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Abstract

A new neutral bidentate schiff base mixed ligand metal ions complexes of the composition,
[MLL] (NOs), where M=Co(l1), Ni(I1), Cu(ll), Zn(Il) and Cd (II) L*=(4-nitro benzylidene)-urea
amine, L=L%L® ligands derived from thiosemicarbazone and 4-chlorobenzaldehyde or 4-
bromobenzaldehyde were synthesis and characterized by elemental analysis, magnetic
susceptibility, molar conductivity, FT-IR, UV-Vis, and "HNMR spectral studies .The conductivity
measurements of cobalt(ll), nickel (I1),and copper () complexes were suggested to have a
tetrahedral geometry, but Zn(I1) and Cd (1) complexes were suggested to has square planner. The
structural geometries of compounds were also suggested in gas phase by theoretical treatments,
using Hyper chem-6 program for the molecular mechanics and semi-empirical calculations, an
addition heat of formation (AH; ) and binding energy (AEy) for the free ligands and it’s metal
complexes were calculated by using PM3 method .PM3 was used to evaluate the vibration spectra
of Schiff bases and compare the theoretically calculated wave numbers with experimental values
,the theoretically obtained frequencies agreed calculation helped to assign unambiguously the most
diagnostic bands. The antimicrobial activities of the metal chelats against the bacteria, Escherichia
coli and Staphylococcus aureus were studied.

Keywords: Biological activity, Thiosemicarbazone, Schiff base complexes, Complexes of
thiosemicarbazone

Introduction Experimental

Coordination chemistry of mixed hard- All reagents and solvents used were from
soft NS donor ligands is a field of current BDH, Annular or Merck. Microanalysis of
interest. The most important factoring this carbon, nitrogen, hydrogen and sulfur were
objective is probably the design of ligands carried out at the EUROEA-Elemental
with an appropriate structural backbone. analyzer ltaliy. (FT-IR) spectra were recorded
Thiosemicarbazone are most widely studied on a Shimadzu 3800, FT-IR spectrophotometer
are sulphur and nitrogen consisting ligands. as KBr, Csl discs in range (4000-400),
Thiosemicarbazone are now well established (4000-200)cm™ to ligands and complexes
as an important class of sulfur donor ligands respectively, while the solid reflectance, the
particularly for transition metal ions[1-3]. This UV-Vis spectra of the complexes were
is due to remarkable biological activities recorded in the range (200-1100)nm on a
observed for these compounds, which is since Shimadzu UV-160 spectrophotometer, in
been shown to be related to their metal freshly prepared 10° M solution in (DMF) at
complexing ability. These compounds present room temperature using quartz cell (1.00) cm.
a great variety of biological activity ranging Melting points were measured on a melting
from antitumor, fungicide, bactericides, anti- point apparatus, Gallen Kamp, England.
inflammatory, and antiviral activities [4-8]. Magnetic susceptibilities of the complexes
The metal ions are also known to accelerate were measured by the Gouy method at the
drug action. The interaction of metal ions with room temperature using Jhnson Matthey
nucleic acids and nucleic acid constituents has (Alpha product), model MKI magnetic
been activity in the recent years [9,10]. susceptibilities balance. The conductivities of

10° M solution of the metal complexes in
DMSO were determined at room temperature
using a PW 9526 Digital conductivity meter.

30



Shaimaa Rhajab Bakir

Metal contents of the complexes were Synthesis of Schiff Base : L* and L"[11]
determined using a Shimadzu A. A680G The  ethanolic  solution of 4-
atomic absorption Spectrophotometer. chlorobenzaldehyde (1.4g, 10mM) or 4-
Nuclear magnetic resonance *"HNMR spectra bromobenzaldehyde (1.85g, 10mM) was
were recorded using Bruker (400) MHz refluxed with thiosemicarbazone (1.27g,
spectrophotometer with a tetra methyl silicon 10mM) for 7 hours, the volume of the solution
(TMS) as an internal standard in DMSO- was reduced to half. On cooling, a light yellow
d6.Syria. The chloride contents in the solid was separated, filtered and recrystallised
complexes were determined by potentiometric from ethanol.

titration by use platen electracle.

S
VAR I ethanol S
—\‘FCH H,N-N—C-—NH, a4 . C-N-N-C-NH,
H 7hours reflux H H

X=Cl or Br thiosemicarbazone P-chloro or bromo benzylideno imino thiourea
Synthesis of Schiff base L*: 15 mM), the volume of the solution was
The ethanolic solution of  4-nitro reduced to one third. On cooling, a white solid
benzaldehyed (1.68g , 10mM) was refluxed for was separated, filtered, recrystallised from
(10hrs) with semicarbazide hydrochloride ethanol and dried.

(1.11g, 10m M) and sodium acetate (1.23g,

(@] (@)
/ Z th I -H,O
OaN‘@C’:—HJerN—'.\FC/—NHZI—iCl TR 0 N@‘F‘” I\ CNH2
H Sodium acetate

4-nitro benzaldehyed semicarbazide hydrochloride P-nitro benzylideno imino urea

General Method for Preparation of the intensive. However, due to advances in
Complexes: computer storage capacity and processor

An ethanolic solution of L* (0.224g,1mMZ performance, molecular modeling has been a
and an ethanolic solution of ligand L® or L rapidly evolving and expanding field to the
(0.213, 0.257g, ImM) were added respectively point that is now possible to solve relevant
to an aqueous of metal salts (Co(NO3),.6H,0, problems in an acceptable amount of time.
Ni(NO3),.6H,0,Cu(NO3),.3H,0,Zn(NO3)s,. Electronic structure calculations provide useful
3H,0,Cd(NO3),.4H,0(0.291,0.290,0.241,0.26 estimates of the energetic properties of
3,0.308g). The reaction mixture was chemical systems, including molecular
continuously stirred for 3hr. The required structures, spectroscopic features and probable
product was shortly precipitated at room reaction pathways [12].

temperature. The precipitates were filtered
and washed with 1:1 ethanol: water and
recrystallized from ethanol and dried at 60C°.

Types of Calculation:
-Geometry optimization calculations employ
energy minimization algorithms to locate

Programs used in Theoretical Calculations: stable structures.

Computational chemistry may be defined -Vibration frequency calculations to find the
as the application of mathematical and normal vibrational modes of an optimized
theoretical principles to solve the chemical structure. The vibrational spectrum can be
problems [12]. Molecular modeling, a subset  displayed and the vibrational motions
of computational chemistry, concentrates on associated with specific transitions can be
predicting the behavior of individual animated.

molecules within a chemical system. The most
accurate molecular models use ab initio or
(first principles) electronic structure methods,
based upon the principles of quantum
mechanics, and generally vary computer—
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Determination of Biological Activity:

Disc diffusion method was used for
screening the ligands and its complexes [13]
for primary selection of the compounds
as therapeutic agents. These complexes by
using (5mM and 10 mM) tested against Gram-
positive staphylococcus aureus, gram -
negative Escherichia Coli .Nutrient agar plates
were incubated with DMSO of an appropriate
dilution of the tested culture and the plates
were incubated at the appropriate temperature
for 24 hrs.

Vol.15 (3), September, 2012, pp.30-42

Science

Results and Discussion

The reaction of Co(l1),Ni(Il) Cu(ll) ,Zn(I1)
and Cd(l1)salts with mixed ligand L', L* and
L® gave complexes of the general formula

[ML'L](NOs), M= Co(II),NigI), Cu(ll),
Zn(l) and Cd(ll) L=L* or L°.L1=(4-nitro
benzylidene)-urea  amine.The  analytical

data of these complexes are presented in
Table (1).These complexes are generally
soluble in common organic solvents. The
metal to ligands ratio of all the complexes was
1:1:1 according to the elemental analyses
results.

Table (1)
Physical properties and molecular weights of ligands and complexes.

Mol.Formula

i 0,
Mol. Weight VE e

(C8H8N4O4)
L1=224

Light

yellow 217-220

C% Calcd
(EXp)

42.85
(44.00)

25.00
(24.32)

(CgHgN3SCI)

iy 150-154

Yellow

44.96
(43.82)

19.67
(20.71)

(CgHgN3SBTr)

Light
LP=257.9

yellow 153-155

37.22
(37.73)

16.28
(15.75)

[Co(L'LY)I(NO5)

~620.43 255-257

Black

30.94
(31.21)

18.05
(20.01)

9.49
(10.31)

[Co(L'L") (NO3),

—664.83 Black

250-253

28.87
(27.79)

16.84
(17.18)

8.86
(8.18)

[Ni(L'LJ(NOs),
=620.19

Dark

Brown 275-277

30.95
(31.80)

18.05
(19.23)

9.46
(10.11)

[Ni(L'L"](NO3),
=664.83

Dark

Brown 290-292

28.87
(29.11)

16.84
(17.77)

8.82
(9.21)

[Cu(L'L)I(NO,),
=625.04

Dark

Brown 294-296

30.71
(31.06)

17.91
(17.78)

10.16
(11.03)

Dark
Brown

[Cu(L'L")](NOy),

—660.44 299-300

28.68
(29.09)

16.73
(16.66)

10.13
(9.98)

[Zn(L'LY)](NO),
=626.89

Brown 300-304

30.62
(29.93)

17.86
(16.66)

10.43
(9.43)

[Zn(L'LY)](NO),

—671.28 301-304

Brown

28.60
(28.78)

16.68
(15.88)

9.74
(10.32)

[CA(L'LY)I(NOs),

—673.61 288-290

Brown

28.50
(28.77)

16.62
(15.87)

16.64
(17.11)

[CA(L'L)I(NO,),

—718.00 274-277

Brown

(*HNMR) Nuclear Magnetic Resonance
Spectral Studies:

The *HNMR spectrum of ligands L* and
L° in DMSO-d® solvent shows (Fig.(1)),
(Fig.(2)) a multiplet signal at (6 =7.346,7.72,
6= 7.92ppm) and (8 =7.346, o= 7.74,
7.98 ppm) which are due to aromatic hydrogen
and carbon respectively of ligands L* and
L® singlet signal at (5=3.52ppm) and

26.74
(28.01)

32

15.59
(14.44)

15.61
(16.00)

(6=3.47ppm) equivalent to two protons
assigned to (N-H,) group and singlet signal at
(6 =6.48 ppm) and (5 =6.52 ppm) equivalent to

first protons assigned to (N-H) group
respectively. The proton sat (N=C-H)
azomethine group appears as a singlet

signal at (6 =10.39ppm) and (6 =10.45 ppm)
respectively of ligands L% and L™



Fig.(1) The Nuclear Magnetic Resonance
Spectra of L®.

Fig. (2) The Nuclear Magnetic Resonance
Spectra of L".

Infrared Spectra:

A study and comparison of infrared spectra
of free ligands (L1,L® and L° ) and their
complexes, Table (2) (Fig.(3), Fig.(4)) imply
that these ligands behave as neutral bidentate
and the Co(l1), Ni(ll), Cu(ll), Zn(Il) and Cd(lI)
are coordinated through N of azomethine
group and S of thioketo group and O of
carbonyl group. The strong bands observed at
(3449, 3394 and 3382)cm™ region in the free
ligands L*, L® and L" respectively are assigned
to (NH) vibrations. Practically no effect on
these frequencies after complexation precludes
the possibility of complexation at this group.
The absorption at (1597 and 1599) cm™ in
the free ligands can be attributed to
(C=N) stretching vibration of imine nitrogen,
which is in agreement with the observations of
previous authors [14]. On complexation, these
frequencies were observed to be shifted to
lower wave number Table (2). These
observations suggest an involvement of
unsaturated nitrogen atom of the azomethine
group in bonding with the metal ions. In
substituted thioureas, the (C=S) stretching

Yy
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vibrations are contributed much with some
other vibrations as (CN) stretching and
bending as well as (N-C-S) bending
modes [15]. In the spectra of the present
ligands, the bands observed in (1307, 1288
and1307,1291)cm™, (1103 and 1110 ) cm™ and
(821,737 and 830,737)cm™ are assigned to [v
C=S+v C=N+ v C-N],[v N-C-S + v C=S]
bending and [v C=S-] stretching , respectively,
and which is shifted to lower frequencies
in the spectra of all the complexes
(1669-1600)cm-1 for the L1 indicating
the involvement of —(C=0) oxygen in
coordination to the metal ion. Following the
observation Irving and some other authors
coordination of sulfur with metals ions result
in the displacement of elections toword the
latter, thus resulting in the weakening of (C=S)
bond. In far infrared region, the bands in (420-
398), (318-300) and (491-526) cm™ are
tentatively assigned to v(M-N)and v (M-S) and
v (M-O)stretching bands respectively[16]. In
conclusion, the infrared spectral studies
suggest the bidentate (N, S) for L and (N, O)
for L1 nature by pointing out the sites of
possible donor atoms.
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Table (2)

The most diagnostic FT.IR a bonds for the ligands and its complexes(cm™).

Compound

(CgHgN,O,)L!

v (C=S)+(C=N)
+(C-N)

(CgHgN3SCI)L?

1307 +1288

(CsHgN5SBr)L"

1307 +1291

[Co(L'LY)I(NOs),

1354

[Co(L'L")I(NOs),

1354

[Ni(L'L)1(NO3),

1351

[Ni(L'L")1(NO3),

1355

[Cu(L'L*)](NO3),

1358

NO3)([Cu(L'L")]

1352

[Zn(L'LY)](NOs),

1355

[Zn(L'LY)](NOs),

1349

[CA(L'L")](NOs),

1358

[CA(L'L")](NOs),

1356

s srmsanzy

Fig. (4) The FT-IR spectra of L".
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Electronic Spectra:

The electronic spectra of the ligands and
the Co(ll), Ni(ll), Cu(ll), Zn(Il) and Cd(ll)
complexes were recorded in DMF at room
temperature. The UV spectral data of
the ligands and their complexes are given in
Table (3). The aromatic band of the ligands at
(337and 339) nm for L and L° respectively is
attributed to benzene n-7* transition. The band
around (372,372 and 316) nm for L? ,L.°and L*
respectively is due to the n-m*transition of the
nonbonding electrons present on the nitrogen
of the azomethine group in the shiff base.The
complexes of the Co(ll),Ni(ll),Cu(ll) show
less intense shoulders at ( 682,677) nm ,
(651,644) nm and(584,602)nm with the
ligands respectively ,which are assigned as
d-d transition of the metal ions. The
former band is probably due to the *A,—"T;,
for [Co(L'L)] (NOs),, °Tip—>Tip for
[Ni(L'L)](NO3),  and  2T,—’E;  for
[Cu(L'L)](NOs), transition of tetrahedral



geometry [17] (Fig.(5)).The spectra of the
Co™, Ni*? and Cu™® complexes show an
intense band at (430, 432) nm, (420,420) nm,
and (440, 443) nm respectively, which can be
assigned to charge transfer transition of
tetrahedral geometry [18] but the Zn(ll) and
Cd(Il) complexes show less intense shoulders
at (390 and 405) nm with ligands respectively ,
which are assigned as charge transfer
(C.T) metal ligand for [ZnL'L](NOs), and
[Cd L'L](NOs), transition of square planner
(Fig.(6)). The molar conductance values of
the complexes in DMSO are presented in
Table (3). The values are in the rang (71-79)
(AmQ* cm?mol?) to account for any
dissociation, therefore the complexes are
considered to be 1:2 electrolytes [19]. The
observed magnetic moments of all these
complexes Table (3) are in (2.12, 2.71 and
3.89) and (2.02,2.75,3.85) B.M. for Cu, Ni and
Co complexes respectively [20], but Zn and
Cd complexes diamagnetic.

Table (3)
Electronic spectra, conductance in DMSO(10*)M and magnetic moment for
ligands and Complexes.

Compound

(CgHgN,O,)L!

assignment

n—omn*
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N
\ N
NH CH
R
H,N

Fig. (6).

Molar
Conductance
Am(Q* cm*mol ™)

(NO3)2

(NO3),

e (B.M.)

(CgHgN3SCI)L?

n—m*
ok

(CgHgN3SBr)LP

n—omn*
n—on*

[Co(L'L")](NOs),

n—*

CT
4A2—)4T1 (P)

[Co(L'L")](NOy),

n—m*

CT
4A2—)4T1 P)

[Ni(L'LY)I(NO)

n—om*
CT
Tip— T

Ni(L'L")](NOy),

n—omn*
CT
3 3
Tin—"Tap)

Cu(L'L")1(NOs),

n—*

CT
2T2—>2E1
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379 n—m*
Cu(L'L")](NO3), 443 CcT 70 2.12
602 2T,—°E,
1, a 378 n—m* . .
[Zn(L"LY)](NOs), 390 CTML 78 Diamagnetic
1y b 380 n—om* . .
[Zn(L"L7)](NOs), 390 CTML 78 Diamagnetic
1 a 377 n—m* . .
[CA(L"L)I(NOs), 205 CTML 70 Diamagnetic
1 b 365 n—m* . .
[Cd(L"L")I(NO3), 205 CTML 73 Diamagnetic

Antibacterial Activates:

The data of antibacterial activates of the
prepared ligand and its complexes are given in
Table (4), the result showed that the
complexes have more toxicity against the
bacterial species than the free ligands.This can
be attributed to the Tweed's chelation theory
[21], according to which the chelation reduces
the polarity of the metal atom mainly because

of the partial sharing of its positive charge
with donor group and possible electron
delocalization over the whole chelating ligand.
Such coordination could also enhance the
lipophilic character of the central atom, which
subsequently favour its permeation through the
lipid layer of the cell membranes. [22]

Table(4)
Diameter of zone of inhibition(mm).

Compounds

Staphylococcus aureus(G+)

Escherichia coli (G-)

Concentration 5mM

(C8H8N4 04) L

10mM 5mM 10Mm

(CgHgN3SCIL?

(CgHgN3SBr)L"

[Co(L"L*)I(NOs),

[Co(L"L")I(NO),

[Ni(L'L)](NO5),

Ni(L'L")I(NO5),

Cu(L'L)I(NOs),

Cu(L'L")](NOs),

Zn(L'LY)I(NOy),

Zn(L'LY)I(NOs),

Cd(L'LY)I(NO5),

Cd(L'L)I(NOs),
(-) = No inhibition.
Optimized  geometries
vibrational for
complexes:

A theoretically probable structures of
metal complexes with Schiff bases are
calculated to search the most probable model
building stable structure, these shapes Fig. (7)
shows the calculated optima geometries for
ligands and it’s metal complexes. The result of
PM3 method of calculation in gas phase
for the heat of formation and binding energies
of shiff bases were tabulated in Table (5).
The vibrational spectra of the free ligands

and

energies
ligands and their metal

36

have been calculated, Table (6). The
theoretically calculated wave number for these
ligands showed that some deviations from
the experimental values, these deviations
are generally acceptable in theoretical
calculations. The most diagnostic calculated
vibrational where chosen for the assignment of
ligands, which are included in Table (6), and
Fig. (9,10).

Electrostatic potential:

The electrostatic potential is used to give a
simple representation of more important
features of molecular [23] reactivity.
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Therefore, it has been calculated and plotted as transition metal ion prefer to react with the
2D contour for molecule of free ligands, and HOMO of N atom azomethain of Schiff base ,
Fig. (8) illustrated its contour map. The results S of thioketo group and O of carbonyl group.

of calculation showed that the LUMO of

CoL1L?

NiL1L® "

Fig. (7) Conformational Structure of ligands and their Complexes.
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Vaey(NH,)3268

Veym(NHZ)3140

Fig. (9) The Calculated Vibrational Frequencies of L®.
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" h

T

Vasy (NH;)3267

veym (NH5)3200

Fig. (10) The Calculated Vibrational Frequencies of L".

Table (5)

Conformation energetic in (KJ.Mol™) for imines and its metal complexes.

Conformation

(CeHsN,O,)L*

-54.987634

-4980.9584201

(CgHgN,SCIL

98.6202329

-2117.4557671

(CsHgN5SBI)L"

83.9917368

-2134.3342632

[Co(L"L?)I(NOs),

-222.6018287

-4871.6458287

[Co(L'L)](NOy),

-9.4087415

-4658.8527415

[Ni(L'L)1(NO3),

37.5727319

-4589.7712681

Ni(L'L")](NO3),

-432.9087654

-6762.6984320

Cu(L'LY)](NO,),

-35.9770126

-4608.9669874

Cu(L1L")(NO3),

-23.9704328

-8054.5843091

[Zn(L'LY)1(NO3),

-8.04552010

-9001.009933

[Zn(L'L")1(NO3),

-94.9034412

-6879.11878701

[CA(L"L?)I(NOs),

34.090932

-9988.0187609

[CA(L'L")I(NOy),

-67.337868

Y4

-55655.577991
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W(NCS+C=S)
(3449)* (1669)*
L* (3422)** (1700)**
(0.78)*** (o185
(3240)*
(30288’2: (3394)* | 1597)%( | (821)* (1103)*
L (i3i5)9)* (3308)** | (1622)** | (798)y** | (1129)**
3140y | @O | (LETE | (28 | (24
(0.6)***
(3240)*
2077 | @es2y | syt | @0 | (o
L (i3i5)9)* (3307)** | (1602)** | (867)** | (1118)** ]
(3200)** (2.2)*** (-0.6)*** (-4.4)*** (-0.7)***
(_1.3)***

*: Experimental frequency, **: Theoretical frequency, ***: Error % due to main difference in the experimental
measurements and theoretical treatments of vibrational spectrum.
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