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Research Progress of Trifluoromethylation with Sodium
Trifluoromethanesulfinate

Zhang, Shiwei Tan, Zheng Wu, Xiaopei Feng, Bainian™
(School of Pharmaceutical Science, Jiangnan University, Wuxi 214122)

Hui, Renjie

Abstract Trifluoromethyl can increase the chemical and metabolic stability of drugs, improve its lipophilicity and
bioavailability, and furthermore, enhance drug binding selectivities. Sodium trifluoromethanesulfinate (CF;SO,Na) is a stable
inexpensive reagent, which has been widely used in the field of organic fluorine chemistry. The recent progress (2014~2017)
in trifluoromethylation by employing CF;SO,Na as the trifluoromethyl source is summarized. In addition, the reactions of
bifunctionalization, trifluoromethylation of aromatics, trifluoromethylthioization and other types of reactions are described
respectively, with their applications and reaction mechanism. It is hoped that this review can be referred to in the studies of

trifluoromethyl introduction.

Keywords sodium trifluoromethanesulfinate; trifluoromethylation; mechanism
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Scheme 5 Possible reaction mechanism
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CF;SO,Na 1E 9 =% H BRI 2K LA A 1A 350 (D
AL =5 A0 (Eq. 14). FIERRF AR, BN A]REET
H HERARHAT, 12 AR T —Fh B R = 5
K OIFATEYIN L, BB —1RIE, RN
SR A W3R AL 5 0 I S i2e 4 1% (Scheme 21).

2017 4E, Shen /NHPHRIE T —Fh7E Blue LED HE4
T, KHFEL CF3S0,Na 51N =% 3£ 11 75 7% (Eq.
15), NGE A EIEPUE T, X2 L R R
NEIANTE. Z TSI T AT R AL AT R e A 2 1) &
R %N X — 7 T HIIE T AE AT HE— R R,

2 CF;SONa &5 =aRERHELELK

ﬂ

Li SRAEHPMEH Cu(IE AN & 7 %= K HAT
AW HEAT = % FF FE 1k (Scheme 22), X A _EAS R B
AEE LT RS AT TR AL, RIS a1 B A A A
SERITAEMR MR A, HRR S SR TR E
SR, WA TR E TR AR N SR
Z. AHAFRVE M R % N BRI B3 S NB T %
SRS AR R I RBCR, O RN A3 B TR K AR
MIgE 5, 75 DL AR AR = 4 it 7 — o B
B Z/NEAR RN T RERINLEE, BOE Cu() ik R
CF;SO,Na, i #HL PR Al = 9 A B &, R
JE SR AR SRR, TERCE N ER
HalE, ZrP A Cu(DiEAL, BUE 2R TS B
2277 #)(Scheme 23).

Qing /INHPSHRIE T F 2% A V0 SUI R 25 26036 70 4
AU A B = 8 B Ak P AN = G R AL 7 1 e
(Egs. 16, 17). 1ZJ N 2% Sandmeyer = 38 H HE 40 [ W 1
IS S o) AR K VT [ A Y S s R
(DMSO) N, Cu,O AT 15 2] =5 i BE 1L = 9;
PL TBHP N4%A4LF, 7 CuBF,(MeCN),/Tpy {EFHF, 15
B =R B =Y. PR RORL SRR LR AT, ELIE
VO, SEESIER] CFs H IS 5 N, 2/ NS
A REAIMLEE A B BRI WA O B e 2, A,
Cu(l)¥s +~BuOOH #£45fk +BuO H 13, AR5 Hk
CF;SO,Na #:4°8 CF; B H3E, £ Cu 2hIER T, &
A2 B R A P2 ) (Scheme 24).

I WA 1) 5 T 2T 2 e 45 F0 1 = 3 R R A S
FAAE R LR — = RN = OB AR AT
B, MELATZ M. Dai BREZHPOE AT A K SR
o R R AT T AR AL, 7EJC & JE AL T AE A
CF3SO,Na X 2Bk f A0 A Wik 47 404 = (0 F 24k
(Eq. 18). 4% Xil*f1 Shi*®l N Al 4R, ZBEE %
55507 el R A AR Tl B A, 1T Dai /NHAE RS AR
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B
HSO,
L CHF;
visible light Q
. OO0
CF3
PQ
S0,
* Catalytic cycle
(0] (0] CF, OH
ate / OQ
Ho ' o PQH,
CF3SOzNa
H *~Ph
a%e /
CFs ~—— CF,s0; PQH —
exo-dig /
cyclization
Path A o CF3 cationic
cyclization
Ph P PQH PQH _ Ph
Z CF; Z .
e _ ANIA s o,
0% o ~CFs Path B o)
i
O +
— -0
Ph H% Ph H/ Ph
N\ -— H H,0
_H2
O CR o Cr, ; ; o CF,
PQH, PQH-
B 20 FTREDY R B
Scheme 20 Possible reaction mechanism
R1
R CF3;SO,Na R CO,, Ir catalysis R1 COH
)=\ _ + CFSO,Na ——2 28y R} (15)
AK)§* Iy A(/k§/0F3 (14) Al R e DMF, rt. Ar CFs
R = Aror H blue LEDs R2
2
R -BuOOt-Bu L 2t-BuO’ R
AI')\NNCF:; + )
+-BuOH CF3S0,

t-BuO”
2t-Bu0O”
)\ﬁﬁ
CF3802
cu'lL

B 22 AR - =50 PR A 3- =50 P A BRI A

SO Scheme 22 Synthesis of unsaturated o-trifluoromethyl ketones
)\/ CFs ’ and 3-trifluoromethyl coumarins
R
NA\ HRORIL T AR A ATE T T %A P 2 A e
T FEAT 7 =P A, IRz oA i v 7 [ ) oA
21 FREMSOBALER

Scheme 21 Possible reaction mechanism
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fEAL &, HARNEWIRBIBCR A AR, Il
T LGNS T AR = TP B AL S SR AR AR

Chin. J. Org. Chem. 2017, 37, 3060~3075



Chinese Journal of Organic Chemistry

REVIEW

5 .

YEE S eul
s ) r2 CF3 o

(6]
R u|| H
O t_Buo’ CF3SO2
+

tBuO
S0, .
OH
#BuOOH / CU
ER 23 ARERI R AL
Scheme 23 Possible reaction mechanism
. CF4SO,Na, TBHP
N N2 CuBF,(MeCN),, Tpy ~CF3
R o -
=~ BF4  MeCN/H,0, 45 °C R ©/ (1)
+ CF3802N3
N2 Cu,0 (10 mol%) Xy SO2CFs
L 2 R A7)
R B, DMSO "

7, W(ICFoL, cF3

+ 802
tBuOOH&4 t-BuO 7L t-BuO™

CF3SOzNa

BK 25 WREMI SRR

Scheme 25 Possible reaction mechanism

H

N |
\"/ + N8802CF3 t-BuOOH, CH2C|2/H20
O 15°C,=5d
EWG

H
oy
(18)
EWG o

Yield 42% ~ 65%

SR RN 1 8 4 equiv.ff] TEMPO, 7% W %22 1A
) =5 AL =), TE R L% 3] TEMPO-CF; &
G, X e AR I N I B R ATY.

WK e 28 B 2 P AP 1, e BB 25 ROk [,
BEIRNHE B IR7 A 7 RS TAE, EXTpkm:
FA = H R AL AR S R AT R EAL. 2015 4F,
Chen F/INHI R T — 2 Ik e 24 3 = 950 FR SEAL O 2%
H &R (Eq. 19). Al 1PA[Bmim]BFy/H,O (V@ V=1":
DA, M Cu(IDA TBHP K =4 5L A i &M
CF;SO,Na H{iiE 25 Hisk, {35 Rk J 3R TR R H (] 747,
FIE TBHP MIEH NEAM. BEAS R 524 7= Y)(Scheme
25).
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o= CF3302N8
/ N =N
Chet e Cu(OAC),/TBHP

SN
et 7 )R (19)
[Bmim]BF4/H,0, r.t.

L CF,
S—_N S~N
Q\:Nl/\/k R Q\/N\/k R
H £-BUOOH CF3
[CU]l
, +BuO’ ] H*
CFs e CF,S0;
S0,
Q:r% #BuOOH <:|/>87
H CF, H CF,

B 25 mEgrpLE

Scheme 25 Possible mechanism
TR ARE ) = 5 R B Ak 2 B R U 4 R AN I A
1 ¥ & & i Cu(SO5CF;),/+-BuOOH, L,Pd/TESCF; &,
TMSCF;, RuCl,(PPh;);/CF3SO,Cl, ReOs;Me/Togni rea-
gents, Ru(phen);Cly/CF;SO,C1 2121 AT 2 37 sl A i,
FEPI JE AL PR A G AT 2. e B LB Bk, Lipshutz
NI DK AR NI FIAE IR R, 1 K B AR R
AR ZR(Eq. 20), AMEEG 7k 3 SR A, sl T
CF;SO,Na il TBHP f—F-F &, 1M H B i nT fE 3k

A 4~5 IR, RILH RUFPIZREIARYERE

Bu-t CF4SO,Na Bu-t
“ TBHP N
| TPGS-750-M/H,0 L~ (20)
NG -Fou-MIMy N~ "CF,
rt, 24 h

Zhou /MM R T —Fh Mn(OAc); AL 7%, St
FHERN 3 N EEHT = H T RS BB Y. %
J5 TR BT N T bk i R E R (Bq. 21). 5 RZ2 8=
P IEAL N AR R, 2N AR AN E R RN, TR
VRS R, 4 8 MAAERURER, FERMN 3
PEFIZRIR b 35 mT B = 3 PR IR, S OSSR — 2 5
W, %N 3R R N HLEE A E Mn(OAc); 7776 T,
CF;SO,Na £ CF; H 1%, R EET R M 307, &
B XS R E R IAI4A, 7E Mn(OAc)s TR R, &2
TA0AF 22724 (Scheme 26).

R? R?
X, CF3S0,Na/Mn(OAc); X CF3
R R @1
i~ s
0" o 0”0
http://sioc-journal.cn/ 3069



iz & ik SR
CF-SO.Na NNR?R®  Langlois reagent (2 equiv.) NNR?R® (23)
3502
Mn3* R’ H PhlI(OAc)y, N, r.t. R' CF;
R? Mn?2* R?
NN o ~CF3 Mn*
R CF, — R4 PR L cF.SONa PS(O)CFs
_ 3 _— Ph—I 392 ~ Ph—l\
o~ "0 O” O 2+ N OA
Mn Ohc NaOAc ©
R? R?2 |
F3  -H* ~ —I .
R1_I\ ~_-CF3 H N CF, Ph |\OA+ CF3
_ R'—— SO, ¢
o” "o Z o Yo "
B 26 AR R SHLEL R R®  Ph—l
. . . I OAc
Scheme 26 Possible reaction mechanism CF, + N/N\R?’ N/N\R3

Zhang /NAMWISZEL T EARXIR A2 4F R CuCl/
Ag,CO; TENMBAFIRT a,p-ANWLFNIR LR, FE 13 H
CF;SO,Na 5| A\ CF; 2[4, 19 2| BAM0R E/Z IEBERR
it = 40 SRR K M 45 M9 (Bq. 22). InAN 1 BE 4
equiv.[f] TEMPO, J& 52 N B 2 4l ], i B 122 Jse B3 it
H 281237 (Scheme 27).

R‘l
CuCl (20 mol%)

N X COOH Ag,CO3 (0.6 equiv.)
R2- F2SO,N
T * CRsSONa e e equiv)

DCM, 70°C, 24 h

R'=H,Me,Ph
R1
| AN N CF3 (22)
R2|—
=
OAc c OAc
CF3 SET
2 2
R1)\/R - R‘] - R1 + R2
CF3 CF;
Act (e}
 » 4 R2
R
CF3

B 27 ArReR RN
Scheme 27 Possible reaction mechanism

2013 4, Baudoin /NHHRIE T —Fh &AL LT
i Togni RFISLEL NN- "Bl 10 =5 B4k 10 7
%, ARZINEAFEEIRYNE RS « OB AR, 5k
SRIE AL 2017 4, AR T —FhEE skt o s
(Eq. 23), RILL= 360 HI MR A 1y = S U, AR
PR A AT, 2B NN- B iR = P k. %
SRS AR AN, SRR, T H R S R AR . RN
T 55 H PhI(OAc), 5 — 5t RS FR A B = AR 1, gk if = A
I A= LA B i, SRJ5 CF; B R a3k
AR B ER 7, BEEE AR T LT, 153
H #57=#)(Scheme 28).
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—A
i)
P

N

- _N ~ OSR3
Phi + AcO + NZWSRS ——= N7 R+ ACOH

|
R’ [cFs R1/I\CF3

B 28 JiE =0 AL I S LT

Scheme 28 mechanism for trifluoromethylation of hydrazones

2017 47, Wu /NARIE T TE 4 R AL FE I L
SINZR PRI, % 7 RS E . BTG R ER
(Eq. 24). H 5 BiHLEEAN Scheme 29 fiT7R, 1%, TBHP {E
NEMFE CF;3SONa 7L CFs B HiZE. Ffif5, she
TH) CF; ZERe Sk Bty e A PE B BRI B-C(BRAZ a),
ARG CFs WHE B EE A, EEIE T AR B,
i g SRR A C. B 2871 T A4 C 1) HAZ A
I, RRIFRGER ). ABRAREHFRE TBHP f74E
NHREERAA D, 5 CFs B B EARIOY Tz
C(#%1% b)HI AT REME.

| awe Transition-Metal Free, TBHP | EWG
ransiton-iietal rree,
1/N\)\H N @)
R CF3SO,Na R CF3
R = aryl,alkyl

EWG = COOR, COR, CN

Mizuno f{I/NAM"M# ] CF3SO,Na(Langlois'if 7))
N CF I () e B C—H = F &1L, £/ 0,
YERAR AT, /N E RRGE, 75 E R B
FRIOAFAE R, S AMEUR 2R AN 4 55 Ak & W85 /] LU Ak
NAH R = 30 AL = P(Bq. 25). IR S H B IR
12313E47 (Scheme 30). S H R TG 2, & EX
RIZE, 25, WEWE, MEre, WEmk, MEW 2535 mT kT — 50
e, MG, &5, KAM CFSONa 2%
R i 10 7 (HPA) I 5 1 1 5% #2453 206 J7 (1) HPA F
CF;S0, IR ARCEE 1), )5 LRI LR CF; Al SO,(3P

Chin. J. Org. Chem. 2017, 37, 3060~3075
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t-BuOOH

CF380, — t-BuO- + OH~ + CF3802'

CFs80,c — = CF3- + SO,

\J/ TBHP
©/ Path B
1a

©
ot Q:ﬁz; o

t-BuO
t-BuO

X
@/ ) CF3 \H+

E= 29 WREM RSB
Scheme 29 Possible reaction mechanism
PR 2). M5, CFy 575 NA R H hFEd A ACPER
3), BEJ5 HPA 32k H P E A A LA 1, 753041
L =30 I I CE IR 4). fE20 I8 | FUB IR 4 ik
(R385 HPA % 8  FE UL

CF3SOzNa
H6PV3M09040 \
]/\j . ]/\/\—CFs (25)
02 (101 kPa) UL %
X= CH N
0,
N
HPA HPA g
CF3SO,Na CF3S05
step 1
step 2}\ S0,
~H CF3
R'_ $_> CF3
] R
> step 3
0, A
RN
HPA HPA g E
X
R4—
step 4 =

Bz 30 HPA Al =5 AL 0 AT RE S REATLEE,
Scheme 30 A possible reaction mechanism for HPA-catalyzed
trifluoromethylation

Kroutil /NZLFPOTHE A F A W i AL 70 (B2 ), -
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© 2017 Chinese Chemical Society & SIOC, CAS

BuOOH LA 2 CF;SO,Na B Baran’s Vi B4 [ = # FF
SRR I R AIME 2 (Bq. 26). &7 LM T W
H YR ES, BIERE CF, B Mt B AR 2R
By 5 tH3EFH & 7. S M ALEEA 7T B (Scheme 31), %X
N S A R I B R, AR T R B R
FHE . JE&E S CF B HERM, £492IBHE T A,
BRI W), B AR AL AR R RR E R A
VDRI 5 S R AR ) S — Fh 2, SEE T AR AR C—
CF; B, B4, Z7ikER s e R RIm 2,
VI, FEAIE AT A o, XA EEA T A
=5 R, 207 EAE B ey DX s 5 M R IR T S

AT REAT.
OH : ; OH
R:—\ Innate trifluoromethylation /j/ (26)
R = alkyl, OH \/\
CF3
0O 0O

j@)\ MeO Meo:‘fl\E
H
/ Laccase; HO

u(ll Cu(I Rad|ca| cation CF3 Cat|on|<:|nterm|d|ate

t-BuOOH +BuO +-BuO”
1/4 0, + H* 1/2 H,0 Me0:©\)J\

CF380,°

B3R 31 wRER N ALEE

Scheme 31 Possible reaction mechanism

3 CF:SONag25H=gHFRELtRN

P T = 5 B3 (SCF ) (A FEL 2550 7 AR A e FD 545 T
PE(m=1.44), =5 FEORILYI(CFSRTESZFIZY) . K Z
MITHREM B G b e BENER, BB RKK#E
ﬁm]:ﬁwﬁm&gxm$ﬁ¢%sagﬁﬁﬁrb

FEREEALTT R 7B 4. 5 e SCF; W7 L,
:ﬂ@ﬁﬁ@&%ﬂ(CngozNa, Langlois 7)) %% 2 $K45 - 8 H.
H 5 T4k,

Yu /NHPHRIE T 7E PPhy /EF R, CuCl A1 CF;SO,Na
TEESRY NA R CuSCF; J&, 16 1,3- - H1Jk-2-Rmkntf
F(DMDEFIH 110 CHRART I X () 5 F g7 =
G LB WA I SN (Bgs. 27, 28). LT RN A% ) B
SOMA AN B, (%) 75 PR L Al A e R T ]
HUARHES, PRI R4 S SR (74%~93%).

CH4CN

CFsSONa + CuCl + PPhy — — ——
2, L,

CuSCF; (27

(1) filter

(2) remove solvent
(3) Arl, DMI, 110 °C, N,

CuSCF3

Ar-SCF, (28)
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BIHE

SR SHR

2017 4, Lu MNAPHER T —Fogr o I 4 s (i
i Mg 1%, BITE PCL A77E , F CF;SO,Na E Xt
B R 7 A AT = R A AN = R R AL
(Egs. 29, 30). {EFFERE, PCL 7E R H [FEHAEIE
JRAGAGAFR, R RIFH R FE250 0, R MALEE
N(Scheme 32), CF;SO,Na 1] LY PCls [ Jvi FE i (]
A, HpmIseh ik, 5% D Ak B, ek B
5 pCly N4 P(OH)CL, (C). it PCL Al C ifJE D
A3 ZIAH B (105 e = 5 FR B IR, (H2 A REHERR I S e
YR 1) = 380 R 25 S AR AR

o,
X CF3SOyNa, PCI
R T YRS, gl O g
N CH3CN N

\ 25°Cor35°C \
R? R?

N 3
R R® CF3SO,Na, PCl5 N
Z N [ — R1_:

\R2 CH3;CN, 60 °C Z~N

P
CFsSONa + POCI, -NaCl_ | 11

o}
\\S/CF?’

| +  PCl

R 32 ARER R AL
Scheme 32 Possible reaction mechanism

Zhang /NAPYFERERR — 2.5 VE NIE R FIAL CuCl
VB RIEAL T B C—SCF; #; Vicic Z4RE T H
CF;SO,Na &% CuSCF; 17732, - HFr/=4 ) CuSCF;
A DL BB () 05 SR MU P ) = SO SR 4L, Shi-
bata ZHPF K T WIMATAE Y S = 5 P B S((CF5S0,Cl)
M) = 5 B R AR IEE. AR, X =R RGEART E (110 C)
FUE(78 C B =R IESE FHEAE. Cai NPT R THE
TEFNZ5AE T MR AT AR P e U R 1 BB = R
B4k, 1% 7 S8 1 IS A3 Bl A RT3 Jee 381 Hik g A A i (Bq.
31). H s MHLFEA Scheme 33 fizn, 156 CF3SO,Na.
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=R BE AN N- GG M e I 7 A = Y i S I
[Fi T2 Rl = % 5 S A JBl R 408 4 — Y I IV g . Mgl e 22
CF;SCI 2R B ihy, 198 =90 H AR AL ™1, RIS A A5
TP AR R — B,

CngOZNa
PPh3, N-chlorophthalimide

Nu—H Nu—SCF; (31)
r.t.
Nu = Indole, pyrrole, enamine
CF3SOQN3
+
PPh, Q
+ o) PPhgs N
RG>
Z
N—ClI CF3SCl N\
RZ
(e}
0O
. SEAr
N Na

(0]
>/ HCI R1€E\g7R3
Z N
(0] \Rz
NH
(0]

B3R 33 AAER N ALEE

Scheme 33 Possible reaction mechanism

4 CF;SO;Na &5p—teHbF N

O KR SCHRRE 178 5 2 51N = U e 2R 11
AT, ABTE CMRHE B AN =R A ) kA s s
To L. F2E T 55 0 R o 0 TR = U Tk £ 1 SRR 0,
Qing /NHPE IR T XHEE C—H 1 E R = R
th(Eq. 32). Z7VEEA RIGH R POERRE, XT& A H
IAREEM R OB B BRI rIm 2P, HE48 017
TEAL BRI ZE ], S8 3 CAREAT . HED 42 1T g
5MUCR T — M IEE TR ER, $#3 CF;SONa X}
HEMMEYE B % — 2T HI, 152547 ¥)(Scheme
34).

P I,, CUCN (cat.) SOCF3
Ar”XX + CF;SO,Na (32)
NaHCOj;, CH4CN, r.t. Ar
I, 1L CF4SO,Na SO,CF,
A T ——— - =
AN o CF4S0, A Ar !
basel-HI
SO,CF;
|2 + CF3SOzNa Ar

B 34 205 = 5 TP BRI W] RE Y S B AL

Scheme 34 Proposed reaction mechanism of vinyl triflones
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ArSO,CF; 45K 48 1 FH T-¥0 7 i R 0 G 928 92 03 55
2wt s R, R SOLCF; MBI N KA B 2 B,
Smyth /NP Pdy(dba); 1 Rockphos I E1AR,
RO ST T 5 A e R0 2% O e Ak 4 ) = 98 R I R 1 (Eq.
33).

Pda(dba)s (1.5 ~ 2.5 mol%)
— RockPhos (3.6 ~ 6.0 mol%)
\ + CF3SO,Na
RQOTf 82 TDA (5 mol%), toluene

80 ~ 100 °C

2
§=0 (33)
CF;

& 4

37 i 9 A B 3 T R 2 FR AN AR W 1 o B
A R, DRHAR 208 T 3R B A S i 7 i A
R IC N EE. 2017 4F, Kananovich /NHEYZE 2 FR 4
(ID) AN =3 R RR AN A AE T, AT Jkad b A
PRI B IR DA % - — 9 B BR(Eq. 34). H M
HLEL(Scheme 35)AIgE&T7E Cu(DEFIFET, M T &
HEAEE =R RN, A SRR R A
Ji 5 4 () B (1) [ B, AR BOPE S Br i = 9 B 4 ik
AT = 5 40 (LD AU AR (LD 2% S0, PR )5 ] e sd i
THHC AR A2 20 IR EOA A B LR, IF BB 5 R A
HUH TR, p-A R BB S T B A R B-
SR RA. 535 AR E T B A - =5
B, FIRER =] Lt gk 5 R SRR
.

fiF B AR 5 B 22 Fh 2 Ak & 0 1R 3d FH 46 4 B0
fIJERL. Selander /NH''Mf Y = 460 AP e WA R BN, 7 AL
AFAAEAE T XA I T =5 SRR, SR T
— M AR R E Y, TIT N- =5 A I R (Bg.
35). HLEEHR R S5 i B (Scheme 36), E 4G H Cu A
TBHP JL[FEIVEA A = A5 B 2, 5 0aYKk
AR 8 ) ) AR Pl O SR SR AR R A, AR
Y. [FEE, SERAE AR IR B i 2D A
IR

CF4SO oH
3S0,Na
B NO  cycat, TBHP, HQ o N~cr,
PL rt,1h X (35)
R R

R = Alk, Ar, Cl, Br, CN, CF3, NO,, OMe, CHO, COOMe

IAER, &H N—O B RE L IE & B b 14
AREC R B R TR KR, BT AR N—O #aT
WLV & B IR IR 2L AE, ATl N—O Bl FfE & E v E
BRI TR A S AR, I g e i AN I A
A, PR EY), SEIMCGE E e A A PE. Se-
lander /N F A5 ATAEMIVE N A ERALY), BELEEA R
B- =PI BE (B, 36). HRBHLFRAN Scheme 37
Fi7R, 1E CuF,, CF3SO,Na fll Ac,O HIfEAE T, ¥ 115
W J5 R, AR5 B AR (D) B8 B A = P R E
2, FIRERE N—O B YIE], S e s
InE AR E AR LA Cu(ll), S4TSR =5
FIEAL . 548 Togni {7 A0 TE i 1) = 5 P AL

A N S ALE, 27T,
R MeOH, rt R CFs (34) AR T A o T 3 B SR B D R
CF3802N8
o
TBHP cu' o
R
RJ\/\CFs
CF Cu”"ru cu' or cu" \( >/
(or CF3)
Reductive
elimination
O .
CF3Cu" or CF5Cu

Ligan
|| exchan

OI---Cu”'CF

geA OCu”'CFs/

BIR 35 AIREAT SO EE

Scheme 35 Possible reaction mechanism
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BIHE

o . o
o= 1T
—_—
HO o
o’ OH
CF3’ ,11 '1‘
Ar=NO - == A" ">cF, Ar” S CFy
jop
HO

B 36 FIREI ML

Scheme 36 Possible reaction mechanism

NOR' NHAc
CngOQNa (36)
D ——
R cu(lly RTS
R'=AcorH CF3
NHAc NHAc
R - CF; R CF3
CFy+ SO, + NaOAc> Cu(OAc)F,
CF3S0,Na + Ac,0 CuF;, AcOH
NOAc NHAc
R RTS
CFs

B 37 AR R ML
Scheme 37 Possible reaction mechanism

SEHEYE, TN LM i R ThRE
—. Zhang /NAPHWEZR T CF3SO,Na fER M FEZ IR
NEZE b 5 IR CRIR ) BES R SORE, RN TA) A 45
B B = 550 R M AR A R AN, B R A U
Z(Eq. 37). WEsEh o 05 ik ST R ER R
(A B S AR R R REME. HLBEAR R SEIe R W2 H H
FESBE, SR I Y e R T A AT, i OTVE R
R SN TAVRE S 25 AR TRAN.

L, N

CI)Ts

| CH,Cl,
= \© + CF3SO;Na ———= R—=—50,CF; (37)
R

Zheng /NARIE T — oI F SR B RO BR A B T
56 S B EUBR TS A B /7 15(Eq. 38). L AT BB B
HLEE 4N Scheme 38 Fi7r, CF3SO,Na 43 %l 5 HPO(OEt), A1
Cul MNARHEfE A f1 B. A f1 B aJLlit—# 5
HPO(OE), & M A= il [l €, & it iR D UL ik
AR E. BAEMASKAET, ik B Hi%
R, RO BB E. TSI E 511
% J5 IV T FSORH IE 1) v Tt IR B 2 0. 1% 07 ik AT ) AE
T, BT SRR G E TR TR CS,
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