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Transition-metal-catalyzed decarboxylative cross-coupling
using carboxylic acids as aryl sources is of contemporary
interest.[1] This method does not use expensive and sensitive
organometallic reagents, and generates CO2 instead of toxic
metal halides. Early studies showed that a stoichiometric
quantity of copper could promote the decarboxylative
coupling of aromatic carboxylic acids with aryl iodides.[2]

Recently, Goossen et al. reported Pd/Cu-catalyzed decarbox-
ylative coupling of benzoic acids and a-oxo carboxylates with
aryl halides and triflates.[3] Related studies by the groups of
Myers,[4] Forgione,[5] and others[6–9] showed that palladium by
itself could also catalyze the decarboxylative coupling of
aromatic carboxylic acids. We reported a palladium-catalyzed
decarboxylative coupling of oxalate monoesters with aryl
halides,[10] and related decarboxylative reactions were also
reported recently by the groups of Tunge, Li, Chruma, and
others.[11]

Herein we describe the first, copper-only systems that
catalyze the decarboxylative coupling of potassium polyfluor-
obenzoates with aryl iodides and bromides [Eq. (1)].[12] The

importance of the study is twofold: 1) The new reactions can
replace the use of expensive but often less reactive[13]

fluorobenzene organometallics in the synthesis of polyfluor-
obiaryls, which are important molecules in medicinal chemis-
try[14] and material science.[15] They also provide a method
complementary to that reported by Fagnou and co-workers[16]

and Daugulis and co-workers[17] for fluorobiaryl synthesis
through C�H arylation of a polyfluoroarene. 2) Recently

Goossen et al. reported the copper-catalyzed protodecarbox-
ylation of aromatic carboxylic acids.[18] Nonetheless, there has
not been any example for copper-catalyzed decarboxylative
coupling of acids with aryl halides. Therefore, the reactions
reported herein represent a novel type of copper-catalyzed
cross-coupling reactions.[19,20]

Our work started with the decarboxylative coupling of
C6F5COOK with PhI. When 10 mol% of CuI/1,10-phenan-
throline was used as the catalyst, decarboxylation proceeded
rapidly in NMP at 160 8C but the yield of the desired product
was only 10 %. To improve the yield we lowered the reaction
temperature and found that the best compromise between the
reaction rate and yield is achieved at 130 8C. However, the
optimal yield remained at about 40% after we examined
many combinations of solvents and ligands. A breakthrough
was then made when diglyme was used as the solvent, and the
optimal yield obtained was 99% with or even without the
ligand.

A possible explanation for the outstanding performance
of diglyme is that diglyme can coordinate to K+, thereby
facilitating the complexation between CuI and C6F5CO2

� .
Extending the model reaction to other substrates showed that
both electron-rich and electron-poor aryl iodides could be
successfully converted and a range of functional groups were
tolerated (Table 1, entries 2–12). The reaction yields range
from good to excellent. Importantly, ortho substitution can be
well tolerated in the transformation (Table 1, entries 13–16).
In addition to phenyl iodides, other aryl substrates including
naphthyl, perfluorophenyl, and heteroaryl iodides can also be
used to produce the corresponding polyfluorobiaryls (Table 1,
entries 18–24).

The above protocol can be applied to aryl iodides but not
aryl bromides. This problem can be solved by using 1,10-
phenanthroline as a ligand. As shown in Table 2, copper-
catalyzed decarboxylative cross-couplings between potassium
pentafluorobenzoate and a variety of aryl bromides display
high yields ranging from 88 to 99%. These coupling reactions
can tolerate both electron-rich and electron-poor substrates
(Table 2, entries 1–9) and can also tolerate ortho substitution
(Table 2, entries 14–16). In addition, heteroaryl bromides are
acceptable substrates in the reaction (Table 2, entries 17–20).
Notably, copper-catalyzed decarboxylative cross-coupling of
potassium pentafluorobenzoate with 1-bromoadamantane
produces a C(sp3)�C(sp2) bond [Eq. (2)]. Moreover, the
method can be used to synthesize polyfluorostilbene in high
yields from vinyl bromides [Eq. (3)].[24]

The scope of the reaction with respect to fluoroarene is
presented in Table 3. Although diglyme is important for the
reactions with potassium pentafluorobenzoate, dimethyl
acetamide (DMA) affords better results for fluoroarenes
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containing fewer fluorine atoms. Under the optimized reac-
tion conditions, potassium monofluorobenzoate cannot be

efficiently converted, unless an ortho-CF3 group is added
(Table 3, entries 1–3). Once two F atoms are placed at each of
the ortho positions, the decarboxylative coupling of potas-
sium bis(fluorobenzoate) can proceed smoothly with both
electron-rich and electron-poor aryl iodides (Table 3,
entries 4–7). Similar reactions are also observed with tri-
and tetrafluorobenzoates having two ortho-F atoms (Table 3,
entries 10–18). In entries 14 and 15 of Table 3 some diarylated
by-products are also observed. This means that the direct
arylation of acidic C�H bonds of polyfluoroarenes[16–17] is a
side reaction in the copper-catalyzed decarboxylative cou-

pling of polyfluorobenzoates.
Goossen et al. previously conducted a

theoretical study on the mechanism of
copper-mediated decarboxylation of benzoic
acids.[21] For the copper-catalyzed decarboxy-
lative coupling described herein, there is a key
mechanistic question as to whether decarbox-
ylation occurs on copper(I) before oxidative
addition, or at the copper(III) stage. To solve
the problem DFT calculations were per-

Table 1: Copper-catalyzed decarboxylative cross-coupling between
potassium pentafluorobenzoate and aryl iodides.[a]

Entry Product Yield
[%]

Entry Product Yield
[%]

1 99 13[c] 96

2 99 14[c] 97

3 99 15 94

4 95 16 99

5 98 17 99

6 99 18[c] 99

7[b] 99 19[b] 80

8 99 20[b] 94

9 96 21 99

10 98 22 99

11[b] 92 23 61

12 99 24[d] 89

[a] Yields of isolated products were calculated based on the amount of
aryl iodide used. [b] 1.2 equiv C6F5CO2K was used. [c] 20 mol% CuI was
used. [d] 1,4-diiodobenzene was used as substrate.

Table 2: Copper-catalyzed decarboxylative cross-coupling between
potassium pentafluorobenzoate and aryl bromides.[a]

Entry Product Yield
[%]

Entry Product Yield
[%]

1 88 11 96

2 95 12 99

3 97 13 93

4 89 14 92

5 99 15 94

6 94 16 91

7 92 17 91

8 94 18 94

9 92 19 97

10 95 20 88

[a] Yields of isolated products were calculated based on the amount of
aryl bromide used. phen= 1,10-phenanthroline.
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formed to compare the two plausible mechanisms (Fig-
ure 1a).[22] In pathway I, the initial copper(I) complex 1
reacts with perfluorobenzoate to form 2, which then under-
goes decarboxylation via the four-membered-ring transition
state TS(2�3) (Figure 1b), which has an energy barrier of

+ 20.3 kcalmol�1. This step produces a new
copper(I) complex 3 which can react with PhBr
through oxidative addition (transition state
TS(3�3)).[23] The energy barrier of oxidative addi-
tion is + 30.0 kcalmol�1 and therefore, oxidative
addition constitutes the rate-limiting step in
pathway I. Finally, reductive elimination is
found to be a facile step and it finishes the

reaction producing C6F5Ph.
In pathway II, oxidative addition takes places first on the

complex 1. This step has a relatively low energy barrier of
+ 18.9 kcalmol�1. After oxidative addition the resulting
copper(III) species is pentacoordinated and therefore, decar-
boxylation at copper(III) has to pass through a hexacoordi-
nated transition state. As a result of the strong steric repulsion
in the hexacoordinated species, the energy barrier for
decarboxylation is calculated to be + 51.1 kcal mol�1. There-
fore, decarboxylation constitutes the rate-limiting step in
pathway II. By comparing pathways I and II we conclude that
decarboxylation likely occurs on copper(I) before oxidative
addition. This conclusion is in line with the observation by
Sheppard et al.[ 23a,b]

In summary, the decarboxylative cross-coupling of potas-
sium polyfluorobenzoates with aryl iodides and bromides
mediated by a copper-only system was discovered. This
reaction represents both a new type of copper-catalyzed
cross-coupling reaction and a new type of transition-metal-
catalyzed decarboxylative coupling reaction. The reaction is
practical for the synthesis of polyfluorobiaryls from readily
accessible and nonvolatile polyfluorobenzoate salts. In con-
trast to the previously reported decarboxylative coupling
reactions, palladium is not required for the present trans-
formation, meaning that both the decarboxylation and cross-
coupling steps in the newly discovered process are catalyzed
solely by copper. Theoretical analyses suggest that decarbox-
ylation should occur at first on copper(I) to generate a
polyfluorophenylcopper(I) intermediate, which then reacts
with aryl halides through oxidative addition and reductive
elimination to produce the coupling products.

Experimental Section
Representative procedure (Table 1): CuI (0.05 mmol, 9.5 mg), an
appointed amount of potassium pentafluorobenzoate (0.60–
0.75 mmol), and aryl iodide (0.50 mmol) (if solid) were placed in an
oven-dried 10 mL Schlenk tube. The reaction vessel was evacuated
and filled with argon, a process which was repeated three times. Then
aryl iodide (0.50 mmol) (if liquid) and diglyme (0.5 mL) were added
with a syringe under a counterflow of argon. The vessel was sealed
with a screw cap, stirred at room temperature for 10 min, and then
connected to the Schlenk line filled with argon. The reaction was
stirred at 130 8C for the appointed time (24 h). Upon completion of
the reaction, the mixture was cooled to room temperature and diluted
with ethyl acetate or petroleum ether (20 mL). The mixture was
filtered through a short silica gel column to remove the deposition.
The organic layers were washed with water (3 � 20 mL) and then with
brine. The combined organic layers were dried over Na2SO4 and
filtered. The solvents were removed under vacuum. Purification of

Table 3: Copper-catalyzed decarboxylative cross-coupling between aryl iodides
and other polyfluorobenzoates.[a]

Entry Product Yield
[%]

Entry Product Yield
[%]

1 trace 10 73

2 trace 11 95

3 68 12 80

4 73 13 21

5 78 14[b] 48

6 86 15[c] 69

7 83 16 97

8 89 17 95

9 88 18 82

[a] Yields of isolated products were calculated based on the amount of aryl
iodide used. [b] 46 % of diarylated product was also isolated. [c] 29% of
diarylated product was also isolated. See the Supporting Information for more
details. DMA= N,N-dimethyl acetamide.
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the residue by column chromatography on silica gel (EtOAc/n-
hexane 1:1) yielded the corresponding fluoroarene.
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