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Abstract: A new 1D-coordination polymer of Cu(ll) ions, {(2-
apymH),[ Cu(pyzdc),] -6H,0} ,, (2-apym = 2-aminopyrimidine, pyzdcH, = py-
razine-2,3-dicarboxylic acid), was synthesized based on the proton transfer me-
chanism and characterized by elemental analysis, infrared spectroscopy and
single crystal X-ray diffraction. The coordination polymer consists of infinite
chains of [Cu(pyzdc),]% bridged across a double chain running along the a-axis
and discrete (2-apymH)* fragments. The Cu(ll) ion is located on the inversion
centre in the basal plane of an elongated octahedron with two oxygen atoms
from adjacent (pyzdc)? ligands occupying the axial positions. The interaction
between oxygen atoms of water molecules with the dicarboxylic acid plays an
important role in the overall supramolecular assembly.

Key words. copper; pyrazine-2,3-dicarboxylic acid; 2-aminopyrimidine; proton
transfer; hydrogen bond; coordination polymer; water cluster.

INTRODUCTION

The field of coordination polymer particles has received much attention in
coordination chemistry in recent years owing to their novel and diverse topo-
logies and potential applications in host—guest chemistry, catalysis, biomedical
applications, magnetism, and non-linear optics.14 By selecting appropriate metal
ions and organic linkers, coordination polymers with various structures, such as
1D chains ladders,>7 2D grids8 and 3D networks® can be obtained. Polycar-
boxylic acids represent supramolecular connectors that can generate infinite net-
works and metal—organic frameworks.10 The carboxylate group may present va-
rious coordination modes, leading to the formation of mono-nuclear, di-nuclear,
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metal—organic frameworks or coordination polymers.1l In particular, pyrazine-
dicarboxylic acids have many different modes of coordination to metal ions. For
example, it coordinated to the Cu(ll) ion as a monodentate ligand in the
[Cu(pyzdc)(H20)(en)7] (en = ethylene diamine) complex.12 In another instance,
pyzdcH> behaved as a bidentate ligand via the oxygen atom of carboxylate and
the nitrogen atom of 1,4-pyrazine ring in the (ampyH)[ Cu(pyzdc)2(H20)2] -6H-O
(ampy = 2-amino-4-methylpyridine) coordination compound.13 Moreover, pyzdcHo
iswell known to act as a bridging ligand, especially in the design and construc-
tion of metal—organic frameworks and coordination polymers.1! It acts as multi-
dentate bridges between meta ions forming 1D-network chains. For example,
pyzdcH» coordinated to the metal ions as a tridentate and tetradentate ligand in
{(acrH)o[Zn(pyzdc)2]}n (acr = acridine) and {[Mn(pyzdc)(H20)]-2H20}
complexes.14-16 |n the mentioned complexes, the coordination sites for each
(pyzdc)Z- are, respectively, three and four O atoms of carboxylate groups and
one N atom of the 1,4-pyrazine ring. In this work, the synthesis and identification
of {(2-apymH)5[Cu(pyzdc)o]-6H20}, by elemental anaysis, infrared spectros-
copy, and crystal structure determination are described.

EXPERIMENTAL
Materials and physical measurements

All reagents used in the synthesis were purchased from commercial sources and were
used as received without further purification. The infrared spectrum in the range (4000-600
cm 1) was recorded on a Buck 500 scientific spectrometer using a KBr disc. Elemental ana-
lyses were performed using a Thermo Finnigan Flash-1112EA microanayzer. The X-ray dif-
fraction studies were performed on a Bruker-APEX diffractometer with a CCD area detector,
using Mo K-radiation, (4 = 0.71073 A), and a graphite monochromator. Frames were col-
lected at T = 100 K via af ¢-rotation at 10 s per frame (SMART).1” The measured intensities
were reduced to F2 and corrected for adsorption with SADABS (SAINT-NT).18 Corrections
were made for Lorentz and polarization effects. Structure solution, refinement, and data out-
put were realised with the SHELXTL-NT program package.1® Non-hydrogen atoms were re-
fined anisotropically. C—H hydrogen atoms were placed in the geometrically calculated posi-
tions using a riding model. O—H and N—-H hydrogen atoms were localized by difference Fou-
rier maps.

Preparation of {(2-apymH),[ Cu(pyzdc),] -6H,0},, (1)

A mixture of pyzdcH, (0.18 mmol, 0.030 g) and 2-apym (0.36 mmol, 0.030 g) in water
(20 mL) was refluxed for 1 h, then CuCl,-2H,0 (0.060 mmol, 0.010 g) was added and reflux-
ing was continued for 6 h, whereby a green solution was obtained. This solution gave green
needle crystals of 1 in ayield of approximate 60 % (based on copper) after slow evaporation
of the solvent at room temperature. Anal. Calcd. for CogHgCuN1O14: C, 34.56; H, 4.03; N,
20.16 %. Found: C, 34.15; H, 3.93; N, 21.05 %; IR (KBr, cm™1): 3400, 1651, 1607, 1554,
1437, 1362, 1283, 1174, 1127, 1060, 975, 880, 842.
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RESULTS AND DISCUSSION
X-Ray crystallographic study of {(2-apymH)»[ Cu(pyzdc)o] -6H20} (1)

The crystallographic data of the title compound is given in Table I. The
molecular structure of 1 contains a discrete coordination polymer of the
[Cu(pyzdc),]2-, organic species of (2-apymH)* and crystallization water mole-
culesina1:2:6 molar ratio (Fig. 1). In the polymeric chain of [Cu(pyzdc),]2-, the
copper ion is six-coordinated showing CuN2O4 bound set by two N and four O
atoms belonging to two (pyzdc)2- ligands which are related by an inversion
centre (the N1-Cu-N1i bond angle is 180°). This arrangement causes the for-
mation of a distorted octahedral geometry. The equatorial plane around the Cu(ll)
ion consists of a five-membered chelate ring with N (Cu-N1, 1.991(2) A) and O
(Cu—01, 1.959(17) A) as donor atoms while the axial positions are occupied by
two oxygen atoms (Cu—03, 2.427(19) A) belonging to the remaining carboxylate
group. The bonds length in the title compound can be compared with two 1D-
-coordination polymers, i.e., {Cu(pzdc)(H20)2-H20}, (a)20 and {[Cu(u-
-pzdc)(bipy)]-H20} 1, (b)21 (bipy = bipyridine). The axial bond distancein 1is

TABLE |. Selected crystallographic data and structure refinement parameters of 1

Emplrlcal formula C20H28CUN10014
Formula weight, g mol-1 696.07
Temperature, K 293(2)
Wavelength 4, A 0.71073
Crystal system Monoclinic
Space group P21/c
alA 6.625 (3)
b/A 11.600 (5)
cl/A 18.438 (8)
pl° 82.901 (8)
VA3 1395.4 (11)
VA 2
D¢/ kg m3 1657
Fooo 718
p/ mml 0.87
Crystal size, mm 0.45x0.32x0.26
Space range, ° 21< 0<234
Reciprocal lattice segments. h -7 -1,

k —12 — 12,

I 20— 20
Reflections collected 11294
Reflection independent 2026

Ry, WRo[I >20 (1]
Rl, WR2 (a” daa)
Goodness-of-fit on F2

Largest differences peak and hole, e A3

0.0317, 0.0752
0.0350, 0.0770
1.061
0.31and -0.29
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Fig. 1. The coordination environment of the Cu(I1) ion with atom numbering, showing
displacement ellipsoids at the 50 % probability level. Hydrogen bonds shown as dashed line.
Atom symmetry operators: 06, 1-x, -y, 1-z, O7, 1+x, /2y, 1/2+z, O5, 1+x, 1/2—y, 1/2+7,
o7, 2—x, -1/2+y, 1.5z, O5', 2—x, -1/2+y, 1.5z, O6', 2—X, -y, 1z, 04, 2—x, -y, 1-z, O1’,
1-x, -y, 1-z, O3, 1, -y, 1-z, N1', 1-x, -y, 1-z Cul’, 1+x,y, z, Cul”, -1+X, Yy, Z

longer than in a (2.306(3) A) and b (2.151(3) A), while the equatorial Cu—O
bond distance is shorter than the respective bond (1.987(3) and 1.963(3) A) in a
and b, respectively. In addition to the covalent coordinative bonds in the crys-
talline network that cause the formation of a 1D-chain-like polymer, coopera-
tively there are intriguing intermolecular hydrogen bonds that join together to
create various motifs and chains of solvent water molecules. The N5—-H5A:--0O2
and N4-H1---O3 interactions between [Cu(pyzdc),]2~ polymeric species and
protonated moiety resulted in the formation of hetero synthon Ry2(11). One of the
most significant points in this study is the molecules of crystallization water,
which play an important role in expanding the title polymer to give a 3D supra-
molecular architecture. In fact, these water molecules, which are linked by
hydrogen bonds to form tapes comprised of an alternating sequence of fused
hexamer and tetramer water clusters, act as a gluing factor for connecting ad-
jacent polymeric chains by the establishment of hydrogen bonding interactions.22
In 2006, Castillo and co-workers reported the synthesis of a coordination polymer,
{ (Hobpe)[ Cu(u-pyzdc)s]-2H0} , (bpe = 1,2-bis(4-pyridyl)ethylene), that is simi-
lar to compound 1.23 In both structures, the cations and water molecules are
inserted between two parallel arrays of chains giving rise to a pillared structure
which acts as a hydrogen-bond donor linking the upper and lower arrays of
chains (Fig. 2). However, the difference in reaction conditions and type of the

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS

@080

EW MG MO



1D-COORDINATION POLYMER OF COPPER 71

cationic entities leads to a change in the crystalline network, the packing diagram
and the hydrogen bonding interactions. One of the significant differences within
1 in comparison to the Castillo compound is the presence of water clusters in the
former and their absence in the latter.

Fig. 2. View of the network including non-coordinated water molecules formed by
N-H---O and O—H---O bonds.

CONCLUSIONS

A new 1D-Cu(ll) coordination polymer was synthesized and structurally
characterized by means of elementa analysis, infrared spectroscopy and single
crystal X-ray diffraction. A novel topologica net with channels was prepared by
using a flexible ligand. The crystal structure of 1 consists of a 1D-polymer and
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shows a coordination number of six for the Cu(ll) ions. Presently, other com-
plexes are being explored with much more flexible polycarboxylate ligands and
relationships between their coordination mode and the structures obtained via the
proton transfer mechanism are being studied.24 Many aspects of these categories
of coordination polymer with a proton transfer ligand and their complexes, such
astheir solid phase fluorescence and biological activity, aswell as further studies
employing SEM and/or TEM techniques with the view of obtaining layered
coordination metal—organic frameworks in nano-size regime using sonochemical
irradiation, for comparing with the routine methods, remain to be investigated,
which are our aimsfor the near future.

SUPPLEMENTARY DATA

CCDC 785660 contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK fax:
+44 1223 336033).
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U3BO/I

MOJIEKYJICKA CTPYKTYPA 1D-KOOPIMHAIIMOHOT ITOJINMMEPA BAKPA(Il) CA
MMMPA3HNH-2,3-INKAPBOKCUJIHOM KNCEJIMHOM U 2-AMUHOITMPUMWJTHOM

MASOUD MIRZAEI*, HOSSEIN ESHTIAGH-HOSSEINIY, AZAM HASSANPOOR! n VICTOR BARBA?

1Department of Chemistry, Ferdowsi University of Mashhad, 917791436 Mashhad, Iran u 2Centro de
Investigaciones Quimicas, UAEM, Av. Universidad 1001, 62209 Cuernavaca, México

Ha ocHOBY mpoTOH-TpaHcdep MexaHH3Ma CHHTETH30BaH j¢ HOBH 1D-KoOpAHHALMOHHU HOJH-
mep Gaxap(ll) jona, {(2-apymH),[Cu(pyzdc),]-6H,0}, (2-apym = 2-amunonupumuaus, pyzdcH, =
= nmupasuH-2,3-1nKapOOKCUITHA KHCEeIHHA). 32 KAPaKTepPHU3alijy OBOT MOJUMEpa ymoTpeObeH: Cy
eJleMeHTaJIHa MUKpOaHalli3a, HH(palpBeHa CIeKTpocKonuja u Audpaxunja X-3paka ca MOHOKPHUC-
tana. KoopIHHALMOHH IOTHMEp CaIpyKu HeMpeKHIHe nonmuMepHe nanue ox [Cu(pyzdc),]2, rae cy
nBa nanHua mehycoOHO MOCHO moBe3aHa Ay a-oce, M auckpetHux (2-apymH)* ¢dparmenara.
Baxkap(ll) joH ce Hana3u y HHBEP3MOHOM LIEHTPY OCHOBHE PaBHH M3/y)KEHOT OKTaeapa, JOK Cy JBa
KHCCOHHKOBA aToMa cycenuux (PyzdC)?™ muraHajza y akCHjaaHOM TOoXKajy akraeapa. MHTepak-
nuje u3Mel)y aToma KHCEOHHKa M3 MOJIEKYJIa BOJIE 33jeIHO ca TUKApOOKCHIIHOM KHCEITHMHOM HMajy
3HauYajHy yJIOry y rpaljemby cynpaMoseKyJcke CTPYKType.

(Mpumsbeno 15. nosemGpa 2010, peuamnpano 28. cenremGpa 2011)
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