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ABSTRACT The new title two- dimensional coordination polymer [Cu2Cl(C6H4NO2)3(H20)2]n. (1), consists of an asymmetric unit
which contains two crystallographically independent copper (ll) centers { [bis(u-Cl) (u-C6H5NO2-k4N:N':0,0")3Cu(ll)]

and [(u-C6H5NO2-k30:N:0)3(H20)2Cu(ll)] for Cu2 and Cul respectively} bridged by iso-nicotinate ( L) anion." The
bridged L coordinated as a monodentate through O-atom of the carboxylate group to Cul, while the N-atom coordinated to Cu2. The Cu2
adopts a distorted octahedral geometry formed by two N-atoms from two different L anions, carboxylate oxygen atoms as a chelate from
another L anion, and two chloride atoms. Cul adopts a highly distorted square pyramidal by two monodentate carboxylate oxygen atoms from
two different L ligands, N-atom from another ligand L and two oxygen atoms from two coordinated water molecules. There is a mr-m interactions
between neighboring pyridine rings within the same 2D framework. Hydrogen bonds are present in the crystal structure.

KEYWORDS : Copper Chloride; Iso-nicotinic acid; Two-dimension; Coordination

polymer; Crystal structure.

1. INTRODUCTION

In the last few years, much research on metal-organic framework has
mostly focused on coordination polymer with rigid organic ligands
containing either N or O-atom donors or both. A number of unique
networks have been obtained by reactions between transition metal
ions and rationally designed organic ligands [1-6]. It is known that
assembly of coordination networks is not only controlled by the ge-
ometry of metal ions but also determined by the nature of ligands.
Moreover, recently, intense research activities have been directed
toward, the development of porous frameworks including assem-
bly of coordination complexes and organic molecules into extended
motif, held together by strong metal-ligand bonding or by very week
bonding forces [7-9], and their useful properties applicable to various
fields, such as size-selection sorption , gas storage , host-guest recog-
nition and catalysis[10-14]. There are few structures in the literature
of dinuclear copper (Il) complexes in which the copper centers are
linked by a single bridging atom. Pyridinecarboxylic acids and their
derivatives possess very interesting pharmaceutical properties and
constitute an important group of anthelmintics and vitamins [15]. We
selected iso-nicotinic acid as building blocks to construct 2D frame-
work due to the diversity of binding modes of the carboxyl group and
aromatic ring containing nitrogen atom also, in this view, copper(ll)
ion is very promising, due to the flexible nature of copper(ll) coordi-
nation sphere, assisted by the Jahn-Teller effect which can be realized
either by distortion of an octahedral geometry to give a 4+1+1 bond-
ing , or else by a change in coordination number as an alternative
means of lifting the degeneracy of unequally occupied d-orbitals. As
we expected, when we reacted copper (ll) ions with iso-nicotinic acid
in presence of sodium azide by conventional reflux method, new
two-dimensional polymer containing an open framework was ob-
tained. In the absence of sodium azide or presence of sodium hydrox-
ide different compounds with different colors were formed. Herein,
we report the syntheses and crystal structure of the title compound
(1).

2. EXPERIMENTAL DETAILS

2.1 Materials

All starting materials were commercial products and were supplied
from Aldrich Company .

2.2 Synthesis and crystallization

The title complex (1) was prepared by refluxing a solution of iso-nic-
otinic acid (0.05g, 4.0x 10* mmol ) and NaN, (0.030g, 6.0 x 10** mmol
) in 10mIH,0 was added to a solution of CuCl,.6H,0 (0.13g, 5.0 x 10*
mmol) in 16 ml methanol for 2hr,s. The resulting turbid solution was
allowed to cool to ambient temperature. It was filtered off and slowly
evaporated at ambient temperature. Blue crystals of (1) in 35% vyield,
were obtained within one week.

2.3 Crystal Structure determination and refinement of the title
complex

Suitable blue single crystals of the title complex were obtained
by slow evaporation of the solvent at ambient temperature . A
crystal of the size 0.17 x 0.13 x 0.07 mm was selected for data col-
lection. Data were collected on Bruker-Nonius Kappa CCD diffrac-
tometer at 123 (2) K using graphite monochromated Mo-ka radi-
ation (A=0.71073 A). The structure was solved by direct methods
using SHELXS-97[16], and refined using full matrix least-squares
based on F? using SHELXL-97[17]. Non-hydrogen atoms were re-
fined anisotropically. All hydrogen atoms were located by differ-
ence Fourier synthesis and refined isotropically. Further details
regarding the data collection, crystal and final refinement param-
eters are found in Table (1). Additional material available from
the Cambridge Crystallographic Data Center comprises thermal
parameters and remaining bond distances and angles (CCDC No.
898044). These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Center (CCDC), 12 Union Road, Cam-
bridge CB2 IEZ, UK (fax +44(0)1223-336033; e- mail: deposit@ccdc.
cam.ac. Uk).
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Crystal data.
Table1. Crystal data and structure refinement details for the complex
Empirical formula CH,CICuNO,
Formula weight 613.66
Temperature 123K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group (No.) C2/c
Unit cell parameters
a=24.2172(3)

(3)A
b=17.6947(2) A, B = 106.8473(7)°
c=12.0011(1) A

Cell volume 4921.94 (9) A°

z 8

pc 1.693 Mg m-3

u 1.90 mm™'

F(000) 2527

Crystal size 0.17 X 0.13 X 0.07 mm
0 range for data collection 2.91-33.142°

Index ranges -37<h<37,-27<k<27-18<1<18

Reflections collected 99959
Largest difference peak and hole 0261 and -0.223 A3
Independent reflections 9384 [R(int) = 0.056]
Data / restraints / parameters 9384/1/370
Goodness-of-fit on F 1.02

Rindices [I>20()] R1=0.0353, wR2 = 0.0801
R indices (all data) R1=0.0622, wR2 = 0.0917

3. RESULTS AND DISCUSSION

The new title coordination polymer [Cu,(C.H,NO,).CI(H,0),] . (1) indi-
cates that the repeat unit contains two asymmetric copper(ll) atoms,
three L anions, two coordination water molecules, and one chloride
atom (Figure 1). In (1) Cu2 is six coordinate, surrounded by two ni-
trogen atoms provided by two L ligands (N1, N2), two chloride atoms
(CI1, CI1), and two oxygen atoms

Figure 1. Molecular structure for the title compound (1) with the
atomic numbering scheme. Displacement ellipsoids are plotted at
the 50 % probability level. Hydrogen atoms are omitted for clarity.
Symmetry codes: (i) x, y+1, z; (ii)-x+1/2, y+1/2, —z+1/2; (iii) —x,
Y, =z+1/2; (iv) x, y=1,2; (v) -x+1/2, y-1/2, -z+1/2.

from a carboxylate group of another neighboring L anion forming
a (4+141) coordination polyhedron, which can be described as a
distorted octahedral (Figure 1) . The bridging chlorides connect
two Cu2 atoms resulting in a Cu,Cl, binuclear unit. The coordina-
tion sphere around Cu1 is penta-coordinate square pyramidal with
a distortion caused by (4+1) elongation. The basal plane with cen-
tral Cul is formed by one N- atom (N3) of an L ligand, two carbox-
ylate O-atoms (01, 03) from two different L ligands, and one O-at-
om (07) by an aqua molecule, the apical site was occupied by an
0-atom (08) of another aqua molecule. The geometry around Cu2

in (1) is hexa-coordinate octahedral with a distortion caused by
a (4+141) elongation. The equatorial plane was occupied by two
N-atoms ( N1, N2 ) from two L ligands , carboxylate -O-atom (O5)
from another L ligand and the fourth position was occupied by Cl1
atom which bridges Cu2 and Cuf(2) in (1) [ symmetry code: (iii) -
X, ¥, -z + 0.5] , the axial sites are occupied by carboxylate O-atom
(06) from different ligand L and Cl-atom (Cli(1)). The most no-
table feature of the structure is the semi-bridging chloride ligand
coordinate to Cu2 in the equatorial plane and more weakly to Cu"
i(2) in the axial position, leading to an acute angle at the chloride:
Cu2-CI1 2.2775(5) A, Cu2-Clii(1) 2.7048(4) A and Cu2-Cl1-Cu'
(2) 87.422(13)° with a dihedral angle Cl(1)-Cu2-CI-Cu(2) 2.49°,
the long Cu2-Clii(1) bond , which is considered shorter than those
reported by Powell [18], has the effect of making the halide and
the carboxylate- 06 occupy the axial positions, so the effect of the
halide bridge is to reduce the Cu2----Cufi(2) separation to 3.457A
compared with other di-copper complex reported by El-mehda-
wi [19]. Selected bond distances and angles around the copper
atoms are shown in (Table 2). The inter-layer distance between
Cu1 and Cuii(1) is 4.906 A. The bond distances around copper(ll)
atoms are all different, for Cu2, the Cu-0 length vary from 1.994
t0 2.627A , but Cu1-0 lengths falls in the range of 1.963 to 2.213A
comparable with those of similar coordination . For Cu-N bond
lengths, all fall in the normal range.

Table 2: Selected bond lengths () and angles (°) of the title com-
pound.

Band Iengrhi

Cal-01 1963312  Cal-03 LSS0 Cel-07 19852015
Cal=N3  2011%14) Cul=08 13314) Ca2=05 19944(12)
Cu2=N2  2.0067(15) Cul=N1 201515y Cul=Q11 2.27TH4)

Cul—ClI= 3 704804 Cul=06 28271035

TH

# ba

Bond angles

Ol =Cul=0F O1=Cul=07 E£795(5) OF=Col=-07 E9.14(5)
DITal-N3 Q3—Cel-N3" 918208 O7-Cul-N3 155 18(5)
D 1-Tal-0F8 03Tl -08 9 OT—Cal—-08 FTINE
N3%=Cul=-08 O05=Cu2=N2 ERIVNS) O5=Cul=NI B9.99(5)
N2=Cu2=N1 O05=Cu2=C11  174.THd) NI=Cu2=Cll  S0.48(d)
Ni-Ta2-C11 O53-Cul-CI18 92 65(4) NICal-C10E 94.35(4)

N 1-Ca2-CI1° CH-Cu2-011% S2.300{14) Cul—C11-Cud™ ST 422(14)
Symmumesry coder (1) & el 5 () = U2, e, el o3 g e g e i e, (v el 3

2; fui) mre 2, w3, mpd

As expected the apical Cu1-08 bond distance (2.213(MA ) is
significantly longer than the remaining four distances in the Cul
coordination polyhedron (Table 2). The weak apical bond reflects
a weak axial contact, as expected for Jahn-Teller sensitive cop-
per (Il) complexes. A short Cul----02 contact of 2.895 A which
is only slightly shorter than the sum of the Van der Waals radii
(2.92 A ), should also be mentioned [20]. Since the 08-Cu1-02
angle is 164.99° so, we can consider the coordination geometry
about Cul is between a (4+1) distorted square pyramidal and a
(4+141) distorted octahedral environment. Cu2 displays an octa-
hedral geometry with four short bonds in the equatorial sites in-
cluding two N-atoms one chloride atom and a chelating carbox-
ylate-O atom and a longer axial contact of 2.627(1) A for Cu2-06
from the chelating carboxyl group that already coordinated to
Cu2 through 0O5. The chelate 05-Cu-06 angle [55.58(5)° ] is sim-
ilar to those reported by Rogan [21] and have strong impact on
the distortion of the octahedron due to the constrain imposed
by chelation. The other axial site was occupied by Cl1 with long
Cu-Cl bond distance of 2.7048(4) A. The ligand L acts as a bi-
dentate bridge, linking Cu2 through N-atom and Cul through
carboxylate O-atom also, as a tridentate ligand chelating Cu2
through carboxylate O-atoms and Cul through N-atom . The hy-
drogen atoms of the guest disordered water or methanol mole-
cules were not located.

Further analysis of the packing structure of the title complex re-
veal that this structure contains intermolecular hydrogen bonds
between one of the coordinated water molecules of one layer
and the oxygen atoms of the carboxylate group of another layer
results in the formation of a 3D structure (Table 3) . Also, exten-
sive hydrogen bonding occurs between unbound disordered sol-
vent in the cavities and the O-atoms of the carboxylate groups .
It appears that 09/ 011/ 012 are closely spaced sites of an ox-
ygen atom that could be donating an H-bond to 06. Since their
occupancies nearly add up to 1, these could be refined as one
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water oxygen with large thermal ellipsoid. Similarly it appears
that 08 is donating an H-bond to 010/015, which is may be
treated as another water oxygen. Owing to the poor refinement
of the molecules within the cavities it is not so easy to define
correct interactions of the rest of molecules in the cavities with
metal framework.

Table 3. Hydrogen-bond geometry A,°

D—H--A D—H H--A D--A D—H--A
07—H7A--021 0.72(2) [2.027(4) |2.785 167.04
07—H7B--04"i 0.84(2) [1.846(9) |2.686 177.27
08—H8A--02 1.03(4) |1.785(2) |2.813 173.80

Symmetry code: (iii) —x, y, 0.5-z; (vii) - x, =14y, 0.5 -z.

Figure 2. A view of the crystal packing down the c axes for the title
compound

The two dimensional networks stack parallel to each other at
an interplanar distance of 9.0A. This interplanar space is filled
by the L moieties from the bimetallic units of two adjacent
networks (Figure 3). In particular the L groups belonging to su-
perposed bimetallic unites enables m-m stacking of pyridine
rings between layers. The shortest distances between C atoms
of neighbouring pyridyl rings are 3.6263(3) ® for C9----C12f
and 3.6948(3) A for C3---C6i [ symmetry code: (iii) -x, y, 0.5- z
1, with corresponding Cg---Cg' separations between pyridine
rings 3.7092(3) and 3.7309(4) A, respectively. The interpla-
nar distances: Cg(4) -> Cg(4)(ii) = 3.6948(11) , Cg(5) -> Cg(5)
(i) 3.6112(10) , [symmetry code: (ii) 0.5-x, 0.5+y, 0.5-z] . These
values indicate that there is a pronounced slippage between the
stacked rings.

The important feature of the title polymer is that each repeated
unit, there exist an open framework which containing highly dis-
ordered, unbound solvent molecules that appear to flow free-
ly through the void spaces of the well-defined framework. The

open framework formed within the (Cu,L,)-loops have a size of 7-
8.8A, along the b-axis, these cavities are stacked and the so-built
channels contains disordered solvent molecules. The disordered
solvent molecules are not found exactly between the ligand mol-
ecules, but below and above the chain. The disordered solvent
molecules interact with walls of the cavities through C-H----m inter-
actions.

Figure 3. A projection of the title complex along the c
axes, showing the crystal

Packing, m-m interactions and an open framework contains disordered
oxygen atoms of unbound solvent.

4. CONCLUSION

In summary, we have synthesized one new two dimension-
al coordination polymer, which is stabilized by H- bonding and
n-m stacking. The geometry around the copper (Il) centers are
controlled by the iso-nicotinate and chloride ligands. The two
dimensional networks are extended into 3D supramolecular
structure via hydrogen bonding between one of the coordinated
water molecules and the oxygen atom of the carboxyl group of
another molecule. The disordered unbound solvent occupied an
open framework. The open framework was used through the text
instead of porous, generally has been conceded as an adequate
description of materials unbound solvent molecules that appears
to flow freely.
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