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Two palladium(II) complexes with tridentate N-heterocy-
clic carbene ligands containing aryloxy groups were prepared
and characterized by X-ray crystallographic method. They
showed good performance for Heck reaction.

Transition-metal complexes with N-heterocyclic carbene
ligands are of interest because of the high catalytic activity and
stability compared with those with phosphine ones.1 In order to
investigate the activity and stability of carbene complexes, vari-
ous carbene ligands such as pincer,2 macrocycle,3 tripod,4 and
multidentate ligand consisting of the carbene carbon and oxy-
gen5 or phosphine6 as donor atoms have been prepared. Although
the pincer ligands are known to give the stable complexes, there
has been only one report for the complexes with pincer carbene
ligands containing aryloxy groups.5b To accomplish high catalyt-
ic activity and thermal stability for palladium(II) complexes, we
have designed new pincer complexes containing aryloxy sub-
stituents for the redox character7 and negative charge of the
ligands. There has been only one report on the palladium com-
plexes with bidentate carbene ligands containing aryloxy groups,
but catalytic activity of these complexes was not discussed.5c

Two imidazolium salts, containing aryloxy and/or pyridine,
were prepared as precursors for carbene compounds. In this pa-
per, we describe the preparation of new palladium(II) complexes
with pincer-type tridentate carbene ligands, the characterization
of the structures using X-ray crystallographic methods and the
catalytic property of the complexes for Heck reactions.
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Imidazolium salts, 1-(20-hydroxy-50-tert-butylphenyl)-3-
(200-pyridyl)imidazolium chloride (H2L1Cl), was prepared by
the reaction of 2-chloropyridine with 1-(20-hydroxy-50-tert-
butylphenyl)imidazole for 2 days at 150 �C. 1,3-Bis(20-hydroxy-
phenyl)imidazolium chloride (H3L2Cl) was prepared from o-
aminophenol, glyoxal, formic acid, and paraformaldehyde ac-
cording to the reported method for 1,3-bis(20,60-diisopropyl-
phenyl)imidazolium salts.8 Corresponding palladium(II) com-
plexes, [Pd(L1)Cl] (1)9 and [Pd(L2)(OH2)] (2),

10 were prepared
by the eqs 1 and 2, respectively. Figure 1 shows the crystal struc-

tures for 1 and 2, which have distorted square-planar palladium
centers.11 L1 and L2 acted as tridentate ligands, where pyridyl
nitrogen, carbene carbon, and aryloxy oxygen atoms bonded to
the metal centers. It should be noted that the distances of the
Pd–C bonds for both complexes (1.880(7) �A for 1 and 1.897(5)
�A for 2) were shorter than those for other carbene complexes
previously reported (1.953(5)–2.004(3) �A).5c,5d,12,13 The shortest
Pd–C distances to our knowledge might be caused by the rigid
structure of the tridentate ligands. Other distances of Pd–N and
Pd–Cl bonds for 1 and 2 were similar values for the palladi-
um(II) carbene complexes.13 The 1HNMR spectra of both com-
plexes in DMSO-d6 solution demonstrated complexation shifts
and disappearance of hydroxy and imidazolium protons, indicat-
ing that the coordination structures of 1 and 2 observed in solu-
tion were similar to those in crystal phase. These complexes
were stable in solid state and in solutions under aerobic condition
for months at room temperature. Furthermore, complex 1 was
stable for 24 h at 150 �C in dimethylacetamide (DMA).
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Figure 1. ORTEP drawing of 1 (a) and 2 (b) (50% probability).
Selected bond lengths ( �A) and angles (�) for 1: Pd1–C1 1.880(7),
Pd1–O1 1.990(5), Pd1–N1 2.054(6), Pd1–Cl1 2.377(2), O1–
Pd1–N1 168.9(2), Cl1–Pd1–N1 177.6(2), Cl1–Pd1–N1 98.1(2),
Cl1–Pd1–O1 93.0(1), O1–Pd1–C1 89.2(2), N1–Pd1–C1
79.7(3). Selected bond lengths ( �A) and angles (�) for 2: Pd1–
C1 1.897(5), Pd1–O1 1.984(4), Pd1–O2 1.981(4), Pd1–O3
2.112(4), O1–Pd1–O2 174.4(2), O1–Pd1–O3 86.4(2), O1–
Pd1–C1 93.0(2), O2–Pd1–O3 88.0(2), O2–Pd1–C1 92.6(2),
O3–Pd1–C1 179.0(2).
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The catalytic activities for complexes 1 and 2 were investi-
gated in the Heck reactions of iodobenzene with styrene in DMA
as illustrated in eq 3. The reactions were carried out at 110 �C,
while Entries 1 and 3 were investigated at higher temperature be-
cause of incomplete dissolution of Cs2CO3 in DMA. As summa-
rized in Table 1, reaction products were trans-stilbene (A) and
1,1-diphenylethylene (B), of which ratio was about 9:1.14 The
reactions catalyzed by complex 1 proceeded quantitatively at
both 150 and 110 �C (Entries 1 and 2). In the case of complex
2 (Entry 4), slightly longer reaction time was necessary for the
reaction completed at 110 �C. On the other hand, the lower yield
of the reaction products in Entry 3 is interpreted by the decom-
position of the complex at 150 �C. These findings might indicate
that complex 1 having five- and six-membered chelate rings
showed higher thermal stability and catalytic activity than 2.
In addition, 1 also showed good catalytic performance; the turn-
over number (TON) of 135,000 is comparable to those for other
pincer carbene complexes (Entries 5–7).2a,2c This high TON
signifies that new tridentate carbene ligand containing aryloxy
group plays an important role for stabilization and activation
of palladium complex.

In summary, we prepared and characterized two new palla-
dium(II) complexes with the pincer-type tridentate carbene
ligands. The high catalytic activity for Heck reaction might be
caused by the thermal stability of the palladium complex with
rigid pincer-type ligand, in which the short Pd–C bond distance
is important.
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Table 1. Heck coupling reactions of iodobenzene with styrenea

Entry Catalyst Amount/mol% Base T/�C Time/h Yield/%b TON Ratio of A:Bd

1 1 2:0� 10�1 Cs2CO3 150 6 99 495 89:11
2 1 2:0� 10�1 NEt3 110 6 99 495 89:11
3 2 2:0� 10�1 Cs2CO3 150 2 74c 370 88:12
4 2 2:0� 10�1 NEt3 110 8 97 485 90:10
5 1 2:0� 10�2 NEt3 110 8 90 4500 88:12
6 1 2:0� 10�3 NEt3 110 20 96 48000 88:12
7 1 2:0� 10�4 NEt3 110 48 27 135000 88:12

aReactions were carried out with 2.0mmol of iodobenzene, 2.8mmol of styrene, and 2.2mmol of base in 5mL of DMA. bTotal yield
for A and B determined by GC. cYield for 6 h was also 74%. dDetermined by GC.
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