Pe3omera Ha penleH3MpaHUTe MYOJIMKAIIAN HA
ri.ac. 1-p Hukona TomoB BypakneB Ha ObJrapcKu €3UK W HA €IMH OT
e3ulUTe, KOUTO TPAAULUOHHO Ce MOJI3BAT B CbOTBETHATA HAYYHA 00J1aCT

(anznuiicku e3ux)

HAYYHU ITYBJIUKAIINUH - XABUWJINTAIIUOHEH TPY
(I'pyna ot noka3sarenn B)

“Synthesis, structure, spectral and coordination properties of a crown ether derivative
of 1,3-indandione. A new structural evidence for the versatile reactivity of 2-acetyl-1,3-
indandione”; Ahmedova, A., Burdzhiev, N., Ciattini, S., Stanoeva, E., Mitewa, M.
Comptes Rendus Chimie, 2010, 13 (10), 1269-1277.

The current study describes the synthesis of a new 1,3-indandione derivative with
conjugated N-phenylaza-15-crown-5 moiety (4). The crystal structure of compound 4 was
solved and its optical properties were studied in various solvents and in presence of alkaline
and alkaline-earth metal ions. Quantum chemical (DFT) methods were employed to describe
the structure and the optical properties of the studied compound and its complexes. The
obtained results indicated that the synthesis of compound 4 using acidcatalyzed aldol
reaction between 2-acetyl-1,3-indandione and the corresponding aldehyde is accompanied
with an unexpected deacetylation step. In this way, the N-phenylaza-15-crown-5 moiety is
directly conjugated with the 1,3-indandione fragment, known as a very strong electron
acceptor. Therefore, the absorption spectra of 4 are only slightly influenced by complexation
with Ba®* and Sr** ions.

Hacrosmoro npoyuyBane omucBa CHHTE3a HAa HOBO MPOU3BOAHO Ha 1,3-MHIAHIMOH
cee crperHat N-denunaza-15-kopona-5 ¢parment (4). Kpucramnata cTpykTypa Ha
chenuHeHue 4 Oere pelieHa W HErOBUTE ONTUYHU CBOMCTBA OsiXxa M3CIICIBAHU B PA3NIUYHU
pa3TBOpUTENN M B TMPUCHCTBHE HA allKalHU W aJKaJO3eMHH MeTamHu HoHu. KBaHTOBO
xumuyHu (DFT) mMetomum ca wu3MoJ3BaHU 3a OINKCBAaHE HA CTPYKTypaTra M ONTHYHUTE
CBOMCTBAa Ha M3CIEABAHOTO ChEIMHEHUE M HEroBUTE KoMIUIeKcH. [lomydeHuTe pesynratu
MOKa3BaT, Y€ CUHTE3bT Ha CheAMHEHUE 4 C MOMOIITA Ha KUCEIMHHA KaTalu3upaHa ajJojiHa
peakius Mexay 2-aneTwi-1,3-UHJIaHTUOH W CHOTBETHHS QIJCXHJ € MPHIPYKEH C
HEOYaKBaH eram Ha aeanerwiupane. [lo To3u HaumH vactta oT N-(penmnaza-15-kopona-5 e
TUPEKTHO crperHar ¢ 1,3-uHaaHauoHHus (GparMeHT, KOWTO € MHOTO CHUJIEH eJeKTPOHEH
akuenTop. [lopagu Tazu npuynnHa, aOCOpPOIMOHHUTE CIEKTPH Ha 4 ca cnabo MOBIUSHU OT
KOMILIeKcooGpasyBatero ¢ Ba® u Sr** iionn.



“Synthesis and transformations of polysubstituted diastereomeric 5-oxomorpholin-2-
carboxylic acids”; Burdzhiev, N., Stanoeva, E., Shivachev, B., Nikolova, R.
Comptes Rendus Chimie, 2014, 17 (5), 420-430.

A series of trans- and cis-3,4-disubstituted 5-oxomorpholine-2-carboxylic acids 5
were prepared by a cyclocondensation between diglycolic anhydride 3 and arylideneamines
4. Transformations of the carboxylic group leading to a peptide bond in the side chain to the
morpholinone ring were effected. The relative configurations and the preferred
conformations of the substituents at the morpholinone ring in some of the newly prepared
derivatives were determined by means of *H NMR and X-ray analysis.

Cepus ot mpanc- u yuc-3,4-1u3aMecTeHH  5-0KCOMOP(HOIUH-2-KapOOKCUITHU
KHUCEIMHU 5 0sXa MOJIyueHH 4pe3 LUKIOKOHIEH3AIMs MEXIy IUTIHKOJIOB aHXUAPUA 3 H
apwaeHamuaute 4. bemie ochinecTBeHa TpaHchopMmanus Ha KapOOKCHIIHATa rpyma,
BOJICIIA JI0 TENTHIHA BpPH3Ka B CTpAHMYHATA BEpHra KbM MOP(OIMHOHOBHSAT MPBCTEH.
OTHOCHTENHHUTE KOHQUTYpallM W TPEANOYHTaHH KOH(POPMAIMKW Ha 3aMECTUTEIUTE B
MOP(OJIMHOHOBHSA NPBCTEH B HAKOM OT HOBOCHUHTE3UPAHUTE NMPOU3BOIAHU OsiXa ONpeAeTeHH
ypes 'H SIMP u PEHTT€HOCTPYKTYPEH aHAJIM3.

“Synthesis of novel 13a-(o-aminoalkyl)-8-oxoberbines by means of reaction of
homophthalic anhydride with 1-substituted 3,4-dihydroisoquinolines. An unexpected
formation of a pyrrolo[3,4-i]Jberbindione”; Stanoeva, E., Georgieva, A., Avramova, S.,
Burdzhiev, N., Lazar, L.

Journal of Heterocyclic Chemistry, 2015, 52 (1), 130-135.

The reaction of 1-[m-(N-acylated amino)alkyl]-3,4-dihydroisoquinolines (7a—e) with
homophthalic anhydride (1) leads to the formation of 8-oxo-13a-[(N-acylated amino)alkyl]-
8H-dibenzo[a,g]quinolizine-13-carboxylic acids (8a—e) with predomination of cis
diastereomers, together with small amount of trans-8a. cis-13a-[(N-Cbzaminomethyl)]-8-
oxo-dibenzoquinolizine-13-carboxylic ~ acid  (8a) cyclized to the unknown
dibenzo[a,g]pyrrolo[3,4-i]Jquinolizinedione (10) upon moderate heating in methanol.

Peaknusta Ha 1-[o-(N-anunupan aMuHo)ankui]-3,4-TuXuapor30XHHOIMHE (7a-€) ¢
xomodranoB auxuapua (1) Boau 10 obpasyBaneTo Ha 13a-[(N-ammaupan amMuHO)aaKu]-8-
okco-8H-nmnben3o[a,g|xunonu3nH-13-kapOokcumHn kucenuHu (8a-e) ¢ mpeoOnanaBaHe Ha
yuc-TuacTepeoMepy, 3aeIHO ¢ MaJKO KoimdecTBO mpanc-8a. [lpu ymepeHo HarpsiBaHe B
METaHOJI yuc-13a-[(N-Cbzaminomethyl)]-8-okcoauben3zoxunonu3un-13-kapOoKkcriaHa
KrcenuHa (8a) NUKIU3upa 10 Hen3BecTeH auden3o[a,q]mupono[3,4-i|xunomusunanon (10).



“Synthesis of bioactive aminoacid derivatives of trans-5-aminomethyl-1-benzyl-6-
phenylpiperidin-2-one‘; Baramov, T.l., Burdzhiev, N.T., Pandova, B.T., Todorova,
V.Z., Yanev, S.G., Stanoeva, E.R., Chanev, C.D.

Bulgarian Chemical Communications, 2017, 49(B), 55-63.

trans-5-Aminomethyl-1-benzyl-6-phenylpiperidin-2-one (2) was prepared in high
yield via Mitsunobu methodology and acylated by means of N-protected a-amino acids
glycine, L-tryptophan, L-phenylalanine and L-alanine to give new piperidinones with a
peptide bond in the side chain to the piperidinone cycle. N-Deprotection was carried out and
the side chain of the tryptophan derivative 4 was elongated to yield products containing two
peptide bonds in it. Mass spectra (EI and/or ESI) of most of the derivatives were taken and
some fragmentation patterns were suggested. Tryptophan derivatives 3-5 have been
described in a previous paper to possess antihistamine activity. In the present study four
peptide derivatives have been tested for ACE inhibitory activity and compounds 13a,b and
14 have shown a weak ACE inhibitory activity.

Tpanc-5-amuaoMeTn-1-0eH31I-6-peHmImuUnepuInH-2-0H (2) € CHHTE3UpPaH C BUCOK
no0uB Mo MeroAa Ha MunyHoOy ¥ auwiupaH mHoj aeiictBuero Ha N-3aluTeHUTE O-
AMUHOKHCENIMHU TJHIMH, L-Tpuntodad, L-QeHunanaHuH © L-aJaHWH JO HOBH
MUNIEPUIUHOHH C MENTUAHA BPh3Ka B CTPAaHUYHATA BEpUTa KbM MUMEPUIMHOHOBUS MPHCTEH.
[IpoBeneno e otcrpansBane Ha N-3alIMTHUTE TPYIHM, KAaToO CTpaHUYHATa BEpUra B
NPOM3BONHOTO Ha TpunTodaHa 4 € yAbDKEHA C OrJel IOJlydyaBaHe Ha CHEIUHECHUS
ChABpXKAIIM JBe nenTuaHu Bpb3ku. CHetu ca mac-criektpu (EI w/mmm ESI) Ha moBeueto
ChEIMHECHUSI W Ca TPEIIOKEHH CcXeMH Ha (parmeHTanus. B mpeaumHo choOmieHne e
OMKCaHa AaHTUXUCTAMHHOBAaTAa AaKTHUBHOCT HAa NPOU3BOAHUTE Ha Tpunrodana 3-5. B
HacTodAmeTo cbhobOmenue e wuscneaBaHa ACE wuHxuOuTopHaTa aKTUBHOCT Ha YETUPHU
nentuaHu npousBoaHu. Chenunenusra 13a,b u 14 mokassar cmaba ACE wHxuOuTOpHA
aKTUBHOCT.

“Synthesis of novel trans-4-(phthalimidomethyl)- and 4-(imidazol-1-ylmethyl)-3-
indolyl-tetrahydroisoquinolinones as possible aromatase inhibitors”; Burdzhiev, N.T.,
Baramov, T.l., Stanoeva, E.R., Yanev, S.G., Stoyanova, T.D., Dimitrova, D.H.,
Kostadinova, K.A.

Chemical Papers, 2019, 73 (5), 1263-1277.

The reaction of homophthalic anhydride with 1H-indol-3-carbaldimines was used for
the preparation of trans- and cis-2-alkyl-3-indolyl-1-oxotetrahydroisoquinolin-4-carboxylic
acids 3a—d. The stereochemistry of the reaction was investigated by means of *H NMR
spectroscopy. The carboxylic group of trans-3a—d was transformed stereoselectively via
4-hydroxymethyltetrahydroisoquinolin-1-ones into 4-(phthalimidomethyl)-derivatives trans-
6a,b and 4-(imidazolylmethyl)-derivatives trans-8b—d. Compounds trans-6a,b and 8b-d
were tested for antiaromatase activity, and the preliminary results showed that the



phthalimidomethylisoquinolinone trans-6b at 50 uM concentration decreased the aromatase
enzyme activity with 40%.

Peaknmsita Ha xoMo(TanoB anxuapu ¢ | H-uHI011-3-KapOIIUMIHI Ce M3TI0JI3Ba 32
MOJIy4aBaHETO HAa mMpaHc- WU Yuc-2-aiKui-3-UHAOIUI-1-0OKCOTeTPaxuapOn30XUHOJINH-4-
kapOokcwiH kucenuHn 3a-d. CTepeoXxuMusiTa Ha peakuusaTa Oene u3cieBaHa ¢ MOMOIITa
na 'H SIMP cnextpockomnust. Kapbokcnnnata rpyma Ha mpanc-3a-d Geme tpancdopMupana
CTEpPEOCEIEKTUBHO Ipe3 4-XUIAPOKCUMETHITETPAXUIPOM30XHUHONNUH-1-00 B 4-¢pTanmumuno-
METHJIOBUTE MPOU3BOAHUTE mparc-6a,b u 4-uMHIa30IMIMETHIIOBUTE POU3BOIHU MPAHC-
8b-d. Crenunenusita mpanc-6a,b u 8b-d 0sxa TecTBaHM 32 aHTHapoMara3Ha aKTHBHOCT M
Npe/IBAPUTEITHUTE PE3yITATH MMoKa3axa, 4e GTaaIMMUI0METHIN30XHMHOIMHOHA mpanc-6D mpu
koHUeHTpauus 50 UM HamansiBa akTUBHOCTTa Ha apomata3zata ¢ 40%.

“One-step route to tricyclic fused 1,2,3,4-tetrahydro-isoquinoline systems via the
Castagnoli—-Cushman protocol”; Pashev, A., Burdzhiev, N., Stanoeva, E.
Beilstein Journal of Organic Chemistry, 2020, 16, 1456-1464

The Castagnoli-Cushman reaction of 3,4-dihydroisoquinolines with glutaric
anhydride, its oxygen and sulfur analogues was investigated as a one-step approach to the
benzo[a]quinolizidine system and its heterocyclic analogs. An extension towards the
pyrrolo[2,1-a]isoquinoline system was achieved with the use of succinic anhydride. The
results are evidence of an unexplored method for the access of the aforementioned tricyclic
annelated systems incorporating a bridgehead nitrogen atom. The structures and relative
configurations of the new compounds were established by means of 1D and 2D NMR
techniques. The reactions between 1-methyldihydroisoquinoline and glutaric, diglycolic and
succinic anhydrides yielded unexpected isoquinoline derivatives containing an exocyclic
double bond. The compounds prepared bear the potential to become building blocks for
future synthetic bioactive molecules.

Uscnenpana e peakuusta Ha Kacranbonu-Kemman wmexay  3,4-auxunpo-
W30XWHOJIMHA C TJIyTapoOB AaHXWJIPUJ, HETOBUTE KHCIOPOJHH W CEPHH AaHAJIO3H KaTo
CIHOCTAIUEeH METOJ 3a CHHTE3 Ha OeH30[a]|XWHOIM3MAWHOBATA CHUCTEMa W HEHHUTE
XETEPOIMKIMYHN aHajio3u. YToTpebaTa Ha SHTApeH aHXUAPUJ BOJIU IO paslIUpsSBaHE HA
METOJla 3a CHHTe3 Ha muposo[2,l-ajuzoxuHonmHOBaTa cucTema. Pesynrarure ca
JIOKa3aTeJICTBO 3a HEU3CJIEIBAaH METOJ BOJEN] [0 TOpPECOMEHATUTE TPUIMKINIHU
aHeMpPaHU CHCTEMH, BKJIIOUBAIIM a30T€H aToM B IyaBaTta Ha MocTa. CTpykTypute u
OTHOCUTEITHUTE KOH(UTYpAIIUU HAa HOBUTE CHEAMHECHHS Ca YCTAHOBEHHU ¢ ToMorra Ha 1D u
2D SMP Ttexnuku. Peakiuute Mexay 1-METHIIUXUIPOU3OXHHONMH U TIIyTapoB,
JIUTJINKOJIOB W SIHTAPEH aHXUAPHWINA JaBaT HEOYaKBaHWM W30XUMHOJWHOBU IPOW3BOIHH,
CBHIABPIKAIIN CK30IUKIMYHA JBOMHA Bpb3Ka. [I[pUTOTBEHUTE ChEIMHEHUSI HOCAT TOTEHITHAIA
Jla CTaHAT TPAJMBHU €JIEMEHTH 3a OBACIIN CHHTETUYHN OMOAKTUBHH MOJICKYIIH.



HAYYHA NYBJINKAIUA - U3BbH XABUWJINTAIHUOHHUSA TPY [
(I'pyna ot nokaszarenu I')

“Synthesis of new polysubstituted pyrrolidinones with potential biological activity”;
Burdzhiev, N.T., Stanoeva, E.R.

Zeitschrift fur Naturforschung - Section B Journal of Chemical Sciences, 2008, 63 (3),
313-320.

The reaction of succinic anhydride and N-benzylidene-benzylamine gave rise to the
corresponding substituted trans-5-oxopyrrolidine-3-carboxylic acid, which was transformed
stereoselectively into two series of compounds. The first one consists of carboxamides, and
the second one includes aminomethyl derivatives. The compounds prepared incorporate both
a pyrrolidinone part and other nitrogen containing heterocyclic fragments of pharmacological
interest.

Peakuusara ©Ha sHTapeH aHxuapua U N-OeH3unupeHOeH3WJIaMUH BOAM  JI0
[IOJy4yaBaHETO Ha CBOTBETHATa 3aMECTEHA MPAHC-5-OKCOMUPOIUINH-3-KapOOKCHUIHA
KHCEJIMHA, KOATO ce TpaHC(POpMHpa CTEPEOCEICKTUBHO B JIBE CepUU CheauHeHus. IIbpBara
ce CBbCTOM OT KapOOKcaMuaM, a BTOpaTa BKJIIOYBA AMHUHOMETWIOBH IPOU3BOIHU.
[IpuroTBeHUTE CHEOUHEHMSI BKIIOYBAT, KAaKTO IHUPOJIMIMHOHOBA 4YacT, Taka M JpYru
a30TCHABPIKAILU XETePOLMKICHH (hparMeHTH ¢ (papMaKoJIOrHueH UHTEPEC.

“Tautocrowns: Aza-15-crown moiety conjugated to a tautomeric schiff base”;
Deneva, V., Burdzhiev, N., Stanoeva, E., Antonov, L.
Spectroscopy Letters, 2010, 43 (1), 22-27.

The spectral properties of a tautomeric Schiff base containing aza-15-crown-5
moiety, namely N-((4-methylnaphthalen-1-yl)methylene)-4-(1,4,7,10-tetraoxa-13-
azacyclopentadecan-13-yl)aniline on addition of alkali and alkaline earth metal ions were
investigated. The newly synthesized ligand exhibited very interesting color changes in
presence of metal ions: from yellow (free ligand) via colorlessness (enol tautomer complex)
to yellow—orange (keto tautomer complex). These changes result from 2 stepwise processes:
complex formation and shift of the tautomeric equilibrium between the tautomers after
addition of the metal ions.

W3cnenBanu ca criekTpaJHUTE cBOMCTBA Ha TaToMepHu lllndoBu 6a3u, cpabpxamu
aza-15-kpayn-5 erepen ¢parment, a umenHo N-((4-metmnnadraneH-1-wia)MeTraeH)-4-
(1,4,7,10-reTpaokca-13-azanukionenraaekan-13-min)aHuind, npu go0aBsHe Ha HOHHM Ha
aJIKaJIHA W aJKalo3eMHHU MeTanu. HOBOCHHTE3MpaHUAT JHraHj MOKa3a MHOTO HHTEPECHH
MPOMEHU B I[BE€TA B MPUCHCTBHE HAa METAIHU HOHM: OT XXBJIT (CBOOOJEH JMraHa) Mpe3
Oe31BeTeH (EHOJIEH TAaBTOMEPEH KOMIUIEKC) [0 KBITO-OpPAaHXKEB (KETO TaBTOMEpPEH
KOMIUICKC). Te3u mpoMeHH ca pe3ysTaT OT JBa IMOCJIEIOBATCIIHU Mporeca: oOpa3yBaHe Ha



10.

KOMIUIEKCA M HW3MECTBAaHE Ha TaBTOMEPHOTO PABHOBECHE MEXAY TaBTOMEPHUTE CIe
no0aBsiHE Ha METaTHUTE HOHH.

“Synthesis of piperidinones incorporating an amino acid moiety as potential SP
antagonists”; Burdzhiev, N., Stanoeva, E.
Comptes Rendus Chimie, 2010, 13 (12), 1443-1449

Substituted (+)-trans-1-benzyl-6-oxo-2-phenylpiperidine-3-carboxamides (type 1) and
the acylated derivatives of (£)-trans-5-amino-1-benzyl-6-phenylpiperidin-2-one (type II)
were prepared by the reaction of (+)-trans-1-benzyl-6-oxo-2-phenylpiperidine-3-carboxylic
acid and some common reagents to provide the products in satisfactory yields. Newly
synthesized compounds share the same moiety with common SP antagonists and thus similar
activities might be expected.

Upes peakuus Ha (+)-mpanc-1-6eH3uin-6-okco-2-peHnnnunepuaun-3-kapOoKCHIHATA
KHCEIMHA W HAKOM 4YeCTO CpPEUIaHW pEeareHTH ca CHHTE3UPAaHH CEepUHU OT 3aMECTCHH
(x)-mpanc-1-6eH3uin-6-okco-2-peHmmnmunepuuH-3-kapookcamuau  (tun 1) u  amuimupanu
NPOM3BONHU Ha (*)-mpauc-5-amuHo-1-0eH3mn-6-pernnmunepuaua-2-on (T II) ¢
3aJJOBOJIUTENIHN J00uBH. HOBOCHHTE3MpaHWTE CHEIUHEHUS CHOACNAT €IWH MW ChIIH
CTPYKTYpEH ()parMeHT C 4eCTO CpEIIaHW aHTATOHUCTH Ha cyOcTaHuus P u mo To3uM HaumMH
MOXe€ J1a Ce 0OYaKBa IM0J00HA aKTHBHOCT.

“Smooth-muscle effects of newly synthesized amino-methyl piperidinones™;
Mateeva, P., Burdzhiev, N., Stanoeva, E., Baramov, T., Zamfirova, R.
Comptes Rendus de L'Academie Bulgare des Sciences, 2010, 63 (11), 1675-1680.

Here, we report the results of the investigation of antihistaminic and anti-SP activity
of new 5-aminomethylpiperidinones 2-6. According to the structural requirements for
antihistamine and anti-SP activity, the compounds investigated incorporate an amino-group
as part of a piperazino substituent (2,3) or as peptide bond to a tryptophan moiety (4-6).
Experiments have been performed on guinea-pig smooth-muscle preparations. The effects of
the new compounds on smooth-muscle contractility and their influence on histamine-induced
contractions (on ileum segments) and anti-SP activity (on trachea) were tested. All
compounds studied (in concentrations 10 °M, 10°M, and 10 *M) have shown a well-
expressed concentration-dependent inhibitory effect on HA-induced ileal contractions, but
did not affect the SP-evoked tracheal responses.

Tyk moxmagBame pe3yNTaTHTe OT W3CIEIBAHETO HA AaHTHXHCTaMHUHOBaTa M aHTU-SP
aKTUBHOCT Ha HOBUTE S-aMHHOMETWINHIEPUINHOHH 2-6. CBhIIaCHO CTPYKTYPHHTE
W3MCKBAaHUS 3a AHTMXUCTAMUHOBA M aHTU-SP aKTHBHOCT, W3CIEJBAaHUTE ChEIUHEHUS
BKJIIOYBAT aMMHOTpyIa KaTo 4acT OT MMUIIEPAa3HMHOBUS 3aMmecTuTen (2,3) WM KaTo 4acT OT
NeNnTUIHA BPb3Ka ¢ aMUHOKUCENHHATa TpuntodaH (4-6). EkcnepuMeHTHTE ca MPOBEICHH C
IJIQJIKOMYCKYJIHM TIpenapaTH OT MOPCKH CBUHUYeTa. TecTBaHM ca e(eKTUTe Ha HOBHUTE

6
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CbEIMHEHUSI BBPXY IJVIAJKO-MYCKYJIHHTE CBKpAIleHUss U TIXHOTO BIMSHHE BBPXY
MPEAN3BUKAHUTE OT XHUCTAMWUH KOHTPAKIUH (BBPXYy HWICYMHHUTE CETrMEHTH) W aHTH-SP
aKTUBHOCTTA (BBpPXY Tpaxes). Bcuuku u3cienBaHu chbequHEHHS (B KOHLIEHTPALUU 1076M,
10°M u 10™*M) mokasBat 106pe H3paseH KOHIEHTPALMOHHO-3aBIHCHM HHXHOHTOPEH e(heKT
BbpXy HA-MHOynHMpaHu KOHTpaKIIMKM Ha WIECYM, HO HE 3acsraT Npeau3BHKaHUTE OT SP
TpaxeiHU pPEeaKLUU.

“Synthetic Approaches toward the Benzo[a]quinolizidine System. A Review”;
Pashev, A.S., Burdzhiev, N.T., Stanoeva, E.R.
Organic Preparations and Procedures International, 2016, 48 (6), 425-467.

Over the recent years, the benzo[a]quinolizidine ring system has become of great
significance since it was found to be a key subunit in numerous natural and synthetic
molecules possessing a variety of physiological activities or being promising candidates for
such activity. The present review summarizes the ring construction and the synthetic
transformations of the benzo[a]quinolizidine ring system within the framework of the notable
total synthesis of alkaloids and potential drugs created from 1990 up to 2015. Older
publications are also discussed in view of historical development of the problem, the
improvement of older classic methods via the application of new reagents, or synthesis of
some products of medicinal importance.

[Ipe3 mocneaauTe roauHu O0€H30[a|XMHOIU3UIMHOBATA IPbCTCHHA CUCTEMA MTPUI00H
rojsiMO 3HadyeHHe, Thi KaTo Oellle yCTaHOBEHO, Y€ € KIII0YOBa CTPYKTypa B MHOKECTBO
MIPUPOJIHU U CUHTETUYHHU MOJIEKYIIH, PUTEKABAIIN Pa3HOOOpa3HH (PU3UOJIOTUYHU JEHHOCTH
WiH o0eIaBany KaHIuIaT! 3a TakaBa AeHoCT. HactosmusT 0630p 0060011aBa METOIUTE 3a
U3rpaXJaHe Ha TNPBCTEHHATa CTPYKTypa W CHHTCTHYHHTE TpaHchopMmanmuu Ha
OeH30[a]|XMHONMM3NINHOBATA TPHCTEHHA CHUCTEMa B PAMKUTE Ha 3a0€JIeKUTEIIHU TOTATHH
CHUHTE31 Ha aJKAJIOWIA U TOTEHIIUAJIHH JIEKapCTBa, ch3aaaeHu oT 1990 no 2015 r. ITo-crapu
My OJIMKAITUU CBIO ca OOCHIACHU C OTJIe]] HA UCTOPUYECKUS UM NPHHOC, YChBBPIICHCTBAHE
Ha TI0-CTapW KJIACHYECKH METOJM 4Ype3 TMpujlaraHe Ha HOBHU PEAKTUBH WM CHHTE3 Ha
CHEIMHEHUS C MEIUIIMHCKO 3HAYEHHUE.

“3-(2-Hydroxyethyl)-2-methylbenzothiazolium bromide”;
Minkovska, S., Gadjev, N., Burdzhiev, N., Alexiev, A., Deligeorgiev, T.
MolBank, 2016, 2016 (4), art. no. M920.

A novel method for the preparation of 3-(2-hydroxyethyl)-2-methylbenzothiazolium
bromide was developed. It consists of heating of 2-methylbenzothiazole, 2-bromoethanol and
ethoxyethanol for 2 h. On the next day the precipitate was filtered and air dried.

Pa3zpaboren e HOB METOJ 3a MoJTy4aBaHe Ha 2-meTra-3-(2-
XUApoKcueTHn)oen3otuazonueB Opomun. Toll ce chcTOM OT HarpsBaHe Ha 2-METHII-
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14.

O0eH30THa3011, 2-OpOMOETaHOI U €TOKCHUETAHOJ B MPOABKeHHE Ha 2 4aca. Ha crienBamus
JIeH yTaiikaTta ce GUITpyBa U U3CyIIaBa Ha BB3yX.

“Synthesis, physico-chemical investigation, DFT calculations and cytotoxic activity of
palladium complexes with 3'-amino-4-thio-1H-tetrahydropyranspiro-5'-hydantoin®;
E. Cherneva, R. T. Buyukliev, N. Burdzhiev, R. Michailova, A. G. Bakalova
Bulgarian Chemical Communications, 2017, 49(D), 164 — 170.

A new organic compound - 3'-amino-4-thio-1H-tetrahydropyranspiro-5'-hydantoin
and two new Pd(Il) and Pd(IV) complexes were prepared and investigated by elemental
analyses, IR and NMR spectral analyses. The structure geometries of the ligand and its
palladium complexes were obtained using the hybrid DFT method. 6-311++G** set was
used for the optimization of the geometry of the ligand, while for the Pd(ll) and Pd(IV)
complexes LANL2DZ basis set was utilized. According to the calculations data the geometry
of the Pd(I1) complex is square planar and of the Pd(I1VV) complex is distorted octahedral. The
complexes were tested for cytotoxicity in vitro on five human tumor cell lines. The
compounds tested exerted concentration dependent cytotoxic effects against the human
tumor cell lines.

CuHTE3MpaH U U3CIIEIBAHH Ca €IHO HOBO OPTaHUYHO ChEIWHEHHE - 3'-aMHHO-4-THO-
1 H-terpaxuaponupancnupo-5'-xuganTonH 1 aBa HoBu Komiuiekca Ha PA(Il) u Pd(IV) upes
eneMenteH aHanu3, MY u SAIMP cnekrtpanmnu metoau. 'eomerpusara Ha JMraHja M Ha
HETrOBUTE MalaJUeBH KOMIUIEKCH € u3cielnBaHa ¢ momouira Ha xubpugen DFT wmeron.
W3znon3Ban e 6-311++G** GazuceH ceT 3a ONTUMU3KMpPAHE TEOMETPUATA Ha JINTaH[a, JOKATO
3a kommuiekeute Ha Pd(II) m Pd(IV) e wm3nomsBan LANL2DZ 6azen cer. Cnopen
M3YUCIICHUTE JaHHU, TeoMmeTpusaTra Ha komruiekca Ha Pd(Il) e kBagpaTtHO miaHapHa, a Ha
komiuiekca Ha PA(IV) e medopmupan oxraenbp. Komruiekcure Osixa TecTBaHu in Vitro 3a
IIUTOTOKCUYHOCT BBPXY IE€T YOBEHIKM TYMOPHHM KJIETHYHHM ITUHHHA. HOBOCHHTE3MpaHHTE
ChEIMHEHUS] TPOSIBIBAT KOHIIEHTPAIIMOHHO 3aBHCHMAa ITUTOTOKCHYHA AKTUBHOCT BBPXY
M3CIIEIBAHUTE YOBEIIKU TYMOPHH KJIETHYHU JTHHUU.

“Rapid synthesis of (3-bromopropyl)triphenylphosphonium bromide or iodide”;
Minkovska, S.1., Burdzhiev, N.T., Alexiev, A.A., Deligeorgiev, T.G.
Bulgarian Chemical Communications, 2018, 50(H), 209-212.

A novel rapid method for the preparation of (3-bromopropyl)triphenylphosphonium
bromide was developed. The synthesis was accomplished by microwave irradiation of 1,3-
dibromopropane with triphenylphosphine at a ratio of 1:1 for 2 minutes in xylene or toluene
or without any solvent. The target compound was isolated in good yield (81-93%) and high

purity.

Pazpaboren e HOB OBp3 Meron 3a  monyyaBaHe Ha  (3-Opomo-
nponui)rpudenmidochonrnes 6pomun. CuHTE3bT ce u3BbpIIBa upe3 MW oOibuBaHe Ha
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1,3-muGpomnponan ¢ Tpudenunpochun B cboTHOImEHHE 1:1 3a 2 MUHYTH B KCWICH WU
TonyeH win 0e3 pa3tBopures. OCHOBHOTO ChEIMHEHHE CE€ ToJiydaBa ¢ J00Bp 100uB
(81-93%) u ¢ BUCOKa YHCTOTA.

“A novel fast green method for the preparation of the squaraine dye 3-oxo-4[(1,3,3-tri-
methyl-3H-indol-1-ium-2-yl)methylene]-2-[(1,3,3-trimethylindolin-2-ylidene)methyl]-
cyclobut-1-enolate, inner salt”; Minkovska, S., Burdzhiev, N., Alexiev, A., Deligeorgiev, T.
Chemical Papers, 2018, 72 (6), 1549-1552.

A novel green method was developed for the preparation of a squaraine dye, on an 8-
mmol scale, by microwave irradiation of two equivalents of 1,3,3-trimethyl-2-
methyleneindoline with one equivalent squaric acid in the green solvent, ethyl |-lactate. The
time required for this green synthesis is only 4 min. The target squaraine dye was isolated in
excellent yield (81%) and with high purity.

Pa3paboteHn e HOB ,,3elleH METOJ 3a CHHTE3 Ha CKyapuHOBHU Oarpmiia, B 8 mmol
CKaja, 4pe3 MHKPOBBIHOBO OOJIbYBAaHE Ha JBa CKBUBajleHTa Ha 1,3,3-Tpumerni-2-
METHJICHHH/IOJMH C €IMH CKBUBAJICHT KBaJpaTHA KUCEIIMHA B ,,3€JICHHS " pa3TBOPUTEII, €THII
L-nmakrat. Bpemero, HeobxonuMo 3a To3u “‘3eneH” cuHTE3, € camo 4 MuHyTH. lleneBoTo
CKyapHHOBO Oarpmiio 6erre n30aupano ¢ oranydeH 100uB (81%) u ¢ BHCOKa YHUCTOTA.

“Copper radiopharmaceuticals for theranostic applications”;
Ahmedova, A., Todorov, B., Burdzhiev, N., Goze, C.
European Journal of Medicinal Chemistry, 2018, 157, 1406-1425.

The growing advancement in nuclear medicine challenges researchers from several
different fields to integrate imaging and therapeutic modalities in a theranostic
radiopharmaceutical, which can be defined as a molecular entity with readily replaceable
radioisotope to provide easy switch between diagnostic and therapeutic applications for
efficient and patient-friendly treatment of diseases. For such a reason, the diagnostic and
therapeutic potential of all five medical radionuclides of copper have thoroughly been
investigated as they boost the hope for development of successful radiotheranostics. To
facilitate the mutual understanding between all different specialists working on this
multidisciplinary field, we summarized the recent updates in copper-based nuclear medicine,
with specific attention to the potential theranostic applications. Thereby, this review paper is
focused on the current achievements in the copper-related complementary fields, such as
synthetic and nuclear chemistry, biological assessment of radiopharmaceuticals, design and
development of nanomaterials for multimodal theranostic implications. This work includes:
i) description of available copper radionuclide production methods; ii) analyses of the
synthetic strategies for development of improved copper radiopharmaceuticals; iii) summary
of reported clinical data and recent preclinical studies from the last five years on biological
applicability of copper radiopharmaceuticals; and iv) illustration of some sophisticated
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multimodal nanotheranostic agents that comprise several imaging and therapeutic modalities.
Significant advancement can be seen in the synthetic procedures, which enables the broader
implication of pretargeting approaches via bioorthogonal click reactions, as well as in the
nanotechnology methods for biomimetic construction of biocompatible multimodal copper
theranostics. All this gives the hope that personalized treatment of various diseases can be
achieved by copper theranostics in the near future.

Bop3usaT Hanpeabk B sapeHaTa MEAMLIMHA MPEIU3BUKBA U3CIEI0BATEIN OT HAKOJIKO
pa3nuyHu 00JAaCTH Jla MHTErpupar oOpa3HaTa IUArHOCTUKA M TEpareBTHYHA MPAKTHUKA B
enuH paauodapMaleBTUK, KOHTO MOXe Aa ObJe OmIpelesieH KaTo MOJEKYJIHAa €AMHHIA C
JIECHO 3aMEHSEM PAIMOM30TOI, 32 ]a OCUTYPH JIECHO IPEBKIIOYBAHE MEXKIY AUArHOCTHYHH
U TEpamneBTHUYHU TMPWIOKEHUs, 3a €(PEeKTUBHO M YIOOHO 3a NalleHTa JIeYeHHEe Ha
3abonsBanus. [lopanm Tasuw NpUYMHA JAMATHOCTHYHHMAT W TEPAaNeBTUYEH IOTCHIMAI Ha
BCHUKUTE MET MEJUIMHCKH PaJioM30TONA Ha MEATA ca MOAPOOHO MPOYYEHH, Thil KaTto Te
3acMJIBAT HaJeKJaTa 3a Pa3BUTHE Ha yCHELIHAa paguoTepanus. 3a Ja yJIEeCHUM B3aUMHOTO
pa3dbuparenacTBO  MEXIYy BCHUYKM  PA3IMYHU  CHELHUATUCTH, pabdoTemu B  Ta3H
MYJITHIUCIMILTMHAPHA 007acT, 0000IIMXME aKTyaIHUTE MOCTHKEHUS B sIpEHATa MEIUIMHA
Ha MeJlHa OCHOBA, KaTO0 0OBPHAXME CIICI[MATHO BHUMAaHHUE HA NOTEHIIMATHUTE TePANIeBTUYHH
npuwioxkeHus. [lo To3M HAuYMH HACTOSIIUAT 0030p € (OKyCHpaH BBPXY TEKYIIUTE
MOCTH)KEHUSI B CBBP3aHUTE C MeJI JOMBJIBAIIM c€ OOJIACTH, KAaTO CHHTETHYHA W S/IpEHA
XUMUsI, OMONOTMYHA OLEHKa Ha paanodapMalleBTUYHUTE IpernapaTtd, MPOCKTUpaHEe W
pa3paboTBaHe Ha HAHOMATEpUAIM 33 MHOTOLCJIEBH TEPANeBTUYHO-AWATHOCTHYHH IICIIH.
Ta3u paborta BKIIOYBA: 1) ONMMCaHME HAa HAJIMYHUTE METOIU 3a NPOU3BOACTBO Ha MEIHHU
pazMon30TONH; 11) aHaIM3 HA CHHTETUYHUTE CTPATeTMH 3a pa3paboTBaHe HA MOAOOpPEHH
MEIHU paguodapMaleBTHUHU MPOAYKTH; 1ii) 000OIIeHHe Ha JOKJIAJBaHUTE KIMHUYHU
JaHHW W CKOPOIIHW TMPEIKIMHWUYHH TPOYYBAHUS OT TOCJIETHHUTE IET TOJUHU OTHOCHO
OMOJIOTMYHUTE TPUIIOKEHUS Ha METHUTE paguodapManeBTUIIN; U 1V) WIIOCTPAIs Ha HAKOU
YCBBBPIICHCTBAHU MHOTOIICJICBH HAHOTEPAIIEBTUYHU U JTMATHOCTUYHU areHTH. 3HAYUTEIICH
HaTpeabK MOXE J1a Ce BUAM B CHHTETUYHHUTE MPOIETypPH, KOUTO TIO3BOJISIBAT MO-IITUPOKOTO
BB3/ICHCTBHE Ha TOAXOIMTE 3a IMPEIBAPUTEIHO HACOYBAaHE 4Ype3 OMOOPTOTOHAIHHM ,,KIHK'
peaknuy, KakKTO M B HAHOTEXHOJOTMYHUTE METOJM 3a CHHTE3 Ha OHMOCHBMECTUMHU
NOMU(PYHKIMOHATHM MEIHM TepanmeBTHIM. Bcuyko ToBa JaBa Hajgexjara, 4e
MEPCOHATM3UPAHOTO JICYCHUE HA Pa3IMYHU 3a00JsBaHUS MOXKE Jla ObJie NMOCTUTHATO Ype3
MeJlHa Tepanus B O1M3Ko ObJele.

“Analytically confirmed synthetic cannabinoid 5F-ADB sprayed on “herbal mixture””;
Ivanov, 1.D., Stoykova, S.S., Burdzhiev, N.T., Pantcheva, I.N., Atanasov, V.N.
Bulgarian Chemical Communications, 2019, 51(D), 32-35.

Synthetic cannabinoids (SCs) are new psychoactive substances, called “legal”
alternative to cannabis. Their structures differ from that of A% tetrahydrocannabinol (THC),
but mimic its biological effect. On the “black" market, SCs appear sprayed on "herbal
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mixtures” intended for smoking. It is well known that SCs are more potent cannabinoid
receptors (CB1/CB2) agonists in human body than THC and possess wide and severe
toxicity pattern. Pharmacokinetics, pharmacodynamics and toxicity profile of most of SCs
are not well studied although it is already known that they may pose a risk to human health.
In the present study we report five cases of seized “herbal mixtures” containing synthetic
cannabinoid 5F-ADB (5F-MDMB-PINACA) which was identified by gas chromatography-
mass spectrometry (GC-MS) and confirmed by nuclear magnetic resonance (NMR).

Cunrernunure kanabunonau (CK) ca HOBH NCHXOAKTHUBHU BEIIECTBA, HAPEUCHU
,»3aKOHHA* ajJTepHAaTMBa Ha KaHaOuca. TeXHUTE CTPYKTypu ce pa3inuyaBaT OT TE3U Ha
Ag-TeTanI/II[pOKaHa6I/IHOJ'I (TXK), HO mmuTHpaT HeroBara Ouojorm4yHa axkTuBHOCT. Ha
,»aepHus mazap CK ce mpbckar BbpXy ,,0MJIKOBU cMecu'", MpelHa3HAYeHU 3a ITyIIEHE.
Ho6pe u3BectHo e, yue CK ca mo-MOIIHM aroHMCTH HAa KaHAOMHOUJHHUTE PEUEHTOPU
(CB1/CB2) B uyoBemkoTo Ts10, oTkojgkoTo TXK ® mpuTekaBaT MHUPOK CHEKTHP Ha
ToKCcMYHOCT. dDapMakoKMHETHKaTa, (papMakoJUHAMUKATA U MPOQMIBT HA TOKCHUYHOCT Ha
noeueto CK He ca noOpe mpoydeHu, BBIPEKH 4Ye Bede € H3BECTHO, Y€ Te MOorar Ja
IIPEJCTaBIsABAT PUCK 3a YOBELIKOTO 31paBe. B HacToAmOTO mpoyuBaHE NOKJIaJABaMe IET
cilyyasi Ha U33€TH ,,0MJIKOBH CMECH, ChIbp)Kallld CUHTETUYHUs KaHaObunoun SF-ADB
(5F-MDMB-PINACA), «koiito ¢ wumeHTHGUIMpaH dYpe3 ra3oBa xpomatorpadus-
maccrekTpometpust (IX-MC) u moTBBp/ICH Ype3 SApeHO MarHuTeH pe3onanc (SIMP) .

“A case of 5F-ADB / FUB-AMB abuse: Drug-induced or drug-related death?;
lvanov, 1.D., Stoykova, S., Ivanova, E., Vlahova, A., Burdzhiev, N., Pantcheva, 1.,
Atanasov, V.N.

Forensic Science International, 2019, 297, 372-377.

Synthetic cannabinoids (SCs) belong to the group of new psychoactive substances
(NPS) which appear sprayed on herbal mixtures on the “street” drug market and are intended
for smoking like marijuana. In the present report we discuss a fatal case of 18-years-old boy,
who had smoked SCs since several months and an overuse of SCs during last 48 hours of his
life has been apprised. The autopsy findings revealed acute respiratory distress syndrome
(ARDS). Both toxicological analysis of deceased blood and urine samples and chemical
analysis of the herbal mixture seized revealed presence of two SCs - 5F-ADB and
FUB-AMB. The amount of 5F-ADB in blood was found to be 3.7 ng/mL by standard
addition method. Severe and irreversible morphology changes in lung specimen, leading to
ischemic damage of all internal organs and tissues, were observed during histological
examination. The present case can be discussed as an example of both drug-induced and
drug-related death resulting from acute intoxication with 5F-ADB and FUB-AMB as well as
from systematic use of both synthetic cannabinoids.

Cunrernunute kaHaOunomau (CK) mpuHamiexar KbM TIpymnata Ha HOBUTE
MICUXOAKTUBHU BEILIECTBA, KOMTO CE€ MPBCKAT BHPXY OWUIIKOBH CMECH Ha ,,YepHUS" Maszap Ha
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HapKOTULM U ca MpEeJHA3HAYEHHU 3a IyIIeHe KaTo MapuxyaHa. B Hacrosmiata cratus HUE
pasriexaaMme ciydas Ha 18-ronumnHo Momue, koeto € mymuwio CK oT HIKonko Mecena u e
yCTaHOBEHO MpekoMepHo u3noi3BaHe Ha CK mpe3 mocnennure 48 yaca OT KHUBOTa My.
Haxonkure oT ayromncusita pa3KpuBaT HAJIMYHUETO HA OCThP PECIHPATOPEH JUCTPEC
cuHApoM. TOKCHKOJIOTUYHHAT aHAIW3 Ha MPOOM OT KPHhBTA W ypHHATA HA TOYUHAIUAS U
XMMUAYHHUAT aHAIM3 Ha M33erara OmikoBa cMec paskpuxa Hanmmuue Ha ase CK SF-ADB u
FUB-AMB. Ycranoseno e, ye konuduectBoTo Ha SF-ADB B kpbBTa € 3,7 ng/mL. ITo Bpeme
Ha XHCTOJIOTUYHO M3CJE/IBaHE ca HaOJI0laBaHU TEXKKHM U HEoOpaTuMuU MOp(OJIOTHYHU
MpoMeHu B OenoapoOHust oOpa3zel, BOJICHIH 10 HICXEMUYHO YBPEkKIaHe Ha BCUYKU BHTPEIIHU
Oopranu M ThKaHU. HacToAammsaTr ciydail Moxke na Oble MpHET KaTo IMpUMep, KAKTO 3a
MHIYIUpPaHa OT HAPKOTHUIIM, TaKa U 32 CBbP3aHA C HAPKOTHUIM CMBPT B pe3yjiTaT Ha OCTpa
untokcukamuss ¢ SF-ADB u FUB-AMB, kakto u 0T cucreMHa ymoTpeba Ha JBaTa
CUHTETUYHU KaHAOMHOU/IA.

“Solubilization of itraconazole by surfactants and phospholipid-surfactant mixtures:
interplay of amphiphile structure, pH and electrostatic interactions”;

Vinarov, Z., Gancheva, G., Burdzhiev, N., Tcholakova, S.

Journal of Drug Delivery Science and Technology, 2020, 57, art. no. 101688.

Although surfactants are frequently used in enabling formulations of poorly water-
soluble drugs, the link between their structure and drug solubilization capacity is still
unclear. We studied the solubilization of the “brickdust” molecule itraconazole by 16
surfactants and 3 phospholipid:surfactant mixtures. NMR spectroscopy was used to study in
more details the drug-surfactant interactions. Very high solubility of itraconazole (up to 3.6
g/L) was measured in anionic surfactant micelles at pH = 3, due to electrostatic attraction
between the oppositely charged (at this pH) drug and surfactant molecules. 1H NMR
spectroscopy showed that itraconazole is ionized at two sites (2+ charge) at these conditions:
in the phenoxy-linked piperazine nitrogen and in the dioxolane-linked triazole ring. The
increase of amphiphile hydrophobic chain length had a markedly different effect, depending
on the amphiphile type: the solubilization capacity of single-chain surfactants increased,
whereas a decrease was observed for double-chained surfactants (phosphatidylglycerols).
The excellent correlation between the chain melting temperatures of phosphatidylglycerols
and itraconazole solubilization illustrated the importance of hydrophobic chain mobility.
This study provides rules for selection of itraconazole solubilizers among classical single-
chain surfactants and phospholipids. The basic physics underpinning the described effects
suggests that these rules should be transferrable to other “brick-dust” molecules.

Bbrnpekn ue NOBBPXHOCTHOAKTUBHHUTE BEIIECTBA YECTO C€ W3MOJ3BaT IpHU
(GOpMyIHPOBKM HA JIOHMIO PAa3TBOPUMHU BBHB BOJA JIEKApCTBA, BpPh3KAaTa MEXKIy TAXHATA
CTPYKTypa U CIIOCOOHOCTTA 3a pa3TBapsHE Ha JIEKapcTBa BCe Olle € HesicHa. M3cnenBaxme
pa3TBOPUMOCTTa Ha WTPaKOHA30J, MoOJIeKyjaTa oOT TUHa ,TyxJeH mpax“, or 16
MOBbPXHOCTHOAKTUBHU BelIecTBA M 3 cMecH  (ochoaumnu/moBbpXHOCTHOAKTUBHO
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BemecTtBo. Msmom3Bana e SMP cnekrpockomusi 3a mo-OApPOOHO W3CIEABaHE Ha
B3aMMO/JICHCTBUATA JIEKAPCTBO-ChppaKkTaHT. MHOr0 BHCOKAa pa3TBOPUMOCT Ha UTPAKOHA30J
(mo 3,6 g/L) e u3aMepeHa B aHMOHHU MUIIEH C IOBBPXHOCTHO aKTUBHO BeliecTBO mpu pH=3,
Mopajy eJIeKTPOCTATUYHOTO MPUBJIMYAHE MEXKIY MPOTHUBOIOIOKHO 3apeeHOTO (IIpH TOBa
pH) nekapctBo u monexkynu ITAB. 'H sMP CIEKTPOCKOIIUS 10Ka3a, Y€ UTPAKOHA30IbT CE
HoHu3Mpa Ha ABe Mecrta (2+ 3apsa) mpu TE3W YCIOBHUS: B a30THHS aTOM Ha MUIIEpa3vHAa,
CBBp3aH C (eHOKCUAHHMS (parMEeHT W B TPUA30JHHSA NPBCTCH, CBBP3aH C JUOKCOJIAHA.
VYBenuueHneTo Ha IbhDKUHATA Ha aMudmiHata xuapodobHa Bepura uma 3a0eyIeKUTEITHO
pasnuueH edeKT, B 3aBUCHUMOCT OT THNa Ha aMmduduia: cnocoOHOCTTa 3a pa3TBapsHE Ha
€IHOBEPI)KHUTE TOBHPXHOCTHOAKTUBHU BEIIECTBA CE€ YBEJIMYH, JOKATO MPU JIBOHHO
BEPIDKHU TOBBPXHOCTHOAKTUBHU BemecTBa (Qpocharuaunrnuneponu) ce HabmogaBa
Hamanenue. OTIMYHATA KOpelalus MEXIy TeMIlepaTypuTe Ha TOIEHE Ha Bepurara Ha
bochaTHIUATIUICPONIUTE U COTIOOMIN3ANMATA HA UTPAKOHA30J WIFOCTPUPA 3HAYSHUETO HA
xuapodoOHaTa MOABMKHOCT HA Bepurara. ToBa mpoydyBaHe MPEIOCTaBs MpaBHia 3a U300p
Ha UTPAKOHA30JI0BH PA3TBOPUTEIH CPeJ KIIACHYCCKU €IHOBEPHIKHH MOBBPXHOCTHOAKTUBHU
BemectBa U (ocdonunuau. bazoBara ¢usnka, KOSATO JIeKH B OCHOBaTa Ha OIHMCAHHUTE
edekTH, Tpearnoiara, 4e TEe3W IpaBWIa MOrar Ja ObJaT MPEXBBPICHW W KBM JIPYTH
MOJIEKYJIM OT TUIa "TyXJIeH npax".

Codus,
27.01.2021 r.
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