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Abstract

Zn-Schiff-base Complexes(ll) have been synthesized. The Schiff-bases prepared and their
complexes were identified by IR, UV-Visible and elemental analysis (CHN). These experiments
show that transition metal can form complexes with Schiff base in the ratio 1:2[M:L]. The
Schiff-base(l,Il) and their complexes(ll1,1\VV) were studied by quantum chemical methods, the
optimized structures of the compounds(l,IL,111,1VV) were obtained by the semi-empirical PM3
method. The value of total energy for complexes as found (l11,1V) is less than Schiff base ligand
(1,11), which strongly indicates the stability of the complexes. Also the dipole moment of
complexes high values as compared with Schiff base ligand. The changes of the bond lengths in
complex (IV) indicate the presence of n-conjugation in the aromatic system for aromatic ligand
(I if compared with aliphatic ligand(l). The mean distances N-Zn and O-Zn in the complex(1V)
an decreased compared with the complex (lll))because of the complex (IV) have high
electrostatic attraction.
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Introduction

Schiff base derived from an amine and
aldehyde are important class of ligands that
coordinate to metal ions via azomethine
nitrogen and have been studied
extensively®. Schiff base complex are
important for designing metal complex
related to synthetic and natural oxygen
carriers® . The complexes
make these compounds effective and
stereospecific  catalysts for  oxidation,
reduction and hydrolysis and they show
biological activity, and other transformations
of organic
and inorganic chemistry' It is well know that
some drugs have higher activity when
administered as metal complexes than as
freeligands®*°>
Computational chemistry is a new discipline,
its advent and popularity have paralleled
improvements in computing power during
the last several decades, as with other
disciplines, computational chemistry uses
tools to understand chemical reactions and
processes. Scientists use computer software
to gain insight into chemical processes®”.
The challenges for computational chemistry
are to characterize and predict the structure
and stability of chemical systems, to
estimate  energy differences  between
different states, and to explain reaction
pathways and mechanisms at the atomic
level and bond geometries, angles, torsion,
atomic charges®”. One of software tools for
computational chemistry is HyperChem
computational chemistry
program,HyperChem is a versatile molecular
modeler and editor and a powerful
computational package. It offers many types
of molecular and quantum mechanical
calculations®**

In the present study ,Zn-complexes of
Schiff base were prepared, characterized by
IR, UV-visible and elemental analyses and
we have investigated the structural
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properties and relative stabilities for the first
time theoretically by performing semi-
empirical PM3 calculation.

Experimental
A - Chemicals

Ethanol , methanol, salicylaldehyde, 1-
amino propane from ( Fluka Co), acetic
acid, ether,aniline, chloroform, metal
chloride (Merck Co), were purified before
using*?)

B - Instruments

IR- Infrared spectrophotometer from
made by Buck Scientific Model 500 in the
range (4000 — 600) cm . U.V-Visible
spectrophometer, Model-U-1500- HITACH
Melting Point, Model — Electro thermal
melting point 9300. The CHN analyses were
carried out in Micro Analytical Center/
Faculty of Science, Cairo University/ Egypt

Method
Synthesis of the Ligand (1)®

0.04mol (3.20ml )of the propyl amine
and 0.04mol (4.20ml) salicylaldehyde were
dissolved in 100ml absolute ethanol with a
few drops of acetic acid as a catalyst. The
solution was then refluxed for 2 h. the ligand
was obtained as yellow micro crystals, and
washed with 20ml of cold absolute ethanol
and then recrystallized for several times
from ethanol — chloroform (1:3,v/v) 91%
yield, m.p.102-103 Oc. Schiff bases have

been characterized by elemental analysis and
IR, UVspectra ,Figurel.

Synthesis of Ligand (11) ¥

The methanolic solution 50ml of aniline
3.656ml (0.04mol)  with the methanolic
solution 50ml of salciylaldehyde 4.20ml (
0.04 mole) in equimolar ratio with a few
drops of acetic acid as a catalyst. The
mixture was refluxed with stirring for 3h ,
the condensation product was filtered,

v
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washed from ethanol, recrystalised with
ethanol, and dried under reduced pressure

over anhydrous CaCl2(10). The resulting red
product, 89% yield , m.p. 53-54 0C. The

CH —N —CH2 —CH 2 —CH 3

Synthesis Complexes (111 )

A mixture of ligand 16.5g (0.04mol),
and metal chlorides 2.7g (0.02mol) in
100ml ethanol. The mixture of reaction was
refluxed on a water- bath for 10 h. The
solution obtained was left at room
temperature. The precipitate was filtered |,
washed with ethanol and recrystallized from
ethanol — chloroform (1:3,v/v). dried over
anhydrous CaClz, dark black solid, 86 %
yield , m.p >300. Characterized by elemental
analysis and IR, UV spectra. The structure
was showed in the Figure 2

\Vol.2 (4

Feb./2011

Schiff bases have been characterize by
elemental analysis and IR, UV spectra,
Figure 1.

Ligand |

Ligand 1l

Synthesis Complex ( 1V )@

5.9g (0.03mol) ligand( 11) , and 29

( 0.015mol) metal chloride were mixed with
100ml ethanol and heated under refluxed for
2h. On cooling a crude product was formed,
filtration and washed with mixture ethanol —
water

( 3:1,v/v). dried over anhydrous CaClz,
brown solid, 84% vyield, m.p. >300.
Characterized by elemental analysis and IR,
UV spectra. The structures are showed in the
Figure2.
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Study of Electronic Properties
Computational Methods

Electronic structure methods provide
useful information on the molecular
structure and charge distribution, so they are
useful to understand and describe systems
where electronic effects and molecular
orbital interactions are dominant. Depending
on the theoretical assumptions used for
calculations, electronic structural methods
belong to one of two fundamental groups: ab
initio and semi-empirical*® . Semi-empirical
methods use parameters derived from
experimental values that simplify theoretical
calculations. These methods usually do not
require long computation times,and lead to
qualitative  descriptions of  molecular
systems. In particular, the semi-empirical
PM3 method makes uses of an accurate
procedure to predict chemical properties,
through a simplified Hartree-Fock (HF)
Hamiltonian®'”- Based on the above
considerations, the following methodology
was chosen for our computer simulations. A
full  quantum  mechanical  geometry
optimization with no symmetry restrictions
was performed at the semi-empirical PM3
level of theory.

Two Schiff base ligands and their Zn-
complexes were optimized by the semi-
empirical PM3 method. All calculations
were performed on the Pentium (R)4/IPM-
PC- CPU 3.00GHz, 2.00GB of RAM.

Result and Discussion

In this paper, we describe the synthesis
of Zn(I)-Complexes(Ill,1V), were formed
in good yield, the ligands and its complexes
are stable at room temperature and are
nonhygroscopic.The elemental analysis data
suggest that the complexes have ratio 1:2 (
metal — ligand ) stoichiomtry. Based on the
elemental chemical analysis has been
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suggested, for complexes(l1l,1V) the formula
ML,. The analytical and physical data for
the ligands and their complexes are listed in
Table 1.

UV Spectra®®!®
The electronic absorption spectra of the
Schiff-base  ligands(l, 1) and its

complexes(Ill, 1V) were recorded at room
temperature using DMF as solvent. The
essential absorption of prepared compounds
were appeared red shift ( Bathochromic )
comparing with free ligand. The absorption
band at 285nm, 305nm respectively is
observed in the spectrum of the free Schiff-
bases(I, II), suggesting the presence of (m-
n*)transition. For Zn- complexes(l11,1V), the
spectral data display two bands at
350,410nm and 330,370nm respectively.
The first band is due to (m-m*)transition,
which can be assigned to electron
delocalization over whole molecule on
complexation, the second band is attributed
to (d-d)transitions due to transfer  of
electrons from nitrogen — oxygen to the
empty d-orbitals of the metal atom( donors
and acceptor). The all bands were show in
Figures( 6,7,8,9).

Table (1).

IR Spectra®®2Y

The Schiff-base and their complexes
were identified by IR1 spectroscopy in the
range (4000-600)cm~ as KBr discs are
shown in Figures 10,11,12,13. The OH
group in ligand(l,11) was appeared in the
range 3010 — 3405 cm-1 and 3110 — 3480
cm-1 respectively, while it disappeared in
the IR-spectra of the  Schiff-base
complexes(I11,1VV) which may be attributed
to deprotonation and formation of the metal
ion M-O. The absorption bands at 1645,

1625 cm=l in  Zn-complexes(lll, V)

44
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respectively are due to v(C=N) vibrations

ligands 1610- 1625 cm-1, this fact can be
taken as an evidence of the coordination of
azomethine nitrogen and oxygen to metal
atom, and this can be explained by the
donation of electrons from nitrogen -
oxygen to the empty d-orbitals of the metal
atom . The(C-H) stretching bands in ligand

(I ,11) appear in the region 2885-2960 cm~

land 3010-3095 cm-1 respectively, while in
complexes(lll, 1V) appear in the region

2811-2925 cm-1 and 3050 cm-1 respectively.
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while corresponding bands in the free
The(C-H) bending bands(out of plane) in
ligand (I ,Il) appear in the region 620 and
620 cm™l  respectively, while in
complexes(lIll, 1V) appear in the region 710-

700 cm1 respectively. The new of bands in
Zn-complexes(lll, 1V) at the range 735-720

cml and at the range 624-611 cm-!
respectively, have tentatively been assigned
to vM-O and vM-N respectively. The all
mentioned bands were shown in Table (2)

Table- 1- Analytical and physical data of the ligand (1,11) and their complexes (I11,V).

Compound | Color MLP or dec. U.V/Visible. | Yield Calculated
temp?C Amax. (%) (Found)(%)
nm
C H N
Ligand vellow 102-103 285 91 7359 | 802 | 837
I (73.22) | (7.96) | (E.22)
Ligand Red 33-54 305 g9 7917 | 561 | 7.09
I1 (78.76) | (3.43)| (7.11)
Zn-Complex | Dark =300 350410 86 6162 | 620 | 7.18
I11 black (60,59 | (6.19) | (7.11)
Zn-Complex | Brown =300 330-370 g4 6820 | 440 | 6.11
IV (68.13) | (4.25) | (3.04)

Br:broad, s:sharp, m:medium, w:weak
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Table — 2- IR data for prepared compounds

Wave numbers ( cm—l}
Compounds o o o o -~ o
O-H C-H v N=C | v C=C | C-O C-H M-N | MO
br stretching s m m bending w W
m w
Ligand I 3010-3405 | 2885-2960 1625 1478 1125 620 - -
br m S m m
Ligand IT 3110-3480 | 3010-3095 1610 1485 1120 620 - -
br m S m m
Zn-Complex 111 - 2811-2925 1645 1470 1138 710 624 735
m s m m m m
Zn-Complex - 3050 1625 1480 1130 700 611 720
v m s m m m m

HyperChem Calculation

To calculate the properties of a Table3.In  both complexes (I11,1V), the
molecule, we need to generate a well- ligands can coordinate to the Zn(ll)
defined structure, a calculation often through  the phenol  oxygen and
requires a structure that presents a azomethine nitrogen. In Comp|ex
minimum  on a  potential  energy. Zn(L2),(IV) the distance between [d(N-

HyperChem contains several geometry
optimizers to do this. We are calculate
properties of a molecule and use the
optimized structure as a starting point

Zn) =1.92 AO] and the distance between

[d(O-Zn) =1.85 AO] are shorter than in
complex Zn(L1)2(1l)- [d(N-Zn) =2.01

for subsequent calculations. Such as AO], [d(O-Zn) =197 AO] due to
total energy(ev) , dipole moment, heat presence  of  m-conjugation in  the
of  formation(kcal/mol) ,  electronic coordinated anion with aromatic ring
energy(ev), core-core repulsion(ev), (phenyl) in ligand (L2)(II) and shorter
symmetry.bond distance(A0) and bond than the average values n
angles®? . The optimized structures corresponding  structures  because  of
to Two Schiff base ligands( I, Il ) and electrostatic  attraction  between  both
their ~ Zn-complexes (HLIV)  are OXygen agg nitrogen and zinc

visualized in (Figs 3,1 , I, NI, V cation®. On the other hand, the =-
sequence) and selected parameters of conjugation causes the decrease of Schiff
their structural data are summarized in base bond length in complex Zn(L2)2(1V)

[d(C-N) =1.27 AO],compared with the

Yo
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complex Zn(L1)2(111) [d(C-N) =1.31 A0j,
this behavior reflects the strong electrostatic

distance between [d(C-O) =1.36 AO] are
shorter than in complex Zn(L1)2(I1l) the

distance between [d(C-0O) =1.30 A0] while

the distance between [d(C-O) =1.36 AO] in
ligands are equilibrium The computed heat
of formation, total energy, electronic energy,
core-core repulsion energy, ionization
potential and their other computed results
(for compounds I-1V) on the basis of PM3
method are given in the Table 3. Variation of
total energy for compounds I-1V is shown in
the Table.4. The computed total energy
values for Schiff base complexes ( IlI, V)
are less than Schiff base ligand (1,11) which
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attraction between the amino group and the
zinc cation®. In complex Zn(L2),(1V) the

indicates the stability of Schiff base
complexes (111, 1V) ®®. The dipole moment
plays a key role in establishing the active site
of the ligand, for complex formation and
hence these values are also given in the
Table (4) for Schiff bases . The dipole
moment for the compounds (I — IV) (Table
4) shows that this parameter has the
appreciable high values for complexes
compared with its Schiff base ligand, which
also supports the fact that these Schiff bases
prove to be effective ligands for the purpose
of complex formation®"?®,

Table 3: Molecular descriptors of observed compounds.

PARAMETERS OMPOUNDS
L1 (I L2 {m Zn{L1): (1) | Zn{L2): (IV)
Heat of formation (KCAL/mol) 2673 13.61 317 181.17
Total Energy (e¥) -1841.32 -2164 33 -3678.27 -4321.06
Electronic Energy (eV) -2034.74 -2290.44 -29782.29 -3EE06.06
Core — Core Repulsion (eV) 19341 125,61 2610402 344655.00
Dipole (debhye) 3799 381 6.14 .97
Symmetry 21 Cs C2 i1
Gradient Norm 25818 324 8% 1195 B2 1875.58
Mo. of Fields Level 22.00 37.00 &4 .00 74.00
lonization Potential {eV) 033 913 8.20 7.33
Homo -9.33 I -8.20 733
Lumo -0.60 -1.03 -0.59 -1.64
Molecular Weight 16321 15723 38980 457 83
Scf Calculations 76.00 124.00 48500 868 00
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Ly (1) Lo (1)

Zn-(Lg)2 (111) Zn-(L2)2 (1V)

Figure 3: PM3 geometry of the compounds
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Table 4: Selected structural parameters of the optimized compounds, bond
distance (A) and bond angles in (°) as obtained from PM3 method

BOND S/ COMPOQUNDS
ANGLES LI(I) L2 (1) Zn(L1)=z ( 1) Zn(L2)z( IV)
Cg-Cr 1_46 1. 46 1.43 1.35
C7-N 1.29 1.3 1.31 1.27
Cs-0 1.36 1.36 1.30 1.36
MN-C 40 1.46 1.43 148 1.27
Ca0-Caq 1.52 1.40 1.53 1.35
O-H 0.97 0.97 - -
Cy-H 1.10 1.10 1.10 1.10
Cs5-Cg 1.41 1.41 1.42 1.35
C,-Cg 1._40 1.40 1.42 1.35
MN-Zn - - 201 1.92
O-Zn - - 1.97 1.85
Cs-Cs5-0 123 46 123.43 12777 124 73
Cs-C+-H 117.71 118.80 115 .66 11397
Cg-C7+-N 118.63 11892 125 98 13215
C7-N-C 0o 122 06 12183 12026 124 22
MN-C+-H 123 64 122 27 118 34 113 83
C5-O-H 107 .48 107.75 - -
Cs5-0-Zn - - 11995 114 28
O-Zn-0O - - 11876 11247
O-Zn-N - - 114.07 111.38
MN-Zn-M - - 112 12 115 .76
307 P
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Figure 6: UV-Visible spectra of ligand (1)

in DMF (1 x 10°) M

Figure 7. UV-Visible spectra of ligand (1)
in DMF (1 x 10°) M
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Figure 10: IR-spectrum of Ligand I.
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Figure 11: IR-spectrum of Ligand Il
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Figure 13: IR-spectrum of Zn-complex 1V
Conclusions:

In complex Zn(Lp)7 (1V) the distance N-

Zn and distance O-Zn are shorter than in
complex Zn(L1)2 ( Ill) because of =-

conjugation with aromatic ring (phenyl) in
ligand (L2)(11) and shorter than the average

values in corresponding structures because
of electrostatic attraction between both
oxygen and nitrogen and zinc cation. This
behavior reflects the strong electrostatic
attraction between the amino group and the
zinc cation. Total energy for Complex (lll,
IV) less than Schiff base ligands ( I, 1I),
strongly indicates the stability of complexes
( 11, 1) . Dipole moment have maximum
values for complexes compared with their
Schiff base Igiands This high dipole
moment may make the complexes attractive
for the interaction with other systems
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