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Abstract

New complexes were synthesized from a newly prepared Schiff base ligand (L) derived
from malonic acid dihydrizde and 2- pyridine carboxaldehyde. The *H-NMR and “*C-NMR
spectra demonstrated all the needed peaks to prove the chemical structure of the synthesized
ligand (L). Utilizing mass spectroscopy, the molecular ion peak was found at m/e 310,
confirming the formula weight for L,, which matches the estimated m+ value (310.12).
Accordingly, its Mn (I1) and Co (II) complexes were trainedusing glacial acetic acid as a
catalyst. These compounds were characterized by FT-IR, UV-Vis, C.H.N., chloride-containing,
molar conductance, magnetic susceptibility, and atomic absorption. The characterization results
gave complexes hexadentate coordination geometry for each cobalt and manganese complex.
Schiff base ligand acted as tetradentate with a good yield. The biological activities of the new
compounds were valued against two Gram-positive (Staphylococcus aureus and Bacillus
subtitles), two Gram-negative (Escherichia coli and Pseudomonas aeruginosa), and candida
fungi; hence, their results were good in inhibition.

Keywords: Biological activities, Candida fungi, inhibition, 2-pyridine carboxaldehyde, Schiff
base complexes.

1. Introduction

Schiff's bases are widely used in coordination chemistry because of their high coordination
number and ability to form complexes with a wide variety of metal ions, including those of
transition metal. In this study, primary amines and active carbonyl groups can condense to form
Schiff's bases; two different mechanisms can make an amine. The amine nitrogen's nucleophilic
activity first attacks the electrophilic carbonyl carbon of aldehydes or ketones as a nucleophile.
The nitrogen deprotonates in the subsequent stage, and the electrons from this N-H bond push
the oxygen away from the carbon, leaving a compound with a C=N double bond (an imine),
which displaces a water molecule.
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Derivatives of hydrazone are well-recognized for a variety of biological functions. Numerous
hydrazones have been used as antibacterial medications, which are often employed for the
treatment of various biological activities. Malonic acid hydrazide and 2-pyridine carboxaldehyde
compounds are significant classes of polydentate ligands in coordination chemistry and have
many uses in multiple fields [1]. In addition, the presence of an imine group is essential for
understanding how transformation and racemization reactions occur in biological systems [2].
Transition-metal complexes of hydrazone and its derivatives have garnered significant attention
due to their diverse applications, such as antibacterial, anti-tubercular, carbonic anhydrase
inhibition, and anti-inflammatory properties. These complexes have been extensively studied,
reflecting their potential health-related applications. Discoveries in the field of bioinorganic
chemistry have heightened interest in macrocyclic complexes containing oxygen and nitrogen
atoms [5, 6]. This study describes the synthesis of a novel Schiff base [L,] and uses it as a ligand
to provide sites that are potential donors and form complexes with Mn (Il) and Co (II). The
ligand [L;] and its complexes have been fully characterized.

2. Materials and Methods
2.1 Materials

The chemicals used in this study diethyl malonate Sigma Aldrich 99%), hydrazine
monohydrate (99%, 2-pyridine carboxaldehyde (Sigma Aldrich 98%), Absolute Ethanol (B.DH,
99%), CoCl,.6H,0 99% and MnCl,.4H,0 99% were provided from BDH.
The University of Tehran's labs measured the nitrogen and carbon-hydrogen (CHN) contents.
Shimadzu FT-IR-8100 spectrometers were used to record FT-IR spectra at the labs of the
University of Baghdad's College of Science. The University of Tehran's laboratories were also
used to determine the ligand's *H NMR and **C NMR spectra using d6-DMSO as a solvent and
TMS as an internal standard on a Bruker 400 MHz. A UV-1650 PC Shimadzu spectrophotometer
was used to measure the electronic spectra at a temperature of 25 °C. The experiments were
conducted in the labs of the College of Sciences for Women at the University of Baghdad,
utilizing complexes with a concentration of (10 M) in absolute DMF.
A Philips PW-digital conductivity meter was used to test the electrical conductivity of the
complexes in a (1 x 10° M) solution of the samples in DMF at room temperature. The
measurements were performed at the University of Baghdad's College of Science for Women. At
Al Mustansiriya University, all magnetic susceptibility values for the solid state were likewise
obtained using the Gouy balance. By using a GCMS-QP2010 PLUS DI analysis Shimadzu,
Japan, spectrometer in the University of Samarra's lab, the molecular weight of the produced
ligand was ascertained. Additionally, all melting point values were recorded using the Gallen
Kamp melting equipment at the College of Science for Women, University of Baghdad.
2.2 Synthesis
2.2.1 Synthesis of ligand (L)
Step I: Including the preparation of malonic acid dihydrazide, the synthesis method is described
below:
A solution of (10 g, 0.062 mol) of diethyl malonate was stirred in a round bottom flask in
10 mL ethanol at room temperature. Then (6.2 g, 0.124 mol) of aqueous hydrazine was added
dropwise with continuous stirring, then refluxed for 6 hrs. When the reaction was stopped and
cooled down to room temperature the white precipitate was filtered and washed with methanol
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and then dry ether. White precipitate recrystallized from absolute ethanol gave a very good yield
of 80 % (7.1g), m.p 159 °C. Scheme 1 represents the preparation of Malonic acid dihydrazid.

o O NH,
OC,H5 Ethanol NH
+ 2N2H4.H20 + 2CH3CH20H
OC,Hs Reflux 6 hrs NH
o NE
Diethyl Malonate Hydrazine Malonic acid dihydrazide Ethanol

Scheme 1. Steps of preparation of malonic acid dihydrazide.

Step I1: A methanolic solution (15 mL) of 2-pyridine carboxaldehyde (1.62 g, 0.015 mol) was
added to a mixture containing a methanolic solution (15 mL) of malonic acid dihydrazid (1.0 g,
0.007 mol) under nitrogen gas, then adding 1-2 drops of glacial acetic acid, as shown in Scheme
2. The resulting mixture was refluxed for 4 hours with stirring. After that, the mixture was
cooled down to room temperature, and white crystals were formed, filtered, washed, and then re-
crystallized from ethanol. The product was dried over anhydrous CaCl, under a vacuum to yield
a pure product of 86% (2.0 g), m.p. 214-216 °C.

\__N
o H ., CH

Qo NH, Methanol, Qo N/:

NH
" s N Few drops AcOH -

. R Reflux 4 hrs NH

0 NH2 o N\\
CH

2-pyridine

Malonic acid dihydrazide. carboxaldehyde

Scheme 2. Synthesis of Schiff bases ligand (L.,).

2.2.2 General procedure to synthesis metal ions Mn?*, and Co?*" complexes

The prepared ligand (L) (0.2 g, 0.6 mmol) was dissolved in methanol (10 mL) with stirring.
Metal chloride hydrate (0.1 g, 0.6 mmol) was dissolved in methanol (10 mL) and added to the
ligand solution, as shown in Scheme 3. The mixture was heated under reflux for 5 hours; during
this period, the colour of the solid changed to dark green. The green precipitate was then
collected by filtration, washed with methanol, and dried at room temperature for 48 hrs to get
78-81%, see Table 1.

272



IHJIPAS. 37 (2) 2024

H
o N:C NN /
NH -
o MCly.nH>O
& N\: N=—
0\ 7
Methanol
few drops AcOH R 6llars
Y
S/
N

M= Co(ll) , Mn(l)

Scheme 3. Synthesis of Schiff base Metal Complexes.

3. Results and Discussion

LT o

NH M/ -
;N\H/\ o,
o N .

The tetradentate ligand [L,] was produced in high yield by the reaction of one mole of
malonic acid dihydrazide and two moles of 2-pyridine carboxaldehyde. Table 1 summarizes the
physical properties and micro-elemental analysis of the prepared ligand and its metal complexes.
The results are quite related to the suggested structural formula. The formation of ligands and
complexes has been demonstrated by the close match between the calculated and observed

values of the elemental analysis.

Table 1. The physical properties of the prepared compounds.

Formula % Theoretical
(Experimental)
Color m.p.°C Mwt  %Yield 9%C %H %N %ClI %M
L, White 214-216  310.32 86% 58.06 4.55 27.8
CisH1NgO, (57.11) (5.23) (26.91)
[MnL,CI(H,0)]CI.LH,O  Yellow 235-243d 472.19 78% 38.15 3.84 17.80 15.02 11.63
Ci5H15Cl, Mn NgO,4 (39.31) (3.21) (18.11) (14.63) (11.01)
[CoL, CI(HO)]CI Dark -  225-229  458.17 81% 39.32 352 (18.34) (15.48) (12.86)
Ci5H16 Cl, CONgO3 e (40.20) (4.10) (17.97) (15.74) (12.59)

d= decompose
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3.1 The UV-visible spectroscopy
3.1.1 The UV-visible for the ligand and its complexes
The electronic spectra of the ligand and ligand complexes were recorded in their solution in

DMF in the range of (200-1100) nm, as in Table 2 and Figures 1-3. The electronic spectrum of
the ligand shows intense absorption at 314-331 that belongs to (=—=n*) and (n—n*), respectively
[7-12]. Table 2 summarizes the conductivity data, which show electrolyte behavior. The
electronic spectrum of Co (1) complex showed three peaks at 368, 607, and 673, C.T,4T1g(F)
—4T1g(P), 4T1g(F)—4A2g, respectively [13-15], and the electronic spectrum of Mn (II)
showed three peaks at 228, 289, and 347 nm assigned to (m—n *), (n—n*) and 6A1g—4T1g(G)
with charge transfer, respectively [16, 17], suggesting all the complexes are octahedral geometry
(11-14). All the data for the electronic spectra are listed in Table 3.

Table 2. Magnetic moments, and molar conductivity for Schiff base ligand and its complexes.

Complexes H eff (cal) Magnetic moment Molar Cond. Type
(B.M) Oohm’
Lem?mol™
[MnL,CI(H,0)] CI. H,O 6.37 Paramagnetic 75 Electrolyte
High spin
[CoL,CI(H,0)]CI 4.52 Paramagnetic 90 Electrolyte
High spin
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Figure 2. The UV-spectrum of Co L, complex Figure 1. The UV-spectrum of L,
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Figure 3. The UV- spectrum of Mn L, complex.

Table 3. Electronic spectra, for Schiff base ligand and its complexes.

Compound Electronic State A max Absorption Assignments
arrangement (nm) bands cm™
C15H14N602 - - 314 31847.1 T —*
331 30211.4 n—m*
[MnL,CI(H,0)]CI.H,0 d?® bs 228 4385.96 T ok
289 346020 n—om*
347 28818.4 *A1g—*T19(G)
withC.T
[CoL,CI(H,0)]CI d’ P 673 27173.9 Tg(F) ="'Ag)
607 16474.4 T19(n —*T19(p)
368 14858.8 CT

3.2 Infrared spectral studies of ligand and the complexes

The tetradentate Schiff base L, displays a sharp band at 3014 cm™ and 3431 cm™ assigned to
v(C-H) and v(N-H), respectively [18]. A strong band appeared at 1664 cm™ assigned to the
stretching band of the azomethine group, as observed in Table 4 and Figure 4. The coordination
of the metal ions to the nitrogen azomethine leads to a shift-down in the frequency of v(C=N)
value due to the decreases in the electron density on the azomethine after donating electrons of
nitrogen to the partially filled d-orbitals of the metal ions (II) [19, 20]. The IR spectra of the
complexes exhibit characteristic bands around (1560-1608) cm™, showing that the metal ions
coordinate with L, via the azomethine nitrogen atom [21]. The stretching vibrations of the
nitrogen in the pyridine group cause a prominent band at 1413-1363 cm™. New stretching modes
were observed in the far-infrared spectra of the complexes that didn't exist in the spectrum of L
at (445-462) cm™ and (347-352) cm™ and (518-522) cm™, which are attributed to (M—N), (M—
Cl) and (M-O) as evidence on the formation bonds between the metal ions (Il) and the nitrogen
azomethine chloride and oxygen, respectively, as observed in Figures 5 and 6 [22-24].
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Table 4. Electronic spectra, for Schiff base L, and its complexes.

Compound N-H H,O CH CH C=0 C=N N-H C-N N-H H,O M- M- M-
stretch Coord Ar Aph in outof Coord O N Cl
2 bands plane plane
C15H14N6O, 3431 3014 2879 1693 1664 1556 1413 642
[MnL,CI(H,0)]CI.H,0 3427 3390 3035 2975 1696 1560 1473 1363 636 779- 522 445 316
568
[CoL,CI(H0)]CI 3427 3249 3039 2972 1693 1623 1496 1361 640 775- 518 447 352
559
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Figure 6. The FTIR-Spectrum of MnL, complex.
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3.3 Proton nuclear magnetic resonance spectroscopy (‘H-NMR)
The chemical environment of organic molecules can be determined using nuclear magnetic
resonance spectroscopy. Using tetramethylsilane (TMS) as the internal reference standard, the
'H-NMR of the ligand (L) in dimethyl sulfoxide (DMSO-d6) is shown in Figure 7. The
produced ligand's chemical structure was confirmed by the ‘H-NMR, which showed all the
required peaks (L,). The ligand displayed a singlet peak at a chemical shift of 3.07 ppm, which
belongs to the aliphatic CH, group. This peak has shifted to a higher chemical shift because it is
next to two carbonyl groups, which cause the de-shielding of electrons around the corresponding
protons. While the proton of the azomethine group (HC=N) shows a singlet peak at a chemical
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shift of 7.94 ppm, the four protons of the heteroaromatic unit show multiplet peaks at regions
between 7.5 ppm and 7.8 ppm, except one proton was shifted to a higher chemical shift, showing
a nice doublet peak at 8.63 ppm. This peak is highly shifted because the proton is connected to
an unsaturated carbon atom next to a highly electronegative nitrogen atom within the aromatic
system. Finally, the NH of the hydrazine group shows a singlet peak at a chemical shift of 10.56
ppm. Thus, the *H-NMR data are summarized in Table 5.

Table 5. The *H- **C NMR spectra for the L and the chemical shift in ppm.

Compound 'H-NMR BC-NMR

L, & = 10.56 ppm (S, 2H, 2NH), 8.63 ppm & (ppm) = 167.11, 153.14, 148.11, 142.40,
(dd, 2H, 2Ar-H next to N), 7.94 ppm (S, 137.61, 123.01, 119.09, 47.90.
2H, 2HC = N), 7.80-7.77 ppm (m, 4H,
4Ar-H), 7.51 ppm (m, 2H, 2Ar-H), 3.07
ppm (S, 2H, CH,).

o ]
U]
®
L}

) |
§i
§

0
10
]

r—NH 2 DAESO
o N Lo

1 (P )

Figure 7. The *H-NMR of ligand L, .

3.4 Carbon nuclear magnetic resonance spectroscopy (“C-NMR)

Chemical shifts corresponding to all carbons of the ligand (DMSO-d6) are identified in a
3C-NMR spectrum, thus confirming their chemical structure. The chemical structure of the
synthesized ligand, which has eight distinct carbon atom environments, is confirmed by the
13C-NMR spectroscopy, which revealed eight distinct peaks at corresponding chemical shifts.
Figure 8 illustrates this chemical structure. The spectrum shows a peak at a chemical shift of
47.90 ppm, which belongs to the aliphatic CH, carbon atom. This peak has shifted to a higher
chemical shift because it is next to two carbonyl groups, which cause the de-shielding of
electrons around the corresponding carbon atom. On the other hand, the carbon atom of the
carbonyl group (C=0) shows a peak at a chemical shift of 167.11 ppm. It is highly shifted
because it is an unsaturated carbon atom next to oxygen. In our supposition, the five carbon
atoms of the heteroaromatic unit show three peaks at 119.09, 123.01, and 137.61 ppm, and two
carbons were shifted to a higher chemical shift, showing two peaks at 148.11 and 153.14 ppm.
These peaks are highly shifted because they are an unsaturated carbon atom next to a highly
electronegative nitrogen atom within the aromatic system. Finally, the carbon atom of the
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azomethine group (HC=N) shows a peak at a chemical shift of 148.11 ppm. Thus, the
3C-NMR data are summarized in Table 5.

= - B b
@ R® YR 23R g 3
T A B 3 o e A
L N
,}:n
o N
= - NH
—NH
o N . DMSO
3CH 1
2 8 L4
6 ‘N
38 7/ /)

T T T T T T T T T
200 190 ino 170 160 150 140 130 120 1

Figure 8. The *C-NMR of ligand ( L,).

3.5 Characterization of Schiff bases ligand by mass spectroscopy

Utilizing the mass spectrum method, one may ascertain the fragmentation that pertains to the
compounds being studied as well as the molecular weight of the synthesized compounds. In
Figure 9, the mass spectra of the prepared Schiff base ligand were consistent with the proposed
structural formula C15H14NgO,. The molecular ion peak was found at m/e 310, confirming their
formula weight for ligand, which matches the estimated m+ value (310.32). Further unique peaks
that were visible in the ligand mass spectra were the outcome of L, further fragmentation.

150

100
MC %
o N v
78 ~ NH
91 139 M
0 N
133 163 HC o ™
5‘_',
1o
LR} 10
2s 223
78
s2 173
< 241
\ k '.l" 208 19
mr: S0 78 100 125 150 178 200 228 250 278 300

Figure 9. Mass spectrum of ligand.

3.6 Microbiological investigations

In vitro, the antibacterial activity of the ligands and their corresponding complexes was tested
against Gram-negative (Staph and Escherichia coli) and Gram-positive (Bacillus and
Pseudomonas aeruginosa) bacteria. The prepared compounds were highly effective. The
synthesized ligands and their complexes were biologically active, as shown in Table 6.
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The data obtained manifest that some of these compounds exhibited suitable activities against the
tested organisms. Among the ligands and complexes, L, showed the highest activity against all
bacterial species. In contrast, its complex [L,Co] showed maximum activity against Bacillus, and
the Lo,Mn complex showed maximum activity against pseudomonas among the tested bacteria.
Table 6 and Figures 10, 11 show the antibacterial activities of ligands and their corresponding
complexes. The synthesized ligands and their Il complexes were also subjected to antifungal
activity against fungal strains (Candida). The antifungal activity results have shown that L,
possessed and complexed the highest activity against Candida [25-30].

Table 6. Anti-bacterial activity of Schiff base L, and its complexes.

Staphylococcus

Compounds E.Coli Pseudomonas Bacilla Candida
aureus
L, 14 17 17 17 16
Co* 15 16 16 19 16
Mn*? 16 16 18 16 18
25
20
15
10
5
0
L2 Complex Co Complex Mn

Estaph ME.Coli M pseudomonas & Bacilla ™ Candida

Figure 10. Anti-bacterial activity of Schiff base L, and its complexes.

Staph E-Coli Bacilla

Figure 11. Biological activity of Schiff base L, and its complexes.
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4. Conclusion

The generated Schiff base complex operated as a tetradentate ligand, connecting to the
metal ion via the nitrogen of pyridine and the nitrogen of azomethine, according to all of the
investigation's spectrum data. Additionally, the analytical data demonstrated that all of the
complexes that were generated had an M:L ratio of 1:1, which is compatible with a mononuclear
structure. The spectrum and elemental analysis results, together with the complexes' magnetic
moment and molar conductivity in DMF solution, demonstrated that every complex was an
electrolyte with an octahedral structure. The biological activity of all the complexes is against
two types of bacteria and fungi. Escherichia coli, pseudomonas, Staphylococcus aureus, Bacilli,
and Candida were studied, and they gave good results in inhibition. It was suggested that the
structure of the Schiff base complexes for L, is based on the characterization results, as shown in
Figure 12.

;Nﬂ \ME/ " CL H,0 ;Nﬁ J./ o
T R

Figure 12. The proposed structure of Schiff base L, complexes.
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