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Recent Advances of Direct Incorporation of Fluorine-
Containing Groups and '®F-Labeling Methods

Li, Gongming  Sun, Dequn™
(Marine College, Shandong University at Weihai, Weihai 264209 )

Abstract Fluorine-containing groups have strong electron-withdrawing effect and high lipophilicity, organic molecules
incorporated fluorine-containing groups can improve its function. Therefore, the incorporation of fluorine-containing groups
into molecules has become the current research hotspot. The method for incorporation of CF3S group becomes one of the hot
research field due to its excellent nature. The strategy for incorporation of CF;Se, CF;0 and CF;CH,O groups has also been
the attention of researchers. '°F has nearly ideal nuclear properties and is the most widely used positron emission tomography
(PET) radioisotope for clinical imaging. Therefore, the development of new ['*F]radiotracers becomes the research focus of
many researchers. The method for '®F-labeling of biomolecules is the key to the development of new ['“F]radiotracers. This
paper mainly introduce the recently reported methodology of direct incorporating CF;X (X=S, Se, O, CH,0) groups into
molecules and some research results of '*F-labeling methods. Furthermore, some noteworthy research directions in this field
are summarized.

Keywords trifluoromethylthiolation; trifluoromethylselenolation; trifluoromethyloxylation; trifluoroethoxylation; '*F-labeling

FEMIR EROAEE R, RTARAPEE A,

ERAYG 21 A Kb BA U4 A 7

TERANLEY RN B E R, K2 HAHL
FAE YR A UL AR S R

AT B R AR TR, RN A LA
JRF T AR, AR AP 2 5N GRU  B TR
WlE, WA R > TR . B pK,. -7
TA GBI REBAMBEIEEVE, [R5 1 7RI
g 2R3N R AER. Rk, SR R T
JRT RGN A 2013 4F 2R HYIA], $RA958 A dh
24 it B AR PR (FDAYHEME | 17 A2 0 7 B AT 72

* E-mail: dequn.sun@sdu.edu.cn

ANIOT AL 5 53] Sy i e o) 7R 2K 24 4 1 ok 1R B i B SR
(Afatinib Dimaleate). — F13& I AK, il 55 #; JE (Trametinib
Dimethyl Sulfoxide)™ . F fi# g i% i 4F JE (Dabrafenib
Mesylate)!® . % X §i7 B 1 (Idelalisib)”) . Cobimetinib
Fumarate!™, 5 IRFF 0 R A% 0 3R A BRI ) 772K 244
Fr i JE (Olaparib)®, DL Hedgehog 155 I 1 72
5 IR R JE 75 2 (Sonidegib Phosphate)!'” (B 1).
7] 53 A ) NSRS AT 9 8 2 B A OB

S A S AN = A R R A R . — A AR A S

Received January 9, 2016; revised February 16, 2016; published online April 15, 2016.

Chin. J. Org. Chem. 2016, 36, 1715~1740

A ©2016 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1715



BIKE

AN =G A R R AR 5L T RMIF N R . A AL
S, BOR A 258 SR AT UM B R R gR e 3 1k
&[llvﬂle,lZ],f/ETl%,‘%.

ek, AXFEBEND T EE -HPmENRN., =
FGERTUE A A, ke LS AL - Wk = 3
R, FE, BT SF R R ENA
109.08 min, 5 ''C (20.4 min)F1 '**1 (4.2 d)AHLLTEANME
B, R B A TR IE B T RS2 AR (PET) M
FH B R R T 2 — B R, AR SO T RGN —
SEFH SF ST T U AR O B TR

1 EE=SRRELRN

PRSP AL ], =50 P B2 A (CF5S) 2 2K R 1k
B3 H] 2 —, Hansch 24 n, =144 &Rtk
AR TR DT B EE TG SRR, Bt =
SRS YIFERR 25 . REGWPR SIS W T
S SRR SR N S SR T AR 2 BT AR )
MR, 2R CARFIEHRIS P I 3 = 5 i
A SRE, a0 R4 AR LT A T g e = R
AL SBREAT T EANRIE. O T R E R R, A
SOR 3 E S A B =R TR R B R R TT R

F /~COOH
..
Cl NH

COOH 0)

N/

N_ _O
N\/ AN
N
Gt TO'NQ
0 H3C ~ |
B (@]
(@]

1.1 CF:S BEHESSH=8RMENLRK

R (AgSCR)fRE L, &— M) Zm
A RIEALIRF. AgSCF; 1F K,S,05 HIFELE R, Al LA
WEAISH] CFS H 3L, 2014 4F, T RAHIR AR
TE T ) A s TR 2R A R R R T k. Bl S, 1R
RO o B T AR AT A, 408 TR 2K = AR
eI, BRISEERITEVR 2 ET A S R A1, 3+
VF2 RARKI A B ER R A R I T2 10 25 HL kR
PRI % R R AT RS JE 1 K,S,05 AL AgSCF; 153 CFS
H %, Bif5 CFS HHEMRRIERERY, 5214
(AR ZE i ik — S AR 220 T4k, A3 3 & =5 R
B EbRFEY). R B AT E SN =5
FR 5 (1) 28 — 191 4] (Scheme 1).

BB 2= AR TR T RIS I C(sp’)—H
AR PRSP KRR, K,S,0p KIE T K
BAER, BRI C(sp’)—H AL AgSCF; 53] CF;S
H B2 (Scheme 2). 1% 3R I HA 047 ) X 3aade £ 18,
R C—H St C—H il se i1k C—SCFs.
TR, HRER AR O ANE Tz, (A5
IR HAR=4. SR P e AER S i IR 45 21 7 A R
M, WS AR 21%F0 48%.

X
4

Me N
F
F N
HN BH—NH,
S« N
o)

(IDH
O:§=O

N
N
W
- g ©
Afatinib Dimaleate i .
Trametinib DMSO Dabrafenib Mesylate
F O - .
F [ o
N 7
PN o HN COOH O o
Z =
HN.__N N F 7 P
3
B HOOC N7
Z F
N NHOH K/N\H/A
NNH | 2 F
(6]
Idelalisib Cobimetinib Fumarate CH;, Olaparib
o
.0 N
FsC O CHy O ) CHs
N
N 2
H 2H3PO,
Sonidegib Phosphate
B Syt

Figure 1 Antitumor drugs containing fluorine
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Scheme 1 Trifluoromethylthiolation of quinines and its proposed mechanism
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C(sp®)—H bond and its proposed mechanism
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Scheme 3 Synthesis of indolo[2,1-a]isoquinolines and its proposed mechanism
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Scheme 4 Trifluoromethylthiolation of 1,6-enynes and its proposed mechanism
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DRI, R I R M 1 13 3 - = A R R R A R .
i Billard v%ﬁﬂ““z AT I LA TsN(Me)SCF; 1E N =
S I AR, 3 AR B X - = R R L ).

o
xSMes SO,CF3

X
Fﬁ/g IPh (2 equiv.) RJK(SCFa ©
‘._.R CuF, (20 mol%) R

DMAc, r.t, 10 h
X =CH,, O 15% ~ 82%

T, Zhang A1 Yi ZENR0E T 3T Langlois ]
CF3SO,Na (1] C(sp®)—H 1) B8 = % T i 34k e o
(Scheme 14). % x N & & & & F — & & 5
(EtO),P(O)H BA f& — A% Ak 771 — F 5& 7§ (DMSO).
CF;SO,Na 1] LATE X A R W A il CF3SSCFs, Ja & 1E
CuCl 4L FP=E CF3S PHES T, BELBF R0, L
AR A A AT 2 L ) = S R Ak S . 12
r“ JRAEGHE A HEER R, TR TRE— BT =

R IEAL R BT . AN, S5iZ B A E
Vicic U821 O T BT AR B OB TE 5 & I RIE
CF;SO,Na 1] LAFE 2 AR 22 H1 A i CuSCF;, AT R AR 75
SR Y S A% = S R R J Ak SO

SN

Pd[CH;CN],Cl,

20 mol%)
P|vOH (10 equiv.)
DMF 70°C SCF3
8% ~ 53%

¥ jase %

SCFa

B 13 Pd" AL =5 TP BR AL S SR 1 1) S SLHL 3

Scheme 13  Pd"-catalyzed trifluoromethylthiolation and its proposed mechanism
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SCFy !
R1+\ N _R2 R1—:\ A\ Rzé
AN Z~N .

R3 \R3

(EtO),P(O)H Q

42% ~ 4% CF3SO,Na —————»= CF3SH

CF3SO,Na (2 equiv.)

) (EtO),P(O)H (2 equiv.) , “
14 })‘ R DMSO (3 equiv.) FacSE//_%R e
N CuCl (1 equiv.), 12 h N | OFySSCFy =— o™ CF3S—OH
R’ toluene, 110 °C R : \
84% ~90% !
: DM
3 examples p cudl SO
o o ; SCF, SCF,
o N
ot FsCS (OBt i SCFy  — —— R1—iq\g*R2
HN HN 5 R1mRz N
\ = N R3
S . }:{3
R—— R1— !
= _ :

72% ~74%
2 examples

B3R 14  CF3SO,Na 5 C(sp®)—H %2 1] i) = 560 B 644 S5 B2 e L AT g A ML ER
Scheme 14  Trifluoromethylthiolation of C(sp?)—H bonds with CF;SO,Na and its proposed mechanism

JUEERT, LA B 5052 2] Togni 155 75 3/
CATFERIR 2 18] R AL = U 3L OB R Rk, 2%
USRS T —Rlopr B i = SR a s Aeaksn APY, JF
H % i Buchwald ZP25E i e i B F BN 1 1%
A = 5 R R AR IS S AL P)(OSCFs), SCF; iE
PR T LA R BUR 7 b BE S s s iR 7,
WHIEEPVRIL A ZEIR B RRE T A AT A 1)
oy, MRS T MR =5 P ELIRAT B. 5 A M
L, B BEARTE M FRAR T — 28, (HR N E. iz
XTI TAEEAT 145, MR T A AT B 43 i 505wk
P55 ORISR IR REWTERER . B-FHIRIEE |
AL . B 2 18] ) S (Scheme 15). B 75F & 12,
Jot 35 TR R 11°) 5t 2 — 3 R I 2 A S . AR 0 J 1) = 3 HY
B J A S5 B W] eI K B e 52k 1 PR 2R R

Dai iU AE ] A SRR BEREAT T IR RS
SRR, BE] T - BRI LAY
(Eq. 7). HTFIREMAFLE, 1Z P T=P0] DA% 5 Hhi Ak
RHANT CFS thEY). BARZ NN AN B, (=
FEAZAEA R B FOATRZR C(sp’)— 2% 5 T4 (K A =X
Pt 7 oE T .

SCF3
OH o7 :
1 CuSCF; (0.1 equiv.) O SCF;3
R bpy (0.2 equiv.)
+ —_— » RI (7)
R? DMSO, r.t

R2

(1 equiv.) (2 equiv.) 44% ~ 92 %

FERH IR, [N R 73T N-RAR
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T B (NBS) RS 73 v E 18T 2 = R i ek
PR ——N- =5 F B AT R F BRI e 5 &R
YIRS, ZAAFI AT AR A & T SBE. e, Bl
Kbl BB B LA E BT 15 R AR SRR =
TR, I B B AR Scheme 16).

Wt J T R R A2 T S A i A2 AR A 5 B S R A
R REAT T M 1 = R R N TR A Y A R L. 1%
SN L FEZR 3 —AN Thiiranium 87 E) A, % 8] 4KRE
J B R I B R gt A iR FR =B 8).

R3X___0 o
. O
U \_0 Me;SiCl X  SCF,
AN R S; (1.5 equiv.)
i i + N=-SCF3———*> -7 1 (8)
SN CHeN 7 1T R
N rt3h  So..Y

XR? = OH or NHR? 35% ~ 98%

N- =5 AR RS R AT 1 I BEvE PE R AR 51 1 3
Al SRR ORI AT D4R, it Li A Y R ARE T %
RFANEEE AL T SR A O, C—S BRI
HHLAE 2-47 F(Eq. 9). Cahard PGB IRIE T F R
FEREEFZARF ) M (Bq. 10). 1% N eS8 =
SR IR AL A A E) A& OSCFs, Bl S 1% 9 (1]
221t [2,3]-0 B A 2] =5 L IR &
11 CF.S EFEE5M=RARERALRM

BT, W RIS e A O R T A6 ] AgSCFs 1
NG, TER T a- AR AR T R
B A P — 96 B 2 40 SR (Scheme 17). AgSCF; A1 K1
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BHE R SR
=
SCF, N\ R—=—H
A R?2 CuBreMe,S (20 mol%)
R'—- N — SCF,
Z N CSA (10 mol%) bpy (40 mol%), K,CO3
R2  CICH,CH,CI, 40 °C, 48 h CICH,CH,CI, 80 °C, 14 h
A: 60% ~ 96% A:61% ~ 92%
B: 35% ~ 95% B: 55% ~ 72%
.~ B(OH),
. R N Alkyl—B(OH),
5 ] NP CuCl,*2H,0 (20 mol%)
R 22 Alkyl—SCF

A:57% ~ 90%
B: 48% ~ 90%

O

Cu(MeCN),PFg (10 mol%)

bpy (20 mol%), K,CO3
Diglyme, 35 °C, 15 ~24 h

(e}

R e

bpy (40 mol%), K,CO3
1,2-dichloroethane
120°C,12h

A:41% ~ 75%

R1
SCF,

X=0,N

"

" “XR2
FsCS™ ' .-

A: 91% ~ 99%
B: 75% ~ 91%

(0]

DMAP, CH,Cl, or Et,0
r.t.,, overnight

(0]

R

7 UXR?

X=0,N

R1
~ OXR?
FoCS

A: 83% ~ 95%, 92
B: 92% ~ 95, 77%

B 15
A

toluene or Et,0O
350r40°C,24~60h

% ~ 94% ee
~99% ee

RZ& , Fe(NO3)3°9H,0 H

1
R2

B:61% ~ 81%

BH3+THF, V(MeCN):V(H,0) = 1:1
0.02 mol/L, 0 °C, 30 min

1 H [
R'CO,H, AgNO; (30 mol%) RI_SCF,

A:45% ~ 91%

n-C4,H,5S03Na (20 mol%)
K5S,0g, H,O

=R RIS ) A/B SEIEATEY . IR, ke TEWTRARIR . p-HAIRNE Sk 2 18] i = 3 i kA

Scheme 15 Trifluoromethylthiolation of indoles, boronic acids, alkenes, aliphatic carboxylic acids, f-keto esters and alkynes with the
trifluoromethyl-substituted thioperoxide reagent A/B

— H ROH
R—==—SCF; R-0-SCFs
Cul, pyridine CH,Cly, EtsN
57% ~ 86% THF, 60 °C 5 min, r.t.
45h 65% ~ 96%

sz
N-SCF;,

A\

o)

o
1
R\I\\I/H
R-SH 2 R _SCF
R-S—SCF, R \l;l ®
80% ~ 99% CHQC|2, r.t, 1h CoHé(ilz,i I;]t R2

48% ~ 98%

morpholine hydrochloride

O CH20|2 or CH3CN (o)
R)H/H 30~0°C, 12h RJ\(SC%
SCF or NaH/THF, 0 °C, 30 min
! 3 R'  or DMAP, toluene, rt., 8 h R'
5 o 50% ~ 99%
o~ + or
N MesSIClorCRaSOH N5
Ro _ Ro _

CHQC'Z or CH3CN
rt.~0°C,30min~36h 50%~97%

B 16 N- =G B NIRG 5 A8 P M 2 A A A 1 = R B A A S

Scheme 16 Trifluoromethylthiolation of various nucleophilic substrates with N-trifluoromethylthiosaccharin

FE S B R b AR S RAE N 7K 20 1A SN BURRY). CFsS
BHES 1, JE & wT DA SRR B AT T P OBL. 53
G, ZSRNFFAFRA, I HAE— 250 A I T e
MR (>99%). ERERE R, =B TR Ry
40 = F L IR TE IR U L (17 4.
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TEAFTE B SR R N FE FR s T AE, (HA2 SERR
AR R I BEAS KR 21 B k. BRilt, Schoenebeck R
AIIRIE T — S L T R AL T SR A 5 5
RACII [ ST, A e IF AR . &5
DOSAZ Pd {E AT, 5 3RELUFI[Me,NISCF; fE A=
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[Cp*RhC|2]2
(4 mol%)
AgSbFg \
N S (16 mol%) N~ ~SCFs
+ N-SCF3 ——»
(50 mol%) -

| o) |
X DCE,100 °C
(1 equiv.) 61% ~ 91%
o)
H A\ //O
)O\A S\N - DMAP or NEt;
1 + - 3 ————>
RET R CH,Cly, rt.
R o)
(1.2 equiv.)
R3
RN g OF
RZ O (10)

47% ~ 92%

X SCF,

R~ R
% =

AgSCF; (2 equiv.)
X=1,Br, Cl KI (2 equiv.) 40% ~ >99 %
Acetone, r.t.
X A SCF
S5 oY
Pz =

GWE-—
39% ~>99 %

B 17 AgSCF; 5 a- i AU LK R BT ) 5 g ) 2 T
1 =98 R A S

Scheme 17  Trifluoromethylthiolation of a-haloketones and
electron-deficient benzyl halides with AgSCF;

SR R AL IR (Scheme 18). Pd AL IR 45 S, K43 PL
SRR G i Re e, AT DUTE S0 & I T OA B
N R AT R, PR v S A A
BRURK Y P R0 NI AEAE AR T 7 VA B, 3R A 24 K S
BRAR .

2014 S50 R A PR GE T8 S R B AR R
Na,S,0; Fl CF;SiMes, TEHTAIAE R IEMAL T, X755
T A0 4 B Jo 5 A 4 HE 47 = 5 R B 4k I N (Bq. 11).
NPT, S-75 I S-IE AR QAR R I 2 S
rRE] AR, K 2 B A B 2 R R0, a4l T 2Rt
K, DNRAEGN.

H1-SCF; AW IER Z 1500 T & —F 51 A\ B 1
TA, AT DU D i o A A RSO I 1) 75 26 = 3G R R
fik(AgSCF;). CuSCF; s& — /™ 4L 7Y i) = % F 6 364k 151,
e 2 Ao AR s pi . B AR S % CuSCF; K7
RAFAE—Se s, anish = R s 5 5 1) AgSCF,
AELA B LK) CF3SSCFs 1F i is ™).
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(a) / N
t-BugP—Pd—Pd—Pt-Bug
|

N (2 mol%) X SCFy
RI- + [MesN]SCF, RI-
= (15 v) toluene, 80 °C =
.5 equiv. ~
X=1,Br 12~15h 65% ~ 99%

/ I \
t-BugP—Pd—Pd—Pt-Bug

NU=SCF3
Ar—Nu NR Nu
NRy
R
Nu
Nu BusP—Pd—Pd—Pt-B
L /N t-Bug 3 -Bug
Pd—Pd |
/ N/ N\
tBusP | Pt-Bug or/and
Nu
/\
Ar—I t.Bu3P—Pd\—/Pd—Pt-Bu3
Nu

B 18 Pd' LIS EBUL Y ARAL Y5 [Me,N]SCF; Z ]
I B SN AR AT RE AL ER
Scheme 18 Pd'-catalyzed trifluoromethylthiolation of aryl
iodides/bromides with [Me,N]SCF; and its proposed mechanism
Ar-X CuCl, Phen
or + N328203 + CF3SiMe3
Alk-X (1.05 equiv.) (2 equiv.)

AF-SCF3
or

K3PO4, DMSO  Ak-SCF,

49% ~ 93%

I H, Vicic WY HRIE T —AN & CuSCF; 5L
5. G iEE I — A = IR R B NI R 2 5 R
AL FE, {# A Langlois i 71 CF3SO,Na 4 i CuSCFs.
FE T UES— RANRARL) KA RN, 55—
S EMLCu(SCR) &Y, XEE A IENT
Y8 1 = & B R . A, RO AR
CuSCF; AJ LA5 5 B A YD 7E  1,3- = FF 2k -2- IR 142 pi
(DMD)EF H E 3N, 1351 R 5155 = 56 FF R k.
2SN T R (T4% ~93%) L4 1 147 51, 22 Fh By R T T LA
I& FH T2 N A (Scheme 19).

2013 4, $E5R M CuF, Al MeSiCF; P K
Sg 5 2,2-BRMERERLAL, RLDhfiles 1 2,2'"-BRut iE — 5 H A
< )8 4 & W[ (bpy)Cu(SCFy)]. & S LA ESHFAET
AP DAE LR AR RR R, DRSS ET AP
AT BLLE JUAN /NI A AR AL %% SR 195 &
(GO AL, IR A = 4 B AL
SN B, E R TARCO BB R T, iR
ZH 1014 5% T 48 F [(bpy)Cu(SCF3)] & . - = %, % JE
(N, 1615 N 2R, BUAE RS 7538 b Wy 3tk
A, MR BE B 15 B R AF 10 E (77% ~
83%)(Scheme 20).

("

http://sioc-journal.cn/ 1725



BHILKE LR SR
CH,CN (2 mL) 7
CF3SO,Na + CuCl + 2 PPhy ————— > X %HLF@
Ny, r.t,5h R4 J & o)
Ligands (L .
igands (L) Cul—SCF, (0.50 equiv.) rif X \)J\Rz
58% ~ 72% CsF (1 equiv.) o~ SCRs
CuSCF; ) 6 examples MeCN/xylene
(1) filter 140°C,24 h 53% ~ 69%
(2) remove solvent
L Ar—SCF,
(3) Ar-I, DML, N2 74% ~ 93% i
110 °C
Rt | 0
B 19 CuSCF, 54 bh 4 H R (0,655 equin)
Scheme 19 Synthesis of CuSCF; and its application (bpY)Cu(.SCF3) : : RT |
(1 equiv.) MeCN-toluene (1:2) SCF,
: X 140 °C, 16 h
R—. 44% ~ 87%
X=Br,| (1.0equiv.) N N SCFs }
i R
CH4CN, 110°C, 15 h = B
Yy 57% ~ 90% RN
R? R
- (O 68 equiv.) (j/\SCFg (0.833 equiv.) &/Scpz‘
_ R
CH3CN, r.t - . KF (3.333 equiv.) R2
89% ~ 98% diglyme, 100 °C, 24 h
(bpy)Cu(SCF3) )| 23% ~ 93%
(1 equiv.) (0]
0.833 equiv.) SCF, B 21 o - DRI AP DI 2055 = 5 FF SERR R Y
| s
.— A
CH,Cl,, 50 °C 309% ~ 93% Scheme 21 Synthesis of @, f-unsaturated carbonyl compounds
and viny] trifluoromethyl thioethers
Alkyl—X (0.833 equiv.)
(PPh3)2CU(SCF3)
Alkyl-SCF .
KF (1.667 equiv.) ’ NN _ (OSequv) RIS Nscr,
CH4CN, 110 °C, 15 h Trace ~ 99% R CHAON,70°C, 15h Lz (12)
X =Br, | (1 equiv.) under N, 25% ~ 86%

B 20  (bpy)Cu(SCF3) 575 FEMULMARAL . R ERALH
i A B e Aot 2 T A2 P = 3 R B A S 7

Scheme 20 Trifluoromethylthiolation of aryl bromides/ iodides,
benzyl bromides, ketones and haloalkanes with (bpy)Cu(SCF;)

W), a- =% F At 2o, p- AL AN ER B AL & I &
BRI B- = G5 R A -, B- AN AN B AL B W I B O,
DA K 245 36 = G50 35 B I A0 A 00 A 4k el iR T
(Scheme 21). EHFHEREME, a- =5 T HiIE-a,p- AL
FRIEA A DI A B A B 20 = 95 R 0 R 1) 6
2 1AM I8 I B B S N R, T B- =g
Be-a, AT GV A R ZE T T 1,4- I RK-
TR B R RIS FE.

BT 2RI, 455 amiR a2 & 2 g e 4
YERNBEIIN oA LR E &R S5 N 1)) 2 &
P, H CuF, fll MeSiCF; PLJ Sg 7E =R BB AELE T A&
Dy dh & Rl T = 2R B B = S 4 4% 5 4 [(PPh;),Cu-
(SCFy)]. [Alkt, FZ4aY5mmNERAY R, 133
TIHWAL CFS BRI, 7F BIA R (Eq.
12).
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R, Wb U NRIE T RS S LR, 45
AT . F TR AN = g6 I = F R R 5 (TMSCF), 758
K R i (DMF) AR o YR AR 35 AT = 960 H it 2
oI, N AT AT g/ TMSCF; 7E KF, Sg il DMF 77
TE FAER CF3S 7ES ¥, BEJG CFsS 1B 7 54 #h ) Mf5
Bl AN - AR A, iz RS R R AR B —
AN A A, bR AR B B AR
(Scheme 22). 1% N IR A AT BAR ALK 2 5,
SN BT % R 1 B ELE R .

Liang VB4 p YARIE T 18 S0 BN At 380 25 1
TEAEN, FH RS2 A AR B i) 3 e 5 e J o L Akt
1THI =& 4L S B (Scheme 23). % W % —
ATV P T 1R i 52 (PhsP T CF,CO, ~, PDFA)E N5
7. PDFA 0] DATESAT AR ) mh PR 2 4 S IR
774 PhsP'CF,, BlJEAEMR R RE. FHEESHE
TRAK B [ S =42 CFSS B+, Hhhkss g
NS E) B AR, iz AR R s, JF Bt
BEREENTZRBA R AT ).
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(@) .
Cul (0.5 equiv.)

KF (4 equiv.) Q
A Br Sg (3 equiv.) | SCFs
R1_! 2 —_— R1_| R2
~ R TMSCF; (3 equiv.) &
R2 = H or CH, DMF, r.t 16% ~ 92%
. I
SNH
Sg + DMF |
KF, DMF i}
TMSCF3 CF3 o SCF;
?CN CuSCN
Cu'

F.CS~ 'SCF;

OY\SCF3
R

B 22 o PR B = 5 TP I A S 82 B S PT E LB
Scheme 22 Trifluoromethylthiolation of a-bromoketones and
its proposed mechanism

(a)
CsF (5 equiv.)
RX + PDFA +  Sg — e RSCF,
(2equiv.) (0.75equiv.) DM 707C S MmN 40, 999

X=Br, Cl, |, OTs

®) CO, + PhsP

CsF .
Ph3P+CF2002_ : CF2 > CF3_CS

(PDAF) l Sg

R-X
R-SCF; <=—— CF;SCs*

B 23 fedhom AR i = S TP LR AL SR K T g AL ER
Scheme 23 Trifluoromethylthiolation of alkyl electrophiles and
its proposed mechanism

2013 4F, Zard 1 Li"™ ¥ AR T O-+ )\ Fidk-5-=
A SRR R AR D = U R R B, A SR R R g
WIAFAE T, REPATIAT a- B ECR B ZS 1L & R I H R
UFHTEPE. Bk, REROREE SRS T A A
~, Morita-Baylis-Hillman (MBH)## & i f1 O-—+ )\ ¥
HE-S- = 5 B AR PR IR 2 18] W] DA K AR SR A% = 9 i Bk Ak
S i (Scheme 24). 1% B[ [X 35k i 5 14 mT DL JE i ik 4%
ANTR) BRI AT ), 4 DY SR i (THF) 1 9 ¥ 7
RS (M TR AL L% CFsS 2L &40 1 2=,
M CHCL; NN, i as A L& CFsS 4]
M EVRNEE =Y. RIS, 14- 28K 2H
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[2.2.2]°¢ 5E(DABCO) 2| — /M XUE A th, BEVEIL O-1 )\
Fe i -S- = U IE BRI G, XG4k MBH B RS,

o)
(2 equiv.)
THF, r.t., 2 h R R?
0,
DABCO (20 mol%) SCF,

0BocO 47% ~ 96%
1 2 —
ST X
(1 equiv.) SCFsQ
DABCO (20 mol%) R R?

CHCI3,0°C, 10 h
26% ~ 84%

B 24 HREEHI MBH BRI 5 O-1 )\t HE-S- =96 H ik
TRIR I < 9] A A2 ) = i R R A f 2

Scheme 24 Trifluoromethylthiolation of MBH carbonates with
O-octadecyl-S-trifluoromethylcarbonate controlled by solvent

2 ER=ARMELRN

TERZGFIEZ) oy TR TR, 51N =5 2 [
(CF;Se)&—/MA RIE WA 4k, CFsSe 5 — % H i 2
(CE:S)HA AL I J5t (Hammet F1 Taft %, G2,
AT DLF ) 43 7 P 30 58 P R0 AR R RO B ARG B
PR o N A EL AT B T, AR AR ) R A e SR L
fih it Ay R0 — P FEFRRV. A4, U H PR
RIAEIRILE T B 1PUEl. PUE. PUbE DARIURE
PERETSL AARE T = S AT AL s O AT E,

i, Schoenebeck iR HRIE T —A 2 4L
A B = J0 P AT A0 S BT, 1% S 87 DAAREAL T B St 5 ek il
AT = SRR LA, 45 20 AH . 1) 05 75 i — 46 FP G 2
tFEPI(Eq. 13). BT AL 2 A8 e X% Pd ', [
RO Do Sk W 182 AR E 5/ 4 0] = § 1k L SR E - d A
BRAE T B, A RAF A E M, ER TR 1 07 R AL
M R

/ ! \
t—Bu3P—Pd\—/Pd—Pt-Bu3

I l SeCF;
X 9 X
R (5 mol%) : R (13)
= [Me4N]SeCF; (2 equiv.) =
toluene, 24 h

40~ 60 °C 48% ~ 96%
Goossen i 21 > 17F 508 75 38 DL K 55 4«38 AR
o RS SN T R, AR TE TR R A — S
3Lk R B (Bq. 14). 1% SLTEAE Ak 5 (10 B R 0 A7
7EF, [MegN]SeCF; fE N =5 i =L i5, E=H T
AT, ZRMIER T — RAN DR 7 I BT LS &
BN GE AL “—8E” PRI TR
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+ —
~N2BF4 [Me,N]SeCF3, (1.8 equiv.) EjirdeiM)
R—- R——
O/ CuSCN (0.1 equiv.) Z

MeCN, 1 h, r.t. 69% ~ 98%

1T, Rueping if-fZH L [Me,N]SeCF; A = 4 FH i
BT, AT TUNER . B R AR G DA B A ity S 1)
AL = U Al FE 4K [ N (Scheme 25). 1% 5 ¥k [ N 451
WAL, ATDAEEIR R ST, AR R SR A
RIGH WA & B, F B A BT Mm% &t
m&mp&mTuﬁﬁ@ﬂTMmﬂﬁm.ﬁ&Fm%
— BRI = A SR R R, ANME FH T 5 A IR IR
K2, RRWIE AR R RIS . 0 R R R AT B2 s 5
[Me,N]SeCF; [ RiHf, 7321 e Bigh AL, H'E i+
IR B (40 55 25 T T TR TR R 4 R 2 I A T A A A
2,

[Me4N]SeCF; (1.1 equiv.)

R—=B(OH), Cu(OTf), (1 equiv.)
or R—-SeCF;

_RPi bpy (1.1 equiv.)
R—BPin 0f ~ 0,
DMF, r.t., 18 h, O, 58% ~ 86%

[Me4NISeCF; (1.1 equiv.)
Cu(OTf), (1 equiv.)

R——=

_ SeCF3
bpy (1.1 equiv.)

THF, r.t., 18 h, O, 50% ~ 95%

B 25 [Me,N]SeCF; 5TMR . R ATRHR EE fis DA S R g e 4
YRR R = 5 AT e S

Scheme 25 Trifluoromethylselenolation of boronic acids, bo-
ronic pinacol esters and terminal alkynes with [Me;N]SeCF;

2014 4F, & E0miR R ONRE TS LR, Y
FE RN ot 255 1 A 4 1) = 360 P A 2544 S )82 (Scheme 26). 1%
JRNZE 3k — > S (1) (A4 [(phen)Cu(SeCFs3) ], H Hi%
FR TR R A R T 43 B R % R NAR R R, AR AT LUK
CF:Se Z:[M# 24, 21t 1 H a4 [(phen)Cu(SeCF;)],
(AR, AT S L AT RS B T R HESIER. 7
Ah, ZAEA AR R AT DS ORTEE  E RE AR E B

I, &5 8mia A BY SR oh & T bk v e 4k
[(phen)Cu(SeCF3)]. 1% H A SE — i RO PSR 1% — 5
AR, FTLLH Cul. MesSiCFs. FAFAAI KF
PLR B b BE/E =0 N A R, FEH T AR S AR e A
H. AESRAEDY F IR Z A PI(TEMPO)ETE | 5 T 4%
A ZAR BRI T [(bpy)Cu(SeCFy)], 5 KAt 75 &
A A bR 2 18] S S (Scheme 27). 453 EoR, KIEHE
B Re ML AT B A i AR e T LS %A RO, FE
A5 31 rp 25 3 A BRSO 1 R R, — 98 PR A = 4

FJ4E, o 7 3 = 35 FF LG i A B I 7R 32 = 5 FR LA
Tk (1 25 it B #RGE B%)(Scheme 28), N T REZR it &AL
IR JE T BRI RE, JF B R4 & 1 DL R R4
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R SR
N ! CF3SiMe; (3 equiv.) X SeCF;
R PZ Seg (2 equiv.) R4~ P
KF (3 equiv.) 53% ~ 91%
or ’-
Alkyl—Br Cul (20 mol%) -
Y phen (20 mol%) Alkyl—SeCF3
Ag,CO3 (0.5 equiv.) 64% ~ 94%
DMF, 80 °C, 16 h
CF3S|M93

Se [(phen)Cu(SeCF3)]»
8 A92003 X X Ar—|
Me;SiF AgSeCF3 (phen)Cul ArSeCFs
B3 26 J5 B AN e B I8 b A 1 = S RS A SRR B
A BERIHLER

Scheme 26 Trifluoromethylselenolation of aryl iodides, alkyl
bromides and its proposed reaction pathway

N X A\ SeCFa
' Ry
. ; | [(bpy)Cu(SeCF)l, N
=Br, - 65% ~ 99%
> (0.6 equiv.) °0r °
Alkyl—Br CH3CN, 110°C, 16 h Alkyl—SCF3

75% ~ 94%

B 27 [(bpy)Cu(SeCF3)], 5 =75 A s ke ke 2 a) & A4
F) = 9% FF A R £ e

Scheme 27 Trifluoromethylselenolation of aryl halides and
haloalkanes with [(bpy)Cu(SeCF;)],

I, IR, ZRNITERT U R BN, MG,
IR RIE T o, B- AR I A 1) = 5 G
FA [ B (Scheme 28). Z M [FIFEZA T AN A&
JRERRDIRE, BrewE 2N E-F5r Ak, ON = ok
2 LUAH 1 o0, B-AN VLR ER JEE A G 47 1) = R B A S 7
e g, AR RN CFSe—— A = SEIZ RE
WL.ﬁ%ﬁﬁﬁ@MXWLTTm%EMk%F Ui
TR AL = SR S R B, s I 7 N LA 75
- T 7 (DMP), £ KF M F, DMP 5
[(bpy)Cu(SCF3)], K MJE B IA4A. B Ji5 % A A4 5 B
F b 2 N5 B K S PR 7= ) (Scheme 29). N JE 4 55 3K
R RN SRS A5 A R R, I LR
B BT DR X 3, Wges 7 SR T DA 5 7
N AT F T 07 A e, B 7 e b s R A 3
0 = 4 R AT ot 1) & AR TR AR Bl R IE ™Y, 7R S
SR MZAETR, M5 i)k AR =5 A AL B
(Scheme 29). 1% Jx 285t S AN - 38 B T bRt 2. A
BERMZ, 1Z7ERIENE T B T 40
Bk, 3 Br=y) 055 = 5 R ISR ) E/Z STARSE
4 5 E AR IR A AE R
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(¢]] NN Q
S 7 N \)LRZ
-R R B 1)
FgCSe s X = r
Z (1.667 equiv.) (1.0 equiv.) . @”\)L R2
-y N
N DMF, 70 °C, 16 h CsF (2 equiv.) ~  SeCFs
47% ~ 83% MeCN/xylene 71% ~ 88%
140 °C, 24 h
[(bpy)Cu(SeCF3)]>

Br\/\/R
(1.667 equiv.)
DMF, 70 °C, 16 h

FsCSe R

41% ~91%

(1 equiv.)

0O

R_ﬁl 0

Br

(1.316 equiv.) R ij\
MeCN-toluene (V:V =1:2) SeCF,

80°C,24h 62% ~ 96%

BK 28 B Py 300 7 ik = 0 P B DL R = S PR B AR a0, - AN LRI R EEAL 15 M R 5 R

Scheme 28 Synthesis of propargylic/allylic trifluoromethyl selenoethers and trifluoromethylseleno-substituted o,f-unsaturated carbonyl

compounds

R
= SeCF;

(1.667 equiv.) N =
DMF, KF (5 equiv.) R——
DMP (3.33 equiv.) =z

25°C,16h 57% ~ 87%

N o X
R——
=

X=Br, |
(1.67 equiv.)

. iv. A SeCF
CH3CN, 100 °C, 10 h R

31% ~ 94%

[(bpy)Cu(SeCF5)L,
(1 equiv.)

B3 29  [(bpy)Cu(SCF3)], 15 A iR A Al 242 s AL 1 2 1] K
A2 R = SR P A S

Scheme 29 Trifluoromethylselenolation of terminal alkynes and
vinyl halide with [(bpy)Cu(SCF3)],

3 EE=mAsEMtRN

=9 R (CF0) A 5 =9 i3 (CF5S) I AH I
(135 IR P (= 1.04)%), TR RE M 5R T & CF0 fh
Yor R T AH B (R BE 70, B T AR B DR
B CF30 ML A WITEAR 2570 B 2T R At A 1R v L FH A
fH.

R, HERREARES T HEREEY
(Aryl-BIAN)Ag(OCF;)THF [#ill # i F£(Scheme 30). %
B A AgOCF; K 255 1 equiv. Aryl-BIAN fE
THF &, & — 2R MR EE. 4E =R
/Mﬁlﬁ? SR AV IERT THE FE PG R, [

, BEBREIRR T XA E AN 81 R
@,m%m%,@mﬁ%ﬂME%ﬁﬁ¥ﬁ%&@,%
H AT DA 380 55 i i 2 1) 7 25k = 5 Y 2L 1% (Scheme  30).
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—RIINE R . AL A s R S R] LUE
TN, N EERREY. 55N, R
FEAZ NI T A AR R P 2 2.

Aryl-BIAN
AryI-BIAN)Ag(OCF3) THF
(b) (Aryl-BIAN)Ag(OCF3)*THF
R AN Br (2 equiv.) R@/\OC&,
N CHLCN, rt. 7

56% ~ 91%

B 30 (Aryl-BIAN)Ag(OCF3)*THF )il # &% H 5% 3L I8 1)
SR

Scheme 30 Preparation of the (Aryl-BIAN)Ag(OCF;)*THF and
its reaction with benzyl bromides

2014 4, Ngai [FHAPY RIRIE T N-752-N-=91
AR A G R, DA SILAE G B4R — 36 A 2
AR IR (Scheme 31). 156, BEERF 1Y N-75 2E-N-
BS Togni WA, A N—O—CF; &i#); HiR,
7E MeNO, Wi, CF;0 it N—O #7255 34 7
il =B YR AN IR Tl k= 1B 5 N VR~ A
Retgy e 2 oe gt A i a@ . [Fn & B 1EY
BENE 15 2R AR, B T AR 2 B mT LAAS B
PRI, NIIAEEBIAL. Bl G, %R 2 O i 3k —
WL, WP RN G “—8E” RN T,
M 7 RN %,
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(@)

Step 1 FoC—1—0
A O 7 O
R— . R+
. (1.2 equiv.) ! )
e Al
H Y Cs,CO;3 (10 mol%) H
° CHCI3 (0.1 mol/lL), rt  40% ~O§7§/§
Step 2
SO SN
—. MeNO, (1.0 mol/L) "~ U ,
= I}IJLR e = N R
H  OCF, 50°C~140°C OCF,
59% ~91%
(b)
One -Pot F3C—1—0

e}

X o) A (e}
R L "L L
! 1.2 equiv. ! )
ANNTOR (1.2 equiv.) NNOR
H OH NaH (1.2 equiv.) OCF3H
CH,Cl, (0.1 mol/L), r.t 51% ~ 89%

B 31 A8 =5 P A ORI AL B Bk
Scheme 31 Synthesis of ortho-Trifluoromethoxylated aniline
derivatives

BT, Ngai BAHE X ARIE T Togni W 7%F B it F1k
%) bk FE 1 W g 3 47 [X 3 ide 4938 M = 360 P A0 R A 1) S B
(Scheme 32). 1% /% N B J63EAT 1 22 2 2 JE 1 — 960 2
tLIE L O—CF; 8, FtiJ5 OCF; iL#% Fnkie sk ng i) o
B RN EBRAE R R R N AR A, EHT 2 ME
RERIIAFEAE. YL s ne 2R _E B2 R (16 6 A 45 F
A R T R BT

o._R 0o._R
y Y
N. F,C——0 NH
R'—\ OH 3 R'—\
CJd o, >
a~N" «a N~ ~OCF,
(1.2 equiv.) 51% ~ 95%
or or

CH,CI, (0.1 mol/L), r.t
2Cla ( ) O Me

Os_Me
2

e e
a SN @ SN NocF,
51% ~ 79%

B 32 BRI bt A e (1 X R = 5 P AL
R

Scheme 32 Regioselective trifluoromethoxylation of function-
alized pyridines and pyrimidines

4 BEE=-RISELEN

R LRI (CFCH0) A M i fa e . =i
Bl LA B 3 AR PRI o e e A L Am b 3R 1 2 R 3 [
— 8, W CLAREE E I AR R R AR R E
PRI T 2 [ B S .
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2013 4F, BXBERIEL = CAE PR H — 2R A 110 A4 i
LA IEIRIRIE S5 PhIO (E = LWFrh NI, W] DAFE
Bl =M AN 2H- B AR AV (Scheme 33). 1%
HIR B AT BE T 552 PhIO 2 5% = AR R
B2, BEJE R a- =98 LA P IR A 0 e A B
L.

(a) O NH, PhIO (2.1 equiv.) ON
B e e S
CF3CH,0H, 25 °C
R' = aryl, OMe OCH,CFs

2 —
R = aryl, aIkyI, EtOCO 40% ~ 87%

o O ,NH
o M%RZ - Phl " %RZ PhI(OCH,CF3); O NH,
- TFE STFE RN OR2
OCH,CF3 0 I~ R R
C|/F3 pr GO "CFs o)

B33 2H-FARENA R AT RE AL
Scheme 33 Synthesis of 2H-azirines and its proposed mecha-
nism

T, 55 BALE Z 3T [(bpy)Cu(SCF3)] 'L &
[(bpy)Cu(SeCF) L™ () B 78 4 i b, 4k &2 48 % I 4R
ST - A 5 2 A P [(phen),Cu][OCH,CF;] 11
G, FI R T ZaRGRI7E J5 AN 4 05 IR M ) =96
A FEAL S N B (Scheme 34). %3877 I CuOBu-
FIEL A AEAE THF WL, Bl fE I =9 S BT 115
A5 A A W T R B T S A RO
ERECE el & SRR R R o N AT VR E]
F| 55 AR AL B2 #h 2 A P [(phen),Cu][OCH,CF,CF;]
A1 (phen),Cu][OCH,CF,CF,H], X #4543 51 Al LA
T 75 A 2% 55 R IRAL A P R T AR A OB DA R DY B
SE-Y A IvA

G, ZREAP S RIE T R AR o iR AR
P 1) )< N2 (Scheme  35). 1% M. PA =5 &N =5 LK
HEWRFA, 7ECs,CO; 5 5 THEIANZROAE. 4k
N JE A AR AR R, SN AR I B AR AT R R
AIHIE =Y. ABERE IR, RN DAY &R T,
HHRFIFY) o- =5 LA W0 ] DLk — 2B & =9 &
AAEE A =9 2 A AL (Scheme 35), MK T %
SRR FH HIT 5%
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CuOBu-t

HOCH,CFy. \N'
+ OCH,CF
i TTHR PN 2
[(phen),Cul[OCH,CF3]
o
X
N Br R— ﬁ
R Pz CF3
L [(phen),Cu][OCH,CF3]
(1.2 equiv.) 64% 96%

or

NaOBu-t, DMF, 80 °C CF
£l ) 3
R
Br

50% ~ 99%

B2 34  [(phen),Cul[OCH,CF3]i#14 B % 3 5 07 HeAn 2 75 &
R S L

Scheme 34 Synthesis of [(phen),Cu][OCH,CF;] and its reac-
tion with aryl and heteroaryl bromides

o)
9 CF;CH,OH (2 equiv.) 0. .CF
N Br Cs,COj3 (1 equiv.) R A NS
i —————— > R
R diglyme, 25 °C, 2 h =
12% ~ 99%
MeO

)
N\ /
@)
O
(O
J
gi
Y
Z
§
|-
/
=
\_2Z
T

R
(Q)HNNH, « H,0 L2 O _CF;3

61% ~ 80%

B 35 o- IR 1) =50 S SRR AL S RE DL K = 98 2 S R AR
HRITEE I 1)

Scheme 35 Trifluoroethoxylation of a-bromoketones and the
synthesis of trifluoroethoxy-substituted pyrazole

TEAUEAG N, 5 VR DS AR R T DA S =
S OIEIMAT =8 O A S R B3 E] CFRCF,0 %R
7 75 3 E 72 ) PA(Scheme  36). 1% & N H F )
Pd/t-BuXPhos 5% Pd/JohnPhos BCAAf#E Ak 1A 2 AT LU 3
SR SRS 5 R A DA R GR A JR A ) A SR A R
N, HESE T B R R WA ER.

5 “F 85KgHEART

IEHF R SWE BAZ(PET) & —FhiZ = 22 g B R,
FASRAR TR 7R BEFIAEAR N B R 4 A UG °F 48
HILVTHEAERN R MR, B mNIE R TFEERR,
97%)~ KA IE LT RE(0.635 MeV)FT S EUNA PRIV IE
L IE IR (<2 mm) LA S & 4123 #1(109.7 min),
ik ¥F 2GR G2 1) PET JBURH R,
YT, H F FRC RO R R R RN T IRZ
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CF3CH,0H (1.5 equiv.)
sz(dba)3]
t-BuXPhos or JohnPhos

wes

Cs,CO3, toluene

/©/OCH2CF3

40~115°C
65% ~ 93%
R CF3CH20H
(1.5 equiv.)

[Pd2 (dba)z] F3CH2CO

tBuXPhos
R or JohnPhos
Cs,CO3, toluene
90 °C F3CH,CO

0~94%
Pt-BUZ O
i-Pr ! i-Pr Pt-Bu,
i-Pr
t-BuXPhos JohnPhos

B 36 A =90 L5 57 BRI SR A AR I 2
I8 () = 5 & S A SR

Scheme 36 Palladium-catalyzed trifluoroethoxylation of aryl
bromides and bromo-chalcones with trifluoroethanol

TAEH M T, AP SE T H °F S
S FHHTRRME. 2 LR SRR T BF-Arid N
U R, AR SRS 3 A R 1 — SR 7T R

2 I N A AT T T AR S A A it
1T BE-FRICH 7%z —P8 £E 2002 4E, Rostovtsec 15/
PR K Tornee WATZH 8103 5 Bk T3R8 7 H7 ' fHEAL  B
BB FEIA N R B (CuAAC). iZ 7L 3 2 A
TR OB . XA B DA S ) iE & T PF-Fric
BRI A0 50 F (S s, BIAT DAYE IR S PR 1,4-
THUAR-1,2,3-= MR S .

2006 4, Marik 1 Sutcliffe 2519 ViR iE T CuAAC
7 BF-FrRic s TR R, A AT ERRE T 3 MR
FIBAERT, BEERIX 3 AMRIERTA S S8 EE-ThEgth
YR 28 I B 45 B TEURH AL SR (RCY) N 54% ~99% 1
BEFRICHIAEY) 2T, 2014 4F, Ross IR, Lee ¥
ZH1ID) K7 Maschauer FiI Prante 25OV} i T N AE IR
SRR IE T T T AN [FIFE BE (0 e 25 Mo, BE S Kim @
IR R P HRE T A R A I T OB SPAAC
(F181 KBRS IMBU SO AE BF-Frid 4 T
DT IR, R R ARIE T AEEAAR A R AL PR-RRd
AL ARG K R (MSNs) 1) — 213 .

i, Perrin SRV OCHRAE T — R AL 00 B U AL
AT N-fe 2 i R 2 = U R 25 (AMBF ;). AMBF; %5
Sy W 1% 5 AR AR S 0 2 450 96 15 18 (Iodomethylboronyl
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pinacolate) & 4= ki Bk & B, B f5 5 KHF, Jx M il 75
(Scheme 37). EE W T4 5 5EMm T KA ST R B,
WA B BB E G, EEERE A YmT Ll
BF-PF [R5 A B AEX) E B I [ N SR F bR
0, 7 b IS FE DLy 40 B2 (> 98%) T 45 A I R 4 1)
TR R ERTR, JF HAH HPLC 474241

+ o~z _F
N B
S Z X LF
~N
AMBF; 1
1) q{;
Na | I\/B\O + o~z F
LN AN
(2) KHF/HCI N;
AMBF; 2
Il |
Lk I i F
o] O/\/'J\rl\ B\\F
B \ F

AMBF; 3

B 37 U AT AMBF; 1~3 (4 A
Scheme 37 Synthesis of radiosynthons AMBF; 1~3

AR B AMBE; 2 5802-% PR EEE, B
Ja HSF #HATRRIC, 15208 K P PET 38 B
["*F]AMBF;-Z' J} . Octreotate & — A KANE 2 A5z
P (sstr2) B Eh 71, O P AR E S A8 IR PR L Sk %
sstr2-PH A2 N 70 b8 . % AMBF; 1 f133 % -octreotate
MBI IFFRic J5 15 2 *FJAMBEF3-octreotate, 7£ AR42J fifi
Ji Jie 98 S b A% AR DA B BHZE 45 1 A 10 IO (> 10%
ID/g). ¥ AMBF; 1 5 1 4™ octreotate ALY E B H bR
L33 ¥F]AMBF;-LM3, LM3 & — A4 KA 2 A4
LA, ZARFULE /N B ARA2T SR B AR F I wa B 1R
IR, [ 2% R At S 3 1 R 4 T S R
it /K BifE-TX (CA-IX) B8 A5 A% 0 SF JBUR s B2 771, %355
i AMBF; 3 SR ATAE Y B GE B °F 3748015
E)

B 5T, Perrin A1 Bénard 2510 S i1 )
T A T AMBF; 18145 138 500 B F-Fric il 1 &
f74E%) "F-AMBE3-MJ9 (Scheme 38). %7l LA B AR
FETBUIK 3244 (GRPR)A B b vl F 110 41 e 1) B A5

[ RE 238 ) 7 SR, O'Hagan 26U 1%63R T — /il
IE 5 S B 3 U P bR 0 3 R A < ) cRGD ik
[¥1757%:(Scheme 39). 1) "F-Fric )72 7% [ *F1H ik
YIFAE T TSR, W% VEfE 37 CFRAELE
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ZEIPIEWF (pH 7.8). Fluorinase L-fli{% & % FR(L-SeMet)
M Sk Ak R Ak R B 15 B [PFIFDEA, B 5
['*FIFDEA 5 &% -cRGD Jik & A il w45 2Ot ds
TCHI AR SRR, 2O P bR e R RAE /N BR Ak P AR
faE It Y avp3 BEE AR A BRI .

Liang fl Xiao Z721 9 VIR IS T 78 B Bt LA S S
B TR, bk AR [ F) = 5 iR L X
N (Scheme 40). & S idt 2 A AR BT A< 0T DL A B2
Z 5 — 1 B EALCN[FICE:S 81, %X M a] Bl
RGP PFARIC I =R R BRI bR, HE
A RCY. R, 12 MBI R s k.

fETI% Liang 1 Xiao 2552 [A— W44 EH,
Gouverneur 25 U7 1 7 3% X 1) = F R PR AN
[Ag'OTf] f7 7E F, A% 1F F A4k aryl-OCHFCI .
OCF,Br DL & SCF,Br (#1351 i &2 #t "F- 9tk &
(Scheme 41). % Ag' OTf 25 [f) ] MAE & KA 5] — R 51
"F 51 aryl-OCHF,.OCF; LA K SCF; fi74:4). 24 hifk
aryl-SCF,Br AR AN, 5556 134 1) 2 Bk A1 0
REEH T M4, AT aryl-OCF,Br AJEYIRT, H-
BN - PR NBoc R MAHS AR T | . 2T ik
aryl-OCHFCI, 753 B W i1 5L sl 45 o 1 5L 40 5E H
Tz R, [Fi, ZR s T SRR, iiikS
["SFYRACI I S FI 3PP - ArOCHFC1> ArCF,Br~~
ArCHFC1> ArSCF,Br > ArOCF,Br. & | T 1677 W2 45
) 22 A5 A (ALS ) B4 380 128 18 17 24 ) 8 o il % 77 7245 2
BE FRicr=9, 3 HAAE 29%1 RCY.

Groves 1 Hooker 25! 19 ViR 1 76 V&G #HiAk A
MtEOL T, FSFISAITERE — DX Fel iR 5 C—
H #H7 "F bR itk 2d #2. 1% 0775 A Mn(salen)OTs
VBN F-AREBMEALF], FTLAE 10 min AR 2 FIAEY)E
PEOr T DA A iR, 3F BLAS 75 X R AL & 3k 47
. I\ PR FEREAIE ST R N- = LBt
WIE AL IR, FERIB R EREMAL. 2
PRI TR R RL . 25 XS DL K 6 8 - 283 5 1% 7 v
33 7 AHPLE) "F #5104 (Scheme 42).

B, MR/ e A VORGE T — A  B d
BE-NTRK(F-HFB), %43 T LAUF R i) & U AR

O RAKAY T B/ T (Scheme 43). 'SF-HFB 7£'%
TN KF/K 0, 385 560U 728 #e S il 43 '*F-HFB il
I ZEIR B, B TR DA SO SR AR R SRR )
IR Ny T IR BAFE] BF ARSI R AR IR AR N
EEAF T AT LA — 2Bk 4T, n] DAE IR & R Wb it
7. HERI#E *F-RGD-TFB-RGD # I 5% 6&
FI ARG R S M 4 . M R S A R A A g S8 7
H IR I A (Scheme 43).

Chin. J. Org. Chem. 2016, 36, 1715~1740



REVIEW

Chinese Journal of Organic Chemistry

H
N
ages
© N\)LNH NH,

© (6]
HN
F/B¥N
O~ 'NH H (0] H (0] H \
\\‘"Kn/ N \)J\ N N \)J\ N N \)\/U\ —_—
o = H § H Cu”/ascorbate

Azidoacetyl-MJ9

R F H
v N
F-B- +/\(/\'/\l/\ﬂ/ Q
N. NN O N
I NH NH,
© 0
HN
O NH |, O b0 H
\\“KWN\)J\H N\)J\H N\/'\/U\
W O ° o}
NH  AMBF,-MJ9
18F
F18F H
N IEX
R e Ol
[/\]\ N;N O N\)J\NH NH2 19F
= 0
HN

0" NH |, O e ~
K[(N\)LN N N\/'\/U\
I w1 H
X
s

B 38 '"*F-AMBF3-MJ9 )&k
Scheme 38 Synthesis of '*F-AMBF3-MJ9

18F_-AMBF3-MJ9

AR AR DL T 2R U 9K 25 Wik &
5 TR AT G R Py B AL 2 K 245 Q3N 0 2
F7 VP4, Roig Al Borros 25U R T SF-iU AR IC R T
SR TG I 9 K JBURL(NPs) (108 7 3. 1207 925 7 B 1) 46 U
PEARIE PR 4-[PFIRER-2-1R 2B ([ *FIFBBA),
ZIE AR R AR T T UL S RE WS & R F-Ax
ﬂﬁ’]?éé.\%(smeme 44). M4["SFIFBBA 5k BRIt R4
A, BJEHbRIC IR B SRR R BB F Ol — N
BERI AR IR iR A I NPs. T bR id i FE e 4t
Th2 B XF NPs W B PE A B 3 1 oA, il
PET/CT £ AR ] LA 5 NPs 75 /N B A FAE 43 A A 2
H A 1% 77 % CL 2 4l N T 1] 46 7545 25 77 TH A W E 8L
PIK-Th EEAL ) NPs.
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2009 4 McBride 25" VR 7@ # %A ik
17 BF ARid iR 1z R PR AR
A AL e 5 WE R L& NOTA T4y ——
p-SCN-NOTA( Kl 2) 4% & ey, it «— 4 & 15 2
AIPF- AWK E Ak, Flr sl 2 5 B 00U E B
#4577 p-SCN-NODA! (18 2) 5/ Fl T B i R B Uk
Z AR (GRPR){IIK——MATBBN 25 4482 7 H B fig
(Scheme 45). p-SCN-NODA 1] LL#i 7 RCY % 68.3%+
1.8%. "*F-AI-NODA-MA-TBBN #] LA7E 25 min A #1]id
SRIEHAMAE T 98% MU L2246 . *F-A1-NODA-
MATBBN 7£ i858 S A7 (1 W B A 3.23% £ 0.23% 1D/g FF:
HEZES S IEHEH . Fik "®F-AI-NODA-MATBBN 1]
RE RN 42 BT 51 e VB ZE 1Y) PET S8 BRRMEIEDY).
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BT SR EHR

fluorinase NH;

N
¢TI0 L-SeMet RN CuSO,TBTA
OL-N N//\ e ¢ N —_—
C'm’ N ["8FIF N N//\\\ Na ascorbate

o
. 18F/\<__j’ cRGDfK(Ns)
HO  ©OH S
HO  ©OH
CIDEA
["®FIFDEA
o

(6]
O
NH, o)
f\ ;I/NH HN—/g
O NH HN
18 /\i_j’ N/\/\

HO 0o
NH
18 _
['8FIFDEA-RGD HaN " SNH,
B3 39 ['|FIFDEA-RGD &
Scheme 39  Synthesis of ['*FJFDEA-RGD
['8FIKF/Kryptofix 222
PDFA (0.5 equiv.
alkyl—X PDFA (05 equiv) alkyl-SCF,'8F

Sg (1.5 equiv.)
DMF, 1 min, 70 °C
X=Br, Cl, 1, OTs

@(j\/ Br S

|
SCF,"8F N \/)_\ 18
SCF,"®F SCF,'®F

RCY 37% + 4% (n = 3) RCY 51% + 4% (n = 3)
RCY 53% # 3% (n = 3)

B 40 I RS GRS = R R S
Scheme 40  Difluorocarbene-mediated ['*FJtrifluoromethylthiolation of aliphatic halides

["®FIKF, Kozo
AgOTf (1 equiv.)

Br s._BF
O/ >< _DCM, r.t., 20 min _ R@/ <
or [18F]KF Ko ~J FF
AgOTf 2 equiv.)  RCY = 1% ~ 60%
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Scheme 43  Radiosynthesis of '*F-hexafluorobenzene and '®F-RGD-TFB-RGD
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