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ABSTRACT

The palladium-catalyzed direct 2- or 5-arylation of some free NH2-substituted thiophene derivatives was found to proceed in high yields using
a variety of aryl bromides. In the course of these reactions, no coupling of the aryl bromide with the thiophene NH2 substituent was detected.
The presence of an ester substituent on C2 of thiophene was found to be useful to block this highly reactive carbon.

In recent years, the palladium-catalyzed direct arylation of
heteroaromatics has emerged as a very powerful method for
the preparation of arylated thiophenes.1-3 However, there
are still limitations for these reactions in terms of heteroaro-
matic functional group tolerance. If the presence of acetyl,
formyl, nitrile, and methylalcohol as the functional groups
on the thiophenes has been described,4 on the other hand,
the use of free NH2 substituents has attracted much less

attention.5,6 In a few cases, protected amines have been
employed.7-10 However, the direct use of heteroaromatics
bearing unprotected functions, such as NH2, would be more
useful in organic synthesis since it would allow us to avoid
the protection/deprotection sequence and would provide a
more environmentally and economically attractive access to
such arylated heteroaromatics.8,9 Therefore, the discovery
of effective conditions, for the direct coupling of such
aminothiophenes with aryl halides, would be a considerable
advantage for industrial applications and for sustainable
development. Here, we wish to report on the reaction of
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thiophene derivatives bearing unprotected amino functions
with a set of electronically and sterically diverse aryl
bromides.

We decided to employ methyl 3-amino-4-methylthiophene-
2-carboxylate as the test substrate for our study. Carbon C2
of this substrate is blocked by an ester which can be easily
removed. This commercially available compound is a
precursor of articaine (Figure 1), which is actually the most
widely used local dental anesthetic in several European
countries.

First, we examined the influence of the base, solvent,
catalyst precursor, and reaction temperature for the coupling
of 4-(trifluoromethyl)bromobenzene with methyl 3-amino-
4-methylthiophene-2-carboxylate (Scheme 1, Table 1). We
observed that, in the course of this reaction, several
compounds can be obtained. However, the amination product
1f was not detected. On the other hand, the 2,5-diarylated
product 1b and the decarboxylated product 1c were obtained
in relatively high yields in some cases. We initially examined
the influence of the nature of the base on the product
distribution for this reaction using DMAc as the solvent.
DMAc is known to be a good solvent for direct arylations
of heteroaromatics.4j K2CO3, Na2CO3, or Cs2CO3 gave poor
conversions of 4-(trifluoromethyl)bromobenzene, and target

compound 1a was obtained only in traces (Table 1, entries
1-3). The use of acetates as the base gave better results,
and the desired compound 1a was obtained in 19-43%
selectivity together with moderate to large amounts of 1b
and 1c (Table 1, entries 4-6). It should be noted that the
inter- or intramolecular palladium-catalyzed amination of
some 3-aminothiophenes with aryl bromides has been
described using Cs2CO3 or K3PO4 as the bases in toluene.11

Interestingly, acetate appears to not be suitable to catalyze
the amination reaction, as no trace of 1f was detected. The
good performance of acetates as the bases is consistent with
a concerted metalation deprotonation (CMD) pathway.4k

Then, to reduce the amount of decarboxylated products, we
performed the reaction at 120 °C instead of 150 °C. At this
temperature, in the presence of KOAc as the base, DMAc

Figure 1. Articaine and its precursor.

Scheme 1

Table 1. Influence of the Reaction Conditions on the Selectivity for the Arylation of Methyl 3-Amino-4-methylthiophene-2-carboxylate
with 4-(Trifluoromethyl)bromobenzene (Scheme 1)a

entry solvent base catalyst temp (°c) convn (%) ratio 1a:1b:1c:1e

1 DMAc K2CO3 PdCl(C3H5)(dppb) 150 5 -
2 DMAc Na2CO3 PdCl(C3H5)(dppb) 150 13 2:0:1:8
3 DMAc Cs2CO3 PdCl(C3H5)(dppb) 150 11 2:1:4:0
4 DMAc CsOAc PdCl(C3H5)(dppb) 150 98 43:37:12:2
5 DMAc NaOAc PdCl(C3H5)(dppb) 150 43 28:5:5:4
6 DMAc KOAc PdCl(C3H5)(dppb) 150 100 19:66:11:3
7 DMAc KOAc PdCl(C3H5)(dppb) 120 100 93:3:1:1b

8 NMP KOAc PdCl(C3H5)(dppb) 120 100 84:2:3:10
9 DMF KOAc PdCl(C3H5)(dppb) 120 93 84:4:0:5
10 toluene KOAc PdCl(C3H5)(dppb) 120 63 58:0:0:5
11 DMAc KOAc Pd(OAc)2

c 120 100 78:15:6:1
12 DMAc KOAc Pd(OAc)2/dppb 120 92 83:1:0:8
13 DMAc KOAc 1/2 [PdCl(C3H5)]2 120 100 78:0:6:9
14 DMAc KOAc 1/2 [PdCl(C3H5)]2/dppe 120 100 92:1:1:6
15 DMAc KOAc 1/2 [PdCl(C3H5)]2/2 PPh3 120 83 75:2:0:5

a Conditions: [Pd] (0.02 equiv), 4-(trifluoromethyl)bromobenzene (1 equiv), methyl 3-amino-4-methylthiophene-2-carboxylate (2 equiv), base (2 equiv),
20 h. Conversion of 4-(trifluoromethyl)bromobenzene. Traces of 4-(trifluoromethyl)benzene were also observed in some cases. b 1a was isolated in 82%
yield. c Pd(OAc)2, 0.01 equiv.
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as the solvent, and PdCl(C3H5)(dppb) as the catalyst, 1a was
obtained in 82% yield (Table 1, entry 7).

Quite similar results were obtained in the presence of 1,2-
bis(diphenylphosphino)ethane (dppe) as the ligand, whereas
the use of PPh3 led to a lower conversion of the aryl bromide
(Table 1, entries 14 and 15).

Then, methyl 3-amino-4-methylthiophene-2-carboxylate
was coupled to a set of aryl bromides (Scheme 2, Table 2).

The reactions performed with para-substituted electron-
deficient aryl bromides proceed conveniently. Selective
5-arylations were observed using 4-bromobenzaldehyde,
4-bromopropiophenone, 4-bromobenzonitrile, 4-bromoni-
trobenzene, or 4-bromofluorobenzene, resulting in 83-89%
yields of the products 2-6 (Table 2, entries 1-5). Electron-
rich aryl bromide, 4-bromoanisole, gave 8 in a lower yield
of 58% due to a partial conversion (Table 2, entry 7). As
expected, the meta-substituted aryl bromide, 3-(trifluorom-
ethyl)bromobenzene gave 9 in very high yield (Table 2, entry
9). Congested substrates, such as methyl 2-bromobenzoate

or 2-bromobenzonitrile, were also found to be reactive under
these reaction conditions and gave 11 and 12 in 87 and 90%
yields, respectively (Table 2, entries 10 and 11).

Pyridines are probably the most common heterocyclic
motif found in pharmaceutically active compounds. There-
fore, preparative methods of biheteroaryl derivatives contain-
ing pyridines remain an essential research topic in organic
synthesis. We observed that the coupling of 3- or 4-bro-
mopyridines or 3-bromoquinoline with methyl 3-amino-4-
methylthiophene-2-carboxylate also proceeds nicely to give
13-15 in good yields (Table 2, entries 12-14).

As the decarboxylation of methyl 3-amino-4-methylth-
iophene-2-carboxylate in the presence of a relatively strong base
is quite easy, we examined the reactivity of this substrate using
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Scheme 2

Table 2. Direct Arylation of Methyl
3-Amino-4-methylthiophene-2-carboxylate (Scheme 2)b

a KOAc, 3 equiv. b Conditions: PdCl(C3H5)(dppb) (0.02 equiv), aryl
bromide (1 equiv), methyl 3-amino-4-methylthiophene-2-carboxylate (2
equiv), KOAc (2 equiv), DMAc, 20 h, 120 °C.
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a mixture of KOH and KOAc as the bases (Table 3, entries 1
and 2). Using these conditions, only the 2-arylated products
16a and 17a were isolated. No formation of the other regioi-
somers or diarylated thiophenes was detected. As expected, the
direct arylation of 3-amino-4-methylthiophene also gave regi-
oselectively 16a, 17a, or 1d in good yields (Table 3, entries
3-5). This high regioselectivity in favor of the arylation on
carbon C2 might be due either to the coordination of the amino
substituent to palladium or the electronic factors.

It should be noted that products 1c or 17b can be obtained
in good yields by decarboxylation of 1a or 13 using basic

conditions (Scheme 3). Therefore, the presence of the ester
substituents on carbon C2 of thiophene appears to be useful

to block this reactive carbon and to provide alternative
regioisomeric arylthiophenes.

We also performed a 2,5-diarylation reaction using 2 equiv
of the aryl bromide, 1 equiv of the thiophene derivative, and
a mixture of KOH and KOAc as the base (Table 3, entry 6).
The target product 1b was obtained in 70% yield. The
synthesis of nonsymmetrically 2,5-diarylated thiophenes is
also possible. Compound 17b reacted with 4-bromotoluene
gave 18 in 75% yield (Table 3, entry 7).

As the amino substituent on thiophenes appears to have a
very strong directing effect in the course of direct arylation
reactions, the regioselectivity of the coupling with methyl
3-aminothiophene-2-carboxylate was unpredictable. In the
presence of 1-bromonaphthalene, we observed the formation
of a mixture of the 4- and 5-arylated products 19a and 19b
in 52% and 12% yields, respectively (GC ratio 19a:19b )
77:23) (Table 3, entry 8).

Finally, we examined the influence of the substituent
distribution on the thiophene ring. A permutation of the
amino and ester substituents was found to drastically modify
the thiophene reactivity. No formation of product 20 was
detected in the presence of 4-bromobenzonitrile using similar
reaction conditions (Scheme 4). This result reveals that the

electronic effect of the amino group on thiophene is
important.

In summary, we have demonstrated that when appropriate
reaction conditions are employed the palladium-catalyzed
direct arylation of some free NH2-substituted thiophene
derivatives proceeds nicely with a wide variety of aryl
bromides.

To our knowledge, this is the first method for direct
arylation of free NH2-substituted thiophenes. The most
reactive carbon for the direct arylations of 3-aminothiophenes
appears to be the carbon C2. However, the presence of an
ester substituent on C2 was found to be useful to block this
highly reactive position to provide the 5-arylated thiophenes.
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Table 3. Direct Arylations of Aminothiophene Derivativese

a KOH, 1.5 equiv was added. b KOAc (2 equiv). c Aryl bromide (2
equiv), thiophene derivative (1 equiv), KOAc (1.5 equiv), KOH (1.5 equiv).
d 120 °C. e Conditions: PdCl(C3H5)(dppb) (0.02 equiv), aryl bromide (1
equiv), thiophene derivative (2 equiv), KOAc (1.5 equiv), DMAc, 20 h,
150 °C.

Scheme 3

Scheme 4
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