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A novel copper(Il) complex {[Cu(BIX),(H,0),]J(PhCOO),}, (1) (BIX = 1,4-bis(imidazole-1-
methyl))benzene) is synthesized and characterized by elemental analysis, IR, TG, and single
crystal X-ray diffraction. Complex 1 crystallizes in the triclinic crystal system with the P-1
space group, Z= 1, a=9.465(2) A, b =9.703(2) A, ¢ = 12.060(2) A, o = 77.26(3), p = 70.37(3),
y=67.14(3)°, and V' =956.1(3) A’. The crystal structural analysis of complex 1 shows that the
copper center is six-coordinated in an elongated octahedral geometry by four N atoms from
four different BIX and two O atoms from two water molecules; two neighboring Cu(II) cations
are bridged by two BIX extending into an infinite 1D double chain structure.

Keywords: 1,4-bis(imidazole-1-methyl)benzene, benzoate, coordination polymers, copper
complex.

INTRODUCTION

In the past decade, coordination polymers constructed by metal ions and organic linkers have at-
tracted great interest not only due to their variable topological structures, but also their intriguing po-
tential applications such as ion exchange, catalysis, nonlinear optics, and gas sorption [ 1,2 ]. Ho-
wever, the structure of a coordination polymer may be affected by many factors, such as coordinated
geometry of metal, solvent system, counterions, bridged ligands, and so on, in which the selection of
organic bridged ligands is the key factor to influence the architectures and properties of resulting coor-
dination polymers [ 3, 4 ]. Thus, the studies in this field focus on the preparation of bridged ligands
with novel structures and the examination of the relationship between the structures of ligands and the
structures and functionalities of the corresponding coordination polymers.

At present, the design and construction of coordination polymers with flexible bridged ligands
have attracted great attention. Due to their structural sensitivity and diversification, these flexible
bridged ligands can afford good opportunities to investigate the details of the self-assembly process
and provide more information on the predicted structures with tailored functions of coordination
polymers [ 5].

We have been interested in the preparation of coordination polymers with flexible imidazole-
containing ligands for several years [ 6 |. Some complexes of the BIX ligand with a variety of architec-
tures such as interpenetrating 1D or 2D coordination motifs, interpenetrating 2D networks, and 3D
a-Po-type nets have been reported in the literature [ 7—12 ]. In this paper, we present the novel 1D
double chain copper(Il) complex {[Cu(BIX),(H,O),]J(PhCOO),}, 1. Its crystal structure was deter-
mined by the single crystal X-ray diffraction analysis. The elemental analysis, IR, TG were also used
to investigate complex 1.
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EXPERIMENTAL

Materials and physical measurements. Commercially available starting materials of analytical
grade were used as received. The BIX ligand was prepared according to the description in the litera-
ture [ 13 ]. Elemental analyses were taken on a Perkin-Elmer 240C analyzer. IR spectra (KBr pellets)
were obtained on a FT-IR 170 SX (Nicolet) spectrometer. Thermal stability (TG) studies were carried
out on a NETZSCH TG 209 thermal analyzer from room temperature to 800° under N, with a heating
rate of 10°/min.

Synthesis of complex 1. Copper(Il) hydroxide (97.5 mg, 1 mmol) and benzoic acid (244 mg,
2 mmol) in 30 ml of the methanol/water (1:1) mixed solvent were heated under reflux conditions for
1 h, when filtered gave the blue solution. A methanol solution of BIX (476 mg, 2 mmol) was added to
the above blue solution; the final mixture was stirred for 20 min. The resultant clear blue-violet solu-
tion was allowed to stand at room temperature. After one month, blue crystals suitable for the single
crystal X-ray diffraction analysis were obtained. Yield: 607 mg (ca 74.2 % based on copper(Il) hy-
droxide). Anal. calc. for CuC,HgpNgOg: C 61.64; H 5.17; N 13.69; found: C 62.45; H 5.24; N
13.52 %. IR (KBr pellets, cm'): 3359(s), 3129(s), 1690(m), 1600(s), 1375(s), 1245(s), 1106(s),
1012(m), 946(m), 832(m), 728(s), 656(s), 609(m), 469(w).

Table 1
Crystal data and structure refinement details for complex 1
Complex 1
Empirical formlua CuC4,H4,N3gOg
Formula weight 818.39
Temperature, K 293(2)
Wavelength, A 0.71073
Crystal colour Blue block
Crystal size, mm 0.24x0.23x0.16
Crystal system Triclinic
Space group P-1
Unit cell dimentions: a, b, ¢, A; o, B, v, deg. | 9.465(2), 9.703(2), 12.060(2); 77.26(3), 70.37(3), 67.14(3)
Volume, A 956.1(3)
VA 1
Calculate density, Mg/m’ 1.421
Absorption coefficient, mm™ 0.632
F(000) 427
0 range for data collection, deg. 3.41t025.02
Index ranges —-11<h<10,-11<k<11,-14</< 14
Reflections collected 7742
Independent [R;,] 3285
Completeness to 6 = 25.02 97.5%
Refinement method Full-matrix least-squares on F
Data / restraints / parameters 3285/0/267
Goodness-of-fit on F 1.066
Final R indices [I > 20(/)] R;=0.0303, wR,=0.0787
R (all data) R, =0.0332, wR,=0.0803
Largest diff. peak and hole, e-A 0.199 and —-0.277

Ry = S||Fo| — |Fl/ ZIFol; wRy = {X[w(Fg — F2)1/XIw(F) 1"
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X-Ray crystallography. A suitable single crystal of the title complex was mounted on the top of
a glass fiber with epoxy cement for the X-ray measurement. The crystallographic data collections for
complex 1 were carried out on a Bruker Smart 1000 CCD diffractometer with graphite-
monochromatized MoK, radiation (. =0.71073 A) and -26 scan mode at 293 K. All absorption cor-
rections were applied using the SADABS program [ 14 ]. The structure was solved by direct methods
and refined anisotropically by the full-matrix least-squares technique using the Bruker's SHELXTL
program package [ 15 ]. All non-hydrogen atoms were refined with anisotropic displacement parame-
ters. The H atoms of water were located on a difference Fourier map, while other H atoms were in-
cluded in the calculated positions and refined with anisotropic thermal parameters riding on the corre-
sponding parent atoms. Details of the data collection and structure refinement for the crystals of 1 are
summarized in Table 1.

RESULTS AND DISCUSSION

Synthesis and general characterizion. The single crystal of complex 1 was obtained by the reac-
tion of copper(Il) hydroxide, benzoic acid, and BIX at the 1:2:2 molar ratio in the methanol/water sys-
tem by slow volatilization of the solvent. The results of elemental analysis for complex 1 are highly
consistent with the theoretical requirements of their compositions (X-ray analysis results). The title
compound is stable in air. In the IR spectra of complex 1, a broad stong band observed at 3359 cm ™ is
assigned to the stretching vibrations of the hydroxyl group in water molecules; the value is much
smaller than that of crystalline water (near 3500 cm™'), owing to the participation of water molecules
with strong hydrogen bonds in coordination with metal ion in complex 1. The absorption peaks of
1509 cm™, 1245 cm™', and 1106 cm™' show the presence of the imidazole ring, and strong sharp bands
at 3129 cm ' and 728 cm ! further indicate the C—H stretching and bending frequencies of the imida-
zole ring. The characteristic bands of the carboxylate group are observed at 1690 cm ™' for the anti-
symmetric vibration and at 1375 cm ™' for the symmetric vibration. The antisymmetric and symmetric
stretching vibrations of the carboxylate group of benzoate in complex 1 are slightly shifted in contrast
with those of free benzoic acid, indicating that the carboxylate group is not coordinated to the metal
ion in complex 1, which is in good agreement with the observed X-ray structure.

Crystal structure of complex 1. The structure of 1 consists of 1D cationic polymeric chains
{[Cu(BIX),(H,0),]*"}, and uncoordinated PhCOO™ anions. The coordination environment of the
Cu(II) center is depicted in Fig. 1, and the selected bond lengths and angles are listed in Table 2. From
the structural data of complex 1, we can see that the Cul center is six-coordinated by four N atoms
from four different BIX ligands
with Cul—N  distances  of
2.003(15) A and 2.006(16) A and
two O atoms from two different
water molecules with Cul—O dis-
tances of 2.718(2) A to form an
elongated octahedral geometry.
The four cis-coordination angles
vary from 88.08(7)° to 95.60(8)°,
and all the three #rans-coordination
angles are 180°. It is noteworthy
that Cu—O coordination bonds are
very weak; the distance is much
longer than that of Cu—N in com-
plex 1. Four N donors from BIX

Fig. 1. Coordination environment
around the Cu(Il) center in 1 at
30 % probability
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Table 2
Selected bond lengths (A) and bond angles (deg.) for complex 1

Cu(1)—N(1) 2.003(2) [O(1W)—Cu(1)—N(1) 89.49(7) [|O(1W)—Cu(1)—N(4)#2 84.41(8)
Cu(1)—N@)#2 12.006(2)||O(1W)—Cu(1)—N(4)#3 95.60(8) [ O(1W)—Cu(1)—O(1W)#1 | 180.00(9)
Cu(1)—O(1W) |2.718(2)||O(1W)—Cu(1)—N(1)#1 90.51(7)[|N(1)—Cu(1)—N(4)#2 88.08(7)
Cu(1)—N(D#1  |2.003(2) | N(1)—Cu(1)—N(4)#3 91.92(7)|N(1)—Cu(1)—O(1W)#1 90.51(7)
Cu(1)—N@)#3  2.006(2) |[N(1)—Cu(1)—N(1)#1 180.00(9) [ N(4)#2—Cu(1)—N(4)#3 |180.00(9)
Cu(1)—O(1W)#1|2.718(2) |[N(4)#2—Cu(1)—O(1W)#1 |  95.60(8) [ N(4)#2—Cu(1)—N(1)#1 91.92(7)
N@#3—Cu(1)—O(I1W)#1 | 84.41(8)[|N(4)#3—Cu(1)—N(1)#1 88.08(7)
O(IW)#1—Cu(1)—N(1)#1| 89.49(7) || Cu(1)—N(1)—C(1) 123.50(1)

Cul—N(1)—C(2) 130.18(12)

Symmetry codes: #1, —x+1, —y+2, —=z—1; #2,x+1,y,z—1; #3,—x, 42, —.

Fig. 2. Cationic double chain of the complex with 28-membered macrometallacyclic repeating units

ligands are located in the basal plane, and two O donors are in the axial position. On the equatorial
plane, four Cu—N bond lengths and four cis N—Cu—N angles are so close that we can take the basal
position as a square plane. The BIX ligand in 1 adopts cis-coordinated conformation with the dihedral
angle of the two adjacent imidazole rings being 62.4°; the two neighboring Cu atoms are bridged by
two BIX ligands through Cu—N bonds to form a 28-membered macrocycle with the Cu---Cu distance
of 12.583 A. This 28-membered macrocyclic unit is constantly repeated, resulting in a 1D infinite dou-
ble-chain structure (Fig. 2).

In the complex 1 unit there are two uncoordinated benzoic acid anions that play two roles. One is
to keep the system charge balance, another is to form hydrogen bonding interactions with the coordi-
nated water molecules and imidazole rings of BIX ligands to extend and stabilize the crystal structure
of 1. The O atom of the carboxylate group of the benzoic acid anion can form two hydrogen bonding
interactions between two coordinated water molecules (Olw—HI1wA---O2 and Olw—HIwB---02)
with Olw---O2 distances of 2.907(3) A and 2.789(3) A respectively. Another O atom of the carboxy-
late group of the free benzoic acid anion forms two weak hydrogen bonding interactions with two C

Table 3
Hydrogen bond lengths (A) and angles (deg.) for complex 1

D—H--A Dist. (D—H) | Dist. (H--A) | Dist. (D-~-A) | Angle (D—H---A)
OIW—HIWA--02 |  0.75(4) 2.16(4) 2.907(3) 169(4)
OIW—HIWB---02 |  0.79(4) 2.01(4) 2.789(3) 170(3)
C2—H2A---01 0.93(4) 2.42(4) 3.299(3) 157(4)
Cl4—HI14A---01 0.93(4) 2.22(4) 3.109(3) 160(3)
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Fig. 3. TGA curve of 1 o [[CHBIOH0pIEC00,
iE
atoms of two imidazole rings coordinated to the 80 :
same metal ion (C2—H2A---Ol and ¢ 3 60.32 Y%(calc. 58.23 %)
C14—H104A---Ol) with C2---O1 distances of %; 601 §
3.299(3)/5 and Cl14---O1 distances of g 2 Cu(PhCOO),
3.109(3) A respectively. The hydrogen bonding 407 ™
interactions as listed in Table 3. 27.34 %(29.60 %)
TG analysis. From the TG curve ob- 207 Cu0
served, we can find three weight loss processes |
of complex 1 between 128.6° to 650°. The first " o00 400 600 800
weight loss of 4.67 % from 128.6° to 163.8° ,°C

corresponds to a gra-dual release of coordi-

nated water molecules (calc. 4.40 %). The second weight loss appeared from 163.9° to 430.5°, imply-
ing the loss of two BIX ligands in the crystal unit (observed 60.32 %, calc. 58.23 %). The last tem-
perature range of the decompositon of complex 1 is from 430.5° to 650.1°, corresponding to the loss of
two benzoic acid anions, resulting in copper(Il) oxide where the weight loss is 27.34 % (calc.
29.60 %). After 650.1°, the curve is relatively flat to 800°.

CONCLUSIONS

Novel 1D double chain coordination polymer 1 was synthesized by the solvent-volatile method
and structurally determined by the single crystal X-ray diffraction analysis. The element and IR analy-
ses were in good agreement with the theoretical requirements of their compositions. The themal stabi-
lity of 1 is also investigated by the TG analysis.

Acknowledgements. X-ray diffaction file for 1 in CIF format has been submitted to the Cam-
bridge Crystallographic Data Center as the supplementary publication, CCDC No. 771099. This data
can be freely obtained from the Cambridge Crystallographic Data Center, 12 Union Road, Cambridge
CB2 1EZ, UK; Fax: +44-1223-336033; E-mail: deposit@ccdc.cam.ac.uk or on the web
http://www.ccdc.cam.ac.uk.
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