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Copper(II)-assisted self-assembly of bis-N,O-bidentate Schiff
bases: new building blocks for a double-helical supramolecular
motif
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Copper()-assisted self-assembly of a new bis-N,O-bidentate Schiff base ligand, bis(N-salicylidene-3,39-diamino-
diphenyl) sulfone (L1) with two chelating sites linked by a spacer group (-C6H4SO2C6H4-), afforded in high yield
the double-helical tetranuclear supramolecular complex with eight components. Single-crystal X-ray analyses
demonstrated clearly that two CuII centers have a distorted tetrahedral (Td) coordination sphere, whereas the
other two remaining CuII have a square-planar coordination sphere. An analogous Schiff base, bis(N-salicylidene-
4,49-diaminodiphenyl) ether (L6) with a phenyl ether spacer (-C6H4OC6H4-) was also designed to self-assemble
in the presence of metal ions, leading to a double-helical dinuclear supramolecular motif. Electrospray mass
spectrometry proved a very useful characterizational tool to detect a variety of supramolecular species in solution.
These unprecedented double-helical motifs in solid and solution seem to be induced by the geometrical preference
for tetrahedral and/or square-planar coordination of copper() ion and the interligand aromatic interactions between
the bridging groups of L1 and L6.

Introduction
Noncovalent interactions such as hydrophobic bonds, van der
Waals forces, and hydrogen bonds play an important role in
the formation of host–guest complexes 1 and supramolecular
architectures 2 in solution.

A recent attractive application of aromatic π–π and CH ? ? ? π
interactions 2a,3 is a general synthetic method for the construc-
tion of many types of supramolecular motifs.4,5 Some metal
ions such as CuI 6 and AgI with a specific geometrical preference
have often been used in order to assist the formation of organ-
ized structures by self-assembly of target ligands. Double-
helical,7 triple-helical,8 toroidal,9 cylindrical,10 molecular-size
boxed,11 and circular 12 multinuclear structures have been gen-
erated by the complexation of rigid oligomultidentate ligands
with two or more metal ions. However, the relationships
between the effect of the noncovalent bond on the structure
and the role of the metal ion in the self-assembly of ligands
are not always clear.

Development of simple synthetic methods in the self-
assembling process using commercially available starting
materials is also important to extend the wide range of different
supramolecular structures in solution.4,5 From this synthetic
strategy, we have focused on some semi-N,O-bidentate and bis-
N,O-bidentate Schiff base ligands which can be electronically
and configurationally controlled, leading to a systematic study
of the self-assembly process in solution.5,13

Here, we report a novel and general strategy for the construc-
tion of copper()-assisted supramolecular architectures of bis-
N,O-bidentate Schiff bases, L1 and L6 (Scheme 1). These Schiff
base ligands contain two N,O-bidentate chelating sites separ-
ated by a flexible bridging group such as -C6H4SO2C6H4- or
-C6H4OC6H4-. These ligands are designed to bind two separ-
ated metal ions by two sites because the bridging group does
not allow one metal center to be ligated in a tetradentate
fashion. The double-helical multinuclear structures which were
confirmed by X-ray crystallography appear to be formed
mainly due to two factors: the unique coordination geometry of Scheme 1
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CuII ion and the weak aromatic π ? ? ? π and CH ? ? ? π inter-
actions between the spacer groups in L1 and L6.

Experimental
Preparations of ligands and CuII complexes

The Schiff base L1 was synthesized using the usual condens-
ation 14 in ethanol of bis(3-aminophenyl) sulfone (0.5 mol) with
salicylaldehyde (1 mol). The solution was stirred for 30 min
at 60 8C. An orange colored solid precipitate was collected by
filtration.

Data for the bis-bidentate Schiff base L1: Pale orange crys-
talline powder, 85% yield (Found: C, 67.75; H, 4.42; N, 6.14;
S, 7.02%. C26H20N2O4S requires C, 68.40; H, 4.41; N, 6.13;
S, 7.02%), 1H NMR (400 MHz, CDCl3 in a small amount of
NEt3, internal reference TMS): δ 12.66 (2H, s, OH ? ? ? N), 8.65
(2H, s, CH]]N), 7.90–7.84 (4H, m, aminophenyl H2 and H6),
7.59 (2H, td, J = 7.8, 0.9, aminophenyl H5), 7.48 (2H, ddd,
J = 7.8, 1.8, 0.9, aminophenyl H4), 7.43 (2H, d, J = 7.3, salicyl-
aldehyde (sal-ald) H6), 7.42 (2H, td, J = 7.3, 1.5, sal-ald H4),
7.03 (2H, d, J = 7.8, sal-ald H3), and 6.97 (2H, td, J = 7.3, 1.0,
sal-ald H5). The ligand L6 is also prepared by the same synthetic
method (pale yellow crystalline powder, 80% yield, Found: C,
76.39; H, 5.05; N, 6.89%. C26H20N2O3 requires C, 76.45; H,
4.93; N, 6.85%), 1H NMR (400 MHz, CDCl3 in a small amount
of NEt3, internal reference TMS): δ 13.23 (2H, s, OH ? ? ? N),
8.64 (2H, s, CH]]N), 7.42–7.36 (4H, m, sal-ald H4 and H6),
7.31 (4H, ddd, J = 8.8, 3.4, 2.0, aminophenyl H2 or H3), 7.09
(4H, ddd, J = 8.8, 3.4, 2.0, aminophenyl H2 or H3), 7.03 (2H, d,
J = 8.3, sal-ald H3), 6.95 (2H, td, J = 7.6, 1.0, sal-ald H5). Other
ligands, L2–L5, were also prepared by the same synthetic
method.

Reaction of L1 with Cu() acetate hydrate in a 1 :1 molar
ratio in hot EtOH gave a light green solid. An equimolar mixture
of L1 (0.78 g, 1.72 mmol) and Cu(CH3COO)2?H2O (0.34 g, 1.7
mmol) in EtOH (100 ml) was heated at ca. 50 8C for 2 h. After
cooling, a green powder was formed and collected by filtration
(yield ca. 70–80%, Found: C, 60.66; H, 3.64; N, 5.46; S,
6.11%. C52H36N4O8S2Cu2 requires C, 60.28; H, 3.50; N, 5.40;
S, 6.18%). This powder can be easily dissolved in DMF and
chloroform. X-Ray quality crystals (dark brown) of 1 were
obtained by the diffusion of ether into the chloroform solution
of the complex. Elementary analysis suggests a 1 :1 (metal :
ligand) ratio and field desorption (FD) mass spectroscopy
(FD-MS) implies the formation of a CuII :L1 = 2 :2 complex.
However, electrospray ionization mass spectrometry (ESI-MS)
suggests strongly the existence of 3 :3 and 4 :4 complexes in
addition to the 2 :2 complex. Its electronic absorption spectrum
shows a π–π* band at 400 nm in the visible region which
shows the deprotonation of the OH group 14 and the N,O-
coordination to CuII. Other metal complexes with ZnII, NiII

and CoII prepared in the same synthetic conditions are
insoluble in most common organic solvents, which suggests the
formation of (1 :1)∞ polymeric structures. A dark brown
solid (50% yield, Found: C, 65.37; H, 3.57; N, 5.92%. C52-
H36N4O6Cu2 requires C, 66.44; H, 3.86; N, 5.96%) for the CuII

complex of L6 was obtained in the same conditions except for
the solvent (DMF) and temperature (room temp.). Single
crystals of complex 2 suitable for X-ray crystallography were
obtained by slow evaporation of the CHCl3 solution of CuII–L6.

Single crystal X-ray structure analysis

Precise data collection and crystal parameters for 1 are reported
in Table 1. A single crystal of 1 was mounted on a glass fiber
with epoxy resin. Diffraction data were collected at 2100 8C
on a Rigaku AFC 7S equipped with graphite monochromated
Mo-Kα radiation (λ = 0.71073 Å). The structure was solved by
direct methods with SHELX-86 (G. M. Sheldrick, University
of Göttingen, 1986) and Fourier techniques, and refined by

full-matrix least-squares on F 2 data using SHELXL-93 (G. M.
Sheldrick, University of Göttingen, 1993), and converged at
R1 = 0.0667, wR2 = 0.1652.† Crystal data for 2 are also shown in
Table 1.

Results and discussion
Electronic absorption spectra of the CuII and ZnII complexes with
L1

Fig. 1 shows the change in the uv–vis spectrum which occurs
when L1 coordinates to CuII ion in EtOH. Upon addition of
CuII ion to the ligand solution, the ligand π–π* band at 343 nm
decreases, and a new band at 400 nm due to the deprotonation
of the OH group 15 and the N,O-coordination to CuII ion
emerges. A mole ratio plot using the change in absorbance at
343 nm clearly demonstrated the formation of the CuII :L1 =
1 :1 molar ratio complex, as judged by observing the clear
inflection point at [CuII]/[L1] = 1. However, further additions of
CuII ion lead to an additional increase in the absorbance at 400
nm and a saturation at [CuII]/[L1] = ca. 1.5 (the inset in Fig. 1).
In addition, the isosbestic point at 375 nm shifts gradually to a
shorter wavelength. The plateauing at two different CuII/L1

ratios suggests structure switching at the higher CuII concen-
tration. The corresponding changes in the ZnII–L1 system show
several isosbestic points at 250, 323, 375 nm and their satur-
ations take place at a ratio of exactly [ZnII]/[L1] = 2.

It is noteworthy that strong fluorescence (ca. 140 times as
compared with L1) is observed in the Zn() complex formation
with L1.‡ Fluorescence intensity (λex = 350 nm and λem = 500

Fig. 1 Absorption spectral change of ligand L1 in ethanol upon add-
ition of Cu(CH3COO)2?H2O. [L1] = 6.48 × 1025 mol dm23. [CuII] = 0,
0.687, 1.37, 2.06, 2.747, 3.43, 4.80, 6.18, 7.55, 8.92, 10.3, 13, 15.8 × 1025

mol dm23. The spectrum for 1 coincides with the spectrum at
λmax = 379.5 nm (the corresponding spectrum is No. 7 from the bottom
at [CuII]/[L1] = 1).

† Full crystallographic details, excluding structure factor tables, have
been deposited at the Cambridge Crystallographic Data Centre
(CCDC). For details of the deposition scheme, see ‘Instructions for
Authors’, J. Chem. Soc., Perkin Trans. 2, available via the RSC web
page (http://www.rsc.org/authors). Any request to the CCDC for this
material should quote the full literature citation and the reference
number 188/160. See http://www.rsc.org/suppdata/p2/1999/975/ for
crystallographic files in .cif format.
‡ Fluorescence spectra for L1 at various ZnII concentrations are avail-
able as supplementary data (SUPPL. NO. 57508, pp. 1) from the British
Library. For details of the Supplementary Publications Scheme, see
‘Instructions for Authors’, J. Chem. Soc., Perkin Trans. 2, available via
the RSC web page (http://www.rsc.org/authors). For direct electronic
access see http://www.rsc.org/suppdata/p2/1999/975/.
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Table 1 Crystallographic data for 1?2H2O and 2?2CHCl3

Formula
M
Crystal system
Space group
Unit cell dimensions

U/Å3

Z
T/K
λ(Mo-Kα)
Dc/g cm23

µ/mm21

F(000)
Crystal size/mm
θ range for data collection/8
Index ranges
Reflections collected
Independent reflections
Refinement method
Data/restraints/parameters
Goodness-of-fit on F 2

Final R1,a wR2 b [I > 2σ(I)]
R indices (all data)
Largest diff. peak and hole/e Å23

1?2H2O

C104H76N8O18S4Cu4

2108.21
Monoclinic
P21/c
a = 18.026(2) Å
b = 23.450(3) Å
c = 22.744(2) Å
β = 90.299(9)8
9613.6(2)
4
173(2)
0.71073 Å
1.457
1.029
4240
0.5 × 0.3 × 0.25
2.07–25.000
0 < h < 21, 0 < k < 27, 227 < l < 27
17487
16918 [R(int) = 0.0487]
Full matrix least-squares on F 2

16859/0/1261
1.021
0.0667, 0.1652
0.1624, 0.2381
0.833, 20.380

2?2CHCl3

C54H38N4O6Cl6Cu2

1178.73
Monoclinic
C2
a = 17.198(3) Å
b = 14.079(2) Å
c = 13.644(3) Å
β = 112.801(11)8
3045.5(9)
2
213(2)
0.71073 Å
1.285
1.305
998
0.5 × 0.3 × 0.2
2.18–27.49
0 < h < 22, 0 < k < 18, 217 < l < 16
3920
3650 [R(int) = 0.0452]
Full matrix least-squares on F 2

3613/1/326
1.070
0.0548, 0.1439
0.0828, 0.2027
1.133, 20.431

a R1 = Σ Fo| 2 |Fc /Σ|Fo|. b wR2 = [Σ[w(Fo
2 2 Fc

2)2/Σw(Fo
2)2]]1/2, calc w = 1/[σ2(Fo

2) 1 (0.1011P)2 1 0.2555P] for 1?2H2O and calc w = 1/[σ2(Fo
2) 1

(0.1077P )2 1 0.3994P ] for 2?2CHCl3, where P = (Fo
2 1 2Fc

2)/3.

Fig. 2 ESI mass spectrum of a methanol solution of 1.

nm, broad structureless band) is saturated at ca. [ZnII]/[L1] = 2.
No fluorescence enhancement was observed in other metal
complex formation. The heavy metal ions such as CuII have
been known to act as quenchers. On the other hand, the CuII–L6

and ZnII–L6 systems show only the formation of a 1 :1 ratio
complex as judged by the presence of clear isosbestic points and
the saturation in absorbance (λobs = 375 and 400 nm) at [CuII]/
[L6] and [ZnII]/[L6] = 1.

Mass spectra of the CuII–L1 complex

In an earlier stage of our investigations, we anticipated the
formation of a metal-assisted self-assembled structure for the
CuII :L1 = 2 :2 type. Field desorption (FD) mass spectral data
at m/z = 1035 support our expectation of the presence of a 2 :2
(CuII :L1) self-assembling complex.15 The isotopic patterns

observed for this species are in good agreement with the calcu-
lated composition. A positive FAB mass spectrum at m/z =
1037 (NBA matrix) also indicates the presence of the relatively
abundant (2 :2)1 species. However, the molecular ion peak for
the (3 :3)1 species is also observed at m/z = 1553.

Electrospray ionization mass spectrometry (ESI-MS) has
proved to be a mild ionization method for the characteriz-
ation of many systems such as proteins, oligonucleotides,
and coordination compounds.16 Since no energy is required
to ionize the sample, ESI-MS with no matrix is suitable
to investigate the weak supramolecular species in solution.17

Fig. 2 shows the positive ESI-MS (MeOH–trace CHCl3)
for 1.

The relatively weak peaks at m/z = 518.0, 1036 and 2073.5
are assignable to (CuII :L1)1 = (1 :1)1, (2 :2)1, and (4 :4)1 aggre-
gate species. Comparison of the ESI-MS peak strength among
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Fig. 3 X-Ray crystal structure for 1.

the self-assembling species provides clearly the degree of distri-
bution in the aggregates. It is noteworthy that in methanol
solution a primary trinuclear (3 :3)1 species corresponding to
[L1H22–CuII]3 is observed at 1553.7.

X-Ray crystal structure of the L1–CuII complex, 1

Contrary to our expectations,15 the crystal diffraction study of 1
confirms the formation of the tetranuclear (CuII :L1 = 4 :4)
structure with a double-helical motif as shown in Fig. 3. The
neutral complex 1 contains four CuII ions and four ligands
L1H22. Selected bond lengths and angles are presented in Table
2. A significant feature of this structure is the presence of π–π
and CH–π aromatic interactions at 3.2–3.9 Å between several
spacer groups (-C6H4SO2C6H4-), resulting in the doubly helical
and stacking structure. The Corey–Pauling–Koltun (CPK)
representation shown in Fig. 4 indicates clearly the function of
multiple π–π and CH–π aromatic interactions in 1. As pointed
out by some authors,18 overlap of the aromatic ligands resulting
in π-stacking interactions, although not necessarily a main con-
trolling factor in the structure, must provide some additional
degree of stabilization of the self-assembled species.

Each CuII ion such as Cu1 (square-planar, SP), Cu2 (dis-
torted tetrahedral, Td), Cu3 (Td), and Cu4 (SP) is coordinated
by two N,O-bidentate sites from two different ligands. Each
ligand, abbreviated as L1(1)/C1–C26, L1(2)/C27–C52, L1(3)/
C53–C78, and L1(4)/C79–C104, interacts with two CuII ions
with a different coordination geometry.

Fig. 5 shows two main MM2-optimized conformations of

ligand L1. These conformers are similar to those of the two types
of conformation of L1 found in the tetranuclear double helical
complex 1 in Fig. 3. Thus, the ligand conformation of L1(1)

Fig. 4 Space-filling representation of 1.
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ligated to Cu1 and Cu2 is similar to the anti-closed con-
former 5b,19 in Fig. 5 and that of L1(4) coordinated to Cu3 and
Cu4 also has the anti-closed conformation. On the other hand,
the ligands L1(2) and L1(3) have been proved to have the anti-
opened conformation. Judging from the Esteric values of the
anti-closed conformer (Esteric = 227.58 kcal mol21) and the anti-
open conformer (Esteric = 227.16 kcal mol21) of L1, little ener-
getical difference is required between the two conformational
states. The theoretical interatomic O ? ? ? O distances of the two
hydroxy groups for the anti-closed and anti-open conformer of
L1 are estimated to be 9.226 Å and 11.221 Å, respectively. The
experimental O ? ? ? O distances (5.121 Å, 5.017 Å and 7.817 Å,
8.500 Å) determined from the X-ray crystal structure of 1 are
appreciably smaller than the theoretical values. This result
indicates that the X-ray structure for 1 is more compressed
along the long axis of the tetranuclear structure than the MM2
structure for 1 owing to the presence of the aromatic stacking
interactions. The selection of the anti-closed or anti-opened

Fig. 5 Two main conformers of ligand L1. L1(1) and L1(4) adopt the
anti-closed conformer and L1(2) and L1(3) the anti-opened conformer.

Table 2 Selected bond lengths (Å) and angles (8)  for (L1H22CuII)4 1
with esds in parentheses

1

Cu(1)–O(1)
Cu(1)–O(2)
Cu(1)–N(2)
Cu(1)–N(1)

1.889(5)
1.903(5)
1.999(6)
2.024(6)

Cu(2)–O(5)
Cu(2)–O(9)
Cu(2)–N(3)
Cu(2)–N(4)

1.891(5)
1.898(5)
1.983(6)
1.990(5)

Cu(3)–O(13)
Cu(3)–O(8)
Cu(3)–N(7)
Cu(3)–N(5)

1.871(5)
1.879(5)
1.968(6)
1.979(5)

Cu(4)–O(12)
Cu(4)–O(16)
Cu(4)–N(6)
Cu(4)–N(8)

1.858(6)
1.875(5)
1.990(6)
1.997(6)

C(7)–N(1)
C(20)–N(3)
C(46)–N(5)
C(85)–N(7)

1.282(9)
1.301(9)
1.311(8)
1.315(9)

C(33)–N(2)
C(59)–N(4)
C(72)–N(6)
C(98)–N(8)

1.288(9)
1.300(8)
1.284(9)
1.296(9)

O(1)–Cu(1)–O(2)
O(1)–Cu(1)–N(2)
O(2)–Cu(1)–N(2)
O(1)–Cu(1)–N(1)
O(2)–Cu(1)–N(1)
N(2)–Cu(1)–N(1)

174.9(2)
88.1(2)
90.6(2)
90.6(2)
91.4(2)

171.4(2)

O(5)–Cu(2)–O(9)
O(5)–Cu(2)–N(3)
O(9)–Cu(2)–N(3)
O(5)–Cu(2)–N(4)
O(9)–Cu(2)–N(4)
N(3)–Cu(2)–N(4)

89.6(2)
94.3(2)

147.2(2)
148.8(2)
93.9(2)
99.2(2)

O(13)–Cu(3)–O(8)
O(13)–Cu(3)–N(7)
O(8)–Cu(3)–N(7)
O(13)–Cu(3)–N(5)
O(8)–Cu(3)–N(5)
N(7)–Cu(3)–N(5)

89.2(2)
94.8(2)

144.6(2)
148.7(2)
94.2(2)

100.1(2)

O(12)–Cu(4)–O(16)
O(12)–Cu(4)–N(6)
O(16)–Cu(4)–N(6)
O(12)–Cu(4)–N(8)
O(16)–Cu(4)–N(8)
N(6)–Cu(4)–N(8)

170.4(3)
91.1(2)
88.9(2)
88.6(2)
91.8(2)

177.6(2)

C(12)–S(1)–C(14)
C(64)–S(3)–C(66)

104.4(4)
107.7(3)

C(40)–S(2)–C(38)
C(92)–S(4)–C(90)

106.4(3)
107.0(4)

conformer by CuII ion seems to operate spontaneously in order
to construct the final structure of 1.

The four CuII ions with SP and Td geometry are almost in
plane and have a rhombic arrangement with Cu ? ? ? Cu dis-
tances in the range of 4.08–7.66 Å (Scheme 2). The sum of

the interior angles (353.38) is comparable with that of the MM2
structure (358.68). A more symmetrical arrangement of the four
CuII ions is observed in the MM2 minimized structure.20

Other metal ions such as ZnII, NiII, and CoII appear to form
the (1 :1)∞ polymeric species which are insoluble in most
organic solvents.5b Therefore, the formation of the double-
helical tetranuclear structure could be ascribed to two factors:
(1) the loose geometrical preference for SP or pseudo Td of CuII

ion and (2) the flexible conformation around the spacer group
in L1. Perhaps the ability of CuII to adopt both SP (Jahn–Teller
effect) and pseudo Td geometries would be the primary factor
for formation of the tetranuclear structure. While tetrahedral
coordination to ZnII and CoII is common, SP coordination is
not, so a structure like the tetranuclear CuII complex (which
requires two SP metal centers) is not possible. Thus the SP
geometry seems to function as the end code for the helical wind-
ing program. Furthermore, the aromatic stacking interactions
between the spacer groups would also play an important role in
determining the final tunable structure with a double-helix
motif.

Scheme 3 shows the proposed mechanism for the self-
assembly process of eight components of CuII and L1 into the
tetranuclear supramolecular species 1 in solution. The syn-
thetic conditions at a mole ratio of CuII :L1 = 1 :1 lead to the
formation of the 1 :1 species (step (a)). More aggregate (acyclic
or cyclic) species which were detected by mass spectrometry
may be formed in the subsequent steps (b) and (c) in order
to complete the coordination site around the CuII center.
Aromatic π–π and CH–π interactions would play an important
role in these steps to create the tunable supramolecular archi-
tecture. In step (d), the final species is selected as the crystallized
form from the various factors such as solvent, crystal packing
force, and counter anion.21 It appears that the most abundant
species in solution is the 3 :3 complex as shown in Fig. 2. The
isolation of the 4 :4 complex as a solid does not mean that this
is the most stable species in solution. Therefore the represent-
ation of the 3 :3 species in Scheme 3 would be quite appro-
priate.

Solution species and solid-state structure of the L6–CuII complex

The L6–CuII system has a similar potential for the construction
of a supramolecular motif such as the double-helical structure
which was found in the L1–CuII system. A color change from
colorless to pale yellow was observed when the CuII ion was
added to the L6 ethanol solution (Fig. 6). The intensity at 400

Scheme 2
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Scheme 3
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Fig. 6 Absorption spectral change of ligand L6 in ethanol upon add-
ition of Cu(CH3COO)2?H2O. [L6] = 6.49 × 1025 mol dm23. [CuII] = 0,
0.898, 1.796, 2.694, 3.592, 4.49, 5.39, 6.29, 7.18, 8.98, 10.78, 12.57,
14.37, 16.16, 17.96 × 1025 mol dm23.

nm increased, whereas that at 350 nm decreased. The presence
of some clear isosbestic points and the molar ratio plot demon-
strate the formation of a 1 :1 molar ratio complex.

The ESI-MS shown in Fig. 7 displays several characteristic
peaks for the L6 :CuII = 2 :2, 3 :3, and 4 :4 species. The most
abundant species is the 2 :2 species at m/z = 941.1 in this system.
The weak peaks corresponding to higher degrees of oligomers
such as the 3 :3 and 4 :4 species may be related to the decrease in
stability. The CPK molecular considerations suggest that the
4,49-position of the azomethine (-CH]]N-) at the diphenyl ether
moiety in L6 lowers the stability of the 3 :3 and 4 :4 species.

The X-ray structural analysis supports clearly the idea that
the L6–CuII complex has a dinuclear structure with the double-
helix as a supramolecular motif in the solid state (Fig. 8 and
Table 3). The N,O-coordination sites from two different ligands
bind to one CuII ion. Two ligands are coordinated to CuII in a
strain-free manner, as judged by observing the normal C(11)–
O(3)–C(24) bond angle, 116.7(6)8. Slightly longer Cu–O
(1.899(4) and 1.901(5) Å) and shorter Cu–N (1.959(5) and
1.967(6) Å) bond lengths as compared with the other Schiff
base planar CuII complex (1.874 Å for Cu–O and 2.009 Å for
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Fig. 7 ESI mass spectrum of a methanol solution of 2.

Fig. 8 X-Ray crystal structure for 2.

Cu–N) 22 are observed. The geometry around the two CuII

ions is described as distorted tetrahedral, as shown in the
side view of Fig. 8. The aromatic π–π and CH–π interactions
operating between the bridging groups (-C6H4OC6H4-) of two
L6 ligands may be one of the crucial factors in building the
double-helical structure. Furthermore, since the 4,49-position
of -CH]]N- at the diphenyl ether moiety in L6 may prevent the
fully-parallel stacking between the spacer groups of the inter-
ligand, the binuclear species are predominantly formed in
solution and as solids.

Other CuII complexes of L2–L5

Since X-ray characterizations of most of the CuII complexes

investigated here have been unavailable due to the poorly crys-
talline powders, mass spectrometry is a useful method to
detect the supramolecular species in solution. The ESI mass
spectra of L5–CuII show clearly the formation of (2 :2)1, (3 :3)1,
and (4 :4)1 species as shown in Fig. 9. On the other hand, poly-
crystalline solids were obtained in the L2–CuII complex. The
formation of (2 :2)1 species occurs in solution as judged from
the ESI spectra. The ESI mass spectra of L3–CuII and L4–CuII

show only the peaks due to the L1 and (CuII :L = 1 :1)1 species.
Perhaps the formation of 2 :2, 3 :3, and 4 :4 species may be
retarded by the steric hindrance of the -OCH3 group in L3–CuII

and the electron withdrawing effect of the para -SO2- group in
L4–CuII. Smaller uv–vis spectral changes of these systems
support these inhibition effects.
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Fig. 9 ESI mass spectra of L5–CuII and L2–CuII complexes.

Conclusion
We have presented the structural characterization of two cop-
per() complexes of bis-N,O-bidentate Schiff base ligands, L1

and L6. The utilization and combination of Cu() and the bis-
N,O-bidentate Schiff base having the flexible spacer group
allow the facile formation of the tetranuclear and dinuclear
Cu() complexes containing the double-helical motif. The
weak π–π and CH–π aromatic interactions between the
spacer groups and the flexible geometry of the Cu() ion would
play an important role in determining the supramolecular
structure.

Table 3 Selected bond lengths (Å) and angles (8)  for (L6H22CuII)2 2
with esds in parentheses

2

Cu–O(1)
Cu–N(2)

1.899(4)
1.959(5)

Cu–O(2)
Cu–N(1)

1.901(5)
1.967(5)

N(1)–C(7)
N(1)–C(8)
O(1)–C(1)
O(3)–C(24)

1.309(7)
1.428(7)
1.295(7)
1.374(8)

N(2)–C(20)
N(2)–C(21)
O(2)–C(14)
O(3)–C(11)

1.313(8)
1.433(7)
1.295(9)
1.409(8)

O(1)–Cu–O(2)
O(2)–Cu–N(2)
O(2)–Cu–N(1)

89.2(2)
94.5(2)

148.0(2)

O(1)–Cu–N(2)
O(1)–Cu–N(1)
N(2)–Cu–N(1)

145.7(2)
93.9(2)

100.4(2)

C(1)–O(1)–Cu
C(24)–O(3)–C(11)
C(7)–N(1)–Cu
C(20)–N(2)–C(21)
C(21)–N(2)–Cu
N(1)–C(7)–C(6)
N(2)–C(20)–C(19)

128.6(4)
116.7(5)
122.6(4)
116.5(5)
120.7(4)
126.7(6)
127.7(6)

C(14)–O(2)–Cu
C(7)–N(1)–C(8)
C(8)–N(1)–Cu
C(20)–N(2)–Cu
O(1)–C(1)–C(6)
O(2)–C(14)–C(19)

127.7(4)
115.2(5)
122.1(4)
122.6(4)
123.6(6)
124.3(6)
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