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Abstract: Chen’s reagent (methyl fluorosulfonyl difluoroacetate, FSO2CF2COOMe, also known as Qingyun Chen’s reagent) is a
practical and highly efficient nucleophilic trifluoromethylation reagent originally developed by Academician Chen Qingyun, a
Chinese scientist. This reagent is readily scalable for large-scale production using inexpensive industrial raw materials such as
tetrafluoroethylene, sulfur trioxide, and methanol. Thanks to its unique molecular framework and multiple activation pathways, it
demonstrates broad application potential in fields such as organofluorine chemistry, drug molecule modification, and functional
materials. In recent years, continuous breakthroughs have been achieved in the derivatization of the skeleton of Chen’s reagent, the
development of new reactions, the expansion of catalytic systems, and mechanistic studies. Through structure-directed modification,
a series of derivatized reagents — including copper salts, silver salts, trimethylsilyl esters, sulfonyl chlorides, and carboxylic acids
— have been successfully developed. These derivative systems have overcome the limitations of single nucleophilic reactions,
enabling a wide range of applications, from nucleophilic trifluoromethylation to radical bifunctionalization, deoxyfluorination,
electrophilic fluoroalkylation, and photocatalytic transformations. Based on these advances, this paper systematically reviews the
development history, structural characteristics, reaction types, mechanisms of action, and relevant applications of Chen’s reagent and
its derivatives. The review focuses on new reaction types, catalytic systems, and functionalization applications reported between 2020
and 2026. It also summarizes application examples from the interdisciplinary fields of pharmaceuticals, pesticides, functional
polymers, and electrochemical energy storage, analyzes the limitations of existing systems, and outlines future development directions.
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salt reagent with olefins and relative study
2018 4F, ZURGHN DR R T A TR
131015 Fh TMSRy H1 AgF N, 917~ A2 [AgR¢],
EAERMFM T A Re H HIFEFERUR RN A4S 2

Brokidk H A, BLo14- T EAR[2.2.2] 3 b
1,4- " 85-1,4- W H#ER (DABSO) N SO, ik e,
5 WEE B AR NFSI &AL, AR Rt sz Bl
T ARTE A JR 11 = 56 A RO I A O R
o RIATERIAL R BRI AR 2R 10 [ B, SRk
E) A2 R e SR AR P R il TMSRE A1 AgF Bz A2 i,
SO, ¥k H T 4Mni DABSO. 5 2017 4 TAEMIEL,
25 R e 5 YR ) P A = SRR e
HAh g bt R (B 6b)

ZRBH T 2024 FFARIE T BRI E0HEAL
I ) 1,2- 5840 = 3 AL s B8, i — 2 R R
TRAVERER 1T FH o 12 5 S FH R R R R 7 AR P
W R RS AR AgCFs fE =4 3L, DL
FNGEEAT), I SZEL TR U Be Ak &
N, ST — R A o- =5 P IEE R &0 (B

o RVHIERBF LR, BRFIER AL DMF )
e AgCFs JElt—Dr=/E —H WA mE, 5
W A I R A BT B A A,
AR SRR E R A R B AR o- =R
GiE T iRy

0,, DMF o

rd + Au00CFS0F) ——— R
-196°C ~RT, 7h CF3

----------------------------------- Selected examples --------=--=--=--=c-cscoooiaoaoon

mmww

--------------------------------- Proposed mechanism ---------ccccecccoccroccroconoaan

Ag(0)
YAQZO H0
€O, + S0, OH oOH
010,00F,50,) Erem Y —— ek,

K7 BREGREREEN SR 1,2-58000 =5 IR SR
Fig.7 Chen's silver salt reagent-mediated 1,2-oxidative
trifluoromethylation of alkenes

bR, Rl AR Sl AR T
THRALIERE, (5 b AR Y MAR B e JE 1
U, T LARAS RN S R MIEAT 22 4 (R e R A S o
2.3 BRI E——FSO2CF2CO2SiMes

W 7 R AP 3 7 v 2 AR T — SR A B A —




AR, ARG S R R R, iRk RS
BE&BEET, W CuDHEE Ag()SE, WA Al M
M= RS RBYIMS 5 R RN . IR A XL
BB TAE, ERNE T R R ES SN =
SR BT, AR TR RS, R
BRI RS ONAR R, e DA B
I 5 R R . T IX AR, Dolbier
SFUOLT- 2000 A% B e S R ) ek R 7
TR T — M AR 5 R sl A ik
ST, MR O 2 N T s
THRR B AR A R PO, DL K X Z A
BT AT R AT B

2020 4, Cossy SFR2VR & 1 e T BRik7m e iR
HR R I B S, F T gem- IR BERI A K
T eI I A R R PR A 2R 0 S N AR R B
LR R R SR, AR gem-—HIA
WIEEE R . A5 ARG AT R,
DA 6] B8 6 14 5 1 H AR F YL S PR @ (B 8D

RF

COMe  £50,CF,CO,SiMes R F sst Br (S)K(R)
NaF eps

|| P — /A —_— O\\\“ “'bh

o CO,Me S

diglyme, 120°C Ph

B8 WRiskRIRE NS & T4k — S A ot B LB 4k
Fig.8 Reaction route for the synthesis of chiral
difluorocyclopropane using Chen’s silyl ester reagent

A4, Ma SEP20R I BRI RE RR A Dy — 9 R 5%
RIPAR, IS T 2, 2- /B[ 1.1.1]5 5% (BCP-
F2) ERE . SHTETE —mIA R & A
A, ZTAERETIOALLREEE 2R, %
S AERIR IR AT SR AT AT, Mok 7 DA & Rt
2 R PR 32 BR AR I R, 925 W0t v AR BRI 2R
Yol TAEHEE AR AL Vg (B9

O R O R

FSO,CF,CO,SiMes F,
NaF F
—_—
2N dioxane, 90°C 2N
R 3R
X S

----------------------------------- Selected examples -----==---=ss-scssmnnaianannnas

0y _OCH; Qg_OBn 0g_OCH3 0 0'Bu
F, F, F, F,
F F F F
F
CFy CFs cl
56% 44% 21% 47%

B9 FHBRGIRERE AL 2,2 - XA 1L 1] ke
Fig.9 Synthesis of 2,2-difluorobicyclo[1.1.1]pentane using

Chen’s silyl ester reagent

5 I SRS BRI REBR R R
FEIR AT PN BT FR, P Ty A v (85 980
e A 2023 4, Feng SEIIGUbHGI N T IEBE-N-
SEACINE ISR AALT R e MR 2R R
AR EIRALEA R TERI RO (COF2) « 42K
IO U B % SI R M AL A A 3, T e — o
R AP — s B AR A IR P S s (1 10D

FSO,CF,C0,SiMes o Me
X H NaF 1
o N, R‘NJLF + X
N R' R MeCN, 60°C, 1h ki N/

R?

o-
T

up to 92% yields Recovery
35 example
------------------------------------ Selected €Xamples -« -
i i i X
el aciyealpion
Me COREt E10,C <,o
27% 62% 62% 73%
o Q o
A s A 2
O N\) \ F
N N it
| N
o
88% 89% 74% 70%
----------------------------------- Proposed mechanism - ----«--ceceeeeencnmenmneenannnns
RN -
& Mo o}
NaF = 9 RIRNH_ Ry L
FSO,CF,CO,SiMe; —3 [:CF,] > Jj\ > NTF
A FooF Ry

Bl 10 BRiFRIERR R AL A ot <R S I ) s
Fig.10 In situ generation of fluorine trichloride from Chen’s
silyl ester reagent and the reactions with amines

TE b TT T, 2025 4F, Ichikawa %5 247E
JRT AR AL TR, A BRI B IR AR R
%, RS o p-AMANER KA [4+1] PRI
o iZid L L S pE Ak, B S s
DBU fJ—faii i AL, Xk Bt & 1
HAZRTSE 2-muts a4 81D

FSO,CF,CO,SiMes
RN (TFDA, 1.1 equiv) R F F
1 5mol% PS DBU(3 equiv)
H p - = p ~
Ry PhCN, 50°C, 20min H 0C,th H
Ry 2

[PS-H]'F*
o O

0\\/3" ! ‘: { FSiMes + CO, + SO,
F OSiMe3 +:CF,

FF
TFDA

[PS-H]'F-

F

PhN :CF; +,CFy 5-endo-trig F
\\\/\Ph —> | PhN PhN
\_/~Ph < )—Ph

B BRI RE 25 4+ 1R A Rt
Fig.11 Synthesis of fluoropyrrole via a [4+1] cycloaddition

involving Chen’s silyl ester reagent

2025 £, Qing SFBIETF AR T M5 Wi S 1L



PSR 9 TR AL BB, R R R e i D —
AR ERIEBATHLEIR T . G5 RRW], FEH R AL
R, BRalGRE B AR SR SRR N — R
TSI, PIRELE HHAR R S R S, AT

WESE TR RE T T R a4z (&
12) &
SO,CF,CO. S, CuCl R F
FNaéIC;::, E!Aﬂg, SrCulz ! X
3 0" “ClI
| MeCN, Ny, t, 12h
1%
©/WOH BrCF,PO(OEt),, K,CO3, CuCl EF
NaClO,, Et;NClI, SrCl.
| 2, El4l 2 ©/\M{\OXCI
MeCN, Ny, rt, 12h
5%

B 12 R RERR T T30 e 22 I — 98 o v () 4 i S 2L
H
Fig.12 Chen's silyl ester reagent was used to validate the
reaction mechanism involving a difluorocarbene intermediate.
GiakE, BkmeEEEE 8 5o, R
FARE AR AR AN T B P4, AR i —
BARTE, AT LAREAT AN R R SR AR, 2
— B B R AR
2.4 BRXFIR—FSO,CF,CO.H
BRI T LA ek A R AT K B S N AR 21, 5
ML & o AFNIRIR, IRA Z Bt — P Bug v
B BATAE B . EA SR —NRAN I R
FEHTR, REARAEXS O-H BEH A SR H I H AL
SRR 5 B R ARR
2023 4, Huang % RPOEHET E R Z LA KT,
REEL IR CPYR i DIBREGRIROVIRAE) — R o=
U5, SEL T N-Boc fRIIFEHE R H iR = 2K O-
TR RN R EEE T, R E S UK
REH, A48 — AR 5 51 A ORI 5 B &
T O T A I S L o T AR R R AN SCH T 2
FHAL-OCFH 255504, HARA 1R rh st
HEFENREE (Boc) A7, IRk
B SRR (8 13) .

FSO,CF,CO,H

g

B 13 BRulRIm R 2 ke
Fig.13 Peptide modification using Chen's carboxylic acid
Reagent

2024 £, Levchenko ZER7RIE AR G AE (1L

EMALIZAR Cul M T, 12650 A IRAT N
EEAT (45~50°C) FRIR] 70, TR il
PER) R PR, B e Mk ek O-H
PSR, R ORI I ER B e A Dy — 9 B
(E14) .

F F
BocZO F_< F_<
OH OH O o)
CbZC‘ ‘ condition
NaHCO, I 4550 C N
N THF/H,0 ' Cul, 45-50 ,{,G H

F\rF F\orF FYF )F\ Y 3

0, F7 o gj F" Yo
H
94%

HsC.
or }
L
"
° 78% 68%

N
N H
H

64% 54% 80%

B 14 PFRISHIER Y O-H BlHE N\ — 36 H AL SR

Fig. 14 O-H bond insertion methylation reaction of Chen's
carboxylic acid reagent

2024 4F, Mclnturff SFPSFETF X HT SARS-
CoV-2 FHEAM (Mpro) HIELEL D RZYIRS, 755
KESH P AR MM IRATEY . FBESHE
MR FHRR ARy — R R, AL TSI T
e L PHEE TR O-— R Ak, IRITE 724
Jré (10kg 25D BBCK T ZHE (K 15) .

Cul(0.1 equiv)

o
Bog ﬁ\ EtOAcHept Bog ||,
‘U\ / o MeCN(QL/kg) N~ 6:1) Nt 0
Sj F\ Sj Sio, SJ
e N
wa( (5 L/Kg) Fo-0 10.3 kg o
w |7

F (50.3% yield) F\(
crude product 19.94 kg

MIBE(20 L/kg) 3

B 15 BRI A T OB e 259 v R A AL B
Fig.15 Chen's carboxylic acid reagent used in the large-scale
synthesis of intermediates for COVID-19 drugs

RT3 F T T8O P R AR 1 U .
L~ SR SO M b 3R — 2R T T2 T B
RBURTE RIS R . 211 CUAD B o 7 1)
B ER RN R, RN TR o 697 FK
FARiCRE RS & H T EHE 2UAL 172 N 2 RS
B 2 K BCR K AR IC BT . 2023 4F, Tanaka %%
PO BRI Tt T 1-(V,N- bk s R
Bk 3)-1,1- L L (CDD R, fEASHIRHE
PRCIEAEFRIC 2 At IR E T4, CDf BRAE LI
B B IRENE RAF. DABRIREF VBRI, 7]
HIH RO AR BRI il 2 2V AL FRice &,
ik v CDf BRI HNME (B 16D



(CgH47)oNH
HO, cl sHi7)a (CgH17)N
0 PCly 0 OHCly 0
PAF FAF T AL
7/ 4
O’/S\\O F O/,S\\O F O’/S \O
%Bl
OH
OH OH
S
Z“At
211t (CgHa7): 2N o)
Z”At 0 CH3CN 0
\©\/ 70 °C F S
O O

Bl 16 FRikFI T R bnic O
Fig.16 Chen's carboxylic acid reagent for isotope labeling
reaction
2.5 PG S ——CISO.CF.CO:Me
HITSC i k) 32 AR TR e e ik i P o400,
F14 575 — S T I i th T AHEAT S5 R 211 , 3 AT TR

JF 5 o &R 15 3 PR s R 57 . 2014 4F,

Dolbier ZFBOE LI & 1%k, R &V
Pk o &) R AR R T IR SR bR AR (SO0 11
REPE, T R R — P s ) R A R
AR . S5RGBT EEL, ZATEM AR
B e R S S R e, AT OB . 2Dt
TR, ZAFIABELEIRAT e AL I8 JF A A
RIS BRI BRI, B RETE O 8 R A 1F
T 5 AEEA IR R R AR m A R T R
(ATRA)D i, Mial B A7 1 s e gl A
CF,CO:Me Jr B AL T R AT 1A T 5

W 7k 1 SR AU BR T AT LA T E AR RO
b, 3BT LA T3 W s b B B AL SOV 0 2023 4
Liu BRI = 2R BBV R TR0, 4 MR ik 7 s ok
SRR SR, SEILT 05| e e oAt B LT H%A%
(1)o7 FE BB SEBR R AL OB o S B P4 v (1 i A
BB A, S ZFEATAE . ﬁﬁ&#i&ﬁ,
B RGBT, WA S ) b S B
it TR (B .

SCF,COOMe
PPhs, DCM
A 3, N
R'T N—R? . CISO,CF,CO0Me ———————— R*g\ng2
F N under liquid Ny, 0.5 h 2N
R3 then 60°C,12 h R®

--------------------------------------- Selected examples - ----ceeeeenem el

SCF,COOMe SCF,COOMe SCF,COOMe SCF,COOMe
Cl
N N N
H M MeO,C \

N
H
X-ray
85% 83% 80% 82%

SCF,CO0Me SCF,CO0Me

N Q OMe
N EtO,C. SCF,COOMe
N | )—scF,coome
N MeO OMe
M
86% 85% 68% 38%
-------------------------------------- Proposed mechanism ---------cceeeemmmamnmonoenaoaanann
«© /—\ (I)'/—\ o} JPPh:;
MeOOF,C— s - PPh; ——= MeOOF,C-§ + CLPPhy —3= MeOOF,C— s
&) o o
- 0=PPh, PPh, O-

1% +
or MeOOF,C— s — e 00F,C-§  + Cl-JPPha —
- cl

O'F’Phs - 0=PPh

] 3
MeOOF,C—-S ———» MeOOCF,C-8-CI
/\ MeOOCF,CS_ H 4\ SCF,COOMe
Hol
N+ MeOOCF,C-5-Cl — -
N
H

B 17 BRI S S AR — e SR A s S
Fig.17 Chen's reagent: sulfonyl chloride-mediated
sulfidation of heterocyclic difluoroalkyl compounds
3 LT, e X ek 7 4 i ) T 5 A G
B E FEM, SR A 2R RN AT
Al EATAIE AT R = M P R B
BB, TR TR, SR
TR IS SN, NAHSC A R g T N
M LH. TICRESEITEu g, R
IR B IER RIT IR BREAZ . DR RIS U
{EIYNAER

3 BRAFUEIHT A

AR, BRI AN BT TR SR i o AETTVE
FIRT, W GRS HOCME RN BB S M <5
LA, M T EE NG RONES R R, N
HARANI T R B S fE 1 1 i TR /252
SONFYZETE, BREGRIBN I TBR2h . AR 25, Thagm
I3 1 JGCHAMRIRL R AL S RE SR IS, A EE L
FfE . ARMNEOT RS AR ThREM K
=K TR R B A R G AS B K o I 2t e
3.1 FEA FROT VS AU N

Rawillf s NS e A= YA T
Z, ABAE LS SRBCAL 2R R T I 2R IR, I
T A RS2 IR . 9 RBX — IR, 2020



., Panja FFPURIHFRIAGFIE Cul 5 RS2 T

1-75 5-4-1-1, 2, 3- = MERAL S = BOE A =9
FEE L. WFFEER, mkDy T &% (TBAD 1N
NTER T AT B4 28 -5 vk 1) % AT
TEPE CuCFs IR AR, MIfide s T8k (&
18) .

Cul, TBAI, HMPA Ar
80-90°C, 2 h

------------------- Selected examples------------ccccnue--

| Br
62% 51%
CF3 N CF3 CF3
N\ NN )
N N N
<E E} <E‘ :}—CF3 <2 Z}
CHjs F3C OCF3
37% 38% 48%

B 18 BRI S =M S = S S R
Fig.18 Trifluoromethylation of triazole compounds mediated
by Chen's reagent

SRR JFUE A D R 1R PR SE T TR 1 8 £
MiAEIG. 2016 4, Qing ZEB¥NY R G EALIE
JFtA R, UL fac—[Ir(ppy)s | AGEGH, Td AR Y
FRAAIEFE T, AR T CF2COoMe H 3, S2BL T %%
A6 e LB AR L Y R R R A
2021 4F, Xing SFBURMIFIEAFENE, EKAFET,
BRI SEEI T I ek i e 2 - FP SR ik — 90 PP R U
A s (B 19)

OH

fac-Ir(ppy)3(3.5 mol%)
N MgF (5 equiv) CF,CO;Me
R + FSO,CF,COMe + H0 ——————
R

CH4CN
blue LEDs
Nz, 12h

oH Me OH oH
/@/K/Ccmone /Cﬁycacozm ~/3\/CF2c02Me
BY Me Me E ‘
50%

92% 94%
OH
CF,CO,Me
J0¢ o
.a @)\,CFQCOZMe
\_s
S w
85%

OH
10% 68%

--------------------------------- Proposed mechanism ------««cceceeeemonmmaemoaaoanns

CFZCOZME
f MgF,
R SET ,
(F:cmsoosze g:\;clg;zizx )OirCFQCOQMe
Ar/\ T
. CF,CO,Me . CF,CO,Me
A /\Rr A /\R/
19 DG T RGO I 2 10 72 A P AR 3 P XL
B ReHL

Fig.19 Photocatalytic hydroxyl-difluoroacetylation of olefins
under conditions

2022 4R, ZUREABPIE—DIRRE T2l
R, ARG EGN-3HF S2BL 1) e sk
-F SR TR RE I R S . e ML PR
TR, SR T H BEE O E TR,
M AT BRI B AR A A AR (F) SRS
wm (E20) .

N fac-Ir(ppy)s(3.5 mol%)
J@/\ + FSO,CF,CO,Me + EtsN-3HF ———3
R' CHZCN
blue LEDs

Ny, 36h

/@/\/CF ,COMe /dVCFZCOZM I I l CF,COMe

CF,CO,Me -
] 00
¥ P“ﬂ\/cacone

prf CF,CO,Me

H
o 78% 10% 68%
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Proposed mechanism - --«---««=««=sccemeeammaammaamaan

F
CF,CO,Me

FSO,CF,COMe
A _crcome

ap
+ SO,
CF CO;Me % \ EtNH' H°

AP CF2COMe

A /\rCF ,CO,Me

Bl 20 ODufiEfl TR M LB SN
Fig.20 Fluoro- and difluoroacetylation of olefins under

photocatalytic conditions



B T T AR IR, MRk 28 AR 2R % = 9
R AL B B B A T 28R4 B WD 22 AL oy R R e
e, T AR o FR 45 BRI 2022 4, Zhao 55
BT T — A AL T i 2-Z kR AL 51 51
et R IR S A3 VAR E /K N L
Selectfluor/Lil 4 {2 RIS 7€ AL R (AL, Bl
Ja SRR A A S PR = P AL, R R
PIh R 5 57 DMF RA4E 6 8 B R4
(E 2D »

" NN
2 1) Selectfluor, DMF, 15°C A |
N ¢ Ll o+ FSOCRCOMe ————————— 3 o/
GF 2)Cul, 1001 N
zN
CFy
- Selected eXamPples ---«----nxxeeneeeesueeeiseeeaneans
\'i‘/QN \T&N \T&N \'i‘/QN
Cl B
NJ\( NN 0 N NJ\(
KfN KFN ! [N AN
CF CFy CF. CF

---------------------------------------- PropoSed MeChaNISM -« -<-nxxenmeeeneeeeaneeenes
AN -+
NHy @70' NH
é- © g Cl
N E 28F; NN N
[ T — 697 o
N il N 3
l H® Lil l Fe
NH.
NHy 2
NN cul
N [\ ] > Rir N —_—
R \f FSO,CF,CO,Me
N ! DMF, 100C
cul
e cul
\==\B 9
N QN SN
NH2 100¢C S I NJ\
S .
RN—J\ RN—:)jV fon
ZN z Ccul oF
CFy CFs H0

Bl 21 kR R IR S
Fig.21 Pyrazine cascade reaction

ERTHELH TN A RSN R T R
FI NI T, IR SRR IR T I RAC B IRt 1
ZREAR T B I7 35 VRN R R FIAE 259 73
TR RIS I BEE 1R SRR, DL R R A
B2 245 5 A< 2 B L AR - 1
3.2 FEZHIUBI N

SRR TR P R B R B A R S
NALF R AL BE A R8T RO VE I
R E M SRR, AR SR} T
SERIRAL Y N . PRI BRG] T B AR R IR
Y. HFACE DR R GE, BT R T2
P b R AR 1) AR TR A 7787, 72 BE 2 AR 2
] QU I R A e R SEF B o DA 4 254028
X B AR M R B EAT A B

FEPUR T R E MOT i, 2021 4,
Prasad SFUSHRIE T AE IR SR 1F T, U
R A S SR HEAT o 2 = o TP S AL 1B 1
P B R T AS PR R 25 il SRR (18 22) .

o e o
I
! \f‘\NBZ FsC
NBz | NH
FSO,CF,COM NaOMe
820, INAO —— oy BN N No — » HO lN/go
0. Cul MeOH 0.
NMP, 80°C
86-90%
B0 R Bz0 R wd R

Bl 22 Rl FH R Bl RUPR B 2

Fig.22 Synthesis route for fluorouracil via Chen's reagent

TEAR 2G5y F & Jo 1, 2024 4F, Tang 5B
b 28 LR R 2R FBER% (Chlorantraniliprole)
BEAT SRS, R T — IS =B NE
S PEZE R ) IR B, RIS B
FEGEYE o EIZTAET, BTN T IngiK
Z R T LI E M ) = 4R E B AR & (3D-
QSAR) %, TEREMEIRE) 5-ALgI N 1 9Kk i -1k
=52 (-CF3) o AATRAPRAFAIE Cul/ TBAL
SEFEAERITE AR RL A B R A BEAT SR =3
HIIEAL, DMRFS RIS T — R 51 BA 3% s
PE CEFXPRE L /NSRS S ) 1 H A8 — 19
firptk (18 23)

H
.+ CHiCN
_(_(0" OCH,CF;
[
eooc—L i cooel S
N
o

Bl 23 SRR B IE AT AR B = 9 T R AR
Fig.23 Trifluoromethylation of chlorantraniliprole
derivatives

FEZR IR IA e 25 W ) B JRAB A 7 T 5 2024 45,
Han S5 UOVR FiY [ X g A S L 7 i e i A 0 20
= JR 3L, DS mARR IS I I 25 70 U&7
T &L (B 24 .

0 §
o o f*l\omﬂ o
Br. N 25tePs  Br N SEM FF FsC. (SEM _3steps '
(4 (A (A e o3
B o Gul, NMP, 100 -C, Ny, 3h 1~ g
ok
T

B 24 AR B S A0 X I P = P L
Fig.24 Regional-selective trifluoromethylation of the dazine

skeleton

[{] 4, Sirois ZEMI7E KRAS G12C # i 7



divarasib (GDC-6036) JCBEH ARG B, KH
BRI S B T OB e 2R i) = A .
25 B AT IR SE I E bR =4 04 i ABAAE R &
R BORHERE w5 iml i (] 25) .

(PMB)N._N_Cl  FSOCF,COMe  (PMB)N._Ng_.Cl (PMB),N._N_Br

;|
cl IN\ Cl 3 steps g B Cul, HMPA (S 3 steps ’ B
B —_— = P
Z Z Z
7 1 DMF, 80°C CF3 CFs
Me Me 92% Me Me

Bl 25 98 AR KRAS I ) S v () 44 5 B
Fig.25 Synthesis of a trifluoromethylated KRAS Inhibitor

key intermediate

2025 4, Jarhad SEMUHRE T 6- =5 H IR
A7 R W UE NS A2 R Bt 5 6 e 1R
PARRIR T A = 560 TP AR, il =
B TINFER S8 . P i) = sl B T (Rl 9 &
B A = g R IUAAZ T R R A T e g4t
(K 26) o ZER=ZmTPERREERIHE A
(Neplanocin A) FIJREENE (Uraci) BABEMNS

TR R S UM R .

o\\sao 2
| 3 %J\Ome FiC R
820, % B0 §7 Mitsunobu 829 wo PO R
oH cu % Condensation
—_— OH | ——— -
o0 oo —>
> Cul, DMF/HMPA °><° > HO  OH
80°C, 2h
65% R = Purine or Pyrimidine

Bl 26 =3 EEIURAL T RAT D) Ak
Fig.26 Synthesis of trifluoromethylated nucleotide
derivatives

TER IR0 Ja B AL B 1 5 2 AR AL 77
T, 2025 4, Duan S5EMIETFACHT Y & HUIHES A
& (Parthenolide, PTL) fiTAEMI}, &1xf HRIRH
BOKEEZE . DUIRAEMIM AR (A2 7%) KISk
K1, A PhsP/ICHCHoT fi it PRI 4 = 5
FALTHEM, I /NE N BERTAEY) MMB |
Cl4 7tk it AT | e B i Fe = 9 R AR Ak . 1T 24
FEAR A AT P AR IEE 70 R iR 5 2L A H
FERMESRTT 2 45.2%, FHAENE B KI5
F#EiE (PDX) HEAL Il 5BRIY STAT3 {55
S AHNE T, S EE AR (B 27 .

FSO,CF,CO,Me
Cu

PhgP, ICH,CHjl
DMF, 80°C
52%

(¢]
MMB

B 27 =9 R/ A5 N ERRTAE IR
Fig.27 Synthesis of trifluoromethylated chrysanthemum

FHHE(CFy

lactone derivatives

3.3 FEAPRMITET) N H

bR T LA BT 2 A IR 2 S8 S S
WAE G R, DhRe s+ B 2= A RE SR
R RN R ER VST Y3

TESH/ N F#RT T, 2024 4, Bonacorso
SIS BRI @ T — Bk 3 A = U 2 )
ANE 3-BAEPEIE[1,5-a]E0E 1, & % T BRI
Rt (434~496 nm) FE K Stokes £ (ik 201

nm) IR =G PRI RE A7 (828)
H,e— N)j\ i He— N)j\

CF3

N PN
CFy
HsC / H3C D HiC / ,
Z 7 7 HaC
NZCF,
OMe F3C

g% CH % < C N;\N‘ CH ©
& \N/ge— 3 R7N DC RN 3 CF,Cul
CFy ) 1

B 28 g Y U L P s e SR e R 231 B 45 1k
Fig.28 Synthesis of trifluoromethylated pyrazolo[3,4-
b]pyrimidine luminescent molecules

TE = F AR TH , 2025 45, Lee 2514615 F
ST IR ) R RIS AT 4 SR RO
THR M BABIC CTE. i WEAL & b % 1)
PAI Ji, Ei?WH§$1$WAEE¢ R R =
i HUAX i 2R = TR T s 3t e R k1) T A 5 Bl A5 2]
(K29 .

FSO,CF,CO,Me
Pd,(dba)s CHCly

MeOOC. COOMe
j@i = Di "
E— s Rk N
Br Br’ COOMe  AsPhg, Cul, DMF

MeOOCIZCOOME

120°C, 14 h F3C’ 'COOMe

0 O o
'COOH

Bl 29 =98 P A TRE MU B s ] %
Fig.29 Synthesis of trifluoromethylated polyimide monomer

FE< B AT RERRLTT T, 2025 4, Sankar




SR FH BRI D v 235 ) = 3 R AR T
TERRIRIR I AR L A7 v 2K 5T N AN SR L ) =
W, /BT —RIIEHBETH 12-54 K-
5,10,15,20-PY 2 3 -2,3- X0 (= 96 H 3 ) W bl B L 3o
4J& (Co. Ni. Cu. Zn) FEW). i@t =4 HFL A
TSRS 1 R0 A7 BEL IR %, A 75 REAA i bk 52 0 HH v P
A A B, A T H = AR ek
& (NLO) PAKIER AT R, 1EX8 iR 7 fs:
BER RIS I R AT (30D

FSO,CF,CO,Me
B 202005 F.C
" NO2 py,(dba)s, Cul, DMF 2 NO,
.
Br 100°C, 100h FaC

CuTPP(NO,)Br,

CuTPP(NO,)(CF3), (65%)

H,S04, 0C
CHCl3

F3C. F3C.
3 NOz2  M(0AC),xH,0 3 NO.
-
F3C CHCI3/MeOH F4C
or DMF

MTPP(NO)(CF3), H,TPP(NO,)(CF3), (55%)

B30 =g H R IR EE S0 A AR
Fig.30 Synthesis of trifluoromethylated porphyrin

complexes

FE AL ZE A BE AT, BT 20 v ) SR A

TR RS e B T A e (0 AL TR S A
ATERE JT . A2 T I A 7 i A S AL IE S
SRL, o3 fil A B LA . SRS TG AL
TS, [ A 20T B LR (R S e 0T, FF e
BRI RIMLEE . B 2020 LK, BRik
FILEARL AN S kit J 4 4 & ol SR i1 77
IFi) 14 A SR 7t BOAS B R e

TEIEMR S T (CED 14 5T, 2021 4F, Zheng
S VSIS R TR e T A D H AR IR S T R
1E% LiNio.9Co00.0sMng.0s02 (NCM90) 14 1. B 5t
T, BRI R e ARG R FRR TR R AR R
H,O VANAFER HF F PFs ¥0Fh, $E] 81
KA. BB, BT BRI B A B
HOMO fegl, HAEERRIILAMTE, TERK
T2 80% HE F LR 1) I ) HR A A
(CED JE, MIMKHR4ET 1 Hb e sy i A e i 2%
PR BRI AR E YA B 772 (B 31D

S-contained compounds
LiF

! o P-OF
Organic compounds an
Li,CO,

#”  mm NiF,, MnF,, CoF,

TMSFS Inorganics-enriched
additive thin and solid CEI

B 31 R B r s s 4

Fig.31 Role of Chen's silyl ester reagent as an electrolyte
additive

2020 4, Cheng FFWHRZR T MR B Y
LRI INFAIAE 4.45 V LiCoOy/ A7 S B A0 H b (K
R . EZRER (DFT) WHHS50RY, K
B LA L R IR P V7] AR A B IR 5 1
BIE (LUMO) R4, REBSIL e /e s UL IR,
SRS ) SR S L 4 v L 2 L 3 R M ] £ R A
JRFH (SED JBE, 25 A% T A mHat, KRR
3 T HIAE -10°C ARIR N BTSRRI A8 K SO A
T gk

2026 4F, Guo PN LiCoO, (LCO) 7E 4.5
V' S AL vy HS O P TE AN B e T R A R
A I g T P2 T S 80 A P % LT S R 1
IR, $EH 7 — PR T 5E SR (Competitive
Adsorption) ARG AR S 5 B AL S m L
LSRN . BEFCN AR, H VAR TC R 70 il 2
AN FARL L AR LA S LSS 4 AR 534K o T4
PRy 22 Dy BE TR I 771 AL) SR 0% 1EAR F T A
A AL T 4P PR R A P I S B P AR ) B R
7R, AT AN Y5 1 k0 T 0 5 T A 3R )
G TR B 5 A AT 9 o X — T e L
TR BT ESEEAL, i LiCoO, IEHR e 3
HH D05 Rl el e R R TR AR E M (1B 32)



Py
o\
0 %0
o B et
0 0 “[Re&™
° [ 9:9:3:3-3:%;
‘ -
Free solvent molecules enrichment DEC solvents dominant adsorption interphase @ =
nnnnnnnnnnnn
FDTMDFA electrolyte
=1 i -
¢ ¥ woFA additive us Phooos]
Q 0 N adsorption hie . enocace> |
9 | 2 ; LCO cathode s
Yy =
o
:9:3:3.:5-3-F0 o =
L / s
Solvent molecules locked by TTE diluent MDFA additives dominant adsorption interphase . -
s Orc Qoec Orr ﬂm»; MDFA % LiPF, 3 §°,¥. DEC o425, MDFA

B 32 SEPEIR AL TR LCO TR F ih
Fig.32 Competitive adsorption mechanisms regulate the CEI
layer of LCO cathodes

4, Li PTG, oot 1 sk s
INCM622 #Hajth (2.0 Ah) HIf#FR . fEFARM, H
RS S REAY. LiIF J& LSOs MBI
PR ST AR IE AR R B HE A
RFHSTE LiF AL, RET T MRk ke
Rk DL XU T P e ) 3% i

R P < e BRI P T AR S8 P ), 2022 4,

u SE2HRAE ] PR atR R A B A < Jm T . 7EAL
iiljﬂﬂ B?wi’ﬁ?‘JEAzE’J?&%ﬁf‘ﬁ%/ﬁ/ﬁﬁﬁ@(‘)ﬁﬁ
A H R RN, B AR MR T B . 5
LRI, o737 A B ANRRE 1 SRR I 3 — SRR B
A JRAL s TR0 AR U 1 R UBGR E K LiF AT
RS TSR IBLY) (LibS/LiSO) » XAlE
& LiF A BN L SEL AR A b ok 1 i
BT IUUREN A5, SEBL T e RN R s AR E
(R

2023 £, Wang SFHRIE, BRIy ARE
FRE SV FRAE) 5] P48 R 2 B (FsCED » N2
TR A R IR . EAEA LT A
FIER, W5 DFOB-ISHFZ%?TJ}@%%, FEAR AR
RITFY SR B SEL B, SEHLBE i R 7 Bl P9 25 21 5
RO, PR S TSt Ae 5 A BT, ST
PPE-RI ATt KA SOpm FEERGANG. SEE

NCA IE#% (2.5mAh - cm?2) [F84 84 HEithZ=E

TRISZEL 200 RAEER . 90% A EAREER % B
[i] i 7 -30~60 °C ) 5 18 X 8] I 28 50 Bt 1S I A3

SE M, DT 5 i P < e P Yt ARV VSR BT R

2025 4F, Fang SECHRIER R AR S5 4R A
KA N, 758 4 8 2R T 50 A AR O 45 FA 1)

MR Eh R, SR B SRR R A A
HE— D AE R P 5] N 254 [ R PR Ak A I Rk
FIREREE ) SEL 3577, HA e TRk B B ¥ 77 4 A=
W JFE R, AR S AR R A USRI S, —
F A sRA SEI (ESED . iZ A HL-LHLZ4 10
FHE S LiF. LS. LibO 2L S, A%
VA ff AR, TEBRIR T FR ARV AR 3R R A PR
M SEHLE T 2100 h KGR, T35 FE B 8051k 99.2%:
VUL A3 LFP IEMRMAE S8 it RBIH B
ERFMIEIR T M, NP R S AR 98
FREE A S N SEL ML T 37 k.

[F]4F, Hong “5SHRIE R FRAF I RE-TE S &
HEL AR I RV 7)o " TR SR O 225 [ e 0% Sk RN R R 1)
B, $RAtAa LitE AL A7 55 76 1 M LiFSI-
0.2 M LiNOs/EC-TEGDME HELf#RIA RN, BRI
A Pp[E NOs™ FSIIIES 143+, £ E &% LiF. LisN
(FIJEHLEY SEL, 5 S BURE PR PN AL &, (A
I sk RPUAABE 1 SHEL S Fna sh 115 .
A LiNCMS11 HIbE 4.3 V. 1C FIEH 400
P 25 B AR IE T0%, A4 T8 Ha ithy H AR R D A 771
o5 5 TR SR 7 v E ot B g (&
33) .

a o2
?
0.1
= b8 BN | N 12 o
g oo Sl e AR 5
E»o‘
302
203
w
L . &"q.
-0.4- A A P <O 4 e S8
# 3
0.5+ v . E
EC TEGDME MA MDFA MTFA MDFSA LFSI LINO,
b 1w

7.45 L]

~ IS £y @

1.83

Dipole moment (Debye)

£y

EC i TEGDME MA MDFA MTFA MDFSAﬁw

C -4 21 kcal mol-' -38.85 kcal mol-' -31.62 kcal mol-' -32.86 kcal mol-!

“‘“J\,Jfﬁjm

MDFA MTFA MDFSA
ITI
o YK y& Fug
)J\ %L -
O/
Li-MA Li MDFA L -MTFA L MOFSA

Gradual decrease in solventisation capacity

B33 [k F /A Fe s 70 PR AR VS T 7 O AL

Fig.33  Mechanism of Chen's reagent as an additive in



anode electrolytes for lithium-ion batteries

[Fl4E, Wang S5SSHRAECRE BRI PR 2 E
7 TFP 2R, MR R B B (LHCE), 5%
PLAE bR i BRI AR A2 S [0 2 R P A
fir 5 iz A, DARR R iR 25 1 T R AR V- HL A 8]
B Jai] 2 ) e B 51 B RE B R 2 A R
MDFSA Z 53 G5 XA € 1 FA 7 1t
PEEZ H AR ) NCMB8 11|47 S Fi I 7E 60 °Cra
I FOEIR 1200 BEIERFF 79.6% A BARRFER, &
OLT 7R P BRIR IR A AR 2R (125 BBl 23 7% %A &
TRFF) ¢ RIS 78 AR A A it J IR R A 22 4
P, PRI T MRS SR G 701 75 i T e 22 4 L
WP IR /1 (1 34)

S0 s s
3,83 rers e o5 worsa Ao Py

9% rTE N . UFSI ", MDFSA
3 o g ° s o -
“The binding strength with FSI Weak Reduction ability as)
Dense and stable CEI Dense and stable SEI

4 =]

o L SO

- * =% by 2 |

- e o o ) iy

o 3% ¥ ﬁ

e .S = 1}

Fst e -z, G -

. el

B 34 PRk BRI I A 1A R 1 S T LA
Fig.34 Mechanisms of interfacial regulation in a composite
system of Chen’s reagent and phosphate esters

Tl AR TSR FH 37 5%, 2026 4, Liu Z7HRIEK
Wi RE B A D9 22 DO RE HRARIBAS N7, A Bh 21
FURETHE SR A A AT T 2R A8, Hobi B 7 AT AL
PF /M Hh A ) LiF. LisPOs Z5f8 58 SEI 414045
s I ERuGTREERR B S A A R, AR
(TMS)20 B HLA LA A LizS+ LixSOs T LA I EUE
% )= SEI B, BRILZ AL, s Insilid R 44 5576 R4k
L, AR FEC 5 LitAORCAZ IR, NP e 71t
Mo Bl 7357 o A2 Rk TR e I 5P P AR VR Ay 3 97 A
£ 60 °C. 10 C 264 T 5T it 300mAh-g! LL 75 &
XF R NCMS8 11| A7 S2 8L HE I 60 °CHE R 200 18 %5
EORFFR AL 87.8%, 16 i [B A% e it R B L 7]
H BRI RO - 2R R T BRI IAT A S
¥ R A SR SO R BTSN R SO S S DT ]
e L H0 A AR 0T BTG LR S

A4, Dong “FSLRE BRI E o 95 1 7RI T 711,
H5EABEHE TR (BND SR 2 F 2 H g
TR 25 W) £ Bl ge A3 T P i R L R 1 59
Pk ST RO, SCBLPRE B AL, T
IBN GR D 5571 AT R (1425 52 1 1) A, R e P fi
WS TSR AZEAHE TR E 7R 30

WEY, (Rt SRR AR R & LiF. LisN 1K
FHATTCALAL SEI B, [F)R EL 8t 7 1) s i s A R
o MBI T ASEMH 10C T 192mAhg! 1)
Eb78 & UCHC NCMSI11|| A 224 b nlfE 4.5V &
JE T ARE TAE, -60 °CHIRT 4t 101lmAhg! A Igi L
2, 1.2 Ah BAL LR 3 C. -50 °C4 A4 R 43 il 52
W 75.3%15 45.2% M EIRFER . ZIF AR T BR
TRFAE T8 U3 L R 78 5 A 1 R PRV
F, i T 00 AR o B SR R

PR R RN B T R R 5, B C-F
BERES T (n FEC) [ C-F fEdERER s, Wik
S0 5T R S T4 B B 3R T T AT
9, BET 51 RS U S R OB . 2025 4, Yang 55
SO [ 2K 1) FH A M 55— P LS BB 77, L
S FHISR PR SO F H S-F B S KR
B, A A S T B AR R ik AR T R AR IR
SRS FEC PRIBN 5% mi IR PR 17 ¥ J e P sl
M, FIHERTMIE & LA 01 SEL B, $R7H 5t
BT L 3R A EI s R 5 = SIS - SR R
ININFURIAERR A LE 5 C 55 N rl#it 252mAhg
VEEZS &, SE 5000 ] LA ERRGE I KR 4.6 Ah
AL HIAEER 1000 [8 5 25 B ARFFRATIA 89.3%,
FHEL FEC 1A R R B E R R A (3D &

83

2
o8
2 SiN

¥

]

R
Vottage (V)

b
>
Voltage (V)

Inorganic-rich MDFA manipulation

and compact SEI
: 3

Ly EC {2 PC-hx EMC
9, v

Hard carbon anode
'

A DEC ¢y FEC A4 4 MDFA ® Na' 4+ PFé

B 37 RulFnx ek Sk SEL R R #E1E
Fig.37 Regulatory role of Chen’s reagent on the SEI film of
hard carbon anodes

Wt R S AT AR W B P A Dy & ROy Hhepd) 3125
BMINAEMEL, SCOATIER LS E AR S VAL
AT N SEIAR /B ¥ FEM SE/CET FTi i et fe Ak
A AN B SN IR T Bt TARR X, 278 Rl
HH LA e 3t AL 2 i E A RS R T T 70
SRR,

4 BENREE
iRy i G P 22 i e R AR kR, i



\
/|

HEFAARNE S N E 7. e R AR IR AL
TR AR, I ML R S SRR A P KT A
BEATRE A, A AR & AR AR = F SR I
R RIRSERT A WGR, BA 2 i ite,
FRZ BT R 1A% 48— 1 Dy = 980 P R BRI Y
JIR, BL R ENFEFRE =R PR R R R
¥ BRSOk bR A TR
ZUIREE BRI . FE6 OUNE AR, 1ZRAR &
CdE R . JeE I IE IR . ERIRILSE 2 Fif
B, FISERIRIA . M. BESRAEZ IR mAL
Bt FENHZTE, HAME OB R PR 2R 2 5 1
AL TNE 5 B S A BE T T A P55, FRBIL Y ML
BT AV R ) 2 7

Jee B AR, BRI S FH T 0K Bl 58 5 1T 1%
5 BREGR AR AN SeBE D BEM R = A5 R R BER
o R RO, BRI O BB =
AR ROV R =R A . R
AN =[Skt B AN SR Y e A A
IRERI BRG], RR T — D3 ROt/ L
AT RLE A, e v Rk B EAS X AR TR b
FACIR R, JF¥0 R R H AN TE B . fEEE
PR LGk, R CAE B R AL R
KRAS I 3% B SRR e e i e 2
AR, A NS 2 QIR 29N 245 70T (R
et A R . RS EDIRERRITH, FRist
FR AR EL MO /N 731+ SR I A T R
Y5 ¥ e 28 mAL SR A RE U, FLATE Dy LRSI 7
ARG A S S & LiF. LioS S AL e
FHIRSE, A A B S S T8 L AR X, AR
BN T R R L TR ORI bR 78 S5 A iy T
OUT RBLH AU R I SR . BT S, g
B TR IR EE QT B2 24 4 25 U T2 M
LT BEISA RS 52 X7 1 B AN e » R A
A A B2 AU P R ORI HES 1 T

d\

S5 3R

[1] Miiller K, Faeh C, Diederich F. Science, 2007, 317(5846):
1881-1886.

[2] Inoue M, Sumii Y, Shibata N. ACS Omega, 2020, 5(19):
10633-10640.

[3] Tomashenko O A, Grushin V V. Chem. Rev., 2011, 111(8):
4475-4521.

[4] Matsumura K, Saraie T, Hashimoto N. J. Chem. Soc., Chem.

Commun., 1972(12): 705-706.

[5] Chen QY. J. Fluor. Chem., 1995, 72(2): 241-246.

[6] Chen QY. Chin. J. Org. Chem. 2001, 21, 805-809.

[7] Zhang C P, Chen Q Y, Guo Y, Xiao J C, Gu'Y C. Coord.
Chem. Rev., 2014, 261: 28-72.

[8] Liu C, Guo Y, Xiao J C. Chem, 2024, 10(1): 7-18.

[9] Xie Q Q, HuJ B. Chin. J. Chem., 2020, 38(2): 202-212.

[10] Clarke S L, McGlacken G P. Chem., 2017, 23(6): 1219-
1230.

[11] Huang G L, Xue X S. Acta Chim. Sin., 2024, 82(2): 132.

[12] Zhao G, Wu H, Xiao Z W, Chen Q Y, Liu C. RSC Adv.,
2016, 6(55): 50250-50254.

[13]Le BJ, Wu H, Hu X J, Zhou X M, Guo Y, Chen QY, Liu
C. Tetrahedron Lett., 2020, 61(50): 152624.

[14] Wu X, Qiu X, Lou W R, Zhang S X, Zhang C Y, Ma X Y,
Liu C. Molecules, 2024, 29(12): 2849.

[15]Liu YA, Wu H, Guo Y, Xiao J C, Chen QYY, Liu C. Angew.
Chem. Int. Ed., 2017, 56(48): 15432-15435.

[16] Zhang H Z, Xiao W C, Wu F H, Ma X Y, Liu C. Sci. China
Chem., 2025, 68(5): 1763-1778.

[171Lin Q Z, Liu Y A, Xiao Z W, Zheng L P, Zhou X M, Guo
Y, Chen QY, Zheng C G, Liu C. Org. Chem. Front., 2019,
6(4): 447-450.

[18] Zhang S, Xiao W, Wu J, Wu F, Huang H, Ma X, Shi Y, Liu
C. Molecules, 2024, 29(23): 5622.

[19] Tian F, Kruger V, Bautista O, Duan J X, Li A R, Dolbier W
R, Chen QY. Org. Lett., 2000, 2(4): 563-564.

[20] Fuchibe K, Ichikawa J. Chem. Commun., 2023, 59(18):
2532-2540.

[21] Yamani K, Pierre H, Archambeau A, Meyer C, Cossy J.
Angew. Chem. Int. Ed., 2020, 59(42): 18505-185009.

[22] Ma X S, Pinto W, Pham L N, Sloman D L, Han Y X. Eur.
J. Org. Chem., 2020, 2020(29): 4581-4605.

[23] Tang H J, Shi X M, Zhu X Y, Wang C Q, Feng C. Chin. J.
Chem., 2023, 41(22): 2981-2987.

[24] Fuchibe K, Miura T, Ichikawa J. Eur. J. Org. Chem., 2025,
28(35): €202500586.

[25] Yuan W J, Shou J Y, Qing F L. Org. Lett., 2025, 27(51):
14276-14280.

[26] Sang X H, Wang J, Zhou J, Xu Y, An J, Warshel A, Huang
ZW.J. Am. Chem. Soc.,2023, 145(50): 27248-27253.

[27] Levchenko K, Datsenko O P, Serhiichuk O, Tolmachev A,
laroshenko V O, Mykhailiuk P K. J. Org. Chem., 2016,



81(14): 5803-5813.

[28] Cabrera P J, Allais C, Arcari J T, Gonzalez-Esguevillas M,
McInturff E L, Reese M R. Org. Process Res. Dev., 2024,
28(4): 1119-1128.

[29] Sasaki I, Tada M, Liu Z Y, Tatsuta M, Okura T, Aoki M,
Takahashi K, Ishioka N S, Watanabe S, Tanaka H. Org.
Biomol. Chem., 2023, 21(36): 7467-7472.

[30] Thomoson C S, Tang X J, Dolbier W R Jr. J. Org. Chem.,
2015, 80(2): 1264-1268.

[31] Zheng L P, Qiu X, Xiao ZW,Ma XY, Gao T Z, Zhou X M,
Wang Y F, Guo Y, Chen Q Y, Liu C. J. Org. Chem., 2023,
88(11): 7518-7524.

[32] Panja C, Puttaramu J V, Chandran T K, Nimje R Y, Kumar
H, Gupta A, Arunachalam P N, Corte J R, Mathur A. J.
Fluor. Chem., 2020, 236: 109516.

[33] Yu W, Xu X H, Qing F L. Org. Lett., 2016, 18(19): 5130-
5133.

[34] Luo X W, Zhang B, Xi C J. Green Chem., 2021, 23(6):
2324-2328.

[35] Zou S, Luo X W, Chen C, Xi C J. Org. Biomol. Chem.,
2022, 20(18): 3726-3730.

[36]HuJ, Li S Y, Zheng S C, Zhao X M, Wang X L. Synthesis,
2022, 54(9): 2282-2288.

[37] Maddess M L, Scott J P, Alorati A, Baxter C, Bremeyer
N, Brewer S, Campos K, Cleator E, Dieguez-Vazquez A,
Gibb A, Gibson A, Howard M, Keen S, Klapars A, Lee J,
Li J, Lynch J, Mullens P, Wallace D, Wilson R. Org.
Process Res. Dev., 2014, 18(4): 528-538.

[38] Mangla P, Sanghvi Y S, Prasad A K. Curr. Protoc., 2021,
1(12): e328.

[39] Ren J Z, Ji X, Zhang J, Yu Z W, Wang X Y, Xiong L X,
Yang N, Tang LF, LiZ M, Fan Z J. J. Agric. Food Chem.,
2024, 72(14): 8072-8080.

[40]Cai Y, GuHF, LiL, Liu X, Bai Y, Shen L, Han B, Xu Y G,
Yao H H. Pharmacol. Res., 2024, 210: 107508.

[41] Shen J, White N A, Tian Q P, Sirois L E, Zhang H M,
Gosselin F. Org. Process Res. Dev., 2024, 28(1): 92-101.

[42] Song J, Aswar V R, Jarhad D B, Jeong L S. Org. Lett., 2025,
27(9): 2215-2219.

[43] Duan X Y, Wang J Q, Huo X G, Shen Z, Ding Y H. Eur. J.
Med. Chem., 2025, 286: 117283.

[44] Zhang W, Lin J H, Wu W F, Cao Y C, Xiao J C. Chin. J.
Chem., 2020, 38(2): 169-172.

[45] Stefanello F S, Kappenberg Y G, Aratijo J N, Gritzenco F,
Luz F M, Martins M A P, Zanatta N, Iglesias B A,
Bonacorso H G. J. Mol. Struct., 2024, 1311: 138350.

[46] Kim S J, Jeong S, Byun T, Kim J S, Lee H, Kim S Y.
Polymers, 2025, 17(3): 309.

[47] Jangra R, Nair A J, Kuriakose A, Acharyya J N, Prakash G
V, Sankar M. Dalton Trans., 2025, 54(26): 10234-10245.

[48] Jiao T P, Liu G P, Zou Y, Yang X R, Zhang X Z, Fu A,
Zheng I M, Yang Y. J. Power Sources, 2021, 515: 230618.

[49] Xiang F Y, Wang P P, Cheng H. Energy Technol., 2020,
8(3): 2000487.

[50]LiuZ W, Shi L F, Liu Y G, Ma C, Zhang G X, Li S, Zhao
W, Du CY, Huo H, Yin G P, Guo R, Ma Y L. J. Energy
Chem., 2026, 117: 386-396.

[51] Huang H N, Huang L L, Chen S, Liao Y H, Li W S. J.
Power Sources, 2026, 674: 239741.

[52] Yang J, Hou J M, Fang Z X, Kashif K, Chen C, Li X R,
Zhou H P, Zhang S, Feng T T, Xu Z Q, Wu M Q. Chem.
Eng. J., 2022, 433: 133193.

[53] Wang X S, WuJ R, Zhao Y, Li B, Tavajohi N, Liu Q, Duan
J G, Wang D, Dong P, Zhang Y J, Li B H. J. Energy Chem.,
2023, 82: 287-295.

[54] Wang K, Wang C T, Liu S, Du C C, Zheng Q Y, Cui J Q,
Yang X X, Tang Y X, Yuan R M, Zheng M S, Fan J M,
Dong Q F. Energy Environ. Sci., 2025, 18(5): 2610-2621.

[55] Yang Z H, Qiu C, Chen H S, Hong Y, Shi K X, Liu Q B. J.
Mater. Chem. A, 2025, 13(38): 32504-32514.

[56]1ShiCY, Li Z G, Wang M R, Hong S, Hong B, FuY X, Liu
D, Tan R, Wang P S, Lai Y Q. Energy Environ. Sci., 2025,
18(7): 3248-3258.

[57] Pan T, Yang P H, Zhang S Q, Guo Q P, Zheng C M, Liu S
K, LiY J, Sun W W. Adv. Funct. Mater., 2026, 36(28):
€27980.

[58] Zhou W, Liu G H, Mo Y B, Zhu X, Zhu K'Y, Dong X L.
Energy Environ. Sci., 2026, 19(1): 299-311.

[59] Liao Y Q, Liu H, Zhang Y Q, Yang J Y, Ji H J, Wang D H,
Yuan L X, Huang Y H, Ren Y. ACS Nano, 2025, 19(33):
30466-30475.



