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4. The Trifluoromethyl (CF;) and Related Fluoroalkyl Group

4.1 Introduction to the CF; Group

The trifluoromethyl (CF;) group is the most important fluorine-containing functional group and is a

constituent of many pharmaceuticals and agrochemicals.

Examples:

Prevalence of fluorine-
containing groups in
pharmaceuticals:
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Fluoxetine (Prozac)
Antidepressant
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Dutasteride (Avodart)

Benign prostatic hyperplasia
treatment

Reviews: a) Wang,

Mefloquine
Antimalarial Drug

Liu, Chem. Rev. 2015, 115, 683.

Strong C-F Bonds impart

metabolic stability

Strongly electron-

withdrawing properties

Strongly hydrophobic

Cl

Efavirenz
HIV treatment
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b) Togni, Chem. Rev. 2015, 115, 650.



4.1 Introduction to the CF; Group

There are two main approaches for preparing CF5 Groups:
a) Fluorination: Fluorination of non-fluorinated precursors (formation of three C-F bonds)

b) Trifluoromethylation: Installation of the entire CF; group onto a substrate (formation of C-CF,
bond)

Trifluoromethylated organic compounds are still most commonly prepared industrially using fluorination
approaches.

Example: Halex Reaction
Halogen Exchange

Radical C-H (Halex)
Chlorination HF
N Me Cl, (3eq.) . ©/CC'3 SbCl; (10 mol%) Ay P
N UV Light, 180 °C = 100 °C z
Example: Deoxyfluorination of Carboxylic Acids
0 SF4 (2.5 €q.)
HF (cat.) CF
R~ TOH - L 3
_ CH,Cl, 60-100 °C "

10-20 bar, 4-12 h

There are three types of trifluoromethylation reaction: a) nucleophilic (with “CF,); b) radical (with CF,) and

c) electrophilic (with formal “*CF;"). o

a) Filler, Adv. Fluorine Chem. 1970, 6, 1. b) Nickson, J. Fluorine Chem. 1991, 55, 173.



4.2 Nucleophilic Trifluoromethylation

4.2.1 The CF; Anion

The ~CF; anion is rather unstable due to electrostatic repulsion between the fluorine lone pairs and the
negative charge. a-Elimination of fluoride can occur leading to highly reactive difluorocarbene.

As the a-elimination is
entropically favoured,
~CF; can be stabilised at
low temperatures (-78
°C). Encapsulation of the
counterion in a crown
ether or cryptand can
also reduce o-
elimination by
disfavouring M—-F
interactions.

\
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Difluorocarbene

[K(Kryptofix-222)][TIPS(CF3),]

TIPS-CF3T
TIPS-CF4
THF, -78°C _ -
KON d % 0
Kryptofix-222 ( 3 0 P OH
R Ph” “H
N TN N C’/ -IIIH
Kryptofix-222 @Q’ \‘O\f) E 1 Ph/kCFs
THF, 78 °C 0 F
[K(18-crown-6)(CF3)] J D,O
D-CF,
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Grushin, Angew. Chem. Int. Ed. 2015, 54, 15289.



The kinetic instability of a-fluorocarbanions towards elimination of fluoride is one factor behind the deleterious
effect of fluorine substituents on (fluoro)alkylation reactions: the “Negative Fluorine Effect (NFE)”.

i) n-BuLi, THF, —78 °C
o) . . o OHX Y
\\S// H 0O II) BF3 Etzo, —78 C, rt

Ph” +
XYy A

OO
Sulfone Reagent X=F Y=F 0%
(X, Y =H, ClorF) X=F Y=_Cl 72%
X=F Y=H 67%
X=ClLY=H 71%
X=F Y=SO,Ph 72%

Q o~Elimination Q E* )E\
+ F_ — — QWA 00000 Trmmmmmmmmmmem--- > 201y
R "R? R F R .

a-Elimination reduces concentration of

Fluorinated Carbanion is "hard"
fluorinated carbanion in the reaction mixture

Reactions with "soft" carbon electrophiles
are Mismatched
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Hu, Chem. Soc. Rev. 2016, 45, 4551.



4.2.2 Nucleophilic Trifluoromethylation Reagents

Nucleophilic trifluoromethylations are according not usually conducted using free “CF; anions but rather with

surrogate reagents where a nucleophilic CF; group is generated in situ. The most important reagent is the
Ruppert-Prakash reagent (Me;Si-CF;).

Ruppert-Prakash HO O N
e (O

Reagent F,C~ “CF, “N

H

(Fen, Weng, Huang, 2011)

R5SICF;
(R = Me, Et, iPr etc.) (Colby, 2013)
(Prakash, 1984)
- OH
Me, = I\Ille )\ ICI) 9
Me-Si-CF; — | F-Si-CF, N CF s
Mé Me Me XK\ 3 F3C/S\OR F;C” 'NR,
Activation with Fluoride (Langlois, 2001) (Langlois, 2000) (Langlois, 2000)
Cost: ca. €3600 per mol
L
MesSiO NM :CF, Source + F " CFs Me,N.  NMe, o
o N (or DMF) ro 5 OR Me,N  NMe ’
FsC” "Ph (or DBU) OR 2 NMe;
(Motherwell, 2002) (Burton, 1985) (Gool3en, 2011) (Dolbier, 2001)
’ (Xiao, 2015)

124
Review: Wang, Liu, Chem. Rev. 2015, 115, 683.



4.2.3 Nucleophilic Addition to Carbonyl Groups

Nucleophilic trifluoromethylation with the Ruppert-Prakash reagent is generally successful for a wide-range of
carbonyl compounds such as aldehydes and ketones, as well as activated imines.

0 Lewis Base Activator OSiMes _

- OH
JJ\ Me, . (usually F™) F ’)\
R1 R2 + Me_/SI_CF3 > R1 CE > R1 CE
Me THF or DMF R2 ~"3 | or Hydrolysis Rz “rs
R" or R? = Alkyl, aryl, H
, Examples:
Mechanism:
X Me (':F3 _ -
MesSi-CF3 =—= Me/'ii_Me Reacts as " CF3"
o Me;Si-CF5
Me3Si-F I TBAF, THF
(it X = F) R™ R 0°C, 1h
: o
- SiMe;
? R/(\CF;,
R\ CF; R
R : ,
Catalysis Me;Si-CF; .
_ __ Ph [nBU4N][Ph3SIF2] HN/Ph
o CFy N~ Me, (TBAT, 15 mol%)
) Ve, Si-Me j +  Me-Si-CF, S -
R™ R 95 Ph Me THF rt, 1h 3
75%
R/(;CF:s

125
Review: Wang, Liu, Chem. Rev. 2015, 115, 683. a) Martinborough, J. Med. Chem. 2007, 50, 5049. b) Hudson, J. Med. Chem. 2007, 50, 4699. c) Prakash, Org. Lett. 2006, 8, 3589.



Addition to esters or Weinreb amides affords the corresponding trifluoromethylated ketones.

Examples:
@) . Me, I’\-/I/(Ia\/le
)J\ 0 Me;Si-CF;, CsF O/SI\ TBAF, THF @)
R™ "N" "Me > N >
I\|/Ie Toluene, rt, 24 h FRj\N/O\Me H,O,50°C,2h R~ 'CF3
3 [
Weinreb Amide L Me _
j\ Me;Si-CF3, TBAF (2.5 mol%) 0
R® OMe  golvent,-78 °Ctort, 18-72h  R” "CF3
Ester
Examples:
@)
95% 85% 68% 72% 81%

126
a) Leadbeater, J. Org. Chem. 2012, 77, 8131. b) Prakash, Olah, Angew. Chem. Int. Ed. 1998, 37, 820.



Asymmetric variants of these reactions have proved challenging. Moderate ee’s have been obtained using a
phase transfer catalysis approach with chiral quaternary ammonium salts.

MeO
1 ) Me3Si-CF3

TMAF (20 mol%)
chiral PTC (5 mol%)

0 tqu?ne/CHzClz OH
)J\ -60 °C 4{
~ A
A" "H  2)HCI(aq), THF, i, 1h ' 4 CFs
stereocentre
Examples:
Mechanism:
OH OH MeO
HQO
CF; O *"CF3 Me;Si-CF, . chiral PTC ; N
< Me4NF E—— Me4N CF3 e —— —~ * _CF3
O - Me;SiF - Me4NBr l}l y
82%, ee = 66% 99%, ee = 63% Ar
Chiral " CF3"source  a(
F,C.. OH

)
Ar)J\H
o9 o

Asymmetric )\
Reaction *
96%, ee = 50% on Arm 7 CFy

et ]

4y |

Shibata, J. Fluorine Chem. 2013, 152, 46.



The Ruppert-Prakash reagent can be inexpensively prepared from fluoroform (CHF;) at low temperatures
with KHMDS.

M93Si\N/SiMe3 Me

F /_\K+ i M&;/Sl_CI y (i:F3 Me\
- + > |Me/Si-Me| ———> Me-Si-CF
FeH = |Fo-K fast Me" % | -KCl ve
F toluene, -40 °C F as Cl e
80%

7h Si-ate Complex

Other nucleophilic trifluoromethylations can also be conducted under these conditions directly from
fluoroform.

KHMDS, Et,0 on
= o) -78°Ctort
Fo—H + s, g R1%\CF
F R' R®  or BuOK, THF R2 73
-78 °C to rt
Examples:
OH OH
OH OH HO. _CF, OH o o
CF, CF
(o CF; Ph™/>cF,
POo®
0, 0,
49% 42% 51% 1% MeO F

54% 81%
128
Prakash, Science 2012, 338, 1324.



4.2.4 Transition Metal-Mediated Nucleophilic Trifluoromethylation of Aromatics (Cross-

Coupling)

As for palladium-catalysed fluorination reactions with fluoride, reductive elimination of a CF5; group from

Pd' is challenging.

P CFs  Xylene, 145°C, 64 h CF3
dppe Pd' .
7\

poor selectivity

<10%

P CFs  Xylene, 145°C, 6 h CF3
dppp /Pd{ > ©/
P Ph ca. 60% selectivity

/\

Ph  Ph

Xantphos O o) O

a) Grushin, J. Am. Chem. Soc. 2006, 128, 4632 b) Grushin, J. Am. Chem. Soc. 2006, 128, 12644. c) Ozawa, Organometallics 1989, 8, 180.

ca 30%

Benzene ©/CF3
80 °C

100%

Reductive elimination
favoured with large bite-
angle bridging phosphine

ligands
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A successful cross-coupling system was developed by Buchwald and co-workers using the very bulky
RuPhos or BrettPhos ligands,

Ligand: OMe
[(allyPdCI], (3 mol%) O
or Pd(dba), (6 mol%) O
% e Ligand (9 mol%) A CFs PCy, MeO PCy;
R - R iPrO OiPr r "
Et3Si-CF3 (3 GQ) or O
KF (2 eq,)
1,4-dioxane. 6-20 h iPr
RuPhos
BrettPhos
Examples:
Ph —
\/\/O/CF3 Me CF3 :: /CF3 N CF3 N—N CF3
OZN: i NC ()
80% 70% 72% 84% 80%

Bulky Buchwald ligands favour reductive elimination
and enable oxidative addition into aryl chlorides

Buchwald, Science 2010, 328, 1679.



Reductive elimination from Cu'll is thermodyamically more favourable than from Pd". Cross-coupling methods
using stoichiometric or catalytically-generated Cu-CF; complexes have thus been developed.

1/4 [Cu(OtBu)]4

1) phen 2) Et3SiCF3
benzene rt, 18 h
rt, 30 min 96%

I _— CF
I_\ / \ DMF - X 3
R—u _ + \ 7/ > R
N..  N= 25-50 °C =
(5 equiv) C|u
CF;
Trifluoromethylator
(phen)CuCF;,
Examples:
CF 7
O
OEt
MeO Ox Boc
(o)
96% 89% 93% 049% 99% 69% O
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Hartwig, Angew. Chem. Int. Ed. 2011, 50, 3793.



18F-Labelled CuCF; has been prepared from [*®F]Fluoroform and subsequently used to prepare radiolabelled
aromatics.

Y

[FIKF Aryl-|
F Krytofix-222 F i) CuBr, KOtBu E 130 °C. 10 min CF,'®F
E H > F)“TH > cu—¢F ] — R~©/
| MeCN, 20 °C F i) TREAT-HF 18F
10 min DMF, 20 °C, 2 min Method B
Aryl-B(OH),
air, 20 °C, 1 min

0
BocHN
°¢ %OMe
/©/ DMF, ["®F]CuCF; o
130 °C, 10 min BocHN
| oC \:)J\OMG
F30/©/

O
BocHN QJ\ ['8F]L-Phenylalanine
: OMe Method B Derivative

18F]CuCF
/©/ DMF, [ oF]Cu "3 A:48 +7% (n=3)
(HO),B air, 20 °C, 1 min

B: 89 + 4% (n = 3)

132
Vugts, Angew. Chem. Int. Ed. 2014, 53, 11046.



4.3 Electrophilic Trifluoromethylation

The high polarity of C—F bonds means that electrophilic trifluoromethylation with F;C-X derivatives (X =
leaving group) is challenging.

O- Electrostatic repulsion between fluorines
and incoming nucleophile disfavours attack.

Strong inductive electron-withdrawing effect
of fluorines can lead to an inversion in the
O- C-X bond polarisation.

NB. In many cases of successful electrophilic trifluoromethylation, single electron transfer (SET) from the
nucleophile to the electrophilic trifluoromethylating reagent followed by C-X bond mesolysis and radical
combination is likely the operating mechanism.

-— Radical

R SET F ; F Combination F
- . N Mesolysis T
Nu Fy—X ———= N | Fy2X — Nu' e EF ~  Nu——F
F F - X F F

133



4.3.1 Electrophilic Trifluoromethylation Reagents

Several “electrophilic” trifluoromethylating reagents have been introduced in recent years. The most
commonly-employed are the Togni Reagents (I and Il) and the Umemoto Reagent

Togni |

F3C_|_O
Me
Me

COzMe

S COoMe
CF,

Togni |l

F3C—I—0O

O

+
@) NM92

\ 7/

F3C/S\©

Umemoto

CF;

i)

@)

CF;

%

More reactive

134

a) Cheng, J. Org. Chem. 2016, 81, 3119. b) Médebielle, J. Fluorine Chem. 2013, 155, 124.



Electrophilic Trifluoromethylation with the Togni Reagents

A range of organic nucleophiles such as enols/enolates, sulfur (or sometimes oxygen) heteroatoms and
electron-rich aromatics.

Examples:
F3C_|_O
@) @)
OEt nBu4NI, K2CO3 CF3
MeCN, 28 h, rt 67%
F;C—I—O
@) @)
O5N
OZN%QEt 0 %OEt
R CH2C|2, -78 °C R CF3
89-99%
F3C_|—O

Y

e T

EtO)K(NHBOC EtO)K[NHBOC
_CF

SH CH,Cly, 78 °C S

82%
135
Review: Togni, Chem. Rev. 2015, 115, 650. a) Togni, Angew. Chem. Int. Ed. 2007, 46, 754. b) Togni, Chem. Eur. J. 2006, 12, 2579.



Example: Electron-rich Aromatics (Friedel-Crafts-type)

Lewis acids can activate the Togni reagents via coordination to the oxygen bound to iodine(lll).

F3C_|_O
X O
X (/ \§ X
R | or R or N - R _
N R Zn(NTf), or (Me;Si);SiCl N
X = OH, NH, Gl T
OMe
Examples:
NH, CF;
oo Gy CC
B N Cl CF;
99% 98% 52% 94%
NH2 OMe OH
CF; CF; CF;
66% 58% 43%

X
CF; ]\
CF3 é
Via:  F,c——0
@)
lZn(NTf)z

F3C\ _NTfZ _NTfZ /CF3

|+ +|

o. 0
o 0

Increased Electrophilicity

136
Togni, J. Fluorine Chem. 2010, 131, 951.



Electrophilic Trifluoromethylation with the Umemoto-type Reagents

O
o
.

0
rgc\Ifi]

+

0 57
F3C\I:%:T®CF3 CF, OTf

O
Me CF3 Ph/& 0
0 Ph/ﬂ\v,CF3

O

137
Reviews: a) Umemoto, Chem. Rev. 1996, 96, 1757. b) Zhang, Org. Biomol. Chem. 2014, 12, 6580.



4.3.2 Transition Metal-Mediated Oxidative Trifluoromethylation of Aromatics

Electrophilic trifluoromethylating reagents can be employed as CF; sources in oxidative trifluoromethylation
reactions of arenes catalysed or mediated by transition metals.

Example: Palladium-Catalysed C—H-Trifluoromethylation of Arenes

Examples:

88%

~-N
Me CF3

84%

Me/N ~N
CF;3

53%

Cl

Me

_N

55%

S__N

74%

CF3

CF;

Pd(OAc), (10 mol%) DG
Cu(OAc), (1 eq.)
> N CF;
TFA (10 eq.) R4
1,2-DCE, 110 °C, 48 h =
Mechanism:
DG DG
CF; L, Pd" H
Reductive C-H Insertion
Elimination
DG Pd'/Pd"V DG
|‘:\dIV|_n Cycle Pd''L,
CF;
Oxidative
Fluorination
"CF3*"
138

Yu, J. Am. Chem. Soc. 2010, 132, 3648.



Copper is most commonly employed as the transition metal catalyst with reductive elimination from Cu''-CF,

species being the key C-C bond forming step.

LS 1
o Me
§ Me
N CF; CF; OTf . B(OH); . PN CF,
R = R-1— T R
Z I (20 mol%) % | (5 mol%)
2,4 ,6-collidine (2 eq.) phen (10 mol%)
DMA,0°C-rt, 16 h K,CO5 (2 eq.)
diglyme, 35 °C, 14 h
Mechanism:
1. Qg0
or +
S
[Cu'|—Ar CFs
Transmetallation
s W Y
Ar—B(OH), > or .
S
Copper CF;
[Cu] Catalysis [Cul'l—Ar J
Ar—CF; .
CF Rad_lc_:al
Reductive ;3 Addition
Elimination

[Cul-Ar

& - QD

a) Liu, Chem. Commun. 2011, 47, 4300. b) Shen, Org. Lett. 2011, 13, 2342.
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4.4 Radical Trifluoromethylation

4.4.1 The CF; Radical

In contrast to the methyl radical, which is planar, the ‘CF; radical is pyramidal in structure. While the
electron-withdrawing inductive effect of fluorine helps to stabilise the radical centre, repulsion between the
fluorine lone pairs and the unpaired electron serves to destabilise the radical.

Hyperconjugative effects contribute to
favourability of the pyramidal stucture.

H VS.
H " "
Donation of electron density from the
CH3 Radical CF, Radical fluorine lone pairs into the low-lying,
planar pyramidal carbon-centred o*_¢ anti-bonding orbitals
"Nucleophilic" "Electrophilic” is not possible in the planar structure.
This effect is, however, even stronger in
Me Me O A fluoroform (CHF;) and contributes to the
X M _o_o_ R 2 R" low radical stability of ‘CF.
RO 0 TM7<M -Cco, )
o Me e - acetone .
:\\‘§\G*(C'F) - W O(CF
R = CF; < CHy < CHF, ~ CH,F : IS : i)
kee= 008 : 1 : 102 : 90 Stronger
140

Reviews: a) Studer, Angew. Chem. Int. Ed. 2012, 51, 8950. b) Dolbier, Chem. Rev. 1996, 96, 1557.



The 'CF; radical is less stable than the methyl radical but more reactive towards alkenes and other radical

acceptors.
/_\\ ~ ) |
'CHy  + ’“/\© _h HsCV\©
/_\\ . ) |
‘CF3 + r\/\© _F F3C\/\©
k|: . kH = 440

Due to the electron-withdrawing fluorine atoms, the ‘CF4 radical is electrophilic in character and reacts
faster with electron-rich alkenes.

Kaqq = 53 x 108 M 1s™ “__CF;
©/\ + 'CF, _ O/\/
F
F X . kadd =26 x 106 M_1S_1 F - CF3
+ CF3 >
F F F F
F F
©).\/CF3

Kaqq = 87 x 108 M's""

141
Reviews: a) Studer, Angew. Chem. Int. Ed. 2012, 51, 8950. b) Dolbier, Chem. Rev. 1996, 96, 1557.



4.4.2 Radical Trifluoromethylation via Direct Homolysis

'CF5; Radicals most commonly engage in addition reactions to 1r-systems generating a range of alkyl or
(hetero)aryl-CF; products.

A number of different trifluoromethylation reagents can be employed as sources of ‘CF; radicals. Weak bonds
(such as in F;C-I) can undergo homolytic cleavage upon irradiation with UVA light or heating.

Example: ATRA Reaction of Alkenes with CF;|

Radical
Addition

m
Propagation
Initiation
N
F3C

Photoly3|s

Atom

Transfer

NB. This process is a chain reaction - homolysis of the F;C-I bond is required only for the reaction initiation!
This is the case for pretty much all radical trifluoromethylation reactions.

142
Haszeldine, J. Chem. Soc. 1949, 2856.



4.4.3 Single Electron Oxidation of Nucleophilic Trifluoromethylation Reagents

Single electron oxidation of some nucleophilic trifluoromethylation reagents can be conducted using a variety
of oxidants. The Langlois reagent (sodium triflinate, NaSO,CF;) is most commonly employed as the ‘CF4
source.

Example: SET to Excited Acetone

O
8 The regioselectivity of this process is
F C/ \ONa (4 eq) CF . . ..
~H 3 N 3 determined by the innate reactivity of the
R | > R .
T acetone. hv g arene. Mixtures are often observed.
Examples: Mechanism: o
I
O /S\ —
F,C
QMe CF;  Me. N €0
/@iCFs >(©/ &I\ | N/>_CF3 O hv [ O ]*
07 "N —
MeO OMe Me )J\ )J\ O S0,
o o ) SET . 2 .
95% 54% (2:1) Caffeine-CF4 Fic” 50 e CFs
5 71% o i esolysis

F;C

B

| NH H
Uridine-CF3 Nko N_cF
38%  HO N 3

o)

OH OH

72%

H

©/CF3

H-Atom
Transfer

Radical
Addition

CF3

L)

143

Li, J. Am. Chem. Soc. 2016, 138, 5809.



Example: SET to fert-Butoxy Radicals

Q@
_S. (3-6 eq.)
F3C = ONa
tBUOOH (5-10 eq.)
HetAr—H >~  HetAr—CF3
CH,Cl,/H,0 (2.5:1), rt
Examples:
P o )
F4C
3 1 meo NAAC  Me. N : - , ,
N/KO N—cF, )\ />_c|=3 The regioselectivity of this process is
HO N determined by the innate reactivity of
o) )
Melatonin-CF Ve the arene. Mixtures are often observed.
51% Caffeine-CF;
OH 78%
Trifluridine-CF 5
57%
Mechanism: ('S?
F,C" O o
S T .
SET FsC° O SO, Improved reactivity is observed with
tBuO Mesolysis Zn(SO,CF;), (Zinc Triflinate)
Radical
Adadllt?:n 'CF C|S|) Zn/O\S/CF3
3 PASAN I
[ ><CF3 W, F;C™ 0~ O
[ )

144
a) Baran, Proc. Natl. Acad. Sci. U.S.A. 2011, 108, 14411. b) Baran, Nature 2012, 492, 95.



4.4.4 Single Electron Reduction of Electrophilic Trifluoromethylation Reagents

Most commonly, ‘CF; radicals are obtained via single electron reduction of electrophilic trifluoromethylating
reagents. With CF;l or triflyl halides, atom transfer radical addition (ATRA) processes are typically
observed with alkene substrates.

Example: ATRA Reaction with Triflyl Chloride

Mechanism:
@)
F;C—S—Cl 4 N
o) Cl
[RUCl,(PPhs)s] (1 mol%) Cl F3C\)\R
R - R)\/CF3
degassed CgHg A Y
120 oC, 24 h 34-87% Cl
PhsP:.. R' i PPhg
Examples: Ph3p/ \
Q
Cl Cl F;C-S—ClI Ruthenium . Chain
CF; CF; 6 Catalysis N o Propagation
cl ¢ :': 0
o) o) AN o
57 e Ph3P;Rl|J'QPPh3 " F3C- s Cl  ‘CF,
cl PhsP” L Cl
/\R

66%

145
Kamigata, J. Chem. Soc., Perkin Trans. 1 1991, 627.



Example: Photoredox-Catalysed Trifluoromethylation of (Hetero)arenes

\ 7/

F3C/S\CI
[Ru(phen);]Cl, (1-2 mol%)
(Het)Ar—H =
KH2PO4, MeCN, rt
: 26 W CFL
Examples:
OMe CF
AN 3
Fs A D
~
N~ “OMe Me™ s 3
78% (3:1) 82%
80% (3:1)

The regioselectivity of this process is
determined by the innate reactivity of the
arene. Mixtures are often observed.

NB. A radical chain mechanism is also

likely operating. Photoredox catalysis
serves as a smart initiation method.

Light bulb photo: from Unknown Author, licence: CC BY-SA-NC

(Het)Ar—CF;

[Ru(phen)s]**

Mechanism:
\ 7/

/S\
*[Ru(phen)s** FsC™ Cl

o O

\\ /

SET
F,C 2 Cl

Photoredox
3 Catalysis

[Ru(phen)]** [Ru(phen);]** M‘°‘3°'VS'SJ\ S0, + Cf
>—< Radical
Addition
CF3

- H+l Deprotonation

©/CF3

146
MacMillan, Nature 2011, 480, 224.



4.4.5 Transition Metal-Mediated Radical Trifluoromethylation of Aromatics

Addition of a ‘CF; radical to Cu' followed by a single electron oxidation can afford Cu''-CF, species central to
transition metal-catalysed arene trifluoromethylation.

F3C—I
OAc (20 mol%)
[Ru(bpy)3]Clo'H>O (1 mol%)

N B(OH), )
! = K2003 (1 eq)

DMF, 60 °C, 12 h

~ 26 WCFL
Examples:
o T
O
3
MeO™ N~ %
70% 66% 56%
T &
MeO \_/
O 64% 84% 54%

Light bulb photo: from Unknown Author, licence: CC BY-SA-NC

Mechanism:

[Ru(bpy)s]**

Reductive /©
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