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1. General information

All glassware was oven dried at 110 °C for hours and cooled down under vacuum. The
instruments for AC electrolysis were the HSPY™ 120-01 DC stabilized power supply, which
was connected to a self-designed alternating current device respectively (frequency range: 0 —
5 Hz, time resolution: 0.1 s, duty ratio range: 0 — 100%). All electrolytic cells were self-
designed and purchased from Jiehengda™ limited liability company (WeChat: lovelymO03;
patent: CN213041724U, CN306250840S, CN306250839S, CN306237711S). Cyclic
voltammograms (CV) were obtained on a CHI 605E potentiostat. GC yields were recorded by
SHIMADZU™ GC-2014 gas chromatography. Hydrogen gas content was analyzed by gas
chromatography (GC9790 Plus, Fuli™, China, TCD, nitrogen as a carrier gas and 5 A
molecular sieve column, a thermal conductivity detector). High resolution mass spectra
(HRMS) were measured with a Waters Micromass GCT instrument and accurate masses were
reported for the molecular ion Hydrogen [M+H]". Unless otherwise noted, materials and
solvents were obtained from commercial suppliers and used without further purification. Thin
layer chromatography (TLC) employed glass 0.25 mm silica gel plates. Visualization of spots
on TLC plate was accomplished with UV light (254 nm) and staining over I, chamber. Flash
chromatography columns were packed with 200-300 silica gel in petroleum (bp. 60-90 °C). 'H,
13C and ""F NMR data were recorded with Bruker Advance III (400 MHz) spectrometers with
tetramethylsilane as an internal standard. All chemical shifts (8) are reported in ppm and
coupling constants (J) in Hz. All chemical shifts are reported relative to tetramethylsilane and

d-solvent peaks (77.00 ppm, chloroform).
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Fig. S1. Pt electrodes and AC electrolysis set-up.

2. Experimental procedures for synthesis of diphenyl ethers

2.1 Synthesis of diphenyl ethers 1b-11
O/OH ©/| Cul, K3POy, 2-Picolinic acid @/0\©\
+ >
R R2 DMSO, 100 °C, 20 h R R2

According to the literature,' a round-bottom Schlenk-flask (250 mL) was equipped with a

magnetic stir bar, copper iodide (456 mg, 2.40 mmol, 10.0 mol%), picolinic acid (590 mg, 4.80
mmol, 20.0 mol%) and potassium phosphate (10.2 g, 48.0 mmol, 2 equiv.). A second Schlenk
flask (100 mL) was charged with the aryl iodide (24.0 mmol, 1 equiv.), the phenol (28.8 mmol,
1.2 equiv.) and anhydrous DMSO (50 mL). The solution of flask 2 was transferred into flask 1
under flowing argon and the reaction mixture was stirred for 20 h at 100 °C, subsequently. After
cooling down, the reaction mixture was diluted with 1:1 mixture of a saturated aqueous solution
of NH,CI (200 mL) and H,O (200 mL). After extraction with DCM (3 x 200 mL) the combined

organic phases were washed with 5% aqueous solution of KOH (300 mL) and brine (300 mL).



After drying the mixture over Na,SO, the solvent was removed and purification of the crude
mixture was achieved over silica gel, respectively.

2.2 Synthesis of diphenyl ethers 1m-1s

@,OH . ©/B(OH)2 Cu(OAc),, Et3N - ©/O\©\
R R2 CH,Cl,, sieves, r.t.,, 24 h R R2

According to the literature,> a 50 mL round-bottom flask is charged with phenol (1 equiv.),

Cu(OAc), (1 equiv.), arylboronic acid (2 equiv.), and powdered 4A molecular sieves. The
reaction mixture is diluted with DCM to yield a solution approximately 0.1 M in phenol, and
the amine base (5 equiv.) is added. After stirring the colored heterogeneous reaction mixture
for 18 h at 25 °C under ambient atmosphere, the resulting slurry s filtered and the diaryl ether
is isolated from the organic filtrate by flash chromatography.

3.Experimental procedures for AC electrolysis

Fig. S2. Set-up of AC electrolysis.

AC : Platinum | Platinum

o 7.5 mol% Pd(OAc),, 7.5 mol% DDQ o
©/ \©\ + co 1.5 mL TFA, 0.2 mmol KPFg i 1 2
R1 R2 i R R
1/180 Hz, 14 mA, 50 °C, 90 min o
Method 1-A: 2a to 2e, 2g, 2h, 2j, 2k, 2m to 2q. In a 2.5 mL oven-dried two-necked undivided
cell equipped with a stir bar, diphenyl ether (0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol),
DDQ (5.1 mg, 0.0225 mmol) and KPF¢ (36.8 mg, 0.20 mmol) were added into the undivided
cell. The undivided cell was equipped with two platinum plate electrodes. A balloon filled CO
(1.0 atm.) was connected to the undivided cell by the side tube and purged three times. TFA

(1.5 mL) was added to the tube through a syringe. Mixtures were stirred and electrolyzed at

alternating current of 14 mA (square wave, 1/180 Hz, duty ratio = 67%) at 50 °C for 1.5 h. At



the end of the reaction, the reaction was quenched by saturated NaHCO3 aqueous solution and
extracted with Ethyl acetate three times. The combined organic layer was dried over anhydrous
Na,SO, and was evaporated in vacuum. The desired products were obtained in the
corresponding yields after purification by flash chromatography on 200-300 mesh silica gel

(petroleum : Ethyl acetate= 40 : 1).

AC : Platinum | Platinum

0 7.5 mol% Pd(OAc),, 7.5 mol% DDQ O o O
+ >
©/ \©\ CO i 3mL TFA, 0.2 mL DCM, 0.2 mmol KPFg .., )
R‘l R2 R R
(0]

1/180 Hz, 14 mA, 50 °C, 90 min

Method 1-B: 2i, 2s. In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir
bar, diphenyl ether (0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225
mmol) and KPF¢ (36.8 mg, 0.20 mmol) were added into the undivided cell. The undivided cell
was equipped with two platinum plate electrodes. A balloon filled CO (1.0 atm.) was connected
to the undivided cell by the side tube and purged three times. CH,Cl, (0.2 mL) and TFA (1.3
mL) was added to the tube through a syringe. Mixtures were stirred and electrolyzed at
alternating current of 14 mA (square wave, 1/180 Hz, duty ratio = 67%) at 50 °C for 1.5 h. At
the end of the reaction, the reaction was quenched by saturated NaHCOj; aqueous solution and
extracted with Ethyl acetate three times. The combined organic layer was dried over anhydrous
Na,SO, and was evaporated in vacuum. The desired products were obtained in the
corresponding yields after purification by flash chromatography on 200-300 mesh silica gel

(petroleum : Ethyl acetate= 40 : 1).
AC : Platinum | Platinum

o 7.5 mol% Pd(OAc),, 7.5 mol% DDQ O O O
+ »
©/ \©\ co 1.5 mL TFA, 0.2 mmol KPFg : 2
R R2 R R
o}

1/180 Hz, 14 mA, 50 °C, 2.5 h
Method 1-C: 2f, 21, 2r, 2t In a 2.5 mL oven-dried two-necked undivided cell equipped with a
stir bar, diphenyl ether (0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225
mmol) and KPF¢ (36.8 mg, 0.20 mmol) were added into the undivided cell. The undivided cell
was equipped with two platinum plate electrodes. A balloon filled CO (1.0 atm.) was connected
to the undivided cell by the side tube and purged three times. TFA (1.5 mL) was added to the
tube through a syringe. Mixtures were stirred and electrolyzed at alternating current of 14 mA

(square wave, 1/180 Hz, duty ratio = 67%) at 50 °C for 2.5 h. At the end of the reaction, the



reaction was quenched by saturated NaHCO; aqueous solution and extracted with Ethyl acetate
three times. The combined organic layer was dried over anhydrous Na,SO, and was evaporated
in vacuum. The desired products were obtained in the corresponding yields after purification
by flash chromatography on 200-300 mesh silica gel (petroleum : Ethyl acetate= 40 : 1).

4.Experimental procedures for gram scale synthesis

AC : Platinum | Platinum

7.5 mol% Pd(OAc), Q
7. 1% DD
. co 5 mol% DDQ >
50 mA, 1/180 Hz
(@) (0)
2a

50°C,7h

5 mmol 1 atm. 65%, 0.73 g

Fig. S3. Set-up of gram-scale AC electrosynthesis.

In a 50 mL oven-dried three-necked flask equipped with a stir bar, p-tolyl ether (990 mg, 5.0
mmol), Pd(OAc), (84.0 mg, 0.375 mmol), DDQ (85.1 mg, 0.375 mmol) and KPF4 (73.6 mg,
0.40 mmol) were added into the undivided cell. The three-necked flask was equipped with a
glass Allihn condenser in the middle and two platinum plate electrodes on both sides. A balloon
filled CO (1.0 atm.) was connected to the top of the glass Allihn condenser and purged three
times. TFA (30 mL) was added to the tube through a syringe. Mixtures were stirred and
electrolyzed at alternating current of 50 mA (square wave, 1/180 Hz, duty ratio = 67%) at 50
°C for 7 h. At the end of the reaction, the reaction was quenched by saturated NaHCO; aqueous

solution and extracted with Ethyl acetate three times. The combined organic layer was dried
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over anhydrous Na,SO,4 and was evaporated in vacuum. The desired products were obtained in
the corresponding yields after purification by flash chromatography on 200-300 mesh silica gel
(petroleum : Ethyl acetate= 40 : 1).

5. Electrochemical procedures for cyclic voltammetry

Cyclic voltammograms were recorded with a CorrTest® CS2350H bipotentiostat at room
temperature. Et;NPF4 (55.0 mg, 0.2 mmol) was used as the supporting electrolyte. The scan
range is between -0.5 V to 1.5 V vs. Ag/AgCl. reference electrode (negative scan). The scan

rate was 100 mV/s.

0.2 mmol Et4NPFg Cyclic Voltammetry
blank > >
9 mL DCE /1 mL TFA Ny, r.t.
0.2 mmol Et4NPF Cyclic Voltammetr:
Pd(OAC), A y y
0.05 mmol 9 mL DCE /1 mL TFA Ny, r.t.
Cyclic Voltammetr
DDA 0.2 mmol Et;NPFg , Y y R
0.05 mmol 9 mL DCE /1 mL TFA Ny, r.t.
0.2 mmol Et4NPFg Cyclic Voltammetry
Pd(OAc), + DDQ > >
9mLDCE/1mLTFA No, r.t.
0.05 mmol 0.05 mmol
2.00x107*
024V
1.00x1074 0.72V 103V
013V \ \
0.00
<
I=
O -1.00x10™
5
O
-2.00x107* ~
blank
_4 ——5 mM Pd(OAc),
~3.00x107 7 ——5mMDDQ
——5mM Pd(OAc), + 5 mM DDQ
T T T
-0.5 0.0 0.5 1.0 1.5

Potential vs Ag/AgCI ref. (V)

Fig. S4. CV for Pd(OAc),, DDQ and their mixture.



In a 10 mL oven-dried undivided cell equipped with a stir bar, PA(OAc), (11.2 mg, 0.05 mmol)
and DDQ (11.4 mg, 0.05 mmol) were added respectively. A balloon filled N, (1.0 atm.) was

connected to the Schlenk tube by the side tube and purged three times. Et,NPF¢ (55.0 mg, 0.2

mmol), DCE (9.0 mL) and TFA (1.0 mL) were then added to the tube. The solution was stirred

for 5 min. at room temperature. The undivided cell was equipped with Pt disc electrode as

working electrode (diameter = 3.0 mm), and Pt wire auxiliary electrode as counter electrode.

The scan range was -1.0 V to 1.0 V. The scan rate was 100 mV/s. All potentials were referenced

against the Ag/AgCl reference electrode.

6. Electrochemical procedures for constant potential experiment

AC power: Pt | Pt electrodes o)

7.5 mol% Pd(OAc),
7.5 mol% DDQ
VL - © o
(@) vs Ag/AgCl reference (@)

1/180 Hz, D= 67%
1a 1 atm. rt. 2a

0.3 mmol trace at0.4V,10 h
33%at1.0V,5h
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Fig. S5. Current variations under the constant-potential AC electrolysis with 0.4, 1.0 V working
potentials and their product yields.
In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, p-tolyl ether (59.4

mg, 0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225 mmol) and KPFg
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(36.8 mg, 0.20 mmol) were added into the undivided cell. The undivided cell was equipped
with two platinum plate electrodes as working electrodes and Ag/AgCl electrode as reference
electrode. A balloon filled CO (1.0 atm.) was connected to the undivided cell by the side tube
and purged three times. TFA (1.5 mL) were added to the tube through a syringe. Mixtures were
stirred and electrolyzed at constant potential of 0.4 V (10 h) and 1.0 V (5 h) respectively (square
wave, 1/180 Hz, duty ratio = 67%) at room temperature. At the end of the reaction, the reaction
was quenched by saturated NaHCO; aqueous solution and extracted with Ethyl acetate three
times. The combined organic layer was dried over anhydrous Na,SO, and was evaporated in
vacuum. The yield was determined by GC analysis with biphenyl as the internal standard.

7. Pd deposition on electrode surface

o

\ ) !

,f‘

Fig. S6. The difference of deposition on electrodes between AC and DC electrolysis. left: The
deposition electrodes for AC electrolysis. right: The deposition electrodes for DC electrolysis.

8. Monitoring the atmosphere

0.361

[mV]
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Fig. S7. Monitoring the atmosphere by GC.



9. Determination of palladium by gravimetric method
The content of palladium was determined by gravimetric method after precipitation of

dimethylglyoxime.!!

chelation
Pd?  + 2 HO’N\\H\\N'OH > Pd(C4H6Nzoz>2l + 2H'

1) evaporated in vacuum 1) 0.01 g/mL dmg yellow solid
filtrate filtrate 4.9 mg
2) conc. HCI, water 2) centrifugation 64%
AC-electrolysis filtration 3) filtration 3) vacuum drying
reaction mixture
1) conc. HC|7 water 1) 0.01 g/mL dmg ye”0W solid
residue filtrate 1.3 mg
2) filtration 2) centrifugation 17%

3) vacuum drying

hot conc. HCI, water 1) 0.01 g/mL dmg  yellow solid
electrode surface soluton ——8 > 1.1 mg
2) centrifugation 15%

3) vacuum drying

Fig. S8 Gravimetric determination of AC electrolysis reaction.

In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, 4-tolyl ether (59.4
mg, 0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225 mmol) and KPF;
(36.8 mg, 0.20 mmol) were added into the undivided cell. The undivided cell was equipped
with two platinum plate electrodes. A balloon filled CO (1.0 atm.) was connected to the
undivided cell by the side tube and purged three times. TFA (1.5 mL) was added to the tube
through a syringe. Mixtures were stirred and electrolyzed at alternating current of 14 mA
(square wave, 1/180 Hz, duty ratio = 67%) at 50 °C for 1.5 h. Then the reaction mixture was
cooled to room temperature, paper-filtered and washed with ethyl acetate three times. The
combined filtrate was then evaporated in vacuum, dissolved with 1 mL concentrated
hydrochloric acid, diluted with 4 mL water and then stirred for 10 min at room temperature.
The residue was dissolved with 1 mL concentrated hydrochloric acid, diluted with 4 mL water
and then stirred for 10 min at room temperature. The two electrodes of reaction were both
washed with 1 mL concentrated hydrochloric acid at 50 °C and then diluted with 4 mL water.
All these solution samples were heated at 80 °C and treated subsequently with a 1 mL solution

of 0.01 g/mL dimethylglyoxime in ethanol. After stirring for 10 min and standing for 10 min,



the solution was cooled down to room temperature, centrifuged and the residue was washed
with 10 mL 1.2 mol/L hydrochloric acid solution for three times. The resulting solid was dried

in vacuum drying oven at 80 °C for 1 day.

. 1) evaporated in vacuum . 1) 0.01 g/mL dmg yellow solid
filtrate filtrate 2.1mg
2) conc. HCI, water 2) centrifugation '27%
AC-electrolysis filtration 3) filtration 3) vacuum drying
without DDQ
reaction mixture )
1) conc. HCI, water 1)0.01 g/mLdmg  yellow solid
residue filtrate 0.2mg
2) filtration 2) centrifugation 3%
3) vacuum drying
hot conc. HCI, water 1)0.01 g/mLdmg  yellow solid
electrode surface solution 5.2 mg
2) centrifugation 69%

3) vacuum drying

Fig. S9 Gravimetric determination of AC electrolysis reaction in absence of DDQ.

In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, 4-tolyl ether (59.4
mg, 0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol) and KPFg (36.8 mg, 0.20 mmol) were added
into the undivided cell. The undivided cell was equipped with two platinum plate electrodes. A
balloon filled CO (1.0 atm.) was connected to the undivided cell by the side tube and purged
three times. TFA (1.5 mL) was added to the tube through a syringe. Mixtures were stirred and
electrolyzed at alternating current of 14 mA (square wave, 1/180 Hz, duty ratio = 67%) at 50
°C for 1.5 h. Then the reaction mixture was cooled to room temperature, paper-filtered and
washed with Ethyl acetate three times. The combined filtrate was then evaporated in vacuum,
dissolved with 1 mL concentrated hydrochloric acid, diluted with 4 mL water and then stirred
for 10 min at room temperature. The residue was dissolved with 1 mL concentrated
hydrochloric acid, diluted with 4 mL water and then stirred for 10 min at room temperature.
The two electrodes of reaction were both washed with 1 mL concentrated hydrochloric acid at
50 °C and then diluted with 4 mL water. All these solution samples were heated at 80 °C and
treated subsequently with a 1 mL solution of 0.01 g/mL dimethylglyoxime in ethanol. After
stirring for 10 min and standing for 10 min, the solution was cooled down to room temperature,
centrifuged and the residue was washed with 10 mL 1.2 mol/L hydrochloric acid solution for

three times. The resulting solid was dried in vacuum drying oven at 80 °C for 1 day.
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1) evaporated in vacuum 1) 0.01 g/mL dmg vyellow solid

filtrate filtrate 2.8 mg
2) conc. HCI, water 2) centrifugation 37%
DC-electrolysis filtration 3) filtration 3) vacuum drying
reaction mixture
1) conc. HCI, water 1) 0.01 g/mL dmg  yellow solid
residue > filtrate > 0.6 mg
2) filtration 2) centrifugation 8%

3) vacuum drying

hot conc. HCI, water 1)0.01 g/mL dmg  yellow solid
electrode surface solution 3.7 mg
2) centrifugation 49%

3) vacuum drying
Fig. S10 Gravimetric determination of DC electrolysis reaction.
In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, 4-tolyl ether (59.4
mg, 0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225 mmol) and KPFg
(36.8 mg, 0.20 mmol) were added into the undivided cell. The undivided cell was equipped
with two platinum plate electrodes. A balloon filled CO (1.0 atm.) was connected to the
undivided cell by the side tube and purged three times. TFA (1.5 mL) was added to the tube
through a syringe. Mixtures were stirred and electrolyzed at direct current of 14 mA at 50 °C
for 1.5 h. Then the reaction mixture was cooled to room temperature, paper-filtered and washed
with Ethyl acetate three times. The combined filtrate was then evaporated in vacuum, dissolved
with 1 mL concentrated hydrochloric acid, diluted with 4 mL water and then stirred for 10 min
at room temperature. The residue was dissolved with 1 mL concentrated hydrochloric acid,
diluted with 4 mL water and then stirred for 10 min at room temperature. The two electrodes
of reaction were both washed with 1 mL concentrated hydrochloric acid at 50 °C and then
diluted with 4 mL water. All these solution samples were heated at 80 °C and treated
subsequently with a 1 mL solution of 0.01 g/mL dimethylglyoxime in ethanol. After stirring
for 10 min and standing for 10 min, the solution was cooled down to room temperature,
centrifuged and the residue was washed with 10 mL 1.2 mol/L hydrochloric acid solution for
three times. The resulting solid was dried in vacuum drying oven at 80 °C for 1 day.

10. Extension of AC-driven Pd-catalyzed electro-oxidative reactions
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Pt 1 Pt
H

0 12.5 mol% Pd(OAc), COOEt
H N\ 25 mol% P-chloranil
COOEt * >
N DC:2mA, 16 h /i

\ AC: 1/180 Hz, 2 mA
D =44%, 16 h N

4a
DC: trace
AC: 53%
AC (w/o P-chloranil): trace

3a 3b

Fig. S11 C(sp?)-H/C(sp?)-H cross-coupling.

In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, ethyl 2-
oxocyclopentane-1-carboxylate (0.40 mmol, 62.4 mg), 1-methyl-/H-indole (0.80 mmol, 104.8
mg), PA(OAc), (11.2 mg, 0.050 mmol), P-chloranil (24.6 mg, 0.10 mmol) and "Bu,;NCIO, (85.3
mg, 0.25 mmol) were added into the undivided cell. The undivided cell was equipped with two
platinum plate electrodes. A balloon filled N, was connected to the undivided cell by the side
tube and purged three times. AcOH (2.0 mL) was added to the tube through a syringe. Mixtures
were stirred and electrolyzed at alternating current of 2.0 mA (square wave, 1/180 Hz, duty
ratio = 44%) at 50 °C for 16 h (3.0 F/mol). At the end of the reaction, the reaction was quenched
by saturated NaHCO; aqueous solution and extracted with Ethyl acetate three times. The
combined organic layer was dried over anhydrous Na,SO, and was evaporated in vacuum. The
desired products were obtained in the corresponding yields after purification by flash

chromatography on 200-300 mesh silica gel (petroleum : Ethyl acetate= 20 : 1).

Pt | Pt
10 mol% Pd(OAc), n
H COO'B 20 mol% BQ = / CcOo™Bu
N _//- u >
H DC: 2 mA, 10 h
NHAc AC: 1/90 Hz, 2 mA NHAc
D =33%, 10 h
4b
DC: trace
3c 3d AC: 60%

AC (w/o BQ): n.d.

Fig. S12 C(sp?)-H/C(sp?)-H cross-coupling.
In a 2.0 mL oven-dried two-necked undivided cell equipped with a stir bar, acetanilide (0.50

mmol, 67.5 mg), Butyl Acrylate (0.20 mmol, 25.6 mg), Pd(OAc), (4.5 mg, 0.020 mmol), BQ

12



(4.3 mg, 0.040 mmol) and "BuyNBF, (65.9 mg, 0.20 mmol) were added into the undivided cell.
The undivided cell was equipped with a carbon plate electrode and a platinum plate electrode.
A balloon filled N, was connected to the undivided cell by the side tube and purged three times.
TFA/DCM (2.0/0.5 mL) was added to the tube through a syringe. Mixtures were stirred and
electrolyzed at alternating current of 2 mA (square wave, 1/90 Hz, duty ratio = 33%) at room
temperature for 10 h (3.7 F/mol). At the end of the reaction, the reaction was quenched by
saturated NaHCO; aqueous solution and extracted with Ethyl acetate three times. The combined
organic layer was dried over anhydrous Na,SO,4 and was evaporated in vacuum. The desired
products were obtained in the corresponding yields after purification by flash chromatography

on 200-300 mesh silica gel (petroleum : Ethyl acetate= 10 : 1).
11. Control experiments

AC electrolysis: Pt | Pt "mpﬂt

HH 7.5 mol% Pd(OAC), Q 14
cl 7.5 mol% DDQ cl
+ CO > T
1/180 Hz, D = 67% @ O 120 180 tis
o 14 mA, 90 min o H N
1c 1 atm. 2c
0
cl \@\ /©/CI CI\©\ /©/CHO
‘:@ o:‘O o 0
2c 1c 2c'
yield: 45% 20% 19%

Fig. S13. The conversion of 1¢ and their whereabouts under AC conditions.

AC electrolysis: Pt | Pt o lImA,
HH 7.5 mol% Pd(OAC), e
Cl 7.5 mol% DDQ . Cl
+ co » —_-— 5
\@ J@/ 1/180 Hz, D = 67% O O 120 180 tls
© 14 mA, 90 min o | B
1c balloon 2c
yield: 45%
AC electrolysis: Pt | Pt o limA,
HH 7.5 mol% Pd(OAc), u—
Cl 7.5 mol% DDQ cl
+ co > _-— 5
\@ J@/ 1/180 Hz, D = 67% O O 120 180 tis
© 14 mA, 90 min o H B
1c passed into 2c
the reaction yield: 62%

flow rate: 10 mL/min

Fig. S14. The yield comparison for AC electrolysis between blowing CO and linking CO balloon.
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Y (PE] ectr;ﬂyt ic-cell
aﬁgﬁsa{’ agitator

Fig. S15. The experimental set-up for AC electrolysis involving CO blowing.

In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, diphenyl ether 1c
(0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225 mmol) and KPF¢ (36.8
mg, 0.20 mmol) were added into the undivided cell. The undivided cell was equipped with two
platinum plate electrodes. A tube was connected to CO valve and the undivided cell. Flow rate
of CO was 10 mL/min. TFA (1.5 mL) was added to the tube through a syringe. Mixtures were
stirred and electrolyzed at alternating current of 14 mA (square wave, 1/180 Hz, duty ratio =
67%) at 50 °C for 1.5 h. At the end of the reaction, the reaction was quenched by saturated
NaHCO; aqueous solution and extracted with Ethyl acetate three times. The combined organic
layer was dried over anhydrous Na,SO, and was evaporated in vacuum. The desired products
were obtained in the corresponding yields after purification by flash chromatography on 200-

300 mesh silica gel (petroleum : Ethyl acetate=40 : 1).
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AC electrolysis: Pt | Pt limAy

HH . 7.5 mol% Pd(OAC), Q “uhb—_ —
' 7.5 mol% DDQ cl
+ CO > T
1/180 Hz, D = 67% @ O 120 180 ts
O o)
2

14 mA, 90 min

1c 1 atm.

no AcOH: 45%
5 eq. AcOH: 28%
0.5 mL AcOH: 15%

Fig. S16. The AC electrolytic result for diaryl ether 1u which has a substituent at the meta-position
of phenyl ring.

In a 2.5 mL oven-dried two-necked undivided cell equipped with a stir bar, diphenyl ether 1c
(0.30 mmol), Pd(OAc), (5.0 mg, 0.0225 mmol), DDQ (5.1 mg, 0.0225 mmol) and KPF¢ (36.8
mg, 0.20 mmol) were added into the undivided cell. The undivided cell was equipped with two
platinum plate electrodes. A balloon filled CO (1.0 atm.) was connected to the undivided cell
by the side tube and purged three times. TFA (1.5 mL), AcOH (5 eq. or 0.50 mL) were added
to the tube through a syringe. Mixtures were stirred and electrolyzed at alternating current of
14 mA (square wave, 1/180 Hz, duty ratio = 67%) at 50 °C for 1.5 h. At the end of the reaction,
the reaction was quenched by saturated NaHCO; aqueous solution and extracted with Ethyl
acetate three times. The combined organic layer was dried over anhydrous Na,SO, and was
evaporated in vacuum. The desired products were obtained in the corresponding yields after
purification by flash chromatography on 200-300 mesh silica gel (petroleum : Ethyl acetate=
40: 1).

12. Detail descriptions for products

(0]
LG

2,7-Dimethyl-9H-xanthen-9-one (2a): yellow solid was obtained with 82% isolated yield
(method 1-A, 55.2 mg). '"H NMR (400 MHz, CDCl;) 6 8.11 (d, J= 1.1 Hz, 2H), 7.51 (dd, J =

8.5,2.1 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 2.46 (s, 6H). 3*C NMR (101 MHz, CDCl;) 6 177.38,
154.41, 135.91, 133.45, 126.00, 121.41, 117.70, 20.82.

(0]
Coo

(@)
2-Fluoro-7-methyl-9H-xanthen-9-one (2b)*: yellow solid was obtained with 86% isolated
yield (method 1-A, 58.1 mg). '"H NMR (400 MHz, CDCl;) 6 8.06 (d, J= 0.9 Hz, 1H), 7.93 (dd,
J=28.3,2.7Hz, 1H), 7.52 (dd, J= 8.6, 2.0 Hz, 1H), 7.44 (dt,J= 8.1, 3.7 Hz, 2H), 7.35 (d, J =
8.6 Hz, 1H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 176. 43 (d, J=2.22 Hz), 158.44 (d,
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J=245.73 Hz), 154.18, 152.19 (d, J = 1.52 Hz), 136.27, 133.85, 125.75, 122.66 (d, J = 25.45
Hz), 122.42 (d,J=7.07 Hz), 120.42, 119.84 (d, J=7.88 Hz), 117.64, 111.20 (d, J = 23.63 Hz),
20.76. 1°F NMR (377 MHz, CDCLy) 5 -117.41.

sess

2-Chloro-7-methyl-9H-xanthen-9-one (2¢)>: yellow oil was obtained with 45% isolated yield
(method 1-A, 32.6 mg). '"H NMR (400 MHz, CDCls) 6 8.28 (d, /= 2.6 Hz, 1H), 8.10 (dd, /=
6.7, 1.2 Hz, 1H), 7.64 (dd, J= 8.9, 2.6 Hz, 1H), 7.54 (ddd, /= 5.8, 3.9, 2.0 Hz, 1H), 7.43 (d, J
= 8.9 Hz, 1H), 7.38 (dd, J = 8.5, 4.8 Hz, 1H), 2.47 (s, 3H). 3C NMR (101 MHz, CDCl;) &
176.16, 154.45, 154.24, 136.42, 134.70, 134.11, 129.44, 126.02, 125.98, 122.58, 121.03,
119.68, 117.76, 20.82.

oo

2-Bromo-7-methyl-9H-xanthen-9-one (2d)*: yellow oil was obtained with 41% isolated yield
(method 1-A, 35.3 mg). '"H NMR (400 MHz, CDCl;) 8 8.41 (d, J=2.5 Hz, 1H), 8.06 (d, J =
1.1 Hz, 1H), 7.75 (dd, J=8.9, 2.5 Hz, 1H), 7.52 (dd, /= 8.5, 2.2 Hz, 1H), 7.35 (dd, /=8.7,4.0
Hz, 2H), 2.45 (s, 3H). *C NMR (101 MHz, CDCls) 8 175.89, 154.78, 154.12, 137.34, 136.36,
134.06, 129.08, 125.96, 122.92, 120.98, 119.88, 117.72, 116.72, 20.79.

2-Isopropyl-7-methyl-9H-xanthen-9-one (2e): yellow oil was obtained with 62% isolated
yield (method 1-A, 46.8 mg). '"H NMR (400 MHz, CDCl;) 6 8.18 (d, /= 2.3 Hz, 1H), 8.14 —
8.10 (m, 1H), 7.59 (dd, J = 8.7, 2.3 Hz, 1H), 7.53 — 7.48 (m, 1H), 7.39 (dd, J = 14.2, 8.6 Hz,
2H), 3.12 = 2.97 (m, 1H), 2.46 (s, 3H), 1.32 (d, /= 6.9 Hz, 6H). *C NMR (101 MHz, CDCl;)
0 177.43, 154.57, 154.38, 144.43, 135.86, 133.56, 133.41, 125.98, 123.38, 121.45, 121.39,
117.77,117.65, 33.66, 23.96, 20.79. HRMS (ESI) calcd for C,;H;,0, [M+H]": 253.1223 found:
253.1220.

2-(Tert-butyl)-7-methyl-9H-xanthen-9-one (2f)°: colorless solid was obtained with 68%
isolated yield (method 1-C, 54.3 mg). '"H NMR (400 MHz, CDCl;) 6 8.31 (d, J=2.5 Hz, 1H),
8.10(d,J=1.0Hz, 1H), 7.74 (dd, J=8.8, 2.5 Hz, 1H), 7.46 (dd, J= 8.5, 1.9 Hz, 1H), 7.34 (dd,
J=20.6,8.7 Hz, 2H), 2.43 (s, 3H), 1.39 (s, 9H). *C NMR (101 MHz, CDCl;) & 177.30, 154.23,
154.19, 146.68, 135.71, 133.28, 132.44, 126.36, 125.92, 122.24, 121.30, 120.96, 117.49, 34.63,
31.27,20.71.

16



OMe

3-Methoxy-6-methyl-9H-xanthen-9-one (2g)*: colorless solid was obtained with 49%
isolated yield (method 1-A, 35.3 mg). '"H NMR (400 MHz, CDCl;) 6 8.09 (d, /= 1.3 Hz, 1H),
7.67 (d,J=3.1 Hz, 1H), 7.49 (dd, J = 8.6, 2.2 Hz, 1H), 7.32 (ddd, J=12.7, 12.2, 6.1 Hz, 3H),
3.90 (s, 3H), 2.45 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 176.99, 155.71, 154.21, 150.88,
135.77, 133.35, 125.77, 124.66, 121.90, 120.72, 119.26, 117.61, 105.62, 55.81, 20.77.

COOMe

Methyl 7-methyl-9-ox0-9H-xanthene-2-carboxylate (2h): colorless solid was obtained with
31% isolated yield (method 1-A, 25.1 mg). '"H NMR (400 MHz, CDCl;) 6 9.03 (d, J=2.2 Hz,
1H), 8.36 (dd, /= 8.8, 2.2 Hz, 1H), 8.14 (d, /= 1.1 Hz, 1H), 7.60 — 7.50 (m, 2H), 7.42 (d, J =
8.5 Hz, 1H), 3.98 (s, 3H), 2.49 (s, 3H). *C NMR (101 MHz, CDCl3) 8 176.68, 165.93, 158.74,
154.20, 136.51, 135.20, 134.47, 129.35, 126.18, 125.80, 121.40, 121.38, 118.40, 117.83, 52.37,
20.85. HRMS (ESI) calcd for C;H;,04 [M+H]*: 269.0808 found: 269.0811.

o

2-Methyl-7-phenyl-9H-xanthen-9-one (2i): white solid was obtained with 68% isolated yield
(method 1-B, 58.5 mg). 'H NMR (400 MHz, CDCl;) 6 8.57 (d, /= 2.3 Hz, 1H), 8.16 (d, J =
1.0 Hz, 1H), 7.97 (dd, J=8.7, 2.4 Hz, 1H), 7.74 — 7.64 (m, 2H), 7.61 — 7.53 (m, 2H), 7.44 (ddd,
J=19.6,14.9,7.3 Hz, 4H), 2.49 (s, 3H). B*C NMR (101 MHz, CDCl;) 6 177.32, 155.61, 154.42,
139.49, 136.87, 136.12, 133.80, 133.50, 128.95, 127.65, 127.11, 126.11, 124.58, 121.91,
121.45, 118.48, 117.79, 20.86. HRMS (ESI) calcd for CyH,;50, [M+H]*: 287.1067 found:
287.1058.

o

2,4,7-Trimethyl-9H-xanthen-9-one (2j)°: yellow solid was obtained with 67% isolated yield
(method 1-A, 47.9 mg). '"H NMR (400 MHz, CDCl;) 4 8.09 (d, J= 1.4 Hz, 1H), 7.94 (d, J =
0.7 Hz, 1H), 7.49 (dd, J=8.5, 2.2 Hz, 1H), 7.39 (d, J = 8.5 Hz, 1H), 7.34 (d, /= 0.7 Hz, 1H),
2.49 (s, 3H), 2.45 (s, 3H), 2.40 (s, 3H). *C NMR (101 MHz, CDCl;) 8 177.57, 154.19, 152.70,
136.80, 135.66, 133.28, 132.72, 126.81, 125.84, 123.47, 121.15, 121.10, 117.69, 20.78, 20.72,
15.65.
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(o)

L %
9-Methyl-7H-benzo[c]xanthen-7-one (2K)°: colorless oil was obtained with 69% isolated
yield (method 1-A, 54.9 mg). '"H NMR (400 MHz, CDCl;) & 8.67 (dd, J = 7.8, 1.5 Hz, 1H),
8.28 (d,J=8.7 Hz, 1H), 8.19 (s, 1H), 7.93 (dd, J=7.1, 1.9 Hz, 1H), 7.76 — 7.66 (m, 3H), 7.61
—7.56 (m, 2H), 2.51 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 176.98, 154.01, 153.65, 136.47,

135.61, 134.28, 129.47, 128.06, 126.81, 125.87, 124.13, 123.81, 122.90, 122.05, 121.56,
117.82,117.53,20.94.

\ 4
\ 7

1,3,7-Trimethyl-9H-xanthen-9-one (21): colorless solid was obtained with 67% isolated yield
(method 1-C, 47.9 mg). 'H NMR (400 MHz, CDCl;) 6 8.03 (d, /= 1.2 Hz, 1H), 7.46 (dd, J =
8.5,2.2 Hz, 1H), 7.29 (d, J = 8.5 Hz, 1H), 7.09 (s, 1H), 6.90 (s, 1H), 2.88 (s, 3H), 2.43 (d, J =
10.8 Hz, 6H). 3*C NMR (101 MHz, CDCls) & 178.70, 157.66, 153.45, 144.72, 141.64, 135.30,
133.17, 127.93, 125.96, 122.43, 117.96, 117.12, 115.83, 23.17, 21.66, 20.85. HRMS (ESI)
calcd for C;¢H;50, [M+H]*: 239.1067 found: 239.1067.

(o}

CLC

(@)
Ph
2-Methyl-5-phenyl-9H-xanthen-9-one (2m): colorless solid was obtained with 49% isolated
yield (method 1-A, 42.1 mg). 'H NMR (400 MHz, CDCl;) & 8.36 (dd, J = 8.0, 1.7 Hz, 1H),
8.12 (d, /= 1.3 Hz, 1H), 7.74 (dd, J= 7.4, 1.7 Hz, 1H), 7.66 (dd, J = 5.2, 3.3 Hz, 2H), 7.56 —
7.39 (m, 5H), 7.29 (d, J = 8.5 Hz, 1H), 2.46 (s, 3H). 13C NMR (101 MHz, CDCl;) & 177.36,
154.17, 152.92, 136.39, 136.01, 135.64, 133.77, 131.32, 129.63, 128.34, 127.82, 126.08,
125.88, 123.59, 122.18, 121.09, 117.88, 20.82. HRMS (ESI) calcd for C,,H;s0, [M+H]":
287.1067 found: 287.1062.

\ 4
W,

2-Methyl-9H-xanthen-9-one (2n): yellow oil was obtained with 60% isolated yield (method
1-A, 38.1 mg). '"H NMR (400 MHz, CDCls) 6 8.34 (dd, /= 8.0, 1.6 Hz, 1H), 8.12 (s, 1H), 7.71
(ddd, J=8.6, 7.1, 1.7 Hz, 1H), 7.57 — 7.45 (m, 2H), 7.42 — 7.34 (m, 2H), 2.47 (d, /= 2.5 Hz,
3H). 3C NMR (101 MHz, CDCl;) 6 177.28, 156.17, 154.39, 136.06, 134.61, 133.68, 126.71,
126.01, 123.68, 121.80, 121.45, 117.92, 117.72, 20.82.
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sers

2-Ethyl-9H-xanthen-9-one (20)’: yellow oil was obtained with 63% isolated yield (method
1-A, 42.3 mg). 'H NMR (400 MHz, CDCls) & 8.35 (dd, J = 8.0, 1.6 Hz, 1H), 8.21 (dd, J = 8.0,
1.7 Hz, 1H), 7.73 (ddd, J=8.7, 7.1, 1.7 Hz, 1H), 7.61 — 7.56 (m, 1H), 7.54 (dd, /= 8.4, 0.6 Hz,
1H), 7.41 —7.35 (m, 1H), 7.31 (t, J= 7.6 Hz, 1H), 3.01 (q, J= 7.5 Hz, 2H), 1.37 (t,J = 7.6 Hz,
3H). C NMR (101 MHz, CDCl;) 6 177.59, 156.03, 154.16, 134.64, 134.10, 133.11, 126.67,
124.30, 123.82, 123.58, 121.74, 121.63, 118.00, 22.95, 14.15.

sers

2-(Tert-butyl)-9H-xanthen-9-one (2p)®: yellow oil was obtained with 48% isolated yield
(method 1-A, 36.4 mg). 'H NMR (400 MHz, CDCl;) 6 8.42 — 8.27 (m, 2H), 7.77 (dd, J = 8.8,
2.5 Hz, 1H), 7.69 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 7.43 (dd, J=17.0, 8.6 Hz, 2H), 7.38 — 7.31
(m, 1H), 1.40 (s, 9H). 3C NMR (101 MHz, CDCl;) 6 177.34, 156.06, 154.23, 146.96, 134.51,
132.68, 126.65, 123.61, 122.32, 121.74, 121.04, 117.82, 117.51, 34.68, 31.29.

O&OMG

2-Methoxy-9H-xanthen-9-one (2q)%: colorless solid was obtained with 58% isolated yield
(method 1-A, 39.4 mg). '"H NMR (400 MHz, CDCl3) 6 8.34 (dd, /= 8.0, 1.5 Hz, 1H), 7.70 (dt,
J=5.9,2.1 Hz, 2H), 7.52 — 7.28 (m, 4H), 3.91 (s, 3H). *C NMR (101 MHz, CDCl3)  177.01,
156.03, 155.90, 150.91, 134.52, 126.60, 124.84, 123.64, 122.02, 121.16, 119.35, 117.89,
105.73, 55.87.

(0]
2,4-Dimethyl-9H-xanthen-9-one (2r)°: colorless oil was obtained with 55% isolated yield
(method 1-C, 37.1 mg). '"H NMR (400 MHz, CDCl;) 6 8.32 (dd, J = 8.0, 1.6 Hz, 1H), 7.97 —
7.93 (m, 1H), 7.69 (ddd, J = 8.7, 7.1, 1.7 Hz, 1H), 7.49 (dd, J = 8.4, 0.5 Hz, 1H), 7.38 — 7.31

(m, 2H), 2.51 (s, 3H), 2.41 (s, 3H). *C NMR (101 MHz, CDCLy) § 177.54, 155.98, 152.71,
137.01, 134.41, 132.99, 126.87, 126.60, 123.58, 123.52, 121.53, 121.23, 117.95, 20.75, 15.67.

%®E©&

2,7-Dibromo-9H-xanthen-9-one (2s)'’: brown solid was obtained with 49% isolated yield
(method 1-B, 52.4 mg). '"H NMR (400 MHz, CDCl5) § 8.45 (d, J = 2.5 Hz, 2H), 7.83 (dd, J =

W

(7
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8.9, 2.5 Hz, 2H), 7.41 (d, J = 8.9 Hz, 2H). 3C NMR (101 MHz, CDCl;) & 174.82, 154.80,
138.06, 129.32, 122.77, 120.05, 117.49.

(0]
9H-Xanthen-9-one (2t)°: colorless solid was obtained with 31% isolated yield (method 1-C,
18.4 mg). '"H NMR (400 MHz, CDCls) & 8.39 (dd, J = 8.0, 1.6 Hz, 2H), 7.77 (ddd, J = 8.7, 7.1,

1.7 Hz, 2H), 7.54 (dd, J = 8.4, 0.6 Hz, 2H), 7.42 (ddd, J = 8.0, 7.2, 1.0 Hz, 2H). '*C NMR (101
MHz, CDCl3) & 177.23, 156.17, 134.81, 126.73, 123.90, 121.85, 117.97.

res s es

2,6-Dimethyl-9H-xanthen-9-one (2u) + 1,7-Dimethyl-9H-xanthen-9-one (2u’)'*: colorless
solids were obtained with 35% and 24% isolated yield, respectively. (method 1-A, 23.5 mg,
16.1 mg). 2,6-Dimethyl-9H-xanthen-9-one (2u): 'H NMR (400 MHz, CDCl;) 6 8.21 (d, J =
8.1 Hz, 1H), 8.11 (d, J= 1.3 Hz, 1H), 7.51 (dd, J= 8.5, 2.2 Hz, 1H), 7.37 (d, J= 8.5 Hz, 1H),
7.26 (s, 1H), 7.17 (d, J = 8.1 Hz, 1H), 2.50 (s, 3H), 2.46 (s, 3H). *C NMR (101 MHz, CDCl5)
0 177.08, 156.29, 154.35, 146.09, 135.80, 133.52, 126.50, 125.98, 125.24, 121.53, 119.59,
117.67, 117.66, 21.97, 20.82. 1,7-Dimethyl-9H-xanthen-9-one (2u’): 'H NMR (400 MHz,
CDCly) 6 8.06 (s, 1H), 7.56 — 7.46 (m, 2H), 7.32 (t, J = 8.1 Hz, 2H), 7.10 (d, /= 7.3 Hz, 1H),
2.93 (s, 3H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 179.03, 157.62, 153.51, 142.07,
135.58, 133.51, 133.37, 126.49, 126.05, 122.44, 120.27, 117.21, 116.02, 23.31, 20.87.

0]
COOEt

/
N

Ethyl (2S)-2-(1-methyl-1H-indol-3-yl)-5-oxocyclopentane-1-carboxylate (4a)!2: colorless
oil was obtained with 53% isolated yield. "H NMR (400 MHz, CDCls) 6 7.62 (d, J = 8.0 Hz,
1H), 7.29 (d, J = 8.1 Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 6.90 (s, 1H),
4.24 —4.10 (m, 2H), 4.10 — 4.01 (m, 1H), 3.72 (s, 3H), 3.42 (d, J=11.2 Hz, 1H), 2.62 —2.42
(m, 3H), 2.15-2.02 (m, 1H), 1.21 (t,J=7.1 Hz, 3H). 13C NMR (101 MHz, CDCI3) 6 211.54,
169.23, 137.27, 126.69, 125.19, 121.84, 119.23, 118.94, 115.05, 109.39, 62.05, 61.36, 38.60,
38.34, 32.60, 28.49, 14.03.

/) COO"Bu

NHAc

Butyl (E)-3-(2-acetamidophenyl)acrylate (4b)'3: yellow solid was obtained with 60%
isolated yield. "H NMR (400 MHz, CDCl;) 6 7.94 (s, 1H), 7.81 (d, J=15.9 Hz, 1H), 7.63 (d, J
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=8.1 Hz, 1H), 7.53 (d, J= 7.7 Hz, 1H), 7.34 (t, J= 7.5 Hz, 1H), 7.28 — 7.15 (m, 1H), 6.36 (d,
J=15.8 Hz, 1H), 4.17 (t, J = 6.7 Hz, 2H), 2.19 (s, 3H), 1.72 — 1.60 (m, 2H), 1.47 — 1.35 (m,
2H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCL;) 5 169.27, 166.97, 139.49, 135.92,
130.61, 128.74, 126.83, 125.87, 125.55, 120.03, 64.54, 30.60, 23.83, 19.08, 13.64.
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13. Spectral data
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