
Novel ligands 1,2-bis(salicylideneaminooxy)ethanes were
synthesized.  They were much more stable against exchange
reactions of aldehyde units than the corresponding salen deriva-
tives.  They form stable complexes with a copper(II) ion, whose
structures were crystallographically determined.  Spectroscopic
and electrochemical studies indicated that the complexes have
lower LUMO levels than salen analogues.

A series of N,N-bis(salicylidene)ethylenediamine1

(H2salen) derivatives have attracted much attention to many
organic as well as inorganic chemists, because these ligands
easily form complexes with various transition metals and some
of them exhibit excellent catalytic activities for epoxidation,
aziridination, etc.2 Highly enantioselective reactions have been
also achieved by the use of salen complexes.  In addition, these
salen-type units have also been employed to construct
supramolecular structures containing transition metal ions.3

Most of such ligands have two salicylideneamine units, but the
linkage was limited to an alkylene (–CH=N–C–X–C–N=CH–)
group due to the ease of preparation.  Thus modification of a
basic salen skeleton is very interesting and important.  If an O-
alkyl oxime moiety (–CH=N–O–(CH2)n–O–N=CH–) is used
instead of a Schiff base, the larger electronegativity of oxygen
atoms is expected to affect strongly the electronic properties of
N2O2 coordination sphere,4 which can lead to different and novel
properties and structures of the resulted complexes.  Several
examples of an alkylated bis(salicylaldoxime) ligand were report-
ed.5 The ligating moieties are incorporated into a macrocyclic
framework.5b But properties of the parent compounds were not
thoroughly studied.  In this paper, we report synthesis of 1,2-
bis(salicylideneaminooxy)ethane (H2salamo) 1 and methoxy
derivative 2, new ligands bearing two salicylidene moieties and
two O-alkyloxime linkages.  The spectroscopic properties and
structures of copper(II) complexes are also reported.

The ligands 1 and 2 were prepared by the reaction of sali-
cylaldehyde derivatives with 1,2-bis(aminooxy)ethane6 in
ethanol (Scheme 1), both of which were colorless crystals
unlike yellowish H2salen analogues.  The 1H NMR spectra
showed a singlet at 8.25 ppm indicating the oxime bonds, and
the signals of C=N carbon atoms were observed at 152 ppm in
the 13C NMR spectra.  The C=N stretching absorption bands of
1 and 2 were observed at 1608 and 1606 cm–1, respectively, in
the IR spectra.  The electronic absorption spectra of 1 and 2
showed π–π* bands at 362 and 372 nm, respectively.  It is of

note that there was no absorption around 400 nm, which is seen
in the corresponding salen derivatives.  The absorption is
ascribed to the quinoid form of H2salen.7 X-ray crystallograph-
ic analysis of 28 revealed all-anti conformation of the ethyl-
enebis(oxynitrilo) bridge, which resulted in a planar structure
with two salicylaldoxime units apart from each other (Figure 1).

When ethanol solutions of 1 (or 2) and copper(II) acetate
were mixed, the color of the solution turned dark green.  In the
absorption spectra of Cu(salamo) and Cu(3-MeOsalamo), new
absorption bands were observed at 641 and 632 nm, respectively,
which were assigned to be the d–d transition of copper.  These
transition energies are smaller than those of the corresponding
salen derivatives.  

The cyclic voltammograms of the salamo derivatives in
dimethyl sulfoxide showed irreversible waves as observed in
other salen–Cu(II) complexes.9 Thus, the first reduction poten-
tials of the cathodic sweep were used for comparison.  The poten-
tials of the oxime complexes Cu(salamo) and Cu(3-MeOsalamo)
were observed at –1.094 and –0.999 V, respectively, which were
more positive than the corresponding salen derivatives (–1.190 V
for Cu(salen) and –1.160 V Cu(3-MeOsalen)) (Table 1).  

682 Chemistry Letters 2001

Copyright © 2001  The Chemical Society of Japan

Synthesis and Characterization of Novel Ligands 1,2-Bis(salicylideneaminooxy)ethanes

Shigehisa Akine, Takanori Taniguchi, and Tatsuya Nabeshima*
Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8571 

(Received April 23, 2001; CL-010370)



Such smaller transition energies and positively shifted
reduction potentials of the salamo complexes may be explained
by either the larger electronegativity of oxygen atoms or the
difference of geometry around the copper atom (vide infra). 

The structures of Cu(salamo)10 and Cu(3-MeOsalamo)11

were determined by X-ray crystallography, revealing that the
tetracoordinate copper atom lies in the N2O2 coordination
sphere (Figure 2).  The copper atom of Cu(3-MeOsalamo) has a
square planar geometry distorted tetrahedrally by 41.05(17)°
(defined by the angle between two sets of N–Cu–O planes).
Similar distortion was also observed for tetramethylene ana-
logue Cu(salbn)12 (42.8°), although shorter analogue
Cu(saltn)13 showed less distortion (20.1°).

On the other hand, Cu(salamo) was found to have a copper
atom with a slightly pyramidalized square planar geometry. This
structure may be stabilized by the intermolecular contacts
(2.4269(18) Å) between copper and oxygen atoms to form a head-
to-tail dimer (Figure 3).  Similar interaction was observed for
unsubstituted Cu(salen)9,14 (2.415 Å for the distance of
copper–oxygen).

Schiff bases are known to suffer imine exchange reactions,
which sometimes make it difficult to construct more complicat-
ed systems consisting of different aldehyde units and diamine
units.15 Scrambling experiments showed high stability of
oxime derivatives against the exchange of aldehyde units; no
change occurred upon mixing the two oxime ligands 1 and 2 in
CDCl3 with about 0.1 equiv of water, while the corresponding
imine ligands 3 and 4 gave a statistical mixture of 3, 4, and 6
under the same conditions (Scheme 2).  This result suggests that
an O-alkyl oxime moiety is much more useful to make
supramolecular systems than a Schiff base moiety.  

Further investigation on the synthesis and structures of
other transition metal ions such as manganese, iron, cobalt,
nickel, and zinc is now in progress.  
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