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New zinc(I) and copper(Il) complexes with a reduced Schiff-base ligand derived from
D,L-selenomethionine and salicylaldehyde have been synthesized and characterized by elemental
analysis, magnetic susceptibility, IR, and NMR measurements. The single-crystal X-ray
structure of the Cu(II) complex reveals that this complex is a carboxylate-bridged dimer of
dinuclear copper(II) subunits and all metal centers are five-coordinate with O4N donor sets in
distorted square-pyramidal geometries. The Cu(Il) complex consists of a 1-D coordination
polymer.

Keywords: Reduced Schiff base; b,L-Selenomethionine; Metal complexes; Single-crystal X-ray
structure

1. Introduction

Significant progress for transition metal complexes containing Schiff-base ligands has
been achieved due to their applications including biological, clinical, analytical, and
industrial in addition to their important roles in catalysis and organic synthesis [1-7].
However, problems of ligand instability for Schiff bases are often encountered [8—13].
These problems can be overcome by reduction of the C=N bond of the Schiff base to
give an amine, which is expected to generate much more interesting coordination
chemistry due to the flexible backbone of the reduced Schiff base. Further, in addition
to their potential hydrogen-bond donor—acceptor functionalities, these ligands
form flexible five- and six-membered rings upon complexation; the resulting metal
complexes can serve as models for intermediate species in biological racemization and
transamination reactions [14—19]. Structural studies on metal complexes of reduced
Schiff-base ligands, derived from various amino acids and salicylaldehyde, are well
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documented [20-25]. On the other hand, hydrogen on the secondary amine of reduced
Schiff base is expected to be significantly acidic due to metal ion coordination to the
amine. Hence this N—H proton can participate in intermolecular hydrogen-bonding
interactions with the carboxylate oxygen in the amino acid side arm, required for
supramolecular self-assembly of the building blocks to generate interesting 2-D and 3-D
coordination networks [26].

Selenium may substitute for sulfur in methionine to form selenomethionine.
Selenomethionine is prepared for a variety of biological activities, predominant
antioxidant, selenium supplementation, chemopreventive agent for different types of
cancer, and many other diseases. Palladium(II) and platinum(II) dihalide complexes of
selenomethionine have been assessed for their cytotoxicities [27]; however, there are no
reports on preparation of selenomethionine reduced Schiff base and its metal complexes
until now.

Recently, we reported syntheses, characterizations, and biological studies of metal
complexes with Schiff base derived from aromatic aldehydes and p,L-selenomethionine
[8, 9]. Instability of the p,L-selenomethionine Schiff base was encountered, which was
resolved by making an equimolar metal salt of the Schiff-base ligand. The synthesis of
metal complexes was carried out by one-pot reaction. As a part of extensive biological
role of selenomethionine and its transition metal complexes, herein, we have begun to
investigate the syntheses and characterizations of zinc(Il) and copper(Il) complexes
with reduced Schiff base (H,Sal-SeMet) derived from salicylaldehyde and bD,L-
selenomethionine. The single-crystal X-ray structure of Cu(Il) complex is studied,
possessing polynuclear aggregate formed by a selenomethionine reduced Schiff-base
ligand.

2. Experimental

All chemicals and solvents were commercially available and used as received.
D,L-selenomethionine was synthesized according to the previous method [28].

2.1. Analytical and physical measurements

The IR spectra were recorded using a Perkin Elmer FT-IR spectrophotometer
Spectrum-one Model with KBr discs from 4000 to 400 cm™'. Elemental analyses of C,
H, and N were determined with an Elementar Vario EL. Metal contents were
estimated using standard methods. NMR spectra were obtained on a Bruker AV-400
and TMS was used as an internal standard. Magnetic measurements were carried
out on solid complexes using Gouy’s method with a Sherwood Scientific Magnetic
balance MSB-1 at room temperature; diamagnetic corrections were estimated from
Pascal’s constants and magnetic data were corrected for diamagnetic contributions of
the sample holder. Conductivity measurements were made on freshly prepared
10 mol L' solutions in DMF at room temperature with a Coronation digital
conductivity meter.
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2.2. Preparation of H,Sal-SeMet

D,L-Selenomethionine (0.196g, 1 mmol) in 4mL of absolute methanol containing
LiOH -H,O (0.042¢g, 1 mmol) was added to a solution of salicylaldehyde (0.122 g,
I mmol) in 2mL of absolute methanol. The mixture was stirred overnight at room
temperature. The Schiff base that formed was reduced with an excess of sodium
borohydride (0.46g, 12mmol) stirring for another 3h. The resulting solution was
reduced in vacuo using a rotary evaporator to remove methanol, giving white solid. The
solid was dissolved with 10 mL water and acidified with concentrated HCI to a pH of 4.
The product was filtered, washed with absolute methanol three times, and further dried
under vacuum at 50°C to give 0.25 g white solid in 82.8% yield. Elem. Anal. Found
(%): C, 47.56; H, 5.84; N, 4.59. Calcd for C;,H7NO3Se (%): C, 47.69; H, 5.67; N, 4.63.
"H NMR (CF;COOD-d, §): 2.07 (3H, s, —SeCH3), 2.50-2.63 (2H, m, -CHCH>-), 2.82
(2H, t, MeSeCH,—), 4.46 (1H, t, -CH-), 4.61 (2H, dd, /=8 Hz, -CH,ph), 7.01 (1H, d,
J=4Hz, Ar-H), 7.06 (1H, t, Ar—H), 7.29 (1H, d, J=8 Hz, Ar—H), 7.42 (1H, t, Ar—H).

2.3. General procedure for the preparation of metal complexes

H,Sal-SeMet (0.15 g, 0.2 mmol) and KOH (0.052 g, 0.4 mmol) in 10 mL methanol were
stirred for 1h at room temperature to give transparent solution. A solution of
Zn(0OAc),-H>O or Cu(OAc),-H>O (0.2mmol) dissolved in EtOH:H,O (1:1 v/v,
10 mL) was added dropwise. The mixture was stirred for 1 h and the colored precipitate
was filtered, washed with water, ethanol and ether, and dried in vacuo. The dried metal
complexes were characterized by elemental analysis, IR, and NMR measurements. The
filtrate was left in air at room temperature. After several weeks, green well-shaped
crystals of Cu(Il) complex suitable for X-ray diffraction were obtained.

Zn(II) complex: pale solid, yield: 61%. Elem. Anal. Found (%): C, 39.62; H, 4.34; N,
3.68. Caled for C1,H,sNO3SeZn (%): C, 39.42; H, 4.14; N, 3.83. "H NMR (DMSO-d,
8): 1.93 (3H, s, —SeCHs;), 2.61-2.66 (2H, m, -CHCH,—), 2.92 (2H, t, MeSeCH,-), 3.79
(1H, t,-CH-), 3.94 (2H, s, -CH,ph), 6.58 (1H, s, ph—H), 7.04 2H, m, ph—H), 7.39 (1H,
ph—H). C NMR (DMSO-dg, 8): 175.91, 165.8, 164.5, 161.9, 160.9, 155.8, 152.0, 92.3,
75.8, 60.5, 36.3, 22.3, 5.8.

Cu(II) complex: green solid, yield: 65%. Elem. Anal. Found (%): C, 39.81; H, 4.29;
N, 3.64. Calcd for C51H70N40]4SC4CU4 (0/0): C, 3995, H, 460, N, 3.65.

2.4. Crystallographic studies

Single crystals of suitable quality for X-ray diffraction of the Cu(Il) complex were
grown in MeOH/EtOH mixture. The data were collected in the presence of mother
liquor taken in a capillary. The X-ray intensity data were measured at 100K on a
Bruker-Nonius SMART APEX CCD diffractometer (Mo-Ka, A=0.71073 1&). The
detector was placed at 6.0 cm from the crystal. The data were reduced in SAINTPLUS,
and empirical absorption correction was applied using the SADABS package. Copper
was located using direct methods, and the rest of the non-hydrogen atoms emerged
from successive Fourier synthesis. The structures were refined using the full matrix
least-squares procedure on F°. All non-hydrogen atoms were refined anisotropically.
The hydrogen atoms were included in calculated positions.
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3. Results and discussion

3.1. Synthesis

To overcome general problems of ligand instability for amino acid Schiff bases, and to
introduce greater ligand flexibility, an in situ reduction was carried out on the
salicylaldehyde and b,L-selenomethionine mixture. The conditions employed gave
satisfactory elemental analyses in good agreement with those calculated for the
suggested formula H,Sal-SeMet.

Cu(IT) and Zn(IT) complexes have been synthesized by complexation of metal salts
with H,Sal-SeMet in the presence of KOH according to procedures described in section
2. The elemental analyses obtained are in good agreement with those calculated for the
suggested formulae of metal complexes. The analytical data show that the metal to
ligand ratio is 1: 1 in both complexes.

The molar conductance values in DMF for Zn(I) and Cu(II) complexes are 12.58
and 13.69 S cm? mol ™', respectively. The relatively low values indicate non-electrolytic
nature of these complexes. The bivalent metal is accommodated by the carboxylate and
deprotonated phenolate.

The effective magnetic moment at room temperature for Cu(Il) complex is 1.83 ug,
indicating an S'=1/2 spin state and hence the +2 oxidation state of the metal ion to
form electrically non-conducting complex.

3.2. FT-IR and "H NMR characterizations

The IR spectra of both complexes show sharp bands at ~3260cm ' corresponding
to the N-H stretch, indicating reduction of the C =N moiety. Several weak bands at
2864-3100cm ! are assigned to aliphatic and aromatic C—H stretches. Strong bands at
1597-1580 and 1425-1456.cm ! are due to the u(—COO™).

The "H NMR spectrum of the diamagnetic Zn(II) complex is compared with that of
H,Sal-SeMet. All protons are in their expected regions and numbers of protons
calculated from the integration curves agree with those obtained from the C, H, and
N elemental analyses. The benzyl protons of H,Sal-SeMet resonate at 4.61 ppm.
On complexation, this signal is shifted to 3.94 ppm, indicating involvement of imine
in chelation. The signals at 7.01-7.42 ppm in the 'H NMR spectrum of H,Sal-SeMet are
assigned to phenyl protons and are between 6.58 and 7.39 ppm for Zn(II) complex.
The shift of the methylidyne proton in Zn(II) complex (3.79 ppm), which appears
at 4.46ppm in H»,Sal-SeMet, supports involvement of imine and carboxylate in
coordination with the metal. Shifts of methylene protons from 2.50-2.63 ppm for
H»Sal-SeMet to 2.61-2.66 ppm for Zn(II) complex are observed. Methylene selenium at
2.92 ppm and methyl protons at 1.94ppm are almost unaffected by complexation,
suggesting no coordination of —SeCH; with metal.

3.3. X-ray crystallographic analysis

The Cu(Il) complex afforded green single crystals suitable for single-crystal X-ray
studies. The crystallographic data, conditions used for the intensity collection, and
some features of the structure refinement are given in table 1.
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Table 1. Crystal data and structure refinement parameters for [Cuy(Sal-SeMet), - MeOH - EtOH].

[Cuy(Sal-SeMet), - MeOH - EtOH]

Chemical formula Cs51H70N404Se4Cuy
Formula weight 1533.11

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions (A, °)

a 28.9037(14)
b 8.4866(4)
¢ 24.9187(12)
o 90
B 112.5740(10)
y i 90
Volume (A%), Z 5644.1(5), 4
Crystal size (mm?®) 0.46 x 0.41 x 0.22
Calculated density (Mgm ™) 1.804
Absorption coefficient (mm ") 4.133
F(000) 3072
Max. and min. transmission 0.4633 and 0.2522
Refinement method Full-matrix least-squares on F~
0 range for data collection (°) 1.53-26.00
Index range —32<h<35;
—10<k<10;
-30</<30
Data/restraints/parameters 11,005/192/914
Temperature (K) 100
Goodness-of-fit on F* 1.089
Final R indices [ > 20([)] R;=0.0678, wR,=0.1716
R indices (all data) R;=0.0901, wR,=0.1866

The single-crystal X-ray crystallographic analysis of Cu(Il) complex reveals a
tetranuclear structure, [Cuy(Sal-SeMet),- MeOH - EtOH], which consists of two
dinuclear units connected by carboxylate bridges. In each dinuclear unit, the two
copper centers are connected through two phenolate oxygen bridges to form a distorted
Cu,0, square plane. An ORTEP diagram of [Cuy(Sal-SeMet),- MeOH - EtOH] is
shown in figure 1. Selected bond lengths and angles are given in table 2.

In tetranuclear Cu(I) complex, four reduced Schiff-base ligands are tridentate
through imine nitrogen, phenolate oxygen, and carboxylate oxygen. Cu(1) and Cu(2)
are distorted square-pyramidal geometries, coordinated by the imine nitrogen, two
phenolate oxygen atoms, and carboxylate oxygen, while ethanol and methanol are
coordinated at the apical position of Cu(l) and Cu(2), respectively. Ethanol and
methanol are anti probably due to the bulkiness of the axial substitution. Cu(1) and
Cu(2) are doubly bridged by two phenolates of two deprotonated H,Sal-SeMet ligands
with a Cu(l)---Cu(2) distance of 3.015A. The Cu-O bond lengths due to the
coordination of Cu(1) and Cu(2) to the bridging phenolate and carboxylate oxygen are
1.936-1.988 and 1.922-1.934 A, respectively, while the Cu—N bond lengths are 1.960—
1.999 A. The Cu—O bond lengths due to the coordination of Cu(1) and Cu(2) to ethanol
and methanol are Cu(1)-O(13) 2.311 A and Cu(2)-0(14) 2.490 A, respectively.

Cu(3) and Cu(4) are also doubly bridged by two phenolates of the other two
deprotonated ligands with a Cu(3) --- Cu(4) distance of 2.969 A. The bond lengths of
Cu(l) --- Cu(2) and Cu(3) - -- Cu(4) are in agreement with that reported for complexes
with reduced Schiff bases displaying the phenoxo-bridged dinuclear Cu(II) centers with
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Figure 1. (a) Structural diagram of H,Sal-SeMet and (b) an ORTEP diagram of [Cuy(Sal-SeMet), -
MeOH - EtOH]; all hydrogen atoms are omitted for clarity.

Table 2. Selected bond distances (A) and angles (°) for [Cuy(Sal-SeMet), - MeOH - EtOH].

Cu(1)-O(1) 1.945(4) Cu(1)-0(2) 1.922(5)
Cu(1)-O(4) 1.988(4) Cu(1)-O(13) 2.311(5)
Cu(1)-N(1) 1.999(5) Cu(2)-0(1) 1.936(4)
Cu(2)-0(4) 1.950(4) Cu(2)-0(5) 1.939(4)
Cu(2)-0(14) 2.490(5) Cu(2)-N(2) 1.960(5)
Cu(3)-0(6) 2.244(5) Cu(3)-0(7) 1.961(4)
Cu(3)-0(8) 1.959(4) Cu(3)-0(10) 1.945(4)
Cu(3)-N(3) 1.967(6) Cu(d)-0(7) 1.947(4)
Cu(4)-0(10) 1.975(4) Cu(4)-0(11) 1.940(4)
Cu(4)-N(4) 2.209(13) Cu(4)-O(12B) 2.187(15)
Cu(1)-Cu(2) 3.015(10) Cu(3)-Cu(4) 2.969(10)
0(2)-Cu(1)-O(1) 172.8(2) 0(2)-Cu(1)-O(4) 103.8(1)
O(1)-Cu(1)-O(4) 78.4(1) 0(2)-Cu(1)-N(1) 83.2(2)
O(1)-Cu(1)-N(1) 93.6(2) O(4)-Cu(1)-N(1) 168.9(2)
0(2)-Cu(1)-O(13) 97.0(2) O(1)-Cu(1)-O(13) 89.7(1)
N(1)-Cu(1)-0(13) 96.4(2) O(1)-Cu(2)-0(5) 98.3(1)
O(1)-Cu(2)-0(4) 79.5(1) O(5)-Cu(2)-0(4) 172.1(2)
O(1)-Cu(2)-N(2) 175.6(2) O(5)-Cu(2)-N(2) 85.9(2)
0O(4)-Cu(2)-N(2) 96.4(1) O(1)-Cu(2)-0(14) 90.7(1)
O(5)-Cu(2)-O(14) 87.4(1) O(4)-Cu(2)-0(14) 84.9(1)
N(2)-Cu(2)-0(14) 90.8(1) 0(10)-Cu(3)-O(8) 98.8(1)
0(10)-Cu(3)-0(7) 81.4(1) 0(8)-Cu(3)-0(7) 163.1(1)
0(10)-Cu(3)-N(3) 167.4(3) 0(8)-Cu(3)-N(3) 82.9(2)
O(7)-Cu(3)-N(3) 93.3(2) 0(10)-Cu(3)-0(6) 90.9(1)
O(8)-Cu(3)-0(6) 108.6(1) O(7)-Cu(3)-0(6) 88.2(1)
N(3)-Cu(3)-0(6) 100.4(3) O(11)-Cu(4)-O(7) 99.4(1)
O(11)-Cu(4)-0(10) 154.2(2) O(7)-Cu(4)-0(10) 81.0(1)
O(11)-Cu(4)-N(4) 80.0(4) O(7)-Cu(4)-N(4) 162.2(5)
0(10)-Cu(4)-N(4) 91.8(4) N(4B)-Cu(4)-N(4) 21.1(4)

Cu - -- Cu distance of about 3 A [29, 30]. At Cu(3), the basal plane of the square pyramid
is occupied by three oxygen atoms, one each from phenolate [Cu(3)-O(7), 1.961(4) A],
carboxylate [Cu(3)-O(8), 1.959(4) A] and another bridged phenolate [Cu(3)-O(10),

1.945 A] and nitrogen [Cu(3)-N(3), 1.967 A] from the imine group. The apical site of the
Cu(3) center is occupied by the carbonyl oxygen [Cu(3)-O(6), 2.244 A] of the carboxylate
from a neighboring ligand coordinated with Cu(2). Cu(4) also has distorted square-
pyramidal geometry with bridging phenolate oxygen atoms (O10 and O7), one carbox-
ylate oxygen (O11), and one nitrogen (N4) from imine group. The axial coordination of
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Figure 2. 1-D coordination polymer of [Cuy(Sal-SeMet), - MeOH - EtOH]; hydrogen atoms are omitted for
clarity.

Cu(4) is provided by carbonyl oxygen (O12B) from another tetranuclear unit. Thus,
Cu(II) complex contains four unique Cu centers possessing square-pyramidal geome-
tries, different from Zn(II), Ni(II), and Cd(II) complexes with reduced amino-acid Schiff
base derived from condensation of N-(2-hydroxybenzaldehyde) and L-histidine showing
mononuclear structure and six-coordination with O,N,4 donor sets in slightly distorted
octahedra [24]. The Cu-O bond lengths due to coordination of Cu(4) to the bridging
phenolate and carboxylate oxygen atoms are 1.947, 1.975, and 1.940 A, respectively,
while the Cu(4)-N(4) bond length is 2.209 A. However, due to the Jahn—Teller effect,
the distance of the Cu(4)-O(12B) is elongated to 2.187 A, larger than the mean lengths of
Cu-0 in the equatorial plane [31, 32]. Connected by coordination of carbonyl oxygen of
the carboxylate (O12B) with Cu(4), the tetranuclear unit forms a 1-D coordination
polymer in the overall structure, as shown in figure 2. Similar results were also reported
for Cu(Il) complex with reduced Schiff base derived from N-(2-hydroxybenzaldehyde)
and r-methionine with 1-D coordination polymers with the binuclear copper fragments
as building blocks [25]. There are other reports on Cu(Il) complexes to form 1-D
polymeric chain structures [33-36]. For example, the hexanuclear unit is formed by
assembly of two tetranuclear subunits via two copper ions coordinating simultaneously
to two N,N’-2,6-pyridinedicarboxyl)-disalicylhydrazide ligands, and the 1-D chain
structure of the compound is constructed by connection of hexanuclear units via bridging
phenolic oxygens of ligands [34].

Generally, the Cu-N(imine) (1.960-2.209 1&) and the Cu—O(phenolate, carboxylate)
(1.922-1.988 A) bond lengths are comparable with bond lengths observed for copper(II)
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Figure 3. Packing diagram of [Cuy(Sal-SeMet), - MeOH - EtOH].

complexes containing the same coordinating atoms [37, 38]. Cu centers are not
coordinated by selenium, which is different from coordination behavior of
dichloro(O-methylselenomethionine)platinum(Il) coordinating through two cis chlo-
rides and selenium and nitrogen atoms to form a square plane [27].

The trans O(1)-Cu(1)-0(2), O(4)-Cu(1)-N(1), O(4)-Cu(2)-0O(5), and O(l1)-
Cu(2)-N(2) angles are 168.9—175.6° in the Cu(1)Cu(2) dinuclear unit, while trans O(7)-
Cu(3)-0(8), O(10)—Cu(3)-N(3), O(10)-Cu(4)-0O(11), and O(7)-Cu(4)-N(4) angles are
154.2-167.4° in a Cu(3)Cu(4) dinuclear unit. Cu(1)Cu(2)O(1)O(4) and
Cu(3)Cu(4)O(7)O(10) have rhomboidal geometries. The core bond angles of
0(4)-Cu(1)-O(1) and O(10)-Cu(3)-O(7) are 78.4° and 81.1°, respectively. The axial
Cu-O linkages are not perfectly perpendicular to every CuN,O, plane with N-Cu-O and
O—Cu-O angles ranging from 85.9° to 108.6°.

The structural analyses revealed that the 1-D coordination polymers further interact
forming a supramolecular network through multiform non-covalent interactions and
face-to-face m—m interactions between benzyl rings from different chains, as shown in
figure 3. There are complicated intramolecular and intermolecular hydrogen bonds
among carboxyl oxygen, phenolic oxygen, and coordinated ethanol and methanol
similar to its analogous (Cu(Il) complex with reduced Schiff base derived from N-(2-
hydroxybenzaldehyde) and L-methionine) [25]. Although non-covalent interactions are
weak compared to the metal-nitrogen and metal-oxygen coordination bonds, these
interactions were important in the molecular packing [39, 40].

4. Conclusion

New zinc(I) and copper(Il) complexes with reduced Schiff base derived from
D,L-selenomethionine and salicylaldehyde were synthesized. A copper(Il) coordination
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polymer with tetranuclear copper(Il) units [Cuy(Sal-SeMet),- MeOH - EtOH] as
secondary building blocks was confirmed by X-ray crystallographic analysis. This
tetranuclear unit is further connected by carbonyl oxygen from the ligand of another
tetranuclear unit at the apical position to form a 1-D coordination polymer.

Supplementary material

Crystallographic data of Cu(II) complex for the structural analysis have been deposited
with the Cambridge Crystallographic Data Centre with CCDC No. 823831. These data
are available free of charge on request to the Director, Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-336033;
E-mail: deposit@ccdc.cam.ac.uk or at http://www.ccdc.cam.ac.uk).
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