REPUBLIC OF AZERBAIJAN
On the rights of the manuscript

ABSTRACT
of the dissertation for the degree of Doctor of Philosophy

SYNTHESIS WITHTRANSITION ELEMENTS
COMPLEXESCARBOXYLIC AND MERCAPTO GROUP
CONTAINING LIGANDS, AND STUDY THEM AS
ADDITIVES

Speciality: 2314.01− Petrochemistry
Field of science: Chemistry
Applicant: Mansura Teyfur gizi Huseynova

Baku – 2022

The work was performed in the “Analysis and physicochemical
studies of organic compounds and compositions” laboratory of the
Institute of Chemistry of Additives after named academician A.M.
Guliyev of Azerbaijan National Academy of Sciences and in the
“Molecular magnetics and conductors” laboratory of theInstitute of
Catalysis and Inorganic Chemistry after named academician M.
Nagiyev of Azerbaijan National Academy of Sciences.
Scientific supervisor:
Official opponents

doctor of sciences in chemistry,
associate professor
MahizaNacaf gizi Aliyeva
doctor of sciences in chemistry,
associate professor
Vagif Malik oglu Ahmedov
doctor of sciences in chemistry,
professor
Namig Qudrat oglu Shikhaliyev
doctor of sciences in chemistry,
associate professor
Ilhama Agalar gizi Zarbaliyeva

Dissertation councilED 1.16 of Supreme Attestation Commission
under the President of the Republic of Azerbaijan operating at the
Institute of Petrochemical Processes named after Academician Y.H.
Mammadaliyev of the Azerbaijan National Academy of Sciences.
Chairman of the
Dissertation council
_____________

doctor of sciences in chemistry,
academician
Vagif Medjid oglu Farzaliyev

Scientific secretary of
the Dissertation council
_____________

doctor of sciences in chemistry,
associate professor
Lala Mahammad gizi Afandiyeva

Chairman of the
scientific seminar
_____________

doctor of sciences in chemistry,
associate professor
Fuzuli Akbar oglu Nasirov
2

INTRODUCTION
The subject's relevance and degree of processing. Transition
metals complexes with thiosemicarbazone derivatives, study of their
structure and properties, has been one of the most intensively studied
areas of the coordination compound chemistry in the last 20 years1.
These complexes are currently tridentate compounds containing
sulfur, nitrogen and oxygen atoms; they are used in a variety of
industries, agriculture and medicine due to their coherent properties
and biological activity2.
In particular, due to the dounle bond, sulfur and nitrogen atoms of
thiosemicarbazone derivatives, it can be applied to petroleum
products, lubricating oils, fuels,as a biocidal additive to protect
against microbiological damage, and as an antioxidant that prevents
the oxidation of hydrocarbons. For this reason, the demand for sulfur
and nitrogen-containing organic compounds used in various fields,
especially their multifunctional agents, has increased. These
compounds, which prevent the oxidation of hydrocarbons, carry out
the process by a radical mechanism. Antioxidant chemicals that
inhibit the oxidation of hydrocarbons, on the other hand, have a
strong physiological activity against these illnesses since they
proceed by a radical mechanism in the creation of malignant tumors
in living beings. As a result, the study of the structure and
characteristics of complex metal ions Co(II), Ni(II), Cu(II), Zn(II)
with glyoxylic acid of thiosemicarbazone in diverse media, as well as
their antibacterial capabilities and physiological aspects, is pertinent
to the dissertation's topic.
1. Beraldo, H. The Wide Pharmacological Versatility of Semicarbazoners,
Thiosemicarbazones and Their Metal Complexes / H. Beraldo, D. Gambino.//
Medicinal Chemistry, − 2004. −vol. 4, −p. 31-39.
2. Casas, J.S. Main Group Metal Complexes of Semicarbazones and
Thiosemicarbazones / J.S. Casas, M.S. Garcia-Tasende, J. Sordo //
Coordination Chemistry Reviews, − 2000. −vol. 209, −p. 197-261.
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The object and subjectof research. The glyoxylic acid of
thiosemicarbazone, which preserves the carboxyl and mercapto
groups, and the transition series Co(II), Ni(II), Cu(II), Zn(II) metals
are the focus of our investigation. The objective of this research is to
identify the transition metal complexes that have been produced and
their applications.
The purpose and objectives ofthe research. The main purpose
of the work is to develop methods for the synthesis of complex
compounds of thiosemicarbazone of glyoxal acid with metal ions of
Co(II), Ni(II), Cu(II), Zn(II). It consisted of the examination of their
physicochemical analysis and the study of the applications of the
synthesized compounds as physiological, microbiological, and
antioxidants.
In order to achieve the set goal, the following tasks are planned to
be solved:
− methods for producing glyoxylic acid of thiosemicarbazone, as
well as complex compounds of Co(II), Ni(II), Cu(II), Zn(II)
transition metals with glyoxylic acid of thiosemicarbazone;
− detailed study of the molecular X-ray structure of new crystals
synthesised for the first time;
− study of synthesised glyoxylic acid of thiosemicarbazone and
transition metal complexes based on it as a biocidal additive to
protect lubricating oils and fuels from microbiological damage;
− the antioxidant activity of synthesised glyoxylic acid of
thiosemicarbazone is being researched, as well as the prevention of
hydrocarbon oxidation by transition complex metal complexes based
on it;
−acetylcholinesterase (AChE), butyrylcholinesterase (BchE), αglyoxidase (α-Gly) enzymes, and carbon anhydrases I, II (CAh I, II)
isoenzymes of synthesized glyoxylic acid of thiosemicarbazone and
transition metal complexes based on it;
Research methods. The synthesis of ligands and complexes was
carried out experimentally using standard techniques.
Inside the crystal structure of the complex, molecular packing and
the mechanism of intermolecular interactions are researched.The
structural optimization of the compounds' structures was carried out
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using the file and Crystal Explorer 17.5 on the basis of functional
density theory or, DFT.
Based on the optimized geometric basis of the complex, Becken's
three-parameter function LANL2DZ and integrated correlation
functions Lee, Yang, and Parr (B3LYP) were implemented using the
DFT method. For Gaussian 09 for theoretical calculations, the
GaussView 5.0 program was used to obtain the image.
In the investigation of the microbiological biocidal additive
effects of the complexes, T-22 oil was used as lubricant oil, and AI95 was used as a fuel in the investigation of the complexes. Bacteria
and fungus were evaluated using the zonal diffusion technique
according to GOST 9.052-88 and GOST 9.082-77.
Model reactions have been used to investigate its antioxidant
activities as a hydrocarbon oxidation inhibitor.
The precision of the results. The accuracy of the results obtained
in the dissertation was investigated by means of modern physical and
chemical research methods: IR-infrared, UV-ultraviolet, EPRelectron paramagnetic resonance spectroscopy, X-ray structure
analysis, and TGA-thermogravimetric analysis. The research is
convincingly substantiated by comparing theoretical and
experimental results with computer chemistry methods using
theoretical and functional algorithmic calculations.
Basic provisions for defense:
− methods for the synthesis of glyoxylic acid of thiosemicarbazone
and its derivatives on the basis of the transition metals Co(II), Ni(II),
Cu(II), Zn(II) have been developed, and the molecular structures of
complexes have been identified using X-ray methods;
− lubricant oil and fuel from synthesized glyoxylic acid of
thiosemicarbazone and transition metal complexes based on it have
been studied as biocidal additives in order to protect them from
microbiological damage;
− thiosemicarbazone of glyoxylic acid of synthesized and the
transition sequence based on it have been studied as antioxidants that
prevent oxidation of hydrocarbons by metal complexes;
− studied physiological properties of synthesized new compounds on
AChE, BChE, α-Gly enzymes and CAh I, II isoenzymes;
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− using the capabilities of computer modeling, various mechanisms
of action on the potential of the drug, including physiologically
active compounds with high effect, were studied;
Scientific novelty of the research.
− Complex compounds of Cu(II), Co(II), Ni(II), Zn(II) transition
metals were synthesized on the basis of glyoxylic acid of
thiosemicarbazone.
− Single crystals of new complex compounds Co(HGAT)2∙2H2O,
Ni(HGAT)2∙2H2O,
Ni(H2TAA)2,
[Cu(HGAT)∙H2O]n∙nH2O,
[Zn(HGAT)⋅H2O]n, [Zn(HGAT)2]2∙3H2O, [Zn(HGAT)2]3∙5H2Oof
glyoxylic acid ofthiosemicarbazone with high physiological activity
were grown, their X-ray structural analysis was carried out on a
modern X-ray diffractometer, and spatial structures were studied in
detail.
− The effect of the coordination water molecule on the distorted
octahedral square pyramidal structure of the Cu(II) coordination
polymer complex of the glyoxylic acid of thiosemicarbazone was
clarified by electron paramagnetic resonance methods.
− It has been shown that if the coordination water molecule is
replaced by pyridine, the complex will move from a square
pyramidal structure to a prism structure.
− Co(II), Ni(II), Cu(II), Zn(II) transition metal complexes with
glyoxylic acid of thiosemicarbazone have been studied for protection
against microbiological damage in oil and fuel and have shown high
results as a biocidal additive.
− The properties of glyoxylic acid of thiosemicarbazone and Ni(II),
Zn(II) transition metal complexes as antioxidants that prevent the
oxidation of hydrocarbons were studied and found to be quite high
compared to standard substances.
− The physiological activity of transition metal Co(II), Ni(II), Cu(II),
Zn(II) complexes with of glyoxylic acid ofthiosemicarbazone
inhibitory properties on AChE, BChE, α-Gly enzymes, and CAh I, II
isoenzymes has been studied as a potential drug it has been suggested
that the substance may be used as an alternative to.
The research's theoretical and practical importance. All issues
related to synthesis and synthesis methods have been resolved.The
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target substances that arise can be used as antioxidants, biocidal
additives, physiologically active agents, and drugs in the future
(depending on clinical trials). In particular, glyoxylic acid of
thiosemicarbazone and transition metal complexes synthesized for
the first time by us were analyzed and obtained by AChE, BChE, αGly enzymes and CAh I, II isoenzymes, and have been shown to
have physiological activity indicators. Thus, based on the
preliminary results, it is recommended to test the synthesized
substances as drugs with a sufficiently positive effect against
malignant tumors, convulsions, Alzheimer's, and acute inflammatory
diseases of the respiratory tract and gastrointestinal tract.
Author′spersonal presence. In the formulation of the problem,
the formation of the main ideas in the implementation of the
dissertation, the direction of the research, the execution of the
experiments, and the explanation and generalization of the results,
the author plays the most important role.
Published scientific works: 14 scientific works on the topic of
the dissertation were published. 7 of them are articles (2 articles by
one author), 7 are theses. 6 of the articles were abstracted in the ISI
Web of Knowledge search system of the Clarivate Analytics
Agency's Institute of Scientific Information (ISI) and published in
highly regarded foreign journals (impact factor 2.042–5.275)
recommended by the President of the Republic of Azerbaijan's
Higher Attestation Commission.
Approbation of the work. The novelty of the dissertation work
and the obtained results were reported and discussed at the following
conferences, seminars, forums, and scientific symposiums:
−“The Russian cluster of conferences on inorganic chemistry,
InorgChem”, (Аstrakhan − 2018).
− “1st Republic Student Scientific Conference on “Advances in
Chemistry and Chemical Engineering”. Dedicated to the 96th
Anniversary of National Leader Heydar Aliyev, 15-19”, (April −
2019).
− “Second International Scientific Conference of Young Scientists
and Specialists Multidisciplinary approaches in solving modern
problems of fundamental and applied sciences. Dedicated to the 75th
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anniversary of Azerbaijan National Academy of Sciences”, (Bakı−
2020).
− “1st International Congress on Natural Sciences 2021”, (Turkey−
2021).
− “1st International Symposium on Recent Advances in Fundemental
and Applied Sciences (ISFAS-2021 (online)”, (Turkey− 2021).
The volume and structure of the dissertation.The dissertation
consists of 183 pages, with an introduction, 4 chapters, results, 154
references, 35 tables, 87 figures, and 28 schemes. The total volume
of the dissertation is 182982 (excluding figures, tables, graphs,
appendices and bibliography).
In the introductory part, the relevance of the work, the purpose,
scientific novelty, and practical significance are given. The first
chapter, entitled "Literature Review", provides a comparative
analysis of the latest literature on the synthesis of transitional metal
complexes based on α-aldehyde acids of thiosemicarbazide and
thiosemicarbazone derivatives, some chemical transformations, and
their applications. In the Second chapter, the synthesis of glyoxylic
acid of thiosemicarbazone containing carboxyl and mercapto groups
as a starting material, and transition complexes of these ligand-based
metal complexes Co(II), Ni(II), Cu(II), Zn(II), as well as their X-ray
crystallization and detailed analysis, was conducted. The
composition and structure of the synthesized new compounds were
explained in detail using IR, UV, EPR, and TGA spectroscopy
analysis methods. Quantum chemical calculations using modern
computer software for some of the compounds have been explained
in a comparative manner with the experimental results obtained
theoretically. In the Third chapter, the antibacterial and antifungal
properties of the synthesized compounds as biocidal additives against
the harmful effects of microorganisms in fuel and lubricant oil were
studied, as well as antioxidants that prevent oxidation of
hydrocarbons. At the same time, the study of the physiological
activity of these compounds in living organisms, inhibitory
properties based on AChE, BChE, α-Gly enzymes and CAh I, II
isoenzymes. The Fourth chapter contains information about the
experimental part of the research and physico-chemical methods.
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BASIC CONTENT OF WORK
1. Synthesis of compounds.
1.1. Synthesis of glyoxylic acid of thiosemicarbazone. The
presence of diverse functional groups of glyoxylic acid of
thiosemicarbazone's with metal complexes, as well as the
thiosemicarbazide H2N – NH hydrazine group, boosts its capacity to
react with aldehyde acids and generates Schiff bases more easily. As
a result, thiosemicarbazone has been synthesized by a simplified
reaction with a higher yield than the synthesis methods to date
(scheme 1.1):
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Scheme 1.1.Synthesis of glyoxylic acid of thiosemicarbazone (H2GAT).

OH

1.2. Synthesis of the [Cu(HGAT)] H2O]n H2O coordination
polymer complex. A complex compound containing [Cu(HGAT)
H2O]n H2O with the metal ion Cu(II) was synthesized on the basis of
the H2GAT ligand. The structure of the coordination polymer Cu(II)
complex was studied by IR, UV, TGA, EPR, and X-ray analysis
methods. The Cu(II) coordination polymer complex crystallizes in
the P21/c monoclinic space system. The asymmetric [Cu(HGAT)
H2O]n∙H2O complex consists of one Cu(II) metal ion, one glyoxlic
acid of thiosemicarbazone, one coordinated water molecule, and one
uncoordinated water molecule (figure 1.2.1):
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Figure 1.2.1. The molecular structure of atomic numbering scheme of
[Cu(HGAT) H2O]n∙H2O coordination polymer complex [(i) x, -y + 3/2, z + 1/2;
(ii) x, -y + 3/2, z-1/2], 2D network structure.

The coordination area of the metal ion Cu(II) has a distorted
square-pyramidal structure because it has a value of 0.09. The
glyoxylic acid of thiosemicarbazone is held equally by two nitrogen
atoms of the ligand, one oxygen atom and one sulfur atom of the
ligand, and one oxygen atom of the water molecule in the apical
(end) position. Cu(II) metal ions and ligand molecules [001] are
coordinated 1D polymers oriented in parallel. The distance between
Cu(II) ∙∙∙ Cu(II) is 4,848Å. In this study, unlike other complexes, the
presence of a deprotonated amine group in the complex is an
exception to the fact that the Cu(II) coordination polymer complex
behaves as a single anionic ligand coordinating the neighboring
molecule.
The pyridine complex was redesigned to study the effect of the
coordinated water molecule on the Cu(II) coordination polymer
complex and obtain a distorted square-pyramidal spatial structure
(figure 1.2.2):
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Figure 1.2.2. ESR spectra of
[Cu(HGAT)H2O]nH2O in
policrystallic state at 300K. The
ESR spectrum of complex Cu(II)
in the solid state was treated with
pyridine to the replacement of the
coordinated water molecules with
pyridine molecules consists
absorption peaks with g-factors
g1= 2.182, g2 =2.04

1.3. Synthesis of the coordination polymer complex
[Zn(HGAT)] H2O]n. Only mononuclear and bipolar complexes of
thiosemicarbazide derivatives with the metal Zn(II) are known in the
literature. The dissertation includes a coordination polymer complex
formed by the metal ion Zn(II) on the basis of glyoxylic acid of
thiosemicarbazone (scheme 1.3.1):
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Scheme 1.3.1 Synthesis
[Zn(HGAT)⋅H2O]n.
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As shown in the reaction scheme, one atomic oxygen from the
carboxyl group of the neighboring molecule forms a bond between
the monomer rings in the coordination polymer complex of
[Zn(HGAT) H2O]n.The Zn(II) polymer complex crystallized in the
P21 / c monoclinic space system (figure 1.3):
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Figure 1.3. The molecular structure of atomic numbering scheme of
[Zn(HGAT) H2O]n coordination polymer complex.

The coordination area of τthe Zn(II) ion has a value of 0.09 [τ =
(169.60-164.00) / 60 = 0.09]. The metal ion is coordinated by two
oxygen atoms, one nitrogen atom, one sulfur atom, and one water
molecule of two different glyoxylic acid of thiosemicarbazone
molecule ligands. For this reason, the Zn(II) coordination polymer
complex has a distorted square-pyramidal [(ii) -x + 3/2, y-1/2, -z +
1/2] structure. Normally, a metal ion forms a coordination bond by
forming a bridge through both oxygen atoms of the carboxylic group,
but in the coordination polymer complex of [Zn(HGAT) H2O]n, the
metal ion Zn(II) forms a bridge through one oxygen atom. The length
of the distance between the Zn(II) ion and the oxygen atom (2.192 Å)
is longer than the distance between the neighboring metal ion of the
ligand Zn(II) and the oxygen atom (2.02 Å). Also, as can be seen
from scheme 1.3.2, the Zn(II) ion has a weak bond (2,875 Å) with
the free carboxylic oxygen atom of the neighboring complex:
H
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2.875

C
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2.192

H 2O
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Scheme 1.3.2. Important bond distances (Å) for the Zn−O fragments.
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1.4. Synthesis of the Co(HGAT)2∙2H2O complex. The
Co(C3H4N3O2S)2∙2H2Ocomplex crystallizes in the triclinic P−1 space
system. The molecular structure of the Co(II) complex with the
atomic numbering scheme is shown in figure 1.4:
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Figure 1.4. The molecular structure of atomic numbering scheme of
Co(HGAT)2∙2H2O complex.

The asymmetric unit of complex contain one Co(II) metal ion two
of glyoxylic acid of thiosemicarbazone molecule ligands and two
non-coordinated water molecules. Co(II) metal ion is coordinated by
two nitrogen, two oxygen and two sulfur atoms from two different
glyoxylic acid of thiosemicarbazone molecule ligands, thus showing
distorted octahedral coordination geometry.
1.5. Synthesis of Ni(H2GAT)2∙2H2O complex. The
Ni(C3H4N3O2S)2∙2H2O complex crystallizes in the triclinic P−1
space system. The molecular structure of the Ni(II) complex with the
atomic numbering scheme is shown in Figure 1.5:
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Figure 1.5. The molecular structure of atomic numbering scheme of
Ni(HGAT)2∙2H2O complex.

The asymmetric unit of complex contain one Ni(II) metal ion two
thiosemicarbazone of glyoxylic acid molecule ligands and two noncoordinated water molecules. Ni(II) metal ion is coordinated by two
nitrogen, two oxygen and two sulfur atoms from two different
glyoxylic acid of thiosemicarbazone molecule ligands, thus showing
distorted octahedral coordination geometry.
1.6. Synthesis of Ni(C3H6N3O2S)2 complex. During the
experiment with the metal ion Ni(II), the glyoxylic acid of
thiosemicarbazone attracted attention to the difference in the color of
the monocrystal, since during the study it turned out that there were
some changes in the scheme of the reaction. That is, during the
synthesis, cyclization first of all took place, and then the chain was
discovered. It is also possible to assume that such course of reaction
is influenced by property of the catalyst of an order NiCI2∙6H2O. It is
assumed that at this time the recovery of the azomet group occurs,
that is, the replacement of the two-way connection with a unique
connection (scheme 1.6):
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Scheme 1.6. Possible disproportionation reaction of the glyoxylic acid of
thiosemicarbazone.

To confirm this process, the hydrogenation reaction of glyoxylic
acid of thiosemicarbazone was carried out, and the two-way bond
was replaced with a uniform bond. Then, a complex with a metal ion,
Ni(II), was synthesized. Analysis of the X-ray complex of the metal
ion Ni(II) of the 2-[2-(aminothioxomethyl)hydrazinyl] sulfuric acid
ligand thus obtained was confirmed, in the primary complex practical
reaction at birth, the ligand first undergoes an imbalance, and then
forms the Ni(II) complex (figure 1.6):
O
C

H2N

H
N

C
S

O

CH2
NH

Ni

S

O
O

C
H 2C

N
H

C
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Figure 1.6. The molecular structure of atomic numbering scheme of
Ni(C3H6N3O2S)2 complex [(i) -x+1, y, -z+1/2].

The Ni(C3H6N3O2S)2 complex crystallizes in the triclinic C−2/c
space system. The asymmetric unit of complex Ni(C3H6N3O2S)2
contains one Ni(II) ion and one 2-[2-(aminothioxomethyl)
hydrazinyl] acetic acid ligand (H2TAA). The Ni(II) ion is located on
a center of symmetry and coordinated by two nitrogen, two oxygen
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and two sulfur atomsfrom two different H2TAA ligands. The
coordination geometry around the Ni(II) ion can be described as a
distorted octahedral geometry.
1.7. Synthesis of Zn3(C18H24N18O12S6)∙5H2O complex. The
Zn3(C18H24N18O12S6)∙5H2O complex crystallizes in the triclinic P−1
space system. The molecular structure of the Zn (II) complex with
atom numbering is shown in figure 1.7.1:
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Figure 1.7.1.The molecular structure of [Zn(HGAT)2]3⋅5H2O complex.

The asymmetric unit of [Zn(HGAT)2]3⋅5H2O complex contains
three crystallographically independent molecules with statistically
equivalent metrical parameters but different conformation. The
asymmetric unit of [Zn(HGAT)2]3⋅5H2O complex contains three
Zn(II) ions, six deprotonated H2GAT ligands and five noncoordinated water molecules. In [Zn(HGAT)2]3⋅5H2O complex, each
Zn(II) ion is coordinated by two nitrogen, two oxygen and two sulfur
atoms from two different deprotonated H2GAT ligands, thus showing
distorted octahedral coordination geometry. The combination of
N−H∙∙∙O hydrogen bonds produce edge-fused R22(12) R44(16) rings
which is running parallel to the [111] direction (figure1.7.2):
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Figure 1.8.2. Parallel directional direction [111], transverse rings forming N −
H ∙∙∙ O combinations of hydrogenic bond R22(12) R44(16).

1.8. Synthesis of [Zn(HGAT)2]2∙3H2O complex. The structure of
the Zn(II) complex in crystalline form was determined by X-ray
diffraction analysis (figure 1.8):

N

O
O
S
H2N

Zn

N
H

H
N
NH2
S
O

N

3H2O
O

2

Figure 1.8. The molecular structure [Zn(HGAT)2]2∙3H2O complex.

Crystallographic analysis exhibited that the crystal structure of
[Zn(HGAT)2]2 crystallizes in triclinic space group P-1. The
asymmetric unit of [Zn(HGAT)2]2 is composed of two
crystallographically distinct [Zn(HGAT)2]2 complexes and three
lattice water molecules. In [Zn(HGAT)2]2 complex, the central Zn
atom has a distorted octahedral coordination geometry (ZnN2O2S2)
through two carboxylic oxygen, two nitrogen atoms, and two
17

S‐donor atoms from two
thiosemicarbazone (H2GAT).

chelating

glyoxylic

acid

of

2. Computer study of theoretical and practical mechanism
of synthesized compounds
2.1. Hirshfeld surface analysis of [Zn(HGAT)2]2∙3H2O
complex complex. The Hirshfeld surfaces and their 2D “fingerprint”
plots were studied using Crystal Explorer 17.5. The distance from the
point to the nearest nucleus external to the surface (de), the distance
to the nearest nucleus internal to the surface (di), the normalized
contact distance (dnorm) based on di, de, and Van der Waals radii of
the atom were calculated. The definition of the intermolecular
interactions of [Zn(HGAT)2]2·3H2O was studied with the Hirshfeld
surface analysis. A crystal unit from the cif. file of glyoxylic acid of
thiosemicarbazone with Zn(II) was used for the Hirshfeld surface
analysis, again. Three colors are defined in the Hirshfeld surface
analysis. The red color is distancing shorter than the sum of Van der
Waals radii. The white color indicates that the contact around the
Van der Waals separation with a value of zero dnorm. The blue color
is a distance longer than of Van der Waals radii with a positive dnorm
value. Some red-colored dotswere seen on the Hirshfeld surface of
the complex.
The surfaces of dnorm were drawn on a constant color scale of 0.6240 (minimum) to 1.5577 (maximum) a.u. and, shape-index
mapped over -1.000 to 1.000 a.u. The highest contribution of the
total Hirshfeld surface on the 2D fingerprint plots are H···O/O···H
intermolecular interactions with 35.0%. The second-largest
contribution belongs to H···H/H···H intermolecular interactions
withthe value of 21.4%. Other contributions are shown in the pie
chart (figure 2.1.1):
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A

B

Figure 2.1.1. A- The "fingerprint" graphs of the Zn(II) complex show the
relationship of atoms between specific mutual pairs (blue fields), for each
"fingerprint" map, the gray field is a description of the entire area, and the
row maps around each "fingerprint" graph are blue, and the fields of special
intermolecular bonds are blue. B- Hirshfeld surface, 2D “fingerprint” plot,
and a bond contribution pie chart of glyoxylic acid of thiosemicarbazone with
Zn(II) complex.

2.2.
DFT-Density
Functional
Theoryparameters
of
[Zn(HGAT)2]2·3H2O complex. The calculated bond lengths and
angles of the Zn(II) complex are associated with experimentally
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obtained data and the most stable form of the optimized structure,
that is, the most suitable configuration, the orbitals HOMO−LUMO
and of the complex [Zn(HGAT)2]2·3H2O electron density surface are
shown in figure 2.2 described:

Figure 2.2. The scheme of optimized geometry. Electronic density diagram
[Zn(HGAT)2]2·3H2O complex.

The presence of minor differences between experimental and
theoretical calculations can be explained by the fact that the
optimization of the molecule array is carried out in the gas phase and
may possibly have a mutual influence.
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3. Investigation of functional properties of synthesized
compounds
3.1. Study of the transition metal complexes with glyoxylic
acid of thiosemicarbazone as a biocidal additive. The transition
series metal complexes with glyoxylic acid of thiosemicarbazone are
the subjects of study as bioside acids. H2GATwas a ligan and, based
on that, a study of transition metal complexes as bioside acids
protecting hydrocarbons from microbiological damage was carried
out. Samples, H2GAT (substance 1), [Cu(HGAT)⋅H2O]n⋅nH2O
(substance 2), [Zn(HGAT)⋅H2O]n (substance 3), Co(HGAT)2∙2H2O,
(substance 4), Ni(C3H4N3O2S)2∙2H2O (substance 5), Ni(H2TAA)2
(substance 6) such as defatted lubricant oil, T-22 oil, fuel and
gasoline-95 were taken for testing as oxygen against quiff bacteria
and fungi. The antimicrobial properties of the test compounds
(substances 1-6) are assigned by the zone diffusion method based on
GOST from 9.052-88 and GOST from 9.082-77. The test culture
used is of the following laboratory strains: bacteria include
Pseudomonas aeruginosa and Mycobacterium lacticolium, while
fungi include Aspergillusniger and Penicilliumchrysogenum.
The results of the tests, the biocidal activity of the test substances
and sodium pentachlorophenolate are shown in table 3.1 below. The
determination of the antimicrobial properties of organic compounds
in T-22 lubricant oil is due to the fact that substance 1 (2.5–3.0 cm),
substance 2 (2.5–2.7 cm) and substance 3 (2.8–3.0) are bactericidal
and have a higher result than the standard sodium
pentachlorophenolate has been identified. In addition to bactericidal
properties, substance 1, substance 2 and substance 3 also have
fungicidal properties (2.5–3.0 cm, 2.7–3.0 cm and 2.8–3.0 cm,
respectively). The substances showed fungicidal properties (1.4–1.6
cm) higher than the 3 standards. Substance 4, substance 5 and
substance 6 showed weak fungicidal activity (1.3–1.5 cm).Based on
the results of the study, it was recommended to use substance 1-6
fuels as additives against fungi.
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Table 3.1
Indicators of antimicrobial activity of synthesized substances
Number of
compounds

Biocidal
consenration, %

Ther diameter of the zone of destruction of microorganisms, cm

1.0
Substance 1

0.5
0.25
1.0

Substance 2

0.5
0.25
1.0

Substance 3

0.5
0.25
1.0

Substance 4

0.5
0.25
1.0

Substance 5

0.5
0.25
1.0

Substance 6

0.5
0.25

standard
sodium
pentachlorop
henolate

1.0

Control

–

Fuel
(AI-95)

T-22 oil
Bacteria
(Pseudomonas
aeruginosa,
Mycobacterium phlei)
2.5−3.0

Fungi
(Aspergillus niger,
Penicillium chrysogenum)
2.5−3.0
2.6−2.8

2.2–2.7

2.5−2.5

1.6–1.6

Mushroom
(Cladosporium resinae)
–
1.6–1.8
+++

2.5−2.7

2.5−2.7

2.3−2.6

2.4−2.6

2.0−2.2

1.6−2.0

2.8−3.0

2.8−3.0

2.4−2.6

2.4−2.6

2.0−2.2

2.0−2.2

1.3−1.4

1.3−1.5

1.2−1.4

1.2−1.4

1.1−1.2

1.1−1.2

1.4−1.5

1.4−1.6

1.2−1.4

1.2−1.4

1.1−1.2

1.1−1.2

1.3−1.5

1.4−1.6

1.2−1.4

1.2−1.4

1.1−1.2

1.1−1.2

1.3–1.4

1.3–1.4

–

+++

+++

+++
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–
2.4–2.7
1.2–1.4
–
2.5–2.8
+++
–
2.3–2.6
+++
–
2.5–3.0
1.6–1.6
2.5–3.0
1.6–1.6

3.2. Study of synthesized compounds as antioxidants prevents
oxidation of hydrocarbons. H2GAT, Ni(HGAT)2∙2H2O,
[Zn(HGAT)⋅H2O]n synthesized by us, the antioxidant effects of
compounds, have been studied through the oxidation reactions of
kumol- auto-oxidation of kumol and the reactions with
kumylperoxide. The process of synthesized oxidation inhibitors is
carried out by repelling peroxide radicals, breaking the oxidation
chain and breaking down hydroperoxides into molecular compounds.
H2GAT, [Zn(HGAT)⋅H2O]n, Ni(HGAT)2∙2H2O to determine the
ability of to act as an inhibitor of oxidation, the auto-oxidation and
initiated oxidation of kumol with their participation were studied and
the results are shown in the kinetic curves in figure 3.2 reflected:

I
II
Figure 3.2. I- Kinetic curve of auto-oxidation of kumol in the presence of
H2GAT (1), [Zn(HGAT)⋅H2O]n (2), Ni(HGAT)2∙2H2O (3): T= 60˚C; I′ [InH]=0
(kumol); [InH]= 5∙10-5 mol∙l-1; 𝐕𝐕𝐎𝐎𝟐𝟐 - volume of absorbed oxygen (ml); τinduction time (min).
II- Kinetic curve of initiated oxidation of kumol in the presence of H2GAT
(1), [Zn(HGAT)⋅H2O]n (2), Ni(HGAT)2∙2H2O (3): T= 110˚C; [AIBN]=2∙10 -2
mol∙l-1 (azodiizobutyrylnitrile); I′ [InH]=0 (kumol); [InH]= 5∙10-5 mol∙l-1; 𝐕𝐕𝐎𝐎𝟐𝟐 volume of absorbed oxygen (ml); τ- induction time (min).

The results of the study showed that the studied H2GAT,
[Zn(HGAT)⋅H2O]n, Ni(HGAT)2∙2H2O compounds have a fairly high
antioxidant activity.
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Indicators of the induction period of auto-oxidation of kumol in
the presence of synthesized compounds and kinetic parameters of the
reaction of compounds with kumylperoxide radicals are given in
table 3.2:
Table 3.2
Values of induction period of auto-oxidation of kumol in the presence of
H2GAT (1), [Zn(HGAT)⋅H2O]n (2), Ni(HGAT)2∙2H2O (3) compounds and
kinetic parameters of reactions with kumylperoxide radicals.
T = 60˚ C

T = 110˚ C

Compounds
K7 = 10-4l∙moll-1∙sec-1

τ, min.

2.064

2.05

120

3.36

2.9

200

3.96

4.59

220

2.00

2.10

150

ƒ

H2GAT (1)
[Zn(HGAT)⋅H2O]n (2)

Ni(HGAT)2 (3)

Ionol (standart)

1

As can be seen from table 3.2, the inhibitors H2GAT,
[Zn(HGAT)⋅H2O]n, Ni(HGAT)2∙2H2O, which we used to prevent the
oxidation of kumol, are significantly higher than those of ionol as a
reference substance. The comparison revealed that the antioxidant
activity of the ligand is weaker than that of the Zn II) and Ni(II)
complexes, and the highest result among these compounds was
shown by the Ni(HGAT)2∙2H2O complex τind = 220 min.
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Thus, based on the results of antioxidant activity of
the[Zn(HGAT)⋅H2O]n, Ni(HGAT)2∙2H2O complexes synthesized by
us, it is recommended to use it as an antioxidant that prevents
oxidation of hydrocarbons.
3.3. Study of the physiological properties of the transition
complex of glyoxylic acid of thiosemicarbazone metal complexes.
The physiological activity of the compounds synthesized by us,
taking into account their effective effect on the reaction rate together
with ligands and metal complexes containing thio and carboxylic
groups
of
physiologically
active
compounds
H2GAT,
Co(HGAT)2∙2H2O,
Ni(HGAT)2∙2H2O,
Ni(H2TAA)2,
[Zn(HGAT)⋅H2O]n, [Zn(HGAT)2]2∙3H2O, [Zn(HGAT)2]3∙5H2O has
been studied. The goal was to contain thiol functions in the listed
compounds and to study in detail enzymes as inhibitors of the
metalloenzyme, combining them into a metal center. The most
important AChE, BchE, α-Gly enzymes and hCA I, II isoenzymes
which give ligands bond, are effectively inhibited by the H2GAT,
Co(HGAT)2∙2H2O, Ni(C3H4N3O2S)2∙2H2O, [Zn(HGAT)⋅H2O]n,
[Zn(HGAT)2]2∙3H2O, [Zn(HGAT)2]3∙5H2O compounds. Ki values of
these molecules range from 20.73 ± 3.81 nM to 40.78 ± 6.96 nM and
have been shown to strongly inhibit the hCA II isoenzyme. These
compounds show better results than standard AZA compounds (Ki:
125.42 ± 22.70 nM). At the same time, the enzymes AChE and
BChE are strongly inhibited by these compounds. The new
compounds synthesized by us had Ki values ranging from 184.30 ±
2.82 to 642.18 ± 69.08 nM for AChE and from 123.67 ± 16.93 to
342.37 ± 97.15 nM for BChE. In addition, the Ki values of the TAC
compound used as the standard inhibitor were 541.94 ± 188.67
nMagainst the AChE enzyme and 646.97 ± 297.92 nM against the
BChE.
For the enzyme 𝛼𝛼-glycosidase, the IC50 value was in the range of
16.51 - 34.65 nM and the Ki value was in the range of 14.66 ± 6.03 45.62 ± 62 nM (possible). It is clear from the results that the
transition complexes with glyoxylic acid of thiosemicarbazone have
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more effective 𝛼𝛼-Gly inhibitor effects than acarbose (ACR) (IC50:
22800 nM) as a standard 𝛼𝛼-Gly inhibitor.
It should be noted that the coordination polymer complex of
[Zn(HGAT)⋅H2O]n synthesized by us has substantially high values of
inhibition of AChE and BChE enzymes. The Ki values of the Zn(II)
coordination polymer complex for AChE were in the range of 0.58 ±
0.13 µM and for BChE in the range of 0.47 ± 0.10 µM. Also, the
TAC compound was used as a control for the BChE and AChE
enzymes, whose Ki values were 1.13 ± 0.15 µM and 1.73 ± 0.40 µM,
respectively. IC50 values of Zn(II) coordination polymer complex for
AChE (0.86 µM, r2: 0.9097) <Tacrine (2.70 µM, r2: 0.9988), this
compound for BChE enzyme (0.73 µM, r2: 0.9671) <Tacrine (2.02
µM , r2: 0.9811) was recorded.
Given the inhibitory activity, it is assumed that the compounds
synthesized by us have significant physiological properties and can
be used as a potential drug.
3.4. Molecular docking of the complex Zn(HGAT)2]2·3H2O.
Molecular docking is the initial acquisition of information about the
physiological properties of the software enzyme-ligand binding
process through algorithmic calculations. This process simulates the
placement of a molecule in an enzyme structure. Complex and
currently used reference drugs synthesized in molecular docking
studies have been studied both experimentally and theoretically. For
this reason, a molecular docking program was applied to the
[Zn(HGAT)2]2·3H2O complex synthesized by us in the dissertation.
Experimentally and theoretically, the activity of enzymes was
compared with each other. Non-covalent interactions of Zn(HGAT)2
complex with AChE, BChE enzymes, and hCA I, hCA II isoenzymes
receptors are shown in figure 3.4:
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Figure 3.4. Comparative diagram and 3D image of the interaction of the active
parts of the H2GAT ligand, Zn(HGAT)2 complex based on the standard
substances Acetazolamide (AZA), Tacrine (TAC).

The water molecule was removed from the calculations to avoid
errors during the process. The formation of a metallized dimer zinc
complex increases the rate of interaction with amino acids. Hydrogen
bond lengths are optimal for the Zn(HGAT)2 complex. Based on the
results of molecular docking, the binding energies and inhibitory
results are consistent. It has also been shown that the interaction of
the Zn(HGAT)2 complex with amino acids is highly sensitive to the
active components of the AChE, BChE, hCAI enzymes and
hCAIIisoenzymeand strongly interacts with significant residues.
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RESULTS
1. In order to prevent the oxidation of hydrocarbons and protect
against microbiological damage, glyoxylic acid of thiosemicarbazone
of a polyfunctional combined with a 95% yield of carboxyl,
sulfurous, nitrogenous fragments and based on it, new complexes of
Co(II), Ni(II), Cu(II), Zn were synthesized with transition metal salts
and single crystals of each were grown and was carried out by the
method of modern X-ray diffractometer, the spatial structures were
determined in detail [3, 5-12, 14].
2. It was found for the first time that the NiCl2∙6H2O salt, which is
involved in complex formation without additional side effects,
changes the molecular structure of the reaction product by
hydrogenation of glyoxalic acid thiosemicarbazone during the
reaction. A number of experimental experiments and molecular Xray structure analysis, it was confirmed that NiCl2∙6H2O indeed
enters into the disproportionation reaction of glyoxalic acid
thiosemicarbazone. The results were confirmed by X-ray diffraction
analysis [9, 14].
3. Due to the deprotonation of the amine group in the synthesized
[Cu(HGAT)∙H2O]n∙nH2O coordination polymer complex, it was
found that Cu(II) acts as a monoanion ligand and coordinates with
the neighboring molecule. The effect of the coordinated water
molecule on the distorted square-pyramidal spatial structure of the
Cu(II) polymer complex was determined by pyridine substitution [5].
4. The electronic structure of the [Zn(HGAT)2]2∙3H2O crystal
complex was calculated on the basis of LANL2DZ of the B3LYP
functional theory of the TD-DFT method. [Zn(HGAT)2]2∙3H2O,
Zn(HGAT)2∙3H2O and Zn(HGAT)2 complexes of HOMO energy
indicators (EHOMO, eV) -6.644, -6.689 and -6.724 eV, respectively,
as well as LUMO energy indicators (ELUMO, eV) were found to be
equal to -2.967, -2.654 and -2.511 eV, respectively, according to the
above sequence of complexes [1, 2, 4, 7, 11, 13].
5. It has been established that new compounds synthesized to
improve the performance properties of fuels and oils as a biocidal
additive 1 (2.5–3.0 cm), substance 2 (2.5–2.7 cm) and substance 3
(2.8–3.0) against microbiological spoilage of hydrocarbons in T-22
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lubricating oil and AI-95 fuel give better results compared to the
substance. At the same time synthesized compounds H2GAT,
[Zn(HGAT)∙H2O]n, Ni(HGAT)2∙2H2O were tested as antioxidant
additives that to prevent hydrocarbon oxidation and according to the
obtained data, the antioxidant activity of the ligand is weak compared
to the Zn(II) and Ni(II) complexes, and the highest result among the
compounds [Zn(HGAT)∙H2O]n, Ni(HGAT)2∙2H2O it has been
confirmed that complex is given. According to the results of
research, the synthesized compounds can be used as a significant
biocidal additive against selective bacteria and fungi and as an
antioxidant additive that prevents the oxidation of hydrocarbons [1,
3, 13].
6. Molecular docking software was synthesized by algorithmic
calculations
of
the
enzyme-ligand
binding
process
[Zn(HGAT)2]2∙3H2O The physiological activity of the complex was
obtained in advance, the experimental and theoretical results were
compared and the results confirmed the experiment.
7. The inhibitory effects of glioxylic acid of thiosemicarbazone and
metal complexes on living organisms by different methods on AChE,
BChE α-Gly enzymes and CAh I, II isoenzymes have been
investigated and it has been found that these compounds have high
physiological activity and can be a potential medicinal product,
preventing pathological conditions that cause malignant tumors,
convulsions, Alzheimer's, respiratory tract, acute inflammation [1, 3,
4, 7-11].
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