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Aryl chlorides are noticeably uncommon partners in coupling
reactions with heteroaromatics through C-H activation. We
report herein that as little as 1 mol-% of the air-stable
PdCl(dppb)(C3H5) complex catalyses the direct coupling of
electron-deficient aryl chlorides with 2-substituted thiazole

Introduction

Arylthiazole derivatives are important building blocks in
organic synthesis.[1] Palladium catalysed Suzuki, Stille or
Negishi cross-coupling reactions are probably the most im-
portant methods for the synthesis of such compounds.[1–4]

However, these reactions require the preparation of an or-
ganometallic derivative and they provide an organometallic
salt (MX) as a byproduct.

Over the last few years, very interesting results for the
coupling of aryl bromides or iodides with thiazole deriva-
tives by C-H activation have been reported and provide an
economically and environmentally attractive procedure for
the preparation of such compounds.[5] So far, most of the
results described for this reaction were obtained with reac-
tive, but expensive aryl bromides[6] or iodides.[7] The use of
chloride substrates for cross-coupling reactions with thi-
azoles by C–H bond activation (Scheme 1) would be a con-
siderable advantage for sustainable development because of
their lower cost, lower mass and the wider diversity of avail-
able compounds.[8–11] However, for this coupling, aryl chlo-
rides are noticeably uncommon partners. This is due to the
fact that chlorides were generally found to be unreactive
under the experimental conditions employed to activate io-
dide and bromide analogues. In most cases, for Suzuki,
Heck or Sonogashira reactions aryl chlorides were activated
using electron-rich, sterically hindered, monodentate phos-
phane ligands associated to palladium.[11a] Moreover, in
most cases, the direct coupling of aryl chlorides with het-
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derivatives. A range of functionalities on the aryl chloride
such as acetyl, formyl, ester, nitro, nitrile or trifluoromethyl is
tolerated.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

eroaromatics such as pyridines, thiophenes or thiazoles
were performed with the use of relatively large amounts of
palladium or ruthenium catalysts (2.5–10 mol-%).[7–10,12]

Therefore, the discovery of more effective conditions, with
the use of a lower catalyst loading for the coupling of thi-
azoles with these challenging substrates is still subject to
significant improvement.

Scheme 1.

Monophosphane ligands associated to palladium were
successfully used for the direct coupling of thiazoles deriva-
tives with aryl bromides or iodides,[5] but the efficiency of
bidentate phosphane ligands for such a coupling reaction
has attracted less attention.[7c] In the literature, most of the
couplings of heteroaryl derivatives with aryl halides were
performed at elevated temperatures (140–150 °C).[5] At
these temperatures, fast decomposition of the palladium
complexes associated to monophosphane ligands generally
occurs. In some cases, the use of polydentate ligands seems
to increase the stability and longevity of the catalyst, so we
could expect better conversions of aryl chlorides by using
bidentate ligands.[13]

Results and Discussion

First, we examined the efficiency of [PdCl(C3H5)]2 asso-
ciated to mono- or bidentate ligands on the yield of the
direct coupling of 4-chloroacetophenone with 2-n-propyl-
thiazole (Scheme 1, Table 1). [PdCl(C3H5)]2 associated to
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Table 1. Palladium-catalysed cross-coupling of 2-n-propylthiazole with 4-chloroacetophenone (Scheme 1). Conditions: catalyst 1 mol-%,
4-chloroacetophenone (1 equiv.), 2-n-propylthiazole (2 equiv.), base (4 equiv.), 15 h, GC and NMR yields.

Entry Catalyst Solvent Base Temperature [°C] Yield [%][a]

1 0.5 [PdCl(C3H5)]2/dppe dmac AcOK 150 41
2 0.5 [PdCl(C3H5)]2/dppf dmac AcOK 150 10
3 PdCl(dppb)(C3H5) dmac AcONa 150 72
4 [PdCl(C3H5)]2/2PPh3 dmac AcOK 150 58[b]

5 Pd(OH)2/C dmac AcONa 150 9
6 10% Pd/C dmac AcOK 150 0
7 Pd(OAc)2/dppb dmac AcOK 150 10
8 Pd(OAc)2/2PPh3 dmac AcOK 150 6
9 PdCl(dppb)(C3H5) dmac AcOK 150 65 (53)
10 PdCl(dppb)(C3H5) dmac Cs2CO3 150 12
11 PdCl(dppb)(C3H5) dmac K2CO3 150 15
12 PdCl(dppb)(C3H5) dmac KF 150 12
13 PdCl(dppb)(C3H5) dmf AcONa 150 34
14 PdCl(dppb)(C3H5) dmso AcONa 150 17
15 PdCl(dppb)(C3H5) nmp AcOK 150 17
16 PdCl(dppb)(C3H5) dioxane AcOK 150 14[c]

17 PdCl(dppb)(C3H5) xylene AcOK 150 5[c]

18 PdCl(dppb)(C3H5) dmac AcOK 130 32
19 PdCl(dppb)(C3H5) dmac AcOK 170 6

[a] Yield in parenthesis is isolated yield. [b] The formation of side products was also observed. [c] Reaction performed in an autoclave.

the dppe or 1,1�-dppf ligands led to low conversions of 41
and 10%, respectively (Table 1, Entries 1 and 2). On the
other hand, we observed that with PdCl(C3H5)(dppb)[14] as
the catalyst, dmac as the solvent, AcONa as the base and
heated 150 °C, 5-(4-acetylphenyl)-2-propyl-thiazole (1) was
obtained with 72% conversion (Table 1, Entry 3). The dppb
ligand is known to give sterically more hindered complexes
than those of 1,1�-dppf or dppe. By using PPh3 as the li-
gand, the formation of 1 was observed in 58% conversion
together with the formation of a side product (Table 1, En-
try 4). The palladium source also has a large influence on
the yield. The use of Pd(OAc)2 led to reactions with lower
yields than those with [PdCl(C3H5)]2 (Table 1, Entries 7 and
8). Pd/C or Pd(OH)2/C was found to be almost completely
ineffective for this coupling (Table 1, Entries 5 and 6). Then,
the influence of several parameters such as the base, solvent

Table 2. Palladium catalysed cross-coupling with thiazole derivatives (Scheme 2). Conditions: PdCl(dppb)(C3H5) see ref.[14], ArCl
(1 equiv.), thiazole derivative (2 equiv.), AcOK or AcONa (4 equiv.), dmac, 150 °C, 15 h, GC and NMR yields.

Entry Thiazole Aryl chloride Base Product Yield [%][a]

1 2-n-propylthiazole 4-chlorobenzaldehyde AcOK 2 89 (74)
2 2-n-propylthiazole methyl 4-chlorobenzoate AcOK 3 85 (72)
3 2-n-propylthiazole 4-trifluoromethylchlorobenzene AcOK 4 63 (56)[b]

4 2-n-propylthiazole 4-chlorobenzonitrile AcOK 5 84 (75)
5 2-n-propylthiazole 4-chloronitrobenzene AcONa 6 55
6 2-n-propylthiazole 4-chloronitrobenzene AcOK 6 100 (79)
7 2-n-propylthiazole 4-chlorofluorobenzene AcOK – 0
8 2-n-propylthiazole 3-chlorobenzonitrile AcOK 7 69 (57)
9 2-n-propylthiazole 2-chlorobenzaldehyde AcONa 8 85 (63)
10 2-n-propylthiazole 2-chlorobenzaldehyde AcOK 8 75
11 2-n-propylthiazole 2-trifluoromethylchlorobenzene AcOK 9 13 (11)
12 2-n-propylthiazole 2-chlorobenzonitrile AcOK 10 46 (41)
13 2-ethyl-4-methylthiazole 4-chlorobenzonitrile AcOK 11 92 (71)
14 2-ethyl-4-methylthiazole 4-chloronitrobenzene AcOK 12 98 (73)
15 2-ethyl-4-methylthiazole 4-chlorobenzaldehyde AcOK 13 62 (52)
16 2-ethyl-4-methylthiazole 3-chlorobenzonitrile AcOK 14 48 (44)
17 2-ethyl-4-methylthiazole 2-chlorobenzaldehyde AcOK 15 82 (70)

[a] Yields in parenthesis are isolated yields. [b] Reaction performed in an autoclave.
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and temperature with the use of PdCl(C3H5)(dppb) as the
catalyst was examined. AcOK also led to a high yield of 1
(Table 1, Entry 9). By using carbonates or KF as bases,
lower conversions were obtained (Table 1, Entries 10–12).
The influence of a few other solvents such as dmf, dmso,
nmp, dioxane or xylene was also examined, but in all cases,
low conversions were observed (Table 1, Entries 13–17). An
elevated reaction temperature (150 °C) was necessary to ob-
tain a high yield of the product. At 130 °C, a lower conver-
sion of 32% was obtained. On the other hand, a very high
reaction temperature led to a very low conversion of 6%.
This is probably due to faster decomposition of the catalyst
(Table 1, Entries 18 and 19).

Then, the scope and limitations of this reaction by using
PdCl(dppb)(C3H5) in dmac with AcOK or AcONa as bases
at 150 °C was investigated (Scheme 2, Table 2). The reaction



Activated Aryl Chlorides: Useful Partners in Pd-Catalysed Reactions SHORT COMMUNICATION
proceeds nicely with several para-substituted aryl chlorides.
Electron-withdrawing groups in the aryl chlorides are
favourable, whereas an electron-donation group is un-
favourable. For example, the coupling with 4-chlorobenzal-
dehyde, methyl 4-chlorobenzoate, 4-chlorobenzonitrile or 4-
chloronitrobenzene gave the corresponding 5-aryl-2-n-prop-
ylthiazoles 2–6 in good yields (Table 2, Entries 1–6). On the
other hand, poorly activated 4-chlorofluorobenzene was re-
covered unreacted (Table 2, Entry 7). This result seems to
indicate that with this catalyst the oxidative addition of the
aryl chloride to palladium is the rate-limiting step of the
catalytic cycle. As expected, quite similar reactivity was ob-
tained by using meta-substituted 3-chlorobenzonitrile
(Table 2, Entry 8). Sterically congested ortho-substituted
aryl chlorides gave low-to-high yields of 8–10, depending
on the substituents (Table 2, Entries 9–12).

Scheme 2.

Finally, the coupling in the presence of the sterically
more-hindered 2-ethyl-4-methylthiazole was studied. 2-
Ethyl-5-aryl-4-methylthiazole derivatives 11–15 were ob-
tained selectively in moderate-to-high yields (Table 2, En-
tries 13–17).

Conclusions

In the presence 1 mol-% of the air-stable
PdCl(dppb)(C3H5) complex, the direct arylation of 2-sub-
stituted thiazole derivatives with the use of aryl chlorides
proceeds in moderate-to-high yields. The structure of the
ligand, palladium source and reaction conditions have a
large influence on the yields. With this system, only elec-
tron-deficient aryl chlorides gave satisfactory results. How-
ever, it should be noted that a wide range of functionalities
such as acetyl, formyl, ester, nitro, nitrile or trifluoromethyl
on the aryl chloride is tolerated. This procedure is very sim-
ple, economically attractive and uses commercially available
ligand and catalyst precursors. The air-stability of the cata-
lyst and ligand make this procedure more convenient than
those using bulky electron-rich phosphanes that are often
employed to activate aryl chlorides in palladium-catalysed
reactions.[11]

Experimental Section
As a typical experiment, a mixture of 4-chloroacetophenone
(0.154 g, 1 mmol), 2-n-propylthiazole (0.254 g, 2 mmol) and AcOK
(0.392 g, 4 mmol) was heated at 150 °C for 15 h in dry dmac (5 mL)
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in the presence of PdCl(dppb)(C3H5)[14] (6.1 mg, 0.01 mmol) under
an atmosphere of argon. After extraction with dichloromethane,
evaporation and filtration through silica gel (pentane/ether) corre-
sponding product 1 was obtained in 53% (0.129 g) isolated yield
as an oil. 1H NMR (200 MHz, CDCl3): δ = 7.96 (d, J = 8.5 Hz, 2
H), 7.92 (s, 1 H), 7.60 (d, J = 8.5 Hz, 2 H), 2.99 (t, J = 7.4 Hz, 2
H), 2.60 (s, 3 H), 1.85 (sext., J = 7.4 Hz, 2 H), 1.03 (t, J = 7.4 Hz,
3 H) ppm. 13C NMR (50 MHz, CDCl3): δ = 197.1, 172.1, 138.9,
137.1, 136.2, 136.1, 129.1, 126.3, 35.6, 26.6, 23.3, 13.6 ppm.
C11H9NOS (203.12): C 65.00, H 4.46; found C 64.75, H 4.76.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental details for the preparation of the Pd catalyst and
compounds 2–15.
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