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ACT-C

 

23 HCF3,  
20,000-25,000 /

23

23

 

50%

C-F
Angew. Chem. Int. Ed. Inside Cover  

 
 
 

N
P

N
P
N

NN

NN

PP
N

N
N

N
N

N

tBu

t-Bu-P4

CF3 H
THF

CF3
R1 R2

O

R1 R2

OH

CF3

t-Bu-P4

a) Kawai, H.; Yuan, Z.; Tokunaga, E.; Shibata, N. Org. Biomol. Chem. 2013, 11, 1446.
b) Okusu, S.; K. Hirano; Tokunaga, E.; Shibata, N. ChemistryOpen 2015, 4, 581.
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2012-212058, 2012.9.26. 
2,3,4,5-

1,3-

Efavirenz S 2 2 5 4
1 1 1 3 2

 2014-034045, 2014.2.25
PCT/JP2015/055060. 

 Me3SiCF3

 
 
 

 
 
 
 

Nishimine, T.; Fukushi, K.; Shibata, N.; Taira, H.; Tokunaga, E.; Yamano, A.; Shiro, M.; Shibata, N. 
Angew. Chem. Int. Ed. 2014, 53, 517.

NN
OO

N

MeO
H

N
Et

H
N

N

OMe

Et

R1O2C
R2

F
CF3SiMe3

cat. (DHQD)2PHAL

C-F bond Activation

R1O2C
R2

F

up to 99% ee

+
R1O2C

R2

CF3

up to 96% ee

R
H

NC CN

X=BF4, OTf

Organic base

CO2R

O
H

X

S
CF2Br

Ph

Me
Me

Me
Me

R
CF2H

NC CN

CO2R

O
CF2H

O

O

R

Organic base

OCF2H

O

R

Cl

N
H

O

F3C

O

N

N
OMe

O

Me3

Br
H

Cl

NO2

O

1) catalyst (10 mol%)
    Me3SiCF3 (2.0 equiv)
    Me4NF (50 mol%)
    toluene/CH2Cl2 (1/1) (0.05 M)
    -70 ¡C, 10 h
2) TBAF, THF, rt, 1 h

Cl

NO2

OH

F3C

CF3

CF3

CF3F3C
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ACT-C

Gerald B. Hammond

 

Jun-An Ma Günter Haufe Yi-Yong 
Huang Dominique Cahard
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Me3SiCF3 Me3SiCF3

CF3Br  Me3SiCF3

 
23

20,000-25,000
/ (100

11,700 = 11,700) , 264 5%

 
—

Rf-H —
 

 
 

 

P4-tBu

1
2012 12 7  

RF H base
RF

R H

O

R RF

OH

*

RF = CF3, CF2H, CnF2n+1, ArCF2, ArCHF,etc.

N
P

N
P
N

NN

NN

PP
N

N
N

N
N

N

tBu

t-Bu-P4

CF3 H
THF

CF3
R1 R2

O

R1 R2

OH

CF3

t-Bu-P4

Kawai, H.; Yuan, Z.; Tokunaga, E.; Shibata, N. Org. Biomol. Chem. 2013, 11, 1446.



 6 

—
 

Rf-H —

 

( pKa 
25 28)

(
P4-tBu)

P4-tBu 20 mol%
ChemistryOpen 2015, 4, 581 P4-tBu

a [P4-tBu]H+ CF3

(b)  

P4-tBu a
[P4-tBu]H+

CF3

(b)  
 

:CF2

80 °C
tert-

33
Org. Lett. 2015, 17,  3802

R

H

CF3H (excess)
tBuOK 
(10 equiv)

n-decane
80-100 ¡C, 3 h 38-73%

N O

Ph

CF2H R2

N
N

N Bn

HF2C

R3

R

CF2H Ph Cl

N
OH

Ph N3

or
or

12 examples
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25
ArCF2CO2K

ArCF2- 2013-206694
ArCF2- 200 

26 ArCF2H

26 ArCFH2

LTMP (lithium tetramethylpiperidide) 
ArCHF-

- 78%
 

 
 

ACT-C ArCF2H
27 ArCF2H

ArCF2-

28
1,4-  

 
 
 
 
 
 
 
 
 
 

  

Ph

F

LTMP

THF
-78 ¡C, 2 h Ph

F

Ph

F

RR I

R = Me: 71% R = Et: 71%
R = Bu: 76% R = i-Pr: 77%

F

Ph

H
Me3Si-Cl

LTMP

F

Ph

SiMe3

-78 ¡C, 2 h
THF

53% y. (dr = 60/40)

PhCHO
F

Ph
OH

Ph

80 ¡C, 4 h
DMF

CsF

78%

F

R
F

Ar
C

H

F F
+

CO2Et LTMP (10 eq)

THF, -78 ¡C, 30 min
Ar

C
F F

CO2Et
Me

Me

1,4-addition

C
F F

NC

CO2Et
Me

66% 50% 61%

N C
F F

CO2Et
Me

C
F F

CO2Et
Me

CN
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27 TFEOSubPc
LED

LED
28

ChemistryOpen 2017, 6, 226  

R
catalyst R

X
Rf

Rf X

R
organocatalyst

visible light

R

I
CF3

F3C I

CF2 SPh catalyst CF2 SPh

*
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OH

I
F3C

I
F3C

F3C
I

I

3 h, 91% yield 3 h, 90% yield

Br

I
F3C

3 h, 92% yield

3 h, 90% yield

F3C I
6 h, 77% yield 6 h, 73% yield[a]

I
F3C

F3C
I

3 h, 81% yield

OTs

3 h, 92% yield

I
F3C

O

O
I

F3C

I
F3C

O

O

6 h, 78% yield6 h, 94% yield

I
F3C

6 h, 74% yield

[a] 0 equiv of NaOAc, 0.35 equiv of NaAsc were used.

CF3I (excess)
NaAsc (5 mol%)

NaOAc (1.0 equiv)
TFEOSubPc (1 mol%)

MeOH/MeCN (4/3), rt, Time 
Red LED (1 W)

R

I

F3C

R'

R

R'

B
NN

N N
N

N

RR
R

R

R

R
R

R R

R

R

R
Cl

R = OCH2CF3

TFEOSubPc

 
Pc

1-
Pc TFEOZnPc, 1 mol%

(1.5 ) (35 mol%) LED 1
93%

Molecules 
2017, 22, 1130

R1 R1
I

RF

TFEOZnPc (1.0 mol%)
Na ascorbate (0.35 equiv)

RFI (1.5 equiv)

MeCN/MeOH 4/3 (0.14 M)
white LED (10 W), rt, 1 h

HO
(RF = C8F17) 93%
(RF = C6F13) 94%
(RF = C4F9) 89%
(RF = CF3) 87%2

83%

O 85%

NC

22%

97%

77%

HO

83% (dr 3.7:1)

H
NO

O
93%

R
(R = OTs) 92%
(R = Br) 90%
(R = I) 94%

I

C8F17

70% (dr 1.8:1)

C8F17

I I
C8F17

I
C8F17

C8F17

I
I

C8F17

C8F17

I

C8F17

I
C8F17

I

R2

R2

I

C8F17

TFEOZnPc

N

N
N

N
N

N

N
N

Zn
R

R
R

R

R
R R R R

R

R

R

R
RRR

(R= OCH2CF3)
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—
2-

-

28 ArCF2•
11%

SPh

F F

R1
+

Bu3SnH (1.8 eq)
AIBN (0.15 eq)R2

R3 toluene
130 ¡C, 15 min

F F

R1

R2

R3

CF2CO2K

R1

PhS-SPh- CO2

R1 = CN, R2 = Ph, R3 = Me; 69%
R1 = CN, R2 = 4-ClC6H4, R3 = Me; 65%
R1 = CN, R2, R3 = Ph; 86%
R1 = CO2Et, R2, R3 = Ph; 77%
R1 = Ac, R2, R3 = Ph; 24%
R1 = CN, R2 = OBu, R3 = H; 11%

I

R1
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C-H
o-

26 10
27 11 2

 

CF3SiMe3 o-
 

 
 
 
 

 
 

A o- o-

Beilstein J. Org. Chem. 2018, 14, 182  
 
 
 
 
 
 
 
 
 
 
 

CHO

C=X C
X

O
C

CF3H
*

CF3SiMe3

CHO

CN

Et3N or KF

C

RF

O

N

HCl aq.
O

RF

O

72% y. (RF = CF3)

RF SiMe3

68% y. (RF = C2F5)
60% y. (RF = C3F7)
86% y. (RF = C6F5)

DMF

CHO
+

1) Me4NF (0.5 eq)

N

OMe
OH

N
H

Br

cat. A (0.10 eq)

toluene/CH2Cl2 (2/1)
-60 °C, 12 h

CF3

CF3

CN

O

O

CF3

*

2) HCl aq, THF

CF3 SiMe3

cat. A

78% y. (27% ee)
(2 eq)

CHO

C

CHO

C

CHO
+

1) Me4NF (0.5 eq)
cat. A (0.10 eq)

toluene/CH2Cl2 (2/1)
-60 °C, 12 h

CO2Me

O

O

CF3

*

2) HCl aq, THF

CF3 SiMe3

98% y. (38% ee)
(2 eq)

OMe

ON
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gem-
- Synlett 2015, 26, 63  

 
 
 
 
 
 
 
 
 
 
 

F
F

O

F F

OSiMe3 Me3SiO
F

F

BrCF2CO2Na

O
F
FNa2CO3

TBAF

O
F

71%

91%

MeOH

(:CF2)
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Ar1

F F

Ar2

O CF3SO3H (2 eq)

CH2Cl2
-20 ¡C, 30 min

O
Ar2Ar1

F

Ar1 Ar2

O

O

F

80%

BrCF2CO2Na
(:CF2)

Ar1

F F

Ar2

OH

O

F

Ar1

H

Ar2
- HF

O
Ar2Ar1

F

Products:

O

F

64%

Me
O

F

59%

MeO

O

F

59%

Cl
O

F

73%

Br
O

F

80%

Br

28
[2+2] [4+2] 

29
Diels-Alder gem-

I

Br

CF2CO2Et

Br

F
F

OEt
O

BuLi

F
F

O

CF2H

CO2Et

F
F

OEt
OSiMe3

F
F

OEt
OSiMe3

Me3SiCl

92%

E-X = PhS-SPh, Et-I

CsF, diglyme
80 ¡C, 24 h

CF2-E

CO2Et

65% (E = SPh)

E-X

26% (E = Et)

conc. H2SO4

(1 eq)

THF
-78 ¡C, 1 h

F

F

CO2Et

92%

F
F

OEt
O

20-87% (7 examples)

R R R

R

EtOH

F
F

OEt
OSiMe3

O

FF
R1

R2

O

R1 R2

O CH2Cl2, rt, 24 h

CsF (1 eq)

25-97% (6 examples)Diels-Alder

+
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24 sp3 -
(Angew. Chem. 

Int. Ed. 2012, 51, 12275. ) 

A 77% ee
C-F  

R1O2C
F Me3SiCF3

C-F bond ActivationR2

R1O2C
CF3

R2

chiral organocatalyst

F F
O

NH

O

Ar

(BSA)
CsF, MeCN

N
O

O

Ar
R

F
Me O

N
Me3Si

SiMe3

Chiral Amines

*
X

Nu-H

m

X = O, CH2, NR', S

FF nn
Si

Concept

F F
OH

F
O

R

R

R R

*C-F bond activation
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F F
R1O

H
N O

R2

F
R1O

N

O

R2

cat. A (10 mol%)
AgF (10 mol%)
BSA (1.2 eq)

CH2Cl2, 0 C, 72 h N
N

OMe

OH
Br

Ar
Ar = 3,5-(CF3)2C6H3Up to 77% ee

Ar
O

FF
O

N
PhN

O-SiMe3Me

Me3Si N

Silicon-induced C-F activation A

*

27 90% ee
B

Angew. Chem., Int. Ed. 2016, 55, 9432  
 

cat. B (10 mol%)
BSA (1.2 equiv.)

CH2Cl2 
-40 ¡C

Ar1O
FF

O
HN

Ar2

N
N

OMe

OH

CF3

CF3

F
Ar1O

N

O

Ar2

B
up to 92% ee

HF2

 
 

26
(t-Bu-P4)

N,N,N- -
 

25 1
C-F 3

Angew. Chem. Int. Ed. 2014, 53, 517 Morita-Baylis-Hillman (MBH)
Ruppert-Prakash Me3SiCF3

SN2’ C-F
96% ee

P4-tBu (cat.)
N(SiMe3)3

DMSO, RT
15 examples

F
RO

up to 98%

F
HO R

C-F bond 
activation

F F
O R

Si

N
SiMe3Me3Si

 + FSiMe3

+ N(SiMe3)3

HN(SiMe3)2

N(SiMe3)2

F

HP4-tBu HP4-tBu

N
P

N
P
N

NN

NN

PP
N

N
N

N
N

N

tBu

t-Bu-P4

F
RO

F
HO R

F
87%[b] (22 h) 67% (15 h)

F
O

F
O

F
O F

O

Me

Me

MeO

F
O

F
O

F
O F

O

OMe

OMe F

Cl

F
O

Cl

F
O

F
O

MeO

F
O

OMe

F
O

Me

F
O

Ph

F
O

83% (17 h) 84% (18 h) 83% (18 h)

84% (17 h) 72%[b] (18 h) 86% (16 h) 90% (18 h) 78% (15 h)

85% (19 h)98% (18 h) 92% (18 h) 89% (21 h) 76% (16 h)

Products:
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Ar Cl

N
OH

R'

F
RO2C

Me3SiRf
(DHQD)2PHAL

R'

F
RO2C

R1

Rf
RO2C

+
rac

up to 99% ee

up to 99% ee
Kinetic Resolution

RO2C
R'

O
N

Ar

Rf

Rf = F, CF3,
Containing 3 important topics
1) Asymmetric trifluoromethylation
2) Asymmetric fluorination
3) C-F bond activation

(R)

(S) CF2CF3, C6F5

25 Morita-Baylis-Hillman (MBH) C-F
26

(DHQD)2PHAL Me3SiCF3

C-F
98% ee Me3SiC2F5

 

(DHQD)2PHAL (10 mol%)
CF3SiMe3 (1.2 eq)

NN
OO

N

MeO
H

N
Et

H
N

N

OMe

Et

(DHQD)2PHALC-F bond Activation
CH2Cl2, -80 ûC, 24 h

R1O2C

R2

CF3

up to 98% ee

R1O2C
F

R2

64% y., 95 % ee 92% y., 98% ee

MeO2C
CF3

tBuO2C
CF3

99% y., 97% ee

MeO2C
CF3

Me

85% y., 95% ee

tBuO2C
CF3

Me

* * * *

Products:

MBH
MBH

MBH C-F
MBH

SN2’/SN2’
Angew. Chem., Int. Ed. 2016, 55, 6744  

 
 
 
 
 
 
 
 
 

(DHQD)2PHAL (10 mol%)

CH2Cl2, rt, 3 days

F

R2R1O2C

R2R1O2C

R3

R3

Me3Si
+

55-93% y.
85-92% ee
15 samples

NN
OO

N

MeO
H

N
Et

H
N

N

OMe

Et

(DHQD)2PHAL
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MBH

90% ee Chem. Commun. 2017, 53, 1128  
 

RO2C
R'

F
RO2C

R'

F Si
Nu

N

MeO

OH

N NN
O

H

N

N

OMe

(DHQD)2PHAL

Et Et

1,4-dioxane
RT, 48 h

MS 4

(DHQD)2PHAL
(10 mol%)

Me3Si N N

NN
Ar

Ph
MeO2C

NN

N N
Ph

Ph
MeO2C

NN

N N

Br

Ph
MeO2C

NN

N N

BrPh
MeO2C

NN

N N
Br

Ph
MeO2C

NN

N N

Me
PhMeO2C

NN

N N

MePh
MeO2C

NN

N N
Me

PhMeO2C

NN
N

N
Ar

rac

MeO2C
Ph

+ F
+

(S) (R)

92% ee 82% ee 90% ee 90% ee

90% ee90% ee90% ee

75-99% ee

Products

MBH C-F

CF3

CCl3

Angew. Chem., Int. Ed. 2016, 55, 
359

 

MeO2C
CCl3

97% y., 94% ee

EtO2C
CCl3

83% y., 94% ee

MeO2C
CCl3

71% y., 88% ee

MeO2C
CCl3

73% y., 95% ee

MeO2C
CCl3

78% y., 88% ee

Me

Me

Me
MeO2C

CCl3

90% y., 88% ee

MeO2C
CCl3

86% y., 87% ee

MeO2C
CCl3

68% y., 81% ee

Br CF3

NO2

MeO2C
CCl3

84% y., 90% ee

R1O2C
R2

TMSCF3 (2.0 equiv.)
(DHQD)2PHAL (10 mol%)

CHCl3 (1.0 M), -60 ¡C, 120 h

R1O2C
R2

CCl3F
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-CF2-
-SCF3

32 27
 

 
 
 
 
 
 

 

 
SCF3

26 SCF3 
   

Org. Lett. 2015, 17, 1063; Org. Lett. 2015, 17, 1094; 
Asian J. Org. Chem. 2015, 4, 525

CuF2 (20 mol %)
NMP, rt

N

N
R2

R2
SCF3R1

R1

R

X
SiMe3

R'

CuF2 (20 mol %)

R

X
SCF3

DMAc, rt, 10 h

X: CH2, O
R: aryl, alkenyl, alkynyl
R': H, alkyl

R'
up to 82%

25 examples

Ph
SO2CF3

O

I
Ph

Ar
N

SCF3

RAr-NHR

S

N
NHSCF3

N
H

NHSCF3
up to 99% yield

CuF2 (20 mol %)
NMP, rt

 
 (SCF2H) , 

27
R. Soc. open 

sci. 2016, 3, 160102  

R1 R3
R2

O O

Ph
SO2CF3

O

IPh

chiral catalyst

R1 R3
R2

O O

SCF3
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R2

NH

R3

R1

SCF2H

N
H

R1 R2

SCF2H

N
H

R

1,4-dioxane, rt.

enamine

indole

pyrrole

CuBr (20 mol%) SCF2H

up to 92% up to 85% up to 64%
15 samples 9 samples 6 samples

O
S

CF2H

OO

I
R'R

(2.0 eq.)

 
 

 
28 SCF2H

-
SCF2H

- - -
 

 

CuBr (20 mol%)

1,4-dioxane, r.t., 5 h 12-24 h
R1

O
OR2

O

SCF2HR1

NH

R2

O

O
SO2CF2H

I
MesO2N

1N HCl

O

CO2Me

O

CO2Me

O

CO2Me

O

CO2Me

O

CO2Me

O

CO2Me

MeO Me MeO

MeO

Br F

32% y.
85% ee

63% y.
86% ee

54% y.
93% ee

SCF2H

43% y.
86% ee

51% y.
90% ee

56% y.
85% ee

SCF2H SCF2H

SCF2HSCF2H

SCF2H

CO2Me

SCF2H

O

Me

36% y.
28% ee

O

CO2Et

61% y.
85% ee

SCF2H

 
 

 
C6F5

- C6F5

26 C6F5

ChemistryOpen 2014, 3, 233 -
C6F5

C6F5 -

98% ee C6F5 Trost
82% ee

C6F5  
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O
CO2R

O

CO2R

O

R*

R=allyl

O O

R*

asymetric 
decarboxylative 

allylation

asymetric 
alkylation

F

F

F

F F F F

F

F

F

F

F F

F

F

F

FF

F
F

R=alkyl, allyl, benzyl

R = allyl

decarboxylation

up to 98% ee

up to 82% ee

I

F
F

F

F
F

iPr

Pri iPr

17 examples

H
OTs
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24

24

Chem. Commun. 2009, 
1909; Adv. Synth. Catal. 2011, 353, 1247; Org. Synth. 2016, 93, 147

CuCl t-BuOK
Org. Lett. 2014, 16, 3456

 
5- -2- Fluralaner

2014

Angew. Chem. Int. Ed. 2011, 50, 7803-7806 26
5- -2-

4- DMF
ScienceOpen 

2015  

N
O

CF3

Me

O

HN
HN

CF3

O

Cl

Cl
Fluralaner

O N
Ar2

Ar1
X

O N
Ar2

Ar1

X

HF2C
1) Me3SiCF2H (2.0 equiv)
    Me4NF (1.5 equiv)
    DMF, rt, 4 h
2) 1N HCl, rt, 30 min

X = NO2, SO2CF3, SO2Ph 40-53% y.

I
R C2F5

OSiMe3

Ph
Ph

C2F5 CO2Et

11 examples
79-99% yields

CuI (10 mol%)
phen (10 mol%)

C2F5
R

CsF, diglyme, 80 ¡C
(2 eq)

+
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