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ABSTRACT

This research includes synthesis and characterization of transition metal
complexes of Cu (II), Co (II) and Ni (II) with hydrazone Schiff base ligand.
Schiff base lagand was synthesized by reaction of malonic ester dihydrazide
and 5-bromo salicylaldehyde. The structure of obtained complexes was

studied by IR and electron spectroscopy
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1. Introduction

The synthesis of complex compounds of
hydrazone and its derivatives with its transition
metals, the study of their structure and properties
is one of the most intensively studied areas of
chemistry of coordination compounds in the last 20
years [1-5]. Hydrazones exhibit several coordination
sites, and they can easily coordinate with transitional
metals to form transition metal complexes and show
good biological properties. They are prepared by the
reaction of hydrazide (R-NH-NH2) and a carbonyl
(C=0) compound (-aldo and —keto). Hydrazones of
hydrazides, mono- and dicarboxylic acids open up
a wide range of possibilities for the production of
polydentate ligands. For example, dihydrazones of
hydrazides of dibasic carbonic acids are polydentate
ligands, forming mono-, di- and trinuclear complexes
with transition metals.

Coordination compounds containing polydentate
ligands are called chelates (from Greek chole,
“claw”), and their formation is termed chelation.
They can act as multidentate ligands when interacted
with transition metals and show many applications
in industry, agriculture, and applied in various
fields of medicine [6, 7]. They have physiological
and biological activities such as, in biological
activities enable the hydrazone compounds and
their complexes are suitable to be used as herbicides,
insecticides, nematicides, rodenticides, and plant
growth regulators. Acylhydrazones and their

transition metal complexes are included in the drugs
used against tuberculosis and oncological diseases.
They also show antimicrobial properties [1, 2]. The
structure and properties of coordination compounds
are determined by the structure of the organicligand.
Many different types of organic ligands are now
known to be able to bind metal ions strongly. In this
case, the structure of complex compounds depends
on the electronic properties of the heteroatoms that
make up the ligand, the number of coordinating
atoms (dentate), their relative position, and the
elasticity of the ligands.

2. Experimental

2.1. Materials and measurements

All reagents and solvents were obtained from
commercial sources and were used without further
purification unless otherwise noted.

Electron absorption spectra were recorded on a
UV-VIS Evolution 60S spectrophotometer. IR spectra
were performed from KBr pellets with a Nicolet IS10
spectrophotometer from Thermo Scientific (USA) in
the range of 400-4000 cm™.

2.2. Preparation of compounds

2.2.1. Malonic acid dihydrazide

The mixture of 3.2 g (0.02 mol) of malonic acid
diethyl ester and 4 g 50 % hydrazine was refluxed
for 5 hours. After cooling, the crude mixture was
filtered and kept at room temperature for 1 day. The
next day precipitated white crystals. Crystals were
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washed with distilled water several times and dried.
M.p.150 °C.

2.2.2. Synthesis of hydrazone from diethyl
malonate dihydrazide with 5-bromo salicylic
aldehyde (1)

The solutions 1.32 q (102 mol) malonic ester
dihydrazide dissolved in 20 ml of methanoland 3.82 g
(2:102 mol) 5-bromo salicylic aldehyde dissolved
in 30 ml of ethanol were mixed and stirred on a
magnetic stirrer at a temperature of 30-40 °C during
2 hours. Then the solution was filtered to remove
insoluble impurities. After 20 minutes, light yellow
crystals appeared, which were separated and dried
in the air. IR (KBr) v/ecm?=3279m, 3179m, 1754s,
1735s, 1698s, 1608s, 1505s, 1463s, 1377m, 1343m,
1260w, 1173w, 822w, 722w, 636w, 488w.

2.2.3. Synthesis of Cu(Il) complex (2)

Schiff base ligand (hydrazone) and
Cu(NGO;), x 3H,O in a 1:1 ratio were used for the
synthesis. A mixture of 0.72 g (0.01 mole) of ligand,
0.24 g (0.01 mole) copper nitrate, and 0.2 g of
NaOH in methanol: water solution (ratio 5:1,
20 mL) was stirred about 15-20 minutes on
a magnetic stirrer. Immediately the color changed
to dark green. The substance precipitates in the
solution as a green powder. The solid compound is
filtered and dried. The melting point is determined
Tm.p.>250°C. IR (KBr) v/cm?=3589m, 3205wide,
1662s, 1617m, 1524m, 1467m, 1373s, 1286s, 1181m,
834w, 703w.

2.2.4. Synthesis of Ni(II) complex (3)

Schiff base ligand (hydrazone) and
Ni(NO,), x 6H,O in a 1:1 ratio were used for
the synthesis. 0.72 g (0.01 mol) of ligand was
dissolved in 20 ml ethanol and 0.29 g (0.01 mol)
Ni(NO;), x 6H,O was dissolved in 30 ml methanol.
Then these solutions were mixed and stirred
for about 5 minutes on the magnetic stirrer. The
substance precipitates in the solution as a greenish-
yellow powder. The solution was filtered and dried.
M.p.>250°C. IR (KBr) v/cm™=3465m, 3047wide,
1694w, 1606m, 1520m, 1457m, 1359s, 1289m, 1174s,
1085w, 847m, 825w, 652w.

2.2.5. Synthesis of Co(II) complex (4)

The Co (II) complex was obtained in a similar
way as a Ni(II) complex. The substance precipitates
in the solution as a dark red powder. The solution
was filtered and dried. M.p.>250 °C.
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Results and discussion

Malonic acid dihydrazide has a high elasticity due
to its ability to rotate around the methylene group
compared to other similar dibasic acids (oxalate,
phthalic, etc.). The carbonyl group combined with the
hydrazone group can be converted to keto and enol
forms, and the hydrogen atom can be deprotonated
during coordination. Therefore, dihydrazone from
bis-salicylic acid of malonic acid dihydrazide acts
as a potential mono-, bi-, tetraanion ligand during
coordination. Cu (II), Co (II), and Ni (II) complexes
were synthesized with 5-Br-salicyl hydrazone of
malonic acid.
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IR Spectra of Ligand and Complexes

Optical methods were used to study the various
samples synthesized. Infrared spectroscopy is a
very useful method for the structure elucidation
of compounds, that is ligands and their complexes
to show the moiety bonded to the center metals
atoms subsequently. IR spectra of ligands and their
metal complexes obtained from substances
initially taken for synthesis were recorded on
a Nicolet IS10 spectrophotometer from Thermo
Scientific (USA) in the range of 4000-400 cm™. The
difference between the ligand spectrum and its
complexes showed coordination of Schiff base with
metals ions [8].

In the IR spectra of HL ligand, the absorption
band CH=N- belonging to the azomethine group is
1608 cm™, and the absorption band C=O belonging
to the carbonyl group in the amide group is
1698 cm™. Two intensive 3279 and 3179 cm™ strips
belong to the NH groups. Due to the complex
formation in the IR spectra of the Cu (II) and Ni (II)
complexes, the azomethine bond shifts to 1617 cm™
for the copper complex and 1606 cm™ for the nickel
complex. Observations of the absorption bands
3589 cm™ in the copper complex and 3465 cm™ in
the nickel complex show that they also contain a
water molecule. It was observed from IR spectra
and certain bands were common in the spectra of
metal complex and ligand which shows successfully
synthesis of complex formation.
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UV-Visible Spectra

The electronic spectra of the ligand 1 and its metal
complexes were measured using UV-VIS Evolution
60S spectrophotometer in ethanol solutions.
Absorption bands of 285 and 296 nm (doublet) and
340 nm are observed in the ligand 1 in the electron
spectra drawn in ethyl alcohol (Fig.1). These bands
belong to the m-m* transitions and to the group of
azomethine combined with a benzene ring at 340 nm.
During the complex formation some changed in the
electronic spectra of the complex has been observed.
In case of complex Co(Il), strong absorption bands
of 225, 265 and bands with low intensity at 300 and
354 nm appear in the electronic spectra in the UV
region [9]. Similar changing in the ligand absorption
bands were observed in the electronic spectra of
the copper(Il) 2 and nickel(I) 3 complexes with
sythesized hydrazone ligand 1 (Fig.2).
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Fig. 1. UV-Vis spectra of the ligand 1
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Fig. 2. UV-Vis spectra of the Ni(II) complex 3

Thus, it was confirmed by spectral methods
that malonic acid dihydrazone behaves like a
dianion tetradentate ligand and forms plane-square
complexes with Cu (II), Co (II) and Ni (II) ions. The
structure of the obtained complexes can be imagined
as follows:

Conclusions

Hydrazones of acid hydrazides were synthesized
by reacting hydrazides with aldehydes. The esters
of malonic acid were reacted with hydrazine
hydrochloride to form hydrazides, and then the
hydrazide was reacted with 5-bromo salicylaldehyde
to synthesize hydrazone. Copper nitrate, nickel nitrate
and cobalt nitrate were reacted with as prepared
hydrazone to synthesize metal complexes. The
hydrazone and metal complexes were characterized
by IR and UV-Vis spectroscopy. The IR bands observed
around 1617 cm™ for the copper complex and 1606
cm™ for the nickel complex, due to CH=N- group. The
synthesized products showed encouraging results
and may be used in different applications.
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KoMmmnaekcsl MeTaaa0B ¢ AUTMAPa3OHOM AUTMApPa3MHA
MaAOHOBOM KIMCAOTHBI

P.X. Ucmanaos!, I1. A. ®aTyaaaesa®
"HUIIN "He¢mezas”, SOCAR, baxy, Asepbatidxan
Uncmumym xkamarusa u Heopzanudeckoll xumuu Hayuonaroroi akademuu nayx
Asepbaiidxana, baxy, Asepbaiidxan

Pedepar
ITpeacraBaeHHoOe nccael0BaHMe BKAIOYaeT CUHTE3 U XapaKTePUCTUKY KOMIIAEKCOB Ilepe-
xoguerx Metaaaos Cu (II), Co (II) m Ni (II) ¢ aurangom ruapasonosoro ocHosanns llnddda.
Awnrang, ocHosanus lludda 6s1a cuHTE3NpOBaH peakumerl s¢pupa Mal0HOBON KIUCAOTH U
5-O0pomcaaunuaaansernsa. CTpoeHne noaydeHHLIX KOMIIAeKCOB u3ydyeHo Metogamu VK u
DAEKTPOHHOU CIEKTPOCKOIIN.

Katouesvte crosa: ruapasoHossiil Anrans ocaosanus lludda; MmeaHbIT KOMITAEKC; HIKe-
A€BBI KOMIIAEKC; K0OaabTOBbIN KoMIaeke; VIK- n YP-puanmas crieKTpOCKOIus.

Malonik tursusu dihidrazinin dihidrazonu ila
metal komplekslari

R.H. ismayll'ovl, P. A. Fatullaeva®
""Neftqazelmitadqiqatlayiha Institutu”, SOCAR, Baki, Azarbaycan
?Kataliz va Qeyri-iizvi Kimya Institutu, Azarbaycan Milli Elmlar Akademiyasi, Baki, Azarbaycan

Xiilasa
Toqdim olunan tedqiqata Schiff asasli hidrazon ligand: ile Cu (II), Co (II) ve Ni (II)
kecid metallar komplekslarinin sintezi vo xarakteristikasi daxildir. Schiff asasli liqand,
malonik tursusu efiri ilo 5-brom-salisil-aldehidin reaksiyas: ilo sintez edilmisdir. Alinan
komplekslorin qurulusu IQ va elektron spektroskopiyasi vasitesilo dyrenilmisdir.

Acar sozlar: Schiff ssash hidrazon ligandy; mis kompleksi; nikel kompleksi; kobalt
kompleksi; 1Q vo ultrabandvsayi spektroskopiya.
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