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NPB AEJ/PART 1:

AncTpakT (Makcumym 250 360poBHM)

fonem 6poj Ha OpraHCKM COeAMHEHMja LWTO BO CBOJjOT COCTaB coapxaT
6eH30KMHOHCKA CTPYKTypa MoKaxyBaaT rosieM 6poj Ha BaXHU OU3MONOLLKK
dYHKUMM KN ce ynoTpebyBaaT KakKO aHTUTYMOPHW, aHTUBAKTEpUUMOHWU WIn
AQHTUOKCMAAHCHN CUCTEeMW. BEeH30KMHOHUTE Ce He3aMeH/MBWU coeAuHeHunja BO
dapmMaueBTCKaTa MHAYCTpUja M Tue ce ynotpebyBaaT Kako MoYeTHW MaTepujanu
BO CWHTe3aTa Ha rosnemM 6poj NpMpoOAHM NpPOU3BOAM. CoegnHeHneto 2,3-
dimethoxy-5-methyl-p-benzo-quinone (Coenzyme Q-0) € BaXHO CTapTHO
coeAnHeHWe BO CMHTe3aTa Ha BuTamMuH E u Ha Coenzyme Q-10. ButammH E u
Coenzyme Q-10 ce coeauHeHuja WTO MMaa ronem 6poj BaKHM GU3MONOLIKU
dYHKUMN, 1 TUEe ce KpyuujanHu BO CUHLIMPOT Ha MUTOXOHAPUjasieH eneKTPOHCKM
TpaHcdep Kage ce AMPEKTHO BKY4YeHM BO CUMHTe3aHa Ha ATI. Monem 6poj Ha
6EH30KNMHOHM WTO coapXxaT xuapokcuaHu OH rpynu BO cBOjaTa CTPyKTypa ce
NMo3HaTK KakKo eduKaCcHM aHTUOKCHMAAHTU. FoneM 6poj Ha TUe XMAPOKCU AepuBaTtu
Ha 6eH30KWMHOHUTE Ce CUHTEeTM3MpaaT Co okcuaumja Ha (eHON WAM Ha HeKowu
MeTOKCW AepuBaTu Ha 6eH3eHOoT. Bo HawwoT MaTteHT nybnnkyBaH HeogaMHa, Hue
NnoKa)kaBMe Aeka XMAPOKCUM H6EH30KMHOHM MOXEe Aa Ce CUHTETU3MpaaT Ha MHOry
€[HOCTaBeH HauuMH 04 MeTOKCUM OEeH30KMHOHM, Mpu WTOo A0bueHunTe NpoayKTH
NnoKa)kyBaaT CW/IHM aHTUMOKCMAATUBHM CBOjCTBa, a MMaaT CBojcTBa v Aa buaar
nvraHau 3a rosemM 6poj Ha MeTanHWM KaTjoHu. Llenta Ha OBOj NpoeKkT e ga ce
ncnuTaaT CTpyKTypaTa M CBOjCTBaTa Ha MpoaykKTuTe AobueHn npu peakuuja Ha
Coenzyme Q-0 BO cu/IHO ankanHa cpeavHa. CTyamnTe rnaBHO Ke 61aaT HacoyeHu
KOH UCNUTyBake Ha METasIOKOMMJIEKCUPAUYKNTE N aHTUOCKMAATUBHUTE CBOjCTBA
Ha gobmeHnTe NMpoaykTn Npu peakumjata Ha Coenzyme Q-0 BO CUSIHO asikasiHa
cpeavHa. Kako rnaBHM WHCTPYMEHTANHW CUCTEMM Ke U ENEeKTPOXEMUCKUTE
TexHukn u  HPLC, 3aegHO CO enekTpoH MapaMarHeTHaTta pe3oHaHua.
NcnnTyBake€TO Ha CBOjCTBATa Ha HOBUTE AEpPMBATM Ke NMpuaoHece 3a pa3paboTka
Ha ePTUHU N edMKACHN METOAM 3a CMHTE3a Ha HOBM @HTUOKCUMAAHTU WU JINraHam
3@ eMTaslHM jOHM LWITO Ke MoXaT Ja ce ynoTpebyBaaT Bo apMaleBTCKaTa,
MeaMuMCHKaTa U XxeMuckaTa uHaycTpuja.




Abstract (max 250 words)

Many organic compounds having a benzoquinone structure show diversity of
physiologically important properties and they are explored as antitumor,
antibacterial, and antioxidative systems. Benzoquinones are seen as
irreplaceable chemicals in pharmaceutical industry since they are explored as
starting materials in synthesis of many drugs and natural products. The 2,3-
dimethoxy-5-methyl-p-benzo-quinone (Coenzyme Q-0) is a valuable starting
material used for the synthesis of vitamin E and Coenzyme Q-10. Vitamin E and
Coenzyme Q-10 exhibit plethora of important physiological function, and they
are crucial compounds involved in the mitochondrial electron transfer chain,
while providing conditions for ATP synthesis. Most of the benzoquinones
containing OH groups in their structure are recognized as efficient antioxidants.
Many of these are prepared by oxidation of phenols or some methoxy derivatives
of benzene. In our recent Patent we have shown that we can synthesize hydroxyl
benzoquinones in a very cheap manner, while producing powerful antioxidants
and metal-ions ligands from methoxy benzoquinones as starting material. The
aim of this project is to investigate the structures and the properties of the
derivatives obtained by reaction of Coenzyme Q-0 in alkaline media. Our main
focus will be on studying the metal binding and antioxidative properties of
created derivatives. As a main instrumental toll we will use electrochemical and
HPLC techniques, coupled with electronic paramagnetic resonance. Revealing the
features of synthesized derivatives will help in producing of cheap and efficient
antioxidants and ligand that can be used for pharmaceutical, medical and
chemical purposes.







HeTtaneH onuc Ha NPOEKTOT:

Bosen
[eTtaneH onuc Ha cerawHWTE CO3HaHWja Ha NPeaMEeTOT Ha MWCTpaxyBaweTo
(makcmmym 1 cTpaHuua)

KWHOHUTE N XMOPOKMHOHWUTE Cce rorema kKraca Ha coeduHeHuja LUTO WHTEH3UBHO ce
ynotpebyBaat BO xemujata, papmauujata, MeauuuHaTa, dwusunonorvjata u usmkara.
OrpomeH 6poj BakHW OpraHCkM coeAmHeHuja kako wTto ce ButamuH K, Coenzyme Q10,
PUMOKMHOH, NIACTOKMHOH, BUTaMuH E, doriaBoHU, hriaBoHOMM U CIl., COapXXaT KMHOHCKU UNn
XUOPOKNUHOHCKN ,0enoBu, BO CTpykTypute. CuTe OBME coeduHEeHWja ce cMmeTaaTt 3a
AepvBaT Ha KUHOHUTE WUINU XUOPOKUHOHWUTE. KUMHOHWUTE U XMOPOKUHOHUTE ce edHU oA
rmaBHUTE MegujaTopy BO MpPOUECUTE Ha EeneKTPOHCKM TpaHcdep BO OM3MNOSOLLKUTE
cuctemu. Bo nocnegHute 30TWHA roauvHW, OBME COedMHEHWja ce KopucTaT U Kako
TepaneBTCkM peareHcn Bo MeguumHata. CoegmHeHujata Coenzyme Q10, NNAcTOKMHOH U
(OMNOKNMHOH Ce MeamjaTopy BO CUHLIMPOT Ha MUTOXOHApPUjaneH eneKkTpOHCKM TpaHcdep BO
XUBOTHUTE U pacTeHujaTa, U ce AUPEKTHN yY4eCHULM BO CUHTE3aTa Ha rMaBHOTO eHepPreTcko
coeauHeHue apeHosvH TpudpoctaT (ATIT). Mokpaj Toa, pegyumpaHute dopmMum Ha oBue
COeNHEHMja ce NO3HATW KaKo BUCOKOedUKacHM aHTuokengaHecu. OBue coegmHeHuja nmaat
BMCOK MOTEeHUMjan 3a peaykumja Ha LWITETHUTE (PU3NONOLLKUTE npouecu npeausBukaHn of
cnobogHnTe pagukanHu YeCcTMYKM Ha as3oT M kucropog. OnwTo rnegaHo, xemujata u
CBOjCTBaTa Ha KMHOHCKUTE cucTeMn ce (pyHKLMja o4 npupoaaTta Ha CyrnCTUTYEeHTUTE LITO ce
HaofaaTt BO nosvumnte 2, 3, 5 1 6 BO KMHOHCKATa CTPYKTypa, HO 1 oA npupodaTta n pH Ha
pacTteopuTe. [JOKOMKY BO CTPYKTypaTa Ha KWHOHUTE uMa egHa unu noseke xugpokenaHn OH
rpyna Bo noavumute 2, 3, 5 nnn 6 og KMHOHCKMOT MPCTEH, Toraw TakBuTe AepuBaTu ce
nos3HaTu Kako [obpu aHTMokcugaHcu. HeopamHa, Bo HawwmoT [MateHT nybnukyBaH BO
EBponckata VYHuja [1] nokaxaBmMe pfeka CO eOHOCTaBHa nocTanka MOXe pfa ce
CUHTETM3MpPaaT XUMAPOKCU CYMNCTUTYMPaHM KUHOHCKW OepuBaTu, TPrHyBajknm of pasnuyHu
METOKCU OEH30KMHOHM KaKo CcTapTeH Martepuwjan BO peakuumute. [lputoa, pobuenute
XUOPOKCUM KOHOHCKM [epuBaTh NOKaxyBaa BMCOKA aHTUOKCMAATMBHA CNocoBHOCT, a MMaa
noTeHumMjan n CUNHO Aa cep3yBaaT ronemM 6poj Ha MmeTanHu joHu. [NocTankaTa 3a CMHTEe3a Ha
HOBUTE XWOPOKCW KWHOHCKM AepuBatn € 6p3a v edTuHa, a nputoa of penaTtuBHO
nunounnHM MNOYEeTHU coeduHeHuja ce paobuBaat kako Mpoayktn amdundunnHm  mnnm
xngpodunHm  gepusatn. HoBUTE XMOPOKCUIHM KMHOHM MOKaXyBaa aHTUOKCuOaTMBHA
CNOCOBHOCT HEeKonky natu noroniemMa o Taa Ha ButammH C, M ce pocta MOrogHu
coefMHeHMja WTO penaTMBHO NIECHO MOXaT Aa NeHeTpupaaTt npeky KNneToyHnTe membpaHm
[2].

Bo pamkuTe Ha OBOj MPOEKT, HALWMTe UcnuTyBara Ke bugat dokycnpaHn KOH UCIINTYBaHETO
Ha CTpyKTypaTa u CcBojcTBaTa Ha gepuBaTtute gobuexn npu peakumnja Ha Coenzyme Q-0 Bo
cunHo ankanHa cpeguHa. CoepgumHenneTto  2,3-dimethoxy-5-methyl-p-benzo-quinone
(Coenzyme Q-0) e BaxHO CTapTHO CcOeAMHEHME BO CuHTe3aTa Ha BuTamMuH E un Ha
Coenzyme Q-10. [llputoa, rnmaBeH akueHT ke Owage CTaBeH Ha WCMUTYBawETO Ha
MeTanoKOMMMeKCMpadkMTe U aHTUOCKMAATMBHUTE CBOjCTBA Ha OOOMEHUTEe nNpoaykTn npwm
peakunjata Ha Coenzyme Q-0 co NaOH Bo cunHo ankanHa cpeguHa. 3a ncnutyBaweTo Ha
MEXaHM3MOT Ha peakuuMmMTe W Ha cBojcTBaTa Ha [obueHuTe gepuBatm Ke KOpUCTMME
enekTpoxemmuckn TexHuk, HPLC-MS wn enektpoH napamarHeTHaTa pe3oHaHua.
McnutyBaweTo Ha cBojcTBaTa Ha HOBWUTE AepvBaTtu Ke npuaoHece 3a paspaboTka Ha
ePTUHN 1 eprKacHN MeToAM 3a CUMHTE3a Ha HOBM aHTUOKCUOAHTU M NUraHgu 3a emMTanHu
jOHM WITO Ke MoXaT Aa ce ynoTpebyBaaTt BO (papmaueBTCKkaTa, MeauUMCHKaTa 1 xeMuckaTa
nHaycTpuja.

1. Rubin Gulaboski, Ivan Bogeski, Reinhard Kappl, Markus Hoth, Benzoquinones based
Antioxidants, European Patent Office, Munich 2011 (PATENT). available at
http://worldwide.espacenet.com/publicationDetails/biblio? CC=EP&NR=2332898&KC=
&FT=E&locale=en_EP
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2. Ivan Bogeski, Rubin Gulaboski*, Reinhard Kappl, Valentin Mirceski, Marina Stefova,

Jasmina Petreska, Markus Hoth, ,Calcium Binding and Transport by Coenzyme Q.,

Journal of the American Chemical Society 133 (2011) 9293-9303
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NMpeanoxeHn uctpaxyBamwa

HedvHupajte ™ udennte ©n  onuweTe M geTanHO  NfaHupaHuTe
NUcTpaxyBaka, CO nocebeH OCBPT Ha nNpPegHOCTUTE Ha KopucTeHaTta
MeTooriormja n UCTpaxyBaykMoT MfliaH CO BPEMEHCKa paMka (HajMHory 3
CTpaHuum)

Bo pamkute Ha wncTpaxyBawarta BO MNPEAnoXeHUOT NpPoekT ke 6uaat
UCNUTYBaHW rNaBHUTE acnekTn o peakumjata Ha 2,3-dimethoxy-5-methyl-p-
benzo-quinone (Coenzyme Q-0) co NaOH, kako n CTpykTypuTe 1 cBojcTBaTa

Ha JobueHuTe gepusatm.

-Ha noueTtokoT ke Ouoe OemasnHo npeanedaHa numepamypama W Ke
ovpaTt geuHUpaHuM gocerawHUTE CO3HaHuja 3a npobnemoTt wTo Ke buge
npeaMeT Ha CTyanja BO OBOj NPOEKT.

OBOj cermeHT oA NPOEKTOT ke Buae peanuanpaH Bo nepuog o 1 Mmeceu.

-3a cmydupawe Ha KuUHemukama Ha peakuujama Ha 2,3-dimethoxy-5-
methyl-p-benzoquinone (Coenzyme Q-0) co NaOH npensuaeHn ce
eKcnepuMMeHT BO KOW Ke ce crneau npoMeHaTa Ha KOHUeHTpauuwjaTa Ha
peakTaHTUTe W NPOOYKTUTE CO TEeKOT Ha BpemeTo, Npu LUTO Ke ce MeHyBa
KoHueHTpaumjata Ha NaOH Bo pernvoH og 0.0001-1 mol/L. MNpuTtoa, npwu
pasnu4Hu BpeMUa Ha peakumja ke bugaT MepeHu KOHUEeHTpauuuTe Ha
napearmpaHmot Coenzyme Q-0 n Ha JobueHnTe NpoaykTu. 3a oBaa HaMeHa
Ke Ougat ynotpebeHn enekTpoxemMuckn (BONTAMETPUCKM) TEXHUKN U
BMCOKOMPUTUCOYHA TeyHa Xpomartorpaduja LTO € noBp3aHa CO MaceHa
cnektpomeTpuja (HPLC-MS). [logeka enekTpoxXxemMucKuTe TeXHWKM naBaaT
yBU BO MEXaHW3MOT Ha peakuujaTta, co TexHukata HPLC-MS necHo moxe
Aa ce [JeTeKkTMpaaT MofiapHUTE Macu Ha [obueHuTe npoayktu npu
cTyampaHarta peakuumja.

OBWe eKcnepuMeHTH ke ce peanuanpaaTt BO Nepuod o 4 Meceuum.

-3a u3onayuja Ha dobueHume depueamu Ke KOPUCTUME npenapaTuBHa
HPLC-MS TexHuka.

OBue ekcnepuMeHTU Ke ce peanuaupaart BO nepuog o4 4 meceum.




-3a udeHmudpukayuja Ha cmpykmypume Ha CUHMemu3upaHume
depusamu ke Oupat ynoTpebGeHW TexHUKUTE HykneapHa MarHeTHa
pe3oHaHLUa W enekTpoH napararHeTHa pe3oHaHua. OBue TexHUKWU Ke bupaT
KOpuUCTeHN BO copaboTka co konerunte og YHuBepautetoT CaapnaHg BoO
Xombypr, NepmaHuja.

OBue ncnutyBama ke ce peanuampaart BO nepuo o4 4 meceum.

- Ucnumyeaw-emo Ha enekmpoxeMuckume ceojcmea Ha dobueHume
depueamu ke Guge peannavpaHo CO MOMOLL Ha €NEKTPOXEMUCKN TEXHUKMN.
Mputoa, nocebHO BHMMaHWe ke 6uae NOCBETEHO Ha pasjacHyBake Ha
MexaHU3MUTE Ha oKcuaauuvja U peaykumja Ha HOBUTE AepuBaTW, Kako U Ha
NnoTeHLUMjanoT Ha HOBUTE CoeaAMHEHN]a Aa CcBp3yBaaT MeTarnHu joHu. 3a oBaa
uen ke bugaT KOPUCTEHM LIKNNYHA U KBaapaTHO-OpaHoBa BonTaMmeTpuja.

OBue ekcnepuMeHTH Ke ce peanusnpaaT Bo nepuog oa 4 meceuun. Llenta Ha
OBWE UCnUTyBawa € Aa ce yTBpAW Konkas e noteHumjanoT 3a obpasyBame
Ha MeTarHuW KOMMNIIEKCU Ha HOBUTE XMAOPOKCKM AepuBaTtu Ha Coenzyme Q-0.
Mputoa ke Gupat onpeaeneHun ronem 6poj Ha KMHETUYM U TEPMOLMHAMUYKN
napameTpu Ha CTyAupaHUTE AepuBaTK, Kako U KOHCTaHTUTE Ha CTabunHocT

Ha NcnnuTtyBaHUTe gepmBaTt Co CTyanpaHUTe MeTallHU jOHI/I.

-Ucnumyean-emo Ha aHmMuokcudamueHume ceojcmea Ha Hoeume
depueamu Ha Coenzyme Q-0 ke Ouge peanusvmpaHo co ynotpeba Ha
eneKkTpoxeMnckn TexHukn n Ha YB-BUC cnekTtpodoTomeTpurckn TexHnkn. 3a
Taa HameHa, ke bugaT cTygmpaHn nHTepakumMmTe Ha UCNUTYBaHUTE aepuBaTu
co ABTS. [llputoa aHTMOKCMOATMBHUTE CBOjCTBA Ha CUHTETU3UPAHUTE
aepuBatn ke ©OwmgaT cnopegeHuM CO CBOjcTBaTa 3a aHTMOKCupaumja Ha
CTaHgapaHW coeamHeHunja Kako WTo ce ButamumH C, rmyTtaTtjoH u cn. OBue

eKCnepumMeHTH Ke ce peanusnpaar Bo nepuo o 4 meceum.

-OTKako ke buae peanuanpaH ekCnepuMeHTanHMoT Aer, Ke npuctanume KoH
objacHyBake Ha MaTepwjanoT U KOH nuwyeaH-e Ha Hay4yHa nybnukayuja.

OBOj CerMeHT o NPOEeKTOoT Ke ce peann3npa BO nepumo o 3 meceum.




3a uenokynHaTa peanu3auuja Ha NPoOeKTOT Ke buaaT noTpebHu 24
Meceum.

Details of the proposal:

Introduction
Provide a critical evaluation on the status of research in the proposed field
(Maximum 1 page)

Quinones and hydroquinones are a big class of organic compounds widely used in
various branches such as chemistry, medicine, pharmacy, physiology and physics.
Many important compounds like vitamin K, Coenzyme Q10, phyloquinone,
plastoquinone, as well as many flavons contain quinone/hydroquinone parts in their
structuresAll these compounds are recognized as derivatives of quinones and
hydroquinones, It is well known that quinones are main mediators in the processes
of mitochondrial electron transfer chain in many physiological systems, Moreover, in
the last 30 years, these compounds find intensive application as therapeutic systems
in the medicine. Coenzyme Q10, plastoquinon and phyloquinon are mediators in the
mitochondrial electron transfer in all plants and the living systems, and they are
crucial participants in the synthesis of adenosine triphosphate (ATP). Next to this
role, the reduced forms of the quinones (i.e. the hydroquinones) are recognized as
very efficient antioxidants. Many hydroquinones have potential to diminish the
damaging physiological processes in the living systems, produced mainly by the so-
called free radical species. In general, the chemistry and the properties of the
guinones depend mainly on the nature of substituents found in positions 2, 3, 5 and
6 in the quinone’s structure, but also pH plays important role in the behavior of the
guinones. If there is one or more hydroxyl (OH) groups in the structure of a given
quinones, then those derivatives are known as a very good antioxidants. Recently in
our EU Patent [1] we have shown that valuable hydroxyl quinone derivatives can be
synthesized by using a very simple and cheap procedure. As a starting material for
those syntheses, we have explored various methoxy benzoquinones. We have
proven that the obtained hydroxyl quinone derivatives had amazing antioxidative
features, while also possessing potential to binding of many metal cations. , The
procedure for synthesis of these systems is very cheap. By applying a defined
protocol, we could synthesized amphiphilic or hydrophilic compounds by starting
from relatively hydrophilic methoxy quinones. The novel hydroxyl-quinone
derivatives showed antioxidative potential much higher than vitamin C, and they
have ability to cross the cell membranes relatively easy [2].

In the frame of this project, our investigations will be focused on revealing the
structures and properties of quinone derivatives obtained in reaction between
Coenzyme Q-0 in alkaline solutios. The compound 2,3-dimethoxy-5-methyl-p-benzo-
guinone (Coenzyme Q-0) is an important starting compound in the synthesis of
Vitamin E and Coenzyme Q-10. The main goal of this project will be to get insights




into the antioxidative and metal*binding properties of the derivatives obtained in
reaction between Q-0 and NaOH in strong alkaline media. TO achieve this, we will
use electrochemical techniques, as well as HPLC-MS and electron paramagnetic
resonance experiments. This study will have impact in creating novel antioxidants
and metal-ligands in very simple manner, that can be explored in the pharmacy,
medicine and chemistry as well.

1.

Rubin Gulaboski, Ivan Bogeski, Reinhard Kappl, Markus Hoth, Benzoquinones based
Antioxidants, European Patent Office, Munich 2011 (PATENT). available at
http://worldwide.espacenet.com/publicationDetails/biblio?CC=EP&NR=2332898&KC=
&FT=E&locale=en_EP

Ivan Bogeski, Rubin Gulaboski*, Reinhard Kappl, Valentin Mirceski, Marina Stefova,
Jasmina Petreska, Markus Hoth, ,,Calcium Binding and Transport by Coenzyme Q..
Journal of the American Chemical Society 133 (2011) 9293-9303
http://pubs.acs.org/doi/abs/10.1021/ja110190t
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Research Project
Define the aims and the specific research activities to be pursued during
the project period, and provide a comprehensive description of the methods
to be used, the advantages of the suggested methodological approach and
the research work plan. (Maximum 3 pages)

In the frame of investigations prevised in this project, we will investigate the
major aspects of the reaction of 2,3-dimethoxy-5-methyl-p-benzo-quinone
(Coenzyme Q-0) and NaOH, as well as the structures and the properties of

synthesized derivatives.

-At the beginning, we are going to make a comprehensive review of the
literaure and we will define the current knowledge and information existing

about the subject elaborated in this project.

This part of the project will take 1 month.

-For studying the kinetics of the reaction of 2,3-dimethoxy-5-methyl-p-
benzoquinone (Coenzyme Q-0) and NaOH we plan to perform
experiments that will be designed to follow the changes in the concentration
of the reactants and the products with time. To do this, the concentration of
NaOH will be altered in the region from 0.0001-1 mol/L. Accordingly, in
defined time periods of the chemical reaction, the concentration of reacted ,
Coenzyme Q-0 will be measured, as well as the concentrations of the
products obtained. For this purpose, we will use electrochemical
(voltammetric) techniqgues, as well as high-performance liquid
chromatography (HPLC) coupled by mass spektrommetry (MS). While
electrochemical techniques give insight into the mechanism of the studied
reaction, the HPLC-MS can provide information about molar masses of the
products obtained during the chemical reaction studied. This will allow us to
identify provisory the products of the reaction between Coenzyme Q-0 and
NaOH.

These experiments will be realized in period of 4 months.




-For isolations and separations of the products of the reaction between
Coenzyme Q-0 and NaOH we will use preparative HPLC-MS technique.
This set of experiments will be realized in period of 4 months.

-To identify the structure of the synthesized derivatives we will explore
the nuclear magnetic resonance (NMR) and electron paramagnetic
resonance (EPR) techniques. These techniques will be used in collaboration
with the colleagues from Institut of Biophysics, Saarland University,

Homburg, Germany.

These experiments will be realized in period of 4 months.

- The electrochemical features of the synthesized products will be
performed by means of electrochemical techniques. During these
experiments, our attention will be mainly focused on elucidating the
mechanisms of oxidation/reduction of the products obtained in reaction
between Coenzyme Q-0 and NaOH, and we will assess the potential of the
novel compounds to act as antioxidants and to bind some metal cations. For
this task we will use cyclic and square-wave voltammetry as main
electrochemical techniques.

The main goal of the electrochemical studies will be to determine the
potential for metal binding of novel derivatives created in reaction Coenzyme
Q-0 and NaOH. During the course of these experiments we will try to
determine thermodynamic and kinetic parameters that are relevant to the
studied derivatives. One important task will be to determine the stability
constants between the investigated novel derivatives and certain metal ions
(Ca2+, Mgz+, S2* Ba2*, Fe3*, Mn?*, Ni3+).

This set of experiments will take 4 months.

-The antioxidative features and antioxidative potential of products of

reaction between Coenzyme Q-0 and NaOH will be performed by using




electrochemical and UV-VIS spectrophotometric techniques. For this
purpose, we will study the interactions between the studied derivatives and
the ABTS. During these studies, we will compare the antioxidative properties
and potential of the novel derivatives to those of standard well-known
compounds (antioxidants) such as vitamin C, glutathione, TROLOX, etc. This

set of experiments will be realized within period of 4 months.

-Once we realize the main experimental part of the project, our focus will be

on writing a publication. This part of the project will take 3 months.

The overall time needed for successful accomplishing of the project will
be 24 months.




BTOP OEN/PART 2:
UcTpaxyBaykm TUMm:

maBeH ncTpaxyBau:

MUme u npesnme Py6uH N'ynabocku

Tutyna [oKTop no npMpoaHO-MaTeMaTUUYKN HayKu
(xemuja)

Mo3unuumja BoHpepneH npodecop

Appeca 3emjogencku ®akynTteT LUTKN

Ten /| dakc: 075358871

e-mail rubin.gulaboski@ugd.edu.mk

Kpatka 6uorpacdpmja:

PybuH [ynabocknm pogeH Ha 29. 11. 1972 roguHa, gunnomupan u
Maructpupan Xemuja Ha WHctutyTOoT 3a Xxemunja npu [lpmnpogHo-
mMatemaTuykmnoT cdakynteT Bo Ckonje. Bo 2001 rogmHa € NnpBUOT CTYAEHT OA
MakegoHuja wTo gobvea cTuneHanja 3a JOKTOPCKKU CTyamn of dooHaauumjata
OAAL 3a n3pabotka Ha gokTopaT Ha PakynTeToT 3a aHanNUTUYKa Xemuja u
buoxemunja Ha YHnBep3nTeToT BO [pajcdpcBana, epmanuja. log MeEHTOPCTBO
Ha npod. ®puu LWonu ja ogbpaHyBa gokTopckaTa agnceprtaumja Bo jyHn 2004
roguHa. Op oktomBpu 2004 roguHa fo jaHyapu 2007 roguHa paboTu Kako
NOCTOOKTOPAHT (HaydeH uCTpaxyBay W npefaBay Ha MNOCTAUNIIOMCKUTE
ctygmn) Ha [lpupogHo-mMaTtemMaTuyknoT hakynTeT npu YHUBEP3UTETOT BO
MopTto, Tloptyrannja. Oa deBpyapn 2008 po oktomepu 2009 roauHa
npecTojyBa Kako MOCTAOKTOPaAHT CTUNeHAMpaH of repMaHckaTta oHgaumja
Alexander von Humboldt Ha MHcTUTyTOT 3a Brnodmsnka npun MeanmunmHCKMoT
dakynteH Ha CaapnaHg yHuBep3auTeToT BO XomOypr, N'epmaHnuja. Og 2009
rogmMHa e BpaboTeH kako BOHpeaeH npodecop Ha 3emMjoaenckmoT dakynTeT
npu YIO4 LWtun. AHraxumpaH e BO HacTaBaTta Mo npegmMetTute Xemwuja,
OpraHcka Xemuja n dusmyka xemumja Ha 3emjogencknoT n Ha MeguumMHCKNMOT
dakyntet npu YIO-Wrtun. Mokpaj Toa, aHraxmpaH e U BO HacTaBaTa Ha
NOCTOUNIIOMCKATE CTyOMM M Ha OOKTOPCKUTE CTyAuM Ha 3emjoaenickuoT
gakynteTt npu Y 4-Wrun.

Op pocerawHata HaydHoUCTpaxyBadka pabota, npod. [ynabocku wmma
nyonukyBaHo 55 TpyaoBM BO MHTEPHAUMOHANHW ChucCaHWja Co UMNakT
gaktop. Ko-aBTop € Ha 1 MoOHorpadhmja m Ha 2 nornasja BO
WHTEpHaUMOHANHM KHUIMKM, aBTop € Ha 1 WHTepHauuMoHaneH naTeHT
nybnukyBaH Bo EBponckata YHuja, kako U Ha egeH npoHajaook. Co cBown
TpyooBu, yyectByBan Ha noseke o 30TWHa HayydyHM MaHudecTauumn opg
obnocta Ha xemwujata, usmnkata u mMeguumHarta. Tpygosute Ha PybuH
N'ynabocku ce umtmupanu BrkynHo 1324 natu (cnopen Google Scholar). Py6uH
l'ynabockn e 4neH Ha ypegyBadkuTe opbopu Ha 4 WHTEepHaUMOHanNHM
cnucaHuja og obnacta Ha xemujata, a 6un peueH3eHT Ha noseke o 250
TPyAoOBM nogHeceHn 3a nybnukaumja Bo 50TMHA MHTEpPHALMOHANHM HayYHU
cnucaHuja. PeueH3eHT e Ha Hay4YHU NPOEeKTU NOAHECEHM OO MUHUCTEpPCTBaTa
3a obpasoBaHune Ha XonaHauja, ApreHTuHa, XpBaTcka u MakegoHuja. Npod.
PybuH Tlynabockn e poGuTHMK Ha noronem 6poj WMHTEpPHaUMOHANHU W
AOMaLLHW Harpagu:




PhD scholarship of DAAD (A/01/11814) in the period 2001-2004

Post. Doc. Fellowship of Fundacao para a Ciencia e a Tecnologia (FCT-
SFRH/BPD/14894/2004), Portugal, in the period 2004-2008.

Alexander Von HUMBOLDT Postdoctoral Research Fellowship-2008/2009,
Germany. http://www.humboldt-foundation.de/web/start.html.

Alexander von Humboldt Return Fellowship from 2009 to 2010.

Award for one of 10 best young scientists at the EMLG/JMLG Annual
Meeting “Liquid Systems under Extreme Conditions”, Barcelona 3-7
September 2006.

"3rd November Award" the Highest Award of Municipality of Prilep,
November 2009.

Alexander von Humboldt-Special Award in Donation of Electrochemical
Instrumentation-Potentiostat 128N, 2010.

Harpaga 3a npuaoHec 3a pa3BojoT Ha HaykaTa U 0b6pa3oBaHNETO Ha
YHusepautetoT [oue Oenyes-LUTun, 2011 roguHa

TpynoBu o6jaBeHn BO nocneaHuTe 5 roaqMHN Bo CTPYYHU CNMCaHMja Koun
ce HaoraaTt Ha MefyHapoAaHo npu3HaTtaTta nucta CLUM (SCI - Science
citation index), co Ha3Ha4YyeH UMNakKkT pakTop 3a CeKoj TPYA:

1. Rubin Gulaboski, Valentin Mirceski, Sasa Mitrev, Development of a
rapid and simple voltammetric method to determine the total antioxidative
capacity of edible oils, Food Chemistry 138 (2013) 116-121, (Impact
Factor = 3.655).

2. Rubin Gulaboski, Valentin Mirceski, Ivan Bogeski, Markus Hoth,
.Protein film voltammetry: electrochemical enzymatic spectroscopy. A
review on recent progress, Journal of Solid State Electrochemistry 16
(2012) 2315-2328 (Impact Factor = 2.131).

3. B. Sefer, R. Gulaboski, V. Mirceski, Electrochemical deposition of gold
at liquid-liquid 5 interfaces studied by thin organic film-modified
electrodes, J. Solid State Electrochem 16 (2012) 2373-2381 (Impact
Factor = 2.131).

4. R. Gulaboski, P. Kokoskarova, S. Mitrev, "Theoretical aspects of several
successive two-step redox mechanisms in protein-film cyclic staircase
voltammetry" Electrochimica Acta 69 (2012) 86-96 (Impact Factor =
3.832).

5. V. Mirceski, S. Hocevar, B. Ogorevc, R. Gulaboski, |I. Drangov,

"Diagnostics of Anodic Stripping Mechanisms under Square-Wave

Voltammetry Conditions Using Bismuth Film Substrates” Analytical

Chemistry 84 (2012) 4429-4436 (Impact Factor = 5.856).

Ivan Bogeski, Rubin Gulaboski*, Reinhard Kappl, Valentin Mirceski,

o



http://www.humboldt-foundation.de/web/start.html

Marina Stefova, Jasmina Petreska, Markus Hoth, ,Calcium Binding and
Transport by Coenzyme Q, Journal of the American Chemical Society
133 (2011) 9293-9303 (Impact Factor = 9.907).

7. lvan Bogeski, Reinhard Kappl, Carsten Kumerow, Rubin Gulaboski,
Markus Hoth, Barbara A. Niemeyer "Redox regulation of calcium ion
channels: Chemical and physiological aspects, Cell Calcium 50
(2011) 407-423. (Impact Factor = 3.698).

8. R. Gulaboski, M. Lovric, V. Mirceski, I. Bogeski, M. Hoth, Protein-film
voltammetry: a theoretical study of the temperature effect using square-
wave voltammetry., Biophys. Chem. 137 (2008) 49-55 (Impact Factor =
2.163).

9. R. Gulaboski, M. Lovric, V. Mirceski, I. Bogeski, M. Hoth, A new rapid
and simple method to determine the kinetics of electrode reactions of
biologically relevant compounds from the half-peak width of the square-
wave voltammograms., Biophys. Chem. 138 (2008) 130-137 (Impact
Factor = 2.163).

10.Rubin Gulaboski, Ljupco Mihajlov, "Catalytic mechanism in
successive two-step protein-film voltammetry—Theoretical study in
square-wave voltammetry"”, Biophysical Chemistry 155 (2011) 1-9
(Impact Factor = 2.163).

11.R. Gulaboski, Surface ECE mechanism in protein film voltammetry—a
theoretical study under conditions of square-wave voltammetry, J. Solid
State Electrochem. 13 (2009) 1015-1024 (Impact Factor = 2.131).

12.R. Gulaboski, E. S. Ferreira, C. M. Pereira, M. N. D. S. Cordeiro, A.
Garrau, V. Lippolis, A. F. Silva, Coupling of Cyclic Voltammetry and
Electrochemical Impedance  Spectroscopy for  Probing the
Thermodynamics of Facilitated lon Transfer Reactions Exhibiting
Chemical Kinetic Hindrances, J. Phys. Chem. C 112 (2008) 153-161
(Impact Factor = 4.805).

13.R. Gulaboski, C. M. Pereira, M. N. D. S. Cordeiro, M. Hoth, |. Bogeski,
Redox properties of the calcium chelator Fura-2 in mimetic
biomembranes. Cell Calcium 43 (2008) 615-621 (Impact Factor =
3.698).

14.R. Gulaboski, M. Chirea, C. M. Pereira, M. N. D. S. Cordeiro, R. B.
Costa, A. F. Silva, Probing of the Voltammetric Features of Graphite
Electrodes Modified with Mercaptoundecanoic Acid Stabilized Gold
Nanoparticles, J. Phys. Chem. C 112 (2008) 2428-2435 (Impact Factor
= 4.805).
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3agonmxeHunja BO Npeanor-npoeKkToT Co BpeMeHcKa paMKa:

-npernen Ha nuTepaTtypa perieBaHTHa 3a I'IpoeKTOT-1 mMecey

-noAroToBKa W AeriyMHa peanusaumja  Ha  efleKTpOXeMUCKUTe
eKcnepumMmeHTun-4 meceum

- NOAroToBKa M AenyMHa peanusaymja Ha eKCnepuMeHTH 3a
onpeaenyBake Ha aHTUOKCUAATUBHUOT U MeTasflOKOMMIIEKCUPAYKUOT
noTteHuujan Ha HOBUTe aepuBaTu-4 meceum

-NUWYyBak€ Ha 3aBpLUHM Nybnukauumn-3 meceum

-nuwyBawe Ha 3aBpLUeH usBewrTaj-1 mecey

-KopecnoHAeHuuja co copaboTHMumuTe on NepmaHuja







