
Ph CI” "¢ P PNy
0.25 mmol 1.1 equiv. 85%, (L4)NiCl, (A) CCDC: 2288083
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An oven-dried 8 mL vial equipped with a PTFE-coated stir bar was charged with (S)-L4
(54.5 mg, 0.25 mmol, 1 equiv), NiCl,-DME (121.2 mg, 1.1 equiv) and anhydrous THF
(2 mL). This reaction mixture was stirred at room temperature for 2.5 hours in an
argon-filled glovebox. Dry pentane (3 mL) was added to the deep purple colored
mixture and filtered. The resulting precipitate was washed with pentane and dried to
afford (L4)NiCl, (A) as a purple solid (116 mg, 85% yield). The product was used
without further purification. The complex was stored in a nitrogen filled glove box at
-30 °C.

Note: The (L4)NiCl, (A) is paramagnetic. "H and *C NMR showed signal broadening,

therefore no complete analytical characterization was possible.

Catalytic reaction with (L4)NiCl, (A)

Et Et
. o R
cl + PANH, + CO (L4)NiCl, (A) (10 mol%) NHPh
standard conditions o
0.1 mmol 1.5 equiv. 1atm 23, 67%, 88% ee

To a flame-dried 20 mL test tube was charged with 2-(1-chloropropyl)naphthalene (0.1
mmol, 1.0 equiv.), Ir(ppy)2(dCO,Etbpy)]PFs (2.0 mg, 0.002 mmol, 2 mol%), (L4)NiCl,
(A) (5.5 mg, 0.01 mmol, 10 mol%), and MgBr, (18.4 mg, 0.1 mmol, 1.0 equiv.). Then
the test tube was capped by rubber plug with 3M tape. After it was evacuated and
backfilled with a CO balloon three times, DME /EtOAc (1 mL, v/v = 7:3) was added
via a syringe, followed by the addition of with aniline (0.15 mmol), BnBPin (22.3 pL,
0.1 mmol, 1.0 equiv.). The reaction mixture was allowed to stir for 12 hours at 50 °C by
90 W blue LEDs, and then quenched with water and extracted with EtOAc. The
combined organic layers were washed by brine, dried over MgSO,, and concentrated.
The residue was purified by silica gel column chromatograph to afford the product 23
(67% yield, 88% ee).

HPLC: The ee was determined to be 88% ee on a CHIRALPAK IA column at 254 nm,
25 °C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 12.0 min, tg (minor) = 15.4 min.
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Supplementary Figure S3: Study of nonlinear effect

To a flame-dried 10 mL test tube was charged with 2-(1-chloropropyl)naphthalene (0.1
mmol, 1.0 equiv.), Ir(ppy)(dCO,Etbpy)]PF¢ (2.0 mg, 0.002 mmol, 2 mol%), (S, S)-L5
+ (R, R)-L5 (5.5 mg, 0.01 mmol, 10 mol%), and MgBr; (18.4 mg, 0.1 mmol, 1.0 equiv.).
Then the test tube was capped by rubber plug with 3M tape. After it was evacuated and
backfilled with a CO balloon three times, DME /EtOAc (7:3) (1 mL) was added via a
syringe, followed by the addition of with aniline (0.15 mmol), BnBPin (22.3 uL, 0.1
mmol, 1.0 equiv.). The reaction mixture was allowed to stir for 12 hours at 50 °C by 90

W blue LEDs. The ee. values of product 23 was determined by HPLC analysis.

Ir(ppy)2(dCOLEtbpy)PFg
(2 mol%)
Et NiCl,*6H,0 (8 mol%) Et

“)\]!CI o PhNH, L5 (10 mol%)

BnBpin (1.0 equiv.)
1.5 equiv.

MgBry(1.0 equiv.)

NHPh
SOR!
DME:EtOAc = 7:3 [0.1M]

0.1 mmol 1 atm blue LEDs, 50 °C, 12 h 23

Entry ee of LS ee of 23

1 0% 0%
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2 20% 12%
3 39% 28%
4 59% 50%
5 80% 72%
6 99% 93%
100 y =0.95368x -4.86588
R2=0.98914
| ]
80
< 60 -
Q
ks
8 404
||
20 -
04
o 20 40 60 8 100

ee of (S)-L5 /%

Supplementary Figure S4: Cyclic Voltammetry Data of 6

Cyclic voltammetry was conducted on an Electrochemical Workstation (CHI730E)
using a 3-electrode cell configuration. A glassy carbon working electrode was
employed alongside a platinum wire counter electrode and an Ag/AgCl reference
electrode. DMF was degassed by bubbling N, prior to measurements. 0.01 M solutions
of 6 (2-(1-chloropropyl)naphthalene) were freshly prepared along with 0.1 M of
tetrabutylammonium hexafluorophosphate as supporting electrolyte and were

examined at a scan rate of 0.05 V. s .
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Supplementary Figure S5: Stern-Volmer quenching experiments

Stern-Volmer quenching experiments were carried by Edinburgh Fluorescence
Spectrometer FSS5, using a 0.1 mM solution of photocatalyst Ir(ppy).(dCO,Etbpy)PFs
and variable concentrations (0.5, 1.0, 1.5, 2.0, 2.5 mM) of aniline, using a 0.01 mM
solution of photocatalyst Ir(ppy)(dCO,Etbpy)PF¢ and variable concentrations (0.5, 1.0,
1.5, 2.0, 2.5 mM) of 2-(1-chloropropyl)naphthalene (RCI) and PhNH; in mixed solvent
EtOAc¢/DME (7:3). The samples were prepared in 4 mL quartz cuvettes, equipped with
PTFE stoppers, and sealed with parafilm inside nitrogen filled glove-box. The intensity
of the emission peak at 637 nm (Aex = 532 nm) expressed as the ratio I/, where Iy is the
emission intensity of photocatalyst at 637 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 are given below.
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3. Substrate Synthesis

1) Synthesis of benzyl chlorides

OH Cl

BiCl3, 5%
alkyl - alkyl
TMSCI, 1.5 equiv.
CH,Cly, [1.6 M]

rt,2h
To a stirred solution of BiCl; (5 mol%) and the benzyl alcohol (8 mmol, 1.0 equiv.) in

dichloromethane (5 mL) was slowly added trimethylsilyl chloride (12 mmol, 1.5 equiv.)
at room temperature. The mixture was stirred for 2 hours, and then quenched by

saturated NH4Cl solution (3 mL). The mixture was extracted with CH»Cl, (2*10 mL).

The collected organic layer was washed with brine (20 mL) and then dried over

anhydrous MgSOj. The solvent was evaporated under reduced pressure, and the residue

was purified by flash column chromatography (silica gel, pentane with 3% Et;N) to

give the product.’

By

(1-chloro-2-cyclobutylethyl)benzene (1a)

The title compound was obtained as a colorless oil, 83% yield.

"H NMR (400 MHz, CDCl3) & 7.37 - 7.32 (m, 4H), 7.31 — 7.27 (m, 1H), 4.78 —4.75 (m,
1H), 2.42 —2.30 (m, 1H), 2.29 - 2.22 (m, 1H), 2.15—-2.09 (m, 1H), 2.08 — 2.03 (m, 1H),
2.00 —1.92 (m, 1H), 1.90 — 1.77 (m, 2H), 1.74 — 1.65 (m, 1H), 1.62 — 1.58 (m, 1H).
BC NMR (101 MHz, CDCl3) & 142.10, 128.71, 128.33, 127.08, 62.13, 47.26, 33.81,
28.31, 28.25, 18.79.

HRMS (FI): Ci,H;5Cl: 194.0862, found: 194.0860.

Wm

(7-bromo-1-chloroheptyl)benzene (1b)

The title compound was obtained as a colorless oil, 89% yield.

"H NMR (400 MHz, CDCl3) & 7.40 — 7.34 (m, 4H), 7.32 — 7.28 (m, 1H), 4.87 —4.83 (m,
1H), 3.39 (t,J=8.0 Hz, 2H), 2.18 — 2.09 (m, 1H), 2.08 — 1.99 (m, 1H), 1.88 — 1.81 (m,

2H), 1.53 - 1.49 (m, 1H), 1.47 - 1.42 (m, 2H), 1.39 — 1.31 (m, 3H).
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BC NMR (101 MHz, CDCls) & 142.00, 128.76, 128.37, 127.04, 63.85, 40.00, 33.94,
32.73, 28.27, 28.05, 27.01.
HRMS (FI): C3H;3BrCl: 288.0280, found: 288.0268.

Cl

WOMe

(1-chloro-4-methoxybutyl)benzene (1c¢)

The title compound was obtained as a colorless oil, 79% yield.

"H NMR (400 MHz, CDCl3) & 7.40 — 7.33 (m, 4H), 7.31 — 7.27 (m, 1H), 4.91 —4.87 (m,
1H), 3.44 —3.36 (m, 2H), 3.32 (s, 3H), 2.24 — 2.09 (m, 2H), 1.84 — 1.73 (m, 1H), 1.66 —
1.56 (m, 1H).

BC NMR (101 MHz, CDCl3) & 141.90, 128.75, 128.38, 127.07, 72.04, 63.80, 58.72,
36.96, 27.40.

HRMS (EI): C;1H;5CIO: 198.0811, found: 198.0803.

Cl

©)\ma/\oph

(1-chloro-5-phenoxypentyl)benzene (1d)

The title compound was obtained as a colorless oil, 65% yield.

"H NMR (400 MHz, CDCl3) & 7.33 —7.27 (m, 4H), 7.25 - 7.22 (m, 1H), 7.22 —7.20 (m,
1H), 7.19—-7.18 (m, 1H), 6.88 — 6.84 (m, 1H), 6.82 —6.79 (m, 2H), 4.83 —4.80 (m, 1H),
3.88 (t,J=8.0 Hz, 2H), 2.19 — 2.09 (m, 1H), 2.07 — 1.98 (m, 1H), 1.79 — 1.72 (m, 2H),
1.67 - 1.56 (m, 1H), 1.47 — 1.38 (m, 1H).

BC NMR (101 MHz, CDCls) & 159.08, 141.90, 129.58, 128.80, 128.43, 127.08, 120.77,
114.63, 67.56, 63.75, 39.87, 28.83, 23.95.

HRMS (FI): C17H9ClO: 274.1124, found: 274.1121.

Cl

WCQ

(1-chloro-5,5,5-trifluoropentyl)benzene (1e)
The title compound was obtained as a colorless oil, 73% yield.

"H NMR (400 MHz, CDCl3) & 7.40 — 7.31 (m, 5H), 4.87 — 4.84 (m, 1H), 2.25 — 2.06 (m,
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4H), 1.88 — 1.77 (m, 1H), 1.69 — 1.57 (m, 1H).

BC NMR (101 MHz, CDCls) & 141.33, 128.91, 128.65, 127.05 (q, J = 277.8 Hz),
126.95, 63.05, 39.01, 33.24 (q, J = 29.3 Hz), 19.88.

YF NMR (377 MHz, CDCls) § -66.22 (t, J = 12 Hz).

HRMS (FI): C;;H >CIF; (M): 236.0580, found: 236.0578.

X
Et

(Z)-(1-chlorohept-4-en-1-yl)benzene (1f)

The title compound was obtained as a colorless oil, 55% yield.

"H NMR (400 MHz, CDCl3) & 7.40 — 7.34 (m, 4H), 7.33 — 7.28 (m, 1H), 5.48 —5.42 (m,
1H), 5.34 - 5.28 (m, 1H), 4.89 —4.85 (m, 1H), 2.25-2.16 (m, 3H), 2.10 - 1.98 (m, 3H),
0.96 (t, /= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) § 141.94, 133.51, 128.75, 128.38, 127.11, 127.06, 63.26,
39.96, 24.81, 20.71, 14.43.

HRMS (EI): Ci3H;7Cl: 208.1019, found: 208.1011.

Cl 4 "Pr
(1-chloroundec-7-yn-1-yl)benzene (1g)
The title compound was obtained as a colorless oil, 50% yield.
"H NMR (400 MHz, CDCl3) & 7.41 —7.35 (m, 4H), 7.33 —7.29 (m, 1H), 4.89 —4.86 (m,
1H),2.21 —2.12 (m, 5H), 2.10—2.01 (m, 1H), 1.57 — 1.47 (m, 6H), 1.44 — 1.30 (m, 2H),
1.00 (t, J= 8.0 Hz, 3H).
BC NMR (101 MHz, CDCl3) & 142.02, 128.67, 128.26, 127.00, 80.35, 80.09, 63.80,
40.01, 28.95, 28.24, 26.72, 22.63, 20.85, 18.73, 13.58.
HRMS (FI): Ci7H23Cl: 262.1488, found: 262.1481.

Cl

o
Ph

4-(1-chloropropyl)-1,1'-biphenyl (1h)

The title compound was obtained as a white solid, 83% yield.
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"H NMR (400 MHz, CDCls) § 7.60 — 7.57 (m, 4H), 7.46 — 7.43(m, 4H), 7.38 — 7.34 (m,
1H), 4.86 — 4.83 (m, 1H), 2.23 — 2.09 (m, 2H), 1.04 (t, J = 8.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 141.30, 140.91, 140.74, 128.95, 128.92, 127.58, 127.48,
127.26, 65.41, 33.30, 11.92.

HRMS (FI): C;sH;sCl: 230.0862, found: 230.0857.

1-(1-chloropropyl)-3,5-dimethylbenzene (1i)

The title compound was obtained as a white solid, 83% yield.

"H NMR (400 MHz, CDCl3) & 6.98 (s, 2H), 6.93 (s, 1H), 4.73 — 4.69 (m, 1H), 2.32 (s,
6H), 2.18 —2.09 (m, 1H), 2.09 — 2.00 (m, 1H), 0.99 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) & 141.80, 138.29, 130.03, 124.89, 65.94, 33.24, 21.43,
11.98.

HRMS (EI): Cy1H;5Cl: 182.0862, found: 182.0852.

2) Synthesis of chiral ligand

OM OMe
: (S)-(+)-2-Phenylglycinol
"BuLi ZnCl, PhCI, reflux,4 d
+ Cy,PCl _ "Buli nCly, reflux o
CN THF, -78°C, 3 h CN 2, 2"-bipyridine |\>
Br PCy, CH,Cly, 1t, 1.5 h PCy, N—/
Ph

step 1 step 2

Step 1: To a solution of 2-bromo-5-methoxybenzonitrile (1.09 g, 6 mmol, 1.0 equiv) in
anhydrous THF (11 mL), kept in an oven-dried 50 mL Schlenk, was added dropwise a
solution of "BuLi in hexane (3.94 mL, 1.6 M in hexanes, 6.3 mmol, 1.05 eq) at -78 °C.
After stirring at -78 °C for 1 hour, Cy,PCI (6 mmol, 1.0 equiv) in anhydrous THF (4 mL)
was added dropwise. The solution was stirred for 1 hour at -78 °C, then allowed to
warm to room temperature. Next, the solvent was evaporated under reduced pressure,
and the resulting residue purified by flash column chromatography (silica gel, pentane

with 3% EtOAc) to afford the product.
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Step 2: To a solution of (S)-(+)-2-phenylglycinol (148 mg, 1.08 mmol, 1.20 equiv) and
the product obtained in the step 1 (0.90 mmol, 1.00 equiv) in chlorobenzene (7.0 mL)
was added ZnCl; (1.15 equiv) in Et,O (1.2 mL). The reaction was refluxed for 4 days at
135 °C. After cooling to room temperature, the reaction mixture was added CH,Cl, (6.0
mL) and 2,2'- bipyridine (0.9 mmol, 1.0 equiv.). The solution was stirred for 1.5 hours
at room temperature, then concentrated and the residue was purified by flash column

chromatography (silica gel, pentane with 6% EtOAc) to afford the chiral ligand °.

OMe

O,

PCy, N\\?

-~

Ph
(5)-2-(2-(dicyclohexylphosphanyl)-5-methoxyphenyl)-4-phenyl-4,5-dihydrooxazol
e (S)-L5

The title compound was obtained as a white solid, 65% yield.

"H NMR (400 MHz, CDCl3) & 7.49 — 7.43 (m, 3H), 7.38 — 7.34 (m, 2H), 7.31 —7.26 (m,
1H), 7.21 (t,J=4.0 Hz, 1H), 7.01 — 6.98 (m, 1H), 5.43 — 5.38 (m, 1H), 4.83 —4.79 (m,
1H), 4.29 (t, J = 8.0 Hz, 1H), 3.84 (s, 3H), 1.88 — 1.87 (m, 4H), 1.76 — 1.75 (m, 2H),
1.66 — 1.65 (m, 3H), 1.58 — 1.49 (m, 2H), 1.35—1.03 (m, 11H).

BC NMR (101 MHz, CDCl3) 8 166.72, 159.67, 142.68, 138.18 (d, J=31.3 Hz), 134.33,
128.69, 127.55, 127.50 (d, J = 25.3 Hz), 127.24, 116.51, 114.25, 74.92, 70.55, 55.49,
34.93 (d, J= 14 Hz), 34.67 (d, J= 14.1 Hz), 30.64 (d, J=19.2 Hz), 30.45 (d, /= 16.2
Hz), 29.80, 29.70, 27.47, 27.36, 27.34, 27.23, 26.61, 26.55.

3P NMR (162 MHz, CDCl3) & -7.76.

HRMS (ESI): CogH37NO,P" (M+H"): 450.2556, found: 450.2561.

[a]p? =-32.1 (¢ = 0.9, CHCL).
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4. General Procedure for Enantioselective Carbonylative Couplings

To a flame-dried 20 mL test tube was charged with benzyl chloride (0.1 mmol, 1.0
equiv., if solid), aniline (0.15 mmol, if solid), Ir(ppy).(dCO,Etbpy)PF¢ (2.0 mg, 0.002
mmol, 2 mol%), (S)-L5 (4.5 mg, 0.01 mmol, 10 mol%), NiCl,*6H,0 (1.9 mg, 0.008
mmol, 8§ mol%), and MgBr; (18.4 mg, 0.1 mmol, 1.0 equiv.). Then the test tube was
capped by rubber plug with 3M tape. After it was evacuated and backfilled with a CO
balloon three times, DME /EtOAc (1 mL, v/v = 7:3) was added via a syringe, followed
by the addition of with benzyl chloride (0.1 mmol, 1.0 equiv., if liquid), aniline (0.15
mmol, if liquid), BnBpin (22.3 pL, 0.1 mmol, 1.0 equiv.). The reaction mixture was
allowed to stir for 12 hours at 50 °C by 90 W blue LEDs. Upon completion, the reaction
mixture was diluted with EtOAc (10 mL) and transferred to a separatory funnel. The
organic layer was washed with brine (2x10 mL). The organic layer was dried over
MgSQ,, filtered, and concentrated under reduced pressure. The resultant crude residue

was purified by flash column chromatography to give the products.

Supplementary Figure S6 Reaction Setup for the enantioselective carbonylative

coupling
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5. Characterization of Products

oro

o

(S)-N,2-diphenylpropanamide (3) 6

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (16.9 mg, 75%,
92% ee).

"H NMR (400 MHz, CDCls) § 7.34 (d, J = 8.0 Hz, 2H), 7.28 -7.27(m 3H), 7.24 — 7.15
(m, 4H), 6.97 (t, J= 8.0 Hz, 1H), 3.63 (q, /= 8.0 Hz, 1H), 1.50 (d, /= 8.0 Hz, 3H).
BC NMR (101 MHz, CDCl3) 8 172.54, 141.03, 137.97, 129.20, 128.99, 127.78, 127.63,
124.33, 119.86, 48.10, 18.68.

[a]p”> =41.3 (c=0.71, CHCI)).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

9.3 min, tg (minor) = 11.0 min.

3 racemic
Ch2 254nnj
3001 )
, -
200 | |
| |
| 1
100 J ‘ | \
AR
[\ a
0 T T T 1 T T —r————— T — T T
0.0 2.5 5.0 7.5 10. 0 12.5 15. 0
’ Peak Ret Time Area | Height ‘ Area
o [min] [MAU*s] [mAU] [%]
1 9.134 3259914 239322 49. 989
2 10. 806 3261314 | 205730 | 50. 011 |
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3 enantioenriched, 92% ee

2507 Ch2 254nm
200-1 i
] I
150+ |
| |
100 |
: f |
50+ |
| I
I — ‘ L ! \ T ~ — 1 T
}0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak | Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 ‘ 9. 256 2660415 183337 96. 020
2 ’ 10. 992 | 110262 6663 3. 980

Me\_
H H
N
m \@

(S)-N,2-diphenylbutanamide (8) ’

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (17.4 mg, 73%,
93% ee).

"H NMR (400 MHz, CDCl3) 6 7.48 —7.46 (m, 2H), 7.39 — 7.35 (m, 4H), 7.35 —7.28 (m,
3H), 7.08 (t,J=8.0 Hz, 1H), 3.43 (t, /= 8.0 Hz, 1H), 2.35 - 2.24 (m, 1H), 1.95 - 1.84
(m, 1H), 0.95 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) °C NMR (101 MHz, CDCls) § 171.90, 139.65, 138.01,
129.09, 129.01, 128.17, 127.59, 124.35, 119.91, 56.23, 26.54, 12.46.

[a]p” =51.5 (c = 1.01, CHCI)).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

8.6 min, tg (minor) = 10.2 min.
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8 racemic

15.03 Ch2 254nm
12. 5«
10. o—f g .
7.5] -
5.0]
2. 5«
0. 0: ' — T = — T — T T L
0.0 2.5 5.0 7.5 10. 0 12.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 8. 790 113165 8887 50. 338
2 10. 357 111647 7712 49. 662
8 enantioenriched, 93% ee
607 Ch2 254nm]
50
30-
20—3
G: T T L T 1 ﬁ T
0.0 2.5 5.0 7.5 10.0 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 8. 636 488083 35728 96. 638
2 10. 235 16978 1076 3. 362

Me\_/Me
z H
N
ORA®

(5)-3-methyl-NV,2-diphenylbutanamide (9) 8
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According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (18.2 mg, 72%,
93% ee).

"H NMR (400 MHz, CDCls) § 7.47 (d, J = 8.0 Hz, 2H), 7.40 — 7.38 (m, 2H), 7.33 (t, J
= 8.0 Hz, 2H), 7.29 — 7.25 (m, 3H), 7.22 (s,1H), 7.07 (t, J = 8.0 Hz, 1H), 2.99 (d, J =
12.0 Hz, 1H), 2.58 — 2.47 (m, 1H), 1.12 (d, J=4.0 Hz, 3H), 0.75 (d, /= 8.0 Hz, 3H).
BCNMR (101 MHz, CDCls) & 171.74, 139.05, 138.02, 129.05, 128.80, 128.45, 127.47,
124.39, 119.97, 63.08, 31.75, 21.86, 20.50.

[a]p” =38.2 (c = 0.92, CHCl)).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

7.6 min, tg (minor) = 10.2 min.

9 racemic
20_ Ch2 254n
| |
0_ T T 1 — T ] \ ] \ L B
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area ' Height 4 Area |
# [min] [mAU*s] [mAU] [%]
1 7.577 176315 13242 49. 796
10. 184 177761 11069 50. 204
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9 enantioenriched, 93% ee

Ch2 254nm
300 -
] ﬁ&
200 \
\
| f\
100 | L
] | | _
] | \ S
] I\ E
N — - . A\ A ' , '
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
I 7.559 3148734 | 239282 96. 355
2 10. 200 119110 7442 3. 645

Y,

SRA®
o

(8)-2-cyclohexyl-N,2-diphenylacetamide (10) °
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 5% EtOAc) as a white solid (13.8 mg, 47%,
90% ee).
"H NMR (400 MHz, CDCl3) § 7.48 (d, J = 8.0 Hz, 2H), 7.40 — 7.38 (m, 3H), 7.32 (t, J
= 8.0 Hz, 2H), 7.28 — 7.24 (m, 3H), 7.06 (t, J = 8.0 Hz, 1H), 3.08 (d, J = 8.0 Hz, 1H),
2.24 —-2.14 (m, 1H), 2.01 (d, /=12 Hz, 1H), 1.74 — 1.71 (m, 1H), 1.66 — 1.62 (m, 2H),
1.38 — 1.33 (m, 2H), 1.20 — 1.01 (m, 3H), 0.81 — 0.73 (m, 1H).
BCNMR (101 MHz, CDCls) § 171.72, 138.61, 138.02, 129.02, 128.74, 128.53, 127.37,
124.36, 119.98, 61.95, 40.94, 32.41, 30.79, 26.52, 26.22.
[a]p” =42.1 (c = 0.83, CHCI)).
HPLC: The ee was determined to be 90% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

8.9 min, tg (minor) = 11.2 min.
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10 racemic

Ch2 254nm
15
10*_ "| i
| .
j J’ |
7 |
_ ‘ﬂ' ; \
- | |
0 ‘|\ T — " - T T
0 5 10 15 20 25
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 8. 957 158473 10958 49. 980
2 11. 364 158599 9041 50. 020
10 enantioenriched, 90% ee
75| Ch2 254nm]
50- >
_ |
25 I
| |
0> T A ™ LA T \— L L S R I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 )
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 8.914 648130 43549 95. 160
2 11. 247 32962 1883 4. 840
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(8)-3-cyclobutyl-N,2-diphenylpropanamide (11) '

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (19.0 mg, 68%,
92% ee).

"H NMR (400 MHz, CDCl3) & 7.41 (d, J = 8.0 Hz, 2H), 7.35 — 7.32 (m, 4H), 7.28 —
7.26 (m, 1H), 7.24 — 7.22 (m, 2H), 7.13 (s, 1H), 7.04 (t,J= 8.0 Hz, 1H), 3.40 (t, /= 8.0
Hz, 1H), 2.34 - 2.27 (m, 1H), 2.23 -2.15 (m, 1H), 2.03 — 1.87 (m, 3H), 1.81 — 1.71 (m,
2H), 1.69 — 1.62 (m, 1H), 1.60 —1.53 (m, 1H).

BC NMR (101 MHz, CDCl3) 8 171.86, 139.79, 138.01, 129.10, 129.03, 128.16, 127.59,
124.34, 119.85 , 52.47, 40.40, 34.17, 28.43, 28.13, 18.53.

[a]p” =33.7 (c = 0.62, CHCL)).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

9.1 min, tgr (minor) = 11.1 min.

11 racemic
1507 Ch2 Z5ini]
1255 o
100; [\’ i
75 / n
\
504 \ ’\
| 1
2*; \ \
1.
O T T ')'\' ')'\"I"' T T
0.0 2.5 5.0 7|3 10‘. 0 12. 5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1] 9. 092 1438151 104029 50. 106
2 11.020 1432049 88619 49. 894

S26



11 enantioenriched, 92% ee

Ch2 254nm
300
200 [\‘“:
100—— / \
] A
] I -
OF+——— B L - T T — — T ‘ T y
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 9. 141 2772493 197999 95. 951
2 11. 098 116995 7202 4. 049

. )
SN

T O

o
(8)-4-chloro-N,2-diphenylbutanamide (12) "'
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (21.3 mg, 78%,
93% ee).
"H NMR (400 MHz, CDCl3) & 7.40 — 7.34(m, 5H), 7.32 — 7.22 (m, 4H), 7.14 (s, 1H),
7.04 (t,J=8.0 Hz, 1H), 3.83 (t, /= 8.0 Hz, 1H), 3.63 — 3.57 (m, 1H), 3.42 — 3.36 (m,
1H), 2.69 — 2.60 (m, 1H), 2.25 - 2.17 (m, 1H).
BC NMR (101 MHz, CDCl3) & 170.79, 138.40, 137.79, 129.41, 129.09, 128.26,
128.10, 124.59, 119.95, 50.63, 43.23, 35.86.
[a]p? =47.2 (c = 1.07, CHCL)).
HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

9.8 min, tg (minor) = 11.0 min.
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12 racemic

] Ch2 254nm
50
0]
30—3
20—?
10
0:' L D At L
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 9. 798 532852 38400 49. 901
2 11.036 534960 34580 50. 099
12 enantioenriched, 93% ee
1257 ChZ 254nm
100—2
75 5
501
25 -
f \ 2
0 T T T —T T v T T 1 7 — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 9.775 1002305 71035 96. 669
2 11.035 34534 2093 3. 331

T

(S)-8-bromo-/N,2-diphenyloctanamide (13)

According to General Procedure, the title compound was isolated by flash column
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chromatography (silica gel, pentane with 8% EtOAc) as a white solid (23.9 mg, 64%,
92% ee).

"H NMR (400 MHz, CDCls) & 7.37 — 7.35 (m, 2H), 7.31 — 7.25 (m, 4H), 7.24 — 7.17
(m, 3H), 7.10 (s, 1H), 6.99 (t, J = 8.0 Hz, 1H), 3.40 (t, /= 8.0 Hz, 1H), 3.29 (t, /= 8.0
Hz, 2H), 2.20 - 2.12 (m, 1H), 1.80 — 1.70 (m, 3H), 1.32 — 1.15 (m, 6H).

BC NMR (101 MHz, CDCls) & 171.68, 139.62, 137.85, 129.09, 128.94, 128.00,
127.58, 124.29, 119.75, 54.40, 33.94, 33.11, 32.69, 28.61, 27.95, 27.56.

HRMS (ESI): C20H»sBrNO" (M+H"): 374.1114, found: 374.1110.

[a]p” = 52.1 (c = 1.02, CHCl)).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

12.8 min, tg (minor) = 14.9 min.

13 racemic

- Ch2 254
75

12. 745

14. 860

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

’ Peak Ret Time Area Height Area

| # [min] [MAU*s] [MAU] [%]
1| 12.745 1087552 | 55748 | 50. 367 |
2 | 14.860 1071715 | 49242 | 49. 633 |
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13 enantioenriched, 92% ee

Ch2 254nm
30; =
20; \"*‘
1 |
10+ [
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1| 12.827 467011 | 23616 95. 857
2 14. 904 20186 920 4. 143

Ph}\?)4 )
N
SRas

(S)-N,2,6-triphenylhexanamide (14)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (26.1 mg, 76%,
92% ee).

"H NMR (400 MHz, CDCl3) & 7.34 (d, J = 8.0 Hz, 2H), 7.27 — 7.24 (m, 3H), 7.23 —
7.15 (m, 5SH), 7.09 — 7.04 (m, 4H), 6.98 (t, /= 8.0 Hz, 1H), 3.37 (t, /= 8.0 Hz, 1H), 2.49
(t,J=8.0 Hz, 2H), 2.24 - 2.15 (m, 1H), 1.83 = 1.73 (m, 1H), 1.62 — 1.57 (m, 1H), 1.55
—1.48 (m, 1H), 1.36 — 1.26 (m, 1H), 1.25 — 1.19 (m, 1H).

BC NMR (101 MHz, CDCl3) 8 171.84, 142.62, 139.77,137.97, 129.16, 129.03, 128.49,
128.38, 128.11, 127.64, 125.77, 124.39, 119.89, 54.45, 35.78, 33.21, 31.41, 27.48.
HRMS (ESI): Co4Hy6NO " (M+H"): 344.2009, found: 344.2004.

[a]p” =29.3 (c = 0.51, CHCl)).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

11.0 min, tg (minor) = 12.7 min.
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14 racemic

] Ch2 254nm
107 -
30 ) .
20
10
0t T LN LA AL R L S UL L UL L R R A S B R S
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 10. 991 536114 31491 50. 246
2 12. 642 530873 27972 49. 754
14 enantioenriched, 92% ee
5007 Ch2 254ni]
400-] §
300+
200
100 o
0b—— L R B I A A AL R 1 T T T ﬂ T
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 10. 965 5908150 348749 95. 873
2 12. 673 254316 13218 4. 127

(5)-6-phenoxy-/V,2-diphenylhexanamide (15)
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According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (25.1 mg, 70%,
92% ee).

"H NMR (400 MHz, CDCl3) & 7.34 —7.32 (m, 2H), 7.27 — 7.26 (m, 4H), 7.22 — 7.14 (m,
5H), 7.08 (s, 1H), 6.97 (t,J= 8.0 Hz, 1H), 6.82 (t,J= 8.0 Hz, 1H), 6.76 (d, /= 8.0 Hz,
2H), 3.82 (t,J=8.0 Hz, 2H), 3.41 (t,J=8.0 Hz, 1H), 2.26 — 2.17 (m, 1H), 1.86 — 1.78
(m, 1H), 1.76 — 1.65 (m, 2H), 1.46 — 1.33 (m, 2H).

BCNMR (101 MHz, CDCl3) 8 171.71, 159.08, 139.61, 137.94, 129.54, 129.22, 129.05,
128.13, 127.72, 124.42, 120.67, 119.90, 114.61, 67.59, 54.45, 33.07, 29.24, 24.43.
HRMS (ESI): Co4H26NO, " (M+H"): 360.1958, found: 360.1956.

[a]p” =43.7 (c = 0.80, CHCl3).

HPLC: The ee was determined to be 92% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 20.1 min, tg (minor) = 17.9 min.

15 racemic
Ch2 254nn
30
lO; /
ﬁ | \ / \
0— I I | / 8 /\ \ [
0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 17.870 538440 | 19834 49. 409
2 20. 209 | 501329 17872 00. 591
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15 enantioenriched, 92% ee

2007 ChZ 254ni
150 ‘i
] N
: |
lOOi \
ﬁ |
50 / \
0- T T s ) T }l \\
0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 17.859 188553 | 6983 4. 241
2 20. 105 4257339 134374 95. 759

MeO
}\E)s “
o710

(S)-5-methoxy-N,2-diphenylpentanamide (16)

According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 9% EtOAc) as a white solid (19.5 mg, 69%,

91% ee).

"H NMR (400 MHz, CDCl3) & 7.34 — 7.32 (m, 2H), 7.27 — 7.23 (m, 4H), 7.20 — 7.14 (m,
3H), 6.96 (t, /= 8.0 Hz, 1H), 3.44 (t,J= 8.0 Hz, 1H), 3.35 - 3.25 (m, 2H), 3.22 (s, 3H),

2.24 —2.15 (m, 1H), 1.85 - 1.76 (m, 1H), 1.57 — 1.40 (m, 2H).

BCNMR (101 MHz, CDCls) § 171.74, 139.71, 138.03, 129.12, 129.02, 128.16, 127.64,
124.33, 119.86, 72.81, 58.73, 54.10, 30.46, 27.82.

HRMS (ESI): CisH»uNO,  (M+H"): 284.1645, found: 284.1642.

[a]p” =39.1 (c = 1.69, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

11.0 min, tg (minor) = 13.5 min.
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16 racemic

150 Ch2 254nm]
125—5 § 3
1oo—f §
75—f
5oé
25—3
G: — T L L — T T —=— i
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 11.026 2224030 116682 50. 050
2 13. 424 2219553 101761 49. 950
16 enantioenriched, 91% ee
150: . Ch2 254nn|
1 \=
100 /\
50 \ .
| /|
] \ —
0 : I T T T T T T / T \‘ T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 11. 027 2274645 119458 95. 402
2 13. 482 109625 4969 4. 598

T

(5)-6,6,6-trifluoro-N,2-diphenylhexanamide (17)

According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 9% EtOAc) as a white solid (24.7 mg, 77%,

94% ee).

"H NMR (400 MHz, CDCls) § 7.37 — 7.34 (m, 2H), 7.33 — 7.29 (m, 3H), 7.28 — 7.19 (m,
4H), 7.08 (s, 1H), 7.02 (t, J = 8.0 Hz, 1H), 3.42 (t, J= 8.0 Hz, 1H), 2.29 — 2.20 (m, 1H),
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2.13 - 1.94 (m, 2H), 1.88 — 1.79 (m, 1H), 1.56 — 1.37 (m, 2H).

BCNMR (101 MHz, CDCl3) 8 171.16, 139.04, 137.78, 129.42, 129.09, 128.06, 128.02,
127.10 (q, J =277.8 Hz), 124.59, 119.96, 54.12, 33.77 (q, J = 28.3 Hz), 32.32, 20.43.
YF NMR (376 MHz, CDCl5) § -66.26 (t, J = 11.3 Hz, 3F).

HRMS (ESI): CigHoF3sNO " (M+H"): 322.1413, found: 322.1409.

[a]p” =98.2 (c = 1.02, CHCl3).

HPLC: The ee was determined to be 94% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =
9.1 min, tgr (minor) = 11.7 min.

17 racemic

25

Ch2 254nm
151 B
10-
nlb LI B R IS AL R L R LA L R NL R L S I B AL BN R LR R
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 9. 153 274785 18582 50. 293
2 11.645 271587 15414 49. 707
17 enantioenriched, 94% ee
I Ch2 254n
400i g
300
200f
100
OA T T N T L \
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
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Peak Ret Time Area Height Area
H [min] [mAU*s] [mAU] [%]
1 9. 142 4980014 341692 96. 856
2 11. 686 161642 8990 3. 144

AN
M
T 0
o
(S5,2)-N,2-diphenyloct-5-enamide (18)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 5% EtOAc) as a white solid (17.9 mg, 61%,
91% ee).
"H NMR (400 MHz, CDCl3) & 7.34 —7.32 (m, 2H), 7.27 — 7.26 (m, 3H), 7.22 — 7.14 (m,
4H), 6.96 (t, /= 8.0 Hz, 1H), 5.34 — 5.20 (m, 2H), 3.43 (t, /= 8.0 Hz, 1H), 2.27 - 2.18
(m, 1H), 1.97 — 1.92 (m, 2H), 1.88 — 1.76 (m, 3H), 0.82 (t, /= 8.0 Hz, 3H).
BC NMR (101 MHz, CDCl3) 171.79, 139.59, 137.97, 132.97, 129.12, 129.00, 128.18,
127.97, 127.64, 124.36, 119.91, 53.56, 33.21, 25.11, 20.67, 14.42.
HRMS (ESI): C20H24NO" (M+H"): 294.1852, found: 294.1848.
[a]p” =51.2 (c = 0.87, CHCL)).
HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 95:5 at a flow rate 1.0 mL/min. Retention times: tg (major) =
13.5 min, tg (minor) = 15.7 min.

18 racemic

15.0 ] Ch2 254ni

12. 5

10. 0

3.594
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’ Peak | Ret Time Area Height Area |

| # [min] [MAU*s] [MAU] [%]
1 13. 594 133421 6604 49. 685
2 15. 705 135112 5692 00. 315

18 enantioenriched, 91% ee

300

Ch2 254nm
200; wé
100 /\
AN
)\ .
%.0' o '2j5'47 ' 'ﬁﬁO' o '7}5' o 'ld.Ov ' ‘2{5‘ '415{0‘ ‘ 'l%.g ' '26.0
’ Peak | Ret Time Area | Height ‘ Area |
% [min] [MAU*s] ~ [mAU] %]
1 13. 523 3799596 187486 95. 505
2 15. 684 178832 7947 4. 495

"Pr.
\
ELNY
A N
SRRe
(S)-N,2-diphenyldodec-8-ynamide (19)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (23.6 mg, 68%,
94% ee).
'H NMR (400 MHz, CDCl3) & 7.43 — 7.42 (m, 2H), 7.39 — 7.33 (m, 4H), 7.32 — 7.27
(m, 2H), 7.25 (s, 1H), 7.08 — 7.01 (m, 2H), 3.47 (t, J = 8.0 Hz, 1H), 2.30 — 2.20 (m,
1H), 2.12 — 2.09 (m, 3H), 1.89 — 1.80 (m, 1H), 1.51 — 1.44 (m, 5H), 1.40 — 1.26 (m,
4H), 0.96 (t, J= 8.0 Hz, 3H).
BC NMR (101 MHz, CDCl3) & 171.81, 139.79, 137.99, 129.19, 129.06, 128.15, 127.67,

124.39, 119.84, 80.37, 80.30, 54.54, 33.26, 29.02, 28.73, 27.38, 22.68, 20.90, 18.80,
13.63.

HRMS (ESI): Co4H3oNO " (M+H"): 348.2322, found: 348.2318.
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[a]p” =39.3 (c = 0.91, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25

°C, with hexane: PrOH = 94:6 at a flow rate 1.0 mL/min. Retention times: tg (major) =

12.3 min, tg (minor) = 14.8 min.

19 racemic

12.57 Ch2 254ni]
10. 0 -
7.5 B E
5.0
2.5
0.0 T L T LR DL R UL T ] T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 344 151526 7791 50.679
2 14. 787 147466 6437 49. 321
19 enantioenriched, 94% ee
] Ch2 254nm
IOOi
75 g
50
25
O_ i i I ! ! T i | i ! T T T T T i T I ! i ' IS !
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 316 1330666 69538 96. 837
2 14. 780 43461 1970 3.163
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(5)-2-([1,1'-biphenyl]-4-yl)-N-phenylbutanamide (20)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (23.0 mg, 73%,
93% ee).

"H NMR (400 MHz, CDCl3) & 7.60 —7.58 (m, 4H), 7.48 — 7.43 (m, 6H), 7.35 (t,J=8.0
Hz, 1H), 7.30 — 7.26 (m, 2H), 7.20 (s, 1H), 7.08 (t,J = 8.0 Hz, 1H), 3.44 (t, J= 8.0 Hz,
1H), 2.37 —2.26 (m, 1H), 1.97 — 1.86 (m, 1H), 0.97 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) & 171.74, 140.72, 140.58, 138.65, 137.99, 129.09,
128.95, 128.61, 127.85, 127.53, 127.18, 124.43, 119.90, 56.03, 26.63, 12.54..

HRMS (ESI): C2,H;»oNO * (M+H"): 316.1696, found: 316.1692.

[a]p” =47.6 (c = 1.02, CHCI3).

HPLC: The ee was determined to be 93% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: ‘PrOH = 75:25 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 5.2 min, tg (minor) = 7.6 min.

20 racemic
1007 - Ch2 254nn
75{ ‘
50— ‘
25-
Olﬁ*}&}|\{||
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 314 756716 81066 50. 728
7. 604 735001 55623 49. 272
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20 enantioenriched, 93% ee

750- Ch2 254n
500
250+
| :
0 — T T _ T T T \} T T 1 ‘H' — T T T T T _ T ‘
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 179 5491037 602023 96. 347
2 7.612 208170 15890 3. 653

Et
I H
N
F,CO

(S)-N-phenyl-2-(4-(trifluoromethoxy)phenyl)butanamide (21)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 8% EtOAc) as a white solid (20.3 mg, 63%,
91% ee).

"H NMR (400 MHz, CDCls) & 7.39 — 7.37 (m, 2H), 7.34 — 7.31 (m, 2H), 7.23 — 7.17
(m, 3H), 7.13 — 7.11 (m, 2H), 7.03 — 6.99 (m, 1H), 3.30 (t, J = 7.5 Hz, 1H), 2.25 —
2.08 (m, 1H), 1.82 - 1.71 (m, 1H), 0.86 (t, /= 7.4 Hz, 3H).

BC NMR (101 MHz, CDCls) & 171.34, 148.66, 138.40, 137.80, 129.44, 129.12,
124.65, 120.59 (q, J = 258.6 Hz), 121.47, 120.01, 55.65, 27.05, 12.39.

F NMR (377 MHz, CDCls) & -57.85 (s, 3F).

HRMS (ESI): C;7H7F;NO," (M+H"): 324.1206, found: 324.1203.

[a]p” =31.5 (c = 1.12, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 95:5 at a flow rate 1.0 mL/min. Retention times: tg (major) =

12.3 min, tg (minor) = 14.8 min.
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21 racemic

60

- Ch2 254nm
50 =
40% 2
| \
|
10—3 / \\
0 : L L L L B T T T T ] T T J' I L T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 283 1272790 37395 50. 229
2 14. 699 1261197 47479 49. 771
21 enantioenriched, 91% ee
Ch2 254nnl
300-| &
200;
100
0 - L DLALL L I A R LRI S R RN ™ g w— A L S
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 261 5723388 268654 95. 433
2 14. 828 273908 14681 4. 567

T

&

(5)-2-(3,5-dimethylphenyl)- V-phenylbutanamide (22)

According to General Procedure, the title compound was isolated by flash column
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chromatography (silica gel, pentane with 5% EtOAc) as a white solid (19.2 mg, 72%,
91% ee).

"H NMR (400 MHz, CDCls) & 7.38 — 7.36 (m, 2H), 7.25 (s, 1H), 7.18 — 7.15 (m, 2H),
6.96 (t,J=8.0 Hz, 1H), 6.87 (s, 2H), 6.83 (s, 1H), 3.25 (t, /= 8.0 Hz, 1H), 2.21 (s, 6H),
2.19-2.13 (m, 1H), 1.81 = 1.70 (m, 1H), 0.84 (t, /= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) 8 172.14, 139.52, 138.59, 138.12, 129.25, 128.96, 125.91,
124.22,119.87, 56.08, 26.41, 21.43, 12.54.

HRMS (EI): C;3H2NO: 267.1623, found: 267.1617.

[a]p” =29.8 (c = 0.61, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 95:5 at a flow rate 1.0 mL/min. Retention times: tg (major) =
10.4 min, tg (minor) = 11.7 min.

22 racemic

- Ch2 254nm
25 /
0 7 T A w/ ‘\J \ T T
0.0 2“3 5.0 7|'—) 10.0 12[5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 10. 380 | 512750 | 29863 49.794 |
2 11. 684 517000 28369 00. 206
22 enantioenriched, 91% ee
100 Ch2 254nd]
75; /\ﬁ
50—_ \
] / \
25 \
G_ T T T L A A — w)'\\“ A: ' T T T T T y T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0



Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1| 10.384 1308894 | 76628 | 95. 590
2| 11.726 60385 | 3204 | 4.410

h®

(5)-2-(naphthalen-2-yl)-N-phenylbutanamide (23)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (21.7 mg, 75%,
93% ee).

"H NMR (400 MHz, CDCl;) & 7.86 — 7.82 (m, 4H), 7.52 — 7.44 (m, 5H), 7.36 (s, 1H),
7.27—17.23 (m, 2H), 7.06 (t, J = 8.0 Hz, 1H), 3.59 (t, J = 8.0 Hz, 1H), 2.42 — 2.32 (m,
1H), 2.04 — 1.93 (m, 1H), 0.96 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) & 171.90, 137.97, 137.10, 133.63, 132.86, 128.99,
128.95, 127.88, 127.82, 127.18, 126.47, 126.12, 125.92, 124.38, 119.97, 56.24, 26.42,
12.47.

HRMS (ESI): C20H0NO" (M+H"): 290.1539, found: 290.1536.

[a]p” = 68.1 (c = 1.01, CHCl3).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =
12.0 min, tg (minor) = 15.4 min.

23 racemic
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Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 12. 021 877547 47387 49. 980
2| 15.307 | 878237 37580 50. 020 |
23 enantioenriched, 93% ee
750 | Ch2 254nn]
- \
500 \
| | \
250
. / \\
00' - I2.|5 - ‘3|0‘ - ‘7|5' - ‘1()‘.0' - ‘12‘.5' - ‘15|.()' - 'l7|.5' ' ‘20'.()
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 12. 006 10907664 | 096047 96. 657
2 15. 377 377301 16137 3. 343

@*O

(5)-2-(3-chlorophenyl)-N-phenylbutanamide (24)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (21.8 mg, 80%,
92% ee).

"H NMR (400 MHz, CDCl3) & 7.47 — 7.45 (m, 2H), 7.37 (s, 1H), 7.30 — 7.27 (m, 4H),
7.22 (s, 1H), 7.08 (t,J = 8.0 Hz, 1H), 3.34 (t,J= 8.0 Hz, 1H), 2.29 - 2.18 (m, 1H), 1.90
—1.79 (m, 1H), 0.93 (t, /= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) 8 171.09, 141.70, 137.80, 134.84, 130.30, 129.10, 128.32,
127.82, 126.23, 124.60, 120.01, 55.97, 26.82, 12.39.

HRMS (EI): C;6H6CINO (M): 273.0920, found: 273.0921.

[a]p” =43.1 (c = 0.97, CHCl)).
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HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =
7.8 min, tg (minor) = 9.1 min.

24 racemic

1 Ch2 254nm
200+ -
150 f E
100 \
50 \
0 L S B S B B \‘ T \ T T 7
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 7.765 2155781 163845 50. 005
2 9. 030 2155341 145720 49. 995
24 enantioenriched, 92% ee
] Ch2 254nm
500 )
400% )
300%
200%
100% .
0: — T 1 T 1 T 1T T z T I
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 7.764 5378796 406618 95. 998
2 9. 058 224216 13994 4. 002
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(5)-2-(benzo[b]thiophen-3-yl)-N-phenylbutanamide (25)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a yellow oil (19.2 mg, 65%, 92%
ee).

"H NMR (400 MHz, CDCl3) & 7.70 — 7.68 (m, 2H), 7.20 — 7.15 (m, 5H), 7.07 — 7.04 (m,
2H), 6.87 (t,J=8.0 Hz, 1H), 3.70 (t, /= 8.0 Hz, 1H), 2.19 - 2.12 (m, 1H), 1.93 — 1.86
(m, 1H), 0.85 (t, J=8.09 Hz, 3H).

BCNMR (101 MHz, CDCl3) 8 171.18, 140.82, 138.18, 137.77, 134.12, 129.00, 124.89,
124.57, 124.50, 123.70, 123.19, 121.89, 120.12, 50.02, 25.64, 12.67.

HRMS (ESI): C;gH;sNOS" (M+H"): 296.1104, found: 296.1099.

[a]p” =42.6 (c = 1.29, CHCl5).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

10.0 min, tg (minor) = 12.7 min.

25 racemic
1257 Ch2 254ni]
100 o
\ ‘q‘
25 ||
| \
0.0 2.5 5.‘0 7} 5 10‘. 0 121. 5 l5|. 0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1| 10.092 1293736 | 79411 50. 027
2| 12.693 1292345 | 66476 49. 973
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25 enantioenriched, 92% ee

300 ; Ch2 254nm]
250é
zoo—f g
150—3 f\ )
100—i f |
] |
50 | 3
] /‘ \ =
0= T T T T ] — — » T ‘ "
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1| 10.004 | 2573043 160243 | 95. 794
2| 12.650 | 112961 | 5922 | 4. 206

(8)-2-(4-isobutylphenyl)-N-phenylpropanamide (26) ¢

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (23.0 mg, 82%,
93% ee).

'H NMR (400 MHz, CDCl3) & 7.41 — 7.39 (m, 2H), 7.29 — 7.27 (m, 2H), 7.26 — 7.25
(m, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.06 (t, J = 8.0 Hz, 1H), 7.00 (s, 1H), 3.69 (q, J =
8.0 Hz, 1H), 2.48 (d, J = 4.0 Hz, 2H), 1.92 — 1.82 (m, 1H), 1.60 (d, J = 4.0 Hz, 3H),
0.91 (d, /= 8.0 Hz, 6H).

BCNMR (101 MHz, CDCls) § 172.71, 141.26, 138.19, 138.05, 130.02, 129.04, 127.58,
124.30, 119.74, 47.91, 45.15, 30.32, 22.52, 18.62.

[a]p” =37.8 (c = 1.13, CHCI)).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

7.2 min, tg (minor) = 8.9 min.
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26 racemic

Ch2 254nm
150~ .
100{ \x'
] \
50 \ |
| |l
00.0 I2.|5‘ | I5.0I ' 7.15 | '10. OI - 12|.5 ‘15‘.0 I17|. 5' l ‘20‘.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 7. 186 1422581 123146 00. 025
2 8. 847 1421179 102903 49. 975
26 enantioenriched, 93% ee
] Ch2 254nm
400f
300 =
200
100
0 ] T T T 'Oé T T T
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 7. 204 3461110 297626 96. 264
2 8. 929 134309 9381 3. 736

Me
T H
PhO. ~ N

(8)-2-(3-phenoxyphenyl)-N-phenylpropanamide (27) °

According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 8% EtOAc) as a white solid (25.0 mg, 79%,
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90% ee).

"H NMR (400 MHz, CDCl;) & 7.34 (d, J = 8.0 Hz, 2H), 7.28 — 7.17 (m, 5H), 7.11 (s,
1H), 7.05 — 6.97 (m, 3H), 6.95 — 6.92 (m, 3H), 6.83 (dd, /= 8.1, 1.8 Hz, 1H), 3.59 (q,
J=8.0Hz, 1H), 1.49 (d, J=4.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) §172.01, 158.05, 156.90, 143.06, 137.90, 130.52,
129.96, 129.05, 124.45, 123.70, 122.40, 119.92, 119.20, 118.20, 117.64, 48.06, 18.59.
[a]p” =32.7 (c = 0.71, CHCI)).

HPLC: The ee was determined to be 90% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =
9.7 min, tg (minor) = 11.3 min.

27 racemic

200 Ch2 254nd]
150—: 2 2
] " =
1 | |
100—: /\ }
| | -
| |
0 ] R T ! ! T /‘ \\ T '} ‘\k T T T T ! L ! !
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
’ Peak | Ret Time Area | Height - Area |
o [min] [MAU*s] [MAU] (%]
1 9. 695 2000239 133355 49. 908
2 11.320 2007639 120030 50. 092
27 enantioenriched, 90% ee
4007] Ch2 254m
300- "
200 l\
100 / \
) [\ 2
oo 2.5 5.0 "7ls 10,0 12.5
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’ Peak | Ret Time Area | Height . Area |

| # [min] [MAU*s] [mAU] [%]
1 9. 687 4775495 316893 94. 950
2 11. 341 253992 14985 5. 050

OO

(S)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)-N-phenylpropanamide (28)°¢

According to General Procedure A, the title compound was isolated by flash column
chromatography (silica gel, pentane with 8% EtOAc) as a white solid (16.3 mg, 51%,
91% ee).

"H NMR (400 MHz, CDCls) & 7.56 — 7.54 (m, 2H), 7.49 — 7.43 (m, 5H), 7.40 — 7.36
(m, 1H), 7.30 — 7.19 (m, 5H), 7.12 — 7.10 (m, 1H), 3.74 (q, J = 8.0 Hz, 1H), 1.63 (d, J
= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) & 171.76, 160.03 (d, J = 249 Hz,), 142.41, 137.83,
135.40, 131.42, 129.12, 129.07, 128.63, 128.34 (d, J = 14 Hz,), 127.93, 124.63,
123.74, 120.02, 115.50 (d, J = 23 Hz), 47.73, 18.76.

YF NMR (377 MHz, CDCl5) § -116.73 (t, J = 9.3 Hz).

[a]p” =33.4 (c = 1.07, CHCL)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

10.0 min, tg (minor) = 13.6 min.

28 racemic
Ch2 254nn
200~
150~ .
100 | f
. | ’«\
| (| il
501 1 |
] \ A
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| A |\
0 T \ " 1 a \ ] T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20. 0
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’ Peak | Ret Time Area | Height ‘ Area
s [min] [MAU*s] [mAU] (%]
1 10. 088 1798764 109213 49. 394
2 13.953 1842931 80568 50. 606
28 enantioenriched, 91% ee
Ch2 254nm
300
2001 (\~
100 / \
0 ’) \\‘ :
0.0‘ o '2.15' ' ‘5.TOV - ‘7‘5 YIOI.O '12(.5 ‘ 15|.0 17T.ﬁ ‘20I.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 10. 028 3450426 212142 95.601
2 13. 642 158761 7521 4. 399

OMe

(S)-NV-(3-methoxyphenyl)-2-phenylbutanamide (29)

According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 9% EtOAc) as a white solid (21.0 mg, 78%,

91% ee).

"H NMR (400 MHz, CDCl3) § 7.29 — 7.26 (m, 3H), 7.23 — 7.17 (m, 3H), 7.05 (t, J =
8.0 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.53 (dd, J = 8.2, 2.0 Hz, 1H), 3.67 (s, 3H),
3.30 (t, J = 8.0 Hz, 2H), 2.23 — 2.12 (m, 1H), 1.83 — 1.72 (m, 1H), 0.84 (t, /= 8.0 Hz,

3H).

BC NMR (101 MHz, CDCl;) & 171.87, 160.26, 139.58, 139.27, 129.67, 129.15,
128.18, 127.65, 111.84, 110.40, 105.40, 56.38, 55.42, 26.53, 12.47.
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HRMS (ESI): C;7H0NO," (M+H"): 270.1489, found: 270.1486.

[a]p” = 65.3 (c = 0.75, CHCl3).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm,
25 °C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg
(major) = 10.0 min, tg (minor) = 12.2 min.

29 racemic

2507 Ch2 254ni
| A f
150? ’\ /\
100 f\ /\
50—E \ / \
1 / \ | \
1 \ [\
1 [\ )\
0 — T T 1 — T y T
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area Height Area
# [min] [mAU¥*s] [mAU] [%]
1 10. 018 3510643 179878 49. 987
2 12. 151 3512531 162320 50.013
29 enantioenriched, 91% ee
| - Ch2 254n]
250 s
zooé ﬂ
150% \
|
50—: \ 2
] \ .
+-——" - o — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU¥*s] [mAU] [%]
1 10. 015 3579766 221524 95.700
2 12. 193 160856 8603 4. 300
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(S)-N-(4-bromophenyl)-2-phenylbutanamide (30)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 7% EtOAc) as a white solid (16.5 mg, 52%,
94% ee).

"H NMR (400 MHz, CDCl3) & 7.39 — 7.34 (m, 7H), 7.33 — 7.28 (m, 2H), 7.12 (s, 1H),
3.38 (t,J=8.0 Hz, 1H), 2.33 — 2.21 (m, 1H), 1.92 — 1.81 (m, 1H), 0.92 (t, /= 8.0 Hz,
3H).

BC NMR (101 MHz, CDCl3) 8 171.89, 139.37, 137.05, 131.99, 129.23, 128.19, 127.79,
121.44, 116.92, 56.28, 26.50, 12.45.

HRMS (ESI): C;sHsBrNNaO" (M+Na"): 340.0307, found: 340.0306.

[a]p” =43.0 (c = 0.92, CHCl)).

HPLC: The ee was determined to be 94% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

9.5 min, tgr (minor) = 12.2 min.

30 racemic
™ Ch2 254n
507_ E -
| t 3
-
25+ ‘ | |
| |
07 T T v T T T T ~ \ T T ¢ ‘
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5  20.0
’ Peak . Ret Time Area . Height ‘ Area |
| # [min] [MAU*s] [MAU] [%]
1 9.475 676851 46865 50. 380
12. 186 666634 37406 49. 620

30 enantioenriched, 94% ee
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250- Ch2 254nm
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0.0 2.5 5.0 7.5 10. 0 12.5 17.5 200
’ Peak | Ret Time Area | Height ‘ Area |
s [min] [MAU*s] [mAU] [%]
1 9. 457 2568744 178382 96. 826
2 12. 200 84207 4720 3. 174
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(S)-N-(3-acetylphenyl)-2-phenylbutanamide (31)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 10% EtOAc) as a white solid (17.7 mg, 63%,
91% ee).

"H NMR (400 MHz, CDCl3) & 7.93 (s, 1H), 7.81 (d, J= 8.0 Hz, 1H), 7.65 (d, J = 8.0
Hz, 1H), 7.40 — 7.35 (m, 5H), 7.33 — 7.29 (m, 1H), 3.42 (t, J = 8.0 Hz, 1H), 2.58 (s,
3H), 2.32 —2.23 (m, 1H), 1.94 — 1.83 (m, 1H), 0.93 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) & 198.05, 172.14, 139.33, 138.53, 137.87, 129.41,
129.29, 128.20, 127.84, 124.44, 124.24, 119.23, 56.33, 26.84, 26.46, 12.47.

HRMS (ESI): CgHNO," (M+H"): 282.1489, found: 282.1490.

[a]p” =46.1 (c = 1.15, CHCI)).

HPLC: The ee was determined to be 91% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: 'PrOH = 70:30 at a flow rate 1.0 mL/min. Retention times: tg

(major) = 21.9 min, tg (minor) = 27.6 min.

31 racemic
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Ch2 254nm
10. 0 %
7.5 <
5.0-
2.5
0-07"'&"‘7""[""{"" 1 — T T T
0 5 10 15 : 25 35
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 21.956 290316 8914 00. 116
2 27. 590 288973 7161 49. 884
31 enantioenriched, 91% ee
. Ch2 254nm|
50;
25:
O_ ! L L e T '/Ac'\] [T [ T
0 5 10 15 20 25 30 35 40
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 21. 883 1815478 50051 95. 359
2 27. 567 88366 2275 4. 641

(S)-N-(4-cyanophenyl)-2-phenylbutanamide (32)
According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 9% EtOAc) as a yellow oil (10.8 mg, 41%, 92%
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ee).

"H NMR (400 MHz, CDCl3) & 7.59 — 7.53 (m, 4H), 7.40 —7.38 (m, 1H), 7.37 —7.36 (m,
1H), 7.35 - 7.34 (m, 1H), 7.33 - 7.29 (m, 2H), 3.42 (t, /= 8.0 Hz 1H), 2.31 — 2.21 (m,
1H), 1.92 — 1.81 (m, 1H), 0.92 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) 8 172.26, 142.06, 138.97, 133.32, 129.34, 128.15, 127.97,
119.60, 118.96, 107.13, 56.35, 26.45, 12.38.

HRMS (ESI): C;7H7N,O" (M+H"): 265.1335, found: 265.1334.

[a]p” =51.2 (c = 0.93, CHCl)).

HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

13.5 min, tg (minor) = 16.8 min.

32 racemic
Ch2 254nm
15—_ ®
|
10| ‘ Il
|-
5 [ ‘ ‘\
| |
A
) AN /N /‘ \\\ // \\
00.0' - I2.|5' ' '5.‘0 K ‘7.‘5 B '10.0 ' '12. 5' ’ '15.0 B 17.5 ' '20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
| 13. 558 279824 12237 49. 800
2| 16.732 | 282074 10510 | 50. 200

32 enantioenriched, 92% ee
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150 . Ch2 254nm
125 =
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75 \
50j \
25] | \ -
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0 ' L L / \\ T /ﬁ'—‘ T T 7
0 5 10 15 20 25
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 13. 467 2909119 121093 95. 943
2 16. 841 123008 4399 4. 057

Seanes

(S)-NV-(3,5-difluorophenyl)-2-(naphthalen-2-yl)butanamide (33)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a yellow oil (17.6 mg, 54%, 94%
ee).

"H NMR (400 MHz, CDCl;) & 7.88 — 7.82 (m, 3H), 7.78 (s, 1H), 7.54 — 7.48 (m, 2H),
7.46 —7.43 (m, 1H), 7.20 (s, 1H), 7.06 — 7.04 (m, 2H), 6.52 — 6.47 (m, 1H), 3.55 (t, J =
8.0 Hz, 1H), 2.40 — 2.29 (m, 1H), 2.02 — 1.91 (m, 1H), 0.94 (t, /= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) § 172.02, 163.21 (dd, J=247.5, 15.2 Hz), 140.03 (t,J =
13 Hz), 139.90, 136.40, 133.64, 132.97, 129.29, 127.89, 127.34, 126.71, 126.38,
125.64, 102.79 (d, J=29.3 Hz) 99.57 (t,J =25.3 Hz), 56.37, 26.26, 12.41.

F NMR (377 MHz, CDCl5)  -108.90 (s).

HRMS (ESI): CoH;7F,NNaO™ (M+Na"): 348.1170, found: 348.1168.

[a]p”® =46.9 (c = 1.27, CHCL;).

HPLC: The ee was determined to be 94% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 5.9 min, tg (minor) = 7.7 min.

S57



33 racemic

1 Ch2 254nm
200i
150 ° §
100+
50
0 y y y ' T y y T T T y T T T T
0.0 2.5 5.0 7.5
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 5. 896 1815094 152048 50. 050
2 7.678 1811449 137308 49. 950
33 enantioenriched, 94% ee
4007 Ch2 254ni]
300 g
200{
100{
07 — T 1T T 1 ti — T T T . T_T T
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 901 3309594 277317 96. 996
2 7. 686 102512 8442 3. 004
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(S)-N-(naphthalen-2-yl)-2-phenylbutanamide (34)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (19.7 mg, 68%,
91% ee).

"H NMR (400 MHz, CDCl3) & 8.18 (s, 1H), 7.75 — 7.70 (m, 3H), 7.45 — 7.39 (m, 4H),
7.38 —7.29 (m, 4H), 3.46 (t,J=8.0 Hz, 1H), 2.37 - 2.27 (m, 1H), 1.97 — 1.86 (m, 1H),
0.96 (t, J= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCly)) & 172.16, 139.63, 135.41, 133.90, 130.71, 129.16,
128.73, 128.22, 127.74, 127.66, 127.61, 126.58, 125.08, 119.94, 116.70, 56.31, 26.62,
12.49.

HRMS (ESI): C20H0NO" (M+H"): 290.1539, found: 290.1537.

[a]p” =79.2 (c = 1.04, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

12.8 min, tg (minor) = 18.4 min.

34 racemic
1507 N Ch2 254nn]
125 5
| (‘
100-] \ =
] [ /~
] l | ‘\
| |
507 | \\
25 / \ / \
| A
O ; \ ' ‘ ' ‘ \ ————— T | e
0.0 2.5 5.0 7.5 10. 0 12.5 15. 0 17.5 20. 0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 867 2322790 118192 49. 960
_ 27 - 18.344 2326474 | 84436 50. 040 |

34 enantioenriched, 91% ee
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. Ch2 254nn
300 2
200; ‘
|
\
100-
O’ T T ! T T ! T T T T “ '\\ ’ T T T ‘/hi-' I T T T T
0 5 10 15 20 25
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 12. 812 6162824 312899 95. 565
2 18. 404 285996 10547 4. 435
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(S)-N-(2-chlorobenzo[d]thiazol-6-yl)-2-phenylbutanamide (35)

According to General Procedure A, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (18.2 mg, 55%,
91% ee).

"H NMR (400 MHz, CDCl3) § 7.95 (s, 1H), 7.62 — 7.60(m, 2H), 7.47 (s, 1H), 7.37 —
7.36 (m, 3H), 7.32 — 7.28 (m, 1H), 3.44 (t, /= 8.0 Hz, 1H), 2.37 - 2.23 (m, 1H), 1.94 —
1.83 (m, 1H), 0.93 (t, /= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) 8 172.19, 154.34, 151.48,139.45, 137.19, 131.48, 129.17,
128.18, 127.72, 121.25, 119.04, 113.86, 56.19, 26.61, 12.45.

HRMS (ESI): C;7H;6CIN,OS" (M+H"): 331.0666, found: 331.0661.

[a]p” = 17.2 (c = 0.77, CHCL)).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

10.1 min, tg (minor) = 14.4 min.
35 racemic
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1507 Ch2 254nm
125%
100% S
75% -
50-
25%
0: T T | T
0 5 10 15 20
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 10. 121 1629442 92616 50. 213
2 14. 242 1615616 68185 49. 787
35 enantioenriched, 91% ee
1 5 Ch2 254n
400- S
300-
200
100 )
0 LIS B R A B LN I L ) B S B — | ] T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 10. 127 6930657 400143 95.432
2 14. 348 331752 13736 4. 568

(S)-N-(2-methylquinolin-8-yl)-2-(naphthalen-2-yl)butanamide (36)

According to General Procedure, the title compound was isolated by flash column
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chromatography (silica gel, pentane with 6% EtOAc) as a white solid (14.9 mg, 42%,
92% ee).

"H NMR (400 MHz, CDCls) § 9.98 (s, 1H), 8.72 (dd, J = 7.4, 1.5 Hz, 1H), 7.96 —
7.83 (m, 5H), 7.60 (dd, J = 8.5, 1.6 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.43 — 7.36 (m, 2H),
7.17 (d, J =12 Hz, 1H), 3.84 — 3.80 (m, 1H), 2.56 — 2.45 (m, 1H), 2.34 (s, 3H), 2.18 —
2.05 (m, 1H), 1.04 (t, J= 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) & 172.17, 157.11, 137.88, 137.17, 136.28, 133.94,
133.84, 132.97, 128.91, 127.99, 127.80, 127.57, 126.35, 126.33, 125.99, 122.35,
121.27, 116.15, 56.89, 25.93, 24.85, 12.67.

HRMS (ESI): C24H»3N,O" (M+H"): 355.1805, found: 355.1800.

[a]p? =78.1 (c = 0.92, CHCl)).

HPLC: The ee was determined to be 92% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: ‘PrOH = 97:3 at a flow rate 1.0 mL/min. Retention times: tg

(major) = 19.4 min, tgr (minor) = 20.8 min.

36 racemic
448 Ch2 254n
100 §
75 f
501 [\
|
0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 19. 228 1911191 | 90455 49. 438
2 20. 361 1954607 62617 50. 562

36 enantioenriched, 92% ee
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Ch2 254nn]
300% [”:"
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0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 19. 371 ‘ 7844601 263369 96. 134
2 20. 746 ‘ 315432 | 10889 3. 866

¢ e
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(S)-N-methyl-2-(naphthalen-2-yl)-N-phenylbutanamide (37)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 3% EtOAc) as a colorless oil (20.0 mg, 66%,
92% ee).
"H NMR (400 MHz, CDCl3) & 7.80 — 7.78 (m, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.46 —
7.41 (m, 3H), 7.37—7.36 (m, 3H), 7.24 (d, /= 8.0 Hz, 1H), 6.99 (s, 2H), 3.53 (t, /= 8.0
Hz, 1H), 3.26 (s, 3H), 2.24 - 2.13 (m, 1H), 1.82 - 1.72 (m, 1H), 0.84 (t, /= 8.0 Hz, 3H).
BC NMR (101 MHz, CDCl3) 8 173.37, 143.91, 137.99, 133.48, 132.56, 129.65, 12821,
128.02, 127.99, 127.89, 127.64, 126.85, 126.52, 125.92, 125.59, 51.06, 37.75, 28.43,
12.51.
HRMS (ESI): C5;H2,NO" (M+H"): 304.1696, found: 304.1692.
[a]p”’ =-90.4 (c = 1.02, CHCI)).
HPLC: The ee was determined to be 92% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 6.4 min, tg (minor) = 9.4 min.

37 racemic

S63



430

6.

Ch2 254nm
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0.0 2.5 5.0 7.5 10.0 12.5 15.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 6. 430 293527 30209 49. 857
2 9. 360 295215 21547 00. 143
37 enantioenriched, 92% ee
Ch2 254nm
300 =
200;
100;
07 y — T — T — T f T 1
0.0 2.5 5.0 7.5 10.0 12.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 6. 441 2433998 254211 95. 761
2 9. 377 107744 8080 4. 239

Et ’I’Bu
‘N
S

(S)-N-butyl-2-(naphthalen-2-yl)-N-phenylbutanamide (38)
According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 2.5% EtOAc) as a a yellow oil (14.8 mg, 43%,

S64



92% ee).

"H NMR (400 MHz, CDCl3) & 7.71 — 7.69 (m, 1H), 7.63 —7.61 (m, 2H), 7.37 — 7.28 (m,
6H), 7.17 — 6.86 (m, 3H), 3.68 — 3.52 (m, 2H), 3.35 (t, /= 8.0 Hz, 1H), 2.14 — 2.04 (m,
1H), 1.70—1.59 (m, 1H), 1.40 — 1.33 (m, 2H), 1.24 — 1.15 (m, 2H), 0.80 — 0.73 (m, 6H).
BCNMR (101 MHz, CDCls) & 172.84, 142.51, 138.22, 133.49, 132.55, 129.49, 129.24,
128.03, 127.95, 127.90, 127.64, 126.84, 126.58, 125.89, 125.56, 51.45, 49.43, 29.94,
28.53,20.14, 13.92, 12.57.

HRMS (ESI): Co4HsNO" (M+H"): 346.2165, found: 346.2160.

[a]p”® =-23.5 (c = 0.78, CHCl3).

HPLC: The ee was determined to be 92% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: ‘PrOH = 99.8:0.2 at a flow rate 1.0 mL/min. Retention times: tg

(major) = 23.5 min, tg (minor) = 20.0 min.

38 racemic
] 5 Ch2 254n
50*_ i
0]
:zo—i i
2]
10
G\\II/\
0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 20. 302 1330480 44414 00. 054
2 23. 123 1327625 27070 49. 946

38 enantioenriched, 92% ee
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0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 20.017 48615 1612 4. 240
2 23. 535 1097918 18860 95. 760

Et
SORES
(8)-1-(3,4-dihydroquinolin-1(2H)-yl)-2-(naphthalen-2-yl)butan-1-one (39)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 4% EtOAc) as a colorless oil (21.7 mg, 66%,
88% ee).
'H NMR (400 MHz, CDCl3) & 7.80 — 7.74 (m, 3H), 7.57 (s, 1H), 7.46 — 7.42 (m, 2H),
7.35 (s, 1H), 7.23 — 7.08 (m, 4H), 4.09 (s, 1H), 3.84 — 3.77 (m, 2H), 2.54 — 2.47 (m,
1H), 2.34 — 2.16 (m, 2H), 1.89 — 1.73 (m, 3H), 0.89 (t, J = 8.0 Hz, 3H).
BC NMR (101 MHz, CDCls) & 173.56, 139.63, 137.94, 133.56, 132.52, 128.44,
128.25, 127.94, 127.66, 126.67, 126.30, 126.13, 126.03, 125.69, 125.43, 50.97, 42.73,
28.82,26.38,24.17, 12.58.
HRMS (ESI): C23H,3NNaO" (M+Na"): 352.1672, found: 352.1668.
[a]p” = 52.6 (c = 1.36, CHCl)).
HPLC: The ee was determined to be 88% on a CHIRALPAK IA column at 254 nm,
25 °C, with hexane: 'PrOH = 95:5 at a flow rate 1.0 mL/min. Retention times: tg
(major) = 8.8 min, tg (minor) = 11.4 min.

39 racemic
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Ch2 254nn|

150

100; ;

50——
07'"'l'"'l""I""I""I"“I""N""
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 8. 819 1468341 118292 50. 195
2 11.417 1456923 94538 49. 805

39 enantioenriched, 88% ee

400y Ch2 254nn]

300—: *

200—:

100—:
OA""1'"'x""l""1""1""¥""x""
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 8. 810 3739819 302493 93. 947
2 11.394 240940 | 17233 6. 053

Et
Y

N
T L
CO,Et

Ethyl (S5)-4-(2-phenylbutanamido)benzoate (40)
According to General Procedure, the title compound was isolated by flash column

chromatography (silica gel, pentane with 7% EtOAc) as a white solid (19.6 mg, 63%,
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95% ee).

"H NMR (400 MHz, CDCl3) § 7.96 — 7.93 (m, 2H), 7.54 — 7.51 (m, 2H), 7.43 (s, 1H),
7.39 — 7.28 (m, 5H), 4.33 (q, J = 8.0 Hz, 2H), 3.41 (t, J= 8.0 Hz, 1H), 2.34 — 2.20 (m,
1H), 1.92 — 1.81 (m, 1H), 1.37 (t, J= 8.0 Hz, 3H), 0.92 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCl3) 8 172.15, 166.30, 142.14, 139.25, 130.80, 129.22, 128.16,
127.79, 125.97, 118.87, 61.00, 56.34, 26.53, 14.44, 12.41.
HRMS (ESI): C;oH»NO3" (M+H"): 312.1594, found: 312.1591.

[a]p” =32.1 (c = 0.57, CHCL)).

HPLC: The ee was determined to be 95% on a CHIRALPAK IA column at 254 nm, 25

°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major) =

13.5 min, tg (minor) = 15.9 min.

40 racemic
™ Ch2 254nm]
‘ | [\
\
25—- \ / \
: / \ |\
0+ \ —T T T T ' 'w'/'\\“\/"\"l""
0.0 2.5 5.0 7.5 10. 0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
#' [min] ‘ [mAU*s] [mAU] _ [%]
1| 13.459 1140476 53005 50. 049 |
y 15. 755 | 1138249 45412 | 49. 951 ‘

40 enantioenriched, 95% ee
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Ch2 254n
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0.0 2.5 5.0 7.5 10. 0 12.5 15. 0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 13.493 3921284 180429 97. 386
2 15. 888 105272 4471 2.614
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O H

(8)-2-phenyl-N-(4-(N-(pyrimidin-2-yl)sulfamoyl)phenyl)butanamide (41)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 33% EtOAc) as a white solid (17.0 mg, 43%,
95% ee).

"H NMR (400 MHz, Acetone-ds) & 10.26 (s, 1H), 9.69 (s, 1H), 8.47 (d, J= 8.0 Hz, 2H),
8.035 - 7.99 (m, 2H), 7.83 — 7.80 (m, 2H), 7.40 — 7.38 (m, 2H), 7.31 — 7.27 (m, 2H),
7.254 —7.19 (m, 1H), 7.01 (t,J = 8.0 Hz, 1H), 3.59 (d, /= 8.0 Hz, 1H), 2.20 — 2.11 (m,
1H), 1.80 — 1.70 (m, 1H), 0.89 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, Acetone-dg) & 172.27, 158.29, 157.31, 143.55, 140.30, 134.39,
129.52, 128.43, 127.82, 126.97, 118.30, 115.97, 55.21, 26.89, 11.66.

HRMS (ESI): C20H»0N4NaO;S" (M+Na"): 419.1148, found: 419.1150.

[a]p” =33.1 (c = 0.72, CHCl)).

HPLC: The ee was determined to be 95% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =
5.6 min, tg (minor) = 11.2 min.

41 racemic
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| Ch2 254nm
5. O—_
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O.G— | , L : e o e
0 5 10 15 20 25 30
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 606 116711 2898 49. 794
2 11.242 117675 1788 50. 206
41 enantioenriched, 95% ee
] Ch2 254nm]
15—_
101 ;
5
GA' 'l'/_//\J'\\'l""I""I"—"'l""l""l""
0.0 2.5 5.0 7.5 10. 0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 9563 381074 8096 97. 383
2 11. 181 10240 205 2.617
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(25)-NV-(4-(3-ethyl-2,6-dioxopiperidin-3-yl)phenyl)-2-phenylbutanamide (42)
According to General Procedure A, the title compound was isolated by flash column
chromatography (silica gel, pentane with 9% EtOAc) as a white solid (16.3 mg, 43%,
dr=1:1, 93% ee, 96% ee).

"H NMR (400 MHz, CDCl;) & 8.23 — 8.22 (m, 1H), 7.46 — 7.44 (m, 3H), 7.34 — 7.27
(m, 5H), 7.14 (d, /= 8.0 Hz, 2H), 3.41 (t,J= 8.0 Hz, 1H), 2.58 — 2.52 (m, 1H), 2.39 —
2.28 (m, 2H), 2.26 — 2.21 (m, 1H), 2.20 — 2.13 (m, 1H), 2.01 — 1.93 (m, 1H), 1.89 —
1.82 (m, 2H), 0.91 (t, /= 8.0 Hz, 3H), 0.83 (td, /= 7.4, 2.5 Hz, 3H).

BC NMR (101 MHz, CDCl3) §175.34, 172.56, 172.09, 139.55, 137.50, 134.35,
129.07, 128.09, 127.61, 126.83, 120.23, 56.11, 50.74, 32.91, 29.32, 27.04, 26.56,
12.42,9.07.

HRMS (ESI): C23H»7N,0;" (M+H"): 379.2016, found: 379.2017.

[a]p” =43.5 (c = 0.97, CHCl)).

HPLC: The ee was determined to be 93%, 96% on a CHIRALPAK IA column at 254
nm, 25 °C, with hexane: ‘PrOH = 75:25 at a flow rate 1.0 mL/min. Retention times: tg

major) = 31.6, 35.5 min, tg (minor) = 24.6 min, 45.2 min (93% ee, 96% ee
i

42 racemic
10. O, Ch2 254nm
7. ‘3*
5. 0{ /\N (‘\‘M
T | \ \‘\ E o
" L | B
} \\ / \\ /// \\\ //‘/
0. O —dtir — — . *“*//& A“‘//I\\*
0 10 20 30 40 50
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 24. 273 377628 4981 27.517
2 31.441 370417 | 4991 26.992 |
3 35.779 308843 | 2316 22.505 |
1 44. 088 315438 1903 22. 986

42 enantioenriched, 93% ee, 96% ee
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0 L = A A — L
0 10 20 30 40 50
Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 24. 598 113710 1502 1. 807
2| 31.608 3115659 | 41566 49.519
3| 35.465 2995333 | 20455 47. 606
4 45. 155 67196 452 1. 068
Seaaety
Ethyl

(R)-2-((tert-butoxycarbonyl)amino)-3-(4-((S)-2-(naphthalen-2-yl)butanamido)ph
enyl)propanoate (43)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (39.8 mg, 79%,
92% ee).

"H NMR (400 MHz, CDCl3) & 7.84 — 7.79 (m, 4H), 7.49 — 7.47 (m, 3H), 7.38 (d, J =
8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 4.97 (d, J = 8.0 Hz, 1H), 4.50 — 4.46 (m, 1H),
4.13 —4.08 (m, 2H), 3.56 (t, J = 8.0 Hz, 1H), 3.04 — 2.95 (m, 2H), 2.37 — 2.30 (m, 1H),
1.99 — 1.92 (m, 1H), 1.41 (s, 9H), 1.20 (t,J/=4.0 Hz, 3H), 0.94 (t, /= 4.0 Hz, 3H).
BC NMR (101 MHz, CDCls) & 171.83, 155.23, 137.09, 136.98, 133.59, 132.82,
131.92, 129.86, 128.90, 127.85, 127.79, 127.12, 126.43, 126.08, 125.88, 119.91,
79.98, 61.45, 56.16, 54.53, 37.64, 28.39, 26.43, 14.22, 12.46.

HRMS (ESI): C30H37N,05" (M+H"): 505.2697, found: 505.2693.
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[a]p” =49.3 (c = 1.05, CHCI)).
HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm,
25 °C, with hexane: 'PrOH = 85:15 at a flow rate 1.0 mL/min. Retention times: tg

(major) = 16.2 min, tg (minor) = 18.0 min.

43 racemic

Ch2 254nm
150
100 =
501
’ o 5 T h T 5%
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
| 16. 268 3827327 111719 49. 253
2 17.909 3943410 99531 00. 747
43 enantioenriched, 92% ee
5007] Ch2 254nd]
400 3
300- A
2001 / \
100 / \ .
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0 5 10 15 - 20
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Peak | Ret Time | Area Height Area |
# [min] [mAU*s] [mAU] [%] |
1| 16.183 | 11335251 331716 96. 022
2| 17.978 | 469613 11052 | 3.978

Et
B H
N
Me_ Me Me
0 O\ﬂ></\/o
(0]
Me

(5)-4-(2-phenylbutanamido)benzyl
5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (44)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 8% EtOAc) as a white solid (25.6 mg, 51%,
93% ee).

"H NMR (400 MHz, CDCl3) & 7.42 —7.39 (m, 2H), 7.37 — 7.34 (m, 4H), 7.32 — 7.28 (m,
1H), 7.26 —7.24 (m, 2H), 7.11 (s, 1H), 6.99 (d, /= 8.0 Hz, 1H), 6.65 (d, /= 8.0 Hz, 1H),
6.58 (s, 1H), 5.03 (s, 2H), 3.86 (t, /=4.0 Hz, 2H), 3.38 (t, /= 8.0 Hz, 1H), 2.30 — 2.22
(m, 4H), 2.14 (s, 3H), 1.90 — 1.83 (m, 1H), 1.72 - 1.68 (m, 4H), 1.21 (s, 6H), 0.93 (t, J =
8.0 Hz, 3H).

BCNMR (101 MHz, CDCl3) 8 177.71,171.81, 157.07, 139.55, 137.86, 136.58, 132.26,
130.39, 129.17, 128.99, 128.18, 127.69, 123.71, 120.78, 119.82, 112.08, 68.02, 65.88,
56.29,42.25,37.18, 29.84, 26.53, 25.25, 21.54, 15.88, 12.47.

HRMS (ESI): C3,H4NO," (M+H"): 502.2952, found: 502.2943.

[a]p” =41.5 (c = 0.79, CHCl3).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: ‘PrOH = 92:8 at a flow rate 1.0 mL/min. Retention times: tz (major) =
15.4 min, tg (minor) = 17.5 min.

44 racemic
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0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 15. 312 643628 26281 00. 118
2 17. 316 640601 23364 49. 882
44 enantioenriched, 93% ee
307 Ch2 254ni]
251 5
20% )
15—f
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0: T IS L R L T ] ™1 y \H‘ T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] ~ [mAU] 7 [%)]
1 15. 427 511695 21180 96. 575
2 17. 454 18149 691 3. 425

CO,Et

Ethyl
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(5)-1-(4-methoxyphenyl)-6-(4-(2-(naphthalen-2-yl)butanamido)phenyl)-



7-ox0- 4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridine-3-carboxylate (45)
According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 33% EtOAc) as a white solid (37.9 mg, 63%,
88% ee).

"H NMR (400 MHz, CDCl3) & 7.73 — 7.72 (m, 3H), 7.58 — 7.55 (m, 1H), 7.51 (s, 1H),
7.48 —7.43 (m, 2H), 7.39 —7.30 (m, 3H), 7.12 (d, /= 8.0 Hz, 2H), 6.84 — 6.79 (m, 2H),
6.68 (d, J= 8.0 Hz, 2H), 4.39 (q, J = 8.0 Hz, 2H), 3.85 — 3.76 (m, 1H), 3.74 — 3.68 (m,
4H), 3.20 (t,J=8.0 Hz, 1H), 3.16 — 3.11 (m, 2H), 2.15 - 2.08 (m, 1H), 1.74 — 1.67 (m,
1H), 1.36 (t, /= 8.0 Hz, 3H), 0.76 (t, /= 8.0 Hz, 3H).

BCNMR (101 MHz, CDCls) 8 171.67, 162.24, 160.05, 157.46, 139.23, 137.49, 133.46,
133.21, 132.74, 132.69, 128.73, 127.86, 127.69, 127.26, 127.12, 127.10, 126.38,
126.02, 125.98, 125.80, 120.56, 120.53, 113.68, 63.01, 61.40, 55.58, 51.37, 26.62,
21.51, 14.54, 12.34.

HRMS (ESI): C36H35N405" (M+H"): 603.2602, found: 603.2607.

[a]p” =26.9 (c = 0.83, CHCl)).

HPLC: The ee was determined to be 88% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 60:40 at a flow rate 1.0 mL/min. Retention times: t (major) =

23.5 min, tg (minor) = 17.6 min.

45 racemic
307 Ch2 254n
25; =
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0 5 10 15 20 25 30
Peak Ret Time Area Height Area
#' [min] | [mAU*s] [mAU] [%]
1 17.691 1145692 20096 49. 835 ‘
2| 23.764 | 1153256 16517 | 50. 165 |

45 enantioenriched, 88% ee
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((3aR,5a8,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-bis(|1,3]dioxolo)[4,5-b:4',
5'-d]pyran-3a-yl)methyl 4-((S)-2-phenylbutanamido)benzoate (46)

According to General Procedure, the title compound was isolated by flash column
chromatography (silica gel, pentane with 6% EtOAc) as a white solid (24.2 mg, 46%,
92% ee).

"H NMR (400 MHz, CDCl3) 87.98 (d, J= 12.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.42
(s, 1H), 7.38 = 7.30 (m, 5H), 4.67 — 4.62 (m, 2H), 4.44 (d,J= 1.9 Hz, 1H), 4.31 — 4.24
(m, 2H), 3.94 (d, J=12.0 Hz, 1H), 3.78 (d, J = 12.0 Hz, 1H), 3.41 (t,J = 8.0 Hz, 1H),
2.32-2.23 (m, 1H), 1.90 — 1.83 (m, 1H), 1.53 (s, 3H), 1.45 (s, 3H), 1.33 (d, /= 8.0 Hz,
6H), 0.92 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) 8172.16, 165.52, 142.40, 139.19, 131.07, 129.25, 128.16,
127.83, 125.29, 118.86, 109.29, 108.96, 101.81, 70.93, 70.61, 70.23, 65.17, 61.47,
56.35,26.64, 26.50, 26.02, 25.63, 24.14, 12.41.

HRMS (ESI): C20H35sNNaOg" (M+Na'): 548.2255, found: 548.2245.

[a]p” =31.2 (c = 0.97, CHCl)).
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HPLC: The ee was determined to be 92% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 85:15 at a flow rate 1.0 mL/min. Retention times: tg (major) =

15.8 min, tg (minor) = 18.0 min.

46 racemic

Ch2 254nn
2. 5;
OGI/\\ﬂLRIINIIN
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 15. 943 167657 4717 50. 068
2 17. 968 167201 4428 49. 932
46 enantioenriched, 92% ee
40 - Ch2 254nmn
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# [min] [mAU*s] [mAU] [%]
1 15. 797 1196514 33297 95. 959
2 18. 004 50382 1250 4. 041
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6. Gram-Scale Reaction

Gram-Scale Synthesis of (5)-23:

Ir(ppy)2(dCO,Etbpy)PFg
(2 mol%)
Et NiCl,*6H,0 (8 mol%) Et

cl co PhNH, (S)-LS (10 mol%) NHPh
BnBpin (1.0 equiv.)
MgBr,(1.0 equiv.) o

DME:EtOAc = 7:3 [200 M]
8 mmol 1 atm 1.5 equiv. blue LEDs, 50 °C, 12 h 23,47%, 91% ee

To a flame-dried 100 mL round bottom flask was charged with
2-(1-chloropropyl)naphthalene (8 mmol, 1.0 equiv.) Ir(ppy)2(dCO,Etbpy)]PFs (0.16
mmol, 2 mol%), (S)-L5 (0.8 mmol, 10 mol%), NiCl,*6H,0 (0.64 mmol, 8 mol%), and
MgBr; (8 mmol, 1.0 equiv.). Then the test tube was capped by rubber plug with 3M tape.
After it was evacuated and backfilled with a CO balloon three times, DME /EtOAc (40
mL, v/v =7:3) was added via a syringe, followed by the addition of with aniline (12
mmol), BnBpin (8 mmol, 1.0 equiv.). The reaction mixture was allowed to stir for 12
hours at 50 °C by 90 W blue LEDs, and then quenched with water and extracted with
EtOAc (3*20 mL). The combined organic layers were washed by brine, dried over
MgSO,, and concentrated. The residue was purified by flash column chromatography
(silica gel, pentane with 6% EtOAc) to afford the product 23 (1.09 g, 47% yield, 91%
ee).

HPLC: The ee was determined to be 91% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =
12.0 min, tg (minor) = 15.5 min.

23 racemic

607 Ch2 254nm]
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Peak Ret Time Area Height Area
# [min] [MAU*s] [mAU] [%]
1 12. 021 877547 47387 49. 980
2| 15.307 | 878237 37580 50. 020 |
23 enantioenriched, 91% ee
Ch2 254nm
400 g
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0-— ™1 T ™1 T = \i T | '
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Peak Ret Time Area Height Area
# [min] [MmAU*s] [mAU] [%]
1 12.011 6481819 347811 95. 338
2 15. 488 316991 13348 4. 662
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Qe
(0]
(594

Supplementary Figure S7 Gram-Scale Reaction experimental setup
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7. Synthetic Transformations

7.1 Synthesis of chiral amides and amines

MeO
\(\?)3 H BBrj, 4.5 equiv. @\ @
m \© CH,CI, [0.11 M] [iil m \©
© 0°C,1h

16, 0.1 mmol 91% ee 47, 35%, 91% ee 48, 43%, 91% ee

BBr; (1 M in CH,Cl,, 0.45 mL, 0.45 mmol) was slowly added to a suspension of 16 (0.1
mmol) in anhydrous CH,Cl, (1 mL) at 0 °C and the solution was stirred for 1 hour at
0 °C. Next, water was added for quenching and the formed precipitate was filtered,
washed with CH,Cl, (2 x 5 mL) and water (2 x 5 mL) and dried in vacuo, the residue
was purified by flash column chromatography (silica gel, pentane with 7% EtOAc) to
obtain 47 ( 8.8 mg, 35%, 91% ce) and 48 '* ( 10.4 mg, 43%, 91% ce).

@6@

(8)-1,3-diphenylpiperidin-2-one (47)

"H NMR (400 MHz, CDCl3) & 7.33 —7.31 (m, 2H), 7.28 — 7.26 (m, 3H), 7.21 —7.16 (m,
3H), 7.01- 6.95 (m, 2H), 3.41 (t,J = 8.0 Hz, 1H), 3.35 —3.25 (m, 2H), 2.34 — 2.20 (m,
1H), 1.96 — 1.78 (m, 2H), 1.75 — 1.64 (m, 1H).

BC NMR (101 MHz, CDCl3) § 171.18, 139.11, 137.81, 129.39, 129.09, 128.11, 127.97,
124.54, 119.88, 53.61, 33.41, 31.91, 30.96.

HRMS (ESI): C;7H;sNO" (M+H"): 252.1383, found: 252.1380.

[a]p” =37.9 (c = 1.03, CHCI)).

HPLC: The ee was determined to be 91% on a CHIRALPAK ADH column at 254 nm,
25 °C, with hexane: ‘PrOH = 92:8 at a flow rate 1.0 mL/min. Retention times: tz (major)

= 18.3 min, tg (minor) = 22.3 min.
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47 racemic

1507 ChZ 254ni]
1255 3
100% Z
75%
50-
25é
0: T T L L R R R S B B Y LA T T U R
0 10 15 20 25 30 35 40
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 18. 344 2931285 108555 49. 692
2 22. 307 2967624 90741 50. 308
47 enantioenriched, 91% ee
6007 Ch2 Z54nm
5005
4005 ;
3005
200%
100% 5
Oj T T T T é 1 U U
0 10 15 20 25 30 35 40
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 18. 314 9900120 357270 95. 479
2 22. 327 468768 14592 4. 521

HO

A NHPh
Ol

(S)-5-hydroxy-N,2-diphenylpentanamide (48)
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"H NMR (400 MHz, CDCl3) & 7.44 —7.43 (m, 2H), 7.36 — 7.35 (m, 4H), 7.28 — 7.24 (m,
3H), 7.06 (t,J= 8.0 Hz, 1H), 3.67 — 3.66 (m, 2H), 3.56 (t, /= 8.0 Hz, 1H), 2.38 — 2.29

(m, 1H), 1.95 — 1.86 (m, 2H), 1.59 (m, 1H).

BCNMR (101 MHz, CDCls) § 171.92, 139.67, 137.93,129.21, 129.05, 128.12, 127.73,
124.45, 119.93, 62.60, 53.98, 30.79, 29.79.

HRMS (ESI): C;7H0NO," (M+H"): 270.1489, found: 270.1483.

[a]p” =29.2 (c = 0.65, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK ADH column at 254 nm,

25 °C, with hexane: ‘PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 13.3 min, tg (minor) = 16.0 min.

48 racemic
| Ch2 254n
lOOT
50
25- | \
O: B L /\\ I/\ 1 T T
0 5 10 15 20 25
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 13. 329 1726422 | 78193 50. 005
2 16.019 1726046 66186 49. 995
48 nantioenriched, 91% ee
50 = Ch2 254n
500; /\
] \ \
| \
250- / ‘
| A )
| o
G- T ™ T /‘ \\‘ < T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
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Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 13. 314 14641669 654701 95. 650
2 16. 005 665883 24883 4. 350

HO
\6 )s § (1) DMP, 1 equiv. o
ore e . U0
o (2) p-TSOH, 1 equiv. '\ij
CH,Cl, X
48, 0.1 mmol 49, 75%, 91% ee

To a solution of 48 (0.1 mmol) in CH,Cl, (2.00 mL) was added Dess-Martin
periodinane (42.4 mg, 0.1 mmol), and the reaction mixture was stirred for 2 hours.
After the reaction was quenched with sat. ag. NaHCO; and sat. aq. Na,S,0s, the
whole mixture was extracted with EtOAc. The organic layer was washed with brine,
dried over Na,;SOs, and filtered. The solvent was removed in vacuo to give a pale
yellow oil, which was dissolved in CH,Cl, (2.00 mL). The mixture was treated with
p-toluene sulfonic acid monohydrate (19 mg, 0.1 mmol), and the reaction mixture was
stirred for 2 hrs. After the reaction was quenched by the addition of H,O (1 mL), and
the mixture was extracted with EtOAc, washed with brine. The organic layer was
dried over Na,SO,, filtered, and concentrated in vacuo and the crude product was
purified by flash column chromatography (silica gel, pentane with 9% EtOAc) to
afford the desired product 49 '* (18.7 mg, 75% yield, 91% ee).

@6@

(5)-1,3-diphenyl-3,4-dihydropyridin-2(1H)-one (49)

"H NMR (400 MHz, CDCl3) 87.33 —7.25 (m, 6H), 7.22 — 7.18 (m, 4H), 6.27 (d, J= 8.0
Hz, 1H), 5.29 — 5.25 (m, 1H), 3.86 (t, /= 8.0 Hz, 1H), 2.77 — 2.61 (m, 2H).

BC NMR (101 MHz, CDCls) 8169.80, 140.86, 139.10, 131.04, 129.10, 128.67, 128.17,
127.30, 127.06, 126.09, 106.17, 47.65, 28.38.

HRMS (ESI): C;7H;sNO" (M+H"): 250.1226, found: 250.1223.

[a]p” =43.1 (c = 0.76, CHCl)).

HPLC: The ee was determined to be 91% on a CHIRALPAK ADH column at 254 nm,
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25 °C, with hexane: 'PrOH = 60:40 at a flow rate 1.0 mL/min. Retention times: tg (major)

= 12.5 min, tg (minor) = 5.3 min.

49 racemic

200- Ch2 254ni]
200—-
100—— )
0 | L S L AL ISR B R ‘ T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Peak Ret Time Area Height Area
# [min] [MmAU¥*s] [mAU] [%]
1 5.315 1978593 236636 49. 829
2 12. 434 1992210 111229 50. 171
49 enantioenriched, 91% ee
60073 Ch2 254nn]
5005 -
4005 :
300%
zooé
1ooé =
0: L AL L A R /\ UL I L L T |
0.0 2.5 5.0 7.5 12.5 15.0 17.5
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 5. 319 338209 39254 4. 447
12. 460 7267080 401505 95. 553
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Et Et

N BHy+SMe, =
OO Ph THF [0.1 M] o
0 85°C, 5 h
23, 0.2 mmol 93% ee 50, 92%, 96% ee

Borane-SMe; (120 pL, 2.0 M in THF, 0.24 mmol, 1.2 equiv) was added dropwise to a
solution of (S)-2-(naphthalen-2-yl)-N-phenylbutanamide (23, 0.20 mmol, 1.0 equiv)
in THF (2.0 mL) at 0 ‘Cin a 10-mL Schlenk tube. Next, the reaction mixture was
allowed to warm to room temperature, and then it was heated to 85 °C. After being
stirred at 85 °C in the sealed Schlenk tube for 8 hours, the reaction was quenched with
aqueous NaOH (1.0 M, 0.5 mL), and the reaction mixture was extracted with Et,O (3
x10.0 mL). The combined organic layers were dried (Na,SOi), filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel, pentane with 2.5% EtOAc) to provide the title compound
50 '* as a colorless oil (26.4 mg, 92% yield, 96% ce).

Seans

(5)-N-(2-(naphthalen-2-yl)butyl)aniline (50)

"H NMR (400 MHz, CDCl;) & 7.84 — 7.81 (m, 3H), 7.65 (s, 1H), 7.51 — 7.44 (m, 2H),
7.35(dd, J=8.5, 1.5 Hz, 1H), 7.18 — 7.14 (m, 2H), 6.71 (t, J = 8.0 Hz, 1H), 6.58 (d, J
= 8.0 Hz, 2H), 3.57 — 3.52 (m, 1H), 3.35 - 3.30 (m, 1H), 3.02 — 2.95 (m, 1H), 2.63 (s,
1H), 1.95—-1.84 (m, 1H), 1.82 — 1.71 (m, 1H), 0.88 (t, J = 8.0 Hz, 3H).

BC NMR (101 MHz, CDCls) & 148.02, 140.43, 133.67, 132.70, 129.36, 128.61,
127.79, 127.74, 127.15, 126.22, 125.76, 125.65, 117.71, 113.35, 49.60, 47.41, 27.28,
12.22.

HRMS (ESI): Co0HpoN" (M+H"): 276.1747, found: 276.1748.

[a]p” =29.3 (c = 0.56, CHCl3).

HPLC: The ee was determined to be 96% on a CHIRALPAK IA column at 254 nm,
25 °C, with hexane: ‘PrOH = 98:2 at a flow rate 1.0 mL/min. Retention times: tg

(major) = 6.2 min, tg (minor) = 6.8 min.
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50 racemic

40

Ch2 254nm
0]
20
1o
0 A | | | i
0.0 2.5 5.0 7.5 10.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 6. 197 215555 21520 49. 585
2 6. 823 219162 20501 00. 415
50 enantioenriched, 96% ee
1500: Ch2 254nn|
1250@
1000@ p
750é
500%
250@ _
0 : T T @.' | T
0.0 2.5 5.0 7.5 10.0
Peak Ret Time Area Height Area
# [min] [mAU*s] [mAU] [%]
1 6. 164 9633577 943604 98. 100
2 6. 790 186629 16866 1. 900
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7.2 Synthesis of non-steroidal anti-inflammatory drugs

Me
Me :

WNQ HyS04, 1 M /©/\COOH
Bu © 1,4-dioxane [0.1 M] iBu

80°C,8h

(S)-Ibuprofen
26, 0.1 mmol 51, 88%

A solution of compounds 26, 0.1 mmol in 1 M H,SO4 (ag, 1.0 mL) and 1,4-dioxane
(1.0 mL) was stirred at 80 °C for 8 hours. After the reaction completed, the reaction
was cooled down to room temperature. The mixture was extracted with CH,Cl, (20
mL X 3). The organic layers were dried over sodium sulfate and concentrated. The
residue was then purified by flash column chromatography (silica gel, pentane with 12%

EtOAc) to give the corresponding (S)-ibuprofen 51° (18.1 mg, 88% yield).

Me

Me” Me
(5)-2-(4-isobutylphenyl)propanoic acid (51)

"H NMR (400 MHz, CDCls) & 7.22 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 3.71
(q, /=8.0 Hz, 1H), 2.45 (d, J = 8.0 Hz, 2H), 1.90 — 1.80 (m, 1H), 1.50 (d, J = 8.0 Hz,
3H), 0.90 (d, J = 8.0 Hz, 6H).

BC NMR (101 MHz, CDCl;) 8180.79, 141.00, 137.14, 129.54, 127.42, 45.19, 45.08,
30.31, 22.54, 18.25.

[a]p” =42.0 (c = 0.78, CHCl5).

Me Me

. .
\@ HyS04, 1 M j@/\COOH
1,4-dioxane [0.1 M] Ph

80°C,8h

(S)-Flubiprofen
28, 0.1 mmol 52, 91%

A solution of compounds 28, 0.1 mmol in 1 M H,SO4 (ag, 1.0 mL) and 1,4-dioxane
(1.0 mL) was stirred at 80 °C for 8 hours. After the reaction was complete, the mixture
was cooled down to room temperature. The mixture was extracted with CH,Cl, (20
mL X 3). The organic layers were dried over sodium sulfate and concentrated. The
residue was then purified by flash column chromatography (silica gel, pentane with 10%
EtOAc) to give the corresponding (S)-flubiprofen 52 ¢ (22.3 mg, 91% yield).
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Me

. :
D/\COOH
Ph

(S)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoic acid (52)

"H NMR (400 MHz, CDCl3) & 7.54 —7.52 (m, 2H), 7.45 —7.34 (m, 4H), 7.19 - 7.13 (m,
2H), 3.79 (q, J= 7.2 Hz, 1H), 1.56 (d, J = 7.2 Hz, 3H).

BC NMR (101 MHz, CDCl;) & 180.15, 159.85 (d, J = 249.5 Hz), 141.09, 135.56,
131.03, 129.11, 128.60, 128.31(d, J= 13 Hz), 127.86, 123.83, 115.53 (d, J=23 Hz),
44.97,18.15.

YF NMR (377 MHz, CDCl5) § -117.41 (t, J = 8.0 Hz).

[a]p” =37.0 (c = 0.9, CHCL).
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8. Mechanistic Studies

8.1 Aminium radical cation trap (Figure 2B)

Ir[dF(CF 3)ppyl2(dtbbpy)PFg

(1 mol%) Ph, Ph
Ph™ X">""NHPh N
CO, DME [0.1 M]
blue LEDs, 50 °C
0.1 mmol 5, 50%

To a flame-dried 20 mL test tube was charged with Ir[dF(CF;)ppy].(dtbbpy)PFs (1.1
mg, 0.001 mmol, 1 mol%), then the test tube was capped by rubber plug with 3M tape.
After it was evacuated and backfilled with a CO three times, DME (1 mL) was added
via a syringe, followed by the addition of with aniline 4 (0.1 mmol, 1.0 equiv.). The
reaction mixture was allowed to stir for 12 hours at 50 °C by 90 W blue LEDs, and then
quenched with water and extracted with EtOAc. The combined organic layers were
washed by brine, dried over MgSOy,, and concentrated. The residue was purified by
flash column chromatography (silica gel, pentane with 3% EtOAc) to afford the
product S.

Ph Ph
N
N

2-benzyl-1-phenylpyrrolidine ;)

"H NMR (400 MHz, CDCl3) & 7.36 — 7.23 (m, 7H), 6.74 — 6.70 (m, 3H), 4.00 (ddd, J =
9.2,6.3,2.8 Hz, 1H), 3.48 —3.43 (m, 1H), 3.24 —3.18 (m, 1H), 3.10 (dd, /= 13.6, 2.9
Hz, 1H), 2.59 (dd, J=13.6, 9.6 Hz, 1H), 1.97 — 1.85 (m, 4H).

BC NMR (101 MHz, CDCl3) § 147.08, 139.66, 129.51, 129.47, 128.55, 126.31, 115.60,
111.95, 59.89, 48.48, 38.69, 29.60, 23.14.

8.2 Benzyl radical trap (Figure 2¢)

Et Ir[dF(CF3)ppylx(dtbbpy)PFg Me._Me Me
(5 mol%)
Cl _N
OO PhNH, (1.5 equiv.) O] M
TEMPO (2.0 equiv.) Me' €

CO, DME [0.1 M]

lue LED °C,1h
0.1 mmol blue LEDs, 50 °C, no (L5)Ni(CO),, 5% PC: 7, 34%

no PC, 10% (L5)Ni(CO),: 7, 0%
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To a flame-dried 20 mL test tube was charged with Ir[dF(CF;3)ppy].(dtbbpy)PFs (5.5
mg, 0.005 mmol, 5 mol%), 2-(1-chloropropyl)naphthalene (20.4 mg, 0.1 mmol, 1.0
equiv.), TEMPO (31.2 mg, 0.2 mmol, 2.0 equiv.), then the test tube was capped by
rubber plug with 3M tape. After it was evacuated and backfilled with a CO three times,
DME (1 mL) was added via a syringe, followed by the addition of with PhNH, (13.7 uL,
0.15 mmol, 1.5 equiv.). The reaction mixture was allowed to stir for 1 hour at 50 °C by
90 W blue LEDs, and then quenched with water and extracted with EtOAc (10 mL).
The combined organic layers were washed by brine (2x5 mL), dried over MgSO,, and
concentrated. The residue was purified by flash column chromatography (silica gel,

pentane) to afford product 7.

Me Me\'\b
_N
©)
2
Me

2,2,6,6-tetramethyl-1-(1-(naphthalen-2-yl)propoxy)piperidine (7)

"H NMR (400 MHz, CDCl3) § 7.88 — 7.81 (m, 3H), 7.69 (s, 1H), 7.50 — 7.43 (m, 3H),
4.71 (dd, J=9.7, 3.7 Hz, 1H), 2.24 — 2.14 (m, 1H), 1.96 — 1.85 (m, 1H), 1.52 (s, 3H),
1.37 - 1.20 (m, 9H), 1.04 (s, 3H), 0.69 (t,J = 7.5 Hz, 3H), 0.57 (s, 3H).

BC NMR (101 MHz, CDCl3) § 141.11, 133.21, 132.91, 128.08, 127.77, 127.72, 126.74,
125.94, 125.86, 125.51, 89.07, 60.12, 59.74, 40.60, 34.41, 29.86, 28.85, 20.52, 17.35,
9.89.

HRMS (ESI): C2,H3NO" (M+H"): 326.2478, found: 326.2480.

8.3 Radical trap with BHT (Figure 4D)

co OH Bu

Et OH
1 atm 4
Cl s 23 Bu
BHT (3.0 equiv.) £ Bu
t
PhNH, OO NHPh

0.1 mmol 1.5 equiv.

standard conditions: 44%, 93% ee 53, 4% 54 2%

no PC, 10% (L5)Ni(CO),: NR NR NR

According to General Procedure with the addition of BHT (72.0 mg, 0.30 mmol, 3.0

equiv.). The reaction mixture was irradiated with blue LED light for 12 hours. The
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reaction was quenched with saturated sodium chloride aqueous solution, extracted with
EtOAc. The combined organic layers were dried with Mg,SO,, filtered, and
concentrated in vacuo. The crude material was purified by flash column
chromatography (silica gel, pentane with 2% EtOAc) to afford 23 (12.7 mg, 44% yield,
93% ee), benzyl-adduct 53 (1.6 mg, 4% yield) and amino-adduct 54 (0.6 mg, 2% yield).

HPLC: The ee was determined to be 93% on a CHIRALPAK IA column at 254 nm, 25
°C, with hexane: 'PrOH = 90:10 at a flow rate 1.0 mL/min. Retention times: t (major) =

12.0 min, tg (minor) = 15.4 min.

Bu

OH

Bu

Et
2,6-di-tyl-4-(2-(naphthalen-2-yl)butyl)phenol (53)
'H NMR (400 MHz, CDCl3) § 7.81 — 7.73 (m, 3H), 7.53 (s, 1H), 7.48 — 7.42 (m, 2H),
7.21 - 7.19 (m, 1H), 6.62 (d, J = 4.0 Hz, 1H), 6.48 (d, J = 4.0 Hz, 1H), 2.77 (dd, J =
12.0, 4.0 Hz, 1H), 1.85—-1.75 (m, 1H), 1.70 — 1.62 (m, 1H), 1.27 (s, 9H), 1.14 (s, 2H),
1.08 (s, 9H), 0.69 (t, J = 8.0 Hz, 3H).
HRMS (FI): CasH360 (M): 388.2766, found: 388.2862.

OH

2,6-di-tert-butyl-4-((phenylamino)methyl)phenol (54) 15

The title compound was isolated by flash chromatography (Petroleum ether: EtOAc =
30:1) as a white solid (0.6 mg, 2%).

"H NMR (400 MHz, CDCl3) & 7.23 — 7.19 (m, 4H), 6.75 — 6.68 (m, 3H), 5.20 (s, 1H),
4.19 (s, 2H), 1.45 (s, 18H).

BC NMR (101 MHz, CDCl3) 8 153.29, 148.51, 136.24, 129.75, 129.39, 125.16, 117.66,
113.02, 49.18, 34.50, 30.42.

8.4 Synthesis of (L5)Ni(CO); B (Figure 4F)
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OMe OMe

@\ro + Ni(COD), _— @\ro
\ CeHg [0.025 M] \
\> CyZP\Ni’ N \)

PCY2 N~ Co,rt, 1h ! 2
Ph oc to Ph

1.05 equiv. 0.1 mmol 71%, (L5)Ni(CO),

In the glovebox under nitrogen atmosphere, to an oven-dried 25 mL Schlenk flask
equipped with Teflon cap and stir bar was charged Ni(COD); (0.1 mmol) and (S)-L5
(0.105 mmol) in C¢Hs (4 mL). The flask was sealed, brought out of the glovebox and
connected to the Schlenk line. The Schlenk flask was evacuated by freeze-pump-thaw
cycle followed by loading of 4 atmospheric pressure of carbon monoxide. The reaction
was allowed to stir at room temperature for 1 hour. Excess carbon monoxide was
evacuated by freeze-pump-thaw cycle on the Schlenk line. The reaction was brought
into the glovebox and solvent was removed under reduced pressure. The remaining
solid was dissolved in pentane (3 mL) and extracted with acetonitrile (3 mL). the
acetonitrile layer was collected, and solvent was removed by high vacuum.

The title compound was obtained as an orange solid, 71% yield.

'H NMR (500 MHz, C¢Dg) & 7.87 — 7.75 (m, 1H), 7.38 — 7.35 (m, 1H), 7.22 — 7.19 (m,
2H), 7.15 = 7.13 (m, 3H), 6.79 (dd, J = 8.5, 2.8 Hz, 1H), 5.02 (dd, J = 10.0, 7.5 Hz,
1H), 3.86 — 3.77 (m, 2H), 3.29 (s, 3H), 2.10 — 1.96 (m, 3H), 1.84 — 1.72 (m, 2H), 1.65
—1.47 (m, 8H), 1.39 — 1.31 (m, 2H), 1.27 — 1.05 (m, 7H).

BC NMR (126 MHz, CDCl3) § 201.03, 200.05, 162.45, 160.45, 141.32, 134.16, 133.29
(d, J = 15.1 Hz), 129.00, 128.82, 128.64, 123.77 (d, J = 10.1 Hz), 117.18, 116.76,
77.39,72.63,54.92,36.35 (d, J=13.9 Hz), 36.05 (d, /= 13.9 Hz), 28.71, 28.63, 27.58,
27.47,27.36,27.27,27.21, 26.68, 26.63.

3P NMR (162 MHz, C¢Ds) & 28.68.

HRMS (ESI): [C30H3sNO4PNi]": 562.1652, found: 562.1629.
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SIPNMR (162 MHz, C¢Dg)

3IP NMR (162 MHz, C.D.)3-7.50 (). (5115

3IP NMR (162 MHz, C.D,) 5 28.68 (3). (LS)NI(CO),

31p NMR (162 MHz, C,D,) 5 28.68 (5). Reactionat 2 h
120 100 ) 8’0 ) 6'0 ' 4‘0 ' 2’0 ' E) ' —:_‘0 ' —-’40 -60 -20 -100 -120 '

fl (ppm)

3'P NMR analysis of the reaction mixture

8.5 Determination of quantum yield

We utilized protocol reported by Chiba and co-workers to determine the photon flux
of blue LED.'® All solutions were stored in the black vial and stored in the dark when
not in use. Measurements were performed with the lights off to protect the samples
from ambient light as much as possible.

a) Preparation of stock solutions

A 0.15 M solution of ferrioxalate was obtained by dissolving potassium ferrioxalate
trihydrate ([KsFe'" (C,04)3] *3H,0; 1.11 g, 2.26 mmol) in 0.05 M H2SO4 (prepared
by fresh deionized water) (15 mL total volume).

A buffered phenanthroline solution was obtained by dissolving 1,10-phenanthroline
(10.0 mg) and sodium acetate (2.25 g) in 0.5 M H,SOy4 (prepared by fresh deionized

water) (10 mL total volume).'®

b) Determination of background Fe?* concentration
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2 mL of the ferrioxalate solution was added to a 8 mL vial. Next, 0.35 mL of the
phenanthroline solution was added and the mixture was stored in the dark for 1 hour.
Then the solution was transferred to a cuvette and a UV—vis spectrum was measured
using UV—vis absorption spectrometer (lambda 950). The absorbance value at 510 nm

was recorded. This process was repeated twice. Average value: 1.653546.
¢) Determination of photon flux

2 mL of the ferrioxalate solution was added to a 8 mL vial. The vial was immediately
irradiated with blue LED light (Amax = 467 nm) for 20 seconds and removed from the
blue LED. Then, 0.35 mL of the phenanthroline solution was added to the ferrioxalate
solution, and the resulting mixture was stored in the dark for 1 hour. Then the solution
was transferred to a cuvette and the UV—vis spectrum was measured. The absorbance
value at 510 nm was recorded. This process was repeated twice. Average value:

3.793243.
d) Calculations

The amount of Fe*" formed was calculated according to the following equation:
V-AA
mol Fe?* = ———

[-€

where V is the volume of the sample analyzed (2.35 mL), AA is the difference in
average absorbances (between irradiated and unirradiated ferrioxalate solutions) at
510 nm, / is the path length, and ¢ is the molar absorptivity at 510 nm."”

V-AA  (0.00235 L)(2.139697)

= i = 45.299 - 10~ mol
I~ (1em)(11100%/,

mol Fe?t =
ol - cm)

The fraction of light absorbed by the ferrioxalate actinometer was calculated by the

following equation:

f=1-104
where A is the absorbance at 468 nm of the ferrioxalate actinometer solution prior to
irradiation and addition of phenanthroline (Figure S8).

f=1-104=1-10""% = (.698523
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The photon flux was calculated using the following equation:

hoton flux = mol Fe?*t
photon flux = ——~ f
Where @ is the quantum yield for the ferrioxalate actinometer at 468 nm,'” t is the time

and f is the fraction of light absorbed by the ferrioxalate actinometer solution.

mol Fe?* 45.299 - 10~ mol
®-t-f  (0.92)-(10s)-(0.698523)

photon flux =

= 7.048879 - 1078 einsterin/.

e) Determination of fraction of light absorbed at 468 nm for the ferrioxalate

solution
The absorbance at 468 nm of the ferrioxalate actinometer solution prior to irradiation

and addition of phenanthroline was measured to be 0.520746.

18
1.6
141
1.2;

1.0+

A at 468 nm: 0.520746

0.8

Absorbance

0.6

0.4+

0.2+

0.0+

-0.2

T T T T T ’ I N
400 450 500 550 600 650 700 750 800 850
Wavelength(nm)

Supplementary Figure S8 UV-vis absorbance spectra of ferrioxalate solution

f) Absorbance of photocatalyst Ir(ppy)2(dCO;Etbpy)-(PFs)

The absorbance of Ir(ppy).(dCO,Etbpy):(PFs) in DME and EtOAc was measured at
the reaction concentration of 2 mM or a dilute concentration of 25 uM (Figure S10).
The absorbance at 468 nm for 2 mM is 1.600001.
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Supplementary Figure S9 UV-vis absorbance spectra of Ir(ppy)(dCO,Etbpy)-(PFs)
black line: 2 mM in DME and EtOAc, red line: 25 uM in DME and EtOAc.

g) Determination of quantum yield

Ir(ppy)2(dCO2Etbpy)PFg
(2 mol%)
Et NiCl,*6H,0 (8 mol%) Et

cl co PhNH, (S)-L5 (10 mol%) NHPh
BnBpin (1.0 equiv.)
MgBr, (1.0 equiv.) )

DME:EtOAc = 7:3[0.1 M]
0.1 mmol 1 atm 1.5 equiv. blue LEDs, 50 OCy 12 h 23

To a flame-dried 20 mL test tube was charged with 2-(1-chloropropyl)naphthalene
(20.4 mg, 0.1 mmol, 1.0 equiv.), Ir(ppy)2(dCO,Etbpy)]PFs (2.0 mg, 0.002 mmol, 2
mol%), (S)-L5 (4.5 mg, 0.01 mmol, 10 mol%), NiCl,*6H,0 (1.9 mg, 0.008 mmol, 8
mol%) and MgBr; (18.4 mg, 0.1 mmol, 1.0 equiv.). Then the test tube was capped by
rubber plug with 3M tape. After it was evacuated and backfilled with a CO balloon
three times, DME /EtOAc (7:3) (1 mL) was added via a syringe, followed by the
addition of with aniline (13.7 pL, 0.15 mmol, 1.5 equiv.), BnBPin (22.3 pL, 0.1 mmol,
1.0 equiv.). Once added, the reaction mixture was then irradiated with a blue LED
light (Amax = 467 nm, 393 mW/cm?, Kessil A360W E-SERIES TUNA Blue LED, at
approximately 3 cm away from the light source) for 1800 seconds. After irradiation,

the reaction mixtures were analyzed by GC with an internal standard. Provide the
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desired product (19 % GC yield). The quantum yield (®) was calculated using the
following equation:

The quantum yield (®) was calculated using the following equation:
_ mol product
~ photon flux - t - f

Where t is the reaction time and f'is the fraction of light absorbed by photocatalyst that

was calculated using the following equation:
f=1-104=1-10"°""" = 0.97488

Where A is the absorbance at 468 nm of the photocatalyst solution (2 mM in DME and
EtOAc) (Figure S10).

_ molproduct 0.000019 mol
photon flux-t- f  (7.048879 - 10-8 €insterin/ ). (1800s) - (0.97488)

= 0.154

S98



9. X-Ray Crystallographic Data

9.1 X-Ray Crystallographic Analysis of 23

Prob = S0
Temp = 169

By

- (221123)

™ PLATON-Nov 30 5:56:10 2023

-146  m 23707 _Om P1211 R = 0.04 RES= 0 -98 X

Supplementary Figure S10 X-ray structure of 23

Supplementary Table S7 Crystal data and structure refinement for mj23707 Om.

Identification code mj23707 O0m
Empirical formula Coo0Hi19NO
Formula weight 289.36
Temperature/K 169.00
Crystal system monoclinic
Space group P2,

a/A 4.87580(10)
b/A 10.6693(3)
c/A 15.5772(4)
o/° 90

p/e 98.1810(10)
v/° 90
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Volume/A®

V4

Peateg/cm’

w/mm’’

F(000)

Crystal size/mm’

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A™

Flack parameter

802.10(3)

2

1.198

0.363

308.0

0.17 x 0.17 x 0.05

GaKa (A = 1.34139)

4.986 to 109.86
5<h<5,-12<k<13,-18<1<18
13354

3007 [Rin = 0.0420, Ryigmma = 0.0351]
3007/37/200

1.055

R, = 0.0400, wR, = 0.1021

R, =0.0419, wR, = 0.1040
0.15/-0.19

-0.09(13)

Supplementary Table S8 Fractional Atomic Coordinates (x10* and Equivalent

Isotropic Displacement Parameters (A’x10%) for mj23707_Om. Ueq is defined as

1/3 of the trace of the orthogonalised Uy, tensor.

Atom X

0] 4348(3)
N1 217(3)
Cl 333(4)
C2 1828(4)
C3 852(6)
C4 -308(7)
C5 1216(4)
Cé6 198(6)
C7 932(6)

S100

4 U(eq)
6894(2) 2669.9(14) 78.8(7)
7230.9(18) 3128.2(12) 50.6(5)
5988(2) 1825.3(15) 53.6(6)
6745(2) 2579.6(15) 52.2(5)
6572(3) 970.3(18) 66.5(7)
7889(3) 846(2) 83.6(9)
4625(2) 1951.4(15) 51.4(5)
3925(3) 2606.6(19) 69.5(7)
2710(3) 2764(2) 76.1(8)



Supplementary Table S8 Fractional Atomic Coordinates (x10*) and Equivalent
Isotropic Displacement Parameters (A’x10%) for mj23707_Om. Ueq is defined as
1/3 of the trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)

8 2722(5) 2089(3) 2268.2(17) 63.6(6)
9 3542(7) 815(3) 2402(2) 84.0(9)
10 5196(3) 251(3) 1888(3) 87.5(9)
Cll 6188(3) 925(3) 1231(2) 84.4(9)
c12 5479(6) 2147(3) 1086.1(19) 73.0(8)
cI13 3724(5) 2768(2) 1601.9(15) 56.0(6)
Cl4 2960(5) 4039(2) 1464.3(15) 53.8(5)
Cls 1160(5) 7948(3) 3879.1(15) 57.6(6)
Cl6 -208(10) 9005(4) 4047(3) 102.2(12)
c17 704(17) 9710(6) 4790(4) 147(2)
Ci8 2878(16) 9324(3) 5360(4) 160(3)
C19 4226(13) 8278(8) 5196(3) 158(2)
€20 3386(3) 7568(5) 4451(2) 109.3(14)

Supplementary Table S9 Anisotropic Displacement Parameters (A%x10%) for
mj23707 Om. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a** U +2hka*b*Uppt...].

Atom Uy Un Uss Uz Uss Un,
01 324(7)  104.5(16)  99.7(14)  -34.5(13) 10.3(8) -3.8(9)
N1 353(8)  64.1(12)  52.3(10)  -13.9(9) 6.0(7) -1.2(8)
Cl 37.8(10)  65.2(14)  58.2(13)  -15.4(11) 7.7(9) 4.3(10)
C2 33.7(10)  61.1(14)  61.8(13)  -10.1(11) 6.7(9) 2.5(9)
C3 68.7(15)  68.2(16)  62.5(14)  -5.1(12) 8.8(12)  14.4(13)
C4 92(2)  752(19) 81.0(18)  -2.5(17) 3.3(16)  21.0(17)
Cs 40.9(11)  623(14)  50.7(12)  -13.0(10) 5509)  -1.4(10)
C6 66.4(16) 82(2)  64.8(15)  -7.9(14)  252(13)  -0.1(14)
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Supplementary Table S9 Anisotropic Displacement Parameters (A*x10%) for
mj23707 Om. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a**U+2hka*b*Uppt...].

Atom Uy Un Uss Uz Uss Un,
C7 78.8(19) 86(2)  67.1(16) 7.5(15)  23.6(14)  -6.4(16)
C8 59.8(13)  66.9(16)  62.3(15)  -1.2(13) 29(11)  -0.2(12)
C9 89(2) 76(2)  86.6(19)  15.0(17) 9.4(17) 0.7(17)
C10 94(2)  65.1(17) 101(2) 0.0(18) 59(19)  19.3(17)
Cl1 92(2)  72.7(19) 88(2)  -6.2(17)  12.2(17)  27.4(17)

C12 76.8(17)  74.1(18)  70.0(16)  -42(15)  16.9(13)  19.8(15)
C13 49.7(12)  62.7(14)  544(12)  -5.4(11) 2.9(10) 4.0(11)

Cl4  49.0(12)  61.6(14) 51.3(12)  -4.0(11) 9.09) 2.5(10)
Cl15 61.1(13)  67.2(14)  47.1(11)  -7.1(11)  163(10)  -18.5(11)
Cl16 131(3) 93(2) 90(2) -33(2) 41(2) 7(2)
C17 214(6) 122(4) 124(4) -60(3) 93(4) -46(4)
C18 197(6) 210(6) 87(3) -66(4) 68(3)  -129(5)
C19 147(4) 245(7) 72(3) -18(3) -20(3) ~75(5)
C20 98(2) 155(4)  65.6(18) 8(2)  -22.6(17) -17(2)

Supplementary Table S10 Bond Lengths for mj23707_0m.

Atom Atom Length/A Atom Atom Length/A

ol C2 1.227(3) cg8 Cl13 1.409(4)
Nl C2 1.344(3) c9 Cl10 1.356(5)
N1 CI15 1.418(3) C10 Cl11 1.393(5)
Cl C2 1.523(3) Cll Cl2 1.360(5)
Cl (3 1.524(4) Cl12 CI3 1.419(4)
Cl G5 1.522(3) Cl13 Cl4 1.415(4)
C3 4 1.517(4) C15 Clé6 1.355(5)
Ccs  Co 1.411(4) C15 C20 1.365(5)
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Supplementary Table S10 Bond Lengths for mj23707 Om.

Atom Atom Length/A

C5
Co6
c7
C8

Cl4 1.368(3)
C7 1.358(5)
C8 1.410(4)
C9 1.424(5)

Atom Atom Length/A
Cl6 Cl17
C17 C18
C18 CI19
C19 C20

1.399(7)
1.346(11)
1.338(11)

1.398(7)

Supplementary Table S11 Bond Angles for mj23707_0m.

Atom Atom Atom Angle/*

C2 NI CI5 125.61(19)
c2 ClI (3 109.7(2)
cs Cl1 C2 108.16(18)
cs C1 Q3 115.14(19)
Ol C2 NI 122.9(2)
or C2 cCi 121.3(2)
Nl C2 Cl1 115.85(17)
c4 C3 (I 112.7(2)
c6 Cs5 Cl 118.5(2)
Cl4 C5 (1 123.5(2)
Cl4 C5 C6 118.1(2)
C7 Co6 C5 121.7(3)
c6 C7 C8 121.1(3)
Cc7 C8 (9 123.4(3)
C13 C8 (7 118.0(3)
C13 C8 (9 118.6(3)

Atom Atom Atom

C10
C9

C12
Cll1
C8

C8

Cl4
C5

Cleé
Cleé
C20
C15
C18
C19
C18
C15

C9

C10
Cll1
C12
C13
C13
C13
Cl4
C15
C15
C15
Cleé
C17
C18
C19
C20

C8

Cll1
C10
C13
Cl12
Cl4
Cl12
C13
N1

C20
N1

C17
Cleé
C17
C20
C19

Supplementary Table S12 Torsion Angles for mj23707_0m.

A B C D

Angle/’

S103

A B C D

Angle/’

Angle/’

121.0(3)
120.2(3)
120.7(3)
120.9(3)
118.5(2)
119.5(2)
121.9(2)
121.6(2)
119.9(3)
119.3(3)
120.8(3)
120.0(5)
120.6(6)
119.5(5)
121.1(6)
119.5(5)



Supplementary Table S12 Torsion Angles for mj23707_0m.

A B C D Angle/’ A B C D Angle/’

N1C15C16C17 179.6(3) C7 C8 CI3C12  -178.7(3)
NICI5C20C19  -178.4(4) C7 C8 C13Cl4 1.2(3)
C1C5 C6 C7 -179.0(3) C8 C9 C10C11 1.8(5)
CIC5 Cl4C13  -179.9Q2) C8 CI3C14C5 -1.4(3)
C2N1 C15C16 135.4(3) C9 C8 CI3CI2 0.8(4)
C2N1 C15C20 -46.5(4) C9 C8 CI3Cl4  -179.3(3)
C2Cl C3 C4 -63.1(3) C9 CI10C11CI2 1.15)
C2C1 C5 C6 72.8(3) C10C11C12C13 0.2(5)
C2C1 C5 Cl4  -106.9Q2) C11CI2C13C8 -0.1(4)
C3Cl C2 Ol -58.9(3) Cl11CI2C13Cl4 180.0(3)
C3Cl C2 NI 120.9(2) C12C13C14C5 178.5(2)
C3Cl C5 C6 -164.2(2) C13C8 C9 C10 -1.7(5)
C3Cl C5 Cl4 16.1(3) C14C5 C6 C7 0.8(4)
C5Cl C2 Ol 67.4(3) CI5SNI C2 Ol 1.2(4)
C5Cl1 C2 NI -112.8(2) CI5SN1 C2 Cl 179.0(2)
C5C1 C3 C4 174.7(2) C15C16C17C18 2.4(7)
C5C6 C7 C8 -0.9(5) C16C15C20C19 -0.4(6)
C6C5 C14Cl13 0.4(3) C16C17C18C19 2.2(8)
C6C7 C8 C9 -179.6(3) C17C18C19C20 -1.1(9)
C6C7 C8 C13 -0.1(4) C18C19C20C15 0.2(8)
C7C8 C9 C10 177.8(3) C20C15C16C17 1.5(6)

Supplementary Table S13 Hydrogen Atom Coordinates (Ax10*) and Isotropic

Displacement Parameters (A*x10%) for mj23707 Om.

Atom X )y V4
HI -1576.36 7092.41 3011.28
H1A -1699.82 6035.54 1854.03
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Supplementary Table S13 Hydrogen Atom Coordinates (Ax10*) and Isotropic
Displacement Parameters (A*x10%) for mj23707 Om.

Atom X y 4 U(eq)

H3A 2871.96 6596.21 951.18 80
H3B -5.59 6037.76 485.57 80
H4A -49.56 8196.63 269.77 125
H4B 664.76 8442.29 1290.62 125
H4C -2288.68 7878.94 895.88 125
H6 -1033.11 4313.78 2946.31 83
H7 228.67 2270.15 3216.34 91
H9 2920.88 353.67 2859.27 101
HI10 5680.26 -606.69 1976.76 105
HI1 7370.55 525.96 879.48 101
H12 6169.11 2591.61 633.58 88
H14 3674.84 4497.94 1022.76 65
HI16 -1786.39 9268.12 3660.3 123
H17 -217.79 10467.89 4893.77 176
H18 3449.21 9790.2 5873.76 192
HI19 5778.89 8013.28 5593.5 190
H20 4359.32 6825.7 4343.81 131

9.2 X-Ray Crystallographic Analysis of (5)-L5

MeO

CCDC: 2324906
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Supplementary Figure S11 X-ray structure of (S)-LS

Supplementary Table S14 Crystal data and structure refinement for

mj24938 Om.
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
pre

/e

Volume/A®

Z

Peateg/cm’

w/mm’’

F(000)

Crystal size/mm’

Radiation

20 range for data collection/®
Index ranges

Reflections collected

mj24938 Om
CasH36sNO,P
449.55
170.00
triclinic
P1
9.8924(2)
10.4608(2)
12.6166(2)
76.9300(10)
76.7930(10)
89.0140(10)
1237.32(4)
2
1.207
0.756
484.0
0.17 x 0.17 x 0.05
GaKa (A =1.34139)
7.552 to 109.796
-12<h<12,-12<k<11,-15<1<15
19858
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Independent reflections 8447 [Rin = 0.0352, Ryigma = 0.0451]

Data/restraints/parameters 8447/3/579
Goodness-of-fit on F* 1.026

Final R indexes [[>=2c ()] R; =0.0324, wR, = 0.0831
Final R indexes [all data] R;=0.0342, wR, = 0.0845
Largest diff. peak/hole / ¢ A™ 0.49/-0.18

Flack parameter 0.044(8)

Supplementary Table S15 Fractional Atomic Coordinates (x10*) and Equivalent
Isotropic Displacement Parameters (A?x10%) for mj24938_0m. Ueq is defined as
1/3 of the trace of the orthogonalised Uy, tensor.

Atom X y z U(eq)
2065.4(6

Pl 3202.4(6) : 6850.4(5) 22.22(15)
01 2229.4(19) 5333'4(91) 4505.7(16) 29.2(4)
02 5379(2) 3069(2) 1862.9(16) 35.5(5)
N1 966(2) 3601(2) 5729.8(18) 25.1(5)
Cl 3748(3) 2218(3) 5327(2) 23.4(6)
C2 4781(3) 1443(3) 4849(2) 28.3(6)
C3 5328(3) 1672(3) 3702(2) 28.1(6)
C4 4871(3) 2718(3) 2995(2) 26.5(6)
C5 3810(3) 3478(3) 3433(2) 25.8(6)
C6 3238(2) 3217(3) 4581(2) 22.2(5)
Cc7 2077(3) 4019(3) 4994(2) 21.8(5)
C8 1068(3) 5931(3) 5123(2) 28.5(6)
C9 96(3) 4758(3) 5829(2) 24.6(6)
C10 -499(3) 4844(3) 7022(2) 23.8(5)
Cll1 -1766(3) 5426(3) 7290(2) 31.4(6)
C12 -2330(3) 5537(3) 8377(3) 34.5(7)
C13 -1638(3) 5063(3) 9211(2) 32.9(6)
Cl4 376(3) 4471(3) 8955(2) 32.8(7)
Cl15 194(3) 4369(3) 7868(2) 29.9(6)
Cl6 6497(3) 2319(4) 1404(3) 40.1(8)
C17 4797(3) 1427(3) 7309(2) 22.3(5)
C18 4507(3) 1208(3) 8587(2) 28.6(6)
C19 5802(3)  834(3) 9043(2) 33.0(6)
C20 6979(3) 1851(3) 8492(2) 31.4(6)
C21 7304(3) 2000(3) 7228(2) 31.4(6)
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C22 6025(3) 2426(3) 6768(2) 28.3(6)

C23 1920(3)  657(3) 7248(2) 32.5(7)
C24 978(3)  550(3) 8409(3) 33.2(7)
C25 -163(4) -523(4) 8690(3) 47.5(8)
C26 424(4) -1810(4) 8544(4) 56.4(10)
C27 1296(4) -1697(4) 7351(3) 51.7(9)
C28 2476(3) -657(3) 7092(3) 41.9(8)
PIA 6308.1(6) 7779‘0(6) 3185.6(5) 21.76(15)
Ol1A 7804(2) 9946(2) 5458.2(18) 34.9(5)
02A 4360(2) 6669(2) 8167.1(16) 35.8(5)
N1A 8949(2) 8646(2) 4364.8(19) 26.5(5)
ClA 6055(3) 7373(3) 4706(2) 23.1(6)
C2A 4942(3) 6470(3) 5216(2) 27.5(6)
C3A 4354(3) 6177(3) 6363(2) 29.7(6)
C4A 4853(3) 6849(3) 7034(2) 28.2(6)
C5A 5941(3) 7777(3) 6559(2) 26.2(6)
C6A 6562(3) 8007(3) 5422(2) 21.8(5)
C7A 7843(3) 8864(3) 5021(2) 22.5(5)
C8A 9160(3) 10594(3) 5002(3) 35.2(7)
C9A 9964(3) 9727(3) 4248(2) 28.0(6)
C10A 10506(3) 10456(3) 3044(2) 26.6(6)
Cl1A 11813(3) 11085(3) 2710(3) 33.1(7)
CI12A 12319(3) 11759(3) 1617(3) 38.1(7)
C13A 11524(3) 11820(3) 833(3) 36.9(7)
Cl4A 10219(3) 11202(3) 1157(3) 35.0(7)
C15A 9712(3) 10521(3) 2249(2) 29.5(6)
C16A 3434(4) 5553(4) 8723(3) 50.3(9)
C17A 5363(3) 7320(3) 2607(2) 23.8(5)
C18A 5896(3) 7458(3) 1335(2) 31.8(6)
C19A 4740(3) 7165(4) 786(3) 40.7(8)
C20A 3510(3) 8028(4) 1026(3) 39.4(8)
C21A 2975(3) 7896(3) 2276(3) 30.8(6)
C22A 4132(3) 8212(3) 2822(3) 29.5(6)
C23A 8039(3) 6400(3) 3111(2) 24.5(5)
C24A 9228(3) 6697(3) 2060(3) 32.8(6)
C25A 10278(3) 5603(3) 2086(3) 41.3(8)
C26A 9589(3) 4260(3) 2253(3) 40.3(7)
C27A 8435(3) 3971(3) 3309(3) 34.3(7)
C28A 7357(3) 5038(3) 3287(2) 27.3(6)
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Supplementary Table S16 Anisotropic Displacement Parameters (A*x10%) for
mj24938 Om. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a**U+2hka*b*Uppt...].

Atom
P1
o1
02
N1
Cl
C2
C3
C4
C5
Co
C7
C8
C9
C10
Cll1
CI12
Cl13
Cl4
Cl15
Clé6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
P1A
Ol1A

Un
23.2(3)
30.0(10)
34.5(11)
26.3(11)
22.7(13)
29.6(14)
24.7(13)
25.0(13)
26.3(13)
19.9(12)
23.3(12)
32.2(14)
24.9(13)
22.6(12)
30.6(15)
28.0(14)
37.7(16)
37.6(16)
26.3(14)
38.3(16)
23.7(12)
25.8(13)
33.9(15)
29.7(14)
25.1(13)
30.5(14)
32.0(15)
30.6(15)
38.5(17)
55(2)
61(2)
42.6(18)
22.3(3)
31.5(10)

Uz,
25.8(4)
22.5(10)
50.3(14)
22.4(12)
26.7(15)
33.2(16)
36.8(16)
37.1(16)
29.3(15)
25.9(14)
23.7(14)
24.9(15)
25.9(15)
21.9(14)
32.8(16)
35.9(17)
29.7(16)
31.7(17)
33.1(16)
54(2)
22.8(14)
35.6(17)
38.9(17)
39.4(17)
39.4(17)
28.4(15)
38.2(18)
34.3(17)
46(2)
412)
33.1(19)
37.3(19)
223(3)
31.4(12)

Uss
17.13)
29.8(10)
18.5(10)
24.3(11)
19.4(13)
21.8(13)
24.0(14)
18.0(13)
21.0(13)
20.6(12)
19.1(12)
27.3(14)
24.8(13)
25.6(14)
32.6(15)
39.0(17)
29.1(15)
30.4(15)
31.5(15)
26.1(15)
19.5(12)
20.2(13)
27.3(15)
29.1(15)
30.2(15)
23.1(14)
27.6(15)
32.4(16)
52(2)
66(3)
62(2)
43.8(18)
223(3)
47.3(13)

S109

Uz
-5.3(3)
-0.5(8)
-7.8(9)
-4.9(9)

4.7(11)
-6.4(11)
[12.3(12)
-9.7(12)
3.0(11)
-4.6(10)
-1.4(10)
3.7(11)
-5.6(11)
4.4(11)
-8.1(12)
-12.6(13)
-9.4(12)
-5.8(12)
-8.2(12)
-18.0(14)
-4.1(10)
0.3(11)
2.7(13)
-13.3(13)
J13.3(13)
4.1(12)

-11.6(13)

210.0(13)

-12.3(16)

2.3(18)

-17.0(17)

-11.9(15)
-7.6(3)

225.0(10)

U
3.2(2)
-1.8(8)

0.4(8)
-1.9(9)
22.7(10)
-5.5(11)
-2.8(10)
22.4(10)
-6.3(10)
-4.7(10)
-9.3(10)
-7.0(11)
-9.5(10)
-4.3(10)
110.4(12)
3.0(12)
-0.7(12)
-12.2(12)
-8.5(12)
6.0(12)
-3.8(10)
-3.6(10)
14.4(12)
-9.3(12)
-1.4(11)
1.5(11)
2.7(12)
0.3(12)
4.4(15)
-8.5(19)
-8.8(19)
3.4(14)
7.2(2)
-3.99)

Uz
2.9(3)
13(8)

-3.1(10)
1.109)
0.9(10)
7.5(12)
2.1(11)
-7.7(12)
3.7(11)
-2.4(10)
-0.7(10)
5.1(11)
2.4(11)
-0.3(10)
8.9(12)
6.3(12)
2.1(12)
3.9(13)
5.4(12)
-6.4(14)
2.1(10)
S1L1(11)
0.3(13)
1.2(12)
-6.3(12)
-5.6(12)
27.0(12)
-5.7(12)
-13.2(15)
-13.4(17)
-4.1(16)
3.1(14)
0.2(2)
-1.9(8)



Supplementary Table S16 Anisotropic Displacement Parameters (A%x10%) for
mj24938 Om. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a** U +2hka*b*Uppt...].

Atom
O2A
NIA
CIlA
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A
CI0A
CIl1A
CI2A
CI3A
Cl4A
CI5A
CI6A
Cl7A
CI8A
CI9A
C20A
C21A
C22A
C23A
C24A
C25A
C26A
C27A
C28A

Supplementary Table S17 Bond Lengths for mj24938 0m.

Un
30.6(10)
26.4(12)
21.7(12)
26.0(13)
23.6(13)
24.0(13)
24.5(13)
20.3(12)
26.4(13)
40.9(16)
26.8(14)
22.0(13)
22.9(13)
22.1(14)
31.7(15)
32.1(16)
23.8(13)
48(2)
26.9(13)
32.0(15)
45.0(18)
37.5(16)
27.2(14)
28.5(14)
24.3(13)
27.7(14)
26.8(15)
35.9(16)
41.6(16)
28.5(14)

Uz,
52.9(14)
20.9(12)
26.2(14)
33.1(16)
36.4(17)
38.9(17)
32.1(16)
23.1(14)
21.8(14)
31.0(17)
24.5(15)
24.3(14)
33.8(17)
38.8(18)
37.5(18)
42.7(19)
33.0(16)
69(3)
22.9(14)
42.2(18)
55(2)
46.2(19)
28.0(15)
28.3(15)
25.2(14)
31.4(16)
£(2)
38.0(18)
27.1(16)
26.4(15)

Atom Atom Length/A

Pl Cl

1.845(3)

Uss
23.1(11)
32.6(13)
24.2(13)
26.7(14)
28.0(14)
22.5(14)
27.8(14)
25.9(13)
24.2(13)
33.9(16)
36.1(15)
35.4(15)
45.5(18)
50.7(19)
36.2(16)
31.7(16)
33.6(15)
27.4(16)
23.4(13)
21.9(14)
25.1(15)
32.0(16)
37.7(17)
34.9(15)
26.8(13)
38.6(16)
57(2)
56(2)
42.0(17)
28.7(14)

Uz
-10.8(10)
-8.2(10)
-8.9(11)
-10.5(12)
-6.2(12)
-9.8(12)
115.0(12)
-10.0(11)
-8.8(11)
11.1(13)
29.1(12)
13.1(12)
-13.9(14)
-14.0(15)
[13.2(14)
[15.4(14)
J14.6(13)
-3.6(16)
-5.7(11)
-6.4(12)
-8.6(14)
7.6(14)
22.4(13)
-10.6(12)
-9.5(11)
-13.9(13)
224.0(16)
225.8(16)
_14.8(13)
29.4(11)

Uis

2.1(8)

-5.99)
-8.2(10)
-8.8(11)
-42(11)
-5.1(11)
10.1(11)
-8.9(10)
12.6(10)
-4.8(13)
11.7(12)
-4.5(11)
-8.4(12)

0.5(13)

7.9(12)
-3.3(12)
3.1(11)
-1.9(14)
-8.7(10)
-8.4(11)
15.0(13)
18.3(13)
13.5(12)
10.2(12)
-8.1(10)
-0.1(12)
-3.1(14)
13.8(14)
19.0(14)
-6.8(11)

Atom Atom Length/A
P1A CIl1A

S110

1.846(3)

Uiz

-2.809)
0.3(9)
6.1(10)
-1.3(11)
-3.4(11)
7.9(12)
7.5(11)
6.3(10)
5.7(10)
-9.6(13)
-1.2(11)
2.5(10)
-0.7(12)
-1.4(12)
-1.3(13)
1.2(13)
2.8(11)
18.3(18)
-0.5(10)
0.2(12)
-5.6(15)
10.6(14)
-0.8(11)
1.0(11)
0.3(10)
22.2(12)
3.6(13)
10.4(13)
5.6(12)
-0.6(11)



Supplementary Table S17 Bond Lengths for mj24938 0m.

Atom Atom Length/A

P1
P1
Ol
Ol
02
02
N1
N1
Cl
Cl
C2
C3
C4
C5
Co6
C8
C9
C10
C10
Cll1
Cl12
C13
Cl4
C17
C17
C18
C19
C20
C21
C23
C23
C24
C25
C26
C27

C17
C23
c7
C8
C4
Cle6
Cc7
C9
C2
Co6
C3
C4
C5
Co6
Cc7
C9
C10
Cll1
C15
C12
C13
Cl4
C15
C18
C22
C19
C20
C21
C22
C24
C28
C25
C26
C27
C28

1.864(3)
1.863(3)
1.369(3)
1.450(3)
1.367(3)
1.435(4)
1.276(3)
1.485(3)
1.405(4)
1.410(4)
1.391(4)
1.387(4)
1.394(4)
1.394(4)
1.478(4)
1.542(4)
1.508(4)
1.389(4)
1.393(4)
1.387(4)
1.380(4)
1.387(4)
1.386(4)
1.536(3)
1.541(3)
1.530(4)
1.520(4)
1.525(4)
1.528(4)
1.527(4)
1.509(5)
1.530(4)
1.491(6)
1.534(5)
1.536(5)

Atom Atom Length/A

P1A CI17A
P1A C23A
OlA C7A
OlA C8A
O2A C4A
O2A CI6A
N1A C7A
NI1A C9A
Cl1A C2A
Cl1A C6A
C2A C3A
C3A C4A
C4A C5A
C5A C6A
C6A CT7A
C8A CY9A
C9A CI0A
C10ACI1A
C10ACI5A
Cl11ACI2A
CI12ACI3A
CI13ACIl4A
Cl14ACI5A
C17ACIBA
Cl17AC22A
CI18ACI9%A
C19A C20A
C20AC21A
C21AC22A
C23A C24A
C23AC28A
C24A C25A
C25A C26A
C26A C27A
C27A C28A

S111

1.862(3)
1.877(3)
1.363(3)
1.447(3)
1.372(3)
1.438(4)
1.264(4)
1.485(3)
1.399(4)
1.413(4)
1.395(4)
1.388(4)
1.392(4)
1.392(4)
1.485(4)
1.543(4)
1.515(4)
1.392(4)
1.397(4)
1.381(5)
1.387(5)
1.386(4)
1.382(4)
1.546(4)
1.533(4)
1.533(4)
1.519(5)
1.520(4)
1.540(4)
1.533(4)
1.535(4)
1.533(4)
1.522(5)
1.518(5)
1.530(4)



Supplementary Table S18 Bond Angles for mj24938 Om.

Atom Atom Atom
Cl Pl C17
Cl Pl (23
Cc23 P1 Cl17
C7 O1 C8
C4 02 Cl6
C7 N1 C9
C2 C1 Pl
C2 Cl Ceo
C6 Cl Pl
C3 C2 (I
C4 C3 C2
02 C4 (C3
02 C4 C5
C3 C4 C5
C4 C5 Co
Cl Coe C(C7
C5 Co6 Cl
Ccs Coe (C7
o1 C7 Ceé6
N1 C7 Ol
N1 C7 Cé6
o1 C8 (C9
Nl C9 C8
N1 C9 Cl10
Cl10 C9 C8
Cl1 C10 C9
Cl1 C10 CI15
Cl15 C10 C9
C12 Ci11 cC1o0
Cl13 Cl12 Cl11
C12 C13 Cl4
Cl5 Cl14 Cl13
Cl4 Cl15 Cl10
C18 Cl17 Pl
C18 C17 C22
C22 C17 PI
C19 C18 C17
C20 C19 CI8

Angle/’

101.40(12)
100.47(12)
106.88(13)
105.3(2)
116.4(2)
106.7(2)
122.3(2)
116.72)
120.7(2)
122.4(3)
119.5(3)
124.5(3)
115.8(3)
119.72)
120.4(2)
120.9(2)
121.1(2)
118.02)
115.2(2)
118.3(2)
126.5(2)
104.2(2)
103.7(2)
113.4(2)
114.3(2)
119.52)
118.6(3)
121.9(2)
120.9(3)
120.2(3)
119.6(3)
120.3(3)
120.5(3)
108.35(17)
109.5(2)
110.23(18)
112.8(2)
111.2(2)

S112

Atom Atom Atom
CIA P1A CIl17A
CIA P1A C23A
CI17AP1A C23A
C7A Ol1A C8A
C4A O2A CIl6A
C7A N1A C9A
C2A Cl1A PIA
C2A Cl1A C6A
C6A Cl1A PIA
C3A C2A CIlA
C4A C3A C2A
O2A C4A C3A
O2A C4A C5A
C3A C4A C5A
C4A C5A Co6A
Cl1A C6A C7A
C5A Co6A ClA
C5A C6A C7A
O1A C7A Co6A
NIA C7A OIlA
NI1A C7A C6A
O1A C8A C9A
NI1A C9A CS8A
NIA C9A CI10A
CI10AC9A C8A
CITACI0AC9A
CITACI0ACISA
C15ACI0AC9A
CI2ACI11ACIO0A
CITIACI12ACI3A
CI4ACI13ACI2A
CI5SACI4ACI3A
CI4ACI15ACI0A
CI8ACI17APIA
C22AC17APIA
C22AC17ACI8A
CI9ACI8ACI7A
C20AC19ACI8A

Angle/’

102.69(12)
98.83(12)
104.57(12)
105.8(2)
117.1(2)
107.02)
123.2(2)
116.1(2)
120.7(2)
123.4(2)
118.8(3)
124.8(3)
115.4(2)
119.8(2)
120.5(2)
121.8(2)
121.3(2)
116.7(2)
115.0(2)
118.8(2)
126.1(2)
104.6(2)
103.7(2)
112.7(2)
113.7(2)
120.1(2)
118.6(3)
121.3(2)
120.8(3)
120.2(3)
119.5(3)
120.4(3)
120.4(3)
108.77(17)
110.79(18)
109.4(2)
111.8(2)
111.3(3)



Supplementary Table S18 Bond Angles for mj24938 Om.

Atom Atom Atom

C19
C20
C21
C24
C28
C28
C23
C26
C25
C26
C23

C20
C21
C22
C23
C23
C23
C24
C25
C26
C27
C28

C21
C22
C17
P1

P1

C24
C25
C24
C27
C28
C27

Angle/’
109.5(2)
110.8(2)
111.42)
112.22)
116.9(2)
111.7(3)
112.2(3)
111.6(3)
110.9(3)
109.9(3)
111.4(3)

Atom Atom Atom
CI9AC20AC21A
C20AC21AC22A
CI17AC22AC21A
C24A C23APIA

C24A C23AC28A
C28A C23APIA

C25A C24AC23A
C26A C25A C24A
C27A C26A C25A
C26A C27A C28A
C27A C28AC23A

Supplementary Table S19 Torsion Angles for mj24938 Om.

A
P1
P1
P1
P1
P1
P1
P1
Ol
Ol
02
N1
N1
Cl
Cl
Cl
Cl
Cl
Cl
Cl
C2
C2
C2

B C D
Cl C2 C3
Cl C6 C5
Cl C6 C7
C17C18C19
C17C22C21
C23C24C25
C23C28C27
C8 C9 NI
C8 C9 CI0
C4 C5 Co
C9 C10Cl11
C9 C10CI15
P1 C17CI18
P1 C17C22
P1 C23C24
P1 C23C28
C2 C3 C4
Co6 C7 Ol
C6 C7 NI
Cl C6 C5
Cl C6 C7
C3 C4 02

Angle/’

171.1(2)
169.3(2)
-10.7(3)

-173.42)

173.67(19)
174.5(2)
-174.9(2)
12.5(3)
136.6(2)
-178.8(2)
-150.0(2)
30.9(3)
-178.67(19)
61.6(2)
-163.2(2)
65.8(3)
1.4(4)
137.8(2)
-43.6(4)
-4.7(4)
175.3(2)
177.03)

A
P1A
P1A
P1A
P1A
P1A
P1A
P1A
OlA
OlA
O2A
NIA
NIA
Cl1A
ClA
ClA
ClA
ClA
Cl1A
ClA
C2A
C2A
C2A

S113

B C D
Cl1A C2A C3A
ClA C6A C5A
ClA C6A CT7A
C17ACI8ACI9A
C17AC22AC21A
C23A C24A C25A
C23AC28AC27A
C8A CY9A NIA
C8A CO9A Cl10A
C4A C5A Co6A
C9A CIOACIIA
C9A CIOACISA
P1A CI17ACI8A
P1A CI17AC22A
P1A C23AC24A
P1A C23AC28A
C2A C3A C4A
C6A C7A OlA
C6A C7A NIA
ClA C6A C5A
ClA C6A CT7A
C3A C4A O2A

Angle/’
111.0(2)
111.42)
110.9(2)
112.8(2)
111.3(2)

115.34(18)
111.1(3)
112.0(2)
110.7(3)
111.4(3)
111.22)

Angle/’
-178.9(2)
175.52)
9.5(3)
-177.0(2)
176.2(2)
174.77(19)
-175.22(19)
0.2(3)
122.5(2)
177.5(2)
-153.1(3)
27.3(4)
-173.63(19)
66.1(2)
-158.2(2)
72.3(2)
2.8(4)
142.6(2)
-40.5(4)
-2.6(4)
172.5(2)
179.2(3)



Supplementary Table S19 Torsion Angles for mj24938 Om.

A B C D
C2 C3 C4 G5
C3 C4 C5 Co
C4 C5 Co Cl
C4 C5 Co C7
C5 Co6 C7 Ol
C5 C6 C7 NI
Co C1 C2 C3
C7 Ol C8 C9
C7 NI C9 C8
C7 NI C9 CI0
C8 Ol C7 NI
C8 Ol C7 Coé
C8 C9 Cl10Cl11
C8 C9 C10CI15
C9 NI C7 Ol
C9 NI C7 Ceé
C9 C10C11CI2
C9 C10C15C14
Cl10CI11C12C13
Cl11Cl10C15C14
Cl11CI12C13C14
C12CI13C14C15
C13C14C15C10
C15C10CI11C12
Cl1602 C4 C3
Cl1602 C4 C5
C17P1 C1 C2
C17P1 C1 C6
C17P1 C23C24
C17P1 C23C28
C17C18C19C20
C18Cl17C22C21
C18C19C20C21
C19C20C21C22
C20C21C22C17
C22C17C18C19
C23P1 C1 C2
C23P1 C1 C6

Angle/’

-3.9(4)
2.0(4)
2.4(4)

-177.6(2)
-42.2(3)
136.4(3)

2.8(4)
-12.1(3)

-8.5(3)

-133.12)

7.7(3)

-173.6(2)

91.3(3)

-87.8(3)
0.9(3)

-177.7(2)

-179.0(3)
179.5(3)

-0.2(5)
0.4(4)

-0.2(5)
0.7(5)

-0.8(4)
0.1(4)

-2.5(4)

178.4(2)
26.2(3)
-147.5(2)
91.3(2)
-39.6(3)
55.6(3)
54.6(3)
-57.2(3)
59.2(3)
-58.8(3)
-53.2(3)
-83.6(2)
102.8(2)

A B C D
C2A C3A C4A C5A
C3A C4A C5A C6A
C4A C5A C6A CIl1A
C4A C5A C6A CTA
C5A C6A CT7A OlA
C5A C6A CT7A NIlA
C6A CIA C2A C3A
C7A OlA C8A CY9A
C7A NI1A C9A C8A
C7A N1A C9A CI10A
C8A OlA CT7A NIlA
C8A OlA CT7A C6A
C8A C9A CIl0ACIIA
C8A C9A CIl0ACI5A
C9A Nl1A C7A OlA
C9A N1A C7A C6A
C9A CIOACIT1ACI2A
C9A CIOACISACI4A
C10ACI1ACI2ACI3A
C1TACIOACISACI4A
C11ACI2ACI3ACI4A
C12ACI3ACI4ACI5A
C13ACI4ACI5A CI10A
CI15ACIOACIT1ACI2A

C16A O2A
C16A O2A
Cl17API1A
Cl17API1A
Cl17API1A
Cl17API1A

C4A C3A
C4A C5A
Cl1A C2A
ClA C6A
C23A C24A
C23AC28A

C17ACI8ACI9A C20A
CI18ACI7TAC22AC21A
C18ACI9A C20AC21A
C19A C20A C21A C22A
C20AC21AC22ACI17A
C22ACI7ACI8ACI9A
C23APIA ClA C2A
C23APIA ClA C6A
S114

Angle/’

-1.3(4)
-2.0(4)
4.1(4)
171.2(2)
42.1(3)
134.8(3)
-0.8(4)
0.13)
0.3(3)
-123.0(3)
0.2(3)
177.3(2)
89.2(3)
-90.4(3)
-0.3(3)
-177.1(2)
-179.7(3)
179.4(3)
0.1(5)
-0.3(4)
0.1(5)
-0.4(5)
0.5(5)
0.0(4)
11.3(4)
-168.2(3)
22.5(3)
-155.4(2)
96.1(2)
-33.42)
55.7(3)
56.3(3)
-55.2(3)
56.2(3)
-57.4(3)
-55.9(3)
-84.7(2)
97.4(2)



Supplementary Table S19 Torsion Angles for mj24938 Om.

A B C D Angle/’ A B C D Angle/’
C23P1 C17C18 -73.9(2) C23AP1A CI17ACI8A -70.8(2)
C23P1 C17C22 166.32(18) C23AP1A CI17AC22A 168.87(19)
C23C24C25C26 53.6(4) C23A C24A C25A C26A 54.8(4)
C24C23C28C27 53.9(4) C24A C23AC28AC27A 54.5(3)
C24C25C26C27 -56.7(4) C24A C25A C26A C27A -56.1(4)
C25C26C27C28 58.2(4) C25A C26AC27A C28A 56.5(3)
C26C27C28C23 -56.7(4) C26AC27AC28AC23A -56.1(3)
C28C23C24C25 -51.9(4) C28A C23AC24AC25A -53.7(3)

Supplementary Table S20 Hydrogen Atom Coordinates (Ax10% and Isotropic
Displacement Parameters (A*x10°) for mj24938_0m.

Atom X y /4 U(eq)
H2 5117.33 736.51 5327.02
H3 6010.57 1116.85 3405.19
H5 3474.43 4176.62 2947.07
H8A 594.58 6530.38 4607.19
H&8B 1381.44 6430.11 5607.59
H9 -691.1 4703.04 5463.48
H11 -2251.68 5753.48 6721.96
H12 -3196.33 5940.54 8547.21
H13 -2022.02 5140.84 9954.34
H14 99.52 4133.59 9528.24
H15 1064.46 3972.21 7699.32
H16A 6773.46 2649.88 590.96
H16B 6191.26 1393.6 1574.79
H16C 7290.25 2400.12 1731.31
H17 5029.44 575.74 7088.33
H18A 4143.79 2021.92 8805.88
H18B 3781.54 502.6 8930.87
H19A 5571.95 759.33 9861.11
H19B 6105.6 -32.34 8904.74
H20A 7815.95 1571.51 8777.9
H20B 6708.01 2704.62 8676.03
H21A 7610.68 1153.39 7046.9
H21B 8071.14 2662.51 6869.54
H22A 6258.3 2512.72 5948.56
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Supplementary Table S20 Hydrogen Atom Coordinates (Ax10% and Isotropic
Displacement Parameters (A*x10°) for mj24938_0m.

Atom
H22B
H23
H24A
H24B
H25A
H25B
H26A
H26B
H27A
H27B
H28A
H28B
H2A
H3A
HS5A
H8AA
H8AB
HO9A
H11A
H12A
H13A
H14A
H15A
H16D
H16E
H16F
H17A
H18C
H18D
H19C
H19D
H20C
H20D
H21C
H21D
H22D
H22C

X

5750.91
1290.09
544
1546.21
-689.25
-818.12
-342.89
1011.39
699.11
1691.81
3115.86
3009.38
4566.34
3624.36
6262.17
9628.21
9083.42
10766.22
12364.47
13213.76
11872.35
9668.43
8819.2
2557.07
3251.71
3861.09
5051.57
6278.65
6657.26
5108.76
4430.05
2756.4
3793.09
2603.36
2205.75
4452.81
3759.25

y

3295.59
889.25
1403.75
356.03
-614.21
-262.59
-2471.21
-2111.76
-1446.79
-2556.23
-949.69
-564.69
6034.38
5528.69
8257.14
10645.82
11493.2
9351.79
11049.7
12182.31
12281.46
11245.98
10094.76
5676.92
5462.67
4757.21
6386.93
8362.73
6845.7
7315.54
6230.66
7774.29
8955.86
6988.5
8501.13
9141.23
8090.38
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6914.45
6721.28
8446.58
8974.66
9472.74
8197.5
8700.22
9084.28
6810.6
7275.71
7590.98
6310.48
4758.4
6679.64
7013.96
5606.55
4561.44
4559.33
3240.81
1400.74
80.8
624.16
2460.99
8482.1
9534.13
8533.2
2969.9
985.07
1199.64
-31.96
1073.25
707.17
661.27
2628.8
2407.27
2513.07
3637.46

U(eq)

34
39
40
40
57
57
68
68
62
62
50
50
33
36
31
42
42
34
40
46
44
42
35
75
75
75
29
38
38
49
49
47
47
37
37
35
35



Supplementary Table S20 Hydrogen Atom Coordinates (Ax10% and Isotropic
Displacement Parameters (A*x10°) for mj24938_0m.

Atom
H23A
H24C
H24D
H25C
H25D
H26D
H26C
H27C
H27D
H28D
H28C

X y U(eq)
8491.34 6339.88 3752.64
8843.03 6786.07 1389.12
9703.82 7541.1 2008.82

10994.04 5788.94 1374.59
10749.14 5592.9 2701.08
9201.6 4236.12 1600.06
10291.3 3577.07 2307
8837.62 3912.32 3967.03
7973.37 3112.1 3383.24
6647.15 4845.62 4001.9
6883.83 5034.6 2675.74
9.3 X-Ray Crystallographic Analysis of (L4)NiCl, (A)
©YO
Cy2P,, _\\\l\}\?
CI/NI\C| ®h
CCDC: 2288083
>- Prob = S0
® Temp = 183
&
z
Z -122 b_a P21 21 21 R = 0.03 RES= 0 -80 X

Supplementary Figure S12 X-ray structure of (L4)NiCl, (A)
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Supplementary Table S21 Crystal data and structure refinement for B_a.

Identification code B a
Empirical formula C»7H34C1LNN1OP
Formula weight 549.13
Temperature/K 183.00
Crystal system orthorhombic
Space group P2,2,2;

a/A 8.8147(5)
b/A 15.3503(9)
c/A 19.9299(12)
a/° 90

/e 90

v/° 90
Volume/A® 2696.7(3)

V4 4

Pealcg/ cm’ 1.353

wmm'' 3.567

F(000) 1152.0

Crystal size/mm’

Radiation

20 range for data collection/®

Index ranges

0.12 x 0.08 x 0.08
CuKa (A = 1.54178)

7.268 to 136.522
-10<h<10,-18<k<14,-23<1<24

Reflections collected 17441

Independent reflections 4818 [Rint = 0.0273, Rgigma = 0.0318]

Data/restraints/parameters 4818/0/299
Goodness-of-fit on F? 1.066
Final R indexes [[>=2c ()] R; =0.0284, wR, =0.0731

Final R indexes [all data]
Largest diff. peak/hole /e A®  0.55/-0.48
Flack parameter 0.042(19)

R;=0.0285, wR, =0.0732
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Supplementary Table S22 Fractional Atomic Coordinates (x10* and Equivalent

Isotropic Displacement Parameters (A*x10%) for B_a. Ueq is defined as 1/3 of the

trace of the orthogonalised Uy, tensor.

Atom X

Nil 3859.0(6)
P002 4664.0(7)
Cll 5626.4(11)
Cl2 2839.7(12)
Ol -224(2)
N1 1949(3)
C21 5733(3)
Cé6 1556(3)
C27 5063(3)
Cl 3013(3)
Cc9 1024(4)
Cc7 1172(3)
C22 5904(3)
Cs5 360(3)
Clé6 4998(3)
C23 7220(4)
C10 1835(3)
Cll1 2003(4)
C20 6030(4)
C4 579(4)
C3 1993(4)
C26 6151(5)
C15 2395(4)
C2 3201(3)
C8 -427(4)
C13 3292(5)
C24 8304(4)

y

4593.0(3)
5982.7(4)
3896.7(6)
4135.6(8)
5660.4(16)
4968.4(16)
6405.1(18)
6475.6(18)
6103(2)
6694.9(17)
4323(2)
5663.6(19)
6184.0(18)
7060(2)
6144(2)
5538(3)
3990(2)
3105(2)
7386(2)
7838(2)
8047(2)
6253(3)
4566(3)
7484.9(19)
4832(3)
3382(5)
5680(3)
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3233.6(3)
3103.7(3)
3795.1(5)
2273.9(6)
3887.4(12)
3680.5(12)
3831.4(14)
3246.6(14)
1706.8(15)
3011.8(13)
4060.5(16)
3605.5(14)
2376.2(13)
3144.8(16)
4496.2(14)
2397.8(16)
4672.7(15)
4779(2)
3810.5(16)
2812.2(18)
2576.3(19)
1121.2(16)
5149.6(17)
2679.8(16)
4212(2)
5808(3)
1807.1(19)

U(eq)

37.84(15)
24.69(14)
63.5(3)
75.2(3)
46.2(5)
33.8(5)
29.2(5)
30.1(5)
42.5(7)
28.2(5)
40.5(7)
32.2(6)
29.6(5)
41.7(7)
38.6(7)
47.7(8)
37.1(6)
54.009)
41.0(7)
48.0(8)
46.9(8)
57.1(9)
49.1(8)
37.4(6)
61.3(11)
83.7(17)
62.6(10)



Supplementary Table S22 Fractional Atomic Coordinates (x10* and Equivalent
Isotropic Displacement Parameters (A*x10%) for B_a. Ueq is defined as 1/3 of the

trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)

C19 7011(4) 7665(3) 4401.1(18) 54.3(9)
C17 5964(4) 6442(3) 5088.3(16) 55.4(9)
C25 7475(5) 5629(3) 1142.1(19) 66.5(11)
C18 6295(5) 7403(3) 5064.0(18) 61.0(11)
Cl4 3130(5) 4255(4) 5713(2) 72.0(14)
C12 2735(6) 2806(4) 5354(3) 81.3(16)

Supplementary Table S23 Anisotropic Displacement Parameters (A%x10%) for
B_a. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a** U +2hka*b*Uppt...].

Atom Uy Un Uss Uz Uss Un,
Nil 3092)  2472)  57.903) 2.2(2) 112(2)  -1.52(19)
P002 202(3)  2483)  29.1(3) -0.8(2) 0.7(2) 0.1(2)
cll 57.05)  53.7(5)  79.7(6) 23.9(5) 13.9(5) 21.1(4)
cI2 66.4(6)  793(7)  79.9(7)  -42.9(6) 16.7(5)  -36.7(5)
01 2179)  63.9(14)  52.9(13)  12.6(11) 8.8(9) 4.19)
N1 27.4(11)  36.0(12)  38.1(13) 3.7(10)  52(10)  -2.7(10)
C21 203(12)  362(14)  31.013)  -3.2(11)  -0.9(10) 2.0(10)
C6 25.1(12)  35.1(13)  30.1(13)  -3.4(11)  -1.7(10) 3.3(10)
C27 36.3(15)  58.7(19)  32.4(14)  -3.6(14)  -1.5(12)  -7.4(14)
Cl 25.6(12)  26.6(12)  32.4(13)  -3.1(10)  -2.6(10) 1.7(10)
C9 332(14)  44.1(16)  44.1(16) 55(13)  4.7(13)  -11.1(13)
C7 20.3(12)  45.0(15)  31.2(13)  -0.5(11) 1.010)  -0.8(11)
22 26.4(13)  34.1(13)  284(13)  -0.6(10) 1.2(10)  -2.8(11)
Cs5 27.8(13)  51.5(17)  45.8(16)  -1.4(14)  -0.4(14)  10.9(13)

C16 35.1(15)  46.7(17)  33.9(14)  -0.9(12) L1 -1.7(13)
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Supplementary Table S23 Anisotropic Displacement Parameters (A%x10%) for
B_a. The Anisotropic displacement factor exponent takes the form:

-2’ [h*a**U+2hka*b*Uppt...].

Atom Uy Un Uss Uz Uss Un,
C23 39.7(17) 63(2)  40.8(16) 5.6(15)  11.2(14)  14.8(16)
C10 282(13)  40.1(16)  43.1(15) 6.8(13) 11.7(12)  -2.1(12)
Cl1 49.3(19)  46.2(19) 66(2)  11.1(17)  23.0(18) 3.9(16)
C20 41.8(16)  38.7(15)  42.7(16)  -6.9(13)  -1.4(14)  -11.8(14)
C4 37.3(16)  44.4(17) 62(2) 1.715)  -5.7(15)  18.7(14)
C3 44.6(18)  32.5(15) 64(2) 8.0(14)  -8.5(16) 6.2(13)
C26 52.2(19) 90(3)  29.5(15)  -1.2(16)  -0.9(14) -16(2)
Cl15 41.5(17) 61(2)  44.7(17) 3.2(16)  8.4(14)  -12.3(16)
C2 31.6(14)  33.4(14)  47.3(17) 2.6(12)  -2.5(13) 0.8(12)
C8 30.8(15) 78(3) 76(3) 342)  105(17)  -0.1(17)
C13 49(2) 139(5) 63(3) 49(3) 9(2) 3(3)
C24 39.5(17) 1013)  47.3(19) 2(2)  16.7(16)  13.7(18)
C19 43.8(18) 69(2)  49.5(19)  -21.0(17)  3.9(15)  -21.8(18)
C17 48.1(19) 89(3)  29.2(15)  -3.1(16)  -2.2(14)  -5.7(19)
C25 60(2) 97(3)  42.0(19) 170 17.7(17) -5(2)
C18 44.8(18) 05(3)  43.8(18)  -29.5(19)  5.2(15) 21(2)
Cl4 46(2) 125(4) 45(2) 82)  5.6(17) -23(2)
Cl2 63(3) 80(3) 101(4) 52(3) 28(3) 23(2)

Supplementary Table S24 Bond Lengths for B_a.

Atom Atom Length/A Atom Atom Length/A

Nil P002 2.2629(8) c9 Cl10 1.503(4)
Nil Cll 2.1957(11) c9  C8 1.530(5)
Nil CI2 2.2269(12) C22 C23 1.526(4)
Nil N1 1.990(2) Cs ¢G4 1.380(5)
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Supplementary Table S24 Bond Lengths for B_a.

Atom Atom Length/A

P002 C21
P002 ClI
P002 C22
or «c7
Ol C8
N1 C9
N1 C7
C21 Clé6
C21 C20
Cco Cl
co C7
c6 G5
C27 C22
C27 C26
Cl C2

1.847(3)
1.829(3)
1.842(3)
1.353(3)
1.438(4)
1.490(4)
1.276(4)
1.528(4)
1.529(4)
1.408(4)
1.476(4)
1.399(4)
1.531(4)
1.528(4)
1.391(4)

Atom Atom Length/A

Supplementary Table S25 Bond Angles for B_a.

Atom Atom Atom

Cli
Ccl
Cl2
N1
N1
N1
C21
Cl
Cl

Nil
Nil
Nil
Nil
Nil
Nil

P002
Cl2
P002
P002
Ccl
Cl2

P002 Nil
P002 Nil
P002 C21

Angle/’

107.14(4)
124.78(5)
108.99(4)
92.50(7)
120.88(8)
97.72(8)
113.64(9)
108.99(9)
105.94(12)

Cle C17 1.526(4)
C23 C24 1.532(4)
C10 C11 1.383(5)
C10 C15 1.388(5)
Cl1 Ci12 1.392(7)
C20 C19 1.522(5)
C4 (3 1.370(5)
C3 (C2 1.386(4)
C26 C(C25 1.510(6)
Cl15 Cl4 1.382(6)
Cl13 Cl4 1.361(8)
C13 Ci2 1.358(8)
C24 (C25 1.515(6)
C19 Ci18 1.518(5)
C17 Ci18 1.504(6)

Atom Atom Atom

o1 C7 Ceé6

N1 C7 Ol

N1 C7 Cé6

C27 C22 P002

C23 C22 P002

C23 C22 C27

C4 C5 Co

C17 Cl6 (21

C22 C23 (C24
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Angle/’

114.4(2)
115.9(3)
129.8(2)
112.61(19)
108.65(19)
109.9(2)
121.3(3)
110.8(3)
111.1(3)



Supplementary Table S25 Bond Angles for B_a.

Atom Atom Atom Angle/*

Cl P002 C22 107.04(12)
C22 P002 Nil 115.74(9)
C22 P002 C21 104.85(12)
c7 O1 C8 107.7(2)
C9 NI Nil 119.83(19)
C7 NI Nil 130.0(2)
C7 NI 9 108.8(2)
Cl16 C21 P002 111.86(19)
Cl6 C21 C20 110.7(2)
C20 C21 P002 114.3(2)
Cl C6 C7 124.9(2)
c5 C6 Cl 119.1(3)
c5 C6 C7 116.0(3)
C26 C27 C22 110.4(2)
C6 Cl P002 123.3(2)
C2 Cl P002 118.3(2)
c2 Cl Cé6 118.4(2)
Nl €9 Cl10 112.2(2)
Nl €9 C8 102.6(2)
Cl0 C9 C8 114.2(3)

Atom Atom Atom

Cll1
Cll1
C15
C10
C19
C3

C4

C25
Cl4
C3

Ol

Cl12
C25
C18
C18
C26
C17
C13
C13

C10 €9
C10 CI5
C10 €9
Cll ClI2
C20 C21
4 G5
C3 C2
C26 C27
C15 CI0
Cc2 Cl
cg 9
Cl13 Cl4
C24 C23
C19 C20
C17 Cl6
C25 C24
C18 CI9
Cl14 Cl15
Cl12 Cl1

Supplementary Table S26 Torsion Angles for B_a.
A B C D

A B C D Angle/*

Nil P002C21C16 -42.3(2)
Nil P002C21C20 -169.22(18)
Nil P002C1 C6 22.8(2)
Nil P002C1 C2 -155.7(2)

Cc9 C10

C7 Ol
C7 NI
C7 NI
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C15Cl14
c8 C9
Cc9 C10
C9 C8

Angle/’
120.5(3)
118.9(3)
120.6(3)
119.9(4)
110.7(3)
119.6(3)
120.1(3)
111.6(3)
120.2(4)
121.5(3)
105.0(3)
120.6(4)
111.3(3)
111.3(3)
112.2(3)
111.3(3)
111.6(3)
120.2(5)
120.2(4)

Angle/’
179.5(3)
-2.3(4)
-125.7(3)
-2.7(3)



Supplementary Table S26 Torsion Angles for B_a.

A
Nil
Nil
Nil
Nil
Nil
Nil

B C D
P002C22C27
P002C22C23
N1 C9 CI0
N1 C9 C8
N1 C7 Ol
N1 C7 Cé

P002C21 Cl16C17
P002C21 C20C19
P002C1 C2 C3

P002C22 C23C24

N1
N1
N1
C21
C21
C21
C21
C21
C21
Co6
Co6
C27
C27
Cl
Cl
Cl
Cl
Cl

C9 Cl10Cl11
Cc9 Cl10C15
Cc9 C8 Ol
P002C1 Cé6
P002C1 C2
P002C22C27
P002C22C23
Clé6 C17C18
C20 C19C18
Cl C2 C3
C5 C4 C3
C22 C23C24
C26 C25C24
P002C21Cl16
P002C21C20
P002C22C27
P002C22C23
C6 C7 Ol

Angle/’

69.1(2)
-52.8(2)
66.1(3)
170.9(2)
168.0(2)
-11.0(5)
175.8(2)
175.9(2)
178.3(3)
179.4(3)
127.1(3)
54.6(4)
2.9(4)
-99.8(2)
81.6(2)
164.8(2)
73.3(2)
54.6(4)
-56.3(4)
-0.3(4)
-0.1(5)
57.0(4)
-55.4(4)
77.3(2)
-49.6(2)
-52.6(2)
-174.5(2)
168.7(3)

A B
C7 C6
C7 C6
C7 C6

C D
C1 P002
Cl C2
C5 C4

C22P002C21Cl16
C22P002C21C20
C22P002C1 Cé6
C22P002C1 C2

C22C27
C22C23
C5 Co6
C5 Co6
C5 Co6
C5 Co6
C5 C4
Cl16C21
Cl6Cl17
C23C24
C10C9
C10ClI1
C10C15
Cl11CI10
C20C21
C20C19
C4 C3
C26C27
C26C27
C15C10
C8 Ol
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C26C25
C24C25
C1 P002
Cl C2
C7 Ol
C7 NI
C3 C2
C20C19
C18C19
C25C26
C8 Ol
C12CI13
C14CI13
C15Cl14
Cl6Cl17
C18C17
C2 ClI
C22P002
C22C23
Cl1CI2
C7 NI

Angle/’

1.3(4)
179.9(3)
-179.6(3)
-169.7(2)
63.42)
148.7(2)
-29.9(3)
57.0(4)
-55.8(5)
-179.2(2)
-0.7(4)
-10.7(4)
168.3(3)
-0.9(5)
56.6(3)
-54.4(4)
54.5(5)
124.6(3)
-0.4(6)
-0.8(6)
1.2(5)
-55.4(3)
55.2(5)
1.1(5)
-178.6(3)
-57.3(4)
-0.6(5)
0.6(4)



Supplementary Table S26 Torsion Angles for B_a.

A B
Cl Ceo
Cl Ceo
C9 NI
C9 NI
c9 Cl10

C D Angle/’

C7 NI -12.2(5)
C5 C4 0.9(5)
C7 Ol 1.4(3)
C7 C6 -177.6(3)
Cl1Cl12 -178.9(3)

A B C D
C8 O1 C7 Cé6
C8 C9 Cl10Cl11
C8 C9 Cl10C15
Cl14CI13 Cl12Cl11
C12CI13 Cl14CI15

Angle/’
179.8(3)
116.7(3)
-61.6(4)

0.7(7)
-0.1(7)

Supplementary Table S27 Hydrogen Atom Coordinates (Ax10*) and Isotropic

Displacement Parameters (AZX 103) for B_a.

Atom
H21
H27A
H27B
H9
H22
H5
HI16A
H16B
H23A
H23B
HI11
H20A
H20B
H4
H3
H26A
H26B
HI15

X

6748.99
4608.12
4232.62
774.88
6324.42
-621.68
3976.89
4877
6816.97
7781.69
1619.21
6547.63
5052.5
-246.83
2145.68
5597.05
6535.41
2272.54

y

b4 U(eq)

6115.8 3819.98
5514.97 1669.99
6536.45 1688.73
3820.57 3760.28
6787.33 2412.59
6918.18 3308.01
6410.05 4528.34

5503.3 4511.98
4936.65 2382.39
5609.71 2824.39
2701.25 4459.89
7537.91 3385.46
7703.05 3824.97
8227.31 2747.15
8578.51 2341.24
6176.93 693.13
6858.48 1137.91
5175.37 5088.13
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35
51
51
49
36
50
46
46
57
57
65
49
49
58
56
69
69
59



Supplementary Table S27 Hydrogen Atom Coordinates (Ax10*) and Isotropic

Displacement Parameters (AZX 103) for B_a.

Atom
H2
HSA
HS8B
H13
H24A
H24B
HI19A
H19B
HI17A
H17B
H25A
H25B
HI18A
H18B
H14
HI12

4179.03
-1326.49
-559.83
3799.73
8792
9111.24
8024.02
7148.12
5426.5
6932.74
8187.85
7102.9
6990.26
5339.76
3522.72
2844.74

y

7642.52
4526.35
4908.64
3173.52
6257.92
5231.48
7391.22
8304.78
6305.64

6116.3
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NMR Spectral Data
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Compound 1a (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1b (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1c (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1d (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1f ("H NMR and “C NMR, CDCl;,, 400 MHz and 101 MHz

respectively)

§.j
9601
860 |
00°CH
20°TH
g.N%
90T 1
BO.NJ
807+
60T
S.TV
91'C
81'C
61°C
61T
07T
17°¢C
we
S8y
L8V
L8V
687
0€'s
€S
€S
€e's
ws
A
9p'S
9%'S
0€'L
:L
€L
Nm_iﬁ
€L
veL
bl
s
9¢, |
8¢°L

Me

Cl

=80°¢

750°€
290°€

00°1

H\wo.ﬁ

7101

1.5 1.0 05 0.0

3.0 25 20

50 45 40 35

f1 (ppm)

7.0 65 6.0 55

9.0 85 8.0 75

9.5

eyl —
IL°0T~
18T~

96'6¢ —

9T'€9 —

8.5
1Lz
wm.wmé
ﬁ.wﬁ\
IS€€l

pe1v1 ]

Me
Cl

80 70 60 50 40 30 20 10

90

f1 (ppm)
S133

170 150 130 110

190



Compound 1g (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1h (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 1i (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound (S)-L5 (‘H NMR, “C NMR and *'P NMR, CDCL;, 400 MHz, 101

MHz and 162 MHz respectively)
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Compound 3 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 8 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 12 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 13 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 17 ("H NMR, “C NMR and F NMR, CDCl;, 400 MHz, 101 MHz

and 377 MHz respectively)
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Compound 18 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 19 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 20 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 22 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 23 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 27 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 28 ("H NMR, “C NMR and F NMR, CDCl;, 400 MHz, 101 MHz

and 377 MHz respectively)
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Compound 29 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 30 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 34 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)

760,
9601
L6°01
98'1
881 1
06'1 %
~m.:
€611
$6'11
L6T
LTT

67T
0€C

€T

vET

9¢'T

PP € ~
3.&
8¢

6T'L
6T'L
0€'L
0€'L
1€
L
T€LA
€L
€C°L
€€ LA
PEL
9¢'L 1
9€'L Y
8€°LA
6€'L
1L
L]
WL
e |
stL ]
0L
L
YL LA
SLLY
81°8

—

—

=£0'¢

01

1.0 05 0.0

1.5

f1 (ppm)

95 90 &85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

6¥'Cl —

99T —

€96 —

0L'911
P61
80°STI 1
85921 4
19°LT1
99°'L71
YLLTTA
78Tl
€L°8T1
91°621
1L°0€1
06°€€T
1S€l ]
£9°6¢1

=S

91'CLT —

80 70 60 50 40 30 20 10

150 130 110 90
f1 (ppm)

170

190

S175



Compound 35 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 39 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 40 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 41 (‘"H NMR and “C NMR, Acetone-ds, 400 MHz and 101 MHz

respectively)

L8°0
680
060
€L
SL'T
LLT
€1z
€1'T
€1'T
v
ST
91'C
91'C
86°¢
65°€
19°¢7
00°L
10°L 1
€0°L 1
1TL
€T
€TLA
YT LA
LTLA
8TL
6TL
6TLY
1€+
1€°L
8€°L

ow.&ﬁ
ov'L

08'L]
184
L
€8°L
66'L 1
00'8
008 1
20'8 |
208
9’8
858 1
69°6-

- = =80°¢

== 160'|
u 30°L

= =50'1

00T
001
00
0z
100
0z

oo

m ~o
2 -— FL80
O .
e -—= 80

O
4

3.0 2.0 1.0 0.0

10.0 9.0 8.0 7.0 6.0 5.0 4.0
f1 (ppm)

11.0

9911 —

68°9¢ —

1TSS —

L6'STT
0811 /
L69T1 /
8Ll /
€p'8TI =
75621 “
6€ €T

0€°0r1 m
SSTEpl

1€LST~
678517

LTTLT —

0

10

90 80 70 60 50 40 30 20

f1 (ppm)

190 170 150 130 110

210

S183



Compound 42 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 43 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 46 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 47 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz
respectively)
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Compound 51 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 52 (‘H NMR, “C NMR and “F NMR, CDCl;, 400 MHz, 101 MHz

and 376 MHz respectively)
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Compound 5 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 7 (‘H NMR and “C NMR, CDCl;, 400 MHz and 101 MHz

respectively)
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Compound 54 (‘"H NMR, CDCl;, 400 MHz)
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Compound 55

(‘H NMR and “C

NMR, CDCl;, 400 MHz and 101 MHz

respectively)
oot NO® o oy n
NN — g N - =
O~~~ O 00 OO [¥e) <t —
e —— | | |
OH
Bu Bu
NH
! I
) | | J
i T i it til
o n o =) IS
S < i~ 0
T T T T T v T s T T T — T T = T T T T T '\_‘ T T T
9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
f1 (ppm)
N — <+ Voo oA
ISR A~ — 0O 0 o
) O N e — o
n < AN N — — N < o
— —_— - — - <+ @
(. [ | (B
OH
Bu Bu
NH
|
I
I
I
I ! I
() ‘ i ' .
[90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

S201



Compound (L5)Ni(CO), B (‘"H NMR, “C NMR and *'P NMR, C¢Ds, 400 MHz,

126 MHz and 162 MHz respectively)
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