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Ligand-less Pd(OAc), provides a very efficient catalyst for the direct 5-arylation of thiophene
derivatives. With this catalyst, a low palladium concentration (0.1-0.001 mol%) should be
employed in order to obtain high yields of coupling products. At higher concentrations a fast
formation of inactive “Pd black” generally occurs. Substrates/catalysts ratios up to 100000 can be
employed with the most reactive aryl bromides. A very wide variety of functional groups is
tolerated on both coupling partners. The major waste of this reaction is HBr associated with
KOAc. Therefore this procedure is more economically and environmentally attractive than the
traditional cross-coupling procedures employing organometallic derivatives.

Introduction

In recent years, much attention has been given to the synthesis
of arylthiophenes, due to the biological or physical properties
demonstrated by this class of compounds.! 2-Arylthiophene
derivatives can be prepared by classical palladium-catalyzed
cross-coupling procedures such as Suzuki,? Stille® or Negishi*
type reactions. These reactions are performed using an
organometallic derivative of the thiophene with an aryl halide
or using an organometallic derivative of an aryl with a
halothiophene (MR' = ZnX, SnR; B(OR),) (Scheme 1). The
major drawback of these reactions is that they require the
preparation of organometallic derivatives and also provide either
an organometallic or a salt (MX) as a by-product.

ArX + P - AMR! +
2
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M = Mg, Zn, B or Sn

Scheme 1

In 1990, Ohta and co-workers reported the direct arylation
of thiophenes with aryl halides via a C—H bond activation of
thiophene in medium to good yields using 5 mol% Pd(PPh;),
as catalyst.® Since these results, this methodology has been
demonstrated to be very powerful for the synthesis of
2-arylthiophenes.*” This reaction is attractive for the environ-
ment since the major by-product is HX (X = I, Br or Cl)
associated to a base instead of a metallic salt using more
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classical coupling procedures. Moreover, no preparation of an
organometallic derivative is required reducing the number of
steps to prepare these compounds (Scheme 2).

DR [Pd] R
AX + H/@ E’ Ar/@ * HX/base
X=1,Br,Cl
Scheme 2

The major disadvantage of this reaction is the relatively
high catalyst loadings which are actually employed for such
couplings. So far, most of these reactions have been performed
using 1-10 mol% palladium catalyst.>*® Moreover, in most cases,
palladium was associated with 1-20 mol% of monophosphines®
or diphosphines as ligands.” Only a few examples of ligand-free
palladium procedures have been reported.'®'? An intramolecu-
lar cyclisation of a substituted benzothiophene using 10 mol%
Pd(OAc), in the absence of ligand or stabilizing agent gave the
target products in 60—-100% yields.'* However, in most cases, for
ligand-free palladium procedures, a stoichiometric amount of an
ammonium salt or of a crown ether was added to the reaction
mixture as palladium-stabilizing agent, increasing the amount
of wastes.'* Additionally, to the best of our knowledge, such
ligand-less palladium couplings using low catalyst concentration
have not been reported.

Recently, de Vries and co-workers have reported that Heck and
Suzuki reactions can be performed under very low catalyst load-
ings (0.1-0.01 mol%) using a ligand-free catalyst Pd(OAc),.3*
They have demonstrated that, when Pd(OAc), is employed as
catalyst precursor at elevated temperature, soluble palladium(0)
colloids or nanoparticles are formed. With this ligand-less
catalytic system, the Heck or Suzuki reactions takes place via
the interaction of the arylating agent with the palladium atoms
in the outer rim of the nanoparticles. This leads to formation
of monomeric or dimeric anionic palladium complexes that
undergo the usual catalytic steps. However, this promising
procedure has not yet been extended to C—H activation reactions.
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For the past few years we have been studying the efficiency
of palladium catalysts for activation followed by arylation or
vinylation of C-H bonds of heteroaromatics such as furans,'*°
thiazoles,' benzoxazoles.'s% We have already reported prelimi-
nary results for the direct 5-arylation of thiophenes using ligand-
less Pd(OAc), as catalyst.'® Here, we wish to report on the use of
the “de Vries procedure” for palladium-catalyzed 5-arylation of
a large set of thiophene derivatives using a wide variety of aryl
bromides under very low catalyst loadings.

Results and discussion

First, we examined the reactivity of a variety of para-substituted
aryl bromides and also iodobenzene with 2-n-butylthiophene
(Scheme 3, Table 1). The coupling of the electron-deficient
aryl bromides, 4-bromoacetophenone, 4-bromobenzophenone,
4-bromobenzaldehyde, 4-(trifluoromethyl)bromobenzene or
4-bromobenzonitrile with 2-n-butylthiophene proceeded in high
yields using only 0.1-0.001 mol% catalyst (Table 1, entries
3-10). With these substrates the target compounds 2-6 were
selectively obtained in very high turnover numbers (TONs) of
1900-85000. Poorly activated 4-fluorobromobenzene was found
to be slightly less reactive, and 0.1 mol% catalyst had to be
employed in order to obtain a high conversion of the starting
material and a good yield of 7 (81%) (Table 1, entry 11). As
expected, a lower reactivity of the deactivated aryl bromide,
4-bromoanisole, was observed. Using 0.1 mol% catalyst, a
yield of 62% of 9 was obtained (Table 1, entry 14). With this
substrate, an increase of the catalyst loading to 1 mol% led to

Pd(OAc),
/@ * X /N nB
nBu =|=/" DMAc, KOAc,

R 150 °C

Scheme 3

Table 1 Reaction of 2-n-butylthiophene with para-substituted aryl
bromides or iodobenzene (Scheme 3)

Substrate/ Yield
Entry Aryl halide catalyst ratio Prod. (%)
1 Todobenzene 1000 1 63 (49)
2 Todobenzene 10000 1 52 (46)
3 4-Bromoacetophenone 10000 2 100 (85)
4 4-Bromobenzophenone 10000 3 100 (86)
5 4-Bromobenzaldehyde 1000 4 100 (89)
6 4-Bromobenzaldehyde 10000 4 19
7 4-(Trifluoromethyl)- 10000 5 100 (90)
bromobenzene
8 4-(Trifluoromethyl)- 100000 5 85
bromobenzene
9 4-Bromobenzonitrile 1000 6 100 (88)
10 4-Bromobenzonitrile 10000 6 30
11 4-Bromofluorobenzene 1000 7 98 (81)
12 4-Bromotoluene 1000 8 73 (67)
13 4-Bromoanisole 100 9 60 (50)
14 4-Bromoanisole 1000 9 76 (62)
15 4-Bromo-N,N-dimethylaniline 100 10 0
16 4-Bromo-N,N-dimethylaniline 1000 10 0

Conditions: Pd(OAc),, aryl halide (1 mmol), 2-n-butylthiophene
(2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and NMR yields,
yields in parentheses are isolated.

Table 2 Reaction of 2-n-butylthiophene with meta- or ortho-
substituted aryl bromides (Scheme 3)

Substrate/ Yield

Entry Aryl bromide cat. ratio  Prod. (%)

1 3-Bromobenzaldehyde 1000 11 100 (88)

2 3-Bromoacetophenone 1000 12 100 (91)

3 3-Bromoacetophenone 10000 12 65

4 3-(Trifluoromethyl)-bromobenzene 1000 13 100 (93)

5 3,5-Bis(trifluoromethyl)- 10000 14 100 (90)

bromobenzene

6 2-Bromobenzaldehyde 1000 15 91 (84)

7 2-Bromoacetophenone 1000 16 0

8 2-(Trifluoromethyl)-bromobenzene 1000 17 100 (92)

9 2-Bromobenzonitrile 10000 18 81 (67)
10 1-Bromonaphthalene 1000 19 100 (87)
11 2-Bromotoluene 100 20 52 (42)
12 2,6-Difluorobromobenzene 1000 21 94 (86)

Conditions: Pd(OAc),, aryl bromide (1 mmol), 2-n-butylthiophene
(2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and NMR yields,
yields in parentheses are isolated.

a lower yield of product 9 (50%) (Table 1, entry 13). This result
was confirmed using the strongly deactivated aryl bromide:
4-bromo-N,N-dimethylaniline. In the presence of 0.1 mol%
or 1 mol% of catalyst no conversions were detected (Table 1,
entries 15 and 16). For this ligand-free procedure, under higher
palladium concentrations, so-called “palladium black” forms
more rapidly. The concentration of active palladium species is
not increased, and the conversions of aryl bromides are not
improved. Therefore, this ligand-free procedure is limited to
relatively reactive substrates.

Surprisingly, this ligand-free procedure was also found to give
disappointing results using iodobenzene. With this very reactive
aryl halide, moderate conversions of 52 and 63% and yields of
46 and 49% of 1 were obtained using 0.01 or 0.1 mol% catalyst
(Table 1, entries 1 and 2). In the course of this reaction, the
formation of side-products was also observed. The major one
was biphenyl arising from the homocoupling of iodobenzene.

Then, we studied the reactivity of meta- and ortho-substituted
aryl bromides with 2-n-butylthiophene (Table 2, Scheme 3).
As expected, meta-substituted aryl bromides gave quite
similar results than the para-substituted ones. For example,
3-bromoacetophenone gave 12 with a TON of 6500, whereas a
TON of 10000 had been obtained using 4-bromoacetophenone
(compare Table 2, entry 3 with Table 1, entry 3). In general,
ortho-substituents on aryl halides have a more important effect
on the rates and yields of palladium-catalysed reactions, due
to their different steric hindrance and coordination proper-
ties. Ortho-substituted 2-bromobenzonitrile reacted with 2-n-
butylthiophene leading to the expected product 18 in a high
TON of 8100 (Table 2, entry 9). 2-Bromobenzaldehyde,
2-(trifluoromethyl)bromobenzene or 1-bromonaphthalene also
led to the desired 5-arylated thiophenes 15-17 in good yields and
TONSs of 910-1000 (Table 2, entries 6, 8 and 10). On the other
hand, 2-bromoacetophenone gave no coupling product (Table 2,
entry 7). This is probably due to some coordination of the acetyl
function to palladium. A low reactivity was observed using
2-bromotoluene. With this non-activated congested substrate,
the product 20 was obtained in 42% yield using 1 mol% catalyst
(Table 2, entry 11). This lower reactivity probably comes from
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Table 3 Reaction of 2-n-butylthiophene with heteroaryl bromides
(Scheme 3)

Substrate/

Entry Heteroaryl bromide cat. ratio Prod. Yield (%)
1 3-Bromopyridine 1000 22 100 (91)
2 3-Bromopyridine 10000 22 53

3 3-Bromoquinoline 1000 23 100 (90)
4 3-Bromoquinoline 10000 23 23

5 S-Bromopyrimidine 1000 24 100 (88)
6 2-Bromo-5-methylthiophene 100 25 0

7 2-Bromo-5-methylthiophene 1000 25 0
Conditions: Pd(OAc),, heteroaryl bromide (1 mmol), 2-n-

butylthiophene (2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC
and NMR yields, yields in parentheses are isolated.

a slow oxidative addition to palladium. On the other hand, the
di-ortho-substituted 2,6-difluorobromobenzene gave the target
conpound 21 in good yield using only 0.1 mol% catalyst (Table 2,
entry 12).

Palladium chemistry involving heterocycles has its unique
characteristics stemming from the heterocycles’ inherently dif-
ferent structural and electronic properties in comparison to
the corresponding carbocyclic aryl compounds.' Pyridines,
quinolines or pyrimidines are m-electron deficient heterocycles,
while thiophenes or furans are m-electron excessive. If the
oxidative addition of the aryl bromides to the palladium complex
is the rate-limiting step of the reaction with this catalyst, the
reactions should be slower with thiophenes or furans than with
pyridines. We observed that the coupling of 3-bromopyridine,
3-bromoquinoline or 5-bromopyrimidine proceeded nicely us-
ing only 0.1-0.01 mol% catalyst and gave 22-24 in 88-91%
yields (Table 3, entries 1-5). On the other hand, 2-bromo-5-
methylthiophene gave no coupling product 25 using 0.1 or
1 mol% catalyst (Table 3, entries 6 and 7). This result seems
to confirm that the oxidative addition of the aryl bromide to
palladium is the rate-limiting step of the catalytic cycle with this
catalyst. With such challenging substrates, palladium associated
to phosphine ligands should be prefered as catalysts.™

Then, we examined the reactivity of 2-methylthiophene
(Scheme 4, Table 4). Due to its very similar electronic and
steric properties with 2-n-butylthiophene, we expected to ob-
tain similar reaction rates with this substrate. Indeed, we
observed almost identical TONs. 4-Bromobenzaldehyde and
4-bromobenzonitrile gave 26 and 27 in 2800 and 2300 TONSs,
respectively (Table 4, entries 1-4). 4-Fluorobromobenzene was
slighly less reactive (Table 4, entry 5). Again, only a partial
conversion of 4-bromoanisole was observed to give 29 in 41%
isolated yield (Table 4, entry 6).

Pd(OAc
/@ o x/ Ny PAOR
s =]~/ DMAG, KOAc,
R 150 °C
X=Brorl
Scheme 4

The functionalised thiophene, thiophene-2-carbonitrile can
also be employed with this ligand-less palladium procedure
(Scheme 5, Table S5). When this substrate was reacted with
4-bromoacetophenone it gave very selectively the expected

Table 4 Reaction of 2-methylthiophene with aryl bromides (Scheme 4)

Substrate/

Entry  Aryl bromide catalyst ratio  Prod.  Yield (%)
1 4-Bromobenzaldehyde 1000 26 100 (89)
2 4-Bromobenzaldehyde 10000 26 28

3 4-Bromobenzonitrile 1000 27 100 (92)
4 4-Bromobenzonitrile 10000 27 23

5 4-Bromofluorobenzene 1000 28 95 (87)
6 4-Bromoanisole 1000 29 48 (41)

Conditions: Pd(OAc),, aryl bromide (I mmol), 2-methylthiophene
(2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and NMR yields,
yields in parentheses are isolated.

Table 5 Reaction of thiophene-2-carbonitrile with aryl bromides
(Scheme 5)

Substrate/ Yield

Entry Aryl bromide catalyst ratio Prod. (%)

1 4-Bromoacetophenone 10000 30 100 (80)
2 4-Bromobenzaldehyde 1000 31 100 (85)
3 4-Bromobenzaldehyde 10000 31 79
4 Methyl 4-bromobenzoate 1000 32 100(87)
5 Methyl 4-bromobenzoate 10000 32 57
6  4-(Trifluoromethyl)-bromobenzene 10000 33 97 (90)
7 4-Bromobenzonitrile 1000 34 100 (89)
8 4-Bromobenzonitrile 10000 34 68
9  4-Bromofluorobenzene 10000 35 97 (84)
10 4-tert-Butylbromobenzene 1000 36 72 (62)
11 4-tert-Butylbromobenzene 10000 36 44
12 4-Bromoanisole 1000 37 87 (77)
13 4-Bromo-N,N-dimethylaniline 1000 38 0
14 3-Bromobenzonitrile 10000 39 100 (89)
15  2-Bromobenzaldehyde 1000 40 98 (87)
16 2-(Trifluoromethyl)-bromobenzene 10000 41 100 (90)
17 2-Bromobenzonitrile 10000 42 100 (91)
18 2-Bromoanisole 1000 43 0
19 3-Bromopyridine 10000 44 98 (86)

20  3-Bromopyridine 100000 44 46

Conditions: Pd(OAc),, aryl bromide (1 mmol), thiophene-2-carbonitrile
(2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and NMR yields,
yields in parentheses are isolated.

Pd(0AC),
I ®
NC™ Ng =|=/" DMAc, KOAc,
R 150 °C
Scheme 5

product 30 in a very high TON of 10000 and 80% isolated
yield (Table 5, entry 1). Quite similar TONs of 5700-9700 were
obtained using the other electron-deficient para-substituted aryl
bromides, 4-bromobenzaldehyde, methyl 4-bromobenzoate,
4-(trifluoromethyl)bromobenzene or  4-bromobenzonitrile
(Table 5, entries 2-8). Good yields and TONs were also
obtained using 4-fert-butylbromobenzene or 4-bromoanisole.
With these two deactivated substrates, TONs of 4400 and 870
were obtained, respectively (Table 5, entries 10-12). Again,
the strongly deactivated aryl bromide 4-N,N-dimethylaniline
was found to be unreactive using this procedure (Table S5,
entry 13). Electron-deficient meta- and ortho-substituted aryl
bromides reacted with thiophene-2-carbonitrile gave 39-42 in
980-10000 TONSs (Table 5, entries 14-17). On the other hand,
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Table 6 Reaction of 2-acetylthiophene with aryl bromides (Scheme 6)

Substrate/
Entry  Aryl bromide catalyst ratio Prod. Yield (%)
1 4-Bromoacetophenone 1000 45 91 (78)
2 Methyl 4-bromobenzoate 1000 46 89 (76)
3 Methyl 4-bromobenzoate 10000 46 36
4 4-(Trifluoromethyl)- 1000 47 94 (80)
bromobenzene
5 4-(Trifluoromethyl)- 10000 47 81
bromobenzene
6 4-Bromobenzonitrile 1000 48 90 (78)
7 4-Bromobenzonitrile 10000 48 15
8 4-Bromofluorobenzene 1000 49 92 (79)
9 4-Bromoanisole 1000 50 78 (63)

Conditions: Pd(OAc),, aryl bromide (1 mmol), 2-acetylthiophene
(2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and NMR yields,
yields in parentheses are isolated.

the deactivated and congested aryl bromide: 2-bromoanisole
was recovered unreacted (Table 5, entry 18).

The coupling reactions using 2-acetylthiophene were found to
be less selective than those in the presence of 2-alkylthiophenes
or thiophene-2-carbonitrile. With this substrate, the formation
of some side-products was observed with most aryl bromides,
mostly due to some arylation of the acetyl function. Therefore,
the isolated yields of desired products 45-50 were slightly lower
(Scheme 6, Table 6). However, also with this substrate, the
reactions can be performed using only 0.1-0.01 mol% catalyst
when using electron-poor aryl bromides (Table 6, entries 1-7).
For the coupling of 4-fluorobromobenzene or 4-bromoanisole,
we used 0.1 mol% catalyst (Table 6, entries 8 and 9).

Pd(OAc),
RREES :
MeOC =|=/" DMAg, KOAc,

R 150 °C

Scheme 6

Then, we employed 2-acetylthiophene ethylene acetal as cou-
pling partner (Scheme 7, Table 7). This reactant is commercially
available on large scale at an affordable cost. With this substrate,
we expected to reduce the formation of side-products. Moreover,
the direct access to protected 5-aryl-2-acetylthiophenes might
be very convenient in total synthesis. We observed that, in all
cases, the desired S5-arylated thiophenes were obtained very
cleanly. Almost no side-products were formed in the pres-
ence of this reactant. Using para-substituted electron-deficient
aryl bromides, the compounds 51-54 were obtained in 2800
9800 TONSs (Table 7, entries 1-7). 4-tert-Butylbromobenzene
or 4-bromoanisole gave 55 and 56 in lower TONs of 620
and 810, respectively (Table 7, entries 8 and 9). The ortho-
substituted 2-bromobenzaldehyde, 2-bromobenzonitrile or
1-bromonaphthalene also gave the expected S-arylation prod-
ucts 57-59 using only 0.1-0.01 mol% catalyst (Table 7, entries
10-14). In the presence of the same catalyst loadings, heteroaro-
matic substrates, 3-bromopyridine or 4-bromoisoquinoline gave
60 and 61 in very high yields (Table 7, entries 15-17). 2-
Formylthiophene reacted with a variety of aryl bromides gave
the desired products 62—68 in 31-78% isolated yields using 0.1
mol% catalyst (Scheme 8, Table 8). The formation of a small

Table 7 Reaction of 2-acetylthiophene ethylene acetal with aryl bro-
mides (Scheme 7)

Substrate/

Entry Aryl bromide catalyst ratio Prod. Yield (%)

1 4-Bromobenzaldehyde 1000 51 100 (89)
2 4-Bromobenzaldehyde 10000 51 53
3 4-(Trifluoromethyl)- 10000 52 98 (87)
bromobenzene
4 4-Bromobenzonitrile 1000 53 100 (89)
5 4-Bromobenzonitrile 10000 53 39
6 4-Bromofluorobenzene 1000 54 100 (88)
7 4-Bromofluorobenzene 10000 54 28
8 4-tert-Butylbromobenzene 1000 55 62 (56)
9 4-Bromoanisole 1000 56 81(72)
10 2-Bromobenzaldehyde 1000 57 100 (88)
11 2-Bromobenzaldehyde 10000 57 16
12 2-Bromobenzonitrile 1000 58 100 (90)
13 1-Bromonaphthalene 10000 59 100 (87)
14 1-Bromonaphthalene 1000 59 74
15 3-Bromopyridine 1000 60 100 (91)
16 3-Bromopyridine 10000 60 50
17 4-Bromoisoquinoline 1000 61 100 (88)

Conditions: Pd(OAc),, aryl bromide (1 mmol), 2-acetylthiophene ethy-
lene acetal (2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC and
NMR yields, yields in parentheses are isolated.

Table 8 Reaction of 2-formylthiophene with aryl bromides (Scheme 8)

Entry Aryl bromide Prod. Yield (%)
1 4-Bromobenzaldehyde 62 78 (67)
2 4-(Trifluoromethyl)-bromobenzene 63 85(77)
3 4-Bromobenzonitrile 64 96 (78)
4 4-Bromofluorobenzene 65 95 (76)
5 4-tert-Butylbromobenzene 66 40 (31)
6 4-Bromoanisole 67 78 (68)
7 3-Bromopyridine 68 72 (65)

Conditions: Pd(OAc), (0.001 mmol), aryl bromide (I mmol), 2-
formylthiophene (2 mmol), KOAc (2 mmol), DMAc, 20 h, 150 °C, GC
and NMR yields, yields in parentheses are isolated.

0 ]\
s
O +
DMAc, KOAc,

150 °
Br / \ c

Pd(OAc),

R
Scheme 7
Pd(OAc), 0.1%
OHC™ N =|=~/" DMAc, KOAc,
R 150 °C
Scheme 8

amount of unidentified side-products was observed in all cases
thus lowering the yields. Again, electron-deficient aryl bromides
generally gave higher yields than the electron-rich ones.

As expected, 2-propionylthiophene gave quite similar re-
sults than 2-acetylthiophene (Scheme 9). The formation of
lower amounts of side-products than with 2-acetylthiophene
was observed. The reaction of 2-propionylthiophene with
4-(trifluoromethyl)bromobenzene or 3-bromopyridine gave
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EtOC/O\©\
d(OAC); 01% 69 88%
DMAc, KOAc,
150 °C EOC =
&\
VY
7071% SN

Scheme 9

EtOC

@
)

69 and 70 in 88 and 71% yields, respectively, employing 0.1 mol%
catalyst.

Next, a thiophene substituted by an ester function in 2 posi-
tion was employed (Scheme 10). Ethyl 2-thiophenecarboxylate
coupled with 4-(trifluoromethyl)bromobenzene or 3-bromo-
pyridine gave 71 and 72 in good yields using again only 0.1 mol%

catalyst.
@ EtOQC/O\©\
d(0AC), 0.1% 7180%
DMAc, KOAc,
@ 150 °C Etozc/o\o
72 73%

Scheme 10

Etozc/@

Finally, thiophene was employed as reactant (Scheme 11).
Using 4-bromoacetophenone or sterically hindered 2-bromo-
benzonitrile in the presence of as little as 0.1 mol% Pd(OAc),,
the compounds 73 and 74 were obtained in 78 and 71% yields,

respectively.
S;Q\COMe
/ \
S
0
74 71% NC

COMe
Pd(OAc 20.1%

DMAc, KOAc
130 °C

Scheme 11

Conclusions

We have demonstrated that, using this ligand-free procedure,
the direct S-arylation vie C—H bond activation of thiophene
derivatives proceeded in moderate to very high yields. In the
presence of as little as 0.1-0.001 mol% of Pd(OAc), as catalyst
precursor, a wide range of aryl bromides were selectively ary-
lated. With this ligand-free procedure, an increase of the catalyst
loading to 1 mol% generally led more rapidly to aggregation of
palladium to form so-called “palladium black” and gave lower
yields of coupling products. This procedure gave the best results
using electron-deficient aryl bromides, and several functions
such as acetyl, benzoyl, nitro, nitrile, fluoro or trifluoromethyl
are tolerated. Deactivated or congested aryl bromides also gave
satisfactory results in some cases. Several functions on the
thiophene derivative are also tolerated. This ligand-less low
catalyst loading procedure is economically and environmentally

attractive. There is no need to eliminate phosphine derivatives at
the end of the reaction. Under such low catalyst concentration,
palladium stabilizing agents such as ammonium salts, are useless,
thus reducing the amount of wastes. With this C-H activation
procedure, no preparation of an organometallic derivative is
required, reducing the number of steps and therefore the mass
of waste product to prepare these compounds, compared to
Negishi, Stille or Suzuki type coupling reactions. Moreover,
as it should be possible to recover most of DMAc, the major
waste is the relatively non-toxic AcOH/KBr instead of metallic
salts with more classical coupling procedures. For these reasons,
the methodology developed here is very promising for the
sustainable synthesis of 5-arylthiophenes.

Experimental section
General procedure

As a typical experiment, the reaction of the aryl halide (1 mmol),
thiophene derivative (2 mmol) and KOAc (0.196 g, 2 mmol)
at 150 °C during 20 h in dry DMAc (3 mL) in the presence
of Pd(OAc), under argon affords the corresponding coupling
product after extraction with dichloromethane, evaporation
and filtration on silica gel: pentane/ether: 1/4 or ether for
compounds 10, 22, 23, 24, 38, 44, 60, 61 and 68.

2-n-Butyl-5-phenylthiophene™ (1). Iodobenzene (0.204 g,
1 mmol) and 2-n-butylthiophene (0.280 g, 2 mmol) affords 1
in 46% (0.100 g) yield.

4-(5-n-Butylthiophen-2-yl)acetophenone™ (2). 4-Bromo-ace-
tophenone (0.199 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 2 in 85% (0.220 g) yield.

4-(5-n-Butylthiophen-2-yl)benzophenone™ (3). 4-Bromo-
benzophenone (0.261 g, 1 mmol) and 2-n-butylthiophene
(0.280 g, 2 mmol) affords 3 in 86% (0.275 g) yield.

4-(5-n-Butylthiophen-2-yl)benzaldehyde™ (4). 4-Bromo-ben-
zaldehyde (0.185 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 4 in 8§9% (0.217 g) yield.

2-n-Butyl-5-[4-(trifluoromethyl)phenyl]thiophene™ 5). 4-
(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and
2-n-butylthiophene (0.280 g, 2 mmol) affords 5 in 90% (0.256 g)
yield.

4-(5-n-Butylthiophen-2-yl)benzonitrile’™ (6). 4-Bromobenzo-
nitrile (0.182 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) and KOAc (0.196 g, 2 mmol) affords 6 in 88% (0.212 g)
yield.

2-n-Butyl-5-(4-fluorophenyl)thiophene (7). 4-Bromofluoro-
benzene (0.175 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) and KOAc (0.196 g, 2 mmol) affords 7 in 81% (0.190 g)
yield.

2-n-Butyl-5-p-tolylthiophene (8). 4-Bromotoluene (0.171 g,
1 mmol) and 2-n-butylthiophene (0.280 g, 2 mmol) affords 8 in
67% (0.154 g) yield.

2-n-Butyl-5-(4-methoxyphenyl)thiophene™ (9). 4-Bromoani-
sole (0.187 g, 1 mmol) and 2-n-butylthiophene (0.280 g, 2 mmol)
9 in 62% (0.153 g) yield.
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3-(5-n-Butylthiophen-2-yl)benzaldehyde (11). 3-Bromo-ben-
zaldehyde (0.185 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 11 in 88% (0.215 g) yield.

3-(5-n-Butylthiophen-2-yl)acetophenone (12). 3-Bromo-ace-
tophenone (0.199 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 12 in 91% (0.235 g) yield.

2-n-Butyl-5-[3-(trifluoromethyl)phenyl]thiophene (13). 3-
(Trifluoromethyl)bromobenzene (0.225 g, 1| mmol) and
2-n-butylthiophene (0.280 g, 2 mmol) affords 13 in 93%
(0.264 g) yield.

2-[3,5-Bis(trifluoromethyl)phenyl]-5-n-butylthiophene 14).
3,5-Bis(trifluoromethyl)bromobenzene (0.293 g, 1 mmol) and
2-n-butylthiophene (0.280 g, 2 mmol) affords 14 in 90% (0.317 g)
yield.

2-(5-n-Butylthiophen-2-yl)benzaldehyde (15). 2-Bromo-ben-
zaldehyde (0.185 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 15 in 84% (0.205 g) yield.

2-n-Butyl-5-[2-(trifluoromethyl)phenyl]thiophene™ a7).
2-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and 2-n-
butylthiophene (0.280 g, 2 mmol) affords 17 in 92% (0.262 g)
yield.

2-(5-Butylthiophene-2-yl)benzonitrile ~ (18). 2-Bromoben-
zonitrile (0.182 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 18 in 67% (0.162 g) yield.

2-n-Butyl-5-(naphthalen-1-yl)thiophene™ (19). 1-Bromo-
naphthalene (0.207 g, 1 mmol) and 2-r-butylthiophene (0.280 g,
2 mmol) affords 19 in 87% (0.232 g) yield.

2-Butyl-5-o0-tolylthiophene™ (20). 2-Bromotoluene (0.171 g,
1 mmol) and 2-n-butylthiophene (0.280 g, 2 mmol) affords 20 in
42% (0.097 g) yield.

2-n-Butyl-5-(2,6-difluorophenyl)thiophene ~ (21). 2,6-Diflu-
orobromobenzene (0.193 g, 1 mmol) and 2-n-butylthiophene
(0.280 g, 2 mmol) affords 21 in 86% (0.217 g) yield.

3-(5-n-Butylthiophen-2-yl)pyridine™ (22). 3-Bromopyridine
(0.158 g, 1 mmol) and 2-n-butylthiophene (0.280 g, 2 mmol)
affords 22 in 91% (0.198 g) yield.

3-(5-n-Butylthiophen-2-yl)quinoline™ (23). 3-Bromoqui-
noline (0.208 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 23 in 90% (0.240 g) yield.

5-(5-n-Butylthiophen-2-yl)pyrimidine (24). 5-Bromopy-
rimidine (0.159 g, 1 mmol) and 2-n-butylthiophene (0.280 g,
2 mmol) affords 24 in 88% (0.192 g) yield.

4-(5-Methylthiophen-2-yl)benzaldehyde (26). 4-Bromoben-
zaldehyde (0.185 g, 1 mmol) and 2-methylthiophene (0.196 g,
2 mmol) affords 26 in 89% (0.180 g) yield.

4-(5-Methylthiophen-2-yl)benzonitrile ~ (27). 4-Bromoben-
zonitrile (0.182 g, 1 mmol) and 2-methylthiophene (0.196 g,
2 mmol) affords 27 in 92% (0.183 g) yield.

2-(4-Fluorophenyl)-5-methylthiophene (28). 4-Bromoflu-
orobenzene (0.175 g, 1 mmol) and 2-methylthiophene (0.196 g,
2 mmol) affords 28 in 87% (0.168 g) yield.

2-(4-Methoxyphenyl)-5-methylthiophene'™ (29). 4-Bromo-
anisole (0.187 g, 1 mmol) and 2-methylthiophene (0.196 g,
2 mmol) affords 29 in 41% (0.084 g) yield.

5-(4-Acetylphenyl)thiophene-2-carbonitrile (30). 4-Bromo-
acetophenone (0.199 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 30 in 80% (0.182 g) yield.

5-(4-Formylphenyl)thiophene-2-carbonitrile (31). 4-Bromo-
benzaldehyde (0.185 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 31 in 85% (0.181 g) yield.

Methyl 4-(5-cyanothiophen-2-yl)benzoate (32). Methyl 4-bro-
mobenzoate (0.215 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 32 in 87% (0.212 g) yield.

5-[4-(Trifluoromethyl)phenyljthiophene-2-carbonitrile™  (33).
4-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and thio-
phene 2-carbonitrile (0.218 g, 2 mmol) affords 33 in 90%
(0.228 g) yield.

5-(4-Cyanophenyl)thiophene-2-carbonitrile’®  (34). 4-Bro-
mobenzonitrile (0.182 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 34 in 89% (0.187 g) yield.

5-(4-Fluorophenyl)thiophene-2-carbonitrile’ (35). 4-Bromo-
fluorobenzene (0.175 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 35 in 84% (0.171 g) yield.

5-(4-tert-Butylphenyl)thiophene-2-carbonitrile’™ (36). 4-tert-
Butylbromobenzene (0.213 g, 1 mmol) and thiophene 2-
carbonitrile (0.218 g, 2 mmol) affords 36 in 62% (0.150 g) yield.

5-(4-Methoxyphenyl)thiophene-2-carbonitrile’ (37). 4-Bro-
moanisole (0.187 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 37 in 77% (0.166 g) yield.

5-(3-Cyanophenyl)thiophene-2-carbonitrile (39). 3-Bromo-
benzonitrile (0.182 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 39 in 89% (0.187 g) yield.

5-(2-Formylphenyl)thiophene-2-carbonitrile (40). 2-Bromo-
benzaldehyde (0.185 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 40 in 87% (0.186 g) yield.

5-(2-Trifluoromethylphenyl)thiophene-2-carbonitrile™  (41).
2-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and
thiophene 2-carbonitrile (0.218 g, 2 mmol) affords 41 in 90%
(0.228 g) yield.

5-(2-Cyanophenyl)thiophene-2-carbonitrile (42). 2-Bromo-
benzonitrile (0.182 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 42 in 91% (0.191 g) yield.

5-(Pyridin-3-yl)thiophene-2-carbonitrile (44). 3-Bromo-
pyridine (0.158 g, 1 mmol) and thiophene 2-carbonitrile
(0.218 g, 2 mmol) affords 44 in 86% (0.160 g) yield.

1-[4-(5-Acetylthiophen-2-yl)phenyl]ethanone'™ (45). 4-Bro-
moacetophenone (0.199 g, 1 mmol) and 2-acetylthiophene
(0.252 g, 2 mmol) affords 45 in 78% (0.191 g) yield.

Methyl 4-(5-acetylthiophen-2-yl)benzoate'™ (46). Methyl 4-
bromobenzoate (0.215 g, 1 mmol) and 2-acetylthiophene
(0.252 g, 2 mmol) affords 46 in 76% (0.198 g) yield.

430 | Green Chem., 2009, 11, 425-432

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b819912d

Downloaded by University of Arizonaon 02 December 2012
Published on 06 February 2009 on http://pubs.rsc.org | doi:10.1039/B819912D

View Article Online

1-{5-[4~(Trifluoromethyl)phenyl]thiophen-2-yl }ethanone™ (47).
4-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and 2-
acetylthiophene (0.252 g, 2 mmol) affords 47 in 80% (0.216 g)
yield.

4-(5-Acetylthiophen-2-yl)benzonitrile™ (48). 4-Bromoben-
zonitrile (0.182 g, 1 mmol) and 2-acetylthiophene (0.252 g,
2 mmol) affords 48 in 78% (0.177 g) yield.

1-[5-(4-Fluorophenyl)thiophen-2-yl]ethanone”™ (49). 4-Bro-
mofluorobenzene (0.175 g, 1 mmol) and 2-acetylthiophene
(0.252 g, 2 mmol) affords 49 in 79% (0.174 g) yield.

1-[5-(4-Methoxyphenyl)thiophen-2-yllethanone'’  (50). 4-
Bromoanisole (0.187 g, 1 mmol) and 2-acetylthiophene (0.252 g,
2 mmol) affords 50 in 63% (0.146 g) yield.

4-[5-(2-Methyl-1,3-dioxolan-2-yl)thiophen-2-yl]benzaldehyde
(51). 4-Bromobenzaldehyde (0.185 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 51
in 89% (0.244 g) yield.

2-Methyl-2-{5-[4-(trifluoromethyl)phenyl]thiophen-2-yl }-1,3-
dioxolane (52). 4-(Trifluoromethyl)bromobenzene (0.225 g,
1 mmol) and 2-acetylthiophene ethylene acetal (0.340 g, 2 mmol)
affords 52 in 87% (0.273 g) yield.

4-]5-(2-Methyl-1,3-dioxolan-2-yl) thiophen-2-yl]|benzonitrile
(53). 4-Bromobenzonitrile (0.182 g 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 53
in 89% (0.242 g) yield.

2-|5-(4-Fluorophenyl) thiophen-2-yl]-2-methyl-1,3-dioxolane
(54). 4-Bromofluorobenzene (0.175 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 54
in 88% (0.233 g) yield.

2-|5-(4-tert-Butylphenyl) thiophen-2-yl]-2-methyl-1,3-dioxo-
lane (55). 4-tert-Butylbromobenzene (0.213 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 55 in
56% (0.169 g) yield.

2-|5-(4-Methoxyphenyl)thiophen-2-yl]-2-methyl-1,3-dioxolane
(56). 4-Bromoanisole (0.187 g, 1 mmol) and 2-acetylthiophene
ethylene acetal (0.340 g, 2 mmol) affords 56 in 72% (0.199 g)
yield.

2-[5-(2-Methyl-1,3-dioxolan-2-yl)thiophen-2-yl]benzaldehyde
(57). 2-Bromobenzaldehyde (0.185 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 57
in 88% (0.241 g) yield.

2-[5-(2-Methyl-1,3-dioxolan-2-yl)thiophen-2-yl]benzonitrile
(58). 2-Bromobenzonitrile (0.182 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 58
in 90% (0.244 g) yield.

2-Methyl-2-(5-naphthalen-1-yl) thiophen-2-yl)-1,3-dioxolane
(59). 1-Bromonaphthalene (0.207 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 59
in 87% (0.258 g) yield.

3-[5-(2-Methyl-1,3-dioxolan-2-yl)thiophen-2-yl|pyridine (60).
3-Bromopyridine (0.158 g, 1 mmol) and 2-acetylthiophene
ethylene acetal (0.340 g, 2 mmol) affords 60 in 91% (0.225 g)
yield.

4-5-(2-Methyl-1,3-dioxolan-2-yl)thiophen-2-yl]isoquinoline
(61). 4-Bromoisoquinoline (0.208 g, 1 mmol) and 2-
acetylthiophene ethylene acetal (0.340 g, 2 mmol) affords 61
in 88% (0.262 g) yield.

5-(4-Formylphenyl)thiophene-2-carbaldehyde'” (62). 4-Bro-
mobenzaldehyde (0.185 g, 1 mmol) and 2-formylthiophene
(0.224 g, 2 mmol) affords 62 in 67% (0.145 g) yield.

5-[4-(Trifluoromethyl)phenyljthiophene-2-carbaldehyde'”s (63).
4-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and 2-
formylthiophene (0.224 g, 2 mmol) affords 63 in 77% (0.197 g)
yield.

4-(5-Formylthiophen-2-yl)benzonitrile'™ (64). 4-Bromoben-
zonitrile (0.182 g, 1 mmol) and 2-formylthiophene (0.224 g,
2 mmol) affords 64 in 78% (0.166 g) yield.

5-(4-Fluorophenyl)thiophene-2-carbaldehyde'” (65). 4-Bro-
mofluorobenzene (0.175 g, 1 mmol) and 2-formylthiophene
(0.224 g, 2 mmol) affords 65 in 76% (0.157 g) yield.

5-(4-tert-Butyl-phenyl)thiophene-2-carbaldehyde (66). 4-zert-
Butylbromobenzene (0.213 g, 1 mmol) and 2-formyl-
thiophene (0.224 g, 2 mmol) affords 66 in 31% (0.076 g) yield.

5-(4-Methoxyphenyl)thiophene-2-carbaldehyde 67). 4-
Bromoanisole (0.187 g, 1 mmol) and 2-formylthiophene
(0.224 g, 2 mmol) affords 67 in 68% (0.149 g) yield.

5-(Pyridin-3-yl)thiophene-2-carbaldehyde'” (68). 3-Bromo-
pyridine (0.158 g, 1 mmol) and 2-formylthiophene (0.224 g,
2 mmol) affords 68 in 65% (0.123 g) yield.

1-{5-[4-(Trifluoromethyl)phenyl]thiophen-2-yl } propan-1-one
(69). 4-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol) and
2-propionylthiophene (0.280 g, 2 mmol) affords 69 in 88%
(0.250 g) yield.

1-[5-(Pyridin-3-yl)thiophen-2-yl|propan-1-one  (70). 3-Bro-
mopyridine (0.158 g, 1 mmol) and 2-propionylthiophene
(0.280 g, 2 mmol) affords 70 in 71% (0.154 g) yield.

Ethyl  5-[4-trifluoromethyl)phenyl]thiophene-2-carboxylate
(71). 4-(Trifluoromethyl)bromobenzene (0.225 g, 1 mmol)
and ethyl 2-thiophenecarboxylate (0.312 g, 2 mmol) affords 71
in 80% (0.240 g) yield.

Ethyl 5-(pyridin-3-yl)thiophene-2-carboxylate (72). 3-Bro-
mopyridine (0.158 g, | mmol) and ethyl 2-thiophenecarboxylate
(0.312 g, 2 mmol) affords 72 in 73% (0.170 g) yield.

1-(4-Thiophen-2-ylphenyl)-ethanone  (73)'". 4-Bromoace-
tophenone (0.199 g, 1 mmol) and thiophene (0.420 g, 5 mmol)
affords 73 in 78% (0.158 g) yield.

2-Thiophen-2-yl-benzonitrile  (74)'". 2-Bromobenzonitrile
(0.182 g, 1 mmol) and thiophene (0.420 g, 5 mmol) affords 74
in 71% (0.132 g) yield.
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