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ABSTRACT

Parkinson’s disease (PD) is a multifactorial neurodegenerative disease believed to be caused
by a number of factors. This has made the successful treatment of the disease very difficult, as
the underlying cause of degeneration is still unknown. Monoamine oxidase (MAO-B) inhibitors
have been used in the treatment of PD. MAO-B is known to be involved in the catalytic oxidation
of biogenic amines, a reaction which produces aldehydes and hydrogen peroxide as by-
products. Both these by-products can be toxic if not rapidly cleared. Inhibitors of MAO-B
conserve the depleted supply of dopamine and also stoichiometrically decreases the amount of
toxic by-products formed. Thus, MAO-B inhibitors may offer both symptomatic and
neuroprotective effects that can aid in the treatment of PD.

This study is part of the ongoing investigation into the development of new selective reversible
inhibitors of MAO-B. Literature reports that isatin, a small, reversible, endogenous MAO
inhibitor, found in the brain, can inhibit both MAO-A and MAO-B enzymes. Previous studies
have shown that (E)-5-styrylisatin and (E)-6-styrylisatin are reversible inhibitors of human MAO-
A and -B. Both homologues are reported to exhibit selective binding to the MAO-B isoform with
(E)-5-styrylisatin being the most potent inhibitor. To further investigate these structure—activity
relationships (SAR), in the present study, additional C5- and C6-substituted isatin analogues
were synthesized and evaluated as inhibitors of recombinant human MAO-A and MAO-B. A
series of structurally related corresponding anilines, which are synthetic precursors in the
synthesis of isatin derivatives, were also evaluated as MAO inhibitors. This study is part of an
attempt to identify new inhibitors with enhanced potencies and specificities for both MAO-A or
MAO-B.

In general, C5- and C6-substitution of isatin leads to enhanced binding affinity to both MAO
isozymes, compared to isatin, and in most instances result in selective binding to the MAO-B
isoform. The most potent MAO-B inhibitor 5-(4-phenylbutyl)isatin, exhibited an ICs, value of 0.66
nM and the most potent MAO-A inhibitor was found to be 5-phenylisatin with an ICs, value of
562 nM. Crystallographic and modelling studies suggest that the isatin ring binds to the
substrate cavities of MAO-A and -B and is stabilized by hydrogen bond interactions between the
NH and the C2 carbonyl oxygen of the dioxoindolyl moiety and water molecules present in the
substrate cavities of MAO-A and -B.

Xiv



Based on these observations and the close structural resemblance between isatin and its
phthalimide isomer, a series of phthalimide analogues were synthesized and evaluated as MAO
inhibitors. The results showed that the C5 substituted phthalimides were very potent competitive
inhibitors with ICsy values ranging 0.007 to 2.5 pM for MAO-B and ICsp values ranging 0.22 to
9.0 uM for MAO-A. The 5-(4-benzyloxy)phthalimide was the most potent MAO-B inhibitor in the
phthalimide series, with an ICs value of 0.007 uM. The results of modelling studies showed that
hydrogen-bond interactions between the phthalimide carbonyl oxygen and the enzyme amino
acid residues and the integral water molecules are important for the binding of phthalimide to
the active site of MAO-B.

The potent competitive inhibition and activities of the C5 substituted phthalimide analogues
towards MAO-B has led us to investigate a structurally similar series of C4-substituted
phthalonitriles. A series of C4-substituted phthalonitriles were prepared and evaluated as
inhibitors of MAO-B. In general, the phthalonitriles were very potent competitive inhibitors of
MAO-B with ICsp values ranging from 0.005-6.02 uM. 5-(4-benzyloxy)phthalonitrile was found to
be the most potent inhibitor for human MAO-B with an ICs, value of 0.005 pM.

To further investigate the effect of the nitrile group in this class of compounds, C3 and C4
substituted benzonitriles were prepared and evaluated for MAO inhibition. The results showed
that similar to the phthalonitriles, the benzonitriles were also potent inhibitors of human MAO-B,
with ICsp values ranging from 0.785-1.39 yM. The benzonitriles, however, were not as potent as
the corresponding phthalonitriles. These findings suggest that, although two nitrile groups are
more optimal for inhibition, the presence of a second nitrile group is not a necessity for potent
MAO-B inhibition. Placement of the nitrile group at C3 resulted in more potent MAO-B inhibition

compared to placement of the nitrile at C4.
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OPSOMMING

Parkinson se siekte (PD) is 'n multifaktoriéle, neurodegeneratiewe siekte. Dit word aanvaar dat
PD deur 'n aantal faktore veroorsaak word. Suksesvolle behandeling van die siekte is egter
problematies omdat die onderliggende oorsake daarvan nog onbekend is. Monoamienoksidase-
B (MAO-B) -remmers is reeds gebruik vir die behandeling van PD. MAO-B is betrokke by die
katalitiese oksidasie van biogeniese amiene, waartydens aldehiede en waterstofperoksied as
neweprodukte gevorm word. Beide hierdie neweprodukte mag toksies wees indien dit nie vinnig
opgeruim word nie. MAO-B-remmers veroorsaak dat die verminderde voorraad dopamien
bewaar word en verlaag die hoeveelheid toksiese neweprodukte wat stoigiometries vorm. MAO-
B-remmers mag dus simptomatiese verligting sowel as neurobeskerming bied, wat bruikbaar

kan wees vir die behandeling van PD.

Hierdie studie vorm deel van 'n deurlopende ondersoek na die ontwikkeling van nuwe,
selektiewe, omkeerbare MAO-B-remmers. Volgens die literatuur is isatien 'n klein, omkeerbare,
endogene MAO-remmer wat in die brein aangetref word en wat daartoe in staat is om beide
MAO-A- en MAO-B-ensieme te inhibeer. Vorige ondersoeke het getoon dat (E)-5-stirielisatien
en (E)-6-stirielisatien menslike MAO-A en -B omkeerbaar inhibeer. Beide homoloé bind selektief
aan die MAO-B isoform, met (E)-5-stirielisatien wat die mees potente remming vertoon. Ten
einde hierdie struktuuraktiwiteitsverwantskappe (SAV), verder te ondersoek in die huidige
studie, is addisionele C5- en C6-gesubstitueerde isatienanaloé gesintetiseer en geévalueer as
remmers van rekombinante, menslike MAO-A en -B. 'n Reeks struktureelverwante,
ooreenstemmende aniliene, wat sintetiese voorlopers in die sintese van isatienderivate is, is ook
as MAO-remmers geévalueer. Hierdie studie vorm deel van 'n poging om nuwe remmers met

verbeterde potensie en spesifisiteit vir beide MAO-A en MAO-B bekend te stel.

In die algemeen lei C5- en C6-substitusie van isatien tot verhoogde bindingsaffiniteit vir beide
MAO-isosieme, vergeleke met isatien, en in die meeste gevalle ook tot selektiewe binding aan
die MAO-B-isoform. Die mees potente MAO-B-remmer, 5-(4-fenielbutiel)isatien, se ICso-waarde
was 0.66 nM en die mees potente MAO-B-remmer, 5-fenielisatien, het n ICso-waarde van 562
nM getoon. Kristallografiese en modelleringstudies dui daarop dat die isatienring in die
substraatholtes van MAO-A en -B bind en gestabiliseer word deur waterstofbindingsinteraksies
tussen die NH en die C2-karbonielsuurstof van die dioksoindoliel-eenheid en watermolekules

wat in die substraatholtes van MAO-A en -B teenwoordig is.
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Na aanleiding van hierdie waarnemings en die noue strukturele verwantskap tussen isatien en
sy ftaalimiedisomeer, is 'n reeks ftaalimiedanaloé gesintetiseer en as MAO-remmers
geévalueer. Die resultate toon dat die Cb5-gesubstitueerde ftaalimiede besonder sterk
kompetitiewe remmers is met ICso-waardes van 0.007 tot 2.5 yM vir MAO-B en ICsp-waardes
van 0.22 tot 9.0 yM vir MAO-A. 5-(4-Bensieloksie)ftaalimied was die sterkste MAO-B-remmer in
die ftaalimiedreeks met n ICs-waarde van 0.007 uM. Modelleringstudies het getoon dat die
waterstofbindingsinteraksies tussen die karbonielsuurstof van die ftaalimied en die
aminosuurresidue van die ensiem en die integrale watermolekules belangrik is vir die binding

van ftaalimied aan die aktiewe setel van MAO-B.

Die kragtige kompetitiewe inhibisie en aktiwiteit van die C5-gesubstitueerde ftaalimiedanaloé vir
MAO-B het gelei tot die ondersoek van ’'n struktureel soortgelyke reeks van C4-gesubstitueerde
ftalonitriele. 'n Reeks C4-gesubstitueerde ftalonitriele is gesintetiseer en as MAO-B-remmers
geévalueer. Oor die algemeen was die ftalonitriele hoogs potente MAO-B-remmers met
ICso-waardes wat van 0.005 tot 6.02 uM gestrek het. Dit is bevind dat 5-(4-
bensieloksie)ftalonitriel die kragtigste remmer vir menslike MAO-B was met 'n ICs-waarde van
0.005 uM.

Ten einde die invloed van die nitrielgroep op hierdie klas verbindings verder te ondersoek, is die
C3- en C4-gesubstitueerde bensonitriele berei en geévalueer as MAO-remmers. Die resultate
het getoon dat die bensonitriele, soos die ftalonitriele, ook kragtige remmers van MAO-B is, met
ICso-waardes van 0.785-1.39 pM. Die bensonitriele was egter minder potent as die ftalonitriele.
Hierdie bevindings dui daarop dat, alhoewel twee nitrielgroepe optimaal vir remming is, die
teenwoordigheid van 'n tweede nitrielgroep nie noodsaaklik is vir potente MOA-B-remming nie.
Verbindings met die nitrielgroep in die C3-posisie was kragtiger MAO-B-remmers as dié met die
nitrielgroep in die C4-posisie.
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