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Resumo

Alves, Thais Valéria Barreiros; Buarque, Camilla D. Estudo de complexos
binarios e ternarios de aluminio(lll) com aminoacidos e ligantes
fosfatados. Rio de Janeiro, 2014. 287 p. Tese de Doutorado — Departamento
de Quimica, Pontificia Universidade Catolica do Rio de Janeiro.

Neste trabalho investigou-se a complexacdo entre o ion aluminio e ligantes
como a adenosina 5’-trifosfato, a fosfocreatina e aminoacidos pelas técnicas de
titulagdo potenciométrica, espectroscopia Raman e célculos tedricos em solucéo
aquosa, para conhecer as caracteristicas dos compostos formados. O estudo visou
subsidiar o entendimento dos mecanismos de absorcdo e biodisponibilidade do
aluminio. Tal compreensdo poderia auxiliar as pesquisas clinicas relacionadas a
prevencdo e ao tratamento de doencas neurodegenerativas. O aluminio estd
presente na agua e em vegetais, carnes, laticinios e aditivos alimentares. Solugdes
de nutricdo parenteral, formulas infantis e medicamentos podem conter aluminio
também. Em fluidos corporais, os nucleosideos di e trifosfatos e os aminoacidos
sdo bons ligantes para o ion aluminio. Biomoléculas da baixa massa molecular
formam complexos que aumentam o pH de precipitacdo do ion e sua absorcao
gastrointestinal. Esta pesquisa analisou seis complexos formados com o ion
aluminio em solugdo aquosa. Os compostos bindrios, tetraaquaadenosina5’-
trifosfato aluminio(lll) e aquafosfocreatina aluminio(lll), foram estudados por
espectroscopia Raman e calculos quantomecanicos. As andlises dos complexos
ternarios, adenosina5’-trifosfatodiaquacisteina aluminato(l11),
adenosina5’-trifosfatotriaquametionina aluminato(l1l), aquacisteinafosfocreatina
aluminato(ll1) e aquafosfocreatinametionina aluminato(lll), envolveram ainda a
potenciometria. Os calculos computacionais usaram a teoria do funcional de
densidade com o funcional hibrido (B3LYP), a base 6-311++G(d,p) e
consideraram o efeito do solvente agua pelo modelo de continuo polarizavel. Eles
englobaram a obtencdo de parametros geomeétricos, o calculo do espectro Raman e
a descricdo da superficie de contorno do potencial eletrostatico e do mapa do
potencial eletrostatico. No que tange os complexos binarios, as analises

ratificaram o comportamento bidentado da adenosina 5’-trifosfato por um
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oxigénio do fosfato alfa e um oxigénio do fosfato beta. No complexo formado
entre o ion aluminio e a fosfocreatina, o ligante atua como tridentado por um
oxigénio do fosfato, um oxigénio do carboxilato e um nitrogénio. Os mapas do
potencial eletrostatico apontaram a presenga de regides “neutras” ao redor dos
atomos e como as cargas totais das moléculas eram zero, elas devem ser sollveis
em lipidios. Nos complexos ternarios, os modos de coordenacdo da adenosina
5’-trifosfato e da fosfocreatina adotados nos compostos binarios se mantém. A
cisteina se comporta como bidentada por um oxigénio do carboxilato e um
nitrogénio. Na espécie adenosina5’-trifosfatotriaquametionina aluminato(lll), a
metionina atua como monodentada pelo oxigénio do carboxilato. A despeito da
carga total negativa dos complexos, as moléculas nao apresentam um potencial
eletrostatico tdo negativo e possuem uma estrutura estavel. Quatro outros sistemas
ternarios, 0 aluminio(lll):adenosina 5’-trifosfato:homocisteina, 0
aluminio(lll):fosfocreatina:homocisteina, o aluminio(lll):adenosina 5’-trifosfato:
penicilamina e o aluminio(lll):fosfocreatina:penicilamina, foram examinados
apenas por potenciometria. Ela mostrou a ocorréncia de varias reacbes de
complexacdo e diversos complexos sdo formados de acordo com o pH.
Comumente, o aluminio(lll) se torna insoltvel entre pH 2,5 a 5,5. Todavia, isso
ndo ocorreu. Os resultados exibiram a variedade do comportamento dos ligantes
na complexacdo com o ion aluminio. As pesquisas sugerem como podem estar

formados alguns complexos nos organismos Vivos.

Palavras-chave

Complexos; aluminio(Ill); aminoacidos; fosfocreatina; adenosina 5’-trifosfato;
potenciometria; espectroscopia Raman; calculos quantomecanicos.
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Abstract

Alves, Thais Valéria Barreiros; Buarque, Camilla D. (Advisor). Study of
binary and ternary complexes of aluminum(l1l) with amino acids and
phosphate ligands. Rio de Janeiro, 2014. 287 p. Ph.D Thesis - Departamento
de Quimica, Pontificia Universidade Catdlica do Rio de Janeiro.

This thesis investigated complexation reactions between aluminum(lll) and
ligands such as adenosine 5’-triphosphate, phosphocreatine and amino acids by
potentiometry, Raman spectroscopy and theoretical calculations in aqueous
solution, with the aim to know the proprieties of formed complexes. The study
was important to improve the knowledge about absorption mechanisms and
bioavailability of aluminum(lll). This learning could help clinical researches
about prevention and treatment of neurodegenerative diseases. Aluminum is
present in water and in vegetables, animal products and food additives. Parenteral
nutrition solutions, infant formulas and medications also contain aluminum. In
fluids, di- and triphosphate nucleosides and amino acids are good ligands for
aluminum(I11). Low molecular mass biomolecules form complexes which increase
the pH of precipitation of the metal ion and its gastrointestinal absorption. This
study analyzed six complexes with aluminum ions in aqueous solution. The binary
compounds tetraaquaadenosine 5’-triphosphate aluminum(lll) and
aquaphosphocreatine aluminum(lll) were studied by Raman spectroscopy and
guantum mechanical calculations. The analysis of the ternary complexes
adenosine5’-triphosphatediaquacysteine aluminate(111), adenosine5’-
triphosphatetriaquamethionine  aluminate(lll),  aquacysteinephosphocreatine
aluminate(l11) and aquaphosphocreatinemethionine aluminate(lll) also involved
potentiometry. Computational calculations used density functional theory with the
hybrid functional B3LYP and the 6-311++G(d,p) basis set regarding water solvent
effects by the polarizable continuum model. They included the assessment of
geometrical parameters, Raman spectrum calculations and the description of

electrostatic potential contour surfaces and mapped electrostatic potential.
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Regarding the binary complexes, analyses confirmed the bidentate behavior of
adenosine 5’-triphosphate through one oxygen of the phosphate beta and one
oxygen of the phosphate gamma. In the complex that formed between
aluminum(Ill) and phosphocreatine, the ligand behaved as a tridentate,
coordinated through one oxygen in the phosphate, one oxygen in the carboxylate
and one nitrogen in the guanidine group. The electrostatic potential maps pointed
out the presence of “neutral” regions around atoms and, as the total charge of
these molecules was zero, they should be soluble in lipids. In the ternary
complexes, the coordination modes of adenosine 5’-triphosphate and
phosphocreatine adopted in binary compounds remained. Cysteine behaved as a
bidentate ligand through one carboxylate oxygen and nitrogen. In the adenosine5’-
triphosphatetriaquamethionine aluminate(lll) species, methionine acted as a
monodentate ligand via the carboxylate oxygen. Despite the negative net charge
of the complexes, they did not exhibit a negative electrostatic potential and had
stable structures. The four other ternary systems, aluminum(lll):adenosine 5’-
triphosphate:homocysteine, aluminum(l11):phosphocreatine:homocysteine,
aluminum(lll):adenosine ~ 5’-triphosphate:penicillamine  and  aluminum(lll):
phosphocreatine:penicillamine, were examined only by potentiometry. The results
showed the occurrence of various complexation reactions, and several complexes
are formed depending on the pH. Commonly, aluminum(Ill) becomes insoluble
between pH 2.5 to 5.5. However, this did not occur. These results bring to light
the multiplicity of ligand behaviors in complexation with aluminum(lil). This

research also suggests that some complexes may be formed in living organisms.

Keywords

Complexes; aluminum(lll); amino acids; phosphocreatine; adenosine
5’-triphosphate; potentiometry; Raman spectroscopy; quantum-mechanical
calculations.
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aa - aminoéacido

AP - beta amil6ide

AMPc - adenosina monofosfato ciclico
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B3LYP - Becke3-Lee-Yang-Parr

Cis - cisteina
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