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Recent Advances of Direct Trifluoromethylthiolation
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Abstract Compounds containing trifluoromethylthio group (SCF3) play an important role in pharmaceuticals, agrochemicals
and materials due to its strong electron-withdrawing effect and extremely high lipophilicity. Very recently, trifluoromethylthi-
olation has received a great attention. In this review, the new progress of direct trifluoromethylthiolation is described. Fur-
thermore, the synthetic challenge for trifluoromethylthiolation is also discussed.

Keywords trifluoromethylthiolation; organofluorine chemistry; oxidative coupling

2012 4R, ARCEE 2 — W REHEAR T KRB A
N R A OB 3 A R A LA R R R
P PLRRCE SR, =5 AL S SRR AR SR
AL 2 g oevE. IE W AT BRI ACEE, IERAER, K
HEE =PI SN RSt SRS 2. AR
Ja 0, = SRR 3 (SCF3) F A7 9 R FL 2 M0 7y 235 Al 1k
(mr = 1.44)1, 1 55 g 1k () 38 i A R T4 i B WL T
BIEAE AR, Rk = R SRR 2. Ak
2y, MORMIIEE A % =K R F AT R, ER LA R
A A R AER B TR AT
TEEMWEN S TR EAE IR LY % il 2R R
(Toltrazuril). X AKIFIE 254 & % E F](Tiflorex). $im I
JE 245 5V 3H (Losartan analogue)&51.

=58 PR R A SRR R R I SR T, 7E 20 1

* E-mail: flg@mail.sioc.ac.cn

H
N N SCF N SCF
- \n/ 3 Et” 3
0) o Me

Toltrazuril Tiflorex
F3;CS N _N
\CE > NNk o [N
N N\%\(NHz
|

Losartan analogue Adenosine analogue

B g =PRI ARAY)
Figure 1 Typical drugs containing SCF;

Received January 14, 2015; revised February 9, 2015; published online February 12, 2015.
Project supported by the National Natural Science Foundation of China (Nos. 21421002, 21332010, 21272036) and the National Basic Research Program of

China (No. 2012CB21600).

[ 5 B SRRk 4 (Nos. 21421002, 21332010, 21272036) A1 | 5 5 5 FERHF 72 % 11 %(No. 2012CB21600) %5 Bh 35 H .

556 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 556~569



Chinese Journal of Organic Chemistry

REVIEW

4, =R SN TE K JE TRk, B
i AE H I A DA B R B S 1) = 3 P AL VD,
SRR L7 i 0 T Bl 6 AU AA, 1 HL R
SESEAF LU %, BEN 21 205, EE = R R it
ML AT R IR TR AR SOR AR ELA% = 5
AL S NL RIS, 73 Sl VA 20 ] PN b2 R 2 U AR
RMETAE

1 BHHE=SHEHEL

e I E E 2 R = g A B b s B T LB B E
1961 4F Harris & I — %6 FFH Bt B (CF5 SH) X U 2 o i
BRSSO, % AR TE X 2R Bl AR IR R AR R
H 1 2R AR X U R b T . 1962 4F, Ath S 58 %
T = R S (CFSSCI X 984 & 1 im P 1966 4,
Harris 3R B T CFSCLXBEke ) = i iR 00, [ i
rp R AR ) e 3 PR 3 A Sl A g R PR B TR 1
ARFE T, FealiE—gm 8 RBP4k R AR
ERR R b, SR> (Scheme 1).

CF3SH
CF3SCF,CFCIH

62%
| CFsSCl_ CF3SCF,CFCl, + CF3SCFCICF,C

12% 42%
CF,SCl
— SCFy + Cl+ CF;SSCF;3

45% 28% 35%
CF3SCl
CHy——
hy

@CH2$CF3 + @CHZCI
B 1 UGB B B =5 R R S

70% 3%
Scheme 1 Radical trifluoromethylthiolation of fluoroolefins
and alkanes

S B B = R A EH A RN A& CF,SCl
b =R R R W TR A s R TR BB R AR
(GC-MS) K 1 3] /b 5 [t W = % H 3 — B ¥ (CF5SSCF3),
XFFE AR BT AR BRI, R T S5 R A [H 1)

BP0 A (Eq. 1).
O O
oalion

OSiMe3
85% 10%

F>:<CI uv

F F

CF;SCI

_—

O

F3CS\©/SCF3 o

5%

Chin. J. Org. Chem. 2015, 35, 556~569

© 2015 Chinese Chemical Society & SIOC, CAS

L= 5 6 T 1 8 A O R TR R RE P
A E PR A B, RJE S BRI AR RO =R
FBRIEAL =, 2014 4F, r [E R AR K21 T 400k
RAAPYE R T 5 5 R3S 075 5 1 75 32 = 50 R 2
HReHILR B fEEE — KAV SRR R G, AT
INARMNARAT R A B =% M E . =& Fmad
HErE AW RRIRE: H—, ZH R (AgSCF;)TE
BB AR IO R AL R AR, 4R A = R R
HEAE; K=, R I =K CFSSCF; 7R #E1
TER BT REF = A =4 AR E 2, AR5 Existh 71
RUEEHEAT INAAS 2Bk B 2, BE S35 7 P9 2R R e 3R
JRIR, BEAS 25 & 7= (Scheme 2).

F3CSSCF;
S,08% “ A
AgSCF; Ag(I)SCF; —  F,cse -AKeNS
S04%+50y”

H
SR NG e
N o N ©
| \
+H
SCF3  _pn @Qsca
0 0
N
\ \

B 2 WS 5HE R B b5 7 2 =50 P B2 A S R
fR AT REHLEE
Scheme 2

aryltrifluoromethylthiolaton of activated alkenes

22PN K2R IR S 2 e i 8 VIR O MhiRiE T
AgSCF; 1E N =& IR EYR, BSR40 N i ARG AL A
EHVR- =R R B N, R, Z RN L IR
IR, AER A AT TAR 4 DA (1 400 A G S oA — 77
I, AgSCF; &AM 4 =/ E 35—, f5
TER AL P2 A S R, SRS B 8 AR ik B F
e, e AN = R E AR RO, AT £ M R OUE RE
1= #)(Scheme 3).

2 FHR-FFHmEL

CF;SCl AMYATFE S BRI 2641 T 7= A = 3 i 5
HHE, TEEZMIE LT, BIAE A —Fh o f i) =5 R
FEAF]. 7E 20 4 60 F48Z 90 4R IH], CF3SCl 5
X2 1) & B IS ISR F R B B R 2,
EAENLE R, BRIy E K55 i
R R AWM, w92 (Scheme 4).

Proposed mechanism for silver-mediated radical
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Scheme 12 Cu-catalyzed trifluoromethylthiolation of boronic
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N-benzylquininium bromide 81% ~93% Boxmi
64% ~ 99% ee

B 17 =5 PR AIB A A 5 B- R AR PR = 55 e A S 2

Scheme 17 Asymmetric trifluoromethylthiolation of S-keto esters with the trifluoromethyl-substituted thioperoxide reagent

1 i
RSNH ! (o}
PPN | b~ S02CFs3
R< : I
R N0 NH | Ph
RN SCFs |
' path Il =, L
CuCl (20 mol%) 3 ! u(l)
dioxane, r.t. R o |
R3 74% ~97% | o (-OCU( )L
| .
SN 3 Ph)H(SOZCFe’ -Cu(l )k/ ~CF3 _phl Ph)\( SOCFs
0 RZ{I%W ro —’ e ‘b UL NE
SO,CF Z NN Cu(hL - Cu(i)L Spn
Ph 243 — R~ | )—R" /
Ph CuCl (20 mol%) Z ; 0 o} PhCOCO,H/NR,
PhNMe; (20 mol%) scry | L R0 P4 -0
dioxane, r.t. 35% ~84% & |TN £ o Nu
° °o CF; O ~ CF Nu-SCF3
! o}
| Nu-SCF3 Ph%
%COZR : f scF, | l I O'scr,

COR! . *NRy
CuCl (10 mol%) 2 CO2 \ NuH 0 "
2,4,6-collidine (20 mol% ! 3
00||ne( mo °?—‘<=M,n=1;54%: Ph%osca

dioxane, r.t.
R=Et, n=0;48%! PhcO"™ path Il 0 path IV
(o3

B 18 AL A = 5 PP RS AN R LA KR S AR M Ml - I ) = 5 PP B R S 8 K% T REL R
Scheme 18 Proposed mechanism for Cu(l)-catalyzed tr1ﬂuor0methylthlolat10n of enamines, indoles, and S-keto esters with trifluoro-
methanesulfonyl hypervalent iodonium ylide
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Ar
1 AN
Ri‘/ N o Ar
\ \SCF;
X
o) (DHQD),Pyr (10 mol%) Z N
C|\NJLN/C| THF, 0 or -30 °C Boc
2\ /& then TFA 50% ~ 96%
o] N (0] 83% ~ 95% ee
Cl —
(TCCA)
+ SCF,
AgSCF3
THF, r.t.

52% 95%

B 19 B4R B =S P B AN 2 5 ) = 5 T AR
FAL S

Scheme 19 Trifluoromethylthiolation via in situ generation of
electrophilic trifluoromethylthio species

2014 4F, B RHE K2 1 X0 oo AE 2 U
AgSCF; Al =5 R &R BR(TCCA) 37 A 77 3 v 1) = J FF
TR IETEEYI R, 1E & XS 9N T P/ AL FFI(DHQD),Pyr 1]
MEALTR, S R W IR (0 A6 B — 980 FR R B Ak, X6 B 3k
PR IG RS, XFEERAN T 3 = H B R
FURIASST IR = S A A Ak S . v [ o2 i 25 A e
TR 3 s L B R B X R R R A T — &
B = G0 PR R L BUAC ) 2 AT A . % I B PR s A
T8 SR 57 4 1030 5 2R 0 R B R (R A, Bl S
5 =R IE B N, e i 25 F 3 e 5 JA B
LA, R FZAR R IR A ALE T B35 A BRI 2 HL = 5
ALY RS o o FE = R R S A b S
() S5 LT, AN 5 B % ) BT R Ao m) AR s L =
i 1E B 1.

3 FHR=mABHmEL

FEZMN =FFRRECRAN T EAEEREREIE
SR AP, 16 4RI = 50 i AR o R A e 2
=R R IR [He(SCFs),], BEXT 75 3k 5 4k 4 i e F
A R A SR R B I L (B AR A L R R
RO i, PR T L.

= 5 PR 4 (CsSCF3) 8 /8 58 X 75 22 1 A6 47 81 e
B IRISERZ =R R, 2014 4, FhERFARE
A WAL A T BT B TS R A R T R,
SER T ETHEAG T B IR A A7 = S P B k. F5EE4R
W, TR I 1) PR AL 75 2 R AR I R v S 2
B, P AT R B R T = R B S
. HLEESLIO R, ZRNE PR =R s B
o RS B R TG A Dy 125 2 265 A1 494 53 PR T — 3 P s 28 T B
R, T RCSCEERUR I = 5 B SE 4k 7=, B S (R 4T IO fi
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R 3 — 2 R A N A T A T AR e I B 2R T = U R
b7 ¥)(Scheme 20). T CsSCF;y T HaE M2, N5
8%, DRI BR il 1 23 N

é T [PFe] -
s

o [Rul2

0CO,Me

CSSCF3 * o \F

MeCN, 50 °C
[Ru]-2, CsSCF

| |

SCF,
“
P R™ " scR,

R 17 examples

52% ~ 91% yields

B3 20 AT A DX I B I P o = S TP B A S 2
Scheme 20 Ruthenium-catalyzed regioselective allylic tri- flu-
oromethylthiolation reaction

FREEET PR, = 980 B AL A (1)(CuSCF3) Fl =3
F B ER (AgSCF) IR U V2 1% . CuSCF; e 5148
(2 BT RONE, A FE AR R s P S YR PO B b 7
FembU S5 5L E R R LD K 55 3 ki AR 2013 4R,
Rueping A4 PUHEFIF CuSCF; 585 T X s FE Ak 4
) = 980 R R A S . 1% I R T 5 ) = 80 P v T P

[l A B 1Y Cul A =5 B3 1055 (Scheme 21).
R—y N
=
R—X X=ClLBr | Xy 5¢Fs
R—SCF R——
3 R =benzyl, allyl, =
propargyl ]
X=Cl,Br, | CuSCF) R | 1
NoB R i SCF
ArN,BF, 2 )ﬁ/ 3
ArSCF, 2774 R™ . R

R2
B 21 =5 R (D)5 75 B/ /07 TR 5 sl A 1) | bR T iR
W IR ERAL ) B IO SR A B 5 B o Gk 1 s A% = S R
FAL S B

Scheme 21 Nucleophilic trifluoromethylthiolation of aryl/ben-
zyl/allyl halides, propargyl bromides, vinyl iodides and aryl
dizaonium tetrafluororates with CuSCF;

{52 CuSCF; (A5, M Hfil#% A
M, N T e ROX R T, DA IR 7 ORI i B A
CuSCF; iRk 2 5 | . 2013 4F, &M K22 (1 55 & i
AR 2-2'BEIEE (bpy) T NBLAA, 5 CuSCF, Fifr
Je, BRIhH T AR R RRE R 2-2"BRn e = g R A AR
& B 4% AW [(bpy)Cu(SCFs)], FHXHiZ%4% & Wi s S ik 1k
BT T8, SFEbPI. RO IR Rt
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DA Jo 56 5 AR A TR H 5% £k (Scheme 22). [,
ZR A 2R = 2RI B (PPhs) (R B 2,2"-IBENHL e 0 IR
13 28] 7 =R =R R A 42 )R 4% A 4 [(PPh;),Cu-
(SCF5)]. fEZMEH, 70 CF AR 5¢ Bx 4 74 54
= ﬁ\EF' mﬁ%[”], A B 5 CF,TMS Flf#1l
B AR, HAENR SE o I IR O o-IRAR
$Z@ﬂ1¥1§2%[6']ﬁﬁ R

o
R
=

X =Br, | Ay SO
’ CuFz+ CF3TMS + Sg I MeCN, 110°C R U~
bpyl MeCN 57% ~ 90%
R Br R _A_SCF3

[(bpy)CuSCF3]

MeCN, 70 °C 36% ~ 89%

[::j//\ [::j//\SCFg

MeCN, RT
89% ~ 98%

B 22 2,2-kAEE =58 TR <2 Jm 2% S 5 07 R A 0
P 3 B 0 ) 2% A = 9 B 2 S

Scheme 22  Nucleophilic trifluoromethylthiolation of aryl/
benzyl/allyl halides by complex [(bpy)CuSCF3]

X EE f7 NEANHER HY, % T2 FEPR R A ) = 960 R
AW B, FEAR EER R PR AR A E AR KA. AT
JS, BT IZAFE T B FRIR T MR IEA Bl
REAE N — Rl LR S 5IR 2 K, i 5 HH0E M EE
S5 (10 = FF R A 7 R A0 A R e .

2014 4E, Rueping MALIH CuSCF; 1E A5
), SERT B R B = AR S 1 — 2P #£ 1k (Scheme
23). 2%k R T EIN S BRiE R, ks
REHI 2 BVER 2, IF RS2 IR0 4 S5 5 B2
.

OH
4
R)<SCF3 Ar)<R3
R cusck
Ar” 3 BF;-Et,0 3
51%~ 099  MECN. Tt o | BFerERO
MeCN/DCM
2/\)\R1 (V:V=1:4)
R
SCF, SCFj
2N g or g2 R

73% ~ 96%
BIZ 23 % 5) MR i A FO s D ik R I ) B = S PP B
(A=A

Scheme 23 Lewis acid-activated direct trifluoromethylthiola-
tion of allylic and benzylic alcohols with CuSCF;

JUT-5 B, BATRBACTFIH AgSCFy/PY T 3
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AL (TBADMR R, IR SEIL T X BEFR 1) — 20 =
A, AR R B R, AT ELE S TR T
FRAE, DRIHIZ SN AN SR BR T 0 BR BBURR ) i), I HLX
R A A R AP I 1. 1% S AL 5 RS 1k
FRINLFE e R A. %%, AgSCF; 7E TBAI 3546 R
B = PR B 1, = %P7 S 7 S5m0
WA TAAES)SFAG, BRI KBRS 5
P 320 IS 80 A L AT g ) A, 12 e ) AV T A
% Ty SR A% IR = 3 FRRARL 8708 1 R A AR S N T A s A
N HIF=#)(Scheme 24).
n-BugNI
ROOH + toluene RSCFs
R = alkyl 30% ~ 93%

SCF3 7—T> R*SCF3

AgSCF;

AgSCF; activator -

F" 'F _HF

BN 24 =GR/ T REBL Bk R R B B e =
SRR

Scheme 24 Direct dehydroxytrifluoromethylthiolation of alco-
hols in AgSCF5/TBAI system

JR4E AgSCF; Il # A AR B, HA2 B i 4 2%
5y, RE T, [HIAE B A% 0 = S B0 o A A
FHH0TZHIN . AXFTRA, AgSCF; 55 MRk &
ML, AHRAN G 5 )T B M. B #2000 4, Clark 2516°)
RILEKEZ I KI 803 TBAI fEf# AgSCF; i) 5
FERB KA TR R RN, R, %R NP E TR
SR B, (H2, 7R R A s [Ag(SCF)I]iX — ¥ 4
VIR g e A ). HoERE /1S AgSCF; Mtk
o, DRI E A AL R 1 = g6 FR R B AR A T
AE 2ok B IX —iG Y.

AR, =5 B R S A IR S B R T8 2 %2
X 5 N AN R PR T SRR R S B T, T
T B s B FR R A PR E R T e TR A, SR R R R
S N7 HR R — A5 1T 58 BRI 64K, 2013 4, Lee Z5191R
BT AgSCF; 5 =M M. fE#HINH AgSCF; H1R
RETE AL LIz M T TR J 75 il P H TR AR, 12 P R A 28 5
=R B S 1 BT 5E RO SR FE K(Bq. 3).

2014 4E, TP AR ST ARl T ER DM
AR M 2= TR FR S 5 HE A B I 1-= 4R e S s bk
KBRS, 120 fe P K HLER 2 = U i
B8 13t SO B B s P R R (B q. 4).
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R2
—==TR2 AgSCF; ‘ ‘
" " oluene, 90°C R' @
Vo —= — R toluene, 90 °C
— — Y
z

Y= NTS, Z= CH2 SCF3
Y=CH,, Z=NTs 53% ~ 85%

< oH AgSCF; SCF;

-
1 N AgOTf NN

R —————— R~ (4)

Q p-MeOCgH4SO,CI NG R2

2
R® KsPO, DMA, rt. 23% ~ 90%

RFT A, o- R IRBEVE Nk RS HTE, 5%
PSRRI, o- EHA FERNE S AgSCFs iR J1F- 7]
I 48 v R 2 Be b A AL AR 22 A5 5T BT I H <6 i R
ISR b 50K 2 ) T S B R A R IE. AE %R B
R EMANLGEIEFOE, F0)EE AgSCF; KN AL
AR CuSCFs, SRJGHEI a-E & ER IS P RY = T2 4 ]
K, LR 4 N 5 5T A5 A LA = 5 P A AL
Y. JUF- 506 ER, Rueping i1 B $2 M CuSCF;
R, SEILT o B BRI A = 900 B A S
(Scheme 25).

N SCF;

2 CuCl, NMP/MeCM
+(AgSCFz T
R1)kCOOR2 SR R1)\COOR2
Hzo, r.t.
13% ~ 87%
N Cul, H,O (1.0 equiv. SCF;
)ﬁ +(AgSCF; 20 (1.0 equiv) 1 ,
R'” “CoOR? MeCN, -25°C tor.t. R'~ ~COOR
34% ~ 88%
)Nﬁ . CCuscEm MeCN.0°C 3h SCF;
R >NCOOR? g H,0, rt,3h  RY “COOR?

51% ~ 86%

BR25 W25 o-FE T RREE K =50 T 40 S B
Scheme 25 Copper-mediated trifluoromethylthiolation of
a-diazoesters

MCAESR, LV 4 JE Ak AR BB S B — B2 B2 10
JVE, SRR A S B TR A N TSI
SR BE T R KM HES) T A HLERAL I R
JEUU BLZE 2011 4F, Buchwald 8417138 T 76 K47
BH BrettPhos [RCAL N ALMEAL ) AgSCF; 5 75 3 AR i)
BB, (EiZMk R, 2555 343055 Jm b k4 Ak
WA IE N, PR R T (B, 5). BB X
S P G R S AR IR A PR E LR, X
Je 0 AR A 0 = R AR AL SR T AR AR,

2014 4E, EBFEBE_Ed A LA T AT R )
A RBAT B f H AgSCFs S8 T AL 26 1 B 5 2k
% S 0 75 58 s AR 0 = 0 PR R L ALl B FE A AL
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B [(cod)Pd(CH,TMS),], BrettPhos . SCF3

R@/ PhEt3NI, toluene, 80 °C R@/ ©)
81% ~ 99%
EHRWLAFISBIED AE T, R 55 7 &M
B, tntbnEdk, FEREL. RGP RAN G A X 1% O
GRCME. AATT A IR 2 458 FH R S ) A BE A Dy T 1) 2 4]
I, B2 07 BRIt REE =il 5 AgSCFs KA
SBEL TR 07 FEMURAY), R EDRVE A R DMF, RIE
Sl A PREL . ERE ST 1) T r) 2R ], AT REAE IR
TR AR =R PR AL (Eq. 6).

DG DG
[:::[: + (AGSCFs [:::I: (6)
X SCF3

X=Br, |
’ 49% ~ 969
DG = pyridyl, amide, imine, oxime, % %

carboxyamide, ester and ketone

Phen (10 mol%)
CuBr (10 mol%)

MeCN or DMF

2012 4F, Vicic BHTHRIE T4 T =% F
Fi 56 D PR iz 5 5 R OB B S T, E A 122 S ) 3
PEARRWNE, X omi 7 R IEAEH, %05 3
WA= 2R 45 T 75 SR A S 5 ]OB(Eq. 7).

. SCF3
T
=

X=1,45% ~92%
X =Br, 37% ~ 65%

« Ni(COD), (15 mol%)
d 30 mol%
R+\ + Me;NSCF; M
= THF, r.t., 22 h

X=Br, |

55 = 4 i S D R SRR A SR R U A JE & B 2R 1)
SRS HE AN AR AR (R R O
1% = S R EL [(TDAE)(SCF5),]. & Rk, e1]
B85 — SeE A IR 05 36 AL AT 1 A R AT A I SR %
S U0 AR, IR ARG B N A D, H 4Rk
) = 960 HR A 6 Ak R 5 R B AT 35 7E T 1) 4% A AR X AR,
Mk s R F e R 2, — R FREETFERGRAL. 5
— AN P IRE IR (1) AE 4 8 S 11 5 L T 1) =4 i 2 kR
FfE O-+ )\ B dE-S- = 5 E IR AR, £ 2003 4FH
Zard A1 Li SRS BFTRIE, 755 AL EFFIIEE FIAATE T, &
X PEATHRAN o- YR B AR A0 S R 30 AR 4T 1) B
5 PE(Scheme 26). 5 FIRBHFAFIM L, ZAA iR
S, JRAEHEXE B, AR 2 ATETFHl &P ZE MK, If
iSRS S A7 Wil OV EE S EREN: 1PN a3

4 FU=\FmEL

FLAE 1869 4F, Glaser ™ gt & HL 1 AEHR &+ Bl A K4
RIAFEAET, ROHRAEREEH S EERM, F41d Hay
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BHILKE
MeN ST B IS PR, RS S R R AR SON, T
N @\/Qﬁz Fecs HAeRELBS 5. B, WX — R HLELE L T
L N R1@E§*R2 %B)/I\Ei
H _ N
0 THF, r.t. H Ss KF. DMF
F.cs” o Hd o 25% ~ 97% R—=——H + +
3 18M37 R = alkyl, I CF3TMS air, r.t.
RJ\/Br alkyl, ary

o]
RJ\/SCF3

40% ~ 93%

KF, pyrrolidine
THF/H,O (V:V =20:1),0°C

B26  O-1 )\ beHe-S- =5 H L BRIR IR S 7 7T BRI o- VR AR
AR AL 50 0 = 3 TR B A S T

Scheme 26 Trifluoromethylthiolation of gramines and
f-bromoketones with O-Octadecyl-S-trifluorothiolcarbonate

S UTSOTSN W F, A% R B2 N B LA R,
Ja KN Glaser-Hay i1 8. 1998 4F, Chan, Evans
A Lam PV 5 KR T2 51055 FMR 58, 1esk
AL 2 (B AR IOC S BE, 1% S fie i 2850k At Al — %
A%, 5 RMFRZ N Chan-Lam B M. X P4
R F PTG N 4 S 87 3502 SR AR R & T AR AL
FIIVE R T KA RRER R, 5 R IX PSS A (1) S SRR
2 NEAAE B (oxidative coupling). FEE T E LIRS 5
ISEAZARG 2 [A] B) SEAR R L R S B 2 5 1 C—
H B LR 1A R A B0 g I Rk 52 3] [ P A0 5 5K 1)
KVE, XA KE 5T, AT 46 22 60R H A ik
B T ER AN TR SIS EREfH. 1
2010 4F, FATRBAILH T “A b =5 HFE4” Fgrd
1, IHEUS T — RIS = 50 SR 7 0

TEEA =R B AL 1, 2012 4, FRATHREIAH
R T R AR O R R ) A A =R R R R R
J7 N, TR = 4y 2 A R — 2 B SRR AR - = 9
R EE 7 =P R B R JE. 27 iE R
L, HEAERE R, JFEA R E AR ENE, X THid
TAIHE T 07 RN R, HRA R AP & M (Eq. 8). fH
RULIR 2, BARZR R K H S BB CF,TMS SREE (i
SO TR, (AR SCIR HI R, 1% N R AR O
223 JEAL AR I D R R R AR, B S LR R AR ) A A
T 53 H CFTMS & A2 A8 B S .

~_BOH), | s, |CuSCN,Phen
R N PN
& CF,TMs [KsPOs, Ag2CO5

DMF, r.t.

- SCF3
S
=

58% ~ 91%

B, BATREAPE TR T L4511
A = TR RS (Bq. 9). AEBEIZ, ZIRBIF
FERH T BB AR CFyTMS SRR At =5 AR R IR, {H2
5 ET I RSA R, 2808 S B AL R ) =
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21% ~ 91%

2012 4E, Vicic AL R T = N F A =5
i 0 P 35 e o 75 SR P A = R TP AR Ak S L. %4
AR ALETLE SR B AT Z s AL,
T IR EENR A R4 1 M1 (Eq. 10).

Cu(OTf),, dtbpy
R—B(OH); + MeyNSCF3

R-SCF; (10)
052003, THF,

R =aryl, vinyl in air, RT

R =aryl, 71% ~ 93%
R = vinyl, 16% ~ 74%

2013 4F, KREEF T K2 M2 2B =45 oW
BRI TR SR PRI = U RS YR, L 5e Rk T g SRR
HE A =3P B SR L(Eq. 11).

BOH:|  Ss | cusoN.Pren @/SC'Z:”
[ + ———— R~
R ©/ + CF3CO,N4 K3POy4, Ag2CO3 2
DMF, 130 °C 16% ~ 68%

FESEIL T X B0 A0 A i b Ao ) S A = 98P R 2R Ak
SN, BATERAA S U S = 3 TP A 1 A
TSRS C—H B EHEE L) = 90 R R AL S . 2014
A, FATREA S e B T HIEA R ALTE S C(sp’)—
H S LI B =R R OB, B AgSCFs ARt
IR TR, 3- = 98 2 R R I ST IR AL,
FILOGEE 0 M E SRR C—H ##364y C-SCF;

H(Eq. 12).
CuTc
=

TN (3-CF3)BzOOBu-t
R _J +(AgsCF —————
KCl, 80°C
24% ~ 92%

W, BATREHLE TR T #0125 B AR E R
S A48 6 R S = i PRV RA A0 S A2 0T VR AN 75 2 i e )
#ATAR, JFEA RIFHE RERI A PE(Eq. 13).
CU(OAC)z, K2S208 R\/\/SCF:; (13)
46% ~ 76%

RN +(AgSCF;
K3POy, DMSO

60°C,6h

2014 4E, Jbat KA EE R4 P RE T 5
7% F ML) C—H A =R IR Y. %
FSAEEMAIER T, B a8 p e AR V) H (]
1, SRJG G B A, e I R T R A5 B R B =9
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AL = Y)(Bq. 14).

N DG Pd(OAc), (10 mol%)
R\i/ ! +

5 R&EE5RE

eI 20 5 E B, PR R NS B T K2
KB FERIEAE 2013 3] 2014 4, KT =H PRI R
N7 R E AR R K, (B E = LU, &
F NI FH 24— 2 1 Pk PR R R A5 4k SR N
Fe. E5E, BRI RE 2 = 58 B S A R 7 1 %
A AR S, RIEEE G BT LR AT =R
1) 2 — 9 R A A R AR R A 2 —. 5
AN, B RIS KRR = 960 B A SN [ R34 e PR 4%
WA, Bl p-EARESE. REERAE. 2k
DL SR AR 2 AFE T BRI, SEENIX dk
AP C—H BEEAL A KR = 580 R Ak S N 7
SO R, TR 5 A S =R B AR S
PR TR 2 AT AL SR A 25 1) AT LR

L y
AgSCF3 R (14)
SCF,

44% ~91%

- 5
SelectFluor, HOAc
DCE, 80°C, 12 h
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