Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2023

Chengcheng Yuan,® Xiangxing Huang,® Yaqi Qiao,* Wenjing Guan,® Chengkou

continuous-flow

Liu,*? Zheng Fang,* Yuguang Li,’ and Kai Guo®¢

aCollege of Biotechnology and Pharmaceutical Engineering, Nanjing Tech University,

Nanjing, 211816, China. E-mail: liuchengkou@njtech.edu.cn.

bInstitute of Nanjing Advanced Biomaterials & Processing Equipment,

Nanjing, 211299, China.

°State Key Laboratory of Materials-Oriented Chemical Engineering, Nanjing Tech

University, Nanjing, 211816, China.

Table of Contents

A switchable electrosynthesis of furoquinones in batch and

Contents Page

1 General information S2
General material information for batch setup and continuous-flow
? electrochemical reactor S
Reaction optimization of electrochemical cyclization of
’ naphoquinones and enaminones to furoquinones in batch 5350
General Procedure for the electrosynthesis of furoquinones in
4 S7-S8
batch
Scale up investigations in batch and continuous-flow
5 S8-S11
electrochemical reactor

6 Mechanistic Studies S12-S17
7 Synthesis of Substrates S17-S18
8 Characterization Data for Electrolysis Products S18-S36
9 X-ray crystallography studies of compound 3 and 13 S37-S38
10 References S38
11 NMR Spectra for Electrolysis Products S39-S80

S1




1 General Information

Commercially available reagents and solvents are of reagent grade quality
without further purification. Analytical thin-layer chromatography (TLC) is
performed on 0.2 mm coated silica gel plates (HSGF 254) and visualized using a UV
lamp (254 or 365 nm). Flash column chromatography is performed using silicycle

silica gel (200-300 mesh). '"H NMR and '*C NMR are recorded on magnet system

400" 54 ascend purchased from Bruker Biospin AG. HRMS (ESI) spectra are

recorded on Agilent Q-TOF 6520.

Catalyst- and oxidant-free switchable electrosynthesis of furoquinones was
carried out in an undivided cell equipped with a carbon cloth anode and a platinum
plate cathode under open air. The carbon cloth, graphite rod (2 6 mm), platinum plate,
Ni plate and Fe plate were purchased from Shanghai Jing Chong Electronic
Technology Development Co., Ltd. Reticulated vitreous carbon (RVC) was purchased
from Gaoss Union (Tianjin) Photoelectric Technology Co., Ltd. And, electrolysis was
conducted under an AXIOMET AX3003P potentiostat in constant current mode.
Cyclic voltammogram experiments were investigated using a Metrohm Autolab

PGSTAT?204 workstation and Nova 2.0 software.

2 General material information for batch setup and

continuous-flow electrochemical reactor

2.1 General material information for batch setup
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Figure S1 pictures of batch setup

The batch electrolysis setup used is shown in Figure S1.

2.2 General material information for continuous-flow electrochemical

reactor 1

a)

Figure S2 pictures of continuous-flow electrochemical reactor 1
(a) the outside views of control module and cell. (b) the diagram of reactor. 1 and 5:
electrode holder; 2: Pt-plated flat electrode (5.0 X 4.0 cm); 3 channel reactor; 4: C
gasket electrode (carbon filled PPS, 5.0 x 4.0 cm). (¢) the pictures of the continuous-
flow electrochemical setups. 1: Pt-plated flat electrode; 2: cell gasket (channel
reactor); 3: cell back-up seal; 4: C gasket electrode.
(b)
The flow electrolysis reactor 1 consists of two stainless steel holders, two flat
electrodes and a channel reactor. The C gasket electrode filled with PPS is served as
anode (5.0 x 4.0 cm, Fig. S2). Correspondingly, a Pt-plated flat electrode (5.0 x 4.0
cm, Fig. S2) is served as cathode. The reaction channel is 0.25 mm thickness and cut
with 1.5 mm cell path width and 600 mm cell path length to give the residence
volume of 0.225 mL.
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2.3 General material information for continuous-flow electrochemical

reactor 2

Figure S3 pictures of continuous-flow electrochemical reactor 2
(a) the diagram of reactor. 1 and 7: electrode holder; 2: preheating control module; 3:
electrolytic cell; 4: comb-like Pt-plated electrode; 5: comb-like C electrode; 6: silica
glass. (b) the pictures of the continuous-flow electrochemical setups. 1: electrode
holder; 2: preheating control module; 3: comb-like Pt-plated electrode; 4: electrolytic

cell; 5: comb-like C electrode.

The flow electrolysis reactor 2 is also sandwich structure and consists of two
aluminum holders, a preheating control module, an electrolytic cell, two comb-like
electrodes and a silica glass (Fig. S3). Two comb-like electrodes interlace together in
the electrolytic cell to give the reaction channel with 1 mm electrode distance, 4 mm

cell path height, 600 mm cell path length and 2 mL residence volume.
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3 Reaction optimization of electrochemical cyclization of

enaminones and naphoquinones to furoquinones in batch

3.1 Reaction optimization of electrosynthesis of non-deamination

furoquinones in batch

Table S1: Optimization of electrosynthesis of non-deamination furoquinone 3 in

batch?

O

j\/\ o rHﬁ NN
(] Dt
1

undivided cell, C (+)/Pt (-),

e} ACN, "BusNPFg, rt, 10 mA (o) Ph
2 3 ©
Entry Variation from “standard conditions” Yield® (%)
1 none 80
"BuyNBF,, "BusNOAc, "BuyNCIO,4 or "BuyNI instead of
2 60, 0, 29, 21
nBU4NPF6
trace, 15, 30, 35,
3 DMSO, DMF, HFIP, TFE, EtOH instead of ACN
20
4 Crod, RVC or Pt as anode trace, 52, trace
5 Ni or Fe as cathode 69,0
6 8 mA or 12 mA 50, 54
7 1 eq or 1.5 eq of "BuyNPFg 40, 55
8 0.03 M, 0.04 M, 0.05 M 72,63, 50
Control experiments
9 Under N, 75
10 no current 0

aReaction conditions: enaminone 1 (0.3 mmol, 1.5 eq, 0.03 M, 52.5 mg), 2-

hydroxynaphthalene -1,4-dione 2 (0.2 mmol, 1 eq, 0.02 M, 34.8 mg), "BuyNPF (0.4
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mmol, 0.04 M, 155.0 mg), ACN (10 mL), 10 mA, rt, 2 h, undivided cell, carbon cloth
anode (35 mm X 15 mm), platinum plate cathode (10 mm X 10 mm x 0.1 mm).
YYields are determined by high-performance liquid chromatography analysis with 3 as

the external standard.

3.2 Reaction optimization of electrochemical cyclization of

naphoquinones and enaminones to deamination furoquinones

Table S2: Optimization of electrosynthesis of deamination furoquinone 4 in batch?

0] 0]
Q OH ’_{ }_Iﬁ e}
Ph)]\/\N/ + O‘ 1 > | /
1 | undivided cell, C (+)/Pt (-),
e} ACN, "BusNPFg, rt, 10 mA (0] g Ph
2 4
Entry | Electrolyte Solvent T (°C) Additive Yield® (%)
1 "BuyNPF, ACN rt / trace
2 "BuyNPF ACN rt Y(OTf); trace
3 "BuyNPF ACN rt La(OTf); 15
4 nBU4NPF6 ACN rt Il’l(OTf)3 38
5 "BuyNPFg ACN rt Bi(OTf)3 11
6 "BuyNPFg ACN rt Zn(0TY), 45
7 "BuyNPFg ACN rt AcOH 14
8 "BuyNPFg ACN rt TFA trace

aReaction conditions: 1 (0.3 mmol, 1.5 eq, 0.03 M, 52.5 mg), 2 (0.2 mmol, 1 eq, 0.02
M, 34.8 mg), "BuyNPF¢ (0.4 mmol, 0.04 M, 155.0 mg), additive (0.04 mmol, 0.2 eq),
ACN (10 mL), 10 mA, rt, 2 h, undivided cell, carbon cloth anode (35 mm x 15 mm),

platinum plate cathode (10 mm x 10 mm x 0.1 mm). bisolated yield.
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4 General Procedure for the electrosynthesis of

furoquinones in batch

4.1 General Procedure for the electrosynthesis of non-deamination

furoquinone in batch

R2
+ RZ'
undivided cell, C( )Pt (-),

ACN, "BuyNPFg, rt, 10 mA

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (10 mm x 10 mm x 0.1 mm) cathode, enaminone (0.3 mmol, 1.5 eq), 2-
hydroxynaphthalene-1,4-dione (0.2 mmol, 1 eq), "BusNPF¢ (0.4 mmol, 2 eq, 155.0
mg) were dissolved in ACN (10 mL), The mixture above was stirred and electrolyzed
at a constant current of 10 mA for 2 h under the open air. The reaction solution was
diluted with ethyl acetate (100 mL) and washed with H,O (100 mL). The separated
organic layer was dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated under reduced pressure to give the crude product, which was purified by
column chromatographic separation (petroleum ether/ethyl acetate: 4:1) to obtain the

desired product.

4.2 General Procedure for the electrosynthesis of deamination

furoquinone in batch

R2
O)k/\ undivided cell, C (+)/Pt (-),

ACN, "BusNPFg, Zn(OTf),, rt, 10 mA

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (10 mm x 10 mm x 0.1 mm) cathode, enaminone (0.3 mmol, 1.5 eq), 2-
hydroxynaphthalene-1,4-dione (0.2 mmol, 1 eq), "BusNPF4 (0.4 mmol, 2 eq, 155.0
mg), Zn(OTf), (0.1 mmol, 0.5 eq, 36.3 mg) were dissolved in ACN (10 mL), The
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mixture above was stirred and electrolyzed at a constant current of 10 mA for 1.5-2 h
under the open air. The reaction solution was diluted with ethyl acetate (100 mL) and
washed with H,O (100 mL). The separated organic layer was dried over anhydrous
Na,SO, and filtered. The filtrate was concentrated under reduced pressure to give the
crude product, which was purified by column chromatographic separation (petroleum

ether/ethyl acetate: 10:1) to obtain the desired product.

S Scale up investigations in batch and continuous-flow

electrochemical reactor

5.1 Scale up investigations in batch

Table S3: Scale up investigations in batch?

0
Q OH r ._E]
~ . O :
| + C (+)/Pt (-), ACN, "BuyNPFg, rt
1 (0]
2

Entry 1 (mmol) 2 (mmol) | Current (mA) | ACN (mL) T (h) Yield (%)°
1 0.6 0.4 20 20 2.50 60
2 1.2 0.8 40 40 2.75 55
3 1.8 1.2 60 60 3.00 49
4 2.4 1.6 80 80 3.25 46
5 3.0 2.0 100 100 4.00 42
6 1.8 1.2 30 60 4.00 43
7 1.8 1.2 40 60 4.00 44
8 1.8 1.2 50 60 3.00 40

aReaction conditions: 1 (1.5 eq), 2 (1 eq), "BusNPF¢ (2 eq), ACN, rt, undivided cell,
carbon cloth anode (35 mm X 15 mm), platinum plate cathode (20 mm x 20 mm x 0.1
mm). ®Yields are determined by high-performance liquid chromatography analysis

with 3 as the external standard.
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5.2 Scale up investigations continuous-flow electrochemical reactor 1

Table S4: General optimization of electrolysis conditions in continuous-flow

electrochemical reactor 12

*OH ﬂﬂﬂﬂ

/ Pt nBU4N PFG

ACN, rt
Current Flow rate | Residence time Concentration
Entry Yield® (%)

(mA) (mL/min) (min) (based on 2, M)
1 10 0.02 11.25 0.02 30
2 10 0.05 4.50 0.02 38
3 10 0.08 2.81 0.02 56
4 10 0.10 2.25 0.02 44
5 15 0.08 2.81 0.02 61
6 20 0.08 2.81 0.02 65
7 25 0.08 2.81 0.02 70
8 25 0.08 2.81 0.03 78

aReaction conditions: 1 (0.3 mmol, 1.5 eq, 53.5 mg), 2 (0.2 mmol, 1 eq, 34.8 mg),
"BuyNPF¢ (0.4 mmol, 0.04 M, 155.0 mg), ACN (10 mL), C (carbon filled PPS, 5.0 x
4.0 cm) anode, Pt (SS 316L platinum coated, 5.0 x 4.0 cm) cathode, volume (0.225
mL), residence time, current, rt. ®Yields are determined by high-performance liquid

chromatography analysis with 3 as the external standard.
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5.3 Scale up investigations and continuous-flow electrochemical reactor 2

Table SS5: General optimization of electrolysis conditions in continuous-flow

electrochemical reactor 22

(0]
Q OH
oy - GO
1 (0]
2

C (+)/ Pt (-), "BusNPFg,

ACN, rt

Entry Voltage (V) Flow rate (mL/min) | Residence time (min) | Yield® (%)
1 1.9 0.2 10.0 19
2 2.1 0.2 10.0 30
3 23 0.2 10.0 34
4 2.5 0.2 10.0 36
5 2.7 0.2 10.0 38
6 29 0.2 10.0 37
7 2.1 0.16 12.5 50
8 2.1 0.12 16.7 52
9 2.1 0.10 20.0 43
10¢ 2.1 0.16 12.5+12.5 67
11¢d 2.1 0.16 12.5+12.5 75

aReaction conditions: 1 (0.45 mmol, 1.5 eq, 67.5 mg), 2 (0.3 mmol, 1 eq, 52.2 mg),

"BuyNPF¢ (0.4 mmol, 0.04 M, 155.0 mg), ACN (10 mL), C (carbon) anode, Pt (SS

316L platinum coated) cathode, volume (2 mL), residence time, current, rt. ®Yields

are determined by high-performance liquid chromatography analysis with 3 as the

external standard. ‘two continuous-flow electrochemical reactors in series. 92 eq 1

involved.
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Table S6: General optimization of electrolysis conditions in continuous-flow

electrochemical reactor 2 in the presence of H,O?

/Pt( ) nBU4NPF6,

ACN/H,0, rt

Entry | Voltage (V) Flow rate (mL/min) Residence time (min) Yield® (%)
1 2.3 0.2 10 49
2 2.5 0.2 10 67
3 2.7 0.2 10 40
4 2.5 0.15 13.3 32
5 2.5 0.25 8 50
6 2.5 0.33 6 44
7 2.5 0.5 4 36
8¢ 2.5 0.2 10%2 76
9¢ 2.5 0.25 8+2 75
10¢ 2.5 0.33 6%2 64
11de 2.5 0.2 10*3 73

aReaction conditions: 1 (0.45 mmol, 1.5 eq, 0.045 M, 67.5 mg), 2 (0.3 mmol, 0.03 M,
1 eq, 52.2 mg), "BuyNPF¢ (0.4 mmol, 0.04 M, 155.0 mg), ACN/H,0 (9.8 mL/0.2 mL),
C anode, Pt (SS 316L platinum coated) cathode, volume (2 mL), residence time,
current, rt. °Yields are determined by high-performance liquid chromatography
analysis with 3 as the external standard. ‘Two continuous-flow electrochemical
reactors in series. YThree continuous-flow electrochemical reactors in series. €1 (0.9

mmol, 1.5 eq, 0.09 M, 135 mg), 2 (0.6 mmol, 0.06 M, 1 eq, 104.4 mg).
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6 Mechanistic Studies

6.1 Radical-trapping experiments:

6.1.1 BHT was added

OH e}
| e
"standard condltlons HO T

BHT was added

41, detected by HRMS; 3, 0%
In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (10 mm x 10 mm x 0.1 mm) cathode, 3-(dimethylamino)-1-phenylprop-2-en-1-one
1 (0.3 mmol, 1.5 eq, 52.5 mg), 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1 eq,
34.8 mg), "BuyNPF; (0.4 mmol, 2 eq, 155.0 mg) and BHT (0.6 mmol, 3 eq, 132.2 mg)
were dissolved in a solvent of ACN (10 mL), The mixture above was stirred and
electrolyzed at a constant current of 10 mA for 2h under the open air. No desired

product was detected. Moreover, the corresponding radical trapping product 41 was

detected by HRMS.
HO lil/
%104 |+ESI Scan (16.5-28 5 sec, 13 Scans) Frag=175.0¥ YCC-34.d Subtract(2)
42 401 )304 039270
:
38
38
34
32
3
28
i *
2
22 *

3942768 [M+H]" 4162614 [M+Na]

08 ‘ ’

06

04

”; | ‘J‘ w . | ‘ I L u - I h (T .ﬂ’w ol ‘I ‘ Il iy ‘ u ‘M | Ll

EIE T T T T T O JN 405 I T U T T L T P
to-Charge

Figure S4: HRMS (ESI) analysis of radical-trapping intermediate
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2-(3,5-di-tert-butyl-4-hydroxybenzyl)-3-(dimethylamino)-1-phenylprop-2-en-1-one
(41): HRMS (ESI-TOF) Calcd for (C,sH360,N [M+H]": 394.2741; found: 394.2768.
Fig. S4; C,sH;5NO,Na [M+Na]*: 416.2560; found: 416.2614. Fig. S4).

6.1.2 1,1-diphenylethylene was added

0O
OH ’_ﬁ o,
- I /N
\
"standard conditions"
1,1-diphenylethylene was added 0 O Ph
3, 29%

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (10 mm x 10 mm x 0.1 mm) cathode, 3-(dimethylamino)-1-phenylprop-2-en-1-one
1 (0.3 mmol, 1.5 eq, 52.5 mg), 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1 eq,
34.8 mg), "BuyNPF¢ (0.4 mmol, 2 eq, 155.0 mg) and 1,1-diphenylethylene (0.6 mmol,
3 eq, 108.0 mg) were dissolved in a solvent of ACN (10 mL), The mixture above was
stirred and electrolyzed at a constant current of 10 mA for 2h under the open air. The
yield was determined by high-performance liquid chromatography analysis with 3 as

the external standard.

6.1.3 1,4-naphthoquinone was added

O
OH r’_ﬁ o,
v o I // N\
"standard conditions"
1,4-naphthoquinone was added O o] Ph
3, 20%

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (10 mm x 10 mm x 0.1 mm) cathode, 3-(dimethylamino)-1-phenylprop-2-en-1-one
1 (0.3 mmol, 1.5 eq, 52.5 mg), 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1 eq,
34.8 mg), "BuyNPF4 (0.4 mmol, 2 eq, 155.0 mg) and 1,4-naphthoquinone (0.6 mmol,
3 eq, 94.8 mg) were dissolved in a solvent of ACN (10 mL), The mixture above was

stirred and electrolyzed at a constant current of 10 mA for 2h under the open air. The
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yield was determined by high-performance liquid chromatography analysis with 3 as

the external standard.

6.2 Verification experiments of intermediates:

6.2.1 Diethylamine was applied

0 o o
Ph)J\/\N/ OH rh_ll_] N o —
::_ ! + O‘ "standard conditions" Ly N\_ + 3,35%
H @) o) S Ph
NN 2 42, trace

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (20 mm x 20 mm x 0.1 mm) cathode, 3-(dimethylamino)-1-phenylprop-2-en-1-one
1 (0.3 mmol, 1.5 eq, 52.5 mg), 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1 eq,
34.8 mg), diethylamine (0.6 mmol, 3 eq, 43.9 mg) and "BuyNPF¢ (0.4 mmol, 2 eq,
155.0 mg) were dissolved in ACN (10 mL). The mixture above was stirred and
electrolyzed a constant current of 10 mA for 2h under the open air. 35% target
product was obtained. Moreover, only a trace amount of the corresponding

deamination and transamination product 42 was detected.

%103 |+ESI Scan (16.3-20.3 sec, 14 Scans) Frag=175.0V YCC-eryiand Subtract (4)

14 *

13 3961243 [M+Na]

L | \.\.1..|\.J\.l (TEETa ‘Aul g 5 ...‘ nm |\‘| 1'||“‘ L s dp L L

366 368 370 372 374 376 378 380 382 354 386 388 290 382 394 396 398 400 402 404 405 408 410 412 414 416 418 420 432 424 426 428 430 a3z 434 43
Counts vs. Mass-to-Charge (mz,

Figure S5: HRMS (ESI) analysis of radical-trapping intermediate

0
Io —
N
7 N\
(@] Ph
g
42
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3-benzoyl-2-(diethylamino)naphtho[2,3-b]furan-4,9-dione (42): HRMS (ESI-TOF)
Calcd for (Cy3HoNO4Na [M+Na]*": 396.1206; found: 396.1243. Fig. S5).

6.2.2 3-benzoylnaphtho[2,3-b]furan-4,9-dione 4 was used as starting

material
(0] ,_| 0
© / i )_I!l O
I // + HN — | y/ N\
\  "standard conditions"

0 Ph o] Ph
(@) 0]

4 3, trace

In an undivided cell equipped with a carbon cloth (35 mm x 15 mm) anode and a
Pt (20 mm x 20 mm x 0.1 mm) cathode, 3-benzoylnaphtho[2,3-b]furan-4,9-dione 4
(0.2 mmol, 1 eq, 60.4 mg), dimethylamine (0.6 mmol, 3 eq, 27.0 mg), "BuyNPF¢ (0.4
mmol, 2 eq, 155.0 mg) were dissolved in ACN (10 mL). The mixture above was
stirred and electrolyzed a constant current of 10 mA for 2h under the open air. Only a

trace amounts of 3 was detected.

6.3 Cyclic voltammetry experiments

The undivided cell was equipped with glassy-carbon disk working electrode
(diameter, 3.0 mm) and Pt wire auxiliary electrode. The Ag/AgCl was used as
reference electrode. The scan range was 0.0 V to 2.5 V. The scan rate was 100 mVs-1.
ACN (10 mL) containing "BuyNPF¢ (0.4 mmol, 155.0 mg) was poured into the

electrochemical cell in all experiments.
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Figure S6: Cyclic voltammetry experiments of substrates
100 mVs-1: (black) blank; (red) 3-(dimethylamino)-1-phenylprop-2-en-1-one 1
(0.3 mmol, 1.5 eq, 52.5 mg); (blue) 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1
eq, 34.8 mg); (green) 3-(dimethylamino)-1-phenylprop-2-en-1-one 1 (0.3 mmol, 1.5
eq, 52.5 mg) and 2-hydroxynaphthalene-1,4-dione 2 (0.2 mmol, 1 eq, 34.8 mg).
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Blank + TEMPO
0.0018 Blank + BHT
0.0016 Blank + 1,1-Diphenylethylene

0.0014 — —— Blank + Naphthalene-1,4-dione
0.0012 -

0.0010
0.0008 -
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Current (A)
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Figure S7: Cyclic voltammetry experiments of radical trapping agents
100 mVs-1: (black) TEMPO (0.6 mmol, 3 eq, 93.8 mg); (red) BHT (0.6 mmol, 3 eq,
132.2 mg); (blue) 1,1-diphenylethylene (0.6 mmol, 3 eq, 108.0 mg); (pink) 1,4-
naphthoquinone (0.6 mmol, 3 eq, 94.8 mg).

7 Synthesis of Substrates

Step 1: General procedure for the synthesis of enaminone (S1):!

o)
—0
T + \C—N/ Xy SN
R k -
2 -0 R |

S1-1 S1-2 S1
Commercial starting material acetophenone S1-1 (1 eq, 80 mmol) and N, N-
dimethyl formamide dimethyl acetal S1-2 (2 eq, 160 mmol) were mixtured in a 250
mL round bottom flask. The reaction mixture was stirred under reflux. Upon
completion of the reaction, the mixture was cooled to room temperature. The reaction

solution was diluted with ethyl acetate (300 mL) and washed with saturated NH,Cl
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aqueous solution (300 mL) and H,O (300 mL). The separated organic layer was dried
with anhydrous Na,SO, and filtered. The filtrate was concentrated under reduced
pressure to give the crude product, which was purified by column chromatographic

separation (petroleum ether/ethyl acetate: 3:1) to obtain the desired product.

Step 2: General procedure for the synthesis of substrates (S2):2

0 0]
OH
RZL\ t-butanol Rz:_\
| — 7
S2-1 (0]
S2

The reaction flask was first degassed and then sealed with a O, balloon. All the

reactants and solvent was added under a O, atmosphere. The solution of atetralone
S2-1 (10 mmol) in #-butanol (30 mL) was added into the solution of potassium -
butoxide in #-butanol (1 M, 50 mL). Then, the mixture was stirred under an oxygen
atmosphere. After 2 h, the reaction mixture was acidified with HCI (1 M, 20 mL) and
diluted extracted with CH,Cl, (200 mL). The combined organic solution was then
washed with a saturated of NaHCOj; aqueous solution (20 mL) and HCI aqueous
solution (1 M, 40 mL). The separated organic layer was dried with anhydrous Na,SO,4
and filtered. The filtrate was concentrated under reduced pressure to give the crude
product, which was purified by column chromatographic separation (petroleum

ether/ethyl acetate: 1:3) to obtain the desired product S2.

8 Characterization data for electrolysis products
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3-benzoyl-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (3):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 52.4 mg, 76%; '"H NMR (400
MHz, Chloroform-d) ¢ 8.14 (dd, J= 7.6, 1 Hz, 1H), 7.95 - 7.91 (m, 2H), 7.87 (dd, J =
7.9, 1.3 Hz, 1H), 7.67 (td, J= 7.5, 1.3 Hz, 1H), 7.63 - 7.53 (m, 2H), 7.47 (t, J= 7.7 Hz,
2H), 3.13 (s, 6H); 3C NMR (101 MHz, Chloroform-d) & 190.21, 180.41, 170.44,
161.38, 142.13, 139.27, 133.77, 133.26, 133.05, 132.76, 132.68, 129.37, 128.51,
126.69, 126.17, 96.61, 40.14; HRMS (ESI-TOF) Calcd for C,;H;(NO, [M+H]":
346.1096; found: 346.1094.

2-(dimethylamino)-3-(4-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (5):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.0 mg, 78%; 'H NMR (400
MHz, Chloroform-d) 6 8.13 (d, J= 7.6 Hz, 1H), 7.86 (dd, J = 13.4, 7.8 Hz, 3H), 7.66
(t, J=17.4 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.26 (d, J = 7.9 Hz, 2H), 3.11 (s, 6H),
2.43 (s, 3H); 3C NMR (101 MHz, Chloroform-d) & 189.88, 180.47, 170.29, 161.20,
144.21, 142.03, 136.69, 133.76, 133.13, 132.75, 132.62, 129.57, 129.30, 126.67,
126.14, 96.74, 40.03, 21.75; HRMS (ESI-TOF) Caled for C,,H;sNO4 [M+H]":
360.1230; found: 360.1238.

2-(dimethylamino)-3-(4-ethylbenzoyl)naphtho[2,3-b]furan-4,9-dione (6):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.0 mg, 75%; '"H NMR (400
MHz, Chloroform-d) ¢ 8.13 (d, J= 7.6 Hz, 1H), 7.88 - 7.85 (m, 3H), 7.68 - 7.64 (m,
1H), 7.58 - 7.54 (m, 1H), 7.28 (d, J = 8.4 Hz, 2H), 3.11 (s, 6H), 2.73 (q, J = 7.6 Hz,
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2H), 1.27 (s, J = 7.6 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 189.94, 180.46,
170.25, 161.13, 150.29, 142.01, 136.85, 133.18, 132.76, 132.74, 132.61, 129.66,
128.08, 126.65, 126.14, 96.76, 40.01, 29.03, 15.01; HRMS (ESI-TOF) Calcd for
Cy3Hy0NO,4 [M+H]*: 374.1387; found: 374.1411.

3-(4-(tert-butyl)benzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (7):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 60.2 mg, 75%; 'H NMR (400
MHz, Chloroform-d) & 8.15 - 8.13 (m, 1H), 7.89 - 7.85 (m, 3H), 7.69 - 7.65 (m, 1H),
7.59 - 7.55 (m, 1H), 7.47 - 7.45 (m, 2H), 3.10 (s, 6H), 1.35 (s, 9H); 13C NMR (101
MHz, Chloroform-d) 6 190.01, 180.46, 170.25, 161.00, 157.05, 142.02, 136.48,
133.75, 133.31, 132.85, 132.77, 132.58, 129.39, 126.65, 126.18, 125.54, 96.78, 39.98,
35.21, 31.12, 29.71; HRMS (ESI-TOF) Calcd for C,sH,uNO4 [M+H]™: 402.1700;
found: 402.1725.

3-([1,1'-biphenyl]-4-carbonyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (8):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 61.5 mg, 73%; 'H NMR (400
MHz, Chloroform-d) ¢ 8.15 (dd, J= 7.6, 1.1 Hz, 1H), 8.03 - 7.99 (m, 2H), 7.88 (dd, J
=17.6, 1.1 Hz, 1H), 7.71 - 7.63 (m, 5H), 7.57 (td, J = 7.6, 1.3 Hz, 1H), 7.49 - 7.44 (m,
2H), 7.42 - 7.35 (m, 1H), 3.14 (s, 6H); 3C NMR (101 MHz, Chloroform-d) 6 189.73,
180.51, 170.37, 161.31, 145.85, 142.10, 139.94, 137.95, 133.81, 133.12, 132.74,
132.69, 130.01, 128.93, 128.22, 127.35, 127.19, 126.68, 126.19, 96.64, 40.12; HRMS
(ESI-TOF) Calcd for Cy7H,)NO4 [M+H]*: 422.1387; found: 422.1419.
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2-(dimethylamino)-3-(4-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (9):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.6 mg, 78%; '"H NMR (400
MHz, Chloroform-d) & 8.14 - 8.11 (m, 1H), 7.98 - 7.91 (m, 2H), 7.89 - 7.82 (m, 1H),
7.67 (td, J=17.5, 1.1 Hz, 1H), 7.57 (td, J= 7.5, 1.1 Hz, 1H), 7.12 (t, J = 8.6 Hz, 2H),
3.12 (s, 6H); 3C NMR (101 MHz, Chloroform-d) & 188.53, 180.48, 170.46, 167.08,
164.55, 161.42, 142.17, 135.77, 135.74, 133.86, 132.77, 132.70, 132.61, 131.97,
131.88, 126.67, 126.20, 115.79, 115.57, 96.23, 40.14; "F NMR (376 MHz,
Chloroform-d) 6 -104.93; HRMS (ESI-TOF) Calcd for C,H;sFNO, [M-+H]":
364.0980; found: 364.0999.

3-(4-chlorobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (10):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 57.6 mg, 76%; '"H NMR (400
MHz, Chloroform-d) ¢ 8.13 (d, /= 8 Hz, 1H), 7.89 - 7.83 (m, 3H), 7.63 (d, J = 37.8
Hz, 2H), 7.46 - 7.40 (m, 2H), 3.13 (s, 6H); '3*C NMR (101 MHz, Chloroform-d) &
188.78, 180.45, 170.53, 161.53, 142.19, 139.57, 137.75, 133.88, 132.81, 132.69,
132.58, 130.67, 128.84, 126.71, 126.21, 96.13, 40.19; HRMS (ESI-TOF) Calcd for
C,1HsNCI1O4 [M+H]": 380.0684; found: 380.0694.
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3-(4-bromobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (11):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 65.1 mg, 77%; '"H NMR (400
MHz, Chloroform-d) 6 8.13 (d, J= 7.5 Hz, 1H), 7.87 (d, J= 7.5 Hz, 1H), 7.78 (d, J =
8.2 Hz, 2H), 7.68 (t, J= 7.4 Hz, 1H), 7.59 (d, J= 8.1 Hz, 3H), 3.12 (s, 6H); 13C NMR
(101 MHz, Chloroform-d) 6 188.96, 180.45, 170.54, 161.55, 142.20, 138.17, 133.89,
132.81, 132.74, 132.68, 132.57, 131.81, 130.77, 128.38, 126.72, 126.22, 96.08, 40.20;
HRMS (ESI-TOF) Calcd for C;;HsNO4Br [M+H]": 424.0179; found: 424.0210.

2-(dimethylamino)-3-(4-iodobenzoyl)naphtho[2,3-b]furan-4,9-dione (12):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 68.8 mg, 73%; 'H NMR (400
MHz, Chloroform-d)  8.14 - 8.12 (m, 1H), 7.87 (dd, /= 7.8, 0.9 Hz, 1H), 7.83 - 7.81
(m, 2H), 7.70 - 7.57 (m, 4H), 3.12 (s, 6H); *C NMR (101 MHz, Chloroform-d) &
189.27, 180.45, 170.54, 161.55, 142.19, 138.70, 137.80, 133.89, 132.82, 132.76,
132.68, 132.58, 130.66, 126.73, 126.22, 101.34, 96.04, 40.20; HRMS (ESI-TOF)
Calcd for C,HsNIO4 [M+H]": 472.0040; found: 472.0039.

2-(dimethylamino)-3-(4-methoxybenzoyl)naphtho[2,3-b]furan-4,9-dione (13):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 59.3 mg, 79%; 'H NMR (400
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MHz, Chloroform-d) ¢ 8.14 (d, J = 7.5 Hz, 1H), 7.94 - 7.89 (m, 3H), 7.65 (t, J= 7.5
Hz, 1H), 7.60 - 7.54 (m, 1H), 6.94 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H), 3.09 (s, 6H); 13C
NMR (101 MHz, Chloroform-d) 6 188.79, 180.54, 170.19, 163.78, 161.03, 142.01,
133.77, 133.10, 132.80, 132.74, 132.59, 132.17, 131.81, 126.63, 126.14, 113.80,
96.70, 55.51, 39.96; HRMS (ESI-TOF) Calcd for C,,H;gNOs [M+H]": 376.1179;
found: 376.1201.

2-(dimethylamino)-3-(4-(trifluoromethyl)benzoyl)naphtho[2,3-b]furan-4,9-dione (14):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 62.0 mg, 75%; 'H NMR (400
MHz, Chloroform-d) 6 8.14 (d, /= 7.0 Hz, 1H), 8.02 (d, /= 8.1 Hz, 2H), 7.84 (d, J =
7.0 Hz, 1H), 7.76 - 7.64 (m, 3H), 7.63 - 7.54 (m, 1H), 3.15 (s, 6H); 13C NMR (101
MHz, Chloroform-d) & 188.83, 180.40, 170.68, 161.81, 142.27 (d, J= 3.5 Hz), 133.93,
132.89, 132.63 (d, J=3.1 Hz), 132.48, 129.47, 126.73, 126.25, 125.52 (q, J = 3.8 Hz),
96.03, 40.3; 'F NMR (376 MHz, Chloroform-d) & -62.91; HRMS (ESI-TOF) Calcd
for CoH 1sNO4F; [M+H]": 414.0948; found: 414.8831.

4-(2-(dimethylamino)-4,9-dioxo0-4,9-dihydronaphtho[2,3-b]furan-3-
carbonyl)benzonitrile (15):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 52.5 mg, 71%; '"H NMR (400
MHz, Chloroform-d) 6 8.13 (d, /= 7.1 Hz, 1H), 7.98 (d, J = 8.0 Hz, 2H), 7.83 (d, J =
7.8 Hz, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.72 - 7.65 (m, 1H), 7.63 - 7.53 (m, 1H), 3.16 (s,
6H); 3C NMR (101 MHz, Chloroform-d) & 188.22, 180.41, 170.79, 162.08, 142.89,
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142.39, 134.00, 133.00, 132.60, 132.36, 132.29, 129.46, 126.74, 126.27, 118.24,
115.97, 95.80, 40.43; HRMS (ESI-TOF) Calcd for Cp,HsN,O4 [M+H]": 371.1026;
found: 371.1007.

Methyl 4-(2-(dimethylamino)-4,9-dioxo-4,9-dihydronaphtho[2,3-b]furan-3-carbonyl)
benzoate (16):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 59.6 mg, 74%; '"H NMR (400
MHz, Chloroform-d) 6 8.14 - 8.09 (m, 3H), 7.97 - 7.95 (m, 2H), 7.86 - 7.78 (m, 1H),
7.67 (td, J=7.5, 1.2 Hz, 1H), 7.56 (td, J= 7.6, 1.2 Hz, 1H), 3.94 (s, 3H), 3.14 (s, 6H);
13C NMR (101 MHz, Chloroform-d) & 189.28, 180.34, 170.64, 166.38, 161.77,
142.86, 142.25, 133.86, 133.67, 132.83, 132.69, 132.49, 129.71, 129.08, 126.70,
126.19, 96.34, 52.44, 40.32; HRMS (ESI-TOF) Calcd for Cy;HigNOg [M+H]":
404.1129; found: 404.1170.

2-(dimethylamino)-3-(2-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (17):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.0 mg, 78%; 'H NMR (400
MHz, Chloroform-d) ¢ 8.11 - 8.09 (m, 1H), 7.82 (dd, J= 7.8, 0.6 Hz, 1H), 7.64 (td, J
=17.5, 1.2 Hz, 1H), 7.59 - 7.49 (m, 2H), 7.43 - 7.33 (m, 2H), 7.14 (t, J = 7.8 Hz, 1H),
3.17 (s, 6H), 2.69 (s, 3H); 13C NMR (101 MHz, Chloroform-d) & 192.01, 180.30,
170.59, 161.51, 142.16, 139.64, 139.32, 133.63, 132.81, 132.71, 132.63, 132.53,
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131.83, 131.62, 130.59, 126.69, 126.06, 125.23, 98.82, 40.22, 21.08; HRMS (ESI-
TOF) Calcd for C,o,HsNO4 [M+H]*: 360.1230; found: 360.1337.

2-(dimethylamino)-3-(2-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (18):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 55.2 mg, 76%; 'H NMR (400
MHz, Chloroform-d) & 8.12 (d, J = 7.5 Hz, 1H), 7.93 - 7.84 (m, 2H), 7.66 (t, J = 7.4
Hz, 1H), 7.57 - 7.53 (m, 2H), 7.33 - 7.22 (m, 1H), 7.07 (dd, J = 10.5, 8.6 Hz, 1H),
3.19 (s, 6H); 3C NMR (101 MHz, Chloroform-d) & 185.08, 180.52, 170.95, 162.82,
161.99, 160.29, 142.33, 134.33 (d, /=9.0 Hz), 133.68, 132.80 (d, J = 8.0 Hz), 132.40,
131.86 (d, J=2.9 Hz), 130.91 - 130.79 (m), 128.61 (d, J = 10.3 Hz), 126.71, 126.06,
124.29 (d, J=3.6 Hz), 116.18 (d, J = 22.5 Hz), 99.77 (d, J= 2.2 Hz), 40.59; '°"F NMR
(376 MHz, Chloroform-d) ¢ -104.93; HRMS (ESI-TOF) Calcd for C,;H;5sFNO,
[M-+H]*: 364.0980; found: 364.0991.

3-(2-chlorobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (19):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.1 mg, 74%; '"H NMR (400
MHz, Chloroform-d) 6 8.12 - 8.09 (m, 1H), 7.84 (dd, J= 7.7, 1.3 Hz, 1H), 7.71 (dd, J
=17.5,1.7 Hz, 1H), 7.65 (td, J=17.5, 1.4 Hz, 1H), 7.56 (td, J= 7.5, 1.4 Hz, 1H), 7.48 -
7.33 (m, 3H), 3.24 (s, 6H); *C NMR (101 MHz, Chloroform-d) & 188.01, 180.15,
171.16, 162.54, 142.53, 139.95, 132.82, 132.79, 132.56, 132.22, 131.39, 130.98,
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130.38, 129.37, 128.51, 126.81, 126.77, 125.99, 99.44, 40.72; HRMS (ESI-TOF)
Calcd for C,H;sCINO4 [M+H]": 380.0684; found: 380.0694.

2-(dimethylamino)-3-(2-methoxybenzoyl)naphtho[2,3-b]furan-4,9-dione (20):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.3 mg, 75%; 'H NMR (400
MHz, Chloroform-d) 6 8.13 - 8.08 (m, 1H), 7.87 - 7.82 (m, 1H), 7.78 (dd, J="7.7, 1.7
Hz, 1H), 7.64 (td, J = 7.5, 1.2 Hz, 1H), 7.56 - 7.48 (m, 2H), 7.05 (t, /= 7.8 Hz, 1H),
6.94 (d, J = 8.3 Hz, 1H), 3.72 (s, 3H), 3.16 (s, 6H); '3C NMR (101 MHz, Chloroform-
d) 6 188.06, 180.39, 170.67, 161.78, 158.97, 141.96, 133.88, 133.56, 132.90, 132.57,
132.15, 131.20, 129.79, 126.63, 125.98, 120.54, 111.61, 100.99, 55.75, 40.48; HRMS
(ESI-TOF) Calcd for Cp,HsNOs [M+H]": 376.1179; found: 376.1205.

2-(dimethylamino)-3-(3-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (21):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 51.7 mg, 72%; '"H NMR (400
MHz, Chloroform-d) ¢ 8.13 (d, J= 7.5 Hz, 1H), 7.87 (d, J= 7.5 Hz, 1H), 7.78 (s, 1H),
7.72 - 7.63 (m, 2H), 7.58 - 7.55 (m, 1H), 7.41 - 7.39 (m, 1H), 7.35 - 7.31 (m, 1H),
3.11 (s, 6H), 2.41 (s, 3H); 3C NMR (101 MHz, Chloroform-d) 6 190.45, 180.44,
170.37, 161.27, 142.07, 139.21, 138,38, 134.21, 133.76, 133.11, 132.74, 132.65,
129.52, 128.34, 127.04, 126.68, 126.16, 96.75, 40.09, 21.44; HRMS (ESI-TOF) Calcd
for C,oH sNO,4 [M+H]": 360.1230; found: 360.1230.

S26



2-(dimethylamino)-3-(3-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (22):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 51.5 mg, 71%; '"H NMR (400
MHz, Chloroform-d) 6 8.13 (d, J= 7.5 Hz, 1H), 7.86 (d, J = 7.5 Hz, 1H), 7.73 - 7.53
(m, 4H), 7.42 (q, J = 7.8 Hz, 1H), 7.30 - 7.27 (m, 1H), 3.13 (s, 6H); 3C NMR (101
MHz, Chloroform-d) & 188.77, 180.40, 170.57, 163.98, 161.54 (d, J = 4.4 Hz), 142.22,
141.55 (d, J = 6.0 Hz), 133.86, 132.75 (d, J = 10.1 Hz), 132.56, 126.71, 126.22,
12520 (d, J = 2.9 Hz), 120.24, 120.02, 96.12, 40.22; "F NMR (376 MHz,
Chloroform-d) 6 -112.13; HRMS (ESI-TOF) Calcd for C,H;sNO4F [M-+H]":
364.0980; found: 364.0999.

3-(3-bromobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (23):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 63.5 mg, 75%; 'H NMR (400
MHz, Chloroform-d) 6 8.14 (dd, J = 7.6, 1.1 Hz, 1H), 8.06 (t, J/ = 1.7 Hz, 1H), 7.88
(dd, /=17.6, 1.1 Hz, 1H), 7.83 (dt, J = 7.8, 1.2 Hz, 1H), 7.73 - 7.65 (m, 2H), 7.59 (td,
J =175, 1.3 Hz, 1H), 7.34 (t, J = 7.8 Hz, 1H), 3.14 (s, 6H); 13C NMR (101 MHz,
Chloroform-d) 6 188.56, 180.39, 170.60, 161.66, 142.24, 141.26, 135.96, 133.88,
132.83, 132.70, 132.68, 132.56, 132.00, 130.01, 128.01, 126.73, 126.23, 122.78,
95.96, 40.25; HRMS (ESI-TOF) Calcd for C,;H;sNBrO, [M+H]": 424.0179; found:
424.0160.
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2-(dimethylamino)-3-(3-(trifluoromethyl)benzoyl)naphtho[2,3-b]furan-4,9-dione (24):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 61.1 mg, 74%; 'H NMR (400
MHz, Chloroform-d) ¢ 8.18 (s, 1H), 8.14 (d, /= 7.5 Hz, 1H), 8.08 (d, /= 7.8 Hz, 1H),
7.86 - 7.81 (m, 2H), 7.70 - 7.66 (m, 1H), 7.63 - 7.55 (m, 2H), 3.15 (s, 6H); 3C NMR
(101 MHz, Chloroform-d) 6 188.39, 180.39, 170.69, 161.94, 142.33, 139.99, 133.89,
132.89, 132.68, 132.62 - 132.41 (m), 130.99 (q, J = 32.8 Hz), 129.38 (q, J = 3.6 Hz),
129.04, 126.68, 126.22, 125.93 (q, J = 3.7 Hz), 125.13, 122.42, 95.85, 40.33; '°F
NMR (376 MHz, Chloroform-d) ¢ -62.62; HRMS (ESI-TOF) Calcd for C,,HsNF304
[M+H]*: 414.0948; found: 414.0964.

25 OTBS
3-(3-((tert-butyldimethylsilyl)oxy)benzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-
4,9-dione (25):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 66.5 mg, 70%; 'H NMR (400
MHz, Chloroform-d) 6 8.13 (d, /= 7.0 Hz, 1H), 7.87 (d, J= 7.6 Hz, 1H), 7.69 - 7.65
(m, 1H), 7.59 - 7.55 (m, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.37 - 7.36 (m, 1H), 7.31 (t,J =
7.9 Hz, 1H), 7.07 - 7.04 (m, 1H), 3.12 (s, 6H), 0.94 (s, 9H), 0.16 (s, 6H); 13*C NMR
(101 MHz, Chloroform-d) 6 189.90, 180.31, 170.42, 161.23, 155.84, 142.09, 140.75,
133.73, 133.15, 132.77, 132.69, 132.63, 129.51, 126.65, 126.15, 125.15, 122.60,
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120.61, 96.69, 40.10, 25.63, 18.19, -4.41; HRMS (ESI-TOF) Caled for C,7H3,NOsSi
[M+H]": 476.1888; found: 476.1918.

N-(4-(2-(dimethylamino)-4,9-dioxo-4,9-dihydronaphtho[2,3-b]furan-3-
carbonyl)phenyl)acetamide (26):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 60.3 mg, 75%; '"H NMR (400
MHz, DMSO-dg) 6 10.29 (s, 1H), 8.06 (d, J= 7.5 Hz, 1H), 7.88 (d, J = 8.7 Hz, 2H),
7.82 (t, J = 7.8 Hz, 2H), 7.74 - 7.68 (m, 3H), 3.07 (s, 6H), 2.12 (s, 3H); *C NMR
(101 MHz, DMSO-ds) & 188.48, 180.64, 169.39, 169.27, 160.82, 144.27, 141.71,
134.48, 133.75, 133.28, 133.17, 132.91, 132.71, 130.94, 126.50, 126.02, 118.58,
96.45, 24.60;, HRMS (ESI-TOF) Calcd for Cy3H9N,Os [M+H]": 403.1288.9923;
found: 403.1310.
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2-(dimethylamino)-3-(furan-2-carbonyl)naphtho[2,3-b]furan-4,9-dione (27):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 48.9 mg, 73%; 'H NMR (400
MHz, Chloroform-d) 6 8.15 - 8.13 (m, 1H), 7.95 - 7.93 (m, 1H), 7.70 - 7.66 (m, 1H),
7.62 - 7.58 (m, 1H), 7.56 - 7.55 (m, 1H), 7.22 (d, J = 3.5 Hz, 1H), 6.60 (dd, J = 3.5,
1.6 Hz, 1H), 3.17 (s, 6H); 3C NMR (101 MHz, Chloroform-d) 6 180.48, 176.67,
170.56, 161.21, 154.59, 146.47, 142.31, 133.72, 133.02, 132.92, 132.72, 132.60,
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126.67, 126.16, 117.98, 112.70, 95.89, 53.42, 40.13; HRMS (ESI-TOF) Calcd for
Ci9oH4NOs [M+H]": 336.0866; found: 336.0890.
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2-(dimethylamino)-3-(thiophene-2-carbonyl)naphtho[2,3-b]furan-4,9-dione (28):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 52.7 mg, 75%; 'H NMR (400
MHz, Chloroform-d) 6 8.13 (d, J= 7.5 Hz, 1H), 7.92 (d, J = 7.5 Hz, 1H), 7.75 - 7.64
(m, 2H), 7.51 - 7.57 (m, 2H), 7.11 (t, J = 4.3 Hz, 1H), 3.14 (s, 6H); 3C NMR (101
MHz, Chloroform-d) 6 181.87, 180.48, 170.31, 160.61, 146.08, 142.08, 134.52,
134.16, 133.83, 133.02, 132.79, 132.72, 132.69, 128.21, 126.71, 126.21, 96.31, 39.93;
HRMS (ESI-TOF) Calcd for C;gH1,NO4S [M+H]": 352.0638; found: 352.0663.

3-(2-naphthoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (29):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 55.3 mg, 70%; 'H NMR (400
MHz, Chloroform-d) & 8.37 (s, 1H), 8.16 - 8.13 (m, 1H), 8.07 (dd, J = 8.6, 1.6 Hz,
1H), 7.93 (d, J=8.6 Hz, 1H), 7.89 (dd, J = 8.1, 3.1 Hz, 2H), 7.82 - 7.78 (m, 1H), 7.66
(td, J = 7.6, 1.2 Hz, 1H), 7.62 - 7.46 (m, 3H), 3.15 (s, 6H); '*C NMR (101 MHz,
Chloroform-d) 6 190.26, 180.44, 170.42, 161.33, 142.15, 136.75, 135.80, 133.79,
133.25, 132.76, 132.72, 132.66, 132.51, 131.47, 129.73, 128.55, 127.94, 126.71,
126.69, 126.19, 124.73, 96.70, 40.10; HRMS (ESI-TOF) Caled for C,sH;sNO,
[M-+H]*: 396.1230; found: 396.1247.
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3-benzoyl-2-(dimethylamino)-7-methylnaphtho[2,3-b]furan-4,9-dione (30):
Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 53.9 mg, 75%; '"H NMR (400
MHz, Chloroform-d) ¢ 7.93 - 7.92 (m, 3H), 7.74 (d, J = 7.8 Hz, 1H), 7.60 - 7.56 (m,
1H), 7.47 - 7.44 (m, 2H), 7.34 (d, J = 7.8 Hz, 1H), 3.11 (s, 6H), 2.45 (s, 3H); 13C
NMR (101 MHz, Chloroform-d) 6 190.29, 180.28, 170.70, 161.32, 144.91, 142.13,
139.30, 133.19, 133.19, 133.16, 132.62, 130.47, 129.37, 128.48, 126.92, 126.72,
96.66, 40.10, 21.77, HRMS (ESI-TOF) Calcd for C,,H;gNO4 [M+H]": 360.1230;
found: 360.1235.
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3-benzoyl-2-(dimethylamino)-7-fluoronaphtho[2,3-b]furan-4,9-dione (31):

Purple solid; Eluent: petroluem ether/ethyl acetate 4:1; 56.6 mg, 78%; 'H NMR (400
MHz, Chloroform-d) & 7.95 - 7.84 (m, 3H), 7.79 (dd, J = 8.8, 2.6 Hz, 1H), 7.59 (t, J =
7.4 Hz, 1H), 7.47 (t, J= 7.7 Hz, 2H), 7.20 (td, J = 8.2, 2.6 Hz, 1H), 3.12 (s, 6H); 13C
NMR (101 MHz, Chloroform-d) 6 190.11, 179.16, 168.72, 167.58, 165.03, 161.47,
141.98, 139.12, 135.83 (d, /= 7.9 Hz), 133.37, 129.67 (d, J = 8.8 Hz), 129.36, 129.12
(d, J=3.6 Hz), 128.56, 119.21 (d, J=22.3 Hz), 113.40 (d, J = 24.0 Hz), 96.99, 40.12;
F NMR (376 MHz, Chloroform-d) & -102.32; HRMS (ESI-TOF) Calcd for
C,1HsNFO4 [M+H]*: 364.0980; found: 364.1002.

S31



N
| / \
0] Ph
@)
32

3-benzoyl-7-chloro-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (32):

Purple soild; Eluent: petroluem ether/ethyl acetate 4:1; 57.6 mg, 76%; '"H NMR (400
MHz, Chloroform-d) 6 8.09 (d, J = 2.1 Hz, 1H), 7.94 - 7.90 (m, 2H), 7.80 (d, J = 8.3
Hz, 1H), 7.63 - 7.56 (m, 1H), 7.54 - 7.41 (m, 3H), 3.13 (s, 6H); 3C NMR (101 MHz,
Chloroform-d) 6 190.05, 179.43, 168.82, 161.49, 141.76, 140.73, 139.11, 134.17,
133.38, 133.31, 132.43, 130.91, 129.36, 128.56, 128.25, 126.31, 96.90, 40.13; HRMS
(ESI-TOF) Calcd for C,;H;sNCIO4 [M+H]*: 380.0684; found: 380.0643.

0]
Br O‘ e} N/
7 '\
0] S Ph

33

3-benzoyl-7-bromo-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (33):

Purple soild; Eluent: petroluem ether/ethyl acetate 4:1; 59.2 mg, 70%; 'H NMR (400
MHz, Chloroform-d) 6 8.26 (d, /= 1.6 Hz, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.76 - 7.67
(m, 2H), 7.59 (d, J = 7.3 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 3.13 (s, 6H); 3C NMR
(101 MHz, Chloroform-d) 6 190.02, 179.61, 168.78, 161.49, 141.67, 139.13, 135.48,
134.02, 133.36, 133.30, 131.30, 129.35, 129.25, 128.55, 128.27, 97.01, 40.12; HRMS
(ESI-TOF) Calcd for C,;HsO4NBr [M+H]": 424.0179; found: 424.0221.
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3-benzoyl-2-(dimethylamino)-7-methoxynaphtho[2,3-b]furan-4,9-dione (34):

S32



Purple soild; Eluent: petroluem ether/ethyl acetate 4:1; 48.8 mg, 65%; '"H NMR (400
MHz, Chloroform-d) 6 7.93 (d, J = 7.4 Hz, 2H), 7.81 (d, J = 8.6 Hz, 1H), 7.63 - 7.55
(m, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.00 (dd, J = 8.6, 2.6 Hz, 1H), 3.93 (s, 3H), 3.12 (s,
6H); 3C NMR (101 MHz, Chloroform-d) 8 190.37, 179.54, 170.05, 164.25, 161.31,
142.03, 139.27, 135.11, 133.55, 133.22, 129.38, 129.12, 128.48, 126.00, 118.04,
110.64, 97.01, 5591, 40.08; HRMS (ESI-TOF) Calcd for C,H;3OsN [M+H]":
376.1179; found: 376.1222.
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8-benzoyl-9-(dimethylamino)phenanthro[3,2-b]furan-7,11-dione (35):

Purple soild; Eluent: petroluem ether/ethyl acetate 4:1; 39.5 mg, 50%; '"H NMR (400
MHz, Chloroform-d) 6 9.77 (d, J = 8.9 Hz, 1H), 8.03 - 7.98(m, 2H), 7.99 - 7.94 (m,
2H), 7.82 (d, J= 8.1 Hz, 1H), 7.72 - 7.65 (m, 1H), 7.63 - 7.55 (m, 2H), 7.47 (t, J=17.7
Hz, 2H), 3.15 (s, 6H); 3C NMR (101 MHz, Chloroform-d) '3C NMR (101 MHz,
Chloroform-d) 6 177.36, 174.78, 139.46, 136.93, 133.99, 133.17, 133.12, 130.87,
130.28, 129.67, 129.39, 128.56, 128.47, 128.33, 128.22, 122.43, 40.22; HRMS (ESI-
TOF) Calcd for C,5sH 504N [M+H]": 396.1230; found: 396.1256.

3-benzoylnaphtho[2,3-b]furan-4,9-dione (4):3
Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 27.2 mg, 45%; 'H NMR
(400 MHz, Chloroform-d) 6 8.26 - 8.23 (m, 1H), 8.14 - 8.11 (m, 1H), 8.05 (s, 1H),
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7.95 - 7.90 (m, 2H), 7.81 - 7.72 (m, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.51 (t, J= 7.7 Hz,
1H); 3C NMR (101 MHz, Chloroform-d) & 187.55, 179.03, 173.80, 153.10, 149.55,
137.04, 134.37, 134.07, 134.04, 133.34, 131.90, 129.62, 128.74, 128.14, 127.50,
126.93, 124.87; HRMS (ESI-TOF) Calcd for C;oH;;04 [M+H]": 303.0652; found:
303.0677.

3-(4-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (36):3

Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 27.2 mg, 43%; 'H NMR
(400 MHz, Chloroform-d) 6 8.29 - 8.20 (m, 1H), 8.14 - 8.11 (m, 1H), 8.02 (s, 1H),
7.82 (d, J = 8.2 Hz, 2H), 7.80 - 7.72 (m, 2H), 7.29 (d, J = 8.1 Hz, 2H), 2.44 (s, 3H);
13C NMR (101 MHz, Chloroform-d) & 187.15, 179.08, 173.80, 153.00, 149.29,
145.14, 134.54, 134.33, 134.04, 133.35, 131.93, 129.79, 129.47, 128.18, 127.47,
126.91, 124.99, 21.85; HRMS (ESI-TOF) Calcd for C,,H;304 [M+H]*: 317.0808;
found: 317.0786.

3-(4-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (37):

Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 26.9 mg, 42%; 'H NMR
(400 MHz, Chloroform-d) 6 8.25 - 8.22 (m, 1H), 8.16 - 8.08 (m, 1H), 8.06 (s, 1H),
8.00 - 7.90 (m, 2H), 7.84 - 7.71 (m, 2H), 7.17 (t, J = 8.6 Hz, 2H); *C NMR (101
MHz, Chloroform-d) 6 186.09, 179.10, 173.71, 167.59, 165.03, 153.06, 149.40,
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134.42,134.17, 133.46 (d, /= 3.2 Hz), 133.23, 132.30 (d, /= 9.8 Hz), 131.88, 127.94,
127.46, 126.98, 124.63, 116.01 (d, J = 22.4 Hz); '°"F NMR (376 MHz, Chloroform-d)
o -103.12; HRMS (ESI-TOF) Calcd for Ci9H;(O4F [M+H]": 321.2808; found:
321.2886.

Methyl 4-(4,9-diox0-4,9-dihydronaphtho[2,3-b]furan-3-carbonyl)benzoate (38):
Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 32.4 mg, 45%; 'H NMR
(400 MHz, Chloroform-d) 6 8.26 - 8.23 (m, 1H), 8.15 (d, /= 8.3 Hz, 2H), 8.10 (s, 1H),
8.08 (d, J = 1.8 Hz, 1H), 7.95 (d, J = 8.3 Hz, 2H), 7.85 - 7.69 (m, 2H), 3.96 (s, 2H);
13C NMR (101 MHz, Chloroform-d) & 187.20, 179.01, 173.70, 166.08, 153.15,
150.00, 140.31, 134.55, 134.44, 134.19, 133.21, 131.86, 129.89, 129.36, 127.85,
127.49, 126.99, 124.62, 52.57; HRMS (ESI-TOF) Calcd for C,H30¢ [M+H]":
361.0707; found: 361.0668.

4-(4,9-diox0-4,9-dihydronaphtho[2,3-b]furan-3-carbonyl)benzonitrile (39):

Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 26.2 mg, 40%; 'H NMR
(400 MHz, Chloroform-d) 6 8.28 - 8.23 (m, 1H), 8.14 (s, 1H), 8.11 - 8.07 (m, 1H),
7.98 (d, J = 8.3 Hz, 2H), 7.85 - 7.73 (m, 4H); 3C NMR (101 MHz, Chloroform-d) &
186.48, 178.93, 173.83, 153.18, 150.17, 140.16, 134.54, 134.38, 133.07, 132.53,
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131.84, 129.75, 127.56, 127.50, 127.10, 124.16, 117.81, 117.08; HRMS (ESI-TOF)
Calcd for Cy0H 04N [M+H]": 328.0604; found: 328.0594.

40

3-(thiophene-2-carbonyl)naphtho[2,3-b]furan-4,9-dione (40):

Yellow soild; Eluent: petroluem ether/ethyl acetate 10:1; 27.1 mg, 44%; 'H NMR
(400 MHz, Chloroform-d) 6 8.27 - 8.22 (m, 1H), 8.20 - 8.13 (m, 1H), 8.11 (s, 1H),
7.81 - 7.76 (m, 3H), 7.67 (d, J = 3.7 Hz, 1H), 7.20 - 7.15 (m, 1H); 3C NMR (101
MHz, Chloroform-d) & 178.94, 178.73, 173.77, 153.23, 148.97, 143.86, 135.85,
134.93, 134.43, 134.08, 133.41, 131.85, 128.44, 127.87, 127.55, 126.93, 124.69;
HRMS (ESI-TOF) Calcd for C17;HyO4S [M+H]": 309.0216; found: 309.0259.
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9 X-ray crystallography studies of compound 3

9.1 X-ray crystallography studies of compound 3

Figure S8: Structure of 3 by X-Ray crystallographic (CCDC =2211797)
Single crystal suitable for X-ray diffraction was obtained by slow evaporation of

a solution of compound 3 (CDClIs) in a loosely capped vial.
Table S7: Crystal data and structure refinement for 3

Empirical formula

Cy1H;sNO4
Formula weight 345.34
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P2/n

a/A 6.92640(10)

b/A 12.02970(10)

c/A 19.0496(2)

a/° 90

/e 99.2970(10)

o

v/ 90
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Volume/A3
Z
pcalcg/cm?
wmm-!
F(000)
Crystal size/mm?
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters

Largest diff. peak/hole / e A~
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1566.41(3)
4
1.464
0.839
720.0
0.15 % 0.15 x 0.15
CuKoa (1= 1.54184)

8.726 to 153.64
8<h<7,-14<k<14,-23<1<24
29000
3206 [Rip = 0.0304, Ryigma = 0.0152]
3206/0/238

0.29/-0.19
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11 NMR Spectra for Electrolysis Products

3-benzoyl-2-(dimethylamino)naphtho[ 1,2-b]furan-4,5-dione (3):
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2-(dimethylamino)-3-(4-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (5)
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2-(dimethylamino)-3-(4-ethylbenzoyl)naphtho[2,3-b]furan-4,9-dione (6)
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3-(4-(tert-butyl)benzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (7)

YCC-4SDJ.10.

795 790 78 780 775 770 7.65 760 755 750 745 7.40

1 (ppm)

A

€06

=009

207
0
MB.F
“aoe
%00°}

15 10 05 00

20

85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

9.0

100 95

10.5

1162~ ]
zrie” =
1z6e” —
8666
o lo}
3
&
8.96— = -
8
.vm_.wn_. %
o5z i ; |
8L'9z) b
59'921 5
6e6c\ @ —
85251 - —
1LT8L 2 —
Te et e 1
2_8,\ 28
8r'9g| -
z0ZrL oF
S0'GL— o —
00'19L— mm.Nm_./ - =]
LLTEL o
STOLL— S82EL’, @ =
331 3
— SLEEL o i
w
= =
+0'061— o —
o]
8y'9gL—

YCC-4SDJ-C.10

-10

190 180 170 160 150 140 130 120 1‘50f1}00)90 80 70 60 50 40 30 20 10
ppm

210 200

S42



3-([1,1'-biphenyl]-4-carbonyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (8)
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2-(dimethylamino)-3-(4-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (9)
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3-(4-bromobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (11)
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4-(2-(dimethylamino)-4,9-dioxo0-4,9-dihydronaphtho[2,3-b]furan-3-
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methyl 4-(2-(dimethylamino)-4,9-dioxo-4,9-dihydronaphtho[2,3-b]furan-3-carbonyl)

benzoate (16)
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2-(dimethylamino)-3-(2-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (17)
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4-(3-bromobenzoyl)-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (23):
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2-(dimethylamino)-3-(3-(trifluoromethyl)benzoyl)naphtho[2,3-b]furan-4,9-dione (24)
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4-3-benzoyl-7-chloro-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (32)
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3-benzoyl-7-bromo-2-(dimethylamino)naphtho[2,3-b]furan-4,9-dione (33):
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3-benzoyl-2-(dimethylamino)-7-methoxynaphtho[2,3-b]furan-4,9-dione (34)
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8-benzoyl-9-(dimethylamino)phenanthro[3,2-b]furan-7,11-dione (35)
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3-benzoylnaphtho[2,3-b]furan-4,9-dione (4)
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4-(4-methylbenzoyl)naphtho[2,3-b]furan-4,9-dione (36)
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2-(4-fluorobenzoyl)naphtho[2,3-b]furan-4,9-dione (37)
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