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ABSTRACT

A copper-catalyzed trifluoromethylation of aryl- and alkenylboronic acids with Togni’s reagent was described. The reaction proceeded in good to
excellent yields for a range of different substrates including heteroarylboronic acids and substrates with a variety of functional groups under mild
reaction conditions.

Trifluoromethyl-substituted arenes are prominent struc-
tural motifs found in pharmaceuticals, agrochemicals, and
organic materials.1 In particular, in medicinal chemistry,
mainly due to the fact that introduction of the trifluoro-
methyl group often brings significant improvements in
binding selectivity, lipophilicity, and metabolic stability,
incorporation of the trifluoromethyl group into drug-like
molecules has become a powerful and widely employed
tactic in the process of drug design. Classicmethods for the
preparation of trifluoromethyl-substituted arenes have
relied on two approaches: one involves C�F bond forma-
tion via a functional group transformation by a reactive
fluorinating reagent such as SbF3 or SF4,

2 and the other

includes C�C bond formation using a stoichiometric

amount of [CuCF3] reagent.
1e,3 However, both of these

methods suffer from either harsh reaction conditions and/

or limited substrate scope. In the past three years, several

strategies employing transitionmetal catalysts emerged for

the preparation of trifluoromethyl-substituted arenes with

a diversity of functional groups under relative mild

Scheme 1. Methods for Preparation of Trifluoromethyl-Sub-
stituted Arenes
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conditions. As illustrated in Scheme 1, these strategies can

be classified into the following: (1) An aryl halide coupling

with a nucleophilic “CF3
�” reagent with a catalytic amount

of copper or palladium catalyst.5 For example, Amii re-

ported the first copper-catalyzed trifluoromethylation of

electron-poor aryl iodideswithRuppert�Prakash’s reagent

CF3SiEt3 in the presence of CuI/1,10-phenanthroline.4,6 In

a landmark report, Buchwald reported a Pd-catalyzed
trifluoromethylation of aryl chlorides by use of judiciously

selected ancillary ligands.7 (2) An arylboronic acid coupling

with a nucleophilic “CF3
�” reagent in the presence of a

stoichiometric amount of copper catalyst under oxidation
conditions. Qing8 and Buchwald9 independently reported

such a process using an oxidant such as Ag2CO3 or O2,

respectively. (3) An arene coupling with an electrophilic

“CF3
þ” reagent through C�H activation.10 Yu reported

a straightforward protocol for direct trifluoromethylation
of arenes using Umemoto’s reagent in the presence of

Pd(OAc)2.
11 Inspired by these studies, we envisioned an

alternative strategy for the preparation of trifluoromethyl

arenes by coupling of a nucleophilic [ArCu] species gener-

ated from arylboronic acid with a copper salt and an
electrophilic [CF3

þ] reagent (Scheme 1, eq 4).12 Herein,

we disclose the first copper-catalyzed trifluoromethylation

of aryl- and alkenylboronic acids in the presence of Togni’s

reagent.

The trifluoromethylation of 4-biphenylboronic acid

with Togni’s reagent13,14 was chosen at the start of our

investigation as a model reaction. We first examined CuI

and 1,10-phenanthroline L1 as a potential catalyst for

reaction of 4-biphenyl boronic acid and Togni’s reagent

in the presenceof 2.0 equiv ofK2CO3 as the base indiglyme

(Table 1). The reaction occurred smoothly to give the

desired product in 90% yield as determined by 19F NMR

spectroscopy with an internal standard (Table 1, entry 3).

Various copper precursors were evaluated to understand

the effect of the precursor on the reaction. Copper catalyst

was essential to the reaction efficiency as the reaction

occurred in 36% yield in the presence of 5 mol % of CuI

but no conversion was observed in the absence of CuI

(Table 1, entries 1 and 2). Using other copper precursors

such as CuCl, Cu(OAc)2, or Cu(OTf)2 led to much lower

yields (Table 1, entries 5, 7, and 8). Using CuBr resulted in

comparable yield.The ratioofmetal/ligand also influenced

the conversion of the reaction. The best result was ob-

served with a 1/2 ratio of CuI/L1, while amuch lower 33%

yield of the product was observed with a 1/1 ratio of CuI/

L1 (Table 1, entry 4).We then further investigatedwhether

the yield could be improved by adding other chelating

amine ligands. Reactions with hindered 2,9-dimethyl-1,

Table 1. CuI-Catalyzed Trifluoromethylation of 4-Biphenyl-
boronic Acid with Togni’s Reagent in the Presence of Different
Ligandsa
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reagent (0.2 mmol), CuI (5 mol %), ligand (10 mol %), and K2CO3 (0.4
mmol) in diglyme (1.0mL) at 35 �C for 14 h. bYields were determined by
19F NMR analysis of the crude reaction mixture with an internal
standard. c 5 mol % of L1 was used.
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10-phenanthroline L2, however, occurred in a negligible

7%yield (Table 1, entry 9).Reactionswith otherdinitrogen

ligands such as 2,20-bipyridoneL3 and its derivatives L4 or

ligands L5�L6were less effective (Table 1, entries 10�13).
After indentifying an appropriate catalyst, we further

optimized other critical reaction parameters such as sol-
vent and base, as summarized in Table 2. Reactions in
strong, polar, aprotic solvents such as DMF, DMSO, or
NMP occurred in low yields (Table 2, entries 5�6 and 10),
while reactions in the nonpolar solvent toluene gave the

product in 9%yield (Table 2, entry 8). It was further found

that reactions in coordinating ether-type solvents such as

DME or diglyme occurred to full conversion after 14 h at

35 �C to give the desired product in good yield (Table 2,

entries 1 and 12), while reactions in Et2O or 1,4-dioxane

occurred in much lower yields (Table 2, entries 3 and 7).

Interstingly, the reaction was not sensitive to water. Reac-

tions in DME/H2O (9:1) occurred in slightly lower yields

than those in DME (Table 2, entry 11). The yield of the

product was further improved when a 1/1.2 ratio of

boronic acid/Togni’s reagent was used (Table 2, entry

12). The reaction was sensitive to the base. Using bases

such as Na2CO3, Cs2CO3, K3PO4, CsOH 3H2O, or KOH

led to much lower yields or no detectable product (Table,

entries 14�18).

With the optimized conditions (entry 13 in Table 2), we

have investigated the scope of the copper/L1-catalyzed

trifluoromethylation of aryl- and alkenylboronic acids.

The results are summarized inTable 3.Reactions of simple

arylboronic acids gave the corresponding trifluoromethyl-

substituted arenes in good to excellent yields (Table 3,

entries 1�7). Pharmaceutically interesting trifluoro-

methyl-substituted heteroarenes were synthesized in good

yields (Table 3, entries 8�10). Challenging functionalized

arylboronic acids were compatible with the reaction con-

ditions. Reactions of arylboronic acids with functional

groups such as enolizable ketones, esters, carbamates,

amides, and chlorides occurred in good yields (Table 3,

entries 11�14 and 18). It is interesting to note that alke-

nylboronic acids also converted effectively into trifluoro-

methyl-substituted olefins in reasonable yields (Table 3,

entries 15�18). The resulting trifluoromethyl-substituted

alkeneswere partially isomerized, although themechanism

of the isomerization remains elusive.

Table 3. CuI/L1-Catalyzed Trifluoromethylation of 4-Biphe-
nylboronic Acid with Togni’s Reagenta

aReaction conditions: 4-biphenyl boronic acid (0.5 mmol), Togni’s
reagent (0.6 mmol), CuI (5 mol %), ligand (10 mol %), and K2CO3 (1.0
mmol) in diglyme (2.5 mL) at 35 �C for 14 h. b Isolated yields. cDME as
solvent. dReactions for 24 h.

Table 2. Optimization of the CuI/L1-Catalyzed Trifluoro-
methylation of 4-Biphenylboronic Acid with Togni’s Reagenta

entry base solvent yield (%)b

1 K2CO3 DME 79

2 K2CO3 THF 52

3 K2CO3 Et2O 0

4 K2CO3 CH2Cl2 16

5 K2CO3 DMF 23

6 K2CO3 DMSO 28

7 K2CO3 1,4-dioxane 37

8 K2CO3 toluene 9

9 K2CO3 CH3CN 34

10 K2CO3 NMP 19

11c K2CO3 DME/H2O 63

12 K2CO3 diglyme 90

13d K2CO3 diglyme 97

14 Na2CO3 diglyme 21

15 Cs2CO3 diglyme 3

16 K3PO4 diglyme 21

17 CsOH 3H2O diglyme 17

18 KOH diglyme trace

aReaction conditions: 4-biphenylboronic acid (0.2 mmol), Togni’s
reagent (0.2 mmol), CuI (5 mol %), ligand (10 mol %), and K2CO3 (0.4
mmol) in diglyme (1.0mL) at 35 �C for 14 h. bYields were determined by
19F NMR analysis of the crude reaction mixture with an internal
standard. cThe ratio of DME/H2O is 9:1. dReaction was conducted
with a 1/1.2 ratio of 4-biphenylboronic acid/Togni’s reagent.
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In conclusion, we have demonstrated the first copper-
catalyzed trifluoromethylation of aryl- and alkenylboronic
acidswithTogni’s reagent. The reaction proceededwell for
a range of different substrates including heteroarylboronic
acids and substrates with a variety of functional groups
under mild reaction conditions.15 Mechanistic studies and
synthetic applications of these transformations are on-
going in our laboratory.
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