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Abstract

From synthesized novel ligand (L) made of Malonic acid dihydrazide and 2-pyridine carboxaldehyde,
new complexes have been created. Ni(ll), Cu(ll), and Zn(Il) complexes were created as a result. FT-IR,
UV-Vis, Mass, 'H-NMR, BC-NMR, C.H.N., Chloride-containing, Molar Conductance, Magnetic
Susceptibility, and Atomic Absorption have all been used to identify these compounds. For each Nickel,
Copper, and Zinc complexes the characterization findings revealed complexes with hexadentate
octahedral coordination geometry and tetradentate ligand. Two Gram-positive (Staphylococcus aureus
and Bacillus subtitles) and two Gram-negative (Escherichia coli and Pseudomonas aeruginosa)
bacteria, as well as candida fungus, were evaluated for the biological activities of the novel compounds.
With the exception of the Nickel complex, which failed to produce any effective inhibitory effects
against pseudomonas, their results in inhibition were good.

Keywords: Biological activities, Malonic acid dihydrazide, Metal complexes, Pyridine carboxaldehyde,

Schiff Base.

Introduction

Hydrazone derivatives are widely used for a number
of biological processes. Many hydrazones have been
utilized as antimicrobial drugs that are frequently
used to treat a range of biological functions!. In
coordination chemistry, malonyldihydrazide
compounds are important classes of polydentate
ligands and have many uses in various fields?.
Additionally, the presence of an imine group is
important for understanding how transformation and
rasemination reactions occur in biological systems 2.
Due to the vast range of uses for hydazone and its
derivatives, including antibacterial, anti-tubercular,

carbonic anhydras inhibitors, and anti-inflammatory*
. Properties, the transition metal complexes of these
compounds have been substantial  study.
Malonyldihydrazides and 2-pyridine carboxaldehyde
are important moieties of polydentate ligands in
coordination chemistry and have several applications
in numerous industries®. Understanding
transformation and racemization processes in
biological systems also require the existence of an
imine group 5 Owing to hydrazone's and its
derivatives' wide variety of applications, which
include its antibacterial 7, antitubercular, carbonic
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anhydrous inhibitors, and anti-inflammatory?®
gualities. Since it has been recognized that several of
these complexes may have some uses in health, the
transition-metal complexes of these molecules have
undergone much research. Interest in macrocyclic
complexes comprising oxygen and nitrogen atoms
has increased as a result of discoveries in the field of

Materials and Methods
Materials:

The chemicals were used in this study Diethyl
Malonate ( (sigma Aldrich 99%), Hydrazine
monohydrate 99%, 2- pyridine carboxaldehyde
(sigma Aldrich 98%), , absolute ethanol (B.DH,
99%) and NiCl,.6H20 99%, CuCl,.2H,0 99%, ZnCl,
98% were provided from BDH.

Instrumentation:

The carbon hydrogen and nitrogen contents were
determined by Euro Vector EA 3000 A and FT-IR
spectra were recorded on Shimadzu FT-IR-8100
spectrometer. *H-3C-NMR spectra of the ligand (L)
were measured in d6 - DMSO solvent using TMS as
internal standard on Bruker 300 MHz . Using UV-
1650 PC Shimadzu spectrophotometer were
measured the electronic spectra at 25°C. Electrical
conductivity measurements of the complexes were
recorded at 25 °C +2°C for (1x10°M) M solution
of the samples in DMF using a Philips PW-digital
conductivity meter. Magnetic susceptibility results
were also obtained at 25°C at the solid state by
applying Gouy balance. The molecular weight of the
prepared ligand was determined by GCMS-QP2010

bioinorganic chemistry °° The new Schiff base is
synthesized in this work, and it is used as a ligand to
offer sites that may act as donors and form
complexes with Ni(ll), Cu(ll), and zZn (1I). Full
characterization of the ligand and its complexes has
been completed.

PLUS ; DI analysis Shimadzu, Japan ,spectrometer
in the laboratory of the University of Samarra.
Moreover, all melting points results were recorded
on (Gallen Kamp melting apparatus) at College of
Science for Women, University of Baghdad.

Synthesis of Ligand in Two Steps:

Step 1: The following description of the synthesis
technique includes procedure on making Malonic
acid dihydrazide.1%

Diethyl Malonate (10 g, 0.062 mol) was dissolved in
10 ml of ethanol and agitated at room temperature in
a round bottom flask. Aqueous hydrazine
monohydrate (6.2 g, 0.124 mol) was then added
dropwise in 1:2 molar ratio while being continuously
stirred, and the mixture was then refluxed for 6
hours. The white precipitate was filtered when the
reaction was stopped and cooled at room
temperature, and it was then washed with methanol
and dry ether. Re-crystallization of a white
precipitate from 100% ethanol produced a very good
yield of 80% (7.1g), m.p. 159 °C. Malonic acid
dihydrazide. preparation is shown in Scheme 1.

o O NH,
OC3Hs Ethanol NH
+ NHIH,O— +  2CH,;CH,OH
OC,H; Reflux 6 hrs NH
0 O NH,

Diethyl Malonate hydrazine

Malonic acid dihydrazide. ethanol

Scheme 1. Synthesis of Malonic acid dihydrazide.
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Step 2: As illustrated in Scheme 2, pyridine
carboxaldehyde (1.62 g, 0.015 mol) was added to a
combination of Malonic acid dihydrazide (1.0 g,
0.007 mol) and methanolic solution (15 ml), 1:2
molar ratio followed by 0.1 ml of anhydrous acetic
acid. The mixture was then refluxed for 4 hours

under N2 ,while being stirred. White crystal was
created, filtered, washed, and then re-crystallized
from ethanol after the fluid had been cooled to room
temperature. A pure product of 86% (2.0 g), m.p.
214-216 °C, was produced by wvacuum-assisted
drying of the product on anhydrous CaCl..

\_ _N
o H ,CH
o ,NHZ Methanol, o ,N
NH . , NS Few drops AcCOH NH
NH I = Reflux 4 hrs NH
o NH, o N,
. . . . 2-pyridine CH
Malonic acid dihydrazide.
carboxaldehyde =N
XN Ligand

Scheme 2. Synthesis of Schiff base ligand.

Preparation of metal Complexes

With stirring, the produced ligand (0.2 g, 0.6 mmol)
was dissolved in 10 ml of methanol. According to
Scheme 3, metal chloride [Cu?*, Ni?*, and Zn?* (0.6
mmol) was dissolved in 10 ml of methanol and added

H -
e—4
o N% N
NH
+
NH
(o] N
\\C N—
A\
H =
Methanol,
Few drops AcOH
_ /
ey
c N
N

zZ Z
Z\:Ii I
> 2

~ o//
—
C/Z

H Y
M*2= Cu*2 , zn*?

to the ligand solution in 1:1 molar ratio. After 5 hours
of reflux heating, the mixture's color changed as
shown in Table 1. After the precipitate was filtered
out, it was washed with methanol, and dried at room
temperature for 48 hours, the yields were good to
very good 71-79%.

MCl,.nH,0

Reflux 5 hrs

Scheme 3. Synthesis of Metal Complexes.
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Results and Discussion

The tetradentate ligand was produced in excellent
yield when one mole of Malonic acid dihydrazide
and two moles of 2-pyridine carboxaldehyde reacted.
Table 1. provides an overview of the produced
ligand's physical characteristics and micro elemental

analyses, as well as its metal complexes. The
recommended structural formula and the results are
well correlated. The close agreement between the
calculated and observed results of the elemental
analyses has proven that ligand and complexes form.

Table 1. The physical properties of the prepared compounds.

Compound Ligand Ni*? Cu*? Zn*?
Formula Ci15H14N6O2 [Ni LClI (HzO)]C| [CU L C|2] (HzO) [Zn LC|2](H20)
M.wt 310.32 458.03 462.78 464.64
Color White Green Black™ Brown
m.p. °C 214-216 220-224 256-259 230-233
Yield % 86% 79% 73% 71%
C% Calcd, 58.06 39.34 38.93 38.77
Exprt 57.11 40.08 40.02 39.67
H% Calcd, 4.55 3.52 3.48 3.47
Exprt 5.23 4.97 412 3.85
N% Calcd, 27.8 18.35 18.16 18.09
Exprt 26.91 18.50 17.48 17.72
M% Calcd, 12.82 13.73 14.08
Exprt 13.77 12.95 15.29
Cl% Calcd, 15.48 15.32 15.26
Exprt 19.11 14.89 14.61

UV-Visible for the Ligand and Its Complexes

Figs. 1-4 shows the UV/Vis spectrums in range of
(200-1100) nm for the prepared ligand and its
complexes after they were dissolved in DMF. The
electronic spectrum of the ligand exhibited strong
absorption at 314nm and 331nm that are attributed to
(n—n"), (n—m’) respectively'l. The electronic
spectrum of Ni(ll) complex showed three peaks at
987, 598, and 449 nm assigned to*A,g—3T.g(F)
3Ag—3T1g(F) and *A.g—3T1g(P) respectively 2,
Ni(Il) complex magnetic moment value were equal
to (2.8)B.M, which confirmed its high spin
octahedral geometry ,Table 2. The electronic
spectrum of Cu(ll) complex showed two peaks at
436nm and 778 nm assigned to Big— 2Asg
2B1g—2Eg respectively'®. Moreover, the magnetic
moment (1.4 B.M) corresponds to one unpaired
electron, which offers possibility of an octahedral
geometry, Table 2. The complex of Zinc (II) was
diamagnetic as expected for (d) ion, since the UV-
Vis spectra of the band position were compared with
that of the ligand only % Measurements of
conductivity  reveal electrolyte  dynamics?®.
According to Table 2, all of the complexes have

octahedral geometry !4 Table 3 contains a
complete list of the electronic spectra's data.
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Figure 1. UV/Vis Spectrum of ligand.
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Figure 2.UV/Vis Spectrum of Ni(ll) Complex.
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Figure 3. UV/Vis Spectrum of Cu(ll) Complex.
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Figure 4. UV/Vis Spectrum of Zn(I1) Complex.

Molar Conductivity Measurements

The molar conductance for all complexes were
measured in DMF solvent ranged from 65-90 ohm-
tem?mol?, indicating that the Ni complex is
electrolytic in nature while the Cu(ll) and Zn(ll)
complexes are not. Table 2 shows these findings.

Table 2. Magnetic moments, and molar conductivity for Schiff base L and its Complexes.

Complexes M eff Magnetic moment Molar Cond. Type

(B.M)Cal Oohm*cm2mol?
[NiLCI(H20)]CI 2.71 Paramagnetic 90 Electrolyte
[CuLCl](H0) 1.47 Paramagnetic 60 Non-electrolyte
[ZnLCI](H20) Di diamagnetic 65 Non-electrolyte

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

compound electronic A max Absorption  bands  Assignments
arrangement (nm) (cm?)
L - 314 31847.1 n—7*
C15H14N6O2 331 30211.4 n—m*
[[NiLCI(H20)]CI ds 978 10224.9 3A2g—3Tog(F)
598 16722.4 3A2g—3T1g(F)
449 22271.7 3Ag—3T1g(P)
[CULCI2](H20) d?® 778 22935.7 2Bg— 2A.9
436 12853.4 2B1g—2Eg
[Zn LCI2](H20) d 0 311 32154.3-29069.7 mwom*
344 CT
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Studies of the Ligand's Infrared Spectrum and Its
Complexes

The ligand shows bands at 3014 cm™ and 3431 cm™,
respectively, attributed to v(C-H) and (N-H) bands,
respectivly'®’. FT-IR spectrum of free ligand band
shows absorption at 1695cm™ for vC=0 , in addition
to a strong band at 1664 cm™ that can be attributed
to the stretching band of the azomethine group. After
donating nitrogen electrons to the partly full d-
orbitals of the metal ions(ll), the coordination of the
metal ions to the nitrogen azomethine causes a shift-
down in the frequency of the (C=N) value #°, This
is because the electron density on the azomethine
lowers. The complexes' IR spectra display distinctive
bands in the range of 1641-1608 cm? that
demonstrate how the metal ions coordinate to the L

through the nitrogen atom of the azomethine 2 22
There is a broad band at 1413-1363 cm™ for the
complexes, indicating coordination of nitrogen of the
C-N pyridine to the metal atoms?>2, The
coordinated water molecules (O-H) are responsible
for the wide absorption band in the 3450 cm™ areas
of the Ni(ll) complex spectrum?* .Scheme 3 and
Table 4 provide more information about the trait. As
shown in Figs. 5-8, new stretching modes were found
in the far-infrared spectra of the complexes that
weren't present in the spectrum of ligand at 445-462
cmtand 347-352 cm, which are attributed to (M-
N) and (M-CI), respectively. These modes provide
evidence for the formation of bonds between the
metal ions (II) and the nitrogen azomethine and
chloride.

Table 4. FT-IR data of Ligand and its metal complexes (cm™).

Compound L, Ni*? Cu*? Zn*?
N-H stretch 3431 3429 3442 3419
H-0 Coord - 3450 - -

CH Ar 3014 3072 3043 3026
CH Aph 2879 2943 2985 2993
C=0 1695 1695 1695 1693
C=N 1664 1641 1610 1608
N-H in plane 1556 1471 1477 1469
C-N 1413 1359 1363 1363
N-H out of plane 642 642 648 624
H,0 Coord - 777-561 - -
M-O - 520 - -
M-N - 474 470 462
M-ClI - 320 347 352
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Figure 8. FTIR-Spectrum of Zn(11) Complex.
Proton Nuclear Magnetic Resonance  tetramethylsilane (TMS) as the internal reference

Spectroscopy (*H-NMR):

The 'H-NMR of the ligand in dimethyl sulfoxide
(DMSO-d®) is displayed in Fig. 9 using

standard. All required peaks for proving the chemical
structure of the synthesized ligand were shown by the
'H-NMR of the ligand. At a chemical shift of 3.07
ppm, the ligand showed a singlet peak that is
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associated with the aliphatic CH, group. This peak
has changed to a greater chemical shift because it is
close to two carbonyl groups, which leads to the de-
shielding of electrons around the corresponding
protons. A singlet peak is visible at a chemical shift
of 7.94 ppm for the proton of the azomethine group
(HC=N). With the exception of one proton that was
changed to a greater chemical shift and produced an
obvious double doublet peak at 8.63 ppm, the four

protons of the heteroaromatic unit exhibit multiplet
peaks in the range of 7.5 ppm to 7.8 ppm. Due to the
proton's connection to an unsaturated carbon atom
close to a very electronegative nitrogen atom in the
aromatic system, this peak is significantly displaced.
At a chemical shift of 10.56 ppm, the NH of the
hydrazine group finally exhibits a singlet peak. Thus,
Table 5 contains a summary of the *H-NMR data of
the ligand.

Table 5. 'H NMR and **C NMR spectra data of synthesized ligand.

Compound 'H-NMR 13C-NMR
L 8=10.56 ppm (S, 2H, 2NH), 8.63 ppm (dd, & (ppm) = 167.11, 153.14, 148.11, 142.40, 137.61,
2H, 2Ar-H next to N), 7.94 ppm (S, 2H, 123.01, 119.09, 47.90.
2HC = N), 7.80-7.77 ppm (m, 4H, 4Ar-H),
7.51 ppm (m, 2H, 2Ar-H), 3.07 ppm (S, 2H,
CHy).
8 BBESIREE G €5 R
T RIZFRESNS TT T
_N
,CH
o) N
H
1
NH 2 DMSO
o N, H,O
CH3
7 e
6 &\ !N
4
2 S 1
L
i N
% 5
11I.0 IOIS IOI.O 9.5 9.0 7:0 6.‘5 6.0 515 5:0 415 4:0 3I.5 310 215 2I,0 1:5 1:0 OI,S
f1 (ppm)

Carbon

Spectroscopy (*C-NMR):

Figure 9. 'H-NMR spectrum of synthesized ligand.

Nuclear Magnetic Resonance

materials

the

structure. The chemical structure of the produced

confirmed by BC NMR

A B¥C NMR spectrum is used to establish the
chemical structure of the synthesized ligand by
identifying chemical shifts that correspond to each of
its carbons. Observing the synthetic ligand's eight
distinct carbon atom habitats in its chemical

spectroscopy, which showed eight distinct peaks
with strong boundaries at matching chemical shifts,
as shown in Fig. 10. The aliphatic CH; carbon atom
has a peak in the spectrum at a chemical shift of
47.90 ppm. Due to the proximity of two carbonyl
groups, which results in the de-shielding of electrons
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around the corresponding carbon atom, this peak has
shifted to a greater chemical shift. On the other hand,
because it is an unsaturated carbon atom adjacent to
oxygen, the carbon atom of the carbonyl group
(C=0) exhibits a peak at a chemical shift of 167.11
ppm. According to our hypothesis, the
heteroaromatic unit's five carbon atoms exhibit three
peaks at 119.09, 123.01, and 137.61 ppm, and two
carbon atoms that underwent a greater chemical shift

exhibit two peaks at 148.11 and 153.14 ppm.
Because they are an unsaturated carbon atom close
to a very high electronegative nitrogen atom in the
aromatic system, these peaks are significantly
shifted. Last but not least, the azomethine group's
carbon atom (HC=N) exhibits a peak at a chemical
shift of 148.11 ppm. Thus, Table 5. provides an
overview of the 3 C-NMR data of the ligand.

= Toe3 ag 5
& @k Az 23
PO 1 = T 7
WL
LCH
o N
5 4 7 NH
12
NH
AR DMSO
3CH 1
g [4
2 3 8 6 - N
T
6 5
||

200 190 180 170 160 150 140 130 120 110

100 9 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure 10. *C NMR spectrum of synthesized ligand.

Characterization of Schiff Bases Ligand by Mass
Spectroscopy:

The molecular weight of the produced compounds is
calculated using the mass spectrum, and the
fragmentation that belongs to the compounds under
investigation is identified. The mass spectra of the

produced Schiff bases ligand shown in Fig. 11. were
in accordance with the suggested structural formula,
CisH14NgO2. The predicted m+ value (310.12) as
shown in Fig. 15 is matched by the molecular ion
peak, which was discovered at m/e 310, validating
their formula weight for the ligand. As it was
successively fragmented, new unique peaks for the
ligand were visible in the mass spectra.
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Figure 11. Mass spectrum of L.

Microbiological Analysis of Synthesized Ligand
and Its Complexes

Gram-negative (Staph and Escherichia coli) and
Gram-positive (Bacilla and pseudomonas) bacteria
were used to investigate the ligand in vitro
antibacterial efficacy. According to Table 6, the
antibacterial activity data unmistakably
demonstrated that the produced ligand and its
complexes were biologically active. The results
showed that several of these chemicals had positive
effects on the examined organisms. The ligand

displayed the highest activity among its complexes
against all tested bacterial species, while its complex
Cu(Il) displayed the highest activity against Bacillus,
Zn(11) complex displayed the highest activity against
Staph bacteria. Antibacterial properties of ligand and
its related complexes are shown in Table 6 and Fig.
12. Antifungal activity against different fungus
strains was also tested on the produced ligand and its
complexes (Candida). According to the antifungal
activity data, synthesized ligand has the maximum
activity against Candida in its complexes 25-%,

Table 6. Anti-Bacterial Activity of synthesized ligand and Its Complexes.

Compounds Staph E.Coli pseudomonas Bacilla Candida
Ligand 14 17 17 17 16
Cu*? 16 15 16 20 17
Zn*? 18 18 17 15 22
Ni+2 15 15 9 16 16
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Figure 12. Anti-Bacterial Activity of synthesized ligand and Its Complexes.

Candida

Staph

Pseudomonas

Figure 13. Biological Activity of synthesized ligand and Its Complexes.

Conclusion

A tetradentate ligand, the generated Schiff
base molecule attached to the metal ion via the
nitrogen of pyridine and the nitrogen of azomethine,
according to all spectrum data from this experiment.
The analytical findings also revealed that all of the
complexes formed had a 1:1 M:L ratio, which is
compatible with a mononuclear structure. The
complexes in DMF solution were all shown to be
non electrolytes for Cu*? and Zn*? complexes while
the Ni*? complex is an electrolate with octahedral
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