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INTRODUCTION

Inorganic biochemistry has seen steady and rapid progress in recent decades, primarily due
to the emergence of new chemical species (complex combinations or inorganic materials) with
spectacular biological properties at times.

Many of the essential biological mechanisms could be explained using working tools
specific to coordinative chemistry, which drove the development of this branch by obtaining new
coordinating compounds, but also by identifying biological properties/applications.

A large number of metal compounds and complex combinations are used in medicine due
to their anti-inflammatory, antibacterial, antitumor, antioxidant, antihypertensive properties [4-10].

The involvement of the coordination compounds in these phenomena is determined by the
possibility of their interaction with the microorganisms (bacteria and fungi) that cause different
infectious diseases. Metal ions can bind to certain parts of the microorganism, or the complex
combination can produce hydrogen bonds or weak physical bonds through the ligand that can lead
to alterations that reduce or eliminate their ability to cause disease. It has been known and
demonstrated in numerous scientific works that the process of coordination of organic ligands with
biological activity to a metal ion intensifies this activity, the mode of action of the complex
combination being different from that of the free organic species [11-13]. The literature data on the
complex combinations containing both types of ligands (from the class of biguanides and
polyacids) are limited and of these very few study their biological activity; Most are structurally
characterized with no emphasis on the possibility of their therapeutic use.

Given that in the literature there is no information on the existence of complex combinations
containing 1-(o-tolyl) biguanide and polyacids, as well as the biological aspects of these types of
organic compounds, the PhD thesis Complex combinations of some Transitional metals with
mixed ligands (polyamines, polyacids) approach the synthesis and characterization of complexes
containing ligands in these classes.

The doctoral thesis is divided into two parts. In the first part, data from the specialized
literature regarding compounds in the class of biguanides and polyacids (general properties,
biological activity and complexes in which they are ligands) are systematized.

The second part contains original contributions regarding the synthesis and characterization

5



of 22 new complex combinations of Cu(Il), Co(ll), Ni(Il), Zn(I1), Mn(I11), Mn(l11), Pd(11), Pt(1l)
and Pt(1V) with 1-(o-tolyl) biguanide and a-ketoglutaric acid as ligands.

Also in this part are presented the original contributions regarding the obtaining and
characterization of new complexes (15) of Cu(ll), Co(Il), Ni(ll), Pd(lI), Pt(ll) and Pt(IV) having
1-(o-tolyl) biguanide ligands and usnic acid.

The formulas for the synthesized complex combinations were proposed following the
interpretation of the results obtained by: elementary chemical analysis, UV-Vis-NIR electron
spectroscopy, IR, EPR, thermogravimetric analysis, magnetic properties and molar electric
conductivity. The interest for these complexes is that they can exhibit biological activity near or
better than free ligands.

The thesis presents the results of testing the antimicrobial activity of the complexes and
ligands against some Gram positive - Pseudomonas aeruginosa and Gram negative -
Staphylococcus aureus strains. Following the research, it was found that most complex
combinations have antimicrobial activity, and the minimum inhibitory concentrations have low
values, which recommends the use of these compounds as antimicrobial agents.

Analyzing the influence of the synthesized complexes on the development of microbial
biofilms on the inert substrate, it was observed that some of them inhibit the adhesion to the inert
substrate of the studied strains to a large extent over a wide range of concentrations. The antifungal
activity of some synthesized complexes and ligands on Candida albicans and antitumor activity
on Hela cells was also tested.

The formulas of ligands used in synthesis:

CHs
0 O
NH__NH__NH;
| | HO OH
NH NH o
1-(o-tolyl) biguanide a-ketoglutaric acid

usnic acid
6



The objectives of the doctoral thesis are:
- obtaining complex combinations of Cu(ll), Co(ll), Ni(ll), Zn(1l), Mn(I1), Mn(I1l), Pd(l1),
Pt(11) and Pt(IV) with 1-(o-tolyl) biguanide and a-ketoglutaric acid as mixed ligands;
- obtaining complex combinations of Cu(Il), Co(Il), Ni(ll), Pd(Il), Pt(I1) and Pt(IV) having
1-(o-tolyl) biguanide ligands and usnic acid;
- characterization of the compounds obtained in order to establish their structure by:
* elemental analysis,
* UV-Vis-NIR, FT-IR, EPR spectra
* thermogravimetric analysis,
* molar electrical conductivity,
* magnetic measurements,
- biological activity testing:
« antibacterial activity,
* antifungal activity,
* antitumor activity,
* influence of complex combinations on substrate adhesion of bacterial strains.
In principle, the working scheme used for the synthesis of the 37 complex combinations is

as follows:

Metallic salt Ligand 1 Ligand 2
| ! !
Dissolving Dissolving Dissolving
l i !

Filtration
Drying

Complex combination

v

Physico-chemical characterization: Biological activity
elemental analysis, UV-Vis-NIR, on the strains:
FT-IR, EPR spectra, - Staphylococcus aureus
thermogravimetric analysis, - Pseudomonas aeruginosa
molar electrical conductivity, - Candida albicans
magnetic measurements, - HelLa cells




11.1.1. Synthesis and characterization of complex combinations of Ni(Il) with

a-ketoglutaric acid and 1-(o-tolyl) biguanide ligands

Four Ni (I1I) complexes were synthesized starting from its salts (chloride, bromide, nitrate,
acetate) and the two ligands (a-ketoglutaric acid and 1-(o-tolyl) biguanide) [221]. The molar ratio
of metal salt: a-ketoglutaric acid: 1-(o-tolyl) biguanide of 1:1:1 was worked. This report was also
found in the complexes obtained.

The complex combinations obtained were characterized based on data provided by
elemental analysis, molar electric conductance, thermal analysis, UV-Vis-NIR, FT-IR spectra and
magnetic susceptibility.

The formulas proposed for these complexes are:

[Ni(TB)(HA)(H20)2]CI  light green (C1)
[Ni(TB)(HA)(H20).]Br  dark green (C2)
[Ni(TB)(HA)]NO3z*H.O  orange (C3)
[Ni(TB)(HA)]CH3COO  beige (C4)

Electric molar conductance

It was determined in solution of N,N-dimethylformamide, concentration 10°M at 25°C. For
the C1 complex a molar conductance of 79.5 Secm?mol™ was obtained, for C2 Sscm?mol?, for C3
72.6 Secm?mol™?, and for C4 77.2 Secm?mol™. The obtained values indicate a 1:1 type electrolyte

for all four complexes [222].
11.1.1.2. Thermal analysis

The interpretation of the results of the thermogravimetric analysis confirmed the presence
of water molecules in the composition of complex combinations C1-C3.

For all four complexes analyzed the residue obtained is NiO (green), from which the
percentage of nickel can be determined, namely: for C1 (12.73% experimental, 12.58% calculated),
for C2 (11.28% experimental, 11.49% calculated), for C3 (11.98% experimental, 12.36%
calculated), and for C4 (13.42% experimental, 13.00% calculated).



11.1.1.3. UV-Vis-NIR spectra and magnetic measurements

UV-Vis-NIR Spectra

The stereochemistry of the synthesized complex combinations was assessed using the near-
ultraviolet-visible-infrared spectra, as compared to those of the ligands (a-ketoglutaric acid and

1-(o-tolyl) biguanide).

Magnetic susceptibility

Magnetic susceptibility determinations led to the following magnetic moment values for
C1-C4 complexes: 3.19 uB for C1, 3.27 uB for C2 and zero for C3 and C4. In the case of complexes
C3 and C4, the magnetic moment does not assume that they are diamagnetic, while the first two
complexes are paramagnetic.

The proposed stereochemistry for the 4 complexes are:

(C1) [Ni(TB)(HA)(H20).]ClI Rhombic distorted octahedral
(C2) [Ni(TB)(HA)(H20)2]Br Rhombic distorted octahedral
(C3) [Ni(TB)(HA)INO3<H-0 Square planar
(C4) [Ni(TB)(HA)]CH3COO Square planar

11.1.1.4. FT-IR Spectra

In order to determine the coordination mode of the ligands to the metal ion, the FT-IR
spectra of the C1-C4 complexes were analyzed in comparison with the H2A and TB ligands.

In the spectra of the four complex combinations, a band shift is observed due to the valence
vibration of the imine group, v(C=N), from 1610 cm™ to higher values. This is in agreement with
the coordination of the TB ligand to the metal ions through the non-participating electron pair of
imine nitrogen, and the displacement of this band to larger wave numbers is explained by the
destruction of the m electron delocalization [231]. Coordination of 1-(0-tolyl) biguanide by the
imminent nitrogen atoms is also supported by the displacement of the bands due to 5(NH)+v(C-N)
coupled vibrations.

The keto group at the a-position of the H2A ligand is involved in coordination in all the

analyzed complexes, confirmed by the movement of the corresponding band, v(C=0), below 1720
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cmL, It coordinates in the deprotonated form HA" through the oxygen atom in the ketone group at

the alpha position and the oxygen in the hydroxyl of the adjacent carboxyl group.

11.1.1.5.1. Antimicrobial activity

The evaluation of the antimicrobial activity of the synthesized ligands and complexes was
performed on the species Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa
ATCC 27853. It was observed that DMSO (the solvent used in the dilutions) does not influence
the antimicrobial activity of the tested compounds at the working concentrations at the working
intervals 5.00 - 0.039 mg/mL.

Determination of the minimum concentration of inhibitors

For the quantitative determination of the antimicrobial activity of the compounds tested
against the two strains, the minimum inhibitory concentration, MIC, was determined. In the case
of the Gram-positive Staphylococcus aureus species, complex C2 exhibited the same activity as
ligands and complexes C1, C3 and C4 had better activity. Thus, the best activity is the complex
combination C4, whose MIC value is 0.312 mg/mL.

The activity of the synthesized complexes against Gram negative bacterium Pseudomonas
aeruginosa is better for the synthesized complexes than for the H2A ligand, but similar to the TB
ligand. Complex C4 has the best activity of the substances tested against this bacterium (MIC is
0.625 mg/mL).

Study of the influence of complex synthesized combinations on the development of microbial

biofilms on an inert substrate

The synthesized complexes and ligands used to obtain them were investigated in terms of
the ability to inhibit the adhesion of the microbial biofilm to the inert substrate.

All tested compounds inhibit this process in a dose-dependent manner up to a minimum
biofilm eradication concentration (MBEC) of 0.039 mg/mL (C3, C4), 0.078 mg/mL (TB, H2A, C2)
and 0.156 mg/mL (C1), in the case of Staphylococcus aureus. For Pseudomonas aeruginosa all
compounds have inhibition capacity up to a minimum biofilm eradication concentration of 0.039

mg/mL (TB, C1-C4) and for H2A of 0.078 mg/mL.
10



11.1.1.5.2. Antitumor activity

The metabolism of HelLa cells varies depending on the type of material used. Thus, C1, C2
ligands and complexes have a very weak effect on HeLa tumor cells under the tested conditions,
decreasing their viability by 12% and 13%, while complex combinations C3 and C4 demonstrated
a moderate cytotoxic effect on them (decreasing them). Viability with 17% and 24.3%
respectively). For the analyzed samples (at a concentration of 500 pg/mL for 24h incubation at
37°C) and the untreated control sample, absorbances at 570 nm were read, from which the
percentages of viability of HeLa cells were calculated in the presence of the compounds tested. For
the untreated control sample, the viability of these cells was 100% and based on this value and the

read absorbances, the viability was calculated for compounds C1-C4, H.A and TB.

11.1.1.6. Partial conclusions

In this subchapter, the synthesis and characterization of four new complex combinations of
nickel having a-ketoglutaric acid and 1-(o-tolyl) biguanide ligands have been described [221].

Based on the analyses performed (elemental analysis, UV-Vis-NIR spectra, FT-IR, thermal
analysis, molar electric conductance, magnetic susceptibility), the formulas of C1-C4 complexes
were proposed.

[Ni(TB)(HA)(H20):2]Cl and [Ni(TB)(HA)(H20)2]Br complexes have rhombic distorted
octahedral stereochemistry while [Ni(TB)(HA)]NOz*H-O and [Ni(TB)(HA)]JCHsCOO adopt
square planar stereochemistry.

Both a-ketoglutaric acid and 1-(o-tolyl) biguanide function as bidentate ligands in the four
complexes. The a-ketoglutaric acid participates in the deprotonated form HA™ and coordinates to
the metal ion through the oxygen atom in the ketone group at the alpha position and the oxygen in
the adjacent carboxyl group hydroxyl, while the 1-(o-tolyl) biguanide is in neutral form and
coordinates with nickel ion through imminent nitrogen atoms.

For the synthesized complex combinations, the following formulas have been proposed
(Figure 11.1.14):

11



i COOH | i COOH |
NH, (CH2)2 NH, (CHy)2
éfNH ‘2 0— éfNH ‘2 o—

H Ni H Ni Br
cl
\C:NH/‘ \olo \C:NH/‘ N lo
| H,0 | H,0
NH NH
o ) e )
C1 C2

i COOH | i COOH |
NH, (CH2)2 NH, (CHa)2
éNH\ /0: éNH\ /0:

H'\< /Ni\ L NO3.H,0 H'\< /Ni\ i CH3COO
C=NH O0—C=0 C=—NH _ C—0
A Ak
o) o)
C3 C4

Fig. 11.1.14. Proposed formulas for complex combinations C1 - C4

Antitumor activity on HeLa tumor cells of these complexes and ligands used in synthesis
was tested. The best cytotoxic effect on this type of cell has the C4 complex. Regarding the
antibacterial activity of the complexes obtained against the bacteria Staphylococcus aureus and
Pseudomonas aeruginosa, this is comparable or better than that of the ligands.

Because C1-C4 complexes are electrolyte-like, their biological activity may come from the
electrostatic interaction of the complex cation of these species with the negatively charged
components of the membrane and their inactivation. On the other hand, antimicrobial activity may
also be associated with stereochemistry, as well as the combined effect of the metal ligand and ion

to inactivate a particular component involved in the pathogenesis of the microorganism.
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11.1.2. Synthesis of complex combinations of Cu(IT) with a-ketoglutaric acid and

1-(o-tolyl) biguanide ligands

For the synthesis of complexes of divalent copper were used its salts (chloride, nitrate,
acetate, chlorate), and as ligands a-ketoglutaric acid and 1-(o-tolyl) biguanide [236-237].

Following the analyzes performed on these complexes, the following formulas have been proposed:

[Cu(TB)(HA)]CI light blue (C5)
[Cu(TB)(HA)INOs purple (C6)
[Cu(TB)(HA)CH3COO]*H20 light blue (C7)
[Cu(TB)(HA)CIO4]*5H.0 green (C8)

Electric molar conductance

For C5-C8 complexes, the molar electrical conductance at 25°C in N,N-dimethylformamide
solution of 0.001 mol/L concentration was determined. Thus, for the C5 complex, molar electric
conductance was obtained 72.1 Secm2mol?, 81.1 Secm?mol™ for C6, 36.5 Secm?mol™ for C7, and
for C8 Secm?mol™. The obtained values indicate a 1:1 type electrolyte for complexes C5 and C6,

while complexes C7 and C8 are of non-electrolyte type [222].

11.1.2.2. Thermal analysis

Because there is a perchlorate anion in the composition of complex C8, its thermal analysis
could not be performed as it was explosion hazard.

In the case of the C7 complex it is observed that below 160°C there is a mass loss
corresponding to a crystallization water molecule (experimental loss 3.72%, calculated 3.77%).

The residue obtained from the thermal analysis is CuO, from which the percentage of copper
can be determined, namely: for C5 (14.81% experimental, 14.60% calculated), for C6 (13.58%
experimental, 13.76% calculated, and for C7 (13.05% experimentally, 13.32% calculated).

11.1.2.3. UV-Vis-NIR spectra and EPR spectra

The correlation of the results obtained on the basis of the electronic paramagnetic resonance

(EPR) spectra and the bands observed in the UV-Vis-NIR electronic spectra led to important
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information regarding the stereochemistry of the obtained complexes and the character of the
metal-ligand bonds in the analyzed complexes [238-246].

From the EPR spectrum of the C5 complex for the coefficients o2, p1, B? the following
values were obtained: o = 0.61 which means that the sigma bonds in the plane are strong having
predominantly covalent character; p?1=0.57 implies strong © bonds in the xoy plane and B2 = 0.93
indicates weak © bonds outside the plane.

The values for the parameter K. for complexes C6 and C8 (0.62, respectively 0.64) indicate
a predominantly covalent character of the ML bond, while for C7 the value KL= 0.85 implies
almost ionic metal-ligand bonds.

The proposed stereochemistry for the C5-C8 combinations are:

(C5) [Cu(TB)(HA)]CI Square planar

(C6) [Cu(TB)(HA)]NO3 Square planar

(C7) [Cu(TB)(HA)CH3COO]*H20 Square pyramid
(C8) [Cu(TB)(HA)CIO4]*5H20 Distorted octahedral

11.1.2.4. FT-IR Spectra

From the analysis of the FT-IR spectra of the C5-C8 complexes and their comparison with
those of the ligands used in the synthesis, it was possible to determine the coordination of the two
ligands to the copper ion.

The keto group from the a-position of the H>A ligand is involved in coordination in all
complexes, which is confirmed by moving the v(C=0) band below 1720 cm™ in the complex
spectrum from its position in the a-ketoglutaric acid spectrum.

In the spectra of the four complex combinations, a band shift due to the valence vibration
of the imine group, v(C=N), from 1610 cm™ is observed. This shift is in agreement with the
coordination of 1-(o-tolyl) biguanide to the copper ion through the pair of non-participating

electrons of imine nitrogen.
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11.1.2.5.1. Antimicrobial activity

Determination of the minimum concentration of inhibitors

In order to determine the antimicrobial activity for ligands and complexes, the minimum
inhibitory concentration was determined on the Staphylococcus aureus strains ATCC 25923 and
Pseudomonas aeruginosa ATCC 27853. The working solutions had concentrations between 5.00
and 0.039 mg/mL.

Following the test on the species Staphylococcus aureus ATCC 25923, it was found that the
best antimicrobial activity was C5 and C6 complexes with a MIC of 0.312 mg/mL. Complex C7
has slightly lower activity than C5 and C6, but better than ligands and C8.

The activity of H2A ligand against Pseudomonas aeruginosa ATCC 27853 is lower than
that of the other ligand, TB and the four complexes. The best activity against this strain is C5 and

C6 complexes (MIC is 0.625 mg/mL), while C7 and C8 complexes have the same TB ligand.

Study of the influence of complex synthesized combinations on the development of microbial

biofilms on an inert substrate

In terms of the ability to inhibit the adhesion of the microbial biofilm to the inert substrate,
all tested compounds inhibit this process depending on the dose up to a minimum biofilm
eradication concentration (MBEC). All complexes have a MBEC of 0.039 mg/mL, lower than the
TB and H2A ligands (0.078 mg/mL), against the Staphylococcus aureus species.

In the case of Pseudomonas aeruginosa strain, all complexes and TB ligands have the ability
to inhibit the biofilm to a minimum biofilm eradication concentration of 0.039 mg/mL minus the
H2A ligand having MBEC 0.078 mg/mL.

11.1.2.5.2. Antifungal activity

Antifungal activity was determined on Candida albicans ATCC 10231. The working
solutions had concentrations in the range 1.00-0.0019 mg/mL. Ligands have the lowest activity,
C5 and C6 complexes have moderate activity, and the best C7 and C8 complexes have a MIC of
0.125 mg/mL.
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11.1.2.5.3. Antitumor activity

The antitumor activity of the ligands and the four complexes on HeLa cells was tested.

500 pg/mL concentration solutions were used for testing, and incubation was carried out for
twenty-four hours at 37°C.

H>A ligand has a very weak effect on HeLa tumor cells under the conditions tested, while
TB ligand and C7-C8 complexes demonstrated a moderate cytotoxic effect on them, reducing their
viability by 18% and 20%, respectively. C5 and C6 complexes have a better cytotoxic effect against
HeLa cells, reducing their viability by 27% and 23%, respectively.

11.1.2.6. Partial conclusions

Based on various copper salts, four complex combinations of Cu (Il) were synthesized,
characterized and tested in terms of biological activity [236-237]. The ligands used in their
synthesis were a-ketoglutaric acid and 1-(o-tolyl) biguanide.

The proposed formulations for the synthesized combinations were based on the analyses
performed (elemental analysis, UV-Vis-NIR, FT-IR, EPR spectra, thermal analysis, molar electric
conductivity).

For the synthesized complexes, the following formulas have been proposed (Figure 11.1.28):
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Fig. 11.1.28. Proposed structures for the synthesized complexes

The molar ratio used in metal salt synthesis: ligand 1: ligand 2 of 1:1:1 is also found in the
complexes obtained.

The a-ketoglutaric acid functions as a bidentate ligand in deprotonated form in all four
synthesized complexes. It coordinates to the copper ion through the oxygen atom in the ketone
group at the alpha position and the oxygen in the hydroxyl of the adjacent carboxyl group.

1-(o-tolyl) biguanide also functions as a bidentate ligand in C5-C8 complexes, the imminent
nitrogen atoms being involved in coordination with the metal ion.

For the two strains tested (Staphylococcus aureus ATCC 25923 and Pseudomonas
aeruginosa ATCC 27853) the best antimicrobial activity is C5 and C6 complexes.

All synthesized complexes have better antifungal activity (tested on Candida albicans strain
ATCC 10231) than ligands.

C5 and C6 complexes have the best antitumor activity on HeLa cells.

The different biological activity for the four complexes is due to their different
stereochemistry (square planar C5 and C6, square pyramid C7, distorted octahedral C8), as well as
the inactivation of certain components involved in the pathogenesis of the microorganism by the

metal ion and ligands.
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11.1.3. Synthesis of complex combinations of Mn(l1) and Mn(IIT) with a-ketoglutaric
acid and 1-(o-tolyl) biguanide ligands

Using a-ketoglutaric acid (H2A) and 1-(o-tolyl) biguanide (TB) as ligands and Mn(ll) salts
four manganese complexes were synthesized [237,248]. Three of these are Mn(lll) and one of
Mn(I1), which means that during the synthesis reactions the manganese was oxidized to a higher
oxidation state when C10-C12 complexes were obtained. Although metal salt: H.A: TB of 1:1:1
molar ratio has been worked, it is not found in any complex.

The proposed formulas for complex syntheses are:

[MN(TB)2(H2A)]Cl2+0,5C2HsOH pink (C9)

[Mn2(TB)(A)(H2A)2(H20)2(N0O3)2](NO3)2+C2HsOH beige (C10)
[Mn2(TB)(A)(H2A)2(H20)2(CH3C0O0),](CH3C0O0)2¢3H20 brown (C11)
[Mn2(TB)(HA)2(OH)(H20)4](ClO4)3 light brown (C12)

11.1.3.2. Thermal analysis

Thermogravimetric analysis provided information that confirmed the proposed
formulations for the complex combinations, the presence of water molecules and ethyl alcohol and
the thermal effects that accompany the mass loss processes. For the C12 complex containing
perchlorate anions, this analysis could not be performed for security reasons.

The remaining residue is Mn.Oz for all complexes, from which the percentage of manganese
can be determined; 8.04% experimental, 8.12% calculated for C9,10.37% experimental, 10.30%
calculated for C10, 10.61% experimental, 10.34% calculated for C11.

11.1.3.3. UV-VIS-NIR Spectra

The stereochemistry of the complex combinations C9 - C12 proposed based on the near

ultraviolet-visible-infrared spectra are:

(C9) [Mn(TB)2(H2A)]Cl2#0,5C2Hs0OH Octahedral

(C10) [Mn2(TB)(A)(H2A)2(H20)2(NO3)2](NO3)2¢C2HsOH Tetragonal distorted
octahedral

(C11) [Mn2(TB)(A)(H2A)2(H20)2(CH3CO0),](CH3COO0)223H20  Tetragonal distorted
octahedral

(C12) [Mn2o(TB)(HA)2(OH)(H20)4](Cl04)3 Tetragonal distorted
octahedral
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11.1.3.4. FT-IR Spectra

By analyzing the FT-IR spectra of the four complexes and comparing them with those of
ligands, the coordination of ligands to the metal ion was established. The HA ligand coordinates
in the form of HA™ (deprotonated) through the ketone oxygen atom at the alpha position and the
oxygen in the hydroxyl of the adjacent carboxyl group (in the C12 complex).

In complex C9 the ketoglutaric acid coordinates to the metal ion in the form of H2A while
in complexes C10 and C11 one acid is bridged as A2-, the other two coordinating as HzA.

1-(o-tolyl) biguanide functions as bidentate ligand coordinating to the metal ion through
non-participating electrons of imine nitrogen [231].

11.1.3.5.1. Antimicrobial activity

Determination of the minimum concentration of inhibitors

The evaluation of the antimicrobial activity of the new complexes and of the ligands used
was performed on the species Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa
ATCC 27853. Work was carried out at concentrations between 5.00 mg/mL and 0.039 mg/mL.

In the case of the species Staphylococcus aureus, the complex combinations showed a
similar activity to the ligands (complexes C10 and C11) and better than theirs for C9 and C12,
having a MIC value of 0.625 mg/mL and 0.312 mg/mL, respectively. The best antimicrobial
activity against Pseudomonas aeruginosa is the C12 complex, while the C9-C11 complexes are
better than for the H2A ligand, but weaker than the TB ligand.

Study of the influence of complex synthesized combinations on the development of microbial

biofilms on an inert substrate

C10 - C12 complexes have the ability to inhibit the adhesion of the microbial biofilm to the
inert substrate of the Staphylococcus aureus strain better than the ligands and the C9 complex,
having a MBEC of 0.039 mg/mL.

For Pseudomonas aeruginosa strain C11, C12 and TB have the lowest biofilm eradication
concentration of 0.039 mg/mL compared to C9 and H2A (0.078 mg/mL) and C10 (0.156 m/mL).

19



11.1.3.5.2. Antitumor activity

Following the tests performed for C9-C12 complexes and the two ligands on HelLa cells, a
moderate cytotoxic effect was observed for C10 and C11, which decreased the viability of these

cells by 26% and a weak effect of the other two complexes.

11.1.3.6. Partial conclusions

Four complex combinations of manganese were synthesized and characterized as
a-ketoglutaric acid and 1-(o-tolyl) biguanide ligands [237,248].

Based on the interpretation of the analyses performed for these complexes (elemental
analysis, UV-Vis-NIR, IR spectra, thermal analysis, molar electric conductance), their formulas
have been proposed.

Although divalent manganese salts have been used in synthesis, only C9 complex contains
manganese with valence two, which means that in the other syntheses manganese has been oxidized
so that in the complex combination it is found in the three valence state.

Both ligands function bidentate in the four complexes, TB coordinating to the metal ion
through the imminent nitrogen atoms, while H>A through an oxygen atom in the ketone group at
the alpha position and one in the adjacent carboxyl group.

C10-C12 complexes are dinuclear and have a bridging ligand, namely the double-
deprotonated a-ketoglutaric acid in C10 and C11, while in C12 the hydroxyl ion forms a bridge
between two trivalent manganese ions.

The proposed stereochemistry for the synthesized complexes are: octahedral for C9 and
tetragonally distorted octahedral for C10-C12.

Complexes C9 and C12 have the best antibacterial activity on the S. aureus strain, while
P. aeruginosa has C12. The best ability to inhibit the adhesion of the microbial biofilm to the inert
substrate of the two tested strains is C11 and C12 complexes.

A moderate cytotoxic effect on HeLa cells has C10 and C11 complexes.

The biological activity of the complexes and the differences that appear for the four
complexes can be accounted for by several factors:

- all are electrolyte type

- their stereochemistry

- manganese valence
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H3C

- mono- or dinuclear complexes

- the nature of the anions in the composition of the complexes.

The proposed structures for complexes C9-C12 are shown in Figure 11.1.41.
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Fig.11.1.41. Proposed formulas for complexes C9-C12

11.1.4. Synthesis of complex combinations of Zn(l1) with a-ketoglutaric acid and

1-(o-tolyl) biguanide ligands

Three novel complex combinations of Zn (1) were synthesized using chloride, nitrate, zinc
acetate and a-ketoglutaric acid and 1-(o-tolyl) biguanide as ligands. Metal salt: a-ketoglutaric acid:
1-(o-tolyl) biguanide of 1:1:1 was worked for all complexes. This ratio was maintained only in
complexes C13 and C14.

Following the analyses performed for these complexes (elemental analysis, FT-IR and UV

Vis spectra, molar electric conductance and thermal analysis), the following formulas have been

proposed:
[Zn(TB)(HA)(H20):]Cl light yellow (C13)
[Zn(TB)(HA)(H20)2]NO3 light yellow (C14)
[Zn2(TB)2(A)(CH3COO),] * H20 light yellow (C15)

Electric molar conductance
From the values obtained for the molar electric conductance for the synthesized complexes,

the following conclusions are drawn: complexes C13 and C14 are electrolytes of type 1:1, while
complex C15 is non-electrolyte [222].
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11.1.4.2. Thermal analysis

The presence of water molecules in the composition of complex combinations C13-C15
was revealed following the thermogravimetric analysis.

For all analyzed complexes the obtained residue is ZnO. From this one can determine the
percentage of zinc, namely: for C13 (13.54% experimental, 13.82% calculated), for C14 (13.38%
experimental, 13.09% calculated, and for C15 (16.85% Experimental, 16.49% calculated).

11.1.4.4. FT-IR Spectra

In all complexes, the keto group at position a of the H2A ligand is involved in coordination,
which is confirmed by the displacement of the corresponding band, v(C=0), below 1720 cm™. This
ligand coordinates to the bidentate metal ion, in the form deprotonated HA", through the oxygen
atom in the ketone group at the alpha position and the oxygen in the hydroxyl of the adjacent
carboxyl group in the C13 and C14 complexes. In the C15 complex, he coordinates all the
bidentate, in the bridge, as dianion.

In the spectra of the three complexes, a band shift is observed due to the valence vibration
of the imine group, v(C=N), from 1610 cm™ to higher values. This is in agreement with the
coordination of the TB ligand to the metal ions by the pair of non-participating electrons of imine

nitrogen.

11.1.4.5. Testing of biological activity

After testing the complexes synthesized on HelLa cells it was found that they do not exhibit

antitumor activity.

11.1.4.5.1. Antimicrobial activity

Determination of the minimum concentration of inhibitors

Evaluation of antimicrobial activity was performed in vitro on Staphylococcus aureus

ATCC 25923 and Pseudomonas aeruginosa ATCC 27853 strains for synthesized complexes and
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ligands used in synthesis. For all tested compounds the concentration range was worked from 1.00
to 0.0019 mg/mL.

Analyzing the results obtained from the tests performed, it was found that the best
antimicrobial activity against S. aureus has the C15 complex having the lowest inhibitory
concentration of 0.062 mg/mL. The other two complexes and ligands have slightly lower activity
than C15, but good, with MIC of 0.125 mg/L.

On the P. aeruginosa strain, all the complexes have much better antimicrobial activity than
the ligands, with the lowest MIC having C13 and C14 (0.125 mg/mL).

Following the study of the influence of the synthesized complex combinations on the
development of microbial biofilms on the inert substrate, it was found that none of the three
complexes has the capacity to inhibit the adhesion of the microbial biofilm to the inert substrate on

the tested strains (S. aureus and P. aeruginosa).

11.1.4.5.2. Antifungal activity

Antifungal activity for ligands and complexes was tested in vitro on Candida albicans
ATCC 10231, in the concentration range 1.00-0.0019 mg/mL. C13 and C14 complexes have a
better activity against this strain having a MIC of 0.5 mg/mL. The two ligands and C15 have the
same antifungal activity; they have a MIC of 1.00 mg/mL.

11.1.4.6. Partial conclusions

Three complex combinations of Zn(II) with a-ketoglutaric acid and 1-(o-tolyl) biguanide
were synthesized and characterized.

Based on the analyses performed, the formulas of complexes C13-C15 were proposed. Both
ligands function as bidentate ligands in the three complexes. In complex C15 the a-ketoglutaric
acid is bridged, as a dianion, and in C13 and C14 it is bidentate in anionic form.

1-(o-tolyl) biguanide coordinates to the metal ion through imine nitrogen atoms.

Complexes C13 and C14 have octahedral stereochemistry, and complex C15 is square; C13
and C14 contain a single zinc ion, while C15 has two zinc ions linked together by a-ketoglutaric

acid in bridges.
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The good antimicrobial activity of the complexes observed after testing on S. aureus is
largely due to the ligands they contain, and in the case of C15 a better activity can be explained by
the presence of two zinc ions. On the other hand, antimicrobial activity may also be associated with
stereochemistry, electrolyte type, as well as the combined effect of metal ligand and ion.

The better antifungal activity on C. albicans for C13 and C14 complexes may be due to the
octahedral stereochemistry they have.

The C13-C15 complexes have no antitumor activity on the tested cells (HeLa) nor inhibit
the adhesion of the microbial biofilm to the inert substrate on the two strains (S. aureus and P.
aeruginosa).

The proposed formulas for the three Zn (1) complexes are shown in Figure 11.1.53.
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Fig. 11.1.53. Proposed formulas for C13-C15 complexes
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11.1.5. Synthesis of complex combinations of Pd(11), Pt(Il) and Pt(IV) with
a-ketoglutaric acid and 1-(o-tolyl) biguanide ligands

Using a-ketoglutaric acid and 1-(o-tolyl) biguanide as ligands, two complexes were
synthesized with Pd(Il) and two with Pt(ll) and Pt(IV). The metal salts used in the synthesis are
PdCl, Pd(CH3COOQ)a,, respectively HoPtClg si PtClo.

Although metal salt: a-ketoglutaric acid: 1-(o-tolyl) biguanide of 2:1:1 has been worked for
all complexes, this ratio is found only in complex combinations C16 and C19, in the other two
being 1:1:1.

The proposed formulas for the four synthesized complexes are:

[Pd(TB)(H2A)][PdCl4] dark orange (C16)
[PA(TB)(HA)]CH3COO+H-0 orange (C17)
[Pt(TB)(HA)CI:]CI orange (C18)
[Pt(TB)(H2A)][PtCl4]*H20 brown (C19)

11.1.5.2. Thermal analysis

The presence of a crystallization water molecule in the composition of C17 and C19
complexes was also confirmed by their thermal analysis.

For complexes C16 and C17, the residue obtained by thermal decomposition was palladium
(over 700°C palladium oxide passes into metallic palladium) [250].

In the case of complexes C18 and C19 at a temperature above 500 ° C the residue formed

is platinum, (at 450-480°C PtCl, decomposes into platinum and chlorine) [251].

11.1.5.3. UV-Vis-NIR Spectra

Based on the comparison of the electronic spectra of the synthesized complexes with those

of the ligands, their stereochemistry could be attributed.

(C16) [PA(TB)(H2A)][PdCl4] Square planar
(C17) [PA(TB)(HA)]CH3COO *H20 Square planar
(C18) [PY(TB)(HA)CI]CI Octaehedral

(C19) [PY(TB)(H2A)][PtCl4]*H20 Square planar
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11.1.5.4. FT-IR Spectra

In all the analyzed complexes, the keto group from the a-position of the H2A ligand is
involved in coordination, the displacement of the corresponding band, v(C=0) at lower values than
in the a-ketoglutaric acid being a proof in this respect.

The coordination of the TB ligand to the metal ions is done through the pair of non-
participating electrons of imine nitrogen. By coordination, the delocalization of the & electrons is

destroyed, which explains the displacement of this band to larger wave numbers [231].

11.1.5.5.1. Antimicrobial activity

In vitro antimicrobial activity assays were performed on Staphylococcus aureus ATCC
25923 and Pseudomonas aeruginosa ATCC 27853 strains for synthesized complexes and ligands
used in synthesis. It was worked in the concentration range 1.00 - 0.0019 mg/mL for all compounds
tested.

Antimicrobial activity against for Gram-positive Staphylococcus aureus is much better
(efficient) for the four complexes than for ligands. The lowest value of the minimum inhibitory
concentration is for C16, C18 and C19 complexes, 0.0039 mg/mL.

The activity against Gram negative bacterium Pseudomonas aeruginosa is the same for both
ligands. And in the case of this strain, all the complexes have good antimicrobial activity, C18
having MIC of 0.0312 mg/mL and C19 of 0.0625 mg/mL.

11.1.5.5.2. Antifungal activity

C16, C18 and C19 complexes have the best activity against this strain having a MIC of
0.125 mg/mL. Ligands have a much lower antifungal activity than complexes, with MIC of

1 mg/mL. The working concentration range for the tested substances was 1.00-0.0019 mg/mL.

11.1.5.5.3. Antitumor activity

Antitumor activity was tested for all compounds on HeLa cells. 500 ng/mL concentration

solutions were used for testing, and incubation was done at 37°C for 24 hours.
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Under the conditions tested, complexes C18 and C19 have a good cytotoxic effect on HeLa
cells, reducing their viability by 41% and 38%, respectively. The other two complexes have a
moderate cytotoxic effect, and the two ligands have a weak effect on these cells.

11.1.5.6. Partial conclusions

Four complex combinations of Pd(Il), Pt(Il) and Pt(IV) were synthesized with 1-(o-tolyl)
biguanide and a-ketoglutaric acid and as ligands.

Their formulas were proposed based on the interpretations of the analyzes performed,
namely: elemental analysis, UV-Vis-NIR, IR spectra, thermal analysis.

Both ligands are bidentate in all the complexes obtained. The TB ligand coordinates to the
metal ion through the imminent nitrogen atoms and the H>A ligand through the oxygen atoms from
the ketone groups in the alpha position and in the adjacent carboxyl group. In complexes C16 and
C19 the a-ketoglutaric acid is nonprotonated while in the other two complexes it is in the form of
an HA".

The proposed stereochemistry for the synthesized complexes are: octahedral for C18 and
square plane for C16, C17 and C109.

In complex C18 platinum is tetravalent and in C19 divalent, exactly as in the salts used in
synthesis. The C16 and C19 complexes are of the Vauquelin type, having a complex anion
[PACI4]%, respectively [PtCls]? .

Biological activity is influenced by several factors:

- the nature of the metal

- the oxidation state of the metal

- number of metal ions in the complex

- the stereochemistry of the complex.

The fact that all complexes have better biological activity than ligands, can be accounted
by coordination of ligands to the metal ion.

Platinum complexes have the best antitumor activity, as expected.

The proposed structures for complexes C16-C19 are shown in Figure 11.1.66.
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Fig. 11.1.66. Formulas of complex combinations C16-C19

11.1.6. Synthesis of complex combinations of Co(l1) with a-ketoglutaric acid and

1-(o-tolyl) biguanide ligands

Three new complexes of divalent cobalt were obtained from the reaction of salts of this
metal, o-ketoglutaric acid and 1-(o-tolyl) biguanide (as ligands). The synthesized complex
combinations have been analyzed from a physico-chemical point of view and the proposed

formulas for these complexes are:

[Co(HA)2(TB)(H20)] light gray (C20)
[Co(HA)(TB)(H20)(NO3)]*C2HsOH intense pink (C21)
[Co2(HA)(TB)(H20)3(CH3COO)s3] violet (C22)
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Electric molar conductance

Following the determination of the molar electrical conductance, in solution of N,N-
dimethylformamide, of concentration 10°3M at 25°C for all the complexes, values were obtained
that fit them in the category of non-electrolytes: 37.5 Secm?mol* for C20, 41.4 Secmmol* for C21
and 39.6 Secm®mol™ for C22 [222].

11.1.6.2. Thermal analysis

For C20-C22 complexes, thermal analysis was performed in static air atmosphere, from
which the presence of water and ethanol molecules in their composition was established.

For all complexes, the final residue is CosOs. From this one it can be determine the
percentage of cobalt from each complex, 10.91% for C20, 11.17% from C21, respectively 17.35%
in C22.

11.1.6.3. UV-Vis-NIR Spectra

By analyzing the electronic spectra of the complexes and comparing them with the ligands,

the stereochemistry for C20-C22 was proposed:

(C20) [Co(HA)(TB)(H20)] Trigonal bipyramid
(C21) [Co(HA)(TB)(H20)(NOs3)]*C2HsOH Tetragonal deformed octahedral
(C22) [Co2(HA)(TB)(H20)3(CHsCO0)s] Octahedral

11.1.6.4. FT-IR Spectra

The keto group located at the a-position of the H2A ligand appears displaced in the complex
spectrum to the free ligand because it is involved in coordination.

A band that have a great importance in coordinating the 1-(o-tolyl) biguanide to the cobalt
ion is that due to the valence vibration of the imine group, v(C=N), from 1610 cm™. In the spectra
of the complexes, a displacement of this band is observed, a displacement that is in agreement with
the coordination of the 1-(o-tolyl) biguanide to the copper ion through the pair of non-participating

electrons of the imine nitrogen.
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11.1.6.5.1. Antimicrobial activity

For the synthesized complexes and ligands antimicrobial activity was tested in vitro on the
species Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa ATCC 27853. The
working range for these assays was 1.00 - 0.0019 mg/mL.

In the case of Staphylococcus aureus, complex combinations showed better antimicrobial
activity than ligands. The lowest MIC for this strain is C21 and C22 complexes of 0.0156 mg/mL.

All the complexes have better antimicrobial activity than the ligands against the
Pseudomonas aeruginosa bacterium, the C22 complex having the lowest MIC value of 0.0313

mg/mL.

11.1.6.5.2 Antifungal activity

All compounds were tested for antifungal activity in vitro on Candida albicans ATCC
10231. It was worked with solutions ranging from 1.00 to 0.0019 mg/mL.
And for this strain, it is found that antifungal activity is better for complexes than for the

two ligands. Complex C22 has the best activity with a MIC value of 0.25 mg/mL.

11.1.6.5.3. Antitumor activity

Assays performed on HeLa cells for complexes and ligands were performed on 500 pg/mL
concentration solutions for an incubation time of 24 hours at 37°C. C21 and C22 complexes have
a good cytotoxic effect on HeLa cells, reducing their viability by 25% and 21%, respectively. The

C20 complex and the two ligands have a weak effect on these cells.

11.1.6.6. Partial conclusions

Three new divalent cobalt complexes were obtained with 1-(o-tolyl) biguanide ligands and
o-ketoglutaric acid. Following the analyzes performed on these complexes, the appropriate
formulas could be established (Figure 11.1.77).

The 1-(o-tolyl) biguanide ligand coordinates bidentate through the imminent nitrogen atoms

and the a-ketoglutaric acid monodentates into the C20 complex through the hydroxyl oxygen of
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the carboxyl group. In complexes C21 and C22, however, this ligand coordinates bidentate, through
the oxygen atoms in the ketone groups in the alpha position and in the adjacent carboxyl group.

The proposed stereochemistry for the four complexes are:

- trigonal bipyramid for C20

- tetragonal distorted octahedral for C21

The first two complexes have a single cobalt ion in their structure and the third has two
cobalt ions bound by acetate bridges.

The biological activity of the complexes is influenced by:

- the stereochemistry of the complex

- surrounding the metal ion

- number of metal ions

The best activity of the C22 complex for all three strains can be explained by the existence

of two metal centers in its molecule, compared to the other two complexes having only one.
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Fig. 11.1.77. Formulas of complex combinations C20-C22
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11.2.1. Synthesis of complex combinations of Ni (I1) with usnic acid and 1-(o-tolyl)

biguanide ligands

Starting from nickel salts and using ligands as the usnic acid and 1-(o-tolyl) biguanide, four
complexes were synthesized. The molar ratio of metal salt: usnic acid: 1-(o-tolyl) biguanide of 1:
1: 1 was worked. Based on the data provided by elemental analysis, molar electrical conductance,
thermal analysis, UV-Vis-NIR, FT-IR spectra and magnetic susceptibility the proposed formulas

for C23-C26 complexes are:

[Ni(TB)(H2AU)(H20)2]CI*3H20  green (C23)
[Ni(TB)(H2AU)(H20).]Br dark green (C24)
[Ni(TB)(H2AU)]NO3z2H,0 dark orange (C25)
[Ni(TB)(H2AU)]CH3COO dark orange (C26)

The molar ratio of the substances used in synthesis is also found in the complexes obtained.

Electric molar conductance

The results of molar electric conductance for the four complexes place them in the 1:1
electrolyte type [222]. The measurements were made in solution of N,N-dimethylformamide,
concentration 10M at 25°C. For the C23 complex, a molar conductance of 69.2 3 Sscm?mol ™ was
obtained, for C24 73.3 Secm?molt, for C25 79.1 Secm?mol™?, and for C26 81.4 Sscm?mol ™.

11.2.1.2. Thermal analysis

Analyzing the thermogram of C23 complex, in the first step of decomposition, it is found
that at a temperature below 180°C there is a loss of mass corresponding to the 5 water molecules
in its composition, namely, 3 crystallizations and 2 coordination.

In the case of the C24 complex, the first mass loss occurs below 190°C, and corresponds to
each of the coordination water molecules.

From the analysis of the thermogram for the C25 complex it is observed that in the first
stage (<170°C) the two water molecules are lost.

The residue obtained is NiO for all complexes, from which the percentage of nickel can be

determined.
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11.2.1.3. UV-Vis-NIR spectra and magnetic measurements

Magnetic susceptibility

Following the magnetic susceptibility determinations, the following magnetic moment
values were obtained for the C23-C24 complexes: 3.37 uB for C23, 3.12 uB for C24 and zero for
C25 and C26. The magnetic moment values for C23 and C24 complexes assume that they are

paramagnetic, while C25 and C26 are diamagnetic.
UV-Vis-NIR Spectra
The data provided by the electronic spectra correlated with the magnetic moments at room

temperature provide valuable information regarding the stereochemistry of the synthesized

complex combinations. The proposed stereochemistry for C23-C26 complexes are:

(C23) [Ni(TB)(H2AU)(H20)2]C1:3H.0 Rhombic distorted octahedral
(C24) [Ni(TB)(H2AU)(H20)2]Br Rhombic distorted octahedral
(C25) [Ni(TB)(H2AU)]NO3+2H20 Square planar
(C26) [Ni(TB)(H2AU)]CH3COO Square planar

11.2.1.4. FT-IR Spectra

In the spectra of the four complexes, the presence of a very intense band at approx. 1640
cmL. This can be attributed to the valence vibration of the imine group, v(C=N), which implies the
coordination of the TB ligand to the metal ions through the pair of non-participating nitrogen
electrons [231].

The presence of an intense band at approx. 1650 cm™ in the spectra of the 4 complexes
explains the involvement of ketone oxygen from the methyl ketonic group from the usnic acid. The
displacement of the bands characteristic of the phenolic deformation vibration (in plane and outside
it), at higher wavelengths, can be attributed to the coordination of this ligand by the phenolic OH
grouping [262].
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Since the OH group with the most acidic character is the one linked with carbon 3 of the
usnic acid, it means that it participates in coordination with the oxygen in the methyl ketonic group

linked with the carbon 2 and this phenolic oxygen.

11.2.1.5.1. Antimicrobial activity

Determination of the minimum concentration of inhibitors for complex combinations

Antimicrobial activity of synthesized ligands and complexes was tested on Staphylococcus
aureus ATCC 25923 and Pseudomonas aeruginosa ATCC 27853 strains. At working
concentrations (1.00-0.0019 mg/mL), the diluent solvent, DMSO, did not influence activity
antimicrobial properties of the tested compounds.

C23-C26 complexes have very good antimicrobial activity against the S. aureus strain, with
a minimum inhibitory concentration of 0.0039 mg/mL. The TB ligand has the weakest activity for
this strain, the MIC being 0.125 mg/mL, and the other ligand has a good activity, with the MIC
being by 0.0078 mg/mL.

C23 and C24 complexes have a good activity against Gram negative P. aeruginosa bacteria,
while ligands and the other two complexes have poor activity (MIC is 0.5 mg/mL for C23 and C24,
and 1 mg/mL for C25, C26, TB and HzAU).

Study of the influence of complex synthesized combinations on the development of microbial

biofilms on an inert substrate

In terms of the ability to inhibit the adhesion of the microbial biofilm to the inert substrate,
the complexes and ligands inhibit this process depending by the dose up to a minimum
concentration of eradicating the biofilm.

Against the species Staphylococcus aureus complexes C23 and C24 have a MBEC of
0.0019 mg/mL, H3AU, C25 and C26 0.0039 mg/mL. The highest MBEC has the TB ligand, 0.0312
mg/mL. In the case of Pseudomonas aeruginosa strain, also complexes C23 and C24 have the
lowest CMEB (0.0019 mg/mL), and the highest has HsAU (0.0078 mg/mL). The other ligand and
the other two complexes have the same MBEC of 0.0039 mg/mL.
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11.2.1.5.2. Antifungal activity

Antifungal activity was determined for ligands and complexes on Candida albicans ATCC
10231, the MIC being presented in figure 11.2.13. The working concentration range was 1.00-
0.0019 mg/mL. C25-C26 ligands and complexes have the lowest activity, and the best C23 and
C24 have MIC 0.5 mg / mL.

11.2.1.5.3. Antitumor activity

For C23-C26 complexes and for the ligands used for obtaining them, antitumor activity on
HeLa cells was tested. 500 ng/mL concentration solutions were used for testing, and incubation
was done at 37°C for 24 hours.

Under the conditions tested C25 and C26 complexes have a moderate cytotoxic effect on
HeLA cells, reducing their viability by 21% and 23%, respectively. C23 and C24 ligands and

complexes have a weak effect on this type of cell.

11.2.1.6. Partial conclusions

Four new complex combinations of nickel with ligands, usnic acid and 1-(o-tolyl)
biguanide, were synthesized and characterized. The formulas of the four complexes were proposed
based on the interpretations of the analyzes performed (elemental analysis, UV-Vis-NIR, IR
spectra, thermal analysis, molar electric conductance, magnetic susceptibility). Both ligands are
bidentate in all the complexes obtained. The TB ligand coordinates to the metal ion through the
imminent nitrogen atoms and the HzAU ligand through the oxygen atom in the methyl ketonic
group bound to carbon 2 and the oxygen atom in the phenolic hydroxyl linked to with carbon 3 of
the usnic acid.

While biguanide coordinates in neutral form, usnic acid participates in deprotonated coordination,
H.AU".

The proposed stereochemistry for the synthesized complexes are: rhombic distorted

octahedral for C23 and C24 and square plane for C25-C26, as confirmed by the electronic spectra

and magnetic susceptibility values.
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All the complexes have a good antibacterial activity on the S. aureus strain, which is due to
the usnic acid in their composition. The best antimicrobial and antifungal activity against P.
aeruginosa and C. albicans has complexes C23 and C24, which is due to their stereochemistry
(rhombic distorted octahedral). The best ability to inhibit the adhesion of the microbial biofilm to
the inert substrate of the two tested strains is also complexes C23 and C24. Instead, a moderate
cytotoxic effect is observed on HeLa cells of complex combinations C25 and C26 that have square
plane stereochemistry.

The biological activity of the complexes is comparable or better than that of the ligands and
the differences that appear for the four complexes can be accounted for by their stereochemistry.

The proposed structures for complexes C23-C26 are shown in figure 11.2.15.
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Fig. 11.2.15. Proposed structures for complex combinations C23-C26

11.2.2. Synthesis of complex combinations of Cu(ll) with usnic acid and 1-(o-tolyl)
biguanide ligands

Four complex combinations were synthesized using chloride, nitrate, acetate and copper
chlorate and ligands as usnic acid and 1- (o-tolyl) biguanide.

Following the analyzes performed (elemental analysis, UV-Vis-NIR, IR, EPR, spectra,
atomic absorption spectrometry) for these complexes the proposed molecular formulas are:
[Cu(TB)(H2AU)]CI blue (c27m
[Cu(TB)(H2AU)(H20)2](NO3) gray blue (C28)
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[Cu(TB)(H2AU)CH3COO]+2C2HsOH  green (C29)
[Cu(TB)(H2AU)(CIO4)]*2H20 green (C30)
In the four syntheses, the substances used were in the molar ratio metal salt: usnic acid: 1-

(o-tolyl) biguanide of 1:1:1, ratio found also in the formulas proposed for them.

Electric molar conductance

For the synthesized complexes the molar electrical conductance at 250C in the N,N-
dimethylformamide solution with the concentration of 0.001 mol/L was determined. For complex
combinations C29 and C30, values corresponding to non-electrolyte compounds were obtained,
37.1 Secm®mol™ and 41.1 Secm?mol?, respectively. For the C27 complex a molar conductance of
79.7 Sscm®mol™* was obtained and for C28, 72.4 Secm?mol™ which indicates a 1:1 type electrolyte
[222].

11.2.2.2. Thermal analysis

Complex C30 was not subjected to thermal analysis because of the perchlorate anion in its
molecule (danger of explosion during thermal decomposition).

The presence of water/alcohol in the composition of complexes C28 and C29 was confirmed
in the first stage of their thermal decomposition.

For the analyzed complexes the same residue, CuQ, is obtained, from which the percentage
of copper can be determined, namely: for C27 (9.81% experimental, 10.03% calculated), for C28
(9.24% experimental, 9.13% For C29 (8.59% experimentally, 8.48% calculated).

11.2.2.3. UV-Vis-NIR spectra and EPR spectra

By correlating the bands observed in the UV-Vis-NIR electronic spectra and the electronic
paramagnetic resonance spectra of the four complexes, their stereochemistry could be proposed
and the character of the metal-ligand bonds was appreciated [238-246].

For the C27 complex, the parameters K,= 0.341 were calculated from the analysis of the
EPR spectrum and K1 = 0.637, which means that the = bonds in the plane are strong. For the

coefficients a2, B?1, B2 the following values were obtained: o = 0.64 which means that the sigma
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bonds in the plane are strong having predominantly covalent character; B?1= 0.53 implies strong 7
bonds in the xoy plane and 2 = 0.99 indicates weak 7 bonds outside the plane.

The values obtained for the spectral parameters in the case of complex C28 are K, = 0.53
and K. = 0.70 which implies strong © connections in the plane. o> = 0.86 which implies that the
sigma bonds in the plane are predominantly ionic in character ; p?1 = 0.62 implies strong © bonds
in the xoy plane and B2 = 0.81 indicates weak m bonds outside the plane.

For the C29 complex K, = K1, which means that the metal-ligand bond is a pure ¢ bond.

The coefficient a? is 0.85 which implies that the sigma bonds in the plane are predominantly ionic.
The coefficients B?1 and B2 have close values, 0.67 respectively 0.66, which is why both the m bonds
in the xoy plane and those outside it are relatively strong.

The value of K. for complex C30 (0.85) indicates almost ionic copper-ligand bonds.

The proposed stereochemistry for the synthesized complexes are:

(C27) [Cu(TB)(HAV)]CI Square planar

(C28) [Cu(TB)(H2AU)(H20)2](NO3) Tetragonal distorted octahedral
(C29) [Cu(TB)(H2AU)CH3COO0]+2C2Hs0H Square pyramid

(C30) [Cu(TB)(H2AU)(ClO4)]+2H20 Tetragonal distorted octahedral

11.2.2.4. FT-IR Spectra

In the spectra of C27-C30 complexes, a shift of the intense band from 1610 cm™ is observed
due to the valence vibration of the imine group, v(C=N), a displacement that is explained by the
coordination of the 1-(o-tolyl) biguanide to the ion. Of copper by the pair of non-participating
electrons of imine nitrogen [231]. And the displacement of the bands due to the vibrations coupled
Sd(NH)+v(C-N) supports the coordination of TB through the imminent nitrogen atoms.

The intense bands presented in the spectra of the four complexes analyzed at values between
1637-1662 cm™ are at wavelengths smaller than that of the usnic acid and can be attributed to the
coordination of this ligand to the metal ion by the carbonyl oxygen from the methyl ketonic group.

The involvement of phenolic oxygen in coordination is explained by the existence of bands
in the complex spectra at 1205-1239 cm™ and 709-734 cm™.
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11.2.2.5.1. Antimicrobial activity - Determination of the minimum inhibitory

concentration

Antimicrobial activity was tested in vitro on Staphylococcus aureus ATCC 25923 and
Pseudomonas aeruginosa ATCC 27853 strains for C27-C30 complexes and ligands used in
synthesis. The range of working concentrations was from 1.00 mg/mL to 0.0019 mg/mL.

The lowest minimum inhibitory concentration, so the best antimicrobial activity against S.
aureus is C28 and C30 complexes (0.0039 mg/mL). Complex C29 has the same activity as one of
the ligands, 1-(o-tolyl) biguanide, having a MIC of 0.125 mg/mL.

On P. aeruginosa strain, C27 and C29 complexes have the best antimicrobial activity, with
MIC = 0.125 mg/mL, and the C28 complex slightly lower activity. Complex C30 has the same
activity against this strain as the ligands (MIC of 1 mg/mL).

11.2.2.5.2. Antifungal activity - Determination of the minimum concentration of

inhibitors

Antifungal activity was tested in vitro on Candida albicans ATCC 10231 for both C27-C30
complexes and ligands used in synthesis. Worked in the concentration range 1.00-0.0019 mg/mL.
All the complexes have better antifungal activity than the ligands, the smallest MIC having a C29
complex of 0.125 mg/mL.

11.2.2.5.3. Antitumor activity

After testing the complexes and ligands used in HeLa cell synthesis, it was found that the
best cytotoxic effect is complex C27, which reduces the viability of these cells by 32%. C28 and
C30 complexes reduce tumor cell viability by 28% and 26% respectively.

For the tests, 500 ng/mL concentration solutions were used and incubation was carried out

for twenty-four hours at 37°C.

41



11.2.2.6. Partial conclusions

Four new complex combinations of Cu(Il) were obtained following the synthesis of copper
salts, usnic acid and 1-(o-tolyl) biguanide. These were analyzed by various methods in order to
establish the appropriate formulas.

In all the complexes the ligands coordinate bidentate to the metal ion. The 1-(o-tolyl)
biguanide coordinates through the imminent nitrogen atoms while the usnic acid through an oxygen
atom in the methyl ketonic group bound to carbon 2 and a phenolic type oxygen linked to the
carbon 3 of this ligand.

The proposed stereochemistry for the four complexes are:

- square plan C27
- tetragonal distorted octahedral Cc28
- square pyramid C29
- tetragonal distorted octahedral C30

The good antimicrobial activity against S. aureus for complexes C27, C28 and C30 can be
largely attributed to the usnic acid that is ligand. The weaker activity of the C29 complex could be
due mainly to its stereochemistry and less to the usnic acid in its composition.

And in the case of the other strains tested, the biological activity is influenced by:

- the stereochemistry of the complex

- surrounding the metal ion

- the type of electrolyte.

Thus C27 and C29 complexes have the best antimicrobial activity on the P. aeruginosa
strain. The lowest MIC on C. albicans, so the best antifungal activity is the C29 complex.

Regarding the antitumor activity on HelLa cells, the best cytotoxic effect is the complex with
square planar stereochemistry.

Based on the analyzes performed for the four complexes, the following structures were

proposed (Figure 11.2.27):
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Fig. 11.2.27. Proposed formulas for complex combinations C27-C30
11.2.3. Synthesis and characterization of complex combinations of Pd(Il), Pt(11) and
Pt(1V) with usnic acid and 1-(o-tolyl) biguanide ligands

Four complexes of Pd(11), Pt(11) and Pt(IV) were synthesized from salts of these metals and
two ligands: usnic acid and 1-(o-tolyl) biguanide. In synthesis, PdCl2, Pd(CH3COO)., H2PtCls and
PtCl, were used. The molar ratio of the metal salt: usnic acid: 1-(o-tolyl) biguanide used in the
synthesis was 2:1:1. This ratio was maintained for complex C31, while for the other three
complexes the ratio of combination was 1:1:1.

The data provided by elemental analysis, thermal analysis, atomic absorption spectrometry,
UV-Vis-NIR and FT-IR spectra were used to establish the structures of these complexes.

The proposed formulas for complex syntheses are:

[PA(TB)(H3AU)][PdCl4] dark orange (C31)
[PA(TB)(H2AU)]CHsCOO orange (C32)
[Pt(TB)(H2AU)CI.]CI dark brown (C33)
[Pt(TB)(HAU)]CI orange (C34)

11.2.3.2. Thermal analysis

From the analysis of the TG curves of palladium (I1) complexes it is observed that up to
220°C no mass stones loss are recorded. This means that neither of the two complexes has water
or alcohol in the molecule. Above this temperature, oxidative degradation of the complexes takes
place. The final residue resulting from the thermal decomposition of the two complexes is
palladium [250]. We observed a concordance between the percentage of palladium determined
from the thermal analysis and the one resulting from the elemental analysis: 24.22% experimental,
23.91% calculated for C31, respectively 15.42% exp., 15.20% calc. for C32.

Neither complexes C33 and C34 contain water or alcohol, confirmed by the thermal analysis
in which, up to 200°C, no loss of mass is observed. The final residue is platinum [251], 23.23% for
C33, respectively 26.15% for C34 (values elose similar to those calculated based on the molecular
formula, 23.34% - C33 and 25.46% - C34).
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11.2.3.3. UV-Vis-NIR Spectra

The proposed stereochemistry for C31-C34 complexes following the interpretation of UV-

Vis-NIR spectra are:

(C31) [PA(TB)(HsAU)][PdCl4] Square planar
(C32) [PA(TB)(H2AU)]CH3COO Square planar
(C33) [Pt(TB)(H2AU)CI:]CI Octahedral

(C34) [Pt(TB)(HAU)]CI Square planar

11.2.3.4. FT-IR Spectra

The usnic acid works in these complex combinations as a bidentate ligand, in the
deprotonated form H2AU". This is supported by the presence of the bands located at:
- 1635-1662 cm, attributed to the involvement of oxygen in methyl ketone linked to
carbon 2 of usnic acid
- 1197-1220 cm™, respectively 708-729 cm, bands that are attributed to the involvement
of phenolic type oxygen linked to carbon 3 of the ligand.
The band due to the valence vibration of the imine group, v(C=N), from 1610 cm™ of the
TB ligand spectrum is found in the spectra of complex, in slightly displaced combinations. The
presence of this band displaced to that of the TB ligand explains the involvement of imine nitrogen
in coordination by the pair of non-participating electrons it has [231]. This coordination is also

supported by the existence of bands due to the vibrations coupled 3(NH)+v(C-N).

11.2.3.5.1. Antimicrobial activity

C31-C34, H3AU and TB complexes were tested in vitro on Staphylococcus aureus ATCC
25923 and Pseudomonas aeruginosa ATCC 27853 strains to determine antibacterial activity. The
chosen working range was 1.00 - 0.0019 mg/mL, and the solvent used was DMSO.

Following the tests performed it was observed that the antimicrobial activity against the

Gram positive species Staphylococcus aureus is very good for complexes and the usnic acid while
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for 1-(o-tolyl) biguanide is much weaker. Platinum complexes have the lowest minimum inhibitory
concentration, 0.0019 mg/mL, four times lower than that of usnic acid.

In the case of Gram negative bacterium Pseudomonas aeruginosa both ligands have low
antimicrobian activity. All complexes have a good activity on this strain, the tetravalent platinum
complex having the lowest MIC of 0.0625 mg/mL. The solvent used in dilutions does not influence

the antimicrobial activity of the tested compounds at working concentrations.

11.2.3.5.2. Antifungal activity

After testing the antifungal activity on Candida albicans ATCC 10231 it was found that the
ligands have a poor activity, the C31 and C32 complexes a moderate one whereas the platinum
complexes have the best activity. The latter have a MIC of 0.125 mg/mL.

11.2.3.5.3. Antitumor activity

Antitumor activity was tested on HeLa cells for complexes and ligands. The percentages of
viability of these cells in the presence of the tested compounds were relative calculated to the
untreated control sample. The solutions used for these assays it had a concentration of 500 pg/mL,
and incubation was done at 37°C for 24 hours.

Platinum complexes have reduced the viability of HelLa cells by 35% C33 and 32% C34,
respectively, thus having a good cytotoxic effect. Palladium ligands and complexes have a weaker

effect on this type of tumor cells.

11.2.3.6. Partial conclusions

Four new complexes of Pd(I1), Pt(I1) and Pt(I\V) were obtained using usnic acid and
1-(o-tolyl) biguanide as ligands.

In all the complexes both ligands are bidentate, 1-(o-tolyl) biguanide coordinating to the
metal ion through the imminent nitrogen atoms, and the HsAU ligand as an HAU™ anion - through
the oxygen atoms of the methyl ketone group linked to carbon 2 and oxygen of the type phenolic
linked to carbon 3 in the usnic acid.

Following the analyzes, the following were found:
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- Pd (I1) complexes have square planar symmetry,

- complex C33 contains tetravalent platinum and is octahedral,

- complex C34 is square planar with divalent platinum.

Complex C31 is of the Vauquelin type, having a complex anion [PdCl4]? .

The proposed structures for complexes C31-C34 are shown in Figure 11.2.40.
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Fig. 11.2.40. Proposed formulas for C31-C34 complexes

The good antibacterial activity of the complexes against S. aureus is mainly due to the usnic
acid found in their composition.

Platinum complexes have a better activity on all tested strains compared to palladium.

The antitumor activity of the C31 complex combination is better than the C32 and can be
accounted for by the number of palladium ions in the molecule, namely, two for the first versus
one for the second complex.

It is found that of following the ligands coordination ef to the metal ion, the biological

activity is improved (the complexes have a better activity than the ligands).

11.2.4. Synthesis of complex combinations of Co(ll) with usnic acid and 1-(o-tolyl)

biguanide ligands

Using as ligands, usnic acid and 1-(o-tolyl) biguanide and divalent cobalt salts, were

synthesized three complexes for which were proposed the following molecular formulas:

[Co(H2AU)2(TB)]CI dark blue gray (C35)
[Co(H2AU)(TB)(H20)(NO3)]*3H20  brick pink (C36)
[Co(H2AU)(TB)2](CH3CO0)+2H20 reddish brown (C37)
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Electric molar conductance

For the C35 and C36 complexes, values corresponding to the non-electrolytes were obtained
for the molar electrical conductivity, 37.2 Sscm?mol ™, respectively 40.7 Secm?mol™. Complex C37
is a 1:1 type electrolyte, confirmed by the value of Am = 72.3 Secm®mol™ [222]. The conductance

determinations were made in solution of N,N-dimethylformamide, concentration 10°>M at 25°C.

11.2.4.2. Thermal analysis

There is no loss of mass upon thermal decomposition of the C35 complex up to 220°C,
which means that it does not contain water or ethyl alcohol in its composition.

From the thermogravimetric analysis of the C36 complex, a first mass loss up to 110°C is
observed, which corresponds to the four water molecules in the complex composition - three
crystallization and one coordination.

At the thermal decomposition of the C37 complex, the two crystallization water molecules
are eliminated in a first step, below 180°C.

The final residue is Coz04 for all complexes. The percentage of cobalt from each complex
calculated on the basis of this residue is 9.59% for C35, 8.35% for C36, and 6.92% for C37,
respectively.

11.2.4.3. UV-Vis-NIR Spectra

Stereochimiile complecsilor C35-C37 au fost propuse in urma analizei spectrelor
electronice ale acestora comparativ cu ale liganzilor pe care 11 contin.

(C35) [Co(H2AU)(TB)]CI Trigonal bipyramid

(C36) [Co(H2AU)(TB)(H20)(NO3)]+3H20 Octahedral

(C37) [Co(H2AU)(TB)2](CH3CO0)*2H20 Octahedral

11.2.4.4. FT-IR Spectra

The presence of an intense band near 1670 cm™ in the spectra of all complexes indicates the

involvement in the coordination of oxygen from methyl ketone from the usnic acid. Another
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oxygen atom in this ligand that participates in coordination is the phenolic type. This is confirmed
by the existence of bands in the spectra of complex combinations located at approx. 1200 cm™ and
approx. 710 cm™.

The band due to the valence vibration of the imine group, v(C=N), from 1610 cm™ in the
1-(o-tolyl) spectrum of biguanide is present in the spectra of the three complexes, slightly shifted
to larger wave numbers, which implies the involvement of imine nitrogen atoms in coordination
[231].

11.2.4.5.1. Antimicrobial activity - determination of the minimum inhibitory

concentration

Antimicrobial activity for novel complexes and ligands was tested in vitro on
Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa ATCC 27853. Experiments
were made at concentrations ranging from 1.00 to 0.0019 mg/mL, obtained by successive dilutions
in DMSQO. The solvent did not influence the biological activity in the chosen field of work.

In the case of Staphylococcus aureus, complex combinations C35 and C36 showed
antimicrobial activity similar to that of usnic acid, all with a MIC of 0.0078 mg/mL. The activity
of the other ligand is much weaker than that of the usnic acid, with a MIC of 0.125 mg/mL.

Against Pseudomonas aeruginosa all complexes have better antimicrobial activity than
ligands, with the C36 complex having the lowest MIC value of 0.0156 mg/mL.

11.2.4.5.2. Antifungal activity - determination of the minimum inhibitory

concentration

For all compounds, antifungal activity was tested in vitro on Candida albicans ATCC
10231. Compounds solutions concentrations were between 1.00 and 0.0019 mg/mL. After testing
it, was found that antifungal activity in this species was better for complexes than for the two

ligands. C35 and C36 complexes have the best activity with a CMI value of 0.125 mg/mL.
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11.2.4.5.3. Antitumor activity

The antitumor activity of C35-C37 complexes and ligands was tested on HeLa cells.
Solutions concentrations were 500 pg/mL and incubation was done at 37°C for 24 hours.
The best cytotoxic effect of all tested compounds have C37 and C35 complexes, which have

reduced HeLa cell viability by 32% and 30%, respectively. Among ligands, TB has better antitumor

activity than HzAU.

11.2.4.6. Partial conclusions

Three new complexes of divalent cobalt were obtained from the synthesis of salts of this

metal (chloride, nitrate and acetate) and usnic acid and 1-(o-tolyl) biguanide as ligands.

Based on the analyses performed (elemental analysis, thermal analysis, UV-Vis-NIR and

FT-IR spectra) the formulas for the three complexes were proposed (fig.11.2.51).

Hi;C—

HO

C36
51

0

O/‘\

NO;

NH=C

- 3H,0



(CH5COO0) - 2H,0

C37
Fig. 11.2.51. Proposed formulas for complexes C34-C37

Following the analyses performed on these complexes, it was observed that both ligands
coordinate bidentate, thus:
- 1-(o-tolyl) biguanide coordinates bidentate through the neutral nitrogen atoms, in the neutral
form TB;
- the usnic acid functions as a bidentate ligand in the deprotonated form H>AU™ through two
oxygen atoms, one of methyl ketone linked to carbon 2 and one of phenolic type linked to carbon
3 thereof.

Although the molar ratio of metal salt: TB: H3AU was 1:1:1, it remained only in the first
two complexes. In complex C37, however, two molecules of 1-(o-tolyl) biguanide coordinate to
the cobalt ion which means that the molar ratio was 1:2:1.

For the C36 and C37 complexes, the octahedral symmetry was proposed and for the C35
trigonal bipyramid.

The good antibacterial activity of the complexes on the S. aureus strain is largely due to the
usnic acid that is ligand in them and less to the stereochemistry of the complex.

The lower activity of the C37 complex may be due to the fact that it has two TB molecules
as ligands and only one of HzAU.

In the case of P. aeruginosa and C. albicans the biological activity is better for the
complexes than for the ligands due to their coordination with the metal ion. Complex C37 has

three ligands around the cobalt ion, hence a lower activity compared to C35 and C36.
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The better antitumor activity of the C37 and C35 complexes is due to the presence of two

TB molecules in the first and the symmetry in the second complex.

I11. GENERAL CONCLUSIONS

The results obtained from the researches carried out for the purpose of elaborating the
present doctoral thesis are presented in the section 'Original contributions' and have resulted in the
synthesis, characterization and formulation of 37 new complex combinations.

A number of 22 complex combinations have a-ketoglutaric acid and 1-(o-tolyl) biguanide
ligands, and 15 contain the usnic acid and 1-(o-tolyl) biguanide ligands.

In order to establish the structures of the synthesized compounds, they were characterized
by elemental chemical analysis, molar electric conductance, IR and UV-Vis-NIR spectroscopy.

The interpretation of the results of the thermogravimetric analysis provided information that
contributed to the proposed formulations for the complex combinations, namely the presence of
the water/ethyl alcohol molecules and the thermal effects that accompany the mass loss processes.

The complex combinations in whose synthesis perchlorates were used (C8 and C12) were
not subjected to thermal decomposition for security reasons. In most cases, the residue obtained
from thermal decomposition was metal oxide. For the manganese complexes the obtained oxide
was Mn.Oz, for the cobalt oxide it was Co30a4, and for the platinum complexes above 500°C the
residue formed was platinum which was obtained by decomposing PtCl. at 450-480°C.

For copper-containing complexes (C5-C8 and C27-C30), the EPR spectra were also
analyzed and for those with nickel (C1-C4 and C23-C26), magnetic measurements were also
performed.

In all complexes 1-(o-tolyl) biguanide functions as a bidentate ligand and coordinates to the
metal ion through imminent nitrogen atoms.

a-ketoglutaric acid works as:
- monodentate ligand in deprotonated form, HA", in the C20 complex coordinating to the metal ion
through the hydroxyl oxygen of the carboxyl group;
- as a bidentate ligand coordinating to the metal ion through the oxygen atom in the ketone group
at the alpha position and the oxygen in the hydroxyl of the adjacent carboxyl group;

- in deprotonated form, HA", - in complexes C1-C8, C12-C14, C17, C18, C21 and C22;
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- in nonprotonated form, H2A, in complexes C9-C11, C16 and C19;
- as ligand in double-deprotonated bridge, A%, in complexes C10, C11 and C15.

The usnic acid coordinates to the metal ion bidentate through the oxygen atom of the methyl
ketonic group linked to carbon 2 and the oxygen atom from the phenolic hydroxyl linked to carbon
3; It participates in deprotonated coordination, H2AU" except for the C31 complex in which itisin
neutral form.

The complex combinations synthesized are:

- mononuclear C1-C9, C13-C14, C17-C18, C20-C21, C23-C30, C32-C37,
- dinuclear C10, C11, C12, C15, C22.
Complexes C16, C19 and C31 are of the Vauquelin type, C16 and C31 having the complex anion
[PACI14]%, while C19 contains [PtCl4]> .
The synthesized complex combinations have been tested in terms of biological activity:

quantification of antimicrobial activity on Staphylococcus aureus ATCC 25923 and
Pseudomonas aeruginosa ATCC 27853 strains - for all complexes;

study of the influence of complex synthesized combinations on the development of

microbial biofilms on the inert substrate of the two microbial strains - complexes C1-C12,
C23-C26;

quantification of antifungal activity on Candida albicans ATCC 10231 - complexes C5-
C8, C13-C37,

- evaluation of the antitumor activity of all complexes on HeLa cells.

The biological activity of the complex combinations tested is influenced by several factors:
- the nature of the metal
- the oxidation state of the metal
- number of metal ions in the complex
- the nature of ligands
- the stereochemistry of the complex
In the case of quantification of the antimicrobial activity on the Staphylococcus aureus

strain ATCC 25923 complexes having the usnic acid as ligand have minimum inhibitory
concentrations, much lower than the complexes containing the a-ketoglutaric acid as ligand. This

difference is explained by the good antimicrobial activity that the usnic acid has on this strain.
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From the series of complexes having a-ketoglutaric acid and 1-(o-tolyl) biguanide as
ligands, the lowest MIC, of 0.0039 mg/mL, have (C16) [Pd(TB)(H2A)][PdCls], (C18)
[Pt(TB)(HA)CI2]CI, (C19) [Pt(TB)(H2A)][PtCls]*H20.

Complexes (C33) [Pt(TB)(H2AU)CI.]CI, (C34) [Pt(TB)(H2AU)]CI, which have as ligands
1-(o-tolyl) biguanide and usnic acid have a minimum inhibitory concentration four times lower
than that of usnic acid, namely 0.0019 mg/mL. Good antimicrobial activity on this strain also have
complexes (C23) [Ni(TB)(H2AU)(H20)2]C1-3H20, (C26) [Ni(TB)(H2AU)]CH3COO, (C28)
[Cu(TB)(H2AU)(H20)2] (NO3) and (C30) [Cu(TB)( H2AU)(ClO4)]*2H20, having MIC = 0.0039
mg/mL.

Good antimicrobial activity against Pseudomonas aeruginosa strain ATCC 27853 have
complexes (C36) [Co(H2AU)(TB)(H20)(NO3)]*3H20 with MIC = 0.0156 mg/mL, (C18)
[Pt(TB)(HA)CI:]CI, (C22) [Co2(HA)(TB)(H20)3(CH3COO)s] having MIC = 0.0312 mg/mL, (C19)
[Pt(TB)(H2A)][PtCls]*H20 and (C33) [Pt(TB)(H2AU)CI>]Cl whose MIC is 0.0625 mg/mL.

After evaluating the influence of complex combinations on the inert substrate adhesion
capacity of Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa ATCC 27853
strains, it was found that these compounds inhibit this dose-dependent process up to a minimum
biofilm eradication concentration (MBEC). The lowest MBEC value for both strains is 0.0019
mg/mL for complexes (C23) [Ni(TB)(H2AU)(H20)2]CI*3H.0 and (C24)
[Ni(TB)(H2AU)(H20)2]Br.

When testing the antifungal activity of ligands and complexes on Candida albicans ATCC
10231, it was found that the lowest concentrations of inhibitors (0.125mg / mL) have the following
complexes: (C7) [Cu(TB)(HA)CHsCOO]*H20, (C8) [Cu(TB)(HA)CIO4]*5H20, (C16)
[PA(TB)(H2A)][PdCl4], (C18) [Pt(TB)(HA)CIZ]CI, (C19) [Pt(TB)(H2A)]J[PtCls]sH20, (C29)
[Cu(TB)(H2AU)CH3COO0]+2C2Hs0H, (C33) [Pt(TB)(H2AU)CI;]CI, (C34) [Pt(TB)(H2AU)]CI,
(35) [Co(H2AU)(TB)CI] si (C36) [Co(H2AU)(TB)(H20)(NO3)]*3H20.

The antitumor activity of all complexes as well as ligands used in synthesis was tested on
HeLa cells. 500 pg/mL concentration solutions were used for testing, and incubation was carried
out for twenty-four hours at 37°C. Apart from zinc complexes that had no cytotoxic effect on these
tumor cells, the rest of the complexes had a weak, moderate or good effect, in the working
conditions mentioned above.

Thus, (C18) [Pt(TB)(HA)CI,]CI and (C19) [Pt(TB)(H2A)][PtCls] «+H20 complexes reduced

the viability of HeLa cells by 41% and 38%, respectively.
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A reduction in the viability of the tumor cells by over 30% was also observed in the case of
complexes (C16) [Pd(TB)(H2A)][PdCl4], (C27) [Cu(TB)(H2AU)]CI, (C33) [Pt(TB)(H2AU)CI2]CI,
(C34) [Pt(TB)(H2AU)]CI, (35) [Co(H2AU)2(TB)CI] si (C37) [Co(H2AU)(TB)2](CH3COO)+2H-0.

As expected, platinum-containing complexes have good antitumor activity.

Further development perspectives

Given that some of the synthesized complexes have good biological properties, the
following research activities are considered in the future:

- Testing of the complexes synthesized on other bacterial, fungal, and tumor strains;

- Determination of anti-inflammatory and hypoglycemic properties;

- Determination of antioxidant capacity;

Also, new complex combinations will be synthesized working in a different molar ratio

(salt: L1: L2) than in the present work and determining their biological properties.
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