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New schiff base ligand type [LH2] donor derevative from 4-Aminophenol
with Manganese (11), Cobalt(Il), Nickal(I1), and Copper(I1)
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ABSTRACT:

The condensation reaction between dimethylglyoxime, acetic acid, and 4-aminophenol was significantly influenced
by the [LH,] type donor derivative ligand. The reaction was conducted in methanol for 24 hours while being stirred
and refluxed. The syntheses forming a new (2E,3E)-butane-2,3-dione O2-((E)-1-((4-hydroxyphenyl)imino)ethyl) O3-
((2)-1-((4-hydroxyphenyl)imino)ethyl) dioxime) dioxime ligand type [LH,]. Spectroscopic techniques (FT-IR and UV-
Vis), elemental analysis (CHN), magnetic susceptibility testing, thin-layer chromatography (TLC), X-RD powder
diffraction, '"H-NMR molar conductance, and other methods have been used to characterize the ligand and its
complexes with the general formula [M(LH,)] where [M= Mn(1l), Co(ll), Ni(ll), and Cu(ll), and [LH,] = donor atoms
ligand with N, and O]. Our study reveals the formation of a new ligand and new complexes with trigonal bipyramid
geometrical shape around the Manganese(ll), Cobalt(ll), Nickel(ll), and Copper(ll) metal ions. Biological function
using the agar disc diffusion method for the ligand and its complexes showed considerable activity against one kind of
bacteria (Staphylococcus aureus) after being exposed to two types of bacteria (Staphylococcus aureus and Escherichia

coli).
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1.INTRODUCTION :

Due to their capacity for forming stable
complexes with the majority of transition metals.
Coordination chemistry has benefited from the
development of Schiff bases. Chemistry has been
studying the intriguing structural variations of
Schiff base ligand species extensively (Asadi et
al., 2011) (Monfared et al., 2011) (Chamayou et
al., 2011). Amines can attack electrophilic carbon
atoms in aldehydes and ketones by nucleophilic
assault. This reaction produces a molecule with a
C=N double bond in place of a C=0 double bond.
The usual formula for this kind of molecule, an
imine or Schiff base, is R{R,C=NRj3,
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where R is an organic side chain. Azomethine and
Schiff base are interchangeable in this definition.
Several Schiff base complexes have remarkable
catalytic activity in a range of processes and in the
presence of moisture (Abu-Dief and Mohamed,
2015).

In the last decade Schiff base ligands have
received more attention mainly because of their
wide applications in the field of catalysis and due
to  their  antimicrobial and  antifungal
activity(Lamani et al., 2009).

The aim of the study

Is to prepare a new derivative donor ligand type
[LH2] and its complexes in the form of crystal
with some metal ions, and characterizing them by
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spectroscopic methods and testing them with two
positive and negative bacteria.

Materials

The chemical reagents dimethylglyoxime, acetic

acid,  4-aminophenol,  methanol,  ethanol,
commercially available and wused without
purification ~ were  manganese(ll)  acetate
tetrahydrate, cobalt(ll) acetate tetrahydrate,

nickel(ll) acetate tetrahydrate, and cupric(ll)
acetate monohydrate. Just before use, solvents
were extracted from the proper drying agents.
Physical Measurements

On a Buchi melting point B-540 melting point
equipment, melting points were achieved. In the
4000-400 cm™ range, Fourier transform infrared
(FT-IR) spectrophotometer data were collected.
Using an Agilent Technologies spectrophotometer
with a quartz cell of (1.0 cm) length, the visible
wavelengths of the produced compounds were
measured in the range 200-800 nm in dimethyl
sulfoxide (DMSO) at 25 °C. Analyses of the
elements were done on a (CHN). Using a
TDS&EC Temperature digital conductivity meter,
electrical conductivity measurements of the
complexes were taken for 10° M solutions of the
samples in methanol at room temperature.
Following  Faraday's approach,  magnetic
susceptibility measurements were taken at room
temperature.  Using a (BRUKER 400
CRYOPROBE) spectrometer, the proton one-
nuclear magnetic resonance (*H-NMR) spectra for

DMSO-d® solutions was obtained. The X-RD
power diffraction of complexes was obtained
using PANalytical in the range of 2° (0°-60°).
Synthesis and characterization of derivative
Ligand type [LH2].

In two phases, the [LH;] derivative ligand was
made from the reaction of dimethylglyoxime and
acetic acid to form carbonyl compound and by
adding the 4-aminophenol according to the
general route shown in scheme (1). The prepared
compound was obtained in (81%), and
characterized by spectroscopic methods. As in the
following: -

Step —1 synthesis of carbonyl compound
Dimethylglyoxime (2 g, 17.2 mmol) in a
combination with (40 ml) of methanol was stirred
and heated until a clear solution formed, and (2
ml, 34.4 mmol) of acetic acid was added to it, and
leave to stand for reflux for (24 hrs.) in a 100 °C,
white color (carbonyl compound) precipitate was
formed (1.13 g), (yield 56.5%), mp 244-245 °C.
Step -2

(18 ml) of methanol and (0.43 g, 2.14 mmol) of
the (carbonyl compound) was stirred and heated
until a clear solution formed, and (0.46 g, 4.2
mmol) of 4-aminophenol dissolved in (20 ml) of
D.W by heating was added to it, and leave to stand
for reflux for (24 hrs.) in a 100 °C, dark brown
color precipitate was formed (0.35 g), ( yield
81%), mp 199-200 °C.

H5C
OH =0 o
] OH reflux for 24 hrs. /
Hs;C N + methanol H3C, N—
| o
+ 2 P -2 H20 o} N/ CH
- 3
NZ o/ \CH3 _J
CH, HaC—C
HO HoN
dimethylglyoxime acetic acid (2E,3E)-butane-2,3-dione 4-aminophenol

Scheme 1
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(20 ml) of ethanol was added to (0.2 g, 0.52
mmol) [LH;]and agitated until a clear solution
formed and (0.128 g, 052 mmol) of
[Mn(CH3CO,),-4H,0] manganese(ll) acetate
tetrahydrate dissolved in (15 ml) of ethanol was
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The same way was used to prepare [Mn(LH,)] has
been used to prepare [Co(LH)], [Ni(LH2)] and
[Cu(LH,)] complexes. Scheme (2), and all the
complexes has been  characterized by
spectroscopic methods. Table (1) lists some of the

added to it, and leave to stand for reflux for (4
hrs.) in a (100 °C) and a brown color solution was
formed. (0.12 g), (yield 60%), mp 290 °C (dec.).
Syntheses of [Co(LH>)], [Ni(LH,)] and
[Cu(LH,)] complexes

ligand's and its complexes' physicochemical
characteristics.

HC=N Q +2
- I M 4H20 Ho=
H3C — C 3 N—('
/>—</ H3C/ o Y 7 e
N CH, 2 e LN c Ll
HiC—C oH T > 7R + H3C/ oH
AY Ethanol

N e}
reflux for 4 hors. Q \ /
M

. HO
HO ligand [LH,] Where M = Ni, Mn, Co, Cu

Scheme 2 preparation route of [M(LH;)] complexes

Table 1 shows some physical properties for the ligand and its complexes

No. | Compound Empirical M.Wt | Yield m.p °C color Found/calculated
formula % M C H N 0]
1 Carbonyl CgH12N0,4 200.19 | 56.5 244-245 white - 48.00 | 6.04 | 13.99 | 31.97
compound - 47.47 | 5.32 | 12.87 | 30.32
2 [LH.] CyoH25N404 382.42 81 199-200 Dark - 62.82 | 5.80 | 14.65 | 16.73
brown 61.43 | 4.88 | 13.92 | 15.88

290 (dec.) | Brown | 12.59 | 55.05 | 4.85 | 12.84 | 14.67
11.56 | 54.75 | 4.01 11.78 | 13.79
240 (dec.) | Brown | 13.38 | 5455 | 4.81 | 12.72 | 14,53
12.90 | 53.77 | 3.67 | 12.00 | 13.80
280 (dec.) | Dark | 13.34 | 5458 | 4.81 | 12.73 | 14.54
brown | 12.87 | 53.11 | 3.21 | 11.98 | 13.50
270 (dec.) | Dark | 14.28 | 53.99 | 4.76 | 12.59 | 14.38
brown | 13.88 | 52.66 | 3.89 | 11.87 | 13.77

3 | [Mn(LH,)] | CoHaMnN,O, | 436.35 | 60

4 [CO(LHz)] CyoH»1CoN,O, 440.35 83

5 [Ni(LH,)] | CaxHxuNiN,O, | 440.11 | 46

6 [CU(LHZ)] CyoH21CuN,O, 444,96 70

v(C=0) at (1736 cm™) (Maurya et al., 2003) of the
carbonyl compound figure (1-C) and the two
bands of v(NH,) at (3300 and 3350 cm™) (Meltzer

The Ligand's FT-IR Spectrum
The band at (3196 cm™) assigned to v(O-H)

(Pimsin et al., 2021) of dimethylglyoxime figure
(1-A) and the v(O-H) at (3150 cm™) (Popescu et
al., 2013) of acetic acid figure (1-B) are
disappeared in the spectrum of the [LH,] donor
ligand and replaced by v(C=N-O-C) at (977 and
1736) cm™ (Pimsin et al., 2021) of the carbonyl
compound figure (1-C) due to the collaboration
between dimethylglyoxime and acetic acid. The

et al., 2021) of 4-aminophenol figure (2-D) these
two bands are replaced by v(C=N) at (1691 cm
")(Mondal et al., 2021) as a result of Schiff base
reaction between the carbonyl compound and 4-
aminophenol as shown in the figure (2-E) for the
ligand [LH;]. spectral data for the ligand and its
precursors are summarized in table (2).
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Figure 2 FT-IR Spectra of ligand [LH;] type and its precursors

Table 2 FT-IR Spectral data for the Ligand and its Precursors

Compound v(N-H) | v(O-H) | v(CgHs) | v(C=0) | v(C=N) | v(N-O)
dimethylglyoxime - 3196(br) - - 1436 (sh) | 977(sh)
1143(m)

acetic acid - 3150(br) - 1730(sh) - -
Carbonyl compound - - - 1736(sh) | 1444(sh) | 977(sh)
1143(m)

4-aminophenol 3300(sh) | 3178(s) | 2750(m) - - -

3350(sh)

Ca0H22N4O4 [LH2] - 3199(br) | 2970(m) - 1691(w) | 977(sh)
1143(m)

Figures (3-F), (3-G), (3-H), and (3-1) present the
FT-IR spectra of the complexes of Mn(Il), Co(ll),

Ni(Il), and Cu(ll), respectively. Table(3) shows
the distinguishing bands. The broadening at (3199
cm™) due to the phenol v(O-H) (Meltzer et al.,
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2021) group of the ligand [LH,] figure (2-E), this
band has been shifted to a higher frequency for the
Mn(ll), Co(ll), Ni(ll), and Cu(ll)metal ion
complexes at range of (3211-3221 cm™)
(Mushtaque et al., 2017) in comparison to that of
the free ligand, as a result of the coordination
between the ligand and metal ion. The band at
(2970 cm™) assign to the v(CgHe) ring (Meltzer et
al., 2021), and the band at (1691 cm™) of the
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v(C=N) (Mondal et al., 2021) of the ligand these
two bands has been shifted to a lower frequency
for all the formed complexes, affected by the
coordination. Furthermore, the bands at the range
of (416-434 cm™) are due to v(M-N) (Liao et al.,
2001, El-Boraey et al., 2016) and (486-524 cm™)
range of v(M-O) (Liao et al., 2001, El-Boraey et
al., 2016) for Mn(ll), Co(Il), Ni(ll), and Cu(ll)
metal ion complexes respectively.

T T T T T T T T T T T
4000 3600 3200 2800 2400 20 1800 1600 1400 1200 1000 800 600 400

108
Eu/\/ﬁ/
60— L

s 1| Cu

T T T T T T T T T T T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4 T v y r T T y T T T T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4

Figure 3 FT-IR spectra of Mn(ll), Co(I1), Ni(ll), and Cu(ll) metal ion complexes
Table 3 FT-IR Spectral data for the ligand and its complexes

No. | compounds | v(0O-H) | v(Ce¢Hg) | v(C=N) | v(N-O) | v(M-O) | v(M-N)
1 [LH;] 3199(br) | 2970(m) | 1691(w) | 977(sh) - -
1143(m)
2 | [Mn(LH2)] | 3211(br) | 2929(m) | 1640(w) | 979(sh) | 524(w) | 430(w)
1143(m)
3 | [Co(LH2)] | 3211(br) | 2926(m) | 1647(w) | 977(m) | 516(m) | 416(w)
1080(m)
4 [Ni(LH2)] | 3221(br) | 2927(m) | 1608(w) | 833(w) |516(w) | 418(w)
1010(w)
5 | [Cu(LH2)] | 3211(br) | 2924(m) | 1625(w) | 964(sh) | 486(m) | 434(w)
1062(sh)

The Ligand's UV-Vis Spectrum Due to (z— =#*) (Singh et al., 2021), with a

Figure (4-A) of the (UV-Vis) spectra for the [LH_]
derivative ligand shows a strong absorption peak
at (236 nm) (38610 cm™) (Emax=740 molar’cm™).

shoulder peaks at (364 nm) (27472 cm™)
(Emx=460 molar . cm™" ) were tasked with (n—
7*) (Fatima et al., 2020) transition table (4).
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Figure 4 The UV-Vis Spectra of the [LH,] Ligand and it’s Mn(II), Co(II), Ni(II), and Cu(II) metal
ion complexes

The UV-Vis Spectra of the complexes

The (UV- Vis) Spectra are shown in Figures (4-
B), (4-C), (4-D), and (4-E) of Mn(Il), Co(ll),
Ni(ll), and Cu(ll) complexes, respectively. Table
(4) summarized the absorption peaks of the
complexes. The (U.V-Vis) spectra of Mn(ll),
Co(ll), and Cu(ll) complex Figures (4-B), (4-C),
and (4-E) displayed two distinct, highly
pronounced absorption peaks at the range of (254-
272 nm), (36764-39370 cm™), (€ mx= 460-930
molar™. cm™) rang assigned to the (z—x*)(Singh
et al., 2021) and (348-380 nm), (26315-28735 cm’
1, (€ ma= 200-370 molar™. cm™) rang assigned to
the (n—=*)(Fatima et al., 2020) ligand field for
Mn(ll), Co(ll), and Cu(ll) respectively. The third
peaks at the visible region at the range of (527-
651 nm), (15360-18975 cm™), (€ mam= 47-88

molar . cm™) are allocated to (*E4(G) —°Ayy),

(*4°5(F) — *45(P)) and (a’1 — e”) transition,
confirming trigonal bipyramidal structure around
Mn(ll), Co(ll), and Cu(ll) ion complexes
(Sickerman et al., 2012). The (U.V-Vis) spectra
of Ni(ll) complex figure (4-D) showed two
intense peaks in the range (240 nm), (41666 cm™),
(€ max= 610 molar™. cm™) and (408 nm), (24509
cm™), (€ ma= 440 molar. cm™) rang assigned to
the (z—z*)(Singh et al., 2021) ligand field and
charge transfer transition (Ch.T) for Ni(ll). The
third peak at the visible region at (600 nm),
(16666 cm™), (Ema= 160 molar’. cm?) is
assigned to (*Eq—°T,, ) transition, confirming
trigonal bipyramidal structure around Ni(Il) ion
complex(Sickerman et al., 2012).

Table 4 The UV-Vis data of the [LH;] Ligand and it’s Mn(II), Co(II), Ni(IT) and Cu(II) metal ion
complexes
No. | Compound | v em™ Assignment Geometrical shape | Ratio

1 [LH] 42372 T—or*
27472 n—m*

2 | [Mn(LH.)] | 38759 T—* trigonal bipyramidal | 1;1
26315 n—m*
18975 | “E4(G) —°Ayy

3 [Co(LH2)] | 36764 T—* trigonal bipyramidal | 1;1
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28735 n—m*
15360 | “4’5(F) — "4 ’»(P)

4 [Ni(LH.)] | 41666 T—* trigonal bipyramidal | 1;1
24509
16666 “Eq—°Tog

5 [Cu(LH2)] | 39370 n—* trigonal bipyramidal
26666 n—m* 11
16949 a1—e”

'H-NMR of [LH,] derivative ligand

The 'H-NMR spectrum for [LH,] derivative
ligand in DMSO-d® Fig. (5), showed singlet signal
in 0 (1.2 ppm) to the methyl group, the singlet
signal at ppm = (2.1) was caused by methyl group
of (C=N-O). The singlet signal ranged between 6
(6.9-7.2 ppm) a role for the aromatic protons, and

the singlet signal at & (9.9 ppm) was due to (OH)
protons indicating the exact structure of the [LH,]
derivative ligand (Diab et al., 2019). While the
other peaks are as in the following: - (CH3=1.2,
CH; of (C=N-0)=2.1, Aromatic H=6.9-9.7 and
OH=9.9). (Zaki et al., 2006).

r I
6.0 o HzC /“ D‘&C/IEsz
9.9 7.2/@ 2050 I
OH : N
i
6.9 : )
O 92 2 peaks 2 peaks
4 peaks 4 peaks
2 peaks }
1 I JL A 1|\ l, L
10 ' 2 ' 6 4 ' 2 ' |
\ PPM y

Figure 5 '"H-NMR spectrum of [LH,] derivative ligand

Thin layer chromatography (TLC)

The TLC measuring method for the [LH3]
derivative ligand and its complexes was
performed with Mn(Il), Co(Il), Ni(Il) and Cu(ll)
metal ions in a mix solution of 10 ml ethanol and
15 ml of D.W, new spots are appeared with a
different Rf in comparison to the free ligands Rf.

L. Ni Cu

(4]

——9

The spot positions at (2.6 cm), (1.8 cm), (3.2 cm),
and (1.7 cm) of Mn(l1), Co(ll), Ni(ll) and Cu(ll)
metal ion complexes respectively differ from the
spot position of the [LH2] ligand at (1.4 cm)
which proves the formation of the complexes as
well figure (6).

L. Mn Co

Figure 6 TLC measurements for the derivative ligand [LH,] and its complexes
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Molar conductivity

The molar conductivity values of [LH;] metal ion
complexes in methanol (10 M solution) were
found (18-6), these indicates that all complexes
are non-electrolytic (Geary, 1971), The Molar
Conductivity in (Ohm™. Cm% mol™®) for
[Mn(LH2)] =18, [Co(LH,)] =10, [Ni(LH)] =6 and
[Cu(LH>)] =10.

X-Ray power diffraction (X-RD)

The X-RD for the [LH2] complexes figures (7) has
been studied using PANalytical. At 25 °C, room
temperature, all produced complexes were
examined and described. During the X-RD
research, the Cu K radiation was utilized for this
reason. The X-RD pattern of 20 with a range of 0°
to 60° was noted. The Joint Committee for
Powder Diffraction Optical Phenomena computer
code (JCPDF) was used to index the X-RD
pattern.)(Sharma et al., 2014). The synthesized

metal complexes were characterized by X-RD
measurements in order to elucidate their
coordination (ligand and metal ions). To create a
uniform powder, the produced complexes
underwent processing steps that included washing,
drying, grinding, and blending. For X-RD
analyses, dry powder complexes that had been
completely mixed and pulverized were employed.
The d-spacing were calculated for all the produced
complexes using the Bragg's equation. (Geete et
al., 2020) and are given in table (5). The formula
for Bragg's law is as follows: (2dsin® = nA). The
d-spacing of all complexes can be compute from
9 theta by the equation (2dsinf = n\) where A= the
wavelength of X-rays was 1.5406 A and 0 = the
incident angle. The d-spacing is the separation
between atom planes that results in diffraction
peaks.

Table 5 the [ ®2theta and d-spacing (A) ] for all complexes

[Mn(LH))] [Co(LHy)] [Ni(LH2)] [Cu(LH))]
%theta & | d-spacing | “2theta # | d-spacing | %2theta @ | d-spacing | “2theta # | d-spacing
position [A] position [A] position [A] position [A]
23.1395 3.84391 38.487 2.33912 38.4708 2.34007 38.4677 2.33832
26.2834 3.39082 44.7106 2.02524 42.0639 2.14812 38.5724 2.338
26.5872 3.35276 44.8378 2.02481 44.716 2.02501 42.0772 2.1457
26.9764 3.30526 44.8461 2.02445 43.6211 2.07327
38.4595 2.3388 49.1528 1.8521 44,6978 2.02579
38.5675 2.33829 65.0873 1.43194 44,8313 2.02509
42.0938 2.14489 65.2734 1.43185 49.1112 1.85357
44.7159 2.02501 50.9502 1.7909
44.8441 2.02454
49.1365 1.85267
55.279 1.66046
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[Mn(LH2)]

[NiLHz)] |

[Co(LH2)].

[Cu(LH2)]

e i
-

Figure 7 X-RD patterns of synthesized [Mn(LH>)], [Co(LH,)], [Ni(LH2)] and [Cu(LH)]

Magnetic susceptibility measurements

By using Faraday's approach, the magnetic
moment in the solid state has been identified. This
makes it possible to count the number of unpaired
electrons. Predictions of the bonding model and
electrical structure should benefit from this (Bain
and Berry, 2008). Table (6) shows the results of
measuring the effective magnetic moment (U o
=B.M) after measuring the magnetic susceptibility

by applying the equation P XV2.828 = AT and
according to the calculated p ¢ it is showed that
the complexes are in a high spin, the d orbital of
Mn(1l) have 5 unpaired electron, Co(ll) have 3
unpaired electron and 2 paired electron, Ni(ll)
have 2 unpaired electron and 3 paired electron,
Cu(Il) have 1 unpaired electron and 4 paired
electron, so the hybridization is spd and
indicating the structure of trigonal bipyramidal

of a few selected complexes at room temperature. for all the complexes.
Table 6 data of magnetic moment (U sof complexes (K 298) at (M.B=
*1N-3

NG, Sl XS% S::160 : t?Ir_am er:m;? Xa *10'? atom HeM.B HeM.B Suggested

ptibility susceptibility susceptibility expt. calc. structure

1 | [Mn(LH)] 27 11.78 11.78 5.65-6.10 5.3 Trigonal
1.80-2.10 Bipyramidal

2 | [Co(LHY)] 10.5 4. 62 4.63 4.30-5.20 | 3.32 Trigonal
1.8 bipyramidal

3 | [Ni(LH)] 4.5 1.98 1.99 2.80-3.50 | 2.17 Trigonal
bipyramidal

4 | [Cu(LHy)] 4.5 1.99 1.9 1.70-2.20 | 1.97 Trigonal
bipyramidal

Biological activity
Biological activity of derivative ligand [LH,]

Using the inhibition approach, the biological
activity of the ligand [LH;] was examined in two
different species of harmful bacteria. Gram
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positive Staphylococcus aureus and gram negative
Escherichia coli were the first two types of
bacteria, respectively (Numan et al.,, 2015,
Ibraheem et al., 2016). After 24 hours, the ligand
displayed inhibition against one kind of bacterial
Staphylococcus aureus, but not against another
type of bacterial Escherichia coli, and this
inhibitory diameter remained the same after 48

hrs., figure (8). Additionally, experiments with the
same kinds of bacteria showed that the ligands
exhibit greater activity than the complexes under
similar experimental settings. As a standard for
antibiotics Ciprofloxacin is used for gram-
negative  bacteria  Escherichia coli, and
Vancomycin is used for gram-positive bacteria
Staphylococcus aureus are used.

Figure 8 biological activity of derivative ligand [LH;] and its complexes

Conclusion

The reaction of dimethylglyoxime and acetic acid
with 4-aminophenol gives a new derivative ligand
[LH2]. The reaction of this ligands with metal
acetates resulted in the formation of the required
complex with trigonal bipyramidal geometry
around Mn(ll), Co(ll), Ni(ll), and Cu(ll) ion
complex with the general formula [M(LH,)]. The
(FT-IR) spectra of the ligands and complexes
showed a new difference peaks in the FT-IR
region indicating the forming compounds. The
(UV-Vis) spectra of the ligands and complexes
appear a new difference peaks in the visible region
belongs to d-d transition type indicating the
coordination with the metal ions. Magnetic
moment measurements indicating the geometrical
shapes of the complexes which is the trigonal
bipyramidal shapes.
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