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Zinc(II) and cadmium(II) complexes, ZnL2⋅0.5H2O, ZnL2⋅2MeOH and CdL2⋅1.5H2O, based on a new hybrid
compound, 2-(3,5-dimethyl-1H-pyrazol-1-yl)-6-(4-methoxyphenyl)pyrimidine-4-carboxylic acid (HL), have
been synthesized. They are the first examples of metal complexes with pyrazolylpyrimidinecarboxylates. The
complex ZnL2⋅2MeOH was structurally characterized. It has mononuclear structure; zinc atom is in the
distorted octahedral coordination polyhedron 4N+2O formed by donor atoms of two coordinated L− ions. The
compounds HL, ZnL2⋅0.5H2O and CdL2⋅1.5H2O manifest bright blue photoluminescence.
.
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Among various pyrazolylpyrimidines, 2-(pyrazolyl)pyrimidines
have attracted most attention as the ligands for the synthesis of
transitionmetal complexes [1–19]. These complexes are of fundamental
and practical importance since they manifest various kinds of biological
and catalytic activity [8,14,19]. Other pyrimidine-based compounds,
pyrimidine-4(6)-carboxylic acids and corresponding carboxylates also
were reported as the ligands [20–23]. In this context, studying
pyrazolylpyrimidines and their complexes with metals, we decided to
combine the pyrazolyl and the carboxylic groups within a single
molecule on the base of the pyrimidine core and to study coordination
behavior of a newhybrid compound, 2-(3,5-dimethyl-1H-pyrazol-1-yl)-
6-(4-methoxyphenyl)pyrimidine-4-carboxylic acid (HL, Scheme 1),
with respect to zinc(II) andcadmium(II). It ought tonote, that previously
some of us synthesized a series of 2-hydrazinylpyrimidine-4(6)-
carboxylic acids and used them for the preparation of reagent indicator
paper for the detection of iron(II) and iron(III) [24]. In the present work
we modified one of these compounds to obtain HL. To the best of our
knowledge, the complexes reported here are the first examples of
compounds based on pyrazolylpyrimidinecarboxylic acids. Taking into
account that the complexes of zinc(II) and cadmium(II) with hetero-
aromatic ligands are one of themain groups of luminescent compounds
[25–28], we were also endeavored to obtain compounds demonstrating
luminescence. In this communicationwe report the synthesis and study
of four new compounds, i.e., HL, ZnL2⋅0.5H2O (1), ZnL2⋅2MeOH (2) and
CdL2⋅1.5H2O (3).

A new hybrid heteroaromatic compound, HL (Scheme 1), can be
obtained by condensation of 2-hydrazinyl-6-(4-methoxyphenyl)
pyrimidine-4-carboxylic acid (4) with acetylacetone [29]. The
compound 4 and its phenyl analog previously were used for
preparation of reagent paper by treating a modified chromatographic
paper based on aldehyde cellulose [24]. The complexes 1 and 3 can be
prepared as powder products by the reaction of corresponding acetate
salt with HL in MeOH solutions at M:HL=1:2 molar ratio (Scheme 1)
[30,31]. IR-spectra of these compounds are similar [30,31]. The
positions of the stretching-deformation vibrations of heteroaromatic
rings, (ν+δ)ring, in IR-spectra of these complexes are changed in
comparison with the spectrum of HL. The bands of carboxylic group in
the spectra of 1 and 3 also shifted. The far-IR spectra of the complexes
exhibit the bands of ν(M–L) vibrations. These observations are
consistent with the coordination of the heteroaromatic rings and
carboxylic group of L− ions. Water molecules seem to be non-
coordinated. Attempts to crystallize 1 from MeOH solution afforded
single crystals of 2 [32].

According to X-ray diffraction data [33], the structure of 2 ismolecular
mononuclear (Fig. 1). Two L− ions (carboxylic group is deprotonated) are
coordinated to zinc atom through N(1), N(3) and O(1) atoms adopting
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Fig. 1. Themolecule [ZnL2] in the structureof 2. Selectedbond lengths (Å) andbondangles (°): Zn(
(7);N(3)–Zn(1)–O(1), 75.66(4);N(3)#1–Zn(1)–O(1), 92.87(4);N(3)–Zn(1)–O(1)#1, 92.87(4);N
N(3)#1–Zn(1)–N(1), 116.90(5); O(1)–Zn(1)–N(1), 149.95(4); O(1)#1–Zn(1)–N(1), 93.04(5); N(
(5); O(1)#1–Zn(1)–N(1)#1, 149.95(4); N(1)–Zn(1)–N(1)#1, 98.68(7). Symmetry transformation

Scheme 1. The synthesis of HL and complexes 1–3.

Fig. 2. Packing of the molecu
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thus tridentate chelating coordination mode. The coordination geometry
around zinc atom is distorted octahedral (4 N+2O). As a result of the
ligand coordination, practically planar ZnCN3 and ZnC2NO chelate cycles
are closed. The (hetero)aromatic system of L− ligand is nearly planar. The
pyrazolyl and methoxyphenyl groups are rotated by 5.4° and 10.0° in
respect to the pyrimidine plane. The structure is stabilized through
formation of hydrogen bonds (O(1)…H(53)′ 2.431 Å, O(2)…H(56)′
2.516 Å,O(1 S)…H(55)′2.518 Å) (Fig. 2).MeOHmolecules formhydrogen
bonds with non-coordinated O atoms of carboxylic group (O(1)…H(1 S)
1.891 Å).

Single crystals of 2 become non-transparent within ca. several
days probably due to loss of MeOH molecules. IR-spectra of 1 and
decomposition product of single crystals of 2 are almost identical
which induces to think that structures for 1 and probably for 3 are
similar.

The compounds HL, 1 and 3 manifest bright photoluminescence in
the solid state, the excitation and emission spectra are displayed in
Figs. 3–5. The spectra of the compounds display a broad emission
band with twomaxima (for HL and 3) or an unsymmetrical band with
a shoulder (for 1). The origin of luminescence of HL, having an
extended conjugated π-system, seems to be due to π*→π transitions.
Since the profile and location of the emission bands in the spectra of
the complexes are similar to those in the spectrum of HL, it seems to
be reasonable that the luminescence mechanism for the complexes
can be attributed to intra-ligand transitions as usual for zinc(II) and
1)–N(1), 2.185(1); Zn(1)–N(3), 2.040(1); Zn(1)–O(1), 2.162(1);N(3)–Zn(1)–N(3)#1, 163.88
(3)#1–Zn(1)–O(1)#1, 75.66(4);O(1)–Zn(1)–O(1)#1, 90.36(6);N(3)–Zn(1)–N(1), 74.36(5);
3)–Zn(1)–N(1)#1, 116.90(5); N(3)#1–Zn(1)–N(1)#1, 74.36(5); O(1)–Zn(1)–N(1)#1, 93.04
s used to generate equivalent atoms: #1 −x+1, y,−z+1/2.

les in the structure of 2.
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Fig. 3. Excitation (solid line, λem=420 nm) and emission (dashed line) spectra of HL,
λexc=350 nm. Spectra were recorded on Cary Eclipse spectrophotometer, ex. slit 5 nm, em.
slit 5 nm, PMT voltage 500 V.
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Fig. 4. Excitation (solid line, λem=430 nm) and emission (dashed lines) spectra of 1,
a) λexc=350 nm, b) λexc=380 nm, c) λexc=390 nm. Spectra were recorded on Cary
Eclipse spectrophotometer, ex. slit 5 nm, em. slit 5 nm, PMT voltage 500 V.

300 350 400 450 500 550 600
0

100

200

300

In
te

ns
ity

Wavelength, nm

a

b

Fig. 5. Excitation (solid line, λem=430 nm) and emission (dashed lines) spectra of 3,
a) λexc=350 nm, b) λexc=380 nm. Spectra were recorded on Cary Eclipse spectrophotom-
eter, ex. slit 5 nm, em. slit 5 nm, PMT voltage 500 V.
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cadmium(II) complexes with heteroaromatic ligands [27]. Within the
series of compounds the band of emission in the spectra of complexes
somewhat shifted toward higherwavelengths relatively to its position
in the spectrum of HL. The slight red shift can be due to deprotonation
of HL ligand leading to the decreasing of π*→π gap [27].

In summary, a series of zinc(II) and cadmium(II) complexes,
ZnL2 ⋅0.5H2O, ZnL2 ⋅2MeOH and CdL2 ⋅1.5H2O (HL=2-(3,5-dimethyl-
1H-pyrazol-1-yl)-6-(4-metoxyphenyl)pyrimidine-4-carboxylic acid)
have been synthesized. The compounds HL, ZnL2 ⋅0.5H2O and
CdL2 ⋅1.5H2O manifest bright blue photoluminescence.
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