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Using a Pd/Ag bimetallic system, arylations of simple arenes with perfluorobenzoic acids have been 
achieved by decarboxylative C–H bond functionalization, providing the desired cross-coupling products 
in moderate to good yields. These straightforward protocols provide new and efficient methods for the 
synthesis of fluorobiphenyl scaffolds under simple and mild conditions.

� 2013 Elsevier Ltd. All rights reserved.
Transition-m etal-catalyzed decarboxylative coupling is an
important and very attractive research point of organic synthesis 
in recent years.1 This method avoids the preparati on and use of
stoichiomet ric organometa llic reagents such as boronic acids and 
releases gaseous carbon dioxide as the leaving group instead of of- 
ten toxic or expensive metal salts. Representat ive examples in- 
clude the decarboxylati ve coupling of benzoic acids with aryl 
halides or triflates with carefully optimized Pd/Cu catalytic sys- 
tems,2 the decarboxylative olefination, and biaryl coupling of aro- 
matic carboxyli c acids with Pd/Ag catalytic systems,3 and other 
recent developmen ts of Pd-catalyze d decarboxylati ve coupling .4

However, the requiremen t of prefunctional ization of the coupling 
partners to activate the aromatic C–H bonds, for example, using 
aryl halides or aryl triflates as the synthetic substrates, limited 
the application of these kinds of decarboxylati ve aryl–aryl cross- 
couplings. To overcome this challenge, cross-coupling of unactivat- 
ed arenes was developed via direct C–H activation. In that case, a
directing group was usually necessary for the high chemo- and reg- 
ioselectivity of the transformat ion.5 An alternative strategy to
avoid installing a directing group for decarbox ylative cross-cou- 
pling was the use of electron- rich heterocycles ,6 or intramolecu lar 
direct arylation through Pd-catalyzed C–H activation.7

As part of our ongoing research on efficient palladium-cata lyzed 
direct cross-coup ling reaction,8 we aimed at the difficult but highly 
desirable coupling for the constructi on of complicated fluorinated
ll rights reserved.

: +86 797 8393670.
scaffolds,9 which have a potential value in the field of material 
science.10

Studies on the preparati on of polyfluorobiaryls via direct cross- 
coupling are widely reported for its considerabl e advantages over 
traditional organometa llical transformat ion process.11,12 Among
these current progresses, it is of note that decarboxylative coupling 
of electron-deficient perfluorobenzoates represented one to
polyfluorobiaryls.12

Neverthel ess, to the best of our knowled ge, the direct cross- 
coupling of perfluorobenzoic acids with simple arenes instead of
aryl halides or triflates is unprecedented to date (Scheme 1, Eq.
1). Herein we describe the first example of direct Pd-catalyze d
decarbox ylative arylation of perfluorobenzoic acids with simple 
arenes via C–H bond functionalization (Scheme 1, Eq. 2). With a
low loading of Pd catalyst (5 mol %) and ligand free, this direct ary- 
lation reaction provides a novel and efficient method for the syn- 
thesis of perfluorobiphenyls.

We began our investigatio n by choosing commerciall y available 
perfluorobenzoic acid (1a) and p-xylene (2a) as our initial model 
substrate s. The effect of reaction paramete rs on the conversion 
was summari zed in Table 1. It was found that the desired decarb- 
oxylative crossing-coupl ing product 3a was provided with a
remarkabl e 88% isolated yield in the presence of the catalytic 
amount of Pd(OAc)2 and stoichiomet ric Ag2CO3 at 130 �C in DMSO 
solution (Table 1, entry 5), whereas, small amounts of by-products 
3aa and 3ab through homo-coupling and oxidation of arene were 
detected. Other commonl y used palladium sources, such as
Pd(TFA)2, PdCl 2, Pd(CH3CN)Cl2, and Pd(PhCN)Cl2 were less effective 

http://dx.doi.org/10.1016/j.tetlet.2013.03.086
mailto:luohaiq@sina.com
http://dx.doi.org/10.1016/j.tetlet.2013.03.086
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 2
Decarboxylative arylation of polyfluorobenzoic acid 3a with various simple arenes 2a
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Scheme 1. Decarboxylative arylation of perfluorobenzoic acids.
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or completely ineffective (Table 1, entries 1–4). The yields col- 
lapsed significantly when the solvent was replaced by DMF, 1,4- 
dioxane, or NMP (Table 1, entries 6–8). DMSO proved to be the best 
choice, presumably because of its dual functions, not only as sol- 
vent but also as a ligand to activate the Pd catalyst and prevent 
the formation of palladium black.13 In addition, replacemen t of
the oxidant Ag2CO3 with Cu(OAc)2 or AgOAc led to lower reaction 
Table 1
Direct arylation of pentafluorobenzoic acid 1a with p-xylene 2aa

F

F F

F F

COOH
+

Cat. Pd
Oxidant

solvent, 130 °C
12 h

F
F

F

F
F

1a

3a

2a

3aa

O

H

3ab

+

+

Entry Pd (mol %) Oxidant Solvent Yield of 3ab (%)

1 Pd(TFA)2 Ag2CO3 DMSO 44
(10) (2.0 equiv) (0.1 mL)

2 PdCl 2 Ag2CO3 DMSO 5
(10) (2.0 equiv) (0.1 mL)

3 Pd(CH3CN)Cl2 Ag2CO3 DMSO 53
(10) (2.0 equiv) (0.1 mL)

4 Pd(PhCN)Cl2 Ag2CO3 DMSO 0
(10) (2.0 equiv) (0.1 mL)

5 Pd(OAc)2 Ag2CO3 DMSO 88
(10) (2.0 equiv) (0.1 mL)

6 Pd(OAc)2 Ag2CO3 DMF 32
(10) (2.0 equiv) (0.1 mL)

7 Pd(OAc)2 Ag2CO3 1,4-Dioxane 36
(10) (2.0 equiv) (0.1 mL)

8 Pd(OAc)2 Ag2CO3 NMP 34
(10) (2.0 equiv) (0.1 mL)

9 Pd(OAc)2 Cu(OAc)2 DMSO 19
(10) (2.0 equiv) (0.1 mL)

10 Pd(OAc)2 Ag2CO3 DMSO 41
(10) (2.0 equiv) (0.1 mL)

11 Pd(OAc)2 Ag2CO3 DMSO 87
(7.5) (2.0 equiv) (0.1 mL)

12 Pd(OAc)2 Ag2CO3 DMSO 89
(5) (2.0 equiv) (0.1 mL)

13 Pd(OAc)2 Ag2CO3 DMSO 54
(2.5) (2.0 equiv) (0.1 mL)

a Reactions were performed in a sealed tube under air with pentafluorobenzoic
acid 1a (0.3 mmol) and p-xylene 2a (0.9 mL).

b Isolated yield based on pentafluorobenzoic acid.
conversio n (Table 1, entries 9 and 10). After further optimization 
on the catalyst loading of Pd(OAc)2, the coupling product was ob- 
tained without any alteration in yield when the amount of
Pd(OAc)2 was reduced to 5 mol % (Table 1, entries 11–13).

Based on the optimized condition of direct decarboxylati ve ary- 
lation of pentafluorobenzoic acid with simple arenes, we pro- 
ceeded to explore the scope of the decarbox ylative arylation 
reaction of polyfluorobenzoic acid derivatives with various simple 
arenes. The results were presented in Table 2. It is intriguing to
note that chloride substitue nt in the substrate was tolerant to
the reaction system, despite lack of selectivity affording slightly re- 
duced but acceptable yields of the desired product (Table 2, entry 
3). Results of 1,2- and 1,3-disubsti tuted benzenes indicate that the 
steric effect dominate s the reaction regioselectivi ty at the prefera- 
ble less hindered C–H position (Table 2, entries 4 and 5). Less com- 
parably active polyfluorobenzoic acid substrates, even bearing 
electron- donating group such as MeO – were also sustainable to
the decarbox ylative arylation reaction under the same condition 
(Table 2, entries 7–8).

Aromatic heterocycle was also subjected to the reaction 
(Scheme 2). We are happy to find that the desired cross-coupl ing 
+
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a Reactions were performed in a sealed tube under air with polyfluorobenzoic
acid 1 (0.3 mmol) and simple arenes 2 (0.9 mL).

b Isolated yield based on polyfluorobenzoic acids.
c Yield determined as a mixture of isomers, and the ratio of isomers was calcu- 

lated by GC–MS or/and 19F NMR.
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Scheme 2. Arylation of pentafluoroarene and pentafluorobenzoic acid with 
aromatic heterocycle.
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Scheme 3. Arylations of pentafluorobenzene with benzene.
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product was obtained both using pentafluorobenzene and penta- 
fluorobenzonic acid in good yield.14

In order to confirm the possible existence of the silver species 
facilitated decarboxylative activation step, the electron-deficient 
pentafluorobenzene 4a was reacted with benzene under very sim- 
ilar reaction condition s (Scheme 3). Interestingly, using this Pd/Ag 
bimetallic system, arylations of simple arenes with perfluoroarenes
have been achieved by C–H/C–H bond functionalizati on in 88%
yield. On the base of these results, we think that the same silver 
species existed in these two kinds of reactions.
Pd(OAc)2 Pd
OA

F
F

F

PdF
F

Pd0AgI

Ag0

HOAc
H

F
F

F

F
F

I

II

III

Arlation

3f

VI

Sideproduct 1
Homocoupling

Cycle A

Scheme 4. Propose
A mechanism similar to the one proposed by Larrosa 6a could be
operative here to explain the formation of the decarboxylati ve cou- 
pling products and by-products in two intertwined catalytic cycles 
(Scheme 4). First, the palladium was inserted into the benzene ring 
via a reversible electrophili c palladation (I and II) process, which 
was reported by Van Helden and Sasson.15 Decarboxylati on using 
metal carbonates was well-establi shed in the literature,16 so a sil- 
ver species facilitated decarboxylati ve activation step (IV and V). In
these processes , II and V could lead to two by-products 4a and VI.
From the direct arylation of perfluoroarenes with simple arenes, 4a
could be easily recycled via oxidative arylation process with simple 
arene to obtain the same product 3f (Scheme 4, catalytic cycle A).
Transme tallation of Ar–Pd species II with silver species intermedi- 
ates V would then afford the palladium intermediate III, which 
could produce the coupled product 3f through reductive elimina- 
tion. Finally, oxidation of Pd0 to PdII (I), also performed by the silver 
salt, complete d the arylation cycle.

In conclusion, we have developed an efficient Pd catalyzed 
method for the direct decarbox ylative C–H arylation that allows 
the intermolecular coupling of a variety of electron-po or benzoic 
acids with simple arenes, based on a Pd/Ag bimetalli c system.17

With a low loading of Pd catalyst (5 mol %) and ligand free, the 
reaction provides the rapid and practical synthesis of perfluorobi-
phenyls, without any prefunctionaliz ation chemistry being 
necessar y.
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