This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vomeeunene | Journal of Coordination Chemistry

Journal of ) Publication details, including instructions for authors and subscription information:
COORDINATION http://www.informaworld.com/smpp/title~content=t713455674
CHEMISTRY

Synthesis and characterization of a hydrazone ligand containing antipyrine

oo and its transition metal complexes
& g Mohammad F. R. Fouda?; Mokhles M. Abd-Elzaher?; Mohamad M. Shakdofa?; Fathy A. El-Saied®;
an e VP ol T ‘ Mohammed I. Ayad®; Abdou S. El Tabl®
R T IL # Inorganic Chemistry Department, National Research Center, Cairo, Egypt ® Faculty of Science,
o ? R "._ Department of Chemistry, Shebin El-Kom, Egypt
. L *
- ; L [ - EI.I
1 &

To cite this Article Fouda, Mohammad F. R., Abd-Elzaher, Mokhles M. , Shakdofa, Mohamad M. , El-Saied, Fathy A.,
Ayad, Mohammed I. and El Tabl, Abdou S.(2008) 'Synthesis and characterization of a hydrazone ligand containing
antipyrine and its transition metal complexes', Journal of Coordination Chemistry, 61: 12, 1983 — 1996

To link to this Article: DOI: 10.1080/00958970701795714
URL: http://dx.doi.org/10.1080/009589707017957 14

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958970701795714
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 13 23 January 2011

Downl oaded At:

Journal of Coordination Chemistry e Taylor & Francis
Vol. 61, No. 12, 20 June 2008, 1983-1996 Taylor & Francis Group

Synthesis and characterization of a hydrazone ligand
containing antipyrine and its transition metal complexes

MOHAMMAD F. R. FOUDA*7, MOKHLES M. ABD-ELZAHERYT,
MOHAMAD M. SHAKDOFA+t, FATHY A. EL-SAIED1,
MOHAMMED I. AYAD} and ABDOU S. EL TABL}

tInorganic Chemistry Department, National Research Center,
Dokki P.O. 12622, Cairo, Egypt
iFaculty of Science, Department of Chemistry, EI-Menoufia University,
Shebin El-Kom, Egypt

(Received 28 May 2007, in final form 26 June 2007)

The coordination chemistry of N’-((1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-
4-yl)methylene)-2-hydroxybenzohydrazide with copper(11), nickel(11), cobalt(II),
manganese(ll), zinc(II), palladium(II), iron(III), ruthenium(I1l), uranyl(VI), and titanium(IV)
has been studied. The ligand and its complexes was characterized by elemental and thermal
analyses, magnetic moments and conductivity measurements as well as spectroscopic
techniques such as infrared, mass spectra, nuclear magnetic resonance, electron spin resonance
and electronic absorption spectra. The spectral data showed that the ligand is monobasic
tridentate coordinated via the enolic carbonyl oxygen of the hydrazide moiety, azomethine
nitrogen and pyrazolone oxygen atoms.
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1. Introduction

Hydrazones are a versatile class of ligands that have extensive applications in various
fields, possessing pronounced biological and pharmaceutical activities as antitumor
[1-3], antimicrobial [4], antituberculosis [5] and antimalarial agents [6]. Hydrazones
play an important role in improving the antitumor selectivity and toxicity profile of
antitumor agents by forming drug carrier systems employing suitable carrier proteins
[7]. They also have anti-inflammatory and analgesic activity equal or close to that of
aspirin [8, 9]. Hydrazones, such as pyridoxal isonecotinoylhydrazone, salicylaldehyde
benzoylhydrazone and 2-pyridylcarboxaldehyde-2-thiophene carboxaldehyde hydra-
zone, act as orally effective drugs for treatment of iron overload diseases or genetic
diseases B-thalassemia [10, 11]. Metal complexes of hydrazones have found applications
in various chemical processes like nonlinear optics, sensors, etc. [12], and have been
used in the separation and concentration of palladium and platinum in road dust [13].
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The present article was directed to preparation of copper(1l), nickel(Il), cobalt(1l),
manganese(Il), zinc(Il), palladium(Il), iron(IIl), ruthenium(IIl), uranyl(VI), and
titanium(IV) complexes with a new ligand N’-((1,5-dimethyl-3-ox0-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)methylene)-2-hydroxybenzohydrazide. The ligand and its
complexes were characterized using various spectroscopic techniques such as infrared,
mass spectra, nuclear magnetic resonance, electronic absorption spectra, electron spin
resonance, and magnetic moment measurements as well as elemental and thermal
analyses.

2. Experimental

The starting chemicals were of analytical grade and provided from Merck Company
(Darmstadt, Germany). IR spectra of the ligand and complexes were recorded on a
Perkin-Elmer infrared spectrometer 681 or Perkin-Elmer 1430 using KBr discs. The
"H NMR spectra were recorded with a JEOL EX-270 MHz or JEOL ECA-500 MHz
FT-NMR spectrometer in de-DMSO, where the chemical shifts were determined
relative to the solvent peaks. The mass spectra of the ligand and its metal complexes
were recorded using a JEOL JMS-AX-500 mass spectrometer provided with a data
system. The molar conductivity of the metal complexes in DMSO at 107°M
concentration were measured using a dip cell and a Bibby conductimeter MC1 at
room temperature. The resistance is measured in Ohms, whereas the molar
conductivities were calculated according to the equation A=V x Kx M/g x €,
where A =molar conductivity (Ohm~'cm?mol™"), V=volume of the solution,
K =cell constant 0.92cm ™", M,, =molecular weight of the complex, g = weight of the
complex and Q = resistance measured in Ohms. The electronic absorption spectra were
recorded on a Shimadzu 240 or Perkin-Elmer 550 spectrometer using 1-cm quartz cells
taking DMSO as solvent. The nujol mull electronic absorption spectra were recorded
using Whatman filter paper No. 1 and referenced against similar filter paper saturated
with paraffin oil. The magnetic susceptibilities of the polycrystalline complexes were
measured in a borosilicate tube with a Johnson Matthey magnetic susceptibility balance
at room temperature using the modified Gouy method [14]. The TGA were carried out
on a Shimadzu DT-30 thermal analyzer in air from 27 to 800°C at a heating rate of
10°C per minute. The solid ESR spectra of the complexes were recorded with an
ELEXSYS ES500 Bruker spectrometer in 3-mm Pyrex Tubes at 298°K.
Diphenylpicrylhydrazide (DPPH) was used as a g-marker for calibration of
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Figure 1. Preparation of the ligand.
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the spectra. The elemental analyses (CHN) were performed in the Microanalytical Unit
within Cairo University (Egypt) by the usual methods of analysis.

2.1. Preparation of hydrazone ligand

The hydrazone ligand was prepared by adding equimolar amounts of 2-hydroxybenzo-
hydrazide (I mmol in 20mL of absolute ethanol) to 1,5-dimethyl-3-0x0-2-phenyl-
2,3-dihydro-1H-pyrazole-4-carbaldehyde (1 mmol in 20 mL of absolute ethanol). The
mixture was refluxed while stirring for one hour. The formed solid product was filtered
off, washed with cold ethanol several times followed by crystallization from ethanol,
and finally dried under vacuum.

2.2. Preparation of metal complexes

The metal complexes were prepared by adding equimolar amounts of salts of
copper(IT), nickel(IT), cobalt(Il), manganese(Il), zinc(I), uranyl(VI), iron(III),
titanium(IV) and ruthenium(IIl) (1 mmol in 20mL of ethanol) to hydrazone ligand
(1 mmol in 20 mL of ethanol) in the presence of 1 mmol triethylamine. The mixture was
refluxed while stirring for four hours. The resulting solid complexes were filtered off,
washed several times with ethanol, followed by drying under vacuum. The palladium
complex was prepared by refluxing a mixture composed from a solution of 1 mmol of
K,PdCl; with 1 mmol of hydrazone ligand in absolute ethanol while stirring. The
resulting orange precipitate was filtered off, washed with distilled water and ethanol,
and dried under vacuum.

3. Results and discussion

The ligand, [N’-((1,5-dimethyl-3-0x0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)methylene)
-2-hydroxybenzohydrazide], H,L and its metal complexes 1-22 were found to be stable
at room temperature. The complexes were insoluble in common solvents such as
ethanol, acetone, water and chloroform, but soluble in DMF as well as DMSO.
The results of elemental analysis confirmed that all complexes are formed in 1:1 molar
ratio between the metal and the ligand (table 1).

3.1. Infrared spectra

The infrared spectrum of H,L showed a strong band at 1600 cm ™" assigned to v(C=0%)
attached to the phenyl ring. This value may be lower than usual (ca. 1650 cm™") due to
hydrogen bonding. The two weak bands at 3250 and 3150 cm ™' may be assigned to the
v(NH) [16, 17]. These findings indicate that the ligand is present in the ketonic form in
the solid state [16]. The spectrum also showed two broad bands centered at 3445 and
2760cm~' may be assigned to the stretching vibration of the phenolic hydroxyl
associated through intermolecular and intramolecular hydrogen bonding [16, 17].
The relatively strong bands located at 1643, 1588 and 1025cm ™" are assigned to the
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1(C=0P) of the pyrazolone ring [18, 19], (C=N) of the azomethine group and v(N-N),
respectively [17].

The infrared spectra of the metal complexes 2-22 are presented in table 2.
By comparing the infrared spectra of 2-22 with the free ligand, it was concluded that
in all complexes the bands characteristic to v(INH) and v(C=0% in the infrared
spectrum of the free ligand disappeared in the complexes. The disappearance of these
bands indicated that the ligand coordinated with the metal ions in its enolic form. This
suggestion is supported by the appearance of two new bands in the ranges
1570-1598 cm™" and 1522-1557cm™', which may be assigned to the conjugated
system v(C=N-N=C) and v(N=C-O%), respectively [19]. This finding may be due to
bonding of the ligand with the metal ions through the enolic deprotonated oxygen. The
characteristic band of the azomethine group v(C=N) was shifted to lower frequency
compared to that of the free ligand by 28 to 66cm™'. This may be taken as evidence of
coordination of the azomethine nitrogen with the metal [17]. The characteristic band of
p(N-N) shifted from 1025cm ™" in the spectrum of the ligand to 1032-1059 cm ™! in the
spectra of the complexes. Lowering of the C=N frequency and increasing the frequency
of N-N confirmed that the azomethine nitrogen participated in coordination with the
metal ions [17]. The pyrazolone ring W(C=0P) shifted to lower frequency compared to
that of the free ligand by 2-56cm ™', indicating that the pyrazolone oxygen atom
participated in coordination [18, 19]. The appearance of a new band in the ranges
561-652cm ™" for 2-22 may be assigned to the covalent metal oxygen bond. Bands in
the ranges 504-593 and 428-509 cm ™' were taken as indication of coordination between
the metal ions and the oxygen and nitrogen, respectively [21, 22]. A new band in the
range 303-371 cm ™! may be assigned to v(M—Cl) in the chloro complexes 3, 6, 9, 12, 14,
16 and 20-22 [21, 22]. The spectra of acetato complexes 2, 5, 8, 11, 13 and 18 showed
two bands characteristic to the acetate group, the first in the range 1542—1566cm ™" and
the second in the range 1354-1400cm ™" assigned to v(C=0) and v(C-O), respectively.
The difference between these two bands is in the range 170-201 cm ™', suggesting that
the acetate coordinates unidentate with the metal ions [23, 24]. In the case of nitrato
complexes 7, 10, 15, 17 and 19, a strong band in the range 1375-1384 cm™ !, as well as a
weak band around 1288-1320cm ™', was assigned to unidentate nitrate [25]. In the case
of uranyl complexes 18 and 19, the strong band characteristic for v1;(O=U=0) was
found at 922 and 918 cm ™', respectively [26].

The above results together with elemental analysis indicates monobasic tridentate
ligand coordinated via the enolic carbonyl oxygen of the hydrazide moiety, azomethine
nitrogen and pyrazolone oxygen atoms.

3.2. '"H NMR spectra

The "H NMR spectra of H,L was measured at room temperature using de-DMSO as a
solvent. The spectrum showed two isomers with two peaks for the hydroxyl group
(13.85, 12.85ppm) [27, 28], the NH group (12.3, 11.6 ppm) [16, 17] and the azomethine
group (H-C=N) (8.35, 7.95 ppm) [16] (table 3). The peaks observed as multiple ones at
6.8-7.9 ppm can be assigned to the aromatic protons [18] and the signals observed at
3.3ppm and 2.5ppm are assigned to (N-CH;) and (C—CHs;), respectively [18, 19].
The 'H NMR spectrum confirms that the ligand exhibits the keto form only
with no evidence for the presence of the enol form from the appearance of
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Table 3. 'H NMR data for H,L and its uranyl complex.

Signals (ppm)

Groups Ligand [UO,(HL)(CH;COO)]
v(OH) 13.85, 12.85 (s, 1H) 12.78 (s, 1H)

v(NH) 12.3, 11.6 (s, 1H) -
v(H-C=N) 8.35,7.9 (s, 1H) 9.36 (s, 1H)
v(Aromatic protons) 6.8-7.85 (m, 9H) 6.56-7.86 (m,9H)
V(N-CH3;) 3.3 (s,3H) 3.33 (s,3H)
V(C-CHy) 2.5 (s,3H) 2.55 (s, 3H)

Table 4. Mass spectral data for H,L.

Ligand M/e Relative intensity Fragment

H,L 350 100 CioH sN4O;
243 90 Ci3H,sN,O
213 57 CoH  1N;O
199 33 C;oH 1N,O
188 27 Cy;1H1N>O
111 40 CsH7NO
104 95 C,H,0

77 62 Cg¢Hs

NH and the absence of OH of the enolic form. Comparing the '"H NMR spectrum
of the ligand and that of 18 (table 3), the signal of NH disappeared indicating that
the ligand coordinated to the metal in its enolic form. The signal characteristic
to the phenolic hydroxyl group appeared in the same position indicating that the
hydroxyl group did not participate in coordination [27]. Complexation leads to a
significant downfield shift of the azomethine proton signal (9.36 ppm) relative to
the free ligand indicating that the azomethine nitrogen atom coordinates to the
metal (N— M) [28].

3.3. Mass spectra

The mass spectrum of H,L supported the suggested structure of the ligand, revealing a
molecular ion peak m/z at 350, consistent with the molecular weight of the ligand.
Moreover, the fragmentation pattern splits a parent ion peak at m/z=104
corresponding to C;H40O, while the fragments at m/z =243, 213, 199, 188, 111 and 77
Corresp(nld to (:13}115TQ4(), (:12I{11TQ3(), (:12I{11P42(), (:IIIIIIPQZ()a (25I17TQZ(), (:6[{6()
and CgHs, respectively (table 4).

3.4. Molar conductivity

The molar conductivities of 1 x 107> M solutions of the metal complexes in DMSO at
room temperature vary between 9.6 and 30.6 Ohm ™' cm?mol ™! (table 1). These values
are indication of the non-electrolytic nature of 2-22; high conductance values for some
complexes may be due to partial solvolysis [29, 30].
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3.5. Electronic absorption spectra and magnetism

The electronic absorption spectrum of the ligand exhibits five bands, 265, 310, 320, 350
and 380nm. The first band at 265nm may be attributed to w — 7* transition of the
benzenoid moiety of the ligand, whereas the second band at 310 nm may be attributed
to intraligand 7 — 7* transition. The third band at 320nm may be attributed to
hydrogen bonding and the last two bands at 350 and 380 nm may be assigned to n — 7*
transition of the azomethine and carbonyl groups. These bands shifted to lower energy
on complexation indicating the participation of these groups in coordination with metal
ions [17,28].

The electronic absorption spectra of copper(1l) complexes 2, 3, and 4 in the solid state
as well as in DMSO solution were almost identical, where they showed one broad band
in the range 660-700nm which may be assigned to superimposed transitions
*Big— "Eg, “Big— °Aj; and By — “Ba,. The position as well as the broadness of
this band indicate tetragonally distorted octahedral geometry around copper(Il)
(figure 2a) [31]. The magnetic moment values of the solid copper(Il) complexes 2, 3 and
4 at room temperature were 1.86, 1.78 and 1.9 B.M., respectively (table 5), consistent
with the presence of one unpaired electron.

The electronic absorption spectra of the nickel(II) complexes 5, 6 and 7 in solid state
as well as in DMSO solution exhibit three bands, one in the range 915-965nm which
may be assigned to 3A2g(F)—> 3ng(F), the second in the range 645-670 nm may be
assigned to 3A2g(F) — T, «(F) and the third in the range 410430 nm may be assigned to
3A2g(F) — 3T1g(P). These bands clarified that the complexes are tetragonally distorted
octahedral (figure 2a) [32]. The magnetic moment values of the solid nickel(II)
complexes at room temperature were 3.14, 2.82 and 2.92 B.M., respectively (table 5), in
the normal range for six-coordinate nickel(II).

The electronic absorption spectra of the cobalt(I) complexes 8, 9 and 10 in the solid
state and in DMSO solution showed three bands in the ranges 945-990, 500-690 and
430-475nm, assigned to *T 4(F) — *Tau(F), *T14(F) — *As(F), and *T4(F) — *To,(P),
respectively. These findings suggest tetragonally distorted octahedral complexes
(figure 2a) [33]. The magnetic moment values for cobalt(Il) complexes at room
temperature were in the range 4.39-4.77 B.M. (table 5).

The electronic absorption spectra of the manganese(Il) complexes 11 and 12 showed
no band in the visible region [34] due to the multiplicities of ground and excited states.
The magnetic moments for manganese(Il) complexes in the solid state at room
temperature were 5.75 and 5.92 B.M., which correspond to five unpaired electrons in
tetrahedral environment (figure 2b) [35].

The electronic absorption spectra of iron complexes 16 and 17 in solid state and in
DMSO solutions showed two absorption bands in the ranges 610-630 and 460—470 nm.
The relatively high intensity of these bands may be ascribed to borrowing of intensity
from a low-lying charge transfer ligand band, because d-d transitions in iron(III) are
forbidden. The bands indicate a tetragonally distorted octahedral geometry around
iron(III) (figure 2c¢) [36], confirmed in the magnetic moments for 16 and 17 of 5.88 and
5.66 B.M., respectively (table 5), characteristic for high spin iron(III) complexes.

The electronic absorption spectrum of [Ru(HL)Cl,] - 2H»O in solid state and DMSO
solutions showed only one band in the visible region at 580 nm ascribed to 2T2g — 2A2g;
a second band at 460 nm is assigned to charge transfer. These transitions indicate an
octahedral ruthenium(III) complex (figure 2c) [37]. The magnetic moment obtained at
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Figure 2. Structural representation of the complexes.

room temperature was 1.78 B.M. (table 5), corresponding to one unpaired electron
suggesting a low spin ruthenium(IIl) in an octahedral environment.

The electronic absorption spectra of the uranyl complexes 18 and 19 in solid and in
DMSO exhibit two bands, 460-500 nm and 420-440 nm. The higher energy band is
assigned to charge transfer from uranyl oxygen to f-orbital of the uranium(VI) ion. The
broadness of this band indicates unequal energies of the O — U charge transfer in the
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Table 6. ESR parameters for some complexes.

No. Complexes g g1 *giso G
2 [Cu(HL)(CH5COO)(H,0),] 2.095
3 [Cu(HL)CI(H,0),] - 2H,0 2.20 2.03 2.087 6.7
4 [Cu(HL)](NO3)(H,0),] 2.207 2.025 2.086 8.3

11 [Mn(HL)(CH;COO)] 2.02

12 [Mn(HL)(CD)](H,0) 2.03

16 [Fe(HL)Cly(H,0)] 1.850 3.4 5.9

17 [Fe(HL)](NO3),(H,0)] - H,O 1.8 4 3.27

21 [Ru(HL)CIy(H,0] - H,O 1.9 2.27 2.15

g0 =g +g)/3. "G=(g,— /(gL — 2.

two oxo cations. The band in the range 420440 nm is assigned to charger transfer from
ligand to the uranium(VI) ion [26].

3.6. Electron spin resonance of copper(Il), nickel(Il), cobalt(Il), manganese(Il),
iron(IIl) and ruthenium(IIl) complexes

The ESR spectra of the copper(Il) complexes 2-4 were recorded in polycrystalline state
at room temperature. The spectrum of 2 showed an unresolved isotropic signal at high
field. The isotropic g value of the complex is 2.095 [38]. The ESR spectra of 3 and 4
exhibited anisotropic signals with g values gy=2.2 and 2.207; g, =2.03 and 2.025,
respectively (table 6), characteristic for a d” system with axial symmetry and deye
ground state. The g, and g, values close to 2 and g, >g, (table 6) indicate tetragonal
distortion around the copper(Il) corresponding to elongation along the four-fold
symmetry Z-axis. The trend g,>g, >g. (2.0023) shows that the unpaired electron is
localized in the d,._ » orbital [39, 40]. Exchange coupling between two copper(II) ions
is explained by the Hathaway expression G =(g;—2)/(g—2). If G>4.0 the exchange
interaction is negligible, which is the case for 3 and 4 (G =6.7 and 8.3) [39, 40]. Kivelson
and Neiman noted that for an ionic environment, g is normally 2.3 or larger, but
for covalent environment g, is less than 2.3. The g, value for 3 and 4 are 2.2 and
2.207, respectively, indicating a significant degree of covalency in the metal-ligand bond
[39, 40].

The ESR spectra of the solid cobalt(Il) and nickel(IT) complexes at room temperature
do not show a signal due to rapid spin lattice relaxation of cobalt(Il) and nickel(II)
broadening the lines [41].

The ESR spectra of the manganese(Il) complexes 11 and 12 at room temperature give
one broad isotropic signal at 2.02 and 2.03, respectively, indicating tetragonally
distorted complexes with spin orbit coupling. This leads to short relaxation times, where
absorption is difficult to observe [38, 39, 41].

The ESR spectra of 16 at room temperature showed three bands at 1.85, 3.4 and 6.0.
These values represent the signal of high spin iron(III) (S =5/2) and low spin iron(III)
(S=1/2) indicating the presence of both high and low spin states of iron(IIT) within the
crystal lattice, where the ESR signal results from the interaction between the high spin
Fe(III) (S=5/2) and low spin Fe(Ill) (S=1/2) [42]. The ESR spectrum of 17 was
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different from 16, with two signals at g values 1.8 and 4.0, from iron(III) doped
distorted media in a weak crystal field. In the case of the present iron(III) complex, the
A, ground state is spilt into three Kramer’s doublets due to spin-orbit mixing with
excited states. These doublets are split by an applied magnetic field and the near
isotropic g-factor of 4.0 is assigned to a transition within one of them [43].

The ESR of ruthenium complex 21 was recorded at room temperature and the
g values are given in table 6. The low spin d° configuration is a good probe of molecular
structure and bonding since the observed g values are very sensitive to small changes in
the structure and to metal ligand covalency. The ESR spectrum of this complex exhibits
characteristics of an axially-symmetric system with g, at 1.9 and g, at 2.27 for an
octahedral field with tetragonal distortion [37].

3.7. Thermal analyses of some complexes

The thermal analyses (TGA) was carried out on 2, 3, 5, 6, 8, 12, 14 and 21 in the
temperature range 20-800°C and the results are collected in table 7, showing good
agreement in weight loss between calculated and the found formulae. The thermal
analyses showed that 2, 3, 5, 6, 8, 12, 14 and 21 generally decomposed in several steps.
The first step (23-137°C) for all complexes represented dehydration. The second step
(75-265°C) only observed for 2, 3, 5, 6, 8 and 21 may be assigned to elimination of
coordinated water. The third step (126-375°C) for all complexes is the elimination of
the chloride or acetate. The fourth step (290-780°C) is complete decomposition of the
complexes ending with metal oxide formation.

The elemental analysis, IR, "H NMR, mass and electronic spectra, and magnetic
moment measurement, as well as the electron spin resonance and thermal analyses are
compatible with the proposed structures (figure 2).
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