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Research Progress of Photoelectric Co-catalysis
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Abstract Photochemical and electrochemical reactions, which are mild and green, have been widely used in organic
synthesis in recent years. To push the limits of both synthetic technologies, organic chemists have focused on using these two
strategies to promote organic transformation in a single reaction system. A series of photoelectrochemical strategies have been
developed, and the main one at present is electrochemically mediated photoredox catalysis. In addition, photoexcita-
tion-assisted electroredox strategies have also gradually shown their potential in organic synthesis. These strategies realize the
complementary advantages and disadvantages of photochemistry and electrochemistry, and can solve the problems that can not
be solved by a single synthetic technology, such as removing oxidizing reducing agents that complicate the reaction, generating
intermediates with high activity under mild conditions, and so on. In this paper, the research progress of photoelectrochemical
strategies is summarized according to the existing photoelectric catalysis reactions, and the possible mechanism of some reac-
tions is discussed.

Keywords photoredox catalysis; electrocatalysis; photoelectrochemistry
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Figure 1 Schematic diagram of electrochemical reaction
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Figure 2 Photocatalytic cycle
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Figure 3 Photoelectrocatalysis
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Scheme 1 Trifluoromethylation of aromatic hydrocarbon C—H
under photoelectric catalysis
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Scheme 2 Alkylation of C—H heteroaromatics with organic
trifluoroborate under photoelectric catalysis
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Scheme 9 Photoelectric reaction mechanism of alcohol co-
catalyzed by RFT and TU
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Scheme 10 Dehydrogenation cross-coupling of benzothiazole
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Scheme 15 C-C and C-N coupling reactions of ether ortho sites
under photoelectric catalysis
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). XA A E R 1,2- AT TR A
A WHE G 77 T A BRE . 1 LA & Rk
I RAE—A C—H AL RA Gk, =2 Ak
FH & F(TACO)EMEALT), PAZIE NIEFFEIR, H CFL
WG TAC H I, F=Asm A b i 6ok a4, %u
EuNBF, A AR TS BT Y AL, R3] 3,4-—
%%mi%@mmwM)EUJﬂmnﬁ%mﬁ@@ﬁ
1Tt B AL, 18 B 2-BE Mk WK AT 42 4 (Scheme  17).
Lambert 6 LA — @40 RS EAT T —ME L, H
KOH. ZBEEFI 7, —BEACEER e RO AV IR, fE
REF S B E R 1,2- B9, TE4Ea k. #
A A4 55 7 Th] B A B R4 A

. ) CH,
ROR 8 mol% 35 =X o
Et,NBF,, CH;CN, TFA R N\<
@ Ecell =24V ;Rz CH3
divided cell: C(+)/Pt(-) @
53 CFL 54

B 16 SGHMELT 3,4- " ZKMER& AR
Scheme 16 Electrophotocatalytic synthesis of 3,4-dihydro-
imidazole

CHs; CHy

R' R®  gmol% 35 N0 oA\N

LICIO,, CHsCN, TFA gt P 2
@ Eeen =24V R R
divided cell: C(+)/Pt(-) @
53 CFL 55 56

BIR 17 G T 2-BEPEK IR & K
Scheme 17 Electrophotocatalytic synthesis of 2-oxazoline

3.3 PARER SR P BRI R

W JRFFEAS 2 T R IR SR RE I 1, BORSIE IR
F B - Be TR ASIE SR, B A0 SR SR 7 5
ZANGE IR 5 I AGBUR, (8 RE AT R I IE SR AL,
PR A OGRS

2020 4F, 4k Lambert 3 B 5t & I =2 FE 3R P beFH
BT EAFNTAC) G, SMFa R A BT &I 9,10-—
B (DCA) &AL AT RN 1) B A H R 1, 4
FEWORAS BIIPR A Sk JE FAL(—3.20 V vs SCE),
PSS E —B(Bopiny) 9 H H1 3244, 5 mol% DCA JyfiE
3, 20 mol %M HE S N7 5 Boping BLAL, FFAEHETE A
PAB AL IR A H B3 P RNA, TBAPE N LR, &
i 97, E blue LEDs NN LA 3.2 V, fiE
B FR BR R IE 7 R H %S (Scheme  18). 75 3 =i {t
VAR B i, IRORRREE B RBR T A M AR E
Rtk e AT IS SR AL PR SR, T D R IR S HE AL AT
DASE I & FLF- 05 3 b D 38 . 1% 07 R R A 22 o 5 ik
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L
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R@\ DCA (5 mol%), pyridine (20 mol%) .
A x TBAPFg (0.15 mol/L), CH3CN (0.1 mol/L)
(X = Cl or Br) Zn(+)/C(-), Uge = 3.2V, H-cell
57 blue LEDs (15 W), 22 °C

Bpin

B 18 J7 5 pq (LML AL I S 5
Scheme 18 Photoelectrocatalytic borylation of aryl halides

H [ MHLFE A0 R (Scheme 19): DCA fiE4k571 59 245
WId JEA3 8] — A AR E HZERE T 60, H HEH
BT 60 MUK AE MRS H BB E T 61. 61
FEEXY) 57 R —ANET, AR E B E
& 62 F1 DCA 14k 59, FHES+ H T [a{k 62 i
KRB TAERTT R A 3 63, RiGI7HEHE 63 kst
A BUE BRI 64.

2020 4, Wickens BEAHHEAL T — R 5155 F: 0L T
i 7 AT 6 R B R PRI P AE 2 e Ak e e, R IZE
FJEHERY N-75 J5E B W e (NpMID) 2 B A58 J )5 2060k
AISRAR RGO R, AeR FOR B IE R R E 2
(Scheme 20). Wickens PL NpMI NEALFIIEAL THE &
L1 0% SR GURYD, RIS A it i 1 5 B SR AT
SR T B2 SET 3 I ER 1k, I H T L ik ¢
PERL R AELE stk B . A T B R, AN
PR S PR, T H BT RS S e
J&, FEEFEHCT 10° s B E BRI NEARE R
.

34 HeXBBEEARN

B 7 BRI REBC A AR BN, —h A
e R, Ak 3 S AR R R, SRR IRAN G
ML, T (R a0 B P D 2R A i ) ER . X PR OR
HBh. AL 3 AR TR 1 LA AL SRR B 1)
i

2015 4, Zeng 1 Little Z521F n-BwNI I/ 5 F, A
Pht-NH, %R, SEHL T 4505 1) LA AL &R BE 4k (Scheme
21). MRAEXTRESEES . B B AR SEE PL A Minakata [
TS, $EH T — PG B SIALEE (Scheme 22). B{LAY)
TEFAMREAISF R I, 5 n-BusNI JE % n-BusNIs, n- BusNI;
FE] WOGER R A I n-BuNIy', I'A Pht-NH, 75 51 &
JRF IR HE B2 70, B3t E B2 70 Bi0A 08 68 Hidk
TE R 3 PR AR 71, n-BuaNIL 2 B i 38 A ()44 71 1)
REABMIIZL, AT T WIS B E R VE =9 69.

2018 4F, Stahl PRARZH U FHBUE  B Ak 22 i, 76
Hofmann-L¢ffler-Freytag(HLF) ;e . A, H T FH B HL A7
w538 B E R A AR R, FIADEIE S
HE R N—T 8102, fi b 25 FEAE(R AR B AL T
HEAT, SN EAAY T 0.3 V (vs Fe/Feh), M S2l HuAL 2
i &L C(sp®) —N B M (Scheme 23). & ELi T 26 i
TRIE ) HLF SN JURLEE, 2 Bt B 73685 - 1
- TR ET-PT-ET) AR SHE T, H5%2EH
PR RS TR A T S (PCET) A il — AN &
O H IR 1,5-HATHORI ALY/ 516 N-Br w1 [a) {4
T FAT-481, {2 I Sy A 2 A0 3 LA A 51
FT % AR AL 0.4 V, ELE{L2: PCET Al ET-PT-ET

Zn anode | e 112 Zn
1 | (
I \ 1/2 Zn?*
CN
X
R |
N
o CN 59 57
Eyeq=-0.82 V vs SCE X
C CN X
h
OO0 ——C100) O
— - - 62

C cathode CN

60

CN 61
Ereq=-3.2V vs SCE

R_/lFG ] R—/|.
NS NS
)

(FG = [B], [Sn], Ar

64 63

B 19 J5EE st s AR BT 2 ) 2 S AL

Scheme 19 Reaction mechanism of aryl radical generation by photoelectric catalysis of aryl halides
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Scheme 20 Photoelectrocatalytic phosphorylation of aryl chlo-
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Scheme 21 Photoelectrocatalytic aziridination of olefin
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E‘Z H2.
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Scheme 22 Mechanism of photoelectrocatalytic aziridination of olefin
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