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Bf: 3.98
JEfEiEgZ: F 135 pm

H 120 pm JKEA (NaAlF,) ®A (CaF,)
CF@ 490kJ/mol HARME——HAT L
C-CF3## 431kJ/mol REGEXERTEN 1
l 7kiB 918 °CRf, CaF,100 g7k RiAf#0.0016 g
AT R MR m— 555 & B A D
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I > NH4(RNH,) > RO" > Br > CI >> H,0 > F-

meEt

Wang, M. and Li, Q. et al. Chem. Rev. 2015, 115, 683. Hu, J. et al. Chem. Soc. Rev. 2016, 45, 5441. >
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Zhang, X. et al. Acc. Chem. Res. 2018, 51, 2264.
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1.2 BRENX R M E T

! [Cu]
+ TMSCF
R 3 DMF, rt

CF3C0O,X

(X =Na, K, Me, etc)

= A B ELR
R©/CF3

1981, Kondo
Vicic, D. A. J. Am. Chem. Soc. 2008, 130, 8600. p N
LT
7
F3C_|_O X_ CF
B(OH), Cul, ligand CFs ’
R + . R©/ Z=S, Se, Te;
Diglyme, 35 °C | X =BF,, OTf, PFg

Shen, Q. et al. Org. Lett. 2011, 13, 2342.

1990, Umemoto

@R EE

Ni(COD),

DMSO, rt

R | + (DMPU),Z CF2H
n
27 CF,H

((DMPU)ZZn(CFzH)J

CF,H
£

2016, Vicic

Vicic, D. A. et al. J. Am. Chem. Soc. 2016, 138, 2536.

Postigo, A. et al. Chem. Eur. J. 2017, 23, 14676.

[ [Zn](SO,CF,H), J

2012, Baran
Li, C. et al. Chem. Soc. Rev. 2021, 50 6308.

TMSCF,

1984, Ruppert-Prakash

e N
Me
Me
. y,
2006, Togni

[ TMSCFzBrJ
[ BrCFzCOQE’J

(FSOQCFZCOQMeJ

1989, Chen

2008, Shibata

[ TMSCF,CO,Et J

[[PPh3PCFZBr]+BrJ




1.2 BRENX R M E T

CF.B P(NEt;)s . - TMSCI o TMS—CF 5
3Br (ELN)SP-BrI"CFs o 3 CF,l 300 RMB/kg

Ruppert, I. et al. Tetrahedron 1984, 25, 2159.

C——0 ACO— 0 ' Fie——o0 CF,H 90 RMB/kg
Me AgOAc TMSCF;, cat. F> ve |
MeCN, rt MeCN, rt Me

Togni, A. et al. Chem. Eur. J. 2006, 12, 2579.

CICF,H 293 RMB/Kg

DMPU WCF,H
2ICF,H  + ZnEt, >  (DMPU),Zn',

2

BrCF,H
Vicic, D. A. et al. J. Am. Chem. Soc. 2016, 138, 2536.

Postigo, A. et al. Chem. Eur. J. 2017, 23, 14676. Li, C. et al. Chem. Soc. Rev. 2021, 50, 6308.
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----------------------------------------------------------------------------------------------------------------------------------------------- {CH% o oHr O GchH ¢ CRH ]
® #: -40.8°C; BFASHAHAN orproduet
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Lindley, A. A. et al. J. Fluorine Chem. 2005, 126, 1457. 9
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Dailey, W. P. et al. Chem. Rev. 1996, 96, 1585.
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1.2 U FHC- LR FEN

CF3H CF, > :CF, + F

H :
| Deprotontion @ a-F elimination

Cu > _Cuip >®9QF ) 3
g \FF F/O\F O F @ O @

CF3H CF, : CF; OFB F 0

® C-HEERMBES (pK, = 27 in water)

§ omas, O 1 EE PR
/C"I = /g"’
PN " 2 RN BBIE RN
CF;l CF;
3. KRB ZHHN o #

Dailey, W. P. et al. Chem. Rev. 1996, 96, 1585. | 11



1.2 U FHC- LR FEN

CF3H CF, > :CF, + F

H :
| Deprotontion @ a-F elimination

C >  C.- > @9“‘“F Y
~“\'F F/g'\"FF O\F ‘ V/\@ O @

CF3H CF, : CF; OFB F O\
CF.l
RNFREM
EI Homolysis @ . . .
F F
CF| CF,

Hu, J. et al. Chem. Soc. Rev. 2016, 45, 5441. 12



1.2 U FHC- LR FEN

’ o 0 .
| Deprotontion _ a-X elimination WF
CICF,H _Cuip >  Cur > (Oc
X~ Mg X7 0N O°F
BrCF,H -
: XCF2H XCF, : CF,
(X = CI, Br)
) 0 AR
g| Homolysis> ConiF
C"l - vl . ] ] .
g \FF H O\F ‘ CFH, > |CF,H|> CH; > CF,
XCF,H .
CF,H
X =Cl, Br
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Hu, J. et al. Chem. Soc. Rev. 2016, 45, 5441. 13
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2.1 Z&HKR (CF;H)
2.1.1 HHERCFH# TR EZ =m PR RN

0 g { s
0

base .
©)J\H + CFsH ——— 5 CF; base: R4N+ N
DMF
KR = Et, n-Bu, n—C8H17)

base A Q) PH OH
CF3H —> [CF?," > H > Ph
\_/ F3C™ "NMe, CF;
X
-
H N K
base _ | O CuX _ @Cu
CFsH —> | CF, = H H |cucF|
F3C NMe, Fs;C NMe,

Roques, N. et al. Tetrahedron 1998, 54, 13771.
Normant, J. F. et al. Tetrahedron 2000, 56, 275. 15



2.1 =& K (CF;H)

2.1.3 ACFHMARIRYN =R &L R M

-10 to -40 °C

DMF
- (lece)
3

Base =

NaH; t-BuOK; KHMDS;
MeSOCH,M (M = K, Na)
DMF
©

O (@]
R@)L R@)J\O
CF

0
H
F3C)<

NMez

42-72% O SX 60-70%
L X
. X = Cl, SPh, SO,Ph
. H,0
)< oH SCF,
F3€7 "R’ RO/

OH
up to 100% F3c—<OH S0.00%

Rogues, N. et al. Tetrahedron 1998, 54, 13771. .

Langlois, B. R. et al. J. Org. Chem. 2000, 65, 8848. up to 100%

Normant, J. F. et al. Tetrahedron 2000, 56, 275.



2.1 =& K (CF;H)

2.1.4 ACF;HE AR CuCF X —RIIFRARFIN=RAZU R K

([K(DMF)][Cu(Ot—Bu)z])

PR DD DN

/
o—
DME, /DMF/ \DMF /DIVIF/ \DMF / DMF( \

K 0—K o} o}
\ o \ rd g
_-Cu \_Cu _~Cu
o7 I~ o7 -~ o

Grushin, V. V. et al. J. Am. Chem. Soc. 2011, 133, 20901.

CuCl + 2 KOt—BLD

DMF -KCI —\
R/N \v' N\R

CHACF, ([K(DMF)][CU(Ot—Bu)2]) o

|
CF3H CFs
CH3l ’ IPrH*CI"  quant
@\ 2-1-C4H3S 2-PyBr X
CE. % CuCF; > |
S 3 =
>90% F,C N

89% .
0,
[(TMEDA)Pd(Ph)I] r 30%
2-Pyl
\N/ Ph CF;
\ / R
[ b

7 N\ CF;
/N\ CF3 | N 70-95%
~-N
quant
quant

17



2.1 =& K (CF;H)

2.1.5 CuCF A EMBHN =RPE LR M

B(OH)> DMF or DMF-toluene CF3
R + CuCF3 > R
25 °C. air, 0.4 - 7 h

OCF3© SO O

99% yield (92)% yield 91% yield 97% yield 82% yield

CF
CF3 CF3 3 CF3 CF
/O 0 0 0 /©/
Me-Si EtO t-B
3 OEt N

1(81)% yield 94 (59)% vyield 91 (61)% yield 91% vield 96 (81)% yield

Grushin, V. V. et al. Angew. Chem. Int. Ed. 2012, 51, 7767.

O, (air)
s Cu'CF; —— > CuU''CF;
oxidation

. trans-
73% yield metalation ATB(OH),

CF3 ; AF_CF3 B ————— CU”(AI’)CF3
| reductive
| elimination
hO g

5 (94)% vyield

18



2.1 =& K (CF;H)

2.1.6 Eﬁ'&ﬁﬁﬁ /JlLﬁJ%%ﬁ**“‘ﬁ'CU CF,

CF3H (g) —>

MFC ( N
pre-generated K
[K(OMF)Cu(0t-Bu)l O : Q)| EtsN-3HF ——> KF
in DMF =r

tR = 9.3 min

CuCF;
94% vyield

CF3H (g) >

pre-generated

[K(DMF)J[Cu(0t-Bu),] (O

VFC
( ——&) Et;N3HF

in DMF =n R
tR = 9.3 min 7
PhCOCH,Br
O Et;N+3HF 0 ’
Br T CuCF; o CF semi-flow 96% yield
Ph)j\/ DMF, rt Ph)j\/ 3 batch 93% yield
15 min

Grushin, V. V. et al. Org. Process Res. Dev. 2014, 18, 1020.
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2.1 =& F%E (CF;H)

2.1.7 ERACFHEE#H I TER=ARENLR M
R

, KHMDS (1.0 equiv) CF, R . .
R'—Si—ClI + CF3H y R@I " ® —_— Rl_Si_CF3 lnC/Udlng
R toluene or Et,0 R'/S|I_R K -KCl R TMS-CF,
-78°Ctort,4to7h Cl
1 equiv 1 equiv i i
KHMDS (1.0 equiv) CF; ® 48% aq HF PR
B(OMe); + CFsH > oL K 8.
-5° MeO” 1 OM F71°F
| THF, -5°Ctort, 18 h e On e £
1 equiv 1 equiv 53 %
KHMDS (2.0 equiv) - 30% aq H,0,
S¢ + CF;H i (N <o > CFsSOH
THF, -78 °C tort, 3 h 29y
or 18% by 100% by
2 equiv 1 equiv 19F NMR 19F NMR
based on CF3S,
O KHMDS (1.0 equiv) HO CF;
J + cFH >

R™ "R Et,0 R™ R
1 equiv 1 equiv -40°Ctort,4to6 h

Prakash, G. K. S. et al. Science 2012, 338, 1324.



2.1 =& K (CF;H)

2.1.8 ERRIIMUFEARER=RIRENLEY

KOt-Bu OH
- A
DMF, t} = 23 min R” CF,

Continuous-Flow

RCHO + CF3H

Selected examp/es O

 eapet e | I OH
‘ PN

3.3 equiv KOt-Bu @—0 ee’ (n I|n in- Im}_[><]_>
i T=-20°C

88% 75% 97% 88% | . /] 75 psi
~ 03MRrcHO O te=23min BPR

Ley, S. V. et al. ACS Sustainable Chem. 2018, 6, 1489. 21



2.1 =ZF B (CF;H)

2.19 TEERMN =R PARIEL

\ C-H Bond \ 2 Ph, Ph,
Addition ! P. ) P.
I(NBE) + CF3H o > /Ir—CF3 < \Pdiph + CFH P(n-Bu)s - < \Pdiph
-10 CW H i Pf OH DMF, 23 °C Pf CF3
PBu, NBE PBu, Ph; -H,0 Ph;
a-Fluorine
Migration
20 °C
F P E
S Elimination \ | —_N— -
4 \ 7 |
H H -
P'Bu, HF P'Bu,

Goldman, A. S. et al. Science 2011, 332, 1545. Grushin, V. V. et al. J. Am. Chem. Soc. 2013, 135, 16837.



2.1 =& K (CF;H)
2.1.10 Fl A C-FRFEML RIE X B ol T = MEBPEML

Me;Si, SiMe; -

LiN~y
0 0 Q F
1. LIHMDS (2.0 equiv.), THF, 0 °C, 30 min ~ _CF
XJ\(R - X)S(CFZH X 2
R 2. CF3H (5.0 equiv.), rt, 30 min - 6 h AN - RUR -

Mikami, K. et al. Angew. Chem. Int. Ed. 2012, 51, 9535.

H LiHMDS (2.0 equiv.), CF3H

NC)Z' 1. n-BuLi, THF, -78 °C, 5 min NC)<CF2H = R
r | -
Ph™ "Ph 2 CF;H (2.0 equiv.), -78 °C, 1 min Ph™ “Ph R THF, -78 °C, 2 h R

CF,H

Mikami, K. et al. Org. Lett. 2015, 17, 4882. | Mikami, K. et al. Org. Lett. 2016, 18, 3354. 23



2.1 Z& B (CF;H)
2.1.11 CRHEAZRFRIFS M5 & R A &R/ ik

Method A: CF3H (8.0 equiv.), KOH (10.0 equiv.)

OH SH H,O/dioxane, 50 °C, 4 h OCF,H SCF,H
R©/ or R ©/ R o R @/

Method B: CF3H (14.2 equiv.), KOH (15.0 equiv.)

H,O/MeCN, rt, 2 h

OCF, H,0 OCF,H
CFH ——— » | :CF,| > ©/ — ©/
-HF

Dolbier, W. R. et al. J. Org. Chem. 2013, 78, 8904. 24
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1.3 UEEHC- LIRS FEN
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2.2 ZH ML (CF,))

' +
2.2.1 MBHERMENBERES I =RREUR N ; AR
: V/
E @) N,Me t-Bu = | N o

0 0.5 mol% Ir photocatalyst 0 i)' *TFA X~ N, ‘e‘\\\ -
= 20 mol% organocatalyst cE.  + MeT ™\ t-Bu /Ir PFe

H + CFjl o e H 3 X H t-Bu ~ °N l

R 2,6-lutidine, DMF i ; ~ r\{

.20 °C :
26 W household light : organocatalyst | ,

: 4 : 2 : 2 : 2 H :
CF3 CF3 CF3 CF3 CF3 CF3

79% yield, 99% ee 72% vyield, 95% ee 86% vyield, 97% ee 78% yield, 98% ee 70% vyield, 99% ee 70% yield, 98% ee

0 j\/©/0'\"e 0 O Me O Me
HT Y H7 N HJ\:/\Ph HJ\:)\Ph HJ\:/\Ph
CF3 6F3 CF3 CF3 CF3
, , : 68% vyield, 90% ee 62% yield, 99% ee
o) o) o] o (o] (o]
73% yield, 90% ee 61% yield, 93% ee 75% vyield, 97% ee >20:1 dr ~20:1 dr

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2009, 131, 10875. 26



2.2 ZH ML (CF,))

-IH

AT RERYALIE :

/ t-Bu /\
|||
t-Bu ‘IMe D R

Photoredox Catalytic ngg\l:

Cycle F

SET
F ! Organocatalytic SET
\ Cycle /(
Iy

T o
H Me tBu™ N~ 'Me
& ’Z—f A \ alkyl halide
t-Bu™ N7 'Me H)\(CF3
H
0

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2009, 131, 10875.



2.2 = AiHE

K (CF3)

=12, - - —
2.2.2 iR o =R R RN R N
OSiR; 0
=3 0.5 mol% [Ru(bpy)sCl,]*H,0
RXN-R" + CFsl S > o
R" ’ i-PryEtN, H,0, THF, 23 °C R"
household
light
Selected examples |
|, 83% R 1
R=H, 92% , 83% §
CFs OMe, 78% Br, 85% CFs CFs |
CN, 66% ClI, 85% R’
R F, 80% @)
72% 64%
O
O CF; 0
CF; CFs
CF;
Me
O
M M
€ Me e
64% 74% 76%

MacMillan, D. W. C. et al. Angew. Chem. Int. Ed. 2011, 50, 6119.

A RERIHLIE

CF,l

[Ru(bpy )al**

SET

NO

*[Ru(bpy)s]**

28



2.2 ZH ML (CF,))

2.2.3 CulStEL RS SR A = B R B AL R

o+ F—%QF
20 mol% CuOAc . CFsl F
1 mol% RU(bpy)3C|2'6H20 i
K2CO3 (1 .0 equiv.) i
Aryl—B(OH) CFl 26 W light bulb » Aryl—CF i
ryl— + ryl— | +
’ ’ DMF ’ Ru(bpy)s* Ru(bpy)s*
60 °C, 12 h '
""""""""""""""""""""""""""""""""""""""" ; CU”X2
Selected examples A
CF3 CF ; — 4
CF CF P INE
O O | O 3 T Rulbpye®™
' m_
O MeO ; CUIX XQCU CF3
5 D B
70% 70% 84% 72% | Aryi—B(OH)
! ryl— 2
CF; CF; CF; CF; F3C—Aryl CE
III/ ’
s XC
F5C NC | F g Saryl
64% 65% 64% 93% C B(OH)2(X)

Sanford, M. S. et al. J. Am. Chem. Soc. 2012, 134, 9034. 29



2.2 =@ MiE

A (CF5l)

2.2.4 BahtENREAXFH T RATEAFT N =R ENX R M

CF;l (9)—>
MFC

0.4 M TMEDA Me Q
1-4 mol% Ru(bpy)sCl, + 27 ~+N Q
in MeCN L\\\ ’]l/\/)

0.2 M

Blue LED
microreactor
FRRN Me
\l ‘\' /
(I ,:l r,”t\\ N
ce’ » |1 ]l/\)—CF3
T=rt k‘\\:’, Y
tr = 8-32 min

Selected examples

e s y
N Me
(p—cr. Ly- I

CF;
95% 79% 80%
tr = 8 min tr = 8 min tr = 8 min

Noél, T. et al. ChemSusChem 2014, 7, 1612.

tr

N Me 0] Me S

Me
95% 75% 65%
= 8 min tr = 16 min tr = 16 min

30



2.2 =@ MiE

A (CF5l)

225 KBRSV =RREUNS =ZSRELRK

R Visible light induced R
hotocatalytic radical addition
Ph%H Gy -..Photocatalytio radical addition - Ph%CFs
R simple perfluoroalkyl R
reagents
-H*
R R H
ph. J \__ CF 5 Ph [Ox] Ph "\
H ’ ' CF; > Y~ CF,
R Key intermediates R
common
Y side reaction v
R R HO R R Ph RR R R R
Ph._> o) F4C Nuc
lf' CF3 CF3 3 CF3 CF3
R R Ph R RR R R Ph
Isomerization Oxidation Dimerization Nucleophilic trapping

Noél, T. et al. Angew. Chem. Int. Ed. 2016, 55, 15549.



2.2 ZH ML (CF,))

226 RCHBRUESYHN=RREUMS=ZFHRELRK

U R?
R1©/V + CFyl

/@/\/CH
Cl

Batch: 75% yield
(72:28 E/Z)
Flow: 95% yield
(98:2 E/Z)

cl
x_CF;

Cl

Batch: 75% yield
(68:32 E/Z)
Flow: 71% yield
(E only)

visible light

0.5 mol% fac-Ir(ppy)s

CsOAc (3.0 equiv.)
DMF (C =0.1 M), rt

Batch or Continuous-Flow

Batch: 89% yield
(83:17 E/Z)

NTX X _CF;
I/

Batch: 75% yield
(75:25 E/Z)
Flow: 95% yield
(E only)

R’ ~

Batch: 88% yield
(54:46 E/Z)
Flow: 91% yield
(96:4 E/Z)

N CF;
Me

Batch: 75% yield
(69:31 E/Z)
Flow: 95% yield
(E only)

Noél, T. et al. Angew. Chem. Int. Ed. 2016, 55, 15549.

CF;

Batch: 79% yield

Flow: 77% (tg = 50 min)

Cl
@\/CFQ}
Cl

Batch: 75% yield

visible light

0.5 mol% fac-Ir(ppy)s

4-HTP (1.2 equiv.)

DCE/EtOH (9:1)
C =0.05 M, rt

Batch or Continuous-Flow

n-C7H 15

Batch: 88% yield

X CF;

N~

Batch: 72% yield

CF;
1

Batch: 71% yield

CF;
SR

Batch: 82% vyield



A (CF5l)

j\_ok t-BuLi (1.2 equiv.) 0.-,0
e oy .
Cy
Cy -78 °C to rt
. 15 min
s
p-Tol—S 53
& CF3l+2 DMSO
Blue LED
-78°Ctort Y
= Cy
F,C

Aggarwal, V. K. et al. J. Am. Chem. Soc. 2019, 141, 9511.

AT RERYHLIE

\
B
/

CF,l

homo[ysis Visible nght
Initiation

Radical chain
propagation

33



2.2 ZH ML (CF,))

2.2.8 FIFRIERHIFECR IR AR

TMG'CF3| , K28203

H Cu(OAc),*H,0 CF;
R > R
AcOH, 24 h

Me OMe
CF3 i .,CF3 MeoﬁCFf}
: Me Me MeO COzEt

Halogen Bonding
[

77% 75% 57%
NH TMG-CF;l
i > X CFs
F F H | Mo 1 mol% [R Me™ AT
Me,N” “NMe, / | e °|.[ hUt']
. | \ [---N | visible lig 0 :
\ > | 83% (15:1 E/Z
& T N, | CCUE
Me,N
Ssh TMG-CFsl S<cF,
Bp = -23 °C (1 atm) Liquid (1 atm, 23 °C) | DME
| cl 1
: cl
| 83%

Ritter, T. et al. Angew. Chem. Int. Ed. 2015, 54, 3712. 34
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1.3 MAEZHC-IEBEDFHEN
2. FRC- 19 FERRENLR
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2.2 ZHBEL (CF,l)
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2.3 —8& _AE

A (CICF,H)

2.3.1 PAEHRICICF, HX (3%) 75 E B s MR B — M E L R

Pd,(dba)s (2.5 mol%)

B(OH) Xantphos (7.5 mol%)
Hydroquinone (2.0 equiv.)
R @ + CICF,H
K2CO3 (40 equiv.)
1,4-dioxane, 110 °C
(1.0 equiv.) (10 equiv.)
/©/CF2H CF,H : :CFZH
Ph ©/ Ph
Ph
91% 72% 50%
/O/CFZH O:©/CF2H /©/CF2H
BnO @ TMS
83% 65% 82%

Zhang, X. et al. Nat. Chem. 2017, 9, 918.

CF,H

&

] BEBIHLIE
; Base ArCF,H
' CICF,H —— :CF, D
: [Pa'(Ly)]
5 A
Protonation
: H*
5 [(L,)Pd"=CF,] [XPd'(L,)CF,Ar]
: C
! Ar—B(OH), .
" Nucleophilic
E addition
36



23— _—_&RH

t% (CICF,H)

=
2k | S g
B(OH), CICF,H (10.0 equiv.) CF>H CF,CF,H  CFpH CF,CF,H
Xantphos (7.5 mol%)
(@) Hydroquinone (2.0 equiv.) +
Ph2P\7d/PPh2 K2C03 (40 equiv.)
\ 1,4-dioxane, 80 °C
by ol A,
(1.0 equiv.) (5.0 mol%) 30% 0 Not observed
B(OH), .
NUARY CICF,H (10.0 equiv.) CF,H CF,H Ph
NN Xantphos (7.5 mol%)
|/=>d\ Hydroquinone (2.0 equiv.) + +
Ph K,CO3 (4.0 equiv.)
Ph (5 mol%) 1,4-dioxane, 80 °C L L
(1.0 equiv.) . ,
17% Not observed
B 0 Pd,(dba); (2.5 mol%) CFoH/ID | Entry Reaction conditions Yield (%), 3-H/3-D
2 - :
+ CICF,H + Xantphos (7.5 mol%) D B = B(OH),, CICF,H 57/22
K,CO3 (4.0 equiv. X
1,42f-dio?;(;ne, o é L2 B = Beg, CICF,H 40/27
Ph oD Ph X .
' 3 No hydroquinone 1/-

Zhang, X. et al. Nat. Chem. 2017, 9, 918.




2.3 —& =& B (CICF,H)

2.3.2 PA{E/LEYCICF HMum R B9 32 ABBR R B A REAIHLIE

Pd(CF5CO,), (2.5 mol%) ;
Xantphos (2.5 mol%) CFH CICF,H

= : Z ;

z Hydroquinone (2.0 equiv.) Z "

CICF,H + > R :
2 R K,CO3 (4.0 equiv.) : Ko,COg3

dioxane/DMA (1:2), 80 °C

: CF,H

Selected examples ' / : CF,
: R F [Pd°(Ln)]
CF,H CF,H CF,H CFaH A
Q/ D/ Q/ "
{ [(Ln)Pd"——R
PhO Cl : o) } [(L,)Pd°]=CF;
82% vyield 76% yield 80% vyield 76% yield )\ E
CFZH CFZH CFZH CFZH Base
Z : I I OH
' [X(Ln)Pd"]—CF,H [X(Ln)Pd"]—CF,H
[ [}
' [}
: H—= Q\{ c
| | | | : D
55% yield 54% yield 31% yield 49% vyield " H———R

Zhang, X. et al. CCS Chem. 2020, 2, 293. 38



2.3 —& =& B (CICF,H)

Ak S

OH
CICF,H RF
K,CO3, dioxane

> _ < 80 °C
OH 6%

K,COg3, dioxane
CICF,H + >=< >
80 °C

Not observed

b ecccccccccccccaaa

t-Bu t-Bu t-Bu t—Bu
O O Phenol O O
(@)
THF, rt ]

t—BUQP\ /Pf'BUQ t—BUzp\ | /Pt-BUZ

I
CF, CF;H
full conversion

Zhang, X. et al. CCS Chem. 2020, 2, 293.



2.3 —& =& B (CICF,H)

2.3.3 NifEL(Z) FERLMSECICFHN RSB EL RN

C| NiCl, (10 mol%)

Ligand (5 mol%) CFaH
DMAP (20 mol%)
R + CICF,H > R
MgCl, (4.0 equw)
Zn (3.0 equiv.)
(1.0 equiv.) (6.5 equiv.) 3A MS, DMA, 60 °C
Tﬁ%m*}lﬂ Ar—Cl 0 Ar—Cl
Zn [Ni°] \K Zn V INFl \
V A X I I
[Ni'] [Ar-Ni'-CI] ! [N! ] [Ar N-Cl
G B I
ArCF,H Zn :
! CF,H
. !
' I
ANITCF H] [Ar-Ni CICF,H [N|'] [Ar-Ni""-CFH]
E /\ :
[Ar N|” cl] CICF2H 5
CF,H :
: ArCF,H

Zhang, X. et al. Nat. Commun. 2018, 9, 1170. F 40



23— _—_&RH

t% (CICF,H)

t-Bu t-Bu
72\ T
\
—N_ _N
Ni
/N p
HF,C O
CF,H
+ CICF,H +
Ph

+ CICFzH + %

Ph

=7
ok 2l B
Cl CF,H
DMAP (2.0 equiv.)
Zn (3.0 equiv.)
MgCl, (4.0 equiv.)
3A MS, DMA, 60 °C
t-Bu t-Bu
Not observed
NiCl, (10 mol%) CF.H CFyH
Ligand (5 mol%) 2
DMAP (20 mol%)
>
Zn, MgCl,, 3A MS O
DMA, 60 °C, 20 h
18% Not observed
t-B
u _ - CFZH CF2H FzH
72\ DMAP (2.0 equiv.)
_ \ Zn (3.0 equiv.) N t-Bu
No _N
Ni MgCl, (4.0 equiv.)
\CI 3A MS, DMA, 60 °C, 20 h .
2% t-Bu Not observed
14%
t-Bu

Zhang, X. et al. Nat. Commun. 2018, 9, 1170.



2.3 —§ —# Bk (CICF,H)

23.4 EERFHTENT _SBELNE _SHEELR N

' 3 equiv |

' —

: CICF,H (g) = (

: . HER OH

- puborss (G— ] s B
. T=0°C . T=rt R” NCF,D
' to=11.9 min o PS! tg = 3 mi

: 02 M R0 r=11.9min oo g =3 min

i 0.4 MPPhg > R = Het(Ar), Alkenyl

L inTHF

\ Rey S ' 3 equiv |
1 . e Ar CF,D ' — [—]
)_'V — (@ ? : CICF,H (g) —
F ‘\‘ '
F

A hea __ MFC T, s, 50 psi

r . . . N )

------------- = AT amuorBy O— By LS B
‘ F ' in THF —0°C T =100°C /\Fr

11.9 min  tg =3 min

02M R X0
0.4 M PPhy ®_ R = Het(Ar), Alkenyl
in THF

[
1
1
1
1
1
1
1
\

Jamison, T. F. et al. Angew. Chem. Int. Ed. 2020, 59, 13885. Jamison, T. F. et al. Chem. Soc. Rev. 2021, 50, 7378.



2.3 —& =& B (CICF,H)

AT RERIHLEE

LiOt-Bu
+

CICF,H

t-BuOH
-elimination PPh; PPh3
[CICF,Li*] z > :CF, =——=
\ F”F
LiCl
18 Aer
OH,
‘ \
- 180=pPPh, O—PPh;
B ——
heat F
- Ar F
- O=PPh; oxaphosphetane
3P NMR 8 -52.7 (t)
9F NMR & -80.4 (ddd), -103.5 (ddd)
H—"80
. B ten OH@ H )O\H
3 T Ar > A7 CFH
F F F
ArF 80=PPh,

Jamison, T. F. et al. Angew. Chem. Int. Ed. 2020, 59, 13885.



1 HRNE

11 ﬁ{t#‘-:ﬂ:ﬂ
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1.3 MAEZHC-IEBEDFHEN
2. FRC- 19 FERRENLR

2.1 =& BB%E (CF;H)

2.2 ZHBEL (CF,l)

2.3 —S—H K (CICF,H)

2.4 —RZ&E Pk (BrCF,H)
3. REE5RE

i<t




2.4 —iﬁ:ﬁﬂ'ﬁ}iﬁ (BrCFZH)
2.4.1 NifEL RS EAIER 5BrCF,HRYZ B EL R B2

- Ni(OTf), (5 mol%) CE
Ni(PPhg),Br; (5 mol%) CF,H | B(OH 2 2H
B(OH), bpy (10 mol%) 20 (OH)2 PPhg (10 mol%)
DMAP (5 mol%) i + BrCE.H gand (Smol%%) o
R + BrCFyH — > R | R 2 K,COs (3.0 equiv.)
KoCOg3 (4.0 equiv.) 5 1 4-d 80 °C. 24 h
THF, 80 °C, 17 h | a-dloxane, !
FTRERIHLIE i CF,H CF,H CF,H CF,H
| 2 2 2 2
ArCF,H Ni'(L,)X ArB(OH), i @/ /@/ /©/ /©/
A . Ph t-Bu PhO Ph,N
92% yield 89% yield 69% yield 69% yield
v
HF,C—Ni'L, Ar—NilL,  EC CFH CF,H CF,H CF,H
Br T O O
D Me F Cl
: SET—~ |
CF,H / BrCF,H i _ . _ _
+ g 62% yield 76% yield 67% yield 64% yield
Ar—Ni'(L,)Br |
o

Zhang, X. et al. Chin. J. Chem. 2018, 36, 143. Wang, X. S. et al. Org. Chem. Front. 2018, 5, 606. 45



2.4 —R=® B (BrCF,H)

Ak S

Radical inhibition experiment

B(OH), standard conditions CF.H
+ BrCFzH — 0>
Ph 1,4-dinitrobenzene (10 mol%) Ph

or TMPO (1.0 equiv.)

Radical clock experiments

Ts Ts Ts CF2H
N N N
PhB(OH), (1.5 equiv.)
-
Y/ N\ standard conditions CF,H Ph CF,H
+
0, o o,
BrCF,H 5% 10% 20%
CFH  cF,H
PhB(OH), (1.5 equiv.
BrCF,H + A( (OH): ( d )> +
standard conditions
Ph
17% 25%

Zhang, X. et al. Chin. J. Chem. 2018, 36, 143.



2.4 —R_FHKR (BrCF,H)

2.4.2 Fele b RS B R ERFNBrCR,HBYZZ ABEX I Y

MgBr FeBr, (10 mol%) CF2H

rt, 90 min

Ligand (10 moI%; : : . g Z
R + BrCF,H : Ligand:

Selected examples

CF,H
o g "y
Ph

85% yield 64% yield 54% yield 91% yield
MeO CF,H CF,H
CF,H CFH ° 2 2
OO 0
TBSO ™S <’
OMe 0
85% yield 65% yield 63% yield 41% yield

Zhang, X. et al. Angew. Chem. Int. Ed. 2018, 57, 6921.

N-Fe-N angle:
82.09(11)°-82.81(10)°

47



2.4 —R_RE

A (BrCF,H)

2.4.3 NiIEEXRNFTERUYN _RRENR N

1 mol% Ir photocatalyst
5 mol% NiBr,+dibbpy

X Br
R + BrCF,;H
7~

X (TMS)3SiH, 2,6-lutidine
DME, blue LEDs, 18 h

Selected examples

CFZH CF2H
EtO,C” : EtOC” :

83%

o CF2H
|

N~

54%
MacMillan, D. W. C. et al

81%

MezN X CF2H NC | AN CFZH
|
Z
84% 69%

. Angew. Chem. Int. Ed. 2018, 57, 12543.

65%

67% 85%
I\I/Ie
@) N N
Ac~yNo—CFH Y S CFH
—_— N
Me” N
@) Me
51% 75%

48



2.4 —R_FHKR (BrCF,H)

AIRERYALEE
Me CF,H -
| A 2 . . (TMS)3SIH . TMS/,,@
r 'Si—-TMS
, N - HBr T™MS™ d
Br
__/SET Ir! —lll"”-A
Br (dtbbpy)NilL,, N&' oA '35
N U
D H ''F
Photoredox Nickel C F
x|l Catalytic SET Catalytic g
Cycl ) lllf
ycle Cycle ?r difluoromethyl TMS,
tl}li”—Ar radical TMS—Si=Br
0 N TMS
= il (dtbbpy)Ni-L,,
A B
visible light excitation
Br | X Br
s,
N

MacMillan, D. W. C. et al. Angew. Chem. Int. Ed. 2018, 57, 12543.



3. RESRE
— > EHESEREL
o FERIEEM, BMHK

— . gmommE4 ° AESSAR, BTGNS

. R ® SR MIR{ERKEHE ‘ﬁi}]ﬂ.’,ﬁé

® HRi, Rt
— —~ FERREL

® ZRESZHAFUENSRSEMERLER.
® ZRIHIZMSMATFHLIRN.
¢ ENRMFERTRRHNUFRENER, I AREIER,
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