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A New Dinuclear Copper(II) Complex of a Bis-macrocyclic
Ligand . Synthesis, Characterization, Crystal Structure and

Magnetic Properties
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A new dinuclear Cu(II) complex, [ Cu,L(N;);]1(ClOy)1.s°
(OH)y.s * 2H,0 - 0.5CH;OH (1), of a bis-macrocyclic lig-
and, 2,6-bis(1,4,7,10-tetraazacyclododecan-10-ylmethyl)-
methoxybenzene (L), has been synthesized, characterized
and structurally determined by X-ray diffraction analysis.
Complex 1 crystallizes in orthorhombic crystal system,
Pca2(1) space group with a =1.5371(3), b=1.6641(3), ¢
=3.0950(6) nm, V=7.917(3) nn®, F, =904.62, Z =8,
D.=1.529 g/an®, and final R = 0.0568, wR = 0.1406 for
10410 observed reflections with I>2¢ (I). Both Cu(II) cen-
ters in the structure are coordinated by four nitrogen atoms of
1, 4, 7, 10-tetraazacyclododecane ( cyclen) and a nitrogen
donor of the axial azide anion. Fach Cu(II) center is in a
square-pyramidal coordination environment, and the intra-
and nearest inter-molecular Cu:--Cu nonbonding distances are
0.9855 and 0.7298 nm, respectively. Variable temperature
magnetic susceptibility measurements in the range of 4.2—300
K indicate that there exists weak intra- and inter-molecular
antiferromagnetic coupling between the Cu(II) centers with
2J/=-4.2cm and @= - 0.47 K.
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Considerable attention and effort have been devoted
to the study of transition metal complexes with di-, tri-
and tetra-azacyclic polyamines'™ and bis-macrocyclic lig-
ands.*® The ligands comprising two macrocycles can
form a variety of stable dinuclear complexes with metal

* E-mail; buxh@ nankai.edu.cn.

ions such as Mn(IL/III), Fe(I/II), Co(I/II),
Cu(Il) and Zn(I1).” Complexes of these kinds of lig-
ands are interesting not only for the electronic interac-
tions that take place between the metal ions, but also for
their reactivity towards small molecules. They may show
interesting magnetic behavior,® especially for dinuclear
Cu(II) complexes, which exemplify the simplest case
that two unpaired electrons at two paramagnetic ions are
separated by organic spacer ligands, or may serve as
models for metalloenzymes .’

Although macrocycles linked wvia polymethylene
bridges have been well studied, ' the ligands containing
two macrocycles bridged by phenyl groups are relatively
rare. ' As a continuation of our work, we report here-
in the synthesis, characterization, crystal structure, and
magnetic properties of a new dinuclear Cu(1II) complex
of 2,6-bis(1,4,7, 10-tetraazacyclododecan-10-ylmethyl )
methoxybenzene (L) (Scheme 1) .

Experimental
Materials and general methods

The ligand L was synthesized according to the liter-
ature method. ™ All other reagents and solvents for syn-

theses were of analytical grade. FT-IR spectra (KBr pel-
lets ) were taken on a FT - IR 170 SX ( Nicolet ) spectro -
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Scheme 1
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oeter and electronic absorption spectra on a Hitachi UV-
3010 spectrophotometer. Carbon, hydrogen, and nitro-
gen analyses were performed on a Perkin-Elmer 240C
analyzer. Conductivity measurement was taken at room
temperature using a DDS 11A conductometer. The vari-
able temperature magnetic susceptibilities were measured
on a SQUID magnetometer in the 4.2—300 K tempera-
ture range. The susceptibilities were corrected for dia-
magnetism with Pascal’s constants for all the constituent
atoms, and magnetic moments were calculated by the
equation preg = 2.828(y,, T) 12

Preparation of title complex 1

[Cu,L(N;)2 ] (ClO4)y.5 - (OH)g 5 * 2H,0 - 0.5C,-
HsOH (1), was synthesized by mixing Cu (ClO, ), *
6H,0 (76 mg, 0.2 mmol) and L 7HBr-2H,0 (104
mg, 0.1 mmol) in water/ethanol (25 mL). The pH
value of this solution was adjusted to ca. 7—8 with di-
lute NaOH aqueous solution. The mixture was heated to
~ 80°C with stirring, and then a water solution of excess
NaN; (26 mg, 0.4 mmol) was added. The reaction
mixture was filtered and left to stand at room tempera-
ture. Blue single crystals suitable for X-ray diffraction
analysis were obtained by slow evaporation of the solvent
(yield: 50% ). FT-IR (KBr pellet) v: 3442m, 2942w,
2126w, 2037s, 1630m, 1475m, 1459m, 1086vs,
638m, 626m cm™. Anal. caled for CysHss s Cly s Cup-
NiOy: C34.5, H6.2, N21.7; found: C 34.4, H
6.3, N21.6. Ay(H,0): 256 cm?+ Q" -mol™.

Crystallographic study

The reflection data were collected on a Bruker
Smart 1000 CCD diffractometer equipped with a graphite
crystal monochromator situated in the incident beam.
The determination of unit cell parameters and data col-

lections were performed with Mo K, radiation (A =
0.071073 nm). Reflections in the range 1.22 <0 <
25.05° were collected at room temperature. The struc-
ture was solved by direct methods and semi-empirical ab-
sorption corrections were applied by SADABS program.
Cu(II) atoms in the complex were located from E-maps.
All non-hydrogen atoms were determined by successive
Fourier syntheses and refined isotropically. The final
structure was refined by full matrix least-squares methods
with anisotropic thermal parameters for non-hydrogen
atoms on F2. The hydrogen atoms were added theoreti-
cally, riding on the concemed atoms and refined with
fixed thermal factors. The crystallographic and refine-
ment data for 1 are summarized in Table 1.

Table 1 Crystallographic data and the structure
refinement summary for complex 1

Formula CosHss 5Cly sCupNy, O
F, 904.62
Crystal system orthorhombic
Space group Pca2(1)
a (nm)- 1.5371(3)
b (nm) 1.6641(3)
¢ (nm) 3.0950(6)
V (nm*) 7.917(3)
VA 8
D, (g/cnd) 1.529
g (mm?) 1.243
T (K) 298(2)
No. of unique data 13961
No. of observed data [ I=26=> ()] 10410
Parameters refined 955
R 0.0568
wR 0.1406
M 1.003
Max residual peak and hole (e/nm®) 987 and - 510

Results and discussion

Synthesis and general characterization

The synthesis of 1 was achieved by the reaction of
the acid-free ligand L with Cu(ClO,) - 6H,0. Since the
corresponding ligand is of HBr salt, it must be neutral-
ized with NaOH prior to complexation. The electrical
conductance value in water soluiion indicates that 1 be-
haves as a 2:1 electrolyte, * which is consistent with the
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crystal structure in solid state. The IR spectrum shows
absorption bands resulting from the skeletal vibrations of
benzene ring in 1400—1600 cm! region. The absorption
bands of ClO; appear at 1086 and 626 cm™ and it ex-
hibits strong absorption bands at 2126, 2037 and 638
cm” due to the wyy stretch of the apical coordination
azide anions. The electronic spectrum in aqueous solu-
tion shows a d-d absorption peak at 605 nm, which is
typical for penta-coordinated Cu(II) complex with dis-
torted square-pyramidal geometry.'* In addition, several
strong characteristic absorptions at 200—350 nm can be
assigned to the m>n" transitions of the ligand.

Description of crystal structure

The structure of the title complex consists of dis-
crete [ CuL(N3),]%* cations, ClOz/OH counter an-
ions, and water/ethanol solvate molecules. It is noted
that two symmetry-independent units without significant
difference are presented in this structure.

An ORTEP plot of { Cu;L(N3),]?* is presented in
Fig. 1, and the selected bond distances and " 1gles are
listed in Table 2. Each Cu(II) center is pez. .-coordi-
nated by four nitrogen donors of cyclen forming the basal
plane and a nitrogen atom of the azide anion occupying
the axial site. The coordination geometry around each
Cu(II) center can be best described as a square pyramid
close to C4, symmetry, which can be reflected by t val-
ue defined by Addison et al. (T =0 for an ideal square-
pyramid, and 7 =1 for an ideal trigonal bipyramid) .

\4

In this complex, the t values for Cu(1) and Cu(2) are
0.095 and 0.043, respectively, indicating slight distor-
tion from ideal square-pyramidal coordination geometry
for both Cu(II) centers. The Cu(1) and Cu(2) atoms
are 0.05356 and 0.05565 nm above the relative least-
square planes defined by four N atoms of the cyclen,
which are nearly in parallel position with the dihedral
angle of 152°. The dihedral angles between the phenyl
ring plane and the two N, planes are 13.7° and 15.0°,
respectively. The methoxy group does not take part in
coordination with the Cu(II) centers due to its lower co-
ordination ability and steric hindrance between the two
cyclen rings, which is similar as a related complex re-
ported in literature . !!

In this complex, the Cu—N bond distances are in
the range of 0.2008(7)—0.2147(12) nm, which are
nomal Cu—N coordination bonds. The axial Cu—N_;iq.
bond distances are slightly longer than those of the Cu—
Neyclen bonds in the basal plane probably due to the Jahn-
Teller effect. The two Cu(II) centers are separated at
0.9855 nm, which may offer a good model system for
the study of two almost independent metal centers in one
complex. The intermolecular Cu-‘* Cu nonbonding dis-
tances of two independent [ Cu,L(N;),]** cations are -
0.7298 and 0.9612 nm, respectively, even shorter than
the intramolecular Cu‘:* Cu distance. Another notable
feature of 1 is that it is in the chiral non-centric space
group Pca2(1) with flack parameter of 0.0226 (near
zero) , indicating the correct absolute configuration.

& C(15) C(17) \5.’

Fig. 1 ORTEP view of [ Cu;L(N;);]2* with 30% probability thermal ellipsoids.
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Table 2 Selected bond distances (10" nm) and angles (°) of complex 1
Bond distance
Cu(1)—N(1) 2.122(8) Cu(1)—N(4) 2.055(6)
Cu(1)—N(5) 2.017(7) Cu(1)—N(6) 2.023(7)
Cu(1)—N(7) 2.017(7) Cu(2)—N(8) 2.141(12)
Cu(2)—N(11) 2.057(7) Cu(2)—N(12) 2.056(7)
Cu(2)—N(13) 2.012(7) Cu(2)—N(14) 2.008(7)
Bond angles
N(5)-Cu(1)-N(7) 146.5(3) N(5)-Cu(1)-N(6) 85.6(3)
N(7)-Cu(1)-N(6) 86.1(3) N(5)-Cu(1)-N(4) 85.9(3)
N(7)-Cu(1)-N(4) 86.5(3) N(6)-Cu(1)-N(4) 152.2(3)
N(14)-Cu(2)-N(13) 84.9(3) N(14)-Cu(2)-N(12) 146.9(3)
N(13)-Cu(2)-N(12) 87.0(3) N(14)-Cu(2)-N(11) 85.5(3)
N(13)-Cu(2)-N(11) 149.5(3) N(12)-Cu(2)-N(11) 85.3(3)

Magnetic properties

The magnetic behavior of complex 1 is illustrated in
Fig. 2 by means of y,,(pteg) vs. T in the 300—4.2 K
temperature range. The room temperature magnetic mo-

ment pog is 2.58 pp and it decreases slowly upon cool-
ing. The single-triplet energy gap (2J) was deduced
from the least-squares fit of the experimental data to the
temperature for isotropic exchange by using a Bleaney-
Bowers equation'® for coupling Cu(II) dimer:

xy = 2Ng*#/K(T - ®)[3 + exp( - 2J/KT) 1 (1 - p) + Ng’Fp/2KT + N, (1)
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Fig. 2 Magnetic coupling diagram of complex 1.

Eq. (1) results from a consideration of the eigen-
values of H = - 2JS,S,, of the Heisenberg exchange
Hamilton for the two interacting S = 1/2 centers. N, is
the temperature independent paramagnetism (120 x 10
em®), p represents the fraction of a possible magneti-
cally dilute impurity, ® is Weiss-type correction of the
intermolecular interaction, and other symbols have their
usual meanings. The results of the best fit for 1 were us-
ing a nonlinear analysis with g, J, p, © as variables

obtained as g =2.08, J= -2.1 em?, p=0.006 and
®= - 0.47 K. The agreement factor F is defined as
S (xpy) abe = (XM)cglc]z/Z(XM)ohsz =8.4x 107, These

values imply that there exists a weak intramolecular anti-
ferromagnetic interaction within each bimeric cation,
which may be due to the fact that the intramolecular
Cu- - Cu nonbonding distance is rather large and no di-
rect bridges link the two Cu(II) centers. Furthermore,
weak antiferromagnetic interaction is also found in inter-
molecular Cu-+*Cu centers, which may be caused by the
shorter distances between the Cu(II) centers.
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