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I. Introduction

The tradition of research on heterocyclic orgamimpounds dates back several decades at the
Department of Organic and Medicinal Chemistry & University of Pécs. Dr. Kalman Hideg
and his coworkers were the first research team umgdry that started to focus on the
synthesis of stable nitroxide free radicals andrthpplications. Importance of the topic is
well supported by the fact that research on freecads developed into a new interdisciplinary
field both in Hungary and in the world. Earlier, tine 70’'s and 80’s, stable nitroxide free
radicals were predominantly applied as spin lalbetsthe study of protein structure and
function. Biological application has been delaygdhte belief that nitroxide radicals are just
as harmful for the living organism as reactive aygpecies (OH, £ etc.). During the last
decades, results of our Department and those ef offsearch groups have proven that these
compounds and their diamagnetic amine precurs@sgss superoxide dismutase (SOD)-like
and catalase activity. This finding is supportedthy fact that the paramagnetic group may
participate in certain single-electron-transfergasses (such as most of the oxido-reductive
processes of the living organism). Compounds coimgi2,2,5,5-tetramethyl-pyrrol(id)ine
and 2,2,6,6-tetramethyl-piperidine rings exhibigedioxidant activity. Incorporation of these
free radicals into biologically active substandesyond maintaining the original therapeutic
effects, the basic compound got antioxidant progeralso. These studies showed that the
stable nitroxide may contribute to pharmaceutibatapy in the future. Therefore synthesis of
new 2,2,5,5-tetramethyl-pyrrol(id)ine and 2,2,6e&damethyl-piperidine nitroxide derivatives
Is an interesting and exciting challenge.

| had the opportunity to join the research teana atudent researcher and later as a Ph.D.
student. In my Ph.D. thesis | summarize the symheEsthe compounds produced during that

period, and results obtained with their application



Il. Objectives

1. Synthesis of new 5- and 6-membered carbo- anddwteles anellated with pyrroline

nitroxides!

2. Synthesis of paramagnetic derivatives of biolodycahctive flavonoids and
polyphenolic compounds by the modification of tHavénoid B and C rings.
Synthesis of carbo- and heterocycles and flavordadivatives modified with
pyrrol(id)ine nitroxides’

3. Synthesis and evaluation of new para- and diamaggatnazoline type poly(ADP-

ribose)-polymerase inhibitor and cardio-protectieenpounds.

lll. Experimental procedures

During our experiments we used macro and half-miosghods of the modern preparative
organic chemistry. The compounds were purified cgrdd Silica Gel 60 (0.040-0.063 mm)
by flash column chromatography. The purity of tlenpounds was inspected by TLC on
commercially available Merck Silica Gel 6Qskplates. The melting points were determined
with Boetius micro melting-point apparatus and urected. Elementary analyses were
performed on Fisons EA 1110 CHNS elemental analylelxss spectra were recorded on
Finnigan Automass-Multi and VG TRIO-2 instrumentkh mode. The NMR spectra were
recorded with Varian Unity Inova 400 WB; chemicaifts were referenced to TMS. The
infrared (IR) spectra recorded on Specord M85 umsént in KBr cuvettes, were in each case
consistent with the assigned structure. The ESRtspevere obtained from a f0molar
solution (CHC}), using a Miniscope MS 200 spectrometer. All mamlicals exhibited three
equally spaced lines withyal4.0-16.5 G. The biological results are basednovivo andin
vitro studies conducted at the Department of Biocheynmtrd Medical Chemistry and'|

Department of Internal Medicine, University of Pédsdical School.



IV. New scientific findings

1. The scope and limitations of the reactions of layde | were tested for synthesizing
pyrroline nitroxides condensed heterocycles, withioreversible damage of the nitroxide
moiety. The reaction of aldehydé with 2-mercaptomethylbenzoxazole, ammonium
thiocyanate, orn-butyl glycolate sodium salt affordedl 2’-thienyl-2-benzoxazole]V
isothiazole,V furann-buthyl-ester, respectively. Compoumid with mercaptoacetic acid
methyl ester andp-tolyl isocyanate gave compountll thieno[3,2-d]pyrimidin-dione

heterocycle.
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The Diels-Alder reaction oYl diene affordedVvlll pyrano[3,4-c]pyrrole]X crosslinking

thiolspecific bismethanethiosulfonabé naphthalene andl cyclopentadiene derivatives.
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2. The paramagnetic aldehyd¢ll is an important reagent for synthesis of tKHI
phenanthrimidazole and the&IV paramagnetic flavanonXV paramagnetic flavon

derivatives, with condensation and organometadigpting reactions.
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Reaction of 4-(1-oxyl-2,5,5,-trimethylpyrrolidiney®)-benzaldehyde radicaVI was further
investigated and extended to achieve photoactiviaéhezophenoneXxll ), thiolspecific spin

label XX , paramagnetic flavon analogue&X{ -XXIll ) and Warfarin analoguéX .



The 2-nitro-benzaldehyde bound to nitroxidé/Ill was a valuable compound for
synthesizingKXIV paramagnetic salicylic acid analogue andXx&/ Nifedipine analogue,
that is a 1,4-dihydropyridine-type calcium antagbniThe synthesis of th&XVI biradical
indigo-derivative is a classical structure-proda# thrtho-position of the nitro and the aldehyde
groups in compoun¥AVIll. The paramagnetic indig&XXVI ) formation is proven by quintet

bands in its EPR spectrum.
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3. The 4-quinazolinone compounds possess severa tfgehysiological effects. Due to their
stability they are important starting compounds pblarmaceutical applications including
PARP inhibition. We syntesized paramagnetically ified derivatives to study their PARP-
inhibitory activity. Since alkylation of the NH-matly lead to the loss of PARP inhibitory
effects, therefore the 3-substitued-2-methylquitinee4(3H)-one KXVII) derivative is
inactive. Because of this all other modificationgrev carried out in position 2 of the
quinazolin-4(31)-one ring.
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We synthesized th&XXVIlIl and XXIX derivatives, but despite our expectations, these
guinazolin-4(3)-one derivatives also failed to show outstandiAdRP-inhibition.
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PARPInhibitory effect of the4(3H)-quinazolinon derivatives o isolated rat liver enzym

Unexpectedly, the neradical typeXXX N-ethylpiperidine ancXXXl N-ethyltetramethy-
piperidine derivatives, produced originally as reference conmois proved to be the mc
advantageous. For comparison, we also synthesXXXI | and XXXIII tertiary amine
derivatives. Among these compounthe easily obtainablderivative XXX, proved to be
efficient in furtherbiological test. It was shown to restore systolic left ventriculanction
more efficiently in an animal model of infarctioman enelapr.> Moreover, during infarctio
it influences other biochemical signal transductathways beneficially (it exerted benefic
effects on Akt and p38 MAPK signal systemex vivc andin vive model®) in addition to it
PARP inhibition. Additionally, compounXXX inhibited protein kinas C (panPKC, PKI
a/Bll, PKC 6 and PKC &) phosphorylatio, leading to activation of antihypertrop factor
GSK-33.f

Based on results obtained previously in our Depamtnand presented in my thesis, it
been proven that biologically active mcules modified by nitroxideor their precursors gai
antioxidant properties while maintaining and evearhancing their original effects. TI
paradigm appears tbe confirmed that harmfulROS and RN must be eliminate

immediatel after formatiol, in statt nascendi
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