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Summary: A new macrocyclic ligand and the binuclear
palladium(II) complex of the ligand have been prepared
and characterized. The two 2,6-bis(diaminomethyl)-
phenyl units coordinate to the Pd(II) centers with N,C,N
donor atoms. Two conformational isomers of the complex
were isolated and characterized by X-ray and NMR.

There has been considerable interest in cyclometa-
lated complexes containing anionic terdentate ligands.1
The bis(2,6-diaminomethyl)phenyl chelate (N∧C∧N) is
one of the well-known ligands,2 but other S∧C∧S and
P∧C∧P chelates3 have been studied. In recent years,
the complexes have also been used as catalysts for
Karasch addition,4 hydrocarbon activation,5 Michael
addition,6 and the Heck reaction.7 Other studies of the

units include the preparation of the bimetallic com-
plexes using a connecting ligand that contains the two
N∧C∧N units.8 The resulting complex polymers pre-
pared could be specialty materials with interesting
electronic and/or optical properties.9 Furthermore, some
macrocyclic complexes containing the terdentate
N∧C∧N10 or S∧C∧S11 unit have been reported. The
macrocyclic complexes are of interest, because they
serve as receptors for specific molecules11 and as po-
tential catalysts for selective reactions.

We have reported the synthesis and reactivity of a
series of macrocyclic metal complexes containing bis-
(aminomethyl)pyridyl (or bis(iminomethyl)pyridyl) groups
as donating groups.12 As an extension of our study, we
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designed a novel macrocycle which contains two N∧C∧N
coordinating units. The macrocyclic ligand (L‚Br2 shown
in Scheme 1) is expected to incorporate two late transi-
tion metals in the N∧C∧N coordinating units. In this
work, we prepared and characterized the ligand and the
two conformational isomers of the palladium complex
of this ligand.

The macrocycle L‚Br2 was prepared by a condensation
reaction of 2,6-bis(bromomethyl)bromobenzene with
N,N’-dimethyl-1,3-diaminopropane in the presence of
Cs2CO3 in acetonitrile solution.13 The ligand was ob-
tained as colorless crystals in 30% yield. As shown in
Scheme 1, two methods were tried to synthesize the
palladium(II) complex of the macrocycle. In the first
method, the ligand was treated with nBuLi and the
lithium complex obtained was then mixed with dibromo-
(1,5-cyclooctadiene)palladium(II). The pale yellow com-
pound Pd2Br2L crystallized from chloroform solution.14

The 1H NMR spectrum of the compound showed (1) a
considerable high-field shift of the phenyl protons and
(2) AB doublets at near 4 ppm, which were ascribed to
the inequivalent methylene protons connected at the
2,6-position of the phenyl groups. The latter feature
means the complex has a nonplanar structure. The
compound was further characterized by X-ray studies.15

Figure 1 shows the Z-shaped structure of the dipalla-
dium complex. A center of inversion is located at the
center of the dinuclear complex. One of the methyl
groups in an asymmetric unit is axially oriented and
the other equatorially. The NMR data show that the
two methyl groups are equivalent in solution.

In the second method, direct reaction of a Pd(0)
complex, [Pd2(dba)3] (dba ) dibenzylideneacetone), with

the ligand was conducted. The product was shown to
be a mixture of two isomers. One is the same Z-shaped
complex that is obtained in the first method. The other
compound, which was isolated in 10% yield as pale
yellow crystals, shows an NMR pattern similar to that
of the Z-shaped conformer, but it gives different chemi-
cal shifts and coupling constants.16 The structure of the
latter isomer was also clarified by X-ray studies.17 As
shown in Figure 2, this isomer has an interesting

(12) (a) Tsubomura, T.; Ezawa, M.; Sato, T.; Sakai, K. Inorg. Chim.
Acta 2000, 31, C265. (b) Sato, T.; Sakai, K.; Tsubomura, T. Supramol.
Chem. 1996, 7, 157. (c) Tsubomura, T.; Yasaku, K.; Sato, T.; Morita,
M. Inorg. Chem. 1992, 31, 447.

(13) The macrocyclic ligand L‚Br2 was obtained as colorless crystals.
The ligand was characterized by CHN analysis and 1H NMR. See the
Supporting Information for details.

(14) A very small amount of good crystals was obtained in ca. 1%
yield. Mass spectrum (FAB+; m/z): 699 (Pd2BrL)+, 654, 609, 551, 397,
313. NMR spectra of the reaction mixture showed unidentified products
in addition to the isolated complex.

(15) X-ray data for the Z-shaped conformer: C26H38N4Pd2Br2, 779.2,
monoclinic, P21/a, a ) 16.545(7) Å, b ) 10.210(3) Å, c ) 8.428(3) Å, â
) 104.77(4)°, V ) 1376.6(9) Å3, Z ) 2, T ) 23.0 °C, Rigaku AFC-5S
diffractometer, ω-2θ scan, 4010 observations, R ) 0.084, Rw ) 0.103
(based on F2).

(16) These complexes give signals characteristic of AB methylene
protons, which are assigned as the methylene protons attached to the
phenyl rings. For the Z-shaped complex, the signals were at 4.27 and
3.90 ppm (JAB ) 14.8 Hz) from TMS, but for the U-shaped complex,
they were at 4.05 and 3.95 ppm (15.8 Hz) (δ in CDCl3). See the
Supporting Information for details.

Scheme 1

Figure 1. ORTEP drawing of the macrocyclic palladium-
(II) complex of the Z-shaped conformer. Thermal ellipsoids
are shown at the 50% probability level. Selected bond
distances (Å) and angles (deg): Pd1-Br1 ) 2.5691(9), Pd1-
N1 ) 2.131(4), Pd1-N2 ) 2.122(4), Pd1-C8 ) 1.919(5);
Br1-Pd1-N1 ) 101.2(1), Br1-Pd1-N2 ) 96.3(1), Br1-
Pd1-C8 ) 173.7(2).

Figure 2. ORTEP drawing of the macrocyclic palladium-
(II) complex of the U-shaped conformer. Thermal ellipsoids
are shown at the 50% probability level. Selected bond
distances (Å) and angles (deg): Pd1-Br1 ) 2.5617(9), Pd1-
N4 ) 2.104(6), Pd1-N5 ) 2.136(6), Pd1-C8 ) 1.914(6);
Br1-Pd1-N4 ) 97.6(1), Br1-Pd1-N5 ) 96.8(2), Br1-
Pd1-C8 ) 173.9(2)°.
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U-shaped structure. There is a crystallographic mirror
plane passing through the C10 and C12 atoms. This
U-shaped molecule has pseudo C2v symmetry.

Both isomers of the palladium complex are fairly
stable in air, even in solution. The coordination geom-
etries around the Pd atoms are approximately square
planar in both complexes. The Pd-C distances are
1.921(4) and 1.915(7) Å, respectively, for Z-shaped and
U-shaped complexes. There are no unusual bond lengths
and angles in the complexes. The Pd-Pd distances are
4.80 and 5.19 Å in the Z-shaped and U-shaped com-
plexes, respectively, and there is negligible interaction
between the Pd atoms.

NMR data show remarkable inequivalency in some
methylene protons. In addition to the AB signal of the
methylene groups described above, distinct signals of
two protons on the methylene groups C9 (C11) in the
Z-shaped conformer and C9 (C10) in the U-shaped
conformer are observed. Furthermore, a very large
difference in the chemical shift values of the two
methylene protons on C10 (C12) in the U-shaped
conformer is found (δ 4.26 and 2.34). The result of the
X-ray study supports the inequivalency. There is a 12-
membered metallacycle in the complex. In the U-shaped

conformer, one of the two protons on the C12 methylene
group is directed toward the inside of the metallacyle,
but the other proton connects axially to the ring. The
distance between the former proton and the palladium
atom is only 2.79 Å. The U shape of the complex enforces
the two bromide ions to be in the same direction in the
binuclear complex. This structure should be important
for use as a potential catalyst.

In this work, two structures of the new macrocycle
complex have been clarified. Our method, i.e., incorpo-
ration of two terdentate N∧C∧N coordination groups
into a macrocycle, enables us to obtain interesting
complexes that contain two noble metals at specific sites
in macrocyclic molecules. The method should be useful
for designing potential catalysts and new molecular
devices.
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Supporting Information Available: Text giving details
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as electronic files in CIF format. This material is available
free of charge via the Internet at http://pubs.acs.org.
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(17) X-ray data for the U-shaped conformer: C26H38N4Pd2Br2‚CHCl3,
898.6, orthorhombic, Pnma, a ) 14.445(2) Å, b ) 17.928(2) Å, c )
12.903(2) Å, V ) 3341.3(5) Å3 , Z ) 4, T ) 23.0 °C, Rigaku AFC5S
diffractometer, ω-2θ scan, 3958 observations, R ) 0.093, Rw ) 0.115
(based on F2).
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