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Abstract : Anew Cu (Il) complex with the bidentate
ligand 4-amino-6-methoxypyrimidine (AMP),
[CU(AMP)(H,0).]SO,, has been prepared and was
characterized by single crystal X-ray diffraction, IR
Spectroscopy and magnetic measurements. It crystal -
lizesinthe chiral orthorhombic spacegroup P2,2 2..
Inthe complex, the Cu(ll) cation is penta-coordinated
inadistorted trigona bipyramidal fashion by two nitro-
genatomsof two 4-amino-6-methoxypyrimidineligands
and three oxygen atoms of water molecules. In the
mol ecular arrangement, each 4-amino-6-methoxypy-
rimidinemoleculeiscoordinated to two Cu(ll) cations

INTRODUCTION

Inrecent years, there hasbeen agrowinginterestin
the development of functiona meta-organic coordina-

through itstwo aromatic nitrogen atomsto form uni-
formly spaced chains spreading a ong the b-direction
of thecrysta | attice. Thesulfate anionsarelocated be-
tween these chains, and linked to them viaN—-H---O
and OH---O hydrogen bonds. The magnetic suscepti-
bility dataof [ CU(AMP)(H,0),] SO, showsan antifer-
romagneticinteraction of themetallic magneticmoments,
through the Cu(ll) chains, with anexchangeintegra of
-35.7 K. © Global Scientificlnc.

K eywor ds: Noncentrosymmetric copper(11) com-
plex; Crysta structure; Magnetism; IR spectroscopy.

tion materidg¥. Thisarisesfrom both their fundamenta
propertiessuch astheir intriguing topol ogical frame-
works, but also their — initially often unexpected —po-
tential gpplicationsinawiderangeof variousfieldsof
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engineering, device manufacturing, materialsscience,
and many otherg?®, When dealing with polynuclear
metal-organi c coordination materialsthat incorporate
trangtion meta or lanthanide cations, structurd features
do correlatewith magnetic propertiesof the coordina
tion materias. Understanding of structura and chemi-
ca featuresthat govern electronic exchange coupling
of themeta ionsthrough multi-atombridging ligands®
8 and the possibility for magnetic interaction between
the metal ionscan be used for thedesign of functiona
mol ecular magnetic material $9. Inthe construction of
such materids, pyrimidine-based ligands can beused
asversatilelinkerswith multiplepotentia binding sites
for metals. Thecoordination propertiesof pyrimidines,
which count the DNA bases cytosine, thymine, and
uracil, thiamine (vitamin B1) and many other biologi-
cally relevant moleculesamong them, area so impor-
tant for understanding the role and function of metal
ioninbiological systemd*! and the chemistry of e.g.
transition metal complexeswith ligandsof biological
relevanceinwhichthemetd centersareat close prox-
imity to another isone of the central themesof current
research. This is especialy true for copper com-
plexed??B duetotheir versatile structural chemistry,
their electrochemical and magnetic properties?¥ and
also because of their relevance as synthetic mod-
el 91519 for active sites of several metalloenzymes*,
For the Cuions, coordination numbersvary between
4and6for Cu(ll), and 2 (sometimeseven 1) and four
for Cu(l). For the Cu(ll) ion, thed® configurationis
Jahn-Teller active: asingle unpaired d-electron occu-
piesoneof thed orbitals, which givesriseto struc-
tura flexibility and often highly distorted ligand coor-
dination geometries. In Cu(l) complexes, the d'° con-
figuration does not impart any specific preferred ge-
ometry. Copper complex geometriesare highly flex-
iblewith varying coordination geometries.

In order to better understand the correl ation be-
tween molecul ar structure and magnetic behavior in
copper complexes, we have undertaken a systemic
study of several copper complexes of multidentate
ligandg*®9, Asapart of thisprogram, wehaveinves-
tigated structure and properties of the
noncentrosymmetric copper (l1) complex
[CUAMP)(H,0).]SO, (where AMP = 4-amino-6-
methoxypyrimidine), which could act asapromoter

materia for quadratic non-linear optica gpplications.
MATERIALSAND METHODS

Chemical preparation

A solution of CuSO, (16 mg, 0.1 mmol) in water
was added dropwise to a solution of 4-amino-6-
methoxypyrimidine(13mg, 0.1 mmal) inethanol (6 mL).
After girring for 30 min, themixturewasfiltered. Crys-
talssuitablefor X-ray anaysiswereobtained after five
days by slow evaporation of thefiltrate at room tem-
perature (yield =70 %).

Crystal structuredetermination

Diffraction datawere collected on aBruker AXS
SMART APEX CCD diffractometer at 100 K using
monochromatic Mo K a radiation withtheomegascan
technique. Datawere collected, theunit cdll determined,
and the dataintegrated and corrected for absorption
and other systematic errorsusing the Apex2 suite of
programs?!, Thestructure was solved by direct meth-
odsusing Shelxsand refined by full matrix least squares
against F2 with all reflections using ShelxI?4 and
Shelxle?3. Non hydrogen atomswere refined aniso-
tropically. Carbon bound H-atomswere placedin cal-
culated positionsguided by difference e ectron density
mapsand wereassigned U,_ (H) valuesamultiple of
U eq(C) of their respective carrier atom (1.5 timesfor
methyl C-atoms, 1.2 for adl others). Water and nitrogen
bound H-atomswerelocated in difference density maps
andwererefinedwithU,_(H, ) setto1.5U_(O) and
U,H,,, tol2 Ueq(N). All O-H and N-H bonds
were each restrained to havethe samelength withinan
esdof 0.02 A. Experimental details are given in TABLE
1, selected bond distances and angles in TABLE 2,
and hydrogen bondinginteractionsin TABLE 3.

I nfrared spectroscopy

Theinfrared spectrum wasrecorded intherange
4000 - 400 cm* with a“Perkin-Elmer FTIR” spectro-
photometer 1000 using asampledispersed in spectro-
scopically pure KBr pressed into apel let.

M agnetic measur ements

M agnetic dataon apowder samplewerecollected
usingaS700X Cryogenic Ltd. superconducting quan-
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tum interference device (SQUID) magnetometer. The
temperature dependence of the magnetic susceptibility
curveswere measured over thetemperaturerange 5-
300K, after zerofield cooling. A smal magnetic field
(500 Oe) was applied during susceptibility measure-
ments.

RESULTSAND DISCUSSION

Crystal structuredescription

A depiction of thestructure of [Cu(AMP)(H,0).]
SO, determined by singlecrystal X-ray diffraction, is
showninFigure 1. Thecrystalographic dataand the
structure refinement parametersof thetitle compound

ORIGINAL ARTICLE

aresummarizedin TABLE 1. The sdected bond lengths
andanglesaregiveninTABLE 2.

Intherepeating unit of the[ CUAMP)(H,0),] SO,
coordination polymer, the copper aomsare coordinated
by two nitrogen atoms from two 4-amino-6-
methoxypyrimidineligands and three oxygen atoms of
water mol eculesto yield apenta-coordination for the
metal ion (Figure 2). Both AMP nitrogen atoms are
meta-coordinated, with theAM Pligands connecting the
copper ionsinto infinite chains. The coordination envi-
ronment of the copper ion can be described asadis-
torted trigond bipyramidal, withtheequatoria ligands
consisting of thetwo N-coordinated AMPmol ecules
and onewater molecule, and theapical positionstaken

TABLE 1: Experimental details.

Crystal data

Chemical formula

M;

Crystal system, space group, Z value
Temperature (K)

a, b, c(A)

Vv (A%,

F(000)

Dx (Mg m™)

No. of refl., 6 range (°) for cell measurement
u (mm'?)

Crystal shape, colour

Crystal size (mm)

Data collection

Diffractometer

Radiation source, type

Scan method

Absorption correction

exptl. Triny Tmex

No. of meas., indep. and obs. [1> 2c(1)] refl.
Rint

0 values (°)

(SN O/A)max (A™)

Rangeof h, k, |

Refinement

RIF*> 26(F?)], wR(F?), S

No. of refl., parameters, restraints
H-atom treatment

APrmaxs Apmin (€ As)

Absolute structure (Flack) parameter!®

CU(A M P)(H20)3] S()4

CsH13CuN30404S
338.78

Orthorhombic, P2,2,2;, 4
100

7.9026 (17), 11.137 (2), 12.978 (3)
1142.3 (4)

692

1.970

9809, 2.4-32.0

213

Block, blue

0.55%0.50 x 0.36

Bruker AXS SMARTAPEX CCD diffractometer
fine-focus sealed tube, graphite monochr. Mo Ka.
® scans

Multi-scan, Apex2 v2011.2-0 (Bruker, 2011)
0.595, 0.746

13361, 3673, 3622

0.019

Omax = 32.1, O = 2.4

0.748

h=-11-11,k=-16-16,| =-18-18

0.016, 0.043, 1.09

3673, 188, 16

Mixture of independent and constrained refinement
0.34,-0.32

0.018 (6) (based on 1501 Friedel pairs)
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up by thetwo remaining water molecules. The sum of
the angle values between the three equatorial bonds
359.98 (4)° is, within the standard deviation, the value
expected for atrigona bipyramidal coordinated meta
center 360° [O8-Cu-N2 = 116.97 (4)°, O8-Cu-N1"
=91.72(4)°, N2-Cul-N1" = 151.29(4)°, for symme-
try codes, see TABLE 2]. The positive charge of the

TABLE 2: Sdlected geometric parameters(A, °).

C1—N1 1.3220 (14) C5—O01 1.4428 (17)
C1—N2 1.3383 (14) N1—Cul' 2.0386 (10)
C2—N3 1.3354 (17) N2—Cul 2.0342 (10)
C2—N2 1.3603 (15) 0O6—Cul 1.9419 (10)
c2—cC3 1.4083 (18) O7—Cul 1.9554 (10)
C3—C4 1.3742 (17) O8—Cul 2.1666 (10)
C4—01 1.3383 (14) Cul—N1" 2.0385 (10)
C4—N1 1.3565 (15)

N3—C2—N2 119.03 (11) C2—N2—Cul 127.72 (8)
N3—C2—C3 120.44 (12) C4—01—C5 116.76 (10)
N2—C2—C3 120.53 (11) 06—Cul—O7 176.57 (4)
C4—C3—C2 117.01 (11) O6—Cul—N2  88.38 (4)
01—C4—N1 111.76 (10) O7—Cul—N2  88.80 (4)
01—C4—C3 125.91 (11) O6—Cul—N1" 91.09 (4)
N1—C4—C3 122.33(11) O7—Cul—N1" 92.32 (4)
C1—N1—C4 116.88 (10) N2—Cul—N1" 151.29 (4)
C1—N1—Cul' 126.83(8) 06—Cul—08 89.17 (4)
C4—N1—Cul' 116.20 (8) O7—Cul—08  90.36 (4)
C1—N2—C2 117.26 (10) N2—Cul—08 116.97 (4)

C1—N2—Cul 114.78(8)
Symmetry code(s): (i) -x, y-1/2,

N1"—Cul—08 91.72 (4)
-z+3/2; (i) -x, y+1/2, -z+3/2.

Cu(ll) cationis compensated through the not coordi-
nated sulfateanion. Thebond distancesaround the cop-
per ion (TABLE 2) vary between 1.9419(10) and
2.1666(10) A for the Cu-O distances, and between
2.0342(10) and 2.0386(10) A for the Cu-N distances,
being similar to those observed in related copper(11)
complexes?,

Inthe structura arrangement, each of the4-amino-
6-methoxypyrimidinemoleculesiscoordinated to Cu(ll)
cationsthrough both of itstwo aromatic nitrogen atoms
to form uniformly spaced chainsthat runinazg-zag
pattern parald tothe b-axisdirection (Figure 3). The
Space between the chainsistaken up by the sulfatean-
ions, which are connected to the coordination polymer

TABLE 3: Sdected hydrogen-bond interactions.

D-H-A D-H(A) H-A(A) D~A(A) D-H-A(°)
N3-H3A--04 0.794 (15) 2.477 (18) 3.0253 (17) 127 (2)
N3-H3A--05" 0.794 (15) 2.582 (18) 3.2086 (17) 137 (2)
N3-H3B--02 0.751(15) 2.425(18) 3.0585(17) 143 (2)
06-HBA--03" 0.771 (13) 1.949 (13) 2.7157 (14) 173 (2)
06-H6B--05" 0.780 (13) 1.866 (13) 2.6400 (14) 172 (2)
O7-H7A-03" 0.750 (13) 1.953(13) 2.7004 (14) 174 (2)
O7-H7B--04"" 0.778(13) 1.899 (13) 2.6721(14) 173(2)
08-HB8A--02" 0.779 (13) 1.980 (13) 2.7463 (14) 168 (2)
08-H8B-+-02  0.804 (13) 1.914(13) 2.6956 (14) 164 (2)

Symmetry code(s): (iii) -X, y-1/2, -z+1/2; (iv) -x-1/2, -y+2, z+1/2;
(V) X-1/2, -y+5/2, -z+1; (vi): x+1/2, -y+5/2, -z+1; (vii) -X+1/2, -y+2,
z+1/2.

06

Cul

Figure 1: Asymmetric unit of [Cu(AMP)(H,0),]SO, with the atom numbering scheme and thermal ellipsoids at 50 %
probability and except for H-atoms, which ar er epresented by spheresof arbitrary radii.
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N1

08

07
Figure2: Coordination geometry around the Cu(l1) cation inthecrystal structureof [Cu(AM P)(H,0),]SO,. Symmetry code:
(if) -x, y+1/2, -z+3/2.

Figure3: Inorganic-organic chainsin thecrystal structureof [Cu(AMP)(H,0).]SO,.



216

ChemXpress4(2), 2014

ORIGINAL ARTICLE

Figure4: Projection of thecrystal structureof [Cu(AM P)(H,0),] SO, along the a-axis. Thedotted linesindicate hydrogen

bonds.

chainsthrough multiple N—H---O and O-H---O hydro-
gen bondsoriginating fromtheAMPamino groupsand
the metal coordinated water molecules (Figure 3,
TABLE 3). Among these hydrogen bonds, oneis a
three-centered interaction N3-H3A---(0O4, O5') (see
TABLE 3). Viathe O-H---O bonds, the sulfate anions
and thewater moleculesareinterconnected to forma
hydrogen bonded |ayered network parallel tothe (b, c)
plane (Figure5) that isweaving around theAMPmol-
eculesinthislayer. Withinthislayer, R ,%(32) graph set
motifd?! are apparent.

With regard to the arrangement of the organic mol-
ecules (Figure4), the 4-amino-6-methoxypyrimidine
groups are not organized trans to each other on the
metd atom. Thisisasituation favorablefor anarrange-
ment inanon-centrosymmetri ¢ setting and space group.
Indeed, refinement of the structureinthe chiral space
group P22 2 gives a Flack parameter value of
0.018(6)™, indi cating resol ution of theachiral starting
materiasintoaracemic mixtureof chira crystasduring
crystalization.

Examination of the geometric features of the or-

ganic moiety (TABLE 2) showstwo typesof C-Odis-
tances, 1.4428(14) A for the C5—-O1 distanceinvolv-
ing the methyl carbon atom, and a much shorter
1.3383(14) A for C4-01. The small bond distance
valueof thelatter can beattributed to the donor meso-
meric effect of the methoxy group attached to the
pyrimidinic ring?. Furthermore, the C2-N3 distance
[1.3354(17) A] is approximately equal to a C=N
doublebond length. The sum of theanglesaround N2
1$359.3(14)°. All these geometrical features are con-
sistent with enamine-iminetautomerism?” and suggest
agreat contribution from such resonanceto thetitle
compound. It isworth noticing that no n—n stacking
Interactions between neighboring pyrimidinicringsor
C-H...minteractionstowardsthem are observed.

I R spectroscopy

The IR spectrum of the crystalline complex
[CU(AMP)(H,0),]SO, isshowninFigure6. Thechar-
acteristic vibrational modesof thetitle compound can
be compared to those of smilar materid .

In the high-frequency region, thevery large band
spreading between 3600-2200 cnt correspondsto the



217

ORIGINAL ARTICLE

<

i
i
L}

ChemXpress4(2), 2014

L

S

]

'd

L

»

Figure5: Projection of theinorganiclayersin thecrystal structureof [Cu(AM P)(H,0),] SO, along the a-axis.
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Figure6: IR absor ption spectrumof [Cu(AM P)(H,0),] SO,
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vaencevibrationsof C-H, O—H and N-H groupsin-

terconnected by a system of hydrogen bondsin the

crystalt®l#,

e Bandsinthe1620-1100 cm* region correspond the
O—H bending vibration and to the valence vibra-
tionsof C=C and C=N groupg=:34,

e Between 1200 and 400 cm* various valence and
bending vibration bands are characteristic of thesul-
fate group™®. In the crystal, the SO, tetrahedron
givestwo stretching vibrationsv_andv_, thesym-
metric and asymmetric bands, respectively, and the
bending modess_and 5_*3. In the spectrum of the
titlecompound, the_ modeof thesulfateionisfound
to be split into two components around 468 and
433 cmr. The stretching mode v_ appears as one
band at 981 cm™. Thev_ mode appearsasonein-
tenseband at 1058 cm* with two shouldersat 1098
and 1138 cm™. The 5_ mode is observed as two
bands at 655 and 613 cm'™.

M agnetic susceptibility measurements

Thetemperature dependence of the magnetic sus-
ceptibility of thetitle compound was measured under

an applied field of 500 Oeinthetemperaturerange 5-
300K, inthezerofield-cooled regime.

Theplot of themolar susceptibility versus T isshown
inFigure7. It showsanincrease of thesusceptibility as
thetemperaturedecreaseswith abroad maximum around
20 K. The overall magnetic behavior corresponds to an
antiferromagnetic coupled system. Theroom tempera-
turey T vaueiscloseto that expected for non-interact-
ing copper(ll) ions (0.375 cmPmol t withg = 2.0).

Thedataover theentiretemperaturerange are best
fitted by the Bonner—Fisher model for an uniformly
spaced chain of S=1/2 spin®d,

_ Ng?uj 0.25 + 0.074975z + 0.075235z2

" kT 1.0 +0.9331z + 0.17213522 + 0.75782523
with z = [JJ/(k,T) and (g) = 2.1, for H = -2J\ .\.. In
addition alow temperature Curie contributionwasused
tofit theexperimental data.

Asobserved in Figure 7 the equation provides a
good fit of experimental datainthe10-300K region,
yielding an exchange coupling constant of Jk, =-35.7
K (J=-24.8 cm?). The Curie term corresponds to
about 0.5% of the curve and is probably due tosome

0.008 0.4

0.006 -
_ )
o E
£ 0.004- X
£ 5
2 h
N "

0.002 -

0 50 100 150 200 250 300
T (K)

Figure7: yandyT curvesof thetitlecomplex. Thesolid linerepresentsafit asdiscussed in thetext.
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paramagnetic S=1/2impuritiesasit isobserved by the
increasing of themagneti c susceptibility at very low tem-
peratures.

TheN-aomsof thepyrimidinering bridgethemeta
ionsinequatoria postions, such conformation hasbeen
foundto promoteantiferromagneticinteractions, asaxia-
axia and axia-equatoria support very wesk antiferro-
magnetic and ferromagneticinteractions, respectively="
¥, |t hasbeen argued that an equatoria-equatoria co-
ordination geometry allowsthe overlap of a copper
magnetic orbital withac typesymmetry with ac orbita
of the coordinated nitrogen, an essentia occurrencefor
the antiferromagneti c interaction to arise through the
ringt3"3,

CONCLUSION

A new Cu(Il) complex with thebidentateligand 4-
amino-6-methoxypyrimidine, [Cu(AMP)(H,0),]SO,,
was synthesized and characterized by variousphysical
and chemica methods At thestructurd leve , theatomic
arrangement of thismaterial consistsof chainsbuilt by
the Cu(ll) cation, the organic groups and the water
mol ecul es. Between these chains arelocated the sul-
fateanionsviaN—H---O and OH---O hydrogen bonds.
Inthiscomplex the copper atom hasadightly distorted
trigond bipyramida environment. Thiscompound, which
has anoncentrosymmetric structure, could beapoten-
tial candidate materid for quadratic non-linear optica
gpplications. Fromthemagnetic measurementsthe pres-
enceof antiferromagneticintrachaininteractionswere
confirmed.

SUPPLEMENTARY DATA

Cryddlographic datafor thestructurd andysishave
been deposited with the Cambridge Crystallographic
Data Centre, CCDC No 957888. These data can be
obtained free of chargeviahttp://mwww.ccdc.cam.ac.uk/
contg/retrieving.html, or from the CCDC, 12Union
Road, Cambridge, CB2 1EZ, UK: fax: (+44) 01223-
336-033; e-mail: deposit@ccdc.cam.ac.
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