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1 Uvod

N-Heteroaromatické kationty jsou elektrogodeficitni latky, které fedstavuji oblast
organickych slotenin s pozoruhodnrozmanitymi aplikacemi. Mnohé 2dhto latek maji
zajimavé biologické vlastnosti a jejich motiv Izelézt u mnoha irodnich slodenirn’. N-
Heteroaromatické kationtyfipahuji pozornost také diky svému potecialnimu wu@ko
DNA znaky?, fluorescetini barvivd, stabilizatory kvadruple¥, herbicidy, iontové
kapaliny, organokatalyzatofynebo prekurzori-heterocyklickych liganif.

Vlastnosti &chto latek souvisi stfiomnosti kladd nabitého dusiku pyridinového
typu. Obect se tyto sloteniny povazuji za nestabilni v bazickych podminkabo
v pritomnosti nukleofit’. Pravapodobré z tohoto dvodu jeN-alkylace®, jako posledni krok
syntézy, negjasgjSi metodou jejich fipravy. Nicmés, pokud je provedena kovem
katalyzovana transformace jiz existujicid-heteroaromatickych katioiit mohou byt
piipraveny dalSi zajimavé klagimabité struktury.

V poslednich dvou desetiletich se objeviliikiady kovem katalyzovanych reakci
s kladr¢ nabitymi substraty. Jednou z nejvice prozkoumamgekci tohoto typu je Suzukiho
reakcé?, ale Uspsns byly také provedeny Sonogashird¥a Stillehd® reakce. Déle byly pro
piipravu organickych katiofitpouZity napiklad oxidativni homocoupling reakée reakce
azidi s alkyny® nebo metateZ® alkeni a alkyrii. V nasi laborat byla zavedena [2+2+2]
cykloadicé’ s kladré nabitymi substraty, kteraigdstavuje flexibilni a rychlou metodu pro

konstrukci fiznych novychN-heteroaromatickych katioint



2 Cile prace

Cilem této disertani prace bylo prozkoumat moznostigravy riznych tid novych
N-heteroaromatickych katiointpomoci [2+2+2] cykloadice a ukazat tak flexibilmavrzené

metodologie. Konkréthbylo cilem:

- vypracovat vhodnou metodu praigravu N-heteroaromatickych monokatidint

pomoci [2+2+2] cykloadice s plynnym acetylenem

- aplikovat tuto metodu profipravu série oligg-fenyleni pomoci dvojnasobné

cyklizace s plynnym acetylenem

- pripravit helquaty, helikal® extendované diquaty, s thiazoliovou a pyrimidimov

strukturni jednotkou pomoci intramolekularni [222€ykloadice

- pripravit sérii linquatt, linearré extendovanych diquat pomoci intramolekularni

[2+2+2] cykloadice

- pripravit sérii helikalnich imidazoliovych soli s jeitn a temi kladr nabitymi

atomy dusiku



3 Vysledky a diskuze

3.1 Monokationty

Pro gipravu N-heteroaromatickych monokatigntoyla pouZita itikrokova syntéza
skladajici se ze Sonogashirovy reakdéalkylace a [2+2+2] cykloadice (Schéma 1).
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Schéma 1

Klicova transformace kationtd ([2+2+2] cykloadice s plynnym acetylenem) byla
provedena zauenych podminek, femz jako nejtinnéjSi se ukazaly byt katalyticke
systémy [Rh(PPsCI] a [Ir(cod)ClL/dppe v DMF (cod = 1,5-cyklooktadien, dppe = 1,2-
bis(difenylfosfino)ethan, DMF = dimethylformamid).

Pro potvrzeni &innosti a obecnosti této syntetické strategie Bdled pripraven
soubor tiznych N-heteroaromatickych monokatidnt - 18 (Schéma 2). U vybranych

monokationt 5, 8, 10 a13 byly studovany optické a elektrochemické vlastnost
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Schéma 2

3.2 Oligop-fenyleny

Nasled® bylo Uusgsre testovano mozné provedeni dvojnasobné [2+2+2]oeylite
s plynnym acetylenem v jedné molekule. Po &wbvhodnych reatnich ¢inidel mohla byt
touto metodou fipravena série dikationickych oligo-p-fenyteh9 - 24 (Schéma 3).



Schéma 3

U v8ech pipravenych dikationt byly zmgtena UV-Vis a fluoresceaimi spektra. Latky

vykazuji fluorescenci v modré oblasti viditelnéhpektra podob# jako neutralni oligo- a

poly-p-fenyleny.

3.3 Helquaty

Syntéza helquats thiazoliovou25 a pyrimidiniovou 26 strukturni jednotkou byla

provedena pomoci intramolekularni [2+2+2] cykloadi&terd byla tive vyvinuta v nasi
laboratdi (Schéma 4).



Schéma 4

3.4 Linquaty

Linquaty mohou byt povaZzovany za strukturni kormabindikationtu diquatu a

neutralniho polyaromatu picenu (Schéma 5).
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Schéma 5

Pro jejich gipravu byla pouZzita standartni metoda vyuzivajikiisovém cykliz&nim
kroku Wilkinsoriiv katalyzator Cisté linquaty27 - 30 (Schéma 6) byly izolovany po sonikaci

ve vhodném rozpouidle jako pevné latky.

27 28 29 30

Schéma 6



3.5 Imidazoliové kationty

Jako posledni byla testovana moZnostipravy neobvyklych helikalnich
imidazoliovych soli31 a 32 (Schéma 7). Uéthto latek je kombinovana helikalni chiralita
s imidazoliovou jednotkou, coz otevira moznost WiyuZ asymetrické syntéze po rogdini

na jednotlivé enantiomery.

Schéma 7



4 Zawr

Byla vypracovana metodologie prdiravu novychN-heteroaromatickych katioint
pomoci [2+2+2] cykloadice s plynnym acetylenenexiilita této syntetické strategie byla
demonstrovanaifpravou sérietrzreé substituovanych monokatianb a6 - 18 nesouciizné
typy heterocyki. U vybranych monokatioait5, 8, 10 a 13 byly studovany optické a
elektrochemické vlastnosti.

Dale byla provedena dvojnasobna cyklizace s plynagetylenem v jedné molekule,
coz umoznilo fipravu novych kladhinabitych oligop-fenyleni 19 - 24 se deéma az sedmi
fenylenovymi kruhy spojenymi para polohéch. U vSechijpravenych latek byla stena
UV-Vis absorgni a fluoresceini spektra odhalujici modrou barvu fluorescence.

Pomoci intramolekularni cyklizace bylyipraveny helquat5 a26 s thiazoliovou a
pyrimidiniovou strukturni jednotkou a naslédaké linquaty27 - 30.

Nakonec byly fipraveny neobvyklé helikalni kationty s imidazoljow jAdrem31 a
32 také pomoci dvojnasobné [2+2+2] cykloadice.

Na zaklad vSech dosazenych vysladizeftici, Ze [2+2+2] cykloadice kladn
nabitychN-heteroaromatickych substiige flexibilnim a @&innym nastrojem proifpravu
novych zajimavych polycyklickycN-heteroaromatickych katiointkteré budou dalSim

predmétem studia.
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5 Abstrakt

N-Heteroaromatické kationty if@dstavuji skupinu latek fznorodymi aplikacemi
zahrnujici  pirodni produkty, DNA zné&ky, fluorescetini barviva, herbicidy, iontove
kapaliny, organokatalyzatory atd.

Pro gipravu €chto latek se vyuzZivaipdevSimN-alkylace, ktera byva veé&tsing
piipadi poslednim krokem celé syntetické sekvence. Tinpisabem niZe byt dosaZzeno
pouze limitovaného mnozstviaanych tym kationickych substrét Z tohoto divodu je
dulezité zkoumat i jiné nové metodyipravy N-heteroaromatickych katiaint VV poslednich
dvou desetiletich byly publikovanyiiglady transformaci organickych katiéntpomoci
katalyzy tranzitnimi kovy. Mezi nimi lze n#&jglad najit Suzukiho reakci, Sonogashirovu a
Stilleho reakci, metatezi alkéra alkyni.

V této préaci je prezentovana @Spa giprava novychN-heteroaromatickych katioint
pomoci [2+2+2] cykloadice. Pro syntézu novych orgaich monokationt byla vyvinuta
metoda vyuZivajici [2+2+2] cykloadice s plynnym tgtenem. Nasledh byla provedena
dvojnasobna cyklizace vedouci k oliggenylemim se d¢ma az sedmi fenylenovymi
jednotkami spojenymi para polohach. Intramolekularni [2+2+2] cykloadice byauZzita
pro piipravu dvou helquéta ¢tyt linquati, které mohou byt povaZzovany za derivaty diquatu.
Také neobvyklé kladh nabité helikalni imidazoliové soli byly syntetizow pomoci
dvojnasobné cyklizace

Bylo demonstrovano, Ze [2+2+2] cykloadice s kkadabitymiN-heteroaromatickymi
substraty pedstavuje velmi flexibilni adinny nastroj pro fipravu novych polycyklickychN-
heteroaromatickych katioint
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1 Introduction

N-Heteroaromatic cations are electron-deficient gsewhich constitute an area rich
in remarkably diverse applications. Many of theemmpounds are of biological interest, and
their motifs are found in numerous natural productsr addition, nitrogen-based
heteroaromatic cations have also attracted atteimighe fields as diverse as DNA prohes
fluorescent dyés G-quadruplexes stabilizat8rherbicided ionic liquid$, organocatalysfs
and precursors of N-heterocyclic ligafids

Properties of these compounds are related torétsepce of the cationic pyridine-type
nitrogen atom. Generally, these substances aradevad to be sensitive to basic conditions
and the presence of nucleophilesience, N-alkylation®, as the last step, is the most
frequently used strategy for their synthesis. Havevmany other interesting cationic
structures can be prepared if subsequent transitietal-catalyzed transformations oA
heteroaromatic cations are performed. Indeed, sexaenples of metal-mediated reactions
with cationic substrates have appeared over théwasdecades.

Suzuki-Miyaurd® reaction is one of the most investigated reactiom N-
heteroaromatic cations, nevertheless, other famoass-coupling reaction were also
successfully performed with these substrates inetp&onogashird and Stillé® reactions.
Likewise, oxidative homocouplii§y azide alkyne coupling reactibn or ring-closing
metathesi¥ were used for processing fheteroaromatic cations. Afterwards, our laboratory
introduced a cationic version of [2+2+2] cycloadfit’ which was shown to be also a very
flexible and straightforward way for the constroatiof various novelN-heteroaromatic

cations.
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2 Aims of the work
The goal of this work was to prepare various @dass noveN-heteroaromatic cations
using [2+2+2] cycloaddition and demonstrate thexiffitity of this methodology. In

particular, the aims were:

- to develop an efficient method for the synthesidN-heteroaromatic monocations

utilizing [2+2+2] cycloaddition with gaseous adetye

- to apply the method for the preparation of olggphenylenes via double cyclization

with gaseous acetylene

- to use intramolecular version of [2+2+2] cycldawn for the preparation of

helquats, helical extended diquats, with thiazoland pyrimidinium moieties

- to prepare a series of linquats, linear extendigdats, by intramolecular [2+2+2]

cycloaddition

- to synthesize a set of helical mono- and trazat imidazolium salts

13



3 Results and discussion

3.1 Monocations

The three-step synthesis was used for the preparadf N-heteroaromatic
monocations consisting of Sonogashira coupliNeglkylation, and [2+2+2] cycloaddition
(Scheme 1).

S
N - N
P NG O ]
N
\ [PdCI2 PPh)s] Tfo N7 I N M NS
—»
Cul EtzN CH2C|2 Y, solvent

TfO"

1 2 4 5
Scheme 1

The key transformation of the cationic substrat+2+2] cycloaddition with gaseous
acetylene, was tested under various conditionsatede[Rh(PPB)sCl] and [Ir(cod)Cl}/dppe
catalytic systems in DMF as the most efficient (codl,5-cyclooctadiene, dppe = 1,2-
bis(diphenylphosphino)ethane, DMF = dimethylformde)i

To validate the usefulness and generality of #giproach, a diverse set of
heteroaromatic monocatiors- 18 was prepared (Scheme 2). Optical and electroctamic
properties of monocatiorts 8, 10, and13 were studied.

14
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Scheme 2

3.2 Oligop-phenylenes
In the next step, the possibility to undertake leu2+2+2] cycloaddition in one

molecule was investigated. Utilization of suitabdagents led to a series of dicationic oligo-
p-phenylened9 - 24 (Scheme 3).

15



Scheme 3

Optical properties of all prepared dications wetadied showing blue color of

fluorescence which is typical for oligo- and pg3phenylenes.

3.3 Helquats

The formation of helquats, helical extended diguawith thiazolium 25 and

pyrimidinium 26 moieties was accomplished following the procedarghe helquat synthesis

developed previously in our laboratory applying ramtolecular version of [2+2+2]

cycloaddition (Scheme 4).

16
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Scheme 4
3.4 Linquats

Linquats, linear extended diquats, can be comstt@s a structural combination of

dicationic viologen and uncharged polyaromatic bgdrbone picene (Scheme 5).

| X
N N
I N+
T/
| \N+j
Z | SN2
Z

The standard procedure was used for their syrstla®lying Wilkinson’s catalyst in

Scheme 5

the key cyclization step. Pure linqu&is- 30 (Scheme 6) were obtained after sonication in an

appropriate solvent.

27 28 29 30

Scheme 6
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3.5 Imidazolium cations

Two helical imidazolium salts31 and 32 were synthesized (Scheme 7). These
compounds combine helical chirality with the imidaam unit and after optical resolution

could be used as organocatalysts or chiral ligamdsymmetric transformations.

Scheme 7
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4 Conclusion

A methodology for the synthesis of néisheteroaromatic monocations was developed
using [2+2+2] cycloaddition with gaseous acetylasg¢he key step. The utility and flexibility
of this synthetic route was demonstrated in prdjparaf a series of monocatiobsand6 - 18
bearing various heterocyclic moieties and variaussstuents on the newly formed benzene
ring. Optical and electrochemical properties oéstdd monocations, 8, 10, and13 were
studied.

Next, the possibility to undertake [2+2+2] cycldén twice in one molecule was
investigated. Such extension would considerablyaggp the utility of our novel approach to
cationicN-heteroaromatics. This way, a series of novel dioat oligop-phenylened9 - 24,
with two to severpara connected phenylene units, was synthesized agptionble [2+2+2]
cycloaddition with acetylene gas. UV-Vis absorbtand fluorescence spectra of all prepared
oligo-p-phenylenes were measured showing blue color ofdkcence typical for oligo- and
poly-p-phenylenes.

Furthermore, helqua®b and26 with thiazolium and pyrimidinium cores and a new
class of linear extended diquats (linqu&8)} 30 were preparetia intramolecular version of
cyclization step. Finally, uncommon mono- and timac imidazolium-based helical systems
31 and32 were synthesized employing double [2+2+2] cyclatialal

In general, it was demonstrated that [2+2+2] cgdbiition with cationic N-
heteroaromatic substrates represents a very dilexable, and efficient tool for synthesis of a
variety of novel polycyclicN-heteroaromatic cations which will be a subjectfafther

studies.
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5 Abstract

N-Heteroaromatic cations represent a family of conmas with diverse application
potentials including natural products, DNA probdsiorescence dyes, herbicides, ionic
liquids, organocatalysts, etc.

The preparation of these species proceeds mdintyghN-alkylation which is used
mostly as a last step of the synthetic sequencéy I@nited diversity of cationic substrates
can be achieved with this manner, hence, seardoingther methods leading to nowst
heteroaromatic cations is of great interest. Soxameles of transition metal-catalyzed
transformations on organic cations have appearedtbe last two decades including Suzuki-
Miyaura reaction, Sonogashira and Stille coupliogidative homocoupling, ring-closing
metathesis, etc.

Here, the successful construction of néwheteroaromatic cations by [2+2+2]
cycloaddition is presented. A methodology for tlyatsesis of novel pyridine-type organic
monocations was developed using gaseous acetyfeaer@action partner in the cyclization
step. Subsequently, the double [2+2+2] cycloaddlitieas utilized for the preparation of
oligo-p-phenylenes with two to sevegpara connected phenylene units. Furthermore, the
intramolecular version of the cyclization step ledtwo helical and four linear dications
which can be considered as extended derivativediqufat. Finally, uncommon mono- and
tricationic imidazolium-based helical systems wesyathesized combining helical chirality
with the imidazolium unit in one molecule.

In general, it was demonstrated that [2+2+2] cgdbbition with cationic N-
heteroaromatic substrates represents a very feexabt efficient tool for the synthesis of a

variety of novel polycyclidN-heteroaromatic cations.
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