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Recent Progress on Alkyl-, Aryl- and Fluoroalkyl-
selenylation Reactions
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Abstract Organoselenium compounds have great application value in the fields of medicine, pesticide, synthesis and
materials, and play a particularly prominent role in anti-cancer and anti-inflammatory. Therefore, the synthesis of organo-
selenium compounds is particularly important in organic synthesis. The traditional methods of synthesizing organoselenium
compounds were using selenol or selenium ether react with alkylation or arylation reagents. Various direct alkyl- and
aryl-selenylation reagents were also developed in recent years. Moreover, there are few studies on fluoroalkylselenylation.
Thus, it is still highly desirable to develop new methods for alkyl-, aryl- and fluoro-alkylselenylation as well as new types of
corresponding selenylation reagents. The recent development of alkyl-, aryl- and fluoro-alkylselenylation is summarized, and
part of their mechanisms are also discussed.

Keywords organoselenium compounds; selenylation; fluoroalkylselenylation
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Figure 1 Organoselenium compounds with bioactive activities

Chin. J. Org. Chem. 2022, 42, 434~457

© 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 435



B iR SR
o0 (TAA Ser T A SRR IR BRI LT L
EMS+ d, _@Leo, Q oo TR,
R/ \R ®
RSe gLR SeR?
=
1 R1{£;:D:j§> + R2Se—SeR2 Jﬁiﬁ%gLEﬁzﬂ. i TN
/R1 SeR /R1 H 60 °C, air XN ”
N N
m or O + 1 K,CO3 @E\g or | p SeR? 8
H , N X B 4 IV Rk AL I B

B 1 mar g sl S L R N

Scheme 1 Selenylation with selenated yelid reagent

OH

0 o) o)
PhSe 0
) (PhSe0,),0 \Hi%:f’ + I+ ﬂi%:fﬁo
= A
A R/ R R/ =
o]
4 5 6

B 2 FiEEERI 25 A R

Scheme 2 Selenylation with phenylselenyl anhydride
F&, (AR R, 2 B R 2 UK 73 AN
PRI, X BAE—E R L IR T A H]

2014 4, Nishihara SREEHBIIFR T M FEAF N
B RAT A AT R C—H 45 Rl 0 it 16 S8z
(Scheme 3). ZI e 5L M EREMIME, HS5KkM
() Al AT SR AL, 10T VE ] DAL S8 B4R S 1) 7 2445
SR IR F=4). V38 RO, AR Ak 7 ) S 3 i —
i, ANEEAIERE N 0.2 £, WA BOWEAR R AL ).
Z I NEIE C—H B AR DA K Rk SR AL 5 P ) 25
AL IR I

R

X PdCI,(NCPh),) SeR?
@ + R%Se—SeR? —— | S
I~ DMSO, 80 °C A~
R 1
R
R = aryl, heteroaryl, alkyl 7

DG = directing groups

S (0] — A
N oo N
H PhSe SePh
SePh
Me SePh
4 F

8% 83% 83%

B3 AR TR T BEZAT LY S iR Al Ak S

Scheme 3 Pd-catalyzed selenylation of benzamide derivatives
with RSeSeR

2015 4, Braga PRAAHPSRIE | —MET P H
TRERERAE M AG TR, SRR, WIS Ak 5 B
B IEAT R A 3 A RIS Wk R 23 €86 BT V5 (Scheme 4).

436 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Scheme 4 Selenylation with indols and RSeSeR
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HCF,"8F

tBuOK, DMF, 20 °C
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I O
TMSCF; + ©/Sese DME, -20 °C
Se. ..
SRRe
Fa

23% in MeCN

via :CF,

B 39 TMSCFs Al A ) = 91 P 40 3
Scheme 39 Trifluoromethylation of RSeSeR using TMSCF;
FFEr = Rl SE 4R AT & W[ Cu(L)(SeCF3)], 1F A =4 F
Tl A0 17, TMSCFs AR 5T 43 J31) = 5 S 5 A AP .
VE#AEWIE R 7 KB Cu(bpy(SeCF3))], A& — A 2K )
% = A B AGR], AT DURH p AR B R IR A 56 %
=& W FEEUC B (Scheme 40). 1EBE 5 B TAE A /E
H B XZAANRA T, IR & A Y AR
Tz, WTLAS 2R R R AR O A IR R ) = g R A 2
=8, PR ERARUT 5 B S8, o-IRARHR TN
R TR 25 S B R R VRE0L, SR8, B o, B~ ANV (821
ML AR 831, o0~ B ORI 2-(2,2- R Z M 55 By 85148, iX
T T AE S = 960 AP 2 A s 0 ) — S 2K

2014 4F, 1ZUREZH 0 DLATFE M RAR S b IR s
FR eI nE, 358 L TMSCF; fil Se i {E A CF; f Se
W, i k&R, 5ARTEME MR AL B = T
i 3 Ak £ lic & 0 [(phen)Cu(SeCF3)], (104). B 5 1% =
PR A0 A P A 5 0 R IO, DA R 4 7= 2649 21 AH
N7 ) =48RR AT 364k = P (Scheme 41). A2 B bpy Z54F
RECAR TTEEA R, 1% BTG 7 R AT 0 5, RN
JEEA 95 FLRAR ARy . TMSCF; LA R4 5 7] LAZE — 44
SNSRI, AN, AR AT IR R AR S R e o
BT A ERAE.

bR 7 = AN, 553 R IR A L SR T ik sk
BT =9 L% (SeCH.CFL) B e IR 2. DA =4t &
KB N =R ORI, LI T — AL ARy . =5
it 2 B AN B i AR B IR S 50 =45 ) B, i i
TET LG B — &5 2,2,2- = 5 £ 1l KL B 57 (Scheme
42). teAh, 1EE I R AR T 5 PR Y R R B
PE. 25 RR, 00 E Wt /N SRR AR i B R
HE . 40 Scheme 42 51 H (1) 724)) 1052 52 — P T 5t
BB RMEIEY), At — B K. 1% TAE R [F
B &S WACE DA WL ALY 3K P RS PR P ) 45
FMITEBR 2 REGEUREA B KR A&

2018 4F, Szymczak VSR IE T LARHIY B =
S AT AW O R e AR R, 5 B 5 R A AR R
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Ligand N . Ny AN
Cul + TMSCF; + Seg + KF 13% ~ 59% /CL{ /Cu/\ + :[ _Cu=SeCFq
R—/ N Sle N™S R—/ N
Ligand = bpy, dmbpy, dtbpy, Me,phen '\) CF3 VR \)
90, [Cu(L)(SeCF3)l» Cu(L)(SeCF3)
R? R? X CHLCN, 110 °C N Sechs
— 3w, a
R1J\,*SGCF3 CH,CN, 100 °C R1J\FX — RT RO/
R3 R
= CH4CN, 110 °C
91 X=1,Br, Cl - Akyl—Br —— Alkyl—SeCF
o X=1,Br 97
Fe powder AN 0 D
X Fo < = POWEET Cl —
R{T SeCFs “Dioxane, rt. Rl P o \)LRz CSsF, 140 °C \)LRZ
92 Br CH3CN/Xylene R SeCF3
SeCF,4 R
é //
RIS KF, DMP N
2 R — SeCF,
93 DMF, r.t. _ O/D\MF 70°C O/\
OR oR
. SeCF3 ol 100°C | [Cu(bpy((SeCF3)l,
| ouene. A DMF, 70°C R _SeCF
o Yo | ] — R B — \/ho/ °
94 oo
SeCF
elrs N2 L Br  Dioxane, 80 °C SeCFy
RS CO,R? THF, 40 °C RN COR
L ) L |
95 101
SeCF, Q Socr
Br 3
\ _Pds(dba)s, P(0-Tol)s NN Br O)\/ CHaCly, KsPO, @)JV
- 0 =
ET3N, CH5CN, 100 °C A ot 45°C 102
96
B 40 [Cu(bpy(SeCF3))]: 5 1) = I E:AY ) B
Scheme 40 Trifluoromethyselenylation with [Cu(bpy(SeCF3))]2
X Se__CF;
! Cul, phen SeCF RT R —
RIL T + sey + TMSCF5 +KF P X 3 Z Cu, phen
= Ag,CO5, DMF R P or +CFsCHyl+Se ———— = or
50 6C Alkyl—Br NaBH,4, KPFg, DMF /Se\/CF3
103 AIkIy
X =Br, |
TMSCF AgX [{phen}Cu SeCF3
Seg + IEF Ag2CO3 \©/33\/CF3 *
—CF3
X=1,97% 105a X =1, 99%
TMSF AgSeCF; (phen)Cul ArSeCF,4 X = Br, 88% X = Br, 96%
/\/\ N
E 41  [(phen)Cu(SeCF3)]2 25 i) — 5 H Al L4k Js 2 N Sé CF,
Scheme 41 Trifluoromethyselenylation with [(phen)Cu- 0
(SeCF3)]2 61%
. . . . H51=0 = ;
SeCFs WIBST, T /5 5 HETE SR R, LA 64%[1) B 42 [(phen)Cu(SeCFs)]a 2 5 1 =il Al JE A S22
o . e Y g Scheme 42  Trifluoromethyselenylation with [(phen)Cu(Se-
72 8 IO L 1) = 96 R A B AE  ) (Seheme 43). {873 cRy)),
—HER, TEEAE I TAER Se B B4ty S Fl Te 5 _
2019 4F, P B IR URIE T i . PDFA( %

i, WA LLSRAS AR RN ) SCF3 Al TeCFs 7=4).
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BgN3Mee \ /CF3

18-crown-6 ~n- By Se
HCFy ———— NN

THF, 0 °C /B\\N/,B\ THF, 25°C

|
KseCFa] _ATCHIBI _ ArCH,SeCF,
[¢]
25" 106, 64%

B 43 W ERAT AR S b i = T A S
Scheme 43 Trifluoromethyselenylation with boracazine deriva-
tives

CUl, A92C03

2,2-bpy, "BugNCI
#, R—SeCF;

R—X + PhsP*CF,CO,” + Se + CsF
DMA, 70 °C 107

X = Br |

/@/\3eCF3 Meo\©/\SeCF3 ©/\SeCF3
Ph

71% 71% 43%

PhsP*CF,COy — 2+ CF,

AngO3

"BuyNCl ("BuyN*),CO5%

S€  CsF
FJ\F

CF;SeCs* "BuyN*CF3Se”

-052003

‘ "Bu,NCI 1
-CsCl

"BuN*CFSer Y

LCuSeCF3;

RSeCFs

B 44 PDFA RIAH 2 5 i) =5 0 R0 SR J LR
Scheme 44 Trifluoromethyselenylation with Se powder/PDFA
and the proposed mechanism

LIRS SRR A2 5 1) 2 41 5 = U il 5E1E
S N (Scheme 44), 1% 7775 0] DL LA A &5 77 FR 4G B AH B (1)
=N Y. 2N HLER G &% PDFA N
A R R S SR SRR OB, A TR A R B )
1K, BE G 5 A 45 A 4 i CF3SeCs. CF3SeCs Al @it iy
P& E AR "BusN " CF5Se 1 [AlfA, Bl J5 5 Ak I 45 A1
B ML mE &5 A AR R HR ) A PR P AR R 1 T A
LCuSeCFs, #Ji % H B 4 5 4 25 i AR 40 S o2 75 1 AH o2
(1) =5 AT 3510 7= 4.
23 EEMsEMECATISSNREmELR M
CISCF; #& —Fhnid PE 5 = & PP B 34k k57, BRIk
R =R T RAL SN, BF TN SRt 4 AR AR 3 |
#% CISeCF; RAE N =H H il AL 7). A1 CISCF; —#f,
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CISeCFs & — MR sifb &4, ANET A AEH],
PR G AE e v 22 2% 18R HT R A28 i 77 7% 2016 4F,
Billard $R@ZHPOHRIE 1 —Ff A7 2R PR Sk il 22 AR
#@(ClSeRf, Rf: CF3, CFzCF3, CFzCFzCF3, CFQBI‘, CFzCO—
OMe, CFSO:Ph, CF.H)5 75 & Al &4 L W Wtk 5
VI RUGE il BEAE ) B (Scheme 45). %R BOE 1 Re B
REHIFREE, HEWEHED", "S5 ZRMER. 235
WEDRNAT BRI SeRe ™).

(1) SO,Cly, THF, 23 °C
“SeR ArSeR;
(2 AtH, THF 0~23°C "0
Ry = CFa, CF,CFs, CF,CF,CFs, CF,Br,
CF,COOMe, CF,SO,Ph, CF,H

Ph

BR 45 JEL2E R CISeRefF A2 HUGRGE R HE L 1771
Scheme 45 CISeRr formed in situ as electrophilic fluoroalkyl
selenidation reagent

2017 4, Tlili PRARHCURAE 1 —Ff 5L AL IR e i
FEAHI(CISeRy, Re=CF;, CF,CF3, CF,CF,CF,CF,CF,-
CF3, CF,SO:Ph, CF.H) 5K b &4 1) 4 SUe it 24 %
M.(Scheme 46). 1% N1 E e T 52 1 58, 7= % R AT
A1 Billard ZH 5 2840, /N 2R SeCFs I HL
AT SN SR AL % ClSeRy.

o

. F AN
_ ligand !
R—==—Cu + CISeRs m R————SeR; !
r. .

T 109 PPN
SO,CI '

o N

Ph SeCF3 ligand

R¢ = CF3, CF,CF3, CFCF,CF,CF,CF,CF3, CFSO,Ph, CFoH

Bz 46 JArAE B CISeRe A A6 & 40 A S8 e At JE 1 S v
Scheme 46 Fluoroalkylselenolations of alkynyl copper(I) com-
pounds using in suit generated C1SeR¢

CISeCF; ## mi Ak, i 2 i A7 18 Fn i 2 48 FH #AN
T8, DRI s HA PR B R 1) = 3 Rl B84k iR R
RN B H R, 2R R ) (MesN)SeCFs 21X FF
— PR AR T A SRS T R, iR R
VR LA B 1 = 980 B A 2516 077 (MesN)SCF5. 2015 4,
Schoenebeck 14 2H P2V K T — Fh XURZ 4L 8 AL ) 5
(MesN)SeCFs J¢ 75 AR S 87 A B = i FH 0 40 0%
(Z)FF P21 75 :(Scheme 47). %7712 B AT 8w (B BE
I 52 = Plie it . VB # o] ge AL EL 4 R
(MesN)SeCF; 5 Pd 4571 112 w7, BUACHE Ak 57 o fr ik,
A2 R A RE T B oSR HR [A4A 113 AT 114, i i ]
& 113 1 114 575 BRI OB AE s RA 115, B
HHIER 115 A2 BRORE I 1) = 35 HR AT 2 A = B R A 71
A AR EE N BT 1 S AT B 3.
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/ N\
Bug P—Pd—/Pd—P'Bu3
| |

SeCF
THF, rt. N X X ¢
Pd(PBug), + Pdl 97'0; 'Buy P-P4-Pd—PBu;  R-— (Me4N)SeCFs R—:(j/
° N = Toluene, 40 ~ 60 °C =
10 m
SeCF; SeCF3
SeCF; J SeCF; ©/
o o N O
Ph v Q
96% 94% 80% 84%
/ |\
'Bu3P—Pd\—/Pd—tBu3P
(Me4N)SeCF
N SeCF; l 4 8
R 12
¥
MeyNI
P /AR CF3 CFs
I Se — I |
P4 P Se S8
Bup” N \P’Bu3 tBUSP_Pa\_/\Pd_PtB% 'Bu3P—Pc§S—e/Pd—P’Bu3
' I
15 / or/and
14 CFs
catalytically competent species 13
o
R
=
B 47 ARAEAL I 55 SRR ¥ = 56 FP Al R S
Scheme 47 Pd-catalyzed trifluoromethyselenylation of aryl iodides
2017 4, Z VRN IR S ST T A, HIEE oF3
o £ FL AT RS P (R AL RS T i 7 o | (MeaN)SeCF, S
LA (Scheme 48), T A3 SR A SE R Nicod)s + SIPr a5 SIPr —N{_—Ni—SiPr
2015 4F, Rueping WBACIIFR T ARk, 354k 1
o 2y a 25 o 3
SRR 5 SO R B 7E (MeaN)SeCF . Cu(OTD, 16

JCBRMERE A R B9 = 5 il 2 40 ) S (Scheme 49). 1%
SN E RE N 52 M 0E, PRI e R R AF. /E SeCFs KM
) FE At B, 1F 2 I K (MeaN)SeCFs & ik 7 R i
TMSCF; &4t TMSRy, il #% 7 (MesN)SeRy, 3K
EASANE e | WEee s TUE X E R e x i ) iafz: o o

2017 4F, KRR IR & T — R AL T S
x5 (MesN)SeCFs 1 =5 FF A ZE 4k 2 B (Scheme
50). %N G AR FT MR L AL 2 & AR T
PAASEE ()77 AR BIMIR K] SeCFs 774, BAT RIFIEY
i R

2019 4, ZREALI R T —FIEEEN. &
AL R = B R A R AR R, AR R AT AR DA
(MesN)SeCF3 A =5 HT A, X I 1 (F%) 5 B
YR C(sp?)—H ##HEAT 5% H — 5 il 254k ) B (Scheme
51). ZRMNEARYVEE) . BReRIm 2k R, %5
PG B iR RIFSERE S EA— R, Bl
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/ '\
| SIPr—Ni—Ni—SIP
R—'\ r I\I/ i r N SeCFy
T+ (MeyN)SeCFs R
Benzene, 45 °C =

117
/..\
N N

SIPr

SeCF, SeCF,
SeCF, /©/ SeCFs
i o
Ph 0
99% 97% 80% 70%

B 48 AL J7 S B 1) = 50 TP AT R A0 s
Scheme 48 Pd-catalyzed trifluoromethyselenylation of aryl
iodides
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Alkynes: X SeCF
i 3
Cu(OTf),, bpy o R._\ Me.N\SeCF Ni(COD),, bpy or dppf ¢
R—= + (Me,N)SeCFs THF, rt.,, O, R—=—"SeCFs NS + (o) ® THF or toluene Ru =
L X =1, Br, Cl rt. ~50°C 120
Selected examples: SeCFg T
Z SeCF
AS elrs
N N N /©/
- ~ —_
_ N Ry Pz N/\/N\C
X 81% X =1, R = p-Ph, 99% o} o
SeCFy __~SeCFs X =1, R = p-COMe, 98%
R:p-COOl\ﬂe, 87% o o\/ X =1, R = p-NHa, 79% X=1,92%
R = 0-Br, 89% X =1, R = 0-OMe, 79%
R =p-NO2, 91%
50% SeCFj
. /
Boronlcs: (N MeO,C SeCF,
R=B(OH), Cu(OTf),, bpy o
or +  (Me,N)SeCFs = i S R—SeCF; X =Br, 96% X = Br, 64% X = Br, 48%
R—BPi s rt, Oz 19
7777777777777 |n o SeCF3 SeCF; N SeCF,
Selected examples /©/ —</ j©/
NC o]
X =Cl, 77% X =Cl, 71% X = Cl, 50%

N S y SeCF,
R P /
SeCF;4 N

SeCF /
R = p-Ph, 63% 7o% 3 84%
= p-Ph, 63%

R = P-Me, 62% . SeCF;
R = p-Cl, 58% ©N
R = p-COOMe, 69% —

B 49 Rimboks . I5 AT SRR AU R B 2 5 1

R A A S N

B 50 953 5 A (MesN)SeCF3 1 = 9 F AR 3L 4k e 37
Scheme 50 Trifluoromethyselenylation of aryl halides with
(MesN)SeCF3

T3 AT DA £ MW R I = 9 R SR AR ). T LB
SEEGAE 5 HEM AT BEFIALEE A (MesN)SeCFs 7E ] &t 4,
2K R IR F R d o P S A A Je A2 1 SeCFs H HI %

Scheme 49 Trifluoromethyselenylation with terminal alkynes, FHAERY SeCFs [HE +, B SR AZ 1 50msIvk 3 2 C—H 8

aryl boric acid and aryl borate phenyl ester

FHEIHRLF 4.

m-CPBA or NIS (1.3 equiv.)

Ar—H + (MeyN)SeCF3 . Ar—SeCFs
(1.3 equiv.) MeCN, 0 °C, N, 121
SeCF3 H SeCF,
0 OH MeO Me. K N
< > | )—COOEt \[ NI
(e} SeCF3 N F.CSe _ N
H 8 Me N
95% 99% 76%
OH

SeCF3 _ /N

NH
e
SeCF, SeCF3

92% 83% 75%
oxidant oxidant
(MeyN)SeCF3 — e SeCF3; — = *SeCF3
(, *SeCF3 SeCF3 SeCF, SeCF3
X -H* X
N S R R A \ H i N
% N = N I N+ = N
H H

BR 51 5 H T ()5S YA (MeaN)SeCF3 = i FU AR FE AL, [ 3

Scheme 51 Trifluoromethylselenolation of electron-rich (hetero)arenes with (MesN)SeCF3

452 http:/sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 434~457



Chinese Journal of Organic Chemistry

REVIEW

2019 4F, ZIRADOTFR T — PR =96 Al 2
RORE, FETE R & 8 IR A 25 AR, A (MeaN)-
SeCFs TEJGHEA TR T LI T S8 IR = S Al B4k
S ¥ (Scheme 52)F7. I E I R RA R IR RE
W 524k, AN B ITGE. [HA IR, B
XTI AL 53 1 R SR W) (CUn i AAVERUR T 48 24 0 it
S R SF AN 3G ) AT = 9 A AL 1. X —=
S PP 0 B 7 SR A BEAE R R TT RO (K B A R W

PERIA HUAR LA 45 2 .

2019 4F, Cook PRSI R | —Fl AgSeCFs 25
R REERN C(sp)—H =96 i 551K 7572 (Scheme
53). ZRPLLL Cu(OTH), MM, e i i,
AgSeCF; N = W HEYR, XFHRMIE C—H #dk T =5
FRAR S A AE . 12 RSB RAF B e 52 1, B
SRR IR I 7 F 251, R DL R AT IR 7 26 A A B 1)
AR EA . AR OB LR AT T AL,

NFSI (1.3 equiv.)
[Mes-Acr-Ph][BF 4] (1 mol%)

R-COOH + (MeyN)SeCF -
(MeyN) 3 DCM, rt, N, R-SeCF3
blue LDEs 122
SeCF3
MeO
Me
N SeCF N
0 SeCF, SeCF3 || 3
< N o X
() H Me @) Cl _
63% 50% 52% 88% Eh
Mes-Acr-Ph
B 52 (MesN)SeCF3 255 [ i = i AR S5 40 (=
Scheme 52 Decarboxylative trifluoromethylselenolation with (Me4N)SeCF3
Cu(OTf),, bpy
H SeCF
AgSeCF3, CsBr 3
T NHSO,R!
R)\/\/NH302R DCE' 70 OC R 2!
123
SeCF Me 0 O
SeCF, ® SeCF, SeCF Vi
NHSO,PMP 5 H S.,,Bu
Me NHSO,PMP /'\/\/ 2 NHSO,PMP N
\tjf\/\/ 2 ® Ve ) SO, Me/l\'n\/\/N H
71% 59% e o Me SeCF,
PMP = p-methoxyphenyl Me 65% 60% 58%
Cu(OTf),, bpy
SeCF; H l H F
|
NN Y LCu(l) A AN
124
SN
Lju\(llllSe\st H R 128 R AgSeCF; + CsBr
4 LCu(ll)F
N~
R R 1,5-HAT 125 ‘
127 H
. \ Cs[AgSeCF3]Br
R/\/\/N~R1
129
LCu(Il)SeCF5
126
B 53 Cu LT AgSeCFs 2 51 C(sp®)—H B =38 HH N BEAL e i
Scheme 53 Copper-catalyzed C(sp®)—H trifluoromethylselenation with AgSeCF3
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% Cu(D)H R 44 124, Z A AR 5 SN R s N A il s
N HH A 128 KAk 125, mRe N H H &)
14128 KA TN 1,5-HAT (1,5-F23E#), bk E hit
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(44 125 JRBAERE T HRaA 126, Bl f5i%H B 129 5
Fp a4 126 SON A R TR 127, B, R IalfA 127 3E47
I T R AR BT 7R P B AR Cu(D R A 124,

2017 4F, Tlili M1 Billard SREHITF R T — RIH A
FGET LA 7 (TsSeRy). 1% 77 5 75 e 01 R 7 BBC Lt g
YENELAR, Cu(OAC) FIMEAL T A BRAH B, 1) S e filh 3640 7=
Wi(Scheme 54). FJa, 1E#EMZ I MALEE AT TR T,
HEMALE LR AR BUSEAFEAL ). Cu(OAC), FIEkL
nE LR B AR b e AR 132, %P EAR 132 B AT
PE, B IG5 05 B0 R I R AE B TR AR 133, fda, HIE]
14133 5 R MR REAELETEPE SeCFs Y R B, 15 24
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2019 4F, iR RZAI0L) TsSeCFs S = 46 A%
ARG, R T —F0 FeCls AL & B AL EFEK
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AR IR = TsSeCF; [25E HL 1 (Scheme 55). % & N A

2020 4F, iZBRAAHIOSOR A = 5 H A A )
& A EAGR], ST TsSeCFH, F7F kK
T —Fh LA TsSeCF.H A 5 il 240177 5 75 e b &
WITESCHEALAE B R 1) 50 R Al 24k < 2 (Scheme  56).
%R NAE TG4 &8 R A AT, JRPIE R, e —Fhgk
o, mRGIN R PR T A RNE, @
%7 AT DL R G R ) o B AR E TR L-TE AT
A7 £ W (Indometacin) AT 983 1) 5 25 R 1 7). Pomali-

LR iR
0 \ 7/
Ph/\SeR (1) SO,Cl,, THF, 25 °C S\SeRf
(2) NaTs, DCM, -78 °C
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Ar—SeRs
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Scheme 54 Trifluoromethyselenylation of boronic acids with
TsSeR¢

domide F) — 3 TN FEAL AT A=),

2019 4, Hopkinson PRARZHI A& | — T8 1
WA 8 ) 1) — 38 PRI 46 1551 BT-SeCFs. i iffsoE, H
Gy Tl & AT, wT DU P 0 18] 5 ) OB B . AR
AT SEHL T B Sk 1R 0 2 2 — 5 PR A 2 £
JX Vi (Scheme 57)102. [A]iF, /R3] & 1 3 T R4
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I\ o, N 99% 38%
Me™ >\~ ~SeCF3 N
OMe H Me

60% 42%
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Scheme 55 Trifluoromethyselenylation of nitrogen-containing heterocyclic compounds with TsSeCF3
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1) SO,Cl,, THF, 25 °C ~

Ph™ > SeCF,H (1) SOLCl, /©/ SeCF,H
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B 56 TsSeCF2H 2 555 A A W — 5 AN EEAL S 7
Scheme 56 Difluoromethyselenylation of arylamines with TsSeCF.H
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@: H-Se @[ H—SeCF, @[ —SeCF;,
s ) S s

(1) NaBH,, MeOH/THF, 0 °C
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/ -
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SeCF3 /SeCF3 /\)i 3 P~ SeCFs
MeOOC Ph Ph
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