PELLEH3U A

Ha MaTepUaInTe TI0 KOHKypca 3a “JloneHT" mo npodecuoHaHo Hanpasienue 4.2 XuMHIECKU

Hayku (brnooprannuna Xumus, XMMUs Ha IPUPOTHUTE U (PU3HOIOTUIHO AKTUBHUTE BEIIECTBA),

o0sBen B /1B, 0p. 43 or 31.05.2019 1.

C €MHCTBEH KaHWUJAT: IJ1. ac. A-p MupociaaB AnrenoB Panrenos

Peuensent: npodecop a-p Huxonaii ['eoprueB Bacunes, MuactutryT mo Opranudna Xumus c

Hentsp mo ®utoxumusi, BAH

1. buorpaguynu JaHHU U JOIYCTUMOCT

I'nm. ac. a-p Mupocnas PanrenoB B MomeHTa paboTu B sabopaTtopust ,,XuUMHS W
onodusuka Ha mporenHn W eH3uMu Ha HMHcTHTyTa mo Oprannuyna Xumus ¢ LleHTsp 1o
Outoxumust (MOXI®P) kem BAH, xbaeTro mpoTuda u 1s1ata My JoceramiHa kapuepa. Toif e
3apppIMa BUclie obpasoBanue no xumuga B CY ,,CB. Kn. Oxpuacku” mpe3 1997 r. karo
MarucThp Mo XUMHs, CeHHanHoCT ,,OprannyHa u ananutuaHa xumus. [Ipe3 2008 r. 3ammurasa
JIOKTOpPCKA AUCEPTAIHsl Ha TeMa ,,YJacThue Ha BHIWHAIHA XUPOKCHIIHA Tpyna B OMOCHHTE3a Ha
NMenTUAHAa BpB3Ka B pubo3omata — wmopenHu wu3cinensanus” B MOXI®D-BAH c nayuen
pekoBoauTen npod. axH Jumutsp IleTkos.

JlokyMeHTUTe 3a ydyacTHe B KOHKypca Ha KaHIuJaTa OTroBapsAT HAa M3WCKBAHMATA Ha
[IpaBunnrka Ha MOXID-BAH 3a mpunoxenue Ha 3akoHa 3a Pa3BUTHETO HA aKaJEeMUYHUS
cberaB B PenyOnuka boarapus (3PACPB), a neroBust HayueH u obpasoBatenieH npodui ca B
CHOTBETCTBHE C M3MCKBAHMATA 3a JOLEHT MO mpodecroHanHo HampasieHue 4.2. XUMHUYECKH

Hayku (brnoopranndna Xumusi, XUMUSI Ha IPUPOJHUTE U (PU3UOJIOTMYHO AKTUBHUTE BEIIECTBA).

2. O0ma XapakTepuCcTHKA HA AeiiHOCTTA HA KAHIUIATa

I'n. ac. n-p MupocnaB PanrenoB mokprBa MUHMMAJTHA W3WCKBaHU TOYKH Ha MOXI[D-
BAH mno rpymnu mokazaTenu 3a akageMU4yHaTa UTBXKHOCT ,JOLEHT KakTo ce BHXAA OT
npuiokeHaTa cnpaBka. KaHauaaThT yuacTBa B KOHKypca ¢ 16 HayuHu TpyJa u | myOnukyBaHa
mraBa oT kHura. OT TIX 5 HayYHH TyONHMKalMKM ca NMPHPABHEHW HA XaOWIUTAIIMOHEH TPY
(rpyna mokazarenu ,,B“, mokazaren ,,4°), a ocTaHalMTe HAydHW IyOJWKAallMd ca B Tpyma
nokasarenu ,,[ ', mokaszaren ,,7%. Bcuuku nmyOnaukanuu ca Mo TeMaThKara Ha KOHKypca, Karo
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of Knowledge w/unn SCOPUS u ca ¢ umnakt ¢axrtop (IF). Paznpenenenunero Ha 5-te Hay4dHH
nyOnMuKanuy TpPUpPAaBHEHW Ha XaOWIMTAIlMOHEH TpPYA CIOpel KaTeropusira Ha Hay4HUTE
CIIMCAaHUA € CIIEJHOTO: TpU ca B HaydyHu u3fganus ¢ QIl, nBe ca B HayuHu uzfanusa c Q2.
Pasmpenenennero Ha ocTaHANINTE HAYYHU MyOIMKAIIMH C KOUTO KaHIUIATa y4acTBa B KOHKypca
3a aKaJieMUyHaTa JOIBXHOCT ,,JIolleHT* crmopen kaTeropuara Ha HaydYHUTE CIUCAHHS €
CJIETHOTO: IIECT ca B Hay4yHW u3ganud ¢ Ql, aBe ca B HayuyHu uzgaHus ¢ Q2, Tpu ca B HAYYHH
m3ganus ¢ Q4 u enHa e rmaBa oT kHMra. ChIiacHO NPUIIOXKEHATa clpaBKa oOLMST Opoi Ha
mutarute e 54. CpriacHo 6azara JaHHu Scopus h-uHIEeKkChT Ha KaHauaara € 8. Ta3u CTOWHOCT €
MoKa3aTeIHa 3a BHCOKA Hay4YHa MPOAYKTUBHOCT ChUETaHa C IIUPOK OT3BYK B JIUTEparypara M
MOKpUBA U3UCKyeMHs MUHUMYM (=>5) Ha npaBuwiHnka Ha MOXI{®D-BAH.

I'm. ac. n-p MwupocnaB PaHrenoB € mnpencTaBWy B JOKYMEHTHTE CH pas3lIHpeHa
xaOWIUTAallMOHHA CIpaBKa, B KOATO Ha 28 cTpaHWIM ca 0000IIeHH COOCTBEHHTE HAyYHU
W3CIIEIBaHMS B CJICHUTE YETUPU HAIIPABIICHUS:

- M3cnenBaHus BbpPXY MOJIEKYJHHMTE aCHEKTH HAa pUOO30MHUS KATAIUTHYEH MEXaHHU3bM.

- Mogenupane Ha pub0O30MaIHaTa KaTAIMTUYHA AKTUBHOCT Ype3 aMOHOJIM3a Ha JIHOJIN.

- OyHKIMOHATHO H3CJIEJBAHE HAa MEXaHW3Ma Ha MUTpalys Ha aliiiHa Tpyna Mexay
puimHatHK OH rpynmn B MOHOGOpPMHIHMpaH IHC-TeTpaxuapodypan-3,4-1uom1  KaTo
MOJEJHA CHCTEMa 3a MUTpalMsITa Ha aluiHa rpyna B amuHO-anunupanata TPHK.

- Jpyrm wMogzenHu wu3cienBaHUs BBPXY puOO30MaiHATa KaTAIMTUYHA AKTUBHOCT M
MpUiIarane Ha pa3pabOTEHUTE METOMOIIOTUH BbPXY IPYTH CUCTEMH.

XabuIMTalMOHHA CHpaBKa 3aBbpIIBA C IUJIAHOBE 3a OBACIIETO, KBAECTO HAYYHHUTE
IUIAHOBE ca B 00JIaCTTa Ha M3UUCIUTEIHATA XUMUS U JIEKAPCTBEHUs JU3aliH; KOHCTpyHpaHe Ha
ISUIOCTEH paboTel] MOJEKYJIEH MOJEN Ha MPOKApHMOTHA M YOBEIIKa pUO030Ma; MPUIIOKEHHE
Ha HPLC u B obnactra Ha apxeonorusita 1 (UTOXHUMUATA; MPOJbDKAaBaHEe HA PAa3BUBAHETO Ha
HOB co(Tyep 3a paspellaBaHe Ha TPYAHU XMMHYHHU 3a7adH.

XabunuranMoHHa cCrOpaBKa LUTUpa 65 JIMTEpaTypHM H3TOYHUKA KaTo 5 OT TAX ca
Hay4YHUTE MyOIUKAIMKY NPUPABHEHN HA XaOWIUTAIIMOHEH TPy, a 7 OT TSIX €a 4acT OT HAyYHUTE

Iy OJIMKAITMY C KOUTO KaH/AK1aTa y9acTBa B KOHKypca 3a akaJeMuyHaTa JIhKHOCT ,,JlomeHT™.

3. [Iy0iukanuu, npeacTaBeHy 3a y4acTHe B HACTOSIIINSA KOHKYpPC

Haydunute w3cnenaBanuss Ha TI. ac. A-p MupocnaB PanrenoB ca B obOnmactra Ha
OvoopraHvyHaTa XMMHS W Ca CHUJIHO TIOBIUSHH OT paborara My B yal. ,,buokanu3® mon
ppkoBozacTBOTO HA 1pod. nxH M. [Tetkos. [lox HErOBO pHKOBOACTBO € M AUCEPTAIIHOHHHS TPYI

Ha KaHaujara. [J. ac. a-p MHpOCHaB Panrenop wusmnonsBa u pa3pa60TBa Ppas3IndYHnu



M3YMCIIUTEIHE MOAXO0AU U Mojeiu 3a in Silico m3cnenBaHus BBbPXYy MeXaHH3Ma Ha PEakivu,
KaTaJIM3UpaHu OT pudo3omara.

Hayuynure mpuHOcHM Ha . ac. A-p MupocnaB PaHrenoB moraT ga ce rpynupar B
CIICZIHUTE HAIPaBJICHUS:

A. Pa3zpaboTBaHe Ha METOIOJIOTHH B 00JIaCTTa HA TEOPETHYHOTO M3CIIEIBAHE HA CHCTEMHU
¢ KOH(OPMAIIMOHHO Pa3HOOOPa3HU PEaKIIMOHHH ITHTHIIA;

b. Pa3paborBane Ha codtyepHusaT naker MolRan 3a Busyanusanust U reHepupaHe Ha
MOJIEKYJITHU F€OMETPHH, KaKTO M 3a aHAJIN3 Ha XMMUYHUTE CBOMCTBA U €JIEKTPOHHATA CTPYKTYpa
Ha CTPYKTYpH;

B. Monenupane Ha pubo3omMaiHaTa KaTATUTHYHA AKTHBHOCT;

I'. IlpunoxxeHne Ha pa3BUTUTE METOIOJIOTUN KbM JIPYTH CUCTEMHU.

bux wmckan na pasrienam HaydHUTE NPUHOCH HA TII. ac. A-p MupocnaB PanrenoB kato
pa3BHUTHE HA HETOBUTE 3HAHMS, YMEHUs U KoMIeTeHIun 3a in Silico u3cnenBanus B obnactra Ha
bruooprannyHa XuMusi, XUMHs Ha IPUPOJHUTE U (PU3MOIOTUUHO AKTUBHHUTE BEILIECTBA:

A. ITbpBa cTBIIKAa B U3UMCIUTEIHOTO MOJEIUpPaHe € N300PbT Ha U3UUCIUTEICH METO U
6azuceH HaOOp, KOMTO Ca MOAXOSIIM 3a M3CJIeJBaHAaTa XMMUYHA cucrema. Kato mpumep e
MOJIENIMpaHa CTPYKTypaTa Ha MpaBUYeHAaTa KHCEJIMHA U HEHHUS TUMeEp, KaKTO U aMOHOJIM3aTa Ha
MpaBUeHATa KHCEIWHA HA Pa3IMYHA TeopeTHYHH HuBA. CTATUCTHYECKHAT aHAIW3 Ha
MOJTYYCHNUTE CTPYKTYpHH M €HEPreTHYHW pPEe3yNTaTH BOAM 10 u3Bona, ye B3LYP/6-31G** e
Hail-Obp3usi, HO BCE OIIE HANEXKICH METOJ 3a MPABWJIHO ONHMCAaHNE Ha TEOMETpHATa Ha
MOJIETTUPAaHUTE CTPYKTYpPH W eHeprumrte Ha peakuusita (myb6n. 1 ot mokasaren B). Cnenpama
CTBIIKAa € Pa3paboOTBaHETO HA aBTOMATH3MpaHa IMpoLEeaypa 33 KOHPOPMALMOHHO ThPCEHE Ha
CTPYKTYpUTE Ha MPEXOAHUTE CHCTOSHUS M CTAOWIHU CTPYKTYpU OT Ja/leHO KOH(POPMAIMOHHO
cemeiictBo (my0Out. 1 ot mokasaren B). Ta3zu aBToMaTu3npana mpoueaypa BKIFOYBa:

- TeHEpHpaHe Ha Pa3IMIHUTE CTPYKTYPH CE OCHILECTBSIBA Upe3 pa3paboTeH alrOPUTHM, OCHOBAH
Ha MPEJICTaBsIHEe Ha MOJIEKYJIUTE Upe3 TeOpus Ha TpaduTe;

- YaCTHUYHA peaKcals Ha CTPYKTYpUTE OT TOJIEMH TPYIU OT TeHEPHPAHH CTPYKTYPH KaTo MO
BpeMe Ha reOMETpUYHATAa ONTUMU3AIMS HA CTPYKTypuTe Ha HUBO MM aroMuTe, ydacTBamy B
KbCcaHe M (hopMupaHe Ha BPB3KH, CE 3alla3BaT aBTOMATUYHO (PUKCHPAHU €THU CIIPSIMO IPYTH;

- OTKpMBaHE U €JIMMUHHMpAaHE Ha KOH(OPMAIMOHHO EKBUBAJIEHTHH CTPYKTYypH KaTo
reoMeTpruyHaTa IMpWINKAa Ha CTPYKTypUTE C€ OLEHSBAa Ype3 YMCIEHO ONTHUMM3HMpaHE Ha
MO3MIIMATA HA eIHaTa MOJIeKyJIa, IO OTHOLICHNE Ha APYTaTa;

- JIOTHYECKO CBBP3BaHE HA CTPYKTYpPH OT Pa3IHYHU KOH()OPMAIMOHHW OaceiiHW Ha OCHOBA Ha

rCOMCTpHUYHATA MM IIPpUJIIMKA KaTO BCIdKa HBOﬁKa MCXKIWHHU MW TMPEXOJHU CTPYKTYpH CC



HO3ULMOHUPAT €Ha BbPXY JApYra, KaTo CTPYKTypaTa Ha MEKAMHHUS MPOAYKT C€ NO3ULMOHUPA
B LIEHTbpPa Ha KOOpAMHAIIMOHHATA CHCTEMa, a TMO3UIMATa Ha NPEXoJHaTa CTPYKTypa ce
MUHHMHU3HpPA Ype3 TPAHCIAUs U POTALHS;

- TeHepUpaHe Ha HEM3BECTHA T€OMETPHS Ha MPEXOTHHU CTPYKTYpH, OCHOBAaHA HA MPEIBAPUTEITHO
olpeJieliecHa CBBP3aHOCT HAa aTOMHUTE, y4YacTBAalld B pEaKIUsATa W Karo pe3ysiraT ce
UACHTU(QUIMPA TOYKATa C Hal-HUCKa €HEprHsi, ChOTBETCTBAIIA HA TJI00ATHUS MHHUMYM, MPH
€BEHTYaJIHO CIa3BaHe Ha HAJIOKEHH OT MOTPEOUTENsI OrpaHUYEHUS.

Crenpain eran € pa3BUTHETO HAa METOJOJIOTHS 3@ aHAJIU3 HAa Bb3MOKHOCTHUTE 3a KaTallu3
OT MIPOTOHHO-J0OHOPHA WM MPOTOHHO-AKIENTOPHA TPYIIA, CIIOPE HEWHOTO TOJI0KEHUE CIIPSIMO
peakimoHHus 1EeHThp (my0mn. 3 or mokasaren B). AIropuThbMBT BOAM IO TOCTPOSBAHETO Ha
rpadMuHU KapTH, MPEICTABSIN KaTaJIUTHIHUS €PEKT Ha MOJEKyJa-COH/A, MIPH PA3INIHUATE M
MOJIOXKEHUSI OKOJIO aTOMHTE, BBPXY KOHTO Ca pa3MOJIOKEHH OCHOBHUTE KOMITOHCHTH Ha
MPEeXOAHHUs BEKTOp. MeTomoyorusiTa € JEMOHCTPUpaHa TpU TPOCIEAsIBAaHE BIMSIHUETO Ha
IPOTOHO JIOHOPHA T'PyIla, ChCEHA HA PEAKLMOHHUS LIEHTHP 110 BpEMe Ha €CTepHa aMOHOJIM3a Ha
alMIMpaH JU0J, KaTO MOJIEN Ha peaklusaTa Ha oOpa3yBaHe Ha ENTHHA Bpb3Ka B pubo3omara.

b. Benuku mocodyenu B Touka A METOI0JIOTUH Ca UMIUIEMEHTHPAHU B pa3pabOTEHUAT OT
1-p Mupocnas PanrenoB codpryepen maker MolRan (my6mn. 1 u 3 ot mokasaren B), xoiito e
MpeIHA3HAYCH 3a BU3yAIN3alisl ¥ TeHEPHpPaHe Ha MOJIEKYJTHA T€OMETPHHU, KaKTO U 3a aHaJN3 Ha
XMMAYHHATE CBOWCTBA M €NEKTPOHHATA CTPYKTypa Ha CTPYKTYpH, MOJTYYEHH Ype3 KBAHTOBO-
XUMWAYHA H39ncieHus. [IporpaMHuST makeT pa3no3HaBa pa3iMyHU BXOAHU (ailioBu Gopmart,
MOJUIbpKa Pa3IMYHA HMHCTPYMEHTH 3a TrpaduyHO MpeACTaBsHE, BKIOYBa HAOOp OT
MHCTPYMEHTH 3a TE€HEpUpaHe, 3apeXJaHe M BU3yaJM3UpaHE Ha MPEXKH, BKIIOYBA CEpPHUs OT
MHCTPYMEHTH 332 KOHCTpyHpaHe Ha BXOJHM (aiijioBe 3a 3a1a4M OT KOH(POPMAIIMOHHUAT aHAIIN3,
KaKTO U 32 aHaJIM3 Ha MOIy4YEHUTE PE3yJITaTH.

B. 3a monmenupanero Ha pubo30MalHaTa KaTATUTHYHA aKTUBHOCT Ype3 aMOHOJIM3a Ha
muonu [nmyOm. 1 m 2 ot nmokasaten B] e u3non3Bana monenHa peakuus - aMmoHonu3a Ha 1-O-
dbopmmn 1,2- eraHAMON KaTo M300pa Ha PEAreHTHTE C€ OMNpEeNes OT MPUCHCTBHETO BHB
(dbopMIIIETaHMOIOBaTa MOJIEKYJIa Ha BUIIMHAIHA XMIPOKCUIIHA TPyTIa 10 PEaKIIMOHHHS IEHTBD,
aHajoruyHo Ha pu6o3Hus npbereH B TPHK. OCHOBHUAT pe3yiaTar € KaTaluTUYHO YCKOpSIBaHE
Ha ecTepHaTa aMOHOJIM3a 4Ype3 BOJOPOAHA BpPb3Ka OT BHULMHAJIHA XUAPOKCUIIHA Ipyna IHpu
TETparoHaJHU MPeXOoAHU cheTosHUS. [Ipu m3cneaBane Ha MexaHW3Ma Ha MHUTPALUs HA alUIHA
rpyna mexxay ButmHanau OH rpynu B MoHOOpMuUIIUpaH muc-TeTpaxuapodypan-3,4-11uoi Kato
MOJIEJTHA CHCTeMa 3a MHUTpalUsATa Ha allliIHA Tpymna B amMuHO- ammmmpanata TPHK [my6md. 4 ot

IIoKa3aTcii B] PE3YJATATUTEC OT HU3IYHUCICHUATA IIOKa3BaT, 4YC CTaHHﬁHHHT MCXaHU3BM IIPC3



OpPTOECTEPEH MEXAMHEH MPOAYKT € MPEANOYUTaH B CPAaBHEHHE ChC CHUHXPOHHUS MEXaHU3bM.
I'. I'n. ac. n1-p Mupocnas Panrenos e npuioxui pa3pabOTEHUTE METOJIOJIOTHU U BBPXY
JPYTU CUCTEMH KaTo:
- mogenupane ¢ DFT Ha paznuyHu, CBbp3aHU ¢ BOJOPOAHU BPB3KH, KOMIUIEKCH Ha METAHOJ, C
pa3IMYHU TIPOTOH aKIENTOPHY U MPOTOH-TOHOPHU MosieKynn, chabpxkammu Cl, F, NH2, OH, OR
u COOH [my6:1. 1 ot mokazaten ['];
- u3clenBaHe C moMmomTa Ha ab initio Born Oppenheimer MonekynHa nIWHaAMUKa Ha
B3aMMOJICHCTBHSATa MEXKJy HATPUEBU WM MarHe3neBd HoHm M (ocdartHure rpymu Ha PHK
CKeJleTa, MOJENUpPAaHH KaTo AWHYKJICOTUAHM (PparMeHTH BBB BOJAEH pa3TBOp [myOn. 2 oOT
mokazaren ['];
- TecTBaHe Ha HA0Op OT JWTaHAW CHPSMO BBTPEIIHHAT KOO, 00pa3yBaH OT aKTHBUPAIIHS
cermMeHT u P-Bepurara Ha VS99E myrtanTsT Ha B-Raf u ycraHoBsiBane Ha nuranay, KOUTO MpH
cBbp3BaHeTo cu ¢ V599E B-Raf crabunusupar HeakTMBHa KOH(poOpMAIMs HA €H3MMa U ca
oOenraBaiy kanauaatyu B bopbarta ¢ B-Raf 3aBucumure kapuuaomu [my61. 3 ot mokazaten ['];
- JIOKHMHI TIpOy4YBaHE, C L€l U3SACHSIBAaHE Ha B3aUMOJIEHUCTBUATA MEXAY JEKapCTBO-IOJO0HU
JUTaHId M KcaHTUH okcupasa (XO). Hscnensanute MOPQOIMHIMOHOBU —MPOH3BOIHH
MIPUTEKAaBAT WHXUOMpAIu cBoicTBa crpsiMo XO u ca obemaBamy KaHIUIAaTH Py JIeUeHHE Ha
rnojarpa v APyTu ChCTOSHUS, CBBP3aHH C MPEKOMEPHO MPOM3BOACTBO Ha MUKOYHA KHCEJIMHA,
KaKTO M KaTO MPOTHUBOBB3NAINUTEIHH JeKapcTBa [my0u. 4 oT mokasaren ['];
- JOKMHT TIpOyYBaHE IIOKa3Ba, Y€ CBbp3BaHeTo Ha C-aMUIHU aHalo3W, Oa3WpaHd Ha
cTpykTypata Ha VV-XeMophuH-5, KbM Kamma OMHOUJAHUTE PELENITOPH MOXKE Ja € MEXaHU3MbBT
Ha TAXHAaTa aHTUKOHBYJICUBHA aKTUBHOCT [1y0J1. 5 oT nmoka3zaten ['];
- mpoBeieHo € in silico Moaenupane, 3a 1a ce xapakrepusupar pernonu ot Clq rnoGynapHure
“rmaBu”, KOUTO Ca C KIIFOUOBO 3HAYCHHE 3a HEWHOTO pa3lo3HaBaHE W CBBp3BaHE [myOn. 6 OT
moka3zaren ['].
B Te3u u3cnenBanus ce 3a0ensi3Ba B ToJisiMa CTENEH MPEeXo/] 0T (yHIaMEHTAIHN KbM I10-
MPaKTUYHU TPWIOKEHUS Ha pa3pabOTEHUTE METOAONOTHMH. B TO3M CMHUCHI HaydyHUTE

H3CJICABAHHWA Ha KaHAWaTa UMAT HC CaMO Hay4YHU, HO 1 HAYUYHO-IIPHUJIOKHH IIPUHOCH.

4. IIpoexkTHa T1eHHOCT U Pa3NPOCTPAHEHNE HA Pe3yJITATHTE
I'm. ac. n-p MupocnaB PaHrenoB € pbKOBOIWI €IWH HAIMOHAIECH IPOEKT, OWI e
PBHKOBOJIUTENT HA €KUM B €IWH MEXIYyHApOJEH MPOCKT M € paboTHII MO W3MBIHEHUETO Ha 16

HallHOHAJTHU W 5 MEXIyHapoAHW NpoeKkTH. ToBa moka3Ba, 4e € THPCEH MapTHBOP IMOpaaH



YMEHUsITAa U KOMIeTeHIuH My 3a in Silico u3cnenBanust B obnactra Ha Brooprannyna xumus,
XMMUS Ha IPUPOAHUTE U (PU3NOJIOTHYHO aKTUBHUTE BEIIECTBA
Pesynrature oT HeroBaTa Hay4dHa JAEHHOCT ca MpeacTaBeHH Kato 17 nekiuu u 29 nocrepa

Ha pa3IMYHH HAIIMOHAJHH U MEXITyHAPOIHU KOH(EPEHINU

5. OneHka Ha TUYHHUS NPHUHOC HA KAHIUAATA

[ToznaBam nW4HO KaHAWJaTa OT Ha3HauaBaHeTo My Ha pabora B MOXIID-BAH,
JUCKYTHpPAJId CME€ pa3IMYHU AaCHEeKTH Ha MOJIEKYJHOTO MOJIEIMpaHe M CbM CBUJAETEN Ha
HErOBOTO HAayyHO pas3BuTHe. [lopagu ToBa JNMYHUAT My HPUHOC B NPEIACTAaBEHUTE HAYYHH

HU3CJICIBaHusA 3a MCH € 6escnopeH.

SAKVIKOYEHHUE: I'n. ac. n-p MupocnaB PanrenoB oTroBapsi Ha BCHYKH WM3UCKBaHUS Ha
3akoHa 3a pa3BUTHE Ha akajgeMH4yHus cbcTtaB B Pemybnuka benrapus (3PACPE) u [IpaBunnuka
3a yCIIOBMATA M pefa 3a MpuA00MBaHEe Ha aKkaJeMH4yHaTa JUIBKHOCT ,,JOLEeHT" B MHCTUTYT 1o
Oprannuna Xumusa c¢ Learsp no @uroxumusa, bAH. IlpeacraBenara 3a yyacTue B KOHKypca
CTOIHOCTHA Hay4yHa MPOJYKIMA € J0oCTaThyHa 1Mo 00eM, MyOJIIMKyBaHa € B PEHOMUPAHU HAYYHH
cnucanus ¢ Bucok IF u e Hamepuia mupox OT3BYK B IUTEpaTypaTa.

BB3 ocHOBa Ha TOPEW3IOKEHOTO, yOEIEHO IaBaM CBOSATA TIIOJIOKUTEITHA OLEHKA H
mpejaiaraM Ti. ac. 1-p MupociiaB Panrenos aga 6wae nzbpan 3a ,,JlonieHT” o npodecrnoHaHO
HanpaBienue 4.2. Xumudeckn Hayku (buoopraHmdHa XWMHSA, XUMHS Ha TPHPOTHUTE H
¢usnonornyHo akTUBHUTE BemlecTBa) B WHctutyTta mo OpranmunHa Xumusg ¢ LleHTsp 1O

duroxumust, BAH.

16.09.2019 r. Penensenr:

(mpod. n-p Huxonaii Bacuses)



REVIEW

of the materials submitted for the competition for the academic position "Associate Professor" in
the professional field 4.2 Chemical Sciences (Bioorganic Chemistry, Chemistry of Natural and
Physiologically Active Substances), announced in State Gazette, issue. 43 of May 31, 2019

The only candidate is Senior Assistant Dr. Miroslav Angelov Rangelov

Reviewer: Professor Dr. Nikolay Georgiev Vassilev, Institute of Organic Chemistry with Centre

of Phytochemistry, BAS

1. Biographical information and eligibility

Senior Assistant Dr. Miroslav Rangelov is currently working in the Laboratory
“Chemistry and Biophysics of Proteins and Enzymes” of the Institute of Organic Chemistry with
Centre of Phytochemistry (IOCCP) at the Bulgarian Academy of Sciences, where his entire
career has been ongoing. He graduated as a Master of Science in Organic and Analytical
Chemistry at the Faculty of Chemistry, Sofia University "St. KI. Ohridski” in 1997. In 2008, he
defended his doctoral thesis on "Participation of a Vicinal Hydroxyl Group in the Peptide Bond
Biosynthesis in the Ribosome - Model Studies" at IOCCP-BAS under the supervision of Prof.
DSc Dimitar Petkov.

The documents for participation in the competition of the applicant fulfill the
requirements of the IOCCP-BAS Regulations for the implementation of the Law on the
Development of the Academic Staff in the Republic of Bulgaria, and the scientific and
educational profile of the applicant is in accordance with the requirements for associate
professor in the professional field 4.2. Chemical Sciences (Bioorganic Chemistry, Chemistry of

Natural and Physiologically Active Substances).

2. General characteristics of the applicant’s activities

Senior Assistant Dr. Miroslav Rangelov fulfills the minimum required points of IOCCP-
BAS by groups of indicators for the academic position "Associate Professor", as can be seen
from the attached information. The applicant participates in the competition with a list of 16
scientific papers and 1 published book chapter. In this list, 5 scientific publications are equated
to habilitation thesis (group of indicators "B", indicator "4") and the other scientific publications
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are in group of indicators "D", indicator "7". All publications are related to the competition, all
of them are published in specialized international journals referenced in the ISI Web of
Knowledge and/or SCOPUS and with Impact Factor (IF). The distribution of the 5 scientific
publications equated to habilitation thesis according to the rank of scientific journals is as
follows: three are in scientific publications with Q1, two are in scientific publications with Q2.
The distribution of the other scientific publications with which the applicant participates in the
competition for the academic position of Associate Professor according to the rank of scientific
journals is as follows: six are in scientific publications with Q1, two are in scientific publications
with Q2, three are in scientific publications with Q4 and one is a book chapter. According to the
attached information, the total number of citations is 54. According to the Scopus database, the
applicant's h-index is 8. This value is indicative of high scientific productivity combined with a
wide response in the literature and covers the required minimum (>5) of the regulations of
IOCCP-BAS.

Senior Assistant Dr. Miroslav Rangelov has included in his documents an extended
habilitation report, summarizing on 28 pages his own scientific research in the following four
directions:

- Studies on the molecular aspects of the ribosome catalytic mechanism.

- Modelling ribosome catalytic activity on ammonolysis of diols.

- Functional study of the mechanism of acyl group migration between vicinal OH groups
in monoformylated cis-tetrahydrofuran-3,4-diol as a model system for acyl group migration in
amino acylated tRNA.

- Other model studies on ribosomal catalytic activity and application of developed
methodologies to other systems.

The habilitation report includes also plans for the future, where scientific plans are in the
fields of computational chemistry and drug design; development of a complete working
molecular model of the prokaryotic and human ribosomes; application of HPLC in archeology
and phytochemistry; continuing development of new software for solving difficult chemical
tasks.

The habilitation report cites 65 literature sources, with 5 of them being scientific
publications equated to habilitation thesis, and 7 of them being part of the scientific publications
with which the candidate participates in the competition for the academic position of Associate

Professor.

3. Publications submitted for participation in this competition



The scientific studies of Senior Assistant Dr. Miroslav Rangelov are in the field of
bioorganic chemistry and is strongly influenced by his work in the laboratory "Biocalysis" under
the leadership of Prof. D. D. Petkov. Under his supervision is the candidate's PhD thesis. Senior
Assistant Dr. Miroslav Rangelov applies and develops various computational approaches and
models for in silico studies on the mechanism of ribosome-catalyzed reactions.

The scientific contributions of Senior Assistant Dr. Miroslav Rangelov can be grouped in
the following areas:

A. Elaboration of methodologies in the theoretical study of systems with
conformationally diverse reaction pathways;

B. Development of MolRan software package for visualization and generation of
molecular geometries, as well as for analysis of chemical properties and electronic structure of
structures;

C. Modeling of ribosomal catalytic activity;

D. Application of developed methodologies to other systems.

I would like to review the scientific contributions of Senior Assistant Dr. Miroslav
Rangelov as development of his knowledge, skills and competences for in silico research in the
field of Bioorganic chemistry, chemistry of natural and physiologically active substances:

A. The first step in computational modeling is to choose a computational method and a
basic set that are appropriate for the chemical system under study. As an example, Dr. Miroslav
Rangelov modeled the structure of formic acid and its dimer, as well as the ammonolysis of
formic acid at different theoretical levels. The statistical analysis of the obtained structural and
energy results leads to the conclusion that B3LYP/6-31G** is the fastest, but still reliable
method for correctly describing the geometry of the modeled structures and reaction energies
(Publication 1 of Indicator B). The next step is the development of automated procedure for
conformational search for transition state structures and stable structures of a given
conformational family (Publication 1 of Indicator B). The automated procedure developed by
Dr. Miroslav Rangelov includes:

- Generation of different structures through a developed algorithm based on the
representation of molecules through graph theory;

- partial relaxation of the structures of large pools of generated structures such that
during the geometric optimization of structures at the MM level, the atoms from the

cleaving/forming bonds are automatically kept fixed with respect to each other;



- determining and eliminating conformationally equivalent structures, the geometric
similarity of the structures being evaluated by numerically optimizing the position of one
molecule with respect to the other;

- logical connection of structures from different conformational pools according to their
geometry similarities, with each couple of intermediate and transition state structures are
positioned over each other as the structure of the intermediate is translated into the centre of the
coordination system and the position of the transition state structure is set via translation and
rotation;

- generation of unknown geometry of the transition states, based on pre-defined
connectivity of the atoms involved in the reaction and, as a result, the lowest energy point
corresponding to the global minimum is identified, subject to user-imposed constraints.

The next step is the development of a methodology for analyzing the catalysis
capabilities of a proton-donor or proton-acceptor group according to its position relative to the
reaction center (Publication 3 of Indicator B). The algorithm leads to the construction of graphic
maps representing the catalytic effect of the probe molecule in its different positions around
atoms at which the main components of the transition vector are placed. The methodology was
demonstrated on the influence of proton donor group adjacent to the reaction center during ester
ammonolysis of an acylated diol as a model reaction for peptide bond formation in the ribosome.

B. All methodologies listed in point A have been implemented in the MolRan software
package developed by Dr. Miroslav Rangel (publ. 1 and 3 of indicator B), which is designed for
visualization and generation of molecular geometries, as well as for the analysis of the chemical
properties and electronic structure of structures obtained by quantum-chemical calculations. The
software package supports various input file formats. Various graphical representation tools are
implemented. The program also includes a set of tools for generating, loading, and displaying
meshes generated on the base of different data. A system of tools is available for constructing
job files for conformational analysis and for analysis of the results obtained.

B. On the Modeling of Ribosomal Catalytic Activity by Ammonolysis of Diols [publ. 1
and 2 of Indicator B] a model reaction is used - the ammonolysis of 1-O-formyl 1,2-ethanediol,
the choice of reagents is determined by the presence in the formylethanediol molecule of a
vicinal hydroxyl next to the reaction center analogously to the ribose ring in tRNA. The main
result is a catalytic acceleration of ester ammonolysis by hydrogen bonding of the vicinal
hydroxyl group in tetragonal transition states. In investigating the mechanism of acyl group
migration between vincinal OH groups in monoformylated cis-tetrahydrofuran-3,4-diol as a

model system for acyl group migration into amino-acylated tRNA [publ. 4 of indicator B], the



results of the calculations suggest that the stepwise mechanism via an orthoester intermediate is
preferred over the concerted mechanism.

G. Senior Assistant Dr. Miroslav Rangelov has applied the developed methodologies to
other systems such as:
- DFT modeling of different hydrogen bonded, methanol complexes, with different proton
acceptor and proton donor molecules containing Cl, F, NH,, OH, OR and COOH [publ. 1 of
indicator D];
- Molecular dynamics study of the interactions between sodium or magnesium ions and
phosphate groups of RNA backbone modeled as dinucleotide fragments in aqueous solution
using ab initio Born Oppenheimer [pub. 2 of indicator D];
- Testing of a set of ligands against the inner pocket formed by the activating segment and the P-
loop of the V599E mutant of B-Raf and identifying ligands that, when binding to the V599E B-
Raf, promotes an inactive conformation of the enzyme and are promising candidates in the fight
with B-Raf-dependent carcinomas [publ. 3 of indicator D];
- Molecular docking study to clarify the interactions between drug-like ligands and xanthine
oxidase (XO). The morpholinedione derivatives studied exerting XO inhibitory properties and
are promising candidates in the treatment of gout and other conditions related to excessive uric
acid production as well as anti-inflammatory drugs [publ. 4 of indicator DJ;
- Molecular docking study shows that binding of C-amide analogs based on the structure of VV-
Hemorphin-5 to kappa opioid receptors could be the mechanism of their anticonvulsant activity
[publ. 5 of indicator D];
- in silico modeling was performed to characterize the regions of the Clq globular “heads” that
are crucial to its recognition and binding [pub. 6 of indicator D].

In these studies, there is a significant shift from fundamental to more practical
applications of the methodologies developed. In this sense, the applicant's scientific research has

not only scientific but also applied scientific contributions.

4. Project activity and dissemination of results

Senior Assistant Dr. Miroslav Rangelov has managed a national project, has been a team
leader in an international project and has worked on the implementation of 16 national and 5
international projects. This shows that he is a sought-after partner because of his skills and
competences for in silico research in the field of Bioorganic Chemistry, Chemistry of Natural

and Physiologically Active Substances.



The results of his scientific work are presented as 17 lectures and 29 posters at various

national and international conferences.

5. Assessment of the applicant's personal contribution

I personally know the candidate since his appointment to the IOCCII-BAS, we have
discussed various aspects of molecular modeling and I have witnessed his scientific
development. Therefore, his personal contribution to the research presented to me is

indisputable.

CONCLUSION: Senior Assistant Dr. Miroslav Rangelov fulfills all the requirements of the
Law on the Development of the Academic Staff in the Republic of Bulgaria and the Rules for
the Conditions and Procedures for Acquiring the Academic Position "Associate Professor" at the
Institute of Organic Chemistry with the Center of Phytochemistry, BAS. The valuable scientific
production presented for participation in the competition is sufficient in volume, has been
published in renowned scientific journals with high IF and has found wide echo in the literature.

Based on the above, I am convinced of my positive assessment and suggest Senior
Assistant Dr. Miroslav Rangelov to be elected to the academic position of “Associate Professor”
in the professional field 4.2. Chemical Sciences (Bioorganic Chemistry, Chemistry of Natural
and Physiologically Active Substances) at the Institute of Organic Chemistry with the Center of
Phytochemistry, BAS.

16.09.2019 Reviewer: .....ccccooevvevenieniennnn,
Prof. Dr. Nikolay Vassilev



