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CONCEPTUAL MILESTONES OF RESEARCH

Relevance and importance of the problem. The chemistry of coordination
compounds is developing rapidly as methods of investigation modernize and the daily necessity
of new innovative products/materials grows. Most coordination compounds show high
physicochemical stability and are difficult to dissolve in water. The introduction of easily
ionizable groups in the structure of the ligands that form the coordination compounds favors
their solubilization in protic polar solvents such as: water, alcohols, etc., as well as aprotic polar
solvents: CH3CN, DMF, DMSQO, etc. Thiosemicarbazones show a wide range of biological
activities such as: antituberculosis, anticancer, antiviral, antimalarial, antifungal, anticonvulsant
[1-5]. Interest in this family of compounds has increased significantly over the years since the
first report in 1940 to the thousands of papers published by 2022. A particular manifestation of
the biological property of thiosemicarbazones is the inhibition of ribonucleotide reductase (RR)
synthesis [2].

The first drug approved for clinical trials in this class of compounds (introduced in the
late 1940s) was thiosemicarbazone p-acetamidobenzaldehyde (Thioacetazone) which is used to
treat multidrug-resistant tuberculosis [1-2]. Another thiosemicarbazone called Triapine which
has been in more than 30 phase | and Il clinical trials, Triapina® has shown excellent anticancer
potential, which also increases the anticancer effects of other drugs of the same type, such as cis-
Platinum, Gemcitabine, Doxorubicin, Irinotecan, minimizing the negative effects of radiation
therapy [2, 5].

Although thiosemicarbazones show promising biological activities, they are
predominantly advanced by the coordinative compounds that activate the biological properties of
ligands and together form synergistic actions, which is very complex from a structural point of
view and problematic to study. Modification of the substituent in position N(4) with lipophilic
potential leads to an increase in biological activities [1-5].

The introduction of electron-donor substituents to nitrogen 4 from the
thiosemicarbazide fragment, which would correspond to the Lipinski rule or the Veber rule, leads
to an increased biological potential [2].

The aim: synthesis and physico-chemical characterization of some coordination
compounds based on metals Cu, Ni, Fe, Co, Zn, Mn with different N(4)-cyclohexyl
(phenylacetamide; tert-butyl) thiosemicarbazones derived from 2-formylpyridine; screening of
antimicrobial-antifungal, anticancer and antioxidant activities of synthesized coordination

compounds; analysis of the structure-activity relationship.



Research objectives:

- - Synthesis of N(4)-cyclohexyl (phenylacetamide; tert-butyl) thiosemicabases derived from
2-formylpyridine;

- Synthesis of the coordination compounds of Cu (I1), Ni (I1), Fe (I11), Co (111), Zn (11), Mn(l1)
with N(4)-substituted thiosemicarbazones;

- Physico-chemical characterization of organic and inorganic compounds obtained through
modern research methods: conductometry in solution; elementary analysis; MRI *H, 3C, **N;
REP; FT-IR spectroscopy; UV-vis spectrophotometry; mass spectroscopy; X-ray diffraction.

- Research of antimicrobial-antifungal and antioxidant properties.

- Study of the structure-activity correlation and the proposal of the most active compounds for
the advanced study of anticancer properties.

The research hypothesis assumes that thiosemicarbazones, which contain electron-
donor substituents in the N(4) position of the thiosemicarbazide fragment with lipophilic
properties, may increase the probability of penetration of “target molecules” through cell
membranes of various bacteria and fungi as well as tumor cells. Ensuring the transport of
thiosemicarbazones through coordination compounds to the cell nucleus will be achieved by
hydrolytic dissociation of coordination combinations into metal ions and free ligand, actively
participating in the chelation of iron which is the key element in the synthesis of tumor cell
DNA.

Synthesis of the research methodology and justification of the chosen methods

The research methodology involves the synthesis of coordination compounds by
known methods. The investigation of the compounds obtained by means of modern spectral
research methods *H, **C-(Dept 135), MRI was performed at the Institute of Chemistry. The
recording of FT-IR spectra was performed in the scientific research laboratory “Advanced
Materials in Biopharmaceuticals and Technology” of the State University of Moldova. Powder
X-ray diffraction was performed at the Regional Interdisciplinary Scientific-Educational Center
for the Study of Advanced Materials (CaRISMA) of the State University of Moldova. The
UVDR analysis was performed within the Department of Materials Chemistry, Faculty of
Chemistry, Alexandru lIoan Cuza University, lasi, Romania. Single crystal X-ray analysis was
performed at the Institute of Applied Physics, Chisinau, Republic of Moldova, and the Institute
of Macromolecular Chemistry “Petru Poni”, Iasi, Romania. For a series of studied compounds,
electronic paramagnetic resonance (EPR) was performed in the Coordinative Chemistry
Laboratory of the National Center for Scientific Research, Toulouse, France. Electrospray mass
spectra (ESI-MS) were collected using a Q-TOF instrument provided by WATERS, Chatenay-
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Malabry, France. For the studied compounds, the elemental analysis was performed using the
elemental analyzer “PERKIN ELMER 2400”. Elemental analyses were performed by the BioCIS
laboratory in Chatenay-Malabry, France. The antimicrobial and antifungal activity was
performed in the Microbiology Laboratory of the National Agency for Public Health. The
anticancer, antioxidant properties, and the study of Eco-toxicity were performed in the
Laboratory of Systematics and Molecular Phylogeny, the Center for Biological Invasion
Research of the Institute of Zoology, and the Biochemistry Laboratory of the State University of
Medicine and Pharmacy “Nicolae Testemitanu”.

The scientific problem that has been solved is: determining the optimal conditions for
the synthesis of thiosemicarbazones N(4)-substituted based on 2-formylpyridine derivatives and
coordination compounds with some ions of 3d metals; establishing the correlation between the
structure of the coordination compounds, and the biological activity. The Eco-toxicity of a series
of substituted N(4) thiosemicarbazones and their complexes has been determined for the first
time.

The practical value consists in the synthesis of the coordination compounds of some 3d
metals with thiosemicarbazones N(4)-substituted based on 2-formylpyridine derivatives which
show an antimicrobial potential at concentrations of the order of nanograms.

The results presented in the paper were the subject of 30 scientific publications, including
7 scientific articles (1 article in an international journal and 6 articles in national journals) and 23
abstracts at various national and international conferences; 2 patents and one patent application.
Publications without co-authors - 1.

The paper consists of an introduction, 3 chapters, general conclusions and
recommendations, a bibliography with 180 titles. The thesis material is displayed on 123 pages
of basic text and contains: 70 figures, 33 tables, and 10 annexes.

The work was carried out within the institutional project “Strategies for the development
of molecular antitumor inhibitors of a new generation. Synthesis, properties and mechanisms of
action”15.817.02.24F (2015-2019) and the international project “Synthése et caractérisation de
nouveaux composés de coordination des métaux de transition pour des applications en biologie”

funded by AUF 2020.



PAPER CONTENTS
The introduction includes the relevance of the studied topic, the aim, the research
objectives, the research hypothesis, being argued the research methodology and the justification
of the chosen research methods. At the end of each chapter, the conclusions that give the
generalized aspect of the elucidated information, as well as the most important results presented
can be found.

1. COORDINATIVE COMBINATIONS OF SOME 3d METALS WITH THIO-
SEMICARBAZONE N(4)-SUBSTITUTES OF 2-FORMYLPYRIDINE DERIVATIVES

Chapter 1 presents the general theoretical and practical approaches in the field of
specialization concerned. Here are presented the investigation of the optimal methods of
synthesis of thiosemicarbazones through the reactions of nucleophilic substitution, nucleophilic
addition, and condensation. At the same time, various pathways for the synthesis of coordination
compounds based on 3d metals with N(4) substituted thiosemicarbazones of 2-formylpyridine
derivatives are described. The correlation of the structure of the coordination compounds with

the biological activity is analyzed.

2. METHODS OF SYNTHESIS, ANALYSIS, AND RESEARCH
Chapter 2 includes methods for the synthesis of N(4)-substituted thiosemicarbazones
HL-HL and coordination combinations with some 3d metals, physico-chemical research
methods: FT-IR and 'H, *C, >N NMR, etc. The paper used high purity chemical reagents
sourced from Sigma-Aldrich®, Acros Organics®, and Alfa Aesar®.
2.1 Synthesis of thiosemicarbazones N(4)- substituted HL*-HL

L1 were obtained, of which 6 are new, with four different

Ten hiosemicarbazones H
substituents in position N(4) such as: phenylacetamide, cyclohexyl, hexyl, and tert-butyl.
Thiosemicarbazone HL', unknown in the specialty literature, was obtained from 4-
nitroacetanilide. It has been shown that N-{4-[(dimethylcarbonothioyl)amino]phenyl} acetamide
can be obtained in a single step (a), without isolating the intermediate N-(4-aminophenyl)
acetamide, having under chromatographic control the total transformation of N-(4-aminophenyl)
acetamide in N-{4-[(hydrazinylcarbonyloyl)amino]phenyl}acetamide. Better results are obtained
by treating N-{4-[(dimethylcarbamothioyl)amino]phenyl}acetamide (b or b') with hydrogen
chloride in 1,4-dioxane or acetic anhydride. Thus {4-[(hydrazinylcarbonyloyl)amino]phenyl}
acetamide was obtained by the reaction of the addition (s) of hydrazine to N-(4-
isothiocyanatophenyl)acetamide or by the direct method of N-{4-
[(dimethylcarbamothioyl)amino]phenyl}acetamide by nucleophilic substitution reaction (d)
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(Figure 2.1). Thiosemicarbazone HL' was obtained by two methods: condensation - in the
treatment of N-{4-[(hydrazinylcarbonyloyl)amino]phenyl}acetamide with 2-acetylpyridine and
addition - 2-acetylpyridine  hydrazone to  N-(4-isothiocyanatophenyl)acetamide.
Thiosemicarbazone HL! is obtained in higher yield by the addition method (Figure 2.1).
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Reagents and conditions: (a) Zn, NH4Cl, DMF-H,0 (1:1), tetramethylthiuram disulfide, 1.5 hours, 93%; (b) HCI,
1,4-dioxane, one hour, 90%; (b") Ac,0, 1,4-dioxan, one hour, 95%; (c) 2-[1-hydrazinylideneethyl]pyridine, ethanol,
3 hours, 92%; (d) N,H,;-H,O, toluene, 2 ore, 86%; (e) N,H,; H,O, benzene, o ora, 98%; (f) 2-acetylpyridine, AcOH
glacial (4 drops), ethanol, 9 hours, 86%.

Fig. 2.1. The synthetic route for the preparation of the thiosemicarbazone derivatives HL*

The purity and time of synthesis of the organic compound HL' (R; = 0.59 (ethyl acetate-
benzene 2:1) was determined through thin layer chromatography. Using ‘H-NMR-DMSO-
dsspectra which were recorded at room
temperature, it has been noted that
thiosemicarbazone HL' is found in two

tautomeric forms of thiol-thione, the thionic

form is 95% predominant and the thiol

tautomeric form is 5%. The molecular structure

) _ . ) Fig. 2.2. Molecular structure of
of thiosemicarbazone HL belng confirmed by thiosemicarbazone HL!

single-crystal X-ray diffraction is planar, it has

been shown that HL', in the solid-state is found in the tautomeric form of the ionic tautomer
with a C = S bond length of 1,672 A. Following the recrystallization of HL' from ethanol, it was
possible to isolate the single crystals that were analyzed using X-ray diffraction, establishing the
molecular structure (Figure 2.2). The synthesis of N(4)-substituted thiosemicarbazones HL?,
HL®, HL* was performed by classical methods according to the scheme in (Figure 2.3) of
cyclohexylamine and corresponding reagents. Their purity is confirmed by thin layer

chromatography on silufol plates. Retention factors are determined for HL? (R = 0.71 (eluent:



benzene-isopropanol, 1:1)) for HL® (R; = 0.71 (eluent: benzene-isopropanol, 1:1)) and for HL*
(Rf = 0.82 (eluent): benzene-ethyl acetate, 1:2)).

H
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S
NH2 N S NH S Ne 2
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a
—_— b N NH\ .
’ | d N X
I HL?
S N
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s Ne 2 HL

Reagents and conditions: (a) CSClI,, (C,Hs)sN, benzene, 3.5 hours, 97%; (b) N,H,4-H,O, ethanol, one hour, 92%; (c)
2-formylpyridine, AcOH glacial (4 drops), ethanol, 5 hours, 91%; (d) 2-acetylpyridine, AcOH glacial (4 drops),
ethanol, 7 hours, 94%; (e) 2-benzoylpyridine, AcOH glacial (4 drops), ethanol, 9 hours, 84%.

Fig. 2.3. Route of synthesis of the thiosemicarbazones HL?; HL®; HL*

HoNG

In the *H-NMR-DMSO-ds thiosemicarbazone spectra, HL? is found in the thiol form
4.7% and for HL?® the thiol tautomeric form is 1%. For HL*, the chemical shift of 12.81 ppm can
be attributed to N-H, which forms intramolecular hydrogen bonds with pyridine nitrogen atoms,
thus accentuating the acidic properties of the N-H hydrazine group. Such cases are found in the
specialty literature when in the 'H-NMR spectra of thiosemicarbazones based on 2-
benzoylpyridine at the chemical shift of 12.0-14.6 ppm, the signals are attributed to N-H
(hydrazine) in other words to the hydrogen atom in H-N(2) from thiosemicarbazone [1].

The synthesis of thiosemicarbazones HL>"took place according to the classical
methods of synthesis following condensation reactions between the corresponding
thiosemicarbazide and aldehyde or heterocyclic ketone. Thus thiosemicarbazones HL>" were
obtained and their purity was confirmed by thin-layer chromatography: HL> (R; = 0.65 (eluent:
benzene-ethyl acetate, 3:1)), HL® (R; = 0.70 (eluent: benzene-ethyl acetate, 3:1)) and HL' (R¢ =
0.68 (eluent: benzene-ethyl acetate, 3:1)). In the *H-NMR-DMSO-dgspectra of HL®
thiosemicarbazone recorded at room temperature, it was found that it is found in two tautomeric
forms thiol-thione, the thionic form is predominant 96% and the thiol tautomeric form is 4%. At
14.17 ppm, the characteristic proton is present for SH thiol groups in carbothioamide groups. For
HL6 the thiol tautomeric form is more accentuated being 17% and the thionic form 83%. In the
case of thiosemicarbazone HL', it was possible to confirm by *H-NMR spectra the presence of
the Z form at the azomethine bond by assigning the 13.65 ppm peak to the proton in the
hydrazine group that binds to the basic center of the pyridine ring, thus emphasizing the property

of thiosemicarbazone to form intramolecular hydrogen bonds.

9



H
H, C ,H3C\/\/\/NFKII/N|-L F N\
A HN)\I N | HLS
et W\ >=S S Hs A
N HN d H3C\/\/\/N N|‘L P ’\K
a b — *k"/ N | HLS
S a
HsC e Hac\/\/\/N"k"/N"LN/ NS
L
CHg HsC S I 2 o

Reagents and conditions: (a) CSCl,, (C,Hs)sN, THF, 45 minutes, 97%; (b) N,H4-H,0, ethanol, one hour, 98%; (c)
2-formylpyridine, AcOH glacial (4 drops), ethanol, 8 hours, 96%; (d) 2-acetylpyridine, AcOH glacial (4 drops),
ethanol, 12 hours, 97%; (e) 2-benzoylpyridine, AcOH glacial (4 drops), ethanol, 15 hours, 92%.

Fig. 2.4. Route of synthesis of the thiosemicarbazones HL®; HL®; HL'

Synthesis of N(4) thiosemicarbazones-substituted HL®, HL®, HL™ required to obtain the
coordination compounds, were obtained from 2-methylpropane-2-amine by classical methods

according to the scheme:

H
C . HC
3 N NH 2
N I X HLS8
HZN\ 3 S N /
< NH Hsy
X HaC,
a N b [ d | P N N N
NH, 2 N ——> HN s TI/ N | L
HaC
H3C—,_CH3 H3C_-,_CH3 H3C_|_CH3 CH3 S N /
CHj CHj CHy
e NH NH\N/
— HaC \[r I HLL0
CH;z s N A

Reagents and conditions: (a) CSCl,, NaHCOs;, H,0-Hexane (10:1), 2 hours, 96%; (b) N,H,4-H,0, ethanol, one hour,
94%; (c) 2-formylpyridine, AcOH glacial (4 drops), ethanol, 6 hours, 90%; (d) 2-acetylpyridine, AcOH glacial (4
drops), ethanol, 8 hours, 88%; (e) 2-benzoylpyridine, AcOH glacial (4 drops), ethanol, 11 hours, 96%;

Fig. 2.5. Route of synthesis of the thiosemicarbazones HL®, HL® si HL™

The purity and time of synthesis of thiosemicarbazones HL®**were determined by
thin-layer chromatography. For HL® R; = 0.51 (eluent: benzene-ethyl acetate, 3:1) and for HL®
R= 0.59 (eluent: benzene-ethyl acetate, 3:1) and HL'® R; = 0.63 (eluent: benzene-ethyl acetate,
3:1). In the *H-NMR spectrum of HLS, we observe 71% thiol form and 29% thionic form. For
HL® 32% thiol form and 68% thionic form. For HL™, the presence of the ionic form is mainly

observed, but in the cis/trans equilibrium conformation concerning the azomethine bond, hence
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the signals doubled by NH-hydrazine. But most of them are found in the E configuration of
thiosemicarbazone HL'°.

2.2 Methods of preparation of coordination compounds

Based on copper(l1), nickel(Il), cobalt(I1I), iron(I11), manganese(ll), and zinc(Il) ions, 55
coordination combinations were obtained, of which 42 are new, including 6 binuclear
coordination compounds and 49 mononuclear coordination compounds.

The coordination compounds of some 3d metals were obtained by the direct interaction of
the respective metal salts with the substituted N(4) thiosemicarbazones of the 2-formylpyridine
derivatives. The classical method applied to the synthesis of all coordination compounds is
reflux in ethanolic solution. Applying this synthesis method, Cu(ll), Ni(ll), Co(lll), Fe(lll),
Mn(l1), and Zn(11) complexes were obtained.

General method of synthesis of coordination combinations in a molar ratio of 1: 1 or 1: 2.

The complexes were obtained by the interaction of a metal salt dissolved in a
hydroalcoholic mixture with slight heating in a water bath, then added (1 equivalent / 2
equivalents) of thiosemicarbazone dissolved in EtOH. The mixture obtained is homogenized and
refluxed with a magnetic stirrer. A microcrystalline solid substance is deposited from the
reaction mixture, which is filtered through the Schott funnel under reduced pressure, then dried
in a vacuum desiccator in the presence of anhydrous CaCl, to a constant mass. The pH of the
solution was measured during the syntheses. In the case of copper(ll) salts and CI’; Br’; NOs’;
ClO4 anions pH is located in the range 0.91-2.10; in the case of CH3COQO" salts pH being in the
range 4.09-5.02.

2.3 Research methods

'H, BC, >N NMR spectroscopy; FT-IR spectroscopy; single-crystal X-ray diffraction;
powder X-ray diffraction (XRD); conductometry in solution; determination of melting point;
mass spectroscopy; elementary analysis; REP spectroscopy; thin-layer chromatographic analysis;
research on antimicrobial and antifungal activity; research of antioxidant activities by the
ABTS™ method; anticancer analysis; determination of toxicity (Paramecium caudatum);

determination of in vivo Eco-toxicities (Daphnia magna).
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3. COORDINATIVE COMPOUNDS OF SOME 3d ELEMENTS WITH N(4)-
(ARYL/ALKYL) THIOSEMICARBASONES BASED ON 2-FORMYLPIRDINE
DERIVATIVES. BIOLOGICAL PROPERTIES

The physico-chemical properties of thiosemicarbazones based on 2-formylpyridine
derivatives are suitable both for chelating 3d metal ions and for various other applications.
Thiosemicarbazones show a wide range of biological properties such as: antifungal,
antimicrobial, antioxidant, anticancer, etc. Following the complexation of thiosemicarbazones to
3d metal ions, new molecular structures with classical or less ordinary geometries are obtained.
According to the crystallographic database (The Cambridge Crystallographic Data Center
(CCDC)), the coordination combinations of thiosemicarbazones HL*-HL with the metal ions
of Cu(ll), Ni(ll), Co(ll1), Fe(l11), Mn(I1') and Zn(I1) are in small numbers or even missing. Thus,
our interest was focused on obtaining a series of 3d metal ion complexes with
thiosemicarbazones HL'™°. In order to determine the composition and chelation of 3d metal ions,
the structure was determined using single-crystal X-ray diffraction as well as other modern
research methods.

3.1 Structure and biological properties of copper(11) complexes with N(4)-
phenylacetamide-3-thiosemicarbazones
As a result of the reaction between the Cu(ll) salts with HL', a series of single crystals were
isolated and investigated (Figure 3.1) for which the
molecular structure was determined. All Cu(ll)-based
coordination compounds with HL' are monomers.

The coordination number of Cu(ll) is 4 or 5
and thiosemicarbazone HL' behaves in all cases as a

tridentate, monodeprotonated ligand coordinating

through the pyridine nitrogen donor atoms, azomethine
nitrogen, and the thiol sulfur atom. The length of the
C-S bonds in the ligand in these complexes is
located in the range 1,745-1,758 A, which
corresponds to the data in the specialty literature.

[Cu(LYCH3CO0] (3)

Fig. 3.1. Molecular structures of
coordination compounds based on
Cu (1) with HL*
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The study of antioxidant activity was performed by the ABTS method to identify the
antioxidant potential of the synthesized coordination compounds. Thus the most active complex
established is [Cu(L)(H,0),]ClO4 (5) with perchlorate ion, which is 3.3 times more active than
Trolox which served as a reference substance (Table 3.1).

Table 3.1. Antioxidant and antimicrobial activities of coordination compounds (1-5) based
on N(4) phenylacetamide thiosemicarbazone-2-acetylpyridine (HL")

ABTS S.aureus
Ligand Compounds *I1Cs, | SD, MIC,

nM pM | pg/mL(pM)

[Cu(LY)Br(H,0)] (1) 4744 | 1.06 | 3.90(8.29)

[Cu(L)'CI] (2) 2430 | 1.28 | 3.90(8.80)

H3CTN N/ | 1

: N\@\NHLNH,N\ <’ | [Cu(L)'CH,COO](3) 3243 | 140 | 15.62(34.79)
o [Cu(LY)(H,0)]NO; (4) 2330 | 092 | 7.81(16.62)
[Cu(LY)(H,0),]ClO, (5) | 10.11 | 0.30 | 3.90(7.69)

HL? 8.5 1.4 | 250.0(765.0)
**Trolox 33.3 1.03 | ***4.67(23.6)

Antioxidant activity

*|Cs,- Semiminimal concentration of cation radical inhibition of ABTS™
** Trolox 1C5,=33.3+1.03 uM,

Antimicrobial activity

*** Furaciline

MIC- minimum inhibitory concentration

Table 3.1 shows that most copper(ll) complexes with thiosemicarbazone HL' show
antioxidant activity. Antimicrobial analysis on gram-positive microorganisms Staphylococcus
aureus ATCC 25923 (Gr. +) was studied using the modern standard method for determining the
sensitivity of S.aureus microorganisms - serial dilution method. The most active coordination
compounds are those of Cu(ll) with chlorine and bromine ions as well as perchlorate with a
concentration of 3.90 ug/mL which exceeds the antimicrobial activity of the reference substance

Furacilline.

3.2 Coordination compounds of some 3d metals with N(4)-cyclohexyl-3-
thiosemicarbazone

The synthesis of the chloride compounds of some 3d metals with thiosemicarbazones
HL2-HL* was performed according to the classical synthesis procedures at the interaction of the
metal salt with the alcoholic solution of thiosemicarbazone. From the obtained or last

recrystallization solutions, a series of single crystals were isolated and characterized.
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All complexes are mononuclear and have the
geometry of the central atom flat-square, the length of the
bonds C-S 1,734-1,753 A. In the series of HL** complex
compounds with 3d metal salts, single crystals were obtained
only based on Cu(ll) complexes, for the other metals, this
was impossible due to high solubilities. An unusual case is
the molecular structure of the ionic complex (16). The
bromine ion is in the outer sphere and compensates for
the charge of the cationic complex, the ligand
coordinates tridentate through the set of NNS atoms,
HL? behaves as a neutral ligand, the length of C-S bonds
is 1,696 A.

Most HL?“-based complexes are monomers,
with the exception of the coordination compound (24) in
which it is a dimer assembled via the coordinated sulfur
atom bridge. Of the thiosemicarbazones functionalized
in position N(4) with the cyclohexane ring, the best
antioxidant potential was recorded in HL? which is 7
times more active than Trolox. The coordination
compounds of Mn(ll), Zn(ll), and Ni(ll) with HL?
showed an antioxidant potential 2-5 times higher than
Trolox. The best antimicrobial activity was recorded for
thiosemicarbazone HL® with a MIC value of 0.061
ng/mL, which is 77 times more active than Furacillin.
The most prominent antimicrobial activity is in the
coordination compound [Cu(L?) H,O]CIO, (10) with the
value of the minimum inhibition concentration of 0.060
ng/ mL which is 78 times more active than the

comparator substance.
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Fig. 3.2. Molecular strucfure of
[Cu(L?Br] (6) based on HL?

6N
1)

Fig. 3.3. Molecular structure of
[{Cu(HL®Br]Br (16) based on HL®

Fig. 3.4. Structura moleculari a
[{Cu(L“NO3},] (24) in baza HL*



Table 3.2. Antioxidant and antimicrobial activity of coordination compounds of some 3d
metals (6-25) based on N(4)cyclohexyl thiosemicarbazones (HL**%)

ABTS S.aureus
Ligand Compounds ICso, | SD, MIC,
pM_ | pM | pg/mL(uM)
[Cu(L%)Br] (6) 100 - 0.48(1.20)
[Cu(L%)CI(H,0)1(7) 25.12 | 2.23 0.48(1.291)
[Cu(L%)CH,COO0] (8) 25.53 | 2.12 0.97(2.542)
[Cu(L*)NO4] (9) 100 - 0.12(0.315)
O\ i . “:1 [Cu(L%H,0]CIO, (10) | 72.14 | 1.29 0.06(0.138)
w Sy [Ni(LACI(11) 11.73 | 0.66 | 62.50(175.60)
HL2 [Co(L%),]CI (12) 100 - 0.97(1.58)
[Fe(L%),]CI (13) 38.96 | 530 | 31.25(50.90)
[Mn(L%),] (14) 6.74 | 0.64 | 31.25(54.07)
[Zn(L?%)(H,0)CI] (15) 14.09 | 2.14 7.81(20.55)
HL? 5.1 0.8 250.0(765.0)
O\ i Y | [Cu(HL")Br]Br (16) 100 - 0.24(0.48)
WSS [Cu(L®CI] (17) 100 - 0.24(0.65)
[Cu(L®)CH,COO] (18) | 100 - 1.95(4.90)
[Cu(L}NO;] (19) 100 - 0.97(2.43)
[Cu(L*)H,0]CIO, (20) 100 - 0.97(2.14)
HL? 274 | 2.0 | 0.0610(0.2328)
O\ [Cu(L%)Br] (21) 69.77 | 5.3 0.48(1.01)
" NH [Cu(LHCI] (22) 53.93 | 3.15 0.48(1.11)
[Cu(L)CH,COO0] (23) | 100 1.95(4.24)
[{Cu(L)NO;},] (24) 18.08 | 1.96 0.97(1.05)
HL? [Cu(L*H,0]CIO, (25) 100 - 0.24(0.47)
HL* 825 | 6.5 *
Trolox 33.3 1.03
Furacilline 4.67(23.60)

** has no bactericidal or bacteriostatic effect at a concentration of 0.5 mg / mL
3.3 Coordination compounds of copper(Il) with N(4)hexyl-3-thiosemicarbazone

The coordination combinations of Cu(ll) and the thiosemicarbazones HL>-HL' allowed to
elucidate the mechanism of formation of the coordination compounds based on the
thiosemicarbazones derived from the substituted 2-formylpyridine N(4). Thus, in the first stage
of synthesis, the addition of thiosemicarbazones to the metal ion takes place, resulting in the
successful isolation of a series of single crystals of coordination compounds 26, 32, 36 A, and
37A which demonstrate the first stage of the proposed synthesis mechanism (Figure 3.5 and 3.6).

f-\__/ w\/ « [(Cu(L")Br] (36)
TS KouHLBr (36 A) /->/
w’v =N
7 \H‘ L

Fig. 3.5. Molecular structures of Cu (11) complexes based on HL’
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According to the proposed mechanism, in phase 11 the removal of the acid residue takes
place simultaneously with the deprotonation of the corresponding thiosemicarbazone. As a result
of the same series of complexes, it was possible to isolate single crystals after heating, adjust the

pH or recrystallize from DMF (Figure 3.6).
S Z I
H3c/\/\/\NHJLNH' SN EtOH(H,0)

+ /Cu—X <—_—>
X

Where n=0-3
X=CI'; Br’; NO;

Fig. 3.6. The hypothetical mechanism for the formation of coordinating compounds 36/37 si
36. A/37.A

The tendency to form final structures is increased in the case of syntheses in which the
temperature is higher than 60-75 °C, by using a reflux system. In such conditions, the optimal
synthesis time varies from 60 minutes to 3 hours. The structure of the monomeric compounds
obtained demonstrates that thiosemicarbazones behave as monodeprotonated tridentate ligand,
coordinating to the central atom through the N-pyridine, N-azomethine, and S-thiol groups of
atoms. After the elemental analysis of the coordination compounds, other physico-chemical
analyzes were performed, which occurred in the confirmation of the monomeric structures. The
study of single-crystal X-ray diffraction allowed the determination of the structures of all
intermediate and final forms of addition products and in the form of corresponding coordination

compounds.
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[(Cu(HL")Cl,] (37 A)

The study of the antioxidant properties of the complexes in question showed that the

40) based on N(4) hexyl thiosemicarbazones (HL>")

[(Cu(L")CI] (37)
Fig. 3.7. Molecular structures of Cu (1) complexes based on HL’

introduction of the hexyl fragment into the N(4) position of thiosemicarbazones did not lead to

an improvement in antioxidant activity compared to cyclohexyl fragment analogues (Table 3.3).

Table 3.3. Antioxidant and antimicrobial activity of Cu(ll) coordination compounds (26-

ABTS S.aureus

Ligand Compounds ICs, SD, MIC,
pM_ | pM | pg/mL(pM)

[Cu(HL®)Br,] (26) 100 - | 62.5(128.1)
~~ | [Cu(HLOCL,] (27) 100 - | 31.25(78.321)

. i@ [Cu(L*)CH;COO0] (28) 91.3 | 80 |[1.95(5.05)
) i [Cu(L*)NO;] (29) 72,60 | 1.39 | 1.95(5.02)
HL® [Cu(L%)(H,0)]CI10, (30) 100 | - | 0.48(1.09)
HL® 179 | 4.2 |1.953(7.397)
[Cu(HL®Br,] (31) 100 - | 31.25(62.25)
,fL \Hj [Cu(HL®CI,] (32) 100 - | 15.62(37.83)
~e~NS S | [CU(L?)(H0)CHCOO] (33) | 886 | 0.69 | 1.95(4.67)
’ [{Cu(LYNO3}.] (34) 100 - | 1.95(2.42)
HL® [Cu(L%)(H,0)]CIO, (35) 100 - [097(2.13)
HL® 109 | 0.6 | 3.906(14.050)

L) Mexmetan N

u - -

e NN NS TR (7)CHLCO0] (38) 100 | - -
[Cu(L"YNO;] (39) 100 - ]1.95(4.20)

aL? [Cu7(L7)(H20)]CIO4 (40) 100 - | 0.48(0.93)

HL 233 | 04 -

Trolox 33.3 1.03

Furacilline 4.67(23.60)

* has no bactericidal or bacteriostatic effect at a concentration of 0.5 mg/mL

3.4 Coordination compounds of copper(l1) with N(4)tert-butyl-3-thiosemicarbazone

The synthesis of coordination compounds based on thiosemicarbazones H

hydrogen bonds.
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participating electron pairs of the sulfur atom of the neighboring ligand, which is stabilized by




Analysing Figure 3.6, it can be seen that in
complexes 42-44 and 47 the central ion has a distorted
square-pyramidal environment. The monodeprotone
ligands HL® and HL® coordinate the tridentate, through
the set of NNS atoms, in the case of the complexes 43

and 44, the acetate ion and, respectively, the nitrate

coordinate cleanliness the Cu(ll) ion.

For the coordination compounds 48 and 52, it Fig. 3.8. Molecular structures of
was possible to isolate the single crystals, for which with [{Cu(L®)NO3},] (44)
the X-ray diffraction on the single crystal the
mononuclear structure in which the monodeprotonated
ligand is coordinated tridentate to the Cu(ll) ion was
confirmed. The coordination number of the central ion is
four and the geometry is square (Figure 3.10). The molar

conductivity analysis (20-45 pS/cm) also confirms the

non-electrolytic shape of complexes 48 and 52. In the
FT-IR spectra, there are asymmetric vibration bands Fig. 3.9. Molecular structures of
of the COO™ monocoordinate groups at the central ion [{Cu(L®CH3COO0},] (43)
at 1601 cm™ and vibration symmetrical COO" at 1362
cm™. The difference between vas (COO) and va (COOY) is 239 cm™, which corresponds to the
monodentate coordination of carboxylate clusters (Nakamoto, p. 258).

The study of the antioxidant properties of the complexes in this series showed that the
best antioxidants are 47 and 49 based on thiosemicarbazone HL® with chloride ions or nitrate

coordinated to metal ions.

Fig. 3.10. Molecular structures of Fig. 3.11. Mglecular structures of
[{Cu(L%Cl},] (47) [(Cu(L")CH3COO] (48)
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Table 3.4. Antioxidant and antimicrobial activity of Cu(ll) coordination compounds

(41-55) based on N(4) tert-butyl thiosemicarbazones (HL)

ABTS S.aureus

Ligand Compounds ICs, | SD, MIC,
uM uM pg/mL(uM)

] [{Cu(L®)Br},] (41) 75.40 | 1.75 0.97(1.28)
wodcn, & [{Cu(L®CI},] (42) 89.90 | 1.55 1.95(2.92)
i AH AN [{Cu(L®)CH,CO0},] (43) | 71.10 | 2.80 1.95(2.72)
T IS | | {Cu(L®NOs},] (44) 100 - 0.48(0.67)
HL® [Cu(L®)(H,0)]CIO, (45) 100 - 1.95(4.69)

HL® 1850 | 2.2 0.97(3.71)

N [{Cu(L%)Br},] (46) 100 - 1.95(2.48)

NP [{Cu(L®)ClI},] (47) 16.40 | 0.90 1.95(2.80)
A AN [Cu(L°)CH,COO0] (48) 48.90 | 1.80 1.95(5.25)
\fsl/ ') [ICu(L)NO] (49) 2380 | 1.90 | 0.48(1.30)
HL® [Cu(L®)(H,0)]ClO, (50) 100 - 1.95(4.54)

HL® 12.20 | 0.70 | 3.90(15.62)

[Cu(L™)Br] (51) 97.70 | 7.70 | 0.97(2.14)

Hy [Cu(L™)CI] (52) 98.90 | 12.70 | 0.97(2.38)

Rl B [Cu(L™)CH;CO0] (53) 55.30 | 5.40 1.95(4.50)

HN. NH, A
Y Yy [ ICu(L™)NOS (54) 66.20 | 4.10 | 0.48(1.11)
I [Cu(L™)(H,0)]CIO. (55) 100 - 1.95(3.97)
HL HLY 26.10 | 0.80 | 7.81(25.03)
Trolox 33.30 1.03
Furacilline 4.67(23.60)

In the series of complexes with thiosemicarbazones HL®® the tendency to ICsq of
inhibition of cation-radicals of ABTS ™" between mononuclear and binuclear complexes was not

observed.

In the study of gram-positive and gram-negative microorganisms, thiosemicarbazones
HL'% showed a different behavior of inhibiting the multiplication of microorganisms. One of
the defining factors significantly affecting antibacterial activity is the N(4) thiosemicarbazone

substituent.

The influence of the anion in the studied complexes (1-55) is decisive in terms of
biological antimicrobial and antifungal activities and decreases in the following sequence of the
acid residue: Br' ~ CI'> ClIO4> NO3™> CH3COO'".
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The results of the anticancer activity by the MTT method, referring to the initial
thiosemicarbazones, are presented in tables 3.11 and 3.12.

Tablel 3.11 Anticancer activity of complexes 5, 7 si HL?

MDCK HelLa BxPc-3 RD
Compound %, inhibition | %, inhibition | %, inhibition | %, inhibition
[Cu(L")(H,0),]CIO, (5) 14.8+8.3 -5.5£9.4 18.9+6.8 14.4+3.4
[Cu(L)(H.0)CI](7) 0.4£3.2 7.6£05 14.6+4.6 8.9+0.1
HLT 93.7+6.5 84.0+6.2 60.4+3.6 99.6+1.0
DOX 56.0+2.6 49.8+6.6 76.6+0.9 47.3+1.6

Note: the values are represented as the average of the experiments repeated three times; The analysis was
performed at a concentration of 100 uM; DOX- Doxorubicin

Table 3.12 Anticancer analysis of Cu(ll) coordination compounds based on
thiosemicarbazones (HL'?)

Compound HEp-2 BxPC-3
%™*, inhibition | %, inhibition

[Cu(L)'CI] (2) 44.1+1.8 58.1+5.1
[Cu(LY)(H,0)]NO; (4) 23.7+6.1 44.7+2.8
[Cu(LY)(H,0),]CIO, (5) 19.7+1.5 3.9+0.5
[Cu(L)Br] (6) 18.6£1.5 13.3+0.6
[Cu(L?)(H,0)CI(7) 16.0+2.1 3.4+0.7
[Cu(L?)(H,0)]CIO, (10) 18.9+3.2 21.9+1.1
HL' 64.9+3.2 60.4+3.6

HL? 66.1+2.8 61.6+2.2

HL® 82.8+3.7 97.8+4.9

cis-platin 68.2+1.9 78.5+1.2

Concentration 100 uM;
experiments).

*Values are average (standard deviations obtained from at least three independent

The sequence of decreasing anticancer activities for the series of coordination
compounds of Cu(ll) with thiosemicarbazone HL? depending on the rest of the acid is as
follows: CI" >Br > NO; > ClO,.

Table 3.10. Anticancer activity of the coordination compound [Cu(L*)CI] (17)

Compound 1Cs0, uM
HEp-2 BxPC-3 RD L20B MDCK
[Cu(L)CI] (17) 1.09+0.01 0.170+0.002 | 0.70+0.02 0.30+0.10 1.00+0.50
cis-platin 60+9 11.2+1.2 13.4+2.0 16.3+1.8 30.9+1.1

The study of the toxicity of organic compounds is essential in order to be able to draw
conclusions about the possibility of being recommended for preclinical practice. Thus, the most
active compounds that show antifungal and antimicrobial activities in in vivo studies and

significant antioxidant potential in relation to Trolox are selected.
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- 1101
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LCso- semimaximal lethal killing concentration of 50% of Paramecium caudatum.

Fig. 3.12. Determination of toxicity (Paramecium caudatum) at 24 h and 48 h

Table 3.14. Eco-toxicity of thiosemicarbazones HL*-HL' and of some coordination

compounds of 3d metal ions

Thiosemicarbazone L Ceo, SD
uM
HL! 15.55 1.45
HL? 0.12 0.05
HL® 3.53 0.80
HL* 0.29 0.01
HL® 0.67 0.01
HLS 0.16 0.01
HL’ 1.52 0.32
HL® 1.23 0.08
HL® 0.58 0.04
HL? 3.27 0.10
Doxo 3.27 0.30

Compound LCsp, uM SD
[Cu(L)'CI] (2) 100 -
[Cu(L")(H,0)INO; (4) 100 -
[Cu(L?)Br] (6) 4.40 0.96
[Cu(L?)(H,0)CI](7) 3.50 0.91
[Cu(L?)NO:] (9) 2.60 0.74
[Cu(L?)(H,0)]CIO, (10) 1.40 0.24
[Co(L%),]CI (12) 0.60 0.13
[Ni(L)CI](11) 6.10 0.42
[Fe(L)),]CI(13) 4.60 0.62
[Mn(L?),] (14) 0.090 0.001
[Zn(L?)(H,0)CI] (15) 0.30 0.01
Doxo 3.27 0.30
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GENERAL CONCLUSIONS AND RECOMMENDATIONS

1. Ten thiosemicarbazones HL™°

were obtained, of which 6 are new, with four different

substituents in position N(4) such as: phenylacetamide, cyclohexyl, hexyl, and tert-butyl.

Based on copper(lIl), nickel(ll), cobalt(lll), iron(111), manganese(ll), and zinc(ll) ions, 55

coordination combinations were obtained, of which 42 are new, including 6 binuclear

coordination compounds and 49 mononuclear complexes. Thiosemicarbazones HL™
coordinate at the central ion through the pyridine nitrogen atom, of azomethine nitrogen and
thionic or thiol sulfur atom, behaving as an NNS-type tridentate ligand. In the series of
coordination compounds of Cu(ll), 21 molecular structures were determined and
characterized. For the first time, the molecular structure was determined for 5
thiosemicarbazones by single-crystal X-ray diffraction.

2. For almost all copper(ll) chlorides and bromides, the tendency to form non-electrolyte
mononuclear compounds based on N(4)-hexylthiosemicarbazones has been demonstrated, in
which the ligands are unprotonated. The exception is the coordination compound 16, which
is of the cation-anion type, having a bromide ion in the outer sphere.

3. For the N(4)-hexylthiosemicarbazone-based coordination compounds, a two-step synthesis
mechanism has been demonstrated: the initial addition of thiosemicarbazone to the metal ion
and the subsequent removal of the acid residue.

4. The antioxidant activity of the HL>™ series of thiosemicarbazones was first investigated by
the ABTS ™ method, the results of which showed that the most notable antioxidant potential
is the HL? ligand (ICsp =5.10.8uM), which is 7 times more active compared to the reference
substance Trolox. Coordination compounds with the same thiosemicarbazones have
comparable antioxidant properties, the highest value being found in complexes 14 (ICso=
6.7+0.6uM) and 5 (IC50=10.1£0.3uM). The correlated antioxidant activity according to the
four analyzed factors decreases as follows:

- central ion: Mn*"> Ni*"> Zn®**> Cu?*>> Fe**> >>> Co*",

- acid residue: Br ~ CI'> CH3COO™> ClO4> NOs3'.

- substitute in position N(4) of 2-acetylpyridine thiosemicarbazones:
phenylacetamide> hexyl> tert-butyl> cilohexyl

- substitute in position N(1) of thiosemicarbazones: CHz > H> CgHs.

5. Antimicrobial analysis of ligands showed that the most active thiosemicarbazone is HL based
on cyclohexyl with 2-acetylpyridine (MIC of 0.061 pg/mL (0.2328 uM)), which is 76 times
more active than Furacillin on S. Aureus, and the antifungal activity of HL® is 18 times

higher than Miconasol.
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In the thiosemicarbazone series, the antimicrobial activity on S.aureus decreases in the
following series: HL®> HL®> HL>> HL® = HL®> HLY> HL' = HL% HL* = HL'. The
antimicrobial activity of the complexes with these thiosemicarbazones according to the four
factors analyzed decreases as follows:
- central ion: Cu**> Co**> Zn?*> Fe** ~ Mn*"> Ni*".
- acid residue: Br ~ CI> NO3; ~ ClIO,> CH3;COO'.
- substitute in position N(4) of 2-acetylpyridine thiosemicarbazones:
cilohexyl> tert-butyl> hexyl> phenylacetamide
- substitute in position N(1) of thiosemicarbazones: H ~ CH3> CgHs.
6. The anticancer activity of copper(ll) complexes according to the three factors analyzed
decreases as follows:
- acid residue: CI> Br> ClO,> NO5".
- substitute in position N(4) of 2-acetylpyridine thiosemicarbazones:
cilohexyl> phenylacetamide
- substitute in position N(1) of thiosemicarbazones: CHz> H> CgHs.

7. The toxicity analysis showed that the least toxic is thosemicarbazone HL! which is LCs =
15.5 uM, compared to Doxorubicin LCsp = 3.2 uM. In the thiosemicarbazone series, toxicity
increases in the following range: HL' <HL® <HL' <HL’ = HL® <HL® <HL® <HL* <HL®
<HL?. The determination of the toxicity of the coordination compounds according to the four
factors analyzed increases as follows:

- central ion: Zn?*>> Ni**> Fe**> Cu?*> Co**> Zn?* >>> Mn**

- acid residue: Br>>> CH3;COO™> NO3;™> ClIO,> Cl" ~ Br

- substitute in position N(4) of 2-acetylpyridine thiosemicarbazones:
phenylacetamide> cilohexyl> tert-butyl> hexyl

- substitute in position N(1) of thiosemicarbazones: H ~ CH3> CgHs.
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Recommendations
It is proposed to use the coordination compounds of some 3d metals with thiosemicarbazones
N(4) -substituted based on 2-formylpyridine derivatives, which show an antimicrobial
potential at concentrations of ng / mL.
The implementation of the results of the 2 patents as well as of the patent application for the
expansion of the arsenal of inhibitors of the fungi of the species Candida albicans and
inhibitors of the gram-negative bacteria Acinetobacter baumannii with high antifungal and
antimicrobial activity.
It is recommended to carry out a more in-depth study of the anticancer and antimicrobial
activities of the substances studied in order to exclude mutagenic, teratogenic effects in vivo.
The results of the thesis can be used in the normative courses within the undergraduate cycle
(Organic Chemistry 1l, Heterocyclic Compounds, Biopharmaceutical Chemistry) and the

master cycle.
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ADNOTARE

Rusnac Roman: ”Designul si sinteza compusilor biologic activi ai unor metale 3d cu
tiosemicarbazone N(4)-substituite ale derivatilor 2-formilpiridinei”, teza de doctor in stiinte
chimice, Chisinau, 2022. Teza constd din: introducere, 3 capitole, concluzi generale si
recomandari, referinte bibliografice cu 181 surse, 10 anexe, 123 pagini, 70 figuri, si 33 de tabele.
Rezultatele obtinute sunt publicate in 30 de lucrari stiintifice (6 articole 1n reviste nationale, 1
articol in revista internationald, 23 teze la conferinte si 2 brevete de inventie si 1 cerere de brevet
de inventie).

Cuvinte-cheie: tiosemicarbazone, compusi coordinativi, metale 3d, activitate biologica, RMN-
FTIR, difractie cu raze X pe monocristal.

Domeniul de studiu: chimie coordinativa

Scopul si obiectivele tezei: sinteza si caracterizarea fizico-chimicd a unor compusi
coordinativi in baza ionilor Cu(ll), Ni(ll), Fe(lI1), Co(lll), Zn(l1), Mn(ll) cu diferite N(4)-
ciclohexil (fenilacetamida, tert-butil) tiosemicabazone derivate de la 2-formilpiridina; screening-
ul activitatilor antimicrobiene si antifungice, anticancer si antioxidative a compusilor
coordinativi sintetizati precum si determinarea relatiei structura-activitate; sinteza N(4)-
ciclohexil (fenilacetamida; tert-butil) tiosemicabazonelor derivate de la 2-formilpiridina; sinteza
compusilor coordinativi ai Cu(Il), Ni(Il), Fe(Ill), Co(Ill), Zn(I), Mn(II) cu tiosemicarbazone
N(4)-substituite; caracterizarea fizico-chimica compusilor organici si anorganici obtinuti prin
intermediul metodelor moderne de cercetare: spectroscopia RMN *H, °C, N, REP, FT-IR,
spectrofotometria UV-vis, difractia cu raze X, spectroscopia de masa, codunctometria in solutie,
analiza elementald; cercetarea proprietatilor antimicrobiene, antifungice si antioxidative ale
compusilor atat intermediari cat si finali ; Elucidarea corelatiei structurd-activitate si propunerea
unor compusii sintetizati spre studiul biologice avansat .

Noutatea si originalitatea stiintifici constd in sinteza a 55 compusi coordinativi, inclusiv 6
complecsi binucleari si 49 de compusi coordinativi mononucleari. Pentru prima data au fost propus
un mecanism al formdri combinatiilor coordinative in baza ionuluii de cupru(ll) si studiate
proprietatile antimicrobiene si antifungice ale tuturor compusior sintetizati atat intermediari cat si
finali.

Problema stiintifici solutionati. Au fost stabilite procedee optime de obtinere a compusilor
coordinativi prin metode clasice optimizate de sinteza. Au fost obtinute tiosemicarbazone
functionazite cu diferiti substituenti in pozitia N(4) cu lipofilitate majoratd. Majoritatea compusilor
coordinativi sintetizati manifestd o solubilitate buna in etanol si apa.

Semnificatia teoretica si valoarea aplicativa a lucrarii. Teza data contribuie la: largirea clasei de
substante biologic active pe baza tiosemicarbazonelor N(4) substituite; identificarea influentei ionului
central asupra proprietatilor biologice; intelegerea corelatiei dintre lipofilitatea radicalilor in pozitia
N(4) a tiosemicarbazonelor derivate de la 2-formilpiridina.

Aplicabilitatea acestei lucrdri o reprezintd compusii coordinativi cu activitate antimicrobiana
selectiva asupra microorganismelor gram-pozitive.
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AHHOTANMUA

PycHak Poman: «/[u3aiin ¥ CcHHTE3 OHOJIOIMYECKH aKTHBHBIX COCAMHEHHH 30-MeTaiioB ¢
tuocemukapOazonamu N(4)-3aMeleHHbIX TPOU3BOIHBIX 2-(HOPMUIIITUPUITHAY, JUCCEPTALHMS HA
COMCKaHHME YYCHOU CTETICHH JIOKTOpa XUMHUYECKHX Hayk, Kumunes, 2022. /luccepTarus COCTOUT
U3 BBEJEHUS, TPEX TJaB, B KOTOPBIX MPEACTABICHBI 0030p HCCIIECIOBAaHHUM, UMEIONINXCS B
JUTepaType, U COOCTBEHHBIN BKJIAJ, OCHOBBIBAIOUIMICS HAa SKCIEPUMEHTAJIBHO IMOJYYEHHBIX
pe3ynbTaTax, oOMIMX BBIBOJIOB M peKoMeHmanui, oubnuorpadun u3 183 nHammenoBanuid, 123
CTpPaHHIBI OCHOBHOTO TekcTa, 33 Ttabmun, 10 mpunoxkenwit m 70 pucyHkoB. I[lomydeHnble
pe3yibTarhl onyonukoBansl B 30 HayuHbIX paborax (6 craTeil B HAI[MOHAJIBHBIX XXYypHamax, |
CTaThsd B MEXIYHApOJIHOM >XKypHaie, 23 Te3uca KoHpepeHIWi, 2 maTteHTa M | 3asBKa Ha
MATEHTHI).

KiloueBble cjioBa: THOCeMUKapOa30HbI, KOOPAWHALMOHHBIE COEAMHEHMs, 3d-MeTalbl,
ouonornyeckas aktuBHOCTh, UK-Dypne cnekrpockonus, SIMP cnekrpockonusi, audpaxius
PEHTTEHOBCKHUX JTy4eil HA MOHOKpHUCTAIIaX.

Ooaactb uccaenoanms: Koopaunanuonnas Xumusi.

Heap u 3amaum padoThbl: cHUHTE3 U (PU3HKO-XUMHUYECKas XapaKTEPUCTUKA HEKOTOPBIX
KOOPJMHAIIMOHHBIX coeanHeHnid Ha ocHoBe monHoB mertayuioB Cu(ll), Ni(ll), Fe(lll), Co(lll),
Zn(ll), Mn(ll) ¢ pasouusbsive N(4)-tkmorekcua — (GpeHUIareTaMuaoM; — mpem-0yTui)
THOCEMHUKaOa30HaMu MIPOU3BOIHBIX 2-(hopMUTTTUPUIUHA,; CKPUHHUHT
AHTUMHUKPOOHOMU, TPOTUBOTPUOKOBOM, MPOTHUBOOIYXOJIEBOH U AHTHOKCHUJAHTHONW aKTHUBHOCTH
CHHTE3UPOBAHHBIX KOOPJWHAIMOHHBIX COCIWHEHUN; BBISIBJICHUE B3aHUMOCBSI3H CTPYKTypa-
aKTHMBHOCTh; cuHTe3 N(4) -nukiorekcui (deHunaneramuaa; mpem-0yTuia) THOCEMUKa0a30HOB,
IPOM3BOJHBIX OT 2-(hOPMIIITUPUINHA; CHHTE3 KoopauHaunoHHbIx coenuHennid Cu(ll), Ni(Il),
Fe(1ll), Co(Ill), Zn(Il), Mn(II) ¢ N(4) -3aMemieHHbIMH THOCEMHKapOa3oHaMH; (HHUIUKO-
XUMUYECKash XapaKTEPUCTHKA TOJYYCHHBIX OPraHMYECKHMX W HEOPTaHMYECKUX COCIMHEHHI
COBPEMEHHBIMU METOJIAMU aHAJIU3a: ciekrpockonus AMP lH, 13C, 15N, OIIP; UK, YD-Buanmas
criektpooTomMeTpusi, AUGPAKIHMS  PEHTICHOBCKOTO  M3JyYEHHUs, MacC-CIEeKTPOCKOIIHUS,
KOAYHKTOMETpPUS B pacTBOpE, OJIIEMEHTHBIM aHalHu3, HCCIEI0BaHHE MPOTHBOMUKPOOHBIX,
MPOTUBOTPUOKOBBIX W AHTHOKCHUJIAHTHBIX CBOWCTB KakK MPOMEXKYTOYHBIX, TaK W KOHEUYHBIX
MOJIYYEHHBIX COEIWHEHUW; BBISBICHUE KOPPEISILIUM CTPYKTYpa-aKTUBHOCTb U MPEJIOKEHUE
HEKOTOPBIX CHHTE3MPOBAHHBIX COCIWHEHUM HJisi YTIyOJEHHOTO W3YyYeHHs] OHOJOTHYECKUX
UCCIIEI0BAHUMN.

Hayuynasi HOBHM3HA M OPHUIMHAJBHOCTH 3aKIIOYACTCS B CHHTE3E 55 KOOpPAWHAIMOHHBIX
COEIMHEHUH, B TOM uuciie 6 OHSAEPHBIX KOOPIWHAIMOHHBIX COCAUHEHHA U 49 OIHOSAEpPHBIX
KOOPJMHAIIMOHHBIX ~ COCIWHEHHWH.  BrepBble  MpeIokKeH  MEXaHH3M  00pa3oBaHUSs
KOOPJMHAIIMOHHBIX coequHeHNi Ha ocHoBe MOHOB Meau(Il) m m3ydeHbl aHTUMHKPOOHBIE U
MIPOTHUBOTPUOKOBBIE CBOMCTBA BCEX CHHTE3MPOBAHHBIX COCTMHEHUM, KaK MMPOMEKYTOUHBIX, TaK U
koHeuHbIX. HayyHasi mpoOJjiema pemieHa. YCTaHOBIJIEHBI ONTHUMAJbHBIE YCJIOBHS IOJIYy4YEHUS
KOOPJMHAIIMOHHBIX COCAMHEHUN KJIACCMYECKUMU METOJaMH CHHTE3a. bbUTM  TOyYeHBI
THOCEeMHUKapOa30Hbl, (YHKIIMOHATU3UPOBAHHBIE PA3NUYHBIMU 3aMECTUTENSIMA B MOJIOXKEHUU
N(4) ¢ moBbIIeHHONW TUTTOPUIHFHOCTHIO. BONBIIMHCTBO CHHTE3WPOBAHHBIX KOOPAWHAIIMOHHBIX
COeMHEHUH 00JIaaloT XOPOIIei pacCTBOPUMOCTBIO B 9TAHOJIE U BOJIE.

TeopeTnueckasi 3HAUMMOCTb ¥ NMPHUKJIAJIHOE 3HaYeHUe PadoThl. JuccepTanuscnocoOCTByeT:
BBIICTICHUIO  KJjacca OHOJOTMYECKH AaKTHBHBIX  BEIIECTB HA OCHOBE  3aMEIIEHHBIX
tHoceMukap0a3oHoB N(4); BbISBICHHE BIMSHUS IEHTPAJIBHOTO aToMa Ha OHOJIOTHYECKHE
CBOWCTBA; MOHMMAaHUE KOPPEIIAIUU MEXITY PaTUKATbHON JTUMOPUILHOCTRIO B mosioskeHu N(4)
U THOCEMUKapOa30HaMHU, IPOU3BOIHBIMU 2-(hOPMUIITUPHUANHA.

O6JsiacTb mpUMeHeHMsI STOH pabOThl - KOOPAMHAIIMOHHBIE COEAMHEHUS C CEICKTUBHOU
AHTUMHUKPOOHOM aKTUBHOCTBIO B OTHOIIICHUH TPAMITOJIOKUTETHHBIX MUKPOOPTaHU3MOB.
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