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Keywords: Abstract. The research examines the coordination of lanthanum(III) compound with
8-oxyquinoline, 8-oxyquinoline. The article analyses the synthesis method resulted in the formation of
IR spectroscopy, a yellow fine-crystalline precipitate. The structure and nature of ligand coordination
electron spectroscopy, with the metal ion were confirmed by physicochemical methods (electron and
lanthanum, complex vibrational spectroscopy) and semi-empirical quantum chemical calculations

formation, coordination (MOPAC//PM7). Electronic spectroscopy records a significant bathochromic shift
number, complex (AA=72 nm). It indicates the formation of a stable complex. The research reveals the
stability, PASS-online. dependence of the complex stability on the pH of the medium, and identifies the its
optimal pH range of 7.0-8.0. The theoretical part of the research includes quantum
chemical modeling to evaluate the redistribution of electron density, and visualise the
optimised geometry of the molecule. Moreover, computer analysis of biological activity
and pharmacokinetic parameters (ADME-Tox) indicates the potential value of the
synthesized complex as a compound with a modified and improved biological activity

profile.
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Introduction

8-hydroxyquinoline (8-quinolinol) is an asymmetric six-membered ring ligand [1]. It is
one of the most well-known universal chelating agents [2] in analytical practice [3], photonics,
and photophysics [4]. By coordinating with metal ions (Cu**, Be**, Mg**, Bi**, Ni** etc.) through
the oxygen of the hydroxyl group and the nitrogen of the quinoline ring [5], it forms very stable
complex compounds [6] (see Scheme 1). Their logarithms of stability constants (depending on
pH and solvent used) could reach Ig f = 20-22 [7]. Moreover, the presence of a phenolic group
gives 8-oxyquinoline high reactivity in electrophilic aromatic substitution [8], diazotization,
and the ability to participate in rearrangements [9].
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Scheme 1. Complex formation of 8-oxyquinoline with metals.

Its high chelating ability has attracted the interest of researchers (beginning in the 20th
century) in studying the biological properties of this ligand and its complexes [10]. Its antifungal
and antibacterial properties have been studied most extensively [11]. This ability is explained
by the binding of metal ions as cofactors of microbial enzymes into a stable complex [12]. Thus,
8-oxyquinoline and its derivatives are widely used in medicine as local antiseptics [13], as well
as in agriculture for plant protection [14].

Nowadays, scientists consider 8-oxyquinoline and its complexes to be promising
anti-cancer drugs and agents against human immunodeficiency virus, leishmaniasis, and
schistosomiasis [15]. Although researchers from different countries have experimentally
observed the antibacterial and cytotoxic activity of transition element complexes with
8-oxyquinoline and its derivatives [16-19]. However, the issue of compound interaction with a
specific biological target has not yet been sufficiently studied.

Purpose of the paper

The purpose of this study is to synthesise, investigate the spectral and analytical
characteristics, and profile the possible biological activity of the La(III) complex with
8-oxyquinoline.

Experimental part

To synthesise the compound under study, we used the following reagents: isopropyl
alcohol, chemically pure 99.8% (EKOS-1 AO, Russia), 8-oxyquinoline, chemically pure
(LenReaktiv AO, Russia), lanthanum nitrate hexahydrate, chemically pure (LenReaktiv AO,
Russia).

Method for synthesising a La(III) complex with 8-oxyquinoline. 0.43 g of lanthanum
(IIT) nitrate was dissolved in 5 ml of distilled water with constant magnetic stirring. We added
0.14 g of 8-hydroxyquinoline, previously dissolved in 5 ml of isopropyl alcohol to the resulting
solution. After 2-3 minutes, a yellow fine crystalline precipitate was observed; it was filtered and
washed with distilled water and isopropyl alcohol, then dried in an oven for 2 hours at 60°C.
The product weight is 0.19 g; the yield is 68%. The resulting compound is easily soluble in
DMSO, DMFA, and acetonitrile, moderately soluble in chloroform, and very slightly soluble in
distilled water, and 96% ethanol [20].
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®
Main body

Electronic spectra were recorded using a PE 5400-UV spectrophotometer (EKROSHIM
OO0, Russia); infrared spectra were recorded using a Spectrum 65 device (Perkin Elmer).

Interpretation of the IR spectrum data (see Figs. 1, 2) showed that the compound obtained
did not have a peak at 3047 cm™ corresponding to the hydroxyl group. This confirms its
participation in coordination. The spectra of the ligand and complex also contain key bands of
the quinoline nucleus at 1620-1940 cm™ for valence vibrations C=N, C=C, as well as
out-of-plane aromatic vibrations C-H in the range 900-650 cm™. Table 1 presents a more
detailed comparative analysis.
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Fig. 1. IR spectrum of 8-oxyquinoline (ligand)
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Fig. 2. IR spectrum of La(III) complex with 8-oxyquinoline
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Table 1. Wavelengths in the IR spectrum of 8-oxyquinoline and the La(III) complex with 8-oxyquinoline

o Ligand wave Complex wave .
Vibration mode o 0 Interpretation
numbers, cm numbers, cm
1244.9 (high
v(C-0), phenolic ] ( '8 1233.8 coordination via ~-OH with deprotonation
intensity)

participation of the heterocyclic N quinoline
C=N, v(C=C) 1624.8 1600.5 nucleus in coordination; redistribution of
electron density

neighboring redistribution of charges in the quinoline
. 1592.3; 1579.2 1600.5; 1569.0 . .
aromatic modes nucleus during complex formation
3047.1 et
complete
O-H (medium ) P coordination via -OH

. . disappearance
intensity)

fingerprint area,

EEIPTL 636.9 657.0 indicator of metal-ligand bonding

La**-0, La**-N

Additionally, the structural changes occurred when La** was added to the solution are
confirmed by the electronic spectrum (see Fig. 3): a bathochromic shift from Am.a=307 nm to
Ama2=379 nm is observed during complex formation. Thus, the formation of coordination
bonds reduces the energy gap between the HOMO (highest occupied molecular orbital) and the
LOMO (lowest unoccupied molecular orbital). It is accompanied by the appearance of charge
transfer bands.
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Fig. 3. Electronic spectrum of 8-oxyquinoline (curve 1) and the complex compound La(IIT) with 8-oxyquinoline
(curve 2).

The coordination number of the lanthanum (III) complex with 8-oxyquinoline was
determined using the molar ratio method. The dependence of the optical density of the solution
at Anax=379 nm on the ligand concentration (C.) at a constant complexing agent concentration
(Ck) was studied - see Table 2.

Table 2. Absorption of complexing agent (La**) and 8-oxyquinoline ligand solutions by saturation method

V of La** V of 8- inoli La**):n(8-
Measurement © .a © . oxyquinonne n( a. ) n.( V(H,0), | Viotan
solution solution C = 0.05 M, oxyquinoline), A
No. ml ml
C=0.01 M, ml ml mole

1 1 0.2 1:1 0.8 2 0.432
2 1 0.4 1:2 0.6 2 0.836
3 1 0.6 1:3 0.4 2 1.108
4 1 0.8 1:4 0.2 2 1.159
5 1 1 1:5 0 2 1.161
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The equivalence point on the graph showing the dependence of solution absorption on
the ratio of ligand to complexing agent (see Fig. 4) is equal to 3. Thus, the complex is formed in
a ratio of 1:3.

........................

0 : 2 3 1 5 6
ligand to complexing agent ratio

Fig. 4. Graph showing the dependence of absorption of solutions containing ligand and complexing
agent n(La*"):n(8-oxyquinoline)

The spectrophotometric method was used to determine the stability range of the
coordination compound at different pH values. A series of solutions of the 8-oxyquinoline
complex with a constant concentration of the test substance (C=2.1-10° M) was prepared;
double-distilled water was used as the solvent. Buffer solutions with the required pH values in
the range of 3.0-10.0 were prepared based on individual buffer systems (acetate for 3.0-5.0,
ammonia for 9.0-10.0). In the neutral range (pH 7.0-8.0), the use of commonly available buffer
systems was limited due to their unsuitability: acetate buffer (pK., = 4.76) does not have
sufficient buffer capacity at pH > 6; ammonia buffer (pK. = 9.25) does not have sufficient buffer
capacity at pH < 8.5 [21]. In the pH range of 6.5-8.5, the pH value was maintained by directly
adding small amounts of diluted HCl or NaOH solutions (C = 0.1 M) to the test solution
containing the background electrolyte (KNOs, C = 0.1 M). Control of pH was performed using
a potentiometric method. The resulting solution was thermostated at a temperature of 25.0+0.1
°C for 30 minutes to establish equilibrium; then the optical density values were determined.

We measured the absorption at Amix=379 nm for each of the solutions. Their decrease
relative to the maximum indicates low stability of the complex at this pH value. Table 3
summarises the experimental data.

Table 3. Absorption of complexing agent (La**) and 8-oxyquinoline ligand solutions by saturation method

Sample No. pH Buffer system System buffer range A
1 3.0 Acetate 3.6-5.6 0.217
2 4.0 Acetate 3.6-5.6 0.351
3 5.0 Acetate 3.6-5.6 0.396
4 6.0 Acetate 3.6-5.6 0.547
5 7.0 pH adjusted with HCl or NaOH - 0.671
6 8.0 pH adjusted with HCl or NaOH - 0.699
7 9.0 Ammonia 8.2-10.2 0.526
8 10.0 Ammonia 8.2-10.2 0.422

The graph showing the dependence of absorption on pH for the lanthanum complex with
8-oxyquinoline has a bell-shaped curve (see Fig. 5).
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Fig. 5. Graph showing the dependence of the pH of a solution containing a La(III) complex with 8-oxyquinoline
on the absorption value at Ayox=379 nm

In an acidic environment, the concentration of H* ions is high; the ligand is protonated.
This is a process that competes with complex formation:

[La(C9H6NO)3] + 3H* > La** + 3CoH,;NO*

In an alkaline environment, starting at pH=38, there is a tendency for La** ions to hydrolyse
and form first finely dispersed and then larger agglomerates of lanthanum (III) hydroxide. It
also disrupts the integrity of the coordination compound:

[La(C9H6N0)3] +30H > La(OH)3l + 3CoH¢NO"

Studying the dependence of lanthanum(III) complex stability with 8-hydroxyquinoline
on the pH of the medium is important in terms of the prospects for biomedical application of
this compound [22]. Thus, it is possible to forecast the stability and probability of complex
destruction. It leads to the release of La’* ions and ligands ensuring targeted drug delivery [23].

We obtain the theoretical data on complex formation. Geometry optimisation was performed
(see Figs. 6 and 7), quantum chemical calculation of charges, and the energy gap between
HOMO and LOMO using the semi-empirical RM7 method in the MOPAC program [24].
Structures were visualised using ChemCraft v. 1.6. [25].

AEiigana=|Enomo-Eromo|=|36.0628-30.8269|=5.2359 eV
AEcomplex=|Enomo-Eromo|=|36.0310-32.3806|=3.6504 eV
AEtota= AEligand' AEcomplex:1-5855 eV
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Fig. 6. Optimised geometry of the 8-oxyquinoline molecule: Luyerage (C-H)=1.09 A, Lyerage (C-C)=1.41 A, [(O-H)=1.00
A, I(C-N)=1.37 A, Z(H-0-C)=40.3°.
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1 o 2 13

Fig. 7. Optimised geometry of the La(III) complex with 8-oxyquinoline: Lerage (C-H)=1.08 A, Lyerage (C-C)=1.38 A,
I(La**-0)=2.27 A, I(La**-N)=1.86 A, I[(C-N)=1.41 A, £(0O-La-N)=81.2°.

A study of the charges on 8-oxyquinoline and its lanthanum derivative atoms showed a
redistribution of electron density. It is also confirmed by a comparison of C-C bond lengths
(their decrease in the case of coordination bonding with the metal) and coordination not only
through the hydroxyl group, but also through the nitrogen of the quinoline ring (see Table 4):
a more negative charge is observed on nitrogen (Aqx=0.453; Aqo=0.426), and a positive charge
on lanthanum (qL.=+1.359). Deprotonation of the ligand forms a stable chelate compound.

Table 4. Charges on 8-hydroxyquinoline and La(III) complex with 8-hydroxyquinoline

Ligand Complex
Atom number Atom type Charge Atom type Charge
1 C -0.271 C -0.300
2 C -0.068 C -0.077
3 C +0.292 C +0.393
4 H +0.156 H +0.150
5 o -0.448 O -0.874
6 C -0.226 C -0.252
7 C +0.012 C +0.010
8 H +0.161 H +0.158
9 C -0.013 C +0.040
10 H +0.182 H +0.175
11 N -0.373 N -0.826
12 C +0.054 C -0.042
13 C -0.218 C -0.144
14 C -0.103 C -0.197
15 H +0.174 H +0.119
16 H +0.167 H +0.153
17 H +0.163 H +0.157
18 H +0.358 La +1.359

Analysis of possible biological activity profile in the PASS Online program [26] for
8-hydroxyquinoline and its coordination compound with lanthanum showed the following (see
Tables 5 and 6).
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Table 5. Analysis of the biological activity profile of 8-hydroxyquinoline

P, Activity
0.920 Glycosylphosphatidylinositol phospholipase D inhibitor
0.917 Anti-seborrheic effect
0.910 Carboxypeptidase inhibitor
0.910 Pullulanase inhibitor

Indeed, 8-hydroxyquinoline is a chelating agent. The main mechanism of antibacterial
activity of this molecule is the binding of metals as a part of the active center of vital enzymes
of microorganisms. Thus, carboxypeptidases (P.,=0.910), lysostaphin (P.=0.884), and
pullulanase (P,=0.910) show an antibacterial effect by destroying proteins or carbohydrates in
the cell. At the same time, glycosylphosphatidylinositol phospholipase D (GPI-PLD; P,=0.920)
cleaves the anchors to hold proteins to the membrane. 8-hydroxyquinoline also has
anti-seborrheic activity (P.=0.917), affecting the function of the sebaceous glands.

When 8-hydroxyquinoline binds to lanthanum, the molecule is stabilised due to the
structural changes discussed earlier. The profile of biological activity shifts towards antioxidant
defense enzymes (P. = 0.948 - glutathione thiolesterase, P.=0.920 — monodehydroascorbate
reductase), and signaling proteins, including nicotinic and acetylcholine receptors (P.=0.900).
It indicates a decrease in redox activity and shows more selective interactions of the compound
with protein targets while maintaining the antimicrobial properties of the parent ligand.

Table 6. Analysis of the biological activity profile of the La(III) complex with 8-hydroxyquinoline

P, Activity
0.948 Glutathione thiolesterase inhibitor
0.932 Glycosylphosphatidylinositol phospholipase D inhibitor
0.920 Carboxypeptidase inhibitor
0.920 Monodehydroascorbate reductase (NADH) inhibitor
0.907 Pullulanase inhibitor
0.900 Antagonist of nicotinic and acetylcholine receptors (a6p3p4a5)

Using program [27], we investigated the dependence of the distribution coefficient in the
octanol-water system (log P) on pH for the lanthanum complex with 8-hydroxyquinoline and
for the initial ligand (see Fig. 8). Analysis of the function graphs showed higher bioavailability
of the coordination compound in an alkaline environment (pH=9-15) compared to the initial

substance.
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Fig. 8. The graph of log P dependence on pH for the ligand (curve 2) and the complex compound (curve 1).
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Using the Swiss ADME service [28], we tested the research objects for bioavailability
based on a number of formal criteria [29-30]. These criteria allow us to evaluate adsorption and
assess the potential of a drug based on a number of parameters, including pharmacokinetic ones
(see Table 7). Both the ligand and the complex are capable of penetrating the blood-brain
barrier (BBB), adsorbed in the gastrointestinal tract, and comply with Lipinski's, Weber's, and
Ethan's rules. Abbott's bioavailability index has a value of 0.55; it is the same for both
compounds [31], further confirming compliance with Lipinski's rules. The La(III) complex with
8-hydroxyquinoline penetrates the skin 0.76 cm/s faster than the original ligand.

Table 7. Analysis of the biological activity profile of the La(III) complex with 8-hydroxyquinoline

Parameter Parameter value for The value of the parameter for the La(III)
8-hydroxyquinoline complex with 8-hydroxyquinoline
Molecular weight 145.16 g/mol 283.06 g/mol
Gastrointestinal absorption High indicator High indicator
Ability to permeate the blood- N N
brain barrier (BBB)
Rate of penetration through the
okin 5.75 cm/s 6.51 cm/s
Compliance with Lipinski's rule + +
Gouze filter - -
Weber filter + +
Egan filter + +
Miiegge filter - +
Abbott bioavailability index 0.55 0.55
Conclusions

A La(IIT) complex with 8-hydroxyquinoline was synthesised. Analysis of IR spectra and
quantum chemical calculations (MOPAC 2016 // PM7) confirmed the coordination of the
metal with the ligand via the phenolic oxygen and nitrogen of the quinoline ring. The
absorption maximum of the resulting coordination compound in the electronic spectrum was
Ama=379 nm, wave numbers in the IR spectrum: v(C-0)=1233.8 cm™, v(C=C)=1600.5 cm,
V(Ar)=1569.0 cm, v(La**-O, La**-N)=657.0. Additionally, the participation of heteroatoms in
coordination was confirmed by a change in charge during complex formation: Aqn=0.453;
Aqo=0.426. The energy gap was AEww= 1.5855 eV. A study of the dependence of absorption on
pH showed that the complex is most stable in a neutral environment (pH = 7.0-8.0). This is
consistent with its chelate nature and resistance to hydrolysis and protonation. Moreover,
La(III) complex with 8-hydroxyquinoline is a more selective and potentially less toxic analogue
of the original ligand, retaining the useful biochemical properties and possessing improved
physiological parameters. This makes it promising for further biomedical research.
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