USTAV ORGANICKE CHEMIE
STUDENTSKA VEDECKA KONFERENCE 2024

vénovana pamatce naseho kolegy a kamarada
prof. lvana Stibora

Ctvrtek 28. 11. 2024

08:45 - 09:05 Shromazdéni ¢lend komisi v€etné zastupcud sponzoru v laboratofi A
(Il. patro budovy A, pficna chodba N, mistnost N08)

09:05 - 09:15 Zahajeni a rozchod do jednotlivych poslucharen

09:15 - 11:30 Prezentace student( v jednotlivych komisich:
09:15 - 10:15 First Session
10:15 - 10:30 Coffee Break
10:30 - 11:30 Second Session

11:30 - 12:00 Jednani jednotlivych komisi

12:40 - 13:00 Spolec¢né vyhlaseni vysledk(l v laboratofi A
13:00 - 13:40 Prezentace sponzor0 v laboratofi A

14:00 Obéd se zastupci sponzorl v restauraci Na Kotlarce
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Anions of naphthalene-based alloxazines and their use in organic
photocatalysis

Bc. Zuzana Abdelfattah (M2)
Supervisor: prof. Ing. Radek Cibulka, Ph.D.

Alloxazines, along with other flavin derivatives, are known for their redox photocatalytic
properties. However, the absorption maximum for 3,7,8-trimethylalloxazine (3,7,8-triMe-All)
in its neutral form is 380 nm. By its transformation to an anion, the absorption maximum is
shifted towards higher wavelengths thus making alloxazines more suitable for photocatalysis
with visible light. Anions are also more easily oxidized which makes them stronger reducing
agents. Using catalysts in a form of anions is generally helpful in photocatalytic reductions.
After an electron transfer from the anionic catalyst to the substrate, the catalyst is
transformed to a neutral radical which does not interact with the substrate in the form of
radical anion. Thus, back electron transfer usually hampering photoreduction is avoided.
Further improvement of alloxazines in visible light photocatalysis is an extension of their
conjugated aromatic system which is expected for naphthalene derivatives 3-MeNapht-All
and 1,3-diMeNapht-All. The aim of this work is to study the formation of naphthalene-based
alloxazine anion under different conditions by UV-Vis and 'H-NMR and test its photocatalytic
properties on a model reaction — reductive dehalogenation of aryl halide.
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Synthesis of protein degraders as novel antiviral compounds

Bc. Jan Drahorad (M1)
Supervisor: Ing. Petra Cufinova Ph.D.

Protein degraders are promising compounds with potential applications in treating viral
infections, cancer and other diseases. Protein degraders are composed by two ligands,
connected by a linker. Each ligand has a different role: one binds to the protein of interest
(POI), and the other binds to an E3 ligase. Once both ligands are bound, the degradation
process initiates, leading to the breakdown of the POI. The protein degrader itself is released
unchanged and can continue to bind to additional POI and E3 ligase molecules, repeating the
degradation cycle.

Epstein-Barr virus (EBV) is a DNA virus from the herpesvirus family that contributes to various
human cancers, such as Burkitt’s and Hodgkin’s lymphomas, gastric carcinoma and others. It
is one of the most common viruses in humans and is also the cause of mononucleosis. Epstein-
Barr nuclear antigen 1 (EBNA1) is protein expressed in all EBV-associated tumors and plays a
vital role in viral replication and gene expression. Due to its importance, EBNA1 is a prime
target for blocking the reactivation of the virus.

This project focuses on protein degraders designed to target EBNA1. This presentation will
describe the initial stages of the synthesis of the novel potential EBNAldegraders we are
developing in our group.



PFiprava inhibitorti komplexu Arp2/3
Veronika Svecova (M2)

Skolitel: Mgr. et.Mgr. Pavla Perlikova, Ph.D.

Migrastatika predstavuji inovativni pristup k |é¢bé rakoviny, jehoz cilem je zastavit Siteni
nadorovych bunék a zabrdnit tvorbé metastdz. Cilem této prace je syntéza migrastatik
zamérenych na inhibici proteinového komplexu Arp2/3, ktery je klicovy pro polymerizaci
aktinu a nukleaci aktinového vldkna. Tento komplex sloZeny ze sedmi podjednotek hraje
zasadni roli pfiinvazi a pohyblivosti nddorovych bunék. Aktivovany komplex Arp2/3 se vaze na
materské aktinové vlakno a podporuje vznik novych vétvi, coZ umoznuje migraci buriky.

Benproperin je latka primarné zndma jako antitusikum. Bylo vsak zjiSténo, Ze (S)-benproperin
také plsobi jako inhibitor migrace nddorovych bunék navdzanim na podjednotku ARPC2
komplexu Arp2/3. Na zdkladé molekulového dokovani byly navrhnuty analogy benproperinu,
které by mély mit vyssi afinitu k vazebnému mistu. Na schématu (S)-benproperinu jsou
oznaceny pozice, na kterych dochazi k modifikaci struktury. Navrhované Upravy zahrnuji
vytvoreni dalSiho cyklu, substituci aromatického jadra a zkraceni alifatického fetézce. Mezi
klicové reakce pouzité vsyntéze patfi nukleofilni substituce a cross-couplingové reakce.
Doposud byl pfipraven prvni analog, ktery byl poslan na testovani biologické aktivity a dalsi
jsou v pripravé.
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Synthesis of N-trifluoromethylamides

Bc. Matus Tomco (M1)
Supervisor: Ing. Petr Beier, PhD.

In many cases, the implementation of fluorine atom into the molecule can lead to
improvements of its bioactivity, stability and lipophilicity. Therefore, fluorinated compounds
are present in more than 30% of pharmaceuticals and even larger number of agrochemicals.
Despite the significant role of fluorinated compounds, there is still a lack of knowledge and
synthetic approaches towards these molecules, especially compounds bearing heteroatom-
fluoroalkyl group, such as N-CFs. In spite of the rising interest in these compounds in recent
years, no synthetic routes to secondary N-trifluoromethylamides have been described, largely
due to the instability of trifluoromethylamine. In this work, two approaches to N-
trifluoromethylamides were studied, both starting from azidotrifluoromethane (N3CFs).
Firstly, the traceless Staudinger ligation, while predominantly used as a bioconjugation tooal,
could be applied to form N-trifluoromethylamides. The second approach used a thioacid azide
ligation reaction to form the desired product.
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Syntéza metabolitli etodesnitazenu

Bc. Sérka Friedrichova (M2)
Skolitel: Ing. Radek Jurok, Ph.D.

Nové syntetické opioidy jsou skupinou novych psychoaktivnich latek, které pfispivaji k rostouci
zavaznosti opioidové krize. Kromé derivatl fentanylu se na ulicich objevuji nitazeny — latky,
které byly v50. letech minulého stoleti syntetizovany pfi hledani opioidnich analgetik,
nicméné nikdy se nedostaly na trh. Nitazeny, podobné jako derivaty fentanylu se vyznacuji
vysokou potenci, ¢asto o nékolik fadl vyssi nez morfin, s ¢imZ se Uzce poji riziko zdvaznych
zdravotnich dopadu, véetné fatalnich predavkovani.

Cilem mé prace je provést metabolické experimenty s etodesnitazenem na riznych in vitro
modelech a syntetizovat jeho metabolity jako analytické standardy. Mé vysledky budou v
pozdéjsi fazi pouzity k vyvoji certifikované analytické metody pro detekci této latky v
toxikologii.



Synthesis and evaluation of hydroxyquinolones for the treatment
of skin diseases

Bc. FrantiSek Stara (M2)
Skolitel: Ing. Petra Ménova, Ph.D.

Quinolones are a group of compounds that have found wide clinical use since their discovery
in the 1960s. The first significant development was fluoroquinolones, which are used to this
day as potent broad-spectrum antibiotics. Further studies of quinolone derivatives showed,
among others, anti-cancer, anti-fungal, and anti-inflammatory activities.

A general biochemical screening of quinolones revealed their potential for topical treatment
of skin diseases. This work expands on the library of hydroxyquinolones previously synthesized
in our laboratory, which showed promising biochemical activities.

Specifically, derivatives of 3-hydroxy-2-phenyl-4-quinolone were selected for this expansion.
New derivatives with methyl, trifluoromethyl or nitro functional groups on the 2-phenyl ring
are synthesized, and experiments to test their biological activity relevant to the treatment of
skin diseases are performed. These include assays for potential anti-cancer, anti-
inflammatory, and anti-microbial activity.




Synthesis and applications
of N,N'-bis([2.2]paracyclophan-4-yl)benzene-1,2-diamine

Bc. Jan Mikuldstik (M1)

Skolitel: prof. Ing. Jaroslav Kvi¢ala CSc.

Fluorinated compounds play a vital role in medicinal chemistry and agrochemistry. A key
method for their preparation is through deoxyfluorination with reagents such as PhenoFluor
or PhenoFluorMix, prepared from 1,2-diarylamine intermediates.

| studied and optimized the Buchwald-Hartwig coupling of various arylamines with 1,2-
dibrominated substrates and prepared a total of 12 diamines utilizing 1,2-dibromobenzene or
3,4-dibromothiophene as substrates and o-toluidine, p-toluidine, mesitylamine, 2,6-
diethylaniline, 2,6-diisopropylaniline and 4-amino[2.2]paracyclophane as arylamines.

Steric hindrance and substitution pattern of the arylamines had little to no effect on the
coupling yield. In some cases, non-transparent NMR spectra were obtained due to hindered
rotation.

The coupling of racemic 4-amino[2.2]paracyclophane with 1,2-dibromobenzene yielded a
mixture of diastereomeric diamines, which were successfully separated by column
chromatography. These compounds will be further explored as deoxyfluorination reagents
and NHC ligand complexes.

| next studied several pilot approaches to the cyclization of 1,2-diarylamines to their
imidazolium salts. So far only the transformation of [2.2]paracyclophane substituted benzene-
1,2-diamine proved successful.
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Syntéza prekurzor( pro umélé transmembranové kanaly

Bc. Jaroslav Nedbaly (M1)
Skolitel: Ing. Ondfej Kundrat, PhD.

Nasledujici prace je zamérena na problematiku syntetickych membranovych kanald a na
calixareny, jako vychozi latky pro syntézu jejich prekurzor(i. Podstatou syntézy bylo pfipojeni
poldrnich skupin na horni okraj, pro imitaci polarni ¢asti fosfolipidové membrany a distalni
alkylace spodniho okraje, jakoZzto modelové reakce pro ndsledné napojeni sofistikovanéjsich
substituentl. Prace popisuje nékolik moZnych zplsobl pfipojeni vhodnych skupin na
molekulu calix[4]arenu zaujimajiciho kdnickou konformaci. Prvni ¢ast této prace je zamérena
na teorii a chemii calixaren(i a syntetickych membrdnovych kanal(. Druhd ¢ast se zabyva
syntetickymi postupy pro pfipravu vhodné upravenych calix[4]arenl a jejich charakterizaci
rdznymi analytickymi metodami.



Chiralni 1,5-disubstituované triptyceny jako prekurzory NHC ligandu

Bc. Krystof Maly (M2)
Skolitel: Ing. Markéta Rybackova, Ph.D.

Asymetrickd katalyza komplexy prechodnych kovl mUze predstavovat mocny ndstroj pro
uskutecnéni enantioselektivnich transformaci. Jeji Uspéch je zaloZen na neustalém vyvoji
novych chirdlnich ligandl. Triptyceny byly diky své neobvyklé D3, symetrii vyuzity mimo jiné v
materidlové ¢i medicinalni chemii. Vhodné substituované derivaty triptycenu mohou byt
chirdlni a najit tak uplatnéni ve stereoselektivni katalyze. Tato prdce se zabyva syntézou
prekurzoru chiralnich NHC ligand( s triptycenovymi jednotkami a jejich vyuZitim pro pfipravu
chiralnich katalyzatord.

Klicovym intermedidtem navrzené syntézy je 4-brom-1,5-diethyltriptycen (1), ktery byl
pfipraven z anthracenu ve ¢tyfech reakénich krocich. Z bromtriptycenu 1 byly pfipraveny
prekurzory NHC ligand( - dihydroimidazoliova a benzimidazoliova sul 3. Pfi jejich syntéze byl
vyuzit Buchwald-Hartwigliv cross-coupling poskytujici diamin 2 reakci vychoziho
bromtriptycenu 1 s ethylen-1,2-diaminem, resp. o-fenylendiaminem. Bromtriptycen 1 byl dale
pfeveden na amin 4, u néhoz byla Uspésné provedena separace enantiomer( pomoci HPLC s
chiralni staciondarni fazi. Amin 4 byl dale vyuzit pro pfipravu imidazoliové soli 3. U vSech
pfipravenych soli byly studovany moznosti jejich vyuZiti pro syntézu komplex( prechodnych
kova.




Nova ProTide proléciva tenofoviru zalozena na B-aminokyselinach
Bc. Valérie Bizova (M2)
Skolitel: Ing. Petra Cufinova, Ph.D.

Tenofovir je |éCivo patfici mezi inhibitory reversni transkriptazy. V 80. letech 20. stoleti byl
patentovan pro lé¢bu AIDS — choroby, kterou ke konci roku 2023 na svété trpélo 40 milionu
osob. Tenofovir spadd do skupiny acyklickych analogli nukleotidl, které vykazuji Spatnou
peroralni biologickou dostupnost. Ta je zplisobena nizkou permeabilitou skrze biologické
membrany z dlivodu jejich vysoké polarity. Na pocatku 90. let 20. stoleti byla vyvinuta ProTide
technologie, ktera polarnim fosfatlm a fosfonatllm umoZinuje membranovy transport.
Proléciva tenofoviru podléhaji v burikdch enzymatickému Stépeni a béhem tohoto
mechanismu dochazi ke tvorbé péticlenného kruhu, ze kterého se kaskddou reakci uvolfiuje
tenofovir. Vznikajici péti¢lenny kruh je nestabilni a je rychle spontanné hydrolyzovan. V ramci
této prace byla pripravena série latek majici ve své molekule B-aminokyseliny namisto
a-aminokyselin vyuZivanych v komeréné dostupnych prolécivech tenofoviru. Béhem
intracelularniho mechanismu by tedy mélo dochdazet k tvorbé Sesti¢lenného cyklu, ktery je
stabilnéjsi a na zdkladé publikovanych dat by mohl v burikdch pretrvat az po dobu tydn(
(Prochdazkova, Filo et al. 2020). Tyto latky maji potencial dat zdklad novym, dlouho se
uvolnujicim lé¢iviim a zvysit tak kvalitu Zivota pacientiim s HIV.
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Jsou vinyl-fosfinaty vhodné pro pripravu konjugovanych dient?
Bc. Andrea Blahovcova (Mm1)

Skolitel: doc. Ing. Tomas Tobrman, Ph.D.

Konjugované dieny predstavuji vyznamny motiv, ktery se vyskytuje v celé fadé biologicky
aktivnich sloucenin a latek, které byly izolovany z pfirodnich zdroju. Biologicky aktivni dien je
napriklad trichostatin A, ktery je znamy jako inhibitor histon deacetylazy. Cosmochlorin E byl
izolovan z Phomopsis sp. N-125. Proto jsem se ve své praci zaméfila na vypracovani efektivniho
stavebnicového postupu pro pfipravu konjugovanych dien(, ktery vychazi z 1,3-dion0. Pro
uspésnou syntézu konjugovanych dienl jsem zvaZzovala pfipravu cyklického fosfatu 1 a
acyklického fosfatu 2. Pro pfipravu vychozich fosfatl 1,2 byla pouZita enolizacné—fosforylaéni
sekvence. U doposud nezndmych fosfatl 1,2 bylo studovano jejich chovani v cross-coupling
reakcich, s cilem ziskat pfistup ke konjugovanym dieniim, respektive cosmochlorinu E.
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Priprava analogtli cytochalasani s biologickou aktivitou
kontrolovanou svétlem

Bc. Maté&j Riha (M1)
Skolitel: Mgr. et Mgr. Pavla Perlikova, Ph.D.

Cytochalasany jsou skupinou prirodnich metabolitd hub z oddéleni Ascomycota, projevujici
Sirokou $kdlu metabolickych aktivit. Patrné nejvyraznéjsi mezi nimi je pak jejich schopnost
inhibovat polymerizaci aktinovych vlaken, ktera jsou zakladnim stavebnim blokem bunécného
skeletu.

Diky této vlastnosti jsou cytochalasany a jejich analogy dlouhodobé vyuzivany k vyzkumu
cytoskeletu. V poslednich letech jsou pak zkoumany i pro své mozné vyuziti jako migrasatatika,
tj. |éCiva branici invazivité nadorovych bunék.

Cilem této préace bylo syntetizovat modelovy cytochalasanovy analog, jehoz aktivitu by bylo
mozné rychle a presné ovladat, a to pomoci principu fotoprepinani, tedy izomerizace
plUsobenim svétla, ktera je spojena se zménou geometrie molekuly.

Vychozim bodem syntézy byl v nasi skupiné dfive vyvinuty postup vedouci k prekurzoru
vhodnému k zavadéni substituent(i do polohy 10 cytochalasanového skeletu. S jeho vyuZitim
byl ndsledné do struktury vnesen azobenzenovy motiv umoziujici fotopfepinani.

U pfipraveného analogu byly poté zméreny jeho fotopfepinaci vlastnosti a testovana
biologicka aktivita.
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Design a syntéza polarnich materiali aneb cesta k ferroelektrické
nematické mesofazi

Bc. Adam Pospisil (M2)
Skolitel: prof. Ing. Michal Kohout, Ph.D.

Vzhledem k jejich moznému vyuziti v nelinearni optice (NLO), roste v poslednich letech zajem
o design a syntézu novych polarnich kapalné-krystalickych materidld s nematickou
ferroelektrickou mesofazi (Ng). Design téchto latek je zaloZzen na jednoduchém push-pull
usporadani, které obsahuje elektrondonorni jednotku, v mém pfipadé prozatim takto
nepouZity fenylthiofen, a elektronakceptorni arylovou jednotku substituovanou fluorem,
nitro- ¢i kyanskupinou. Toto usporfddani pak pomdaha molekule se orientovat nejen podél
jejiho normdlového vektoru, ale i podél vektoru polarizace, a tedy umoznuje tvotit Nr. Druhym
kritériem pro tvorbu této mesofaze jsou vysoké hodnoty dipdlovych momentd. Proto byly
nejprve vypocteny dipdlové momenty pro nové navrzené latky a na zdkladé analyzy
dipdélovych momentd, literarni reserse a analyzy mesomorfniho chovani latek prvnich dvou
sérii pfipravenych v ramci BP, byly syntetizovany dalsi dvé série latek. Ty jsou na rozdil od
plvodniho designu obohaceny o atomy fluoru v elektronakceptorni ¢asti molekuly, které
vyrazné pomadhaji zvySeni dipdlovych moment(l. Cilové materidly jsou proto dobrymi
kandidaty pro tvorbu Ne. Mesomorfni chovani bylo uréeno pomoci diferen¢ni skenovaci
kalorimetrie a optické polarizaéni mikroskopie ve spolupréci s Fyzikalnim Gstavem AV CR.

Nematickd mesofaze Smektncka A mesofaze

aR=CH; la-e: X = CN
bR =C,Hs lla-e: X = NO,
cR=C3H;

dR=CyHq

eR=CsHy,



The Synthesis of Hexahydrocannabinol Homologues

Bc. Ondrej Floridan (M1)

Skolitel: doc. Ing. Martin Kuchaf, Ph.D.

Hexahydrocannabinol (HHC) and its closely related derivatives are psychoactive compounds
that have emerged on the market in recent years. HHC and many of its derivatives have
already been banned in several countries, including the Czech Republic. These compounds can
interact with the human endocannabinoid system and despite their illicit use, they are
potential therapeutics for many diseases. However, they are not yet sufficiently studied from
a pharmacological standpoint. In this work, a homologous series of hexahydrocannabinol with
a different number of carbon atoms in the aliphatic side chain at the C3 position, ranging from
3 to 7 carbon atoms, was prepared. The synthesis of the individual homologs utilized both
natural precursors and the approach of total synthesis in cases where these precursors were
not available. Furthermore, the epimers of HHC and its homologs were separated using
preparative liquid chromatography.
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Reaction of phosphine oxides with boron tribromide

Bc. Hana Hovorkova (M1)
Supervisor: doc. Ing. Tomas Tobrman, Ph.D.

Tri- and tetrasubstituted alkenes, along with phosphine oxides, are well known for their
biological activity. Typical examples include tamoxifen and brigatinib. In addition, phosphines
constitute an important group of compounds used as ligands in cross-coupling reactions.
These applications of alkenes and phosphines motivated me to investigate the synthesis of
halovinylphosphines as suitable double-electrophilic templates for alkene synthesis.

To my surprise, alkynyl phosphine oxide 1 did not react with HCl as reported in the literature.
However, | observed that the same starting compound 1 reacted with boron tribromide,
forming trisubstituted alkene 2 with high stereoselectivity. The reaction conditions for the
transformation of alkyne 1 with boron tribromide were optimized regarding additives, solvent,
and reaction temperature. These optimized conditions were then applied to assess the scope
of the reaction with various starting alkyne structures. A detailed study of the reaction
conditions also allowed me to propose a reaction mechanism.

i o
Br PPh2 BBF3 1l HCI
—=( 0 PPh, 3¢ .
additive = no reaction
R H R/
2 1

Scheme: Stereoselective addition of boron tribromide to alkynyl phosphine oxides



Persistent Cations for Clip-Click Chemistry: Photoresponsive
Molecules Based on 9-Hydroxyfluorenol

Bc. Karolina Bangievska (M2)
Supervisors: RNDr. Tomas Slanina, Ph.D., prof. Ing. Radek Cibulka, Ph.D.

This project develops photoreactive 9-hydroxyfluorenes (9-OHFs) as precursors for long-lived
cations applied as intermediates in clip-click chemistry. 9-OHF derivatives substituted with
electron donating groups (EDGs) cleave the C-O bond in the excited state (clip reaction),
forming an excited state aromatic fluorenyl cation (Fcat). Thanks to the EDGs in the structure,
the Fcat is highly stabilized also in the ground state and can be observed by UV-VIS
spectroscopy. The photoinduced clip reaction can be followed by a thermal click process with
nucleophiles, such as thiols or alcohols. Combined, this photoresponsive clip-click system may
find applications in different fields of medicinal chemistry, such as medical imaging, targeted
therapy or medical sensors.

To accomplish this aim, we first investigated the clip process. We rationally designed a
substituted 9-OHF with EDGs in meta-positions with respect to the position where Fcat is
formed. This substitution was made to facilitate the clip process by Zimmerman’s meta-effect
and to increase the quantum yields of the formation of Fcat. The aim of this project is to
investigate a series of differently substituted 9-OHF derivatives with respect to their Fcat
formation for their further application in photoresponsive clip-click system.
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Towards the total synthesis of ampelopsin F

Bc. Miroslav Stroka (M1)
Supervisor: Dr. habil. Ullrich Jahn

Stilbene dimers belong to a growing class of polyketides widely distributed in Vitaceous
plants.! Ampelopsin F, a member of this class, was found to be a promising antimalarial agent
against Plasmodium falciparum? and against inflammatory processes. Scarce amounts of
ampelopsin F can be found in Nature?, which limits its further biological screening. Regarding
further biological investigation, a short and efficient approach to larger quantities is
demanded.

A unified strategy exploiting two consecutive conjugated additions followed by subsequent
oxidation reactions has already been successfully applied in the total synthesis of pallidol and
cararosinol C and is currently being investigated as a potential synthetic sequence toward the
total synthesis of ampelopsin F.

OMe

ampelopsin F OMe

Scheme 1: Retrosynthetic analysis of ampelopsin F.
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Syntéza a studium heterogennich mocovinovych
organokatalyzatoru v nukleofilnich fluoracich

Bc. Michal Pavlisek (M2)
Skolitel: Ing. Jifi Tima, Ph.D.

Fluorované slouceniny nachazeji Siroké uplatnéni v celé fadé odvétvi chemického primyslu,
napfr. ve farmakochemii, agrochemii, materidlovém inzenyrstvi a mnohych dalsich. Efektivni
metody zavadéni fluoru do organické molekuly vSak do dnesniho dne predstavuji nemalou
syntetickou vyzvu. Pouzivana Cinidla jsou obvykle ndkladnd, atomové neefektivni a nesetrnd
k Zivotnimu prostredi.

Tato prdce se zabyva syntézou a studiem heterogennich mocovinovych organokatalyzatoru
pro nukleofilni fluorace pomoci snadno dostupnych fluorid( alkalickych kov(. Anorganické
fluoridy jsou nerozpustné v organickych rozpoustédlech. Avsak tento deficit Ize odstranit
pomoci tzv. katalyzy fazového prenosu fizené vodikovymi vazbami (HB PTC). Hlavnim cilem
predlozeného projektu byla pfiprava katalyzatoru | zalozeného na 1,1'-binaftalen-2,2'-diaminu
(BINAM), ktery byl testovan v modelové reakci desymetriza¢niho otevirani episulfoniového
kationtu pomoci CsF za podminek HB PTC. Nasledné byl katalyzator pomoci click-reakce
ukotven na 3-azidopropyl-modifikovany silikagel a ziskany hybridni anorganicko-organicky
material Il testovan ve stejné reakci. Dale byl pfipraven opticky Cisty analog katalyzatoru I
odvozeny od (S)-BINAMu (katalyzator Ill) a bylo studovano stereoselektivni fizeni reakce. (Obr.
1)
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Fotoredoxni N-demethylace anilini pomoci flavinovych
katalyzatord a Langoisova Cinidla

Bc. Marie Rozmusova (M2)
Skolitel: Dr. Tetiana Pavlovska, PhD.

N-demethylace aminU je kliCovy proces v syntéze farmaceutik nebo pfi studiu metabolismu
|ékd. Doposud se pro dealkylace pouZivaji enzymatické i chemické metody (chlorformiaty,
prechodné kovy, nebo elektrochemie), které vsak vyZzaduji relativné drsné podminky. Navic
vysoka stabilita C-N vazeb vaminech zvétSuje ndrocnost jejich Stépeni [1]. Flaviny jsou
biologicky aktivni latky, které se jako kofaktory enzymi nachdzeji ve vSech organismech a jsou
schopny katalyzovat mnoho redoxnich reakci [2]. PFfi deprotekci aromatickych
perfluoralkylsulfonamidu za fotokatalyzy 5-aryldeazaalloxaziny byla také objevena dealkylace
sekundarnich amint po odstranéni chranici skupiny, zpisobena vznikem CF3 radikalu [3]. Moje
prace se zaméfuje na novou fotoredoxni katalytickou metodu, kterd umoziiuje za mirnych
podminek provadét demethylace sekundarnich a tercidrnich aminl pomoci flavinovych
katalyzator( a Langoisova cCinidla, pouZivaného pro generovani CFs radikalu in situ.

H FI (8 mol%)
XN\ CF3;S0,Na (1.2 equiv.) - VH2
.
| Y& rozpoustédio &
R R
' 10-70 %
blue LED

Lit.:

Najmi, A., Bischoff, R., Permentier, H.P. Molecules, 2022, 27(10), 3293-3326.
Cibulka, R., Fraaije, M. W. Flavin-based catalysis. Principles and applications. WILEY-VCH,
2017,323 p.

3. Pavlovska, T., Weisheitelov3, I., Pramthaisong, Ch., Sikorski, M., Jahn, U., Cibulka, R. Adv.
Synth. Catal. 2023, 365, 4662— 467.



Priprava kapalné krystalickych materiali odvozenych od BINOLu

Bc. Marek Novak (M1)
Skolitel: prof. Ing. Michal Kohout, Ph.D.

Kouzlo kapalnych krystal(l spociva ve schopnosti tvofit mesofaze, coz je stav hmoty, ktery se
u termotropnich kapalnych krystall objevuje pfi prechodu z pevné do kapalné faze. V mesofazi
ziskavaji kapalné krystaly unikatni vlastnosti, které jsou dany mobilitou a anisotropii, tedy
schopnosti molekul se pohybovat, ale zaroven si zachovavat uspofadani podobné
krystalickému systému. V zavislosti na struktufe kapalného krystalu lze tvorbu mesofaze
ovlivnit nékolika vnéjsimi faktory (svétlem, elektrickym ¢i magnetickym polem nebo teplotou).
Vlastnosti, jakymi jsou chiralita, fotosenzitivita ¢i magnetismus, lze ziskat bud obménou
struktury kapalného krystalu nebo pridanim latky do kapalného krystalu, ktera takové
vlastnosti indukuje. Latkam, které dokazou indukovat nové vlastnosti kapalného krystalu,
fikdme dopanty. Pro vyvolani chirality lze vyuZit chiralni 1,1'-binaftalen-2,2'-diol (BINOL). Ten
byl pouzit jako zakladni stavebni blok pro syntézu dvou sérii dopantl; v prvnim pfipadé
s fotosenzitivni jednotkou a terminalni fosfonovou skupinou s moznosti navazani dopantu na
magnetické nanocastice, v druhém pripadé s jednotkou fotosenzitivni a fluorescencni (obr. 1).
Tyto syntetizované dopanty budou slouZit pro modifikaci vlastnosti komeréné dostupnych
kapalnych krystald.
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Synthesis of ligands for DC-SIGN receptor based on quinoxalinone
and arylsulfonylacrylate

Daria Karepova (M2)
Supervisor: Ing. Petra Ménova, Ph.D.

DC-SIGN membrane protein is a C-type lectin receptor located on the surface of dendritic cells
of human immunity system. This protein presents four carbohydrate-binding domains that
specifically recognize oligosaccharides rich in L-fucose and D-mannose typical for some
pathogens. Bacteria, fungi and viruses, such as HIV, Ebola or SARS-CoV-2, take advantage of
their affinity to facilitate their own spread. HIV in particular enters T-cells to avoid detection
by the immune system. Selective inhibition of DC-SIGN receptor might give us a possibility to
manipulate the immune response from early stages of infection and provide us with a new
type of pharmaceuticals for the treatment of these diseases.

The aim of this project is to expand the library of DC-SIGN antagonists based on arylsulfonyl
acrylate and quinoxalinone.

Among quinoxalinone derivates, a matter of primary interest was to prepare and test the
affinity of the scaffold itself. Also, an alternative synthetic route for already known
guinoxalinone derivative with a proven affinity towards DC-SIGN was verified.

Extension of arylsulfonyl acrylate library was based on the synthesis of derivatives which have
proven affinity towards DC-SIGN, with a shorter ester side chain to screen the impact of this
chain’s length.
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New urea derivatives as potential RASAL2 inhibitors

Bc. Lenka Vondrackova (M1)
Supervisor: Ing. Petra Cufinova, Ph.D.

The gene RASAL2 (RAS protein activator like 2) was identified as a key oncogenic driver in the
progression of several aggressive types of cancer including triple-negative breast cancer,
colorectal cancer, and gastric cancer, and plays a significant role in chemotherapy resistance.
In these type of cancers, the current treatment options are often limited to chemotherapy,
which has a poor overall efficacy, with a response rate of <11% in late-stage cancers, primarily
due to factors such as dose-limiting toxicity. For this reason, identifying new cancer-specific
drug targets could pave the way to more effective and targeted treatment approaches.

This work aims to develop effective RASAL2 inhibitors that can provide effective
therapeutic outcomes with reduced toxicity for cancer patients. The ongoing study is focused
on the synthesis of urea derivatives based on one hit compound selected through virtual
screening.

Figure 1: RASAL2
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Application of PROTACs technology in the design and synthesis of
novel antivirals

Bc. Jana Ferenczeiova (M1)

Supervisor: prof. Andrea Brancale, Ph.D.

This project focuses on the synthesis of PROTAC compounds that offer a new promising
strategy in antiviral treatment. Generally, these molecules are composed of two ligands that
are connected by a chemical linker. In this case, one part is an analogue of fluoxetine and the
other part is an analogue of lenalidomide. Due to the diverse properties of the linker, different
variants of the final molecules were synthesized.

Based on the character of the final molecules, different synthetic approaches were applied.
During the preparation of fluoxetine derivative, nucleophilic substitution under Mitsunobu
condition or Gabriel synthesis condition was employed. To obtain the PROTAC compounds
with triazole ring, firstly propargyl group was incorporate, followed by the click reaction to the
lenalidomide part catalysed by copper ions. All prepared molecules were sent for biological
assays.

CF3
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Fig.: General structure of PROTAC compound



Prekursory NHC ligandli na bazi rozsifenych derivatu triptycenu

Bc. Sdmer Melhem (M2)

Supervisor: Ing. Markéta Rybackova, Ph.D.

NHC ligandy (N-heterocyclic carbenes) patfi k zakladnim stavebnim blokim celé fady
katalyzator( na bazi prechodnych kovu, které nalezly uplatnéni napf. pfi metateznich ¢i cross-
coupling reakcich. Prekurzory téchto ligandd jsou nejcastéji imidazoliové (i
dihydroimidazoliové soli nesouci na atomech dusiku objemné substituenty, které, pokud jsou
chiralni, se vyuZivaji ve stereoselektivnich transformacich. V ramci této prace byly
syntetizovany rozsifené derivaty triptycenu, které mohou predstavovat stavebni jednotky
takovychto katalyzator(. Jejich pfiprava spociva v Dielsové-Alderové reakci mezi riznymi 9-
substituovanymi anthraceny 1 a 1,4-epoxy-1,4-dihydro-naftalenem (2). Vzniklé adukty 3 byly
pak aromatizovany a v dalSich krocich z nich byly ptipraveny imidazoliové soli 4, které jsou
prekursory pro pfipravu NHC ligand(. Syntéza téchto soli byla nejprve provedena se
symetrickym derivatem triptycenu (R = H). V pfipadé, Ze anthracenové jadro nese dalsi
substituenty v polohach 2 a 6 (R = t-Bu), vznikne derivat triptycenu, ktery je pak chirdini a z néj
pfipravené NHC ligandy bude mozné vyuZit pro stereoselektivni syntézy.

X =Br, NO,, NH,
R =H, t-Bu



Syntéza prekurzoru ligandli pro multivalentni interakce s galektiny

Bc. Monika NeSnérova (M1)

Skolitel: Ing. Ondfej Kundrat, Ph.D.

Cilem této prace je syntéza glykocalixarenl, které budou mit v postrannim fetézci
B-galaktdzovy motiv. Tyto glykocalixareny by mély mit vysokou afinitu ke galektinim, a tak
pUsobit jako jejich inhibitory.

V porovnani s pfedchozimi glykocalixareny jsou tyto calixareny na dolnim okraji modifikovany
dialkylaminoethylovymi skupinami (RaNCH.CH,-), které zvysuji rozpustnost v biologickych
systémech, jak bylo ukazano na derivdtu samotného calixarenu s timto uskupenim, kdy se
navic zjistil jeho inhibi¢ni uc¢inek rastl nadorud hlavy a krku na mysich modelech.

V této praci se vychdazelo z raznych vychozich latek (napf. p-terc-butyl-calixaren, nitrocalixaren
nebo calixaren s karboxylovou skupinou v postrannim fetézci, vSechny v kdnické konformaci),
kdy byly zkoumany podminky alkylaci a nitraci/ ipso-nitraci v rdzném poradi.

Zjednodusené znazornéni naseho multivalentniho systému (glykocalixaren):

O : ¢ast nesouci sacharidovou skupinu




Hydrolysis of N-acyl homoserine lactone catalysed by copper(ll)
complex of TACN derivative

Bc. Denisa Skurkova (M2)

Supervisor: doc. Ing. Tomas Tobrman, Ph.D.
External supervisor: Eric Doris, Ph.D.
Consultant: Mgr. Martin Hruby, Ph.D., DSc.

A comprehensive literature review highlights the challenges posed by biofilm
infections, including those formed on medical devices. Bacteria in biofilm represent a
significant challenge due to their high resistance to antibiotics. This study investigates the
inhibition of bacterial biofilm formation by disrupting quorum sensing achieved through
hydrolysis of N-acyl homoserine lactones (AHLs), which are key signalling molecules in
bacterial communication. Once ester bond in lactone ring is cleaved, communication within
the biofilm is disrupted, resulting in quorum quenching. Copper complexes of N-substituted
tetraazacyclononane (Cu-iPr,-TACN) are explored as non-toxic catalysts for AHL degradation,
mimicking natural quorum-quenching enzymes like AHL-lactonases. An azo dye, synthesized
and characterized as a chromophore for the model AHL compound, is used for UV-VIS
detection of degradation products. The kinetic course of the reaction was studied using
various analytical methods, including UHPLC and "H-NMR. ESI-MS was employed to verify the
degradation products. Finally, to demonstrate the effectiveness of this strategy, quorum
guenching promoted by TACN was studied on selected natural AHLs and compared to
enzymatic catalysis.

Model AHL \Q\N,CHa

Scheme I.
TACN promoting QQ by lactone ring opening



Priprava 8-substituovanych isoalloxazintii pomoci nukleofilni
aromatické substituce a studium jejich vlastnosti

Bc. Jan Rehacek (M2)
Skolitel: Ing. Eva Svobodova, Ph.D.

Isoalloxaziny jsou perspektivni a ekologicky nezavadné organokatalyzatory a fotokatalyzatory
odvozené od riboflavinu (vitamin By), jejichZ struktura je do velké miry modifikovatelnd. Na
isoalloxazinovy skelet Ize zavést rlizné elektrondonorni ¢i elektronakceptorni skupiny a také
nékteré pozice alkylovat, ¢imz Ize jemné vyladit dllezité vlastnosti pro organo- a fotokatalyzu,
jakymi jsou naptiklad redoxni potencial ¢i spektralni vlastnosti. Tento prispévek se zabyva
syntézou novych isoalloxazinovych katalyzatorl z vychozi latky 8-chlorisoalloxazinu a jejich
charakterizaci pro budouci vyuziti v katalyze. Isoalloxazinovy skelet ma v pozici 8 zvysenou
reaktivitu, ¢ehoZ lze s vyhodou vyuZit pfi syntéze novych derivatl metodou nukleofilni
aromatické substituce, cozZ je zatim malo prozkoumana metoda syntézy isoalloxazinovych
katalyzator(. Diky vysoké mire aktivace je v pfirodé poloha 8 ¢asto mistem kovalentni vazby
mezi koenzymem a nukleofilnimi skupinami proteinu ve flavoenzymech. Pfirozené se
vyskytujicimi flaviny s modifikaci v poloze 8 jsou napfiklad roseoflavin (8-dimethylamino-8-
demethyl-D-riboflavin) a koenzym Fo (7,8-didemethyl-8-hydroxy-5-deazariboflavin). V ramci
tohoto prispévku byla provedena syntéza dvou vybranych 8-chlorisoalloxazinu, které byly dale
Uspésné vyuzity pro syntézu 8-(dimethylamino)isoalloxazinl (analoga roseoflavinu), 8-
hydroxyisoalloxazinu (analog kofaktoru Fo) a 8-(butylsulfanyl)isoalloxazind.
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Investigation of Biomedically Relevant Human Galectins Using
Methyl bis(N,N’-Diacetyllactosaminide)

Bc. Anna Velebova (M1)

Supervisor: prof. Andrea Brancale, Ph.D.

This work investigates novel approach to selective inhibition of human galectin-3, a recognized
pharmaceutical target involved in non-small cell lung carcinoma or non-alcoholic
steatohepatitis. Based on previous studies, we designed a new saccharide-based inhibitor of
galectin-3, methyl bis(N,N’-diacetyllactosaminide). This compound was synthesized using
carbohydrate chemistry methods, which involved the preparation of suitably protected
building blocks, their chemoselective and stereoselective conjugation and stepwise
deprotection of the resulting intermediates. Several steps required optimization, yielding
valuable insights into the reactivity of the individual intermediates.

The synthesized compound was assessed using an in vitro inhibition assay (ELISA), which
demonstrated a high binding affinity and selectivity for human galectin-3 in comparison to
human galectin-1. To further understand the interactions of the target compound with human
galectins, we used in silico molecular modelling techniques, including docking, molecular
dynamics, and MMGBSA calculations, to analyse its conformational behaviour and the
structural basis of its binding interactions.

OH OH
0 0 0 0 M
HO o 0 o ole
HO HO
NHAc NHAc NHA NHA

Structure of methyl bis(N,N"-diacetyllactosaminide).



Jak spolehliva je mechanochemie?

Bc. Tereza Sindelafova (M2)
Skolitel: Ing. Martin Krupic¢ka, Ph.D.

Mechanochemické reakce se v poslednich letech dostdvaji vice do povédomi. Spliuji totiz
nékolik cilG zelené chemie dle IUPAC. Mezi né patfi naptiklad snizeni spotieby organickych
rozpoustédel, tvorba bezpecnéjSich reakénich podminek (laboratorni teplota, tlak), zvySeni
energetické ucinnosti a dalsi. Za uc¢elem zhodnoceni spolehlivosti mechanochemickych metod
byla provedena rozsahla série experiment(, které se zucastnilo 24 laboratofi z celého svéta.
Prabéh jednotlivych experimentl byl sledovan pomoci praskové rentgenové difrakce (PXRD).
Pro kvantitativni vyhodnoceni bylo vyuZito Rietveld uptesfiovani. Diky této studii bude mozné
ovérit reprodukovatelnost mechanochemickych postupli azavést je tak jako béziny
a spolehlivy ndstroj pro syntézu organickych molekul do laboratofi spolu s pomérné rychlou
a presnou metodou monitoringu reakci.
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Syntéza a studium vlastnosti nové generace opticky aktivnich
spiropyranovych fotopiepinacli

Bc. Vojtéch Bohacek (M1)
Skolitel: Ing. Jifi Tima, Ph.D.

Spiropyrany jsou chytré organické materidly zndmé predevsim jako fotoprepinace.
Pozornost si ziskavaji hlavné proto, Ze pfi svétlem iniciované izomerizaci (tzv. fotoprepinani)
méni nejen svoji geometrii (jako napf. azobenzeny), ale rovnéz dochazi k dramatické zméné
polarity molekuly. Navic jejich fotopfepinani je plné reverzibilni, coZz nabizi mnohd uplatnéni
v celé radé oblasti materidlové chemie.

Spiropyrany jsou rovnéz chiralnimi slouc¢eninami diky pfitomnému spiro-uhliku. Mnohé
moderni organické materidly vyuZivaji pro své aplikace opticky cCisté latky. Spiropyrany jsou
tak zdanlivé vhodnymi kandidaty pro takové aplikace, avSak podléhaji dynamické rovnovaze
pfes otevienou merocyaninovou formu, coz vede k jejich spontdnni racemizaci. Nasi
strategii pro pfipravu opticky cistych spiropyran( je zavedeni druhého centra chirality do
spiropyranové struktury, ¢imz vznika dvojice epimerd (syn/anti) s rozdilnou energii, a tedy
v idedInim ptipadé k dominanci pouze jednoho z nich.

Predkladand prace se zabyva syntézou a studiem spiropyrand substituovanych
v poloze 3" a 8.V ramci prezentace bude diskutovana nova metoda purifikace spiropyranovych
fotoprepinacu a dale vliv zvolenych strukturnich prvkd na zastoupeni jednotlivych epimert a
na rychlost fotoprepinani téchto latek.
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Syntéza derivatov dihydroxyantrachindnov modifikovanych
hydrofilizujacimi substituentami

Jakub Krebs (B3)

Skolitel: prof. Ing. Jaroslav Kvi¢ala, CSc.

Jeden z aktudlnych problémov dnesnej doby je ukladanie a opdtovné vyuzZivanie elektrickej
energie pomocou oxidacne-redukénych procesov. Ekonomické a ekologické dovody vedu
k volbe vody ako idealneho rozpustadla a organickym zli¢eninam ako vhodnym substratom.
Antrachindny, vdaka ich redoxnym vlastnostiam, predstavuju velmi perspektivne latky. Ich
zasadnou nevyhodou je ale velmi nizka rozpustnost vo vode, ktora sa da riesit ich sulfonaciou.
Problémom sulfondcie je ale regioselektivita. Pouzitim dihydroxyantrachinénov sa da tohto
problému efektivne zbavit, zlG¢eniny ale stdle zostdvaju prakticky nerozpustné vo vode.
Cielom mojej prace je modifikacia vybranych dihydroxyantrachinénov skupinami zvysujicimi
rozpustnost vo vode. Ako prvu modifikaciu som vyskusal reakciu zavadzajucu do molekuly
polyéterovy solubilizujici retazec a pripravené zli¢eniny su testované v spolupraci s Ustavom
chemického inZinierstva.

V druhej €asti prace som Studoval pripravu dihydroxyantrachindnov substituovanych kratkymi
retazcami s aniénmi silnych kyselin.
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Fotokatalyticka Baeyer-Villigerova oxidace pro enantioselektivni
syntézu steroidnich analogu

Vladimir Krucky (B3)

Skolitel: Ing. Petr Kovaficek, Ph.D.

Chiralita je inherentni soucdsti Zivych organismd a enantiomery mohou nabyvat mnohdy
protichddnych vlastnosti v chirdlnim prostiedi. Jelikoz hydroxylové funkéni skupiny tvori
vyznamnou ¢ast ucinnych farmaceutickych latek (API), cilem této prace je stereoselektivni
tvorba alkoholové skupiny na modelovém substratu, jenz mimikuje cilové struktury
lovastatinu a sterol(.

Tato prace je zamérena na postupy enantioselektivni Baeyer-Villigerovy katalytické oxidace za
pouziti pfistupu desymetrizace katalyzatoru vlivem fyzisorpce na povrch. Jako katalyzatory
slouZi tricyklické derivaty pyranopyrimidon(, které, vzhledem ke své strukturni podobnosti
s flaviny, mohou adovat peroxidovy anion. V této praci je studovana svétlem iniciovana
Baeyer-Villigerova oxidace za pouziti téchto peroxoaduktl k tvorbé esterl, ze kterych lze
nasledné hydrolyzou ziskat kyZené chiralni alkoholy. Budou shrnuty dosavadni vysledky stran
pfipravy katalyzatoru a jeho aktivity v homogennim fotokatalyze Baeyer-Villigerovych oxidaci.



Synthesis of novel DRP-1 inhibitors as modulators of mitochondria
dynamics

Dominika Sousedova (B3)
Supervisor: prof. Andrea Brancale, Ph.D.

Although the development of cancer therapeutics itself is moving forward, there are no
treatments available that specifically target cancer metastasis. We are focusing on the
synthesis of small molecules that could have the potential to target mitochondrial fission in
dormant metastatic cells, which are expected to be one of the causes of cancer relapse. It is
anticipated that inhibition of mitochondrial fission will affect migration, invasion, and survival
of the unwanted cells.

In this project we are focusing on developing a functioning four-step synthesis of the pyridine-
based hit compound and optimising the reaction conditions to improve yield and efficiency.
The synthesis consists of initial amidation, followed by reduction of a nitro group, and it
concludes with two different alkylation steps. Our second aim is to apply the developed
synthetic methodology to prepare a series of analogues of the original hit to identify new
molecules with improved biological activity and drug-like properties.



Syntéza 1-fluéralkylovanych izochinolinov a N-fluéralkyl-1,2-
dihydroizochinolinov

Adam Kleman (B3)

Skolitel: Ing. Petr Beier, Ph.D.

Izochinolinové jadro je pritomné v mnohych prirodnych produktoch a liekoch ako je
napriklad spazmolytikum Papaverin alebo kandidat na lie¢bu Parkinsonovej choroby
Valiglurax. Kvoli tymto vlastnostiam je stale snaha o zavedenie benzopyridinu do novych typov
molekul a o hladani dalSich spdsobov ich syntézy, aj ked sa Casto jednd o neefektivne
mnohokrokové sekvencie. Podobne pozitivny vplyv na farmakologické vlastnosti molekuly
mobZe mat tieZ zavedenie jedného alebo viacerych atémov fluéru do molekuly, avsak zatial je
znamy len maly pocet 1-fluéralkylovanych izochinolinov, predovsetkym kvoli nedostatku
syntetickych postupov.

V nasej skupine sa zameriavame na reaktivitu N-fluéralkylovanych azidov a triazolov.
Po vystaveni mikrovinnému Ziareniu sa N-fluéralkylované triazoly tranformuju so stratou
dusika na N-fluéralkylované keteniminy. Dalsie zahrievanie tychto keteniminov za pritomnosti
KF vedie k tvorbe 1-fluéralkylovanych-3-fluérizochinolinov. Mimo iné, zahrievanim keteniminu
s orto-alkylfenylovym substituentom vznika N-fluéralkylovany-1,2-dihydroizochinolin. Ciefom
tejto prace bolo pripravit vychodiskové triazoly, zvysit vytazky, optimalizovat reakéné
podmienky a pripravit radu 1-fluéralkylovanych-3-fluérizochinolinov a N-fluéralkylovanych-
1,2-dihydroizochinolinov.
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Ureidoderivaty calixarenli pro studium dimerizace a komplexace
aniontl a neutralnich latek

Lukas Smejkal (B3)
Skolitel: Ing. Ondfej Kundrat, Ph.D.

Derivaty mocoviny maji schopnost vdzat na sebe anionty, v kombinaci s calixarenovou
strukturou jsou poté schopny komplexovat i neutrdini [atky napt. [éCiva. Pfi jejich pFipravé je
vyuZita malonesterova syntéza pro tvorbu alkylového retézce, ktery bude ndsledné napojen
na aminofenol. Mocovinové usporadani bude poté spojovat alkylovany fenol s calixarenovym
skeletem. U takto pfipravenych calixarent budou zkoumany komplexacni vlastnosti |éCiv a
schopnost vytvaret vodikové mUstky a jiné nevazebné interakce.
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Synthesis of a library of chromones and evaluation of their affinity
to DC-SIGN receptor

Vit Novotny (B3)
Supervisor: Ing. Petra Ménova, Ph.D.

This medicinal chemistry work deals with the synthesis of chromone-based DC-SIGN ligands
and evaluation of their affinities.

DC-SIGN is an immune system receptor involved in a number of processes, such as cell
communication and pathogen recognition. However, utilization of medicinal potential of DC-
SIGN is challenging due to its shallow and hydrophilic primary binding site. A study performed
by Prof. Rademacher et al. identified secondary binding sites and suggested potential ligands.
Accordingly, the library presented here was synthesized.

The synthetic route begins with a Vilsmeier—Haack reaction of variously substituted 2-
hydroxyacetophenones, forming a chromene-3-carbaldehyde core. Using Pinnick oxidation,
the aldehyde is then converted to an acid. Continuing with the acids’ chlorination and
substitution, N-nucleophilic fragments were connected via amide bond. The fragments were
available in-house ((4-fluorophenyl)(piperidin-4-yl)methanone) or prepared using Buchwald-
Hartwig amination (1-(2-(trifluoromethyl)phenyl)piperazine).

Subsequently, °N labeled carbohydrate recognition domain (CRD) of DC-SIGN was
recombinantly grown in E. coli. Affinities of the chromone-library were evaluated using the
chemical shift perturbation method (HSQC NMR).
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Syntéza a studium karboxyderivatu deazaflavinu

Viktor Vojan (B3)
Skolitel: Ing. Eva Svobodova, Ph.D.

Flaviny jsou znamé hlavné jako kofaktory enzym ucastnicich se redoxnich reakci. Pravé tento
fakt byl inspiraci pro jejich vyuZiti v organické syntéze jako fotokatalyzatora. Flaviny Ize béhem
syntézy substituovat rldznymi funkénimi skupinami a upravit tak jejich stabilitu, katalytické
vlastnosti nebo jejich schopnost interagovat se svétlem, které je pro jejich katalytické
vlastnosti dalezitym aspektem. Je-li nahrazen dusik v poloze 5 za uhlik, vznikne tak deazaflavin
(analog pfirodniho koenzymu Fayo), ktery je silnéjSim redukénim Cinidlem neZ odpovidajic
flavin. Novy uhlik pak muZe vazat dalsi fetézce Ci funkéni skupiny, kdy jako velmi efektivni se
ukazal aromaticky cyklus, jez lze navic dale upravovat. DalSim dlleZitym poznatkem je i
studium flavin( s disociovatelnou skupinou, které Ize prevést do formy soli a sledovat jejich
ménici se vlastnosti. Na zakladé vSech téchto informaci jsem syntetizoval 5-aryldeazaflavin
substituovany karboxylovou skupinou, ktery ma potencial byt efektivnim fotokatalyzatorem.

Pavlovska T., Kral Lesny D., Svobodova E., Hoskovcova I., Archipowa N., Kutta R. J., Cibulka R. Chem.
Eur. J. 2022, 28, €20220076.



Extended Bipyridinium-based Redox Switches

Martin Koval (B2)

Supervisor: RNDr. Tomas Slanina, Ph.D.

Pyridinium-based compounds such as diquats and paraquats found a broad application in
host-guest chemistry, in aqueous organic redox flow batteries, and they can be potentially
used as renewable electrical storage systems. They can also find their application in
photochromic materials, molecular machines, spintronics and organic spin crossover
materials.

Paraquats and diquats are di-cationic compounds with strong Coulombic repulsions. One-
electron reduction is accompanied with the formation of a radical-cation, in which the
Coulombic repulsions do not take place, allowing the molecules to aggregate through m-nt
stacking instead. These interactions are caused by the spin-pairing of the two radical cations
allowed by the interaction of two single occupied molecular orbitals (SOMOs). That results in
the formation of a diamagnetic radical dimer (often referred to as pimer) which lowers the
overall energy of the reduced species, and consequently makes it easier for the molecule to
undergo the reduction step.

In this study, we focus on bipyridinium phenylenes, which are structural analogs of diquats
and paraquats. We propose that the incorporation of an extended conjugated system will
influence the m-nt interactions in their reduced form. This structural modification has the
potential to impact the resulting reduction potential and may enhance both the performance
and stability of flow batteries. The primary objective of this work is to investigate how the
extension of the aromatic system affects the value of the redox potential.
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Syntéza stavebnich blokl pro selenacalixareny

Tadeas Petr(i (B3)
Skolitel: prof. Ing. Pavel Lhotdak, CSc.

Jednim z duleZitych odvétvi v oblasti vyzkumu calixaren( je studium jejich derivatu, kde
methylenové mustky spojujici fenolicka jadra jsou nahrazeny jinymi skupinami nebo atomy.
V pfipadé samotnych atom( jsou zatim prakticky jedinou Sifeji prozkoumanou rodinou
takovychto struktur thiacalixareny (spojujicim atomem je sira), u nichz byla objevena fada
zajimavych a jedinecnych vlastnosti. Struktury s jinymi chalkogeny vtéto pozici by
predstavovaly zajimavou pftileZitost k dalSimu vyzkumu vlivu pouZitého mlistkového atomu na
vlastnosti makrocyklu a v neposledni fadé také ke studiu v poslednich letech velmi intenzivné
zkoumanych nekovalentnich interakci zprostfedkovanych chalkogeny — chalkogenovych
vazeb. Pfiprava takovychto struktur ale dosud nebyla popsana.

Tato prace se zabyva prvni ¢asti fragmentové syntézy calixaren(l, kde mUstkovym
atomem je selen. Jejim cilem je zpracovat spolehlivy, Skdlovatelny postup pro pfipravu blokd
tvofenych dvéma fenolovymi derivaty propojenymi atomem selenu, vhodnych k nasledné
kondenzacni reakci za vzniku selenacalixarenu. Pro vlastni vznik diarylselenidu jsou
provérovany dvé metody: metoda vyuzivajici oxid seleni¢ity a metoda vyuzivajici chlorid
selenaty.
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Structure—activity study on a DC-SIGN binding fragment

Jiri Vestfal (B2)

Skolitel: Ing. Petra Ménova, Ph.D.

In 2017, a fragment screening against DC-SIGN (dendridtic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin) receptor was performed and five secondary binding sites
for drug-like molecules were identified. One of the hits was 1-(2-(trifluoromethyl)-
phenyl)piperazine.

My aim is to synthesize a series of its derivatives for a structure—activity study and evaluation
of their affinity for DC-SIGN receptor.

The key reaction is a palladium-catalyzed cross-coupling (namely Hartwig—Buchwald
amination) between a Boc-protected piperazine and various aryl bromides.
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Priprava 1,4-dienti s vyuzZitim reaktivity bisvinyl-fosfatu
Vaclav Hron (B3)

Skolitel: doc. Ing. Tomas Tobrman, Ph.D.

Ve své praci se zabyvam pfipravou substituovanych 1,4-dien( takzvanych skipped diend.
Motiv skipped dienli mizeme nalézt v fadé prirodnich latek jako jsou alkaloidy, mastné
kyseliny, terpenoidy, véetné jejich metabolickych meziproduktl. Literarni strategie pro
pfipravu skipped dien( vyuzivaji olefinace, Dielsovu-Alderovu reakci a rlizné cross-coupling
reakce?!. Ve své praci vyuzivam originalni stavebnicovy koncept pro pfipravu skipped diend,
ktery vyuZiva odliSné reaktivity bisvinyl-fosfatll. Navrieny koncept vyuziva dvojnasobné
chemo- a stereoselektivni enolizacné—fosforylacni sekvenci pro pfipravu bisvinyl fosfat( 1. Pro
pfipravu cilovych skipped dienl 2 byla u smiSeného bisfosfatu 1 studovana Negishiho reakce,
kterd vyuZila rozdilné reaktivity diethylfosfatové a difenylfosfatové skupiny v molekule.
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(1) Petruncio, G.; Shellnutt, Z.; Elahi-Mohassel, S.; Alishetty, S.; Paige, M. Skipped dienes in natural
product synthesis. Nat. Prod. Rep. 2021, 38, 2187-2213.



Chranéné aminokyseliny jako intermediaty pro mechanochemickou
syntézu alaptidu

Magdaléna Precova (B3)
Skolitel: Ing. Martin Krupicka PhD.

U¢inna latka alaptid je cyklicky dipeptid, jeho? hlavni plisobeni spoé&iva v urychleni hojeni
tkanovych bunék a pouZiva se predevsim na drobnd poranéni, popaleniny, fezné rany Ci
odfeniny. Aplikuje se ve formé masti nebo krému a v Ceské republice je jako lé¢ivo registrovan
pouze pro veterindrni Gcely.

Struktura alaptidu je sloZena z dvou odliSnych aminokyselin. Tvofi jej jedna z nejbéznéjsich
kédovanych aminokyselin, alanin, a nekdédovand aminokyselina s cyklickym postrannim
retézcem, cykloleucin.

Cilem mé prace je chranéni N- a C- konce téchto dvou aminokyselin, prednostné
mechanochemickou cestou. Mechanochemie neboli syntéza v pevna fazi, spociva ve vyvolani
a podporovani chemickych reakci pomoci mechanické energie. Do procesu vstupuji pevné
latky nanejvys s malym pridavkem kapaliny, mleti probiha bud’' v pevné fazi nebo v suspenzi.
Mezi hlavni vyhody patfi prace bez rozpoustédel, rychlejsi prlibéh a vyssi vytézky reakce.

Z velkého mnoizstvi moznych chrénicich skupin volime podle dal$iho zpracovani (napfiklad
zplUsobu deprotekce), dostupnosti a ceny chemikalii. Specifickym hlediskem pfi vyuZiti
mechanochemie je skupenstvi reaktantd a intermedidtd — upfednostiiujeme pevné latky.
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Towards the Total Synthesis of Nagelamide Q

Andrea Slivova (B1)

Skolitel: Dr. habil. Ullrich Jahn

Nagelamides, pyrrole-imidazole alkaloids found in marine sponges belonging to the genus
Agelas, are biosynthesized from oroidin and display diverse biological activities.® Nagelamide
Q, a densely functionalized pentacyclic member of the alkaloid family, exhibits potent
antimicrobial and antifungal properties.? In 15 years since its isolation, no total synthesis of
nagelamide Q was achieved due to the functional group density and stereochemical
complexity of the bioactive natural product. To tackle these synthetic challenges, we propose
a C2-symmetry-breaking fragmentation of bis(acyl)pyrrolidinopyrrolidine. Approach to the
central symmetrical bislactam intermediate will be discussed.
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Scheme 1. Biosynthesis and retrosynthetic analysis of nagelamide Q.

REFERENCES:

1. Lindel, T. Chemistry and Biology of the Pyrrole-Imidazole Alkaloids. In The Alkaloids:
Chemistry and Biology; Knélker, H.-J., Ed.; Academic Press: Cambridge, 2017; Vol 77, ch 3, p.
117.

2. Araki, A.; Kubota, T.; Aoyama, K.; Mikami, Y.; Fromont, J.; Kobayashi, J. Organic Letters
2009, 11 (8), 1785-1788.



Rigidizace calixarenového skeletu pro syntézu receptort

Libor Kuchar (B3)
Skolitel: doc. Ing. Jan Budka, Ph.D

Calixareny jsou vyznamnou tfidou makrocyklickych sloucenin, které nachazeji Siroké uplatnéni
v host-guest chemii diky své schopnosti vytvaret stabilni komplexy s ionty i nenabitymi
molekulami. Dosud jedinou objevenou reakci umozZnujici pfimou derivatizaci meta- polohy
benzenovych jader calixarenovych skeletl je merkurace. Takto vzniklou strukturu Ize nasledné
prevést na meta-premostény derivat pomoci couplingové reakce.

V ramci své prace jsem se vénoval syntéze takto rigidizovanych calixarenovych receptor(. Dalsi
studium se zaméfi na zkoumani vlivu premosténi na schopnost komplexace kationt(i ve
srovnani s receptory s nerigidizovanym skeletem. Vysledky téchto studii mohou pfispét k
lepSimu pochopeni vlivu rigidizace na selektivitu komplexce a afinitu téchto sloucenin ke
specifickym iontlm.
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Syntéza fenylen-mocovinovych makrocykll s derivatizovatelnymi
funkcnimi skupinami

Jan Kerestes (B3)
Skolitel: Ing. Michal Himl, PhD.

Cilem této prdce je postupnd syntéza karboxy-substituovaného fenylen-mocovinového
makrocyklu a optimalizace jednotlivych reakénich krok@. Struktura makrocyklu se sklada ze
¢tyf benzenovych jader substituovanych esterovymi skupinami, jednotliva jadra jsou spojena
mocovinovymi mustky (viz. Obr.). Na syntetizovaném makrocyklu budou ddle provedeny
pokusy o transformaci esterovych skupin. Z pfedchozich praci nasi vyzkumné skupiny bylo
zjisténo, zZe karbonylové skupiny mocovinovych segmenti se podileji na vzniku komplex(
s ionty alkalickych kov(. Na cilovém makrocyklu budou tedy také provedeny komplexacéni
studie, zahrnujici zkoumani selektivity a miry komplexace s jednotlivymi ionty.
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Proléciva acyklickych nukleosidovych fosfonati s antivirovymi
vlastnostmi

Adriana Struminska (B3)
Skolitel: prof. Andrea Brancale, PhD. / Ing. Zlatko Janeba, PhD.

(S)-HPMPA (9-[3-hydroxy-2-(phosphonomethoxy)propyl]adenin) byl testovan jako potencialni
Sirokospektré antivirotikum na DNA viry jako polyomaviry a adenoviry. Nejvétsim limitem této
molekuly je vsak jeji prostupnost do buriky pres fosfolipidovou dvojvrstvu (Obr. 1).
Transformace této latky na proléivo mlZe vyznamnym zplsobem zlepSit jeji
farmakokinetické vlastnosti, diky cemuz by se mohla stat [é¢ivem uvedenym do praxe. Nova
proléiva jsou navriena tak, aby po priniku bunéfnou membranou prosla
enzymatickou/chemickou aktivaci, ¢imz se preméni na aktivni formu Iéciva na cilovém misté.
Byla studovana mozZnost ptipravy proléciv latky (S)-HPMPA na bazi tzv. ProTides.
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Hit expansion on novel antiviral compounds: investigating the
replacement of a sulphonamide linker with an amine

Jakub Janac (B3)
Supervisor: Ing. Petra Cufinovd, Ph.D.

Dengue is a mosquito-borne viral disease causing an estimated 100 million infections annually.
The development of antivirals against dengue is still in its early stages. Di-sulphonamide
compound A was identified to be a suitable candidate for disrupting the complex between the
viral proteins NS3 and NS5, which is essential for viral replication. To investigate the antiviral
activity of the di-sulphonamide scaffold's antiviral activity, we prepared a series of analogues
of hit compound A, replacing one of the sulphonamide groups with an amine (compound B).
This substitution should bring multiple benefits, such as shortening the synthetic route, and
metabolic stabilization of the compound. Moreover, it should give us clues about the
role/necessity of the sulphonamide group in the biological activity of the original hit
compound. Synthesis of the electron-deficient substituted anilines had proven to be
challenging, nevertheless, we devised a method for forming these species using reductive
amination with subsequent alkylation under microwave irradiation. A series of compounds
was synthesized with varying substituents on the aniline nitrogen, which was then tested for
biological activity.




Derivaty antrachinonu ako vodorozpustné redoxne-aktivne
zluceniny

Martina Wéagnerova (B3)

Skolitel: Ing. Markéta Rybac¢kova, Ph.D.

Derivaty antrachindénu su molekuly s Sirokym vyuZitim — od vyroby farbiv, po medicinske
aplikacie a v poslednych rokoch sa vyuzivaju aj v oblasti prietokovych batérii (RFB - Redox Flow
Batteries). Vdaka svojej redoxnej aktivite si schopné reverzibilne odovzdavat a prijimat
elektrény, €o je kfucové pre aplikacie v RFB. V poslednych rokoch doslo k vyznamnému rozvoju
v oblasti vodnych RFB. Je preto klicové aby sa organické latky dobre rozpustali vo vode.
Nevyhnutnostou je aby cielové Struktliry obsahovali okrem redoxne-aktivnej jednotky aj
funkcné skupiny, ktoré zabezpedia ich dobru rozpustnost. Rozpustnost pripravenych derivatov
vo vode mozZe byt ovplyvnend hodnotou pH roztoku atypom pouZitej funkénej skupiny.
Derivaty s hydroxidovymi (-OH) a karboxylovymi (-COOH) skupinami maju vysoku rozpustnost
pri alkalickom pH, zatial ¢o molekuly obsahujuce -SOsH skupiny su dobre rozpustné v kyslych
roztokoch. Pri pouziti polyetylénglykolovych retazcov a amdniovych soli méze byt dostatocna
rozpustnost uz pri neutrdlnom pH. Cielom tejto prace je priprava 1,4-disubstituovaného
antrachinénu u ktorého st v postrannom retazci naviazané skupiny zvysujice rozpustnost vo
vode — etylénglykolové retazce alebo kvartérne amodniové soli, stadium ich stability
a elektrochemického chovania.
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Synthesis and kinetic characterization of light-driven molecular
motors

Jakub Sochor (B2)

Supervisor: Mgr. Jiti Kaleta, Ph.D.
Consultant: Guillaume Bastien, Ph.D.

Over the last decades, a lot of effort has been invested into controlling the molecular
motion of synthetic rotors, switches and motors in order to incorporate them into more
complex molecular machines.! Among these motors, the fluorene-based systems are of
special interest due to their favorable optical and kinetic properties as well as synthetic
availability.

The aim of this work was to determine the effect of various substituents on the
motional properties of these systems. A series of fluorene-based motors derived from parent
1 differing in substitution on the rotor and the stator part was prepared (Figure 1). The
syntheses were accomplished using a Barton-Kellog olefination.? The properties of these
systems were evaluated using UV-Vis spectroscopy at different temperatures and the kinetic
parameters (AG, AH, t1/2) were determined from Eyring equation. The compounds prepared
in this work will be used to gain a better understanding of complex molecular machinery
involving multiphotochromic systems, nanovehicles, etc.
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Figure 1: The structures of the substituted fluorene-based motors described in this work.

This work was supported by the Institute of Organic Chemistry and Biochemistry, Academy of
Sciences of the Czech Republic (RVO: 61388963) and the Ministry of Education, Youth and
Sports (grant number: LTAUSA19120).

References: [1] Pooler, D. R. S.; Lubbe, A. S.; Crespi, S. & Feringa; B. L. Chem. Sci. 2021, 12,
14964-14986. [2] Severa, L.; Santos Hurtado, C.; Ronéevi¢, |.; Magat, M.; Bastien, G.; Stocek,
J. R.; Dracinsky, M.; Houska, V.; Kaletova, E.; Garza, D. J.; Cisarov3, I.; Cimatu, K. L. A.; Bastl, Z.;
Kaleta, J. Chem. Eur. J. 2024, 30, €2023028.



Preparation of pepstatin A macrocyclic analogues

Pavel Rikovsky (B3)

Skolitel: Ing. Michal Himl, Ph.D.

The thesis deals with the preparation of macrocyclic cathepsin D (CatD) inhibitors, structurally
derived from the most potent naturally occurring inhibitor pepstatin A, as well as their
precursors from commercially available compounds. In the previously published work, the
synthesis was done individually for each macrocycle. In this work, a macrocycle suitable for
divergent synthesis is prepared, from which several novel derivatives can be synthesised via
one-step reaction. The experimental work can be divided into several subsections. The first
subsection includes the preparation of two precursors, i.e., a statine amino acid analogue and
a suitable linker for the synthesis of macrocyclic inhibitors of a desired cycle size. The second
subsection then focuses on the preparation of the modifiable macrocyclic analogue, from
which other derivatives can easily be synthesised via Suzuki coupling, as described in the third

and final part.
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Synthesis of Novel M-Selective Muscarinic Receptor Agonists and
Their Biological Testing

Kamila Kucerova (B3)

Supervisor: Ing. Petra Ménova, Ph.D.

Muscarinic receptors are G protein-coupled receptors expressed in human cells of the central
and auxiliary nervous tissue. As disruption of a muscarinic signaling can lead to many
neurological and psychiatric disorders such as schizophrenia or Alzheimer's disease, the aim
of our work is to find novel analgesics selective for one specific signaling pathway in order to
eliminate undesired side effects.

JR-6

Our plan is to synthesize analogues of JR-6, which is our lead compound, as a part of a
structure—activity study. Series with thienyl and benzyl have already been sythesised, the one
with furanyl is still in progress.
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At the Institute of Physiology of CAS | perform affinity tests to identify which compounds bind
the best to the active site of the muscarinic receptor.



Syntéza stavebnich kament pro konstrukci oxacalixarenl

Karla Hovorkova (B3)
Skolitel: Ing. Michal Chury

Calixareny jsou makrocyklické slouc¢eniny, které se Siroce uplatiuji v supramolekularni chemii,
a to predevsim jako receptory pro anionty a kationty, ale i neutrdlni molekuly. MUstkové
atomy mezi aromatickymi jadry v calixarenech ovliviuji jejich geometrii a fyzikalné-chemické
a komplexacni vlastnosti. Jelikoz se sira osvédcila jako vhodny mustek, nabizi se moznost
vyuZit i jiné chalkogeny, napfiklad kyslik nebo selen.

Ve své praci se zaméruji na syntézu kyslikatych dimer( jako stavebnich blokl oxacalixarent
Dalsi vyzkum bude zaméren na syntézu oxacalix[n]arent které budou odvozeny od téchto
dimerq, a studium jejich vlastnosti v porovnani s béznymi calixareny a thiacalixareny.
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Hybrid acylhydrazone-DAE photoswitches for core photoelectron
spectroscopy

Michal Novotny (B2)
Skolitel: Ing. Petr Kovaticek, Ph.D.

The class of acylhydrazone photoswitches has been known for some time; however, their
ability to transition from the singlet state to the triplet state was only recently discovered. In
this work, | focus on the synthesis of one of these compounds with a probe atom. Synthesis
was achieved by brominating thiophene-2-carbaldehyde, followed by reaction with
benzhydrazide. Photoswitching was assessed by monitoring changes in UV-Vis absorption
spectra.

Additionally, | employed computational chemistry tools to model the electronic structure of
acylhydrazone and to disentangle how electronic structural properties manifest in UV-Vis
spectral characteristics. Using this information, | aim to model and interpret the unique
switching mechanism.
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Analogy pimozidu jako inhibitory proteinu ARPC2

Artem Lobanov (B3)

Skolitel: Mgr. et Mgr. Pavla Perlikova, Ph.D.

Metastazy predstavuji jednu z hlavnich pficin dmrtnosti na nadorovd onemocnéni. Invazivita
nadorovych bunék je klicovd pro metastazovani a dllezitou roli zde hraje polymerizace aktinu.
Diky ni se tvofi specifické vybézky bunék, které umoznuji bunécny pohyb. V soucasnosti viak
neexistuji Zadna schvalenad |éCiva, ktera by cilila na tento mechanismus. ARPC2 je podjednotka
proteinového komplexu Arp2/3, ktery reguluje polymerizaci aktinu. Z odborné literatury je
znamo nékolik molekul, které maji schopnost vazat se na ARPC2 a potencidlné by mohly slouzit
jako zaklad pro vyvoj novych terapeutik s antimetastatickym u¢inkem. Jednou z téchto latek
je pimozid, ktery je v soucasnosti schvalen jako |éCivo pfi terapii Tourettova syndromu. Cilem
této prace je syntéza potencidlnich inhibitorli ARPC2 na bazi pimozidu s predpokladanym
migrastatickym ucinkem. Na zakladé molekuldarniho dokovani a racionalniho designu byla
navrzena série analogl pimozidu. Jejich syntéza vyuziva nukleofilni adici Grignardovych Cinidel
a nukleofilni substituce. Cast téchto slou¢enin jiZ byla syntetizovdna a charakterizovana
pomoci NMR a hmotnostni spektrometrie; rovnéz byly provedeny testy biologické aktivity.




