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Abstract

trans-Bisaquabis(o-vanillinato)copper(Il) (I), cis-aquabis(o-vanillinato)copper(Il) (II) and aqua[bis(o-vanillinato)-1,2-ethylenediimin]cop-
per(Il) (III) complexes were synthesized and characterized by means of elemental analysis, IR and UV—vis spectroscopy, thermal analysis
and X-ray diffraction techniques. The coordination geometry around Cu(Il) is a octahedral with coordination number of six for I and is
a square-pyramidal with coordination number of five for both II and III. In all three compounds, a three-dimensional structure is formed via
C—H---O hydrogen-bond interactions and intermolecular 7t—7t and 7t-ring interactions. The compounds I and III have two-dimensional hydro-
gen-bonded step-chain structure in xz-plane, while compound II has a zigzag chain structure in xy-plane. On the basis of the first DTA,,, of the
anhydrous complexes of I and II, the thermal stability sequence is trans-isomer > cis-isomer. This fact should be related with the binding of the

ligand.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The investigation of Schiff base complexes has been of in-
terest for many years to help understanding the interactions
between metal ions and proteins or as other biological refer-
ences. Recent years have witnessed a great deal of interest
in the synthesis and characterization of transition metal com-
plexes containing Schiff bases as ligands due to their applica-
tion as catalysts for many reactions [1—3] and relation to
synthetic and natural oxygen carriers [4] and also use as
new structural probes in nucleic acids’ chemistry and as ther-
apeutic agents [5—8]. Furthermore, Schiff bases are facing

* Corresponding author. Tel.: 490 362 4576020; fax: +90 362 4576081.
E-mail address: muodabas@omu.edu.tr (M. Odabagoglu).

0143-7208/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.dyepig.2006.06.033

with growing interest and they may have numerous applica-
tions, e.g. as anticancer [9,10], antibacterial [11], antiviral
[12], antifungal [13], and about their other biological proper-
ties [14,15]. They also contain N=C---C=N structural unit,
which forms a strong chelate ring giving possible electron de-
localization associated with extended conjugation that may af-
fect the nature of the complex formed. Particularly the first
rows of transition metal complexes with such ligands have
a wide range of biological properties [16—18]. Our current in-
terest is to prepare a series of o-vanillinato and their Schiff
base-Cu(Il) chelated model compounds and the investigation
of their molecular and crystal structures by IR and UV—vis
spectroscopy, thermal analysis and X-ray technique. The
present study reports the new products (I and II) and a product
(III) investigated in Cambridge Database before but presented
in wrong space group and with no coordinates [19]. The
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trans-aquabis(o-vanillinato)Cu(Il) (I) was obtained by the
reaction of o-vanillin and Cu(CH;COO),-2H,0, the cis-
aquabis(o-vanillinato)Cu(Il) (II) was obtained by the reaction
of 2-(3-methoxysaliciylidene amino)-1H-benzimidazole [20]
and Cu(CH3COO),-2H,0 and then aqua[bis(o-vanillinato)-
1,2-ethylenediimin]Cu(Il) (IIT) was prepared by the reaction
of II with 1,2-ethylenediamine (Scheme 1).

2. Experimental
2.1. Synthesis

Copper  acetate  dihydrate, = Cu(CH3COO),-2H,0,
(1.00 mmol, 0.19 g) was dissolved in ethanol (75 ml) and
then o-vanillin (2.00 mmol, 0.30 g) dissolved in ethanol was
added to this solution. The mixture was refluxed for 1 h, al-
lowed to cool and the solvent was removed. The resulting
green powder was recrystallized in ethanol—methanol mixture
(1:2). Yield for I: 90%; m.p. 522—524 K. Elemental analysis
found (calculated for C;gH;3OgCu, I): C, 47.35 (47.82); H,
478 (4.51).

Copper  acetate dihydrate, Cu(CH3COO0),-2H,0,
(1.00 mmol, 0.19 g) was dissolved in ethanol and then
2-(3-methoxysaliciylidene amino)-1H-benzimidazole (2.00 mmol,
0.57 g) dissolved in ethanol was added to this solution. The mix-
ture was refluxed for 2 h, allowed to cool and the solvent was
removed. The resulting green powder was recrystallized in

methanol. Yield for IT: 74%; m.p. 506—508 K. Elemental anal-
ysis found (calculated for C;sH;c0,Cu, II): C, 49.89 (50.07); H,
4.53 (4.20).

The previously obtained II (1.00 mmol, 0.38 g) was dis-
solved in methanol (100 ml) and added dropwise with stirring
at 323 K to ethylenediamine (1.00 mmol, 0.06 g) which also
was dissolved in methanol (25 ml). The reaction mixture
was then cooled to room temperature. The green crystals
formed were filtered and washed with 10 ml of acetone. Yield
for III: 81%; m.p. 530—533 K. Elemental analysis found
(calculated for C,;3H,oN,OsCu, III): C, 53.21 (53.00); H,
4.56 (4.94); N, 6.82 (6.87).

2.2. Physical measurements

Elemental analyses were performed by standard methods
at TUBITAK (The Scientific and Technological Research
Council of Turkey). The UV—vis spectra were obtained for
the methanol solution of the complexes with a Unicam UV2
spectrometer in the range 900—200 nm. The IR spectra were
recorded on a Jasco 430 FT/IR spectrophotometer using KBr
pellets and operating at 4000—200 cm™'. TG8110 thermal an-
alyzer was used to record simultaneous TG and DTA curves in
static air atmosphere at a heating rate of 10 Kmin~' in the
temperature range of 20—700 °C using platinum crucibles.
Highly sintered o-Al,0; was used as a reference and the

DTG sensitivity was 0.05 mgs™ .
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Table 1
Summarized crystallographic data for complexes of I, II and IIT
Formula C16H,505Cu (D) C16H,405Cu (ID) C5H20N>05Cu (III)
Molecular weight 401.84 383.83 407.9
Temperature 296(2) K 100(2) K 100(2) K
Wavelength 0.71073 A 0.71073 A 0.71073
Crystal system Monoclinic Orthorhombic Orthorhombic
Space group P21/c Pb., Pnma
Unit cell dimensions a=16.7635(5) a=11.6481(7) a=9.2590(12)
b=23.485(2) b =18.0349(10) b=24.701(3)
¢ =5.1553(4) c=14.9867(11) ¢=17.5180(10)
o =90.00° a=90 a=90
B8 =97.304(6)° 6=90 6=90
v =90.00° v =90 v =90
Volume 812.21(12) A3 3148.3(3) A’ 1719.44) A’
V4 2 8 4
Calculated density 1.627 Mgm ™ 1.620 Mgm 1.576 Mgm ™
n 1.39 mm ™! 1.42 mm™! 1.303 mm !
F(000) 414 1576 844
Crystal size (mm) 0.46 x 0.20 x 0.06 0.33 x 0.25 x 0.11 0.22 x 0.15 x 0.01
0 range 1.73—26.05 2.26—27.95 2.20—25.57
Index ranges —-7<h<8 —14<h<14 —11<h<l11
—28<k<28 —19<k<22 —29<k<29
—6<1<6 —18<I<16 —9<I<8
Independent reflections 1595 3104 1643
Reflections observed (>20) 1289 2233 1036
Goodness-of-fit on F> 1.038 0.921 0.827
R, Ry [I>20(1)] 0.384, 0.0993 0.0381, 0.0848 0.384, 0.0966
R; indices (all data) 0.1055 0.0763 0.0852

2.3. Crystal structure analysis

For I and III, except the freely refined H atoms bounded to
aqua O atom, all H atoms were refined using riding model for
hydrogen bonds with d(C—H) =0.93—0.96—0.97 A. The Uiso
values for these H atoms were assigned to 1.2 Ugq(C)
[1.5 Ueq(methyl C)]. For II, alloH atoms were refined freely
with C—H=0.81(3)—1.05(3) A, and Uj;,(H)=0.032(9)—
0.070(13) A2 except the hydrogens of aqua O atom with fixed
O-H=0.83(2) A. A summary of crystallographic data, exper-
imental details, and refinement results for compounds I, IT and
III are given in Table 1.

Fig. 1. An ORTEP [23] dimeric view of I, with the atom-numbering scheme
and 30% probability displacement ellipsoids.

For all compounds, data collection: Stoe X-AREA [21];
cell refinement: Stoe X-AREA [21]; data reduction: Stoe X-
RED32 [21]; program(s) used to solve structures: SHELXS97
[22]; program(s) used to refine structures: SHELXL.97 [22];

Fig. 2. An ORTEP [23] view of the hydrogen-bonded step-chain diagram

of L.
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Table 2

Selected geometric parameters (A, °) for I

C1-01 1.289(3) C1-C6 1.413(4)
C6—C7 1.428(4) C7-02 1.249(4)
01—Cul 1.9174(19) 02—Cul 1.989(2)
03—Cul 2.428(2)

C1-C6—C7 122.2(3) 01-C1-C6 125.5(2)
C1-01—Cul 126.34(18) 02—-C7-C6 127.1(3)
01—Cul—-Oli 180.00(6) C7—-02—Cul 124.55(19)
02—Cul—-03 88.96(9) O1—Cul—-02 92.27(8)
01—Cul—-03 88.71(9)

C6—C7—02—Cul 5.04) C4—C5—C6—C7 —175.3(3)
Symmetry codes: (i) 1 —x,  —y, | —z.

Table 3

Hydrogen-bonding geometry (A, °) for I

D—H---A D—H H---A D---A D—H:---A
O3—H3A---04i 0.74(5) 2.19(5) 2.929(4) 172(5)
O3—H3A---01li 0.74(5) 2.55(5) 3.014(3) 122(4)
O3—H3B---02ii 0.81(5) 2.08(5) 2.881(3) 167(5)
C7—H7---03iii 0.93 2.40 3.319(4) 168.3

Symmetry codes: (i) 1 —x, 1 —y, —z; (ii) x, y, z — 1; (iii) —x, 1 —y, 1 —z.

Fig. 3. An ORTEP [23] dimeric view of II, with the atom-numbering scheme and 30% probability displacement ellipsoids.
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Fig. 4. An ORTEP [23] view of the packing diagram of II.

molecular graphics: ORTEP3 for Windows [23]; software used
to prepare material for publication: WinGX [24].

3. Results and discussion
3.1. Description of the crystal structure

The dimeric molecular structure and two-dimensional
hydrogen-bonded step-chain diagrams of I are illustrated in
Figs. 1 and 2, respectively, and selected bond distances and
angles are listed in Table 2. The molecule of I possesses inver-
sion center on Cul atom surrounded by two trans-o-vanilli-
nato ligands and two water molecules forming an octahedral

Table 4

Selected geometric parameters (A, °) for II

Cl1-01 1.299(3) C1-C6 1.417(4)
C6—C7 1.404(4) C7-02 1.257(4)
C9—-04 1.299(3) C9—-Cl14 1.421(4)
Cl14—C15 1.411(4) C15—-05 1.256(4)
01—Cul 1.9237(18) 02—Cul 1.956(2)
04—Cul 1.9233(19) 05—Cul 1.962(2)
07—Cul 2234 (2)

02—C7—C6 127.80(3) 01-C1-C6 124.7(3)
Cl1—01—Cul 127.69(18) 05—-C15—C14 128.2(3)
C9—04—Cul 127.13(18) C7—02—Cul 125.6(2)
04—Cul—02 168.09(8) C15—05—Cul 124.60(19)
01—Cul—-05 167.78(8) 01-Cul—-02 91.59(8)
04—Cul—07 98.60(8) 02—Cul—05 85.66(9)
01-Cul—-07 100.16(8)

C4—C5—-C6—C7 —176.4(3) C12—C13—C14—CI5 178.6(3)
C6—C7—-02—Cul 8.6(4) C14—C15—05—Cul —4.7(4)

Table 5

Hydrogen—bonding geometry (A, °) for II

D—H---A D—H H---A D---A D—H---A
O7—HT7A--- O4i 0.829(18) 2.14(3) 2.894(3) 150(3)
O7—HT7A--- 061 0.829(18) 2.22(3) 2.871(3) 136(3)
O7—H7B--- Oli 0.835(18) 2.18(3) 2.914(3) 147(3)
O7—H7B--- 03i 0.835(18) 2.19(3) 2.885(3) 140(3)
C5—HS5----+- O7ii 1.01(3) 2.55(3) 3.479(4) 153(2)
C4—H4------ 02ii 0.91(4) 2.51(4) 3.254(4) 140(3)
C16—H16C:---O5iii 0.94(3) 2.72(4) 3.491(4) 140(3)
CI12—HI12---06iv 0.89(3) 2.73(3) 3.470(3) 141(3)
C13—H13---Oliv 0.81(3) 2.51(3) 3.302(4) 167(3)

Symmetry codes: (i) 1 —x, 1 —y, 1 —z; (ii)) x — 12,32 —y, 1 —z; (iii) 1 —x,
y—12,32 —z (iv) 12+x,y,32 -z

structure with coordination number of six (Fig. 1). The pheno-
lic oxygen atoms lose their protons and gets coordinated to
copper. Cul/O1/02/C1/C6/C7 atoms define a plane with max-
imum deviation —0.099(2) A with O3 atom located in perpen-
dicular position to this plane [Cul—03, 2.428(2) 108]. The bond
lengths of Cu—O in the basal plane are 1.918(2) A and
1.989(2) A and the Cu—O03 bond length [2.428(2) A] is sig-
nificantly longer than these Cu—O bonds (Table 2). Similar
O—Cu—O bond angles are reported in a previous work of
tetragonal pyramidal-Cu complex [25].

The C1/C2/C3/C4/C5/C6 ring (A ring) is involved in an in-
termolecular C—H---m interaction with C8 [x, y, —1 +z;
3.639(4) A 154.16°]. In addition to this 7r---ring interactions,
there are two five-membered rings and two six-membered
rings in the dimeric structure (Fig. 1), formed as a result of
the O3---0O1, O3---04 and O3---0O2 hydrogen bonds (Table 3).

The dimeric molecular structure and packing diagrams of II
are illustrated in Figs. 3 and 4, respectively, and selected bond
distances and angles are listed in Table 4. The central copper
atom is surrounded by two cis-o-vanillinato ligands and one
water molecule forming a square-pyramidal structure with co-
ordination number of five for Cu. The phenolic oxygen atoms
lose their protons and gets coordinated to copper as in I. O1/
02/03/04 atoms define a plane with maximum deviation
0.0024(2) A for 02 atom. In II, the bond lengths of Cu—O
in the basal plane are in the range of 1.923(2)—1.962(2) A

Fig. 5. An ORTEP [23] view of III, with the atom-numbering scheme and 50%
probability displacement ellipsoids.
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A

Fig. 6. An ORTEP [23] view of the hydrogen-bonded zigzag chain diagram of IIL

and the Cu—O7 bond length [2.234(2) A] is significantly lon-
ger than these Cu—O bonds (Table 2). The diagonal O—Cu—0O
angles are 167.78(8)° and 168.09(8)° and the other O—Cu—0O
bond angles are in the range of 85.66(9)°—92.65(8)° (Table 2).
Similar O—Cu—O bond angles are reported in a previous work
of tetragonal pyramidal-Cu complex [25].

In the extended structure of II, there are weak intermolecu-
lar t—mt, 7t-ring and C—H:--O interactions (Table 5). An inter-
molecular T—1v interaction occurs between the phenyl rings (A
ring = C1/C2/C3/C4/C5/C6 and B ring = C9/C10/C11/C12/
C13/C14) of the neighboring molecules. Ring A is oriented
in such a way that the perpendicular distance from A to B is
3.650(2) A and the closest distance being 3.391(4) A for
Cl1---C10' [symmetry code: (i) —x, —y, 1 —z ]. Rings A and
B are also involved in an intermolecular C—H-- -7t interaction
with C3 and C8 atoms of the other aromatic rings; C3—H3---
B ring [12-x, —y, —12+z] 2833)A [C3--B=
3.687(3) /&], 152(3)° and C8—H8B:--D ring (D ring = Cul/
04/05/C9/C14/C15) 2.85(4) A [C8---D =3.540(4) A],
128(3)°. In addition to these T—t, T-ring interactions, there
are five- and six-membered rings in the dimeric structure
(Fig. 2), formed as a result of the O1---H7B, O5---H7B and
03---H7A, O6---H7A hydrogen bonds (Table 5). This set of
hydrogen bonding and m—7, w-ring interactions employ

Table 6

Selected geometric parameters (A, °) for III

C1-01 1.315(4) C1-Co6 1.417(5)
C6—C7 1.425(5) C7—-N1 1.276(5)
C91-N1 1.449(10) C92—NI1 1.559(12)
N1—Cul 1.947(3) 01—Cul 1.928(2)
03—Cul 2.362(4)

Cl1-C6—C7 122.9(3) 01-C1-C6 124.8(3)
C7—N1-C91 117.9(5) N1-C7-C6 125.2(3)
C7—N1—Cul 127.7(3) C7—-N1-C92 120.8(4)
C92—N1—Cul 108.4(5) C91—-NI1—Cul 113.2(5)
01-Cul—N1 91.98(12) C1-01—Cul 127.1(2)
N1—Cul—-03 93.87(13) 01—Cul—-03 97.90(10)
C6—C7—N1—Cul 2.7(6) C4—-C5—-C6—C7 —179.0(4)

most of the available topological features to stabilize the crys-
tal structure.

The molecular structure and two-dimensional hydrogen-
bonded zigzag chain diagrams of III are illustrated in Figs.
5 and 6, respectively, and selected bond distances and angles
are listed in Table 6. The central Cul atom in the compound
is five-coordinated by two O atoms and two N atoms from
the Schiff base ligand and one O atom from the water mole-
cule. The Cu atom is located 0.0015(3) A out of the basal
plane defined by the four donor (O1 and N1) atoms in the
complex. As in I, the coordination geometry around copper
can be described as a near square-pyramidal. The Cul—O1
bond of 1.927(2) A is similar to the corresponding value
[Cu—O = 1.923(2)—1.962(2) A] in II but Cu—O3 bond length
is 2.361(4) A longer than the equivalence Cu—QO7 bond
[2.290(2) /f\] in II, showing an elongation of Cu—O bond.
This result may be attributed to the steric hindrance of ethyl-
ene bridge.

The value of the two frans angles in the basal square-plane
of Cul is symmetry equivalent with the value of [167.38(12)°]
indicating a slightly distorted square planar geometry of Cul.
There is an overall “butterfly*‘ shape to the molecule, as evi-
denced by a dihedral angle of 52.7(5)° between the two o-va-
nillylidene ring systems of the complex. The dihedral angle
between the CuN202 square-plane and the o-vanillylidene
ring system is 28.6(3)°. The two C atoms connecting 1,2-
diaminethane show positional disorder with occupancy factors
of 0.48(3) and 0.52(3).

This type of disorder is quite common and is observed, for
example, in some transition metal complexes with Schiff base
ligands [26,27]. As in II, there are also weak intermolecular

Table 7

Hydrogen-bonding geometry (A, °) for III

D—H---A D—H H---A D---A D—H---A
O3—H1---Oli 0.81(3) 2.29(3) 3.005(4) 146(4)
O3—H1---02i 0.81(3) 2.23(4) 2.923(3) 143(3)
C8—HS8A---0lii 0.96 2.86 3.639(5) 139.3

Symmetry codes: (i) 12+x, y, 32 —z; (i) x— 12, y, 32 —z.
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Fig. 7. UV—vis spectra of compounds I in methanol, 1.3 x 107* M (—) and
13x107° M (----).

m—t, 7-ring and C—H---O and O—H---O hydrogen-bond in-
teractions in III (Table 7).

3.2. Spectra characteristics

The electronic spectra are measured at room temperature
in methanol for the title complexes in the range of 200—
900 nm. The electronic spectrum of I (Fig. 7) exhibits
a very broad d—d absorption transition centered at 631 nm
(e=283 L mol ! cm_l). This band is assigned to the
2Eg - 2T2g d—d transition. The d—d transition spectrum of
II (Fig. 8) is compatible with distorted square-pyramidal con-
figuration. The maximal absorption is at 678 nm and ¢ value
is 75Lmol 'cm™'. This band is assigned to the a; — b,
d—d transition. The charge transfer bands for I and II appear
at 396 nm (e =6038 Lmol ' cm™') and 395nm (e= 6276
L mol ™' cm™"), respectively.

The electronic spectrum of III exhibits three absorption
bands (Fig. 9). The bands at 274 nm (e = 16722 L mol !

5.0

4.0 -
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20
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0.0 1 1 ] S~ T T T T T T~
200 300 400 500 600 700 800 900

Wavelength (nm)

Fig. 8. UV—vis spectra of compounds II in methanol, 1.3 x 10~* M (—) and
13x107° M (----).

5.0

4.0

3.0

ABS

2.0

0.0 L
200 300 400 500 600 700 800 900

Wavelength (nm)

Fig. 9. UV—vis spectra of compounds III in methanol, 1.9 x 10™* M (—) and
19X 107 M (----).

cmfl) and 368 nm (¢ =7833 Lmolflcmfl) have been as-
signed to © — 7* and n — 7* transitions of o-vanillinato-
1,2-ethylenediimin ligand, respectively. Third band observed
at 572nm (e =266 Lmol 'ecm ™) is assigned to the a; —
b, d—d transition.

The IR spectra of I and II display a strong absorption band
at 1610 cm ™" and 1608 cm ', respectively, which are assigned
to v (C=O0) stretching mode in o-vanillinato ligands. The
stretching band of III observed at 1641 cm ™' is assigned to

II

e |

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

Fig. 10. FT-IR spectra of compounds I, IT and III in the solid state (KBr).
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Fig. 11. TG and DTA curves of 1.

the »(C=N) stretching of o-vanillinato-1,2-ethylenediimin.
All the complexes show a broad band of strong intensity in
the range of 3642—3112cm™ ' assigned to the »(O—H) of
aqua ligand. The phenolic C—O stretching bands of the com-
plexes of I, IT and III are observed at 1334 cm_l, 1330 cm™!
and 1328 cm™ ', respectively (Fig. 10). Similar C—O stretching
bands are reported in a previous work of salicylidene-2-amino-
benzimidazole complexes [28].

3.3. Thermal behaviour

Thermal decomposition of trans-[Cu(o-van),(H,O),] 1
(Fig. 11) and cis-[Cu(o-van),H,O] II (Fig. 12), takes place
in a similar manner and proceeds in three stages. The thermal
dehydration stage of I occurs in two steps in the temperature
range of 70—134 °C, accompanied by the endothermic effects
(DTA Lax: 95 and 122 °C). The weight loss (exp. 8.69%, theor.
8.96%) corresponds to the loss of two coordinated water mol-
ecules. The thermal dehydration stage of II occurs in one step
in the temperature range of 104—139 °C, accompanied by the
endothermic effects (DTA,.x: 122 °C). The weight loss (exp.
5.26%, theor. 4.69%) corresponds to the loss of one coordi-
nated water molecule. The second stage for I and II are related
to the decomposition of o-vanillinato ligands, in the tem-
perature ranges of 219—248 °C (DTA.x: 242°C) and

S
S e
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2 =
2 <II
w
g .
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Fig. 12. TG and DTA curves of II.
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Fig. 13. TG and DTA curves of III.

202—245 °C (DTAhax: 226 °C), respectively. The exothermic
decomposition for frans-isomer (I) is observed to be more in-
tense than cis-isomer (II). On the basis of the first DTA .«
of the anhydrous complexes, the thermal stability sequence
is trans-isomer > cis-isomer. This fact should be related with
the binding of the ligand. The similar sequence is reported
in a previous work of the complexes with the Schiff bases
cis- and frans-N,N'-bis(salicylidene)-1,2-ciclohexadiamines
[29]. In the third stage for I and II, strong exothermic peaks
of DTA curves are associated with the burning of the organic
residue. The final decomposition product, namely CuO, was
identified by IR spectroscopy. The overall weight loss for I
and II (exp. 76.71%, theor. 80.20 and exp. 78.69%, theor.
79.28%, respectively) agrees well with the given structure.
The decomposition of III takes place in four stages
(Fig. 13). The first stage is related to the dehydration of the
complex in the temperature range of 118—165 °C, accompa-
nied by endothermic effect (DTA.x: 143 °C). The weight
loss (exp. 4.80%, theor. 4.41%) corresponds to the loss of
one coordinated water molecule. The second and third stages
are related to the decomposition of the Schiff base. The fourth
stage of the complex related to the strong exothermic DTA
peak is associated with the burning of the organic residue.
The final decomposition product, namely CuO, was identified
by IR spectroscopy. The overall weight loss (exp. 80.77%,
theor. 80.49%) for III agrees well with the given structure.
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