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Synthesis of a-Trifluoromethylated Ketones from Vinyl Triflates in the
Absence of External Trifluoromethyl Sources
Takuji Kawamoto,* Rio Sasaki, and Akio Kamimura*

Abstract: A novel method for the conversion of vinyl triflates
into a-trifluoromethylated ketones in the absence of external
trifluoromethyl sources is described. This process accom-
plishes an efficient migration of the trifluoromethyl group of
the triflate to the a-position in the ketone through a radical
process. The reaction proceeds by the addition of a trifluor-
omethyl radical to the vinyl triflate and subsequent fragmenta-
tion of the trifluoromethane sulfonyl radical. Based on this
reaction, a one-pot two-step procedure for the trifluoromethy-
lation of ketones was developed. The method presented herein
also allows the transfer of perfluoroalkyl groups from vinyl
perfluoroalkanesulfonates, which are readily accessible from
alkynes and perfluoroalkanesulfonic acids.

Trifluoromethylation is an important transformation as the
introduction of a trifluoromethyl group endows pharmaceut-
icals, agrochemicals, and building blocks in materials science
with a variety of interesting properties.[1] Over the past
decade, considerable effort has been dedicated to the efficient
introduction of trifluoromethyl groups.[2] Key compounds for
the preparation of such fluorinated products are a-trifluor-
omethylated ketones, which have been widely employed. For
the preparation of such trifluoromethylated ketones, several
methods have been developed. For example, the use of the
Umemoto reagent and the Togni reagent efficiently achieves
the electrophilic trifluoromethylation of enolates (Sche-
me 1a).[3] The nucleophilic trifluoromethylation of a-haloke-
tones with CuCF3 has recently been reported by Grushin et al.
(Scheme 1b),[4] while the radical trifluoromethylation of
enolates is well established (Scheme 1c). In 1990, Oshima,
Utimoto, and co-workers reported the first radical trifluoro-
methylation of silyl or germyl enol ethers initiated by
triethylborane (BEt3),[5] and the scope of this radical trifluoro-
methylation was subsequently extended by Mikami and co-
workers, who used other initiators.[6] Recently, MacMillan
et al. reported that such trifluoromethylations can be initiated
by irradiation with visible light.[7] Since all these methods
require external trifluoromethyl sources, which often contain
large activating groups and/or heavy metals, this situation can
still be improved.

Vinyl triflates are valuable electrophiles for a variety of
transition-metal-catalyzed coupling reactions.[8] In compari-
son, their use in radical reactions has received less atten-
tion.[9, 10] In 2010, for example, Kim and co-workers reported
that vinyl triflates react with activated alkyl halides to form a-
alkylated ketones (Scheme 2a). This procedure could also be
applied to the alkylation to unactivated C�H bonds (Sche-
me 2b). It should be noted that the trifluoromethyl radical
plays an important role in the reaction, even though it is
consumed during the process. Incorporating vinyltriflate-
derived trifluoromethyl radicals into the final products would
open a new avenue in trifluoromethylation chemistry. Herein,
we report the BEt3-initiated radical trifluoromethylation of
vinyl triflates (Scheme 2c). We developed a one-pot protocol
that enables the trifluoromethylation of ketones without the
isolation of pregenerated vinyl triflates. Furthermore, we

Scheme 1. Previously reported synthetic routes to a-trifluoromethylated
ketones.

Scheme 2. Radical reactions of vinyl triflates. EWG= electron-withdraw-
ing group.
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examined the potential use of vinyl perfluoroalkanesulfo-
nates for the synthesis of perfluoroalkylation products.

For our initial study, we chose 1-(4-chlorophenyl)vinyl
trifluoromethanesulfonate (1a) as a model substrate
(Table 1). Treatment of 1a in toluene with BEt3

[11]

(0.5 equiv) as a radical initiator afforded 1-(4-chlorophenyl)-
3,3,3-trifluoropropan-1-one (2a) in 15% yield (entry 1). A
GC-MS analysis indicated that methylbenzotrifluoride was
formed as a side product. This side reaction could be
suppressed by the use of benzotrifluoride (BTF) instead of
toluene, and it also increased the yield of 2a to 60 % (entry 2).
A further screening of solvents revealed that CH2ClCH2Cl
afforded 2 a in even better yield (entries 3–7). The use of
azobisisobutyronitrile (AIBN) instead of BEt3 was not
effective.

Encouraged by these results (Table 1), we then examined
the generality of the trifluoromethylation using a variety of
vinyl triflates (Table 2). The reaction of 1-phenylvinyl tri-
fluoromethanesulfonate (1b) furnished the trifluoromethy-
lated 2b in 76 % yield (entry 2). p-Halo- and p-ester-
substituted vinyl triflates (1 c–f) afforded 2c–f in good yields
(entries 3–6). The reaction of the cyclic enolate 1g also
worked well, thus yielding ketone 2 g in 58% yield (entry 7).
Conversely, the reaction of o- and m-substituted vinyl triflates
1h,i furnished 2h,i in merely moderate yields under these
reaction conditions, while the starting materials could be
recovered (entries 8 and 10). In these cases, the addition of
2,6-di-tert-butylpyridine improved the yield of 2h and 2 i to 74
and 52%, respectively (entries 9 and 11). The triflate 1j did
not generate the desired product 2j (entry 12). Thus, the
reaction is chemoselective toward aryl-substituted vinyl
triflates. This chemoselectivity is nicely illustrated by the
treatment of a mixture of 1 f and 1j with BEt3, a reaction
which resulted in the selective formation of 2 f in 74 % yield
(Scheme 3).

Moreover, we examined a one-pot synthesis for a-
trifluoromethylated ketones (Scheme 4). For example, the
treatment of 4-chloroacetophenone (1a’) with trifluorome-

thanesulfonic anhydride (Tf2O) and 2,6-di-tert-butylpyridine
(DTBP) resulted in the formation of the vinyl triflate 1a.[12]

Then, BEt3 (0.5 equiv) was added to the reaction mixture, and
furnished 2 a in 79% yield. This one-pot procedure offers
substantial advantages, especially for the trifluoromethylation

Table 1: Optimization of the reaction conditions.[a]

Entry Solvent Conv. [%][b] Yield [%][b,c]

1 PhCH3 33 15
2 PhCF3 (BTF) 97 60
3 CH3CN 100 71
4 THF 73 29
5 c-C6H12 93 58
6 CH2Cl2 99 71
7 CH2ClCH2Cl 97 83 (64)

[a] 1a (0.3 mmol, 0.33m), BEt3 (1m in hexanes, 0.15 mL, 0.5 equiv).
[b] Determined by 1H NMR spectroscopy using 1,1,2,2-tetrachloroethane
as an internal standard. [c] Yield of product, isolated after flash column
chromatography on SiO2, is given within parentheses. THF = tetra-
hydrofuran.

Table 2: Radical trifluoromethylation of vinyl triflates.[a]

Entry 1 2 Yield [%][b,c]

1 R = Cl (1a) 2a 83 (64)
2 R = H (1b) 2b 76
3 R = F (1c) 2c 88 (55)
4 R = Br (1d) 2d 89 (71)
5 R = I (1e) 2e 94 (77)
6 R = CO2Me (1 f) 2 f 81 (75)

7 58 (56)

1g 2g

8 53

1h 2h
9[d] 1h 2h 74 (52)

10 32

1 i 2 i
11[d] 1 i 2 i 52 (36)

12 0

1 j 2 j

[a] 1 (0.3 mmol, 0.33m), BEt3 (1m in hexanes, 0.15 mL, 0.5 equiv),
CH2ClCH2Cl (1 mL). [b] Determined by 1H NMR spectroscopy using
1,1,2,2-tetrachloroethane as an internal standard. [c] Yield of product,
isolated from flash column chromatography on SiO2, is given within
parentheses. [d] 2,6-di-tert-butylpyridine (1.2–1.3 equiv) was added.

Scheme 3. Chemoselective transformation of aryl-substituted vinyl tri-
flates.
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of labile vinyl triflates derived from either 4-acetylbiphenyl
(1k’) or 2-acetonaphtone (1 l’), which readily undergo hydrol-
ysis during column chromatography on SiO2. Using this one-
pot protocol afforded the trifluoromethylated 2k and 2 l in 59
and 37 % yield, respectively, upon isolation.

A plausible mechanism for this reaction is shown in
Scheme 5. Although the mechanism of the initiation step,[13,14]

that is, the formation of the trifluoromethyl radical is not
entirely clear at this stage, these radicals could react with the
vinyl triflate to afford the radical A, which could then
undergo b-fission to generate the a-trifluoromethylated
ketone 2 and trifluoromethanesulfonyl radical B, from
which the trifluoromethyl radical could be regenerated
rapidly upon extrusion of SO2.

[15]

Finally, we show that this method can also be used for the
synthesis of a-perfluoroalkylated ketones (Scheme 6). Under
the aforementioned optimized reaction conditions, 2m and
2n were generated in 59 and 53% yield, respectively, upon
isolation. These results clearly suggest that the present
method is quite effective for the preparation of various
types of a-perfluoroalkyl ketones.

In conclusion, we report the first example of a straightfor-
ward method for the preparation of a-trifluoromethylated
ketones from vinyl triflates in the absence of external
trifluoromethyl sources. Therein, the vinyl triflates act
simultaneously as the trifluoromethyl radical source and as
the radical acceptor. We have also developed a simple and
efficient one-pot synthesis for the formation of a-trifluoro-
methylated ketones from ketones. The results of this study
should contribute substantially to the advancement of tri-
fluoromethylation chemistry.

Experimental Section
The following trifluoromethylation of a vinyl triflates can be

considered representative: a solution of 1-(4-chlorophenyl)vinyl
trifluoromethanesulfonate (1a ; 95.7 mg, 0.33 mmol) in 1,2-dichloro-
ethane (1.0 mL) was treated with BEt3 (1.0m in hexanes, 0.16 mL).
The reaction mixture was stirred for 14 h at room temperature before
water (3 mL) was added, and the resulting mixture was extracted with
dichloromethane (3 � 5 mL). The combined extracts were concen-
trated in vacuo, and the residue was purified by flash column
chromatography (silica gel, hexane-EtOAc, 15:1, v/v) to afford 2a in
64% yield (47.6 mg, 0.21 mmol).

The following procedure is representative for the one-pot
fluoroalkylation of acetophenone derivatives: a solution of 4-
chloroacetophenone (1a’; 76.7 mg, 0.50 mmol) in 1,2-dichloroethane
(2.0 mL) was treated with Tf2O (0.13 mL, 0.75 mmol, 1.5 equiv) and
2,6-di-tert-butylpyridine (198 mg, 1.0 mmol, 2.0 equiv). After 2 h,
BEt3 (1.0m in hexanes, 0.25 mL) was added and the reaction mixture
was stirred for 14 h at room temperature before water (3 mL) was
added, and the resulting mixture was extracted with dichloromethane
(3 � 10 mL). The combined extracts were concentrated in vacuo, and
the residue was purified by flash column chromatography (silica gel,
hexane-EtOAc, 15:1, v/v) to afford 2a in 63% yield (69.6 mg,
0.31 mmol).
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Scheme 4. One-pot synthesis of a-trifluoromethylated ketones.

Scheme 5. Proposed mechanism for the radical-mediated synthesis of
a-trifluoromethylated ketones.

Scheme 6. Synthesis of a-perfluoroalkylated ketones 2m and 2n from
vinyl perfluoroalkanesulfonates 1m and 1n.
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