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Abstract. Complexes of composition [Cu(X-NO,bz),(n-3PM),],
[X-NO,bz = 2-nitrobenzoate (1), 3-nitrobenzoate (2) or 4-nitrobenzoate
(3) and 3PM = 3-pyridylmethanol] were prepared and studied by ele-
mental analysis, UV/Vis, IR and EPR spectroscopy. The molecular
structures of two new complexes 1 and 3 were solved. The copper
atoms of both complexes exhibit an elongated octahedral coordination
environment with the equatorial positions occupied by two monoden-

tate nitrobenzoato anions and two 3-pyridylmethanol nitrogen atoms
in trans positions. The both axial positions are occupied by oxygen
atoms of bridging 3-pyridylmetanol ligands The polymeric structure of
complex [Cu(2-NO;,bz),(u-3PM),],, (1) contains two-dimensional lay-
ers. The complex 3 exhibits a polymeric chain-like structure [Cu(4-
NO,bz),(n-3PM),], with copper atoms double-bridged by two 3-pyri-
dylmethanol molecules similarly as it was found for complex 2.

Introduction

The field of coordination polymers represents growing area
of solid-state coordination chemistry and crystal engineering [1,
2]. Metal-organic frameworks with flexible or rigid micropo-
rous channels are interesting materials with useful properties as
physical adsorption of gas [3], heterogeneous catalysis [4], non-
liner optical materials [5], luminescent materials [6], dynamic
porous coordination polymers [7] and magnetic materials [8].

The compound 3-pyridylmethanol can be used as flexible
bridging ligand [9] for construction of metal-organic frame-
works [10]. It is well known that the ligand usually prefers
formation of carboxylato copper(Il) complexes with
[Cu(RCO,),(n-3PM),],, stoichiometry. The structures of the
complexes are one-dimensional chain-like [10-14], or two-di-
mensional sheet-like [10, 15-20]. The similar one-dimensional
chain-like structures were found for carboxylato zinc(Il) [21]
and for carboxylato cadmium(Il) [22] complexes. On the other
hand, only a few dinuclear and mononuclear copper(Il) com-
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plexes with 3-pyridylmethanol as terminal ligand exist. For ex-
ample, the complex [Cu,(CH3CO,)4(3PM),]-CH,Cl, has a pad-
dle-wheel dinuclear molecular structure with two terminal
3-pyridylmethanol ligands [23]. The carboxylato copper(Il)
complexes [Cu(2-NO,bz),(3PM),-(H,0),] [11] and [Cu(3-
pyac),(3PM),(H,0)] (3-pyac = 3-pyridylacrylato) [24] exhibit
monomeric molecular structures with two terminal 3-pyridyl-
methanol ligands. Terminal 3-pyridylmethanol ligands were
also found in the mononuclear complex [CuCl,(3PM),] [25]
and in the oxalato-bridged coordination polymer [Cu(p-
C,04)(3PM),], [26] as well as in some iron(IIl) [27], cad-
mium(Il) [28], zinc(Il) [29] and platinum(Il) [30, 31] com-
plexes. Two other copper(ll) coordination polymers
[Cu3(C,H5CO,)6(1-3PM),(3PM),],, [32] and [Cuz(2-Clnic)s-
(L-3PM)4(3PM),], (2-Clnic = 2-chlornicotinato) [10] are
known in which the 3-pyridylmethanol molecules act as bridg-
ing as well as terminal ligands.

In this report, we describe the synthesis and spectral proper-
ties of coordination polymers: [Cu(2-NO,bz),(u-3PM),],, (1),
[Cu(3-NObz),(1-3PM),], (2) and [Cu(4-NO,bz),(u-3PM);],
(3), where 2-NO,bz = 2-nitrobenzoate; 3-NO,bz = 3-nitroben-
zoate; 4-NO,bz = 4-nitrobenzoate and 3PM = 3-pyridylmetha-
nol. The molecular structure of [Cu(3-NO,bz),(nu-3PM),], (2)
has been already published [13], but some new aspects of the
structure of compound 2 are presented herein together with its
spectral properties. Herein, we additionally present the molec-
ular structures of [Cu(2-NO,bz),(u-3PM),], (1) and [Cu(4-
NO2bz)(u-3PM),], (3).

Results and Discussion
[Cu(2-NO3bz) ,(u-3PM),],, (1)

The molecular structure of compound 1 contains two-dimen-
sional sheets parallel to the ab plane. Each Cu®" cation is lo-

S BWILEY =
{5 InterScience®

ssssssssssssssssssssss

589



ARTICLE

J. Moncol et al.

cated on an inversion center. The coordination environment
around the Cu®" cation is square-bipyramidal (Figure 1). The
equatorial plane consists of a pair of monodentate 2-nitroben-
zoate ligands bound through their carboxylate oxygen atoms
[Cu—O1 = 1.965(1) A] and a pair of neutral 3-pyridylmethanol
molecules coordinated through their pyridine nitrogen atoms
[Cu-N1 = 2.021(1) A]. The axial positions are occupied by
two hydroxy oxygen atoms [Cu-O5' = Cu-05'" = 2.472(1) A,
symmetry code: (i) —x + 3/2, y — 1/2, z; (i) x — 1/2, =y + 1/2,
—z + 1] from two adjacent symmetry-related 3-pyridylmethanol
molecules.

Figure 1. Perspective view of [Cu(2-NO,bz),(n-3PM),],, (1), with the
atom-numbering scheme. Thermal ellipsoids are drawn at the 30 %
probability level. [Symmetry code: (i) —x + 3/2, y — 1/2, z; (ii)) x — 1/
2, =y + 12, =+ 1].

The hydroxy hydrogen atoms of 3-pyridylmethanol are “fixed”
to the uncoordinated carboxylate oxygen atoms O2 by hydrogen
bonds 05-H50-02'" [symmetry code: (iii) —x + 3/2,
y + 172, z] with interatomic O5-+02 distances of 2.7259(17) A
and six-membered metallocycles are created. Details of the hy-
drogen bonding parameters are given in Table 1. An additional
n—7 stacking interaction between the molecules of 1 [33] was
found between the centroids ¢, of two adjacent pyridine rings,
N1/C8-C12 with ¢gc,” = 3.78 A [symmetry code: (iv) —x + 1,
—y + 1, =z + 1]. The distance between parallel planes of stacked
pyridine rings is 3.42 A. Many complexes of [Cu(RCO,),-
(u-3PM),],, stoichiometry are two-dimensional coordination poly-
mers, but only the complex [Cu(sal),(u-3PM),], (sal = salicylato)
[18, 19] has shown a crystal structure similar to complex 1 (Fig-
ure 2). The crystal system of both complexes is orthorhombic in
space group Pbca. The crystal systems of the other two-dimen-
sional coordination polymers [Cu(RCO,),(u-3PM),], (RCO, =
2-chlorobenzoato [10], 2,6-dimethoxynicotinato [15], 4-chlorosal-
icylato [16], flufenamato [17] or clofibrinato [20]) are monoclinic
in space group P2,/c.
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Table 1. Selected bond lengths and hydrogen bond parameters /A and °
for 1-3.

1 2 3
Cu-0Ol1 1.965(1) 1.986(1) 1.973(2)
Cu-N1 2.021(1) 2.037(1) 2.043(2)
Cu-05,, 2.472(1) 2.372(1) 2.475(2)
O1-Cu-N1  90.18(5) 89.73(5) 90.13(7)
01-Cu-05,, 87.54(5) 86.47(5) 85.25(7)
N1-Cu-05,, 87.21(5) ~ 85.87(5) - 84.60(7) B
Hydrogen 05-H50--02" 05-H50--02"" 05-H50--02*"
bond
He-A 1.93 1.81 1.83
DA 2.726(2) 2.617(2) 2.628(3)
D-H--A 156 162 165

[this work] [13]

Symmetry code: (iii) —x + 3/2, y + 1/2, z; (vii)) x + 2, -y + 1, = + 1.

[this work]

Figure 2. Crystal packing of two-dimensional coordination polymer
[Cu(2-NO2bz)2(u-3PM), ], (1).

[Cu(4-NO3bz2) »(u-3PM);], (3)

The molecular structure of compound 3 with atomic-number-
ing scheme of independent part is shown in Figure 3. The in-
dependent part of the molecule consists of the copper atom,
which is bonded centrosymmetrically to two monodentate 4-
nitrobenzoato anions through the oxygen atoms Ol [Cu-O1 =
1.973(2) A] and two 3-pyridylmethanol molecules bonded
through the pyridine nitrogen atoms N1 [Cu-N1 =
2.043(2) A]. The coordination polyhedron of the copper atom
is completed by two oxygen atoms O4 of the neighboring 3-
pyridylmethanol hydroxy groups [Cu-05" = Cu-05" =
2.475(2) A, symmetry code: (v) x — 1, y, z; (vi) =x + 2, —p +
1, —z + 1] giving the distorted octahedral arrangement. A pair
of 3-pyridylmethanol molecules bridge each pair of adjacent
copper atoms (Figure 4, A) and an infinite linear chain of dou-
bly bridged copper atoms is formed.

Z. Anorg. Allg. Chem. 2010, 589-594
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Figure 3. Perspective view of [Cu(4-NO,bz),(1-3PM),], (3), with the
atom numbering scheme. Thermal ellipsoids are drawn at the 30 %
probability level. [Symmetry code: (v) x — 1, y, z; (vi) —x + 2, -y +
1, —=z+1].

Figure 4. Crystal packing of one-dimensional coordination polymer:
A) [Cu(4-NOybz)2(u-3PM),], (3) and B) [Cu(3-NOybz)>(p-3PM),],
2).

The strong hydrogen bonds between each 3-pyridylmethanol
hydroxy group and the oxygen OS5 atom of the coordinated
carboxylate group of the 4-nitrobenzoate anions (O2) by hy-
drogen bonds 05-H50-+-02"1" [symmetry code: (vii) —x + 2,
-y + 1, —z + 1] with interatomic distances O5+02 of
2.628(2) A are formed and six-membered metallacyclic rings
are created. Details of the hydrogen-bonding parameters are
given in Table 1. The infinite chains of 3 are collinear to the
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a axis (Figure 4A). The angle between the plane of the major
part of the disordered nitro group and the plane of the benzene
ring of 4-nitrobenzoate is 9.3°. It is close to planarity and con-
curs that two 4-nitrobenzoate anions are stacked (see Support-
ing Information, Figure S1) by their 4-nitrophenyl groups. The
distance between two planes of stacked benzene rings of 4-
nitrobenzoate anions [C2—C7] amounts 3.53 A and the Cg™*Cq
distance is 3.93 A. The stacked 4-nitrobenzoate anions are
linking the infinite by 3-pyridylmethanol doubly bridged
chains into two-dimensional supramolecular layers and the
copper atoms and stacked 4-nitrobenzoate anions are in linear
arrangement (Figure S1).

The molecular structure of complex 2 is similar to that of
complex 3 [13]; selected bond lengths and angles for compari-
son are given in Table 1. The crystal structure of 2 creates
infinite chains, which are collinear to the a axis (Figure 4, B).
The benzene rings together with nitro-groups of 3-nitrobenzo-
ate anions are stacked too (see supplementary Figure S1) and
layers create two-dimensional supramolecular frameworks.
The angle between the nitro group and the benzene ring of 3-
nitrobenzoate anion is 8.5°. The distance between the two
planes of benzene rings of 3-nitrobenzoate anions [C2—-C7]
amounts 3.55 A and the ¢ ¢, distance is 4.08 A. The stacked
3-nitrobenzoate anions are linking the infinite chains to two-
dimensional supramolecular layers, but the copper atoms and
stacked 3-nitrobenzoate anions are in zigzag arrangement (Fig-
ure S2). Similar stacked nitro-groups and benzene rings are
known for the crystal structure of [Cu(3,5-(NO;),bz),(p-
3PM),], (3,5-(NO,),bz = 3,5-dinitrobenzoate) [11], but in the
crystal structure of [Cu(2-MeSnic),(u-3PM),],, (2-MeSnic = 2-
methytionicotinate) only n—n stacking interaction between pyr-
idine rings of 2-methyltionicotinate anions is observed [10].

Supramolecular Structure Comparison

As it was mentioned above, complex 1 builds up a two-di-
mensional coordination polymer whereas the other two “iso-
meric” complexes 2 and 3 construct one-dimensional poly-
mers. Moreover, another one-dimensional polymer [Cu(3,5-
(NO;),bz),(n-3PM),],, has been already published [11] to-
gether  with the monomeric complex [Cu(2-
NO,bz),(3PM),(H,0),]. An interesting feature of the last men-
tioned complex is that taking into account the orientation of
the 3PM ligands the structure could be explained as one-di-
mensional doubly bridged chain (Figure S3) with metha-
nol-water O—H++Oy hydrogen bridges. The insertion of water
molecules into the bridges increased the Cu-+Cu distance to
9.312 A, whereas the O-H-+O hydrogen bond parameters
[O-+Oy distance 2.723(2) A and O-H-+Oy angle 157°] are
very similar to those of 2 or 3. The comparison of the Cu--Cu
distance within the group of 1D complexes (6.878(1) A for
3, 6.692(1) A for 2 and 7.618(2) A for [Cu(3,5-(NO,),bz),(u-
3PM),],) shows great variation for complexes with the same
ligand 3PM. It is unexpectedly wide in comparison to the ac-
cording Cu—N or plane-to-plane distances between the pyridine
ring pairs (2.648 A for 3, 2.667 A for 2 and 2.642 A for
[Cu(3,5-(NO,),bz),(1-3PM),],) and is caused by free rotation
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of-CH,OH arm. Positioning of -CH,OH relative to the pyri-
dine ring plane becomes obvious on the angle between the Cu—
Os3py bond and the pyridine ring plane (61° for 3 A, 64° for 2
and only 32° for [Cu(3,5-(NO,),bz),(u-3PM),],). Similar
trends could be seen in the D++A—H bond parameters, where
A is carboxylate anion oxygen atom {e.g. 2.628(3) A for 3,
2.617(2) A for 2 and 2.753(2) A for [Cu(3,5-(NO,),bz),(p-
3PM),],}, which suggest a relation of these geometrical pa-
rameters to the basicity of nitrobenzoato anions (pK, = 3.43
for 4-nitrobenzoic [34, 3.46 for 3-nitrobenzoic 34] and 2.79
for the 3,5-dinitrobenzoic acid [35]).

Finally, it should be pointed out that formation of the quasi
one-dimensional [Cu(2-NO,bz),(u-3PM),(H,0),] diaqua com-
plex in comparison to two-dimensional [Cu(2-NO,bz),(p-
3PM),] could be related to non-planarity because of the bulki-
ness of the 2-nitrobenzoate anion, whereas the other three ni-
trobenzoate anions are nearly planar. This deviation from pla-
narity could be expressed by the angles ¢,y (angle between
—CO; and phenyl ring planes) [36] and ¢'. (the angle be-
tween —NO, and ring planes), which amount 44.0 and 43.7°
for complex 1, and 28.9 and 54.5° for [Cu(2-NO;bz),(u-
3PM),(H,0),]. In spite of the insertion of water molecules into
both bridges, the hydrogen atom H7 of the pyridine ring forms
C—H--r interaction [37] with 2-nitrobenzoate phenyl [C2—C7]
ring (H7-c, distance 2.9 A).

Preparation and Spectral Properties

The preparations of complexes 1-3 reveal some interesting
features. The best soluble complex 1 was obtained in a smaller
yield under the reaction conditions given in Experimental Sec-
tion and the crystals obtained from mother liquid were not
suitable for X-ray analysis. However, greater dilution (over
50 mL with the same amount of reactants) of reaction mixture
gave clear solution from which the crystals of [Cu(2-
NO,bz),(3PM),(H,0),] were obtained [11]. Moreover, the less
soluble complex 3 was obtained in highest yield and good
crystals were obtained from the light blue mother liquid. All
experiments performed with diluted reaction mixtures yielded
products 2 or 3 in unchanged fashion and we were not able to
obtain a diaqua complex similar to mentioned [Cu(2-
NO,bz)2(3PM)2(H,0),] [11].

In the IR spectrum of complex 1, the bands corresponding
to v,(COO) and v{(COO") are present at 1602 cm™' and
1371 em™!, respectively. The value of Av (Av = v, V) amounts
231 cm ! and is greater than Av for the ionic form of the 2-
nitrobenzoate salt (211 cm™). It corresponds to a monodentate
coordination mode. For complexes 2 and 3, the corresponding
bands are found at 1598 cm™' and 1376 cm™' for 2, and at
1578 cm™! and 1382 cm™! for 3, respectively. The Av values
are 222 cm ! and 196 cm!, respectively and confirm in both
cases monodentate coordination mode. The monodentate bond-
ing mode of carboxylate anions is typical for complexes with
the 3PM ligand. Nitrobenzoatocopper(Il) complexes with other
nitrogen donor ligands (e.g. 2PM, nicotinamide, or diethylnic-
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otinamide) exhibit greater variability in composition, structure
and spectral properties. The hydrogen bond vibrations in the
spectra of all three complexes show broad signals between
2530 and 2910 cm ' which can be attributed to a system of
intramolecular and/or intermolecular hydrogen bonds (see hy-
drogen bonds formation above). The electronic spectra of the
three complexes are very similar and exhibit broad asymmetric
absorption bands attributed to d«—d transitions with a maxi-
mum positioned at 610 nm for 1, 650 nm for 2, and at 656 nm
for 3.

The EPR spectra (measured at room temperature) are very
similar and exhibit axial type with spectroscopic splitting fac-
tors g; =2.078 and g = 2.280 for 1, g, = 2.060 and g = 2.280
for 2, and g, = 2.080 and g = 2.285 for 3. It is interesting
that well resolved parallel hyperfine splitting A, = 160 Gauss,
resulting from the interaction of the unpaired electron of the
copper atom with the spin of copper nucleus I = 3/2 was ob-
served only for complex 3. It is worth to mention, that this
hyperfine splitting was not observed for complex 2, which is
of very similar molecular structure (Table 1).

Conclusions

Three coordination polymers with copper(Il) nitrobenzoate
and the ligand 3-pyridylmethanol were prepared and character-
ized. The crystal structure of 1 consists of 2D sheets. On the
other hand, the crystal structures of 2 and 3 consist of 1D
chains (Table 2), which are linked by face-to-face n—m stacking
interactions. This study has shown that 3-pyridylmethanol is a
suitable bridging ligand for the construction of one- or two-

Table 2. Crystal data and structure refinement parameters for com-
plexes 1 and 3.

Compound 1 3

Chemical formula C26H22CUN4010 C26H22CUN4010
M, /grmol™ 614.03 614.03
Crystal system orthorhombic triclinic
Space group Pbca Pl

T/K 100(2) 293(2)

al/A 13.031(4) 6.878(1)

b /A 9.196(3) 7.897(1)
c/A 21.758(7) 12.145(1)
al° 90 86.65(1)
p° 90 83.87(1)
y/° 90 78.42(1)
VA3 2607.3(14) 642.08(13)
Z 4 1

Pealed. /grem™ 1.564 1.588
Radiation type Cu-K, Mo-K,

w /mm™! 1.773 0.918
Crystal size /mm 0.20 x 0.20 x 0.30  0.22 x 0.34 x 0.35
F(000) 1260 315

Ormax/° 72.45 26.37
Reflections collect. 20465 3265

R (20)/ wR; (all data) 0.034/0.096 0.039/0.103
Data/restrains/ 2535/0/188 2603/18/202
parameters

S 1.04 1.03
Apmax /D ymin, le+A7 0.35/-0.66 0.30/-0.27
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dimensional coordination polymers. Our failed attempt to pre-
pare diaqua complexes with 4-, or 3-nitrobenzoate anions
could be related to a coplanar orientation of the NO, substitu-
ents and phenyl rings that allow additional structure stabiliza-
tion by m-7 stacking interactions of anionic ligands.

Experimental Section
Physical Measurements

Carbon, hydrogen and nitrogen analyses were carried out with a
CHNSO FlashEA™ 1112 automatic elemental analyzer. The copper
content was determined by electrolysis of water solution obtained by
the sample mineralization with a mixture of sulfuric acid and potas-
sium peroxodisulfate.

The electronic spectra (190-1100 nm) of the complexes were meas-
ured in nujol suspension with a SPECORD 200 (Carl Zeiss Jena) spec-
trophotometer at room temperature. The infrared spectra (4000—
100 cm™") were recorded with a MAGNA 750 IR (Nicolet) and Nicolet
5700 FT-IR spectrophotometers at room temperature. EPR spectra of
the powdered samples were recorded with a spectrometer
Bruker ER 200-SRC operating at X-band.

Preparation of the Complexes

The blue complexes were prepared by similar reactions of aqueous
solutions of copper(Il) acetate (1 mmol in 10 mL) with 3-pyridylmeth-
anol (ronicol, 2 mmol). 2-Nitrobenzoic acid (2 mmol for 1), 3-nitrob-
enzoic (2 mmol for 2) or 4-nitrobenzoic acid (2 mmnol for 3) was
added with water (10 mL), and the reaction mixtures were stirred until
blue powders formed. The products were filtered off (0.10 mmol of 1,
0.28 mmol of 2 and 0.57 mmol of 3), washed with a small amount of
cold water and dried at room temperature. Blue crystals suitable for
X-ray analysis of 2 and 3 were obtained from the aqueous mother
liquids after one week at room temperature. The crystals obtained for
1 were not good enough for X-ray analysis, suitable single crystals
were obtained by the same procedure using ethanol instead of water
as solvent (0.80 mmol of 1).

[Cu(2-NO»bz),(1-3PM),], (1): caled. C 50.86, H 3.61, N 9.13, Cu
10.35; found C 50.92, H 3.60, N 9.17, Cu 10.44.

[Cu(3-NOybz),(n-3PM),], (2): caled. C 50.86, H 3.61, N 9.13 Cu
10.35; found C 50.97 H 3.65 N 9.14 Cu 10.35.

[Cu(4-NOsbz),(1-3PM),], (3): caled. C 50.86, H 3.61, N 9.13, Cu
10.35; found C 50.86, H 3.82, N 8.79, Cu 10.00 %.

X-ray Crystallography

The crystal data and details of data collections for all structures are
given in Table 2. Intensity data for 1 were collected with a Xcalibur
PX «-diffractometer [38] with graphite-monochromated Cu-K,, radia-
tion and CCD detector at 100 K. Data for 3 were collected with a
diffractometer Siemens P4 [39] with graphite-monochromated Mo-K,
radiation at 293 K. The diffraction intensities were corrected for Lo-
rentz and polarization effects. Absorption corrections were applied us-
ing the programs CrysAlis-RED [38] for 1 and XEMP [39] for 3. The
structures were solved by direct methods using the programs SIR-97
[40] (for 1) or SHELXS-97 [41] (for 3) and refined by the full-matrix
least-squares method on all 2 data using the program SHELXL-97
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[41]. Geometrical analyses were performed using SHELXL-97. The
structures were drawn by XP in SHELXTL [41].

The nitro group of complex 3 is orientationally disordered and the
refined site-occupancy factors of the three disordered parts are 0.66,
0.11 and 0.23, respectively. The N-O, O-+O and C-+O distances were
restrained by SADI instructions of SHELXL-97. Thermal ellipsoids
of disordered nitro-groups were constrained by EADP instructions of
SHELXL-97.

Crystallographic data for the structural analysis were deposited with
the Cambridge Crystallographic Data Centre CCDC-741830 (1), and
-741831 (3). Further details of the crystal structures investigations are
available free of charge via www.ccde.cam.ac.uk/conts/retrieving.html
(or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; +44-
1223-336033; E-Mail: deposit@ccdc.cam.ac.uk).

Supporting Information (see footnote on the first page of this article):
The supplementary figures S1-S3.
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