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CONCEPTUAL FREMEWORK OF THE RESEARCH

Actuality and importance of the subject. a-Dioximes are compounds obtained by
treating some amines and/or their derivatives with dichlorglyoxime. In the literature,
symmetrical vic-dioximes are also presented in the form of three geometric isomers: anti-(E, E"),
amphi-(E, Z) and syn-(Z, Z') [1, 2]. Structural results available in the CCDC (Cambridge
Crystallographic Data Center) confirm that the N,N-chelation mode, which stabilizes the anti-(E,
E") form, is most commonly used in dioximes for coordinating these ligands. Dioximes can also
coordinate towards metal ion through the oxygen atoms of the oxime groups. The study of
compounds based on these complexing agents represents a broad compartment of coordination
chemistry. The interest in these compounds is explained not only by their limitless diversity, but
also by different variable physico-chemical properties, which make it possible to use these
compounds in various areas (in analytical chemistry, catalysis, extraction processes, as
semiconductors and models of biological systems).

A special position in the chemistry of new a-dioxime compounds present cobalt(ll) and
cobalt(l11) compounds, which are characterized by diverse composition and structure; in addition
to dioximes of cobalt, the nickel(ll), platinum(ll), palladium(ll), copper(ll), zinc(ll),
cadmium(1l), manganese(ll), iron(I1), iron(111) and nickel(111) dioximes with monomere and/or
dimer structure, with coordination geometry that form tetrahedral, square pyramidal and
octahedral polyhedra are also known [3-7]. The increased interest in complexes with dioxime
ligands is also conditioned by the possibilities of their use as models of physiologically
important preparations, as well as in microbiology, medicine or agriculture.

Aim of the work consists in synthesis, structure and study of mono- and polynuclear
coordination compounds of "s" and "d" metals based on mono- and heterofunctional dioxime
ligands with N,N-donor and N,N,O-donor atoms together with heterofunctional ligands of the
O,N,O-donor type also involving different inorganic anions.

Objectives of the study:

= synthesis of mono- and heterofunctional dioxime complexing agents using
dichloroglyoxime, different aromatic amines and their derivatives as reagents;

= synthesis of coordination compounds with different nuclearity based on "s" and "d" type
metals using different reaction conditions;

= studying the obtained compounds by different physico-chemical methods, such as:

elemental analysis, IR spectroscopy, NMR and single crystal X-ray diffraction;



= evaluating the comparative antimicrobial activity of the novel proligands and the
derivatives from which they were synthesized;

= studying the microbiological properties of the obtained complexes on different strains of
micro- and macromycetes as stimulators/inhibitors of microbiological processes.

The research hypothesis involves the research synthesis of coordination compounds
based on "s" and "d" metal ions by using ligands that comprise di- and tetraoximes, pyridine and
its derivatives, including derivatives of pyridinedicarboxylic acid, capable of exhibiting
antimicrobial and microbiological properties for practical use.

Synthesis of research methodology and justification of the chosen methods

Optimum synthesis conditions were applied, following which new di- and tetraoxime
complexing agents were synthesized. The study demonstrated that reacting with metal ions these
ligands could generate both molecular and ionic complexes with different dimensionality.

Monofunctional dioximes form di- and polynuclear complexes by introducing
additional bridging ligands, the dimensionality of the complex being determined especially by
the nature of the bridging ligand.

Both proligands and complexes based on them have been studied using modern research
methods, which include: elemental analysis (for C, H, N, S and metal), IR spectroscopy, nuclear
magnetic resonance (*H and *3C), and the structure of the compounds’ crystals was established
using single crystal X-ray diffraction, as well as for the proligands. For a number of compounds
antimicrobial and microbiological properties were investigated. Investigation of the comparative
antimicrobial properties of proligands and their particular components demonstrated that in the
case of some proligands obtained by condensation, the antimicrobial activity increases.

Novelty and scientific originality consists in obtaining 30 new compounds, of which 4
oxime coordination agents, 20 mono- and dinuclear complexes and 6 1D and 2D coordination
polymers.

Theoretical significance: heterometallic compounds of Ca(ll), Sr(ll) and Ba(ll) and
homometallic compounds of Mn(ll), Co(Il)/Co(ll1), Ni(ll), Cu(ll), Zn(I) and Cd(Il) with
different nuclearity where synthesised.

Practical importance: some coordinating agents and some complex compounds exhibit
antibacterial and biostimulatory properties in the cultivation of beneficial micro- and
macromycetes.

The obtained results that contribute to the solving of an important scientific
problem in the thesis consist in the development of methods for the synthesis of complexes with
different nuclearity and polymer sizes of some ,,25”, ,,3d” and ,,4d” metals.
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Implementation of the scientific results: the useful properties of some proligands and
coordinative compounds such as antimicrobials and stimulators of enzymogenesis processes
when cultivating some strains of micro- and macromycetes have been protected by invention
patents from the Republic of Moldova, offering the possibility of their use as plant protection

agents.

CONTENT OF THE THESIS
The work consists of introduction, four chapters, general conclusions and
recommendations, reference list of 297 entries. The material of the thesis is presented on 122
pages and contains 71 figures, 11 tables and 3 appendices.

This research includes the synthesis of new oxime proligands, both monofunctional and
bifunctional, but also the complexes based on them with different dimensionality. The choice of
this class of ligands is motivated by the activity and diverse ways of coordination of oxime
groups towards metal ions. Another impetus relates to the manifestation of physico-chemical and
biological properties of these compounds, among which we can list potential catalysts of
industrial processes [8], antihypoxic preparations [9], preparations with antidote properties [10],
antimicrobial activity [11] and sensitive materials for sorption-type gas sensors [12]. As a result,
three new dioxime and one tetraoxime proligands were synthesized (Figure 1). Two dioxime
complexing agents, di-p-aminobenzoylglyoxime (DpabaH;) N,O - donor and di-p-
aminotolueneglyoxime (DpatH,) N — donor, as well as tetraoxime di-m-
phenylenediaminetetraoxime (DmFDH,) N,N' — donor were studied by single crystal X-ray
diffraction, thus establishing their molecular and crystal structure. For the third dioxime
proligand di-m-aminobenzoylglyoxime (DmabaH,) N,O — donor it was not possible to establish
the crystal structure, but compared to other three proligands mentioned above it proved to be
more favorable for the formation of coordination complexes. The use of these new complexing
agents in the syntheses led to obtaining a mononuclear complex and four 1D and 2D
coordination polymers. Another known dioxime proligand is dianilineglyoxime (DANnH,); used
in syntheses together with some pyridinic derivatives or dicarboxylic acids it led to synthesis of
six mononuclear complexes, four binuclear complexes and a 1D coordination polymer. In
addition to oxime proligands, pyridine-2,6-dicarbonyl dichloride compound was also used in the
reactions, which being dissolved in various saturated aliphatic alcohols forms esters of
pyridinedicarboxylic acid. Based on these esters, seven heterometallic complexes of Co(ll) with

"2s" metals were synthesized.



The selection of metal ions was not guided by any criteria. The aim was to study the
mode of coordination and the behavior of the used ligands towards different metal ions, but also
the comparative research of the "ligand-complex” biological activity. This study allowed

revealing the influence of the nature of the metal ion on the biological activity of the proligands.

1. COORDINATION COMPOUNDS OF "'s" AND "d" METALS WITH
MONO- AND POLYMERIC STRUCTURE BASED ON
POLYFUNCTIONAL LIGANDS

Chapter 1 summarizes the specialized literature studied, which includes the
classification of different organic ligands, their mode of coordination towards metal ion, the
spectroscopic study, the structure and dimensionality of the complex compounds, but also their
biological activity. The structure and architecture of different types of coordination complexes of
transition metals with different types of ligands, especially with dioximes, are described.
Scientific sources also relate about coordination complexes based on pyridinedicarboxylic,
pyridine and/or carboxylic acid ligands with alkaline earth and transition metal cations that

exhibit biologically active properties.

2. METHODS OF SYNTHESIS, ANALYSIS AND RESEARCH

Chapter 2 describes the synthesis procedures of new coordination agents, the synthesis
of coordination complexes based on "s" and "d" metals with the novel ligands. At the end, the

synthesis methods and the devices used for characterizing the compounds are described.

3. COORDINATION COMPOUNDS WITH DIFFERENT NUCLEARITY
OF "s" AND "d" METALS WITH POLYFUNCTIONAL LIGANDS

Chapter 3 describes di- and tetraoxime complexing agents obtained by condensing
dichloroglyoxime with aromatic amines and their derivatives, as well as coordination complexes
of "s" and "d" metals of different dimensionality based on these ligands and carboxylic,
pyridinedicarboxylic and pyridine ligands. The FTIR, NMR spectroscopic analysis and the

description of crystal structure of the complexes obtained in single crystal phase are presented.

3.1. Synthesis of complexing agents — potential ligands for obtaining coordination
compounds
Using aromatic amines, their derivatives and derivatives of aromatic amino acids in

condensation reactions with dichloroglyoxime led to the synthesis of four new oxime
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complexing agents (Figure 1), thus completing the class of polyfunctional dioxime proligands. In
the IR spectra of compounds 1-4, the v(OH)oxime absorption bands characteristic for oxime
proligands are present in the 3180-3727 cm™ region and v(NH) in the 3180-3300 cm™. The
presence of an v(NH) absorption band and the absence of an intense v(C-Cl) band in the 800-850

m™ region proves that condensation has occurred and is not a mixture of substances. Obtaining
monocrystals and determining the crystal structure confirmed this fact.

X-ray analysis was possible for compounds 2—4, as for for compound 1 monocrystals
could not be obtained. Compounds 2 and 3 are dioxime proligands containing —COOH and —CHj3
substituents in the para positions of the benzene rings. Both compounds crystallize in the
centrosymmetric C2/c (2) and non-centrosymmetric Pn (3) monoclinic space groups.

Ho " Mon
Dichloroglyoxime
(DCle)

\ \ ! 1
@L -OH HzNO S O Hs H2N©NH2

i7" Amlnobenzmc acid  p-Aminotoluene m-Phenylenediamine

m- Amlnobenzow acl

l CH, HO. l -OH

QH QH OH l HO H,C
//C Cs, OQC = N\
O O adiat
HN NH
HN /NH HN\ /NH
- HN\ /NH 97(\3\
N C-C N N

\
N N N

HO OH N N HO OH HN NH

Di-m-aminobenzoylglyoxime HOQO" OH

Di-p-aminotolueneglyoxime ? (\:\

(DmabaH ) Di-p-aminobenzoylglyoxime DoatH N N
1 (DpabaH,) (DpatH,) HO OH
) Bis-(m-phenilenediamine)tetraoxime
(DmFDH,)
“

Fig. 1. Scheme for obtaining new di- and tetraoxime complexing agents.

Compound 4 is already a tetraoxime that crystallizes in the triclinic space group P-1.
The set of donor atoms of these proligands engaged in the formation of complexes can be N,O,
in 2, N2 in 3 and N4 in 4 (Figure 2).
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Fig. 2. Molecular structures of compounds 3 (a) and 4 (b).

3.2. Synthesis of cobalt(I11) mononuclear coordination compounds based on a-
dioxime and pyridine derivatives

Another proligand used in the syntheses was dianilineglyoxime (DAnH,), together with
it different pyridine derivatives, including pyridine were used in the synthesis of compounds 5-
10 (Figure 3).

MeOH

@ DME_, [Co(DAnH,)(DAn)(Py),]|CI -2DMF -0,5H,0  (5)
P
N
Il cH,-CcH
C\ Y 2 3
AN N MeOH . [Co(DAnH),(dena),]Cl  (6)
\ CH,—CH,
=
N

i

C—
~~0—CH,~CH
| 2O MO Co(DARH),(EN),ICL (7)
N9
HN I
\

}\IH + CoX, 'nH,O + MeOH

\

C—
o AN 0—CH,—CH, | "
) SN [Co(DANH),(EN),]CI (8)
HO—N N—0oH P
N
o~ MeOH
| P [Co(DAnH),(3-MePy),]CI -H,0  (9)
N
H
| N s MeOH
N~ DME_, [Co(DAnH),(4-MePy),]Cl -2H,0 (10)

X = CI" (5-7, 9, 10); SCN" (8)
n=6(5-7,9,10); 3 (8)

Fig. 3. Reaction scheme for the synthesis of complexes 5-10.
Cobalt(l1) complexes with dianilineglyoxime and different pyridine derivatives

obtained represent a set of five new compounds (one of which existing as two polymorphs). All

synthesized compounds are ionic, based on complex cations [Co(DANH),L,]" (L — pyridine



derivatives) (Figure 4) and CI" anion. Incorporated molecules were found only in crystals of
complex compounds 5, 9, and 10.

(b)

Fig. 4. Structure of complex cations in compounds 9 (a) and 10 (b), crystallographically
independent atoms are labeled.

Co* metal ion in the complex cations is hexacoordinated with the coordination
polyhedron in the form of a distorted octahedron, formed by the Ng donor atom set in compounds
5-10. Thus, compounds 5, 9 and 10 contain inclusion compounds in their outer spheres. The
positioning of cations and anions in the crystal lattice reveals cavities in the structure, which are
occupied by entrapped molecules of DMF and/or water.

The volume of these cavities constitutes about 28% in 5, 23.5% in 10 and only 7.2% in
9 of the total volume of elementary cells, and for compounds 6-8, which do not contain inclusion

molecules this volume is less than 6%.

3.3. Obtaining the complex combinations of Zn (1), MN (11), with (I1) and Ni (1)

based on dioxime ligands and/or carboxylic acids

Having the goal of obtaining new compounds of the dioxime type with better nuclearity,
only pyridine derivatives have been replaced by dicarboxylic acids, namely by 1.3-, 1,4-
benzendicarboxylic, iminodiacetic acids, preserving dianilineglyoxime, and as a result the
synthesis of 7 new compounds of zinc(ll), manganese(ll), copper(ll) and nickel(Il) succeeded
(Figure 5).
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CH,0H

DME_ {[Mny(DAnH,),(1,3 -bde),(DMF),(CH;0H), ]
[Mn,(DAnH,),(1,3 -bde),(DMF),] -CH;OH}  (11)

C,H;0H

Y [Mny(DAnH,),(1,3 -bdc),(DMF),] -2DMF  (12)

|
Cy,
O
Q/ + M(CH;CO0), nH,0|
3
P [Zny(DAnH,),(1,3 -bdc),(DMF),] -2DMF -CH;0H -1,5H,0  (13)

/C§
HO™ SO
C,H;0H
OH DMSO
IT }f o« L—> [Zn,(DAnH,),(1,3 -bdc),(DMSO),]  (14)
/
HN\ /NH (ItH2 \\o GO
/?—C\?\ +  NH + Cu(CH;C00), -H,0 —22—» [Cuy(IDAH,),] -C,H;OC,Hs  (15)
N
HO™ “oH C\H;O
C
OH
HO\C _0
CH,0H
+NiSO, -6H,0 — » [Ni(DpatH,);]SO, -1,4 -H,bdc -3DMF -H,0  (16)
/C§
HO™ SO

CH,0H
DMF

a M NH,
/?—c\:\ N C{ + Zn(CH,CO0), 2H,0 —< > [Zn(oFDH,)(0FDH)CI] -6,5H,0  (17)
N N

HO/ N

NH,
OH
R = CgHs - (11-15), C5H; - (16); M = Mn(II) si Zn(IT); n = 4 or 2.

Fig. 5. Reaction schemes for synthesis of complexes 11-17.

Structural analysis of complex compounds 11-17 established that compounds 11-14 are
binuclear, while 15-17 are mononuclear complexes. The metal atoms are hexacoordinated in
compounds 11-14, and coordination polyhedra of the Mn(ll) and Zn(ll) are octahedral, formed

by N,O4 donor atom set, entrained being three types of ligands (Figure 6).

Fig. 6. Structure of Mn(ll) binuclear centrosimetric complex in compound 12.
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In case of these complexes the two dicarboxylic acids coordinate in bi-deprotonated
form having bridging function, thus linking two metal atoms together. In case of compounds 15
and 16 the way of coordination of the ligands is slightly different. Thereby, in case of compound
15 only the dicarboxylic acid coordinates towards the metal, as a result there are two
mononuclear complexes of Cu(ll) in the compound: one being a neutral molecular complex, and
the other being a complex anion, whose charge is compensated by the protonated cation of
dimethyl ether (Figure 7). In case of compound 16, when dianilineglyoxime was replaced by di-
p-toluidine-glyoxime (DpatH), an ionic compound is formed, which consists of [Ni(DpatH.)s]**
complex cation, having in the outer sphere the SO,* anion, a guest molecule of 1,4-H,bdc acid,
three molecules of DMF and one molecule of water of crystallization.

Fig. 7. Structure of Cu(ll) mononuclear complexes of compound 15.

Dichloroglyoxime and o-phenylenediamine were used for the synthesis of compound
17. Single crystal X-ray diffraction established the molecular structure of the Zn(Il) compound,
which has the composition [Zn(o-FDH;)(0-FDH)CI]-6.5H,0. The coordination polyhedron of
the Zn* ion in this complex represents a tetragonal pyramid formed by four nitrogen atoms that
belong to two oxime ligands located at the base of the pyramid, and the top of the pyramid is
occupied by the chloride ion, therefore, the coordination node is ZnN4Cl, in which the central
metal atom is pentacoordinated.

3.4. Obtaining bimetallic complexes based on *'s** and "'d"" metals with polydentate
ligands

For diversifying the type and nature of the complex compounds, it was further resorted

to modifying the class of ligands and entraining in the synthesis of two different types of metal.

Therefore, it was possible to obtain seven heterobimetallic compounds based on

pyridinedicarboxylic acid esters, Co®" ions and "'s" type metals (Figure 8).
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MeOH _ [Ca(DiMedicarbPy)][Co(NCS),] (18)

EtOH
[Ca(DiEtdicarbPy);][Co(NCS),] (19)
Pr-1-OH [Ca(DiPr-1-dicarbPy);][Co(NCS),]  (20)
i @ A Pr-2-OH
C—N@ G+ Co(SCN); 3H,0 + MX, nHy0 it [Ca(DiPr-2-dicarbPy);][Co(NCS),] (21)
0 0

[Sr(DiMedicarbPy);][Co(NCS),] (22)

[BaCo(DiMedicarbPy);(u-NCS),(NCS-kN),]  (23)

EtOH

[Ba(DiMedicarbPy),][Co(NCS),] (24)

M = Ca(II), Sr(II), Ba(Il); X = SCN- (18-21, 23, 24); CI" (22)
n =4 (18-21); 2 (23, 24)

Fig. 8. Scheme of the equations for the synthesis path of compounds 18-24.

The 2,6-pyridinedicarbonyl dichloride in various saturated monohydric alcohols was
taken as the basis for the synthesis of compounds 18-24. The analysis of these compounds
highlighted the fact that 2,6-pyridinedicarbonyl dichloride forms different esters, depending on
the nature of the alcohol used in the synthesis as a solvent. Due to this fact, it was possible to
combine two syntheses: one for obtaining the ligand and one for obtaining the heterobimetallic
complexes.

The main and most intense absorption bands in the spectra of ligands and compounds
18-24 were the v(C=N), v(C=0), vas(C—O—C) and Snonpi.(CH)arom. The v(C=N) absorption band
appears in the 2032-2062 cm™ region. In the spectrum of compound 23, unlike the spectra of the
other compounds, two absorption bands v(C=N) were observed at 2069 and 2032 cm™ with
approximately the same intensity. In this case, the absorption band with higher frequency can be
assigned to NCS’ groups with bridging function.

The X-ray analysis confirmed that refluxing of pyridine-2,6-dicarbonyl dichloride in

various aliphatic alcohols results in the formation of pyridine-2,6-dicarboxylic acid esters (L). It
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was found that compounds 18-22 and 24 are ionic formed respectively from the complex cations
[Cals]*", [SrLs]** and [BaL4]** and the complex anion [Co(NCS),4]* (Figure 9), while compound
23 is a molecular one, in which [BaLs]** and [Co(NCS),]* components are linked via two
nitrogen atoms belonging to two NCS’ ligands in the latter, as a result of which they serve as

bridging ligands.

@ (b)

Fig. 9. Structures of Ca(ll) ionic compound in 18 (a) and the molecular compound of
Ba(ll) in 23 (b).

The coordination polyhedron of Co(ll) in all compounds is a tetrahedron formed by a
set of N4 donor atoms, which belong to four NCS™ anions, while the coordination number of
alkaline earth metals is different. Thus, in case of compounds 18-22 the coordination number is
9, in case of compound 23 it is 11, and for compound 24 the coordination number is 12, the

coordination polyhedra being formed by the O,N,O donor atoms of the L ligand.

3.5. Coordination compounds of Zn(11), Mn(11), Cd(I1), Ni(Il), Co(I11) and Cu(ll)
with polymeric structure

In reactions between dioximes containing a different number of donor atoms, including
those of various origin, six coordination polymers (two 1D and four 2D polymers) were obtained
with different salts of Mn(ll), Zn(11), Cd(1l), Cu(ll) and Co(ll) (Figure 10). All six polymers
have been studied using different methods of physico-chemical analysis, and for five of them the

structural formula was established.
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DMF
CH;0H
H,0
% 0 __HCIO, _ {[Mn(DmabaH,)(H,0)(DMF)] -DMF}, (25)
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DMF
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NH o HOTTO
\ / DMF
no™ Mon HO\C/CHz\E/CHz\(‘F/OH + Cu(CH3C00), “H,0 ——= {[NHy(CH;),][Cuy(HIDA),] -H,0},  (29)
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HO_ H H ,OH DMF
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_ _ N
/N/C\N N C\\N\ ¥z
HO H H OH

where: M = Mn(II), Zn(II) and Cd(II); n =2 (26, 27), 4 (25).
Fig. 10 Synthesis scheme of polymer compounds 25-30.

The IR spectra of compounds 25-27 contain v(OH) absorption bands of oxime groups at
3374 (25), 3449 (26) and 3496 cm™ (27), as well as v(N-H) at 3175 (25) , 3220 (26) and 3203
cm™ (27). Intense vs(COQ") absorption bands are observed in the 1377-1388 cm™ region. The
spectrum of compound 28 has a little in common with the spectra of compounds 25-27. The
absorption bands of the v(OH) and v(NH) groups are localization at 3316 and 3045 em™
respectively. In the IR spectrum of compound 30, as well as in the spectra of other dioximes, the
absorption bands v(OH) and v(NH) are present at 3353 and 3289 cm™ respectively. Also present
is the band for nicotinic acid ester in the 1287 and 1103 cm™ region belonging to vags(C-O-C)
vibrations.

The X -ray analysis has established that using DmabaH, proligand, which contains donor
atoms in all terminal fragments, in reactions with salts of Mn(Il), Zn(Il) and Cd(Il) led to the
formation of coordination polymers. The asymmetric part of the elementary cells in the crystals
of compound 25-27 contains a metal atom and a bi-deproponated ligand DmabaH,* in general
positions, as well as water and DMF molecules in different ratios. The latter are coordinated to

metal atoms (Figure 11) or present in the crystal in the form of incorporated molecules.
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(a) (b)
Fig. 11. Structures of independent crystallographic fragments of coordination polymers of
Mn(11) (a), Cd(Il) (b) with partial numbering of atoms (compounds 25 and 27).

The neighbours of each metal atom comprise a N,O, donor set belonging to three
different DmabaH,* ligands, and these atoms are located in the equatorial plane of the octahedral
coordination polyhedron. The formation of polyhedra of Mn(ll), Zn(ll) and Cd(ll) ions is
completed every time with two oxygen atoms belonging to a water and a DMF molecule in
compounds 25 and 26, while in the compound 27 they belong to only two water molecules. As a
result, the octahedral coordination polyhedra of metal atoms in compounds 25-27 are made up of
the same N,O, donor set.

For the synthesis of compound 28 the same reaction conditions were used as in the case
of compounds 11-13, changing only the carboxylic acid. As a result, crystals suitable for single-
crystal X-ray analysis were obtained, from which it was establised that the novel compound is a
polymer. The asymmetric part of the elementary cell contains the metal ion Ni(ll), an oxime
neutral ligand of DanH,, a bi-deprotonated ligand (1.4-bdc)® and two neutral ligands (Figure
12). Each Ni** ion of this polymer compound (Figure 12) is hexacoordinated and its
surroundings have a distorted octahedral geometry, formed by the N,O, donor atom set.

Compound 29 is a little more peculiar compared to the previous ones due to the fact that
of the two ligands used in the synthesis (DanH, and iminodiacetic acid), only the dicarboxylic
acid was engaged in its formation. Iminodiacetic acid in the form of organic salt
NH(CH3COO),(H3IDA) can serve as a polidentate ligand and coordinate toward metal via the
oxygen atoms of the two carboxyl groups and the central nitrogen atom. The interaction of the
Cu(Il) acetate monohydrate with DanH, and H3IDA led to a coordination complex with the
formula {[NH2(CHs).].[Cus(HIDA)4]-H,O}, which does not contain dioxime. The asymmetric
part of the elementary cell comprises three Cu(ll) atoms, four HIDA? bi-deprotonated ligands,

two dimethylamonium cations and a water molecule (Fig. 13).
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Fig. 12. Asymmetric part of the coordination polymer 28 with the partial numbering of
atoms (a) and fragment of the coordination polymer 1D (b).
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Fig. 13. Structure of the basic trinuclear fragment of the anionic polymer of compound 29.

The coordination polyhedron of the central Cu(2) metal atom is formed by the N,O, atom
set, and the other two terminal metal atoms (Cu(1) and Cu(3) receive the NOs in neighborhood.

For compound 30 it was not possible to establish the structural formula because no
mocrystals suitable for single-crystal X-ray analysis were obtained. Tetraoxime proligand 4,
ethyl ester of the nicotinic acid and the cobalt salt (I1) were used for synthesis of this compound,
having air oxygen as oxidant for the transition of Co(ll) into Co(lll). The product obtained in this
sythesis was studied using the assays of elemental analysis and IR spectroscopy. The IR
spectrum of complex 30 differs from the tetraoxime spectrum by the emergence of new bands. A
wide band at 2722 cm™ can be attributed to oscillations of weak hydrogen bond of the O—H---O
type, while new bands at 649, 471 and 412 cm™ can be attributed to twisting, rocking and M—
Ocoord.water. DONd Vibrations. According to these data it was assumed that compound 30 can be a
unidimensional polymer (1D) with the composition
{[Co(DMFDH,)(EN),(H.0),]Cl-CH;0H-4H,0}, (Figure 14).

17



=~
= =0
\ H
N/ /
o}
0 H/0 H O
Ho..  w || | v AN H H
SN—C—h B L SN—=Cc—N 7
T~ ~
Co ‘ ‘ Co ‘ ‘ Co
\ — H H _ T~ H H -
_ON=C—N N—C=N NTCETN NTC=N
& N LH----\---- o OH
H—O
\ N
H A A\
o0=C
O_C2H5

Fig. 14. Potential structural formula of the 1D polymer fragment of compound 30.

The potential structural formula implies that each Co(lll) atom is hexacoordinated with a
set of N4O, donor atoms, four nitrogen atoms belonging to two bi-deprotonated tetraoxime
ligands and two nitrogen atoms — to two neutral EN ligands in axial positions, the charge of the

Co** cation being compensated by the CI” anion from the external sphere.

4. COMPLEXING AGENTS AND COORDINATION COMPOUNDS WITH
BIOLOGICAL ACTIVITY
Chapter 4 describes the antibacterial and antifungal activities of compounds 1-4 together
with the biological activities as stimulators in the cultivation of some strains of micromycetes for
compounds 18-20, 22, 23.

4.1. Antimicrobial activity of newly obtained dioxime coordination agents

Evaluation of antimicrobial activity of the novel compounds was performed on the
following microorganisms: non-pathogenic gram-positive and gram-negative strains of Bacillus
subtilis NCNM BB-01 (ATCC 33608), Pseudomonas fluorescens NCNM PFB-01 (ATCC
25323) and phytopathogenic strains of Xanthomonas campestris NCNM BX-01 (ATCC 53196),
Erwinia amylovora NCNM BE-01 (ATCC 29780), Erwinia carotovora NCNM BE-03 (ATCC
15713), as well as strains of fungi Candida utilis NCNM Y-22 (ATCC 44638) and
Saccharomyces cerevisiae NCNM Y-20 (ATCC 4117).

In vitro culture inhibition activity of vic-dioxime proligands 1-3 was evaluated both on
non-pathogenic gram-positive and gram-negative bacteria as well as on phytopathogenic ones,

but also on the fungi listed in table 1. The tests carried out revealed that compound 3 exhibits
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average antibacterial and antifungal properties in the 0.007-0.015% concentration range for
bacteria and fungi.

Table 1. In vitro antibacterial and antifungal activities of compounds 1-3.

MBC and MFC, %

Compound  Bacillus Pseudomon.  Erwinia Erwinia Xanthom.  Candida  Saccharo.

(conc.0,5%)  subtilis  fluorescens amylovora carotovora campestris utilis cerevisiae
maba N/A N/A N/A N/A N/A N/A N/A
paba N/A N/A N/A N/A N/A N/A N/A

pat N/A N/A N/A N/A N/A N/A N/A
DANH, N/A N/A N/A N/A N/A N/A N/A

1 N/A N/A N/A N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A

3 0,007 0,015 0,007 0,015 0,015 0,007 0,015
Control (0,5%) 0,06 0,06 0,06 0,06 0,06 0,06 0,06

MBC — minimum bactericidal concentration
MFC — minimum fungicidal concentration
N/A —no activity

According to the data in Table 1, the increase in the antibacterial activity of compound 3
compared to control compound is 4-8 times higher, depending on the tested bacterial and fungal

species.

4.2. Bis-m-phenylenediaminetetraoxime bis-dimethylformamide with antibacterial
and antifungal activity

The structure of compound 4 differs slightly from that of compounds 1-3, as 4 belongs to
the tetraoxime class. Research on tetraoximes is rarely found in the specialized literature. The
novel tetraoxime complexing agent 4 was tested on the same bacterial and fungal strains as

compounds 1-3, the results are shown in Table 2.

Table 2. In vitro antibacterial and antifungal activities of compound 4.

MBC and MFC, %

Compound  Bacillus Pseudomon.  Erwinia Erwinia Xanthom. Candida  Saccharo.

(conc.0,5%)  subtilis  fluorescens amylovora carotovora campestris utilis cerevisiae
mFD N/A N/A N/A N/A N/A N/A N/A
4 0,015 0,03 0,015 0,03 0,015 0,015 0,015
Control (0,5%) 0,06 0,06 0,06 0,06 0,06 0,06 0,06

MBC — minimum bactericidal concentration
MFC — minimum fungicidal concentration
N/A — no activity

The data in Table 2 confirm that the increase in the antibacterial activity of compound 4
compared to the control compound is 2-4 times higher, depending on the bacterial species, and
antifungal activity is up to 4-times higher. However, at the same time, the activity of this
compound is 2-fold lower compared to compound 3.
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4.3. Bimetallic coordination compounds — stimulators of cultivation of some strains
of micro- and macromycetes

In addition to evaluating antimicrobial activity of compounds 1-4, microbiological tests
of compounds 18-20, 22 and 23 were also carried out, as well as developing a strategy for
application of these compounds in the submerged culture of strains of filamentous fungi
Rhizopus arrhizus CNMN FD 03, Aspergillus niger CNMN FD 06, Lentinus edodes CNMN FB
01 and Fusarium gibbosum CNMN FD 12.

Data in Tables 3 and 4 reveal that maximum levels of lypolitic activity in the reference
group were recorded on the second day of cultivation and constitute 18750 u/mL compared to
17930 and 5625 u/mL marked on the 1% and 3" days of cultivation, respectively, for compounds
18, 22 and 23. For compounds 19 and 20 these levels were also recorded on the second day of
cultivation, but the activity being 30000 u/ mL compared 20708.8 and 22083.3 u/mL recorded on
the first and third days of cultivation respectively. Data in Table 3 also show the increased
activity for compounds 18, 22 and 23 on the very first day of cultivation, respective values
exceeding the maximum levels of the control by 7.3-98.4% and being 6.7-86.7% higher on the

second day compared to control on the respective day.

Table 3. Influence of coordination complexes 18, 22 and 23 on lipolytic activity of
the micromycete Rhizopus arrhizus CNMN FD 03

1% day 2" day 3" day
Cgr‘;]ogl‘i'x (r:T‘]’g”/f_ Activity, %,0f  Activity,  %,0f  Activity, %, of
mg/L reference* mg/L control mg/L control
5 20125 112,2/107,3 22500 120,3 1875 33,3
18 10 35583 198,4/189,8 27500 146,7 3750 66,7
15 26250 146,3/140,0 35000 186,7 3750 66,7
5 27562 153,7/147,0 20000 106,7 1875 33,3
22 10 21000 117,1/112,0 20000 106,7 1875 33,3
15 15312 85,4 15000 80,0 1875 33,3
5 25667 143,1/137,0 22500 125,4 8125 144.4
23 10 20125 112,2/107,3 12500 66,7 4375 77,8
15 20125 112,2/107,3 12500 66,7 4375 77,8
Control - 17930 100,0 18750 100,0 5625 100,0

*198,4/189,8 — of control values on the day/ of maximum control values on the 2™ day.

Compounds 19 and 20 also showed a 36.6-98.6% increase in the lypolitic activity
compared to the control group right on the first day of cultivation, which was not recorded on the
2" day of cultivation.

The influence of compounds 22 and 23 on amylolytic activity of the micromycete
Aspergillus niger CNMN FD 06 was tested. The purpose of this study was to establish the
optimal conditions for the application of the coordination heterometallic complexes 22 and 23
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containing Ba(ll) and Sr(ll) in the cultivation technology of the micromycete Aspergillus niger
CNMN FD 06 as a strategy to increase the biosynthesis of exocellular amylases.

Table 4. Influence of coordination complexes 19 and 20 on lipolytic activity of the
micromycete Rhizopus arrhizus CNMN FD 03

1° day 2" day 3" day

c(g?nop)rli;( fﬁ&i Activity, %o, of Activity, %o, of Activity, %o, of
mg/L reference* mg/L control mg/L control

5 41125,0 198,6/137,1  19375,0 64,6 2083,3 9,4

19 10 28291,7 136,6/94,3 25000,0 83,3 2083,3 9,4

15 20125,0 97,2 23750,0 79,2 1250,0 57

5 23916,7 115,5 31250,0 104,2 2500,0 11,3

20 10 23333,3 112,7 20625,0 68,8 1250,0 5,7

15 28583,3 138,0/95,3 33125,0 110,4 21666,7 98,1
Control - 20708,3 100,0 30000,0 100,0 22083,3 100,0

*198,6/137,1 — of control values on the day/ of maximum control values on the 2" day.

Results obtained reveal that compound 23 in concentrations of 1 and 5 mg/L positively
influences the accumulation of amylases in the micromycete Aspergillus niger on both days of
cultivation, the activity varying between 96.68-110.08 u/mL on the 5™ day and 132.15-143.94
u/mL on day 6 compared to 72.86 and 79.09 u/mL recorded in the control sample on the
respective days. The increase in enzyme activity ensured by supplementing the medium with the

barium compound varied between 32.7-82.0% (Table 5).

Table 5. Influence of different concentrations of compounds 22 and 23 on amylolytic
activity of the micromycete Aspergillus niger CNMN FD 06

th th
Coordination Concentration, 5" day %. of 6" day

complexes mg/L Activity, mg/L refer’ence* Activity, mg/L %, of control

1 69,88 95,9 100,71 127,3

22 5 113,06 155,2/142,9 108,57 137,3

10 74,34 102,0 79,09 100,0

1 110,08 151,1/139,2 143,94 182,0

23 5 96,68 132,7/122,2 132,15 167,1

10 72,86 100,0 61,40 77,6

Control - 72,86 100,0 79,09 100,0

*04 of control values on the day/ of maximum control values on the 6™ day

Based on the data presented in Table 5, it was decided to expand the research range on
the activity of these compounds. Thus, the influence of compound 23 on accumulation of
biomass in the micromycete Lentinus edodes was monitored. Based on the results obtained, the
stimulatory effect of compound 23 on biomass accumulation in the macromycete Lentinus
edodes was confirmed, the optimal concentration that ensures with small differences the
maximum increase in the amount of biomass (22.1-62.5%) being 5.0 and 10.0 mg/L (Table 6).

21



Table 6. Influence of different concentrations of compound 23 on biomass
accumulation in the macromycete Lentinus edodes
6" day 7" day 8" day
Biomass, Biomass, %, of Biomass, %o, of
g/L g/L control g/L control
1,0 24,77 143,0/121,1* 24,64  133,5/120,4* 23,35 114,0
2,5 24,27 140,1/118,6* 24,73 133,9/120,9* 23,67 115,7

Coordination Conc.,

complexes mg/L %, of control

23 5 28,15 162,5/137,6* 26,85  145,4/131,2* 25,23 123,3
10 27,76 160,3/135,7* 26,13  141,5/127,7* 24,98 122,1

15 27,13 156,6/132,6* 26,73  144,8/130,6* 24,70 120,7

Control - 17,32 100,0 18,46 100,0 20,46 100,0

*0, of control values on the day/ of maximum control values on the 8" day

At the same time, the effect of different concentrations of compound 22 on the activity
of complex of acidic (pH-3.6), neutral (pH-7.4) and alkaline (pH-9.0) proteases in the above-
mentioned micromycete was evaluated. Cultivation was carried out during 4, 5 and 6 days of
cultivation - the optimal duration of submerged culture of micromycete that ensures the
biosynthesis of proteolytic enzymes at high rates. All data reflecting the influence of complex 22
on the activity of acid, neutral and alkaline proteases are presented in Tables 7, 8 and 9.

Table 7. The influence of compound 22 on the activity of acid proteases (pH-3.6) in
the micromycete Fusarium gibbosum CNMN FD 12

. 4™ day 5™ day 6" day

Cofgg'glzﬂon (;%‘,CL Activity, %, of  Activity, %, of  Activity, %, of
u/mL control u/mL control u/mL control

1 0,74 88,3 1,33 79,6 1,26 94,0

22 5 0,76 90,0 1,05 62,9 1,20 89,9

10 1,18 140,0 1,44 86,3 1,29 96,1

15 0,59 70,0 0,92 55,3 0,98 73,1

Control - 0,84 100,0 1,67 100,0 1,34 100,0

The data in table 7 show that the compound contributes to intensification of the enzyme
synthesis in 10 mg/L, so already on the fourth day of cultivation the activity is marked by high
values - 1.18 u/mL, exceeding by 40% the control levels on the same day.

Table 8. Influence of compound 22 on the activity of neutral proteases (pH-7.4) in
the micromycete Fusarium gibbosum CNMN FD 12

. 4" day 5" day 6" day
Coggg'&igon Cr:r?gT/(I:_ Activity, %, of Activity, %, of Activity, %, of
u/mL control u/mL control u/mL control
1 0,97 92,0 2,23 99,4 1,85 90,6
99 5 1,11 105,3 1,64 73,1 2,58 126,3/115,2*
10 1,99 189,3 2,14 95,6 2,46 120,8/106,8*
15 0,85 81,3 1,26 56,3 2,21 108,4
Control - 1,05 100,0 2,24 100,0 2,04 100,0

*04, of the maximum control values registered on the 5 day.
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Based on these data, it can be seen that Sr(ll)-containing compound added to the
cultivation medium of Fusarium gibbosum strain in a concentration of 10 mg/L ensures an
89.3% increase of enzyme activity right from the fourth day of cultivation compared to the

maximum values in control group registered on the same day.

Table 9. Influence of compound 22 on the activity of alkaline proteases (pH-9.0) in
the micromycete Fusarium gibbosum CNMN FD 12

. 4" day 5" day 6" day

Co:(;’glrr)llzgon cr:r?;/?_ Activity %, of Activity, %, of Activity, %, of
u/mL control u/mL control u/mL control

1 0,92 82,5 1,26 96,9 0,98 99,6

22 5 1,02 91,3 2,37 182,0 1,54 155,6

10 1,06 95,0 2,32 178,8 1,67 168,3

15 1,27 113,8 1,83 141,1 0,92 93,3

Control - 1,12 100,0 1,30 100,0 0,99 100,0

The data in Table 9 suggest that the Sr(l1l) compound exerts a positive influence on the
biosynthesis of alkaline proteases in a wider range of concentrations. Thereby, on the fifth day -
the optimal duration of cultivation of the micromycete that ensures the maximum manifestation
of biosynthetic potential of the enzyme of interest, the proteolytic activity of the samples
cultivated in the presence of compound 22 varies between 1.26 - 2.37 u/mL, being by 41 ,1 —
82.0% higher compared to the control. Thus, a positive effect exerted all tested concentrations,
except for the concentration of 1 mg/L which does not influence the biosynthetic activity. At the
concentration of 5 and 10 mg/L the activity is practically identical (the increase being 82% and

78.8%, respectively), maintaining the higher levels even on the sixth day of cultivation.
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GENERAL CONCLUSIONS
The scientific literature review, carried out in the thesis, has shown that the subjects submitted
for research are insufficiently studied or studied tangentially at international level. This
situation demonstrates the need to carry out the proposed research in the thesis to obtain new
complexing agents and derived coordination compounds with new physico-chemical, spectral,
structural and useful properties.
Methods of synthesis were developed, which led to obtaining four novel coordination agents
(bis-aminobenzoylglyoxime (1), bis-p-aminobenzoylglyoxime (2), bis-p-
aminotolueneglyoxime  (3) and  bis-m-phenylenediametetraoxime  (4)), including:
monofunctional dioximes (3), heterofunctional dioximes (1 and 2) and a tetraoxime (4); and
derived coordination complexes of Mn(ll), Co(ll, 1) , Ni(ll), Cu(ll), Cd(ll), Ca(ll), Sr(ll)
and Ba(ll).
Classic dioxime proligands coordinate toward metal atom as monofunctional ligands in
neutral, mono- and bi-deprotonated form via two nitrogen atoms. If the metal atom
coordinates two ligand molecules, they can be stabilized predominantly in two forms - neutral
and mono-deprotoned.
In the crystal lattice of complexes of cobalt (111) molecules are entrapped, which form cavities
with dimensions ranging between 7.2-23.5% of the volume of the elementary cell
(compounds 9 and 10), while in the crystal lattice of the compounds, which do not contain
incorporated molecules this volume is less than 6.0% (6-8).
In the synthesis of binuclear Mn(l1) and Zn(1l) compounds an important role plays the nature
of the solvent and its purity. Using DMSO of 99.9% purity leads to transforming the binuclear
complex (compound 13) into known coordination polymer, while 98.9% DMSO leads to
formation of a dimer compound with DMSO coordination in axial positions of the octahedron
(compound 14).
Alkaline earth metals (Ca, Sr, Ba) form bimetallic complexes with cobalt(Il), in which the
structure and composition of depend on the nature of the alkaline earth metal. In case of
calcium and strontium, the common formula is [Ca/SrL3][Co(NCS),], in case of barium -
[BaCoLs(u-NCS)2(NCS-kN),] and [BalL4][Co(NCS)s], where L — tridentate ligand,
dimethyl/diethylpyridine-2,6-dicarboxylate. ~Coordination number for the bimetallic
complexes also varies; for the first one the CN of calcium and strontium is 9 (compounds 19-
22) and 11-12 for the barium complexes (compounds 23 and 24), this fact probably being

determined by the radius of the alkaline earth metal atom.
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Two strategies can be used in synthesis of complex compounds with increased nuclearity,
including dioxime-based coordination polymers: a) introducing additional bridging ligands; b)
using dioximes that contain substituents with other functional groups.

The research on antimicrobial properties of compounds 3 and 4 revealed their essential
activity against five species of gram-positive and gram-negative bacteria: Bacillus subtilis
NCNM bb-01, Pseudomonas fluorescens NCNM PFB-01; phytopathogenic: Xanthomonas
campestris NCNM BX-01, Erwinia amylovora NCNM BE-01, Erwinia carotovora NCNM
BE-03 and two strains of fungi: Candida utilis NCNM Y-22 and Saccharomyces cerevisiae
NCNM Y-20.

Bimetallic coordination compounds show biological activity as biocatalysts of enzymogenesis
in some micro- and macromyctes: Rhizopus arhizus CNMN FD 03 (18-23, 7,3-98,6%);
Aspergilus niger CNMN FD 06 (22, 23, 8,57-82,0%); Fusarium gibbosum CNMN FD 12 (22,
5,5-89,3%) and Lentinus edodes CNMN BD 01 (23, 18,6-62,5%).

RECOMANDATIONS:

The results obtained allow recommending the application of all active compounds as an
antimicrobial remedy in agriculture, but also in the biotechnology for cultivating filamentous
fungi Rhizopus, Aspergillus, Lentinus and Fusarium — producers of valuable bioactive
substances, as a strategy for increasing biotechnological performances.
Compounds 3 and 4 can be recommended as means for controlling gram-positive and gram-
negative bacteria and microbes in agriculture.

The results obtained in the course of completing the thesis can be used in the process of
training highly qualified specialists at the following departments: chemistry, agronomy,

microbiology.
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URECHE, Dumitru; BULHAC, lon; RIJA, Andrei; COROPCEANU, Eduard; BOUROSH,
Pavlina. Dianilineglyoxime salt and its binuclear Zn(Il) and Mn(ll) complexes with 1,3-
benzenedicarboxylic acid: synthesis and structures. In: Russian Journal of Coordination
Chemistry. 2019, 45(12), pp. 843-855. DOI: https://doi.org/10.1134/S107032841912008X

URECHE, Dumitru; RIJA, Andrei; BULHAC, lon; COROPCEANU, Eduard; BOUROSH,
Pavlina. Synthesis and structural study of 2D coordination polymers of Zn(Il), Cd(ll) and

Mn(11) based on diaminobenzoylglyoxime. In: Russian Journal of Inorganic Chemistry. 2020,
65(12), pp. 1838-1847. DOI: https://doi.org/10.1134/S0036023620120189

URECHE, Dumitru; BULHAC, Ion; CIOCARLAN, Alexandru; ROSCA, Daniel;
LUPASCU, Lucian, BOUROSH, Pavlina. Novel vic-dioximes: synthesis, structure

characterization, and antimicrobial activity evaluation. In: Turkish Journal of Chemistry.
2021, 45(6), pp. 1873-1881. DOI: https://doi.org/10.3906/kim-2104-24

URECHE, Dumitru; BULHAC, lon; SHOVA, Sergiu; BOUROSH, Pavlina.
Pseudomacrocyclic bis(dianilineglyoximato)cobalt(I1l) complex cations: synthesis and
structures. In: Russian Journal of Coordination Chemistry. 2022, 48(6), pp. 333-343. DOI:
https://doi.org/10.1134/S1070328422060070

BULHAC, lon; URECHE, Dumitru; KRAVTSOV, Victor; BOUROSH, Pavlina. Synthesis
and structure of heterometallic compounds with dimethylpyridine-2,6-dicarboxylate. In:
Russian Journal of Coordination Chemistry. 2023, 49(2), pp. 77-85. DOI:
https://doi.org/10.1134/S1070328422700245

Articles in national journals.

1.

URECHE, Dumitru; BULHAC, lon; SHOVA, Sergiu; BOUROSH, Pavlina. Novel Zn(ll)
binuclear and Ni(ll) 1D polymeric coordination compounds based on dianilineglyoxime and
dicarboxylic acids: synthesis and structure. In: Chemistry Journal of Moldova. 2022, nr.
2(17), pp. 62-72. DOI: https://doi.org/10.19261/cjm.2022.954

Articles in conference proceedings.

1.

URECHE, Dumitru. A new method for synthesis of 3d zinc(ll) polymer
{[Zn,(1,3bdc)2(DMSO0),(H,0)]-:3DMSO},. In: Research-based education for a prosperous
society dedicated to 90-years jubilee of Department of Biology and Chemistry. Vol.2, 2020,
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Chisinau.  TUM  publishing house, pp. 116-122. ISBN 978-9975-76-308-0.
https://ibn.idsi.md/vizualizare_articol/107911
2. URECHE, Dumitru; BULHAC, lon; BOUROSH, Pavlina. A new Co(lll) mononuclear

complex containing dianilineglyoxime and pyridine ligands: synthesis and structure. In:

Research-based education for a prosperous society. 8" Edition, VVol.2, 2021, Chisinau. TUM
publishing house, pp. 67-73. ISBN 978-9975-76-326-4.
https://ibn.idsi.md/vizualizare articol/127812

3. CONDRUC, Viorica; CILOCI (DESEATNIC), Alexandra; BULHAC, lon; CLAPCO,
Steliana; COCU, Maria; BOUROSH, Pavlina; DVORNINA, Elena; LABLIUC, Svetlana;
URECHE, Dumitru. The influence of barium and strontium coordination complexes on the

biosynthesis of extracellular amylases in micromycete Aspergillus niger CNMN FD 06. In:
Research-based education for a prosperous society. Chemistry. 9" Edition, Vol.2, 2022,
Chisinau.  TUM  publishing  house, pp. 95-102. ISBN 978-9975-76-389-9.
https://ibn.idsi.md/vizualizare_articol/152632

Abstracts in abstract books of national and international conferences.

1. URECHE, Dumitru; BULHAC, lon; RIJA, Andrei; BOUROSH, Pavlina. New binuclear
compounds of Zn(ll) and Mn(ll) based on dianilineglyoxime and isophthalic acid. In:
Materials Science and Condensed Matter Physics. 9" Edition, 25-28 September 2018,
Chisinau, Republic of Moldova: Institute of Applied Physics, p. 138.
https://ibn.idsi.md/vizualizare_articol/71568

2. URECHE, Dumitru; BOUROSH, Paulina; RIJA, Andrei; BULHAC, lon. Thermal analysis

of new binuclear compounds of Zn(ll) and Mn(ll) based on dianilineglyoxime and isophtalic

acid. In: 12" European Symposium on Thermal Analysis and Calorimetry. 2018, Brasov,
Romania, p. 539. ISBN 978-3-940237-50-7

3. URECHE, Dumitru; BULHAC, lon; KRAVTSOV, Victor; BOUROSH, Pavlina. A novel
copper(1l) 2D coordination polymer constructed of iminodiacetic acid. In: Achievements and
perspectives of modern chemistry. 9-11 octombrie 2019, Chisinau, Republic of Moldova:
Publishin house of Academy of Science of Moldova, p. 150. ISBN 978-9975-62-428-2.
https://ibn.idsi.md/vizualizare_articol/87089

4. URECHE, Dumitru. Thermal decomposition of the monodimensional polymer of Ni (II)
with dianilineglyoxime and terephthalic acid. In: Book of Abstractsof the 28th Symposium on
Thermal Analysis and Calorimetry — Eugen Segal — of the Commission for Thermal Analysis
and Calorimetry of the Romanian Academy (CATCAR28). 9-10 May 2019, Romania, Arad:
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URECHE, Dumitru; BULHAC, lon; BOUROSH, Pavlina. A novel cooper(ll) 2D
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CILOCI (DESEATNIC), Alexandra; BULHAC, lon; CLAPCO, Steliana;, URECHE,
Dumitru; DVORNINA, Elena; LABLIUC, Svetlana; MATROI, Alexandra. Oriented
synthesis of lipolytic enzymes in the fungal strain Rhizopus arrhizus CNMN FD 03 in

submerged culture. In: Research-based education for a prosperous society. Chemistry. 9"
Edition, Vol.2, 2022, Chisinau. TUM publishing house, pp. 80-83. ISBN 978-9975-76-389-9.
https://ibn.idsi.md/vizualizare_articol/152574

URECHE, Dumitru; BULHAC, lon; BOUROS, Pavlina. Synthesis and structure of the
bimetallic complex [Sr(L)s][Co"(NCS)4]. In: Research-based education for a prosperous
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ISBN 978-9975-76-389-9. https://ibn.idsi.md/vizualizare_articol/152647
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URECHE, Dumitru. Novel vic-dioxime ligands and its antimicrobial activity. In: New trends
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technique and environmental protection. 13" Edition, 2021, Timisoara, Roménia: Institute of
Chemistry Timisoara of the Romanian Academy, p. 41.
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URECHE, Dumitru; BULHAC, Ion; BOUROS, Pavlina. Ba(ll) hetero-bimetallic
compounds containing O,N,O-donor ligand and [Co(NCS)4]* anion. In: 10" Edition

international scientific-practical conference ,, Education through research for a prosperous
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https://doi.org/10.46727/c.v1.18-19-03-2023.p50-52

30


https://ibn.idsi.md/vizualizare_articol/103942
https://ibn.idsi.md/vizualizare_articol/105475
https://ibn.idsi.md/vizualizare_articol/152574
https://ibn.idsi.md/vizualizare_articol/152647
https://ibn.idsi.md/vizualizare_articol/167489
https://ibn.idsi.md/vizualizare_articol/140636
https://doi.org/10.46727/c.v1.18-19-03-2023.p50-52

11. URECHE, Dumitru; BULHAC, Ion; BOUROS, Pavlina. Synthesis and structure of a

binuclear compound of Mn(Il) with dianlineglyoxime and isophthalic acid. In: 10" Edition
international scientific-practical conference ,, Education through research for a prosperous
society”. Volume 1, 2023, Chisinau, Republic of Moldova: UPSC, pp. 53-55. DOI:
https://doi.org/10.46727/c.v1.18-19-03-2023.p53-55

Patents.

1.

URECHE, Dumitru; BULHAC, Ion; BOUROS, Pavlina; ROSCA, Daniel; LUPASCU,
Lucian. Bis-(N,N'-bis(4-tolyl)diaminoglyoxime)-4-methylaniline-trinydrate as antibacterial
remedy for agricultural use. Patent MD 4762 C1 from 2022.02.28, BOP1 7/2021.

URECHE, Dumitru; BULHAC, Ion; VEVERIIA, Anastasia;, BOUROS, Pavlina;
LUPASCU, Lucian. Compusul 2,5,11,14-tetraazatricyclo-[13,3,1,16,10]-icosa-
1(19),6,8,10(20),15,17-hexaene-3,4,12,13-tetraontetraoxime  bis(N,N dimethyllformamide)
with antibacterial and antifungal activity. Patent MD 4745 C1 from 30.09.2021, BOPI
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8. CILOCI, Alexandra; BULHAC, lon; CLAPCO, Steliana; DANILESCU, Olga; DVORNINA,
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ADNOTARE

URECHE Dumitru, ,,Sinteza, studiul proprietatilor si arhitecturii moleculare ale
compusilor coordinativi ai metalelor de tip ,,s” si ,,d” cu liganzi polifunctionali”, teza de
doctor in stiinte chimice, Chisinau, 2023.

Structura tezei: teza a fost realizata in cadrul proiectelor: 15.817.02.18A si
20.80009.5007.28 in cadrul Laboratorului Chimia Coordinativa al Institutului de Chimie al
USM. Lucrarea este structuratd din: introducere, 4 capitole, concluzii generale si recomandari,
bibliografie din 297 surse, 3 anexe, 122 de pagini de text de bazad, 71 de figuri si 11 tabele.
Rezultatele obtinute in cadrul tezei au fost publicate In 29 lucrari stiintifice, inclusiv: 5 articole n
reviste cu factor de impact, un articol in revista nationald categoria A, 3 articole in culegeri ale
conferintelor, 11 rezumate la conferintele nationale si internationale, 8 brevete de inventii (3
eliberate, 5 acordate) si o cerere de brevet de inventie.

Cuvinte-cheie:  compusi  coordinativi, liganzi di- si tetraoximici, liganzi
heterofunctionali, sinteza, spectroscopie IR, raze X, activitate biologica, micromicete.

Scopul lucrarii consta in sinteza noilor proliganzi si a compusilor coordinativi mono- si
polinucleari, inclusiv polimerici, ai metalelor ,,s” si ,,d” cu liganzi homo- si heterofunctionali,
caracterizarea lor, precum si studiul activitatii biologice a acestora.

Obiectivele cercetarii: sinteza noilor proliganzi di- si tetraoximici  si
piridindicarboxilici; sinteza complecsilor mono- si polinucleari ai metalelor ,s” si ,,d”;
caracterizarea compusilor obtinuti, utilizdnd diferite metode de cercetare; studiul proprietatilor
biologice pentru proliganzii si complecsii obtinuti.

Noutatea si originalitatea stiintifica consta in obtinerea a 30 de compusi noi, dintre care
4 agenti de coordinatie oximici, 20 de complecsi mono- si dinucleari si 6 polimeri coordinativi
1D si 2D.

Rezultatele obtinute care contribuie la solutionarea unei probleme stiintifice
importantd in teza constau in elaborarea metodelor de sintezd a complecsilor cu diferita
nuclearitate si dimensiuni polimerice ale unor metale ,,2s”, ,,3d” s1,,4d”.

Semnificatia teoretica: au fost sintetizati compusi heterometalici ai Ca(Il), Sr(Il) si
Ba(Il) si homometalici ai Mn(II), Co(II)/Co(Ill), Ni(Il), Cu(Il), Zn(II) si Cd(Il) cu diferita
nuclearitate.

Valoarea aplicativa: unii agenti de coordinatie si compusi complecsi manifestd
proprietati antibacteriene si de biostimulatori la cultivarea micro- si macromicetelor utile.

Implementarea rezultatelor stiintifice: proprietatile utile ale unor proliganzi si compusi
coordinativi ca cele antimicrobiene si de stimulatori ai proceselor de enzimogeneza la cultivarea
unor tulpini de micro- si macromicete au fost protejate prin brevete de inventie din RM, oferind

posibilitatea utilizarii acestora ca agenti de protectie a plantelor.
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AHHOTAIIUA

YPEKE Jymutpy, ,, CuHTe3, H3yUeHHe CBOWCTB M MOJIEKYJISIPHOM apXUTEKTYPbI
KOOPIHHALMOHHBIX COeIMHEHNT MeTaJIOB THNA ,,S”  ,,d” ¢ MOIU(PYHKIHOHAIBLHBIMHA
JIUTaHJAaMu”, IUCCEPTAIMS HA COMCKAHUE YUEHON CTeNeHH JOKTOPAa XMMUYECKUX HAYK,

Kumunoy, 2023.

CTpykTypa [AmccepranMu: JUCCEpTAalMs  BBIIOJHEHA B  paMKax IPOEKTOB:
15.817.02.18A u 20.80009.5007.28 B cocrtaBe JlaGoparopuun Koopaunanuonnoir Xumuu
HNucturyra xumun MI'Y. PabGora moctpoeHa u3: BBelAeHUs, 4 TIaBbl, OOIIMX BBIBOJOB H
pexomenpanuii, oubmuorpadguu U3 297 UCTOYHUKOB, 3 MPHIOKEHUU, 122 CTpaHUIl OCHOBHOTO
Tekcta, 71 pucynka w 11 Tabmun. PesymnbraThl, moJdydeHHBIE B paMKax JIUCCEpPTAIHH,
omyOsMKoBaHbI B 29 Hay4HbIX paboTax, B TOM 4YHCIE: 5 cTared B JKypHalax C HMIIAKT-
(dakTopoMm, cTaThsi B HAIMOHAJIbHOM JKypHale Kareropus A, 3 craTbu B MaTepuanax
KoH(epeHuuii, 11 Te3uCoB Ha HAIIMOHATBHBIX U MEXTYHAPOIHBIX KOH(PEPEHIUAX, 8 MaTEeHTOB U
OJIHA 3as1BKa Ha MaTEHT.

KuroueBbie c10Ba: KOOpAMHAIMOHHBIE COCAMHEHUS, OU- U TETPAOKCHUMHBIEC JIUTaHIbI,
rerepoQyHKIMOHANbHBIE JUranapl, cuHTe3, WK-cnektpockonusi, PCA, Ouonoruueckas
AKTUBHOCTb, MUKPOMMUIIETHI.

Heab padoThl COCTOUT B CO3JaHUU HOBBIX MPOJIUTAH/I0B U MOHO- U MOJIUAJIEPHBIX, B TOM
YHCIIe TOJIMMEPHBIX, KOOPIMHAIMOHHBIX COCIUHECHUH «S» U «U» MeTalsioB ¢ TOMO- M
rerepoyHKIIMOHATBHBIMU ~ JIMTAHJAMH, MX XapakTepUCTHKA, a TakkKe M3y4eHHe UX
OHOJOTNYEeCKON aKTUBHOCTH

3aga4yu MCCJIEeNOBAHMI: CUHTE3 HOBBIX M- U TETPAOKCUMHBIX IPOJUIAHJOB, a TAKKE
MUPHUINHANKAPOOKCUIIBHBIX; CHHTE3 MOHO- U MOJHSACPHBIX KOMIUIEKCOB «S» M «0» MeTayios;
XapaKTEpUCTHKA IIOJIYYEHHBIX COEQUHEHMM C HCIOJb30BAaHUEM pPa3JIMYHBIX METOAOB
UCCJIEIOBaHMSI; U3y4yeHUE OMOJIOTMYECKUX CBOMCTB MOJMYYEHHBIX IMPOJIUTaH/I0B U KOMILJIEKCOB.

HoBu3Ha M HayuyHasi OPUIMHAJIBHOCTH 3aKiitoyaeTcss B moiydyeHUu 30 HOBBIX
COCIMHEHUH, M3 HUX 4 OKCHUMHBIX KOOPAMHAIIMOHHBIX areHTta, 20 MOHO- W OusIEepPHBIX
KOMIUIEKCOB U 6 KOOPJIMHAIIMOHHBIX OJUMEPOB ¢ pazMepHocThio 1D u 2D.

ITosryyeHHbIe pe3yJibTaThl, CIIOCOOCTBYIONINE PELICHUIO BaKHOM HAYYHOM 3a/1a4M B
AUCCePTALMH, 3aKII0YAIOTCd B pa3pabOTKe METOJOB CHHTE3a KOMIUIEKCOB C PAa3JIMYHOM
HYKJICAPHOCTBIO U pa3MepaMHu MOJIMMEPOB HEKOTOPBIX «25», «3d» u «4d» mMeTasos.

Teopernyeckoe 3HaYeHHe: IOJYUYEHUE HOBBIX TI'€TEPOMETAINIMYECKUX COEAMHEHUN
Ca(ll), Sr(I) u Ba(ll), a Taxxe romomeraumaeckux coequuenuii Mn(I1), Co(I1)/Co(l11), Ni(ll),
Cu(ll), Zn(11) si Cd(Il) ¢ pa3HbIM KOJIMYECTBOM aTOMOB METaJLIa.

IIpuknagHoe 3HaYeHMe: YCTAaHOBJIEHO, YTO HEKOTOPHIE OPraHMYECKHE COEAUHEHHUS U
KOMIUIEKChl ~ IPOSIBISIOT ~ aHTHOAKTepualbHbIE CBOWCTBA U OMOCTUMYJSTOPOB  IPHU
KYJIbTUBHPOBAHUHU TOJIE3HBIX MUKPO- U MAaKPOMHUIIETOB.

BHenpenue Hay4YHBIX pe3yJbTaTOB: IOJIE3HBIE CBOMCTBA HEKOTOPBIX MPOJIUTAaHIOB U
KOOPJMHAIIMOHHBIX COEJAMHEHHUH, Takhe Kak aHTUMUKPOOHBIE W CTUMYJSATOPHI IMPOLECCOB
depMeHTOreHe3a NpH KyJIbTUBUPOBAHMM IITAMMOB MHKpPO- U MAaKpPOMHIIETOB, 3allUILIEHBI
naTeHTamMM Ha wu3o0pereHus PecnyOnumku MongoBa, 4TO OTKPBIBA€T BO3MOXKHOCTH UX
HCITOJIb30BAaHNs B KAYECTBE CPEJICTB 3aAIMTHI PACTECHUH.
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ANNOTATION

URECHE Dumitru, ,, Synthesis, study of properties and molecular architecture of “s” and
“d” type metal coordination compounds with polyfunctional ligands”, PhD thesis in
chemistry, Chisinau, 2023.

Thesis structure: the thesis was carried out within the framework of projects:
15.817.02.18A and 20.80009.5007.28 in the Laboratory of Coordination Chemistry of the
Institute of Chemistry of MSU. The work comprises: introduction, 4 chapters, general
conclusions and recommendations, reference list of 297 entries, 3 appendices, 122 pages of body
text, 71 figures and 11 tables. The results obtained in the framework of the thesis were published
in 29 scientific works, including: 5 articles in journals with an impact factor, an article in a
national journal category A, 3 articles in conference proceedings, 11 abstracts at national and
international conferences, 8 invention patents ( 3 released, 5 granted) and a patent application.

Keywords: coordination componds, di- and tetraoxime ligands, heterofunctional ligands,
IR spectroscopy, X-ray, biological activity, micromycetes.

The purpose of the thesis consists in the creation of new proligands and mono- and
polynuclear coordination complexes, including polymers, of "s" and "d" metals with homo- and
heterofunctional ligands, their characterization, as well as the study of their biological activity.

Researche objectives: synthesis of new di- and tetraoxime and pyridinedicarboxylic acid
proligands; synthesis of mono- and polynuclear complexes of ,s” and ,d” metals;
characterization of the obtained compounds, using different research methods; the study of
biological properties for the obtained proligands and complexes.

Novelty and scientific originality consists in obtaining 30 new compounds, of which 4
are oxime coordination agents, 20 are mono- and dinuclear complexes and 6 are 1D and 2D
coordination polymers.

The obtained results that contribute to the solving of an important scientific
problem in the thesis consist in the developing methods for the synthesis of complexes with
different nuclearity and polymer sizes of some ,,2s”, ,,3d” and ,,4d” metals.

Theoretical significance: heterometallic compounds of Ca(ll), Sr(ll) and Ba(ll) and
homometallic compounds of Mn(ll), Co(Il)/Co(lIll), Ni(ll), Cu(ll), Zn(ll) and Cd(Il) with
different nuclearity where synthesised.

Practical importance: some complexing agents and some complex compounds exhibit
antibacterial and biostimulatory properties in the cultivation of beneficial micro- and
macromycetes.

Implementation of the scientific results: the useful properties of some proligands and
coordination complexes such as antimicrobial activity and stimulation of enzymogenesis for
cultivating some strains of micro- and macromycetes received patent protection in the Republic
of Moldova, which opens the possibility for their use as plant protection agents.
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