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Crystal Structures and Fluorescence Property of Cu(I)/Zn(Il) Complexes of
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Abstract: Two complexes, namely [Cu(HL)(H,0)(NO3)|NO; (1) and [Zn(HL)Cl,] (2) (where HL is 1-(3-ethylpyrazin-
2-yl)ethylidene-4-phenylsemicarbazide) have been synthesized and characterized by single crystal X-ray
diffraction, elemental analysis and IR spectroscopy. X-ray diffraction analysis results show that in complex 1, the
center Cu(ll) ion is penta-coordinated by one neutral tridentate semicarbazone, one coordinated water molecule
and one monodentate nitrate, thus giving a distorted square pyramid coordination geometry. The coordination
geometry of the Zn(Il) ion in complex 2 is same as that of the Cu(ll) ion in complex 1, while with N,OCI, donor
set. In methanol solution, the fluorescence spectra of the ligand HL and complex 2 are quite similar, whilst the

emission peak of complex 1 has slightly red-shift, primarily due to the charge transfer between the ligand and
metal ion. CCDC: 1497370, 1; 1497371, 2.
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It is well known that Schiff bases are an sizable number of transition metal complexes with
important class of ligands in coordination chemistry acylhydrazones and thiosemicarbazones derived from
and have been found extensive application in different acelyl-pyridine/pyrazine have been extensively investi-
fields ™. As one of the most promising systems, a gated as potential anticancer agents™''l. However,
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semicarbazones, as their structurally analogous, have

been paid much less attention ',

Generally, both Cu(Il) and Zn(Il) ions are closely
related to biochemistry, clinical diagnostics as well as
environmental pollution!™'". Furthermore, a large amount
of Zn(ll) complexes with Schiff bases have been
reported for their fluorescence properties!”. Therefore,
in this paper, Cu () and Zn (I) complexes with a
semicarbazone ligand derived from 2-acetyl-3-
ethylpyrazine and 4-phenylsemicarbazide have been
synthesized and structural determined by single-
crystal X-ray diffraction. In addition, the fluorescence
properties of three compounds in methanol solution

were investigated.
1 Experimental

1.1 Materials and measurements
Solvents and starting materials for synthesis were
received.

purchased commercially and used as

Elemental analysis was carried out on an Elemental
(v =4 000 ~
400 c¢cm™) were determined by the KBr pressed disc
method on a Bruker V70 FTIR spectrophotometer. 'H
NMR spectra of HL was acquired with Bruker AV400

Vario EL analyzer. The IR spectra

NMR instrument in DMSO-dg solution with TMS as
internal standard. The UV spectra were recorded on a
TU-1800
Fluorescence spectra were determined on a Varian
CARY Eclipse

measurements of emission and excitation spectra the

Purkinje  General spectrophotometer.

spectrophotometer and in the

pass width is 5 nm.
1.2 Preparations of the ligand HL, complexes 1

and 2

As shown in Scheme 1, the ligand HL was
produced by condension of 2-acetyl-3-ethylpyrazine
(1.50 g, 0.01 mol) and 4-phenylsemicarbazide (1.51 g,
0.01 mol) in ethanol solution (30 mlL) with continuous
stirring at room temperature for 5 h. The white solid was
filtered and washed three times by cold ethanol. Yield:
2.15 g (76%). m.p. 121 ~124 °C. Elemental analysis
Caled. for C;sHiyNsO (%): C: 63.59; H: 6.05; N: 24.72.
Found(%): C: 63.46; H: 6.18; N: 24.57. FTIR (cm™): v
(C=0) 1705, v (C=N) 1609, v (C=N)pmi 1 595. 'H
NMR (400 MHz, DMSO-de): 10.00 (1H, s, NH), 8.71
(IH, s, NH), 8.46~8.51 (2H, m, pyrazine-H), 7.47~7.56
(2H, m, phenyl-H), 7.25~7.27 (2H, m, phenyl-H), 6.95~
6.98 (1H, m, phenyl-H), 3.04~3.10 (2H, d, CH,), 2.28
(3H, s, CHs), 1.21~1.25 (3H, s, CHs).

Qjé + HN/ T \© Ethanol [ j/é/ \Il/ \©

Scheme 1

The complexes 1 and 2 were generated by
reaction of the ligand HL (5 mmol) with equimolar of
Cu (NOs), and ZnCl, in methanol solution (10 mlL),
respectively. Crystals suitable for X-ray diffraction

analysis  were obtained by evaporating the
corresponding reaction solutions at room temperature.

1: Green blocks. Anal. Caled. for C;sH;sN,OsCu
(%): C: 36.85; H: 3.92; N: 20.05. Found(%): C: 36.75;
H: 4.02; N: 19.94. FTIR(cm™): »(C=0) 1 687, v(C=N)
1 582, v (C=N)ymie 1 550, v;(NO;) 1 494, v,(NO;)
1 384 and 1 301.

2:  Colorless Caled.  for
CisH,CLNsOZn (% ): C: 42.93; H: 4.08; N: 16.69.

Found (%): C: 42.76; H: 4.22; N: 16.78. FTIR (cm™):

needles.  Anal.

Synthesis route of HL

(C=0) 1 694, (C=N) 1578, (C=N) . 1 550.
1.3.1 X-ray crystallography

The X-ray diffraction measurement for complexes
1 and 2 were performed on a Bruker SMART APEX
I CCD diffractometer equipped with a graphite
monochromatized Mo Ko radiation (A=0.071 073 nm)
by using ¢@-w ichscan mode. Semi-empirical
absorption correction was applied to the intensity data
using the SADABS program ™. The structures were
solved by direct methods and refined by full matrix
least-square on F?* using the SHELXTL-97 program!.
All non-hydrogen atoms were refined anisotropically.
All the H atoms were positioned geometrically and

refined using a riding model. Details of the crystal
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parameters, data collection and refinements for

complexes 1 and 2 are summarized in Table 1.

CCDC: 1497370, 1; 1497371, 2.

Table 1 Crystal data and structure refinement for complexes 1 and 2

1 2
Empirical formula CisHsN;05Cu CisHpCLNsOZn
Formula weight 488.91 419.61
T/K 296(2) 296(2)
Size / mm 0.20x0.18%0.06 0.20x0.08x0.08
Crystal system Orthorhombic Triclinic
Space group P22.2, Pl
a/ nm 0.985 9(2) 0.751 2(3)
b/ nm 0.857 78(16) 1.068 1(4)
¢/ nm 2.328 4(4) 1.118 1(5)
al () 90 87.704(7)
B/ 90 81.163(7)
v /(%) 90 80.412(7)
V /o’ 1.587 3(5) 0.874 0(6)
Flack parameter 0.013(16) —
A 4 2
D./ (g-cm™) 1.583 1.594
Unique 3618 3 056
Ry 0.039 1 0.021 5
GOF 1.012 1.035

R indices [I>20(1)]
R indices (all data)

R=0.036 9, wR,=0.073 5
R=0.051 0, wR,=0.079 3

R=0.038 6, wR,=0.086 7
R=0.054 0, wR,=0.094 0

2 Results and discussion

2.1 Crystal structures description

A diamond drawing of complexes 1 and 2 is
shown in Fig.1. Selected bond distances and angles
are listed in Table 2. As shown in Fig.1a, complex 1
contains one discrete cationic Cu (Il) complex and one
free nitrate as counter anion in the unit cell. The
center Cu(ll) ion is penta-coordinated by one neutral
semicarbazone with N,O donor set, one coordinated
water molecule and one monodentate nitrate, thus
giving a distorted
geometry (7=0.318)".

square pyramid coordination

However, most bond angles are highly deviated
from those of the ideal geometry. The basal plane of
the square-pyramid is made up of N1, N3, Ol and

02. The bond lengths from Cu (Il) center to these

atoms are in the range of 0.192 2(3)~0.201 3(3) nm.
The fifth coordination site is occupied by O5 atom
located axially at 0.221 2(3) nm. In addition, the
second O atom (03) of the coordinated nitrate group
occupied a sixth-coordinate position at a distance
greater than 0.26 nm, namely 0.261 6 nm, to give the
(4+1+1%) type coordination™. In the solid state, the
complexes were linked into a one-dimensional chain
along a axis (Fig.1b) by intermolecular N-HO and O-
HO hydrogen bonds (Table 3).

Similarly, the semicarbazone HL acts as a neutral
(Fig.1¢). Coordinated

by two additional chloride anions, the Zn(Il) ion adopts

tridentate ligand in complex 2

a distorted square pyramid coordination geometry (7=
0.169)™". In the crystal, two pairs of intermolecular N-
HCI hydrogen bonds link two complex molecules into

a centrosymmetric dimer (Fig.1d).
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Fig.1 Diamond drawing of 1 (a) and 2 (c¢) with 30% thermal ellipsoids and H atoms being omitted for clarity; Extend chain-like

structure along @ axis in complex 1(b) and the centrosymmetric dimer in complex 2 (d)

Table 2 Selected bond lengths (nm) and angles (°) in complexes 1 and 2

1
Cul-O1 0.199 0(2) Cul-02 0.192 2(3) Cul-05 0.221 2(3)
Cul-N1 0.201 3(3) Cul-N3 0.192 7(3) N1-Cul-05 91.54(11)
02-Cul-N3 175.13(12) 02-Cul-N1 102.27(12) 02-Cul-05 89.02(12)
02-Cul-01 96.99(11) N3-Cul-N1 78.89(13) N3-Cul-05 95.69(12)
N3-Cul-01 80.78(12) 01-Cul-N1 156.05(11) 01-Cul-05 102.98(11)
2
Zn1-01 0.223 7(2) Zn1-N1 0.218 4(3) Znl-N3 0.211 5(3)
Znl-Cl1 0.222 33(12) Znl-Cl2 0.225 44(13) N1-Zn1-01 144.35(10)
N3-Znl-N1 72.01(10) N3-Zn1-01 73.68(10) N3-Zn1-C12 107.47(8)
N3-Zn1-Cl1 134.24(9) 01-Zn1-C12 99.45(8) N1-Zn1-C12 99.73(8)
N1-Zn1-Cl1 100.05(8) Cl1-Zn1-01 96.87(8) Cl1-Zn1-C12 118.27(5)
Table 3 Hydrogen bonds information in complexes 1 and 2
D-H--A d(D-H) / nm d(H-+-A) / nm d(D---A) / nm £ DHA / (°)
1
N(4)-H(4)...0(6) 0.086 0.197 0.281 6(4) 169.8
N(5)-H(5)...0(8) 0.086 0.208 0.291 4(4) 161.6
0(5)-H(5A)...0(6) 0.084 6(10) 0.203 0(17) 0.286 0(5) 167(4)
0(5)-H(5B)...0(8)" 0.084 7(10) 0.205 7(16) 0.289 0(4) 168(5)
2
N(4)-H(4)...C1(2)" 0.086 0.262 0.334 5(3) 143.1
N(5)-H(5)...C1(2) 0.086 0.25 0.327 73) 150.6

Symmetry codes: ' =0.5+x, 1.5-y, —z; " =1+, y, 23 —x, -y, 1-z
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2.2 IR spectra

The FTIR spectral region for both complexes is
more or less similar due to the similar coordination
modes of the ligands. The » (C =0), v (C =N) and
V(C=N), i bands are at 1 705, 1 609 and 1 595 ¢cm™,
respectively. They shift to lower frequency values in
the spectra of complexes, indicating that the carbonyl
O, imine N and pyrizine N atoms take part in the

coordination ",

In addition, the intense absorption
bands in the spectra of complex 1 associated with the
asymmetric stretching appear at 1 384 and 1 301 c¢m™
(vy) as well as 1 494 cm™ (v), clearly establishing the
existence of monodentate and bidentate NO;~ ligands,

[12,15]

respectively '>Pl Tt is in accordance with the crystal

structure study.
2.3 UV spectra

The UV spectra of the ligand HL, complexes 1
and 2 in methanol solution (c=1x107 mol-L™) were
measured at room temperature (Fig.2). The spectra of
HL features one main band located around 275 nm
(=6 929 L-mol™-cm™) and a shoulder at 282 nm (s=
6 567 L +mol " -cm™), which could be assigned to
characteristic 77-77* transition of benzene and pyrazine
units, respectively!”?. Both bands have no shift while
with hyperchromic effect in the spectra of 2 (275 nm,
&=8 863 L-mol"+cm™ and 282 nm, £=8 331 L-mol™-
cm™). The new absorbance band at 411 nm (e=1 101
L-mol™-cm™) of 2 may be from the n—7" transition
of the intra-ligand™. By contrast, complex 1 exhibits
two bands at 310 nm (=8 863 L-mol™-cm™) and 432
nm (£=6 173 L-mol™-em™), which should be assigned

0.10,
8
e
_§ 0.05
=}
8
<

0.00

T T T
300 400 500
Wavelength / nm

Fig.2 UV spectra of the ligand HL, complexes 1 and 2

in the methanol solution at room temperature

to 7m—7r* transition of imine bond and the ligand-to-
metal charge transfer (LMCT), respectively!>'",
2.4 Fluorescence spectra

The fluorescence spectra of the ligand HL,
complexes 1 and 2 have been studied in methanol
solution (¢=1x107 mol-L™) at room temperature. As
shown in Fig.3, the emission spectra of the ligand HL
and complex 2 are quite similar, each of them exhibits
two indistinct peaks at 311 and 328 nm when excited
at 285 nm. The emissions may be assigned to m*—7r
or ¥ —n transition of the intra-ligand"*'", However,
complex 1 shows a remarkable peak at about 333 nm
under the same tested condition. Compared with the
emission of free ligand HL, a red-shift of 5 nm was
observed for complex 1, primarily due to the metal-to-
ligand charge transfer (MLCT) or ligand-to-metal
charge transfer (LMCT)™,
1

200 4
1501

100 HL

Intensity / a.u.

wn
(=}
1

0

T T T 1
300 350 400 450 500
Wavelength / nm

Fig.3 Fluorescence emission spectra of the ligand HL,
complexes 1 and 2 in the methanol solution at

room temperature
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