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Synthesis of palladium-bidentate complex and its application
in Sonogashira and Suzuki coupling reactions
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A new palladium-bidentate complex [m-C6H4(CH2ImMe)2(PdCl2)] (III ) was prepared in two
steps. In the first step, [m-C6H4(CH2ImMeAgCl)2] (II ) (Im = imidazole moiety) was obtained
by reacting imidazolium salt [m-C6H4(CH2ImMe)2]Cl2 (I ) (prepared by quaternisation of N-
methylimidazole with 1,3-bis(chloromethyl)benzene) and Ag2O in CH2Cl2. In the next step, treat-
ment of (II ) with Pd(CH3CN)2Cl2 afforded complex III which was evaluated for its catalytic ac-
tivity for C—C bond-formation reactions by examining the coupling reaction of 3-iodoanisole with
phenylacetylene in the Sonogashira reaction. In addition, 3-methoxybiphenyls were obtained with
good to excellent yields by Suzuki coupling reactions of 3-iodoanisole with phenylboronic acids or
phenylborates salts in the presence of this complex.
c© 2013 Institute of Chemistry, Slovak Academy of Sciences
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Introduction

N-Heterocyclic carbenes are ligands with afford-
able and easy synthesis (Wanzlick & Schönherr, 1968).
Their coordination to transition metals leads to com-
plexes that are generally more stable than their phos-
phine analogues (Arduengo et al., 1991; Herrmann,
2002; Nair et al., 2004), and their use in catalysis over
the last twenty years has demonstrated performances
equal to or even higher than those of the phosphine
complexes (Jafarpour & Nolan, 2000). In recent re-
ports, chelating ligands were developed (Flahaut et
al., 2006; Mata et al., 2007) allowing the formation
of very active complexes by diverse catalytic reactions
(Nandurkar et al., 2007; Negishi, 2003). More specifi-
cally, these reactions have been widely employed in the
synthesis of natural products, and biologically active
molecules and materials (Cornils & Herrmann, 2005;
Yasuda, 2002).

Many papers are devoted to the properties of vari-
ous forms of palladium (Pd) compounds and their ap-
plications in catalysis (Akiyama et al., 2009; Amini &
Etemadi, 2013; Bakherad et al., 2009; Buchmeiser et
al., 2001; Corma et al., 2005; Islam et al., 2010; Koukal
et al., 2013; Nandurkar & Bhanage, 2008; Phan & Le,
2011; Reddy et al., 2006; Zhang et al., 2009). Partic-
ularly, palladium-catalysed coupling of an aryl halide
with aryl boronic acid (Suzuki coupling) (Böhm et al.,
2000; Inamoto et al., 2009; Kumar et al., 2009; Patil
et al., 2009; Weskamp et al., 1999) or with a terminal
alkyne (Sonogashira coupling) (Dash et al., 2009; Li &
Hor, 2008; Ray et al., 2008) are recognised as the most
successful methods of carbon–carbon bond formation
(Stauffer et al., 2000).
As reported by Tudose et al. (2006), the pre-

cise architecture of Pd species plays a crucial role
in designing highly efficient Pd catalyst systems
and electronic properties can be tuned by vary-
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Fig. 1. Synthesis of precursors I and II and Pd-bidentate complex III. Reaction conditions: i) DMF, reflux; ii) Ag2O; iii)
Pd(CH3CN)2Cl2; r.t., 30 min.

ing the organic ligands. The aim of the present
study is to synthesise a new palladium-pincer com-
plex (III ), and to examine its application in cross-
coupling reactions such as (i) Sonogashira reaction of
3-iodoanisole with phenylacetylene; (ii) Suzuki reac-
tion of 3-iodoanisole with phenylboronic acids, and
(iii) Suzuki reaction of 3-iodoanisole with phenylbo-
rate salts.

Experimental

All reactions and manipulations were performed
under dry nitrogen atmosphere using a Radleys
Carousel 12.

1H (400 MHz) and 13C (100.6 MHz) NMR spec-
tra were recorded in dimethyl sulfoxide (DMSO-d6)
on a Bruker DRX 400 MHz spectrometer, using the
DMSO-d6 residual peak as the 1H internal reference
(δ = 2.5), and the central peak of DMSO-d6 at δ =
39.5 as the 13C reference. Chemical shifts (δ) are ref-
erenced to the signal of internal TMS. IR spectra (in
KBr pellets) were recorded on a Perkin–Elmer Spec-
trum BX FTIR spectrophotometer.
Compounds I–III (Fig. 1) were prepared by slight

modification of procedures already described (Arnold
& Pearson, 2007; Chen et al., 2002; Danopoulos et
al., 2003; Lin & Vasam, 2007) as follows: a mixture of
1,3-bis(chloromethyl)benzene (m-xylylene dichloride)
(2.27 g, 10 mmol) and N-methylimidazole (4.26 g,
40 mmol) was heated in DMF at 80◦C for 6 h. The
solvent was evaporated under reduced pressure and
the product was washed with diethyl ether (100 mL)
to give I as a white hygroscopic solid. According
to the literature methods (Chen et al., 2002), com-
pound I was added to a suspension of Ag2O (in the
mole ratio of 1 : 1) in dichloromethane at ambient
temperature and the mixture was stirred overnight.
The black Ag2O solid disappeared and the silver-
carbene complex II was isolated (91 % yield) af-
ter the evaporation of the solvent. Treatment of the
silver-carbene complex II with Pd(CH3CN)2Cl2 af-
forded the corresponding palladium-bidentate com-
plex, [m-C6H4(CH2ImMe)2(PdCl2)] (III ), in a 71 %
yield as an air stable cream-coloured solid.

General procedure for Sonogashira cross-
coupling reaction

A solution of 3-iodoanisole (1 mmol) and pheny-
lacetylene (1.2 mmol) in DMF/H2O (10 mL, ϕr =
4 : 1) was added to the mixture of Et3N (2 mmol),
CuI (2.0 mmol) (or no CuI), and [C6H4(CH2ImMe)2
(PdCl2)] (0.5 mole %) and the reaction mixture was
heated at 80◦C for 6 h. The product was extracted
with diethyl ether (5 × 50 mL), the combined ex-
tracts were dried with MgSO4, filtered and the sol-
vent was removed under diminished pressure to give
a crude product which was purified by column chro-
matography on silica gel using hexane/ethyl acetate
(ϕr = 1 : 3) as the eluent to afford the desired
product. The product was identified by NMR and
FTIR spectroscopy. Spectral data of 1-methoxy-3-(2-
phenylethynyl)benzene (VI ) are in accord with those
already reported (Giraud et al., 2008; Yang et al.,
2007).

General procedure for Suzuki cross-coupling
reaction

A mixture of 3-iodoanisole (1 mmol), phenyl-
boronic acid (1.2 mmol), [C6H4(CH2ImMe)2(PdCl2)]
(0.5 mol %), and tert-BuOK (2 mmol) in DMF
(10 mL), was stirred at 80◦C for 8 h. The reaction mix-
ture was then cooled to ambient temperature and the
solvent was evaporated under reduced pressure. The
residue was purified by column chromatography (sil-
ica gel) using hexane/ethyl acetate (ϕr = 1 : 1) as the
eluent to afford the desired product. Spectral data of
1-methoxy-3-(4-methoxyphenyl)benzene (VIIIa) and
1-(4-chlorophenyl)-3-methoxybenzene (VIIIb) were re-
ported previously (Cella et al., 2006; Lu et al., 2010).

Results and discussion

The 1H NMR spectrum of I showed a singlet at
δ = 8.28 corresponding to the NCHN of the imida-
zolium moiety protons and a multiplet in the range
of δ = 7.46–7.39 for the NCHCHN protons. For com-
plexes II and III, the signals of the imidazolium pro-
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Table 1. Spectral data of the compounds prepared

Compound Physical and spectral data

I IR, ν̃/cm−1: 3004, 2869, 1564, 1455,1078, 755
1H NMR (DMSO-d6), δ: 8.28 (s, 2H, NCHN), 7.46–7.39 (m, 4H, NCHCHN), 7.19–7.07 (m, 4H, C6H4), 4.07 (s, 4H,
CH2), 3.99 (s, 6H, 2 × CH3)
13C NMR (DMSO-d6), δ: 147.9, 133.9, 128.3, 127.5, 123.4, 120.6, 53.1, 34.3

II IR, ν̃/cm−1: 3122, 2861, 1565,1460, 1238, 749
1H NMR (DMSO-d6), δ: 7.05–7.03 (d, 2H, NCH), 6.58–6.52 (m, 4H,C6H4), 6.01 (d, 2H, NCH), 5.03 (s, 4H, CH2),
3.42 (s, 6H, 2 × CH3)
13C NMR (DMSO-d6), δ: 164.1, 160.6, 159.4, 137.8, 134.2, 123.5, 122.6, 50.9, 37.3

III IR, ν̃/cm−1: 3121, 2923, 2335, 1548, 1237, 749
1H MR (DMSO-d6), δ: 7.15–7.08 (d, 2H, NCH), 6.73–6.69 (m, 4H, C6H4), 6.23 (d, 2H, NCH), 4.99 (s, 4H, CH2),
3.60 (s, 6H, 2 × CH3)
13C NMR (DMSO-d6), δ: 168.2, 161.1, 156.1, 145.2, 139.3, 126.5, 121.9, 51.2, 371

VIIIa Yield = 90 %, colourless solid
IR, ν̃/cm−1: 2957, 2833, 1582, 1472, 1284, 1227, 1060, 821, 763, 679
1H NMR (DMSO-d6), δ: 7.34 (m, 1H, 2 × CHCHCH), 7.28 (m, 1H, CHCHCH), 7.07 (m, 1H, CHCCH), 7.05 (m,
1H, CHCCH), 6.93 (m, 2H, CHCCH), 6.91 (m, 1H, CHCHC), 3.83 (s, 6H, 2 × CH3)
13C NMR (DMSO-d6), δ: 158.18, 134.55, 129.87, 129.08, 113.78, 113.02, 111.11, 105.32, 103.09, 93.76, 51.55

VIIIc Yield = 84 %, colourless solid
IR, ν̃/cm−1: 2969, 1468, 1292, 1213, 1053, 817, 773, 690
1H NMR (DMSO-d6), δ: 7.59 (m, 1H, CHCHCH), 7.47 (m, 1H, CHCHCH), 7.29 (m, 1H, CHCHCH), 7.26 (m, 1H,
CHCHCH), 7.23 (m, 1H, CHCHCH), 7.02 (m, 1H, CCHCH), 6.98 (m, 1H, CCHC), 6.90 (m, 1H, CCHCH), 3.86 (s,
3H, CH3)
13C NMR (DMSO-d6), δ: 160.14, 131.92, 131.65, 130.77, 129.84, 128.36, 128.32, 123.01, 116.33, 114.97, 113.77, 55.42

VIIId Yield = 86 %; colourless solid
IR, ν̃/cm−1: 2945,2839, 1470, 1268, 1256, 1208, 1029, 819, 761
1H NMR (DMSO-d6), δ: 7.18 (m, 2H, CHCHCH), 7.12 (m, 2H, CHCHCH), 7.03 (m, 2H, CCHCH), 6.93 (m, 1H,
CCHC), 6.90 (m, 2H, CCHCH), 3.83 (s, 3H, CH3)
13C NMR (DMSO-d6), δ: 159.73, 135.28, 131.15, 129.84, 129.31, 128.36, 128.30, 111.79, 55.31

VIIIe Yield = 89 %; colourless solid
IR, ν̃/cm−1: 2936, 2832, 1462, 1295, 1223, 1039, 803, 783, 686
1H NMR (DMSO-d6), δ: 7.98 (m, 2H, 2 × CHCHCH), 7.95 (m, 1H, CHCHCH), 7.54 (m, 1H, CHCHCH), 7.50
(m, 1H, CHCHCH), 7.46 (m, 2H, 2 × CHCHCH), 7.43 (m, 1H, CHCHCH), 7.03 (m, 1H, CCHCH), 7.01 (m, 1H,
CCHC), 6.99 (m, 1H, CCHCH), 3.80 (s, 3H, CH3)
13C NMR (DMSO-d6), δ: 160.14, 145.02, 141.94, 141.34, 130.77, 129.85, 129.83, 127.07, 124.76, 124.12, 119.44,
113.59, 112.03, 55.89.

tons NCHCHN appeared as two doublets at δ = 7.05–
7.03 and a multiplet in the range of δ = 7.15–7.08,
respectively. These are typical values reported previ-
ously (Baker et al., 2005; Chen & Matsumoto, 2002;
Heckenroth et al., 2006) for imidazolium salts. For I,
II, and III, the resonances of the methylene protons of
the bridge were observed as singlets at δ = 4.07, 5.03,
and 4.99, respectively. On the other hand, the reso-
nances of the aromatic phenyl groups in I, II, and III
were observed as multiplets at δ = 7.07–7.19, δ = 6.58–
6.52, and δ = 6.73–6.69, respectively. Qualitatively,
the 1H NMR spectral data of III are very similar to
those of II.
The 13C NMR spectrum of I also showed signals at

δ = 120.6 for the C-3 atom of the imidazolium moiety,
and signals at δ = 123.4, δ = 127.5, δ = 128.3, and δ
= 133.9 for the C-4, C-5, C-6, and C-7 atoms of the
phenyl group. Carbene formation is indicated by the
signal of the C-8 atom of the NCN group appearing
at δ = 146.9 in I, whereas the coordinating carbene
carbons can be observed at δ = 164.1 and δ = 168.2
for II and III, respectively, suggesting the formation of

Fig. 2. Sonogashira reaction of 3-iodoanisole with phenylacety-
lene catalysed by Pd-bidentate complex III. Reaction
conditions: i) 3-iodoanisole (1.0 mmol), phenylacety-
lene (1.2 mmol), catalyst (0.5 mole % Pd), Et3N
(2.0 mmol), DMF/H2O or H2O (10 mL), 80◦C, 6 h
(unoptimised time) in the presence (1.0 mmol) or ab-
sence of CuI.

the C—AgCl and Pd—C bonds (for details, Table 1).
To evaluate the catalytic activity, the Pd-bidentate

complex III in the Sonogashira coupling reaction of 3-
iodoanisole (IVa) with phenylacetylene (V ) was first
examined. When copper iodide (CuI) was used as a
co-catalyst and triethylamine as the base, V was cou-
pled smoothly with IVa affording the desired prod-
uct, 1-methoxy-3-(2-phenylethynyl)benzene (VI ), in a
good yield (79 %). However, for analogous reaction
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Table 2. Suzuki coupling reaction using Pd-bidentate complex III in DMFa and DMF/H2Ob

Entry Haloarene Boronic acid Product Yield/% Reference

1 IVa VIIa VIIIa 92 Lu et al. (2010)
2 IVa VIIb VIIIb 76 Cella et al. (2006)
3 IVa VIIc VIIIc 84 Beadle et al. (1984)
4 IVa VIId VIIId 95 Molander and Biolatto (2003)
5 IVb VIId VIIId 25 Molander and Biolatto (2003)
6 IVc VIId VIIId 0 Molander and Biolatto (2003)
7 IVa VIIe VIIIe 82 Cella et al. (2006)
8 IVd VIId VIIIf 86 Arentsen et al. (2005)
9 IVe VIId VIIIg 90 Hoshino et al. (1997)
10 IVf VIId VIIIh 95 Molander and Iannazzo (2011)
11 IVa VIIf VIIId 86 Molander and Biolatto (2003)
12 IVa VIIg VIIIa 90 Lu et al. (2010)

a) Reaction conditions for entries 1–10: haloarene (1.0 mmol), phenylboronic acid (1.5 mmol), catalyst (0.5 mole % Pd), tert-BuOK
(2.0 mmol), DMF (10 mL), 80◦C, 8 h (unoptimised time); b) for entries 11 and 12: 3-iodoanisole (IVa) (1.2 mmol), phenylborate salt
(VIIf or VIIg) (1.8 mmol), catalyst (0.5 mole % Pd), 80◦C, DMF/H2O, 8 h (unoptimised time); IVd = methyl 4-iodobenzoate; IVe
= 4-iodoacetophenone; IVf = 1-iodo-4-(trifluoromethyl)benzene; VIIe = 1-naphthylboronic acid; VIIf = sodium tetraphenylborate;
VIIg = potassium (4-methoxyphenyl)trifluoroborate; VIIIe = 1-(3-methoxyphenyl)naphthalene.

Fig. 3. Suzuki coupling reaction of 3-haloanisole with various
phenylboronic acids catalysed by Pd-bidentate complex
III. Reaction conditions: i) see Table 2.

but in the absence of CuI, an unexpected decrease
in the yield (56 %) was observed. The effect of the
charged group has been fully elucidated by Yang et
al. (2007). Catalytic activity of the structurally sim-
ilar Pd complex (NHC)Pd was reported considering
the Sonogashira reaction of terminal alkynes. When
CuI was used as a co-catalyst, complex III showed
similar activity and the monocarbene system gave con-
sistently higher yields of the desired product than the
chelating derivatives. However, when the reaction was
performed in water and in the absence of CuI, the
obtained similar complex without N-heterocyclic car-
bene showed almost no activity in the same reaction
(Giraud et al., 2008).
Catalytic activity of the Pd-bidentate complex III

in the Suzuki cross-coupling reaction was also inves-

tigated. In this respect, the reaction conditions were
optimised for the coupling of 3-iodoanisole (IVa) and
some other haloarenes (IVb–IVf, Fig. 3) with various
phenylboronic acids using potassium tert-butoxide as
a strong base and dimethylformamide as a solvent.
The coupling products were obtained in good yields
(Table 2).
The yields of coupling products (Table 2) with

iodoarenes (entries 1–4, 7–10) were generally good but
yield was low in case of bromobenzene (entry 5) and
no reaction was observed when using chlorobenzene
(entry 6). These results are in good agreement with
published data (Böhm et al., 2000; Buchmeiser et al.,
2001; Inamoto et al., 2009).
The mechanism incorporating similar catalytically

active species has been the subject of much spec-
ulation. A recent work by Cella et al. (2006) on
the Suzuki–Miyaura cross-coupling reactions of aryl
tellurides with potassium aryltrifluoroborate salts in
DMF using complex III (with NHC ligands) showed
similar activity and recyclability as a similar com-
plex in the reactions applying aryl bromide, but much
higher activity when aryl chloride was applied.
As shown in Table 2, the Pd-bidentate complex

III was successfully employed as an efficient catalyst
in the Suzuki coupling reactions of 3-iodoanisole with
sodium tetraphenylborate (entry 11) or potassium (4-
methoxyphenyl)trifluoroborate (entry 12), affording
the corresponding products in excellent yields.

Conclusions

In summary, a new Pd-bidentate complex was
prepared and successfully employed as an efficient
catalyst for the Sonogashira coupling reaction of 3-
iodoanisole with phenylacetylene. From this reaction,
in the presence of copper iodide as a co-catalyst, 1-
methoxy-3-(2-phenylethynyl)benzene was obtained in
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a good yield (79 %). This complex was also suc-
cessfully used as a catalyst for the Suzuki coupling
reaction of 3-iodoanisole with phenylboronic acids
as well as with phenylborate salts, producing 3-
methoxybiphenyls in good to excellent yields.
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