4

% *IL {t& % DOI: 10.6023/cjoc202206050 Zdk 5i#R

Chinese Journal of Organic Chemistry

REVIEW

ER=sHME R NARIER

W %A B =T = v Bn = I FF
(BN AR KA SRR TR2EN BRSO R 25 TIREEARPI AL B 201418)

WE = PR B T Uk = 50U B FE b s 87 5 1 X — BB 0 U A, T = 4 PP G 22 ) e 2 RT3 7
MEEN TR, FHHE =R EMENA A EA BB AYIE M, B o ROk 2 () B T AE & IR
H e m i — 3 I, Mol 2 B = F P A s N . SR =S R IRk e B B B EE = P AR S v = A
SRR ST 6 SRR E Py Ah S A B = P SR S N ORI S BT T AT g, FER ) I R LR AT VAN
Wi, X B =R PR T TR AR,

REEE RN, SRR SEHRN; H RN

Research Progress on Direct Trifluoromethylselenylation

Hu, Zhaoming Wu, Jihong Wu, Jingjing™® Wu, Fanhong™
(Shanghai Engineering Research Center of Green Fluoropharmaceutical Technology, School of Chemical and
Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)

Abstract The trifluoromethylselenylation reaction is another important research topic after trifluoromethylsulfanylation re-
action in recent years. Because the trifluoromethylselenyl group contains two important chemical elements, fluorine and sele-
nium, and the compounds containing trifluoromethyl selenide have important potential biological activities, more and more
researchers begin to turn their attention to this new group in recent years. In this paper, according to the three reaction types of
nucleophilic trifluoromethylselenylation reaction, electrophilic trifluoromethylselenylation reaction and radical trifluorome-
thylselenylation reaction, the research results of domestic and foreign scholars on direct trifluoromethylselenylation reaction in
recent 6 years are comprehensively summarized, and some reaction mechanisms are discussed in detail. Finally, the direct tri-
fluoromethylselenylation reaction is summarized and prospected.

Keywords trifluoromethylseleno; nucleophilic reaction; electrophilic reaction; radical reaction

B —MEREILER, AN TS A
DA L R A 1 5 O RO 25t R R A 1. A
AR —P, SR EGH SCF —H &%
MK, %TF SCFs FRkr B b, HEa ko
ZHUE T KRR SR S BT R T — LR
b, AATVIF GG IZETE B Y68 M i 8 KR 1 — i, &
TR, WA RN SeCFs AR EA RIF K1
(mr= 129, T R 4f 126 B 1A F T 52 S A HLar 1 1)
BIEER, Mgz s IR HZ. BT R SCF;
HATALRPERR, Rl SeCFs A2 il 24 FA AL 2210 5
FAMEIE SR (1) — R A S AR AD), 2016 4, Block ZF 004 T
N SeCFs JERREIERR —HFMER, 5FME
FRAH L, — 5 AN S B 0T N R4S I it AE 4 HCT-116

* Corresponding authors. E-mail: wjj@sit.edu.cn; wth@sit.edu.cn

RO SR E . teah, o g R AR E B
HICER, & NS PUA B B G oy, REAR R
T SR A S S SR FH, DRI T LR 0 i e B2 4 PN B
FAR = A 8 e 3R ). 5T, Wi R A B
2 E7, CKFETE” M O S K
HEAATIZWT =R 3] SeCFs Al RESE L SCFs A KB/
1 E el

W TLAER, T =5 AR S50k S5 7 (R BF T8 8 T 46
REHER, Horb A5 BT A = 460 R 35 i A4 7 i LA
KOO T A AT 4 = 3 A 364k e AR LG, H AT
B =5 TG 3 S 1 7 ST AR R B = R
w5, R REsE e = mUF 2Lk SRR = PSR
25 = 30 R v = s DL 7V, AR 250 DAIX = Fol

Received June 27, 2022; revised August 2, 2022; published online September 1, 2022.
Project supported by the National Natural Science Foundation of China (Nos. 21672151, 21602136).

5 AR RL 225 42 (Nos. 21672151, 21602136) %% Bh I H .

36 http://sioc-journal.cn/

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

Chin. J. Org. Chem. 2023, 43,36~56



Chinese Journal of Organic Chemistry

REVIEW

AN SRRNFEA B ER, XTI 6 AR AAH 5 s ik
ITE R,
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S % = R TG A J B A B A B = 9 A 24
WG T vEZ — . =Pl 3 DY 3 4 (MegN-
SeCFs) & H 1l f5e & WL I — Fh i A% B = &0 1 26 40 3R
7, F1E 2003 4 Tyrra GO0 Halb 47 & RS R AL,
T MesNSeCF; &) T4 il PR e 25 1, oN K
B TAE & T PR — b =P 277, %2 541 SCF;
TAEMIE K, 2017 4F, 5K ik R 4 U O — {5 B 1 1k
(10 5 358 i 4 42 1) = % FRAS 544 S B (Scheme 1), 12 v
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RER MR, %A Th #2459 9 T E AT A4,
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.
A\ SeCFs
R.—/

X Ni(COD),, bpy or dppf
R'_/ *+ NMe,SeCFs “repor toluene, N,
57 examples

rt.or50°C,2h
up to 99% vyield

/©/SeCF3 /©/SeCF3 /©/SeCF3
Ph Ph NC

X =1,99% X = Br, 95% X =Cl, 71%
SeCFs SeCF3
/©/ o N SeCF,
CN & — j@/
— 0 o
X =1,99% X = Br, 83% X = Cl, 50%

B 1 B 07 5 s A R = 9 I A S 3
Scheme 1 Nickel-catalyzed trifluoromethylselenylation of aryl
halides

[Fi) £ 5K G PR AL RS 1 DA = 980 il 2 DY
2L £ (MeaNSeCFs) A = S I SE U5, 72 AL o
NGRS, SEIL T ek s e, w107 2 sk
Yoo 5 RS = s IR R . O R E AU SRR #h A
o- R FRIEA S WD) = 5 Al FE AL [ M (Scheme 2). 5
CANTTVEAA L, %751 AT S BE R S 2% AT A
JEVDVEIE L B R 32 PR A AR AL EAS R,
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FR A A S I 87 A DA 22 B A
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Chin. J. Org. Chem. 2023, 43,36~56

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

SeCF
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" XorR\/\ / MeCN : =

©/\SeCF3 ©/\ SeCF, ©/\ SeCF,

88%, X = Br 89%, X = Cl 85%, X = OTs
SeCF, SeCFs s
O " e
o O,N N
88% 75% 54%

B 2 f# ] MesNSeCF3 AT JCHEALTIAN TC A 75 ) = 98 FF
AL 2 B

Scheme 2 Catalyst-free and additive-free trifluoromethylsele-
nation using MesNSeCF;

B = R B 6 A 0(Scheme 3), FIHLZARMEALTAALL,
12753 AT AW S A0 55 s A4 B B R A8 SR IR B B, 3K
Toft 22 4% < Ja PR A R - 1l = 3 TR A 2R A 5 v 2 B
FIH, Ty o7k = m TN SR Bt T — R4

7%
! INi] 10 mol% SeCF,
©/ + MeNSeCFy —_ — o™ ©/

14 ~16 h

[
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[Nl = SIPr-N—NiSIPr

\I/

SeCFs /©/SeCF3 /©/SeCF3
\N/©/ F4CSe Ph
0

92% 68% 99%
SeCF, SeCF, SeCF,
O]
N ~o
o 97% 89% 98%

B3 XUZHE L7 HEAL S MeaNSeCF3 52 XA Ik [ 8
Scheme 3 Binuclear nickel-catalyzed cross-coupling reaction of
aryl iodide with MesNSeCF;
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(Path I). 5 —2RBRAE0N, BRAN AL 12 BIROH 2R Selected exaMples- ------—------<------
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BEIHAR™ Y 5 (Path ID). [EARERMIE, CaCl £
TR UIE I IRANTE AE. . N o
43% 78% 81%
R? CaClp RZ__SeCF,
R1J\OH * MeaNSECFs MecN, Ny, 80 °C, 2 7;1 SeCF3 SeCF; SeCF,
------------------------ Selected examples-------------------- /©/\)\ /©/\/‘<
FsC FsC
60% messy messy

/@ASeCFg /@SGCF3 ©/\/SGCF3
F Cl

88% 92% 76%
SeCF;
SeCF
N"secF, H ’
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------------------------- Proposed mechanism-----------------
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Scheme 4 CaClx promotes dehydroxytrifluoromethylselenation
of alcohols with MesNSeCF3
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BR 5 RiGEZER Markovnikov ) = 5l Bl 3646 s b7
Scheme 5 Markovnikov-type trifluoromethylselenylation of
unactivated alkenes
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Cu,0 (10 mol%), Ligand (15 mol%) SeCF;
Cs,C0O3 (1.0 equiv.) R’ CF,CO,Et
1,4-dioxane, 48 h, r.t., N, R? RS

1)\/R3 + MeyNSeCF; + ICF,CO,Et

SeCF3 SeCF3
CF,CO,Et BnO CF,CO,Et
Ph 90% O 539
SeCF; Ph
CF,CO,Et SeCFs
CF,CO,Et

58% (dr= 14:1) 55% (dr > 20:1)

Selected examples ~=-------"""--7m-------

---------------------- Proposed mechanism -------------------~-

L1Cu-SeCF;
8 R—X
SET
MeN4SeCF3
*R
10
cu E1B3e_ | o ™ /9
L1Cu'-SeCF,

¥
O/KR
11

B 6 AR B 2k 1,2- =50 T EA AL S S

Scheme 6 Copper-catalyzed radical 1,2-trifluoromethylselenation of alkenes

------------------------ Ligand used--------------------------
Ph Ph
N
N
o \
Me.NSeCF MeDalPhosAuCl
R—X e4NSe e
* 4 e AgSbFg
DCE, 70 °C
SeCF3

AR 7

R—SeCF;

MeDalPhosAuCl @\
NMeg
[

B—Au-cl
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95% 89%
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“SbFg
@—Alﬂ”— \
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» ZSbFG
B—Au—R

14

Me4NSeCF3

(B—Au SeCF,  MeaNSbFg
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Scheme 7 Gold redox catalyzed trifluoromethylselenylation of aryl halides
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X bpy)Cu(SeCFa)ly — oo - R
R +  [(bpy 3)l2 45°C. 16 h
o ) SeCF;
(0] S CFQCOQEt
SeCF R
N S e Selected examples --------------------
R SeCF, SeCFs
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--------------------- Selected examples -------------cccemmo
20 67%
[:::rJL\/SeCFS/J[f:]/ﬂ\V/SeCFa [(bPYICu(SeCF o)L, 5% :
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/@)\/SGCEQ)J\/S‘&CH = | (D)\/CHCOQE’[
N N N
Ph =f T N o . A
N _ 61%, E/Z > 20:1
84% 74% bpy e Proposed mechanism ---------=--==----

B8 — R S0 - =0 LR & i
Scheme 8 A kind of synthetic method of copper-mediated
a-trifluoromethylselenyl ketone
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Cu(SeCFs)], A= F ALY, SEIL 1 = 5 H Al 56 it
B (4145 (Scheme 9), ARFTJE I, MEMGERR AL & RA
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LA A7/
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------------------------- Selected examples------—-------------
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96% 97% 92%

B9 &= AR e 2 AT A

Scheme 9 Synthesis of trifluoromethylselenopyrone derivatives
2018 4F, BEKIRIRBHPHRIE 7 — G/ s ke )
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2SN B B WS AR X B . e/ A4 AL
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17 18
(bpy)Cu(SeCF3)l (bpy)Cu(SeCFs)l J
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CsF 3
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B 10 =4 —HbiE = 5 PR AW A Rk

Scheme 10 Synthesis of three-component difluoroalkyl trifluo-
romethylselenyl compounds
FEH R =77, BF NN BER T B4
T ILHE RN AL R HE e o (AR AR R B A R MR
XFSORERE TR RE R SO SILER, S A 2R £ IR
(bpy)Cu(SeCFs)if JR 153 — 5t 1 o (] 4 17 e
A 16, —Hbedk B 2 b ARG R P el 3R 15 2
]k 18, a4 18 Flrh Al 16 TG 2] H Az =247
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bpyCuF, M 1 WA ) A A0 e B A Ak ) (B- Jod VM
BRAETAR) AR B, X WARRE T 9t A S AR R A LA
BT B-J5t 58 Bk B s SR R AN RS2

2018 4R, HEIRURBHCTHRE T — 615 F [(bpy)-
Cu(SeCF3), 5 o-EEBRER = 80 E B a- =3 A LB 1)
S % (Scheme 11), % Jx¢ B F 26 AF IR A firﬁlﬂfﬂ\ J&&
YREH LRz, BHESE. PEEE. . IR,
22N BN ﬂ?l%%*ﬂi%”%%%%ﬁﬁ‘él%ﬁﬂﬁ R )
A, B2 3-MbiEdt o- 5 U0 0V AR O 75 =4,
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N2 F3CSe C02R2
A CO,R? + [(bpy)Cu(SeCF3)] i’
R:— 2 Py 3l 740 °C.2h = I
7 S
R
----------------------- Selected examples---------------------
SeCF3; SeCF3; SeCF3
COzMe ©/kCOZEt CO,Et
88% 91% 70%
3CSe
SeCF,4 SeCF3 CO,Et
©)\C02Et | COzMe
99% 0% 58% Ts
R 11 o-EAREES S5 EE B o- =50 PR R

Scheme 11 Efficient synthesis of o-trifluoromethylselenyl es-
ters involved by a-diazoate

Cu(SeCFs)]o =9 Tl S5, FEAEAL s IR & B = 50T
il 35 2K FF R IR 73T A2 4 (Scheme  12), & i = 9 B Al 3
HIFRME SR AL T — Rk, EE el T AT
P B A RS AT AR, (HR U R RAR,
L RCRAEE. BeAbh, 5K 7] e T A0 <5 Ja 1 A 2% 1
NREATAC A S RR T TA A A R AR R
BUERRFFER ], S RIRAR P S 2-VR 28 R g 1 T .

B Pd,(dba)s

Rm + [bpy)Cu(SeCry, — 1o
AN o 92 "EtN, CH,CN
100 °C, 24 h

X
RmSeCﬁ
Z =0

------------------- Selected examples-------------------------

A N—secF ‘
SeCF3 eLls A\ SeCF,
o 0 g

90% 52% 89%
------------------------ Ligand used --------------o---oooo-

@nb

P(o-Tol)3

B 12 LA L B 2 A A 72
Scheme 12 Tandem synthesis of trifluoromethylselenylbenzo-
furan derivatives catalyzed by palladium
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¥ = 9 Rl 34 [ N (Scheme  13), 1% [ 37 A 3 B AR AR,
AR TE T80, 5 AMZ SR 0 2 A7 B s B
H—E R, e R IR B LR, S E
B, ZITEAGE AT =5 38 s b, T HE
3T AR IR ). BT TsSeCFs A fisi Bt A
A R Z IR T O8N, DR AT S 1 T s A
A2 1) TR L 1), IX T2 3K TsSeCFs s — iz FL 7l
X LG o L N R R, S X X Al i
ST TR, T TDAE NHTIRLE, 5L TDAE
A1 TsSeCF; 2 [Al R THF, 724 = H Pl H h
FerplaR 19 A aA 22, 2 5 =4S B 3t b e
119 R 22 RAESE IR TR, PR B SRR R
[ 20, )55 KRG 2 AE R AR SERZ B O BN A=
B EBRPEY. BEANEAE — R AT BRI R B ER AR, B H ]
19 KA, ER TR 21, WSS 22 kAR
THeHe = A v a4 20 AR (A4 19, Bk 20 5
ARG A SEAZ B S B AE A H AR =4y, i Ik T A 5 A7 g
AW, SEIL T 2% AR R SR AR ) 3R,
N SEER AR B S BB AL T — BT L

(1) TDAE (1 equiv.)

Ts SeCF, DMSO, r.t., 5 min R/\

)R7 X, 5min
1 equiv.

SeCF;
1 equiv.

------------------------ Selected examples------------------

©/\SeCF3 ©)\SeCF3 Meo\©/\SeCF3

from Cl or Br from Br from Br
56% 53% 63%
Ph/\/\SeCF3 /\/\/\/\/\/\SeCF3
from Br from Br
60% 16%
------------------------- Proposed mechanism -----------------
TDAE™*Ts ~

SeCF3 TDAE TS RSeCF3

@ SeCF3

.

Yy
8

» path | TDAE™*Ts
<
2

TsSeCF; CF3Se SeCF,

BRIz 13 TDAE /v 3970 & AL 2R = 98 A S
Scheme 13 TDAE-mediated metal-free nucleophilic trifluoro-
methylselenylation

2020 4 Billard HEZHBHE T —HIA T T0 48
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JoE M AL A 2% A% = 9 A0 A6 SV (Scheme 14), 1% S
HA AN SN R RS54 vl LU B
R BN B v AR A IR AR BRI AL
PRFANHI T Billard ) TAENLERSML, #0028 T AL AS R
PEB . TsSeCFs 5 DU T AL B2 e WA O S % 1)
WEASHhIE A 23, RS A 23 55— RO T R
PR BN, il 25 AR o A R R IE R SR BAT SR AR MR =
ST T 24, e 5 RAURYAE A B H br
.

TBAI
THF, 40°C, 4 h

©/\SeCF3 ©)\SeCF3 J@/\SECFS
F

TsSeCF; + R—Br R—SeCF;

89% 90% 83%
SeCF3
/\/\/\/\/\/\
SeCF3
20% 15%
"""""""""" Proposed mechanism----------="""===""-~
5 st BuN*I~ 55
Ts-SeCF3 I-SeCF;
23
BugN I~
2
R—SeCF; SeCF3
24

BRI 14 RS S0 8 Jm AL IR SR A% = VP Al 2 e
Scheme 14 lodine-mediated metal-free nucleophilic trifluoro-
methylselenylation

2021 4F, Billard #EHZHBIF HRIE T FFH TsSeCFs
VB S A% — 5 PP AT 25 Y050 10 Bk 1 A 1) 53 A = 980 R A 21 S
J%i(Scheme 15), 1E# KIS EARLE A AiEL. 1
AMZ RN R T T AU R 15 B A 1 E A
Y, ToaEHmhaifk vk, WA R, TsSeCFs AT B4k
K, JEAL AR R = B R R R B B 1, SRR R AR e R
A SN2 ONAEREH BRPEY). 2, Billard BREILR31E
RIE T = Fh TsSeCF; K A= Wk AR s i 53 FLA 71 [ %
RARF AR BB, X FRRE 0 AR T E AR AT
4.

2022 4, Vantourout UR@IZHPMEIRIE T —1# TsSe-
CF5 [ A5 AR M S 2 1) F A A e et A Robe = 96 PP S 1k S
J¥(Scheme 16), 1 Billard 1) TAEH FiAIE, Zi5 84 H
HAL 22 T R T B RIE R, M K T
PR, ML TR — M E . AV,
N 5 A R B R R B4 T IR R AR RE AR
UFHb e 7%, AR FE A an it v B B 3E % s . E AR
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B
DMSO, rt, 1h

©/\SeCF3 ©)\SGCF3 /©/\SeCF3
F

from BnBr: 83% o 78%
from BnCl: 0% 64% ’

TsSeCF; + R—Br R—SeCF;

| N SeCF;
_N /\/\/\/\/\/SGCF3
71% 0%

BR 15 BT SRR = 5P R S8
Scheme 15 Iron-mediated metal-free nucleophilic trifluorome-
thylselenylation

NEt,BF,4 (0.1 mol/L)
DMSO (0.025 mol/L), r.t., air
C(-)/C(+)
5mA, 4 Fmol”!
----------------------- Selected examples ----------------------

o}
©/\SeCF3 ©)J\SeCF3 /©/\SeCF3
F

from BnBr: 85% - o
from BnCl: 32% X =Br, 76%

| N SeCF3
_N NP P P U Ui

X = Br, 85% 24%

R—SeCF,

TsSeCF; + R—X

X =Br, 99%

|
J— | TsSeCF3 J—
Ts 25
31
Ts™ + SeCFs,
27 26
Ts swaj
o Ts~ o
'§ 27 Ts* §
© ®
(]

SECF3 CF3S€-S€CF3
26 28
SeCF3+ SeCF,
29 30

SeCF3; R—X
— 30 R—SeCF; —

product

B 16 AT s AUkE = 5P Al 2R AL S8
Scheme 16 Electrocatalytic activation of alkyl halides for tri-
fluoromethylselenylation

B, BRI YRR e Ao i 7 A S R A R
FUBIE AT B 5 VARSI AL = 28, (E2 RTE b
1 AR GEAATE [FIRE I JR PR M, FLRTERAS H br =i /R
1, BRI e — Tl s 24 ey oA T e 1) i AR e = 3 R AT
TR N2 LB, fEF I OF NMR FVE AR 28k 1R
AN Tz R ML, $&H— % aEm R M, Hk
TsSeCF; 25 7 M A S5 42 1% SeCFs H HE 26 F1 Ts [
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BT 27, BEJ5 SeCF; H H1%E 26 5 TsSeCF; Jx B AE A —
RrlE Ak 28, 1% 5 R AR TR B AR B KL SR 19 215
B PR T, 255 mARE 2 8 R A 6 =
BB A=W, TFEEE R, RAEMEA R EE, Ts
P ES ¥ 27 F1 SeCF; BH B8+ 1T Re£E FH AR p 8 Ak =4 Ts H
Hi3E 31 F1 SeCF; H #1926, Hrb Ts HH1%E 31 IRA S
WOB R, TS 5 a Ak 28 P2 A iR 35 4, DRt ol
TEEZ B TIHE R RELIE m R,

2019 4E, Cook URZHPSHRGE T 44k iy L =5 F
Tl AR (AgSeCF3) N = F ML IR C(sp®)—H M=
Il L 4k 2 B (Scheme  17), 1% 72 BLA e 8 1 (X 48 a2k
BerE. Tz R E RelA I 52, I HLAESRE ) K= R ik
C—H ##, XRMEGGRITEARGLRIN). ERER
[F)5& AgSCFs [FFEIER TiZ R NAKR R, HUELHTF TR A,
SN R AR, B4 Cu(OTH), F bpy 57 A= i
[Pk 32, ek 32 5 HUBEIE R SN AR R BE &L H H 3%
34 I LCu(IDF &% 33, B 33 58474 /i
Cs[AgSeCF5]Br R MJERH E 44 36, [FIHT, 20 H B A H
34 RADTW 1S-E0ER [N BBk H ) A
35, BEJa5 36 [ NI Cu(IID)-Fed b a4k 37, f/5ik
JEIH B3 H AR =9 B4 LCu() 3 5 F — LA,

2019 4F, Hopkinson /@ ZHBORIE T —Flugi 4 — 5
HAN A7 BT-SeCFs HIGRTV%, 1EE HZ =5 F il
FEAR T R T Hh T i 20 P S BT B AR — A R AT R b
SV (Scheme 18), 1% N A T HTH L IE & @MENL . NV
IRV S B SR AR AN SRR . TGI8 A 05 75 Bl A2 IR i
it S B B U HE Rz R AR &R AE# 248 T iz R B ]
RENLEE, BT-SeCFs fEARIIMEF R = A= [al4 38 #1139, 2
J5 39 X 38 AT SRR B B AL S .

2 FE=HFFMmEL

A% = R A R R 2L, 5% FE = 3 F A 21k
SN [RIRE & A ML 9 5N =56 PR AR R 1) ) — i
BTk, O BEOR A R/ 44 25 2R R S — o (o B & 43 1) Ji
#1, 2017 4, Billard /8 H P HRIE T —1] TsSeCF; 2 5 1
B e A 7 R DR R /0 ORI R %) = S R A A e
(Scheme 19), MIEFRMTTERE bpy AU Nt
7. (ERERMAE, 1% PR FR N 4 UG A R R R
R SEEE R I HE RN R 07 PR A 4 LT A X
AR, FHH 5 IR IUCR — M i T SR
PR, EE R0 T AT REROSLEE: 1 e I R A G
bpy JE 7 A= il (8] 40, 2 J5 H TR 44 40 FHERA R S v A=
R AAR 41, FEJS AT TsSeCFs &8 XABBE % H kx4
AR, [F4E Billard W RRZH B8R A R AL A 5K
CISeCF; 1F =5 L IE, th A A 55 I A0 R & A6 2R AU
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Cu(OTf), (10 mol%)
bpy (15 mol%)

H f SeCF,
AgSeCF; (2 equiv.)
NFR' NFR'
R)\/\/ CsBr (3 equiv.) R
DCE, 70°C, 24 h
-------------------- Selected examples -------===-------------
SeCF; SeCF;
A~ NHSO,PMP MNHSOZPMP
3
1% 59%
SeCF3 H
MN. f )
(¢}
60%
’ 0 0
\\S//
NHSO,PMP “NHBu
/\)\/\/SGCF:;
65% 58% SeCF;
------------------ Proposed mechanism-----------------------
Cu(OTf) bpy
SeCF
R1 NFR LCu(I
1’\/\/NFR
1/\/\/N
AgSeCF3;
LCu I1)SeCF3 CsBr
NFR 1,5 HAT LCu(IF

33
Q/\/ / Cs[AgSeCF;]Br

LCu(l SeCF3

B 17  AgSeCFs 2511 C(sp®)—H 9 =il FFAM 3 14 i b7
Scheme 17 Trifluoromethylselenylation of C(sp*)—H involved
by AgSeCF3
FOARIBE S L, FRATTAE AN I 2 B R.

[A4F, Billard BRAZHPRIE T TsSeCFs 5 AR ik
MRS BN S B (Scheme 20), S MAE iR R kAT, 31 H.
BAR WA £, YO8 S ik, & —
oS By BRI =4 A FE I R, 05 bR 2R3 B
oA W R T A A 4 i TR, AR RE IR M
SSE, B ATE A R AR D7 IR s s S 28R AN, ok A
VR A FHAER s MR R T SO, A AR B BRI o e
e, VEEGH T W FHLE: Heletd TsSeCFs #E X S5L
A 42 A1 43 BIIERL, 1E SRR T ik 43 Xt
42 TR PRAT 1 E B0 23 (8] A FHEE /N T 2845 10, DRI
P S AR .

2019 4F, PR HILL TsSeCFs Jy =5l il FE AL
A, S TR AL AR BA L =R A R A S
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BILILE 5i#R
/ ~OTf
RH/OH @EN;_SECF NEt(Pr), er SeCFs TsSeCF; + R—==—H THF FoCSe M
+ — ~
R2 g 3 MeCN R2 . r.t., 15~18h K Ts
------------------ elected examples -----------------------
BT-SeCF3; SeCF,
--------------------------- Selected examples-------—-—————___ SeCF3 Cl SeCFs FiC L
X1 X1
SeCF, SeCF, SeCF; Ts
N Ts Ts
OoN S Br 74% CF;
8% 75% 76% ° 85% 42%
s 17°CF SeCFs Ts
M ¥
WH
82% 44% Br Ts SeCF,
-------------------------- Proposed mechanism --------------- 51% 16%
/+ “OTf . T Proposed mechanism-----------=-----------
N
@ —secF, NEPr), _ >_ o HNEL(PLL" Hogo SeCF3 0
&>_Rz ~SeCF, FsCSe™ . 42 /6«/3
BT-SeCF; 39 ’ '
sterlc IV
7 4
— ph hindrance X" 3
SeCF3 T
R2 @[ )=0 | FsCSe H
Product — > <
X R Ts
. AN
B 18 BT-SeCFs 215 [ i 4 — 5 Al S 40 S B2 L s H
Scheme 18 Deoxytrifluoromethylselenylation of alcohols with —
BT-SeCFs R SeCF;
Cu(OAc), (10 mol%) B 20 ikt 5 TeSeCFs 3 = i A 341 2 o7

bpy (10 mol%)

Cs,CO;3 (3 equiv.)
THF, rt., 16 h
"""""""""""""" Selected examples-=-------==-"-=-----

SeCF; - SeCF3
oo
NC N

R—B(OH), + TsSeCFj R—SeCF;

74% 21% 55%
SeCF3 secE o) SeCF3
/©/ T j©/
Br o 0
70% 26% _ 49%
----------------------- Proposed mechanism------------------
Cu(OAc),
bpy
AcO™
Cu—Ts
R—SeCF; ’ —
40 R—B(OH),
OH
Ts—SeCF3 TS_B/
C::Cu—R OH
4

B 19 TsSeCFs 2 55 {40 (AL IR M IR Fr) = 58 TP AT 4 S 12
Scheme 19 Copper-catalyzed trifluoromethylselenylation of
phenylboronic acid involved by TsSeCF3
(Scheme 21), iZ& M LAKAVEER], 2= T RITT N,
e — Mg ORI ITE. R RN EE 3z,
(DR AL SN TSI L S SN VN o
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Scheme 20 Electrophilic trifluoromethylselenylation of termi-
nal alkynes with TsSeCF3

PASEEL BB = S P A AL SO, H T U P 777 24
Moy, ZIER R 2 = S R AL B I AT
LSRR (R

FeCl,

TsSeCF, +  ArH Ar-SeCFy
Hzo, r.t.
--------------------- Selected examples ----------------------
SeCF3 SeCF4 Br SeCF4
m @E\¥ \
N
H
88% 94% 84%
Ph SeCF3 \
/ X N _-OH
- ey W
SeCF =
% : NT N SeCF,
o Ph
48% 48% 88%

B 21 BRAEAL TsSeCFs X B4 B3 = 5 Al 1 S
Scheme 21 Iron-catalyzed direct trifluoromethylselenylation of
nitrogen heterocycles by TsSeCF3

2021 4, BAEIREAWHRIE T — B4 MR RR (2
HER A TF R A =90 Al AL SO, DA SR AL I 1-F
S 2-( 57 B ) A R OB PR A0/ = G T R A A S
(Scheme 22). ZJNVERMAMRM, RMAEE, &5
T ARG W) = AR AL SR R — b AT 4T B B AR
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W, 5 R R R R S 28 B, %A R LR TE 1 24
RS A0 1 Ja B v LA T A 1 B A i 5.

LR, S EEN S LAY C—H Hih Ok
Fe5r HURE T2, SR U 4R AL 05 & C—H iGik =3
R S A0 S B BN EE A 0. 2021 4, Billard BREZH )

BT —HILL TsSeCF; A =5 Al IE Y, A0k T ris it

C—H JHEWI 5 & — 3 Al A M (Scheme  23). %)%
NP2 R BONIRAN, AE 1% R B — %
A R BRI O = 5 R S VR &0, BRAEARAL A
A A 3 A B T A A AR AR S I LN A 2 A K
B = R, AEF A T S MRE, Ek
JKY) 44 5 PAADECAL = A4k 45, B 5 R A ) i

R
SeCF / SeCF
R TfOH (10 mol%) R 7" FeCly(20mol%) )
TsSeCF; + / ! TsSeCF3 + N Rt
Toluene 70 °C ! o~ Toluene, 110°C o
""""""""""""""" Selected examples ---------------------- i ---------------------- Selected examples ----------------------
SeCFj SeCFs Ph i SeCF, SeCF, SeCFj
|
o o o | o] Br o o
72% 49% 53% 80% 58% 58%
B 22 TsSeCFs 25 HAR IR (¥ = 5 FH AN SE 10 S o7
Scheme 22 Trifluoromethylselenylation of benzofuran involved by TsSeCF3
© PAICHsCNI,Cl, o OMe
20 mol% X
X + TsSeCF; (20 mol%) {Fscse xSeCFs Q@ = |
| DMSO, 70°C | N
A 24 h <
R R HN

39% (26%) 49% (20%)

Selected examples ~-=--""""-"TTmooomoooooooooooooooooooooooooooooooooooo

{ (0] O 0 o
F3CSe SeCF
(Fscse SeCFs 17s * {FsCse SeCF; FiCSe
F;CSe F.CS
3L~ 0o
Bu-t OMe —
90%

37% (28%)

------------------------------------------------ Proposed mechanism-------=-=---====--------ooo oo

0
o}
bl R
N
44 Z $e Bu-t
44 ” CFy
Pd
o HCl % [PdT] HCI or TsH
© 0
SRS P!
1}
_N IPd H Bu-t _N- Pd” et
Cl 45
3 49

CF3;SeSeCF; = CF3SeH

Y SecF3

N
N _N- Pd”
TsSeCF3/& J
N 48
_N- ——PdIV
Bu-t
CF3SeSeCF, Fosd
47
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Y=Ts or SeCF;

B 23 AR T C—H WG VRSN 07 & = 5 A0 S

Scheme 23  Palladium-catalyzed aromatic trifluoromethylselenylation based on a C—H active strategy
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BIKE

ik SR

45 i 2 HCl =4 Ak 46, HH:E M TsSeCFs 8k
CF3SeSeCF; AN BT S VU FE H E) 44 47, 2 )5 47 i&
RV BRTT B [A] 44 48, T C—SeCFs ##E, 42T K 48 il
FTHCI N8 CFsSeH Al Hf [a] 44 49, H: b = 45 F JL
Ji%(CF;SeH) %% 5 A AL CF3SeSeCFs, i 49 7t HCI 5%
& TsOH MI/ER T ML & MR BUR 4=, (A —
25T —REIE

2022 M, TR 457 = R I KR A )
JE RSV T — B A T 1) 535 H = 980 HR 22 A AL 7
XA 5 A R, FF B KRS SR, 1 %ok
B, = G PR 70 e T M S B 7 e I SR AL B (5%)
73 C—H B — 5 AL R B (Scheme 24), 1% M3k
P R0 B REI 20, ERE s, A, Ik,
TEERIR. Te. BEABNERES, #ASE A IZR KRR, =
FE IR TR L 2R Ry | DRPESS A 1 I B O AR 2. %)
RMNAERHATYI R TG, fE#HGH T — %G E RN
PR B =R LA AR T 50 55T THO KON
AERTE R 51, BEJS 51 X475 RS U 2 TFO
P F15 2 (a4 52, e s AR SR, i HeE
iR R 3E, R — B FR E E 4).

2022 4E, fm QIR ORISR AR AT A
23 AU FE = TR SR A R, Sel T = TR
5L A B & B(Scheme 25), JEVIVEIE + 70z, e
m, AN =HE PR E O REITAER. ATIHRAT
fRZ N ONLEE, HE4T T DFT BRSHE, R T — %
G R N B R, FEF TR, B 2o = 0 B A A
7 53 1 THO S N A B E] 44 54, 2 J5 54 625 BnOTS
FELE R Al 55, FRAIA 55 8 56 SEAZHE 1S B Hh ]
1A 57, fJaRIak 58 # TfO BHE T % MeOTF
AR H AR

CISeCF; J& — M o5 H Mk = 5 R L0, 75 B9

BIE, XE—FR SRR, TTRES %A G EE
TR R — EE AN MBI RRIGT. 2017 4F, Billard ¥R
HUETHRIE | —Fh LL CISeCF3 Jy = 3 H Al B 5 1) 76 4 Jeg 14
A 1 = 5 R RS 25 2 FR Ak & W) 16 7 5 (Scheme 26),
2SN A UR AN, BT DUAE B0 R B[] P 75 81 45 o 2 ok
W SRR, SRIFREN . WERSE =R A, X
T2 %0 B BORME U 2 Fh 25 T A 25 1) B W8 AE 1 Y
H, JEHA DY & 2 45 S0 & k. MAaZiE = m)
SEAEH BT E ) C1SeCF; A& AL A .

2017, Billard BEZHHSHRIE T LLEAL Cl1SeCFs N —
% PP 55 YR R ) () ) = 9 PP e s 8, e TG e 4
7, = Un S SEPLBR R ) = 5 A 3 1k B (Scheme
27), BLANS A BRI AR TE 8 55 R b R IR A A LT
HRRE LA S A R = 2Rk AR B AR, HF Hoaz R S R
Jo o R R SR At BB R A (PG R, 5 R s B AT PSR
Ji& 2 FoAth e SR A A2, S0 PP AP 25 AR At 4 U S i
.

[ 4%, Billard PR WVFLARE 1 ) B AL AR B
CISeCFs, HX Ty 52 L 7 M5 & 1 = i AT = AL e B
(Scheme 28), 1% MNAR s 7ET [ ST (A1 RE, N 25 FilR
I, P I8 B A M IR A R LU I OB HE,
2SN [ SEARIE B DL X IR B A SR AR IF, 1 HL=
IR IR E, TR B R ST R — ey B
.

ENEY AN —RBEWNEY), £
MR R PR ERE R L E &5, 2018 4,
Billard PRAERZHOHRAE T — 11 F A7 A2 ) C1SeCFs X
B S AT H A a-C—H = %Pl 310 N
(Scheme 29), XFPTEFRIERT o A7 3E4T = 56 FEATG 3644 S B
ANFHEATAT G 3, EEAM FitT, RNEE
fai e, HRIRE CISeCFs AR AV Bk e HEAT .

FsC )
+ [
@ Se-cr, @

------------------------------------------------ Selected examples

SeCF;, SeCF, SeCF,

84% 97% 83% <5%

SeCFj,

Br.
\ N\ N—co,Et @E\g ©/
N N N d HO

OMe
SeCFifj/SeCF3 /©/SeCF3 SeCFs
MeO HoN /©/
82% 94% 55% 9%

------------------------------------------------- Proposed mechanism --- - - - oo oo

i-PrOH SeCF,

N S~cr,

TfO~ 52 A0

B 24 TS RMELRI G I7 8 C—H B =5 TR0 R N

Scheme 24 Transition-metal-free C—H bond trifluoromethylselenylation of (hetero)arenes
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0] O
7 OMe o Tf,0, toluene 7 (o)
R _ * ‘s R
e ° 1
A “CF4 c R
R' SeCF,
--------------------------------------------------------- Selected examples ittt ettt
(0} O
(0] s (0]
O = O % 7 L | =
SeCF Se CF Se CF3 SeCF SeCF; SSeQCo:/F3
95% 96% 049% 83% 92% o
-------------------------------------------------------- Proposed mechanism -------========-------------ooooooo oo oo
- TfO
(I) . (I)Tf ,OTf
=Secr 10 >Se. ok ek
3
53 54 ~ ° pooTf 85 7°
Se ™
F.cfOTE Me 7N
Ph O j-Me o)
=z %
H 7N o % 0
~ R4— =
0} ~"Ph ~
p Z N Ph MeOTH Ph
OMe "CFy SeCFs SeCF;
56 58
B 25 Joad v <6 A 1) = 30 HH G 66 A BB ) 5 Al
Scheme 25 Synthesis of trifluoromethylselenolide without transition metal catalysis
Z. bpy
N O YR! N2 —
| R——7~Cu +
R3|_/ + ClISeCF4 %’;OC, RS:_/ /Y u CISeCF3 DMF, rt. 16 h R— SeCF3
X R% Selected examples--------------------

R? SeCF; SeCF3 SeCF3 P
------------------ Selected examples----------------------- HO =
OMe O
32% 73% 1%
CgHiz MeO SeCF3
SeCF3 >—)S|\ ——SeCF3

SeCF3 SeCF,

89% 95% 44%

SN o 88% 75%  'SeCF, 4%

Ph S
Ph { )—Ph B 27 K1) 0 = R A
SeCF; SeCF; SeCE Scheme 27  Trifluoromethylselenylation of alkynyl copper(I)
3
36% 76% 86% _ SeCF;
Ph/\SeCF3 (1) SO,Cly, THF, r.t., 20 min R R
BISK 26 0L 4 1 023 =40 P R 4 P £ (2) Alkenes, 0°C ot Th g,
Scheme 26 Synthesis of heterocyclic trifluoromethylselenyl T Sele(c:tled examples ------~ seor.
compounds without transition metal catalysis O,SeCFs secE °
3
JEVIE Lz, TR 07 BB B R an ], S Cl ol
HBREARAFHOIEAT, BEAMARIRITIR IR RO th 4 A 69% 50% 84%
R R A, T AR TR S M, AR SeCF3 ¢l .
FAT WS 1 1) S AR AT S5 R B0, DAL SR: 1 SLAAAN ©/\)\/Cl ©/\)\/ e
X3 BEVEAS 21 1 =8 PR R AR AL,
FIH Billard /N & ESEBEEY, 2019 4 Benincori 63:37, 72%

RGBS — BRI SV o A7 =5l EEAL B 28 s v = e A Ak S B

540 f‘(Scheme 30), &Fh 1,3 “ERIEE DR IE N N Scheme 28 Electrophilic trifluoromethylselenylation of alkenes
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(0] O

H cisecr, —HF
1 + e
R J\( ® rt, 16h

o)
©)‘\/SeCF3 ©)J\(SeCF3 /©)J\/SeCF3

75% 84% 61%
0
NP SeCF, SeCF,
g A\
SeCF; N
H
40% 82% 75%

B 29 WENEYETE o-C—H =5 P EAL R B
Scheme 29 Direct a-C—H trifluoromethylselenylation of car-
bonyl compounds

RZ, (RN R B A AR, e R
Xf S NHLVEARE— PR TT. 5 —5ERE, 1EE s H
RS SNt RE R D AT B = 9 AR SR Y,
S S — S TR I Ik B A 4R

o

R1J\(H + ClISeCF;

F
EtO J>(U\0Me SeCFs
Sec:F3 SeCF3

CH20|2
rt, 18 h

44% 10% 80%
O (@) [e)
/@)JVSQC% (:E% é/SeCFa
SeCF3;
eO
30% 30% 16%

B30 FRIAL G o B =90 A FEAL SR
Scheme 30 a-Trifluoromethylselenylation of carbonyl com-
pounds

W5\ W — Fh S B A LRG0, T iz HAr R 259
PLR SRS T, 2019 4F, 5K OS2 SO4RGE T
— 51| LA MesNSeCF Ay — 5l Uil S Y55 & HL (4% 05 kst
1776 4 J A Ak = 3 FRAR 4k [ B (Scheme 31), 1% B
BAETZMERDEHE . RIFME RN ZM. 5 Tk%E
R IEA B PRI S X R BRI 0N, 2 SRS
PRICT ROSATLEE, NN H LA el 24 3550 VY R R R g
ANHI(TEMPO), & SRA9) 1) FLF L 4R (EPR) ¥
ARG SR, XRI RN HAN &K E B,
i F NMR A EEALSE 00T, (R P2 T Rl REm)
SOSHLEE: R E AL MedNSeCF; #4758 i 148 4L,
7=E SeCF; H HE 59, 59 it — B SE L TE K “ " SeCF5”
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T 61 JFREBE E ARIBCE] ) 60 AR, 18I A7
JRIT 61 XTT7 283 62 HEAT 2 At ML A B 1 A A
63, BJ5 63 £ LS 2 HAR™ 1.

m-CPBA or NIS

Ar—H + MeyNSeCF; CHACN, Ny, 0 °C, 8 h Ar—SeCF;
----------------------- Selected examples  ------------------
SeCF; F SeCF, SeCF,4
oy oy
N N
H H

65% SeCF;  29%
------------------------ Proposed mechanism -----------------

homocoupling

b duct CF3$GS€CF3
oxidant yproduc 60
Me4NSeCF3 SeCF3 ]
-e oxidant +
59 e ] SeCF3 "
+ © 61
SeCF3
& SeCF3 SeCF3
o Q R—L N o+ i TN\
o N _ R— Ay
H H
62 63

B 31 &R IT o Jm A = s P AL S
Scheme 31 Electron-rich (hetero)arene metal-free oxidative
trifluoromethylselenylation

2020 4F, 5KEGE RS IHGE T BL MesNSeCF;
SRR IEYENT 1,3- R A AT AL = A T 3
R, ST — 2% 1,3- HEZM P SY
(Scheme 32), #-F75 ik 1,3- RIEA AW LK AE WG ik
1,3- R S E R AR IS B B AR, BRI C
EHJEG%%EI]/\ RES R RN, BT RNMNILES -

IR NHLERZRAL, R FRAT AN I 22 55 0A.

2021 4F, TR IR PYRIE T LL MesNSeCF; A
G PR R YR P Ak B AT = U AL AT V-
AR REIA [ b (Scheme 33), %N 5% TH#:4E, £E4E
JERMEATE=EIR N T, B RIFME R ZE. R
1) DX S PR PR 2 PR IR B S 05, W Bl— &R
HI - N-Toe At = 560 FHRR 15 | W 2R A 5. 1 38 % e ST B
fEBEUR: B4 MesNSeCFs Mt idt &4k W bh i 201k =
A SEH AR 64, BHJS 64 XTSI MEHEX A E] 65. 7
— 5, i &K SeCF; 66 @it a-F JH4 K15 Bt — ik
HY 67, 67 BEIRIR I 2 T3 BAF 2 h5 R S AT FR T 68,
68 1] LA 65 PRI & Ax N-Ti ik Jse 159 31 XUCE e 140 =4
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31M\/U\R3 + Me,NseCFy —_NCS | ,'R1MS(U\R3

\Jsz MeCN, Ny, r.t,, 1h {‘ R2 SeCF,
------------------------ Selected examples ------==----------
MeO F3C
o] 0 O
SeCF3; SeCF3 SeCF3
(e} 0 o
o \ \ \
73% 75% 64%
o o o o o
é/SeCﬁ,
SeCF3 SeCF;,
62% 73% messy

B 32 13- HREEL S YA = AR AL SR
Scheme 32  Oxidative trifluoromethylselenylation of 1,3-
dicarbonyl compounds

SeCF3
o)
@ +r. o L Me,NSeCF, N\
N I O R MeCN, Ny, rt., 16 h N
IR

------------------------ Selected examples------------Z-------
SeCF3

o (e}
93% 72% 84%
SeCF3 SBCF3 SeCF3
\ ~ N)\/\Q ;\)4
o] o o]
86% 76% 71%
------------------------ Proposed mechanism -----------------
©\/\> SeCF,
(RCOO),  + N \
Me,NSeCF;  ——<— [seCFs] H \
64 65 H
o s SeCF3
-F- F- 65
~SeCF; — FXF — N\
o6 > 67 R®™ 0" 'F _cose N
- 68 -HF
RCOO o)\R

B 33 V- — 56 AT R s e 2R AL & W ) B B
Scheme 33 Synthesis of N-acyltrifluoromethylselenoindoles
2022 4F, FHERIREAILL[(bpy)Cu(SeCF3)], N —
PR, S I A A 5 ) 2 K R RO — 9 AT
FEM|WEAT A=Y (Scheme 34). IS X} Y s B 25 %2 B0,
JERA 7 I b A 4 FR T R AT N R s S A R, B
A SR L 3 AT R g2 B H AR S A, EARRE
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A DR AN BHL D 256 [ B 02 6F s AN PR 7% T SI2 B0
Ir SR AL b, — 2% AT BRI IR N B AR AR H, 1
%2, [(bpy)Cu(SeCFs)], 69 # F A7k = A= A4 v ]
A 70, BifiJ5 AN 2B TR A R AR S H = R G i s B 1
B 71, 71 FBRIE AL AT LURT 70 FoAL A R R A 72, SR
J& AT 5-endo-dig LR B8 540 73, Bl 5 Rl 73
RAEFM . EFTH, BIFERHBRS R HR.

y DMP, KF
N +  [(bpy)Cu(SeCFg)l, ————————
R MeCN, 25 °C, 2 h

NHTs Sec.

X

RI— T D—secr,
Z N
Ts

SeCF, SeCF, SeCF,
@E\gfsa;a\@\/\gfs«sca N—seCF,
N N N

Ts Ts Ts
65% 68% 63%
SeCF, SeCF, SeCF3
F N A
N—seCF, N—seCF, SeCFs
N N N
Ts Ts OMe Ts
49% 0% 18%

------------------------ Proposed mechanism-------------------

X 4
L,Cu"SeCFsl —— R
=
NHTs

[0]
L,Cu'SeCF,

69 70
7
VS
SLnCU\// F3CSe_ "
> SeCF3  5-endo-dig Cu [0]
A e A
RIS / R—— D—secF, ;+
' Z NH H
=
NHTs ‘TS
72 73
F3CSe\Cu|“ SeCF3
XN
A _n A\
R T D—secr, ¥ R @ngsa:a
= N‘ CUILn N‘T
S
74 " 75

B 34 AT A9 2 KU S L BU = 38 A JE IS Wi A )
Scheme 34 Synthesis of bistrifluoromethylselenoindole deriva-
tives by copper-mediated domino reaction

2022 4F, 5 E5RIGHEAPOIHE IR LL[(bpy)Cu(SeCF3)]»
VS T R E = N b UK TP HINE P S 7Y m AN AE g5 A e )
FH il JEE 15| AT A2 P (Scheme 35), 1% )% B B354 25 /<,
PESALT, MR 2 B B B = 980 Al 5 1 e 77 28
VIS AR EO A T8, AR S SILER o SR AL, 3AT]
TESEA T ZB0A.
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+  [(bpy)Cu(SeCFal,

2k SR
SeCF,

Air, MeCN R1'—\ N\ _/

25°C,2h N A W

B 35 4SS 2 KUk SR o = G P A s AT 2R

Scheme 35 Synthesis of monotrifluoromethylselenoindole derivatives by copper-mediated domino reaction

3 EHE=SHRmEML

BT A, S A B A 2 4R B B RS (SET) /2 7
A eI W PRI TR, SR DO REAE N B B
RElR, FFE b =Esk, Rk s 1710
SR ST AN T R A 2 — 5T, IR R ek S R R
SEPRE ER 2 = R A A s B R T 2 B T AR 35 1
ANk, T R AE 2018 4EBSIHT 2019 4ESN5E I i
F TsSeCF; 1 =4 H Al 3L K, Eosin Y 1EJ6HEALT, HM3h
H ST R LA T 1 TG 4 A A 1) 5 S g A
1k )2 i (Scheme 36), X/ 5 —#Jo 4 J& i1k 05 12 =
S AL R N, RONAE E R N T, RNEE T,
ToiB 2 45 L1302 IR H 1 0 0 B R 0 B AR B 1 i
BE. AR IR, ZRPIEARIR T =5
SN, AT DAY R 3 4 AT AN S B, T I R I
o PEIRR 23, P RESE S, Eai T —%
ATREM SO ALEE: 7205 B EAER 76 BRI Bosin
Y R, AR DT HE A BRI 77 AT LA AR CFsSe-
SeCF3 KA NAS B =AMl [ B 5 78, Fifi fi5 78 Bl 05 FE B
R EE R T AE 79, fJF 5 DMSO f1E 53
H =4 80.

KR REERZRIR . BT A5 F N HE
BLAEWEHEARL), 2020 4, KR IFBACIHRIE T —FIXL
RLL,1,1] 88 e A0 = 960 FF AP 258 5 FE AR XU g 14K e B
(Scheme 37), [N EA N EARRA . J5EFR R 5.
Gy TR S50 A, A2 B AT DAY e 21 — 980 FR Al 4L
A5 AL S S TEMPO. 2,6- U T 3E-4- FEE 2K 1y
(BHT) H HI J:4 3R 77 LA K F IR B4R E 52 T e s
H B3R,

HAT A Ik, Joid V8 408 A 1 e 3 A0 R REATY SR A2
— TR B A BRI TAE. 2020 4, VPR IR R4 2R 1
T — B8 H TsSeCFs fE = 5 H A 555 70 4 @ e | IR Ji
TR AL TR A 3 PR I R R U e A1 = R0 R A ik AL B
(Scheme 38). 1% N HEA W EIFL . RBZEAFRAT =X
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X N2BFs  Eosiny - SeCFs
TsSeCF; + R — R
= DMSO =

White LED, r.t., 16 h

/©/ SeCF3 SeCF3
MeO
67%

55%

SeCF; X SeCFs
ooy
NC N

70% 48%

Br Br
Eosin Y

T
o 9
(o]
o w
2 &

-------------------------- Proposed mechanism---------------
NzBF4 Ts SeCF3
R-— J 2

CF3

X* CF;SeSeCF Se’
I— SEl—R-I— ] 2272 SeCFs
/ RN Z N

o+ 77 SET 78

%
S Eos
O 9F3

S Se
R_|\ SeCF3 PN R_' AN SeCF3
P> K L

? - 79
80 /§\BF4

Bz 36 Al oG/ T HITC e JE AL 0 95 e = i R A s 3
Scheme 36 Visible-light-mediated metal-free catalyzed trifluo-
romethylselenylation of aromatic hydrocarbons

BOkBEME . CAMBEA SR S, RN EEE 2
FE, ZIRIRIE S i 07 075 0 R0 5 46 B2 24 O AE D5 1 o T
HREIR G b2, (HA NI, S50 T 2K
LIHHARREE R =7 . VIR, RN &
PIANAN R OG5 St B, 1556 Bosin Y RIS REAR i
KA, Fl CF3S0,Cl 2 [8) KA FL T3 7 AR — 5 2k
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MeCN RO,S
A7 +  RS0,SeCF; —’40 °c 16 h

------------------------ Selected examples-----~-------------
o. 0O

N

% o%. 7.

83% 70% ON 51%

B 37 XWIR[1,1,1]50ke F0 = % B AT 5k 75 LR SRS g 4k
SN

Scheme 37 Difunctionalization of bicyclo[1,1,1]pentane and
trifluoromethylselenylaryl sulfone

H 5, Bl S =98 P2 A SR R IR AR E B
Featk 81. LA, TsSeCFs 32 1] WO M4 ¥ 2d =
iﬁmEE&M*ﬁwawawmﬂ*ﬂ%&&MF

SN E 82, S 82 iR JETHFRIE R = H .

2021 4, Billard i@ 41 CHR0E T — B AL JE
B2 1) = 96 FP A6 354k S 97 (Scheme  39), i3 AT S B
S At DL BT AR 1 oy T BB M R B T % R s
PE. XTI SR RIS I 1 L 3 A OB R
fr), BRI SR B T~ JE B0 CFy W B2+ AR, Ml
RER IR, W] DUs B E S0 7 56 s St AT i

b, ZSN AT REALEL S B e e L 7 3K R DU £ IR T
(RFTA) RIS REAR B R 25, SR 5 AR TR EAT i 7 %
A H PR LU O R R A 83, 83 it &
AR AE B CABECON O E RS R (A 84, BEJS 84
H1 TsSeCF5 [ M H bR =P Ts H HHE, Ts H B M
W JFEA TsH HFAEG#ELT] RFTA 2 5 L15F.
2022 4F, FEIERBHAHRIE T —145] LA PhSO,SeCFs
N R R, PR R A T PR — B P AR R A S
(Scheme 40), {E# K INLE BT EH0 R NAR AR, W)
MR S G . [EERNZ, Rk
AR 75 B PR AL L ATE A R A3 2 H bR =9, 50
RIASGEREAT, VBB VCNIX AT REZ TR EE T A 72
5 B T I HE L SR RO AEAS AR A R AR DR
FIgE R, VPP R TR b, — 4T RE IR AL
HIRE A AL RSO R Eﬁ&ﬁm,%ﬁﬁ
JKY) 85 KA TR G TR B H % 86, HH
Hh 3 86 FF IR il H i 3E 87, 1 )5 A1 PhSO,SeCF; [ M
BEBE =Y. 75—k E842 2 F1 PhSO,SeCF; 7E 2%
TR R 24k CF3SeSeCF; R, 153 =MMliH H
5 88, i bR — s AR 5L ) RS 2 B AR
2022 4, XFUREHOSHRIE T — 6 A] WG 1)

Eosin Y
Py CR.SO.CI ¢ TeSec 18 W blue LED SeCF;
RO+ 350, sSeCF3 Et,N, H,0 R CF3

Ar, r.t., DMSO, 4 h

""""""""""""""""""""""""""""""""""""""" Selected examples=—""""""TTTT T T oA 0T T T T T T T oo m T oo o oo
74 0
SeCF; SeCF3 SeCF; C\>\/( 0 SeCF,
C/ F N CF
O\Mg\/c 3 M)\/CFg M)\/ NL(—SQCF3 ©)\/ 3

o) o CF,4
ore o
F O,N

81% 75% 78%

CF, .
59% CF3 82% 0%

---------------------------------------------------------- Proposed mechanism---------- - oo

TsSeCFs, ‘\' 2CF;Se’
2Ts’
CF3S0,C *CF,
Eosm Y**

Eosin Y*  photoinduced

redox
20
SET
& A

Eosin Y
osin TSOH, H*

R/\

CF3SeSeCF3
CFL/_\
\ /SeCF3
CF3SeSeCF3

A\ /

CFySe”
TsSeCF, A cFs

B 38 TC @ e IR IR A AR A 0 e — 3 PP A R A S

Scheme 38 Metal-free photoredox-catalyzed trifluoromethylselenylation of inactive olefins
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RFTA
blue LED Ae—E
_E._COOH 4 TsSeCF €
Ae” Y 59415 MeeN, 30 °C, 15 h \—SeCF,

/©/OVS60F3 ©0v5e0F3

82% CFs 0%
©/S\/SECF3 )@/S\/SECF3
65% 70%

N \ N OAc
(0] :'8_\<NA—>—)_<—\
C R
HN—( OAc
o

AcO
RFTA
""""""""""" Proposed mechanism=------"-"----------
RFTA Ts-H
Ts® 1_\
RFTA* \\TS/SeCF3
COOH PCET [RFTA-H]
£
Ae
E__CO, e B
Ae/ ~ 2 \
83 co, 84

B 39 USRI SR A IR = 6 A S
Scheme 39 Photoredox catalytic decarboxylation trifluorome-
thylselenylation
RIS T 5 I 12 P 1Y) = 98 0 2 4L S i (Scheme 41), 1%
S8 2 HHF R AN T EOCHEALR. S K B A
TR 2R B AN ) oz B 5] N W P A 3 R R S
SEBECA AR RFEM, 55 oW H 1k P B e L i e
RE LA R AF A7 A5 2 B AR 40, BLAN SRt m] LU 13
B 4 g e FE AL Y. AT RERY M HLER N T ok
TsSeCFs 7EGRE S N A = sl Al 5L | &, B ik
FEVE I BOR IR e o0, 728 B P a4 89, AR
Je BB AT P R A 90, Bl HH (144 90 A= 41
WIMEAT 2N A 91, 5w Y B — W AR 20T 75 7= )
92.

T 0 2 ) = D 6 A 1 TR o R A T AL
J AR AR, DR R N P B S A AR IR S B AR
KHJPEIPE. 2019 48, K A URAEZHISTLL MesNSeCFs
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Acr*MesCIO, o
Ar_ OH %s-SeCFs  collidine, DCE KLN
\ _——
+ 0 30 W blue LED
12 h, r.t. SeCF3

""""""""""""" Selected examples==1~="-=-""-"---o--

o o |
E Me
OPh c
SeCF, SeCF, ; O
88% 55% ! Me Me
| =
f s Q i e !
\ PN o
OMel Me CIO,
SeCF3 SeCF3 H
1 +| -
76% 0% Acr*MesCIOy

"""""""""""" Proposed mechanism S

PMP_ O°

PCET +
Base + Base-H 4 [ j
85 /—\ 86

Acr*-Mes* o
cr-Mes Acr*-Mes

L .
& PhSO;
Acr*-Mes

o]
Base
PhSO,H Path I ovp
o}
VP J\/\/\/SeCF3 o
PhS0,SeCF;
SeCF3
o]

%

PMP
J<—\_¥ CF3SeSeCFs
SeCF,
88 SeCF,

K Path Il

B 40 SCAEALIRGEREIT IR = 5 PP Al SR S 8
Scheme 40 Photocatalytic ring-opening trifluoromethylselenyl-
ation of cycloalkanols
PR, SEIL TR DT ORI AR SR R =
Il 240 [ B (Scheme 42), [ BB B BE 41 3R 1
RAF, 1E&E RIG T 57 RS ALl &, BRI
TR S NLINS T], B ey 0 T R o BE R R HE A7)
TR A REIRAT & NI . AP I A BE AT g2
B R = AR R X — R85 1
IR IRF= W) AT R — s A Ak S B, 3 — AR
SE TR =R P AR SR P S A

2019 4, Magnier V827 HRaE T —1F] 18 F SR A%
7 MesNSeCFs X & L ¥4 75 ket AT m] WL 5 3 (1 =98
R 340 [ N2 (Scheme 43), Al = 8 FF Ak S B kAL
EMIRBE T —MERIE T . R RESER R
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i 10 W blue LED i
5 ue N SeCF,
R,—/ | + TsSeCF; ELN R:— |
OH 3 Zo
DMSO, r.t.

dj/sec,::i SeCF3 SeCF3 02N | SeCF3 NC | SECF3 S | SeCF3
| I |
¢ o] o) o ¢ o

cond

TsSeCF, SeCFs
Et;N )

Et;N*Ts"
o)
R—L_\ SeCF3 I XN
I ~ ~ R'|_'
Z > 6H SN Z
90 ' 91

72% 74% 84%

o)
F
SeCFs X SeCFs
H R4— |
H 2
NT
| 92

B 41 ] WL PR <0 o 57 s g T ) = 50 PP A7 R A S 2

Scheme 41 Visible-light-promoted trifluoromethylselenylation of o-hydroxyarenaminones

NFSI
[Mes-Acr-Ph][BF 4]

MeCN, r.t.
blue LED

OMe SeCF,
Ph

61% 84% 81%

SeCF,

65% 36%

R—COOH + Me,NSeCF; R—SeCF;

Bl 42 OGS AE 5 A2 = i PR R AL S R
Scheme 42 Photoredox decarboxylation trifluoromethylse-
lenylation

IS A2 1% S N R ) 5 s B E . EPR R4S T2 B [ M3 K
H 3812, 1%, Eosin Y IO REFEA MRS, R
JE 1 MesNSeCF3 K= =4 Al 5 5 2 93, PR
H H1 5 93 # R sk A2 F e 2R P Rk 94, f5 e (a]
A 94 WA AR L T3 3 H AR 4.

iR R HMNANRAVLEY, &z
R A6 MR dr Bl 2280, 551 & T AL R
AR R AR R RIS, T 07 S G SR 7 K B
F6(M8 an e AR I W) W R B, PR PR ) T LA
K BRI AL AL, o ) Il A i A2 € ]
(75 32k, R AEZBIG, M K m K
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SeCF4
7N AN Eosin Y
R + MeyNSeCFy —————~ N
Z N green LED, MeCN R

air, 18 h

SeCF3 SeCF3 SeCF:;
: W@E@ o
N N
H
89% 92% 51%
--------------------- Proposed mechanism--------------------
SeCF,
Eosin Y o—
%/ - %2 g TN
4 I
Z >N
H
[Eosin Y]* Oz
[Eosin YT HO,
MeyNSeCF3 o
0,
SeCF,
X
SeCF, Ru—

B 43 SBEALIE IR I K = 3 M R AL e
Scheme 43 Photoredox heteroarene trifluoromethylselenylation
BT H. 2022 4F, 5K UREEZH T SEIL 1 (0 AT
DAL 5 2 ;.Lmaﬁ:mﬁﬂmﬁﬂc&r“(smeme 44),
IR N TE T G HEAFAIAE Sl T AL REREAT, SR & AT
T, TR — R AV L S A s 2y 134T
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ik SR

DBTO or RR

2F-DBTO S

. oTf
activator

Me4NSeCF3
blue LED

N
¢ o L)
0 g
o]
ED/SGCFS o:©/SeCF3 o SeCF3 O O O
< - N
F3;CSe
o o C@ : ®
N

92% 89% 91%

from Flurbiprofen methyl ester

86% 64% SeCF;
from Bifonazole

--------------------------------------------------------- Proposed mechanism ----------=---oomommm oo

_§_OTf MeNSeCFy
: —

Me,NOTf

95 /% 96

?eCFs path Il
Ar/§\ reductive

elimination

B 44 OLHEL T B

CF3
Ar SeCF3 47—‘ A/Sle\s oF
r-e e

SeCF; 08

o 0 5 P

Scheme 44 Photocatalytic trifluoromethylselenylation of aryl sulfonium salts

REERMBIR, X NP G = FUF RS IR IR L T —
FhfaT B RGE R 7 2. B B AR AT L HEBR T H
AR BE U B AT RE, 4 G oAb fseas, —45nTREm)
SONALHEERE S H: 158 95 A1 MesNSeCF; & 2E M 158
TR A4 96, T IAIA 96 Y6 HE = AR 1tk 97 il =
SRS G 3, AR)E 97 M e AR DT R A,
b =G g R AR R T K CFsSeSeCFs. %
TIRAARRN 55 3k B PR A OB s ) A 98, B4 98
SRR B B, CAMEE TR — 2 AE B R 2
A

4 REERE

ATHLESE T H 2017 4K B =90 AR
ISR FURE S, X S NS RHEAT T VAN S, xR )
SSHVERREAT TN, BET IR, =P AT 4
AAMIAR L R =, X ™ H AT T = R A B K
J&, DRI KR 1 = 9 PP A 268 00 2 i A R B
BEANEE T B I AR R ILAN XS TR = G A 3 A B B R
i, dT TR A T 2 AL B, B
LB TR AN FR = 30 AR B A0 S I 3 SCE K. 53— 7 I,
TR 2 BRI AR X6 S R %, B
HE A L4 BE IR A = 9 TP A0 6 AL S L SR 2 B A i — 25
KT, BeAh, =5 A EAL SORAR L, BT 2 AR
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FUIREMR, 9 LA S B G50 PR AT A S 7 (1) 2 Je DU A %o i
Ji, [RIIHEE 9 DA B B R HR A A s 87 () Bt A A 4 s
RIBEWI—AN . [H—3E1Z, Schoenebeck FE[7V7E
2018 F D ) 75 FAL G5 N T =58 T 5 (TeCFs),
EH T il AN (] JE A 8 T R, R FRATTAE AR SeCFs A
TeCF; ] G A FHALAYEAL BT, BRI 2 J LA kT
KT RE, XEARAN LT —DHRE. BT LR
BNk, BATGEERRILE, =5 Fal AL B LA
Je R FRR R A S R SR 2 BUAFK A2 kD T
Jig.
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