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A novel vic-dioxime ligand (LH4) and its transition metal complexes with
Cu(AcO)2-H20, Ni(AcO);2-4H,0, Co(AcO)2-4H,0 and Cd(AcO), metal salts were syn-
thesized. 1,2-Bis(p-aminophenoxy)ethane reacted with anti-chloroglyoxime to give
N,N’-[4,4'-{ethane-1,2-di-yl-bis(oxy)bis(4,1-phenylene) } bis(N'-hydroxy)-2-(hydro-
xyimino)acetimidamide] (LH4) ligand. Ligand forms binuclear complexes
[(LH3)2M2(AcO)2]-nH20 with a 2:2 metal to ligand ratio, where M = Cu(II), Ni(II) and
Cd(II), n = 2, 2 and 1, respectively. LH4 forms also binuclear Co(Il) complex
[(LH4)2C02(Ac0)4(H20)2]-:2H,0 with a metal to ligand ratio of 2:2. The Ni(II) and
Cd(II) complexes are proposed to be tetrahedral while the Cu(II) and Co(II) complexes
should be octahedral. Structural assignments are supported by a combination of elemen-
tal analyses, UV-Vis, IR and "H-NMR spectra, magnetic measurements and TGA and
DTA techniques.
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vic-Dioximes and their derivatives form a very important class of ligands, which
react with transition metals to give various complexes. A large number of the amino
vic-dioximes and their complexes have been studied in the past because of their inter-
esting and important properties and wide application [1-4]: in medicine, industry,
structure isomerism, spectroscopy, model systems of biochemical interest, cation ex-
change and ligand exchange chromatography, analytical chemistry, catalysis and
also as stabilizers, polymers, pigments, and dyes [5].

In our previous studies, we presented the synthesis and characterization of vari-
ous transition metal complexes of novel vic-dioxime [6]. In the present paper, we re-
port the synthesis and characterization of the new amino vic-dioxime ligand
N,N'-[4,4'-{ethane-1,2-di-yl-bis(oxy)bis(4,1-phenylene) } bis(N'-hydroxy)-2-(hy-
droxyimino)acetimidamide] (LH4) and its binuclear Cu(II), Ni(IT), Co(II) and Cd(II)
complexes.
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EXPERIMENTAL

The preparation of anti-chloroglyoxime [7] and 1,2-bis(p-aminophenoxy)ethane [8] has been de-
scribed previously. All the reagents used were purchased from Merck, Across or Labkim Company and
were chemically pure.

Elemental analyses (C, H, N) were performed on a LECO-932 CHNS-O elemental analyses appara-
tus. IR spectra were recorded on a Perkin Elmer Precisely Spectrum One Spectrometer as KBr pellets.
"H-NMR spectra were recorded on a Bruker GmbH DPX-300 MHz High Performance Digital FI-NMR
spectrometer (in DMSO-dg). Electronic spectra were obtained on a Shimadzu UV-1700 spectrometer.
Magnetic susceptibilities were determined on a Sherwood Scientific Magnetic Susceptibility balance
(Model MK1) at room temperature using Hg[ Co(SCN)4] as a calibrant; diamagnetic corrections were cal-
culated from Pascal’s constants [9]. Melting points were determined on a Gallenkamp melting points ap-
paratus. TGA and DTA curves were recorded on a Shimadzu DTG-60AH and DSC-60A thermobalance,
respectively.

Synthesis of N,N’'-[4,4'-{ethane-1,2-di-yl-bis(oxy)bis(4,1-phenylene)}bis(N'-hydroxy)-2-(hy-
droxyimino)acetimidamide] (LHy4): A solution of 1,2-bis(p-aminophenoxy)ethane (2.44 g, 0.01 mol)
was added to a solution of anti-chloroglyoxime (2.46 g, 0.02 mol) in ethanol (50 mL). Then a solution of
Na;COs3 (2.65 g, 0.03 mol) in ethanol (50 mL) was added dropwise to this mixture at 60°C over 12 h. The
mixture was filtered, and ethanol was removed by evaporation. The solid product was filtered off, washed
with H,O several times, dried in vacuum, and crystallized from aqueous diethyl ether (1:3). The com-
pound was found to be soluble in DMF and DMSO and insoluble in chloroform, acetone, ethyl acetate, di-
ethyl ether, and water. Characteristic 'H-NMR peaks (DMSO-dg; 8, ppm; 300 MHz): 4.62—4.08 (m, 4H,
0-CHy), 8.75, 8.31 (s, 2H, H-C=N), 10.75, 10.50, 10.38, 10.25 (s, 4H, N-OH), 5.75, 5.44 (s, 2H, N-H),
7.12-6.50 (m, 8H, C-Har,) [4,10,11].
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Figure 1. Structure of the N,N'-[4,4'-{ethane-1,2-di-yl-bis(oxy)bis(4,1-phenylene)} bis(N'-hydroxy)-
2-(hyroxyimino)acetimidamide] (LHy).

Synthesis of the complexes [Cu;(LH3)2(Ac0O);]:2H,0, [Ni3z(LH3)2(Ac0O);]:2H,0,
[Co2(LH4)2(Ac0)4(H20):]:2H,0 and [Cdz(LH3)2(AcO),]*H,0: The ligand LHy4 (0.35 g, 0.40 mmol)
was dissolved in absolute ethanol (5 ml). Solutions of metal salts Cu(AcO),-H,0 (0.08 g, 0.40 mmol),
Ni(AcO),-4H,0 (0.09 g, 0.40 mmol), Co(AcO),-4H,0 (0.09 g, 0.40 mmol) and Cd(AcO), (0.09 g, 0.40
mmol) in absolute ethanol (5 mL) were added dropwise to the ligand solution with continuous stirring at
50°C. The color of the solutions immediately changed. The reaction mixture was stirred at this tempera-
ture for 2 h and filtered. The precipitate was washed with water, ethanol and diethyl ether and dried in vac-
uum at 60°C. Characteristic 'H-NMR peaks (DMSO-de; 8, ppm; 300 MHz) for [Cda(LH3)2(AcO),]-H,0:
4.30-4.08 (m, 8H, O-CH,), 8.50, 8.14, 7.94, 7.66 (s, 4H, H-C=N), 10.66, 10.33, 10.02, 9.50 (s, 4H,
N-OH), 6.66,6.50 (d,J=4.8 Hz,4H,N-H), 7.14-6.77 (m, 16H, C-H(a)), 15.11 (s, 2H, O-H---0) [4,10].
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Figure 2. Structure of the octahedral Cu(II) complex with the ligand LH,
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Figure 3. Structure of the tetrahedral Ni(II) and Cd(II) complexes with the ligand LH,.
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OH, H0 -2H,0

Figure 4. Structure of the octahedral Co(Il) complex with the ligand LHj.

RESULTS AND DISCUSSION

The data on the ligand and complexes are summarized in Tables 1-5. Attempts to
crystallize the ligand complexes from different solvents failed.

In the IR spectrum of the ligand, the most characteristic peaks appear around
1067 cm ' (v(N=0)), 3208 cm ™! (v(N-H)) and 3400 cm ™! (v(O-H)), as expected for
substituted vic-dioxime [12—18]. These facts confirm the formation of the expected
compound (LHy), which is also in agreement with its elemental analyses results. In
the "H-NMR spectrum of the ligand, since the (-OH) protons of this oxime are non-
equivalent in the (E,E)-form, four peaks were observed for the protons [19-22]. In
this ligand, chemical shifts of (=N—OH) protons were observed around 10.75, 10.50,
10.38, 10.25 ppm as singlets. The singlets, which belong to OH, disappear after the
addition of D>0O. A single chemical shift for the OH proton indicates that the oxime
groups prevail in the anti form [23]. The (-CH») protons adjacent to the oxime groups
were observed around 4.62—1.12 ppm. Also chemical shifts of (H-C=N) protons
were observed around 8.75, 8.31 ppm. These values are in good agreement with the
literature [17-22,24].

The experimental results of the elemental analyses of the ligand and complexes
are in agreement with theoretical expectations. The analytical data show that the
vic-dioxime ligand, LH4, forms binuclear complexes with Cu(Il), Ni(IT), Co(II) and
Cd(II) ions with a metal to ligand ratio of 2:2. All complexes have two acetate mole-
cules and crystallization water molecule (in addition to two ligand molecules). But
Co(II) complex has four acetate molecules and two crystallization water molecules.
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The IR spectra of the complexes support the structures by the weak bonding vibra-
tion of the (O—H---O) bridges around 1709-1737 cm ! and the shift of the C=N vibra-
tion to lower frequencies 1607-1661 cm™' due to N,N-metal coordination [12—18].
The IR spectra of Cu(II), Ni(II) and Cd(II) complexes exhibit very similar features.
Although there are two binding modes of acetate groups, namely terminal bridged
bidentate, in the complexes, IR spectra show only one set of carboxylate
Vas(COO7) vibrations at 1536, 1554 and 1538 cmfl, and v¢(COO") at 1354, 1365 and
1351 cm ™! for complexes Cu(Il), Ni(IT) and Cd(II), respectively. The Av= v, (COO")
—v¢(COO )= 182-189 cm !, where M is Cu(II), Ni(IT) and Cd(II), can be taken as evi-
dence for the existence of a bridging bidentate acetate groups in these complexes
[25-28]. But, the IR spectra of Co(II) complex display bands at 1541 and 1299 cm !
due to v45(COO ) and vg(COO"), respectively, of the acetate ligand. The wave num-
ber separation value between these two bands Av = v;5(COO™) — v¢(COO ") = 242
cm ! is characteristic of a monodentate acetate ligand in this complex [25-28]. In
addition, a broad band centered at 2240 cm™' was observed in IR spectra of Co(II)
complex, and is attributed to the unsymmetric O—H stretching of the bridging
water [29]. IR band at 838 cm! v(M—H,0) shows that the water molecules are con-
nected with the Co(Il) metal ions. The [Coz(LH4)2(AcO)4(H20)2]-2H,0 complex
has two water and four acetate molecules, which keeps its intensity even after
heating at 110°C for 24 h, whereas, according to elemental analyses,
[Cuz(LH3)2(AcO)2]-2H50, [Nia(LH3)2(AcO)2]-:2H20 and Cda(LH3)2(AcO)2]-H20
complexes have one or two crystallization water molecules, which are identified by a
broad v(O—H) absorption around 3412-3439 cm™'. New bands are found in the spec-
tra of the complexes in the regions 458-463 cm_l, which are assigned to v(M—0)
stretching vibrations. The bands at 515-521 cm™! have been assigned to v(M—N)
mode [30,31].

In the ligand spectrum, the band at 1670 cm ! was assigned to the C=N group;
this was shifted after complexation for all metal complexes to lower frequencies
(10-66 cmfl), indicating the participation of the C=N—OH group in metal coordina-
tion. Also the band observed around 1067 cm ! in the free ligand, which is assigned
to the v(N—0), is shifted to lower frequencies after complexation (Table 2). The ab-
sorptions indicate that oxime groups take part in complexation. In addition, the IR
spectra of Cu(Il) complex, but not of the other complexes showed two strong v
(C=N) bands at 1606—-1661 cm L. This phenomenon appears to be due to the coordi-
nation with only two of the four oxime nitrogens to metal ions [10—16]. But, the
C=N stretching frequency for Cu(Il) complex is also observed at 1659 cm ! in
agreement with the assignments reported for this band, due to the coordinated of all
oxime nitrogens to Cu(Il) metal ions.

In order to identify structures of the amino vic-dioxime ligand and complexes in
solution, the 'H-NMR spectra was recorded in DMSO-dg. The "H-NMR assignments
are also given in the Experimental part. The spectra of the Cd(Il) complex are present
in comparison with those of the parent vic-dioxime. Four peaks are present in these
complexes for the OH protons of the oxime groups. These four singlets correspond to
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four nonequivalent OH protons which also indicate the anti-configuration of the OH
groups relative to each other [32,33]. When the chemical shifts of four oxime OH
groups in the Cd(II) complex are compared, the two at lower field quite closely re-
semble each other (10.66 and 10.33 ppm), whereas a considerable difference is ob-
served for the shift at the higher field (10.02 and 9.50 ppm) [34,35]. This complex
shows a shift at 15.11 ppm [11,35] and indicates O—H---O bridge formation by the
strong shift of the OH proton to lower field compared to the free ligand. The lower
frequency for Cd(II) complex suggests that the hydrogen is not symmetrically
bonded and is thus deshielded to a lesser extent. 'H-NMR spectra of the Cu(II), Ni(II)
and Co(II) complexes could not be taken because of their paramagnetic character.

The electronic spectra of the complexes were taken in DMSO-DMF mixture (Table 3).
In the electronic spectra of the ligand and the complexes the bands at around 300-371
nm were assigned to n—>7* transitions. The electronic spectra of the Cu(Il) complex
showed abroad band at 560 nm, which can be assignedto a 2Eg—>2T2g transition. This
together with the measured pegr value suggests octahedral geometry [36]. The elec-
tronic spectra of the Ni(II) complex show a less intense shoulder at 872 nm, which is
assigned to d-d transition of the metal ion. The former band is probably due to the
3T1(3F)—>3T2(3F) transition of tetrahedral geometry [37,38]. The spectra of the
Co(II) complex exhibit two bands at 525 nm and 654 nm assignable to
T, g(F)—>4T1 ¢(P) and 4T1g(F)—>4A2g(F) transitions, respectively, supporting a octa-
hedral geometry [39-41]. The electronic spectra of Cd(II) complex show an absorp-
tion band at 400-465 nm, which is attributed to the charge transfer transition, which
is consistent with a tetrahedral structure [35,42].

Magnetic susceptibility measurements provide sufficient data to characterize the
structure of the complexes (Table 3). The Ni(Il) and Co(II) complexes are paramag-
netic and their magnetic moments are 1.73 and 2.85 B.M., respectively, which is char-
acteristic for binuclear, tetrahedral Ni(II) [37] and octahedral Co(II) [40] complexes.
This lower value of Ni(Il) complex may be the result of dimerization and strong inter-
action with the neighboring molecule [37]. The magnetic moment value for the
Cu(Il) complex is 0.31 B.M. This low value of Cu(Il) complex may be the result of
dimerization and strong interaction with the neighboring molecule or subsequent
antiferromagnetic exchange between the Cu(Il) ions [43—46]. The Cd(Il) complex is
diamagnetic. The magnetic moment value of the Cd(II) complex is consistent with a
tetrahedral geometry [35,42].

Table 3. Magnetic moment, and electronic spectral data (in DMSO-DMF) of the complexes.

Compounds Hetr/atom, B.M. Amax, NM (€)
[Cuy(LH3)2(Ac0O),]-2H,0 0.31 560 (1154), 300 (16154)
[Ni2(LH3)2(AcO).] 2H,0 1.73 572 (6923), 371 (16667)
[Cox(LH4)2(AcO)4(H20),]-2H,0 2.85 654 (4167), 525 (12500), 311 (10000)
[Cdy(LH3)2(Ac0O),] H,O dia 425 (2185), 370 (13386), 314 (18846)

&: molar extinction coefficient (L mol™' cm™)
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Thermal studies: The thermal behaviour of the complexes was studied at a heat-
ing rate of 10 K/min in a nitrogen atmosphere over a temperature range of
20.00-1000.00°C. The TGA and DTA curves show that all these complexes are ther-
mally unstable.

The decomposition temperature and weight losses of the complexes were calcu-
lated from the TGA data (Table 4). It may be seen from the TGA data that all the
complexes decompose in three steps at different temperature ranges. The DTA data
(Table 5) show that [Cuy(LH3)2(AcO);]-2H>0 complex has two exothermic peaks,
[Nip(LH3)2(AcO)2]-2H20 complex exhibits four exothermic peaks,
[Co2(LH4)2(AcO)4(H20)2]-:2H>0 complex has three exothermic peaks and
[Cda(LH3)2(AcO)2]-H20 complex shows four exothermic peaks. The complexes ex-
hibit also endothermic peaks (Table 5). In the TGA curves of Cu(Il), Ni(II), Co(II)
and Cd(II) complexes, 3.25%, 3.38%, 2.95% and 1.52% weight losses were observed
at 152.17, 169.57, 108.69 and 113.03°C, respectively. This shows that these com-
plexeshave 2, 2,2 and 1 mole of crystallization water per molecule, respectively. The
IR spectra of the complexes are characterized by the appearance of a broad band in
theregion 0f3428-3492 cm ! due to the v(OH) of crystallization water [46]. This wa-
ter content was also identified by the elemental analyses. The weight losses have
been found to approximate the percentages estimated from their chemical formulas
given in Table 1. The final products of thermal decomposition were estimated as
CuC12H1gN 12012, NipC1oH14NgO12, Co2C12H28N12016 and CdoHgOg [4,10]. The
TGA and DTA spectra of the complexes are shown in Figures 5-8.

Table 4. TGA data of Cu(II), Ni(II), Co(II) and Cd(II) complexes of LH,.

Complexes Step 1 Step 2 Step 3 Weight Residue, %
loss, %

[Cu(LH;W(ACOR]2H,0  4348-152.17  152.17-28696  286.96-76522 4148  Cu,CpoHigNy,Oys
58.52

[Niy(LH;),(AcO),}2H,0 56.52-160.57 169.57-29565 295.65-452.17 4142  Ni,CipHNsOp
52.58

[CoLHMAOMHOB2H0  3043-108.69  108.69-28696 286.96-460.87 4042  CoyCioHagN,Oy6
59.58

[Cdy(LH;)(AcO) ] H:0 6522-113.04 113.04-239.13  239.13-43043  70.04 Cd:H,0O5
29.96

Table 5. DTA data of Cu(II), Ni(I), Co(II) and Cd(II) complexes of LH,.

Complexes Endo peaks (°C) Exo peaks (°C)
[Cup(LH;3)2(AcO),]-2H,0 79.17, 170.85, 325.02 262.51, 400.00
[Nix(LH3)2(AcO),]-2H,0 70.85, 169.57, 362.51, 608.34 112.51,254.17, 320.85, 433.36
[Coa(LH4)2(AcO)4(H,0),]-2H,0 208.34, 495.87 137.78,252.51, 716.68

[Cdy(LH;3)x(AcO),]- H,0 104.17, 162.51, 312.51 70.85, 140.77, 216.68, 412.51
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Figure 5. TGA-DTA curves of the Cu(II) complex.
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Figure 6. TGA-DTA curves of the Ni(II) complex.

CONCLUSIONS

A novel, vic-dioxime ligand, N,N’-[4,4'-{ethane-1,2-di-yl-bis(oxy)bis(4,1-
phenylene)} bis(N’-hydroxy)-2-(hydroxyimino)acetimidamide] (LHy) (Figure 1) de-
rived from 1,2-bis(p-aminophenoxy)ethane with anti-chloroglyoxime and its some



1912 S. Duman and M. Sekerci

TGA L-Co OTA
% uy
10000 | =
4 60,00
80.00 |
1 4000
60.00 |
4 2000
4000 |
TGA 1 om0
2000 |
4 2000
000
0.00 500.00 1000.00
Temp  [C]

Figure 7. TGA-DTA curves of the Co(II) complex.
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Figure 8. TGA-DTA curves of the Cd(Il) complex.

transition metal complexes have been prepared. The analytical data and spectro-
scopic studies suggest that the complexes were of the general formula:
[M2(LH3)2(AcO),] nH20 where M is Cu(II), Ni(IT) and Cd(II) and n is equal to 2, 2 and
1, respectively, while Co(II) complex formula is [Co(LH4)2(AcO)4(H20)2]-2H,0. Ac-
cording to the UV-Vis and IR data on the vic-dioxime ligand, (LH4), Cu(II) is coordi-
nated with all of oxime nitrogens, whereas Ni(II), Co(Il) and Cd(II) ions are
coordinated through only two hydroxyimino nitrogens of four oxime nitrogens.
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