Svnthesis and Structure, Tetranclear Cu(ll) Cluster

Bull. Korean Chem. Soc. 2004, Vol. 25, No. 5 673

Hydrothermal Synthesis, Crystal Structure and EPR Property of
Tetranuclear Copper(Il) Cluster [CusOCl(Ci13H12N2)4]

Fang-fang Jian,” Pu-su Zhao,” Huan-xiang Wang, and Lu-de Lu®

New Materials & Function Coordination Chemistrv Laboratory.
Qingdao University of Science and Technology, Qingdao. Shandong 266042, China
Materials Chemistry Laboratory, Nanjing University of Science and Technologv, Nanjing 210094. China
Received October 31. 2003

The tetranuclear copper(Il) cluster compound [CusOCl(C 4H:N-).] has been synthesized by hydrothermal
reaction and studied by X-ray diffraction. The four copper(Il) atoms locate four capsheaves of a tetrahedral
skeletal structure and a oxygen atomn as interstitial atom occupies the center position of the same tetrahedron.
and each edge of the Cu-Cu tetrahedron is bridged by one #£.-Cl anion. The copper atom possesses slightly
distorted trigonal bipyramidal geometry with three (.-Cl atoms in equatorial positionand the interstitial O atom
and one N atom from 3-benzyl-benzimidazole ligand occupying axial position. The Cu-Cu distances are inthe
range of 3.0986-3.1162 A. The EPR spectrum suggested that the copper(Il) ground state .2 and the

coordination geometry was trigonal bipy ramidal.
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Introduction

Benzimidazole is an nteresting heterocyclic ring because
it is present in various naturallv occurning drugs, such as
omeprazole. astemizole and emedastine difumarate.’ The
efficacy of substituted benzimidazoles in the treatment of
parasitic infections is well known.* Interest in exploring
benzimidazole denvatives and their metal complexes has
continually increased, since the recognition that many of
these materials mav serve as models which mimic both the
structure and reactivity of metal ion sites in complex
biological svstems *° and possess a broad spectrum of
biological activity.*” For these reasons. our group began to
svnthesize various benzimidazole denvatives and their metal
complexes and studied their chemical properties.® However.
when we attemipted to svnthesize a ordinary complex of
cupric with benzinidazole derivative by a hyvdrothermal
reaction, the anficipatory complex was not obtained.
accidentally, we got a tetranuclear copper(Il) cluster
[CusOCI(C,4Hi2N-)4]. At the same time. we got the single
crystal swit for X-ray diffraction. Also. we repeated this
expenment and got this novel copper cluster in high vield.
The first example of clusters of the type [CusOXsLa] was
descnibed by Bertrand and Kellv in 1966, and the
[CusOCI(PhsPO)4] was prepared by refluxing dichlorobis-
(triphenylphosphine oxide) copper(Il) in methyl 1sobutyl
ketone.” Since then similar clusters have been reported in the
literature.'*'- The most [Cu;OCkL,] complexes were pre-
pared by the addition of ligand L in organic solvent to a
solution of copper(Il) chloride mn the same solvent. and
refiuxing for some time.'"!* Several of these have been
studied from a magnetostructural point of view. smce a
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notable feature of the magnetic susceptibility data for some
of these copper(Il) tetramers has been the occurrence of a
maximum n the temperature dependence of the magnetic
moment.'*'* So the further investigations about this tetra-
nuclear copper(Il) cluster are i progress in our laboratory.
Here. in this paper, we report the synthesis and the crystal
structure of [CusOClg(Ci4H;2N1)4], also the EPR spectrum
have been mvestigated.

Experimental Section

All chemical reagents were obtained from a commercial
source and used without further purification.

Synthesis, Benzimidazole (0.12 g, 1.0 mmol) was reacted
with benzyl chlonde (0.13 g. 1.0 munol) in 15 mL pyndine.
After refluxing for 2 h. an aqueous solution (10 mL) of
CuSO,5H-0 (0.25 g, 1 mmol) was added. The slurry was
generated. then sealed in a 30 mL stamnless-steel reactor with
Teflon hiner at 120 °C for 36 h resulting in the formation of
the blue precipitate. The blue crystals were obtained from
ethanol by upon slow evaporation at room temperature for
three days. They were all collected, dried and submutted for
elemental analysis. Yield: 75%. Cale. for CssHasClsCusNsO:
C, 51.11; H, 3.68. N, 852. Found: C, 50.78. H. 3.39; N,
8.61%.

X-ray structure determination. A summary of the key
crystallographic imformation is given in Table 1. The data
were collected on an Enraf-Nonius CAD-4 diffractometer
with graphite monochromated MoK« radiation (4 =0.71073
A). The collected data was reduced by using the program
SAINT' and empirical absorption correction was done by
using the SADABS'Y program. The structure was solved by
direct methods using SHELXTL software package.!” All the
non-hydrogen atoms were refined on F- anisotropically by
full-matnx least squares method. The hydrogen atoms were
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Table 1. Summary ol crystallographic results lor [CusClO-
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Table 2. Sclected bond lengths [A] and angles [7] for |CuyClLO-

(Cralli2N2)i]

Empirical tormula

Formula weight
Temperature

Wavelength

Crystal systcm. space group
Unit cell dimensions

Volume

/. Calculated density
Absorption coctlicient
F(000)

€ rangc for data collection

CseHysCieCuyNs O
1315.88

203K

0.71073 A
Monoclinic. £22,/e
a=143103) A
h=12944(3) A =91.43(3)°¢
e=30.178(6) A
3388119 A}

4. 1.564 Mg.-"'m;
1.836 mm™'

2664
1.35t023.99 ¢,

(C13H=Na)]

0<h<16.0<k=14.-34<134
9146/ 8752 [Rw = 0.0819]

Limiting indiccs
Retlections colleeted ¢ unique

Completeness o 8= 23.99° 99.6%

Retinement method Full-matrix lcast-squarcs on £*
Data / restraints / parameters 8752/ 0/ 696

Goaodness-of-fit on #° 1.004

Final R indices [{> 2 sigma(f)] KL =0.0447. w2 = 0.0836
R indices (all data) RL=0.1354. w2 =0.1068
Largest ditf. peak and holc 0.540 and -0.414 ¢. A~

located by difference synthesis and refined geometrically,
Crystallographic data for the structures reported here have
been deposited with CCDC {Deposition No. CCDC-210724).
These data can be obtained fiee of charge via httpi/
www.ccde.cam.ac.uk/conts/retrieving, html or from CCDC,
12 Union Road, Cambridge CB2 L7, UK, email: depositia)
cede,cam.ac.uk,

Results and Discussion

Description of the structure. Selected bond distances and
angles are listed in Table 2. Figure | shows the molecular
structure of the title compound. Figure 2 shows the core of
the cluster containing nitrogen atoms coming from the 3-
benzyl-benzimidazole ligands.

The basic moiety of the molecule structure contains a core
of cluster and four 3-benzyl-benzimidazole ligands. The
core of cluster consists of four Cu, one O and six -Cl
atoms. T[he interesting aspects of the structure are the
adamantanoid geometries of the cluster core (-7 point
symmetry) in which the copper atoms occupy the bridge-
head positions and six t>-Cl atoms occupy the bridging sites.
Four Cu(ll) ions locate four capsheaves of a nearly ideal
tetrahedral skeletal structure with all the Cu-Cu-Cu angles
ranging from 59.03 to 61.76% All the Cu-Cu bond lengths
(3.0986-3.1162 A) are comparable with those found in the
similar cluster compound [CuyOCl{Im)4]-0.83CH;OH [Im
= imidazole] (3.061(1)-3.1677(1) A) "

The most distinctive structure feature of the cluster core is
that an oxygen atom as interstitial atom occupies the center
position of above tetrahedron and it is ideally tetrahedrally

Cu(1)-0(1) 1.921(4) Cu{1)-N(2) 1.978(5)
Cu(1)-Cl(6} 2.367(2) Cu(1)-CI(1) 2.393(2)
Cu(1)-Cl(2) 2.4959(19) Cu(2)-0(1) 1.917(4)
Cu(2)-N{4y 1.967(5) Cu(2)-Cl(4) 2411(2)
Cu(2)-CI(3) 2.4164(19) Cu(2)-CK2) 2.4235(18)
Cu(3)-0(1) 1.900(4) Cuf3)-N(6) 1.966(3)
Cu(3)-Cl(4) 2.3870(19) Cu(3)-CIK3) 2.3915(19)
Cu(3)-Cl(6) 2.4121(19) Cu($)-0O(1) 1.904(4)
Cu(4)-N(8) 1.949(5) Cu{#$)-CI(3) 2.3802(19)
O(1)-Cuf1}-N(2)  174.49(19) O(1)-Cu( 1 )-Cl{6) 85.06(12)
N(2)-Cu(1}-Cl{6) 95.51(15) O(1)-Cu(1)-Cl( 1y 84.92(12)
N(2)-Cu(1)-Cl{1) 90.37(16} Cl(6)-Cu( 1)-Cl{1) 126.55(9)
O()-Cuf1)-Cl2) 82.47(12) N(2)-Cu(1)-C1{2)y 102.24(16)

Cli6)- Cu(1)-Cl(2)y 113.65(8)
Cu(4)-Cl{1)-Cu(1) 80.81(6)
Cu(3)-0(1)-Cu(4) 109.92(18)

CI(1)-Cu(1)-Cl2) 116.76(8)
Cu(1)-Cl(6)-Cu(3)81.38(6)
Cu(2)-O(1)-Cu(l) 112.0418)

Symmeltry translormations used (o generate equivalent atons.

Figure 1. Molccular structure of [CusCleO(Cal 12Nz)s| with the
atomic numbcring scheme.

Figure 2. Cluster core ol the title compound.

coordinated to four Cu atoms with the average Cu-O-Cu
angles 108.88%, which is in agreement with 109.47” of an
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Figure 3. 110 K LPR speetra ot the title complex.

ideal tetrahedron. The average Cu-O bond distances are
1911 A,

Four copper(ll} ions have the similar coordination environ-
ment. Each copper atom possesses slightly distorted trigonal
bipyramidal geometry with three (,-Cl atoms in equatorial
positions and the interstitial O atom and one N atom from 3-
benzyl-benzimidazole ligand occupying axial positions,
Twelve angles of O-Cu-Cl are all smaller than 90°, average
angles are 84.73° Accordingly, twelve angles of N-Cu-Cl
are all larger than 90°, average angles are 95397, This
phenomenon may be caused by the sterically hindered eftect
of 3-benzyl-benzimidazole ligands or by the formation of
1:-Cl bridges. Six Cu-Cl-Cu bond angles are from 80.48(6)°
to 81.38(6)°, Cu-N bond lengths [1.949-1,978 A] are con-
sistent with those of [1.909(4)-1.960(4) A] found in complex
with trigonal bipyramidal coordination [Cuy(AEPy),]'H,O
(ALPyH; = Bis[3-(2-pyridine-carboxamido)ethylJmethyl-
amine.'® No significant difference of Cu-Cl [average length
2415 A] is observed compared with those of in penta-
coordinated copper complex [Cu:LCI[BF;]:-H20 [2.443(3)
and 2.404(3) A]."

EPR propertics. ‘The powder EPR spectra were recorded
on a Bruker 2000-SRC spectromter. ‘The 110 K EPR
spectrum of the complex is shown in Figure 3. Spectra of
polycrystalline copper(ll) complexes, exhibiting two types
of g values, g and g_. have been used to distinguish
unambiguously between 2,2 and iz ground states for
which ¢ > g_and g, = g = 2.00, respectively.” The
copper{ll) complex studied here shows a pronounced peak
(g_ = 2.107) and another pronounced peak (g = 2.210)
typical of a ¢’ complex possessing axial symmetry and with
the unpaired electron present in the 2.2 orbital?' In axial
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symmetry the g values are related by the expression G =
(g —2){gL—2). which measures the exchange interaction
between copper centers in the polycrystalline solid. If G > 4,
the exchange interaction is negligible; G <4 indicates
considerable exchange interaction. [n this complex, G =1.95
indicates there is a little strong interaction between Cu atom,
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