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Abstract
The crystal structure of a new symmetrical pentadentate N2O3 Schiﬀ base: di[4-(phenylimino)pentan-2-one] ether
(H2L) is described. In the solid state, the ligand appears as a keto-imine tautomer, while in DMSO solution, the eneamine form is observed. This ligand coordinates cobalt(II), nickel(II), copper(II) and cadmium(II). The structures of
these new complexes are described using infrared and electronic spectroscopy, 1H-n.m.r. and d.s.c. The cyclic
voltammograms of the ligand and the complexes in DMF are discussed.

Introduction
Since the ﬁrst report of their metal complexes, Schiff
bases have been widely used as ligands in many complex species [1]. Among these bases, very few are
obtained with acetylacetone and show in addition an
ether function in their chemical structure.
Cheng et al. reported the synthesis of three ligands
of the type bis[4-(2-pyridylmethyleneamino)phenyl]
ether and their complexes with Ag+, Co2+ and Ni2+
[2]. In 2004, Casellato et al. described the synthesis of
complexes from Schiﬀ bases, starting from various
multidentate ligands [3]. Recently, Mentes et al.
described molybdenum tetracarbonyl complexes with
polyether-containing Schiﬀ base ligands [4]. More
recently, the crystal structure of a symmetrical N4O
Schiﬀ base was published by Vallina et al. [5].
The synthesis of Schiff bases deriving from acetylacetone was ﬁrst described by Combes [6] and their
metal complexes have been studied by Morgan and
Main-Smith [7] and Schwarzenbach et al. [8]. These
bases and their metal complexes may be involved as
catalysts for many reactions [9–15].
Some papers dealt with N2O3 pentadentate Schiﬀ
bases [16–18]. Among them very few reported the
behaviour of Schiﬀ bases bearing an ether functional
group [16, 17]. In our continuous work about symmet* Author for correspondence: E-mail: gilles.bouet@univ-angers.fr

rical Schiﬀ bases, with various links between the symmetrical moieties [19, 20], we describe here a new
series of complexes with a new symmetrical potent
pentadentate base as ligand: di[4-(phenylimino)pentan2-one] ether in order to obtain some complex species
useful to extract metal from environment. The crystal
structure of the ligand is given; the structures of the
complexes and their electrochemical properties are
described.

Experimental
Materials
All materials and solvents were analytical grade and
used without further puriﬁcation. 4,4¢-diaminodiphenyl
ether and acetylacetone were purchased from SigmaAldrich, France. All metals were hydrated chlorides
and were used as received.
Preparation of the ligand
The ligand was obtained by reacting 4,4¢-diaminodiphenyl ether and acetylacetone in EtOH (1:2 molar
ratio) according to Cai [15] and Reddy [21]. To a hot
solution of 4,4¢-diaminodiphenyl ether (1 mmol, 0.4 g,
5 ml) was added a solution of aceylacetone (2 mmol,
0.6 g, 1.47 ml). The mixture was reﬂuxed for 3 h and
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cooled. The yellow product was ﬁltered, washed twice
with EtOH (10 ml) and ﬁnally recrystallised from toluene and dried under vacuum. The single crystals for
X-ray diﬀraction were obtained by slow evaporation
from toluene.
Syntheses of the complexes
All the complexes were prepared using two synthetic
pathways: one by mixing in EtOH equimolar amounts
of ligand (0.2 g, 4 ml) and hydrated chlorides (10 ml)
and the other using a one step operating mode by mixing 4,4¢-diaminodiphenyl ether, acetylacetone and
metal salt as it has been reported for similar compounds [9, 22]. After standing under reﬂux conditions
for 8 h, the mixture was kept overnight at room temperature. When toluene (30 ml) was added, the complex precipitated. It was removed by ﬁltration, washed
several times with hot EtOH and dried under vacuum.
Their purity was veriﬁed using t.l.c.
Measurements
All elemental analysis were carried out at the ‘‘Service
de Microanalyse du C.N.R.S., I.C.S.N.’’, Gif sur
Yvette (France). The melting points were determined
with a Koﬂer bank and are uncorrected. The i.r. spectra were recorded with a Perkin–Elmer 1000 series
FT-IR spectrophotometer, using KBr disks. The
u.v.–vis spectra were obtained in DMF with a UNICAM UV300 spectrophotometer. The 1H n.m.r. spectra were recorded on a Jeol GSX WB spectrometer at
270 MHz in DMSO-D6, the chemical shifts are given
in p.p.m., using TMS as internal reference. D.s.c. diagrams were recorded in the 25–400 C range with a
Mettler DSC 822e unit, with the help of Mettler Toledo STARe SW 8.10 System software (Laboratoire de
Physique, Faculté de Pharmacie, Angers); the heating
rate was 10 C per minute; all measurements were
made in 40 mm3 closed Al crucibles. Electrochemical
measurements were recorded on a Radiometer VOLTALAB 32 (DEA 332 type): the working electrode
was a 2 mm diameter Pt rotating disk and the auxiliary electrode a Pt wire. A saturated calomel electrode
was used as the reference electrode and measurements
were carried out at 25 ± 0.2 C. DMF was used as
solvent and the ionic strength maintained at
0.1 mol l)1, with Bu4NPF6 as supporting electrolyte.
The concentrations of species were in the 2.5.10)3 to
5.10)3 mol l)1 range. The sweep speed was 100 mV s)1
unless otherwise indicated.
Crystal data collection and processing
Crystals of the ligand are monoclinic with space group
P21/c. The crystal and instrumental parameters used in
the unit-cell determination and data collection are
summarised in Table 1. X-ray single-crystal diﬀraction
data were collected at 293 K on a STOE-IPDS diﬀrac-

Table 1. Crystallographic data for the ligand
Formula
Formula weight
Crystal system
Space group
a (Å)
b (Å)
c (Å)
a ()
b ()
c ()
V (Å3)
Z
Color
Dcalc (gcm)3)
F(0 0 0)
l (mm)1)
hkl limits
hmin, hmax ()
Number of data with I > 2 r (I)
Weighting scheme
Number of variables
R1
wR2

C22H2N2O3
364.43
Monoclinic
P21/c
14.7610(10)
6.4467(4)
23.986(2)
90
96.092(9)
90
2269.6(3)
4
Yellow
1.067
776
0.071
) 18 £ h £ 18, ) 7 £ k £ 7,
) 28 £ l £ 29
2.26
2294 Fo
w = 1/[r2(Fo2) + (0.1714P)2]
with P = (Fo2 + 2Fc2)/3
250
0.1122
0.2969

tometer, equipped with a graphite monochromator
utilising MoKa radiation (k = 0.71073 Å) (CIMMA,
UMR CNRS 6200, Angers). The structure was solved
by direct methods and the reﬁnement was performed
on F2 by full matrix least-squares techniques using
SHELX-97 [23] package. All non-H atoms were
reﬁned anisotropically and the H atoms were included
in the calculation without reﬁnement. Absorption was
corrected by Gaussian technique.

Results and discussion
Crystal structure of the ligand
The main crystal parameters are reported in Table 1.
The bond distances and their angles are given in
Tables 2 and 3, respectively.
An ORTEP view of the molecule with the numbering scheme is given in Figure 2. Without taking into
account the methyl and the methylene groups, all angles are equal to 120 (with minor variations) showing
sp2 hybridisation of the corresponding carbon atoms.
The lengths of the C(02)–O(02) and C(21)–O(03)
bonds (1.24 Å) are consistent with a keto double bond
as described by Nathan et al. for similar compounds
[24]. In the azomethine moiety, the C(04)–N(01) and
C(18)–N(02) bonds are longer than the keto double
bonds (1.34 and 1.32 Å respectively) and shorter than
the single bonds C(06)–N(01) and C(15)–N(02) (1.42
and 1.44 Å) [24]. The two C=N bonds are in E conﬁguration. The ether linkage shows a 118.7(3) angle,
instead of 109.5 in the case of a typical sp3 hybridisation. This means that the repulsion of the p electronic
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Table 2. Bond lengths (Å)
Atoms

Bond length (Å)

Atoms

Bond length (Å)

C(01)–C(02)
C(02)–O(02)
C(02)–C(03)
C(03)–C(04)
C(04)–N(01)
C(04)–C(05)
C(06)–C(07)
C(06)–C(11)
C(06)–N(01)
C(07)–C(08)
C(08)–C(09)
C(09)–C(10)
C(09)–O(01)
C(10)–C(11)

1.512(6)
1.244(5)
1.416(6)
1.380(6)
1.344(5)
1.488(6)
1.377(6)
1.379(5)
1.424(5)
1.360(6)
1.377(6)
1.372(6)
1.387(5)
1.391(5)

C(12)–C(17)
C(12)–C(13)
C(12)–O(01)
C(13)–C(14)
C(14)–C(15)
C(15)–C(16)
C(15)–N(02)
C(16)–C(17)
C(18)–N(02)
C(18)–C(20)
C(18)–C(19)
C(20)–C(21)
C(21)–O(03)
C(21)–C(22)

1.379(7)
1.381(7)
1.400(5)
1.366(6)
1.386(6)
1.380(6)
1.440(5)
1.388(6)
1.322(5)
1.376(6)
1.508(6)
1.411(6)
1.243(5)
1.494(6)

Table 3. Bond angles ()
Atoms

Angle ()

Atoms

Angle ()

O(02)–C(02)–C(03)
O(02)–C(02)–C(01)
C(03)–C(02)–C(01)
C(04)–C(03)–C(02)
N(01)–C(04)–C(03)
N(01)–C(04)–C(05)
C(03)–C(04)–C(05)
C(07)–C(06)–C(11)
C(07)–C(06)–N(01)
C(11)–C(06)–N(01)
C(08)–C(07)–C(06)
C(07)–C(08)–C(09)
C(10)–C(09)–C(08)
C(10)–C(09)–O(01)
C(08)–C(09)–O(01)
C(09)–C(10)–C(11)
C(06)–C(11)–C(10)
C(17)–C(12)–C(13)
C(17)–C(12)–O(01)

123.3(4)
118.8(4)
117.9(4)
124.6(4)
120.0(4)
119.6(4)
120.4(4)
119.3(3)
122.6(3)
118.0(3)
120.3(4)
120.5(4)
120.3(4)
123.9(4)
115.8(3)
118.9(4)
120.6(4)
121.3(4)
118.5(5)

C(13)–C(12)–O(01)
C(14)–C(13)–C(12)
C(13)–C(14)–C(15)
C(16)–C(15)–C(14)
C(16)–C(15)–N(02)
C(14)–C(15)–N(02)
C(15)–C(16)–C(17)
C(12)–C(17)–C(16)
N(02)–C(18)–C(20)
N(02)–C(18)–C(19)
C(20)–C(18)–C(19)
C(18)–C(20)–C(21)
O(03)–C(21)–C(20)
O(03)–C(21)–C(22)
C(20)–C(21)–C(22)
C(04)–N(01)–C(06)
C(18)–N(02)–C(15)
C(09)–O(01)–C(12)

120.0(5)
119.4(4)
120.4(4)
120.0(4)
119.6(4)
120.4(4)
120.0(4)
118.9(4)
121.7(4)
118.2(4)
120.1(4)
124.4(4)
122.2(4)
118.1(4)
119.8(4)
128.3(3)
125.4(3)
118.7(3)

Table 4. Analytical data
Compound

Color

Yield (%)

M.p. (C)

Elemental analysis found (Calcd.) (%)
C
H
N

[(CoCl2)2(H2L)]
[(NiCl2)2(H2L)] Æ 2H2O
[CuCl2(H2L)]
[CdL]ÆCdCl2

Tan
Yellow
Brown
Yellow

51
60
46
32

> 260
> 260
176
> 260

43.6
42.2
53.3
39.8

cloud of the aromatic cycles is stronger than the repulsion of the two electronic pairs of the oxygen atom. In
this case the lengths of the bonds correspond to single
carbon–oxygen bond. In the single crystal, the ligand
presents a keto-imine tautomer I (see Section ‘Characterisation of the complexes’).
There are four molecules in each cell. The packing
along the b-axis (Figure 3) shows that the molecules lie
in parallel directions but with alternate planes for the

(42.3)
(42.3)
(52.9)
(40.1)

3.7
5.5
4.5
3.7

(3.9)
(3.9)
(4.8)
(3.4)

8.2
5.1
6.8
4.7

(4.5)
(4.5)
(6.8)
(4.3)

aromatic rings. In each molecule, the two aromatic
rings lie in planes showing a 80.8 angle as presented
in Figure 4.
Characterisation of the complexes
The main analytical data are reported in Table 4 and
the
complexes
should
be
formulated
as
[(CoCl2)2(H2L)], [(NiCl2)2(H2L)] Æ 2H2O, [CuCl2(H2L)]
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O
CH3

O

CH3

CH3

CH2

N

N

CH3

CH2

O

Fig. 1. Chemical structure of the ligand.

and [CdH2L] Æ CdCl2 respectively. The complexes are
somewhat unstable and all spectral determinations
were done immediately after their synthesis.
Infrared spectra

nickel(II) and cadmium(II) complexes this band is shifted to higher wavenumbers showing that the keto oxygen atom is involved in the coordination. On the other
hand, in the spectrum of the copper complex this band
is very slightly shifted down and the keto oxygen atom
is not a coordinating atom in this case. The m(C=N)
vibration band is located at 1571 cm)1 in the spectrum
of the ligand and it is not signiﬁcantly displaced in the
spectra of the complexes. However, this atom is a
coordinating atom, but as the crystallographic data
shows an electronic delocalisation along the molecule,

R-COCH2 C=N-R0 ! R-COH=CHC=N- ! R-COCH=CNH-R0
R0
III
I
Keto  amine
II
Keto  imine
Enol  imine
The Schiff bases undergo an equilibrium between
three tautomers as indicated above. Structural studies
about these ligands have indicated that they exist predominantly as the keto-amine tautomer III. This determination is ﬁrst based upon i.r. spectra using bands in
the 3400–3200 cm)1 region assigned to the m(N–H)
stretching vibration. However, infrared spectroscopy
may not be a suﬃcient tool because it is diﬃcult to
distinguish between a m(O–H) of a coordinated enolimine tautomer II and a m(N–H) of a coordinated
keto-amine tautomer III [24, 25]. The second way is
1
H-n.m.r by using the chemical shifts in the
8.4–12.6 p.p.m. range [26, 27].
The main spectral data is collected in Table 5. In
the infrared spectrum of the ligand (KBr disks), the
vibration band relative to the ether linkage is located
at 1247 cm)1 and it remains quite unchanged in the
cases of the complexes. As expected this oxygen atom
is not involved in the chelation in all cases and this
base may act as a tetradentate N2O2 ligand. The keto
stretching vibration band appears at 1610 cm)1 in the
spectrum of the ligand and this wave number is typical
of the presence of hydrogen bonding between this oxygen atom and the hydrogen atom from the imino functional group [25]. In the spectra of the cobalt(II),

the quite double bond characteristic nature is not
modiﬁed after the complexation.
The aromatic ring vibrations are only slightly shifted
by chelation. In the 3400–3200 cm)1 region, only the
nickel complex exhibits a broad band around
3400 cm)1, corresponding the O–H stretching vibration
band of water molecules. In all other spectra, the shape
a
c

C
N
O

Fig. 3. Packing of the molecules along the b-axis.

C05
C19

C13
C14

C20

C09

C08 C07

C15

C04
C12

C18
N02
C21
C22

O01

C16

C10 C11

C06

C03

N01

C17

C02

C01

O02
O03

Fig. 2. ORTEP drawing (50% probability ellipsoı̈ds) of the ligand (non hydrogen atoms) with numbering scheme.
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entate species, acting through N(imino) atom because
the carbonyl stretching vibration is not modiﬁed.
Electronic spectra
In the UV-visible region, the ligand absorbs mainly at
332 nm (Table 5), with three weak absorption bands
at 258, 248 and 235 nm.
In the case of the cobalt(II) compound, two weak
bands from d–d transitions are observed at 600 and
670 nm, corresponding to a tetrahedral environment
around Co2+ ion [28, 29]. The NiII complex exhibits
mainly the absorption bands of the ligand which are
slightly shifted. In addition, a very weak and large
absorption is located between 550 and 800 nm.
The spectra of the copper(II) complex shows an intense and sharp band at 260 nm with a shoulder at
258 nm and a non gaussian broad one centred at
312 nm. The band at 260 nm is attributed to Cu2+ ion
(charge transfer band) [30]. Without any possible d–d
transitions, the spectrum of the CdII complex presents
the same bands (330, 255 and 248 nm) than the ligand.
1

H-n.m.r. spectra
H-n.m.r. spectra of the ligand in DMSO-D6, show a
singulet (12 protons) at 2.0 p.p.m. for the protons of
the four methyl groups. The aromatic protons
appeared as two doublets located at 7.0 and 7.2 p.p.m.
while the singulet at 12.4 p.p.m. is typical of a NH
proton (enamine tautomer). In addition the signal at
5.2 p.p.m. was attributed to CH=C proton [20, 26,
27]. In the spectra, there is no signal corresponding to
an hydroxyle proton (enol tautomer).
In the case of the CdII complex, very few changes
are observed and the signal at 12.4 p.p.m is assigned
to the NH enamine tautomer proton. In addition the
aromatic protons signal is split into two quadruplets at
6.6 and 7.2 p.p.m. As the CdII ion is bounded, a steric

1

Fig. 4. View of the 80.8(1) angle between the planes of the two
aromatic rings.

of the band is similar, indicating the absence of hydrogen bonding and this is in favour of keto-imine form I.
In the solid state, the ligand and the complexes
appear to be, mainly in keto-imine tautomer. In CoII,
NiII and CdII complexes, the chelation occurs through
O(keto) and N(imino) atoms because the keto stretching vibration band is shifted to higher wavenumbers
when passing from the ligand to the complexes.
Finally, the copper(II) complex is a mononuclear bid-

Table 5. Main spectroscopic data
Infrared (cm)1)a
m(N–H)
m(O–H)

m(C=O)

m(C=N)

m(COC)

Arom. ring

H2L

3450

–

1610

1571

1247

[(CoCl2)2(H2L)]

3433

–

1626

1575

1251

3407b

1619

1565

1239

1275
1035
860
1280sh
1085sh
875
1277sh
1086
830
1282
–
833
1268
–
875

Compound

[(NiCl2)2(H2L)] Æ 2H2O

[CuCl2(H2L)]

3420

–

1606sh

1582

1247

[CdL]ÆCdCl2

3471

–

1625sh

1556

1245

a

sh = shoulder; b = broad.

U.v.–vis
k (nm)

(DMF solution)
[e (l mol)1 cm)1)]

332

[630]

310

[550]

328

[19,220]

312

[1220]

330

[13,330]
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hindrance occurs and the four protons in a cycle are
therefore not totally equivalent.
Thermal analysis
The d.s.c. diagram of the ligand (powder) shows two
endothermic peaks at 90 and 110 C respectively. The
second endotherm correspond to the melting of the
molecule, while the ﬁrst one results from polymorphism [31, 32]. An endotherm occurs at ca. 330 C followed by several exothermic peaks due to the chemical
decomposition of the molecule.
The cobalt(II) compound is very thermally stable,
showing one thin endothermic peak only at 368 C.
On the opposite side, the d.s.c. diagram of the nickel(II) complex shows many peaks. The main ones
occur in the 140–160  C range and are due to the lost
of water molecules.
The copper(II) complex presents an exothermic peak
(142 C) immediately followed by an endotherm at

O

CH3
CH3

CH3
N

CH3

N

CH2
O

CH2
O

M

M
Cl

Cl

Cl

Cl

M = Co or Ni (with 2 H2O)
O

CH3
CH3

Proposed structures for the complexes
The proposed structures are given in Figure 5. The ligand di[4-(phenylimino)pentan-2-one] ether is a potent
pentadentate ligand but this Schiﬀ base acts as a tetradentate N2O2 ligand via the keto-imine tautomer,
showing an E conﬁguration. This geometry remains
unchanged after complexation.
The cobalt(II) and the nickel(II) compounds exhibit
the same structure. These compounds are binuclear
complexes and the metal cation is linked through N
(imino) and O(keto) atoms. The cobalt compound presents a distorted tetrahedral geometry while the nickel(II) complex exhibits a typical square planar
surrounding [33]. In addition, two water molecules appear in the case of the nickel complex (as indicated by
infrared spectroscopy and thermal analysis).
As shown in the infrared section, the copper(II)
complex is a mononuclear species and the cupric ion is
bounded through N (imino) atoms giving a quite
square planar geometry. In fact, regular tetrahedral
complexes of copper(II) are uncommon. There is a
ﬂattening of the tetrahedron as a consequence of
Jahn–Teller effect. A small absorption in the u.v.–vis
spectrum (not reported in Table 5) around 730 nm is
typical of square planar CuII complexes [33].
In the solid state, the cadmium(II) complex is built
around one Cd2+ ion, in a tetrahedral geometry, coordinating through N and O atoms. The ligand is ionised as a dianion with a delocalisation of the p
electrons along the system. Finally, a CdCl2 is intercalated inside the complex species (Figure 6) [34].

CH3
N

CH3

N

CH2

CH2

O

O
Cu
Cl

Cl

O

CH3

CH3
N

CH

147 C; ﬁnally the decomposition of this species produces many weak endothermic peaks between 300 and
380 C. At last, the CdII complex is also very stable as
its d.s.c. diagram shows a very weak endotherm at
190 C followed with a well-resolved endotherm at
395 C.

N
CH

Cd
O

H3C
Fig. 5. Proposed structures for the complexes.

O
CH3

. CdCl2

Electrochemical behaviour
Some representative voltammograms are shown in Figure 6 and the main electrochemical results are given in
Table 6.
In the ) 1.80–0.71 V range, the ligand (Figure 6a)
shows an irreversible anodic peak at +1.33 V and a
quasi reversible cathodic peak, located at ) 0.42 V due
to the reduction of the oxidised species of the ligand
(oxidation of the azomethine moiety) obtained at
+1.33 V [22]. During reduction sweep, the cyclic voltamogram shows only one cathodic peak at ) 1.03 V
resulting from the reduction of the imino group [35].
When the speed sweep is varying (i.e. 500, 300, 200,
100, 25 and 10 mV s)1 respectively), the curve ipa (at
1.32 V) as a function of speed square root is a straight
line (not shown) and the curve Epa = f(log v) is a
curve line. These results show that this reduction peak
corresponds to a diﬀusion controlled quasi-reversible
system [34].
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Table 6. Voltammetric results at 25 C in DMF, ionic strength 0.1 mol l)1 (Bu4NPF6), results in V vs SCE, sweep speed: 100 mV s)1, Epa:
anodic; Epc: cathodic
Compound

Epa1

H2L
[(CoCl2)2(H2L)]
[(NiCl2)2(H2L)] Æ 2H2O
[CuCl2(H2L)]
[CdL].CdCl2

) 0.28
) 0.18
) 0.09
) 0.29

Epa2

Epa3
0.78

0.05

0.54

a

Epc1

Epc2

1.33
1.33
1.28
1.30
1.18

) 0.42

) 1.03

0.22

) 1.30
) 1.45
) 1.02

500

I (µA)

400
300
200
100
0
-100
-200
-1000 -500

) 1.68
) 1.69
) 1.67
) 1.56

0

500

30
20
10
0
-10
-20
-30
-40
-50

1000 1500 2000

-2000 -1500 -1000 -500

0

E (mV/ECS)

E (mV/ECS)

c

d

20
15

140
120
100
80
60
40
20
0
-20

I (µA)

I (µA)

Epc3

b
600

I (µA)

Epa4

10
5
0
-5

-2000

-1000

0

1000

2000
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Fig. 6. Representative cyclic voltammograms in DMF (25 C, ionic strength: 0.1 mol l)1, Bu4NPF6, i in lA, v = 100 mVs)1). a: ligand
( ) 1.80 to +1.80 V); b: Co(II) complex ( ) 1.80 to 1.80 V), c: Ni(II) complex ( ) 2.00 to 0.40 V), d: Cu(II) complex ( ) 1.80 to 0.30 V); e:
Cu(II) complex, variable speed (0.80 to ) .010 V).

The electrochemical behaviour of the complexes in
the whole range studied showed similar responses that
could be considered as the sum of the individual
response of the metal centre and of the ligand. On the
cathodic side, the cyclic voltammogram of the cobalt(II)
complex (Figure 6b) shows a cathodic peak at ) 1.68 V
and an reoxidation peak at ) 0.18 V. The cathodic peak
at ) 1.68 V corresponds the reduction of complexed
CoII into Co0 [36]. Finally, Co0 is oxidised to give back
coordinated CoII (anodic peak at ) 0.18 V) , because
this peak disappears when the sweep is lilted to the 1.80
to ) 1.00 V range. Similar values were observed in various cobalt(II) complexes in the same solvent. When performing successive sweeps, the intensity of the peak at
) 1.68 V diminished and in the mean time metallic
cobalt was formed.

The nickel(II) compound, in addition to the ligand
peaks, undergoes a reduction process located at
) 1.69 V (Figure 6c) corresponding to the reduction of
NiII into Ni0 and the reoxidation of Ni0 occurs at
) 0.92 V. These values agree with those previously described for nickel complexes in the same solvent [37,
38] or with symmetrical Schiﬀ bases [39].
In the cyclic voltammogram of the complex with
copper (Figure 6d and 6e), there are three cathodic
peaks ( ) 0.84, ) 1.45 and 0.22 V) and four anodic
peaks ( ) 0.29, 0.05, 0.54 and 1.30 V). The oxidation at
+0.54 V is due to the complexed CuII oxidised into
CuIII and the peak at +0.22 V corresponds to the
reduction of the preceding CuIII giving CuII [40].
Finally, the CdII complex shows a similar behaviour
with another symmetric Schiﬀ base [20].
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These results are in good agreement with the above
proposed structures.

Supplementary material
Crystallographic data have been deposited with the
CCDC (12 Union Road. Cambridge, CB2 IEZ, UK
(fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.
uk or at http://www.ccdc.cam.ac.uk), and are available
on request quoting the deposition number CCDC
611567.
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