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General Information

Commercial reagents were purchased from Adamas-beta, Aladdin, Bidepharm, Energy Chemical
and TCI. All air-sensitive manipulations were carried out with standard Schlenk techniques under
argon. The progress of the reactions was monitored by TLC with silica gel plates, and the
visualization was carried out under UV light (254 nm and 365 nm). Melting points were determined
using a Biichi B-540 capillary melting point apparatus. Optical rotations were determined using a
Rudolph AUTOPOL® V polarimeter. HPLC analyses were performed on Agilent 1100 and Waters
€2695 with Daicel chiral columns. NMR spectra were recorded on Bruker Ascend TM (400 MHz
for 'H, 100 MHz for *C, 375 MHz for '°F, 162 MHz for 3'P) or Oxford Varian Me (400 MHz for
'H, 100 MHz for 1*C, 375 MHz for '°F, 162 MHz for 31P). Chemical shifts were reported in & (ppm)
referenced to the residual solvent peak of CDCl; (8 7.26), DMSO-ds (8 2.50) for 'H NMR and
CDCl; (8 77.1), DMSO-d;s (3 39.5) for '3C NMR. Multiplicity was indicated as follows: s (singlet),
d (doublet), t (triplet), q (quartet), m (multiplets), dd (double of doublet). Coupling constants were
reported in Hertz (Hz). HRMS spectra were recorded on an electrospray ionization quadrupole time-
of-flight (ESI-Q-TOF) mass spectrometer. Cyclic voltammetry experiments were carried out in an
equipment of CHI600E. CV curves were recorded using a three-electrode scheme. The working
electrode was a glassy carbon electrode, a platinum electrode served as counter electrode. Ag/AgCl
(KCI sat’d) was used as the reference electrode. The working electrode was polished before

recording each CV curve.
General Procedure for the Synthesis of Substrates and Ligands
Synthesis of Substituted Aryl Phosphinamides 1a-1k

1a-1k were synthesized according to previously published works.! The procedure was showed as

following:
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Step 1: I, (0.05 g, 0.2 mmol) was added to a stirred extra dry THF (20 mL) solution containing
magnesium turnings (0.50 g, 20 mmol) under nitrogen protection. Then, a fraction of aryl bromide
(10.0 mmol) in THF (extra dry, 5 mL) was added slowly to the mixture and heated to initiate the
reaction. When the color of I, faded, the remainder of aryl bromide (10 mmol) was added dropwise
over the course of 20 min at room temperature. After 4 h, diethyl phosphate (0.8 ml, 6 mmol) in
THF (2 mL) was added slowly into the reaction mixture at 0 °C, then stirred at 80 °C for 4 h. After
the reaction was completed, the reaction mixture was cooled to 0°C, acidifying the reaction mixture
to pH = 1 by diluted HCI (4 N). The solution was evaporated under reduced pressure and the residue
was extracted with 20 mL EtOAc three times. The organic layer was dried over anhydrous Na,SO4

and concentrated in vacuo to give crude product.
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Step 2: Hydrogen peroxide (30%, 5.0 mL) was added dropwise to a suspension of crude product
in aqueous NaOH (5 N, 4 mL) at 0 °C, and the mixture was stirred for 3 h at 100 °C. After the
solution was cooled to room temperature, 20 mL water was added to the mixture and extracted with
20 mL EtOAc. The aqueous phase was separated and hydrochloric acid (4 N) was added dropwise
to aqueous phase at 0 °C until no white solid was precipitated out. The white solid was filtered out
and dry in the oven as crude phosphonic.

Step 3: A suspension of phosphonic acid and thionyl chloride in toluene (10 mL) was stirred at
80 °C for 3 h. After removal of thionyl chloride and toluene under reduced pressure, the residue was
re-dissolved in toluene (5 mL), which was added to a mixture of 8-aminoquinoline (5 mmol), N, N-
dimethyl-4-aminopyridine (0.2 mmol), and triethylamine (6 mmol) in toluene (5 mL) at 0 °C under
N>. Then, the solution was stirred at 110 °C for 24 h. After removal of the volatiles under reduced
pressure, the residue was dissolved in DCM (20 mL) and washed with saturated ammonium chloride
(25 mL x 2). Combined organic phase was dried over anhydrous Na,SO4 and concentrated in vacuo.
Then the mixture was subjected to column chromatography on silica gel to give the desired product.

Synthesis of Rac-1I

(FEI step 1 gMe step 2 ?PI
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toulene, 0 to 100 °C

rac-1l

Step 1:Under an atmosphere of nitrogen dichlorophenylphosphine (5.9 g, 33 mmol, 1.0 eq.) was
added to a solution of anhydrous pyridine (5.5 g, 69.5 mmol, 2.1 eq.) in hexane (30 mL). The white
suspension was cooled in an ice bath. A solution of anhydrous methanol (2.1 g, 66.0 mmol, 2.0
equiv.) in hexane (10 mL) was added drop-wise over 2 h, the ice bath was maintained at 0 °C
throughout. After complete addition the white suspension was removed from the ice bath and
allowed to warm to room temperature. Stirring was continued for a further hour. The suspension
was then filtered through a sintered glass funnel under a stream of nitrogen to remove the pyridine
hydrochloride salt precipitate. The filtrate was concentrated on the rotary evaporator to yield the
title compound as a grainy yellow liquid that was not further purified (4.0 g, 70%).

Step 2:A small amount of the crude phosphonite (2.0 g) was charged into a 15 mL pressure tube
and mixed with a few drops of methyl iodide. The reaction mixture was carefully warmed under a
nitrogen blanket until a vigorous exothermic reaction began (caution: danger of dramatic pressure
increase). The resulting orange solution was then stirred 3h at 70 °C. Purification by column
chromatography on silica gel afforded the corresponding product (£)-methyl
methylphenylphosphinate as a clear yellow oil (1.6 g, 80%).

Step 3: (£)-Methyl methylphenylphosphinate was charged into a 25 mL 2-necked round bottom
flask. A solution of NaOH (4 N) in MeOH was added under ice bath then stirred 2h and maintained
at 0 °C. Methanol removed in vacuo, hydrochloric acid (conc.) was added dropwise until no white

solid was precipitated out. Filter the white solid obtained corresponding product
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methylphenylphosphinic acid (1.4 g, 90%).
Rac-1l was synthesized from methylphenylphosphinic acid according to the step 3 of 1a-1k.
Synthesis of Terminal Alkynes containing Drug Fragments (2aq, 2ar)

=-si< (1.2 equiv.)

~ TMS .
Br Pd(PPha),Cl, (3 mol%) S KiCOs N
s
-R Cul (6 mol%), i-Pr,NH O O R MeOH O O
| ’ 2! - /R
c ° Ny, 50 °C cl 0 Cl 0

Step 1: Charging 2 mmol of bromobenzene, 0.06 mmol of Pd(PPh;3),Cl, (42 mg, 0.03 eq.), 0.12
mmol of Cul (23 mg, 0.06 eq.), 2.4 mmol of trimethylsilylacetylene (236 mg, 1.2 eq.) and 10 mL of
diisopropyamine as solvent into a 100 mL flask with three necks equipped with a stir bar under
argon atmosphere. Placing the reaction mixture into a pre heated to 50 °C oil bath for 12 h and then
monitoring the reaction by (TLC). Evaporating solvent under decompression at the end of the
reaction. Diluting the reaction mixture with 30 mL of EtOAc. Filtering the reaction mixture through
thin pad of Celite and then washing the filtrate with water (3x5 mL) and concentrate to obtain crude
products.

Step 2: Adding 4.0 mmol (552 mg, 2.0 eq.) of anhydrous K>COj3 to a solution of 2.0 mmol of 1-
aryl-2-trimethylsilylacetylene in 5 mL of dry MeOH. Stir the reaction mixture for 12 h at room
temperature. Removing the solvent under reduced pressure. Purifying the residue by column
chromatography on silica gel (eluent HE to HE/EtOAc = 60:1 v/v) to afford 2aq, 2ar.

1-Chloro-2-(4-ethoxybenzyl)-4-ethynvlbenzene (2aq)

[] The title compound was purified by column chromatography on silica gel
(cluent HE) as yellow oil liquid (181.6 mg, 67% yield). '"H NMR (400

c o MHz, CDCl;3) § 7.34 — 7.32 (m, 1H), 7.30 — 7.28 (m, 2H), 7.11 (dt, J =
8.4, 2.4 Hz, 2H), 6.86 (dt, J = 8.4, 2.4 Hz, 2H), 4.05 — 4.00 (m, 4H), 3.08 (s, 1H), 1.42 (t, /= 6.8
Hz, 3H).3C NMR (100 MHz, CDCl3) 8 157.6, 139.6, 135.0, 134.4, 131.2, 130.7, 130.0, 129.6,
120.9, 114.6, 82.8, 78.0, 63.4, 38.2, 14.9. HRMS (ESI) calculated for Ci7HcC1O [M + H]":
271.0884, found: 271.0876.

(5)-3-(4-(2-Chloro-5-ethynylbenzyl)phenoxy)tetrahydrofuran (2ar)

[ The title compound was purified by column chromatography on silica
«CO gel (eluent HE) as yellow oil liquid (237.2 mg, 76% yield). "H NMR
cl o (400 MHz, CDCl3) 6 7.35 — 7.33 (m, 1H), 7.31 — 7.28 (m, 2H), 7.12
(dt, J= 8.8, 2.4 Hz, 2H), 6.82 (d, J = 8.8, 2.4 Hz, 2H), 4.93 — 4.90 (m, 1H), 4.04 — 4.01 (m, 3H),
4.00 — 3.97 (m, 2H), 3.94 — 3.89 (m, 1H), 3.10 (s, 1H), 2.23 — 2.16 (m, 2H). 3C NMR (100 MHz,
CDCl3) 6 156.1,139.4,134.9, 134.4,131.2,130.1, 129.6, 120.9, 115.5, 115.5, 82.7, 78.0, 77.3, 73.2,
67.2,38.1, 33.0. HRMS (ESI) calculated for C19H13C1O0, [M + HJ": 313.0990, found: 313.0986.

Synthesis of Terminal Alkyne Derived from Drugs containing Carboxylic Acid (2au, 2aw-2ay)

EDCI (1.3 eq.),
R\n/OH @ HOBT (1.2eq.)  — H R
+  HoN = = < >
0 A\ NMM (2.0 eq.) hig
11 eq. DMF, 0 °C~r.t. %

2aw-2ay
To a solution of carboxylic acid (2.2 mmol, 1.1 eq.), 4-ethynylaniline (2.0 mmol, 234 mg, 1.0
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eq.), 1-hydroxybenzotriazole (HOBT, 2.4 mmol, 324 mg, 1.2 eq.) and 4-methylmorpholine (NMM,
4.0 mmol, 404 mg, 2.0 eq.), 5 mL DMF were added. The reaction mixture was stirred at 0 °C for 5
minutes under N, atmosphere before EDCI (2.6 mmol, 498 mg, 1.3 eq.) was added. Then, the
reaction mixture was stirred at 0 °C for 30 minutes until the system turned into orange clarification
state. The reaction mixture was stirred at room temperature for 6 h. The reaction progress was
monitored by TLC. After the starting material carboxylic acid was consumed, the reaction mixture
was quenched with saturated NaHCO3 solution (30 mL) and extracted with EtOAc for 2-3 times.
The combined organic phases were washed with dilute HCI (2 N, 10 mL % 3) and brine (10 mL x
3), respectively. And then, the organic phase was dried over anhydrous Na;SO4. The filtrate was
concentrated in vacuo and the residue was purified by flash column chromatography (HE/EtOAc =
10:1 to 2:1 v/v) to afford 2au, 2aw-2ay.

4-(N,N-dipropylsulfamoyl)-N-(4-ethynylphenyl)benzamide (2au)

The title compound was purified by column chromatography on silica
o HN—@—: . .

o=§—©—§ gel (HE/EtOAc = 2:1 v/v) as a light-yellow solid (637.7 mg, 83%

)/Nj\ ° yield). M.p.: 120 - 121 °C. 'H NMR (400 MHz, CDCls) 5 8.98 (s,

1H), 7.89 — 7.85 (m, 2H), 7.72 — 7.68 (m, 2H), 7.62 (q, J = 7.6 Hz,

2H), 7.48 — 7.41 (m, 2H), 3.07 — 3.00 (m, 5H), 1.54 — 1.46 (m, 4H), 0.87 — 0.80 (m, 6H). 13C NMR

(100 MHz, CDCl3) 6 165.0, 142.5, 138.7, 138.5, 132.9, 128.2, 127.1, 120.0, 118.2, 83.4, 77.1, 50.0,
21.9, 11.1. HRMS (ESI) calculated for C;H25N203S [M +H]": 385.1580, found: 385.1567.

1-(4-Chlorobenzoyl)-N-(4-ethynylphenyl)-5-methoxy-2-methyl-1H-indole-3-carboxamide
(2aw)

Cl The title compound was purified by column chromatography on
: %;o
N
/

silica gel (HE/EtOAc = 3:1 v/v) as a light-yellow solid (709.1 mg,

81% yield). M.p.: 181 - 182 °C. 'H NMR (400 MHz, CDCl3)  7.66

(dt, J = 8.8 Hz, 2.4 Hz, 2H), 7.48 (dt, J = 8.8, 2.4 Hz, 2H), 7.41 —

© H@\\ 7.35 (m, 5H), 6.93 (d, J= 2.4 Hz, 1H), 6.87 (d, J=9.2Hz, 1H), 6.71

- (dd,J=8.8,2.4 Hz, 1H), 3.80 (d, /J=2.0 Hz, 5H), 3.03 (s, |H), 2.44

(s,3H).3C NMR (100 MHz, CDCl3) 5 168.4, 168.3, 156.5, 139.8, 137.9, 136.8, 133.5, 132.9, 131.3,

131.0, 130.1, 129.3, 119.6, 118.1, 115.3, 112.5, 112.1, 100.8, 83.2, 77.0, 55.8, 33.4, 13.3. HRMS
(ESI) calculated for C27H2,CIN,O3 [M + H]*: 457.1313, found: 457.13009.

~N

(S)-N-(4-Ethynylphenyl)-2-(6-methoxynaphthalen-2-yl)propenamide (2ax)

ER The title compound was purified by column chromatography on
N\©\ silica gel (HE/EtOAc = 4:1 v/v) as a light-yellow solid (493.7 mg,
~o © X 83% yield). M.p.: 169 - 170 °C. 'H NMR (400 MHz, CDCl3)
7.72 (dd, J=15.2, 8.4 Hz, 3H), 7.42 — 7.35 (m, 6H), 7.18 (dd, /= 9.2, 2.8 Hz, 1H), 7.13 (d, /=2.8
Hz, 1H), 3.92 (s, 3H), 3.83 (q, J = 7.2 Hz, 1H), 3.02 (s, 1H), 1.65 (d, J = 7.2 Hz, 3H). 3C NMR
(100 MHz, CDCl) 6 172.6, 158.0, 138.4, 135.7, 134.0, 132.8, 129.3, 129.1, 127.9, 126.4, 126.0,
119.4,119.3, 117.6, 105.8, 83.4, 76.8, 55.4, 48.1, 18.5. HRMS (ESI) calculated for [C22H20NO,]*:
330.1489, found: 330.1478.

N-(4-ethynylphenyl)-2-(4-isobutylphenyl)propenamide (2ay)
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The title compound was purified by column chromatography on

AN silica gel (He/EtOAc = 5:1 v/v) as yellow liquid (470.0 mg, 77%
\© 0 yield). !H NMR (400 MHz, CDCl3) § 7.46 — 7.39 (m, 5H), 7.27 (d,
N J=17.6 Hz, 2H), 7.17 (d, J= 7.6 Hz, 2H), 3.72 (q, J= 7.2 Hz, 1H),

3.05 (s, 1H), 2.49 (d, J= 7.2 Hz, 2H), 1.94 — 1.84 (m, 1H), 1.59 (d,

J=7.2Hz,3H),0.94 (d, J= 6.4 Hz, 6H). 3C NMR (100 MHz, CDCl3) § 172.9, 141.2, 138.4, 137.8,

132.8,129.9, 127.4, 119.3, 117.6, 83.4, 76.8, 47.7, 45.0, 30.2, 22.4, 18.5. HRMS (ESI) calculated
for C21H24NO [M + H]™: 306.1852, found: 306.1847.

Synthesis of Terminal Alkyne 2av

N OH 1) CICOCOCI (1.5 eq.), H
y N_@ DMF, DCM, 0 °C~r.t. — N\n></\/0
+ —
0 NN/ o]
2av

2) Et3N
(1.5 eq.),

1.1eq.
a DCM

Step 1: Adding oxalyl chloride (0.254 mL, 3.0 mmol, 1.5 eq.) and a portion of DMF to a solution
of gemfibrozil (550 mg, 2.2 mmol, 1.1 eq.) in DCM (5 mL) was stirred at 0 °C for 1 h. Next, the
stirring system was continued to react at room temperature for 3 h. After the starting material
carboxylic acid was consumed, the leftover oxalyl chloride and solvent were removed in vacuo.

Step 2: A solution of acyl chloride in DCM (5 mL) was injected into a solution of 4-ethynylaniline
(2.0 mmol, 234 mg, 1.0 eq.) in DCM (5 mL) at room temperature for 14 h. The reaction progress
was monitored by TLC. After the starting material 4-ethynylaniline was consumed, the reaction
mixture was quenched with saturated NaHCOj3 solution (10 ml) and extracted with EtOAc for 2—3
times. The combined organic phases were washed with brine (10 mIx3). Then, the organic phase
was dried over anhydrous Na,SOs. The filtrate was concentrated in vacuo and the residue was
purified by flash column chromatography (HE/EtOAc = 6:1 v/v) to afford 2av as a light-yellow
solid.

5-(2,5-dimethylphenoxy)-N-(4-ethynylphenyl)-2.2-dimethylpentanamide (2av)

y The title compound was purified by column chromatography on

O\/\xr"‘ silica gel (HE/EtOAc = 10:1 v/v) as a light-yellow solid (460.9 mg,

E>/ © \©\\\ 66% yield). m.p.: 135 - 136 °C.'H NMR (400 MHz, CDCl3) 4 7.50

(d, J= 8.6 Hz, 3H), 7.44 (d, J = 8.6 Hz, 3H), 7.01 (d, J = 7.6 Hz,

1H), 6.68 (d, /= 7.6 Hz, 1H), 6.62 (s, 1H), 3.95 (t, /= 3.0 Hz, 2H), 3.06 (s, 1H), 2.31 (s, 3H), 2.19

(s, 3H), 1.82 (t, J = 2.8 Hz, 4H), 1.34 (s, 6H). 3C NMR (100 MHz, CDCl3) 6 175.8, 156.9, 138 4,

136.6, 132.9, 130.4, 123.5,121.0, 119.8, 117.7, 112.3, 83.4, 76.8, 67.9, 43.0, 37.7, 25.6, 25.2, 21 .4,
15.8. HRMS (ESI) calculated for C23H2sNO, [M +H]*: 350.2115, found: 350.2111.

Synthesis of L1-L5"

BN X
(0 H,N ZnCl, R'—
R _ . 2 \:/\OH - ! — o
CN R? Toluene, reflux |
OH ’ OH N—/
Q2
L1-L5

Ligands L1-L5 were synthesized according reference 1d: ZnCl, (1.14 g, 8.5 mmol, 0.1 eq) was
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added to a 250 mL round-bottomed flask, toluene (150 mL) was added to the flask under N». L-
amino alcohol (126 mmol, 1.5 eq) was added, followed by 2-hydroxybenzonitrile (84.0 mmol, 1.0
eq). The solution was heated at reflux (oil bath 130 °C) under N, and maintained at this temperature
for 10 h. The reaction progress was monitored by TLC. After the starting material 2-
hydroxybenzonitrile was consumed, toluene was removed under reduced pressure. The crude
residue was purified by flash column chromatography on silica gel (HE/EtOAc/DCM = 15:1:1 v/v/v)
to afford the chiral ligand.

General Procedure for the Racemic C-H Annulation'?

R' o o
Co(OAC),+4H,0 (10 mol %) 7

A
P22 (rac)-L1 (20 mol %) N
H + RZ — R3 R
Y Mn(OAc),e4H,0 (1.0 eq.), NaOPiv (2.0 eq.) Z R
£BUOH, 70 °C, 48 h, air I8
1 2 rac-3 /4,5 and 6

Phosphinic amide 1a (0.1 mmol), alkyne 2a (0.15 mmol), Co(OAc), 4H20 (10 mol%), (rac)-L1
(20 mol%), Mn(OAc), 4H20 (0.1 mmol), NaOPiv (0.2 mmol) and t-BuOH (4 mL) were added to
an oven dried vial equipped with stirring bars. Then, the vial was instantly placed in a heating block
set at 50 °C under air for 48 h. After the reaction was completed, the reaction mixture was cooled
to room temperature, quenched by saturated aqueous Na,COs, and extracted with EtOAc. The
organic layer was dried over anhydrous Na»SO4 and concentrated in vacuo. Then the mixture was
subjected to column chromatography on silica gel to give the desired product.

General Procedure for the Electrochemically Enantioselective C-H Annulation

;
GF Pt R
R! o : 10

" Co(OAc),*4H,0 (10 mol %)

A S
P\N/ Q L1 (20 mol %) » N
H + RZ—RS® >
H NaOPiv (2.0 equiv), H,O/'BUOH = 1:3 F R3

3mA,70°C,6h

1 2 3,4,5and 6

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1 (0.2 mmol, 1.0 eq.),
alkyne 2 or 4 (0.30 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol%), (S)-L1 (20 mol%), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NaxCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na;SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on

silica gel to give the desired product 3, 4, 5 and 6.

The racemic product was synthesized according to the following procedure:'¢
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R! o 0
\ Co(OAC),+4H,0 (10 mol %) 7

A
P22 (rac)-L1 (20 mol %) N
H + RZ—R3 >
Y Mn(OAc),4H,0 (1.0 eq.), NaOPiv (2.0 eq.) Z R
£BUOH, 70 °C, 48 h, air I8
1 2 rac-3 /4,5 and 6

Phosphinic amide 1a (0.1 mmol), alkyne 2a (0.15 mmol), Co(OAc), 4H,0 (10 mol%), (rac)-L1
(20 mol%), Mn(OAc). 4H20 (0.1 mmol), NaOPiv (0.2 mmol) and t-BuOH (4 mL) were added to
an oven dried vial equipped with stirring bars. Then, the vial was instantly placed in a heating block
set at 70 °C under air for 48 h. After the reaction was completed, the reaction mixture was cooled
to room temperature, quenched by saturated aqueous Na;COs, and extracted with EtOAc. The
organic layer was dried over anhydrous Na>SO4 and concentrated in vacuo. Then the mixture was
subjected to column chromatography on silica gel to give the racemic product.

Synthetic Procedure and Characterization of 3a

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2a (0.3 mmol, 1.5 eq.), Co(OAc),*4H>0 (10 mol %), (S)-L.1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous Na>COs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na;SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3a (93.6 mg) in 90% yield as a light-
yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(8)-1,3,4-Triphenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphininel-oxide (3a)

[c = 1.0, CHCIl3, >99% ee (S)]. The ee was determined by Daicel Chiralcel IC,
Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (major) = 18.961 min, t (minor) =
24.482 min. '"H NMR (400 MHz, CDCl3) 6 8.82 (dd, J=4.4, 1.6 Hz, 1H), 8.08 (d,
J=17.6 Hz, 1H), 7.78 — 7.70 (m, 3H), 7.48 (dd, J = 14.0, 7.6 Hz, 1H), 7.41 (t, J =
7.6 Hz, 1H), 7.28 — 7.14 (m, 9H), 7.12 — 7.01 (m, 2H), 6.99 — 6.95 (m, 4H), 6.56 —
6.53 (m, 3H); 3C NMR (100 MHz, CDCl3) § 149.3, 144.5 (d, Jcp = 3.5 Hz), 142.6, 139.3 (d, Jcp
=3.6 Hz), 138.8 (d, Jcp = 0.9 Hz), 137.7 (d, Jcr = 2.4 Hz), 136.7 (d, Jcr = 3.9 Hz), 135.5, 133.5 (d,
Jep=10.4 Hz), 132.5,131.7 (d, Jer =2.9 Hz), 131.5 (d, Jop = 3.4 Hz), 131.4 (d, Jcr = 2.9 Hz), 131.0,
131.0, 130.7 (d, Jcr = 98.9 Hz), 128.2, 127.7,127.4, 127.1, 127.0, 126.4, 126.3, 125.8, 125.7 (d, Jcp
=14.5Hz), 125.4, 123.9 (d, Jcp = 128.1 Hz), 121.0, 117.9 (d, Jcp = 7.4 Hz); 3'P NMR (162 MHz,
CDCl) 6 16.23; HRMS (ESI) calculated for C3sHasN.OP [M+ H]*": 521.1777, found: 521.1776.

AN M.p.: 135-136 °C, [a]p*° = +305.4 (c = 1.0, CHCl3), >99% ee, lit'¢: [a]p?* = +269.2
Q 0
N

e

S7



Auto-Scaled Chromatogram Auto-Scaled Chromatogram

1B T26=—
&

1806 —

5

z Yo Z—=
%
24.076

3000

=3
2
g
8
8

Synthetic Procedure and Characterization of 3b

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2b (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3b (94.3 mg) in 86% yield as a light-
yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(S)-1-Phenyl-2-(quinolin-8-yl)-3,4-di-p-tolyl-2 H-benzo|c][1,2]azaphosphinine 1-oxide (3b)

M.p.: 134 -135 °C, [a]p?® = +285.8 (c = 1.0, CHCl3), >99% ee, lit'd: [a]p?® =
+243.9 [c=0.5, CHCl3,>99% ee (S)]. The ee was determined by Daicel Chiralcel
IC, Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (major) = 16.912 min, t
(minor) = 24.671 min. 'HNMR (400 MHz, CDCls) § 8.80 (dd, J=4.0, 1.6 Hz,
1H), 8.02 (d, J = 7.6 Hz, 1H), 7.81 — 7.66 (m, 3H), 7.49 — 7.43 (m, 1H), 7.39 (t,
J=7.6 Hz, 1H), 7.25 — 7.04 (m, 8H), 7.02 — 6.92 (m, 4H), 6.85 (d, J = 8.0 Hz,
2H), 6.34 (d, J = 8.0 Hz, 2H), 2.23 (s, 3H), 1.81 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 149.3,
144.4 (d, Jcp = 3.6 Hz), 142.6, 139.3 (d, Jcp = 3.6 Hz), 138.7 (d, Jcr = 1.4 Hz), 137.6 (d, Jcp = 2.3
Hz), 136.6 (d, Jcp = 3.9 Hz), 135.5, 133.4 (d, Jcp = 10.5 Hz), 132.4, 131.6 (d, Jcp = 2.9 Hz), 131.4
(d, Jer = 2.9 Hz), 131.4 (d, Jcr = 1.6 Hz), 131.0, 131.0, 130.2 (d, Jcp = 124.8 Hz), 128.2, 127.7,
127.4,127.0 (d, Jcp = 13.6 Hz), 126.5, 126.4, 126.3, 125.8, 125.7 (d, Jcp = 14.6 Hz), 125.4, 123.7
(d, Jer=129.3 Hz), 121.0, 117.7 (d, Jep = 7.3 Hz), 21.2, 20.9; 3'P NMR (162 MHz, CDCl3) 6 16.37;
HRMS (ESI) calculated for C37H3oN2OP [M + H]*: 549.2090, found: 549.2091.
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Synthetic Procedure and Characterization of 3c

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2¢ (0.3 mmol, 1.5 eq.), Co(OAc),*4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3¢ (91.7 mg) in 79% yield as a light-
yellow foam with >99% ee. Product exists as a 14:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Bis(4-methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c]|1,2]azaphos-phinine 1-
oxide (3¢)

M.p.: 135 -136 °C, [a]p? = +287.0 (¢ = 1.0, CHCls), >99% ee, lit'¢: [a]p?’ =
+229.9 [c = 0.5, CHCl3, >99% ee (S)]. The ee was determined by Daicel
Chiralcel 1A, Hexanes/IPA =70/30, 1.0 mL/min, A =220 nm, t (major) = 15.897
min, t (minor) = 24.121 min. 'H NMR (400 MHz, CDCl;) 6 8.80 (dd, J = 4.0,
1.6 Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.83 — 7.69 (m, 3H), 7.52 — 7.36 (m, 2H),

OMe 7.25(s, 1H), 7.22—7.13 (m, 6H), 7.11 — 7.04 (m, 1H), 6.99 - 6.93 (m, 2H), 6.88
(d, J=8.8 Hz, 2H), 6.73 (d, J = 8.0 Hz, 2H), 6.09 (d, J = 8.4 Hz,2H), 3.70 (s, 3H), 3.37 (s, 3H); 13C
NMR (100 MHz, CDCl3) 6 157.9, 157.6, 149.2, 144.5 (d, J = 3.5 Hz), 142.6, 139.8 (d, J = 4.5 Hz),
137.9 (d, J = 2.4 Hz), 135.5, 133.4, 133.3, 133.2 (d, J = 127.2 Hz), 132.2, 131.4 (d, J = 3.0 Hz),
131.4 (d, J = 2.8 Hz), 131.3 (d, J = 2.2 Hz), 131.2 (d, J = 1.3 Hz), 130.8 (d, J = 12.6 Hz), 129.5 (d,
J=4.0Hz), 128.2,127.3, 127.0, 126.9, 126.4 (d, J = 9.0 Hz), 125.4, 123.8 (d, J = 128.9 Hz), 121.0,
117.5(d,J=7.2 Hz), 113.3,111.4,55.1, 54.6; 3P NMR (162 MHz, CDCl3) 5 16.54; HRMS (ESI)
calculated for C37H3oN,O3P [M + HJ": 581.1989, found: 581.1988.
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Synthetic Procedure and Characterization of 3d

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2d (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3d (98.06 mg) in 86% yield as a light-
yellow foam with 98% ee. Product exists as a 22:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-4.4'-(1-oxido-1-phenyl-2-(quinolin-8-y1)-2 H-benzo|c]|1.2]azaphosphinine-3.4-
diyDdibenzonitrile (3d)

N M.p.: 130 - 132 °C, [a]p?® = +369.2 (c = 1.0, CHCIs), 98% ee, lit'd: [a]p?® =
@ % +343.9 [c = 0.5, CHCl3, 98% ee (S)]. The ee was determined by Daicel Chiralcel
! IA, Hexanes/IPA = 70/30, 1.0 mL/min, A = 220 nm, t (minor) =14.967 min, t
(major) = 22.153 min. "H NMR (400 MHz, CDCl3) 5 8.82 (d, J = 4.4 Hz, 1H),
8.08 (d, J=7.2 Hz, 1H), 7.80 (d, J=8.0 Hz, 1H), 7.70 (dd, J = 12.8, 7.2 Hz, 2H),
7.58 — 7.42 (m, 4H), 7.38 — 7.30 (m, 3H), 7.26 — 7.17 (m, 2H), 7.15 — 7.05 (m,
4H), 7.03 -6.97 (m, 2H), 6.90 (d, J = 8.0 Hz, 2H); 3C NMR (100 MHz, CDCl3) 5 149.7, 143.9 (d,
Jep = 2.9 Hz), 143.4, 141.1, 140.8 (d, Jcp= 3.0 Hz), 137.6 (d, Jcp = 4.0 HZz), 136.7(d, Jcp = 2.9 HZ),
135.9, 133.5, 133.4, 133.2, 132.1, 132.0, 131.5, 131.4, 131.3, 130.1, 128.4, 128.2, 127.3 (d, Jcp =
13.2 Hz), 126.8 (d, Jcp = 14.3 Hz), 126.0 (d, Jcp = 8.8 Hz), 125.6, 121.5, 118.6, 118.2, 116.8 (d, Jcp
= 6.9 Hz), 111.0, 110.8; 3'P NMR (162 MHz, CDCl;) 5 16.45; HRMS (ESI) calculated for
C37H24N4OP [M + H]™: 571.1982, found: 571.1984.
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Synthetic Procedure and Characterization of 3e

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2e (0.3 mmol, 1.5 eq.), Co(OAc)>*4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3e (108.9 mg) in 83% yield as a yellow
oil with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown.

(.5)-1-Phenyl-2-(quinolin-8-y1)-3.4-bis(4-(trifluoromethyl)phenvl)-2 H-benzo|c]|1.2]
azaphosphinine 1-oxide (3¢)

[a]p?® = +79.9 (¢ = 1.0, CHCI3), >99% ee. The ee was determined by Daicel
Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 220 nm, t (major) = 5.163
min, t (minor) = 6.745 min. 'H NMR (400 MHz, CDCl;) § 8.86 (dd, J = 4.0,
1.6 Hz, 1H), 8.31 (d, J = 7.6 Hz, 1H), 8.03 (dd, J = 8.4, 2.0 Hz, 1H), 7.91 - 7.81
(m, 2H), 7.76 (d, J= 7.6 Hz, 4H), 7.69 (dd, J = 8.4, 1.6 Hz, 1H), 7.49 — 7.45 (m,
4H), 7.30 (dd, J = 8.0, 4.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 3H), 7.13 - 7.03 (m, 3H),
6.17 (d, J = 8.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) 6 150.1, 145.2 (d, J = 3.7 Hz), 142.8, 137.6
(d, J=1.6 Hz), 137.5 (d, J =4.2 Hz), 135.8, 133.7, 133.6, 132.5, 132.0 (d, J = 2.8 Hz), 131.7 (d, J
=2.6 Hz), 131.3 (d, J =12.4 Hz), 131.0 (d, J = 2.9 Hz), 130.8 (d, J = 185.6 Hz), 130.8, 130.1 (d, J
=4.7 Hz), 129.8 (d, J = 4.3 Hz), 128.6, 128.1, 127.5, 127.3, 127.0 (d, J = 14.5 Hz), 126.4 (d, J =
8.9 Hz), 126.1, 125.8 (d, J = 14.7 Hz), 125.5, 125.4 — 125.1 (m), 125.0 — 124.8 (m), 124.6 (d, J =
157.2 Hz), 123.2 - 123.1 (m), 121.4.2°F NMR (376 MHz, CDCl;) § -62.45, -63.09; 3'P NMR (162
MHz, CDCl3) & 15.50; HRMS (ESI) calculated for C37H24F¢N>OP [M + H]*: 657.1530, found:
657.1533.
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Synthetic Procedure and Characterization of 3f

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2f (0.3 mmol, 1.5 eq.), Co(OAc),+4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3f (97.3 mg) in 72% yield as a light-
yellow foam with 99% ee. Product exists as a 17:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Bis(4-bromophenyl)-1-phenyl-2-(quinolin-8-y)-2 H-benzo|c]|1.2]azaphos-phinine 1-
oxide (3f)

M.p.: 165 -171 °C, [a]p?® =+264.3 (c = 1.0, CHCl3), 99% ee, lit'¢: [a]p? = +258.7
[c = 1.0, CHCI3, 98% ee (S)]. The ee was determined by Daicel Chiralcel IA,
Hexanes/IPA = 70/30, 1.0 mL/min, A = 220 nm, t (minor) = 7.687 min, t (major)
=9.377 min. '"H NMR (400 MHz, CDCl;) 5 8.80 (dd, J = 4.0, 1.6 Hz, 1H), 8.04
(d,J=7.2Hz, 1H), 7.85-7.65 (m, 3H), 7.53—-7.39 (m, 2H), 7.36 — 7.30 (m, 3H),
7.28 —7.22 (m, 2H), 7.20 — 7.07 (m, 6H), 6.95 (td, J = 7.6, 3.6 Hz, 2H), 6.85 (d,
J =8.0 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H); 3C NMR (100 MHz, CDCl;) & 149.4, 144.2 (d, Jcp =
3.4 Hz), 141.5, 138.6 (d, Jcp = 4.4 Hz), 137.4, 137.2 (d, Jcp = 2.4 HZz), 135.7, 135.4 (d, Jcp = 3.9
Hz), 134.0, 133.3 (d, Jcp = 10.6 Hz), 132.4, 131.6 (d, Jcp = 2.9 HZ), 131.5 (d, Jcp = 2.5 HZz), 131.3
(d, Jcp = 2.8 Hz), 131.2, 131.0 (d, Jcp = 12.7 Hz), 130.3(d, Jcp = 136.8 Hz), 129.3, 128.2, 127.8,
127.0 (d, Jcr = 13.6 Hz), 126.3 (d, Jcp = 26.4 Hz), 126.2 (d, Jcp = 3.2 Hz), 125.5, 123.9 (d, Jcp =
128.7 Hz), 121.2, 121.0, 120.8, 116.8 (d, Jcp = 7.3 Hz); 3'P NMR (162 MHz, CDCl3) § 16.39;
HRMS (ESI) calculated forC3;sH24BraN>OP [M + H]*: 676.9988, found:676. 9992.
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Synthetic Procedure and Characterization of 3g

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2g (0.3 mmol, 1.5 eq.), Co(OAc)224H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3g (95.6 mg) in 85% yield as a light-
yellow foam with >99% ee. Product exists as a 14:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Bis(4-fluorophenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c]l1,2]azaphos-phinine  1-
oxide (3g)

| M.p.: 125 - 126 °C, [a]p® = +90.33 (c = 1.2, CHCl3), >99% ee. The ee was
N
Q%
PN

X
determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 210
nm, t (major) = 10.762 min, t (minor) = 12.285 min. '"H NMR (400 MHz, CDCls)
4 O 68.84 (dd,J=4.4,1.6 Hz, 1H), 8.30 (d, J = 7.2 Hz, 1H), 7.99 (dd, J = 8.4, 1.6 Hz,
F 2H),7.84(dd, J=12.8, 7.6 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.47 — 7.27 (m, 4H),
E 7.33-7.22 (m, 2H), 7.18 — 7.13 (m, 4H), 7.06 — 7.03 (m, 2H), 6.62 (t, J = 8.8 Hz,
2H), 6.15 - 6.11 (m, 2H).]3C NMR (100 MHz, CDCl3) 6 163.5 (d, J = 1.8 Hz), 161.1 (d, J = 5.8
Hz), 150.0, 145.2, 138.2 (d, J = 2.3 Hz), 137.8, 135.6, 134.7 (d, J = 3.3 Hz), 133.6 (d, J = 9.9 Hz),
1325, 132.4, 132.2 (d, J = 27.8 Hz), 131.8, 131.4, 131.07 (d, J = 12.1 Hz), 130.9, 130.6 (d, J =
139.1 Hz), 128.5, 127.9, 127.3 (d, J = 13.5 Hz), 126.7 (d, J = 32.3 Hz), 126.4 (d, J = 8.6 Hz), 126.0,
125.6 (d, J = 128.5 Hz), 122.4 (d, J = 6.0 Hz), 121.2, 118.0 (d, J = 3.5 Hz), 115.14 (dd, J = 22.2,
7.9 Hz); F NMR (376 MHz, CDCl3) & 110.23, 114.70; 3'P NMR (162 MHz, CDCl3) & 15.42;
HRMS (ESI) calculated forCssH24F2N,OP [M + H]"™: 557.1594, found: 521.1595.
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Synthetic Procedure and Characterization of 3h

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2h (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3h (100.9 mg) in 87% yield as a light-
yellow foam with >99% ee. Product exists as a 14:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Bis(3-methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c][1,2]azaphos-phinine 1-
oxide (3h)

@ '£\ M.p.: 93 - 95 °C, [a]p?® = +178.8 (c = 1.0, CHCl3), >99% ee, lit'": [a]p?* =

+189.8 [c=0.5, CHCI3, 98% ee (S)]. The ee was determined by Daicel Chiralcel
IA, Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (minor) = 17.267 min, t
(major) = 19.021 min. "H NMR (400 MHz, CDCl;3) 5 8.83 (dd, J = 4.4, 2.0 Hz,
1H), 8.30 (d, J =7.6 Hz, 1H), 7.98 (dd, J = 8.4, 1.6 Hz, 1H), 7.86 (dd, J = 13.2,
8.0 Hz, 2H), 7.65 (d, J = 8.0 Hz, 1H), 7.49 — 7.34 (m, 5H), 7.27 — 7.22 (m, 3H),
7.19-7.12 (m, 2H), 7.04 (id, J = 7.6, 3.2 Hz, 2H), 6.95 (dd, J = 8.4, 2.4 Hz, 2H), 6.81 (t, J = 8.0
Hz, 1H), 6.57 (dd, J = 8.4, 2.8 Hz, 1H), 5.80 (d, J = 7.6 Hz, 1H), 5.64 (s, 1H), 3.80 (s, 3H), 3.54 (s,
3H); BC NMR (100 MHz, CDCl3) § 159.6, 158.8, 145.0, 145.3 (d, Jcp = 3.6 Hz), 140.1, 138.18 (d,
Jer = 4.2 Hz), 137.9, 135.6, 133.7 (d, Jcp = 10.6 Hz), 131.7 (d, Jcr = 2.8 Hz), 1314 (d, Jcp = 2.4
Hz), 131.1 (d, Jcp = 5.3 Hz), 130.9, 130.1 (d, Jcp = 139.8 Hz), 129.1, 128.9, 128.5, 127.8, 127.3,
127.2, 126.9, 126.7 (d, Jcp = 8.2 Hz), 126.4 (d, Jcp = 14.5 Hz), 126.0, 125.6 (d, Jcp = 127.5 Hz),
123.6 (d, Jcp = 6.9 Hz), 123.1 (d, Jcp = 2.4 HZ), 121.3, 121.0, 115.9, 115.3, 115.0, 113.7, 55.4, 55.0;
3P NMR (162 MHz, CDCl3) & 15.48; HRMS (ESI) calculated forCs;H3N.OsP [M + HJ™:
581.1989, found: 581.1985.
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Synthetic Procedure and Characterization of 3i

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2i (0.3 mmol, 1.5 eq.), Co(OAc)*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3i (115.2 mg) in 90% yield as a light-
yellow foam with >99% ee. Product exists as a 17:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Bis(3.5-dimethoxyphenyl)-1-phenyl-2-(quinolin-8-v1)-2 H-benzo|c][1.2]
azaphosphinine 1-oxide (3i)

M.p.: 65 - 71 °C, [a]p®® = +50.0 (¢ = 1.1, CHCI3), >99% ee. The ee was
determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 22
0 nm, t (major) = 9.231 min, t (minor) = 10.959 min. 'H NMR (400 MHz,
CDCl3) 6 8.82(d, J=4.4Hz, 1H),8.31(d, J =7.2 Hz, 1H), 7.97 (d, J = 8.0 Hz,
1H), 7.85 (dd, J = 13.2, 6.8 Hz, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.50 — 7.39 (m,
4H), 7.30 (dd, J = 8.0, 4.5 Hz, 1H), 7.27 — 7.19 (m, 2H), 7.19 — 7.11 (m, 1H),
7.09 — 6.99 (m, 2H), 6.52 (t, J = 2.4 Hz, 1H), 6.15 (s, 1H), 5.35 (d, J = 2.4 Hz, 2H), 3.78 (s, 3H),
3.77 (s, 3H), 3.53 (s, 3H), 3.52 (s, 3H); 3C NMR (100 MHz, CDCl3) 5 160.6, 160.0, 150.0, 145.3
(d, Icp = 3.5 Hz), 140.7, 138.0 (d, Jcp = 4.4 Hz), 137.8 (d, Jcp = 1.8 HZ), 135.5, 133.7, 133.6, 131.7
(d, Jcp = 2.8 HZz), 131.4 (d, Jcp = 2.5 Hz), 131.1 (d, Jcp = 2.9 Hz), 130.9 (d, Jcp = 12.7 Hz), 123.0
(d, Jcp = 139.5 Hz) , 128.5, 127.8, 127.3, 127.2, 126.7 (d, Jcp = 9.0 Hz), 126.5, 126.3, 126.0, 124.8
(d, Jcp = 128.3 Hz), 123.6 (d, Jcp = 7.0 Hz), 108.3, 101.8, 100.3, 97.6, 55.4, 55.1; 3'P NMR (162
MHz, CDCl3) 6 15.53; HRMS (ESI) calculated for C30H3N,OsP [M + H]™: 641.2205, found:
641.2202.
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Synthetic Procedure and Characterization of 3j

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2j (0.3 mmol, 1.5 eq.), Co(OAc)2+4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3j (84.4 mg) in 68% yield as a light-
yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Di(naphthalen-2-y1)-1-phenyl-2-(quinolin-8-y)-2 H-benzo|c]|1.2]azaphos-phinine  1-
oxide (3j)

M.p.: 114 - 115 °C, [a]p*® = +168.6 (¢ = 0.5, CHCl3), >99% ee. The ee was
determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 210
nm, t (minor) =9.035 min, t (major) = 16.964 min. "H NMR (400 MHz, CDCls)
6 8.90 (dd, J = 4.0, 1.2 Hz, 1H), 8.36 (d, J = 7.2 Hz, 1H), 8.03 (dd, J = 8.4, 2.0
Hz, 1H), 7.99 — 7.94 (m, 3H), 7.95 — 7.84 (m, 4H), 7.71 (dd, J = 8.0, 1.2 Hz,
2H), 7.54 — 7.49 (m, 3H), 7.42 (t, J = 7.7 Hz, 2H), 7.31 — 7.28 (m, 2H), 7.28 —
7.26 (m, 2H), 7.23 (s, 1H), 7.21 — 7.13 (m, 2H), 7.08 (dd, J = 7.8, 3.5 Hz, 2H), 6.40 (s, 1H), 6.00
(dd, J=8.4,1.6 Hz, 1H); BC NMR (100 MHz, CDCl;) 5 150.1, 138.0, 136.4, 135.7, 133.8, 133.7,
133.7, 132.9, 132.4, 132.3, 132.2, 132.0, 131.9, 131.7,131.7, 131.4, 131.4, 131.2, 131.1, 131.0,
130.9, 129.8 (d, Jcp = 167.2 Hz), 128.9 (d, Jcp = 3.1 Hz), 128.2, 127.9, 127.7, 127.5, 127.4, 127.3,
127.3,127.2,127.0, 126.8 (d, Jcp = 9.0 Hz), 126.5, 126.2, 126.0 (d, Jcp = 2.0 HZz), 121.3, 119.3; 3P
NMR (162 MHz, CDCl3) 6 15.58; HRMS (ESI) calculated for C43H3oN,OP [M + H]": 621.2096,
found: 621.2091.
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Synthetic Procedure and Characterization of 3k

R IR )

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2k (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3k (104.1 mg) in 84% yield as a light-
yellow foam with >99% ee. Product exists as a 11:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(.5)-1-Phenyl-2-(quinolin-8-y1)-3.4-di(thiophen-2-y1)-2 H-benzo|c]|1,2]azaphos-phinine 1-
oxide (3k)

M.p.: 129 - 133 °C, [a]p?® = +168.6 (¢ = 1.0, CHCl3), >99% ee, lit'®: [a]p?’= +238.5
[c = 1.0, CHCI3, 98% ee (S)]. The ee was determined by Daicel Chiralcel IA,
Hexanes/IPA = 90/10, 1.0 mL/min, A =210 nm, t (minor) = 35.402 min, t (major) =
42.029 min. *H NMR (400 MHz, CDCls) § 8.82 (dd, J = 4.0, 1.6 Hz, 1H), 8.02 (d,
J=7.2Hz, 1H), 7.80 (d, J=8.0 Hz, 1H), 7.75 (dd, J = 13.2, 8.0 Hz, 2H), 7.54 - 7.47
(m, 2H), 7.41 —7.37 (m, 2H), 7.29 (dd, J = 7.6, 2.8 Hz, 1H), 7.24 — 7.20 (m, 3H), 7.13 - 7.08 (m,
1H), 7.03 - 6.95 (m, 3H), 6.92 (dd, J = 5.2, 3.6 Hz, 1H), 6.71 (d, J = 4.8 Hz, 1H), 6.57 (d, J = 3.6
Hz, 1H), 6.23 (dd, J = 4.8, 3.6 Hz, 1H); 3C NMR (100 MHz, CDCls) § 149.5, 144.8(d, Jcp = 2.5
Hz), 139.8, 139.3 (d, Jcp = 4.8 Hz), 138.4, 137.5 (d, Jcp = 4.5 Hz), 137.3 (d, Jcp = 1.8 Hz), 135.5,
133.3,133.2, 131.7 (d, Jer = 4.2 Hz), 131.6 (d, Jer = 4.2 Hz), 131.5 (d, Jcp = 3.0 Hz), 131.0, 130.8
(d, Jer = 12.1 Hz), 130.3, 129.7, 128.3, 127.6, 127.1, 126.9, 126.8 (d, Jcp = 9.0 Hz), 126.5(d, Jcp =
7.3 Hz), 126.3(d, Jcp = 7.0 Hz), 125.5, 124.4, 123.1, 121.2, 112.9 (d, Jcp = 7.2 Hz); 3P NMR (162
MHz, CDCl3) 6 16.96; HRMS (ESI) calculated for C31H22N2OPS; [M + H]*: 533.0906, found:
533.0903.
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Synthetic Procedure and Characterization of 3l

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc);*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 31 (71.2 mg) in 84% yield as a light-
yellow foam with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.,4-Diethyl-1-phenyl-2-(quinolin-8-y1)-2 H-benzo|c][1.2]azaphosphinine 1-oxide (3])

S M.p.: 197 - 201 °C, [a]p®® = +399.9 (c = 1.0, CHCl3), 99% ee, lit'®: [a]p? = +625.0
@ ,3% [c = 0.5, CHCI3, 99% ee (S)]. The ee was determined by Daicel Chiralcel IC,
©§;’f\/ Hexanes/IPA = 80/20, 1.0 mL/min, A =210 nm, t (major) = 29.002 min, t (minor) =

36.932 min. *H NMR (400 MHz, CDClIs) 6 8.78 (dd, J = 4.0, 1.6 Hz, 1H), 8.07 (d,

J=17.6 Hz, 1H), 7.96 (dd, J = 8.0, 1.6 Hz, 1H), 7.68 (dd, J = 8.0, 4.8 Hz, 1H), 7.63
—7.50 (m, 4H), 7.35—-7.27 (m, 3H), 7.17 (td, J = 7.6, 2.8 Hz, 1H), 7.09 — 7.05 (m, 1H), 6.92 (td, J
=17.6,3.2Hz, 2H), 2.78 (g, J = 7.6 Hz, 2H), 2.53- 2.43 (m, 1H), 1.85 - 1.76 (m, 1H), 1.33 (t, J =
7.6 Hz, 3H), 0.97 (t, J = 7.6 Hz, 5H); 3C NMR (100 MHz, CDCls) § 150.1, 145.3 (d, Jcp = 3.7
Hz), 142.2, 139.0 (d, Jcp = 4.2 HZz), 137.4 (d, Jcp = 2.6 Hz), 135.8, 133.2 (d, Jcp = 10.2 Hz), 131.4
(d, Jcp = 2.4 Hz), 131.2 (d, Jcp = 2.8 Hz), 130.7 (d, Jcp = 12.8 Hz), 130.7 (d, Jcp = 135.3 Hz), 130.6
(d, Jcp = 3.4 Hz), 128.5, 127.4, 126.9 (d, Jcp = 13.3 Hz), 125.8, 124.9 (d, Jcp = 129.7 Hz), 124.8 (d,
Jep = 14.7 Hz), 123.5 (d, Jep = 9.4 HZ), 121.2,114.2 (d, Jcp = 8.3 HZ), 24.8 (d, Jcp = 2.6 Hz), 22.39,
14.93, 13.29; 3'P NMR (162 MHz, CDCl;) 5 16.098; HRMS (ESI) calculated for C27H26N>OP [M
+ H]": 425.1777, found: 425.1776.
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Synthetic Procedure and Characterization of 3m

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2m (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3m (83.5 mg) in 87% yield as a yellow
oil with >99% ee. Product exists as a 11:1 mixture of atropisomers due to the hindered rotation about

the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Dibutyl-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c]|1.2]azaphosphinine 1-oxide (3m)

7S [a]p?® = +399.9 (¢ = 1.0, CHCl3), >99% ee. The ee was determined by Daicel
@P,,g% Chiralcel IC, Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (minor) = 9.035
¥ min, t (major) = 16.964 min. *H NMR (400 MHz, CDClIs) & 8.76 (dd, J = 4.0, 1.6
Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.94 (dd, J = 8.4, 1.6 Hz, 1H), 7.69 — 7.47 (m,
6H), 7.36 — 7.22 (m, 3H), 7.14 (id, J = 7.2, 2.8 Hz, 1H), 7.06 (td, J = 7.6, 1.6 Hz,
1H), 6.91 (td, J = 7.6, 3.2 Hz, 2H), 2.79 — 2.64 (m, 2H), 2.48 — 2.38 (m, 1H), 1.86 — 1.62 (m, 3H),
1.58 — 1.47 (m, 3H), 1.46 — 1.35 (m, 1H), 1.08 — 0.93 (m, 5H), 0.57 (d, J = 7.2 Hz, 3H); 13C NMR
(100 MHz, CDCI3) 6 145.0, 145.3 (d, Jcp = 3.7 Hz), 141.3, 139.2 (d, Jcp = 4.2 Hz), 137.5 (d, Jcp =
2.6 Hz), 135.7, 133.2 (, Jcp = 10.1 Hz), 131.4 (d, Jcp = 135.1 Hz), 131.2 (d, Jcp = 2.4 Hz), 131.1 (d,
Jep = 2.7 Hz), 130.6 (d, Jcp = 12.7 Hz), 130.4 (d, Jcp = 3.2 Hz), 128.4, 127.3, 126.9, 126.7, 125.6,
125.5 (d, Jcp = 129.8 Hz), 124.7 (d, Jcp = 14.8 Hz), 123.5 (d, Jcp = 9.5 Hz), 121.2, 113.3 (d, Jcp =
8.4 Hz),32.6,31.4 (d, Jer = 2.4 HZ), 30.8, 29.3, 23.1, 22.4, 14.0, 13.5; 3'PNMR (162 MHz, CDCl3)
8 16.098; HRMS (ESI) calculated for C31H34N,OP [M + H]": 481.2403, found: 481.2401.
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Synthetic Procedure and Characterization of 3an_and 3n’

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2n (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give mixture 3n and 3n’ (2.5:1, 70.0 mg) in 72% yield as a
yellow oil with all >99% ees. Major product exists as a 12:1 mixture of atropisomers due to the
hindered rotation about the N-quinoline bond and the structure of major isomer was shown.

Compounds 3n and 3n’

[a]p?® = +294.6 (¢ = 1.0, CHCl3), >99% ee. The ee was
determined by Daicel Chiralcel IA, Hexanes/IPA =70/30, 1.0
mL/min, A = 220 nm, t; (major) = 5.260 min, t; (minor) =
6.541 min, t; (major) = 7.329 min, t, (minor) = 8.995 min.
'"H NMR (400 MHz, CDCl;5) 6 8.90 — 8.74 (m, 1H), 8.29 —
6.73 (m, 20H), 3.13-2.35 (m, 2H), 1.76 — 1.44 (m, 2H), 0.85 - 0.32 (m, 3H); *C NMR (100 MHz,
CDCl3) 6 150.1 (d, Jcp = 26.1 Hz), 149.7, 149.3, 1455 (d, Jcp = 3.7 Hz), 144.7 (d, Jcp = 3.8 Hz),
141.1, 138.45 (d, Jcp = 4.5 Hz), 138.0 (d, Jcp = 2.6 HZz), 137.1 (d, Jcp = 3.6 Hz), 135.5 (d, Jcp = 6.6
Hz), 133.6, 133.4 (d, Jcp = 10.4 Hz), 132.5 (d, Jcp = 10.1 Hz), 131.5 (d, Jcp = 2.3 Hz), 131.4 (d, Jcp
=3.0 Hz), 131.2 (d, Jcp = 12.6 Hz), 131.0 (d, Jcp = 7.1 Hz), 130.9 (d, Jcpr = 3.6 Hz), 130.5, 129.1
(d, Jcp = 116.3 Hz), 128.2, 127.3 (d, Jcp = 33.8 Hz), 127.0 (d, Jcp = 6.8 Hz), 126.6, 125.7 (d, Jcp =
14.7 Hz), 125.4, 1245 (d, J = 9.5 Hz), 124.1 (d, Jcr = 9.6 Hz), 121.0 119.7 (d, Jcp = 6.8 Hz), 114.9
(d, Jer = 7.5 Hz), 98.6, 31.9, 23.1, 21.4, 21.0, 14.0, 13.0; 3'P NMR (162 MHz, CDCl;) § 16.79,
15.33; HRMS (ESI) calculated for C3;H2sN,OP [M + H]*: 487.1939, found: 487.1942.
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Synthetic Procedure and Characterization of 30

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm x6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 20 (0.3 mmol, 1.5 eq.), Co(OAc)224H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous Na>CO3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,S0O4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 30 (80.8 mg) in 91% yield as a light-
yellow foam with >99% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1,3-Diphenyl-2-(quinolin-8-y1)-2 H-benzo|c][1,2]azaphosphinine 1-oxide (30)

S M.p.: 136 - 137 °C, [a]p?® = +363.6 (¢ = 1.0, CHCI3), >99% ee, lit': [a]p?’ = +472.7
@ ,IS% [c = 0.5, CHCI3, 98% ee (S)]. The ee was determined by Daicel Chiralcel IC,
Hexanes/IPA = 80/20, 1.0 mL/min, A =210 nm, t (major) = 40.417 min, t (minor) =
H O 49.610 min. "H NMR (400 MHz, CDCls) 5 8.71 (dd, J = 4.4, 1.6 Hz, 1H), 8.12 (dt,
J=17.2,1.6 Hz, 1H), 7.76 — 7.64 (m, 3H), 7.59 — 7.49 (m, 1H), 7.50 — 7.40 (m, 2H),

7.38 —7.32 (m, 3H), 7.29 — 7.19 (m, 2H), 7.16 — 7.05 (m, 2H), 6.97 (td, J = 7.7, 3.4 Hz, 2H), 6.89

(dd, J = 5.0, 2.0 Hz, 3H), 6.33 (d, J = 2.0 Hz, 1H); 3C NMR (100 MHz, CDCls) § 149.3, 145.3,

144.1 (d, Jep = 3.3 Hz), 138.4 (d, Jep = 4.3 Hz), 138.1 (d, Jep = 5.0 Hz), 137.8 (d, Jep = 2.4 Hz),
S21




135.4,133.1, 133.0, 131.8(d, Jcp = 2.5 Hz), 131.4 (d, Jcr = 2.9 Hz), 131.0 (d, Jcp = 12.3 Hz), 130.4
(d, Jcr=2.9 Hz), 129.0, 128.4, 127.4, 127.3, 127.2, 127.0, 126.9, 126.7 (d, Jcp = 9.3 Hz), 125.9 (d,
Jop = 12.4 Hz), 125.5, 124.1 (d, Jcp = 126.9 Hz), 121.0, 107.7; 3'P NMR (162 MHz, CDCl3) §
18.77; HRMS (ESI) calculated for C2o0H2,N>OP [M + H]": 445.1464, found: 445.1466.
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Synthetic Procedure and Characterization of 3p

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2p (0.30 mmol, 1.5 eq.), Co(OAc)-4H>O (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3p (67.4 mg) in 71% yield as a light-
yellow foam with 98% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(4-Methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c][1,2]azaphosphini-ne 1-
oxide (3p)

S M.p.: 120 - 122 °C; [a]p®® = +272.5 (¢ = 0.4, CHCIs), 98% ee. lit'd: [a]p?®* =
@P/'ON% +381.5 [c = 0.5, CHCI3, >99% ee (S)]. The ee was determined by Daicel
\\ ;N Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254 nm, t (minor) =
OMe 12.800 min, t (major) = 24.482 min. 'TH NMR (400 MHz, CDCl;) 6 8.72-8.75

(m, 1H), 8.10 (d, J= 6.4, 1H), 7.77-7.73 (m, 1H), 7.72-7.65 (m, 2H), 7.56-7.51
(m, 1H), 7.49-7.43 (m, 2H), 7.38-7.34 (m, 1H), 7.31 (dd, J = 8.8, 2.4 Hz, 1H), 7.25-7.20 (m, 2H),
7.16-7.09 (m, 2H), 7.01-6.96 (m, 2H), 6.45 (dd, J = 8.8, 3.2 Hz, 2H), 6.31 (s, 1H), 3.57 (s, 1H); 3C
MR (100 MHz, CDCl;) 6 158.8, 149.2, 144.9, 144.1 (d, /= 3.2 Hz), 138.2 (d, /= 5.0 Hz), 137.8
(d, Jor = 2.4 Hz), 135.4, 132.9(d, Jcp = 10.6 Hz), 131.7 (d, Jep = 2.3 Hz), 131.4 (d, Jcp = 2.8 Hz),
131.0 (d, Jcp = 4.5 Hz), 130.9 (d, Jcp = 141.5 HZ2),130.7 (d, Jcp = 12.2 Hz), 130.3 (d, Jcp = 2.8 Hz),
130.2, 128.4,127.2 (d, Jcr = 9.5 Hz), 127.0, 126.5 (d, Jcp = 9.3 Hz), 125.7 (d, Jcp = 14.3 Hz), 125 .4,
123.3 (d, Jop = 127.6 Hz), 121.0, 112.5, 107.2 (d, Jcp = 7.6 Hz), 55.0; 3'P NMR (162 MHz, CDCl3)
8 19.11; HRMS (ESI) calculated for C30H24N>O,P [M + HJ": 475.1570, found: 475.1568.
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Synthetic Procedure and Characterization of 3q

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2q (0.3 mmol, 1.5 eq.), Co(OAc),+4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3q (78.3 mg) in 82% yield as a light-
yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(4-Chlorophenyl)-1-phenyl-2-(quinolin-8-y)-2 H-benzo|c][1.2]azaphosphinine 1-
oxide (3q)

M.p.: 126 - 127 °C, [a]p*® = +381.4 (c = 1.0, CHCl3), >99% ee, lit'd: [a]p? =
+327.2 [c = 0.5, CHCI3, >99% ee (S)]. The ee was determined by Daicel
Chiralcel IC, Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (minor) =
29.534 min, t (major) = 34.476 min. '"H NMR (400 MHz, CDCl5) 6 8.71 (dd,
J=4.0,1.6 Hz, 1H), 8.11 (d, J=7.2 Hz, 1H), 7.77 (dd, J = 8.0, 1.6 Hz, 1H),
7.72 —-7.62 (m, 2H), 7.58 — 7.51 (m, 1H), 7.49 — 7.35 (m, 4H), 7.30 (d, J =
8.4 Hz, 2H), 7.25 (s, 1H), 7.15 (dd, J = 8.0, 4.0 Hz, 1H), 7.09 (dd, J = 7.6, 1.6 Hz, 1H), 6.96 (td, J
=8.0, 3.6 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.30 (d, J = 2.0 Hz, 1H); 3C NMR (100 MHz, CDCl5)
0 149.4,144.1, 143.9 (d, Jcp = 3.2 Hz), 137.8 (d, Jcp = 5.0 Hz), 137.5 (d, Jcp = 2.5 Hz), 1367.0 (d,
Jer = 4.4 Hz), 135.6, 133.3, 133.0, 132.9, 131.8 (d, Jcp = 2.4 Hz), 131.5 (d, Jcp = 2.9 Hz), 131.4 (d,
Jep =197.0 Hz), 130.9 (d, Jep = 12.4 HZ), 130.2 (d, Jcp = 2.9 Hz), 130.2, 128.5, 127.5, 127.3, 127.2
(d, Icp =3.6 Hz), 126.7 (d, Jcp = 9.3 Hz), 126.1 (d, Jcp = 14.4 HZ), 125.5, 123.6 (d, Jcp = 127.8 Hz),
121.2,107.8 (d, Jcp = 7.8 Hz); 3'P NMR (162 MHz, CDCl;) 5 18.83; HRMS (ESI) calculated for
C29H71CIN,OP [M + H]*: 479.1075, found: 479.1076.
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Synthetic Procedure and Characterization of 3r

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2r (0.30 mmol, 1.5 eq.), Co(OAc)2-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3r (98.4 mg) in 94% yield as a light-
yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(4-Methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c][1,2]azaphosphini-ne 1-
oxide (3r)

M.p.: 122 - 124 °C; [a]p® = +336.6 (¢ = 0.4, CHCl3), >99% ee; The ee was
@ ,, determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254

nm, t (minor) = 12.950 min, t (major) = 36.406 min. 'H NMR (400 MHz,
%‘\ CDCIl3) 6 8.70 (d,/=4.0 Hz, 1H), 8.11 (d, /= 7.6 Hz, 1H), 7.74 (d, /= 8.4 Hz,
o 1H), 7.65 (dd,J=13.2, 7.6 Hz, 2H), 7.53 (t, /= 7.6 Hz, 1H), 7.47-7.39 (m, 2H),
7.36 (d, J=8.4 Hz, 1H), 7.27-7.20 (m, 4H), 7.16-7.11 (m, 1H), 7.07 (d, /= 7.6 Hz, 1H), 7.03 (d, J
= 8.0 Hz, 1H), 6.99-6.91 (m, 2H), 6.29 (s, 1H); 13C MR (100 MHz, CDCl;) 5 149.4, 144.0, 143.8
(d, Jep = 3.0 Hz), 137.7 (d, Jcp = 5.0 Hz), 137.5 (d, Jcp = 4.0 Hz), 137.4, 135.6, 133.0 (d, Jcp = 11.0
Hz), 131.9 (d, Jcp = 3.0 Hz), 131.6 (d, Jcp = 3.0 Hz), 130.9, 130.8 (d, Jcp = 117.5 Hz), 130.5, 130.2,
130.1 (d, Jcr = 2.0 Hz), 128.4, 127.5, 127.2 (d, Jcp = 13.0 Hz), 126.8 (d, Jcp = 11.0 Hz), 126.2 (d,
Jep = 14.0 Hz), 125.5, 124.2 (d, Jer = 126.0 Hz), 121.6, 121.2, 107.9 (d, Jcr = 8.0Hz); 3'P NMR
(162 MHz, CDCl;3) 6 18.85; HRMS (ESI) calculated for C29H21BrN,OP [M+ H]*: 523.0569, found:
523.0569.
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Synthetic Procedure and Characterization of 3s

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2s (0.30 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3s (85.8 mg) in 82% yield as a light-
yellow foam with 99% ee. Product exists as a 11:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-([1,1'-Biphenyl]-4-yl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphi-nine
1-oxide (3s)

M.p.: 132 - 135 °C; [a]p?® = +255.2 (¢ = 1.2, CHCI3), 99% ee; The ee was
@ determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A =254

nm, t (major) = 26.506 min, t (minor) = 33.678 min. 'H NMR (400 MHz,
w CDClL) 6 8.73 (d, J= 4.4 Hz, 1H), 8.13 (d, /= 7.2 Hz, 1H), 7.72 (d, /= 7.6
H Ph  Hz, 1H), 7.68 (d, J = 6.0 Hz, 2H), 7.55-7.7.47 (m, 2H), 7.45-7.40 (m, 4H),
7.33-7.26 (m, 3H), 7.24-7.16 (m, 4H), 7.13 (d, J = 8.0 Hz, 1H), 7.10 (d, /= 4.0 Hz, 1H), 7.08-7.03
(m, 2H), 6.96 (td, J = 7.6, 3.2 Hz, 2H), 6.38 (s, IH); *C MR (100 MHz, CDCl3) 6 149.3, 144.9,
144.1 (d, Jep = 3.3 Hz), 140.2, 139.9, 138.0 (d, Jcp = 5.0 Hz), 137.8 (d, Jcp = 2.4 Hz), 137.5 (d, Jep
=4.3 Hz), 135.5, 133.0 (d, Jor = 10.5 Hz), 131.8 (d, Jop = 2.5 Hz), 131.7 (d, Jop = 135.2 Hz), 131.5
(d, Jcr=2.8 Hz), 130.9 (d, Jcp = 12.1 Hz), 130.3 (d, Jcp = 2.8 Hz), 129.3, 128.6, 128.5, 127.4, 127.3,
127.2,127.1,126.7, 126.0 (d, Jcp = 14.3 Hz), 125.6, 125.5, 124.2 (d, Jcp = 126.7 Hz), 121.1, 107.9
(d, Jep = 7.8 Hz); 3'PNMR (162 MHz, CDCl3) 6 19.00; HRMS (ESI) calculated for C35H26N,OP
[M+ HJ": 521.1777, found: 521.1716.
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Synthetic Procedure and Characterization of 3t

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2t (0.30 mmol, 1.5 eq.), Co(OAc),-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product 3t (84.4 mg) in 90% yield as a light-
yellow foam with 98% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-4-(1-Oxido-1-phenyl-2-(quinolin-8-yl)-2H-benzo[c][1,2]azaphosphinin-3-
yl)benzonitrile (3t)

M.p.: 133 - 135 °C; [a]p?® = +486.0 (¢ = 0.4, CHCI3), 98% ee; The ee was
Q % determined by Daicel Chiralcel IA, Hexanes/IPA =70/30, 1.0 mL/min, A =254
. pLN nm, t (minor) = 23.237 min, t (mjaor) = 42.853 min. 'H NMR (400 MHz,
O Z CDCl3) 68.70 (d,J=4.0 Hz, 1H), 8.15 (d,J= 7.2 Hz, 1H), 7.78 (d, /= 8.2 Hz,
O o 1H),7.65(dd,J=13.2, 7.6 Hz, 2H), 7.57 (t,J = 7.6 Hz, 1H), 7.52-7.46 (m, 3H),
7.44 (d, J= 8.4 Hz, 1H), 7.39 (d, /= 8.0 Hz, 1H), 7.31-7.26 (m, 2H), 7.16 (t, J
=4.4Hz, 2H), 7.15 (d,J=4.1 Hz, OH), 7.11 (t, J= 7.6 Hz, 1H), 6.97 (td, J= 7.6, 3.3 Hz, 2H), 6.34
(s, 1H); 3C MR (100 MHz, CDCl3) 6 149.4, 143.5 (d, Jcp = 2.9 Hz), 143.4, 143.1 (d, Jcp = 4.4 Hz),
137.3 (d, Jep = 4.7 Hz), 137.2 (d, Jep = 2.6 Hz), 135.7, 133.0 (d, Jcp = 10.5 Hz), 131.9 (d, Jop = 2.4
Hz), 131.6 (d, Jcp = 2.6 Hz), 131.0 (d, Jcp = 12.4 Hz), 130.8, 130.0 (d, Jcp = 2.8 Hz), 129.7 (d, Jcp
=118.7 Hz), 129.4, 128.5, 127.6, 127.2 (d, Jcp = 13.6 Hz), 126.96 (d, Jcp = 9.1 Hz), 126.60 (d, Jcp
=14.4Hz), 125.6,123.9 (d, Jcp = 126.9 Hz), 121.3, 118.5, 110.9, 108.7 (d, Jcp = 7.7 Hz); 3P NMR
(162 MHz, CDCl) 6 18.58; HRMS (ESI) calculated for C30H2/N3OP [M + H]*: 470.1417, found:
470.1412.
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Synthetic Procedure and Characterization of 3u

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2u (0.30 mmol, 1.5 eq.), Co(OAc)-4H>O (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product 3u (86.1 mg) in 84% yield as a light-
yellow foam with 99% ee. Product exists as a 9:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-Phenyl-2-(quinolin-8-yl)-3-(4-(trifluoromethyl)phenyl)-2H- benzo[c][1,2]aza-
phosphinine 1-oxide (3u)

B M.p.: 112 - 113 °C; [a]p?® = +559.0 (c = 0.4, CHCl3), 99% ee; The ee was
@ O"‘% determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A =

\‘P\N 254 nm, t (minor) = 11.318 min, t (mjaor) = 28.646 min. 'H NMR (400 MHz,
CDCl3) 6 8.72(dd,J=4.4,1.6 Hz, 1H), 8.14 (d,J=7.8 Hz), 7.77 (dd, /= 8 4,

. cFs 1.6 Hz, 1H), 7.71-7.61 (m, 2H), 7.57 (t, J = 7.8 Hz, 1H), 7.52-7.43 (m, 4H),
7.38 (d, J= 8.0 Hz, 1H), 7.29-7.24 (m, 2H), 7.17 (m, 3H), 7.13-7.08 (m, 1H), 6.97 (td, /= 7.6, 3.6
Hz, 2H), 6.34 (d, J = 2.0 Hz, 1H); 13C MR (100 MHz, CDCl3) 5 149.4, 143.9, 143.81 (d, Jcp = 3.3
Hz), 142.1, 137.6 (d, Jcp = 4.9 Hz), 137.4 (d, Jcp = 2.6 Hz), 135.7, 133.0 (d, Jcp = 10.6 Hz), 132.0
(d, Jep= 2.5 Hz), 131.6 (d, Jcp= 2.9 Hz), 131.60(d, Jcp = 136.1 Hz), 131.0 (d, Jcp= 12.2 Hz), 130.2
(d, Jer = 2.9 Hz), 129.2, 128.5, 127.6, 127.3, 127.1, 126.9 (d, Jcp = 9.3 Hz), 126.5 (d, Jcp = 14.5
Hz), 125.6, 123.9 (q, Jcr = 270.5), 123.8(d, Jcp = 126.7), 124.0 (q, Jcr = 3.7 Hz), 121.3, 108.5 (d,
Jep=8.0 Hz); YPFNMR (376 MHz, CDCl3) § 62.71; 3'PNMR (162 MHz, CDCls) 6 18.74; HRMS
(ESI) calculated for C30H21F3N>OP [M+ H]": 513.1338, found: 513.1340.
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Synthetic Procedure and Characterization of 3v

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2v (0.30 mmol, 1.5 eq.), Co(OAc),-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3v (86.4 mg) in 91% yield as a light-
yellow foam with 99% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(3-Methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo|c][1,2]azaphosphini-ne 1-

oxide (3v)

N M.p.: 93 - 94 °C; [a]p?® = +310.4 (¢ = 0.9, CHCls), 99% ee; The ee was
@ ,g% determined by Daicel Chiralcel 1A, Hexanes/IPA = 80/20, 1.0 mL/min, A =
Py 210 nm, t (minor) = 19.378 min, t (mjaor) = 57.867 min. 'H NMR (400
O'V'e MHz, CDCl3) 6 8.71 (dd, J=4.0, 1.6 Hz, 1H), 8.07 (d,/=7.6 Hz, I1H), 7.77-
A 7.66 (m, 3H), 7.56-7.42 (m, 3H), 7.38-7.30 (m, 1H), 7.27 -7.18 (m, 2H), 7.17-
7.03 (m, 3H), 7.03-6.94 (m, 2H), 6.91 (s, 1H), 6.82 (t, J= 7.8 Hz, 1H), 6.44 (d, J= 8.0 Hz, 1H),
6.36 (s, 1H), 3.48 (s, 3H); 3*C MR (100 MHz, CDCl3) 4 158.23, 149.3, 145.0, 144.2 (d, Jcp = 3.2
Hz), 139.6 (d, Jcp = 4.3 Hz), 138.0 (d, Jcp = 5.0 Hz), 137.8 (d, Jcp = 2.1 Hz), 135.5, 132.9 (d, Jop =
10.5 Hz), 131.8 (d, Jcp = 2.3 Hz), 131.4 (d, Jcp = 2.7 Hz), 130.8 (d, Jcp = 11.9 Hz), 130.3 (d, Jcp =
2.7 Hz), 128.4, 128.0, 127.3, 127.2 (d, Jcp = 13.6 Hz), 126.7 (d, Jcr = 9.3 Hz), 126.3 (d, Jcp = 75.9
Hz), 126.0 (d, Jcp = 14.4 Hz), 125.4, 124.1 (d, Jcp = 126.5 Hz), 121.6, 121.0, 114.8 (d, Jcp = 175.2
Hz), 114.1 (d, Jep = 15.5 Hz), 107.9 (d, Jcr = 7.7 Hz), 55.0; 3'P NMR (162 MHz, CDCl3) 6 19.12;

HRMS (ESI) calculated for C30H24N>O,P [M+ H]": 475.1570, found: 475.1569.
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Synthetic Procedure and Characterization of 3w

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2w (0.3 mmol, 1.5 eq.), Co(OAc)2+4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3w (78.3 mg) in 82% yield as a light-
yellow foam with 99% ee. Product exists as a 9:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(3-Chlorophenyl)-1-Phenyl-2-(quinolin-8-y1)-2 H-benzo|c][1,2]azaphosphinine 1-
oxide (3w)

A M.p.: 108 - 110 °C, [a]p?®® = +461.6 (c = 0.5, CHCl3), 99% ee. The ee was
@ N determined by Daicel Chiralcel IC, Hexanes/IPA = 80/20, 1.0 mL/min, A=210 nm,
L

o)
N t (major) = 29.257 min, t (minor) = 55.974 min. *H NMR (400 MHz, CDCl3) §

8.73 (dd, J=4.0, 1.6 Hz, 1H), 8.12 (d, J = 7.2 Hz, 1H), 7.77 (dd, J = 8.2, 1.6 Hz,
1H), 7.72 — 7.61 (m, 2H), 7.55 (d, J = 7.2 Hz, 2H), 7.52 — 7.42 (m, 2H), 7.44 —
7.34 (m, 2H), 7.30 — 7.20 (m, 3H), 7.16 (dd, J = 8.2, 4.4 Hz, 2H), 7.15 — 7.06 (m,
1H), 6.97 (td, J = 7.2, 3.6 Hz, 2H), 6.90 — 6.77 (m, 2H), 6.32 (d, J = 2.0 Hz, 1H); 3C NMR (100
MHz, CDCL) 6 149.4, 143.8 (d, Jcr = 3.4 Hz), 143.8, 140.2 (d, Jcp = 4.5 Hz), 137.7 (d, Jcp = 4.8
Hz), 137.4 (d, Jcr = 2.5 Hz), 135.5, 133.1, 133.0, 132.8, 131.8 (d, Jcp = 2.4 Hz), 131.5 (d, Jcp = 2.8
Hz), 131.0, 130.8, 130.3 (d, Jop = 2.9 Hz), 129.1, 128.5, 128.1, 127.5, 127.2, 127.1, 126.8 (d, Jcp =
9.3 Hz), 126.2 (d, Jcr = 14.4 Hz), 125.5, 123.7 (d, Jcp = 127.8 Hz), 121.2, 108.0 (d, Jcp = 7.8 Hz);
3IP NMR (162 MHz, CDCls) 8 18.67; HRMS (ESI) calculated for C29H,CIN,OP [M + HJ":
479.1075, found: 479.1075.
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Synthetic Procedure and Characterization of 3x

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2x (0.30 mmol, 1.5 eq.), Co(OAc),-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was proformed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product 3x (88.3 mg) in 93% yield as a light-
yellow foam with 99% ee. Product exists as a 7:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(2-Methoxyphenyl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphini-ne 1-
oxide (3x)

M.p.: 117 - 119 °C; [a]p?® = +208.0 (¢ = 0.4, CHCl3), 99% ee; The ee was
determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A = 210

I X
N
QL
XU nm, t (minor) = 9.050 min, t (mjaor) = 15.528 min. '"H NMR (400 MHz, CDCl5)
Z 08.76 (dd,J=4.0,1.6 Hz, 1H), 8.23 (dd, /= 7.2, 1.6 Hz, 1H), 7.75-7.65 (m, 3H),

‘\M:OK/‘ 7.56-7.36 (m, 4H), 7.33 (dd, J = 8.2, 1.6 Hz, 1H), 7.26 (dd, J= 7.8, 1.6 Hz, 1H),

7.25-7.14 (m, 2H), 7.12 (dd, J = 8.4, 4.4 Hz, 1H), 7.11-7.02 (m, 1H), 6.93 (td, /= 7.6, 3.6 Hz, 2H),
6.86 (td, J = 7.8, 2.0 Hz, 1H), 6.48-6.33 (m, 2H), 6.24 (d, J = 2.0 Hz, 1H), 3.71 (s, 3H); *C MR
(100 MHz, CDCl3) 6 156.2, 149.2, 144.4 (d, Jcp = 3.7 Hz), 143.3, 138.2 (d, Jcp = 4.7 Hz), 137.2 (d,
Jep = 2.4 Hz), 135.3, 133.3 (d, Jep = 10.5 Hz), 131.7, 131.5 (d, Jcp = 2.5 Hz), 131.3 (d, Jcp = 2.9
Hz), 130.9 (d, Jer = 11.0 Hz), 130.8, 129.5, 127.9, 127.5, 127.1 (d, Jcp = 4.1 Hz), 127.0 (d, Jcp =
13.5 Hz), 126.6 (d, Jcp = 9.2 Hz), 125.6 (d, Jcp = 14.4 Hz), 124.9, 124.1 (d, Jcr = 128.3 Hz), 121.1
(d, Jer = 180.5 Hz), 120.7, 119.0, 109.3, 106.6 (d, Jcp = 7.3 Hz), 54.9; 3'P NMR (162 MHz, CDCl;)
8 17.38; HRMS (ESI) calculated for C30H24N20,P [M+ H]*: 475.1570, found: 475.1574.
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Synthetic Procedure and Characterization of 3y

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2y (0.30 mmol, 1.5 eq.), Co(OAc),4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3y (88.1 mg) in 92% yield as a light-
yellow foam with 99% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(2-Chlorophenyl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphini-ne 1-
oxide (3y)

M.p.: 113 - 115 °C; [a]p®® = +224.0 (¢ = 0.4, CHCI5),99% ee; The ee was

@ Nl > determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254
"P/:?\l nm, t (minor) = 48.684 min, t (mjaor) = 67.002 min. "H NMR (400 MHz, CDCl3)
O P 6 8.79 (dd, J= 4.4, 1.6Hz, 1H), 8.36 (d, /= 7.2 Hz, 1H), 7.74 (dd, /= 8.4, 2.0
b O Hz, 1H), 7.71-7.63 (m, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.48-7.40 (m, 2H), 7.37-

731 (m, 2H), 7.25-7.19 (m, 2H), 7.16 (dd, J = 8.2, 4.4 Hz, 1H), 7.09-7.02 (m,
1H), 6.97 (d, J = 7.8 Hz, 1H), 6.92 (td, J = 8.0, 3.2 Hz, 2H), 6.83 (td, J = 7.8, 1.6 Hz, 1H), 6.70 (t,
J=7.6 Hz, 1H), 6.25 (d, J = 2.4 Hz, 1H); 3C MR (100 MHz, CDCL) § 149.3, 144.3 (d, Jep = 3.5
Hz), 142.5, 137.7 (d, Jop = 4.7 Hz), 136.6 (d, Jop = 4.1 Hz), 136.5 (d, Jep = 2.5 Hz), 135.4, 133.7,
133.3 (d, Jep = 10.6 Hz), 132.0, 131.7 (d, Jep = 2.4 Hz), 131.4 (d, Jep = 2.8 Hz), 131.0 (d, Jep = 12.6
Hz), 130.7 (d, Jep = 2.8 Hz), 129.2 (d, Jep = 132.2), 129.1, 128.7, 128.0, 127.8, 127.0 (d, Jep = 13.5
Hz), 126.8 (d, Jer = 9.3 Hz), 126.1 (d, Jop = 14.4 Hz), 125.4, 125.0, 123.78 (d, Jep = 127.9 Hz),
121.0, 107.5 (d, Jcp = 7.5 Hz); 3'P NMR (162 MHz, CDCl) § 17.51; HRMS (ESI) calculated for
C29H71CIN,OP [M + H]*: 479.1075, found: 479.1071.
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Synthetic Procedure and Characterization of 3z

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2z (0.3 mmol, 1.5 eq.), Co(OAc)*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the mixured 3z and 3z’ (8:1, 76.2 mg) in 87% yield as a
yellow oil with >99% ee. Major product exists as a 17:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-Pentyl-1-phenyl-2-(quinolin-8-y)-2H-benzo|c][1,2]azaphosphinine 1-oxide (3z)

Q /g Chiralcel 1A, Hexanes/IPA = 90/10, 1.0 mL/min, A = 230 nm, t; (major) =
PRy 47.527 min, t; (minor) = 52.206 min, t; (major) = 23.138 min, t, (minor) =
©\/\/\/\ 34.071 min..'HNMR (400 MHz, CDCl;) § 8.82 (dd, J=4.4, 1.6 Hz, 1H), 8.08
: (d, J=7.6 Hz, 1H), 7.78 — 7.70 (m, 3H), 7.48 (dd, J= 14.0, 7.6 Hz, 1H), 7.41
(t,J=7.6 Hz, 1H), 7.28 — 7.14 (m, 9H), 7.12 — 7.01 (m, 2H), 6.99 — 6.95 (m, 4H), 6.56 — 6.53 (m,
3H); BC NMR (100 MHz, CDCl3) 6 149.3, 144.4 (d, Jcp = 3.6 Hz), 142.6, 139.3 (d, Jcp = 3.6 Hz),
138.7 (d, Jcp = 1.4 Hz), 137.6 (d, Jcp = 2.3 Hz), 136.6 (d, Jcp = 3.9 Hz), 135.5, 133.4 (d, Jcp = 10.5
Hz), 132.4, 131.6 (d, Jcp = 2.9 Hz), 131.4 (d, Jcr = 2.9 Hz), 131.4 (d, Jcp = 1.6 Hz), 131.0, 131.0,
130.2 (d, Jep = 124.8 Hz), 128.2, 127.7, 127.4, 127.0 (d, Jcp = 13.6 Hz), 126.5, 126.4, 126.3, 125.8,
125.7 (d, Jep = 14.6 Hz), 125.4, 123.7 (d, Jep = 129.3 Hz), 121.0, 117.7 (d, Jcp = 7.3 Hz); 3'P NMR

(162 MHz, CDCl5) 6 18.12, 16.30; HRMS (ESI) calculated for C2sH2sN>OP [M + H]™: 439.1934,
found: 439.1932.

l/jz\ [a]p? = +399.9 (¢ = 0.5, CHCI3), >99% ee. The ee was determined by Daicel
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Synthetic Procedure and Characterization of 3aa

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2aa (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous Na>CO3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,S0O4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3aa (70.4 mg) in 80% yield as a yellow
oil with 99% ee.

Ethyl (5)-1-phenyl-2-(quinolin-8-v1)-2 H-benzo|c]|1.2]azaphosphinine-3-carboxvlate 1-

oxide (3aa)

N [a]p?® = +431.2 (¢ = 1.0, CHCl3), 99% ee. The ee was determined by Daicel
@ //(’;‘% Chiralcel 1A, Hexanes/IPA = 80/20, 1.0 mL/min, A = 210 nm, t (minor) =
wPSN 19.663min, t (major) = 31.789 min. *H NMR (400 MHz, CDCIs) § 8.76 (dd, J =
%O\/ 4.4,2.0Hz, 1H), 8.15 (s, 1H), 7.96 (dd, J = 8.4, 1.6 Hz, 1H), 7.62 — 7.54 (m, 4H),
7.53-7.42 (m, 2H), 7.38 — 7.29 (m, 2H), 7.28 — 7.25 (m, 1H),7.22 (s, 1H), 7.14
—7.10 (m, 1H), 6.98 (s, 2H), 3.77 (9, J = 7.2 Hz, 2H), 0.68 (t, J = 7.2 Hz, 3H); 1*C NMR (100 MHz,
CDCI3) 6 164.0 (d, Jcp = 6.5 Hz), 149.4, 144.1 (d, Jcp = 1.4 Hz), 138.3, 135.8, 135.7 (d, Jcp = 4.5
Hz), 135.01, 132.8 (d, Jcp = 10.6 Hz), 131.9 (d, Jcp = 2.3 Hz), 131.6 (d, Jcr = 2.9 Hz), 131.02 (d,
Jer = 11.6 Hz), 128.3, 128.1, 128.0, 127.9, 127.3, 127.2, 126.4, 125.9 (d, Jcp = 125.7 Hz), 125.9,
121.1,60.9, 13.4; 3P NMR (162 MHz, CDCl5) 5 18.02; HRMS (ESI) calculated for C26H20N,03P
[M + H]*: 441.1363, found: 441.1364.
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Synthetic Procedure and Characterization of 3ab

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ab (0.3 mmol, 1.5 eq.), Co(OAc)*4H>0O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3ab (67.7 mg) in 77% yield as a
colorless oil with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-Phenyl-2-(quinolin-8-y1)-3-(trimethylsilyl)-2 H-benzo|c][1.2]azaphosphinine 1-oxide
3ab

N [0]p?? =+462.0 (c = 0.5, CHCl3), >99% ee, lit': [a]p?°=+537.7 [c = 0.5, CHCl3, >99%
@ g% ee (S)]. The ee was determined by Daicel Chiralcel 1A, Hexanes/IPA = 80/20, 1.0
©:j‘|‘\ mL/min, X =210 nm, t (minor) = 12.995 min, t (major) = 14.463 min. "H NMR (400
H/ ™S MHz, CDCLs) 8 8.76 (dd, J = 4.2, 1.6 Hz, 1H), 8.22 (d, J = 7.2 Hz, 1H), 7.95 (dd, J
= 8.2, 1.6 Hz, 1H), 7.66 — 7.48 (m, 4H), 7.48 — 7.35 (m, 3H), 7.28 — 7.20 (m, 2H),
7.04 (td, J = 7.2, 1.2 Hz, 1H), 6.90 (td, J = 7.6, 3.2 Hz, 2H), -0.34 (s, 9H); 3C NMR (100 MHz,
CDCl3) 6 149.9, 148.4 (d, Jcp = 4.6 Hz), 146.1 (d, Jcp = 3.4 Hz), 138.0 (d, Jcp = 2.2 Hz), 137.1 (d,
Jcr = 3.6 Hz), 135.6, 133.4, 133.3, 132.5 (d, Jcp = 2.6 Hz), 131.4 (d, Jcp = 1.9 HZz), 131.1 (d, Jcp =
2.3Hz),130.4 (d, Jcr = 12.0 Hz), 128.7, 128.3, 126.7, 126.6, 126.5, 126.2 (d, Jcpr = 14.4 Hz), 125.6,

123.9 (d, Jcp = 128.6 Hz), 121.2, 115.1 (d, Jcp = 11.3 Hz), 0.0; 3'P NMR (162 MHz, CDCl;)
16.27; HRMS (ESI) calculated forCaH26N2OPSi [M + H]*: 441.1547, found: 441.1551.
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Synthetic Procedure and Characterization of 3ac

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ac (0.30 mmol, 1.5 eq.), Co(OAc),-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 3ac (88.0 mg) in 89% yield as a light-
yellow foam with 98% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(Naphthalen-2-yl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphini-ne 1-
oxide (3ac)

B M.p.: 120 - 122 °C; [a]p® = +288.0 (¢ = 0.2, CHCl3), 99% ee. The ee was
Q /g determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254

”

PN

N nm, t (minor) = 22.125 min, t (mjaor) = 40.811 min. '"H NMR (400 MHz, CDCl;)
g 88.74 (dd,J=4.4 1.6 Hz, 1H), 8.18 (d,J=7.2 Hz, 1H), 7.88 (d, /= 1.6 Hz, I1H),
7.76-7.65 (m, 2H), 7.66 (dd, J = 8.4, 1.6 Hz, 1H), 7.59-7.52 (m, 4H), 7.51-7.47
(m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 7.32-7.25 (m, 4H), 7.23 (d, /= 7.2 Hz, 1H),
7.14-7.08 (m, 1H), 7.08-7.05 (m, 1H), 6.98 (td, J = 7.8, 3.6 Hz, 2H), 6.44 (d, J= 2.0 Hz, 1H); 3C
MR (100 MHz, CDCl3) 6 149.2, 145.1, 144.1 (d, Jcp = 3.1 Hz), 138.0 (d, Jcp = 5.1 Hz), 137.7 (d,
Jer=1.9 Hz), 136.0 (d, Jcp = 4.4 Hz), 135.4, 133.03 132.9, 132.4 (d, Jcp = 5.4 Hz), 131.8 (d, Jcp =
2.4 Hz), 131.6 (d, Jcp = 135.8 Hz), 131.4 (d, Jcp = 2.9 Hz), 130.9 (d, Jcp = 12.4 Hz), 130.3 (d, Jcp
= 2.8 Hz), 128.4, 128.2 (d, Jcr = 20.5 Hz), 127.3, 127.2, 127.1 (d, Jcp = 13.6 Hz), 126.8, 126.7,
126.6, 126.4,126.1, 125.9, 125.7, 125.4, 124.2 (d, Jcp = 126.7 Hz), 1201.0, 108.4 (d, Jcp = 7.7 Hz);
3IPNMR (162 MHz, CDCl5) 6 18.98; HRMS (ESI) calculated for C33H24N>OP [M+ H]": 495.1621,

found: 495.1618.
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Synthetic Procedure and Characterization of 3ad

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ad (0.30 mmol, 1.5 eq.), Co(OAc)-4H>O (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product 3ad (63.1 mg) in 70% yield as a light-
yellow foam with 99% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-Phenyl-2-(quinolin-8-yl)-3-(thiophen-2-yl)-2H-benzo|c][1,2]azaphosphinine 1-oxide
(3ad)

M.p.: 105 - 107 °C; [a]p*® = +378.7 (¢ = 0.5, CHCIls), 99% ee; The ee was

Q Nl = determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A =254
0 nm, t (minor) = 12.915 min, t (mjaor) = 38.326 min. 'H NMR (400 MHz,
PN CDCl) 6 8.69 (d, J=4.4 Hz, 1H), 8.11 (d, /= 7.2 Hz, 1H), 7.76 (d, J= 8.4

Z S\ Hz, 1H), 7.70 (dd, J=13.2, 7.6 Hz, 2H), 7.53 — 7.44 (m, 2H), 7.41 (t,J=8.0

H |/ Hz, 2H),7.26 —7.18 (m, 2H), 7.13-7.09 (m, 1H), 7.07 (d,J=7.6 Hz, 1H),

6.96 (t,J = 8.4 Hz, 2H), 6.82 (d, /= 4.8 Hz, 1H), 6.78 (s, IH), 6.53 (s, 1H), 6.46 (d, J=4.4 Hz, 1H);
13C MR (100 MHz, CDCl5) 6 149.6, 144.5 (d, Jcp = 3.0 Hz), 140.4z (d, Jcp = 4.9 Hz), 138.3, 137.7
(d, Jop = 5.4 Hz), 137.42 (d, Jep = 1.8 Hz), 135.5, 133.0 (d, Jep = 10.6 Hz), 131.8 (d, Jep = 2.2 Hz),
131.56 (d, Jcp = 2.6 Hz), 130.8 (d, Jcp = 12.0 Hz), 130.4 (d, Jep = 2.6 Hz), 130.1 (d, Jep = 135.8
Hz), 128.4, 127.8, 127.6, 127.2 (d, Jep = 13.7 Hz), 126.9 (d, Jep = 9.1 Hz), 126.3 (d, Jep = 14.0 Hz),
125.9,125.6 (d, Jep = 12.4 Hz), 1234.1 (d, Jep = 126.3 Hz), 121.2, 111.7 (d, Jep = 7.2 Hz), 108.5 (d,
Jep = 7.5 Hz); 3P NMR (162 MHz, CDCl3) 6 19.30; HRMS (ESI) calculated for Co7H20N2OPS
[M + H]*": 451.1028, found: 451.1025.
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Synthetic Procedure and Characterization of 3ae

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ae (0.30 mmol, 1.5 eq.), Co(OAc)2-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3ae (79.8 mg) in 89% yield as a light-
yellow foam with 99% ee. Product exists as a 7:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(Cyclohex-1-en-1-yl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|c][1,2]azaphosphi-nine

1-oxide (3ae)

B M.p.: 85 - 86 °C; [a]p** =+331.6 (c = 0.2, CHCl3), 99% ee; The ee was determined
@ ON% by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A =254 nm, t (minor)
"PjN = 9.760 min, t (mjaor) = 16.425 min. "H NMR (400 MHz, CDCl3) 5 8.76 (d, J =
4.0 Hz, 1H), 8.02 (d, /= 7.2 Hz, 1H), 7.93 (d, J= 8.4 Hz, 1H), 7.68 (dd, J=13.2,
7.6 Hz, 2H), 7.54—7.44 (m, 2H), 7.43-7.36 (m, 2H), 7.31 (t,/=7.6 Hz, 1H), 7.24
(dd, /=8.4,4.4 Hz, 1H), 7.21-7.14 (m, 1H), 7.10 (t,J= 7.6 Hz, 1H), 6.98 (td, /= 7.8, 3.2 Hz, 2H),
6.18 (d, J= 2.0 Hz, 1H), 5.72 (t, J = 4.0 Hz, 1H), 2.07-1.96 (m, 2H), 1.67-1.38 (m, 2H), 1.17-
0.96(m, 4H); 13C MR (100 MHz, CDCl;) 8 149.3, 147.4, 144.8 (d, Jcr = 3.4 Hz), 138.3 (d, Jcr =
5.0 Hz), 138.0 (d, Jcp = 2.4 Hz), 135.5, 135.3 (d, Jcp = 4.0 Hz), 133.1 (d, Jcp = 10.5 Hz), 131.6 (d,
Jor = 2.5 Hz), 131.4 (d, Jcp = 121.2 Hz), 131.3 (d, Jcp = 2.7 Hz), 130.7 (d, Jop = 12.2 Hz), 130.4,
130.3 (d, Jer = 2.9 Hz), 128.5, 127.1, 126.9, 126.4 (d, Jcp = 9.4 Hz), 125.5, 125.4, 124.0 (d, Jcp =
127.5 Hz), 121.0, 104.8 (d, Jer = 7.7 Hz), 28.1, 25.0, 22.3, 21.6; 3'P NMR (162 MHz, CDCl;) §

18.61; HRMS (ESI) calculated for C2oH26N,OP [M + H]*: 449.1777, found: 449.1776.
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Synthetic Procedure and Characterization of 3af

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2af (0.30 mmol, 1.5 eq.), Co(OAc),4H>0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.2
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 5:1 v/v) to give the desired product 3af (60.9 mg) in 65% yield as a light-
yellow foam with 99% ee. Product exists as a 9:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(4-Ethynylphenyl)-1-phenyl-2-(quinolin-8-yl)-2H-benzo[c][1,2]azaphosphini-ne 1-
oxide (3af)

@ N determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A =
‘P':O 254 nm, t (minor) = 12.108 min, t (mjaor) = 28.882 min. 'H NMR (400
\ MHz, CDCl3) 6 8.70 (dd, J = 4.0, 1.6 Hz, 1H), 8.11 (d, J = 7.6 Hz, 1H),
O 7.75 (dd, J=8.4, 1.6 Hz, 1H), 7.66 (dd, J=13.2, 7.6 Hz, 2H), 7.54 (t, J =

X 76 Hz, 1H), 7.49-7.43 (m, 2H), 7.36 (d, J = 8.0 Hz, 1H), 7.33 (d, /= 8.0
Hz, 2H), 7.26-7.21 (m, 2H), 7.15-7.08 (m, 2H), 7.04 (d, J= 8.0 Hz, 2H), 6.97 (td, J= 7.8, 3.2 Hz,
2H), 6.32 (d, J = 2.0 Hz, 1H), 2.94 (s, 1H); 3C MR (100 MHz, CDCl;) 5 149.3, 144.4, 143.8 (d,
Jep = 3.2 Hz), 139.0 (d, Jcp = 4.3 Hz), 137.8 (d, Jcp = 4.8 Hz), 137.5, 135.5, 133.0 (d, Jcp = 10.5
Hz), 131.8 (d, Jcp = 2.1 Hz), 131.6 (d, Jcp = 136.0 Hz), 131.5 (d, Jcp = 2.9 Hz), 130.9, 130.8, 130.2
(d, Jep = 2.8 Hz), 128.8, 128.4, 127.4, 127.2 (d, Jcr = 13.5 Hz), 126.8 (d, Jcp = 9.1 Hz), 126.2 (d,
Jop = 14.4 Hz), 125.5, 124.3 (d, Jop = 127.3 Hz), 121.1, 120.9, 108.0 (d, Jcp = 7.6 Hz), 83.3, 77.6;
3P NMR (162 MHz, CDCl3) 6 18.76; HRMS (ESI) calculated for C31H22NOP [M+ H]": 469.1464,
found: 469.1465.

N M.p.: 197 - 200 °C; [a]p?® = +341.2 (¢ = 0.5, CHCI3), 99% ee; The ee was
[ l
N
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Synthetic Procedure and Characterization of 3ag

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm %0.25 mm). Phosphinic amide 1b (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc)2:4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-3ag (68.7 mg) in 76% yield as a
white solid with 99% ee. Product exists as a 9:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown.

(.5)-3.4-Diethyl-6-methyl-2-(quinolin-8-yl)-1-(p-tolyD-2H-benzo|c]l1,2]azaphosphinine 1-
oxide (3ag)

Me N M.p.: 65 - 71 °C, 99% ee; [a]p?® = +397.1 (c = 0.5, CHCl3), lit'd: [a]p?® =

% +399.9 [c=0.5, CHCl3, 99% ee (S)]. The ee was determined by Daicel Chiralcel

1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254 nm, t (major) = 27.783 min, t

/ (minor) = 7.150 min. 'H NMR (400 MHz, CDCl;) 5 8.76 (dd, J=4.1, 1.8 Hz,

Me Me 1H), 8.06 (d, /= 7.2 Hz, 1H), 7.95 (dd, J= 8.4, 1.6 Hz, 1H), 7.52 (dd, /=8 .4,

1.6 Hz, 1H), 7.48 — 7.42 (m, 3H), 7.33 — 7.25 (m, 2H), 7.19 (dd, J = 14.4, 8.0

Hz, 1H), 6.98 (d, /= 8.0 Hz, 1H), 6.72 (d, J= 8.0, 3.2 Hz, 2H), 2.75 (q, /= 7.6 Hz, 2H), 2.49 — 2.43

(m, 4H), 2.07 (s, 3H), 1.76 (dq, /= 14.8, 7.2 Hz, 1H), 1.32 (t, /= 7.2 Hz, 3H), 0.95 (t, /= 7.6 Hz,

3H); BC NMR (100 MHz, CDCl3) 6 150.0, 145.4 (d, Jcp = 3.5 Hz), 142.3, 141.4 (d, Jcp = 2.9 Hz),

141.3 (d, Jcp = 2.5 Hz), 139.0 (d, Jcp = 4.5 Hz), 137.7 (d, Jcp = 2.5 Hz), 135.8, 133.3 (d, Jcp = 10.5

Hz), 130.8 (d, Jcp = 13.0 Hz), 130.5 (d, Jcp = 3.4 Hz), 128.5, 127.7 (d, Jcp = 13.6 Hz), 127.5 (d, Jep

=137.9 Hz), 127.2, 125.9 (d, Jcp = 15.0 Hz), 125.8, 123.8 (d, Jcp = 9.8 Hz), 122.4 (d, Jop = 132.0

Hz), 121.2, 114.0 (d, Jer = 8.4 Hz), 24.8 (d, Jor = 2.5 Hz), 22.4, 22.2, 21.3, 15.0, 13.2; 3P NMR

(162 MHz, CDCl5) 6 16.70; HRMS (ESI) calculated for C2oH30N.OP [M+ H]*: 453.2090, found:
453.2091.
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Synthetic Procedure and Characterization of 3ah

Rstertion
Time (min)

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm X0.25 mm). Phosphinic amide 1¢ (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc)2:4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product (S)-3ah (101.8 mg) in 95% yield as a
yellow foam with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(.5)-6-(tert-ButyD-1-(4-(zert-butyl)phenyl)-3.4-diethyl-2-(quinolin-8-y1)-2 H-benzo|c]|1.2]a
zaphosphinine 1-oxide (3ah)

M.p.: 87 - 91 °C, 99% ee; [a]p?® = +204.4 (¢ = 0.5, CHCI3). The ee was
determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A =254
nm, t (major) = 9.047 min, t (minor) = 5.387 min. \H NMR (400 MHz, CDCl;)
\‘P:'SJ I 0 8.74 (dd, J=4.4, 1.6 Hz, 1H), 8.08 (dt, /= 7.2, 1.6 Hz, 1H), 7.92 (dd, J =
}/Qj%\ U 8.4,2.0 Hz, 1H), 7.69 (dd, J=4.8, 1.6 Hz, 1H), 7.51 (dd, /= 8.4, 1.2 Hz, 1H),
CO 7.41 (dd, J = 12.4, 8.4 Hz, 2H), 7.36 — 7.30 (m, 2H), 7.25 — 7.22 (m, 2H),
6.88(dd, J= 8.4, 3.2 Hz, 2H), 2.83 — 2.77 (m, 2H), 2.53 — 2.43 (m, 1H), 1.88 — 1.78 (m, 1H), 1.38
(s,9H), 1.34 (t, J=7.6 Hz, 3H), 1.04 (s, 9H), 0.95 (t, J= 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl5)
0 154.4 (d, Jep = 2.9 Hz), 154.3 (d, Jep = 2.5 Hz), 150.0, 145.4 (d, Jcp = 3.4 Hz), 142.2, 138.7 (d,
Jer=4.5Hz),137.4 (d, Jcp =2.3 Hz), 135.7, 133.1 (d, Jcp = 10.5 Hz), 131.2 (d, Jcr = 3.3 Hz), 130.6
(d, Jep = 13.0 Hz), 128.6, 127.4 (d, Jcp = 138.0 Hz), 127.3, 125.8, 123.6 (d, Jcp = 13.6 Hz), 122.4
(d, Jer=14.6 Hz), 121.5 (d, Jop = 131.2 Hz), 121.1, 120.2 (d, Jcp = 9.7 Hz), 113.7 (d, Jcp = 8.2 Hz),
35.2, 34.6, 31.3, 30.9, 24.9 (d, Jcp = 2.6 Hz), 22.4, 15.0, 13.4.; 3'P NMR (162 MHz, CDCL3)
16.85; HRMS (ESI) calculated for C3sH4,N,OP [M + H]™: 537.3029, found: 537.3027.
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Synthetic Procedure and Characterization of 3ai

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm %0.25 mm). Phosphinic amide 1d (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:2 v/v) to give the desired product (5)-3ai (83.3 mg) in 86 % yield as a
white solid with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(.5)-3.4-Diethyl-6-methoxy-1-(4-methoxyphenylD-2-(quinolin-8-y1)-2 H-benzo|c]|1.2]azaph
osphinine 1-oxide (3ai)

M.p.: 67 - 72 °C; >99% ee; [a]p?® = +499.5 (¢ = 0.5, CHCly), lit': [a]p? =
+502.4 [c = 0.5, CHCIl3, >99% ece (S)] The ee was determined by Daicel
Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254 nm, t (major) =
Qj)\ ) 43.437 min, t (minor) = 12.067 min. 'H NMR (400 MHz, CDCl;)  8.75 (dd,
1eo Ve J=4.0, 1.6 Hz, 1H), 8.06 (d, J= 7.2 Hz, 1H), 7.95 (dd, J = 8.0, 1.6 Hz, 1H),
7.53 (dd, J= 8.4, 1.6 Hz, 1H), 7.47 (dd, J = 12.4, 8.8 Hz, 2H), 7.32 (dd, J =
8.0, 7.2 Hz, 1H), 7.27 — 7.23 (m, 2H), 7.13 (dd, /= 4.4, 2.4 Hz, 1H), 6.73 (dt, /= 8.4, 2.0 Hz, IH),
6.40 (dd, J= 8.8, 2.4 Hz, 2H), 3.85 (s, 3H), 3.57 (s, 3H), 2.75 — 2.69 (m, 2H), 2.47 — 2.41 (m, 1H),
1.75 (dq, J = 14.8, 7.2 Hz, 1H), 1.31 (t, J= 7.2 Hz, 3H), 0.94 (t, ] = 7.2 Hz, 3H).; 3C NMR (100
MHz, CDCl3) 6 162.0 (d, Jcp = 2.9 Hz), 161.8 (d, Jep = 2.9 Hz), 150.0, 145.3 (d, Jep = 2.9 Hz),
142.9, 141.0 (d, Jcp = 5.3 Hz), 137.5 (d, Jcp = 1.4 Hz), 135.8, 135.1 (d, Jcp = 11.6 Hz), 132.6 (d, Jcp
=13.9 Hz), 130.6 (d, Jcp = 2.6 Hz),, 128.5, 127.4, 125.8, 122.0 (d, Jcp = 143.0 Hz), 121.2, 117.7 (d,
Jer = 135.9 Hz), 113.4 (d, Jor = 8.0 Hz), 112.4 (d, Jcp = 14.5 Hz), 111.3 (d, Jcp = 15.3 Hz), 108.2
(d, Jer=10.4 Hz), 55.2, 55.0,24.9,22.5, 14.9, 13.3.; 3’ P NMR (162 MHz, CDCl3) 6 16.54; HRMS
(ESI) calculated for C20H30N>O3P [M + H]": 485.1989, found: 485.1976;
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Synthetic Procedure and Characterization of 3aj

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm X0.25 mm). Phosphinic amide 1e (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 8 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-3aj (89.3 mg) in 97% yield as a
white foam with 99% ee. Product exists as a 12:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Diethyl-6-fluoro-1-(4-fluorophenyl)-2-(quinolin-8-y1)-2H-benzo|c][1,2]azaphosph
inine 1-oxide (3aj)

F M. p.: 164 - 166 °C; 99% ee; [a]p?® = +451.2 (c = 0.5, CHCL), lit'd: [a]p®° =
© +472.8 [c = 0.5, CHCl3, >99% ee (S)]. The ee was determined by Daicel
\.P:’z I Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254 nm, t (major) = 11.955
F/% N~~  min, t (minor) = 6.673 min. 'H NMR (400 MHz, CDCl;) 5 8.77 (dd, J=4.0, 1.6
we” M Hz, 1H), 8.06 (dt, J= 7.6, 1.6 Hz, 1H) , 7.99 (dd, J = 8.0, 1.6 Hz, 1H), 7.60 —
7.51 (m, 3H), 7.38 — 7.27 (m, 4H), 6.90 (tt, J = 8.4, 2.0 Hz, 1H), 6.59 (td, J= 8.8, 2.4 Hz, 2H), 2.77
—2.67 (m, 2H), 2.46 (ddd, J = 14.8, 7.6, 2.0 Hz, 1H), 1.79 (dq, J = 14.8, 7.6 Hz, 1H), 1.31 (t, J =
7.6 Hz, 3H), 0.95 (t, J = 7.2 Hz, 3H).; 3C NMR (100 MHz, CDCl3) 5 165.2 (dd, Jcr = 247.7, Jcp
= 3.2 Hz), 164.7 (dd, Jcr = 251.4, Jcp = 3.4 Hz), 150.3, 145.2 (d, Jcp = 3.6 Hz), 143.9, 142.1 (dd,
Jor = 8.4, Jop = 5.5 Hz), 137.0 (d, Jcp = 2.6 Hz), 136.0, 135.7 (dd, Jcr = 11.7, Jcp = 8.8 Hz), 133.3
(dd, Jcr = 13.8, Jep = 9.5 Hz), 130.9 (d, Jcp = 3.1 Hz), 128.7, 127.9, 126.5 (dd, Jcp = 140.4, Jcr =
3.0 Hz), 125.8, 121.5, 120.5 (dd, Jcp = 133.2, Jor = 2.3 Hz), 114.3 (dd, Jcr = 21.2, Jep = 14.6 Hz),
113.3 (dd, Jcr = 7.8, Jep = 2.3 Hz), 112.8 (dd, Jor = 22.5, Jep =14.7 Hz), 110.0 (dd, Jcr = 22.3, Jep
=10.6 Hz), 25.0 (d, Jcp = 2.7 Hz), 22.5, 14.7, 13.3.; YF NMR (376 MHz, CDCl) 5 -107.39, -
107.52 (d, Jpp = 1.5 Hz), 3P NMR (162 MHz, CDCl;) & 14.66; HRMS (ESI) calculated for
C27H24F2N2OP [M + H]™: 461.1589, found: 461.1591;
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Synthetic Procedure and Characterization of 3ak

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm x0.25 mm). Phosphinic amide 1f (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ~BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-3ak (74.2 mg) in 82% yield as a
light-yellow foam with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Diethyl-7-methyl-2-(quinolin-8-y1)-1-(m-tolyl)-2 H-benzo|c]|1,2]azaphosphinine 1-oxi
de (3ak)

Me M. p.: 189 - 190 °C; 99% ee; [a]p?® = +620.9 (¢ = 0.5, CHCl3). The ee was
q determined by Daicel Chiralcel IC, Hexanes/IPA = 70/30, 1.0 mL/min, A =

Mm 1 210 nm, t (major) = 14.940 min, t (minor) = 11.165 min.'H NMR (400 MHz,
& Na
Me

CDCl) 6 8.78 (dd, J=4.0, 1.6 Hz, 1H), 8.03 (d, /= 7.2 Hz, 1H), 7.96 (d, J

Me =8.4Hz, 1H), 7.59 - 7.51 (m, 2H), 7.43 — 7.25 (m, 5H), 7.15 (d, J=15.6 Hz,

1H), 6.88 — 6.80 (m, 2H), 2.76 (q, J = 7.2 Hz, 2H), 2.49 — 2.43 (m, 1H), 2.24 (s, 3H), 1.93 (s, 3H),

1.93 - 1.77 (m, 1H), 1.31 (t, J= 7.2 Hz, 3H), 0.95 (t, /= 7.6 Hz, 3H); 3C NMR (100 MHz, CDCl5)

6 149.9,145.5,141.3, 137.6 (d, Jcp = 2.6 Hz), 136.4 (d, Jop = 18.3 Hz), 136.4, 135.8, 134.5 (d, Jcp

=14.6 Hz), 133.7 (d, Jcp = 10.3 Hz), 132.5 (d, Jep = 2.6 Hz), 131.9 (d, Jep = 2.9 Hz), 130.7 (d, Jcp

=8.1Hz), 130.6 (d, Jcp = 2.3 Hz), 130.5 (d, Jcp = 135.0 Hz), 130.4 (d, Jcp = 10.1 Hz), 128.5, 127.3,

126.68 (d, Jcr = 14.0 Hz), 125.8, 124.7 (d, Jcp = 128.7 Hz), 123.5 (d, Jcr = 10.0 Hz), 121.1, 114.0

(d, Jer = 8.2 Hz), 24.7,22.4,20.9, 20.8, 14.9, 13.4.; 3'P NMR (162 MHz, CDCl3)  16.72; HRMS
(ESI) calculated for C20H30N,OP [M + H]*: 453.2090, found: 453.2081;
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Synthetic Procedure and Characterization of 3al

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1g (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 8 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-3al (90.0 mg) in 93 % yield as a
light-yellow foam with 97% ee. Product exists as a 11:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3,4-Diethyl-7-methoxy-1-(3-methoxyphenyl)-2-(quinolin-8-y1)-2 H-benzo|c][1.2]-

azaphosphinine 1-oxide (3al)

OMe M. p.: 154 - 156 °C; 97% ee; [a]p?® = +530.7 (¢ = 0.5, CHCI3). The ee was
g J% determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A =
I 210 nm, t (major) =24.625 min, t (minor) = 11.565 min. '"H NMR (400 MHz,
e CDCl;) 6 8.79 (dd, J=4.0, 1.6 Hz, 1H), 8.10 (dd, /= 8.0, 1.6 Hz, 1H), 7.96
Me —7.94 (m, 1H), 7.62 — 7.54 (m, 2H), 7.33 — 7.28 (m, 2H), 7.25 — 7.18 (m,
2H), 7.15-"7.11 (m, 1H), 6.90 (td, /= 8.0, 4.0 Hz, 1H), 6.84(dd, J = 15.6, 2.8 Hz, 1H),6.66 (dd, J
=8.0, 2.4 Hz, 1H), 3.67 (s, 3H), 3.39 (s, 3H), 2.76 — 2.70 (m, 2H), 2.41 — 2.35 (m, 1H), 1.80 (dq, J
=14.8,7.6 Hz, 1H), 1.27 (t,J= 7.6 Hz, 3H), 0.92 (t, J= 7.6 Hz, 3H); 3C NMR (100 MHz, CDCl3)
158.4 (d, Jep = 16.3 Hz), 157.1 (d, Jep = 17.6 Hz), 150.0, 145.6 (d, Jcp = 3.7 Hz), 139.8, 137.6 (d,
Jor = 2.6 Hz), 136.0, 132.4 (d, Jcp = 4.1 Hz), 132.2 (d, Jcp = 133.8 Hz), 130.4 (d, Jcp = 3.5 Hz),
128.7, 128.2 (d, Jep = 15.9 Hz), 127.3, 126.1 (d, Jcp = 10.3 Hz),126.0(d, Jcp = 128.8Hz) 125.9,
125.4 (d, Jer = 11.5 Hz), 121.2, 119.1 (d, Jcp = 2.6 Hz), 118.8 (d, Jcp = 2.8 Hz), 116.6 (d, Jep=11.4
Hz), 115.2 (d, Jer = 8.2 Hz), 113.6 (d, Jcp = 13.6 Hz), 55.5, 55.1, 24.5 (d, Jop = 2.5 Hz), 22.5, 15.0,
13.4.;3'PNMR (162 MHz, CDCl3) 5 16.61; HRMS (ESI) calculated for C20H30N>OsP [M + H]":
485.1989, found: 485.1995;
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Synthetic Procedure and Characterization of 3am

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1h (0.2 mmol, 1.0
equiv), alkyne 21 (0.3 mmol, 1.5 equiv), Co(OAc)-4H>O (10 mol %), (S)-L1 (20 mol %), NaOPiv
(0.4 mmol, 2.0 equiv) were placed in a 15 mL cell and dissolved in 4.0 mL of --BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 20 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-3am (61.5 mg) in 68% yield as a
white foam with >99% ee. Product exists as a 16:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(.5)-3.4-Diethyl-8-methyl-2-(quinolin-8-yl)-1-(o-tolyD)-2H-benzo|c]|1.2]azaphosphinine 1-oxi

de (3am

M. p.: 188 - 190 °C; >99% ee; [a]p®® = +459.6 (¢ = 0.5, CHCI,), lit'%: [a]p?® =
+452.4 [c=0.5, CHCl3, >99% ee (S)]. The ee was determined by Daicel Chiralcel
1A, Hexanes/IPA = 90/10, 1.0 mL/min, A = 254 nm, t (single peak) = 11.497 min.
'"H NMR (400 MHz, CDCl;5)  8.64 (d, J=2.4 Hz, 1H), 8.23 (d, J= 7.6 Hz, 1H),
7.89 —7.82 (m, 2H), 7.55 — 7.52 (m, 1H), 7.48 — 7.40 (m, 2H), 7.31 (t, /= 8.0 Hz,
1H), 7.18 (dd, J = 8.4, 4.4 Hz, 1H), 6.94 (dd, /= 7.6, 4.4 Hz, 1H), 6.87 — 6.78 (m, 2H), 6.50 (t, J =
6.4 Hz, 1H), 2.82 — 2.65 (m, 1H), 2.56 — 2.48 (m, 2H), 2.06 (s, 3H), 1.82 — 1.73 (m, 4H), 1.30 (t, J
= 7.6 Hz, 3H), 0.95 (t, /= 7.6 Hz, 3H); 3C NMR (100 MHz, CDCl3) 6 149.4, 145.3 (d, Jcr = 2.6
Hz), 142.1 (d, Jcp = 2.2 Hz), 141.9 (d, Jcp = 10.2 Hz), 140.4 (d, Jcp = 11.7 Hz), 139.6 (d, Jop = 4.7
Hz), 137.1 (d, Jcp = 3.3 Hz), 135.6, 134.7 (d, Jcp = 9.5 Hz), 131.2 (d, Jcp = 2.3 Hz), 131.1 (d, Jcp =
2.0 Hz), 130.9 (d, Jcp = 130.5 Hz), 130.8, 130.4 (d, Jcp = 12.4 Hz), 128.3, 127.5 (d, Jcp = 12.9 Hz),
127.2, 125.5, 124.3 (d, Jer = 13.0 Hz), 124.1 (d, Jep = 128.1 Hz), 122.0 (d, Jer = 9.6 Hz), 121.0,
112.6 (d, Jer = 8.4 Hz), 25.0, 23.0, 21.5, 21.4, 15.1, 13.3; 3'P NMR (162 MHz, CDCl3) 6 11.81;
HRMS (ESI) calculated for C2oH3oN>OP [M + H]*: 453.2090, found: 453.2099;
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Synthetic Procedure and Characterization of 3an

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm X0.25 mm). Phosphinic amide 1i (0.2 mmol, 1.0
equiv), alkyne 21 (0.3 mmol, 1.5 equiv), Co(OAc)-4H>O (10 mol %), (S)-L1 (20 mol %), NaOPiv
(0.4 mmol, 2.0 equiv) were placed in a 15 mL cell and dissolved in 4.0 mL of --BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 60 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product (S)-3an (80.6 mg) in 84% yield as a
light-yellow foam with >99% ee. Product exists as a 10:1 mixture of atropisomers due to the
hindered rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-(3.4-Dimethvlphenyl)-3.4-diethyl-6.7-dimethyl-2-(quinolin-8-yl)-2 H-benzo|c]|1,2]-azap
hosphinine 1-oxide (3an)

Me M. p.: 89 - 90 °C; >99% ee; [a]p?* = +390.2 (c = 0.5, CHCl5), lit': [a]p* =
Me +377.4 [c = 0.5, CHCl3, >99% ee (S)]. The ee was determined by Daicel
o Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A = 254 nm, t (major) =

Me J=4.4,2.0Hz 1H), 8.02 (dt, /= 7.2, 1.6 Hz, 1H), 7.94 (dt, J = 8.4, 1.6 Hz,

1H), 7.50 (d, J= 8.0 Hz, 1H), 7.43 (d, /= 4.8 Hz, 1H), 7.34 — 7.24 (m, 4H),
7.08 (d, J=14.4 Hz, 1H), 6.69 (dd, J= 8.4, 3.6 Hz, 1H), 2.78 — 2.72 (m, 2H), 2.48 — 2.42 (m, 1H),
2.35 (s, 3H), 2.14 (s, 3H), 1.98 (s, 3H), 1.83 — 1.75 (m, 4H), 1.32 (t, /= 7. Hz, 3H), 0.94 (t, /=72
Hz, 3H); 3C NMR (100 MHz, CDCl3) 8 149.9, 145.5 (d, Jcp = 3.6 Hz), 141.3, 140.2 (d, Jep = 2.5
Hz), 140.0 (d, Jcp = 2.9 Hz), 137.8 (d, Jcp = 2.5 Hz), 136.7 (d, Jcp = 4.1 Hz), 135.7,135.2 (d, Jcp =
13.6 Hz), 134.2 (d, Jcp = 10.7 Hz), 133.6 (d, Jcp = 14.9 Hz), 131.2 (d, Jcp = 13.0 Hz), 130.9 (d, Jcp
=10.0 Hz), 130.5 (d, Jcp =3.2 Hz), 128.4, 128.2 (d, Jcp = 14.0 Hz), 127.7 (d, Jcp = 137.3 Hz), 127.2,
125.8, 124.4 (d, Jcp = 10.0 Hz), 122.6 (d, Jcp = 130.9 Hz), 121.0, 113.6 (d, Jcp = 8.1 Hz), 24.7 (d,
Jep=2.5Hz),22.4,20.7,19.7,19.3,19.0, 15.1, 13.4; 3'P NMR (162 MHz, CDCl3) 6 16.97; HRMS
(ESI) calculated for C3;H34N,OP [M + H]*: 481.2403, found: 481.2401;

e PZ
! Dj)ﬁ T 22.235 min, t (minor) = 6.969 min. '"H NMR (400 MHz, CDCl3) 5 8.77 (dd,
Me

Me'
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Synthetic Procedure and Characterization of 3ao

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1j (0.2 mmol, 1.0
equiv), alkyne 21 (0.3 mmol, 1.5 equiv), Co(OAc)-4H>O (10 mol %), (S)-L1 (20 mol %), NaOPiv
(0.4 mmol, 2.0 equiv) were placed in a 15 mL cell and dissolved in 4.0 mL of --BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-3a0 (79.6 mg) in 76% yield as a
white foam with >99% ee. Product exists as a 8:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3.4-Diethyl-1-(naphthalen-2-y1)-2-(quinolin-8-y)-2 H-naphtho|2.3-c]|1.2]azaphosphi-nine
1-oxide (3a0)

M.p.: 106 - 107 °C; >99% ee; [a]p?* = +523.3 (¢ = 0.5, CHCL), lit': [a]p°

‘ =+518.7 [c = 0.5, CHClI3, >99% ee (S)]. Daicel Chiralcel IC, Hexanes/IPA

O =70/30, 1.0 mL/min, A= 210 nm, t (major) =23.110 min, t (minor) =31.939

R min. '"H NMR (400 MHz, CDCL) 5 8.84 (d,J=4.0 Hz, 1H), 8.52 (d, /= 14.8
OO PN Hz, 1H), 8.12 (d, J = 4.4 Hz, 1H), 8.00 — 7.89 (m, 4H), 7.72 (d, J = 7.6 Hz,
we”  Me 1H),7.66 — 7.32 (m, 9H), 7.28 — 7.23 (m, 2H), 2.92 (q, J = 7.2 Hz, 2H), 2.46

(dd, J=14.8, 7.6 Hz, 1H), 1.92 (dd, J = 14.4, 7.2 Hz, 1H), 1.41 (t, J = 7.6 Hz,
3H), 0.99 (t, J= 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) § 150.0, 145.6 (d, Jcp = 2.3 Hz), 142.1,
137.7,135.8, 135.5 (d, Jep = 10.0 Hz), 135.1, 135.0 (d, Jop = 3.6 Hz), 134.5 (d, Jop = 2.5 Hz), 131.9,
131.9 (d, Jep = 28.3 Hz), 130.9 (d, Jep = 15.1 Hz), 130.1 (d, Jep = 2.0 Hz), 128.8, 128.6, 128.5 (d,
Jep = 135.6 Hz), 128.3, 128.1, 127.8, 127.7, 127.6, 127.5, 127.2, 126.6 (d, Jcp = 10.2 Hz), 126.2,
125.8,125.7 (d, Jep = 127.8 Hz), 125.5,121.9 (d, Jcp = 9.1 Hz), 121.2, 116.6 (d, Jcp = 7.2 Hz), 24.9,
22.8,14.9, 13.3; 3'P NMR (162 MHz, CDCL) 5 16.91; HRMS (ESI) calculated for C3sH3:N>OP
[M + H]*: 525.2090, found: 525.2075;
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Synthetic Procedure and Characterization of 3ap

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm %0.25 mm). Phosphinic amide 1k (0.2 mmol, 1.0 eq.),
alkyne 21 (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ~BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-3ap (68.2 mg) in 78% yield as a
white foam with >99% ee. Product exists as a 13:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(S)-3.4-Diethvl-2-(quinolin-8-v1)-1-(thiophen-2-yl)-2 H-thieno[2.3-c][1,2]azaphosphinine 1-0x
ide (3ap)

A M.p.: 226 - 227 °C; >99% ee; [a]p?® = +685.6 (¢ = 0.5, CHCl3). The ee was
N

7
Q 0 determined by Daicel Chiralcel IA, Hexanes/IPA =70/30, 1.0 mL/min, A = 254 nm,
S P

% t (major) = 11.041 min, t (minor) = 7.826 min. 'H NMR (400 MHz, CDCl3) 5 8.76
/

/N

(dd, J=4.4, 1.6 Hz, 1H), 8.24 (d, /= 7.6 Hz, 1H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H),
Me me 7.68 — 7.66 (m, 2H), 7.47 (t, J= 7.6 Hz, 1H), 7.30 — 7.27 (m, 2H), 7.22 (t, /= 4.8
Hz, 1H), 7.17 (dd, J = 8.4, 3.6 Hz, 1H), 6.61 — 6.58 (m, 1H), 2.74 — 2.68 (m, 2H), 2.50 — 2.40 (m,
1H), 1.82 — 1.73 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H), 0.91 (t, /= 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCl) 6 150.2, 148.3 (d, Jcp = 6.7 Hz), 145.4 (d, Jcp = 3.3 Hz), 142.4, 137.5 (d, Jop = 12.1 Hz),
136.4 (d, Jcr = 2.6 Hz), 135.8, 133.9 (d, Jcp = 6.5 Hz),133.0 (d, Jcp = 163.4 Hz),132.1 (d, Jcp=11.9
Hz), 132.1, 128.6, 128.3, 126.8 (d, Jcp = 16.5 Hz), 125.9, 124.7 (d, Jcp = 12.4 Hz), 121.3, 118.7 (d,
Jep = 148.9 Hz), 111.7 (d, Jep = 6.4 Hz), 24.0 (d, Jer = 3.3 Hz), 23.8, 15.2, 13.9; 3IP NMR (162
MHz, CDCL) 6 4.34; HRMS (ESI) calculated for C23H2N,OPS, [M + H]™: 437.0906, found:
437.0901;
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Synthetic Procedure and Characterization of 4a

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2aq (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-4a (47.7 mg) in 78% yield as a
yellow solid with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(8)-3-(3-chloro-4-(4-ethoxybenzyl)phenyl)-1-phenyl-2-(quinolin-8-yl)-2 H-benzo-[1,2]-aza-

hosphinine 1-oxide (4a
@ M.p.: 89 - 90 °C; [a]p* = +389.8 (¢ = 0.8, CHCl3); The 99% ee was
P determined by Daicel Chiralcel 1A, Hexanes/IPA =70/30, 1.0 mL/min,

‘\/\\‘/\Q/‘/O\/ A =210 nm, t (major) = 19.211 min, t (minor) = 11.625 min. '"H NMR
O O (400 MHz, CDCls) 6 8.61 (dd, J= 4.4, 1.6 Hz, 1H), 8.07 (d, J=7.6

Hz, 1H), 7.77 (d, J=8.0Hz, 1H), 7.63 (dd, /= 13.2, 7.6 Hz, 2H), 7.53
(t,J=7.6 Hz, 1H), 7.47 — 7.36 (m, 3H), 7.23 — 7.21 (m, 3H), 7.17 (d, /= 8.8 Hz, 1H), 7.12 (dd, J =
8.4,4.4 Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 6.95 (dt, J= 7.6, 2.8 Hz, 2H), 6.90 (d, J = 8.4 Hz, 1H),
6.71 (d, /= 8.4 Hz, 2H), 6.61 (d, /= 8.8 Hz, 2H), 6.27 (d, /J=2.0 Hz, 1H), 4.02 (q, /= 7.2 Hz, 2H),
3.73 (s, 2H), 1.42 (t, J= 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) & 157.3, 149.3, 144.2, 143.7
(d, Jer =2.0 Hz), 137.8 (d, Jcp = 4.0 Hz), 137.5, 137.5, 137.3 (d, Jcp = 4.0 Hz), 135.5, 133.3, 133.0
(d, Jcp=11.0 Hz), 131.8, 131.7, 131.5, 131.0, 131.0 (d, Jcr = 12.0 Hz), 130.2, 130.0, 129.6, 129.0,
128.4, 128.3 (d, Jcp= 6.0 Hz), 127.3, 127.2 (d, Jcp = 14.0 Hz), 126.8 (d, Jcp = 9.0 Hz), 126.1 (d, Jcp
=15.0 Hz), 125.6, 124.1 (d, Jcp = 128.0 Hz), 121.1, 114.3,107.5 (d, Jcp = 8.0 Hz), 63.4, 38.1, 15.0.;
3P NMR (162 MHz, CDCl3) 6 18.71; HRMS (ESI) calculated for C3sH3CIN2O,P [M + HJ™:
613.1806, found: 613.1816.
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Synthetic Procedure and Characterization of 4b

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ar (0.3 mmol, 1.5 eq.), Co(OAc)¢4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-4b (52.3 mg) in 81% yield as a
light-yellow solid with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(8)-3-(3-chloro-4-(4-(((S)-tetrahydrofuran-3-yl)oxy)benzyl)phenyl)-1-phenyl-2-(quinolin-8-yl)-
2H-benzo|c][1,2]azaphosphinine 1-oxide (4b)

S M.p.: 105 - 106 °C; [a]p?® = +326.0 (¢ = 0.8, CHCI3); The 99% ee
@ % was determined by Daicel Chiralcel IA, Hexanes/IPA =70/30, 1.0
\ PN mL/min, A = 210 nm, t (major) = 44.030 min, t (minor) = 19.239
Z O “ O O\(} min. 'H NMR (400 MHz, CDCL) & 8.61 (dd, J = 4.4, 1.6 Hz,
®  1H), 8.05 (d, J= 7.6 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.62 (dd,
J=12.8,7.2 Hz, 2H), 7.51 (t, J= 7.2 Hz, 1H), 7.45 — 7.41 (m, 2H), 7.37 (t, /= 8.8 Hz, 2H), 7.21
(d, J=2.0 Hz, 2H), 7.18 (dt, J = 8.0, 2.0 Hz, 2H), 7.11 (dd, J = 8.0, 4.4 Hz, 1H), 6.96 — 6.89 (m,
3H), 6.68 (d, J= 8.8 Hz, 2H), 6.62 (d, J = 8.8 Hz, 2H), 6.27 (d, /= 1.6 Hz, 1H), 4.91 — 4.87 (m,
1H), 4.00 — 3.95 (m, 3H), 3.91 — 3.86 (m, 1H), 3.72 (s, 2H), 2.21 — 2.14 (m, 2H). 13C NMR (100
MHz, CDCls) 6 155.7, 149.3, 144.1, 143.7 (d, Jcp = 3.0 Hz), 137.7 (d, Jcp = 5.0 Hz), 137.4 (d, Jcp
=1.0Hz), 137.3,137.2 (d, Jop = 4.0 Hz), 135.4, 133.2,132.9 (d, Jor = 10.0 Hz), 131.8, 131.6, 131 .4,
130.9 (d, Jcp = 12.0 Hz), 130.1, 129.7, 128.3, 128.2, 128.2, 127.3, 127.1, 127.0, 126.7 (d, Jcr = 9.0
Hz), 126.1 (d, Jcp = 14.0 Hz), 125.5, 124.0 (d, Jcp = 137.0 Hz), 121.1, 115.1, 115.0, 107.5 (d, Jcp =
8.0 Hz),77.2,73.1, 67.2, 38.0, 33.0. 3'PNMR (162 MHz, CDCl;) 5 18.75; HRMS (ESI) calculated
for C4oH33CIN,O3P [M + H]*: 655.1912, found: 655.1921.
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Synthetic Procedure and Characterization of 4c

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2as(0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-4¢ (46.5 mg) in 75% yield as a
light-yellow solid with > 99:1 ee. Product exists as a 7:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(8R.9S5,135.14.5)-13-methyl-2-((S)-1-oxido-1-phenyl-2-(quinolin-8-yl)-2 H-
benzo|c][1.2]azaphosphinin-3-yD-6.7.8,9,11.12.13,14.15.16-decahvdro-17H-
cyclopentala]phenanthren-17-one (4c¢)

7 M.p.: 178 -179 °C; [a]p?® = +273.4 (¢ = 0.5, CHCl3), lit'd: [a]p?® = +266.5
@ ,,5“ o (c=0.5, CHCl3) The >99% ee was determined by Daicel Chiralcel IA,
VSN

O P; _ Hexanes/IPA = 70/30, 1.0 mL/min, A = 210 nm, t (single peak) = 30.316
A min. "H NMR (400 MHz, CDCl;5) § 8.73 (dd, J = 4.0, 2.0 Hz, 1H), 8.04
(d,J=7.2Hz, 1H), 7.76 (dd, J= 8.0, 2.0 Hz, 1H), 7.69 (dd, J=13.2,7.2
Hz, 2H), 7.53 — 7.42 (m, 3H), 7.35 (d, /= 8.4 Hz, 1H), 7.25-7.21 (m, 2H), 7.18 — 7.08 (m, 5H), 6.97
(td, J=17.6, 3.2 Hz, 2H), 6.83 (d, J = 8.4 Hz, 1H), 6.32 (d, J = 2.0 Hz, 1H), 2.62 — 2.58 (m, 2H),
2.44 (dd,J=19.2, 8.8 Hz, 1H), 2.19 — 2.15 (m, 1H), 2.11 — 1.93 (m, 4H), 1.84 (dd, J=9.2, 3.2 Hz,
2H), 1.57 — 1.47 (m, 1H), 1.40 — 1.34 (m, 4H), 1.27 — 1.23 (m, 1H), 0.80 (s, 3H); 3C NMR (100
MHz, CDCL) 6 149.2, 145.1, 144.4 (d, Jcp = 3.0 Hz), 139.0, 138.2 (d, Jcp = 5.0 Hz), 138.0 (d, Jcp
=2.0 Hz), 135.9 (d, Jcp = 5.0 Hz), 135.4, 135.0, 132.9 (d, Jcp = 11.0 Hz), 132.0, 131.7 (d, Jcp = 3.0
Hz), 131.4 (d, Jcp = 3.0 Hz), 130.8 (d, Jcp = 12.0 Hz), 130.3 (d, Jcp = 3.0 Hz), 129.5, 128.5 (d, Jcp
=130.0 Hz), 127.1, 127., 126.6 (d, Jcp = 9.0 Hz), 126.2, 125.9 (d, Jcp = 14.0 Hz), 125.4, 124.6 (d,
Jor=177.0 Hz), 124.1, 121.0, 107.9 (d, Jcp = 8.0 Hz), 50.5, 47.9, 44.1, 37.8, 35.8, 31.5, 29.0, 26.3,
25.4,21.5,13.8; 3P NMR (162 MHz, CDCl5) & 19.08; HRMS (ESI) calculated for C41H3sN2O2P
[M +H]": 621.2665, found: 621.2675.
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Synthetic Procedure and Characterization of 4d

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2at (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-4d (52.8 mg) in 73% yield as a
light-yellow solid with 97% ee. Product exists as a 7:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(8R.9S5.135,145)-13-methyl-2-((:5)-1-oxido-1-phenyl-2-(quinolin-8-yl)-2 H-
benzo|c][1.2]azaphosphinin-3-yD-6.7.8,9,11.12.13,14.15.16-decahvdro-17H-
cyclopentala]phenanthren-17-one (4d)

M.p.: 78 - 79 °C; [a]p** = +336.0 (c = 0.5, CHCl3); The 97% ee was

© determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0
\‘Pi’ﬁ/% mL/min, A =210 nm, t (major) = 14.052min, t (minor) = 5.928 min.
0 '"H NMR (400 MHz, DMSO-de) 5 9.68 (s, 1H), 8.78 (d, J=4.0 Hz,
uW, 1H), 8.03 (d, /= 8.4 Hz, 1H), 7.87 (d, J= 7.2 Hz, 1H), 7.61 — 7.53

(m, SH), 7.34 - 7.29 (m, 4H), 7.22 (q, J= 8.4 Hz, 5H), 7.07 (d, J =

8.0 Hz, 2H), 6.42 (s, 1H), 5.29 (t, /= 4.8 Hz, 2H), 2.14 (t,J = 7.6 Hz, 2H), 1.94 (d, /= 6.8 Hz, 4H),
1.46 (t,J= 7.2 Hz, 2H), 1.20 (s, 21H), 0.81 (t, J= 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO-ds) &
171.1, 149.6, 144.3, 143.5 (d, Jcp = 3.0 Hz), 138.7, 137.5, 137.4, 135.8, 132.4 (d, Jcp = 4.0 Hz),
132.2 (d, Jer = 10.0 Hz), 131.8, 131.7, 131.4 (d, Jcp = 10.0 Hz), 130.0 (d, Jcp = 11.0 Hz), 129.6 (d,
Jer=3.0Hz), 129.4, 129.1 (d, Jcp = 12.0 Hz), 128.8, 128.7, 128.1 (d, Jcp = 154.0 Hz), 128.0, 127 .4,
127.4 (d, Jer = 13.0 Hz), 125. 5, 124.1 (d, Jcp = 126.0 Hz), 121.5, 117.5, 107.1 (d, Jcp = 7.0 Hz),
36.3, 31.3, 29.1, 28.8, 28.7, 28.6, 28.6, 28.6, 28.5, 26.6, 25.0, 22.1, 13.9; 3'P NMR (162 MHz,

DMSO-ds) 6 17.43; HRMS (ESI) calculated for Cs47HssN3O.P [M + H]": 724.4026, found:
724.4045.
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Synthetic Procedure and Characterization of 4e

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2au (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product (S)-4e (58.8 mg) in 81% yield as a
light-yellow solid with 94% ee. Product exists as a 7:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-4-(N,N-dipropylsulfamovl)-/N-(4-(1-oxido-1-phenyl-2-(quinolin-8-v1)-2 H-
benzo|c][1.2]azaphosphinin-3-yD)phenyl)benzamide (4¢)

N M.p.: 167 - 168 °C; [a]p*® = +487.0 (¢ = 0.5, CHCl3); The 94%
Q ON% ee was determined by Daicel Chiralcel 1A, Hexanes/IPA =
\- N 70/30, 1.0 mL/min, A =210 nm, t (major) =42.725min, t (minor)
0 =13.999 min. "TH NMR (400 MHz, DMSO-de) 5 10.29 (s, 1H),
N H 8.81 (d, J=4.0 Hz, 1H), 8.06 (d, /= 8.4 Hz, 1H), 7.99 (d, J =

o 8.4 Hz, 2H), 7.89 (t, J=10.0 Hz, 3H), 7.64 (d, /= 5.6 Hz, 2H),

7.60 — 7.52 (m, 3H), 7.41 (d, J = 8.4 Hz, 2H), 7.37 — 7.30 (m,

5H), 7.27-7.20 (m, 2H), 7.11 — 7.07 (m, 2H), 6.48 (s, 1H), 3.02 (t, /= 7.6 Hz, 4H), 1.50 — 1.42 (m,
4H), 0.79 (t, J=7.6 Hz, 6H); 3C NMR (100 MHz, DMSO-dq) 8 164.3, 149.7, 144.2, 144.0, 143.5
(d, Jcp =4.0 Hz), 141.9, 138.3 (d, Jcp = 13.0 Hz), 137.4 (d, Jcr = 3.0 Hz), 136.7 (d, Jcp = 60.0 Hz),
135.9,133.5(d, Jcp =4.0 Hz), 132.9, 132.2 (d, Jcp = 11.0 Hz), 131.9, 131.7 (d, Jcp = 3.0 Hz), 131.6,
131.4 (d, Jcp = 10.0 Hz), 130.3 (d, Jcp = 6.0 Hz), 130.0 (d, Jcp = 12.0 Hz), 129.5, 129.1 (d, Jcp =
13.0 Hz), 128.7, 128.6, 128.1, 127.4, 127.3, 126.8, 126.1 (d, Jcp = 13.0 Hz), 124.2 (d, Jcp = 126.0
Hz), 121.5, 118.9, 107.4 (d, Jcr = 8.0 Hz), 49.6, 21.6, 10.9; 3'P NMR (162 MHz, DMSO-d)

17.34; HRMS (ESI) calculated for C4HoN4O4PS [M +H]™: 727.2502, found: 727.2514.
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Synthetic Procedure and Characterization of 4f

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2av (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-4f (38.0 mg) in 55% yield as a light-
yellow solid with 97% ee. Product exists as a 6:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-5-(2.5-dimethylphenoxy)-2.2-dimethyl-/NV-(4-(1-oxido-1-phenyl-2-(quinolin-8-v1)-2 H-
benzo|c]|1,2]azaphosphinin-3-yl)phenyl)pentanamide (4f)

M.p.: 135 -137°C; [a]p?* = +289.2 (¢ = 0.5, CHCls); The 97%

@ g% ee was determined by Daicel Chiralcel 1A, Hexanes/IPA =
\-PZN 70/30, 1.0 mL/min, A = 210 nm, t (major) = 33.826min, t
o} j@\ (minor) = 9.854 min; 'TH NMR (400 MHz, DMSO-d,) 5 9.04
NJ><\/\O (s, 1H), 8.80 (d, J = 4.0 Hz, 1H), 8.03 (d, J = 8.4 Hz, 1H),

7.88 (d, J= 7.6 Hz, 1H), 7.61 (d, J = 12.0 Hz, 3H), 7.58 —

7.54 (m, 2H), 7.35 — 7.29 (m, 8H), 7.21 (d, J= 7.6 Hz, 1H), 7.08 (t, /= 7.6 Hz, 2H), 6.94 (d, J =
7.6 Hz, 1H), 6.60 (d, J= 10.8 Hz, 2H), 6.45 (s, 1H), 3.83 (t, J = 6.0 Hz, 2H), 2.18 (s, 3H), 1.99 (s,
3H), 1.67 — 1.53 (m, 4H), 1.12 (s, 6H); 3C NMR (100 MHz, DMSO-de) 5 175.5, 156.4, 149.7,
144.3, 143.6 (d, Jcr = 3.0 Hz), 138.6, 137.4 (d, Jcp = 2.0 Hz), 136.0, 135.8, 132.8 (d, Jcp = 5.0 Hz),
132.1 (d, Jer = 11.0 Hz), 131.8 (d, Jcr = 14.0 Hz), 130.4, 130.0, 129.4, 128.4, 128.1, 127.9, 127.4
(d, Jep = 5.0 Hz), 127.3, 126.7 (d, Jcp = 5.0 Hz), 126.1 (d, Jcp = 15.0 Hz), 125.5, 124.1 (d, Jcp =
125.0 Hz), 122.4, 121.5, 120.4, 119.3, 119.0, 111.9, 107.4 (d, Jcp = 8.0 Hz), 67.4, 42.2, 36.5, 25.0,

24.9, 24.6, 21.0, 15.5; 3'P. NMR (162 MHz, DMSO-ds) 5 17.59; HRMS (ESI) calculated for
C4sH43N303P [M + H]™: 692.3037, found: 692.3045
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Synthetic Procedure and Characterization of 4g

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2aw (0.3 mmol, 1.5 eq.), Co(OAc)*4H>0O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 2:1 v/v) to give the desired product (S)-4g (37.5 mg) in 47% yield as a
yellow solid with >99% ee. Product exists as a 6:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(.5)-2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-N-(4-(1-oxido-1-phenyl-2-
(quinolin-8-y1)-2 H-benzo|c]|1,2]azaphosphinin-3-yl)phenyDacetamide (4g)

S o M.p.: 165 - 166 °C; [a]p*® = +236.0 (¢ = 0.5, CHCl3); The >99% ee
Qﬁ was determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0
“P;N o  mL/min, A = 210 nm, t (single peak) = 120.294 min; 'H NMR (400
® J ) MHz, DMSO-d) & 10.08 (s, 1H), 8.78 (d, J= 3.9 Hz, 1H), 8.02 (d, J
H =8.3 Hz, 1H), 7.89 (d, J = 7.3 Hz, 1H), 7.66 — 7.60 (m, 7H), 7.54 (d,
J=8.4Hz, 2H), 7.33 - 7.25 (m, 8H), 7.20 (t, /= 9.2 Hz, 1H), 7.08 (d,
J=12.0 Hz, 3H), 6.91 (d, J=9.2 Hz, 1H), 6.67 (d, /= 9.2 Hz, 1H), 6.44 (s, 1H), 3.67 (s, 3H), 3.63
(s, 2H), 2.20 (s, 3H); BC NMR (100 MHz, DMSO-de) 5 168.2, 167.7, 155.4, 149.5, 144.1, 143.3
(d, Jer = 3.0 Hz), 138.3, 137. 5, 137.3, 137.3, 135.7, 135.2 (d, Jcp = 120.0 Hz), 132.7 (d, Jor = 4.0
Hz), 132.1 (d, Jep = 11.0 Hz), 131.7 (d, Jcp = 14.0 Hz), 131.0, 130.7, 130.2, 130.1, 129.9 (d, Jcp =
11.0 Hz), 129.3, 128.9, 128.6, 128.4, 127.9, 127.3 (d, Jcp = 5.0 Hz), 127.2, 126.5 (d, Jcp = 9.0 Hz),
126.0 (d, Jcp= 14.0 Hz), 125.3, 124.0 (d, Jcp = 125.0 Hz), 121.3, 117.9, 117.6, 114.4, 113.7, 111.0,
107.0 (d, Jer = 8.0 Hz), 101.7, 55.2, 31.8, 13.2; 3'P NMR (162 MHz, DMSO-de) 6 17.67, HRMS
(ESI) calculated for C4sH37CIN4O4P [M + H]": 799.2235, found: 799.2246.
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Synthetic Procedure and Characterization of 4h

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ax (0.3 mmol, 1.5 eq.), Co(OAc)2*4H,0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-4h (50.3 mg) in 75% yield as a
yellow solid with >99: 1 dr. Product exists as a 6:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-2-(6-methoxynaphthalen-2-yl)-N-(4-((S)-1-oxido-1-phenyl-2-(quinolin-8-y1)-2 H-

benzo|c][1.2]azaphosphinin-3-yDphenyl)propenamide (4h)
O M.p.: 102 - 103 °C; [a]p?° = +268.4 (¢ = 0.5, CHCl3); The > 99:1
@ ,};‘% dr was determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30,
“P;N . 1.0 mL/min, A = 210 nm, t (major) = 77.326min, t (minor) =
> 15.326 min; 'TH NMR (400 MHz, DMSO-ds) & 9.97 (s, 1H),
i 8.78 (d, J= 4.0 Hz, 1H), 8.00 (d, /= 8.4 Hz, 1H), 7.88 (d, J =
7.6 Hz, 1H), 7.76 — 7.71 (m, 3H), 7.61 — 7.51 (m, 5H), 7.42 (d, J = 8.8 Hz, 1H), 7.33 — 7.19 (m,
10H), 7.14 —7.05 (m, 3H), 6.43 (s, 1H), 3.83 (s, 4H), 1.40 (d, J= 6.8 Hz, 3H); 3C NMR (100 MHz,
DMSO-ds) 6 172.3, 157.1, 149.7, 144.2, 143.5 (d, Jcp = 2.0 Hz), 138.5, 137.4 (d, Jcp = 5.0 Hz),
136.7, 135.9, 133.2, 132.8 (d, Jop = 4.0 Hz), 132.4, 132.2 (d, Jcp = 10.0 Hz), 131.9 (d, Jcp = 13.0
Hz), 131.6, 131.4 (d, Jcr = 10.0 Hz), 131.1, 130.3, 130.0 (d, Jcp = 12.0 Hz), 129.5, 129.1, 128.7,
128.1, 127.5, 127.3, 126.8 (d, Jcp = 153.0 Hz), 126.7 (d, Jcp = 9.0 Hz), 126.2, 125.5, 125.4, 124.2
(d, Jep = 125.0 Hz), 121.5, 118.7, 117.8, 107.2 (d, Jcp = 7.0 Hz), 105.6, 55.1, 45.8, 18.5. 3'P NMR
(162 MHz, DMSO-dg) 6 17.43; HRMS (ESI) calculated for C43H3sN303P [M + H]*: 672.2411,

found: 672.2420.
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Synthetic Procedure and Characterization of 5a

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm %0.25 mm). Phosphinic amide 1a(0.2 mmol, 1.0 eq.),
alkyne 2az (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-5a (90.9 mg) in 82% yield as a
white solid with >99% ee. Product exists as a 16:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1.4-diphenyl-3-(phenylethvnvl)-2-(quinolin-8-y1)-2 H-benzo|c]|1.2]azaphosphinine 1-
oxide (5a)

M.p.: 104 - 105 °C, [a]p?* = +32.0 (c = 0.65, CHCl3), >99% ee, lit'd: [a]p? =
@ +76.5 (¢ = 0.5, CHCI3). The ee was determined by Daicel Chiralcel IA,
p2° Hexanes/IPA = 70/30, 1.0 mL/min, A = 210 nm, t (major) = 14.028 min, t
\\N\ ! (minor) = 18.105 min. 'H NMR (400 MHz, CDCl;) 6 8.84 (dd, J=4.0, 1.6
O Hz, 1H), 8.30 (d, /= 7.2 Hz, 1H), 7.99 (dd, J= 8.0, 1.2 Hz, 1H), 7.91 — 7.77
(m, 2H), 7.66 (dd, J = 8.0, 1.2 Hz, 1H), 7.60 — 7.34 (m, 8H), 7.32 — 7.21 (m,
2H), 7.20—7.11 (m, 2H), 7.04 (td, /= 7.6, 3.6 Hz, 2H), 6.98 (d, /= 7.2 Hz, 1H), 6.90 (t, /= 7.6 Hz,
2H), 6.16 — 6.09 (m, 2H); 13C NMR (100 MHz, CDCl3) § 150.0, 145.3 (d, Jcr = 3.9 Hz), 138.8,
138.3 (d, Jor =4.4 Hz), 137.8 (d, Jcr = 1.5 Hz), 135.6, 133.7 (d, Jop = 10.5 Hz), 131.9, 131.7 (d, Jcp
=3.0Hz),131.4(d, Jcr=2.5Hz), 131.1,131.0, 130.9, 130.8 (d, Jcp = 139.0Hz), 130.7, 128.5, 128.2,
128.0 (d, Jcp = 12.8 Hz), 127.8, 127.4, 127.3 (d, Jcp = 13.7 Hz), 126.8 (d, Jcr = 2.0 Hz), 126.7 (d,
Jor = 8.9 Hz), 126.4 (d, Jcp = 14.5 Hz), 125.9, 125.5 (d, Jcp = 127.9 Hz), 123.7 (d, Jcpr = 6.9 Hz),
122.1, 121.2, 97.4, 87.0 (d, Jcp = 6.5 Hz); 3'P NMR (162 MHz, CDCl3) 6 15.51; HRMS (ESI)
calculated for C37H26N,OP [M + H]*: 545.1777, found: 545.1776.
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Synthetic Procedure and Characterization of 5b

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2ba (0.3 mmol, 1.5 eq.), Co(OAc),*4H,0O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-5b (97.3 mg) in 85% yield as a
white solid with 98% ee. Product exists as a 17:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-Phenyl-2-(quinolin-8-y1)-4-(p-tolyl)-3-(p-tolylethvnyl)-2 H-benzo|c][1.2]azaphosphi
nine 1-oxide (5b)

M.p.: 113 - 115 °C, [a]p?® = +68.9 (¢ = 0.65, CHCls), 97% ee. The ee was
determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A =
210 nm, t (minor) = 37.528 min, t (mjaor) = 41.931 min. 'H NMR (400
MHz, CDCl3) 6 8.83 (dd, J=4.0, 1.6 Hz, 1H), 8.29 (d, /= 7.6 Hz, 1H), 7.98
(dd, J=38.0, 1.6 Hz, 1H), 7.87 — 7.80 (m, 2H), 7.64 (dd, /= 8.2, 1.6 Hz, 1H),
7.51-7.36 (m, 5H), 7.29 - 7.17 (m, 5H), 7.15 (td, J=7.6, 1.6 Hz, 1H), 7.04
(td, J= 8.0, 3.6 Hz, 2H), 6.72 (d, J = 7.6 Hz, 2H), 6.06 (d, J = 8.0 Hz, 2H), 2.43 (s, 3H), 2.13 (s,
3H).; BC NMR (100 MHz, CDCl3) § 149.9, 148.1, 145.3 (d, Jcr = 3.6 Hz), 138.6 (d, Jcp = 4.5 Hz),
138.1, 138.0 (d, Jcp = 1.5), 136.8, 135.8, 135.6, 133.7 (d, Jcp = 10.5 Hz), 131.9 (d, Jcp = 10.2 Hz),
131.8,131.6 (d, Jcp = 2.9 Hz), 131.3 (d, Jcp = 2.6 Hz), 131.1 (d, Jcp = 2.9 Hz), 131.0, 130.9, 130.6,
129.5 (d, Jcp = 56.6 Hz), 128.8, 128.5, 127.8 (d, Jcp = 182,7Hz), 127.2 (d, Jcp = 13.5 Hz), 126.7 (d,
Jor = 9.1 Hz), 126.2 (d, Jcp = 14.6 Hz), 125.5 (d, Jop = 128.0 Hz), 123.3 (d, Jop = 6.9 Hz), 121.1,
119.2,97.5, 86.6 (d, Jcp = 6.5 Hz), 21.3, 21.3; 3'P NMR (162 MHz, CDCl;) 5 15.49; HRMS (ESI)
calculated for C39H3oN,OP [M + H]*: 573.2090, found: 573.2090.
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Synthetic Procedure and Characterization of 5c

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2bb (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-5¢ (105.2 mg) in 87% yield as a
white solid with >99% ee. Product exists as a 14:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-4-(4-MethoxyphenyD-3-((4-methoxyphenyl)ethvnyl)-1-phenvl-2-(quinolin-8-y)-2H-b
enzo|c][1.2]azaphosphinine 1-oxide (5¢)

M.p.: 120 - 122 °C, [a]p?® = +32.0 (¢ = 1.5, CHCl3), >99% ee. The
ee was determined by Daicel Chiralcel IA, Hexanes/IPA = 80/20, 1.
0 mL/min, A = 210 nm, t (major) = 28.160 min, t (minor) = 32.163
min. 'H NMR (400 MHz, CDCl3) 5 8.82 (s, 1H), 8.30 (d, J = 6.4
Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.85 (t, J = 10.0 Hz, 2H), 7.62

OMe (d, J = 8.0 Hz, 1H), 7.55 — 7.33 (m, 5H), 7.29 — 7.08 (m, 4H), 7.0
8-6.94 (m, 4H), 6.43 (d, J = 8.4 Hz, 2H), 6.12 (d, J = 8.2 Hz, 2H), 3.83 (s, 3H), 3.58 (s, 3
H).; BC NMR (100 MHz, CDCl3) & 159.4, 158.9, 149.9 (d, Jcp = 2.7 Hz), 1453 (d, Jop =
3.4 Hz), 138.7 (d, Jcp = 7.7 Hz), 138.0, 135.6, 133.6 (d, Jcp = 11.8 Hz), 133.1 (d, Jop = 7.3
Hz), 132.2, 131.7 (d, Jer = 4.7 Hz), 131.3 (d, Jor = 7.4 Hz), 131.0, 129.6 (d, Jcp = 1143 H
z), 128.5, 127.8 (d, Jcp = 3.3 Hz), 127.2, 127.1 (d, Jcp = 4.6 Hz), 126.6 (d, Jcp = 11.0 Hz),
126.2 (d, Jcp = 8.7 Hz), 125.9 (d, Jop = 9.7 Hz), 125.5 (d, Jcp = 123.8 Hz), 124.8, 122.5, 12
1.2, 114.3, 113.75 (d, Jep = 3.6 Hz), 97.5, 86.1 (d, Jep = 5.9 Hz),97.5, 86.1, 55.3, 55.1; 3'P_
NMR (162 MHz, CDCl;) 6 15.43; HRMS (ESI) calculated for C3oH3oN2OsP [M + H]*: 605.
1989, found: 605.1986.
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Synthetic Procedure and Characterization of 5d

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm %0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0
equiv), alkyne 2bc (0.3 mmol, 1.5 equiv), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv
(0.4 mmol, 2.0 equiv) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH / H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-5d (117.0 mg) in 86% yield as a
white solid with 99% ee. Product exists as a 14:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(S)-1-Phenvl-2-(quinolin-8-yD)-4-(4-(trifluoromethyDphenyl)-3-((4-(trifluoromethylphen
vDethynyD-2H-benzo|c]|1.2]azaphosphinine 1-oxide (5d)

Q Mp.: 114.8 - 116.5 °C, [a]p® = +45.0 (c = 0.4, CHCL), 99% ee. T
T.0 he ee was determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30,
O YO 1.0 mL/min, A = 254 nm, t (minor) = 4.884 min, t (major) = 6.246

X min. '"H NMR (400 MHz, CDCls) § 8.89 (d, J = 3.2 Hz, 1H), 8.34
O O cr, (47 =72 Hz, 1H), 8.06 (d, /= 8.0 Hz, 1H), 787 — 7.70 (m, 7H). 7.
I 52 — 7.47 (m, 3H), 7.34 — 7.28 (m, 2H), 7.21 — 7.08 (m, 6H), 6.20 (d,
J = 8.0 Hz, 2H); BC NMR (100 MHz, CDCl3) § 150.1, 145.1 (d, J
= 3.5 Hz), 142.7, 137.5 (d, Jep = 3.4 Hz), 137.4 (d, Jep = 4.2 Hz), 135.7, 133.6 (d, Jep = 10.6 H
z), 132.0 (d, Jcp = 2.5 Hz), 131.7 (d, Jcpr = 1.7 Hz), 131.3, 131.2, 130.9, 130.9, 130.7, 130.3, 13
0.0 (d, Jep = 4.8 Hz), 129.7 (d, Jep = 4.5 Hz), 128.5, 128.1, 127.4, 127.3, 127.0 (d, Jep = 147 H
z), 126.7 (q, Jep = 128.0 Hz), 126.4 (d, Jep = 9.0 Hz), 126.0, 125.8 (d, Jep = 13.0 Hz), 125.6 (q,
Jer = 220.6 Hz), 125.2, 124.9 (q, Jep = 7.2 Hz), 123.2 (q, Jep = 6.8 Hz), 123.1, 123.0, 121.4, 9
6.1, 88.7 (d, Jcp = 6.4 Hz); ’F NMR (376 MHz, CDCl3) & 62.44, 63.08; 3P NMR (162 M
Hz, CDCl3) 6 15.51; HRMS (ESI) calculated for C3oH2FsN2OP [M + H]":681.1525, found:
681.1523.
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Synthetic Procedure and Characterization of 5e

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2bd (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-5e (81.0 mg) in 67% yield as a
white solid with >99% ee. Product exists as a 20:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-4-(3-MethoxyphenyD-3-((3-methoxyphenyl)ethvnyl)-1-phenvl-2-(quinolin-8-y)-2H-b
enzo|c][1.,2]azaphosphinine 1-oxide (5e)

M.p.: 98 — 100 °C, [a]p?® = +44.5 (c = 1.5, CHCls), >99% ee. The ee was
determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0 mL/min, A
= 254 nm, t (minor) = 9.323 min, t (major) = 10.273 min. 'H NMR (400
MHz, CDCl3) 'H NMR (400 MHz, Chloroform-d) & 8.82 (s, 1H), 8.31 (d,
J=7.2Hz, 1H), 7.95 (t,J= 7.8 Hz, 1H), 7.86 (dd, J = 13.2, 7.6 Hz, 2H),
7.63 (t, J= 6.4 Hz, 1H), 7.51 — 7.32 (m, 5H), 7.25 — 7.09 (m, SH), 7.04
(d, J=7.8 Hz, 2H), 6.95 (d, /= 8.4 Hz, 1H), 6.84 — 6.77 (m, 1H), 6.55 (d, J = 9.2Hz, 1H), 5.80 (d,
J=17.8 Hz, 1H), 5.64 (s, 1H), 3.78 (s, 3H), 3.52 (s, 3H); 3C NMR (100 MHz, CDCl;) § 159.6,
158.8, 150.0, 145.3 (d, Jcp = 3.2 Hz), 140.1, 138.2 (d, Jcp = 4.2 Hz), 137.8, 135.6, 133.7 (d, Jcp =
10.5 Hz), 131.8 (d, Jcp = 2.4 Hz), 131.4, 131.1, 131.0, 130.9, 129.1, 128.9, 128.5, 127.9, 127.3 (d,
Jor =11.6 Hz), 127.2, 126.7 (d, Jcp = 3.5 Hz), 126.6, 126.4 (d, Jcp = 10.5 Hz), 126.3, 125.9, 125.5
(d, Jep = 114.6 Hz), 124.3, 123.5 (d, Jcp = 6.8 Hz), 123.1, 123.1, 121.3, 115.3, 114.9, 113.6, 97.4,
86.8 (d, Jcp = 6.2 Hz), 55.3, 55.0; 3'P NMR (162 MHz, CDCls) § 15.53; HRMS (ESI) calculated
for C39H30N>O3P [M + H]*: 605.1989, found: 605.1991.

S61



Auto-Scaled Chromatogram
Auto-Scaled Chromatogram

. 5 e
S -0
i P2,
i,u-u RS OM 2 & N\l
e T gan
O w30 X OMe
m oL O
rac)-5e OMe
o0
e
20 s

o,
50
) =
v
9323
10:320
& 8 2
10.273

(S)-5
00

Mrutes 000 200 400 800 800 10.00 1200 14.00

Processed Channel: W2489 ChA 254nm
Processed Chamnel [METRN  pres S Arsa Heghl

1| WPBO O 254m 10273 16142350 10000 639434

Synthetic Procedure and Characterization of 5f

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2be (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-5f (38.0 mg) in 31% yield as a
white solid with 99% ee. Product exists as a 10:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(:.5)-4-(3-ChlorophenvD-3-((3-chlorophenyDethynyD)-1-phenyl-2-(quinolin-8-yl)-2H-benzo
[cll1.2]azaphosphinine 1-oxide (5f)

M.p.: 100 - 103 °C, [a]p** = +111.0 (¢ = 0.2, CHCI3), 99% ee. The e
e was determined by Daicel Chiralcel IC, Hexanes/IPA = 95/5, 1.0 m
L/min, A = 210 nm, t (minor) = 90.564 min, t (major) = 97.838 min.
'H NMR (400 MHz, CDCl3) & 8.85 (dd, J = 4.4, 2.0 Hz, 1H), 8.29
(d, J = 7.8 Hz, 1H), 8.02 (dd, J = 8.0, 1.6 Hz, 1H), 7.86 — 7.79 (m,
2H), 7.69 (dd, J = 8.4, 1.6 Hz, 1H), 7.51 — 7.40 (m, 6H), 7.33 — 7.2
4 (m, 3H), 7.23 — 7.13 (m, 2H), 7.05 (td, J = 8.0, 3.6 Hz, 2H), 7.02 — 6.99 (m, 1H), 6.87 (t,
J =728 Hz, 1H), 6.11 (d, J = 8.0 Hz, 1H), 6.07 (s, 1H); *C NMR (100 MHz, CDCl3) & 1
50.1, 145.1 (d, Jcp = 3.6 Hz), 140.4, 137.6 (d, Jcp = 4.4 Hz), 137.6 (d, Jcp = 1.5 Hz), 135.7,
133.6, 133.5, 131,9 (d, Jcp = 2.9 Hz),131,8 (d, Jcp = 2.7 Hz), 131.6 (d, Jcr = 2.3 Hz), 131.
2, 131.1 (d, Jep = 4.9 Hz), 131.0, 130.5, 130.4, 130.1, 129.5, 129.1, 128.7, 128.5, 128.4, 128.
0, 127.7, 127.4 (d, Jcp = 13.7 Hz), 126.8 (d, Jcp = 13.4 Hz), 126,8(d, Jcr = 4.7 Hz), 126.7

(d, Jep = 2.2 Hz), 126.4 (d, Jcpr = 9.1 Hz), 126.0, 125.7 (d, Jep = 127,7 Hz), 123.5, 122.7 (4,
Jer = 6.9 Hz), 121.3, 96.2, 87.6 (d, Jcr = 7.2 Hz); 3'P_ NMR (162 MHz, CDCl3) & 15.47;
HRMS (ESI) calculated for C37H24CILN,OP [M + H]": 613.0998, found: 613.0993
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Synthetic Procedure and Characterization of 5g

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2bh (0.3 mmol, 1.5 eq.), Co(OAc)2:4H>0O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product (S)-5g (112.2 mg) in 99% yield as a
white solid with 99% ee. Product exists as a 48:1 mixture of atropisomers due to the hindered
rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-1-Phenvl-2-(quinolin-8-yD)-4-(thiophen-2-y)-3-(thiophen-2-ylethynyl)-2H-benzo|c]|1,
2]azaphosphinine 1-oxide (5¢2)

M.p.: 120 - 122 °C, [a]p®® = +39.5 (¢ = 1.0, CHCI3), 99% ee. The ee was
determined by Daicel Chiralcel IC, Hexanes/IPA = 70/30, 1.0 mL/min, A =
254 nm, t (major) = 8.198 min, t (minor) = 9.720 min. 'H NMR (400 MHz,
CDCl3) 6 8.79 (d,J=4.4 Hz, 1H), 8.28 (d,/=7.2 Hz, 1H), 7.96 (d, J= 8.4
Hz, 1H), 7.83 (dd, J = 13.2, 7.6 Hz, 2H), 7.64 (d, J = 8.0 Hz, 1H), 7.53 —
7.33 (m, 5H), 7.29 — 7.19 (m, 3H), 7.12 (m, 2H), 7.03 (td, /= 7.2, 3.2 Hz,
2H), 6.93 (d, J = 5.2 Hz, 1H), 6.60 (t, J = 4.4 Hz, 1H), 6.20 (d, J = 3.6 Hz, 1H); 3C NMR (100
MHz, CDCl;) 6 150.0, 145.1 (d, Jcp = 3.4 Hz), 139.3, 138.7 (d, Jcp = 4.3 Hz), 137.3,135.7, 133.6
(d, Jep = 10.6 Hz), 131.8, 131.8, 131.6 (d, Jcp = 2.3 Hz), 131.1 (d, Jer = 2.8 Hz), 130.9 (d, Jcp =
12.3 Hz), 130.6 (d, Jcp = 138.6 Hz), 129.9, 128.8 (d, Jcr = 2.2 Hz), 128.6, 128.2, 127.9, 127.3 (d,
Jer=13.8 Hz), 127.0 (d, Jcp = 3.3 Hz), 126.8 (d, Jcr = 2.5 Hz), 126.6 (d, Jcp = 2.0 Hz), 126.5, 126.4
(d, Jer=3.1 Hz), 125.9, 124.9 (d, Jcp = 127.1 Hz), 121.8, 121.2, 115.2 (d, Jcp = 6.9 Hz), 91.8, 90.1
(d, Jop = 6.4 Hz); 3’ PNMR (162 MHz, CDCl5) 5 15.78; HRMS (ESI) calculated for C33H22N>OPS;
[M + H]*: 557.0906, found: 557.0901.
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Synthetic Procedure and Characterization of 5h

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2bh (0.3 mmol, 1.5 eq.), Co(OAc)2+4H>0O (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 4:1 v/v) to give the desired product (S)-5h (47.9 mg) in 45% yield as a
white solid with 99% ee. Product exists as a 16:1 mixture of atropisomers due to the hindered

rotation about the N-quinoline bond and the structure of major isomer was shown.

(5)-3-(Hept-1-yn-1-y1)-4-pentyl-1-phenyl-2-(quinolin-8-y)-2H-benzo|c][1.2]azaphosphini
ne 1-oxide (5h)

M.p.: 75 - 76 °C, [a]p?® = +208.5 (¢ = 1.5, CHCl3), 99% ee. The ee

@ was determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0
P:’EJ% mL/min, A = 254 nm, t (major) = 5.072 min, t (minor) = 6.195 min.
% | '"H NMR (400 MHz, CDCl3) 5 8.77 (dd, J=4.0, 1.6 Hz, 1H), 8.16 (d,
(CH2)4&3 (CHp),cH, J=7.6Hz, 1H),7.94 (dd, J= 8.4, 1.6 Hz, 1H), 7.76 — 7.69 (m, 2H),

7.65 (dd, J = 8.3, 4.8 Hz, 1H), 7.57 — 7.52 (m, 2H), 7.42 — 7.31 (m,
2H), 7.24 (dd, J = 8.0, 4.0 Hz, 1H), 7.19 (dt, /= 7.8, 2.8 Hz, 1H), 7.09 (td, J = 7.2, 1.6 Hz, 1H),
6.96 (td, J = 7.8, 3.6 Hz, 2H), 2.96 (t, J = 8.0 Hz, 2H), 1.77 — 1.67 (m, 4H), 1.49 — 1.33 (m, 5H),
0.98 (q,J= 6.8 Hz, 2H), 0.91 (t,J=7.2 Hz, 3H), 0.77 — 0.67 (m, 7H); 3C NMR (100 MHz, CDCl3)
0 149.6, 145.5 (d, Jcp = 3.8 Hz), 138.2 (d, Jcp = 1.9 Hz), 137.5 (d, Jcr = 4.7 Hz), 135.5, 133.5 (d,
Jer =10.4 Hz), 131.4 (d, Jcp = 3.1 Hz), 131.4 (d, Jcr = 3.0), 131.2 (d, Jcp = 12.6 Hz), 131.1 (d, Jep
=138.1 Hz), 130.8 (d, Jcp = 3.1 Hz), 128.4, 127.4, 127.1 (d, Jcp = 13.5 Hz), 125.9 (d, Jcp = 128.0
Hz), 125.9 (d, Jcp = 2.0 Hz), 125.8, 125.6, 124.0 (d, Jcr = 9.5 Hz), 120.9, 119.8 (d, Jcp = 6.8 Hz),
98.6,32.0,31.1,30.4,29.7,29.2,27.5,22.6,22.0, 18.9, 14.1, 13.7; 3'P NMR (162 MHz, CDCl3) §
15.24; HRMS (ESI) calculated for C3sH3sN,OP [M + H]™: 533.2716, found: 533.2715.
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Synthetic Procedure and Characterization of 5i

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2bi (0.3 mmol, 1.5 eq.), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol,
2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 6 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone =4:1 v/v) to give the desired product (S)-5i (66.3 mg) in 60% yield as a white
solid with >99% ee. Product exists as a 16:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown.

(5)-4-(Cvclohex-1-en-1-yD-3-(cyclohex-1-en-1-ylethynyl)-1-phenyl-2-(quinolin-8-v1)-2 H-
benzo|c]|1.2]azaphosphinine 1-oxide (5i)

M.p.: 138 - 140 °C, [a]p*® = +63.0 (¢ = 1.0, CHCIl3), >99% ee. The ee was

o determined by Daicel Chiralcel IA, Hexanes/IPA = 70/30, 1.0 mL/min, A

PN =254 nm, t (major) = 15.570 min, t (minor) = 18.825 min. 'H NMR (400

O F \\N X | MHz, CDCI3) 6 8.77 (d, J=4.4 Hz, 1H), 8.19 (d, /= 7.2Hz), 7.95 (dd, J
‘ =8.4,1.6 Hz, 1H), 7.78 (dd, J = 13.2, 7.6 Hz, 2H), 7.62 — 7.53 (m, 2H),

‘ 7.50 (t,J=7.2 Hz, 1H), 7.41 —7.34 (m, 2H), 7.24 (dd, /= 8.0, 4.0 Hz, 1H),

7.18 (td,J=7.2,2.4 Hz, 1H), 7.10 (t, /= 7.2 Hz, 1H), 6.99 (td, /= 8.0, 3.6
Hz, 2H), 5.91 (s, 1H), 5.30 — 5.23 (m, 1H), 2.25 (d, J= 36.6 Hz, 4H), 1.85 — 1.66 (m, 6H), 1.38 —
1.22 (m, 6H); 3C NMR (100 MHz, CDCl3) § 149.7, 145.3 (d, Jer = 3.9 Hz), 137.9 (d, Jep = 1.1
Hz), 135.4, 134.7, 133.6 (d, Jcp = 10.5 Hz), 131.5 (d, Jcp = 2.8 Hz), 131.4 (d, Jop = 2.5 Hz), 131.1
(d, Jep =138.4 Hz), 131.0, 131.0, 130.9, 129.6, 128.4, 127.5, 127.1 (d, Jcp = 13.7 Hz), 125.9, 125.8,
125.7 (d, Jcr = 9.2 Hz), 125.5 (d, Jop = 139.7 Hz), 124.6 (d, Jcp = 4.6 Hz), 121.0, 120.2, 84.4 (d, Jcp
= 6.1 Hz), 31.6, 29.4, 28.0, 25.8, 25.5, 23.4, 22.6, 22.3, 21.9, 21.2, 14.1; 3'P NMR (162 MHz,
CDCls) 6 15.42; HRMS (ESI) calculated for C34H3sN>OP [M + H]": 553.2403, found: 553.2406.

S65



Auto-Scaled Chromatogram Auto-Scaled Chromatogram

15777
18:6825
B8
N :
]
15,570

0 a0 BOfrgghL5ine 1o 00 1800 W0 2000 200 2400 W00 200 W00 1 . |
r< w M 000 200 400 5‘28)'5!\1 1000 1200 1400 1600 1800 2000 Z200 2400 2600 2800 30.00
Minutzs

Processed Channel: W2488 ChA 254nm

tenio Processed Channel: W2489 ChA 254nm
+ . Processed Channel  EB00 o aren  Height
T Wadgn O 25anm 15777 430BAT 5118 105136 T (min)

2| WMEDCMAZSANm 18825 4110742 4852 93726 1 | w24as oA 2540m 5570 14040721 10000 348064

Processed Chamnel U Ares % Ares Hegnt

Kinetic Resolution of (rac)-1I

Kinetic Resolution of (rac)-11 with 6a

Me
[o]
Ve GF r i Pt Me. o \P,/

Co(OAc),e 4H,0 (10 mol%)

A KL
iy L1 (20 mol%) iy v
+ =—Ph > H +
H = >~
NaOPiv (2.0 equiv) H Ph
H H,0:BUOH = 1:3,3mA, 70°C, 1 h H
rac-1l 20 s=347.8 (R)-11, 44%, 99% ee 6a, 41%, 97% ee

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm %6
mm) and a platinum cathode (10 mm x20 mm %0.25 mm). Phosphinic amide rac-11 (0.2 mmol, 1.0
eq.), alkyne 20 (0.3 mmol, 1.5 eq.), Co(OAc)2-4H,0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 1 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,S0O4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 6a (31.3 mg) in 41% yield as a light-
yellow foam with 97% ee. 6a exists as a 8:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown and recovered the (R)-11
in 44% yield with >99% ee.

(5)-1-Methyl-3-phenyl-2-(quinolin-8-y1)-2 H-benzo|c]|1.2]azaphosphinine 1-oxide (6a)

9 N Mp.: 115-117°C, [0]p® = -99.3 (¢ = 0.5, CHCL), 97% ee, lit'[o]p?* = -97.9 [c =

0.5, CHCIz, 98% ee (S)]. The ee was determined by Daicel Chiralcel IA,
‘ ;N Hexanes/IPA = 70/30, 1.0 mL/min, A = 220 nm, t (major) = 12.747 min, t (minor)
O =16.379 min. *H NMR (400 MHz, CDCls) & 8.96 (d, J = 4.1 Hz, 1H), 8.01 (d, J
=8.0Hz, 1H), 7.84 (t, J = 12.4, 8.0 Hz, 1H), 7.63 — 7.47 (m, 4H), 7.42 — 7.35 (m,
4H),7.28 (d, J=7.6 Hz, 1H), 7.05 - 6.87 (m, 3H), 6.40 (s, 1H), 1.95 (d, J = 14.4 Hz, 3H); *C NMR
(100 MHz, CDCl3) 6 149.9, 145.3, 144.5 (d, Jcp = 1.3 HZz), 137.8, 137.8 (d, Jcp = 4.8 HZ), 137.1 (d,
Jep = 6.7 Hz), 135.9, 131.8 (d, Jcp = 2.4 HZz), 131.4 (d, Jcp = 10.6 HZ), 130.1 (d, Jcp = 2.6 Hz), 129.1,
129.0, 128.8, 128.0, 127.6, 126.9 (d, Jcp = 13.0 HZz), 126.8, 126.4 (d, Jcr = 9.3 HZz), 126.0, 124.1 (d,
Jep=117.7 Hz),121.4,110.6 (d, Jcr = 8.1 Hz), 16.3 (d, Jcp = 96.1 HZ); 3'PNMR (162 MHz, CDCl3)
8 16.27; HRMS (ESI) calculated for C24H20N2OP [M + H]": 383.1308, found: 383.1311.
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(R)-P-Methyl-P-phenyl-V-(quinolin-8-yl)phosphinic amide [(R)-11]

r: \? [a]p?® = +198.3 (¢ = 0.5, CHCl3), lit'Y[a]p?®= +172 [c = 0.25, CHCl3, 99% ee

Z—=

, (R)]. The ee was determined by Daicel Chiralcel 1A, Hexanes/IPA = 70/30, 1.0
©’P\ mL/min, A = 220 nm, t (minor) = 7.977 min, t (major) = 15.518 min. 1H NMR
(400 MHz, CDCl3) 6 8.78 (dd, J = 4.4, 2.0 Hz,1H), 8.10 (d, J = 8.4 Hz, 1H), 7.95
—7.85 (m, 3H), 7.53 - 7.50 (m, 1H), 7.47 — 7.40 (m, 3H), 7.37 — 7.37 (m, 1H), 7.30 — 7.24 (m, 2H),
1.95 (d, J = 14.0 Hz, 3H); 3C NMR (101 MHz, CDCls) & 147.9, 138.6 (d, Jcp = 6.9 Hz), 137.7,
136.4,132.1 (d, Jcp = 125.2 Hz), 131.5, 131.4, 128.9 (d, Jcr = 12.9 Hz), 128.8, 127.2, 121.7, 119.2,
113.2(d, Jep = 3.9 HZz), 18.0 (d, Jcp = 92.2 Hz); 3P NMR (162 MHz, CDCls3) § 25.65; HRMS (ESI)
calculated for C;6H16N2OP [M + H]*: 283.0995, found: 283.0994.
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Kinetic Resolution of (rac)-11 with 6b

Me,
|| GF ] Pt Me \ 0

Me, o
\P//o AQ Co(OAC),e 4H,0 (10 mol%) ¥ _aQ WPl
SN L1 (20 mol%) N
H * H * A
NaOPiv (2.0 equiv) H
H H,O:BUOH = 1:3,3mA, 70 °C, 1 h M
rac-1l B s=116.1 (R)-11, 39%, 99% ee 6b, 44%, 91% ee Br

2r

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm %20 mm x6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide rac-11 (0.2 mmol, 1.0
equiv), alkyne 2r (0.3 mmol, 1.5 equiv), Co(OAc),-4H20 (10 mol %), (S)-L1 (15 mol %), NaOPiv
(0.4 mmol, 2.0 equiv) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH / H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 1 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NaxCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na»SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
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silica gel (PE/Acetone = 3:1 v/v) to give the desired product 6b (40.6 mg) in 44% yield as a light-
yellow foam with 91% ee. 6b exists as a 10:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown and recovered the (R)-11
in 39% yield with >99% ee.

(5)-3-(4-Bromophenyl)-1-methyl-2-(quinolin-8-yl)-2 H-benzo|c][1,2]azaphosphinine 1-oxide
(6b)

determined by Daicel Chiralcel IC, Hexanes/IPA = 70/30, 1.0 mL/min, A = 220

\ ~ nm, t (major) = 27.289 min, t (minor) = 38.005 min. H NMR (400 MHz,

7 O CDCI3) 6 8.94 (d, J = 4.2 Hz, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.84 (dd, J = 12.0,

Br 7.2 Hz, 1H), 7.66 — 7.50 (m, 3H), 7.47 — 7.36 (m, 3H), 7.36 — 7.29 (m, 1H),

7.27 (d, J = 7.6, 2H), 7.10 (d, J = 8.0 Hz, 2H), 1.92 (d, J = 14.7 Hz, 3H); 3C NMR (100 MHz,

CDCl3) 6 150.1, 145.2, 143.5, 137.6, 136.9 (d, Jcp = 1.6 Hz), 136.8 (d, Jcp = 4.5 Hz), 136.0, 131.9

(d, Jcp = 2.4 Hz), 130.9, 130.1 (d, Jcp = 2.6 Hz), 129.6, 129.1 (d, Jcp = 9.9 Hz), 128.1 (d, Jcp = 169.7

Hz), 127.1 (d, Jcp = 6.3 Hz), 126.6 (d, Jcp = 9.2 Hz), 126.1, 124.3 (d, Jcp = 117.8 Hz), 122.2, 121.6,

110.7 (d, Jcp = 8.2 Hz), 16.3 (d, Jcp = 96.3 Hz); 3! P NMR (162 MHz, CDCls) § 28.76; HRMS (ESI)
calculated for C24H9BrN,OP [M + H]*: 461.0418, found: 461.0422.

B M.p.: 123 - 125 °C, [a]p* = -100.3 (¢ = 1.0, CHCI3), 91% ee. The ee was
N
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HPLC Condition The enantiomeric excess was determined by Daicel Chiralcel IA, Hexanes/IPA =
70/30, 1.0 mL/min, A =220 nm, t (minor) = 7.468 min, t (major) = 14.668 min.
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Kinetic Resolution of (rac)-1I with 6c

l GF‘ i Pt Ve Me\ P

P P

N Co(OAc),e 4H,0 (10 mol%) P AQ NS
P -AQ L1 (20 mol%) SN
H * H ¥ 7
NaOPiv (2.0 equiv) H
H H,0:'BUOH = 1:3, 3mA, 70 °C, 1 h M
rac-11 Me s=301.8 (R)-11, 41%, 99% ee 6¢, 37%, 95% ee Me

2p

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm x20 mm %0.25 mm). Phosphinic amide rac-11 (0.2 mmol, 1.0
eq.), alkyne 2ap (0.3 mmol, 1.5 eq.), Co(OAc),-4H>0 (10 mol %), (S)-L1 (15 mol %), NaOPiv (0.4
mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA maintained for 1 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NayCOs, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 3:1 v/v) to give the desired product 6¢ (29.3 mg) in 37% yield as a light-
yellow foam with 95% ee. 6¢ exists as a 12:1 mixture of atropisomers due to the hindered rotation
about the N-quinoline bond and the structure of major isomer was shown and recovered the (R)-11
in 41% yield with >99% ee.

(5)-1-Methyl-2-(quinolin-8-y1)-3-(p-tolyl)-2 H-benzo|c][1.2]azaphosphinine 1-oxide (6c¢)

B M.p.: 110 - 113 °C, [a]p?®® = -140.3 (¢ = 1.0, CHCI3), 95% ee. The ee was
’\% determined by Daicel Chiralcel IC, Hexanes/IPA = 70/30, 1.0 mL/min, A =
wPs 220 nm, t (major) = 30.270 min, t (minor) = 39.990 min. *H NMR (400 MHz,
O = CDCls) 6 8.97 (d, J =4.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.82 (t, J = 12.0,

O me 7.6 Hz, 1H),7.53 (t,J=8.4,3.6 Hz,2H), 7.45(d, J=7.2Hz, 1H), 7.41-7.35
(m, 3H), 7.29 — 7.26 (m, 3H), 6.79 (d, J = 8.0 Hz, 2H), 6.40 (s, 1H), 2.11 (s, 3H), 1.96 (d, J = 14.0
Hz, 3H); *C NMR (100 MHz, CDCl3) 5 149.9, 145.4, 144.5, 138.0 (d, Jcp = 7.0 Hz), 137.2 (d, Jcp
= 6.9 Hz), 135.9, 135.0 (d, Jcp = 4.7 HZz), 131.8 (d, Jcp = 2.3 Hz), 130.0 (d, Jcp = 2.5 Hz), 129.0 (d,
Jep = 9.6 Hz), 128.8, 128.4, 127.8, 126.8 (d, Jcp = 12.7 Hz), 126.7, 126.3 (d, Jcp = 9.4 Hz), 126.0,
124.2 (d, Jcp = 117.6 Hz), 121.4, 110.4 (d, Jcp = 8.2 HZz), 21.1, 16.2 (d, Jcp = 95.8 Hz); 3'P NMR
(162 MHz, CDCl3) 6 29.49; HRMS (ESI) calculated for C2sH22N,OP [M + H]*: 397.1470, found:

397.1475.
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HPLC Condition The enantiomeric excess was determined by Daicel Chiralcel IA, Hexanes/IPA =
70/30, 1.0 mL/min, A = 220nm, t (minor) = 7.468 min, t (major) = 14.668 min.
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Et3N/THF, 60°C

3af, 99% ee 7af, 99% ee OMe

An oven-dried Schlenk flask was charged with Cul (0.04 mmol, 0.02 equiv.), PPh3 (0.004 mmol,
0.02 equiv.), Pd(PPh;3)3Cl2 (0.004 mmol, 0.02 equiv.) and p-iodoanisole (0.2 mmol, 1.0 equiv.). The
vessel was evacuated and backfilled with argon three times. Subsequently, dry THF (2 ml), 3af (0.2
mmol, 1.0 equiv.), and dry Et;N (2 ml) were added and the mixture was stirred at 60 °C. After
completion of the reaction, which was indicated by TLC, the mixture was quenched with water and
the aqueous phase was extracted three times with AcOEt (3x5 ml). The combined extracts were
dried over MgSO4 and the solvents were evaporated under reduced pressure. Then the mixture was
subjected to column chromatography on silica gel (PE/Acetone = 1:1 v/v) to give the desired product
7af (95.4 mg) in 83% yield as a light-yellow foam with 99% ee. Product exists as a 8:1 mixture of
atropisomers due to the hindered rotation about the N-quinoline bond and the structure of major
isomer was shown.

(S)-3-(4-((4-methoxyphenyl)ethynyl)phenyl)-1-phenyl-2-(quinolin-8-yl)-2 Hbenzo|c]

[1,2]azaphosphinine 1-oxide (7af)

7 M.p.: 125 - 127 °C; [a]p*® = +385.3 (¢ = 0.2, CHCI3), 99% ee. The
Q ,3‘ ee was determined by Daicel Chiralcel IA, Hexanes/IPA =70/30, 1.0
N

W

O i mL/min, A =254 nm, t (minor) = 19.803 min, t (mjaor) = 52.796
min. 'H NMR (400 MHz, CDCl3) 5 8.74 (s, 1H), 8.15 (d, J=7.2

Hz, 1H), 7.77 (d, J= 8.4 Hz, 1H), 7.71 (dd, J = 12.8, 7.6 Hz, 2H),

ove 1:59—7.44 (m, 4H), 7.40 - 7.32 (m, 5H), 7.29 (s, 1H), 7.18 - 7.11
(m, 2H), 7.08 (d, J = 8.0 Hz, 2H), 7.03 — 6,95 (m, 2H), 6.82 (d, J =

8.0 Hz, 2H), 6.37 (s, 1H), 3.78 (s, 3H); 3C MR (100 MHz, CDCl3) 5 159.6, 149.3, 144.6, 143.8 (d,
Jer=3.1Hz), 138.1 (d, Jcp =4.2 Hz), 137.8 (d, Jcp = 5.0 Hz), 137.6 (d, Jcr = 2.4 Hz), 135.6, 133.0,
132.9,132.9, 131.8 (d, Jcp = 2.5 Hz), 131.5, 131.5, 130.9, 130.8, 130.1, 128.8, 128.4, 128.2 (d, Jcp

=30.7 Hz), 127.4, 127.1 (d, Jep = 13.8 Hz), 126.8 (d, Jep = 9.0 Hz), 126.1 (d, Jep = 14.5 Hz), 125.5,
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123.6 (d, Jop = 126.8 Hz), 122.4, 121.1, 115.1, 114.0, 107.8 (d, Jcp = 7.9 Hz), 90.1, 87.9, 55.3; 3P
NMR (162 MHz, CDCl3) 6 18.79; HRMS (ESI) calculated for C3sH27N,0,P [M+ H]™: 575.1883,
found: 575.1884.
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H H
3ab 8ab

Adding TBAF (2.4 mmol, 627.5 mg, 4 equiv.) into a THF solution of 3ab (0.51 mmol, 225 mg)
under a nitrogen atmosphere. The mixture was stirred at 60°C for 18 h and cooled to room
temperature. Next, adding water to the mixture, add separating the phases and washing the aqueous
phase with diethyl ether (3 x 25 mL). Then, the combined organic phases were dried over Na;SO4
and the solvents were evaporated under reduced pressure. The mixture was subjected to column
chromatography on silica gel (PE/Acetone = 2:1 v/v) to give the desired product 8ab (156.0 mg) in
83% yield as a white solid with >99% ee.

(S)-1-phenyl-2-(quinolin-8-yl)-2H-benzo|[c][1,2]azaphosphinine 1-oxide (8ab)

M.p.: 77 - 79°C, > 99% ee; [a]p®® = +394.4 (c = 0.5, CHCl3), lit'"[a]p?° = +400.9

@ % [c = 0.5, CHCI3, >99% ee (S)]. The ee was determined by Daicel Chiralcel 1A,

” Hexanes/IPA = 90/10, 1.0 mL/min, A = 210 nm, t (single) = 43.874 min; (400

MHz, CDCL) 6 8.84 (s, 1H), 8.23 (d, /= 7.2 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H),

7.75(d,J=13.2Hz, 1H),7.73 (d, J=13.2 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.50

—7.44 (m, 2H), 7.40 — 7.29 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 7.06 (s, 2H), 6.82 (dd, J = 16.0, 8.0

Hz, 1H), 6.04 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCl3)  150.0, 143.7 (d, Jcp = 3.8 Hz),

137.9,137.5 (d, Jcp = 4.3 Hz), 136.1 (d, Jcp = 4.6 Hz), 132.8 (d, Jcp = 10.7 Hz), 131.7 (d, Jop = 2.5

Hz), 131.6 (d, Jcp =2.9 Hz), 131.1 (d, Jcp = 136.5 Hz), 130.9 (d, Jcp = 12.0 Hz), 129.2, 129.0, 127.6,

127.4 (d, Jer = 13.7 Hz), 126.0, 125.9, 125.9, 125.6 (d, Jcp = 14.4 Hz), 123.3 (d, Jcp = 125.6 Hz),

121.3,102.2 (d, Jcp = 8.8 Hz); 3'P NMR (162 MHz, CDCls) 5 16.80; HRMS (ESI) calculated for
C27H24FoNLOP [M + H]*: 369.1151, found: 369.1159.
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Gram-Scale Synthesis of (S)-30 with Reduced Catalyst Loading

Ph, 0

P. AQ
@ \N/ '
H

H

1a, 3.0 mmol

Ph

GF ] Pt

Co(OAc), 4H,0 (2 mol%)
L1 (3 mol%)

20

NaOPiv (2.0 equiv)

H,0:!lBUOH = 1:3, 12 mA, 70 °C, 10 h

30
1.19 g, 89% yield, 99% ee

The electrocatalysis was carried out in an undivided cell, with a GF anode (20 mm %30 mm %6
mm) and a platinum cathode (20 mm %30 mm X0.25 mm). Phosphinic amid 1a (3.0 mmol),
phenylacetylene 20 (4.5 mmol), Co(OAc),-4H>0 (2 mol%), (S)-L1 (3.0 mol%), NaOPiv (6 mmol),
‘BuOH (15 mL) and H>O (5 mL) were added to an oven dried vial equipped with stirring bars.
Electrocatalysis was performed at 70 °C with a constant current of 12 mA maintained for 10 h. After
the reaction was completed, the reaction mixture was cooled to room temperature, quenched by
saturated aqueous NaxCOs3, and extracted with EtOAc. The organic layer was dried over anhydrous
Na;SO4 and concentrated in vacuo. Then the mixture was subjected to column chromatography on
silica gel (PE/Acetone = 1:1 v/v) to give the desired product (S)-30 (1.19 g) in 89% yield as a light-
yellow foam with 99% ee. The enantiomeric excess was determined by Daicel Chiralcel 1A,
Hexanes/IPA = 70/30, 1.0 mL/min, A = 254nm, t (minor) = 11.037 min, t (major) = 24.349 min.
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Mechanistic Studies

Synthesis of Octahedral Co(l11)-Complex via Stoichiometric Reaction of Co(acac)., and
L1

o
\ ]
) GF [l Pt NT""pp
|

\> Co(acac), (100 mol%) O”u,, 0 Me
> Co™'
OH N—/ NaOPiv (2.0 equiv) o / N
bh H,O/'BUOH = 1:3, 3 mA, 70°C / 4 Ox
(S)-L1 Me=__ Me
Me
Co-1 (major), 75% Co-2 (minor, <5%)

The reaction was carried out in an undivided cell, with a GF anode (10 mm %20 mm *x6 mm) and
a platinum cathode (10 mm %20 mm %0.25 mm). (S)-L1 (0.2 mmol), Co(acac) (0.2 mmol) were
placed ina 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0). The reaction was performed
at 70 °C with a constant current of 3 mA maintained for 3 h. Every reaction mixture was diluted
with DCM and concentrated in vacuo. After the reaction was completed, the reaction mixture was
cooled to room temperature, diluted with DCM and concentrated in vacuo.Then the mixture was
subjected to column chromatography on silica gel (PE/EtOAc/DCM = 10:1:2 v/v/v) to give the
desired complex Co-1.

©_<\O Co-1: dark green solid, (74.3 mg, 75% yield). '"H NMR (400 MHz, CDCl5)
| ""'p:/le 8 7.66 (dd, J = 8.0, 1.6 Hz, 1H), 7.23 — 7.13 (m, SH), 7.05 — 7.03 (m, 2H),
o,"c/o-{o < 6.52 (ddd, J=8.4, 6.8, 1.6 Hz, 1H), 5.42 — 5.38 (m, 2H), 5.04 — 4.99 (m, 1H),
wed! o °N . 4.83(s, 1H),4.42-4.38 (m, 1H), 2.15 (s, 3H), 1.87 (s, 3H), 1.85 (s, 3H), 1.64

e

Me (s, 3H). 3C NMR (100 MHz, CDCls) & 190.8, 189.0, 188.4, 187.7, 169.6,

165.7,141.3,133.6, 128.5, 128.3, 127.6, 126.7, 124.0, 113.9, 108.8, 98.2, 97.1,

75.9, 66.7, 26.1, 26.0, 25.7, 25.6.; HRMS (MALDI-TOF) calculated for CosH2CoNOs [M]
495.1092, found: 495.1091. The data was in accordance with refer 1d.
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'"H-NMR of Co-1
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Cobalt-based Intermediate Co-1 Used as a Catalyst in [4+2] Annulation of 1a and 2a

Ph
Ph //o GF r Pt \P//O AQ
Pan-AC Co-1 (10 mol %) WISNT
H + Ph—=——FPh >
NaOPiv (2.0 equiv), H,O/'BUOH = 1:3 S Ph
3mA, 70 °C
1a 2a 75%, 99% ee 32"

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
alkyne 2a (0.3 mmol, 1.5 eq.), Co-1 (10 mol %), NaOPiv (0.4 mmol, 2.0 eq.) were placed in a 15
mL cell and dissolved in 4.0 mL of ‘BuOH/H,0 (3.0:1.0). Electrocatalysis was performed at 70 °C
with a constant current of 3 mA maintained for 6 h. After the reaction was completed, the reaction
mixture was cooled to room temperature, quenched by saturated aqueous Na,COs3, and extracted
with EtOAc. The organic layer was dried over anhydrous Na,SO4 and concentrated in vacuo. Then
the mixture was subjected to column chromatography on silica gel (PE/Acetone = 2:1 v/v) to give
the desired product (S)-3a (37.5 mg) in 75% yield with 99% ee.

Kinetic Isotope Effect
D/H Exchange Experiment of 1a

®_e HY
ol Pt Ph 0
P\

AQ
Ph_ 0 Co(OAc), 4H,0 (10 mol%) -
¥ _aa L1 (20 mol%) ‘ H
©/ N NaOPiv (2.0 equiv) H/D
1 - - o
D,O/BUOD = 1:3, 3 mA, 70°C 1a (recovered)
1a D < 5%

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm x6
mm) and a platinum cathode (10 mm %20 mm %0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0
equiv), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol, 2.0 equiv) were placed
in a 15 mL cell and dissolved in 4.0 mL of ‘BuOD/D>0O (3.0:1.0). Electrocatalysis was performed at
70 °C with a constant current of 3 mA maintained for 6 h. After the reaction was completed, the
reaction mixture was cooled to room temperature, quenched by saturated aqueous Na,COs3, and
extracted with EtOAc. The organic layer was dried over anhydrous Na,;SO4 and concentrated in
vacuo. Then the mixture was subjected to column chromatography on silica gel (PE/Acetone = 1:1

v/v) to give the recovered starting material. No obvious H/D exchange was observed.
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D/H Exchange Experiment of 1a-d;

ol E]
CeDs 0 Pt HIR CoDs 0

N P\N/AQ Co(OAc), 4H,0 (;10 mol%) D PL _AQ
Dt h L1 (20 mol%) _ H
= NaOPiv (2.0 equiv)
H,O/'BUOH = 1:3, 3 mA, 70°C D DH H<5%
1a-dqg D
1a-d,

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm %6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a-d;y (0.2 mmol, 1.0
equiv), Co(OAc)2*4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv (0.4 mmol, 2.0 equiv) were placed
in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H,0 (3.0:1.0). Electrocatalysis was performed at
70 °C with a constant current of 3 mA maintained for 6 h. After the reaction was completed, the
reaction mixture was cooled to room temperature, quenched by saturated aqueous Na,CO3, and
extracted with EtOAc. The organic layer was dried over anhydrous Na,SO4 and concentrated in
vacuo. Then the mixture was subjected to column chromatography on silica gel (PE/Acetone = 1:1
v/v) to give the recovered deuterium labelling starting material. No obvious D/H exchange was

observed.
'H-NMR of recovered 1a-dzy
£ Fuzroozdescased ]
EREERAS DRI S
II‘V
[
Poq
{ |
f |I
CsDs O | J
P _AQ
X N
Ds - H
=
1a-do
1
B | W s W
= & 9
< < s
- o~ =t
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Competing Experiment

i S — 1 S

D= S Il N D5\\ /) N
/ N O fo)

\ o standard conditions N=4 N=4
+ OMe ? USN + | XN

min 2 Dy AL

17% O

H H

MeO MeO

1a 1a-dyq 2x 3x 3x-dy

The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm x6
mm) and a platinum cathode (10 mm %20 mm x0.25 mm). Phosphinic amide 1a (0.2 mmol, 1.0 eq.),
1a-dyo (0.2 mmol, 1.0eq.), alkyne 2x (0.3 mmol, 1.5 eq.), Co(OAc)2-4H,0 (10 mol %), (S)-L1 (20
mol %), NaOPiv (0.2 mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of
‘BuOH/H,0 (3.0:1.0). Electrocatalysis was proformed at 70 °C with a constant current of 3 mA
maintained for 15 min. After the reaction was completed, the reaction mixture was cooled to room
temperature, quenched by saturated aqueous Na,COs3, and extracted with EtOAc. The organic layer
was dried over anhydrous Na;SO4 and concentrated in vacuo. Then the mixture was subjected to
column chromatography on silica gel (PE/Acetone = 4:1 v/v) to give the desired product (35.2 mg)
in 17% yield. (kn/kp = 1.22). The ratio of product 3x/3x-dy was analyzed by '"H NMR.
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"H-NMR of mixtured 3x and 3x-dy from the competing experiment
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The electrocatalysis was carried out in an undivided cell, with a GF anode (10 mm x20 mm x6
mm) and a platinum cathode (10 mm x20 mm %x0.25 mm). Phosphinic amide 1a or 1a-djo (0.2 mmol,
1.0 eq.), alkyne 2x (0.3 mmol, 1.5 eq.), Co(OAc)2:4H>0 (10 mol %), (S)-L1 (20 mol %), NaOPiv
(0.2 mmol, 2.0 eq.) were placed in a 15 mL cell and dissolved in 4.0 mL of ‘BuOH/H>O (3.0:1.0).
Electrocatalysis was performed at 70 °C with a constant current of 3 mA for 10 min, 12 min, 14 min,
16 min, 18 min, and immediately quenched with EA and monitored by HPLC (Figure S1). The KIE
was determined as ku/kp = 1.86/1.81 = 1.03.
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Figure S1 Parallel KIE experiments

Linear Effects between ee of 3a and ee of L1

Ph
Ph, O i i 0
N7 GF ] Pt \P// AQ

P\N/ . 3 o Co(OAC),e4H,0 (10 mol %) WS
NaOPiv (2.0 equiv), H,O/'BuOH = 1:3 =~ Ph

3mA,70°C

1a 2a (1.5 eq)

The results were obtained using general procedure with a mixture of (rac)-L1 and (S)-L1 in
different ratio (Table S1 and Figure S2). The mixtures were prepared using mother solution (C = 10
mg/mL in ‘BuOH) of (rac)-L1 and (S)-L1. And the ee value of the mixtures and alkynylation product
3a were determined by chiral HPLC.

Table S1 Linear Effects Studies

Entry Ee value of ligand L (%) Ee value of 3a (%)
1 -2.30 7.92
2 28.24 31.54
3 34.32 37.10
4 46.54 49.32
5 56.68 58.56
6 61.90 64.94
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7 78.74 79.52

8 88.78 96.62
9 99.90 99.90
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100 y = 0.9469x + 6.5344 o
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Figure S2 Linear effects between ee of 3a and ee of L1

Cyclic Voltammetry (C-V) Studies

The cyclic voltammograms were recorded on a CHI 600E instrument using a glassy-carbon
working electrode (diameter, 3 mm), a Pt wire auxiliary electrode and an Ag/AgCl reference
electrode, with electrolyte solution of #-BusNBF4 (1 mmol, 329 mg) in MeCN (6 mL) and H,O (4
mL) at room temperature. A scan rate of 100 mV/s (Figure S3).
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Figure S3. a) background; b) adding Co(OAc):.4H,0 (0.3 mmol, 75 mg) into background; c)
adding S-L1 (0.3 mmol, 72 mg) into background; d) adding Co(OAc¢):.4H,0 (0.3 mmol, 75 mg)
and S-L1 (0.3 mmol, 72 mg) into background; e) adding 1a (0.3 mmol, 103 mg) into background;
f) adding 2a (0.3 mmol, 53 mg) into background; g) adding Co(OAc):.4H,0 (0.3 mmol, 75 mg),
S-L1 (0.3 mmol, 72 mg), 1a (0.3 mmol, 103 mg) and 2a (0.3 mmol, 53 mg) into background.

A mixture of Co(OAc),*4H>0 in a solution of H,O and MeCN (red curve) showed an oxidation
peak of 1.60 V for the oxidation of Co(II) species to Co(IIl) species. Dipenylphosphinamide 1a
featured a higher onset potential of 1.76 V, while no obviously oxidative peak of ligand L.1 or alkyne
2a (green curve) was found, suggesting the preferential oxidation of Co-catalyst over substrates and
ligand. Notably, the combination of Co(OAc),*4H>0 with ligand L1 (pink curve) highlighted a shift
forward of the oxidation wave with a potential of 1.51 V, might owing to the in situ coordination of
Co(Il) salt with L1. Besides, an oxidation potential of 1.31 V was observed when mixturing
Co(OAc)2#4H,0, 1a and L1 together (Fig. 6d, blue curve), being indicative of an oxidation of
cobalt(II) to cobalt(IIl) in the presence of the substrate at significantly lower potential.

DFT Calculations®
Computational Details

Density functional theory (DFT) calculations were performed with Gaussian 09. ' The geometry
of each species was optimized using the B3LYP/{[6-31G(d)] (for C, H, N, O, P ) + sdd (for Co)
SCRF = (SMD, solvent = dimethylbenzene)} level of theory with the corresponding effective core
potential for Co. Frequency calculations were also conducted at the same level of theory to obtain
vibrational frequencies to determine the identity of stationary points as intermediates or transition
states, as well as obtaining the thermal corrections to enthalpy (Hcorrection) and free energy (Georrection)
at the temperature of 298 K. All DFT calculations were with an ultrafine integration grid. All
structural figures were generated with CYLview*. Distances in structural figures are shown in A

and energies are in kcal/mol.
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Figure S5. IRC scan of TS-R-1.

Cartesian Coordinates and Energies of Calculated Structures
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H -4.8230400 -2.5888440 -2.7418520
C -0.4520980 1.4343010 -0.2399970
C -0.2675650 1.9164890 -1.5462330
C 0.6673830 1.0677780 0.5203060
C 1.0171740 2.0366860 -2.0762720
H -1.1236170 2.1958570 -2.1540540
C 1.9522570 1.1887240 -0.0126930
H 0.5266090 0.6940170 1.5294150
C 2.1284400 1.6734450 -1.3100790
H 1.1504890 2.4119650 -3.0870050
H 2.8135280 0.9055570 0.5859660
H 3.1281810 1.7668730 -1.7251040
N -2.7328230 2.7820810 0.2185550
H -2.0127090 3.4312830 -0.0842080
C -4.0207590 3.3380170 0.1395430
C -5.1699620 2.7090090 0.7173370
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C -5.4396090 5.1860410 -0.5934160
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2 Co(OAc)2¢4H,0
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-0.0067710
-0.3180080
1.3798020
0.7539110
1.2383650
2.3302910
0.9245090
0.8076270
0.7377630
1.4801980
2.2376680
3.2794200
2.1791350
0.8053270
1.5566300
-1.0617610
-0.7701820
0.1522430
-1.4389110
0.3951170
-1.1905010
-2.1486180
-0.2646050
1.1087340
-1.7154930
-0.0697110
0.5805930
0.9244760
-0.5567040
0.1478520
1.8045390
-1.3347970
-0.8379080
-0.9849000
0.4271550
-2.2143680
-1.5920790
2.1882720

3 Co(OAc)*4H,0 + L1

E=-2494.442793
Zero-point correction= 0.614479

Thermal correction to Energy= 0.654930
Thermal correction to Enthalpy= 0.655874




Thermal correction to Gibbs Free Energy= 0.540515
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-0.7847020
-0.5556610
-2.3834250
-1.7225190
-2.2709600
-2.0362090
-3.3573520
-1.8104800
-1.4053370
-2.3367720
-2.0701820
-1.3223010
-2.9656280
-1.0663450
-1.5077420
-0.1711910
0.0328150
-0.3396040
0.6551940
-0.0500970
0.9134980
0.9318450
0.5704410
-0.3326620
1.3969380
0.7858200
-3.7926790
-4.6300210
-4.3404080
-5.9882440
-4.2140140
-5.6980080
-3.7094750
-6.5259420
-6.6229130
-6.1077600
-7.5813650
-2.0412950
2.4232070
2.4957670
3.6519170
3.4827590
4.8163440

-0.1058920
-0.8383790
0.1333090
-0.4124780
-0.5162620
0.4107890
-0.6318070
-1.3518390
0.7673300
0.2176190
1.1646330
0.7634330
1.4638380
1.9771300
2.3486390
1.5321270
2.6777240
2.9603500
3.7188220
4.2223790
4.9493810
3.5103730
5.2117920
4.4063480
5.7218490
6.1778600
0.2116250
-0.8244250
1.2479110
-0.8280850
-1.6336050
1.2429840
2.0592180
0.2061720
-1.6402600
2.0510850
0.2037670
-0.7963600
-0.1047170
0.3584880
-1.4445070
-2.6363760
-1.2673820

1.0191870
2.8553220
2.2050210
3.1560700
4.5423490
5.0798220
4.5143270
5.0744630
-0.6071750
-1.6289800
-2.8158110
-3.5059090
-3.3591440
-0.9702860
-2.1905470
1.7346020
1.1351430
-0.2104300
1.8760060
-0.7806980
1.3001910
2.9050410
-0.0414120
-1.8115890
1.8931260
-0.4866040
-1.1828670
-1.6187730
-0.4145920
-1.2941570
-2.2139330
-0.0856560
-0.0630930
-0.5240610
-1.6381850
0.5141220
-0.2662540
-1.8976740
0.6532220
2.0903620
0.4155870
1.1410290
-0.3448870
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C 4.4521270 -3.6372380 1.0898870
H 2.5905230 -2.7842960 1.7437010
C 5.7888050 -2.2703730 -0.3911360
H 4.9690940 -0.3498670 -0.9045290
C 5.6071980 -3.4564610 0.3221000
H 4.3075180 -4.5572450 1.6494610
H 6.6871050 -2.1216800 -0.9839750
H 6.3627730 -4.2363400 0.2840000
C 2.8815040 1.2494730 -0.4854720
C 2.5302820 1.2367420 -1.8450860
C 3.6153470 2.3328550 0.0216850
C 2.9148730 2.2855270 -2.6824300
H 1.9519950 0.4145910 -2.2550130
C 3.9936310 3.3841100 -0.8160680
H 3.8768770 2.3549420 1.0747970
C 3.6468110 3.3599310 -2.1690000
H 2.6386150 2.2666910 -3.7330610
H 4.5557970 4.2212410 -0.4117270
H 3.9416680 4.1777220 -2.8208490
N 0.9109230 -0.6979860 0.1931790
C 0.6941880 -1.7838170 -0.6469680
C -0.5575630 -2.4494170 -0.4591240
C 1.5272810 -2.3029340 -1.6417720
C -0.8972600 -3.6486760 -1.1459680
C 1.1865280 -3.4828740 -2.3405980
H 2.4647460 -1.8169100 -1.8782780
C -2.5900940 -2.4289500 0.6899610
C -2.1463350 -4.2413850 -0.8297270
C 0.0133110 -4.1679240 -2.1001050
H 1.8820100 -3.8527820 -3.0890880
C -2.9780360 -3.6447140 0.0920580
H -3.2420730 -1.9115510 1.3823040
H -2.4357020 -5.1637410 -1.3257760
H -0.2333070 -5.0795490 -2.6352770
H -3.9383080 -4.0752780 0.3529520
N -1.4224850 -1.8581410 0.4199120
4 Complex of Co+1a+L1

E=-2494.405804
Zero-point correction= 0.608903

Thermal correction to Energy= 0.648949
Thermal correction to Enthalpy= 0.649893
Thermal correction to Gibbs Free Energy= 0.536628

P

-2.1494730

-0.1347780

-1.3254440
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-2.3408120
-1.2652380
-1.3375600
-0.4228230
-0.5815470
-1.9655330
0.3304050
-0.9455840
0.2490670
-0.6407840
0.9649190
0.8308970
-3.7830770
-4.0357770
-4.8178800
-5.3004880
-3.2496580
-6.0771310
-4.6411040
-6.3202040
-5.4883320
-6.8689340
-7.3023120
-1.1427220
-1.2162220
-0.1457940
-2.1790660
-0.0433880
-2.0813450
-3.0057260
1.8177100
1.0740480
-1.0447980
-2.8521950
1.9972010
2.5144620
1.1910500
-0.9821580
2.8598890
0.7836190
0.2912300
-0.8226070
-1.5390890
-1.4552750

0.6180110
-1.7067910
-2.3661190
-2.1740240
-3.5229980
-1.9730570
-3.3400510
-2.3334460
-4.0123090
-4.0398480
-3.7417910
-4.9153520
-0.4791530
-0.2913960
-0.9431220
-0.5634920
0.0791220
-1.2237030
-1.0799680
-1.0340830
-0.4049780
-1.5853430
-1.2487800
0.5385000
1.8284250
2.1935720
2.8002590
3.4942400
4.0896810
2.5773800
1.4800320
3.7418340
4.4499080
4.8167620
2.7451850
0.6677110
4.7230070
5.4466780
2.9102400
1.2248250
-0.5043280
-0.6586460
-2.7161940
-1.7140220

-2.6291990
-1.5572960
-2.7872070
-0.5182170
-3.0002630
-3.5821610
-0.7670940
0.6969540
-1.9878350
-3.9540990
0.0179350
-2.1519350
-0.5776670
0.7891850
-1.4079290
1.3169250
1.4381480
-0.8771670
-2.4711360
0.4865290
2.3753470
-1.5272930
0.8987100
-0.1805060
0.3072710
1.1840300
0.0325770
1.7508350
0.6019520
-0.6333430
2.2249590
2.5895560
1.4411090
0.3606780
2.8222660
2.3958080
3.0415890
1.8666920
3.4584730
1.4395760
0.6198410
2.2524160
1.7667520
2.5535980
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-2.1551350
-1.8027500
-1.9730680
-3.2305320
1.5587880
1.3809220
2.4118630
1.9614610
2.9827850
2.6874110
3.3325660
1.5650690
2.7288560
3.3333620
3.4397950
4.5822020
4.6640280
2.9842140
5.2481540
5.0168040
5.1768030
6.2067210
1.6193540
0.7097880
2.7645910
0.9348990
-0.1840380
2.9894880
3.4844920
2.0753330
0.2171300
3.8797840
2.2515330
0.3754620

-1.7949630
-2.6791910
-0.8985800
-1.9158440
-0.2332550
0.6363820
0.0257360
-0.7086750
0.7602470
-0.8751440
-0.6825530
-1.5064120
-1.9845200
-1.7400170
-2.8061030
-2.3242920
-3.3597050
-2.9926460
-3.1259880
-2.1296310
-3.9875380
-3.5668570
2.1137520
3.0589930
2.5609640
4.4260430
2.7202240
3.9260080
1.8443690
4.8629520
5.1461100
4.2580330
5.9252630
0.5089550

3.8835620
4.4245230
4.4780830
3.7141270
-0.8479240
-2.0455480
-3.0145320
-3.6886680
-3.5811430
-0.9691150
-2.1414830
1.6290560
1.2584340
-0.0093500
2.1747070
-0.3256610
1.8434340
3.1430680
0.5835230
-1.3000710
2.5679080
0.3292480
-1.7692430
-2.2596520
-1.0937230
-2.0767570
-2.7768280
-0.9081450
-0.7069250
-1.3999590
-2.4599940
-0.3809140
-1.2544860
-2.4432130

5 TS-R-1

E=-2494.402146
Zero-point correction= 0.608815

Thermal correction to Energy= 0.648948
Thermal correction to Enthalpy= 0.649892

Thermal correction to Gibbs Free Energy= 0.536081

P -1.9233270 -1.6855130 0.6516910
(0] -2.2404800 -2.2687220 2.0168440
C -3.4637730 -1.6084110 -0.3368530
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-4.6734350
-3.4856340
-5.8810360
-4.6631010
-4.6927010
0.9910060
-5.8927070
-6.8097100
-4.6950240
-6.8313480
-0.6798710
0.6679940
-0.9947370
1.6777320
0.0322200
-2.0297400
1.3675520
2.7184440
-0.2125180
2.1630870
-1.1229800
-1.6093730
-0.6118540
-2.9351310
-0.9433500
-3.2651470
-3.7336660
1.6736370
0.1325830
-2.3080450
-4.3127210
1.4292730
2.6806290
-0.0801420
-2.5775230
2.2691270
0.6859670
0.8336050
0.6380030
1.2319450
0.9235610
0.8516860
-0.1340150
1.6119130

-1.9170290
-1.2644870
-1.8681310
-2.1950110
-1.2217870
-2.4063530
-1.5188670
-2.1068590
-0.9592150
-1.4834590
-2.6238520
-2.3433300
-3.5632490
-3.0412180
-4.2370680
-3.7697180
-3.9770080
-2.8739190
-4.9679480
-4.5095890
-0.2115170
0.9750510
1.9654470
1.3255310
3.2700090
2.6177480
0.6130000
2.4441310
4.1691740
3.5861250
2.8465420
3.7614180
2.0804810
5.1765800
4.5766720
4.4286840
1.5895960
-0.3104550
-0.5848240
-2.7343970
-1.6860120
-1.7708410
-2.1668840
-2.4583260

0.3053770
-1.6984380
-0.3942350

1.3542850
-2.3984240

1.3487970
-1.7462950

0.1164910
-3.4525670
-2.2922210
-0.2816160

0.0645030
-1.2661820
-0.6281770
-1.9359260
-1.5223810
-1.6166940
-0.3657760
-2.7016560
-2.1307840

0.6300450

1.1580340

1.4282660

1.4143320
1.8904600
1.8810850
1.2432550
1.4398960
2.1059820
2.1101470
2.0581020
1.8798550
1.2733770
2.4532330
2.4634120
2.0397700
1.2259750

0.7308540

2.6725980

2.5768480

3.2345100

4.7349390

5.0078470

5.1133940
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0.9702460
1.1286620
0.0947460
0.8153630
0.5696440
0.6708490
2.2759150
2.2227230
2.7142980
3.7158720
3.5785890
5.0303920
4.7193600
6.1313190
5.1411890
5.9859620
4.5858850
7.1213510
6.8540390
-0.3379720
-1.7015790
0.5998270
-2.1240900
-2.4378010
0.1795980
1.6634040
-1.1841440
-3.1862040
0.9176960
-1.5099060
-0.7747320
-2.5628900

-0.7837920
0.1614130
0.5754990
0.2825630

-0.7067880
1.0440820
0.0820420
0.2750300

-0.3924280

-0.3647100

-0.1625060

-0.5510320

-0.1760620

-0.5516410

-0.7020810

-0.3669610

-0.0285710

-0.7020130

-0.3726040
2.0287630
2.3475290
3.0696450
3.6782140
1.5498320
4.3992610
2.8460180
4.7078330
3.9071650
5.1947020
5.7432080

-0.0668920

-1.0463970

5.1858220
-1.1420520
-2.1275940
-3.4579300
-3.8550660
-4.2232430
-1.7553470
-3.0932920

1.0681820

0.2220620
-1.1830490

0.7296290
-2.0190850
-0.1088430

1.7996360
-1.4975030
-3.0853110

0.3144660
-2.1488710
-1.9905690
-2.0056140
-1.9195380
-1.9453910
-2.0589720
-1.8572230
-1.9093770
-1.8701530
-1.9541520
-1.8000620
-1.8210220

-2.0106140
-2.2258490

6 TS-S-1

E=-2494.436776
Zero-point correction= 0.613336

Thermal correction to Energy= 0.653947
Thermal correction to Enthalpy= 0.654892
Thermal correction to Gibbs Free Energy= 0.538097

P

oNoNoNe)

-2.0760390
-2.2344810
-1.1260790
-1.5416580
0.0447440

-0.5252830
0.1461340
-2.0628950
-3.1629140
-2.1074650

-1.3631420
-2.7185530
-1.3794550
-2.1461940
-0.5963150
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-0.7929770
-2.4508880
0.7756970
1.4595320
0.3629420
-1.1081370
1.6755230
0.9495850
-3.7352500
-3.9005090
-4.8617750
-5.1727210
-3.0348080
-6.1344820
-4.7393600
-6.2911790
-5.2924710
-7.0008610
-7.2808890
-1.1788250
-1.5198530
-0.5602580
-2.6735930
-0.7629040
-2.8746920
-3.4252240
1.5061800
0.2634650
-1.9525370
-3.7879900
1.3907350
2.3768370
0.1478840
-2.1189610
2.1898820
0.5647620
0.4680030
-0.6551900
0.8328000
-0.3733800
-1.4284020
-0.9994060
-2.2331240
-1.8449560

-4.3386730
-3.1009680
-3.3051410
-2.0762330
-4.4058630
-5.1948670
-3.4010390
-5.3214800
-0.9050920
-1.3528550
-0.7726490
-1.6597120
-1.4567330
-1.0816990
-0.4213970
-1.5252290
-2.0021200
-0.9749840
-1.7646880
0.2850330
1.4807790
1.9977800
2.2398830
3.2346480
3.4604130
1.9052900
1.6703320
3.6568560
3.9661440
4.0149380
2.8824870
1.0315000
4.5954300
4.9085460
3.1852800
1.2469160
-0.5128760
-1.2378620
-2.5207630
-2.0443070
-2.5554590
-2.7885040
-1.8247660
-3.4784240

-2.1361420
-2.7406000
-0.5916380
2.3696610
-1.3526090
-2.7261830
0.0076260
-1.3303330
-0.6858990
0.6348210
-1.5108860
1.1193190
1.2823980
-1.0243410
-2.5307870
0.2906830
2.1436740
-1.6714080
0.6700480
-0.2116250
0.3856360
1.3200820
0.1721010
1.9967350
0.8534260
-0.5344490
2.3376280
2.8813460
1.7486980
0.6533600
3.0506100
2.4477510
3.4170380
2.2617410
3.7188920
1.5094330
0.4247790
1.9543740
3.0561510
2.8634490
3.7956630
4.7726100
3.8938110
3.3734530
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1.5536310
1.1238450
2.1723880
1.8170710
2.5544060
2.7662030
3.2718760
2.0619030
3.2456400
3.6464180
4.1585390
4.9228110
5.4093990
3.8531340
5.8015880
5.2098240
6.0890040
6.7797000
1.1035710
0.0255740
2.1669510
0.0052170
-0.8051330
2.1457490
3.0145890
1.0650010
-0.8405850
2.9748190
1.0496980
0.1311310

0.1587760
1.1068810
0.8267190
0.1056080
1.7194780
-0.2342770
0.2099490
-1.2045100
-1.4979120
-1.0600720
-2.2643670
-1.4070000
-2.5885330
-2.5960860
-2.1633380
-1.0690940
-3.1824800
-2.4230690
2.5598090
3.3735240
3.1275390
4.7283780
2.9387760
4.4798960
2.5144630
5.2846800
5.3449190
4.9057100
6.3371260
0.8303210

-1.0525580
-2.1220120
-3.2157670
-3.9576850
-3.7094140
-1.3211510
-2.4924350
1.2899280
0.7713290
-0.5179140
1.5311930
-1.0119130
1.0266210
2.5195290
-0.2534410
-2.0013220
1.6320600
-0.6453010
-1.6715880
-2.0425870
-0.9550880
-1.7015120
-2.5922810
-0.6089790
-0.6602910
-0.9820720
-1.9932340
-0.0502330
-0.7122510
-2.4732980

7 AcO

E=-228.414651
Zero-point correction= 0.047757

Thermal correction to Energy= 0.052317
Thermal correction to Enthalpy= 0.053261
Thermal correction to Gibbs Free Energy= 0.019275

™ T T QOO O O

-0.8564770
-2.0383800
-1.7989550
-2.4955390
-1.9584270
-2.4945770
-3.5183800

1.9897080
0.4428080
1.1870560
1.1075220
0.3973330
2.0874250
0.7481010

0.0633550
-0.6603990
0.3379490
1.6454850
2.2855550
2.1305500
1.5036540

593



Reference

1.

(@) Nguyen, T. T., Grigorjeva, L. and Daugulis, O. (2016). Cobalt-Catalyzed, Aminoquinoline-
Directed Functionalization of Phosphinic Amide sp2 C—H Bonds. ACS Catal. 6, 551-554; (b)
Yao, X., Jin, L. and Rao, Y. (2017). Synthesis of Phosphaisoquinolin-1-one by Annulation of

Aryl Phosphinamides with Allenes through a Cobalt-Promoted C—H Functionalization. 4sian

J. Org. Chem. 6, 825-830; (c) Nallagonda, R., Thrimurtulu, N. and Volla, C. M. R. (2018).
Cobalt-Catalyzed Diastereoselective [4+2] Annulation of Phosphinamides with Heterobicyclic
Alkenes at Room Temperature. Adv. Synth. Catal. 360, 255-260; (d) Yao, Q.; Chen, J.; Song,
H.; Huang, F. and Shi, B. (2022). Cobalt/Salox-Catalyzed Enantioselective C-H
Functionalization of Arylphosphinamides. Angew. Chem. Int. Ed. 6/, €202202892.

Enda B., Cormac T. O., Shane B. R., Eoghan M. M., Colm P. O. and Declan G. G. (2007).
Synthesis of P-Stereogenic Phosphorus Compounds. Dynamic Kinetic Resolution in the
Asymmetric Oxidation of Phosphines under Appel Conditions. J. Am. Chem. Soc. 129, 9566

9567.

(@) Frisch, M. J., Trucks, G. W., Schlegel, H. B., et. al. Gaussian, Inc., Wallingford CT, 2009;
(b) Chai, J.-D. and Head-Gordon, M. (2008). Long-range corrected hybrid density functionals
with damped atom—atom dispersion corrections. Phys. Chem. Chem. Phys. 10, 6615-6620; (¢)
Barone, V. and Cossi, M. (1998). Quantum calculation of molecular energies and energy
gradients in solution by a conductor solvent model. J. Phys. Chem. A, 102, 1995-2001; (d)
Cossi, M., Rega, N., Scalmani, G. and Barone, V. (2003). Energies, structures, and electronic
properties of molecules in solution with the C-PCM solvation model. J. Comput. Chem. 24,
669—681; (e) Legault, C. Y. CYLview, 1.0b; Universite’ de Sherbrooke, 2009;

http://Aww.cylview.org.

594



NMR Spectrum
'TH-NMR of 2aq

oy R

e
LIS
E =
Lo
=]
Le 67—
iy ——— ono.m L
ea
Lo
~
z8e—
[
~
—
80€— — $8°0 [ =
007 Fet
207 “ 7'€9—
201~ s Lo
€07 YOy [+ €1000 8°9L
v0y L €000 L'/
S0 -+ €1000 ¥4
789 0'8L
589 i =3 wmw\
G891 <
; 2
it 3
889 . m s
oL'L Fre &
EL o W
1] Rt 5
A - O
(49 = maa & Y0 CLe R Q2 —
e — - wcm; - - mmw
£1000 92'L] = il " !
821 1670 [= Loglr
! A
8z, ;
62'L Lo Vel
®
6L o.m.ﬁ\
05l ™ 9'6¢)
0g'L =
€L )
51 « LS 9'/6L—
EEL] s
ve'L L
O =]
u m
w
- =
=
V4 g
w
= Vi
E
L@

100

1 (ppm)
S95

120

200 19 180 170 160 150 140 130

210

1



'H-NMR of 2ar

9lc
yANA
LT
8LC
14
6LC
61C
6LC
0ce
0ce
0ce
344
(444
0l°¢q
68
06°¢
16°¢

26e ﬁ T

€6
v6'E
86
66°C
00
007

s

vy

107
207
€0
Y0y
0677
067
167
167
167
67
67
€671
€67
189
18'9]
2891
£8°01
78'9
¥8'9
[V
AV
:.g
€Ll
€Ll
vL'L
€1000 92°2
8z
62
0€'L
LE'L
LE'L
€€°L
ve'L
Se'L
Se'L

—

=T0'T

=080
1 Rmo.ﬁ

= 10T

10°€
——==00'T

mo.m
= +10°C

w60

T T T

T

12.0 11.5 11.0 10.5 10.0 9.5

2

-0.5 -1.0 -1.5

1.0 0.5 0.0

1.5

2.0

40 35 3.0 25

80 75 7.0

9.0 85

W5

1 (ppm)

I3C-NMR of 2ar

0ee—
1'8e—

€1000 89,

€100 L'LL
€LL

€10ad 'L
0'8L
N.Nw\

£\
il

30

T
100 80
11 (ppm)

T
120

T
200

T
210

596



H-NMR of 2au

-2,

080
1870
280
£8°01 r
80
5801 3
980

1807 -

97’y
S”:ﬁf B -
e =209 |
05’1
wmﬁ —— IR
€51 L
Sl
00
10
20
€0 —
S0'¢
90t
90°¢
10
€000 922
WL r
L
vl F
'L
Sv'L
AUN
8L s
09/ 8L~
192 i 00z~
597, e
9°L ok a8
89/ L6'T 62EL~
69/ == v L 5'8€l
69/ _— = E.~ Sﬂv
E.Q —— A_o C ST~
eL L $6'1
mw.a
58'L 3
Loy [ &
181 2960
181 // i i )
88°L1 Il 091 —
68]
868

T

-1.5

-1.0

V=

-0.5

6'lc—

1.0 05 0.0

005—

30 25 20 15

N

=00°S [
€1000 8'9L~
€10ad L'LL

€100 7' LL
veg’

50 45 4.0 35

5

T

5
f1 (ppm)

6.0

BC-NMR of 2au

6.5

7.0

80 7.5

8.5

9.0

T T

N
o
T
11.0 10.5 10.0 9.5

12

T

o

1]

S

U

N
12.0 11.5

20

30

40

60

70

90

100
1 (ppm)
S97

110

120

130

HN
200 19 180 170 160 150 140

210




TH-NMR of 2av

14028
8l
€8°)
vm._.\
6LC
_‘m.N\

90€—

¥6°€
S6°€
S6°¢€

299
199
699

L0'L

0L
€10a0 9Z°L~.

V'L~

'L
6¥'L
1G'L

=509
/00F
jT0°€
~0°€

=——T68/0

00

700°T
01
101
(o1¢
6TT

80 75 70 65 60 55 50 45 40 35 3.0 25 2.0
11 (ppm)

8.5

9.0

11.0 10.5 10.0 9.5

12.0 115

W5

85~
vz
zse
95—

L=
oer—

69—
€1000 8'9L

8'9L
€1000 V2L
€10a0 v.k\

v'es

£Zh
L

m.m:M
0Lzl
sez’
7'0Eb~
628l —
9'9gL—
veeL”

I3C-NMR of 2av

6961 —

8GL—

"
o N
0

A5

30 20 10

40

60

70

200 19 180 170 160 150 140 130 120 110 100 90

210

1 (ppm)

598



'H-NMR of 2aw

ke ————

€0€—

m\..‘m}v.

08¢
0.9
K.L
cL9
€L9
989
889
€691
769
€100 92,
SE'LT
S€L
GEL
9€’L
1L
8€'L

6CEy—

ov'L
ov'L]
ov'L
Vi
na
vl
8v'L
V'L
V'L
052
v9.]
59
59
191
19
89'L

—_—

|

00°¢

68°0

Cl

-4

i g

\

00°¢

10°1
00T
10°T
'S
(¢
86'1

12.0 115

3.5 30 25 20

4.0

4.5

5.0

7.0 65 6.0
11 (ppm)

75

95 9.0 85 8.0

10.0

11.0 10.5

€EL—

vee—

8'65—

€1000 L'9L
0LL
€000 L'LL
€10ad ¥'LL
ces

8°00L—

Lz
e
£oh—
rgi—
g6/
6Ll
Logi
0'lEl
el
o
Seel
89g)
680
8'6¢)
coor/
£gol
y801

IBC-NMR of 2aw

.l

\

4

)

W

all

L1

Yo

30

T
100 80
11 (ppm)

T
120

T
200

T
210

S99



TH-NMR of 2ax

o'l
mm.rv

c0e—
08¢
28t
8¢

26°¢

€L’L
YL
9l°L
L1
61°Ly
61°LY
€1000 92'LA
Se'L

6€°L !
ov'L 1
Wl 1
L

0L'L
el l
eLL
SL'L

lIIIIMTood

= L8%0

-/ V01
h“ﬂo?m

[L60
: =660
M/oo.o

»a@m

T T T T T

T

12.0 11.5 11.0 10.5 10.0 9.5

2

-1.0 -1.5

1.0 0.5 0.0 -0.5

1.5

2.0

40 35 3.0 25

4.5

5.0

7.0
f1 (ppm)

8.0 7.5

9.0 85

W5

g8l—

L8y —
A

8'9L
€1000 V2L
€10a0 v.t\

v'es

€1000 m.wnw

8'G0L—
9Ll
€611
76l
09zl
v'ozl
6'LeLT
fmm&
£62)
8zel
0'vel
Lgel
y'8el
0851 —

I3C-NMR of 2ax

9CLL—

I

N

Heon

A

I

-10

30

40

T
90

T
110

T T
200 190

T
210

1 (ppm)

5100



"H-NMR of 2ay

9l°L
8l'L
€10a0 92'L
8¢,
6€°L
Wi
WL
L
L
'L

861
HHHHMWWWWWmQN

\'80°¢

T T T T
12.0 11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0

T

2

-1.5

-0.5 -1.0

1.0 0.5 0.0

5.0 45 4.0 35 3.0 25 20 15

fl (ppm)

5.5

=S

BC-NMR of 2ay

-1
v’
Z0E

0'Gr~
Ll

€1000 V2L
€10d0 ﬁ.R\
v'es

8'9L
€1000 w.wnw

9L~
£6l—
Vil

g6z~
826~
88l
v'8elL

i/

6°CLL—

-10

40

50

T
90

T
110

T T
200 190

T
210

1 (ppm)

5101



'H-NMR of 3a

000
mmo/
v5'9
65’9
¥6'9
S6'9
S6'9
96'9
16'9
86'9
66'9
60°L
oL'Z
gL'l
vL'2
SL'L
912
L
81,
6L
0z'L
2T

£1000 §2°2
)
6L

Wl
oL
Stz
Lt
621

—Z 0. Z

R4

25 20

3.0

35

40

10.5 10.0 95 9.0 85 80

1.0

12.0

125

1 {ppm)

I3C-NMR of 3a

€10d0 2'8.L
€100 142
€10ad ¥'LL
Ll
641
oLl
[ASA
S¥Tl
¥Sch
9'Gel
8'6el
8’6zl
£9¢ct
¥acl
6921
VLTl
viel
Liel
ezl
L6
20EL
g0l
60}
olel
¥lEl
¥lel
¥lel
FiEL
9LEl
el
SEel
¥eeElL
S'eel
§'Gel
9'9gL
29eL
FAVA NS
FAVaN
28el
£6EL
£'6el
9Tl
Srl
Srrl

£'6rl

A

"

—Z =
Oaf ;

.F.

80

a0

T
80

T
100

T
110

T
120

130

w0

M {ppm}

5102



3IP-NMR of 3a

€09 —

KT

-40 50 60 70 -80 50

=30

1 {ppm)

'"H-NMR of 3b

000
18
€2z
€69
59
89
989
5§69
969!
6°9]|
66'9
502
902
102
802
602
602
L
gLL
oLz
L
0z'L
0L
\z2
L
€71

€1000 922
€2
68L
L
€Ly
e L4
St
St
orik
il
sy sy
8v'L
692
12721
221
VLl
SLL
Ri
108
€08
088
088
188
188

15

20

35 3.0 25

A
4.0

5103

11 (opm)

105 100 95 90 85 80 715

1.0

12,0

125

0



BC-NMR of 3b

£10a0 h.wh/
€000 F.NNN

£100Q ;44
vszl
vsel
95zl
9zl
g9zl
9'9z)
g9zl
02211
zith
z8eL
g8zl
PRI
808}/
z1El
eleL
e1el
elel
glEL
gleL]
zzeL]
el
reel
gee)
el
vgel
9'gel
8'gel
g'gel
g€l
g€l
968l
L68L
gZpl

444

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

T
210

1 {ppm)

3IP-NMR of 3b

LE°9L—

KT

-80

T
-80

=70

T
-60

-50

T
-40

T
=30

T
-20

-10

1 {ppm)

5104



'H-NMR of 3¢

8¢
oLe
80'9
019
2.9
L9
i8'9
069
€89
¥6'9
¥6'9
56'9
G689
§6'9
96'9
18'9
189
169
269
S0°2
L0°L
80°L
60°L
1L
9L
al'L
FA A
81l
6L°L
0g'L
S5z’
€10aod L'l
8E'L
Oty
oF'L
[4 3
L
€L
L
or'L
62°L
0472
0L
LLL
2Lt
2Ll
€LL
€LL
vt
L7
SLL
L0
110
€08
08
6.8
6.9
08'g

M

|

=86'C

188

OMe

~10¢

ol

12.0 1.5 1.0 10.5 10.0

125

0

M {ppm}

I3C-NMR of 3¢

9vs
LSS
€000 8'92
€10a0 124
€000 ¥'LL
vl
eELl
vLLL
Sl
0Lel
zezl
vrzl
vsel
9zl
g9zl
6921
0L
£/2Z1
z8zL
vecl
S6ZL
LOEL
80l
zIeL
ZIEL
glel
elel
Ll
vLEL
vIElL
pLeL
6'LEL
zZEeL
zeel
el
PEEL
§sel
8Ll
62€L
8'6ELY

(¥

)

L

86811
9ZrL~
SrLT
m.ﬁl\
z6b)

VLT
625617

OMe

60

T
80

T
100

T
10

T
120

130

0

1 {ppm)

5105



3IP_NMR of 3¢

KT

000
68'9
16’9
669
669
002
02
%02
80°2
oLz
W
&1L
SlL'L
6l
T2
Le 2L
€C'L
ve'l
571
€100 2L
0g'L
L5 L
Vel
962
8€L
Wl
oL
G2
2974
el
892
0L LA
S 9L— 122+
L VA
6L L7
_\w.h\v
s 108
60'g/

188
-2 Nm.wv

T T
-60 =70 -80 -80

-50

T
=30

|
0
1 {ppm)

"H-NMR of 3d

OMe

20 1.5 1.0

25

3.0

35

40

5106

1 {ppm)

75

80

10.5 10.0 95 9.0 85

1.0

12,0

125

0



€000 8°'9L

=

BC-NMR of 3d

m_ODOmvo\ﬁm.A

0'LLL
98l
gzl
96zl
6°6Z)
0'9Z)
2921
89711
fAVr AR
rA
2’821
v'8z
L0ghE
€1EL
viel
G'1eL
61EL
0zel
1'Zel
zecl]
veel
S'EEL
6'GEL
19¢gl
£'9¢eL
EX
80vl
LLbl
vevl
6'erL
6°€hl
L'6vL

T ——

60

T
100

T
10

T
120

130

1 {ppm)

3SIP-NMR of 3d

S 9L—

A

-80

T
-80

=70

T
-60

T
-50

T
-40

T
=30

T
-20

-10

1 {ppm)

5107



'H-NMR of 3e

000~

919
81’9
902
8072
6072
WL
LVL
6l°2

£10a0 922
622
0gL
e
A
SvL
9L
vl
6b'L
892
892
02
0L
SLL
107
182
z8L
€82
v8'2
SgL
1872
208+
2087
$0'8
yo'g-+
0e'8
Nm.wv
588
98'8
om@%
188

25 20

3.0

35

40

10.5 10.0 95 9.0 85 80

1.0

12.0

125

10

1 {ppm)

I3C-NMR of 3e

€000 8°9L
€000 1L
€000 ¥'LL
¥lel
oA
o€zl
Legh
L'ech
ceel
<'ETh
9T
gyl
6'vel
6'¥Cl
8'vclh
a'sel
£'6el
€6
€6l
g'ach
P14
6'GZL
1’921

¥acl
¥zl
0Lk
Lieh
€4zl
§'LTh
Lgcl
98¢l
1A
L6
96l
Logl
L'ogl
20E L
g0EL
oLel
olel
£lel
FLlEL
£Lel
LElL
0cel
0eel
gzel
9€el
LeEL
8'6el
¥iel
Sigl
9iElL
98l
8Trl
<SGl
oGyl

1051

80

a0

T
80

T
100

T
110

T
120

130

w0

M {ppm}

5108



80°€9-—
SP'29-—

I9F_NMR of 3e

] -

1 {ppm)

3IP_NMR of 3e

05'GL—

1 {ppm)

5109



'H-NMR of 3f

000
th/
vL'9
¥8'9
98'9
£6'9
v6'9
G6'9
96'9
169
86'9
10'2
10°2
80°Z
60°2
0b'L
[
17
vl
yLL
SL'L
9L’/
1V
IV
8Lz
612
6L
0z'L
ve L1
TR
9z'L
€1000 22
0827

eI

£g .-
SeL
Ll
et
L
Sz
o'/
89/
8iﬁ
oLl
VL
vk
€11
vLL
G111
oLL
L1
€08
509
6.8
6.8
088
088

Br

35 3.0 25 20

4.0

10.5 10.0 95 9.0 85 80 7.5 7.0

1.0

125 12,0

0

1 {ppm)

BC-NMR of 3f

€000 8'8
€000 'L
€0ad v'iL
L8l
8'9LL
8'0cl
ozl
el
cech
avel
g'azl
09z
1'9¢L

Z29¢t
£9z)
0.2)
VieL
gzl
z'9zl
0'6z)
621
POEL]
6705}
0'LEL
Z'1EL
glel
glel
GLELY
9Ll
olel
9'leLd
vZel
eeel
resl
0vEL]
rgel
vel
rseld
z1EL
zigl
vigl
g8l
9'gel
SiplL
Lol
vl

vevl

Br

=z \N

J

60

T
80

T
100

T
10

T
120

130

0

1 {ppm)

5110



3IP-NMR of 3f

6€9lL—

T T
=70 -80 -80 -1

T
-60

-50

T
=30

1 {ppm)

"H-NMR of 3g

000
L9
4]
€1'9
¥1'9
14%]
SL'9
09'9
299
99
€0'L
$0°L
S0°L
90°L
€L
S
SL'L
yAA
112
8l°L
€L
ve'L
sl
€000 92'L
L
oL
4
L
'L
JA A
yo'L
99°L
8L

)

1
1

y

LCPE) S—

682

18°L
86,
86°L
008
00’8
62'8
€8
£8'8
€88
8'8
588

L
A\

|

Lq—
]

i

-

— o

— ¥

— i

——
=,

E

1

e
91'C
Y61
LIy
1€¢
v’y
66'1

00T |

STl
860
00°1

35 3.0 25 20 1.5 1.0

40

10.5 10.0 95 9.0 85 80 7.5

1.0

125 12,0

0

1 {ppm)

S111



BC-NMR of 3g

€000 892

€000 L'4L

€000 ¥'LL
0'GLL
L'SLL
4193
€GLL
08l
08l
Vel
el
| &44%
| &44%
4743
9'GZL
09zZ)
€9zl
¥'9cl
99zt
6'9¢Cl
¢'Lel
g€lel

81zl

oh

il

e

58zl
z6CL
908}
605l
0'LEl
LLEL
vLEL
glEl
61EL
Z2EL
vZel
§Zel
g'eel
9EE LA
9HELA
LPELA

96EL~
glEL
vost]
zgeLf
Nﬁﬁv
005k
o'lal
Al
geol
SE9l

T
100

T
10

T
120

130

T
140

0

1 {ppm)

9F-NMR of 3g

0L PLL-—
€C0L-—

i

| ! : | | | | | | | !
-100 -110 -120 -130 -140 -150 -160 =170 -180 -190 =200 =210
1 {ppm)

-80

T T T T T
20 30 40 80 60 70

-10

S112



3IP-NMR of 3g

erslL—

J

A

-80

T
-80

=70

T
-60

-50

T
=30

-10

M {ppm)

'"H-NMR of 3h

000
vnm/
08¢
9
61
18
659
959
159
859
089
189
£8'9
69
$6'9
969
169
0L
€02
YL
502
902
102
pLL
vLL
GL
oL2
8LL
L
vz L1
SzL
€000 922
1217
GE' /A
TR
€L
Wl
et
st L]
oL
il
8v'L
%s;
992
€8/
5L
982
88/
1671
161
66°L
662
0£'g
Leg
298
€88
€89
88

— - 60°€

OMe

D

MeO

—80°¢

a5 80 25 20 15 10

4.0

1 {ppm)

10.5 10.0 95 9.0 85 80 7.5 7.0

1.0

125 12,0

0

S113



BC-NMR of 3h

0'ss

¥'gs
£1000 894
€000 1L
€000 ¥'iL
LELL
0°GLL
€61l
651
0lclk
glel
L€zl

Lech
gech
€T
A48
rvek
R4S
09zl
£9ZL
g'9¢l
99zl
2921
692
(XA

8'4Z)
gect
6'8cl
L'6ZL
¥'ezl
2'0EL
60EL
el
LLEL
¥lEL
el
2LEL
LLEL
o'eel
Legl
9'sel

msmrﬂ
Z'gel
z9gl
LopL

T
100

110

120

90
M {ppm}

170 160 150 140 130

180

3'P-NMR of 3h

8y’ Gl —

A

-80

T
-80

=70

T
-60

-50

T
-40

T
=30

T
-20

-10

1 {ppm)

S114



'H-NMR of 3i

000

Nm,m/
£g'e

1e
8L€
s€'s
9€'g
519
159
2g9
259
202
20L
€0'L
0L
¥0'L
0L
902

[

102
s/
S1'L
v
2T
£2'1
ve'L
Sz'L
£1000 92°2
8z,
6221
0€’ 29
Ve'L
WL
oLy
AR
E¥LN
YL
e
G2
o2

ot |

YA A

oy

59/
€8/
G8'L
98,
89/
96°L

86'L
0e'g
Le'8
188
€88

OMe

e

L6'T

35 3.0 25 20

4.0

10.5 10.0 95 9.0 85 80 7.5 7.0

1.0

12,0

125

1 {ppm)

BC-NMR of 3i

1'6S
'6S
€1000 '8
€10a0 V4L
€000 ¥'LL
916
€00}
8’10l
£80L
9'€Th
L€
el
vazl
09z}
£9Cl
S'9¢h
9'9zZL
L9z}
cLel
€Lzl
8¢l
gecl
£6cl
L°0EL
6°0€L
o'lel
LLEL
LLeL
viel
el
LLEL
21EL
9€cel
L'EEL
g'6elL
AN
8'.El

0'8EL~+
0'8El

60

T
80

T
100

T
110

T
120

130

0

1 {ppm)

S115



3IP-NMR of 3i

KT

66'G
66'S
109
109
or'9
102
80°2
60°2
oL’z
SLL
LV
1L
8L'L
612
€TL
€000 522
= 9z'L g
' Ik
2L
8¢'L
8z,
62,
s 622
' or'L
vl
[a A {
YL |
09°Zy — =TT
25
5L — ——==R0"1
25'L .
ey et
G/ e |||ﬂ|wm
€5°GL— 0Ll e —= 160
= _ Ty I _ Mmo._
ZriT — 1L0°C
Q.ﬂw“”h“lll‘ =N

| 982 ~ orc|
ey - = TLe'l
i e ==s ¢h'e
. ot | eo
€6°L S
= 6L Nw.m
96°2 86°C
0 o4 &, s
[ 208 171
£0'g 4 O

00°1

oo.o./

-80

T
-80

=70

T
-60

-50

T
=30

|
0
1 {ppm)

'H-NMR of 3j

Lo ¥0'8 == Z
Ge'8 o’

<0
Le 688 O
68'

068
r8 06'¢

35 3.0 25 20 1.5 1.0

4.0

5116

1 (ppm)

10.5 10.0 95 9.0 85 80 7.5 7.0

1.0

12,0

125

0



13C-NMR of 3j

€000 8'9.
€000 L'42
€10a0 ¥'LL
€6l
glel
09zl
1'9ch
1'9gh
€9zl
9921
89¢)
6'9¢lL
1zl
€21
€121
vigl
G221
gzl
8L
0821
£8cl
1821
6'8cl
062}

ZUsl
60¢EL
LIEL
ziel
gLel
SIEL
GLEL
gLl
gLel
L€}
0Z811
£zl
vzel
SZE L
6211
9€e L

LEEL
8EEL/f
LGEL
vogl)
08l
1051 —

130

T T
170 150

180

1680

100 90
1 {ppm)

10

140 120

160

3IP-NMR of 3j

86'GL—

A

-80

T
-80

=70

T
-60

T
-50

T
-40

T
=30

T
-20

-10

1 {ppm)

S117



'H-NMR of 3k
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3IP-NMR of 3m
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3BC-NMR of 3n
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3C-NMR of 3p
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3IP-NMR of 3q
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I9F_NMR of 3u
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3IP-NMR of 3v
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BC-NMR of 3aa
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3IP_NMR of 5S¢
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I3C-NMR of 5e
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3IP-NMR of 5f
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3IP-NMR of 5h
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'H-NMR of 6a
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3IP-NMR of 6a
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