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a b s t r a c t

A novel cross-coupling reaction of arenediazonium tetrafluoroborates with polyfluoroarenes is briefly
described. It has advantages of high reaction efficiency, excellent functional group compatibility, mild
reaction conditions, short reaction time, and inexpensive ligand. This reaction also can be performed
as a one-pot process from anilines omitting isolation of arenediazonium tetrafluoroborates. It has been
extended to the preparation of biaryls containing polyfluoroarene structural moiety.

� 2013 Elsevier Ltd. All rights reserved.
Multiple fluorine substituted biaryls are very important com-
pounds in our daily lives.1 In particular, these compounds play a
key role in medicinal chemistry2 and functional materials.3 In the
past decade, in order to synthesize these compounds, significant
progress has been made in the transition-metal-catalyzed direct
formation of C–C bonds between polyfluoro-arenes and arylha-
lides/arenes/arylboronic acids.4–6 Although arenediazonium salts
have been widely applied in this type of chemistry, they have
not been employed in the synthesis of multiple fluorine substi-
tuted biaryls yet. Arenediazonium salts represent an attractive
alternative due to their high reactivity and easy availability from
substituted aniline derivatives.7 Over the past few decades, arene-
diazonium salts have been used in the transition-metal-catalyzed
cross-coupling reactions as electrophiles like Heck, Suzuki–Mon-
aural, and Sonogashira reactions.8–10 In this study, the feasibility
of a transition-metal-catalyzed approach to biaryls containing
polyfluoroarene structural moiety from arenediazonium salts was
investigated.

The study was begun with examining the reaction of 4-fluor-
obenzenediazonium tetrafluoroborate 1a with pentafluoro-ben-
zene 2a in DMF at 130 �C. An initial screening showed that, 3a
could be isolated in a low yield without transition-metal-catalysts
(Pd or Cu), ligands (Phen or PPh3), or bases (K3PO4, Cs2CO3, or
t-BuOLi) (Table 1, entry 1). Besides, the reaction could not be
improved by only lowering or elevating temperatures (Table 1,
entries 2–4). In order to improve the yield of 3a, transition-me-
tal-catalysts were employed in this reaction. But no cross-coupling
ll rights reserved.
product 3a was obtained when using CuI or Pd(OAc)2 with Phen or
PPh3 in the presence of bases. Then, a screening of different sol-
vents (MeOH, THF, DME, DMF) was performed, in the presence or
absence of bases (Na2CO3, K2CO3, t-BuOLi) at temperatures ranging
from 30 to 140 �C, but there was also no cross-coupling product. In
all cases, the homo-coupling product 4a was always the main
product.

In order to overcome the limit of this reaction, a strategy was
proposed, in which the cross-coupling product 3a was formed by
an iododediazoniation reaction, followed by the formation of C–C
bonds between arenediazonium tetrafluoroborates and polyfluoro-
arenes. After some experimentations, 3a could be isolated in 35%
yield in the presence of Phen, CuI, KI, and K3PO4 in DMF at
130 �C and no homo-coupling product 4a was obtained (Table 1,
entry 7). Then, the reaction conditions were further optimized.
The type and amount of additive were changed (Table 1, entries
7–10). Results showed that, 3a could be isolated in 55% yield in
the presence of Bu4NI (1.5 equiv, Table 1, entry 9). Next, different
solvents were investigated and DMSO/MeCN afforded the yield of
67% (Table 1, entries 11–13). Increased amount of CuI and 1,10-
phenanthroline lead to a higher yield (Table 1, entries 14 and
15). Finally, the reaction time was shortened, and the best yield
of 81% was obtained when the reaction time was 4 h (Table 1, en-
tries 16–19).

Using the optimized condition (Table 1, entry 20), the scope of
the iododediazoniation/coupling reaction was examined with a
series of arenediazonium tetrafluoroborates 1a–o and pentaflu-
oro-benzene 2a. Results are summarized in Table 2. The electron-
rich and electron-poor arenediazonium tetrafluoroborates could
react with pentafluorobenzene to obtain the corresponding
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Table 1
Optimization study of cross-coupling of 4-benzenefluorodiazonium tetrafluoroborate 1a with pentafluorobenzene 2aa

F N2
+BF4

-

F F

F

F F

cat. + ligand
temperature

additive/K3PO4

 solvent, time

F

F F

F

FF
1a 2a 3a

F F

4a

Entry Cat (mol %) Ligand (mol %) Additive (equiv) Temperature (�C) Time (h) Solvent Yieldb of 3a (%) Yield of 4a (%)

1 — — — 130 24 DMF 10c 0
2 — — — 70 24 DMF 8c 0
3 — — — 110 24 DMF 9c 0
4 — — — 150 24 DMF 9c 0
5 CuI(10) Phen(10) — 130 24 DMF 0 50
6 Pd(OAc)2(5) P(Ph)3(10) — 130 24 DMF 0 65
7 CuI(10) Phen(10) KI(1.5) 130 24 DMF 35 0
8 CuI(10) Phen(10) NaI(1.5) 130 24 DMF 40 0
9 CuI(10) Phen(10) TBAI(1.5) 130 24 DMF 55 0

10 CuI(10) Phen(10) TBAI(2.5) 130 24 DMF 50 0
11 CuI(10) Phen(10) TBAI(1.5) 130 24 DMSO 60 0
12 CuI(10) Phen(10) TBAI(1.5) 130 24 DMSO/MeCN 67d 0
13 CuI(10) Phen(10) TBAI(1.5) 130 24 DME 58 0
14 CuI(20) Phen(20) TBAI(1.5) 130 24 DMSO/MeCN 75 0
15 CuI(40) Phen(40) TBAI(1.5) 130 24 DMSO/MeCN 70 0
16 CuI(20) Phen(20) TBAI(1.5) 130 12 DMSO/MeCN 72 0
17 CuI(20) Phen(20) TBAI(1.5) 130 6 DMSO/MeCN 78 0
18 CuI(20) Phen(20) TBAI(1.5) 130 4 DMSO/MeCN 81 0
19 CuI(20) Phen(20) TBAI(1.5) 130 2 DMSO/MeCN 54 0

a Reaction conditions: substrate 1a (1 mmol); 1a:2a:K3PO4 = 1:3:3; solvent 1.5 mL; under N2; Phen: 1,10-phenanthroline; TBAI: Bu4NI.
b Yields are isolated yields.
c Without base.
d Solvent: 1.5 mL MeCN/1.5 mL DMSO.

Table 2
Scope of the cross-coupling of arenediazonium tetrafluoroborates with pentafluorobenzenea

N2
+BF4

-

R

F F

F

FF

Phen(20 mol%)/K3PO4(3 equiv)
CuI(20 mol%)

130oC, 4h, MeCN/DMSO
TBAI(1.5 equiv)

F F

F

FF

R

1a-o(1 equiv) 2a(3 equiv) 3a-o

Entry Arenediazonium tetrafluoroborates 1a–o Products 3a–o Yieldb (%)

1

F N2
+BF4

-

1a F

F F

F

FF
3a 

82

2

Cl N2
+BF4

-

1b Cl

F F

F

FF
3b 

66

3

Br N2
+BF4

-

1c Br

F F

F

FF
3c 

78

4

MeO N2
+BF4

-

1d MeO

F F

F

FF
3d 

85
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Table 2 (continued)

Entry Arenediazonium tetrafluoroborates 1a–o Products 3a–o Yieldb (%)

5

H3CH2CO N2
+BF4

-

1e H3CH2CO

F F

F

FF
3e 

88

6

O2N N2
+BF4

-

1f O2N

F F

F

FF
3f 

84

7

N2
+BF4

-

1g 

F F

F

FF
3g 

84

8

N2
+BF4

-

1h 

F F

F

FF

3h 

89

9

N2
+BF4

-

Me
1i 

F F

F

FFMe
3i 

60

10

N2
+BF4

-

F

F

1j 

F F

F

FFF

F

3j 

62

11

N2
+BF4

-Me

1k 

F F

F

FF

Me

3k 

72

12

N2
+BF4

-

Me
1l 

F F

F

FFMe
3l 

75

13
N2

+BF4
-

Cl

Cl
1m 

F F

F

FF

Cl

Cl
3m 

55

14
N2

+BF4
-

Me

Me
1n 

F F

F

FF

Me

Me
3n 

80

15
N2

+BF4
-

F

F

F

1o 

F F

F

FF

F

F

F

3o 

64

a Reactions were carried out in 1 mmol scale; 1.5 mL DMSO/1.5 MeCN; under N2 atmosphere.
b Isolated yields.
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cross-coupling products 3a–o in moderate to excellent yields.
The reaction tolerated a variety of substituents including fluoro,
chloro, bromo, alkoxy, methyl, and nitro groups. It was noted that,
when using ortho substituents as substrates, the yields were
significantly decreased due to the steric hindrance (Table 2, entries
9 and 10).



Table 3
Scope of the cross-coupling of fluoroarenes with 4-methylbenzenediazonium tetrafluoroboratea

Me N2
+BF4

- H
Fn

Phen(20 mol%)/K3PO4(3 equiv)
CuI(20 mol%)

130 , 24h, MeCN/DMSO
TBAI(1.5 equiv)

Me
Fn

Entry Fluoroarenes 2b–h Products 3p–v Yieldb (%)

1

F F

FF
2b 

F F

FF

Me

3p 

80

2

F F

F

F
2c 

F F

F

Me F

3q 

73

3

F

F

F

2d 

Me

F

F

F

3r 

60

4

F

F

F

2e 

Me

FF

F
3s 

25

5

F

F
2f 

Me

F

F
3t 

55c

6
N

F

F

F

F

2g 

N

F

F

F

F

Me

3u 

60

a Reactions were carried out in 1 mmol scale; 1.5 mL DMSO/1.5 MeCN; under N2 atmosphere.
b Isolated yields.
c 2% Pd(OAc)2 as catalyst and 10% PPh3 as ligand.

R

1. t-BuONO, BF3· OEt2
THF, -15 to 0

2. pentafluorobenzene,20%CuI
20%Phen,150%Bu4NI, 130
DMF/MeCN

R

F F

F

F F
R= H 4h 3g(48%)
R= 2-Me 4h 3i(38%)
R= 4-F 4h 3a(73%)
R= 3-Me 4h 3l(56%)

Scheme 1. One-pot domino cross-coupling of anilines with pentafluorobenzene.
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Subsequently, the extension of the reaction to a variety of
fluoroarenes 2b–h was examined. Results are shown in Table 3.
The compounds of 1,2,4,5-tetrafluorobenzene 2b and 1,2,3,5-tetra-
fluorobenzene 2c could be arylated with excellent yields (Table 3,
entries 1 and 2). 1,3,5-Trifluorobenzene 2d could be arylated in
good yield to obtain the cross-coupling product 3r (Table 3, entry
3). However, the arylation of 1,2,4-trifluorobenzene 2e afforded
only a low yield of the cross-coupling product 3s (Table 3, entry
4). 1,3-Difluorobenzenes 2f was unreactive, with the CuI/Phen
catalytic system. After screening of the reaction conditions of
1,3-difluorobenzene 2f with 4-methylbenzenediazonium tetrafluo-
roborate 1k, use of the Pd(OAc)2/PPh3 catalytic system was
feasible. 1,3-Difluorobenzenes 2f reacted with 4-methylben
zenediazonium tetrafluoroborate 1k in good yield (Table 3, entry
5). What is more, 1,2,4,5-tetrafluoropyridine 2g could react with
4-methylbenzenediazonium tetrafluoroborate 1k in a moderate
yield (Table 3, entry 6).

Besides, the entire diazonium salt synthesis/iododediazonia-
tion/C–C bond forming sequence was performed as a one-pot
process, without the isolation of the arenediazonium salt interme-
diate11 (Scheme 1). After optimization experiments, the best result
was obtained when the reagents required for the arylation step
were added to a crude mixture following the preparation of the
diazonium salts that had been concentrated under reduced
pressure.

The possible reaction mechanism is shown in Scheme 2. When
the reaction proceeded without iodide anions, it resulted in
homo-coupling products of arenediazonium tetra-fluoroborates12

(Scheme 2, path a). However, if iodide anions were applied, the
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Scheme 2. Possible reaction mechanism.
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reaction would start with an iododediazoniation step, followed by
a cross-coupling reaction4b,13 (Scheme 2, path b). Control experi-
ment revealed that, arenediazonium salts were quickly converted
into the corresponding aryl iodides in the presence of iodide
anions.

In summary, a novel cross-coupling reaction of arene-diazo-
nium tetrafluoroborates with polyfluoroarenes has been described.
The reaction tolerates a variety of substituents including fluoro,
chloro, bromo, alkoxy, methyl, and nitro groups. Ortho substituents
such as fluoro and methyl are also tolerated. Bu4NI plays a key role
in the success of the reaction that proceeds through a domino
iododediazoniation/C–C bond forming process. Further, the entire
diazonium salt synthesis/iododediazoniation/C–C bond forming
sequence can be performed as a one-pot process from anilines.
Since arylamines are abundant and easily available, this transfor-
mation provides an efficient and economic approach for the prep-
aration of multiple fluorine substituted biaryls.
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