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Abstract---This paper consists of three main parts: First part:
includes the synthesis of ligand for Schiff bases (Li, Ly) from the
reaction of aldehydes (vanillin, isovanillin) with amines (cytosine),
which are shown in the following: Li: 4-(I'-azaneyl)pyrimidin-2(1H)-
one2-methoxy-4-vinylphenol; L.: 4-(I'-azaneyl)pyrimidin-2(1H)-one2-
methoxy-5-vinylphenol. Second part: Synthesis of new divalent metal
complexes through the reaction of ligand (Li, L») prepared in this
study with chlorides salts and metal sulfates (nickel, cobalt, copper,
manganese, and zinc) in a ratio of (1:1) (ligand: salt metal). The
prepared ligands and complexes were characterized by physical and
spectroscopic methods, including conductivity measurements,
magnetic susceptibility measurements, melting point, atomic
absorption spectroscopy, micro elemental analysis - CHN, UV-Vis, FT-
IR, and H-NMR spectroscopies. From the results of these
measurements, it was found that the ligands (Li, L) prepared in this
study behave like a bidentate ligands behavior as donor atoms are
associated with metals via the nitrogen atoms in the (C=N) group and
the (NH2) group, as well as in the pyrimidine ring. Also, it was found
that all the complexes possess the proposed geometric shapes, which
are the tetrahedral geometry and the square planar geometric shape.
By measuring the molar electrical conductivity, it was found that all
the prepared complexes are electrically neutral, so the sulfate and
chloride ions are inside the coordination sphere and are directly
related to the ionic metals in these prepared complexes. Third part:
The biological activity of some prepared Schiff base complexes was
tested against two kings of bacteria (E.coli) and (Staphylococcus
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aureus) and showed a high inhibitory ability against the chosen
bacteria. Bidentate ligands.

Keywords---schiff bases, complexes of nickel, cobalt, zinc, copper, and
manganese, and biological activity.

Introduction

Schiff bases are defined: as the organic compounds containing azomethine group
(C=N)) and have the general formula shown in Figure (1-1) (). These bases were
named after the scientist Hugo Schiff discovered, who first attended them (1864)
through a simple condensation reaction of carbonyl compounds such as
(aldehydes, aliphatic and aromatic ketones) with primary amines, as shown in
(Figures 1- 2) and as a result, these imines are called Schiff Base (2.

R1\
/

R2
Ri, Ry, and Rs= alkyl, aromatic, and aliphatic group

Figure 1-1. The general structure of the Schiff bases

C——N —R;
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R HO R

Figure 1-2. Condensation of an aldehyde or a ketone with a primary amine

The Schiff bases are considered to be the most important ligands used in the field
of coordination chemistry, which have a significant role to play in the preparation
of a large number of complexes of metal ions in general and transitional ones in
particular due to their ability to coordinate with ionic metals and to form stable
complexes with them ©). The general chemical formula for Schiff's bases is
RR'C=NR'". These compounds are called Imines, Azomethines, Aniles, or
Benzanils, where each of the R and R' in the enyls represents an aliphatic or
aromatic group or a hydrogen atom. and R" compensated or uncompensated
benzene ring, in the imines, R is a substituted or unsubstituted benzene ring, R’
is a hydrogen atom, and R" is an alkyl or aryl group. They are also called
ketimines when derived from ketones, as both R and R' are an alkyl or aryl group,
and they are called Aldimines when derived from aldehydes, i.e. R is an alkyl or
aryl group and R' is a hydrogen atom . Schiff bases resulting from the
interaction of aromatic amino compounds with ketones or aliphatic or aromatic
aldehydes have been characterized as the most stable among Schiff bases ),
while Schiff bases prepared from condensation of aliphatic amino compounds



10851

were found unstable, as they quickly disintegrate into their primary components
6),

One of the main characteristics of these compounds is the formation of colored
complexes with many metal ions (7. Many reports highlight the importance of
Schiff's bases as antimicrobial agents, as the azomethine group is found in some
marketed drugs such as. Nifuroxazide (INN) 4 and Thiacetazone 5) ®-. Schiff bases
have gained significance in the medical and pharmaceutical fields due to a wide
range of biological activities such as antibacterial, antifungal, antiproliferative,
antiviral, anti-inflammatory, and antineoplastic. Thus, the complexes of Schiff
bases possess more biological activity than the ligands that make up those
complexes, as was observed when converting compounds with biological activity
to Schiff bases, thereby improving the biological activity of these compounds,
specifically in the case of using amino compounds such as amino acids ©. A
nitrogen atom in the (-CH = N-) group may participate in the formation of a
hydrogen bond with the active centers of cell parts and interfere with normal cell
processes (10, Some Schiff bases and their complexes were also used as catalysts,
such as the ruthenium-Schiff base complex, which is a good catalyst for synthesis
interaction "tri zoacetates-dia aiiyl substituted complex". There are other catalysts
factors such as the Schiff base (Tri dentate ligands), which is of great importance
in the organic-life reactions, through which it is possible to link between amino
acids and Schiff bases to create important effective sites (11).

Experimental part
Synthesis of Schiff bases ligands

The ligand was prepared for Schiff's bases (Li, L) through the reaction of amines
such as (cytosine) with aldehydes such as (vanillin, and iso vanillin), which are
described below:

Synthesis of the first ligand (L1), in a ratio of (1:1) (cytosine: vanillin)

This ligand was prepared by dissolving (1gm, 0.0096) of Cytosin in (20ml) of hot
ethanol in a Round-bottom flask (Rb-flask) with a capacity (100ml), then added to
it a solution of dissolving (1.369 gm, 0.0096 mol.) of vanillin in (20ml) of hot
ethanol. A few drops of snowy acetic acid were added to the previous mixture,
then stirred the mixture with a magnetic stirrer with thermal escalation to 80°C
with continuous stirring for (7hr) to complete the reaction. After that, the solution
was evaporated to a quarter of its original volume and then left for (24) hours to
complete the sedimentation process. Then the precipitate was filtered and washed
with ethanol and then with ether several times and then recrystallized with
ethanol, then dried in an electric oven at 50 ° C. Then the formed precipitate was
weighed and calculated the percentage which is found 62%. The equation (1-2)
shows the above reaction.
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4-(MazaneyDpyrimidin-2(1F-one 2-methoxy-4-vinylphenol

Equation (2-1). The reaction of preparing the first ligand (L) Schiff's base.

Synthesis of the second ligand (Lz2), in a ratio of (1:1) (cytosine: isovanillin)

This ligand was prepared by dissolving (1gm, 0.0096) of Cytosin in (20ml) of hot
ethanol in an Rb-flask with a capacity (100ml), then added to it a solution of
dissolving (1.369 gm, 0.0096 mol.) of isovanillin in (20ml) of hot ethanol. After
that a few drops of snowy acetic acid were added to the solution, then stirred with
a magnetic stirrer by increasing the temperature up to 80 °C and continuing the
stirring for 8h) until the reaction was completed. After that, the solution was
evaporated to a quarter of its original volume and then left for (24) hours to
complete the sedimentation process. Then the precipitate was filtered and washed
with ethanol and then with ether several times, recrystallized with ethanol, and
dried in an electric oven at 50 ° C. Then the formed precipitate was weighed and
calculated the percentage which is found 72%. The equation (2-2) shows the
above erection.

/ _\ % Eihasal
H N\ .-f’ NH = + H \'-.__ );’f oc H3 Foeflux Slhr
C—HM
ra '}

e H

donminopyvrimidin-2{1H)-one Zomethoxv-S-vinviphenaol

/’_x_
HN N H QOCH,
C—N N v
e
(o

OMH

AN azaneyvDpyrimidin-2(15)-one 2-methoxy-S-vinylphenol

Equation (2-2). The reaction of preparing the second ligand (L) Schiff's base
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Preparation of Schiff base complexes
Preparation of first ligands (L1) complexes with hydrate metals chlorides

(NiCl,.6H20, CuCl,.2H20, CoCl.6H20, ZnCl>.4H,0, MnCl,.4H,0) in a ratio (1:1)
(ligand: metal salt). 0.0008 mol of the metal salt solution dissolved in (15 ml) of
hot ethanol with (0.0008 mol) of the first ligand solution (L;) dissolved in (15 ml)
of hot ethanol is put gradually in a Round-bottom flask of capacity (100 ml) with
continuous stirring. After that, the thermal escalation of the mixture was carried
out for (3 hrs), then the solution was evaporated to a quarter of the original
volume and cooled. The precipitate was filtered, then washed with ethanol, and
then with ether and it was dried in a furnace at 50°C. Then the precipitate was
weighed and the percentage of precipitate was calculated.

Preparation of second ligand complexes (Lz2) with hydrate metal sulfate

(NiSO4.6H,0, CuS04.5H20, CoS04.7H20, ZnS04.7H,0, MnSO4. H70) in a ratio of
(1:1) (ligand: metal salt). 0.0016 mol of the metal salt solution dissolved in (15 ml)
of hot ethanol with (0.0016 mol) of the second ligand solution (L) dissolved in (15
ml) of hot ethanol is put gradually in a Round-bottom flask of capacity (100 ml)
with continuous stirring. After that, the thermal escalation of the mixture was
carried out for (3 hrs), then the solution was evaporated to a quarter of the
original volume and cooled. The precipitate was filtered, then washed with
ethanol, and then with ether and it was dried in a furnace at 50°C. Then the
precipitate was weighed and the percentage of precipitate was calculated.

Results and Discussion

This study included the preparation of ligands for Schiff bases (Li, L) derived
from amines (cytosine) and aldehydes (vanillin and isovanillin) in a ratio of (1:1).
These ligands are combined with the following hydrometallic chlorides and
sulfates (NiC12.6HQO, CuCIQ.QHQO, COC12.6HQO, ch12.4H20, MnC12.4HQO) and
(NiSO4.6H20, CuS04.5H20, CoS04.7H20, ZnS04.7H,0, Mn SO4. H20) in a ratio of
(1:1) (ligand: metal) and the formation of new complexes that were characterized
by different spectroscopic techniques, and physical and chemical methods. In this
work, we evaluation of the biological activity of a number of prepared complexes
on the two types of bacteria: (E-coli) and ( Staphylococcus aureus).

The ligands prepared and used in this study

Li: 4-(I'-azaneyl)pyrimidin-2(1H)-one2-methoxy-4-vinylphenol
Lo: 4-(I'-azaneyl)pyrimidin-2(1H)-one2-methoxy-5-vinylphenol

The complexes prepared and used in this study are shown in Table (3-1)
below

Table 3-1
Prepared complexes and used in this work

Sr. No. Prepared complexes Sr.No. Prepared complexes

1 [ Ni (L1)Cio] 11 [ Ni (L2)Cio]
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2 [ Co (Ll)Cl 12] 12 [ Co (LQ)CI 12]
3 [ Cu(L1)01 12] 13 [ Cu(Lz)Cl 12]
4 [ Zn (Ll)Cl 12] 14 [ Zn (Lz)Cl 12]
5 [ Mn(L1)Cl 2] 15 [ Mn(Ly)Cl 2]
6 [Ni(L1) SO4] 16 [Ni(L) SO4]

7 [Co (L1) SO4] 17 [Co (L2) SO4]
8 [Cu(Li) SO4| 18 [Cu(Ls) SO4|
9 [Zn (L1) SO4] 19 [Zn (L2) SO4]
10 [Mn(L1) SO4] 20 [Mn(L;) SO4]

Characterization of the prepared complexes and ligands.

The prepared ligands and complexes were characterized by the following
spectroscopic techniques and physical measurements:

Atomic Absorption

The proportions of the elements Co(ll), Cu(ll), Ni(ll), Zn(ll), and Mn(II) for all the
prepared complexes were estimated by atomic absorption spectrometry, which
was prepared by concentrated nitric acid and then completing the required
volume to (100ml) with deionized water, the complexes solutions were prepared
with concentrations located within the concentrations of standard models
compatible with the linear range of the standard curve of the elements measured
in the device and attended standard solutions of ion salts Co (II), Cu (II), Ni (II), Zn
(II), Mn (II), Mn (II) by the standard additionality method, and determine the
quantity of the element present in each of these prepared metal complexes. The
practical results obtained are close to those calculated theoretically as in Table (3-
2). These results can be relied upon with a number of other measurements to
support the validity of the suggested structural formulas for prepared complexes.

Micro Elemental Analysis - CHN

Carbon (C), hydrogen (H), and nitrogen (N) ratios were measured for ligand and
some prepared complexes, and the results were shown in Table (3.2). When
comparing the practically obtained percentages with the theoretically calculated
percentages, we note that there is a clear convergence between their values, and
this indicates the correctness of the molar ratios (ligand: metal) used to prepare
these complexes, as well as the validity of the spectral measurements, and these
results can be relied upon to support the validity of suggested formulas for the
prepared complexes.

Melting Point Measurement

The melting point was measured for all the prepared complexes and their values
are shown in Table (3-2).

Molar Electrical Conductivity

The molar electrical conductivity of the complexes prepared in this study was
measured at a concentration of (10-3M) and using (DMSO) after obtaining a




10855

thermal equilibrium state of the solution at a temperature of (25 °C). It was found
from the results of the molar electrical conductivity measurements that it agrees
with the suggested structural formulas for the complexes, and it is noted in Table
(3-3) that the molar electrical conductivity values for all the prepared complexes
fall within the range of the classification of complexes with equivalent behavior,

i.e. (non-electrolytic) or poorly conductive in the solution.

physical properties of the ligands and the prepared complexes

Table (3-2).
Results of the micro-analysis of CHN, the ratio of the elements, and some

conductivity | Results of the analysis of
No. of fiﬁfﬁfzd eor | Colop | Melting | (ohm-lcm? elements % (theoretical and
complex comploxes point mol-1) practically)

DMSO M C H N
R white | 388 |- | 3815|445 | 1710
2 L mily | 175 |- | 5815|445 | 1710
3 |MLOCEI | gfb |es | 197 1555 | 9835 | 288 | 1119
¢ |lcomien |blue | 305|139 1562 | 3833 | 288 | 11115
5 |CaaChl |yfe |50 |12 1594 | 3621 | 276 | 1052
6 |Enwach) |whie | 500 |12 1711 | 3766 | 277 | 1096
7| m ey |whie |00 o 1466 | 38.00 | 2.93 | 11119
8 | NLSOA | gfr, |05 |14 1497 | 35.90 | 274 | 10.43
9 |[Colasodl | (B0 | 5oy | 164 1965 | 56.00 | 2.66 | 696
10| [Znaso) | white | 3007 | 148 16.05 | 5,38 | 270 1025
A L I o P 15,67 | 35.51 | 267 | 1025
12 Mn(Ls)(SO4)]] | yellow | 2277 | 18.7 1586 | 3657 279 | 10.60

Magnetic Susceptibility Measurements

The magnetic susceptibility of the prepared complexes was measured at (25°C)
and the results are shown in Table (3-3) which shows the values of (xM), (xg),

(xA), (D), and e for the nickel, cobalt, copper and manganese complexes.
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Table (3-3)

The values of (xM), (xg), (xXA), (D), and pesr for the nickel, cobalt, copper, and

manganese complexes

Gram Molar D1amagnetlc Atomic
sensitivity sensitivity §orrect10n sensitivity Uet
W@, || Cormglie xg x 10-6 | xMx10-6 Sﬁt‘fg_6 XAx10-6 (B.M)
(c.g.s.u) (c.g.s.u) s (c.g.s.u)
1 | [M(L)(CL)] | 15.865 5048.438 | 131.97 6080.4089 | 3.80
2 | [Ni(L.)(SO4)] | 16.000 6406.4 125.27 6531.67 3.04
3 | [Co (L1)(CL)] | 5.5000 2063.325 | 131.97 2195205 | 2.28
[Co
4| L0 17.999 7205.899 | 125.27 7331.169 | 4.17
5 | [Cu (L)(CL)] | 4.34667 1728.801 | 131.97 1860.771 | 2.10
[Cu
6 | (504 4.405000 | 1783.1665 | 125.27 1908.9866 | 2.13
[Mn
7 444 14269. 133.97 14402. .
Lo(Cl 38 269.023 | 133.9 02.993 | 5.80
8 [Sl\gi)] L)} 36.999 14661.223 | 127.27 14788.493 | 5.93
9 Ecb)l]\h ©2) | 6.00005 0.0187 131.97 131.988 0.4
[ Ni
10 0.00001503 | 0.006 125.27 125.2760 | 0.1
(L2)(SO4)]
[ Co
11 18. 777 131.97 7129.7 4.11
(L)(CL] 8.65333 | 6977.785 | 131.9 29.755
[Co
1 5.001 002.1503 | 125.27 127.4203 | 2.25
2 | {5504 2002 25.2 2127.42 2.2
[ Cu
13 3.407 1355.0661 | 131.97 1487.0361 | 1.88
(L2)(Cla)]
[ Cu
14 922000 | 1183.2054 | 125.27 1308.4754 | 1.76
(L)(804)] 2.922 2 25.2
15 || Mn | 57 00075 | 13815.595 | 133.97 13949.5658 | 5.70
(L2)(Cla)]

The nickel (II) complexes prepared in this study (1 and 2) have given a
magnetic moment of (3.80 and 3.94 B.M.), respectively, these values apply to
tetrahedral nickel (II) complexes, while the prepared (9 and 10) nickel (I)
complexes gave a magnetic moment of (0.4 and 0.1B.M), respectively, and
these values apply to the square planar nickel (II) complexes, so it
diamagnetic complexes that do not show a magnetic moment (12.13),

The cobalt (II) complexes prepared in this study (11 and 4) gave magnetic
moments estimated at (4.11 and 4.17 B.M.), respectively, as these values are
in agreement with the paramagnetic tetrahedral cobalt complexes, while the
cobalt complexes (II) (3, 12) gave a magnetic moment of (2.28, 2.25 B.M), that
values apply to cobalt complexes of flat square shape (14).

Copper (II) complexes prepared in this study (5 and 6) showed magnetic
moments (2.10 and 2.13 B.M), respectively, and these values are in
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agreement with the tetrahedral copper (II) complexes, while the prepared
copper (II) complexes (13 and 14) gave a magnetic moment (1.88 and 1.76
B.M), respectively, and these values apply to the flat square Cu (II) complexes
(15, 16),

e Manganese complexes prepared in this study gave (7,8 and15) gave magnetic
moments of (5.80, 5.70, and 5.93 B.M) respectively, and these values apply
to tetrahedral manganese (II) complexes (17).

Electron Spectra

Electronic absorption spectra measurements are a necessary part of the process
of characterization and studying the structure of new complexes. In this study,
the electronic spectra of the ligands and complexes prepared using the solvent
(DMSO) and at a concentration of (10-4) molar were measured. The first ligand (L)
showed two absorption bands (37037 and S0000 cm-!) due to the (n—m*), and (n
—11*) transitions. The second ligand (L2) appeared in two absorption bands
(50000, and 35087) due to the (m—m*), and (n—11*), (n—m) transitions). while the
complexes prepared showed spectra that contain bands of transitions (the ligand
spectrum and the charge transfer spectra), as well as the (d-d) spectra that
appear with very weak intensities in the spectra of the complexes, which indicate
the occurrence of coordination between the ligand and the metal ion.

Based on previous studies and research (18,19,20,21,22,23)  the electronic transitions of
the complexes were explained and their geometric shapes were determined, as
shown in Tables (3-4), (3-5), ( 3-6), (3-7), (3-8), and (3-9) and Figures (3-1), (3-2),
(3-3) (3-4), (3-5), and (3-6) that show the structure of the prepared complexes and
the values of the electron spectra in (nm)) and (cm-!) for ligands (Li, L2) and their
complexes.

Table (3-4)
Values of electronic transitions in units (nm and cm-!) for ligands (L1, Lo)
No Prepared ligand Wavelength () = Transitions type
nm cm
1 L 200 50000 nom*
' 270 37037 nom*
5 L 200 50000 nom*
2 285 35087 n—m*
Table (3-5)
Values of the electronic spectra in units (nm) and (cm-!) for nickel (II) Ni
complexes
No SIDENEE Wavelength Ox)» Transitions type Structure
complex nm cm!
275 36363 n—o>n*
. 345 28985 n— *
! INi(L1)(SOa)] - 565 17699 C.T T.d
785 12738 ST (F) = 3T1(P)
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885 11299 ST (F) = 3T1(P)
269 37174 n—o>nt
324 30864 n— *
2 [Ni(L2)(Cl2)] 340 29411 C.T Sq.p
540 18518 1A:1(g) -!As (g)
430 23255 1A:(g) —>!B2 (g)
Table (3-6)
Values of the electronic spectra in units (nm) and (cm-!) for Cobalt(Il) Co.
complexes
No Prepared complex WENEG R (A]_l Transitions type Structure
nm cm
275 36363 Ligand
490 20408 C.T
1 [Co(L)(SO4)] 785 12738 A, (F)=*T; (F) T.d
870 11494 4As (F)- T2 (F)
238 42016 non*
275 36363 n— *
2 [Co (L2)(Cl2)] 402 24875 C.T T.d
615 16260 4As (F)- 4T (P)
698 14326 4Ay (F)-4T1 (F)
Table (3-7)
Values of the electronic spectra in units (nm) and (cm-!) for Copper(Il) Cu.
Complexes
No Prepared complex Wavelength (A)_l Transitions type Structure
nm cm
245 40816 no*
277 36101 n— *
! [Cu(La)( CL)] 380 26315 C.T T.d
890 11231 2Ty—>2E,
240 41666 no*
292 34246 n— *
2 [Cu (L2)(CLL)] 306 32679 C.T Sa-p
680 14705 2Big—2A.g
Table (3-8)
Values of the electronic spectra in units (nm) and (cm-!) for zinc(II) Zn. Complexes
No Prepared complex Wavelength (A)J Transitions type Structure
nm cm
247 40485 non*
1 [Zn (Li1)( Cly)] 266.50 37523 n— * T.d
356 28089 C.T
244 40983 n—o*
2 [2n (L2)(CL)] 277 36101 n— Td
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| | 340 | 29411 [C.T
Table (3-9)
Values of the electronic spectra in units (nm) and (cm!) for Manganese(IlI) Mn.
Complexes
No Prepared complex aVelCaz (A)_l Transitions type Structure
nm cm
245 40816 no>n*
1 [Mn (L1)( Clo)] 268.50 37243 n— * T.d
343 29154 C.T
244 40983 n—on*
2 [Mn (L2)(Clo)] 269.50 37105 n— * T.d
354 28248 C.T
Figure (3-1). UV-visible spectrum of ligand (L)
Scan Spectum Curve
1.000
0.745
205.00,0.509
0.490
A3
0.2%
00,0.030
0020
200,00 400.00 £00.00 800.00

W avelength(nm]
Figure (3-2). UV-visible spectrum of ligand (Lo)
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Scan Spectrur Curve

200l 275,001,615

1,500
1.000
Abs
0500
(345 00.001313]5.00.0.010]0 0ce [585.00.0.007] 7500000309  [385.000
0.000 || 1 [

150,00 400,00 £00.00 800,00 300.00
'wavelength(nm]

Figure (3-3). UV-visible spectrum of the complex [Ni(L1)(SOa)]

Scan Spectum Curve
1.000

0,750 275.00,0.629

0500
&bz

0.250

430.00,0.009 785.00,0003  |870.00,0.00
0.000

130,00 400.00 0000 a00.00 300,00
W avelengthlhm)

Figure (3-4). UV-visible spectrum of the complex [Co(L1)(SO4)]

Scan Spectrum Curve
2.000 T T T

1.500 f---- s | R —— -

i t t
200.00 400.00 600.00 800.00 500.00
W avelength(nm)

Figure (3-5). UV-visible spectrum of the complex [Cu (L2)(Cly)]
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FT-IR Spectra

This study measured the vibratory spectrometry (infrared spectrometry) of ligands
(L1, Lo) and their complexes in the range (400-4000 cm-!) and (200-4000 cm-?).
The spectra of the complexes were compared with the spectra of the ligands in our
study to ascertain the bonding sites or coordination between the metal and the
ligands, so we focus on the important vibration groups of the following (stretching
vibration group v(C=N)), (stretching vibration group v (M-N)), (stretching vibration
group v (M-SO4)) and (stretching vibration group v (M-Cl) ). The IR spectra have
been determined for these active groups found in ligands (Li, Ls)) and their
complexes based on previous research and studies related to a similar
relationship by many workers in this field.

The stretching vibration bands of the group (C = N) appeared in ligands (L1,
Ly) at (1649,1666 cm-), respectively, but when the ligands are coordinated
with ionic metals, we notice that there is a shift in these values to lower
frequencies in some complexes, which indicates coordination between the
nitrogen atom of (C= N) group and the metal ion, and this displacement
shows the weakness that occurs in the property of the double bond for the
isomethane group, which agrees with ref 24 25,

The stretching vibration of the (M-N) band appeared in a low-frequency
region within the infrared spectrum of the metal complexes between the
range (416-572) cm of the infrared spectrum of the prepared complexes,
which indicates the bonding of metals with the four ligands of the Schiff
bases through the nitrogen atoms present in the prepared ligands (26).

The stretching vibration bands of the (M-CIl) appear in the (250-350 cm!)
region of the infrared spectrum 27, and in this study, the stretch-frequency
bands of the metal-chlorine band of the prepared complexes within the
region (220-340) cm'!

The complexes prepared in this study and containing the (SO4) group showed
three to four absorption bands for each complex within the confined area
between (876-1184) cml, and this confirms the presence of the (SO4)
chelating group in the complex and its association with the metal with two
bonds (28)

The stretch frequency bands of the alcoholic or phenolic (OH) group appear
in the form of broad and wide absorption bands and appeared in the first
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ligand (L;) within the region (3209-3419) cm-! and in the second ligand (L2) at
the region (3215-3437) cm-!, while these bands also appeared in the prepared
complexes from ligands (Li, Lo) at the same frequencies or close to them. In

the curvature of the (OH) group, a frequency band appears at the region
1(300-1370) cm-1! (29),

All of these bands mentioned above are recorded in Tables (3-10) and (3-11) based
on Figures (3-7), (3-8), (3-9), and (3-10), which shows the infrared spectra of the
ligands and complexes prepared in this study.

Table (3-10)
values of frequencies of some important bands in the infrared spectrum in units
(cm-1) for ligand (L)

Compound ?(C=N) o(M-Cl) ?(M-N) » (OH) 0(SO4)
Ly 1649 -—- — 3419 -
[Ni (L)Cly] 1615 293 448 3395 -
879,976
[Co (L1) SO4] 1637 --- 422 3327 1085,1109
[Zn (L1)Cly] 1624 319 455 3406 —
873,968
[Cu(L1) SO4] 1653 --- 422 3317 1084,1112
[Mn(L:) Clp] 1657 295 438 3284 --
Table (3-10)

values of frequencies of some important bands in the infrared spectrum in units
(cm-1) for ligand (L2)

Compound ?(C=N) o(M-N) (M- C]) 0(SO4) © (OH)
L, 1666 --- — ---- 3437
. 960,1010
[Ni (L2) SO4] 1662 418 --- 1099,1149 3309
[Co (Ly) Cly] 1654 425 242 — 3406
972,1014
[Zn (Lz) SO4] 1633 430 ---- 1080,1114 3381
[Cu(Ly) C] 1671 441 270 | - 3242
[Mn(Lp) CIj 1670 446 220 | - 3486
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Figure (3-10). Infrared spectrum of [Mn (Lz) Cls]

1H-NMR Spectra

The 'H NMR spectrum of the first ligand (L:) in an acetic acid solvent showed that
a single signal at the range 8 H = 2.17 ppm belonged to the protons of the acetic
acid solvent and a single signal at the position § H = 3.52 ppm belonged to the
protons of the (OCH3) group, also, single signals appeared at 6 H = 5.56 ppm and
6 H = 6.56 ppm returning to the two protons in the pyrimidine ring, the multiple
signals (a triple signal) appeared at 6 H = 7.45, 7.56, and 7.66 ppm attributed to
the three protons in the aromatic ring, and a signal appeared at the 8 H = 8.50
ppm belonging to the proton in the (N = C-H) group. The signal at the 6 H = 9.30
ppm belonged to the proton in the phenolic (OH) group, while, a signal appeared
at the 6 H = 11.01 ppm belonging to the proton of the (NH) group, as shown in

Figure (3-11).
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Figure (3-11). 1H-NMR spectrum of the first ligand (L)

The 'H NMR spectrum of the second ligand (Ly) in acetic acid solvent gave a single
signal at the range 6 H = 2.17 ppm which belongs to the acetic acid solvent
protons and a single signal at the position 8 H = 3.48 ppm which is due to the
protons of the (OCH3) group. It also gave a single signal at the range 6 H = 6.87
ppm that belongs to the protons of the pyrimidine ring and showed multiple
signals (a quadrupole signal) at the positions 8 H = 7.45, 7.56, 7.66, and 7.87
ppm attributed to the aromatic ring protons. As well as a signal at the position 6
H = 8.45 ppm which is attributed to the proton in the group (N = C-H), a signal at
the position 6 H = 9.28 ppm attributed to the proton in the phenolic (OH) group
and a signal appeared at the position 6§ H = 11.11 ppm due to the proton of the
(NH) group as shown in Figure (3-12).
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Figure (3-12). 1H-NMR spectrum of the second ligand (L2)
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Figure (3-14). 1H-NMR spectrum for the complex [Zn((L2)(SOa4)]
Biological activity screening of the prepared complexes

The biological activity of the prepared complexes (Schiff's base complexes) was
conducted against two types of Gram-negative bacteria (E.coli and Gram-positive
bacteria (Staphylococcus aureus). Some of the complexes showed high inhibitory
activity against (Staphylococcus aureus) and (E. coli) bacteria, while some of the
complexes showed moderate to weak or no inhibitory activity as shown in Table
(3-12) and Figure (3-15).



Table (3-12)
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The average inhibition range of the complexes prepared at a concentration of
(1000 ppm) using a DMSO solvent against two types of bacteria (E.Coli and

Staphylococcus aureus) measured in millimeters

Inhibition zone diameter in
e Complex symbol | Chemical formula L
(G-ve) E
. (G+ve) Staph
.coli
M3 [Zn (L1)(CLy)] 15 25
1 M8 [Zn (L2)(Clo)] 13 30
M33 [Zn (L2)(SO4)] 17 24
M4 [Cu (L1)(Cly)] 8 17
2 M9 [Cu (Lg)(Cly)] 10 20
M34 [Cu(Ly) SO4] 12 24
M2 [Co (L1)(Cly)] 19 0
3 M12 [Co (Lo)(Cla)] 0 14
M37 [Co (L3)SO4] 15 20
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Figure (3-15). Average inhibition range of the prepared complexes against E. Coli

and Staph measured bacteria measured by mm

Conclusion

e Through the physical and spectroscopic measurements that include molar

conductivity, melting point, magnetic sensitivity, and micro elemental
analysis - CHN, as well as spectroscopic measurements that include UV-vis,
FT-IR, and proton nuclear magnetic resonance 'H-NMR. which conduct on
the ligands and complexes prepared in this study, it was found that all of the
ligands (L; and L) that were prepared exhibit a bidentate ligands behavior
and coordinate with chlorides and sulfates of hydrated metals (NiCl,.6H>O,
CuCl,.2H,0, CoCl,.6H20,  ZnCl,.4H,O, MnCl,.4H-0, NiSO4.6H-0,
CuS04.5H20, CoS04.7H20, ZnS04.7H20, MnSO4. H,0) bivalent by nitrogen
atoms present in the group (C=N) and group ( NHj) as well as present in the
pyrimidine ring, in all complexes.

By measuring the molar electrical conductivity, it was found that all the
complexes prepared in this study are electrically neutral, so the sulfate and
chloride ions are inside the coordination sphere and are directly related to
the ionic metals in these complexes.

e Through magnetic susceptibility measurements, it was found that the

prepared complexes possess the following geometric shapes (tetrahedron, and
planar square)

Some of the complexes showed a high inhibitory ability against
Staphylococcus aureus and E. coli.
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