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Electrodes: Pt, graphite, Ni, RVC, Zn, Mg.....

Electrolyte: Li+, nBu4N+/ I-, Br-, BF4
-, PF6

-, ClO4
-

Solvent: THF, DCM, acetone, MeOH, ACN, DMF, H2O

Reaction time: t (s) =Q 96485 (c/mol) n (mol)/ I (A).
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anodic
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e- e-
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Substrate
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oxidative
electrode
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Advantages
-electron as a traceless reagent in place of the generally used reactive oxidants/reductants

-mild condition, high atom/step efficiency

-lower both the risk and the cost of synthetic protocols

-unique chemo- and regioselectivity

Disdvantages

-poor repeatability of electrochemical reaction

-diverse electrochemical set-up, lack of standard set-up, expensive

Must-Read Reviews:

There is a large and increasing body of literature on oxidative electrosynthesis,
reductive electro-chemical reactions are substantially less reported
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R1 R2

1. Reaction involving anionic radical from unsaturated hydrocarbons

R1 R2

R3 R4

+ e

R1 R2
R1 R2

electrophile + e-R3

R1 R2
R3

el ec tro
p

h
i le

1.1 Electroreductive hydrogenation (deuteration)

R1 R2

O

R1 R2

OPt Pt

NH4Cl (4.0 eq.)
DMSO/MeOH = 4:1 (0.05 M)

10 mA, 4.5 F/mol, r.t., air

Xia CC 2019, 55, 6731

R1 EWG
R1 EWG

C C

nBuNHSO4 (1.0 eq.)

DMSO, 10 mA

2.5 h, r.t., air

R1 R4 GF GF

NH3 ballo
MeCN (0.04 M), LiClO4 (0.5 eq.)

5 V, 1.5-7 h, r.t.

R1 R4

H

H

H

H

H

H

Cheng ACIE 2019, 58,1759

GF GF

LiOMe (20 mol%)
DMF (0.04 M), LiClO4 (1.5 eq.)

NH3 ballo, 5 V, 8 h, r.t.

R1 R2

O
P EWG

O

EtO
EtO

+

R1
R2

EWG

Cheng JOC 2021, 86, 16016

Ar R3

OR1

R3

GF GF

D2O (20 eq.)
nBu4NBF4 (2 eq.),DMF (0.04 M)

6 V, 2 h, Ar, r.t.

R1 R2

OR3

R4

D

D

R2

R3

R2

R3

+1/2 O2

Cheng ACIE 2020, 59, 13962

Ar

R1

R3

R2

GF Pb

D2O (50 eq.)
nEt4NI (0.5 eq.),DMF (0.04 M)

20 mA, 12 F/mol, Air, r.t.

TPP (20 mol%)

0.5 mmol

Ar

R1

R3

R2

D

D

Qiu ACIE 2023,e202312803

Baran Science 2019, 363, 838

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

R4: Ar or EWG

Huang OCF 2020, 7, 1817

0.2 mmol

0.5 mmol

0.2 mmol

substitutes were
limited to aryl,
ester,carboxy,amide

0.2 mmol 0.24 mmol

H

H

0.3 mmol

high yield
broad FG tolerance
excellent D-inc

TPPO as reductive mediater

R

Mg GSW

DMU (3 eq.) THF (0.03 M)

10 mA, 3.7- 7.4 F/mol, Ar, r.t.

LiBr (7.5 eq.), TPPA (10 eq.)

0.1 mmol

R

TPPA DMU

P

N

N N

O

N
H

N
H

O

MeMe

MeO
H

OHMe

HH

MeO
Me

OTBS

48% 65%
72% (100 g scale,flow)
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COOH

Ar
HO

R1

1.2 Electroreductive Carboxylation

R1 R3

R2 Ar

C C

Et4NI (0.5 eq.), TEOA (1.0 eq.)
DMF (0.1 M), 10V

r.t. CO2 (1 atm), 3-8 h

R1
R3HOOC

ArR2

Buckley JACS 2020, 142, 4, 1780

O

O

R1

R3

R2 C C

Et4NI (0.5 eq.), TEOA (1.0 eq.)
DMF (0.1 M), 10V

r.t. CO2 (1 atm), 4 h

O

O

R1

R3

R2

COOH

Buckley ACIE 2021, 60, 21832

Ar

C SS

Et4NI (0.5 eq.), TEOA (1.0 eq.),
H2O (20 eq.), DMF (0.1 M), 10V

r.t. CO2 (1 atm), 5 h

Ar

Buckley CS 2020, 11, 9109

CF3R1

R2
Pt Pt

n-Bu4NClO4 (2.5 eq.),

DMF (0.03 M), 8 mA, r.t.,

CO2 bubbling in DMF, 6-10.5 F/mol

R1

R2 COOH

F

F

COOH

Zhou CS 2020, 11, 10414

FF

R1 R2 Pt Pt

TBAB (2.5 eq.),
DMF (0.03 M), 8 mA, r.t.,
CO2 ballon, 3.7-9.7 F/mol

Zhou OL 2020, 22, 8424

COOHF

R1 R2

Ar

Mg Pt

TBAI (3.3 eq.), DMF (0.1 M)
10 mA, r.t. CO2 (1 atm), 4.4 F/mol

then 1 M HCl
0.3 mmol

O
R1

n:1,2,3,4

n n

R2

R1

R4

R3n
Zn Nb

nBu4NBF4 (1.5 eq.), NMP (0.05 M)

15 mA, r.t. CO2 (1 atm), 22 F/mol

then 2 M HCl

0.3 mmol

R3

R4
R1

R2

nHOOC COOH

R1, R3: Ar, COOR, n:1,2

R2: H, Ph, Me R4: H Yu JACS 2022, 144, 2062

Qiu ACIE 2022,61,e2022077

N

N

N
H

TBD

R X

0.2 mmol

GF Pt

nBu4NBF4 (1 eq.), TBD (4 eq.)

DMF (0.05 M),CO2 (1 atm)

20 mA, r.t. , 22 F/mol

then 2 M HCl

naphthalene (30 mol%)

R COOH

R: aryl, alkyl
X: Br, Cl

broad FG tolerance
lack of aza-heteroaromatic

Ar

Qiu ACIE 2022,61, e2022102

H GF GF

nEt4NI (1 eq.), DMF (0.08 M)

CO2 (1 atm), 20 mA, 0 °C , 37 F/mol

then 2 M HCl

Ar

COOH 1 direct C-H electrocarboxylation of
diverse arenes

2 unique chemo- and regioselectivity
3 good FG tolerance

traditional method: strong base,
expensive transition metal,
toxic reagent, Friedel-Crafts
carboxylation

Ph
O COOH

N PhPh

COOH

COOEt

COOH

69%87% 54%

MeO OMe

G‡= 24.8 kcal/mol
KTST= 4.1 10¯ mol/L/s

G‡= 20.4 kcal/mol

G‡= 23.3 kcal/mol

KTST= 6.9 10¯ mol/L/s

KTST= 5.2 10¯ mol/L/s

Qiu ACIE 2023,62, e2022147

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

1.0 mmol

0.5 mmol

0.5 mmol

0.2 mmol

0.2 mmol
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Ar
R1

O

O

N

CN

+

C Zn

MeOH/DMSO = 1:1
Et4NPF6 (1 eq.),

3.7 F/mol, 2 mA, r.t.

Ar
R1

O

O

N

Jiang JOC 2021, 86, 16204

R3

O

R2
R1

Mg Pb

LiBr (7 eq.) TPPA (10 eq.)
DMU (2 eq.) THF (0.08M)
10 mA, r.t., Ar, 3.4 F/mol0.5 mmol

R3
R2R1

HO H

R3
R2R1

H OH

Or

R1, R2, R3: alkyl, H
3-7 member ring

R1 or R2: Ph

(Markovnikov) (anti-Markovnikov)

Lu JACS 2022, 144, 1389

NR1

H

H

R2

CO2 ballon

Cu(OTf)2 (0.1 eq.),KOtBu (3 eq.)

H2O (2 eq.), O2 (9 mL),TBAI (4 eq.)

NMP (0.05 M), 40 C, 5 mA, 9 F/mol

then MeI (3 eq.), 65 C, 3 h

Zn Fe

0.3 mmol

NR1

H

CO2Me

R2

NR1

COOMe

H

R2

CO2 ballo,KOtBu (0.25 eq.)

TBAI (4 eq.)

NMP (0.05 M), 21 C, 6 mA, 36 F/mol

then MeI (3 eq.), 65 C, 3 h

Pt Fe

1 e-Dicient N-heteroarenes

2 Unique regioselectivity control

3 Electrochemical activation

4 5

5

4

Divided cell: C5 selectivity

Undivided cell: C4 selectivity

Lin Nature 2023, 615, 67.

1.3 Electrochemical borylation of arenes

NO2

Cai SCC 2023, 66, 534

C C

Piridine (1.3 eq.)

CH3CN (0.08 M)
nBuN4HSO4(1 eq.),

6 F/mol, 16 mA, r.t.,N2

+ B2Pin2

tBuONO (3 eq.),

0.3 mmol 1.5 mmol

R
BPin

R

N

R OTf

Xu OCF 2021, 8, 702

N2SO2Me

R

Yi ADSC 2021, 363, 1904

I

R

Mo CJC 2019, 37, 347

Cl/Br

R

Lin JACS 2020, 142, 2087

1.4 Electrochemical Minisci-type arylation

N

H
N C Ni

DMSO (0.07 M), 4 mA, r.t.,
1.5- 3.0 F/mol

+R1

N

H
N

R

R2

R2

N2BF4O O

0.2 mmol 0.4 mmol

N

CN

R2

Yang OL 2021, 23, 1081Lei CC 2019, 55, 11091

R2

SO2NHNH2

Aryl radical precursors

Zeng ADSC 2019, 361, 5170

Lei ACIE 2019, 58, 15747

1.5 Miscellaneou eletroreduction involving anion radical

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

Aryl radical precursors

0.2 mmol
0.4 mmol
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2. Reaction involving ketyl radical

+ e

electrophile + e-

e le ct ro
p

h
ile

R1 R2

O

R1 R2

O

R1 R2

OH

R1 R2

OH

Coupling

R1 R2

OH

R3

2.1 Reductive hydrogenation

GF GF

NH3 ballo
MeCN (0.04 M), LiClO4 (0.5 eq.)

4 V, 4-10 h, r.t.

Ar1 Ar2

O

NH3 ballo
MeCN (0.04 M), LiClO4 (0.5 eq.)

6 V, 4-10 h, r.t.

GF GF

Ar1 Ar2 Ar1 Ar2

OHH H

Cheng ACIE 2019, 58, 1759

N

O

O

R

GF GFGF GF
nBu4NBF4 (1.5 eq.)

i-Pr2NH (6.0-8.0 eq.)
EtOH (0.07 M), 25 mA

r.t., 2-8 h

nBu4NBF4 (1.5 eq.)

i-Pr2NH (2.0-6.0 eq.)
EtOH (0.07 M), 20 mA

r.t., 1-6 h

N

O

OH

RN

O

R

H H

Org. Lett. 2021, 23, 2298-2302

N

O

OH

N

O

N

O

OH

Bn

N

N

O

H

Bn

N

N

O

OH

N

O

O

O

2 h, 76%

6 h, 75%

2 h, 77%

6 h,42%

2 h, 82%

7 h, 53%

N

O

O

R
RVC RVC

Me4NBF4 (1.5 eq.)

PivOH (3.0-10.0 eq.)
MeOH (0.07 M), ) Ar, r.t., 1-6 h

20 mA rAP (50 or 100 ms)

N

O

OH

R

N

O H

O

AC: 45%
DC: complex

H H

N

O

H H

NH
O

O

Cl

Cl

46%

N

O

R

H H

+

AC

N O
H
NO

O

N3

N
HO

COOH

O

H
NH2N

NH
H
N

O

NH2

O

OH

H

H

NMR: 52%
isolated: 14%

H H H
H H

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

Baran JACS 2021, 143, 16580
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2.2 Electroreductive cross-coupling

R1 R2

O
+R3

Zn Sn

TBAB (0.86 eq.), DMF (0.35 M)

10 mA, air, r.t., 5 F/mol

H

R3

R2

OH

R1

N
Ar +

R2 R3

O

N
H

R1 Ar
R2

OH

R3

Zn C

TBAI (9 eq.), DMF (0.02 M)

8 mA, air, r.t., 18 F/mol

Zhang JACS 2023, 145, 20, 10967

Baran JACS 2020, 142, 50, 20979

CN

EWG

+
Ar R

O

EWG Ar

R

OH

Zhang ACIE 2021, 60, 7275

R1 R2

O

N

CN

+ N R1

R2

OH

R1= Aryl, Alkyl

R2= H, Me

Zn C

C Ni

nBu4NOAc (1 eq.),16 mA

DMSO (0.1 M), 3.6 F/mol

valeraldehyde (1 eq.), 50 °C

nBu4NBF4 (1.25 eq.), 10 mA

DMF (0.08 M), DABCO (3.0 eq.)

air, r.t., 5.6 F2.4 mmol0.4 mmol

1 mmol 2 mmol

Xia OL 2021,23,3472

3. Reaction involving alkyl radical

+ e-
R1 R2

Coupling

R1 R2

R4

R3

R3

FG

R1

R2

R3

c
ath

o
d

e

e-

FG

R1 R2

R3

E

Eletrophile

3.1 Electroreductive Carboxylation

ACS Catal. 2019, 9, 5, 4699-4705

Ye JOC 2021, 86, 16162

Ar NMe3

R

Br

Pt C

nBu4NBF4 (1.0 eq.), 4.5 V

DMF (0.1 M), CO2 bubbling

r.t., 12 h

Ar

R

COOH

Ar S

R2 Pt

TBAI (1.2 eq.), 10 mA
DMF (0.04 M), CO2 bubbling

30 °C, 9 F/mol

Ar

R2

COOH

Ph

O
O

R1
R1

Mg

0.25 mmol

Ar OAc

OAc Pt

nBu4NBF4 (1.0 eq.), 5-25 mA

DMF (0.1 M), CO2 bubbling

0 °C, 6-10 F/mol

Ar

OAc

COOH

Mg

1 mmol Senboku CEC 2019, 6, 4158

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

traditional method: strong base,
organometallic reagent

R1

0.3 mmol
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3.2 Electrochemical Minisci-type alkylation

N

O

O

O

O R3

R1
R2 GF

nBu4NBF4 (1.0 eq.), 7.5 mA

DMA (0.04 M), p-TsOH (1.5 eq.)

N2, r.t., 3.5 F/mol

GF

0.4 mmol 0.2 mmol

+

NN H
R3

R1 R2

Lei CC 2019, 55, 14922

N

O

O

O

O R3

R1
R2

N

N

R5

O

+

C

nBu4NBF4 (2.0 eq.), 5 mA

DMA (0.1 M),

N2, r.t., 4.5 F/mol

C

1 mmol 0.5 mmol

R4

N

N

R5

O

R4

R3

R1 R2

Wang CC 2020, 56, 11673

3.3 Electrochemical Giese-type reaction

N

O

O

O

O R3

R1
R2

+ EWG

C C

nBu4NBF4 (2.5 eq.), 3 V

DME (0.1 M), CO2 bubbling

HE (1.2 eq), r.t., 12 h
0.15 mmol

0.3 mmol

EWGR1

R3

R2 H

Wang CEJ 2020, 26, 3226

Wilden CS 2020, 11, 5333

+ EWG

C C

NaCl (7 mol%), 1 V
HCl aq.(PH=2)/MeCN = 2:1

O2, r.t., 20-45 h

EWGR

NaCl (7 mol%)

1.2 eq. 1 eq.

0.9 mmol

R2

R3

R1

FG

FG= Br, I, NHP ester,
Katritzky salt

Ar

Fe Ni

TBAB (0.26 eq.), 3 mA
TEA (2 eq.), air

DMF (0.05 M), r.t., 2.7 F/mol

0.5 mmol

ArR1

R3

R2
+

CF3 FF

Xia OCF 2022, 9, 95

R2

R3

R1

I

3.4 Electrochemical alkyl borylation

N

O

O

O

O R3

R1
R2

+ B2cat2

C

LiBr (0.3 eq.), 40 mA
DCM/DMF= 9/1 (0.2 M),

N2, r.t., 2 F/mol

C

0.25 mmol 0.38 mmol

Pinacol
(4.0 eq.)

Et3N, 1 h O

O
BR2

R1

R3

X

R3

R1
R2

+ B2cat2

C

nBu4NBF4 (0.5 eq.) 150 mA

DMAc (0.1 M),

N2, r.t., 2 F/mol

Mg
Pinacol
(8.0 eq.)

Et3N (1.5 mL)
1 h

O

O
BR2

R1

R3

0.6 mmol 2.4 mmol

Lu JACS 2021, 143, 12985

Lu ACIE 2023, 62, e2022181

Br

R
Br

+ B2cat2

GF

nBu4NBF4( 0.4 eq.) 5 mA

DMF (0.2 M),

N2, 50 °C, 0.75 F/mol

GF
Pinacol
(4.0 eq.)

Et3N, 1 h

1.5 mmol 4.5 mmol

BPin

R
BPin

R1 R3

OH

R2 R1 R2

O
or + HBpin

2.5 eq. or 3 eq.

C

nBu4NBF4( 2 eq.) 10 mA

THF (0.2 M),

N2, 22 °C, 2.5-3 F/mol

Mg

R1 R2

Bpin

R1 R3

Bpin

R2 H

Lin JACS 2023, 145, 16966

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

Baran PNAS 118 (2021) e2109408118.
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3.5 Electroreductive Cross-Electrophile Coupling involving alkyl halides

ArR1 R2

Br

R3

+ C

LiOTf ( 2.2 eq.) 10 mA
N2, r.t., 4 F/mol

Mg
R4

1 mmol3 mmol

DMF (0.24M)

Et2NH (1 eq.)

MeCN (0.24M)

DMF (0.24M)

CO2 ballon

Ar

CHO

R1

R3

R2

Ar R1

R3

R2R4

Ar R1

R3

R2
COOH

secondary or
third bromide

Lin JACS 2020, 142, 20661

R1 R2

X

R3

+ eletrophile

primary alkyl bromide
chlorosilane,CO2
chlorogermane,

C

TBAClO4 ( 2.2 eq.) 2.5 mA
THF(0.4 M), N2, r.t., 2 F/mol

Mg

R1 R2

E

R3
secondary or
tertiary halide

1. Introducing an anion-stabilizing substituents( boryl, aryl, vinyl, alkynyl and silyl ) to lower
the potential for the second reduction.

2. This stabilization effect also further augments the reduction potential difference between
the two alkyl halide couplingpartners and, thus, ensures highchemoselectivity.

1 mmol 3 mmol

R1

Z

+ R2 Br R3 X+
C

TBAClO4 ( 2.2 eq.) 2.5 mA
DME (0.4 M), N2, r.t., 3 F/mol

Mg

R1

Z

R2R3

1 mmol 2 mmol 1 mmol

Z: radical/anion-stablizing group

R2: secondary/tertiary alkyl

R3: primary alkyl, methyl; X: Br, OTs

3.6 Electrochemical deuteration of alkyl halides

R1

R2
XR3

Pb

TBAI( 0.2 eq.) 30 mA
DMF (0.1 M), DIPEA (3 mmol)

r.t., 22.4 F/mol

GF

X = Cl, Br, I, OMs

Alkyl = 1o, 2o, 3o

0.5 mmol

D2O (50 eq.) R1

R2
DR3

Qiu NC 2022, 13, 3774

R1 R2

Ar

Cl RVC

nBu4NBF4 (2.5 eq.) 20 mA

DMF (0.17 M), DIPEA (3 mmol)

r.t., 2.2 F/mol

RVC

D2O (20 eq.)

R1 R2

Ar

D
specific benzylic C-Cl
heterocycle

Lin ACIE 2023, 62, e2022188

COOEt

COOEt

EtOOC
COOEt

S.S.

NaI ( 2.2 eq.) 2.5 A
MeOH (100 g/L), 6 F/mol

C

120 g Scale

EtOOC COOEt
EtOOC COOEt

ONO2

ONO2O2NO

O2NO1. reduction

2.Esterification

Baran OPRD 2021, 25, 2639

4 Reaction involving silyl radicals via electroreduction

+ e-
R1 Si

R2

Si
R3

Cl

R1

R2

R3

cath
o

d
e

+ e
-

Cl

R1 Si
R2

R3

E

Eletrophile

Ar

R4

R5 Ar

R4

R5

Si
R3R1

R2

+ e-

Eletro
phile

Ar
R4

R5

Si
R3R1

R2

E

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin

Lin Nature 2022, 604, 292

Lin JACS 2023, 145, 41, 22298
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Ar

R4

R5

+
Si

R3

Cl

R1

R2

C

TBAClO4 ( 2.2 eq.) 10 mA
THF(0.1 M), N2, r.t., 3.5 F/mol

Mg Ar R4

R5

Si
R3

R1
R2

Si
R1

R2
R3

1 mmol 3 mmol

N

TMS

TMSMe
TMS

TMS

79% 72%

Si

Si

90%

Si

MeO

TMS

MeO

TMS

80%
MeCN as solvent

Si

Si
Me

Me

Me

Me

86% 43%

Lin JACS 2020, 142, 21272

distinct electronic and steric properties of chlorosilanes with different structures

Si
R3

Cl

R1

R2 R5

R4

Cl
R6

Si+

C or Mo

TBAClO4 ( 2 eq.) 10 or 20 mA
THF(0.12 M), N2, r.t., 2.5 F/mol

Mg

Si
R3

R1

R2 R5

R4

R6
Si

1 mmol 1.5 mmol

Ph
SiPh

Me
Si

Me

Me
H

60%

Me
SiPh

Me
Si

Me

Me
Me

77%

Si
SiSi

MeMe

Me Me

Ph Ph

H H

52%

Si

Si Si

Si
Si

Ph Me
Me

Me

Me
MeMe

Me

Me

Me

30 %

Si

Si Si

Si
Si

Me Me
Ph

Me

Me
MeMe

Me

Ph

Me

44%

Si

Si
Si

Si

Si
Si

38%

Lin ACIE 2023,62, e2023035

5 Reaction involving trifluoromethyl radicals via electroreduction

cath
o

d
e

- e
-

FG

R1

R2

R3

+ e-

F3C FG

electron-deficient

CF3

- H
+

R1

R2

R3

X
nX

n

CF3

R1 R2

CF3

R3

then - e-, H+

radical re
lay cyclizatio

n

H

CF3

H

C

nEt4NBF4 (2.5 eq.)

MeCN (0.1 M), TEA (2 eq.)

r.t., 10-40 mA, 2-8 F/mol

C

CF3SO2Cl (3-5 eq.)

Cantillo OL 2019 21, 7970

Arenes

H
C

LiClO4 (1 eq.)
MeCN (0.13 M), K2HPO4 (3 eq.)

r.t.,100 Hz, 4.4 v, 24 h

C

CF3SO2Cl (2 eq.)

AC

DC: 13%
AC: 84% Luo OL 2020, 22, 6719

H

eletron-dificient arenes
heteroarenes

oxa-,thia-,aza-
heteroarenes

Arenes

oxa-,thia-,aza-
heteroarenes

Pt

nEt4NBF4 (2.5 eq.)

HFIP (0.02 M), TEA (10 eq.)

O2 ballon, 3 mA. 9 F/mol

C
+

F3CO2S N

0.75 mmol 0.3 mmol

0.5 mmol

0.5 mmol

CF3

CF3

OCF3

Qing ACIE 2022,61,e202114048
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NC

I OF3C

OR1

R2

+

Pt

nBu4NPF6 (1.3 eq.)

dioxane (0.08 M), air

O2 ballon,0.12 mA. 0.08 F/mol

Pt

0.2 mmol 0.4 mmol

N

R1

R2

CF3

X
N

O

X: none
CO

C

nBu4NBF4 (1 eq.)

MeCN (0.05 M), Ar

1 mA. 0.7 F/mol

C

0.6 mmol
X

R1

N

0.3 mmol

O

CF3

R1

Wang CC 2021, 57, 8284

Studer CC 2018, 54, 2240

N

N

SO2CF3

Ph

TfO

+

Hu GM Transition Metal-free Reductive Eletrosynthesis Zhu Rongjin
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