4

% *]L {t& % DOI: 10.6023/cjoc202305011 SZr5itR

REVIEW

Chinese Journal of Organic Chemistry
JE/RBELER a-(IE B IL TR IR

WEK  BREC R A
HoTe T K

(M 7RI R Ml K 2 24 22 B

(O HE KA AL T B

(MR R RER I J 2F — BR B

|

K & RAFe
N | =% %
A
M /RTE 150076)
JAE 264005)
MR 150001)

WE BERUEYh TR I G Z M TAULSE . MRRE: . A EE 2G5k, Horh, DY/ )Y
MW K AT SRR R RS > TRV R IR KRR B OB 2R, DAL A S St s R, LRSS
W R B B PR AR AR, TAER CUZ D MO 2 ST S Ol AL S I B ZLT-BL M D/ A AL e R A &
Y o-BLRIE RERIL R —Fak (. A0S RS, Kk, DUSARE/BIREAY], Z88 1O6/ IR &) o-fr B RERI 1L
W FURERE, FEXTE AL T R4 4.

REEE  BERLED; SLEL B SRR, BReE

Progress of a-Position Functionalization of Ethers under

Photo/Electrocatalysis

Liu, Yingjie* Shi, Gangqing® Chou, Ge’ Zhang, Xin®
Chen, Ning* Yu, Miao* Xu, Ying ™

(¢ School of Pharmacy, Harbin University of Commerce, Harbin 150076)

(b School of Chemistry and Chemical Engineering, Yantai University, Yantai 264005)
(¢ The First Affiliated Hospital of Harbin Medical University, Harbin 150001)

Song, Dongxue”

Abstract Ethers are widely used in organic chemistry, materials science, biomedicine and other fields due to their excellent
physicochemical properties. Among them, tetrahydrofuran/tetrahydrothiophene and their derivatives are the core backbones for
building biologically active molecules and complex natural products. In recent years, photo/electrocatalysis has gradually
become an important tool for chemists to synthesize novel compounds due to its compliance with the requirements of green
chemistry and the unique pathway that mostly involves radical intermediates. The functionalization of a-positions of ethers
using photo/electrocatalysis is a green and efficient synthetic strategy. Therefore, the research progress of photo/electro-
catalytic functionalization of ether compounds at the a-position is reviewed with ether/sulfide as examples, and a detailed
description of some of the mechanisms is provided.
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Scheme 1 Photocatalytic C-H bond alkylation reaction and its
reaction mechanism
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Scheme 2 Photocatalytic alkylation of tetrahydrofuran
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Scheme 3 Photocatalytic a-C-H bonded alkylation of nitro-
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S 30 h BOIFGEAE S RIRT45 2% Fh 2- 247 B2 A FR AT
HW(Scheme 16). 1% 77327 LA G FE BN AP FAS [F]
(PSR E SE I, MR A iR H(Me. OMe. Et)
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Hzoz
C
B 15 6-FbiMb-1,2,4-=-3,5QH4H)- —FRATEM &
JIE I S L
Scheme 15 Synthesis of 6-oxakylated-1,2,4-triazine-3,5(2H,

4H)-dione derivatives and its reaction mechanism

SO TR FI(F L CLL Brit, Bk LUE 17 % 345 H
bR, B B D95 HL 1 2 4] (COOMe CN)
I, FEEIEE R BRI, YKYA 3-HHE-1-
PR, {6 AT R M T B 0559 30 B bR, (ELALEE
R T A B85 H bR,

R
== o) H,0,, CaCl, /
& =+ e s R YO
(1) hv,40°C,30h R'—
(2)100°C, 30 h Z

36 8 37

B 16 H20: /3 i bR K AL R
Scheme 16 H>0O»2-mediated hydroalkylation of terminal alkynes

A4, XBLLEEBOTF & T —MAE R Wt/ 5 T H
FH A8 — 305 % DU SR /WE Wy -C—H B8 HEAT B UM 1L
J N 71 (Scheme  17). % 5 K e AL FR 51 T 1Y
SR TR AR, HTH . BRAAEN T C—H
BEERe A4, A ISR B F R BT DAEAT KRR ) 45
SN RPN Y A (e (R Vo o v M i e D
5. B HER IR ) ) 5 FAL R LR (KIE) IR H T
—AEE R SALE]. B, R WOBRRST R, A o
A RBORASFIN, SRE * e e A IR B B 145 2R E
FEFN I, IR E B 3E DU S BRI /BEY) o-C(sp®)—H B35
N MER TS R A 5—J7H, Il —
TR, B A RS RO AT Y A
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FHFE M B 7R a ik B, FR a4 B 283 M g A B 75 31 B 960
WA MEC, M55 H MR A ZAEEBERNAS H bR
=¥ D.

F F
%\F H .. N-methylimidazole, BusNBr Y (
. , ;
Ar O— THF, 80 °C, hv, 24 h Ar o—'
continuous-flow
38 8 tg = 30 ~ 60 min 39
””””””””””””””””””””””” /Yba se
- HBr
o
Br HY

Ir

F

(n
F B F
XL, =1
' /J\ radocal-radical
R Ar” TR Ar

coupling
B Cc D

S
& f#

Ar

B 17 B R TG M T 1 P AR e S L e H e i AT B
Scheme 17 Monofluoroalkylation of ethers, amides and alipha-
tic aldehydes and their reaction mechanisms

2022 4, Guin SEETHRIE TP PERE . B, AT LA
J e AL C(sp)—H 5Bk [ % (Scheme 18). 1%
SSLCABRAN ) Esoin Y AL, PAZ SR ME— %Ak
A, B RAFHE e R 52 R T R SR L 1%
IR TG R RS PEER M AER B AL &, X T
ORAEHEFOR AL A B A RO 2. (E# R
T — AT R LI RS NaEY 40D
2t HAT SRR Rk H3E AL Bl 550 B S58% H B
B A RN RS2 E 2 C, SR R AR A&
ZRBE L H 2L D 5 AR ) E. BRI SE H AL D ]
Re 51 R AE I NAS 2Bk H B AL Bl S, NaEY-H AJ
R i T & T B I F2(PECT) B HAT S A2A4 Rk
AR E AL, SRS B B D AL EEE R
Na:EY, 5ERMEATEFE.

2022 4, HHE R Wenger 58K T — Pl AL
S MEIRATT AL ) 05 FE IR SO ML ), TSRO R S
e R DL R AL A I S A8 AR BRI B (Scheme
19). BIFEWEEG T, DU S RELR], i/ =&
IRV L V=2 L DIEIRA N, 1= SRR IAE T 5k
LT 07 18 5 % Pl i LK B R4k &1 C—H/C—H
R L. %R BRG], 7RI TR E47, X
TPl RS LR A5 AR R 7= 2R B AR, 4
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EosinY, K;HPO,

He -~  NC._NOBn S
Y - Y EtOAc ' /N ~OBn
X’ SO,Ph hv, air, 32 °C X
_ CN
1 X=0S 4 41
NC~ “OBn
SO,Ph N-OBn _OBn

elimination

B

addition {/xj)%g?ph N . X\ﬁ‘\CN

X _H

"/XT PhSO, T
NayEY-H D \/
A \ / O&/ HAT
H205--) 2 pCET /\

HAT A

/\&/HOO' PhSO,H
X __H .
- T Na,EY

wazEY

B 18 Mk ML, EERIRT oo (L5 R AL S8
Scheme 18 Alpha-position oxime etherification of ethers, am-
ides, alcohols and amines

JERA N TR B2 PRI, BEBS R FEVEL S o-H KA
BB L, R B DAAE AUk EE 22 B8 & 1R 77 2R 3R A5 H bR = 4.
EFAREE T AT RER SONALFE: fEJIETR, S A 76k
WTRAMEY B, FEWS — 0 TR EA R
WETREA TG K, FEE C AL D (D). ¥0Fh C fERRME 461 T
RERTHEEREAEHE E. EHHEE 5 O,
I N A BOCEGR AL RN, YR D (D) BRE
HFIN—NEARETFRBEE R F, 5&E5RMNE
YIRA RN EIEAR G, HlAlfA G #E— St A E H
AR H AR HL

2023 4, EHEEMFLEEES L 55
SiAR, ST G SRR RSN S DRI TFE
T & i(Scheme 20). BIFEJGHEALTS, DLRKEREN AT,
NiCl « DME 84057, —REE et sfl, —5 C
AN T RS AR A E Y C—H B R
A SR, 12 s S AE AE 5 IR A I A R kAT, Ve
Jo, KT ZREIIR (B0 75 AR, BEA RIFH
BB A AL S R FEE. b, R
SRR I, 1% Nk a] BB R 37 7 B AN [F] i EUAR
e, Tk S AL 2-47 88 S-67 ) C—H . /EER
¥i KIE 5256, %2 RIS OFT)HFEERE 74
REM s ALEE: B2, RGR PC 7ERT OGRS T 15 2
PC*, B 5K s Em R SHINI A Wik F NI RS K
Ni 2854, AR A, A BERS DY S0 o i — A4
JE 7 A R 1 3 R a4k B LR TR Al €, B JE C R
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COOMe L, CF4COOH
o\,«" CH3CN/CH,CICH,CI

Alr, hv
\ CF3  CF3;COOH
| ~NH*

E

HOO"

B 19 ST A= O AL T 1 C—C B AR IBCS N B e S AL

Scheme 19 Isoquinoline-derived photocatalyst-mediated C—C bond coupling reaction its reaction mechanism

R N :
B PCLNCIDME o [/)  iFg O—>" \Q:
+ ' |
Q/ R NaCOs, 5°C, hv N : SN |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s PPh, 5
: L :
DN| O O base-H
~MeoO PC CF4 base
syl _SET2
cr T
® c OMe
F OMe o \ (0) H
- =2 BN
base-H < (/) BT Q/
B /\/
base CF, CFs
el cr
08¢ ot
O 0 o
. DNiI

CF4 A OMe
° /‘HAT<'.3O ©/ EE>.1/
o (

- OMe Spy;l!
PC Ni

B 20 /BN AL IO AR M £ C—H B REHIL R

Scheme 20 Enantioselective C—H functionalization of oxacycles via photo/nickel dual catalysis
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FALEF AR PC. B3 PC™ L A] L5 PY &M & A= U5
THRHBAERKABHED SRR E B E, #—PE50
TALA3H F. F AE055 B E 28 1N 8 S 1038 RN, FF
HPAE K PC 58 BTG A
1.1.3  R4EALEE a-{2 C(sp’)—C(sp)at eyt E

2020 4F, EREECOES LM, A g5 Sl gk
RN, SEBLT B a-C—H BRI ERAk(Scheme 21).
RN TG BN, fEEER TR 12 h, @i
DU SR IR 5 B S IR A () BB ARG, AN 3R 2 i H
FRP=9, B A S A0 R B N AT BE 4R T — AN H
B

B 21 UL a-RIEEE AT A5 ik
Scheme 21 Photocatalytic synthesis of a-alkynyl ether deriva-
tives

2020 4, Hashmi ZFCUHRIE [ —HFra] WOV 3 (1 ik
2K, W2, LSS o-C(sp®)—H # B GE 711k 7%(Scheme
22). ERMNATESEME. EER TR R, 3 H
MR B AN B RUF I 521, oA 2R A
AT MR AR, R ERE T C—H BB, E5
EEIE, URMRVINE CIRATEYIN, 12 N A] LA
A FVR O, FELL E MRAELE; ARV NIR
ATV, FH HAEWAAER SRR, R 2R & Fh
Hz.

alkynyl
chloride ‘,'_O)_(/_Y
Y / benzophenone 7 49 cl

hv, r.t. alkynyl

X=Cl, Br i
bromide o &
8 48 KOAc ~
~-" B0

B 22 W WG/ S R R i 1 B 1 AR
Scheme 22 Visible light-mediated selective synthesis of ole-
fins/alkynes

1.2 JefE{LEE o-fif C—N EAIME

2017 4, T %2 SCEECASLEL TR WAL TR PU AR
W 5 B AR A Y1) E A BB, AR T SR
Mk =M A (Scheme 23). A EAT B4R, S
SONEATNEAT SOBE, Kk 8 T i S AL & W 52 1 4
AR A A, ZTEAERT 1,2,4- AT ED A K,
I H PR b B A W B T SR B PR R A, DA 3-SR R

Ar
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ey fal, VEE S T — AT RERR BALEE: Bk, PC1E
FEHEAL T A R*PC, BG5S A ON A R
b E AR B R PCT. Rk PCT i O UL, RIS AR
B 02" 1 PC. %5, O MIUERRIR F3FE—ANEJR T
AR R E A C. R € AN B EId E B2
TR SUABRBAS R B ARr=90 D(EKE a). HHEHEE C
o A] DU — D S AN B T R E(#642 b). E 5 A
JEE AT X SR CDO)WLHITE =4 120.

R-L X H 0  Ac*Mescio, x=N. ©
G+ RO )
N hv, 24 h, air S
H R
X=NorC
51 4 52
Ph\(_/NH ‘?\
\
c’ Photocatal
otocatalysis 0, HOO"
path a
radical/redical | B \
coupling E
@)
N O
o o) 00
(S
§
N >
N Q
L
D Ph

B 23 N-FrdkmMR AU A
Scheme 23  Synthesis of N-alkyl azoles

2018 4, Nikolaev S& T4 1 —FhF W] WOt/ 5
VY Sk 5 &M 2-F R A - 1,3- R 1 B H B R
W i (Scheme 24). %77k LA — 2K FERAE A e 4057,
P37 — RN N-FeEAGTY), 350 2 T B
WRIRGER, A A M- 1,2,3- = Hi-2-N-(ki F) . babh, iR
HEE I 5 R 23k 453 Wollf FARY), 1 Hie
g AR 3 1) 7 2845 2 H AR 4.

O O--H

SR THF, Ph,CO R ,NH—O
. N2h4> | =N o)
R v SR
o] o)
53 54
O-H_
)
=N 0
hv
O 55

B 24 FE-1,2,3- = -2-N-(Ce )l 1 A B
Scheme 24 Synthesis of cyclopentene-1,2,3-trione-2-N-(alkyl)-
hydrazone
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2019 4, Jahn SEETRIEIE SR KT, BULHR
TR S B A N EIR, R IR 3N, il — R
P DRI T U R o~ T2 b (Scheme 25). %7
EAE T 5 &R, TR RS, AR
B, AN AR AR E— R, JFH Y R?
R ECE IR EL, BN 5 AT R R R
W AEIR AN 261 N 52N R R IOV JE 25, 15 31 &
WeBs e, JF¥ 77 S .

H
I e 0°C,1h O.__N
F9C4_S_N3 + :' H _— / \Nf
3 > hv, Ar T
56 8 57

B 25 OSGHEALEET) a- B0 S B
Scheme 25 Photocatalyzed a-site bonded ammonification of
ethers

2020 4, Kokotos ZEUE A T —Fh sz H H = 2 4%
I C—H #E AR R R F B B iR (PhCOCOOH), 7E 1]
WA, AMUATRASEHLA . R o-fr AL, T
FLIETT DLSREURE AR S R A2 3E a-f7 I Z A (Scheme
26). RN EAG BN R PR R G, Xt
T %P AL G P 3 RE DA A R AL R 17 53R AR H A
PR, AR AR A G SCHRIOHE T v BRI R BIMLAR): 2R
FH Tk FF R AE (AL S B LR IR St & A, HHilid
RIAVE (SO B =R S A B, SR 5rEN H H
Fep Ak C FD. X4 THF fA7ERS, HH2F (a4 C D
MU IR o 2B — AN EUR T, PAEEH R E, E H5

O

F P E R A e LA 2 H AR ).

2021 4F, Noél Z 70+ R4S R £ (TBADT) 5 H H &
W =728 S B A ek, I BT D Ak DY Sk g 5
BRI EAEDIRNL, IS T DRI o1 (1) 24 5
HAk(Scheme 27). ZTVEAMUEH TEHEAN a-fiE
Rel1k, T HX T TR BB AR . WA o-fL
REAE AR FIREE Y, 24 () B 2 A 4o A i 7
B, RAEHHATIRIET oD i ReRfh. BIRTE, %7
VRANIE FH T ARG N e, S8 i N B e S5 #0757 DY
F LR e A AL Y)(TEMPO) 5, [P, X —45 1%
BAZ R S J I EREHLER, (EF 3R H T —FhmT se 1 H
BU: 7ET WBfEAL R, WORAR TBADT(*W) 5 M4
W S NP2 E S R R AR A, BEJS B TBHP AL R K
FEOE MR R EGH B T B, BJa #2475 Bk 2 B Ax
7= C.

2022 4E, Roy F1 Chatterjrr 2568 Fij N-JRAR T 8k
E & (NBS) 5 PU A Bk 7 1 EDA B A W0(F T4 7R3 4k
HEW), S5 HEENEYRMNANE T — R 51 P00
FAT= ) (Scheme 28). %7715 NI ) 5T AN 4
J& AT, tiE A T B AR AR 2 4. FEXT
JEEIE PV BEAT IR TEI R B, SR BT R it i 3
H1 (i1 Me F1 MeO)i& 2 " H T % H(F, Cl, Br #1 CF3), ¥
RE LA 2 A3 BAH R4

2022 4, Konig Fl Jurberg & OWER] WHANF T, R
T — R DA R SR 1) 7 1 (Scheme 29). 51k

A r”\]:hSn R\ CFLlamps ., I'::,N—R
Ph” “COOH * | * \ |
Ly N, 4~48h X R
(20 mol%) X=0,8
58 59 60 61
0
1 3 — Ml +co,
o hv o) ISC )?\ ] Ph (o]
Ph”~ “COOH Ph”” “COOH Ph” “COOH o HO  oH
— I Ph Ph
A B Ph™  COOH HOOC  COOH
DIAD Py N~co.i
QNIN COzPr rooa ation 0~ N oo
9 0o CoPr propag co,Pr
e e ~somn
N SO,Ph Y Ph + -
o AT o 2 . SO, SO,Ph
Pe E SO,Ph
Ph”” “COOH
D L ~~CO,Et (0] CO,Et
ropagation O
coEt PPl CO,Et

BX 26 FHEBHBRAELH) o-C—H B H REHIL

Scheme 26 Benzoylformic acid-catalyzed functionalization of a-C—H bonds
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y TBHP
Y . \Ar/ MeCN, TBADT '/X /A
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X=0,8
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w W: [W40030]*
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hv BuO Wieg: H*[W10030]*
W’ Weg
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Scheme 27 Decatungstate-Mediated C(sp’)—H bond Het-

eroarylation

A TR 5 AR ), ERVURYTR, 20 Tl
J¥220 min BT #5. 2 H AR 4, it — b4t B R AT E L
AL TR G REE 1S B LT, VA RN HIR AN, V)
AR W T U R T U, IRARRE

i DL <5 A7 1077 R 3RA5 H e 4.

Y, X, MTBE, NaHCOg4

~COR" . HN—CO,R'
R1'0,¢”~ —X 5-6n —X  COR
64 X=0,8 1 65

BX 28 EDA &N AU E RN o2 A SR
Scheme 28 EDA complex-mediated a-site amination of tetra-
hydrofuran

oo + (ow M )
prp NSHORAr 3 - NHSO,Ar
o
4 67

66
NaBHy, air R
_ NaBHgar g
MeOH, 20 °C 7 NHS O AT
68

Bz 29 AT OB AE Rt A S5 T R ) C—H 2 AL SRR
Scheme 29 Visible light-enhanced C—H amination of cyclic
ethers with iminoiodinanes

Sl LB a-if C—O EBAVHE

2018 4, Toste 570Nl i HA TG 1 =05
B 5B T AR R M RIAR S &, 75 0] Wbtk
T, ST HMOREE C(spd)—H BEMIZA 1L [V (Scheme
30). %7 AT FH R SR AZ A KT bk MR AR 1K R 11 406 T S
HEAT SEARFN X d Ak 2 s £ k45, AT 3RAS 1 #5418 3E
AR STARR R RE ). RN, BT T REER R AR AE,
DRI P DA 38 P 2 i fse B xR B, 122 R W T A

1.3

O‘W 3AMS,40°C, 18h hv g2

R—oH + HL O]
69 70
B

Control of
Diastereo-
selectivity

Ar'AFIC

insoluble
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Phase Transfer
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B 30 St a-C—H SRS L RN K H S ML

Scheme 30 Photocatalytic a-C—H bond acetalization reaction and its reaction mechanism

Chin. J. Org. Chem. 2023, 43, 2664~2681

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2675

http://sioc-journal.cn/



BIKE

FAF4aii8 Rz 2aalsm i B A S FRE L. @
b EE A R S DA A O SRR R B TY, FEH T AR
ARE AR FAL: — 2 B B e SR I B 10
SRR A SR B, BRI A BN AR
i C, &AM C &N SHM N B.

2020 4F, Hashmi 26727 & 1 — P U S BEN) | ILE RS e
AR Bk 2R A A5 5 25 R 1) C(sp®)—H it 8038 A G
. B PA[Aua(u-dppm)2](OTH), AMEALT . 4-BH2E H kA
AT, 7EWEEIES T DAL 7= 23R8 T &P 4a sk &
Yi(Scheme 31). ZTVEEH T HFARE. fEE, At
JUE 7 Tk 30 A2 75 i, A SR B 88 LA S (1) 7= 63149 H AR =
v, ST EAE TP O ER B AL SEUE =1
AR Z TR RAR IR 2 o F B s R A T
— OB RNE, BT RN RS EERE T A
ATREM R NALEE: (LAY A 5 NaHCO; R &R &4
B. BEWCHES Pl B8R &R B, )5, Mk C 5
B R BB FE(En TVRWAHIEERS C, BER
A RS I D R E B B BE)E, DY
H 2L D it HAT i #2 DU o7 25 HL— SR
TR NIUEMRRE B F. BEE, BH%E F 5E
ML E KA EHE-H B EBER 2-PIEME G.
BT AR ESS TR T H &5 G S5RERE
JSANEEENER Tvasty/B 8

4-iodoanisole

H -
) Aus(-d OTf —
Y ,’ . HO/R [Aua(p-dppm)2](OTf)2 : X o
X'’ NaHCO,, hv )— \
X=0,8 R
1 72 73
o)
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A | —>Ar—H
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/E n\T E
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5 c IDSCIDE
LG W
ROHl

B 31 SMEAAMEET oS b AL RS
Scheme 31 Gold-catalyzed a-site alkane oxidation of heterocy-
clic compounds

2022 4, Kokotos 253k T — Mgl L& @l
b EEVERRIME IS 4938 C—H BE45 RS 1k S N (Scheme
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32). &I IRCAOR ZRERR ARG AT DU S B A 7,
A FH 6 HE A DY S0k i 5 45 e o 1 e R A 0K e I A
J T SR AEREAT A, N BT B B
fige. BE B paER LSRR RIS A 28 A BT T
S, AR 8GE Z BT W N T RS DAL 1 7
HPAT HAR ).

y PhCOCO,H o
. (20 mol% (+)-CSA ,f\
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O-_.” CCly, hv O—." rt 16 h OR
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B 32 U o-frke i

Scheme 32 Photocatalytic oxidation of ether a-positions

1.4 RELF/FBE o-fiL C—S BHE

2016 4, ZMAER &SRR T —Fe Al BE
RGN E 05 B R EE 1 B 261 B 10 ) M.(Scheme
33). % HiELL TBHP AT CLG FEFRIHY e 2180k
AT DL A9 — 05 B RN AT AE, =R T
SEIL T VUSRS -0 BB R (1) B 1% 7 V2 T %
X FR B DA B AN BB, T AN KRR B 1T 5 e 6% DAL 11
FERB BN HF o JAR. HRA, 1ZTEA S 2 B8
[ 2% ()57 BHL R 52 0], RVSE 2 iy A P9 A AR AR SR e
% DA S (1) 7= 23R 15 B AR =4, VBB R4 B ol L4 s
4. KIE SEERHRH 7 —NATeeny ML B o, mig
ZL(AR)TEZRE LED BRI TS RHIEADS AR, AR5,
e AR* IS T B A il REEFLFE A R
H 3 B AT E 3 E i C, [F AR*YIE R RIS
AR. [#if5, B 8 C MPUEPRIR a-fr 5B — MR,
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/ acridine red s .
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X ~s _ |
| / hv,rt, 12h A= (SN
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Scheme 33 Synthesis of photocatalytic tetrahydrofuran a-aryl
thioether and its reaction mechanism
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13305 5 AL [AA D. 1531 D 5 2R T E
RiAFEH bR F A—AN R B s, 7—J7m, oK
ik E B st Re i B e R AR D3RS 20 H bR
YIF.

2021 4F, Akiyama S PMS 1388 5 A R 172
ghakdsk, DABREREE TR, FIH W] LG SR T AR
54 A0 B B3 S B W (Scheme  34). % N A 75 B
SR SRR DL RG], T X RIR 20 S
T i T B HL A 7 7% (EDA) B S W0k e 1 [ S HEAT, N
FAEAEE o-f7 C—S BRI T — MBI am s
RS, VEEARYE KIE S48, WL 4-0R 0K
LA R, R T AR 0 2 SR M VUSRI a-fr <
W7 —ANEET. BRI R Y TR N AT RS
Ji—A B H R, AE 2 iR AR G TR T — T
BEM S N oG, £ n—n B E/ER T, gk
5 48K . FIE R EDA EHEY) A, Bl J5 78] W6 RS
T R E R B DR ERIRE
HEMET C. A5, HERRABENET C kE—1
R BT AE R B B R AE D IR 6 5 HEE E,
b6 )5 E it SR T @ R S — AN R, AR
Bk E % F. fn, il E g F S5 A i
4k D kAR BRI B B4 G.

H - S - E :
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psHe | 100800 pNT i
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Scheme 34 Construction of a-C—S bonds of photocatalytic
heterocyclic compounds and their reaction mechanisms

[ 4, BRI SEU0E 7 —F7E T W5 T A
PR 5 K05 0 T2 . EDA 8 -89 Se Bk ik &g
110 52 N (Scheme  35). % [ N2 AF IR AN, BRI, A
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T BT, AOEH TAA, FIRGE T & F
AL LB AIE a-C—S fEMME. EfERNE, %
TGRS T 6 L — Pk PER CRTh2 AR I
kM, I H e DL S S 00 5 177 R A5 2 H bR

SH HO . IPh,KOH S
LYy PnkoH M
X" hv, DMSO X/
X=0 8 rt, 24 h
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B35 SeEAEERAL G a-C—S B E

Scheme 35 Synthesis of photocatalytic thiol derivatives

2022 4, Laulhé ZEUSIDUBRAT 2345311 FeCly ML
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Scheme 36 Photocatalytic construction of a-C—S bonds of
ethers via LMCT process
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Scheme 38 Synthesis of electrocatalytic acetal derivatives and
their reaction mechanism
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