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1. General methods

The instruments for electrolysis used were ElectraSyn 2.0 Pro Package (IKA) and
MAISHENG DC Power. Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without further purification. Reactions were monitored by thin-layer
chromatography (TLC) with Haiyang GF 254 silica gel plates (Qingdao Haiyang chemical
industry Co Ltd, Qingdao, China) using UV light and vanillic aldehyde or phosphomolybdic
acid as visualizing agents. Flash column chromatography was performed using 200-300 mesh
silica gel at increased pressure. 'H NMR spectra, '°F NMR spectra and '*C NMR spectra were
respectively recorded on 600 MHz, 565 MHz, and 151 MHz NMR spectrometers. Chemical
shifts (8) were expressed in ppm with TMS as the internal standard, and coupling constants (J)
were reported in Hz. High-resolution mass spectra were obtained by using ESI ionization
sources (quadrupole time-of-flight mass spectrometer, Bruker Impact II, Bremen, Germany).
Cyclic voltammograms were obtained on a CHI 700E potentiostat (CH Instruments, Inc.).

Abbreviations: HFIP = hexafluoroisopropanol, MeOH = methanol, DMA = N,N-
dimethylaniline, DMF = N,N-dimethylformamide, DMSO = dimethyl sulfoxide, EA = ethyl
acetate, DCE = dichloroethane, DCM = dichloromethane, THF = Tetrahydrofuran, MeCN =
acetonitrile, TEMPO = 2,2,6,6-tetramethylpiperidinooxy, mCPBA = 3-chloroperoxybenzoic
acid, NHPI = N-Hydroxyphthalimide, FTO = F-doped tin oxide, N.D. = not detected, N.R. =

no reaction.
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2. Electrochemical reaction setup

Figure S1. Electrochemical setup.
(A): IKA ElectraSyn Electrode Starter Kit, platinum plates (52 mm x 8 mm x 0.2 mm), 10 mL
reaction vessel (for general procedure for the electrochemical synthesis of products 3). (B): A
cylindrical bottle with a diameter of 5 cm and a height of 10 cm as reaction vessel, Pt sheet (30

mm x 30 mm x 0.2 mm) (for gram-scale preparation of product 3a).

Divided cell experiments:

Figure S2. Electrochemical setup used for divided cell experiments.
Pt sheet (10 mm x 10 mm x 0.1 mm). The reaction vessel: an H-type divided electrolytic cell

(10 mL + 10 mL) separated by a hydrogen ion-permeable membrane (Dupont N-117).
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3. Reaction optimization

Table S1. Nitrogen source screening ?

(+)Pt| Pt (-) CN
.o "BuyNBF, (1.0 equiv.) /©/
Nitrogen source Ph
Ph

H,O (100 pL), DMSO
rt, 20 mA, open flask

1a 2a 3a
Entry Nitrogen source Yield (%)P
1 NH,OH<HCI N.D.
2 (NH,OH),*H,SO, 30
3 NHI N.D.
4 NH4OAc N.D.
5 HMDS N.D.

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "Buy;NBF, (0.3
mmol, 1.0 equiv.), H,O (100 pL), DMSO (5 mL), constant current of = 20 mA, room

temperature, 6 h, in an undivided electrolytic cell. ® Isolated yield.

Table S2. Electrode screening 2

(+) x| x (-) CN
/@/ + (NH,OH)H,SO, "BusNBF, (1.0 equiv,)' /©/
Ph Ph

H,O (100 pL), DMSO

1a 2a rt, 20 mA, open flask 3a
Entry Electrode material Yield (%)°
1 (+) Pt sheet | Ni foam (-) 15
2 (+) Pt sheet | Cu foam (-) 16
3 (+) Pt sheet | C plate (-) 11
4 (+) Cplate | C plate (-) 6
5 (+) C plate | Pt sheet (-) 12
6 (+) C plate | Cu foam (-) N.D.
7 (+) C plate | SS plate (-) trace
8 (+) C plate | Ni foam (-) trace
9 (+) FTO plate | Pt sheet (-) N.R.
10 (+) Glassy C plate | Glassy C plate (-) trace
11 (+) Glassy C plate | Ni foam (-) trace
12 (+) Pt sheet | Pt sheet (-) 30
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2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "Buy;NBF, (0.3

mmol, 1.0 equiv.), H;O (100 puL), DMSO (5 mL), constant current =20 mA, room temperature,

5-8 h, in an undivided electrolytic cell. ® Isolated yield.

Table S3. Solvent screening @

(+) Pt| Pt (-) CN

/©/ + (NH,OH),H,S0, —BUaNBF4 (1.0 equiv) /©/

Ph H,O (100 pL), Solvent Ph
1a 2a rt, 20 mA, open flask 3a
Entry Solvent Yield (%)P

1 DMSO 30
2 DMF N.D.
3 DMA N.D.
4 DCM 12
5 DCE 25
6 MeOH N.D.
7 NMP N.D.
8 HFIP 15
9 MeCN trace
10 EA N.D.
11 THF N.D.
12 acetone N.D.
13 DMSO/DCE (4:1) 50
14 DMSO/DCE (3:2) 44
15 DMSO/DCE (1:1) 21
16 DMSO/DCE (2:3) 13

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "Buy,NBF, (0.3

mmol, 1.0 equiv.), HO (100 pL), solvent (5 mL), constant current =20 mA, room temperature,

5-10 h, in an undivided electrolytic cell. ® Isolated yield.
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Table S4 Electrolyte screening ?

(+)PtIPL() CN
Ph/©/ + (NH,0H),'HySO, Eleg,t,r,oslé%(éé) (j‘?f )'V') o /©/
1a 2a 120 openfask
Entry Electrolyte Yield (%)°
1 "BuyNBF, 50
2 "Et4NBF, 34
3 "Et,NPFg 40
4 "BuyNPFg¢ 33
5 NaBF, 30
6 LiBF,4 N.D.
7 NaClOy4 27
8 LiClO4 25
9 "Et4NClO4 22
10 "BuyNClO4 21
11 KPFg 30
15 Nal N.D.
13 "BuyNI N.D.
14 "BuyNCl N.D.
15 "BuyPCl N.D.
16 "BuyNOACc trace
17 "BuyNTfOH 15
18 "BuyNTsOH 12

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), Electrolyte (0.3
mmol, 1.0 equiv.), H,O (100 uL), DMSO/DCE (4:1 v/v, 5 mL), constant current =20 mA, room

temperature, 5-9 h, in an undivided electrolytic cell. ® Isolated yield.
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Table S5. Acid screening ?
(+) Pt Pt(-)

"BuyNBF, (1.0 equiv.) CN
/©/ + (NH,0H),'H,S0, H20 (100 pL), Acid
Ph Ph

DMSO/DCE (4:1)

1a 2a rt, 20 mA, open flask 3a
Entry Acid (equiv.) Yield (%)P

1 - trace
2 TFA (1.0) 45
3 TFA (2.0) 59
4 TFA (3.0) 65
5 TFA (4.0) 64
6 AcOH (3.0) 30
7 PhCOOH (3.0) N.D.
8 B(OH);(3.0) 27
8 BF;+Et,0 (3.0) 28

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "BuyNBF, (0.3
mmol, 1.0 equiv.), H,O (100 uL), DMSO/DCE (4:1 v/v, 5 mL), constant current =20 mA, room

temperature, 5-12 h, in an undivided electrolytic cell.  Isolated yield.

Table S6. Mediator screening ?

(+) Pt| Pt(-)
"BuyNBF,4 (1.0 equiv.)

CN
H,O (100 pL), TFA (3.0 equiv.
/©/ + (NH;OH),"H,S0;4 2 (DMEC;/DCE(_ quiv.), /©/
Ph (4:1) Ph

1a 2a Med (20 mol%) 3a
rt, 20 mA, open flask

Entry Mediator Yield (%)P
1 Cp,Fe 45
2 TEMPO 34
3 BHT 40
4 Ph;P 33
5 NHPI 30

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "Buy,NBF, (0.3

mmol, 1.0 equiv.), TFA (0.9 mmol, 3.0 equiv.), HO (100 uL), DMSO/DCE (4:1 v/v, 5 mL),

S6



constant current = 20 mA, room temperature, 6 h, in an undivided electrolytic cell. ® Isolated

yield.

Table S7. Screening of reaction temperature and atmosphere 2

/©/ + (NH;OH), HpSO4
Ph

(+) Pt Pt(-)
"BuyNBF, (1.0 equiv.)
H,O (100 uL), TFA (3.0 equiv.)

DMSO/DCE (4:1)

o
Ph

1a 2a rt, 20 mA 3a
Entry Temperature (°C)/ atmosphere Yield (%)P
1 10, open flask 55
2 rt, open flask 65
3 40, open flask 60
4 t, O, 48
5 rt, Ar 50

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), "Buy,NBF, (0.3

mmol, 1.0 equiv.), TFA (0.9 mmol, 3.0 equiv.), H,O (100 uL), DMSO/DCE (4:1 v/v, 5 mL),

constant current = 20 mA, 6-12 h, in an undivided electrolytic cell. ® Isolated yield.

Table S8. Screening of hydroxylamine and water amounts ?

/©/ + (NHOH)y"HySO4
Ph

(+) Pt Pt(-)
"BusNBF, (1.0 equiv.)
H,O (x, uL), TFA (3.0 equiv.)

DMSO/DCE (4:1)

o
Ph

1a 2a, x4 equiv. rt, 20 mA, open flask 3a
Entry 2a (equiv.) H,0 (uL) Yield (%)P
1 2.0 100 65
2 3.0 50 58
3 3.0 100 72
4 3.0 150 70
5 4.0 150 71

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (x; equiv.), "BuyNBF, (0.3 mmol, 1.0

equiv.), TFA (0.9 mmol, 3.0 equiv.), H,O (x, uL), DMSO/DCE (4:1 v/v, 5 mL), constant current

S7



=20 mA, room temperature, 6-12 h, in an undivided electrolytic cell.  Isolated yield.

Table S9. Screening of current ?

(+) Pt Pt(-)
"BuyNBF4 (1.0 equiv.)

CN
H,0 (100 pL), TFA (3.0 equiv.)
+ (NH20H)2H2SO -
Ph/©/ N DMSO/DCE (4:1) Ph

1a 2a rt, x mA, open flask 3a
Entry Current (mA) Yield (%)°

I 10 45

2 15 53

3 20 72

4 25 60

2 Reaction conditions: 1a (0.3 mmol, 1.0 equiv.), 2a (0.9 mmol, 3.0 equiv.), "Buy,NBF, (0.3
mmol, 1.0 equiv.), TFA (0.9 mmol, 3.0 equiv.), HO (100 uL), DMSO/DCE (4:1 v/v, 5 mL),

constant current, room temperature, 6-12 h, in an undivided electrolytic cell. ® Isolated yield.

4. General procedure for the electrochemical synthesis of products 3

(+) Pt{ Pt(-)
"BusNBF, (1.0 equiv.) CN
X i X
R )+ ron, O RO UL TFAG O ey
= : =
1 2 20 mA 3

To a 10 mL standard IKA vessel were added methylarene (1) (0.3 mmol, 1.0 equiv.),
hydroxyl ammonium sulfate (2) (0.9 mmol, 3.0 equiv.), "BuyNBF, (0.3 mmol, 1.0 equiv.), H,O
(100 uL), TFA (0.9 mmol, 3.0 equiv.), DMSO/DCE (4:1 v/v, 5 mL) and a magnetic stirring bar.
Both the anode and cathode are platinum sheets measuring 52 mm x 8§ mm x 0.2 mm (the
electrodes were immersed 1 cm in the reaction solution). The constant current (20 mA)
electrolysis was then performed at room temperature under air atmosphere with vigorous
stirring (600 rpm). Upon completion, the reaction mixture was poured into 30 mL H,O and
extracted with EtOAc (3 x 30 mL). The combined organic layers were washed with 30 mL

brine and dried over anhydrous Na,SO,. Then, the solvent was removed under reduced
S8



pressure. The resulting mixture was purified by column chromatography on silica gel (eluted

with ethyl acetate/petroleum ether) to afford the desired product 3.

5. Mechanistic investigation

5.1. Control experiments

0.3 mmol
OH CN COOH
Standard Conditions
(b) O +  NHyOH-H,S0, O . O
0.3 mmol 0.9 mmol 80% 15%
................... G T
H CN COOH
(c) O O + NHyOH-H,SO4 Standard Conditions ‘/‘/ + ‘/‘/
0.3 mmol 0.9 mmol 68% 28%
\N/OH CN
., Standard Conditions
0.3 mmol 88%
X _OH CN
o ®
() Standard Conditions
O no electricity O
0.3 mmol n.d.
X, ,.OH
O N (0] CN
0] Standard Conditions O
O H,S0,4 3.0 equiv O
0.3 mmol no electricity n.d.

Figure S3. Control experiments.

(a) For the reaction shown in Figure S3a: To a 10 mL standard IKA vessel were added 4-
methylbiphenyl (0.3 mmol, 1.0 equiv.), "BuyNBF, (0.3 mmol, 1.0 equiv.), HO (100 uL), TFA
(0.9 mmol, 3.0 equiv.), DMSO/DCE (4:1 v/v, 5 mL) and a magnetic stirring bar. Both the anode
and cathode are platinum sheets measuring 52 mm x 8§ mm x 0.2 mm (the electrodes were

immersed 1 cm in the reaction solution). The constant current (20 mA) electrolysis was then
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performed at room temperature under air atmosphere with vigorous stirring (600 rpm). Upon
completion, the reaction mixture was poured into 30 mL H,O and extracted with EtOAc (3 x
30 mL). The combined organic layers were washed with 30 mL brine and dried over anhydrous
Na,SO,. Then, the solvent was removed under reduced pressure. The resulting mixture was

purified by column chromatography on silica gel (eluted with ethyl acetate/petroleum ether).

(b) For the reaction shown in Figure S3b: Replace 4-methylbiphenyl with 4-
biphenylmethanol, add hydroxyl ammonium sulfate (0.9 mmol, 3.0 equiv.), while keeping the

other experimental procedures consistent with those described in (a).

(c) For the reaction shown in Figure S3c: Replace 4-methylbiphenyl with 4-
biphenylcarbaldehyde, add hydroxyl ammonium sulfate (0.9 mmol, 3.0 equiv.), while keeping

the other experimental procedures consistent with those described in (a).

(d) For the reaction shown in Figure S3d: Replace 4-methylbiphenyl and hydroxyl
ammonium sulfate with 4-biphenylcarbaldehyde oxime, while keeping the other experimental

procedures consistent with those described in (a).

(e) For the reaction shown in Figure S3e: Follow the same procedure as described for (d),

but without applying an electrical current.

(f) For the reaction shown in Figure S3f: The reaction was conducted according to the

procedure shown in (e), with the addition of 3 equivalents of H,SO,.

5.2. Cyclic voltammetry experiments

The cyclic voltammetry experiments were carried out with a computer-controlled
electrochemical analyzer for electrochemical measurements. The solution of interest was
sparged with argon for 5 minutes before data collection with the CHI 700E potentiostat (CH
Instruments, Inc.). The experiment was performed in a three-electrode cell with CH;CN (10
mL) as the solvent, "BuyNBF, (0.05 M) as the supporting electrolyte, and the concentration of
the tested compounds (1a, 2a, 3a, 4, 12, 13 was 2.0 mM.) The scan speed was 100 mV/s. The

oxidation potential ranges investigated were 0 V to +3.0 V vs. Ag/AgCl (saturated aqueous
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KCl). CV plotting convention is [UPAC.

Working electrode: The working electrode was a 3 mm diameter glassy carbon working
electrode. Polished with 0.05 um aluminum oxide and then sonicated in distilled water and
ethanol before measurements.

Reference electrode: The reference electrode was Ag/AgCl (saturated aqueous KCl) that was
washed with water and ethanol before measurements.

Counter electrode: The counter electrode was a platinum wire that was polished with 0.05 pm

aluminum oxide and then sonicated in distilled water and ethanol before measurements.

4.5x10% H|— blank

118 (Egpee=+2.05V)
4010% 412 (5, m+181V)
35%104 4[4 (Epnger=+2.16V)
1 13 (Eppser=t1.80 V)
-4
3.0x10" 1 2a (No oxidation potential)
< ]
~ 25x10* +
= ]
g 2.0x10*
5 J
O 15x10%
1.0x10™
5.0%10° +
ol g e ———
=
-5.0x10% - T T . - T
0 1 2 3

Potential / V (vs. Ag/AgCl)

Figure S4.1 Cyclic voltammogram of 1a, 2a, 4, 12 and 13 in an electrolyte of "Buy;NBF,
(0.05 M) in MeCN from 0 to +3.0 V.
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—— blank

:
Vsl .
/Eﬁ

Current/ A

: 1

0
Potential / V (vs. Ag/AgCI)

Figure S4.2 Cyclic voltammogram of 13, 3a, 13+3a in an electrolyte of "BuyNBF, (0.05 M)
in MeCN from -3.0 V to +3.0 V (three scans).

5.3. Radical trapping experiments

Under standard conditions, TEMPO (3.0 equiv. to 1a) or BHT (3.0 equiv. to 1a) was added
to the model reaction system at the beginning of the reaction. The reaction was monitored by
TLC. After 6 h, a small amount of reaction mixture was taken out for high-resolution mass

spectrometry (HRMS) measurement.

CN : i

Standard Conditions 1 :

(a) /©/+ (NH20H),°H,S04 /©/ | N ‘
Ph TEMPO 3.0 equiv  pp : /©/\o/ :

0.3 mmol ' Ph :

11 .
i detected by HRMS
CN . [M+H]*, cal. 324.2322
Found: 324.2331

(b) /©/+ (NH20H)2'HZSO4 Standard Conditions
Ph

BHT 3.0 equiv Ph

Q

0.3 mmol trace

Figure S5. Radical validation experiments.
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5.4. Divided cell experiments

(a) i (b)  oxime = 4-Phenylbenzaldoxime
| | , |
Anode . Cathode ' Anode . Cathode
1a +2a ! 1a + 2a : oxime oxime
"BuNBF, | "BuNBF; || "Bu,NBF, | "BusNBF,
TFA,H,O | TFA H0 ; TFA,H,O | TFA HO
DMSO/DCE | DMSO/DCE : DMSO/DCE | DMSO/DCE
platinum sheet platinum sheet | : |platinum sheet platinum sheet
Anode: 3a, 0% yield i Anode: 3a, 0% yield
Cathode: 3a, 0% yield 5 Cathode: 3a, 0% yield

Figure S6. Divided cell experiments.

For the experiment shown in Figure Sé6a: To the left and right parts of the H-type divided
electrolytic cell were added 1a (0.3 mmol, 1.0 equiv.), 2a (0.9 mmol, 3.0 equiv.), electrolyte
"BuuNBF,; (0.3 mmol, 1.0 equiv.), H,O (100 puL), TFA (0.9 mmol, 3.0 equiv.), 5 mL
DMSO/DCE (4:1 v/v) and a magnetic stirrer bar. Platinum plates (10 mm x 8§ mm x 0.2 mm)
were used as the anode and cathode. The constant current (20 mA) electrolysis was then
performed at room temperature under air atmosphere with vigorous stirring (600 rpm) for 20 h.

Through TLC detection, no target product 3a was detected at either the anode or the cathode.

For the experiment shown in Figure S6b: To the left and right parts of the H-type divided
electrolytic cell were added 4-phenylbenzaldoxime (0.3 mmol, 1.0 equiv.), electrolyte
"BuyNBF, (0.3 mmol, 1.0 equiv.), H,O (100 pL), TFA (0.9 mmol, 3.0 equiv.), 5 mL
DMSO/DCE (4:1 v/v) and a magnetic stirrer bar. Platinum plates (10 mm x 8 mm x 0.2 mm)
were used as the anode and cathode. The constant current (20 mA) electrolysis was then
performed at room temperature under air atmosphere with vigorous stirring (600 rpm) for 10 h.

Through TLC detection, no target product 3a was detected at either the anode or the cathode.
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5.5. KIE experiments

KIE experiment on the methyl-to-alcohol oxidation OH
CD3 D
/©/ Standard conditions D
Ph 1h Ph

- 0, —
1a, 0.15 mmol 12-dy, 4% Ku/ Kp= 2.5

/©/ Standard conditions
Ph 1h Ph

1a-d3, 0.15 mmol 12, 10%

2,

KIE experiment on the oxime dehydration step

_.OH
N (o)
é CN
/©/ “H Standard conditions /©/
Ph Th Ph
13, 0.15 mmol 3a, 62% Ky/ Kp=1.7
_OH
l‘\l‘ CN
C\D Standard conditions /©/
/©/ 1h Ph
Ph
13-d, 0.15 mmol 3a, 44%

Figure S7. KIE experiments
Parallel KIE experiments
(a) Methyl-to-alcohol oxidation: 4-Methyl-1,1'-biphenyl (0.15 mmol) and its deuterated
analogue 4-(methyl-d;)-1,1'-biphenyl (0.15 mmol) were each placed in separate 10 mL IKA
reaction vials. After electrolysis under standard conditions (without hydroxylamine) for 1 h, the
mixtures were purified. The non-deuterated substrate afforded [1,1'-biphenyl]-4-methanol in
10% yield, while the deuterated substrate gave the corresponding deuterated alcohol in 4%

yield, leading to a Ky/Kp value of 2.5.

(b) Oxime dehydration: [1,1'-Biphenyl]-4-carbaldehyde oxime (0.15 mmol) and its
benzylic-deuterated analogue [1,1'-biphenyl]-4-carbaldehyde-d oxime-1-d (0.15 mmol) were
each placed in separate 10 mL IKA reaction vials. After electrolysis under standard
conditionsfor 1 h, the mixtures were purified. The non-deuterated substrate afforded [1,1'-
biphenyl]-4-carbonitrile in 62% yield, while the deuterated substrate gave the corresponding
product in 44% yield. Because the reaction proceeded to relatively high conversion, the raw
yield ratio (1.4) does not directly equal ky/kp. Therefore, the KIE was calculated using the first-

order kinetic correction formula: ky/kp = In(1-Cy)/In(1-Cp) = In(0.38)/In(0.56) = 1.7.
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5.6. 130-labeling experiment
180H 180

(+) Pt| Pt(-)
/@/ "BusNBF, (1.0 equiv.) . /@)J\H
18 i
Ph H,"°O (100 uL), TFA (3.0 equiv.) Ph Ph

DMSO/DCE (4:1)
0.3 mmol 20 mA

Figure S8.1 '¥0-labeling experiment
To a 10 mL standard IKA vessel were added 4-methylbiphenyl (0.3 mmol, 1.0 equiv.),

"BuyNBF, (0.3 mmol, 1.0 equiv.), H,'*0 (100 pL), TFA (0.9 mmol, 3.0 equiv.), DMSO/DCE
(4:1 v/v, 5 mL), and a magnetic stirring bar. Both the anode and cathode were platinum sheets
measuring 52 mm x 8§ mm x 0.2 mm (the electrodes were immersed 1 cm into the reaction
solution). Constant current electrolysis (20 mA) was then performed at room temperature under

air atmosphere with vigorous stirring (600 r/min) for 6 hours. After purification, the product

was analyzed by HRMS.
Intens. {1. 087348.d: +MS, 0.17-0.24min #10-14
a0 185.0847 ST e T N
1.25 ! : wo
1.00 | ﬁr—« 3
L '
0.759 '
| & :
0.50] ! detected by HRMS |
! [M+H]", cal. 185.0847 |
0.254 L { Found: 185.0847 186.0881
186.2214 186.9729
0.00 : ‘/‘J : . L . : : , ; y
1845 185.0 1855 186.0 186.5 187.0 1875 188.0 1885 1890 m/z
Intens. [1. 087157.d: +MS, 0.5-0.7min #28-40
oottt BoH
6000-| /\
\
\
i
4000 I LooPh
|| ' 12"
208 uszf | ! detected by HRMS
2000 /A [\ ! [M+Nal*, cal. 209.0823]
/“ \ \\ | Found: 209.0839 j
/ ., \Found:2090839
— /J /\/ P
208.95 209.00 209.05 209.10 209.15 209.20 209.25 209.30 20935 20940 mjz

Figure S8.2 '*0-labeling experiment (HRMS)

6. Synthetic applications

6.1. Gram-scale preparation of product 3a

(+) Pt | Pt () CN
/©/ NH,OH),*H,50, —DusNBFa, TFA O
Ph + (NFOH) 2504 "Byso/BCE, Hy0 O
1a 2a 120 mA 18 h 3a

A mixture of 4-methylbiphenyl (1a) (10.0 mmol, 1.0 equiv.), hydroxylamine sulfate (2a)

S15



(15.0 mmol, 1.5 equiv.), TFA (15.0 mmol, 1.5 equiv.), H,O (3.0 mL), "BusyNBF, (3.0 mmol, 0.3
equiv.), DMSO/DCE (4:1, 40.0 mL), and a magnetic stir bar was added to a cylindrical vessel
(5 cm diameter x 10 cm height). Two platinum plates (30 mm X 30 mm X 0.2 mm) were
employed as the cathode and anode. Constant-current electrolysis (120 mA) was performed at
room temperature under an air atmosphere with vigorous stirring (600 rpm). Upon completion,
the reaction mixture was poured into 100 mL of H,O and extracted with EtOAc (3 x 30 mL).
The combined organic layers were washed with 30 mL of saturated NaCl solution and dried
over anhydrous Na,SO,. The solvent was removed under reduced pressure. The resulting crude
product was purified by silica gel column chromatography (eluted with petroleum ether) to

afford the desired product 3a (1.11 g, 62% yield).
6.2. Derivatization and synthesis of bioactive intermediate compounds

0
CN
O DIBALH H
O THF :

A 50 mL flask equipped with a magnetic stir bar was charged and purged with argon.

3a 4

morpholine (0.22 mL, 2.55 mmol) and tetrahydrofuran (5.0 mL) were added, and the reaction
system was cooled to 0 °C by immersion in an ice bath. diisobutylaluminum hydride (DIBALH,
2.5 mL of 1.0 M solution in hexane, 2.5 mmol) was slowly added dropwise over 2 minutes, and
the mixture was stirred at this temperature for 30 minutes. To the stirring mixture was
introduced 4-cyanobiphenyl 3a (0.5 mmol), followed by continuous stirring at 25 °C for 60
minutes. Upon completion of the reaction, the mixture was quenched with aqueous
hydrochloric acid (5.0 mL). Diethyl ether (10.0 mL) was subsequently added, and stirring was
maintained until the organic layer clarified. The reaction mixture was then poured into 30 mL
of H,O and extracted with ethyl acetate (3 x 30 mL). The combined organic layers were washed
with saturated NaCl solution (30 mL), dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The crude product was purified by silica gel column chromatography (eluent:

ethyl acetate/petroleum ether), affording 4-biphenylcarbaldehyde 4 as the desired product in
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80% vield. "H NMR (600 MHz, Chloroform-d) 8 10.05 (s, 1H), 7.95 (d, J = 7.9 Hz, 2H), 7.75
(d, J=7.9 Hz, 2H), 7.63 (d, J = 7.5 Hz, 2H), 7.48 (t, J = 7.5 Hz, 2H), 7.44 — 7.39 (m, 1H). C
NMR (151 MHz, Chloroform-d) § 192.0, 147.2, 139.7, 135.2, 130.3, 129.0, 128.5, 127.7,

127.39. The spectral data is identical to those reported previouslyt!l.

CN
NaOH OH

EtOH/H,0
O 100 °C O

3a 5

A mixture of 4-cyanobiphenyl 3a (1.0 mmol), NaOH (0.1 mmol), and EtOH/H,0 (0.5 mL)
was charged into a 50 mL flask equipped with a magnetic stir bar. The reaction mixture was
stirred at 110 °C (external temperature) for 15 hours. Upon completion, the mixture was poured
into 30 mL of H,O and extracted with ethyl acetate (3 x 30 mL). The combined organic layers
were washed with saturated NaCl solution (30 mL), dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography (eluent: ethyl acetate/petroleum ether), yielding 4-biphenylcarboxylic acid 5§
as a white solid in 62% yield. '"H NMR (600 MHz, DMSO-ds) 6 13.01 (s, 1H), 8.05 (d, J=8.3
Hz, 2H), 7.81 (d, /= 8.3 Hz, 2H), 7.77 - 7.72 (m, 2H), 7.51 (t,J= 7.6 Hz, 2H), 7.43 (t, /= 7.3
Hz, 1H). 3C NMR (151 MHz, DMSO-dy) & 167.6, 144.8, 139.5, 130.4, 130.1, 129.5, 128.7,
127.4, 127.3. The spectral data is identical to those reported previously!?l.

@)

CN
O/
O MeOH, HCI O
@ =

3a 6

A mixture of 4-cyanobiphenyl 3a (1.0 mmol) and methanol (3.0 mL) was charged into a
50 mL flask. The mixture was cooled to 5 °C using an ice bath. An HCI solution was added
dropwise to the methanolic solution until the required amount (3.0 mmol HCI) was achieved.
The resulting mixture was allowed to react at 5 °C for 24 hours. Upon completion, the reaction

mixture was poured into 30 mL of H,O and extracted with ethyl acetate (3 x 30 mL). The
S17



combined organic layers were washed with saturated NaCl solution (30 mL), dried over
anhydrous Na,SO,, and concentrated under reduced pressure. The crude product was purified
by silica gel column chromatography (eluent: ethyl acetate/petroleum ether), yielding methyl
4-biphenylcarboxylate 6 as a white solid in 70% yield. '"H NMR (600 MHz, Chloroform-d) &
8.12 — 8.08 (m, 2H), 7.68 — 7.64 (m, 2H), 7.64 — 7.60 (m, 2H), 7.46 (dd, J = 8.5, 6.9 Hz, 2H),
7.41 — 7.36 (m, 1H), 3.93 (s, 3H). 3*C NMR (151 MHz, Chloroform-d) & 167.0, 145.7, 140.0,

130.1, 128.9, 128.9, 128.2, 127.3, 127.1, 52.1. The spectral data is identical to those reported

NH,
| N /
0 'BuOK, DMA, Ar, 60°C N

3k, 0.3 mmol 7

previously!3l.

4-Methoxybenzonitrile 3k (0.3 mmol) and potassium terz-butoxide (0.6 mmol, 2.0 equiv)
were placed in a 5 mL round-bottom flask and dissolved in DMA (1 mL) to afford solution A,
which was set aside. In a separate 5 mL round-bottom flask, 2-iodoaniline (0.6 mmol, 2.0 equiv)
was added. The flask was evacuated and backfilled with argon, and the contents were heated to
60 °C. Solution A was then added to the reaction mixture, and stirring was continued at 60 °C
for 20 h. The reaction progress was monitored by thin-layer chromatography (TLC). Upon
completion, the reaction mixture was poured into water (30 mL) and extracted with ethyl acetate
(3 x30 mL). The combined organic layers were washed with saturated aqueous sodium chloride
solution (30 mL), dried over anhydrous Na,SQO,, and concentrated under reduced pressure. The
crude product was purified by column chromatography on silica gel (eluent: ethyl
acetate/petroleum ether) to afford the product 7 as a white solid in 34% yield. 7: "H NMR (600
MHz, DMSO-dg) 6 12.78 (s, 1H), 8.19 — 8.15 (m, 2H), 7.71 — 7.49 (m, 2H), 7.22 (s, 2H), 7.18
—7.13 (m, 2H), 3.89 (s, 3H). 1*C NMR (151 MHz, DMSO-d;) 6 161.1, 151.8, 144.4, 135.4,
128.5, 123.2, 122.5, 121.9, 119.0, 114.8, 111.5, 55.8. The spectral data is identical to those

reported previouslyl!7118],
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2,4,6-Trimethylphenol o-N
- - = -C3H
A TsCl, pyridine KoCO3 n-C3H7CH=NOH, NCS o} S n-Gaiz
N _~_OH 4>\\\/\/0T5 _ - -

butan-2-one, reflux O/\/\\\ Pyridine, CHCl3
14 15 16
: N : oN |
o-N Pt Pt O™\ : o ~/ MG
o )—nCHy ——— > 0. ~/ MCHr :
NS |
NC : ) 10, tetrazole analogue

related to Disoxaril

Following reported procedures,!'”) compounds 14, 15, and 16 were synthesized starting from
pent-4-yn-1-ol.

Compound 8 (0.3 mmol) and 2a (0.9 mmol, 3.0 equiv.) were subjected to electrolysis under
standard conditions. The reaction progress was monitored by thin-layer chromatography (TLC).
Upon completion, the reaction mixture was poured into water (30 mL) and extracted with ethyl
acetate (3 x 30 mL). The combined organic layers were washed with saturated aqueous sodium
chloride solution (30 mL), dried over anhydrous Na,SO,, and concentrated under reduced
pressure. The crude product was purified by column chromatography on silica gel (eluent: ethyl
acetate/petroleum ether = 10:1) to afford the product 9 (22.5 mg)as a yellow solid in 38% yield.
15: 'TH NMR (600 MHz, Chloroform-d) & 7.74 — 7.71 (m, 2H), 7.28 (d, J = 8.0 Hz, 2H), 4.08
(t, J = 6.1 Hz, 2H), 2.38 (s, 3H), 2.19 (td, J = 6.9, 2.7 Hz, 2H), 1.83 — 1.75 (m, 3H). 16: 'H
NMR (600 MHz, Chloroform-d) & 6.74 (s, 2H), 3.76 (t, J= 6.1 Hz, 2H), 2.40 (td, /= 7.1, 2.6
Hz, 2H), 2.16 (d, J = 5.9 Hz, 9H), 1.96 — 1.88 (m, 3H). 8: '"H NMR (600 MHz, Chloroform-d)
8 6.73 (s, 2H), 5.80 (s, 1H), 3.70 (t, J = 6.1 Hz, 2H), 2.92 (t, J= 7.7 Hz, 2H), 2.53 (t, /= 7.6
Hz, 2H), 2.15 (d, J = 5.4 Hz, 9H), 2.09 (s, 2H), 1.60 (d, J = 7.5 Hz, 2H), 0.90 (t, J = 7.4 Hz,
3H). 9: '"H NMR (600 MHz, Chloroform-d) & 7.31 (d, /= 0.6 Hz, 2H), 5.88 (s, 1H), 3.83 (t, J=
6.1 Hz, 2H), 2.99 (t, J = 7.6 Hz, 2H), 2.63 — 2.58 (m, 2H), 2.26 (s, 6H), 2.23 — 2.19 (m, 2H),
1.69 — 1.64 (m, 2H), 0.98 — 0.95 (m, 3H). *C NMR (151 MHz, Chloroform-d) & 170.9, 163.0,
158.6, 131.8, 131.5, 118.0, 106.4, 99.8, 69.8, 27.2, 27.0, 22.3, 20.6, 15.2, 12.7. The spectral

data is identical to those reported previously!'?l.
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7. Characterization data of products

NS
‘/‘/\ O\N

[1,1'-biphenyl]-4-carbonitrile (3a)*: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 38.7 mg, 72%

yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.71 (d, J = 8.1 Hz, 2H), 7.67 (d, J =
8.0 Hz, 2H), 7.58 (dd, J= 7.3, 1.7 Hz, 2H), 7.48 (t, J = 7.7 Hz, 2H), 7.45 — 7.39 (m, 1H). *C

NMR (151 MHz, Chloroform-d) 6 145.7,139.2,132.6,129.1,128.7,127.7,127.2,118.9, 111.1.

‘ I
N

[1,1'-biphenyl]-2-carbonitrile (3b)!l: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 26.9 mg, 50%

yield. "H NMR (600 MHz, Chloroform-d) 5 7.76 (dd, J=7.8, 1.4 Hz, 1H), 7.64 (td, J= 7.7, 1.4
Hz, 1H), 7.59 — 7.54 (m, 2H), 7.53 — 7.47 (m, 3H), 7.47 — 7.40 (m, 2H). 3C NMR (151 MHz,

Chloroform-d) & 145.5, 138.2, 133.8, 132.8, 130.1, 128.8, 128.7, 128.7, 127.6, 118.7, 111.3.

NS
/‘/‘/\ O\N

4'-methyl-[1,1'-biphenyl]-4-carbonitrile (3¢)*l: Rf = 0.25 (Petroleum ether/EtOAc, 30:1).

41.1 mg, 71% yield. Yellow oil. '"H NMR (600 MHz, Chloroform-d) & 7.69 (d, J = 8.4 Hz,
2H), 7.65 (d, J = 8.6 Hz, 2H), 7.50 — 7.46 (m, 2H), 7.28 (d, J = 7.9 Hz, 2H), 2.41 (s, 3H). 13C

NMR (151 MHz, Chloroform-d) 6 145.6, 138.8,136.3,132.6,129.9, 127.5,127.1, 119.0, 110.6,

21.2.
N
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3',5'-dimethyl-[1,1'-biphenyl]-4-carbonitrile (3d)*: Rf = 0.25 (Petroleum ether/EtOAc,
30:1). 43.5 mg, 70% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.69 — 7.61 (m,
4H), 7.18 (s, 2H), 7.05 (s, 1H), 2.38 (s, 6H). 3C NMR (151 MHz, Chloroform-d) & 146.0,

139.2,138.7, 132.5,130.3, 127.7, 125.12, 119.0, 110.7, 21.4.

NS
\/‘/‘/\ O\N

4'-ethyl-[1,1'-biphenyl]-4-carbonitrile (3¢)i5: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 25.0

mg, 40% yield. Yellow oil. "H NMR (600 MHz, Chloroform-d) & 7.68 (d, J= 8.1 Hz, 2H), 7.65
(d, J=8.1 Hz, 2H), 7.50 (d, /= 7.8 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 2.70 (q, J = 7.6 Hz, 2H),
1.28 (t, J = 7.7 Hz, 3H). *C NMR (151 MHz, Chloroform-d) & 145.6, 145.1, 136.5, 132.6,

128.7,127.5, 127.2, 119.0, 110.6, 28.6, 15.5.
o
A2

4'-fluoro-[1,1'-biphenyl]-4-carbonitrile (3f)1¢l: Rf = 0.25 (Petroleum ether/EtOAc, 30:1).

43.1 mg, 73% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.72 (d, J= 8.0 Hz, 2H),
7.64 (d, J= 8.0 Hz, 2H), 7.56 (dd, J = 8.6, 5.4 Hz, 2H), 7.17 (t,J = 8.4 Hz, 2H). *C NMR (151
MHz, Chloroform-d) & 163.2 (d, J=249.1 Hz), 162.4, 144.6, 135.3 (d,J=3.0 Hz), 129.0 (d, J
=7.6 Hz), 127.6, 118.8, 116.1 (d, J=22.7 Hz), 111.0. '°F NMR (565 MHz, Chloroform-d) & -

113.2.

X
: O
Cl

4'-chloro-[1,1'-biphenyl]-4-carbonitrile (3g)!%: Rf = 0.25 (Petroleum ether/EtOAc, 30:1).

44.1 mg, 69% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.73 (d, J= 8.0 Hz, 2H),
7.65 (d,J=8.0 Hz, 2H), 7.52 (d, J= 8.1 Hz, 2H), 7.45 (d, /= 8.1 Hz, 2H)."*C NMR (151 MHz,

Chloroform-d) ¢ 144.4, 137.6, 135.0, 132.7, 129.3, 128.5, 127.6, 118.7, 111.3.
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NS
o
Br

4'-bromo-[1,1'-biphenyl]-4-carbonitrile (3h)"l: Rf = 0.25 (Petroleum ether/EtOAc, 30:1).

50.1 mg, 65% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.74 — 7.70 (m, 2H),
7.67 —7.63 (m, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H). 3*C NMR (151 MHz,

Chloroform-d) & 144.4, 138.1, 132.7, 132.3, 128.8, 127.6, 123.2, 118.7, 111 .4.

//N
JO

4'-ethoxy-[1,1'-biphenyl]-4-carbonitrile (3i)®1: Rf = 0.25 (Petroleum ether/EtOAc, 20:1).

41.5 mg, 62% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) 6 7.75 — 7.61 (m, 4H),
7.52 (dd, J=9.0, 2.5 Hz, 2H), 6.98 (dt, J=9.1, 2.7 Hz, 2H), 4.08 (q, /= 7.1 Hz, 2H), 1.44 (t,
J=6.9 Hz, 3H). BC NMR (151 MHz, Chloroform-d) 6 159.6, 145.3, 132.6, 131.3, 128.3, 127.1,

119.1, 115.1, 110.1, 63.7, 14.8.

o™
A

4'-propoxy-[1,1'-biphenyl]-4-carbonitrile (3j)°!: Rf = 0.25 (Petroleum ether/EtOAc, 20:1).

44.8 mg, 63% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) 6 7.67 (d, J= 8.0 Hz, 2H),
7.63 (d, J = 8.1 Hz, 2H), 7.58 — 7.48 (m, 2H), 7.05 — 6.93 (m, 2H), 3.97 (t, J = 6.5 Hz, 2H),
1.84 (h, J=17.1 Hz, 2H), 1.06 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz, Chloroform-d) ¢ 159.9,

145.3, 132.6, 131.3, 128.3, 127.1, 119.1, 115.2, 110.1, 69.7, 22.6, 10.5.

NS
o
o

4-methoxybenzonitrile (3k)[1%: Rf=0.25 (Petroleum ether/EtOAc, 20:1). 18.4 mg, 46% yield.

Yellow oil. '"H NMR (600 MHz, Chloroform-d) 6 7.58 (dd, J = 7.6, 4.8 Hz, 2H), 7.04 — 6.85
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(m, 2H), 3.86 (d, J = 3.3 Hz, 3H). 3C NMR (151 MHz, Chloroform-d) & 162.9, 134.0, 119.2,

114.8, 104.0, 55.6.

N
CL
O/

2-methoxybenzonitrile (31)['!l; Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 9.9 mg, 25% yield.

Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.55 (t, J= 7.6 Hz, 2H), 7.04 — 6.96 (m, 2H),
3.93 (s, 3H). 3C NMR (151 MHz, Chloroform-d) 6 161.2, 134.4, 133.7, 120.8, 116.5, 111.3,

101.8, 56.0.

/\O

4-ethoxybenzonitrile (3m)1%: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 19.8 mg, 45% yield.

Yellow oil. '"H NMR (600 MHz, Chloroform-d) & 7.57 (d, J= 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz,
2H), 4.08 (q, J= 7.0 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, Chloroform-d) &

162.3,134.0, 119.3, 115.2, 103.7, 63.9, 14.6.

Ao

4-isopropoxybenzonitrile (3n)!'%; Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 20.3 mg, 42%

yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) 6 7.56 (d, J = 8.5 Hz, 2H), 6.91 (d, J =
8.4 Hz, 2H), 4.61 (h, J = 6.1 Hz, 1H), 1.36 (d, J = 6.1 Hz, 6H). 3C NMR (151 MHz,

Chloroform-d) 6 161.4, 134.0, 119.4, 116.1, 103.4, 70.4, 21.8.

4O

4-(tert-butoxy)benzonitrile (30)['": Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 20.5 mg, 39%

yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) 6 7.56 (d, /= 8.7 Hz, 2H), 7.04 (d, J =
8.6 Hz, 2H), 1.42 (d, J = 1.1 Hz, 9H). 3C NMR (151 MHz, Chloroform-d) 6 159.9, 133.4,

123.0, 119.1, 105.7, 80.2, 28.8.
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ol

4-isobutoxybenzonitrile (3p)!'%: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 22.1 mg, 42%

yield. Yellow oil. "H NMR (600 MHz, Chloroform-d) 6 7.59 — 7.55 (m, 2H), 6.95 — 6.92 (m,
2H), 3.76 (d, J = 6.5 Hz, 2H), 2.10 (dp, J = 13.3, 6.7 Hz, 1H), 1.03 (d, J = 6.8 Hz, 6H). °C

NMR (151 MHz, Chloroform-d) 8 162.6, 134.0, 119.4, 115.2, 103.6, 74.7, 28.1, 19.1.

3,4-dimethoxybenzonitrile (3q)!''l: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 18.6 mg, 38%
yield. Yellow oil. '"H NMR (600 MHz, Chloroform-d) 6 7.31 — 7.25 (m, 1H), 7.08 (t,J = 3.1
Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 3.91 (dd, J = 19.6, 4.3 Hz, 6H).!3C NMR (151 MHz,

Chloroform-d) 8 152.9, 149.2, 126.4, 119.2, 114.0, 111.3, 103.9, 56.1, 56.1.

oo

benzo[d][1,3]dioxole-5-carbonitrile (3r)': Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 18.0

mg, 41% yield. Yellow oil. '"H NMR (600 MHz, Chloroform-d) & 7.21 (dd, J = 8.1, 1.6 Hz,
1H), 7.04 (d, J = 1.8 Hz, 1H), 6.87 (d, J = 8.1 Hz, 1H), 6.07 (s, 2H). 3C NMR (151 MHz,

Chloroform-d) & 151.5, 148.1, 128.2, 118.9, 111.4, 109.1, 105.0, 102.2.

3,4,5-trimethoxybenzonitrile (3s)['21: Rf = 0.25 (Petroleum ether/EtOAc, 10:1). 17.9 mg, 31%
yield. Yellow oil. "H NMR (600 MHz, Chloroform-d) 6 6.87 (s, 2H), 3.90 (s, 3H), 3.88 (s, 6H).

BC NMR (151 MHz, Chloroform-d) & 153.6, 142.5, 118.9, 109.5, 106.7, 61.0, 56.4.

S24



NS
IO
>0

4-methoxy-3-methylbenzonitrile (3t)[13l: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 18.1 mg,

41% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 7.49 (dd, J = 8.5, 2.1 Hz, 1H),
7.41 —7.38 (m, 1H), 6.85 (d, /= 8.5 Hz, 1H), 3.88 (s, 3H), 2.21 (s, 3H). *C NMR (151 MHz,

Chloroform-d) 6 161.1, 133.9, 132.0, 128.2, 110.1, 103.4, 55.6, 16.0.

~N

4-methoxy-2-methylbenzonitrile (3u)'3: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 13.2 mg,
30% yield. Yellow oil. 'H NMR (600 MHz, Chloroform-d) 6 7.51 (dd, J = 8.0, 4.2 Hz, 1H),
6.85 — 6.72 (m, 2H), 3.83 (d, J= 3.6 Hz, 3H), 2.50 (d, /= 3.6 Hz, 3H). 13C NMR (151 MHz,

Chloroform-d) & 162.8, 144.1, 134.2, 118.5, 115.7, 112.1, 104.5, 55.5, 20.7.

N
o

3-fluoro-4-methoxybenzonitrile (3v)!'¥: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 23.1 mg,

54% yield. Yellow oil. '"H NMR (600 MHz, Chloroform-d) & 7.44 (dt, J = 8.5, 1.6 Hz, 1H),
7.36 (dt,J=10.6, 1.5 Hz, 1H), 7.03 (t, /= 8.4 Hz, 1H), 3.96 (d, /= 1.1 Hz, 3H). *C NMR (151
MHz, Chloroform-d) & 151.9 (d, J=9.1 Hz), 151.8 (d, J = 250.6 Hz), 129.7 (d, J = 3.0 Hz),
119.6 (d,J=21.1 Hz), 118.0 (d, /= 3.0 Hz), 113.6 (d, /= 3.0 Hz), 104.0 (d, J = 7.6 Hz), 56.4.

9F NMR (565 MHz, Chloroform-d) 6 -132.0.

3-chloro-4-methoxybenzonitrile (3w)['5l: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 25.5 mg,
51% yield. Yellow oil. "H NMR (600 MHz, Chloroform-d) & 7.66 (d, J= 2.1 Hz, 1H), 7.56 (dd,
J=28.6,2.1 Hz, 1H), 6.99 (d, /= 8.6 Hz, 1H), 3.97 (s, 3H). 3C NMR (151 MHz, Chloroform-d)

6 158.6, 133.6, 132.5, 123.6, 117.9, 112.2, 104.8, 56.5.
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3-bromo-4-methoxybenzonitrile (3x)'%: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 28.5 mg,
45% yield. Yellow oil. "H NMR (600 MHz, Chloroform-d) 6 7.82 (d, J= 2.5 Hz, 1H), 7.60 (dd,
J=28.6,2.2 Hz, 1H), 6.95 (d, J= 8.6 Hz, 1H), 3.96 (s, 3H). 3C NMR (151 MHz, Chloroform-d)

6 159.5,136.7, 133.2, 117.7, 112.3, 111.9, 105.3, 56.6.

Br

2-bromo-4-methoxybenzonitrile (3y)'%: Rf = 0.25 (Petroleum ether/EtOAc, 20:1). 27.8 mg,
44% yield. Yellow oil. '"H NMR (600 MHz, Chloroform-d) & 7.56 (d, J= 8.7 Hz, 1H), 7.18 (d,
J=2.5Hz, 1H), 6.91 (dd,J=8.7,2.5 Hz, 1H), 3.87 (s, 3H). 3C NMR (151 MHz, Chloroform-d)

6163.2,135.3,126.5,118.7, 117.6, 114.0, 107.5, 56.0.

QL™

4-phenoxybenzonitrile (3z)21: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 31.0 mg, 53% yield.

Yellow oil. '"H NMR (600 MHz, Chloroform-d) 8 7.59 (d, J = 8.5 Hz, 2H), 7.41 (t, J= 7.7 Hz,
2H), 7.27 — 7.21 (m, 1H), 7.06 (d, J= 7.9 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H). 3C NMR (151

MHz, Chloroform-d) 8 161.7, 154.9, 134.1, 130.3, 125.2, 120.4, 118.8, 118.0, 105.9.

N
oo

2-naphthonitrile (3aa)l'%: Rf = 0.25 (Petroleum ether/EtOAc, 30:1). 128.9 mg, 60% yield.

Yellow oil. 'H NMR (600 MHz, Chloroform-d) & 8.19 (s, 1H), 7.90 — 7.83 (m, 3H), 7.63 (t, J
=".5 Hz, 1H), 7.58 (dd, J = 12.2, 7.9 Hz, 2H). 3C NMR (151 MHz, Chloroform-d) & 134.7,

134.1, 132.3,129.2, 129.1, 128.4, 128.1, 127.7, 126.3, 119.3, 109.4.
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OH

[1,1'-biphenyl]-4-ylmethanol (12)1%: Rf = 0.25 (Petroleum ether/EtOAc, 10:1). Yellow oil.

'H NMR (600 MHz, Chloroform-d) & 7.63 (d, J = 8.1 Hz, 4H), 7.51 — 7.46 (m, 4H), 7.40 (td, J

=72, 1.3 Hz, 1H), 4.76 (s, 2H), 1.99 (d, J = 3.6 Hz, 1H). 3C NMR (151 MHz, Chloroform-d)

6 140.9, 140.7, 139.9, 128.8, 127.5, 127.4, 127.3, 127.1, 65.1.
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8. NMR spectra of products

mmmmmmmmmmmmmm

oo - ®mo©wY < ~
NNo o~ i ad
BoNDONN | © =]
TmOoANNN - -
|
|
|
T T T T T T T T T T T T T T T T T T
210 200 190 180 70 160 150 140 130 120 110 100 90 0 70 50 Ho 30 20 10 0 10
1 (ppm)

TH-NMR Spectrum (400MHz, CDCI;) of 3b

528




Ly
£v'Lq
£v'Lq
L
vrLq
Sv'L
StL
oL
9v'L
8vL
8t'L
612
6172
0G°2
1572
2527

£1 (ppm)

LELLL—

VI8t —

RARN

SGL
95°2
952
152
29
€92
v9'L ]
921
59'L
592 |
sre
9r's

e

e
cf-aA

CN

S22t
v.'82L
mn.wmrw
m\y.wN—\\
LLogL
v8zeL
LLEEL

9L'8el
mm.mvr\

n#.n;
1L

I3C-NMR Spectrum (101MHz, CDCl;) of 3b

10

10

20

40

90 80

100
£1 (ppm)

S29

110

12|

140

5

15

160

CN

'TH-NMR Spectrum (600 MHz, CDCL;) of 3¢



241

T
0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
£1 (ppm)

I3C-NMR Spectrum (151 MHz, CDCl;) of 3¢

o ~NoflonN o ©
© "N%@".O ] o ®
6 soganN o S} -
T oofaNy - < -
- crfleed + - N
| A
T T T T T T T T T T T U T T
21 200 19 180 170 10 150 140 130 120 110 100 0 8 70 60
1 (ppm)

'TH-NMR Spectrum (400MHz, CDCl;) of 3d

S30




CN

2.38

0‘ 5 10‘. 0 9‘. 5 9[ 0 8‘ 5 8‘ o 7‘ 5 7‘. ) 6‘. 5 6‘. ) 5‘. 5 ‘5[ 0 1‘ 5 4. :1‘. 3. Z‘A 5 2. .0
£1 (ppm)
I3C-NMR Spectrum (151MHz, CDCI;) of 3d
© O M 0 M (0| -
@ NNYONITIO ™~ Q
B 99 JINY(e S <
R Rl (] ] A S
L eye |
CN
T T T T T T T T T T T T T T T T T T T T T
210 200  |1p] 80 170 160 150 140 | 13 20 110 100 90| 80 70 60 50 10 30 20 10 -10
f1 (ppm)

S31




TH-NMR Spectrum (600 MHz, CDCI;) of 3e

DOOT OO N~ O ® o ©
COOONBNH? ~NR© NN
NNNNNNNN IR e -
—_— —~ N

e —

o
2.01°
2.00~
2.05x

0:

SO
NN
T T T T T T T T T T T T T T T T T T T T T T
)5 10. 0 9. 5 ). 0 8.5 8.0 7.5 7.0 € 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.¢ 1.0 0.5 0.0 -0.5 -1.0
£1 (ppm)
13C S CDCL) of
-NMR Spectrum (151 MHz, CDCI;) of 3e
Yo anogn||x @
@ WOy |O © [ 2
WW ONONNI|l® o 0 <
I3 2289y ¢ & 2
NSNS I
i CN
|
|
‘ '
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160) 150 140 13( 120 110 100 90| 80 70| 60 50 40| B0 20 10 0 -10
£1 (ppp)

S32



'TH-NMR Spectrum (400MHz, CDCl;) of 3f
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