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The rich chemistry of complexes of dicompartmental
ligands binding identical metals and to a lesser extent
different metals has been applied to the investigation of
magnetic exchange interactions between the two metal ions,
the stabilization of mixed-valent species, and the activation
of small molecules."? Particularly, significant examples (I
and IT) of this type are planar ligands with imine or amine
donors and bridging phenolic oxygens, which are usually
referred to as Robson-type ligands.® The complexes formed
from these macrocyclic ligands are also used as models for
protein-metal binding sites in biological systems, as syn-
thetic ionophores, as therapeutic reagents in chelate therapy
for treatment of metal toxication, in catalysis and to
investigate the mutual influence of two metal centers on
their physicochemical properties.*’
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The best way for their preparation is to carry out the
condensation reaction of appropriate formyl and amine
precursors in the presence of a templating agent. Neverthe-
less, the possibility to obtain these compounds by self-
condensation of appropriate precursors has been successful-
ly experienced in the past. They are identical to the
compounds obtained by demetallation of the related Schiff
bases complexes. Their cyclic nature was inferred especially
by mass spectrometry and definitively demonstrated by
single crystal structural determinations.®’ So far many
efforts have been devoted to the design of compartmental

ligands possessing two metal-binding sites with respect to
the nature of donor atoms, the cavity size, and the steric
requirement for coordination.®” The use of designed macro-
cyclic ligands is of great advantage for the purpose because
dinuclear cores can be thermodynamically stabilized by
macrocyclic effect.'”

Our interest has been directed towards the study of the
dinuclear metal oxa-azamacrocyclic complexes, in which
the [2+2] symmetrical N4O, compartmental macrocycle
{Hy[22]-HMTADO; 5,5,11,17,17,23-hexamethyl-3,7,15,19-
tetraazatricyclo[19,3,1,1%'*]hexacosa-1(25),2,7,9,11,13(26),
14,19,21,23-decane-25,26-diol} by the reaction between
2,6-diformyl-p-cresol (DFPC) and 2,2-dimethyl-1,3-pro-
panediamine with methyl groups on the lateral chains is
involved. To our knowledge, work has never been carried
out on the preparation and characterization of the dinuclear
Cu(Il) complex [Cu(Il)-([22]-HMTADO)(L,)] with auxi-
liary ligands (La). In the light of above discussion, the
present work concerns the synthesis, physicochemical
characterization and crystal structure of the dinuclear Cu(II)
oxa-azamacrocyclic complex [Cux([22]-HMTADO)(H20)4]-
Cl>'10H>0.

Experimental Section

Measurements. Microanalyses of C, H, and N were
carried out using LECO CHN-900 analyzer. Conductance
measurement of the complex was performed in water at 25 +
1 °C using an ORION 162 conductivity temperature meter.
IR spectrrum was recorded with a Bruker FSS66 FT-IR
spectrometer as KBr pellets. Electronic absorption spectrum
was measured at 25 °C on a HP model 8453 UV-VIS
Spectrophotometer. FAB-mass spectrum was obtained on a
JEOL JMS-700 Mass Spectrometer using argon (6 kV, 10
mA) as the FAB gas. The accelerating voltage was 10 kV
and glycerol was used as the matrix. The mass spectrometer
was operated in positive ion mode and mass spectrum was
calibrated by Alkali-CsI positive.

Synthesis of [Cux([22]-HMTADO)(H,0)4]Cl>-8H,0. A
methanolic solution (30 mL) of 2,6-diformyl-p-cresol (1.312
g, 8 mmol) was added to a suspension of the 2,2-dimethyl-
1,3-propanediamine (0.824 g, 8 mmol) and the cupric
chloride dihydrate (1.364 g, 8 mmol) in methanol (30 mL).
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The mixture was refluxed for 20 min whereupon the solution
turned immediately to dark green, and then the solvent was
partially evaporated. The pale green precipitate obtained by
addition of tetrahydrofuran (200 mL) filtered, washed with
tetrahydrofuran and dried in vacuo. The products can be
further purified by warm water. Yield: 92%. Anal. Calcd
(Found) % for CisHssN4O14CLCuy: C, 38.53 (38.51); H,
6.70 (6.38); N, 6.42 (6.46). Ay (water): 218 ohm ™ 'cm?mol ™.
X-ray crystallography of complex. Crystals of
[Cux([22]-HMTADO)(H20)4]Cl>-10H>O suitable for X-ray
diffraction study were obtained by slow evaporation of
warm aqueous solution of the complex. The dark green
crystal of complex was attached to glass fibers and mounted
on a Bruker SMART diffractometer equipped with a
graphite-monochromated Mo Ko (1= 0.71073 A) radiation.
Cell constants and an orientation matrix were obtained by
least-squares refinement of the data for 4935 reflections of
the 13200 unique reflections measured, in the range 2.06° <
260 < 28.29° for complex. The data were corrected for
Lorentz and polarization effects during data reduction. The
structure was solved by the direct method,'' and refined by
full-matrix least-squares refinement with use of the SHELXS
program of the SHELXTL package.'? All non-hydrogens
atoms of the copper(IT) complex were refined on F° by the
full matrix least-squares procedure using anisotropic dis-
placement parameters. Hydrogen atoms were inserted in the
calculated positions, assigned fixed isotropic thermal
parameters at 1.2 times the equivalent isotropic U of the
atoms to which they are attached [Ui, = 1.2U.q (parent
atom)] and allowed to ride on their respective parent atoms.
The summary of the crystal data, experimental details and
refinement results for complex is listed in Table 1.
Crystallographic data for the structure reported here have
been deposited with Cambridge Crystallographic Data
Center (Deposition No. CCDC 256434). The data can be

Table 1. Crystal data and details of the structure determination for
[Cu([22]-HMTADO)(H20)4]Cl>-10H,O

C2sHs2Cl2CuaN4O6

173(2)

Monoclinic, C2/m
a=16.3781(6)

Empirical formula
Temperature, K

Crystal system, Space group
a, A Unit cell dimensions

b, A b=25.3716(9)
c, A ¢=9.9589(3)
V4 4

Density (calculated) 1.468 g/cm®
Absorption coefficient 1.233 mm™'
F(000) 1912

Theta range for data collection 2.06 to 28.29°
Reflections collected 13200

Independent reflections 4935 [R(int) = 0.0393]
Goodness-of-fit on F* 1.094

Final R indices [/ >2sigma(/)] R =0.0336, wR, = 0.0803
R indices (all data) Ry =0.0394, wR, = 0.0834

R =X ||Fol-Fd| / Z |Fol, Rw = [EW(F—FEw(F?)]?, w = 1[A(Fo)
+(0.0.0282P)* + 7.1613P], P = (Fy* + 2F.*)/3

Notes

obtained free of charge via www.ccdc.cam.ac.uk/conts/
retrieving.html (or from the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).

Results and Discussion

Description of crystal structure. The ORTEP represen-
tation of the [Cux([22]-HMTADO)(H»0)4]Cl>:10H>O com-
plex is shown in Figure 1 together with the numbering
scheme. The selected bond lengths and angles relevant to
the copper coordination sphere are summarized in Table 2.
The dinuclear Cu(Il) complex consists of a [Cux([22]-
HMTADO)(H,0)4]** cation, two chloride ions as counter
ions and ten water molecules crystallizing as solvent,
corresponding to the formula [Cux([22]-HMTADO)(H20)4]-
Cl*10H,0. In other words, the structure consists of two
copper centers bridged by two endogenous phenolic oxygen
atoms with two secondary imine nitrogen donors completing
the CuN,O; basal plane. Each of the metal centers achieves a
pseudo-octahedral configuration through the axial coordi-
nation of water molecules, which are frans to each other.
Therefore, complex has a centrosymmetric structure with
center of inversion at the middle of Cu,O» plane.

The two copper atoms are separated by 3.0482(4) A,
which is comparative to the other dinuclear Cu(Il)
complexes,'? with a Cu-O(1)-Cu bridge angle of 102.32(8)°.
The bond lengths of Cu-O are slightly longer than those of
Cu-N in the macrocyclic ring, and the axial Cu-O (water)
bond lengths are much longer than those of Cu-O and Cu-N
in the macrocyclic plane; this is elongated owing to the Jahn-
Teller effect." The bond angles of N(1)-Cu-O(2), N(2)-Cu-
O(1), O(3W)-Cu-O(4W) and O(2)-Cu-O(4W) are 170.36(6),

Figure 1. ORTEP drawing with atom-labelling scheme for
[Cux([22]-HMTADO)(OH>)4]Cla: 10H,0.
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Table 2. Selected bond lengths (A) and angles ( °) for [Cux([22]-
HMTADO)(OH>)4]Clo'10H,0
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Table 3. Hydrogen bonding interactions in Cux([22]-HMTADO)-
(OH2)4]Cl>' 10H0

Cu(1)-N(1) 1.9490(15)  Cu(1)-O(3W) 2.5798(14)
Cu(1)-N(2) 1.9503(15)  Cu(1)-Cu(1)* 3.0482(4)
Cu(1)-0(1) 1.9567(11)  O(1)-Cu(1)* 1.9567(11)
Cu(1)-0(2) 1.9638(11)  O(2)-Cu(1)* 1.9638(11)
Cu(1)-0(4W) 2.4792(14)

N(1)-Cu(1)-NQ2)  97.75(7) O(1)-Cu(1)-0(3W)  84.36(6)
N(D)-Cu(1)-0(1)  92.61(6) 0(2)-Cu(1)-03W)  86.22(6)
NQ@)-Cu(1)-0(1)  169.15(6)  O(@AW)-Cu(1)-O(3W)172.68(5)
N(D)-Cu(1)-0(2)  170.36(6)  N(1)-Cu(1)-Cu(1)*  131.37(4)
NQ@)-Cu(1)-0(2) 91.79(6)  N(2)-Cu(1)-Cu(1)*  130.87(4)
O(1)-Cu(1)-0(2)  77.79(6) 0(1)-Cu(1)-Cu(1)*  38.84(4)
N(1)-Cu(1)-O(4W) 90.40(6) 0(2)-Cu(1)-Cu(1)*  39.10(4)

N(2)-Cu(1)-O(4W) 94.49(6)
O(1)-Cu(1)-O(4W) 88.63(6)
0(2)-Cu(1)-0(4W) 90.25(6)
N(1)-Cu(1)-0(3W) 92.03(6)
N(2)-Cu(1)-0(3W) 92.03(6)

Symmetry transformations used to generate equivalent atoms: *x, —+1, z.

O(4W)-Cu(1)-Cu(1)* 86.66(3)
OB W)-Cu(1)-Cu(1)* 86.55(3)
Cu(1)-0(1)-Cu(1)*  102.32(8)
Cu(1)-0(2)-Cu(l)  101.81(7)

169.15(6), 172.68(5) and 90.25(6)°, respectively. These bond
lengths and bond angles are in good agreement with those in
related [CuPbL,,;(BzO)(dmf)]CIOs (L, = heterodinucleating
macrocycle, BZO™ = C¢HsCOO™, dmf = N,N-dimethylform-
amide)."

As shown in Figure 2 and Table 3, there are four types of
intermolecular hydrogen bonds. The coordinated water forms
hydrogen bonds of the type O-H-:-O with the coordinated
water (O3W-H3C---O3W; 2.738 A, etc.) and lattice water
(O3W-H3A---O5W; 2.773 A, etc.). The structure of the
compound is further consolidated by another hydrogen bond
of the type O-H--CI between the counter anion and lattice
water (O6W-H6C ---C12; 3.261 A, etc.). These interactions

d(D-H), d(H:-A), <DHA, d(D--A),
D-HA A A . A

between coordinated waters

O3W-H3C:--O3W ¢ 0.897 1.876 16045 2.738
O4W-H2C:--04W ¢ 091 1.852 17475  2.759
coordinated water - lattice water

O3W-H3A:-O5W 0.789 2.001 165.9 2.773
O3W-H3B:--010W 0.737 2.141 157.69 2.836
O4W-H4A:-O7TW 0.717 2.023 162.33  2.715
O4W-H4B:--09W * 0.788 2.141 16192 29
O5W-H5C:-O3W 0.819 1.982 162.09 2.773
chloride ion - lattice water

O6W-H6C:*-CI2 0.784 2.476 179.69  3.261
O6W-H6D:-Cl1 0.845 2.423 167.38 3.252
O8W-H8C:--Cl1 0.825 2.391 170.17  3.207
O8W-H8D--CI2 ¢ 091 2311 16592  3.202
between lattice waters

O5W-H5B:-06W 0.869 2.094 155.5 2.907
O7W-H7A:-O8W ¢ 0.965 1.909 159.73 2.834
O7W-H7B:--O5W ¢ 0.735 1.983 162.69 2.693
O9W-HIB:--O8W ° 0.808 2.03 172.6 2.833
O10W-H10A--O6W 0.783 2.101 166.62  2.869

Symmetry transformations used to generate equivalent atoms: “x, —y+1,
23 P 172, 4172, —z+1; %, y, 241 Cxt 172, 4172, —242; %, 3, 21

result in a formation of polymer in the packing of the
complex (Figure 2). Namely, the ordered chloride anion and
lattice water participate in mediating between the [Cux([22]-
HMTADO)(H,0)4]*" units to form the polymer through
hydrogen bonds. Hydrogen bonding interactions through
coordinated waters, anions and lattice water are crucial for
the formation of three-dimensional supramolecular network.

Figure 2. The molecular packing diagram of [Cux([22]-HMTADO)(OH>)4]Cl»-10H,O along with the hydrogen bonds, indicated by broken

lines that contribute to stabilize the lattice.
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It is generally understood that the directionality and strength
of interactions are essential to assemble building blocks in
polymeric chemistry, and usually a hydrogen bond is the
interaction of choice.'®'® These values are comparable with
those reported for the [Cu,L,2(H20):](ClO4): (Ly2 = phen-
oxo-bridged macrocyclic ligand)."”

As shown in Figure 2, another interesting feature of the
complex resides in the formation of a three-dimensional
layered structure in which the stacking pattern is arranged
ABABARB... type. The dinuclear oxa-azamacrocyclic ligand
in the complex exhibits a slight boat-like conformation and
each layer unit (A or B) is consisted of five boat-like mono-
mers due to the complex cation. There are water molecules
in the complex, which can act as donors and acceptors for
hydrogen bonds in addition to the chloride ions. The two
chloride counter ions are bound to the lattice waters through
hydrogen bonds and located at the vacancy between A and B
layers. These hydrogen bonds in the inter-layers (A and B)
consolidate the structure of the present complex. In this
lattice water connection it is interesting to compare the
previous values reported for [CuzL,3(N3)2](Cl04)-2H20 (Liz
= hexaaza macrocycle)”® and [Cux(bpp)(H20),](ClOy4),
{bpp = 3,5-bis(2-pyridyl)pyrazole}.”!

General properties. The molar conductivity measure-
ment of the complex exhibits 218 ohm™' cm? mol™', typical
of 2 : 1 electrolytic nature in water solvent. The electronic
spectrum of the complex involves an asymmetric broad peak
occurring at 17,120 cm™' with some evidence for a possible
low-energy shoulder at approximately 15,240 cm™', con-
sistent with its six-coordinated distorted octahedral stereo-
chemistry as found in its X-ray crystal structure, and similar
to those of the comparable structures in [Cu(dpyam),-
(SCN),] (dpyam = di-2-pyridylamine).”” The complex shows
an intense band near 26,300 cm™' which is assigned to 7-7
transition associated with the azomethine linkage.”® The
binuclear Cu(IT) complex reveals another intense band at
23,500 cm™', which may be assigned to ligand to metal
charge-transfer transition associated with the macrocyclic
nitrogen donors.**

The suggested one-electron ground state configuration is
dyo_yo > d, > diy > dr: = dy: for general complexes. For
complex, the transitions may be assigned as the d,, —
dy._y» for the low-energy peak, arising from the tetragonal
splitting of the formally octahedral e, orbitals and d.., d,- >
dy._,» for the high-energy peak, with the position of the d\,
—> d,._,» transition being uncertain.> Therefore, copper(II)
complexes in tetragonal symmetry are expected to have
three absorption bands in d-d transitions, the spectrum of
complex have one major component. Such band is resolved by
Gaussian Analysis?® and in the visible region the two peak
positions calculated at 15,510 and 17,560 cm ™' can be assigned
to the “B1g —> “Byg and *By, — °Eg, respectively. The *Bjg —
%A\, transition band has expected at much lower energy.?’

Strong evidence that aldehyde groups had been complete-
ly converted into Schiff base residues was provided by the
disappearance of the aldehydic C=O stretching band at 1680
cm ! and the appearance of a strong band at 1635 + 5 cm™

Notes

assigned to C=N stretching band.?® Sharp C=N stretching
vibration bands corresponding to four enamine groups of
macrocyclic framework are observed at 1635-1640 cm™.
Wide bands resulting from O-H stretching vibration of the
coordinated water molecules and lattice waters emerge at
3412 cm ™' and 3549 cm™, respectively.”” In the FAB mass
spectrum of complex there is a peaks at m/z 585.7 and 522.5
corresponding to the [Cux([22]-HMTADO)]" and [Cu([22]-
HMTADO)]", respectively. These major peaks are associat-
ed with peaks of mass one or two greater or less, which are
attributed to protonated/deprotonated forms.*
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