PE3IOMETA

HA aHTJIMICKHM U HAa ObJTapcKkM e3uK Ha cratuurte Ha ac. Codusa CiiaBoBa, npeacTaBeHu 3a
npuaoduBaHe Ha o0pa3oBaTe/JHA W Hay4YHa CTeNeH ,JOKTOp” mo mnpogeCcHOHATHO
HanpasJieHue 4.2 XuMHYEeCKH HAYKH, HAYYHA cnienuaJaHocT “Teopernuna xumusa® (umdnbp
01.05.01) xbm snadoparopusi “Teopernuna u u3uucauresana xumusa* npu MOHX-BAH.
Tema Ha aucepranMoHeH TPyA “Mexanusmu Ha npeouOmMuUYHU peaKyuu HA OCHOBAMA HA
dopmamuo — ab initio mooenupane“. (Hayuen poroBoaures: npod. 11 Beneann Enues).
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Abstract: Complete reaction pathway of prebiotic reactions for formation of the purine
nucleobases adenine, hypoxanthine, guanine, isoguanine, 2,6-diaminopurine, and xanthine from
pure formamide are presented. All reactants (hydrogen cyanide, ammonia, water, formic acid,
urea) and catalysts (formamide and formimidic acid) needed in the self-catalyzed reactions are
available from a starting compound, formamide. The required raw materials are obtained by
partial decomposition of formamide.

ABTOKATAJIMTHYHH MEXaHU3MH HA MPEeOHOTHYHHTE PeaKIuu: OT GopMaMua 10 MyPHHOBH
HYKJIe00a3un

Pestome: IlpencraBeH e mbjieH peaklMOHEH IIbT Ha NMPEOMOTHYHM peakluy 3a oOpa3yBaHE Ha
MypUHOBUTE HYKJIe00a3u aJCHWH, XWIIOKCAHTWH, TYaHWH, HM30TYaHWH, 2,0-IHMaMUHONYPUH W
KCaHTHH OT 4HuCT ¢opmamuj]. Bcuukm peareHTH (IIMaHOBOIOPOA, aMOHSK, BOJA, MpaBueHa
KHCEJIMHA, KapOaMu) U Kataauzatopu (hopmamua u GOPMUMHUINHOBA KUCEITMHA), HEOOXOIMMHU
32 aBTOKATAJIM3WPAHUTE PEAKIMH, ca TMONyYeHH OT W3XOJHO ChEIUHEHUE, (OpMaMH/I.
HeoOxoauMuTe N3XOHH CHEIMHEHHUS CE MOJTyYaBaT ype3 YaCTUYHO pa3jiaraHe Ha popMaMul.

(2) Enchev, V.; Angelov, Il.; Dincheva, I.; Stoyanova, N.; Slavova, S.; Rangelov, M.;
Markova, N. Chemical Evolution: From Formamide to Nucleobases and Amino Acids
without the Presence of Catalyst. J. Biomol. Struct. Dyn. 39, 2021, 1-16.
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Abstract: Abiotic synthesis of nucleobases and amino acids is of critical importance as it sheds
light on potential prebiotic chemical reactions. During thermal decomposition of formamide in
vacuum conditions, purine, cytosine, adenine, hypoxanthine, uracil, pterin, urea, urocanic acid,
glycine, alanine and norvaline were detected. The compounds were obtained without catalyst by
heating at 100-180 °C or microwave heating of formamide. Reaction network of self-catalyzed
chemical reactions is suggested, showing how from only one parent molecule, nucleobases, urea



and the amino acid glycine can be produced. The reaction pathways are theoretically determined
using SCS-MP2 calculations.

XUMHYHA eBOTIONMA: OT (OPpMaMH] 10 HYKJI€00a31 H AMHHOKHCEJIHHH 0e3 KaTaau3aTop

Pe3omMe: AOWOTHYHUSAT CHHTE3 Ha HYKJICO0a3WM W aMHUHOKHCEIIMHHU € OT PellaBamio 3HaYeHUE,
THIl KaTO XBBPJIsSI CBETIUHA BbPXY MOTEHIMATHUTE MPEOMOTUYHN XUMUYHH peakiuu. [lo Bpeme
Ha TEPMHYHO pa3jaraHe Ha ¢GopMaMuj TOJ BaKyyM Osxa OTKPUTH ITyPHH, IIUTO3WH, aJ[CHUH,
XUIMOKCAHTHH, Ypalul, NITepUH, KapOaMua, ypoKaHOBA KHCEIWHA, TJIUIIKH, alaHUH ¥ HOPBAJIMH.
ChelMHEHNATA ca TIONy4eHM 0e3 KaTanmsaTop dpe3 Harpseane npu 100-180°C wm
MUKpPOBBIHOBO HarpsBaHe Ha (opmamuna. I[lpeanokeHa e peaknMoOHHa Mpexka OT
ABTOKATAIMTUYHH XMUMHYHU pPEaKIMH, TOoKa3Balla Kak camMoO OT €IHa POJIUTENICKa MOJICKYyJa,
MOXE Jla Cce€ TOoJay4yaT pa3lIuyHu HykiIeo0a3u, KapOamMua W aMUHOKHCEIWHATa TIUIUH.
PeaknmioHHUTE MBTHINA Ca ONPEACICHH TEOPETUYHO C IIOMOIITa Ha KBAaHTOBO-XMMHYHHU
n3uncienus Ha Hupo SCS-MP2.
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Abstract: Mechanisms of reactions for formylation of urea, leading to N,N'-diformylurea, and
for the dehydration of glycinamide and N,N'-diformylurea, yielding hypoxanthine, are suggested.
It is shown that these reactions are self-catalyzed. The first is catalyzed by formic acid, while the
second is catalyzed by N,N'-diformylurea. The suggested reaction mechanism shows that the N3
and N9 atoms of hypoxanthine originate from urea in agreement with available *H NMR
experimental data by Lagoja and Herdewijn (Lagoja & Herdewijn, Chem. Biodiv. 2004, 1, 106).
A complete reaction pathway of prebiotic reactions for formation of the hypoxanthine from urea,
formic acid, and glycinamide in formamide, where formamide/formimidic acid plays the role of a
proton-carrying catalyst, is also suggested.

ABTOKATAJMTHYHU MEXaHU3MH Ha npednoTuyHuTe peakuuu: II. Or kapdamua u
TJIMIMHAMU 10 XUIIOKCAHTHH

Pesiome: Ilpennoxenn ca MexaHU3MH Ha peakluu Ha ¢popMuiIMpaHe Ha KapOaMui, BOACIIU 0
N,N'-nmudopmunkapdamua 1 Ha nexuapaTtanus Ha rmuuuHaMug 1 N,N'-ntudopmunkapbamua, npu
KOETO ce IMoJTyuaBa XUIOKCAaHTHH. [loka3aHo e, ue Te3W peakiiy ce aBTOKaTaIMTHIHU. [IppBaTa
ce KaTaJlu3upa OT MpaBu€Ha KHCEIMHA, JOKaTo BTopara ce KaTtamusupa oT N,N'-mudopmmui-
kapOamu. [lpemiokeHusST peakMOHEH MEXaHW3bM ToKa3Ba, 4e aromure N3 m N9 Ha
XMIIOKCAHTHH MPOU3XOKIAT OT KapbaMui B chriacue ¢ Hamuunute "H SIMP excrnepuMeHTa Hu
nauuu ot Lagoja u Herdewijn (Lagoja & Herdewijn, Chem. Biodiv. 2004, 1, 106). I[Ipemioxen e
U TBJIEH PEaKUMOHEH IbT Ha NPEOMOTHYHM pPEaKlUUu 3a oOpa3yBaHE HAa XWUIIOKCAHTUH OT
KapOaMu, MpaBueHa KHCEIMHA W TJIMIUHAMHI BBB (opMamul, KbAeTOo (popMaMuma HIH
(hopMUMHIMHOBATA KMCEIMHA UTPASIT POJIATA Ha KaTalIU3aTop, MPEHACAL] IPOTOH.



