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Recent Advances in Electrophotochemical Transition Metal Catalysis
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Abstract Electrophotochemical transition metal catalysis integrates the characteristics of photochemistry, electrochemistry,
and transition metal catalysis, providing an elegant approach for selective generation and transformation of highly reactive
radical species in synthetic chemistry. Photoredox catalysts can gain or lose electrons on the electrode surface to form the cor-
responding photosensitizers, avoiding the use of stoichiometric redox reagents in traditional photochemical reactions. The met-
al catalysts in the system can both act as electrocatalysts to transfer electrons between electrodes and substrates, and interact
with substrates to control the reaction pathways. This novel catalytic strategy harnesses both light and electrical energy as the
driving force for the reaction, substantially reducing the electrode potential and enabling electron transfer activation processes
that are commonly challenging to achieve under otherwise mild conditions. The research progress of this new field of research

in the past few years is summarized, and the prospects of further developments are also discussed.
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Figure 1 Electrochemical oxidation enabled regeneration of photoredox catalyst
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Figure 2 Electrochemical oxidation generated photoredox catalyst
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Figure 3 Electrochemical reduction generated photoredox catalyst
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Figure 7 Electrophotochemical Ce-catalyzed decarboxylative alkylation of heteroarenes

1824 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2025, 45, 1819~1837



Chinese Journal of Organic Chemistry

G

l{l o Fe(NH4)2(§Q4)2-§H20 (20 mol%) N o
2-picolinic acid (40 mol%)
+ R—CO,H -
N/ TBAPFg (2.0 equiv.), DMSO =

C(+)| C(-), 10 mA, Blue LEDs

Proposed mechanism

{1l
Fell _Rco,H

hv
ov /
(LIl
RJ\ o Fe''L

@ Yo

Representative examples
m O HN F
o
7
%r N \

49% 58%
81% from caffeine from diflufenican

B8 bbbkl i i R e S A S v

Figure 8 Electrophotochemical Fe-catalyzed decarboxylative alkylation of heteroarenes

CeClz*7H,0 (20 mol%)
TFA (4 equiv.), MeOH (200 mL)

X ReH TBACI, CH3CN/chlorobenzene A
+ R-
_N Cfelt(+) | Nifoam(-), J = 2 mA/cm? _N

390 nm LEDs, 30 W, 50 °C

R
Proposed mechanism T
L
v
CeL MeO' R—H
N/
hv«,m‘1
MeO—Ce'VL
9A
° +
ce'lL / \ R 2H
MeOH 9C
H+ X
N
S S H,
_N NH
+
R R
Representative examples N N
Me _N
|
A N. _O s _N
A CLL Co -
Cy NT Gy 62%
79% 66% 40% 61% Cp:C3=31

B9 Ottt be C—H #5524k b

Figure 9 Electrophotochemical Ce-catalyzed Minisci alkylation of N-heteroarenes with alkanes

Chin. J. Org. Chem. 2025, 45, 1819~1837 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1825



BIKE

CeCl3 (20 mol%), TsCN

o}

@OH Et;NCI, 4-tert-butylpyridine
Me

C(+) | Pt(-), 2 mA
MeCN, Blue LEDs

Me)J\t’)f\CN

Proposed mechanism

[Ce"CI(OR)ed?  f
10A

Representative examples

(:[>ﬂ(JFm i I \Jij
A\ ]

\

\
) $ ©)‘\/\/\TBS ©)J\/\/

73% 51%

58%

i i cl M
Oy J@M ® Q)
Me/Ej)JV NOBn Ve

68% 51%

42%

B 10 OEHMLEEI AL IR GERE KT B BEAL R R

Figure 10 Electrophotochemical Ce-catalyzed ring-opening functionalization of cycloalkanols

HEWI10A, TEEHUR N RAE LMCT Al mistEa e
HHIE 10B, BHJE KA B-2 =Bk B tHEE Al fk 10C.
15 H R SAAFIAAAE T, B B 10C T LR &
B R 5= )

JHLAL S A AL IR R D v v MR S R R I ] 4
A KRB AR TR I BEALOT. 2024 4F, il R 42 VR
ISR TE T s FAL A B B AL S R AR
FAEACRLH, BT Seal T 18] B e e (1) C—H BBl AL s .
AL R FR BRI I SRR AE T AN 1K) AN Bk 0T BATE BH B
DU B AL B A, AR 1l B A A S PR ) = 0 kA o,
R LMCT YL~ A sEtE s B B, BT C—H
BTG AL, AR RO 1B 1 E R AR T A R
T RIS N2 2% A1 AT LA 285008 f e S0 7= 42 1) i 4Rk
LB FoAth oo} 540 s L RBURR 1 B R T i S B R AL (LA
—PRESE, UEMEIN B R =2k C—H i,
SN AT LRSS i A X Sk BEPEAE 2 C—H A B R AR
m( 1 1)[68b].
1826

http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2 sREAFERBRELTSSHRE

HELAL 2 B B — N S 2 R S ] DATE [A] — A L AE
A b (R e 2 2 A A B I SR R 2, X N P [E) A
AR R AR AL T 26400 341, & B mbFIE R
M 2 5 B H A S AL A BT SEEIURON AA
Fa PR T S R A P e R R S B Ak, A
T AR K M 5 R ' R 27 1 P V7 P S 5145700,

2020 4F, TESCHRBATHRIE T B F AT
fike C—H BN S ENR (A 12). 45 GRS
E AR T DL FLAL SR A 1 B R AP R
PE, ZEA AR R AT DUOSEIR & R =4 C—H #1E
BARBL. S RESEIG R B, 7ERA RIS oL A
RE BRI A . 456 HAB I SLIRir s, 1E# A
NI PBARRPE R &R EH REBAETES5E C—H
B E A, NI IR ORI R
12A 51 %, JHiE HAT WHLER A 2 DG B i k B el 22 m) 4

Chin. J. Org. Chem. 2025, 45, 1819~1837



Chinese Journal of Organic Chemistry

FeCl; (20 mol%)
LiCl (0.5 equiv.), CH;CN
R—H + Bycaty ( quiv.) 3 R=Bcat
GF(+) | GF(-), 8 mA
395 nm LEDs, 50 W

Proposed mechanism |
I

[Fe''Cl,)™
hv
Bocat,
cr- [Fe"'Cl "~
Fe''Cly] ™ H
[Fe™Cls] ’/< R—H HCI ?
cl NS R R—Bcat
+H 2H*
HBcat e
decomposition B,cat,
in solution
Representative examples
P ) Me_ Me
Bpin
Boi g S X Me\ /Me )
pin Bpin Me_ Me g__SiBpin
Cl_ Si._.Bpin @
40%
75% C1:C2=9.5:1 50% 78% 51%

B bR A ek C—H S AL S
Figure 11  Electrophotochemical Fe-catalyzed C(sp®)-H borylation of alkanes

MnF, (10 mol%), 1,10-phenanthroline (20 mol%)
H 9-fluorenone (5.5 mol%), KBr, TFA, LiClIO4 N3

Ar)\R + NaNg CHCN/HOAC, blue LED AR
Ccloth(+) | Pt(-), 4.5 mA., 35 °C

Proposed mechanism

e
\<
&

12A
OH
. 2H*
%*Y
R’I/\RZ
12B
L,Mn'""N,
12C Ha
N3
I
L,Mn R )\Rz
Representative examples NPhth B Me Me
u
N3 Me Me
N
O (p-Me)BzOMMZ Me N
N3 0~ Me
41% 35% 35% 51%

B 12 e EEA IR Csp®)—H SR Bk SR
Figure 12  Electrophotocatalytic azidation of C(sp*)—H bonds

Chin. J. Org. Chem. 2025, 45, 1819~1837 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1827



BIKE

ik SR

12B. S5tFEN, &BHEEEEHE FHRAE FHRd
T4k, EREMENBRLEY 12C. 12C 7T LLERL
ik B it rp ik 12B, 3T RS C—N; B
.

2022 4, fHEYLREATHRE 7Ok HiLS Ce/Mn
W4 SR AL ) I T AR R IR B B A R B AEE AP Fh
G & O] DLIRI B 4 BB S8 Ak, TR R 1 DU A B R B b
13A VLR =M AR E AR 13B. 5 76 0] WG IR S
TS LMCT FIALEE SR E EH 2 R R R = A e 5
HH%E 13C, SREHEEE H R =M RS E R 3k
P C—Ny (1 13). ML U R IZ N AR R B A )
TRAIPEAR LA, X TSP T B A R 1L
FOREE

I FEL AR 22 X 4 8 A A PR R S B 2% 1R E ER ZE AL
PR AS o R B0 R A0 RO R ANE T SRR IR
R4, SRR RIS A AR GLTOREZH 3 A AL AR E 1O
b2 Ce/Cu X4 @ ALK AR LR F A B (B 14).
TR J52 I 4 A (BT 174 B A B 380 T AT R R4 7
E 3 S SR . TR TR R S AEAE RO, AT LU
RO SR AL B B2 IR T 5 B0 3 AR % B A 5
B, X G B 1S B IR AL P 4.

2022 A, iR TSR [ AR TR 2 43 50l ST AR
T8 TSR AXTRR C—H BRSSO (]
15). TEIXPHAN R PR 29, S0k IR £ 53 7= AR
7 B B3, FrHH%SY 55 R0 B mERREIR, A5
S JF R AR B FRE Y. A EERE, B
P I SR 8 1 26 A AR AR AL, AR PSR 2 T %
H 11 5256 4 DL AL 8 45 S B2 T WA S [R] 1
AL VR A . AR IR T R & F T 1)
FEHT R TFEMNE, RE-ANRTFERRE A B
MR IALEI (B 15A), 10X E A 3R A R J5
H R IE S HAT AL B9 2077 2 5 2R (& 15B). X
P SN AR R A A T2 (A58 P VG . i et bk
B, 't AL 2R A A A ZR LG T A HROE Ak 2 S AR R R 180
FLA T (138 A

2023 4, iR BB A5 SO AL
HRREST, SEELT S AL 2R A 5 A A TR AN o R O 2
FA BT, AR A 6 IR T B S AR R EOR 3S
16B 1] LLSZHL T 2434 1 58l 1484k, 2F Rk FL 1 4 ol
16C LA EOGEALFIEJEZS 16D. 16D ] LU i FHAR A
T E AR EALT 16A. BRALT 1) 16C 5 75 BRIz
Ja i — N T, AR OB R BK ] BRI R 16F. fx

R_COZH + TMSN3

Mn(OTf), (2 mol%)
1,10-phenanthroline (2.4 mol%)
CeClj (7.5 mol%), 2,4,6-collidine

TBABF,, MeCN/DMF/TFE, rt.
Cfelt(+) | Pt(-), 2.3 V, 400 nm LED

R_N3

Proposed mechanism

R—CO0Ce
(e R—COOH 13A
Celll

h
s

L,Mn'"—Ng
138

Representative examples

N3
[S‘M Me
@*Ma N
Bu Tos

95% 79%

Q
YOS Ho gH
N3 Me

56%

0
. o
R™ 0

.J-coz

R

13C

- e H2
N3
L,Mn"—Ng L,Mn" R—N,

2H ...OH

N3
31%, >20:1 dr

B 13 Ot p X o i R A 1 I P TR R B R S 2

Figure 13 Ce/Mn dual electrophotocatalytic decarboxylative azidation of aliphatic acids
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