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Abstract

The Schiff base ligand [2,3,8,9-tetra -methyl-1,4,5,7,10,12-hexa azo-5,12- dihydro -6,11- dione
1,3,7,10-dudec-tetra-ene] [HzL] and its complexes with ( Co!"", Ni"” and Pd") was prepared in two
steps. In the first a solution of (2,5-Hexandion) in methanol react under reflux with
(semicarbazidhydrochlorid) in 1:2 mole ratio to give an intermediate compound [2,5-Hexandion bis
(Semicarbazone)] which react in the second step with another mole of ( 2,5-Hexandion) giving the
mentioned ligand. The complexes were then synthesized by direct reaction of the corresponding
metal chloride with the ligand. The ligand and complexes have been characterized by spectroscopic
methods [IR, (UV-Vis), HPLC and (A.A)], chloride content and conductivity measuremenst. The
data of these measurements suggest a square planar geometry around Ni"” and Pd™ ions and a

tetrahedral geometry around Co"" ion.
Introduction

During the past two decades, considerable
attention has been paid to the chemistry of metal
complexes of Schiff bases containing nitrogen
and oxygen as donor atoms ®?.This may be
attributed to their stability, biological activity™
and potential application in many fields such as
oxidation catalysis’ and electrochemistry®.
Semi and thiosemicarbazones are widely
reported to have biological activity both as free
ligands and as metal complexes®. On the other
hand large number of complexes formed by
macrocyclic Schiff bases with transition metals,
but the number of macrocyclic complexing
reagent as such, is much smaller”. The most
important results of extensive studies (syntheses,
spectral, magnetic, voltametric and structural
characteristics and biological activity) of metal
complexes  with  pyredoxal semi, thio,
isothiosemicarbazones have been reported ©. In
2008 bermejo studied zn", Cu' and Ag'
complexes of some semi and
thiosemicarbazones with benzene and pyridin
diacetyles®. Nature of bonding, stereo chemistry
and antimicrobial activiteis of p-vanillin semi
and thiosemicarbazone have been studied?.
Isatin-thiosemicarbazone and its  Cu(ll)
complexe related to the antiviral drug
methisazone was prepared and characterized by
different spectroscopic techniques . In this
research we attend to study a macrocyclic
system of semicarbazone and its complexes.

Experimental

Reagents were purchased from Fluka and
Rediel- Dehenge Chemical Co., I.R spectra
were recorded as (KBr) disc using a Shimadzu
8400 FTIR spectrophotometer in the range
(4000-400) cm™. Electronic spectra of the
prepared compounds were measured in the
region (200-900) nm for 10° M solution in
(DMSO) at 25°C using a Shimadzu 160
spectrophotometer ~ with ~ 1.000+0.001 cm™
matched quartz cell. Metal contents of the
complexes were determined by atomic
absorption (A.A) technique using a Shimadzu
A.A 680G atomic absorption spectrophotometer.
The chloride contents for complexes was
determined by potentiometric titration method
on (686-titro processor-665), Dosinat-metrom
Swiss. The (HPLC) chromatograms for the
complexes were obtained using a Shimadzu
2020 chromatography. Electrical conductivity
measurements of the complexes were recorded
at 25°C for 10°M solutions in (DMSO) as a
solvent using a PW 9526 digital conductivity
meter.

Synthesis of the ligand [HL]

Step(1): Preparation of the intermediate
compound [2,5-Hexandion bis-(Semi-
carbazone)]. A solution of 2,5-Hexandion
(0.5g, 4.348mmole) in methanol (5ml) was
added to semicarbazidhydrochlorid (0.65g,
8.696mmole) dissolved in methanol (5ml),
then(2-4) drops of glacial acetic acid was added



slowly to the reaction mixture. The mixture was
refluxed for 5 hrs, and allowed to dry at room
temperature for (24) hrs. Brown solid was
obtained. Yield (92%), (0.82g), m.p. (180°C).

Step(2): Preparation of the ligand [2,3,8,9-tetra
-methyl-1,4,5,7,10,12-hexa azo-5,12- dihydro -
6,11- dione 1,3,7,10-dudec-tetra-ene] [HzL]. A
solution  of  [2,5- Hexandion  bis—
(Semicarbazone)] (0.5g, 2.450mmole) in
methanol (5 ml) was added to ( 2,5-Hexandion)
(0.27g, 2.450mmole) dissolved in methanol
(5ml), then (2-4) drops of glacial acetic acid
was added slowly to the reaction mixture. The
reaction mixture was refluxed for 5 hrs with
stirring, filtered and the filtrate was allowed to
dry at room temperature for 48 hrs, washed
with (5ml) diethylether to give the Brownish
red solid. Yield (95%), (0.6g), m.p. (205°C).

Synthesis of complexes

All complexes were prepared by adding
dropwise a solution of the ligand [H,L] (0.1g,
0.387mmole) in (5 ml) methanol with stirring
to a solution of metal chloride MClI,.XH;0
dissolved in (5ml) methanol, where: [M= Co",

Ni" and Pd": X = 6, 6 and 0]. The reaction
mixture was allowed to reflux for 2hrs until a
coloury precipitate formed which was filtered,
washed with (5ml) diethylether and dried at
room temperature. Table (1) shows the stated
weight of starting materials, yield and some
physical properties of the prepared complexes.

Results and discussion

The ligand [H,L] was prepared in two steps
according to the general method of preparation
of Schiff base ligands®® shown in
Scheme (1).The (I.R) spectrum for [H2L]
Fig.(2), displays a band at 3190 cm™ which
assigned to the v(N-H) stretching vibration,
while the band at 1689 cm™ can be attributed to
the v(C=0) stretching vibration*®. The band at
1602 cm™ was attributed to v(C=N) stretching
vibration of imine group ®**®. Finally the band
at 1035 cm™ can be attributed to v(N-N)
stretching vibration®”. (U.V-Vis) spectrum,
Fig.(3) exhibits a high intense absorption
peak at (282nm ) (35461 cm?)
(emax =1876 molar*.cm™) which assigned to
overlap of (m —n*) and (n —n*) transitions (18),
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The *H NMR spectrum of the ligand [H.L]
is shown in Fig. (3). The spectrum reveales that
the N (2) H resonance is found as a sharp
singlet at lower field (9.95ppm) consistent with
its interaction with DMSO-ds. The resonance is
equivalent to two protons. The proton
resonance of the four methyl groups are
equivalent and appears as a sharp singlet at
(0=1.9ppm). The resonance is equivalent to
twelve protons. Also the protons resonance of
the four methylene groups are equivalent and
found as a sharp singlet at (6=3.1ppm). The
resonance is equivalent to eight protons®®, the
results are summerised in Table (4).
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Scheme (1) Preparation of the ligand [H,L].

The synthesis of the complexes was carried
out by the reaction of [HzL] with [MCI,.H,0]
[where; M = (Co, Ni and Pd)] in methanol
under reflux. The analytical and physical data
(Table-1) and spectral data (Table (2) and (3))
are compatible with the suggested structures.
Figs.(2a),(2b) and (2c) represent the (I.R)
spectra of [Co(H.L)](1), [Ni (H2L)](2) and
[pd(H2L)](3) complexes respectively. The
spectra show bands at 1677, 1679 and
1680 cm™ for compounds (1), (2) and (3)
respectively, assigned to v(C=O) stretching
vibration. These bands has been shifted to
lower frequency in comparison to that of the
free ligand at 1687 cm™®, this can be
attributed to the delocalization of metal
electrons density into w-orbital of the ligand
and formation of n—back bond (dr -prr)®. The
shift indicates involving of the oxygen atoms
in the coordination with the metal center. The
strong band in free ligand [H2L] at 1650 cm™
for the imine group v (C=N) was shifted to
higher frequency and appeared at 1660, 1657
and 1663 cm™ for compounds (1),(2) and (3)

respectively, this can be attributed to the weak
coordination between the metals and Nitrogen
atom®2")_ Comparison of the ligand spectrum
with the complexes spectra shows no changes
in azomethin band v (C=N) at 1612 cm™
indicating that the two lower azomethine
groups did not coordinate to metal ions. This
may be belong to the difficult of formation of
four member ring.

The bands at 1033,1030 and 1025 cm™
were assigned to v (N-N) stretching vibration®”
in the complexes (1), (2) and (3) respectively.
The appearance of the bands at 759-574 cm™
and 594-401cm™ are due to v(M-N) and
v(M-0) stretching respectively suggesting that
the oxygen atom in addition to the nitrogen are
involved in coordination with the metal ion.
The (1.R) spectral data of the complexes are
presented in (Table (2)).

The (U.V-Vis) spectra for the complexes
(1), (2) and (3) are shown in Figs.(3a), (3b) and
(3c) respectively. The absorption data for
complexes are given in (Table (3)). Each
spectrum shows two intense peaks in the U.V



region at (278 and 369nm); (285 and 385nm)
and (284 and 371nm) for complexes (1), (2)
and (3) respectively, these peaks were assigned
to ligand field and charge transfer transitions®".
Complex (1) exhibited peaks at 608 and
680 nm, which can be attributed to (d-d)
transition type (*A;—"T1). The observed peak
in spectrum of complex (2) at 465 nm is
assigned to (d-d) transition  type

(*A1g—'Asg).The spectrum of complexes (3)
exhibited very intense peak at 412 nm which
can be attributed to (d-d) transition type
(*Ai;—"B1g). These U.V-Vis data suggest a
tetrahedral structure to Co®™ and a square
planar to Ni"” and Pd™ions @, Fig.(1). The
conductance values determined in

molar
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(DMSO) solution (10 M) were found in the
range  (42.0-51.1) Am (Q'.cm®’Mole™)
(Table (3)) which indicates that the complexes
are non electrolytes ®”. The (H.P.L.C)
results of the complexes are presented in
Table (3).Figs.(4a and 4b) exhibit the
chromatograms of [Co (HzL)] and [Ni (HzL)]
complexes which show one signal at (tr =5.949
and 6.020 min) respectively, indicating the
purity of the complexes and appear as a single
species in solution. The atomic absorption
analysis and the chloride content results of the
complexes are in a good agreement with
suggested formula [M(HzL)].

Where; M = Co", Ni" and Pd"

Scheme (2) Preparation of the metal complexes.

Table (1)
Some physical properties of the complexes and its reactants quantities.

decomposition

Compound temperature chloride

Weight of metal

Weight —
of chloride Metal ion %

product Yield % Prac.

Brown

[Co (HeL1(1) Yellow

content (Theo)

24.77
(26.39)

Deep

[Ni (H:D](2) brown

25.01
(26.30)

Brown

[pd (H.L)](3)

Prac.= practical, (Theo.) = Theoretical

37.67
(39.28)
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Table (2)

I.R spectral data of the ligand and it’s complexes.
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v (c-H) alph 2920

[CO (H2L]

v (c-H) alph 2924

[Ni (HzL)]

v (c-H) alph 2985

[pd (H2L)]

Compound

[H2L]

282

Wave
number
Cm*

Table (3)
Electronic spectral data , and conductance measurement for the ligand[H,L] and it’s complexes.

&max Molar

Cm?

Assignment

T —7*
n—m*

Am

@'.cm?.Mole %)

v (c-H) alph 2925

Propose
structure

278

Ligand field

[Co (H.L)]

369

charge transfer

608, 680

7
Tip) — 4Az

tetrahedral

285

Ligand field

[Ni (HzL)]

385

charge transfer

465

1 1
Azg - Alg

Square planar

284

Ligand field

[pd (HzL)]

371

charge transfe

412

1 1
Blg‘_ Alg

Table (4)
'H, NMR data for the ligand in DMSO—ds and chemical shift in ppm(9).
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Fig. (2) The I.R. Spectrum of the ligand [H,L].
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Fig. (2a) The I.R. Spectrum of the [Co (H.L)].
s — -7 e 1 . ~ /’ 1
T ,r"n.‘_‘ / /_/v’;:\h\

1250

1000

—————r—r——}—
7S50 SCO

Fig. (2b) The I.R. Spectrum of the [Ni (H,L)].
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Fig. (3) The U.V. Spectrum of the ligand [HL].
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Fig. (3a) The U.V. Spectrum of the [Co (H.L)].
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Fig. (3b) The U.V. Spectrum of the [Ni (H,L)].
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Fig. (3c) The U.V. Spectrum of the [Pd (H.L)].
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Fig. (4a) The HPLC chromatogram of the [Co(H,L)].
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