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1. Introduction —— Fluorine in Life
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1. Introduction —— Fluorine

X H F O Cl Br I N
Electronegativity 51 40 35 39 58 55 55
/ \ (Pauling Scale) ' ' ' ' ' ' '
\\ Van der Waals
+9 27 Radius (A) 1.20 147 152 175 185 198 1.98
/ Se?g?ho?;) 1.09 135 1.43 177 190 210 2.10
@ (F)
\ 1s2 2s? 2p° / C-X bond
Dissociation Energy 420 490 351 328 301 218 356
(kJ/mol)
B iR
BT ¥ H.C-F FH,C-F F,HC-F F.C-F
C-FEREX C-F bond
Dissociation Energy 110 120 128 138
(kcal/mol)

Q. Liu, et al. Chem. Rev. 2015, 115, 683.



1. Introduction —— Construction of CF,R

C-F Activation via Lewis Acid/Frustrated Lewis Pair .
- ® . - = Ar—CF, - Ar—CF, 7
CFs LA CF N or o Alk iVi
o[ s (S || ey
J]\ J]\ . or H-donor R™ 'FG
] ] R” “CF, | R7CFy

CF3 —_— CFZR | C-F Activation via

SET Induced Process

R F
S A " & . L@
e [M] > Nu 2 3
J\ RoB( J\
O~ CFj3 SCS 0~ “CF,

C-F Activation via Transition Metal Induced Process

o /

Alkenes f\x

or H-donor Q&FG

F F
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2.1 C-F Activation via Lewis Acid/Frustrated Lewis Pair

. Ph3;CBF,4 (1.2 equiv)
\/\ S':R + /\/S'MGS

R' 7! H CH,CI,/(CF3),CHOH (1:1)
R (5.0 equiv) 0 °C, 10 min
Selected examples
ROF Me L= RF
=
MeO X X
zF F ./F
Si g Si
1 “Ph S Ph L Ph
Ph Ph Ph
81% yield 91% yield 78% yield 90% yield
R F R F
Cl N Br X
Si’F Si’F
1 “Ph L Ph
Ph Ph
52% vyield 54% vyield 47% yield 58% yield
R F R F FE F Me
N MeO X
F -F .F
F5C SiL Si. Si
1 "Ph 1M *
Ph Me = ph "
26% yield 40% vyield 42% vyield 42% vyield

T. Hosoya, et al. Angew. Chem. Int. Ed. 2016, 55, 10406.



2.1 C-F Activation via Lewis Acid/Frustrated Lewis Pair

g N MeO EF
n-BugNF (2.0 equiv), O 62% yield from 1
H20, THF O X 87% yield from 2
H
MeO
QPN%
4-MeO,CCgHyl (5.0 equiv)» X 53% yield from 1
Pd(PPhs), (5.0 mol%) 52% vield from 2
Ag,0 (5.0 equiv) O
COzMe
MeO
4-MeOCgHyl (5.0 equiv)
> 42% vyield from 1
[(z-allyl)PdCI], (5.0 mol%) 62% yield from 2

P('Bu); (20.0 mol%)
n-BuyNF (2.0 equiv)

4-(MeQ),CgH;COOH OMe
(5.0 equiv) O 54% yield

Ph CBF 1 2 > -Ph
- ~ 3 4 ( equw) 8'le OMe
CF, °C 10 min

3
Ph R F
\- J HCl in Et,0 (5.0 equw) Cl .
50% yield
PhsCBF, (1.2 equw) si:n
CH,Cl,/(CF3),CHOH (1:1) bnk 9

T. Hosoya, et al. Angew. Chem. Int. Ed. 2016, 55, 10406. 0 °C, 10 min



2.1 C-F Activation via Lewis Acid/Frustrated Lewis Pair

A
CF4 (5.0 equiv)
o /©/ PhsCBF, (1.2 equiv)
HZSI»i CH,Cl,/(CF3),CHOH (1:1)
Ph 0 °C, 10 min
B
CF,
..Ph
L
ANSMes 3,
(1.0 equiv) (5.0 equiv)
+ Ph3;CBF,4 (1.2 equiv)
CF3 0 °C, 10 min
FsC S"Ph
3 II‘H
Ph
(1.0 equiv)

Ph”1
P

R F

F. .
Ssi 5
h :

not detected

63% yield

+
F F
N
F.C Si’F
3 1 “Ph
Ph

10% yield

T. Hosoya, et al. Angew. Chem. Int. Ed. 2016, 55, 10406.

A Stepwise C-F bond cleavage

via silylium intermediate b Vi
F
I,
Ph;CH +S|I
Ph3CBF4 Ph’ \Ph
hydride b
abstraction
CF;
Q@
SII‘H Ph3CBF4
Ph F
a F
Cr
S.',Ph
B Concerted C-F _ I"ph
bond cleavage BF,4 H
A
Ph;C

C-F bond
cleavage

PhsCH

l\ Me;SiBF,

R F

10



2.1 C-F Activation via Lewis Acid/Frustrated Lewis Pair

NTF.
Vi B(CgFs)s (20 mol%) RF IINTE
R N F P(o-Tol) 3/Me3SiNTf, (1.5 equiv) 0 N P(o-Tol)5
Z DCE, 80 °C, 18 h ‘=
Selected examples
R F R F R F
® ® ® R F@
P(o-Tol)s P(o-Tol)3 P(o-Tol)3 P(o-Tol)3
Me MeO Br
>95% yield >95% yield 79% yield >95% yield
R F@
o P(o-Tol)3 o ®
F3C S<__P(o-Tol)3
P(o-Tol) \ N P(o-Tol)3 X
\_J = F F
% vi Me 61% yield 48% yield
40% yield oy oy 71% vyield
R F
® " F@ C;))( Tol)
P(o-Tol 0-100)3
OX (o-Tol)s P(o-Tol)s R
F F F
FsC ®P(o-Tol);
50% vyield 35% vyield 71% yield

R. D. Young, et al. J. Am. Chem. Soc. 2020, 142, 2572.

11



2.1 C-F Activation via Lewis Acid/Frustrated Lewis Pair

]
]
R T step 1 F F Ph_llNTf2| Vi E Ph
B(CqFs)s (20 mol%) step 2 :
R N F S —> N N7 Nucleophile > RO N Nu L OTPPy = NN
T TPPy/Me3SiNTf, (1.5 equiv) R—3 _ I P Y > :
DCM, rt, 48 h Ph Ph ’ | P N “ph
]
]
1 2 3 i
!
Selected examples Ph
: b
EE . OMe EE O : B(CeFs)s N
ol J : a l
: RF Ph +
Me Me Me : X
: p-Tol N™ R F
83% yield 95% yield 87% yield P Z Tol F
: p-1o
2 +
. /©/'V'e EE R F Me;SiF
/©><S /©><N3 /@)(Br
Me Me n-Bu
61% yield 85% yield >95% yield

Me3SiNTf2 @
R F R F eh |

R F R :
/©)<Br /©><Br /©>(Br p-Tol ><)Nij\
Ph p-Tol o E Z

Ph Ph

©
83 eld B(CgF5)sF
% yiel 92% yield 76% vyield [B(C6F5)3F]

c

R. D. Young, et al. J. Am. Chem. Soc. 2020, 142, 2572. 12
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2.2 C-F Activation via SET Induced Process

fac-Ir(ppy)s (1.0 mol%)
TMP (2.0 equiv)
HBpin (3.0 equiv
pin (3.0 equiv) -

DCE, Ny, 24 h
20 °C, 455 nm

Me N
SN N 3
S X . FY@ )
N~ 0 FF
R2

2.0 equiv 1.0 equiv

TMP

Selected examples

\
Me

74% yield

59% yield 66% yield 57% vyield

57% yield

B. Kodnig, et. al. J. Am. Chem. Soc. 2017, 139, 18444,

14



2.2 C-F Activation via SET Induced Process

M M
|\/|e>(r\1j<|\/|e Me@Me MGQMe
© H © Me N Me
™ A

>

Ir(11)* Ir(11)

N@ Me

HBpin
Me>(j<Me
T‘L' NG Me
Bpm

TMP- Bpln
5

Lewis Acid Activation

SET CF4
Reduction /‘/ TMP- Bpm /©/
=
NC NC

blue LED Ir(lll)

o
NC C

TMP + F-Bpin

B. Kodnig, et. al. J. Am. Chem. Soc. 2017, 139, 18444,

: H ‘ [B(CeFs)al™

/)_{\

31 30 29 28 27 26 25 24 23 22 21 20 ppm

15



2.2 C-F Activation via SET Induced Process

then in situ-generated 5

fac-Ir(ppy)s(1.0 mol%) [Ph3C]*[B(CgFs5)4]” (1.0 equiv)
CN Me TMP (2.0 equiv) TMP (1.0 equiv), HBpin (1.0 equiv)
DCE DCE
F * N“0 > >
) 20 °C, Ny, 455nm, 22 h 20 °C, Ny, 455 nm, 22 h
F F Me
2.0 equiv

fac-Ir(ppy)s (1.0 mol%)
TMP (2.0 equiv)
HBpin (3.0 equiv)
DCE

20 °C, Ny, 455 nm, 24 h

\
Me

97% recovery ('°F NMR yield) 2% ("°F NMR yield)

16

B. Kodnig, et. al. J. Am. Chem. Soc. 2017, 139, 18444,



2.2 C-F Activation via SET Induced Process

R s PTH (10 mol%) R F R :
R Q CySH (10 mol%) : S
R'G > T RZ\/\ a ¥ HJ\ON > R R? i PTH= ©: :@
= R a8 5% H,0/DMSO ! R2 : N
23 °C, blue LED, 24 h :
1.0 equiv 3.0 equiv 3.0 equiv ue : Ph
Selected examples
R F R F R F R F Me
FsC FsC SiMe FsC
s OEt 3 e 3 n-hex FoC OAc
86% yield 79% vyield 85% vyield 59% vyield
R F
R F
FsC OH \ i RS
N OH EtO—P.
| y OH oH
5 EtO
H,oNO,S

CFs NHBoc 22

ortho: 80% yield

meta: 87% yield 89% vyield 83% vyield 56% vyield

para: 80% vyield

N. T. Jui, et. al. J. Am. Chem. Soc. 2018, 140, 163.

17



2.2 C-F Activation via SET Induced Process

S SH
= CySH
e S (O"-on
N CO, + Na* 0
Ph

ONa
PTH */PTH* = -2.10V vs. SCE = e Ty /
o+
PTH PTH /\
SET
catalytic cycle HAT
CySH catalytic cycle

F F
- e FsC
F A O)K/\n-hex
. HAT
EWG— \ F .
T PTH

R F
via radical FsC e E -F FaC NE Zn- hex n-hex
. mesolytic cleavage

radical anion electrophilic radical nucleophilic radical

N. T. Jui, et. al. J. Am. Chem. Soc. 2018, 140, 163. 18



2.2 C-F Activation via SET Induced Process

R F o SET catalyst (2 mol%) R F ; N
PhSH (10 mol% .
EXF . + PSR mo) X
R'% Z X H™ oK R -
= DMSO, 100 °C L ; o)
blue LEDs '
1.0 equiv 5.0 equiv 1.0 equiv * Ph Ph
; SET catalyst (S)
Selected examples
R F R F R F COOH FF R F
oH Me oH OH @(O\WOH O)WOH
Me OPh 2N AcHN
58% yield 84% vield 44% yield 54% yield 87% vyield
R F R F 0 R F
X/\ Ac X/\ N/ \ MOEt
7
Ph N Ph l\\l§ o MOAC o X/\ Sittes Ph
Me OEt
95% yield 89% yield 64% yield 88% yield 75% yield

19

N. T. Jui. et. al. J. Am. Chem. Soc. 2019, 141, 13203.



2.2 C-F Activation via SET Induced Process

F + JI

H> "OCs

3.0 equiv

S (2 mol%)

blue LEDs, DMSO

50 °C, 24 h

+

Selected examples

R F

CL
NHAc

75% yield (>99:1)

R F

©ﬁ
NHBoc

50% yield (7:1)

44% yield (4:1)

NHAc

55% yield (>99:1)

R F

NH»

65% yield (4:1)

42% yield (4:1)

R F

jog
AcHN

70% yield (>99:1)

Jace

53% yield (>99:1)

64% yield (9:1)

BocHN\/ED><

64% yield (13:1)

mes

45% yield (>99:1)

BocHN\E))(
|

57% yield (5:1)

A©)<

48% yield (3:1)

sa

50% yield (9:1)

BocN/\N \E))(

58% yield (7:1)

N. T. Jui. et. al. J. Am. Chem. Soc. 2019, 141, 13203.

20



2.2 C-F Activation via SET Induced Process

- 2 O
CO, + M*

SH
©/ = PhSH
HAT
s+ . /
Ph Ph R F

SET catalyst (S ©><F catalytic SET PhSH catalytic HAT PhS'
. J

S'*/S* = -1.70V vs. SCE A RF
HAT R
S* \

R F F A~ R F
F -F | Z R :
N F . mesolytic cleavage
EDG{D)\ y g
S
radical anion difluorobenzylic radical alkyl radical
via radical
Direct:HAT
r N\
R F
@H
N. T. Jui. et. al. J. Am. Chem. Soc. 2019, 141, 13203. Hydrodefluorination 21
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2.2 C-F Activation via SET Induced Process

: CsF (10 mol%) Me,_ Me
CsF (10 mol%) i FsC CF3 SiM 18-crown-6 (30 mol%)> /\/O\N
R : * Vies
F><F . j\/sm 18-crown-6 (30 mol%) M : \©/ i TEMPO (1.2 equiv)
AT ™€ DME, 80 °C, Ny, 15 h Ar : DME, 80 °C, N2, 15°h M Ve
1.0 equiv. 2.0-4.0 equiv : , .
1.0 equiv 2.0 equiv 23% yield

Selected /!
elected examples No adduct observed in absence of ArCF5 from standard conditions, or if PhCF5 used

R F RF o
CF; N CF3 N Il Vi
EtO—P X
EtO :
Ph :
OMe : //\ SET and
: _ n- mesolytic cleavage F
87% yield 85% yield 71% vyield . ArCF, [/\/SIMean] \‘ > )\ + AN
: Ar F
OAc s -0F°
F F R F R F :  fluoride-induced SET | -TMSF ! possible intermediates ‘:
| A AN X A CN : : reduction of ArCF, , \(discrete or formal species),:
) ® P emmmeAnns o RRTIIIAIRATEE
Cl N MeO™ N PH :
: Reactivity correlates with ArCF3 reduction potential
44% yield 64% yield 74% vyield No yield decrease in strict absence of light EF

ArM

J.S. Bandar, et. al. J. Am. Chem. Soc. 2019, 141, 14120. 22



2.2 C-F Activation via SET Induced Process

4-DPA-IPN (0.25 mol%)
EF PMP (0.5 equiv)

F H
TMP (1.2 equiv) Vi N N
A F 4-HTP (6.0 equiv A H AN H N Z
R (60equv) RA- + RaF N ~
Z DCE, rt, 12 h, blue LED Z Z

1.0 equiv N N
z N
Selected examples ~ @ \(/
RF RF R F CN Z
H H F H H 4-DPA-IPN
AcHN
NC CN CN F F (" )
: OH
65% yield (5:1) 72% yield (>20:1) 93% yield (>20:1) 69% yield (10:1) /@/
MeO ’ ’ H H L 4-HTP )
HoN
NG MeO,C o”s“o EtO,C - N
Me H Me
48% yield (>20:1) 40% yield (3:1) 34% vyield (>20:1) 49% yield (3:1) Me Me

Me_ OH R F

F5;C O N
3 \)Q[r H

CF4
from Enobosarm analogue
(Androgen receptor modulator)
60% yield (>20:1)

from Enzalutamide
(Treats prostate cancer)

45% yield (>20:1)

Me
F. Me 2
R F \_
N_ _N
(0] MeHN
CN A e H . _ .
S e
(0] CN

Me I{l Me
Me Me

PMP )

V. Gouverneur , et. al. J. Am. Chem. Soc. 2020, 142, 9181.

23



2.2 C-F Activation via SET Induced Process

El Q. o=

4-DPA-IPN (2.5 mol%)  NC

' . Me. M
Me ? Me CF3 PMP (0.5 equiv) o & C AHTP (©)
e N e+ /©/ TMP (1.2 equiv) N
NC DCE, rt, 12 h FF ; N on
blue LED Mo é N I® e /©/ == RSSR
0.5 mmol 0.1 mmol Detected by LC-MS 5 [j Z S
4-DPA-IPN 25 mol%) : B D
CF; PMP (0.5 equiv) : 4-DPA-IPN
A ph + /©/ TMP (1.2 equiv) o Ph pch
NC DCE, rt, 12 h _
blue LED FF : E

: CF CF
0.5 mmol 0.1 mmol . : 3 3 .
56% yield : /@/ /©/ X E
NC NC© EWG

4-DPA-IPN (2.5 mol%)

SD CF; PMP (0.5 equiv) CF,D E F
/@/ . /O/ TMP (1.2 equiv) .~ /©/ : via radical
DO NC DCE, rt, 12 h NC : mesolytic cleavage | - F
blue LED :
d,-4-HTP (85% D, 6.0 equiv) 0.1 mmol 40% yield (H:D = 3:2) . RF
CF, C B
o 4 “
NC NC
G

V. Gouverneur’, et. al. J. Am. Chem. Soc. 2020, 142, 9181. 24



2.2 C-F Activation via SET Induced Process

| +

N-boryl pyridyl anion

L. Jiao, et. al. Angew. Chem. Int. Ed. 2022, e202201102.

~
F
Cat. [Ir]* F Ar
Bypin,, RO
Ara A~_-OCO,Me 2Pin2 - S
Asymmetric transformation N/
[Ir]”
[Ir]* r \l/
AN
(T: F. F
F,C~ ) FEF
. J ) (
- ROBpin ) RO | - ROBpin N
— |7l —— —
o N |
N -F 1< ~
1 _Bpin N
Bpin RO o

4-pyridy! difluoromethyl
anion

e E EEEEEE s e e e ...

................................

Challenging transformation

R F

X

R F

Selective formation of
difluoromethyl carbanion

Y
36 |
|

Stereoselective
transformation

--------------------------------

2

5



2.2 C-F Activation via SET Induced Process

B,pin, (3.0 equiv) i
EtONa (3.0 equiv) ! Q//
0OCO,Me . 4 )
N “ 2 cat. (S,S,S,)-[Ir] (5.0 mol%)> i O‘P \“1 ClO,4
Ar THF, rt, 4 h | |v|
i L A Ar _
i (S.S,S,)-IIr]
Selected examples
2 z ~ =z
R R R R
F F F O> F
i X | X OMe i X O i X F
Z Z 7z Z
N N N N

81% yield, 99% ee

79% yield, 98% ee 80% yield, 98% ee 84% yield, 96% ee 78% yield, 94% ee 71% yield, 97% ee

L. Jiao, et. al. Angew. Chem. Int. Ed. 2022, €202201102. 26



2.2 C-F Activation via SET Induced Process

DMAP-BH; (2.0 equiv)
NaH,PO4°2H,0 (1.2 equiv)

0) Rs DTBP (1-1.5 equiv) e) Rs
0,
R\X Fooy \rRz PhSH (20 r:10|/o) - R\X R,
FF Ra CH3CN, 120 °C, 17 h FF R,
0.2 mmol 2.0 equiv

DMAP-BH; (3.0-4.0 equiv)
NaH,P0,*2H,0 (3.0-4.0 equiv)

o Ph DTBP (1.5 equiv) 0
0,
Ph\N/LSJ . \/Rs PhSH (20 mol%) - Ph\N
CH5CN, 120 °C, 12 h H

Ph

Selected examples

Selected examples

Ph Ph
R =H, 75% vyield H 0 0
(gram scale, 59% yield ) 0 N
R = 4-OMe, 84% vyield / N N
R = 4-Cl, 60% yield N H F H F
= 3- 0 i
R = 3-Me, 80% vyield F F OMe Mo
83% yield 60% yield 62% yield
Ph Ph
R =4-Me, 67% yield o OMe ©\ 9 @\ O
R = 4-OMe, 74% vyield
) N N
R— N Q R = 2-Et, 71% vyield EtO H N\ H
2 Ph — o/ vi F F F F
N R = 3-Cl, 65% vyield N g
H % R = 3-OH, 80% vyield H
R = 4-CH,CO,Et, 75% vyield 48% yield 55% vyield 42% vyield
+_BH
O. J< NPT
> o | )
MezN Z
DTBP DMAP-BH;
27

Y. Wang, et al. Science. 2021, 371, 1232.



2.2 C-F Activation via SET Induced Process

DMAP-BH; (2.0 equiv)
NaH,P0,+2H,0 (1.2 equiv)

0 DTBP (100 mol%)
Jl\ PhSH (20 mol%)
+ Ar > z
N CF3 CH3CN, 120 °C, 17 h Et

I:FAr

(Ar = 4-OMeC4Hg) 43% vyield ( E/Z isomers)
DMAP-BH3 (2.0 equiv)

NaH,PO42H,0 (1.2 equiv)

o Me, Me DTBP (100 mol%) ©\
I . H,, PhSH (20 mol%)
N~ "CFs CH5CN Ny, 120 °C, 17 h FF

1 4
6% yield
Me,  Me
5 -«—=«— R F - 5\ —_— ——> 3
1& F F F F Ar
Int-1
= DMAP- BH +,
? B 5|
@L @ f 7
’W — |scs| —>
addltlon J - N)YF Ph‘NM
- HF'NaH2PO4 H ! ! F
F H---F
Int-2 Int-3
. . . ] TS-ll-1a
An energetically unfavorable 1,2-F migration pathway: t
¥ (AG' = 20.6 kcal/mol)
B B B
O 0) E O/
N)\ﬁF --------- > N)Qi/F --------- > . F
H F H N/i\(
F F HFE
Int-2 Int-4

Y. Wang, et al. Science. 2021, 371, 1232. (AG1= 23.9 kcal/mol) (AG =12.1 kcal/mol) 2



2.2 C-F Activation via SET Induced Process

5 % N

/B

reduction H.O N 3 NaH,PO, ©\ )
oy, Z Ph
—> ph > )5(\, N NJ\(\/
- HFNaH,PO, L
Int-8 Ph
Y Int-7 L |th-9 )
: )ﬁ/ )‘\m reduction
Int-3
\
B’ B-H

>—< . 5 ( ) reduction ©\ o
PhSH PhS / B O >
o NaH PO4 g e N)l)( F
~ H H)O H B "\ H
N)ﬁ( 00 — J - [scs] — N/)\rH H H
F

- HF- NaH2PO4
F — —()—> 0]
Int 5 Int'6 .
\_ ) reduction N

H F H

Y. Wang, et al. Science. 2021, 371, 1232, 29



AG (kcal/mol)
in CH3CN

2.2 C-F Activation via SET Induced Process

Level A: (U)M06-2X/6-311+G(d,p)/SMD(CH 3CN)/(U)M06-2X/6-31+G(d,p)/SMD(CHCN)
ol

( B'= DMAP-BHZ)

1
B Bk
o) H/SPh
Phe, AL~
K
F F
(3.9)
< TS-lIl-1a",
. PhSH . "\
\ HF (-6.4) - )
' ) (-8.8)___\,.-I Tas 8
\ \(-124) .7 Int3 ,
L (18.0) Int-3-HF B ? - 3
Int-2 B ‘N—)“-\(
o Phe, A _F
B TN F
Phe, A_F -
N g F
H FF |
F
| <
Boryl radical addition
Y. Wang, et al. Science. 2021, 371, 1232.

A
O/
SCS

/
F F
+ PhS' complex

HAT

30



2.2 C-F Activation via SET Induced Process

o]
benzophenone 5 (20 mol%)

b
T R2 O CySH (20 mol%), Zn(OTh, 20 mol%) & I T o5 |
~ F : * U > "~ R®
X t* Rz . X .

RS NaO™ 'H DMF, 390 nm Kessil Lamp, 16 h . NC OMe
F F FF R !

! benzophenone 5

5.0 equiv 1.0 equiv 3.0 equiv

Selected examples

OA
EtOJJ}(\/\/ c EtO EtO EtOJWO EtOJWNHBOC

F F F F FF F F F F
98% yield 80% yield 87% yield 60% yield 80% yield

N N N NC NC
TIP OBu OTBS
N NJW/O S JM N

N N H
HOFF HOFF HOFF H FF o) FF
70% yield 76% yield 58% yield 83% yield 88% yield
31

G. A. Molander, et. al. J. Am. Chem. Soc. 2021, 143, 19648.



2.2 C-F Activation via SET Induced Process

2 0 :
\ HAT / SCS : 5.0 equiv 1.0 equiv 0.5 mmol scale, 20 mol% benzophenone = 80% yield
: 20 mmol scale, 10 mol% benzophenone = 85% yield
_ : 50 mmol scale, 1 mol% benzophenone = 70% yield
0 :
COo, + : :
2 R1Y)\CF3 : 50 mmol batch scale
G H
K L :
; -
\\ SET :
o] :
0] O :
- | : p
D O' E F E
A o f
B Ar” TAr | c :
Ar)\Ar
5 S A~
+ O\
. Et0” “CF, _OO_> B OFt
K : .
0 5.0 equiv 1.0 equiv
Ar)j\Ar 25 mmol scale, 5 mol% benzophenone = 50% vyield
: unstable to SiO, chromatography
A CySH : isolated by vacuum distillation
. :

G. A. Molander, et. al. J. Am. Chem. Soc. 2021, 143, 19648. 32



2.2 C-F Activation via SET Induced Process

HCOONa (3.0 equiv)

HCOONa (2.0 equiv)

4
. O 1 R 3E|Z¢2gl3tN5(1 mlg/l%) O R'R? . o Ph-PTZ (1 mol%) o
\X&F . R\%\Re, -Cat (5 mol%) X R R F ‘BuSH (20 mol%) R H
2 DMSO, rt, 24 h X X
30 W blue LEDs 30 W 450 nm LEDs
1.0 equiv 0.5-3.0 equiv 1.0 equiv
Selected examples Selected examples
0 :
RS H RF H AP : H OMe Cl
FE : H H H
0o 0 Me : N N N
S FF FF
87% yield 94% vyield 88% yield :
: 82% yield 72% yield 80% yield
NC CO,Et O H RF H RF
N R N :
= OTT ort SSHNN ¥el
F F 0] o) : H H H
] o, A, A
: F F F
88% yield R = Me, 76% yield R = OH, 60% yield F Me F F
R = Cl, 82% yield R =F, 83% yield , . .
R = OMe, 78% vyield R = OCF3, 72% yield 65% yield 72% yield 90% yield
NPh,
F. F SH IIDh
X “
PhyN NPh, COOMe SD
CN
3DPA2FBN HAT-Cat Ph-PTZ

F. Glorius, et. al. Angew. Chem. Int. Ed. 2022, 61, €202115456.

33



2.2 C-F Activation via SET Induced Process

TEMPO trapping

Radical probe (
0] HCOONa (3.0 equiv) 0
( ) HCOONa (3.0 equiv) 0 U 1a 3DPA2FBN (1 mol%)
JO]\ /@ 1 Me, Me 3DPA2FBN (1 mol%) FsC ” . Me‘(\’)/\ Methyl thiosalicylate (5 mol%)> R Me
a e
FsC N Methyl thiosalicylate (5 moI%L R or TEMPO (1.0 equiv) F F
H + DMSO, t, 24 h - F Me ¢ ) DMSO, 1t, 24 h R = PhNH, 17% yield
CF3CO,Et a - o)
or 30 W 450nm LEDs Me T2 30 W 450nm LEDs R = EtO, <5% yield
CF3CO,Et 2a B-Pinene R = PhNH, 75% yield
- J R = EtO, 70% yield
* +T Q 0
: I
¢ Me, Me o b .

RS* PC” ©
\ / \ / 0
photoredox N

(0] :
M i Vi ( 1 thyl lobuty! E
RJH/F B-Pinene R | via me. yenec,\./co uy> R : HAT
ring opening F F __Me . tal S -
F 0 : catalysis % catalysis
Me : Q
:© JU RSH PC X A CO,

~

F. Glorius, et. al. Angew. Chem. Int. Ed. 2022, 61, e202115456. 34
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2.3 C-F Activation via Transition Metal Induced Process

Bopin, (1.5 equiv)

o) o NaO'Bu (1.5 equiv) O OH
F%J\W . iy CuCl/Phen (1 mol%) o H* 1)%#
2 o R
F H” "R THF, 30 °C, 3 h A\
1.5 equiv
Selected examples
O OH O OH O OH O OH
Ph Ph Ph Ph
FF o FF FF OCHs FF S
F
3 0 W/
82% yield 73% yield 54% vyield 40% yield
O OH ‘ O OH O OH O OH
Ph
FF F F F F F F
MeO CHg, Cl CHg, CHg,
27% yield 55% yield 65% yield 85% yield

S. Ogoshi, et al. Angew. Chem. Int. Ed. 2016, 55, 341. 36



2.3 C-F Activation via Transition Metal Induced Process

: (0] OBpln
t
CuCl . 1.0 equiv Phen . szmi quBpln
u +  NaOBu ——————> [(Phen)Na][Cu(O'Bu :
THE. rt. 2 h [(Phen)Na][Cu(OBu),] : CuCl/Phen [Cu(0'Bu),] > [Cu- Bpm]

2.0 equiv 96% yield 2 NaO'Bu

] F%l\
R’ B
in
ONa FF 2PNz
)%CFS \\ _
1 R2
/ )<Bp|n ] R
CF
4 ’ NaF

‘BuOBpin

/ NaOtN
O R' ocul”
R1)J>8<C ~
F F

F

NaOBu

)
F%l\w

FF

s. Ogoshi, et al. Angew. Chem. Int. Ed. 2016, 55, 341. 37



2.3 C-F Activation via Transition Metal Induced Process

Pd(P!Bu,Ph),Cl, (5 mol%)

Xantphos (8 mol%)
K3PO4 (1 5 eqUiV)

THF, 65 °C, 24 h

>LMe
> /._R : Ph—R
U E >vMe

Me Me

Me Me

12 W blue LED Me Me PPh, PPh,
6.0 equiv 1.0 equiv P'Bu,Ph Xantphos
Selected examples
R F EF
FsC R F R F
FsC OMe F3C FsC NHAc
e OA® SA® SA®
M M
Me e e
69% yield 57% yield 64% vyield 41% yield
R F
R F
CF3F F Fgc F3C R F
N
SA® ®
Me
Me =
Me OBn
OMe MeO
58% yield 49% yield 64% yield 56% yield

X. Zhang, et. al. J. Am. Chem. Soc. 2021, 143, 13971.
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FsC CF4
(6.0 equiv)
Pd(P'Bu,Ph),Cl, \©/ Pd(Xantphos),

(5 mol%)
+

Xantphos
(8 mol%)

PhB(OH), (1.0 equiv)

K3PO4 (1 5 eqUiV)
THF, 65 °C, 20 min

Pd(PPhs), (1.0 equiv)

+

CeDeg, 1t

Xantphos (1.6 equiv)

2.3 C-F Activation via Transition Metal Induced Process

PPh, PPh,

Xantphos

a, after irradiation

F'd(l="tEi|,12F=h}2 2
| | Pd(Xantphos )2
_J i | ~1
b. no light
PrBu2Ph

Xantphos-oxide Xantphos
Xantphos-dioxide Xantphos-oxidd
|
s e,

-

90 80 fF0 60 50 40 30 20 10 O -10 -20 -30

f1 (ppm)

X. Zhang, et. al. J. Am. Chem. Soc. 2021, 143, 13971.

-
Me Me
Me
. Ph—R
Me
Pd(P'BuyPh), e e
PBuyPh
Observed by 3'P NMR \
Pd(Xantphos),
Observed by *'P NMR
a. Pd(PPh;),
Pd(PPh,),
+ PPh3‘\\ I2
b. Pd(PPhy), + Xantphos Pd(Xantphos),
|
Pd(PPh
-+ PPh;)su
- m&vw

90 80 70 60 50 40 30 20 10
f1 (ppm)
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2.3 C-F Activation via Transition Metal Induced Process

Absarbance (a.u.)

3.0 : C. 5000 D. 5000
321 nm 341 nm —— Pdly 590 nm —— PdL4 ] — PdLg + 1a (4 equiv)
2.5 r A S PdL4 + Xantphos 4000 - ! —— Pd L4 + Xantphcs 4000 / ‘ — PdL4 +1a (3 equiv)
—— PdL4 + Xantphos + 1a —— baseline P \ [T Pdla+1a(2equiv)
207 —— Table 1, entry 8 2 3000- 2> 3000 \\\ —— PdLg + 1a (1 equiv)
—— Xantphos 7] i N |—— PdLg
1.5 s c c
()] ) \
23 ‘£ 2000+ £ 2000+
1.0 ' - -
1000 1000
0.54
0.0 I 04 04
300 350 400 450 500 550 600 500 550 600 650 700 750 800 500 550 600 650 700 750 800
Wavelength (nm) A (nm) A (nm)
RF
" RF
"standard condition” r FsC
(6.0 equiv) . + Ph
1a Ph Ar = 3-CF3-CgHy’ O‘
PhB(OH), (1.5 equiv) 39% yield 12% yield
(1.0 equiv)
2a
Q
[ j ® o R
PR INT "standard condition” E Ar
(6.0 equiv) | o .
1a Bu Ar = 3-CF3-CgHy™ Ph N/O
|
t
PhB(OH), PBN Bu
(1.0 equiv or none)
2a

X. Zhang, et. al. J. Am. Chem. Soc. 2021, 143, 13971.
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2.3 C-F Activation via Transition Metal Induced Process

|_ Pd! C-F bond
cleavage L,Pd-F

@—ﬁ —
path A CFLAr
Y

[LnPdO]* reactive

+ sluggish C-F bond cleavage
Ar-CF3 ’

I .""
\ de Ly electron PAOL ]
back-transfer n
R' Ar-CF4

Il
stable, less reactive

X. Zhang, et. al. J. Am. Chem. Soc. 2021, 143, 13971.

i
Lpd'  ABOHR o [LnPd°T \(
2 B SET
\g\ / N e
! F

FaC |
R F
Ar 3 Ar ] oxidative addition
rlf%dyct:\_'e (from B to D)
elimination
SET [ [L,Pd%*
F M L,Pd-F C
! L,Pd" .
Ar” Ar "N CFaAr

v E CFZAF

. i solvent
l transmetalation
K3POy4 HCF,Ar

L,Pd"F—CF,Ar 4
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2.3 C-F Activation via Transition Metal Induced Process

co Vi F3G Ph F R F R F
3 ” H'H "
\©)<ph + PhB(OH), standard condn‘/on> + Phx©><Ph
3a 2a e CFs
17% yield nd
co Vi Ph F §
3 \©><ph +  PhB(OH), + PBN "standard condition"> FsC N\’Bu
Ph 0.07 - = defluoroarylation of 1a
3a 2a ] ™ i i i
detected by EPR o defluorodimerization of 3a
4 dard cond F4C 4 <0051
F,C "standard condition" 3 ~
3 F +  PhB(OH), > Ph S
§ 0.04 +
5
1a 2a V1a(obs) =231 g 0.03 - y = 6.7 x 10-4x
V3a(obs) =] |
3 .
0.02 .
F F F,C | =29x10"x
F.C "standard condition” 3 Ph,_F - y
3 Ph  +  PhB(OH), > O 0.01 -, . .
F Ph 1 _—®
CF3 0.00 "/ T T T T T T T T T T T
3a 2a 0 10 20 30 40 50 60

Time (min)

X. Zhang, et. al. J. Am. Chem. Soc. 2021, 143, 13971. a2



2.3 C-F Activation via Transition Metal Induced Process

Rhsy(esp), (0.5 mol%), H,0 (2.0 equiv)

. : 0
0 TisNHNH, (0.8 equiv) NNHTfs DIPEA (4.0 equiv) or CsF (2.0 equiv) 0 : \‘S/Ll“
F Lewis acid or protic acid E CHCI; or DMAc H ' \b
R - R : P R '
F F 36-85% yield F F 26-98% yield FF ' CF3
: Triftosyl (Tfs)
Selected examples
0 0 0 0 Q
H
tho(v)JS(H Tol ’OF’)JS(H Ph\)S(H Ph\/\)J»(H
sF F “F F FF FF br Me F F
80% yield 98% yield 96% yield 92% yield 69% yield
0 Q N o) o 0
H MeO H
0o H - ) N H
F
I % O O Nn— FF FF "
s me OMe
83% yield 94% yield 94% yield 94% yield 72% yield
9 0
F H . 9 ? R=4-Me, 98% yield R =3-CN, 66% yield
7 <o H X H' R =4-Bu, 98% yield R = 3-NO,, 62% yield
5 FF FF RU __J FF  R=4NMe, 88%yield R =4-CFj 91% yield
F R = 4-Cl, 98% yield R =4-COOEt, 88% vyield
R = 4-OCF3, 80% yield R =4-Vinyl, 74% yield
67% yield 97% vyield 63% yield R =4-Ph, 97% yield

X. Bi, et. al. Angew. Chem. Int. Ed. 2022, 61, €202116190.
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2.3 C-F Activation via Transition Metal Induced Process

TfsNHNH,,

Rhy(esp),, DIPEA or CsF,

o] . . . . NNHTfs
F Lewis acid or protic acid F D,0, CHCI; or DMAc
R ) > R >
F F 30-87% yield FF 63-99% yield
Selected examples
0 0 0 Q 0
Ph D D
D D MD W
F F F F °F F ip Me F F FF
r
90% (99% D) yield 87% (97% D) yield 89% (94% D) yield 78% (99% D) yield 86% (99% D) yield
') O @) 0] O
D D /©)S<D /©)S<D /©)S<D
F F F F F F F F
0o FF F,CO By Me,N Br
95% (97% D) yield 85% (95% D) yield 94% (100% D) yield 90% (97% D) yield 92% (95% D) yield
Q (i) TfsNHNH, 9 (i) TfsNHNH, Q
F H = H
R (ii) [Rh], H,O R (ii) [Rh], H,O R
F F F F F H
R = Alk, (het)Ar; R = F, CF3, Alk.. Tfs = 2-(Trifluoromethyl)benzenesulfonyl
TfsNHNH, H,0 \fsNHNHZ H,O
Carbene Strategy
NNHTfs [Rh] Rh NNHTfs [Rh] Rh
F — F H H
R R R R
F F F F F F F F

X. Bi, et. al. Angew. Chem. Int. Ed. 2022, 61, €202116190.
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2.3 C-F Activation via Transition Metal Induced Process

AGsol ¥ ¥ H ¥ H‘ ¥
kcal/mol Rh(esp)s |’_|\O,H o E H’O-H‘o’H
] s —_ | |
Ph 7\ CF Rh ! s -, C\ O H
< 3 2(esp)2\Y_C|:3 Rhy(esp)y ; I\: F Rhy(esp)y” ~N\a--=
Bn Bi F |

TS2 TS3 TS4 TS5

Rha(esp)z
\_(\CFg,

Ph

TS1

CF5
Ph& -416 H H H-O F
© L O'@F >C 0
z ha(esp);+é—F Br” i F B NCEH
\ n
Ph A CE Bl Rha(esp), ?
-45.5 3
E E Int1 Int2 P
| E B-H migration nucleophilic attack — HF elimination ——»|—— [1,3]-proton shift —->|

X. Bi, et. al. Angew. Chem. Int. Ed. 2022, 61, €202116190. 45
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3. Summary and Prospection

s

~N
E F Ph—llNTf2l

F
g
/Ph Z Ph

\_ J
o Lewis Acid/Frustrated Lewis Pair 0
FG
> ) o

nucleophile (major) FF

-
F FQ-F 9
- E )/ F E% RJH‘/ - ¢ g
Ar F | N/ F electrophile (minor) Ar FG
\

FF FF
————— SET Induced Process
r N
Rh v
F F
R
FF
. y

Transition Metal Induced Process
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3. Summary and Prospection

R' R?
e
chiral \L/
’
)
? 0 R'R?
- *
RJ%g
F F
(0]
FG
RJX
F F
Fe], [Co], [Mn
[Fe], [Co], [Mn] -
? Ar FG
| |
F F

develop more electrophile
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