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Abstract A simple method for the synthesis of β-CF3 ketones through
copper/silver cocatalyzed oxidative coupling of enol acetates with
ICH2CF3 has been developed. Enol acetates were chosen as the source
of carbonyl group, giving the β-CF3 ketones in moderate yields. Control
experiments imply that a radical process maybe involved in this reac-
tion.

Key words β-CF3 ketone, oxidative coupling, radical reaction, enol
acetate

Incorporation of fluorine atoms into organic molecules
significantly enhances many of their properties, such as
solubility, metabolic stability, and bioavailability,1 as fluori-
nated functional groups can beneficially modify the elec-
tronic properties of compounds. Among organofluorine
molecules, CF3-containing compounds play a unique and
important role in agricultural and medicinal chemistry.2

Recently, significant progress has been made in the syn-
thesis of CF3-containing molecules,3 including the α-CF3
ketones4 and β-CF3 ketones.5,6 For the synthesis of β-CF3
ketones, the trifluoromethyl group can be derived from
Togni reagents,5c–e,5i–j ICF3,5b ICH2CF3,6 and other fluorina-
tion reagents. Among them, Togni reagents are most expen-
sive, and ICF3 is a gas at normal temperature, which is in-
convenient to use. Compared to the Togni reagents and ICF3,
ICH2CF3 is more suitable to be used as the source of trifluoro-
methyl group because of economic benefits and convenient
operation.

Enol acetate is an inexpensive and stable reagent, and
substituted enol acetates can be easily made from ketones.7
More importantly, enol acetate is a good object as the source

of carbonyl group.8 For example, in 2009, Shi’s group report-
ed the direct cross-coupling to construct C(sp3)–C(sp3)
bonds via Fe-catalyzed benzylic C–H activation with aryl
enol acetate, giving α-alkylated carbonyl compounds in
moderate yields (Scheme 1, reaction 1).8a Then, alcohols
and enol acetates were chosen as the starting materials, and
the same product α-alkylated carbonyl compounds were
obtained in good yields under the conditions of InI3, GaBr3,
or FeBr3, reported by Baba’s group (Scheme 1, reaction 2).8b

In 2014, Li’s group realized the synthesis of α-CF3 ketones
through Cu-catalyzed CF3 radical addition reaction of aryl
enol acetates (Scheme 1, reaction 3).8c Moreover, iodoesters
or iodonitriles were also used as the raw materials to react

Scheme 1  The reaction of enol acetates
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with enol acetates to give the ketoesters or ketonitriles
(Scheme 1, reaction 4).8d Based on the above reports and on
our research on synthesizing α-functionalized carbonyl
compounds,9 herein, we describe a straightforward synthe-
sis of β-CF3 ketones through copper/silver cocatalyzed oxi-
dative coupling of enol acetates with ICH2CF3.

We commenced our study with the reaction of enol
acetate 1a with ICH2CF3 (Table 1). The desired β-CF3 ketone
3a was obtained in 22% yield under the conditions of CuBr2
(10 mol%), Et3N (1 equiv), TBHP (3 equiv), and CH3CN (1 mL)
in a sealed tube at 100 °C for 24 h (entry 1). Other copper
catalysts, such as CuI, CuSO4, Cu(OAc)2·H2O, Cu(OTf)2, and
Cu(acac)2, were examined, and Cu(OAc)2·H2O performed
the best (up to 40% yield; entries 2–6). Then, we tried the
non-copper catalysts, Co(OAc)2, Fe(OAc)2, and AgOAc, but
the results were not satisfactory (entries 7–9). A variety of
oxidants were examined, such as di-tert-butyl peroxide
(DTBP), K2S2O8, tert-butyl peroxybenzoate (TBPB), and ben-
zoyl peroxide (BPO), and the results showed that TBHP was
the best choice (entries 10–13). Moreover, although base
played an important role in this reaction, to our disappoint-
ment, no better result was achieved when 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU), Et2NH, and K2CO3 were
chosen as the base, respectively (entries 14–16). Different
solvents were then examined, and none of the other sol-
vents was superior to CH3CN (entries 17–19). Interestingly,
when AgOAc was used as a cocatalyst, the yield of 3a in-
creased significantly from 40 to 62%, but other additives
had little impact on the reaction (entries 20–22). It was ex-
citing that a better result could be obtained when AgOAc
was replaced with Ag2SO4 (up to 70% isolated yield; entry
23).

With the optimal conditions in hand, a series of enol
acetates 1 were chosen to react with ICH2CF3, and the
desired β-CF3 ketones were obtained in moderate yields
(Scheme 2). Enol acetates having electron-withdrawing
groups such as halogen (F-, Cl-, Br-, and I-) at the para-posi-
tion, could give the corresponding products in moderate
yields (3b–e). Moreover, strong electron-withdrawing
groups, such as -CO2Me, -CF3, and -CN, could also be ap-
plied to the reaction and afford the desired products in 55,
45, and 54% yields, respectively (3f–h). Unexpectedly, when
1-(4-nitrophenyl) vinyl acetate (1i) was used as the sub-
strate, the reaction did not occur. In addition, the halogen
substituents at m- and o-position were examined, and gave
the desired products in moderate yields, but the conversion
rate of 1l was slow, likely due to the steric hindrance. Enol
acetates having electron-donating groups such as -Me, -OMe,
and -OAc, also smoothly generated the corresponding prod-
ucts (3m–o,3q). For the large conjugate system, 1-([1,1′-bi-
phenyl]-4-yl) vinyl acetate (1p) and 1-(naphthalen-2-yl)
vinyl acetate (1r) were chosen as the substrates, and the
desired products 3p and 3r were obtained in moderate
yields. However, to our disappointment, heterocyclic sub-

strates, 1-(thiophen-3-yl) vinyl acetate (1s) and 1-(furan-3-
yl) vinyl acetate (1t), were not suitable for the reaction.
Moreover, the method could also be used to synthesize β-
CHF2 ketone. When ICH2CF3 was replaced with ICH2CHF2 to
react with 1aor1m, the desired products 4a and 4m were
obtained in 41 and 38% yield, respectively.

To explore the reaction mechanism, several control ex-
periments were carried out (Scheme 3). 2,2,6,6-Tetramethyl-
1-piperidinyloxy (TEMPO), as a free radical inhibitor, was
used to react with ICH2CF3 under the standard conditions,

Table 1  Optimization of the Reaction Conditionsa

Entry Catalyst Cocatalyst Oxidant Yield (%)b

 1 CuBr2 – TBHP 22

 2 CuI – TBHP 18

 3 CuSO4 – TBHP 27

 4 Cu(OAc)2·H2O – TBHP 40

 5 Cu(OTf)2 – TBHP 31

 6 Cu(acac)2 – TBHP 34

 7 Co(OAc)2 – TBHP 11

 8 Fe(OAc)2 – TBHP 13

 9 AgOAc – TBHP 26

10 Cu(OAc)2·H2O – DTBP 18

11 Cu(OAc)2·H2O – K2S2O8  9

12 Cu(OAc)2·H2O – TBPB 24

13 Cu(OAc)2·H2O – BPO 28

14c Cu(OAc)2·H2O – TBHP 18

15d Cu(OAc)2·H2O – TBHP 23

16e Cu(OAc)2·H2O – TBHP 26

17f Cu(OAc)2·H2O – TBHP 20

18g Cu(OAc)2·H2O – TBHP 23

19h Cu(OAc)2·H2O – TBHP 15

20 Cu(OAc)2·H2O Co(OAc)2 TBHP 42

21 Cu(OAc)2·H2O Fe(OAc)2 TBHP 45

22 Cu(OAc)2·H2O AgOAc TBHP 62

23 Cu(OAc)2·H2O Ag2SO4 TBHP 73 (70)
a Reaction conditions: 1a (0.75 mmol), 2 (0.5 mmol), catalyst (10 mol%), 
cocatalyst (20 mol%), Et3N (0.5 mmol), oxidant (1.5 mmol), and CH3CN 
(1 mL) in sealed tube at 100 °C for 24 h.
b The yield was determined by 19F NMR analysis with trifluoromethyl-
benzene as an internal standard; isolated yield is given in parentheses.
c Et3N was replaced by DBU.
d Et3N was replaced by Et2NH.
e Et3N was replaced by K2CO3.
f CH3CN was replaced by 1,4-dioxane.
g CH3CN was replaced by 1,2-dichloroethane (DCE).
h CH3CN was replaced by DMSO.
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and the product TEMPO−CH2CF3 (5) was detected by GC-MS,
with 75% 19F NMR yield (Scheme 3A). When TEMPO was
added to the reaction of 1a and ICH2CF3 under the standard
conditions, the β-CF3 ketone 3a was not detected, but prod-
uct 5 was formed in 62% 19F NMR yield (Scheme 3B). The
two experiments show that the reaction may proceed
through a radical process.

Based on the experimental results and on previous re-
ports,6a,8d we propose a possible radical mechanism for the
reaction (Scheme 4). Initially, ICH2CF3 generates radical I in
the presence of copper/silver catalysts and a base. Radical I
is then captured by enol acetate 1, generating radical II,

which can be oxidized by TBHP to form cation III. Interme-
diates III or IV are finally hydrolyzed in the reaction media
to afford the product β-CF3 ketone 3.

Scheme 4  Possible mechanism

In conclusion, we have developed a new method to syn-
thesize β-CF3 ketones through copper/silver cocatalyzed
oxidative coupling of enol acetates with ICH2CF3.10 Enol
acetates, as the starting materials, are more extensive,
which can be easily made from ketones. Therefore, we have
every reason to believe that this will be a good way synthe-
size β-CF3 ketones.
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methane and washed with water. The separated aqueous phase
was washed with CH2Cl2. The combined organic layers were
washed with brine, dried over Na2SO4, filtered, and concen-
trated under vacuo. The crude mixture was purified by column
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