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ABSTRACT

A class of novel 1,2,3-triazole functionalised quinoline-2,4-diones was
synthesized using multi-step reaction approach, starting with the synthesis of
suitable organic azides that served as precursors for introduction of the first
1,2,3-triazole ring to the quinoline-2,4-dione framework.

Afterwards, desirable bis-triazole esters were obtained by acetylation of
mono-triazole alcohols, subsequent introduction of propargyl group to the
position N1 of quinolone heterocycle, and finally employment of
copper(l)-catalysed »click« reaction using three different organic azides. Resulted
bis- as well as mono-triazole acetates were then deprotected using acidic
alcoholysis, while provided alcohols were further oxidized to suitable aldehydes
and carboxylic acids. While crystallization of synthesized compounds was
normally performed in case of mono-triazoles, it was seldom successful for
bis-triazole species. Consequently, quinolones with two 1,2,3-triazole rings were
purified mostly by silica-gel column chromatography. During the fulfilment of
outline transformation scheme, various reaction conditions and synthetic routes
were tested, monitored, and finally optimised. Apart from mainstream reaction
pathway, some focus was also devoted to a few accompanying transformations
that either highlighted interesting behaviour of the studied systems
(quinoline-2,4-dione ring cleavage), or could be exploited as an alternative
approach to anthranilic acid derivatives preparation.

Several synthesized materials were also evaluated for their potential
ligand-to-metal coordination abilities, as well as antimicrobial activities against
ten microbial strains, including bacteria, yeast and fungi. Additionally, their
potential photoprotective characteristics were also briefly examined. Regrettably,
no interesting physical properties or biological activities were detected for any of
the tested compounds.

The vast majority of results obtained throughout my doctoral studies and
presented in this dissertation, have already been published or will be published in
scientific journals with the impact factors.



ABSTRAKT

V ramci disertacni prace byla vicestupiiovou syntézou, jeZ vychazela
Z vhodnych organickych azidl, pfipravena skupina novych chinolin-2,4-diont
substituovanych 1,2,3-triazolovymi kruhy.

Bis-triazolové estery byly po acetylaci mono-triazolovych alkohold ziskany
zavedenim propargylové skupiny do polohy N1 chinolonového heterocyklu a
naslednou "click" reakci s tremi riznymi organickymi azidy za katalytického
uc¢inku médnych kationtd. Z vyslednych bis-triazolovych, stejné¢ jako z
mono-triazolovych acetati byly poté kyselou alkoholyzou odstranény chranici
skupiny a ziskané alkoholy byly dale oxidovany na pfislusné aldehydy a
karboxylové kyseliny. Zatimco Kkrystalizace syntetizovanych mono-triazolovych
slou¢enin byla prakticky vzdy uspésna, u bis-triazolovych derivati byla uspésna
pouze ziidka, a proto byly chinolony se dvéma 1,2,3-triazolovymi kruhy
purifikovany pievazné chromatografii na sloupci silikagelu. V prubéhu feseni
podle naplanovaného schématu byly testovany, sledovany a nakonec
optimalizovany reakéni podminky jednotlivych syntetickych krokd. Kromé
hlavnich produkti reakci byla vénovana také pozornost nékolika vedlejSim
pfeméndm vychozich latek, které¢ bud’ zdiiraznily zajimavé chovani studovanych
systému (Sté€peni chinolin-2,4-dionového kruhu), nebo by mohly byt vyuzity jako
alternativni pfistup k pfipraveé derivati kyseliny anthranilové.

U nékolika syntetizovanych derivatti byla sledovana jejich potencialni
schopnost koordinovat kovy, a také byly testovany jejich antimikrobialni G¢inky
vici deseti druhim mikroorganismti zahrnujicich zastupce bakterii, kvasinek a
hub. Navic byly okrajové zkoumany jejich potencialni fotoprotektivni vlastnosti.
Bohuzel nebyly zjistény zadné zajimavé fyzikdlni vlastnosti nebo biologické
aktivity u zadné z testovanych slou¢enin.

Naprosta vétSina vysledkl ziskanych v ramcei doktorského studia, které
jsou prezentovany v této disertacni praci, byla jiz publikovana v impaktovaném
védeckém casopisu nebo je obsazena v rukopisu publikace zaslaném do redakce
impaktovaného ¢asopisu.
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ABBREVIATIONS

ACN — acetonitrile

Bn — benzyl

CCM — Czech collection of microorganisms
COSY - correlation spectroscopy

CUAAC — copper(I)-catalysed azide-alkyne cycloaddition
DCM - dichloromethane

DIPEA — N,N-diisopropylethylamine

DMF — dimethylformamide

DMSO - dimethyl sulfoxide

EA — elemental analysis

HMBC — heteronuclear multiple bond correlation
HOMO - highest occupied molecular orbital
HRMS — high resolution mass spectrometry
HSQC — heteronuclear single quantum correlation
IR — infrared (spectroscopy)

LUMO - lowest unoccupied molecular orbital
Me — methyl

NMR — nuclear magnetic resonance

OAcC — acetoxy

PCC — pyridinium chlorochromate

Ph — phenyl

pKa — negative base-10 logarithm of the acid dissociation constant of a solution
ppm — parts per million

Py — pyridyl

rt — room temperature

Ru—Cym — (cymene)ruthenium dichloride dimer
SEM - scanning electron microscope

SN2 — bimolecular nucleophilic substitution
t-BuOH — tert-butyl alcohol

THF — tetrahydrofuran

TLC — thin-layer chromatography

TMS — trimethylsilane

TOF — time of flight

TSG — tryptone—soya peptone—glucose (broth)
UV-VIS — ultraviolet-visible

VIV — volume/volume percent



1. INTRODUCTION

1,2,3-Triazole species are five-membered heterocyclic compounds
consisting of three consecutive linked nitrogen and two carbon atoms. They can
be derived from three conceivable tautomeric basic compounds:
1H-1,2,3-triazole, 2H-1,2,3-triazole, and 4H-1,2,3-triazole. They possess strong
dipole moment that polarizes the proton on carbon to such a rate that it can act as
a hydrogen-bond donor.l® However, because of their low expressed basic
character, protonation of 1,2,3-triazoles at physiological pH is suppressed.?
Furthermore, they are practically inert even at elevated temperatures and stable in
oxidizing, reducing, as well as hydrolytic media.?* Even though, 1,2,3-triazoles
exhibit a large variety of desirable biological activities and physical properties,
they do not occur in nature and thus can be obtained only synthetically.®

Despite the fact that the cyclisation reaction between the triple-bond
compounds and azides was established more than 125 years ago,® the synthesis of
1,2,3-triazoles and their characterization had remained considerably unexplored
for more than a century.’ Relatively limited interest in the last-mentioned reaction
was due to the fact that traditional Huisgen 1,3-dipolar cycloaddition not only
requires severe reaction conditions but also results in hardly separable mixture of
1,4- and 1,5-disubstituted 1,2,3-triazole species.*’® The 1:1 blend of both
compounds (Scheme 1) appears because of their comparable HOMO and LUMO
energy levels, and therefore practically equal probability of 1,4- and
1,5-disubstituted adducts emergences.®*!

Scheme 1
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However, the situation dramatically changed in 2002, when Sharpless® and
Meldal*> independently discovered and published copper(l) catalysed
alkyne-azide cycloaddition (CUAAC) as a 1,2,3-triazoles preparation approach.
At the same time, Sharpless introduced and precisely defined the expression
wclick chemistry«!® to designate a series of reactions that are simple to perform,
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stereoselective, wide in scope, highly-yielding, generate solely inoffensive
products (purification limited to crystallization or distillation) and use only readily
accessible reagents.®* Furthermore, transformations should proceed in
environmentally friendly conditions and they need to be thermodynamically
favourable.'* The most common »click reaction« types are additions to carbon-
carbon multiple bonds, carbonyl chemistry of the non-aldol type, nucleophilic
substitution chemistry and cycloadditions of unsaturated hydrocarbons.!®

Although, more than 15 years passed from the Sharpless and Meldal’s
discovery,12 scientists all around the world still admire desirable characteristics
of copper catalysed 1,3-dipolar cycloaddition — an effective synthetic pathway for
1,2,3-triazole species preparation. Sarkar et al. emphasized the rarity in chemistry
that so much attention is devoted to one single reaction approach, as it is obvious
in the case of last-mentioned transformation.’® At the first sight, simple
heterocyclic compound 1,2,3-triazole possesses many versatile properties
(Figure 1) that could be effectively exploited in the fields of synthetic,'6®
medicinal,!’ physical,'® organometallic,'® and coordination*®2?° chemistry, as well
as in polymer?® and life?2? science.

Figure 11°
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1.1 Copper catalysed synthesis

Copper catalysed 1,3-dipolar (Huisgen) cycloaddition is a greatly
appreciated and well-investigated method for 1,4-disubstitued 1,2,3-triazoles
preparation,®?® and therefore a representative example of a »click reaction« 81218

Fully converted and highly pure products could be obtained in various
solvents including N,N-dimethylformamide, 223 acetonitrile,?
N-ethyldiisopropylamine,*? dichloromethane,*? toluene!? tetrahydrofuran!? and
tert-butyl alcohol solution in water.82* Even though, Cu(l) cations as a conversion
driving force could be utilized directly from the copper monovalent sources such
as copper(l) chloride, copper(l) iodide or copper(l) bromide dimethyl sulphide
complex, it is more convenient to prepare them in situ by the reduction of Cu(ll)
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salts that are frequently more pure and less expensive than their univalent
counterparts.®2 Some simple reducing agents including metallic copper,®2
glucose in the presence of Fehling’s reagent?®, sodium ascorbate?® or cuprous
cyanide obtained by the NaCN reduction of copper(ll) sulphate,? are regularly
used. The acceleration rates of 10°-10% in comparison to non-catalysed
transformation, quantitative regioselectivity, high degree of oxygen and water
tolerance, as well as smooth and simple realisation are just few of numerous
advantages that make CUAAC reaction widely popular,®? and consequently »the
best click reaction to date«.®® Furthermore, the stability of resultant 1,2,3-triazole
species under many reaction conditions and their compatibility with a broad range
of functional groups enable formation of triazole consisting peptides,
oligosaccharides and other macromolecules.®

An acknowledged mechanism of copper catalysed reaction (Scheme 2)
starts with the formation of a copper acetylide between Cu(l) and a terminal
alkyne. As a result, pKa of alkyne is lowered enough to be able to get deprotonated
in aqueous solution. This copper complex undergoes azido-compound attack that
is followed by intramolecular cyclisation reaction and further formation of
copper-including triazole. Finally, an adduct is protonated, resulting in formation
of 1,4-disubstitued 1,2,3-triazole and regeneration of a catalyst.1%?

Scheme 2
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1.2 Practical applications

Approximately half a century ago, a strong tendency to connection between
the synthetic organic chemistry and biosciences, such as biology, medicine and
biophysics appeared. As a result, many theoretical findings and facts got
applicable values that resulted in sudden upswing of preliminary and practically
oriented studies that have been continuously and exponentially growing until
today.!

1.2.1 Coordination properties and catalytic activities

Several journals reported that nitrogen based compounds, such as
triethylamine,®>® proline,23 diisopropylethylamine,3>%® 2 6-lutidine®?4% and
many others not only stabilize copper(l) species but also quicken the catalytic
process. Similarly, numerous 1,2,3-triazole species exhibit excellent coordination
abilities towards various metal centres, including late transition elements,3 and
form different complexes of miscellaneous geometrical structures such as
tetrahedral, square-planar and octahedral.3"-*° Taking into account the number of
available coordination sites, monodentate,* bidentate,** tridentate,*? as well as
tetradentate®® 1,2,3-triazole-based ligands have been developed. Those attached
to the metal centre through the more basic N3 1,2,3-triazole nitrogen were labelled
as »regular«,* while rarer N2-coordinated* were designated as »inverse«*
ligands. In addition, high catalytic activities and great tuning capabilities of
bidentate phosphor-containing 1,2,3-triazole-based P,N-chelators were also
observed.*

1.2.2 Photophysical and electrochemical characteristics

Some 1,2,3-triazole ligands possess specific coordination abilities that
could be further utilised for detection of particular cationic or/and anionic species,
and consequently exploited in the field of optical and electrical applications.*® For
example, some iridium(111)-1,2,3-triazole complexes were found to exhibit strong
phosphorescence, as well as spectral blue-shifting behaviour.*® Similarly,
fluorescent 1,2,3-triazole-based detector for Cu(ll) and Hg(Il) species was also
developed.*” In addition, recently described »click« reaction approach could be
efficiently exploited for bivalent copper cations detection. As dispersed golden
nanoparticles, modified with azide and terminal alkyne functional groups,
aggregate in the presence of Cu?* ions and sodium ascorbate, practically instant
discolouration of pink solution occurs as a visible change.*® Apart from cationic
compounds, anions such as pyrophosphate (HP,0;*),%° chloride® and bromide®
could also be effectively detected by appropriate 1,2,3-triazole-based
chemosensors. Finally, simultaneous perception of Zn?* and H,PO,4~ species was
reported as well.>*



1.2.3 Polymerization and gelation

1,2,3-Triazole scaffolds could also serve as bridging blocks and connectors
in the process of polymerization. Using terminal alkyne and azido groups
containing monomeric units, 1,2,3-triazole based linear chains,®? as well as
cross-linked networks®® might be prepared by step-growth polymerization.
Additionally, copper(l) catalysed cross-linking concept could also be utilised for
the synthesis of bifunctional dendrimers® and hydrogels® that were already
recognised as highly promising materials due to their great usefulness in
numerous applications, enviable biocompatibility and preferable water-swelling
characteristics.*

1.2.4 Medical activities

Apart from recently mentioned physical properties, 1,2,3-triazole bearing
compounds also exhibit a large variety of medicinal activities. The primary clues
of 1,2,3-triazole examination in medicinal purposes dated back in the first half of
20" century, when 1,2,3-triazolo[4,5-d] pyrimidine was mentioned as potential
anticancer and anti-malignant agent. Because of its desirable and perspective
biological characteristics, 1,2,3-triazole based heterocyclic chemistry was
designated as »the corner stone« of the medicinal chemistry.>” Until nowadays,
numerous compounds with 1,2 3-triazole scaffolds have been synthesized,
examined and found effective against bacterial and fungal strains including
Aspergillus fumigatus,®® Bacillus megaterium,®® Bacillus subtilis,®® Candida
albicans,®* Candida mycoderma,®? Chrysosporium keratinophilum,®® Escherichia
coli,®* Klebseilla pneumonia,® Mycobacterium tuberculosis,®® Penicillium
marneffei,® Saccharomyces cerevisiae,”® Salmonella typhosa,® Shigella
dysenteriae,®? Staphylococcus aureus,”® Staphylococcus pyogenes® and
Trichophyton mentagrophytes.®® In addition, antiviral,® anti-inflammatory,®
anti-tubercular,®3%¢-% anticancer,”®* antitumor,”®"2 anti-oxidative,”"* as well as
Anti-Alzheimer’s disease”™ characteristics were also detected and successfully
evaluated for 1,2,3-triazole materials. Finally, 1,2,3-triazole species exhibit high
stability towards reductive, oxidative, acidic and also basic environments.>’
Because of their well-expressed dipole moment, they are able to take part in
n-stacking and dipole-dipole interactions, and consequently facilitate their
potential bindings to the target molecules.>



2. AIMS AND OBJECTIVES

As it is already summarized in the title, the primary consideration of my
doctoral studies was preparation of various 1,2,3-triazole functionalised
quinoline-2,4-dione derivatives, and according to possibilities, evaluation of their
potential antimicrobial activities and photoprotective properties.

The fundamentals of dissertation topic date back in 2011, when premiere
merging of 1,2,3-triazole scaffold with quinoline-2,4-dione framework was
published.”® The idea was to upgrade mono-triazole species to the appropriate
bis-triazoles by the introduction of propargyl group to quinolone nitrogen, and
subsequent formation of the second 1,2,3-triazole ring. As anticipated, three
different organic azides were synthesized and further combined with
mono-triazole propargyl derivatives, providing novel bis-triazole counterparts.
According to plan, that way obtained collection of mono- and bis-triazole species
was efficiently extended by preparation of different functional derivatives bearing
hydroxymethyl, formyl or carboxylic group in the position four of the first
1,2,3-triazole scaffold. Establishment and optimisation of reaction conditions for
alcohols deprotection and their subsequent oxidation to suitable aldehydes and
carboxylic acids were also intended. The main synthetic route is presented in
Scheme 3.

Scheme 3. Synthesis of (1,2,3-triazole)-functionalised quinoline-2,4-diones.
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3. RESULTS AND DISCUSSION

The synthesis of 1,2,3-triazole-functionalised quinolone derivatives was
carried out in two parallels, performing each reaction step on both, 3-methyl and
3-phenyl quinoline-2,4-dione counterparts.”” 3-Azidoquinoline-2,4-dione species
were obtained throughout three-step,””-"® slightly modified literature procedure,
and were utilised as precursors for the following »click« reactions. The obtained
yields of particular compounds are collected in tables or could be found in
schemes. In addition, some accompanying experiments were carried out, to either
highlight interesting properties of studied structures or to suggest and evaluate
alternative synthetic ways for target compounds acquisition.

3.1 Synthesis of mono-triazole compounds
3.1.1 Precursors

The reaction sequence started with the known condensation reaction
between aniline and diethyl methylmalonate or diethyl phenylmalonate, providing
4-hydroxy-3-methylquinolin-2(1H)-one’” (1a) and 4-hydroxy-3-phenylquinolin-
2(1H)-one’ (1b), respectively. At the beginning, the reaction temperature was
kept relatively low (up to 150 °C) to avoid distillation of malonate, especially in
the case of diethyl methylmalonate (b.p. 200 °C / 760 mm Hg).° For this reason,
appropriate ester was also added in 10% excess to the reaction mixture. When
more than 50% of theoretical mass of ethanol was collected, and therefore amide
bond between both reactants was formed, the temperature was gradually raised up
to 300 °C. The yields of prepared compounds 1 are given in Scheme 4. Due to the
fact that considerably lower yield was observed in the case of methyl derivative
(1a), the transformation was also performed in the presence of nitrogen, however
the obtained yield (53%) was not improved.

Scheme 4. Preparation of compounds 1a and 1b.

OH
Rl
O\ 150-300°C _ N
NH, EtO -2 EtOH
la (R! = Me), 59%
1b (R! = Ph), 83%

Synthesized materials were then subjected to chlorination at slightly
elevated temperature (40-50 °C), using sulfuryl chloride as a source of chlorine
in 1,4-dioxane. During the addition of sulfuryl chloride to the reaction mixture,



white suspension of insoluble starting compound was gradually transformed into
vivid yellow solution, indicating formation of 1,4-dioxane soluble chlorinated
product. Desired compounds 2 were prepared in excellent yields during the time
period of 30 minutes. (Scheme 5).

Scheme 5. Preparation of compounds 2a and 2b.

Rl cl
A S0,Cl, Rl
N o 1,4-dioxane N o
H H
1a (R! = Me) 2a (R! = Me), 91%
1b (R = Ph) 2b (R = Ph), 93%

Organic azides are widely recognised as valuable partners to acetylenic
compounds in 1,3-dipolar cycloaddition reactions. Although, they are assigned as
hazardous and harmful species, they play an irreplaceable role in 1,2,3-triazole
preparation process.® 3-Aziodquinoline-2,4-diones 3 were synthesized by
nucleophilic displacement, where chlorine atom of a particular chloro-derivative
was exchanged with the azido group. The transformation and isolation processes
were carried out in darkness, as organic azides are quite unstable on light. The
reactions were completed in approximately three hours, providing yields
presented in Scheme 6.

Scheme 6. Preparation of compounds 3a and 3b.

o) o)
Cl N
Rl NaN3 Rl
N o DMF N0
H H
2a (R = Me) 3a (R! = Me), 95%
2b (R = Ph) 3b (Rt = Ph), 97%

3.1.2 First 1,2,3-triazole ring

Synthesized organic azides served as precursors in the reaction scheme, as
they were further combined with propargyl alcohol to give suitable
mono-triazoles. The transformations were carried out in the presence of metal
copper and CuSQ,4-5H,0 in DMF (Scheme 7) and were completed within 30
minutes. Although, relatively large quantities of copper species were added to the
reaction mixtures, their residues were in most cases successfully eliminated using
filtration through the silica-gel column, subsequent extraction with saturated
aqueous solution of NH,4CI, and finally crystallization from the suitable solvent.
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In addition, DMF was efficiently removed by multiple dilutions with toluene and
following co-distillations in vacuo at 50 °C. Yields of pure compounds 4 could be
found in Scheme 7.

Scheme 7. Preparation of compounds 4a and 4b.

N3 OH N
Rl ; Rl
0/~ 12
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H DMF H
3a (R! = Me) 4a (R = Me), 99%
3b (R = Ph) 4b (R = Ph), 98%

Even though, sodium ascorbate or L-ascorbic acid in the presence of Cu?*
ions in t-BuOH/H,0 1:1 (V/V) solvent mixture is the most commonly utilised
system for the purpose of 1,2,3-triazole preparation, Cu%/Cu?* catalytic pair in
DMF was recognised as more convenient method for the synthesis of
1,2,3-triazole functionalised quinoline-2,4-diones. To confirm the hypothesis,
3-azido-3-methylquinoline-2,4(1H,3H)-dione was combined with phenyl
acetylene in the presence of Cu?* ions and L-ascorbic acid in CH,Cly/H,0 1:1
(VIV) solvent system. Although, the reaction mixture was stirred nearly 100 times
longer (48 hours) than in case of Cu®/Cu?* (30 min), the obtained yield of the
former (83%) was still obviously lower than in case of the latter (95%) (Table 1).
Taking into account results from 2011, where DMSO was also successfully used
as a solvent, it was concluded that the main drawback of quinoline-2,4-dione
based materials is their very low solubility in most organic solvent—water systems.

Table 1. Preparation of compound 4c.

-N
o o) N/J/Ph
N3 N /
Me =—Ph Me
N~ 0 r N~ 0
H H
3a 4c

Entry Time (h) Yield of 4c (%)?
1 0.5 95°
2 48 83¢
2 Refers to percent yield of pure (by TLC and IR) isolated product. ® Employing DMF /
Cu®/ CuSO4-5H20 conditions. ¢ Employing CH2Cl. / water / CuSO4-5H20 / L-ascorbic
acid conditions.
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3.2 Synthesis of bis-triazole compounds
3.2.1 Acetylation and propargylation

After mono-triazole alcohols were successfully synthesized, introduction
of the second 1,2,3-triazole segment was taken into consideration. The idea was
to introduce a propargyl group to the quinolone N1 nitrogen. Even though,
N-alkylation of the lactam group takes place predominantly, O-alkylation has also
been reported for similar systems.®! To avoid formation of undesirable ethers,
primary alcohol group was protected using acetic anhydride in pyridine and
appropriate acetates were formed. Pyridine not only served as a solvent, but also
acted as a base that neutralized the formed acidic by-product, namely acetic acid.
After completion of reaction, the content of the flask was poured onto ice-cooled
water to remove all inorganic impurities. In case of phenyl derivative, precipitated
sand-like solid product was simply collected by filtration through the sintered
glass filter, while methyl counterpart (in a contact with water) turned into a sticky
material that was firstly exposed to the temperature of 4 °C to partially solidify
and then filtered. The yields of pure products are given in Scheme 8.

Scheme 8. Preparation of compounds 5a and 5b.

OH OAc

0 f \
N
Ly o CLXT
N~ SO Pyridine N~ ~O

H H
4a (Rt = Me) 5a (R! = Me), 84%
4b (R = Ph) 5b (R! = Ph), 85%

Obtained esters 5 were then exposed to nucleophilic displacement with
propargyl bromide. Apart from the last-mentioned reactants and DMF as solvent,
K2COs3 (3 equiv.) was also added to the reaction mixture. Using basic potassium
carbonate, relatively acidic proton from the position one of quinoline-2,4-dione
framework was extracted, and thus quinolone nitrogen became more nucleophilic.
Afterwards, propargyl bromide (1.5 equiv.) was added and SN2 nucleophilic
substitution took place, resulting in gradual disappearance of starting compound
and arising of more non-polar propargyl derivative 6. The reactions were
completed within 45 minutes, providing moderate to very good yields
(Scheme 9).
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Scheme 9. Preparation of compounds 6a and 6b.

_N OAc _N OAc
2 N~ o 2 N~
N = / N
1 1
R K,CO4 R
N~ 0 N~ 0
N DMF
AS
5a (R! = Me) 6a (R! = Me), 81%
5b (R = Ph) 6b (R = Ph), 63%

Expected products were further confirmed by 2D NMR, more precisely,
'H-13C gs-HMBC and 'H-'*N gs-HMBC. As can be seen in Figure 2, two
hydrogen atoms from N;-CH; group strongly correlate with C-8a and C-2 carbons
of quinolone scaffold, and therefore unambiguously determine the proposed
structure of synthesized compounds 6.

Figure 2. *H-1C gs-HMBC NMR spectrum of propargyl derivative.
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3.2.2 Organic azides

In the next step, each of both last-mentioned propargyl derivatives was
combined with three different organic azides, namely benzyl azide A, phenyl
azide B and tetrazolo(1,5-a)pyridine C to gain bis-triazole counterparts. All three
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A, B and C azido compounds were synthesized from benzyl bromide, aniline and
2-chloropyridine, respectively. While for liquid azides A and B no additional
purification was needed, solid tetrazolo(1,5-a)pyridine was chromatographed on
silica-gel column using chloroform as mobile phase, and subsequently crystalized
from acidified ethanol. Purity above 95% for all three azido compounds was
established by gas chromatography (A and B) or 'H NMR spectroscopy (C).
Obtained yields are presented in Scheme 10.

Scheme 10. Preparation of compounds A, B and C.

Br NaN; - N3
HCI / Me,CO 1:4 (VIV)

A (75%)
® N
NH NaNO, . NC®  Nan, Na
H
HCI / H,0 1:1 (VIV)
B (81%)
N Cl NaNs Zasi\) - N3
| /,N I
_ HCI / EtOH / H,0 N~ —~—— _N
c 62% c

3.2.3 Second 1,2,3-triazole ring

Synthesis of bis-triazole species was carried out using very similar
conditions than in case of the first »click«. Both, benzyl and phenyl azides (A and
B) were combined with acetylenic compounds 6 at the laboratory temperature,
however elevated temperature was utilized in case of the tetrazolo(1,5-a)pyridine
C, which is a synthetic equivalent and an equilibrium form of 2-azidopyridine C’.
While the former is »click-inactive« and predominant at laboratory temperature,
the latter could be acquired at elevated temperature and readily used as an azide
partner for preparation of 2-pyridyl substituted 1,2,3-triazoles. Consequently,
transformations with tetrazolo(1,5-a)pyridine (C) were performed at 100 °C
under inert atmosphere. Apart from traditional heating on oily bath, syntheses in
microwave reactor were also carried out and yields of isolated compounds from
both synthetic approaches were compared. While in the case of phenyl derivative,
a bit higher yield was obtained from the reaction in microwave reactor, an
opposite trend was observed for methyl counterpart, exhibiting slightly better
performance when conventional heating was utilised. Nevertheless, all yields of
isolated 2-pyridyl derivatives 7c and 7f were quite similar, and therefore
comparable. (Table 2).
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Table 2. Preparation of compounds 7a—f.

OAc OAc
//N ’/N
o N~ o N
N N
Rl RZ_N3 Rl
N0 Cu®, CuSO, N Yo
\ DMF
RN 7 ~ "N-R2?
N:NI
synthetic

equivalent for

salioalleviich
o O | O
A B Cc c

Entry 6 R' R?> T(°C) Time(h) Yieldof7 (%)?
1 a Me Bn 23 0.5 96
2 b Me Ph 23 2 92
3 c Me 2-Py 100 1 85
4 c Me 2-Py 90 0.25 79P
5 d Ph Bn 23 2 97
6 e Ph Ph 23 0.5 93
7 f Ph 2Py 100 05 85
8 f Ph 2-Py 90 0.25 92°

2 Refers to percent yield of pure (by TLC and IR) isolated product. ® Transformation was
carried out in a microwave reactor T =90 °C, t =15 min, P = 150 W.

Apart from Cu®/CuSO,;-5H,0 in N,N-dimethylformamide, some more
standard solvent systems in the presence of sodium ascorbate or L-ascorbic acid,
as well as CuSO,5H,O were further investigated. In these experiments,
compound 6a and benzyl azide (A) were used as dienophile and diene,
respectively. Three different solvent mixtures, namely t-BuOH/H.0,
t-BUOH/H,O/CH3;CN and CH,Cl,/H,O were studied. In comparison with
Cu%Cu?" in DMF, the reactions times were significantly longer, while the yields
of isolated compounds were considerably lower for all of three organic
solvent/water combinations. (Table 3). As the main reason, highly hydrophobic
nature of both, reactants and products was established. The presence of water in
the reaction mixture, especially in the case of t-BuOH/H,O 1:1 (V/V), turned
compounds into sticky resin-like materials that stuck to the magnetic stirring bar
as well as flask walls, and therefore prevented reaction from proceeding to the
completion.
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Table 3. Preparation of compound 7a.

N OAc _N OAc
e 2 N
N N N
Me A Me
N @) N @]
rt
\ k%\ Ph
fa N 7a ,N_/
N:N

Entry Time (h) Yield of 7a (%)?

1 0.5 96°
2 45 45¢
3 48 814
4 4 85°

2 Refers to percent yield of pure (by TLC and IR) isolated product. ® Employing DMF /
Cu®/ CuSO4-5H,0 conditions. ¢ Employing t-BuOH / water / CuSQO4-5H20 / L-ascorbic
acid conditions. ¢ Employing t-BuOH / water / CHsCN / CuSO4-5H,0 / Na-ascorbate
conditions. ¢ Employing CH2Cl>/ water / CuSQO4-5H20 / Na-ascorbate conditions.

3.2.4 Alternative reaction pathway

Apart from already presented »click-propargylation-click« synthetic
approach, »propargylation-click-click« strategy was also briefly examined. As a
result, 3-azido-3-methylquinoline-2,4(1H,3H)-dione (3a) was exposed to the
N-alkylation reaction using propargyl bromide and K,CO3; in DMF, providing
3-azido-3-methyl-1-(prop-2-ynyl)quinoline-2,4(1H,3H)-dione (8a) as a desired
product. The transformation proceeded smoothly, providing an excellent yield,
however, manipulation of obtained product was not very convenient due to its
tendency to be in an oily state. Expectedly, all attempts of its crystallization failed,
and therefore silica-gel column chromatography was performed as a purification
method, giving pure oily material. After several additions of diethyl ether and its
subsequent evaporation using rotary evaporator, the compound was somehow
transformed into sticky, kneadable, partially solid state. Obtained azide-propargyl
bifunctional species (8a) was then combined with phenyl acetylene and benzyl
azide (A) in two separate experiments, using Cu®/CuSQO,-5H,0 catalytic system
in DMF, providing 3-methyl-3-(4-phenyl-1H-1,2,3-triazol-1-yl)-1-(prop-2-
ynyl)quinoline-2,4(1H,3H)-dione  (9a) and 3-azido-1-((1-benzyl-1H-1,2,3-
triazol-4-yl)methyl)-3-methylquinoline-2,4(1H,3H)-dione (10a), respectively.
The former was prepared in a poor reaction yield of only 16%, while the latter
was obtained in 42% (Scheme 11).
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Scheme 11. Alternative »propargylation-click-click« reaction approach.

10a, 42%

Taking into account all last-mentioned  facts, classical
»click-propargylation-click« approach is definitely more reasonable and rational
than its modification in »propargylation-click-click« form. While throughout the
former, only one single product is expected in each transformation step, in case
of the latter, competitive reaction of 3-azido-1-propargyl-quinolone derivative
self-polymerization takes place. Moreover, light-sensitivity, toxicity and in some
cases also explosiveness of organic azides are unwanted characteristics that
should Dbe definitely considered during the reaction scheme planning.
Consequently, many »one-pot« 1,2,3-triazole synthetic approaches have already
been developed and published throughout the last fifteen years.82-% Even though,
in this study no »one-pot« reactions were performed and organic azides were
prepared, isolated, purified, crystalized, characterized and even chromatographed,
minimization of manipulation with the currently mentioned species seems to be
prudent decision. As a result, more convenient »click-propargylation-click«
strategy was not only found more practical and higher yielding, but also a wise
choice when taking into account impacts on health and environment.

3.3 Synthesis of mono- and bis-triazole functional derivatives
3.3.1 Removal of acetyl protecting group

Due to already mentioned well-know and highly applicable physical
properties and biological activities of 1,2,3-triazole bearing compounds, as well
as quinolone based materials, maximization of number of mono- and bis-triazole
functionalised quinoline-2,4-dione counterparts was carried out by the synthesis
of different functional derivatives. Consequently, synthesized acetates 6 and 7
were firstly deacetylated to gain alcohols 12 and 11, respectively. Before the
transformations were performed on previously mentioned compounds 6 and 7,
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reaction conditions were studied and optimised on more accessible
N-unsubstituted mono-triazole functionalised quinoline-2,4-diones (5).

Three different re-esterification approaches in basic, as well as acidic
environments were tested. The reaction with catalytic quantities of sodium
methoxide in dry methanol gave a mixture of products, as undesirable quinolone
framework opening took place. Furthermore, cleavage of quinolone scaffold was
also observed in case, when transformation was carried out in alkaline ethanol,
using potassium hydroxide as a source of base. Finally, acidic alcoholysis resulted
in formation of expected derivatives.

Additionally, optimisation of acidic deacetylation conditions was also
briefly investigated and obtained results are presented in Table 4.

Table 4. Re-esterification of compounds 5a and 5b.

OAc OH

N -N
o N S
N N
dim HCI / EtOH dim
N o reflux N o
H H
5 4

Entry 5 R'  HCI/EtOH V/V(%) Time (h) Yield of 4 (%)?
1 a Me 2.0 1.5 89
2 a Me 1.0 3 92
3 a Me 0.5 11 76
4 b Ph 1.0 3.5 93

2 Refers to percent yield of pure (by TLC and IR) isolated product.

The reaction was extremely slow when carried out at laboratory
temperature, using 2% (V/V) solution of concentrated hydrochloride acid in
ethanol as a solvent, however at elevated temperature, it proceeded smoothly in
the time period of 90 minutes. Keeping the reflux temperature constant, the
volume percent of HCI in ethanol was halved twice and reaction times, as well as
yields were monitored. While in the case of 1% (V/V) HCI in ethanol, the
transformation was finished in 3 hours, the time period of 11 hours was needed
when only 0.5% (V/V) solution of hydrochloric acid in EtOH was utilised. Taking
into account reaction yields, 1% (V/V) solution of hydrochloric acid in ethanol
and reflux temperature were recognised optimal for the primary alcohols
preparation.
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Propargyl derivatives 6 and bis-triazoles 7 were then subjected to the
optimised alcoholysis conditions, providing expected alcohols 12 and 11 within
the time period of 4 hours (Table 5).

Table 5. Preparation of compounds 11a-f, 12a and 12b.

Entry Acetate R! R? Time(h) Alcohol Yield (%)
1 7a Me Bn 3.5 1lla 862
2 7b Me Ph 3.5 11b 082
3 7cC Me 2-Py 2.5 11c 802
4 7d Ph Bn 4 11d 89
5 Te Ph Ph 3 1lle 974
6 7f Ph  2-Py 3 11f 872
7 6a Me - 3 12a 83°
8 6b Ph - 3 12b 87"

2 Refers to percent yield of pure (by TLC and IR) isolated product. ® Refers to percent
yield of crystallized product.

3.3.2 Oxidations

All three groups of alcohols 4, 11 and 12 were subjected to oxidation
reactions in the presence of chromium-based reagents to provide appropriate
aldehydes and carboxylic acids. In addition, compounds 4 and 12, as well as one
representative of compounds 11 were further oxidized to corresponding
aldehydes, using more benign MnO, as an oxidant.

3.3.3 Preparation of aldehydes 13a, 13b, 14a-f, 15a and 15b

A set of reactions (Table 6) was performed, searching for optimal
transformation conditions for aldehydes preparation, using well-known
pyridinium chlorochromate (PCC) as a reagent. Transformation parameters were
again optimised, utilizing more available N-unsubstituted mono-triazole species.
According to literature, great majority of primary alcohol oxidations with PCC
were carried out in dichloromethane, obtaining even quantitative reaction yields
in some cases.®® Due to excellent solubility of phenyl derivative, last-mentioned
solvent was assumed as a prime choice for the synthesis of compound 13b.
Conversely, low solubility of counterpart 4a in dichloromethane was a reason to
consider acetone as an alternative.
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Table 6. Preparation of compounds 13a and 13b using PCC.

OH
//N N ’/N
2 X L) S
Rl H Cr03C| > Rl
solvent
N (@] N (@]
H H
4

13
Entry 4 R!' PCC (eqv.) Time (h) T (°C) Solvent Yield of 13 (%)?
1 a Me 1.7 22 23 Me,CO 36°
2 a Me 1.2 22 23 CH,Cl, 31°
3 a Me 1.2 MW¢ 40 CH,Cl; 16
4 a Me 1.2 1.5 40 CH,Cl; 15
5 a Me 1.2 5 56 Me,CO 23°
6 b Ph 1.7 1.5 23 CH,Cl, 35
7 b Ph 1.7 22 23 Me,CO 26"
8 b Ph 1.7 0.5 40 CH,Cl; 34
9 b Ph 2.0 1 23 CHCl, 31
10 b Ph 1.5 4 23 CHCl, 41
11 b Ph 1.2 1.5 40 CHCl, 44
12 b Ph 1.2 MW¢ 40 CHCl, 42

2 Refers to percent yield of pure (by TLC and IR) isolated product. ® Complete
consumption of 4 was not reached. ¢ Transformation in microwave reactor — T = 40 °C,
t =10 min, P = 150 W.

According to collected data, obtained yields for the phenyl analogue (13b)
were significantly higher, than in the case of its methyl partner (13a). In addition,
1.2 equivalents of PCC in refluxing dichloromethane (40 °C) were found optimal
reaction conditions for preparation of 13b. On the other hand, quite opposite is
true for the methyl derivative (13a). Despite the fact that transformations never
proceeded to completion in acetone, slightly higher yields were observed when
last-mentioned solvent was used. Similarly, better results were gained when
reactions were carried out at lower — laboratory temperature. Apart from
conventional heating on oil bath, microwave-induced syntheses of aldehydes 13a
and 13b were also considered. By comparing both synthetic approaches, it turned
out that no worth mentioning difference in reaction yields was observed for
methyl (Entries 3 and 4), as well as phenyl (Entries 11 and 12) analogues.

Additionally, Swern  oxidation using oxalyl chloride and
N,N-diisopropylethylamine (DIPEA) in dimethyl sulfoxide (DMSQO) was also
briefly studied, however obtained results were unsatisfactory for both, phenyl and
methyl counterparts (Table 7). While the former resulted in the yield of 33%, no
pure product was isolated in case of the latter. The main drawback of this reaction
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approach was the presence of hardly removable dimethyl sulfoxide that remained
in products, despite the fact that they were intensively washed with ice-cold water.
Apparently, utilization of relatively large quantities of water also caused
significant loses of target compounds that were much more obvious in the case of
methyl analogue. Finally, according to our previous observations, some
1,2,3-triazole bearing quinoline-2,4-dione species are not very stable in DMSO,
and therefore usage of last-mentioned solvent could be troublesome also from that
point of view.

Table 7. Preparation of compounds 13a and 13b using Swern reaction approach.

N PH N
N Yo solvento N o
N -70-0°C H
4 13
Entry 4 R! DMSO (eqv.) Time (h) Solvent Yield of 13 (%)?
1 a Me 2.6 3.5 Me,CO 0
2 b Ph 2.6 3.5 CH,Cl, 33

a4 Refers to percent yield of pure (by TLC and IR) isolated product.

As the third option, oxidation of primary alcohols 4 with MnO, was further
examined. Taking into account reaction parameters such as transformation times
and quantities of reagent (Table 8), acetone was recognized superior in
comparison with dichloromethane, while obtained yields were practically the
same in both cases (Entries 1 and 2).

Table 8. Preparation of compounds 13a and 13b using MnQO..

N, PH _N
N~ N~
g N~ g N
) MnO, _ L
R solvent B} R
N @] N @]
H H
4 13
Entry 4 R!' MnO;(eqv.) Time (h) T (°C) Solvent Yield of 13 (%)?
1 a Me 10 1.25 56 Me,CO 60
2 b Ph 10 1.5 56 Me,CO 58
3 b Ph 10+5° 3 40  CHJClI; 62
4 b Ph 10 96 23 CHJCl, 44

2 Refers to percent yield of pure (by TLC and IR) isolated product. ® After 2 hours of
stirring in the presence of 10 eqv. of MnO., another 5 eqv. of MnO> were added.
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Optimised reaction conditions were then applied for preparation of
aldehydes 14 and 15. Oxidation of all compounds from the series 11 and 12 was
performed by 1.2 equivalents of PCC in refluxing dichloromethane, while
materials 14b, 15a and 15b were also synthesized using MnO, in acetone. As
solubility of N-substituted 3-methyl-quinoline-2,4-dione alcohols 11a—c and 12a
in dichloromethane is significantly better than in the case of N-unsubstituted
species 4a, obtained yields for compounds 14a—c and 15a were considerably
higher (up to 48%) than in the case of 13a. Poor to moderate yields gained in
reactions with PCC are most probably caused by formation of tar-like sediment
In the reaction mixture. Even though, chromium sticky material was intensively
triturated and washed during the isolation process, non-negligible part of product
could still be trapped into the gluey residue, and consequently lost.

Considering toxicity of both utilised oxidants (PCC and MnQ,), as well as
achieved vyields, MnO, was recognised as more convenient reagent for
1,2,3-triazole bearing quinoline-2,4-dione aldehydes preparation. Obtained
results are collected in Table 9.

Table 9. Preparation of compounds 14a—f, 15a and 15b.

Entry Alco. R! R? Reag. t(h) T(°C) Solv. Aldeh. Yield (%)

1 11a Me Bn PCC 05 40 CH)Cl, 14a 412
2 11b Me Ph PCC 05 40 CHJCl, 14b 402
3 11b Me Ph MnO; 075 56 Me,CO 14b 512
4 11c Me 2-Py PCC 0.75 40 CH.CIl, 14c 482
5 11d Ph Bn PCC 05 40 CH)CIl, 14d 412
6 11e Ph Ph PCC 05 40 CH.Cl, 14e 452
7 11f Ph 2-Py PCC 05 40 CH)Cl, 14f 412
8 12a Me - PCC 1 40 CHJXCl, 15a 41°
9 12a Me - MnO; 125 56 Me,CO 15a 40P
10 12b Ph - PCC 0.75 40 CH.)CIl, 15b 38°
11 12b Ph - MnO, 2 56 Me,CO 15b 38°

a Refers to percent yield of pure (by TLC and IR) isolated product. ® Refers to percent
yield of crystalized product.

3.3.4 Preparation of carboxylic acids 16a, 16b, 17a—f, 18a and 18b

Alcohols (4, 11 and 12) were also transformed to suitable carboxylic acids,
using CrO3 in 2M H,SO, and acetone as a solvent. Although, up to 9-fold molar
excess,®8 of hexavalent chromium compound is usually added to the reaction
mixture, utilization of 24 proportional parts of CrOs; was found reasonable in our
case (Table 10). When only 6 equivalents of CrO3 were used, the transformation
was significantly slower and achieved yield was drastically lower, as mixture of
carboxylic acid and appropriate aldehyde was isolated after three hours of stirring
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at laboratory temperature. Although, large quantities of potentially toxic
chromium species were added to the reaction mixture, performed isolation process
enabled efficient separation of desirable carboxylic acids from chromium
residues, providing chromatographically pure products.

Table 10. Preparation of compounds 16a and 16b.

OH

-N =N
0 I\\IlI f cro, 0 ':‘\\IJ/COOH
dim 2MH,S0, dim
NN} Me,CO NN}
H 0-23°C H
4 16
Entry 4 R! CrOs(eqv.) H2SOs (eqv.) Time (h) Yield of 16 (%)?
1 a Me 24 48 2.75 33
2 b Ph 6 12 3 40°
3 b Ph 24 48 3.25 71

2 Refers to percent yield of crystalized product. ® Complete consumption of the
intermediate (aldehyde) was not reached.

After the establishment of satisfactory reaction conditions, bis-triazoles 11
and N-propargyl substituted alcohols 12 were subjected to the oxidation process.
Due to excellent solubility of all starting materials in acetone, the transformations
proceeded smoothly providing only desirable products. In all cases, oxidations
were completed within the time period of three hours, indicating no starting
compounds, intermediates or any other impurities according to TLC (Table 11).
Carboxylic acids were then isolated in two portions of equal quality, gaining the
first crude product by precipitation from the ice-cold water and the second one by
extraction from filtrate. It is also worth mentioning that synthesized species
possess low solubility in chloroform, however presence of acetone in mostly
aqueous filtrate enables facile transition of desirable compound residues into
organic (CHCIs) phase. Due to the fact that isolated bis-triazoles 17 were TLC
and NMR pure, no silica-gel column purification was performed. While
crystallization of mono-triazole species 18 was carried out with the ease, it was
unsuccessful in the case of bis-triazole carboxylic acids (17).
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Table 11. Preparation of compounds 17a—f, 18a and 18b.

Entry Alcohol R! RZ Time (h) Carbox. acid Yield (%)

1 11a Me Bn 3 17a 88?2
2 11b Me Ph 2.5 17b 922
3 11c Me 2-Py 2.5 17c 842
4 11d Ph Bn 2 17d 752
5 11e Ph Ph 2.25 17e 772
6 11f Ph 2-Py 2.5 17f 692
7 12a Me - 3 18a 55°
8 12b Ph - 3 18b 68°

a Refers to percent yield of pure (by TLC and IR) isolated product. ® Refers to percent
yield of crystalized product.

3.3.5 Ring-opening studies

As already mentioned, deprotection of synthesized acetates in basic
environments resulted in partial or complete quinoline-2,4-dione framework
cleavage. Due to the potentially interesting synthetic route for 1,2,3-triazole
bearing anthranilic acid derivatives preparation, the quinolone ring opening was
also taken into consideration. The transformations were mostly carried out in dry
methanol and in the presence of sodium methoxide, however potassium hydroxide
in ethanol was also tested as reaction medium. The main difference between
phenyl and methyl derivatives is in the nature of both substituents. While the
former could be cleaved considerably faster and at laboratory temperature, heating
on oil bath is mandatory for ring opening of the latter. The electron-withdrawing
character of phenyl group pulls the electrons from C3 carbon of quinolone ring,
making it electron-deficient, and therefore more exposed to the nucleophilic
attack of methoxide or hydroxide anion. Conversely, electron-donating methyl
group increases the electron density on C3 carbon, and consequently harsher
reaction conditions are necessary for quinoline-2,4-dione cleavage.

Throughout the study of quinoline-2,4-dione ring opening process, three
different acetates 5a, 5b and 6b were deacetylated using sodium methoxide in dry
methanol. The transformations were carried out at laboratory temperature (23 °C)
or at the temperature of reflux (65 °C). Partial or complete ring-opening, as well
as appearance of pure anthranilic acid derivative or mixture with its ester were
detected. The reaction conditions are collected in Table 12.

24



Table 12. Cleavage of quinoline-2,4-dione using sodium methoxide in methanol.

OH
e o
OMe
NN Med” Na ©\)le K(OH @\)le f(OH NN
2 + RZ
R MeOH (dry)
N Nige)
2 RZ l

R

5a (R! = H, R? = Me) 19a (R! = H, R? = Me) 20a (R* = H, R? = Me) 4a (R =H, R? = Me)
5b (R! = H, R? = Ph) 19b (R = H, R? = Ph) 20b (R! = H, R2 = Ph)
6b (R! = CH,CCH, R? = Ph) 19c (R! = CH,CCH, R? = Ph) 20c (R = CH,CCH, R? = Ph)
: Yield (%)?
1 2 o
Entry Acetate R R Time (h) Temp. (°C) 19 20 4
1 5b H Ph 10 23 0+33+0
2 5b H Ph 0.5 65 26 +28+0
3 6b CH,C=CH Ph 15 23 0+69+0
4 5a H Me 1 65 23 + <5 + 29

2 Refers to percent yield of crystalized product. ® No pure compound was isolated.

As can be seen from the collected data, solely open-ring species were
isolated in the case of phenyl-bearing quinoline-2,4-dione esters. Conversely,
closed form (4a) appeared predominantly throughout the methyl derivative
deacetylation. During the isolation process, reaction mixtures were neutralised
with 1.0 M HCI. Consequently, hydrolysis took place that turned appropriate
methyl esters 19a, 19b and 19c into carboxylic acids 20a, 20b and 20c,
respectively. According to data in Table 12, the acidic hydrolysis of open-ring
phenyl derivatives 19b and 19c seems to be considerably faster than for methyl
counterpart 19a. While the major products of the former are carboxylic acids 20b
and 20c, respectively, no pure derivative 20a was isolated in case of the latter.

Furthermore, compound 5b was also subjected to basis alcoholysis using
potassium hydroxide in ethanol. Expectedly, complete ring-opening occurred and
only one product appeared that was identified as a derivative of anthranilic acid
20b (Scheme 12).

Scheme 12. Cleavage of quinoline-2,4-dione using KOH in ethanol.

0
=N
@] I'\IJ\/OAC OH
N/ KOH
Ph EtOH NH N=N OH
N0 rt )\(Nf‘/
N o)
Ph
5b 20b (75%)
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Beside the preliminary results presented in this chapter, the research on
synthesis of 1,2,3-triazole substituted anthranilic acid derivatives could still be
significantly broadened by introduction of new substituents on the position 3 of
quinoline-2,4-dione molecule, as well as utilization of different bases for
intentional ring-opening. Nevertheless, a ratio between obtained esters and
carboxylic acids could also be potentially regulated.

3.4 NMR chemical shifts and single-crystal structure

All prepared compounds were assigned by *H and *3C, while most of them
also by N NMR spectroscopy. The corresponding resonances were characterized
on the basis of gradient-selected 2D NMR experiments including *H-tH
gs-COSY, H-13C gs-HSQC, 'H-3C gs-HMBC and *H-*N gs-HMBC. The ring
and atom numbering system, as well as their chemical shift data are presented in
Figure 3.

Figure 3. Ring and atom numbering system, including chemical shift data.
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Selected H, 13C and N NMR chemical shifts of synthesized compounds
are presented in Tables 13-17.

Table 13. Selected *H, *C and N NMR chemical shifts in ppm for mono-triazoles
4,5, 13 and 16.

4a 4b 5a 5b 13a 13b 16a 16b

Quinolone
N1 — — 1335 - 1334 1348 1332 -
C2 168.7 166.8 168.6 166.8 168.3 166.6 168.5 166.8
C3 719 797 724 799 736 80.7 734 80.6
C4 190.8 189.0 190.7 188.8 190.3 188.4 190.5 188.6
Cda 117.5 119.2 1175 119.3 117.6 1195 117.7 119.6
C5 127.6 1275 127.6 1275 1276 1275 1276 1274
C6 123.3 123.4 123.3 123.4 1235 1235 1234 1234
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4a 4b 5a 5b 13a 13b 16a 16b

Cc7 137.1 136.9 137.1 1369 137.2 136.8 137.2 136.7
C8 116.9 116.7 1169 116.7 117.0 116.7 117.0 116.7
C8a 141.6 140.6 1416 140.5 1414 1404 1415 1404

Ring A

N1~ — — 2487 — 252.0 249.8 2502 -
N2A — - 3629 - 3679 3564 3675 -
N34 354.1 358.6 351.6 357.1

C4A 147.4 146.8 1414 140.8 146.6 146.2 139.5 139.2
C5% 123.7 1248 125.8 127.0 129.6 130.7 1304 131.1
H5% 826 7.7/ 845 8.07 918 893 899 8.71

Table 14. Selected *H, *C and **N NMR chemical shifts in ppm for
bis-triazoles 7.

7a 7b 7c 7d Te 7f

Quinolone
N1 138.7 138.7 135.3 140.4 140.4 138.9
C2 168.2 168.3 168.6 166.6 166.9 166.6
C3 716 715 733 796 796 79.7
C4 189.4 189.4 189.9 187.9 187.9 187.9
Cda 119.2 119.2 1194 120.9 120.9 121.0
C5 129.3 129.4 1279 129.0 129.1 129.1
C6 124.6 124.7 123.8 124.6 124.7 124.6
C7 137.8 137.8 137.0 137.2 137.4 137.2
C8 116.9 116.8 116.5 116.8 116.7 116.6
C8a 141.7 1417 1413 141.1 1409 141.2

Ring A
N1A 248.4 248.8 247.6 249.8 249.9 249.7
N2A 361.6 363.7 365.1

N34 355.2 355.5 3534 356.9 357.2 357.1
C4A 142.3 142.3 141.6 140.9 140.9 140.9
C5A 1242 1241 126.1 126.4 126.4 126.4
H54 7./8 786 847 7.08 714 7.13

Ring D
N1P 250.4 256.3 260.0 250.4 256.3 261.2
N2P 362.6 361.9 362.9

N3P 350.0 351.9 356.5 350.5 352.9 355.8
C4P 1429 143.2 143.2 1429 1432 143.0
C5P 123.5 121.7 120.6 123.5 121.8 121.0
H5P /755 810 882 758 8.05 8.63
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Table 15. Selected H, 3C and **N NMR chemical shifts in ppm for
bis-triazoles 11.

1la 11b 11c 11d 1le 11if

Quinolone
N1 138.6 138.5 137.7 140.4 1395 -
C2 168.3 168.4 168.3 166.6 166.9 166.7
C3 71.7 716 720 796 79.6 797
C4 189.6 189.5 189.6 188.0 188.0 188.0
Cda 119.2 119.2 119.3 120.9 120.9 121.0
C5 129.0 129.4 129.3 129.0 129.1 129.0
C6 124.6 124.6 1246 1245 1246 1245
C7 137.7 137.8 137.6 137.2 137.3 137.1
C8 116.9 116.8 116.6 116.8 116.7 116.6
C8a 141.7 141.7 1416 141.1 1409 141.2

Ring A
N1A 247.1 247.4 246.7 248.9 249.0 -
N2A 362.1 364.9 —

N34 350.4 350.8 350.3 3528 353.0 -
C4A 147.3 147.3 147.4 1458 1458 1459
C5A 122.1 1221 1223 1245 1246 1245
H54 (70 776 7.76 7.03 7.09 7.09

Ring D
N1P 250.4 256.2 259.9 250.6 256.2 -
N2P 361.6 362.8 —

N3P 349.3 351.6 355.0 350.0 3526 -
C4P 1429 143.2 143.0 1429 143.2 143.0
C5P 123.5 121.8 1209 123.6 1218 121.0
H5P /56 8.09 858 759 8.07 8.61

Table 16. Selected H, 3C and **N NMR chemical shifts in ppm for
bis-triazoles 14.

14a 14b 14c 14d 14e 14f

Quinolone
N1 138.4 138.5 137.8 140.0 139.3 139.2
C2 167.7 167.8 167.7 165.9 166.2 165.9
C3 726 725 729 80.1 80.1 80.2
C4 188.9 188.8 189.0 187.3 187.2 187.3
Cda 119.0 119.0 119.1 120.7 120.7 120.8
C5 129.3 129.4 129.4 129.0 129.3 129.1
C6 124.8 1249 1248 124.8 124.8 124.8
C7 138.0 138.1 137.9 137.5 137.6 1374
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14a  14b 14c 14d 14e 14f

C8 117.0 117.0 116.8 117.0 116.8 116.7
C8a 1415 1415 1416 141.0 1409 141.1

Ring A
N1A 251.7 251.6 251.1 253.7 254.3 254.0
N2A 361.8 362.2 361.8 - 3634 363.1
N34

C4A 147.0 147.0 147.1 145.8 145.8 145.8
C54 126.3 126.2 126.4 128.4 128.4 128.4
H54 830 836 835 758 7.64 7.63

Ring D
N1P 250.6 256.2 261.0 250.6 256.1 260.2
N2P 362.6 362.5

N3P 350.0 352.0 355.3 350.8 352.7 3555
C4P 1427 143.0 1428 142.7 143.0 1428
C5P 123.4 121.8 120.8 123.5 121.8 120.9
H5P /753 805 859 758 8.06 8.63

Table 17. Selected *H, *3C and >N NMR chemical shifts in ppm for
bis-triazoles 17.

17a  17b 17c¢c 17d 17e 17f

Quinolone
N1 136.8 1359 - — 1395 137.8
C2 168.2 168.3 168.5 166.1 166.3 166.7
C3 740 741 742 805 80.7 80.8
C4 189.8 189.9 189.8 187.9 188.0 187.9
Cda 119.3 1194 1194 121.1 1211 121.2
C5 128.2 128.0 128.0 127.7 127.8 127.9
C6 123.9 124.0 1239 124.0 124.1 124.0
C7 137.1 137.2 137.1 136.6 136.8 136.7
C8 116.7 116.8 116.6 116.6 116.7 116.5
C8a 141.4 1415 141.2 140.8 140.7 1404
Ring A
N1A 249.3 249.4 249.2 249.8 249.8 249.7
N2A 367.7 3678 - - 3726 -
N34 3574 3570 - 3564 3575 356.8
car 139.6 139.7 139.7 139.3 139.3 139.2
C5* 130.6 130.6 130.6 131.2 131.3 131.3
H54 896 897 899 876 8.79 8.86
Ring D
N1P 251.2 255.7 260.3 250.9 255.6 260.4
N2P 3624 - - 3627 - -
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17a  17b 17c¢ 17d 17e 17f

N3P
c4°
CsP
H5P

351.1 353.2 - 3516 3542 3571
142.3 143.3 143.2 1419 1429 143.0
123.9 121.8 120.7 1243 122.4 120.9
816 8.74 883 824 8.81 8.83

From solution of 17d in deuterated chloroform originally intended to NMR
measurements, the crystal had grown. Using X-ray diffraction, the structure of
solvate 12d-2CDCl; was unambiguously determined (Figure 4).

Figure 4. Crystallographic view of molecule 17d. CDCl; molecules are omitted.

It turned out that compound 17d crystalize in monoclinic P2;/n space
group. Intermolecular hydrogen bonds of O—H---N type were found in the crystal
structure of bis-triazole species 17d. While O2 atom acts as hydrogen bond donor,
N5 atom of symmetry related molecule was recognised as hydrogen bond
acceptor. Consequently, two dimensional chain extension along b-axis was
established (Figure 5). Selected bonds’ lengths and angles are presented in

Tables 18-20.
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Figure 5. Hydrogen bonding interactions resulting in polymeric chain.

02

Table 18. Crystal data and structure refinement details for compound 17d.

formula

Fw (g mol-1)

crystal size (mm)
crystal color

crystal system

space group

a(A)

b (A)

c(A)

B ()

V (A3)

Z

calcd density (g cm-3)
F(000)

no. of collected refins
no. of independent reflns
Rint

no. of reflns observed
no. parameters

R[I> 26 (D)]a

wR2(all data)b

Goof , Sc

C3oH21ClsD2N7O4
760.29
0.50%x0.30x0.10
colourless
monoclinic
P21/n
13.5462(6)
11.9884(9)
20.8335(10)
92.823(4)
3379.2(3)

4

1.494

1544

29191

7754
0.0563
3853

438

0.0974
0.3413
1.092

Table 19. Selected bond lengths and angles for compound 17d.

Bond Length (A) Bonds Angle (°)
N1-N2 1.298(5) N1-N2-N3 106.8(3)
N2-N3 1.359(5) N5-N6-N7 106.8(4)
N5-N6 1.310(5) N2-N3-C3 110.7(3)
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Bond Length (A) Bonds Angle (°)

N6-N7 1.328(6) N6-N7-C21 111.2(4)
N1-C2 1.353(5) N1-C2-C3 108.3(4)
N3-C3 1.330(5) N3-C3-C2 104.9(3)
N3-C4 1.456(5) N4-C17-C12 119.9(4)
N4-C17 1.424(5) N4-C18-C4 118.0(3)
N4-C18 1.358(5) N4-C19-C20 112.1(3)
N4-C19 1.475(5) N5-C20-C21 107.0(4)
N5-C20 1.348(6) N7-C21-C20 105.4(4)
N7-C21 1.328(6) C17-N4-C18 123.2(3)
N7-C22 1.481(6) C19-N4-C17 121.9(4)

Table 20. Hydrogen bonding geometry for compound 17d.

D-H-A D-HA) H-A@A) D-AA) D-H-A(°) Sym.code

02-H2---N5 0.82 1.90 2.700(5) 166.7 X, y+1,z

3.5 Practical applications of synthesized compounds
3.5.1 Coordination abilities

The purpose of preparing bis-triazole species was also interrogation of their
potential coordination abilities to the metal centre, and consequently possible
usage in various practical applications. As a result, some synthesized materials
with two 1,2,3-triazole rings on quinolone framework were subjected to NMR
experiment, where particular derivatives were mixed with equimolar amounts of
ruthenium species [RuCl(u-Cl)(n®-p-cymene)], in deuterated chloroform. While
in the case of bis-triazole compounds with oxygen-containing functional groups
on the first 1,2,3-triazole ring no coordination was detected to the
ruthenium-cymene system, weak metal-to-ligand interactions were observed for
three compounds with the phenyl segment on the position four of the first
1,2,3-triazole scaffold. Due to overlap as well as lack of several indicative
cross-peaks in the spectra, especially in *H-*N gs-HMBC, an explicit structure
determination of obtained [Ru—Cym]—bis-triazole complex through the 2D NMR
techniques was unsuccessful. However, the analysis of the available NMR data
(Figure 6) tentatively suggested the coordination of both 1,2,3-triazole rings to the
Ru-Cym unit as presented in Scheme 13. Even though, three previously
mentioned compounds that exhibited some mild affinities towards ruthenium
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metal centre were synthesized in our laboratory, they were not prepared as a part
of my dissertation, and therefore their assignment, preparation procedure, as well
as detailed spectral data are not described in this work.

Scheme 13. Proposed structure of [Ru—Cym]—(bis-triazole) complex.

N oo o
o N R CHg
N/ U2 gl N
cl. = .Cl O N7\
CHj Ru . Ne
— ’, / N
N o 5L N

k(\ N\’\]/ /@/L
- IN@ CDCly ©/
N=pN

NMR experiment

[Ru—Cym]-(bis-triazole)

Figure 6. Aromatic region of 'H (above) and *3C (bellow) NMR spectra of:
a.) bis-triazole in CDCls, and b.) a mixture of bis-triazole (42 mM) and
[RuCl(u-Cl)(n®-p-cymene)], (21 mM) in CDClz immediately after dissolution.

b)

MW Jl A~
a)
b') 85 84 83 82 81 80 79 78 77 76 75 74 73 72 7.1 ppm
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3.5.2 Evaluation of prepared compounds as potential photoprotective agents
Utilization of 1,2,3-triazole species as photoprotective and antiphotoaging

agents has already been reported.®* Even though, investigation of their
photoprotective characteristics was mainly focused on human dermal fibroblast
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cells protection, materials with similar properties might also be potentially used
as additives to polymers for preservation purposes.

To evaluate possible photoprotective activities of synthesized compounds,
their UV spectra were recorded. The measuring range was set to 200-400 nm.
Four different solvents including ethanol, acetonitrile, chloroform and dimethyl
sulfoxide were taken into consideration. In comparison with chloroform and
dimethyl sulfoxide, the background of absorption spectra was considerably lower,
when ethanol or acetonitrile were used. In contrast to ethanol, all studied
compounds were sufficiently soluble in acetonitrile, making it suitable solvent for
preparation of appropriate stock solutions.

In Table 21, UV spectral data of recorded species are collected. Relatively
large deviations in attenuation coefficients for quite similar derivatives could be
caused by various amounts of solvents presented in the samples. While negligible
guantities of solvents are expected in crystalized compounds, the opposite could
be true for amorphous, foamy solids. Nevertheless, multiple measurements of the
particular specimens gave reproducible results.

Table 21. Ultra-violet spectral data measured in acetonitrile.

Compound ¢ [pM]  Amax [NM] A 10%g M'tecm?]

4a 26.23 232 1.004 38.3
346 0.074 2.8
4b 22.86 235 0.899 39.3
348 0.066 2.9
5a 27.68 232 1.047 37.8
347 0.081 2.9
5b 28.64 235 1.063 37.1
348 0.078 2.7
6a 23.61 234 0,937 39.7
343 0.072 3.1
6b 22.78 236 0.868 38.1
343 0.062 2.7
7a 25.95 235 0.996 38.4
343 0.080 3.1
7b 23.71 235 1.047 44.2
342 0.071 3.0
/c 25.19 235 1.074 42.6
271 0.312 12.4
344 0.075 3.0
7d 24.84 237 0.882 35.5
346 0.062 2.5
7e 23.92 237 0.992 41.5
343 0.059 2.5
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Compound ¢ [pM]  Amax [nmM] A 103 ¢ [Micm?]
7f 25.26 236 1.064 42.1
271 0.231 9.1
344 0.073 2.9
%9a 22.62 203 0.764 33.8
237 1.017 45.0
344 0.069 3.1
10a 23.23 234 0.752 32.4
343 0.065 2.8
11b 24.45 235 1.036 42.4
342 0.069 2.8
1llc 23.70 234 1.007 42.5
271 0.294 12.4
342 0.071 3.0
11d 25.28 237 0.851 33.7
342 0.061 2.4
1lle 22.09 237 0.811 36.7
344 0.045 2.0
11f 25.14 237 1.018 40.5
272 0.338 134
343 0.062 2.5
12a 21.76 234 0,762 35.0
341 0,059 2.7
12b 24.65 236 0.841 34.1
343 0.060 2.4
13a 23.16 234 0.996 43.0
342 0.064 2.8
13b 24.13 237 1.048 43.4
346 0.062 2.6
14a 24.56 238 0.994 40.5
346 0.068 2.8
14b 24.05 238 1.122 46.7
347 0.065 2.7
1l4c 24.98 237 1.164 46.6
271 0.311 125
347 0.069 2.8
14d 24.75 239 0.983 39.7
346 0.058 2.3
14e 25.82 239 1.170 45,3
343 0.061 2,4
14f 26.59 239 1.196 45.0
272 0.341 12.8
344 0.059 2.2
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Compound ¢ [pM] Amax[nm] A 10°%¢ [M'cm?]

15a 26.40 236 1.226 46.4
341 0.081 3.1
15b 27.59 238 1.260 45.7
341 0.066 2.4
16a 26.27 232 1.073 40.8
344 0.075 2.9
16b 25.95 235 1.037 40.0
348 0.065 2.5
17a 25.31 235 0.927 36.6
343 0.064 2.5
17b 27.69 235 1.325 47.9
342 0.081 2.9
17c 24.53 234 1.016 41.4
2172 0.277 11.3
342 0.065 2.7
17d 25.72 237 0.912 35.5
344 0.060 2.3
17e 25.04 237 1.020 40.7
345 0.052 2.1
17f 27.80 237 1.029 37.0
2172 0.326 11.7
345 0.058 2.1
18a 27.44 234 1.112 40.5
342 0.077 2.8
18b 26.56 236 1.068 40.2
343 0.071 2.7

For the majority of tested species, two absorbance maximums and one
inflection point were observed in UV spectra. In the case of bis-triazoles with
2-pyridyl segment in a molecule, the third absorbance maximum appeared in the
place of the inflection point. Additional absorption of derivative 9a most probably
belongs to m-conjugated system of the phenyl ring attached to 1,2,3-triazole
scaffold. For the compounds 4-18, the most intense absorption peak (maximum
at 230-240 nm) was quite narrow, covering the zone of approximately 25 nm in
UV-C range. On the other hand, wide absorption band (maximum at 340-350 nm)
was spread along roughly 80 nm of UV-B and UV-A regions, however its
intensity was low. Finally, the eventual third absorption maximum in UV-C area,
as well as absorptions of anthranilic acid derivatives 19 and 20 were found both,
relatively narrow and weak. According to literature,®® intensive and wide
absorption bands in UV spectra, especially in UV-A (315-400 nm) and UV-B
(280-315 nm) areas, are considered the key characteristic of efficient
photoprotective agents. Consequently, measured mono- and bis-triazole
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compounds could be designated as unpromising candidates for the prevention of
photodamaging and photoaging processes on the surfaces of materials or tissues.

3.5.3 Antimicrobial activities

Several mono- and bis-triazole compounds were tested against
Gram-positive bacteria (Staphylococcus aureus CCM 3953), Gram-negative
bacteria (Escherichia coli CCM 3954 and Pseudomonas aeruginosa CCM 3955),
yeast (Candida albicans CCM 8275) and fungi (Trichoderma viride CCM F-486
and Aspergillus niger CCM 8155). All microbes were obtained from Czech
Collection of Microorganisms in Brno (CCM). While testing against bacteria and
yeast took place on 96-well microtiter plates using Broth microdilution method,
interrogation of antifungal characteristics of chosen materials was carried out in
Petri plates utilizing Disc diffusion test.

a.) Broth dilution method

All tested compounds exhibited excellent solubility in DMSO, and thus
were fully dissolved for the purpose of stock solutions (20 g/L, 10 g/L, 5 g/L and
1 g/L) preparation. However, after applying them into the particular wells with
nutrient media, precipitation occurred in some cases. The actual concentrations in
the wells were 500 mg/L, 250 mg/L, 125 mg/L and 25 mg/L. Due to drastically
reduced solubility in mostly aqueous media (wells) in comparison with pure
DMSO (stock solutions), the most intense precipitation was expectedly observed
at the highest concentrations (500 mg/L). Consequently, non-inoculated
microtiter plate was also prepared and incubated as a reference to determine either
turbidity in a particular well was caused by the growth of microbes or precipitation
of tested compound. Furthermore, it also served as a control that utilized
accessories and nutrient media were indeed sterile before usage. In most cases,
precipitation in non-inoculated microplate disappeared during 24-hour incubation
at 37 °C. Based on the differences in absorbances between inoculated and
non-inoculated microtiter plates, the growth of microbes was unambiguously
confirmed in almost all cases. Only for one compound, the obtained results were
not completely obvious. As a result, contents of the wells in question were
transferred to the agar nutrient media in Petri plates. After 24 hours of incubation
at 37 °C, the growth of bacteria was explicitly established also in this case.

Even though, the minimum inhibitory concentration of all evaluated
compounds is evidently higher than 500 mg/L, very slight suppression of
microbes’ growth was detected for the highest concentrations of three interrogated
materials after 24 hours of incubation. While compounds 13a, 13b and 15a
(500 mg/L) exhibited weak repression against Staphylococcus aureus, similar
could be said for compound 13b (500 mg/L) against Escherichia coli. Although,
lastly mentioned species slightly slow down the microbes’ growth, they still do
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not show any considerable antimicrobial activities, and thus could be designated
as unpromising antimicrobial agents against all four tested strains.

b.) Disk diffusion test

A series of synthesized compounds was also tested against fungal strains
Trichoderma viride and Aspergillus niger. Stock solutions of three different
concentrations (20 g/L, 5 g/L and 0.2 g/L) in acetone were utilised. While majority
of interrogated candidates were highly soluble in last-mentioned solvent, some of
them showed poor solubility at the highest tested concentration (20 g/L). In cases,
where suspension in acetone was obtained, it was firstly vigorously stirred to gain
uniform distribution of present particles in liquid medium, and then immediately
applied to the paper discs that served as carriers for tested materials. After 7 day
of incubation, it was established that the surface of paper discs, as well as
surrounding agar media were completely covered by the fungal species (Figure 7),
and consequently all tested materials were characterised as totally inactive against
both fungal strains.

Figure 7. Growth of Trichoderma viride (left) and Aspergillus niger (right).
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c.) Testing against Mycobacterium strains

Ten acetates (5a, 5b, 6a, 6b, 7a—f), five alcohols (4a, 4b, 11c, 12a, 12b),
ten aldehydes (13a, 13b, 14a-f, 15a, 15b), ten carboxylic acids (16a, 16b, 17a—f,
18a, 18Db), as well as compounds 4c, 8a, 10a and 20b were also tested against four
Mycobacterium strains including Mycobacterium tuberculosis, Mycobacterium
marinum, Mycobacterium kansasii and Mycobacterium smegmatis. Similar to the
previously described results, no worth mentioning activities against any of
Mycobacterium species were detected for any of screened compounds.
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4. CONCLUSIONS

Throughout my doctoral studies, a collection of quinoline-2,4(1H,3H)-
dione species with one and two 1,2,3-triazole rings was prepared. The multi-step
transformation scheme started with condensation reactions between aniline and
suitably substituted diethyl malonates to give appropriate 4-hydroxyquinolin-
2(1H)-ones 1 that were further transformed into 3-chloroquinoline-2,4(1H,3H)-
diones 2, and finally into 3-azidoquinoline-2,4(1H,3H)-diones 3.

Using copper-catalysed 1,3-dipolar cycloaddition between azides 3 and
propargyl alcohol, mono-triazole alcohols 4 were formed. Compounds 4 were
further acetylated to provide corresponding esters 5. By protecting primary
alcohol group, potential O-alkylation during the propargylation reaction was
effectively avoided, and therefore only N-alkylation of synthesized acetates 5 took
place. As a result, N-propargyl derivatives 6 were obtained in very good yields.

In the next step, second 1,2,3-triazole ring was introduced to the quinolone
segment, as materials 6 were further combined with three organic azides, namely
benzyl azide A, phenyl azide B and tetrazolo[1,5-a]pyridine C, a synthetic
equivalent for 2-azidopyridine C’. Consequently, six different bis-triazole
acetates were synthesized, employing similar reaction conditions to those for the
first »click«.

Apart from Cu%Cu?* catalytic system in DMF, more commonly used
bivalent copper in the presence of L-ascorbic acid or its sodium salt in various
organic solvent(s)/water systems were also studied. Due to highly hydrophobic
nature of synthesized compounds, the presence of water turned reactants and
products into sticky, gummy materials that stuck on the flask’s wall, as well as
magnetic stirring bar and thus prevented reactions from going to completion. As
a result, considerably lower vyields and longer transformation times were
established, when water was added to the reaction mixture. Consequently,
Cu%/Cu?* catalytic pair in DMF was recognised superior for 1,2,3-triazole-bearing
quinoline-2,4-dione species preparation.

Beside presented »click—propargylation—click« synthetic approach, its
»propargylation—click—click« modification was also briefly evaluated. While the
former provided only one expected product in each reaction step, 3-azido-1-
propargyl bifunctional quinolone (8a) self-polymerization was detected during
the latter. Consequently, observed reaction yields were significantly lower than in
the case of »click—propargylation—click« reaction sequence.

Due to the fact that numerous materials with 1,2,3-triazole and/or quinolone
building blocks exhibit large variety of desirable physical properties and
biological activities, the number of synthesized compounds was maximized, using
chemical functionality as an efficient tool for various derivatives preparation.
Appropriate mono- and bis-triazole esters (5-7) were firstly deacetylated, and
subsequently oxidized to suitable aldehydes and carboxylic acids. In all cases,
reaction conditions were firstly optimised on more accessible N-unsubstituted
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mono-triazole species, and then successfully utilised for bis-triazoles and
propargyl derivatives preparation.

Three different deprotection approaches were evaluated for preparation of
alcohols 4, 11 and 12. While basic reaction environments resulted in
quinoline-2,4-dione ring-opening, desirable products were obtained by acidic
alcoholysis of appropriate acetates. In addition, last-mentioned quinolinedione
framework cleavage, using sodium methoxide in dry methanol, as well as
potassium hydroxide in ethanol was also taken into consideration. While mixture
of anthranilic acid derivatives commonly arose during the former, only one
product was expectedly isolated throughout the latter.

Comparing PCC and MnQO; as reagents for aldehydes 13-15 preparation,
slightly higher reaction yields were gained, when manganese dioxide was used as
an oxidant. In both cases, desirable aldehydes were prepared in only moderate
yields. Relatively low transformation yields, especially in the case of pyridinium
chlorochromate, were most probably caused by reagents’ residues that apparently
encaged formed products, preventing them from being transferred into organic
solvent. In addition, Swern oxidation approach was found unsuitable for
1,2,3-triazole-bearing quinoline-2,4-dione aldehydes preparation.

Hexavalent chromium CrOjs in sulphuric(VI) acid and acetone was proved
to be an efficient reagent for the oxidation of primary alcohols 4, 11 and 12 to
carboxylic acids 1618 that were obtained in very good to excellent yields. Even
though, quite large quantities of toxic chromium-based oxidant were added to the
reaction mixtures, pure carboxylic acids were provided, as reagent residuals were
effectively removed during the isolation process.

Finally, several synthesized materials were interrogated for their
coordination properties to ruthenium metal centre, as well as for antimicrobial
activities against ten microbial strains including Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Mycobacterium
tuberculosis, Mycobacterium marinum, Mycobacterium kansasii, Mycobacterium
smegmatis, Trichoderma viride and Aspergillus niger. In addition, prepared
species were also briefly screened for their potential photoprotective properties.
Unfortunately, none of the tested compounds synthesized in the context of this
dissertation exhibited any promising characteristics at all.

40



REFERENCES

@)
(2)

(3)
(4)

()
(6)
(7)
(8)
(9)

(10)
(11)

(12)
(13)

(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)

(27)

Bourne, Y.; Kolb, H. C.; Radi¢, Z.; Sharpless, K. B.; Taylor, P.; Marchot, P. Proc.
Natl. Acad. Sci. U. S. A. 2004, 101, 1449-1454.

Chemama, M.; Fonvielle, M.; Arthur, M.; Valéry, J. M.; Quelquejeu, M. E.
Chem. - Eur. J. 2009, 15, 1929-1938.

Li, H.; Aneja, R.; Chaiken, I. Molecules 2013, 18, 9797-9817.

Dar, M. A.; Shrivastava, S.; Igbal, P. F. World J. Pharm. Res. 2015, 4, 1949-
1975.

Skarpos, H.; Osipov, S. N.; Vorob’eva, D. V.; Odinets, I. L.; Lork, E.;
Roschenthaler, G. V. Org. Biomol. Chem. 2007, 5, 2361-2367.

Michael, A. J. Prakt. Chem. (Leipzig) 1893, 48, 94-95.

Nolte, C.; Mayer, P.; Straub, B. F. Angew. Chem., Int. Ed. 2007, 46, 2101-2103.
Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B. Angew. Chem.,
Int. Ed. 2002, 41, 2596-2599.

Boren, B. C.; Narayan, S.; Rasmussen, L. K.; Zhang, L.; Zhao, H.; Lin, Z.; Jia,
G.; Fokin V. V. J. Am. Chem. Soc. 2008, 130, 8923-8930.

Gil, M. V.; Arévalo, M. I.; Lopez, O. Synthesis 2007, 11, 1589-1620.

Meldal, M.; Tornge, C. W. Chem. Rev. (Washington, DC, U. S.) 2008, 108(8),
2952-3015.

Tornge, C. W.; Christensen, C.; Meldal, M. J. Org. Chem. 2002, 67, 3057-3064.
Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angew. Chem., Int. Ed. 2001, 40,
2004-2021.

Khedar, P.; Pericherla, K.; Kumar, A. Synlett 2012, 23, 2609-2614.

Colombo, M.; Bianchi, A. Molecules 2010, 15, 178-197.

Schweinfurth, D.; Hettmanczyk, L.; Suntrup, L.; Sarkar, B. Z. Anorg. Allg. Chem.
2017, 9, 554-584.

Tron, G. C.; Pirali, T.; Billington, R. A.; Canonico, P. L.; Sorba, G.; Genazzani,
A. A. Med. Res. Rev. 2008, 28, 278-308.

Sun, H.; Li, D.; Xie, W.; Deng, X. Heterocycles 2016, 92, 423-430.

Binder, W. H.; Sachsenhofer, R. Macromol. Rapid Commun. 2007, 28, 15-54.
Anbarasan, P.; Yadagiri, D.; Rajasekar, S. Synthesis 2014, 46, 3004-3023.

Sun, R.; Wang, H.; Hu, J.; Zhao, J.; Zhang, H. Org. Biomol. Chem. 2014, 12,
5954-5963.

Cerda-Pedro, J. E.; Amador-Sanchez, Y. A.; Cortés-Hernandez, M.; Pérez-Pérez,
J.; Rojas-Lima, S.; Lopez-Ruiz, H. Heterocycles 2014, 89, 27-41.

Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V. V.; Noodleman, L.; Sharpless,
K. B.; Fokin, V. V. J. Am. Chem. Soc. 2005, 127, 210-216.

Chan, T. R.; Hilgraf, R.; Sharpless, K. B.; Fokin, V. V. Org. Lett. 2004, 6, 2853—
2855,

Mohammed, S.; Padala, A. K.; Dar, B. A.; Singh, B.; Sreedhar, B.; Vishwakarma,
R. A.; Bharate, S. B. Tetrahedron 2012, 68, 8156-8162.

Urankar, D.; Steinbiicher, M.; Kosjek, J.; Kosmrlj, J. Tetrahedron 2010, 66,
2602-2613.

Pachon, L. D.; van Maarseveen, J. H.; Rothenberg, G. Adv. Synth. Catal. 2005,
347, 811-815.

41



(28)
(29)

(30)
(31)

(32)
(33)

(34)
(35)

(36)
(37)
(38)
(39)

(40)

(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)

(51)

Garcia, M. A.; Rios, Z. G.; Gonzales, J.; Pérez, V. M.; Lara, N.; Fuentes, A.;
Gonzales, C.; Corona, D.; Cuevas-Yanes, E. Lett. Org. Chem. 2011, 8, 701-706.
Tao, C. Z.; Cui, X,; Li, J.; Liu, A. X.; Liu, L.; Guo, Q. X. Tetrahedron Lett. 2007,
48, 3525-3529.

Lal, S.; Diez-Gonzalez, S. J. Org. Chem. 2011, 76, 2367-2373.

Zheng, T.; Rouhanifard, S. H.; Jalloh, A. S.; Wu, P. Top. Heterocycl. Chem. 2012,
28, 163-184.

Rodionov, V. O.; Presolski, S. I.; Gardinier, S.; Lim, Y. H.; Finn, M. G. J. Am.
Chem. Soc. 2007, 129, 12696-12704.

Cho, J. H.; Bernard, D. L.; Sidwell, R. W.; Kern, E. R.; Chu, C. K. J. Med. Chem.
2006, 49, 1140-1148.

Zhang, X.; Hsung, R. P.; You, L. Org. Biomol. Chem. 2006, 4, 2679-2682.
Jang, H.; Fafarman, A.; Holub, J. M.; Kirshenbaum, K. Org. Lett. 2005, 7, 1951—
1954.

Suijkerbuijk Bart, M. J. M.; Aerts Bas, N. H.; Dijkstra Harm, P.; Lutz, M.; Spek,
A. L.; van Koten, G.; Gebbink Robertus, J. M. K. Dalton Trans. 2007, 1273—
1276.

Crowley, J. D.; McMorran, D. A. Top. Heterocycl. Chem. 2012, 28, 31-83.
Crowley, J. D.; Bandeen, P. H.; Hanton, L. R. Polyhedron 2010, 29, 70-83.
Kilpin, K. J.; Gavey, E. L.; McAdam, C. J.; Anderson, C. B.; Lind, S. J.; Keep,
C. C.; Gordon, K. C.; Crowley, J. D. Inorg. Chem. 2011, 50, 6334-6346.

Obata, M.; Kitamura, A.; Mori, A.; Kameyama, C.; Czaplewska, R. T
Kinoshita, I.; Kusumoto, T.; Hashimoto, H.; Harada, M.; Mikata, Y.; Funabiki;
T.; Yano, S. Dalton Trans. 2008, 3292—3300.

Urankar, D.; Pinter, B.; Pevec, A.; De Proft, F.; Turel, I.; Ko$mrlj, J. Inorg. Chem.
2010, 49, 4820-4829.

Schweinfurth, D.; Weisser, F.; Bubrin, D.; Bogani, L.; Sarkar, B. Inorg. Chem.
2011, 50, 6114-6121.

Jevric, M.; Zheng, T.; Meher, N. K.; Fettinger, J. C.; Mascal, M. Angew. Chem.,
Int. Ed. 2011, 50, 717-719.

Mindt, T. L.; Struthers, H.; Brans, L.; Anguelov, T.; Schweinsberg, C.; Maes V.;
Tourwé, D.; Schibli, R. J. Am. Chem. Soc. 2006, 128, 15096-15097.

Detz, R. J.; Heras, S. A.; De Gelder, R.; Piet van Leeuwen, W. N. M.; Hiemstra,
H.; Joost Reek, N. H.; Van Maarseveen H. Org. Lett. 2006, 8, 3227-3230.
Beyer, B.; Ulbricht, C.; Escudero, D.; Friebe, C.; Winter, A.; Gonzalez, L.;
Schubert, U. S. Organometallics 2009, 28, 5478-5488.

Lau, Y. H.; Price, J. R.; Todd, M. H.; Rutledge, P. J. Chem. - Eur. J. 2011, 17,
2850-2858.

Zhou, Y.; Wang, S.; Zhang, K.; Jiang, X. Angew. Chem., Int. Ed. 2008, 47, 7454~
7456.

Romero, T.; Caballero, A.; Tarraga, A.; Molina, P. Org. Lett. 2009, 11, 3466—
3469.

Zahran, E. M.; Hua, Y.; Li, Y.; Flood, A. H.; Bachas, L. G. Anal. Chem. 2010,
82, 368-375.

Ni, X.-long; Zeng, X.; Redshaw, C.; Yamato, T. J. Org. Chem. 2011, 76, 5696—
5702.

42



(52)

(53)
(54)

(55)
(56)
(57)
(58)
(59)
(60)
(61)

(62)
(63)

(64)

(65)

(66)
(67)
(68)
(69)
(70)
(71)
(72)
(73)

(74)

Dimitrov-Raytchev, P.; Beghdadi, S.; Serghei, A.; Drockenmuller, E. J. Polym.
Sci., Part A: Polym. Chem. 2013, 51, 34-38.

DeForest, C. A.; Sims, E. A.; Anseth, K. S. Chem. Mater. 2010, 22, 4783-4790.
Antoni, P.; Hed, Y.; Nordberg, A.; Nystrom, D.; von Holst, H.; Hult, A.;
Malkoch, M. Angew. Chem., Int. Ed. 2009, 48, 2126-2130.

Crescenzi, V.; Cornelio, L.; Di Meo, C.; Nardecchia, S.; Lamanna, R.
Biomacromolecules 2007, 8, 1844—1850.

Chow, H. F.; Lo, C. M.; Chen, Y. Top. Heterocycl. Chem. 2012, 28, 137-162.
Haider, S.; Alam, M. S.; Hamid, H. Inflammation Cell Signaling 2014, 1, 1-10.
Thomas, K. D.; Adhikari, A. V.; Shetty, N. S. Eur. J. Med. Chem. 2010, 45,
3803-3810.

Abdel-Wahab, B. F.; Abdel-Latif, E.; Mohamed, H. A.; Ghada Awad, E. A. Eur.
J. Med. Chem. 2012, 52, 263-268.

Garudachari, B.; Isloor, A. M.; Satyanarayana, M. N.; Fun, H. K.; Hegde, G. Eur.
J. Med. Chem. 2014, 74, 324-332.

Fichtali, I.; Laaboudi, W.; El Hadrami, E. M.; El Aroussi, F.; Ben-Tama, A.;
Benlemlih, M.; Stiriba, S. E. J. Mater. Environ. Sci. 2016, 7, 1633-1641.
Wang, X. L.; Wan, K.; Zhou, C. H. Eur. J. Med. Chem. 2010, 45, 4631-4639.
Tripathi, R. P.; Yadav, A. K.; Ajay, A.; Bisht, S. S.; Chaturvedi, V.; Sinha, S. K.
Eur. J. Med. Chem. 2010, 45, 142-148.

Silva, F. C.; Maria de Souza, C. B. V.; Fregulhetti, I. I. P.; Castro, H. C.; Souza,
S. L. O.; Souza, T. M. L.; Rodriguez, D. Q.; Souza, A. M. T.; Abreu, P. A;;
Passamani, F.; Rodrigues, C. R.; Ferreira, V. F. Eur. J. Med. Chem. 2009, 44,
373-383.

Haider, S.; Alam, M. S.; Hamid, H.; Shafi, S.; Nargotra, A.; Mahajan, P.;
Nazreen, S.; Kalle, A. M.; Kharbanda, C.; Ali, Y.; Alam, A.; Panda, A. K. Eur.
J. Med. Chem. 2013, 70, 579-588.

Somu, R. V.; Boshoff, H.; Qiao, C.; Bennett, E. M.; Barry, C. E.; Aldrich, C. C.
J. Med. Chem. 2006, 49, 31-34.

Menendez, C.; Gau, S.; Lherbet, C.; Rodriguez, F.; Inard, C.; Pasca, M. R;;
Baltas, M. Eur. J. Med. Chem. 2011, 46, 5524-5531.

Menendez, C.; Chollet, A.; Rodriguez, F.; Inard, C.; Pasca, M. R.; Lherbet, C.;
Baltas, M. Eur. J. Med. Chem. 2012, 52, 275-283.

Yempala, T.; Sridevi, J. P.; Yogeeswari, P.; Sriram, D.; Kantevari, S. Eur. J. Med.
Chem. 2014, 71, 160-167.

Elamari, H.; Slimi, R.; Chabot, G. G.; Quentin, L.; Scherman, D.; Girard, C. Eur.
J. Med. Chem. 2013, 60, 360-364.

Singh, P.; Raj, R.; Kumar, V.; Mahajan, M. P.; Bedi, P. M. S.; Kaur, T.; Saxena,
A. K. Eur. J. Med. Chem. 2012, 47, 594-600.

Duan, Y. C.; Ma, Y. C.; Zhang, E.; Shi, X. J.; Wang, M. M.; Ye, X. W.; Liu, H.
M. Eur. J. Med. Chem. 2013, 62, 11-19.

Shaikh, M. H.; Subhedar, D. D.; Firoz Khan, A. K.; Sangshetti, J. N.; Shingate,
B. B. Chin. Chem. Lett. 2016, 27, 295-301.

MonteS-Avila, J.; Sarmiento-Sanchez, J. 1.; Delgado-Vargas, F.; Rivero, I. A;;
Diaz-Camacho, S. P.; Uribe-Beltran, M. Acta Universitaria 2016, 26, 63-67.

43



(75)

(76)
(77)
(78)
(79)
(80)
(81)
(82)
(83)
(84)

(85)
(86)

(87)
(88)
(89)

(90)

Jones, M. R.; Mathieu, E.; Dyrager, C.; Faissner, S.; Vaillancourt, Z.; Korshavn,
K. J.; Lim, M. H.; Ramamoorthy, A.; Yong, V. W.; Tsutsui, S.; Stys, P. K.; Storr,
T. Chem. Sci. 2017, 8, 5636-5643.

Kafka, S.; Hauke, S.; Sal¢inovi¢, A.; Soidinsalo, O.; Urankar, D.; KoSmrlj, J.
Molecules 2011, 16, 4070-4081.

Kafka, S.; Proisl, K.; Kasparkova, V.; Urankar, D.; Kimmel, R.; KoSmrlj, J.
Tetrahedron 2013, 69, 10826-10835.

Stadlbauer, W.; Laschober, R.; Lutschounig, H.; Schindler, G.; Kappe, T.
Monatsh. Chem. 1992, 123, 617-636.

Kafka, S.; Klasek, A.; Polis, J.; Kosmrlj, J. Heterocycles 2002, 57, 1659-1682.
Robert, A.; Jaguelin, S.; Guinamant, J. L. Tetrahedron 1986, 42, 2275-2282.
Kimmel, R.; Kafka, S.; Kosmrlj, J. Carbohydr. Res. 2010, 345, 768-779.
Murthy, N. Y. L.; Samsonu, D.; Diwakar, B. S. Org. Commun. 2013, 6, 125-133.
Codelli, J. A.; Baskin, J. M.; Agard, N. J.; Bertozzi, C. R. J. Am. Chem. Soc.
2008, 130, 11486-11493.

Hsieh, H. Y.; Lee, W. C.; Senadi, G. C.; Hu, W. P.; Liang, J. J.; Tsai, T. R.; Chou,
Y. W.; Kuo, K. K.; Chen, C.Y.; Wang, J. J. J. Med. Chem. 2013, 56, 5422-5435.
Hansen, S. G.; Jensen, H. H. Synlett 2009, 20, 3275-3278.

Boulard, L.; BouzBouz, S.; Cossy, J.; Franck, X.; Figadére, B. Tetrahedron Lett.
2004, 45, 6603—6605.

Kim, D.-S.; Bolla, K.; Lee, S.; Ham, J. Tetrahedron 2011, 67, 1062—1070.
Abbiati, G.; Contini, A.; Nava, D.; Rossi, E. Tetrahedron 2009, 65, 4664-4670.
Rieger, J. M.; Brown, M. L.; Sullivan, G. W.; Linden, J.; Macdonald, T. L. J.
Med. Chem. 2001, 44, 531-539.

Moyal, D. Photodermatol; Photoimmunol. Photomed. 2004, 20, 243-247.

44



CURRICULUM VITAE

PERSONAL INFORMATION

Name and Surname: David Miliéevi¢

Date of Birth: 19 January 1988

Place of Birth: Ljubljana, Slovenia
EDUCATION

2015 -2019 Doctoral Study Programme: Tomas Bata University in Zlin,
Faculty of Technology, Technology of Macromolecular Compounds,
Chemistry and Materials Technology, Zlin, Czech Republic

2007 — 2014 University Study Programme Chemistry: University of Ljubljana,
Faculty of Chemistry and Chemical Technology, Ljubljana, Slovenia

2003 — 2007 High School: Diocesan Classical Gymnasium — St. Stanislav’s
Institution, Ljubljana, Slovenia

PAPERS IN SCIENTIFIC JOURNALS

1.) Miliéevié, D.; Kimmel, R.; Urankar, D.; Pevec, A.; KoSmrlj, J.; Kafka, S.
Preparation of Quinoline-2,4-dione Functionalized 1,2,3-Triazol-4-ylmethanols,
1,2,3-Triazole-4-carbaldehydes and 1,2,3-Triazole-4-carboxylic Acids.

J. Heterocycl. Chem. (Submitted Manuscript)

2.) Miliéevié, D.; Kimmel, R.; Gazvoda, M.; Urankar, D.; Kafka, S.; Kosmrlj, J.
Synthesis of Bis(1,2,3-Triazole) Functionalized Quinoline-2,4-Diones.
Molecules 2018, 23(9), 2310.

3.) De Macedo, M. B.; Kimmel, R.; Urankar, D.; Gazvoda, M.; Peixoto, A.; Cools,
F.; Torfs, E.; Verschaeve, L.; Lima, E. S.; Lycka, A.; Miliéevi¢, D.; Klasek, A.;
Cos, P.; Kafka, S.; Kosmrlj, J.; Cappoen, D. Design, synthesis and antitubercular
potency of 4-hydroxyquinolin-2(1H)-ones. Eur. J. Med. Chem. 2017, 138, 491-500.

45



CONFERENCE CONTRIBUTIONS

1.) Mili¢evi¢ D., Kimmel R., Kosmrlj J., Kafka S.: New Compounds with
1,2,3-Triazole Moiety. 70th Congress of the Czech and Slovak Chemical Societies,
Zlin, 9-12 September 2018. Czech Chemical Society Symposium Series 2018, 16,
342-343. ISSN: 2336-7202 (Presentation)

2.) Mili¢evi¢ D., Kimmel R., Kosmrlj J., Kafka S.: Synthesis and Analysis of
3-Azidoquinoline-2,4-diones. 46th EuroCongress on Drug Synthesis and Analysis,
Bratislava, 5-8 September 2017. Plankova A., Jezko P., Marakova K. (editors):
Book of Abstracts, p. 163. ISBN: 978-80-223-4388-6 (Poster)

TRAINEESHIP
1.) Comenius University in Bratislava, Faculty of Pharmacy, Department of

Pharmaceutical Chemistry. Supervisor: Prof. PharmDr. Josef Jampilek, Ph.D.
Bratislava, August-September 2017.

PROJECTS

1.) IGA/FT/2019/010 — Synthesis and study of chemical reactivity of nitrogen
heterocycles derivatives; Principal investigator

2.) IGA/FT/2018/007 — Study of chemical reactivity of compounds with quinoline,
pyridine and 1,2,3-triazole structure in molecule; Principal Investigator

3.) IGA/FT/2017/005 — Synthesis and investigation of chemical transformations of
quinoline and 1,2,3-triazole derivatives; (Principal) Investigator

4.) IGA/FT/2016/004 — Syntheses and investigation of chemical transformations of
derivatives of quinoline, 1,2,3-triazole, and pyridine attached to the bornane
system; Investigator

46



47



David Miliéevi¢

Preparation and Study of Photoprotective and Antimicrobial
Properties of Novel Materials Based on 1,2,3-Triazole

Ptiprava a stadium fotoprotektivnich a antimikrobialnich vlastnosti novych
latek na bazi 1,2,3-triazolu

Doctoral Thesis Summary

Published by: Tomas Bata University in Zlin,
nam. T. G. Masaryka 5555, 760 01 Zlin.

Edition: Published electronically
Typesetting by: Author
This publication has not undergone any proofreading or editorial review.
Publication year: 2019

First Edition

ISBN 978-80-7454-839-0

48






	Obálky na elektronickou verzi A
	Stránka 1

	Milicevic_thesis_summary
	Zadní strana obálky
	Stránka 1


