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ABSTRACT

Bromothiophene derivatives react with aryl iodides catalyzed by a palladium complex in the presence of a silver(I) nitrate/potassium fluoride
system to induce coupling at the C −H bond, while the carbon −bromine bond is intact. The produced coupling product bearing the C −Br bond
allows further palladium-catalyzed C −C bond-forming reactions in reasonable yields.

C-H substitution reactions of aromatic compounds with
organic halides are of great interest in organic synthesis
compared with those of the related coupling reaction with
metallic reagents, which are prepared from the corresponding
halide.1 By contrast, the direct reaction at the C-H bond
would be more suitable for the synthesis of the derivatives
library of various functional groups as well as the reaction
would enhance atom efficiency of the synthesis.2 We have
recently reported that homocoupling of thiophene derivatives
takesplaceat thecarbon-hydrogenbondtoformbithiophenes.3

The reaction was effectively promoted by the addition of
silver(I) fluoride. Homocoupling was found to occur at the
C-H bond even when the reaction was carried out with
2-bromothiophene to afford the corresponding bithiophene,

where the carbon-bromine bond was intact. Our concern
has accordingly turned to the cross coupling of bro-
mothiophene derivatives at the C-H bond to introduce a
substituent into the thiophene ring. The C-H coupling of
bromothiophene, if successful, further transforms the ob-
tained coupling product by the reaction at the C-Br bond.
The combination of coupling reactions at C-H and C-Br
would open a new synthetic strategy for substituted thiophenes,
which attracts remarkable attention in the design of advanced
organic materials showing characteristics of liquid crystal,
light emission, and organic semiconductors.4 Herein, we
report that a new class of the activator system, silver(I)
nitrate-potassium fluoride, undergoes palladium-catalyzed
C-H substitution reactions of bromothiophene derivatives
highly efficiently.

The reaction of 2-bromothiophene (1a) and 4-methoxy-
1-iodobenzene (2a) was carried out with silver(I) fluoride
in the presence of a palladium catalyst. The corresponding
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coupling product was obtained in 50% yield after stirring at
60 °C for 5 h. A similar reaction with AgNO3/KF in place
of AgF was found also to afford3aa in 42% yield. It is
remarkable that the reaction at the C-Br bond is not
observed, and the reaction was shown to take place only at
the C-H bond adjacent to the sulfur atom of1a although
the yield of 3aa was moderate (Scheme 1). Arylation of

thiophene derivatives catalyzed by a palladium complex
bearing a bulky phosphine ligand has been shown recently
to proceed at 150°C in the presence of Cs2CO3.5 However,
the reaction of a thiophene derivative bearing an aromatic
C-Br bond would not be tolerable under such conditions.

Although attempted reactions at higher temperature and
for a further reaction period was examined in order to
improve the yield, little progress to yield the desired product
3aa was observed. The similar C-H arylation of 2,3-
dibromothiophene (1b) was also examined to result in the
comparable yield (41%). However, it was found that the
addition of AgNO3 in several portions dramatically improved
the yield. Indeed, the yield of the reaction of1b with 2a
improved to 83% when 0.5 equiv of AgNO3/KF was added
in four portions with stirring for each 2 h. Further optimiza-
tion revealed that the addition of AgNO3 (0.25 equiv× 5)
for 1 h × 5 afforded3ba in 87% yield. In addition, the
addition of tetrabutylammonium fluoride (TBAF) as a
solution of DMSO over a period of 5 h also furnished3ba
in excellent yield. The results suggest that AgF formed in
situ by the reaction of AgNO3 and KF causes degradation
by light or heat. Hence, a longer reaction period was not
effective to achieve the higher yield when the reaction did
not proceed in a reasonable reaction rate. The results are
summarized in Table 1.

The reaction of several bromothiophene derivatives was
examined with a variety of aromatic compounds. The results
are shown in Table 2. It was found that1a and1b reacted
with a variety of aryl iodides bearing an electron-donating
or electron-withdrawing substituent in moderate to excellent
yields. In addition, 3-methyl-2-bromothiophene (1c), 5-bromo-
2,2′-bithiophene (1d), and 2,4-dibromothiophene (1e) also
underwent the reaction. Fractional addition of AgNO3

similarly improved the yield of the C-H substitution reaction
when the reaction did not proceed efficiently. The reaction
proceeded with aryl iodides bearing an electron-withdrawing
group such as ethyl 4-iodobenzoate (2b), 4-iodobenzonitrile
(2c), and 4-iodobenzotrifluoride (2d) in good yields. In
addition, 2-iodonaphthalene (2e) also effected the coupling
reaction to afford3aeand3be in excellent yields.

The system, AgNO3/KF, and its fractional addition were
found to be similarly effective for the homocoupling reaction.
The reaction of 2-bromothiophene with a palladium catalyst
(3 mol %) in the presence of AgNO3/KF afforded the
corresponding bithiophene7a in 81% yield when the addition
of AgNO3/KF was carried out in two portions.6 Compared
to the raction with AgF,3 combination of inexpensive reagents
AgNO3 and KF is noteworthy to effect the homocoupling
reaction in a higher yield (Scheme 2).

Although homocoupling and cross-coupling are competi-
tive reactions in the presence of aryl iodide, no homocoupling
is observed in the reaction of a bromothiophene1 with aryl
iodide 2 under the conditions of method A of Table 2. As
we have shown previously, these reactions are completely
different despite the use of the same additive, AgNO3/KF:
homocoupling afforded Ag, while AgI was obtained in the
cross-coupling reaction.3,4aThe reaction of Pd(0) with aryl-I
to give aryl-Pd-I would be the faster pathway than the
reaction of Pd(0) with AgF to form Pd(II)F2, which induces
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Scheme 1

Table 1. Reaction of 2-Bromothiophene (1a) or
2,3-Dibromothiophene (1b) with 4-Methoxy-1-iodobenzene (2a)a

a Unless specified, the reaction was carried out at 100°C with 0.6 mmol
of 1 and 0.5 mmol of2 in the presence of PdCl2(PPh3)2 (5 mol %), AgNO3
(0.5 mmol), and KF (1.0 mmol) in 3 mL of DMSO.b Isolated yield.c The
reaction at 60°C. d TBAF (1.5 wquiv) was employed in place of KF and
added dropwise to the reaction mixture as a DMSO solution.

Scheme 2
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homocoupling of thiophene. Formation of bithiophene would
subsequently be supressed in the presence of aryl iodide2.7

Since the obtained C-H substitution reaction products3
possess a carbon-bromine bond,3 allows further substitution
reactions with several nucleophilic reagents. Hence, bro-
mothiophenes1 serve as a chameleon substrate that brings
about sequential electrophilic and nucleophilic substitutions,
without a protective group, at C-H and C-Br bonds,
respectively. Indeed, when3aawas treated with (2-thienyl)-
tributyl tin in the presence of a palladium/copper catalyst,

the corresponding bithiophene4 was obtained in 81% yield.8

The reaction of 1-octyne using 2-ethanolamine as an activa-
tor9 also underwent the Sonogashira coupling to afford5 in
a reasonable yield and Mizoroki-Heck reaction10 with ethyl
acrylate afforded6 as summarized in Scheme 3.

In summary, palladium-catalyzed arylation reaction of
bromothiophene derivatives was shown to take place at the
carbon-hydrogen bond adjacent to the sulfur atom, while
the coupling reaction at the carbon-bromine bond did not
occur at all. Such a C-H arylation without affecting the
bromo group by the palladium catalyst can be accomplished
because the reaction using a AgNO3/KF system proceeds
under mild conditions compared with other C-H aryla-
tions.2,5 Since the obtained arylation product still possesses
a carbon-bromine bond, further functionalization with
transition-metal-catalyzed bond-forming reactions such as
various cross-coupling reactions with main group reagents,
terminal alkynes, or activated or unactivated double bonds
may be applicable.
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Table 2. Reaction of Bromothiophene Derivatives with
Various Aryl Iodidesa

a Unless specified, the reaction was carried out at 100°C with 0.6 mmol
of 1, 0.5 mmol of2 in the presence of PdCl2(PPh3)2 (5 mol %), AgNO3
(0.5 mmol), and KF (1.0 mmol) in 3 mL of DMSO.b Method A: AgNO3
(0.25 equiv, 1 h× 5); Method B: AgNO3 (0.5 equiv, 2 h× 4). c Isolated
yield. The yield based on NMR is shown in parentheses.

Scheme 3
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