
Binuclear ligands possessing two discrete multidentate N-
heterocyclic podand coordination sites connected by a flexible
propylene spacer and a rigid m-xylene spacer were synthesized.
Treatment of the binuclear ligands with Ni(OAc)2 afforded the
bimetallic nickel(II) complexes with two discrete nickel cen-
ters. The single-crystal X-ray structure determination of the
bimetallic nickel(II) complex with a propylene spacer revealed
a little distorted square planar geometry at each nickel center.

Amido-N ligands, which possess σ-donor properties of the
deprotonated nitrogen, are known to afford stable complexes
with transition metals.1 We have demonstrated that the efficient
catalytic systems for oxygenation reaction with molecular oxy-
gen are achieved by utilization of transition metal complexes
with the multidentate N-heterocyclic podand ligands composed
of 2,6-pyridinedicarboxamide unit.2 An intramolecular axial
coordination of the podand N-heterocyclic moiety by virtue of
the flexibility of the podand moieties appears to participate in
forming an efficient catalytic system.  Flexible podand ligands
are considered to confer to complexes possessing various metal
geometry under different modes of coordination.3 On the other
hand, two metal centers in close proximity cooperatively activate
oxygen in oxygenases like tyrosinase and methane monooxyge-
nase.4 A bimetallic system is considered to be important from
the viewpoints of biomimetic models and synthetic catalysts.5

We herein report the synthesis of binuclear ligands possessing
two discrete multidentate N-heterocyclic podand coordination
sites and characterization of the bimetallic nickel(II) complexes.

Binuclear ligands 3 composed of a flexible propylene spacer
and a rigid m-xylene spacer were prepared conveniently from

chelidamic acid according to the path shown in Scheme 1,
instead of using 4-chloro-2,6-pyridinedicarbonyl dichloride as a
starting compound.  Chelidamic acid was converted into the
methyl ester 1, two molecules of which were linked by treatment
with 1,3-dibromopropane or 1,3-bis(bromomethyl)benzene in the
presence of potassium carbonate to give 2 in good yields.
Amidation of 2 with 2-(2-aminoethyl)pyridine afforded the
desired binuclear ligands 3 in moderate yields (3a, 64%; 3b, 68%
based on 2).  The thus-obtained binuclear ligands 3 were fully
characterized by spectral data and elemental analyses.6 Only one
set of well-resolved signals for protons of podand coordination
moieties was observed in 1H NMR, indicating that both podand
coordination moieties adopt the symmetrical conformation.

A synthetically useful catalytic epoxidation of olefins by
nickel(II) complexes in the presence of aldehydes under molec-
ular oxygen has been investigated extensively.7 In this context,
we embarked upon the preparation of the bimetallic nickel(II)
complex with the binuclear ligand 3 although complexation
with five- or six-coordinated transition metal is possible.
Complexation of 3a and 3b with Ni(OAc)2 led to the selective
formation of the bimetallic nickel(II) complexes 4a and 4b,
respectively.8 The single-crystal X-ray structure determination
of 4a revealed that the nickel center is coordinated by four nitro-
gens of the deprotonated amide moieties, central pyridine, and
one of the podand pyridines as shown in Figure 1.9 A little dis-
torted square planar geometry was observed at each nickel cen-
ter substituted with two amide nitrogens of 3a (N(2)-Ni(1)-N(3),
164.0°; N(7)–Ni(2)–N(8), 163.8°).  The two deprotonated amido
moieties and central pyridine ring are coplanar to form two five-
membered chelate rings with extended conjugation, resulting in
the significant deviation from 90° of the bond angles involving

1328 Chemistry Letters 2001

Copyright © 2001  The Chemical Society of Japan

Synthesis of Binuclear Ligands Possessing Two Discrete Multidentate
N-Heterocyclic Podand Coordination Sites and Their Bimetallic Nickel(II) Complexes

Toshiyuki Moriuchi, Isao Nakayama, Kouichirou Nishimura, Masahito Nishiyama,
Eiko Mochizuki, Yasushi Kai, and Toshikazu Hirao*

Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamada-oka, Suita, Osaka 565-0871

(Received September 12, 2001; CL-010901)



the chelation (N(1)–Ni(1)–N(2), 82.6°; N(1)–Ni(1)–N(3), 83.2°;
N(6)–Ni(2)–N(7), 82.6°; N(6)–Ni(2)–N(8), 82.8°).  The lengths
of two nickel-amide nitrogen bonds are different, probably due
to the formation of six-membered chelate ring with one of the
podand pyridine moiety (Ni(1)–N(2), 1.97 Å; Ni(1)–N(3), 1.90
Å; Ni(2)–N(7), 1.95 Å; Ni(2)–N(8), 1.90 Å).

The catalysis of bimetallic nickel(II) complexes 4 was
examined in the catalytic epoxidation reaction of trans-1-
phenylprop-1-ene.  Treatment of trans-1-phenylprop-1-ene with
a catalytic amount of 4 in the presence of pivalaldehyde under
molecular oxygen led to the selective formation of the corre-
sponding trans-epoxide in a moderate yield (4a: 60%, 4b:
76%).10 The bimetallic nickel(II) complex 4b exhibited a higher
catalytic activity than the mononuclear nickel(II) complex 5
(53%).  The reason still remains obscure why the more enhanced
epoxidation reaction was observed with 4b.  The two metal cen-
ters of 4b, which are orientated by a rigid m-xylene spacer, are
supposed to operate cooperatively in the epoxidation reaction;
one metal center of 4b binds to the substrate or two metal cen-
ters activate molecular oxygen. 

In conclusion, the binuclear ligands composed of two dis-
crete multidentate N-heterocyclic podand coordination sites
were synthesized.  The thus-obtained binuclear ligands were
found to form the bimetallic nickel(II) complexes 4 with two
discrete nickel centers.  The bimetallic nickel(II) complex 4b
exhibited the enhanced catalytic activity in the epoxidation reac-
tion of trans-1-phenylprop-1-ene probably due to bimetallic
catalysis.  Further investigation on the catalytic reaction includ-
ing mechanistic study is now in progress.

Thanks are due to the Analytical Center, Faculty of
Engineering, Osaka University, for the use of the NMR and MS
instruments.
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